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lpeaucnosue

Kuura npegHaszHavyeHa Jjisi CTyIEHTOB, U3Y4alONUX IPOrpaMMUPOBaHMe,
a Taxke IS YATaTesel, jKeJaloluX cCaMOCTOATENbHO OCBOUTD fA3BIK IIPO-
rpamMmupoBanusa C#. B ominyre OT 0CTaTOYHO MHOTOYUCIEHHBIX PYKO-
BoZCcTB o C# JaHHaA KHMra IOCBsAIleHa UMEHHO TEM OCHOBAaM s3bIKa, 0e3
3HaHUsA KOTOPHIX HEBO3MOXKHO OOOUTUCH IIPU €r'0 ITPAKTUYECKOM IIpUMeEHe-
HUU U U3yYEeHUU CIIPAaBOYHBIX MaTepUasoOB.

B dyHmaMeHTaNbHBIX COBPEMEHHBIX CIIPABOYHUKAX U PYKOBOACTBAX
1o sA3bIKy C# 00s13aTeTbHO IMPUBOJAT CBeZIEHUSA 00 YCOBEPIIIEHCTBOBAHUAX
Y U3MEeHEeHUAX, IT0C/IeI0BaTeNbHO MOSBIABIIUXCA B €TI0 BEPCUSX.

B Bepcuu 1.0 (2002 r.) C# 6bUT O4eHb ITOXOXK Ha Java, T. €. 3TO OBbLI «IIpo-
CTON 0OBEKTHO-OPHEHTUPOBAHHBIN A3BIK 00IEero Ha3HaYeHUs», HO C COOBI-
TUAMU, CBONCTBAMU, AejieraTaMu (1, KOHEYHO, C KJJaCCaMU U CTPYKTYpaMM).

B Bepcuu 2.0 C# (2005 r.) mosgBuInch 0600IeHNs, pa3iesieMble TUIIBL,
aHOHUMHbBIE METO/bI, UTEPATOPHI.

B Bepcuro 3.0 C# (2007 r.) 6bUTH BKJIIOYEHBI aBTOpPEaJU3yeMble CBOM-
CTBa, aHOHUMHBIE€ THUIIBI, JIMO/Ia-BhIpA’KEHUs, METO/bI paCIIUPEHU,
HesIBHO TUIIU3UPOBAHHbIE IIepeMeHHbIe, pa3/eisieMble MeTO/bl, TEXHOJIOTHA
LINQ, nHUIIMAIU3aTOPH OOBEKTOB U KOJUTEKITUii. BkiroueHne B Bepcuio 3.0
IIepeYrCIEHHBIX CPEICTB MOCTENEHHO IpeBpainano C# B TMOPUAHBIN A3BIK,
MIPUTOAHBIN HE TOJBKO /IS MPOLIEAyPHOTO U 00BEKTHO-OPUEHTHPOBAHHOT'O
MIpOrpaMMUPOBAHYSA, HO U MO3BOJISIIOMINI TPUMEHATh METOZOMOTHIO0 GYHK-
IIMOHAJIBHOTO MPOrPaMMUPOBAHUS.

B Bepcuio 4.0 C# (2010 r.) 6bl1a BKIIOYEHA AMHAMUYECKas ITPUBS3Ka,
MMeHOBaHHble apTyMeHThI U KJIACChI JJIsl TTOAJEePXKKU aCUHXPOHHOT'O IIPO-
rpaMMUPOBAHUS.

B Bepcuu 5.0 C# (2012 r.) B s13bik C# OBUTH BHEAPEHHI YAOOHBIE Cpe-
CTBa ACMHXPOHHOI'O IIPOTPAMMHPOBaHUA.

B Bepcuu 6.0 C# (2015 r.) ycwiusa pa3pabOTYMKOB sA3bIKa OBLUIN HaINpaB-
JIEHBI Ha IIOBHINIIEHNE BBIPA3UTENbHBIX BO3MOXKHOCTEMN s3bIKa. BbUTH 106aB-
JieHbl GUIBTPHI UCKITIOUEHUN, UHUITUAIU3AaTOPbl CBONCTB, UHTEPIIOIAIS
CTPOK, CXKaThle /10 BBIpa)KEHUsI CBOMCTBA.

B Bepcuu 7.0 C# (2017 r.) MOABWINCH IEpEMEHHBIE, OO BABIAEMbIE KaK
aprymMeHThbl ¢ MOAUDUKATOPOM Out, KOPTEXHU U IeKOHCTPYKTOPHI, TIOKAJb-
Hble MEeTO/Ibl, METO/IbI, CXKaThle ZI0 BhIPAaXXEHUU, CXKaThle 0 BhIpaXKeHUM
aKceccopbl CBOMCTB U MH/IEKCATOPOB, IyCThle apTyMeHTHI /I TapaMeTpoB
¢ MmoaudUKaTOPOM out, Bo3BpalllaeMble 3HaUe€HUS B BU/l€ CCHLIOK C MOJU-
¢duxaropom ref.



CBezneHus 06 sBoOINY sA3bika C# U POCTe ero BbIPA3UTENbHBIX BO3-
MOXXHOCTEHN MBI IIPUBEJU /JI TOTO, YTOOB 0OpAaTUTh BHUMAaHUE YATATENS
Ha TOT akT, YTO B HacTosAIlee BpeMs B fA3blKke C# HavaIu MOABIATHCA «aTa-
BU3MBbI» — yCTapeBIIHe CPeACTBa, KOTOPble MOXHO UCIOJIb30BaTh, KOTO-
pble IOAZEePXKUBAIOTCA KOMIWIATOPAaMHU, HO /Il KOTOPBIX B COBPEMEHHOU
BepcuU fA3bIKa ecTh 9pdeKTUBHBIE 3aMeHbl. HanmpumMep, u3 pa3brupaeMoro
B JAHHOM KHWUTe TaKUM aTaBHU3MOM ABJAIOTCA aHOHUMHBIE METO/bI, 3aMe-
HOU KOTOPBIX CJIYKaT JAMOJa-BeIpakKeHUA. BTOPBIM MPUMEpPOM MOXKeT
CIYXUTH Kyacc Tuple, BMECTO KOTOPOTO CET'OHS MPUMEHSIOT CTPYKTYPY
ValueTuple, u T. a.

BTopas 1iesb nepeunciaeHusa Bepcuil a3pika C# 1 pa3BUTHUA €ro CpeJCTB
cocTosiIa ceifyac B TOM, YTOObI 0OpaTUTh BHUMAaHUE YUTATeNA HAa TPYAHOCTD
M3y4yeHUsa IporpaMMupoBaHud Ha C# IO CIIpaBOYHUKAM M MHOTOYHCJIEH-
HBIM IIpHUMepaM, JOCTYIHBIM CErofHA B 3JIeKTPOHHOM Buze. CBA3aHO 3TO
C CyIleCTBOBaHMEM pa3HbIX YpoBHel ycBoeHUA C#. Takoil A3bIK TPOrpaMMHU-
poBaHus, Kak C#, Heslb3s U3y4aTh «IMHEWHO», YCJIOBHO F'OBOPS, «OT aKCOM
K TeopeMaM, 3aladyaM U BBIBO/IaM», [IO3TOMY U3JIOKeHUe MaTepuana (s3bIka
C+# u mporpammMmupoBaHusa Ha C#) OyZieT MPOXOAUTH «II0 Cliupaan». K Heko-
TOPBIM MOHATHUAM, UCIOJIb30BAHHBIM B TOW WIM WHOUW WLIIOCTPATUBHOU
MIporpaMMe C KPaTKUMU TOSCHEHUSIMHU, B CJIEAYIOUIUX IIaBaX oOpaliamTcs
BHOBb, ITIOCTENIEHHO MOJTHOCTHIO OOBACHAS UX.

Ho Hackosmbko Imy60KO U MOAPOOHO ciieAlyeT U3ydyaTh CUHTAKCUC U KOH-
CTPYKIIMH fA3BIKA, YTOOBI HaYaTh IPOrpaMMHpPOBaTh? Bompoc moutu ¢uio-
codckuil. Ero 3azaBasu U ObITajJUCh Ha HEr0 OTBETUTh MPOrPAMMUCTHI
U aBTOPHI aJTOPUTMUYECKUX fA3BIKOB YK€ MHOr'0 pa3. [IONMBITKU MUHUMU-
3UpOBaTh KOJWYECTBO BhIPA3UTENbHBIX CPEJCTB A3bIKa MPOLEAYPHOIO IPO-
rpaMMHUPOBaHUsA MPUBEIU K BBIBOAY, UTO I pa3paboTku mporpaMm (6e3
ydeTa oOpalleHui K BHEITHUM YCTPONCTBaM XpaHEHUS U MPeA0CTaBIeHUs
nHpopMaIUU) J0CTaTOYHO UMETh OllepaTop MPUCBAUBaHNsA, YCIOBHBIM oIe-
parop u oneparop 6e3ycioBHOrO nepexoza. Ho Ha3BaHHBI MUHUMAIbHBIHA
Habop onepaTopoB OyZIET 0CTATOYEH TOJIBKO B TOM CJIydae, eCJIU JJIs TIpe/-
cTaByieHUs 00pabaThiBaeMBIX JAHHBIX OYZYT MCIOJb30BaThCA TOJIHKO KOH-
CTaHTHI U lIepeMeHHbIe TeX TUIIOB, /I KOTOPHIX B fI3bIKe PUKCUPOBAH KOH-
KpeTHBIN Habop oneparuii. B a3pike C# CyIeCcTBYIOT He TOJbKO KOHCTAHTHI
U IepeMeHHble. B HeM nMeeTcA MHOT'O KOHCTPYKIUU /15 TIpe/icTaBIeHUs
JaHHBIX. Pa3 Tak, ToO He0OXOAMMO M3y4aTh apceHas CPeACTB aBTOMATHU3a-
I[UY KOAUPOBAHUSA, YIUTHIBAIOIINX HAa3BAaHHOE MHOT'000Opa3ue CTPYKTYP A
MpeZiCTaBIeHUsA JaHHbBIX. IMEHHO 3TO aCT BO3MOXXHOCTh TPOPECCUOHATBHO
nporpaMmmupoBars Ha C#.

Kakue TpyaHOCTU TIpU 3TOM CyIIecTBYIOT? Ecim oO6paTUTHCA K 3BOJIO-
MU A3BIKOB IPOrPaMMUPOBAHUA, TO YBUJUM, YTO BHavase A3bIKU Ha3bIBa-
JIUCh AITOPUTMUYECKUMHU U CO3/IaBAJICh B OCHOBHOM /IJI1 aBTOMAaTHU3aIluu
MaTeMaTU4eCKUX BhIUMCIeHNH (kiaaccudeckuii mpumep Fortran u Algol 60).
Takue s3bIKY BKJIIOYaau (KpoMe Ha3BaHHOT'O MUHUMAJbHOTO Habopa orme-
paToOpoOB) CpeACTBa MPEACTaBIEHNA MacCUBOB, OIIepaTOpPHl AJIA OpraHusa-
I[UY ITUKJIOB ¥ BO3MOXXHOCTH CO37IaHUSA TIOATIPOTPaMM U QyHKITUA.
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He nmwiTasch mpociaeguTh JanbHelllee pa3BUTHE A3bIKOB IIPOTPaMMU-
poBaHusd, ocTaHoBUMcA Ha C#. Ero kopeHHOe OTIMYrhe OT MHOTUX IIpeJ-
[IeCTBYIOLIUX A3BIKOB — AIBHOE JleJIeHUe TUIIOB Ha JBa BUZA: TUIIBI CCBUIOK
U TUIBl 3HaYeHUl. K MaTeMaTuke U K BBIUMCIUTENbHBIM METOZAaM 3TO
JleJieHre YMeeT BeCbMa OT/iajIeHHOe OTHollleHre. Ero HasHaueHne — I10BHI-
cuTh 3$PEeKTUBHOCTD BBHITIOJHEHUSA IIPOTPAMM 3a CUET y4eTa allllapartyp-
HBIX Y apXUTEKTYPHBIX 0COOEHHOCTEHN TOM Cpe/bl, B KOTOPOI BBHITIOJTHAETCS
IIporpaMma Iocjie ee KOMITWIALNY. YKa3aB Ha 3Ty 0COOeHHOCTh si3bIka C#,
OTMETHM, YTO OHA CO3JaeT TPYAHOCTHU IIpU ero usydeHuu. Eciu B kiaccude-
CKOM IIPOLIEZIlyPHOM A3BIKE /JIsI UHTYUTUBHOI'O IIOHMMAaHUA TOT'O, YTO TaKOe
mepeMeHHasi, ObLIO OCTATOYHO IIPEZICTaBIeHUA O TIepeMEHHOM U3 IIKOJIb-
HOT'0 Kypca aire6psl, To B si3bike C# 3TOTO HeZocTaTOuHO. SIBHOE oTAee-
HUe TUIIOB 3HAaYeHUU OT CCBUIOYHBIX THUIIOB IIPUBOAUT K HEOOXOAUMOCTHU
pa3bupaTrh BOIIPOC O TOM, YTO TAaKOE CChUIKA U YeM OTIUYAETCA HyleBasd
CCBUTIKA OT IIEPEMEHHOMU C THUIIOM 3Ha4YeHUH, NMeolleli 3HaueHre Hy/lb. OTU
BOIIPOCHI OYZyT OAPOOHO pacCMOTPEHHI B KHUTE, a celfyac KpaTKO OCTaHO-
BUMCA Ha COZIep>KaHUY IJI1aB.

B xaure 18 rnas. I'maBa 1 gaer obiiee mpejcTaBiIeHHE O CTPYKType
IpocTeuIneil mporpaMMmbl Ha s3bike C#. [71aBbl 2—6 3HAKOMAT YUTATEJA
C TaKUMHU 0A30BBIMU MOHATUAMU IPOLIETYPHOTO MIPOrPAaMMHUPOBAHUS, KaK
KOHCTAHTBI, IepeMeHHbIe, BbIpaXKeHU, orepaToprl. OJHAKO NpoueAypHBII
MIOZIXOZl K CO3/IaHUIO MPOrpaMM Ha s3bike C# ¢ HEU306eKHOCThIO IPUBOAUT
K IPUMEHEHUIO TeX VI MHBIX KJIacCOB M 00BbEeKTOB. Jlake TpaZUIMOHHBIE
JUIs I3BIKOB IIPOrPAaMMUPOBAHUA IlepeMeHHble 6a30BBIX THIIOB B f3biKe C#
SBJISIOTCS «IIPOEKIUAMU» Ha Kacchl ¥ cTpyKTyphl u3 .NET Framework. [Tnat-
¢dopma .NET Framework u ocobeHHOCTHM 6a30BBIX TUIIOB S3bIKa C#, peann3o-
BaHHBIX CPE/ICTBAMU ee OUOIMOTEUYHBIX KJIaCCOB, OIIMCAHHI B IVIaBe 5.

[naBel 7 1 8 oCBAILIEHBI MacCUBaM U CTpoKaM. /i MacCMBOB U CTPOK
sa3bika C# IpUXOAUTCA pa3andaTh OOBEKTHI M CCBUIKYU Ha HUX. TeM caMbIM
YUTaTeNb ¢ HEOOXOJUMOCTBHIO IIPUXOAUT K MMOHUMAHUIO Ha3HaYeHUs KOH-
CTPYKTOPOB ¥ 0COOEHHOCTSAM IIPUMEHEHUS OIlepaliid NEw.

B m1aBe 9 paccMOTpeHBI CHHTAaKCUC M CEMaHTHKA MeToZ0B si3bika C#, Bce
BU/IBI TAPAMETPOB U 0COOEHHOCTU IIPUMEHEHUs CChUIOK B KayecTBe Iapa-
MeTpoB. [ToipoO6HO omucaHbI: ITeperpy3ka MeTOZIOB, PpEKYPCUBHBIE METO/HI,
JIOKaJIbHBIE€ METO/bl ¥ METO/IbI C IIePEMEHHBIM YUCIOM apIyMEHTOB.

['naBa 10, onuceIBaroiias Kaacchl KaK KOHTeHHEPHl UX CTaTUYECKUX 4ile-
HOB, 3aBepllaeT U3JI0XKeHUEe TPAJAULIMOHHOI'O /JIA IIPOLeAYPHBIX A3BIKOB
mozAxo/la K mporpamMmupoBanuio. Habop ompeseieHHBIX MOJTb30BaTeIeEM
KJIaCCOB C UX CTAaTUYECKWMU JaHHBIMU ¥ MeTOZaMHU II03BOJIAET pellaThb
B IIPOLIe[yPHOM CTHJIE NMMPAKTHUYECKU JII0ObIe 33/[a4y TPOTPaMMUPOBAHUS.
Wcnonb3yAa cpefctBa riaB 2—10, ynuTaTenas MOXeT niepeBecty Ha C# Ipo-
rpaMmmy c s3bikoB C, [Tackanb niu @oprpan. Kak TakoBoe 06bEKTHO-OPU-
€HTHUPOBAHHOE IIPOrpaMMHUPOBaHNEe HAYNHAETCA C OIIpe/ie/IeHU I10JIb30Ba-
TeJIbCKUX KJaccoB (rmaBa 11). [1aBa 12 npozio/pKaeT 3Ty TEMY U ITOCBSIIeHa
KOHIIEIIIIUN WHKAICYJALVM, T. €. U3YUYEHUIO CPE/CTB CO3/laHUA KJIACCOB,
00BEKTHI KOTOPBIX CKPHIBAIOT CBOIO BHYTPEHHIOIO CTPYKTYPY.



[maBa 13 mocBsillieHa OTHOIIEHUAM MeX/y KiaccaMu (M UX 00beKTaMu).
Ocoboe BHUMaHUeE yZeNeHO Haclel0BaHUI0, aOCTPAaKTHBHIM KJlaccaM U BUP-
TyaJIbHbIM WIEHaM.

Aspik C# aeT BO3MOXKHOCTb IIPOIPaMMUCTY BBOAUTH CBOU (IIOJb30Ba-
TeJIbCKKE) TUITBI He TOJMBKO C ITIOMOIIbIO KJIACCOB, HO U C MIOMOIIBIO CTPYK-
Typ, IEpeYncieHn, UHTepPeicoB U ZieieraToB. OTU CPeACTBA pacCMaTpH-
BaloTcA B maBax 14, 15 u 17. B rmaBe 14 paccMmaTpuBaroTcsi nHTepderichl,
obecreyrBalole MHOXXECTBEHHOE HacjleloBaHUE U CO3laHUE Pa3HBIX
KJIacCOB, 00BbEKThl KOTOPHIX 00JIaZlaloT eANHONW (YHKIMOHANbHOCTBIO.
CTpyKTypH! U Nlepevyrcienus B A3blke C# — 3TO TUIBI 3HaYeHUU. VIMeHHO
II03TOMY B IVIaBe 15 paccMOTpeHEHI ollepaliuyl YIIaKOBKU U PacllaKOBKM.

B rmaBe 16 moipo6HO pacCMOTpPeH MeXaHU3M UCKIIOUYeHUN — UX reHe-
pauusa u 06paboTka. OmMMCaHHBIX BO3MOXKHOCTEN OMOJIMOTEYHBIX KIaCCOB
HCKJIIOYEeHUM OOBIYHO JOCTATOYHO JJIS pellleHUs] TUIIOBBIX 33/1a4 3aIIUThI
IIPOTPAMM OT OINMOOK.

B .Net Framework generaTer TecHO cBA3aHBI ¢ 00pabOTKO# coObITHIT. Oba
3THUX MeXaHU3Ma U3y4yarTcs B raBe 17. Ocoboe BHUMaHUe yeNeHO peau-
3allU¥ C TIOMOIIBIO /IeJIEraTOB CXeMBI 0OPATHBHIX BHI30BOB.

I'maBa 18 mocssimieHa 0600IIEHUSIM, MEXaHU3M KOTOPHIX MO3BOJISAIOT
CYyIlleCTBEHHO TOBBICUTH YPOBeHb abCTpaKIUM B MPOrpaMMUPOBAHUMU.
Hanmuuue 61bmoTeky 0000IIEeHHBIX TUITOB — OIHA M3 OCHOBHBIX IIPETIO-
CBUIOK CHWKEHMSA TPYJ0EMKOCTH Pa3pabOTKU MIPOrPaMMHOT0 Koza.

Elrle HeCKOJIBKO CJIOB 0 si3blKe C#. DTO B HacTosIIIee BpeMs KpoccIuiatdop-
MEeHHBIU A3bIK, KOTOPBIY BHauYaJie CO3/IaBajicsa ¢ OpreHTanuei Ha apdeKTuB-
Hylo pabory c wiatdopmoii .NET Framework. B cBoro ouepens, mwiaTdopma
.NET Framework — a3T0 Habop O6UOIHUOTEK, T. €. MOAY/IEH C pacIIupeHueM
dll (kaxxgas dll-6ubaroTeka — 3TO UCIIOTHUMBIN MO/Y/b, SKBUBAJTEHTHBIN
exe-¢datiny, Ho 6e3 TOUKHU BX0/a, T. €. 6e3 Metoza Main()). ludpacTpykTypa
.NET Framework B HacTosiIliee BpeMs ZIOCTYITHA /jisi pabOTHl B Pa3HBIX OIle-
PaLMOHHBIX CHCTEMaX, 4To JiesnaeT C# BecbMa YHUBEPCAJbHBIM CPe/ICTBOM
JUTs1 pa3paboTKU MOpTabeTbHbIX (TIEPEHOCUMBIX) ITPUIOKEHUH.

B ocHOBY KHUTH TOJI0)KeHa paboTa aBTopa [11], KoTopas BBIIIUIA TIEPBHIM
usfanveM B 2011 roay u orpaxkasa Bo3MOXHOCTHU a3bika C# 3.0. 3a aTo
BpeMsl MHOTOe U3MEHWIOCh, U B IaHHON KHUTe pacCMaTpPUBaeTCsA BepCUs
C# 7.0. OgHako NOJHOCTBIO U3y4yaTh Bee cpezacTtBa C# 7.0 B Hayasie 3HaKOM-
CTBa C 9TUM A3bIKOM HeT HeO0OX0AUMOCTU. B oTinune oT dyHAaMeHTaTbHBIX
CIIPaBOYHUKOB ¥ MoHOrpaduii 1o C# (06'beM KOTOPBIX OOBIYHO IIPEBHIIIAET
1000 cTpaHwuII) Hallla KHUTa 00EeCIeYUT YUTATENSA TeM ONTUMAaIbHBIM KOJIH-
YeCTBOM CBeZIEHUH, KOTOPHIX JOCTaTOYHO, YTOObI

3Hamo

* OCHOBHBIE IAPAIMTMEI ¥ METOOJIOTUY CO3ZIlaHUA MPOTrPaMMHBIX IIPO-
AYKTOB (IIpOLeAypHBIN, 0OBEKTHBIM U 00bEKTHO-OPUEHTUPOBAHHBIN TOJI-
XO/IbI, MEXaHU3M 0000IIeHNIT METOIOB U TUIIOB);

* COBpeMEeHHBI! SI3BIK MTPOTPAMMUPOBAHUS (CUHTAKCUC U CEMaHTUKY
si3pika C#);

* ocobeHHOCTU TpuUMeHeHUs1 cpeicTB mwiatdopmsl .NET;
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* BO3MOXXHOCTH UHTEI'PUPOBAHHBIX CPe/l pa3pabOoTKU;

ymems

e paspabarbiBaTh NMPUKJIAAHbIE TPOrPaMMbl U OUOJIHMOTEKU KJIACCOB
C TIOMOIIbIO UHCTPYMEHTAIbHBIX UHTETPUPOBAHHBIX CPEJ;

* OTIAXUBATH U TECTUPOBATH CO3/aBaeMble IIPOrPAMMHBIE TIPOAYKTHI,
HICIIOJTb3YS AUATHOCTUYECKUE BO3MOXXHOCTHU CpeZibl pa3paboTKU;

* TpUMEHATb O6ubAUOTEKY KjaaccoB miaTdopmel .NET u cBO6GOAHO
(OTKpBITO) pacmpocTpaHseMble OUOTUOTEKY;

* CaMOCTOATETHbHO HAXOAWTh HOBBIE 3HAHUA W pELIEHUS, HEOOXO0aU-
MBIe I peanu3anuy GyHKIMOHATBHBIX TpeboBaHMH, cHOPMYIMPOBAHHBIX
B TEXHUYECKOM 33/[aHUU Ha MMPOTPAMMHBIHN IIPOAYKT;

grademsb HABBLIKOM

* pelleHUs TUIIOBBIX 33/1a4 IIPOrPaMMHUPOBAHMUS C TIPUMeHEHUEM S3bIKa
nmporpaMMmupoBaHusa C# U NepeZioBBIX MHCTPYMEHTAIbHBIX CPE/ICTB;

* TIPOEKTUPOBAHUSA U MPOTPAMMUPOBAHUSA C UCIIOIH30BAHUEM IIPOIle-
ZYPHOT'O, 0OBEKTHOT0, 00BEKTHO-OPUEHTUPOBAHHOT'O U 0000IIEHHOTO TIO/-
XO/IOB;

* mnpumeHeHus cpezactB mwatdopmsl .NET 1 cBob6oaHO (OTKPHITO) pac-
MIPOCTPaAHAEMBbIX OMOINOTEK.

KHura ZjocTynmHa HayMHAIOWEMY ITPOrpaMMHUCTY. i1 yCBOEHUs Mare-
puasa ot unTaresisa He TpebyeTcsa MpeABAPUTENbHBIX 3HAHUHN, BBIXOAAIINX
3a TpeJeibl IKOJbHOMN MTPOrpaMMBI O JUCIUILTHHE «THPOpMaTHKa».



Inasa 1
ObBHEKTHAA OPUEHTALNA A3bIKA C#

1.1. Tunel, Knaccbl, 06BEKTbI

A3bik C# — O06BEKTHO-OPUEHTUPOBAHHBIN S3HIK CO CTPOTOM TUIIM3a-
LUEeH.

Ho 4ro Takoe Tun? Tun B NporpaMMHUPOBaHUU — TOHATHE TIEPBUYHOE,
Tun HeKOTOPOH CYIIHOCTU ACKJIapUPYET A/ Hee COBOKYITHOCTD BO3MOKHBIX
COCTOAHUM U HabOp JOMyCTUMBIX JelcTBUil. [IoHATHE CYIIHOCTH MBI IIOKa
HE YTOYHAEM, CYIIHOCTAMU MOIYT OBITH KOHCTAHTBI, IEPEeMEHHBIE, Mac-
CUBBI, CTPYKTYPHI U T. A.

Haubonee 4acTo MOHATUE TUI B A3BIKAX IIPOrPAMMUPOBAHUA HCHOIb-
3YIOT B CBA3U C ITIOHATUEM «IlepeMeHHasd».

[TpuMuTHBHOE (HO MOKa AOCTAaTOYHOE AN HalllUX Lefeil) olpeeneHue:
nepeMeHHad 3TO apa «0003Ha4eHVe IepeMEeHHOU + 3HauYeHUe NMepeMeH-
HO»,

JIs mepeMeHHON THUIl BBOAUT COBOKYIHOCTD €€ BO3MOXKHbBIX 3HAYCHUU
¥ Habop AOIYCTUMBIX OllepalMil HaJ STUMU 3HAYCHUAMU.

[Ipumep onpeaenenund nepeMeHHou B C, C++, C# ¥ HEKOTOPBIX APYTUX
A3BIKAX:

int spot = 16;

spot — obozHadeHue (MM:A) nepeMeHHOMN, 16 — ee 3HaueHUe B JaHHBIHA
MOMEeHT (IIocsIe 3TOro omIpeenaeHus), int — Ha3BaHHe THUIA IepeMeHHOH.
JTOT TUII int onpeZessieT AN epeMeHHOH Spot COBOKYIHOCTE JONYCTUMEBIX
3HaYeHUN U HAbOp omepaiyii ¢ IpaBUWIaMM KX BEIMONHeHUA. Hampumep,
J7IS SPOt oTpesiesieHa oTiepalusi MoAyYeHds ocTaTKa oT JAenerus (%) u oco-
OpIM 06pa3oM oIpeZieNIeHO JeleHNe Ha [eNYI0 BeTNYUHY (/ B 3TOM CayJae
0603HavaeT onepanuKr HeJIOUUCACHHOTO JefeHnd). PesyabraT spot/5 paBeH
3, a 3HaYeHWEeM BHIpaxkeHUs spot % 3 Oyzer 1.

Tune! B A3pike C# BBEACHBI C MOMOIIBIO KIACCOB (@ TAKXKE CTPYKTYP,
nepeynciaeHui, uHtepdelcos, AeneraToB U MaccupoB). Ho 060 Bcem
0 MOPAAKY.

[ToHATHE K1acca B TEOpeTHYeCKUX paboTax, MOCBALICHHBIX OOBEKTHO-
OpPUEHTUPOBAHHOH MeTOAOMOTHH, OOBIYHO BBOAUTCSA HA OCHOBE MOHATUA
«0OBeKT». OOLEKT ONpeesioT IIO-Pa3sHOMY.
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[TpuBegem ozHy u3 popm onpezenenuii (cMm., Harpumep, [3]).

«OOBEKTOM Ha3bIBAETCS COBOKYITHOCTDb AAaHHBIX (T10JIeli), OMpeAessiio-
IITUX COCTOSTHUE 00BbeKTa, U Habop GyHKIMM (METOAOB), 06eCITeYrnBAIONINX
M3MeHeHHe YKa3aHHbIX JaHHbIX U JOCTYT K HUM».

[Tocie mOgO6HOTO OmIpezeNeH:s B TOCOOUAX IO 0OBEKTHO-OPUEHTHUPO-
BaHHOMY ITPOTPAMMUPOBAHHUIO TEPEYUCIAIOTCSI 00s13aTeNbHbIe TPU3HAKU
0OBEKTOB:

1) pasau4MMOcCTh;

2) BO3MOXKHOCTb OJHOTO 00beKTa HAaXOAUTHCS B PA3HBIX COCTOSTHUIX
(B pa3Hoe Bpems);

3) BO3MOXKHOCTh ZUHAMHYECKOTO CO3aHUA 0OHEKTOB;

4) «ymeHUe» 0ObeKTOB B3aMMOZENCTBOBATh APYT C APYTOM C ITOMOIIIBIO
06MEHOB COODIIEHUAMU;

5) Hamu4yre MEeTOAO0B, IMO3BOJIAIONIUNX 00OBEKTY pearupoBaTh Ha coobIre-
HuA (Ha BHEIIHHE 11 00beKTa BO3/JEUCTBYUA);

6) WHKATCYIANUA JaHHBIX BHYTPU 0O'bEKTOB.

BBeas moHATHEe 00bEKTA, KJIACC ONPEAEAIOT KaK MEXaHU3M, 3aJal0ui
CTPYKTYpy (MOJIA AaHHBIX) BCEX OAHOTUITHBIX 0OBEKTOB Y GYHKIIMOHAb-
HOCTh OOBEKTOB, T. €. MEXaHU3M, OIPEeAESIONINI BCe METObI, OTHOCSIIIU-
ecs K 0ObeKTaM.

B mporjecce pa3BUTHUS 06bEKTHO-OPUEHTHPOBAHHOTO MTOAX0/A U TIPU €T0
peanu3aliy B SI3bIKaX MPOTPaMMHPOBAHUA CTAIO SICHO, YTO CPeAM JaH-
HBIX 0ObEKTa MOTYT CYIIECTBOBAaTh TaKHe, KOTOPhbIE MTpUHAJIEXXAT HE -
HUYHOMY OOBEKTY, a BceM 0O0beKTaM Kiacca. To ke ObUIO BBIABIEHO U IS
METO/IOB — HEKOTOPhIe U3 HUX MOIJIU OIpeAeaaTh He GYHKIIMOHAIbHOCTD
oTAeabHOro (KaXkgoro) oobexTa, a ObITh 00IMMU /19 Kjaacca (419 BCEX ero
00BEKTOB). B COBOKYITHOCTH IIOJII M METOABI KaK Kjlacca, TaKk U GopMupye-
MBIX C €r'0 IIOMOIIIbI0 0OBEKTOB HA3bIBAIOTCA WieHaMH KJiacca.

Jl1s WUTIOCTpaluy TUX TOHATHH U 0COOEHHO OTIUYUM TOJIEH U METO-
JIOB KJIacca OT IT0Jiell U METO/IOB ero 0O'beKTOB pacCMOTPUM mpuMep. Kiacc
C Ha3BaHUEM «CTYZAEHT Tpymibl N-ro Kypca:

e mouda (maHubie) oobekTa: PHO, OLIEHKU 3a CeCCUI0, B3AThIE B OUOIU-
OTeKe KHUTH U T. [I.;

* MeTOABI O0OBbEKTa: CJaTh dK3aMeH, MOJYYUTh KHUTU B OMOIMOTEKE
UT. I.;

* mouia (gaHHbIe) Kaacca: HoMep Kypca (N), ZaThl 5Kk3aMeHOB, KoJu4de-
CTBO AMCIUIUINH B CEMECTPE U T. [I.;

* MeTOJ KJIacca: IIepeBeCTU IPYIITY Ha CJIeAYIOIINHT KYpC — U3MEHATCS
BCe JlaHHBIEe KJjlacca, HO He BCe OOBEKTHI OCTAHYTCS B 3TOM HM3MEHEHHOM
kacce (He 06A3aTeNIbHO BCE CTYAEHTHI OyAyT TepeBeAeHbl Ha CIeAYIONTHUH
Kypc).

Paznuyme MeXAy ZaHHBIMU U METOAAMU OOBEKTOB U JaHHBIMH U METO-
JlaMU KJIacca CyIeCTBEHHO HCIOIb3yeTcs B si3blKe C#. UTOOBI MX pa3jIndaTh
B OTIpeZieJIeHUH KJIacca, ero JaHHbIe U eT0 MeTOABl CHAa0XKaroTCs CIieI[hallb-
HBIM MozudHUKaTOpoM static (craTudeckuii). IIpumepsl OyAyT MpUBEAEHBI
TIO3XKe.
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HTak, Kjacc Urpaet ABe poiu:

* KJacC — 3TO KOHTelHep a1 METOJOB KiIacca U JaHHBIX KJacca;

* KJacc — 3TO «TpadapeT», MO3BOIAAIIIMN CO3/aBaTh KOHKPETHHE 00b-
€KTHI,

Jns KaxA0ro KOHKPETHOTO 0OBEeKTa KJacc OIpejenseT COCTOAHUE
1 noBegeHue. COCTOsIHME OOBeKTa 3aZaeTcsl COBOKYITHOCTBIO 3HAYeHUH ero
noseii. [TopeaeHue o6beKTa onpezenaeTcd HaODOpoM METOA0B, IPUMeEHse-
MBIX K 00BbeKTaM JaHHOTO Kiacca.

B cooTBEeTCTBUM ¢ 00HEKTHON OpueHTalMel Aa3kiKa C# BCIKasd mporpaMma
Ha s3biKke C# mpe/icTaBasaeT cobol Kaace WM COBOKYITHOCTE KJIACCOB.

BHyTpU OOBABMEHUSA KaXKAOT0 KJAacca MOTYT OBITh pasMelleHbl:

* JaHHBIe KJ1acca (cTaTHYecKue Tois);

* MeToAbl Kiacca (CTaTU4eCKUe METOABL);

* faHHBIC O0BEKTOB Kaacca (He CTaTU4eCKUe Mo}

* MeToAw! A paboThl ¢ o6bekTaMK Kiaacca (He CTATUYeCKHe METO/IbI);

* BHYTPEHHUE KJIACCHI;

* JOTNOJHUTENbHBIE WIeHHl, peub O KOTOPHIX ellle Bliepeau.

1.2. liporpamma Ha Gi

dopMat TpocTeliliero onpeaeneHusa (MHave AeKJapalud Wik o6bsBie-
HUA) Kaacca B C#:

class umA_kaacca
{nons u memodet}

3akioueHHasA B obs3arenbHble GUTypHBle CKOOKM COBOKYTIHOCTD ITOJeit
¥ METOZOB HA3BIBACTCA TEIOM Kjacca. Cpeau nosieil 1 MeToJoB MOTYT OBITD
CTaTUYEeCKHUe, OTHOCAIMECA K KIACCy B I[€JIOM, M HE CTATHYECKHE — OTpe-
AENAIIIAE COCTOSHUAA KOHKPETHBIX 0O0BEKTOB U ACUCTBHUA HAZ 3TUMHU 00b-
€KTaMH.

I[Tepes Te0M KJIacca HaXOAUTCS 3ar0JA0BOK 0OBABIEHUS Kaacca. 3aroo-
BOK B 001lIeM c/Iyuae MOXeT UMeTh 6o/ee CIIoKHYIO GOopMY, HO ceituac Honee
cnoxHy1o $opMy He HYKHO paccMaTpuaTh. CnyxxebHoe cioBo class Bcerga
BXOJUT B 3aTr0JIOBOK.

UMS_Kaacca — UAeHTHPUKATOp, IPOU3BOABHO BEIOMpPAaeMEIM aBTOPOM
KJacca.

OTMeTHUM, YTO UAeHTUPUKATOP B si3blke C# — 3TO MOCAeA0BaTeNbHOCTD
6yKB, TUGpP U CUMBOJOB NOAYECPKUBAHUSA, KOTOpad He MOXET HauUMHAThCA
¢ nudphl. B oTMYMe OT MHOTUX NPEAIIECTRBYIOIIUX S3BIKOB, B U/IEHTHU-
dukaropax C# MOXKHO HUCIOAB30BATh OYKBHI PAa3HHIX aJ(aBUTOB, HANIPU-
Mep, PYCCKOro WM Tpeveckoro. B s3mke C# nponucHas 6yKBa oTauva-
eTcs OT TOH Ke caMoi cTpouHoil. [IpuMepsl HAeHTUUKATOPOB, HaBepHOE,
V3JIMIIHU,

Cpeau MeTO/0B KJACCOB UCMOJHUMOU TPOrpaMMbl (IPUIOKEHUS )
Ha A3bike C# 00g3aTelbHO NPUCYTCTBYET CTATUYECKUH METOA CO CIie-
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IMaMbHBIM UMeHeM Main. 3ToT MeToZ onpefesseT TOUKY BX0OZa B IIPO-
TPaMMy — UMEHHO C BHIIOJHEHUS OepaTopoB MeToAa Main() HaunHaeTcs
HCTIONMHEHUE ee Kofa. Mcnoauawmas nporpaMmy cUCTeMa HeABHO (HEBU-
AVMO A MPOrpaMMHCTa) CO3JaeT eJUHCTBEHHBIN 00BEKT Kaacca, ped-
CTaBJAIOLIETO MPOTPAMMYy, U IIepeAaeT yIpaBaeHue Kkoay Metoga Main().

T[Ipex/ie YeM NPUBOAUTh TPUMEPHI TIPOTPAMM, HEQOXOAUMO OTMETHTH,
9TO NPaKTUYECKH Ka)KJasd [IporpaMMa Ha g3bike C# aKTUBHO UCNOJB3YET
knaccel 6ubamoreku us .NET Framework. Yepes 6ub1moTeuHble KAacChl
HporpaMMe ZIOCTYIIHO TO OKPYXeHHe, B KOTOPOM OHa BhIIOAHAeTcA. Hanpu-
Mep, knace Console mpecTaBaseT B MpOrpaMMe CpeicTBa I OpPTaHU3aluHu
KOHCOJBHOTO AMAJOra ¢ NOJIb30BaTereM.

[IpumeHeHHe B IporpaMMe OMOIMOTEKU KIacCOB mpeanoaaraeT aubdo
cozzlande 0OBEKTOB KJIaccoB 2ToM OuOmmoreky, nubo obpamenusa K CTaTu-
9eCKUM MMOIAM U MeToZaM OUOIHMOTEYHBIX KJIACCOB.

YroObl NPUMEHATh MeTOAbl M MO GUOIUOTEUHEIX KJacCOB U CO3Ja-
BaTh UX OOBEKTH, HEOOXOIUMO 3HATh COCTAB OUBAMOTEKU Y BO3MOXKHOCTH
ee KiaaccoB. bubauoreka .NET HacTonbko of6LIMpHA, YTO HA IIEPBOM OTalle
M3yYyeHUs NMPOrpaMMHUPOBaHUA Ha C# NpuAeTcs OrpaHUYUTHLCHA TOABKO
CaMBIMM CKPOMHBIMHM CBeleHUAMH 0 Hell. Co cpe/icTBaMu SUbIHOTEKH Kaac-
COB Oy/1eM 3HAaKOMUTBCS, UCTIONh3yS HEKOTOPHIE U3 3TUX CPE/ICTB B HEOOMb-
WINX WUTIOCTPATUBHEIX IIporpaMMax. BHavane 6ygeM paccMaTpUBaTh IIpo-
rpaMMBbl, B KaX/I0U U3 KOTOPBIX OYAYT NPUMEHATHCHI TONLKO CTaTUYECKHE
YIeHB HEKOTOPBLIX OUOAMOTEYHBIX KAACCOB, U OYAEeT TOABKO OJUH KJIACC
€ €AMHCTBEHHBIM CTaTU4YeCKUM MeToAaoM Main(). ITpy Takux orpaHUYeHHAAX
MpOrpaMMUPOBaHUe Ha s3biKe C# npeBpallaeTcs B MpoleJypHOe Mporpam-
MupoBaHue, OCHOBHOE OTAWYUAE OT TPAAUITMOHHOTO UMIIEPATUBHOTO TIOJ-
XoJa APYTHX MPOLEeAYyPHBIX A3BIKOB — NMPUMEHEHUe 0co00ro CUHTAKCHCa
J1A obpaneHusa K CTaTUIeCKUM WieHaM 6UOIMOTeYHBIX KAACCOB U METOAaM
0OBEKTOB, TIPE/ICTABIAIOIUX B IPOTpaMMax JaHHEIE.

J1a WuTloCcTpalyy IpUBeACHHBIX 00UINX cBeJeHUH o mporpaMMax Ha C#
paccMOTpPUM IpPOTPaMMYy, KOTopas BEIBOAUT B KOHCOJbHOE OKHO 3KpaHa
dppa3zy «Beegure Bame ums:». [Tocne HaxaTus krasurd ENTER niporpamma
CUUTHIBAET UMA, HabMpaeMoe TI0h30BaTeIeM Ha KIaBUaType, a 3aTeM IpH-
BETCTBYeT I10b30BaTesNsA, UCMOAb3Ys MMOMyYeHHOe UMA.

[/ 81_81.cs - llepBas npozpamma.
class HelloUser

{
static void Main()
{
string name;
System.Console.WritelLine("BBeanTe Bawe uma: ");
name = System.Console.ReadlLine();
System,Console.WriteLine( "NpuseTcTByw Bac, " + name + "1");
}
}

1A Tex, KTO He 3HaKOM ¢ CUHTakcucoM C, C+ + U MPOU3BOAHEIX OT HUX
A3BIKOB, OTMETHUM, YTO TIEPBAsa CTPOKA — OAHOCTPOYHHIM KOMMEHTAPHI.
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Bropas cTpoka class HelloUser — 3To 3aro/IoBOK OnpeAeneHUs Kiacca
¢ umeHeM HelloUser. HannomuUM, 4To class — cinyxe6HOe CIORO, a UAEHTU-
¢uxatop HelloUser Br6pan apTop nporpaMMEL.

Janee B GUrypHBIX CKOOKAaX — TeM0 Kaacca.

B xnacce HelloUser TONBKO OAHH MeTO/ ¢ 3aroJoBkoM static void Main()

Kak yxe ckasaHo, cayxeBHoe c/10BO static — 3To MogUudGMKaTOp MeToja
Knacca (OTIMYaoIINil ero oT MeToAOB 00LeKToB). CaykebHoe cnoBo void
onpeaensaeT THI, COOTBETCTRYIOINI 0COO0MY CIydalo «OTCYTCTBUE 3HAUE-
HUST». ErO UCMONMB30BaHUeE B 3aTOMOBKE 03HAYAET OTCYTCTBHE BO3Bpalae-
Moro MerozoM Main() 3HadeHMA. B 3aro/ioBKe KaX<0ro MeTozAa IOCIe ero
UMEHU B KPYIVIBIX CKOOKax MOMeIaeTcsa CIIUCOK MTapaMeTpoB (cnmenudu-
Kallus mapaMeTpoB). B Halllem mpuMepe mapaMeTphl Y MeTOAa He HY>KHHI,
HO Kpyrible cKoOKU 06sa3aTenpHel. OTMeTHM, 4TO MMA Main He ABAfeTcA
CIyeOHBIM C/TOBOM s3BIKa C#.

Bcres 3a 3aroIOBKOM B OTIpe/leIeHUH KaXKA0T0 METo/]a TIOMEIAETC ero
TeJI0 — 3aKJIIOYeHHas B QUTYPHBIE CKOOKHU MOCAeZ0BATENBHOCTD OIpeziesne-
HUHU U onepatopos. PaccMoTpuM Teno MetoZa Main() B HallleM puMepe.

string name; — 3To oIlpeZeneHue (AeKnapalua) CTPOKOBOH IlepeMeH-
HOH ¢ BHIOpaHHBIM IIPOrPaMMUCTOM HMeHeM name. string — cayxe0Hoe
CJI0BO A3blKa C# — 0003HaYeHUe NpeAoNpeAeIeHHOro Tuma (System.String)
JUIA mpe/cTaBaeHus CTPoK. [TofpobHee 0 TUIaxX pedb MOUAELT MO3XKe.

A BeIBoAa HHOPMAIIUU B KOHCOMBHOE OKHO MCIONb3YeTCsl OllepaTop:
System.Console.WritelLine ("BseauTe Bawe uma:™);

JTo obpalmeHne K cTaTUYecKoMy Metoay WriteLine() 6ubmuoredHoro
Knacca Console, npeACTaBAAKIIETO B IPOTPAMME KOHCONE (KOHCOIb — 3TO
MpOTPaMMHBIE CpPeACTBa TEKCTOBOTO UHTepdeiica). System — obo3Hayve-
HUe [IPOCTpaHCTBa UMeH (namespace), K KOTOpOMY oTHeceH Kiacce Console
(o mpocTpaHcTBax UMeH OyAeT CKazaHO YyThb Mo3Xe B maparpade 1.3)

MeTton WriteLine () knacca Console BEIBOAUT 3HaUEHME CBOETO apryMeHTa
B KOHCOJILHOE OKHO. ¥ 3TOr0 METO/a HeT BO3BpaIaeMOoro 3HaYCHUA, HO €CTh
napaMmeTrp. B paccmarpuBaemom obpaigeHuu K meroay WriteLine() apry-
MEHTOM, 3aMeHUBILIUM MapaMeTp, CIVKUT CTPOKOBasA KOHCTaHTa "BeeanTe
Baure uma:", Ee 3HaueHHe — NOCAeA0BATEABHOCTE CUMBOJIOB, pasMelleH-
Had MeXAy KaBblueK. FIMeHHO 3TO coOOLIeHNE B KAYECTBE «IIPUMAIleHHIA»
YBUUT TMOMB30BATEND B KOHCOMHHOM OKHE TPU BLIMOJIHEHUUN MPOTPAMMEL.

TexeT ¢ mpurranieHUEM U MOCAEAYIOIUM OTBETOM ITOABL3OBATENA JAJA
Halllel MporpaMMbl MOTYT UMETh, HallpUMep, Takoil BUA:

BeegnTe Bawe wumA:
Tumodpe A<ENTER>

3zech <ENTER> — yciopHoe 0b603HaYeHHe (AobapneHHoe Ha HyMmare,
HO HEBUAUMOE Ha KOHCOJBHOM 2KpaHe) Ha)KaTUA MOJAb30BaTeaeM KIaBULIN
ENTER.

Korza monp3oBaTenb HabepeT Ha KJaBUAType HeKOoTopoe UM (HeKOTO-
pBIi TexeT) U HaxkmeT krauiry ENTER, To 6yayT BBIIIOJHEHE e HCTBUS,
COOTBETCTBYIOLIUE ONEepaTopy
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name = System.Console.ReadlLine();

3aech BIMOMHAeTCA obpameHue Kk Metoay ReadLine() xmacca Console
13 npocTpaHcTBa uMeH System. Metox ReadLine() He uMeeT mapaMeTpoB.
Y Hero ecTh BO3BpallaeMoe 3HadeHHe — CTPOKa CMMBOJIOB, MPOYUTaHHAA
W3 CTaH/APTHOTO BXCAHOI'0 MOTOKA KOHCOMU. B HallleM mpuMepe Bo3Bpalla-
eMoe 3HaueHue — cTpoka "Tumodeit”.

ObparuTre BHUMaHue, yTo MeTo/] ReadLine() BRIMOMHUTCA TOABKO MTOCTE
HaxaTtua kaapumn ENTER. Jlo Tex mop noas3oBaTeab MOXKET BHOCHTH
B HabupaeMHIil TeKCT M00bIe UCTIPpaBAeHUd U U3MeHEeHNUH.

B paccmaTpuBaeMoOM OIlepaTope CleBa OT 3HaKa OIepaluu NpUCBanuBa-
HUA «=» HaXO/JUTCA UMA name TOW nepeMeHHol, KOTopoii Oy/eT NpUCBOEHO
MOJY4eHHOE OT KOHCOJHU 3HadeHHe. [locae npuBeaeHHOro BHIIIE AXA0Ta
3HayeHUeM name 6ygeTr "TuMmodeit”.

CreayIolii OMepaTop cogepKUT obpalleHHe K yKe 3HAKOMOMY METOAY:

System.Console.Writeline ("NpueeTcTBYW Bac," + name + "I"});

B kauecTBe apryMeHTa UCIOMb3yeTcs KOHKaTeHalua (cuerieHue, coegu-
HeHUe) TpeX CTPOK:

1) cTpokoBoit kOHCTaHTHI "[Ipugemcmayw Bac,”;

2) 3HaueHUs CTPOKOBOL IlepeMeHHON ¢ UMeHeM name;

3) CTpOKOBOIT KOHCTAHTHI "!".

B kavecTBe 0603HaUEHUS ONepaIlii KOHKATEHAIIUU CTPOK UCTIONB3yeTCA
CUMBOJI «+».

Ob6paTuTe BHUMaHUE, YTO B BEIPAXKCHUAX C apUPMETUYCCKUMU ONIepaH-
JAMHU 3HAK «+>» 03HAYaeT OMepalvio CI0XKeHUA. 3Ta CHOCOOHOCTE OIepalui
MO-Pa3HOMY BHITIOMHATHCSA /I PA3HBIX TUTIOB ONEPaH/I0B HA3bIBAETCA NOJIL-
Mmopdusmom. Horumopdusm B epeBoJie ¢ TPeUecKOro 03HAYaeT «MHOTO
dopm», TTonumopdpuaM U ere pasHOBUAHOCTHU MEI €Ile PACCMOTPUM TO/-
pobHee.

[Tpu KOHKaTeHAIUM B HAlleM TMpUMepe 3HAYEHWSA CTPOKOBBIX KOHCTAHT
«IIPUCOCAUHSAIOTCA» K 3HAYCHUIO MEPEMEHHON ¢ UIMEHEM hame.

TakuMm o6pa3oM, pe3yAbTaT BHIIOAHEHUS MPOTPAMMBI Oy/1eT TAKUM:

BeeauTe Bawe uma:
Tumoden<ENTER>
NpuBeTcTBY Bac, Tumodein !

1.3. lipocTpaHCTBO UMEH

B naurel mporpaMMe HCHOJIB30BAHEL 0OpalleHUA K ABYM CTATHYECKUM
MeTogaM Kyacca Console. B o6meM Buae ¢popmar oOpallleHHA K CTaTUYe-
CKHM WieHaM Kjacca:

HazB8axue_npocmpaHcmBa_uMeH . UMA_KAACCA. UMA_YaeHa

3Ta KOHCTPYKLUA B A3bike C# Ha3blBaeTCsl YTOUHEHHBIM, KBATHPHUIIH-
POBAHHBIM MJIM COCTAaBHBHIM UMeHeM. [IepBBIM 3/1eME@HTOM IOJHOTO KBa-
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JTUOUITIPOBAHHOTO UMEHHU SBJIAETCS HaMEeHOBaHHUeE IIPOCTPAHCTBA UMEH.
[MTosicHUM 3TO TTOHATHE. BHavYasie MpuBesieM OIMyOJIUKOBAHHbBIE B IMTEPATYPE
onpeziesieHuUs.

«[I[pocmpaHcmeo umeH — MeXaHU3M, ITOCPEACTBOM KOTOPOTO IOJ-
Jlep>XUBaeTcsl He3aBUCUMOCTD HCIIONb3yeMBIX B KQXKAOU mporpaMme UMeH
U UCKJII0YaeTcs BO3MOXKHOCTh UX CJIy4allHOTO B3aMMHOTI'O BIAUAHUA.» [6]

«[I[pocmpaHcmeo umeH ompezeseT AeKIapaTUBHYIO 00acTb, KOTO-
pasi TIO3BOJISIET OTAENbHO XpAaHUTh MHOXKeCTBa UMeH. 1o cylecTBy, MeHa,
00BABIEHHBIE B OTHOM IPOCTPAHCTBE MMEH, He OyayT KOHQIMKTOBATH
C TAKUMU K€ UMeHaMH, OO'bSIBJIEHHBIMU B ZIPYTOM.» [7]

Kaxzgas nporpamma Ha C# MoXeT 60 HCIIONb30BaTh U060 CBOE COO-
CTBEHHOE YHUKAJIbHOE IIPOCTPAHCTBO UMEH, JIMOO pa3MellaTh CBOU UMeHa
B 106aJIbHOM IIPOCTPAHCTBE, MPEAOCTaBIsIEMOM IIpOrpaMMe II0 yMoJIda-
HUIO. B Omkaiiiiiee BpeMsi HaM OyZEeT JOCTAaTOYHO ITPOCTPAHCTBA UMEH,
HCITO/Ib3yEMOTO 10 YMOJYAHUIO, U B HAIIMX MTPOrpaMMax OOBbSBIEHUSA TIPO-
CTPaHCTB UMeEH He MOHaA00ATcsA. Ho MBI BHIHYK/I€HBI UCIIOJIb30BaTh MPO-
CTpaHCTBa UMEH TeX OMOINOTEK, CPeICTBA KOTOPHIX IPUMEHSIOTCA B HAIITUX
IporpamMmax.

[ToHATHE TPOCTPAHCTBA UMEH MOSBWIOCH B IIPOrPaMMHUPOBAHUY B CBA3U
C HeOOXOIUMOCTBIO Pa3INYaTh OJHOMMEHHBIE ITOHATHUS U3 PA3HBIX OMOIHNO-
TEeK, UCITOJIb3yeMBIX B OZIHOM mporpamme. [IpocTpaHCTBO MMeH System 00b-
enuHsAeT Te kaacchl u3 .NET Framework, koTopsle HarboJiee 4acTO UCIIOJb-
3yIOTCA B KOHCOJIbHBIX IporpamMax Ha C#.

Eciu B mporpaMme Heo6X0AUMO MHOTOKpPATHO oOpamiaThcsa K Kaaccam
13 OIHOT'O U TOTO K€ IPOCTPAHCTBAa UMEH, TO MOXKHO YIIPOCTUTh COCTaBHbIE
MMeHa, UCTI0b3ys B HavaJjle MporpaMMEl (0 olipesiesieHUs Kjaacca) Crelu-
aMbHYIO IUPEKTHUBY UMITOPTA IIPOCTPAHCTBA UMEH:

using umsa_npocmpaHcmBa_umeH;

[Tocsie TaKOM AUPEKTUBEI AJIsI OOpaIeHus K CTaTUYeCKOMY WIeHY Kacca
13 IAHHOT'O TPOCTPAHCTBA UMeH MOXKHO HCIO0JIb30BaTh COKpallleHHOe KBa-
JudUIIMPOBAaHHOE UM, He co/ieprKalllee Ha3BaHUsA IIPOCTPAHCTBA UMEH:

UMA_KA4accda.uUmAa_4vseHa

B Haleil mporpaMmMe MCIOJb3yeTCA MPOCTPAHCTBO MMeH System.
13 3TOrO ImpoCTpaHCTBA MBI MpuMeHsieM Kiacc Console u iBa cTaTUYECKUX
MeToza 3Toro kiuacca — WriteLine() u ReadLine().

[TomecTUB B IIpOrpaMmy AUPEKTUBY

using Systenm;

MOXXHO 0o6pamaThcs K Ha3BaHHBIM MeTO/[aM C ITOMOIIBIO COKpaIleHHbIX KBa-
mudunmpoBaHHbix UMeH Console.WriteLine() u Console.ReadLine().

B Bepcuu C# 6.0 moAaBwiIach AUpEeKTUBA UMIIOPTAa KOHKPETHOI'O THUIIA,
ITO3BOJIAIONIASA elre O6oJIblle YIIPOCTUTH OOpalleHus K CTATUIECKUM WieHaM
KJIaCCOB:
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using static ums_muna;

B kavecTBe MMEHH THNA AONYCTHMO MCIOJAB30BAaTh UMEHA KJIACCOB,
CTPYKTYP, NepevnucaeHuii. JJupeKTHURa using static mosgosseT HalIpAMYIO
obpamaTbCsi KO BCEM CTAaTUYECKHM WieHaM (MeToAaM, IIOJAAM U T. AI.) TOTO
TUITIA, UMA KOTOPOTO UCIOIb30BAHO B AUPEKTUBE, ECU BKAIOYUTE B MPO-
rpaMmy ZUPeKTUBY

using static System.Console;

TO CTAHYT JAONYCTUMEI HEMIOCPe/ICTBEHHBbIE 0OpalleHUA K METOJAaM:

WriteLine ("BBeauTe Bawe uMA:");
name = Readline();

1.4. CozpaHue KOHCONbHOTO NPUNOXEHUA

B oTyiMuue OT SA3LIKOB MPEANIECTRYIONUX TOKOJeHUH, A3bik C# HeBO3-
MOKHO NNPUMEHATDH, U3YVUNB TOJBKO CUHTAKCUC U CeMAHTUKY ASBIKOBBIX KOH-
cTpykuuii. Ha npruBezeHHOM IIpUMepe IPOrPAMMBbI MBI Y2Ke YOeaWINCh, Y4TO
JaXke TaKue 3JeMeHTapHBIE JeMCTBUA KaK BBOA-BRIBOJ TEKCTOBOU MHGMOP-
Maluy TpedyIOT IpUMeHeHUA MeXaHU3MOR, He BXOAALIMX B A3bIK MPOrpaM-
MUPOBaHUs. ITH MeXaHH3Mbl NPEAOCTABIAIOTCA MIPOTPAaMMUCTY B BUJeE
cpeacts wiargopmel .NET. ITnatdpopma .NET nogepxuBaeT He TOIbLKO S3BIK
C#, 11O ¥ JeCATKU APYTUX A3LIKOB, IPEAOCTABAAL UM OIPOMIYIO OUOIHO-
TEKy KJIACCOB, YIPOIAKIINX pa3paboTKy MpOrpaMM pasHOTO Ha3HAYEHHA.
He meITasick OMHUCATh BCE AOCTOMHCTBa M ocobenHocTH .NET, oTMeTHM
TOJAbKO cieayomee: .NET nmospoadeT B OJHOM NPOrpaMMHOM KOMIUIEKCE
0OBeANHATL IIPOTPaMMEI, HallCAHHBIE Ha Pa3HBIX SI3bIKaX MPOrpaMMUPO-
BaHudA. .NET B HacTOAIEe BpeMs pealnu3oBaHa AJA PA3HEIX ONEPALUOHHBIX
cucteM. JIna NET pazpaboTaHkl MOITHEIE U HauboJee COBPEMEHHBIE UHTE-
rpHpOBaHHEBIE Cpeanl IPOrpaMMHPOBaHUA.

[Ipeanonaras, 9YTO 9UTATENb UMEET BO3MOKHOCTE paborarh ¢ ofHOMU
W3 TaKUX CpeJ IPOrpaMMHUPOBAHUA, TOAEeP>KUBAIOLIVX A3BIK C#, nepeiiaeM
K KpaTKOMY OIIMUCAHUIO TeXHOJOTHU CO3JaHKA IPOCTHIX IporpamMM. bygem
HCIIoAb3oBaTh Visual Studio 2017.

[Mporpammupysa Ha C# B .NET Framework, MOKHO B 4acTHOCTH pa3paba-
TBIBATh (IIpOrpaMMEL APYTUX BUAOB B KHUIE [IPOCTO HE pacCMAaTPHUBAIOTC):

* KOHCOJIbHEBIE IPHIOXKEHHNT,

* Windows-ipuiaoxxeHu;

* HUOIUOTEKU KIACCOB.

[TporpaMmy, KOTOPYIO MH NIPUBEIU B IpeAblAylleM naparpade, mpolue
BCET'O PeaJM30BaTh KaK KOHCOJIBbHOE [IPUIOKEHHE.

HezaBUcHMMO OT TOTO, KaKOT0 BHUJA IporpaMma paspabaTweiBaeTcs,
B Visual Studio Heobxoaumo co3zaTs penieHne (Solution) U B 3TOM pelieHUuH
npoekT (Project). CoszaHue nmyctoro (6e3 mMpoeKToB) pelleHUsT He UMEeeT
CMEBIC/Ia, TIO3TOMY pelleHHe 6yaeT aBTOMaTHYeCKU CO3AaHO MPU CO3AaHUU
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HOBOTO npoekTa. [Ipexje yeM onucaTh NocjaeJ0BaTeNbHOCTE JeiiCTBUH,
HeoOXOAUMEIX AJ1s1 CO3JAaHUs U BEITOJHEHU NMPOCTOi IPOrpaMMEL, OCTaHO-
BUMCA HA COOTHOILIEHUU MOHATUM «IIPOEKT» U «pelleHne». B oaHo peuieHue
MOTYT OJHOBPEMEHHO BXOAUThH MPOEKTH MPOTrPpaMM PasHBIX BUAOB. Teker
(kog) mporpaMMH MOXeT ObITh obpabortan cpegoii Visual Studio, xoraa
OH TIOMEIEH B IPOEKT, a MPOEKT — BKJTIOYEH B pellleHre. 3a49acTyio B OIHO
pelleHre TOMEIAT B3aUMOCBA3aHHBIE TTPOEKTHI, HAIPUMED, UCTOIb3YI0-
IHMe OJHU U Te ke OUOIMOTEeKU KAaccoB (Takke MOMELIEHHBIE B BHAE MPO-
€KTOB B 9TO pelLleHue).

Kak Tonbko cpesa paspaboTkn (Hanpumep, Visual Studio) samymena,
BHITIOJIHUTE CACAYIOUIUE WATH.

1. CozgaHue Hoeoro npoekTa: File — New — Project.

B oxHe New Project Ha jiepoit naHenu (Project Types) BeiGepuTe A3LIK
(Visual C#) u mnatdopmy (Windows). Ha ueHTpaiabHo# naHenu BoibepuTe
B1z npuwioxeHus Console Application.

B nmose Name BmecCcTO mpeanaraeMorc no yMOJYaHUK HUMEHU
ConsoleApplication] HaneuarTaiiTe BEIOpaHHOE BaMU UM IIPOEKTA, HAIIPH-
Mep Program_1. B none Location BBeJUTe MOTHOE UMSA MANKU, B KOTOPOHU
OyAeT coxpaHeHo pelleHue, HanpuMmep, C:\IIporpamMel. [To yMOT4aHUIO
PEIICHUK) NIPUMMCHIBACTCA UMA €r0 NIepBOro NpoeKTa (B HaluleM MpuMepe
Program_1, HO 3TO UMA MOXXHO 3aMEHUTb HY)KHEIM UMEHEM DeLIeHU:A).
Kuonkol OK 3anyckaeM npouecc co3JaHus NpoekTa (KU peleHns).

Cpeza Visual Studio co3zaeT pemeHue, NPOEKT NPUIOKEHUA U OTKPHI-
BaeT OKHO PeJaKTopa ¢ TAKUM TEKCTOM 3aTOTOBKH A/ KOZa MPOrPaMMBbI:

using System;

using System.Collections.Generic;
using System.Linqg;

using System.Text;

namespace Program_1

{

class Program

{

static void Main(string[] args)

{
}
}
}

2. HecmoTpsa Ha TO, 9YTO HUKAKOTO KOJA B IIPOEKT MBI HE J0OABILIH,
3TO NpPWIOKeHHe BrosHe paborocnocobHo. Ero MoxkHO crieayomuM obpa-
30M 3aMyCTUTH HA KOMIIWIAMNIO U BEITOAHeHHe: Debug — Start Without
Debugging (unu coyetanuem kaasuin Ctrl+F5).

OTKpoeTca KOHCOMBHOE OKHO ¢ €IMHCTBeHHO ¢pa3oii:

"ANnA NpoACAKEHHA HaxMuTe Awbyl kKnaswuy..."

3To coobmenue cpeapl pa3paboTKH, 3aBeplIaloliee UCIOAHEHUEe KOH-
COMBHOTO TPIIOKEHMS.

20



3. JlomosHUM CO3JaHHYIO cpeloi pa3paboTKU 3aroTOBKY KOJa KOHCOJb-
HOTO IIPWIOXKEHUA ONlepaTOpaMy K3 Hallell IepBOH MpOrpaMMBL:

using System;

using System.Collections.Generic;
using System.Linq;

using System.Text;

namespace Program_1

{

c¢lass Program

{

static void Main(string[] args)

{
string name;
System.Console.WriteLine("BeeanTe Bawe uma: ");
name = System,.Conscle.ReadLine();
System.Console.WriteLine("NpuBeTcTByY Bac, " + name + "!");

}
}
}

Tenepr no Haxkatuio kaapuil Ctrl+F5 nporpaMma OTKOMIWIHPYETCH,
HavYHeT BHIIIOJIHEHUE, BHIBEJAET TMpUrialleHue: «Beegure Bame wms:»
U, B OTBET HA BBEJEHHOE UMs, «[I03J0POBAETCA».

B otnuuue ot nepsoi nporpamMmmel 31_01.cs, B TeKCTe 3aroTOBKH, CO3/[aH-
Ho#t cpegoit Visual Studio, IpUCYTCTBYIOT AUUIHUE A/ Halllei IporpaMMBI
OIIepaTOpHl. Bo-nepBEIX, BMECTO YETHIpEX JUPEKTUB USing MOXXHO 000HTUCE
OAHOH using System;.

Bo-BTOpHIX, HeT HEOOXOAUMOCTH B IBHOM YKAa3aHUU NapaMeTpa B 3aro-
JIOBKE MeToja:

static void Main(string[] args)

KoHcTpykuma string[] args HUKak He HCIIOJb3YeTCA B HallleM MPUIOXKe-
HUHU U MOXKeT OHITh yaajleHa. HasHaueHUe 5Toll KOHCTpYKUUM OyaeT pac-
CMOTPEHO B MOCTEAVIONIAX TaBax, I/le MBl €€ MCIONb3yeM B 3arojoBKe
MeToAa Main().

TpeTbst 0COBEHHOCTb 3arOTOBKM — HAANYKe OObSBIEHNA MPOCTPAHCTBA
MMEH:

namespace Program_1 {...}

910 0OBABIEHUE BBOAUT AJIA TPOrPaMMBI COOCTBEHHOE IIPOCTPAHCTRO
UMeH ¢ obo3HaueHueM Program_1. HeobxogumMocT B cOOGCTBEHHOM IPO-
CTpaHCTBE UMeH AJs1 Halllel porpaMmbl HeT. [1o3ToMy Tpoire UCHoAb30-
BaTbh CTaHJAapTHOe (rnobanbHoe) MPOCTPAHCTBO UMeH. JTO BIIOJHE AOIY-
CTUMO A TeX HeOOJbLIINX NpOorpaMM, KOTOPHIE UCHOAb3YIOTCA B KHUTE
B Ka4yeCTBe IpUMepoB. M HakoHeN, M3 IIpOCTPAaHCTBA UMEH System s
Halllell TporpaMMbl Hy:KeH TOABKO kiace Console. [ToaToMy uMOoopT mpo-
cTpaHcTBa System MOXHO 3aMeHUTh UMIIOPTOM KOHKDETHOTO Kjacca
Console. YcoBepilleHCTBOBaHHAasA BePCUA MPOTpaMMEI IpUMeT BUA:
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// el _81.cs — [lepBas npozpamma
using static System.Console;
class HelloUser

{

static void Main()

{
string name;
WritelLine("BeeguTe Bawe umsa: ");
name = ReadLine()};
WritelLine("MpuseTcTeyw Bac, " + name + "!");
WritelLine("flnA zaBepweHuna ceaHca HaxmuTe ENTER.");
ReadLine(};

}
}

PESYJIbTaTbI BRIINIOAHCHHA [IPpOrpaMMBbIl:

BeeguTe Bawe umA:

Bacunnca<ENTER>

MNpueeTcTBYW Bac, Bacwuawucal

AnAa 3aBepweHWA ceaHca HaxmuTe ENTER.<ENTER>

KOHTPOHbeIe Bonpodbl U 3alaHUA

OOBACHUTE, YTO TAKOE THIL.
Kax MO)XHO onpeAeNuTh NMOHATHE «IlepeMeHHasn»?
[TpuBeANTE MPUMEPH] KIaCCOB U OOBEKTOB.
[TepeuncuTe MpU3HAKU OOBHEKTOB.
B 9eM OTIMYMA WICHOB KJacca OT WIEHOB 00BbeKTa?
JlaliTe onpesaeneHue uaeHTUGUKATOPA.
. O6bACHUTE Ha3HAYEHUE OTAENbHBIX YaCTEN IPOCTENINER IPOrpaMMEI
Ha C#.

8. Kaxopo HasHaueHMe cTaTH4decKkoro Metoga Main()?

G. Bo3MOKHO JIU HaucaTh NMporpaMmy Ha C#, He IPUMeHAA KJIacCoB?

10. Yro Taxoe Tun void?

11. Kakue meToaH kinacca Console mpuMeHAIOTCS AJiA BBOJAA U BHIBO/a
JAaHHBIX?

12. B xakoil MOMEHT BLINIOJHAETCA YTeHHEe BBOJUMEIX C KAaBUATYpPEI
AAaHHBIX?

13. Yo Taxkoe nmoauMopduam?

14. Yto Takoe mpOCTPaHCTBO UMEH?

15. Kaxkoe u3 caoB KoHcTpykiuu System.Console.ReadLine() apasieTca
Ha3BaHHEM NMPOCTPAHCTBa UMeH?

16. Jns kakux 1ejel MpuMeHseTcs JUpeKTHBa using?

17. Yem pemenue (Solution) B Visual Studio otiudaerca ot npoekrta
(Project)?

18. O6bACHUTEe Ha3Ha4YeHUe AUPEKTUBH using static.

19. B yeMm coCTOUT pasauvue CTATUYECKUX U HECTATUYEeCKUX WIEHOB
KJacca?

NOU A WN =
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20. TepeuncanTe U3BeCTHEIE BaM BB WIEHOB KJacca.

21. O6pacuuTe cMbICa (Ha3HAYCHME) KaXKAOTO JIEMEHTA B COCTABHOM
(kpamnduipoBanHoM) UMeHU System.Console. WriteLine.

22. Yto obo3HavaeT onepalua «+» B OUHAPHOM BHIpaXXKeHUH, OJHUM
U3 OIIEPAHAOB KOTOPOTO ABAAETCA CTPOKa (06BeKT Kiacca string)?



InaBa 2
TUMbI B A3bIKE (i

2.1. Tunbl ¢CbINOK M TUNDbI SHAYEHUH

B cranzapte C# [2] B CBsI3U ¢ TUNIAMU UCHOAB3YETCS BHIPaXKeHUE «yHU-
GUITUPOBAHHAA CUCTEMA TUMOB». CMBbICT YHUDHUKAIUU COCTOUT B TOM, YTO
BCE TUIILI MIPOUCXOAAT OT Kjacca object, T. e. ABAAOTCA TPOU3IBOAHBIMU
OT 3TOTO KJacca U HACJAeAVIOT ero wieHb. O MexaHu3Me HacaeJoBaHUsA
pedb MONUJAET MO3/IHEE, HO B MPUMeEpPax mporpaMm Mbl OyeM MPUMEHATH
51 O6BEKTOB U KJIACCOB HEKOTOPEIE BO3MOKHOCTH, YHACIEJOBAHHBIE UMU
OT KJjacca object.

Tunel C# NO3BOJAIOT NPEACTABIAATh, BO-IIEPBBIX, T€ «CKAJAPHEIE» JaH-
HEI€, KOTOPbIE UCIOAL3YIOTCA B pacueTax (11e/ble U BeIeCTBeHHBIE YUCIIa,
JOTUYeCKHUe 3HadYeHuA) U B 00paboTKke TeKCTOB (CMMBOJIH, CTPOKHU). BTO-
pas I'pylna TUMOB COOTBETCTBYET CHelUPUIECKUM IS IPOTPaMMUPOBAaHUA
Ha SA3BIKaX BBICOKOTO YPOBHA «arpervpyrivM» KOHCTPYKIUAM: MACCUBAM,
CTPYKTypaM, oObeKTaM (KJIacCoB).

Takoe geneHue TUIIOB Ha ABe HA3BAHHBIE I'PYIIIEL YHAWIEAOBAHO A3BIKOM
C# U3 npellecTBYIOIINX eMy A3BIKOB MPOrpaMMHPOBAaHUA.

ITpumenarue. B C# umeroTcea THIH ykaszaTenelt U tun void. Tun void o3Ha-
YaeT OTCYTCTBUE 3HAMeHUA. YKazaTeNu UCTIOMb3YIOTCA TOMbKO B HeBe30macHbIX
YYACTKAX KOJA POTPaMM U PACCMaTPUBATRHCA He OYAyT.

Oanaxo mpu pazpaboTke C# pelluan, YTO B CUCTEME TUIIOB LIEIECO0-
Opa3Ho UMETD ellle OAHO pazgenenue. [loaTomy A3mk C# nogaepKuBaeT JBa
BUJa (ABe KaTeropuK) TUIIOR: TUNLL 3Ha4YeHUH (value types) U TUIIBI CCHIIOK
(reference types).

[IpyHUMNHAMBHOE pa3jude 3THX ABYX BUAOB THUIOB 3aK/AI04YaeTcA
B TOM, UTO O0BEKT CCBIIOYHOIO THIIA MOXET MMEHOBATHCA OJHOBPEMEHHO
HECKOJBKMMU CCBUIKAMU, YTO abCOMIOTHO HEAOIYCTUMO AJ1a OOBEeKTOB
¢ TUMMAMM 3HAYEHUH.

Jna nepeMeHHBIX TPaAULMOHHEIX A3BIKOB, HanpuMep C, Bcerga cobmo-
AAeTCA OZHO3HAYHOE COOTBETCTBUE:

MMS_NepeMeHHOW — 3HaYeHWe_nepemeHHoN

To4HO Takad ke cXeMa OTHOMIeHUH CIIpaBCcAJIHBa B A3BIKC C# nna o0B-
€KTOB C TUNIAMH 3HAYECHUU;
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MMA_obbekTa — 3Ha4deHue_obbekTa

Ecau paccMaTpuBaThk peand3anyio TAKOTO OTHOLICHUS B IpOrpaMMme,
TO HY)XHQ BCIIOMHHUTBH, 9TO MaMATh KOMITBIOTEPa OPTaHU30BaHa B BUJE
Tocae/ioBaTeNbHOCTH AYeeK. Kaxaaa a4yeiika UMeeT MHAUBUAYAJIBHEIH,
OOBLIYHO YUCIOBOL, aApec (HauMeHbIIas U3 agpecyeMbIX a4eek — OaliT).

[Tpy BHIMOJHEHUU MPOTpaMMBbl KaXAOMY OOBEKTY BhHAeadeTcA 60K
(y9acTOK) MaMATH B BHAE OAHOI'O WIH HECKOJIBKHX CMEXKHBIX 6aliTOB. Agpec
MMEPBOTO U3 HUX CYUTAETCA aZpecoM oObeKTa. Koj, HaxoAdaImuiica B BEE-
JIEHHOM /151 00beKTa OA0Ke TIAMATH, IIPe/ICTABIIET 3HAYeHHe 00 BEKTA.

[IpeacTaBUTL MALIMHHYIO peain3aliio oO0beKTa ¢ TUNOM 3HaudeHMId
MOXKHO TaK:

agpec_obbekTa = KOA_3HaJeHnA_obbekTa

[lepeMeHHBIE, UMEIOIIUE TUIH 3HAYEHUM, HETIOCPEACTBEHHO TpPEe/CTAaB-
JIAIOT B IPOTpaMMe KOHKPETHBIE JJaHHBIe.

[TepeMeHHEBIe, HMelOLINEe THNB CCHUIOK, NPEeACTABAAIOT B IIpOTrpaMMe
KOHKPEeTHBIE JaHHBIE KOCBEHHO, XOTA KOCBEHHOCTh 3TOrO NIpeACTaBACHUA
He M0Ka3aHa ABHO B TEKCTe IIporpaMMel. JJoCcTyn K JaHHBIM 10 UMEHH Mepe-
MeHHOH ¢ TUMIOM CChUIKM WITIOCTPUPYET TpUaja:

HMH_HEPEMEHHOfI = |[3HaYUE€HHUE_ajpeca_AdHHBIX| = |3Ha41€HHE€_AaHHLBIX

MaUIHHHy}O pe€aMIu3alluK) TaKoM TpHUaAbl MOXHO H306p33HTb TaK:

aZipec_liepeMeHHOMN | = |KoJ_agpeca_JaHHBIX | = |KOA_3HA4eHUA_AaHHBIX

B Koze nporpaMMel Ha C# ZOCTYT K ZaHHBIM C MIOMOIIBIO CCBUIKU B PAAC
¢/Iy4aeB MOXKHO BOCIPUHUMATh B COOTBETCTBHUH CO CXeMOH JOCTyNA K JaH-
HBEIM C TIOMONIBI0 TPAAUIMOHHON IepeMeHHOU (MMeINIeN TUTI 3HaYeHUH) !

HUMA_CCLITKH | = (3Ha4YeHHe_JaHHDLIX

Ho IIpH HUCIIONBE30OBaHHH TaKo# CXeMBI IIOABJSETCA HOBOE U I[IPpUHIUITH-
AJIBHOC OTVIMYHUEC — AOCTYIIHOCTD OAHHKX K TCX K€ JaHHBIX (oaHoro Y41aCcTKa
MAMATH) € MOMOIIBIO HECKOJIBKHUX CCHIICK:

HUMA_CcChIIKU_1

UMSA_CCBUIKU_2

s = |SHAYCHHUEC_JaHHbIX

UMA_ccbimku K

OcHOBHO€E U NIpUHUUIHAABHOE AJA NMPOrpaMMUCTA-IIOAb30BaTeNs OT/IU-
yHe TUIOB 3Ha4eHUIl OT TUIIOB CCHUIOK COCTOMT B cieayiolleM. Kaxaon
nepeMeHHOH, KOTOpad UMeeT THIl 3HaYeHUH, MPUHAAIEKUT e€ COOCTBEH-
Has KOMUA JaHHBIX, U TIO3TOMY ONlepalliy ¢ OHON MepeMeHHONH He BIUAIOT
Ha 3Ha4YeHUs APYTUX NTePEMEHHBIX.
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HecKonbko mepeMeHHEBIX ¢ TUIIOM CCHUIOK MOTYT OHITh OZHOBpEMeHHO
COOTHECEHBI C O[HUM U TeM Ke 00beKTOM. [To3ToMy onepaiuu, BhIIOMHSIE-
MEI€ C OZJHON U3 2TUX MepPeMeHHBIX, MOTYT U3MeHATh 00BEKT, Ha KOTOPHIM
B 3TOT MOMEHT CCBUIAIOTCA APYTHe NepeMeHHbIe (C TUIIOM CCBUIOK).

Paznnuua Mexay TUIIAMH 3HAYE€HUI U TUIIAMU CChUIOK WUIIOCTPUPYET
eme oaHa 0ce6eHHOCTh. OOBEKT CCBUIOYHOTO TUMA HUKOTAA HE UMEET CBO-
ero coOCTBeHHOrO MMeHHU. B pasHble MOMEHTE! BHIIOJHEHUA MPOrpaMMBI
Ans obpallleHusa K HeMy MOTYT UCTIOb30BaThCsl pa3Hble TepeMeHHEbIe CChl-
JIOUHOTO TUIIA.

Ecnu of6paTUTh BHUMAHWE HAa NPUHITUIE OPraHU3aluid TaMAaTU KOM-
MbIOTepa, TO cleAyeT OTMETUTh, YTO Ha JIOTHYEecKOM YPOBHE OHa pasfefieHa
Ha /IBe JacTHU: CTeK U YIpaBIaeMylo Kydy (manager heap).

O6BeKTH ¢ TUIAMU 3HAYCHUM BCErAa NpM pealu3allid MoaydaroT
naMATh B cTeke. [Ipy IpUcBanBaHUAX X 3HAYEHUA KONUPYIOTCA. OOBEKTH
CCBUTOUHBIX TUNOB pasMellaloTca B YIIpaBIAeMoO Kyde.

Kak 1 oObeKTH, iepeMeHHBIE MOTYT OBITH CCBUTOYHBIX TUTOB (CCBLIKU)
¥ TUIIOB 3HAYCHUH.

YuuThiBas 3ToT ¢aKT, MOXHO CKa3aTb, UTO TUILI 3HaYeHUH — 3TO
T€ THUIIbl, IePEMEHHBIE KOTOPBIX HEMIOCPE/CTBEHHO XPAHAT CBOU JaHHEIE,
TOIZIa KaK CCbUIOYHBIE TUMBI — JTO TE THUILI, NIEPEMEHHBIC KOTOPBIX XPAHAT
CCBUIKH, IO KOTOPBIM JaHHBIE MOTYT OBITbH JOCTYTIHBIL.

[MpumMepsl U 0OCOOEHHOCTU NEPEeMEHHBX 000X BUAOB PacCMOTPUM YYTh
MO3XKe, 03HAKOMUBILNCH C pa3HooOpasueM TUTIOB A3blka C#.

2.2. Knaccudukauua Tunos (#

Cucrema TUNOB si3blka C# — Belllb AOCTATOYHO CIMKHaA M Tpebylolasa
AKKypaTHOTO pPaccMOTPEHHS MPH MePBOM 3HAKOMcTBe. Oflue OTHOIIe-
HUSA MEXAY TUTTAaMU WITIOCTPUPYET UepapxXudeckas cXxeMa, MpUBeJeHHasd
Ha puc. 2.1. Kak yxe yIIOMHHANI0Ch U KaK MMOKa3aHO Ha CXeMe, BCE THUIIHI
s3pika C# umMeroT ob1ui 0a3oBBIM TN — Kiace object. O geneHuy TUIIOB
Ha TUMHI CCHIZIOK W THUTIH 3HAYEHUN MBI YK€ PaccKa3blBaad., A BOT C AaJb-
HeMell aerannsanueid 6yjeM 3HAKOMUTBCA NMOCTENEHHO. M 3HAKOMCTBO
HaiHeM He ¢ k1accudrKalyy, COOTBETCTBYIOLEH HepapXUU THIIOB, a C ApPY-
TOTO JeNeHUsI.

Bce TUIH, KOTOpBHIE MOTYT HUCNOJABL3OBAThCA B IporpaMmax Ha C#,
AesATCA Ha TPY IPYNIHL:

* npedonpedeneHHbie B A3bIKe C# (B CTaHAapTe OHU 0DO3HAYEHHI TEP-
MuHOM Built_In, KOTOpPEIH MOKHO TTEPEBECTH KAK «BCTPOEHHBIE);

* bubnuomeunnte (06pIYHO M3 cTaHAapTHOH Oubaumortekn .NET
Framework);

* onpedeJieHHble npozpamMmucnom (TIOTb30BATENBCKIE).

IIpeaonpeaeneHHble TUMH BKAIOYEHB! B A3EIK C#. K HUM oTHOCATCA:

1) object — Tun ccrinok (Kiacc), KOTOPEHI ABIAETCS IepBOHAYATLHBIM
(eAMHCTBEHHBIM MCXOJHBIM) HA30BHIM /ST BCEX APYTUX TUMOB fA3bKa C#,
T. €. BCE JPYTUE TUIIH ABJAIOTCA IPOU3BOAHBIMU OT 3TOTO THUIA;
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2) npocthle (6asopbie win $yHAaAMeHTaIbHEIE) TUIIBI — THUIIE 3Have-
HHI, A1 KOTOPHIX B A3bIKe C# BBeACHHI ClleUaIbHbIe 0603HAYCHUA;

3) string — T CCBUIOK (KMacc) AA Tpe/CTaBAeHus CTPOK — TOCIe/0-
BaTeNBLHOCTEN CUMBOJIOB B KoAupoBKke Unicode, u ap.

object
I : 1
THUIIH 3HAYeHUH THIBI CCEUIOK
MIPOCTHIE THITHI THUTIBI KJIACCOB
THUIIBI IepeuncaeHHH THIIBI HHTepPeHcoB
CTPYKTYPHBIE THITBI THIBL JEIEeTATOB
THUITBEl MACCHBOB

Puc. 2.1. Cxema TUNOB A3bIKa C#

BubGanoTedHbIe U MOJB30BATEIbCKHE THUIIE MOTYT ObITh KaK THUIAMHA
3HaYeHUH, TaKk ¥ THMIIaMH CCHUTOK. YTOOHI MOAB30BATRCA OUOIMOTEUYHBIM
THUTIOM, HY)XHO 3HAaTb €ro UMS U BOZMOXHOCTH (T10JI5, METOARL), & TakKe
Ha3BaHHE TOrO MPOCTPAHCTBA UMEH, KOTOPOMY OH NPUHAIECIKUT.

ITpumeuanue. Kak Mbl y3Ke TOBOPWIH, A COKpallleHUs KBATUGUIIUPOBAHHOTO
(MomHOTO) UMEeHU HY>KHOTO HaM Kjtacca (TUIMA) B MPOrPAMMY BKIHOYAIOT AUPEKTURHI

using #a3zBaxue_npocmpaHcmBa_umeH;
using static mun;

Hanpumep, 4To0b HATTUCATh MporpaMmy Ha C# i paboTel ¢ daliiamu, B KoZe
UCIIONB3YETCA AMPEKTUBA:

using System.IO;

Ilocne aTOro B nporpaMMe CTAHOBATCA JOCTYIMHLBL ¢ TOMOIIBKY COKpalle¢HHBIX
HMEH KA4aCcCOB THIILI, HEO'ﬁXO,}J,HMbIe AJ1A OpraHU3aldH [MOTOKOBOI0 BBOJA-BEIBOIA.

HoBble TUMBI 3HAaYeHMIT MOTYT OBITH BBEJEHB! B IPOrpaMMy Kak Iepe-
QUCACHUA U CTPYKTYPBL. 1A 06aBAeHUA HOBBIX TUIIOB CCHIIOK UCTIOAB3YIOT
KJIACCHI, MacCUBHl, UHTepdelcH, AeaeraTel. O TOM, KakK 3TO AeNaTh B CBOUX
NpPOrpaMMax, T. €. KaK IOSABIAIOTCA THITH, ONpe/Ie/IeHHbIE TPOrPAMMUCTOM,
pedb elle BIepeau, a celvac paccCMOTPUM HA30BHIE THIIBI.

2.3. MpocTobie (6azoBble) TUNDLI. KOHCTAHTLI-AUTEpanDI

PaccMoTpeHHde TUIOB HAYHEM ¢ NPOCThIX (6a30BBIX) TUNOB 3HAYCHUH,
KOTOpPHIE B KaueCTBe H6a30BHIX TUITOB UCITONB3YIOTCA BO MHOTHUX A3BIKaX MPO-
rpaMMupoOBaHuA, Hanpumep, B C u C++.
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fAspik C# mpezacTaBisgeT NMpOrpaMMHCTy Habop mpeaomnpeeneHHBIX
CTPYKTYPHBIX THUIIOB, Ha3bIBAEMBIX ITPOCTBIMU TUIIAMH. TaK KaK 3TO THIIbI
CTPYKTYPHBIE, TO 3TO THITbI 3HaYeHWH. Ka)KAbIi U3 3TUX TUIIOB MPE/CTaBIeH
B IIPOTpPaMMe COOTBETCTBYIOIIUM 3ape3epBUPOBAHHBIM HAEHTHGUKATOPOM
(cory>ke6GHBIM CJIOBOM).

[TpocTeie TUIBHI 3HAYEHUH A3bIKa C# MOXXHO IOAPA3/eUTh Ha CIEAYIO-
IIT1€ TPYTIIB:

* yHcaoBble (apudpMeTHUECKUE) TUIIHI;

* Jsormyeckuii (OyJI€BCKUIA) THIT;

* CHUMBOJIBHBIM THUN (B CTaHZapTe OH OTHECEH K IEeJOYHCIEHHBIM
THUIIaM).

K 4MC/IOBBIM THIIAM OTHOCSATCA: 3HAaKOBBIE U O€33HAKOBHIE 1[€JI0UHCIIEH-
HbI€ THIIbI, BEIIeCTBEHHbBIE THUIIBI U J€CATUYHBIN THII.

YucioBble 3HAYEHUSA TIPECTABIAIOTCA B MIPOTPAMMeE C ITOMOIIbIO KOH-
cTaHT (JTUTepasoB) U IIepEMEHHBIX TPeX PA3HBIX BU/IOB:

* 1esble yruciaa (3HaKoBble TUIIBL: sbyte, short, int, long, 6e33HaKoBBIE
tumbl: byte, ushort, uint, ulong);

e BemecTBeHHble ynciaa (tumsl float, double);

e necaruuHble yuciaa (tun decimal).

[TpuMepHI 1EJIOYUCTEHHBIX TUTEPAJIOB:

48 — KOHCTaHTa 3HAaKOBOIO Iejoro Tuma (int);

43L. — KOHCTaHTa 3HAaKOBOT'O /UTUHHOTO IIesioro tuna (long);

49U — KoHcTaHTa 6e33HaKoBOro 1eyoro Tuna (uint);

93UL — koHcTaHTa 6€33HaKOBOTO JUIMHHOTO Iiejoro Tuma (ulong).

Ob6paTuTe BHUMaHUe Ha HeOOXOAMMOCTL B pszie ciydyaeB cyGPUKCOB.
Cydouxkc L (wim 1) ucnonb3yercs A OTHECEHUA JUTepaia K TUMY long.
Cydodukc U (w1m u) npeBpalaeT JuTepas B 3HaueHHe 6€33HaKOBOTO THUIIA.

KoHcTaHTHI (JTUTEpasbl) BENECTBEHHBIX TUIIOB MOTYT OBITH 3amMCaHBI
B Bujle ¢ UKCUPOBAHHOM TOYKOM:

101.284 — tum double;

-0.221F — Tun float;

12.0f — tum float.

Kpowme TOro, MIMPOKO MUCIOMb3YeTCA SKCIIOHEHI[UAIbHas 3alTUCh — Hayd-
Has HOTALMA, IIPU KOTOPOU ABHO BHIITUCHIBAIOTCS MAHTHCCA M OKCIIOHEHTA,
a MeX/Jy HUMH pasMelraeTcs pa3aeauTensd E wiu e. [IpuMepsr:

-0.24E-13 — tun double;

1.44E+11F — tun float;

-16.3E+02f — Tumn float.

ObpaTuTe BHUMaHUe Ha HeobxoaumocTh cyboukca F wim f B 3amucu
BeIeCTBEHHON KOHCTAHThI C OAWHAPHON TOYHOCTHIO, OTHOCUMOM K THITY
float. [Ipu oTcyTcTBUM yKa3zaHHOTO CypdHKca KOHCTAHTA IO YMOJTIAHHUIO
BOCIIPUHMMAeTCS U 0OpabaThiBaeTcs Kak 3HaueHue Tuna double.

Tun decimal cnenanabHO BBesieH B A3BIK C#, YTOOBI 00eCIIeYuTh BBIYMC-
JIEHUsI, TIPYU BBITIOJTHEHUM KOTOPBIX HEJAOMYCTUMBI (TOYHEE, JOIKHBI OBIThH
MUHUMM3UPOBAHBI) OMIMOKU OKpymieHusA. Hanpumep, nmpu GpUHAHCOBBIX
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BEIMMCIEHUAX ¢ BOMBIIMMU CYMMaMHU Ja)ke MUHUMAaNbHEBIE TIOTPELIHOCTH
3a CYET OKPYIVIEHUsI MOTYT IIPUBOAUTH K 3aMETHBIM MTOTEPSIM.

[TepeMeHHbIe U KOHCTaHThl Tuna decimal mMo3BOAAIOT MpeACTABIATH
YHCAOBBIE 3HAYEHHA B guanaszoHe oT 10-28 g0 7,9-1028, lnga kaxaoro yuciaa
BRIIENAeTCc 128 ABOMYHBIX Pa3psoB, MPUYEM YUCI0O XpaHUTCA B popme
¢ puxkcupogarHoil mouxoii. C TOMOIIBIO 3TOIC TUIIA MOKHO TIPECTABAATD
9ucaa, UMernue 10 28 AecaTUYHbBIX Pa3paios.

B zamucy IeCATUYHOM KOHCTAHThI UCTIoAb3yeTces cyPpdure m (mwau M),

[IprMepsl JeCATUYHBIX IUTEPAIOB:

308.0008M;

12.6m;

123456789000m.

g mpeAcTaBAeHUs JOTUYeCcKUX 3HaYeHUNH UCTOAB3YIOTCA KOHCTAHTHI
tumna bool:

true — HUCTUHA;

false — noxs.

[To cpaBHEHUIO C TIPEAIIECTBYIONUMHU A3bIKaMHu (Hanpumep, C u C++)
B C# AN IpeACTaBleHUusa KOJOB OTJAeNbHBIX CAMBOAOB (/I JAHHBIX TUIIA
char) ucnonbayercsa He 1 6aifT, a 2 6aiita u A9 KOAUPOBAHUA UCTIONB3YETCA
Unicode. CUMBONBHBIE AUTEpaNbl OrpaHUYeHB! 00A3aTeNBHEIMU Qnocmpo-
damu (He mmyTaliTe ¢ KaBplYKaMu!):

|Al, |zl, |2l, |0l, |ﬂl‘

B CUMBOJBHBIX JUTEpaaax A NpeAcTaBleHNA OJHOTO CHMBOJA MOLYT
HCIIOMb30BaThCA 3CKENI-NOCAeA0BATENbHOCTH, KaXAasd U3 KOTOPHIX Hauu-
HaeTcs ¢ 00paTHOM KOCOU 9€PTHI «\». B BU/le acKelII-TIocIe/J0BaTeIEHOCTEH
M300paXKAKTCA YIIPABSTIOMIUE CUMBOJIEL:

\' — amocrpod;

\" — KaBHIUK3;

\\ — oOpaTHas Kocas 4epTa;

\a — 3BYKOBOU CUTHAa;

\b — Boaspar Ha mar (3a60ii);

\l — HOBag CTPOKA;

\I' — BO3BpAT KapeTKu (B HAYaIO CTPOKU);
\t — rabymasauua (TOpU3OHTAIBHAN);
\0 — HyZneBOe 3HAYEHUE, YCTO;

\f — mepeBoa cTpaHULbI;

\V — BepTUKaJbHasA Taby/ALUA.

C DoMOIIbIO ABHOM 3aIllUCHU YHUCAOBOIO 3HAYEHUA KOAA 3CKEeHII-IIoce-
AOBATENbHOCTBIO MOXKHO IpeAcTaBUTh J0Holl Unicode-cumpon. ®opmar
TAKOT'0 IIPCACTABJICHNUA:

"\uhhhh",

rae h — mwectHaguarepnyHas uudpa, u — odazareabHbiil npeduxc. [Ipe-
AenbHbIe 3HaYeHusa oT \u0000' go \uFFFF"
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[Tpumep: \u0066' cooTBeTCcTBYET cUMBOITY 'f.

PazpenieHsl Takxke 3CKeHNn-nociaeAoBareabHocTy Buaa \xhh', rae h —
mecTHaALaTepuyHad nudpa, x — npedukc, Hampumep, \x2B' npeacras-
JSeT KOJA CUMBOIA 't'.

2.4, 06bABNEHUA NepeMeHHbIX M KOHCTAHT 6a30BbIX TUNOB

[To Tpaguuum, yHacaeZoBaHHOHM OT A3HKOB C U C+ +, HOBHIM 2K3eMIUIAP
(mepeMeHHAs) MPOCTOTC THUMA BBOAUTCA ¢ TIOMOIIBIO OOBABICHUA:

type name = expression;

TZe type — Ha3BaHUe TUIIA;

name — MMA 3K3eMIUIapa (IIepeMeHHOM);

expression — MHULHAJIN3UPYIOLIee BoIpaxKeHre (HalpuMep, KOHCTaHTa).

Obnpapnenne 0HA3aTEBHO 3aBEPIIAETCS TOYKOH ¢ 3aNATOH.

HasBaHusi 6a30BbIX THUIOB ¢ IpUMepaMu OObABAeHUN NPUBEAEHBI
B Taba. 2.1. (em. [1]).

B ogHOM OOBABIEHUN MOTYT OBITh OTIpeJesieHbl HeCKOAbKO IIepeMeHHbIX
OAHOTrO TUMNA:

type namel = expressionl, name2 = expression 2;

[TepeMeHHEIE OAHOTO OOBABICHUA OTAEAAIOTCA APYT OT APYTa 3aISTHIMMU.
[Tpumep:

double pi = 3.141593, e = 2.718282, ¢ = 535.491656;

Tabnuua 2.1
MpocTble (6az0Bble) TMNbI 3HAUYEHNA
Tum Onucanne MpuMepsl OO BABICHEIEL
sbyte | 8-GHTOBHIIf 3HAKOBLIN HeAslil (1 HaiiT) sbyte val = 12;
short | 16-6MTOBLIH 3HAKOBEIN Lesblid (2 HalTa) short val = 12;
int 32-6UTOBHIH 3HAKOBHIH TieAbIH (4 GaliTa) int val = 12;
long 64-O6UTOBBIH 3HAKOBLIH Leabll (8 GaliToB) long vall = 12;
long val2 = 34L;
byte 8-OuToBHIT Oe33HaKOBHT Tienkii (1 HaiiT) byte vall = 12;
ushort | 16-61roBBIE Be33HAKOBBIN LeablH (2 DaliTa) ushort vall = 12;
uint 32-6UTOBHIN Be33HaAKOBHI Lennil (4 Haiita) uint vall = 12;
uint val2 = 34U;
ulong | 64-6uroBrii He33HAKOBLIM 1TeabIi (8 HaliTOB) ulong vall = 12;
ulong val2 = 34U;
ulong val3 = 56L;
ulong val4 = 78UL;
float | BellecTBeHHBIH ¢ mAaRatolleil TOUKOH ¢ OAU- float val = 1.23F;
HapHOM TOYHOCTEIO (4 BaliTa)
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OkoHYarue mabn. 2.1

IMpumeps! 06BABICHHIT

double vall = 1.23;
double val2 = 4.56D;

bool | Jlormueckuii Tum; sHavyeHue Wi false, win bool vall = true;
true bool val2 = false;

Tun Onucanue

double | BellecTBeHHEIH ¢ MIaBaKLIE TOYKOH ¢ ABOH-
HOH TOYHOCTRIO (8 HaliToB)

char | CuMBOJBLHBHIE THUIT, 3HAYECHHUE — OAMH cuMmBoa | char val = 'h';

Unicode (2 6aiiTa)

decimal | ToyHEIH AeHeKHBI THIT, 28—29 3HAYHMBIX
AeCATUYHBIX paspazos (12 6aittos)

decimal val = 1.23M;

Beega ¢opmaTr oObABIEHUS TepPeMeHHBIX, CIelyeT OCTAHOBUTLCA
Ha Bompoce Boibopa ux uMeH. ViMa nmepemeHHO — BBIOpaHHBIN IIporpaM-
MUCTOM HAeHTUIUKATOP. NZeHTUDUKATOP — 3TO IIOCAeJ0BaTeNbHOCTh
OYKB, ZeCATUYHBIX IUPP U CHMBOJIOB [IOAYEPKUBAHUA, KOTOpasA HAYNHACTCA
He ¢ uudphl. B a3bike C# B KadecTBe OYKB JONYCTUMO IIPUMEHATH GYKBEI
HalMOHANbHLIX andaBuToB. TakuM o6pa3oM, NpaBUIbHBIMU UAeHTUUKA-
TopamMu OyAyT, HAPUMED, TAKHE MOC/IeJ0BaTeNbHOCTH:

Number_of Line, ofwvem_B_nutpax, x14, mass.

B kayecTBe MMeH, BBOJVMBIX IPOrPaAMMUCTOM, 3aIpEeleHO UCIOAB30-
BaTh ciyxebHele (KodeBHe) ¢IoBa A3bika C#. UTobHI yoke ceifdac npego-
cTepeubesa OT Takou omubKn, obpaThTe BHUMaHUE Ha UX CIIUCOK, IMpUBe-
JeHHLIH B Tabauie 2.2.

Tabnuya 2.2

CnymebHble cnoBa asbika G
abstract as base bool break
byte case catch char checked
class const continue decimal default
delegate do double else enum
event explicit extern false finally
fixed float for foreach gOto
if implicit in int interface
internal is lock long namespace
new null object operator out
override params private protected public
readonly ref return sbyte sealed
short sizeof stackalloc static string
struct switch this throw true
try typeof uint ulong unchecked
unsafe ushort using virtual void
volatile while — — —
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CrneayeT OTMETUTh, YTO B Taba. 2.2 He BKIOUYEHB UAeHTUOUKATOPH,
KOTOpBIE UTPAIOT POJb KIIYEBHIX CJIOB TONBKO B KOHKPETHOM KOHTEKCTE.
ITpumepsl: into, set, when, yield.

[TOSHAKOMHUBIIHCE CO CIIMCKOM CIYXEOHBIX CJIOB, YUTATEAb Cpasy Xe
OOHAPYKUT OIIUOKY B CAEAYIOMIEM OOBIBIECHUM:

int try = 15; // owubka 6 umenu nepemenHol !

MHUITMATU3UpYINee BHpaKeHUE 4acTO KOHCTAHTA, OJHAKO MOXKET
OBITD JIIOOBIM BEIpaXKEHUEM, ONIePaHABl KOTOPOTO MMEIOT KOHKPETHRIE 3Ha-
JeHUs B MOMEHT OObABNeHUA epeMeHHON. [1o TUIy BEMUC/ISIEMOro 3Ha-
YeHUA UHUIMAIU3UPYIolIee BHIpAaXXeHUe AOKHO COOTBETCTBOBATH THUITY
CO3/laBaeMOH MepeMeHHOM.

[TpuMepnl 0O6BABAEHMI TepeMeHHBIX:

double pi2 = 6.28;
int poBa = 2;

B o6bsABNeHUN NepeMEHHON UHUITUAIU3AIUA MOKET OTCYTCTBOBATH.
OpHaxko fA3eIk C# O4eHBb CTPOT U He JOIYCKAET CYIIECTBOBAHUA B IIpOrpaMMme
NepeMeHHBIX ¢ HeOIpeAeeHHBIMY 3HaYeHUAMH, [103ToMy nocse oObARIeHI
niepeMeHHO 6e3 e€ MHULMATU3alH HeoOX0AUMO KaKMM-TO 00pa3oM MPUCBO-
WTh €l 3HaYeHue. OOBYHO JJIS 3TOTO UCTIONB3YIOT OIepaTop IIpHUCBAUBAHUA!

umMa_nepemenHoll = BolpaxeHue;

[Tpumep (yZeAbHBIN 3apAj a/eKTpoHa B eguHuliax CI'C3/r):

double electron_charge; // obvaBneHue
electron_charge = 5.27e+17; // npucBauBarue 3HGYEHUA

B oTauuMe OT JUTEPATOB, KOTOpPble caMu 110 cebe NpeACcTaBIsIIoT co0-
CTBEHHBIE 3HAUYEHUA U He TPeOyIoT NpeABapUTEeAbHLIX 0OBABIECHUU, TMe-
HOBaHHEIE KOHCTAHTEI BBOAATCS € IOMOIIBIO KOHCTPYKIIMU:

const type name = expression;

OTnuyne oT oOBABIEHUs NePEMEHHOMN: Hanudue MoguduKkaTopa const
Y 00A3aTeNMBHOCTE MHAIMATU3ALU .

Hanynyne MHUIMAAU3ATOpPA B OOBABACHUU I€PeMEHHOH WIN UMEHO-
BAHHOU KOHCTAHTHI ITO3BOJIIET «IIOPYYATE» KOMITHISATOPY CAMOCTOATENBHO
BHIBOJUTH THUM JIOKAJBHOU MepeMeHHOW UAU KOHCTAHTHL, /g 3TOro BMe-
CTO Ha3BaHUA TUIA B JeKJIapalli HCIOAb3yeTCd KOHTEKCTHO-3aBUCHMOE
cnyxkebHoe coBO var. [Ipeaviayiune AeKJapalui BelleCTBeHHON U Leaok
TiepeMEeHHBIX MOXHO 3aMEHUTE TAKHUMU:

var piz2
var faea

6.28;
2;

XoTA Takoe OOBABICHME NTePEMEHHBIX ¢ HEABHBIM YKA3aHUEM UX TUIIOB
He PEKOMEHJYeTCA, HO B pAJe CIyYaeB OHO MOXET OKa3aTbCda OYeHb ya00-
HBIM, uTO OyZIeT moKa3aHo B JadbHEUNIEM.
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KOHTpOIIbeIe Bonpodbl U 3ajlaHUA

1. YeM OTAHMYAIOTCA THUIBI 3HAKOBEIE OT Oe33HAKOBBIX.

2. IIpupeanTe MpUMepLl KOHCTAHT-IUTEPATIOB YUCAOBHX (apudMeTHYe-
CKUX) THIIOB.

3. YkakuTe HazHadYeHUE JeCATUYHOrC TUTAa U MpaBWia 3allucH erg KOH-
CTAHT.

4. HasoBute cnocodBI 3alIUCU CUMBOALHBIX KOHCTAHT.

5. TlpupeayTe IpUMepPHl ICKeHM-TI0CAeZ0BATEABHOCTEH.

6. HazoBute pasMmepsl (B 6MTaX) NpeACTABACHUA B IAMATH KOHCTAHT
6a30BbIX TUTIOB.

7. Kaxue CUMBOJIB JOMyCTUMBI B uaeHTUUKaTopax C#?

8. IpureauTe IpUMepHl CIyKeOHBIX CI0B s3bIKa C#.

9. fBmdercsa nu ugeHtTudukarop Main caykeOHBIM CIOBOM?

10. Yrto Takoe UHHLKAMK3ALIUA TTepeMEeHHON?

11. YeM uMeHOBaHHAA KOHCTAHTA OTIUYAETCA OT KOHCTAHTBI-IUTepana?



InaBa3
ONMEPALIUU U LENOYUCNEHHDIE BbIPAMKEHUA

3.1. Onepauum a3bika G#

B npeapiAyieil raBe MB BBeIU MOHATHE TUMA U PACCMOTPENM KIaccH-
JUKAIUIO TUMIOB, IPUHATYIO B A3blke C#. [IpUBenu cBefeHUA O NMpeaenb-
HBIX 3HAYeHUAX KOHCTAHT U NepeMeHHBIX 06a30BHX (IpocThiX) TUIIOB. Tem
caMbIM 7151 6a30BHIX TUTIOB OTIpeAesieHa COBOKYITHOCTD AOMTYCTUMBIX 3HAYE-
HH, YTOOH IOMHOCTBIO OXapaKTepU30BaTh 6a30BLIe TUIIBL, TPpeOyeTCa pac-
CMOTPETH AONMYCTUMEIE AJIA HUX ONePalUu.

Habop omepauuii a3sika C# BecbMa BeNWK, U paccMaTpUBaTh BO3-
MOXHOCTH KaXK/J0H U3 HUX Mbl OyleM MTOCTEMeHHO MO Mepe HEOOXOAUMO-
ctu. OgHaKo MpeABapUTENbLHO NIPUBEAEM CIUCOK ONepalyii, pa3MecTUB
HX B IOpAAKe YMeHbIIEeHUA UX MPUOPUTETOB, HA3bIBaeMEIX ellle paHTaMU
U Kareropuamu (taba. 3.1 u 3.2).

Tabnuua 3.1

Onepauvn, accOLUMATUEHbIE CNIeBa — HaNpaeo

Onepanusa 3Ha4YeHHe
BazoBbie (mepBUYHBIE) ONepaLiiH
BeIOOp dieHa {K7acca, CTPYKTYPH HIH 06beKTa)

O obpaleHue K METOAY WIH K SK3eMIUIAPY AeNerata
(1 JOCTYI IO UHAeKCY (MHAEKCHPOBaHUE)
++ NMoCcTGHUKCHBI HHKpeMeHT
-- MOCTOUKCHBIH JeKpeMeHT
new cozaaHue o0bekTa (Co3AaHUe SK3eMILIApA)
typeof HAeHTUPHKALUA THIIA
sizeof onpejeileHe pasMepa onepanja (B baiitax)
stacklloc BBIZE/IEHHE IIAMATH B CTeKe {TOJbKO B OIIACHOM KOe)
nameof CTPOKOBOE ITpeAcTaBIeHHe HMeHH {TlepeMeHHO, TUIla U T. 4.)
checked KOHTPOJIB 32 [eA0YNCIeHHEIMA TIEPeroIHeHHIMA
unchecked | oTMeHa KOHTpOJA 3a HEJAOYUCTEHHBIMY TIEPEMOTHEHUAMMT
- JOCTYI K WieHy (0ObeKTa) Mo yKazaTemo (TOALKO B ONTAaCHOM Kojle)
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Mpodonxenue mabn. 3.1

Onepanua 3HavyeHHe
?. null-ycnoBHaa WiK aiBUC-oNepalua o0palleHNA K WieHy (Kacea,
CTPYKTYDH) 0e3 reHepaiuy UCKIKYeHHs, eIy wieH paBeH null
default IO/Ty9eHHE CTAHAAPTHOrO (YMa/J4MBaeMoro) 3Had4eHHA THIA
YHapHble onepaiun
+ VHAPHHIHA TWIKOC (3a1aHKe 3HAKA)
- VHapHBIH MUHYC (3aZaHue 3HaKa)
++ npegUuKCHBIA HHKPEMEHT
-- nipedyHKCHEI ZIeKpeMEHT
~ nopaspAAHOe OTPUHLIAHUE
! JIOTHYECKOe OTpHIlaHHe
{(THm) IpHUBEACHHE K 3aJaHHOMY THITY
& nosiy4eHue agpeca (TOAbKO B ONACHOM KoJe)
® PA3EIMEHOBAHUE YKA3aTeNAA {TOMBKO B OMACHOM Ko/e)
await OKHAaHHE
ApudmMernyeckne GHHapHBIE ONMEpPaIMU
* YMHOXKEHHE
/ JAejleHHe
% Moay9eHue OCTATKa NpH JAeAeHUH
+ CNOKEHHE
- BBIUHUTAHHE
Onepanuu nopaspaAHbIX CABHUTOB
> NMopa3pAAHBINA CABHT BIIpaBo
<< nopaspsAAHbINH CIBUT BAEBO
Omnepanmy OTHOIIeHUH (CpaBHEHUH )
< MeHBbIlLe
> GobIe
<= MeHBIIe UIH PaBHO
>= H0JbIlle WX paBHO
is CPABHEHUE TUTIOB OMEPAHAOB (BO3BpAIAET JTOTUYECKOEe 3HAUEHHE)
as NpOBEpKa TUITOR (BO3BpallaeT 3HaYeHHe MTepBoro onepanga wiv null)
== CpaBHEHHE Ha PaBeHCTBO
= CpaBHEHHME Ha HEPABEHCTBO
”

Cpapnenue ¢ null («morowenue null> — ecau null, TO BO3BPaTHTL

CTaHAApPTHOC 3HaYeHHE)
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OkoHYarue mabn. 3.1

Onepanua

JHaYeHHEe

Iopa3paznbie onepanyud

noburosoe (nopaspagHoe) U

noburoBoe (nopaspagHoe) uckawyawmee MIA

nobuToBoe (nopaspsagHoe) MJIN

Jloruueckue GUHAPHBIE OTlepaliMK

KOHBIOHKINA (1orudeckoe M)

AA3BIOHKUMA (morndeckoe UAM)

HCKJIFOUAROIAA AHIBIOHKIIHA

YOIOBHAaA KOHBIOHKIIHA

YCIOBHaA JU3BHOHKIINA

TepHapHas onepaljus

YCIOBHAA ONCpanHd

Tabnuya 3.2

Onepauuu npucBanBaHUA (accounatnpHble cnpaBa — HaNeBo) U namﬁna-onepauua

Onepanua

JHAUEeHHe

MnpHCBaHBaHHE

CIOXKEHHE C IPUHCBaHBaHHUEM

BbIMHTdHHE C IPHCBaHBaHHUEM

YMHOXKEHHE C MPHCBaHBaHHEM

AE€JEHHE C MPpHCBAHBaHHEM

MOJAYHYeHHE OCTaTKa OT J€JISeHHA ¢ IPUCBaUBaAHHEM

nopaspsaaHoe M ¢ npUcBaHBaHHEM

rnopaspagaHoe ucknwyamee NI ¢ mnpucesauBaHUEM

ropaspagHoe WIH ¢ npucBauBaHUEM

HOpaBPHﬂHbe‘I CABHI BITPABO C NpHCBAHBaHHEM

TIOpa3pAAHBIIT CABMT BAEBO ¢ MPUCBAWBAHUEM

JaMbga-onepanua

B tabn. 3.1. onepauuu oObeUHEHH B IPYIIBL. B KaXAy Ipynimy
IIOMENIeHB! ollepaluy oJHoro paHra. Onuepamnuu oJHOrO paHra us tabi.
3.1 BHIIOMHSAKOTCA cAeBa Hanpapo. Hanpumep, x*y/z 6yaeT BEIMUCAATHCA
B COOTBETCTBUH C BHIpaKeHUEM (X*Y)/Z.
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Omnepaluu TPy, pa3MelleHHOM Bhillle, MMeloT 6o/ee BLICOKUM PaHT,
HeXXelMu OMepalliy TPYII, pasMellleHHHX Hipke. Hampumep, 2 + 6/2
paBHO 5, Tak Kak omepalusa / uMeeT Oojiee BLICOKUI paHT, Hexeau OuHap-
Haf onepalus +. HaunHarolue NporpaMMUCTEI, 3a0bIBast O MPUOPUTETaX
omnepauuii, UHOTAA OMMNOAKTCA, IPUBOAA 451 MAaTEMATUYECKOTO COOTHO-

a *
reHnA bT TaKO€ BbBIpaXXeHHCE! a/b * c. Ero CIeayeT 3allucaTb, HCITONAb3YA
£ c

ckobkn: a/(b * ¢), wim 6es ckobok Tak a/b/c.

3.2. Onepauuu NpuCBauBaHWA U oNepaTop NPUCBaMBaHNA

Onepauuy npucBauBaHuA, IOMeIIeHHbIe B Tab. 3.2, uMeloT fonee HU3-
KU paHr (MeHbIIUHM IPHOPUTET), HeXeu oepanny us tabi. 3.1, Eme oaHa
0COOEHHOCTD OIepallil IPUCBAUBAHUA COCTOUT B TOM, YTO OHU BBITIO/IHA-
I0TCA cnpasa Haieso. Y BCeX 3TUX ollepaluil ogWHaKoBHIU paHr. Hanpu-
Mep, A1 BEIPAXKEHUA X =y =Z=C ¢ IIOMOLIBIO CKOGOK MOCIeA0BATEIbHOCTD
BHIYMCIEHNA MOXKHO 0003HAYUTD TaK: X =(y =(z =¢)). 11 cpaBHeHU:A OTMe-
THUM, YTO BRIPAKeHUIO X + ¥ + Z+ C 3KBUBAJIEHTHO BhIpakeHUe ((x+vy)+2z)+c.

Ilpucsausanue — $PyHZaMeHTANAbHOE IMOHATHE IPOTPaMMUPOBAHUA.
CpeacTBa AN BHIIIOIHEHUA INPHUCBAaMBaHUA CYILIECTBYIOT IPaKTUYeCKU
B K2XX/JIOM A3bIKe IPOrpaMMUPOBaHUS.

HauleMm c Toro, uto B C# eAMHUYHBIN 3HaK «=» 0603HaYaeT GUHAPHYIO
onepaiuio (He oneparop!). ®opmaT npuMeHeHUs Ollepaliu PHUCBaNBAHUA:

umMa_nepemenHold = Bolpaxerue

KoHCTpYKIIMSA uMsi_nepemeHHOU = 8blpaiceHue TpeAcTabisaeT coboi
HUHapHOe BBIpaXKEHUE ¢ AByMA onepaHzamu. [TocaegoBaTenbHOCTE 0Opa-
HOTKH TAKOT'O BHIpAXKEHNA CISAYIONIAA:

1) BeuMCANTD (MOJYYNTE) 3HAYUEHHE BhIpaKeHUs;

2) TIPUCBOUTDH MOJYIEHHOE 3HAUYEHUE [TePEMEHHOM;

3) BepHYTh B TOUKY pa3MeIlleHNA BhEIPaKEeHUA 3HAUeHUE, IPUCBOEHHOE
MePEMEHHOM.

Ecam KOHCTPYKITUS UMSI_NepeMeHHOlU = @blpajyceHue 3aBeplIaeTcs Tod-
KOH ¢ 3alIATOM U pa3MellleHa B IIOCIe/0BATEAbHOCTH APYTHUX ONepaTopoB
MPOTPAaMMEL, TO OHA MpEeBpallaeTcd B OMEpaTop NpUcBauBaHubg. B aToMm
cnydae AedCTBUE OTpaHUYUBAETCA ABYMSA MEPBHIMUA MYHKTAMU: BBIYUC-
JUTh 3HAYCHUE BBIPAXKCHUA U MPHUCBOUTHL NOAYYCHHOE 3HAYCHUE Mepe-
MEHHOM, TOMMEHOBAHHOU C/IeBa OT 3HaKa NMpUCBauBaHUA. TpPeTHI MyHKT
He HY)eH — 3HadeHHe BCEero BHIPAXKEHUA ¢ oIepalnuell nmpucBauBaHUA
urHopupyerca. OfHako uHorAa yao6Ho UCTOAL30BATh IENOYKH TPUCBaUBa-
HWU, U B 3TOM CAy4Yae AJA BCEeX BLIPAXKEHWU NPUCBAaUBaHWA, Pa3MELCHHBIX
CTIpaBa, UX 3HAYE€HUA VCTIONb3YIOTCA SBHO,

IIpumMmep:

int a, b, ¢, d;
a=b=c=4d=842;
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[Tocne BHIMOTHEHUA TAKOTO ONlepaTopa NMepeMeHHbIe a, b, ¢, d npuHu-
MaloT OZHO M TO ke 3HadeHHe 842. [TocneA0BaTENIBHOCTD BBRIYUCACHUMH:
BEUHCHAeTCA BEIpaxeHue d = 842, TeM caMBIM IepeMeHHaA d CTaHOBUTCH
paBHOI 842 M 3TO e 3HaYeHUe TPUHUMAET YYACTHE B CISAYIONIEM BRIpaXKe-
HUM TIPUCBAUBAHMS, T7Ie IEBEIM OIIEPAHAOM CIYKUT NepeMeHHas ¢, U T. /.

KpoMe o6bIvHOL onepalun npucBanBaHus B C# ecTh cOCTaBHLIE OIIe-
paluy MpUCBauBaHuA, 00IyI0 GOpMYy KOTOPBIX MOXHO NPEACTABUTE TaK:

burapHas_onepayus =

3aect buHapHas_onepaiiss — 3TO OJHA U3 CJIEAYIOUINX apUPMETUYECKUX
1 JIOTUYeCKUX onepaluii:
+ — CIoXeHwHe,
- — BBIYHTaHUE,
— YMHOXEHUE,
/ — JeJICHHUE,
% — noJyd4eHUue OCTATKa OT AeACHH,
& — mnopaspsagHad KOHBHOHKIMA,
| — TOpaspAAHAas AUIBIOHKIINA,
~  — mopaspaaHoe ucknodatiee WUIH,
>> — TNOpaspsAAHbIi CABUT BIPaBO GUTOBOTO NIpeJCTABAEHMs 3HAYe-
HHA oNlepaH/a,
<< — TNOpa3pAAHbIN CABUT BACBO OUTOBOrO MpeACTaRICHUA 3HAYCHUA
onepaHza.
Ha3zHaueHHWe COCTABHBIX OIEpalUii IpUCBauBaHUSA — VIPOCTUTH 3alUCh
U YCKOPUTBH BHYUCAECHUE BHIpAXKE€HWI NPUCBAaUBAHUSA, B KOTOPBIX JEBbII
onepaH/ (nepeMeHHas) OAHOBPEMEHHO MCIOIb3YETCA B KAYECTBE JIEBOTO
olnepaHJa BRIpAXKeHUs, PAClOIKEHHOTO ClIpaga OT ollepaluny MpUcBanBa-
HHA.

[IpuMep onepaTtopa NpUCBAUBAHUS
C TPAAUIIAOHHOHN OTIEpaITHEn:

JKBHBAJIEHTHBIH N0 pe3yJabTaTy
oneparop:

n =n + 48;

n += 48;

TpaauLMOHHEII onlepaTop, 3aNUCh
KOTOPOr0 MOXKHO YIIPOCTHTE:

IIpuMeHeHUe cOCTaBHOI onepanuu
OpUCBANBAHUA:

n = n/{n * n); n /=n * n;

3.3. Onepauuu uHKpemeHTa (++) n aekpemenrta (--)

CokpallleHHEIMU GOpMaMH ollepallud MPUCBAWBAHNAA MOXHO CUMTATH
omepalium aBToyBeaudeHud (MHKpEeMeHT) + + W aBTOyMeHbIeHud (JeKpe-
MEHT) --.

Omnepalliad HHKpeMeHTa + + yBelMUMBaeT Ha 1 3HaudeHHe oMepaHAa.
Onepauus geKpeMeHTa -- yMeHbIlIaeT Ha 1 3HaueHHe onepaHia. Jaa obenux
onepauMil olnepaHz MOXKeT OBITh LEeJIOYUCICHHBIM, CHMBOJIBHBIM, Belle-
CTBEHHBIM, AecATUIHBIM (decimal) i 31eMeHTOM MepedUucaIeHus.,
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Obe omepaliuy UMelOT NpebUKCHYIO U TocTdUKcHYo dopmbl. [Tpedukce-
Had $opMa MpeAycMaTpUBaeT U3MEHEeHNe 3HAYeHUA ONePaH/a A0 UCIIONb-
30BaHUA ero 3HaveHusA. IloctdukcHas — U3MeHseT 3HauYeHNe ollepaHAa
TOC/IE UCTIONB30BAHUSA €r0 3HAYECHUH.,

[Mpumenp:

int zone = 240, res; // ObvaABnenue AByx nepemeHHsIX
res = zone++, [/ 3xBuBanesm: res = zone; zone = zone + 1;
res = ++zone; // 3xBuBanenm: zone = zone + 1; res = zone;

3HaveHHe res B pe3y/AbraTe MOCAe0BATEIEHOIO BHIIOIHEHU BCEX 3THX
OIEpaTOpPOB PaBHO 242,

OnepaHAOM AJis ollepanuil ++ U -- MOXET OHTH TOABKO JIEBOJAOIY-
CTUMO€e HeKOHCTAaHTHOe BhipaxkeHue (Hampumep, NepeMeHHast). CregoBa-
TEIBHO, OIINOOYHEIMU OYAYT BeIpaykeHud 84--, ++0, (n - 12)++, --(x + y)
1 UM oJobOHEIe,

OTMeTHuM, 4TO Omepanuu + + | -- IPUMEHHUMHI K OTlepaH/1aM Bcex 6azo-
BBIX THUIIOB 3HaYeHUH 3a HCKAKUeHHeM Jorudeckoro (bool).

3.4. Belpaxenns ¢ apupmeTUyLCKUMH onepaLuamu

Kpome onepauuii ”THKpeEMeHTa U ZeKpeMeHTa A/ LeJOUUCIeHHBIX one-
PaHACB ONPEAEICHBL, BO-IIEPBBIX, CTAHAAPTHBIC apudMeTUYECKUE ONepalyn:

* YyHapHBIe - U + (omIpefessaloT 3HaK BEIpAXKeHUA);

* OuHapHBIe -, +, *, / (BHUMTaHUeE, CI0XKEeHHE, YMHOXKeHUe, JeleHre).

Cpeu HUX 3aCAYKUBAET MOACHEHUS TOAbBKO OMeparus AeAeHUS —
ee pe3y/AbTaT NIPU JByX LIeJOUYHMCIeHHEIX OllepaHJaX Bcerja OKpYIJAAeTCA
JI0 HAWMEHBIIETO Mo AOCOMIOTHON BEIMYHHE IEOTO 3HAUYEHUS.

// 83 8l.cs - uyenoducneHHoe Jenerue
using static System.Console;
class Program

{
static void Main()
{
WriteLine("-13/4 = " + -13 / 4);
WriteLine("13/4 = " + 13 / 4);
WriteLine("15/-4 = " + 15 /-4);
WriteLine("3/5 = " + 3 / 5);
}
}

Ob6paTuTe BHUMaHWe Ha apryMeHT meTtofa WriteLine(). 3To BrIpakeHuUe
¢ omepauMeil KOHKaTeHalluu cTpoK +. [lepBas cTpoka — usobpaxeHue
HEKOTOPOrO BEIpAXKCHUA. BTOpas CTpOKa — CTPOKOBOE NMPEACTABACHUE 3HA-
JeHUs1 apudMeTHUUeCcKOT0 BEIpaKeHUs1, HapuMep, BeipakeHu: -13/4.

Pe3ynbTaT BHINOAHEHWS TPOTPAMMEI;

-13/4 = -3
13/4 = 3
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OTaenbHO CAeJyeT pacCMOTpeTh oleparuio % IoJydeHUA OCTaTKa
OT ZleIeHUs TIeJIOUUCAEHHEX OMepanioB. [Ipu HeHyNeBOM AenuTene s
LETOYUCTEHHBIX BEJIMYNH BBITOIHACTCA COOTHOLICHUE:

(x /vy ¥y + x % y) paBHO X.
Ipumep:
// 83 82.cs — noayueHue ocmamka om OeneHus

using System;
class Program

{
static void Main()
{
Console.WritelLine("13 % 4 = " + 13 % 4);
Console . WritelLine("-13 % 4 = " + -13 % 4);
Console.WriteLine("13 % -4 = " + 13 % -4);
Console.WritelLine("-13 % -4 = " + -13 % -4);
Console WritelLine("-13/-4*-4 + -13 %-4 = "
+ (-13 / -4 * -4 + -13 % -4));
}
s
Pe3yaeTaT BBIIOJIHEHKA IPOTPAMMEI;
13 %4 =1
-13 % 4 = -1
13 % -4 =1
-13 % -4 = -1

-13/-4 * -4 + -13 %-4 = -13

3.5. Mopaspaamsbie (no6utoBble) onepaunu

Ot a3pikoB C u C++ aA3pik C# yHaAcneZoBasl onepanuu Aada paboTe
¢ OUTOBBIMU NIPEACTABICHUAMH I1€/IbIX YHCET:

~  — Tmopa3psiHoe HHBepTUpoBaHUe (nmopa3paaHoe HE);

&  — mnopaspAaHad KOHBIOHKUUA (mopaspaznoe H1);

| — mopaspAaHad AU3BIOHKUNA (topaspagHoe VJIN);

7~ — nopaspaaHoe uckiroyaroee WIN;

>> — [OpaspAAHBINA CABUL BIIPABO;

<< — TNOpa3pAJHBIN CABUT BIEBO.
71 WAUTFOCTpaIiuy BHIMOMHEHUS MOPa3PA/IHBIX OTepanuid y06HO MUCTIOMb-
30BaTk omnepan/ipl 6e33HaKoBoro GalitoBoro tTuma (byte). Paccmorpum
BHauaje NOpaspsAAHYI0 VHApPHYIO onepaunuio MHBepTHpoBaHUA (~). Ome-
panya MPUMEHACTCA K KaXAOMY paspaay (OUTY) BHYTpEHHEro IIpea-
CTaBJeHUA IEJI0YHUCAeHHOTo onepan/a. [IpeAnonoxumM, 9To AeCATHIHOE
3HAYeHUe epeMeHHoM bb 6e33HakoBoro H6aiiToBoro TuUma parHo 3. BHy-
TpeHHee npezacTasaeHne bb umeet By 00000011. [Tocsie BHNOMHEHUSA OTIE-
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pauuy — OUTOBBIM MpeAcTaBAeHHEM pe3yasTaTa (T. €. BElpaxkeHUs1 ~bb),
craeT 11111100, 1. €. 252 OpH 3anUcCU ¢ UCMOJAb3OBAHAEM JECATUYHOIO
ocHOBaHuA. CTOUT OTMETUTH, UTO 414 moboro bb 3HaueHMEM BBIpa)KeHUA
byte(bb + ~ bb) Bceraa Gyzaer 255, 1. e. byte. MAX_VALUE.

Tabnuya 3.3
lpaBuna BbINOAHEHWUA NOPA3PARHDIX ONEPaL UK
3HayeHUA oNepaHIOB Pe3y/lbTaThl BHINOJIHEHHA ONEPALIHH
IMepBoro Broporo & | ~
0 0 0 0 0
0 1 0 1 1
1 0 0 1 1
1 1 1 1 0

Onepanusa &. Onpegenum JBe GaUTOBHX nepeMeHHHX: bb co 3Hayve-
HueMm 3 u dd co 3HaveHMEM 6:

byte bb = 3, dd = 6;

[opazpaauwie (6utoBkie) npeactasieHua: 00000011 u 00000110.

3HaueHneM BhipakeHud bb&dd 6yzaeT AecaTuyHOoe 2, UMeloIlee BHYTPEH-
Hee npeactasnaenne 00000010.

[TpuMeHME K epeMeHHHIM bb u dd 6mHapHYI0 onepalyio IopazpAgHOL
AVSBIOHKIIUY |, TOAYYHUM ZEeCATUUHOE 3HaUYeHue 7 ¢ TOpa3paAHEIM Tipes-
crasneHueM 00000111.

[TpumeHuB OuHApHYIO onepauuy ~ KUckiagatowero NIN x nepeMen-
HBeIM bb u dd, monyynm gecaTuyHOe 3HaYeHUe 5 ¢ OUTOBEIM NpeACTaBie-
Huem 00000101.

Crneaywigas nporpaMMa COZEPXUT ONUCAHHBIE BbILIE BbIPAXEHUS
¢ IOpaspAJHbIMY ONepalluAMU HaJ IepeMeHHBIMU Tulla byte.

Fa

[/ 83 _83.cs — nopaapadusie onepayuu ¢ 6e33HakOBuMU nepemMerRnbIMu
using System;
class Program

{
static wvoid Main()
{
byte bb = 3;
Console.WriteLine("bb = " + bb + "; ~bb = " + (byte)}(~bb));
byte dd = 6;
Console.WriteLine("bb & dd = " + (byte)(bb & dd));
Console.WriteLine("bb | dd = " + (byte)(bb | dd));
Console.WriteLine("bb ~ dd = " + (byte)(bb ~ dd));
}
3

[TossicHUM ellle pa3 ocobeHHocTU obpalleHMit k MeToay WriteLine().
AprymMeHT MeToAa AOJDKEH OBITh CTPOKOBOrO THMNA (Tuma string). Breipaxe-
HUE BUZA
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cmpoka + apudmemuveckoe Boipaxerue

obpabaTbIBaeTCA TAK: BEIMUCIAETCSA apupMeTHIeCKoe BRIpaXXeHne, ero 3Ha-

YeHHe aBTOMaTH4eCcKU IIpeobpasyercs B CTPOKY, KOTOPast «IIPUCOeJUHAETC»

K CTPOKe, pasMeIleHHOH cIeBa OT 3Haka +. YToObl 3HaueHUe apudmMeTHde-

CKOr0 BEIpXKEHUA NIPM NIpeoOpa3oBaHuAX «HE MOTepAao» CBON Oe33HaKo-

BBII TUII, IBHO UCIOAB3YETCA ollepalus npuseienus tunos (byte). bonee

MOAPOOHO MpHUBE/IEHNE TUIIOB PACCMOTPEHO B CIeAVIONIEH I/aBe.
Pesy/nbTaThl BLHITOJIHEHUA [IPOTPaMMEL:

bb = 3; ~bb = 252
bb & dd = 2
bb | dd = 7
bb A dd = 5

bUHapHbBIe TOpa3pAJHEIE ONepaldd CABUTa (>> U < <) MO-pa3HOMY
KCIIOJAB3YIOT 3HA4YEHUA CBOUX ONEPAHAOB. JIeBBIM olepaHA 3ajaeT 1elo-
JUCNEHHOEe 3HaYeHue, K OUTOBOMY NpeACTaBAeHUI0 KOTOPOro NpUMEeHs-
eTcs c¢ABUT. [1paBrIii onepaHj yKa3blBaeT KOJWYECTBO pa3pagoB (6UTOB),
Ha KOTOpoe AO/KHBI CABUTraThCA Bce OUTH BHYTPEHHErO IpeACTaBACHUA
AeBoOro onepanaa. HampapieHue ¢IBUra 3aBUCHT OT ollepauuu: << 06o-
3Ha4YaeT CABUT BJEBO, CIBUT BIIPaBO o0ecleuuBaeT onepanys > >.

[Ipu caBure BAeBO (<< <) BCE pa3psAAbl, BRIXOAAIUE 3a JIEBBIM Kpal BHY-
TpeHHero IIpeACTaBMeHNA 3HaUeHUs J€eBOr0 olepaHjia, OTOpacHIBAIOTCA,
BCe «OCBOOOAUBIINECH» CIpaBa NO3ULKUM 3aNOJHIITCA HYAAMU. TaKUM
o0pa3oM, CABHMHYB BeBO Ha 3 MO3ULUU YUCIO 4 C ABOUIHLIM NIpe/cTaBe-
HueM 00000100, noxyaum 00100000 (aecatuunoe 32). CABUT BIEBO HYUCIA
00010000 (aecaruunoe 16) Ha 4 MMO3ULIUA IPUBOAUT K HYNIEBOMY 3Ha4e-
HHK. OO6paTuM BHUMaHUE, YTO CABUT BJAEeBO Ha K O3UMMNA 3KBUBaIeHTEH
YMHOXEHHUI) JIEBOTO OllepaHia Ha 2K (Ipu yeIoBUM, YTO 3HAYAIUE JIeBhIe
HeHy/eBhle pa3pAALl He BRIHAYT 3a pa3psaAHyIo CeTKY). 3HaueHUEM BhIpaXke-
HUA 6 << 3 Oyzaer AecATUYHOE 9ucao 48, T. e. 6 * 23 mau 00110000.

[Ipu caeure Bupaso (> >) paspsazabl, BEIXOAAILLME 3a IIPaBbld Kpall npea-
CTaBJICHUA 3HA4eHUA JICBOT'O OllepaHa, oTOpaceBaloTcA. CIeBa «0CBOOOAMB-
LIHeCA» MO3ULMH 3aH0MHAITCA HyAAMU. Takum obpasoM, uncio 25 ¢ ABo-
UYHEIM npegacraeaeHueM 00011001 npu casure Ha 2 TIO3ULUU BIPABO
NPUBOANT K nosay4deHno koga 00000110 co sHaueHUueM 6. CABUT BIIPABO
Ha K mo3unuii SKBUBaNeHTEeH YMHOKEHHUIO Ha 2K ¢ OKpyIieHHeM pe3yabTarta
ZIo 1IeJIoro 3HaYeHud. Breipaxkenue 6 >> 2 6yzet pasHo 1, T. e. 00000001,

Creaywiada mporpaMMa WUIKCTPUPYET CKAa3aHHOE OTHOCUTENBHO
TOPA3PAAHBIX C/IBUTOB!

[/ 83 84.cs — onepayuu cOBuz08 dna be33rRakoBuix uesnsix
using static System.Console;
¢lass Program

{

static wvoid Main()

{
byte bb = 4;
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WriteLine("bb = " + bb + "; bb << 3 = " +
(byte)}(bb << 3)});

bb = 16;

WriteLine("bb = " + bb + "; bb << 4 = "
+ (byte)(bb << 4));

bb = 6;

WriteLine("bb = " + bb + "; bb << 3 =" +
(byte)(bb << 3));

bb = 25;

WriteLine("bb = " + bb + "; bb >> 2 = " +
{(byte)(bb >> 2)}};

bb = 6;

WritelLine("bb = " + bb + "; bb >> 2 = " +

(byte)(bb >> 2});

}
}

PESYJIbTaT BHIIIOIHEHHA MPOIrpaMMBLL

bb = 4; bb << 3 = 32
bb = 16; bb << 4 = @
bb = 6; bb << 3 = 48
bb = 25; bb >> 2 =6
bb =6; bb > 2 =1

3.6. lepenonHeHns npu onepaLuAX ¢ LeNbIMU

PaccmaTpuBaa nopaspAaHble ollepallii, MBI OTPaHUYWINCE OllepaH-
AaMu 0e33HaKOBOI'O TUMa byte, Tak Kak UCIOAb30BAHNE 3HAKOBBIX TUIIOB
TpebyeT 3HaKOMCTBa ¢ MIpaBWIaMM KOAUPOBAHUA OTPHLATEALHBIX LIETBIX
guce. [lepeMeHHEBIe U KOHCTAHTH THITA byte Moryt uMeTh 3HadeHUs OT 0
a0 255. CoorBeTcTBytomue ABOWYHEIE KOABI — OT 00000000 (Bce Hynn)
Ao 11111111 (Bce egununsl). B To Xe BpeMA 419 3HAaKOBOToO TUNa sbyte
YCTaHOBJCHE! peAens! oT —128,, 10 +127,,.

ITO CBsI3aHO ¢ MPUHATHIM Ha alllapaTHOM YPOBHe MpaBIWIOM KOAUPOBa-
HUA 3HAKOBBIX HEAHX Yucen. Ja Ux BHYTPEHHETO PEACTABAEHUA UCTIOND-
3yeTcs TaK Ha3bIBaeMBIA donoaxHuniensbusiii kod. Ecin k — konudyecTBo
pas3pAAoB, OTBeACHHOE IJId IpeAcTaBlieHusa Yucia X (414 sbyte k paszo 8),
TO JIOTIONHUTENBHBIN KO/ OTIPEAeNsaeT BEpaXKeHue:!

X, ecqu X >=0,
Aon(x) =
{Zk -Ixl, ecmn x < 0.

B 6UTOBOM NpeAcTaBAeHUN YHCEI C UCTIONb30BAHUEM ACIIOMTHUTENbHOTO
KOZa ¥ BCEX IOJOKUTEABHEIX YUCEJA CaMblid 1eBBIM OUT paseH 0, a y OTpH-
aTeIbHbIX — €JIUHUIIE.

MuuuManpHoe yuciao Tuna sbyte paBuo -128,,. Ero ABOWYHBHIH KoOj
10000000. Yucno -1 npeacrasaeHo koaoMm 11111111 IpeacTaBaenue Hyad
0000000, xoa eanaunnsr 00000001,
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3Had nmpaBuIa ZBOUYHOTO KOAUPOBAHUA OTPULIATENbHBIX IebIX YHCeT,
JIETKO TOHATh, KAK MeHAETCsA 3HaYeHHe TepeMEeHHON 3HAKOBOTO THUTIA TIPU
NMopaspsAAHbIX onepauusax. Haopumep, NpUMeHAS K MOJOKUTENLHOMY
qUCTy Olepalulo NMopaspsaaHOro UHBEPTUPOBAHUA ~, Mbl MEHAEM U 3HAK
9ucaa, U Ha 1 yBennuuBaeM ero abcomoTHOe 3HadeHue. [1pu nopaspggHom
WHBEPTUPOBAHUU OTPULIATEILHOrC YNCAa pe3y/IbTaT paBeH YMeHbIIeHHOMY
Ha 1 ero abconmoTHOMY 3HadeHU0. CleAyouas nporpaMma WUTIOCTPUPYET
MpUMEHEHUE OTepalum:

// 83 _85.cs — nopaspadHoe uHBepmupoBarue 3HakoBeix uucenll!
using System;
class Program

{

static void Main()

{
sbyte sb = 9;
sbyte nb = 3;
Console.WriteLine("~sb = " + ~sb);
Console. WritelLine("~sb+sb = " + (~sb + sb));
Console.WritelLine("~nb = " + ~nb});
Console.WriteLine{("~nb+nb = " + (~nb + nb)};

}

n

}

PESYJII::TEIT BHIIIOJHEHHKA MPOIrPAMMBLL

~sb = —10
~sh+sb = -1
~nb = -4
~nb+nb = -1

ITopa3paHBII CABUT BAEBO < < MEMOYUCAECHHOI'O apIyMEHTA 3HaKOBOI'O
THIIa MOXET He TOJbKO U3MEHMTH ero abcooTHOe 3HauYeHUe, HO U, 3a4a-
CTYIO, UBMEHSAET €T0 3HaK, [I[pUBOAUTL IPUMEPHI 3/1eCh HET HEOOXOAUMOCTH.
Topa3zo BaxkHee paccMOTPeTh OCOOEHHOCTH BHINTOJHEHUA TPAJULIMOHHBIX
apudMeTHYECKUX OIepaluil HaJ 6e33HaKOBBIMU U 3HAKOBBIMM ONEPaHAaMH
¢ OrpPaHUYEHHBIM KOITUYECTBOM Pa3psfoB.

HauHeM ¢ 6e33HaKOBBIX LIeTOMUCAIeHHBIX TUMIOB. B pe3y/bTaTe BHIOTHE-
HHUA clIeayiolero ¢parMeHTa IporpaMMsl:

byte b = 255, ¢ = 1, d;
d = (byte)(b + ¢);

3HaueHHneM nepeMeHHOH d 6yaeT 0. O60CHOBaHHOCTb TAKOIO Pe3y/IbTaTa
WUIIOCTPUPYET CAeAyIoIee JBOUYHOE TIPeJCTABIeHe
11111111 =255
+

00000001 =1
100000000 =0

(Hynb 3a cyeT OTOpacHIBaHUA JAEBOTO Pa3ps/a).
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Tenepb obpaTUMCA K oNnepaHJaM 3HAKOBBIX TUIIOB, HallpuMep, THUIa
sbyte.

Ecau npocyMmMupoBaTh 4ucaa —1 (¢ mMopaspaiHBIM IIpeACTaBACHUEM
11111111) u 1 (c xogom 00000001), TO TONYIUM AeBATAPAIPAAHOE YUCIO
¢ 6uroBeiM mpeAcTasienremM 100000000. 14 BHYTPEHHErO IpeICTABIEHNSA
ynces Tuna sbyte oTeoguTca 8 paspsagos. JeBATUpaspsAHOe YUCIO B 3TH
paMKH{ He [IOMeLIAeTcA, U ieBad (crapuiad) eguHuna oropaceiBacTesa. Tem
CaMBbIM pe3yAsTaTOM CYMMUPOBaHUA CTaHOBUTCA koA Hyaa 00000000. Bee
COBEPILEHHO BepHO — BHIpaxeHnue (-1 + 1) Ao/mKHO OBITH paBHO HyMIO!
O/HaKO TaK NPaBUIbHO 3aBEPIIAIOTCA BRIUUCIEHUA HE TIPU BCEX 3HAYEHHUAX
LeJTOYUCAEHHBIX ONIePaHAOB.

3a cyeT orpaHUYeHHOU paspsAAHOCTU BHYTpeHHero npeAcTaBAeHusa 3Ha-
YeHUN LeJbX TUIIOB NMPU BBIYUCACHWY BBHIPAXKEHUU € LEeJOYHUCIEHHBIMU
olepaHJaMu CYLIIeCTBYET OMACHOCThH aBapUHWHOTO BHIXOAA Pe3yAbTaTa
3a Ipeesbl paspAgHoN ceTkd. Hanmpumep, nocie BEINOIHEHUS CIEAYIOUIETO
¢$parmMeHTa IpOrpaMmMsI:

shyte x = 127, v = 127, z;
z = (sbyte) (x + y);

3HaueHNeM NepeMeHHOH z 6yzer —2. B 3TOM jlerko y6eauThes, MpeCTaBUB
BHIIIOJTHEHUE OMepalyuy CyMMUPOBaHUA B JBOUYHOM BUJE:

01111111=127
+

01111111=127
11111110=-2 (B AOIIOJHUTEABLHOM KOJE).

IIpumenanue. B oneparope
z = (sbyte)(x + y);

HCTMOAB3OBAHA OTIepalus NpuBeAeHUs TUNOB (sbyte). IIpu e OTCYTCTBUU pe3yib-
T4T CYMMUPOBAHUA X + ¥ aBTOMaTHYECKH MPUBOAUTCA K THUMY int. IIoNBITKA MpU-
CBOUTD 3HAYeHUE TUIA int mepeMeHHOH z, HMetolleif TUn sbyte, BocnpuHuMaeTes
Kak olunlka, U KOMIMWIAITKA 3aBepLIaeTes aBapuitHo.

[IpuBegeHHbIe WIAKCTpPALUK NepenoJHeHN pas3pagHONH CeTKU NpHU
apudMeTHUECKUX ONepalMAX ¢ BOCBMHUpa3pAAHbIMU LeabIMU (TuIoB byte,
sbyte) MOryT GHITE paclpocTpaHeHbl M Ha LieJble THIIH ¢ OOIBLINM KOJnYe-
CTBOM Pa3pa/0B (TUIILI ¢ YKa3aHUEM pa3pafHOCTEN IpUBeJeHH B Tabs. 2.1).

OCHOBHBIM THUIIOM JJIsSI TIPE/CTABNIEHUA LETOYHUCAEHHBIX TaHHBIX B C#
saBjageTca Tal int. [ia npeacTapreHnsa HeA0YACIeHHEX 3HAYeHHM TUIa int
HCNOAbL3YIOTCA 32-pa3psAgHble YUACTKU NaMATU. TeM caMBIM IIpeJenbHble
3HAYEHMA A4 3HaUYeHUA TUIA int TAaKOBHI:

* TI0JI0XKUTeNAbHBIE OT O A0 231 —1;

* oTpulaTeabHBIE OT -1 70 =231,

B ciaeaymolien nporpaMMe pe3yJAbTaThl YMHOXKEHUH MepeMeHHOM THIA
int Ha caMy ce0s BHIXOJAT 3a NMpejebl paspsaaHoOl CeTKU.
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// 83_86.c5 - nepenoaHeHue npu UenovucneHHsix onepaHdax
using System;
c¢lass Program

{
static void Main()
{
int m = 10061;
Console.WriteLine("m = " + m);
Console.WriteLine("m = " + (m =m * m));
Console.WriteLine("m = " + (m =m * m));
Console.WriteLline("m = " + (m =m * m));
}
}

B nporpamMme 3HauyeHHe LeTOYHCIEHHON epeMeHHOM, BHaYale pab-
Ho#t 1001,,, mocaeAoBaTe/IbBHO YMHOXKAETCH CaMO Ha cels.
PesysbraT BLHIOJHEHHUA MPOrPAMMEL:

= loal

= le02001

= -1016343263
= 554436801

5 3 3 =

[Tocne mepBOTO YMHOKEHHSI M * M 3HaYeHHeM NepeMeHHOM m CTaHo-
Butca 1002001,,, nocie BTOPOro — pe3yabTaT BHIXOAUT 3a PaspAIHYIO
ceTky u3 32 OuTOB. JleBHle JUIIHUE Pa3pAABR OTOPacBIBAIOTCA, OAHAKO
OCTaBIIWICA caMbIN JieBBIM 32-11 6UT OKa3pIBaeTcs paBHBIM 1, U KOJ BOC-
NMpUHUMaeTcA Kak NpeJcTaBleHde oTpUllaTelbHoro yuchaa. Iocae cieay-
0Iero yMHOXeHUus 32-i (kpaliHUi JeBrIl) OUT OKasbiBaeTcd paBHEIM 0,
1 apudMeTUUeCKd HeBepHLIH pe3yAbTaT BOCIPUHUMAaeT s Kak KoZ IOJo-
YKATEJIBHOT'O YUCTIA.

Oco60 oTMETHM, YTO B OOBIYHOM PEeXUME HCIIOMHAONAA CUCTeEMA HUKAK
He pearupyeT Ha BHIXOJ pe3yjabTaTa 3a pa3pAiHYIO0 CETKY, U IIporpaMMu-
CTY HY?KHO CaMOCTOATENABHO CJIEJUTh 38 BO3MOXXHOCTBK) MOABJAECHUA TaKUX
HEBEePHBIX Pe3yAbTaTOB (AJI 3TOro UCNOAb3yIOT onepatuy checked).

B paccMOTpeHHBIX MporpaMMax ¢ nepeMeHHBIMH TUNOB byte u sbyte
MBI HECKOJIBKO Pa3 MpUMEHWIH onepanuio npeobpazoBaHus (MHadve npu-
BeJeHUs) TUIIOB. HanpuMep, 6bUIM UCTIOIB30BaHbl KOHCTPYKIIUU:

(byte) (bb&dd}
z = (sbyte)(x + y);

B cneayiomei mase puBeAcHUE THIIOB OyAeT pacCMOTPEHO MOAPOOHO,
a ceifyac MOoKaKeM ero Pojb B HEKOTOPBIX BRIPAKEHUAX C IENOYHNCTIEHHBIMH
oIepaHJaMM.

[ToMeCTUM B TIPOTPaMMYy OIEPATOPHI:

short dd = 15, nn = 24;
dd = (dd + nn}/dd;

46



[Tpu KOMIWIAIIMY TTPOTPaMMEI OyZieT BhIBeIeHO coobIieHue 06 ommbke:

Cannot implicitly convert type 'int' to 'short’.

(HeBO3MOXXHO HesiBHOe IIpeobpa3oBaHue TuIa int B short.)

HecMoTps Ha TO, YTO B oIlepaTopax UCIO0Jb30BaHbl IepeMeHHbIe TOIbKO
ogHoro tuma short, B coobieHr KOMIUIATOPA YKAa3aHO, YTO MOSBIIOCH
3HaveHUe THUMa int! KoMmuwisTop He omubcAa — IpU BEIYUCIEHUU BhIpa-
’)KeHUH C LeJOUYNCIeHHBIMU OllepaHJaMU, OTJIUYHBIMU OT Tula long, oHu
aBTOMAaTUYECKH IPUBOZAATCA K TUITY int. [ToaTOMy pe3y/nbTaT BHIYUCIEHUS
(dd + nn)/dd umeer tum int. /na suadeHudd tuna short (cMm. tabua. 2.1)
BhIZeNAeTCA ABa Oadita (16 paspsagoB), 3HAYeHHWE TUIIA int 3aHUMAaeT
4 Gatita. [TonmeiTka mpucBouTh nepeMmenHol dd c¢ Tunom short sHaueHus
THUIIA int BOCIIPUHUMAETCSA KOMIWIATOPOM KaK MOTEHIIUAJIbHbBINA UCTOYHUK
omuOKY 3a CUeT IMoTepu 16 cTapimux pas3psgoB Yucaa. VIMEHHO ITO3TOMY
BBIJAHO cOOO0IIeHre 00 OLINOKE.

[TporpaMMUCT MOXET «YCIIOKOUTh» KOMITWIATOP, TPUMEHUB CJIEAYIOIINM
00pa3oM oreparuio MpUBeJEeHUS TUTIOB:

dd = (short)((dd + nn)/dd);

[Tpu TakoM MpHCBAaWBAHUU IPOrPpaMMUCT OepeT Ha cebsA OTBETCTBEH-
HOCTb 32 IIPABUJIBHOCTD BBIYUCIEHUH.

O6paruTe BHUMaHKE Ha HEOOXOAUMOCTb JOTIOTHUTENbHBIX CKOOOK. Ecu
3amucathb (short)(dd + nn)/dd, To B cooTBeTCTBUM C paHTaMu oIlepaliuit
k Tumy short 6yzer npuBegeHo 3Hadenue (dd + nn), a pe3ysnbraT ero zgese-
HuA Ha dd momyuyuT Tum int.

KOHTPOJ’IbeIe BOMPOCbl N 3alaHNA

1. Ilepeuuncnaure rpynmnsl (KaTeropuu) onepanui a3vika C#.

2. [lepeuyucnuTe Ha3BaHUA TPYyNIl ollepalluii B MOPAAKe BO3pacTaHUA
HX IPUOPUTETOB (PaHTOB).

3. 3Haku Kakux OMHAPHBIX Olepaldii MOTYT UCIIOIb30BAThCS B COCTAB-
HBIX OllepalyAX IpHCBauBaHUA?

4. B yueM ominuus npepukcHBIX GOpM olepalnuil feKpeMeHTa U UHKpe-
MEeHTa OT IOCTPUKCHBIX.

5. K kakum onepaHzaM IpUMEHUMEI onlepauuu ++ u --?

6. K xakum omnepaHzaMm npuMeHuMa onepanusa %?

7. K xakum onepaHzaM npuMeHUMa onepanusa ~ ?

8. B 1ueMm 0coOeHHOCTH ollepaluy AejieHUs 1IeJI0UYHNCIeHHbIX OllepaH/ioB?

9. HasoBuTe nmpaBwia BBIIIOJTHEeHUA onepanuii %.

10. Kakomy ZelicTBHIO SKBUBAJIEeHTEH CABUT BJI€BO Pa3psiZoB GUTOBOTO
IIpe/iCTaBIeHUA 1[eJIOT0 Yucia?

11. IlpuBeauTe AOMOJHUTENbHBIN KOJ OTPULIATENbHOTO YMCJIA TUNA
sbyte, Moaysnb KOTOpOTO He TIpeBHITIaeT 127.

12. OO6bsacHUTe MEXaHU3M BO3HUKHOBEHUS IEPETOTHEeHUS IIPYU BbIYUC-
JIEHUAX C 1[eJIOYNCIEHHBIMU OllepaHJaMu.
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Inasa4
BbIPAMEHUA CONEPAHAAMU bA30BbLIX TUNOB

4.1. ABTOMaTYeCKOE 1 fIBHOE npusegeHue apml;memqecnux TUNOB

B npegniayiei riage Mbl PacCMOTPETN HEKOTOPble 0COOEHHOCTH KOAU-
POBaHHWA 3HAYCHUN [EJOUYMCIEHHBIX TUIIOB U 0COOEHHOCTH BBHIYHC/ICHUA
BBIp@KeHUH C LebIMY onepanaamu. Tenepe yaeJuM BHUMAHHE BEIIeCTBCH-
HBIM THUTIAM.

B cootBeTcTBUU co cTranaapToMm ANSI/IEEE Std 754—1985 onpeaeneHsl
ABa OCHOBHHIX ¢opMaTta npeJcrapiaeHud B OBM BelecTBeHHBIX JUCE:

* OAWHApPHAs TOYHOCTE — YeThIpe OaliTa;

* ABOMHAA TOYHOCTh — BOCEMb DATOB.

B asrixe C# (Tounee, B mwiaTdopme .NET Framework) ana atux AByx
MpeACTABIeHUH HCIToNb3yioTea aaHHbe TuoB float 1 double. BosmoxHo-
CTH TIPEJCTABIEHUSA JAHHBIX C TIOMOIIBIO STUX TUTIOB TAKOBHI:
float — maHTHCCa yucna 23 OuTa, T. e. 7 AeCATUYHLIX 3HAKOB, [IOKa3aTeNlb
creneHy (oKcrnoHeHnTa) 8 6ur;
double — ManTucca uncna 52 6ura, T. e. 15—16 JecATUYHEBIX 3HAKOB, ITOKAa-
3aTeNb cTeneHU (3KcIoHeHTa) 11 6uT.

MaHTHucca XpaHUATCH B ABOUYHO-JECATUIHOM IPEACTABACHUU, FKCIIO-
HEHTA NpeACTaR/icHa B ABOUYHOM Buje. Kak U A 3HAKOBBIX LIeIBIX THIIOB,
OJVH OUT B NpeACTaBleHUM BelleCTBEHHBIX YHCeT YKA3bIBaeT 3HaK.

O BHYTpeHHeM IIpeACTABIEHUMN BENeCTBEHHBIX AAHHBIX NPUXOAUTCS
AYMaTh TOJBKO IIpU HAPYIIEHUAX TeX NpeAeNbHEIX 3HAUYCHUH, KOTOpHIE
CYIIEeCTBYIOT AJI1 MAaHTUCC U SKCIIOHEeHT. [ToaToMy celivac Ha 3TOM He 6yaeM
OCTaHABJIUBATHCS.

BelecTBeHHEIE JaHHBIe (KOHCTAHTH U IIEPEMEHHBIC) MOTYT UCIIOAb30-
BaTbCs B apudPpMeTHUeCKUX BhIpa)KeHUsIX COBMECTHO U B PasHBIX coveTa-
HUSX € LeJIOYMCTEHHBIMHA AAHHBIMH. [IpU 3TOM BHIMOJHAIOTCA ABTOMATH-
Jeckue npeofpa3oBaHuA TUNOB. [IpaBuia AOMYCTUMBIX (M BBIIOJIHACMBIX
aBTOMaTUy4ecku) npeobpa3oBaHHil WIIIOCTPpUPYeT AZUarpaMMa, IpUBejeH-
Had Ha puc. 4.1.

[TpH UCTIONB30BAHNU B OAHOM BbIpaKEHUHU ONlepaHJO0B Pa3HEIX, HO COBME-
CTHUMELIX TUIIOB BCE OHM aBTOMAaTUYeCcKU NPUBOAATCA K ojHOMY Tumy. [Ipu
3TOM MMeEeT MeCTO TaK Ha3blBaeMoe «pacuIupsionee npeobpazoBaHue,
T. €. IpeoOpa3oBaHue BBHIIOJAHACTCA K THIY, UMeleMy OoJblINM Auana-
30H 3HaueHUil M0 CPaBHEHUIO ¢ JUalla30HAMU TUIIOB APYTUX OIEPaHOB.
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Hanpumep, A1 AByX oNepaHZOR ¢ TUNaMu int u long GyzeT BEHIMOMTHEHO
npuBeJeHUe K Tumy long.

CHMBOJILHBIHN bessHakOBHIE JNecaTHUHBIA 3HaKOBLIE
char byte sb
ushort short
¥ ¥
unit int
¥ Y
ulong long
Y
float
decimal Y
double

Puc. 4.1. BoinonHAeMble AaBTOMAaTUUYeCKN Npeo6pa3zoBaHua apubmeTUiecKnx
TUNOB

1A onepaliuy IpUCBauBaHKsA NIpaBWiIa aBTOMaTHUYeCKOrO IIpUBeAeHUA
TUNIOB TpebyloT, yTOOBl THIN onepaHAa cjIeBa UMen OOJAbIIUN ANana3oH
TIpE/ICTABMACHUA YUCEN, HEXKENU TUTI TIPABOTO OTEPaH/a, UAU PAaBHEIM eMy.
B npoTuBHOM caydae GUKCUpyeTesa OmUbKa KOMIWIAIMH.,

O6paTtuTte BHUManuve, 4To B TUN double moxer GvTH NMpeotpa3zo-
BaHO 3HadeHMe goboro aApyroro apudpmerndeckoro Tuima kpome decimal.
B T0 ke BpeMs1 3HaueHUe TUMAa double He MoxeT OLITL aBTOMAaTHYECKHU IIpe-
00pa3oBaHoO HU K KAKOMY APYTrOMYy THIy. PacnpocTpaHeHHas omKOKa:

float z = 124.3; // Hedonycmumo! - cnpaBa 3Hauvernue muna double

Takoii UHUITUATHU3AWA KOMITWIATOP He JOMYyCKAeT, TaK KaK II0 yMOI4a-
nuio (6e3 cypoukca F) koHcranTta 124.3 umeet tun double.

[Tpeo6pa3oBaHus THUIIOB B CJI0XKHEIX BEIpaXKeHUAX BHIIOMHAIOTCS MOCTIe-
JAOBATENBHO 110 MEpe BEIMOAHEHUA onepanui. [ToaToMy AocTaTouHO paso-
OpaThk mpaBMIa MpeoOpa3oBaHUA A BHIpAXKeHUA ¢ OMHAPHOM omepanuen.
AJTOPUTM NPUBEAESHUS TUIOB B GUHAPHOM BHIPAXKEHUUW MOKHO 3aIHCATh
TAKOH MOCIENOBATEIBHOCTBIO MATOB:

Ecnu oaus onepaHz decimal, To BTopoii npuBoauTca k Tuny decimal.

Ecnu oaun onepanz double — Bropoit npusozutca kK Tuny double.

Ecnu oaun onepauny float, To Bropoli npusoauTca K tumy float.

Ecnu oaun onepany ulong — BTOpoi npuBoAUTCA K THUIY ulong.

Ecnu ouH onepan long — BTOpoi IpUBOAUTCA K TUITY long.

Ecnu oayH onepal uint, a BTopoii sbyte wiu short wiu int, To oba ome-
paHZa IpUBOAATCA K TUIY long.

Eciiu oauH onepalz uint, To BTOPOH MPUBOAUTCA K TUITY uint.

Wuave oba omepan/ia NIPUBOAATCA K THIY int.
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Hcexnrowenue: Ecnu oguH onepaHz ulong, a Bropoii sbyte, wtu short,
Wiy int, wim long, To puKcUpyeTcs omUOKa KOMITIWISLIMY.

BasKHBEIM ABJSAETCA IPaBUIO NpUBeAeHMs 000MX OllepaHAOB K TUMY int,
ecJIN B BBIpasKeHUM HeT onepalga TunoB decimal, double, float, ulong wu
long. O6 a3TOM MEI y2Ke TOBOPHIM B maparpade 3.6, mpuBeas npuMep ¢ ole-
pangamu trmna short.

B cOOTBETCTBUM € 3TUM NPABUIOM OUIMOOYHOU OyAeT Mocae 0BaTeNb-
HOCTb OIIEPATOPOB:

short dd, nn = 24;
sbyte bb = -11;
dd = nn * bb; //owubka xomnunauuu!

B JaHHOM MpHUMepe MPU BEIYHCIEHHN BHIpaKeHUs nn*bb oba onepanja
TIepeBOAATCA K THITY int, U pe3yaAbTaT YMHOXEeHUS — 3Ha4YeHWe TUMa int.
ITpyucBanBaHWEe HEAOIMYCTUMO — aBTOMATHYECKOe NPUBEJEHNEe THMA int
K Tuny short HeBo3MoOxHO (cM. puc. 4.1).

JU1sl NpaBUJIBHOTO BRIIIOJIHEHUA IPUCBAUBAHNA HEOOXOUMO, B 3TOM CJIy-
Jae, ABHOE TIPUBE/IEHUE TUTIOB.

B HameM mpuMepe MpaBWIbHHIM OyAeT onepaTop:

dd = (short) (nn * bb);

OfpaTuTe BHUMAaHHE, YTO OMEPAIIUA SBHOTO IIPUBEJEHUS TUTIOB UMEET
BBLICOKUH MPUOPUTET, U OMHapHOe BhIpakeHue (nn * bb) Heobxoaumo momMe-
CTUTH B CKOOKM.

4.2, 0cobbie cuTyauum B apudpmeTnuecKnx BbiparKeHnax

OaHako U IpU JOMYCTUMHIX NMpeofpasoBaHUAX CYIIECTBYIOT OCOOHIE
CUTyalluM, KOTOpHEe HeoOXoAMMO TipelycMaTpuBath. Hanpumep, ecim npu-
CBAWBaTh IEPEMEHHON BelIeCTBEHHOTO TUMA I[€/I0€ 3HaYeHUe ¢ 0YeHb 6OJTb-
UM KOJWYECTBOM 3HA4Yanux Mudp, TO MAAAIINAE pA3PAAbl YUCAa MOTYT
OBITH TTOTEPSHBI,

IMpumMmep:

float x = 12345678987654321L; // cnpaBa long

[TepeMeHHas X nomy4aet 3Hadenue 1.234568E+ 16 — nomepanst Maao-
wue paspAodsl.

IIpy AeneHUMN BEIECTBEHHEBIX YMCe CYIECTBYeT ONACHOCTD NEPEeIo-
HEHMSA, €CIU MOPAJAOK JEANMOr0 CYIIeCTBEHHO OOoMblIe NopAAKa ACTUTENIA.
B 3TOM ciy4yae pe3yapTaT, HE3aBUCUMO OT KOHKPETHHIX BEIUYUH MaHTUCC
AENAMOTrO U JeAUTeNd, BOCIPUHNUMAETCA HCIOMHAWILECH CUCTEMON Kak
Oeckorneunocms (Infinity). Takoe ke 3HaUEHHE [TOAYYAeTCA IPU ACACHUU
Ha Hy/J€BOE 3HAYEHUE.

IMepenoaHeHye BO3MOXKHO U IIPU APYTUX apUPMETHYCCKUX ONepalUsx.
Hanpumep, B pe3yabTaTe BHINOJHEHUA clefyoollero ¢pparMeHTa Npo-
IPAMMEL:
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float x = 1E+24F;
Console.Write("x = " + (x *= x});

Ha KOHCOJILHBIN SKpaH 6Y,ZLGT BBEIECACHA CTPOKA:

X = DEeCcKOHe4YHOCThb

O6paTHas epenoNHCHHIO CUTYalMA — NOMmepa 3HAUUMOCL BO3HUKACT,
KOTZa nojyiaeMoe 3HaueHue CAUIIKOM Majilo U He MOXET OBITh IIPeJCTaB-
JIEHO C MOMOUIBIO TOTO KOJAWMYecTBa pa3paAoB (BUTOB), KOTOpblE BhIAES-
I0TCs1 A 3HAaUeHUsI COOTBETCTRYIOLIEro THMa. B KauecTBe mpuMepa pac-
CMOTPHM CAEAYIOUINU GparMeHT MporpaMMBbL:

float x = 1E-24F;
Console.Write("x = " + (x *= x)):

PesyapTaT B 3TOM c/ydae HyJAEBOH:
X =@

B crydae, KOT/Ia U AeTATENb, U AETUMOE PABHBI HYJIO, PE3YABTAT HEOTIpe-
AeJICHHBIM, ¥ 9TO QUKCHPYETCA ¢ IOMOLIBIO CIeNUaAbHOro obo3HaueHusa NaN
(Not a Number — He 4ucio). [Ipy BEINOTHEHUH CISAYIOIUX ONEePaTOPOB:

float x = @.0f;
Console.Write("8/8 = " + x/8);

Pe3y/IETaT B KOHCOJABHOM 3KpaHe OyAeT TaKuM:

a/8 = NaN

[Ipu pelleHUH BHYUCAUTENBHEIX 3a/a4 ¢ MOMOIIBI0 UTEPAIMOHHEIX
ajNrOpUTMOB BO3HUKaeT 3aJava OLeHKU HeoOX0AUMOTrO KOAUYeCTBa UTepa-
nui. Hanpumep, ecu anropuT™ NpuUBEAEH K BUAY

-fi':+1 :fi'. +A[; [:1’ 2,...

¥ A, 1o KakoMy-1u60 3aKOHYy YOBIBAET C POCTOM I, TO IIPeAeIbHAA TOYHOCTD
AOCTUTAETCA B TOM CJIydae, KOraa A; CTaHOBUTCA ITpeHeGpesKUTeNbHO MaloH
BeIMYUHON IO cpaBHeHUIO ¢ f;.. B 3TOM ciyyae roBopAT, 4TO JOCTUTHYT
MaLIMHHBIN HYb OTHOCUTEIBHO BETUYUHE f;.

PaccMOTpPUM TaKylo NOCTIeJ0BaTeNbHOCTh OllepaTOpOB:

double x = 1000, y = 1E-08;
Console.Write("x + y =" + (x + (¥ *= y)));
Console.Write(" y= " + y);

Pe3yAbTaT BBIIOAHEHUA:
X +y = 1988 vy = 1E-16

B manHOM mpumMepe nipubapireHue 3HadeHud 1E-16 k 1000 He nsMeHWI0
pesynbrarta, U 1E-16 sABafeTcsd MAaWIUHHBIM HYJEM OTHOCHUTENBHO Bejd-
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yuHbl 1000. [Ipy He0O6XOAMMOCTH MOXKHO CTAaBUTh U pelIaTh 33/la4y OLlEHKU
MaKCUMaJIbHOT'O 110 abCOIOTHOM BeJWYMHE 3HAYeHUs MAIIWMHHOTO HYJIA
OTHOCUTENbHO 33ZIJaHHOM BeJIMYUHBI.

Ecnu nepemenHo#l tuna decimal He06XOAMMO MPUCBOUTH 3HAUYEHUE,
OTJIMYHOE OT I[eJIOTO, TO ero Hy>KHO IIpe/ICTaBUTh B BU/le KOHCTAHTHI TUIIA
decimal. Ilesoe 3HaYeHWEe MOXXHO IIPUCBAUBATh JECATUYHOMN ITlepeMeHHON
HenocpeZAcTBeHHO. Crneayomuii ¢parmeHT nporpammsl (04_01.cs) wiito-
CTPUPYET HEKOTOPHIE 0COOEHHOCTH BEIpAXKEHUI ¢ oltepaHzoM Tuta decimal.
(HanmoMHUM, 4TO JeCATUYHBIN JTUTepat umeet cypduxc m wiu M.)

static void Main()

{
decimal p = 193, d = 0.15431m, e = 1.231E-10M;

Console.WriteLine("p*d*e= " + (p * d * e));

float bp = 193F, bd = 0.15431F, be = 1.231E-10F;
Console.WriteLine("bp*bd*be= " + (bp * bd * be));
Console.WriteLine("1.0/3.0= " + (1.0 / 3.9));
Console.WriteLine("1.0m/3.0m= " + (1.0m / 3.0m));

}

[TepemeHHBIM D, d, e Tua decimal u mepemenusim bp, bd, be Tuna float
IIPHUCBOEHBI OIMHAKOBBIE 3HAUEHUs. Pe3ybTaThl OJUHAKOBBIX BhIPAYKEHUMH
C oTlepaHaMU Pa3HbIX TUIIOB CYIIIECTBEHHO Pa3JIUYHBI IO TOUHOCTH:

p*d*e= 0,000000003666143273

bp*bd*be= 3,666143E-09

1.0/3.0= 0,333333333333333

1.0m/3.0m= 0,3333333333333333333333333333

4.3. Jlornyeckuii TMN U Noruyeckue BbipaXeHns

K npegonpeseneHHbIM (ellle TOUHee — K 6@30BbIM WIH IPOCTHIM) TUIIAM
3HaYeHUH OTHOCUTCA TUIl bool, ncnonb3yeMblii A1 IpeACcTaBIeHUs Joruye-
ckux (OynmeBnIX) 3HavueHUM. KoHCcTaHTaMU-TUTEpasamMu OyeBa THIIA SBJIA-
10TcA true (uctuHa) u false (J10xkb).

[TlepemenHsle Tuna bool He MoryT mpuHUMAaTh 3HaUYEHUMN, OTIUYHBIX
OT JIOTUYeCKUX JuTepasoB. VIM Henb3d NpucBauBaTh 3HaAUY€HUUN JpPyTUX
TUIIOB, HAIIpUMep, LeJoUYncIeHHbIX. Jlorndyeckoe 3HadyeHue (Tumna bool)
HeJb3s Ipeobpa3oBaTh HU B KaKoe 3HAYeHUe PyTroro THUIIA.

OO6bsaBIeHe ¢ HULMATU3aUMell TIOTUYeCcKol epeMeHHOM:

bool realy = true;

V3 1OoTUYeCKUX MepeMeHHBIX ¥ KOHCTAHT GOPMUPYIOTCA JOTHYECKHE
(6yneBel) BhIpakeHuA. [l 3TOro B A3biKe C# MMEIOTCS JIOTUYECKUE OIle-
pauuu:

& — KoHBIOHKIIMA (JTorudeckoe M1);

| — auswioHknua (Torudeckoe WJIN);

| — Joruyeckoe OTpULIAHUE;
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— uckiroyaromiee MJIH.

CeMaHTHKA 3THUX OIlepalvii N3BeCcTHA U3 Kypca MaTeMaTU4eCKO JIOTUKU.

Kpome Toro B C# ompezeneHsl ABe ycaoBHBIe (conditional) moruyeckue
OGuHapHbIE OlepaIvu:

&& — ycioBHasg KOHBIOHKIUA (ycioBHOe );

| | — ycmoBHas ausbionkiusa (yeroBHoe VIJIN).

B BrIpakeHUM X&&Yy 3HaYeHHE Y He BBIUMC/ISIETCS, €CJIU X UMeeT 3Have-
Hue false. B BelpakeHUU X | |y 3HaueHUE Y He BEIYUCIAETCA, €CJIU X PABHO
true.

KpoMme manHbIX THIIa boOl B 1OrMYecKrX BBIpAXKEHUAX YaCTO UCIIOJIb3Y-
I0TCSI OTHOIeHUs1. OmHoweHue — 3TO ABa olepaHza, coeAuHeHHble (WIn
pasZieJieHHble) 3HaKOM Ollepaliii OTHOLIEHUN:

> — QoJIblIE;
>= — GoJIbllle WU PABHO;
< — MEHBbIIE,;

= — MeHbIIle WIN PaBHO;

== — CcpaBHeHMe Ha PaBeHCTBO (paBHO);

l= — cpaBHeHMe Ha HepaBeHCTBO (He paBHO);

OTMmeTuM, 4TO Ollepaluy CpaBHEHUS Ha PaBeHCTBO (== U !=) UMeIoT
60J1ee HU3KUI IIPUOPUTET, HEXXEIN BCE OCTAIbHbBIE OIEPALH OTHOIIEHUH.

[TpoBepKy IpHUHAANEKHOCTU YUCJIOBOTO 3HAYEHUA X UHTepBany (a, b),
rge a < b, MOXXHO BBITIOJIHUTD C IOMOIIbIO TAKOT'O JIOTUYECKOTO BhIpaXKeHUA:

X < b & a < x
[ToceoBaTENLHOCTD BEIUUCIEHUI MOXKHO II0KA3aTh C IIOMOIIBIO CKOOOK:
(x < b)&((a < x)

3HaueHUeM BbIpaXeHUs OyZIeT true, eciv X IIPUHA/IeKUT UHTepBaiy (a, b).
[TpoBepKy MCTUHHOCTU BBICKA3bIBaHUS «3HAaueHHE X HAXOJUTCA BHe
uHTepBaia (a, b)» MO3BOJIAIOT BHITOJHUTD JIOTUYECKUE BhIpAKEHU:

X >b ”x< a;
X >b | x< a;
x>b || x < a

B TpeTheM BhIpaKe€HUM UCIOIb30BaHa yCJIOBHAA AU3bIOHKIMA. OcTaHO-
BUMCS NTOAPOOHEee Ha 0COOEHHOCTAX YCIOBHBIX JIOTUYECKUX OTepaLiUii.

YcnoBHble Bepeuu (| | u &&) 6uHaApHBIX Jlorudeckux onepanuii (& u |)
IIO3BOJISIOT M30€XKaTh BEIYMC/IEHNS 3HaYeHUs BTOPOro (IIpaBoro) onepaHja
JIOTUYECKOTO BBIpAXKEHUSA, eCIU 3HaUeHUe JIeBOro ollepaHZa OZHO3HAYHO
omnpeZeyigeT 3HaueHUe Bcero BeIpakeHU:A. [IpoBepKy MpUHAJJIEKHOCTU X
YHCIOBOMY UHTepBaty (a, b) MokHO 3anucaTh Tak:

X < b & a < x

Ecnu x < b paBHo false, To HeT HEOOXOAMMOCTY BBIYUCIATH 3HAUEHUE
OTHOIIEeHUd a < X.
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Ob6paTuTe BHUMaHUe, YTO 3HaKW OMHAPHEIX JOTHYeCKUX omnepauuil
TE K€, YTO U 3HAKU Nopa3pAJHBIX onepauuii KOHBIOHKIUY (&) U AUSBIOHK-
1uu {|}. To e caMoe OTHOCUTCA M K 3HAKy 7, KOTOPBIN A 1IeI0YHCIIEH-
HBIX OINepaHZOB 0003HAYAET ONEepalyio MOPa3paAHOro UCKIIYAIomero
WN. Kak u B (y2Ke yIOMAHYTOM) Ciydae NpUMeHeHHUd 3Haka + ajas 060-
3Ha4YeHMs ONepaluun KOHKaTeHAllUK CTPOK, 34ech MIMeeT MecTO Ieperpyska
onepanuil. 3TO eUle OAUH IpUMep NoaUMopdU3aMa.

He numnum 6yaeT, B CRA3U ¢ Neperpy3koil onepanuil, BCOOMHUTD, 4TO
CUMBOJIOM B MHPOPMATHUKE Ha3BIBAKT 3HAK C €ro CMBICJOM. BeTperus
B BHIPAXKEHUAX 3HAK &, KOMIIUIATOP AHAMU3UPYET KOHTEKCT, U ecid oOHa-
PY:KUBAETCsA, UTO ClIpaBa U ceBa ollepaHbl TUNa bool, To 3Hak & BocIpu-
HUMAaeTcAd KaK CUMBOJ JIOTMYECKON onepalii KOHBIOHKLUH.

Ciegymolnas [IporpaMMa «IIpOBEpAeT» TPU BELIeCTBEHHEIX epeMeHHEIX
X, ¥, Z — MOTYT U OBITH UX 3HAYEHUA JJIMHAMU CTOPOH TPEYTOABLHUKA,

// 84 _62.cs - omHowerus u nozuveckue BsipaxeHun
using System;
class Program

{
static void Main()
{
double x = 19, y = 31, z = 23.8;
bool res;
res = X<y +z&y<x+2z=&2z<X+y;
Console.WriteLine("res = " + res);
}
}

PE3YJIBT8T BLHITIIOIHEHNMA NMPpOTPaMMBLL

res = True

B nmporpaMme JOTHYECKOU TepeMeHHOU res MPHUCBauBaETCA 3HaYeHUE
JIOTUYECKOTO BHIpAKeHUsA B BU/JAE KOHBIOHKIUM TpPeX OTHOWEHWH. Jlad
3aJaHHbIX 3HaYeHHUI [MepeMeHHEIX X, V, Z 3HaueHHUe pe3y/ibraTa true ¢ IoMo-
e Metoda Console.WriteLine() BriBogUTCA Kak True.

ObpaTtuTe BHUMaHHe Ha MOPAAOK BEIYUCAEHUSA HCIOAB30BAHHOIO B MPO-
rpaMMe JIOTUYeCKOTO BhIpaXkeHUs, C MOMOIIBIO KPYIMIBIX CKOBOK MOCIen0-
BaTeNbHOCTD BBIMOJHEHUS ONePalvui MOKHO YKA3aTh SIBHO TaKUM 00pazoM:

((x <= (y + 2))&(y <= (X + 2)))&(z <= (x + ¥))

Heo6x0auMoCTH B TAaKOM [IPUMEHEHNHU CKOOOK HeT — B A3bIKe C# ompe-
JleieHbl TIPUOPUTETHI {paHTH) Beex omeparuii (cMm, taba. 3.1). B coorBet-
CTBUH C 3TUMH NPUOPUTETAMHU, TEPBEIMU B HAIlIEM JIOTUYECKOM BBIpake-
HUH BEMHUCIAIOTCA 3HaveHnda (tuna double) onepanaoB oTHomeHu (T. e.
BBITIOJIHAETCA ollepaliisa CAoXeHUA +). 3aTeM IMocaeA0oBaTeNbHO CleBa
HAIpPaBO BBHIUUCIAIOTCA 3HaYeHUA (Tuna bool) orHomeHUM, U K 3TUM
JIOTHYeCKUM 3HaUYeHUAM NPHUMEHACTCA ¢JIeBa HallpaBo onepanus & (KOHB-
FOHKITHA ),
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PESYJIbTaT BLBIIIOTHECHHUA MTPpOTrpaMMEI HE H3MEHHNTCA, €CTH NMPH BREIYHCIEC-
HHH JOI'HYCCKO'O BRIDAKCHHUA HUCIIONB30BATE YUIOBHYK) KOHBIOHKIIHNIO!

res = x < y + 2 & y < x + 2z & z < x + y;

OgHako npu nosydeHun 3Havenus false B mo60M U3 OTHOIIEHUH, OTHO-
IIeHUsd, pa3MelleHHbIe [paBee Hero, He BRIMUCIAIOTCA.

[TpuMeHeHE YCIOBHBIX IOTHYECKUX OTlepaLuii ocobeHHO yAoOHO B TeX
cIydasx, KoTZa IpoBepKa HCTUHHOCTH OAHOIO YCJIOBMA ITO3BOAAET u3be-
KaTh aBAPUHHBIX CUTYallUi P BEIYMCIEHUN BTOPOTO YCIOBUA.

4.4, BolpaxeHua ¢ CAMBOAILHbIMM ONepaHaamu

Ecnu cuMBOJBHOE 3HaYeHWe (CUMBOJ WIK IepeMeHHad Tuna char)
KCIIONAB3YETCA B apUPMETUYECKOM BHpa)keHUH, To C# aBTOMaTHUYECKU
BHITIONTHSET €T0 NMpeobpazoBaHue U3 Tuna char B YUCIOBOE 3HAYEHUE €TO0
koza. To ke cripaBeAJUBO M B CIydae, KOrJa B BRIP&XKEHUM ¢ apudmMeTude-
CKUMU ONEePalHAMU YYACTBYIOT HECKOIbKO CUMBOJBHEIX ITepeMeHHBbIX WU
KOHCTaHT.

B kayecTBe WUIIOCTPALUK CKAa3aHHOTO PACCMOTPUM CIEAYIOIIYIO MPO-

rpaMmy:
// 84 _83.cs - BuipaxeHusa ¢ cumBonoHbMUu onepaHoamu

using System;
class Program

{
static void Main()
{
char ¢ = '¢', h = "\ug@68', a = "\x61", r = '\ugg72’;
Console.WriteLine("" + ¢ + h + a + r);
Console.WriteLine(c + h + a + r);
}
}
PES}’JII::TEIT BHIIIOJHEHHA MPOrPAMMBILL
char
414

B mporpaMMe CUMBOJBbHBIE NepeMeHHBle ¢ (JeCATUYHBIA Koz 99),
h (mecatnuansiii koa 104), a (zecaTuynri Koz 97), r (AecaTuunsiii ko 114)
MPeACTABJSAIOT, COOTBETCTBEHHO, cCMMBOEI 'c', 'h', 'a’, 'r'. [Ipu nepsom obpa-
1meHUM Kk MeTody WriteLine() 3Hak + UIrpaeT poib ollepalui KOHKaTeHa-
1IUH, apryMeHT (BhIpaxkeHue) " +c+h+a+r npeobpasyeTca K CTPOKOBOMY
BUJY U KMeeT 3HaUeHHe CTPOKU co 3HayeHHeM "char’. CeazaHo 3To ¢ npa-
BWJIOM, IO KOTOPOMY B BBIP@XXEHHHU (MPOKA + CUME0N NPaBBIM onepaHj
TPUBOAUTCA K TUIY CTPOKHW, & 3aTEM BBINIOJHAETCHA KOHKATEHAIlMA ABYX
crpok. Takum obpaszomMm, BHavane ""+'c' ipeBpamaeTcd B CTPOKY "¢", 3aTeM
BripakeHue "¢"+'h' mpeobpasyerca B "ch" u 1. g. [Ipu BTOpOM ObpallieHUN
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K MeToay WriteLine() aprymeHT ¢ + h + a + r BocTIpuHUMAeTCa Kak apud-
METHYECKOE BHIpaskeHHe. 3HaK + UrpaeT pojb ollepalny cIoxeHUuA. Kogrl
CUMBOJIOB 00pabaTHBalOTCA KaK Ieble 9Ucaa, UX CyMMa paBHa 414. 3To
9HCI0 aBTOMaTU4deCKy Ipeobpa3syeTcd B CTPOKy "414" (Tax Kak apryMeHT
meTroga WriteLine() gomkeH MMeTh CTPOKOBBIM THUIT), U 3Ta CTPOKA BEIBO-
AVTCA Ha KOHCOMb.

Kak oTMedeHo npu 00BACHEHUU NIPABWJ BBIYUCICHUA 3HAYEHUA apry-
MeHTa MeToda WriteLine(), pesyabpTaT BHIPaX€HUH cmpoxa+cumeon
Y CUMB01+CMPOKA — 3TO KOHKATEHAIVA CTPOKHU ¥ CTPOKOBOTO MIpe/CTaBae-
HUA cUMBoa. B cregyromneil mporpaMMe KOHKaTEHALUA CTPOKA U CUMBOJIA
BLBITTO/IHSIETCS BHe MeToda WriteLine.

[/ 84 84.cs - cmpoxku u cumBons
using System;
class Program

{

static void Main()

{
char simb = 'b'; // Oecamuuwoili xo0 = 98
string line = “simb = " + simb;
Console.WriteLine(line);
line = simb + " = simb";
Console.WritelLine(line);
line = simb + simb + ™ = 2 simb™;
Console.WritelLine(line);

}

h

Pe3ynbTaT BHINOAHEHWS TTPOTPAMMEBI;

simb = b
b = simb
196 = 2 simb

OOpaTtuTe BHUMaHYE Ha BEIpAXXCHHE

simb + simb + = 2 simb"

B COOTBETCTBHHU € NPAaBWJIAMH aCCOLMALIMHU AJIS ONEPALIMH + OHO BBIYUCIIS-
ercs Tak: (simb + simb) + "= 2 simb". B cko6kaxX CHMBOJEI «BeAYT cebs» Kak
LeMoYUCAeHHBle 3HAYEHNA, U UX cyMMa 196 3ateM npeobpasyeTca B CTPOKY.

XOoTA MBI YK€ IPAMEHANU CTPOKH B BUAE CTPOK-TUTEPAJIOB U B IpUMe-
pax oNpeAesiv CTPOKY KaK TepeMeHHYIC TUIIA string, HO Goee moapobHoe
paccMOTpPeHHE CTPOK M MX B3aUMOOTHOIIEHHH ¢ APYrMMU THUIIAMH S3HEIKA
C# HeoOXoAUMO IIe€peHeCTH Jabllle B pasge, clelnalbHO MOCBANIeHHBIH
CTPOKaM.

YHapHBEIe onepanuy ++ U -- U3MEHAIOT Ha 1 3HaYeHHEe KOJa CUMBOJIb-
HOU MepeMeHHOM, OHAKO OHA He IPeBpallaeTca B MeA0YHCAEHHYIO BeU-
YUHY, a coxpaHsaeT TUIl char. B To ke BpeMsa cyMMHPOBaHHe CUMBOJBHOM
TepeMeHHON ¢ eAUHHLEN TPUBOANUT K ITONYIEHUI) LeTOYUCIeHHOrO 3HaYe-
Hus1. CokeHHe U BEIYUTaHUEe CUMBOJBHBIX NIepEMEHHBIX TaKKe MPUBOJAT
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K COOTBETCTBYIOLIUM OIlepalUaM Haj MX KojaMu ¢ GopMUpPOBAHUEM LIeN0-
9UCJICHHBIX pe3yapTaToB. Cileayiomasn nporpaMMa WUIKOCTPUPYET IIpUBe-
IeHHBIE TTPABUJIA.

// 84 _85.cs - Belpaxerusa ¢ cumBonamu u CmporamMu
using System;
class Program

{
static void Main()
{
char c0ld = 'a', cNew = c0ld;
Console.Write("B nocnepaosaTencHOCTH ");
Console.Write(++cihew); // BuwBolum 'b'
Console.Write(++cNew); // BuBodum ‘c’
Console . Write(++cNew + " "); // BuiBooum 'd’
Console.WriteLine{cNew — c0Old + * 6ykBb");
}
s

Pe3yabTaT BBINOAHEHUA TPOrPAMMBI;

B nochegoBaTenbHocTu bcd 3 6HykBbl

YTOoOH IOIYYUTE CUMBOJI C HYXKHBEIM YHCJIOBEIM 3HaUY€HUEM KO, HY>KHO
MPUMEHMUTD ONepallii SBHOI'O MPUBEAEHHA THIIOB.
Hampumep, Tax:

char ch = (char)94; // 3Hayenue ch - cumBon '*'

Jlna obparHoro npeobpasoBanua (u3 char, HanpuMep, B uint) gocra-
TOYHO aBTOMAaTU4YeCKOT0 IpUBEJeHUs TUIOB:

uint cod = ch; // 3navenuem cod Gydem 94

4.5. TepHapHaa (ycnosHan) onepauua

B oTauyue OT Kjaaccu4eckux apudpMeTHUeCKUX U JOTHUEeCKUX oflepalui,
yHAC/IeA0BAHHBIX A3BIKAMM IIPOTPaMMHPOBAHNA U3 MaTeMaTHUKU (apudme-
TUKU U anredHphl), YOIOBHAA onepaius TpeGyeT Tpex onepaHioB. B BEIpaxke-
HUM C YCJIOBHOU Ollepalyei NCIONB3YIOTCA JBa pa3MeNIeHHBIX He TTOAPA[
cumBosiia ?' 1 "', OHU pasgenasioT (WIN COeJUHSIOT) TPH OllepaHia:

onepaHd_1 ? onepaHd_2 . onepgHd_3

Onepaud_1 — norudeckoe BHIpaxkeHUe; onepaud_2 U onepand_3 —
BHIpAXKE€HUA OJHOTO THUTIA UJIU BHIpaXKEHUs, KOTOPHIE MOTYT ObITh HEABHO
(aBTOMATUYECKU) IPUBEAEHEI K OQHOMY THITY.

[Ipu BHITIOIHEHUU BBIpaXKEHUSA ¢ TepHapHOU onepaliell epBbIM BLIYUC-
JsseTcs 3HadeHue onepaHoa_I. Eciu 0HO UCTUHHO (true), To BEIYUCAAETCA
3HaYeHue onepanda_2, KOTOPOe CTAHOBUTCA pe3ynbTraToM. Ecin onepand_I
paBeH false, To BrIuUCAgeTCH 3HAYEHUE 0nepaHOd_3, U OHO CTAHOBUTCA
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pe3yJbTAaTOM BCero BhIpa)KeHUsA ¢ TepHapHoH onepauueti. Knaccuueckuit
npuMep:

X < B ? -%X : X.

Ecnu X — nepeMeHHas apudpMeTUYecKoro TUIa, TO Pe3yAbTaT BLIIIOTHE-
HUA ollepauyu — abCoMOTHOE 3HAUYEeHME X.

PaHr omepauyy ?: 04eHb HU30K, HO OHA UMeeT MPUOPUTET Nepe olepa-
LUUAMU IpUcBauBaHuA. [103ToMy ¢ onepanueil NpUcBauBaHUA BBIPAXKCHUSA
¢ TEPHAPHOU omeparnuell MOXKHO /IOCTATOYHO 9acTO UCIIONh30BaTh (e3 CKO-
6ok. Hampumep, MOXHO TaK BBIMMCIUTb abCOMIOTHOE 3HAUeHHe Pa3sHOCTU
KOZOB JBYX CUMBOJIOB, He ofparasach K Tabaule KOZOB:

int norma = 'f' > 'z' ? 'f' - 'z' i 'zt -

Jnd HaragAHOCTU OllepaH/bl TEPHAPHOM OlepallMM U BCE YCIAOBHOE
BBEIpasKeHUe y00HO 3aKkaodaTh B CKOOKU. B kadecTBe puMepa paccMo-
TPUM CAEAYIOIEee BEIPaKeHUe ¢ IEpEMEHHEMU apupMeTHHIeCKOro TUIIA:

res = (x <y) ? ({y <z) 2 z : y):(x<z)?z 1 %

[TepemeHHas res moay4daeT HanbGoablLIee U3 3HAYCHUH epeMeHHEIX X, ¥, Z.
[IpuBeseHHOe BEIpaKeHWE OyAeT MPAaBUABHO BRIYMCAATECA U TIPH OTCYT-
CTBUH CKODOK:

res = x <y ?y<z?z: :y:X<z?z:X;

OaHako A/ HaIVIZHOCTH U HaZleXXHOCTH CKOOKU Aydllle TPUMEHUTD.

Tum pe3ynrTaTa TepHAPHOH ollepalvy ONpeAenieTcd TUIIOM OlIePaH/AOB,
pazZieieHHBIX BoeTodreM. HanpuMep, eciu HY»KHO BHOpATh U3 BYX CUM-
BOJIOB TOT, KOTOPBLIN UMeeT OoMplIece 3Ha4eHUe KOAa, TO MOXHO 3alUCcaTh
TaKOe BhIpaXeHUe:

char ch ='g' > 'e" ? 'g' : 'e
[IpuBeseHHbIe IPUMEPH U [IpaBWIa WIIIOCTPUPYET CAeAYyIoLIas Mpo-
rpaMmMma:

// 84_06.cs - Boipaxenrua ¢ mepHapHol onepayueti
using System;
class Program

{

static void Main()

{
char ¢ = 'a', h = 'e', ch;
int norma = ¢ > h ? ¢ — h: h — ¢;
Console.WriteLine("|c-h| = " + norma);
ch=c¢c>h?c: h;
Console.WritelLine("ch = " + ch);

double x = 4, y =7, z = 5, res;

res = (x <y) ? ({y <z) ?z:y)y: ({(x<z)?z:x);
Console.WriteLine("res = " + res);
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res = x <y ?y<z?z:1y:x<z?dz:x

Console.Writeline("res = " + res);
}
}
Pe3ysbTaT BhINOJIHEHUA IPOTPAMMBDbL:
|c-h| = 4
ch = e
res = 7
res = 7

KoHTponbHbie BONPOCHI U 3afaHNA

1. Yto Takoe aBTOMaTHYECKOE NMpHBeAeHUe (Ipeobpa3oBaHue) TUIOB?

2. K xakuM TUnaM MOKeT OBITh aBTOMATUUYECKU NPUBEJEHO 3HAaYeHUE
THMNA int?

3. Yro Takoe «paclrpsoLiee IpeodbpasoBaHue» TUTIOB?

4. TIpy KakMX cOUeTaHUAX TUIIOB aBTOMAaTHYeCKoe IpUBeJeHNE THUIIOB
HEBO3MOXKHO?

5. B kakux cayuasx Apa olliepaHZa PasHbIX TUIIOB [IPUBOJATCA K THIY
int?

6. HasoBure 0cobble CUTYAIUU, KOTOPbIE MOT'YT BOSHUKHYTb IIPH BbIYHC-
JIeHUM apu¢pMeTHUECKMX BEIpakKeHUH.

7. Kakue sHaueHMA MOXKeT MPUHUMATL NepeMeHHad Tumna bool?

8. HaszoBuTe yc/JIOBHBIE JTOTHUYecKUe OHHapHEBIE ONepallu A3blka C#.

9. YTo TaKkoe OTHOLIeHUe?

10. KaxkoBHI paHTH Omneparui OTHOIMEHWA?

11. B BBIpaKE€HUAX ¢ KAKUMHM ONEPaLMAMU MOT'YT ACMOAb30BaTHCA CUM-
BOJIbHEIE JAHHEIE?

12. KakoB pe3yabTaT NpHUMeHeHHA ollepallii + + K NepeMeHHOMN TUIla
char?

13. Kaxoii THII HMeeT pe3yabTaT CYMMHPOBAHUA NTEPEMEHHON CUMBOJIb-
HOTO THTIA ¢ eTHHUIEIH?

14. CKOMBKO OMEpPaHJA0B AOMKHO BXOAMTH B BEHIpAXKEHUE C OIeparuei
«?1»?

15. Kako#l TUN AoMXeH UMeTh IepBHIM (JIeBLIM) ollepaH/ olepaluu
«?1»?

16. Kakos npuopuTeT (paHr) onepanuu «?:» o OTHOLIEHHIO K Omepa-
1IN IPAUCBAUBAHUAA?



InaBa s
TUNDbI G U TUNBI NNATOOPMbI
.NET FRAMEWORK

5.1. nar¢opma .NET Framework u cneyudukanms CTS

fAspik C# M cpeacTBa ero NOAJEPXKKU B HACTOAINEE BpeMA CBA3AHBI
¢ nmnardopmoii .NET Framework, paspaboranHoii Microsoft. HasBau-
Had mwatdopma (cM. [4,6,7,15]) BraoUaeT: oOLIeA3BIKOBYIO UCHIOMHAIO-
wyio cpeay (CLR — Common Language Runtime) u 6UBIHOTEKY KAACCOB
(FCL — Framework Class Library).

CnegyeT 3aMeTUTh, UTO A3BIK C# ABAAETCA TOABKO OJHUM U3 MHOTMX
A3BIKOB, Ha KOTOPBIX MOXHO MUCATh MpOrpaMMbl, paboTawlue Ha IUiaT-
dopme .NET Framework.

[Tpu ucnoaszosaHum maatdopMmsl .NET Framework noaroroBiaeHHBINH
MPOrpaMMHUCTOM KoJ (TeKCT IporpaMMbl, HalpuMep, Ha C#) BHayajue
TPaHCAMPYETCS B KOA Ha o61IeM Aj9 BCeX UCXOAHBIX A3BIKOB ITPOMEXKYTOU-
HOM s3kike (CIL — Common Intermediate Language, NHOT/Ia COKPAIEHHO
IL — Intermediate Language).

[TocnesoBaTeNIbHOCTE TPOLUECCOPHBIX KOMaHJ MOABAsAeTCA
Mo3Ke — BO BpeMA ucnoaHeHud cpegoil CLR komang CIL. 3ToT BpeMeH-
HOMU «paspblB» MEXAY TPAHCAAUUEH UCXOAHOTO TEKCTa U TIoABAeHHeM Mpo-
LIECCOPHOI'0 KoAa He ciaydaeH. Koa Ha NPOMEXYTOYHOM «yHUBEPCAABHOM»
sa3pike CIL MOXeT UCIIOMHATHCA Ha MPOIeccopax ¢ Pa3HOW apXUTEeKTypPOH
(PowerPC, x86, IA64, Alpha u gp.). EAMHCTBEHHOE, HO 00513aTeNbHOE Tpe-
OoBaHHe — Ha KOMIIBIOTepe, TZe BHIMOMHIeTC MpuiokeHHe Ha a3bike CIL,
JOJKHA OBITH pasBepHyTa cpeja .NET Framework, T. e. yctaHoBaeHsl CLR
u FCL, cooTBeTcTBYROINUE cTaHaapTaMm ECMA,

[Tnardopma .NET Framework mo3Bosnder paspabaTbiBaThk NPUIOXKeE-
HUE, UCTIONB3YA OAHOBPEMEHHO HECKONBKO PA3HBIX A3LIKOB NPOrpaMMU-
poBaHusl. Takasg BO3MOXHOCTb obecneueHa obweil cucmemoii munos
(CTS — Common Type System), KOTOPYIO UCNOJIb3YIOT BCE A3bIKHU, OPUEHTU-
poBaHHble HA CLR. Tak kak Hallla KHATA MOCBANICHA TOABKO OAHOMY H3BIKY
MPOrpaMMUPOBAHUA, TO BCE OTpPaHUYE€HMHA, BO3ZHUKAIOIUIUE TIPU UCHOb-
30BaHUU B OZIHOM TIPUIOKEHUU YACTEM, HAMMMCAHHBIX HA PA3HBIX A3BIKAX,
MBI paccMaTpUBaTh He 6yaeM. JIOCTaTOMHO OTMETUTE, UTO A7 obecneueHus
MEXbA3BIKOBOTO B3aMMOJEHCTBUS HeoOX0AUMO NMpUJepKUBATHCA 0Olle-
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sa3bikoBoil crrenudukanuu (CLS — Common Language Specification), npea-
noxeHHOH Microsoft. 3Ta cneundukanys OrpaHUYNBaeT Bee pa3Hoobpasue
TUNOB TOTO WIH WHOTO A3BIKA MPOrPaMMUPOBAHUA TEM MOAMHOKECTBOM,
KOTOPOE TIPUCYTCTBYET OJHOBPEMEHHO BO BCeX fA3bikax. JIoHoi u3 TUNoR,
COOTBETCTBYIIUX crienudukanuu CLS, mpucyTeTBYeT B KaXKJ0M U3 S3EIKOB
U «[MOHATeH» B KaXJ0# YacTHU MHOTOA3BIKOBOI IIpOrpaMMEL.

Cneundukanua CTS onuceiBaeT IIpaBuia OIpeAe/ieHUA TUIIOR U 0CO0eH-
HOCTH UX noeeAenud. [Ipu usyyenun C# Mel 6yaeM nogpo6HO paccMaTpu-
BaTh MpaBWia ONpeleeHUd TUTIOB UMEHHO Ha sA3kiKe C#. Ceifyac oueHb
KPaTKO OCTAHOBUMCA TOJIbKO HA OCHOBHHIX TpeboBanusax CTS.

Bo-niepBriX, CTS yTBep:KAaeT, UTO KaXABIM THUI — 3TO Kiaacc (WIU CTPYK-
Typa), KOTOPBI MOKeT BKJIIOUATh HYAb Wi Oojee wieHOB. WieHaMU Kjac-
cOB (CTPYKTYP) MOTYT OHITEH CleAyolue cylHocTu[6].

IMone — nepeMeHHas, ONpeAeIAIoIas COCTOSHUE KIacca Wi O0beKTa.
[None uaeHTUGUIIUPYETCH UMEHEM U UMEET KOHKPEeTHBIN THII.

MeToa — (yHKIMA, BBHIIOMHAKMIAA AeUCTBUE HAZL KJIACCOM WIH 00B-
ekToM. MeToa naeHTUOHLIMPYyeTCsl CUTHATYPOI U AJs HEero onpejeeH TUI
BO3BpalllaeMOro 3Ha4YeHUH.

CBOMCTBO — CPEJACTBO I MOAYIEHUA WK 3a/JaHUA 3HAYEHUA HEKOTO-
PO XapaKTePUCTUKH, 3aBUCAIIEH OT COCTOAHUA 00BeKTa. /1 BRIZHBaIOIEH
CTOPOHH CBOMCTBO CMHTAKCUYECKU HEOTAUYUMO OT MOJAA. B peanuzauuu
THIMA CBOMCTBO MIpeACTaBIe€HO OAHUM MU ABYMA MeTOZaMU ¢ PUKCHPOBAH-
HBEIMM (BHEIIHE HEBUAUMBIMH) UMeHaMH.

Co6bpITHE — CPeACTBO AJIA YBEAOMIEHUA aZpecaTor (Apyrux 0OBeKTOoB,
KJIacCOB, METOJOB) 00 M3MeHeHUM COCTOAHNA 00BbeKTa UIH O BO3JeHCTBUN
Ha Hero.

Crernudukamua CTS onucHRBAET IpaBUia BUAUMOCTH TUIIOB U AOCTYTIA
K UX WIeHaM, [IpaBuia HacaeAOBAHUA THUIIOB, BO3MOKHOCTU BUPTYAAbHBIX
$yHKUMI U T. 4.

Cneayroutee mpasuwio CTS cocTouT B TpeOOBaHUU 1A BCeX THIIOB UMETh
e/IuHBIN 6a30BHIN KAACC. B COOTBETCTBUM ¢ 3TUM TpeboBaHUEM BCE THUMHBI
ABJAIOTCA NPOU3BOAHBIMU OT Kjaacca System.Object. IIpoucxoxaeHue Beex
TUIIOB OT Ha3oBoro Kaacca System.Object rapaHTUPyeT A KaXA0T0 TUIIA
TIPUCYTCTBHE 3apaHee OlpeeNeHHON MUHUMaNbHON QYHKUMOHATBHOCTH.
Ota OYHKIMOHANBHOCTD IpeJyCMaTpUBaeT A4 KaXAOro 3K3eMIvIapa (41s
o0beKTa) JI000T0 THNA BO3MOXKHOCTH:

* CpaBHEHUA C APYTUM DK3EeMILIAPOM;

*  TIOJIYYEHUA XIUI-KOAA;

* onpeaeneHusa (MAeHTUPUKALUU) TUIIA;

* KOMHUpPOBaHUA,;

* ¢$opMHPOBAHHA CTPOKOBOTO NpPeACTARISHUA.

W3ydyas mporpaMMupoBaHue Ha f3bike C#, Mul 3HakoMuMcs He ¢ CTS,
a c ee «IpoeKI[Uel» Ha KOHKPETHHH A3BIK IporpaMmMuporaHusa (Ha C#).
B KOHKPETHOM f3bIKe AJIs YIIPOLIEeHUs BBOAAT «HaACTpouKu» Hag CTS, obe-
cneunBampllue Hojee BHICOKUM ypoBeHb abcTpakumu. B sa3vike C# UMEHHO
TaK MOSABAAITCA UHAEKCATOPDL, AeNeraThl, MacCUBH], A-BEIpa)KeHUA, KOP-
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TeXU U APYrHe KOHCTPYKIIUM, KoTophle 6yAyT HaMH MoApobHO paccMo-
TPEHHI.

KpoMe Toro, A8 yIIpoleHus 3allvcy MporpaMM pasBepHyToe 0003Ha-
4eHUsA THIOB, NPUHATHIX B CTS, B KOHKPETHBIX A3BIKAX paspelleHo 3aMe-
HATH TPAAULMOHHBIMY AJIS A3BIKOB [IPOTPAMMHPOBAHHA 601€e KOPOTKUMH
HasBaHUAMHU: int, char u T. n. UMeHHO Takne TUIIH A3blKa C# MBI paccMa-
TPUBAIU B IPEALIAYILIAX [NIABAX, HE OTMeYasd TOT GaKT, UTO KaXKABIA U3 3THX
THITIOB [IPOCTO-HAMPOCTO IIPEACTABIAET B IporpaMme Ha C# OAWH U3 THUITOB
CTS, umeromux B CTS Honee rpoMo3akme 0H603HAYCHUS.

5.2. MpocTobie (6a3oBble) TUNDLI {# KaK TMNbI (TS

Cucrema tunos C# MOCTpoeHAa Ha OCHOBE KJIACCOB, TOYHEE, TUIIOB,
UMeIIux odmuil 6azoBeit knace object. I[IpocThie (dyHIaMeHTaNBHEIE,
Ha30BbIe) THIIBI, TAKHE KaK int ¥ char, Ha caMoM Jene ABIAITCA He CaMo-
CTOATEIbHBIMHU TUIIAMU, a NpeACTaBaAAT coboil obo3HaueHUs (YCAOB-
HBle Ha3BaHUA) CUCTEMHEBIX THUIIOB, NpeAcTaBideMblX miatgopmoii .NET
Framework B BHJe COOTBETCTBYIOIINX CTPYKTYP (cM. Taba. 5.1).

Tabnuua 5.1
THO A3bIka C# AuanazoH sHaUeHHI CooTBeT-
u i1 CTS cteHe CLS
bool true wiu false eCTh
System.Boolean
byte oT 0 g0 255 ecTh
System.Byte
sbyte oT -128 1o 127 HeT
System.SByte
char ot U+0000 1o U+ffff ecTh
System.Char
decimal (oT -7.9 - 1028 1o 7.9 - 1028) /(10 010 A0 28} ecTh
System.Decimal
double oT £5.0 - 10324 go 1.7 - 10308 €CTh
System.Double
float oT -3.4 - 1038 1o +3.4 - 1038 eCTh
System.Single
int oT -2 147 483 648 a0 2 147 483 647 eCcTh
System.Int32
uint oT 0 g0 4 204 967 295 Her
System.UInt32
long oT -9 223 372 036 854 775 808 eCThb
System.Int64 no 9 223 372 036 854 775 807
ulong oT 0 70 18 446 744 073 709 551 615 HET
System.UInt64
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OkoHYarue mabn. 5.1

THO A3bika C# AuamnazoH sHaUYeHHI CooTBeT-
u tun CTS cteue CLS
object 0601 TUT AAaHHBIX ecThb

System.Object

short oT =32 768 mo 32 767 ecThb
System.Intl6

ushort ot 0 10 65 535 HeT
System.UInt16

string OrpaHU4YeH CUCTEMHBIMM BO3MOXKHOCTAMH ecThb

System.String

HTak, Bce NpedonpeieneHHble TUMIH fA3bIKa C# MpeACTaBIAIOT B MPO-
rpaMMax COOTBETCTBYIOIIUE UM CTPYKTYPBI M3 MPOCTPAHCTBA UMeH System
6ubmmoreku .NET Framework. Kazanocs OB, YTO 3KBMBAJIEHTHOCTE Tpa-
AWLMOHHBIX HasBaHUil TUNOB (Hampumep, int, char, string...) o6o3Haue-
HuaM tinoB B CTS (System.Int32, System.Char, System.String...) Aenaet
HeHY>XHBIM 3HaKOMCTBO C COOTBETCTBYIOIIUMH CTPYKTYPaMU M3 IPOCTpaH-
c¢TBa System. OZHAKO 3TO He Tak. FIMeHa CUCTeMHBIX TUIIOB HUCIOAb3Y-
I0TCA B Ha3BaHUAX cpeAcTB 6ubamoreku wiaccoB .NET Framework. Kpome
TOTO, IPU UAeHTUPUKALMHU TUIla 0OBEKTa, HallpuMep, ¢ TOMOLIBIO MeToJa
GetType(), Ana 0603HAYEHUA THUIA UCMOAB3YETCA €r0 CUCTEMHOe UMH,
a He UMs, IpUHAToe B C#.

OTobpaxkeHHoe B Tab/. 5.1 COOTBETCTBUE TUMOB A3bIKa C# M CUCTEMHEIX
tunoB .NET Framework mpUxXoUTCH YIUTHBATE B TEX CAyYaAX, KOTAA KOJ
Ha C# HyXHO MCIIOJB30BATh B PA3ZHOASHYHBIX NPWIOKeHUAX. Hanpumep,
1A NeJoYUcaeHHbIX sHadeHul CTS npegycMaTpyuBaeT NpUMeHeHWe TUTIOB
Byte, Int16, Int32, Int64. TeM caMbIM AN PA3HOA3BIYHLIX TTPUIQKEHUH
HeJOMYyCTUMEBI Oe33HaKOBHIe LeIourcIeHHble Tl (uint, ulong, ushort)
u Tun sbyte.

HecmoTpsa Ha To, uTo B C# BBeJeHBI COKpalleHHEIe 0603HaAYeHNA TIPO-
CTBHIX TUIIOB, HET OIPAaHUYEHHA U Ha IPUMeHEeHHe CUCTeMHBIX UMeH. Hanpu-
Mep, CIeAYIomMe ABa 0ObABACHUA NeTOYUCACHHON IePeMEHHOHN ¢ UMEHEM
cluster 5KBUBaJIeHTHHI:

int cluster = 33;
System.Int32 cluster = 33;

Kpome Toro, mepeMeHHYI0 IPOCTOTO TUMA MOXKHO OOBSABUTh, UCTIONb2YS
¥ popmaT 06BABEHUA O0BEKTA :

umAa_muna umAa_obvexma = new uma_muna();

B 3TOM caydae B Ka4eCcTBe HMEHHU THUTa UCTIOAb3YIOT WK TPaAUIUOHHOE
ana C#, Win cucTeMHoe 0603HaueHue Tuna. msa_ob6bekTa — BHIOpaHHBI
MPOrpaMMUCTOM WAEHTUGHUKATOP, New — ClleliaNbHasd ONepaLya Bb30Ba
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KOHCTPYKTOpa TOrQ THIA, KOTOPBLIH COOTBETCTBYET TUNY IIepeMeHHOM.
C MeXaHU3MOM KOHCTPYKTOPOB HaM elile NpUAeTCA IoAPOOHO 3HAKOMHUTHCA.
Ceifqac JOCTaTOYHO CKA3aTh, YTO Ha3HA9eHHE KOHCTPYKTOPa — Pa3MeCTUTh
B TaMATU U UHUIIHATU3UPOBATh HOBBIN 3K3eMIULIp 00beKTa.

[IpuMep ABYX DKBUBAJIEHTHHIX 00BABACHUN ¢ onepanuell new:

double radix = new double();
System.Double radix = new System.Double();

B Kaxk/J0M U3 3TUX ciaydyaeB oOBABJIEHA BelleCTBEHHAA NepeMeHHasd
¢ umeneM radix Tuna double, KOTOPOH ¢ TOMOIIEI) KOHCTPYKTOPA BhIAEA-
eTcA YYacTOK NaMATU U [IPUCBAUBAECTCA NMPeIYCMOTPEHHOE [0 YMOTYAHHIO
HYJICBOE 3HAYCHUE.

[TpoucxoxjeHue TUIOB OT obllero H6asoBoro kiaacca System.Object
IIO3BOJIAECT MIPUMEHATE K KOKAOU IIePEMEHHON M KOHCTAHTE CASAYIOIIUE
MeTOABI (ITlepevrcieHEl He BCe):

+ string ToString () — BO3BpallaeT CTPOKY, COACPKALLYIO CUMBOJIBHOE
MpeAcTaBieHue Toro 06beKTa, K KOTOPOMY 3TOT METO/] IPUMEHEH;

* System.Type GetType () — BosBpalllaeT CUCTEMHBIN TUI TOro oHb-
€KTa, K KOTOpOMY NpUMEHEH MeTO/;

* bool Equals (object obj) — nporepseT 3KBHBAIEHTHOCTL OOBEKTA-
napaMmeTpa u 06beKTa, K KOTOpOMY 9TOT METOZ MPUMEHEH.

[Tpex e yeM MPUBECTU NIPUMEPH MPUMEHEHUs MepeunucIeHHbIX METO-
JOB, HAIIOMHUM, 4YTO MeTOJbl MOTYT IIPUHAAJIEXKATD KJIAacCcy WIH CTPYKTYpe
(B 3TOM Ciyvae OHU JOMKHEI OBITh CTATUYECKUMU), a MOI'YT OTHOCUTBCA
K KOHKPETHHIM 00BbeKkTaM (3K3eMIUIApaM) Kjaacca Wi CTPYKTYPH (HecTa-
TUYeCKUe). B nepBoM ciaydyae A1 obpallleHusa K MeToAy (CTaTU4YecKoMYy)
KCIIONAB3YeTCA BEIpaXKeHUE

UMA_munda. uma_memoda (dapzymeHms)

[Tpumepom cayxut obpamenue Console.WriteLine(), rae Console — umsa
H6ubIMOTEYHOTO KIACCa, IPEACTABIAIONIETO KOHCOMBHBIN MOTOK. Bo BTOpOM
caydae AaA obpallleHuA K MeToAy 00A3aTe/NbHO JOJIKEH OBITh onpejencH
0OBeKT (3K3eMIVISIP TUIA), U BHI30B OCYIIECTBISAET BEIPAXKEHUE

UMA_CCoNKU_HA_oBvekm, ums_memoda (apaymeHms)

HanoMHHB CUHTaKCUC OOpaIeHusa K MeTOAaM, IIPUBEAEM CIAeAYIOIIYIO
NIpOrpaMMy, B KOTOPOU K TepeMeHHBIM 0a30BOr0 THUIIAa 3HaYeHWH IpUMeH;sI-
I0TCA MeTO/Bl, YHAC/IeZIOBaHHEIE U3 KJacca object.

// 85 81.cs - npocmsie munel Kak HacnedHuxu Object
using System;
class Program

{

static void Main()

{
long row = 18L;
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System.Int64 col = 423L;
Console.WriteLine("row.GetType()= " + row.GetType());
Console.WriteLine("row.Equals(col)= " + row.Equals(col));
Console.WriteLine("row.ToString() + col.ToString()=" +
row.ToString() + col.ToString());
Console.WriteLine("row + col = " + (row + col));

}
}

B nporpamMe nepemMeHHBIe TOoW U col olipesesieHb! ¢ TOMOILIbIO Pa3HbIX
0603HaYeHUH OFHOTO U TOro Ke Tuma long. 3HaueHUs yka3aHHbIE Iepe-
MEeHHBIEe ITOY4aloT 3a cYeT MHUIMaIU3aluy. Pe3ybTaThl BBIIOJTHEHUS IIPO-
rpaMMBI:

row.GetType()= System.Int64
row.Equals(col)= False

row.ToString() + col.ToString()=18423
row + col = 441

Kak yxxe ymomsanyTto, metoz System.GetType() Bo3BpaillaeT Ha3BaHUe
THIIa 00beKTa, nmpuHAToe B .NET Framework, a He B sa3biKe C#. IMeHHO
ITO3TOMY B Pe3y/IbTaTax JJisi Tow BbIBeZleH Tull System.Int64, a He long. ITpu
CpaBHEHHMHU TIepeMEeHHBIX C TIOMOIIbIO BhipaxkeHus row.Equals(col) cpaBHU-
BalOTCA UX 3HAUEHMS U B IIpUMepe BO3BpallaeTcsa JOTHYecKoe 3HauYeHue
False. 3Hauenunem BhipakeHUsA row.ToString() + col.ToString() aBngeTcs
KOHKaTeHallls CTPOKOBBIX IIpeZACTaBlIeHUN 3HaUYeHUU IepeMeHHBIX row
u cal. /Ina cpaBHeHUs, B ciaeAyoomeM obpamenuu K Mmeroay WriteLine()
B CKOOKH 3aK/II0YEHO BhIpakeHue (row + col), u B 3ToM ciydae B CKOOKax
BBITIOJTHSAETCSA He KOHKATeHalUs CTPOK, a apudmeTruiecKkoe CyMMHUPOBaHe
3HaUeHUHN epeMeHHBbIX.

5.3. Cneyuduyeckue metofbl U NOAA NPOCTbIX TUMOB

KpoMe MeToznOB, yHaC/IeAOBaHHBIX OT ob1ero 6a3oBoro Kiaacca object,
KaK/JbIii IPOCTOM THII UMeeT Habop cOOCTBEHHBIX METOZOB U CBOMCTB. Pac-
CMOTPHM T€ U3 HUX, KOTOPBIE SABJISIOTCA OCTATOYHO OOIIMMU U Yallle BCEro
MIPUMEHSIOTCS B IIpOrpaMMax.

Mertoz, 6e3 KOTOPOTO TPYAHO OOOUTHCH B PEaNbHBIX IIPOTPAMMax, 3TO
MeTo/ Parse(), Ha3HaYeHUE KOTOPOT'O — Mpeobpa3oBaTh TEKCTOBYIO CTPOKY
B YMCJIOBOE WU JIOTHYecKoe 3HaueHue. [lojie3HoCTh 3TOr0 MeTo/ja CBsA3aHa
c TeM $aKTOM, YTO IpU OOIIEeHUU C MIPOTPaMMOM IIOJIb30BaTENb OOBIYHO
BBO/IUT YMCJIOBBIe 3HaUeHUA (HallpuMep, C KJIaBUATyphl) B BHJE MOCJIEN0-
BaTeJbHOCTH CUMBOJIOB, a B IIPOTpaMMe OHU JODKHBI OBITh IIPeACTaBIeHbI
B BUJle MAIITUHHBIX KO/JOB COOTBETCTBYIONIUX YUCE.

3a/avya mepeKoJUPOBaHUsA CUMBOJbHOM CTPOKM B KO/l YMCJIOBOTO 3HA-
YyeHUs, BO-TEPBHIX, TPyZOeMKa AJisi MPOTpPaMMUPOBAaHUA, a BO-BTOPHIX,
He KaXkJas MMocjeloBaTebHOCTh CHUMBOJIOB MOXKET OBITh IIpeobpa3oBaHa
B YMCJI0BOe 3HaueHUe. Meton Parse(), onpeaeneHHbIN B KaXXJA0M Kjacce
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apudmeTuveckux tunop (Int32, Double...), mo3BoAseT aBTOMATU3UPO-
BaTh pelIeHUE 3a/a9M pPacno3HaBAHUA «IIPABWIBHBIX» 3aINCEH YUCIAOBBIX
3HAYEHUH U 33/1a4M UX npeobpaszoBaHusa B ynciaa. Meroa Parse() ybupaer
W3 CTPOKH JHUIIHKE poGesbl ¢JIeBa U CIIpaBa U He3Hayvalllyie JeBhle HY/IM.

Cneaywomasa nporpaMMa WUTIOCTPUPYET NPUMEHEHUE METOAA K CTPOKO-
BBIM JIUTepaJaM, NPeJCTaBISIOIIUM YUCIOBEIE 3HAUEHUA:

// 85 _82.cs - memod Parse()
using System;
class Program

{
static void Main()
{
long row = long.Parse("18");
long col = System.Int64.Parse(” 000123 ");
Console.WriteLine("row + col = " + (row + col)};
double x = double.Parse(" —-0€6,31415%e+1");
Console WritelLine("x = " + x);
Console.WriteLine("Double.Parse(\" 0011 \") = " +
Double.Parse(" @011 "));
}
}

Ob6paTtute BHUMaHMe, uTo MeTo Parse() ARndeTca MeTOZOM KJjaacca
(MeTOAOM CTATUYECKUM) U TIO3TOMY B €0 BBI30BE HYKHO YKa3aTh UM TOTO
Kjacca, U3 KOTOPOTO OH B3AT. UM Kjacca MOXKET OBITh UIU CUCTEMHBIM
(B Hamed nporpamme System.Int64 u System.Double), wau npuHATEIM
B A3bike C# (long, double).

Pe3y/nbLTaT BLIMOJIHEHHWA MPOTPpaMMEL:

row + col = 141
X = -3,14159
Double.Parse(" @611 ") = 11

B nporpaMme cTpoKH (CTPOKOBEIE KOHCTAHTHI~TNTEPASIBI), UCIIOAB30BAH-
HEIE B KayeCcTBe apryMeHToB MeToza Parse(), cogep:kat Beylve U 3aBep-
nraonye mpodessl, a Takke He3Hadallye JeBrle Hynu. Takue OTKIOHEHUA
B CTPOKOBLIX (CUMBOJBHBIX) NpeACTaBIeHUAX YUcesl AoNycTUMEL. CiegyeT
o0paTuTs BHUMaHUe Ha 3alATYIO, OTAEMAIONYI0 ApOoOHYI0 YacTh yucaa
OT L0 B CHMBOJBHOM IIPe/ICTaBIeHUH. JTO TpeHOoBaHNe JOKATU3aIHH,
NpeAnojaramiueii, 4To B POCCHU HCIONB3YIOTCA HEe aMEePHUKAHCKHE, a eBpo-
nelcKre mpaBula 3alMCH BEIIeCTBEHHBIX YHCE.

ITpumeuanute. B TekcTax nporpaMM Ha C# and otaeneHHA Ueiol dacTd
BellleCTBEHHOI'O YHCIA OT ee ApoOHOM 9acTH Menoiab3yeTcd Touka. [IpH BBOZe
H BHIBOAE, T. €. BO BHEIIHEM CHMBOJIBHOM HpeﬂCTﬂBHEHPII/I BEIIECTBEHHBIX THCEN,
3HAK, pasfenaiui ApoSHYIO U 1eNVI0 YacTH, onpeaeiaeTcs Jokanusalued
HCIIOTHAKILEH cHCTeMbl. JIoKanu3aua MOKeT DLITE H3MeHeHa HacTPOHKOH.
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[Ipy HeBepHOI 3alKCHU YUCIOBOTO WIM JIOTUUYECKOTO 3HaYeHUs B apry-
MeHTe MeToza Parse() reHepupyeTrcsa HCKIIOUeHHE C Ha3BaHUeM System.
FormatException. Tak kak MBI ellle He pacCMaTpUBaId MeXaHHU3M HCKJIIoUe-
HUU, TO IpUMePHI HEYZJaYHBIX ITOMBITOK MIPUMEHATh MeTo/, Parse() ¢ Takumu
olrOKaMU B 3aMMCHU YUCEJ IPUBOAUTH TPEXAeBPEeMEHHO.

B .NET Framework 2.0 mosiBuICS ellle OAWH MEeTO/ AJisl IpeobpasoBa-
HUA CTPOKOBOTO IIpeZicTaBaeHus 3HaueHus (apupMeTUIecKoro, CiMBOJIb-
HOTO, JIOTUYECKOTO) B 3HaUE€HHE COOTBETCTBYIOLIETO IPOCTOr'0 THUMA. TOT
MeTOZ IIeperpy>KeH U ero BapyuaHTHl €CTh B pa3HbIX kinaccax. Hanpuwmep,
B KJIacC IIeJIBIX YUCeJ THIa int BXOAUT BapuUaHT 3TOT'0 METOZA C TaKUM
3aroJI0BKOM:

static public bool TryParse (string, out int);

MeToz aHAIU3UPYET CTPOKY, MPEACTAaBICHHYIO IIEPBLHIM ITapaMeTpPOM,
U eCJIU ee yZaeTcs Ipeobpa3oBaTh B IEJIOYNCIEHHOE 3HAaYEeHHE, TO 3TO 3Ha-
YyeHUe Tepe/laeTcsd B TOUKY BbI30BA C ITOMOIIbIO apryMeHTa, 3aMeHS0IIero
BTOpOI mapameTp. Kpome Toro, Metros uMeeT BO3BpalllaeMoOe 3HaYEHUE
JIOTUYeCKoro Tuma. [Ipu ycemHoMm mpeobpa3oBaHUY BO3BpallaeTcs 3Have-
HUe true. [Ipy HeBepHOM IIpe/ICTABJIEHUN B CTPOKE-apTyMeHTe 3HaYeHUs
COOTBETCTBYIOIETO TUMa (TOro, Jjii KOTOPOTO MeTOZ BhI3BaH) METO/, BO3-
Bpaiaet 3HaueHue false.

[TpuHIUnIManbHoe oTauyue Metoga TryParse() or meroga Parse() —
OTCYTCTBHE TeHepalluy HCKIIOYEHUUN MMPU HEeBEPHBIX Mpeobpa3oBaHUAX.
[ToaTOMy ero MOKHO HCITOJIb30BaTh, HE MMPUMEHSA MeXaHu3Ma 00paboTKu
MCKJIIOYEHUU.

YToOBI IPUBECTU MIPUMEDP, B KOTOPOM OYy/yT IMOKa3aHbl HEKOTOPHIE BO3-
MoKHOCTH MeToza TryParse(), HaM mpUAeTCS HECKOJbKO PACIIMPUTH TOT
apceHaJs Cpe/ICTB, KOTOPBIMU MBI /IO CHUX ITOP IOJIb3yeMCS B IpUMepax Ipo-
rpaMM.

HauHneM ¢ moaudurkaTopa out, KOTOPHIH UCIIOAb3yeTCs B cielinbUKaIIuU
BTOpOTO MapaMmeTrpa Meroza TryParse(). Takum Moaudukaropom cHabxka-
eTcs ITapaMeTp, C IIOMOIIbI0O KOTOPOT'O METOZ BO3BpalllaeT B TOYKY BHI30Ba
HEKOTOpOe 3HaueHue. ApTyMeHT, KOTOPHIM OyJeT IOoACTaBJeH Ha MECTO
3TOTO MapaMeTpa, A0/DKEH OBITh TIPUTOAEH JJIA MOTyIeH:s BO3BpaIlaeMoro
3HaYeHUsA, U BCera cHabXaeTcs B oOpalieHu K MeToAy MOAUUKATOPOM
out. TaKMM apryMeHTOM MOXKET OBITh UMS IIEPEMEHHOM.

Haub6osnee yacto meros TryParse() mpuMeHsieTcs [ aHaAIW3a U TIpe-
00pa3oBaHUs BXOJHBIX JAHHBIX, BBOAUMBIX MTOJIb30BaTeleM C KJIaBUATYPHL.
Kak MBI y>ke TTOKa3bIBaJld Ha IMpUMepax, IMocieZoBaTeIbHOCTh CUMBOJIOB,
HabpaHHYIO Ha KJIaBUaType, MOXKHO «ITPOYUTATh» C TIOMOIIbIO METO/A

static public string Console.ReadLine();

MeTog nmpunagnexxut kaaccy Console. Y metoga ReadLine() mapameTpbl
OTCYTCTBYIOT, OH BO3BpalllaeT CTPOKOBOEe 3HaUYeHUeE.
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MeToa «cpabaThiBaeT» KaK TOJbKO IIOJIb30BATeNb HAXXUMAaeT Ha KJIaBU-
atype knapumy ENTER. B Touyky Bri3oBa mMetoz ReadLine() BosBpairaer
CTPOKY CUMBOJOB, HalpaHHYIO Ha kiaaBuatype. OfpanieHue K MeTOAy
ReadLine() MOXHO HCIIOAB30BATh B KaUeCTBE MEPBOr0 apryMeHTa MeToAa
TryParse(). BropeiM apryMeHTOM JOJKHA OBITh NlepeMeHHas TOro TUIIA,
3HaYe€HHE KOTOPOI'0 MHL INIAHUPYEM «IIPOYUTATh» U3 BXOAHOU CTPOKU.

Tenepsb, AOrOBOPUBIIUCE O HOBHIX CPEACTBAX, IpHUBeJeM IIporpaMMy,
KOTOpad YATAeT U3 BXOAHOIO IIOTOKA KOHCOMU (OT KJIABUATYPLI) IOCHIEA0-
BaTeAbHOCTE (CTPOKY) CUMBOJIOB U AHAJIU3UPYET e€e CAEAYIOMUM 06pa3om.
Ecnu BBeZieHO JIOTHYeCKOe 3HaueHue (true win false), To a4 true Hy>XHO
BLIBecTH cUMBOJ '1', a ana false — cumson '0'. Eciu BBeAeHHAas MTocAe0Ba-
TEJbHOCTh CUMBOJIOB HE ABJNACTCA U300paykeHHEM JIOTHYeCKOro 3HaYCHUS,
TO BEIBECTH 3HaK ?',

// 85 83.cs - Memod TryParse().
using System;
class Program

{
static void Main()
{
bool bb;
char res;
Console.Write("BreguTe AOru4veckoe 2HadYeHue: ")};
res = (bool.TryParse(Console.ReadlLine(), out bb) == true) °?
bb # '1' : '@' : '?';
Console.WriteLine("res ===> " + res);
}
¥

B mporpaMme uCTonk3yeTesa ctatuueckui Meto TryParse() kinacca bool.
[lepBuiit aprymeHT — obfpamenue K MeToZy ReadLine() kimacca Console.
BTopoii aprymeHT — nepeMeHHad OyseBoro Tuma ¢ umeHeM bb. O6parmenne
K TryParse() — 3To nepBHIii ollepaHA TepHapHOU YCAOBHOM oeparuyn ?:.
Ecau Bo3BpamaeMoe METOAOM 3HaY€HHE PaBHO true, TO NepeMeHHasd
bb nonyuuna oaHO W3 ABYX JIOPMYECKUX 3HAYEHNU. B 3aBUCMMOCTH OT KOH-
KpeTHOTO 3HavyeHusd bb cuMBonBHOU nepeMeHHOM res nmpuceauBaetcs '1'
win '0'. Eciu metog bool. TryParse() Bosspamaer 3HadeHue false, To nepe-
MeHHasl res noJydaer 3HaueHue 7.

Crnezyomue pe3yabTaThl TPeX BHIOJAHEHUN NpPOTpaMMBI AOTOJHAIOT
NpUBeJeHHEIC O0bACHEHUA:

BeeauTe norvHeckoe 3HadeHwe: true<ENTER>

res ===> 1

BeeanTe Aoruveckoe 3HadeHue: fTalse<ENTER>
res ===> @

BeeguTe norvyeckoe 3HadYeHue: UCTUHA<ENTER>
res ===>?

B KaXk/bIH M3 TUTIOB, TIpecTaBiagiomux B C# nmpocThie (0a30BBIEe) THITHL,
BXOJAT HECKOJNBKO OTKPBITHIX CTAaTUYECKAX KOHCTAHTHRIX TIOJMEH, TTO3BOJIA-
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IOIUX OIEHUTD IIpeZie/IbHble 3HaUYeHHUs ITepeMeHHBIX U KOHCTAHT COOTBET-
CTBYIOILIETO THIIA.

B 1e/IbIX TUIIAX TaKUX IIOJIEH ZBa:

e MaxValue — makcuMaabHOe IOITyCTUMOE 3HaueHue (KOHCTaHTAa);

e MinValue — MUHUMAaIbHOE JIOITyCTUMOE 3HaUYeHUe (KOHCTAHTA).

B BellleCTBEHHBIX THIIaX, KpOMe Ha3BaHHBIX ITOJIEH, PUCYTCTBYIOT CJIe-
ZyIOIIe CTaTUYeCKre KOHCTAaHTHBIE TTOJIS:

* Epsilon — HauMeHbIIlee OTIMYHOE OT HYJIST YMCIOBOE 3HaUYeHHe, KOTO-
poe MOXKET IPUHUMATh IlepeMeHHast 3a/JaHHOTO THUIIA;

* NaN — mpeacTaBieHUe 3HaYeHUsI, KOTOPOE He SIBJAETCS YHCJIOM,
HaIpuMep, pe3y/bTaT BHIIOIHEHUS OIlepaluy MPU eJIeHUH HYJIs Ha HYyJb,

* Negativelnfinity — mpezicTaBieHue OTpUIIATETbHOM OECKOHEYHOCTH,
HalpuMep, MPU JeJIeHUU OTPUIATEeIbHOIO YHUC/Ia Ha HYJb;

* Positivelnfinity — mpe/cTaBieHye MONOXKUTENbHON 6ECKOHEYHOCTH,
HaIpuMep, MPHU JeJIEHUU I0JOXKUTEIHHOIO YHCjIa Ha HyJb.

B cieayrolieil mporpaMMe BBHIBOAATCS 3HaYEHUA IMEePeYHCIeHHBIX KOH-
CTaHT, OTIpeieJIEHHBIX /1 TUToB int 1 double.

// 65 04.cs - KoHcmaHmel U npedesibHble 3HA4YeHus
using static System.Console;
class Program

{
static void Main()
{
WriteLine("int.MinValue = " + int.MinValue);
WriteLine("int.MaxValue = " + int.MaxValue);
WriteLine("double.MinValue = " + double.MinValue);
WriteLine("double.MaxValue = " + double.MaxValue);
WriteLine("double.Epsilon = " + double.Epsilon);
WriteLine("double.NaN = " + double.NaN);
WriteLine("double.PositiveInfinity = " +
double.PositivelInfinity);
WriteLine("double.NegativeInfinity = " +
double.NegativeInfinity);
double zero = 0.9, value = 2.7172;
WriteLine("value/zero = " + value / zero);
WriteLine("©.0/zero = " + 0.0 / zero);
}
}
Pe3ysnbTaThl BHITIOJTHEHUA:
int.MinValue = —2147483648
int.MaxValue = 2147483647

double.MinValue = —1,79769313486232E+308
double.MaxValue = 1,79769313486232E+308
double.Epsilon = 4,94065645841247E-324
double.NaN = NaN

double.Positivelnfinity = 6eckoHe4yHOCTb
double.NegativeInfinity = -6ecKoHe4YHOCTb
value/zero = 6eCKOHEYHOCTb

0.0/zero = NaN
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KOHTpOIIbeIe Bonpodbl U 3ajlaHUA

1. Hasosure aBe ocHoBHbIe YacTu wiargopmsl .NET Framework.

2. Yro Takoe CIL (Common Intermediate Language)?

3. YkaxuTe HazHadeHHe ob1eA3bKoBoi cnenydukauun CLS (Common
Language Specification)?

4. Kaxue WwieHbl MOTYT TPUCYTCTBOBATh B KJIACCe B COOTBETCTBUU C TPe-
GoBaHuAMU 061meit cucteMsl TUIOB CTS?

5. Kakywo ¢yHKIMOHATBHOCTh ofecleuynBaeT knacc object obbekTam
BCEX TUIIOB A3bIKa C#7

6. IlpuBeaute HazBaHuA TUIIOB CTS, KOoTOpHe NMPEeACTABICHEL B A3BIKE
C# GazoBbIMu TUTIaMU, HanipuMep, double.

7. Kakxue 6a3oBrie THIH A3biKa C# He cooTBeTcTByloT CLS?

8. HasoBuTe Tpu MeTOAa, YHacAeAOBaHHEIE MOOBRIM THUIIOM A3blka C#
oT 6azoBoro Knacca object?

9. OOBACHUTE BO3MOXHOCTH M orpaHu4ueHuA Metoza Parse().

10. O0BAcHUTE BO3MOXKHOCTU MeToZa TryParse().

11. Ha3zosure yieHbl 6a30BHIX THUIIOB, TIO3BOJSOIINE OIIEHUBATH HUX TIpe-
JeILHEIEe 3HAYEHUA.



InaBa 6
ONEPATOPDI

6.1. 06wue cBeneHUAa 06 onepatopax

OnepaTopsl onpegendoT AeUCTBUA U MOPALOK BHITIOTHEHHUA JeUCTBUM
B IIpOrpaMMe.

B cTaHzapTe A3bIKa [IpUBeAcHA caeayomad o61an KiaccupuKaima ome-
pPaTopoB:

* momeuyeHHHBIH (labeled-statement);

» gexmapupytomui (declaration-statement);

* BcTpoeHHBIN (embedded-statement).

O6paTuM BHUMaHUe, YTO K omleparopaM B C# OTHecCaU 0ODBABAEHUS
(Zexnapauuu), UX YaCTHHIA caydail — oOBbABACHUSA NepeMeHHbBIX.

CTaHAapT OTHOCUT K BCTPOEHHEIM C/IeIyIOIIME OIePaTOPHL:

* 6Haoxk (block);

* yCcTOM omnepatop (empty statement);

* omnepaTtop-BuIpaxkeHue (expression statement);

+ omeparop BriOopa (selection statement);

* ornepatop uMkaa (iteration statement);

* oneparop nepexoga (jump statement);

* oIepaTop KOHTPOJA 3a UCKJAIOYEHUEM (try statement);

* onepamop op2aHuU3aUuUL oUUCcmKU pecypcos (using statement);

* QIepaTop KOHTPOJA 3a NepelioHeHUeM (checked statement);

* OTMeHa KOHTpOJA 3a IepenonaHeHUueM (unchecked statement);

* onepamop 6aokuposxu nomoxa (lock statement);

* onepamop umepayuu no xoarexyuu (yield statement).

B 3TOi# T/IaBe Mbl PACCMOTPHM Te OTIEPATOPHI, AJ TIOHUMAHUA KOTOPHIX
He TpelyeTcsa U3yvYeHus MeXaHU3MOB, OTJAWYAKMIMX A3bIK C# OT ero npea-
IecTBEHHUKOB. Kpome Toro, He 6yayT paccMaTpHUBaThCsA ONEPaTOPHI, BbIAE-
JIEHHBIE BBHILIE KYPCUBOM.

Kaxzwiit onepaTtop sA3bika C#, kpoMme 0670Ka, 3aKaHIYUBAETCS pas3zieiu-
TeJleM «TOUKa ¢ 3ansaTo». Jlioboe BrIpaxkeHUe, T0C/Ie KOTOPOTO MOCTaBIeH
CUMBOJ «TOYKA C 3aMATOW», BOCIPHUHUMAETCA KOMITIJIATOPOM KaK OTJENb-
HBIN OonepaTop (MCKIoUYeHHe COCTAB/IAI0T BEIpAXXeHMA, BXOAAIINE B 3arojo-
BOK 11uKJa for).

HacTo oneparop-BEIpaKEHUE CIY)KUT AAA BE30Ba QyHKIUU (MeToza),
He BO3Bpallamniel B TOUKY BHI30BA HUKAKOTC 3HadeHus. Ele daine onepa-
TOP-BbIpaKeHHE — 3TO He BHI30B (YHKITHH, a BEIpAXKEeHHE ¢ oepaljuei npu-
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cBauBaHMsa. O6paTuTe BHUMAaHUE, UTO B s13blKe C# OTCYTCTBYET OTAEAbHEI
oneparop lipucBanBanuA. Oneparop [IpHUCBanBaHUA BCero-HaBCero ABAALTCA
YACTHBIM CIy4aeM Omeparopa-BHpaKeHud (C onepalMed IpyucBauBaHud).

CoeuMaabHBIM CIy4aeM ollepaTopa CAyKUT IIyCTOU onepaTtop. OH npea-
CTaBJAETCA CUMBOJIOM «TOYKA € 3aTATON», IEPe] KOTOPBIM HET HUKAKOTO
BLIpaXKeHUA WIU He 3aBePIIEHHOTO pasdeluTeNeM «ToUKa ¢ 3amsTol» ome-
patopa. [lycToil oneparop He IpeiycMaTpHUBaeT BHIIIOJIHEHUA HUKAKHUX
AeiicTBUI. OH UCNOAb3YyeTCd TaM, Ile CHHTaKCHUC A3bIKa paspellaeT NpucyT-
CTBUE ONIEPATOPa, a MO CMBICAY IIPOTPAMMBL HUKaKUe JeHWCTBUA He JODKHEI
BBIMOMHATHCA. [IyCTOM OllepaTop UHOI/IA UCTIONIb3yeTCd B KayecTBe Tena
LWKJIa, KOTAa BCe HUKINYeCKH! BHINOMHAEeMbIe AeHCTBUA ONpeAe/ieHbl B 3aro-
JIOBKE LMKJIA.

6.2. MeTku 1 oneparop 6e3ycnoBHOro nepexoaa

[Tepea KaXXABIM OMEPaTOPOM MOXKeT ObIThH TOMellleHa MeTKa, OTAessieMast
OT omneparopa ABoeTouneM. B kauecTBe MeTKU MCHOAb3YeTCA BEIOpaHHBIN
NpOrpaMMUCTOM YHUKAAbHHHN uaeHTUUKATOP. [IpUMep IIOMe4eHHOro
omeparopa:

ABC: X = 4 + x * 3;

Kaxk YVAHe CKa3aHo, Oﬁ'bﬂBJIEHI/IH, TIOCJIE€ KOTOPLHIX ITOMEIEH CHMBOJ «TOYK4d
C 3&HHTOﬁ>>, CYHUTAKTCA OIIepaTopaMH. HOBTOMY nepej HUMHM TaKXKe MOTYT
NMoOMEeATHCA METKH!

metka: int z = @, d = 4; // Memxka neped obvaBaenuem

C IOMOMIBIO TMyCTOTO omepatopa (mepes KOTOPHIM UMEET TIPABO CTOATD
METKa) METKU MOXXHO pa3MellaTh BO BCeX TOYKAX MPOTpaMMBl, T4e CHHTAaK-
CHC paspellaeT UCMOAb30BaTh OllepaTOpPHL.

ToBOpA O MOMEYEHHBIX OIlEpPATOpPaxX U MeTKaX, YMeCTHO BBECTHU ONepaTop
6e3yCIOBHOTO NTepexoa:

goto memka;

C moMolIlbI0 3TOTO oNepaTopa obecnevuuBaeTcsa 6e3yCIOBHBIN Iepexos
K TOMY MeCTY B IpOrpaMMe, TJe pasMellleHa MeTKa, UCMOIb30BaHHAA NoCIe
cryxebHoro c1oBa goto. Hanpumep, onepatop

goto ABC;

nepeaacT ynpasieHue IpuBeJeHHOMY BhIlle onepaTopy ABC: x =4 + x * 3;
B coBpeMeHHOM IIporpaMMUPOBaHUU oNlepaTop 0e3yCIOBHOTO [lepexoa
HCIIONb3YeTCA AOCTAaTOYHO peKO, HO B HEKOTOPHIX CIy4aAX OH MOXET OKa-
3aThCA BeCbMa MOJIE3HBIM.
[Tepexos K MeTKe BO3MOXeEH B 00IeM ciaydae He U3 BCEX TOYEK Ipo-
rpaMMebl. BaxkHo, re pasMelleHa MeTKa, U IAe HaXOJUTCA olepaTop nepe-
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XoZa. B cBA3M c CyleCTBYIOIIMMH OTPaHUYEHUsIMU Ha BBLIMIOJIHEHUE Tiepe-
XOZ 0B HY)XHO ITO3HAKOMUTLCA C MOHATHEeM OJI0Ka.

Biaok — 3aknoueHHas B GUrypHble CKOOKU MOCAeA0BATENbHOCTD OIle-
paTopoB. Cpesy 3TUX ONEPATOPOB MOTYT IIPUCYTCTBOBATL OMEepPaTOPH 00b-
ABneHUN. B 6;10Ke TOKAMU30BaHEI Bce 0ObsABNAeHHbIe B HEM OOBEKTHI, B TOM
yucide U MeTKU. CUHTaKCU4YeCKU 60K ABMSETCSA OTAEAbHBIM OIIepaTopoOM.
OzHako 670K He TpebyeTcs 3aBepllaTh TOUKOM ¢ 3anaToil. s 610Ka orpa-
HUYUTENeM CIYXUT 3aKphiBawlias GUrypHas ckobka. BHyTpu 610ka Kax-
JIBIN OTIEPATOP OJIKEH OKAHYMBATBCA TOYKOM ¢ 3armsaTon. [IpumMepsr 6;10KOB:

{int a; char b = '8'; a

(int)b;}
{func{z + 1.0, 22); e *

4 * x — 1;}

FOBOPH O 6.7[01{&}{, HYXHO I[IOHHUMATE IIpaBHJIA OIIPpEACICHHA obactu ﬂeﬁ-
CTBHA UMCH H OrpaHH4Y€HUA BUAUMOCTH 00BEKTOB. PaBPEHJEHO BJIOXKCHHC
6JIOKOB, NpHU4YcM Ha [‘J'IY6I/IH}" BJAOKCHHA CHHTaAKCHC HC HAKJIAJABIBACT Or'pa-
HHU4eHU. O BX0AC B OJ0K CTOUT CKA3AaTh YiKE ceMyac — 3alnpcui€Ho H3BHE
MepeXoAUTh K BHYTPEHHUM olepaTropaM 610ka. TeM caMbIM MeTKH BHYTPH
BII0Ka HCAOCTHXHMEL A4 OIlCpaTopa IIE€pexoia, pa3MCIICHHOTO BHE OJI0Ka.
B TO ke BpeMs, AJA OlepaTopa Iepexoia, pa3MelleHHOre BHYTpH OJI0Ka,
paspeuIcH IICpeXxo] K METKE BHE BOIIOKA.

6.3. YcnoBHbIN oneparop

K onepaTopaM BriGopa, Ha3bIBaeMBIM ONlEpaTOpaMU BETBJAECHUH, OTHO-
CAIT: YCIOBHEIN omntepaTtop (if...else) u mepekmouaTtens (switch). Kaxarit
V3 HUX CJYXKUT AN BBIOGOpa «IIYTH» BHIMOAHEHHs IPOTrpaMMBI (O MepeKIio-
yaTesne cM. maparpad 6.6).

CuHTaKcHC YCJIOBHOTO olleparopa:

if (nozuveckoe Bupaxernue) onepamop_1
else onepamop 2

Jlormyeckoe BHIpAKeHHUE WHOT/A HA3HBAIOT MPOBEPAEMBIM YCAOBHEM,
Eciu AoTU4YecKoe BHIpaXKeHHe PaBHO true, BHITOJHASTCA onepamop_1.
B mpoTHBHOM c/ydae, KOT/|a BHIpaXkeHue paBHO false, BRITOMHAETCA onepa-
mop_2. B KxadecTBe ONepaToOpPOB, BXOAAIUX B YCIOBHBIHM OMepaTop, Helb3d
UCTIONB30BaTh 00BABAeHUA. OHAKO 3/1eCh MOT'YT OBITH OJIOKU, ¥ B HUX 00B-
ABACHUA AOIYCTUMEL. [IpUMepHI:

if (x > 8) {double x = —4; f(x * 2);}
else {int i = 2; double x = i * i; f(x);}

[Tpy UCTIONB30BAHUY BIOKOB Heb3s 3a0BIBATE O TOKAIU3ALUN ONPeAes-
eMbIx B Oioke o6bekToB. Hanpumep, onmmbouHa 6yzieT Takas KOHCTPYKLIMA:

if (j > ©) {int i; 1 = 2 * j;} else 1 = -j;

3aech IIpeAaliojgaraeTca, UTo HEPEMEHHaHj oIpefeseHa A0 VCUIOBHOTO
CIrepaTopa H HMeeT KOHKPETHOC 3Ha1eHHE. Omubxka B TOM, YTO MMEpEMEH-
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Hasd i JokasMM3o0BaHa B OJIOKe U He CYIIecTBYyeT BHe OJIOKa, T. €. HE MOXeT
HICIIOJIb30BaThCSA B OllepaTopax mnocie else.

JomycTuMma cokpaijeHHas ¢popma yCJIOBHOTO ollepaTopa, B KOTOPOM
oTCyTCTBYyeT else u onepamop_2. B 3TOoM ciiydae Npu JIOXKHOCTHU TIPOBepsie-
MOTO YCJIOBUS HUKAaKue JIeHCTBUA He BBIONHAOTCA. [IpuMep:

if (a < 9) a = -a;

Onepamop_1 u onepamop_2 MOTYT OBITh YCJIOBHBIMH, YTO IIO3BOJIAET
OpPraHU30BaTh IEMOYKY MPOBEPOK YCIOBUM JIFOO0M ITyOUHBI BIOXKEHHOCTH.
B 5Tux nenoykax KakJbpli U3 YCJIOBHBIX OIIEPaTOpPOB (II0CIe IPOBEPAEMOro
ycsioBUA U mociie else) MoxxeT ObITh KaK MOJHBIM YCJIOBHBIM, TaK U UMETh
cokpaieHHyno ¢opmMy 3anucu. [Ipu 3ToM MOTYT OBITH JOMYIeHbl OLIUOKU
HeOoZHO3HAYHOTO conocrapieHud if u else. CuHTaKcHc A3bIKa IpeAIIoIaraerT,
YTO MPU BIOXKEHUAX YCIOBHBIX OIEPATOPOB Kaxzoe else cooTBeTcTByeT
OmpkaineMy K HeMy TpeZInecTByomeMy if.

B xauecTBe puMepa BIOXKeHUA yCJIOBHBIX OIlepaTopoB IIpuBezieM ¢par-
MEHT MPOrpPaMMbI, B KOTOPOM IlepeMeHHOU result Heo6XOAMMO TPUCBOUTD
MaKCHUMaJIbHOE U3 TPeX 3HAaYeHUH epeMeHHbIX X, Y, z (00bABIeHNe U UHU-
IUaau3anysd IepeMeHHBIX ONYIEeHEl).

if (x < y)
if (y < z) result = z;
else result = y;

else
if (x < z) result = z;

else result = x;

B TekcTe cooTBeTcTBHE if U else MoKa3aHO ¢ TOMOIIBIO OTCTYTIOB.

6.4. Oneparopbl uMKna

OmnepaTophl IMKJIa OPraHU3YIOT MHOTOKPAaTHOE HUCIIOJHEHUE OIIepaTOPOB
Tesa uukia. B aseike C# onpezesieHsl YeTbIpe pa3HbIX ollepaTopa LKUKIIA.
LIuki ¢ mpenycioBueM:

while (BuipaxeHue-ycnoBue)
meno_yukna

[uki ¢ IIOCTYC/JIOBUEM:

do
meno_uyukna
while (BuipaxeHue-ycnoBue);

[TapameTpuvecKuil UK (IIUKJI 00IIero BU/a):

for (uHuyuanuzamop_uyukna;
BuipaxeHue-ycnobue;
3a6epuaroyee_BoipaxeHue)
meno_uyukna
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I_[I/II-CJI nepeﬁopa JIEMEHTOB MacCCUBd WJIH KOJUTEKIWH!

foreach (mun udenmuguxamop in GeipaxeHue)
menae Yukna

while, do, for, foreach, in — ciy:ke6Hble C0Ba, IPpUMeHAEMEBIE B OIle-
paTopax A1 uuKiaoB. Oneparop foreach GyzeT paccMOTpeH npH U3yYeHUHN
MacCHBOB (1. 7). A Teniepb pacCMOTPUAM OCTAZIBHBIC LIMKJIEL U UX 3JICMEHTHL,

Teno_ytixiia He MOXKeT OBITh OOBABACHHEM. ITO AUOO0 OTAEABHDBIN (B TOM
YHcJIe YCTOH) ollepaTop, KOTOPBIM Beeraa 3apepliaeTcs TOUKON ¢ 3alsAToH,
aubo 670K. BuipaxceHue-ycaostie, UCIOAb3YeEMOe B IePBHIX TPeX ONEepaTo-
pax — 3TO JOTHYECKOe BEIPAXKEHHE, ONpeAedIolIee YCIOBUE NPOAOKEHUA
BBIIOTHEHUA UTepalui (eciau ero 3HadeHue true). [IpekpaiieHue BEITIONHE-
HUA ITUKJIA BO3MOXXHO B CJAEAYIOMUX CAy9Ianx:

* goxHoe (false) sHaYeHMe IPOBEPSEMOTO BHIPAXKEHHUA-YCIOBUA;

* BBLINOJHEHUE B TeJle LMKIa onepaTopa nepefayu ynpaeieHusa (break,
goto, return).

[TocaeaHO U3 YKAa3aHHBIX BO3MOXHOCTEH NPOWUIIOCTPUPYEM YYTh
MO3kKe, paccMaTpuBas 0cOOeHHOCTH ONEPaTOPOB NepeJadu yupaBaeHusd.

Onepartop while (oneparop «OBTOPSTE, MOKA HCTUHHO YCIOBUE» ) HA3bI-
BaeTcd OllepaTopoM uuxia c¢ npedycnoguem. [Ipy Bxode B LUK BHIYMCIA-
eTcA BEIpaKeHHe-ycaoBUe, Ecnu ero 3HaueHHe UCTUHHO, TO BHIIOJHAETCA
meno_yuxaa. 3aTeM BBIYUCICHHE 8bIPANCEHUSA-YCI08UA U BBHIIIOJIHEHUE
OIEPATOPOB Mend_yukad TOBTOPHIOTCA MOCAeA0BATENBHO, TTIOKA 3HaYEHNE
BbIPANCEHUA-YCA08UA OCTAETCI UCTUHHEIM U HET SBHOM Iepeayu yIpagsie-
HUA 32 TIpeesbl Tena IUKa.

Onepatopom while yao6HO moab30BaThCA AIA MPOCMOTPA MOCHAEI0BA-
TeJIbHOCTEeN, eCc/IU B KOHIIE KaXkKJA0i U3 HUX HaXOAUTCA 3apaHee U3BECTHLIN
NpU3HAK.

B kavecTBe NPOBEPAEMOTO BRIPAXKEHUA-YCIOBUA B IIMKJIAX YaCTO UCTIOh-
3y10TCA OTHOLIeHUA. HanpuMmep, cieayromad MocieA0BaTe/IbHOCTh ONlepaTo-
POB BBIYHUCASET CYMMY KBaAPaTOB NePBHIX K HaTypanbHBIX yucen (IeHOB
HaTypajbHOTO psAja):

int i = 9; // Cuemdux

int s = 9; // Bydyuas cymma

while (i++ < K) // Uuxa BemucneHus cymmst
s += 1 * ij

TonbKO TTPU UBMEHEHWUH OTIEPAHAOB BEIPAXKEHUS-YCIOBUA MOYKHO U30e-
KATh 3aIMKAUBAHUA. [[03TOMY, MUCIOAB3Ysl ONEPATOP UK, He0OX0AUMO
CIeANTE 33 TeM, YTOOH OllepaTopPH Tesa ITUKJIa BO34AeHCTBOBANN Ha BHIpa-
KeHHe-ycaoBUe, AU60 OHO ellle KAKUM-TO 06pa3oM AOMKHO U3MEHATHCA
BO BpeMA BbHUHCAeHUMN. Hanpumep, MOryT U3MeHATBCA ONEepaHAbl BEIpa-
KEHUA-yCI0BUA. YacTo JJA 3TUX Lefed UCIOAb3YIOT YHApHBIE Ollepalid
++ u --. B kauecTBe IpuMepa UCNoOAb30BaHuA onepatopa while paccmo-
TPUM OPOTPAaMMYy, KOTOPas mpeAnaraeT MOJb30BaTEN0 BBECTH TEKCTO-
By10 UHpopMauuio {He OycTyI0 CTPOKY). EcaM monb3oBaTenb HaKUMaeT
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ENTER, He BBeAs HUKaKUX AaHHBIX, TO NpeAnoxeHUe «BBeguTe UM :»
MOBTOPsIETCA.

[/ 86 _81.cs — yuka ¢ npedycaoBuem
using System;
class Program

{

static wvoid Main()

{
string name = "";
while (name == "")

{

Console.Write("Bpeaute wmaA: ");
name = Console.ReadlLine()};

}
}
}

Pe3ynbTaT BHIIONTHEHUA IPOTrPAMMBL:

Beegute wmsA:<ENTER>
Beeante wmA:<ENTER>
Beegute umfA: Rem<ENTER>

B maHHOM nmporpaMMe npejjiaraeTcsa BBECTU UMSA, U BBEJeHHAaA CTPOKA,
TpecTaBAAeMasn MePEMEHHON name, CpaBHUBAETCA C IIYCTOM CTPoKoii. IIpo-
BEPKA KOPPEKTHOCTU BBE/IEHHBIX JJAHHBIX B PEAIBHBIX MPOTPAMMAX MOKET
ObITh TOpasao Honee caoxHoM. Ho 0bias cxema npuMeHEHHA omepaTopa
1uKIa OyZeT IpUrogHa U B 9TUX O0see CIOXKHBIX cryqasax. [[uir He npekpa-
IaeTcd, MoKa He OyAyT BBeAeHBI MPpaBUIbHEIE (TTO CMEBICIY 3a/]a4d) JaHHBIE.

Onepamop do (omepaTop «MOBTOPSTH») HA3BIBAETCH OMEPATOPOM IUKJIA
¢ nocTtycnoBueM, OH UMeET CASAYIOIMUA BU:

do
meno_uukna
while (Bupaxenue-ycnobue);

[Tpu BXOZE B LIUKJI C MOCTYCJAOBUEM mMeao_tiukaa XoTsa 66l 0AUH pa3 004-
3aTeJIbHO BBIIOJAHACTCA. 3aTeM BBIYHCIACTCA 8blpANCeHUE-YCA08UE U, €CIU
ero 3Ha4YeHUe PaBHO true, BHOBb BHINOJAHACTCA meao_yukad. [Ipu obpa-
60OTKe HEKOTOPHIX NOCAeA0BATEeIbHOCTEH IIPUMEeHEeHHE IUKIIA ¢ IOCTYCI0-
BUEM OKa3bIBaeTcA yaoOHee, UeM LUKJIA ¢ IpeAycaoBUeM. OTO OhIBACT B TeX
cyJadx, Koraa odpaboTKy HY»KHO 3aKaHUYMBATh He Nepe], a Nocje IoaBIe-
HHA B NOCAEA0BATSIBHOCTY KOHLICBOT'O NMPHU3HAKA.

K svipascenuo-ycnosuro B ukiae do TpeboBaHUA Te XKe, YTO U AJ4 LUK
while — OHO JOKHO N3MEHATBLCA NPU UTepalMaX JUb0 3a CUET ONEepaTOPOB
Tesa LUKAA, NM60 [IpU BHIMUCIeHUAX 3HAaYeHUA BhIpaXeHUA-YCIOBHUA.

B mpeapiayineil mporpaMMe ILIWKJ ¢ NpeAycaoBUeM MOXHO 3aMeHUTh
TaKUM LIMKJIOM C [TOCTYC/IOBHUEM:

do
{

Console.Write ("Beeante wmMa:");
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name = Console.ReadlLine();

}

while (name == "");

B 3aronoBke oneparopa napamerpudeckoro nukia for (uuka obmero
BUJA) TPU BEIpAXKCHUA, pasiesieMble CUMBOIOM TOUKA C 3aIATOH:

for{uruyuanuzamop_uuknaa;
Boipaxenue_ycnoBue;
3aBepuianuee_BhipaxeHue) .

Huuyuanuzamop_yukaa — BHIp@XKEHUE WIN AeKaapanus 00BbeKTOB
ogHoro THna. O6BMHO 34eCh ONPEACHAITCA U HHUIUATU3UPYIOTCI HEKHE
napaMeTpsl nukia. O6paTuM BHUMaHUeE, YTO 9TU MAPaMETPhL JO/DKHBL OBITH
TOJBKO OJHOrO THIA. Bce BrIpaKeHHA, BXOAAILIKNE B UHULIHAAU3ATOP LUK,
BHIMUCIIAIOTCA TOJMBKO OJUH pa3 IIPU BXoZe B LMK, MHuyuanusamop_yuxkia
B LMKJIe for Bceraa 3aBepuUIaeTcsl TOMKOH ¢ 3alATOH, T. €. OTAENAETC STUM
paszenuTeneM OT NOCIEAVIOUIETO 8biPANCEHUL-YCA08URL, KOTOPOE TaKxKe
3aBepUIaeTCAd TOYKOM ¢ 3amaToi. Jaxe Ipu OTCYTCTBHU B Iukiae for uru-
YUARUIAMOPA_ULKIA, 8bIPANCEHUS-YCA08LUA U 3A8ePULAIOLLe20_8bIPANCEHLL
pazensione uX CUMBOJIBI «TOYKA € 3alTOM» BCET/Ia MPUCYTCTBYIOT, T. €.
B 3aro/JIoBKe ITUKaa for Bcerma uMeloTcd iBa CUMBOJa '},

Buipancenue-ycnogue Takoe ke, kak U B 1uxiax while u do. Eciu oHo
pasHo false, To BEHIOMIHEHUe NMKJIa Npekpamaercd. B ciydae oTCyTCTBUA
8bLIPANCEHUA-YCRO08UA CAEAYIOIINHI 32 HUM pa3Ae/UTeNb «TOUKa € 3alATOH»
COXpaHAETCA, U IPeATIoaaraeTcs, UTO 3HaMeHHE 8blPAiCeHUs_YCA08US BCera
WUCTUHHO.

3asepuwiarougee_avipaxcerue (B ke for) 70CcTaTOYHO YacTO MIpe/CTaB-
jsgeT coboi MoCAeA0BaTENEHOCTh CKAMSAPHEIX BRIpAXKEHUM, pas/ieIeHHBIX
3aMATBIMU. DTH BHIPAXK€HUS BHUUCIAIOTCA HAa KaXJOH UTepaluu 1ocie
BHITIQJIHEHMSA ONEPATOPOB TeJla IUKIa, T. €. [lepes caeAyloueil IpoBepKon
8bIPANCEHUA-YCTIOBUA.

Teno_uyuxna, Kak y>Ke CKazaHo, MOXeT ObITh OJI0KOM, OTAETbHBEIM Ollepa-
TOPOM U MYCTHIM oneparopoM. OnpeaeneHHbIE B HHULUAIN3ATOPE UK
0OBEKTHI CYLIECTRYIOT TOJNBKO B 3aT'0JOBKE U B TeJle NUKJIA. ECM pe3ysTaThl
BHITIOJTHEHUA ITUKJIA HYKHEI II0C/Ie er0 OKOHYAHUs, TO UX HY)KHO COXPAHSTh
BO BHEITHUX OTHOCUTENIBHO LIMKJIa 00beKTax.

B creaywomeit mporpaMMe UCIIONb30BaHB Tpu $OpMEI onepaTopa for.
B KaX/0M U3 ITMKIOB PelaeTca O/HA U Ta XKe 3aJ4a4ya CyMMUPOBAaHMA KBa-
APaToB MePBHX K WIeHOB HATYPAAbHOTO Psijia:

// 96_82.cs — napamempuveckull yukn (uuxn obyezo Buda).
using System;
class Program

{

static wvoid Main()

{
int k =3, s =9, i=1;
for (; 1 <= k; i++)
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s += 1 * i;
Console Writeline("Cymma = " + s);
s = 8; k = 4; // Ha4yanbHbie 3HAYeHua s, R.
for (int j = 9; J < k;)

5 += ++j * j;

Console.WriteLine("Cymma = " + s);
for (i =90, s =0, k=5; 1<=Kk; s +=1* 1, i++) ;
Console.WritelLine("Cymma = " + 5);
}
}
Pe3yabTaT BHIIOAHEHUA POTPAMMBDbL:
Cymma = 14
Cymma = 30
Cymma = 55

Bce mepeMeHHBIE B IEPBOM ITUKJIE BHEIIHHUE; OTCYTCTBYET UHUITAATH3a-
TOD IIMKJIA; B 3aBEPIIAOIEM BHIPAKEHUHU 3aT0J0BKA U3AMEHSAETCS ITapaMeTp
uukaa i. [locie BHIOAHEHU: LKA pe3yAbTaT COXpaHseTcdA B MepeMeH-
HOH § ¥ BEIBOAUTCA. [lepeal BTOPEIM LUKJIOM § OOHY/IAETCH, a MepeMeHHOH
k mpucBauBaeTca 3HadeHue 4. IHMIMAAU3aTOp BTOPOTC LYKIA OIpeAessaeT
nmapaMeTp IMUKIa — J0KAAM30BAaHHYIO B IUKJIE MepeMeHHyIo j. B 3aro-
JIOBKE OTCYTCTBYET 3aBepIIaiee BrIpaKeHUe, a mapaMeTp IUKIa j u3Me-
HsEeTCHA B ero Tese (3a mpeziefaMy 3aroioBKa). HUIIManu3aTop TPeThero
LIUKJa — BEIpaXXeHUe, ollepaHbl KOTOPOro pa3fesieHbl 3amiaThMU. B 3ToM
BEIDAYKEHUU MMOATOTARINBAETCA BHINOJHEHUE [IUKIa — OOHY/IAIOTCA 3HAYe-
HUA i ¥ S, M IpUCBauBaeTcA 3HauYeHUe 5 nepeMeHHo k. OcTanbHoe A0KHO
OBITH IIOHATHO.

WTak, elie pa3 mpocaeuM MoCcae0BaTeMLHOCTh BRITTOHEHH IUKAa for.
OnpenendioTed U MHUITUUPYIOTCA OOBEKTHI, T. e. obpabaTbiBaeTes BhIpaxe-
HUE UHULUQANU3AMOPA_UUuKad. BEIMUCAAETCA 3HaYeHUE 8biPAMEHUS-YCAO0-
eus. EcTu OHO paBHO true, BHITOJHAIOTCA ONlepaTophl mead_uukaa. 3aTeM
BEYMCJIACTCA 3aBeplIalollee BEIpAKeHHe, BHOBb BEIYUCIACTCA 8bipadCeHUe-
Ycnogue, ¥ IpoBepsAeTcs ero 3Hadenue, Jlanee 1enouka JeMCTBUN TOBTOPA-
ered. Oneparopy for MoxeT ObITh TIOCTABAEH B COOTBETCTBUE CAEAVIOUUH
610K (¢ oneparopom 1ukaa while):

{

URUYUGAUIAMOP_UUKAG;
while (Bsipawerue-ycnoBue)

{

onepamopsl_mena_yuxkaa
3aBepuwaniee_BuipaxeHue;

}
}

[Tpu BHIMOAHEHUM LIMKAA for eniparcerue-yca0o8ue MOXKET UIMEHAThCA
Au60 IpH BEIMUCIEHUU €0 3HadYeHUH, aubo noa gefcTBUEM ONepaTopoB
Tena ITAKAa, MO0 T IeMCTBHUEM 3aBepIaroliero Beipaxkenua. Ecnm asipa-
JHeHue-ycnogue He U3MeHAeTca MO0 OTCYTCTBYET, TO MK OeCKOHEeYeH.
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Crnezytomuii onepaTop obecrneurnBaeT HeCKOHEYHOE BHINOJIHEHUE MYCTOTO
oneparopa:

for(; ;); // Beckoreunsili Yuxn

YToOH IPOUWIOCTPUPOBATE BO3MOKHOCTHU ITUKJIOB U TOKA3aTh HECKOIBKO
IpUEMOB NMpoTrpaMMUpoBaHUA Ha C#, paccMOTpUM 3ajauy 06 olleHke
MAILIUHHOI'O HYJIA OTHOCUTEJNbHO 3aJaHHOrC YHUCJIOBOI'O 3HAYCHUS.

B npeapiayiieli miase, IOCBALICHHOM CBA3U THUNOB A3bIKa ¢ TUnaMu NET
Framework, MBI y3HaMH, 9TO /A4 BEMICCTBEHHBIX YUCEN BBEACHO KOHCTAHT-
Hoe cTaTudeckoe nose Epsilon, 3HaueHHe KOTOPOro — HauMeHbIlIee OTAUY-
HO€ OT HYJIA 3HaYeHHe, KOTOPoe MOXKeT IPUHUMATh NlepeMeHHas 3aJaHHOTO
BeLeCTBEHHOrO TUMA. [Ipy pellleHUN BEIMUCIUTENbHEBIX 3a4a4y UHOTAa Tpe-
OyeTcsa UCIOAb30BATh HE MMHUMANBHO JOIYCTUMEIE 3HAYEHUA BELIECTBCH-
HBIX YUCET, a YUCA0, KOTOPOE IMpeHeOpeKUMO Mal0 OTHOCUTEIBHO JPYTOTo
YUCIa, TPUHATOTO 3a Ha3oBoe. VIHOT/IA 3TO Maioe YUCAO HA3BIBAKOT MAITUH-
HBIM HYJ/IEM, OTHOCUTENEHO 6a30BOU BETUYMHEI.

WnmocTpupysa NpUMeHeHHe OlepaTopoB LUKa, HallUIIeM IporpaMMy,
MO3BOJIAKILYIO OLECHUTH MAIIWHHBINA HYIb OTHOCUTEIbHO BBOANMOTO IIOJb-
30BaTeICM 3HAYCHMA,

// 86_63.cs — YUKAb U MAWUHHLIO HYAb.
using static System.Console;
class Program

{

static void Main()
{
double real, estimate, zero;
do Write("BBeaute nNonoxXuTenoHoe 4ucao: ");
while (!double.TryParse(ReadLine(), out real) || real <= 8);
for (estimate = @, zero = real; estimate != real; zero /= 2.0)
estimate = real + zero;
WriteLine( "MawuHHbIA HyNb:

}

+ zero};

}
PES}’JIBTEIT BHIIIOJIHECHHKA MPOrpaMMBIL.

BeeauTe nonoxuTeneHoe 4Yucno: -16<ENTER>
BeegnTe NOAOKUTENBHOE YWMCNO: ABaauaTb<ENTER>
BeeauTe NOAOXKUTEeNnbHOe Yucno: 23<ENTER»>
MaWWHHEIA HyAb: 6,38378239159465E-16

B nporpamMe ABa nukaAa. [ITMKA ¢ TOCTYCIIOBUEM CAYXKHUT A5 «HabAIO/E-
HM» 3a MPaBWIBHOCTBIO BBOZA HCXOAHOTO YHUC/A0BOT0 3HaYeHUs. OT MOIb30-
BaTesa TpebyeTrcd, YTOOH! OH BBeJ IOMOKUTeNbHoe uncao. Metoa TryParse()
knacca double aHannznpyeT BBOAUMYIO IIOJIB30OBATENEM CTPOKY CHMBO-
0B, EC/IM OHA KOPPEKTHO NPEACTABASET 3aMUCh BEMECTBEHHOrQ 4UCHa,
To MeTo/, TryParse() Bo3Bpamaer 3Ha4YeHHUe true U IPUCBAUBAET 3HAYEHHE
BBEJIEHHOTO YHCIa apryMeHTy real. Boipancenue_ycroste mukiaa do (pasme-
LeHHoe B ckobkax nocie while), ucrunuo, ecau Merog TryParse() BepHeT
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3HaueHUe false win 3HaueHMe TepeMeHHO real He oNoKUTeMbHOE. B 3TOM
cydae QUK [IOBTOPAETCA U II0JAb30BaTesNlb [IOBTOPHO BUAUT TMpUralleHe
«BBeAUTE MONOKUTENABHOE YHCAO >,

Kak TOMBKO MOJL30BATEND BBEJET MOMOKUTEIBHOE 3HAYEHNE TTePeMEH-
HOU real, HauMHAET BRIIOAHATECA BTOPOM LMK, B KOHIle KaK/A0M UTepa-
LMY BABOE YMeHbIIAeTcs 3HauYeHHUe NlepeMeHHOM Zero. LIMK/ BEIMOTHASTCSA
A0 TeX Mop, ITOKAa cyMMa 3HaudeHUs real ¢ zero He paBHa 3HaueHUIO real.
PaBeHCTBO JOCTUrAETCA B TOM CJAydae, KOraa 3HaYcHHE Zero CTAaHOBUTCHA
MpeHeOpeXXUMO MaJiol BETUUYWHON OTHOCUTENBHO real. Takum obGpazom,
AOCTUTHYTOE 3HAYEHUE ZEro MOXKHO CYUTAThH MAIIMHHEIM HY/J€M OTHOCH-
TeJBHO real.

PaspellieHO U LIMPOKC UCIIOAL3YETCS BAOMKEHME JIOOLIX UNKIOB B I00ble
UMK, T. €. IUKI MOXKeT OBITh TEIOM APYToro Uukia. [[puMeprl TaKuX B/O-
KeHUI OyIyT He pa3 pacCMOTPEeHHl IPU AIbHeHIIeM U3T0KeHUU MaTepyuaa.

6.5. OnepaTopbl NnepeAaun ynpaBneHua

KpoMme omeparopa 6e3ycloBHOTO Iepexoaa (MHavYe — omepaTopa Oesyc-
JIOBHOH Ilepeayy yIpaBlIeHUS goto) K ollepaTopaM Nepejadyd yIpaBIeHHA
OTHOCAT: ONEpaTop BO3BpaTa U3 METoAa return; oIlepaTop BBIXOAA U3 LIUKAA
wiu nepekaodaTtens break; omepaTtop mepexoaa K caeAylomed UTepanuu
OMKJIa continue; omepaTrop MOCHUIKA UCKIOYeHuA throw.

OmnepaTop return mogpoSHO pacCMOTpUM, Tlepeiiaa K MeToAaM (PyHK-
uuamM). Oneparop throw Tpebyer xopolero MOHUMAHKA MEXaHU3MA TeHe-
pauuy U o6paboTKU UCKIIOUEHNH, TO3TOMY 3HAKOMCTBO C HUM HYXHO
OTAOKUTD. [103TOMY ceifyac ocTaHOBUMCA Ha oneparopax break, continue
u goto.

Onepamop break cayXUT Ana NPUHYAUTEALHOTO BHIX0OAA U3 IIUKIA WA
nepexnoyarensa. OnpesereHne «IPUHYAUTENbHBIN» MOAY9epKUBaeT Gesyc-
JIOBHOCTE Nlepexofa. HanpuMep, B LUKJIe He IPOBEPSIOTCA U He paccMaTpu-
BAlOTCA YCJIOBUA JaNbHEHIIEr0 NPOAOIKeHUA nTepanuil. Onepatop break
MpeKpallaeT BHIIOJHEHHE ollepaTopa LHMKAA WX NMepeKIoyaTenaa U ocy-
HIECTBAAET NepeAady yIpasaeHuA (lepexol) K CAeAyIoleMy 32 [AKIOM WA
nepeKayaTesneM onepaTopy. [Ipu 3ToMm, B OTJIMYHUE OT Tepexo/a ¢ IoMO-
L0 goto, omepaTop, K KOTOPOMY BBHINIOJNHSETCA Iepejada yIpaBieHHs,
MOXeT ObITh He moMeueH. Onepatop break Henb3a UCIIONAL30BATL HUTZE,
KpOMeE LIUKJIOB U MepeKdaTene.

Heo0xX0AuMOCTE B UCTIOAB30BaHUU omepaTopa break B Teme nukia
BO3HUKAET, KOr/la YCAOBUA MIPOJODKEHUA UTEpalui HYXHO IIPOBEPATH
He B Havase urepauun (uuxianl for, while), He B koHUe nTepauuu (LUK
do), a B cepeauHe Tena uKIa. B 3TOM ciyuae Telo LMKIa MOXeT UMETh

TaKy10 CTPYKTYPY:
{

onepamopsi
if (ycnoBue) break;
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onepamops!

¥

Hanpumep, ecid HayajabHLIE 3HAYEHUSA LIEBIX TIEPEMEHHEBIX i, j TAKOBHI,
9TO i < j, TO CAEAYIOUUI LMK ONpeJensieT HauMeHbIIee 1e10e, He MeHb-
1Ilee UX CpeHero apudpMeTuIecKoro:

while (i < j)

{ .
i++;
if (1 == j) break;
3=

}

Jiai == 0,j == 3 pesynbrar (i == 2)&(j == 2) gocTuraerca npu
BREIXO/E M3 IHKJAA ¢ moMoIsie oneparopa break. nai ==0uj ==
peayabTar (i == 1)&(j == 1) 6yzer moayueH MpU eCTeCTBEHHOM 2aBeplile-
HHWU LIUKNA.

Kak yxe ymoMAHYTO, UKABl MOTYT OBITE MHOT'OKPATHO BIOXKEHHBIMU.
OaHako creayeT IOMHUTh, 94TO onepaTop break no3sonseT BHIUTU TOABKO
M3 TOrO IIUKJa, B KOTOPOM OH pa3sMernieH. [Ipy MHOTOKpAaTHOM BIOXKe-
HUU LIUKJIOB oMepaTop break He MoxeT BHI3BATh Nepefavy YIpaBIeHUs
K3 CaMOro BHYTPEHHEr0 YPOBHS HEMOCPEACTBEHHO Ha CaMBIM BHEIIHWI.
HanpuMep, npu pelleHNU 33Ja4y IIOUCKa B Marpulle XoTA OBl OAHOTO dJ1e-
MEHTA ¢ 3aJJaHHBIM 3Ha4€HHWeM, KOT/a UMK nepefopa 371eMEHTOB CTPOKU
BJIOXEH B IIUKJ nepebopa cTpok, yaobHee MONb30BATHCA HE OIEPATOPOM
break, a oneparopom 6e3ycI0BHOM Iepeaayy yIIpaBaeHUs goto.

B xauecTBe npuMepa, KOor/ia Ipy BAOKEHUU ITUKIIOB TiefecoobpasHo npu-
MeHeHUe oneparopa break, HazoBeM 3a7avy BHIYMCAeHUA NpOU3BeeHUH
3/1eMEHTOB OTAENbHBIX CTPOK MaTpULEL. 3ajgada TpebyeT BAOKECHUA LIVKIIOB.
Bo BHewrHeM BHIOUpaeTcA o4epesHasa CTPOKA, BO BHYTPEHHEM — BBIYUCA-
eTcd IIPOU3BEIeHUE €€ BeMEHTOB. BRIUnCieHe TPOU3Be/IeHUA JNEMEHTOB
CTPOKU MOXKHO TIPEPBATh, €CMU OJUH U3 COMHOXKUTENEH OKaXeTcsa pas-
HbIM O. IIpu MOsABIEHUU B CTPOKE HY/IeBOTO 37eMeHTa onepaTtop break mpe-
pPHIBAeT BHIMOJAHEHUE TOJABKO BHYTPEHHEr0 LHKIA, OJHAKO BHEIIHUN LUK
nepefopa CTPOK BHIIOJIHUTCA AJIA BCEX CTPOK.

Onepamop 6e3yc1068H020 nepexodd, KOTOPHIA MBI PacCMOTPENM B CBA3U
€ METKAMM U MepeKIIouarenieM, UMeeT BUJ:

goto udenrmuguxkagmop;

rJe UAeHTUPHUKATOP — UMA METKH OIIepaTopa, PacloloKeHHOIO B TOM JKe
DJIoKe, T/le UCTIONB3YETCs Oreparop 0e3yCAOBHOTO Mepexoa, WX BO BHEI-
HeM 6JI0Ke.

[IpuHATasA B HACTOALIEE BPpEeMS JUCIUIVIMHA IIPOrPAMMUPOBAHUA PEKO-
MeHAyeT 160 BOBCe OTKA3aThes OT onepaTopa goto, 11bo cBecTU €ro pHUMe-
HeHHe K MUHUMYMY U CTPOTC NMPHUAEPKUBATHCA CeAYIOINUX peKOMEHAALMN:

* He BXOJUTH BHYTPb 60Ka u3BHe (KoMmuaaTop C# 2TOro He I03BO-
JUT — COOOMMT 06 OIIUOKe);
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* He BXOAUTH BHYTPBb YCJIOBHOTO OIl€paTopa, T. €. He NlepeAaBaTh yIpaB-
JIieHHEe ONepaTopaM, pasMelleHHBIM IIoce cIyxeOHbIX cioB if niu else;

* He BXOAUTH U3BHE BHYTPb NepekaovaTend (koMmuaarop C# coobmur
06 ommbKe);

* He mepeAaBaTh YIIPaBJeHUE BHYTPE IIUKJIA (B TeJO IUKAA).

CrneaoBaHue MepeyUcIeHHBIM PEKOMEHAALUAM NO3BOMAET UCKIIOUUTD
BO3MOXKHBIE HexeNnaTeAbHbIE MOUICACTBUA OeCCUCTEMHOT0 HCIIOAb30BAHNA
oneparopa 0e3yCI0BHOrO nepexoga. [Io1HOCTBIO OTKA3bIBATHCA OT OIlepa-
TOpa goto BpAA AU ¢TOUT. ECTh ¢Iy4au, Koryia aTOT ollepaTop obeclieunBaeT
Hanbosee IPOCTEIE U TOHATHRIE pemieHusa. OJJUH U3 HUX — 3TO CUTyalus,
KOTAa HYKHO BHIITHU U3 HECKOABKHX BICKEHHHX APYT B Apyra LIUKJIOB WIH
nepekatovuaTeneii. Onepatop break 3zech He moMo:KeT, Tak Kak oH obe-
CIeYUBaeT BHIXOJ TOABKO U3 CAMOT'O BHYTPEHHEro BAQXKEHHOIO LUKIIA WIH
IICPEKIIOYATEIA.

Onepamop continue (onepatop nepexoja K cAeAyIoled uTepaiumn)
yroTpetisgeTea TOALKO B oneparopax 1UK/Aa. C ero noMoOIbIo 3aBEepIIaeTCA
TeKylllasg UTepalusa U HauUHaeTCs IIPoBepKa YCIOBUS BO3MOXKHOCTU Janb-
Hellero Npogo/DKeHN UHKA, T. €. IPoBepAeTcA YOIOBHE Havaaa caelyro-
el urepaiau. Jns o6bacHeHUH AJefcTBUA onepaTopa continue pexoMeH-
AyeTCA paccMaTpUBaTh OIICPaTOPhl NUKIA B CASAYIOEM BUJE!

while (foo) { do { for (;foo;) {
contin: ; contin: ; contin: ;
} } while (foo0}; }

B xaxz0i1 u3 ¢opM MHOrOTOUHEM 0003HAYEHBI ONEPATOPHl TeMd LMK,
Bcaes 3a HUMY pasMellieH IIyCTOM ollepaTop ¢ MeTKo# contin. Ecnu cpeau
OIEPaTOPOB Teja IIMKJIA CTh OIlepaTop continue v OH BBIIOIHAETCA, TO €ro
AelCcTBUE 3KBUBAJEHTHO Oleparopy 0e3yciI0BHOrO Nepexoja Ha METKY
contin.

[TpuMmep ucIoNb30BaHUA ONepaTopa continue. BBoAA ¢ kIaBUATYpPH
MOCAeOBATENbHOCTD BEIIEeCTBEHHBIX YHCces, NOJCINTATh CYMMY TOJBKO
MOJIOKUATENBHBIX., OKOHUAHUEM BBOJA IOCACA0BATEbHOCTH CYUTATD BBO/,
HYJIEBOT'O 3HA4YEeHUS.

// 86_04.cs — onepamop nepexoda K caedyiouwell umepayuu
using static System.Console;
class Program

{

static void Main()
{
double sum = 8, Xx;
do
{
do Write("x = "};
while (!double.TryParse(ReadlLine(}, out x)});
if (x < 8) continue;
sum += X;
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while (x != 8);

WriteLine("Cymma = " + sum);

}
}
Pe3yJIbTaT BBITIOIHEHHWA IPOTPAMMBbI:
X = 2<ENTER>
X = =-4<ENTER>
X = B6<ENTER>
X = O<ENTER>
Cymma = 8

6.6. lepexknoyarenp

Ilepexnrouamens ABnsAeTC Hanbonee yA0OHBIM CPeACTBOM /IS OPraHu-
3allii MHOXECTBEHHOTO (MY/IBTU-) BeTBAeHUA. CHHTAKCUC TTepeKaIoiaTeNs
(Zo nogasneHna sepcuu C# 7.0) TakoB:

switch (nepexkmouaiuee Buipaxenrue)

{case koHcmaHnmnoe_Bvipaxenue_1: onepamopsi 1;
onepamop nepexodd;

case koHcmaHmHoe_Buipaxerue_2: onepamopst_2;
onepamop nepexoda;

case xoHcmanmaoe_Boipaxenue_n: onepamops:_n;
onepamop nepexodd;

default: onepamopsl;
onepamop nepexoda;

}

B nepekoyaTensix HCHOAL3VIOT TpU CAyKebGHBIX c10Ba: switch, case,
default u o6azarentHele PUrypHbIE CKOOKM, OTPAaHUYUBAIOIINE TEJIO IIepe-
KioyaTend. KoHeTpykuus

case KoHCmaHmHoe SprG)KEHUE’ :

Ha3BIBaeTcs MeTKOM NepekiovaTens. KOHCTaHTHOe BhHIpaXKeHUE MOXET
OBITh LIeTOYUCTAEHHBIM, MOXKeT OBITh CUMBOJIOM, CTPOKON WM 3/€MeHTOM
nepeyncieHna (0 nepeducieHUAX pedb IoHJeT B I'l. 15).

3aro/fioBOK, T. €. YIIPAaBIAIAs KOHCTPYKIIUA

switch (nepexmwvaiyee OBvipaxerue),

nepeAaeT ynpaeaeHUe K TOMY U3 ONIePaTOPOB, IOMEYEHHBIX METKAMH Mepe-
KJIIoYaTeNd, AJIA KOTOPOro 3HadeHHe KOHCTAHTHOTO BEIPAXKEHUA II0CTIE case
COBIIA/IAeT CO 3HAYeHHEM TEPEKAIOYAIONIero BEpaXKeHUd, 3HadYeHue mepe-
KAKYAOIIEr0 BHPAXKEHUSA AOMKHO OHTh HETOYHCACHHBIM HIH UMETh THII
char, Tun string, THI mepeuyncaeHHs, WIH IPUBOAUTLCA K Leaomy. [lepe-
KJII0Yallee BEIpaKeHHE He MOXKET UMETh BellleCTBEHHBIM TUII U HE MOMKET
ObITE JecaTHUHBIM (decimal).
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MeTKka mepekaiovaTeNsl BBOZUT BETBb WIH pazdel NepeKIiovaTend —
MOC/EAOBATEABHOCTh ONEPATOPOB, 3aBeplIaeMas OllepaTopoM Mepexoaa.
B KavecTBe omnepaTopa nepexoja MOXXeT UCMOAb30BAThCA:

break — BBIXOA 3a mpeJensl NepeKII0YaTeNs;

goto case i — mepexo/ K IPYyTrod BETBU (MeTKe) IepeKIodaTes;

goto default — mepexoz k BeTBu, noMedeHHoH default;

goto MeTka — onepatop 6e3yc/I0BHOTO EPeXoa;

return — onepaTop BEIXOAa U3 METOAA;

continue — omepaTop Iepexo/ia K CIeyIoNel uTepaluu [UKIa;

throw — onepaTop reHepalli UCKIIOUeHHA.

3HaYeHHs KOHCTAHTHHIX BHIPAKEHUI, MOMENMAEMbIX 34 CAYKeOHBIMHU
CJI0OBAMU case, IPUBOAATCA K THUITY NepeKAYalolIero BelpakeHus1. B oaHOM
MEPEKAIOUATENE BCe KOHCTAHTHRIE BHIPAXKEHUS METOK MepeKTiodaTensd
AO/KHBL UMETD pa3TUyHbIe 3HaUeHMs, HO OBITh ogHOro THIA. JIto6oii pasgen
W3 OTEPaToOpoOB, IOMEIEHHBX B GUTYPHHIX CKOOKaX MOCAe KOHCTPYKIIMU
switch{(...), MoKeT BBITL ToMeYeH WIN OJHOHM WU HECKOJAbKMMU MeTKaMU
MepeKaAwdaTeNsa, T. €. OTASAbHBIN pa3zien MepeKadaTeN i MOXKeT Hadu-
HATHCA HECKOJAbKUMH METKAMH.

Ecam 3HaYeHHE NMEPEeKII0YaloIIero BEPaKCHUA He COBNIaJaeT HU ¢ OAHUM
M3 KOHCTAHTHBIX BRIPAXKEHUH €ro METOK, TO BHIIIOMHAETCSA IIepexo/ K orne-
paropy, oTMedueHHOMY MeTKo# default. B kaxxaoM mepekaiouaTesne MOKeET
OBITE He Oonbine oaHoN MeTku default. Eciu meTka default otcyTersyer,
TO TIPYU HECOBNAZCHUHN 3HAYCHUA NEPEKIIOYAIOIIET0 BEIPAXKCHUA HU C OJHUM
M3 KOHCTAHTHHIX BRHIpOKEHUN, TIOMEINAaeMBIX BCIE 3a ¢ase, B MepeKIoya-
TeJle He BHITOMHAESTCA HU O/IMH U3 OIIepaToOpPOB.

B kaudecTBe mpuMepa NMpUBeAeM IIporpaMMy Nnepepoja OLeHKU B Gai-
jlax mpu JecaTUOaAIbHOU IIKaAe B aTTECTAIIMOHHYIO (MeTHIpPeXOaNbHYIo)
OLIEHKY.

CooTBeTCcTBHE:

+ 1,2, 3 basta — He YAOBAECTBOPUTENBHO;

* 4, 5 — YAOBIETBOPUTEABHO,

* 6, 7 — Xopollo;

* 8,9, 10 — oTAn4HoO,

// 86_85.cs - nepexnwvamens

using System;
class Program

{
static void Main()
{
int ball; // ouerka 8 6Gasnax:
do

Console.Write("BpeauTe oueHKky B Hannax: ");
while (!int.TryParse(Console.ReadlLine(), out ball)
|| ball <= @ || ball > 18);
switch (ball)
{
case 1:
case 2:
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case 3:

break;

case 4:
case 5;

break;

case 6:
case 7:

break;

case 8:
case 9:
case 10:
Console.WritelLine("OTAUYHO");

break;

default:
Console.WriteLine("Ownbka 8 AaHHbIX");

break;

Console.WritelLine("HeyaoeneTBopuTeneHo");

Console.Writeline("'YaosneTBopuTenpHo™);

Console.WritelLine("Xopowo");

} // Kowey nepexmouamens

}
}

PE3YJIbTaT BLHIIIOMHEHNMA NPOTrPpaMMEL

BeeguTe
BeeguTe
BeeguTe
BeeguTe
OTAN4HO

oueHky B bannax:
oueHky B bannax:
OueHKy B bannax:
oueHky B bannax:

rr<ENTER>
—9<ENTER>
@<ENTER>
9<ENTER>

O6paruTe BHUMaHUe Ha 00a3aTeNlbHOCTHL omeparopa break B Kaxgoii
BETBU NepekmdaTend. C ero MOMOIIBIO YIIPaBIeHUe BCer/la NepefaeTcs
OllepaTopy, pasMellleHHOMY 3a IIEPeKTIOUaTeNIeM.,

B mepekiiouyarese MOTYT HaXOZAUTBHCA ONIpeAeneHMa o6bekKToB. Teso
HEPEKTIOYATENS, U KOKABIN ONePaTop, BXOAAIIME B IIEPEKIIOUATENb, MOXKET
6pITh 610KOM. B oTOM cityyae HY>KHO u3berarb olINOOK «IllepecKaKHBaHMA»
yepes ONpejeseHu:

switch (n)

{

char d = 'D’;

break;
case 2:

i%-((int)d I= (int)f) // Owubra: d u (usnu) f He onpedeneHs

break;

}...

// NMepekmwpvamens C ouubxamu

// Hukozda He obpabamsibaemcs
case 1: double f = 3.14; // O6pabameiBgemca moneko 848 n ==

Eciu B mepeksovaresie IpU HEKOTOPOM 3HAYEHUHU TIePeKTIOUaioIero
BEIpAKeHUA HeOGXOAUMO BHIIOJHUTE H0Jiee OAHOTO pa3zena, TO MOXKHO
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3apaHee BHIOpaTh Nocief0BaTeNbHOCTh 00X04a BeTBell, IPUMeHAA ollepa-
TOp NMepexoga goto case i win goto default.

[IpuMep IporpaMMbl ¢ IepeKJIYaTeNleM, A€ BHIBOAATCSI HA3BAHUS
HEYeTHBIX LIEMBIX TUGP, HE MEHBITUX 3aAAHHOM.

// 86_66.cs — nepexnwvamens ¢ BHympenHumMu nepexodamu
using System;
class Program

{

static void Main()
{
int ic = 5;
string line = "";
switch (ic)
{
case 9:
case 1.
line += "one, ";
goto case 2;
case 2.
case 3.
line += "three, ";
goto case 4;
case 4;
case 5.
line += "five, ";
goto case 6;
case 6:
case 7:
line += "seven, ";
goto case 8;
case 8:
case 9:
line += "nine.";
break;
default:
line = "Error! It is not digit!";
break;
}
Console.WritelLine("Uudpbli: " + line};
}
}

PesysbTaT BHIIOIHEHUA IPOrPAMMBL:

Un¢pbi: five, seven, nine.

PaccMOTpeHHBIN BapUaHT MePeKIIYaTea CyLecTBYeT B A3bike C# c ero
nepBoii Bepcur. OCHOBHAA 0COBEHHOCTh 3TOTO BAPUAHTA — KOHCTAHTA
B MeTKe TIepeK/IIoYaTessa. T. €. MeTKU MEPeKTYaTeNna UAeHTUGUITUPDYIOTCH
W OTIHUYAIOTCA APYT OT ZpyTra TOJBKO KOHCTAHTAMHU, KOTOPhIE pasMelaloTCA
Iocje case Nepef, CUMBOJIOM «IBOETOYUE», ITOT BAPUAHT JAeKJapaluu
METKHU MeperIiodaTe/s Ha3bBalT «MadJ0HOM KOHCTAHTHL»,
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[Tp1 UCMOIB30BAHUN IIabA0OHA KOHCTAHTHl HY)XHas BeTBb MepeKIYa-
Tens BEIOUpaeTcs Ha OCHOBE COOTBETCTBUA 3HAYEHUS MEPEKIIYAIOLIET0
BHIpa)KCHHUA KOHCTaHTe, BXOAALICH B MeTKY MepeKodaTend.

B Bepcuu C# 7.0 2719 MeTOK IleperIouaTeNeil pa3pelleH elle «mabaoH
TUIIA», TIPA UCIIOJb30BAHUM KOTOPOTO MOABAAKTCA CAEAYIOLINAE AOTIONHU-
TeJIbHEIC POPMBI METOK MEPEKIIIoUaTeNA:

case mun nepemeHHds:
case null:
case mun nepemerHas when sozuveckoe Bsipawxerue:

KoHCTpYKIUA «TUN NIepeMeHHasg» BBOAUT U HHULUAIU3NPYET NepeMeH-
HYI0, KOTOpas JIOKaJIU30BaHA U B COOTBETCTBYIOIIEN BETBU MEPEKIIOYATEN
U B «JIOTHYECKOM_BHIPAXKEHUU», €C/IU OHO TIPUCYTCTBYET.

B mabsioHe TUMA COOTBETCTBUE YCTAHABANBACTCA MEXIY MUNOM nepe-
KJIIOUAIOUe20 8bIPAXCEHLUS U TUTIOM, MSI KOTOPOTO Pa3MelleHo BCIes 3a CIy-
*xeOHBIM CJIOBOM case.

Cneaymomuii ¢pparMeHT Koja WUIIOCTPUPYET BO3MOXKHOCTH NMEPBHIX ABYX
$opM METOK IepeKIivaTess Ha OCHOBE ab/JoHa THITA:

object ob = null;
switch (ob)
{
case int k:
case long 1:
WriteLine("lUenoe 3Hadenue!"};
break;
case double x:
case float z:
WriteLine("BewecTBeHHOEe 3HaudeHue!");
break;
case null:
WritelLine("Hyneeasa ccunkal");
break;
default:
WriteLine("Tun HeussecTeH!");
break;

}

B koze ccruika ob ¢ ThoM object umMeeT Hy/leBOe 3HAUCHUE U PE3V/LTA-
TOM 6yzer cooblieHue:

HyneBaAa ccbinkal

Ecin HHHUOHAJAHU3WPOBATE CCBUIKY YHACITOBBIM 3HAYCHHCM, HAITpyMEp,
Tak.

object ob = 3.1415;

pesyasTaroM 6yzeT coobiueHue

BewecTBeHHOE 3HadeHuWe!
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Tak Kak B OAHOM MepeKovuaTeNle paspellleHO MCIIONb30BaTh HeCKOIbKO
MEeTOK case ¢ OJHMHAKOBBIMHM THIIAMU, TO MOXeT BO3HHUKATh HeOJHO3HAU-
HOCTh BbIGOpa BeTBU. HO MeTKU IpH HMepPeKJIUYEeHUAX NMPOCMaTpUBa-
I0TCA 110 TOPSAKY, U AJIS YCTpaHeHUs HeOAHO3HAYHOCTH PEKOMEHZyeTC,
BO-TIEPBHIX, IPOAYMEBIBATh UX KOPPEKTHOE PaCIIoNokeHne. Bropas BO3MOX-
HOCTHL peryAupoBaTh BHIGOp BeTBell — NpHMeHeHHe B MeTKe IepeKIIIo-
YeHUA MO TUIY JIOTHYECKOTO BBIpAXKEHHMA CO CAyKeOHHIM c/l1oBoM when,
C moMOIIbIO KOHCTPYKLUNU «when JIornieckoe_BRIpakeHUEe» MOXKHO IIPOBe-
PUTH 3HAYEHME TIePeMEHHOU BETBU IIePEKIIOYATENA, eCAU OHA UMeenm COom-
gemcmgyiowuli mun. By 3HAYeHNE MePEKMIOYAIOIIEro BEIPAKEHNUA MOXHO
npeobpa3oBarh K TUIY, YKa3aHHOMY B METKe Mepek/IovaTeisa, TO 3HaueHUe
MepeKaIYaloIeTo BEpaXkKeHUsT NPUCBAaNBaeTCa IIepeMeHHON METKH Iepe-
KI04aTeq. 3aTeM 3Ty IePEeMEHHYIO MOXKHO HCIOAb30BATh KaK B JIOTHYE-
CKOM BBIp@XEHHM KOHCTPYKIIMUA when, Tak ¥ B BEIOpaHHOI BETBU Iiepe-
KJIFOYATENA.

Hanpumep, B cneayiomeM pparMeHTe KoAa MepeKIIOYATENE BRKIKOYAET
ABe BETBH, KaXKAasi U3 KOTOPHIX «HACTpOeHa» Ha 06paboTKy 3HaUeHU: TUIIA
int. Ho BEIOUpaeTca BeTBb, COOTRETCTBYIOLLAA He TOJNBKO THUILY, HO U 3Hade-
HUIO MTEPEKIIIOYAIOIIETO BRIPaKeHUS (OHO AOLKHO OBITH TH60 BonbIe, MO0
menbIre 100).

object obj = 430;
switch (obj)

{
case int k when k < 1606:
Console.WriteLine("Manoe uenoce == " + k);
break;
case int m when m > 188:
Console.WriteLine("Bonbwoe 3HadYeHue == " + m);
break;
}

PESy.JIbTElT BLITIOJIHEHWA:

Bonbwoe 3HaveHuwe == 430

KoHTponbHbie BONPOCHI M 3aflaHus

KakoBO HazHaueHUE OllepaTopa B iporpaMmax Ha C#?
[Tepeuncanre oneparopsl A3bika C#.

KakoB 06A3aTeNbHbIH IPU3HAK OTIMMHOTO OT 6/I0Ka onepaTtopa B C#7?
YTo Takoee onepaTop-BLipaXkeHue?

[ae yacTo ucnonap3yeTcd MyCcToi oneparop?

YT0 Takoe MeTKa?

JlatiTe onpeaenenne 610Ka.

KaknuMu mpaBUIaMu ONIPeeaioTcsa BX0oA B 00K M BBIXOZ U3 HEro?

. Hazosure onepaTopnl Bbibopa (BETBASHUI).

10 Kaxue onepaTtopsl He MOT'YT BXOAWTH B YCIOBHBIN onepaTop?

WHRNNT AW =
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11. Yro Takoe cokpaieHHas ¢popMa yCJIOBHOTO omlepaTopa?

12. Kak ycTaHaBIuBaeTcsi COOTBeTcTBUe Mexay if u else mpu Bioxe-
HUAX YCJIOBHBIX OIIEPATOPOB?

13. HasoBute BUBI OIepaTOPOB LUKJIOB B C#.

14. Kakoii orrepaTop He MOXKET OBITh TEJIOM ITUKJIa?

15. Kakoli TUTIl UMeeT BhIpaXkeHHe-yCJI0BUe B ollepaTope LUKJIa?

16. CKOJIbKO 3JIEMEHTOB B 3arojIoBke LMKJa obiero suza (umuxiaa for)
U KaK OHU pasfearTca?

17. Yro Takoe MHUITMAIU3ATOP I[UKJIA obmero Buzaa (uukia for)?

18. Korza BeIYHCIAETCS 3aBepliaroliee BepaxkeHue uukia for?

19. YkaxwuTe 00JaCTh CyIIeCTBOBAHUSA OOBEKTOB, OOBABIEHHBIX B UHU-
ranusaTope 1ukia for.

20. Kax BBITOJIHAETCS BJIOXKEHUE IIUKJIOB?

21. Kakue omepaTopsl MOTYT IIpEpBaTh BBHIIIOJIHEHUE LIUKJIA O €r0
3aBepIleHNs, 3aIUIAHUPOBAHHOI'O BEIPAXKEHUEM-YCIIOBUEM?

22. KakoBoO MUHUMAJIbHOE KOJUYECTBO UTEPALIMil B LIUKJIE C ITIOCTYCJIO-
BUeM?

23. HazoBuTe HaszHaueHUe omneparopa break. [1e ero MoxxHO mpume-
HATH?

24. YKaxuTe BO3MOXXHOCTHU OllepaTopa goto IIpU BIOKEHUAX LIUKJIIOB.

25. Tze u korga ynoTpebisieTcs onepaTop continue?

26. Kakoro Turia MoXxeT ObITh 3HaUeHHe ITePEKTI0YAIOIIETO BhIpaKeHU
B Ilepektoyarese?

27. 4Yro Ha3pIBalOT METKOU IlepeKIodaTesna?

28. Kakum onepaTopoM [OJKHA 3aBEPIINTHCA BETBb IIepeKIoYaTesnd?

29. Kakas KOHCTPYKIIUA BBOAUT BETBb IIepeKIIoYaTesd?

30. B Kakux ciy4yadAx BBINIOJHAETCA BETBb IIepeKJIodaTessd, BBeJeHHadA
MeTKOI co ciy>kebHbIM ciioBoM default?

31. IlpuBeauTe MpUMeEpHI MAOJ0HA TUTIA B METKAX ITePEKII0YaTeIs.

32. IToyeMy IIpU IIePEKIIOYEHUAX 110 TUILY METKHU IIEPEKJII0YaTesNsd MOT'YT
OKa3aTbCA He B3aMMOMCKIIIOYAIOIUMU?



Inasa7
MACCUBDI C#

7.1. OgHOMepHbIe MaccUBbI

HamoMmHMM, 94TO crcTeMa THUIIOB si3bika C# MOCTpOeHAa Ha OCHOBE KJac-
coB. TUIHI ZeATCA Ha YeThIpe IPyNNBl (3HaYeHUM, CChUIOK, yKasaTeaen
v il void). C TunaMu 3Ha4eHuH MBI y)Ke 3HaKOMEL. K THnaM cCbUIOK OTHe-
CeHHBI cOOCTBEHHO Kaacchl (6ubanoTeyHble U OnpegenseMble IPOrPaAMMMU-
CTOM), MAGCCUBHI U CTPOKU. PacCMOTPUM B 3TOU IMIaBe€ MACCHUBHI.

MaccubB — 3TO COBOKYIMHOCTb OJHOTUITHHIX 3J€MEHTOB, BOCIIPUHUMAE-
Mas Kak equHoe 1eq1oe. ObiieasbikoBast uenoaHsaomas cpega (CLR) ocobbiM
06pa3oM BOCIIPUHUMAET THUITEI MACCUBOR U BRIZIENIAET KAXK/0MY IK3EeMIUIADY
MacCUBa HelPepPhIBHBIN YYaCTOK IIaMATH. 3TO MOBHILAET ObICTPOAEHCTBHE
ofpaleHnii K 3JeMeHTaM MacCUBOB, HO TIPEISITCTBYeT U3BMEHEHUIO pa3Me-
POB MacCUBOB Nocie Ux co3ganud, CLR nogaepxuBaeT OIHOMEPHBIE U MHO-
roMepHble MacCUBLL. B auTepaType B KauecTBe ellle 0JHOTO 0co60ro BUAa
MacCHBOB YKa3HBAalOT HA MACCUBHI, 3JIEMEHTH KOTOPBIX COAECPKAT CChUTKU
Ha Apyrue Maccusbl. B aHIMIUHACKOM A3BIKE AJS TAaKUX MacCHBOB BBeAEH
crielUadbHBINA TepMUH jagged (cTyneHuaThiit win 3y6uaTeiii). Ho craHaapT
A3uika C# He BBIIENSAET TaKWe MACCUBH B OTAENbHHN BUA. /s KpaTKo-
CTHU TaKU€ MACCUBHI C dJeMeHTaMU, CChUIAICIIUMUCA Ha APYTrde MAacCCHBHL,
MOJKHO Ha3bIBaTh «MacCUBAMU MaCCUBOB».

C TOYKM 3peHUsl CMHTaKCcHca f3bika C# MaccuB — 3T0 HAOOp OAHOTHII-
HBIX 3JICMEHTOB, o0pallleHue K KOTOPLIM BBIIOAHAECTCA € TOMOLIBIO UHAEK-
CUPYIOIIUX BEHIpa)keHUil. Ka:kAblil MacCUB UMeeT paHT, onpelensdiouini
KOJNYECTBO UHAEKCOB, HEOOXOAUMBIX AJ1A UAEHTUGUKAITUU KOHKPETHOTO
2JleMeHTa MaccHBa. PaHr MaccuBa Ha3bIBAlOT €ro pasMepHOCThIO. Mac-
CUB MOXeET UMeTh 10 32 U3MepeHUi, T. €. paHT MacCUBa — leJ0e YUCIO
U3 uHTepBana [1; 32].

OaHOMEPHHNA MacCUB — HA0Op OJHOTUITHHIX 3JIEMEHTOB, JOCTYII K KOTO-
DPBIM OCYLIECTBIAETCA € OMOIIBIO OJHOTO UHAEKCUPYIOLIETO BEIpaKeHUA:

uma_cceinku_Ha_maccul [undexcupyiiee Bvipaxerue ]

3AeCh UMA_CCOLIKU_HA_MACCU8 — CCBUTKA THIIa, IPOU3BOAHOTC OT KJ1acca
Array. Hndekcupyiouee_gbipaxcerie JODKHO UMETh LeJOUNCIeHHbIH THII
(WU TPUBOAUTCA K LENOYUCTEHHOMY TUITY). 3HAYEHUEe WHACKCUPYIOIIEro
BHIp@XXeHUA (MHave WHAEKC) AO/KHO MPUHAAeKaTh PUKCUPOBAHHOMY
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KOHeuHOMY AuamnasoHy [indMin, indMax], rae indMin — HMKHAA TpaHUIA,
indMax — BepxHAA rpaHuna uHjekca. KonnmdectBo ameMeHTOB (pasMep)
maccuBa: indMax — indMin + 1. [Io yMONIYaHUIO C MOMOIIBIO A3BIKOBEIX
KOHCTpYKUUNA C# MacCUBBI BCeTZa CO3JAI0TCA C HYJIeBOU HHXXHeU IpaHU-
el uHjeKca, T. €. indMin = 0. OaHOMepHEBIe MAaCCHBH ¢ HYJIEBBIM Ha4Ya/lb-
HBIM MHAEKCOM Ha3bIBalOT BeKTopaMu. MaccHUBEI C HeHy/leBbIM HavyaldbHBIM
WH/IEKCOM CO3JaI0TCH AMHAMUYECKU ¢ TIOMOIBI0 MeToga Createlnstance
Knacca Array, ¢ KOTOPBIM MOXKHO TIO3HAKOMUTBCS B JOKYMEHTAI|U.

Umsa_ccotaku_Ha_maccue — BeIOMpaeMBblil NoAb30BaTeNEM UACHTUDYKA-
TOp. YTOOH HMAECHTUPUKATOP CTAA UMEHEM CCBUIKM Ha MAacCHUB, UCHOMB3Y-
eTcs 0ObsABAeHUE BUAa

mun [ ] udenmupuxamop;

3TUM omepaTopoM OODBABAAETCA NMepeMeHHasa, UMEIOLAa TUIl CCBUIKU
Ha MAacCUB, a Mun OIpeeaseT TUIL 3/IeMEHTOR 3TOro Maccusa. Kpome toro,
o0bABNeHNe YKa3aHHOTO ¢opMaTa BEOAUT B IPOrpaMMY HOBBI THI ¢ 060-
3HavyeHueMm munl].

[TpumMepsl:

int [ ] integers;
double [ ] points;

3aech integers — CCBUIKA Ha MaCCHUB TUIA int [] ¢ aneMenTaMu TUnA int;
points — cchiika Ha MaccuB Tunia double [] ¢ snemenTamu Tuna double.

B pesyabrare 006paboTKM TaKMX OODBABIEHUH KOMIWIATOP BBIAEIUT
B CTE€Ke Y9aCTKU /I PasMeElleHNA IIePeMeHHBIX {CCBUIOK) integers B points.
OHaKO MaCcCUBOB, KOTOPHIE MOTYT a/IpeCOBATh 3THU CCHUIKM, TOKA HE CyIIe-
CTBYET, U 3HaUYeHUAMH integers u points sieagetca null. Kaxapiii KoHKpeT-
HBIH MAacCUB cO3ZaeTcs KaK 00beKT Kaacca, IPOU3BOAHOrO OT KJIacca Array,
TOYHEe, OT COOTBETCTRYIOIIEr0 €My CHUCTEMHOrO Kiacca System.Array.

Ana cosgaHusa ak3eMivisipa (00bekTa) KOHKpPETHOT'O THIIA MacCCUBOB
UCTIOAB3YETCA omeparnua new. Broipaxkenue;

new mun [pasmep-maccubal]

onpezenseT 0ObEKT-MAaCCHB € 3aJJaAHHBIM B KBAJPAaTHEIX CKOOKax Konuue-
CTBOM 9JICMEHTOB YKa3aHHOI'O THIA. ITOT 0OBEKT KOMIWIATOP pa3MellaeT
B obracTy mamATU, Ha3blBaeMoU ynpaBiadeMoi kydel (managed heap).
Pe3y/bTaT BHIIOTHEHNA ONepallii NeW — CChUTKA Ha BbIAETeHHBIN A1 00b-
eKTa (/11 DK3eMIUIApa MaccyBa) y4acTOK [IaMATH.

YTo6bl CBA3ATh CCBUIKY € 3TUM OOBEKTOM, UCIOIB3YIOT OIEPALUI0 TIPU-
CBAUBAHUA:

uMA_ccuinku_Ra_maccu8 = new mun[pasmep-maccual;

THUIl CCBIIKM HA MacCCHUB AOQJXKEH COOTBETCTBOBATH THUITY, YKA3dHHOMY
Nnociae orepauri new.
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anMepr CO3JaHHsA IK3IEMIVIAIDOB MaCCHBOB.!

integers = new int [4];
points = new double [3];

[Tocne 3THX U ImpeavayIx 0OBABMEHU CChUIKA integers (pasMelleH-
Has B cTeke) OydeT agpecoBaTh (CCRIIATBCA HA) YIACTOK IAMATH B Kyde,
OTBEJCHHBIN A KOHKPETHOI'O MacCHBa U3 YeTHIpEeX 3JIEMEHTOB THIA int.
CchIKa points 6yZeT CBsA3aHa ¢ MaCCUBOM M3 TpeX 3/MeMeHToB Tuma double.

[TpuBeAeHHOMY OOBABIEHUIO BYX CCBUIOK (integers U points) U «aape-
CyeMBbIX» UMU OJHOMEpPHBIX MacCUBOB COOTBETCTBYET CXeMa paclpeaeieHus
naMATH, IOKasaHHad Ha puc. 7.1.

Crek YHpaBJIHeMaH Ky4da
integer 3 Int32
2 Int32
points
1 Int32 2 Double
0 Int32 1 Double
\\\——//////ﬂﬁ\\\ \\\~—> Overhead 0 Double

\/ Overhead

Puc. 7.1. PaamelieHne B NAMATU ABYX CCLINOK U ABYX OAHOMEPHDBIX MAacCMBOB

Ha puc. 7.1 ana kaxJoro U3 MacCUBOB YCJOBHO NOKa3aHb HOMepa
(MHAEKCHI) UX JE€MEHTOB. KpoMe Toro, NokKasaHo, YTO IIpH BBIACJACHUU
OJ0Ka maMATH AJ4 MacCHBa B 3TOM OJI0Ke C03JaeTcd y4acTOK NaMATU
(Overhead) ans cmyxebHoit undopmanuu. K cayxebHoit undopmanumn,
COXpaHAEeMOUN BMECTe C 3JIEMeHTAMU MAacCHBa, OTHOCATCA: PAa3MEpPHOCTh
(MHave paHT WIM YUCI0 U3MepeHHUH) MacCUBa; HIDKHAA TpaHula UHAeKC a
AN KaXKAOTO U3MepeHUs; TUIl 3JIeMEHTOB MacCUBa U KOJMUYECTBO JIeMeH-
TOB B KQXKAOM U3MepeHUU. 1 KOKA0T0 U3 MACCUBOB NEPEYUCICHHBIE CBE-
AeHus U3 obmactu crykebHON MHGOPMAIIMHA MOXXHO TMOAYYUTH C TTOMOTITBIO
CIeIuaIbHbIX CBOMCTB U METO/IOB Kacca Array.

Honycrumo obbesuHeHUe OOBABIEHUS CCBUIKM Ha MacCuB U OIpesese-
HUS MaccUBa-oObeKTa:

mun[ ] uma_cceinku_Ha_maccuB = new mun [paamep_maccuBa]l;
[Tpumep:
char[ ] line = new char[12];

Takoe oOBABMeHUE BBOAWUT TUII MaccuBa char( ], onpeaenser ogHomep-
HbIl1 06BbekT-MaccuB char[12], o6baBaseT cebliky line Ha oZHOMEPHEIH Mac-
CUB ¢ 37leMeHTaMHU THIa char U cBA3bIBaET 3TY CCHUIKY ¢ 00BeKTOM-MacCUBOM.
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[Tocne onmpeaeneHUs1 MacCUBA €r0 3J€MEHTHl IOAYYalOT 3HaueHUs
10 YMOMYaHUK. /It 3n1eMeHTOB apupMeTHUECKUX THIIOB 110 YMOJIYaHUIO
YCTAHABJANBAIOTCA HY/lEBble 3HAUYESHHUA, /I 2A€MEHTOR THIla char — 3Have-
Hua \0', 2715 371eMeHTOB JOTMUeCKOro TUIa — 3HaueHus false, a1 aneMen-
TOB THMIIA String — MIyCThIE CTPOKH, AJA 3J€MEHTOB € THIIAMH CCBUIOK U AJIA
971eMeHTOB THIIa object — 3HavyenuA null.

OnpegenuB cCHUIKY Ha MacCUB M CBSI3aB €€ ¢ KOHKPeTHbBIM 06HeKTOM-
MacCHBOM, MOXXHO OOpaITaThCs K 3/IeMeHTaM MacCHBa, UCIIOAL3YA BeIpaXKe-
HHA ¢ olepalnell HHACKCUPOBaHUA. B ciaeaylole nporpaMMe onpeaeaeHbl
MAacCCHBBI pa3HBIX TUIIOB M BbIBeJeHE] 3HAUEHHA 110 YMOJIYAHUKD UX OTAENb-
HBIX 3JIEMEHTOB.

[/ 87_81l.cs — maccuBst — uruyuanulauyua no YMoAYGHUKR
using static System.Console;
class Program

{
static void Main()
{
bool[] bar = new bool[5];
WriteLine("bar[2] = " + bar[2]);
int[] integers = new int[4];
WriteLine("integers[@] = " + integers[0]);
double[] points = new double[3];
WriteLine("points[1] = " + points[1l]);
}
}

Pe3ynbTaT BBITONIHEHUA IPOTrPAMMBL:

bar[2] = False
integers[@0] = @
points[1] = @

MOKHO U3MEHUTH 3HAa4YeHUe djIeMeHTa MacCUBa, UCTIOAB30BAaB B JIEBOU
JacTU BHIpAXKEHUA ¢ ofepalueil IpUCBaUuBAHUA CCBUIKY Ha MacCUB C COOT-
BETCTBYIOUAM UHAEKCOM.

ITpu co3panuu 3k3eMIIApa (0GBEKTa) TUIA MacCUBOB pa3pelnieHa ero
ABHAA UHULUAAU3AINA, T. €. OOINA BUJA BRIpa’KeHUA C ollepalieii new
TaKOB:

new mun [pasmep-maccuBa)] uruyuanusamop;

VaunuanusaTop He ofA3areseH, I03TOMY paHee MBI IPUMEHAIHN Ollepa-
U0 new 6e3 Hero. IHUIIMAIU3aTOp — 3aKII0YeHHbIH B QUrypHble cKOOKM
CNMCOK UHULIMATUIUPYIOIUX BRIpAKeHU. NHUITUATU3ATOP UMEEeT BUJ!

{cnucok_BoipaxeHuil}

Kaxkgoe BhIpakeHUEe B CIIUCKEe UHHIIAANN3aTOpa (OHU pasjeaeHbl B CIIU-
CKe 3aIATHIMK) ONpeAeseT 3HAYeHNE COOTBETCTBYIOIIErO 3IeMEHTA CO3a-
BaeMoOro Maccuba, Konu4ecTBo MHUITUATH3NPYIOMIUX BEIPAXKEHHI B CITHUCKE
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MHHLIMAAN3AaTopa AC/DKHO COOTBETCTBOBATh pasMepy MaccuBa, T. €. YUCTY
€ro 3/1IEMEHTOB.
[Ipumep:

double a

= 1.1;
double [4] x =

new double [4] {2.8/4, 3.0, 4.0, a};

3aech X — CChUJIKA HA MACCUB C YeTHIpbMA dAeMeHTaMu Tuna double,
3JIEMEHTBL UMEIOT 3HAYEHUS:

x[0]==>0.5, x[1]==>3.9, x[2]==>4.8, x[3]==>1.1.

ToT ke pe3yapTaT NONYYUTCA, €CIU YAAIUTh U3 00EHX KBaAPaTHBIX CKO-
Ook pasmep maccuBa 4. Jleno B TOM, 9TO /T pa3Mep MacCUBa HE YKa3aH,
TO OH OIPEAENAETCH KOMUUeCTBOM UHUITMATU3UPYIONUX BEIPAKEHUI.

Jns 0O6BABIEHUS 3K3eMIUIIpa MacCUBA C NMPUMeHeHUeM MHULIUAIU-
3aTopa JONMycTUMa U 3a4acTyl0 UCIOAb3yeTcsl COKpallleHHas ¢opma Hes
ABHOT'O UCNOAb30BAHUA Ollepallul New:

mun [ ] uMAa_ccemku_Ha_maccuB = uHuyuaMuI3Iamop;

Kak m paHee, HHUIMAIU3ATOP — 3aKAKOYeHHAA B (UrypHBIE CKOOKU
NIOCAe0BATEeNbHOCTh BEIDAXKEHUH, pazAeNeHHBIX 3aATEIMU. PasMep mac-
CHBa B 3TOM C1ydae MOXeT OBITh He YKa3aH ABHO W ONPEACTACTCI KOINYe-
CTBOM MHUIIMATAZUPYIOIMUX BeIpaxkeHUH. [IpuMep:

long[ ] g = {8/4, 3L, 4, (int)2.4};
ToT ke pesyabTaT MOXHO NOAYYUTE, ABHO NPUMEHUB OIIEPALIUI) NEeW:
long [] s = new long [ 1{8/4, 3L, 4, (int)2.4};

B oaHOM 00 bABMEHNU MOT'YT OBITH ONpCACACHEI HECKOABKO OOHOTHUITHBIX
CCBITOK Ha MAaCCHUBHI:

byte [1 x, vy, z;

HMHnuuaanzanms MacCUBOB ACIIYCTHMa H IIpH TaKOM OIIpeAcJeHNH
HECKOJBbKHX OAHOTHUITHEIX CCBUIOK B OAHOM OO BARMEHUM. Hanpnmep, TakK:

int [ ] b={1, 2, 3, 4, 5},
z=newint [ ] {6, 7, 8, 9},
d Z;

Onpegenas cCbUIKK Ha MacCUBBI U MAaCCUBBL KaK 0OLEKTHl, HEOOX0ANMO
MOMHUTE UX pa3iIuuud. KOMIUIATOP B CTeKe BblAEAAST IaMATh 411 KaX 0K
CCRUTKU TIpU ee 00BABNEeHNH, A TaMATh B Kyde And ofbeKTa-MacCUuBa BhIJE-
JAETCH TOABKO IIPU ABHOM (MU HEABHOM )} IPUMEHEHUU ONePALUU New.

B npuBesieHHOM IpuMepe cCblIKU d U Z aPecyioT OAIUH U TOT Ke Mac-
cuB (00BeKT Kiacca int []) U3 YeTkIpex 371eMeHTOB Tuna int. Takum obpa-
30M, K OJHOMY M TOMY K€ 3JIEeMEeHTY MacCHBa B HallleM [IPUMePEe BO3MOXKEH
JOCTYT ¢ MOMOIIBIO ABYX CCHIJIOK. B pe3ysnbTaTe BHITOIHEHUA OIEpaTOPOB
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d[3] = 43;
Console.WriteLine("z [3] ="+ z [3]);

6yaeT BLIBEJEHO
z [3] = 43.

ObpaTuTe BHUMaHHKe Ha TOT ¢akKT, 9TO v obbeKTa-MaccuBa (T. €. y TOH
KOHCTPYKLHH, KOTOPYIO Ha3EIBAIOT MAacCHBOM) HeT MMeHHU. CCrUIKa Ha Mac-
CHB He IBASETCSI YHUKAJAbHBIM UMEHEM 3K3eMIUIIPa MacCHBa, BEAb ¢ MacCH-
BOM MOTYT OGBITh acCOLIMUPOBaHbl OJHOBPEMEHHO HeCKONIBKO CChUIOK (mepe-
MeHHBIE d ¥ 2 B HAlllEM TIPUMeEDE).

K maccuBaMm (KOTOpHIE SBAAOTCA HA CAMOM /iejle YaCTHBIM CAy9YaeM
KOHTEHHEPOB WIN KO/UIEKIWH) IPUMEHUM €lle He pacCMOTPeHHBIN HaMU
OnepaTop IUKJAa, BBOAUMEBIN ciaykeOHBIM croBoM foreach. ®opmat atoro
omneparopa:

foreach (mun uma_nepemenHol in ccerka_Ha_maccub)
meno_yuxkna

B 3aronopke uukia foreach ucmoabayeTcst cChbUTKa Ha yXKe CYLIeCTBYIO-
WUH OJHOMEPHHYM MacCUB, THUIT 3JIEMEHTOB KOTOPOTO JOIKEH COOTBETCTBO-
BaTh TUIY, YKa3aHHOMY Ilepe/] UMEeHeM llepeMeHHOU. Teno MuKIa — 3To
An60 OTAeABHHI omnepaTop (3aBeplIaeMEIl 00g3aTeIbHOM TOYKOMH ¢ 3amd-
TOi) b0 ONOK — 3aKsiodeHHas B QUTYPHBIE CKOOKY TTOCNEA0BATENBHOCTD
OTIEPATOPOB. B 3aro/ioBKe omepaTopa IUKIa KOHCTPYKITUS mun uMs_nepe-
MeHHOTL onpeJensieT IepeMeHHYIO IIUKIa ¢ UMeHeM, BhIOpaHHBIM [porpaM-
MUCTOM. JTa epeMeHHasA aBTOMATUYECKU TTOCAEA0BATEARHO TPUHUMAET
3HaYeHUs BCeX 3/1eMeHTOB MacCUBa, HauYMHas C 37eMeHTa, UMeKIero
HayaJbHOe (0OBIYHO Hy/eBOe) 3HaUYeHMEe MHAeKca. 1A KaKJoro U3 3Have-
HUM nmepeMeHHOU nukia foreach BuinosHAeTCa Temo nukaa. Konudecrso
WTepalluil HUKIa onpeenseTcs KOMUYecTBOM 3/1eMEeHTOB MacCUBa.

OmnpezeneHHas B 3arOJ0BKE MUK/ TepeMeHHasa AOCTYITHA TOABKO B TeNe
ITUKJa, U TaM ee 3HauYeHue MOXeT ObITh MCIOIb30BaHO. OHAKO IOMBITKU
V3MEHUTH C IOMOIIBIO 00pallleHUH K 3TOH IepeMeHHOM 3/IeMEHTH MacCcHuBa
O6yayt OGesycneniHbIMU. [lepemenHas mukna foreach moaydaer 3HaveHUA
3/1eMeHTOB MacCUBa, HO He MOXKeT UX U3MeHATh.

B kaudecTBe mpuMepa NpUBEAEM CACAYIOUYI0 NMPOTPaMMy, TA€ UK
foreach ucnonb3yercs A5 BBIBOAA 3HAYEHMH 3JI€EMEHTOB CUMBOJILHOTO MAc-
CHBa.

// 87_02.cs — maccubsi oOHomepHbie u yukn foreach
using static System.Console;
class Program

{

static void Main()

{
char‘[] hi = { lHl, lel, lll, lll, ‘0', IJ!J T lJ !cl, l#r, l!l };
foreach (char ch in hi)



Write(ch);
WriteLine();

}
}

PGBYJIbTaT BBITIOJTHEHUA ITPOT'PAMMBIL:

Hello, C#!

O6paTuTe BHUMaHMe, YTO IIpU 0ObABJIEHUN 00bEKTa-MacCUBa U aJipecy-
IOIEel ero CChUIKM hi BHITIO/MHEHA MHUIIMAINU3AalUA MacCuBa, U He IoTpebo-
BaJIOCh SIBHO IIPUMEHATH OIEPAIINIO NEW.

Jlo cux mop MBI pacCMaTpPUBAIM MAaCCHBHI, pa3Mepbl KOTOPHIX OIpe/e-
JISUTUCh TIPU UX CO3JaHUM — WHUIMANIu3aIvel aub0 ABHBIM yKa3aHUEM
Yyurcia 3/1ieMeHTOB. [Ipy BHIIOJTHEHUH OIlepalli NEW YKCJI0O 3JIEMEHTOB Mac-
cHBa MOXET OBbITh 3a/]JaHO He TOJBbKO KOHCTAHTOM, HO U KAKUM-THOO BBIpa-
’keHneM. Hanbosiee TUIIMYHBIN cily4aii — pa3Mep MaccuBa OIpezesseT
II0JIb30BaTENb, BBO/A HYXKHOE /IJIT pellleHusA 3aJa4u YMCIOBOE 3HAYEeHUE.
He MeHee peZiKO BO3HUKAET CUTYyallus, KOTZa pa3Mep (YKUCJIO 3IeMEHTOB)
MaccHuBa OIpefiesiAeTcs KaK pe3y/bTaT IPeAbIAYIIUX BEIYUCIeHUH. B Kax-
JIOM 13 Ha3BaHHBIX CJIy4aeB pa3Mep MacCHUBa OIpeJessaeTcsa 10 ero JAeKia-
panuu. OJHAKO KaK TOJIbKO MaccuB (OOBEKT KjIacca MacCUBOB) OIpeZEEH,
€ro pasMep U3MEHUTb HEBO3MOXXHO. EC/iM pazaMep HY)XHO YBETUYUTDb WU
YMEHBIIUTD, IPUXOAUTCS CHavaIa CO3/IaTh HOBHIKI MAacCHUB HY)KHBIX pa3Me-
POB, IIOTOM KOIIHPOBaTh B HET'O 3HAYEHUA 3JIEMEHTOB MCXOHOT'O MacCHBa
Y YHUYTOXKUTH CTapblii MaccuB. K cuyacThio, CyIIeCTBYIOT METO/BI Kjacca
Array, KOTOpBI€ TIO3BOJIIIOT CYIIECTBEHHO YIIPOCTUTh Ha3BaHHYIO IOCJIE/0-
BaTeJIbHOCTD ZeticTBui. [lokakeM, KaK 3TO MOXKHO CZIeJlaTh, BHaYae Kpa-
TKO TIEPEYUCINB OCHOBHbIE OMOIMOTEYHbIE METObI 0OPAaOOTKY MaCcCHBOB.

7.2. MaccuBbl KaK HacieAHMKM Knacca Array

MaccuBhI HacJaeAyIoT U3 Kylacca Array HeCKOJbKO CBOHCTB M MHOT'O METO-
JIOB, YIIPOIIAIONIUX paboTy C MacCUBaMHU.

BaXHBIX CBOMCTB /[Ba:

— cBoiicTBO int Rank — pa3MepHOCTb (4mMC/IO U3MepeHuil) MaccuBa;

— cBo#cTBO int Length — 1eounciaenHoe (32 6uTa) 3HaYeHUE, OIpe-
Jesstolee o61Iee KOJMYECTBO 3JIEMEHTOB dK3eMIUIApa MaccuBa (M3MEHSATh
ero HeJib3s). DTO CBOMCTBO HeE3aMEeHHUMO B METO/Iax, TapaMeTpaMu KOTOPHIX
CJTY?KaT CChUIKY Ha MaccuBbl. OOpaTHTe BHUMAaHUE, YTO JJII MHOTOMEPHBIX
MacCHUBOB CBOMCTBO Length Bo3Bpaiaer obilee KOJTUYECTBO DJIEMEHTOB
MacCuBa C y4eTOM BCeX U3MEPEHUH.

MeTozabl Kyacca Array IO3BOJISIOT pellaTh MHOTHE THUIIOBHIE 3aJadM
obpaboTku MaccuBoB. B Tabs. 7.1 u 7.2 npuBeseHs Haubosee yroTpebu-
TeJbHbIE U3 CTATUYECKUX METOAOB M METOAOB DK3EMILISAPOB /Jisi PabOThHI
C MacCUBaMH.
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Tabnuua 7.1
CraTuyeckue MeTogbl Knacca Array (BbGopoyHo)

MeTojn Onucanue

BinarySearch | BUHapHBIi MOKCK B YIIOPAJOYEHHOM MaccuBe; Pe3yALTAT BhINOA-
HeHUA — HHIAEKC COOTBETCTBYIOLIErO YCAOBUIO MOMCKA 3/eMeHTa
WK OTPHLIATENARHOE YHCAO, €CAH SICMCHTA ¢ HCKOMBIM 3HAMCHHEM
B MacCUBE HET

Clear Ouncria (0OHyIeHHE, IpUCBANBAHNE TPoOe/ioB WK 3HaueHKA null)
BCEX 37eMEHTOB MAacCHBa WM 3MEMEHTOB M3 YKa3aHHOrO MmapaMe-
TpaMH HHTEpBaia

Copy KonuposaHue 4acTH MaccUBa WIH BCero MaccHUBa B APYTOM MacCHB

Exist [TpoBepKa coaepKaHUA B MACCHBE 3JIEMEHTOB, YAOBJACTBOPAIOLINX
YCJIOBHAM NIpeAUKaTa-mapaMeTpa

Find Brifop nepBoro 31eMeHTa, YAOBASTBOPAIOIIErO YCAOBUAM Ipeau-
KaTa-llapameTpa

FindAll Bri60op BCcex 2/€MEHTOB, Y/IOBIeTBOPAKIIMX YCAOBUAM IIpe/MKaTa-
napaMeTpa

FindIndex [TorcK MHAEKCa MEPBOro AEMEHTA, YAOBICTBOPAIOIIErQ YCAOBUAM

npeAuKaTa-napaMeTpa

FindLast Brifop nmocneaHero sAeMeHTa, YAOBAETBOPAIOILEro YCAOBUAM IIpe-
AUKaTa-llapaMeTpa

FindLastIndex | IMouck MHAEKCA MOCTSAHETO AEMEHTA, YAOBIETBOPAIOLIETO YCIO-
BHAM IPEAUKATA-IAPAMETPA

ForEach BhITTO/IHACT YKa3aHHOe apaMeTpPoM AeiCTBHE ¢ KOKABIM 3/€MEH-
TOM MACCHBA

IndexOf BozppainaeT HauMeHbIWWH UHACKC (MUHUMAABHEIH HOMED) 27e-
MEHTA, 3HaYeHHEe KOTOPOTO COBIAAAET ¢ 06pasiom

LastIndexOf Bozppaiaer nocaeZHmit HHAEKC (MaKCHMAIBHBIN HOMED) 3/IeMEHTa,
3HAYEHHE KOTOPOTO COBMAAAET ¢ 06pasiom

Resize H3amender (YMeHBIIAET UIH YBEAUYHBAET) KOJIWIECTBO 3JIEMEHTOB
B OAHOMEPHOM MACCHBE /IO YKA3aHHOH MAPAMETPOM BeAHYUHBI

Reverse MendeT Ha obpaTHEIN TIOPAZOK SA€MEHTOB B MacCHBE

Sort BHIIOHAST COPTHUPOBKY (VIIOpAAOUYMBaHUE) 3AeMEHTOB MacCUBA.

[IpakTUYeCKU BCe METOHI Kilacca Array eperpyKeHsl, T. €. IS KaKA0TO
VMeeTcs HECKOJIbKO BapUAHTOB 3aJaHUA apryMeHTOB. B kavyecTBe oveHb
XapaKTepPHOTO IIpUMepa KpaTKO PacCMOTPHUM OCOOEHHOCTU pasHEIX Bepcuit
MeTtoaa Sort().

[TpocTeriuuii BapuanT MeToda Sort() MMeeT e€AUWHCTBEHHHIN napa-
METP — CCBUIKY HAa OJJHOMEPHHIN COPTHUPYEMBIII MacCUB. 3aroJioBOK 3TOU
BEPCHHU METOZa:

public static veid Sort (Array array);
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B 3Toil Bepcru MeToAa COPTUPOBKM HeT MapameTpa, Onpefesaiomero
MPaBWIO YIOPAAOUHMBAHMA 3/IeMEHTOB MacCHBa. B oTcyTcTBHE 3TOTrO napa-
METpa 10 YMOTYaHUI0 apudpMeTHIeCKUe MacCUBH COPTUPYIOTCA B MOpsSAKe
BO3pacTaHusA 3HAaYeHUHN pAeMeHTOB, CTPOKU YNOPAAOUUBAIOTCH J€KCUKO-
rpadudecku.

Crneayiouyii AOCTOMHBIN YIOMUHAHWS MeTOA COPTUPOBKM MMeEET JBa
napaMeTpa-MaccuBa, BTOPOH M3 KOTOPHIX — COPTHPYEMBINl MaccuB, a Iep-
BHI — MaCCHB KJII0UeH, 10 KOTOPBIM BHIIOIHAETCA YIOPAZOYHNBaHUE 3Je-
MEHTOB BTOPOT'O MacCHBA:

public static void Sort (Array keys, Array items);

L1 kKaxKa0To U3 Ha3BaHHBIX ABYX BApUAHTOB MeToJa COPTUPOBKHU (U B Apy-
rux Bepcuax Metoza Sort()) MoxeT OvITh 3agaHa ¢yHKIMA (MeToA) cpaBHe-
HUA 3IEMEHTOB WIH KJII0UeH, a TAKKE AUana3cHEl H3MEHEHUA UHACKCOB VI
obpabaTHIBAEMBIX 2JIEMEHTOB MacCHBOB. KpoMme Toro, cymecTsyroT 0606-
IIeHHbIE BEPCHU HA3BAHHHIX MeTo0B. 06 0600IeHHBIX MeToAax U 06 0co-
6eHHOCTAX AeKaapauuu GyHKUUIN (MeTOAOB) cpaBHEHMA peub noliger
B CJIeAVIOIINX pasfeiiax, MOCBAlleHHHX 0600ImeHuAM U JenerataM. A cei-
gac IpuUBeJeM MpUMep IPUMEHEeHUE OJHOTO U3 NePeYUCIeHHBIX B Tabaulle
CTATAYECKUX METO/0B Kjlacca Array.

[TpeanonokuM, 94TO B IporpaMme HeobX0UMO HOPMUPOBATh MOIOKU-
TeJlbHLIE BelllecTBeHHBIe YUcia, BBOAUMbIE IT0AL30BaTeNleM ¢ KIaBUATYPH,
pasaenuB KaxxJoe U3 4Hhcel Ha MaKCUMaJbHOe U3 HUX. BBoa yKcesn npoaon-
KaeTca A0 TeX TOop, MoKa MOAb30BaTe b HE BBEAET HYJIEBOE 3HaUeHUe Ove-
peJHoro 4ucia.

Obmee KOMUYECTBO YUCEN U 3HAY€HWE MAKCUMaJbHOT'C U3 HUX 3apa-
Hee HEU3BECTHHI, IO3TOMY YUCAa TPUAETCA COXPAHATh A0 TEX Mop, IoKa
BO BXOZHOH TOC/IE€OBATENBHOCTH HE MOABUTCA HYJIEBOE 3HaYeHUe. TOMbKO
MoCJIe 3TOT0 MOKHO OBITh YBEPEHHEBIM, UTO V)Ke BBeAeHO MaKCHMaJlbHOe
K3 4KCeJl ¥ MOXKHO BHITIIOJHAThH HOPMHpOBaHHe BceX 3HaueHHWH. Tak Kak
/0 HAa4aJsa BRIMOJIHEHUSA TIPOTPaMMEI 0bliee YHCa0 YUCen B HOPMUPYEeMOH
MOCAE0BATENHHOCTH HEM3BECTHO, TO XPAHUTE BCE BBE/JIEHHBIE YdCia OyleM
B MACCUBE, PasMEP KOTOPOI'0 BO3PACTAET U B KAXK/HI MOMEHT PaBeH KOJH-
YEeCTBY YoKe BBeJeHHEIX IMOM0KUTENbHBIX YUCeT.

[TIporpamMma, pemarwlnas cGOpMyIUPOBAaHHYIO 3aJady, MOXeT OHITh
TAKOW:

// 87 _83.cs — maccub c usmeHsembim (pacmyuum) pasmepom
using System;

using static System.Console;

class Program

{

static void Main()
{
double[] numbers = new double[&];
int Len = 9;
double numb, maxNumb = double.MinValue;
while (true)
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do Write("BBeanTe He oTpuuaTenbHoe 4ucno: ");

while (!double.TryParse(ReadlLine(), out numb) || numb < @);
Len = numbers.Length;

if (numb == @) break;

Array.Resize(ref numbers, Len + 1);

numbers[Len] = numb;

maxNumb = maxNumb < numb ? numb : maxNumb;

}

WritelLine("KonnyectBo snemeHTOB B Maccupe: {0}.", Len);
if (Len == 0)
{

WriteLine("O6paboTka 3aBepweHa!");
return;

}

WritelLine("MakcumanbHbii dnemeHT: {0}.", maxNumb);
WriteLine("HopmupoBaHHble 4ucna:");
for (int i = @; i < Len; i++)
Write("{0,5:F3} ", numbers[i] / maxNumb);
}
}

PGBYJIBTEIT BBITIOJTHEHUA IIPOT'PAMMBIL:

BBeante He oTpuuaTenbHoe 4yucno: 4<ENTER>
BBeouTe He oTpuuaTenbHoe 4ucno: 8<ENTER>
BBeanTte He oTpuuaTenbHoe 4ucno: e4<ENTER>
BBeante He oTpuuaTenbHoe 4mcno: 15<ENTER>
BBeante He oTpuuaTenbHoe 4yucno: O<ENTER>
Konn4yecTtBo 3/1eMeHTOB B MaccuBe: 3.
MakcuMManbHbii 3nemeHT: 15.

HopmupoBaHHble 4ucna:

0,267 0,533 1,000

B mporpamMe oOBbsABIEHA CChUIKA numbers, acCOLMUPOBaHHAs C MaCCH-
BOM HyJ1eBoro pa3Mepa (c oobekTom tuma double[]). [TepemenHas int Len —
TeKylllee 3HaYeHre pa3Mepa MacCHUBa [0 €r0 YBeJIUYEHUS U OAHOBPEMEHHO
HWHZeKC J00aBIeHHOTO B MaccuB djeMeHTa. [lepemenHas double numb —
odepesHOE YHCJIO, BBOAMMOE IT0Jb30BaTENE€M, KOTOPOE 3aIUChIBAETCSA
B 06aBJIsIEMBIN 2/1eMeHT MaccuBa. [lepemennas double maxNumb — mak-
cUMaJIbHO€ M3 BBOAMMBIX IIOJIb30BaTeIeM YHces. BBOA Yrces U ompeaee-
HHEe MaKCHMaJbHOI'O M3 HUX BBIIIOIHAETCA B «OECKOHEYHOM» LIUKJIE C 3aro-
snoBkoM while(true). Iluki npepriBaeTcs (3a CYeT BHIIOJHEHUS OllepaTopa
break;), Korza mosb3oBaTes b BBOAUT HYJIE€BOe 3HAaYEHUE ITePEMEHHOU
numb. Ec/iu ee 3HaueHME OTIMYHO OT HYJI, TO BHIIIOJHSETCS obOpalleHue
K METOAYy

Array.Resize(ref numbers, Len + 1);

[TepBrIif apryMeHT MeToZla — CChLIKA Ha U3MeHseMbIH 3TUM MeTO0M Mac-
cuB. BTopoi1 apryMeHT — TOT pasMep, KOTOPBIM IIOJSyYUT HOBBIN SK3EMILIAP
MaccHuBa, aJjpecyeMblii CChUTKOM numbers. B Halllelt mporpaMme K Cy1ecTBY-
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IOLIUM 3/IeMeHTaM Maccuba (cpa3sy nocje Hux) Ao6apiasaeTcsa OAUH 3/eMeHT.
Ero MHAeKC paBeH 3Ha4eHHUIO AJNHH [IpeJbIAYIIero 3K3eMIUIApa MacCHBa,
cOXpaHAeMOMy B IepeMeHHOU Len. O4eHb BaXXKHO, UTO MeToA Resize()
HE TONBKO CO3/IaeT MACCUB C HOBBIMHM pa3MepaM”, HO U KOMUPYET B HETO
37EMEHTH U3MeHSIeMOT0O MaccuBa. B 00aB/ieHHBIH 3/eMEeHT ¢ UHAEKCOM
Len 3anuchiBaeTcsa ouepeAHoe (He HyleBOe) 3HaUYeHUe IlepeMeHHOU numb
¥ OHO CPaBHUBAETCA CO 3HaUYeHHEeM TeKyllel'o MaKCHUMaJbHOTO 3HauYeHUd
(nepeMenHaa maxNumb).

OcTanbHbBle ONEpPaTOPH KOAA MPOTPAMMEI, He TpeOyIoT KOMMEeHTapUeRB.
[TpuBOAUMEIE PE3YABTATH OJHOTO U3 CEAHCOB PAbOTH € TPOTPAMMON TOAC-
HAKT ee ocobeHHOCTU. O6paTUM TONBKO BHUMAaHUe, YTO MpH NYCTOM Mac-
cuBe (Korga Len paBHO HY/MIO) MpOrpaMMy Iocie MHGOPMaLOHHOTO C006-
LIeHHA 3aBepllaeT olepaTop return;.

[TpOMATIOCTPUPOBAB BO3MOXKHOCTU CTATUUYECKOTO MeTofAa Array.Resize,
TIPUBEZIEM CITUCOK HECTATUYECKUX METO/IOB Kiaacca Array.

Tabnuya 7.2
Hectatuueckue metogbl (meToabl 00beKToR) Knacca Array (BbiGopouno)
MeTon OmcaHue
Clone Co37aeT KOIMHI0 MAaCCUBa-00'BEKTa, K KOTOPOMY TIPHMEHEH MeTO/.

BosBpalraeT cchbUIKY Ha HOBBIH MaccHB (Ha KOIHIO), BCEraa UMeK-
myto Tumn object

CopyTo KonupyroTest 371eMeHTH BbISBIBAIOIIETO MAacCHBa B MacCUB-TIapa-
METP, HAYHHAA C er0 HHAEKCA, YKA3aHHOTO ITapaMeTpoM

GetLength Bosgppaimmaer pazmep MaccuBa (KOMHYECTBO MEMEHTOB) MO YKa-
3aHHOMY apTYMeHTOM U3MepeHHIO

GetType Bosgppaimaer o6bekT knacca Type, UACHTUGUIHDPYIONTAN TUIT
BBI3BIBAIOILErO MAaccUBa

GetUpperBound | Bo3spaimaeT BEPXHIOK MPAHUILY HHAEKCA MACCHBA 10 YKA3AHHOMY
apryMeHTOM U3MepeHHUIo

GetValue Bo3epainaeT 3Ha4eHWE ITeMEHTa MAaCCUBA, YKA3aHHOTO IapaMe-
TPOM-UHARKCOM

SetValue [MpucranBaeT 3HaYE€HHE, 33JaHHOE TTAPAMETPOM, YKA3aAHHOMY
napaMeTpOM-UHAEKCOM JJIEMEHTY.

KpaTkue cBeJeHUs O MEeTO/axX, IpHUBeJeHHbIE B TAONULAX, AOKHEL Cy-
JKUTh TOJABKO «IIYTEBOAUTENEM» AJA U3YIeHHUsS BO3MOKHOCTEN METOOR,
yopouaniux o6paboTKy MacCUBOB s13blka C#. Hanbonee nHTepecHBIE BO3-
MOXKHOCTH MeTOZORB AisA 06paboTKM MacCUBOB HYXKHO A€MOHCTPUPOBAaTh,
UCTIONB3YA JlefieTaThl U AaMOa-BeIpakeHusA, YTo OyAeT CAeNaHo B CIeAYIO-
MIYX TaBax. A celiuac Ha mpyUMepe TIoKaxkeM IpuMeHeHHe MeToAoB Clone(),
Sort(}, Reverse().

[/ 87 _04.cs — memodsl Kaacca Array

using System;
class Program
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{

static wvoid Main()

{
char[] hi = {'1*, 'A"', '2', 'B', ‘'3', 'C', 'a4', 'D', '5', 'E'};
char[] hiNew = (char[])hi.Clone(); // konupoBaHue
Array.Sort{hiNew); // copmupoBka
Console.Write("CopTupoeka: ");
foreach (char ch in hiNew)
Console.Write(ch);
Console.Writeline();
Array.Reverse(hiNew); // peBepcupoBarue
Console.Write("PeBepcupoBaHune: ");
foreach (char ch in hiNew)
Console.Write(ch);
Console.Writeline();
Console.Write("WcxogHuit Maccue: ");
foreach {(char ch in hi)
Console.Write("" + ch);
Console.WriteLine();

}
}

Pe3yabTaT BBIIOAHEHWA TPOrPAMMBL;

CopTupoeka: 12345ABCDE
PesepcupoeaHue: EDCBAS54321
MexopHeid maccue: 1A2B3C4DSE

B KoZe UCMOAL3VIOTCA WIEeHBl JBYX pasHBIX kKaAaccoB (Console u Array)
U3 OZHOTO IPOCTPAHCTBA UMeH System M BMeCTO ABYX AUPEKTUB «using
static» IpuMeHeHa AUpPeKTUBa «using System;». B mporpamme onpeaeneH
U UHUIMATU3UPOBAH CUMBOJABHBIM MAaCCHUB U ajpecyionas ero cceuika hi.
3aTeM omnpe/eneHa ccbika hiNew, U co3laHa KOTIHUSA MacCcUBa C IIOMOIIBIO
MeToza Clone(), KOTOPLIM MpUMeHeH K 0OBEKTY, a[PeCOBAHHOMY CCHLTKOMN
hi. Tak kak meToz Clone() Bo3BpamniaeT cCHAKY Ha 6a30BHIN KIacc object,
TO BHITIONHEHO ABHOe TpuBeAeHue TUNOB (char []). Toabko Tak MOXKHO
MPUCBOUTD pe3yabTaT cchblike hiNew. Metogom Array.Sort() BeImoJHeHA
COPTUPOBKA MAaCCHBA, CBA3AHHOTO €O CChUIKOHM hiNew. 3JIeMeHTHl IO YMOJI-
YaHUIO VIOPAAOUYEHE! MO BO3PACTAHUIO LISTOUUCACHHBIX 3HAaYeHUN KOAOB
CUMBOJIOB. Jlasee BBIBOAUTCA OTCOPTUPOBAHHEIN MacCHB M BHIIOJHAETCSA
ero obpaborka MeroaoMm Reverse(). ObpaTruTe BHUMaHHe, YTO MCXOAHDIM
MAacCHB OCTaeTcsa 6e3 H3MeHeHUIH.

7.3. Buabl maccuBoB U MacCuBbI MHOromMepHble

Pa3MepHOCTBIO MaccuBa (ero paHroM) Ha3blBalOT KOJWYECTBO UHICKCOB,
KOTOpOe HeoOX0AUMO AJIs1 IOTyIeHU AOCTYIA K OTATbHOMY 3JeMEHTY Mac-
CHUBa.

PaccMOTpeHHble HAMM OZHOMepPHble MacCHUBBI SIBAAIOTCSA YaCTHBIM CIY-
4JaeM BCero pasHooOpa3susa MAacCHUBOB, KOTOPbIE MOXHO HCIIOIB30BaTh B C#.
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7151 3TUX MacCUBOB pa3MepHOCTh paBHa 1, a pasMep 0fHOMEpPHOT'O MaccUBa
OTIpeAeNAeTCa YACA0M BO3MOXHBIX 3HAYEHUIN UHAEKCA.
B obineM ¢iydyae TN MacCHBa OOBABIAETCA ¢ IOMOUIBIO KOHCTPYKITUH:

mun_ne_maccuba cneyuduxamops:_pasmepaocmedi

3Jech mun_wHe_maccugd 3TO OJUH U3 CIeAyIOUIUX TUIIOB!

*  Mun_3HauyeHUll;

*  mun_xkadcca;

* mun_unmepdeiica;

* mun_denezamd.

Cneyuguxamop paamepHocmu — 310 11O MyCTHe KBaZIpaTHbIE cCKOOKH [],
anbo KOHCTPYKUUA: [pa3denumenu_pasmepog];

Pasdenumens_pasmepos — 3To 3anaras. KojnvecTBo 3alATHIX HA eau-
HUIY MeHBIIEe Pa3MEePHOCTHA MacCUBa.

CriendyKaTOPHl pPa3MEepHOCTEN pasMellaloTcA MoAPA] B HY)XHOM KOJIH-
YyecTBe NMOCe mund_sHe_maccugd. PaccMoTpuM cayvali, korga cneliuduka-
TOP pa3MepHOCTH oAuH. Hanpumep, type[R] — Tun ogHOMEpHOTO MaccuBa
¢ R anemMeHTaMu Tuma type.

Ba)KHBIMH HAaCTHBIMM CIYYagAMU TUIOB MAacCHUBOB C OJHUM CIeludU-
KaTOpPOM pa3dMepHOCTH KpOMe TUINOB OJAHOMEepPHEBIX MacCHBOB ABAAKTCA
TUNBI «IPAMOYTOJbHBIX» MaCcCUBOB, MPEJACTABIAIONTHE MaCCUBHI AByMep-
HBle (MaTpULBL), TPEXMepHbIe («MapayaeJenuIear») U T. 4. VIMeHHO Takue
MAacCUBBl TPaJAULUOHHO IIPUHATO HAa3bIBaTb MHOTOMEPHBIMU MacCHBaMHU.
[Ipumepsr;

int [,] dots; // ccuinka Ha ABymepnsili maccub
byte [,,] bits; // ccentka Ha mpexmephsil maccu

Ana CIIpEACIICHHUA obbeKTa — KOHKPCTHOTO SK3CMIIApPaA THIIA MHOTI'O-
MEPHLBIX MaCCHEOB, UCIIOJIB3VETCA BBEIPDAXKCHHE C onepauneﬁ new:

new mun_xe_maccuba [d1l, d2, d3, ...] wruyuanusamop

3neck di — BEIpaXKeHUe, oNpeAendlee pa3Mep, T. €. KOIUIeCTBO 3J1e-
MEHTOB 10 COOTBETCTBYHOLIEMY U3MepeHUI0. MHUIKanu3aTop npeacTaB-
JsteT cobolt BAoKeHUe KOHCTPYKUMH {cnucok_uHuyuaiuaamopos’.

JfeMeHTaMU TaKOro CINUCKAa B CBOIO O4YepelAb CAYKAT 3aKIHUYEeHHBIE
B GUTYpHBIE CKOOKY CITUCKUA WHHAITUANN3ATOPOB, [y6uHa BIAOKEHUA COOT-
BETCTBYET pasMepHOCTH MaccUBa. PasMepHOCTh MacCUBa (€ro paHr) MOXHO
MOJAYYUATE C MOMOIIBIO HECTATUYECKOTO cBOMcTBa Rank.

[Ipumep onpeAeNeHUA ¢ MCIOJAB30BaHUEM WHULIUANM3ALUU MaTPHUIEI
(ZByMepHOTO MaccuBa) ¢ pasMepaMiu 4 Ha 2:

int [,] matr = new int[4,2] {{1, 2}, {3, 4}, {5, 6}, {7, 8&}};

Kak u g1 OZHOMEDPHBIX MAaCCUBOB, IIPU HAJUYUA MHULHAAA3ATOPA KOH-
CTPYKIUIO new int[4,2] MOXHO OIyCTUTS.

Tak Kak paaMepbl 00 BEKTOB-MACCHBOB 3aJal0TCA BEIPAXKEHUAMY, B KOTO-
pble MOTYT BXOAUThH IlepeMeHHble, TO JOIMYCTUMBI MHOTOMEPHEIE MACCHUBEHI
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C AHHaAaMHWYECKH OopeaAeaaAeMbIMHA pasMepaMi. B kauecTBe NnNpHMEepa pacCMoO-

TPUM IIporpaMmy, GopMUPYIOIIYIO €JUHUYHYIO MATPUILY, PA3MEPBL KOTOPOU
BBOAUT MOJAb30BaTENb C KJIaBUATYPHI!

[/ 87 _85.cs — O08ymepruili maccub — eQuUHUYRGR Mampuya
using static System.Console;
class Program

{
static void Main()
{
int size;
do Write("size = "};
while (!int.TryParse(ReadlLine(), out size) || size < 1);
int[,] cne = new int[size, size];
for (int i = 9; i < size; i++, WriteLine())
for (int j = @; j < size; j++)
if (i == Jj) one[i, J] = 1;
Write(one[i, j] + "\t");
¥
foreach (int mem in one)
Write{mem + " ™};
WritelLine();
WriteLine("one.Length = " + one.Length);
WritelLine("one.Rank = " + one.Rank};
3
}

PESYJIBTE[T BLBIIMTOMHEHHUA ITPpOTPpaMMEBI!

ize = 4<ENTER>

D PO ®
=& 0 ®

P
<]
1
Q
e
(<]

PO O®RWL

PeBloeoeleeceal
one.lLength = 16
one.Rank = 2

B nporpamMmme dhopMUpPyeTCS IBYMEPHBIN MacCUB (IK3EMIUTAP MacCUBOB
tuna intl[,]), pasamMeprsl KOTOPOTro onpedeseHbl IEPEMEHHOHU Size. 3HaYCHHe
size BBOAMUT NOJAb30BaTeb. [10 yMoMuaHUI Bce 3//eMeHTH MacCuBa MOJTy-
JaroT HyZIeBOe 3HaUYeHUe. Bo BIOKeHHbBIX IUKJIAX JAATOHAIBHBIM 3JIeMeHTAM
MPHUCBOEHH ¢IMHUYHbIE 3HAYCHUA, U BHIBOAATCA 3HAUCHUA BCEX 3IEMEHTOB.
O6paTrTe BHUMaHMe, KaK B 3ar0jI0BKe BHeIIHero Iukia for ncnonb3yeTcs
obpamenue K Metoay Console. WriteLine() ana nepexozia Ha HOBYIO CTPOKY
MpY BHIBOJIe (3aMeThTe, YTO B KoJe uMA Kiaacca Console omymeno). lanee
WUTIOCTPUpYeTCA NpUMeHeHue nukna foreach Kk MHOroMepHOMY MacCUBY.
[TepeGop 3HaUeHUN MaccUBa, MPeACTABIAIOITIET0 MAaTPUILY, BBHIIOTHAETCA
MO CTPOKaM (OhICTpee U3MEHAETCA TIPABhIN UHAEKC).

B koHLle mporpaMMbl BEIBEACHBI 3HaUeHKe cBolicTBa one.Length — aTo
o6ujee koauvecmao 31€MeHTOB B MaccHBe M one.Rank — 3HaueHue paHra
MAacCHBa — PAaHT PaBeH JIBYyM.
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7.4. MaccuBbl MacCMBOB U <HEMPAMOYro/ibHble» MacCUBbI

Kak cieayeT U3 CHHTaKCUYECKOTO OIpe/iesieH s, PU O0bABIEHUH THUIIA
MacCuBa MOXXHO 3a/laBaTh HECKOJBbKO cIeludUKaTOPOB pa3MepHOCTeH.
B cTaHgapTe mpuBe/ieH IpUMep TaKOT'o TUIIa MacCUBOB (¢ TpeMs crienudu-
KaToOpaMHu pa3MepHOCTel):

int [] [,,][,] — ogHOMepHBIN MacCUB, 3/IeMEeHTbI KOTOPOT'O — TPeXMepHEBIe
MacCCHBBI, KQXK/IbIN C 3JIeMeHTaMM THUIIA «IBYMEPHBIM MacCUB C 3JleMeHTaMu
THUIA int». Takoi MaccuB MOXKHO pacCMaTpUBaThb KaK MAacCUB MaCcCHUBOB.

Tak kak pa3mepbl MAacCUBOB, BXOAAIINX KaK 3JIeMeHThI B IPYyTOX MacCHUB,
MOTYT OBITH Pa3HBIMHU, TO MAaCCUB MAacCCHUBOB B 00IlleM ciydyae He ABJIAETC
«IIPSIMOYTOJIbHBIM». TaKue HelpsMOYToJbHbIe MaCCUBHI B iUuTepaType mo C#
HasbIBaloT jagged array (3y6uatsie MaccuBhl). [IpuMep U3 cTaHzAapra:

int[][] j2 = new int[3][];

j2[@] = new int[] {1, 2, 3};
j2[1] = new int[] {1, 2, 3, 4, 5, 6};
j2[2] = new int[] {1, 2, 3, 4, 5, 6, 7, 8, 9};

Ob6paTuTe BHUMaHHUE, YTO C TIOMOIIbIO OAHOM OIepamuy New HeBO3-
MOXKHO CO3/IaTh MaCCHUB MacCHUBOB. B mpumepe j2 — cchlika Ha OOBEKT TUTIa
MacCUB MAacCHBOB C 2jieMeHTaMu Tumna int. BeipakeHue new int[3][] cos-
JlaeT 0ObEKT-MACCUB C TpeMs dJIeMEeHTaMHU TUTIA «CChUTKA Ha OJHOMEPHBIHN
MacCHUB C dJleMeHTaMU THUIIa int». KaXkaaa U3 3TUX CChUIOK JOCTYITHA C TIOMO-
IIbI0 COOTBETCTBYIoLIero BeipaxkeHus j2[0], j2[1], j2[2]. Ognako BHayase
3HA4YeHMs 3TUX CChUIOK He ompeeneHbl. ToMbKO MPHUCBOUB KaXKJ0M 13 HUX
pe3y/bTaT BeIpakeHus «new int[] unuyuanuzamop», Mbl CBA3bIBaeM CCBLIKHU
C KOHKPETHBIMU OJTHOMEPHBIMU MaCCHUBAMU, MTaMATh /i KOTOPBIX 32 CUET
BBITIOJTHEHYS OIepaIiuy new OyeT BhllejieHa B KyJe.

[IpuBeseHHBIE YETHIPE OOBSIBIEHUSI MOKHO 3aMEHUTD OJHUM, HCIIOIb3YS
MpaBwla MHUIMAIN3AMU (KOJTUYEeCTBO Oolepaliuii new IIpyu 3TOM He H3Me-
HUTCA):

int[][] j3 = new int[3][]

{

new int[] {1, 2, 3},

new int[] {1, 2, 3, 4, 5, 6},

new int[] {1, 2, 3, 4, 5, 6, 7, 8, 9}
}s

[Tpu 06BABIEHNH MacCHBa MacCUBOB, KaK U /I IPYTHUX BUJOB MaCCUBOB,
MOXXHO He IPUMEHSTh UHUIINAIN3aTOPhI, HO TOT/Ia MIPU/ETCA ABHO YKa3aTh
pa3Mepbl MacCUBOB, M MX 3JIEMEHTHI ITOJTyYaT yMaTdiBaeMble 3HaUeHHA.

[TpuMeHsasa WHUIMAIU3aTOP, Pas3pellleHo OMyCKaTh JJi MacchBa Mac-
CUBOB BhIpa)KeHHUe C olepalinueii new, HalpuMep, AeKJIapupoBaTh MacCUB
TaKuM 06pa3oM:

int[][] j4 =
{
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new int[3],
new int[6],
new int[9]

s

B aroM 06BABIEHUU pa3Mep MacCHMBa BEPXHETO YPOBHA 3a/IaH CIIU-
CKOM UHULIMAMU3aTOpOB. PazMephsl MacCUBOB HIDKHErC YPOBHS C dJIeMeH-
TaMHW THINA int 3echk 3aJaHbl IBHO, K 3HAYEHUA JIeMEeHTOB OIpeAenaloTcA
M0 YMOMYAHUK) KaK HyJIEBHIE.

B kadecTBe MpUMepa ¢ HEIPAMOYTOAbBHEIM (3y04aThIM) MacCUBOM pac-
CMOTPUM CAEAYIOUYIO PorpaMMy, GOPMUPYIOLLIYIO HIXKHIOK HYNEBYIO Tpe-
YrOJIBHYIO MaTpully. JAeMeHTaM ee JUaroHaldu MpPUCBOUM HOMepa CTPOK
(HyMepauuo cTpoK 6yAeM BBIIOAHATEL, HauuHas oT 1). J1d 3/1eMeHTOB Haj
AVArOHAJBIO [TaMATH BBIASNATECA He OyzeT. Kak B mpumepe ¢ eAMHUYHOU
MaTpUleil pasMep MaTpULbl (YUCIO €€ CTPOK) OyAeT BBOAUTH NOAL30BA-
TeJb, KAK 3HAUeHUE TIepeMeHHOoH int size. TeKCT NIPOrpaMMBbI:

// 87 _86.C5 — HUKHAR MpeyzonbHGR mampuua
using static System.Console;
class Program

{
static void Main()
{
int size;
do Write("size = ");
while (!int.TryParse(ReadlLine(), out size) || size < 1);
int[][] tre = new int[size][];
for (int j = 0; j < size; j++)
{
tre[j] = new int[] + 1];
) tre[j][J] =] + 1;
for (int i = 9; i < tre.Length; i++, WriteLine())
for (int j = @; j < tre[i].lLength; j++)
Write(tre[i][j] + “\t"};
WriteLine("tre.Length = " + tre.Length);
WritelLine("tre.Rank = " + tre.Rank};
}
}

Pe3ynbTaT BBITONIHEHUA IPOTrPAMMBL:

size = 4<ENTER>
1

g 2

903

8004

tre.Length = 4
tre.Rank = 1

B nporpamMmMe o0BABIE€HA CCBUIKA tre Ha MacCUB MacCUBOB. Onepauuei
New OTpeie/ieH OAHOMEPHBIN MACCUB U3 Size DAEMEHTOB — CChUIOK HA Mac-
cuBHL. Kax/pitt sneMenT tre[j] — cChIka Ha elre He CYIECTBYIONMM OAHO-
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MepHBI! MacCUB C 3JieMeHTaMU THUIIa int. 3TU MacCUBHI — peajibHble CTPOKU
TpeyrosbHOU MaTpuilbl — opMupyloTca B Iukie. JmuHa j-ro MaccuBa
paBHa j + 1.

B 1ukiie meyaTu MaccuBa A ONpeZiesieHrs YUCaa 3J1eMeHTOB HCIOJb-
3yeTcs cBoiicTBo Length. Bripaxkenue tre.Length Bo3Bpaiaer uncio cTpok
MaTpuilbl. O6paTUTe BHUMaHUE, YTO B OTJINYHE OT MHOI'OMEPHOI'O MacCUBa
cBoticTBO Length paBHO uuCiy 571IEMEHTOB TOJBKO «BepXHEro» YPOBHA Mac-
cuBa MaccuBOB. BriparkeHue tre[j].Length mo3BosdeT onpeaeuTs AIUHY j-1
crpoku. CBoticTBo Rank, oTHocsImeecs: kK 06bekTy Tuma int[ ][ ], paBHO 1,
TaK KaK 3TO OJHOMEPHBIM MacCUB CCBUIOK Ha MaccuBbl. OcTajsbHOE OYe-
BUZIHO U3 Pe3y/IbTaTOB BBHINIOIHEHNS IPOIPaMMBI.

Jlexnapupys CCBUIKY Ha MacCHUB U OOBABIAA KOHKPETHBIA 00b-
eKT — 3K3eMIUIAP MacCHUBa, MPOrPaMMUCT KaXK/bli pa3 ompezessaeT HeKo-
TOPBI TUII UMEHHO TaKUX MAacCHUBOB, KOTOpble eMy HY)XHbl. CHHTaKCUC
00BABIEHUS 3TUX TUIIOB MBI YK€ pa3obpasu U OOBACHWIHN C ITOMOIIIbIO
npuMepoB. CiegyeT oOpaTUTh BHUMAHHE, YTO UMEHA 3TUX THUIIOB MaCCUBOB
U CUHTAKCHUC OIpe/ieieHNsA TUIIOB MAaCcCHBOB He IOXO0XM Ha Te KOHCTPYK-
I[UU, KOTOPble IPUMEHAIOTCA JJIs1 OIpe/ieIeHUs MOIb30BaTeIbCKUX KJIaCCOB
KaK TaKOBBIX (BBOAUMBIX C TIOMOIIIbIO CIay*KebHOTO cioBa class). OgHako
KaXX/IbI{ leKJlapupyeMblii B IIporpaMMe THUII MacCUBOB ABJAETCA HACTO-
AUUM KJIAaCCOM U CO3/]aeTcs KaK IMPOM3BOAHBIN (KaK HacjaeJHUK) CHCTEM-
HOro kyacca Array. Byayuu HacieJHUKOM, KaXAbIH TUII MAaCCUBOB ITOJyYaeT
WU TI0-CBOEMY peajiM3yeT MeTOAbl U cBoMcTBa (cM. Taba. 7.1—7.3) kiacca
Array. Cnezayroliasa mporpaMMa WLTIOCTPUPYeT BO3MOXKHOCTH HEKOTOPHIX
METOZIOB, O KOTOPBIX MBI ellle He TOBOPWJIH.

// ©7_067.cs - memodsl u cBolicmBa knacca Array
using static System.Console;
class Program

{

static void Main()
{
double[,] ar = {

{10) _7: e: 7}:

{-3, 2.099, 6, 3.901},

{5: _1: 5: 6}:

}s
WriteLine("ar.Rank =
WriteLine("ar.GetUpperBound(1l) = " + ar.GetUpperBound(1l));
WriteLine("ar.GetLength(1) = " + ar.GetLength(1));
for (int i = 0; i < ar.GetLength(0); i++, WriteLine())

for (int j = 0; j <= ar.GetUpperBound(1); j++)

Write("\t" + ar[i, j]);

+ ar.Rank);

}
}

Pe3ynbTaT BBHITOJHEHUS TPOTPAMMBI:

ar.Rank = 2
ar.GetUpperBound(1) = 3

106



ar.GetLength(1) = 4

10 -7 9 7
-3 2,099 6 3,901
5 -1 5 6

B nporpamMme omnpezeneH 1 UHULMAAUIUPOBaH ABYMEepHBII MacCUB C 371e-
MeHTaMu Tuna double. PesynbraTel BHIIOMHEHUST NPOTPAMMEI MOACHSAIOT
0Cc0OEHHOCTH CBOMCTB U MeT0A0B THIIa MaccuBoB doublel,], nponssoaHoro
oT knacca Array. O6patute Buumanue, 9yto GetUpperBound(1) — Bepxuss
TPaHUIla BTOPOTO WH/IEKCA, 3 HE KOANYECTBO 3HAYEHHUH 3TOTO HH/IEKCA.

7.5. MaccuBbl MacCMBOB M NOBEPXHOCTHOE KONMpOBaHue

WTak, MacCMB MacCHBOB NpeACTaBaAeT co00il 0IHOMEepHBIN MacCUB, 3J1e-
MEHTAMHU KOTOPOTO ABIAIOTCA CCHUIKA HAa MACCHBHI CIAeAyouero (moaAdu-
HEHHOTO) YpoBHA. 3TOT gakT TpebyeT ocoboro BHUMAHMA, TAK KAK 3aTpa-
ruBaeT pyHJaMeHTAJbHBIE BOIIPOCH KOTIMPOBAHUA CCHUIOK M TeX OOBEKTOR,
KOTOpble UMU aJpecyroTCs.

HezaBucuMo oT TOro, KaKoro BHJa MacCHB MBI paccMaTpHBaeM, IPHCBa-
VBaHHUE CCBLIKE HA MACCUB 3HAYCHUA JPYroil CCBUIKU Ha YXKE€ CyLIeCTBYIO-
IHi MaccuB (Ha 0OBEKT ¢ TUIIOM MAaccuBa) NMPUBOAUT K HNOABJACHUIO JIBYX
CCBUTOK Ha OfIMH MACCHB. DTO MBI YoKe WTHOCTPUPOBAAU M Pa3odpanu.

Metoa Clone() mo3BossgeT co3ZaTh HOBBIM 3K3eMILISIp MaccuBa. B mpo-
rpamme 07_04.cs mokasaHoO, YTO U3SMeHAA OAUH U3 OZHOMEpHbIX MacCHBOB-
KOIIMA, MBI He H3MeHsIeM BTOpoil. Cleyommas nporpaMMa WUTKCTPHUPYeET
NpHMeHeHHe KOIIMPOBAaHNA K MHOTOMEPHOMY MacCHUBY:

// 87_88.cs — 08ymephsill maccu8 — nonnoe KnoHupoBaHue
using static System.Console;
class Program

{
static void Main()
{ -
int size;
do Write("size = ");
while (!int.TryParse(ReadlLine(), out size) || size < 1);

int[,] one = new int[size, size];

WriteLine("Maccue one:");

for (int i = ©; i1 < size; i++, WriteLine())
for (int j = @; j < size; j++)

if (i == j) one[i, j] = 1;
Write(one[i, j] + "\t");
¥
WriteLine("one.Length = " + one.Length);
int[,] two = (int[,])one.Clone(); // knorupoBatue
two[®, @] = — size;
WriteLine("MaccuB two:");
for (int i = @; i < size; i++, WriteLine())
for (int j = @; j < size; J++)
Write(two[i, j] + "\t"};
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WritelLine("MaccuB one:");
for (int i = 0; i < size; i++, WriteLine())
for (int j = 0; j < size; j++)
Write(one[i, j] + "\t");
}
}

PGBYJIBTEIT BBITIOJIHEHUA ITPOT'PAMMBIL:

MaccuB one:

(IR
(ORI
L I )
[OR R

0001
one.Length = 16
MaccuB two:

-4 000

L I )

CuB one:

®®®I—‘§®®®
OO RON OO R
OR®OOSOROO
P OO

B mporpammMe omnpezeneHa cChblIKa two Tuna int[,], U eli mpHUCcBOeH
pe3y/bTaT KOMMUPOBAHUSA MacCHUBa, CBA3aHHOTO CO CCHUIKOM one, UMemolei
TOT »Ke TUT int[,]. BelBeZleHa eAMHUYHAA MaTpULa, a[peCOBaHHasA CChUIKOM
one, 3aTeM HU3MeHeH OOBIYHBIM ITpHCBAaBaHHUEM OJAWH 3JIeMEeHT MacCHBa-
KOIINMH:

two[@, @] = - size;

BriBeZieHHBIE HA KOHCOJIb 3HAaY€HUA 3JIEMEHTOB MAaCCHUBOB WUIIOCTPU-
PYIOT HE3aBUCHMOCTh MAaCCHUBAa-OpPUTrMHAaNa OT MacCUBA-KOMIHU.

[Iporpammel 07_04.cs u 07_08.cs BHIIOJHAIT C IIOMOIbIO MeToZa
Clone() xomupoBaHUe MacCUBOB, ¥ KaXK/IOI'0 U3 KOTOPHIX OANH clieludu-
KaToOp pa3MepHOCTH. B mepBoM ciiydyae MacCUB OZHOMEpPHBIM, BO BTOPOH
IporpaMMe KJIOHHPYETCA ABYMEPHBIM MacCuB. Pe3ynbTaT KONMMPOBAHUA
B 000X C/IyYasx BIIOJHE OXKHMIAeMBIH.

[Tpumensas metoxn Clone() k MacCMBY MacCHBOB, Mbl CTaJKUBaeMCH
C OYeHb BaXXHOU 0cobeHHOCThI0. CTPOro roBOps, AE€HCTBUA METO/AA OCTa-
IOTCS MPEXHUMHU — OH CO3/laeT MACCUB-KOIMIO U IIPUCBaUBaeT ero dJie-
MeHTaM 3Ha4yeHUs dJIeMeHTOB MaccuBa-opuruHasia. OfHaKoO B 3TOM ciydae
KOITMPOBAHUA T€X MOJYMHEHHBIX MAaCCUBOB, HA KOTOPBIE «CMOTPAT» CCBUIKU
(ameMeHTHI MacCHBA-OpUTUHAJA), He IPOUCXOAUT. BhIMoHAeTCA TaK Ha3bl-
BaeMoe ITOBEPXHOCTHOE WIH MOpa3psAAHoe KomupoBaHue. MIHave U OBITH
He JIOJDKHO — «He 3HaeT» MeTo/, Clone(), 4TO Ko/, KOTOPHIU ABIAETCA 3HA-
YyeHHEM dJIeMeHTa KOIMMPYEMOTO MAacCHUBa, MPeACTaBIsgeT coOO0 CChUIKY,
U TI0 3TOU CCBhUIKE HY>KHO elI[e YTO-TO «JI0CTaBaTh».
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TakuM obpazoM, KOIHUPyA ¢ moMoulbko Metoda Clone() Maccup Maccu-
BOB, MBI [IOJIy4aeM ABa 3K3eMIUIApa MacCHBa BepXHEero YpoBHA, 371€MeHTH
KOTOPBIX aIpecyioT OJHU U Te K€ YIACTKU MaMATH, BhIZIeIEHHBIE 19 TIO/-
YUHEHHBIX MaCCUBOB OOBEKTa-OPUTHHAA.

B KauecTBe WLIIOCTPALMH YKA3AHHON CUTYALMM [IPUBEAEM CIAEAYIOLIYIO
MpOTpaMMYy, IOCTPOEHHYI0 Ha ocHoBe 07_06.cs:

// 87_09.cs - maccuB maccuBo8 - knonupobBarnue nobepxnocmnoe!

using static System.Console;
class Program

{

static wvoid Main()

{

}
}

int size;
do Write("size = ");
while (!int.TryParse(ReadlLine(), out size) || size < 1);

int[][] tre = new int[size][];
for (int j = ©; j < size; j++)
{
tre[j] = new int[j + 1];
) tre[j][j] =3 + 1;
Writeline("MaccuB tre:");
for (int i = @; i < tre.Length; i++, WriteLine())
for (int j = ©; j < tre[i].Length; j++)
Write(tre[i][j] + "\t");
WriteLine{("tre.Length = " + tre.Length);
int[][] two = (int[][])tre.Clone(};
two[0][@] = -size;
WriteLine("Maccus two:");
for (int i = 9; i < two.Length; i++, WritelLine())
for (int j = ©; j < two[i].Length; j++)
Write(two[i][j] + "\t");
Writeline("MaccuB tre:");
for (int 1 = @; i < tre.Length; i++, WritelLine())
for (int j = ©; j < tre[i].Length; j++)
Write(tre[i][j] + "\t");

Pe3yabTaT BBINOJAHEHUA MPOrPaMMBL:

size = 4<ENTER>
Maccue tre:

1

Q2

00 3

2004
tre.Length = 4
MaccuB two:

—4

DO
& O N

o W
B
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Maccue tre:
-4

OO ®
DN

3
2 4
B nmporpamme omnpegeneHa cchlika two tuna int[ ][ ] u eil npuceoeH

pe3yIBTAT KOMUPOBaHUs (KJIOHHUPOBAHHA) «TPEYTOJbHOIO» MacChBa, a/pe-
COBAHHOT'O CCRLTKOM tre, umerommed tvun int[ ][ ]. C moMompbio onepatopa

two[0][6] = -size;

M3MeHeH OAUH LIeJOUYMCIeHHEIH 3IeMeHT «HIXKHETO YPOBHA» MaccHBa Mac-
cUBOB two. [locse nprcBavBaHUA U3MEHUJIOCh 3HAYEHUE, COOTBETCTRYIO-
mee BeipakeHuto tre[0][0].

KOHTpOIIbeIe BONpoOCbl U 3afaHUA

1. SBAAOTCA AU TUIBI MACCUBOB TUITAMU 3HAYEHUN?

2. Kakoii TUI MOXeT UMETh UHACKCHPYIOLIEe BEIpayKeHUE?

3. Tzge pasmelniaetTca (B cTeke WM B Kyue) OODBABIEHHasI B CTaTHIECKOM
MeTo/le CChUTKAa Ha MACCHUB?

4. Ilpu BHIMOJHECHUY KaKOH ONepalny co3zaeTca o0BeKT KIacca MaccH-
BOB?

5. Yro Takoe Kaacc MacCUBOB?

6. Kakue sHaueHHA NPUHUMAIOT 3JIEMEHTH MaccuBa MpU OTCYTCTBHH
B €0 ONpeJejleHUM UHULKaIU3aTopa?

7. KakoBa CTPyKTypa MHULIMAINU3aTOpa MacCUBa?

8. YeM onpefengeTcad KOJNYECTBO MHUIHUAAUZUPYIOWIUX BBIPAXKEHUN
B UHULIMATIU3ATOpEe MaccuBa?

9. O6pACHUTE HAa3HAYEHUE BCeX AJEMEHTOB 3arojoBKa nukia foreach.

10. KakxoBo HazHadyeHUE M BO3MOXXHOCTM HmepeMeHHON nukna foreach?

11. KakyMu cpeacTBaMU MOXXHO M3MEHUTH pa3Mep MaccUBa-oObeKTa
B IIPOILIECCE BBITOIHEHUS IPOTrPAMMBI?

12, Ha3oBuTe CBOUCTBA MACCHUBOB, YHACAEJAOBAHHBIE UMM OT KJacca
Array.

13. IlpuBeguTe NpUMepEl HECTATUYECKUX METOAOB Kacca Array.

14. IlpuBeauTe IPUMEDPHI CTATUYECKUX METO/J0B Kaacca Array.

15. BriAcHuTe, B 4eM pazaudyua MeToaoB Copy() u Clone().

16. Yrto Takoe pazMepHOCTL MaccUBa?

17. Yro Takoe cnenudpuKaTop pasMepHOCTU MaccuBa?

18. JdonycTumo JU AHHAMUYECKOE OMpeAeJeHue pasMepoB MHOTOMEDP-
HBIX MacCUBOB?

19. Yemy paeHo cBolicTBo Length a19 MHOrOMepHOTO MaccUBa?

20. C NOMOIIBK KAKUX CPEACTB MOXHO IOJY4YUTH pasMep MHOTOMeEp-
HOT'O MacCHUBa 10 HY)KHOMY U3MEPEHUIO?

21. CKONBKO cnelupUKaTOPOB Pa3MepHOCTH B OOBABAECHUU TUTIA YETHI-
PEXMEPHOTO MaccuBa?
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22. TlepeuncauTe CHHTaKCHYeCKUe OTAUYUS MacCUBa MacCUBOB OT JBY-
MepHOI'0 MacCUBA.

23. CKOMBKO oImepalli¥i new B ONpeJeaeHUN 0OBbeKTa (DK3eMIIApPa)
TPEXMEPHOrO MaccuBa?

24. Yemy paBHO cBoMcTBO Rank mMaccuBa MaccHBOB?

25. B kakoM ciyuae TIpHU KJIOHUPOBAHUN MacCHUBa TIposBiseTcs 3¢deKT
MOBEPXHOCTHOT'O KOIIUPOBAHUA?
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InaBa 8
CTPOKWU — OBDBEKTbI KJIACCA STRING

8.1. (TpoKoBble AUTEpanb!

g npeacTaBaeHUsa TeKCTOBONM HHQopMauu B C# HUCIIONB3YIOTCA 00h-
eKTH Kjaacca string. Kaace string npescrapiser coboil oAH U3 IpeAonpe-
JeneHHbIX TUIoB fA3bika C#. B Net Framework 3ToMy TUIy COOTBETCTBYET
Knacc System.String. OguH U3 BUoB 0OBEKTOB KJacca string Mbl yKe MHO-
TOKPATHO TIPUMEHSIA — 3TO CTPOKOBHIE KOHCTAHTHI WM CTPOKOBEIE JIHATE-
paJbl.

CTpoKOBast KOHCTAHTA WIH CTPOKOBBIN JUTEPAT UMeeT (B COOTBETCTBUU
co craugaproMm C# [1]) aABe GpopmMbl — OOBIUHBIN (pezynapHbiil) CTPOKO-
BHIM autepan (regular-string-literal) u GykBajJBHBIN CTPOKOBHIU JUTEpaAN
(verbatim-string-literal). Jlo cUX TIOP MBI UCMOIb30BAAM TONBKO OGBIYHYIO
(pezynapuyio) dopMy, TPAJUITUOHHYIO AJA A3BIKOB MPOTPAMMUPOBAHUA.
PeryasapHEI CTPOKOBBIY JIUTEpal — 3TO MOCAEJ0BATEABHOCTh CUMBOJIOB
¥ 9CKEHI-NOCAeA0BATENBHOCTEH, 3aKAI0UYeHHadA B KaBHIUKU (He B alo-
cTpodbl). B perynapHBIX CTPOKOBBIX KOHCTAHTAaX /A [IPeACTARAEHNA CIelU-
aJIbHEIX CUMBOJIOB HCIIOJB3YIOTCA TE XKe 3CKeHI-I0CAeA0BATEALHOCTH, KOTO-
phle IPUMEHAIOTCA B KOHCTaHTax TUMna char. O6pabaTeiBas peryAapHBIH
CTPOKOBBIU IUTEPA, KOMIIWIATOP U3 €r0 CUMBOJIOB POpMHpYeET CTPOKOBHIH
OOBEKT U IIPH 3TOM 3aMEHAET 3CKEHUI-IIOCAeJ0BATEAbHOCTH COOTBETCTRY-
IOUIMMY KoJaMU (CUMBOJIOB WJIHM YIIPABAAKIINX KOAOB). TakuM obpas3om,
JUTEpaNy

"\uBRAF\x4E\UQB45\ ttwo"

6Y,ZI.ET COOTBETCTEBOEBATL CTPOKA, IIPH BHIBOAEL I-COTOpOﬁ Had 3KpaHe TCKCT IIOsA-
BHUTCA B TaKOM BHAE.

ONE two

3aeck \u004F — wHUKoA cuMBoia 'O, \Xx4E — 1lecTHaAllaTepUUHBIN
ko4 cumeoaa 'N', \u0045 — woHukoa cuMmpoJa 'E', \t — ackeHn-T1ocAeA0Ba-
TeJIbHOCTD, TIPEeACTABIAINIAA KOA TabyaAaLuu.

ByKBaAbHEIN CTPOKOBEIN JIUTepal HaulHaeTca ¢ npedukca @, 3a KOTO-
PHIM B KaBBIUKaX pasMelaeTcs BO3MOXKHO IIyCTas MoCAeJOBaTelbHOCTD
CUMBOJ0B. CUMBOJE TaKOTO JHTepaia BOCIPUHUMAKTCI OYKBalAbHO, T. €.
B Takoil cTpoke He 06pabaThIBAKOTCA 3CKEHI-TIOCAeA0BATENbHOCTH, a KaX-
AbIM CHMBOJI BOCIIPUHUMAETCA KaK TaKOBOI.
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B pesysbTaTe BHIMONHEHUs OllepaTopa:

Console.WriteLine(@"\uR04F\x4E\uB045\ttwo");

Had 9KpaHeE IIOABHUTCA

\U@RAF\x4E\ude45\ttwo

Eciu B 6yKBaJbHOM JIUTepaje HeOOXOAUMO ITOMECTUTD KaBBIYKY, TO OHA
n3obpaxkaeTca ABYMA PAAOM CTOSIIUMY KaBEIYKAMHU.

Ba)XXHO OTMeTUTh, YTO OYKBAJIBHEIN JUTEpaa MOXET OBITH pasMelleH
B KOJIe IPOrpaMMEbI Ha HECKOJILKHUX CTPOKAX M 3T0 pasMelleHHUe COXpaHAeT A
NIpY €ro BHIBOJE. B TOXKe BpeMs IIONMEBITKA IIepexoja [IPU BEIBOAE HA HOBYIO
CTPOKY C IIOMOLIBIO pa3MelleHHOH B OYKBATBHOM JIMTEpae 3CKeHII-noce-
AOBATENbHOCTU \N 6yzeT Ge3ycrenHo.

B si3pik C# 7.0 BBeleH CHHTAaKCHC UHTEPIIOJUPYEMBIX CTPOK, KOTOpPLHIE
MBI paccMOTpUM B naparpade 8.6. JluTepan UHTEPHOOAUPYEMOH CTPOKH
cHabxaerca npedrrcom $.

8.2. (vpokoBble 06BEKTBI M CChbINKM TUNA string

Kaxkaniii CTpOKOBEIH JIUTepan — 3T0 06beKT Ki1acca string. Knace string
ABJIAETCSA TUIIOM CChUIOK. KpoMe JUTepanoB MOXHO ONpeAenuTh 00 heKTH
KJ1acca String ¢ MCIOAb30BaHHEM KOHCTPYKTOPOB (KOHCTPYKTOD — CIIelu-
aNbHBINA MeToJ KJjacca, MpeJHa3HadYeHHBHN /11 HHUIAAIUu3aun o0 beKkTa
KJIacca B mpoliecce ero co3aanusa). KOHCTPYKTOPH Kiacca string no3BosisioT
VHUIIMAAU3UPOBATE OOBEKTHI-CTPOKHA HECKOABKUMHU CIIOCO0aMU.

Hau6onee npocras ¢opma co3naHus CTPOKU-00beKTa — NpUMeHeHHE CTPO-
KOBOT'0 JIUTEpaia B KAYeCTBE UHUIMAU3UPYIOIIEro BhpakeHuA, [IpyuMep:

string linel = "3To cTpoka 1”;

ITocae BHIMMOJHEHHUA 3TOTO OOBABIEHMUA co3gaeTcd cchiaka linel Tuma
string, ¥ OHa acCOMMUPYETCH CO CTPOKOBBIM JUTEPAZIOM, KOTOPHIN ABAAECTCA
00BeKTOM K1acca string.

CTpOKOBHIUA 0OBEKT MOXKHO CO3/IaBaTh, UCTIOAL3YH MAacCUB CUMBOJIOB:

char [] car ={'M"', 'a', 'c', 'c', 'u', 'B'};

string line2 = new string (car};

B ZaHHOM TNpuMepe olipejeseH CUMBOJILHEBEIN MaccuB. [IpeacTapisio-
1Ias ero CChbUIKa car MCMOAb3yeTcs B KavecTBe apryMeHTa NpU obpallleHUuu
K KOHCTPYKTOpPY KJacca string. 3HaueHUeM co3jJaBaeMorce oGbekra 6yjer
ctpoka "Maccup". YTo6bI TOAYYUTD CTPOKY, COAEpKAIlyi0 OAUH CUMEOJI,
HCIIONIBb3YeTCs KOHCTPYKTOP ¢ MePBLHIM NapaMeTpoM Tuna char u BTOphIM
napaMeTpoM, paBHEIM 1.

[Tpumep:

string line3 = new string ('W', 1};
line3 mpeacrapasger cTpoky "W".
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Ecau Hy>KHa CTpoOKa, cofepiKalllad mocaef0BaTeNlbHOCTL OANHAKOBBIX
CHMBOJIOB, TO TIPUMEHAETCA KOHCTPYKTOP ¢ ABYMA NnapamMerpamu. [lepBHIA
W3 HUX OIpeJeIaeT Hy;KHBI CUMBOJ, 8 BTOPOU — YMCAO €70 MOBTOPEHUM.

IIpumMmep:

string lined4 = new string ('7', 3);

B nanHoM cinydae line4 3To ccrika Ha cTpoky "777".

Bropoil napaMetp MoKeT ObITh JIOOBIM LIeTOUUCI€HHEIM BBIpAYKeHUEM,
MO2TOMY DTOT KOHCTPYKTOP yA0OHO MPUMEHATh B TEX CAY4YafAX, KOrja
KOJIMYECTRBO TIOBTOPEHUHM CUMBOJIA 3apaHee HEM3BECTHO, T. €. 3aBUCUT
OT KaKUX-TO U3MeHAEMBIX IPU BHITMIOJIHEHUU IPOTPAMMEI JaHHBIX.

O6paruTe BHUMaHUe, UTO Cpeau KOHCTPYKTOPOB Kilacca string HeT KOH-
CTPYKTOpA C IapaMeTpoM THIIa string.

CTpoKOBBIE OOBEKTH, KaK CO3/aBacMble C NIPUMEHEHNUEM KOHCTPYK-
TOPOB, TaK U GOPMUPYEMEBIE /A IPEACTABAEHUS CTPOKOBBIX JUTEPAJIOB,
KOMIWJIATOP pa3MemaeT B Kyde. CChUIKU Ha CTPOKH Pa3MeINalTes B CTEKeE.
PasMep cTpOKU MpH ONpefeeHNN CTPOKOBOTO 00BbeKTa SIBHO He YKa3bl-
BaeTcA, OH ONpejendeTcd aBTOMaTH4YeCcKHd NpH HHUIManusauun. Hu pas-
MEpP CTPOKU, HU €€ COAECPKUMOE He MOTYT UBMEHATHCA MOCAe CO3AaHUA
crpoku!!!

Ecnu MHUIMATH3AIUA TIPU OOBABIEHHH CTPOKOBOM CCHUTKU OTCYTCTBYET,
TO eil IpucBauBaeTcs 3HaYeHre null, 1 ee Helb3A UCIIONB30OBATh B BRIpaXe-
HHAX A0 IPUCBAUBAHUA il KOHKPeTHOro 3HaueHuA. [IpuMep olIudKu:

string line;
line += “asdfg"; // owubka xomnuaayuu

KpoMe SIBHOTO 3aJaHUsI CTPOKOBBIX JIMTEPAJIOB U IPUMeHEeHNA KOHCTPYK-
TOPOB AJA CO3JaHUA CTPOKOBHIX 00BEKTOB UCNOAB3YIOT MeTo ToString().
STOT MeTo/ ONpeJesieH AMA BCEX BCTPOEHHHIX TUMOB. Hanpumep, 3Hade-
HUEM BbIPAYKEHMA

242 .ToString()

OyaeT CTPOKOBEIN 00BeKT, coaepkaliui n3obpakeHHe CHMBOJIOB LIEAOTO
quciaa 242",
Ilocae BBIIONHEHUA ONEPaTOPOB

bool b

= 4;
strng sb

5>
= b.ToString();

3HavyeHuneM sb Gyzaet cTpoka "True”.

8.3. Onepayum Hag cTpoKamu

Crpoku s3bika C# mpeaHazHaYeHBl A8 XpaHeHUs MOCIe0BaTeabHO-
CTel CUMBOJIOB, /11 KAXAOTO U3 KOTOPHIX OTBOAUTCA 2 GaliTa, U OHU Xpa-
HATCA B KoAaupoBke Unicode (kak gaHHEBIe TUIa char). B HeKoTOpoOM cMbIce
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CTpoKa mojgoOHa OJHOMEPHOMY MAacCUBY C 3jeMeHTaMu Tumna char. Die-
MEHTH! (CUMBOJIEI CTPOKH) TOC/IE0BATEIbHO HYMEPYIOTCA, HauuHada ¢ 0.
TNocneaHUN CUMBOJ UMEET HOMEP Ha 1 MEeHBIIWM JAJHHBI CTPOKH.

JI151 CTPOKOBEIX OOBEKTOB ONpeZiesieHa OTePaIds WHEKCUPOBAHUA:

cTpoka[uHaeKcupywlee BbipaxeHue |

CMpoKa — 3TO CChUIKA HA 0OBEKT Kiaaccea String Win CTPOKOBAas KOHCTAHTA;
LUHOeKcUpYIollee_8bipanceriie AOMKHO OBITh NETOYNCAEHHBIM, HE MOXKET
OBITH OTPUIIATEABHBIM M BCET/IA MEHBIIIE JJTUHEL CTPOKH.

Pe3yAbTaT BEIpaXKEHUA C Onepanueil UHAeKCUPOBAaHUA — CUMBOJ (3Ha-
yeHue Thma char), pasMelneHHblii B TOM MO3UIUHM CTPOKH, HOMEDP KOTOPOH
COOTBETCTBYET UHACKCHOMY BRIpaKeHHUIO. ECJIM 3HaYeHHe HHAEKCA MeHbLIe
HYJIA, a Taloke 6o/bllle WIH PABHO AJIMHE CTPOKU, BO3HUKAET UCKIIOUUTEND-
HadA cuTyalnud (reHepupyeTca UCKIIOUCHUE),

BripaxkeHHe ¢ ollepaliliell UHAEKCHPOBaHMA, IPHUMEHEHHOE K CTPOKe,
TONBLKO npasodonycmumoe. C ero MoMoIIbIo 3anpelleHo (HEBO3MOXKHO)
W3MEHSTh COOTBETCTBYIOLIMI 3/IeMeHT CTPOKU.

B kavecTBe IpuMepa pacCMOTPHM BbIpakeHue, GOPMUPVIOIIEe CHUM-
BOJIBHOE MpeCTABAECHUE MIECTHAAATEPUIHON IHUPPHL IO ee JeCATUIHOMY
3HaAYeHUIO B AuanasoHe or O a0 15:

“©123456789ABCDEF"[ind]

Ecnu ind == 13, 1o 3HaueHHeM BHpaxeHus Oyaer ‘D

Ecnu Hy»)HO npuMeHuTsb UK foreach ana mepebopa aneMeHTOB 00B-
eKTa Tuma string, To B mukie foreach vcnonw3yerca utepanuoHHas mepe-
MeHHas Tuna char. B 3ToM ciTyyae CTPOKOBBIH uTepan 1ndo o6BeKT Kaacca
string (npeacTaBiasgeMBIi CCBUIKOH Ha TaKoM OOBEKT) BHICTYIIAET KAUECTBE
KOHTelHepa ¢ 37eMeHTamMu Tuma char. IIpuMep coO CTPOKOBBIM JIUTECPAJIOM:

foreach (char numb in "6123")
Console.Write("\t" + numb +

->" + (int)numb};

Pesyaerar:

0->48 1->49 2-550 3-»51

Onepauus npuceaugaHus (=) And CTPOK BBHINOJHAETCSA HE TaK, Kak,
HampuMep, /IS MacCuBOB. Korzia cChUTKe ¢ TUTIOM MacCUBa MIPUCBAUBAETCA
3HAYE€HUE CCBUIKM Ha JpPYyrod, yKe CYLMEeCTBYOIINN, MacCUB, U3MEHACTCH
TOJNBKO 3HAYE€HUE CCBUTKU., MaccuB Kak OOBEKT CTaHOBUTCA AOCTYIEH A
HECKOJBKUX CCBUIOK.

Onepauud NpUCBaUBaHUA A CTPOK IIPUBOAUT K CO3JaHHUIC HOBOTO
3K3eMIIApa TOH CTPOKH, Ha KOTOPYIO CChLIAETCA BBIpAXKeHHeE clpaBa
OT 3HaKa omepauuu =. PaHee cyllecTBOBaBIIasA CTPOKA HUKAK He accoLU-
HpyeTcsa ¢ HOBOU CCBUIKOH.

CkasaHHoOe WITIOCTpUpPYeT puc. 8.1, Ha KOTOPOM IIpUBe/eHA CXeMa, COOT-
BETCTBYIOINAS CJIEAYIONAM OObABIEHUAM:
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char [] aCh = {'B','n", 'T'};
char[] bCh = aCh;

string aSt = "Bant";
string bSt = ast;

Crek YnpagensieMad Ky4da

aCh °

bCh 0———————[__}

b 7] T

ast ® » b a " T

bSt - q

Puc. 8.1. MpncBanBaHrA AN CCbINOK HA MaccUBbl U Ha CTPOKK

Onepauuu cpasHeHuss Ha paBeHCTBO == U HEPaBEHCTBO !=, IpuMeHs-
eMble K CCBUIKaM Ha CTPOKU, CPaBHUBAIOT IOC/AeA0BaTEeNLHOCTH CHMBOJIOB
B CTPOKax (OTMeTHM, UTO A1 MAaCCUBOB CPAaBHHUBAIOTCA 3HAYEHHA CCBIIOK).
Cneaytommii pparMeHT Koja JeMOHCTPUPYET pa3nudue MeXAy MacCUBaMu
Y CTPOKAMH MPU BEITIOJIHEHUU CPAaBHEeHUM:

char [] arl = {"A", 'r', 'r', 'a’', 'v'};
char [] ar2 = {'A", 'r', 'r', 'a', 'y'};
Conscle.WriteLine(arl == ar2); // False
string stl = "String”;

string st2 = "String”;
Conscle.WriteLine{stl == st2); // True

Konxamenayuw cmpox BHIIOJHAET ollepanua +. Hanpumep, nocne
NMPUBEACHHOTO BHIIIE CNIpPeAeieHUs CChUIKM aSt BRIpaXKeHUe

ast + " coctouwt m3 8 emt"

npueegeT K GopMHpOBaHMIO cTpOoKU "BaliT cocTouT us 8 6ur".

Onepalua + neperpyXeHa u obecnednpaeT KOHKATEHALMIO HE TOJABKO
ABYX CTPOK, a TAKXKe CTPOKM M oNnepaHia Apyroro THIMA, 3HaUeHHe KOTOPOro
aBTOMAaTHUYeCKU (3a cYeT HeaBHOrO obpanieHus K Metoay ToString()) mpu-
BOJUTCA K THIY String. Hanpumep, BrIpaKeHne

ast + " cogepxut + 8 + éuTt"

dbopMupyeT cTpoKy "BalT cogepxut 8 6ut'.
O HAKO 3HAYEHUEM BRIPAKEHUA

ast+" comepxut " + 8 + ach
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Oyaer cTpoka "Baiit cogepxkut 8 System.Char[]". B aToM cayuae cchiIKa
Ha MaccuB aCh npuBoauTcs x 0603HaYeHUIO TUMTA CUMBOJIBHOIO MacCUBa
(3Hauennem BoeipakeHus aCh.ToString() asaserca "System.Char[]").

Onepanuda + KaK KOHKaTeHalMA UMEET TOT XK PaHr, YTO U onepanus +,
obo3HaYAIIIAs CIOKEHHEe apUPMETHYECKUX JaHHbIX. [103TOMY 3HAUYEHUEM
BHIpaXKEHUA

ast + " cogepxmTt "+ 4 + 4 + ont"

OyzaeT cTpoka "Baitt conepxkut 44 our”.
[To-BMAMMOMY, 3TO HE TO, 94TO Oxuganu. Ho Beas onmepagumn ogHOTO
paHra BHIMOMAHAIOTCS C/IeBa HalIpaBo.

8.4. Hekotopble meToibl U CBOMCTBA Knacca string

XOTA MHI ellle HE PAacCMaTPHBAIA MEXaHU3M U CUHTAKCUC HACAS[0OBaHMA
U He yMeeM KOHCTPYUPOBATh IIPOM3BO/IHBIE KJIACCH, HO Y)Ke ceMyac IoJIe3HO
OTMEeTHUTE, YTO KJacc string ecTh sealed-knace, T. e. OH He MOXeET CIYXUTD
6a30BbIM AJs1 ApYTUX {TIPOU3BOAHBIX) KIACCOB.

Haubonee BaXKHBIM CBOHCTBOM Kjaacca string aBadeTcad CBOUWCTBO
Length, mo3Boaswmee NOAYIUTE JTHHY (KOJTUYECTBO CUMBOJIOB) KOHKPET-
HOF cTpoku (0O6bekTa Kiaacca string). 3HaueHHeM BhIpakeHusa "\tbBuHoM\
u0068".Length 6yzer 7, Tak KaK KaKAAad 3CKEUTI-TOCIe0BATEABHOCTD P/ -
CTaBJaAeT TOABKO OAUH CUMBOJL.

Cpeay MHOTOUYMCIEHHBIX METOAOB Kaacca string paccMoTpuM Haubosee
Ba)KHEBIE, He OCTAHARIUBAACH HA CYLIECTBOBAHUY UX MHOI'OUHCIEHHBIX BEPCUI.

Tabnuua 8.1
(raTuyeckne meTofbl Knacca String (BbiGopouHo)
MeToj OnucaHue
Compare CpaBHUBAET ABA CTPOKH (MU NMOACTPOKW) M BO3BpALLAET Leaoe

YHCNO, KOTOPOE IMOKA3EIBAET HX OTHOCHTENBHOE MOJIOKEHHE
B NOPsIAKE COPTUPOBKU

CompareOrdinal | CpaBHHBAaeT gBa CTPOKH (WM NOACTPOKH) TIPH ITOMOILIH CpaBHe-
HHA KOAOB UX CHMBOJIOB

Concat BHINO/HAET KOHKATeHALHIO CTPORK-MapaMeTpPOB, CTPOKOBLEIX Npen-
CTaBAEHUH NnapaMeTpoB, JICMCHTOB KOJI.HEKI.[Hﬁ HWIH MaCCHBOB

Copy CozaeT KOMUIO CTPOKU-TIapaMeTpa

Format 3aMeHsAeT B TlepBoM TlapaMeTpe (B cTpoke GopMaTHpPOBaHHSA)
IOJA IMMOACTAHOBOK CTPOKOBBIMH MMPEACTABICHUAMHA MOCTEAVHOIIHX
apryMmeHToB (Metog Format nogpo6Ho paccMaTpUBaeTes B mapa-
rpade 8.5)

Join Q0heUHSET B OJHY CTPOKY CTPOKU MaccHBa-napaMerpa. [TepBbiii
napaMeTp TUMa string 3ajaer pa3Ae/nuTennb, KOTOPEIM OVAYT OTAe-
JIeHBI APYT OT APYTA B PE3YBTUPYIOIEH CTPOKE JIEMEHTH MacCUBa
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Tabnuua 8.2
Hectatueckue meToabl Knacca String (Bb16opouHo)

MeToz Onuncanune

CompareTo | CpaBHHBaeT JB€ CTPOKHU U BO3BpallaeT LEJ0YNCICHHOE 3HAUCHHE.
Jlna aeyx crpox S1, S2 sHavenue S1.CompareTo(S2) paBHo +1, ecnu
S1 > 82, 1 paBHO -1, ecu S1 < S2 ¥ paBHO HY/AKW, ecu S1 == S2.
CpaBHeHHe CTPOK BEITIOAHAETCA JIEKCHKOTpaddecku

EndsWith [TpoBepseT, COBMAAAET JIU KOHEL] BRI3BIBAIOLIEH CTPOKU CO CTPOKOH,
ONpeJeseHHON mapaMeTpaMu

Equals CpaBHHUBaeT 3HAYEHHE BRI3BIBAIOIIEH CTPOKU CO CTPOKOH, OTIpesieneH-
Holl mapaMeTpaMu

IndexOf BrlimmonHseT OUCK B BhI3biBaloNleil cTpoke MOACTPOKH, OMpeAeleHHON
napameTpaMu. BosppallaeT HHAEKC WU —1, eC/IH MTOUCK HeyAadeH

Insert BcTapnder cTpOKy-apaMeTp B KONMHK} BHI3BIBAIOLIEH CTPOKH C TIO3U-
LMY, 3aJaHHOH AOTIOAHUTENLHEIM TTapaMeTPOM

LastIndexOf | Ilomuck ¢ KOHIIA BRI3BIBaIOLICH CTPOKYM TOACTPOKH, 3aJaHHOH TTapaMe-
TpoM. Bo3BpamaeT HHASKC UK —1, eciii MOHUCK HeyadeH

Remove BosgparaeT KOMUIO BEI3HBAKMIENH CTPOKH, B KOTOPOH yAAaNeHO YKa-
3aHHOe YMCIO CUMBOJIOB, HAUMHAA € YKa3aHHOH MO3UIUU

Replace 3aMeHseT CUMBOJIBL WA MOJACTPOKU B KONMU BhI3bIBatollel cTpoKU

Split DopMUpYeT MacCUB CTPOK M3 ¢parMeHTOB BBI3BIBAIOLIEH CTPOKH.
[lapaMeTp 3aJaeT pa3fenuTeNH, KOTOPHIMU B BHISHIBAIOLIEH CTPOKe
pasdeseHbl BblaensAeMble ¢parMeHThl

StartsWith [IpoBepserT, coBnajgaeT A4 HA4YaJI0 BEISHIBAIOIIEH CTPOKH CO CTPOKOI,
OTIpeAeIeHHOH MapaMeTpaMu

Substring BrifiessieT U3 BRI3HIBAOIIEH CTPOKH MOACTPOKY. [lapaMeTpe! 3a4ai0T
HAYaM0 Y JJTHHY BRIJEAAEMON YaCTH CTPOKU

ToCharArray | KomupyeT cUMBOJBE BEI3BIBalOMEH CTPOKU B MaccuB Tuna char| ]

ToLower BosepalaeT KONMIO BEI3HIBAIOWEH CTPOKM, NEPEBEACHHYIO B HIDKHMIA
perucTp

TeUpper BosBparmaeT KOIM1IO BEI3BIBAIOMIENA CTPOKH, TIEPEBEASHHYIO B BEPXHHH
perucTp

Trim YnanseT U3 KOMUH BhI3bIBAIOMEH CTPOKU BXOXAEHUE 3aJaHHBIX CUM-
BOJIOB (HampuMep, TpobesoB) B Hadajle M B KOHIIE CTPOKH

TrimEnd YaansgeT U3 KONHH BHI3BIBAIOIIEN CTPOKH BXOXKAEHHE 3aJaHHBIX CUM-
BOJIOB (HampuMep, NpobeaoB) B KOHIIE CTPOKHU

TrimStart YaanseT U3 KOMUM BHI3LIBAIOILEH CTPOKU BXOMKACHNE 3aaHHBIX CHM-

BOJIOB (HampuMep, NpobesoB) B HaYale CTPOKU.
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8.5. QopmarupoBaHue

IToa dopmaTHpoBaHUEM MOHUMAKT NpeobpaloBaHUe 3HaUeHNA KOH-
KPETHOTO TUTIA B COOTBETCTBYIOITEE MY CTPOKOBOE TIpe/ICTaBNeHUE.

[Tpu BBIBOAE, HApUMED, ¢ oMokl Console.Write() 3nadenuti 6as3o-
BHIX TUIIOB (Hampumep, int wiu double) oHu aBTOMaTu4ecku nmpeobpasy-
I0TCSI B CHMBOJIbHBIE CTPOKH. EC/IM MpOrpaMMucTa He yCTpauBaeT aBTO-
MaTHUYeCKU BHIOPAHHBIA HOPMAT UX BHEITHETO MPEACTABACHUA, OH MOXKET
€ro U3MeHUTh. /14 3TOr0 MOXKHO BOCIOAb30BATHCA CTATUYECKHM METOA0M
Format ksacca string win UCNIONb30BaTh TaK Ha3kIBAeMYyIo CTPOKY ¢opma-
TAPOBAaHUA B KayecTBe MEePBOTO MapaMeTpa MeTOOB, TO/EPKUBATOTTAX
dopmaTupoBaHue, HanpuMep, Console.Write() m Console.WriteLine().
B oboux cayvasx mpaBuia MOATOTOBKU MCXOAHBIX AAHHBIX AJs MTOMyUeHUs
J)KeaeMoro pesysnbprara (HOBOU CTPOKHM) OJUHAKOBH. PacCMOTPHUM 3TH mpa-
BWIa MPUMEHUTENBHO K MeToy Format kmacca string:

public static string Format(string form, params object[ ] ar)

Tak KaK CMHTaKCHUC 3aroJ0BKOB MeToZ0B ($yHK1IME) Mbl GOpManbHO ellle
HE PacCMATPUBAIH, TOACHUM 3JI€MEHTHI MPUBEIEHHOIO 3aT0JI0OBKA.

public — MoandukaTop AoCTyNa. YKA3bIBAET YTC METO/ OTKPHITHIN, T. €.
JOCTYTICH BHe Kjaacca string.

static — Moau$UKaTop, OTHOCALINI MeTOA K KAACCY B IIEIOM, a He K €T0
ofBpekTaM.

string — TUN BO3BPalla€MOro MeTOZOM 3HAYeHUA

Format — umMs MeToaa.

form — mpousBoALHO BRIOpaHHoe UMH mapaMeTpa (Tuna string), npesa-
CTaBJAIOLIETO CTPOKY GOPMATHPOBAHUS.

params — MoZU¢HUKaTOP, VKa3LIBAKOIINIA, UTO cIeAyIOUIUi 3a HUM Mac-
CUB-TIapaMeTp ar MoXeT OBITh 3aMeHEH NPpU 00pallleHUH K MeTOAY JH0OBIM
KOJNYeCTBOM apryMeHTOB (BKJIIOYAA HYAb, T. €. apTYMEHTH. MOTYT OTCYT-
CTBOBATh).

object — Tun 3neMeHTOB MaccuBa-lapaMeTpa ar. Tak kak object — 310
Ga30BEIN KAACC A9 BCeX TUMOB fA3kika C#, TO apryMeHTHI, COOTBETCTBYIO-
1Me sneMeHTaM Maccua object[ ] ar, Moryt umets mo60: THUIL.

HUtak, metop string.Format() Bo3BpamaeT CTPOKY, MOCTPOEHHYIO
Ha OCHOBE CTPOKU $OpPMATUPOBAHUA U 3HAYEHUU apTyMEHTOB, CIeAYIOMNX
3a 9TOM CTPOKOH B ofpameHun K Metoay Format().

Ctpoka ¢opMaTUpOBaHUA BKAIOUaeT HEU3MeHsieMble CUMBOJEI U KOH-
CTPYKIIUU, HA3bIBAEMBIE nosmu nodcmavogox. CTPYyKTypa MOAA Mo/JCTa-
HOBKMH:

{N[,WIL:S[R]1},

rae N — HoMmep apryMeHTa; W — mmpuHa nonasi; S — crnenudukatop Gop-
Mara; R — crenupukaTop TOYHOCTH.

KBasipaTHEE CKOGKU B TIOMA MOACTAHOBKY HE BXOAAT U 0003HAYAIOT HEO-
6A3aTebHOCTb OTpaHNYeHHOro MU ¢parMeHnTa (s1eMeHTa) noAd. B none
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MOACTAHOBKU pa3pelleH0 OMYCKaTh BCe 3/MeMeHTH KpoMme QUTYPHBIX CKO-
OOK M HOMepa apryMeHTa. IMeHHO TO3TOMY BCE OCTAIBHBIC 3ICMEHTBI IO
TIOACTAHOBKM MBI OTPAaHUYWIN KBaJPaTHHIMU ckoOkamu. Bocmonssyemes
3TUM NPABUWIOM, YTOOBI IPUBECTU TAKOH NPUMED.

int num = 23, den = 6;
string result, // cconka HG Cmpoky, ¢ pe3ynomamom
ferm = "Yucantens: {0}, 3HameHaTenws: {1}"
+ ", Apobe: {8}/{1}=={2}";
result = string.Format(form, num, den, num/den);
Console.WriteLine(result);

B koge onpeaeneHsl ABe CChUIKU result u form Ha o0BbeKTH TUNA String.
3HayeHHWe CTPOKU, CBA3aHHOM €O CCBUIKOM form, ompezieIeHO WHUIUAIIN-
3UPYIOIIUM BHIpaXX€HUEM B BHJAe KOHKaTe€HAlUUU JBYX CTPOKOBLIX JUTepa-
J0B. B HUX IATE ONeHd MOACTAaHOBOK, HoMepa B moaAX yKa3elBalT, CUM-
BOJIbHBIE TIPEACTABIEHNA 3HAYEHUN KAKUX apTyMEHTOB (110 cyeTy, HaulHas
¢ 0) 6yayT MoACTABACHH BMECTO COOTBETCTBYIOIIMX Ioei. B obpameHuu
K MeToay Format() mepBbIit aprymeHT — cTpoka form, 3aTem num — apry-
MeHT, ¢ HoMepoM 0, den — apryMeHT, KOTOPDOMY COOTBETCTBYeT HOMED 1,
num/den — BHIpa)KeHME, 3HAYCHUE KOTOPOTO BOCIPUHUMAETCA KaK apry-
MEHT ¢ HoMepoM 2. B pesyabraTe BLIIOAHEHU TOACTaHOBOK MeTo Format()
BO3BpalllaeT CTPOKY, CChLIKA Ha KOTOPYIO IIPUCBOEHA IIepeMeHHOoH result.
BHIBOAA 3TY CTPOKY Ha KOHCOAb, MOAYYUM:

Yucnutenb: 23, 3HameHaTenb: 6, apcbb: 23/6==3

Ob6paTure BHUMaHUE Ha OKPYIJIEHWE pe3yabTaTa leJ0YHUCIEHHOTO
AeTeHns .

B npuBeaeHHOM IIpyMepe II0JIA II0ACTAHOBOK COAEPKAaTU TOAbKO HoMepa
aprymeHToB. PazfepeM HazHadyeHWe JPYTHUX DA€MEHTOB, KOTOPHE B MOJE
NOJACTAHOBKU HeobsA3aTeNbHEL 3anaTas U caeiyiollee 3a HUM Yucao (060-
3HAYEHHOE B CTPYKTYpE NMOJAA MOACTAHOBKUA Kak W) B IOJ¢ NMOACTAHOBKU
onpeaesieT KOJIUYECTBO MO3UIUN, BhIAENAEMBIX AJs U300pakKeHUA MoA-
CTaBJIAEMOrO 3HaYeHUA. ECAU 3TU 371eMeHTH (3anATasd ¥ YUCI0) ONYIIEHH,
TO YUCIO MO3UIANA ONpeAenAeTca 300paKeHUeM BbIBOAUMOTO 3HAYEHUH,
T. €. LIMPHHA TI0Js1 BEIOUpaeTcsa MUHUMAIBHO JOCTATOUHOIM A1 n306paxe-
HUA 3HadeHudA. Ecay mupuHa noas W ykazaHa, 4 OHA IpEBHIIACT JJIUHY
TIOMEIAEMOr0 B TIOJIEe 3HAYEeHUSA, TO HPU TOJOKUTENBHON AJUHE MMOAS
W unzobpaxaemMoe 3HaYC€HUE BHIPABHUBACTCA 10 MpaBoi rpanune. Ecau
nepe MUpUHOU moad W CTOUT MUHYC, TO BHIDABHUBAHUE BBLITTOMHAETCH
10 JIeBO#i rpaHUIle TTOJIA.

Cnenudurarop ¢opmara S 3azaet Bua usobpaxaeMoro sHaueHus. Jna
Pa3HbIX TUMIOB AAHHEBIX 3TOT crielupUuKaTOop BHIOUpaeTcesa no-pasHomy. Cie-
AyIollas 3a HUM Heobg3aTeabHada unudpa — creuudpukaTop TOUHOCTU R —
BAVAET Ha POopMUpyeMoe 3HaYeHHWE, U 3TO BIUAHUE 3aBUCUT OT CHelUH-
Katopa popmara.
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Tabnuua 8.3
Cneuuduratopol opmata S u TouHocTH R

Cneundgu- Haspanue ¢opmara Poap cnenpdgukaTopa TOYHOCTH R

KaTop S

Cunu ¢ BAJIOTHBI KonnyecTBO AeCATHYHBIX pa3pAAOB

D v d LETOUHCIEHHBIH MHUHHMMaNBHOE YUCIIO THbP

E unu e 3KCTIOHEHIIMATBHbIH Yucno paspsaaos Mmocie TOYKH

F unu f ¢ GUKCUPOBAaHHON TOYKOH Yucno paspAAoB [OCAe TOYKH

N mnu n YHUCAO € pa3AeauTeNnesM TPUaj YHcemo 3HAKOB TI0CIe TOYKH

P uau p 3HaueHUe B NpolleHTax (%) YHCno 3HAKOB MOcAe TOUKH

Guwmn g KOpOTKUH U3 E win F [Mozoben E win F

X wim x MeCTHAAIATEDUMHBIA MUHUMAaTbHOE YUCIO TGP
[Tpumep:

double dou = 1234.567;

string form = "“Cneun¢unkaumna E4: {0:E4}" +
", cneuudukaumna F4: {@:Fa}";

string result = string.Format(form, dou);

Console.WriteLine(result);

B 060uX MOAAX MOACTAHOBKM CTPOKM $opMaTUpPOBAHHA OIVILeHa
LIVpUHA [10J1, U IpeanoaaraeTcs ABaxX bl UCIIONbL30BAThL TONBKO OJUH apry-
MeHT (¢ HoMepom 0).

BeIBOAUMAA HA KOHCOJAB CTPOKA!

Cneundukauma E4: 1,2346E+063, cneuudukauma F4: 1234,5670

Ob6paTuTe BHUMaHUE Ha OKpYyIVIeHHMe IIPU BBIBOJAE 110 ¢$opMarty
E4 1 Ha JONMOJHUTENBHBIA HY/b B H300paKeHUU yucia ¢ GUKCUPOBAHHOH
TOYKOH NpH BEIBoAe N0 dopMaty F4. 3To onpeaenderca cnenquGUKaToOpoM
TOYHOCTH, PABHBIM 4,

[TpuMep ¢ LEeAoUUCTIEeHHBIM 3HAY€HUEM, BEIBOSUMEIM C PA3HEIMU OCHO-
BaHUAMM B IOJA U3 YeThIpeX Nosuluil. O6paTuTe BHUMaHUe, YTO LIMPUHA
[epeore NoJA oTpULlaTelbHa:

int num = 23;

string form = "QOcHoBaHwe 18: {@, -4:D}\n ocHoeaHuwe 16: {9,4:X}";
Console.WriteLine(form, num);

PE3YJIbTaT B KOHCOJILHOM OKHE!:

QOcHoBaHue 10: 23
OCHOBaHWe 16: 17

B 3TOM IIpuMepe bopMaTHpPOBaHUE BHIIOIHAETCA HEIIOCPeACTBEHHO NIPH
obpamenun k Metoay WriteLine(). ITepBEIH apryMeHT BBICTYIIA€T B POJIU
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dopMaTHOM CTPOKH, a BHI30B MeToAa string.Format() ocylecTBIseTCA
HeABHO.

Ecyny B 9TOM IpUMepe B NIONAX NOACTABKY YKA3aTh CNeUUPUKATOPEL TOU-
HOCTH, TO B U300paKeHUAX IENBIX YUCEN MOTYT MOABUThLCA He3Hayalllue
Hyau. [Ipumep:

int num = 23;
string form = "OcHoBaHue 16: {6, -4:D3}\n ocHoBaHue 16: {©,4:X3}";
Console._WriteLine(form, num);

PeayabTat:

OcHoBaHWe 18: 823
OCHoBaHue 16: 817

prueqanue. Ecau B nojie MoJcTaHOBKH YKa3aHa MHXPHHAa, HEJAOCTATOYHAA
A1 NpeACTaBleHHA BHIBOAUMOTO 3HAYEHHA, TO ITHPHHa 04 6y,£l,F.‘T dBTOMATH-
YeCKH YBEAHYEHA 0 HeobXoAMMOro KOMHYeCTBa TO3HIIHH.

8.6. Qopmartuposanue B ToString() u unTepnonaymna CTpok

Jlo cero BpeMeHU MBI UCIIOAB30BaIU MeToZ ToString() 6e3 mapameToB.
MMeHHO B TAKOM BHZAE METOJ HacjAeAyeTcs BCEMM KJaccaMu OT obiero
6a30Boro knacca object. Peanuzaiua sToro Metoaa B object npeanonaraer,
YTO METOZ BO3BpAalaeT CTPOKY, MPeACTABIANIIYIO TOAHOEe UMA TUIA TOTO
obbeKTa AN1d KoToporo MeToZ 6e3 napaMeTpoB BhI3BaH. UTOOE MeToZ IIpea-
CTaBJsL B BUAE CTPOKU «3HAYCHUE 00BEKTa», 9TOT METO/ B KaXKA0M U3 6a30-
BBIX KsaccoB mwatgopmel .NET meperpyxeH. IMeHHO NO3TOMY, IPUMEHSAA
meToz ToString(), HanpUMep, K HEeJIOYUCTEHHOMY JUTEPaTy, ME IOMyIYaeM
CTPOKOBOe TIpeAcTaBjeHue 3HaueHUsa COOTBETCTBYIOIIEro 1ejJ0ro YUucia,
a He CTpOKy "System.Int32".

OpHako, IpuMeHaa MeToj 0e3 mapaMeTpoOB, IPOTPAMMUCT HE MOXKeT
0 CBOEMY YCMOTPEHUI) GOPMAaTUPOBATh CTPOKY ¢ u3obpaxkeHueM obpaba-
THIBAEMOT'0 3Ha4YeHUs1. Kpome Toro, CTpoKy Henb3sa dopMaTUpOBaTE € yie-
TOM PEruOHAaNBHBIX cTaHAapToB. Hanpumep, B EBponelickux rocyaapcTeax
IIpU 3allMCU BelLleCTBEHHOTO YUCIa JPOOHYIO YacTh OTAENSAIOT OT Lefaoi
3anaroi, a B CHIA an4 5TOH Leau UCMOAb3YIOT CHMBOJ TOYKH.

J1g yeTpaHeHUA yKa3aHHBIX 3aTPYAHEHUM B KQOXKAOM U3 KJIACCOB, MPeA-
crapadwiue 6azoseie TUNH wiatdopmbl .NET, kpoMe MeToza ToString(}
6e3 mapamMeTpoB, BKAKYEHbL! BAPUAHTHI TOT'O Ke METoJa ¢ OAHUM U ¢ AByMH
napaMeTpaMu. [lepBrIii U3 3TUX NapaMeTpoB obecneyuBaeT yIpabBieHUe
dbopMaTHpPOBAHUEM CO34aBaAEeMOU CTPOKU. BTOpOil mapaMeTp CAYXUT A
YKa3aHWA PETHOHANBHBIX CTaHJAPTOB.

OcTtaHoBUMCA HAa BO3MOXKHOCTHAX MEPBOTO M3 Ha3BaHHEIX mapaMe-
TpoB MeToZa ToString(). /s 3aaHusa COOTBETCTBYIONIETO €My apryMeHTa
vcnonb3yeTca GopMaTHas CTpoKa co crienudpukaTopoM popmarta (S) ¥ npu
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HeoOGX0AUMOCTH €O crelndpuKaTopoM TouHocTH (R, cM. Tabn. 8.3.) B Kave-
CTBE MpUMepa MPUBeAeM CAeAYIOMUN GparMeHT Koaa:

double pi = Math.PI;
Console.WriteLine(pi.ToString("F"));
Console.WriteLine(pi.ToString("F4"));
Console . WriteLine((pi*10@).ToString("E4"});

Ha xOHCOABHBIN 3KpaH OyAeT BHIBEJEHO:

3,14
3,1416
3,1416E+002

Bonee cnoxHoe GopMaTUpPOBAHME YUCIAOBHX JaHHBIX B MeToAe ToString()
MOXHO OpraHM30BaTh, UCNOAL3YA B PopMaTHOM CTpOKe TakK HasblBaeMble
«IIOJb30BaTENALCKHE crieliudukaTopsl popmarar». C HUMU MOXKHO TTO3HAKO-
MUTLCH, OOPAaTUBILIUCEH K ACKYMEHTallud WIU K CIpaBOYHOMU AuTepaType
([15]). A ceitvyac pacCMOTpPUM ellle OAHY BO3MOXKHOCTb MOANUPUIIUPOBATD
dopMHUpYEMEBIE CTPOKH.

B C# 7.0 BBeACHHI TaK Ha3bIBACMBIC UHMepnoAupyemoie cmpoxku. UHTEp-
MOAUpyeMasn CTpOKa — 3TO CTPOKOBHIM JUTepal, nepej KOTOPHIM IIoMelleH
cuMBOA $. BHYTPU 3TOTO JAUTEPANA MOTYT HAXOAUTHCA UHMEPNONUDYEMBbIE
sotpancerus. Kaxxaoe u3 HUX npeacrasiseT coboil napy GUrypHux cKoOOK,
MeXKAYy KOTOPHIMU MTOMellleHO A1000e BripaxkeHUe si3blka C#. YTo6nI cpasy
KO€e-4YTO MPOSACHUTD, IIPUBEAEM MPUMEpP KOAA:

int wucnuTens 5,
3HameHaTenb = 3;
string report = $"Apobb: {uncautenv}/{3HameHaTenb} paBHa
+ $"{(double)4ncnutenn/3HameHaTen:F4}";
Console.WriteLine(report);

Ha xOHCOABHBIN 3KpaH OyAeT BHIBEJEHO:

Apobe: 5/3 pasHa 1,6667

B koAe 3HaueHUe MepeMeHHOH string report onpeaens0T ABe UHTEP-
TIOJUPYEMEIX CTPOKH, COE/IMHEHHbIE 3HAKOM KOHKAaTeHaluu. B meproit
V3 Ha3BaHHEIX CTPOK JABa UHTEPNOINPYEMEIX BEIPAXKEHUA, KAXKI0E U3 KOTO-
pHIX MpU 00paboTKe 3aMeHAETCs 3HaYeHHeM COOTBETCTBYIOIIEHN LIeT0uuc-
JIEHHOU MepeMeHHOM YUCAUMmens U 3HaMerameib. Bo BTOpol CTPOKe HHTEp-
NoMpyeMoe BeIpaxkeHue 6ojee caokHoe, C ero MOMOIIBIO BEIYUCAACTCH
gelyecmaeHHoe 3HaueHUe ApodU, K KOTOPOMY 3aTeM IpuMeHseTcs GopMar-
Has cTpoka "F4". UHTepnonupyemMoe BEIpaxeHue oTaensaeTcs oT GopMaTHOM
CTPOKM JBOCTOYHECM,

OTMeTUM HEKOTOpPble 0COOEHHOCTH MeXaHHW3Ma UHTepPIONIHPYEMBIX
cTpok. Kaxkzast MHTepnoAupyeMas CTPOKa J0KHA PasMeIlaThes B OMHOU
CTpoOKe Koza (6e3 mepeHOCOB). B MHTEPNOANPYEMYIO CTPOKY MOXKHO BKIIO-
4yaThb 3CKEHIT-TI0CAeA0BaTeTbHOCTHU.
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Yro6bl BKAWOYUTE B UHTEPNOJUPYEMYIO CTPOKY CUMBOAE '{' wuau '},
He BXOZAIIME B HHTEPIOJUpPYyeMble BRIPAXKEHU, KaXKIbII U3 TAKUX CUMBO-
708 GUTypHOU CKOOKM HeoOXoAuMOo AyOaupoBars.

CTPOKOBBIU AUTEPAJ, BXOAAMMNU B UHTEPIOIUPYEMYIO CTPOKY, MOXKET
6bITh 6yKBanbHBEIM. B 3TOM Ciydae cuMBOJ $ 0KEeH pa3MeniaThbes mepes
CHUMBOJIOM @.

[TogyepkHeM, 9TO B UHTEPIOJAUPYEMBIe BEIpa)KeHHUA MOXKHO IIOMeIaTh
mo6ble BEIpAXKeHWA, JOIIYCTUMbIe B A3blKke C#. KpoMe Toro, 3HaueHUA BEIpa-
KEHUU MOXKHO oueHb TuOko GpopMmaTtupoBaTh. HanpuMep, MOXXHO 3a1aBaTh
NIMPUHY MOJAA U BEIPABHUBAHHE U300DaKeHUs UHTEPIIOIUPYEMOTO BbIpa-
KEeHUS.

8.7. pumeHeHKe CTPOK B NepeKnoyaTensx

MBI yKe YIIOMUHANMU, 4T0 OOBEKTH Kiacca string (M CCBUIKM HA HUX)
MOTYT UCNOAB30BATLCA B METKAX MEPEKIIYATENA U CAYKUTh 3HAYEHUEM
MeperarYaloluero Belpaxedusa. g WUTIOCTpaUUU 3TUX BO3MOXKHOCTEH
paccMOTPUM CXeMy pellleHHsI Takol 3ajauu: «BBecTu dbaMuauio ueno-
Beka (HanpuMep, cAyKallero KOMIIAHWH)} U BHIBECTH HMeloUIUecA CBe-
JAeHUA O HEM». XapaKTep 5THUX CBeJeHUU U KOHKpPeTHHIE CBEACHUA HaM
He BaXKHbl — IIOKaXeM OOIIYI0 CxeMy pellieHds NOA0OHBIX 33144 € UCIIOb-
30BaHUEM IE€PEKJIIOYATENA U CTPOK.

Conscle.Write("Beegute damuauio:");
string name = Console.ReadlLine(};
swich{name)

{

case "Ceprees”: Console.WriteLine("®pon MNeTpoBuy");
.. .BorBod dawneix 0 Cepzaeefe. .,
break;
case "TypoB":
.. .BoiBod Oauneix 0 TypoBe. ..
break;

default: Console.Write("HeT ceefeHui");

}

8.8. MaccuBbI cTpoOK

Kax ni06ble 06beKThl, CTPOKU MOXKHO 00BeJWHATh B MacCUBHL. XOTA
BHUMATEIBHBIN YUTATENb 3aMETHT, YTO B MACCHUB TTOMEIAIOTCA He CTPOKU,
a TONBKO CCBUIKA HA HUX, HO TIPU HCIONB30BAHWUU MaCCUBOB CCHIJIOK
Ha CTPOKU He TpebyIoTCsA HUKAKUE CIIEITUAJIbHBIE OlTePaluu AJid OpraHu-
3a1uu obpallleHus1 K cOOCTBEHHO CTPOKaM 4epe3 CChUIKH Ha HuX. [loaTomy
B IUTEpAType, MOCBALLIEHHON A3bIKy C#, 3a4acTyIo FOBOPAT IIPOCTO O MaCCU-
Bax CTpoK. B ciienyromiell mporpaMme Co34aeTca MACCHUB CCEUIOK Ha CTPOKH,
10 YMOTYAHUIQ MHATIMATU3UPOBAHHBIA MyCTHIMU CTPOKAMU. 3aTEM B ITUKJIE
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3/leMeHTaM MacCUBa (CChUIKaM) IMPHCBAUBAIOTCA 3HAU€HUs CChUIOK Ha 00b-
€KThI-CTPOKH Pa3HOU JTUHEI, Jajiee K MACCUBY TPUMEHSAETCS OTIEPATOP Tepe-
60pa a1eMeHTOB KOHTelHepoB foreach, U CTPOKH BHIBOASITCA Ha KOHCOMD.

// 88 81.cs — maccubet cmpok. ..
using System;
class Program

{

static void Main()

{
string[] stAr = new string[4];
for (int i = ©; 1 < stAr.Length; i++)
stAr[i] = new string('*', i + 1);
foreach (string rs in stAr)
Console.Write("\t" + rs});
}

}

PESYJIbTaT BLHITIOIHEHNM A NIPOTPaMMEBL

*  kk kdkok kEkdkok

B nporpamMMe co3ZaH MacCHB U3 UeTHIpeX IIYCTHIX CTPOK. OH IIpeAcTaB-
JIeH CCBUTKOM StAr, OOpaTHTe BHUMaHUe, 4TO A8 Co3AaHud 0OBEKTOB, aJpe-
CyeMBIX 3JleMeHTaMM MacCUBa, IPUMeHAETCA KOHCTPYKTOP € MPOTOTUNIOM
string (char, int};. 3TOT KOHCTPYKTOP CO3JaeT CTPOKY B BUAE MOCAEA0BA-
TeIbHOCTH OJUHAKOBBIX CUMBOJIOB, KOJIUYECTBO KOTOPHIX ONpeAenseT BTO-
poll mapaMeTrp (HepBHIi TapaMeTp MO3BOJAET 3aJaTh IIOBTOPSIEMBIH CHUM-
Bo). UTepanimoHnHas nmepeMeHHas 1mukaa foreach umeer Tun string, Tax
Kak IIpocMaTpUBaeMbIM KOHTEMHEpOM CAYXUT MaccUB THIA string[].

JInda WmioCTpanuu BO3MoXXKHocTed MeToZoB Split(}), Join() paccmoTpum
creayoyto 3aaavy. [IycTe 3HaueHHeM CTPOKHU SIBseTcs NMpeAioKeHHUe,
CJIOBA KOTOPOTO pazfeneHsl mpodenamu, TpebyeTcs 3aMeHUTDb KK ABIHA TIPO-
Oes mocaeA0BaTENLHOCTRIO CUMBOIOR "-:-". CleAyiolasn porpaMma pelaer

chopMyIHpPOBAaHHYIO 3aJady.

// 88 82.cs - dexkomnosuyua u obveduHeHnue cmpox
using System;
class Program
{
static void Main()
{
string sent = "De gustibus non est disputandum”;
// O Brycax He cnopam
string[] words; // ccbinkag Ha maccul cmpok
words = sent.Split(’ ');
Console.WriteLine("“words.Length =
foreach (string st in words)
Console.Write("{@}\t", st);
sent = string.Join("-:-", words);
Console.WriteLine{"\n" + sent);

+ words.Length);
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PE3YJII::T3T BLHITIOMTHEHWA NIPOTPaMMEL

words.Length = 5
De gustibus non est disputandum
De-:-gustibus-:-non-:-est-:-disputandum

B cTpoke, cBA3aHHOU CO CCBUIKOU Sent, MOMEITIEHHI CJI0Ba, pas/e/eHHble
npobenamu. OnpesgeaeHa cchlIKa words ¢ TUIIOM MAacCHBA CTPOK (0ODEKTOB
KJIacca string). O6paienue sent.Split(' ') «pasbupaer» CTPOKY, aZpecoBaH-
HYIO CCBIIKOM sent, Ha ¢parMeHTHl. [Ipu3Hak pasbueHUA — CHMBOJ IIPO-
Oena ' ', NCMONIB30BAHHEIN B KauecTBe apryMeHTa. V3 BeAeIeHHEIX ¢par-
MeHTOB dhopMUpyeTcd MaccuB (00BeKT Kacca string[]), ¥ cchUTKa Ha HETO
IIPUCBAUBAaETCA IepeMeHHOU words.

Bripaxxenue words.Length paBHo anuHe (Koau4vecTBY 31€MeHTOB) chop-
MUPOBAHHOrO MaccuBa. HanmoMHuM, uto Length — cBolicTBO KiTacca Maccu-
BOB string[], yHawIegoBaHHOE OT 6a30BOTO KJaacca Array.

Oneparop foreach nepebupaer aneMeHTH MaccuBa words, U UTepaln-
OHHaA NepeMeHHas St MocjaeJ0oBaTe/IbHO NPUHKUMAET 3HAYEHUA KaXKAOro
W3 HUX (HATIOMHUM, YTO 0COBGEHHOCTh UTEPAIIMOHHOU TepeEMEeHHOU COCTOUT
B TOM, YTO OHA TO3BOJSAET TOJABKO IIOAYYaTh, HO HE MO3BOJAET U3MEHATD
3HAYEHMA NepebupaeMbIx 3MeMeHTOB). B Tene mukaa foreach oauu onepa-
Top — obpallleHue K cTaTudeckoMy Merogy Write() kimacca Console. Ero
BHITIOJIHEHNE 06ecnevyrBaeT BEIBO/ 3HAUE€HUH 3/1eMeHTOB MacCuBa (CTPOK).
OcKeHln-nocaeAoBaTeIbHOCTL \t' B GOpMaTHOM CTpOKe pasgendeT Tadynad-
1Heil BEIBOAVMEBIE (JIOBA.

Cratudeckud merod Join() npegHasHaueH AJAA BBIIOJIHEHUA AeUCTBUHA
B HEKOTOPOM CMBICJIe O6paTHHIX JAeWcTBUAM MeToaa Split(). Obpamenue
string.Join("-:-", words) o6beaunseT (KOHKaTEeHUPYET) CTPOKHA MACCUBA,
TIpe/ICTaBJIEHHOT0 CCBUTKOW words, T. e. COe/JUHAET B O/IHY CTPOKY CI0Ba
HCXOAHOTrO NpeanokeHusa. Mexay c1I0BaMU BCTABAAETCA KaK pa3AeluTenb
CTpOKa, UCIIONb30BaHHas B KauecTeBe NepBOro apryMeHTa mMertoza Join().
TeM caMBIM KaXKABIHA Npo0es MeXAy CJIOBAMHU HCXOAHOH CTPOKY 3aMEHACTCA
CTpOKOH "-:-".

8.9. (paBHeHue CTPOK

Jlna 00BeKTOB KJIacca string olpeJeseHbl TOMBKO BE OliepaluM Cpas-
HeHUusa == ¥ !=. Ecau HeoOX0oAUMO CPaBHUBATE CTPOKU 110 UX YIIOPAAO-
JEHHOCTH, HATIPUMED, B JIEKCUKOTpapUIeCKOM MOPSIZIKE, TO 3TUX ABYX Olle-
panuii HezocTaTo9HO. [103TOMY YacTO UCIIONE3YIOT HECTAaTUIEeCKUM MeTO/]
CompareTo() u craTuueckuil MeTO, Kiacca string (TouHee HaGop neperpy-
YKEHHBIX MeTOAOB) ¢ uMeHeM Compare, [I03BOJAAI0LIYE CPABHUBATH CTPOKU
WU uX ¢parMeHTH. Tak Kak CpaBHEHME Y COPTUPOBKA CTPOK OUEHDb BAYKHEBL
B 33fla4ax 00padoTKM TeKCTOBOM MHGpOpMalUH, TO paCCMOTPUM /Ba Bapu-
anTa metoga Compare().
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Haubtonee mpocToii MeTO NMeeT CIeAVIOLINUI 3aroloBOK:

int static Compare (string, string)

CpaBHHUBas JBe CTPOKH, UCMIOJIb30BaHHLBIE B KayecTBe apryMeHTOB,
MeTOoJ Bo3BpallaeT 3HaueHue 0, eC/IM CTPOKU paBHH. Eciu mepBas cTpoka
AeKcuKorpadudecky MeHblle BTOPOM — BO3BpallaeTcsad OTpHULIATEIbHOE
3HaYeHWe. B MPOTUBHOM CiTyyae BO3BpalaeMoe 3HaYeHHE TOMOKUTENBHO.

B creaywowmeM ¢parMeHTe KoAa ONpeeeH MaCCUB CChLUIOK Ha CTPOKH,
13 HeTo BHIOMpaeTcs U MPUCBAUBAETCA NepeMeHHO res cChUKa Ha JIEKCU-
Korpaduiecku HaubOAbIIYIO CTPOKY:

string[] eng = {"one”, "two", "three", "four"};
string res = eng[@];
foreach (string num in eng)
if (string.Compare(res, num) < @)
res = num;

3HaYeHHUEM CTPOKH, CBA3AHHOH €O CCBUIKON-ITepeMeHHOH res, OyaeT "two".

[TpouamocTpupoBaHHasn popma MeToZa Compare() OlleHUBAET TEKCUKO-
rpaduueckyio yIopsagoueHHOCTh, COOTBETCTBYIOLYIO aHTMUMCKOMY anda-
BUTY. CIeZVIOMUi BApUAHT 3TOrO METO/a TIO3ROJIAET UCTIONb30BATh Pa3HEIE
andaBUTHI.

int static Compare (string, string, Boclean, CultureInfo)

IlepBHle Ba MapaMeTpa — CPaBHUBAEMBIE CTPOKH. TpeTuil mapameTp
YyKa3blBaeT Ha HEOOXOAUMOCTb YYUTHIBATb PETUCTP CUMBOJIOB CTPOK. Eciu
OH paBeH true, TO PETrUCTPBLl HE YYHUTHIBAOTCA U cTPOKHU "New" u "nEw"
ByayT CUMTATECA PAaBHEIMU. YeTBepPTHIU napamMeTp — oObeKT Kiaacca System.
Globalization.Culturelnfo — mnoseosseT yKkasaTh ai¢aBUT, KOTOPHIH Heob-
XOJVIMO HCIIOIB30BATH NPU JeKCUKOrpaduIeCcKOM CPAaBHEHUM CTPOK. Jd
HOCTPOeHUA OOBEKTa, KOTOPHIM MOKET OHITH UCIIONB30BAH B KAYeCTBE apry-
MEHTa, 3aMEHAIONETO YETBEPTHU MapaMeTp, UCIOAb3YIOT KOHCTPYKTOD
knacca Culturelnfo(string). ApryMeHT KOHCTPYKTOpPa — CTPOKA, CoaepHxKa-
11as yoIoBHOe 0003HaueHue Hy)XHoro andasuTa. TouHee cKasaTh, 0003Hava-
eTcA He andasut, a Kyaprypa (Culture), KoTOpol NPUHALIECKUT COOTBETCTBY-
0N A3LIK. 149 0003HaYeHNA HALUOHAJbHBIX KY/JIBTYP MPUHATH UMeEHA
Y KOABI, TaBAUIy KOTOPHIX MOXKHO HalTH B TUTEpAType U JOKYMEHTAIIUH.
Mbl B HaMxX npuMepax 6yZeM HCIoAb30BaTh ABa anGaBUTa: aHTIUHCKUMN
(uMA KyIBETYpH "en”, ko KyAsTYpH 0x0009) u pyccknii ("ru” u 0x0019).

B caeayiolieM ¢pparmMeHTe Koja, KOTOPHI IMOCTPOeH IO TOM XKe cXeMe,
9TO W NpeAblAYIINI, oIpeJe/neH MacCUB CCBUIOK Ha CTPOKU C PYCCKUMU
HA3BAaHUAMY MPEACTABUTENEN CeMeHCTBa TETEPEBUHHIX M3 OTpA/a KypH-
HBIX. 13 MaccuBa BHIOMpPaeTCes CCHUIKK Ha JeKCUKOTpadudecKu HauMeHb-
WY CTPOKY, T. €. IOC/e YIOPAAOYEeHUA N0 andaBUTy PacIoSOKeHHYIO
B HavaJle CIIUCKA.

string[] hens = {"KyponaTtka 6enan", "KyponaTka TyHapoBasa"”,
"Tetepes", "lFnyxapb", "PAbuux"};
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string res = hens[@];
foreach (string hen in hens)
if (string.Compare(res, hen, true,
new System.Globalization.CultureInfo("ru"})) > @)
res = hen;
Console.WriteLine(res);

PesysbTaT, BEIBOAUMBIN Ha KOHCOJb:
rnyxapb

OO6paTuTe BHMMaHHe, YTO YeTBEpPTHH mapaMmeTp Metosa Compare()
3aMeHeH B BbI30Be Ge3pIMAHHBIM 00bekToM Kaacca Culturelnfo, chopmu-
POBaHHBIM KOHCTPYKTOPOM KJacca B BHIpa’KeHUH C onepalueil new. Apry-
MEHT KOHCTPYKTOpa — JUTepHaa cTpoka "'tu" — obo3HaueHHe HYKHOTO
andasuTa (B JaHHOM NpHUMeEpe — PYCCKOro A3bIka). ECIN BO3BpalnaeMbIi
pe3y/IpTaT OoJBIIC HY/A, T. €. IepBad CTPOKA, UMeHyeMas CCBUIKOH res, JIeK-
cukorpaduyecku HOMbIIE BTOPOH, TO BTOpas CTPOKa, CBA3aHHAA CO CChLI-
Kofi hen, npuHUMaeTcsa B KauecTBe NTpeTeHAeHTa Ha HauMeHblllee 3HaYeHHe.

8.10. Npeo6pazoBanua ¢ yyacTuem CTPOKOBOFO TMNA

PaccmaTpuBas apudpMeTHUIeCKUE TUITH, MBI IPUBEIU TIPaBWia HEABHBIX
npeoHPa3sOBaHUU U OTEPAIUI0 SBHOI'O IIPUBEAEHUS TUITOB:

(mun) nepBuvroe_Buipaxerue

K cTpoKOBOMY TUITY HesIBHEIE NTpecOpa3oBaHUsA HEMMPUMeHUME], U HEBO3-
MOXXHO UCITOAB30BAHME Ollepallii ABHOTO NPUBEAEHNA TUIIOB,

Kaxk yxe oTMeYanoch, 74 BCEX THUIOB CyIecTByeT MeTo ToString(),
yHAC/AeJOBAaHHBIM BCeMU KJaccaMU OT eAMHOro 0a3oBoro kiaacca object.
Takum oOpa3om, 3HaUeHHE JOOOr0 THUIIA MOXHO IIPeJCTABUTH B BHU/E
CTPOKH, HanpuMep, Tak:

int n=28, m= 3;
Console.WriteLine(m.ToString()+n.ToString() + " nonyraes");

PES}’JII::TEIT BBIBOAa Ha KOHCOJB.

38 nonyraes

st o6paTHOTO Npeobpa3oBaHUA U3 CTPOKHU B 3HAUYEHNE HY)KHOTO THIIa
MOXXHO BOCIIOJIB30BATLCA CTATUYECKUMU MeToZaMu OHOIHMOTEYHOrO Kuacca
Convert, npUHaAJe}allero IpPoCTPpaHCTBY UMeH System. Enle oauH myTh —
MpUMeHEeHHe cTaTudeckoro Metoa Parse() win Metoza TryParse(). Ykasan-
HBIC METOAH {MX IPUMEHEHNE KPaTKO PACCMOTPEHO B IIPEABIAYIINX IVIaBax)
OTIpeziesIeHbl B KAX/I0M KJlacce TIpeopeieIeHHOTO TUTIA, 32 UCKII0YeHUEeM
K1acca object (B KOTOPOM OHU He HYXHBI). ITH METOAbI YACTO IPUMEHAETCSA
NIpU YTeHUM JaHHBIX M3 BXOAHOTO KOHCOJALHOrO moToka. Mertoa Console.
ReadLine() Bo3BpamaeT B BUAe CTPOKM HaOpaHHYIO Ha KJIaBUAType IIOCIe-
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AOBATEIbHOCTb CUMBOJIOB. «PaciiigpoBKy» 3TOM MOC/IeA0BAaTENBHOCTH, T. €.
NpeBpalleHue CUMBOJIBHOTO NMPEACTABJACHUA BO BHYTPEHHEE NMpEACTaBIIE-
HHe (B KOA) COOTBETCTBYIOINETO 3HAYEHHA, YIOOHO BEIMOAHUTH € TIOMOIIBIO
Metoga Parse() unu TryParse(). Hanbonee nmpocto, HO HeGe30MmacHo, NpH-
MeHUTh MeTo/ Parse(), HampuMmep TakuM o6pa3oM:

int res = int.Parse(Console.ReadlLine());

B raHHOM ciydae u3obpakeHue 1eaoro Yucia B Bujle HabpaHHOU Ha Kia-
BUATYype NocleAoBaTelbHOCTU LUbp (BO3MOXKHO CO 3HAKOM) NepefaeTcs
B BUJE CTPOKM KakK apryMeHT MeToAy Parse() knacca int (unade System.
Int32). 3agava metoza int.Parse() — cpopMuUpOBATE KO LIEAOTO YUCIA,
KOTOpO€ CTaHeT 3HaueHUeM NepeMeHHoH int res. OcobeHHOCTD (M onac-
HOCTb) — B IIPOYMUTAHHOMH CTPOKE HE JOJKHO OBITh CHMBOJIOB, OTJIUYHBIX
OT ZeCATUYHHIX LUPp U 3HaKa uucaa (+ uam -). [lepes uszobpakeHueM
9ycaa U MOocAe Hero MOTYT HaXOAUThCA Mpo6ensl, KOTophle OyAyT oTOpo-
LIeHsl {(IIpourHopupoBaHlk ). Hanpumep, HabpaHHaA Ha KJIaBUAType CTPOKa
MOXeT ObITh TaKOH:

L1} - 249 1t

3HaueHHeM nepeMeHHOH res 6yaet -240.

Kax y»e ropopuioch, Npu HEBEPHOM CTPOKOBOU 3aTUCHU 3HAYEHUS AaHATU-
3upyeMoro Tumna Metog Parse() reHepupyeT uckmovyeHue. IIpu oTCyTCTBUU
B [IPOrpaMMe OMepaTopoB 00pa0OTKYU 3THUX UCKINYEHUH (a MBL UX elle
HE PacCMATPUBAJIN) MPOTPaMMa 3aBEPIIAETCA aBapyilHO.

Il pelleHHd TOM e 3aJayul YTEHHUS U3 BXOAHOU CTPOKU LeM04YHCIeH-
HOTO 3HadeHuA MeTo/ int. TryParse() MOXXHO NPUMEHUTH TaK:

int res;
do Console.Write("BeeanTe uenoe 4nucno: "});
while(int.TryParse(Console.ReadLine(),out res) == false);

B umkie ¢ mOCTyCA0BHEM Ha KOHCOAB BEHIBOAUTCA NMpUrvameHne "Bae-
auTe nenoe ynciao: ". HaOpaHHyo Ha KAaBUaType MOCAeA0BATENBHOCTE
CUMBOJIOB cuUTHIBaeT MeTod Console.ReadLine(). Bo3ppalllaeMasa MeToAOM
CTPOKa CAYKUT NEPBBIM apryMmeHToM MetoAa int. TryParse(). Ecau cTpoka
SIBJISIETCS KOPPEKTHHIM U300 paKeHNEM LIeIOT0 YMCJIa, TO €ro 3HaYeHue TIpH-
CcBaMBaeTCA apryMeHTy res, a MeToa TryParse() Bo3BpallaeT sHa4eHUE true,
Tem caMbIM UK 3aBEpIIAETCS. B IPOTUBHOM c/Iy4ae TTapaMeTp res ocra-
erca 6e3 nsMeHeHuit, Metoa TryParse() BosBpalllaeT 3HaueHue false, uTo
MPUBOANT K CeAyIolled uTepaunun Uukaa. [nkin 6yaeT NOBTOPATLCA, MOKa
MOJIB30BATENb HE BBEJAET MPABIIBHOE H300paKeHHe 1LeN0r0 YUCIA.

MeToA0B NnpeoOpa3oBaHUil 414 NpeAolpele/leHHHX TUIIOB B Kjiacce
System.Convert MHOTO U YV HUX pa3Hble UMeHa, Hanmpumep, ang npeobpaso-
BaHMWA CTPOKU B KOZ LieJIOro YMC/Ia THIA int NpeAgHa3sHaYeH MeTOA:

Convert.Tolnt32(cTpoka};
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ITpu MCIONBb30BaHUU NIpeobpa3oBaHUil ¢ MOMOLIBI0 MeTOAOB Kjaacca
Convert B CTPOKe-apryMeHTe JOJDKHBL OBITh TOJIBKO CHMBOJEI, ZOMYCTHMEBIE
JUISA TIPEICTABIEHUA TOTO 3HAYEHUSA, K TUITY KOTOPOTO BBITOMHAETCA MPeot-
pa3oBaHMe. B IpOTHBHOM Cilydae BO3HHMKAeT OIMUOOYHAA CUTYaLUA, MeHe-
pUpYyeTCca UCKII0UeHUE U, €CJIM B TIPOTpaMMe He TIpelyCMOTpeHa o6paboTrka
3TOTO UCKJIIOUEHU, MporpaMMa 3aBeplluaeTcs aBapuiiHo. [IpueeaeM npu-
Mep ¢ OZHUM U3 MeToA0B Kiaacca Convert:

string sPi = "3,14159", radius = "18,0";

double circle = 2 * Convert.ToDouble(sPi} *
Convert.ToDouble(radius);

Console.WriteLine("AnuHa okpyxHocTu="

+ circle.ToString());

B npumMepe onpe/iesieH l JBe CTPOKH, CoiepKaliue n3o0bpakeHus Belle-
crBeHHHBIX 4ncen (Tumna double). O6paTure BHUMaHUE, YTO APOOHAS YacTh
CTPOKOBOTO IIpeACTaBlIeHUA KaXKA0ro YUcaa OTAeIeHa OT Uelod YacTy 3ansi-
TOH, a He TOYKOH. DTO CBA3aHO (KaK MBI YK€ YIIOMHHaJIHU)} ¢ MpaBHJIaMHU
JIOKAAM3alUHA CUCTEMBI, B KOTOPOU UcTonHAeTcs nporpaMmMa. B EBporme
u Poccuu nenas u ApoOHas 9acTH YUCAA TPAAUIMOHHO PasJeNdOTCsa 3ams-
To¥. B uAMnnanusatope nepemenHod double circle mcnonb3oBaHel ABa
obpaleHua K OJHOMY MeToAy Kiaacca Convert. BosgpalaeMble 3TUMU MeTO-
JaM{ 3HAYE€HUSA UCIOJIb30BAHH A BEIYUCACHUA HHULHAIUINPYIOUETO
BHIpaXkeHUd. Kak aorazanca BHUMATEAbHBIN YUTATENb, OYACT IIONYYCHO
NpUbAMKEHHOE 3Ha4eHUE JJIUHBL OKPYKHOCTHU ¢ paguycoM 10. B aprymenre
meToga Console.WriteLine() sBHO BEINOJAHEHO (XOTS 3TO U He 00A3aTENLHO)
npeobpa3oBaHue 3HaYE€HUSA MEPEMEHHOM circle Kk 3HaYeHUIO THIIA String.
Ha xoHcosne Oy/ieT BHIBEAEHO:

AAvHa OoKpyXHOCTW=62,8318

(Onare 3anATaa B uzobpakeHUu yucial)

8.11. AprymenTbl meTopa Main()

Jlo cero BpeMeHU Mbl UCMOAL30OBaAM BapuaHT MeToga Main() 6e3 nmapa-
MeTpoB. MIMeeTca BO3MOXKHOCTD OnpeaenaTrs Metod Main() ¢ TaxuM 3aro-
JOBKOM:

public static void Main (string [] arguments)

rZle arguments — IPOU3BOJLHO BhIOMpaemMoe NpOorpaMMMCTOM UM CCBUIKHU
Ha MacCUB C 3JIeMEHTaMU THIA string.

3TH JIeMEeHTH MacCUBa NMPEACTABIAIOT B Teae MeToga Main() apryMeHTh
KOMaHAHON CTpokU. KoHKpeTHHIEe apIyMeHThl KOMaHAHOH CTPOKU — 3TO
pasfiefeHHble pobenaMu mocaeI0BATENbHOCTH CUMBOJIOB, pa3MelleHHbIe
mocje UMeHH TIporpaMMEI TIPU ee 3anycke U3 KOMaHAHOW CTPOKH.

Ecnu mporpamMMa 3amyckaeTcsl He U3 KOMaHJHOM CTPOKH, a U3 Cpeabl
Visual Studio, To Ana 3azaHVA apryMeHTOB KOMAaHAHOH CTPOKU HYXKHO
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HCIIONB30BATE CAAVIOIIYIO cXeMy. B OCHOBHOM MeHI0 BEHIGUpaeTe MyHKT
«Project» («I[IpoeKT»), 3aTeM B BHIIaJalOUleM MeHIO BRIOHpaeTe KOMaHAY
«Properties: ums_npoekma» («CBoHCTBa: uMsA_npoekma»). B OTKpHIB-
nreMcsi OKHe Ha naHenu cieBa («Application» — «IIpunoxenue») BeIOMpa-
eTe 3aKknajKy «Debug» («OtTnaaka»). CropaBa OTKpHIBaeTcs MaHe b, OJHO
13 TEeKCTOBEIX MOAeH KoTopoi Ha3BaHo «Command line arguments» («Apry-
MEHTH KOMaHJHOU CTPOKU»). TeKCT, KOTOPHU BBOAUTCA B ITO TOJE, BOC-
NPUHUMAETCA KaK MoCHeA0BaTeNIbHOCTE (pa3/ie/ieHHBIX npofeaMu) 3Hade-
HHUH apryMeHToB Metoga Main(). Kak BOCIIONB30BATECA STUMHU 3HAYCHUAMU
(3TUM MacCUBOM CTPOK) — ZeJI0 aBTopa IporpaMMmel. [IpogeMoHcTpupyeM
Ha cJeJylolleM npuMepe OCHOBHBIE 0C0OEHHOCTH 006paboTKu apryMeHTOB
KOMaHAHOU cTpokU. I[IycTh TpebyeTca IMOACUMTATL CYMMY LIeABIX YUCe,
3aIIUCaHHBIX Yepes Mpobesthl MPpH 3allycKe MMPOrpaMMEl B KOMaHAHOM CTpoKe
(unu BBeAeHHBIe B TeKcTOBoe nosie «Command line arguments»).

Yucsna BROAATCA B BU/le HAOOPOB CHMBOJIOR, KOTOPBIE OT/eNeHbl APYT
oT Apyra (1 OT UMEeHHU 3anyCcKaeMoL nporpaMMel) nmpobeaamu. B mporpamme
peAyCMOTPUM IeYaThb COOOMEHUs 00 OTCYTCTBUU APTYMEHTOB B KOMaH/I-
HOM cTpoke. TeKCT MporpaMMBL:

// 88 64.cs — Apzymenmsi memoda Main()
using System; // Anms knacca Convert
using static System.Console;

class Program

{

static void Main(string[] numbs)

{
int sum = 8;
if (numbs.Length == @)
{

WriteLine("HeT aprymeHTOB B KOMaHAHOW cTpoke!l");
return;

)
for (int i = 8; i1 < numbs.Length; i++)
sum += Convert.ToInt32(numbs[i]);

WriteLine("CymMma uucen = " + sum);

}
}

B tene metoaa Main() onpezeneHa UelOMUCIEeHHAA IepeMeHHasA sum A1
nojcyeTa cyMMEHl. [TapaMeTp numbs — ccrIZIKa Ha MAcCUB CCBUIOK Ha 00B-
eKTHI TUIIa string. Eciy mpu 3amycke NporpaMMBbl B KOMaHAHOMN CTpOKe HeT
apryMeHTOB — MaccuB numbs mycT, 3HaueHue cBoiicTBa numbs.Length
paBHO Hy/0. BEIBOAUTCS coobIIeHUE:

HeT aprymMeHTOB B KOMaHAHOW CTpoke

U omeparop return; 3aBepllaeT BHIIIOJIHEHUE MporpaMMEl. IIpy Hajiuuuu
apryMeHTOB, BHITIOMHASTCA LUK for ¢ TapaMeTpoM int i (MOKHO MPUMEHUTD
u uuki foreach). Crpoka — ouepeHoOI aneMeHT MaccuBa numbs[i] — ciry-
KHUT apryMmeHTOoM MeToAa Convert.Tolnt32(). Bo3Bpanjaemoe LenoIucieH-
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HOe 3HaueHHe YBeIMUUBaeT TeKylllee 3HaueHUe MepeMeHHo# sum. Ecau mpu
3amycKe MporpaMMBL B KOMaHAHOH CTpoke caeayiomasn nHopMalys

WMA_npoekTa.exe 24 16 -15<ENTER>

Pe3yabTat, BIBOAUMEBIA B KOHCOABHOE OKHO, OY/JIET TAKHUM:

Cymma 4ucen = 25

8.12. HeusmeHsemocTb 06bEKTOB Knacca string

K cuMmBonam o6bekTa Kiaacca string, 6yap To 06beKT, CO34aHHBIN KOM-
TMWISTOPOM AJIs1 IpeCTaRAeH s CTPOKU-TUTEpaa, WIN 00beKT, CO3AaHHbII
€ NOMOoULIBIO 00pallleHNA K KOHCTPYKTOPY Ki1acca string, MOXKHO oOpauaTbes
TOABKO AU MOAyYeHUd UX 3HadYeHuH, HanpuMep, Ay1s moaydyeHUd 3HAYEHUA
OJHOrO CHUMBOJIA CTPOKU UCIOAB3YETCA BEIpAXKEHUE ¢ onlepariied HHAEKCH-
poBaHus [].

YTobB «M3MEeHUTb» CTPOKY, NMPUXOAUTCA MpuberaTh K «0OXOAHBIM
MaHeBpaM». HanmpumMep, MOKHO MepelncaTh CUMBOJBI CTPOKHA BO BCIIOMO-
raTelbHBIM MAcCUB ¢ 37leMeHTaMu Tumna char. D1eMeHTH TaKoro MaccuBa
JOCTYITHE U3MEHEHUAM. BHTIOTHUB HY)KHEIE Tpeo0pa3zoBaHus, CO3Ja UM
Ha OCHOBE U3MEHEHHOT'O MAacCHUBa HOBYIO CTPOKY, MCTIONb3YA KOHCTPYKTOD
string (char[]). Eciu ucxogHasd cTpoKa He HY)XXHA — MOXKEM MPUCBOUTD
ee CCBUIKE 3HAUeHME CChUIKM Ha IIOMYIeHHBI 00beKT. CxeMa npeobpa3oBa-
HHUU [TIOKa3aHa Ha puc. 8.2.

string ToCharArray()

Y

char[]

O6paboTKka
MACCHBA

charf(] KoHcTpykTOp

Y

string

Puc. 8.2. Kak n3ameHuTb 06beKT TUna string

[TocneaoBaTeNIbLHOCTD ONepaTopoB, COOTBETCTEYVIOIIAA OIIMCaHHOU cXeMe:

string row = "0123456789";
char[] rev;

rev = row.ToCharArray();
Array.Reverse(rev);

row = new string(rev);
Console.WritelLine(row};
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PGBYJIBTaT BBIIIOJIHEHHWA OTOT'O (bparMeHTa IIporpaMMBbI:

9876543210

B mpumepe omnpezeneHa ccbUTKa row Ha OOBEKT Kijacca string, MHUILIU-
aJM3UPOBAHHBIN CTPOKOBHIM JuTepanoM "0123456789". Onpenenena 6e3
WHUNIMAJIN3AlUU CChUIKA eV Ha CUMBOJIBHBIM MaccuB. 3aTeM K OOBEKTY,
CBSI3aHHOMY CO CCBUIKOM row, npuMeHeH MeTtozi ToCharArray(), u pe3ysabTrar
IIPHUCBOEH cchuUiKe rev. Metos Reverse() kimacca Array MeHsieT Ha OOpaTHBIN
MIOPAZOK pa3MellieHNsA 3HaYeHU 3IeMeHTOB MacCuBa, CBA3aHHOTO CO CChLI-
KO rev, UCIIOJIb30BAHHOM B KauecTBe apryMeHTa. /13 u3MeHeHHOro Mac-
CHBa, aIpeCOBAHHOTO CCBUIKOM rev, KOHCTPYKTOP string() co3ziaeT HOBYIO
CTPOKY, CChUIKA Ha KOTOPYIO NMpUCBauBaeTcsa nepeMeHHOU row. TeM camMbIM
pa3phIBAeTCA CBSA3b CCHUIKU rOW €O cTpoKoii "0123456789", u row cBA3bIBa-
eTcs ¢ 00BEKTOM, COZePKAIIUM MOCIeA0BaTENBHOCTD "9876543210".

Emie oHa BO3MOXXHOCTb AMHAMUYECKU U3MEHATh CTPOKU — 3TO UCIIOJb-
3oBaTh Tun System.Text.StringBuilder. O6BeKTHI 3TOTO Ky1acca mogo0HO 00b-
eKTaM KJjacca string npezcTaBAIOT NOCAeA0BaTeIbHOCTU CUMBOJIOB (THUIa
char), ogHako cTpoka, mpeacraBiageMas o0bekTOM THMa StringBuilder,
sapiseTcsa usaMmeHsaeMmoi. K coxxanenuto, a3blk C# He cuurtaeT StringBuilder
aJieMeHTapHbIM TUTNoM. [ToaToMy i co3zanus cTpoku Tuma StringBuilder
HeoOX0ZIMMO ABHO OOPaTUTHCA K OAHOMY U3 ero KOHCTPYKTOPOB. /I 03Ha-
KOMJIEHUSI C OCOOEHHOCTAMU U BO3MOXKHOCTAMU StringBuilder cieayet
00paTUTHCA K IOKYMEHTAIINMK WU K JIUTepaType [6, cTp. 251—254].

KOHTpOl’IbeIe BOMPOCbI U 3afdaHNA

1. O6BsICHUTE pa3IUIUA MEXIY PETYAAPHbBIM U OyKBaJIbHBIM CTPOKO-
BBIMU JINTEpAJIaMU.

2. Kakum 06pa3oM B OYKBaJIbHBIM CTPOKOBBIH JIUTEPAJ IIOMECTUTD CUM-
BOJI KABBIYKU?
[TepeunciauTte criocoObl co3aHUA 0OBEKTOB THUIIA String.
[lepeunciuTte onepanuy Haj CTPOKaAMMU.
B yeM 0c0OeHHOCTD Onepanuy UHAEKCUPOBAHUSA /JIs1 CTPOK?
B yeM OT/INYMA U B UeM CXOZICTBO CTPOK M MaccuBoB Tumna char[]?
Kaxk BhITIOSTHAETCA ollepanusa IPUCBAUBAHUA JIA CTPOK?
Kakue onepaiiuu cpaBHeHUA IPUMEHUMBI K CTPOKaM?
[TepeuncinuTe 0cCOOEHHOCTH KOHKAaTEHAIUN CTPOK CO 3HAYEHUSIMU
JIPYTUX THUIIOB.

10. B kakux ciayvasx Meton ToString() BbI3BIBAeTCS HESIBHO?

11. KakoBo 3HaudeHue cBolcTBa Length ayd peryasipHOro CTpoKOBOTO
JUTEepaa, cofiep)kalllero 3CKeMnII-1oceJoBaTeIbHOCTH ?

12. Kaxk BBHINIOJIHAETCA CPaBHEHUE CTPOK?

13. Kaxk BrinosiHdaeTca metoz Join()?

14. Kak BoinosnHsAeTcss meron Split()?

15. O6BsAcHUTE MpaBwiIa IpuMeHeHusa MeToZa Format().

WONOU AW
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16. HazoBuTe HazHaueHM:A SJA€MeHTOB IO/ MOACTAaHOBKU CTPOKU dop-
MaTHPOBaHUd.

17. Iepeuucaute cnenudukaTopel GopMarTa MoaA NOACTAHOBKHU,

18. HasoBuTe HazHaueHMe apaMeTpoB MeToga ToString().

19. TIpuseaute npumMepr cnenudukaTopos popMara B aprymeHTax
MeTozaa ToString().

20. Yro Takoe HHTEpHOAUPYEMana CTpoKa?

21. Yro Takoe HHTEPHOAUPYEMOE BEIpaXkeHue?

22, Kaxoil Tvn Ao/mKHa UMeTh NlepeMeHHad uukia foreach, npumense-
MOTO K CTPOKe?

23. Kaxk UHULUaIUu3upoBaTh MacCUB CTPOK?

24. Kak NMoay4uThb CTPOKY, CHMBOJIBEL KOTOPOH MPeACTaBAAI0T 3HaUeHHe
tuna long?

25. KakuMu cpeAcTBaMU MOXKHO TOJAYUYUTE KO/ 3HAYeHUHA 0a30BOTO
TUIA, CAMBOJIBHAA 3aIIUCh KOTOPOTO HAXOAUTCA B CTPOKE?

26. Kak mpu 3amycke nporpaMMsl 3a4aTh apryMeHTs MeTtoga Main()?

27. Kak B Tesie nporpaMmrbl NOAYIUTE apPIryMeHThl U3 KOMaHAHOMN CTPOKU?



nasa9
METOAbI C#

9.1. Metogpl-npoueaypbl ¥ MeTOAbI-QYHKLUK

Kak mucan Huknayc BupT, nporpaMMBEl — 3TO aiTrOPUTMEL + CTPYK-
TYPHI JAHHBIX. MOXXHO CUMTATh, 9TO JaHHbIe B C# — 3TO 1oAA OGBEKTOB
U CTAaTUYECKHE TIOMSA KAACCOB. ANTOPUTMEL (T. €. QYyHKIIMOHAIBHOCTE TIPO-
rpaMM) NpeACTaBIAIOTCA € MOMOINBID METOAOB Kjaacca U METOJOB €ro
obbexToB. B A3bike C# MeTO/bI HE CYIIECTBYIOT BHE KJIACCOB WU CTPYK-
Typ. HecraTuyueckue MeTOAB peanuzyioT QyHKLIUOHAILHOCTL OOBLEKTOB.
CraTu4yecKre MeTOAH 0fecreduBaroT GQYHKINOHANBHOCTE KJIACCOB U, TEM
CaMBIM, ITPOTPAMMBI B 1IeA0M. KaX /b1l METO/ npeHa3HA4Y€eH /i BLIIIONHE-
HUA ACUCTBUH, OIpedeAeMblX COBOKYIMHOCTRIO BXOAAUX B MeToA (B ero
Teao) onepaTopoB. HaunHaa ¢ Bepcun C# 7.0, B KaXXA0M MeETO/e MOXKET
OBITH onpeAeNeH U UCIOAb30BaH Apyroi (M0KaMbHEIN) MeTod (TOKaldbHbIe
MeTOAbl pacCMOTPEeHH! B Itaparpade 9.2).

JLis1 otipeAiennie HUS METO/IOB U ITPU MX BEI30BE B C# He UCTIONB3YIOTCA HUKA-
Kue cayxebHble ¢10Ba. B «a3bIKax ApeBHOCTU», TakuxX Kak POPTPAH unu
KOBOJL, 1 B HEKOTOPHIX H0Jiee COBPEMEHHBIX A3BIKaX, He BXOAAIIUX B CeMeil-
ctBO C-00pasHbIX, A1 0603HAYEHUA NOANporpaMM, GYHKIINH, NPOLeayD
KCIIOAB3YIOTCA CNEeLHUaNbHBle TEPMUHE], BKIYAEMBIC B CIIHCOK CIYXeb-
HHIX CJI0B CoOTBeTCcTBYoero A3sika (FUNCTION, SUBROUTINE — B ®op-
TpaHe, procedure B ITackane u T. A.). [ig BEI30Ba noAnporpaMm B DopTpaHe
HCIIONB3YeTCA KOHCTPYKUUA €O CAyKeOHBM cioBoM CALL u T. 1.

B s3wIKax, BeAyIIUX CBOe IpoucxoxkaeHue oT saswika C (C++, Java, C#
Y Ap.) 0py onpeaeaeHuN GyHKUME ¥ 411 o6pallleHUsI K HUM CIleliaibHEIE Tep-
MUHBI HE TIPUMEHSAIOTCA. 3TO B MIOAHOM Mepe OTHOCUTCA U K METOAAM SA3BIKa
C+#. OZHaKO CUHTAKCUYeCKU U ceMaHTH4YecKd MeToArl C# MOXKHO pasfenuTb
Ha IIpPOLEeAYPH U QYHKIUUU. JTO AeJeHNe He OCOOCHHO KeCTKOE U B paAfe CIy-
YaeB METO/l MOXET UTPaTh /IBe POJAN — U NPOHEAYPH], U GYHKIMU.

B ynpolleHHOM BapuaHTe $opMaT AeKjaapaluy MeToAa, KOTOPHII MOXKET
WUTPATh POJIb KaK IPONEAYPH, TaK U QYHKIIUU, MOXKHO MPEACTABUTH TaK:

MOQuPUKAMOPb_Memoodd .

mun_Bo3Bpauwaemozo_3HaveHuUs umA_memoda {(cneuupuxkayus_napamempot)
{onepamopsl_mena_memoda}

WHaeKC , YKa3BIBaeT Ha Heo0A3aTeNbHOCTh MOAUGHUKATOPOB METO/A.
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durypHble cKOOKU OTPAaHUYUBAKOT TeIO0 MeTOJa, YacThb OObABAEHU]
mepes TeI0M MeTOAAa HA3KIBAIOT 3arcJOBKOM METOAA.
MuHuMAaNEHAsA KOHCTPYKIINA, TpUMeHAeMas A obpalleHus K MEeTOAY:

umMa_memoda{ cnucoKk_apzymeHmos)

B ob61ieM caydae MMs MeToZa IIpu obpallleHUuH ACTIONHAETC IpeduK-
CaMU, VKa3BIBAWNIUMK HA MPUHAAJIEKHOCTh METO/Ia TPOCTPAHCTBY UMEH,
KOHKPETHOMY KJacCy WIHA PEANbHO CYLIECTRYIOLEMY OOBEKTY.

Memod-npouedypa oTandaeTcsa oT MeToga-GyHKUNH CIeAYIOLUINMHU
CBOHCTBAMU:

* B KauecTBe TUIA BO3BpalllaeMoOro 3HaUeHMs MCIIoAb3yeTcs void,
T. €. IIPOLeAypa He BO3BpallaeT B TOYKY BRI30BA HUKAKOTO Pe3y/IbTaTa;

* B TeJIe OPOIeAYPhl MOXET OTCYTCTBOBATEL ONEpaTop BO3Bpara return,
a Korza OH IMPHUCYTCTBYET, TO B HEM HeT BHIPAXKEHUA JJIA BEIYUCICHUA BO3-
BpalaeMoro 3HadyeHud. Eciu omepaTop return OTCYyTCTBYET, TO TOUYKA
BLIXOZa U3 IpoleAypH (M3 MeToAa) pacliofioxkeHa 3a MOCAeAHUM OllepaTo-
POM Tejla MeTOAA;

* ans obpalleHusa K MeTOAy-IpoleAype UCIOAb3yeT s BbI30B MeToAa
B BUJC OTACABLHOIC OllepaTopa:

uma_memoda (cnucok_apeymeHmo8);

Memod-gyHkuua Bcerja BO3BpallacT B TOUKY BEI3OBa pe3yabraT (HeKo-
TOpOe 3HadYeHue)., TUTIOM BO3BpALIaeMOT0 3HAYEHUA CIY’KUT TUT CCHITKHA
VUTH TUT 3HAYEHUSL.

B Tene ¢yHKUUM Bceraa MpUCYTCTBYET, [10 KpaliHel Mepe, OJUH onepa-
TOP BO3BpAaTa:

return BeipaxeHue;

T/le BEIpaXKeHUe onpe/ienseT BO3BpamlaeMblii GyHKIMEN pe3yabTar.

ObpauleHue K MeToAy-OYHKIUYU MOXKeT UCIOJAb30BAThLCA B KauecTBe
omepaH/a MOAXOAAIIErO BbIPAXKEHUs, TePMHUH «TIOAXOAALIETO» OTHOCUTCH
K HeOOXOAUMOCTH COTIACOBAHUS OllepaHA0B B BEIpaXKeHUU 10 TUIIAM.

Ecnu pesyabrat, BO3BpallaeMbll MeToAOM-PYHKIUEH, [10 KAKUM-TO IIPH-
JHUHAM He HY)X€H B MPOrpaMMe, a TpeOyeTcsl TONMBKO BBITIOMHEHUE OTIepaTo-
pOB Tesa GyHKLUU, TO obpalleHue K Hell MoKeT oQopM/LIThCA KaK OTAeNb-
HEIM OTIepaTop U B 3TOM ciiyyae QYHKIUA BEICTYIIAET B POIU IPOIEAYPHL.

Korzia BBl 3HAKOMHUTECH C HEKOTOPBIM METO/IOM (WU THIIeTe CBON
MEeTOZ), OYeHb BaXKHO IIOHUMATb, OTKyAa MeToZ OepeT (unu Oyzer Opath)
UCXO/IHEIE ZIAHHBIE U Ky/Zla (M KaK) MeTo/] OTIPAaBAAeT Pe3yAbTaTH CBOEN
paboTEHL

HcxodHbte 0aHHbie MOTYT OBITH MOMYYEHHL:

* yepe3 anmapar mapaMeTpoOB MeTO/a;

* Kak oOajbHEIE II0 OTHOLIECHHIO K METOAY;

* OT BHEIIHMX YCTPONCTB (ITOTOKU BBOAA, aliyloBLIEe MOTOKH).
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Pezynomamst MeTOA MOXeT llepefaBaTh:

* B TOYKY BHI30BA KaK BO3BpalllaeMOe 3HAYeHHE;

* B robajabHBIE IO OTHOIIEHHIO K MeToIy OOBEKTHI,

* BHeLIHUM yCcTpoicTBaM (IIOTOKU BhIBOAA, ¢allloBble MOTOKU);

* yYepes anmapar mapaMeTpPoOB MeTo/a.

[Mo6aabHEIMY 10 OTHOINEHUIO K MeTOAY 00beKTaMHt B C# ABAAIOTCA CTa-
THYeCKUe TOJs1 K1acca, B KOTOPOM, MeTOJ, oIlpeeseH, U 1o/ (CTaTU4ecKue)
JAPYTUX KJIAcCOB, HEMOCPe/ICTBEHHBIHN /IOCTYIT K KOTOPBIM UMeeT MeTo. /i
HeCcTaTHYEeCKOro MeToAa B KaYeCTRe IMoOaNbHBIX JaHHBIX AOCTYITHEl HECTa-
THYeCKUE WIeHbl Kjacca, T. €. WieHbl 00BEeKTOB 3TOro Kiaacca. s JoKatb-
HEIX METOAOB IMOOAIbHBIMH OOBbEKTAMHU ABAAIOTCA MAPAMETPhl M JOKAJIb-
Hble MepeMeHHBIe TOrO MeToJa, B KOTOpPOM OGBABIEH JOKAAbHBIH METOA.
O6mMeHbI Yepes r1obaabHble 06BEKTH ABLAIOTCA HapylleHHeM TPUHIIUIOB
WHKANCYAALUMH U OOBIMHO B PeaTbHBIX paspaboTKax He peKOMEHAYIOTC.

OOMeHEI €O CTaHAAPTHLHIMHU IIOTOKAaMH BBOJA-BHIBOAA, MOAAEP>KUBaCcMble
cpeAcTBaMu Kiaacca Console, HaM y)ke 3HakOMEI. 11 opraHusaumu obme-
HOR ¢ GaiiJIOBBIMHU IIOTOKAMH UCIIOAb3YIOTCA TE cpeacTBa OUbINOTEKN Kac-
COB, KOTOPHIE MHI ellle He paccMaTpuBaIn. COCpelOTOUMMCA Ha 0COOEHHO-
cTAX 0OMeHOB Yepes anmnapar mapaMeTpoER.

[Tpu onpegeseHUN METO/IA B €r0 3aTOMOBKE pa3Melnaercs cneuuduka-
I[UA TapaMeTpoB (BO3MOXKHO ITycTasd) — pasZie/leHHaA 3alAThIMUA TOCIeA0-
BaTeIbHOCTD cieluduKaTOpok NapaMeTpoB. Kaxapiit cnenmgukarop napa-
MeTpa UMeeT BUL:

MOBuuKkamop mun_napamempa uma_napamempa

MoauduxaTop mapameTrpa MOXeT OTCYTCTBOBATbh WJIM HMeeT OJHY
u3 cneayiomux ¢opm: ref, out, params, this.

Ecnm MogndukaTop nmapaMeTpa OTCyTCTBYET, TO Cielu$UKaTOp IapamMeTpa
MOXKET BKIIOYATh YMaTiMBaeMoe 3HaueHHe apryMeHTa U IpUHYMAaeT BUZ:

mun_napamempa uma_napamempa = GbipaxeHue

Takue napaMeTpH B IMTEpaType Ha3bIBAKOT HeoOA3aTeNbHEIMU (optional
parameter). BolpaxXeHHe IIoc/Ie 3HaKa NpUCBaUBaHUA ONpeJendeT yMaldn-
BaeMoOe 3HauYe€HUe apryMeHTa U JODKHO OBITh KOHCTAHTHBIM.

OrpaHvdYeHUN HA TUM TTapaMeTpa He HaKJIaJbBaeTcd. [lapaMeTp MoXeT
OBITH: NpegonpeaeseHHOro Tuna (0asoBble TUIBL, CTPOKH, object); nepe-
YUCAeHUEM; CTPYKTYPOH; KIacCOM; MacCUBOM; HHTepdelicoM; JeaeraToM.

Umsa napamempa — 3TO UAeHTUDUKATOD, KOTOPHIL BBIOUpAeT aBTOP
MeToAa. O0aacTb BUAUMOCTH U BpeMdA CYLeCTBOBAHUA MMapaMeTpa orpa-
HUYUBAIOTCSA 3arOJIOBKOM U TeJIOM MeToAa. TakuM ob6pa3oM, mapaMmeTpbl
He BU/IHBI ¥ HEAOCTYITHEI I KOZA, KOTOPBIA He pa3MellleH B Telle MeTO/a.

Cranzgapt C# oTMeuaeT CyIIeCTBOBAHNE YeThIPEeX BUAOB MApaMeTPOB:

* TIapaMeTphbl, IepejaBaeMble TI0 3HAYEHHUSIM;

* TapaMeTphl, epeaaBaeMble Mo cchuikaM (ref);

* BBIXOAHBIE ITapaMeTphl (out);
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* MaccHuB-llapaMeTp (params).

[TapaMeTphl IIepBEIX TpeX BHAOB B CTaHzapTe C# Ha3bIBAalOT GUKCHPO-
BAHHHIMU IapaMeTpaMu. Crneuudukauua GPUKCHPOBAHHOTO NapaMeTpa
BKJIIOUYaeT HeobA3aTenbHEN MoaudukaTop ref uin out, obo3HaveHue TUIIA
U WeHTuGUKaTOp (MMA mapaMeTpa).

Cnucok mapaMeTpoB NpeAcTaBideT coboli nocieJoBaTebHOCTE pasje-
JIEHHBIX 3alATHIMM CHelludUKATOPOR TapaMeTpPOB (BO3MOXKHO, IYCTYIO),
V3 KOTOPBIX MOAbKO NocaAedHUl MOXeT OBITh MacCUBOM-TIApaMeTpPoOM, UMe-
IOMUM MoAUGHUKATOP params.

MoandukaTopsl MeTola HeoOsI3aTeNbHbI, HO UX JOCTATOYHO MHOTC. BoT
WX CIIUCOK, OKa He3 KOMMeHTapues:

new, public, protected, internal, private, static, virtual,
sealed, override, abstract, extern, async.

B aaHHOI maBe MBI 6yAeM pacCMaTpPUBATh TOABKO CTaTHUECKHe METOAbI
(MeTOABI KIaccoB, HEe OOBEKTOR) U JIOKAJAbHBIE METOARL. B AeKaapaluio Kax-
JIOTO MeTo/la Kacca (FIH CTPYKTYPHI) BXOAUT MoAudUKaTop static ¥ Tako
MeTO/, Ha3bIBAKOT CTATUYECKUM METOOM.

YrobH NPOAEeMOHCTPUPOBATE HEKOTOPBIE BO3MOXHOCTH U OTIHYUSA
MeToZa-Tpoueayprl OT MeToAa-GYHKIIUU, PACCMOTPUM CJAeAVIOIYIO Mpo-
rpaMmy

// 89 _81.cs - Cmamudeckue memolsi - npouedypa u QyHkUus
using System;
using static System.Console;
class Program
{
static void print{string line)
{
WriteLine("AnuHa cTpoKkwu:
WriteLine("3Ha4yeHWe CTpOKM:

}

static string change(string str)
{
char[] rev = str.ToCharArray();
Array.Reverse(rev};
return new string(rev);

}

static void Main()

{
string numbers = "123456789";
print(numbers);
numbers = change(numbers});
print(numbers);

}

+ line.Length);
" + line};

}
Pe3yabTaT BBHIIOAHEHUA TPOTrPAMMBI;

AnvHa cTpoku: 9
3HaJveHWe cTpoku: 123456789
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AAvHa cTpoku: 9
3Ha4eHue cTpokn: 987654321

B xiacce Program Tpu cTaTudeckux Meroaa. Meroa print() momydaer
HCXOAHBIE JaHHEIE B BH/I€ CTPOKHU-TIapaMeTpa | BEIBOAUT JAWHY U 3HaYeHHE
3TOU CTPOKHU. B TOUKY BBI30Ba MeTo/ print() HUYEro He BO3BPAIIAEeT — 3TO
npoleaypa.

Metoa change() — aTo ¢dyHKIMA. OH oAyYaeT B KaUeCTBe IIapaMeTpa
CTPOKY, GOpMUpYET ee «IepeBepHYTOe» 3HaAYeHNEe U BO3BpallaeT B TOUKY
BBI30BA 3TOT PE3Y/AbTaT.

B craTtudeckom mMeTofe Main() onpezeneHa cchblika numbers Ha CTPOKY
"123456789". B oTaeabHOM omepaTope BbI3BaH MeToA-Tipoueaypa
print(numbers), KOTOpPEIN BEHIBOAUT CBEeAEHHUA O CTPOKe, HMeHOBaHHOH
cceUIKOH numbers. 3aTeM Ta e CChUIKA HUCIOAb30BAaHA B KAYCCTBE apry-
MeHTa Metofa-dyuknuu change(). O6paieHue k 3TOMy METOAY pasMeIleHO
B [IPaBOU Y4aCTH ONepaTopa NPUCBAUBAHUSA, TIO3TOMY BO3BpaLlaeéMbId METO-
aoM change() pe3yabTaT CTAHOBUTCA HOBEIM 3HaUEHUEM CCBUIKU numbers.
[ToBTOpHOE ObpallleHUe K METOAY print() WITIOCTpUPYeT U3SMEHEeHUHL.

9.2. Metoibl NoKanbHbIe U OKATbIe J0 BbIPAXKeHN

B Bepcuun C# 7.0 BBe/leHHI ellle JBa BUJA METOJAOB, KOTOPHIE B pAje
CAy4aeB CYLeCTBEHHO YIIPOIAIT NPOrpaMMHUPOBaHNE. DTO JAOKANLHbLLE
MemoObl U Memoodbt, cocamste 00 8bLpadCeHULL.

JIoKaJbHBEIM Ha3BIBAOT METOA, ONpeAeaeHHbIN BHYTPH APYroro MeToza.
3ToT Apyroi (OXBaTHIBAIOUIUI) MeTOA MOXKeT OBITh CTATHYECKUM METOAOM,
KOTOpEIE pacCMaTpUBAIOTCA B 9TOM pasdeie. KpoMe Toro, JJokajJbHBIN METOA
MOXHO OTIPEAENUTE B IPYTOM JIOKAJTBLHOM METO/IE U B TEX METOAAX, KOTOPhIE
TOKAa HAaMH He PacCMOTPeHbI (KOHCTPYKTOP, MeTo 0O beKTa, akceccop CBOU-
CTBa, aKceccop UHAeKcaTopa).

[Tpu onpezeneHUN JOKaNbHOTO METOAA 3aNpellleHo cCHabXaTh ero Moau-
¢duxaropoM static. Ho ecsii oxXBaTHIBAIOIIMI METOA ABMAACTCA CTATHYCCKIM,
TO U BCE €T0 JIOKAJbHBEIE METOABI TAKXKe cTaTudeckue, JIOKaJbHHIM MeTOoA
MMeeT JOCTYN KO BCEM JIOKAJbHBLIM MEPEMEHHBIM U K MapaMeTPaM OXBaTHI-
BawIero Metosa. B 7ononiHeHue OTMETHUM, YTO JIOKAJBHBIU METOJ MOXKET
OBITH PEKYPCUBHBIM U MOXKeT OBbITh OlpeAesieH KaK aCUHXPOHHBIN.

[IpuMep WTIOCTPATUBHON [IPOrpaMMBI ¢ JOKAABHHIMHA METOAAMU.

[/ 89_82.cs — JflokancHsie Memods
using System;
class Program
{
static void Main()
{
double Sring(double R1, double R2)
{
double Rmax
double Rmin

Math.Max(R1, R2);
Ma‘th.Min(RlJ RZ);
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return Scircle{Rmax) - Scircle(Rmin);

}
double Scircle(double R)
{

return Math.PI * R * R;
}

double A = 19, a = 4;
Console.WriteLine("Nnowaab konvua = {@:F4}", Sring(A, a));
}
}

PEBYJII::TEIT BHIIIOJIHEHHA MPOrPAMMEL.

Maowaak Konbua = 263,8938

B mpuBeaeHHOM KoZe NPOrpaMMbl OXBaTbIBAIOIIUM ABAAECTCA METOJ
Main(), B koTopoM onpezieieHs! ABa JOKAAbHBIX MeToga: Sring() u Scircle().
[lepBHII U3 Ha3BaHHBIX JOKAJIbHHIX METOAOB BHIUUCALLT IJIOWAAL KPYro-
BOT'0 KOJIBIIA, & BTOPOM — ILIOMAAb Kpyra. bojbilee U3 3HaYeHUHN napamMe-
TpoB R1 n R2 meToza Sring() cIy:XUT paguyCcoM BHELIHEro Kpyra Kojabla,
MEHbIIIee ONpeAeNaeT PAZuyc BHYTPEHHEeH IpaHUIlbl KOAbIA. B Tene MeToza
Sring() ABa)kAbI BHIIOAHAETCA obpallleHHe K JOKaAbHOMY MeToay Scircle().
OcTtansHoe TpUBHMAALHO. B MeToa Main() AeknapupoBaHH! JiBe BEllECTBEH-
Hble TepeMeHHble (double A=10, a=4), KOTOpble UCMIOAL3YIOTCA B Kaue-
CTBE apryMeHTOB MeToga Sring().

YOpoCcTUTE JeKTapallio MeToAa B TeX CAydasdx, KOT[a B ero Tejae BCere
OZUH ONEpaTop, MO3BOAAET CHHTAaKCHC METOAOB, C:KATHIX A0 BEIpRYKCHHH.
Ob6BABIEHUE METO/IA, CKATOTO A0 BEHIPAXKEHU S, UMEET CIAEAYIOIIHAMN BU/:

mun_Bo38pawaemoz0_3Hadverus uma_memoda {creyuduxauun_napamempoB) =>
SvipaxeHue;

Ecu TUTT BO3BpAIaeMoro sHaYeHUsI OTAWYEH OT void, To «BrIpakeHue»
B NIpUBeAeHHON KOHCTPYKLUU MHTEPNPETUPYETCA KaK OIepaTop «return
BBEIpAKEHUE;». EC/IM THUTI «BO3BpAIlaeMOr'0 3HaYeHUsA» ONpefeneH Kak void,
TO 3HAYEHUE BHIPAKEHWUA HUKAK He YYHUTHIBaeTcsA (MCHOPUPYETCs), a HHTe-
pec NpeACTaBAAeT TOABKO 060UYHBIN 3¢ ¢$eKT ero BEIYUCTISHUA.

B kavecTBe nmpuMepa JeKJAapaliii MeTO/J0B, CKATBIX A0 BHIPaXXeHHUH,
MOXXHO 6bLIO OB U3MEHMUTb OOBABACHUA JOKAJBHBEIX MeToAoB Sring()
U Scircle() U3 npeapIyIied NporpaMMEl (B 3TOM caydae Teno Meto/a Sring()
MPpULUIOCE OB TPe06pazoBaTh, YTOOBL B HEM OCTAJICA TOJIBKO OAUH OMEpaTop
return).

[IpuBegeM Apyryio IpOrpaMMy ¢ MeTOZaMU, C:KaTbIMU O BBHIpaKeHHI,
I/le BBIMMCIAETCA AMWHA TUIIOTEHY3BI MO ATUHAM KaTeTOB TPAMOYTOABHOTO
TpeyroJlbHUKA.

// 89 _83.cs — memodst, cxameie Jo Guipaxeruli
using System;
class Program

{

static void Print(string st, double z) =>
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Console.WriteLine(st + " = {B}", z);

static void Main()
{

double Hypotenuse(double x, double y) =>

Math.Sqgrt(x * x + y * y);

double a = 3, b = 4;

Print("KaTteT A", a};

Print("KaTteT B", b};

Print("IfvnoTenysa™, Hypotenuse(a, b)});

}
}
Pe3yabTaT BBINOAHEHUA TPOTPAMMBDbL:
Kater A = 3
Kater B = 4

MnoTeHyza = 5

B nporpamMmMe onpeeneHH Ba METOAA, CKAThle A0 BRIpakeHUi: Print()
1 Hypotenuse(). Metoz Print() geksapupoBaH Kak cTaTUYeCKUU, IpUHaj-
Jexalui knaccy Program. IlepBriii napamerp Metoza Print() Tuna string
omnpezenseT Ha3BaHUE Pe3ylbTaTa, BHIBOANMOrO C IMMOMOIIBIC OOpaIeHus
K MeToay Console.WriteLine() 13 metoaa Print(). Bropoit napamMeTp MeToza
Print() umeet Tun double. OH onpeaenseT BHBOANMOE 3HAUYEHHE (YHUCTO-
BOH pe3VJIETAaT).

Metoa Hypotenuse() nokannsosaH B craTudeckoM Metoge Main(). Ero
Ha3HaYeHWe — BBIYUCAUTH MO AJAUHAM KaTeTOB, 3HAYEHUA KOTOPHIX 3a/]aHbl
napamerpamu (double x, double y), (u BepHYTE) AMHUHY TUMIOTEHY3HI.

B meToge Main() zex1apupoBaHHl ABe JIOKaJIbHEIE BEIIECTBEHHEIE Nepe-
menHsle (double a = 3, b = 4), urparomue poab KareTOB NPSMOYTOJBHOTO
TpeyroibHuKka. C nmoMolbio obpauieHuit K Meroay Print() BHIBOASTCA cBe-
AeHUA 0 KaTeTax U JJNHA FUMOTEHY3kl (CM. pesy/bTaThl BBIIOJAHEHUA TIPO-
rpaMmel). OOpaTUTE BHUMAHUE, YTO B TPETheM 0OpallleHUU BelleCTBeHHbIN
napaMmeTp MeToda Print() 3aMeHeH BBI30BOM MeToza Hypotenuse(), apry-
MEHTHI KOTOPOI'O — JIOKA/JbHBIC BEIIECTBCHHBIE TEPEMEHHBIE OXBATHIBAIO-
LIero MeToja.

OTMeTHUM, YTO METOABI, CXKATHIE JO BHIPAXKCHUI, He 0643aTeNbHO JO/IKHEI
6BITh TOKAABHBIMH WM CTATHYECKUMH MeTojaMH. QOCOoOBX OrpaHUYeHUH
Ha HUX He HajJoxeHo. Hampumep, MeToJ, CKaTHIA A0 BbIpaK€HUA, MOXeT
OBITH KOHCTPYKTOPOM B JleKJIapanuy Kjaacca, EANHCTBeHHOE TpeboBaHUEe —
TeJI0 METOAa AO/DKHO COCTOSTh U3 €JUHCTBEHHOTO OllepaTopa.

9.3. CooTHOLWIEHWE NAPAMETPOB U APryMEHTOB

YToOH OOBACHUTh BO3MOXKHOCTHA U 0COOEHHOCTH PA3HBIX BHUJOB Tapa-
METPOB, HAYHEM C TOTO, YTO IPH O6palIeHnH K METOAY KaKAbIH QUKCH-
POBaHHBIN NMapaMeTp 3aMellaeTcaA HEeKOTOPHIM apryMeHTOM. COOTBETCTBUE
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MeX/y apaMeTpaMU U 3aMellaolMU UX apryMEHTaMU YCTaHaBIUBAaETCA
10 UX B3aUMHOMY PacIIOJIOKEHUIO0, T. €. lTapaMeTPhl Ollpe/ie/IEHB] TI03ULIU-
OHHO.

ApryMeHT, 3aMeHAMNNY GUKCUPOBAHHBIN NapaMeTp, IpeACTaBisdeT
co6oii BeIpa)keHUe, TUIl KOTOPOTO COBIAZIAET WJIM MOXKET OBITh IIpUBeZeH
K TUITy, YKa3aHHOMY B clleIM$UKALNU COOTBETCTBYIOIIETO apaMeTpa.

Jlna mapameTtpa, nepeZaBaeMoro Io 3HaueHHUI0, Ipu obpalieHUU
K METOZy CO3/IaeTCs BHYTPU MeTO/la BpeMeHHbIN 00BEeKT, KOTOPOMY IIpH-
CBaMBaeTCA 3HaUYeHUe apryMeHra. [IMa napamerpa B Teje METOZAa COOTHe-
CEeHO C 3TUM BPEMEHHBIM 0ObEKTOM U HUKAK He CBA3aHO C TEM KOHKPETHBIM
apryMeHTOM, KOTOPHIH HCIOJb30BaH B OOpalleHUy BMeCTO IapameTpa.
Onepauuuy, BHIIOJIHAEMEBIE B TeJle METOJA C yYaCcTUEM TaKOro llapaMmerpa,
JeNUCTBYIOT TOJBKO Ha BpeMEHHBIN 00hEKT, KOTOPOMY IIPUCBOEHO 3HAYEHUE
apryMeHTa.

B Crangapre C# A1 WUTIOCTpaLli HE3aBUCMMOCTH apryMeHTa OT U3Me-
HEHUM IapaMeTpa, epefaBaeMoro o 3Ha4eHUIo, IpUBeJeHa CIeAyoasn
Iporpamma:

// 09 _04.cs - napamemp, nepedaBaembili nO 3HAYEHUK
using System;
class Program

{
static void F(int p)

{

p++;

Console.WriteLine("p = {0}", p);
}

static void Main()

{
int a = 1;
Console.WriteLine("pre: a = {0}", a);
F(a);
Console.WriteLine("post: a = {@}", a);

}
}

Pe3ysbTaT BBHIITOJHEHUS IPOTPAMMBI:

pre: a =1
p=2
post: a =1

ViamMeHeHMe mapaMeTpa p B Teje Meroga F() He mOBIUAIO HA 3HAUYEeHUE
apryMeHTa a.

TakuM 06pa3oM, KaK IOKa3bIBaeT MPUBEJAEHHBIN IPUMED, TapaMeTPHI,
mepeZilaBaeMble 10 3HAYEHUAM, CJAYXKAT JJIs Nepejadud JaHHBIX B METO/,
HO He TO3BOJIAIOT BEPHYTh KaKy0-T160 HHGOPMALIMIO U3 METO/A.

B KJ1acce MOXeT OBIThH JiF0O0e KOJIMYECTBO CTATUYECKUX METOZOB, U OHU
MOTYT OeclpensTCTBEHHO obpamarbcs ApyT K Apyry. [lokakeMm Ha mpuMepe
KaKue IIPYU 3TOM TOSBJIAIOTCA BO3MOXKHOCTH.
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3adaua: HanmucaTh PYHKIHIO (METOA), BO3BPALAIOIOYIO 3HAYeHHEe MHHH-
MaAbHOTO U3 YeTHpeX apryMeHToB. [IpAMoll IyTh — HCHOAB30OBAThL B Tele
METO/A BIOXEHHEIE YCIIOBHHIE OII€PAaTOPE! HAH YCIOBHHIE BHpaxKeHHUA. [locTynmum
HO-APYroMy — OIpeZie/THM BCIIOMOraTebHYI0 GYHKIHIO, KOTOpasA BO3BpallaeT
MHHMMAJIBHOE 3HAYEHUE OHOTO U3 ABYX NapaMeTpoB. [IporpaMma MoXkeT OhITh
TAKOH:

// 89 _85.cs - Baoxernnsie Gbi308bt GyHKyUL
using System;
class Program
{
// BcnomozamensHaa GyHKUUA:
static double min2(double z1, double z2)

{
}

// @yuxkuua BozBpawaem munumansHoe u3 3Havqerull napamempob:
static double min4(double x1, double x2, double x3, double x4)

return z1 < z2 ? z1 : z2;

{
return min2(min2{(min2(x1, x2), x3), x4);
}
static wvoid Main()
{
Console.WriteLine(mind (24, 8, 4, 2.3));
}
}

Pe3YHbT3T BHIITOMHCHHUA IIPOrpaMMBL:

8.3

B gaHHOM mpuMepe oba craTUdecKUuX MeToZa minZ{) u min4() BLICTY-
nawT B poau ¢yHruui. O6paTuTe BHUMaHKUe Ha BJIOXeHUe obpallleHUui
K ¢yHkuMy min2() B BRIPAKEHUHN onepaTopa return u3 ¢yHKuuu min4().

YToO® METO/, MOT € IOMOIIBIC TAPAMETPOB U3MEHATE BHEITHME TIO OTHO-
HIEHUIO K METOAY OOBEeKThbl, COOTRETCTBYIOIHE UM ITapaMeTPhl AOKHbBI
“MeTh Mogudukartop ref, T. e. nepegaBaThes MO CCBLIKE.

A UAACTpalMM 3TOH BO3MOXHOCTHU MOAMGULUDYEM IIpO-
rpammy 09_04.cs — crabaum napametp HoBoM ¢yHkuuK FR() Mmoznduka-
TopoM ref.

// 89 _86.cs — napamemp muna int, nepedaBaemsili no ccelixe
using System;
class Program

{
static void FR(ref int p)

{

p++;

Console.WriteLine("p = {9}", p);
}

static void Main()

{
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int a = 1;

Console.WritelLine("pre: a = {@}", a);
FR(ref a);

Console.Writeline("post: a = {8}", a);

}
}

Pe3yabTaT BHIIOAHEHNA IPOTrPAMMBL:

pre: a =1
p=2
post: a = 2

[Mocae obpamenus K Metoay FR() 3HavYeHMe BHEITHEHN IO OTHOIMEHHUIO
FR() nepeMeHHON U3MEHUIOCD.

O6paTuTe BHUMaHue, 4TO apryMeHT, TO/CTABIAEMBIA HA MECTO Tiepe/a-
BAEMOTO T10 CChUIKE ITapaMeTpa, A0/MKeH ObITh cHabxkeH MoaudukaTopom ref.

B kavecTBe MpUMepa MeToZAa C MapaMeTPaMHu, epeaBaeMbIMHU O CChLI-
KaM, 9acTO paccMaTpUBAIOT MeTo/l swap(), MEHAIOIUN MecTaMU 3HAYeHUS
ByX O0OBEKTOB, a/IpECOBAHHLEIX apryMeHTaMH. PacCMOTpPUM 4YyTh Gosee
CAOKHYIO 33/lauy — METO ynopAAcdeHud (B mMOpAAKe BO3pacTaHUs) 3Ha-
YeHUH TpeX MeNOYUCAeHHBIX TepeMeHHbIX. IS IeMOHCTPAIUU BO3MOXKHO-
CTeH BCIOMOTATEABHBIX METOAOB ONPEACANM B TOM JKE KJIAacCe METOo/ YIo-
PAAOYEHUS JBYX TTepEMEHHEIX:

// BchomozamensHsili memod
static void rank2(ref int x, ref int y)

{
int m;
if (x > y)
m=X; X=Y,¥y=m
}
s

Metoa rank2() urpaet posar npoueaypsl — OH B TOYKY BEI30BA HHUYETO
He BO3BpalllaeT, TaK KaK THII BO3BpaiaeMoro sHadeHuda void. [Mapame-
TPHl — UENOYHCIeHHEIE TIepeMeHHBIE, TIepe/lapaeMble IO cchuKaM. B Teme
MeTo/ia 0ObaB/IeHa BCIIOMOTraTe/AbHAaA JOKAAbHAA NepeMeHHad int m. OHa
HUCIIONB3YETCA KaK MPOMEKYTOUHEIM Oydep rpu oOMeHe 3HaYeHUH TapaMe-
TPOB X U V.

MMes1 MpUBEIEHHBI METO/, MOXKHO HAITUCATh CAEAYIOMY TPOUEAyPY,
peImaiyo Hally 3aZady COPTUPOBKU TPeX MepeMeHHEIX:

static void rank3(ref int x1, ref int x2, ref int x3)

{
rank2(ref x1, ref x2);

rank2(ref x2, ref x3);
rank2(ref x1, ref x2);

}

B Tene MeToza rank3() ero mapamMeTphl MCNIOAL3YIOTCA B KauecTBe apry-
MEHTOB TIpH obpaieHuax K Mmetoay rank2(). INpoueaypa rank2() BeI3BIBa-

144



eTcA TPUKAELL, TTOCeA0BATENbHO COPTUPYA 3HaUeHUs1, Ha KOTOPHE YKa3bl-
BaloT CHavajla mapaMeTprl X1, X2, 3aTeM X2, x3 U 3aTeM X1, x2. OyHKIUA
Main(), wutrocTpupylowas npuMeHeHne Meroga rank3():

static void Main()

{
int i = 85, j = 23, k = 56;
rank3(ref i, ref j, ref k);
Console.WriteLine("i={®}, j={1}, k={2}", i, j, k);
}

PESYJIBT&T BLHITIOIHEHNM A MTPOTPaMMBL
i=23, j=56, k=85

WTak, mapaMeTphl, llepejapaeMble TI0 CCHUIKE, UCTIONB3YIOTCA AJIA U3Me-
HEHHUA yXKe CYLIECTBYIILINX 3HAYEHUI BHENTHUX IO OTHOUIEHHUIO K METOAY
0OBEKTOB.

Eule pas obpatute BHHMaHHe, 4To MoguduxaTtop ref ucnoassyerca
HE TOJIBKO Nepesi MapaMeTpoM, HO U Hepe/l 3aMeIlaclivM €To apIyMeHTOM.
Ocob0 OTMETHUM, YTO APTYMEHTOM MOXET OBITh TOABKO UMeoUad 3HadYeHUe
nepeMeHHasd (He KOHCTAHTA U He BRIpAXKEHUE) TOTO Ke TUMA, YTO U Hapa-

MeTp.

Console.WriteLine(rank3(ref 24, ref 8, ref 4)); // owubka!
// ERROR — apaymenmst 0o/muHsl bbime nepemerHbimu!!!

BrIXoHBIE TTAPAMETPHI CHAGXKAKTCA MOAUPUKATOPOM OUt U TTO3BOAIOT
TIPUCBOUTD 3HAUYEHUA 0OBEKTAM BBI3BIBAIOITIETO METO/a JaXKe B TeX Caydasx,
KOI/Ia 3TH 00BeKTH 3HAYeHUH elle He UMeH.

BozHukaeT Bonpoc — 3adeM Hy:keH MoZuduKaTop out, ecau Te xe Aeil-
cTBUA obecreynuBaeT NpUMeHeHHe MognduKkaTopa ref? CBA3aHO NOABICHUE
MoaudUKaTopa out ¢ IpaBwIoM o6a3aTebHON MHUIAANIU3AIUN TTlepeMeH-
HbIX. MoaudukaTop out «<roBOpPUT» KOMIWIATOPY — «He obpaliail BHHU-
MaHHe Ha OTCYTCTBHE 3HaueHUA y MepeMeHHOMN, KoTopasa HCIIOAb30BaHa
B KauecTBe apryMeHTa», U KOMIWIATOP He BEAAeT cooblieHnsa ob olmnbKe.
OgHako 3Ta nepeMeHHas o0ga3aTeNbHO AOKHA TIONYYUTh KOHKPETHOE 3HA-
YeHHe B Teje MeToza. B IpOTHBHOM cilyyae KOMIWIATOP 3apUKCUPYyeT
onmbky. Omubkoi 6yaeT U MONHTKA UCTIOAb30OBAHUSA B TeIe METOZa 3Ha-
JeHUs BBIXOJHOT'O MapaMeTpa 6e3 mpe/[BapUTEIbLHOIO IPUCBAUBAHUA €MY
3HAYEHUA,

MeTo/, ¢ BHIXOAHBIMY [TapaMeTpaMu (MMermuMu MogudukaTopsl ref
WIH out) OOBIYHO BHICTYNAET B POJAM IpOUeAYPhl. XOTA He 3alpelleHo
TAKOMY MeTOAY BO3BpalllaTh 3HaYCHUE C IIOMOLIBIO onlepaTopa return. [1pu-
MepOoM TaKoro MeToda CIyKUT MeToA TryPasre(), KOTOPEBIN MEI y2Ke HCIIONb-
30BajM B IIpUMepax IporpaMm.

B xauecTBe WUIIOCTpPALUK TPUMeHEHHs] BEIXOAHLIX [IapaMeTpoB ITpUBe-
AeM MEeTOJ, BO3BpaIlawuui neayio (int integer) u apobuyio (double fra)
JacTH BemecTBeHHOro uucaa (double x). B ¢ynknumu Main() onpegeanm
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TpU nepeMmeHHbIX: double real — ucxogHoe uucno, double dPart — apob-
HafA 4acTh, int iPart — 1esas gactk. [TepemeHHad real MHUIMATH3UPOBAHA,
nepeMeHHbie iPart, dPart He UMeIOT 3HAYEHUE A0 0OpAIEHNI K METOY.

// 89 _88.cs - napamempsi-pe3ynsmamsl
using System;
class Program

{

// Memod BosBpawaem 3HauveHua yenol u dpobrol yvacmeii
// BewecmBeuHozo napamempa
static void fun(double x, out int integer, out double fra)

{
integer = (int)x;
fra = x — integer;

¥

static void Main()

{
double real = 53,93;

double dPart;

int iPart;

fun(real, out iPart, out dPart);
Console.WriteLine("iPart={@0}, dPart={1}", iPart, dPart};

}
}

PESYJIbTaT BHIIIOJNHEHHA MTPOIrPAMMBIL.

iPart=53, dPart=0,93

Heo6x0ay M0 OTMETUTB, YTO NPU OONILIINX 3HAYeHUAX apryMeHTa, 3aMe-
HAwIero napaMeTp double x, BesuynHa (int)X MoXeT IPeBHICUTE Mpefeb-
HOe 3HaueHHUe TUNa int. ITo IpUBeAeT K HeBepHLIM pe3y/bTaTaM 3a cueT
TIeperIOIHEHU, O KOTOPOM MBI FTOBOPWJIH B TJI. 3.

g mapameTpoB ¢ MogudukaTtopamu out B Bepcuu C# 7.0 gzo6aBieH psaj
CUHTAKCUYECKUX YCOBEPIEeHCTBOBAHMI, TPU3BAHHBIX YIIPOCTUTH (a BO3-
MOXKHO, IIPOCTO YKPaCUTh) KO/ IporpaMMbl. OHUM U3 Ha3BAHHEIX U3MCHE-
HUH ABAAETCA BO3MOXKHOCTh OOBABACHUSA «Ha JIeTY» MePeMeHHBIX, UCIIONb-
3yeMBIX B Ka4eCTBe apryMeHTOB IIpYA 00palieHuu K MeTOAY.

Pe3yabTaThl BHIIOJIHEHHUA NPeAbAyINed NporpaMMbL He H3MEHATCA, eClIn
B MeTozAe Main() o6pABAeHUA epeMEHHBIX, BO3BPAIAKLINX Pe3yAbTaTh
BEIIOJMIHEHNA MeToda fun(), pasMeCTHUTh HENOCPEACTBEHHO B o0palleHUN
K MEeTOZAY:

static void Main()

{
double real = 53.,93;

fun{real, out int iPart, out double dPart);
Console.WriteLine("iPart={0}, dPart={1}", iPart, dPart);

}

Bropas oco6eHHOCTb napaMeTpa ¢ MOAU(PUKATOPOM Out — BO3MOXKHOCTD
HCKJIOYNATL COOTBETCTBYIOIIMI €My apryMeHT K3 ofpalleHua K MeTOAY,
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ecJiu pe3yabTaT, BO3BpalllaeMblii TapaMeTpoM, He Hy>XKeH B KOHKPeTHOM
HCIOJIb30BaHUU MeToza. [lis Ha3BaHHOTO «OTOPAChIBAHUA» apTyMEHTOB
KaXXAbIi HeHY>KHBI MapaMeTp 3aMeHAeTCs apryMeHTOM (IIOACTaHOBKOM)
TaKoOI'o BHZa:. «out _».

[Tpomoskas mpeAbIAyIINM TpUMep, MOKaXKeM, KaK MOXXHO TTOJIYYUTh
c ToMoIIbio obparieHusa Kk Meroay fun() ToabKo 3HaYeHHE APOOHOM YacTH
BellleCTBEHHOT'O YMcJla, 3aZIJaHHOI0 TTIePBbIM apryMeHTOM:

fun(real, out _, out double fraction);
Console.WriteLine("fraction={0@}", fraction);

Y MmeToza ABa napameTrpa ¢ Moaudukaropamu out. Tak Kak mapaMmerp
out int integer He Hy>XeH, TO B oOpalleHUN K MeTOJy OH 3aMeHeH apry-
MEHTOM «out _». JIJisl IOJy4eHus pe3ysibTaTa UCIIOIb30BaH OOBSABIAEMBbIH
Ha JjieTy aprymeHT out double fraction.

Ecnu B cenudukaiiuu mapameTpa 3aZjlaHo 3HaueHUe 110 YMOJTYaHUIO,
U MMEeHHO TaKoe 3HaueHHWe TpeOyeTcs NMPU KOHKPETHOM obpalieHuu
K MEeTOZy, TO COOTBETCTBYIOIHI apr'yMeHT MOXXHO OITyCTUTb. Eciiu cooTBeT-
CTBHE MEXJy apaMeTpaMU U apryMeHTaMU yCTaHaBIUBAaETCA II0 UX B3a-
MMHOMY PacHoyIOKEeHUIO (T. €. 10 3aHUMAaeMbIM UMY MO3ULIUAM), TO IIapa-
METpPHBI CO 3HAYEHUAMMU IO YMOJYAHHUIO JOJDKHBI pa3MelaTbCs B KOHIE
CIMCKa mapameTpoB. PaccmoTpuMm crieyromyii npumep:

static void Main()

{

void PrintReal(double x, string format = "3HayeHue = {0:F4}")
=> Console.WritelLine(format, x);
PrintReal(5.0/3);

}

B MmeToze Main() nokanu3zoBaH MeTtoZ PrintReal(), cxxaTeilt 10 BeIpaxe-
HusA. Jlig BToporo nmapaMmeTtpa string format 3asaHo 3HaYeHUE IO YMOJI-
yaHUio B BuZie cTpoku "3HaueHue = {0:F4}". B Tene meToza PrintReal()
mapameTp format ucnosb3yeTcsa B KauyecTBe popMaTHOM CTPOKU MeToza
WriteLine().

B o6pamenun PrintReal(5.0/3) BTOpOIi apryMeHT OIyINEH, ¥ BMECTO
HEero UCIOJIb3yeTCs yMaTdyBaeMoe 3Ha4eHre BTOPOro mapaMeTpa.

Pe3ynbTaT BHITTOTHEHUA:

3HayeHne = 1,6667

[Ipy TO3UIOHHOM COTIOCTABJIEHUM apTyMEHTOB C 3aMeHAeMbIMUA UMU
ImapaMeTpaMy pa3MemnaTh crenuduKaIy mapaMeTpoB ¢ YMaTIYMBAaEMbIMU
3HaYEeHUSIMU HY>KHO TOJIbKO TI0CJIe 003aTebHBIX TapaMeTPOB, He coZlepiKa-
MIUX YMaJTYMBaeMbIX 3HaUYeHU. DTO He Bceraa y006HO0. YTOOH yCTPaHUTh
yKa3aHHOe HeyZ00CTBO, B 0OpaleHuu K MeToZaM MOXXHO HCIIOJb30BaTh
MMeHOBaHHbIE aPTYMEHTHI. B 3TOM ciTydae KaXK/blil apryMeHT UieHTUGUITH-
pyeTcs UMeHeM TOT'0 ITapaMeTpa, KOTOPHIM OH JOJDKEH 3aMeHUTh. ApryMeHT
BBIIVIA/IAT TaK:
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umMa_napamempa: BbipaxeHue

Ob6paueHue:

PrintReal(format:"Hay4Haa HoTauua: {0:E4}", x: 479.77);

PESYJII::TEIT BBITIOJAHEHHA:

HayyHaa HoTauua: 4,7977E+802

9.4. MapameTpbl ¢ TANAMU CCHITOK

MBI yoke A0CTATOYHO MOAPOOHO HA MPUMEPAX PACCMOTPENH BO3MOMKHO-
CTU MapaMeTPOB ¢ THIIAMU 3HaueHU. OTMETWIH CYLIECTBEHHOE Pa3ivKe
HX [EepPEJAvYH 10 3HAYEHNUIO U IO CChUIKe. Pasofpann ABa BapuaHTa mmepe-
Aauu IO CChIKE — ¢ MpUMeHeHneM MoandukaTopa ref U ¢ UCIIoAb30BaHHEM
Moandukaropa out. Teneps ocTaHOBUMCA Ha 0COOEHHOCTAX NMAapaMeTPOB
¢ TUIIAMM CCBUIOK. /111 HUX TakKe BO3MOXKHA KaK Tepejada 1o 3HaYeHUIO,
TaK ¥ Tepeiada 1o CChUIKe.

Ecap mapaMerp ¢ THIIOM CCHUIKH II€PEAAETCA METOAY IO 3HAYEHHIO,
TO B TeJle METOAA CO3AaeTcsl KOMUA HUCIIONb30BaHHOTO apryMeHTa (KOHs
CCBUIKW). 3Ta KOIIUA apryMeHTa CCHIAaeTcs Ha KaKOH-TO BHEWIHUH A1
MeToZa OOBEKT U OMepaTophl Tejla MeToAA Yepe3 CChLIKY MOTYT U3MeHUTD
9TOT BHEIMHUHN 00bekT. [Ipumep:

// 89_89.cs - napamemp C MUNOM CCbAKU
using System;
class Program

{

static void sorting(int[] vector) // ynopadowume maccub
{
int t;
for (int i = 9; 1 < vector.Length - 1; i++)
for (int j = i + 1; j < vector.Length; j++)
if (vector[i] > vector[j])

{
t = vector[i];
vector[i] = vector[j];
vector[j] = t;

5

}

// BuBecmu Berkmop
static void arrayPrint(int[] a, string ¢opmat)
{
int i;
for (i = 8; i < a.Length; i++)
Console _Write(dopmaT, a[i]);
}
static void Main{()
{
int[] array = { 1, 4, 8, 2, 4, 9, 3 };
arrayPrint(array, "{0,6:d}");
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Console.WriteLine();

sorting(array);
Console.WriteLine("WU3meHeHHbIH MaccuB:");
arrayPrint(array, "{0,6:d}");
Console.WriteLine();

}
}

Pe3y/bTaT BBITOJHEHUS IPOTPAMMBI:

1 4 8 2 4 9 3
N3MeHeHHblIi1 Maccus:
1 2 3 4 4 8 9

Mertog sorting() B kauecTBe apryMeHTa, liepefaBaeMoro o 3Ha4yeHuIo,
JIOJDKeH MPUHUMATh CChUIKY Ha HEKOTOpBIM MaccuB THMa int[]. B Terne
METO/Ia BBHIMIOJTHAETCA IIepecTaHOBKA 3HAaUeHUU 3JIeMeHTOB TOr'0 MacCUBa,
CChUIKA Ha KOTOPBIM UCIIOIb30BaHa B KayecTBe apryMmeHTa. TakumM obpasom,
MEeTO/, U3MEeHseT BHENTHUH /I HETO 00BEKT — OJHOMEDPHBIN 1[eJI0UHCIIEH-
HBIM MacCCHB.

OzfHaKo He c/IeflyeT CYUTATh, YTO MeTo/ sorting() MpHUHUMAET IapaMeTp
vector 1o CChUIKe. DTOT IIapaMeTp C THUIIOM CCbUIKY Ha OJHOMEPHBIU 1ieJio-
YUCJIEHHBIN MacCUB nepedaemcst no 3HaAUeHUr.

YTo6bl XOPOLIO MOHATH pa3inyue Mepeiayd 1Mo 3HAYeHUsIM OT Iepeay
II0 CCBUIKaM /i [IapaMeTpOB C TUIIAMH CCBUIOK, PACCMOTPUM CJIEAYIOLIUM
npumep. [TycTh ocTaBieHa 3aiaya OOMeHATh 3Ha4eHU s CChUIOK Ha /IBa 00'b-
ekTa-maccuBa. CieslaeM 3To AByMA criocobamu. OnpeieTiM OYeHb TIOX0XKHe
METO/IbI:

static void changel(int[] vecl, int[] vec2)

{
int[] temp;
temp = vecl;
vecl = vec2;
vec2 = temp;
}

static void change2(ref int[] vecl, ref int[] vec2)
{

int[] temp;

temp = vecl;

vecl vec2;

vec2 temp;

}

MeToabl OTAWYAIOTCS TOJAbKO MoAudHUKAaTOpaMu MapaMeTpoB. JIid
changel() mapamMeTrpsl nepegaroTca Mo 3HaYeHUAM, Aas change2() —
10 CCBUIKAM.

static void Main()

{
int[] arl = {1, 4, 8, 2, 4, 9, 3};
int[] ar2 = {1, 2, 3};
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changel(arl, ar2); // nepedaya no 3HAYEHUAM
Console.WriteLine("arl.Length=" + arl.Length);
Console.WriteLine("ar2.Length=" + ar2.Length);
change2(ref arl, ref ar2); // nepedaya no ccuinkam
Console.WriteLine("arl.Length=" + arl.Length);
Console.WritelLine("ar2.Length=" + ar2.Length);

}

Pe3ynbTaThl BHITIOJIHEHUSA IPOTPAMMBI:

arl.Length=7
ar2.Length=3
arl.Length=3
ar2.Length=7

B MmeToze Main() ompezesieHbl iBa KOHKPETHHIX MacCHBa:

int[] arl
int[] ar2

{ 1) 4) 8) 2) 4) 9) 3 }.;
{1, 2,3}

O6pamenue changel(arl, ar2); He U3MeHsIET CChUIOK, arl OCTaHeTCs CBsA-
3aHHOM C MaCCHBOM U3 CEMU 3JIEMEHTOB, ar2 OyZeT CChLIaThCsA, KaK U paHee,
Ha MacCUB U3 TPEX JIEMEHTOB.

[Tpu Bei3oBe change2(ref arl, ref ar2); ccbuiku 0OMeHAIOTCA 3HAYEHU-
saMu — arl OyzeT cchUIaThCs Ha MAacCUB M3 TPEX dJIEMEHTOB, ar2 OyzeT ajape-
COBaTh MaCCUB U3 CEMU DJIEMEHTOB.

Ha sTtomM mpumepe Mbl yOeAUIHCh, YTO apryMEHT C THUIIOM CCHUIKU
(Tak >Xe KaK apryMeHT C TUIIOM 3HAaYeHWs) MOXKET U3MEHUTDH CBOE 3Haye-
HUe IIPY BHITTOJTHEHUH TeJIa METO/]a TOJIbKO B TOM CJIy4ae, KOTrza OH IepeiaH
METOJy TIO CChUIKE, T. €. uMeeT MoaudukaTop ref wiu out.

VTak, mapamMeTp CChUIOYHOTO THUIIA MOXKET ObITh CHabXeH MoanpUKa-
TopoM ref. Be3 Hero aprymMeHT Bcerja «CMOTPUT» Ha CBOM OOBEKT (BHeII-
HUI), MOXXET €r0 MEHATh, HO HE MOXKET U3MEHUTD cBoero 3HaueHusd. C ref
apryMeHT C TUIIOM CChLIKH MOXKET CMEHUTDb CBOE 3HAaUYE€HHE U «OTIEITUThCI»
OT CBOEro oo’beKTa.

B psize ciiydaeB MHTEPECHO MMETb METOZ, KOTOPHIN MPUTOJAEH He I
oZHOTrO PUKCUPOBAHHOIO THUIIA ITapaMeTpa, a A0 HEKOTOPOH CTeleHU
YHUBEpCaJeH U JOIMyCKaeT MOACTAHOBKY BMECTO MapaMeTpa apryMeHTOB
pa3HbIX TUIIOB. Tak Kak Bce TUIIBI si3bika C# ABISIOTCA IMPOU3BOAHBIMU
oT ogHoro 6a3oBoro Kjacca object, To MeToz Ay oOMeHa 3HAYEHUI ABYX
CCBUIOK MOKHO HAITHCaTh TaK:

static void change(ref object obl, ref object ob2)

{
object temp;

temp = obl;

obl = ob2;

ob2 = temp;
}

YTo6Bl 0OPATUTHCA K 9TOMY METOZAY, HEOOXOAUMO IIPUBECTU THUIIBI HYXK-
HBIX HaM apryMeHTOB K Tuiy object. Ilocjie BhIIOTHEHNA MeTOAa HY:KHO
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«BEPHYTL» MTOJYYEHHEIM pe3y/abTaTaM TUII UCXOAHEBIX CCLUIOK. B cieayromem
MeTOA€e IIPOAETIAHEI YKa3aHHBIE AEVUCTBHA:

static void Main()
{
int[] arl1 = {1, 4, 8, 2, 4, 9, 3};
int[] ar2 = {1, 2, 3};
object objl = arl, obj2 = ar2;
change(ref objl, ref obj2); // nepedaua no ccuinkam
arl = (int []) obji;
ar2 = (int []) obj2;
Censole.WritelLine("arl.Length=
Console.WriteLine("ar2.Length=

}

PESYJIbTaTbI BBIITIOMTHEHHUA TTIPpOT'paMMEBIL

+ arl.Length);
+ ar2.Length);

arl.Length=3
ar2.Length=7

[TpoaeMOHCTPUPOBAHHOE B 3TOM MporpaMme NpUBeAeHNe TUIIOB apry-
MEHTOB K TUIIAaM ITapaMeTPOB IpU nepedaue no ccuikam oOyCIOBIEHO
CHUHTaKCUCOM A3bIKA U mpecaeayeT obecnieueHne 6e30MacHOCTU KOZa Mpo-
rpaMMEIL.

B ciiyuae mepezavu 110 3HAYEHUWIO MapaMeTpa ¢ TUIIOM object Heobxonu-
MOCTH B IBHOM [IPUBEACHAM THUIIA apI'yMeHTa K THITY ItapaMeTpa HeT. BMe-
CTO IepejaBaeMoro o 3HaUeHUIO NapaMeTpa ¢ TUIIOM object pa3pelieHo
MIOACTABUTDL apTYMEHTHI IFOOBIX THUIIOB,

Creayomyil NpuMep WUIIOCTPUPYET 3Ty BO3MOXHOCTh, IledaTad cBeje-
HUA O THUIIe NlepeJaHHOTO €My apryMeHTa.

static void printType(object param)
{Console.WriteLine(param.GetType());}

ApryMeHTbI IpH 06panieHuax K Metogy printType() MoryT uMeTs JH060H
THUII, TPOU3BOAHBIHN OT Tuna object. MiumtocTpaliud:

static void Main()

{
int[] arl = {1, 4, 8, 2, 4, 9, 3};
printType(arl);
printType("cTpoka");
printType(440);

PESYJIbTaTbI BBIIIOAHEHHA IIpOr'paMMBbIl:

System.Int32[]
System.String
System.Int32

[TpeanonoxumM, 4YTO METOA AOCJNKeH ONpeAeNUTh BHYTPH CBOEro Teja
HEKOTOPEIN OOBEKT U CAENaTh 3TOT OOBEKT AOCTYITHBIM B TOYKE BEI30BA. 3TO
MOKHO C/IeIaTh ABYMS CIIOcOGaMu.
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Bo-TtepBLIX, METOA MOXKET BEPHYTH CCHUIKY Ha 3TOT 00LEKT Kak 3Haue-
HUe, Bo3BpamaeMoe ¢yHKIMEH (MeTOAOM) B TOUYKY BHI30Ba. BO-BTOpBIX,
B METOJ€ MOXXHO HCIIONL30BATh MMapaMeTp ¢ TUMOM CCBUIKH, CHa0)KeHHEIH
MoandurkaropoM ref mubo out. [TepBHIi CTOCOS WUTIOCTPUPYET CAEAYIONAS
porpaMma.

/7 89 _13.cs5 - cculAkG Kak Bo3Bpawaemoe 3HAYeHue
using System;
class Program

{

static int[] newAr(uint numb)

{
int[] temp = new int[numb];
for (int 1 = @; i < numb; i++)
temp[i] = (i + 1) * (i + 1);
return temp;

}

static void Main()

{

int[] vector = newAr(6);

foreach (int el in vector)
Console.Write(el + " ");

Console.WriteLine();

}
}

PES}’JII::TEITI::I BBIIIOAHCHHA ITIPpOI'paMMBIL:

149 16 25 36

B mporpamme MeTo/ (GyHKINA) newAr (), TOTyIHB B KAYeCTBE apryMeHTa
1e/ioe HEOTPULIATENbHOE 3HAYEHUE, CO34AeT OAHOMEPHBIH 11eI0YUCAEHHHHT
MAacCUB, IIPUCBAHBAET eT0 JIeMeHTaM 3HAYeHUsA KBAaAPAaTOB HATYPaJIbHEIX
yHces ¥ BO3BpalllaeT B TOUKY BbI30Ba CCHUIKY Ha COPMUPOBAHHELIIA MacCUB.
B meroze Main() onpeaeneHa nepeMeHHasA vector — CChLIKA Ha LeI09MC-
JIEHHBINM MACCUB, U el IPUCBOEH pe3y/ILTaT BHI30Ba MeToAa newAr(). Peayan-
TATHI BBIMOTHEHUS TTPOTPaMMBbI WTFHOCTPUPYIOT CKa3aHHOE.

9.5. MeToAbl ¢ NepeMeHHbIM YNCIOM APrYMEHTOB

Y napaMerpa ¢ MOZNPUKATOPOM params Ha3HaueHHUe 0co00e — OH Npej-
CTaBJIACT B METOJE CIIMCOK apryMEeHTOB HeollpeAeleHHOH (3apaHee He PUK-
CHUPOBAHHOM) AAUHBL. Ero TUIT — 0[HOMepHBIA MacCHB C 3IeMEHTAMU THIIA,
YKa3aHHOI'O B CIIeTudpUKaIUA TTapaMeTpa.

C mpuMeHeHVeM MeToJa, UMeWllero napaMetp co crneiuduranuei
params string [], MBI y2Ke TIO3HAKOMIUIUCD B [V1. 8, I[Ze paccMOTpenu (mmapa-
rpad 8.10) Bo3MoxKHOCTH nepegauy B MeToZ Main() apryMeHTOB 13 KOMaH[-
HOM CTPOKH.

Kaxk yxe cka3aHo, 3TOT IapaMeTP MOXeT OBITh TOJALKO MOCAeIHUM (TIH
eJUHCTBEHHEIM) B CIIMCKE apaMeTpoB. B obpaleHnn Kk MeToAy 3TOT mapa-
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MeTp 3aMeHseTCcA CIUCKOM apryMeHTOB, KaXKABI M3 KOTOPHIX AOKEeH
WMETh TOT K€ TUII, YTO U IJIEMEHTH MACCUBa MapaMeTpoB. B Tene MeTo a
OTZeNbHEIE peaNbHO UCMOMb30BaHHbBIE apTyYMEHTHl NPeACTaBAeHEl 3/1eMeH-
TaAMU MacCUBa-napaMeTpa. KoMUuuecTBo apryMeHTOB COOTBETCTBYET JJIUHE
MAacCHUBaA.

B kauectBe npruMepa 00BABICHUA U UCNOAB30BAHNAA METOAA C TAKUM
MApaMeTPOM MIPUBEJEM MPOTPAMMY C METOAOM /I BEIYUCAEHUA 3HAYEeHUH
MOAUHOMA

P(x)=ay *x"+a; *x" 1 +...+a, 1 *x+a,.

// 89 _14_cs - maccuB-napamemp
using System;
class Program

{
// BeiMucnsem 3HAYERUE NOAUHOMA € yenbimu KosdduyueHmamu :
static double polynom{double x, params int[] cocef)
double result = 9.9;
for (int i = @; 1 < coef.Length; i++)
result = result * x + coef[i];
return result;
}
static void Main()
{
Console.WritelLine(polynom{(3.2, 3, 1, 2));
}
}

PESYJII::TEIT BHIIIOJNHEHHA MPOrPAMMEL.

32

Metopx polynom() Bo3Bpauaet 3HaueHue Thna double, T. e. urpaet poab
¢yuaxumu. [eperiii napamerp double x npeacTabndeT 3HaYEHHE apTyMeHTAa
noauHoMma. Bropoii napaMmetp params int [] coef zaeT BoaMOXKHOCTE nepe-
JaTbh B METO/| CIMCOK KO3)PULUEHTOB IOJUHOMA 4y, dy, ..., 4,1, d,. BCe
k03 PULHNEHTH AOMKHBL UMETh LEJOYUCACHHBIC 3HaUYeHUA. VX peanbHoe
KOJUYECTBO, T. €. CTelleHb IOJUHOMA, IIPU OOpallleHUH OIpeAesAeTCs YUc-
JIOM UCIIONb30BAHHBIX ApryMEHTORB, a B TeJle MeTOAa — 3HaueHUeM CBOM-
ctBa coef.Length. B Tene MeToa:

coef[@]=a,, coef[l]=a,, ..., coef[n]=a,.

Jlng BEIYUC/AeHUA TIOAMHOMA HCIOMB30BaHa cxeMma ['opHepa, 0o3BOJAIO-
11as 3aMeHUThb ABHbIe BO3BEeAEHUA B CTENEHb NOCAeA0BaTEeNIbHBIMU YMHO-
KeHUSMH:

P)=(0.(aqp*"x+q)*x+ay)*x+...+q,1)* x+a,.

B ToMm ciyuae, korja TpebyeTcs MeTO/, IPUHUMAKIIUN IPOU3BONIBHOE
YUCIO NapaMeTpoB AOBIX pasHBIX TUIIOB, JX. PuxTep [6] nmpeanaraer
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HCIIONb30BATh TapaMeTp BHZa params object[]. OH IpUBOAUT B KaueCTBe
MIpUMepa MeTO/, KOTOPHINA BEIBOANT 0003HadeHUS (HAaMMEeHOBAHWs) TUIIOB
BCEX NMepejaHHBIX METOAY apryMeHTOB. BOoT nmporpaMma ¢ 3TUM METOLOM:

// 89 _15.cs — maccuB-napamemp "yHuBepcanoHoz2o” muna
using System;
class Program

{

// Memod Buibodum ra3Barua muno8 apaymenmol:
static void DisplayTypes(params object[] objects)

foreach (object o in objects)
Console.WritelLine{o.GetType());
}

static void Main()

{
DisplayTypes("yes", 432, new object());

}
}

Pe3ysbTaT BHIIIOJHEHNA IPOTrPAMMBL:

System.String
System.Int32
System.object

Ob6paTuM BHMMAaHHE, YTO NapaMeTp, CHaOXeHHbIH MOZUPUKATOPOM
params, ofeclieunBaeT Nepejavyy apryMeHTOB IO 3HAYe€HUIO, T. €. 3Haue-
HHA apryMEeHTOB IIOC/€ BHIIOJHEHUA MeToJa He M3MeHATcA. Caeayomas
TIPOrpaMMa WITKCTPUPYET 3TO IPABUJIO.

// 89 _l6.cs - nepemeHHoe 4uUCA0 apzymeHmo
using System;
class Program

{
static void varParams{params int[] ar)
{
for (int i = ©; 1 < ar.Length; i++)
{
ar[i] *= 2;
Console.Write("ar[{0}]={1} ", 1, ar[i]);
}
}
static void Main()
{
int a=2,b=23, ¢c=25;
varParams{a, b, c};
Console.WriteLine("“\na={@}, b={1}, c={2}", a, b, c);
}
}

Pe.?;y}IbTaT BHIIIOJHCHHKA MPOIPAMMBIL.

ar[@]=4 ar[l]=6 ar[2]=19
a=2, b=3, c=5
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3HavyeHUusd [IEpeMEeHHLIX 4, b, C IIocae HMX HCIMOJAL30BaHHA B KaveCTBeE
APTyMCHTOB MCTOJA varParams() He H3MCHHWIUCDH, XOTA B TEJIC METCAA 3J1E-
MECHTAM MaCCHBa-TIapaMeTpa IIPpACBOCHBI HOBRIC 3HAYCHHWA,

9.6. Meperpy3ka metonos

[Teperpyska MeTOJOB NpeAcTapaieT coboit OAUH U3 CAYYaeB NOJAUMOPD-
duszma.

B oTHOmIEHUM K MeTOJaM MOAMMOp¢U3M HO3BOJIAET ¢ HTOMOIIBIO OJHOTO
VIMEHU NIPEACTABAATE Pa3fNdHBIN KO/, T. €. Pasj/IMYHOe IIoBeAcHUE. BaxkHOo
3/1ECh, YTO BRIOOP MTOAXOJAIIETO KOJIA BBIIIOMHAETCS ABTOMATHYECKU HA 3Tare
TPaHCAALUN WU UCIIOAHEHHS MPOTPaMMEL.

[MTonumopdnam He 00A3aTENIBHO CBA3aH C Meperpy3Koil MeTOA0B U IIpU-
CYLL HE TOMBKO NOAUMOPPHBIM A3bIKAM, K KOTOPEIM OTHocuTcA C#. Ilpak-
TUYECKU BO BCEX A3BIKAX MPOrPaMMHPOBAHUA 3HAKU apUPpMeTHIECKHX Olle-
paruii MPUMEHUMBl K OTIepaH/laM Pa3HbIX THUIIOB. HanpuMep, yMHOXATh
1 CYMMHPOBaTh MOXHO U Liefible, U BellleCTBEHHEIE ollepaHArbl. [jid 3Toro
HCIIOAB3YIOTCA onepauuu * U +. OgHaKo Ha YpOBHe MAUTUHHEBIX KOMaH[
onepannM ¢ LeJOYUCACHHBIMY OlI€paHAaMU MOTYT ObITh peaJN30BaHBL
HE TaK, KaK Olepalyy HaJ BelleCTBeHHBIMM YucaaMu., KoMmwiATop asTo-
MaTHU4YECKH 10 TUIIAM ONEPAH/IOB ONpeAeNsier, KaK JOMKHBI BRITOMHATHCA
COOTBETCTBYIOIIHUE AeicTBUA. B A3pikax C+ 4+ u C# 3Ta BO3MOXHOCTH IIPU-
MeHHMa U K TUIaM, KOTophle BBOAUT MPOTrPAaMMHUCT € TOMOIIBIO OIIpejere-
HUH KaccoB. B 3TOM ciyuae ToBOPAT O nepeepy3ke WIU pacnpocmpaHeHull
deiicmeus onepayuil Ha 00%eKMbt HOBBIX KJAaCCOB. 3TOMY BUAY ITOJANMOP-
¢$u3Ma HY>KHO YAEIUTDH 0co00e BHUMaHUE MTPU U3YYEHKH NOIb30BaTEIbCKUX
KJIaccoB. A celiuac BepHEMCA K MOIUMOPOU3MY TIePETPy3KU METO/IOB,

B nmporpamMe Ha s3biKe C# ofHO UM (MASHTUPUKATOP) MOoxKeT 0b03Ha-
YaTh pa3Hble METOAE, peaanayloliue B oflleM cIydae COBepLIEHHO pa3HbIe
aNTOpPUTMEL. BEIGOp HY)KHOTO MeTOZa IIPU BHI30BE ONpeesnseTcs KOHKpeT-
HBIM HabOpOM apryMEHTOB, pasMelleHHbIX B CKOOKaXx Ioc/e UMeHU MeToJa,
¥ TeM [IPOCTPAHCTBOM UMEH, K KOTOPOMY OTHECEeHO UMdA MeToAd. O TakoM
PAa3NMYAU TOBOPAT, YTO METO/AB PA3AMYAOTCA CBOUMU CUZHANYPAMU.

[TpoaemMoHCcTpPUpYEeM OCODEHHOCTH U yAOOCTBO Meperpy3kKd Ha cJeay-
ouem npumepe. IIycTh TpebyeTcs BRIYUCAATEL IUIOLIAAL S TpeyrojbHUKa
HAa OCHOB€ Pa3HBIX UCXOJHBIX JaHHEIX.

Bapuanm 1 — u3BecTHH AUHH ocHoBaHusA (d) v BeIcOTHI (h):

S = (d * h)/2.
Bapuanm 2 — H3BecTHH JIMHEI CTOPOH (a, b, ¢):
S=(p(p-a)(p-b)(p-))°S,taep = (a+b+c)/2.

Bapuanm 3 — u3BecTHBI ANAMHB CTOPOH (a, b, ¢) u paguyc (R) omucaH-
HOH OKOJIO TPEYTOJBHUKA OKPY>KHOCTH:

S=(*b*c)/(4*R).
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Tpu MeToza, peanusyloliue IpUBeAeHHbIe BAPUAHTH BRIYUCIEHUS ILTO-
1Iagu TPEYTrOAbHUKA, MOXXHO 0603HAaYUTh OZHUM UMeHeM. Metoant 6yayT
OTIMYATBLCA CllennUKAIUAMUY MapaMeTPOR U aArOpUTMaMM BEIMHCIEHMIN.
OOBABUTL METOABE MOXKHO TaK:

static double area(double d, double h)
{return d * h/2;}
static double area(double a, double b, double c¢)
{double p = (a + b + ¢)/2;
return Math.Sgrt(p * (p - a) * (p - b) * (p - ¢});}
static double area(double a, double b, double c, double R)
{return(a * b * ¢)/(4 * R);}

B aHHOM IpUMepe NPeANoaaraeTcsa, YTo BCe METO/bI SIBASIOTCI MeTO-
JlaMH ofIHOTO Kiaacca. B ¢pyHrumu Main() Toro ke kjgacca MOXKHO Tak obpa-
TUTHCA K KOKAOMY U3 HUX:

3.9));
4.0, 5.0
4.0, 5.0

L]

Console.WritelLine("areal="+ area(4.6,
Console.WritelLine("area2="+ area(3.9,
Console.WriteLine("area3="+ area(3.6

p—_

);
s 2.5));

3

IToABOAS UTOTH OOCY>KAeHUSA TEPETPY3KU METOAOB, €llle pa3 TOBTOPHUM,
9TO cuzHamypa memoda — 3TO KOMOWHAIUA €ro UMeHH, celubUuKaluu
TAPaMETPOB, U TIPOCTPAHCTBA UMEH, K KOTOPOMY OTHOCUTCS MeToA. Kpome
TOTO, UMA KJIACCa, B KOTOPOM OOBABACH METO/, U MOAMGUKATOPHL IapaMe-
TpOB out ¥ ref BXogaT B cUrHaTypy, a MoAudUKaATOpH MeToAa (HanmpuMep,
static public) B curHaTypy He BXOAAT.

O6paTuTe BHUMaHUE, 9TO TUIl BO3BPAlLlaeMOr'0 METOAOM 3HAYCHUA
HEe BXOAUT B CUTHATYPY, BAMAIOCLIYIO HA IEPETrPY3Ky METOAOB.

9.7. PexypcuBHbIe meToAbI

PekypCUBHEIM Ha3BIBAIOT METOJ, KOTOPHIH NPAMO {HEMOCPeACTBEHHO)
WIN KOCBEHHO BBI3HIBaET caMoro cebda. MeTos Ha3pIBalOT KOCBEHHO PeKyp-
CHUBHEIM, €C/IM OH COAEPXUT O0pallleHUe K APYroMy METOZY, CoAepKalleMy
MpAMOHN WIK KOCBEHHBIH BHI30B OlpeJendeMoro (mepsoro) Meroaa. B cay-
Jae KOCBEHHOM PEKYPCUBHOCTH II0 TEKCTY OIpeAeNeHUs METOAA €ro peKyp-
CHUBHOCTb MOXKeT OBITb He BHAHA. EcU B Tene MeToza ABHO UCIONIb3YETCA
obpalleHye K 3TOMY MeTOAY, TO UMeeT MecTo IpAMas pekypcus. B sTom
¢JIydae roBOPAT, YTC METOJ CaMOBHI3bIBatoIIui (self-calling). VIMeHHO caMo-
BBI3BIBAIOIIME MeToAbl OyZeM Ha3bBaTh PEKYPCUBHBIMHU, a AJA METOJOB
€ KOCBCHHOH pekypcueill OyaeM MCHOAb30BaTh TEPMUH «KOCBEHHO PEKYP-
CUBHBIE METOABI».

Knaccuveckuii mpuMep peKypcUBHOTO MeToAa — GYHKLIMS AJIs1 BBIYHCIe-
HUA ¢akTopHUana HEOTPHULATENBHOTO Iiesioro Yuciaa. Ha sa3nike C# ee MOXKHO
3aIucaTh TaKUM 06pa3oM:

static long fact(int k)

if (k < 8) return 9;
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if (k == @ || k == 1) return 1;
return k * fact(k — 1);
}

JU1s1 OTPULIATEBHOTO apryMeHTa pe3yabTaT (110 OpeAeIeHUI0 PaKTOpH-
aza) He CymecTByeT. B aToMm caydae yHKIUA BO3BpallaeT HY/ICBOE 3HaYe-
HUe (MOXHO OBUTO 6Bl BO3BPAIIATh, HATIPUMED, OTPUIATENBHOE 3HAYECHUE).
Jnd HyZeBOTO M e AMHUYHOT'O apryMeHTa, 1O onpeJencHuio gakropurana,
BO3BpalllacMoe 3HadeHue pasHO 1. Eciu k > 1, To BHI3BIBaeTca Ta e PyHK-
114 C YMEHBUIEHHBIM Ha 1 3HaueHHeM apIyMeHTa M BO3BpallaeMoe €10 3Ha-
JeHue YMHOXKAETCA Ha TeKyllee 3HadeHue apryMmenTa k. Tem caMeIM opra-
HU3YeTCA BHYHUCIeHHNe ITpou3BegeHusa 1 * 2 *3* . * (k-2)* (k-1) * k.

[Ipy NpoeKTUPOBAHUM PEKYPCHUBHOI'O METOAA HY)KHO yOeANUThCA:

— YTO OH MOXXET 3aBEPIIUTh paboTy, T. €. HEBO3MOXKHO BO3HUKHOBEHUE
3aUUKJIMBAHUA;

— YTO METOZ NPUBOANT K MOAYUCHHUIO IPAaBIWIBLHBIX PE3Y/ILTaTOB.

1A yAOBAETBOPEHNA NEPBOro TpeSOBaHUA JOIKHHE COOMIOAATHCA ABA
MpaBuIa:

1) B nociaeA0BaTEABHOCTU PEKYPCUBHEIX BEI30BOB JOJKEH OBITH ABHEIN
Pa3phIB, T. €. CAMOBBI30OBHI A0/DKHBL BHITOMHATBLCA A0 TeX [IOP, MOKAa UICTHHHO
3HaueHHe HeKOTOPOTro BHIpaXKeHMs, OllepaHAbl KOTOPOI'0 M3MEeHAITCA
OT BBI3OBA K BHI30BY;

2) IpU CaMOBBI30BaX JOKHEI MPOUCXOAUThL U3MeHeHHUs ITapaMeTPOB
¥ 3TU M3MeHeHUs Nocjie KOHeYHOTO YUCja BHI30BOB JO/KHB MPUBECTU
K HapyLIeHUIO TPOBepAeMOoro YCJIOBHUA U3 MyHKTa 1.

B Hawrem npuMepe yCAOBUEM BBIXO/IA U3 TIEITOYKN PEKYPCUBHBIX BHI3O-
BOB fIBJsieTCA UCTUHHOCTh BhipaxeHus (k == 0| |k == 1). Tak kak 3Ha-
JeHrue k KOHeYHO U mapaMeTp MIPU KAKAOM CAeAYIONEM BHI30BE YMEHbIIA-
eTcsa Ha 1, TO 1lenovYKa cCaMOBBI30BOB KOHeuHa. M1 OT KOHIla IIENOYKH, T. €.
ot 1 1= 1, Kk HaYany, MOXHO yOeAUTHCA, YTO BCE BHIZOBH paboTalOT BEPHO
U MeTo/] paboTaeT IpaBHUALHO.

WnmocTpanya uelnodyky caMOBBI3OBOB U1 METOa BEMUCICHNA GaKkTopyaia:

fact(4) 24
T
4*fact(3) return 4*6
v 4
3*fact(2) return 3*2
4
2*fact(1) return 2*1
v t
return 1

J$PEeKTUBHOCTL PEKYPCUBHOIO METOAa 3aYacTYIo OmnpeAendeTcs Tay-
OMHOI peKypcUH, T. €. KOMUYECTBOM CAMOBLI30OBOB B OZHOH IIEMOYKE MpPU
ofpalleHUU K METOAY.

B kadecTBe ellle OAHOTO IMpUMeEpa PEKYPCUH NPUBEAEM METOJ, TIPeoh-
pasyiomuii Bce 1udphl HATYPAJIbHOIO YHCIA B COOTBETCTBYIOIHE UM CHM-
BOJIEL [lapamerp MeToZa — LeJ0€ YMCIO0 THUIIA int, pe3yapraT — MAacCCHB
char[]. Kog MeToaa:
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// Hugpsi namypanbHozo ducaa:
static char[] arNumbs(int n)

{
if (n / 10 == @)
{ return new char[] { (char)(n + (int)'©') }; }
else
{
char[] res = arNumbs{(n / 18);
int L = res.Length;
Array.Resize(ref res, L + 1);
res[L] = (char){(n % 10) + (int)'0");
return res;
}
}

B kozae metoaa arNumbs(int n) mepesl¥ mar — npoBepKa pe3yAbTaTa
LIOYUCIeHHOTO AeJeHUs 3HadyeHUA napamerpa Ha 10. Ecan pesyabTar
HYJIeBOM, TO 3HaUeHUe ITapaMeTpa — 4Yucao MeHbllee 10 U mpeAcTaBaeHO
oaHOMN IMdpoi. B 3ToM ciydyae B oniepaTope BO3BpaTa U3 METO/a CO3JaeTCA
CAMBOJIBHBIA MACCUB U3 OAHOTO 3J€MEHTA CO 3HAY€HHEM, PAaBHBIM CHM-
BOJIbHOMY NPEACTARICHUIO 3HaYeHUA napametpa (oaHoi nudper). CcbUIKa
Ha MacCUB U3 OJIHOI'0 JIEMEHTA — 3TO Pe3Y/IBTaT, BO3BpalljaeMbli METO0M
IIPU NIpephIBAHUM 1ETIOYKU PEKYPCHUBHBIX CAMOBBI30BOB.

B 6onee obwem cayuae napametp 6onbuie 10 v BEIMOAHAETCA 610K OIle-
paTopoB, pa3MelleHHBIX B BeTBU else. OObaABAseTcs ccbika char [] res,
KOTOPOM IMPUCBAUBAaeTCA Pe3yIbTaT PEKYPCUBHOTO 00palleHusa K MeToAy
arNumbs(n/10). A moayueHHOr0 U3 3TOTO METOAA MACCUBA BEIUUCIAESTCA
pasmep (cBoicTBO res.Length). 3aTtem meToa Array.Resize() yBeauuupaer
Ha 1 pasMep MaccuBa, CBA3AHHOI'O CO CCBUIKOM res. B mocaeHUH 3AeMeHT
HOBOT'O MacCHBa 3aHOCHUTCA CHMBOJIBHOE NpeACcTaBIeHE Tocaeanel nudpsl
3HayeHUs nmapaMeTpa. CchbUIKA Ha MOJAYYEHHBIN MacCUB BO3BpalllaeTcd Kak
pPe3y/NbTaT PEKYPCUBHOTO BHI30BA.

I WIIIOCTpaliMU BBIIIOJAHEHUA MeToa UCIIONb3YEeM JICAVIOIIUN KOA;

static void Main()

{
foreach {(var c in arNumbs(8638588))

Console.Write(c + " ");

}
Pe3ynbTaT BHIIONTHEHUA IPOTrPAMMBL:

Se5s58g8@e

Lenouka PEKYPCHUEBHBIX BHISOBOB AAA [IPUBCACHHOI'O KOJA:

arNumbs (9090580) -> arNumbs(909058) -> arNumbs(00995) ->
arNumbs(6090) -> arNumbs(@89) -> pa3pLiB LenoYKM.

HEHO‘IKE[ BO3EPATOB U3 CAMOBBI3OBOE!

res[@] '9' -> res[1] = '@" -> res[2] = '5' -> res[3] = '8" ->
res[4] = '®’
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MHorue 3aja4uu, TpeOy0IlHe HUKIUIECKOTO MOBTOPEHMA OIepalui,
MOTYT OBITh TpeACTaBA€Hbl KaK PeKYPCUBHBIMU, TAK UM UTEPALMOHHBIMHU
anrropurMamMu. OCHOBHOH AJA PeKypPCUBHOTO aJrOpuTMa SIBASETCS ero
CaMOBBI30B, a AJIs1 UTEPAIMOHHOTO AArOPUTMAa — ITUKJL.

B KayecTRe WITHOCTPALIMU 3aMeHbl IIMKJIa Ha PeKYPCUI0 IPUBeJeM PeKyp-
CUBHBIN MeTo/ (NIponeaypy) A BRIBOAA Ha KOHCOMBHBINA JKpaH 3HadYeHUH
3HAYMMEBIX 3JIEMEHTOB CUMBOJABHOTO MaccuBa. IIycTh B MacCHBe TOABKO
HaYaJabHbIE 3JIEMEHTH UMEIOT 3HAYUMBIE 3HAYEHUs, a dJIeMeHTaM, PacIono-
JKeHHBIM 3a HUMH (0 KOHIIa MaccCuBa), MPHCBOCHE YMaTdHBaeMble 3HaUE-
HUA. HanmoMHNAM, YTO NpPU CO3JaHUH CUMBOJBHOTO MaccuBa 0e3 ABHOW MHU-
LHUAAM3ALMY €ro dJeMeHTaM IO YMOMYaHUIO PUCBaUBaloTCA 3HadeHUA \0',

[TapaMeTprl MeTOAa — CCBIJIKA Ha OJHOMEPHBIM CMMBOJbHEIN MacCHB
1 UHAEKC IIepBOroc BHIBOAUMOrO 3jJeMeHTa. OKOHYaHMe BBIBOAA — KOHEI]
MaccuBa AuH0 TepMUHAMbHBIH cuMBOA \0' B KauecTBe 3HAYeHUA ovuepes-
HOT'O 3JIEMEHTA

// PekypcuBrouii memod neyamu anemermo8 cumBonbrozo maccuba
static void chPrint{char[] ch, int beg)

{
if (beg >= ch.Length-1 || ch[beg] == '\@")
{
Console.Writeline();
return;
}
Console.Write(ch[beg] + ™ ");
chPrint(ch, beg + 1);
s

[leprriit mapameTp metoga char[] ch — ccbiika Ha obpabaThIBaeMbli
CUMBOJIBHEIA MaccuB. Bropoii napamMeTp int beg — uHaeKc aneMeHTa, HA9U-
Has C KOTOPOTO BHIBOAATCA 3HAYEHUA. YCIOBUE BBIXO/A U3 METO/a — JOCTHU-
KeHUe KoHMa MaccuBa beg >= ch.Length-1 wiu 3nadenue \0' anemeHTa
¢ uHAeKcoM beg. Eciu ycaoBue BHIXOAA HE AOCTUTHYTO, BBIMIOJHAKOTCA OIIE-
paTophL:

Console . Write(ch[beg] + " ");
chPrint(ch, beg + 1);

Tem caMbIM TIEPBBIM BBIBOAUTCS 3HAUEHHE HAYANBHOrO JIEMEHTA Mac-
CHBa M MIPOUCXO/IUT CAMOBEI30B METOA /LIS CEYIOLIEr0 3HAYEHUA BTOPOTO
napaMmeTpa, u T. A....

BEI30B moCeAHET0 OTIMYHOrO OT \0' 2JIeMeHTa WX JOCTKEHHE KOHIIA
MAacCHBa 3aBepIlaeT 1[eNOYKY PeKYPCUBHEIX 0OparieHuii.

[Tpumep Ucnons30BaHUA NpUBeAeHHOTO MeToAa (09_17.cs):

static void Main()

{
int size = 9;
char[] simbols = new char[size];
string line = "AaBbCc";
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for (int k = @; k < line.Length; k++)
simbols[k] = line[k];
chPrint(simbols, ©);
}

Pe3ynbTaT BHIIONIHEHUA IPOTPAMMBL:

AaBbCc¢Cc

O6paTtuTe BHUMaHMe, 4TO Npu obpalleHuu k Metoay chPrint() Bropoi
apryMeHT paBeH 0, T. €. BHIBOJA W/ET ¢ HaYaja MaccuBa.

9.8. MlpumeHenne metopa Array.Sort()

HecmoTpst Ha To, 4TO 060CHOBAHUA BO3MOXXHOCTH UCMONB30BAHUA UMEHU
MeToJa B Ka4eCTBe apryMeHTa Apyroro Metoja 6yayT pacCMOTPEHEL TOIbKO
B [VIaBe, MOCBALICHHON JejerataM, yKe celyac IoJe3HO HaydUThCA NpUMe-
HATH COOCTBEHHBIE METOABI I «HACTPOHKHM» HEKOTOPHIX METOAOB GHbIIO-
TEeYHBIX KjaccoB. CenaeM 3TO Ha IPUMEpPe OYeHb NMOJIE3HOT0 MeTo/a Array.
Sort(), KOTOPBIN MBI YIIOMAHY/IU B IM1. 7. ITO CTaTUYECKUI MeToA, YIIOPAAO-
YUBaOWUH (COPTUPYIOLIMI) 3/leMeHTE MaccUBa. ITOT MeTo, IleperpyKeH,
U B KJacce Array onpegeneHsl 17 MeToaoB Sort() ¢ pasHbBIMHA CUTCHATypPaMU.
TpuBranbHBIU BapAaHT MeTOAA Sort() MMEeT TONBKO OJUH IapaMeTp TUIla
Array. Tak KaK BC€ TUIIbI MACCUBOB ABIAKTCA HACTEJHUKAMM Kaacca Array,
TO B Ka4€CTBE apryMeHTa IIpU o0palleHUuu K METOAY COPTUPOBKU JOITy-
CTUMO UCIOAB30BATh CCBUIKY Ha J1000H OAHOMEPHBIN MaccuB (MMeeTcA
B BUAY OAHOMEPHLIH MacCUB ¢ 3JleMeHTaMu JI0ObIX TUNOB). MeTtoz Sort()
YyIOPAAOYUBAECT 3HAYCHUA 3JIEMEHTOB MacCUBA B COOTBETCTBUU € UX TUIIOM.
MaccuBel ¢ 371eMEHTaMU apUPMEeTHYECKUX TUIOB YIOPAA0YUBAIOTCA 10 BO3-
pPacTaHUIO 3HAYEHUH, CTPOKU COPTUPYIOTCA IEKCUKOTpaguieckul U T. A.

Takoe «moBeseHUe» MeTOAA SOrt() ¢ OAHUM NapaMeTPoM OUYeHb MOJIE3HO,
HO 3TOr0 3a4acTyIo HeJOCTATOYHO AJ1s1 KOHKPETHEIX 3aja4. PaccMOTpUM elie
OAWH BapUaHT MeTOJa COPTUPOBKU, B KOTOPOM IOC/I€e CCHUIKU Ha COPTHU-
PYEMBIH MAacCHUB B Ka4eCTBE BTOPOr0 apryMeHTa NPUMEHACTCA UMA PYHK-
IIUM, 3a/a10Ieli IpaBUIo CpaBHeHNA 31eMeHToB, HanoMHuM, uTo GyHKIMA
B C# — 3TO MeTo/], BO3BpallaloIIui 3HaYeHue, OTIuYHOoe oT void. Takyio
QYHKIMIO /I TIPaBUIa CpaBHEHUA MPOTPAMMUCT-IONb30BATEND AOIKEH
HanucaTb CAaMOCTOATENbHO II0 CIIEAYIOUIENH cxeMe.

int uma_¢ynkyuu(mun napamemp 1, mun napamemp_2)

{
if(ycnoBue 1) return +1; // HapyueHnH nopadok
if(ycnoBue 2) return -1; // nopadoxk cobmoden
return @; // 6eszpaznuvue

}

Hma_¢yuxyuu BeibupaeTesa NponU3BOABHO. TUIT BO3BpallaeMoOro 3Hade-
HU int, TUIl TapaMeTPOB JO/KeH OBITH TeM e, YTO U Y 3JEMEHTOB COPTU-
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pyeMoro Maccupa. YcaoBUA 1 U 2 — jloTUYecKHe BhIpaXkeHUs, B KOTOphIe
BXOZAT napaMeTprl 1 11 2. OBBINHO 3TO OTHOLIEHUs MEXAY MapaMeTpaMu.

[Tony4uB B KauecTBe apryMeHTa UM TakoH QyHKIMH, MeToA Sort() npu-
MEHSET €€ ISl NPUHATUS pellleHusaA 00 OTHOCUTENbHOM YIOPAA0UeHHOCTH
nap 3JeMeHTOB COPTUPYyeMOoro Maccusa. Jlegaeres 370 NpUbIU3UTENBHO
(MBI BEAb He 3HaeM aaropuTMa paboTe MeToaa Sort()) Tak. Eciu pe3yabTaT
paBeH O, TO CpaBHUBAaeMBIE 3/IEMEHTH PABHO3HAYHBI, UX HE HYKHO MEHATH
MecTaMmu. Ecim pesyabTat paBeH +1, TO IepBHIl napaMeTp AOMKEH OBITh
MOMeLIeH nocie BToporo. llpu pesyabraTe —1 nepBH napaMmeTp ACDKEH
pasMellaThCA A0 BTOPOro.

B cneayroueii mporpamMme ABe GYHKIUY CPaBHEHHUA PEAIU30BAHEI B BUJE
CTaTUYECKUX METOJOB KJacca, Iae pasMelieH Metog Main(). [Tepras QyHK-
1 even_odd() mpoBepseT YeTHOCTE CBOMX IIapaMeTpOB U Bo3BpallaeT + 1,
eCJIM IIepBHIM napaMeTp HeueTHHIH, a BTOpOoW — ueTHHIH. [Ipu paBeHCTBe
napaMeTpoB Bo3BpamiaeTca 0, a Ipu J0XKHOCTH 060UX YCI0BUM BO3Bpa-
njaercs —1. Pesyabrar —1 03HavaeT, YTO IepPBLIN ITapaMeTp YeTHBINH — ero
HUKY/IA HE HY>KHO IlepeMeniath. Takum 006pa3om, QYHKIINA «[IPUKA3HIBAET»
MeToAy Array.Sort() Tak IOMECTUTh 3JE€MEHTH MAacCHUBa, YTOOB BHadase
HAaXOAWIUChL YETHHIE, a 32 HUM — HeYeTHBIE 3HAYeHUS.

Bropasa ¢ynxuua drop() «HacTpauBaeT» MeTOA COPTUPOBKU Ha YIOPAAO-
4eHHEe MaccuBa Mo yOBIBAHHIO 3HAYCHUH ero a/1eMeHTOB. 3HaYeHHe + 1 Bo3-
BpalllaeTcsa B TOM C/ydae, eCcjy NepBHU IapaMeTp MeHbIIe BTOPOro.

B MeToze Main() onpezesneH 1 UHULUAIU3UPOBAH LeJOUUC/IeHHBII Mac-
CHUB, KOTOPBIHA TPHKBLI cOpTHpYyeTca MeTogamu Sort(). [lepBeid pa3s mo yeT-
HOCTH, BTOPOH Pa3s Mo BO3PACTaHUID, TPETUN pa3 10 YOBIBAHUIO 3HAYEHUH
371eMeHTOB. TTocie Kax/0M COPTUPOBKU BBIBOAATCA 3HAYE€HUA 3TEMEHTOB
Ha KOHCOJBHHIU 3KpaH. TeKeT mporpaMMBel U IOMYYEHHBIE Pe3yAbTATH MOsAC-
HAKOT CKa3aHHOE.

// 89_18.cs - npumeHenue memoda Array.Sort()
using System;
class Program
{
static int even_odd(int x, int y) // no yemnocmu
{
ifF(x%21!=0&y %2 ==0) return 1;
if (x == y) return 8;
return -1;

}

static int drop(int x, int y) // no y6eiBanuio

{
if (x < y) return 1;
if (x == y) return 8;

return -1;
}
static void Main()
{

int[Jar={ 4, 5, 2, 7, 8, 1, 9, 3 };
Array.Sort(ar, even_odd); // no vemnocmu
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foreach (int memb in ar)
Console.Write("{@} ", memb);

Console.WritelLine()};

Array.Sort{ar); // no ymonuanuw - no BospacmaHun

foreach (int memb in ar)
Console.Write("{@} ", memb);

Console.WriteLine();

Array.Sort{ar, drop); // no ybuBaruw

foreach (int memb in ar)
Console.Write("{@} ", memb);

Console.Writeline();

}
¥

Pe3yabTaT BHIIONTHEHUA TPOTPAMMBL:

O = 00
= <\ V)
~ W ke
VW
2w
W] =
N 0O ~J
= WO

9.9. KopTexu 1 ccbinku B meToaax

Mpeaynpexaenne. Koprexxu noapunuck B .NET Framework 4.7. Yto6H
HCIIOAB30BATh KOPTEX U B Oosee panueil Bepcuu NET Framework, Heobxo-
MO B IIPOEKTE YCTAHOBUTEL (M BKJIIOYUTH B UMCAO cchlIok) NuGet maker
System.ValueTuple.

ITopsidox Oeticmsuil. B KOHTEKCTHOM MeHK BeTBU «CchUIKu» O603pe-
BaTens peweHuit MS VS 2017 BoiOpaTh NYHKT «YIpaBieHUe MakeTaMU
NuGet»; B nogBUBIIEMCA JUAAOre BEIOPATh «nliget.org» U3 BHIAZAIONICTO
CTUCKa «ICTOUHUK MMAKeTa»; B CTPOKE MOUCKA BBECTH «System.ValueTuple»;
nepeldTH Ha BKAaJKy «O0630p»; BEIOpaTh «System.ValueTuple»; «¥YcTaHo-
BUTH»; 3aKPBITh BKJIAAKY; IPOBEPUTD AJIA IIPOEKTA HAJIUIUE CCBUIKU System.
ValueTuple.

[TogoOHO TOMY, KaK Kinacc Array noaaep:;xupaeT paboTy ¢ MacCHBaMUu,
craTrdeckuii knacc Tuple AaeT BO3MOKHOCTb €03JaBaTh U IPUMEHATH
B MPOEKTe KOpPTexXU. B oTnu4ymue oT MaccuBa, 3MeMEHTH KOTOPOTO UMEIOT
OIUH TUII, KOPTEX MOXKET MPeACTABAAThL HaGop 3HAUEHUNW pa3HBIX TUIOB.
Koprex, Mo CyIIeCTBY, 3TC SK3EMIUIAP KJacca WIH CTPYKTYPHL ¢ WieHaMU
JAHHEIX, HO 6e3 noBeAeHusa. TakuM oOpa3oM, KOPTexX — KOHTeliHep pas-
HOTUITHHIX JAHHBIX,

Jlnsg o6bABIEHUS TIEPEMEHHOU C TUMOM KOPTEXa UCMONB3YETCH KOH-

CTPYKIUA:

(CNUCOK_TWUNOB_3NeMEeHTOB) WMA_KOpTexa;
B oTavuue oT CCbLTOYHEIX THIICE, CO3daBaAd IICPCMCHHYIO C THIIOM KOp-
Texka, He TpebyeTcs UCMOIb30BATh ONEpPaluio NEW — KOPTeX cpa3y pas-

MeIAETCI B MAMATH, U 3I€MEHTHI KOPTEXKa JOCTYITHHL ¢ TOMOIIBIO CBONCTB
¢ ¢uKCcHpoOBaHHBIMA UMeHaMu [tem], Ttem2, ...
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[Tpumep:

(string, double, string) tup ;

tup.Iteml = "PaccToAHue: ";
tup.Item2 = 234.0;
tup.Item3 = " knnomeTpa";

Console.WriteLine($"{tup.Iteml}{tup.Item2}{tup.Item3}");

Pe3ysbTaT Ha sKpaHe:

PaccToaHue: 234 KunomeTpa

CosgaBathk KOPTEXK MOXKHO € WHUIAATU3AIUEN €T0 JNECMECHTOB, YTO IIO3BO-
JUACT [IPUMEHATE HCABHYIO THIMH3AOKNIO KOPTCHKA. an 2TOM BO3MOXKHBI ABa
nogxoga — € ABHBIM UMMCHOBAaHHEM 3JIEMEHTOB KOPTEXa U ¢ UX HEABHLIM
HMCHOBAHHUCM.

Cozganue KOpTCXHa C HesBHOU THIIM3anuen IIpM KHUIHAJINU3allnu HECH-
MEHOBAHHELIX 3JTEMEHTOB!

var uma_kopmexa = (cnhucok_numepanoB);

KOHTEKCTHO3aBHCUMOE CIYKeOHOE CI0BO Var «Co00IaeT KOMITUIATOPY»
0 HeOOXOAUMOCTU HEABHON THNU3ALUMU JOKANLHON IepeMeHHOM, «UMs_
kopmedica». CIIUCOK JUTEPATOB OoNpeAenaaeT 3HaYeHNUd (M TUIBI) 3/AeMeH-
TOB KopTexa. [Ipu Takol AeKJapalud KOPTeXa ero 3AeMeHTH J0CTYITHB
€ TIOMOILBIO CBOHCTE ¢ QUKCUPOBAHHEIMM UMeHaMu: Iteml, Item2, ...
[Tpumep:

var cost = (4.5, “espo");
Console.WriteLine($"UeHa = {cost.Iteml} {cost.Item2}");

cost.Item2 = "%";
Console.WriteLine($"UeHa = {cost.Iteml} {cost.Item2}");

PeaynbTaT Ha DKpaHe:

BpPO

UeHa = 4,5 e
UeHa = 4,5 $

HMeHa 271eMEeHTOB KOpTexKa IIPpH €ro HHUIIHAMTH3allid MOXKHO J€eK/IapH-
POBaThb ABHO, HCIIOAbL3VA /A KaXKA0r0 3JIEMEHTA KOHCTPYKITHI)!

uma_aneMenma: 3HaveHue

[pu Takoi HHMLMAaMK3AUU GUKCHpOBaHHbBIE UMeHa [teml, [tem2 Take
COXPaHAIOTCA 34 2/IeMeHTaMU KOpTexXa.
IIpumMmep:

var area = (w:1.5, h:43.2);
Console.WriteLine($"Mnowagr = {area.Iteml*area.h}");

PeayabTaT Ha SKpaHe:
Nnowape = 64,8
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VMeHa 371eMeHTOB KOpTea MOXKHO AeKJapupoBaTh B YKa3aHUU ero
TUIA, T. €. IIPY ABHOM OOBABACHUU TUNA NEPEMEHHON ¢ TUIIOM KOPTeXa.
lIokaxkeM 5TO Ha mpHMepe:

(double legl, double leg2) legs = (3, 4};

double hypotenuse = Math.Sqrt(Math.Pow{legs.legl, 2)
+ Math.Pow(legs.leg2, 2));

Console.WriteLine($"Ivnotenysa = {hypotenuse}");

Pe3ysbTaT Ha sKpaHe:

fmnotenysza = 5

B pAfe ciayd4aeB BO3HUKAET HEOOXOAMMOCTL «PaclakoBaTh» KOPTEX
U [IOJYYUTh HabOp mepeMeHHbIX (¢ BBIOPAaHHBIMU NMPOrPaMMHUCTOM HMe-
HaMH), KaXJas U3 KOTOPHX [IONYYAeT 3HAYeHUe COOTBETCTRYIOLIETO 3Jle-
MeHTa KopTexa. [ yKa3aHHOH JAeKOHCTPYKLUU KOPTeXeil BO3MOXKHEI
HECKOJIBKO CIIOCOB0B.

MoxxHO B 00OBABIEHUHU THUIIA KOPTEXKA MOCIE TUTIA KAXKJOTO dIeMeTa yKa-
3aTh uMA (UAeHTUDUKATOP) TEPEMEHHOM, KOTOPOH MpUCBauBaeTcsa 3Hade-
HUE, OYEPEAHOTO 3NIEMeHTa KopTexka. TaKyr KOHCTPYKUMIO AJ1A PACTIaKOBKHU
KOpTeXXa MOXXHO TIPeACTABUTh TaK:

(cneyuduKkauuAa_nepemenHsIx) = UMA_KOpmexXa,

IIpuMep pacmakoBKH ONpPeAENeHHOrO paHee Koprexa legs:

(double k1, double k2) = legs;
Console.WriteLine($"Kater = {k1}");

kl *= 2;

Console.WriteLine($"Katetr = {k1}");
Console.WriteLine($"legl = {legs.legl}");

Pe3yasTaT Ha 2KpaHe:

Kater = 3
KateT = 6
legl = 3

O6paruTe BHUMaHUe, YTO IepeMeHHasd k] moaydyaeT 3HaYCHUE IEPBOTO
a/ieMeHTa KOPTeXKa, HO He CChUTaeTed Ha Hero. 3HaueHue legs.legl He m3me-
HUJIOCH, TIOC/IE YBeNUYeHUs BABoe k1.

Tak KaK TUIIBI BCeX 37IeMEeHTOB «U3BeCTHH KOMIIWIATOPY», TO TUIIBI IIepe-
MeHHBIX, GOpMMpyeMBble MPU JeKOHCTPYKLUU KOPTeXKa, MOI'YT YKa3bIBAaThCA
HEABHO, C IIOMOIIBI) KOHTEKCTHO-3aBUCUMOTO CIIYKeGHOro CJIoBa Var.

Ilpumep pacnakoBKHU ONMPEAESICHHOTO paHee KOpTeXa area:

(var x, var y) = area;
Console.WriteLine($"W = {x}; H = {y}");

Pe3yapTaT Ha 3KpaHe:
W= 1,5; H = 43,2
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Tot xe pe3vALTaT MMOAYIHM, €CIH «JO0BEPHUM» KOMITIATOPY pacllO3HABA-
HHE CPAa3y BCCX THIIOB DICMCHTOB KODPTECMKA.

var (x, y) = area;

KopTexu y06HO MPUMEHATH B METO/IaX, KOTOPHIE JIOIKHBI BO3BPallaTh
HeCcKOJIbKO 3HaueHu#. B kauecTBe NpuMepa IMpUBeJeM KoJ MEeToZa, BHIMNC-
JIAIOLLETO BelleCTBeHHBIE KOPHU KBAaZpaTHOrO YpPaBHEHUS.

static public (double, double)
Quadratic(double a = 1, double b = 1, double ¢ = -6)
{
double disk = b * b - 4 * a * ¢;
if (disk < @)
{
Console.WriteLine("OTpuuUaTENbHBIH AUCKPUMUHAHT!");
return (@, 6);
¥
double z1 = (b + Math.Sqrt(disk)) / 2 / a;
double z2 = (b - Math.Sqrt(disk)) /7 2 / a;
return (z1, z2); // Kopmex

}

B kauecTBe THUIA Pe3yAbTaTa, BO3BPAIaeMOr0 CTATUYECKUM OTKPBIThIM-
meTogoM Quadratic(), ykasan tun xoprexa (double, double). ITapame-
TPbl METOJA UMEIT yMaAIUBaeMble 3HaUeHHUs], I03TOMY K METOAY MOXKHO
obpauaTbea ¢ IMYCTHIM CIIMCKOM apryMeHToB. [Ipu HeoTpUllaTeIbHOM JHC-
KprMHHaHTe (nmepeMeHHas double disk) BEIYHCAAIOTCS KOPHU YpaBHEHUA
¥ B OIlepaTope return co3aacTcd 3K3eMIUIAP KOPTeXa C AByM:A BeleCTBEeH-
HBIMU 3/IeMEHTAMU.

OfpamnieHne K METOAY U BHIBO7 PE3Y/IBTATOB!

var (x1, x2) = Quadratic();
Console.WritelLine("x1 = " + x1);
Console . WriteLine("x2 = " + x2);

Pe3yasTaT Ha 2KpaHe:

X1l =13
X2 = -2

KopTex MOXHO UCIIONb30BATh B KAYECTBE MapaMeTpa, ApTYMEHTA U BO3-
Bpallla€MOT0 MeTOAOM pe3yabTaTa. UYToOb 6110 MOHATHO, KaK MEeTOJ MOKET
BEPHYTH CCBUIKY Ha KOpTeX, IpuBeZeM Oojlee MPOCTOM NMpUMep — OIIpe-
AeJUM METOJ, KOTOPHIH BO3BpalllaeT B TOUKY BBI3OBA CCBUIKY Ha 3J€MCHT
MacCUBa, UMEOITUA MAaKCUMaJbHOE 3HaUYeHue,

// 89 _Ref - memod Bo3Bpawaem ccuiAKy
using System;
class Program

{

static ref int F(int[] arr)

{
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int index = 8, max = int.MinValue;
for (int k = @; k < arr.Length; k++)
if (max < arr[k])
{ index = k; max = arr[k]; }
return ref arr[index];

}

static void Main()

{
int[] massiv = { 1, 2, 3, 4, 0 };
Console.WritelLine("Max = " + F(massiv));
F{massiv)} = 23;
Console.WriteLine{"Max = " + F(massiv));

}
}

PES}’JII::TEIT Ha 9KpaHcE:.

Max = 4
Max = 23

B 3aronoBke meTozna F() oana ocobenHocTs — moaupurarop ref nepea
TUIIOM BO3BpalllaeMoro 3HadeHus. [lapameTp MeToAa — NeNOYHCIeHHBIH
MaccuB. B Tene MeToja onpezeiisieTca WHAEKC (TTepeMeHHas index) MakcH-
MaJIbHOTO 3jleMeHTa MacCHUBa-llapaMeTpa, M CChUIKa Ha STOT 3J1eMeHT CIy-
KWT BO3BpalllacMBIM 3HAYCHHEM B OIlEpaToOpe

return ref arr[index];

B MeTozne Main() ompeseneH MacCUB, CCHIZIKA Ha KOTOPHIM (massiv) ciy-
KHUT apryMeHTOM TpoeKpaTHoro obparenus K metoay F(). IIpu BTopom
obpallleHUN BBI3OB MeToJa TMOMelleH ¢JleBa OT 3Haka ollepall MpucBam-
BaHWA — 3TO MO3BOJHIO H3MEHUTDh 3HAaUY€HHE MAaKCHUMAaJbHOIO 3JIeMeHTa
MAacCCHEBA.

KoHTponbHbIe BONPOCHI U 3afaHUA

1. Kakue sieMeHTHl BXOJAAT B 3aroJIOBOK MeToa?

2, UTo Takoe Teao MeToAa?

3. HaszoBure 0c0O6EHHOCTU METOJA-TIPOLEAYDHI.

4. B kakux cayvasgx MeTo, Bo3Bpalllaloliuii oTanyHoe OT void 3Hade-
HUE, UTPaeT POk NMPOoLeaypHI?

5. B xakoM caydae B Tejle MeTOJa MOXKET OTCYTCTBOBATh OIepaTop
return?

6. [lepeyncanTe BO3MOXHbBIE UCTOYHUKH JAAHHBIX, [TOJy9aeMbIX METO-
JIOM TIPU €TI0 BHINIOJITHEHUU.

7. Kakol MeToa ABJdeTcs JTOKAAbHbLIM?

8. YT0 Takoe MeToJ, CXKATHI A0 BHIPAKEHUA?

9. HaszoBuTe T106a/IbHEIE TI0 OTHOIIEHUIG K METOY OOBEKTHL.

10. TlepeuncianTe MOAUPUKATOPH ITAPaMETPOB METOOB.

11. Yraxure 0b6macTh BUAMMOCTH IIapaMeTpa METO/A.
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12. HazoBuTe BUABI HapaMeTPOB.

13. B yeM 0COGEHHOCTH CTaTUYECKUX METOJOB?

14. MoXeT i1 CTaTU4eCKUU MeTOJ UTpaTh pPOJb IPOLEeAypPhI?

15. HaszoBure Tpe60OBaHUA K apryMeHTaM MeTO0/1a, 3aMeHSOUTUM QUKCH-
pOBaHHbIE [TApAMETPHI.

16. B yem oTnuuA nepejadyu napaMeTpOB 10 3HAYEHUAM OT Iepejadyu
IO CChLIKaM?

17. Kakue orpaHv4eHus HaK/JIaAbIBAIOTCA HA apryMEHTHI, 3aMeHAIOIIE
repefiaBaeMble 10 CChUIKE ITapaMeTphI?

18. B uem omnnuua mogudukaTtopos out u ref?

19. B Kakux ciay4asx JOMyCTUMO OObsABIeHNE ITepeMeHHBIX-apIyMEeHTOB
«Ha JIeTy»?

20. [lyia KaKuX ImapaMeTpOB JIOMyCTUMO «OTOpachIBaHUE» apTyMEHTOB?

21. OOBsCHUTE CUHTAKCHC ¥ BO3MOXKHOCTH ITapaMEeTPOB CO 3HAYEHUAMU
10 YMOJTYaHUIO.

22. YTo Takoe UMEHOBaHHbIE apT'YMEHTHI?

23. MoxeT i1 mapameTp C TUIIOM CCBUIKU [epeAaBaTbCA MeTOAyY 110 3Ha-
YEHUIO?

24. MoxeT i1 TapaMeTp C TUTIOM CChUIKU cHabxeH Mmoauduraropom ref?

25. MoxeT 1 apTyMeHT ¢ TUIIOM CCHUIKU, 3aMelllaloluii Iepe/aBae-
MBI} IO 3HAYEHUIO TTapaMeTp, U3MEHUTh BHEITHUMN I METOAA OOBEKT?

26. B KkakoM ciIy4ae MOXXHO IO/ICTaBUTh apryMeHT TUma long BMecTo
nmapameTpa Tuna object?

27. Kakumu cpeAcTBaMHU MOXHO CZeNaTh JOCTYIIHBIM BHE METOAA 00b-
€KT, CO3/JaHHBIN B Tejle MeTozAa?

28. Kaxoll mapameTp OpeACTaBadeT B TeJle METOA CIUCOK apTyMEHTOB
He(pUKCUPOBAHHOU /IJTUHBI?

29. Kak B Tejie MeTO/ia BBITIOTHAIOTCS 0OpallleHus K apryMeHTaM, KOJIU-
YEeCTBO KOTOPHIX IIEPEMEHHO?

30. MoxHO M 3a CYET BBINIOJIHEHUA METO/a U3MEHUTh 3HAYE€HUA
apryMeHTOB, IIPe/CTaBAsAeMbIX B MeTOZIe ITapaMeTpPOM C MOANGUKATOPOM
params?

31. IlpuBeauTe nmpuMepsl HoauMopdusMa.

32. YTO BXOAUT B CUTHATYPY MeTOZA IIPU IIEepErpysKe?

33. Uro Takoe neperpyska MeToA0B?

34. Kaxkoil MeToZ Ha3bIBAIOT PEKYPCUBHBIM ?

35. B uem omin4Me KOCBEHHOU PEKYPCUU OT IIPAMOM?

36. HazoBuTe Tpeb6OBaHUA K KOPPEKTHOMY PEKYPCUBHOMY METOAY
Y TIpaBWIA YIOBJIETBOPEHUS 3TUX TpeOOBaHUIA.

37. 4YTO TaKoe KOPTEX U KaK OH OIlpefedaeTca?

38. Kak BbIOJIHAETCA pacliakoBKa (JeKOHCTPYKIIMA) KOpTexka?

39. Ilepeuncinre cIOCOOHI 33/IaHUA UMEH KOPTEXa.

40. Ha3zoBuTe 0COOEHHOCTU CHHTAKCHCA METO/Ja, BO3Bpalllaroliero
B TOYKY BBI30Ba CCBHUIKY.



Inasa 10
KNACC KAK COBOKYNHOCTb CTATUYECKUX
YJIEHOB

10.1. CtaTn4yeckne uneHbl Knacca

Ml y:e oTMedastH, YTO Kjaacc B oblleM ciaydae mpeAcTaBiasgeT coboit
«TpadapeT» And co3faHud 0OBEKTOB (2TOTO KJIacca) U «000JI0UKy», B KOTO-
PYIO 3aKII0UeHbl CTaTUYeCKUe WieHbl (HalpuMep, o U MeToAbl). OcTaHo-
BUMCA MoApoOHee HA BTOPOI U3 Ha3BAHHBIX poJeH Kaacca — pacCMOTPUM
KJacC KaK COBOKYITHOCTh CTaTUYECKUX WieHOB. [Ipu 3TOM 0OpaTUM BHU-
MaHMe 4YUTaTeNd, YTO B MPOrpaMMe KpoMe KJIacca, BKAIYAKLEero MeTo
Main(), MoxeT mpUCYTCTBOBATH JIO0O0E YMCI0 APYTUX Kaaccos. B aToi rnase
Oyaem onpeaenaTh KJIacchl ¢ IOMOIIbIO 00BABACHUN Takoro ¢opMmara:

class uma_knacca
meno_kagcea

3neck class — cayxkebHOe (KIHOYEBOE) CIIOBO; UMS_KAACCAd — WACHTH-
¢uKaTop, BEIOpaHHBIN NPOrPaMMUCTOM B KAYSCTBE UMEHHU KJIACca; meao_
Kaacca — 3aKadeHHad B QUTYPHBIE CKOOKH IOCHeN0BATENBHOCTh 00b-
ABJIEHUN (AeKyapallii) CTaTHUYECKUX WICHOB Kjaacca (Ccpa3sy sKe OTMETUM,
9TO CTATHYECKHN XapaKTep WIEHOR KJIacca — 3TO COBCeM He obs3aTenbHas
VX 0COOEHHOCTh, a4 OTPAHUYCHUE, KOTOPOro MHl OyaeM NpUAep>KUBAThCA
B OTOH T71aBe).

lMeeTcs1 ABe pa3HBIX BO3MOXKHOCTU OIpeJeuTh WiIeH Kjacca Kak CcTa-
Tudeckuii, C moMompio MoAUupUKaTopa static OOBABAAIOTCA CTaTUYECKUE:

» rone (field):

* wMeto/ (method);

* CBOICTBO (property);

e cobpiTHe (event);

* oneparus (operator);

* KOHCTPYKTOp (constructor).

Kpome Toro, 6e3 moauduKkaTopa static o yMOM4aHHIO OOBABIAIOTCS Kak
CTAaTUCTUYECKUE YWIEHE! Kacca:

* KOHCTaHTHI;

* JIOKa/AW30BaHHEIE B Kjlacce TUIBI (HallpUMeD, BAOXKeHHBIe KJIACCH).

Jlnda menel JaHHOU TAABH OUPAHUYUMCSA CTATUYECKUMU TIOAAMU, CTa-
THYeCKUMU MeToJaMU, CTATUYECKUMU KOHCTPYKTOPAaMU M CTaTHUYeCKUMU
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KOHCTaHTaMU. CTaTUYecKUe METOALI, KOTOphle MbI TIOAPOOHO paccMOTpenn
B IIpeAplAyLIcH rape, 6yAeM CYUTAaTh XOPOLIO 3HAKOMBIMU.

[Ipu O6BABICHUN YieHA KAACcCa OH MOXET ObITh cHabXeH OJHUM WU
HECKOABKUMU MOAUGUKATOpaMU. B 3Tol TaBe HAM MPeACTOUT TO3HA-
KOMUTECS €O CaefylomuMu: static, public, protected, internal, private,
readonly, volatile. MoaudukaTop static Mbl yKe UCIoJb3oBaIU. [IpHumMe-
HAJCA B NMpeAbAYMINX nporpamMMax u Moaudukarop public. Ero nasHa-
4eHHe — CAEeNAaTh WIeH KAacca AOCTYMHEIM M3BHE OOBABICHHA Kjaacca.
HMeloTCa U APYyTUE BO3MOXXHOCTH BIUATE HA AOCTYITHOCTh YICHOB KJIaCCa.
[Tpoe Bcero o6 bACHUTEL IPAaBUIa ZOCTYIIA K WIEHAM KJIacCOB, PACCMOTPEB
BHa4aJe CIHCOK MOJUPUKATOPOB JOCTYIIA.

Moaudukarop aocryna OnucaHue
public AOCTyTIEH 6e3 OrpaHuYeHn BCeM MeTOAaM BCeX
{OTKpPBITHII) cbopok
protected JIOCTYTIEH B KJacce W B MoHoM K1acce, IPOU3BOJHOM
(3aIUIeHHbII) OT ZaHHOTrO
internal JOCTYTIeH Be3le B Mpefeiaax cOopKu
(BHYTpEeHHUI)
protected internal JOCTYTIeH B IIpejenax cOOpKH, B IpeJenax Kiaacca
(3amMIEHHBIA BHYTPEHHH) | ¥ B T060M KAacce, MPOU3BOJHOM OT AAHHOIO
private JOCTYIIEH TOABKO B KJIACCE U BIOKEHHBIX B HETO
(RaKpHITHIH) THUnax (knaccax).

B 00BACcHeHUN MOAUGDUKATOPOB AOCTYIIa HAM BIEPBLIE BCTPEYAETCA TEP-
MuH «c6opka» (assembly). B Crangapre C# [1] cbopka onpeaensercsa Kak
COBOKYITHOCTBb M3 OZHOTO WIN HECKOABKUX allloB, KOTOPHIE CO3AAeT KOM-
NWIATOP KaK pe3yJabTaT KOMIWIALYY MPOTPaMMEL. B 3aBUCHMOCTHU OT TOTO,
KaKue CPeACTBa U PEKUMBl KOMITMIALVY BbIOPAHEI, MOXHO CO34aTh OJHO-
daitnosyo wnu MHorodainosyio cbopky. COopka mo3BojadeT pacCMaTpu-
BaTh Tpynny $aiioB KaK eANHYI0 CYIHOCTb. Celvac JOCTaTOYHO, YTOOB!
YUTaTeNb 3HaA O CYLIECTBOBAHUU TAKOTO TOHSATHAL

Kakaplil wieH Kjacca MOXeT OBITh cHaG)XeH OJAHUM U TOJbKO OJHUM
MoaupUKaTopoM AocTyna. [lo ymoayanuio (Ipu OTCYyTCTBUU MOAUDHUKA-
TOpa) WieHy IPUINUCHIBaeTCd CTaTyC AOCTyIa private, T. e. WieH Kjiacca
HEAOCTYIIEH BHE KJIACCA, TAE OH OOBSBIEH.

Jst o6palieHus K CTaTUCTUYECKOMY WIEHY KJIACCA MCTIONb3YeTC s KBAIU-
$bULMpOBaHHOE UMA:

UMA_Kaacca.umMa_uneHa

Tak Kak MBI y>Ke UCMOJb30BaIU CTATUYECKHE YIeHB OUOIMOTEUHRIX
KiaaccoB, HampuMmep, Math.PI u Console.WriteLine(), To Ham y»kKe 3HaKOM
3TOT CUHTAKCUC.

BHyTpM Kacca, KOTOPOMY NMPUHAMIEKUT CTATUYECKUI WICH, pa3pelieHo
WCIIOJAB30BATh UMA WicHa 0e3 yKazaHUA UMEHU Kjacca.
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BHUMaHUe: HUKaKUe OnepaTophl, OTIUYHEBIE OT OOBABAEHUl, B Kaacce
HEeJONIYCTUMBEI!

10.2. Monga xnaccos (¢cTaTMuecKue nonsa)

Kax ¢opmynupyer craHzapT f3bika C#, 1oae — 3TO WieH KJjacca, KOTo-
Pl mpeAcTaBasAeT MepeMeHHYI0, aCCOLUUPOBAHHYIO ¢ 00BLEeKTOM WU
ki1accoM. Ilosle — 3T0 0OBABMEHNE JaHHEIX, IPUHAZMSKAIINX MO0 Kaaccy
B LIeJOM, MN00 KaXXAOMy U3 ero o0beKTOB. UTOOH moje NpUHAAIEKAI0
He 00BEKTY, a KJIacCy, ¥ MOIVIO UCIOAB30BATRCA A0 ONpPEACNeHUA 00BbeK-
TOB 3TOTO KJACCa, ero OODBABIIIOT CTATUYECKUM, UCTIONb3YA MOAUDUKATOD
static. Eciu B 06bsABAEHUN TOIA 3TOT MOAUGHKATOP OTCYTCTBYET, TO IIOJe
ABAETCA 11071eM OOBeKTOB. B 3TOM cilyuae MO0 BEIAENAETCA TaMsITh ¥ OHO
CTAHOBUTCS JOCTYTIHBIM 1A UCIIOAB30BAHUA TOJIBKO IIPH CO3AaHUN 00BbeKTa
Y TIoCJIe ero co3faHusd. CTaTHiecKoe 1ojie pasMeniaeTcd B TaMATU B MOMEHT
3arpysku koja kjacca. CtaTudeckoe nmoje (mose kjaacca) AOCTYIHO AJIS
WCIIONB30BAHUS U /10, U TIOCE CO3/IaHusA OO BEKTOB KJlacca.

O6bsBAeHHe CTATUCTUYECKOTO N0/ UMeeT BUJ:

moaupukaTopl,,, static
mun_noaa chucoxk_obvabaedull;

WHaekc «opt» YKa3bIBaeT Ha HeoOA3aTeIbHOCTh MOAU(GUKATOPOB, OT/IUY-
HBIX OT Static. B xauecTBe 3TUX Heo0A3aTEAbHBIX MOAU(GUKATOPOB MO
MOTYT HCNOJb30BAaThCA YK€ NMEpPedUCACHHBIe MOAUGUKATOPH AOCTYIa
public, private, protected, internal. KpoMe HUX B 06bABACHME ITOAA MOTYT
BXO/IUTH MOAUPUKATOPHI:

* new — IpHUMeHAETCs IIpU HacleJoBaHUU (cM. 1. 13);

* readonly — zampelaer U3MeHATH 3HaueHUe nod. [losne moayyaer
3HadeHUe MPH ero HHULHAAU3aluy WK 3a c4eT AelCTBUI KOHCTPYKTOpa,
Y 3TO 3HAYEHUE COXPaHAeTCA TOCTOAHHO;

* volatile — mogudukaTOp MOAA, YKASHIBAIOIUHN, YTO €ro 3HaYeHue
MOXEeT U3MEHUTHCA HE3aBMCUMO OT ONEPaTopoB mporpaMmbl. [Ipumepom
MOXeT OHITh lepeMeHHasA, 3HaueHUe KOTOPOil coXpaHAeT MOMeHT Havajla
BBITIOJHEHUA NporpaMmel. JBa NocaeA0BaTEAbHEIX 3allyCKa MPOrpaMMBl
HNPUBEAYT K PA3HBIM 3HAYEHUAM 3TOTO MOJA. BTOpoi nmpuMep — mone, 3Ha-
JeHHe KOTOPOTC B MPOLECCe BHIIOAHEHUA NPOrPaMMBI MOXET U3MEHUTH
OTIepallMOHHAA CUCTEMA WIH TIapaIelbHO BHIIOTHIEMBIN ITPOIIECC.

3avacTyio CIIMCOK OOBABMCHUN MOMell COAEPKUT TOMABKO OFHO 0OBABIIe-
Hue. Kaxxaoe o0bABAEHHE B CIMCKE UMEET CAeAYIOMUil BUA:

udeHmupUKamop UHUYUANUZAMOP_NOAS

WHpeke «opt» yKasplBaeT Ha HeobA3aTeNbHOCTh MHUIIMAIU3ATOPA TIOJIA.
Ecny B 0OBABAEHUM MOAA OTCYTCTBYET UHULMAIU3ATOP, TO NHUL[HAIU-
3allys1 BHIITOJMHAETCA [0 YMOJIYaHUIO 3HAaY€HUEeM COOTBETCTBYIOIIEro TUIIA.
B cooTBeTcTBMU ¢ 00mel KOHUeMUMel TUMOB A3bKa C# MMojad MOTYT UMETh
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THIIBI CCHUTOK W THIBI 3HaYeHUM. BO3MOXXHEI CIeayrnmue (bOpMBI HHHIHAa-
JN3aTopoB (o)) (517

Guipaxerue
uHUyuaauzamop_maccuba
new mun {apaymenmsl_KOHCIMPYKmMopa)

B BrIpakeHUe MHUIIUATHU3ATOpA, B MHULIMAIU3aTOp MaccUBa U B BLIpa-
YKEHWA, UCTIOAb3YEMEIE B Ka4eCTBE apryMEHTOB KOHCTPYKTOpPA, MOLYT BXO-
JATH KOHCTAHTHI—/AUTEPabl, a TAKXKE APYIHMe CTATUYCCKAE WICHBI 3TOrO
Knacca. HecraTu4eckuie 4WieHbl HEBO3MOKHO UCIIOAb30BATh B UHUIUANU3H-
PYIOLIEM BBIPAXK€HUM CTATUYECKOTO MOJIA.

[TpuMep UHMLIMATU3AIUN K UCTIOIB30BAHUA CTATUYECKUX TTOJe:

// 18 _81.cs — cmamu4deckue Nona Kaacca
using System;
class T
{
int x; // none obHbeKTOB Khacca
static int y = 3; // v = x + 5; — owubka!
public static int z = 5 — y; // 3xBuBanenm: z = 5 — T.y;

}
class Program
{
static wvoid Main()
{
// Console.WritelLine("T. y =" + T. y); // Error!
int z = T.z; // z u T.z — pazHsie nepemertsie!
Console. WriteLine("T.z = " + ++T.z); // usmeHsemca T.z
Console.WriteLine("z = {O}", z);
}
}
Pe3yaAbTaT BBIIOJIHEHWA IPOTrPAMMEIL;
T.z =3
zZ =2

CneayeT OTMETUTh OJHY OCOBGEHHOCTh UHMIIMAIHU3ANNMI CTATHYECKUX
nojieii. BHavase OHU Bce MOAYYAIOT 3HAYEHUA IO YMOMYaHuio (714 apud-
MeTHUYeCKUX TUIIOB — HyJeBhle). 3aTeM MOC/IeAoBaTeabHO (CBepXy BHHU3)
BHIIOJAHAIOTCA MHULUAMU3ATOPHL. TeM caMbIM, eCiM B UHULUATU3UPYIOLLEe
BBIDXKECHHUE BXOAUT B Ka4E€CTBE ONIEPAHAA CTATHYECKOE IT0JIe, KOTOPOE el
He WHHUIUAJU3UPOBAHO AABHO, TO AJIA HEro HepeTcd 3HaYeHUe 110 yMoada-
HHO (Hanpumep, Hyaesoe). ia wutrocTpauuu ocobeHHOCTeN HHUTTUAIHA-
3alliM CTaTUYECKUX NoJel pacCMOTPUM IpPOrpaMMy:

// 18 62.cs - cmamuveckue NnoAA - nopadok URUYUAAU3IaUUU
using System;
class T
{
public static int x = y;
static int y = 3;
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public static int z = y;

}

c¢lass Program

{

static void Main()

{

Console.WritelLine("T.x = " + T.x);
Console.WriteLine("T.z = " + T.z);

}
}

PESYJIbTaT BLITIOMTHEHHKA NPOTrpaMMBLL

T.x =8

T.z = 3

ObparuTre BHUMaHHe, YTQ TI0J€e ¥ TI0 YMOMYAHUIO 3aKpHTOe (MMeeT CTa-
TyC J0oCTyIa private) u obpareHue K HeMy HEBO3MOXXHO BHe knacca T.

OTKprTbIe CTAaTHYCCKHC YWICHB Pa3HbIX KJI4aCCOB OJHOﬁ IIporpaMMEl
MOT'YT HUCNICJAB30BaThCA B OAHOM BBIDAXKCHHHA. B cne,u;y}omeﬁ IIporpaMme

OO BARMIEHEI TpH KJacca €O CTaTUYCCKHMMH MMOJIAMH, 06paH.IEHI/IH K KOTOPbIM
HCIIOAB3VIOTCA B HHHIHAAM3HUDVIOIIHX BhIpaXK€HHUAX DA3HBIX KJIAdCCOB.

// 18 _83.cs - cmamudecKkue noaa pasHuix KnaccoB
using System;
class cl

{

public static double orbit = 2 * c2.pi * c3.radius;

}

class c2

{
public static double pi = double.Parse{(c3.str};

}

class c3

{
public static string str = "3,14159";

public static double radius = 19;

}
class Program
{
static void Main()
{
Console.WriteLine("cl.orbit = {@}", cl.orbit);
c3.radius = 29;
Console.WriteLine("c3.radius = {0}", c3.radius);
Console.WriteLine("cl.orbit = {8}", cl.orbit};
}
}

Pe3yabTaT BBIIOAHEHUSA TPOTPAMMEBL;

cl.orbit = 62,8318
c3.radius = 20
cl.orbit = 62,8318
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MHULMaIN3allUA CTaTUYeCcKUX MoAel BLINOAHSETCA TOALKO OAHAXKILL.
[TosToMy 3HadeHue mnous cl.orbit He M3MeHMJIOCH MOCJAe U3MEHEHUS
¢3.radius B meToze Main().

10.3. (TaTUYecKkue KOHCTAHTDbI

KoHcTaHTBI MOTyT OBITH JOKAJIWM3OBAHBI, HAIPUMED, B Tele METO/a,
a MOryT NpUHaZMeXaTh Kaaccy. B nocieaHeM ciayvae OHU 1O YMOMYaHUIO
6e3 mogudukaTopa static ABNAIOTCA CTATUYECKUMM, T. €. HeJOCTYIIHHL Yepes
CCBUIKY Ha OOBEKTH KJIacca U IOCTYITHH ¢ TIOMOITBbI) KBaAUGUKATIUU UMe-
HEeM KJIacca.

O6BABIeHHE CTATHYECKOH KOHCTAHTHI UMEeT BH/L:

MOOUPUK GMOPbI,e CONST MUN_KOHCMAHMS)
CnuUcok_obvabnenull_KoHcmaHm

HeobGsa3aTenbHble MOAUGHUKATOPH Al KOHCTAHT — 3TO IIPU OTCYT-
CTBUM HacJeAOBaHUA MoauduKaTopel gocTyna (public, private, protected,
internal).

O6maBieHte U3 cnuckd_o0sa8JeHLUll_KOHCMAHM UMeEeT BUJ,

udeHmuguxkamop = uHuyuanusupywyee_BsipaxeHue

Hoenmuguxamop cIyXKUT UMEHEM CTaTHYeCKOH KOHCTAHTH. B uHMIIMA-
JAV3UpYIOIlee BHIpaXKeHUE UMEIOT MPAaBO BXOANUTDH TOABKO KOHCTAHTHI-TUTE-
PaJIbl U CTATHYECKHEe KOHCTAHTH (MOPSAOK UX pasMellleHUs B 00BABICHUN
Knacca Oe3paznuden). Kaxkaas KoHCTaHTa JA0KHA OBITH 00sA3aTebHO ABHO
WHUIIMATU3NPOBAHA. 3HAYEHUA 0 YMOMYAHUIO JJIs1 CTATUHYECKUX KOHCTAHT
HE [PEAYCMOTPEHBI.

[TpuMep ¢ KIACCOM CTATHIECKUX KOHCTAHT:

// 18 84.cs - cmamuydeckue KOHCMAHmb KAacca
using System;
class Constants

{
public const double ckopocTb_cBeTa = 299793; // km/cek
public const double paauyc_3nekTpoHa = 2.82e-13; // cm
}
class Program
{
static void Main()
{
Console.WritelLine("pagnyc_snekTpoHa = {8}",
Constants.paguyc_3neKkTpoHa);
}
}

Pe3ynbTaT BHIIONTHEHUA TPOrPAMMBL:

paguyc_snekTpoHa = 2,82E-13
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B oTinyue OT CTaTUYECKUX MojJeldl KOHCTAaHTh MHULUAIU3UPYIOTCSA
OZHAXKAB U He MPUHUMAIOT YMaluyUBaeMbIX 3HaueHH. [ToaToMy nocnezno-
BaTENBHOCTE pasMelneHus OObABIEHUH CTATUYECKNX KOHCTAHT HE BAXHA.
Jlida wumrocTpauy 3Tou 0COOEHHOCTHU IPUBEEM CASAYIONYIO IPOrpaMmy:

// 18 _85.cs - cmamuveckue KOHCmaHme! pasHeix Kaaccob
using System;
class One
{
public const double circle = 2 * pi * Two.radius;
public const double pi = 3.,14159;
}

class Two

{
}

class Program

{

public const double radius = 26;

static wvoid Main()

{

Console.WriteLine("One.circle = {@}", One.circle);

}
}

Pe3y/bTaT BBINOJAHEHUA MTPOTrPaAMMBL:

One.circle = 125,6636

CnezyeT oOpaTUTE BHUMAHUE HA OTIMYUA CTATUYECKHUX KOHCTAHT OT CTa-
TUYECKUX Nosel ¢ MmogudukatopoM readonly (Tonbko uTeHue). CraTude-
CKUE KOHCTAHTHL MOJIYYAIOT 3HAYCHUA IPH KOMIMAALNY, a CTaTHIECKUe
nons (gaxe cHabkeHHble MoAuduKaTopoM readonly) UHHUMAANANPYIOTCA
B Npollecce BLIMOJAHEHUA porpaMMEl. IHUITMaIM3aus cTaTHYeCKUX nojei
BLITIOJIHAETCS B MOPsIZKe UX pa3MellleHUsl B TeKcTe 0ODbABIeHUs Kiacca,
Y 10 UHUIUAIU3Aa1HH TI0JIe UMeeT YMaluuBaeMoe 3HaueHue. B To xe BpeMs
WHULHATU3IUPYIOIEe BbIPAXEHUA CTATUYECKUX KOHCTAHT BBHIYHCIIAIOTCH
B «PALMOHAJBHON» MOCAE0BATENBHOCTH, HE3ABUCUMO OT IOPS/IKa pazMe-
meHUsA oOBABACHUN. DTU OCOOEHHOCTH WIIIOCTPUPYIOT 00BABIEHUA KOH-
CTaHT B KJacce One:

public const double circle = 2*pi*Two.radius;
public const double pi = 3.14159;

B MHULMAIU3ATOP KOHCTAHTHI circle BXoAsAT KOHCTaHTH pi M Two.radius,
0OBABNEHNA KOTOPBIX CAeAVIOT 3a 0ObaBAeHNeM circle. HecMoTps Ha 3To,
3HavyeHueM circle 6yzger 125,6636. KoHewHO, TPy MHULUATIU3AAU HECKOME-
KHUX KOHCTAHT HeJOIMYCTUMO MOSBIEHHUE «3alUKIUBaHMA». B MHHUIIMaIu3a-
TOP KOHCTAHTH K1 He fo/kHa BXOAUTh KOHCcTaHTa K2, B MHULIManusaTop
KOTOPOM BXOAUT KoHcTaHTa K1.

YkazaHHOe «3alAKJINBaHUe» HUKOT/A He BO3HUKAeT MPU UHUIAIA-
3alMU CTATHYECKHUX Mojel (Aaxke uMewmux moaudukarop readonly).
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ITone F2, o6bsapaeHNe KOTOPOTO pasMellleHO HUKe, MOXeT BXOAUTh B UHU-
uuaansatop nonda Fl — oHo uMeeT TaM 3Ha4YeHUe MO yMoa4daHuio. Ilpu
aroM nojie F1, ucmonk3oBaHHoe B UHUNTMAAu3aTop F2, 6yaeT uMeTh TaMm yxKe
KOHKPETHOE 3HadeHUe. 3aMeHa const Ha static readonly B npeasiayiiem
npumMepe:

public static readonly double circle = 2*¥pi*Two.radius;
public static readonly double pi = 3.14159;

ITpu Takol MHULMAIU3ALWU 3HaueHUeM circle 6yaert 0.

10.4. CraTnueckue metoabl

Cratumdeckuii metoa Main() MBI y)Xe UCIIOAB3yeM, HAUUHAA ¢ NepBOH
MPOTpaMMEI 3TOM KHUTU. HaM yKe u3BecTHO, 4TO B Tejne MeTosa Main()
MOXKHO 0fpalllaThes KO BCeM CTaTHYeCKUM WieHaM TOro Kjaacca, e pasme-
umeH Metoa Main(). KpoMe Toro, B Tele MeToJa MOXKHO 00pallaThCa K MeTO-
ZlaM, JIOKaTH30BaHHBIM B HeM. JIokaJlbHBIE METOABI HE MOT'YT OOBABIATHCA
¢ MmoaudUKaTOPOM Static, HO KaXKbIi JOKATbHBIN METO, BKIIOYEHHBIN
B CTAaTHYECKUI METO/], TI0 YMOIIAHHUIO ABIAETCA CTATUYECKUM.

CraTuyeckue MeTOAbl, OTAMYHbIE oT Main(), Ml yxKe mogpobHo pac-
CMaTpHBaiU, HO OTpaHHUYUBAJINUCh UX pa3MellleHHeM B TOM KJjacce, rie
HaxogauTca MeTod Main(). B atom ciydae a1a o6pamieHnsa K METOAY MOXKHO
WCTOABb30BaTh BEIpaXKeHUe ums_memoda(cnucok_apzymenmos). Eciu cra-
TUYECKUN MeTOJ ompe/ielieH B APYroM Kaacce, TO A o0paleHus K HeMY
UCIIONB3YETCA BRIpAXEHUE BUA:

UMA_KAacca.uma_memoda{cnucok_apzymeHmo8)

[To yMOM4aHUIO CTATHYECKUH MeTOoA uMeeT MOAUGUKATOp AOCTYIa
private, T. €. METOZ AOCTYIIEH TOJABKO BHYTPU KJacca. B 00bABICHUU CTa-
TUYECKOTO METO/AA, KOTOPHIU TIaHUPYETCS BRI3BIBATH BHE Kjiacca, Heob-
XOIUMO YKa3aTh MOAUGUKATOP JOCTYIA. B 3aBUCUMOCTH OT Ja/IbHEUIIIEr0
MpUMEHEHUS MeToJa UCMOAL3YIOTCA MoaudUKaTophl public (0TKpHITHI),
protected — (3auuuieHHbIN), internal — (BHyTpeHHUI), protected
internal — (u 3amMIIEeHHBIN, U BHYTpeHHUN). O6JacTU BUAUMOCTH, KOTO-
phie obecreyeHHl TePeYUCTEHHBIMU MOAUPUKATOPAMHU, TE ke 4TO U JJA
TOJIEN KJIACCOB.

CraTuyeckue MeTOo/Ibl TPUMEHAIOTCA: 1A MHUITUAIU3AIUN CTATUYECKUX
noJieit; A1a obpalleHusa K CTATUMECKUM MOJSIM C I1e/b0 MX U3MeHeHUs WK
MOAYYEHNA 3HAYEHUH; Ana 06padOTKN BHEITHUX AAHHHIX, NepeJaBaeMBbIX
METOZY 9Yepe3 anmapaT IapaMeTpoB; AJIA BbI30Ba U3 APYTUX METOAOB KJacca.
Oco00 HY>XHO OTMETUTb, UTO B TeJ€ CTATUYECKOrO METOAA HEJOCTYIIHBI
HeCcTaTHYECKHUE WIEHHI TOTO KJIacca, KOTOPOMY TIPUHAIEKUT METO/.

B cregymollieil mporpaMMe cTaTUYeCKHEe METOAbl UCMONAb3YIOTCA A1 UHU-
NUaNTU3aLAY CTaTUYECKUX TONEeH B And obecneuyeHrd BHEUIHEro JOCTyNa
K 3aKPLITOMY IIOJIO KJAacCCa.
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// 18 _06.cs - cmamudeckue memodsl kadcca
using System;
class newClass

{

static int n = 5;
static int x = f1(n};
public static int y = fb(n) ? 16 : -10;
public static int getX()
{ return x; }
static bool fb(int a)
{ return a % 2 == @ ? true : false; }
static int f1(int d)
{ return d * d * d; }
} // End of class newClLass
class Program

{
static wvoid Main()
{
Console.Writeline("newClass.y = " + newClass.y);
Console.WritelLine("newClass.getX() = " + newClass.getX());
3
}

PESYJIbTaT BLHIIIOMHEHHW A NIPpOTPAMMEL

newClass.y = -1@
newClass.getX() = 125

ObpaTuTe BHUMaHUE, 9TO B Kjaacce new(Class TOIbKO ABa OTKPBITHIX
yreHa — nose int y 1 Metog getX(). IMona x, n u Metogsl fb(), f1() Heao-
CTYIHBI BHe Kjaacca. B meroze Main() BeimonHeHO obpallieHHe K MO0
newClass.y. 3T0 n1o/ie UHUIIMATU3UPOBAHO 3HAYEHUEM TEpHAPHOI'O BHIpa-
KEHUA, B KOTOPOM NEePBLIM OIIEpaHAOM CIYXUT obpalenue Kk Metogy fb(n).
ApryMeHT — cTaTUYeCcKas nepeMeHHas, MHUITUANU3UPOBAHHASA KOHCTAHTOU
5. Tak kak fb(n) Bo3epamaer 3Hauenue false, To nepeMeHHad y oaydaer
3nauyeHue —10. [Ipu obpamennu k meroay newClass.getX() oH Bosppaiaer
3Ha4YeHHE 3aKPHITOI0 CTATUYECKOTO 110 Static int x. OTo o€ HHUIMAIN-
3UPOBAHO 3a cueT obpanieHus K cratuiaeckoMmy meronay f1(), uro u onpeae-
JIAET Pe3yAbTaT, BHBEJCHHBINA HAa KOHCOb.

B Tene 11060T0 METOAA MOTYT OBITh OOBABIEHBI IOKANBHEIE TIEPEMEHHEBIE
U KOHCTAHTHI ¢ TUIIaMM CCBUIOK M 3HAaYeHWU. MiMeHa TakKux NepeMeHHBIX
KMEIOT NIpaBoO COBNAJAAaTh ¢ UMEHAaMM CTAaTHYeCKUX WIEHOB TOrO KJacca,
B KOTOPOM pasMenieH MeTo/l. B aTom ciydae oKaabHaA MepeMeHHas «3Kpa-
HUPYET» OAHOUMEHHYIO CTaTUYECKYIO IIepeMEeHHYIO, T, €. uMs 6e3 kpanudu-
KaTopa «UMA_KJIacca.» IIPH COBIaAeHUN UMEH OTHOCHTCA TOJIBKO K JIOKalb-
HOMY OOBbeKTy MeTo/a. B KavyecTBe IpUMepa PacCMOTPUM CAEAYIONUI
MmeToa Main() u3 kaacca Test_cs:

// 18 _87.cs - Cmamudveckue noaAR u NOKANbHele QaHHbie memodoB
using static System.Console;
class Test_cs
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static int n = 19; // none knacca Test_cs

static string line = new string('*', n); // none knacca Test_cs

static double constant = 9.81; // nose wknacca Test_cs

double pi = 3.14159; // none obvexma knacca Test_cs

static void Main()

{
const double PI = 3.1415%; // noxkaneHaa KOHCmanma
double circle; // n0oKaGALHAA nepeMeHHAsA

// circle = 2 * pi * n; // owubka - Hem obvexma knacca Test_cs

circle = 2 * PI * n;
WriteLine("AnnHa oKpyXHOCTU='
Writeline(line);
Test_cs.n = 28; // usmernunu 3HAYEHUE NOAA KaAaccd
line = new string('*', n); // uamenunu 3HG4YeHue CCbiaku
WriteLine(line);
const double constant = 2.718282; // A0KaGAbHAA KOHCHAHmMA
WritelLine("Test_cs.constant=" + Test_cs.constant);
WriteLine("constant=" + constant);

}

+ circle.ToString());

}
PESYJII::TEIT BHIIIOJMHEHHKA NPpOrPAMMEIL.

AAUHa OKpyYXHOCTH=62,8318
o 3 ok ok skook ko ok

o e e e ok ke ok ok o o o of ofe ok ok ok ok kK R

Test_cs.constant=9,81
constant=2,718282

B Tekcte MeToga Main():

Pl — nokanbHasad MMeHOBaHHAasI KOHCTAHTA,

circle — siokajnbHas epeMeHHasd,

n, Test_cs.n — /ABa obpaiieHHUs K OHOMY B TOMY K€ CTaTUYeCKOMY IIOI0
KJacea;

line — craruyeckas cchIKa — mose Knacca Test_cs;

constant — JoKaabHaA KOHCTAHTA, UMA KOTOPOM COBIIAJaeT ¢ UMEHEM
craTHyeckoro noada kiaacca Test_cs.

[MonbiTka obpamenus B Teae MeToga Main() K HECTATUYECKOMY OO
pi IpHUBOAUT K OMIKOKe — TOKA He cO3AaH 00beKT Kiaacca (00beKT, KOTO-
pomy 6yaeT IPHHAJIEXATh HOJMe Pi) K ero HeCTATHUYECKUM MoJAAM obpa-
IATHhCA HEAb3S, UX HeT.

Kasxxkaoe craTU4eckoe MoJjie CyIecTBYET TOAbKO B €IMHCTBEHHOM JK3€M-
wisipe. CTaTHYECKHEe MO KAACcca UTPAKT Poib MOOATbHBIX TepeMEHHBIX
/711 BCeX METO/IOB, V KOTOPBIX €CTh IMPaBo AOCTYIIAa K 3TOMY KJaccy.

WTak, IIOKa He CO3/IaH OOBEKT KJIacca, CYIIeCTBYIOT U JAOCTYIHBI TOIBKO
CTaTUYeCKUe WIeHbl KJIacca.

10.5. CraTUYeCKNil KOHCTPYKTOP M CTATUYECKUI KNacC

HasHauyeHHe cTaTUIeCKOTO KOHCTPYKTOpa — HHHIHATU3allkuA CTATHEC-
CKUX TIoJeM kinacca. CTaTUdecKui KOHCTPYKTOD BBI3BIBEACTCA cpe,n,oﬁ HUCITOJ-
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HeHU:A npunoxennii (CLR) nepesa mepBuIM obpalleHHeM K JI0OOMY CTaTHYe-
CKOMY TIONTIO KJIACCa WM Tiepe] TIEPBLIM CO3/IaHreM dK3eMIuisgpa (06bekTa)
KJacca.

KOHCTPYKTOpPBI KIaCCOB — CTAaTUYECKUE U HeCTAaTUYECKME (TIOCACAHUE
paccMoTpeHbl B 1. 11) obaazaroT paaoM ocobeHHOCTEH, OTAUYAIIIUAX
HUX OT APYTUX METOAOB KJ1accoB. VIMA KOHCTPYKTOpaA BCeraa COBIIAAacT
€ UMeHeM TOTO KJaacca, KOTOPOMY OH NMPUHAAMEXUT. s KOHCTPYKTOpA
He YKasbIBAeTCA TUN BO3BpallaeMoro 3HadeHud (Aake THN void A1 KOH-
CTPYKTOpA 3ampeinieH). B Tese KOHCTPYKTOpa OOBIYHO HET HeOOXOAUMOCTH,
HO JOIYCTHMO HCHOJB30BATh onepaTop return. 111 CTaTUYeCKOro KOH-
CTPYKTOpA HEJIb3s1 UCHOMb30BaTh MOAUPUKATOPBL JOCTYIIA.

Knacc MoxkeT MMeTh TOJAbKO OAUH CTaTHYeCKWUH KOHCTPYKTOP. 14 cTa-
TUYECKOTO KOHCTPYKTOpA NMapaMeTphl He YKA3HBAIOTCH — CHelMUKaIis
napaMeTpoB JOMKHa ObIThH MyCTOL.

dopmart 0O6BABNEHNA CTATUYECKOTO KOHCTPYKTOpA:

static uma_xnacca()
{onepamopsi_mena_koncmpykmopa}

CraTudecKUH KOHCTPYKTOP HEBO3MOXKHO BHI3BAThH HENOCPEACTBEHHO
U3 IIPOTPaMMBbI — CTAaTUYECKHN KOHCTPYKTOP BEI3BIBAETCS TOMBKO aBTOMATH-
geckd. CreayeT oOpaTUTh BHUMAHME, YTO CTATHYECKUH KOHCTPYKTOP BBI3BI-
BAETCA NOC/e BHITIOTHEHUA UHUITMATUZATOPOB CTATHYECKUX ITOMEN KJacca.
OcHOBHOe HazHayeHHe CTaTHU4eCKOro KOHCTPYKTOpPa — BBHIIOJHATE Oosee
CJIOXKHBIE JeHCTBHA, HeXKelTH MHULINAIU3aTOPH IToed U KOHCTaHT. /1A cTa-
THYECKOTO KOHCTPYKTOPa HEAOCTYITHBL HECTATHYECKUE WIEHBI KJIacca.

B kavecTBe IpUMepa OIpeleNUuM CTaTHYeCKUHW KOHCTPYKTOP TOTO
Kjacca, B KOTopoM pa3MerneH metog Main(). B Tom ke Knacce ompeje-
JIUM HECKOJBKO CTATUYeCKHX I10JeH U BBINMOJAHUM HX MHHULHMAMU3AMUIO KaK
€ MOMOIITBEE) UHUITMATIU3ATOPOB, TAK U ¢ IPUMEHEHUEM CTATUYECKOTIO0 KOH-
CTPYKTOpA.

// 18 _B8.cs - HHULUGAU3aMOps! U CMamudecKull KoHCmpykmop
using System;
class Program
{
static int[] ar = new int[] { 16, 20, 30, 49 };
static int numb = n + ar[3] - ar[l];
[/ Cmamudeckult KOHCMPYKmMOp:
static Program()
{ numb /= n; n = ar[l] + n; }
static int n = 2;
static void Main{()
{
Console.WriteLine("numb={0}, n = {1}", numb, n);

}

}

PesynbTaT BHINOIHEHUA TPOTPAMMBDbL:
nhumb=16é, n = 22
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B K/acce ompezeneHbl cTaTHYeCKHe MOJISA: CCBUIKA ar, CBs3aHHasA C 1eIo-
9UCTEHHBIM MacCUBOM U3 4 37IEMEHTOB; TeI0YHCIeHHbIE TepeMeHHBIE NUmb
U n. B Tene cTaTU4ecKoro KOHCTPYKTOPa MepeMeHHBM numb U n IpucBau-
BAIOTCA 3HAUYCHUA, OTIMYHBIE OT TeX, KOTOPBIC OHU [TOAYVYWIN NIPU UHHLIHUA-
au3aruu. TeKCT TporpaMMbl B Pe3Y/IBTATH €€ BhIMOJAHEHUA WTIOCTPUPYIOT
cleAyiolye npaBuia, OOJAbIIMHCTBO U3 KOTOPHIX MBI YK€ MPUBOZAWIH.

VHunuatnzanya cTaTUYeCKUX MOJeH BRIMOAHAETCH MOCAeA0BATENBHO
(cBepxy BHM3) 110 TEKCTY OmIpeeaeHus kiaacca. [1os, Aas KOTOPHX UHUITU-
anmn3alyA elle He BRIMIOMHCHA, UMEIOT YMaTduBacMble 3HaueHUA (A1 apud-
METUYECKUX TUTOB 3HAYEHHE CTATUYECKOTO TIOAA M0 YMOIYAHUIO PABHO
Hy/110). B HHUIMaMU3UPYIOLIUX BEHpaXXeHUAX CTaTUYECKUX IIoJell JZomy-
CTUMO UCIIOAB30BATh OOpalleHUa K JPYTUM CTaTUYECKUM YieHaM KJIacCoB.
[Tocne BBIIONHEHUS MHUIAATU3AIUU CTATUYECKHUX MMOJEH BHITOTHAETCS
CTATUYECKUH KOHCTPYKTOP, ACHCTBUA KOTOPOTO MOI'YT M3MEHUTD 3HAUCHUA
CTATUYECKUX TIOME.

Kak pexomenayetr CraugapT C# [1], xkiacchl, KOTOpEle He IpeAHAa3Ha-
4eHH AJA CO34aHuA 0OBEKTOB U KOTOPHIE COAEPIKAT TOABKO CTaTUYECKHUE
WIeHBI, HY»KHO OOBABAATE cTaTndeckuMu. B Net Framework takumu kiaac-
caMH apAoTea System.Control u System.Environment. [TepeuriciuM 0CHOB-
HBIE€ OCOOEHHOCTH CTaTUYECKUX KIAACCOB,

B craTU4YecKNX Kjlaccax HeT KOHCTPYKTOPOB 3K3eMIUISIpOB (00beKTOB)
¥ 5TH KJAcCChl HE MOTYT CIY»KUTh 06a30BBIMU KJI1acCaMU IIPH HACA€JOBAHUU
(HacnenoBaHue paceMmaTpuBaetcs B 1. 13.) CraTudeckue KAacchl MOTYT
UCIIONB30BATLCA TOJMBKO € onepaluen typeof u cpejcTBaMu JAOCTYIA K Wie-
HaM kJacca. B 4acTHOCTH, CTaTHYeCKUH KIace He MOXKET HCHOAb30BAaThCA
B Ka4decTBe THIIA IIePpEMEeHHOW U He MOXET BHICTYIATh B Ka4YeCTBe THUIIA
napaMerpa.

B 3arosioBok 00BABICHUA CTATUYECKOT'O KJAacCa BXOAUT MOAUPUKATOP
static. B oTiMume OT APYTIHUX KJIACCOB CTATUYECKHN KJIAcC HEMb3A OObABUTD
¢ mogudukaropamu sealed u abstract. OaHako, Tak KaKk CTaTHYECKUH
KJIACC HE Y4aCTBYET B UepapXUAX Hac/Ie0BaHUA, IMEHHO CBOMCTBA KJIACCOB
€ 3TUMHU MOAUPUKATOPAMU IIPUCYILU CTATUYECKOMY KJIaccy.

B 00BABIEHNM CTATUYECKOTO KJIacca HEeMb3A MPUMEHATh CrelupUuKaTop
6a3bl. KpoMe TOTO, CTATUYECKHI KJIACC HE MOMKET Pealu30BbIBATE UHTED-
¢eiicn (naTepdeiicaMm nmoceamena 1. 14). CraTuyeckuil xaacc UMeeT
TOMBKO OAMH 6a30BBIM Kiracce System.Object.

Tak KaK cTaTH4eCcKUI KJacc He MOXKeT GBITh Ha30BEIM, TO U1 €ro WIEHOB
3anpeleHs MoguduKaTopsl protected n protected internal. /lna 4ieHOB
CTAaTUYECKOTO KJIACCa B KAYeCcTBe MOAUPUKATOPOB JOCTYIIA MOXHO HCIIONb-
30BaTh ToNBKO public u private.

HecmoTps Ha Hanmyue MoaudUKaTOpa Static B 3aro/JIOBKe CTATUYECKOTO
KJlacca, BCe ero WieHb], OTIMYHbIE OT KOHCTAHT U BJIOXKeHHBIX TUNOB (KJIac-
COB), AOJDKHEL OBITE OOBABJIEHEHI C IBHO YKa3aHHBIM MOAN(HUKATOPOM static,

CraTH4ecKue Kaacchl yA00HO IPUMEHATD A/ JOTHYeCKOTO 00beuHe-
HHA GYHKUUOHANIBHO OJIM3KUX METOAOB.
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[TpuMephl CTATMYECKUX KAACCOB MPUBOAUTL HET HeOOXOAMMOCTH, TaK
KAaK MHOTHE KJIACCH 3TOM I'IABH BKAKYAIOT TONBKO CTATHYECKHE YJISHHI,
U KOKJABIN U3 3TUX KJIACCOB MOXKeT OBITh CHAOKEH 3arojIOBKOM

static class uma_kaacca

B 3axiII0ueHHe OTMETUM ellle pas, YTO KIacc Hesb3s OOBABUTh CTaTHYE-
CKUM, €CJIU B ero 00BABIeHUU NIPUCYTCTBYET XOTA OBl OMH HeCTaTUYCCKUI
WieH.

KoHTponbHble BONPOCHI U 3afaHUA

1. TlepeuncanTe YWIEHHI KJIAcCa, KOTOPBIE MOTYT OLITE OOBABNIEHEL CTATH-
YeCKUMU.

2. Kakne wieHH Kjacca ABAAKTCA CTATHYECKUMU Oe3 NMpUMEHEeHU
mogudUKaTopa static?

3. Tlepeunciure MOAUPUKATOPHI JOCTYTIA.

4. MoxHO /1 B 0OBABICHUH WIeHa KJIacca HCIOoAb30BaTh JBa MogudH-
KaTopa JocTyna?

5. Ilpuseante popMaT UMEHU CTATHYECKOTO WICHA KJAacca, HCIOAb3ye-
MOTO AJs1 oOpallieHns K HeMy U3BHE KJacca.

6. Yro Takoe nose kiaacca?

7. Korga craTideckoe Nnoje pasMelnaercd B maMaTh?

8. MoXHO I B OOBABJICHUHU CTAaTUYECKOTO 10/ UCIONB30BaTL MO (Y-
KaTop Aocrtymna?

9. Yro Takoe CITUCOK OOBARIEHUH MONeH?

10. HaszoBure $popME HHAITUATIU3ATOPOB MOJIEH.

11. Yro paspelreHo UCIOAB30BaTh B HHUIHAAU3UPYIOLIEM BHIPAKCHUU
CTATAYECKOTO MOJNA?

12. Kak BrIMOJIHAETCA WHHULHAANN3AUNA CTaTUYECKUX MMOJel TIpU OTCYT-
CTBUM MHUIUAIU3ATOPOB?

13. O6BacHUTE NMOCAeSOBATENABHOCTh HMHUIUANAU3ATIUU CTATUYECKUX
TOJIEH.

14. Kaxoii cTaTyc JoCcTyna y CTaTUYECKOTO MOJA MPU OTCYTCTBUU MO/IU-
duxatopa gocryna?

15. Kax 00BARIAIOTCA KOHCTAHTHI, IpHUHAAAEKALINAE KIaccy?

16. ChopmynupyiiTe npaBuia UHUIHAAU3AIUHA KOHCTAHT Kaacca.

17. B yeM oTAHYHe CTATHYECKHX KOHCTAHT OT CTATHYECKUX NoOJeH
¢ mogudukatopoM readonly?

18. Ilepeuncaute BO3MOKHBIE TPUMEHEHHs1 U OrPaHUYeHUs cTaTu4ye-
CKUX METOZAOB.

19. Yro Takoe cTaTUYECKUNA KOHCTPYKTOP?

20. CKOJBKO CTaTUYECKHUX KOHCTPYKTOPOB B Kjacce?

21. KaxoBa crienudukanysa napaMeTpoB CTATUYECKOr0 KOHCTPYKTOpa?

22. Kax U Korja BbI3BIBaeTCs CTATUYECKUM KOHCTPYKTOP?
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23. Kakue uieHb 00bABIeHNA Kjacca AOCTYIIHBL B Tejle CTaTUMeCcKOro
KOHCTpyKTOpa?

24, Ilepeducaute ocOBEHHOCTU CTATUYECKUX KIACCOB.

25. Kakue moauduKaTOpel HE MOTYT BXOAUTh B 0O'BABAEHUE CTaTUYeE-
CKOTr'0 Kjacca?

26. Kaxue MoAu¢UKaTOPbl MOTYT BXOAUTD B OOBABACHU WIEHOB CTaTU-
4eCcKOoro Kjaacca?

27. MoeT M4 B CTATUYECKUH KIacC BXOAUTh HECTATHYECKUU PEKYPCUB-
HBIH MEeTOA?



Inasa 11
KNACCbI KAK TUNDbI

11.1. 06bABNeHKe Knacca

Y3ke TOBOPH/IOCH, YTO KJ1acce B A3bIke C# UrpaeT ABe poJU: 3TO COBOKYII-
HOCTBb WIW «KOHTEHHep» CTaTU4eCKUX YIeHOB (MEeTO/OB, MO, ..), U 3TO
«Tpadaper», MO3BOMAIOIIUN TOPOXJATh KOHKPeTHble 00beKThl. Kitace kak
KOHTeHEP HAMU YKe MOAPOOHO U3YHeH.

Knacc kak Tpadaper — 3T0 OUOAMOTEUHBIN WIN oNpejenseMblil Ipo-
IPaMMHCTOM-TIONb30BATEACM THUII JAHHBIX. B aHIMUIACKOM A3BIKE AJIA OIIpe-
AeeHHOTO IIPOTPAMMUCTOM KJIacca, UIPaloIiero 3TY POAb, UCIONb3YeTCA
kpaTkoe obozHadenue UDT — user-defined type. Ceituac 6yaeM paccMmaTtpu-
BaTh UMEHHO TaKUe KJIACCHI.

Knacc, Kak onpeaenseMblil MOMb30BaTeNeM TUI, MO3BOJAET CO3AaBaTh
KOHKPeTHBIe 06BEKTH, COCTABR U COCTOSHUE KAXKJOTO U3 KOTOPHIX 33AaI0T
HecTaTU4YecKUe Mo Kaacca, a IoBeAeHue — ero HecTaTUYecKue MeTOADL.

JocraTouno odiee onpeaeneHne (Aekaapaluua, vHade oO0bABIEHUE)
KJ1acca UMeEeT CAeAyIImuid GopMar:

MOOUPUKAMOPL_KAACC Ty
class umMA_knacca cheuuduxkalua_bass_kaacca
MEeNO_KAACLA; ot

apt

Kax MHI y)ke roBOpWIH, UHAEKC «Opt» (OT aHIMIUICKOrO option — aabTep-
HaTHBa, BIOOP) MOCJe 3MeMEeHTa JeKIapaliy yKa3blBaeT Ha HeoOsa3aTeb-
HOCTD HPEALIECTBYIONIEro eMy 3ieMeHTa. Jlake TOUKa ¢ 3amATOM MOC/e Texa
KJ1acca He ABAAeTCA 00A3aTeNbHOM.

HauHeM u3yueHHe 0COOEHHOCTEH MOCTPOEHUA TeX NOAb30BATEAbCKUX
KJIaCCOB, B ONPEJeNeHUS KOTOPEIX BXOAAT TOABKO 00A3aTeAbHEIC 3/ICMEHTH
W, BO3BMOXKHO, MOAUPUKATOPHI Kaacca, C y9eTOM Ha3BaHHBIX OTpaHNYeHUH
MHHUMAJIbLHBIA COCTAR OOLABNEHUS KJAACCA TAKOB!

MOBUGUKAMOPY_KAACCA,,y C€lAss UMA_KAGCCA Meao_xnaccd

B nexnapauuu Kiaacca class — ciaykebHOe C/10BO, Ha3bIBaeMoe KJIIO-
40M Kaacca. Uma_kadacca — uaeHTHGUKATOP, BHOPAHHBIM aBTOPOM KJlacca
B Ka4eCTBe ero Ha3BaHudA. Modugdurxamopsi_xaacca — 3TO:

* O/WH U3 IATHU yKe HEOJHOKPATHO HA3BAHHHIX MOAUPUKATOPOB
aoctyna (public, protected, internal, private, protected internal);
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* MogubUKaTOpPH, MpUMeHAeMble MPU BAOKEHUU U HacAeJOBaHUU
K1accoB (new, abstract, sealed — oaHOBpeMeHHOE TpUMeEHEeHUE MOAUDU-
kaTopoB sealed u abstract HejomyCTUMO);

+ static — MOANPHUKATOP CTATHYECKOTO Kacca.

[Ipy HMCNOAB30BAHHHM HECKOJIbKUX MOAAPHUKATOPOB OHU OTAENAIOTCS
ApPYT OT ApyTa npobeaaMu.

Teno_xnacca — 3ail04eHHasA B QUIYPHBIE CKOOKU MOCAEAOBATENbHOCTE
obbaABNeHUN (gekIapaluil) WieHOB KiIacca.

O6BaBIeHHE WIEHA Kiacea:

¢ 00BsABAEHHE KOHCTAHTHI;

* 06DbABJIeHUe TIOMNA;

* 0ODbABJIEHUE METOAA;

* 00BSABIECHHE CBOMCTBA;

* 0OBABNEHHE COOBITHA,;

* 00DbaABIEHUE HHAEKCATOPA;

* oObBABNEHUE OIEPAIUH;

* 00BABMEHNE KOHCTPYKTOPA,;

* 00baABIEHUE AeKOHCTpYKTOpa (C# 7.0);

* oObaBAeHHe PUHATH3ATOPA (IeCTPYKTOPA);

* 00DBABJIEHHE CTATUYECKOTO KOHCTPYKTOPA;

* 0ODBABIEHHE TUIA.

[TepeyncIuB Pa3HOBUAHOCTH WIEHOB Kiaacca, OyZeM BBOAUTE UX B YIIO-
TpebaeHue Mo Mepe HeoOXOAUMOCTH U TOTAA *Ke OOBACHATH Ha3zHadeHHe
K BO3MOXHOCTH KaKZOro u3 HuX. [I[puMeHsa B pacCMOTpPEHHHIX paHee
nporpaMmmax 6uOIHOTEYHEIE KAACCHI, MBI HCTIONb30BAIU MX METOARI, KOH-
CTPYKTOPHI, TIOJNA, KOHCTAHTH! U CBOMCTBa. Ha mepBOM 3Tane 3HaKOMCTBa
¢ 0COBEHHOCTAMU JAeKAapallid MONb30BAaTEAbCKUX KJACCOB OIPAaHUYNMCA
WUMEHHO TAKUMH WICHAMH.

11.2. llona o6beKTOB

Hone — 3T0 wieH 0OBABAEHHUA KJIacca, MPeACTABASIONNHT TepeMeHHYIO,
aCCOLUMPOBAHHYIO ¢ KJIACCOM WK ero 00beKToM. [1oaa K1accop uiu cTa-
THYeCKUe TIO/IS MBI yKe paccMoTpenn. CocpeJoTOUUMCA Ha OCOBEHHOCTAX
HeCcTaTAYEeCKUX ITOJeH, T. e. moiel o6sexkToB. Kak yxke ckaszaHo, OJHO 00b-
ABJAEHUE MOXET BBOJAUTDL OAHO WIN HECKOABKO TToNel oaHore Tumna, Popmar
TaKOr'o 0ODBABIECHUS!

MOOUPUKAMOPLI_NOAA
mun_nona 06uaBaeHUe_nepemMeHHbIX;

ObpaTuTe BHUMaHHE, YTO 0OA3aTENbHBIMU 3JeMeHTaMU OObABACHUA
ABJAIOTCH MuUn_noas v o0baBJIeHNe TepeMeHHEBIX.

Tun_noas onpeneadaeT TUIl BBOAUMEBIX 3TUM OOBABICHUEM NepeMeHHEBIX,

Obsagnenue_nepemeHHbix — 3TO JUG0 04HO 00DBABIEHNE, TMO0 CIIUCOK
oOBABAEHUM, pa3/leIeHHBIX 3alaThiMu. Kax/goe oObABIeHEe UMEET OJUH

W3 CIeAYIONNX ABYX GOPMAaTOB:
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udexmuduxamop
UGEHMUPUKAMOP = UHUYUGNUIAMOP_NEepemeHHol

B ¢BOIO 04epeab MHUIUAMN3ATOP MePeMEeHHON MOXKeT OBITh TUOO BHIpA-
JKeHUEM, B TOM YUCJE U BRIpAOXEHUEM, cojepKalluM ofpallleHue K KOH-
CTPYKTOPY OOBEKTOB, MMO0 UHUIMATUIATOPOM MaccHuBa. MHUImanu3anusa
nepeMeHHbIX HECTaTUYeCKUX [10Nel BBIONHAETCA NP CO3AaHUM 0ObeKTa
knacca. Eciu B 06bABNeHUU NepeMeHHOH HHHULHNAIH3ATOP OTCYTCTBYET,
TO NMepeMeHHasaA UHUIHUANU3UPYETCA 0 YMOMYAHUK) 3HAYeHUEM, COOTBET-
CTBYIOIIAM €€ THUITY.

B ompeziesieHWH TIOAA MOTYT IIPUCYTCTBOBATH B JOMTYCTUMBIX COYETAHUIX
HECKOJBKO MOANPUKATOPOB, KOTOPHIE B 3TOM CAyYae OTAENAITCA APYT
OT ZpyTa npobenaMu. MEI yKe HCIIOAB30OBAIH II0JIA ¢ MOAUPHUKATOPOM static.

Kpome Mogudukatopa static yxe pacCMOTpPeHB MOJUDUKATOPHI,
onpeAenAlonue AOCTYMHOCTL YAE€HOB Kjaacca BHe OOBABIEHUA KJacca
(public — oTkpeITBIH, protected — 3anUITIEHHBIN, private — 3aKPBITHIN,
internal — BHyTpeHHUI1). CTaTyc 3aKPLITOTO JOCTYIIA ITOAYYAIOT BCe WieHbI
KJIacca Mo YMOMYaHUIo, Kora B 0OBABIEHUH MOANGUKATOD JOCTYIA OTCYT-
CTBYET.

Kak u And cTatudyeckux mojaei, Ajas mojaed oHbeKTOB MOTYT IpUMe-
HATBCA MogudguKaTophl: readonly — Tonbko ana yreHus; volatile — nog-
Bep3KeH BHELIHUM BO3/IEUCTBUAM; NEW — IPUMEHETCs IPU HACTeT0OBAHUNA
(cMm. 1. 13).

HexoTopslil ONBIT IpUMeHeHNA OUOAMOTEUHBIX KJIACCOB Y HAC YKE HMe-
eTcd, O3TOMY CIeAYIUN MpUMep MUHH-TIPOTPaMMEI € ABYMA KjaccaMU,
KOTOPBIE ONIpeJe]INA IPOrPaMMUCT, HE BHI30BET 3aTPYAHEHHH.

// 11_81.cs - nona obvekmoB u knacca
using System;
class Person

{
public static int year = 2020; // mexywyul 200
public int age; // Boapacm
public string name; // uma
I
class Program
{
static void Main()
{
Person who; /] ceeinka HAQ oBbekm Kaacca
who = new Person{(); // obwvekm knacca
who.name = "Waxun"; // uma
who.age = 19; // Gospacm
Console.WritelLine{"WmA: {@}, lFop poxaewua: {1}",
who.name, Person.year — who.age);
}
}

PES}’JI BTAT BBIIIOJIHCHHA ITPOI'PAMMEBL.

WMa: opkuH, Fog poxaeHwa: 20801
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Kinacc Person BktouaeT OJHO CTaTU4YecKoe Iojie year (CerofHANIHUN
ro/) U ZiBa MoJs1 00beKTOB age (Bo3pacT) v name (ums). Eciu B Ky1acce HET
00BsABNIEHUsT KOHCTPYKTOPA, TO KOMIWiIsiTOp C# aBTOMaTUYECKU CO37aeT
JUIs1 3TOT0 Kytacca OTKPHIThIH (public) koHcTpykTOp 6€3 mapaMeTpoB. Takum
obpa3om, B Kyacc Person 06aBisieTcsi KOHCTPYKTOP C 3ar0JIOBKOM:

public Person().

B metoge Main() ksiacca Program co3zaHa ccbUika (IlepeMeHHas) ¢ uMe-
HeM who Tumna Person. B omepaTope who = new Person(); npucBauBaeTcs
CChUTKa Ha 00beKT Kiracca Person nmepemenHo# who. CTaTudeckoe 1oJe year
WHUIIMAMU3UpyeTcsa 3HadeHreM 2020, a oy ob6bekTa (age v name) MpU-
HUMaIOT 3HavYeHus 1o ymomdanuto (0 u ).

Tak kak mosist kiacca Person OTKpBIThIE, TO CChUTKA WhO /laeT BO3MOX-
HOCTb IPUCBAWBATh ITOJIIM OOBEKTa 3HAYEHUS U MOIy4aTh UX. Pe3ynbTaThl
BBITIOJIHEHUSA WUTIOCTPUPYIOT IIPHUBeleHHbIE ITOSCHEHHUS.

BaykHOM 0cO6eHHOCThIO (3HaUeHNe KOTOPOU B JaTbHeHIIeM OyeT IToKa-
3aHO, HAIIpUMep, IIPU CO3JaHUU CBSI3HBIX CIIMCKOB, cM. maparpad 11.5)
ABJIAETCA BO3MOXKHOCTh OOBABUTH B KJIacce I10Jie, UMeIOIee TUII CChUIKU
Ha 00BEKTHI TOTO JKe Kjaacca. Kiacc ¢ TakuM IojieM IIpUBE/EH B CIeAyrolnei
porpamMme:

// 11_62.cs - ccbiAKA C mUNoM KAdcca KAk nose obvekma
using System;
class A
{
public int a = 2;
public int b = 3;
public A memb; // ccuinka Ha obvekm knacca A

}

class Program

{

static void Main()

{
A one = new A();
one.a = 12;
one.b = one.a / one.b;
Console.WriteLine("one.a={0}", one.a);
Console.WriteLine("one.b={0}", one.b);
A two = new A();
two.memb = one;
Console.WriteLine("two.memb.a={0}", two.memb.a);
Console.WriteLine("two.memb.b={0}", two.memb.b);

}

}
PGBYJIBTEIT BBITIOJTHEHUA IIPOT'PAMMEIL:

one.a=12
one.b=4
two.memb.a=12
two.memb.b=4
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B xyacce A geKJIapUpoOBaHO M 110 YMOMYaHUIO HHULUANU3UPOBaHO 3Ha-
geHuneM null mone memb — ccrutka THa A. B MeToge Main() onpeaeneHst
JIBE CCBUIKH (TlepeMeHHEIe one U two) Ha 0OBbeKThl Kaacca A U acCOLIUUPO-
BaHHLBIE ¢ HUMHU 06BbeKTHI. [To/aM one.a u one.b ABHO MPHUCBOEHEI 3HAYEHUA.
Moo two.memb IpPUCBOEHO 3HAYEHHUE CCRUIKYU ONe B TeM CaMEBIM TOJIe two.
memb «HAaCTpOeHO» Ha 0OBEKT, aJpecyeMblil cChLIKOH one. Kpanuguuupo-
BaHHble UMeHa two.memb.a u two.memb.b MO3BONAIOT MOAYUUTEL AOCTYII
K TOJIAM One.a ¥ one.b. ITo MOATBEPKAAIOT PE3VALTATH BLIIIOIHEHUS TPO-
rpaMMEI.

CchUlKa Ha 00beKT Kacca MOXKeT OBITh 0ObABMeHa Kak cTaTHYecKoe ToJe
ATOro XKe Kiaacca. CleAyiomas porpaMmMa WUTEOCTPUPYET 3TY BO3MOKHOCTb.

// 11_83.cs - cmamuveckoe noae C MUNOM Kaacca
using System;

class A

{
public int a = 2;
public int b = 3;

static public A smemb; // cceinka Ha obvexkm knacca A

}

class Program

{

static wvoid Main()

{
A two = new A();
A.smemb = two;
Console.WriteLine{"A.smemb.a={6}", A.smemb.a)};
Console. WriteLine("A.smemb.b={8}", A.smemb.b);

}
}

PESYJII::TEIT BHIIIOJHEHHKA MPOrpaMMBIL.

A.smemb.a=2
A, smemb.b=3

[TporpaMma O4YeHb IIOX0XKa Ha NPEABIAYUIYIO — OTINYUE 3aKIovaeTca
B TOM, 4YTO II0JIe Smemb cTaTU4ecKoe, HO3TOMY A/ 0OpalleHUU UCTOIb3Y-
10TCA KBaanUIMPOBaHHEIE HMeHa ¢ TpedukcoM "A.".

11.3. 06baBneHns metoaoB 06beKTOB

OnpegeneHne MeTOAa BKIIOYAET /[BE YACTHU:

* 3aroJIOBOK_METO/A;

* TeJo_MeToA.

HdoctaroyHo obmmi ¢opMar 3arosioBKa METOA:

moduduramopsl_memoda,,,
mun_Bo38pauwjaemozo_3HaveHUA UMA_memoda
(cneyugurauus_napamempoB, . )
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B kauecTee MOANGUKATOPOB METOAA UCTOAb3YIOTCA:

static — BBoOAUT WieH kaacca (a He 0ObeKTa):

public, protected, internal, private — mMoaudUKaTOPE AOCTYIIE;

virtual — BUpPTYaJIbHBIN MeTOA, KOTOPHIM MOXeT GLITE MlepeonpeeneH
MpU HacleJOBaHUU;

new — MeTOA MepeonpeenseT OAHOUMEHHBIM MeToa 6a30BOT0O Kaacca;

sealed — MeToZ 3alIuIleH OT MepeonpeaeIeHNs;

override —MeTog mepeonpegenseT BUPTYalbHHN MeToh 6a30BOTO
KJIacea;

abstract — BUpPTyaabHEIH MeTO/ €3 peanusaiuy;

extern — MeTO/|, KOTOPBIM peaau30BaH BHE KJacca H, BO3ZMOXHO,
Ha A3BIKE, OTJIMIHOM OT C#.

BOMBIIMHCTBO K3 MOANPHUKATOPOB METOAOB HaM MMOHAAOGATCA MO3/AHEE,
HO YK€ PaccCMOTPEHHBIMH MOAUPUKATOPAMH AOCTYIIA Mbl 6y/1eM aKTHBHO
TOJB30BATECA YKE cetyac.

B onpeaeneHnn OJHOTO METOAA MOTYT IIPUCYTCTBOBATH HECKOIBKO MO/H-
(PUKATOPOB, KOTOPBIE B 3TOM CJyYae OTAESIAKTCA APYT OT Apyra IpobenraMu.
MbI y)Ke HCIIOMB30BAMN METOAR ¢ MOAUGPHUKATOPOM static. DTa maBa mocBs-
1eHa MeToAaM O0OBeKTOB, B OOBABIEHUAX KOTOPBIX MOoAUPUKATOp static
OTCYTCTBYET. B OT/IMYKE OT METO/OB KJIACCOB MX HA3BIBAIOT HECTATHYECKHMU
METOJAMU WIH MeTOAaMH 0O0BEKTOB KJIACCA.

B fexkaapanui MeToAa MOAUPHUKATOPH MOTYT BXOAUTH TOJABKO B JOITY-
CTUMBIX coueTaHHAX. [IpaBuna ompeAendioniye, Kakue MOAH(DUKATOPH
MOTYT, 4 KaK1e He MOT'YT COBMECTHO MCIIOIb30BAThCA B J€KIapaIiviy OAHOTO
MeToaa, CtaHaapt C# ¢opMyIupyeT TakuM o6pazom:

* B JeKJapalulo MeTOoZa MOXKeT BXOAUTH TOJBKO OAUH MoAu$UKATOP
AOCTYyTA;

* HH OJUH MOAUPUKATOP He MOXKeT MOABUTHCA B AeKyiapauun 6onee
OOHOrO pa3a;

* JeKJapalns MOXKeT BKJIIOYATh TOJABKO OAUH M3 MOAUGHKATOPOB
static, virtual, sealed, override;

* JeKkjaapalua MOXKeT BKJIIOYATh TOIBKO OAUH U3 MOAU(UKATOPOB NEW
U override;

* JAexaapals, cogeprailas Moguduxatop abstract, He MOXeT BKJIIO-
yaTh HU OZHOTO U3 CAeAyoNX MoauduKaTopoB: static, virtual, sealed,
extern;

*  eC/IM JekJapalms BKIoYaeT MoAuGUKATOp private, To OHa He MOXKET
BKJIIOYATE HU OAUH U3 MoanduKaTopoB virtual, override, abstract;

*  eCc/aU AeKaapalMsa coAep:KuT Moauduxarop sealed, To oHa Takke
BKIIOUYaeT MoanduKarop override.

Ecau gexnapauusa npejcrapiasieT cobolf ABHYIO pealu3alldio WieHa
nHTepdeiica (uHTepdeiicam nocealleHa 1. 14), To Zeknapalysa He Ao/DKHA
BKJIIOYATh HUKAKUX MOAUPUKATOPOB KpoMe, BO3MOXKHO, MoAudUKaTOpa
extern.

B KavecTBe TUIA BO3BpalllaeMOTO 3HAYeHUA MeToJa YKasbleaeTcs Ju6o
KOHKPEeTHBIN THN (3HadeHMs1 MO0 CChUIKK) WK void — OTCYTCTBHE KaKoTo
6O 3HAYECHUA.
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B kauecTBe UMEH METOAOB UCONb3YIOT HACHTUPUKATOPHI.

Crnenudukanua napaMeTpoB MOXKET OTCYTCTBOBATb, HO €C/IM OHA €CTh,
TO COAEPKUT CIeITUGUKAIINU BCEX MapaMeTpoB Metoza. CrenuduKamuu
IapaMeTpoB MH yKe paccMoTpenu. OTMeTHM, 4TO NP OTCYTCTBUM T1apa-
METPOB UX CreluQUKAIUY HET, HO KPYIJIble CKOOKU 00A3aTeNbHBbI.

Teno memoda — 3TO 610K — IMOCAEJOBATEIBbHOCTL ONEPAaTOPOB, 3aKJIIO-
yeHHaA B ¢UrypHBle CKOOKH, NGO nycmoil onepamop, 0603HaUaeMBIN
TOJBKO OTACIBHBIM CHMBOJIOM TOUYKA C 3anAToN. [lycToli oneparop B kade-
CTBE TeJia UCIIOAB3YETCA TOMBKO /I METOJAOB ¢ MoAUudUKaTOpaMu abstract
U extern.

Cpasy e OTMeTHUM, YTO B BhIpaKeHUAX U OllepaTopax Tejla HecTaTHie-
CKOTO MeTOAa MOTYT UCIOAb30BaThCA HeMocpeAcTBeHHble obpallleHua (6e3
kBaan$uKanuyu UMeH) K IepeMeHHBIM MONe U MeTOAaM TOrO Ke KJIacca,
KOTOPOMY TIPUHAZIEIKUT METO/,

11.4. Mpumep Knacca u ero 06HEKTOB

[TpuBeaeM npumMep 0OBLABIEHUS KMacca U ocobeHHOCTel paboTH ¢ ero
00BEKTaMH, PacCMOTPEB CASAYIOUYIO 3a4a4y.

B TexHUKe MHUPOKO paclpocTpaHeHbl pasHoobpasHble MUPPOBHIE CUET-
YUKU, IOCTPOEHHBIE IO «KOJbIIEBOM» cxeMe. B KaX/0M U3 HUX 33/]aHO TIpe-
JleIbHOE 3HavYeHue, 10 AOCTIXKEHUID KOTOPOTr0 CUETYMK «COPACcBIBAeTCa»
B HavaJbHOE COCTOAHUE. TaK O0OBIMHO YCTPOeHH CYETUYUKM KUIOMeTpaXKa
(nmpobera) B aBTOMOOWIAX, CUETYUKU NTOTpebAEHUA BOABI, MEKTPOSHEPTUU
U T. 1. TpebyeTca onpeaeauTs knacc Counter, 06bEKT KOTOPOTO MOJEIN-
pyeT paboTy KOMBLEBOTO CYETYHKA. B KIacce AeKIapUPOBATh CTATHUYECKOE
mojie maxCount I IpeACTaBAeHUA TIPeJeAbHOr0 3HAYEHUA, AQMYCTHMOTO
A1 TIOKA3aHUM CYETYHKOB — OT/AEAbHBIX 00BEKTOB Kaacca. TeKyiee moKa-
3aHHe KOHKPETHOTO CUeTUYHKa OyZeT NpeACTaBAATh LeJOYHCIeHHOe Toe
obbeKkTa (HecTaTU4ecKoe ToJIe Klacca) ¢ HMeHeM count. B Ki1acce omnpeae-
JINTB: MeToA increment() 414 YBeJIMYEHNA Ha eAMHHULY TeKyIlero InoxKasa-
HUA CYeTYUKa, MeTo/ getCount() AN CYUTHIBAHUA TEKYINETO MOKAa3aHUS
u meto/ display() Ay BeIBoIa UHPOPMAITUH O COCTOAHUHU U BO3MOXKHOCTSAX
CUETYUKA.

OauH 13 BO3ZMOXHBIX BapMAHTOB ONpejeseHUsl TaKoro kKiaacca (mpo-
rpamma 11_04.cs):

class Counter // Knacc "konoueBol cuyemuurx™
{ // 3axkpemsie nons:
static int maxCount = 166000; // npedenvHoe 3HauveHue
int count; // mekyiuee nokasanue
// Memod - npupqQuierue nNoKd3aHus:
public void increment()
{
count += 1;
if (count >= maxCount) count = 8;

}
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// Memod 8na nosAydeHusa MeKywez20 NOKA3aHUA:

public int getCount() { return count; }

// Memod Ona BeiBoda cBederull 0 cyemduxe (06 obvekme):
public void display()

{
Console.WritelLine("Reading: {®, -8} maxCount: {1, -8}",

count, maxCount);
}

}

B ob6bsaBaeHny nosied static int maxCount u int count; MOAUPUKATOPHI
AOCTYIA He UCIOJb30BaHB, U M0 YMOJAYAHUIO MepeMeHHBIe maxCount
¥ count 3aKpHITH AJ4 AOCTyHa U3BHe (MMEKT CTATyC AOCTyMa private).
Cratudeckoe nojae maxCount MHUIMaIU3upyeTcd sHadeHreM 100 000 mpu
KoMIIIAnUY. [Ipy co31aHnu KaxA0ro o0beKTa K1acca UHUIHANIU3UPYETCA
NoJIE COUNnt KOHKpeTHOro obbekTa. Eciyu MHULKaIU3aTop NepeMeHHOH oA
OTCYTCTBYET, TO, KaK MBI 3HAEM, BEIINOJHACTCA €e UHUIIUATNU3AalUA 3Haue-
HUEM TI0 YMOJYaHUIO. B HallleM ITpUMepe nepeMeHHasA count Ipu co3ZaHuu
00beKTa UHUILUATU3UPYETCA LeOUUCTeHHBIM 3HaueHeM Q.

B kiacce IBHO OllpefiefieHHl JBa HECTATHUECKUX OTKPHITHIX (UMErOLIUX
craTyc goctyna public) meroza.

MeToA ¢ 3ar0JOBKOM

public void increment()

MpU KaXXAoM obpallleHMU K HeMy YBeJIMYMBaeT Ha eAMHULY 3HaueHMe IToKa-

3aHus (MoJA count), IpeACTaRAAEMOTO 00BeKTOM Knacca Counter. Y MeTo/a

MyCTOM CMUCOK MapaMeTPOB M METOJ, HUYETrO He BO3BPAIAET B TOYKY

BEI30Ba, O0paTUTe BHUMAaHUE, YTO B TEJlE€ METO/A U3MEHAETCH 3aKPHITHIH

WwieH kaacca (mosie count). T. €. MeTOA HelloCpeACTBeHHO obpaljaeTcs

K nepeMeHHOH 3aKPHITOrO MO, U 3TO He TpedyeT yTOYHEeHUA er0 UMEeHU.
MeToza ¢ 3ar0J10BKOM

public void display()

OCYILeCTBJIAET BHIBOJ CBEACHUM 0 TEKYIIEeM NOKa3aHUM CIETYHKA, IPeACTaB-
aseMoro o6beKToM Kinacca Counter U npeJeabHOM 3HaYeHHU maxCount,
KOTOpOE y)Ke He MOXKeT IpeAcTaB/LITh 00beKT Kiacca. MeTos OTKPBITHIH,
HUYEro He BO3BpalllaeT B TOYKY BBI30Ba M UMeeT MyCTOH CIIMCOK ITapaMe-
TPOB. B Tejle MeTOAa BHIMOAHAIOTCS OOpallleHUsA K 3aKPHITHIM MOJIAM count
U1 maxCount, 3HaYeHAS KOTOPBIX BHIBOAATCA HA KOHCOMb.

Yro6bl NPpUBECTU MPUMED CO3AHUA U UCTIONB30BaHUs 0O BEKTOB KIacca
Counter, HAMOMHHUM caeyiolnee. Knacc ABIAETCS TUIIOM CCBUIOK, T. €. ITepe-
MeHHad C TUMOM MOJb30BaTENIbCKOTO Kacca NpeAcTaBaseT co0ol Bcero-
HABCEro CCBUIKY Ha 00BbeKT kiacca. [Ipu co3gaHnu nmepeMeHHOM Kiacca
COOTBETCTBYIOIIUM el 00BeKT MOXKET ellle He CYLeCTBOBATh, WIM ITa Mepe-
MCHHasA elle He CBA3aHa HH ¢ KaKuM o0beKToM. 1A cozaanua obbekTa
KJ1acca UCIOAb3YeTCa BEIPAKEHUE C ollepalnueld new, rae B Ka4ecTBe olle-
paHaa — obpalleHHe K KOHCTPYKTOPY O0BEKTOB KJacca.
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BosHuKaeT BOIIPOC: a Kak »Ke OBbITh, eC/TM B HamleM Kjacce Counter HeT
ABHOTO OIpeJiesieHuA KOHCTpykTopa? Kak yxe ynoMmAHyTO, B A3blKe C#
MIPUHATO, YTO [IPU OTCYTCTBUU KOHCTPYKTOPA B ZileKJIapalluy Kjacca, B 3TOT
KJIaCC KOMIIWISTOP aBTOMaTU4YeCKU BCTpPauBaeT OTKPBITHI KOHCTPYKTOP
YMOJTYaHUA, T. €. KOHCTPYKTOD, P OOpallleHu: K KOTOpOMY He TpebyeTcs
3aZlaBaTh apryMeHTHl. B ciegylolieil mporpaMMe ONpeAensaioTCs CChUTKU
cl u c2 tuna Counter U co3Aar0TCs CBA3aHHBIE ¢ HUMU 00beKThl. K 00b-
€KTaM IOCPeCTBOM CChUIOK IPUMEHAIOTCA HeCTaTUYECKHUE METOAbI Kiacca
Counter.

static void Main()

{

Counter c1 = new Counter(); // KOHCmpyKmop ymoa4aHus
Counter c2 = new Counter();

cl.display();

Console.WriteLine("cl.ToString(): " + cl.ToString());
Console.WriteLine("c1l.GetType(): " + cl.GetType());
for (int i = @; i < 150000; i++)

{

cl.increment();
if (i % 10 == @) c2.increment();

}
Console.WriteLine("cl.getCount() = " + cl.getCount());

c2.display();
}

JlJ1s1 KpaTKOCTHU 37leCh TOJBKO TeKCT MeTtozZa Main(). [Ipeamonaraercs,
YTO U ompeesieHue kaacca Counter ¥ Mmetog Main() mpuHaziexaT oJHOMY
MPOCTPAHCTBY MMeH, HanmpuMmep, MetoZ Main() ABasgeTcA cTaTUYeCKUM
MeTozoM kiacca Counter.

Pe3ynbTaThbl BHITIOJTHEHUA ITPOT'PAMMBI:

Reading: © maxCount: 100000
cl.ToString( ): Counter
cl.GetType( ): Counter
cl.getCount( ) = 50000
Reading: 15000 maxCount: 100000

B Tene metoza Main() omepaTtop Counter c1 = new Counter(); o6bsaB-
JifeT nepeMeHHy0 ¢l — ccbulKy Tuna Counter. BelpakeHuUe ¢ omnepaidei
new mpezcTabisaeT coboii o6palleHre K KOHCTPYKTOPY YMOJTYaHUs, HESBHO
BKJIFOUEHHOMY KOMITWJIATOPOM B Kiacc Counter. TeM camMbIM co3ziaH 00b-
eKT Kacca Counter ¥ ¢ HUM CBs3aHa CChUIKA c1. AHAJIOTUYHO OTIpeiesIsieTCs
BTOPOU OOBEKT U CBSI3aHHAs C HUM CChUIKA C2.

OmnepaTop cl.display(); — aTo obpaiieHne K HECTaTUYECKOMY METOAY
display(), koTOp&Iii BhI3bIBaeTCs AJs1 00paboTKU 0OBbEKTa, CBI3aHHOTO
CO cChUTKO¥ c1. B pe3ynbTare BHIITOJHEHUS METOA HAa KOHCOJIb BBIBOJUTCS
CTpOKa, MpeACTaBAIONass 3HaUeHUA MoJsI 00beKTa U CTaTUYECKOTO TMOJIsA
maxCount:

Reading: © maxCount: 100000
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Buj npeacraBienusa omnpegensdeT popmaTHas cTpoka meTtoga Console.
WriteLine(), BbI3biBaemoro B Tese Metoza display(). Tak kak mpu cosza-
HUU 00bEKTa UCIOJb30BaH KOHCTPYKTOP yMoadanus Counter(), To mepe-
MeHHbIe (T10Ji) 0ObeKTa MOMYYWIN 3HAUYEHUS 3a CYET UX MHUIINATU3AIUH
(count = 0 u maxCount = 100000).

Crnenyrormive ABa omnepaTtopa MeToAa Main() WLTIOCTPUPYIOT NIPUMEHU-
MOCTh K 0O0bEKTaM BBEIEHHOTO IIPOrPaMMHCTOM-ITOIb30BaTeNeEM Kiacca
Counter, METO/IOB, YHACJIEIOBAaHHBIX 3TUM KJIACCOM OT Kjacca object. Kak
MBI y?Ke TOBOPWIH, Kjacc object aByAeTcA MepBUYHBIM 6A30BBIM KJIaCCOM
BceX KyaccoB mporpamm Ha C#. [IpuMeHsieMble K 0ObEKTaM ITOJTb30BaTEb-
ckoro kiacca Counter metozsl ToString() u GetType() O3BOMAIOT MOJYIUTH
MM 3TOTO KJjacca.

B nukiie ¢ 3arosmoskoM for (inti = 0; i < 150000; i+ +) BBIIOJIHAIOTCH
obparenus K MeToay increment() Ay AByX 0ObEKTOB KJlacca, aZ[peCcyeMbIX
ccputkamu cl u c2. Jlnia mepBoro u3 Hux BeimosHsAeTes 150 000 obpareHwuid,
muist BToporo — B 10 pa3 MeHbIe. MeTo/ Ipy KaXKI0M OOpaleHu! YBelr-
YyUBaeT TeKyllee 3HaUeHMe cueTurKa Ha 1, HO «C/IeIUT» 3a TlepeloJIHeHEM.
[Toce 99 999 obpaleHuii CYeTINK, CBA3aHHBIN CO CCBUIKOM cl OyzeT 06HY-
JieH. IIpuBeieHHbBIE PE3YIbTAaThl WLTIOCTPUPYIOT U3MEeHEHUA 0ObEKTOB.

[Tpexxzie yeM 3aBEPUINTh MOSACHEHUS OCOOEHHOCTEU OMpeAeIeHHOTO
HaM¥ Kjlacca U BO3MOXKHOCTelH paboThl ¢ ero 06beKTaMH, OTMETHUM, YTO
B MeTo/le Main() MCITOIb3YIOTCA TOJNBKO OTKPHITHIE MeTO/bI Kiacca Counter.
B o6baBneHuax MeroznoB increment(), getCount() u display() sBHO uCIOJB-
3o0BaH MoguduraTop public. KornctpykTop ymonuanusa Counter() coszga-
eTcs KOMIIWIATOPOM aBTOMAaTHUYeCKU KaK OTKPHITHIM. FIMeHHO Ha3BaHHbIE
yeThIpe MeToza kKyacca Counter popMUPYIOT ero BHeImIHUN uHTepdelic.
Ob6paieHus: K 3aKPBITBIM ITOJIAM KJIacca HEBO3MOXKHBI. EC/IM TOMBITAaThCS
HCII0JIb30BaTh BHE KJjlacca, HallpuMep, TaKou oleparop:

Console.Write ("count = {@}", cl.count);

TO KOMITWISITOP COOOITUT 06 oIubKe:

Error 1 'Counter.count' is inaccessible due to its protection level

11.5. Cebinka this

HecTaTu4eckye MEeTOZBI KJacca OTJIMYAIOTCA OT CTaTUYECKUX HATMYUEM
B MEPBBIX CCHUIKM this. DTa cChUIKaA MO3BOJIAET HECTATUYECKOMY METOAY
«y3HaTh», i1 KAKOTO OO'beKTa METO/ BBI3BAaH U BBIMTOJHAETCS B JaHHBIN
KOHKPETHBII MOMEHT. 3HaUYeHHeM cchUIKY this sBseTcs ccbuika Ha TOT 00B-
eKT, 00paboTka KoToporo BhimosHseTcsa. CchUlKy this Hemb3s 1 HET He06X0-
JVUMOCTH OTIpeeNIATh — OHa BCETZia aBTOMAaTUYECKH BKJIIOYEHA B KaXK/BIN
HeCTAaTUYeCKU MeTo/ Kjacca U CBsi3aHa C TEM OOBEKTOM, Jis KOTOPOTO
MeTo/] BhI3bIBaeTcs. VIHOTA cchUIKY this Ha3BIBAIOT JOMOTHUTENIBHBIM TTapa-
METPOM HECTAaTHUYEeCKOTO MeToia. DTOT ITapaMeTp MPeCTaBAAET B METOAE
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BLI3BaBLIMHI ero o6beKT. MOXXHO Ha3BaTh clefyioliye YeThlpe BUJa BO3MOXK-
HEIX TpUMeHeHUH cchUTkM this.

1. Bo uzbexanue KOHQIUKTA UMEH MeXAY IIapaMeTpaMU MeToa U wie-
HaMmu 0OBbeKTa.

2. Jlns opranudzaliii CBA3ed MexkAy 06 beKTaMu OIHOTO KJacca.

3. [na obpalleHusa U3 oAHOro KOHCTPYKTOpa KJIacca K ApyroMy KOH-
CTPYKTOPY TOTO Ke Kaacca.

4. s onpeAeneHus PaCLIMPSIOLIETO METOJA.

[TpoAeMOHCTPYpPYEM NEPREIC JBE U3 IIEPEUYNUCICHHBIX BO3MOXHOCTEH
NpUMeEHEHUA CCBUIKU this Ha cieayioleM npumepe.

OnpeaenuM kjacc Link, 06beKTH KOTOpOro MOXHO OOBeJUHATH
B LICTIOYKY — B OAHOCBA3HBIN cMcOK. Havyano cnucka, T. €. CCBUIKY Ha Iep-
BHI OOBEKT, BKJIOUYEHHBIHA B CIHUCOK, NPEeACTABUM CTATHUYECKHM IIOJIeM
Kiacca (static Link beg). Koraa cimcok nyct, 3HadeHueM beg 6yaeT null.

IIporpamMma ¢ yKa3aHHBIM KJIACCOM:

// 11_05.cs - this u cBasmbili Cnucok
using System;
class Link
{
static Link beg;
Link next;
int numb;
public void add{(int numb)
{
this.numb = numb;
if (beg == null) // cnucok nycm
{ beg = this; return; }
Link temp = beg;
while (temp.next != null)
temp = temp.next;
temp.next = this;
}
static public void display()
{
Link temp = beg;
while {(temp != null)
{
Console.Write(temp.numb + " ™);
temp = temp.next;
)
Console.WritelLine();
}
}

class Program

{

static void Main()

{
Link a = new Link{()}, b = new Link{), ¢ = new Link{();
a.add(7);
b.add(-4);
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c.add(0);
Link.display();

}
}

Pe3yznbTaT BBIIOJIHECHA IIPOIPAMMEBIL:
7 -4 0

HecTaTH4eCKMMH TOJAMH Kjacca SBAAIOTCS int numb u Link next.
[TepBoe MoJIe HYKHO HaM TOJbKO AJA WUIIOCTpAILlUM, 3HaueHUueM BTOPOTO
mojis 6yzeT cChIKa Ha CAeAVIOIIUHE 00BEeKT, MOAKJIIUYEHHBH K CITUCKY
BCJIe/] 3a paccMaTpuBaeMbIM. [Tocae0BaTeNBHOCTh GOPMUPOBAHUSA CIIUCKA
13 06beKTOBR Kiaacca Link MOXKHO IokazaTh Ha PUCYHKE.

ITycToil cnucox: beg=null

numb next
1 a;eMeHT: beg —>| 7 null

numb next numb next
2 3eMeHTa: beg —>| 7 [ > -4 null

Puc. 11.1. DopmupoBaHne cnucka o6beKToB

Jlna co3panusa oObeKTOB Kiaacca Link B mporpaMmMe UCIoAb30BaH KOH-
CTpyKTOp 6e3 mapaMeTpoE, KOTOPLIHM aBTOMAaTHYeCKH BCTpauBaeTcA B KJIace,
KOTZa B HEM HeT ABHO ONpPeAe/IeHHBIX KOHCTPYKTOPOB.

g «moAKMIoYeHUS» 00 BbEKTa K CIIUCKY BBEJEH HECTATUYECKUHA OTKPHI-
THIN METOA:

public void add{int numb)

{
this.numb = numb;
if (beg == null) // cnucox nycm
{ beg = this; return; }
Link temp = beg;
while (temp.next != null)
temp = temp.next;
temp.next = this;
IS

OcobeHHOCTh MeTOJa — UMA ero apaMeTpa COBMaZaeT ¢ UMeHeM MO
knacca. [MonHoe (kanudumypopaHHoe) uMA this.numb oTHOCHTCA TOABKO
K moai o6bexTa. [TepBoe AeiicTBHe MeToAa — IpHcBauBaHue o/ this.
numb 3HavYeHUA MapaMeTpa ¢ TeM e UMeHeM. [IpuMeHeHUe cchIKH this
MO3BOJAET OTINYATh MoJle 00OBEKTA, A9 KOTOPOTO BeI3BaH MeToA add(),
OT OJITHOMMEHHOTO TapaMeTpa.

[To ymomaanuio cratndeckoe nose Link beg u Hectatnueckoe mose Link
next HHUITHAAN3UPYIOTeA 3HaveHuAMH null. Tloka cnucok myct, mose beg
CoXpaHfAeT 3To mycToe 3HadeHue. [Tomo beg mpucBauBaeTcs cChlIKa Ha Mep-
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BhIMT 06BeKT Kimacca Link, Ana xotoporo 6yaer BoisBaH Metoa add(). Ecau
B CIIMCKE yiKe eCTh ajaeMeHThl (06beKkThl Knacca Link), To cozgaerca moxkans-
Had nepeMeHHas Link temp, MHULIMAAN3NpOBaHHAA 3HAYEHHUEM CCBUIKU beg.
Janee B LUKIe nepebupaloTcsa Bce 37eMeHTh CNUcKa, oka He 6yJeT Hali-
JleH 3JIeMEHT, K KOTOPOMY HMKaKOH OOBEeKT «He MoAKIYeH». ETo nomio,
AOCTYII K KOTOpPOMY ofecnedruBaeT KBaAUPUUUPOBAHHOE UMS temp.next,
MpHCBauBaeTcs 3HaueHue cchlIkH this, T. e. cchlnka Ha ouepegHOM 0O6BEKT
Knacca Link, g koroporo Bei3BaH meroz add().

A1 nocaegoBaTeAbHOTO Nepebopa 3JeMeHTOB CIHCKA U BEIBOJA 3HaYe-
HU# moseit numb ompegeneH cTaTUYeCKU METOA:

static public void display()

{
Link temp = beg;
while (temp!= null}

{

Console.Write(temp.numb + " ");
temp = temp.next;

¥

Console.WriteLine();

}

B Tene merozga display() umki, B KOTOPOM NOKaAbHAS IePEMEHHAsA temp
(cceimka Ha 0OBeKTH Kaacca Link) mocreaoBaTenbHO aApecyeT 06beKTH
CIMcKa, HauMHasi ¢ TOTO, KOTOPHI acCOLMUPOBAH CO CTATUYECKOM Iepe-
MeHHOM beg.

A WIIoCTpaluy BO3MOXKHOCTeH Kiacca Link B knacce Program onpe-
aeneH metod Main():

class Program

{

static wvoid Main()

{

Link a = new Link{), b = new Link{)}, ¢ = new Link();
a.add(7);
b.add(-4};
c.add(9);
Link.display();
}
}

B koge meroga Main() onpezgenensl Tpu oObekTa Kinacca Link, moaam
kKoTophiX (int numb) ¢ nomompio ob6pawenuii k Meroay add(} mpucBoeHEI
4uCAOBble 3HaueHusA. Merog add() He TOAbKO IIpHCBaUBaeT 3HaueHue MO0
obpekTa (int numb), HO U «IpHUKpeIUIAeT» 0OBEKT B KOHEI] I[EIIOYKH, Hada-
JIOM KOTOPOH CJIYKHUT OOBEKT, agpecyeMblil cTaTudeCcKol CChUIKOH static
Link beg.

HaduHas nepebop 3BeHbEeB LENIOYKU CO CCBUIKK beg, cTaTHYeCKUi MeTOA
Link.display() BEIBOAUT 3HaYeHUSA BCeX LENOUUCACHHBIX MONEH 0OBEKTOB,
BKJIIOUEHHBIX B LUelb (B OJHOCBA3HBIN CIIMCOK).
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11.6. KoHcTpykTopbl 06beKTOB Knacca

HezocTaTok paccMOTpeHHBIX BhILe KjaaccoB Counter ¥ Link — HeBO3-
MOXHOCTh OIIpeAeNATh 00BEKTH, HayaJbHble 3HAYCHUA [TOJEeH KOTOPBIX
3a/1a10TCA BHe 00bsABIeHNA Kaacca, KOHCTPYKTOp yMOM4aHUs yMeeT co3ja-
BaTb TOJIBKO OOBEKTHI ¢ OIHUMU U TEMU e 3HAYCHUAMU TOJeH, onpejeneH-
HBIMUY HX UHUIIMATu3aiuei. Hy:xkHble TporpaMMUCTy HavdaJbHble 3HAYEHMA
noJjiel OTAENBHO JJI1 KaXKAOTO co3AaBaeMoro obbeKTa MOXKHO ONpeJessiTh
C IOMOIIBI) ABHO OOBABMEHHOTO B KJIacCe KOHCTPYKTOPA.

KoHCcTpyKTOp 00BEKTOB (MHAYe 3K3IEMIVISPOB) KJacca — 3TO METOJ
KJIacca, B KOTOPOM peajM30BaHbl BCe AeUCTBUA, HCOOXOAUMBIE /I MHULIU-
anusanuu o6beKTa Kiacca IpH ero co3gaHuu. s MpOCTOTH BBIPAKEHUE
«KOHCTPYKTOP 00BeKTOB (MHaue 3K3eMIUIAPOB) Kjaacca» OOBIMHO COKpa-
AT U TOBOPAT NPOCTO O KOHCTPYKTOpe (0OpaTuTe BHUMAHUE, YTO 3TOT
TEPMUH He MPUMCHAIOT K CTATHYECKOMY KOHCTPYKTOPY).

BueniHe m1060i KOHCTPYKTOP — 3TO METOJ, K/Iacca, UM KOTOPOTo BCeT/a
COBIIAZaeT ¢ UMeHeM caMoro kiacca. PopMaT o6bABIEHUS KOHCTPYKTOPA:

MOOUPUKAMOPbI_KOHCMPYKMOPU oy
UMA_KOHCmMpyKmopa
(cneyugurayus_napamempoB,, )
UHUYUAAUSGMOP_KOHCMPYKMOP o
meno_KoHcmpykmopa

Hmst koHcmpyKkmopa — UMsI UMEHHO TOTO KJIacca, KOTOPOMY KOHCTPYK-
TOP MPUHALJIEKUT, APYTUX UMEH Y KOHCTPYKTOPa HE MOXKeET ObITb.

OfpaTruTe BHUMaHUe, UYTO ¥ KOHCTPYKTOpa OTCYTCTBYeT TUII BO3Bpalllae-
MOTO 3HaYCHUA, Jaxe TUN void B KauyeCTBe TUIA BO3BPALLAEMOT0 3HAYCHUA
U KOHCTPYKTOPA HEZOMYCTUM.

B kauecTBe moduduxkamopos KoHcmpyxkmopa vcnoasdyiorca public,
protected, internal, private, extern

[lepBble 4YeTHIpe MoOAUHUKATOpa — 3TO MOANGUKATOPHL AOCTYIIA.
VX HasHadyeHHUe MBI y)Ke paccMoTpenau. O HasHaueHUU Mogudukaropa
extern Mbl y>Ke€ YIIOMHHAIW B CBA3U C METOJaMHM KJIacca.

Crnienudukaliya napaMeTpoB KOHCTPYKTOPA MOXKET OTCYTCTBOBATH B KPY-
TJIBIX CKOOKAX Mmocsie ero uMeHH. B 3ToM ciaydae Mbl OAy4aeM KOHCTPYKTOP
Oe3 mapaMeTpoB.

Teno koucmpykmopa 3To: 1Mbo 610K — MOCAeA0BATENbHOCTE ONepaTo-
POB, 3aKJIIoUeHHas B GUTYpHEIE CKOOKH; Mnb0 nycmoil onepamop, o6o3Ha-
9aeMBIH TONMBKO OTAENBHEIM CHMBOJIOM TOYKA C 3amATol. [IycTol onmepaTtop
B KAYECTBE Te/la UCIOMB3YETC A TONLKO A KOHCTPYKTOPOB ¢ MOAMPUKATO-
poM extern. Mul OygeM B KayecTBe Tela KOHCTPYKTOPA UCIIONB30BATh OJIOK.

Ha3HaveHUe OIIepaTOpoB Tejla KOHCTPYKTOPa — BBITOJAHUTL UHULIMAIU-
3aIUI0 CO3AaBaeMoro o0beKTa Kiiacca.

Hruyuanuzamop_koHCMPYKmMopa — 3TO CHeluadbHoe BHpaXKeHUe,
MO3BOJAIONIEE A0 BBINOJHEHUA ONEPATOPOB Telda KOHCTPYKTopa o0pa-
TUTHCA K KOHCTPYKTOPY 0a30BOTO KJIacca Wi K APYrOMYy KOHCTPYKTOPY

195



3TOrO e Kinacca. 1A obpallleHus K KOHCTPYKTOpPY 6a30BOro Kijacca UCHOMb-
3yeTcA BEIpaKeHUe:

base (cnucox_apaymenmo8,,,)

3aect base — ciayxebHoe cI0BO; HeoBGA3aTeAbHBIN CIUCOK apryMeH-
TOB — CIIUCOK BBIPaXeHUH, COOTBETCTBYIOIIUX NapaMeTpaM BLI3HIBA€MOTO
KOHCTpYKTOpa 6a30Boro Kiacea.

MHUMMaAN3aTOP KOHCTPYKTOPA, BRITOAHAINNN OOpallleHUe K APYyToMy
KOHCTPYKTOPY CBOETO e KJIacca, BEIVISIAT TaK:

this (cnucok_apaymenmo8,,,.)

3aech this — cayxkebHOe CIOBO; HeOOA3aTEAbHBINH CIHUCOK apryMeH-
TOB — CHHUCOK BEIPAXKEHHH, COOTBETCTBYIOIIUX [TapaMeTpaM JPyroro KOH-
CTPYKTOpA.

XoT4 a3b1k C# ¢ mMOMOIIBIO MexanuaMa cOopa mycopa (garbage collection)
B AOCTAaTOYHON Mepe 3allUIIeH OT TaKuX NpobjaeM Kak «yTeuka MaMATH»
Y «BHUCAYME CCBUIKU», OZHAKO B C# ocTaeTcA, HaIpuMep, 3azada r1yboKoro
KOIIMPOBAHUA U BaXXHBIM BOIIPOCOM B PsZe CAVHacB ABIICTCA IPUBCACHUE
TUTIOB, BBEJAEHHBIX NIOJb30BATEAbCKUMU KAaccaMU. 3a4acTylo A KBalu-
$ULMPOBaHHOTOC pellleHUs Ha3BaHHBIX IPoGIeM MOXKHO NTO/Ib30BAThCA KOH-
CTPYKTOpaMU pasHbIX BUJOB. B Kyacce MOTYT OBITh ABHO OOBSBAEHDL:

* KOHCTPYKTOp yMoadaHus (KOHCTPYKTOp Oe3 mapaMmeTpos, aubo
€ mapaMeTpaMu, UMEIOITUMH YMATYHMBAeMble 3HAYEHUS);

* KOHCTPYKTOP KONMPOBaHUA,

* KOHCTPYKTOp IPHBEACHHA THIIOB;

* KOHCTpYKTOp 00lIero Buja.

[Ipu OTCYTCTBUU B OOBABACHUM Kjaacca KaKHX OBl TO HU OBLIO KOH-
CTPYKTOPOB, KOMIIWISITOP BCTPAUBAET B KJAACC OTKPHITBII KOHCTPYKTOP 6€e3
napaMeTpos. [IpHU ero UCNoIb30BAHUM HavdaJabHble 3HaYeHUA nojei co3aa-
BaeMOT0 0OBEKTa ONpeAesaoTCs AM00 MPUCYTCTBYIOIIMMU UHUITUAIUIATO-
pamu 1none, ando mo ymoadanuoo. Ecim aBTop Kiacca keaeT 1mo-ocobomy
WHUITUATU3NPOBATE MO/ 06BEKTOR, MO0 B KIacce HAPAAY C APYTUMU KOH-
CTPYKTOPAMU KOHCTPYKTOP YMOJIYAHUA MPOCTO HEOOXOAUM — ero Tpeby-
€TCA ABHO BKJIIOYATH B 00BABIeHUA KAacca. PopMaT 00BbABAEHNUA KOHCTPYK-
Topa 0e3 napaMeTpoB:

class CLASS

{
public CLASS()

{

onepaTopb_Tena_KOoHCTpyKTopa

}

opt

}

Posb KOHCTPYKTOPAa YMOTYAHUA MOXKET UTPaTh HE TOJNBKO KOHCTPYKTOP
0e3 mapaMeTpoB, HO U KOHCTPYKTOP, BCe NapaMeTPHl KOTOPOTO CHAaOKeHEI
yMamiuBaeMBIMU 3HAYE€HUAMU apryMeHTOB (cM. maparpad 9.3).
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Koncmpyxmop konupogarus — 3TO KOHCTPYKTOP € OAHUM MapaMeTpoOM,
THT KOTOPOTC — CCBUIKA Ha OOBEeKT cBoero kiacca. TakoW KOHCTPYKTOP
10 YMOJYAHUIO HE CO3/IA€TCA, 4 3a9aCTYIO HYXHO B POrpaMMe UMETH BO3-
MOHOCTD CO3JaTh TOUHYIO KOIUIO Ve CylecTByomero obpekra. IIpu-
CBaMBaHUE CCBUIKE C THUTIOM Kjiacca 3HAa4eHUS CCHIIKHM Ha CYI[eCTBYIOIAN
0OBEKT TOro Ke KIacca KoMuu obbeKTa He co3AaeT. /JlBe CChIIKU HAYUHAIOT
aJpecoBaTh OJUH U TOT e 00BeKT. [IpUuMepr! TaKO! CUTyalii MBI YKe TpH-
BOJAWIM, pazbupas OTIMYMA CCHUIOK OT NMepeMeHHBIX ¢ TUIIOM 3Ha4YeHUH.
B cneayroueii nporpaMme oObARICH KJIACC C KOHCTPYKTOPOM KOIIMPOBAHUA.

// 11_86.C5 - KOHCMPYKMOPs YyMOAUAHUR U KonupoBaHusa
using System;
class CL
{
public int dom = 6; // none obwexkma
public int[] ar; // none obvexkma
public CL{)
{ // KoHCcmpykmop yMONYGHUR
ar = new int[] {1, 2, 3 };
}
public CL(CL ob)
{ // korcmpyxkmop konupoBarus
dom = ob.dom;
ar = (int[])ob.ar.Clone();
}
}
class Program

{

static void Main()

{
CL one = new CL{);
CL two = new CL{one);
two.dom = 5 * one.dom;
Console.WritelLine{"one.dom=
two.ar[0] *= 10;
Console.WritelLine("one.ar[@]=" + one.ar[@]

+ ", two.ar[@]=" + two.ar[8]);

n n

+ one.dom + ", two.dom=" + two.dom};

}
}

PESYJIbTaT BHIIIOJIHEHHKA MPpOTrPpaMMEL

one.dom=6, two.dom=30
one.ar[8]=1, two.ar[@]=10

B ki1acce CL koHCTpyKTOp 6e3 mapaMeTpoB 0OBsABIeH ABHO. B Kiacce CL
ZIBa OTKPBITHIX TIONA — MepeMeHHasA int dom U cchiika Ha MaccuB int [] ar.
To ecTh, KaxkAbIH OOBEKT KIAaCCa BKIKOYAET B KAYEeCTBE AAaHHBIX 1eI0YHC-
JICHHYIO IIepeMEHHYIO U OAHOMEPHEBIN MacCUB.

B meToae Main() cchiika one cBsA3aHa ¢ 0OBEKTOM, UHUIMATUIUPO-
BaHHBIM KOHCTPYKTOpOM 6e3 napaMeTpoB. O6DEKT, agpecyeMblil CChIIKOM
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two, — Komua 06beKTa one, HO 3TU 06 beKThl He3aBUCUMBI, UTO WTICTPU-
PYIOT pe3y/AbTaThl BHITOJIHEHUA NporpaMMbl. HaspaHHAaA He3aBHUCUMOCTE
00BeKTOB obecredyeHa KOHCTPYKTOPOM KOITUPOBaHMA. B HEM moiad HOBOTO
Co3/laBaeMoro oObeKTa MOAYydaloT 3HAUYeHUA, KOMUPYyeMEe U3 0OBbeKTa-
napamerpa. i 1eaovducaieHHOro nosd int dom konupoBaHUe BBITIOMHAETCA
¢ MOMOIIBLI0 TpUcBauBaHuA. KonmupoBaHue MaccUBa, acCOLIMUPOBAHHOTO
¢ noneM int [] ar (cchuiKka ¢ THIIOM MaccHBa), TpedyeT He NMpUCBaUBa-
HUA, a MyDOKOro KOMUpoBaHUA. /I 9TOr0 UCIOAB3YIOTCA BO3MOXKHOCTH
«bnbrnoTedyHOro» Hecrtatuueckoro Metoaa Clone():

ar = (int[])ob.ar.Clone();

MeToa BHI3BIBAeTCA A/ TOTO MAacCUBa, KOTOPBIM MpeJcTaBleH CChUIOY-
HBIM TI0JeM oObeKTa-napaMerpa (ob.ar) KOHCTpyKTOpa KOIIMpOBaHUsA. Tax
kak Meto/ Clone() Bo3BpalaeT 3HaueHue TUTA object, To A4 MpUCBaAUBAa-
HHA Pe3y/IbTara MepeMeHHON BBIIIOJHEHO SBHOE IPUBE/IEHUE TUIIOB.

B OCHOBHOM MeTo/le A/ WUTFOCTPAIlUi HE3AaBUCHMOCTH OOBEKTOR /IaH-
Hble OZHOTO W3 HUX U3MEHAITCH 3a CUeT SIBHBIX MpUcBanBaHUil. BrIBoA
3HAYeHHUH Ha KOHCOJBb MOKA3BIBAET, YTO IIOAA BTOPOro 00BeKTa OCTAIOTCA
HEeU3MeHHBIMU,

OcofGenHocTH oOpameHUd KOHCTPYKTOPOB OAHOTO Kjaacca JApPYT
K APYTY PACCMOTPHM Ha IpoMepe Kiaacca, 0coObM 06pa3oM mpeacTaBIsi-
J0lIero BellleCcTBEHHBIE YHCAa. B HayuHOI 3amuck (B HayYHON HOTaLUMN)
JUCAQ 3ANMUCBIBAETCA B BUZAE IIPOH3BeASHUA ABYX YHCEN: LIeJOH CTeneHU
p yuciaa 10 u yucaa m, yaosaerpopAwilerc yeaosuw 1.0 <= m < 10.0.
MHoraa p Ha3wpIBAalOT IIOKa3aTeaeM, 4 m — MaHTHUCCOH yucaa. TakuMm obpa-
30M, 3aMMUCh KAX/0T0 YUCIa BHIVAAUT Tak: m*10P (ripu BHIBO/le 3HAYEHUSA
YHC/IA BO3BEASHUE B CTENMEHD OyeM 0003HAYATE CUMBOIOM 7 ).

[Mpumepsl:

— TocTosiHHAsA Aporagpo: 6.02486 * 1023 (r*moup)-1,

— 3apaza anekTpoHa: —4.80286 * 10-10 (CT'C3).

Omnpenenum knacc Real g npeacTasieHus yuceal B HAYYHOM HOTAITUH.
B xnacce ompeaenuM metoA display() And BEIBO/la HAa KOHCOMb 3HAYEHUA
obbexTa u MeTo/ incrementM() A/ yBenuveHns Ha 1 3HAYEHUSA MAHTHCCHI
yucaa. [Ipu 3ToM 3HaYeHUe YHCAa YBeTHYHBaeTcs, KOHeYHOo, He Ha 1,
a Ha 10p. Jlna MaHTHCC U NoKasaTesell BBeAeM 3aKpHIThe MoaA double
m U int p. OnpedeneHne kiacca MoxkeT OBITh TaKUM (nmporpaMma 11_07.cs):

// Knacc uucen 8 hnayuHol Homauuu
c¢lass Real
{ // 3akpvimsie honAa:
double m = 8.8; // maumucca — aBHas uruyuaNUIqUUA
int p; // nopadok — UHULUGAUBAUUS NO YMONYAHUR
// Memo8 — npupauerue MAHmMUCCs:
public void incrementM()
{
m+= 1;
if {(m>=18) { m /= 10; p++; }
}
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// Memod Ona BeiBoda 3HauveHus uucna (obvekma):

public void display(string name)

{
string form = name + "\t = {©,8:F5}*10~{1, -3:D2}";
Console. WriteLine(form, m, p);

}

// KoHcmpyxkmop obuezo Buda:

public Real(double mi, int pi)

{
m = mi;
p = pi;
reduce();
}

// Koncmpykmop npuBelerus munoB:

public Real(double mi) : this(mi, @)

{3}

// KoHcmpykmop konupoBaHus:

public Real(Real re) : this(re.m, re.p)

{1}

/7 KoHCmpyxkmop YMOAYQHUSA:

public Real() { }

// "BHympenruii® daas knacca memod:

void reduce()

{ // MNpuBedenue 4ucna K KaHoHuveckomy Budy
double sign = 1;
if (m < ©) { sign = -1; m = -m; }
for (; m>=16; m /= 18, p += 1) ;
for (; m< 1; m *= 18, p -= 1) ;
m *= sign;

}

Cpeau MeTOAOB KJacca HaM celyac BaXXHO pacCMOTPeTh ABHO olpese-
JleHHble B KJ1acce KOHCTPYKTOPHI.
KoHcTpykTOp 0o01mero suja:

public Real{double mi, int pi)

{
m = mi;
p = pi;
reduce();
}

[TapamMeTpsl OIIpeeNAIOT 3HaYeHUsT MaHTHUCCH M H TIOPsAAKA P CO3JaBae-
MOT0 00BEKTa KIacca. B COOTBETCTBUHA ¢ IMIPaBWIAMM 3AIIMCH YHCET B HAYY-
HOM HOTALWH AJI9 HUX HeoOXOAMMO coOMeHUe YCIOBUS:

1.9 <=m < 10.0.

Tak Kak 3HaueHHe apTyMeHTa mi IpH obpallleHUU K KOHCTPYKTOPY
MOXKET He YAOBAETBOPATH 3TOMY YCIOBHIO, TO B TeJl€ KOHCTPYKTOPA BHI3bI-
BaeTCA 3aKPHITHIN AN BHeNmTHUX oOpateHuil Mmetoz void reduce(). Ero
3ajaqya — HYKHBEIM 00pa3oM IIpeoOpa3oBaTh 3HAYECHMA NoJIeH m U p.

KOHCTpYKTOp TIpUBEAEHUS TUTIOR:

public Real(double mi) : this(mi, ©) {}
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OTO YaCTHBIH CTyyail KOHCTPYKTOpPa OOIIero B1U/a ¢ OAHUM ITapaMeTPOM.
B HameMm npumMmepe oH popMupyeT 0ObeKT Kiaacca Real mo ogHoMy 3Haue-
Huto tuna double, rcnonb30BaHHOMY B KauecTBe aprymeHTa. TeM camMbIM
3TOT KOHCTPYKTOP IO3BOJIIET MMPe0bpa3oBaTh YMCIOBOE 3HAaUYE€HUE B 00h-
eKT Kyacca Real. B KOHCTpyKTOpe MpUMeHeH MHULNAIU3aTOP, COAEP KA
obparenue this(mi, 0) k KOHCTpyKTOPY ¢ 3arosioBkoM Real(double mi, int
pi). 3HaueHMe BTOPOro apryMeHTa, ONpeesdIoniero 3HaueHue moJs int p,
3a/IaHO HYJIEBOM KOHCTAHTOM, YTO COOTBETCTBYET ECTECTBEHHOMY /IJIsI MaTe-
MaTHUKU CIIOCOOY 3aIMCH BEIECTBEHHOI'O YHCIIA.

KOHCTPYKTOp KOITUPOBAHUSA:

public Real(Real re) : this(re.m, re.p) {}

II03BOJIAET CO3/laTh Konuio o6bekTa. Emle pa3 obparumM BHUMaHUe Ha ero
OT/IN4MeEe OT Olepaluy MpUcCBauBaHUA, IpUMeHeHNe KOTOPOil Konmupyer
TOJIbKO 3HaUY€HUE CChUIKU Ha 00beKT. [Tociie mprucBanBaHUs CChUIOK HA OAVH
00BbEeKT HAaUMHAIOT YKa3bIBAaTh HECKOJIBKO IIeEpeMeHHBIX (CChUIOK). Teso KoH-
CTPYKTOpa KONMMPOBAHUA B HallleM IpUMepe He COAEPXKUT OIepaTOpOB.
s mpucBavBaHUA 3HAaYEHUM MOJAM C03/1aBaeMOro 0O0beKTa HCIOJIb3Y-
eTcsl UHULIMaIu3aTop KOHCTPYKTOpa, coepxKamuit obpaienue this(re.m,
re.p) K KOHCTPYKTOPY oOiero Buza. BMecTo MHHUIIMAIU3aTOPA MOXHO
ObUTO OB TpHYCBaVBaTh 3HAUYEHUS IEPEMEHHBIM M U P B TeJie KOHCTPYKTOPa
(KOHCTPYKTOP KOIIUPOBAHMSA 10 YMOTYAaHUIO HE CO3/]aeTCA).
KoHcTpykTOp yMoT4aHusd, T. €. KOHCTPYKTOp 6e3 ImapaMeTpoB:

public Real() {}

[Tpu HaJIUYUU ABHO OTpe/ieIEHHBIX KOHCTPYKTOPOB (XOTsA OBI OZHOTO)
KOMITIJIATOP He BCTpauBaeT B OIpe/ieieHre KIacca KOHCTPYKTOP C ITyCTHIM
CIIMCKOM IapaMeTpoB. B Tex ciydasx, KorZa KOHCTPYKTOP YMOJYAHUSA
HY>X€H, OH JleKJIapupyeTcs SIBHBIM 00pa3oM, 4To U cZieslaHo B kiacce Real.

[TpuMep nmpuMeHeHUs1 KOHCTPYKTOPOB kiacca (mporpamma 11_07.cs):

static void Main()

{
Real number = new Real(303.0, 1);// KoHcmp. obuyezo Buda
number.display("“number");
Real numberl = new Real(0.000321);// KoHcmp. npuBedeHus
numberl.display("numberli");
Real numCopy = new Real(number); // KoHcmpykmop KonupoBaHus
numberl = number; // npucBauBaHue ccbinok
number.incrementM(); // u3meHeHue obbvekma
number.display("number");
numberl.display("numberli");
numCopy.display("numCopy"); // KonuAa coxpaHuna 3Ha4veHue
Real numb = new Real(); // KOHcmpykmop ymon4yaHus
numb.display("numb");

}
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PESYJIbTaT BEHITIOMHEHNW A MIPOTPaMMEL

number = 3,03000%10°03
numberl = 3,21668*16"-04
number = 4,03066*10703
humberl = 4,83000*10°03
numCopy = 3,03000%10°03
numb = 8,00000*16/00

11.7. deCTpyKTOpbI M MHULMANN3ATOPbI 06BHEKTOB

JlecTpyKTOp — 3TO 4WieH KJacca, rJe 3anporpaMMUpPOBaHBL Bee JAeil-
CTBHUSI, KOTOpble HEOOGXOAUMO BBITIOIHUTL AJIS YHUYTOXEHHUS 00BeKTa
knacca. Q6bABAEeHUE AECTPYKTOPA!

extern,,, ~uma_knacca()
meno_0ecmpykmopa

Kak nokazaHo B popmare, ums_oecmpykmopa — 3TO UM KJIacca C IIpe-
dukcom ~ (Tuibaa). Apyrux UMeH v JeCTPYKTOPOB He OhIBaeT. JecTpyKTop
B KJIacce MOXeT OHTh TOARKO OAUH. [lapaMeTpoR y JecTpyKTopa HeT. HeT
¥ BO3BpalllacMOT0 3HaYeHUA. Teno AecTpyKTopa — 3T0 GioK 1ubo mycTod
onepaTtop, obo3HavaeMbIll CUMBOJIOM TOYKa ¢ 3anaToii. [IycToil onepatop
B Ka4eCTBe Teld AeCTPYKTOpa HUCIOAb3YeTCA B TOM ¢JIydae, eClIU JeCTPYK-
TOp cHabXeH MoaudUKaTopoM extern. B MpOTUBHOM c/1ydae Telo AeCTPYK-
TOpa — 3TO 6JIOK, BKIIOUAKIIUI ollepaTophl, He0OX0AUMBIE A YHUUTO-
eHud obwekTa. [TpakTUYeCKH TeAo AECTPYKTOPa aHAJTOTUYHO Ty MeToAa
Oe3 napaMeTpoB ¢ BO3BpalllacMBEIM 3HayeHueM Tuna void.

JleCTpyKTOp BBLIMONHAETCSA IIOCAE TOTO KaK COOTBETCTBYHIOMIUI 00b-
KT KJIacca IIepecTacT UCIIOAb30BaThCd B [IporpamMmMe. BBI3OB ZleCTPYKTOpa
BBIIIOJIHAETCA aBTOMATU4IeCKH. MOMEHT BBI30BA KOHKPETHO He OpeAe/eH.
f/IBHO BRI3BATL AECTPYKTOP M3 KOAA NPOTPaMMEL HEJb3d.

B cieayromnieil mporpaMme Kaacc BKAKOYAET ONpejeeHne AeCcTPYKTopa.
HecMoTpd Ha TO, YTO ABHO ASCTPYKTOP B IIPOTPAMMeE HEe BHI3BIBAECTCA, €r0
BBIIIOJIHEHUE WITIOCTPUPYET Pe3yiIbTaT cleyrouler nporpaMmel (11_08.cs).

// 11_68.cs decmpykmop

using System;

class A

{
~A()
{

}
}

class Test

{

static void Main()

{

Console.WriteLine("Destructor!”);

A b = new A();
b = null;
}
3
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PESYJIbTaT BLHITIOMHEHNA NMPOTPaMMEL

Destructor!

B apxutexktype .NET AeCTpYKTOpPEI peanu3ylOTCa ¢ IIOMOIILIO METoAA
¢ Ha3BaHHueM Finalize(). OToT MeTo/, HassIBaeMBlH (GHHAIU3ATOPOM, ITO/-
MeHsieT B cOOpKe pealbHO MCIIOAb30BaHHBIN B KOZ€E AeCTPYKTOp. [Iporpam-
MUpYA Ha ypoBHe A3bIKa C#, MOYXHO He oOpallaTh Ha 3TO BHUMAaHUE, HO 3TO
BaYKHO MOHUMATh, €CJIN HCCIeA0BaTk KO Ha A3bIKe IL.

JleCTpyKTOp Hy»eH TOJBKO B TOM KJacce, KOTOpBIA TpedyeT Ajaa co3ja-
BaeMoOro 0O'beKTa Bhl/Ie/IieHUsA HeyIpaBasgeMuIx pecypcoB. Hanpumep, xorga
KOHCTPYKTOP 00BheKTa CBA3LIBAET CO3JaBaeMBbIil OOBEKT C JeCKPUTITOPOM
¢daiina WM ycraHaBJAUBaeT ceTeBoe coeauHeHue. Korja o6beKT BEHIXO-
AUT U3 06JacTy onpeaeneHua, HeoOXoAMMEL AeHCTBHA N0 OCBOOOXKACHUIO
AeCKpUnTopa daiina Wi CeTeBOro CoeAMHeHUA. IMEeHHO Takue AeHCTBUA
ZIOJDKEH BBINIOJIHATE JEeCTPYKTOP.

B Bepcun C# 7.0 BBeZeHA €lIe OAHA CUHTAKCUYECKAd KOHCTPYKIHA,
OTHOCALIUXCS K 06paboTke 0OBeKTOB: JekoHcmpykmop. 34ech O AeKOH-
CTPYKTOpPE YIOMAHEM TOABKO YTOOHI IPeAyNpeAUTDb, YTO €TI0 Helb3A NyTaTh
¢ AeCTPYKTOPOM. JeKOHCTPYKTOpP yAcOHee pacCMOTpPeTh B CAeAYIOMEH
rnaBe, «CpeJcTBa B3aMMOAENCTBUA ¢ 0O0beKTaMU», A celfdac OCTaHOBUMCS
Ha MHUITHAIA3aTOpax OO BEKTOB.

MHULMaNH3aTOPHl 00beKTOB MO3BOIAIOT IPUCBAUBaTh 3HAYEHUS OTKPHI-
THIM WI€HaM JaHHBIX (IIOJIAM U CBOMCTBaM) HENMOCPEACTBEHHO MPU CO3Za-
HUHU 0O6bekTa. PopMaT HHULKAMM3aTOpa 0OBEKTA:

{uma_unerna = Bbipaxenue, ..., umMa_uneHa = Bsipaxerue}

O6baBneHUe 00beKTa ¢ MPUMEHEHUEeM UHUITUANIN3ATopa O0beKTa BhITVIA-
JUT TaK:

new Mma_xaacca (cnucok_apaymenmoB) .. uruyuanuzamop_obvexma

Kax orMeueHo B popmMaTe, CIIHCOK apTyMEHTOB BMeCTe C OrPaHUYINBal0-
MIMH €T0 CKOOKAaMU MOXKET OBITh onyIeH. Ho 3To BO3MOXKHO TOJBKO B CIIY-
Jae, KOrjia B KJacce IMIPUCYTCTBYET KOHCTPYKTOP YMOMYaHHA (KOHCTPYKTOP
6e3 mapaMeTPOB WIH ¢ HCIONAb3YeMBIMHU 110 YMOMUAHHIO 3HAUeHHAMU apTy-
MEHTOB).

Ana npuMeHeHUA UHULHAJIU3ATOPOR 00BEKTOR HeT HeoOXOAUMOCTH
BHOCHUTE KaKue-Tu00 U3AMeHeHUA WK JOTMOTHEHUSA B JeKIapaluio Kaacca.

[TpuMep NpUMeHEHNUA HHUITHATU3ATOPOB 0OBEKTOB!

// 11 99 - Hruyuanusamopsl 06vekmoB

using System;

class CalendarDate

{
public string Dow = "Cpega"; // Jenv Hedenu
public string Mounth; // HasBawnue mecaya
public uint Date; // Aama (4ucnoc 8 mecaue)

}
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class Program

{

static void Main()

{

CalendarDate date = new CalendarDate()
{

Mounth = "Jlekabpb",

Date = 12,

Dow = "YeTBepr"
3
Console.WriteLine("date.Mounth = " + date.Mounth);
Console.WriteLine("date.Date = " + date.Date);
Console.WriteLine("date.Dow = " + date.Dow);
CalendarDate nowDate = new CalendarDate
{

Date = 11,

Mounth = date.Mounth
};
Console.WriteLine("nowDate.Mounth = " + nowDate.Mounth);
Console.WriteLine("nowDate.Date = " + nowDate.Date);

Console.WriteLine("nowDate.Dow = " + nowDate.Dow);

}

}
Pe3ysbTaThl BHIOMHEHYSA IPOTrPAMMBI:

date.Mounth = Jlekabpb
date.Date = 12

date.Dow = YeTBepr
nowDate.Mounth = [lekabpb
nowDate.Date = 11
nowDate.Dow = Cpepa

B oCHOBHOM IporpaMme CO3Aal0TCA ¥ MHUITMAIU3UPYIOTCA ABAa 0ObeKTa
kiacca CalendarDate. B mepBoM U3 HUX 3HAYEHUs BCEX TIOJIEH OIpeeeHbl
WHUITHaan3anueir oobekTa. Jlia Broporo 3HadeHue mossa Dow ("Cpezna')
BBHIOPAHO U3 IEKJIapalyy 3TOTO MO B OOBABIEHUU KJacca.

B nmpuBeZIeHHOM TporpaMMe KOMITUISATOP aBTOMAaTUYECKU 00aBUI KOH-
cTpyKTOp 6e3 mapameTpoB B Kiacc CalendarDate. JIpyrux KOHCTPYKTOPOB
B 9TOM KJiacce HeT. [Ipy HaIu4Yuu B KJacce KOHCTPYKTOPOB C ITapaMeTpaMu
nepe/; UHUITMAJIU3aTOPOM 00BbeKTa MOXKET pa3MelaThCsA CIUCOK apryMeH-
TOB KOHCTpYKTOpa. C UX MOMOIIBI0O MOTYT OBITH ONpeZeNeHbl 3HAaYEHUS
oJIel, OTCYTCTBYIOIITUX B MHUITMATU3ATOPE 00BEKTA.

[Tpy 3HAKOMCTBE C MEXaHU3MOM HWHUIIUAIU3AaTOPOB OOBEKTOB MOXKET
BO3HHUKHYTh BOIPOC 06 UX HeoOXoAMMOCTH. 1o cyTH, MHUITUATU3AaTOP 00b-
€KTOB MOXKHO 3aMEeHUTh OOpaleHreM K KOHCTPYKTOPY C TapaMeTpaMu WiIn
SBHBIM IIPUCBAWBAaHUEM 3HAYEHUH OTKPBITHIM WiIeHAaM JaHHBIX 0ObEKTa.
B aokymenTaruu no C# orMedaeTcs, YTo Haubosiee ToIe3Hbl MHUIINATIN3a-
TOPBI OO'BEKTOB MPU UCITOIb30BaHUN LINQ-TeXHOJIOTHH.
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KOHTpOl’IbeIe BOMPOCbl N 3alaHNA

1. HazoBuTte MoguduKaTOpHl Kjlacca, IpUMeHseMble IIPU OTCYTCTBUU
HacJjieJOBaHUA.

2. HaszoBuTe pa3HOBUZHOCTU WIEHOB KJIacca.

3. Kakue aneMeHTHI SBJISAIOTCA 00A3aTeIbHBIMU B OOBABIEHUU HECTATU-
YeCKOTo IoA?

4. Korza BHIIONHAETCA WHULMAIU3AaLUA HECTATUIECKUX T10JIei?

5. Kakos cTaTyc AoCTyna HeCTaTU4YeCKOro I10JA [IPU OTCYTCTBUU B €TI0
00BABIEHNN MOAUPUKATOPOB JOCTYTIA?

6. MO>XXHO 1 OOBABUTH CTAaTUYECKOE II0JIe C TUIIOM KJIacca, KOTOPOMY
OHO IIPUHA/JIEXKUT?

7. B xakoM ciyyae B Kjacce MOTYT OZHOBPEMEHHO IIPUCYTCTBOBATb
OJHOMMEHHEIe CTATUYeCKUUN U HeCTaTUYeCKUN MeTO/bI?

8. B Kakux cIy4asx TeJloM HeCTaTUYECKOT'O METO/la MOXKET OBITh ITyCTOMN
oreparop?

9. B kakoMm ciyyae KOHCTPYKTOP YMo4aHus (KOHCTPYKTOp Oe3 mapame-
TPOB) CO37la€TCA aBTOMAaTHU4YeCKM?

10. Ha3oBuTe BO3MOXXKHBIE IPUMEHEHUS CChUTKY this.

11. B kakux MeTozax cchuika this orcyrcTByeT?

12. Onwumwute popmMart 0OBABIEHNUS HECTATUIECKOTO KOHCTPYKTOPA.

13. Tlepeuyncaure MOANPUKATOPHI KOHCTPYKTOPA.

14. O6BsicHuTe Ha3HAYeHUE WHUIIMAIU3aTOpa KOHCTPYKTOpA.

15. Ilepeuuciaute BUABI KOHCTPYKTOPOB.

16. Kakos cTaTyc 0CcTyna y KOHCTPYKTOpa YMO/JIYaHUA, BCTPauBaeMoro
B KJIaCC aBTOMaTHU4YeCKU?

17. Yo Takoe KOHCTPYKTOP KOIIMPOBAHUA?

18. Kakum 06pa3oM KOHCTPYKTOP MOXET OOpaTUTHCS K APYTOMY KOH-
CTPYKTOPY CBOEro Kjacca?

19. O6BsACHUTE Ha3HAUYEeHUeE /IeCTPYKTOpa.

20. CKOJIbKO IeCTPYKTOPOB MOXKET OBITh B OTHOM KJiacce?

21. Yro Takoe ¢puHamU3aTOP?

22. Kakue wieHHl Kjlacca MOXXHO UHUIIMAIU3UPOBAaTh B WHUILIAAIN3A-
TOpe 0OBEKTOB?



InaBa 12
CPEACTBA B3AMMOAENCTBUA C OB BEKTAMMU

12.1. NpuHLMN UHKaNCynALMN 1 CBOIACTBA KNaccoB

O6BeKTHO-OPUEHTHPOBAHHOE TIPOTPAMMHPOBaHUE HA3UPyeTCsa Ha Tpex
NpHUHINNIAX: HOIUMOp¢H3M, HHKANCYAAUNA U HacaegoBaHue. C Iposs-
JeHUAMH DoAuMopdu3Ma, & UMEHHO C Meperpyskol MeTOAOB U HEKOTOPHIX
oIepaLui, MBL yKe [TI03HAKOMUWIMCE.

VIHKaICYJAIMI0 MOKHO PacCMaTPUBaTh KaK COKPHTHE 0COOeHHOCTeH
peannu3aliu TOro WM HHOTO ¢parMeHTa MpOorpaMMbl OT BHELTHETO IIONb30-
patensa. ©parMeHT AomkeH OLITH JOCTYIEH A1 obpallleHUil K HEMY TOJBKO
yepes BHelIHUM nHTepdeiic dparMenTa. OnucaHusa BHelIHero HHTepdeiica
AOKHO OBITE AOCTATOYHO AJIA UCHOJAB30BaHUA ¢parMeHTa. ECaU TakuM
dparmMeHTOM ABAsAETCA Mpoleaypa (i GyHKITUA), TO HYKHO 3HATh, KaK
caegyeT obpaTuThesd K Mpoleaype, Kak mepegaTth el HeoHXOANMEIE BXOJ-
HBIE€ JAHHBIE U KAK MOJYYUTH PE€3yAbTATH BEIIOAHEHUA Npoueaypsl. [loa-
POOHOCTH BHYTPEeHHEN peasd3aliy MpoleAyphl He JOKHBI UHTEPEeCOBATh
TOro IIPOrpaMMHKCTa, KOTOPEIM MCIIOAb3YeT Npoueaypy. VIMeHHO NpUHIUN
VHKANCYAALUHA JEKUT B OCHOBE 3allpeTa Ha UCHOAb30BAaHKE B NIPOLEAY-
pax ¥ PyHKIMAX IMoOANbHBIX epeMeHHBIX. Beab robanbHasa nepeMeHHasd
oIpe/iesieHa BHE MPOLeAYPH Y AOCTYIIHA BHEITHUM U3MEHEHUAM, He 3aBU-
CAMUM OT 06pPabOTKH JAHHBIX B €€ Tele.

Eciu ¢pparMeHTOM HUHKAICY/LILHUU ABAAETCA KAace, TO IIPH ero NpoeKTU-
POBaHUU OUeHb BaXHO BLHIAENNUTH B HEM CpeACTBa, obecneunBaloliie BHelll-
HUH uHTepdeiic, U OTASAUTL UX OT MEXAHU3MOB peaJu3aluu (BHYTPEHHETO
MOCTpOeHUA) KAacca, [Ipyh 3TOM HYKHO CTPEMUTHCA K JOCTHKEHUIO CIe/y-
IONIUX TPeX Ieei:

1) BO3MOXXHOCTH ITIOBTOPHOTO HCIIONB30BAHUA OOBEKTOR Kacca, HaIpu-
Mep, B APYTUX mporpaMMax (B 3THX APYIUX NMporpaMMax IOHaAoOUTCA
TOJIBKO 3HAaHHUe BHeIIHero uutTepdelica 06beKTOB Kaacca);

2) BO3MOXHOCTH MOAUPUIIMPOBATE BHYTPEHHIOW pearu3alfio Kiacca
0e3 u3MeHeHHA TEX TPOTPaMM, T/le IPUMEHSIOTCA OOBEKTH 3TOTO KJIAacca;

3) obecmeueHNIO 3AIUTH OOBEKTA OT HEXEIATEAbHBIX U HEIPEeACKa3y-
eMEBIX B3auMoJetcTBUl ¢ HUM Apyrux ¢parMeHTOB IpOrpaMM, B KOTOPHIX
OH UCIIONB3YETCA.

14 peanysalyu B Kaaccax IPUHIKAIA HHKANCYAALMU UCIIOAb3YETCA pas-
rpaHAdeHue OCTYIIA K ero wieHaMm. QOCHOBHOU MPUHIIAIT COCTOUT B CIENY-
oieM. JocTyn K ZaHHBIM (K M0AAM) 0OBEKTOB AO/KEH ObITh BOSMOXKEH
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TOJIBLKO Yepe3 CpeACcTBa BHelIHero UHTepdetica, npeAocTapasgeMble Kiac-
coM. Eciin He paccMaTpuBaTh IPUMEHEHUH KJIAcCOB B LIENOYKaX Hacnaeao-
BaHUA U B cOopkax (BceMy CBoe Bpems, cM. T1. 13}, To peanusaiuio Kiaacca
ONPEAETAIOT €ro 3aKPHITEE WieHkl (Co cneludUuKaTopoM private), a BHell-
HUM uHTepdelic — OTKPHTHIE (co crnenuduxkaropom public). ObrruHan
MpaKTUKa — 3aKPHIBATh BCe MOJA KJacca U OTKPHIBAaTh TOJABKO Te Ccpel-
cTBa (HampuMep, MeTOAbl), KOTOPBIX AOCTATOYHO A1 paboTh ¢ 06beKTaMu
Kj1acca.

WTak, oA KJACCOB PEKOMEHAYETCA ONPEACAATh KaK 3aKphITHIC, a I
obecrieveHUA AOCTATOYHO MTOJHOTO UHTepdelica BBOAUTE HYKHOE KOMUYIE-
CTBO OTKPHITHX MeToZob. [lonHOTa BHellHero UHTepdelica onpeaensercs
TpeHOBaHUAMU TeX IPOrpaMM, KOTOphIe ZO/DKHEI paboTaTh ¢ KJIACCOM U €T0
obbeKTaMHu.

OO0BeKTHO-OPUEHTUPOBAHHBIN TIOAX0/ K MPOTPAMMUPOBAHUIC PEKO-
MeHJYeT JJIs paclIMpeHUs BHEIIHETo uHTepdelica Kiacca U ero o6 beKToB
BBO/IUTDH B KJIACC CITEIIAANBHBIE METO/IbI, IO3BOJAIOIIHE TTONY4IATh 3HAYEHUSA
3aKPHITHIX TOJE 1 MO3BOMAILINE HYKHBIM CIIOCOOOM 331aBaTh UX 3Haue-
Hus. [lo-aHIJIMICKY 3TU MeTOABl Ha3bIBAIOT, COOTBETCTRBEHHO, get method
(accessor) — memod docmyna u set method (mutator) — memoo uzmene-
HuA. B 3aBUCHUMOCTH OT Lie/Iel pelaeMbIX 3a1ad AJI KOKACTO [I0JAA MOTYT
OBITE 3aJaHBI WK 00a MeToAa, WIH OJUH U3 HUX.

KpoMe TpaZuLIMOHHOTO A1 00BeKTHO-OPUEHTUPOBAHHLIX SI3BIKOB TIPU-
MeHeHUA ClelHalbHBIX MeTOAOB, obecneunBaomux obpalleHre K 3aKphl-
THIM TOJSAM, sI3bIK C# MO3BOJAET MOJYYUTH K HUM JOCTYII € MOMOIIBIO
MexaHHu3Ma CBOUCTB. OJHAKO CBOMCTBO 3TO He IIPOCTO CPelCTBO AOCTYIIA
K IIOJIAM KJIacca WIH ero o0beKTa. Y CBOUCTB Hojiee MIUPOKUE BOZMOMKHO-
cTu. /leno B TOM, 4YTO B psfie ciaydaeB 0OBEeKTH KJIacca MOTYT UMETE MpH-
3HAKH, BTOPUYHEIE 0 OTHOLIEHUIO K 3HAYeHUAM UX noiei. Hanpumep, aid
PacCMOTPEHHOTO paHee Kjacca Yucesl B HayYHOM HOTALUK BTOPUYHBIMU
XapaKTepUCTUKAMU KaXKJ0ro 00beKTa MOXKHO cJle/laTh ero 3HaYeHUe B ecTe-
CTBEeHHOI QopMe BellleCTBEHHOTO YUCIa WM 3HadeHue 10P, rae p — nopA-
JIOK YUC/Ia B HAYYHOM HOTAIUM, NpeACTaBIeHHBIN ojleM oObekTa. Ecau
B KJIacCe TPEYroJbHUKOB MOIAMU OOBEKTOB C/eNaTh AAUHEL TPEeX CTOPOH
TpeyroJbHHKa, TO TaKUe XapaKTepPUCTUKU KaK NMepUMeTp WU IUIOUAaAb
MOXHO 00BABUTL CBONICTBAMM 06BbEKTOB KJlacca.

Ceoiicmso — 3To WIeH Kiacca, KOTOPHIN obecrieduBaeT AOCTYI K Xapak-
TEPUCTUKAM KJIacca WX ero o0bexTa. C TOUKU 3peHUs BHEITHETO 0Ib30Ba-
TeJIsI CBOMCTBA CHHTAKCHYECKU HE OTAUYAIOTCA OT Iosier kiaacca. Ho Mmexay
CBONCTBAMH M NOAAMM UMeeTCA IPUHLUINAJIbHOE pa3iuyuie — B o6bekTe
omcymemayem SA8HO ACCOUUUPOBAHHBLIL CO CBOTICMBOM YUACTOK NAMSIMLL.
Ecnu cBOICTBO NpeAcCTaBiAeT [Tojle KIacca, TO yI4acTOK [1aMATH BbLAEIASTCA
JUIs1 TIOJIA, 4 CBOMCTBO, CBA3aHHOE C 3TUM TIo/IeM, IIpeAcTaBaseT coboil yrpo-
IIIEHHOE M0 CPAaBHEHHIO C METO/IaMU CPeJCTBO AJIs TIOIyIeHus NMb0 3a1aHus
3HAYEHUS ITOJS.

Jns1 obpallleHus K CBOMCTBAM NPUMEHAIOTCA UX MMeHa. JTU UMeHa, Kak
¥ MMeHa IIoJleld, MOKHO HCIIONb30BaTh B BHIpAXKeHUAX. OZHAKO IIpexkze
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yeM OOBACHATH 0COGEHHOCTU NMPHUMeHEHNs CBOICTB, paCCMOTPUM NpaBUiIa
VX 00BABJIEHUA B KJIacce.

Jexnapaliys cBOMCTBA COCTOUT U3 ABYX 4YacTeil. [lepepad yacTh nogobHa
0OBABNEHUIO NIOJA U TIOA00HA 3ar0J0BKy MeTo/la He3 mapaMeTpoB U OKpYy-
JKAIOIMUX UX KPYTAEIX cKOOOK. BTopas dacTs nipeacTabiadeT coboi KOHCTPYK-
110 0coBoro BUAA, BKIIOYAIOLIYIO 3aKII0UEHHYI0 B GUTYPHBIE CKOOKH Napy
OCODOBIX «METOZ0B» ¢ GPUKCUPOBAHHBIMU UMeHaMU: get u set. 3TH crienndu-
4JecKue MeToJbl Ha3bIBalOT akceccopaMu. O6myto ¢opmy oOBABIEHNA CBOU-
CTBa MOXHO IPeJCTABUTH TaK:

moduguramops_cBolcmBa .
mun_cBotcmBa umA_cBolicmBa

dernapauus get-axceccopd,y,
deknapauus set-axceccopdgy

}

B kadecTBe MOAUPUKATOPOB CBONMCTBA MCNOAB3VIOTCA: new, public,
protected, internal, private, static, virtual, sealed, override, abstract,
extern

B 0OBABACHUM CBOWCTBA MOIYT IMPUCYTCTBOBATH B JAOIYCTUMEBIX COYe-
TAHUAX HECKOJbKO MOAUPHUKATOPOB, KOTOPEIE B 3TOM C/Ay4ae OTAEIIOTCS
ApyT OT Apyra npobenamu. MoanudUKaTopH, ONpPeAeIIONIAe JOCTYITHOCTD
YIeHOB BHe OObABAEHUA KIacca, MBIl yoKe paccCMOTpPeNU B CBA3U C HNOLIMU
¥ MeToJaMu kyiaccoB. MoaudukaTop static Io3BOAIET OTHECTU CBOUCTBO
K KJIAcCy B L[e/IOM, a He K ero obbekTaM. OcTaabHble MOAU(GUKATOPH A0 U3Y-
4eHHA HacJAeAOBAaHHUA paccMaTpUBaTh He OyaeM.

Tun_csolicmea — 3TO THIT TOU XapaKTEPUCTHUKU (TOT0O 3Ha4eHUA), KOTO-
PYIO IpeAcTaBAsieT CBOMCTRO.

Hmsa_csoticmea — ugeHTUUKATOP, BRIGUPaeMBIi TPOTPAMMUCTOM JJIA
MMeHOBaHUs CBOLICTBA.

Bropas yacTe 00BABIeHNA CBOMCTBA (MOXKHO HA3BaTh €€ TeJIOM OOBAB-
JIEHUS CBOMCTBA) — 3TO 3aKaI0ueHHas B GUTYpPHBIe CKOOKU napa o6bABIe-
HUIH OCOOBIX METOAOB-aKCECCOPOB CO CIIeMalbHBIMA UMEeHAMHM get U set,

dopmar AekIapanuu aKceccopa AocTyia {get-akceccopa):

MOQuuUKamopsl_axceccopa
get meso_axkceccopa

opt

dopmat gexraparuu akceccopa U3MeHeHHUd (set -akceccopa):

MOQuuUKamopsl_axceccopa
set meno_akceccopa

opt

MoaudukaTopH akceccopos: protected, internal, private, protected
internal, internal protected

Teno akceccopa — 370 mubo 610K, MMbO MycTol onepatop, obo3Hadae-
MBIi1 CUMBOJIOM TOYKa ¢ 3amsaToi. ITycToit omepaTtop B KauecTBe Tea IpU-
MEHSIETCA JJIA aKCECCOPOB Te€X CBONCTB, KOTOPHIe OOBABIEHH ¢ MOAU(UKA-
TopaMu abstract u extern. Ceffuac Takue cBoiicTBa MBI HE pacCMaTpUBaeM.
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Akceccop Aoctyna (get-akceccop) moaobeH Mertogy 6e3 mapaMeTpoB,
BO3BpAllAIOIIeMy 3HAYCHHE, TUII KOTOPOTO ONpeAesaeTca TUHIIOM CBOMCTBA.
ZlocTaTOYHO YacTO aKceccop JOCTYIa BO3BpalaeT 3HaYeHNe KOHKPETHOTO
TOJIA KJacca Wik ero ofbekTa. /g Bo3BpaTa 3HAYe€HMs U3 aKCeccopa B eT0
TeJe IO/DKEeH BBIMOJHUTECS OTepaTop

return Bwpaxerue;

AKceccop U3MeHeHHNA (set-akceccop) MoJoOeH MEeTOAY ¢ BO3BpallaeMbIM
3HaYeHUeM THNa void U eIMHCTBEHHBIM HEABHO 33/IaHHBIM ITapaMeTpPOM,
3HAYEeHHE KOTOPOro onpe/essaeT HOBOe 3HaUYeHHe CBOMCTBA. THII mapaMeTpa
ompeZesisieTcs THIIOM CBoiicTBa. IMa mapameTpa, KOTOpOe MCIOMb3YETCA
B TeJle aKceccopa M3MeHeHuH, Bceraa value.

B Tese akceccopoB CBOHCTBA MOIYT COAEPKATHCA CACXKHBIC aJTOPHUTMBI
o6pabotku. Hanipumep, Ipyu U3MEHEHWUH CBOUCTBA MO)XKHO KOHTPOJIHUPOBATh
TUaTIa30H JOIYCTUMBIX 3HAYEHUH. B Tesle akceccopa J0CTyIa Bo3BpallaeMoe
3HAYEHHE MOXKET BEIYUC/ATHCA € YIYETOM 3HAYeHHH He O/HOTO, a PAa3HBIX
nmoJjeit, U T. 4. 3aMeTHUM, YTO CBOIMCTBO He BBOANT HOBLIX ITOJMEH, a TOJLKO
yIIpaBafaeT AOCTYIIOM K YK€ CYIIEeCTBYIOIIUM B Kaacce moaaM. CyliecTeyeT
comainenue (He o0dg3aTeNbHOE) HAYMHATE UMeHa CBOMCTB ¢ 3aIVIaBHBIX
OykB. Eciv CBOMCTBO TIPEACTABAAET «BO BHEITHEM MUPE» KOHKPETHOE TI0JE
KJIacca, TO UMA CBOMCTBA ITOBTOPAET UM TI0JIsI, HO OT/IMYAETCA OT HEro 1ep-
BOI1 3araBHOI 6ykBoit. HanpuMep, ec/iu B ky1acce 0OBARACHO T10JI€ tempor,
TO NpeJCTABAAIOLICE er0 CBOHCTBO PEKOMEHAYETCA HasBaTk Tempor.

1A mpuMepa elre pas 06paTUMCA K NpeACTaBIeHUIO YUCeN B HayIHOMN
HOTAUUH U M3MeHHUM KJjacc Real, BBeaa B ero geknaapauuio o0bapieHUE
cBoicTB (12_01.¢s):

// Knacc uucen 8 hnayuHol Homauuu
class Real
{
// 3akpuTble nona:
double m = 8.8; // monmucca — aBHO uruyuanuzupoBaka
int p; // uruyquanauaguua no yMoavYaHUR
// CBolicmBo 0n8 nonyuveHus 3HAYeHUR MAHMUCCo!:
public double Mantissa
{
get { return m; }
}
// CBolicmBo Ona nokasamens.
public int Exponent
{
get { return p; }
set { p = value; }
}
// CBolicmBo 0n18 3HGYerUA YUCNG:
public double RealValue
{
get { return m * Math.Pow{(1@, p); }
set { m = value; p = 9; reduce(); }

}
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/! NpuBedenue 4ucaa k kaHoruveckomy Budy:
void reduce()

{// "BHympenrnuii" dna knacca memod
double sign = 1; if (m < @) { sign = -1; m = -m; }
for (; m >= 10; m /= 19, p += 1) ;
for (; m< 1; m *= 18, p -= 1) ;
m *= sign;
}
}

B uameneHHoM Kiacce Real yike paccMOTpeHHBIE 3aKPHITHIE WIEHE: BCIIO-
MorarenbHbit MeTog reduce(); mosst: double m — manTHCCA, int P — MOKa-
3aTesb. KpoMe Toro, 00BABIEHE TPU OTKPHITHIX CBOMCTBA:

public double Mantissa — A nony4eHus 3HaAYEHUA MAHTUCCHI;

public int Exponent — A1 MOJy4eHNAA U U3MEHECHUA TOKA3aTeA;

public double RealValue — ana moay4yeHUsa 9ucia B BU/E 3HAYEHUA
BELIeCTBEHHOIO TUIIA U /4 3aJaHUA 3HauYeHUH nojel o0beKTa o 3Have-
Huto Tuma double.

B onpeaenenuu cBoticTBa Mantissa TOMBKO OAUH aKceccop get, OH II03BO-
JsieT NOAY4IUTh 3HadeHue noad double m.,

CeolicTBo Exponent BKIOYaeT ABa aKceccopa:

set {p = value;} — vsMeHdAeT 3HAYEeHUE IO int p;

get {return p;} — BO3BpallaeT 3HauYeHHe TOro ke IIOJA.

Cpoiicteo RealValue nosponser o6paTutbed K 00beKTy Kaacca Real kak
K YMCI0BOMY 3HaveHH1o Tumna double. Axceccopsr cBOMCTBA:

get {return m * Math.Pow(16, p);}
set {m = value; p = 9; reduce(};}

Axceccop get BO3BpaljaeT YUCcJI0BOe 3HAYCHNUE, BBIYUCJICHHOE HAa OCHOBE
3HAYEeHUN nosel obbeKTa.

AKceccop set, MOJAY4YUB U3 BHelIHero oOpalleHua 3HadeHue value, npu-
cBauBaeT ero nepemeHHou noias double m. Ipu arom nepemeHHan int
p NoayJyaeT HyJeBOe 3HaYeHHe. 3aTeM AJ1A NPUBEeACHHA YUCIa K HayYHOU
HOTAIMH! B TeJle aKceccopa BBIIIOTHAETCS obpalleHie K BCIIOMOTaTeIbHOMY
3akpeiToMy MeToay reduce(). Ero MBI yoke pacCMOTPEIH B CBA3U ¢ 00CYKIe-
HUEM KOHCTPYKTOPOB.

Crnezyowuil ¢parMeHT KojJa WLIIOCTPHUpPYeT NpUMeHeHUe CBOMCTB
Kknacca (nmporpamma 12_01.cs):

static void Main()

{

Real number = new Real(); // xoHcmpykmop ymonvaHus

string form = " = {@,8:F5} * 10~{1, -3:D2}";

Console.WriteLine("number" + form,
number.Mantissa, number.Exponent);

number.Exponent = 2;

Console.WriteLine("number"” + form,
number.Mantissa, number.Exponent);

Console.WriteLine("number RealValue =
+ number.,RealValue);
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nhumber.RealvValue = —314.159;

Console.WriteLine("number" + form,
number.Mantissa, number.Exponent);

Console.WriteLine("number RealValue =
+ number.RealValue);

h

B nporpaMme ¢ NOMOIIBIO KOHCTpYKTOpa yMondanua Real() onpeze-
JeH ofUH OOBEeKT Kj1acca YMCcea B HayYHOH HOTaUMY M o0bABAEHA CChUIKA
number, accouunpoBaHHaA ¢ 3TUM oObeKTOM. JanbHellne MaHUIIYAA-
LHMH ¢ 06BeKTOM BEITIOJHEHH ¢ MTOMOILLI0 cBOMCcTB Mantissa, Exponent,
RealValue. /lia obpaineHusa K HUM HUCIIOAB3VIOTCS YTOUHEHHEIE UMEHA BHAA
«CCbUIKA_HA_00%BeKm.umMs_ceolicmaa».

Pe3yaeTaT BBINIOJAHEHUA MIPOrPaMMBL.

number = 8,00000 * 10700
number = 8,00080 * 18402
number RealValue = 809
number = —3,14159 * 10°82
number RealValue = -314,159

B mepBoii cTpoKe pe3yJabTaTOB NMpHBeAeHO U3oGpakeHHe YUcaa U3 00b-
€KTa, CO3J4aHHOTO KOHCTPYKTOPOM VMOJYaHUA. 3HAYEHUSA IIOJNEW IIpH
BEIBOJe TIOJYYEHBl C IOMONIbI0 YTOYHEHHBEIX UMEH CBOMCTB number.
Mantissa, number.Exponent.

Omnepatop number.Exponent = 2; depea cBolicTtBo Exponent usMcHdAeT
3HaueHUe I10Jd IOKasaTesd int p. 3TUM ONpeJeNnsaeTcA BTOpas CTPOKa
pe3yJIbTaTOB BBHITOJAHEHUS MPOTPaMMEL.

B TpeTkel cTpoKe — YUCA0BOE 3HaYeHne obbekTa number, monyieHHOe
¢ moMoIne cBoicTBa RealValue.

Omnepatop number.RealValue = -314.159; depe3 cBoiicTBo RealValue
n3MeHsteT 06a mons o6bekTa number.,

PesynbTaT M3MeHEHHUA NOJCH WIIIOCTPUPYET NPEeAnociegHad CTPOKa
pe3yapTaToB. B nocieaHen cTpoke — 3HadeHUe cBoiicTBa RealValue.

Akceccop get BHIIIOJIHAETCA, KOTAa U3 KOZAa, BHELIHETO N0 OTHOLIEHHUID
K KJaccy WiH ero o6beKTy, BHIIONHAETCA «UTeHUe» 3HaueHHA CBOMCTEA.
[Tpu 3TOM B TOYKY BBI30Ba BO3BPAINAETCS HEKOTOPOE 3HAYEHUE WIN CCBUTKA
Ha KaKoi-To 06beKT. THI 3HAYEHUsI WM CCBUIKU COOTBETCTRYET TUIY B 00h-
ABJCHUHU CBOHUCTBA. IIpy 3TOM BO3MOXHBI HEABHEIE NIPUBCACHUA TUIOB.
Hampumep, ecu get-akceccop BO3BpalllaeT 3HadeHue TUIA int, a TUI CBOM-
ctBa double, To 6yzeT aBTOMaTH4YeCKU BBHIIIOJHEHO IpHUBEJCHUE TUIIOB.
Akceccop get nogobeH MeTozy 6e3 TapaMeTpoB, BO3BpallaloLIeMy 3HaUeHUE
WIU CCBUIKY C TUIIOM CBOMCTBA.

Eciu BHeUIHMI O OTHOLIEHUIO K KJIAacCy WIH ero o6beKTy KoJ, IpUcBa-
WBAET HEKOTOPOE 3HAYEHUE CBOMCTBY, TO BEI3BIBAETCS Set-aKceccop 3TOro
cBoiicTBa. B Tene 3ToTO aKceccopa MPUCBOEHHOE CBOMCTBY 3Ha4YeHUe TIIpej-
CTaBJIEHO CHenuarbHONH mepeMeHHOd ¢ GUKCUPOBAaHHEIM UMeHeM value.
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Tun sToii mepeMeHHOI COBNaJaeT ¢ TUIIOM CBOMCTBa. Y set-akceccopa
BO3BpallacMoe 3HAaYCHUE OTCYTCTBYET. MOXXHO CYUTATh, YTO SEt-aKCeccop
GYHKIHMOHANBHO NOAOOEH MeToy ¢ OZHUM MapaMeTpoM. Y 3TOro napaMe-
Tpa GUKCUPOBAHHOE UMA value U TOT ke THUIL, YTO U THUII CBOMCTRA.

Mo>KHO MCIOAB30BaTh B OOBABACHUU CBOMCTBA TOJBKO OJUH U3 aKCeC-
COPOB. 3TO MO3BOJAET BBOAUTL CBOMCTBA TONBKO AJA 3alIUCH (M3MeHeHU:)
Y CBOWMCTBA TOJABLKO AJA YTeHUA. BO3HMKaeT BOMpOC, YeM OTKPHITOE CBOII-
CTBO, obecleunBalollee TOAbKO YTEHUE, OTIMYAETCA OT OTKPHITOrO IIOJA,
o6baABAeHHOTO ¢ MoaudukaTopoM readonly. OcHOBHOe OT/IMYKE B TOM, UTO
TI0Jie XPAaHUT HEKOTOPOE 3HAYeHUe, KOTOPOe He MOXKET U3MEHUTD TPOIece
ITEHUS U3 3TOTO MOas. [IpU YTEHUHU 3HAYEHUS CBOMCTBA €CTh BO3MOXHOCTD
BHITIOJTHUTH 3apaHee 3alaHupoBaHHBIE ACUCTBUA (BLIYUCACHUA), TIPU-
9eM HUKAKUX OUpaHUYeHUM Ha xapaKTep dTHX JAeUcTBMIl (BEIYUCIEHUI)
HE HakAaJbBaeTcd. Pe3yabTaT BRIUUCTEHUN CBOMCTBA MOMXKET 3aBUCETH,
HanpuMep, OT COCTOAHUA CPeAbl, B KOTOPOH BHIMOAHAETCA IporpaMMa, Wik
OT BJWAHUA MMPOLECCOB, BHITOAHAEMBIX NapaiensHo. [Ipumep nosa ¢ Moau-
¢ukaropoM readonly: "zaTa poxzgeHua". CBoHCTBO «TOUYHEBIM BO3pacT»
JAOKHO BBEIYUCAATHCA C VIETOM U I0AA "Zara poKAeHUA U KOHKPETHOTO
MOMeHTa ofpallleHuUs1 K 3TOMY CBOKCTBY.

OTMeTHM, YTO CBONCTBA, JOCTYTIHHIE AJIA 3alMMCH, MOXKHO UCIIONb30BATh
B MHUI[HATA3aTOPax OO BbEKTOR HAPAAY € OTKPHITBIMU ITOMSIMH.

12.2. ABTopeanusyemble CBOWCTBA U CBOUCTBA, OKaTble
A0 BbIpaXKeHNId

Haubonee pacnpocTpaHeHHOe IPUMeHeHNe CBOMCTE — UTeHUe U 3allUCh
3HAUYEeHHU 3aKPBITHIX IToJeH (1oje, IpeiCcTaBAdeMOe BO BHEIIHEM MHUpe
CBOMCTBOM HAa3BIBAIOT «ITOAAEP/KHUBAIOITUM» TI0JIEM CBOMCTBA). B aToM cay-
4yae UMeHa Mo He UCTIOAb3YIOTCH BHE JeKIapaliud KJIacca U TMoas MOTYT
CO3aBaThCAd aBTOMATUYECKH. JTY BO3MOXKHOCTE 00eCceunBarT CBOUCTBA,
crienmupUIMpOBaHHBIE KAaK aBTOMAaTUYECKU peanusyeMuie (automatically
implemented properties). [IokaxxeM UX AeKIapalyio Ha IIpUMepe.

[Ipumep Ko4a, KOTOPBIA FOTOBUT IIporpaMMucTt [1]:

public class Point

{
public int X {get; set;}
public int Y {get; set;}
}

B knacce Point HeT ABHO ompeAeNeHHEIX TI0J€eH, a ABA OTKPHITEIX CBOM-
CTBa NpeacTaBiaAoT coboil 06BABAEHUA aBTOpPeanU3YeMEIX CBOMCTB.
B aBTOpeaNn3yeMbIX CBOHCTBAX OTCYTCTBYKOT TEAA aKCECCOPOB, HO KAXKABII
13 aKCEeCCOPOB MOXKET UMeTh MogupukaTopsl gocryna. Ha ocHoBe Takoii
AEKJApanuyd KOMIIMWIATOD ABTOMATHYECKH (GOPMHUPYET SKBUBAJIEHTHOE
el 0O0BIBACHME Kacca:
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public class Point

{
private int x;
private int y;
public int X {get {return x;} set{x = value;}}
public int Y {get {return y;} set{y = value;}}
}

B aBTOMaTUYECKHU ITOCTPOEHHOM OOBSABJIEHUN TIOSBWINICH /[BA 3aKPBITHIX
MOJIA, TUIBI KOTOPBIX COBNAZAIOT C TUMIaMU CBOUCTB. [lose, oTHeceHHOe
K aBTOpeaJnu3yeMOMy CBOHCTBY, Ha3bIBaloT hidden backing field — «CKpHbI-
TBIM IT0JIEM 33/IHETO IUIaHa» («IIOoAep>KUBAIOIIUM» 1101eM) . IMeHHO ¢ 3TUMU
MOJIIMU aCCOITUMPOBAHBI cBoMcTBa X U Y, KOTOpbIe OBLIU eKJIapUPOBAHBI
MIpOrpaMMUCTOM. VMIMeHa CKPBITHIX NoJIel KoMIUIATOp GopMUpyeT IIo Ipa-
BWIaM, KOTOpble N3BECTHH TOJIbKO eMy. B Hamiem mpumepe X U y — 3TO
TOJIbKO YCJIOBHBIE 0003HAaYeHUs, BHIOpaHHbBIE i WUTocTpanuu. Hukakue
mpsIMble 0OpalleHrs K 9TUM CKPBITBIM IIOJIIM HEBO3MOXXHBI HU B KJIacce,
HU 3a ero npezenamu. JIoCTyl K 3TUM TOJIAM 00eCcieYuBarT TOMIBKO acco-
IIUMPOBaHHBIE C HUMU aBTOpeajn3yeMble CBOMCTBA.

B nmpuBezieHHOM IIpUMepe CKPBITHIE MMOJIA Kjacca Point #OCTYIIHBI ¢ TOMO-
mbio cBovicTB X U Y KaK /A YTeHUs, TaK U A uaMeHeHuu. IIpu o6baB-
JIeHUY aBTOpeaJn3yeMOoro CBONCTBa MOKHO OTPAHUYUTh JOCTYII K CBSA3aH-
HOMY C HUM IIOJIf0, HallpuMep, pa3pellnB U3BHE Kjacca TOJbKO YTeHUe.
Cpa3sy BO3HUKAaeT BOIIPOC: KaK 3a/jaTh 3HaUeHUe TaKOr'o M0JIA, eCIU UMA ero
HE/ZIOCTYITHO Y HEM3BeCTHO (M3BECTHO TOJIBKO KOMIWIATOPY), a aBTOpeaIu-
3yeMoe CBOMCTBO pa3pellaeT TOJbKO yTeHue? OJHO U3 pelleHuil — ABHO
00BABUTH B KJIacCe C aBTOpPeaTu3yeMbIMU MOJSIMHU KOHCTPYKTOP U B HEM
yepes3 3aKpBITOE (/11 BHEITHETO MUPa) CBOMCTBO yCTaHAB/IMBATh 3HAaUeHNE
CKPBITOIO 1OJIA (C HEM3BECTHBIM UMEHEM).

BTopoii BapuaHT npUcBanuBaHUA 3HaY€HUA OTKPBITOMY TOJIBKO JJIS 4Te-
HUSA aBTOpeasrn3yeMoMy CBOMCTBY — IpUMeHeHVe WHUIMaInu3aTopa CBOM-
ctBa. HaunHas ¢ Bepcuu C# 6.0 B Zekapaliuio aBTopeaan3yeMoro CBom-
CTBA pa3pelleHo A00aBIATh MHUINAIN3ATOP, TOX0XKUN Ha MHUITUAIU3ATOP
TIOJIA:

= GBolpaxeHue;

K uHUIIMaIM3upyoeMy BeIpaXKeHUo TpeOOBaHUA Te XKe, UTO U K UHU-
I[UAIN3aTOPY TOJIA.
Crnezytomias nmporpaMMa WUIIOCTPUPYeET Ipe/jiaraeMble pelleHus:

// 12_02.cs - aBmopeanu3syemvie cBolicmBa
using System;
public class Point
{
public int X { get; private set; }
public int Y
{ get; private set; } = 22 / 4;
public Point(int xi, int yi)
{ X =xi; Y=yi; }
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public Point() { }
}

class Program

{

static void Main()
{
Point a = new Point(12, 7);
Console.WriteLine("a.Y = " + a.Y);
Point g = new Point();
Console.WritelLine("g.Y =

}

+ g.Y);
}

PGBYJIBTaT BBITIOTHEHUA IIPpOTI'PAMMEBIL:

a.Y =7
g.Y 5

Hauwunas c Bepcuu C# 7.0 B 00bsIBJIEHHE CBOMCTB BBeIeHAa BO3MOXKHOCTD
COKpalaTh 3alKCh aKCeCCOPOB, BKIIOYAIONIUX €JMHCTBEHHBIN OIlepaTop.
Il 3TOro MpUMeHsEeTCs CUHTAKCHUC, CXOXKUM C 3allMChI0 METOOB, CXKATBIX
J10 BBIpa)KeHUs. Peub UIET O CBOMCTBAX, CKATHIX 0 BEIpAXKEHUH. B X 06b-
SIBJIEHUSIX ITOCJIE CYy>KeOHOTro cjioBa get WIM set IOMeNAaloT KOHCTPYKIIUIO
=>, 3aTeM BbIpa)KeHUe, OIpe/esdlollee MoJydaeMoe Wik BO3BpallaeMoe
3HavyeHUe cBolicTBa. durypHeie ckoOKHU U return omyckaroTcsa. B akceccope
set 3aIIMChIBAaeTCs BRIpAXKEHUE C Ollepallveil MprcBauBaHus, 1100 co3maHUs
HOBOTO 00BbeKTa, MO0 obpalieHuss K METOAY, JTUO0 BBIpAKEHUS C Ollepa-
1rell UHKpeMeHTa WX JeKpeMeHTa.

Eciu ay1s1 cBOMCTBA HY)KHO 0OeCIeuynTh U YTeHUEe, U 3aIUCh, TO JeKJa-
paIys MMpu UCIOJIb30BAaHUM CUHTAKCHUCA CXKATHUS 0 BBIpaXKeHUM J0/DKHA
MMETb BU/:

MoOuuKamopel,,. mun uma_c6oticméa

{

get => BoipaxeHue;
set => BuipaxeHue;

}

Ecnu omnpesesnsieTcss CBOMCTBO TOMBKO /i YTeHUA (B HEM HeT akceccopa
set), To popmaT OOBABIEHUA CBOKMCTBA, CXKATOTO /I0 BRIpAXKEHUA , OyZeT elre

TpoIlIie:

MoouguKamopbl,,, mun uma_c6olicmba => BbipaxeHue;

HaanMep, B Kj1acc Point MOXXHO Tak ,Z[O6aBI/ITb CBOMCTBO AJIA BBIYHCIIE-
HHA KBaJpaTa paCCTOAHHA OT Ha4dajd KOOpAWMHAT 0 TOYKHU:

public double Norma => X * X + Y * Y;

Ele ozgHO cBOMCTBO, obeclieynBarolnee U YTeHUe, U 3allUCh, C UCIIOIb-
30BaHHEM CHHTAKCHCa CKaTHA /10 BRIPAXKEHUH B TOT Ke Kjacc Point MOXHO
100aBUTH TaK:

213



public double Z

{
get => Z;
set => Z = value / Norma;

}

B 5TOM CBOMCTBe omnpeziesieHbl 0ba akceccopa.

12.3. HHaeKcatopbl

Eciu B KJacc B KAa4eCTBE MOJS BXOJUT KOMNEKIUA, HAIPUMED, MACCUB
37EMEHTOB, TO B PAZE CAydaeB yACOHO oOpamarscs K 3AeMeHTaM KOIIeK-
1TUH, UCTIONB3YA UHAEKC (WIN UHIAEKCHI, eCTH MaCCUB MHOTOMEPHBIHN). Jjist
OAHOMEPHOM KOJJIEKIUH, TpUuHaAaexaleil o6bekTy Kaacca, obpailleHue
K ee JIeMeHTY ¢ [IOMOLIBIO HHAEKca OYIET TaKUM:

CChTKG_HA_obbexm [uHdekchoe BoipaxeHie )

BO3MOXHOCTE 00OpaIllaTbCs K 3MeMEHTY KOUIEKITNH, TpHHA/AIeKAaIIei
006BeKTY KJacca, ¢ TOMOILbI0 HHASKCUPOBaHUA obecneYuBaeT Clelnab-
HBII WiIeH 3TOro Kiacca, HasblBaeMbIH uHOeKkcamopom.

ViMeHHO Hann4yue B 6M6AMOTEYHOM Kaacce string MHAeKcaTopa Mo3B0o-
afeT oGpamaThca K OTAAbHBIM CUMBOAAM CTPOKH, UCIOAB3YA OMepaIiuio
WH/EKCAIUHN:

char 6yxkBa = "Coobuenue"[4];

B pe3ysnbTaTe BHIMIOJHEHUS 3TOTC OllepaTopa CUMBOJbHasA NMepeMeHHasd
«bykBa» 6yaeT UMEeTh 3HaUYeHHe '

WMHaekcaTOp MOXHO CUYUTATh pasHOBUAHOCTBIO cBoiicTBa. Kak u ana
CBOMCTBA, BO3MOXHOCTA UHACKCATOPA ONPEACAAIOTCH aKceccopamu get
U set. B oTiu4ne OT CBOMCTBA, Yy UHAEKCATOPA HET COOCTBEHHOTO YHUKAMD-
HOro UMeHU. IIpu 0OBABAEHNM UHAEKCATOP BCer/la UMeHyeTca cayxked-
HBIM cJIOBOM this, T. €. cCbIIKOIM HAa TOT KOHKPETHEIH 00BEKT, A1 KOTOPOTO
KCIIONBb3yeTCA UHAEKCATOp. TUN BO3BpaIllaeéMOro 3HaueHHUA A4 UHAEKCa-
TOPA COOTBETCTBYET TUITY HNEMEHTOB KOMAEKITUM, C KOTOPOH acCOIMUPOBaH
WH/IEKCATOP.

O6BaBeHde UHAEKCATOPA UMEET CAeAyIIui GopMar:

MOOUPUKAMOPL_UHOEKCAMOPT e
mun this [crneyupuxkayus napamempoB]

deknapauus get-arceccopd,,,
deknapauus set-aKceccopday

}

MoauukaTopsl_HHEKCATOpPA Te e, YTO U /AJsA CBOMCTB 3a OJHHAM
UCKAKYEHUEM — JJIS MH/IEKCATOPOB HENMb3A HCMOAb30BATh MOAUQHUKATOD
static. FHAeKCcaTOPbl HE MOLYT OLITH CTATUYECKUMU U MPUMEHUMBI TOJBKO
K o6BbeKxTaM Kiacca (He K Kjaaccy B LeaoM). Bees 3a K/IOYEBHIM CI0BOM
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this B kBaZpaTHBIX CKOOKax — chmenudukalusl napaMeTpoB UHAEKCATOPa.
PasperieHa neperpy3aka UH/EKCATOPOB, T. €. B OAHOM KJIacce MOXeT ObITh
HECKOJIbKO UHAEKCATOPOB, HO OHM AOKHBI OTAWYATbLCA APYT OT Apyra
cnenuUKauaAMI DapaMeTpoB. B 3ToM HHeKcaTOPhl NOAOOGHE METOAAM.
3a KBaJpaTHEIMU CKOOKaMM pasMellaeTcs KO, KOTOPBIM MOXHO Ha3BaTh
TeIOM UHAEKCATOPA. ITO KOHCTPYKITUA, TOA0OHAA Tey CBOMCTBA, — 3AKII0-
YeHHBIE B purypHsle ckoOKU 0OBABIEHUA aKCeCCOPOB get U set.

OmnepaTophl get-akceccopa NMpeJHasHAYCHBl AJAA MONy4YeHUA 3Hade-
HUA 3JI€MEeHTa, COOTBETCTBYIOLIEro 3Ha4YeHUIO uHAeKkca. OnepaTopsl set-
aKceccopa BHIIOTHAKT MPUCBAUBAHUE 3HAUYCHHU 9JIEMEHTY, COOTBETCTBYIO-
1eMy 3Ha4YeHHUIO UHJeKca. BEI3oB UHAeKcaTopa, T. €. BEIpaXKeHue

CCbIKA_HA_obvexkm [cnucox ap2ymermoB)

MOXKET pa3MellaThCA ¢IeBa M CIIpapa OT ollepalluy NpUCBAUBAHUA. B epBoM
c/y4yae BBITOJMHAETCA aKCeccop set, BO BTOPOM — akceccop get. B Tese akcec-
copa set 3HauYeHUe, KOTOPOe HYKHO UCTIONb30BaTh A1 U3MeHEeHH 3IeMeHTa
KOJUTeKI[UU, BcerAa MpeAcTaBIeH0 KOHTEKCTHBIM CAy:keOGHBIM c1oBOM value.

B kauecTBe NMpuMepa Kaacca ¢ HHAEKCATOPOM oMNpeaeauM Kiacc
Work_hours gna npeacraBiaenns oTpabOTaHHBIX YaCOB MO AHAM HEEIHU.
B MaccuBe AOKHO OHITH 7 3JIEMEHTOB, ¢ UHAeKcaMu oT O (/11 mMoHeAe b-
HHUKAa) 20 6 (A1 BOCKpeceHbs). 3HAYEHU HIEMEHTOB MACCHBA — KOJIH-
decTBa OTpabOTAHHEBIX 9AacoB MO AHAM HeAenau oT 0 (He pabouuii zieHb)
7o 14 gacor (Honbie paboraThk 3anpeleno), s obpaleHus K 31eMeHTaM
MAaccHBa B KJacc BBeAeH UHAEKCaTOop.

B ZaHHOM MpHMepe HYKHO B Tejle MHAeKcaTOopa 3alpeTUTh obpallle-
HMA K MacCUBY ¢ MHAEKCOM, BHIXOZSILIUM 3a Tpejenbl €ro TpaHUYHOMN
napel (oT 0 Ao 6). Kpome Toro, npegycMOTPUM B MHAEKCATOPE 3alllUTy
OT HeBEPHBIX 3HAYEHUH, IPUCBAHBAEMBIX JIeMeHTaM MaccuBa. B cooTBeT-
CTBMH CO CMBICJIOM OIpPEAENAEMOT0 KIacca 3HAYeHUA 3IE€MEHTOB MAaCCUBA
(kOMMYeCTBO OTPAbOTAHHEIX YAacOB) HEe JOKHBI OBITh OTPUIATEIbHBIMHU
Y He JI0/KHEI TIPEBBIMAThE HEKOTOPOTO MpeAieIbHOTO 3Ha4eHusd. JIid KOH-
KPETHOCTHU B YCIOBUM MPEATIONONKEeHO, 94To paboTa OJHOTO AHA He JOIKHA
MpeBHIIATE 14 9acoB.

// 12 _83.cs - uHlexcamop - pabouue uacsi Ouvell Hedenu
using System;
class Work_hours
{
int[] days; // 4acs no OHam uedenu
public Work_hours() // koHcmpykmop
{ days = new int[7]; }
public int this[int d]
{ // unlexcamop
get { return (d < @ || d > 6) ? =1 : days[d]; }
set
{
if (d<o || d>6 || value < @ || value > 14)
Console.WritelLine("Ownbka: peHb={@}, wacb={1}!", d, value);
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else days[d] = value;
}
}
}

class Program

{

static void Main()
{
Work_hours week = new Work_hours();
week[@] = 7; // noHedenbHuK
week[2] 17; // Hedonycmumbsie OdHHbIE
week[3] = 7; // u4emBepe
week[6] = 7; // BockpeceHbe
Console.WriteLine("Pabo4ne gHu: ");
for (int i = 0; i < 7; i++)
if (week[i] > @)
Console.Write("day[{0}]
Console.WriteLine();
Console.WriteLine("day[{0}]

}
}

PGBYJIBTEIT BBITIOJTHEHUA ITPOTI'PAMMBIL:

{1} ", 1, week[i]);

{1}\t", 8, week[8]);

Ownbka: peHb=2, 4acbi=17!

Pabo4ue AHu:

day[@] = 7 day[3] = 7 day[6] = 7
day[8] = -1

[TapaMeTp MHAEKCAaTOpPa U COOTBETCTBYIOIEE €My HUHAEKCHOE BhIpaXke-
HHe WHJeKcaTopa He 00s13aTelbHO AOIKHBI UMETh I[€JI0YHUCIEHHBINA THII.
B creaytoiemM mpuMepe paccMOTpuUM Kiacc Dictionary, o6beKT KOTOPOTO
MOJKET CIYKUTb IPOCTEeHIUM ciaoBapeM. B kiacc Dictionary BKJIIOYUM
B KayecTBe IOJIEH JBa MacCHBa CTPOK — MAacCCHB HMCXOAHBIX CJIOB, HAIIpU-
Mep, Ha aHIVIMMCKOM sI3bIKE, 1 MAaCcCUB TIEPEBOAHBIX SKBUBAJIEHTOB. MaccuB
HCXOAHBIX CJIOB Oy/leM 3aIoJHATh B KOHCTPYKTOPE MPU CO3ZIaHUHU CJIOBapsI-
o0beKTa. JJIeMeHTaM MacCHBa MTepeBOAHBIX SKBUBAJEHTOB OyZeM MpucBa-
MBaTh 3HAYEHUs C UCIIOJb30BaHUEM HHEKcaTopa. [lapameTp uHAeKcaTopa
OyzeT uMeTh TUT string. 3aaBasi B KBaJpaTHBIX CKOOKaX aHIVIMHACKOE CJI0BO
B BU/I€ CTPOKH, TIOJYYHUM ZOCTYI K DJIEMEHTY C €r0 TepeBOJHBIM SKBHUBaJIEH-
ToM. OmpezesieHre Kiacca MOXeT ObITh TakuM (mporpamma 12_04.cs):

class Dictionary
{ // cnoBaps
string[] words; // csa06a
string[] trans; // nepeBooui
public Dictionary(params string[] str)
{// KoHcmpykmop
words = new string[str.Length];
trans = new string[str.Length];
int ind = o;
foreach (string s in str)
words[ind++] = s; // 3anoanunu maccuB cnob
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}
int search(string str)
{ // nouck caoba
for (int i = 9; i < words.Length; i++)

if (words[i] == str) return i;
return —1;
}
public string this[string w]
{
set
{
int ind = search(w);
if (ind == -1)
Console.WriteLine("CnhoBa HeT!");
else trans[ind] = value;
}
get
{
int ind = search(w);
if (ind == -1) return "Cnoea HeT!";
else return trans[ind];
3
}

h

B kiacce Dictionary ABe ccbUIkM words M trans Ha MacCUB ¢JIOB U Ha Mac-
CUB UX TIepPeBOAHBIX 3KBHBaNeHTOB. COOCTBEHHO, MAaCCUBEI KaK OOBHEKTHI
CO3JAI0TCA B KOHCTPYKTOPE. Y KOHCTPYKTOpPA €CTh ITapaMeTp ¢ MoaudHKa-
TOpPOM params, MO3BOJIAIOIINN UCTIONB30BaTh NEPEMEHHOE YHCI0 apryMeH-
TOB. PeaZbHOe KOMMYECTBO apIyMEHTOB omnpeAenseTrcda Kak str.Length. 3to
3HaYEHUE OTpeAeaieT pa3Mephl MAacCUBOB, a/IpeECYEMEBIX CCHIIKaMU words
U trans. CTPOKU-apIyMeHTH KOHCTPYKTOpa MPHCBAUBAIOTCH dAE€MEHTaM
Maccuba words[] B uukne foreach. Maccup nmepeBogos trans[] ocraerca
He3aIIoJHEeHHBIM.

B knacce onpeaeneH BCIIOMOTaTeNbHBIN 3aKpHTHIH MeToA search(), ana
TMOUCKa B ¢yioBape (B MaccuBe words[]) ¢0oBa, 3a/JaHHOTO C TOMOIIBIO apTy-
MeHTa. MeToA BepHEeT UHEKC cI0Ba, aubo —1, eciau clIoBO OTCYTCTBYET.
MeTtoa search() ucnonab3syeTcsa B HHAeKcaTope. B akceccope set onpegens-
eTcs uHAeKc ind Toro ajseMeHTa MaccHUBa trans(], KOTOpPOMY HYKHO MpHU-
CBOUTH HOBOE€ 3HAUeHUE NMEepeBOAHOrC 3KBUBajdeHTa. ECIU NOUCK Heyaa-
YeH — BBIBOAUTCA COOOIEeHUEe, MHAYe 3/IeMeHTY trans[ind], mpuceanBaeTcs
3HAYe€HUE NEePEBOAHOTO 3KBUBANEHTA. AKCeCCOp get Bo3BpalllaeT 3HauYeHUe
trans[ind] nubo cTpoky ¢ cooblieHHeM, UYTO CIOBA HET B CJIOBApE.

s WLTIoCTpalu BO3MOXKHOCTeH Kiaacca dictionary v ero uHgekcaTopa
MpUBeAeM CIeAyIIuil pparMeHT Koga:

static void Main()

Dictionary number = new Dictionary("zero", "one", "two"};
number["zero"] = "Hynb";
number["one"] = "oauH";
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number[“two™] = "2";
Console.WriteLine("number[\"one\"]: " + number["one”]);
Console.WriteLine("number[\"three\"]: "

+ number["three"]);
Console.WriteLine("number[\"two\"]:

+ number["two"]);

}

B meToae Main() coszan oauH 06beKT kaacca Dictionary. B obbekre-
cJ0Bape BCEro TPM C/0Ba, Y KOTOPEIX BHavyajlde HET NepeBOAHLIX 3KBUBA-
JNeHTOB. /A 3afaHUAd TMePeBO/IOB UCIIOAB3VIOTCH BHIPAXKEHUSA C UHJCK-
camu. IIpu obpallleHNH K OTCYTCTBYIOILIEMY C/IOBY 3HAaU€HHEM BLIpaKeHHA
number["three"] GyzaeT cTpoka "Caosa Het!".

Pe3y/lLTaT BHIIOAHEHNA POTPaMMBL:

number["one"]: oauH
number["three"]: Chosa Her!
number["two"]: 2

s MHAEKCATOPOB, AOMYCKAKIIUX MOAbKO UneHue (He BKIYAIINAX
akceccopa set), oObABIeHAE MOXKHO COKPATHTD, NCIIOAL3YA CKATHE A0 BhIpa-
>KeHUA:

MOOQUPUKAMOPYI, . MUN_pe3ynemama
this [mun_undexca undekc] => Beipmxerue_C_UHOeKCOM;

[TpuMep MHAEKCATOpA, JeKJIaPUPOBAHHOTO C UCTIOAB30BAHUEM CHKATUA
A0 BEIpa)XeHus, pUBeAEeM B IIporpaMMe cieayolero naparpada.

19 nporpaMMUCTa-N0Ab30BaTeA oOpallleHue C MOMOLIBIC HHACKCATOPa
K 00BEKTY YyKOTO KJlacca BBIVIAAUT Kak obpalleHue K 31eMeHTY MaCcCUBA.
Ho MaccuBa Kak TaKOBOI'O B OOBEKTE MOXET U He ObITh. [lesio B TOM, 4TO
UH/IEKCATOP MOXKHO ONpeAeTUTh B KJIacce, Te KOHTelHep (Hanpumep, Mac-
CHB) OTCYTCTBYeT. B 5TOM ciydae MHAEKCATOp IIPOCTO-HANIPOCTO 3aMeHseT
MeTo/. OTIUYUe COCTOUT B CMHTAKCcUce obpauieHus.

B kavecTBe IpuMepa pacCMOTPUM KJacc, NpeAcTaBAAIMUN JBe TeM-
nepaTypHule mkansl. Temmepatypa T~ o abconroTHOM MiKane, BBeJeHHON
BuaesimoMm TomMcoHOM (J1opaoM KeabBUMHOM), CBfI3aHa C TeMIlepaTypoil t°
o 1mkane leabcus cooTHoenueM: T° = t° + 273.16°.

OnpeaenuM kjacc Temperature ¢ HHAEKCATOPOM, MMO3BOJSIIOIINI [TOTY-
9yaThk 3HadeHMe T° 1o BennduHe t°, KOTOpyIo OyAeT 3ajaBaTh llapaMeTp
uHzAeKcaTopa. Tak kak Temieparypa o KeabBUHY He MOXeT OBITE OTPHULIA-
TeJALHOH, TO IIPUMeEM, 4TO npH t° < —273.16° unaekcarop 6yaeT BoO3Bpa-
WaTh 3Ha4deHue —1. Jexnapauusa knacca:

class Temperature
{ // Temnepamypa no KeansBuny u lleasscuw
public double this[double t] =»>
{(t < =273.18)? -1 : t + 273.15;

}

B xnacce HeT MaccuBa, U HeT MOJeH, KOTOPBIM HYXXHO NMPHCBAHUBAaTh
3HAYeHM:A ¢ MOMOMBID 0OpalleHu K MHAEKCATOPY, II03TOMY HET CMBICIA
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B MHAEKCaTOpe ONpeJessiTh akceccop set. 3To o6CTOATENbCTBO U BO3ZMOXK-
HOCTB BBIPa3UTh A€M CTBUAA HHAEKCATOPA € MOMOLIBIO €IUHCTBEHHOT'O Olepa-
TOpa return Mo3BOALIOT UCTIONAL30BATh CUHTAKCUC CXKATHA A0 BRIPAXKEHUA.
B oTnnyue OT npeApAyIiMX IPUMEPOB lTapaMeTp UHAEKCAaTOPa U BO3Bpa-
njaeMoe UM 3HaueHue umeioT TUl double. KoHeTpykTop 3a7aeTcs HESIBHO.
[TpuMeHeHUe MHAEKCATOPa WIMTKCTPUPYET CAeAyIINil ¢parMeHT Koja:

static void Main()

{
Temperature TK = new Temperature();
double t = 43;
Console.WriteLine("TK[{0}] = {1:f2}", t, TK[t])};
t = -400;
Console.WriteLine("TK[{©}] = {1:f2}", t, TK[t]);
t = -273;
Console.WriteLine("TK[{8}] = {1:f2}", t, TK[t])};
}
Pe3yarsTaT BHIIOJAHCHUA:
TK[43] = 316,16
TK[-4ee] = -1,e8
TK[-273] = 0,16

12.4. Pacwmpsatowme meTofibl U JeKOHCTPYKTOPDI

PacimupAKImMUuN MeTO NO3BOJAAET ACTOMHATE CYIIECTBYIONMUNA KIacc
(Wau Apyrom THUII: CTPYKTYPY, UHTepdeiic) MeTogaMu 06 beKTOB, HE H3Me-
HAA AeKAapaluy Ki1acca. 3To ocobeHHO yA0OHO B TeX Cayvaax, Korja y npo-
rpaMMUCTa HeT JOCTYNa K KOZY AeKaapaluy Kiuacca. HecmoTpsa Ha To, 4To
MBI ellle He PACCMOTPEIH NIOJHOCTBIO CUHTAKCUC OOBABACHUA KJIACCOR, pac-
HIMPAIOIIME METOABI MBI YK€ MOXKeM OIpeAenaTh, TaK KaK KaKAbIA U3 HAX
ABJSETCA TPOCTO MO-0COOOMY AEKJIAPUPOBAHHHEINA CTATUYECKUIT METOJ
cTaTnueckoro kiaacca. OcobeHHocTell Aeknapaluu gee. [lepBas COCTOUT
B TOM, YTO NEepBBIi TapaMeTp pacliUpAKIIEre MeToAa A0MKeH UMeTh TUI
TOT'O KJacca, AJ1 KOTOPOrO BBIIOJAHACTCA pacliupeHue. Bropasa ocoben-
HOCTH — TIEPBBIH ITapamMeTp AoMKeH ObITh cHabkeH MoaudukaTopom this.

JIns WATIoCTpanuy BO3MOKHOCTEHM PaCIIUPAIUX METOAOR TIPe/IoN0-
JKHM, 9TO HYKeH MeTo/l, GOPMHUPYIOILIUN CAydaliHEIe I[eIble YUca ¢ YeT-
HBIMU 3HaYeHUAMH, He NMpeBHIIalNIue 3aJaHHON BeauunHb. CpeAcTBa
AJ14 IPOrpaMMHOMN IreHepallliy CIy4alHbIX YHCes ONpeAeeHbl B OudauoTey-
HOM Kkinacce System.Random. /g nmoaydeHuA LenbIX YUCea M3 AUana3oHa
[0; Max) uctionb3yeTcs HECTaTUYECKHUE METO/, C 3aTOJIOBKOM:

int Next{(int Max).

MeToaa A4 MOJYYEHHUS TOJBKO YeTHBIX CAyYaHHBIX 4MCe]d B Kiaacce
Random HeT. /14 gononaHeHUuA 00BbeKTOB Kiaacca Random COOTBETCTBYIO-
IIUM METOAOM ONPEAENTNM TaKOH KIaCe:
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public static class RandomExpansion

{

public static int EvenNumber(this Random rd, int max)

{

if (max < 2) return 9;
while (true)

{

int res = rd.Next{max);
if (res % 2 == @)} return res;
}
}

} // class RandomExpansion

IlepBBli IapaMeTp MeTOZAA MepejaeT B €ro Telo CChUIKY rd Ha o0b-
ekT xiaacca Random. C nmomoipo 3TOH CCEUIKU BHIMOJAHAETCA ofpalile-
HUe K MeToAy Next oObekTa kiaacca Random u ¢popmupyerca ciydaiiHoe
enoe yuciao. ECIM OHO 4YeTHOE, TO ero 3HadeHue — pe3yabTaT MeToAa
EvenNumber().

K pacmpsmomeMy MeToay EvenNumber() MokHO 00pammaTbcsa Tak, Kak
6yaTo aTo MeToA 06BEeKTOB Kiaacca Random:

class Program

{

static void Main()
{
Random rnd = new Random(),;
for (int k = 9; k < 10; k++)
Console.Write(rnd.EvenNumber(12) + " ™);

}
}

PESYJIbTaT BBIIIOJIHEHHWA KOJA:

216 8 19 4 6 4 6 2 8

B metoge Main() co3gan o6bekT kaacca Random, ccbinika Ha KOTOPHIH
MO3BOJIAET BHI3BATh MeTod EvenNumber() ¢ eJMHCTRBEHHBIM apryMeHTOM.

Tak kak metoa EvenNumber() Aexnmapupyercsa Kak CTaTU4ECKUN MeTOJ
knacca RandomExpansion, To ero MOXXHO BbI3BIBaTb U KaK OOLIUHBIHN CTaTU-
JeCKUH MeTo. HampumMep, Tak:

int stat = RandomExpansion.EvenNumber{new Random{), 20);

B TaxoM o0paleHyd K paclIupAIoIeMy MeTOAY TpeOyeTca ABHO YKa3aTh
TePBHIA apTyMEHT.

Eme oaHa BO3MOXKHOCTB IIONYINATE JOCTYN K WIeHAM JaHHHIX (K [TOIAM
Y CBOMCTBAaM) 3K3eMIUIApa KJlacca — MpUMeHeHVe AeKOHCTPYKTOpa.

JleKOHCTPYKTOP — 3TO MeToJ KJacca cO clellMalbHBIM Ha3BaHUEM
Deconstructor(), IMeOLUNA He MeHee d8yX napamempos ¢ MOAUPUKATOPOM
out. HazHavyeHHe JIEKOHCTPYKTOpPa — «HU3BJIeUeHUE» ZAHHBIX U3 OOBEKTOB.
Takum 00pazoM, ZEKOHCTPYKTOP BBIIOAHAET padoTy, B HEKOTOPOM CMBIC/IE
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MIPOTUBOIIONIOXKHYIO TOM, KOTOPYIO OOBIYHO BBITIONHSET KOHCTPYKTOP SK3EM-
IUIIPOB KJIacca.

C nomMmo1ipio apaMeTpa AeKOHCTPYKTOPa MOXXHO BEPHYTb He TOJBKO
3HauyeHUe I0JIA WIU CBOMCTBA, HO U JJOCTaTOYHO IIPOM3BOJIbHOE 3HAUYEHUE,
BBIYHCJIIEMOE HAa OCHOBE JaHHBIX 00beKTa. I1o cyuecTBy, JeKOHCTPYK-
TOP — 3TO OOBIYHBIN HECTaTUYECKUI METO/] 9K3eMIUIIPOB TUIIA, HO JJI €T
BBI30Ba BBE/IEH CIIeIIMATbHBIN yZI0OHBIN CUHTaKCHUC. VIMEHHO 3TOT CHHTAK-
cuc TpebyeT, YTOOH y IEKOHCTPYKTOPA OBLIO HE MeHee IBYX ITapaMeTPOB
¢ MmoaudukaTopamu out. Eciu obpamaTbes K IeKOHCTPYKTOPY C IIOMOIIBIO
YTOYHEHHOT'O UMeHH, KBaINGUIIMPOBAHHOTO CCHUTKOU Ha 0OBEKT, TO MOXKHO
OIpeZleINTh B KJlacCeé U MPUMEHATh JAEKOHCTPYKTOP C OJHUM BBIXOJHBIM
IapamMeTpoM.

st wimocTpauuy 0co6eHHOCTEN IeKIapauui JeKOHCTPYKTOPOB IIPU-
BeZleM OOBsIBJIeHHE KJlacca MPaBWIbHBIX MHOTOYTOJbHUKOB. VI3BeCTHO, YTO
nepuMeTp P mpaBWIBHOTO N-yTOJAbHUKA, OIIMCAHHOTO OKOJIO OKPYXHOCTHU
paauyca r, paBeH 2*n*r*tg(PI/n), mioijaabs 5TOro MHOTOYTOJbHUKA S paBHa
n*r*r*tg(PI/n). Victionb3ya sTU cBeleHNs, TaK OIpe/Jie/ MM KJaacc MpaBWib-
HBIX MHOTOYT'OJIbHUKOB:

public class Polygon
{ // Knacc mHozoy20nbHUKOB
int Numb { get; set; } // Yucno cmopoH
double Radius { get; set; } // Paduyc BnucaHHolU oOKpyxHOCMU
public Polygon(int n = 3, double r = 1)
{ // koncmpykmop
Numb = n;
Radius = r;
}
public double Perimeter
{ // Nepumemp MHO20Yy20/bHUKQA
get
{ // akceccop cBoiicmBa
double term = Math.Tan(Math.PI / Numb);
return 2 * Numb * Radius * term;

}
}

// Mnouwads MHO20Y20/bHUKA:

public double Area => Perimeter * Radius / 2;

// lexkoHcmpykmop ¢ 06ymA napamempamu:

public void Deconstruct(out int n, out double r)
{ r = Radius; n = Numb; }

// JeKoHcmpykmop C mpema napamempamu:

public void Deconstruct(out int n, out double r,

out double ambit)
{ r = Radius; n = Numb; ambit = Perimeter; }

}

B kisacce Polygon nBa aBTOpeanusyeMmbix cBoiictBa (Numb u Radius)
3a/1al0T, COOTBETCTBEHHO, YHCJIO CTOPOH U PajUyC BIMCAHHON B MHOTO-
VTOJIBbHUK OKpYy:KHOCTU. CBOMCTBa, onpezesAlole TepuMeTp U IIOWAlb
KOHKPeTHOT'0O MHOTOYTOJIbHUKA (Perimeter u Area), JOCTYIIHBI TONBKO JJIS
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YTeHUs, IpUYeM B JeKJIapaluu CBOMCTBA Ared HUCIIONb3yeTCS CUHTAKCUC
CKaTHsA 0 BIPAKEHMUS.

B kiacce Polygon KOHCTpyKTOp oOlero Buja ¢ yMaadyMBaeMbIMU 3Ha-
YeHUAMU TIapaMeTPOB U JBA JeKOHCTPYKTOpa. [IepBbIif U3 HUX — C AByMS
mapaMeTpaMu:

public void Deconstruct(out int n, out double r)
{r = Radius; n = Numb;}

[TapameTpsl 3TOTO JEKOHCTPYKTOPA BO3BpAIAlOT 3HAYEHUS aBTOpeasu-
3yeMBIX CBOMCTB 0O0'bEKTa Kjacca.

CIHCOK ITapaMeTPOB BTOPOTO IEKOHCTPYKTOPA JOTIOJIHEH TPETHUM I1apa-
MeTpoM (out double ambit), mo3BoAIONIUM TONYYUTh 3HAUYE€HHE CBOMCTBA,
BBIYUCJIAIONIETO TIEPUMETP MHOT'OYTOJMbHUKA, [TPEeACTaBIeHHOT0 00bEKTOM
KJIacca.

Cunrakcuc sa3bika C# gomyckaeT HeCKOJbKO BapUaHTOB OpraHu3a-
IIMY BBI30Ba JAEKOHCTPYKTOpPA. TaK KaK JeKOHCTPYKTOP OIpeaeseTcs Kak
OTKPBITBIA HECTATUYECKUM METOZ KJacca, TO U oOpamaTbcsa K HeMy MOXKHO
HeIoCPeACTBEHHO, HUCITOIb3YA CChUIKY Ha OOBEKT KJacca:

Polygon poly = new Polygon();
poly.Deconstruct(out int n, out double r);

Console.WriteLine("Numb = " + n + "; Radius = " + r);

ITpu co3ganuu 0O6beKTa, aZpecyeMoro cceuikoil Polygon poly, ucmnonb3ay-
IOTCS yMalYMBaeMble 3HaUeHUs MTapaMeTPOB KOHCTPYKTOpa. B pe3ynbraTe
BBITIOJTHEHUSA AEKOHCTPYKTOpPA OIpeJesisseMble HaJIETy epeMeHHble (int n
u double r) monydyaT 3HavyeHUsA aBTOpeaJn3yeMbIX CBOMCTB. PesynbTar
BBITIOJIHEHUS TaKOTO ¢pparMeHTa IPOrpaMMBI:

Numb = 3; Radius = 1

g ynpoieHuA BeI30Ba AeKOHCTpyKTopa B C# 7.0 BBeZieH crieiiaabHbIN
CUHTAKCUC:

(cnucok_apaymeHmoB) = ccbinka_Ha_obbvekm;

B cnucke apryMeHTOB IepeuMCIAI0TCA MMeHa IIepeMeHHBIX, THUIIBI
Y T0CJ/eJ0BaTeNbHOCTh KOTOPBIX JOKHBI IIOJTHOCTBIO COOTBETCTBOBATH
cierudUKaLMU BRIXOAHBIX (C MoaudUKaTOpaMu out) IapaMeTpoB JAeKOH-
cTpykropa. Kak u mpu HemocpeJCcTBEHHOM oOpalleHuU K JAeKOHCTPYK-
TOPY, IeEpeMeHHbIe, UTPAIOIIVe POJIb APTYyMEHTOB, MOTYT OBITh OOBABIEHBI
«Ha JIeTy», T. €. B CIIUCKe apryMeHToB. OHako (B OTIMYMe OT CIIKUCKa apry-
MEHTOB IIPSMOTO BBI30BA J€KOHCTPYKTOPA) apTyMeHTHI (Jaxke IpU UX 00b-
ABJIEHUM «Ha JIETy») He CHabXkaloTcsA MoAndUKaTopaMu out.

[Ipumep obpaieHusa K ZEKOHCTPYKTOPY C TpeMs ITapaMeTpaMu, KOTJa
TUITBl APTYMEHTOB OOBSABIEHBI «HA JIETY>:

(int nv, double rv, double pv) = poly;

Console.WriteLine("Numb = " + nv +

; Radius = " + rv + "; Perimeter = " + pv);
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PESYJIbTaT BBITIOJIHEHHA TaKOTI'o (bpal"MEHTEl IIporpaMMBIL

Numb = 3; Radius = 1; Perimeter = 10,3923048454133

ToT xxe pesynerar OyAeT MONYYECH, €CU 3aMEHUTD OJVH onepaTop obpa-
IEHUA K AeKOHCTPYKTOPY TAKUM KOAOM:

int nv;
double rv, pv;
(nv, rv, pv) = poly;

Tak xak cnenu$prKanyd napaMeTpoB JeKOHCTPYKTOPa OAHO3HAYHO OIpe-
AensgeT TpeGOBaHMS K apryMeHTaM, TO BO3MOXXHO IIpUMeHeHHe HeABHOM
TUnmu3anun. [ipumep obpanieHus K JeKOHCTPYKTOPY € ABYMS MApaMeTPaMH,
KOT/Ia THITH apTyMEHTOB BHIBOJUT KOMITIJIATOD:

(var num, var rad) = poly;
Console._WriteLine("Numb = ™ + num + "; Radius = " + rad);

Pe3yabTaT BHIIONHEHUA MPUBEAEHHOTO ¢parMeHTa NpOrpaMMbl:
Numb = 3; Radius = 1

JlonycTUMO U Takoe cOKpallleHUe 3allMCH BBI30Ba AeKOHCTPYKTOpPA:
var{num, rad) = poly;

Ecnu npu ofpallleHuy K AeKOHCTPYKTOPY HE HY)KHBI HCKOTOPEHIC U3 3HA-
YeHUH, TO BMECTO COOTBETCTBYIOUIUX UM ApTyYMEHTOR HCTOMb3YIOT TOJ-
CTAHOBKY: «_», HalpuMep, 9TOOHI TOMYYHUTb TOABKO 3HAYEHUE TIEPUMETPA,
KCIIOAB3YIOT TAKOU KOJ:

var (_, _, perimeter) = poly;
Console. WriteLine("Perimeter =

+ perimeter);

Pe3y/IETaT BHIOJIHEHMA PHBeAeHHOTO ¢parMeHTa NpOrpaMMEI:

Perimeter = 18,3923048454133

J1o CUX TTOp MBI pacCCMAaTPUBAIU BO3MOXXHOCTU JA€KOHCTPYKTOPOB Ha IIpU-
Mepe KJacca, OUpeJejJeHHOTO MPOrpaMMUCTOM, KOTAA AEKOHCTPYKTOP
MOXXHO J€KJIapUpOBaTh HEMOCPEACTBEHHO B 0OBABIEHUH Kaacca.

Pacurupsionpe MeTO/B ITO3BOAAIOT CO3/[aBaTh JeKOHCTPYKTOPH B A
CTPYKTYP M TE€X KJIACCOB, KO/ KOTOPHIX MPOTPAMMUCTY HEOCTYTIEH, B Kave-
CTB€ IPUMeEpa OIIPeAEANM B BUE PACIIUPAIOIINX METOAOB JeKOHCTPYKTOPHI
anst 6ubanorednon cTpykTypsl Complex, npeaHasHayeHHOUN Ay paboThH
¢ KOMIUTEKCHBIMU YHACAaMHA. OCOOEHHOCTH CTPYKTYP OYAYT pacCMOTPEHH
B CAeAYIOUIVX IIaBaxX, HO pacUIUpAONINe METOAbl ANA CTPYKTYp U obpa-
LIeHUs K CBOHCTBAM CTPYKTYpD BHEIIHe He OTIUYAOTCA OT PaCLIUPAILIINX
METO/IOB JJIsT KJIACCOR, MO3TOMY IIpUMep OyAeT MOHsTEeH.

ITpumeuanue. Bubnuorevynana crpykrypa Complex mpuHaA/IeKUT TPOCTPAHCTBY
nMeH System.Numerics ¥ HaxoAUTCA B cOopKe System.Numerics.dll.
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Ui noaxA4eHusa c6OpKU K MPoeKTy HeobxoauMo B ofo3peBaTene pelieHUid
«pa3BepHYTb» CTIMCOK MPOEKTa, NPaBOH KHOMKON MBIIIHM aKTUBHPOBATh MYHKT
«CChLIKW». VI3 pasBepHYBINEroca MEHIO BHIOpAaTh MYHKT «/JJ0OaBUTh CCBLAKY...»,
Ha naHenu «MeHeJXkep CCLHIAOK» aKTHBUPOBATh MYHKT «System.Numerics»
U HAXKATb KIaBHILY «OK».

YroOwl cOOpKa cTajla AOCTYIIHA B KoAe, MOTpebyeTca JVpeKTHRA:

using System.Numerics; // fipocmpaHcmBo umex Ona Complex

B crpykType Complex yeTrIpe cBOMCTBA:

Imaginary — MHMMas 9acTh KOMILUIEKCHOT'O YHCJIa;

Magnitude — Moaynp (abconoTHOE 3HaUYEHNE) KOMIUIEKCHOI'O YUCA;

Phase — aprymenT (¢a3a) KOMILUIEKCHOTO YMCJIA;

Real — BelecTBeHHAA 4acTh KOMIUICKCHOTO YHCIA

UTobbl TOAYIATE U3 3K3EMIUIApPa CTPYKTYPH THma Complex 3HayeHUA
NepPeYNCIeHHBIX CBOMCTR, onpelenum craThudeckui knace ComplexHelper
¢ MeTOAOM-ACKOHCTPYKTOPOM, PacHIUPAKIINM BO3MOXHOCTHA THIA
Complex. TeKCT NporpaMMBbl ¢ 3TUM KJaCCOM:

using System;
using System.Numerics; // Ans muna “"Complex”...
public static class ComplexHelper
{
[/l AexoHcmpyrkmop (Beprem Bce cBolicmBa 2K3emnnapa):
public static void Deconstruct(this Complex cm,
out double magnitude, out double phase,
out double real, out double image)
{
magnitude = cm.Magnitude;
phase = cm.Phase;
real = cm,Real;
image = cm.Imaginary;
}
} // class ComplexHelper
class Program

{

static wvoid Main()

{
Complex cmp = new Complex{4, 6);
{(double module, double argument, _, _) = cmp;
Console . WriteLine("module = " + module);
Console . WritelLine("argument = " + argument);

}
}

Pe3ynbTaThl BEITOJHEHHUA IPOrPAMMBI:

module = 7,211108255092798
argument = ©,982793723247329

Y AeKOHCTPYKTOpA IISATh napamMeTpoB. [lepBuiil ¢ MoguduraTopom this
COOTHOCUT METOZ ¢ 3K3EMIUIAPOM CTPYKTYphl Complex. OcTanbHBIE YETHIpe
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IapaMeTpa BO3BpalllalOT COOTBETCTBYIOLIE HAa3BAHUAM 3Ha4YeHUA CBOVCTB
KOMIUIEKCHOTO 4yuciaa. B meroge Main() co3zaH 3K3eMIUIAP CTPYKTYPHI
Complex u npezcTanAmman 3TOT 3k3eMIUIAp ccblika (Complex cmp). [Tpu
obpalleHUy K KOHCTPYKTOPY B KauyecTBe apTyMeHTOB yKa3aHBI JIBA apry-
MeHTa — 3HayeHU BellleCTBEHHON M MHMMOM YacTell KOMIUIEKCHOTO YucJa.
OHU M3BECTHHI U3 KO/]a BEI30BA KOHCTPYKTOPA, ITO3TOMY IPU obpaleHuu
K IEKOHCTPYKTOPY AIBHO JIeKJIapUPOBaHHI Ha JIeTy TOJIbKO IlepeMeHHbIe /I
apryMeHTOB, TOJy4YalolnuX 3HaUeHUsA MOAY/A U apryMeHTa KOMILIEKCHOTO
yrcia. Pe3ynbTaThl BEIIOTHEHUS IPOTPaMMbl WUIIOCTPUPYIOT TOJIydaeMble
3Ha4YeHUs.

KOHTPOJ’IbeIe BOMPOCbl N 3alaHNA

OO6BbACHUTE IPUHITUIIBEI MHKATICY/ISIIIUY U €€ IPUMEeHeHU K KjlaccaM.
B 4eM oT/iM4MA CBOUCTB OT IOJIEN?
[TpuBeaute popmaT 0OBSIBIEHUS CBOMCTBA.
Kakuve MmoanduKaTOphl UCIIONb3YIOTCS B 00BSIBJIEHUN CBOMCTBA?
YTo Takoe TUII CBOMCTBa?
YTO TaKoe TeJIo aKceccopa B OOBSABIEHUM CBOMCTBA?
Kakuve MmoauduKaToOphl 0ITyCTUMBI B O0BSIBJIEHUHN aKceccopa?
Kakum nzpeHTrdUKaTOPOM IpeCTaBIeHO B Set-aKkceccope HOBOE 3Ha-
YyeHHe CBONCTBA?

9. Kak MOXXHO 3aZjaTh 3Ha4€HNEe CBOMCTBA, IPUTOJHOT'O TOIbKO JJIA UTe-
HUA?

10. O6bsacHUTE Ha3HAYEHHE MEXaHN3Ma aBTOPeaIN3yeMbIX CBOUCTB.

11. B xakoM ciy4dae s JeKJapalluy CBOMCTBA MOXXHO IPUMEHSATh CUH-
TaKCUC CKATUA [0 BhIpaKeHUdA?

12. Y10 Takoe CKpHIThHIE MOIA?

13. O6BsacHuUTE posb cayxebHOro cioBa this B ungekcaTope.

14. MoxeT i1 B OHOM KJiacce OBITh HECKOJIBKO MHAEKCATOPOB?

15. Kaxkoit Tun fonmyCcTuM JJ1d IapaMeTpa uHAeKcaTopa?

16. B xakoM ciydae s UHJeKcaTopa pa3pellleH CUHTAKCHUC CXKaTus
Z10 BBIpAXXEHUA?

17. HazoBute 0COOEHHOCTHU JleKIapalliil pacInupsIouero MeToa.

18. Kakumu crocobamMy MOXXHO 00paIiaThCsA K PACIIUPSIOUIAM METO-
Jgam?

19. 4Yrto Takoe JeKOHCTPYKTOp?

20. Kakue orpaHndeHUa HAJOXEHBI HA ITapaMeTpHl IeKOHCTPYKTOpa?

21. B ueM 0c0O6EHHOCTh BHI30Ba IEKOHCTPYKTOPA?

22. Kak npu obpalieHuu K eKOHCTPYKTOPY UTHOPUPOBATH TOJMyYeHUe
3HayYeHUA apryMmeHra?

NN R WD



Inasa 13
BKJTKYEHUE, BNOXKEHWUE W HACIEQOBAHUE
KNACCOB

13.1. BknioueHue 06beKTOB KnaccoB

B coOTBeTCTBUU ¢ OCHOBHOU 3aAauel, pelllaeMoii TpU MPOeKTUPOBAHUHU
MPOTPaMMBbI, BXOAAINUE B HEE KJIACCH MOTYT HAXOJUTLCA B PA3HBIX OTHO-
menuax. Hanbonee nmpocTtoe — OTHONIEHUE HE3aBUCUMOCTH KJIACCOB, T. €.
He3aBUCUMOCTHU MOPOXKAaeMBIX UMM 00beKTOB. Boslee clIOKHOE — OTHO-
HIeHHe BKJIIOYEHUA, /51 KOTOPOT'O UCIIONEB3YIOT HAa3BaHUA «AMeeT» (has-a)
U «BKJIIOYAET», UHAYE «ABJIAECTCA YacThIO» (is-part-of).

B Teopuy 00beKTHO-OPUCHTHPOBAHHOIC aHAIM3a PA3AUYAIOT ABe GOPMEL
OTHOIIEHUs BRIIOUEHNA — KOMIIO3UIIMIO U arperatuio.

[Ipy OTHOIIEHUU KOMRO3ULUU OOBEKThl OHOTO KJIacca WU HECKOMb-
KHX Pa3HbIX KJIACCOB BXOAAT KaK NMoJA B 0OBEKT Apyroro (BKIIOYAOLIEro)
ki1acca. Takum obpa3oM, BKIAKOUYEHHBIE OOBLEKTH HE CYIECTBYIOT De3 BKIK-
YAOIIEero UX OOBEKTA.

IIpn OTHOWIECHUHN azpezauuu oOBEKT OJHOI'C Kjacca oObeANHAET yKe
CylIecTByImMNe 0ObeKThl APYTUX KJIaCCOB, T. €. U BKIOYAKMUI 00beKT,
U BKJIIOYAEeMbI€ B HETO OOBEKTHI CYIECTBYIOT B HEKOTOPOM CMEICIIE CAMO-
cToATEeABHO. [IpN YHUUTOXEHNH BKIIOYAIOIIEro 00BEKTA BXOAUBIINE B HETO
0OBEKTHI COXPaHAIOTCA.

PaccMoTpuM Ha mpuMepax OCOOEHHOCTH peanu3aluu Ha sA3bike C#
OTHOIIEHUH KOMIIO3UILIVH U arperaym,

OnpeaenuM (mporpamma 13_01.cs) kiacc «ToUKa Ha ITOCKOCTH»:

class Point

{
double x, vy,
public double X {get {return x;} set {x = value;}}
public double Y {get {return y;} set {y = value;}}
}

B knacce 3akpriTie mosa double x, y onmpeiendaioT KOOPAWHATH TOYKH.
CaoiictBa X 1 Y obecnieynBaroT yA00OHBIH AOCTYN K KOOPAUHATAM TOYKH,
npeAcTaBleHHONU oO6bekToM Kiacca Point. B knacce Point HeT sIBHO onpe-
JIeIEHHOT0 KOHCTPYKTOPA, U KOMITWIATOP A0OAaB/AeT KOHCTPYKTOP YMOMYA-
HUS — OTKPHITHI KOHCTPYKTOP Oe3 napameTpoB. KoopauHaTH co3jaBae-
MOH TOYKM MO YMOMYAHUIO MMOJYYaIOT HYJACBEE 3HAUYCHUA.
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O6DBeKTH Kaacca Point MOXKHO MO-pasHOMY BKIIOUATL B 6oJlee CIOKHEIE
KJacchl. Bo3dbMeM B KadeCcTBe TAaKOTO BKIIoUaANOlerco kiacca knace Circle,
06BEKT KOTOPOTO MPEACTABMAET «OKPYKHOCTb Ha IUIOCKOCTH». OOBEeKT
Knacca Point (Touky) OyieM UCTIONB30BAThL B KAYECTBE MEHTPa OKPY)KHOCTH.

HauyneM ¢ KoMno3uyuu KAaccos U, OTJIOKUB 0OBACHEHUS, JaJUM TaKoe
onpeAeNeHHe Kacca:

class Circle
{ // 3axpbvimbie nong:
double rad; // paduyc okpyxHocmu
Point centre = new Point(); // uenmp okpyxHocmu
// CBoiicmBo 818 paduyca OKpywHocmu:
public double Rad

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

}

// CBolicmBo 0na 3HQ4YEHUA GAUHE CKPYXHOCHU .

public double Len { get { return 2 * rad * Math.PI; } }
// CBolicmBo 008 uenmpa OKPYXHOCMU:

public Point Centre

{

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

}
public void display()

{
Console.WritelLine{"Centre: X={6}, Y={1};"
+ " Radius={2}, Length ={ 3, 6:f2}",
centre.X, centre.Y, this.rad, Len);

}
}

B knacce Circle aBa 3akpuTEIX moas: double rad — paauyc oKpyxHO-
cTH | Point centre — cchika Ha 00beKT Knacca Point. Jng HHHIHAIA3A-
LIUM 3TOU CCHUIKU UCTIOAb3YeTCsl BHIpaXkeHUe ¢ ollepalifieil new, B KOTOPOM
BHIMOMHAETCA ABHOE ofpalieHrue K KOHCTPYKTOPY Kiaacca Point, Tem cambiM
IpU CO3JaHUU KaXA0To 06beKTa «OKPYKHOCTE» BCeTAa CO3JaeTcs B BUAE
ero noas 0OBEKT «TOYKa», ONPEASAAIoNUH HEHTP OKPY)KHOCTH.

Tpu OTKPBITHIX CBOMCTBA 00eCmeuuBaOT JOCTYI K XapaKTePUCTHKAM
obbeKTa-okpy)kHocTu: Rad — paauyc okpyXHOCTH, Len — AnuHA OKpyX-
HocTH, Centre — MeHTP OKPYKHOCTH.

B knacce onpeaened oTKpBITHIN MeToa display(), BEIBOAAIUI KoOpAN-
HATBl IIEHTPa U 3HAYEHU:A JPYTUX XapaKTePUCTUK OOLeKTa, peACcTaBIIAIO-
LIETO OKPY>KHOCTB.

Tax kak B knacce Circle HeT ABHO ONpeJeNeHHHX KOHCTPYKTOPOB,
TO HesIBHO CO3JaeTCs KOHCTPYKTOP He3 apaMeTpOB, U IO ONpeAessieMOTo
¢ €ro NOMOUIBI0 0OBEeKTa NMOAYYalOT 3HAYCHUSA 110 YMOTIaHUI).

B caezyioeit mporpaMme cosgaH obbekT Kiaacca Circle. 3aTeM ¢ moMo-
IIBIO ¢BOICTB Kaaccos Circle u Point u3aMeHeHH 3HAYEHUA ero moaei. MeTtos
display() BEIBOAUT cBeAeHUs O XapaKTepHUCTUKaxX oObeKTa.
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static void Main()

{
Circle rim = new Circle();
rim.Centre.X = 18;
rim.Centre.Y = 29;
rim.Rad = 3.9;
rim.display();

}

PESYJIBTEIT BBITIOAHEHNNWA TIPOTrpaMMBbI.
Centre: X=10, Y=28; Radius=3, Length= 18,85

OCHOBHO€, Ha 4TO cleAyeT oOpaTUTh BHUMaHUe, — B IpOrpaMMe HeT
OTAENbHO CyllecTBYyIollero obbekTa Kiaacca Point. IMeHHO 3TO ABIseTCA
OCHOBHBIM MPH3HAKOM KOMITO3UIIMU KJaccoB, OO6BeKT Kaacca Point ApHO
CO3/1aeTCA TONBKO TIPU Co37laHnK 00BbekTa Kiracca Circle,

Ha puc. 13.1 npuBeaena guarpaMmMa KJIacCOB, HAXOAALMXCA B OTHOIIE-
HUU KOMIIO3UIUK. KOHCTPYKTOPH YyMOM9aHusA, KOTOpble 100aBaeHbl B 005-
SIBJIEHUS KJacCOB aBTOMATH4YeCKH, Ha cXeMaX KJIacCOB He MoKaszaHbl. ToT
¢$aKT, 4yTO cChlIKa Ha 0OBeKT Kaacca Point ABadeTca 3HaYeHHEM MOJA centre
obbekTa knacca Circle, HUKAK SBHO He 0003HAYEH,

»

Point A Circle

Class Class
=l Fields =l Fields
37 x 47 centre
4y 47 rad
= Properties = Properties
=X _j" Centre
e b 5 Len
; ' Rad
= Methods
v display

Puc. 13.1. Anarpamma KOMNO3NLNKA KNAaccoB

He uaMeHssa kiacc Point, MOXKHO cleAyIOMHAM o0pa3oM MOCTPOUTH
KJIACC «OKPYKHOCTh Ha TUIOCKOCTH», HCIOAb3Ys arperanuic KiIaccor (mpo-
rpamma 13_2.¢s):

class Circle
{ // 3axpbvimbie nons:
double rad; // paduyc oxpyxHocmu
Point centre; // cceirka 6Ge3 uruluanusayuu
public Circle(Point p, double rd) // koHcmpyxkmop
{
centre = p;
rad = rd;
}
public double Rad {...}
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public double Len {...}
public Point Centre {...}
public void display() {...}

}

B TexcTe HOBOTO Kiaacca Circle mokazaHbl MOMHOCTBIO TONBKO O0BABIE-
HUA TIO/IeH M KOHCTPYKTOP, MEPBLIi mapaMeTp KOTOPOTO — CCHUIKA Ha 06h-
eKT knacca Point, Coiictea u MetoA display() ocranuck 6e3 U3MeHEeHWH.

[Mpu TakoM M3MeHeHHOM omnpeeneHun kiaacca Circle gns cosgaHus
ero obbeKkTa Heo6X0AUMO, YTOOBL VKe CyllecTBOBaA 06BeKT Kaacca Point,
¢ IOMOUIBEIO KOTOPOTO B 00bekTe Kiacca Circle OyzeT onpeseneHo 3Ha4eHUe
MoJIA centre.

JluarpaMmMa KJ1accoB, HaXOAANIMXCA B OTHOLIEHWH arperanuui (puc. 13.2),
MPAKTAYECKH Ta XKe, 9TO U ZuarpaMmma KoMmmosuiiuu. Toasko B knacce Circle

ABHO IIPUCYTCTBYET KOHCTPYKTOP 00IIero Buaa.

Point A Circle A
Class Class
= Fields = Fields
47 x 47 centre
g’y 47 rad
=/ Properties = Properties
_“j' X _j‘ Centre
B Y j‘ Len
' Rad
=l Methods
v Circle
v display

Puc. 13.2. Anarpamma arperaynv Knaccos

B cnegytouieit nporpamMe (B metoze Main) cosgaH o6bekT kaacca
Point. 3aTeM ¢ MOMONIBIO CBOMCTB X ¥ Y U3MEHEHH 3HAYEHUS €ro MoJek.
Ha ocHoBe 3Toro o6beKTa KOHCTPYKTOP Kiacca Circle dopMupyeT 06beKT
«OKPYKHOCTb Ha IIOCKoCcTH». MeToa display() BLIBOZUT cBeAeHUsA O Xapak-
TEPUCTUKAX IOCTPOSHHOTO 0OBEKTA.,

static void Main()

{
Point pt = new Point();
pt.X = 19;
pt.Y = 20;

Circle rim = new Circle{pt,18);
rim.display();
s

PESYJIbTaT BEHITIOMTHEHMA NIPpOTrPaMMEL

Centre: X=18, Y=20; Radius=10, Length=62,83
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B ominuue oT KOMNO3ULMU, IPK arperaiuu B knacce Circle HeT ABHOIM
VHULIMAIM3ALMH N0/ centre, J1a obecniedeHUs BKAIOUeHNA 00BeKTa K1acca
Point B o6bekT Kacca Circle B knacce Circle ABHO onpeiesieH KOHCTPYKTOP,
OJHUM W3 TTapaMeTPOB KOTOPOTO CIYKHUT CCHUIKA Ha 00BEKT Kiacca Point.
B Tesle KOHCTPYKTOpA 3HAYEHUE 3TOM CCHUIKY IIPUCBAUBAETCA TOMIO centre
knacca Circle.

13.2. BnoxeHue KnaccoB

B oGBpABRIEHUE KIacca B KAYECTBE €ro WieHa MOXKeT BOUTU OOBABIeHNE
Tuta. TAKUM TUIIOM MOXKeT OBITh KIacc. 3TOT BHYTPEHHUH KJAACC HA3RIBAKOT
8JIOJMCEHHbIM KJIACCOM, a BKJIIOYAKOLIUIT ero kiace — sHewHum. OcobeHHO-
CTBIO BJIOJKEHHOTO KJIAcca ABAAETCA TO, YTO €My ZOCTYIHEL BCE 'WICHB BHEIL-
HEero KJIacca, JaXke eCM 3TH WICHH 3aKprIThie (private). OOBIMHO BAOXKEH-
HBIN KJIacC BBOAUTCA TOJBKC JJIA BHIIOMHEHUA JeHACTBUN BHYTPY BHENIHETO
KJacca U «He BH/IEH» BHE BKJIIOYAIOIIEro ero kiaacca. OHaKO BIOXEHHBIN
KJIacC MOXeT OBITh OOBABIEH ¢ MoANGUKATOPOM public U Toraa oH cTaHo-
BUTCA JOCTYIIeH Be3Je, TAe BUAeH BHEIIHHH kjacc. Ecau OTKPHITHIN Kiacc
Nested BnoxeH B xiacc Outside, To A1 BHEIIHEro o0palleHUs K BIOKeHHOMY
KJIACCy CIIEAyEeT UCTIOMb30BaTh KBamuduipposandoe ums Qutside Nested.

TIpoAieMOHCTPUPYEM CHUHTAKCUC BIOXKEHUSA KJIACCOB Ha MpUMeEpeE Kacca
okpyxHocTtu (Circle), 1leHTp KOTOPOH IpeAcTaBAAeT 0OBEKT BAOKEHHOTO
knacca Point. YTo6b BO3MOXKHOCTU BHelTHero kiacca Circle 6511y 6a1usku
K BO3MOXXHOCTAM VXK€ PacCMOTPEHHEBIX KJIacCOB, PEAJH3YIOMUX KOMIIO3U-
LHIO U arperanyio, ceaaeM BAoKeHHBIN ki1ace Point OTKpHEITEIM. B cieayto-
el nporpaMMe o6bABNECH YKa3aHHBEIN Kaacce Circle ¢ BAOKeHHBIM KIaccoM
Point,

// 13 83.cs - Baoxenue knaccoB
using System;
class Circle
{ // 3axpvimbie nona:
double rad; // paduyc oxpyiHocmu
Point centre = new Point(); // uenmp oxkpyxHoCmu
// cBolicmBo 0na paduyca OKpYyXHOCWU:
public double Rad
{
get { return rad; }
set { rad = value; }
}
// cBolicmBo 0na 3HAuYeHUs OAUHBI OKpYyXHOCMU:
public double Len { get { return 2 * rad * Math.PI; } }
// cBolicmBo 0AR” UeHmMpa OKPYXHOCHU:
public Point Centre
{
get { return centre; }
set { centre = value; }

}
public void display()
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{

Console.WriteLine("Centre: X={8}, Y={1}; " +

"Radius={2}, Length={3,6:f2}",

centre.X, centre.Y, this.rad, Len};

}

public class Point

{
double x, y;

public double X { get { return x; } set { X
public double ¥ { get { return y; } set { ¥

} // end of Point
} // end of Circle
class Program

{

static void Main()

{

Circle rim = new Circle();

rim.Centre.X
rim.Centre.Y
rim.Rad = 30.
rim.display();

S no

;]

100;
200;

' Circle
Class

= Fields
47 centre
47 rad
= Properties
j" Centre
=T Len
' Rad
= Methods
v display
=l Nested Types

~ Point
Class

=/ Properties

T X
e

value; } }
value; } }

»

»

Puc. 13.3. Qunarpamma BNOMeHWA KNaccoB
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PE3YJIBT3T BLHITIOMTHEHNMA MIPOTPaMMEL

Centre: X=168, Y=2860; Radius=36, Length=188,58

B knacce Circle 11 MHULMAMIU3aUU MOAA center UCIOAb3yeTca KOH-
CTPYKTOp yMom4anus knacca Point. [Ipedukc «Circle.» mpu aToMm He Tpe-
OyeTcsi IPUMEHATh, XOTA €ro UCIOJb30BaHUE He MPUBEET K OUbKe.
To e caMoe OTHOCUTCA U K 0003HaYeHMIO TUna cBoiictBa Centre. Her
ABHOTO ONpeAcJcHUA KOHCTPYKTOPOB U BO BHeIIHeM kjaacce. [losTomy
B MeToge Main() A1a coszaHus 0O6beKTa, aCCOLUMUPOBAHHOTO CO CCHIIKOM
rim, UCHOAb3yeTcsa KOHCTPyKTOp yMmonuanus Circle(). Jns obpaimenus
K CBOMCTBaM, OIpeAeAIONIUM IIEHTP OKPYKHOCTH, TOTpeboBanoch, Kak
¥ NPU KOMIO3ULINY, UCIOAB30BaTh UMEHA ¢ ABOMHON KBanudurauue:
rim.Centre.X u rim.Centre.Y.

B ominvue OT KOMIO3ULIMU U arperaijuu, Mpu BAOKEHUH KIAacCOB BHY-
TpeHHUHN Kaacce (He TOMbKO 0OBEKT, HO U caM BHYTPEHHHUH KJacc) He cylle-
CTBYET HE3aBUCUMO OT BHewHero. Ha AguarpaMme KJacCOB BIOMKEHHBIH
KJIacc u3obparkaeTcd UMEeHHO BHYTPU BHellHero (cM. puc.13.3).

13.3. HacnepoBaHKe KnaccoB

Hau6onee 60raThiM B OTHOUIEHUU MOBTOPHOTO HUCIONB30OBAHUA KO/A
¥ noauMopdrzMa ABIAETCA OTHONIEHWE HACAEAOBAHUA KIaccoB, /Iia Hero
HCIIONb3YIOT Ha3BaHUe «aBadeTca» (is-a). [Ipu HacleZoBaHUU O6BEKT IIPO-
W3BOAHOTO KJAACCa CAYKUT YACTHHIM CAyYaeM WIH cheldanusanmueii oon-
ekTa 6asoBoro kiacca. Hanpumep, Beaocume/] IBAsSETCA YaCTHBIM CAydaeM
TPaHCIIOPTHOrO CpeAcTBa. He MpoBOAA CpaBHUTENBHOI'O aHAAU3a BCEX
TOHKOQCTEH BO3MOXKHBIX OTHOIIEHUH MEXAY KiraccaMu (3TUM HYKHO 3aHU-
MaThbCA B ClIeLIUAIbHOM Kypce, TTOCBAIIeHHOM 00beKTHO-OpUeHTUPOBaHHOH
METOAOJIOTHH, CM., HanpuMep, [2]), mokaxeM Ha IIpUMepe paccMaTpuBae-
MBIX KJIACCOB «TOYKA Ha IUIOCKOCTH» U «OKPYXKHOCTD € 33/]aHHBIM TOYKOM
LIEHTPOM>», KaK peanusyeTca Hac/aeAoBaHue B A3vike C#. MTak, kaacc Point
ByaeTt 6a30BEIM KjaccoM, a kiaacc Circle caemaeM ero HacaeIHUKOM, UHAYE
TOBOP#, IPOM3BOJHBIM OT HETO.

Jna oOpABIEHUA KIacca, KOTOPBIN ABIACTCA HACASAHUKOM HEKOTOPOTO
6a30BOT0 KIACCa, UCTIONB3YETCA CIEAYIONINNA CHHTAKCHUC:

modupukamopsi,,, class
uma_npousBodnozo_xnacca : uma_basoBoeo_kaacca
{onepamopel_mena_npousBodHozo_kxknacca}

KoHcTpykimus «: ums_6azoso2o_xnacca» B crauaapte C# Ha3wmBaeTcA
cneyuguxayuetl 6asbt Kracca.

TakuMm obpasom, kaacc Circle xak IpOM3BOAHBIN OT 6a30BOTO Kjaacca
Point, MOKHO ONpeAENUTE TaKUM obpaszoMm (mporpamma 13_04.cs):
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class Circle : Point // knacc “okpykHocme Ha nnockocmu™
{ // 3akpwmoe none:

double rad; // paduyc oxkpyxHocmu

// cBolicmBo Ana paduyca oKpyxHocmu:

public double Rad

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

¥

[/ cBolicmBo Ona 3HQueHUss QAUHBI OKPYXHOCHU:

public double Len { get { return 2 * rad * Math.PI; } }
// cBolicmBo 0n8 uyeRmpa OKPYXHOCWU:

public Point Centre

{
get

{

Point temp = new Point(};
temp.X = X;
temp.Y = Y;
return temp;
}

set { X = value.X; Y = value.Y; }

}
public void display()

{
Console.WriteLine("Centre: X={0}, Y={1}; “

+ "Radius={2}, Length={3,6:f2}",
X, Y, rad, Len);
}
}

[To cpaBHEHUIO C MPEALIAYIIUMU TpUMepaMu Kiace Point He UBMEHMICA.
OH TaK e COAEPKUT JIBA 3aKPBITHIX MO/, 33/Ia0MUX KOOPAUHATE TOTKH,
1 JBa OTKPHITHIX cBolicTBa X, Y, o6ecneunBaiomux JOCTYI K 3TUM IIOJAM.
B knacce Point KOHCTPYKTOp Ao6aBieH KOMIIIWIATOPOM. B NMpou3BoAHOM
knacce Circle ABHO onpeaesneHbl: BelleCTBEHHOE Noje rad, TpH y»Ke paccMo-
TpeHHBIX ¢BoMcTBa Rad, Len Centre u Mmetoz display(). ABHOro onpezene-
HHS KOHCTPYKTOpa HeT U B kiaacce Circle. [ToaTomy o6bekThl kiacca Circle
MOKHO CO3JaBaTh TOJIBKO C UCIOAb3YEMBIMHU MO YMOMYAHUK 3HAYeHUAMU
noneit.

[Ipy HacaeZOBaHUM MPOM3BOAHBIN KJAACC «NOJAy4YaeT B HACAEACTBO»
BCE WIeHB! ([10jidA, CBOUCTBA, UHAEKCATOPBL U MeToAbl) 0a30BOro Kiacca,
3a UCKIIEHUEM KOHCTPYKTOPAa — KOHCTPYKTOP 6a30BOro Kiacca He Hacle-
ayercs. IMoayuaus or 6a30BOr0 KJIACCa €ro YieHbl, 6a30BBIHA KIACC MOMXKET
N0-pasHOMY «PacCMopAAUTLCA ¢ HacAeACTBOM». JIoCTym K moiaM H6a30BOro
KJIacca A1 WICHOB U 0OBEKTOB MPOU3BOAHOTO KJIacca paspelleH He BCeraa.
3aKpHITHE 4ieHb 6a30BOTro Kaacca HeAOCTYIHBL AAd WIEHOB U 0OBEKTOB
MIPOU3BOAHOr0 KJIACCa.

OTKpHITEIE WieHbl 6a30BOT0 Kacca AOCTYIHE JJIs1 WIEHOB U OOBEKTOB
NPOUSBOAHOTO kiaacca. B HaureMm mpuMepe kiacc Point uMeeT gBa OTKpPEHI-
TBHIX cBoHcTBa (X ¥ Y), KOTOPHIMU MOXHO NOJb30BaThCA KakK BHYTPU
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knacca Circle, Tak U BO «BHEIIHEM MHUpe», 06palaschk K 3TUM CBOIICTBAM
¢ TIOMOILBIO CCHUIOK Ha 00beKTH Kiacca circle. B metoze display(), a Taxke
B akceccopax colictBa Center MpOU3BOAHOIO KJIAacca BHIIOAHAETCA HEIO-
CpeACTBEHHOe ofpaleHue K yHacIeA0BaHHEIM CBoMcTBaM X, Y.

Ocoboe BHUMAHHE B HAIIEM NIPUMEpE ¢ HACKEJ0BAHUEM HYKHO 0OPaTHUTD
Ha cBoiicTeo Circle.Centre. [Tpu arperaiium ¥ KOMIo3ULUU kaaccos Point
u Circle 3HaueHUEM 3TOro CBOLMCTBA CAYXKUT CCBLIKA HAa HEMOCPEACTBEHHO
CYLIECTBYIOMNI 06beKT Kiacca Point. B ciydae HaclegoBaHUA B 00BEKTe
knacca Circle Het o6bekTa knacca Point — HacaeAytoTCA MOAS U CBOUCTBA
Knacca Point. TToatomy ana o6weasnenus B knacce Circle crotictsa Centre
00BeKT Ki1acca Point IpUXOAUTCS «pPeKOHCTPYUPOBATh»:

public Point Centre

{
get

{

Point temp = new Point();
temp.X = X;
temp.Y = Y;
return temp;

}
set {X = value.X; Y = value.Y;}

}

B get-akceccope sIBHO cO3AaeTcsl BpeMeHHBINH 00beKT Ki1acca Point, ero nosiam
€ TOMOLIBIO YHAISA0BAHHBIX CBOMCTB MPUCBAUBAIOTCA 3HAUEHUA NOJEH, yHaAC-
neaoBaHHBIX KiaccoM Circle ot 6azoBoro kiacca Point. CcbUIKa Ha 3TOT BpeMeH-
HBIN 0OBEKT BO3BpALLIACTCA Kak 3HadeHue cBokicTra Circle.Centre. Set-akceccop
cBoMcTBa Circle.Centre o4eHb MPOCT — HENOCPEACTBEHHO UCTOMB3YIOTCA
yHacsneAoBaHHBE cBolicTBa X, Y Knacca Point.

Creaytomnii parMeHdT mporpaMmmel (cM. 13_04.cs) AeMOHCTpUPYET BO3-
MokHOcTU Kiacca Circle.

class Program

{

static wvoid Main()

{

Circle rim = pew Circle();
rim.X = 24;
rim.¥Y = 10;
rim.Rad = 2;
rim.display();
rim = new Circle();
rim.display();
}
s

B metoze Main() co3zaan obbekT knacca Circle. On acconmuuporan
€O CCBUTKOM rim, U ¢ ee MOMOIIBIO OCYITECTBIAETCA JOCTYTI KaK K CBOMCTBAM
1 MeToZaM obbekTa kaacca Circle, Tak ¥ K cBolicTBaM o6beKTa 6a30BOTO
kinacca Point, cozgaHHoro B akceccope get cpoiictpa Circle.Centre. Creayio-
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mpye pe3yaAbTaThl BEIIIOAHCHHA IPpOrpaMMEl AONOMHAKT IIPUEBCACHHBIE 00B-
ACHEHHA.

Centre: X=24, Y=18; Radius=2, Length=12,57
Centre: X=0, Y=0; Radius=6, Length=0,00

B sasrike UML npeAycMOTPeHO crelHantbHoe 0003HauYeHue M9 OTHOIIe-
HUA HacaeAoBaHuA KiaaccoB. /IBa kmacca (puc. 13.3) uzobpaxatorcs Ha Jua-
rpaMMe OTAEIbHBIMH IPSMOYTONbHUKAMH, KOTOPEIE COEANHEHBI CILTOITHOM
JUHUEH co cTpeiakoil Ha OZHOM KoHle. CTpeka HallpaBieHa Ha 6a30BbIi
KJIacc.

Point A ' Program 2
Class Class
= Fields =l Methods
47 x 4% Main
a7y ‘
= Properties
el S
=y ~
Circle A
Class
-+ Point
= Fields
:',I fad
= Properties
7 Centre
' Len
' Rad
=l Methods
v display

Puc. 13.4. Qnarpamma K nporpamme 13_04.cs ¢ HacnegoBaHNEM KNaccoB

13.4. [locTynHOCTbL YNEHOB KNacca NpU HacneaoBaHUM

UneHsl 6a30BOr0 KJacca, MMEIONINe CTaTyc AOCTyIa private, kak ObIN
HEZOCTYITHBI JJIs1 BHEITHETO IO OTHOIIEHUO K 0OBABAEHUIO 6a30BOT0 Kaacca
MHPA, TAK U OCTAKOTCSH 3aKPHITBIMU A/ WIEHOB U OOBEKTOR MPOUIBOAHOTO
kiacca. YneHn! 6a30BOro Kiaacca, uMemwlye MogudukaTop public, OTKPBITH
A4 YWICHOB ¥ 00bEeKTOB IIPOU3BOAHOr0 KJacca.

B psaxe cnydaeB HeoOXoAUMO, YTOOH 4ieHBl 6a30BOro Kiaacca ObLIH
JAOCTYIHEL (OTKPBITHL) A YWIEHOB IPOU3BOAHOIO KJIacca, HO B TO e Bpems
6bUTH 3aKPBITH (HEJOCTYITHEL) A4 00BeKTOB IPOU3BOAHOTO Kacca. B atom
cnydae B 6a30BOM KJlacce 3TU WIEHBI AOMKHEI ObITh 3aUULUEHHbBIMU, T. €.
obpaeieHw ¢ Mmoguduxaropom protected. Cpasy ke OTMETHM, UTO €CIU
KJIacC paccMaTpUBACTCA BHE HAC/ICAOBAaHUsA, TO 3aIIUIIECHHBIE WICHBl HIYEM
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He OTJIMYAOTCA OT 3aKPHITHIX. K 3aluiileHHBIM WieHaM Kilacca Helb3s obpa-
LIAThCA U3BHe 00BABIEHHNA KIacca.

B npou3BoAHOM KJacce OOLIYHO BEOAATCA HOBBIE WIEHBI, ONIPEASASIIONINE
HOBOE TIOBEJeHUE U JOTIOTHUTEIbHEIE XapaKTEPUCTUKUA 0OBEKTOB TIPOU3-
BOZHOTO Kiacca. /i HOBBIX (He yHacAeZOBAHHBIX) WIEHOB IPOU3BOAHBIX
KJIacCOB UMeHa BHIOUPAIOTCA MPOUIBOABHO.

Ecnu B npou3BOAHOM Kiacce OOBABASH WIEH, UMA KOTOPOrO COBIAJaeT
¢ UIMeHeM KaKoro-nmbo wieHa 6a30Boro Kjacca, TO AJA UX pasAudeHHA
B IIPOU3BOJHOM KJIACCe UCTIQAB3YIOTCH YTOYHEHHBIE UMEHa:

this.uma_unena_npousBodHozo_xnacca
base.umsg_uneHa_bazoBozo_knaacca

[Tpu BHemHUX OOpaIeHnax OZHOUMEHHbBIE YWieHb 6a30BOro U MpPOU3BO-
AHOTrO KJIacca pa3jUvyaloTcs 1o TUIIaM 00BbeKTOB, A1 KOTOPHIX 3TU obpalie-
HUA BHITIOJHEHHI.

PaccmoTpum npumep. OnpeaeninM KJIace «Kpyr» U IPOU3BOAHBIN OT HETO
KJIAcC «KOMbIO». [IpeAnoNoKUM, 9TO Y HaC HeT HeOOXOAUMOCTH CO3/jaBaTh
0OBEKTHI KJIacca «KpyT», U OH OYAET UCMONb30BAThCA TOMBKO KaK 6a30BbIH
IS onpefeneHUs Apyrux knaccoB. Torga ero onpejeneHne MOXKeT OHTH
takuM (IIporpamma 13_05.cs):

class Disk // wnacc "kpya"

{
protected double rad; // paduyc kpyzaa
protected Disk(double ri) {rad = ri;} // xorcmpyxmop
protected double Area
{
get {return rad * rad * Math.PI;}
}
b

B kmacce Disk oaHo none rad, sagaronjee 3Ha4eHUe paJuyca Kpyra, KoH-
CTPYKTOp 061Iero BUZa U CBOMCTBO Area, IO3BOJSIONIEe TOMYIUTh 3HAUEe-
HUe IIoagy kpyra. [lapameTp KOHCTPYKTOpa ABHO UCMOAB30BaH B Teje
KOHCTPYKTOpA, [/I¢ OH 3aJaeT 3HaueHue nond rad, T. e. onpeaensaer paguyc
kpyra. Bce wienw knacca o6bpABAeHB ¢ MogubnKatopoM protected. [1pu
TaKOM OIIpeAe/IeHUH K1acC BHE HAWISAOBAHUA HU K YeMy He rogeH. Hepos-
MOXHO €037aTh 06beKT Kiaacca Disk — ero KOHCTPYKTOD 3aIuileHHBIH
(protected). Eciu y6path ABHO olpeeneHHblil KOHCTPYKTOP, KOMITWIATOP
A06ABUT OTKPBITHIM KOHCTPYKTOP YMOMYaHUA. Ho U B 3TOM cJIyuae Moib3bl
He BUJAHO — €03JaB OOBEKT, Hesb3d OyZeT o6paTuThCA K ero Moo WiIH
CBOMCTBY.

WcnoabayeM kiaace Disk B kauecTBe 6a30BOTO B CAEAVIONIEM OOBABICHUH:

class Ring : Disk // kaacc "konsyo"”

{

new double rad; // paduyc BuympenHell OKpyxHOCmU
[/ KoHCmMpyKmop:
public Ring{(double Ri, double ri)
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base(Ri} { rad = ri; }
public new double Area
{ get { return base.Area - Math.PI* rad *rad; } }
public void print()
{
Console WritelLine("Ring: Max_radius={@:f2}, "
+ "Min_radius={1:f2}, Area={2:f3}",
base.rad, rad, Area);

}
}

B mpouzBoaHOM Kaacce Ring mome new double rad onpezaenser snade-
HHE BHYTPEHHEH OKPYKHOCTH IPpaHULIBI KOAbLA. Paguyc BHEUIHEH rpaHULIbI
onpezaenaer oaHonMeHHOoe none double rad, yHacregoBanHOe U3 6a30BOTO
wiacca. Oba nond BHe o0pABAeHNA Kaacca Ring HeaocTynmHE. KOHCTPYKTOP
MPOM3BOAHOrO Kaacca Ring o6bABAEeH ABHO, KAK OTKPBHITHIH MeTOA KJacca.
Y 3TOrO KOHCTPYKTOpa ABa [MapaMeTpa, IO3BOJSIIINE 3a7aBaTh 3Hade-
HUA PaJiiyCcOB TPAHUIIB KOABIIA, B Teje KOHCTPYKTOpA BTOPOI mapaMeTp
double ri onpegenser BHyTpeHHUH paauyc. B MHUIUAIN3aTOpPE KOHCTPYK-
Topa :base(Ri) BBIIONHEHO ABHOE oOpalleHHe K KOHCTPYKTOPY 6a30BOro
knacca Disk. [TapameTp koHCTpykTOpa Ri CIyKUT apryMeHTOM B 3TOM o0pa-
meHur. OTMETHUM, 9TO /I MPOCTOTH KoJA HE UCMIONb3YIOTCA HUKAKHe Mpo-
BEPKH JOIYCTUMOCTH 3HAYEHUI MapaMeTpPOR.

O6paTuTe BHUMaHUe, YTO B OOBABAEHUE MOAA rad TMPOU3BOAHOTO
Kk1acca Ring BxoauT moandukarop new. [loAaBneHue new 00YCIOBICHO
CAeYIOIUM cornalleHueM A3bika C#. MIMA 4iaeHa MpOU3BOAHOTO KJaacca
MOXKeT COBIajaTh (BOJABHO WU MO OIIMOKe) ¢ MMeHeM Kakoro-1ubo dieHa
6asoBoro Kiaacca. B aToM ciydyae MM WieHa MPOU3BOAHOTO KJIacca CKpbi-
8aem WM, TOBOPAT, 3KPAHUPYem COOTBETCTBYIONee UMA 4ieHa 0a30BOTo
Kkaacca. Ilpu oTcyTcTBUH MoAN$UKATOpa New KOMIWIATOP BHIAAET CO00-
LleHHe ¢ YKazaHMeM COBMAJAKLINX UMeH U npednoxeHueM «Use the new
keyword if hiding was intended» — «Ucnonap3yiTe cayxebHOE CIOBO new,
eCJIM 9KpaHHpOBaHUe 3aILTIaHUpPOBaHO». IMEHHO AaA TOro, YTOOB YAO-
CTOBEPUTH KOMIIWJIATOP B NpeAHaMepeHHOM COBIAJAeHHU UMEH, paguyc
BHYTPEHHEH OKPYKHOCTU 00BABIEeH ¢ MoaudukaTopoMm new. To xe camoe
cAenaHo U npu oOBABIEHUHN B Kaacce Ring cBoiicTBa Area, ITO3BOJIAIOIIETO
MOAYYUTEL IJIOLAAL Koablla. KpoMe Toro, knace Ring yHac/neAoBaa CBOM-
CTBO C TEM e MMeHeM u3 6a30BOTO Kaacca. B get-akceccope cBolicTBa Area
K3 K1acca Ring BeinonaHeHo ApHoe obpaineHue base.Area k cBOHCTBY 0a3o-
Boro kiaacca Disk. OTKpuITBIE MeToZ print() MO3BOIAET BLIBECTH CBeASHUA
00 obpekTe kaacca Ring. BeiBoaaTca sHaueHus noaelt base.rad, rad u ceoii-
cTBa Area. OTMeTHM, 4YTO MPUHAAIEXKHOCTD WieHOB rad u Area xnaccy Ring
MOKHO MTOAYEePKHYTE, €C/IM 334aTh apryMeHTH MeToAa WriteLine() B TakoMm
BUJE:

Console _WriteLine("Ring: Max_radius={@:f2}, "

+ "Min_radius={1:f2}, Area={2:f3}",
base.rad, this.rad, this.Area);
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B kauecTBe WIIIOCTpAaLUM BO3MOXHOCTel kjacca Ring paccMoTpum
TaKOH QparMeHT NpOrpaMMBl:

class Program

{

static wvoid Main()

{
Ring rim = new Ring(16.9, 4.0);
rim.print{);
}
¥

PESYJH::TEIT BBHIIIOAHEHHKA MPpOT'PAMMBI.

Ring: Max_radius=10,88, Min_radius=4,00, Area=263,894

1A WiTocTpaluy ZOCTYIMTHOCTH WIEHOB KJaccoB IIpU Hac/leJOBaHUU
yA0GHO UCIIONb20BATD CXeMY, MPUBeJeHHYIO Ha puc. 13.5. Tak kak mpu U3fo-
»KEHUN MaTepHana Mbl He 3aTPOHYAU NTOHATHE COOPKH, TO WICHBI ¢ MOAUGY-
kaTopoM internal Ha cxeme He moka3aHbl. CTpe/KU Ha cxeMe 0003Ha4aroT
BO3MOYXHOCTD OOpaieHus (AOCTYIMHOCTD) K WIeHaM ¢ pa3HbIMU MOAUGHUKA-
TOPaMHU.

Class A
private

protected e

Y

public |
A

Class B : A
private *

protected

public
A

Puc. 13.5. DOCTYNHOCTD YNEHOB NPU HACNEA0BAHNW KNAaccoB

Ecnu xnace B apaseTcsa HacaeJTHUKOM (ITPOU3BOAHBIM OT) Kacca A, TO A
obnekTa kaacca B (objectB Ha puc. 13.5) ZOCTYIHBI OTKPHITHIE WIEHEBI Kaac-
coB A ¥ B. B TO e BpeMAa 414 WIEHOB IIPOU3BOAHOrO Kjaacca B Z0CTYNHE
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OTKpPBITHIE U 3alllUIlleHHbIe YWieHHl Kaacca A (camo coGoil, ZOCTYTIHE U BCe
WwieHH caMoro Kjaacca B). O6bekT knacca A (objectA Ha cxeme) HHUKOrZA
HE UMEET AOCTYIA K WIEHaM NIPOU3BOJHOTrO Kiacca B.

13.5. MeToab) npu HacnegoBaHUK

O koHcTpyKTOpax. B mpueeseHHOM IIpUMepe HacleAoBaHUA C Kaac-
CaMU «KPyI» U «KOJAbLI0» KOHCTPYKTOP IIPOM3BOAHOIO Kiacca Ring ARHEIM
obpasom obpaniaetca K KOHCTPYKTOPY 6asoBoro knacca Disk ¢ momonikio
peIpaxkenuAa base(Ri). Obpamenue mpoUCXOAUT A0 BHIOAHEHUA OITEPATO-
POB Tesla KOHCTPYKTOPa — B HHUITMAIN3ATOPe KOHCTPYKTOPA:

public Ring(double Ri, double ri} : base(Ri) {rad = ri;}

Tak xak B HameM npuMepe noae rad (¢ moguduxatopom protected)
GazoBoro knacca Disk AOCTYTTHO /151 METOAIOB TIPOU3BOAHOTO KAACCA, TO TIPO-
TPaMMHUCT MOXET TONBITATECS TAK 3aNUCATh ONpe/eNeHre KOHCTPYKTOpa:

public Ring(double Ri, double ri) {base.rad = Ri; rad = ri;}

BHelHe BCe BHIVIAAUT IPABWIBHO, HO €CIH He MEHAThH OTpeaeneHUs
fa3zoBOTO Kaacca Disk, TO KOMOUIATOP BHIAACT CAeAVIOIee cooblieHue
00 ommbKe:

'Disk’ does not contain a constructor that takes '@' arguments
(Disk He COAEpPKUT KOHCTPYKTOpa, KOTOPbA UMeeT ‘@' aprymeHToB)

YToOBI TPUHATH TaKOe pelleHue, KOMIUAATOP UCTOAb30BaA ABa Mpa-
Buia. [lepBoe U3 HUX Mbl yoKe IIPUBOJWIA — €CTHU B ONPEAEIEHUN KAacca
TIPUCYTCTBYET 0ODABIEHNE XOTs 6Bl OAHOTO KOHCTPYKTOPA, TO KOHCTPYKTOP
fe3 mapaMeTpoB aBTOMATHYECKH B Ki1ace He JobapaseTca. [IpaBwio BTopoe
OTHOCUTCA K HacJe€ZOBAHHUIO. YoKe FOBOPUIOCH, YTO, B OTJIHYUE OT JPYTUX
YieHOB §a30BOT0 KJ1acca, KOHCTPYKTOPH! He HacaeAyoTcs. Koncmpyxmop
6306020 Kaacca HeOGXOOUMO AGHO BLI3EAMb U3 UHUULAAUZAMOPA KOH-
cmpykmopa npou3eodnozo kaacca. ECau 3Toro He cenaHo, TO KOMITMIA-
TOP MO YMOMYAHUIO CaMOCTOATENbHO JOMOJIHUT OODbABIEHNE KOHCTPYKTOPA
(TouHee, JOIOMHAT €ro HHULHNAIU3ATOp) obpallleHueM K KOHCTPYKTOPY
GasoBoro wiacca 6e3 mapameTpoB. Tak kak B knacce Disk koHeTpykTOp Ge3
apaMeTPOR OTCYTCTBYET, TO KOMIWIALMSA 3aBEPILAETCS TPUBEAeHHBIM
coobmenueM o6 ommbke.

DKpaHHpOBaHNEe METOJ0B 6a30Boro kaacca. Tor ¢pakT, UTO B MPOU3-
BOJAHOM KJIacce MOTYT OHITh ONpeZeaeHbl HOBbIE MeTObI, UMEeHA KOTOPHIX
OT/IMYHBI OT UMEH MeTOAOB Ha30BOT0 Kacca, HaBepHOe, HET HeOOXOAMMO-
CTH TIOACHATH. A BOT Ha OHOMMEHHBIX METOAAX 6a30BOr0 ¥ MPOU3BOAHOTO
KJIACCOB OCTAHOBHUMCA TTOAPOOHO.

Bo-nepBLIX, AN METOAOB BO3MOXKHa neperpyska (overload). B atom cay-
qyae oJHOMMEHHBblEe METOAH 6a30BOro U IPOH3BOAHOIO KJAACCOB AOMKHEI
VMeTh pasHble crieluUKalUn napaMeTpoB. Bo-BTOPHIX, paspelleHo nepe-
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onpeaeneHue (MHaYe IKpaHUpOBaHUE WIU COKPHITHE, hiding) MeTOAOM IpPO-
M3BOJHOTO KJIacca OJHOUMEHHOI'0 MeToAa 6a3oBoro kiacca (cneuudukanyu
MApaMeTPOB COBNAAAIOT). B TpeThUX, MeTo/A 6a30BOT0 KiIacca MOXKeT OBIThH
00BABIIEH KaK BUPTYAIbHBIN (virtual), v TorAa npu ero mepeortipeie/ieHUN
(overriding) B NpOU3BOAHBIX Kaaccax obecrmeunBaeTes IOAUMOPPHUIM.

B cayvae meperpy3ku MeTOZACB IIpU HacleA0BaHUM HUKAKUX HOBOBBeJe-
HUH HET.

[Ipu 5KpaHUPOBAHUM METOJA CTAHAAPT PEKOMEHAYET CHAbXaTh MeTo],
IIPOM3BOJHOIC KJacca MOANGUKATOPOM new. [Ipu ero oTCyTCTBUU KOM-
MWIATAA TPOXOAUT YCIIEITHO, HO BbiAaeTcd npeaynpexgenane (Warning).
B HeM HmporpaMMMCTY YKA3BIBAlOT, YTO OH BHIIOJHUI NepeolpejeieHre
MeToZa 6a30BOro Kjacca, BO3MOXHO, IO OIUIOUIHOCTU. ECau mpu nepe-
onpejesieHUU METOJOB HeOOX0AUMO U3 METOJOB IIPOU3BOAHOrO Kjaacca
obpamarbcsa K MeToy 6a30BOTr0 KJ1acca, TO UCIOAb3yeTCd YTOUHEHHOE UM
base.uima_memooda_Haszosoz20_knaccd.

[TokaxkeM Ha pUMepe IepeonpeeneHre (IKPaHUPOBAHUE) METOLOB.
OnpeaenuM Kiacc «puUrypa Ha IUIOCKOCTU C 33JaHHBIMHM pasMepaMu BAOMb
KOOPAMHATHHIX oceil». Takol knacc 6ygeT cnyKuTh 6a30BBIM AMA KJIACCOB
«IIPAMOYTOJIBHUK», «3JUIHIIC», «TPEYTONIBHUK» U T. A. JJIA IPOCTOTH 6y/IeM CUU-
TaTh, YTO ¥ MPAMOYTOJBHUKA CTOPOHH MapasuiebHEl KOOPAWHATHBEIM OCAM,
Y JUTATICA OCH TTapaIeNbHE KOOPAUHATHEIM OCAM, Y TPEYTONBHUKA CTOPOHA
Y TTlepIeHAUKY/ApHadA el BbicoTa Napaie/lbHEl KOOPAUHATHEIM OCAM.

// 13 06.cs — 3kpanupobarnue memodoB npu w#acnedobanuu
class Figure // ba308bi knacc

{
protected double dx, dy; // pazmeps 80cae ocelil
public void print()
{
Console.WriteLine("FaBaputh: dx={9:f2}, dy={1:f2}",
dx, dy);
}
}

/7 flpouzBodruili Kaacc - NPAMOYZONLHUK:
class Rectangle : Figure

{
public Rectangle(double xi, double yi)
{ dx = xi; dy = yi; }
public new void print()
{
Console.Write("MpamoyroasHuk! \t");
base.print();
}
}

// fpou3BolHbili KAacc - mpey20nbHUK:
class Triangle : Figure

{
public Triangle(double xi, double yi)

{ dx = xi; dy = yi; }
public new void print()

{
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Console.Write("TpeyroavHuk! \t");
base.print();

}
}

B kax/JoM M3 IPOU3BOAHBLIX KJIACCOB €CTh CBOH MeToZ print(), KoToO-
PHIIT 5KpaHUPYET OAHOMMEHHEIH MeToZ Ha30Boro Kiacca. B MeToze print()
MMPOM3BOHOTO KJIacca BHIIOJHEHO obparienue K MeToAy print() 6a3oBoro
KJacca.

[TpuMeHeHMe JeKIapUPOBAaHHEIX KJIACCOB WLUTIOCTPHPYET CACAYIOIIHIT Koa:

class Program

{

static void Main()

{
Rectangle rec = new Rectangle(3.0, 4.8);

rec.print();
Triangle tre = new Triangle(5.9, 4.@);
tre.print();
Figure fig = new Figure();
fig.print(};
}
}

PesynbTaT BHIIONTHEHUA IPOTrPAMMBI:

NpamoyronsHuk! Tabaputsli: dx=3,00, dy=4,00
TpeyroneHuk! FabapuTol: dx=5,00, dy=4,00
Fabaputel: dx=0,08, dy=0,0

OTMETHM, 4TO NMPH 3KPAHUPOBAHUU METOZ MOXET UMeTh APYToil THI
BO3BpaNiaeMoro 3HaueHusA. /g Tex, KTO MOMHHT, YTO B CUTHATYDPY IIpHA
neperpyske MeTOZOB TUI BO3BPAILAEMOro 3HAa4eHUA He BXOAMT, 3TOT GaKT
HE OKQXKETCA HeOKUAAHHOCTBIO.

BupTryajabHble MeTOZbI U noauMopdusM. CchlIKe ¢ THIIOM 6a30BOTO
KJacca MOXKHO NPHUCBOUTH 3HAUYEHUE CCBUIKH Ha 0OBEKT MPOU3BOAHOTO
Kiacca. [Tocse Takoro IPUCBAUBAHUS CCHUIKA He ofeclednBaeT JA0CTyIa
K OOBINHBIM (He BUPTYaJbHBIM) METOAaM IIPOU3BOAHOTO Kiaacca. Pacemo-
TPUM CIAeAYIoIINH $parMeHT MpOrpaMMEBl ¢ HECKOJIBKUMU CChUTKaMu 6a3o-
Boro Kjacca Figure, agpecyromuMu o6beKTH U 6a30BOTO, M IPON3BOAHBIX
kinaccoB Triangle, u Rectangle (mporpamma 13_07.cs).

static void Main()

{
Figure figl = new Rectangle(3.9, 4.90);
Figure fig2 = new Triangle(5.0, 4.8);
Figure fig3 = new Figure();
figl.print();
fig2.print();
fhg3.print()};

}
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Tpu ccvutku, umeronive tun Figure, accoriuupoBaHbl ¢ 00bEKTaMU pa3-
HBIX KJIACCOB. 3aTe€M C IMOMOIIbIO 3THUX CCHUIOK BBITIOJTHEHBI OOpaleHus
K MeTtoxy print(). Bo Bcex ciydasx BbI3bIBaeTCsA MeTO/ 6a30BOTO Kjacca.

Pe3y/nbTaT BHITIOJTHEHMS TPOTPAMMBI:

rabaputei: dx=3,00, dy=4,00
rabaputei: dx=5,00, dy=4,00
Fabaputol: dx=0,00, dy=0,00

AnpecaTsl obpamienudi B Beipaxkenusax figl.print(), fig2.print(), fig3.
print() onpezensA0TCa 0OBABIEHHBIM TUTIOM CCBUIOK, a HE TUTIOM 3HAUYeHUs,
KOTOpOE aCCOIIMMPOBAHO C KAXXJOM CCBUIKOUM B TEKyIIMU MOMeHT. CChUIKU
figl, fig2, fig3 umeroT Tun 6a3oBoOTO KiIacca Figure, mosToMy Bce Tpu obpa-
IeHus OTHeceHHl K MeToAy print() 6a3oBoro kiacca. CBI3aHO 3TO C HEBUP-
TyaJIbHOCTBIO MeTOJ0B print().

CcpuiKa ¢ TUTIOM 06a30BOr0 KJjlacca MOXKeT 00eclednThb JAOCTYI K BUP-
TyaJIbHOMY METO/JY TOTO IPOM3BOAHOI0 Kjacca, 00BbEKT KOTOPOT'O B 3TOT
MOMEHT a/[peCOBaH 3TOU CCBUIKOU. JIjisa ompezeneHusa B 6a30BOM Kjacce
BUPTYaJbHOTO METO/Ia B €r0o 3aroJOBOK HYXHO J00aBUTh MOAUPUKATOP
virtual. B mpou3sBogHOM KJjacce s mepeomnpeieeHus1 BUPTYaJabHOTO
MeTo/Ia UCIoIb3yeTcsa MoandukaTop override. 3aMeTUM, YTO BUPTYaJbHBIHN
METO/I He MOXKET OBITh 3aKPHITHIM (private).

B HameMm mpumepe u3MeHeHUs OyAYyT MUHUMAaJbHBIMU. 3aTrOJIOBOK
MeTo/a B 6a30BoM Kiacce mpumeT Bu/ (mporpamma 13_08.cs):

public virtual void print()

B Ka)X/IOM M3 MPOU3BOAHBIX KJIAaCCOB 3ar0JIOBOK ITePEOTPEAEAIOIIETO
MeToZa IPUMET BU/I:

public override void print()

O6paTruTe BHUMaHUE, YTO MOAUPUKATOP NEW 3aMEHEH B MTPOU3BOAHOM
KJIacce Ui BUPTYaJbHOTO MeToza MoaudukaTopom override.

Pe3y/nbTaT BBITIOJHEHUS TOTO Ke ¢pparMeHTa KoZa C OmpefeNeHUueM
Y UCMoab30BaHueM cchutok figl, fig2, fig3 Gyaer Takum:

MpamoyronbHuk! TabapuTbi: dx=3,00, dy=4,00
TpeyronbHuk! Fabaputei: dx=5,00, dy=4,00
Fabaputol: dx=0,00, dy=0,00

37ech ABaXK/Ibl BHITIOJIHEHO OOpaleHue K MeToZiaM print() mMpou3BOAHBIX
KJIaCCOB, U IOCJEAHUM BBITIOJTHEH BBI30B BUPTYyaJbHOrO MeToja print()
6a3oBoOro Kjacca.

Ob6paTtuM BHUMaHHE, YTO ClleludUKAIUKU TapaMeTpoB U, KOHEYHO,
“MeHa BUPTYaJbHOT'O MeTOZa U Iepeolpeenaiolero MeToa mpou3Bo-
JTHOT'O KJIacca JIO/KHBI COBIIAAaTh.

BupTyabHBIM MOXKET OBITh HE TOJIBKO METO/I, HO ¥ UHZEKCATOP, COOBITHE
(cM. B pa3a. 17.6) u CBOHCTBO, B 0OBSIBJIEHUE KaXK/IOTO 13 KOTOPBIX BXOAUT
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MoaudukaTtop virtual. Bce omucaHHbBle BO3MOXKHOCTU BUPTYaJbHBIX METO-
JOB PacIpocTPaHAIOTCA TakoKe U Ha 3T WIEHHI.

MaccuBHI CCBUIOK € TUITOM $a30BOTO KJIacca MO3BOAIT NMPOIECMOHCTPH-
POBATh BO3MOXKHOCTH BUPTYaJbHBIX METO/AOB U CBOMCTB. Kak y)xe mokazaHo,
CCBUIKE C THUIIOM 0a30BOTO KJAcca MOXHO IIPUCBOUTEH 3HAYEHUE CCHUIKHA
Ha 00BeKT Jo6oro Npou3BogHOTo kiaacca. Ecin B TPOU3BOAHBIX KJaccax
nepeolpeZiesleHbl BUPTYalbHble MeTOAR 6a30BOTO KJaacca, TO € TIOMOUIBIO
OZHOM CCBUIKU ¢ TUMOM 06a30BOro Kiaacca MOXKHO o0pallaTbca K MeToZaM
00BEKTOB pa3HbIX NMPOU3BOAHBIX KJIACCOB. B KayecTBe mpuMmepa paccMo-

TPUM CIeAYIOYIO IPOrpaMMy:

// 13 89.cs - maccuB ceeinok ¢ munom 6azoBozo knacca
using System;
class A

{

public virtual string record()

{

return "ba3oewd Knacc!";
}
}
class B : A
{

public override string record()

{

return "MpousgoaHeii B!";
}
}
class C : A
{

public override string record()

{

return "MpousBogHein C!";
}
}
class Program

{

static wvoid Main()

{
A[] arrA = new A[] { new A(), new B(), new C{), new B() };

foreach (A rec in arra)
Console.WriteLine(rec.record());

}
}

PESYJII::TEIT BHIIIOJHEHHA MPOrpaMMBIL.

Ba3zoBblit Knacc!
Mpon3soaHbin B!
NpouzsoaHbii C!
MNpouzeoaHsid B!

Eciu mapaMeTpoM MeTOa CIY:KHUT CCbLIKA ¢ TUIIOM $a30BOTO KJacca,
TO BMeCTO Hee B KaueCcTBe apryMeHTa MOYKHO UCIIONb30BaTh CCHUIKY Ha 00b-
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€KT MPOU3BOAHOTO Kjacca. 3Ty BO3MOXKHOCTb AeMOHCTPUDYET CIeAVIoas
nporpaMma:

// 13 _16.cs - ccoika ¢ Tunom H3a30BOro KAacca KakK napameTp
using System;

class Aclass { }

class Bclass : Aclass { }

class Cclass : Aclass { }

class Program

{

static void type(Aclass par)
{

}

static void Main()

{

Console.WriteLine(par.ToString());

type(new Aclass()});
type(new Bclass()});
type(new Cclass()});

}
}

Pe3ysbTaT BHIIOIHEHUA IPOTrPAMMEL:

Aclass
Bclass
Cclass

Eciu tun BO3BpallaCcMOI'0 SHa4YCHHUA MCTOda €CTh THUII 6a30BOrO Kiaacca,
TO MCTOA MCXHCT BCPHYTH 3Ha4YCHHC CCHBUIKHM Ha 0OBEKT I[IPOHU3BOAHOIO

KJacca.
[Tpumep (mmporpamma 13_11.cs):

static Aclass type(int m)

{
if (m == @) return new Bclass();
if (m == 1) return new Cclass();
return new Aclass(};

}

static void Main()

{
for (int i = 6; 1 < 3; i++)

Console.WritelLine(type(i).GetType());

}

PeayabraT:

Bclass

Cclass

Aclass

O BO3MOXHOCTH CCBUIKH C THIOM 0a30BOT0 Kaacca NpeAcTaBAATE BUPTY-
AJIbHBIE YWIEHBI IPOM3BOAHBLIX KJAaCCOB IrOBOPAT, UCIIONB3YA TEPMHH «OUHQ-
MUUECKOE C8SA3blBAHUE». ITA BO3MOXXHOCTh OCHOBAHA HA HAJIMYHUHA ¥ CCBLIKHA
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ABYX TUIOB. TUI, TOAyYaeMblii B AeKTapallMi cCHUIKOH Ha 06beKTH 6a30-
BOT'O KJIACCA, ABIAETCH ee 06ssa6aeHHbim (cmamuyeckum) THIIOM. Ecin aToi
CCBUIKE TIPUCBAaUBAETCA 3HAYEHUE CCBUTKY Ha OOBEKT NMPOU3BOAHOTO KIacca,
TO CCBLIKA AOMOJIHUTEIBHO MOAYyYAcT mun epemMeHu ucnoaHeHus (QuHamu-
veckuil mun). [Ipu obpalieHUH K HEBUPTYAJBHBIM WIEHAM YYUTHIBAETCS
CTAaTHUYECKUU TUT CCBITKU, 4TO 0OECTTeuUBaeT JOCTYI K WieHaM 0a3oBOro
Knacca. [Ipu ofpalleHUMM K BUPTYAJbHBIM WIEHAM HCIIONb3YETCA AUHAMH-
YeCKHH TUII CCHUTKM M BBHIBEIBAIOTCA WIeHB 00beKTa MPOU3BOAHOTO KIacca.

13.6. AGcTpaKkTHBIe MeTOAibl U A6CTPAKTHDIE KNACChl

B paje ciaydaeB KJacc CO3ZaeTcs TOALKO KaK 6a30BBINA, U €ro aBTOp
He IIpejnosaraet, YTo KTo-To OyAeT co3ZaBaTk 0OBEKTH 9TOrO KJIacca BHE
Hac/leAoBaHUA. Hanmpumep, oGbeKTH yKe PacCMOTPeHHOT'o B MpUMepax
Knacca uryp c 3a/JaHHbIMU rabapuTaMu BpAJ U TIPUTOAHBL I METO/A,
KOTOPHIM BHYUC/SAET IUIOMA/Ab WU epUMeTp QUTYPHI. OTU XapaKTePUCTUKUA
HeJb3d ONPEACAUTD, €I O QUType U3BECTHHI TOABKO ee rabapuThl. OZHAKO
B 6a30BOM KJacce MOXHO «3alUIaHUPOBAaTh» NIPOBeJleHHe STUX BbIUMCIIEe-
HUM B TPOU3BOAHBIX KAaccax. /s 3Toro B 6a30BBIM KAACC A00ABASIOT TAaK
Ha3blBaeMble aBCTPaKTHBIE METOABI, U KJacC OOBABAAIOT abCTPaKTHBIM.
ABCTpaKTHEIE METOJB! 3aJaI0T «IIPOTOTHIIBl» peasbHBIX METOA0B, KOTOphIe
JIOJKHBI OBITH peafin30BaHbl B KJIaccax, IPOM3BOAHBIX OT abCTPaKTHOrO.

Abcmpakmmubtit Memod MOXeT OHTbH OOBABAEH TOABKO B a0CTPAKT-
HOM Kiacce. B 3arozoBke abCcTpakTHOIO METo/a yKassBaeTes Mmogudura-
Top abstract. Y abcTpakTHOrO MeToAa mocsie ckoOKHU, OrpaHuYUBaIONe
cneunUKaLUIO TAPaMeTPOB, IOMELIACTCA CUMBOJ «TOYKA € 3aMATO».
Y abcTpaKTHOro MeToZa He MoxeT OHITh Tejla B BuAe OJ0Ka ONepaToOpOB
B GUTYPHBIX CKOOKaxX. AGCTPaKTHBII METO/ 110 YMOIYAHUIO ABIIETCA BUPTY-
anbHBEIM. TakuM 06pazoM, 06aBaaTh MoAudUKaTOp virtual He Tpebyetca.

Yto6sl K1acc 6bLT ONIpesesieH Kak abCTpaKTHLIM, B ero 3aroJIoBOK IIOMe-
waT moaudurarop abstract. CoszaBaTh 06BEKTH aOCTPAKTHREIX KJIACCOB
HEeBO3MOXKHO. ECu B abcTpakTHOM KJ1acce OOBABAEHH HECKOIBKO abCTpaKT-
HBIX METOAOB, a IPOU3BOJAHBIN KJacC COAEPKUT peaju3alHli) He BCeX
Y3 HUX, TO IPOU3BOAHLII KJIacc B CBOIO ovepeb CTAHOBUTCA aGCTPAKTHEIM.
B abcTpakTHOM KJlacce MOTYT ObITh OIpe/ieieHbl Jobble He abCcTpaKTHbIE
9leHBl (MeTOZBI, II0JA, CBOMCTBA U T. 4.). KpoMme Toro, kyiacc MoXeT ObITh
00bABNeH abCTPaKTHHIM Jake B TOM cayvae, ecjld B HeM OTCYTCTBYIOT
abCTpaKTHEIE WIEHBI.

ITpozieMOHCTPUPYEM OCOOEHHOCTH UCTIONb30BAHUA abCTPAKTHHIX KJIac-
COB U aOCTPaKTHBIX METOAOB Ha MpUMepe KJIacCOB, MPOU3BOAHEIX OT KJlacca
«pUrypa Ha IUIOCKOCTU». [IpeBpaTUM 3TOT 6a30BBIi KIacc B aGCTpaKTHEIMH,
00aBUB B HEero abCTPaKTHBINM METO/ JJIS BBIUMCAEHUS TUIOMIAAN QUTYPHL.
MeTon BrIBOAA CBeJeHUM 06 o0OBeKTe Kiacca Takke caenaeM abCTpaKTHEIM.
J1a WUTIOCTpalMiy ONpefelM B 3TOM e KJlacce He BUPTYaldbHBIH MeTo[
(compress), BEIIOJHAWIIUN CKaTue (WIKM yBeJIUvYeHne) rabapuTHbIX pasMe-
pOB GUTYpH B 3aJaHHOE YUCII0 pa3. TeKCT MporpaMMBbl C TAKUM KJIaccoM:
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// 13 12.cs - abcmpakmHbie memodel B8 abcmpakmHom Kadcce
using System;
abstract class Figure // abcmpakmmeili 6a306eil Kaacc
{
protected double dx, dy; // pa3mepsl B8oab oceli
public abstract void print();
public void compress(double r) { dx *= r; dy *= r; }
abstract public double square();

}

class Rectangle : Figure
{
public Rectangle(double xi, double yi)
{ dx = xi; dy = yi; }
public override void print()
{
Console.Write("Mnowaab npsamoyronbHuka={0:f2}. \t",
square());
Console.WriteLine("Tabaputbi: dx={@:f2}, dy={1:f2}",
dx, dy);
}
public override double square()
{ return dx * dy; }
}

class Triangle : Figure
{
public Triangle(double xi, double yi)
{ dx = xi; dy = yi; }
public override void print()
{
Console.Write("Mnowaas TpeyronbHuka={0:f2}. \t",
square());
Console.WriteLine("labaputbi: dx={0:f2}, dy={1:f2}",
dx, dy);
}
public override double square()
{ return dx * dy / 2; }
}

class Program

{

static void Main()
{
Figure fig = new Rectangle(3.9, 4.9);
fig.print();
fig = new Triangle(5.9, 4.9);
fig.print();
fig.compress(2.90);
fig.print();
Triangle tri = new Triangle(8.0, 4.9);
tri.print();
tri.compress(0.25);
tri.print();
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PESYJIbTaT BLHITIIOMTHEHHWA NIPpOTrPaMMBLL

NMaowaae NPAMOYTroOnNbHUKa=12,080. labaputo: dx=3,00, dy=4,89
Mhowaab TpeyronbHUkKa=10,08. abaputel: dx=5,00, dy=4,00
Mnowaas TpeyrofbHWKa=22,568. abaputh: dx=7,50, dy=6,080
MNaowapb TpeyronbHuka=16,00. abaputn: dx=8,88, dy=4,00
Mhowaab TpeyronbHuka=1,08. Tabaputol: dx=2,00, dy=1,00

B meToze Main() onpeaeneHsl ABe CChUIKM, fig U tri. IlepBas umMeeT TUII
HazoBoro knacca Figure u azipecyeT BHavane 0OBEKT IPOU3BOHOTO KIacca
Rectangle, 3aTeM npousBoaHoro obvekT kaacca Triangle. Cepuika fig obe-
crieyrBaeT obpammeHus K Ieperpy>KeHHbBIM MeToaM print() MpoOMU3BOAHBIX
knaccoB Rectangle u Triangle. Ccplika tri MOXKeT aJpecoBaTh TOIBKO 00b-
ekThl kaacca Triangle 1 criocofHa obecneuuTs BBI30B MeToAa print() TOAbKO
3TOrO e IPOMU3BOAHOrO Kjaacca. B To ke BpemA A1g 3ToM cChUIKH (M AaA
ccptku fig) moctymen meto compress() 0a30BoOTO Kiaacca, yHac/aAeA0BaH-
HBIH MPOM3BOAHEIMUA KJaccaMH. Pe3yjabTaThl BBIMOJTHEHUSA TPOTPaMMBI
UTIOCTPUPYIOT CKa3aHHOe.

3apeplliasg pacCMOTpeHUe Hac/leJ0BaHUA KIacCOB, MOBTOPUM, YTO B MIPO-
K3BOJHOM KJIacCce METOJ MO OTHOWICHUIO K METoAy 6a30BOro Kiacca MOXET
OBITb HOBBIM, NEPEZPYHCEHHBIM, YHACRCO0BAHHBIM, CKpbleaouwum (3xpa-
HUpyrowum)} MeTo 6a30BOT0 KAACCa U Peanu3yOuWiM UPILYTbHbLLL WA
abcmpaxmuetii MeTos 6a30BOTO KIACCA.

13.7. OneyaTaHHbIe KRACCbl W YNeHbl KNaccoB

C# paspewiaer onpeenaTb MeTO/Abl, CBOUCTBA M KJACCH, /I KOTOPBIX
HEBO3MOXKHO Hac/lefoBaHUe. B oObABIEHNe TAKOTO MeToOJa, CBOMCTBa WIH
Kjaacca BxoauT Moandukarop sealed (omeyaTaHHBINH, repMeTU3UPOBAH-
HBIlH). OnmedaTaHHBIA KJAacC HeJb3A UCMOJAb30BATh B KadecTBe 0a30BOro
Kknacca. OmevaTaHHBIM METO/ M OIleYaTaHHOE CBOUCTBO TIPU HAC/IEI0BAHUA
HEJIb3 TIEPECIPE/ETUTh.

B 6asopoii 6ubauoreke kaaccoB .NET Framework MHoOro omnevaTaH-
HEBIX KjaccoB. IIporpaMMucThbl, pabortamwinme ¢ 6uUbIHOTeKoN B KauecTBe
MOJb30BaTeNeH, He MOT'YT CO3AaBaTh COOCTBEHHBIE IPOU3BOAHBIE KJACCHI
Ha oCHOBe onmevaTaHHBIX ki1accoB .NET Framework. TakymM onedaTaHHBIM
H6UOJIMOTEYHBIM KJIACCOM ABMAETCS KJacce string.

13.8. lpumeHeHmne abCTPAKTHLIX KNACCOB

MBI yKe OTMETWIM, YTO HEeb3A C034aTh 00BEKT aOCTpaKTHOIO Kjacca.
OaHAKO MOXKHO OOBABUTH CCBUIKY € THUIOM abCTpaKTHOTO Kiacca. Takas
CCHUIKA MOXET CJIYKUTh MapaMeTpOM MeTO/a U BO3BpalllaeMbiM 3Haue-
HUeM MeToZa. B oboux ciayvyasax ccbUlKa npefHasHavyeHa /A NpejicTaBie-
HUs1 00beKTa TOTO KOHKPETHOrO KJIacca, KOTOPBIH ABIAETCA ITPOU3BOAHBIM
oT abCTpaKTHOTO.
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B xauecTBe mpuMepa obpatumcs elrje pa3 k abcrpakTHOMY Kiaccy Figure
U IPOU3BOAHBIM OT Hero kjaccaMm Rectangle u Triangle. B aTux kiaccax
olipeZiesieHbI MeTOABI square(), Bo3Bpallaliyie 3HaYeHU Iuiommagei o6 bek-
TOB KOHKPETHBIX KJ1accoB (He abCTpaKTHBIX). CleyIOMIUi METO/ TI03BOJISET
BBIBECTH 3HAYEHHUe IUIOMAAU itoboro oobekTa KiaccoB Triangle u Rectangle
(mporpamma 13_13.cs).

static void figSq(Figure f)
{Console.WriteLine("Mnowaab = " + f.square());}

MOXXHO OIIpeZeIATh MAaCCUBBI CCHUIOK C TUTIAMU aOCTPaKTHBIX KJIACCOB.
3HAYEeHUAMHU ITUX CCBHIJIOK JODKHBI OBITD «azipeca» 00'beKTOB KOHKPETHBIX
KJIaCCOB, peaju3yronux 6a3oBeiii. Cleayomuil MeTO/i BO3BpaIlaeT CChLIKY
¢ TUTIOM abCTPaKTHOTO KJacca:

static Figure figRec(Figure[] ar, int n)
{return ar[n];}

[TapameTphl MeTOZla — CCBUIKA Ha MacCHUB CCHUIOK C THUIIOM abCTpaKT-
Horo kiacca Figure u nesoe n, onpezesndolee UHAEKC 3JeMeHTa 9TOro Mac-
cuBa. BospamjaeMoe 3HaueHHe METOJa — 3HAYE€HUe dJIeMeHTa MacCcuBa.
[Tpu obpaieHny K MeTOAy B KadecTBe apryMeHTa HCIIONIb3yeTCsA CChLIKa
Ha MacCuB C TUIIOM 371eMeHTOB Figure. KaxxzjoMy ai1eMeHTy MaccuBa-apry-
MeHTa JI0JKHO OBITh IIPUCBOEHO 3HaUeHMe CChUIKU Ha 0OBEKT KOHKPETHOT'O
KJj1acca, mpousBogHoro ot Figure.

B cnexyromem ¢pparmenTe nporpaMmel 13_13.cs ompeziesieH MacCUB CChI-
Jok ¢ tunoM Figure. Ero ajieMeHTaM MPUCBOEHHI CCHUIKUA Ha 0ObEKTHI KJIac-
coB Rectangle u Triangle.

class Program

{
static void figSq(Figure f)

{ Console.WriteLine("Mnowagb = " + f.square()); }
static Figure figRec(Figure[] ar, int n)

{
}

static void Main()

{

return ar[n];

Figure[] arF = new Figure[4];
arF[@] = new Rectangle(3.9, 4.90);
arF[1] = new Triangle(5.0, 4.90);
Triangle tri = new Triangle(8.0, 4.0);
arF[2] = tri;
Rectangle rec = new Rectangle(1.0, 3.9);
arF[3] = rec;
for (int i = 9; i < arF.Length; i++)
{

Figure f = figRec(arF, i);
) figsq(f);

Console.WriteLine("Tunbl 3nemeHTOB MaccuBa: ");
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foreach (Figure g in arF)
Console.WriteLine{(g.GetType());
}

s
Pe3ysbTaT BBIIONHEHUA IPOTPAMMEBL:

Mnowaab = 12

Mhowaae = 10

Moowage = 16

Mnowape = 3

TUnNbl 3N1EeMEHTOB MAacCUBA:
Rectangle

Triangle

Triangle

Rectangle

B mporpaMme aneMeHTH MaccuBa arF o6pabaThiBarOTCA B BYX MUKJIAX,
B 1iuksie ¢ 3aronoBkoM for nepemenHoi Figure f nprucBanBawTes 3HaYeHUA,
BO3BpallaeMble MeToZoM figRec(). 3ateM f ucmonb3yeTcss B KauecTBe apry-
MeHTa Metoza figSq(). TeM caMbIM BHIBOAATCA 3HauUeHMA IUlolajeil Bcex
buryp, «aZpecoBaHHBIX» dJeMEeHTaMU MaccuBa arF.

B nukine ¢ 3aronoBkoM foreach nepefupawTca Bee s1eMeHTH MacCUBa
arF ¥ K KaXXZ0My 3HAYEHHUIO 3IeMEeHTa, KOTOPOe MPUCBOEHO NepeMeHHO’
Figure g, npumensiercsa metof GetType(). PesyapTaT — CIIMCOK Ha3BaHUH
KJIaCcCOB, peaJlM30BaBLINX aGcTpaKTHEIN Kiace Figure.

B0O3MOXKHOCTE TPUCBAUBATE dJleMeHTAM MacCUBa ¢ TUIIOM abCTpaKTHOTO
KJIaCCa CChUIKY Ha OOBEKTRI JIIOOBIX KJ1aCCOB, Pealn30BaBIINX a0CTPaKTHEIH,
ABJACTCA OYCHDb CWIBHEIM CPEeJCTBOM NoaudopusMa. He MeHbIMe BO3MOXK-
HOCTHU 00ecneyuBaeT NPUMEHEHUE CCBUIOK ¢ TUIIOM afCTPaKTHOIC KJacca
B Ka4eCTBe NapaMeTPOB U BO3BPAI[A€MBIX METOAAMM 3HAYEHUN.

KOHTpOIIbeIe BONpodbl U 3afaHUA

1. O6bacHUTe pazanive MeXIy arperalupeil 1 KOMIO3HILUeH KIaccoB.

2. Kakoro Tuna nmapameTp A0OJIKEH OBITH ¥ KOHCTPYKTOPa KJIacca, HaXo-
AALIErocA B OTHOIIEHWH arperalyu ¢ BKAIYaeMbIM KJIaccoM?

3. Kaxue 4wieHH BHEIIHETO KJIACCA AOCTYIIHLI /1A BAOKEHHOIO Kiacca?

4. Kako#l cTaTyc JOoCTyla AOMKEH UMETb BAOKEHHBIN Kaacc, 9TOOBI
OH OBUI AOCTYIIEH TaM, Ile BUAeH BHEIHUHN Kiacc?

5. Kak 0O6paTUThCA K WieHy BAOKEeHHOro Kilacca BHe BHellIHero kiacca?

6. B yeM OT/IMYHA BJIOKEHHA KJIAaCcCOB OT arperaluy ¥ KOMIIO3HLIMU?

7. CKOJNBKO IPAMBIX 0a30BBIX KJIACCOB JOIYCTUMO IS IPOM3BOAHOIO
Knacea?

8. KakoBa posb HHUIIMAMHA3ATOPA KOHCTPYKTOPA B KOHCTPYKTOPE IIPO-
HM3BOAHOTO Kjacca?

9. Yro Takoe cnenudukanna H6aspl kaacca?

10. Kaxue yneHEl 0a30BOTO KAaCCa HACAEAYIOTCA TPOU3BOAHEIM KAacCcoM?
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11. O6BsACHUTEe MMpaBWia AOCTyIA K wieHaM 6a30BOro Kjacca U3 MeTO-
ZI0B IIPOU3BOAHOTI0 Kjacca.

12. O6BsAcHUTe MTpaBUiIA AOCTYIA K WwieHaM 6a30BOro Kjacca Ajis 00b-
€KTOB IIPOM3BOAHOI'0 KJacca.

13. YTo Takoe 3aliullleHHbIN WIeH KJacca?

14. Kak pa3in4aioTcs IPU BHEITHUX 00palleHUAX OJHONMEHHBIE YWieHBI
6a30BOTO U MMPOU3BOAHOTO KJIACCOB?

15. Kak pasmuyaroTcs OJHOMMEHHBIE WieHbl 6a30BOTO U IIPOU3BOJHOTO
KJIaCcCOB B 0OpalleHusAX U3 MPOU3BOAHOTO Kacca?

16. KakoBo HazHaueHUe MoAUUKATOPa NEW B IIPOU3BOJHOM KJjacce?

17. Kak " rZie BBI3bIBAETCSA KOHCTPYKTOP 6a30BOr0 Kijiacca U3 KOHCTPYK-
TOpa IPOMU3BOAHOTO KJacca?

18. Kakue geiicTBUA BBINIOJHAIOTCA aBTOMAaTU4YE€CKU IIPU OTCYyTCTBUU
B KOHCTPYKTOPE IMPOU3BOAHOIO KjIacca obpalieHus K KOHCTPYKTOPY 6a30-
BOro Kjacca?

19. B kakOM OTHOIIEHUWU MOTYT HAaXOAUTbCA OZHOMMEHHBIE METOZbI
6a30BOTO U MMPOU3BOAHOTO KJIACCOB?

20. YTo TaKoe 3KpaHMpOBaHUE IIpU HACIE€AOBAaHUU KJIACCOB?

21. JlomxHBI M COBIIaZaTh THUMBI BO3BpAalllaeMbIX 3HAYEeHUHN MIPU dKPa-
HUPOBAaHUU METOAO0B?

22. Yto Takoe BUPTyaJIbHBIN METOZA?

23. B xaKoM cirydae CcChUIKe C TUTIOM 6a30BOr0o Kjacca JOCTYIIEH METOZ
IIPOMU3BOAHOr0 Kacca?

24. B xakoM ciy4yae npuMeHsercs moaudukatop override?

25. Kakoii craryc gocTyma AomKeH ObITh Y BUPTYaJIbHOI'O MeTOZAA?

26. MoxeT i1 6BITh BUPTYaJIbHBIM CBOMCTBO?

27. OOBACHUTE Pa3TUIUA MEXY IMHAMUYECKUM U CTaTUYE€CKHUM CBSI3bI-
BaHM!EM.

28. Yto Takoe cTaTUYECKUH U AUHAMUYECKHUI THUIIBI CCBUIKU?

29. YeMm A0OMKHO OBITH TEIO aBCTPAKTHOTO MeTozAa?

30. HazoBuTe 0c0OO€HHOCTH abCTPaKTHOTO METO/A.

31. T'me momxeH OLITH OOBSIBIEH AOCTPAKTHBIN METOA?

32. Yto Takoe omeyaTaHHbIN Kjaacc?

33. I[IpuBeauTe nIpuMepHl oneyaTaHHbIX KiaaccoB u3 .NET Framework.

34. KakoBbl BO3MOXXHOCTH MaCCUBOB CCHIJIOK C TUIIOM abCTPaKTHOI'O
KJjacca?



Inasa 14
WUHTEPOENCDI

14.1. lBa Buga HacnepoBauus B 00N

Metozonorus OOIl paccMaTprBaeT ABa BHJa HAaCJAeA0BaHUA — HACAEAO-
BaHUE peanu3alliy ¥ HacAeJAOBAaHUE CIeU(GUIIUPOBAHHON QYHKIIMOHAND-
HOCTHU (KOHTpAaKTa).

HacnegoBaHue peanusaliuy npejnoiaraeT, 9TO TPOUIBOSHBIN THII MOTY-
yaeT WwieHbl 6a30BOro TMNA U MCIIOAb3YeT UX HapAZY CO CBOUMMU WIEHaMHU,
A00aBlIeHHBIMY B ero 00baBAeHUU. [IpUu BHACNCHUN TaMATH 411 o0beKTa
HMPOU3BOAHOTO KJIacca MaMATh OTBOAUTCA U JJA mojeil 6a30BOro kJjaacca
U 151 IoJIed, ABHO OOBABIEHHEIX B TeJle TPOU3BOJHOIO KAacca. YHacIeA0-
BaHHble (YHKITUOHA/IbHBIE WIeHBl 6a30BOro Kiacca 1Mb0 BXOJAT B apceHal
CpeACTE IPOU3BOAHOTO KJIacca, TUb0 epeorpeaessioTces B ero 00 bABIeHUH.
HacnezoBaHue peanuzauuu obecrnedeHo B C# HacaeIoBaHUEM KIACCOB.

HacneaopaHue cienpULpOBaHHOM QYHKIMOHANBHOCTU O3HAYALT, UTO
BCE TUIIBL, MOCTPOEHHEIC HA OCHOBE OAHOTO M TOr'O >Ke 6a30BOro, UMEIOT
OAUHAKOBYIO QYHKIIMOHANBHOCTE, U 3Ta PyHKIMOHANBHOCTE ONpeeaeHa
crnerudukanueii 6a30BOro THIIA.

Hacneaosanue crerudpuIupoBaHHON PYHKITUOHATEHOCTA MOXKET OBITh
peasn30BaHO JAUOO HAa OCHOBe abCTPAKTHHIX KJIAcCOB, He BKIIOYAMOIINX
nosiel, 160 Ha oCHOBe UHTEpdECoB.

WTtak, uatepdeiic B C# (4, Hampumep, B A3BIKe Java) 3TO MEXaHU3M,
TIpeTHA3HAYEHHBIN IS OTIpe/e/IeHUA TIPaBUI TIOBeJeHUA 00BEKTOR eme
He CYIIECTBYIOIIUX KjaccoB. MHTepdelic onUcHBaeT, Kakue AeUCTBUA
HYXKHBI AJA 3K3eMIUVIAPOB THUIa, HO He olpejensdeT, KaK 3TH AeHCTBUA
JAOKHBL BBITOJIHATHCA. B 06BpABIeHUe uHTepdelica BXOAAT AeKaapauyn
(mpotoTumnel) Memodos, cgoiicme, urndexcamopoe U cobwvimuit. [IpoToTHI
METO0/]a He COIEPKUT Tesa, B HEM TONBKO 3ar0JI0BOK METO/a, 3aBEePIUTIeHHBIH
TOYKOH ¢ 3a1ATOMN. [IpOTOTUIIFI APYTUX WIEHOB PACCMOTPUM MO3JHEE.

B oT/AMyMe OT KJIacCOB, C IOMOILBI0 MHTep(delicoB Helb3sl OnpeeaiaTh
06bekThl. Ha ocHOBe uHTepdeiica 0OBABIAIOTCA HOBblE Kaacchl. [oOBOpAT,
4TO KJIAaCC, MOCTPOCHHEIM Ha Oase nHTepdelica, peajusyeT AaHHBIA UHTEP-
detic. Takum obpasom, HHTEPPEIC — 3TO TONBKO ONMUCAHUE TEX BO3MOXKHO-
cTel, KoTophle 6yAayT vy Kaacca, KOTAa OH peaianusyeT uHrepdeic. JpyruMmu
cnoBamMu, uHTepdeiic onpejendeT cpeACcTBa B3aUMOAEMCTBUS ¢ BHELIHUM
MUPOM OOBEKTOB PealU3yIOIIero ero Kiacca.
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Ha ocHoBe oaHoro untepdeiica MOTyT OBITE CO34aHBl HECKOJIBKO Pa3HbIX
KJIACCOB, U ¥ KaXZOr0 U3 3THX KaaccoB 6yaeT Habop Bcex cpeicTs, OObsIB-
JAeHHBIX B uHTepderice. OAHAKO KaKABIN U3 KAACCOB, PEaMU3YIOLINX OOVH
U TOT Xe UHTepdelic, MOXeT II0-CBOEMY ONpeAeNUTh 3TU CpeJCcTBa. 3Haf,
Kaxkue memoost, C80UCMABd, UHOCKCAMOPHt U COObIMUS JeKIAPUPOBAHBI
B HHTepdelice, NPOrpaMMHUCT 3HAET CPEACTBA B3aUMOACHCTBUA ¢ 00BEK-
TaMM KJlacca, peaJu30BaBllero JaHHLINA nHTepdelic. TakuMm 06pa3oM, 006b-
eKThl Pa3HHIX KJIACCOB, PEAIM3YIOLINX OgUH uHTepdeliic, MoryTt obpabaTki-
BaThCA OAUHAKOBO. JTO, HApAAY C IIeperpy3Koil METOJOB U olepalyii, eue
OAVIH IIpUMep MpOsABAeHUA ToAUuMopdusMa.

Bosee Toro, uHTepdENCcH NMO3BOAIOT PEalUu30BaTh B fA3bIKe C# OHY
13 $YyHAAMEHTAAbHBIX NOCBUIOK METOAOAOTUU 0OBEKTHO-OPUEHTHPOBaH-
HOTO IpOrpaMMUHpOBaHUA — npuxyun nodcmarosxku Bapbaput JTuckoe
(cMm. [2]). B cOOTBETCTBUM C 3THM IPUHLUIIOM OOBEKTH Pa3HHEIX KJAACCOB,
PCANU3YIOMNX OJUH U TOT e UHTepdelc, MOryT 3aMEeHATh JpYyT Apyra
B CUTyallUH, IJe OT HUX TpebyeTcsa GYHKUMOHAIBHOCTD, CleUdULNPOBAH-
Has uHTEpPEncom.

14.2. 06baBReHNUA UHTEpPEnCoB

ByaeMm paccMaTpuBaTh UHTepdEHCh, 0O0BABACHUA KOTOPBIX UMEIOT CJle-
Ayroutuit popmart:

moduduramop_uxmepgelica,, interface
uma_uHmepgeiica
cneyudurayua_6assi_uHmep@elcd
meno_uHmeppelcad, .

Heo0a3aTenwsHbie MoaudukaTopsl uHTepdeiica 310o: new, public,
protected, internal, private. Bce nepeuncieHHbIE MOAUGUKATOPEL HAM YKE
3HaKoMbl. OfpaTuTe BHUMaHUe, YTO AJIs UHTepdelica Helb3s UCNOAL30BaTh
MoauduKaTop static.

interface — cinyxebHoe C/I0BO, BBOJALLee 00BABIeHHE UHTEpdelica;

Hms_unmepdetica — uaeHTudUKaTop, BLIGHpaeMblil aBTOPOM HHTEp-
¢eiica. [IpunsaTo HadYMHATL MM UHTepdelica ¢ 3armaBHON OYKBHI I, 3a KOTO-
pol mOMellaTh OCMBICAEHHOE Ha3BaHUE, KOTOPOE TOXE HauyUHAaeTcA
C 3arJIaBHOM OYKBBI.

Cneyuduxayus_ob6assi_uHmepgeiica — npeABapAeMBIi ABOETOYUEM CITH-
COK MHTepeiCcoB, IPOU3BOIHEIM OT KOTOPHIX ABAACTCA AAHHEIA HHTEP-
¢etic. B omiuuMe OT HacaeA0BaHWA KJIACCOB, e MOXKeT ObITh TOMBKO OAUH
6a30BHIN KIacC, 0a30BBIX MHTEP(ENCOB MOXKET OHITh M1000€ KOITUIECTBO.

Teno_unmepdelica — 3aKII0uMeHHAA B QUIYpHBIE CKOOKHU IIOCASIOBATEb-
HOCTD JAeKJapanuii (onucaHuil Wik IpOTOTUIIOB) WIeHOB HHTepdelica. FiMu
MOTYT OBITH (KaK MBI y2Ke OTMETWIN) !

* Jeknapalusa METOAR;

* JeKjapalius CBOHCTBa;

252



* Jeknapallus UHAeKcaTopa;

* JleKJapaius COOBITHS.

B mo6y1 U3 NepeducIeHHBIX AeKIapaluid WICHOB UHTepdelica MOXeT
BXOZUTDb TOABKO MogudpukaTop new. Ero ponb Ta ke, YTO U B AcKJapaluax
WIEHOB Kiacca. Jpyrue MoaubUKaTOPE B JeKIapaliy WieHOB HHTepdeliica
He BXOJAT, [10 yMOMYaHUIO BCe WieHb uHTepdelica ABIAIOTCH OTKPHITHIMH,
T. €. UM [IPHUIINCBIBACTCA CTATYC AOCTYIIA, COOTBETCTBYIOIUI MOAUGUKATOPY
public. dopmar mpocTeitmiero o6baBAeHUA HHTepdetica (be3 cnenuduxa-
nuu 6asnl):

interface uma_unxmepgeliica

{

mun uma_memoda( cheyuguxauua_napamempo8) ;
mun umAa_cBoicmBa{get; set;}

mun this [cneyudurayua_undexca] {get; set;}
event mun_denezama umMA_cobbimuA;

}

Kak BuaHo us ¢opmara, HU OJUH U3 WICHOB HHTepdeiica He COAEPKUT
OIlepaTOPOB, 334al0LIUX KOHKPeTHEIe AeiicTBUA. B uHTepdetice TOMLKO Npo-
TOTHMIIBl METO/IOB, CBOMCTB, MHJAEKCATOPOB, COORTHUI. [Ipexae yeM AaBaTh
ApyTHe TOACHEHUS, TIPUBEAEM TIpuMep oObsaBaeHusa uarepdeiica (¢ mpoTo-
TUNAMH MeTOJOB M CBOMCTB):

interface IPublication
{ // unmepgeiic nybauxkayul
void write(); // zomoBumb nybaukauw
void read(); // uumame ny6auxayuwn
string Title {set; get;} // Ha3Barnue nybnuxkauuu

}

B manHOM mpuMepe uHTepdeiic ¢ mmeHeM [Publication cneumdunu-
pyeT OYHKIMOHAJBHOCTh KJIAcCOB, KOTOPHle MOTYT MpeACTaBAATh NMyoau-
Kallud — Takue oObeKThl KaK CTaThd, JOKJIaJ, KHUTA. B cooTBeTCTBUHA
¢ aHHBIM UHTepdeicoM TyOAUKAIIMU MOKHO TUCATh — Y PeaNnu3yIonux
nHTepdelic KaaccoB A0MKeH ObITh MeTod write(). [lybankanun MOXKHO
ynTaTh — B MHTepdeiice ecTh nmporoTun Metoaa read(). CpoiicTBo Title
JOMKHO ofecrnedruBaTh MOAyYeHWE W 33/[aHUEe B BU/IE CTPOKU HA3BaHUA
My OIHKALNYL.

Bosbllle HUKAKUX BO3MOXHOCTelH (HUKaKoi GYHKUHOHANTBHOCTH) HHTEp-
¢etic [Publication He nmpeaycmaTpuBaer. JaHHBN uHTepdelCc HE MOXET
HUYEro MPeAnoaaraTh 0 TAKUX XapaKTepUCTUKax nybamkaiil kak dbamu-
JIVA aBTOpa, [0, U3JaHVA, YHCI0 CTPAHUL U T. I1. 3TH CBEAEHUA MOTYT 110A-
BUTHCS TOJBKO YV KOHKPETHBIX 0OBEKTOB TeX KJIacCOB, KOTOPHE peaNusyIoT
vHTepdetic [Publication.

B o6basneHuu nHTepderica [Publication oTcyTcTByeT MOogudHKATOP
AOCTYNa — IO YMOMYAHUIO 3TOT UHTepdelic ZOCTYNEH B TOM NMPOCTPaH-
CTBE UMEH, KOTOPOMY IMPHHAANEKHUT ero obbarnenue. Jna uHTepdeiica
[Publication He yka3aHa crierudukanus a3k, T. e, [Publication He saBnseTcs
HacJaeZHUKOM HUKAKOTO Jpyroro nHrepderica.
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Unenamu uHtepdeiica [Publication ABAAKTCA NPOTOTUIIHI ABYX METOAOB
write(}, read(). Eciiu cpaBHUTH MX ¢ OOBABIEHUAMM a0CTPAKTHBIX METO/IOB
B abCTPaKTHOM KJjacce, TO CAeAyeT OTMETUTE OTCYTCTBUE MOAUPUKATOPOR.
Mo cymecTBy, MeTog uHTepdeiica, HanpuMep write(), B [Publication urpaer
POJIb abCTpaKTHOTO MeTo/la Kiacca, Ho Moaudukatop abstract ana npoto-
TUNA MeToJa B UHTepdeiice He HyxkKeH (U OyaeTt omnboueH). YyThb mosxe
MEI TIOKaXKeM, 4TO UHTepdelC ABAsAeTCA CCBUIOYHBEIM TUIIOM M MOYXKHO 00b-
ABJIATh CCBUIKU-TIEPEMEeHHBIE ¢ TUIIOM HHTepdetica. Takue CCbUIKU MO3BO-
JA0T NONYYaTh JOCTYII K peaJu3aluaM WICHOB MHTepdeiica. B 3ToM OTHO-
HIeHUM IIPOTOTHIIL, OTIpeje/iieMBId WieHOM UHTepdelica, BEICTYIIAeT B PO
BUPTYyaIbHOTO $YHKIHOHAABHOrO WieHa 6a30BOro Kiaacca. OaHAKO MOAU-
duxarop virtual HenB34 UCHOAB30BATE B JeKlapaluy WwieHa UHTepdelica.
Tak Kak JoIyCcTUMO HacjiegoBaHUe HHTep¢eicoB (MBI €TI0 II0Ka He paccMma-
TPUBAIH), TO CJAeAyeT oOpaTUTh BHUMAaHNE Ha HEBO3MOXXHOCTD [1OABJICHUA
B IIPOTOTUIIE WieHa NHTepdelica 1 MoaudukaTopa override (Moaudukarop
new JoNycTHM).

14.3. Peanuzauua untepdeirco

[Tpexge 9eM paccMOTpeTh peanusaluio uHTepdeiica, yTOYHUM OTIU-
yuA uHTepdeiicoB oT abcTpakTHBIX KiaaccoB. Haubosnee BaxkHoe oTiudue
COCTOUT B TOM, 9TO MPU HACJAEAOBAHUM KJIACCOB ¥ KAXIOTO KJIACCa MOMXKET
ObITE TOMLKO OAUH Ga30BbIH Klacc — MHOKeCTBEeHHOe Hac/eZloBaHue Kiac-
COB B A3bIKe C# HeBO3MOXHO. [IpM MoCTpoeHNHU Kjacca Ha OCHOBE UHTEp-
delicoB UX MOXKeT OBITh JMI060e KOMUYECTBO. J[PyruMu CIOBaMH, KIAacC
MOKET pPeaau30BaTh CKOABKO YTOAHO UHTepdeiicoB, HO MPU 3TOM MOXKET
MMEeTb TOJAbKO OAUH 0a30BHIN Kaacc. B unTepdelice He onpeaensroTed oaa
U He MOXeT ObITE KOHCTPYKTOPOB. B uHTepdetice Henb3sh 0OBABAITE CTATHU-
YyecKue WieHEH.

Kak u A719 abCcTpakTHBIX KAACCOB, HEBO3MOXKHO ONPEASAUTh OOBEKT
¢ TIOMOIITBI0 MHTepdelica.

Ytobbl MHTEPPEHCOM MOXKHO OBUIO IIOJB30BATHCA, OH A0JIKEH OHITH pea-
JIM30BAH KJIACCOM WU CTPYKTYPOU. B 3TOM IaBe pacCMOTPUM Peayiu3aliuio
“HTepeiicoB ¢ NOMOIIBIO KaaccoB. CHHTaKCUYECKN OTHOLIeHMe peanu3a-
1uu uHTepdeiica obo3HavaeTcs BKAIOUYeHHEM UMeHU UHTepdelica B criell-
udukaiuio 6asel Kaacca. HamoMauM ¢popmat o6bABIEHNA KIacca coO CIel-
nouxauueli 6aznl (A1 NPOCTOTH HE YKa3aHbl MOAUPUKATOPE K1acca):

class umA_Kaacca cneyuuxkayua_6asss

{
}

CHEHH@HK&HI/IH 6asbl KJAacca B 3TOM CIytdae HMeeT BUAL

obvabBaerua_uneHol_kxaacca

:uMA_60306020_KAACCAy,y 5 opr  CHUCOK_UnmeppeldcoB,,,
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MMma 6a3oBoro kjaacca (M cilefymoollasd 3a HUM 3aIATasg) MOTYT OTCYT-
cTBOBaTh. B crincke uHTepdeiicoB Yepes 3aNATHIC MOMEIIAIOTCA UMEHA TeX
vHTepdelicoB, KOTOpBIE AO/DKEH pealu30oBaTh kiacc. B cnennbuxanuio
Dasel KJacca MOXKeT BXOJUTb TOJBKO OANH 0a30BBIN KJIACC U IIPOU3BOIBHOE
4uCa0 uMeH uHTepdeiicoB. [IpU 3TOM JOMKHO BBIMOIHATHCA 0053aTeNb-
HOe YCJI0BUe — KJAacC JoMKeH pealu3oBaTh BCe WIeHH BceX UHTepdeiicos,
BKJIIOUEHHBIX B cnienydukanmio 0asel, HacTHBIN cayvail — Kjace, peaiusy-
IOIUH TOJABKO OANH UHTepdec:

class uma_knaccd: uma_uHmepgelica

{
}

Peanusanueii uieHa uHTepdelica SBAAETCA €ro MOJHOe onpejaeneHue
B peasIM3yIOLIeM Kaacce, cHabxcenHoe modugduxamopom docmyna public.

Cur"Hatypsl ¥ TUINEB BO3BpallaeMEIX 3HAYEHUHM METOJOB, CBOMCTB
¥ UHAECKCATOPOB B peaju3aluax U B uHTepdeiice JOIKHBI OTHOCTHIO
COBNQJATh.

[TokaxkeM Ha MpUMepPax, KaK Py NOCTPOEHUH KJIacca Ha OCHOBE UHTEP-
deiica knacc peaqusyeT ero MeToAbl, CBOMCTBA U MHAeKcaTophl. Peanusa-
11O COOBITUH MBI PACCMOTPHM MO3JHEE B IVIaBe, MOCBALICHHON COOBITUAM.

B caezyroweii nporpamme (14_01.cs) unrepdeiic [Publication peanusy-
eTcd KJIaccoM Item — «3aMeTKa B raseTe».

obvABneHus_uneHo8_knacca

// 14 81.cs — Uxmeppelc u ezo peanuzauyus
using System;
interface IPublication
{ // uHmeppelic nybauxkayui
void write()}; // zomoBume nybauxkauuw
void read()}; // wumame nybaukayuw
string Title { set; get; } // HazBanue nybauxayuu
s
class Item : IPublication
{ // 3amemxa 8 2azeme
string newspaper = "WaBecTua"; // Ha3Banue 2azems
string headline; // 3azono0B8ok cmameu
public string Title
{ // peanuzayus cBolicmBa
set { headline = value; }
get { return headline; }
}
public void write()
{// peanusauus memoda
/* onepamopsi, umumupyiomue nodzomoBky cmamsu */
}
public void read()
{ // peanusayusa memoda
/¥ onepamopsi, umumupyiowue umeHue cmamsu */
Console . WritelLine(@"Npoven B razete ""{B}"" ctatew ""{1}"".",
newspaper, Title);
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}

class Program

{

static void Main()

{

Console.WriteLine("Publication!");
Item article = new Item();
article.Title = "0 koonepauun";
article.read();

}
}

PESYJII::TEIT BHIIIOJIHEHHKA MPOTPAMMBIL.

Publication!
Npoven B rasete "M3secTtna” cTaTew "0 koonepauun”.

Knacc Item kpome peanusanuil WwieHOB UHTepdelica BKIOYaeT 00BAB-
JIeHUs 3aKPBITBIX MOMe: newspaper (Ha3BaHuUe rasersl) U headline (3aro-
JIOBOK cTaTbH). /11 IPOCTOTHL B KJIacC He BKIIOUYEH KOHCTPYKTOP U TOJIBKO
YCJI0BHO 0603HaueHHl onepaTophl MeToaoB write() u read(). Peanusarus
cBoricTBa Title npuBeAeHa NOJTHOCTBIO — AKCECCOPHI get U set TO3BOAAIOT
MOMYYUTE U 33/1aTh HazBaHUe CTAThbH, NMPEACTABAAEeMON KOHKPETHBIM 00h-
eKTOoM kKaacca Item. B metoae Main() HeT HUYEro HE3HAKOMOTO 4YUTa-
TeNo — onpeseneH obbekT Kaacca [tem u ccpuika article Ha Hero. C momo-
mpio obpaienusn arcticle.Title 2agaHo Ha3paHMe CTAThU.

B UML ana uzobpaskeHud UHTeppelcoB MIPUMEHAETCA Ta JKe CHMBOJIMKA,
4TO U AJIA K1accoB (cM. puc. 14.1). KoHeuHo, uMeeTCsa OTANYHE — B BepX-
Hel 9acTu, nocie MeHu uHTepdeiica IPublication nomemaerca cny>xeGHoe
cnoBo Interface. Tot gaxT, 4To KIace peanusyeT unTepdeiic, otobpaxaercs
€ IOMOIIBIO CIEeHHAMBHOTO CUMBOJIA U YKa3aHUeM UMeHU uHTepdetica Haj
MpPAMOYTOJBHUKOM, IPeACTABIAIOLUUM KIacc.

IPublication

Interface o
) IPublication
=/ Properties vlte.m A
S rive Class
= Methods .
9 read = Fields
v e 47 headline
47 newspaper
= Properties
S Title
; - = Methods
Program X
Class ¥ read
Vv write
= Methods
27 Main

Puc. 14.1. Qnarpamma KnaccoB ¢ UHTep¢encom ana nporpammbl 14_01.cs
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B xavecTBe BTOPOTO IIpUMepa paccMOTpUM HHTepdetic, peanusalusa wie-
HOB KOTOPOTO MO3BOJUT MOAYIATD LeJoUrcAeHHbIe 3HAaYeHUs WIEHOB YHC-
JIOBBIX psAioB [9]:

interface ISeries

{

void setBegin(); // BoccmanoBume HauansHoe COCMOAHUE
int GetNext {get;} // Bepryme o4vepedroli 4neH proa

int this[int k] {get;} // BepHymo k-{ unex pada
}

[TosscHUM poAU IPOTOTHIIOB, BXOAAIIUX B 3TOT HHTepdelic. B npuseseH-
HOM 0ObsaBAeHUH: setBegin() — npoTtoTun Metoaa; GetNext — UMA CBOU-
CTBA, TIO3BOJIIIOIIETO MMOAYIATDh 3HAYEHHE OUePeHOT0 WiIeHa Psia U HacTPo-
UTh OOBEKT HA CJIeAYIOMUM WieH. IHAeKCcaTop B 3TOM IIPUMEpPE TTO3BOJSET
MMOJIYIUTh 3HAUEHHE HE OUEPEJHOTO, a IIPOU3BOABHOTO K-TO 4jeHa pAja
U IIepeBecTh 0OBEKT B COCTOSHUE, TIPU KOTOPOM CBOMCTBO GetNext BepHeET
snadeHue (k+1)-ro uieHa.

Te ¢yHKIHOHAABHBIE BO3MOXKHOCTU, KOTOPEIE MPUIMCAHE WieHaM
nHTepdelica [Series, npu peaau3alud B KOHKPETHBIX KJaccaX MOTYT
OBITh U3MeHeHE. Ho B 3TOM ciyvae HapyliaeTca o6yl MpUHIIUT IpUMe-
HeHM UHTepdeiicon. [ToaTOMY B MpUMepax KOHKPETHLIX KJIaccoB 6yaeM
NpUAEPAKUBATHCA ONUCAHHEIX COTJIallleHUH 0 poJiaxX WieHOB HHTepdeiica
[Series.

HuTepdeiic [Series MOXKHO peanu3oBaTh A NPeACTABAEHUA PA3HBIX
YUCOBBIX PAZ0B. BOT, HalpuMep, peryasapHble YUCJAOBHIE NIOCAEA0BATENb-
HOCTHU, KOTOPbl€ MOXKHO IIPEACTABUTh KIacCaMU, PeaausyIOIUMA UHTED-
¢etic [Series:

1, 1, 2, 3, 5, 8, 13, ... — paax dubonauum: q;=q;_,+4a,_;, rae
i>2; =1, a,=1;

1,3,4,7,11,18,29,...—pagllykaca:q; = q;_» + q;_,TAei>2; q; =1, a; =3;

1,2,5,12,29,70,...—paallemna:q; =q;_, +2*q;_;, 11> 2; ¢ =1, a, =2.

B crnegyromieil nporpaMMe Ha ocHOBe UHTepdelica [Series onpeaeneH
KJ1acc, npeacTtaspasomuil pag [lenna (cM. gnarpaMMy Ha puc 14.2).

[/ 14 82.cs — Uamepdelic u ezo peanuzquun
using System;

interface ISeries // uHmepgelic vucnobeix padod

{
void setBegin(); // 3adamb RauaneHoe cocmoanue
int GetNext { get; } // BepHymb oqepedHoll daeHd pada
int this[int k] { get; } // BepHymbo k-0 uynex pada

}

class Pell : ISeries // Pad fenna: 1, 2, 5, 12,

{
int old, last; // 08a npedvidyyux 4Ynena pada

public Pell() { setBegin(); } // xoHcmpykmop
public void setBegin() // 3adamb RauaneHoe cocmoanue
{ old = 1; last = @; }
public int GetNext // BepHyme cnedywuuli nocne last
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{
get
{
int now = old + 2 * last;
old = last; last = now;
return now;

}
}
public int this[int k] // BepHyTb K-iA u4neH psga
{
get
{
int now = 9;
setBegin();
if (k <= 9) return —1;
for (int j = 9; j < k; j++)
now = GetNext;
return now;
}
}

public void seriesPrint(int n)
{ // BHIBECTH N YNEHOB, HAYMHAA CO Cchegywuero
for (int i = @; i < n; i++)
Console.Write{GetNext + "\t");
Console.WritelLine()};

}
}

class Program

{

static void Main()

{
Pell pell = new Pell();

pell.seriesPrint(3);
Console.WriteLine("pell[3] = " + pell[3]);
pell.seriesPrint(4};
pell.seriesPrint(3};

}
¥

PESYJIbTaT BLHITIICGIHEHHM NIPOTPaMMBLL

125 12 29 70 169 408 985
pell[3] =5

12 29 70 169

408 985 2378

Kpome peanusanuu wieHoB HHTepdelica [Series B kaacce Pell 06%-
aBaeH Metoj seriesPrint(). OH BBIBOAUT 3HAYEHUA HECKOJNBKUX YICHOB
pAja, CIeIYIOIUX 34 TeKyIWUM. KoIHYecTBO WIEHOB onpeAensaeT apryMeHT
MeToza seriesPrint(}). [Tocae BhIOJHeHUS METOAa COCTOAHHE pAJa HU3Me-
HUTCH — TEKYIIHUM WIEHOM CTaHeT MOCAeAHUN BHIBEJACHHBIU WieH paia.
O6paTuTe BHUMaHUE, 4TO MPH pealu3aluy UHACKCATOpa HyMepalus wie-
HOB psJa HaunHaeTca ¢ 1 (a He ¢ HyA).
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ISeries

Interface .
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= Properties " pell A
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= this
= Methods = Fields
@ zetBegin 47 last
/ 47 old
=l Properties
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; = S this
b = = Methods
v Pell
(=] Methods v seriesPrint
4¥ Main ¥ setBegin

Puc. 14.2. Qnarpamma KnaccoB ¢ uHTepdelicom ansa nporpammbl 14_02.cs

ObpaTtuTe BHUMaHUE, YTO B peaansalnun uarepdeiica 3aronoBoK MeTosa
JIO/KeH MOJHOCTHIO COBIAZATH € 3ar0J0BKOM IPOTOTHUIIA 3TOTO METo/AA
B uHTepdeiice (3a UCKIIOUEHUEM TOABAEHUA MoAUPUKATOpa AOCTYIIA).
CooTBeTCTBHE JOKHO OBITh U TIPU peaju3aluu APYTUX WIEHOB UHTepdetica.

B Hamnx mpumepax MHTepdelcH ¥ pealusyouye UX KIacchl pazMe-
LIeHb B oAHOM daiine. Ecim untepdelic oO6bABAeH He B ToM ¢aliie, rae
BEITIOJIHACTCA €ro peanusanyd, To o0baBAcHUe nHTepdeiica HeobxoauMo
cHAGAUTE COOTBETCTBYIOIMUM MOAUDUKATOPOM AOCTYTIA,

B npuBeZeHHBIX BHIIIE MporpaMMax kiaaccos Item u Pell 6pu1a uenosnp3o-
BaHa HesiéHast peanusauus wieHoe UHTepdeiicoB. TepMuH «HesiBHasA» YIIO-
TpebteTca And 0603HaUYeHHUA TOTO, YTO B 0OBABNEHUU KJ1acca, PeaTU3yIollero
vHTepdelic, He IPUMEHAITCA KBAMUPULINPOBAHHBIE UMEHA WICHOB KHTEP-
detica 1 Mx peanuzanuy cHaOXkaroTesa obg3aTeIbHEIM MoaudHkaTopoM public.

Korza ofuH kjacc peaaudyeT HECKOJbKO MHTepdelcOB, BO3MOXKHbI
COBUIa/IeHNsI UMeH WIEHOB U3 Pa3HBIX UHTepdeiicoB. [laa paspemeHus
Takol KOHPAMKTHON CUTyalluM B Kjacce, peanusyiollleM HHTepdeiic,
KCTIONB3YeTCA KBAMUGULUPOBAHHOE UMA WieHa UHTepdelica. 3aech cyle-
CTBYeT OrpaHAYCHNE — TaKad pealu3alvd WieHa Ha3blBaeTCA ABHOU U OHA
HE MOXET OBITh OTKPHITOMH, T. €. J/I1 Hee Helb3d UCIONb30BaTh MoAUdUKa-
Top public. [TogpobHee 06 0COBEHHOCTAX ABHOM peann3aliuu HHTepdencoB
MOXKHO y3HaTb, Halmpumep, us pabor [1, 5].

14.4. UHTepdeiic kKak TUN

HecMOTps Ha TO, YTO HEMb3d CO3/aBaTh JK3EeMIUIAPHI (06 BEKTRI) UHTEp-
¢deticoB, HO MHTepdelic, KaK U Kaace, B A3mKe C# ABIAETCS CCHUIOYHBIM
TunoM. [1o406HO TOMY, KaK MOXXHO OOBABIATL CCBUIKY, UMEKIIVIO THIT
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abcTpaKTHOTO KJjacca, paspellieHo OOBIBIATL CCBUIKY € THUIIOM HUHTEp-
¢eiica. Takasd ccpIIKA MOXeT OBITH PaBHOIIPABHO CBA3aHA C 0OBEKTOM
noboro knacca, KOTOPHUN peanusoBal AaHHEM WHTepdelic, C MOMOIBIO
TAaKOHN CCBUIKU MOXXHO TOMYYUTh AOCTYI KO BCEM WIEHAM KJIACCa, peanu-
3VIOITUM COOTBETCTBYIONIME WieHBl UHTepdetica. OHAKO CCBUIKA C TUIIOM
VHTepdeiica He TO3BOMIET MOAYUUTE JOCTYI K WieHaM KJjacca, KOTophle
OTCYTCTBOBAJU B UHTepdelice, a 6pUIH A0OaBIEHEl B KJIAcC, pealu3yIolnil
nHrepdelic.

HuTepdelic Kak TUI MOXKET CHEITUDUIIMPOBAaThL TapaMeTp METOAA, MOXKET
ONpeAeasiTh TUIl BO3BPALIAeMOTO METOAOM 3HAYEHUS, MOXET OIpeAeNaTh
TUI 3JI€MEHTOB MaccHBa. PacCMOTPUM 3TH BO3MOXKHOCTH Ha WLTHOCTpa-
THUBHEBIX TIpUMepax. Onpeaenum uHrepdetic, cneundruUpyOINii cpeacTBa
06paboTKU reoMeTpUYeCKUX PUTYP:

interface IGeo

{ // Uumepeiic z2eomempuveckol puaypu
void transform(double coef); // npeobpazoBamb pasmeps
void display(); // BuBecmu xapaxkmepucmuxu

}

B npuBeseHHOM UHTepdelice HET CBeJeHUM O KOHKPETHHX 0COOeHHO-
CTAX TEX TEOMETPUYECKUX GUTYP, KIACCH KOTOPHIX MOTYT Peajdu30BaTh
[Geo. Hatipumep, HAYTO HE OrPAHUYUBAET PAZMEPHOCTH ITPOCTPAHCTBA,
B KOTOPOM oIIpefeneHbl GUryprl. BoaMoxkHOCTH npeocbpasopaHuil Guryp
€ IOMOLIBK peanunsanuil Metoza transform() Moryr 6HITH JOCTaTOUHO MPO-
V3BOJABHEIMU. CaMBIMU Pa3HBIMU MOTYT OBIThH CBeZeHUA O GUrypax, BbIBO-
AVMble peanusanuaMu Metoga display().

Onpeaenum ABa Kiacca, peanusyroinux untepdetic I1Geo:; Circle — kpyr
u Cube — xy6. TTone double rad B knacee Circle — 3To paguyc kpyra. [Mose
double rib B xacce Cube — pebpo kyba. Peanusaiiua MeToga transform()
B 000OUX KJMaccaXx U3MEeHAIT AuHeliHble pa3Mepnl (rad u rib) B 3agaHHoOe
napamMeTpoM MeTo/a YUCJI0 pas.

YToOH MPOAEMOHCTPUPORBATE PUMEHUMOCTh UHTEP(ENCHOU CCRUTKUA
B KauyecTBe IapamMeTpa, ONpeAeNuM CTAaTU4eCKylo PyHKuuio report(),
M3 TeJa KOTOPO BHIIOMHAeTCA obpalieHue kK peanuzauuu metoza display().
Yka3aHHBIM cOrMallleHUAM COOTBETCTBYeET CeAyiolias IporpaMma:

// 14 83.cs - unmepgelicHoie CCbIAKU
using System;
interface IGeo
{ // urmepgelic z2eomempuveckoli puayp
void transform(double coef); // npecbpazocBams pazmeps

void display(); // Buiecmu xapaxkmepucmuxul
}
class Circle : IGeo
{// xpyr

double rad = 1; // paduyc kpyaa
public wvoid transform(double coef) { rad *= coef; }
public void display()

{
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Console.WriteLine("NMnowaas kpyra: {0:64}",
Math.PI * rad * rad);

}
}
class Cube : IGeo
{ // ryb

double rib = 1; // pebpo kyba
public void transform{double coef) { rib *= coef; }
public void display()
{
Console.WriteLine{"Ob6vem kyba: {6:G4}",
rib * rib * rib);
}
}

class Program

{
public static void report(IGeo g)

{

Console.Writeline("faHHbe obvexkTa knacca {0}:", g.GetType());
g.display();
}

public static veid Main()

{

Circle cir = new Circle();
report(cir);
Cube cub = new Cube();
report(cub);
IGeo ira = cir;
report(ira);
}
}

PESYJIbTaTbI BLBIIIOJHECHHA TIpOrpaMMBI:

JaHHbe obbekTa Knacca Circle:
Maowaab kpyra: 3,142

JaHHwle obvekTa knacca Cube:
O6bvem kyba: 1

JaHHble 0bbekTa kKnacca Circle:
Naowaab kpyra: 3,142

O6paTuM BHMMaHHe Ha cTaTHCTHYecKuid Metog report(). Ero mapa-
MeTp g§ — CCBhlIKa ¢ TunoM HHTepdelica IGeo. BripaxkeHne g.GetType()
B TeJie MeTo/a report() mo3BoifAeT MOAYYATh UMA KJAcca, CCBUIKA Ha KOTO-
pbIll HCNOAB3YeTCA B KAdeCTBE apryMeHTa IIpU obpalleHHuU K METOLY
report(). Oneparop g.display() obecneuuBaeT BLHI3OB TOil peaausalUu
MeTozAa display(), koropas COOTBETCTBYET TUIY apTyMeHTa. VCmoabp30Ba-
HHe UHTepdeHCHON CCBUIKM B KauyeCTBe IlapaMeTpa [103B0JsAeT IPUMEHATD
MeToz report() a1a 06paboTKH 06BEKTOB JIOOBIX KJIAcCOB, KOTOPHIE peasiu-
soBanu uHTepdeiic 1Geo. Kog meroga Main() WIIIOCTpUpPYeT CKa3aHHOE.
B nem onpezeneHs Apa o6bexTa kiaccor Circle m Cube n accouumnposas-
HBle ¢ HUMM CCBUIKH cir, cub. X Hcnoab3oBaHHe B KauecTBe apryMeHTOB
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MeToga report() MpUBOAUT K BbI3oBaM MeTozoB display() U3 COOTBETCTBY-
IOIIUX KJACCOB. JTO MOATBEDPKAAIOT PE3YILTATH BHITOAHEHUS TPOTPAMM.

Ob6paTuTe BHMMaHUE HA TOCAEHUE ABE CTPOKH Teaa GyHKIUU Main().
OnpezeneHa cChlIKa ira ¢ TUIoM HHTepdeiica [Geo, KOTOPOH 3aTeM Npu-
CBOEHO 3Ha4YeHue CChUIKM Ha 00BekT kiacca Circle. 9To ovyeHb BakHas
0cOOeHHOCTh — UHTEPHEUCHOU CCRUTKE MOXKHO TIPUCBOUTE CCHUIKY Ha 00B-
eKT JII000ro Kjacca, pealusyiollero AaHHbBIH nHTepdelic. B Tene Meroaa
report() apryMeHT B 3TOM cjydae BOCIPUHUMAETCSI KaK UMEIIINi TUII
kiacca Circle, peanusoBasmero uarepdeiic IGeo. OCTaHOBUMCH Ha 3TOM
noapobHee. Ccblika [Geo ira mpu oOBABAEHUM UMeEET TUIl UHTepdeiica,
a nocse IpucBaMBaHMA ira = cir cCBUIKa ira moaydaeT Tul Kiaacca Circle.
Takum obpazom, Halia MporpaMMa WIAIOCTPUPYET pa3nuyue Mexay o6s-
ABACHHBIM MUNOM CCHUIKU U €€ MUNOM PeMeHU UCNOAHEeHUS (O TaKOM
pasANduU IOBOPAT KaK O CMamu4eckom U QUHAMUYecKoM TUIIAX OAHOH
U TOM JKe IepeMeHHOM).

HecMoTps Ha To, 4To mapaMeTp Metoa report() crenuguuupoBaH Kak
ccbUika Tuna IGeo v ccpulka ira Tuna [Geo ucnonb3oBaHa B KadyecTBe apry-
MeHTa, BEI3OB Ga3upyeTcd Ha TUIle BpeMeHM UCIIOJHEHWs U BHIMOAHAETCS
obpamenue kK obbekTy Kaacca Circle. Takasg BO3MOXHOCTh Ha3bIBaAeTCsA
no30HUM, UHAYE QUHAMUYECKUM, cea3blaaHuem, Pemmenre 0 TOM, KakKoH
METO/ BHISHIBATh, IPUHUMAETCA MIPU [IO3JHEM CBA3BIBAHWU Ha OCHOBE TUIA
BPEMEHU UCIOJIHEHUA. B IPOTHUBOMONOXHOCTE 3TOMY, CTPATErusa UCIONb-
30BaHUA OOBABJIEHHOTO TUIA HA3BIBAETCH PAHHUM, WIH CMamuieckKum,
cena3bisaHueM.

[[puMeHeHHEe B KaYecTBe MMApaMETPOB U apryMeHTOB UHTepPQeNCHBIX
CCBUIOK U CCBUIOK € TUIIOM 6a30BOro Kjaacca (IIpU HaJWYUU BUPTYaIbHEBIX
WwieHOB) ofeclneyuBacT o3gHee (AMHAMUYECKOe) CBA3BIBaHHMe. [lo3aHee
CBA3BIBAHME — OJIHO U3 MPOSBAEHUM noaumopdusma B a3vike C#.

UtoOBI MPOAEMOHCTPUPOBATE JAPYTHE BO3MOXKHOCTH IIPUMEHEHUA UHTED-
¢delicCHEIX CCBUIOK, UCIONBb3yeM Oe3 U3MeHeHU elle pa3 uHrepdelic IGeo
1 peanusyiomme ero knacchl Circle m Cube. B knace Program gobasum cTa-
TUYECKUU METO/:

public static IGeo mapping(IGeo g, double d)

{
g.transform{(d);

return g;

h

[TepBhIll NapamMeTp — cCBUIKa ¢ TUIOM UHHTepdeiica. MeToa, NOJyuUB
B KayecTBE MEPBOTO apryMeHTa CCHUIKY HAa KOHKPEeTHBIN 0ObeKT, u3Mme-
HAET €ro JUHEHHBIC pasMepHl U BO3BPAIlaeT B KAYCCTBE Pe3y/IbTaTa CChUIKY
Ha U3MeHeHHHIH o0BeKT. BTopoil napameTp — koad$uIneHT N3MeHeHHNA
JIMHENHBIX pa3MmepoB. McnonbsyeMm MeTosl mapping() u report() ciaeayio-
M obpazom (mmporpamma 14_04.cs):

public static void Main()

{

IGeo ira = new Circle(); // eduruuhsid paduyc

262



report(ira);
ira.transform(3);
report(ira);

ira = mapping(new Cube(), 2);
report(ira);

}
Pe3ysbTaThl BHIIOJHEHYSA IPOTrPAMMBI:

JlaHHble obbekTa knacca Circle:
Mnowaab kpyra: 3,142

JaHHble 0bbekTa knacca Circle:
Mnowaab Kkpyra: 28,27

JaHHble 0bbekTa knacca Cube:
O6bbem kyba: 8

B metoze Main() ccbuika ira ¢ 06baBaeHHBIM TUIIOM [Geo cBA3aHa ¢ 00b-
exToM Kiacca Circle, KOTopbIli OHa «IIpe/CTaBIAeT» B OOpallleHUAX K CTaTH-
yecKkoMy MeToAy report() ¥ B BI30Be HecTaTH4ecKoro meroza transform().
[MepBbIi aprymMeHT MeToZa mapping() — BHOBb CO3JaHHBIM O0OBEKT Kjacca
Cube. ITo ymomuanuio y aToro obbekra-kyba pebpo paBHO 1. Pedymbrar
BBINIOJIHEHHUS CTaTUYeCKOro MeToZa mapping() nprucBauBaeTcs CChUIKE ira,
IIOCJIe Yero OHa acCcoIMUpOBaHa C U3MeHeHHBIM o0bekToM kiaacca Cube.
Bo Bcex ucnonb30BaHUAX UHTEPOENCHOM CChUIKM ira MposiBIAeTCs ee AUHa-
MUYECKUU TUII, ¥ STOT TUII He OCTAETCS IIOCTOSHHBIM BO BpeMs UCIIOJHEHUA
MIpOTPaMMBbI. Pe3yibTaThl BHIIOTHEHUS [TPOTPAMMBI IOMOJHSIOT CKa3aHHOE.

Tak xak unrepdelic ABIAETCA TUIOM, TO MOXXHO OIPeZeNATh MaCCUBHI
C DJleMeHTaMU, UMEeIOIIUMU TUIl UHTepdeiica. DreMeHTaM TaKOro MacCHUBa
MOXXHO IIPMCBauUBaTh KakK 3HaueHUA UHTep(delCHbIX CChUIOK, TaK U 3Haye-
HUSI CCBUIOK HAa OOBEKTHI JTIOOBIX KJIACCOB, PeaN3yIOIINX AAaHHBIN UHTEP-
deiic. B ciaeayroieit mporpamme (14_05.cs) onpenenen maccuB tuna IGeo[]
Y MMeHYIoLas ero CChUIKA iarray. DJeMeHTaM MaccuBa IPHCBauBaIOTCA
3HaYeHHs CCbUIOK Ha 00beKThI Ki1accoB Circle u Cube. Koz 6e3 06 bsaBIeHUIH
unTepdelica, KJIACCOB U CTaTUYECKUX MeToZAoB report() 1 mapping():

public static void Main()

{
IGeo[] iarray = new IGeo[4];
IGeo ira = new Circle();
iarray[@] = ira;
ira.transform(3);
iarray[1] = ira;
ira = mapping(new Cube(), 2);
iarray[2] = ira;
iarray[3] = new Circle();
foreach (IGeo obj in iarray)

report(obj);
}

PGBYJIBTEITBI BBITIOTHEHUA IIPOT'PAMMBIL:

JaHHble 0bbekTa knacca Circle:
Mnowaab Kkpyra: 28,27
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JaHHble obbekTa knacca Circle:
Mnowaas kpyra: 28,27

JaHHble obbekTa knacca Cube:
Obbem kyba: 8

JaHHble obwekTa knacca Circle:
MNnowagae kpyra: 3,142

B meToge Main() s;meMeHTaM MacCHBa IIPUCBOEHB! CChIKU Ha 0OBEKTH
pa3HbBIX K1accoB. 3aTeM B onepaTope foreach ¢ nomompio ccruiku THna IGeo
nepebupaloTca 3Ha4eHUd BCEX 3/IeMEHTOB MacCUBa, Y I KaXA0T0 U3 HUX
BBI3BIBAETCA CTAaTHUYECKU MeToZ report(). O6paTM BHUMaHUE HA BbIBOAU-
Mbl€ Pe3yAbTATHI U IOCAE/I0OBATENBLHOCTE IPUCBAUBAHUS 3HAYEHHUH J/eMeH-
TaM MaccuBa. Ccbuika IGeo ira pu o6bABAeHUM agpecyeT 0OBeKT Kiacca
Circle, n ee 3HaYeHHe IIPUCBOEHO dleMeHTY iarray[0]. 3aTem oneparop ira.
transform(3) usMeHsIeT 0OBEKT, CBA3AHHBII CO CCBUIKOM ira, M ee 3HaAYeHHE
HmpucBauBaercd seMenTy iarray[1]. Takum o6pa3omM, 3Ha4eHUS 3NEMEHTOB
iarray[0] u iarray[1] paBHEI, u 06a 3/IeMeHTa aIPECYIOT YK€ N3MeHeHHbIH
0bbekT Kaacca Circle. OmepaTop ira = mapping(new Cube(), 2); npucea-
vBaeT UHTepdelicHON cchUIKe ira agpec MOAUQHIUPOBAHHOTO 0OBeKTa
knacca Cube, I[Mocne aToro npucBauBaeTcA 3HaUCHHE leMeHTY iarray[2].
HaxkoHen snemeHTy iarray[3] mpucBauBaeTcs CCbLIKA HA HOBBIM OOBEKT
knacca Circle. Takum obpa3oM, B mporpaMme onpezeneHsl 3 oObeKTa, ajape-
cyeMble YeTBIPbMA 3eMeHTaMHU MaccUBa.

14.5. UnTepdeiicbl n HacnepoBaHue

Jlo cyx Top MBI pacCMaTpUBaU OT/AeNbHble MHTepdelChl U UX peannsa-
MO C TIOMOIBIO KAaccoB. OTMevanu (HO He WIUIIOCTPHPOBATIH) BO3MOX-
HOCTE peaau3aliui OAHUM KJacCOM HECKOMbKUX uHTepdeiicos. URTepderics
C# MoryT HaclefoBaThCA HE3aBUCUMO OT Kiaaccoe. OaHaKO Hac/leJoBaHUE
vHTepdelicoB OTIMYAeTCA OT HACAEeAOBAaHUA KJAAaccoB. PacCMOTpPUM, 4YTO
TaKkoe HacleAoBaHUe UHTePdENCOB U B UeM €ro OTINYUA OT HACTEeIOBAaHUA
KJIaCcCOB.

HanomMHAuM, 9TO B 0OBsIBIEHUE HHTEPPEIica MOKET BXOAUTE crierudpuKa-
1y 6asel UHTepdetica, GopMaT KOTOpPOIl MOXKHO NIpeACTABUTD TakK:

s cnucok_6a306eix_uHmeppeic oy,

B cBOIO ouepear uHTepdelic, BXOAANMN B CTTUCOK Ha30BHIX, MOXET OBITh
HacCJeIHUKOM JIpYyTUuX uHTepdelicoB. Tem caMbiM GOPMHUDPYIOTCA TIETIOYKU
WIU Uepapxyu HacjeJoBaHUsA UHTepdeiicoB. EcTecTBeHHOE OorpaHUYe-
HUe — cpeZu 6a30BLIX MHTepdeiCOB He MOXeT NPUCYTCTBOBATDL ONpeesl-
eMBIH HHTepdeHc,

[Tpu peanuzanyu unTepdeiica, KOTOPHIN ABAAETCH HACAEAHUKOM JPYTUX
UHTePDENCOB, KIace A0MKEH PeaM30BaTh BCe WieHH BeeX HHTep)elcoB,
BXOAANIMX B Hepapxuio. /IpyrumMu CJI0OBaMH, BCe WieHbl UepapxXuu WHTEP-
deiicoB 06beAUHAIOTCA B €JUHEBIN HAOOp WIEHOB, KaXABIH U3 KOTOPHIX A0J-
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KeH OBITh peann30BaH KOHKPETHHIM KjaaccoM (MW KOHKPEeTHOW CTPYKTY-
poii). JA WuioCTpaluy NpUBEAEM CIEAYIOUIYIO TpOrpaMMy:

// 14 06.cs - nacnedoBaHue uHmepgeiicob

using System;

interface IPublication // uwmepgeiic nybruxkauui

{
void write()}; [/ 2omoBume nybaukqyug
void read()}; // uumame nybauxayuie
string Title { set; get; } // Ha3Barue nybauxkayuu

}

interface IBook : IPublication // unmepgeiic xnuz
{
string Author { set; get; } // aBmop
int Pages { set; get; } // KoaudecmBo cmpaHuy
string Publisher { get; } // uzdamenscmBo
int Year { get; set; } // 200 ony6aukoBaHus

}

class Book : IBook
{
string title; // HGzBarue kKHU2u
string author; // aBmop
int pages; // xonudecmBo cmparuy
string publisher; // uzdamenbcmBo
int year; // 208 onybnuxoBanus
public string Title
{
set { title = value; }
get { return title; }

}
public string Author

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

}
public int Pages

{
set { pages = value; }
get { return pages; }
}
public string Publisher
{
set { publisher = value; }
get { return publisher; }
}
public int Year
{
set { year = value; }
get { return year; }
}
public void write() {/* onepamopsi memoda */}
public void read()} {/* onepamopst memoda */}
}

class Program

{
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public static void Main()

{

}
}

PESYJIbTaTbI BBIMTIOAHECHHA TTpOrpaMMBI:

AeTep: N. H. BoOAruH,

Book booklet = new Book();
booklet.Author = "fl. H. Boaruwn";
booklet.Title = @"""MNpuUHUMN COrNACOBAHHOrQ OMNTUMYMA ;
Console.WriteLine("AeTop: {0}, HazBaHue: {1}.",
booklet.Author, booklet.Title);

HazgaHue:

"MpUHUMN COrNACOBAHHOrG ONTUMyMa" .

3neck naTepdetic IBook mocTpoen Ha ocHOBe uHTEepdetica IPublication.
Kimacce Book peanusyer unrepdeiic I[Book 1 B HeM peanu30BaHBl WIEHEH
oboux uHrepdetico. YToObHl He YCAOKHAThL IpUMep, pealu3allud MeTo-
aoB IPublication.write() u IPublication.read() npuBegeHb He MOJHOCTHIO.
Ho yaanuts aTu MeToAB U3 Kaacca Book Henb3s — Kimacc A0/mkeH peaiu-
30BBIBATH BCE WIEHHBI BCeX UHTePPeIicoB, Ha OCHOBE KOTOPHIX OH TTOCTPOEH.
B meToze Main() BHIIOAHAIOTCA MPOCTENUIINE JeUCTBHA ¢ OOBEKTOM Kaacca

Book.
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Puc. 14.3. HachepogaHue nHtepdeincoe B nporpamme 14_06.cs



Jna nzobpaxeHna HacaegoBaHuA uHTepdetico B UML ucmoabayercs
Ta e HOTallusA, YTO U AJA HacaeJOoBaHUA KaaccoB. [Ipou3BOAHEIN UHTED-
deiic coeaunaeTcs ¢ GA30BBIM CTPENKOH, OCTpHE KOTOPOH HAIpPaBAeHO
Ha u3obpaxeHue H6azosoro uHTepdeiica. Ha puc. 14.3 nokaszaHo OTHOIIIE-
Hue uHTepdeiicoB [Publication u IBook, a Hag kaaccom Book oTtobpaxen
TOT (axT, 4yTo knacc Book penusyer unrepodetic IBook.

[Tpu HacmegoBaHUM UHTepPECOB pa3pelieHO MHOXKECTBEHHOE Hace-
AOBAHUE, IPU 5TOM BO3MOXKHO U IIOCTPOEHUE POMOOBUAHEIX PEIIeTYATHIX
vepapxunil. Tak kak B uHTepdeiicax 1r060H WieH IpeACTaBIACT TOABKO CIell-
nUKaIUIo elle He CYLeCTBYIOIIEro MeToja, CBOHCTBa, NHAEKcaTopa Uau
cOOBITHA, TO HUKAKUX KO/VIM3UI He BO3HUKaeT. [IoKa)keM U MOACHUM 3TO
Ha YCJI0BHOM IIpuMepe. B cieaytoleii nporpaMMe mocTpoeHa poMOOBUAHAL
nepapxusa uHTepdeiicop:

[/ 14 87.cs - mroxecmBedrnoe racnedoBarue unmeppelicod
using System;
interface IBase

{

}
interface IN1 : IBase { }

interface IN2 : IBase { }
interface INt : IN1, IN2 { }
class Class : INt

void write();

{
public void write() {/* onepamopsot memoda */}
}
class Program
{
public static void Main() { }
}

Asa unrepdetica IN1 u IN2 nocrpoenn Ha Gaze unrepdelica [Base.
Y nurepdeiica INt 6azopumn apadiorea IN1 u IN2. Knace ¢ umeHem Class
peanuzyet nHTepdetic INt U TeM caMBEIM JOMKeH pealu30BaTh U BCE OCTAMb-
Hble MHTepdelickl. CaMoe BaxkHOe — TOT $aKT, UTO KJIacc NoaydaeT Ajas
peanu3aly TOJBKO OAVH 3K3eMIULIp WieHa write(). HecMoTps Ha TO, 4TO
write() kak wieH 6a30BOro Kjaacca HacaeayeTca AByMA uHTepdericaMmu
IN1 u IN2, B unTepdetic INt OH BXOAMT TOJBKO OAUH pa3 M TOJBKO OJUH
pa3 Ao/oKeH ObITh peanus3oBaH B knacce Class. CkazaHHOe WUIHOCTPUDYET
(puc. 14.4) auarpaMma KJ1accoB MPOTPAMMEL.

IIpy mOCTpOeHUM HepapxuM UHTepPeHCOB BO3ZMOKHO COBIAJeHUE
VIMeH ¥ CUTHATYP WIEHOB pasHHIX UHTep¢elicoB, ECU CUTHATYPEI METO0B
He COBIIaJAl0T, T. €. IPOTOTUINEI METOA0B UHTepdelcoB 3aBeJOMO pa3HHIE,
TO HUYErO NMpeJIpUHUMATL HE HY)KHO — KJIAacC JOJDKEH pealu3oBaTh BCE
OJHOUMEHHBIC WICHHl, UMEIOLIUe pasHble CUTHATYPHL. B ciyduae coBmage-
HUSI CUTHATYp WieH MpPOM3BOAHOr0 UHTepdelica skpaHUpyeT (CKPHIBAET)
OJHOUMEHHHIN WwieH 6a3oBoro uHrepdeiica. B a3ToM cayiuae KOMIUIATOP
noTpebyeT NoaTBepXKAeHUs NMPaBUJbHOCTU KpaHUpOBaHUA. s 3Toro
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WieH IPOU3BOAHOrO UHTepdetica HYKHO CHAGAUTE MOZUDUKATOPOM New.
ITpu 3KkpaHUPOBaHUM KJIACC He JO/DKEH pealn30BaTh WieH 6a30BOro UHTEp-

¢elica (AOCTATOYHO peanu3allui SKPAHUPYIOLEro wieHa NMPOU3BOZHOTO
vHTepdeiica).

»

[ IBase

Interface
() INE
(= Methods ' Class 2 )
v wte Class
7\ =
T = Methods
Y write
| IN1 R | IN2 A
Interface Interface
- IBase ¥ 1Base
( Program A
= — Class
INE Y
Interface =2
i) = Methods

+IN2 ¥ Main

Puc. 14.4. MHoXKecTBeHHOE HacnefgoBaHne nHTep¢dpencos B nporpamme 14_07.cs

Crnezymolias IporpaMMa WITKCTPUPYeT NpHUBeZeHHEIe TIpaBUaa:

[/ 14 88.cs - mHowecmBernoe nacnedoBarnue unmepgelicof
using System;
interface IBase

¢ void write()};
interface IN1 : IBase
¢ new void write();
interface IN2 : IBase
; int write(int r);

interface INt : IN1I, IN2 { }
class Class : INt
{
public void write()
{ Console.WritelLine("IN1"); }
public int write(int r)
{ Console.WriteLine("IN2 " + r); return 1; }

}

class Program
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public static void Main()

{

Class dot = new Class();
dot.write();
dot.write(23);

}
}

Pe3y/nbTaTH BHIIOMHEHUS IPOrPAMMEBL:

IN1
IN2 23

B 6azoBoM wHTepdeiice [Base ecTh mporoTun MeTona write(). B mpo-
U3BOAHBIX UHTepdeticax IN1, IN2 gekmapupoBaHbl OAHOUMEHHBIE METOABI
¢ pasHol curHatypoil. [Iporotun Meroza us IN1 skpaHUpyeT OIpOTOTUII
MeToAa Ha3oBoro nHTepdeiica. [Tporotun MeToga n3 IN2 cylecTByeT He3a-
BUCHMO OT JPYTUX OZHOUMEHHHBIX NpoToThnoB. Kinacce Class, peasyomuil
BCIO Hepapxuio UHTepdelcoB, peainsyeT Kak neperpyxenssie {overloaded)
/IBa MeTOo/a, AeKjJapupoBaHHble B uHTepdeticax IN1, IN2. PesyasraTh
BBIMOJIHEHMA MTpOrpaMM U AUarpaMma KiaaccoB U uHtTepdeticop (puc. 14.5)
AOTIOMHAIOT NpUBeAeHHble 00bacHeHUuA. OOpaTUTe BHUMaHUe Ha 0603Have-
HHe MeToaa write() B uzobpaxenun knacca Class. B noanucn ykasaHo, 4TO
cymectByet ABe peanuzaiun: (+1 overloaded).

»|

| IBase
Interface

= Methods
Y wite | O Int
/I«" " Class &
Class
( -lNl A ( Amz A (= Methods
Interface Interface @ write (+ 1 overload)
-+ 1Base - IBase \
= Methods = Methods
W write v swte
| Program (A
Vs e Class
INt A
Interface >
- IN1 (=) Methods

< IN2 Y Main

Puc. 14.5. MHOXecTBeHHOe HacnenoBaHue NHTep¢encoB C neperpy3kon
N 3KpaHUpOBaHUEM YNEeHOB NHTep¢eiicoB
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KOHTpOIIbeIe Bonpodbl U 3ajlaHUA

1. Yro Takoe HacmemoBaHME peanu3agun’?

2. Yto Takoe Hac/leAoBaHUe clieluGUIMpPOBaHHON QYHKUUOHAIBHOCTU?

3. Kakne mexanusMmpl C# obecrneuuBaioT peaansaluio HaclaeJOBaHHUA
creninpUITUPOBaHHON GYHKITMOHATLHOCTU?

4. Yro Takoe uHTepdelic?

5. Kakue 06bABIEHHA MOI'YT BXOZUTH B AeKaapauuio uHtepdeiica?

6. B uem orTinuua uHTepdeiica oT abcTpaKTHOro Ki1acca?

7. Kak NmpoABAAe€TCA NpUHUUN IOINPOPMHU3Ma NPU HUCHOAb30BAHUU
HHTEPdEHCOB.

8. YTo Takoe MPOTOTUH METOAA U I/I€ TTPOTOTUITHL UCTIONB3YIOTCA?

9. Hasosure npasuia peanu3aliu KJIaccoM UHTepdeiica.

10. Yro Takoe MpHMHLIMN MOACTAHOBKYU Bapbaphl JIUCKOB?

11. MoxHo a1 06baBUThL UHTepdetic ¢ MoandukaTopoM static?

12. Yro Takoe cneundukanya 6azsl unTepdelica?

13. Kaxue mogudukaTops! ACTYCTUMHI IS WieHa UHTepdelica?

14. Kakod craTyc ZoCTylla UMEIOT WieHH uHTepdetica?

15. Tlpusegute popmaT o0ObsBAEHUs CBOHCTBA B HHTepderice.

16. Kaxue mossa AOIyCTUMEI B 0ObABAeHUN UHTepdelica?

17. B yeM pasnuuusa IPOTOTUIIA METOAA B abCTPAaKTHOM KJIacce OT Mpo-
TOTHUIIA METO/A B MHTepdeiice?

18. B ueM pasnuuud ¥ cxoAcTBa HHTepderica U abCcTpakTHOTO Kiacca?

19. Yro Takoe peanusaius wieHa uHrepdeica?

20. flpasaercsa nu uHTepdenc TUNoOM?

21. K xakoMy BUAY TUIIOB OTHOCUTCA UHTepdelic?

22. JlocTyn K KaKUM WIeHaM KJacca, pealusyiolero uHrepdeiic, obe-
CrMeyuBaeT CChUIKA ¢ TUIIOM UHTepderiica?

23. Kaxk ¢ noMompio nHTepdeHcoB 00ecneduBaeTcd AUHAMUYECKOE CBA-
3BIBaHUE?

24. Yro Takoe HacsegoBaHUe UHTepdencoRr?



InaBa 15
NMEPEYUCIIEHUA U CTPYKTYPbI

15.1. Mepeuncnenus

B npeabIZyLUINX rMaBax pacCMaTPUBAIHICH TONBKO CCHUIOYHEIE ITOMb30Ba-
TelbCKUe TUIBI — KAaccwt U unmepdeticot. OfHAKO NPOrpaMMUCT MOXKET
00BABIATE U WCIOAb30BAaTh COOCTBEHHBIE TUIIBI 3HAYCHUH, 3TY BO3MOXK-
HOCTBh IPEJOCTABAAIT NEpeqUCIeHUss U cmpykmypst. HanoMHUM, 4TO
nepeMeHHas ¢ TUMIOM 3HAaYeHUA O/[HO3HAYHO NPe/CTaBASAeT KOHKPETHHIE
AaHHble. CaMoe IMIaBHOe AJI MPOTPaMMUCTAa — HEBO3MOXHOCTH CBA3aTh
€ OZHUM YYaCTKOM NaMsATH (T. e. ¢ OAHUM 3/IeMEHTOM JAHHEBIX) HEeCKOIBKO
NepeMeHHEIX ¢ TUIIOM (WIM TUIIaMHK) 3HaueHUH (BOIpOC O TOM, UTO AJs
NepeMEHHBIX ¢ TUMAaMHU 3HA4Y€HUN IaMATh BHAEAACTCA B CTEKEe, MBL YXKe
obcyxaanu). VI'Tak, U TepevrucieHusi, U CTPYKTYPHI AAI0T BO3MOXKHOCTE 00B-
SBAATD MMOAB30BaTENbCKUE TUIH 3HaYeHUIH. HadHeM ¢ mepevyncieHni.

[Mepeuncnenue — oCcOOBINA TUN 3HAYEHHIA, OTIPeAeNIIoNUi Habop uMe-
HOBAHHHIX LIeIOYMCAEHHBIX KOHCTAHT. B oT/iM4dne OT APyTHX THUIOB 3Hadue-
HU#, B MepeulcIeHUN He CYLIECTBYeT METOAOB, CBOMCTE U coObITHil. Pop-
Mart 0OBABACHUA NEPEUUCICHUA:

MOQUPUKAMOPL_NEPeHUCeHUSA, . eNUM UMA_nepevucneHus
:bazoBeili_mun
{cnucox_nepevucnerus}

Hms_nepeuucnenusi — BBIOPaHHBIN IpOTpaMMUCTOM UAeHTUDUKATOP,
KOTOPEIH CTAHOBUTCA UMEHEM HOBOIO TUIIA.

Cnucok_nepequcieHus — CIUCOK HETOBTOPAIOMIUXCA UMeH KOHCTAHT,
A KaXK0W U3 KOTOPHIX YKa3zaHO WU 33JlaHO 110 YMOTYAHUIO WHUITHATIH-
3UPYIOlLee BEIpaXeHe (3Ha4YeHUA HHULUATU3APYIOINX BEIPAXKEHUH MOTYT
COBIaJaTh).

enum — c1yxkebHOe CJIOBO.

KoHcTpykuua ":6a3oswvili_mun" MoxkeT GBITH OmyllleHa, U TOTAA KOH-
CTAHTH CIIMCKA UMEIOT TUII int, B KadecTBe H$a30BOT0 THNA ABHO MOXKHO
HUCTIONB30BATh N1000# neawidi tTin (int, long, ...), kpome char.

B xauecTBe MOAUPUKATOPOB NepeUrCAeHUA MOTYT UCIIONb30OBATLCA New,
public, protected, internal, private.

B kauecTBe IIpUMepa BBeAEM TUII IepedUCIcHUA ¢ nMeHeM Homeplina-
Hembt, QOBABNAIIEE KOHCTAHTH, 3HAYEHUSAMHU KOTOPHIX CAYKAT HOMepa
HanbojIee U3BECTHBIX MAJBIX IUIAHET.
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enum HomeplnaHeTs : uint

{

Uepepa = 1, Nannaga = 2, WHOHaA = 3, BecTta = 4,
Jpoc = 433, waanero = 944, laHumen = 1636,
Amyp = 1221, Ukap = 1566

}

Homepa mnaHeT (10 acCTPOHOMHYECKOMY KaTaJIory) — 3TO Leable
MOMIOXUTENbHEIE YHCIA, IO3TOMY B KauecTBe Ga30BOTO THIa BHIOpAH TUI
KOHCTAHT uint. B cnucke nmepeuucnenua Homepllnanemst UMeHa KOH-
CTaHT — 3TO HA3BaHUA IVIaHeT, ¥ KaXKJ0W KOHCTAHTe [IPUITMCAHO KOHKPeT-
HOe 3HaueHHe — HOMep IUIaHeTH MO KaTajory.

Ecnu Ayl KOHCTAHT TepevrucieHdsT He 3a/[aHbl MHUIHATU3UPYIoIe
BEIpQXXEHVS, TO NEePBOIl KOHCTAHTE NPUCBAUBAETCH HYJIeBOe 3HaYeHUe,
a Kaxjaa cyleayiollas [oayvaeT 3HadeHUe Ha 1 6oapie. Eciu B cniucke
TepevYrcaeHusl OTCYTCTBYEeT HHUITUAMU3AIUA /I He MePBOM KOHCTAHTHI,
TO OHa NOJy4YaeT 3HauYeHUe Ha 1 Gonbllle, HeXeAU npeAbAyas. OnepaH-
AaMU UHHLUATM3UPYIOLIET0 BEIPAXXECHUA MOLYT OBITH TOJABKO KOHCTAHTHI.
3HaueHUe HHULIUAIN3UPYIOILET0 BEIpaskeHU JO/DKHO IpUHAZIeXAaTh 0b1a-
CTHU AOIYCTUMBIX 3HAYEHUI 6a30BOTO THIIA MTEPEYNCAEHMS.

B uHunuanusvpyiomee BhIpaK€HUE MOTYT BXOJUTH JPYrie KOHCTAHTH
nepevyrcieHusa. Hampumep, TOT e CIUCOK NlepeuncieHusa HomepllnaHeTel,
MOKHO ONpPeIeNTUTE TaK:

enum HomeplnaHeTs : uint

{
Uepepa = 1, Nannapa, WHona=BecTa-lUepepa, BecTa=4,
Jpoc = 433,Mwaanero = 944, [aHumeg = 1836,
Amyp = 1221, Wkap = 1566
}

KoHCTaHTH NepevyucaeHUN moAo6GHB CTaTUYECKUM WIEHAM KJIacCoB.
BHyTpM cniMcKa nepevyrcIeHus K HUM MOXHO ofOpalnaTeesa 1o UMeHaM KOH-
craHT. O0palieHue K KOHCTAHTe NepeducIeHNs BHE CNMCKA BHIOMHAETCH
€ IOMOIIBI0 KBAINGUINPOBAHHOTO UMEHU:

UMA_nepeYUCAeHUA . UMA_KOHCIAGHMLL_U2_CcnucKka

Kak MHOTOKPaTHO MOBTOPANOCH, BCe TUIHI si3blKka C# ABIAIOTCA MPOU3-
BOAHBIMU OT 6a30BOro Kiacca System.Object. 3To OTHOCUTCA U K TTepeduc-
jJeHuAM. [TIosToMy K HUM NPUMEHHMHI V)K€ pacCMOTPEHHBIE HAMH METOZbI
Kaacca object. OgHako HellocpeJCTBEeHHBIM (NIPAMBIM) 6a30BEIM KJAacCOM
JUIs1 TIEPEYMCIEHUM CYKUT Knace System.Enum, KoTophIt nocTpoeH Ha 6aze
knacca object. B knacce System.Enum MeTozwl kiacca object nepeomnpeae-
JIEHEI ¢ TeM, YTOOE MaKCUMAaJbHO NPUOGAM3UTHCA K 3aJauaM, pellaeMbIM
¢ IOMOINITBI0 NepedncaerHuil. Hanpumep:

string str = HomeplnaneTn.Wkap.ToString();

3HaveHueM str OyaeT cTpoka "Mkap" (a Bopce He "1566", 4TO COOTBET-
CTBOBaMO OBl 3HAaUeHUIO0 KOHCTAHTEHL).
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XOTs1 KOHCTAHTHI MMEePEYNCAEHUS MMEIOT LeM0UUCIeHHble 3HaYeHus,
OJHAKO WX THUIIOM CAYXKHUT TO KOHKpPETHOE NepedUucaeHHue, KOTOPOMY
OHU TIPUHAANEXAT, EC/TM TPUMEHNUTh K KOHCTAHTE TMEPEYNUCIIEHUS METO/
GetType(), To cTpOKa-pe3ynsTaT OyjJeT UMeTh BUJ:

"UMA_KAGCCA+UMA_hepevucaeHus"

37eCh YKA3bIBAETCA UMA TOrO KJIAcca, B KOTOPOM OIIpEeAeIEeHO IIePEYNC-
aeHue. OGpaTuTe BHUMAHUE, YTO pasAeiaeT WIM COeAUHAECT UMEHA 3HAK
«+», Hanpumep, eciu nepeuncienre HomeplIlianeTs! 00bABIEHO B KIacce
Program (15_01.cs), To 3Ha4YeHUEM BBIPaXKEeHUS

HomepNnaHeTsl. BecTa.GetType()

6yaeT CTpoKa

"Program+HomeplnaHeTsl”

[Mpu KOHKaTeHAIUHU CO CTPOKOM KBAMTU(QHUIMPOBAHHOE UM

WMA_NepeqYnCcneHna. MMA_KOHCTAHTh_WM3_CNMHMCKA

TPAKTYCTCA KdK CTpOKa BHAA «HUMA_KOHCTAHTBI_HK3_CIIHMCKa». Hanpnmep,
3HAYCHHUEM BRIPa*KCHHA:

“UMA nNnaHeTbl: + HomepMnaHeTo. AMyp

6yaeT cTpoka:

"UMA nnaHeTw: Amyp™

YrobOel MOJYYIUTH TIPU KOHKATEHAIIMU €O CTPOKOH 1eNoYucIeHHOE 3Ha-
yeHHe KOHCTaHTH TepeducaeHus, HeoOX0AUMO ABHOE TIpUBeJeHNE TUIA.
Hanpumep, 3Ha4€HMUEM BBIPAXKeHUS:

HomeplnaHeTol.lHOHa + UMeeT HoMep + {(int)HomepNnaHeThl. IHOHa

6yaeT CTpoKa:

")HoHa wumeeT Homep 3"

B Toxke BpeMs IpU UCIOAb30BaHUU KOHCTAHT NepevurcieHus B apudme-
TUYECKUX BBIPAXEHUAX OHU BOCIIPUHUMAKOTCA KaK LieJIOYUCAeHHEIe 3HaYe-
HuA. Hanpumep:

long res = HomeplnaHeTw.laHumea - HomeplnaHneTbl.lWAansro;

3HAYEeHHEM IepeMeHHOI res Oyaer 92.

Tak kak enum BBOAUT TUII, TO pa3pelleHO ONpeleNATh lepeMeHHbIe
3TOro TUna. Takasd nepeMeHHad UMeeT [IPaBo IPUHUMATh 3HAYeHUA HMe-
HOBaHHBIX LeJ0YUCIEHHBIX KOHCTAHT, BBEACHHBIX COOTBETCTBYIOIIUM IIepe-
quciaeHueM. B aToM ciydae nepeMeHHas npuobperaeT CBONCTBA 3TUX KOH-
craHT. Hampumep, paccMOTPUM MOC/IE0BATENEHOCTD OTIEPATOPOB!
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HomeplnaneTsl number = HomeplaaHeTbl.AMyp;
string str = number.ToString();
Console.WriteLine("str: " + str};

long res = number - HomeplnaHeTbl.BecTa;

3HaveHHeM str 6yzer "AMyp", 3HAYEHUEM [IepeMeHHOMH res Oyzaer 1217.

K KoHCTaHTaM MepedrciaeHUsA U NTepeMeHHBIM C THUIIOM [epevducaeHus
NpUMEHUMEl: Ollepalluy cpaBHeHUA (==, !=, <, >, <=, >=), 6uHap-
HaA apudMeTUYECKasa ONepaund -, Iopa3pAgHsle onepamuu (©~, &, |, ~)
u sizeof. K nmepeMeHHBIM ¢ TUMOM HepedMCcAeHUA TPUMEHUME YHApHBIE
onepanuu ++, --.

O6paTuTe BHUMaHMe, YTO K KOHCTAHTaM NlepevucJeHNs Helb3s MpuMe-
HATH OMHapHble apudMeTUecKUe onepanuu +, /, *, % U yHapHbIe olepa-
uuy - U +. Takum oOpa3oM, Heslb3A BBIIOJAHUTE CYMMUPOBAaHUE WU Aese-
HUE ABYX KOHCTAHT NEPEYUCHeHUA.

[To3ToMy AJAd UCHONB30OBAHUA 3HAYEHUH KOHCTAHT B apudMeTHYe-
CKUX BBIPAXKEHUSIX HeOOXOUMO BHITIOTHUTE SIBHOE IMPUBEAEHNE UX TUTIOB.
Hanpumep, Tak:

number = (HomepMnaneTtw){{int) HomepMnaHeTu.lUepepa +
(int)} HomepNnaHeTsbl.HOHA);

[Tocae BHIMOMHEHHUA 3TOrO ONlepaTopa nepeMeHHad number MpUMET 3Ha-
yeHUe KOHCTAHTH TIEpeuYncIeHns co 3HadeHneM 4 U umeHeM "Becra'.

YToOH IPUCBOUTH MTEPEMEHHOL ¢ THIIOM NIepeYrCeHUA 3HaYeHue (Jaxe
TOTQ THUIIA, KOTOPHIU ABJIACTCA A/ TIePEUUCIeHUA Ba30BHIM), HEQDXOIUMO
SIRHOE TIpHUBe/leHue THIoB. Hanpumep, Tax:

number = (HomeplnaHeTh}944;

[TepemenHaa number npyuMeT 3HaUeHKEe KOHCTAHTHL [UAAABTO.

Ecnu nmepemMeHHO ¢ TUNIOM TIepedYUC/IeHUA IPUCBOUTE 3HaYeHUE, KOTO-
poe OTCYTCTBYET B CIIUCKE MMEHOBAHHBIX KOHCTAHT, TO UMS MpeCcTaBde-
MO NepeMeHHOU KOHCTAHTHI COBIAZIET ¢ ee 3HadYeHUeM. Hanpumep:

number = (HomeplnaHeTs}999;

[lepemenHas number mpuMeT 3HaYeHHWE KOHCTAHTH MepeYUCIeHUS
¢ UMeHeM «999» U 3HaueHueM 999,

Omepanyi aBTOM3MeHEeHUN (JeKpeMeHT -- U UHKpeMeHT + +) Mo3Bo-
JIAI0T TaK U3MEHATh 3HaueHUe TepeMeHHOH nepeyucaeHusd, YTo OHa Mpu-
HUMAa€eT U 3Ha4eHUA, OTCYTCTBYIOLINE CpeAy UMEHOBAHHBIX KOHCTAHT Mepe-
yucaeHud. [IppHuMan Takue 3Ha4eHNUA, IepeMeHHad [IepedrucIeHua urpaet
POJIB TUTEPaaa — €€ UMA COBNAAAECT C MPEACTABICHHBIM 3HAYCHUEM.

B creayromeli mporpaMMe BBeieHa IepeMeHHasa number ¢ Tumnom nepe-
yrucaeHnA HoMmepllnaHeTrl, 3HaueHHEM KOTOPOH B LIMKJIE CTAHOBATCA KOH-
craHTH Llepepa, [Tannaaa, FOHoHa, Becta. 3aTeM nmepeMeHHas number mpu-
HUMAaeT 3HaYeHUd, OTCYTCTBYIOILME B IEPCUUCICHUH.

// 15 04.cs5 - nepemeHHaa nepevucneHus
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using System;
class Program

{

enum HomeplnaHeTel : uint

{
Lepepa = 1, Nannaga = 2, WHoHa = 3, BecTa = 4,
3poc = 433, Tuganbro = 944, Tanumeg = 1836,
Amyp 1221, WUkap = 1566

}

static void Main()
{

HomeplnaHeTsl number;

Console.WritelLine("Homepa nnanet: "};

for (number = HomepNnaHeTul.lUepepa;

number <= HomeplnaHeTw.BecTa + 2; number++)
Console.WriteLine(number + ™ = " + (int)}number);
}
}

PESYJIbTaT BLHITIOMTHEHNMA MMPOTrPpaMMBLL

Homepa nnaHeTr:
Uepepa = 1
Mannapa = 2
WHoHa = 3
Becta = 4

5 =5

6 =26

Ynensl (KOHCTAHTH) IIE€PEYNCICHUN U MepeMeHHBIE ¢ TUITAMHU IIepeYuC-
JIEHUH MOKHO MCIOJIb30BAaTE B KA4YeCTBE apryMEHTOB METOAOB U B METKAX
nepekaoyaTesield. B MeTke mepeknyarTeNs 4ieH mepeducaeHus mpuMe-
HseTCA B KauecTBe KOHCTAHTHOTO BhIpakeHud. B cieayiomnieit mporpamme
CcTaTUYecKUil MeTo JaHHbleOIIaHeTe() UMeeT mapaMeTp ¢ TUIIOM Mepe-
yncaeHua HomepllnaneTsl. MeToa BEIBOAUT B KOHCOJIHLHOE OKHO HEKOTOPHIE
CBEJIeHHA O IVIaHeTaX ¢ KOHKPETHBIMHA HOMEpaMM.

// 15_05.cs - nepemeHHAs nepewucaexHus 8 nepexmodamene
using System;
class Program

{

enum HomeplnaneTws : uint

{
Lepepa = 1, Naanaga = 2, WHoHa = 3, BecTa = 4,
Jpoc = 433, naanero = 944, laHumeg = 1036,
Amyp = 1221, Wkap = 1566

}

static void paHHeieOnnaHeTe(HomepMnaHeTw p)

{
switch (p)
{

case HomeplnaHeTbl. AMyp:
Console.WriteLine("Homep: {8}, Ha3paHue: {1}, "
+ "agnametp: {2}", (int)p, p, 1.5);
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break;
case HomeplnaHeTo.BecTa;
Console.WritelLine("Homep: {8}, HasesaHue: {1}, "
+ "anameTtp: {2}", (int)p, p, 380);
break;
// Tpo ocmanoHslie naadems U3 IKOHOMUU HUYE20 He nutiem. . .

}
}

static wvoid Main()

{

HomeplnaHeTsl number;

number = HomeplnaHeTsl.BecTa;
AaHHeieOnnaHeTe (number);
AaHHbieOnnaHeTe (HomepNnaHe T . AMyp) ;

Pe3yabTaT BRINIOAHEHUA TTPOTPAMMBL;

Homep: 4, HaseaHuwe: BecTa, guvameTp: 380
Homep: 1221, Ha3BaHue: Amyp, AuameTp: 1,5

B ¢yrKIMM Main() onpezeneHa mepeMeHHast number ¢ TUIIOM TepPeYnc-
geuus HomepllnaneTsl. Eif mpucBoeHO 3HaYeHUE KOHCTAHTH Mepeqyucie-
Husl Becta U mepeMeHHast CIY)KUT apTyMEHTOM TpU oOpallleHUU K MeTOAY
aanHbleOmnaHeTe(). [Ipu BTOpoM ofpallleHWH K TOMY XK€ MeToZy apry-
MEHT — KBaAU(GUIIMPOBAHHOE UM APYTON KOHCTAHTH MEPEYUCTCHUA.

15.2. ba3oBbli1 Knacc nepeyncneHuil

OcCHOBOH NTEpEeYUCTIEHNN CAYKUT CUCTEMHBIN Kiiacc Enum, u3 mpocTpa#-
CTBa UMeH System. MeToasl 3TOro Kilacca IMO3BOJAIOT B pAje cay4yaes cyllle-
CTBEHHO YIIPOCTUTE paboTy ¢ epeyucaeHUAMU. PacCMOTPUM TOJIBKO HEKO-
TOpble CTaTU4YeCKHEe METOAHI:

public static Type GetUnderlyingType (Tun_ITepeuticnenus);
BO3BpAIllaeT GA30BBIM THII IEPEYNCIEHUA. APTYMEHTOM JOKEH OHITh 00D-
eKT kJacca System.Type, peAcTaBAALIUI TepeInCcIeHUA.

public static string GetName (Tun_ITepeuucienus, 3HaueHue);
BO3BpalllaeT UM KOHCTAHTHI IEPEYHUCACHUSA, COOTBETCTBYIOLE BTOPOMY
napaMeTpy. Bropoli napaMeTp MoxeT ObITh MUO0 MEepPeMEHHON C TUIIOM
nepevnucIeHus, 00 IUTEPATbHBIM IIPE/ICTABIEHUEM 3HAYEHUA KOHCTAHTEHL.
Ecnu B crivicke mepevaucae s HECKOAbKO KOHCTAHT ¢ OZIMHAKOBBIMU 3HAYE-
HUAMU, TO BEIOHpaeTca UMA caMoil 1eBOH WK ABHO HHULUATU3HPOBaHHOL.
Ecnu sHaueHHe OTCYTCTBYET B CIIUCKe — BO3BpAlllaeTcAa NMycTas CTPoKa.

public static string Format (Tun_ITepeuucnenus, snauenue, popmam);

BTopoil napaMeTp — nepeMeHHas ¢ TUMOM HepeducieHud 1ud0 3Ha-
YeHUEe KOHCTAHThI. B 3aBucuMocTu oT PpopmarTa Bosspamaercsa nubo ums,
anbo 3HaueHHe KoHCTaHThl. Ecmu ¢opMaT «G» WK «g», TO METOA Mog0obeH
GetName — Bo3BpaulaeT UMA KOHCTaHTHL. Eciu dopMaT «X» Win «X» — BO3-
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BpalllaeTca IIeCcTHaJllaTepUYHOe MpeAcTaBAeHNe 3HAUeHN:A KOHCTAHTHL.
[Tpu ¢popmare «D» ninu «d» Bo3BpallaeTCA ASCATUYHOE IIPpeACTaBIcHUE,
public static Array GetValues (Tun_Ilepeuucnenus);

MeTo/, BO3BpAIlaeT MAacCUB 3HAYEHUH BCEX KOHCTAHT MepPedHCACHUA.
KOHCTAHTH, HE3ABUCHMMO OT UX pPasMeLleHHUs B IepeuncIeHUH, B MaCCUBe
pasMelllaloTcA Mo Bo3pacTaHUO 3HaueHMui. O6paTuTe BHUMaHUE, YTO THII
pesyabraTa — System.Array.

public static string []1 GetNames (Tun_Ilepeuucnenus);

MeTo/| BO3BpAIlAeT MACCUB UMEH KOHCTAHT MEePeuYnCcJIeHUS B TOPAAKE
BO3PACTAHUA 3HAYEHUH KOHCTAHT.

public static bool IsDefined (Tun_IlTepeuucnenus, 3HaueHLe);
BO3BpalllaeT true, ec/y B NIepeuUCAeHUH TTPUCYTCTBYeT KOHCTAHTA CO 3Ha-
yeHHeM, paBHLIM BTOPOMY MapaMeTpy.

B Kax/0M U3 TPUBEAECHHBIX METOAOB Kaacca Enum mepewiii mapameTp
JO/DKEH TIPeACTABIATH TUII TepeuncaeHus (a He ero ums). [Toatomy B obpa-
LIEHUAX K 3TUM METOZaM B KA4eCTBe IIE€PBOTO apryMeHTa HYXKHO HCIIOb-
30BaTh 0OBEKT Kaacca System.Type, TpeACTaBIAIOIUI THIT MepevHCAeHUA.
3Has UMA NepeynCIeHNA, €r0 TUI MOXKHO MOJAYIUTE ¢ IOMOILBIO ONepaluu
typeof().

Creayromas nIporpaMMa WUTIOCTPUPYET 0COGEHHOCTH W BO3MOXKHOCTH
NpUMEHEHHU MeTOA0B BasoBoro Kiaacca Enum.

// 15 86.c5 - nepeducneduda, System.Enum
using System;
class Program

{
enum HomeplnaHeTel : uint
{
Lepepa = 1, Nannaga = 2, WHoHa = 3, BecTa = 4,
Jpoc = 433, Tupanero = 944, laHumes = 1636,
Amyp = 1221, WUkap = 1566
}
static void Main()
{
Console.WritelLine("BbazoBbliii TUN nepeyncaeHwa: " +
Enum.GetUnderlyingType(typeof (HomepMnaneTs}));
Console.WriteLine{"3Ha4yeHnA KOHCTaAHT nepequcAeHua:");
foreach (uint i in Enum.GetValues(typeof(HomepMnaHeTbl}))
Console. Write(" " + i);
Console.Write("\nWUMeHa KOHCTaHT: ");
foreach (string s in Enum.GetNames(typeof(HomepMnaHeTbl)))
Console. Write("\n\t" + s);
Console.WriteLine{"\n3Ha4yeHne 433U MMeeT KOHCTaHTa "
+ Enum.Format(typeof(HomeplnaneTw}, 433u, "G"));
}
}

PESYJII::TEIT BHIIIOJNHEHKA MPOIrPAMMBI.

Ba3oBbliiA TUN nepevncneHuAa: System.UInt32
3Ha4YeHMA KOHCTAHT NepeqnCAeHUA:
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12 34 433 944 1836 1221 1566
MMeHa KOHCTaHT:

Uepepa

Mannana

KHOHa

BecTa

3poc

rMaanero

raHumen

Amyp

Hkap

3Ha4eHue 433U umeeT KOHCTAaHTa 3poc

B nporpaMmme Hy>kHO oOpaTUTL BHUMAaHUE Ha onepalum typeof, kotopas
dbopMupyeT no uMeHu THla HoMepllnaHeTsl 06beKT Kaacca System.Type,
MPEACTABIAIAN TUII OTIepaH/a.

Tak kak Kaxace NepevyucaeHue 3TO TUII, TO €ro JeKJIapanuid MOXKeT
MOMEIAThCA B TOM JKe IIPOCTPAHCTBE, TAEe Pa3MelleHEl OIlpeAe/IeHUus Apy-
'YX TUIOB, HATIpUMeEP, Ki1acca ¢ MerofoMm Main(). bonee Toro, x nepeduc-
JIeHUsIM IpUMeHUMa AUpeKTUBa UMIIOPTa TUIIOB using static. [TokaxkeM 3TH
BO3MOXXHOCTH Ha MpUMepe:

// 15 Test - [lepeducneHue Kax umnopmupyemsii mun

using static System.Console;

using static HomeplnaHeTw;

enum HomeplnaHeTtw : uint

{
Uepepa = 1, Nannaga = 2, WHoHa = 3, Becta = 4,
3poc = 433, Iuwpanero = 944, TaHumen = 1836,
Amyp = 1221, Ukap = 1566

}

class Program

{

static void Main()

{

}
}

WriteLine("{6} = {1}", lanumea, (int)lravumeg};

Pe3yapTaT BBIITOJICHUA MPOrPaMMBI:
Fanumeng = 1036

B npuseaeHHOM NMporpaMMe AUpPEKTHBA using static ucrnonabsyercda
ABAXKJBl — AJI1 UMIIOPTa CUCTEMHOI'0 KOHCOJIBHOTIO KJIacca U UIA UMIIOPTa
nepeunciaeHusa «HomeplIliaHeTrl». 3TO 1T03B0JAAET B MeToge Main() obpa-
TUTBCA K cTaTUdeckoMy Mertozy WriteLine() xoHcoapHOrO Kiaacca 6e3 yka-
3aHMA UMEeHHU KJ1acca U 0603HAYaTh 3JIEMEeHTHI ITepedncaeHus, OIycKasa nMs
NepeYNCICHUA:

WriteLine("{@} = {1}", Tlanumea, (int)}laHumen);
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15.3. CrpyKTypbI

CTPYyKTYpH BO MHOTOM TIOXOXKH Ha KJIACChl, HO UMEIOT U CyI[eCTBEH-
Hble oTnunsa. Kak u wrace, cTpyKTypa BBOAUT THI. OAHAKO, B OTIUYHE
OT KJIACCOB, CTPYKTYPH HE MOTYT YYaCTBOBATH B HACAE0OBAHNH, U TIOITOMY
B JAeKNIapalyy CTPYKTYPLI OTCYTCTBYeT crieunduranusa 6asml.

Onpezenenne (MHave AeKaapanusa Wil 06 bARIEHHE) CTPYKTYPHL (CTPYK-
TYPHOTO TUIIA) UMeeT CIeAyIomuil popmar (yKazaHH He BCE YACTH IOHOTO
dbopmara):

MOOUPUKAMOPL_CIPY KMY Pblg e
struct uma_cmpykmypHozo_muna unmepdelicsl cmpyKmypsl,,,
meno_cmpyxmypsi

B Jekmapanuu CTPYKTYPHI struct — cayxebHoe CIOBO, UMA_CMPYK-
mypHO20_muna — BBEIOpAHHHIN MPOTPaMMHCTOM HAeHTHUKATOP, ONpe-
JAENA0IUNA UMA CTPYKTYPHOTO TUIA. Tesio_cmpyKmypsi — 3aKJII0YeHHasd
B QUTYPHBbIE CKOOKU MOCTEA0BATENLHOCTE 00bARMeHME (AeKaapaliuii) wie-
HOB CTPYKTYpPHl. MOANPHUKATOPOR CTPYKTYPEI MeHbIIIe YeM MOANPHUKATOPOR
Ki1acca. MoryT UCIosib30BaThCA: new, public, protected, internal, private.

MoaudpukaToOpEl ONPeASSIIOT CTATYC JOCTYIIA CTPYKTYPHOT'O THIIA, U OHU
TIPAKTUYECKH BCE YXKe PACCMOTPEHEI B CBA3M C KJaccaMH.

CTpyKTypHI He y4aCTBYIOT B HacJAeA0OBaHWU, OAHAKO MOTYT CIYXUTE pea-
Jar3aunei nHTepdeicoB, MepedrcIeHHHX B AeKIapally MocIe MMeHU CTPYK-
TYPHOTO THIIA. SA€MeHT AeKAapauuu uxmeppeticsl_cmpyKmypst 3TO
CIUCOK UHTep¢eCcoB, Mepel KOTOPLIM ITOMELIEHO ABOETOUUE.

YneHAMU CTPYKTYPH MOTYT OBITH: SIBHO JeKJIapUPOBAaHHBIE KOHCTAHTEHI,
TIOAA, METO/Bl, CBOMCTBA, UHAEKCATOPH, COOBITHS, OIIEpalui, KOHCTPYK-
TOPBI 3K3eMIUIAPOB ¢ MapaMeTpaMH, CTATUYeCKUH KOHCTPYKTOD, /€KOH-
CTPYKTOPHI ¥ BJIOKE€HHBIE TUIIEL. B OT/IMYMe OT K1acCOB, WIEHOM CTPYKTYPhI
He MoXKeT ObITh PUHAMU3aTop (AeCTPYKTOP).

CTpyKTYpHBIE THUIIHI BCETAa HacAeAyloTcs OT System.ValueType, koTo-
PHIL, B CBOIO OUepeb, ABAAETCA MIPOU3BOAHBEIM KAaccoM oT System.Object.
[ToaToMy B CTPYKTYpax IIPUCYTCTBYIOT Y€ PAcCMOTPEHHBIE paHee OTKPHI-
Thl€ ¥ 3allUllleHHEIe MeTOAbl K1acca object. HamoMHUM OCHOBHBIE M3 HUX:
ToString (), GetHashCode(), Equals(), GetType().

CylLeCTBEHHBIM OTJIMYMEM CTPYKTYP OT KJIaCCOB SBJIAETCA TO, YTO KJIacc
BBOJUT THUII CCBUIOK, & CTPYKTYPHBINA TUI — TUI 3HadYeHUN. Takum obpa-
30M, KaX/I0M MMepeMeHHOH CTPYKTYPHOTO THUIIa COOTBETCTBYET KOHKpeT-
HBIHM 3K3eMILIAP CTPYKTYPHI. M, MIpUCBOWEB HOBOH NTepeMeHHOU 3HaveHHe
ApYyro¥ epeMeHHOM, yxe CBA3aHHOM ¢ 3K3eMIUIAPOM CTPYKTYPHOrO THUIIA,
MBI [TOJYYMM ellle OZHY KOIMUIO 9K3eMIUIApa CTPYKTYPHI.

[Tpexze 4eM NPUBECTU NPUMEpP, OTMETHUM €llle¢ HEKOTOPHIE OTAUYUA
CTPYKTYP OT KJAaccOB. BO-IePBLIX, B OOBIBACHUH ITOJA CTPYKTYPHOTO THUIIA
HeJb3sl UCIIONb30BATh MHUITHAIU3ATOP. BO-BTOPLIX, B KaXKioe OOBABIEHHE
CTPYKTYPHOTO THIIa aBTOMATHUYeCKU BCTpPauBaeTCsd KOHCTPYKTOP YMOJI4a-
HUA 6e3 mapameTpoB. HazHaueHHe 3TOro KOHCTPYKTOpa — UHHIHATU3HN-

opt ~
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pPOBaTh BCe WieHHl CTPYKTYPHL HYJIeBBIMU 3HaUY€HUAMU, KOTOPHIE COOTBET-
CTBYIOT WX TUIAM TI0 YMOMYAHUIO, B-TpeThUx, B CTPYKTYPHOM TUIIE HEMb3A
ABHO OOBSBUTH KOHCTPYKTOP YMOMYaHusA 6e3 mapaMeTpoB. B-ueTBepThIX,
B CTPYKTYPHBIX TUIIAX HEJOMYCTUMbl BUPTYaJIbHbBIE WIEHH U WIEHBI ¢ MOJU-
dukaTopom protected. B-mATHIX, KOHCTPYKTOP € MapaMeTpaMu JOKeH
ABHO IIPUCBONWTD 3HAUYEHHUA 8CEM NOAAM IK3EMILIAPA CTPYKTYPHI.

B xavyecTBe WUTIOCTPALIMU BO3bMEM KJIACC «TOYKA Ha TIOCKOCTH» PointC
¥ 9KBUBAJICHTHYIO €MY CTPYKTYPY (CTPYKTYpHEIM TUII) PointS:

// 15 _87.cs — cmpykmypsl U Kaaccel "mouxka H@ naockocmu”
using System;
class PointC // knacc

{
double x = 16, y = 28;
public PointC() { y -= 5; }
public double X { get { return x; } set { x = value; } }
public double Y { get { return y; } set { y = value; } }
h
class Program
{
static wvoid Main()
{
PointC pc = new PointC();
PointC pcl = pc;
pcl.X = 10.2;
Console.WriteLine("U3 obnvekTa: X={0}; Y={1}", pc.X, pc.Y);
PointS ps = new PointS();
PointS psl = ps;
psl.X = 18.2;
Console.WriteLine("U3 cTpykTypel: X={0}; Y={1}", ps.X, ps.Y);
}
}
struct PointS // cmpykmypHrbii mun
{

// double x = 18, y = 26; // Error!

// public Points() {y -= 5;} // Error!
double x, y;

public double X { get { return x; } set { x
public double Y { get { return y; } set { y

}

Pe3yabTaT BBIIOAHEHUA TIPOTPAMMBL;

value; } }
value; } }

U3 obvekTa: X=16,2; Y=15
U3 CTpyKTypbl: X=8; Y=0

B knacce PointC BRITIOAHAETCA ABHASA UMHUIMAIA3ANUA TONEH X, y. ABHO
onpefeneHHBIH KOHCTPYKTOP yMoadaHud PointC() MaMeHseT 3HaueHUE
IOJA V.

B cTpyKTypax HHHIIHANU3aLU [10JeH HEBO3MOXKHA U HEJIOMYCTUMO IIPU-
CYTCTBHE ABHOIO OTpeJesieHUd KOHCTPYKTOpa YMOIYaHHuA. [lonsITky Hapy-
IWIUTH 3TH IPaBWiIa B CTPYKTYPHOM TUlle PointS OTMedYeHHl B TEKCTE MpPO-
rpaMMbl KOMMeHTapuamu // Error!
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B mporpaMme pc — MMs CCBUIKH, aCCOLMMPOBAHHOM ¢ 06bEKTOM KJacca
PointC. B IpoTUBOIOAOKHOCTE 3TOMY PS — HMMA MepeMeHHOH, 3HaYeHHEM
KOTOPOIl ABNsieTcA sk3eMIAp (CTpykTypa) Thna PointS. OOBABUB enie oAHY
ccrlnky pel tumna PointC v MpUCBOUB eif 3HaUYeHUe PC, MBI CBA3KIBAEM JIBE
CCBUIKH ¢ OfIHUM obbexToM Kaacca PointC. KsarudunmupoBaHHBE UMEHA
pc.X u pcl.X obecrieuyuBawT JOCTYT K OZHOMY U TOMY e CBOHCTBY OZHOTO
¥ TOro e obbekTa kaacca PointC.

Burnonnenune npucBanBaHug PointS psl = ps; NpuUBOAUT K cozja-
HUIO KOMMUU CTPYKTYPH, NPeACTaBIsgeMON nepeMeHHOM ps. Takum o6pa-
30M, NIOCJKE€ BBINOAHEHUSA NMPUCBAMBAHUA KBAMTUPUIMPOBAHHBIE UMEHA
ps.X ¥ psl.X UMeHYIOT CBONMCTBA HE3aBUCUMEIX JPYT OT APYyTra 3K3eMILISAPOR
OZHOTO CTPYKTYpHOTO THIa PointS.

[TosAcHUM OTCYTCTBUE B CTPYKTypax ¢uHanmsaropa (gecrpykropa). drnna-
JIV3aTOP — 3TO METO/, KOTOPBIM aBTOMATUYECKU BBI3HIBAETCA BCAKUM pas,
Korga cbopinuk Mycopa youpaet 6oee He MCIOAb3yeMbli B IIporpaMmMe 06b-
eKT U3 TON YaCTH MaMATH, KOTOPYIO Ha3bIBAIOT Ky4el. Tak Kak /yisi OObeKTOB
€ TUITAMHM 3Ha4eHMI TaMATD BBIAE/IEeTC He B Ky'e, a B cTeKe, a chopKa Mycopa
Ha CTEK He PaclpOCTPaHACTCA, TO QUHAAUIATOP ANA CTPYKTYP He HYXKEH.

Kak cxazaHO, B KaXAbIH CTPYKTYPHBIU TUI HEABHO aBTOMAaTUYECKU
BKJIIOYAETCH KOHCTPYKTOP €3 mapaMeTpoOB, MHUIUATU3UPYIOIMN Hy/e-
BBIMH 3HAYEHUAMU BCE MOJA CO3/[aBaeMOro IK3EMIUIApPA CTPYKTYPHL. [103-
TOMY TIpU CO3ZaHUU 3K3EMILIAPOB CTPYKTYP VAOOHO HUCIIONb30BATh MHULIM-
aJU3aTOPH! IK3eMIVIAPOB. PopMa Takoro UHUIUATIU3ATOPA Ta XKe, 4TO U A4
KJIaCCOB:

new uma_muna(){cnucok_uruyuanuzamopo8_unenoB},

rae KEDK,Z[I)Iﬁ H3 HHAITHAMHU3aTOPOB YiI€Ha 3allMChIBa€TCA B TAKOM BH/E!

UMA_YAeHd = uruyuanusupyuee_BvipaxeHue

OOBYHO MHUIUATU3UDYIOT TIOAA U CBOHCTBA CTPYKTYP. 1A MHULMA-
JAU3AIUU Y4JIeH CTPYKTYPH AOMKeH OBITh AOCTYIEH B TOUKE ONpefeJeHUs
9K3EMIUIAPa CTPYKTYPHI (T. €. AOMKeH OBITh OOBABACH ¢ MOAUPUKATOPOM
public).

Ins Tuna PointS U3 npeblAyLIero npuMepa 00bABAeHNE 3K3eMILIIpa
CTPYKTYPHI € ero UHULIKAAU3alKel MOXeT ObITh, HallpuMep, TaKKM:

PointS ps = new PointS{}{X = 66, Y = 89},

KonupoBaHWe CTPYKTYPH BBHINOIHAETCA HE TOMBKO NMPH BBIIOAHEHUU
MPUCBAUBAHUSA NEPEMEHHBIX CTPYKTYPHOTO TUIIA, HO U IIPU UX UCIOIb30Ba-
HUU B KauecTBe NlepeJaBaeMbIX 110 3HaYeHUAM NapaMeTpoB MeToaoB. Cie-
AYIOUIAs MporpaMMa WUTIOCTPUPYET 0COOEHHOCTU MPUMEHEHUA CTPYKTYP
B METO/axX.

// 15 _68.cs - cmpykmypei u Mmemoodst
using static System.Console;
struct Points
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{ // cmpyxmypa
double x, y;
public double X { get { return x; } set { x
public double Y { get { return y; } set { vy

value; } }
value; } }

}

class Program

{

static PointS reverse{PointS dot)
{

dot.X -dot.X;

dot.Y = -dot.Y;

return dot;

}

static void Main()

{
PointS one = new PointS() { X = 12, Y = 8 };
PointS two = reverse{one);
WriteLine("one.X={@}; one.Y={1}", one.X, one.Y};
WriteLine("two.X={@0}; two.Y={1}", two.X, two.Y);
ReadLine(};

}

}

PESYJIBTEIT BHIIIOAHEHOHWA TIPDOTPAMMEBI;

one.X=12; one.Y=8
two.X=—12; two.Y=—8

B nporpaMme o6bABAEH CTPYKTYPHEIH THI PointS. B HeM ABa 3aKpBITHIX
moJiA (X, y), ABA aCCOIIMUPOBAHHBIX C 3TUMU IMOJAMH OTKPHITHX CBONUCTBA
(X, Y). B knacce Program — jgBa cTaTU4YeCKHX MeToAa. [lepBbIi U3 HUX,
reverse(), moaydaeT B Ka4eCTBe IepeAaBaeMoro o 3Ha4Y¢HUIO mapaMeTpa
CTPYKTYPY, U3MEHSAET ¢ MOMOLIBIO CBONMCTB 3HAUEHUS €€ ITOJeH X U V U BO3-
BpalllaeT CTPYKTYPY KaK pe3yasTaT B TOUKY BbI30Ba METOAA.

B meToze Main() oOBsABAEHB ABe MepeMeHHBIe, PointS one u PointS
two. [leppas U3 HUX CBA3aHa C MHULUAIU3UPOBAHHOMN CTPYKTYpoil. BTo-
pasA moJay4daeT B KAYeCTBE 3HAYCHUA Pe3y/bTaT, BO3BPAlla€MEIM METOAOM
reverse{one).

OdeHp BakeH TOT $aKT, YTO IIOCIE BEIIOMHEHNA MeToaa reverse(), apry-
MEHTOM KOTOPOTQ CAYKHUT OOBEKT, acCOIMUPOBAHHBIU CO CCBIIKOU One,
3HadeHMe 3TOro 06beKTa He U3MEHIIOCh. JTO MOATBEpPXKIaeT TOT daKT,
YTO IIPU UCIONB30BAHUU CTPYKTYPHL B KaUeCTBe IIepeJaBaeMoro 1o 3Hade-
HHUIO IApaMeTPa Wid BO3BPAILAEMOro METOAOM 3HAYEHUA CO3AAETCA KOMUA
CTPYKTYPHL, B JAJbHEHIIEeM MTOIHOCTHI0 He3aBHUCUMadA OT OpUTHHAA.

Ecnu B pacCMOTPEHHOM NMPOrpaMMe 3aMEHUTh CTPYKTYPY Ha KJiacc (T. e.
3aMeHUTH struct PointS Ha class PointC), To pe3yabTaT BLITIOMHEHUS TPO-
IrpaMMEBl OyZIEeT TaKUM:

one.X=—12; one.Y=—8
two.X=—12; two.Y=—8
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ToT ke caMblil pe3yabTaT OyAeT IOAydYeH, eCcjAU NapaMeTp CTPYKTYp-
Horo Tuna 6yZAeT nepeaaBaThcA IO cChUIKe. i 3TOTO B Hallleil mporpamMme
HYKHO CHAeAYIOIAM 00Pa3oM U3MEeHUTDb 3ar0JIOBOK METO/a:

static PointS reverse(ref PointS dot).

COOTBETCTBY}OHJ,I/IM 06pa30M H3MEHHTCA BLI3OB METOJ4:

two = reverse(ref one);

Kak yXe cKa3aHO, B 00'bsABI€HUN CTPYKTYPHOIO TUIIa He/lb3:A UHHIIUA-
JU3UPOBaTh ero noia. Kpome Toro, Helb3sA ABHBIM 00pa30oM OILpeAeauTh
KOHCTPYKTOD 6e3 mapaMeTposn. Bee mona o6beKTOB CTPYKTYPHOrO TUIIA
6e3 BMEIaTeabLCTBa U3BHE HHUITHATU3UPYIOTCH 3HAYEHUAMHU 110 YMOI4a-
HUIO, COOTBETCTBYIOIIMMU TUTIAM Nojdel. Hanpumep, A1 apudMeTHYECKUX
TUIIOB 3TO Hy/IU, 1A ccbUioKk — null. Hanpumep, 06BABUM CCBUIKY Ha Mac-
CUB CTPYKTYP U ONpeJe MM MacCHUB:

PointS[] ar = new PointS[58];

OneMeHTaM{ MAacCHBa B 3TOM IIpUMepe CTaHyT CTPYKTYPHL, M1 KOTOPHIX
O/ X U y OYAyT UMETH HyJIEBBIE 3HAYEHUS,

[TepeMeHHYIO C TUIIOM CTPYKTYPBI MO>KHO CO34aTh 6€3 ABHOTO 00palleHua
K KOHCTPYKTOpPY U 0e3 NpUMeHeHHUd onepauuu new. OJHAKO TaKas Iepe-
MEHHaA B 3TOM CJIy4ae co3JaeTca KaK HeUHUIUAIN3UPOBAHHAA U €l HY)KHO
IPUCBOUTH Nogobalolliee el 3HaueHUe (CTPYKTYPY TOTO e THIIa).

Crnegymowas nporpaMMa WUIIOCTPUPYET NpPUBeJAeHHBIE CBeJeHus

O CTPYKTYPaXx.

// 15 ©9.cs - CmpyKmypei, KOHCMPYKMOP YMOMYGHUA
using static System.Console;
struct Points
{ // cmpyxmypruiti mun
double x, y;
public double X { get { return x; } set { x
public double Y { get { return y; } set { y

value; } }
value; } }

}
class Program
{
static wvoid Main()
{
PointS[] ar = new PointS[50];
WritelLine("ar[9].X={@}; ar[@].Y={1}", ar[9].X, ar[98].Y);
PointS three = new PointS()} { Y = 2.34 };
WriteLine("three.X={0}; three.Y={1}", three.X, three.Y};
PointS four; // reuruyuanuzupoBgrRas nepemerHas!
four = three;
WriteLine("four.X={8}; four.y={1}", four.X, four.Y);
}
}

Pe3ynbTaT BHIIOAHEHUA IPOTPAMMDBI:

283



ar[0].X=06; ar[e].Y=0
three.X=06; three.Y=2,34
four.X=6; four.¥Y=2,34

Ob6paTuM BHUMAaHUE, YTO B MHULUAIU3ATOPE SK3CMILIAPA CTPYKTYPHL
He 00A3aTeNIbHO MHULMATU3UPYIOTCA BCE WICHH! CTPYKTYPHL. 1A WTIoCTpa-
IIUM 5TOTO NIpaBWiIa IIOCMOTPUTE B IIporpaMMe Ha ciefyiouee oObABAeHUE

CTPYKTYPHL:
Points three = new PointS() {Y = 2.34};

Tak Kak CTPYKTypa BBOAUT TUMN 3HAYEHHU, TO UCMOAb30BaHUE CTPYKTYP
BMeCTO KJIaccOB B psJe cAydyaeB IIOBHILIAeT OBICTpOAeIiCTEUE MPOrpaMm
¥ yMeHbl1aeT 06beM 3aHUMaeMO naMaTH. CBsA3aHO 3TO € TEM, UTO AOCTYII
K 00BbeKTY Kjlacca BBHITIOJNHAETCH KOCBEHHO, a obpalleHue K CTPYKType —
HEnmocpeACTBEHHO. M 3K3eMIuIapa CTPYKTYPHI SBASETCA UMEHEM mepe-
MEHHOI, 3HaYeHUEM KOTOPOI CAYKHUT 0OBEKT CTPYKTYPHOTO THUIIA.

B To e BpeMs NPU UCTOAL30BAHUU CTPYKTYPHI B KaUeCTBE apaMmeTpa,
Tepe/IapaeMoro 1o 3HAYEHHIO, WK BO3BPaIlaeMoOT0 METO/I0OM 3HAYEeHUs
HeOOXOAVMBI BpeMeHHEIE 3aTpaThl Ha KOIMPOBAHUE BCEX II0JAEH CTPYKTYPHL.

15.4. YnakoBKka 1 pacnakoBKa

Korzia 3HaueHUe CTPYKTYPHOTO TUMa mpeobpasyerca K TUIIY object win
NPUBOAUTCA K THIIY TOro HHTepderica, KOTOPBIH pealu3oBaH CTPYKTYPOH,
BEIIOJIHACTCA onepauus ynakoBku (boxing). 3Ta onepalns BHIIOJHACTCS
aBTOMATH4YECKU U He TpelyeT BMellaTelbCTBA IPOrPAMMUCTA.

Ynakogkoil Ha3bIBalOT IPOLIeCC ABHOTO NMpeobpa3oBaHUs U3 TUIIA 3HAYE-
HUI1 B TUI CCBUTOK. [IpU yaKOBKe CO3ZaeTcsa U pa3MelllaeTca B Kyue 0ObeKT,
KOTOPOMY IIpHcBauBaeTcsa 3HaueHUe oO0beKTa ¢ TUIIOM 3HaveHus1. Bo3Bpa-
I[a€MbIM 3HAY€HNUEM IPU BHITOTHEHUN YIIAKOBKU CIYXKUT CCHITKA HA 00b-
€KT Ky4H.

O6partHoit onepanueil apagetca pacnaxkoska (unboxing), pu KOTOPOH
3HaYeHWe 00BbEKTa IPHUCBAUBAETCA IEPEMEHHON ¢ TUTIOM 3HAYEHUA.

ABTOMATHYECKAs YIIAKOBKA BHITTOMHAETCH B TEX CIYYANX, KOT/IA BRITIOTHA-
€TCsA AOMYCTHMOE IPUCBAUBAHHE CChUIKE HAa OOBEKT CCEUIOUHOTO TUIIA NIepe-
MEHHOM ¢ TUIIOM 3Ha4yeHUA. Tak Kak Bce kaacchl A3blka C# uMeroT ofmmi
Ha30BbI Kaace object, To ccpbuike TUIA object MOXHO MPHCBOUTDL 3HAYCHUE
3K3eMIVIIpa CTPYKTYPEL. B 3TOM cilyiae BBHIIIOJHAETCA aBTOMaTH4ecKaa yna-
KOBKa, He Tpebymolllas BMellaTeNbCTBa IIporpaMMucTa. O6paTHas Ipolle-
Aypa — pacllakoBKa — aBTOMaTH4YeCKU He BHIIONHseTcA. i pacnakoBKH
HeOOXOAUMO MPUMEHATE OMEPAIINIO TIPUBEAEHUS THUITOB.

Cka3aHHOEe OTHOCHTCHA HE TOABKO K MPUCBAMBAHUIO, HO U K Mepejaye
rapaMeTpoOB M K BO3BpAIllaeMOMY METOZIOM pe3yiIbTaTy. PaccMOTpHUM cTa-
TUYECKHI MeTO/ ¢ TAKUM 3ar0JI0BKOM:

static object reDouble{object obj)
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MeToa MpUHMMAET CCHIIKY Ha 0O6BeKT TUla object 11 Bo3BpalljaeT 3HAYE-
HUE TOTO K€ TUMA. BHEIIHe HUYTO HE NMpeNaTCTByeT NPUMEHEHUIO B obpa-
LWEeHUY K 3TOMY MeTOJy B KaueCTBE apryMeHTa CChUIKU Ha 00BeKT A10b0ro
tuna. OJHAKO B Tele MeToAa HeoOGX0ANMO YUUTHIBATh KOHKPETHHIH TUI
aprymMeHTa v GpOpMHUpOBaTh BO3BpallaeMbIil pe3yJabTaT B COOTBETCTBUU
€ 3TUM TUIOM. B cneayiomeli nporpaMMme onpefeleH CTPYKTYPHBEIA TUIL
Structl ¢ mosnem x Tuna double 1 MeToZ ¢ IpHBeAEHHBIM BEILIE 3aTOA0BKOM.

// 15 _18.cs - cmpyxkmypsi, ynaxkoBka, pacnakoBka
using System;
struct Structl // cmpykmyprbiii mun

{
double x;
public double X { get { return x; } set { x = value; } }
}
class Program
{
static object reDouble(object obj)
{
if (obj is Structl)
{
Structl st = (Structl)obj;
st.X = 2 ¥ st.X;
return st;
)
else
Console.WriteLine("HenspecTHuti Tun!");
return obj;
}
static void Main()
{
Structl one = new Structl(};
one.X = 4;
Structl two = (Structl)reDouble(one};
Console.WritelLine("one.X={0}; two.X={1}", one.X, two.X};
Console.WriteLine("{int)reDouble(55)}={6}", (int)reDouble(55));
}
IS

PESYJIbTaT BHIIIOAHEHHA MPpOIPaMMBILL

one.X=4; two.X=8
HeuzBeCTHLIA TWUN!
(int)reDouble(55)=55

Metoza reDouble() o6pabaTbiBaeT TOAbKO apryMeHTHI TUMA Structl, XoTa
eMy MOXKHO TIepeAaTh apTyMeHT aiboro tuna. Ecau apryMeHT UMeeT THIT
Structl, Metoz reDouble() BHIMOMHAET ero paclakoBKy U YABAUBAET 3HAYE-
Hue 11oas double x. Ecau Tunm aprymeHTa oT/IUYeH OT Structl, To THI pac-
MO3HAETCd KAaK HEU3BECTHHIM M apryMEHT BO3BpaIaeTcs B TOYKY BHI30BA
B «yIMaKOBaHHOM» Buze. Jna npumepa B Metode Main() obpamenue
K reDouble() BBIMOAHEHO ABAXKABI ¢ apTYMEHTaAMHU Pa3HBIX TUIIOE.
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[ToHMMaHUe TIpolLeAYp YIAaKOBKU YU PAacNaKOBKU HeOOGXOAUMO AJIs1 pU-
MeHEeHUA TAaKUX OMONIUOTEYHBIX CPEACTB KaK KoeKIuu., K HuM otHocuTcA
wacce ArrayList (MaccHB-CIIMCOK) M3 IIpocTpaHcTBa uMeH System.Collections.
O6mekT knacca ArrayList BO MHOTUX ¢Iy4dasx «BeAeT cefd» KaK MacCHUB.
Hanpumep, Kk HeMy TpUMeHHUMa UHAeKcauusa. B omindure oT MaccuBOB, mpo-
W3BOZHBIX OT Kjaacca Array, oOBbeKTHl Kaacca ArrayList MOTYT pacTu B Ipo-
1jecce BHIIOJHEHUA IporpaMMEl. KomnyecTRO X 37IeMEHTOB YBEIMYUBAETCA,
KaK TO/MBKO B 3TOM BO3HUKAET HEOOXOAMMOCTD, IPUYEM POCT BBHINIOMHACTCA
aBroMarnuecku 6e3 BMellaTenbCTBa IPOrpaMMUCTa.

Ho He Bce mpocTo. PaccMOTpHM OOBARACHNE TAKOIO PACTYIIETO MAac-
CHBa-CITUCKA:

using System.Collection;
ArrayList dinamo = new Arraylist(3);

B ganHoM npumepe oOBABAEHA CChUIKA dinamo U accOIUMMpPOBAHHBIN
¢ Hew 06BeKT Kiaacca ArrayList. B obpamenun K KOHCTpYKTOpY ArrayList()
yKa3aH HadaJbHEK pasMep MAacCUBa-CIucka. MOXKHO NMPeNONI0XKUTh, YTO
Tenepb MOXHO o6pamniaTeCad K 3/JeMeHTAaM MacCHBa-CIUCKA, HUCIMOMb3YA
VHJEKCH co 3HadyeHusaMHu 0, 1, 2. OgHako ciaeAyolad IoNneITKa OyAeT ouu-
BGouHOI:

dinamo [1] = 45.3; // owubxa Bpemenu ucnonHerun

Jlaxxe ecam B BHI30BE€ KOHCTPYKTOPA YKAa3aH pasMep MacCHUBa-CIIUCKA,
NepBOHAYANALHO 3/IEMEHTOB B CO3JaBaeMoOM Maccuse-cnvcke HET! Omiuvue
obbekTa Ki1acca ArrayList OT TPaJUIIUOHHOTO MACCUBaA COCTOUT B TOM, YTO
B MACCUB-CIIUCOK 3JIEMEHTH JO/KHBL ObITh BHAYA/IE 3aHECEHH ¢ [IOMOIIBIO
HecTtaTHdeckoro Metoga Add() xiacca ArrayList.

3arojaoBOK MeTo A

public virtual int Add(object value)

Metoz AobaBisieT B KOHEL[, MACCHUBA-CITACKA 3JIEMEHT, 3a/laHHEIH apry-
MeHTOM. BosppalaeMoe 3HaueHHe — MOPAAKOBBIM HoMep (UHAeKC) A00aB-
JIEHHOTO 3MeMeHTa. HyMepauus 31eMeHTOB HAaYUHAETCA ¢ HyJIA.

Tax kak TuUn napaMeTrpa object, To B KauecTBe apryMeHTa MOXKHO
WCIIOAB30BaTh 3HaUYeHue Aoboro tuna. CieJoBaTeNbHO, B OZIMH MACCHUB-
CNMCOK MOXHO MOMeLIaTh 3JIeMEHTH pasHbIX TUNOE. [Ipolleaypa yIakoBKH,
HeoOX0oAUMas IS APTYMEHTOB ¢ TUIaMU 3HAYE€HWMH, BRIIOJIHAETCH ABTO-
MaTHU4YeCKH. A BOT IIpH NOAYVUeHUU 3HauYeHUd 3JeMeHTa MacCuBa-cIucKa
HY)XHO ABHO BHITIOJIHUTH PAaclaKOBKY, Y3HaB NIPEABAPUTENBHO, KAKOU TUT
VIMEeeT 3JIEMEHT.

B cneayolieid nporpaMme CO3ZlaH MACCUB-CIIACOK, TMIPEACTABIACMBIN
ccpUIKOM ArrayList dynamo. 3aTeM B 3TOT MacCHB-CIIHUCOK A00aBaeHEl Jiie-
MEHTH cO 3HaueHuAMU THNoOB double, int 1 PointS, rae PointS — moJb3o0-
BaTeNLCKUM TUIL, OOBABAEHHBIN B IPOrPAMMe KaK CTPYKTYPHEIH. TekcT mpo-
IPaMMBI:
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// 15 _11.cs - cmpyxkmypst u maccub-cnucok muna Arraylist
using System;

using System.Collections; // fna Arraylist

class Program

{
static void Main()
{
ArraylList dinamo = new ArraylList();
dinamo.Add(4.8);
dinamo.Add(new PointS());
dinamo.Add(100);
PointS ps = new PointS();
ps.X = 10.2;
dinamo.Add(ps);
dinamo[1] = 1.23;
foreach {(object ob in dinamo)
if (ob is Point$s)
Console.WriteLine("Struct: X={0}; Y={1}",
({PointS)ob).X, ((PointS)ob).Y);
else
if (ob is Double)
Console.WritelLine("Double: Vvalue={0}",
({double)ob).ToString());
}
}
struct PointS // cmpyxkmypsuiti mun
{

double x, y;
public double X { get { return x; } set { x
public double Y { get { return y; } set { y

}

value; } }
value; } }

PESYJII::TEIT BHIIIOJHCHHKA NPOrPaMMBIL.

Double: Value=4,3
Double: Value=1,23
Struct: X=18,2; Y=0

B meTozge Main() B MaccHB-cicKoK dinamo 3aHeceHb! YeThIpe pasHOTUII-
HEIX d/leMeHTa. O6paTuUTe BHUMaHUe, KaK ¢ MTOMOIIbIO BhIpakeHUs ¢ MHIEK-
cauued BHITOJHEHO NMPUCBAUBAHUE BTOPOMY 3/IeMEHTY MacCHBa-CIIHCKA:

dinamo[1] = 1.23;

[Tepes sTUM NpUCBAMBAHUEM 3HaYeHHEM 3eMeHTa dinamo([1] 6601 065-
€KT CTPYKTYpPHI PointS.

[Tocne pasmenieHUs B MaccuBe-cITUCcKe dinamo YyeThIpex 3jeMeHTOB 3TU
sAeMeHTH epebupalotcd B rukiae foreach. [TapameTp nuxaa ob uMmeeT THI
object. Emy nocaeaoBaTenbHO MPUCBANMBAIOTCA CCHIIKU HA PA3HOTHITHEHIE
SJIeMEHTHI MacCUBa-cnucka., HemocpeACTBeHHO UCMOAB30BATh MTapaMeTp
tumna object a4 focTyna K 06beKTaM Pa3HBIX TUIIOB HEBO3MOYKHO — Y KaXk-
JOT0 TUIlA CBOA apXUTEKTypa, T. €. CBOMW WIEHBl, CBOU NMOJAA. B Tese nukia
YCJIOBHBIE OINEPaTOpPHl, NpeJHasHauYeHHBIE A9 paclo3HaBaHUA THIIOB. Pac-
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MO3HAaKTCA TOAbKO TUk double u PointS. B kauecTBe NpoBepaeMOTo YCJI0-
BUA B ollepaTopax if Hcronb3yeTca BhIpaykeHHe ¢ onepalnel is.

15.5. Peanu3auus ctpykrypamu nutepdeicos

IIpuMeHeHUEe OAHOrO 0a30BOTO KJAacca ¢ BUPTYaabHbIMU WICHAMU MO3BO-
JgAeT eAnHO0Opa3Ho (HO, BO3SMOXKHO, MO-pa3sHOMY) oOpabaThiBaTE OOLEKTHI
Pa3HBEIX TUMOB, KAXKJBIM M3 KOTOPHIX SABAAETCA TPOU3BOAHEIM OT 6a30BOTO
Y TIepeonpeJensaeT ero BUPTyIbHbIE WIEHH.

Takoi BO3MOXKHOCTH AJA 5K3eMIVIAPOB PA3HOTHUMHEIX CTPYKTYP HET,
TAK KAK CTPYKTYPH He HacaeAyroTcsa. OAHAKO CTPYKTYPHL MOTYT PeaJu3OBHI-
BaTh MHTEepdeiich. Ecau HeCKOABKO CTPYKTYPHBIX THUIIOB PEaTU3yOT OJUH
U TOT Xe UHTepdeiic, To K 00beKTaM 3TUX PA3HEIX CTPYKTYDP IPHMeHNMEI
MeToAbl {a Tak:Ke CBOMCTBa, MHAEKCATOPH U cOOBITUS) uHTepdeiica. Tem
caMBIM UHTepdeHchl TO3BOAAINT eguHoobpasHo obpabaThBaTh OO BEKTEHI
Pa3HBIX CTPYKTYPHBIX TUIOB, /|15 3TOr0 CChUIKA Ha UHTepdelc uCIonnay-
eTcA B KadecTBe IMapaMeTpa, BMECTO KOTOPOTO MOTYT MO/CTABASATLCA apry-
MEHTBI CTPYKTYPHBIX THUIIOB, PEaaU3yIOIIUX JaHHbIH HHTepdelic. Bropoi
MpUMep — IIpUMeHeHUe KOTeKIKH (MacTHBIM ciyvail — MaccUBOB), afe-
MEHTHI KOTOPBIX UMEIOT pasHble CTPYKTYPHBIE TUMBL. CO3ZaHue TaKOro Mac-
CHUBa BO3MOXKHO, €CJIU OH 00BABJEH ¢ TUNIOM MHTepdeiica, pealu30BaHHOTO
BCEMHU CTPYKTYPHLIMU THUITAMU.

B kavecTBe IpUMEpA ONPEASTUM UHTEP(ENC ¢ TPOTOTUNAMHU CBOMCTB:

interface IShape

{
double Volume {get;} // obvem

double Area {get;} // nnowade
}

Peanu3oBaTh TAKOU MHTep(Geic MOXHO ¢ IOMOITbI) PAa3HBIX KJIACCOR
U cTpyKTyp. Hampumep, napasnienenunes UMeeT IIOMAAL MOBEPXHOCTH
(Area) u obbeMm (Volume). Te ke cBolicTBa UMeOTCA y 060 Tpexmep-
HOM reoMeTpHUYecKON ¢urypnl. PeasusoBaTh TOT e MHTepdelic MOXHO
¥ B KJIacCe WM CTPYKTYpe JAByMePHHIX Guryp. B aToM ciyuae ob6bem Oyzer
paBeH, HalpuMep, HYJIH0.

OnpegenumM CTaTHYECKUHA METO/] C 3ar0JIOBKOM:

static void infermation (IShape sh)

Ero HazHaueHWe — BLIBECTU JaHHBIe 06 00BEKTE, CCHUIKA HAa KOTOPBIN
HCTIONB3YETCA B KadecTBe apryMeHra. TUMN mapaMeTpa — 3T0O UHTepdeic,
MIO3TOMY METOJ CMOXKeT 06pabaThiBaTh 0OBEKTH MIOOBIX TUIIOB, PEATHIYIO-
mx uHTepdeiic IShape.

B creayromeil mporpaMme OnpejeseHBl ABa CTPYKTYPHBIX TUINA, pealu-
3yrouyx untepdelic IShape. [leppriii us Hux Circle — npeacrasideT Kpyru
¢ 33/JaHHBIMU 3HAYEHUSAMHU PAAYCOB, BTOpoU Sphere — cdepshl ¢ 3a7an-
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HBIMU 3HaYeHMAMH pagnyca. Merog information() BHIBOAUT CBeA€HUs
06 aprymenre. TeKCT IpPOrpaMMEL:

// 15 _12.cs - cmpyKmypel U uHmepgelics
using System;
interface IShape
{ // uHmepgelic
double Volume { get; } // obwenm
double Area { get; } // noBepxHocme

s
struct Circle : IShape // Kpye

{
public double radius;
public Circle{double radius)} // koHcmpykmop
{ this.radius = radius; }
public double Area
{ get { return Math.PI * radius * radius; } }
public double Volume { get { return ©; } } // obvem

}
struct Sphere : IShape // Cgepa

{
public double radius;
public Sphere(double radius} // xoxcmpyxkmop
{ this.radius = radius; }

public double Area // noBepxsocms
{ get { return 4 * Math.PI * radius * radius; } }
public double Volume // obvem

{ get { return 4 * Math.PI * radius * radius * radius / 3; } }

class Program

{

static void information(IShape sh)

{
Console.Write(sh.GetType())};

Console.WriteLine(":\t Area={0,5:f2};\t "
+ "Volume={1,5:f2}", sh.Area, sh.Volume);
}

static void Main()

{

Circle ci = new Circle(25);
information(ci);
Sphere sp = new Sphere(4);
informaticen{(sp);

}
}

PESYJIbTaT BLHITIOMHEHNM A MPpOTPpaMMBLL

Circle: Area=1963,58; Volume= 0,00
Sphere: Area=201,86; Volume=268,08

B meToze Main() cosaaubl 06bekTh cTpYKTYp Circle m Sphere, koTopsie
B KaueCTBe apryMeHTOB IepeaaloTca MeToay information(). O6paTtnre BHU-
MaHHe Ha OTCYTCTBHE NMPHUBEACHHUA THIIOB B Teae MeToja information().
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Eciu 6Bl ero mapaMmetp uMesn TUl object, To He06X0AMMO OBUTO GBI BBITION-
HATH IIpeobpa3oBaHUe K TUITY KOHKPETHOT'O apryMeHTa, T. €. B MeTo/ie HeoO-
X0ZUMO OBUTO OBl 3HATH THUII APTYMEHTa U MCIIOJIb30BaTh €ro UMsA B OIlepa-
I[UY TIPUBEZIEHUS TUIIOB.

Kak u k1accel, CTpyKTypa MOKeT peayrn30BaTh OZHOBPEMEHHO HECKOIbKO
uHTepdeiicon. [TokakeM Ha MpUMepe, KaK MOXXHO UCIIONb30BaTh 3Ty BO3-
MOXXHOCTb. CHavana oObABUM UHTEPPEIC TAaKOro BU/A:

interface IImage

{
void display();
double Measure {get;}
double BaseSize {set;}

}

YseHsl 3TOr0 MHTEPdEIica MOTYT OBITH pealn30BaHbI I10-Pa3HOMY, T. €.
MM MO>KHO IIPUZATh CaMbIli pa3HbIii cMbIC. [IycTh cBOMcTBO Measure — 3TO
MaKCUMaJIbHbIN JTUHEWHBIN pasMep («pa3Max») reoMeTpPUIecKoi QUTypHI;
cBoicTBO BaseSize — 6a30Bblii uHelHbIN pa3Mep; display() — mporoTum
MeToZa, KOTOPBIH BEIBOAUT CBeJIeHUs O TUIle, peaarn3oBaBlieM uHTepdeiic,
Y 3HaYeHUs CBOHCTB Measure, BaseSize koHKpeTHOro o6beKTa. TakuMu
TUIIAMHU B HallleM IpuMepe 6yAyT cTpyKTypHbIe Tuiibl Cube 1 Square, pes-
CTaBJAIONIUE, COOTBETCTBEHHO, OO'BEKTHl «Ky0» U «KBazApaT». [ Kyba
6a30BBIi pa3zmep — pebpo Kyba, MaKCUMaIbHBIN pasMep — HauOOJIbIIas
auaroHainb. [lnsa kBazpaTa 6a30BbIil pa3Mep — CTOPOHA KBaJ[paTa, MaKCH-
MaJIbHBIN pa3mMep — ero AuaroHalb.

[TpeArionoKumM, 4YTO SK3eMIUIPBI OTUX CTPYKTYP MBI XOTUM Pa3MeCTHUThb
B MAacCHUBe U YIOPSAAOYUTH dJIeMEHThl MACCUBa MO YOBIBAaHUIO 3HAaYEHUM
cBoiicTBa Measure. /11 COPTUPOBKU 3JIeMEHTOB MacCHBa MOXKHO IIpUMe-
HUTbh MeToZ, Array.Sort(). ODTOT MeTo/ IpeArosaraeT, YTO 3JI€MeHThl Mac-
CHUBa CpaBHUBAIOTCA APYT C ApyroM c nomoibio Metosa CompareTo().
[TpoToTum 3Toro MeToAa pasmMeleH B uHTepdetice IComparable us mpo-
crpaHcTBa uMeH System. MeTtog CompareTo() yxke ompeziesieH Aasd TaKUX
THUIIOB Kak int, char, string u T. 7. OgHAaKO AJIA TOJb30BATENbCKUX TUIIOB,
KOTOpPBIMU OyZAyT CTPYyKTypHbIe TuIbI Cube 1 Square, 3TOT MeTOJ HY>KHO
onpezaeniaTh ABHO. [I03ToMy peanusyeM B YKa3aHHBIX CTPYKTYpax MHTEP-
¢eiic IComparable. Tem camMbIM B KaXX/[OM M3 3TUX CTPYKTYPHBIX TUIIOB
C HEOOXOZIUMOCTBIO TTOSABUTCSA TaKOW HECTATUYECKUM MEeTOZ:

public int CompareTo (object obj)

{
if (Measure <((IImage)obj).Measure) return +1;
if (Measure ==((IImage)obj).Measure) return 0;
else return -1;

}

O6paruTe BHUMaHUe, 4TO TUI object mapameTpa obj mpUBOAUTCA K TUILY
uHTepdetica Ilmage, KOTOPHIH AOKHBI UMETD dJIEMEHTHI MacCUBa.
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HamomauMm, 4To B KoZle MeToza Array.Sort() BBITIOJHSIOTCA MHOTOKPAT-
Hble obparenus K Mmetogay CompareTo(), rae npu KaXk0M oOparieHuy CpaB-
HUBAIOTCA XapaKTEPHUCTUKHU /IByX 3JIEMEHTOB COPTHPyeMOTro MaccuBa. Eciu
XapaKTepUCTUKA (B HalleM IpuMepe cBOMCTBO Measure) BBI3BIBAIOIIETO
3JIeMeHTa-00'beKTa HaXOUTCA B «IIPAaBIWJIBHOM» OTHOLIEHUH K XapaKTepH-
cTukKe obbekTa-mapamerpa, To Metos CompareTo() JoKeH BO3BpalaTh
oTpHULIaTeNbHOE 3HaUueHue. [Ipyu HapyIIeHUH «IIOPsAKa» 3JIeMeHTOB BO3Bpa-
IIaeTcs MOJIOXKUTENbHOE 3HaueHue. /i 31eMeHTOB, OIMHAKOBHIX T10 XapaK-
TepUCTHKe CpaBHEeHUs, BO3BpalaeTcs 3HayeHnue 0.

[IporpamMma ¢ yka3aHHBIMHU CTPYKTYPaMU MOXXET ObITh TaKOH:

// 15 _13.cs - cmpykmypsl U uHmepgelicol
using System;
interface IImage
{
void display();
double Measure { get; }
double BaseSize { set; }

}
struct Cube : IImage, IComparable // Kyé6
{
double rib; // pebpo — 6a306uili pa3mep

public double Measure // makcumasnbHbil nAuHelHbll pasmep
{ get { return Math.Sqrt(3 * rib * rib); } }

public double BaseSize { set { rib = value; } }

public void display()

{
string form = "Pasmepbl kyba: pebpo={0,7:f3}; pasmax={1,7:f3}";
Console.WriteLine(form, rib, Measure);

}
public int CompareTo(object obj)
{
if (Measure < ((IImage)obj).Measure) return +1;
if (Measure == ((IImage)obj).Measure) return 0;
else return -1;
}
}
struct Square : IImage, IComparable // K6adpam
{
double side; // cmopoHa — 6a306wili pa3smep

public double Measure // makcumaneHeili pasmep
{ get { return Math.Sqrt(2 * side * side); } }
public void display()
{
string form = "Pasmepbl kBagpaTa: cTopoHa={0,7:f3};
pasmax={1,7:f3}";
Console.WriteLine(form, side, Measure);
}
public double BaseSize { set { side = value; } }
public int CompareTo(object obj)
{
if (Measure < ((IImage)obj).Measure) return +1;
if (Measure == ((IImage)obj).Measure) return 0;

291



}
}

else return -1;

class Program

{

5

{

}
}

tatic void Main()

Cube cube = new Cube()};
cube.BaseSize = 5;
Square sq = new Square();
sq.BaseSize = 5;
Cube cubel = new Cube();
cubel.BaseSize = 7;
IImage[] arIm = new IImage[] { cube, sq, cubel };
Array.Sort(arIm);
foreach (IImage memb in arIm)
memb.display();

Pe3y/bTaThl BEINIOAHEHUA [IPOIPaMMBL:

Paz
Pas
Pas

mepsl Kyba: pebpo= 7,000; pasmax= 12,124
Mepsl kKyba: pebpo= 5,889; pasmax= 8,660
Mephl KBagpata: CTOpoHa= 5,000; paamax= 7,871

B meTozie Main() ompesie/ieHB Ba 3K3eMIUIApa CTPYKTYyphl Cube u ofuH
SK3EMILIAP CTPYKTYPHI Square. C mOMOIIEBI0 CBOMCTRa BaseSize 3aaHbl 3Ha-
4eHUA 0a30BBIX pasMepoB CTPYKTYpP. OOBbABICH W MHUIWAJIU3VPOBAH Mac-
cuB tuna IImage([]. Ccpika Ha Hero arlm UCTIOAB30BaHA B Ka4ecTBE apry-
MeHTa MeToga Array.Sort(). Liuka foreach mepebopa 31eMeHTOR KO/LIEKLINU
(B HaweM npuMepe nepebUpalnTca 3JIEMEHTH MACCUBA) IOCACAOBATEABHO
obpauraerca 4epe3 cchUIKy memb Tuna [Image Ko BceM aseMeHTaM yIopA-
JOUEHHOTO MaccuBa. i KaxkI0To deMeHTa Bei3biBaeTcd meto display().

G0 NOWU kW=

KoHTponbHbie BONPOCHI M 3aflaHus

Kak MOXXHO Ompe/IeTUTL CBOM THIT 3HAYEHUIT?

[MpuBeauTe popMaT OOBABIEHUS IEPEUNCTEHHA.

Yto Takoe 6a30BbIN TUI NTepeUUCTEHU?

YTo Takoe CrMiCOK NepevunucaeHusa?

Kak vHULIManu3upyroTcA KOHCTAHTHI NepeunCIeHNA?

[IpuBeAVTe IpaBuia 0HPANIEHUA K KOHCTAHTAM TTepPeYrCIeHUA.
Kakoii TUII MMeeT KOHCTAHTa IepeYrCAeHU?

Korsa KOHCTAaHTa NMepevucieHusa BOCIPUHUMAETCA KaK 3HAYeHUe

¢ 6a30BBIM TUIIOM Hepqu/ICJIEHI/IH?

9.

10.
HHUIA.

11.
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Hasopure CIIEpAIOHUHA, IIPHUMCHHMEBIC K KOHCTAHTaAM HEPC‘JI/ICJIEHI/Iﬁ.
HazoBuTte OTcpalnyy, HC IPUMCHHMBIC K KOHCTAHTAM IICPCYMCIIC-

Tae AOITyCTUMO IPUMEHATE KOHCTAHTH EPEYUCHAEHUA?



12,
13.
14.
15.
16.
17.
18.
19,
20.
21.
22,
23.
24.
25.

HaszoBuTte craTuyeckue MeTOALI TUIIOB ITepeYnCcAeHU].

Kax MOXHO MOAYYNUTH TUI [IE€PEYUCACHUA?

B 4eM paznauuuA CTPYKTYPHBIX THUIIOB U KJIACCOB?

HazoBuTe A0MyCTUMBIE MOAUGHUKATOPH! WIEHOB CTPYKTYPHEIX TUIIOB.
HasoBure aonycTumbie MOAUPUKATOPDI CTPYKTYPHEIX TUTOB.
[ToueMy B CTPYKTYPHBIX TUIIAX OTCYTCTBYET GHMHAMU3ATOP?
O6BbAcCHUTE 0COOEHHOCTH KONMUPOBAHUA CTPYKTYD.

YTo Ha3bIBaIOT YIIAKOBKOU?

Korzia BHIIOAHAETCA YIIAKOBKA MPpU paboTe €O CTPYKTypaMu?
O6baAcHUTE 0OCOBEHHOCTH U BO3MOXXHOCTH Kiaacca ArrayList.

K xKaKMM CTPYKTypaMm NPUMEHNUME] OJUHAKOBLIE METOAHI?

Yro onpeaenser uHTepdeiic, peall30BaHHBIM CTPYKTYPHBIM TUIIOM?
B xakoMm unTepdelice pasMellleH npotoTun Metoga CompareTo()?
Kako¥ MeTo/ UCIIOIBb3YyeTCA 110 YMOAYAHUIC B MeToze ArraySort()

AJIl CPABHEHUA 3JIEMEHTOB COPTUPYEMOrc MaccuBa?



InaBa 16
UWCKNIOYEHUA

16.1. 0 mexaHusme UCKNIOYEHUI

Aseik C#, KaK U HEKOTOPEIE NPEALIECTBYIOIIAE €MY A3BIKW NPOrPaMMH-
POBaHUs, BKJIKOYAEeT MeXaHU3M reHepaluu U 06paboTKU UCKIIOUeHU.

[Tpexxzae yeM OOBACHUTH, YTO TAKOE WCKJIIOYEHUA U KaKOBEHL CPEACTBA
And pabOThl ¢ HUMU, HeoOXoauMo o0paTUTh BHUMAaHUE Ha OTIMYUE OLIU-
G0OK B porpaMMe OT OCOOBIX CUTYyalWi, KOTOPbIe MOT'YT BO3HUKHYTH TIpU
ee BRINOMHEHUU. OunbKa B MporpaMMe — 3TO NPOU3BOJACTBEHHBIN Opak,
AOMNYLIeHHBIN TIpYU POeKTUPOBAHUU WIH KOAUPOBaHUU TporpaMMebl. CHH-
TaKCUYecKue OWUOKU MTO3BOJAsAET BBISIBUTH KOMIIMAATOP, M O UX YCTpa-
HEeHUA MporpaMma HepaborocnocoOHa. CeMaHTUYECKUE WU JIOCUYECKUe
OIMOKY BBIABAAKTCA B IIPOIlecce OTIAAKU U TeCTUPOBAHUSA UCIIOIHAEMOMN
NpOTrpaMmbl. M CHHTAKCUYECKHUE, U JIOTUYeCKHe OIUOKHU JOMKHBI OBITh
YCTPaHEeHH! J0 3aBepuieHus pa3paboTky nporpaMMel. MeXaHH3M HCKIIOYe-
HUU K HUM HEé UM€eeT HUKAKOTO OTHOIIEHUS.

OpHako Takoe coObITHe, KaK BBIXOA UHAEKCA 3a MPAaHUYHYIO Tapy NpH
NONBITKE 0OpallleHUA K 3JIeMEHTY MacCUBa, 3a49acTyio peayrajath (BblA-
BUTH) Ha dTane KOMIWIALUMU Henb3s. [IogoOGHEIM 06pa3oM HEBO3MOXKHO
IpeACKa3aTh, 4TO [IOJL30BATENb NMPU padoTe ¢ TOTOBOM IpOrpaMMOU BMe-
CTO YUCAA BBEAET NOCAEAOBATENBHOCTh HEUUCIOBBIX CUMBO/OB. U B nep-
BOM, U BO BTOPOM cJydae IIporpaMMa He MOXeT NpoAoaKaTh MpaBUIbHOe
HCIIONHeHUe U 06a cnyuasa HenpeAcKasyeMbl (He BBIABIAIOTCA) Ha ITalle
koMnuaauuu. Ho npu paspaboTke nporpaMMbel MOXKHO NMPeAyCMOTPETh
B HEW BOZMOKHOCThH pearupOBaHUs Ha Takue ocoOble cOOBITUSA. ITY BO3-
MOXKHOCTE 0OeCIeuynBaeT MeXaHUu3M UCKIIOYEHUH.

[Tpexie 4eM mepeiTH K PacCMOTPEHUIO 3TOr0 MeXaHu3Ma, obpaTum
BHUMaHUe Ha TOT $aKT, UTo ocobble CUTYalluH, KOTOpble MOTYT BO3HUKHYTh
B NpOLECCe BHIIOJAHEHUS IPOTPAMMEL, JEAATCA Ha ABE FPYIIILL: CUHXPOHHbIE
W ACUHXPOHHBLE.

ACUHXpOHHBIC CUTYallUd BO3HUKAIT 34 CYET BHENIHUX BO3ACHCTBUU
Ha MPOrpaMMy, TPOUCKOAALIUNX B MOMEHTBI BpeMEeHU, HUKAK He CBA3aHHbIe
¢ KakuM-1u60 yyacTKOM KoZa MporpaMMel. [IpuMepaMu MOTYT CAYXUTh
OTKJIIOUEHME NMUTAaHUA KOMITBIOTepa, KOMaHAa Ha Iepe3arpy3Ky ollepallioH-
HOM CUCTEMBI, BpeJOHOCHHIE BO3AEHCTBHA Ha KOJ MPOrpaMMEL CO CTOPOHBI
NApaJUIEBHBIX NPOLECCOB U T. . ICKII0YeHNA He [TO3BOAAIOT 3alUTUTD IIPO-
rpaMMy OT BO3ZIEMCTBHA ACHHXPOHHBIX COOBITUN (AaCMHXPOHHBIX CUTYALWN).
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CHUHXPOHHBIE OCOOBIE CUTYAIINU CO3JAI0TCSA, TOYHEE, MOTYT BO3HUKHYTD,
TOJIBKO TIPU BBINIOJTHEHUU TeX WU WHBIX pparMeHTOB KOZa IPOTPAMMEL.
Kaxzplii Takoi pparMeHT Kojia MpeACTaBIsAeT co60i MocieoBaTeTbHOCTb
KOHKPETHBIX OIepaTOPOB TeKCTa MporpamMMbl. CaMoe BaXKHOE TO, YTO IIPU
pa3paboTKe ITpOrpaMMBbl 3a9aCTyI0O U3BECTHO, B KAKOM YYaCTKe TEKCTA MPO-
IrPaMMBbI MOXKET BO3HUKHYTb CUHXPOHHAs ocobasi cUTyaIus.

Hampumep, pu BBO/Ie JaHHBIX IT0JIb30BATENb MOXKET I10 OLITMOKe BBECTHU
TeKCTOBYI0 MHPOPMAIIUIO BMECTO YMCI0BOM. [Ipu 3amucu JaHHBIX B daiin
MOXXET He XBaTUTb MeCTa Ha BHEITHEM HocuTese nHbopManuu. B mepsom
cJlydae MCTOYHUK BO3HUKHOBEHUA 0COOOU CHUTyalld — OIMEepaTop YTEHUS
JAHHBIX U3 BXOJHOTO IMOTOKA, BO BTOPOM — Mpoliefypa 3amucu uHpopma-
IIUHU B Qaii.

VIMeHHO 1 pearipoBaHUA Ha CHHXPOHHBIE OCOObIE CUTYaIU, BO3HU-
Kaloll[ie B IPOIlecce BHITIOJHEHUs MPOrPaMMBbI, peJHa3HaYeH MEXaHU3M
HCKIIOYeHUH. Tak KaK aCHHXPOHHbIE 0COObIe CUTYaIlU Mbl pAaCCMaTpPUBaTh
He OyZieM, TO TEpDMUH «CUHXPOHHBIE» OOJIbIIE He OyzeM J006aBIsATh U IIpUMe-
HUTEJIHHO K UCKIIOYEHUSM TOBOPUTH OyeM MPOCTO 00 OCOOBIX CUTYaIIUAX.

OcoObIX CUTyaIui, eciv OHU MOTEHIMAJbHO BO3MOXHBI, U30eXaTh
HeJb3sd. Ho mporpaMMUCT MOXKET IIPeAyCMOTPETh B MTPOrpaMMe OlepaTophI
JUIs paclio3HaBaHUA 0COOO0M CUTYaIlUU U JJIs1 PeaKIuU Ha Hee.

Jlo mosBIeHua MeXaHW3Ma UCKJIIOYEHUIN peakIus Ha 0coOble CUTya-
I[UU 3a4acTyio ObLIa caMOM JKeCTKOM — IporpamMMa BblZiaBajia cooO01ie-
HHe 006 oIMbKe U 3aBepIlajach aBapuiHO. B Jydiiiem ciydae, ety ocobas
CUTYyalys BO3HUKJIA 110 BUHE ITOJIb30BATENIA, EMY IIpe/jiarajaoch, HalpuMmep,
MTOBTOPHO Y MPABWJIbHO BBECTH MCXOAHBIE JaHHBIE, U MTPOrpaMMa IOBTO-
psiia BBITIOJTHEHUE TeX OMEepPaTopOB, I/le BO3HUKJIA U ObUIAa pacio3HaHa 0Co-
6as cuTyarus. ..

VIcKItIoueHUs MO3BOJISAIOT OTAENUTh paclio3HaBaHUE 0COOOU CUTyalluu
OT peaklIuu Ha Hee. B MexaHM3Me HCKJIIOUYEHUU eCTh ZBA dTala — reHe-
panusa UCKJII0YeHUs U 06paboTKa UCKIoYeHusA. [eHepanusa UCKII0YeHUs
BBHITIOJTHAETCS B TOM MecCTe, I7/le BO3HUKJIA U OOHapyXeHa ocobas CUTyamus,
a 06paboTKa — Tawm, rze 3TO yA0OHO B KOHKPETHOM CJIydae.

Eciu 6BI cOBpeMeHHble TTPOTPaMMBbI CO3/laBajUCh IO CTapuHKe, Oe3
HICIIOJIb30BAHMUS CTAHAAPTHBIX WIH CIIeIMAIN3UPOBAHHBIX O1bmroTeK (moj-
IIporpaMm, IpoIeaAyp, GYHKIINH, KIaccoB), To 6e3 MexaHHU3Ma UCKIIOYeHUH
MOXHO ObLTO OB 060MTHCH. Bosee Toro, mpapoauTens C-oOpa3HBIX A3bI-
KoB — s13bIK C 00xoauTCs 6e3 uckiaodeHuii. Ho He OyzeM ympekaTh B 3TOM
ero aBToOpoB. IIpu co3ganuu sizbika C He ObLI ellle BHEAPEH B IPAKTUKY MTPO-
IrPaMMUPOBAHUA 0OBEKTHO-OPUEHTHUPOBAHHBIHN MTOJXO/.

B HacTosiiee BpeMs aBTOp O6MOIMOTEYHON QYHKITUMYM WK METOZAA Kiacca
06s13aTebHO MpeAyCMaTpPUBAET OllepaTOPhl, pAcIO3HAIOLINE 0COOYIO CUTY-
anuio. OJHAKO OH He MOXeT MpeAyraZarh, Kak OyZeT MCIIOJb30BaHA 3Ta
GYHKIUA WK METO/ TPOrpaMMUCTOM-TIOIb30BaTEIEM.

Hampumep, B 6UOIMOTEYHOM METO/E UYTEHUA JAAHHBIX U3 CTAHZAPTHOTO
BXO/Z[HOTO IIOTOKA HeJIb3sI IIPU OIIHOKe B JAHHBIX IIPOCTO BBIZATH COOOIIeHME
MTOJIb30BATEJIO «ITOBTOPU BBOZA!». BXOAHOM MOTOK MOXET OBITh HAaCTPOEH
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Ha TeKCTOBLIN daiin u nmporpaMma npu 3TOM BHIOJIHsAeTCs 6e3 BBOAa AaH-
HBIX C KIaBHATyphL. [Tob30BaTesb B 3TOM Cly4dae He YIaCTBYeT B AUAIOTE
C IIPOTpaMMOMH.

Takum 06pazom, pacliozHaBaHue 0CO0OM cUTyaruu B OMOIMOTEYHOM
METOAE AOJKHO OBITh «OTOPBAHO» OT JAEUCTBUM MO YCTPAHEHUIO MPUYUH
ee MosIBJeHUA. ITY BO3MOXXHOCTD 00eCIeunBaIOT NCKIIOUEHH.

16.2. (ucTemHble NCKNIOYEHUA U uX 06paboTka

B asmke C# uckIoueHre — 3T0 00BbeKT Kiaacca System.Exception nan
TIPOU3BOAHOIC OT HETO KJacca. B mpocTpaHcTBO UMeH System BXOAAT KPOMeE
Exception ellje HECKOMBKO KJIaCCOB UCKIIOUEHUH, KOTOPEIMU MOXXHO ITOAb30-
BaThBCA B IporpaMMax. B tada. 16.1 npuBeaeHBl HCKIIOYCHUS U3 MPOCTPaH-
cTBa System, COOTBETCTBYIOLIHE O0COOBIM CUTYaUMAM B IporpamMmax Ha C#.

Tabnuya 16.1
Knacchl cUCTeMHBIX MCKRIOYEHUER

Hma wexkaww4deHna Onucanue CUTyanuu
ArgumentException HegonmycTuMoe 3HaYeHHe apryMeHTa PU BEI30BE
MEeTOAA
ArithmeticException Ocobrle cUTYaUHH TIPH BRINOIHEHHH apudMeTHYe-

cxkux onepanuid. Hanpumep, DivideByZeroException
wiu OverflowException

ArrayTypeMismatchException | [lombITKa IPUCBOUTE 3J€MEHTY MacCHBa 3HaU€HHUE,
THUI KOTOPOrO He COBMECTHM € THIIOM 3/1€MEeHTOB

MaccyBa

DivideByZeroException [MonbITKa AeNEHUA HA HY/b 1IEM0YMCAEHHOTO 3HAYE-
HUA

FormatException HecooTBeTcTBHE NApaMeTPOB crienudukanmu Gop-
MaTUpOBaHUA

IndexQutOfRangeException Brrxoa MHAEKCAa MAacCUBA 32 IMpeAebl TPAHUYHON
napbl (HHAEKC oTpULlaTeaeH WiH 6ojblle BepXHei
TpaHULIBI)

InvalidCastException HepepHoe nipeoGpasoBaHie oT 6a30BOT0 THIIA HIH
6azoBoro unrepdeiica k MpoU3BOAHOMY TUITY

NullReferenceException ITonmbITKA MPUMeHHUTE CCBUIKY €O 3HaYeHHeM null
st o0paiueHna K 0OBeKTy

OutOfMemoryException HeyaauHas NONLITKA BHIAENUTE TAMATE ¢ MTOMOIILEO
onepary new (HeZOoCTaTOYHO CBOOOAHON TaMATH)

OverflowException IepenosiHeHUA B apUdpMeTHIeCKHX BHIPAKEHHAX,
BEIMIOJIHAEMBIX B KOHTEKCTE, ONpeAeIeHHOM CIIVKeO-
HBIM ci1oBoM checked

RankException HecooTBeTcTBUE pasMepHOCTeH NapaMeTpa U apry-
MEHTa IIpH Bbl30Be MeTo/a
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Okoxuasue mabn. 16.1

HmMsa HekaAroueHUa OnucaHHe CHTYalHH

StackOverflowException lMepenonnenue pabouero cTeka. BosHNKaeT, Korga
BLI3BAHO CIUINKOM MHOTI'C METOA0B, HAIIDHMED, P
O4YeHb IyOOKOH Wi OeCKOHeYHOH peKypcun

TypelnitializationException HeobpaboTaHHoe HCKIIOUEHHE B CTATUYECKOM KOH-
CTPYKTOPE.

HernwdeHusa onpezeneHbl HE TOABKO B IPOCTPAHCTBE UMEH System.
B Apyrux mpocTpaHCTBaX UMEITCA UCKIKYeHUs, KOTOpble OTHOCATCHA
K COOTBETCTBYIOLIUM pazfenaM Oubauorek cpeibl ucnosHeHus .NET.
Hanpumep, B npocTpancTse System.Drawing. Printing MMeIOTCA UCKIIOUE-
HUsA, COOTBETCTBYIONTUE 0COOBIM CUTYaAlMAM BHIBO/A HA TEYaTh U T, J1.

HcxnioueHne Kak 06BeKT co3/aeTes ¢ MOMONUIBIO CIEUANBHOTO Onepa-
TOpA reHepanuu (MOCEUIKK) UCKAIYEHUA:

throw Beipaxerue;

OAHaKO 3TOT OMEepaTOop MH PacCMOTPUM Mo3Xke. ['opazfo BakHee ceil-
9yac HAyYUThCA PACTO3HABATh MOABJACHUE UCKIIOUeHUH U obpabaTHBaTh 3TH
UCKIIOUeHUA. Jlefio B TOM, YTO IIPU BHISIBJIEHUN OCOOBIX CUTYAIIUN METOZBI
6UBIUOTEUHBIX KJACCOB, KOTOPBIMU MBI YK€ MOAb3yeMcs B MporpaMMax,
MOCBUIAIOT UCKIIIOUEHUSA, M HYXXHO YMETh UX Pacno3HaBaTh U 00pabaThIBaTh.

JloCTaTOYHO 4acTO HAYMHAWUI NpOrpaMMHCT HaTalKHBaeTcA
HAa WCK/JIIOYEHUA, BO3HUKAIOIIUE M3-3a HEBCPHOI'O BBOAA AAHHBIX IIPU
BEITIOJIHEHUM COBEPIIEHHO MPABUABHON NMpOrpaMMEL. B kadecTBe nmpuMepa
paccMOTpUM Takou ¢parmMeHT koga (mporpamma 16_01.cs):

double x;

Console.Write("x = ");

X = double.Parse(Console.ReadLine());
Console.WriteLine("res = " + Xx);

Eciu npu eBponelcKON HacTpOMKe OIlepalUOHHOH Ccpeanl MOJb30Ba-
TeJb B OTBET HA MpUIalleHUe "X =" BBeJeT, Hanmpumep, 3.3, T. €. JOIy-
CTUT OUIMOKY, OT/ACIUB APOOHYIO YacTh BENIECTBEHHOTO YUC/IA HE 3alATOH,
a TOYKOM, WU BBeJeT BMecTO IUPppel OVKBY, TO IporpaMma 3aBepIIATCA
aBapHuIHO U BBIZACT TaKoe cooblleHue 0 HeoOpaboTaHHOM UCKIIOYeHUH:

HeobpaboTanHoe uckawyeHue: System.FormatException:
BxogHaA cTpoka wMmena HeBepHblii popmaT & System.Double.Parse(String s)

B aToM coobuieHUU 06 HCKIIOUEHNH YKa3aHO, YTO €0 UCTOMHUK — MeTOo/,
System.Double.Parse(string s).

Jbia mepexsaTta U 00paboOTKU UCKIIOUEHUM HUCTIONB3YeTCAd KOHCTPYKIUA
try/catch/finally . Ora cocrouT u3 AByx unu Tpex 4acteil. [lepras o6s3a-
TeNbHAA YaCTh — HTO OMepPaTop try, Ha3bIBaeMbId 6I0KOM KOHTPOJIA 32 BO3-
HUKHOBeHUeM HckaoueHni. Oneparop try mpeactapiaseT coboil 3aK/II0-
4eHHYI0 B QUIypHBIC CKOOKH IIOCACA0BATEAbHOCTD OIIEepaTOPOR A3bika C#,
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mmepes KOTOPOM pa3MelnaeTrcs ciaykebHoe cioBo try. HemocpeacTBeHHO
3a QUrypHOI CKOOKOM, 3aKpHIBaOIIEH OJIOK KOHTPOJIA 32 UCKIIOUYEHUAMHU,
pa3MeInaeTcs IocaeI0BaTeTbHOCTh catch-610k0B — JioByIIIeK (MHAaYe HA3bI-
BaeMbIX 06pabOTYMKaAMM) HCKJIIOYEHUH, a TaKkXKe HeoOs3aTeNbHBIH OJIOK
3aBepuenus (finally-6;10k). Kaxxabiii 06pabOTYNK UCKIIOUYEHUN BBOIUTCS
cry:keb6HbIM citoBoM catch. Mmeetcs caeayioniue dopmsl catch-610ka:

catch (mun_ucknaiwoveHus uma) ¢uaoemp_uckawveHuli {onepamopsi}
catch (mun_ucknwyenua uma) {onepamopsi}

catch (mun_ucknwueHusa) {onepamopei}

catch {onepamopsi}

Bxogamuii B JIOBYIIKY UCKJIIOUeHUN OJI0OK OmmepaTopoB MpesHA3HAUYEH
ZUIS1 BRITIOJTHEHUA IeUCTBUM 0 06paboTKe 3aXBaUeHHOT'O UCKIIOYEHMUS.
biok 3aBepiieHuss umeeT Takoi popmar:

finally {onepamopei}

Omneparops! 6;10ka 3aBepIIeHUA BBITOJHAIOTCS TOCIe BhIXOAa U3 Habopa
catch-6sokoB. Tounee, 6sok finally BeImosHSETCS Bcerza He3aBUCHMO
OT TOTO, BHITIOJIHEHBI WU HET B KOHCTpyKmuu try/catch/finally o6pa6ort-
YUKU COOBITHIA.

Omnpegenensl Tpu GOpMbI KOHCTPYKIUM try/catch/finally:

* OJIOK KOHTPOJISA, 32 KOTOPHIM cieAyioT catch-o6paboTuvku (0AMH Wi
HECKOJIbKO);

* OJIOK KOHTPOJISA, 32 KOTOPBIM HEMTOCPeACTBEHHO cyIefAyeT OJIOK 3aBep-
menwus (finally-6710k);

* OJIOK KOHTPOJIAA, 3a KOTOPHIM ceAyioT catch-o6paboTunky (oAuH WIu
HECKOJIbKO), 3a KOTOPBIMU pa3MellieH 6710k 3aBepirenus (finally-6s10k).

B kauecTBe mpuMepa MpUMeHeHUs KOHCTPYKIUU try/catch gomosrHum
MIPUBEIEHHYIO BBILIE TTOCIEJOBATEILHOCTh OMIEPATOPOB, KOTOPAs aBapUHHO
3aBeplIaeTcs MpU HEBEPHO BBEAEHHBIX JaHHBIX, CPeJCTBAMU A1 obpa-
6oTku uckaoueHuit tuma System.FormatException. Koz ctaneT Takum:

double x;
while (true)
{
try
{
Console.Write("x = ");
x = double.Parse(Console.ReadLine());
Console.WriteLine("res = " + x);
}
catch (FormatException)
{
Console.WriteLine("Ownbka B ¢opmaTe AaHHbiIx!");
continue;
}
break;
}
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B nporpammy agobaBneH uuka while, BHIX04 U3 KOTOPOTO BO3MOXEH
TOJIBKO TIpU AOCTIKEHUM B KOHIle Tesla LMKIa oneparopa break. B tesne
LIUKJIa — 60K KOHTPOJIA 3a BOBHUKHOBEHMEM UCKIIOUeHUH, rje pa3Me-
1leHb! TPY NIpUBeJeHHEIEe BhIIIe ollepaTopa:

Console.Write("x = ");
X = double.Parse(Console.ReadLine());
Console.WriteLine{"res = " + X);

Bo BTOpOM K3 HHX BO3MOXHa reHepaUMa HCKIIOUYeHHA System.
FormatException. Eciv 0HO NOABIAETCA, TO YIIpaBAeHUe epejaeTcd 3a mpe-
Aenbl 610Ka KOHTpoad (TpeTuit onepatop nmponyckaetcs). Jloeylika (obpa-
OOTYMK) HUCKIIOUYEHUU ¢ 3arogoBKoM catch(FormatException) HacTpoeHa
Ha 00paboTKy uckaroveHuii Tuna FormatException. B Tene obpaborunka
ABa onepartopa. [lepBeii U3 HUX BBIJAeT HA KOHCOMb cOODIeHre, OIepaTop
corntinue; nepeiaeT ylupaBiAeHUe HA HAYAMO0 CASAYIONEN UTepalium 1UKIa.
Liuk He OyzieT 3aBepilieH, II0Ka II0b30BATEb He BBE/IET 3HAUeHUe X He3 OIu-
6ok. /lnanor moanL30BaTes ¢ IPOrPaMMON MOXKeT ObITE, HAIPUMED, TAKUM:

X = 3.5<ENTER>

Ouuwbka & QopmaTe AaHHbIX!
X = 3d5<ENTER>

Ouubka B PopmaTe AaHHbIX!
X = 3,5<ENTER>

res = 3,5

ObpaTtuTe BHUMaHHe, UYTO B try-60Ke NPU BOSHUKHOBEHUHY HCKIIOYe-
HuA onepatop Console. WriteLine("res = " + x); He BHIIIOJHAETCA.

[Topagok aelicTBUM B KOHCTPYKIIMHU try/catch/finally caexyromrmii.
BHITOJHAKTCA ONepaTopsl 6JI0Ka KOHTPOIA 3a UCKAKYeHUaMu. Eciau
WUCKJIOYEHUN He BO3HHUKIO, TO Bce catch-o6paboTyuku mponycKawTes.
IIp¥ BO3HUKHOBEHWM UCKIIOUEHUS YIIpaBieHUe He3aMeJJIUTENbHO Tmepe-
naetca Habopy catch-610koB. O6paboTUMKU UCKIIOYEHUH MPOCMaTpUBa-
I0TCA TIOCNEOBATENBHO A0 TEX MOP, MoKa He ByJer obHapyxkeH obpaboT-
9UK, «HACTPOCHHBIN» Ha MepefaHHOe UCKAIYeHUe. [loce BBIMOMHEHUS
OTIepaToOpPoB 3TOro 0HpaboTYMKa BHIMOAHAETCA OA0K 3aBepuieHus (ecau
OH €CTh) ¥ TOJIBKO 3aTEM 3aKaHYUBACTCA UCIOIHCHUE KOHCTPYKIUM try/
catch/finally. OtTmeTnmM, 4TO cpenu Habopa GrOKOB 0OPabOTKU BBITIONHS -
€TCA TOJMBKO OUH WIH He BEITIOMHAETCH HU O/ UH.

Ob6paTtuTe BHUMaHMe, 4TO 00paloTka UCKIAIOYEHUA He IpeKpalaer
BHIMIOJTHEHUA TIporpaMmbl. B 610kax catch Moryr 6vITh 3anporpaMMupo-
BaHHI JIEHCTBUA TI0 YCTPAHEHUIO IPUYMH TOABISHUA UCKIIOYeHUH U TIPO-
rpaMMa IpoJ0/DKaeT BHITOTHATLCA.

16.3. (BOMCTBA UCKNIOYEHMIA

Kaxoe UCKAOUYeHne — 3T 00BeKT nubo kiaacca System.Exception,
aubo MpOU3BOAHOrO OT Hero. B kaacce Exception ecTh cBOUCTBA, KOTOPBIE
MO’KHO UCIIONB30BATh NpU 00paboTKe UCKIIOUeHM. BOT ABa M3 HUX:
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e Message — TEeKCTOBOe ONMCaHUe CUTyalluu, IPU KOTOPOU CO3ZaHO
HUCKJIIOUYEHUE;

* Source — uMA 00bEKTA WIM IIPUWIOKEHUS, TIOCABIIEr0 UCKIIOYEHHUE.

[Tpexkze yeM NpuUBeCTU IpHUMep UCIOAb30BAHUA 3TUX CBOUCTB, ellle pas
obpaTuMCcs K IpeAbIAyIIeNd TporpaMme, Ie UCoab3oBaH catch-610k ais
uckaoyenua FormatException. Eciu nmosnb3oBaTesb BBeJeT CUHTaKCUYECKU
[IpaBWIBHOE YWCJIOBOE 3HAaYEHUeE, Jiexalllee BHe Juala3oHa IIpeACcTaBUMBIX
B CHCTEMe 4Yuces, TO BO3HUKAEeT CUTyalys, TP KOTOPOU OyZeT creHepupo-
BaHO UCKJIIOYeHMe, oIndHoe oT FormatException. Hanpumep, B pe3ysbraTe
BBOJA:

X = 1e999<ENTER>

MIPOU30MET aBapUIHOE 3aBepIllieHre IIPOrPpaMMBbI C TAKOU BbIZaueil co00-
IIeHUA:

HeobpaboTaHHoe ucknw4veHune: System.OverflowException:
3HayeHue 6bN0 HefonyCTMMO ManbiM WAW HegonycTumo 6onbwum ans Double.

YroO6BI 3alIUTUTD IPOrPAMMY OT aBapUHHOTO 3aBepIIeHuA IIPHU BO3HUK-
HOBEHUH HUCKJIIOYEHUH 3TOTO THUIIA, MOXKHO BKJIIOUUTD B Hee elle OUH 00pa-
OOTYUK UCKIIOYEHUH C 3ar0JIOBKOM:

catch (OverflowException)

Bojee oOmUM pelleHHUEM SBJIAETCS AOMOJHEHHE IIPOrpaMMBbl
catch-6;10kOM, HacTpOEHHBIM Ha IepeXBaT BCeX HCKIIOYEHUN THUIa
ArithmeticException, oTHocAmUxcA K 06paboTKe apuPMeTUIECKUX JaHHBIX.

YTOOHI MOJYYUTD AOCTYII K CBOHCTBAM IlepeXBauye€HHOI'O0 MCKIIOUYEHUS,
HeobXoAuMO B 3aroJyioBke catch-6/0ka B ckobkax Bcjie/ 3a TUIIOM HCKJIIO-
YeHUs TIOMECTUTh UMs, KOTOpoe OyJeT IpeACTaB/IsATh UCKIIoUeHe B OJI0Ke
obpabotku. IIpeabiAymas mporpaMma C y9eTOM CKa3aHHOT'O MOXKET OBITh
TaKOM:

try

{
Console.Write("x = ");
x = double.Parse(Console.ReadlLine());
Console.WriteLine("res = " + X);

}

catch (FormatException ex)

{

Console.WriteLine("ex.Message="
Console.WriteLine("ex.Source="

+ ex.Message);
+ ex.Source);

continue;

}

catch (ArithmeticException ex)

{
Console.WriteLine("ex.Message=" + ex.Message);
Console.WriteLine("ex.Source=" + ex.Source);
continue;

}
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ITocne try-6s0Ka B koAe ABa 0b6paboTuukKa. [lepBHIi «HaCTpoOeH» TOJABKO
Ha uckmodeHua tuna FormatException. Bropoi nepexBaTeiBaeT UCKIIOUE-
Husa Tuma ArithmeticException kK koTopeiM oTHOcuTesa u OverflowException.
B xaxzaoMm u3 06paboTUMKOB BBIBOAATCA 3HaueHUsl cBolicTB Message
U Source, a 3aTeM yIpaBieHHe ¢ OMOILIBI ONepaTopoB continue nepeza-
eTcA CAeAVIoLed UTepaluy ITUKJa. Pe3yssTaTh BHINOAHEHHS TIPOrpaMMEL
MOTYT OBITH TAKHMU:

X = 1e999<ENTER>

ex.Message=3HauyeHue ObN0 HEJONYCTUMO MajbiM WAW
HegonycTumo bonwuum ana Double.
ex.Source=mscorlib

X = gqwer<ENTER>

ex.Message=BxogHaA CTpoka umena HeBepHbd dopmaT.
ex.Source=mscorlib

X = 4.0<ENTER>

ex.Message=BxogHaAa CTpoKa umena HeBepHblii ¢opmaT.
ex.Source=mscorlib

X = 4,8<ENTER>

res = 4

ObparuTe BHUMaHHe, YTO cooOIleHUsT (3HaUeHUs cBoicTBa Message)
PA3IUYHB! /I pa3HbIX TUIIOB UCKIIOYEHUH, FICTOYHUK reHepalui UCKAI0Ye-
HHI BO Bcex MpuMepax oauH — 6asoBas 6ubnauoreka Microsoft (mscorlib).

IIpumeuanue. [IpU aHaAU3e UCKIIOUEHMA B catch-610Ke Mone3Ho BHIBO-
JUTDH 3HaYeHHe BhpaykeHHA ex.ToString(). B HeM cozep:xuTcd HHPOpMalHA KaK
0 CaMOM HCKAKYEHUH, TaK ¥ O TOUKE €ro FeHePalluy B KOJe IMPOrpaMMHI

Eme ozna ¢popMma 3arososka catch-610ka, B KOTOpPOM €CTh UMA 3aXBa-
YeHHOr0o MCKIOUEeHUs, IpegyCMaTPUBAET «QIILTPALHIOo» NMepexXxBavdeHHEIX
WCKIIOUEeHUH. 14 5TOro B 3aro/I0BOK IOMEINAKT GWILTP, BBOAUMEINA KOH-
TEKCTHO3AaBUCUMBIM ¢JIoBOM when. Bo3amMoKHOCTH QUABTPOB UCKIIOUYeHUH
NpoAeMOHCTpUpyeM B naparpade 16.5, paccMOTpeB TaM OIlepaTop reHepa-
IIUH UCKITIOYEHUH.

16.4. UcknioueHns B apudpmeTHUECKUX BbIpaKeHUAX

[Tpu BEIYMCAEHUAX 3HAYEHUH apudMeTHYECKUX BbIPaXKEeHUM BO3HUKAIOT
ocobble cCUTyallu, KOTophle He3 cneluanabHOro BMeIIaTeAbCTBA IporpaM-
MucTa 06pabaTHBaOTCA 110 pa3zHoMy. PaccMoTpuM creaytomuil pparmeHT
KOJIA.

int x = 111111, y = 111111, z = 9;
double a = x/0.6; // pesyaomam: "6ecxoHeuHOCML"

double b = x/@; // ocwubka komnunayuu
double ¢ = x/z; /! uckmoverue DivideByZeroException
double d = x * y; [/ pe3yaomam: -539247567
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Kak oTMeueHO B KOMMEHTapUAX, Bce NPUBEeAeHHEIE BRHIpAXKEHUA NIPU-
BOJAAT K BO3HUKHOBEHMIO OCOOBIX CUTyalUil, B MepBBIX Tpex caydadx Mpo-
TIPAMMMUCT [0 COOOIIEHUAM KOMITHIATOPA WIH [0 PE3yAbTATAM BHITOTHEHUA
MporpaMMBl MOXKET ABHO PaclO3HaTh CUTyallulo. 3HAYEeHUEM NepeMeHHON
a = x/0.0 apngetca HeckoHeyHo fonpuiasa BeanuuHa. B eiydae b = x/0 xkom-
NWIATOP BBIAAET cooblleHue O MTONMBITKE 1Ie/IOYNCIEHHOTO Ae/leHUA Ha HyJle-
BYIO KOHCTaHTY. BelpakeHUe ¢ = X/Z HE CMYIaeT KOMIWIATOP, HO NpHU-
BOJIUT K reHeparum uckiadennsa System.DivideByZeroException Ha aTate
BHIMMOJIHEHHA MPOrpaMMEL. B ciaydae BHUYMCACHUA X*y NPOUCXOAUT LIENO-
YUCAEHHOE NMEePENoAHEeHNe, HO HUKAKUX MPU3HAKOB 0cOO0M CUTYaIluM HET.
[TpaBaa, mepemMeHHO! d nMpHUcBanBaeTCs HEKOTOPOE OTPULIATENbHOE 3Have-
HHE MMOCIe YMHOXKEHHUA JBYX MOJOKUTEIbHBIX BeIMYKH. B HallleM mpocToM
HpUMepe 3TOT PE3Y/IETAT MOXKET CAYKUTh CUTHANIOM 06 0cob0# cUTyanum.
OaHaKo B CAOXKHBIX apUMETUYECKHX BHIPAXKEHUAX LIEJOYUCICHHOE TIepe-
MOJTHEHWE MOKET OCTaTbCA He3aMedeHHHIM, HO NPUBEJAET K HEBEPHOMY
pesy/ibTaTy.

1A OTCAEKUBAHUA TaKUX OLIMOOK B apUPMETHYCCKUX BEIPKEHUAX
caeyeT UCMOAb30BaTh ciayxkebHoe cioro checked. 3To cioBo urpaet ase
pOJIH, OHO 0003HaYaeT ONepalluIo U BBOJUT CIelUaabHbIHN 610K «Habmwoge-
HUsI» 32 MIEPETIOTHEHUAMHU TPU BRIUUCTEHUAX BHIPAXKEHUHN:

checked (8vipaxerue)
checked {onepamopui}

B nepBOoM ciy4yae OTCAEXKUBAIOTCA BO3HUKHOBEHMA INMEepenoJHeHUU
B 3aKJIIOYEHHOM B CKOOKU BEIpaKeHHM. Bo BTOPOM c/lyyae KOHTPOIUPYIOTCA
HEepPeNoAHEHUA BO BCeX onepaTopax 61oka. B 000ux cyuasx npu BO3HUKHOBE-
HUH TIePeNOTHEHNs TeHeprupyeTcs uckmovenne System.OverflowException.
Hawr npumep MOXXHO JOIIOJHUTE ONIEPaTOpPOM

double e = checked{x*y);

B sTOM ciayyae mepenosHeHUE IIPU BBIYUCIEHUU BbIPAXXEHUA X*y
He 6yJeT UTHOPUPOBATBCA, a MPUBEJET K FeHepali Ha3BaHHOT'O UCKJIIUE-
Hus. O6paboTKa TAKOTO UCKIIOYEHUS MOXKeT OBITh OPraHN30BaHa OOBIYHBIM
06pa3oM ¢ MOMOIIBIO KOHCTPYKLUMU try/catch/finally.

YroO0BI IpY BHIMONMHEHNHY OJ10KA ONEPaTOPOB WM IIPU BEIYUC/ICHUH BHIPA-
YKEHUSI HUKOT/IA He TOChUIANUCEH UCKAOYEHU [IePENoJHeHNA B apudpMeTu-
4ecKUX OIepaluax, MOXKHO UCIOAb30BaTh cykebHoe ¢ioBo unchecked.

B Tex ¢ydadx, KOT/ia CeANTh 3a apudMeTHIeCKUMHU TepenoTHeHUAMIA
HeoOX0AUMO BO MHOTMX MeCTax IpOorpaMMEbl, YA0OHO BMeCTO CIyKeOHOTO
cnoBa checked wcnonp3oBaTh cnenUaMBHHIN PeXXKUM KOMIUAATWHA, s
3TOT'0 KOMIIWIAIMA IIPOrpaMMbl BEIIONHAETCA ¢ ¢diaarom /checked. B Takom
peXKUME OTCIEKUBAIOTCA BO3MOXKHBIE IIEPENONHEHNA BO BCeX apudmeTu-
4eCcKHUX OTepanuax mporpaMMel. Ecim pearupoBaTh Ha apudMeTUYECKIE
NepenoSHEeHNA He HY:KHO B KOHKPeTHOM dparMeHTe K0Aa, TO COOTBETCTBY-
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Iolllee BEIpaXKeHHe WM 60K ONepaToOpOB IMIOMEIIAIT B KOHTEKCT KIKoUe-
poro ciaosa unchecked.

16.5. [eHepauua ncknoveHui

Jlo cux mop peds nia 00 06padoTKe UCKIIOUYEHUM, MOCBLIAEMBIX METO-
AaMu O6MOIHOTEYHBIX KAaccoB. YTo6bl miybixke pazobpaThbca B MEXaHU3ME
reHepaluu U 06paboTKU UCKIIOMEHUI U HAYIUThCS CO34aBaTh U MOCHIATD
VCK/IIOUeHUs B Mobol 3apaHee MpeAycMOTPeHHOM CUTyalluM, BOSHUKIIEH
MpU BHIIOJHEHUU [IPOTPaMMBI, HY>KHO SCHO MMOHATh U YCBOUTD, UTO UCKO-
yeHUA — 3Mo 06seKmbt HEKOTOPBIX CIIEIUaNbHEIX KAACCOB. Bee cucTeMHEIE
KJIaCCHI MCKIIIOUEHUH ABAAIOTCA IPOU3BOAHBIMU OT KJacca System.Exception.
STOT KIacc UMeeT HECKOJbKO 3aMeYaTeNbHEX CBOUCTB, ABa U3 KOTOPBIX
(Message 1 Source) MBI y:ke MpUMeHAAU. [Ipu cozgaHu 0HBEKTOB KJac-
COB UCKJIIOUeHUI1 Haubonee BaXHBIMU ABNAIOTCI Message u InnerException.
Oba 3tH cBoOlicTBa B 06A3aTEIBHOM NIOPAAKE VCIONIb3YIOTCA BCEMU UCKIIIO-
geHusAMU. O6a cBoiicTBa NpeAHa3HAYEHB! TOABKO I YTEHUA:

* Message — 3TO CBOMCTBO THIa String, 3HaUeHUE KOTOPOro Mpe/[CTaB-
nsteT cobol TeKCT coobIeHNs1 O IPUYHMHE BOSHUKHOBEHUA UCKITIOUEeHUS.

* InnerException umeet Tun Exception u mpeacraenser coboii HeHyIe-
BYIO CCBUIKY Ha TO UCK/IOUEHUE, KOTOPOE ABIACTCA IPUIYHHON BO3HUKHOBE-
HUA JaHHOTO UCKIIOYEHMA.

3Ha4YeHUA 3TUX CBOMCTB MOXKHO 33/dTh ¢ IOMOIILIO 1ADaMETPOB KOH-
CTPYKTOpA NpU co3fauuu obwekTa knacca System.Exception. Ham moryT
OBITH TIONE3HH CAEAYIONTUE KOHCTPYKTOPHL:

* Exception() — uHUIIMAMU3UpYeT YMaTUYNBaeMbIMH 3HAUEHUAMU JaH-
HBIX HOBHIH 3K3eMILIAp kJ1acca Exception.

* Exception(string) — UHHIHAAU3UPYET HOBOE HUCKIIOUeHHEe (HOBHIH
obwekT). [lapameTp 3aiaeT 3HaYeHUe cBOMcTBa Message.

» Exception(string, Exception) — mapameTrp Tuma string onpeender
3HaueHHe cBolicTBa Message, a BTOpoll mapaMeTp NpeAcTaBnaseT cobot
CCBUIKY Ha UCK/II0UeHHe, KOTOPOe ABWIOCH MPUYHUHOM AaHHOTO UCKIIUeHUA.

3Hadg KOHCTPYKTOPBL, CO34aTh 0OBEKT-UCKIIOYCHHE, IIPUMEHAA ollepa-
IUIO NeW, MBI YoKe cMoxeM, OCTaloCh BBIACHUTh, KAKUM 00pa30M IOCAaTh
HUCK/IIYEHUE U KaK ONPeJeNUTh YCIOBUE, IPU BBIIIOJIHEHNUHU KOTOPOT'O 3TO
HYXKHO genarh. OnupeziefieHUe yCAOBUSA HE OTHOCUTCA K MeXaHU3My obpa-
OOTKU UCKIIOUEHUH, a 3aBUCUT OT TOH KOHKPEeTHOH 3ajayuM, A pelleHus
KOTOpOH cozjaeTca nmporpamma. JInda reHepauuu (414 MOCBUIKH) UCKIIOYe-
HUA U3 BBIOPAHHOU TOYKY KOJa MPOrpaMMB! MCTIOAB3YETCA ONepaTop, UMe-
IOIMUY OAHY U3 CAeAYIOMUX ABYX GopM:

throw Bepaxerue;
throw,;

Omneparop throw 6e3 BEIpaxXxeHUs MOKHO UCIIOAL30BATh TONBKO B catch-
6510Ke 411 peTPpaHCASILNU UCKII0UeHHA B catch-6710K ciieAyiollero ypoBH:.
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3HaueHUeM BrIpaXeHUsl, HCTIONb30BAHHOTO B onepaTope throw, fomkHa
OBITH CCBLIKA Ha OOBEKT KiIacca UCKII0YeHUH. VIMeHHO 3TOT 0OBEKT MOChI-
JaeTcAa B KadecTBe UCKIOYeHus. Eciu 3HadeHue BeIpakeHus pasHoO null,
TO BMECTO Hero nmockutaeTcs uckimodenue System.NullReferenceException.

OaHoit U3 HanboJIee BAKHBIX 33/1a4, PEUIAEMEBIX ¢ IPUMEHEHHEM MCKIIIO-
YeHUH, ABIAETCA MPOBEePKa KOPPEKTHOCTH AaHHEIX, IIOAYIaeMEIX TIpOrpaM-
MO WIH OTAeAbHBEIM MeToA0M. MHE y:ke [T0Kasajld Ha HeCKOJNbKUX MpHMe-
pax, KaK UCMNOJIb30BaTh NCKIIOYeHNA, aBTOMaTU4ecKu $opMUpyeMble IIpU
9TEHUU AAHHBIX OT KJIaBUATYPHI,

B creayrommei mporpaMme NpoAIeMOHCTPUPYEM, KaK ITPOrpaMMHUPOBATh
reHepaluio UCKIIoUeHH. [TycTh TpebyeTea BHIMHUCIUTE 3HaUeHUe 3JeKTPU-
yeCcKOM MOIIHOCTU, pacceriBaeMoil Ha conpoTuriaeHuu B 100 OM Ipu BKIIIO-
YeHUU ero B CeTh ¢ HanpmxkeHueM 110, uan 127, wnu 220 BoasT. lloabzo-
BaTeNMb MOXET BBECTHU TOJABKO OHO U3 YKA3aHHBIX 3HAYCHUN HaNpAXKeHUA.
OmubaTtbes IpU BBOZIE MOXKHO TONBKO /1Ba pasa. I1pu TpeTheii omubke mpo-
rpaMMa JIOJKHA 3aBepIIuTh paboTy 6e3 BEMUCAeHUS MOIIHOCTH.

Owubky BBOAa B JAHHOM CJIydae MOTYT OBITh ABYX BUAOB — JeKCHUYe-
CKUe U ceMaHTHU4YecKUe. Jlekcuyeckas omnbKa — 3TO HeBepHas 3allMCh
BellleCTBEHHOTO YUCJIa MpU ero Hadope Ha KjaaBUaType. CeMaHTHYeCKad
omubKa — OTANYHUE BBEACHHOTO YUCHA OT TPEX ACIYCTHUMBIX YCIOBUEM
3aaavu 3HaveHuu (110, 127, 220). Jna npeobpa3oBaHUs BREJEHHOHU € KJIa-
BHATYpPHI IIocaeZ0BaTeTbHOCTA CHMBOIOB B UHCJIOBOE 3HaYeHUE IIPUMEeHHNM
Meroz TryParse(). Torga nmocaaTh MCKIOYEHME NPH JeKCUYeckol omubxe
MOXKHO C TIOMOIUBIO CJIEAVIOLUIUX OMepPaTOpPOB:

string input = Console.ReadLine();
if ('double.TryParse{input, out U))
throw new Exception("Owubka B ¢opmaTe AaHHbIX!™);

B ganHoMm ¢parmeHTe U — umMa nepeMeHHo# Tumna double, xotopas
OyZAeT NpeACTaBAATh B MPOrpaMMe BBeJeHHOE NMOJb30BaTe/NeM 3HaueHUe
HamnpsKeHUs.

1A reHepanuy UCKIIOYEHVA NTPU CEMAHTUYECKOH OIIMOKY HCTIOAB3yeM
TAKOM KOA:

if (U !'= 110 & U != 127 & U 1= 220)
throw new Exception(input+" — HeponycTumoe 3HadveHue!l");

Bce mpuBeeHHLIE OMePaTOpPhl pa3sMecTUM B try-6/10Ke, BClea 3a KOTO-
PBIM TOMeCTUM obpaboTumnk ucknoveHuit (catch-610xk), rae 6yaem mogcum-
THIBaTb WX KOJNYECTBO. BClo KOHCTPYKUHMIO try/catch moMecTuM B LMK,
Tem, kTO 3ab6b1L1 pazaen GU3NKH, TOCBAIIEHHEIN DIEKTPUYECTBY, HATIOMHUM,
YTO MOLIHOCTE, ITOTpebaseMas CONPOTHUBIeHHeM R TpU €ro BKIYEHUH
B ceTh ¢ Hanps:xeHuem U, Beruucasercsa no ¢opmyne U2/R. IIporpamma
B IIE&JIOM MOXKeT OBITh TaKol:

// 16_85.cs - uckmouernus 0na npoBepku B800uUMbIX OaHHLIX

using System;

class Program
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{

}

static void Main()

{

}

double U, R
int counter
while {(true)
{
Console.Write("BeeauTe Hanpsaxenuwe (116, 127, 228): ");
try
{
string input = Console.ReadlLine();
if (!double.TryParse(input, out U))
throw new Exception{"Ouuéka B ¢$opmaTe AaHHbIX!")};
if (U !'= 110 & U != 127 & U 1= 220)
throw new Exception{(input + " — HeponycTumoe 3HadeHue!"};

108;
Q; // Cyemuuk UCKAWYeHul

¥

catch (Exception ex)
{
Console.Writeline(ex.Message);
if (counter++ >= 2)
{ Console.WriteLine("Tpuxaw oumbnnce!"); return; }
continue;
by
break;
} // end of while
Console.WritelLine("MoTpebasemans mowHocTk: {@,5:f}", U * U / R);

Pe3yabTaT BHIMOJHEHMS TPOTrPAMMBI;

* Mepebld CceaHc:

BeeauTe HanpaxeHwe (110, 127, 22@): 120<ENTER>
120 — HeponycTuMoe 3HadeHue!

BeeanTe Hanpaxenue (116, 127, 228): 118f<ENTER>
Quuéka B dopmaTe AaHHbIX!

BeeauTe Hanpsxenue (110, 127, 228): asd<ENTER>
Ouvbka B dopmaTe AaHHbIX!

Tpuxas oumbance!

* BTOpoW ceaHc:

BeeauTe HanpaxeHwe (110, 127, 22@): 127<ENTER>
NoTpebnaemas MowHoCThb: 161,29

Kak pearvpoBaThbk Ha ocobole CUTYallMKH B TeJdE€ METOA4, paCCMOTPHM

Ha npuMepe $YHKIMH, BHYUCAIIONEN CKalApPHOe MPOU3BeeHME IBYX BEK-
TOPOB MHOTOMEPHOTO TIPOCTPaHCTBA. BekTophl 6yAeM MepeiaBaTh METOAY
¢ TIOMOILIBIO ABYX IIapaMeTPOB — CCbUIOK HA MACCUBBI.

[Tpu obpalleHUH K MeTOAy MOTYT OBITh N0 OMUOKe UCTIONb30BAHBL APTY-

MEHTEHI, NIPeACTaBIAKIINE MAacCHBBL C Pa3HHIM KOJAUYECTBOM 3JeMEHTORB.
[TpeAyCMOTPUM 3aIUTY OT TAKOU OMMOKHU, TOChIAsA UCKIIOUEHNE B CIydae
HepaBeHCTBA pa3MepPOB MacCUBOB-apTyMeHTOB. ToTAa IepBLle CTPOKU KOAa
MeTOJAAa MOTYT OBITb TAKUMU:
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static double scalar{double[] x, double[] y)

{
if{x.Length != y.Length)
throw new Exception ("HeeepHbe pa3Mepw BekTOpoB!™);

O6paboTKy UCKAOYEHNH, POPMUPYEMBIX METOJOM MPU OUTUOKE B €ro
apryMeHTax, OOBIYHO BBIIOJHAIOT B KOZAE, U3 KOTOPOTO BHIIOJHEHO 00pa-
LleHUe K MeToAy (TaM, re 3aJaHbl KOHKPETHLIE apTYMEHTHI). B ciegyiomeit
nporpamme obparieHusa Kk Metoay scalar() pasmenieHH B try-6moke. [Tepsoe
obpameHue KOppeKTHO, BO BTOPOM AOMyLIeHa omubKa — pasMepbl Maccu-
BOB-apTyMEHTOB He COBNaAAlOT. TeKCT MpOrpaMMEL:

// 16 _66.cs - uckmouenun 6 mene memoda
using System;
class Program

{
static double scalar(double[] x, double[] y)
{
if (x.Length != y.Length)
throw new Exception(“"HeBepHuie pa3mepsl BekTOopos!");
double result = 9;
for (int 1 = 6; i < x.Length; i++)
result += x[1i] * y[i];
return Math.Sqrt(result);
}
static void Main()
{
try
{
Console.WriteLine{("scalarl=" +
scalar(new double[] { 1, 2, 3, 4 },
new double[] { 1, 2, 3, 4 }));
Console.Writeline("scalar2=" +
scalar(new double[] { 1, 2, 3, 4 },
new double[] { 1, 2, 3 }));
}
catch (Exception ex)
{
Console.Writeline(ex.Message);
3
}
}

PESYJII::TEIT BBHIIIOJHEHHKA MPOrPaAMMBIL.

scalarl=5,47722557505166
HegepHbie pa3mepsl BekTopoB!

O3HaKOMUBITIUCEH C OIEPATOPOM TeHepaluuu UCKIKYEHUNH, BCIIOMHUM
0 BO3MOXHOCTAX WX GUILTpauy B catch-61okax.
Kak yxxe ckazaHo, uMeeTca cieayoman ¢popma catch-6ioka:

catch (Tun_ncknoveHna uma) ¢unbTp_ucknwdennia {onepatopsl}
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rae GUIBTp MCKIIIOUEHNI:

when (nozuveckoe_BevipaxeHue)

Jlorm4yeckoe BBHIpaXKEHUE JO/DKHO 3aBHCETh OT MONYy4aeMOro JAAHHBIM
catch-6;10koM UCKIIOUEHHA, TIOSTOMY B BBIpaXKEHHE BXOAUT UMA HCKIIOUe-
HUA, YKa3aHHOe B KPYIMIBIX CKoOKax mocie caykebHoro ciopa catch. Koraa
catch-6;10k nepexBaTII UCKIIOYEHHE, BRIMUCISAETCA 3HAYEHHUE JJOTHIECKOTO
BEIpasKeHUsA GuabTpa. ECAU pe3yabTaT true, BHIMOIHAIOTCH OMEPATOPHI
catch-610Ka, B IPOTUBHOM CIydae UCKIIOUEHUe NMepefaeTca CIeAYIOIeMYy
catch-610ky.

B KavyeCcTBe WUIIOCTPAIUM NPUBEZEM TaKOU KO/

// _16 _When - gunemp ucrkmoyeHul
using System;
class Program

{
static void Main()
{
try
{
throw new Exception("9"};
3
catch (Exception ex) when {(ex.Message == "***")
{ Console.WriteLine("Hello ***"}; }
catch (Exception ex) when (ex.Message == "9")
{ Console.WriteLine("Hello 9"); }
}
}

Pe3y/bTaTHl BHITIOJHEHUA TTPOTPaMMBbI:

Hello 9

B try-6;0Ke TOABKO OZUH omneparop throw, reHepUpPYIOMUNA UCKII0Ue-
HUe ¢ TpocTeluM coobieHneM. Jpa catch-6y10ka «HacTpoeHBI» Ha Mepe-
XBaT UCKIIoUeHUM Tuna Exception. @unsTpsl catch-6/0K0B aHAMU3UPYIOT
3HaYeHue CBoMcTBa ex.Message. BEITONHAIOTCA onepaToph BToporo catch-
O10Ka, YTO WUIIOCTPUPYET Pe3y/AbTaT, BBIBOAUMEBIN HAa KOHCOMBHLIN 3KpaH.

16.6. MMonb3oBaTenbCKUe KNAccbl MCKNKYEHUN

B npeaniAynivx OporpaMMax Npy TeHepanuy UCKIIoUYeHUH ObUT UCTIONE-
30BaH cucTeMHBIH TUN Exception. Kpome Hero B cpege .NET numeeTca 60b-
110 KOJUYECTBO ClIelMaau3ipoBaHHEIX KAaCcCOB UCKAIOYeHUNH. YacTo 3Tux
CHACTEMHbBIX UCKIKYEHUH BIOJIHE ZOCTATOYHO AJIA PEAKIUU HA Te CoOBITUA,
KOTOPHIE MOTYT MPOU30UTH B Balllel nporpaMmme. GAHAKO MPOrPpaMMUCT-
MOJb30BATENb MOXET ONpeAeIATh COOCTBEHHBIE KAACChl UCKAIOUCHHU.
Hx MoXHO co3faBaTh Jubo Ha 6ase knacca Exception, mubo UCIOAB3YA
B KauyecTBe 0a30BBHIX 0oJee CHeIUaJU3UPOBAHHBIE CHCTEMHEIC KJIACCHI
HCKJIIOYEHHUH.
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B craHzapTHOI 616IMOTEKe OIIpe/iesie bl IBa Klacca UCKIIOUeHUH, Kax-
JBIH U3 KOTOPBIX SABJIAETCS IPAMBIM HacJIeIHUKOM Kjacca System.Exception.
Knacc System.SystemException cOOTBETCTByeT UCKJIIOUYEHUAM, ITOPOXK/a-
€MBIM Cpe/Io¥, B KOTOPOI BBIMOJHAETCS MpUKJIasHasA nmporpamma. Kiace
System.ApplicationException mpegHaszHadeH s co3ZaHUSA O0OBEKTOB-
VICKJIFOUE€HUH, OTHOCSIINXCS K BHITIOJTHEHUIO MPUKJIAAHBIX TporpaMM. Cos-
ZlaBasi cCOGCTBEHHBIE KJIACCHl UCKIIOUEHUH, CTaHAapT A3bIka C# peKoMeH/yeT
JleflaTh UX HacJleTHUKaMU Kiacca System.ApplicationException, a He kyacca
System.Exception.

Omnpezensisa coGCTBEHHBIN KJIacC NUCKIIOYEHUUM, peKOMeHAYeTCA 00b-
SABUTH B 3TOM KJIacCe TPU KOHCTPYKTOpA: KOHCTPYKTOP YMOJYAHUsA, KOH-
CTPYKTOp C IMapaMeTpaMu THIIa String M KOHCTPYKTOP C IMapamMeTpaMH
string u Exception. B kaX[oM U3 3THX KOHCTPYKTOPOB HY>KHO BBI3BaTh KOH-
CTPYKTOPHI 6a30BOro Kj1acca. B KOHCTpyKTOpe yMo4aHuA IIpy ob6palieHun
K 6a30BOMY KOHCTPYKTOPY €My Ilepe/laeTCs TEKCT COOOIIEHNs, YHUKATBbHOTO
JUIs1 CO37/[aBaeMOro KJlacca MCKIIOYeHUH. B KOHCTPYKTOpe ¢ mapaMeTpoM
TUma string 6a30BoMy KOHCTPYKTOPY IlepeiaeTcsi coobIeHre 06 ommbKe.
B TpeTbeM KOHCTPYKTOpe 6a30BOMY KOHCTPYKTOPY Ilepe/iaeTcsi cOObIIeHe
00 ommmbke 11 00bEKT BHYTPEHHEr'0 UCKIIOUEeHU.

Koquoubele BOMPOCbl N 3alaHNA

1. YTo Takoe uckiIOYeHue?

2. B yeMm pasnuyusa CUHXPOHHBIX Y ACUHXPOHHBIX CUTyaLuii?

3. Jlns 06paboTKU KaKUX CUTYallui IPUMEHSAETCS MEXaHU3M UCKIIIoYe-
HUN?

4. Ha3oBuTe Kj1acChl CUCTEMHBIX UCKIIOUEHUN.

5. O6bscHUTe Ha3HAYeHUe try-0J10Ka U IpUBeAUTe ero GopMaTeL.

6. Ilepeunciute GpopMaThl 06pabOTIMKOB (JIOBYIIIEK) UCKIIOUEHUH.

7. Korga BeimosiHsieTcs 6JI0K 3aBepIIeHUsT 00pab0oTKU UCKIIOYeHU ?

8. KakuMu cpejgcTBaMu MOTYT 06pabaTeiBaThCs OUIUOKU BpeMEHU
UCIIOJIHEHUA IIpOrpaMm?

9. B uem oTIMYUe UCKIIOYEHUA OT NIPePhIBAHUA?

10. Kakumu cpeAcTBaMu NMOJJepPKUBAETCS IepexBaT UCKIIOUYEeHUM ?

11. YTo mpoucxoauT B ciaydae, ecjii UCKII0UYEHNE He IIEpeXBAavYeHO?

12. KakuMu cpeacTBaMu MOTYT o0OpabaThiBaThCsA ONIUOKM BpeMeHU
UCIIOJIHEHUA IIpOrpaMm?

13. KakuMm 06pa3oM MOXKHO IepexXBaThIBATh BCE UCKIIIOYEHU?

14. KakuM 06pa3zoM MOXXHO ITepeXBaTUTh KOHKPETHOEe UCKIIOUYeHe?

15. TTodyemy BO3HUKAeT HEOOXOJUMOCTh B TeHEPUPOBAHUU UCKITIOYEHUH
B KO/Ie IPOrpaMMBbI?

16. MoxeT i1 UCKJII0YeHV e reHepUpOBaThCA IIOBTOPHO, IIOCJ/IE TOr'O, KaK
OHO OBUIO ITepexBavYeHO?

17. Kakum ob6paszom oTtobpaxkaeTcs TpacCUpOBKa COOBITUM, Ipeale-
CTBOBABIIIMX BO3HUKHOBEHUIO UCKIIOUYEHUA?
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18. B kaxoM ciy4ae o6paboTka UCKIIOUEeHM MOXET MPeKPaTUTh BEITION-
HEeHUE MPOTPaMMEI?

19. Hasosute cBoiicTBa Kaacca System.Exception, KOTopble MOIE3HEBL
nipu 00paboTKe UCKAIOYEHHH.

20. O6bAcHUTe HazHavYeHHe U BO3MOXHOCTU onepanuu checked.

21. TlepeuncanTe KOHCTPYKTOPH Kaacca Exception.

22. O0BAcHUTe IpaBwia NPUMEHEHUs ABYyX GopM oneparopa throw.

23. B Kakux ciIy4yasax BBIYHCIAETCA JOTUYECKOEe BHIpAXKEHUE QUIbTpa
HCKJTIOYEHUHN?



Inasa 17
OENETATHI X COBBITUA

17.1. (MHTaKCUC generaToB

HamoMHuUM, 9TO B KayecTBe TUNOB B A3blKe C# BBICTYNAKT: KJACC,
CTPYKTYypa, Iepedncienue, UHTepdeic u Jenerat, PacCMOTpUM ienerarThl,
HazHaYeHHUe KOTOPHIX — MpPeACTABAATh B IIporpaMMe MeToAbl (GYHKLHU).
Henerars! ncnons3yrTesa B NET MmexanusMom o6paboTKK COOBITHIA.

CrangapT A3bika C# BBIJEAAET TPU 3TANla MPUMEHEHUA JAENEeraToB;
onpegeneHue (0ObABIeHUE) Aeerata Kak TUIA, CO3JaHHe SK3eMIUIApa
JeneraTta (MHCTaHITMPOBaHUE), obpalleHe K 3K3eMIUIAPY JeneraTta (Bbi30B
Jenerara), O6paTuTe BHUMaHMe, YTO OINpeAeNeHe Jenerata He co3JaeT
€ro 3K3eMIUIAP, a TOJBKO BBOAUT TUII, HA OCHOBE KOTOPOI'O BIOGIEACTBUU
MOTYT OBITE CO3ZAHE SK3EMIUISIPHI Zeerara.

B mureparype (cMm., HanpuMep, [5]) oTMedaeTcd cBA3aHHAA ¢ eeraTaMmu
TepMUHOJIOTHYeCKaA MpobieMa. ECIU TUIIOM ABAsSeTCA Kaace, TO 3K3eMILIAP
3TOTC THUIIA HA3HIBAIOT 00bekTOM. /s feleTaToB M THI, B €I'0 DK3EMILIAP
3a9aCTYIO HA3bIBAIOT OAHMUM TepMUHOM. YToOH 1u3bekaTh HEOAHO3HAYHOTO
HUCTOJKOBaHUA, HY)KHO VUUTHIBAaTh KOHTEKCT, B KOTOPOM Te€PMHH «Jefe-
raT» UCIOAb30BaH. [IpU BO3MOKHBIX HEOAHO3HAYHOCTAX OyZeM UCIOAb30-
BaTh TEPMUH «THIN JeJeTaTa» WIH «JeJeraT-TUll» A1 0O603HaYeHU TUIIa,
a 3K3eMILIAP 3TOro THla 6yAeM Ha3bIBaTh IK3eMIULIPOM Jejerata MHIu
NnpocTo generatoM. [1o HalleMy MHEHUIO HEYAA9HO HA3BIBATh DK3EMILIAD
aenerara 06bekToM. OO0BEKT B MPOrpaMMHPOBAHUU IO YCTAHOBUBLIECHCS
TpaZULIMK OPUHATO HaAeJIATh YIaCTKOM IaMATU AJA JaHHEIX, UYTO He CBOU-
CTBEHHO JK3eMILIAPY Aeierara

[Toao6HO TOMY, KaK THUII KOHKPETHOrC Maccupa, HanpuMep, long[], cos-
AaeTcs Ha OCHOBe 6a30BoOro Kiaacca Array, KaKABIHA AeneraT-TUI SIBAAETCA
HacJeJHUKOM CHCTeMHOTO Kjiacca System.Delegate. Ot 3TOor0 6a30BOro
KJ1acca KasKAbl| JeeraT-TUn HacaeAyeT HeKOTOPhIe YWIeHbBl, O KOTOPBIX YyTh
nosxe.

CuHTakcuc onpegenenus (0ObABNEHNA) JeneraTa-Tumna:

moduduramopsi,,. delegate mun_pesynomama
uma_denezama_muna {cneyupukauus_napamempoB) ;

Heo6azatenpHble MOAUGHUKATOPE 0OBABACHNA Aejaerata: new, public,
protected, internal, private.
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delegate — cnykebHoe C/IOBO, BBOAALLCE TUN JeEraTa.

mun_pesyabmama — 0003HaYeHUe THUTIA PE3YABTATOB, BO3BPAIlaeMbIX
TeMH METOAAMH, KOTOphIe OyeT IPeACTABIATE JAeAerar.

umA_denezama_muna — BbIOpaHHBIN MPOTPAMMUCTOM HAEHTHPHUKATOP
11 0603HaYeHU KOHKPETHOT'O TUIA /leleraToB.

cneyugukayus_napamempos — CIUCOK clielu$UKaLii mapaMeTpoB TeX
METO/I0B, KOTOPEIE OyZleT mpe/CTaBAATE Jeerar.

Tun_peayniomama U cneyugukayusa_napamempos B JeKaapaluyuu gese-
raTa-TMuna onpeAeasaT NPomokKoa, KOTOPOMY AOMKHBI COOTBETCTBOBATD
MeTOADI, IpeACcTaBiAsAeMble KaXbIM 9K3eMIUIAPOM 3TOr0 Jejerata-Tuma.

Jlenerar-Tun Moxet OBITH OOBABAEH KaK JOKAJAbHBEIM THUT KAacca WIN
CTPYKTYPHL MO0 Kak AeKTapallisa BepXHETo YPOBHA B €AUMHULE KOMITWIA-
un. MoaudukaTop new IpUMeHUM TOJBKO JJIS JeNeraToB, JOKAANU30BaH-
HHIX B KJIacce.

[IpuMephl onpeAeTeHUN AeAeraTOB-TUIIOB:

public delegate int[] Row(int num);
public delegate void Print(int [] ar);

ITU ABa onpeJesleHUA BBOJAT ABa PasHbIX TUIIA Jeaeratos. THII ¢ UMeHeM
Row u Tun ¢ umedeMm Print. DxkseMIuiAp Aenerara-tuiia Row MoxeT npej-
CTaBJATH METOZ C LIeJTOYHCAeHHBIM ITapaMeTpoM, BO3BpaILaoUItil CChIIKY
Ha OJHOMEPHBIUM TMENMOUYNCIEHHBIH MacCUB. JK3EMIUISp Aiesierata-Tumna Print
MOXKET MPeACTaBIATE METO, TapaMeTp KOTOPOoTr0 — CChUIKa Ha LieTovuc-
JeHHBIH MaccuB. MeToa, IpeAcTaBAsSeMbIH 3K3eMITIAPOM JejieraTa-TUIa
Print, He MOXeT BO3BpalllaTh HUKAKOTO 3Ha4YeHHUs (TUl pe3yabTara void).

Tak Kak geserat 3To TUI CChUIOK, TO, ONIpeAEeIUB AejieraT, MoXKHO IIpU-
MEHATh €0 JAA CO3JaHUA TEPEMEHHBIX-CCbUIOK. CUHTAKCUC ONIpeAeIeHns
CCBUIOK TpagUulIUOHEH:

UMA_AeneraTa_TWNa WMA_CCHIIKK;

I/ICHOJI]:3YH BECACHHDIC ACNE€TaThI-TUIIbI, MOXHO TaK ONIpeAeIHUTb CCELITKH!

Row delRow; // Coeinka ¢ munom denezama Row
Print delPrint; // Cchinka ¢ munom denezama Print

[Tocae Takoro ompeaeneHus ccbliku delRow, delPrint mMeloT Heonmpege-
neunble suavenud (null). C xax 0¥ U3 DTUX CCHUIOK MOKHO CBA3ATh DK3E€M-
TSP COOTBETCTRYIOILIETO AejeraTa-TUIa. JK3eMIUIAp AeJlerara cO34aeTcs
KOHCTPYKTOPOM Jiefierara, obpalneHre K KOTOpPOMY BHITIOJTHAETCH U3 BHIpa-
JKeHUA ¢ omepauueil new. [Ipu obpalleHHU K KOHCTPYKTOPY B KauecTBe
aprymeHTa He0OXOAMMO UCIOAL30BAaTh UMA METOAA, COOTBETCTBYIOIIETO
NpomoKony, AEKIapUPOBAHHOMY THIIOM Jenerata (y MeTosa A0DKHBL ObITE
Te K€ TUI BO3BpalllaeMOrQ 3HAYeHMA U cneluduKaluia napaMeTpoB, KOTO-
phle YKa3aHbl B ONpeAeIeHNHU JleJleraTa-TUIa). JTOT MeTo/ B JaJbHeHleM
6yaeT AOCTYIIEH A/ BEHI3OBa Yepes CChLIKY Ha SK3eMIUIAP Jeserara.

ObparuTe BHUMaHHE, YTO B OODBABIEHUH A€IETaTa-TUIlA HET HeobXo/au-
MOCTH OIIPeAeNATE ero KOHCTpPYKTop. Koncmpykmop e onpedenenue dene-
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2ama-munda KoMnuismop ecmpausaem asmomamuvecku. [pu obpatie-
HHUU K KOHCTPYKTOPY B KaueCcTBe apryMeHTa MOXXHO HCIIOAb30BAaTh:

* MeTo/ Kjaacca (MM MeTo/ja, YTOYHEeHHOEe UMeHeM Kjacca);

* meToq 0OBekTa (MMs MEeTO/a, YTOUHEHHOE UMEeHEM O0OBeKTa);

* CCHUIKY HA yKe CYIIeCTBYIONIUMA B MpOrpaMMe SK3eMIUIAP JeJeraTa.

JKIEMOAAP Jeaerata MOXeT NpeACTaBAATh KaK MeTO, Kaacca, Tak
U MeToZ o0beKkTa, OAHAKO B 060MX CIyIagx MeTo/ JO/MKEH COOTBETCTBO-
BAaTh MO TUITY BO3BPAIAeMOT0 3HAYEHUA U 1O CHelUKaI[UM TapaMeTpoB
oO6BABNAEHUIO Je/leraTa-THIIA.

Kak yxe ynoMaHyTO, AeKJapalya AeJerata-TUlna MoxXeT pasMellaTbCA
B NIPOCTPAHCTBE UMEH HapAAy ¢ APYyTUMU OOBABACHUAMH KIaCCOB M CTPYK-
Typ. B 3TOM cilyiae TOBOPAT O BHellIHEM pasMelleHHUH ompejeneHus Aese-
rata. Kpome Toro, Aekaapaluui geleraroB-TUIIOB MOTYT BXOAUTL B OODBAB-
JIeHU:A KJaccoB U CTPYKTYP. B aToM ciiyvyae uMeeT MeCTO JOKaIn3aLusl TUIa
JeJIeraTa.

[TpuBeZeM OpUMep HCIIONB30BAHUA BBEJIEHHBIX BBILIE /Ie/IeTaTOB-THIIOB
U COOTBETCTBYIOIUX CCRUIOK.

B crepyromeid mporpaMme HET 3allUTH OT HEBEPHBIX JaHHBIX. Hanmpumep,
HeJb3d AOIIYyCKaTh, YTOOBI apryMeHT MeToAa series() okasasca OTPHLATEAbHBIM,
HO 3TO YCJIOBHE HUTZE He MPOBEPACTCA.

// 17 B81.cs - feaezamw. Wx Brewnee onpedenedue. .,
using System;
public delegate int[] Row(int num); // denezam-mun
public delegate void Print(int[] ar); // Oenezam-mun
public class Example
{
// Memod BosbBpaujaem maccul yudp ueasoeo uwucaa-napamempa
static public int[] series{(int num)

{
int arLen = (int)Math.Logl@(num) + 1;
int[] res = new int[arLen];
for (int i = arlen — 1; i >= 6; i--)
{
res[i] = num % 19;
num /= 16;
b
return res;

¥

// Memod BuiBo0um HG 3KpAH 3HGYeHUA anemermoB maccuba
static public void display(int[] ar)
{
for (int 1 = 9; i < ar.Length; i++)
Console.Write("{0}\t", ar[i]);
Console.Writeline();

}
} // End of Example

class Program
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{

static void Main()

{

Row delRow; // Ccbinka Ha Oesnezam

Print delPrint; // Cceinka Ha Oenezam

delRow = new Row(Example.series); // 3k3emnasap denezama
delPrint = new Print(Example.display); // 3k3emnnsap
// Bbi3o8 memoda uepe3 denezama

int[] myAr = delRow(13579);

// Bei306 memoda 4epe3 desnezama

delPrint(myAr);

int[] newAr = { 11, 22, 33, 44, 55, 66 };
delPrint(newAr); // Bei308 memoda uepe3 Oesnezama
Example.display(myAr); // ABHoe obpaweHue k memody

}
}

B ozHOM mpocTpaHCTBe MMeH OOBABIEHH /Ba Zejerata-Turna, Kjaacc
Program c metozom Main() u ki1acc Example ¢ AByMsI cTaTU4eCKUMHU METO-
namu. Metoz int[] series(int num) MoXXeT OBITH IPEZCTABIEH dK3EMILIS-
poM generara Row, a Mmetoz void display(int[] ar) cooTBeTcTByeT Aeneraty
Print. B dynkuuu Main() onpezenenst ccbuiku delRow u delPrint, koTopble
3aTeM «HaCTpauBaIOTCA» Ha 9K3eMIUIAPH AeneratoB Row u Print. Ilpu cos-
JAaHUU DK3EMIUIAPOB /leJIeraTOB B KauyeCTBe apryMeHTOB KOHCTPYKTOPOB
HCIT0JIb30BAHbl YTOYHEHHBIE MEHa CTaTUYeCKUX MeTonoB Example.series
u Example.display. Teneps ccbuika delRow mpezcTasisieT MmeTo example.
series(), a cceutka delPrint — meTtoa Example.display(). Camoe BaxkHOe TO,
YTO K Ha3BAaHHBIM METOJaM MOXKHO 0OpalaThCs Yepe3 COOTBETCTBYIOIIME
UM CCBUIKM Ha DK3eMIUIAPHI ejieraToB. VIMEHHO 3TO IEMOHCTPHUPYIOT CJie-
AyIolye HIKe onepaTopsl MeToga Main().

Pe3ysnbTaT BHITIOJTHEHMS ITPOTPAMMBI:

13579
11 22 33 44 55 66
13579

O6paTuTe BHUMaHUE, YTO TMOCAEAHSS CTPOKA PEe3yIbTAaTOB IMOJydYeHa
3a cyeT ABHOro (MUHYH Aenerar) obpaienusa Kk meroay Example.display().

KpoMme HemocpeacTBEHHOT'O oOpallleHHsI K KOHCTPYKTOPY Jejierarta
MOXKHO /IJIs1 «<HAaCTPOUKM» CChUIKH, UMeEIOIer TUIl KOHKPETHOTI'O Jiejerara,
Ha MeToZ (COOTBETCTBYIOLIUU MPOTOKOIY TUITY JAejerara) UCIOJIb30BaTh
IpucBauBaHUe.

[TporpaMmma He U3MEHUTCS, €CTH TaKUM 00pa3oM IPUCBOUTDH 3HAYEHUSA
CChUIKaM:

delRow = Example.series; // Wma memoda
delPrint = Example.display; // Wma memoda

[TpuBesieHHBIE CBEZIEHUS O iejleraTax U pa3oOpaHHbBIA IPUMeEp He WLIIO-
CTPUPYIOT OCOOBIX IOCTOMHCTB JIeJIETaTOB ¥ HEOOXOAUMOCTH UX IPHUCYT-
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CTBUA B A3bIKe. MBI Jake He OObSICHWIM, KaKUe WieHb! €CTh B KaXZ0M JeJIe-
rare,

Kaxkgoe onpeziesieHne efieraTta-TUIa BROAUT HOBBINA THII CCHUTOK, TTPOU3BO-
JOHEBIA, KaK MBI Y2Ke YIIOMHHAIHU, OT eJUHOro 6azoBoro kacca System.Delegate.,
OT 3TOrO 6a30BOTO KJacca Ka) BN JeIeraT-TUIl HacleAyeT pAJl MOIe3HBIX
MeTOAO0B U CBOHCTB. CpeJu HUX OTMETHM:

public MethodInfo Method {get;} — cBoicTBO, TIpeACTaBASAIONIEE 3aT0-
JIOBOK METO/Ia, Ha KOTOPHIM B TEKYIIUU MOMEHT «HACTPOEH» 3K3eMILIAD
AeJerara.

public object Target {get;} — CcBONHCTBO, NO3BONAKIIEE ONPEAEIUTD,
KaKOMY KJIacCy IpUHAAIEXUT TOT 0OBbeKT, MeTOZ KOTOPOTO IpeAcTaBieH
3K3eMILUIAPOM Jenerarta. Eciu 3nadenue atoro cBoicTBa ecth null, To sk3em-
TJIAP /IeIeraTa B 3TOT MOMEHT TMPEACTABIAET CTATUYECKUN METO/] KAacca.

Jlo6aBUM B NIPUBEACHHYIO BHILIE IPOrPaMMy ONEpaTOPEHL:

Console.WriteLine("delRow is equals {@}.", delRow.Method);
Console.WriteLine("delPrint is equals {@}.", delPrint.Method};

PESYJII::TEIT BHIIICJAHECHHKA 3THX OII€EPATOPOB:

delRow is equals Int32[] series{Int32).
delPrint is equals Void display{(Int32[]).

ObpaTuTe BHUMaHUe, YTO BMECTO TUMa int Ipu BLIBOAE YKa3aHO ero
cucteMHoe obosHadenue Int32, a Bmecto void — Void.

OK3eMIUIADEL JeJIeraToB NPeACTABJAKT B HAalleM IIPUMEPE CTaTUYECKUE
METOARI, TIO3TOMY BHIBOAUTEL 3HaueHUs delRow.Target u delPrint.Target
HeT CMBICJIa — OHU paBHBI null, ¥ Npy BHIBOJE 3TO 3HAYECHHE 3aMEHACTCA
MYyCTOU CTPOKOH.

17.2. MaccuBbl generaros

Jenerarnl, TOUHee CChUIKU Ha 3K3eMIULIPH Ae1eraToOB, MOXKHO 00beau-
HSTh B MacCUBHL. Takas BO3MO)KHOCTh MO3BOJAET IPOIPAMMUCTY 33a71aBaTh
Habopm! AeticTBuil (obpallleHuil K METOAAM), KOTOpPLIE 3aTeM GYAYT aBTOMa-
TUYCCKH BEIIIOJIHEHEI B YKa3aHHOH I10C/IeA0BAaTEIbHOCTH.

B kavecTBe NpuMepa pacCMOTPUM MO/eb llepeMeleHus poboTa 1o 1Io-
cKoti moBepxHOCTU. [TycTb pobOT yMeeT BLIIOMHATL YeThipe KoMaHabl (BIle-
pe/l, Haza/, HalpaBo, HAMEBO), KaXKAad U3 KOTOPBIX U3MEHSAET ero MoNoxKe-
HHUe Ha o/uH mar. CucremMa ynpasiaeHus pobotom AomkHa GOPMUPOBATD
MOCJIeJOBATENBHOCTE KOMaHA, KOTOPEIEe pOOOT BEINOJIHAET aBTOMAaTHYECKU,
TTocse BHITOIHEHMSA TOAYYEHHOM TOCTIEeI0BATENBHOCTH KOMaH/ poboT A0-
*KeH COOOIIUTE O JOCTUTHYTOM MECTOINON0XKeHNU. KOHKpeTHYIO NocaeaoBa-
TeTbHOCTh MOXKHO (GOPMUPOBATEL B BH/E MAaCCUBA CCHUIOK Ha 3K3eMIUIAPHI
nAenerata. [lepeGop s1eMeHTOB MacCHBA [TO3BOIUT BHIIOJHUTE BCHO LETTOYKY
KOMaH/J.
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Tak Kak Halllel LeNbI0 ABIAETCA TOJIbKO WUIIOCTPALIUA BO3MOXKHOCTEHN
MAaCCHUBOB /leJIETaTOB, MaKCUMaJIbHO YIIPOCTUM 3azady. Omnpezgenum Kiacc
po6oToB Robot ¢ yeThIppMA yKe Ha3BaHHBIMU MeToZaMu (KOMaHAaMU)
yIpaBjieHUs U METOJOM /ISl BhIZa4yu UHPOPMAIUU O MECTOIIONO0KEHUU
pobora. BHe kyacca poOOTOB OIpesesIM TUII [ieJieraToB Steps, pegHa-
3HAYEHHBIX JJIS TIPeJCTaBIeHNs METOAOB YIIpaBieHus: po60TOM. B miaBHOM
mporpamMMe co3zasuM o6BeKT Kiacca po60TOB U UMEHYIOIIYIO €r0 CChUIKY
rob. Maccus generatoB trace 6yzemM ¢popMUpOBaTh, IPUCBaUBas €ro dJie-
MEHTaM CCBhUIKU Ha 6e3bIMSHHbIE 9K3EMIUIAPHI JeJieraTa, apecyrolyue pas-
Hble METOAbI 00'beKTa Kjacca poO60OTOB. DTOT MacCUB OyZeT UMUTHPOBATh
TI0C/IEZIOBATENbHOCTh KOMaH/, YIIPABJIAIOUINX ITepeMellleHeM KOHKPETHOTO
obbekTa-poboTa. Ilocie bopMupoBaHUs MaccuBa lepebepeM ero 3J1eEMeHTHI
B IIUKJIE U C UX ITOMOIIbIO MTOC/I€ZIOBATEIHFHO BEI30BEM BCE 3alJIAaHUPOBaH-
HbIe METO/bI, YIIPABJIAIOIIYE TIEpEMEIeHreM poboTa.

// 17 _02.cs - maccuB Jdenezamob

using System;

class Robot // knacc dna npedcmaBneHus poboma

{
int x, y; // nonoxeHue poboma Ha naockocmu
public void right() { x++; } // HanpaBo
public void left() { x--; } // HaneBo
public void forward() { y++; } // Bneped
public void backward() { y--; } // Ha3ad
public void position() // coobuyumb koopduHamsl
{

Console.WriteLine("The Robot position: x={0}, y={1}", x, y);

}

}

delegate void Steps(); // denezam-mun
class Program

{

static void Main()

{
Robot rob = new Robot(); // koHkpemHsili po6om
Steps[] trace = {new Steps(rob.backward),
new Steps(rob.backward), new Steps(rob.left)};
for (int i = 9; i < trace.Length; i++)
{
Console.WriteLine("Method={0}, Target={1}",
trace[i].Method, trace[i].Target);
trace[i]();

}

rob.position(); // coobuumbe KoopOuHamel

}
}

B mukJe mepebopa 37ieMeHTOB MaccuBa (trace) CO CChUIKAMU Ha dK3€M-
IUISIPHI ZiejieraTa IoMellleH BBIBOJ Ha KOHCOJIb 3aT0JIOBKa MeTOZa, aJipeco-
BaHHOT'O OYepeAHbIM 3jIeMeHTOM MaccuBa. TYT ke BBIBOAUTCA UMS TOTO
KJIacca, KOTOPOMY TIPUHAAJIEXUT STOT HECTAaTUYECKUH MeToA. /A moryJe-
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HUA 3ar0A0BKa U UMEHHM KJIacca UCTIONb3YIOTCA Yike YIIOMSIHYTHIE CBOMCTBA
kinacca geaeratoB (Method u Target).
Pe3y/IbTaT BBITIOMHEHUS TTPOTPAMMBI;

Method=Void backward(), Target=Robot
Method=Void backward(), Target=Robot
Method=Void left(), Target=Robot

The Robot position: x=-1, y=-2

[Tpu cozganuu ob6wekTa Kiacca Robot ero xkoopauHaThHL 10 YMOTYAHHIO
paBHB! HYJIO (X = 0, y = 0). FIMeHHO U3 3TOU TOUKM HaYUHAeTCA B HallleM
NpUMepe TepeMelleHne — JBa Lara Ha3aJ U OAMH BJeBO, UTO U olpeje-
JFeT AOCTUTHYTYIO TIo3unuio (x = -1,y = -2).

17.3. MHoroaapecHble 3K3eMnNAAPbI ileneraTtos

Jo cUX Nop MBI pacCMaTpHUBaIM Aejerarnl, KaXKAbIH 3K3eMIIAP KOTO-
PHIX TIpEACTABIAET TONBKO OIUH KOHKPEeTHHIM MeTo/. OaHako Aenerat (ero
SK3eMIUIAP) MOXET COIEPKATh CCHUIKM CPa3y Ha HECKOAbKO METO/IOB, COOT-
BETCTBYIOIINX TUIY Zenerara. [Ipu ogHoKpaTHOM obpallleHMU K TaKOMY
3K3eMIVIAPY AejleraTa aBTOMAaTHUYeCKU OpraHu3syeTcs MocaeaoBaTeabHEIH
BBI3OB BCEX METOJ 0B, KOTOPEIE OH IIpeACTaBIIACT.

CymiecTBOBaHUEe MHOTQA/IPECHHIX JeeraToB KOHCTPYKTUBHO ofeciie-
YeHO HAJTUYHEM B KAXK/OM Jle/leTaTe CIINCKA TeX METOA0B, KOTOpPhIe B KaX-
JIBIA MOMEHT BpeMeHHU MPEACTABIsAeT 3K3eMIUIAP AeeTaTa. YKa3aHHbIN CITU-
COK METOAOB HA3BIBAIOT CNUCKOM 8bl30808.

s Toaze KU MHOTOQAPECHOCTH UCIONb3YVIOTCA METOAL U3 6a30BOTO
Kknacca MulticastDelegate, koTophIi B CBOIO oUepelb ABAACTCA HACIEIHU-
KoM Kiacca System.Delegate. PaccMOTpUM OCHOBHBIE U3 HUX.

public static Delegate Combine(Delegate a, Delegate b) — craruye-
ckuil MeToA oObeuHsAeT (TPYNIUPYET) ABA SK3EMIUIAPa JAeJeraTta, co3za-
Bast MHOTOAAPECHBIN 3K3eMILIAP Aeferata. ApryMeHTaMH IIpU obpalleHUU
AODKHEBI OBITH ABe CCHUIKM Ha 3K3eMIUIAPHI AeferaToB. BosBpaljaeMoe
3HaYeHUe — MHOTOAAPeCHBIN 3K3eMILIAp Aenerata. ObpalleHue K MeToay
Combine() B sizbike C# 3aMEHSAIOT TOCAEA0BATENBHOCTBIO OTIEPATTUN «+»
U «=>» WJIH OMepaIuen «+ =»:

CCbIKa_Ha_aeneraTt_1 += ccuKa_Ha_jenerat_2;

public static Delegate Remove(Delegate source, Delegate value) —
MeTo/, yaasdeT U3 MHOTOaApecHOTO JK3eMIUIApa JeJerara, 3alaHHOTo
IepBLIM IapaMeTPOM, KOHKPETHYIO CCBUIKY, 3aJaHHYIO0 BTOPBIM IlapaMe-
TPOM-IEIETATOM. METO/] OTKPBITEIH M CTATUYECKUH, T. €. IPUHAJIEXUT
TUIY Ael1eraToB. ApryMeHTaMH IIpU 00palieHUU AO/LKHEL OBIThH JBe CCHUIKM
Ha OK3eMIUIAPLI-AeeraTh. [lepBhii apryMeHT npeactapaieT (06BMHO MHO-
roaJpecHBI) 3K3eMIUIAp JeJlerata, BTOPOH NMpeACTaBIAeT SKIEMIVIAP Aeie-
raTa, 3Ha4eHue KOTOPOro (CCRIIKY HA METOA) HYXXHO YZaJIUTh U3 CIUCKA
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BBI30OBOB ZlesieraTta. O6paienue K Metony Remove() B sa3bike C# 3aMeHAIOT
MOCJIEI0BATEIbHOCTBIO ONEPALMM «-» U «=» WJIW SKBUBAJEHTHOU oOIlepa-
]_];I/Ieﬁ K==

MHOrOaApecHblii_jeneraT -= CCbiIKa_Ha_jaenerar;

Ha mpumepe ¢ Kj1accoM, MOAETHUPYIOIMINM ABMKEHUS POOOTA, MBI yXKe
IMoKasajau, KakK C IIOMOIIbIO MaccuBa JejeraToB MOXXHO COCTAaBJIATH
Y UCIIOJIb30BaTh 1IETIOYKU BBI30BOB MEeTO/I0B. [IpMeHeHr e MHOT'0a/IpeCHBIX
SK3EMIUIAPOB /IEJIETaTOB MO3BOJIET B PACCMOTPEHHOM BHIIIIE IIPUMeEpPE pac-
IIUPUTh CUCTEMY KOMaH/I yIIpaBJeHus poOOTOM, He U3MEHsSA er0 BHYTPEH-
Hel CcTPyKTyphl. B cieayromieit mporpamme (17_03.cs) TOT ke Kyacc Robot
U TOT >Ke THUII JleJIeraToB Steps MO-ApyroMy UCIOIb3yIOTCs B MeToge Main():

static void Main()

{
Robot rob = new Robot(); // KoHkpemHeili pobom
Steps delR = new Steps(rob.right); // HanpaBo
Steps dellL = new Steps(rob.left); // HaneBo
Steps delF = new Steps(rob.forward); // Bneped
Steps delB = new Steps(rob.backward); // Hazad
// Warn no AuaroHanam:
Steps delRF = delR + delF;
Steps delRB = delR + delB;
Steps dellF = dellL + delF;
Steps dellB = dellL + delB;

dellB(); // nepemewyeHue 6naeBo u Hazad
rob.position(); // coobuumbo kKoopOuHamsl
delRB(); // nepemeweHue BnpaBo u Hazad
rob.position(); // coobuyums KoopduHamel

}

B nmporpamme orpe/iesieHa cchbliKa rob, mMeHymoI1as 06beKT Kiaacca Robot,
U ompe/iesieHbl 9K3eMIUIApHI Aeserara (cceuiku: delR, delL, delF, delB), nme-
HYIOIIIKE METO/bI IOKOOPANHATHBIX IepeMelleHn poboTa Mo IJIOCKOCTH.
3areM ompe/iesieHbl YeThbIpe MHOT'0aI[peCHBIX (IBYXaZpeCHBIX) dK3eMILUIApa
nenerata Steps (cceuiku: delRF, delRB, delLF, delLB), mpruMeHeHHe KOTOPBIX
ITO3BOJISIET TIEpEMeEITaTh POOOT IO AUATOHAISIM.

Pe3ysbTaT BBHITOJTHEHUS ITPOTPAMMBI:

The Robot position: x=-1, y=-1
The Robot position: x=0, y=-2

O6paleHre K dK3eMIUIIPYy MHOTOaZ[pECHOTrO jJejieraTa IPUBOJUT
K TIOCJIe€JOBAaTEIbHOMY HCIIOJTHEHHIO CITMCKA METOZ0B, KOTOPHIE TpE-
CTaBJIEHBI JIeJIETaTOM. Pe3ybTaT BBHITIOJHEHUS CITMCKA METOZOB Jiejera-
TOB — TO 3HaueHHe, KOTOpOe BO3BpallaeT mocaeAuuii Mmetoa. CTaHaapT
He OIpe/iesisieT MOPsi/IKa BEI30Ba METO/IOB, a[pECOBAHHBIX MHOTOAIPECHBIM
nenerataMm. Henb3s ObITh YBEPEHHBIM, YTO BHI3OB OYZIET IPOUCXOAUTDH B TOM
MOpsIIKE, B KOTOPOM 3K3eMILIAPHI [leJIeraToB A00aBIsINCh K MHOTOa[pec-
HOMY zeneraTy. OTMETUM, YTO HauboJiee YaCTO MHOT0A/[pECHBIE JIeeTaThl
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MIPUMEHSIIOTCA JIA TIpeCTaBIeHUA METOAOB, KaXX/bIi 13 KOTOPHIX BO3Bpa-
1maeT 3HadyeHue tuna void.

Eciu 110000 Y3 MeTOZOB CIKMCKAa BBHI3OBOB MHOT0AJpPECHOrO Jeje-
rara IOILIEeT UCK/II0YeHre, TO 06paboTKa METOOB CIIMCKa MpephIBaeTCs
Y BBITIOJTHAETCS TIOUCK MTOAXOAAIIEro 00paboTIrKa UCKIIOYEHUH.

Eciy MeToAbl U3 CIIMCKa BHI30BOB MHOT'0A/[PECHOTO JiejieraTa MpUHU-
MalOT IMapaMeTphI MO CChUIKE, TO U3MEHEHHUs TaKUX [TapaMeTPOB 3a CUET
OTIEPATOPOB Tejla METO/]a, BRI3BAHHOI'O Yepe3 ZieJieraT, BOCIPUHUMAIOTCSA
CJIeZIyIOITUMH METOZIaMU CITMCKa BHI3OBOB.

17.4. leneratbl u 06paTHbIe BbI30BbI

B mporpaMMHpOBaHUM AOCTATOYHO YaCTO BO3HUKAET HEOOXOJUMOCTD
co3zaBaTh ¢pparMeHTH Koja (HampuMep, KJIacChl, MOAIPOrpaMMbl, GyHK-
I[UM), KOTOpPble MOXKHO OBUTO OBl KaKUM-THO0 06pa3oM HacTpauBaTh IPHU
KOHKPETHBhIX MpuMeHeHUAX. Hanbosee nHTepecHa U Ba)kKHAa HACTPOUKa,
ITO3BOJIAIOIIASA U3MEHSATD aJITOPUTM BBITIOJHEHUS Kozia. KitaccuyeckuMm mpu-
MepoM yZ0OCTBA U MOJE3HOCTU TAaKOM HACTPOUKM CIy»KaT MeToabl Sort()
u BinarySearch() knacca Array. [lepBbiii U3 HUX BBITIOJIHSIET COPTUPOBKY
3JIEeMEHTOB MacCHBa, BTOPOI MMO3BOJISIET OCYIIECTBIATh OMHAPHBIN MTOUCK
HYKHOTO 3HAUeHUsS B YIOPSAJOUYeHHOM MaccuBe. [IpruMeHeHUe KaXXA0TO
13 Ha3BaHHBIX METOIOB TpeOyeT, YTOOBI TPOrPaMMUCT-II0Ib30BaTENb «CO00-
IIWJI» IPU BBI30BE, YTO OH MOHUMAET IO MOPAAKOM, B KOTOPOM JIOJIKHBI
Pa3MeCTUTBHCSI COPTUPYEMbBbIE 3JIeMEHTHI, WM YTO O3HAdYaeT PaBEHCTBO
3HAQYEHUM djleMeHTa MacCHUBa W JdTaJlOHA MOMCKA. YKa3aHHble KPUTEPUU
COPTUPOBKU U ToUcKa 0pOPMIIAIOTCS B BUZIE BCIIOMOTAaTENIbHBIX METO/IOB.
CBezeHus 06 3TUX MeToAax nepeaatorcs MerozaM Sort() u BinarySearch()
B KayeCcTBe apryMeHTOB BMeCTe C TeEM MaCCHBOM, KOTOPBIM HYXHO 06pabo-
TaTh. biarogaps sToMy B mporpaMMe IoJib30BaTeNA MOABIAETCA BO3MOXK-
HOCTb, [T0-Pa3HOMY ITPOTrPAMMHUPYS BCIIOMOTaTeTbHbIE METOABI, IOCTATOYHO
MPOU3BOJILHO 33/laBaTh IMpaBWIa COPTUPOBKU U IMOUCKA, T. €. U3MEHATH
moBeieHre O6ubMMoTeuHbIx MeTo0B Sort() u BinarySearch().

O KOHIIEMIIUY MTOCTPOEHUS] METO/I0B, BBI3bIBAIOIIUX MTPU UCIOTHEHUU
BCIloMoTraTeJbHble QYHKIIUU, OompeseseHHble (MT03)Ke) B TOUYKE BBHI30BA
(mampumep, B KOZie MTOJIb30BATeIA), TOBOPAT, UCIIO/b3Ys TEPMUH «OOPATHBIHM
BBI30B» (callback). B mpumepe c Sort() u BinarySearch() meTozabr o6paTHOrO
BBI30Ba IMapaMeTPU3YIOT Ha3BaHHbIE OUOTMOTEYHBIE METO/bI.

Eme oauH mpuMep MpUMeHEHUS METOZOB 0OpaTHOTO BbI30BA — IIPOIIe-
Zlypa BBIBOZIa Ha 3KpaH Auciuies rpaduka GyHKIUHU f(x), MaTeMaTU4YeCKOe
omrcaHue KOTOPOU 3apaHee He M3BeCTHO. [Ipu obparneHuy K TaKoH Mpo-
1lelype MOT'YT OBITh 3aZlaHbl (HampuMep) Mpezenabl U3MeHeHUsI apryMeHTa
Xmin, Xmax ¥ CChUIKA Ha MPOTPAMMHYIO0 peaiu3aliuio KOHKPeTHOU PyHK-
mu f(x).

Tpetuii mpumMep — IpoIeAypa BEIYHUCIEHUA OIpeAeJIEeHHOTO UHTerpaia
byukumu f(x). Tak Kak CyIecTByeT MHOTO METO/IOB YUCIEHHOT'O MHTETPUPO-
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BaHMs, TC IPU UCIIOAb30BAHUHN NPOLEAYPH MOXKHO € IOMOIIBIO IAPaMETPOB
33/aTh: NPOTPaMMHYIO PeaJn3alyio MeToJa UHTEIPUPOBAHNS, peaau3aliulo
(MeTOA) OAUHTErPATBLHOU GyHKITAU f(x), IpeJeTbl UHTEIPUPOBAHUA U TPe-
OyemMyl0 TOUYHOCTE BRIYMCIEHUH. B laHHOM Cilydae npoleAypa BEIYUCIEHUA
OIpeAeneHHOTO UHTerpana napaMmeTpusyercs AByMA MeToJaMu obpaTHOro
BLI30BA.

HTax, o6paTHHM BBI30BOM HAasbIBalOT obOpallleHUe U3 UCNOJHACMOro
MeToJa K APYroMy MeToZAY, KOTOPHIH 3a4acTylo ollpe/eAeTcA He Ha dTane
KOMIIWIAIIAY, a B IPOLIECCE BBINOJAHEHUA IIporpaMmsl. B aseikax Cu C++
AJIA peann3aiuyu 0OpaTHBIX BRI30BOB B KayeCTBe MapaMeTpa B HpOIeAypPy
nepeAaeTcsa yKasareib Ha TY GYHKIHIO, K KOTOPOH HY»KHO oOpauiaTecs Npu
HCNOJHEHUH NporpaMMbl. MBI He paccMaTprBaeM MeXaHHU3M yKasarenew,
HO 3aMEeTUM, YTO YKasaTelIb Ha GYHKIUIO — 3TO aJpecC YYacTKa OCHOBHOH
IIAMATH, B KOTOPOM paszMeleH Ko ¢yHkiumu, OnacHOCTs U HeHaAeKHOCTh
obpanieHusa K QYHKIMU MO ee aJpecy COCTOUT B TOM, UTO 3HASA TOJbKO
aapec, HEBO3MOXKHO MIPOBEPUTH NPAaBUALHOCTE obpanieHus. Beap HyXKHO
y6eanThes, UTO KOAMYECTBO apryMEHTOB U MX THIIBI COOTBETCTBYIOT llapa-
MeTpaM QYHKLHU, YTO BepEH TUIl BO3BpaLlaeMOro 3Ha4eHUA U T. .

B0O3MOXKHOCTE YKa3aHHBIX MPOBEPOK B A3bIKe C# obecrneduBaloT Jene-
TaTkl.

[Ipu paspaboTrke cpeacTB 0O6paTHOTO BHI30Ba B A3bIKE C# OBUIO pemeHo
obecnevyuTh NPOrpaMMMCTOB He TOABKO BO3MOXHOCTBIO KOHTPOJIUPOBATh
CUCHATYPY METOJAOB, HO M OTJAUYATH METOJB K1aCCOB OT METOAOB 00BEK-
ToB. Kaxxzb1il Jenerar BKIOYAET B KaUeCTBE MOJIEH CChIIKY Ha 00BEKT, A
KOTOPOI'O HY>KHO BBI3BATh MeTOA, U UMs KOHKPETHOr'o MeToZa. Eciiu cchuIKa
Ha o0pexT paBHa null, To UMA MeTOZA BOCIPUHUMAETCA KaK MMA CTaTHYe-
CKOT'O METOJA.

Kax MBI y:Ke TOBOPUIIH, AeNeTaT — 3TO TUII, SK3EMILIAPB KOTOPOro mpe-
CTaBJAIOT MeTOAbl ¢ KOHKpeTHO cnenuduranneil napaMeTpos U ¢UKCUPO-
BaHHEIM TUIIOM BO3BpalllaeMoro 3HadyeHUA. Jenerarsl Jal0T BO3MOXKHOCTD
paccMaTpUBaTh METOJBI KAK CYIIHOCTH, CCBUIKA HAa KOTOPBIE MOXHO IIpH-
CBaUBaTh MEPEMEHHBIM (COOTBETCTRYIOIIETO TUIIA) U TepeaBaTh B Kave-
CTB€ MapaMeTPOB.

[TokaxeM Ha IPOCTOM IpHUMepe, KaK CChLIKA Ha 3K3eMIUIAp Jejerara
MOJKET MCIIONB30RATHCA B KaueCTBe NapaMeTpa AJIA opraHu3aluy oOpaTHBIX
BLI3OBOB.

Onpeaenum kKiace, IOJAA KOTOPOrO 3aJal0T IpeAcHbHbBIE 3HAYCHUA
Xpmins Xmax OTPE3Ka YUCI0BOM OCU U KOJUYECTBO N PABHOOTCTOANIMX TOYEK
Ha 3TOM OoTpe3ke. B kaacce onpelenniM MeTo, BEIBOAALINI Ha 3KpaH 3Ha-
yeHUs GyHKUMU f(X) B TOUKax YUCAOBON OCH, ONIpeAefeHHBIX 3HaUeHUAMU
Xmin> Xmax» 7. KOHKpeTHas ¢yHKIUA f(x), MepeJaeTcd METOLY C MOMOIIBIO
napaMeTpa-generara. OnpeAeacHu AejleraTa-TUIa | kaacca:

public delegate double Proc(double x); // denezam-mun
public class Series

{

int n;

319



double xmi, xma;

public Series(int ni, double xn, double xk) // koHcmpykmop
{n=ni; xmi = xn; xma = xk; }

public void display(Proc fun)

{
Console.Writeline("Proc: {0}, xmi={1:f2}, " +
"xma={2:¥2}, n={3}.", fun.Method, xmi, xma, n);
for (double x = xmi; x <= xma; X += {(xma — xmi) / (n — 1))
Console.Write("{@:f2}\t", fun(x)};
}
IS

JlleneraTt-tun Proc omnpezesneH Kak BHENHUMN TUN B IoGanbHOM Mpo-
CTpaHCTBE MMeH. TaMm e ollpeAesieH Kiacce Series. [ HaC MUHTepPECEH €ro
METO/, C 3aroJIOBKOM

public void display(Proc fun)

[TapamMeTp MeTOAa — CCBUIKA Ha 3K3eMIUIAp AeneraTta Proc. B Tese metona
display() BBIBOAUTCSA 3aroJIOBOK TOr0 MeTOAA, KOTOPbIH HyaeT npecTarieH
apryMeHTOM-JeJIeraTOM. 3aTeM BBIBOZATCA n 3HAYCHHUH aJpecoBaHHOTrO
apryMeHTOM METO/a, IpeACTaBIsaoiero GyHKIuw f(x). 3HaueHUA BHIBO-
AATCA B LHKJE, TapaMeTPOM KOTOPOT'O CJIYXHUT apryMeHT QYHKIIUU f(x).

HMes Takhe ONpeAeaeHUd TUIIA-Aefierara M Kiacca, MOXXHO BBOJAUTH
pasHble MeTOALI, COOTBETCTBYIOIIME JeneraTy Proc, U onpejenarsh pasHble
oOBbeKTH Kaacca Series. 3aTeM A4 o0beKTa Kiacca Series MOXHO BBI3BATh
Metos display(), mepesaTh eMy B KauecTBE apryMeHTa UM METOAAQ, MPeA-
CTaBJAIOINIETO HYKHYIO MaTeMaTH4YeCcKyIo GyHKITUIO f(X), U IOAYIUTD 3ar0-
JIOBOK MeToJa, npeacTapadiomero yHKUMo f(x), 1 Habop 3HaYeHUH 5TOM
$YHKIMU. YKa3aHHbBIE AeHCTBUA BBINOAHAET ceAyroudi pparMeHT npo-
rpaMMBbI:

class Program
{
static double mySin{double x} // Mamemamuveckasa @yHxuus
{ return Math.Sin{x); }
static double myLine(double x) // Mamemamuueckas ¢yHkyus
{ return x ¥ 5; }
static void Main()
{
Series sequence = new Series(7, 0.0, 1.9); // Obvexm knacca
sequence.display{mySin);
Console.WriteLine(};
sequence.display(myLine);
Console . WriteLine();
}
}

B xmacce Program onpejeneHHl 1Ba CTaTHYeCKUX MEeTOAa, COOTBETCTBY-
OMUX AeseraTy-Tumy Proc. B meroae Main() onpezeneH uMeHyeMBIH CCBLI-
KoM sequence oObeKT kiaacca Series. [Tond atoro o6bekTa (X, Xpax )
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onpeaenAT Habop TOUYEK OCH apIyMeHTa, B KOTOPHIX 6YAYT BEIMUCAATBCS
3Ha4YeHUs GYHKUMH NpU obpameHnu K MeTogy display().
Pe3y/IbTaT BRIMOMHEHUS TIPOTPAMMBI;

Proc: Double mySin(Double), xmi=0,68, xma=1,98, n=7.
0,00 0,17 0,33 6,48 0,62 6,74 0,84
Proc: Double myLine(Double), xmi=0,68, xma=1,00, n=7.
9,00 9,83 1,67 2,50 3,33 4,17 5,00

O6paTuTe BHUMaHHUe, YTO B JaHHOM NpUMepe HeT SIBHOTO CO3JaHUs
3K3eMIUIApa JeieraTta Proc. Her ABHOTO ollpeAeeHUs U CCHUIOK Ha 3K3eM-
IVIAPH AeneratoB. BmecTo atoro npu o6pamennu k Merogy display() nmapa-
MeTp fun 3aMeHseTca UMeHeM KOHKPETHOI'O MeTo/a. Bee AanbpHelmye Aeii-
CTBUA BHITIONHSIOTCSA HESBHO — CO3/IAETCS 3K3EMILIAP Jlefierata-Tumna Proc
W CCBUIKA Ha HETO UCIIONB3YETCA B TeJle METOAA.

17.5. AHOHUMHDIE METOAbI U NAMOAA-BbIpaXKeHUs

B ToM MecTe, I/ie 3K3eMIVISAp JAeeraTta JO/DKeH IpeACcTaRAsaTE KOHKPET-
HBIH MeTOZ, MOXXHO OOBSIBUTDL Oe3bIMAHHBIN MeToa. Takoi MeToA Ha3EIBalOT
aHOHUMHEBIM. [IpoToKoa 3TOr0 MeToAa (crmeludUKALUA TapaMeTPOB U THII
BO3BpAIlacMOr'0 3HA4Y€HUA) ONpedesaAcT TUIL Aeserara. TeJlo aHOHUMHOTO
METO0/1a MOJ00HO TEMy COOTBETCTBYIONIEI0 UMEHOBAHHOTO METO/Ia, HO UMe-
HOTCS HEKOTOPHIE OTINYHA (00 OTIAYUAX YYTE [IO3KE).

dopmaT Aexmapalnud aHOHUMHOTO METO/A:

delegate (cneyuguxkauua_napamempo8)
{onepamopsi_mena_memoda};

KOMIWIATOP, «BCTPETHUB» AEKIAPALMI0 AHOHHMHOIO MeT0Aa, GOpMHU-
PYeT 5K3eMIUIAp Aeerara, U HacTpauBaeT €ro Ha BHITOJHEHUE OIlepaTo-
POB TeJla aHOHUMHOTI'O MeToda. [IpuMeHeHHe AHOHUMHEBIX METOAOB PEKO-
MEeHZYeTCA B TeX CIy4Yasx, KOTAa MeToJ HCIOAb3YeTCA OAHOKPATHO WIH €T0
BBI30BHI JIOKAIM30BAHBI B OHOM OJI0Ke KOJa MPOrPaMMEL.

B ceayromei nporpaMme UCIOAB3YIOTCA ABA AHOHUMHEBIX METO/A, aCCOo-
LHMPOBAHHHIX €O CCHUIKaMU, UMEIOLIMMU TUTl Aejerata (Cast), onpegeneH-
HOT'O B IM06aJbHOM MPOCTPAHCTBE UMeH. MeToAbI BEITOMHAIOT OKPYIICHHE
MOJIOKUTEABHOI'O BElleCTBEHHOTO YUCAA: OJWH A0 OMMKailero Lejaoro
U BTOPOMU 0 GOJIBIIETO TEI0TO.

// 17-85.cs - GHOHUMHble Memodbl. . .

using System;

delegate int Cast(double x); // O6vsabaenue denezama-mung
class Program

{

static void Main()

{
double test = 15.3;

Cast castl = delegate (double z) // Gauxaliwee yenoe
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{ return (int)(z + 8.5); };
Cast cast2 = delegate (double z) // bonvuwee yenoce
{ return ((int)z == z ? (int)z : (int)(z + 1)); };
Console.WritelLine("castl(test)={0}, cast2(test)= {1}",
castl(test), cast2(test));
Console.WritelLine("cast1(44.0)={0}, cast2(44.9)= {1}",
castl{44.0), cast2(44.90))};

}
¥

PESYJIbTaTbI BBIINTIOAHCHHUA TTIPpOT'paMMBI:

castl(test)=15, cast2(test)= 16
castl{44.0)=44, cast2(44.9)= 44

Jenerat-tTun Cast npegHazHadeH A1 NpeACTABJeHHA MEeTOAOB C apaMe-
TpoMm THUna double, BozBpamatonix 3HavyeHue TUNa int. B metoae Main()
o0'bABIEHH ZIBa dK3eMIsipa Aenerara Cast, aCCOITUMPOBAHHEBIE CO CChUI-
Kamu castl u cast2. /g MHATMAIM3AIIAN CCEUIOK BMECTO SBHOI'O ofparme-
HUA K KOHCTPYKTOPY AeseraTa Cast MCHOJb3YIOTCA aHOHUMHEIE METOAEI,
Ka)KIBIH M3 KOTOPBIX BBOAWUTCA C IOMOLIBIO CayKebHoro ciosa delegate,
AHOHUMHBIN MeToJ, CBA3AHHBIM CO CCRIIKOHM castl, IOAYUUB B Ka4eCTBe
nmapaMeTpa BelecTBeHHOEe 3HaYeHWe, Bo3BpalnaeT Hamxkaliniee K HeMy
1eaoe YUCaA0. AHOHUMHBIH METO/, IIpe/ICTaBAAEMEIN CCBIIKOM cast2, BO3-
BpalllaeT IIe/oe YUCI0, He MeHblllee 2HavdeHUs NapaMeTpa.

Bosee yA0OHBIM (¢ TOUKU 3peHHsA KPaTKOCTH U BEIPA3HTEILHOCTH) Cpel-
CTBOM A1 KOZUPOBaHMA METOAOB, MPeACTaBAsAEMbIX SK3eMIUIIPAMH JeJle-
raToB, ABAAITCA JAMOZa-BeIpaKeHUA. JIAMOaa-BrIpakeHUA MOABUANCE
B A3bIKe C# Mo3Ke aHOHUMHBIX METOZOB, HO TIPAKTUYECKU ITOAHOCTHIO
WX 3aMEeHAI0T, TaK Kak 001a4a10T GOMbITMMY BEPA3UTEABHBIMU BO3MOXKHO-
CTAMH H KPATKOCTBIO, HEXKEIN AaHOHUMHEIE METO/IBI.

Ob61was popma sanuck JAMOga-BEIpaKeHUH:

(napamempw) => 6nok onepamopoB

3nech napamempst — 3TO cnelludUKanua NapaMeTpoB, COOTBETCTBYIO-
uas TpeHOBaHUAM K criellupUKAIIMK MTapaAMETPOB B THIIE JIeJIeTaTa.

JlekceMy «=>>» Ha3bIBalOT JAMOJa-onepalueil. IMeHHO 3Ta omepanus
ABAAETCA HEOTHEMIEMOH YacThio JAMOAa-BEIpaKeHHUA.

Benea 3a nambaa-onepauyeil pasMmeltieH 60K onepaTopoB {Telo amMdaa-
BeIparkeHus). K atomy 6ioky TpeboBaHuA Te Ke, 4Te U K Tely MeToAa. Eciu
MPOTOKOJ, IEKAAPUPYEMBIN TUTIOM ZIeJierara, IpeAycMaTpuBaeT BO3Bpalie-
HUE Pe3yAbTaTa, OTIMYHOTO OT Void, TO /I BBIXOAA U3 Tesa AaMb/1a-BhIpaxe-
HHA UCTIONB3YIOTCA OTlepaTopH! return ¢ BEIpaXKeHUAMH COOTBETCTBYIOIIETO
tuna. TakuM o6pa3oM, BO3BpallaeMoe U3 Tesla AIMOAa-BEIpKCHNA 3HAUCHYE
Y THITBl IApaMeTPOB COOTBETCTBYIOT NPOTOKOJLY, ONIpeAeIAeMOMY AeIeraTOM.

Jlia dopMupoBanus sx3eMIuiApa Aeserata delegate int Cast (double x);
MOXKHO 3aIIMCaTh, HATIPUMED, TaKoe aamMb1a-BeIpaKeHue:

(double z} => {return (int)(z + 0.5);}
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B0o3MOXHBI CAeAyole BAPUAHTE YIIPOIIEHUs 3aNUCH JIM64a-BEIpa-
KEHUU:

1) cnucok mapaMeTpoB MOXKHO MCIIONB30BaTh 0e3 yKa3aHWs MX TUIIOR;

2) ecny mapaMeTp OJUH, TO KPYIVIble CKOOKU MOXHO OIYCTUTD;

3) ecnu B 6710Ke ONepaTOPOB TONBKO OAUH OMEPATOP, TO PUTYPHEIE
CKOOKH MOXKHO OITyCTHUTH;

4) ecnu B HIOKe ONMEPATOPOB TOJBKO OJUH ONEPATOP U ITO OMEPaTop
return suipaxceHiie, To N cayxebHoe cnoBo return (U ¢urypHsle cKoOKU)
MOXHO ONyCTUTb. B 3TOM ciydae Teno aamb6a-BEIpaXKeHUS YIIPOIIAeTcs
J0 OTAEJBHOTr'O BEIPAXKEHUA.

C y4eTOM NEepeYyUCAeHHbIX COKpAIleHUU NpUBEJeHHOe BhIIe Aamba-
BHIpaKeHMe IPUHMUMAET TaKoH BUA:

z => (int)(z + ©.5)

O6paTuM BHUMaHMe, YTO COOTBETCTBUE MeXAY MapaMeTpaMu JaamMbaa-
BEIp@XKEHUA U crennpUKaIiell mapaMeTpoB jeaeraTa-TUmna ycraHaB/IuBa-
eTcA Mo UX B3aUMHOMY PacloiokeHU (T. e. MO3NIIMOHHO, MMeHa NlapaMe-
TPOB HE YYUTHIBAIOTCA).

[IpoAeMOHCTPUPYEeM IPUMeHeHHe AAMO/1a-BEIPaKeHU C IByMA TapaMe-
TpaMM, He BO3BPAILAIOLIETO PE3YAbTAT B TOUKY BHI3OBA.

// 17 _a - Pair - fenezamst u nambda-Buipaxenus
using System;
public delegate void Pair(string s, int d); // denezam-mun
class Program
{
static void Main()
{
Pair birthday = {month, date) =»
Console.WriteLine("Month = {©}; Date = {1}",
month, date);
Pair person = (name, year) =>
{
DateTime moment = DateTime.Now;
int age = moment.Year — year;
Console. WriteLine{("Name: {0}; Age: {1}", name, age);
1
person("Charley”, 1967);
birthday("December", 22);

}
}

Pe3yabTaThl BEIMOAHEHUA IPOrPaMMBL:

Name: Charley; Age: 52
Month = December; Date = 22

Jlenerat-tun Pair «<HaCTPOEeH» HA MIPECTABASHUA METOZIOB C IBYMs TTapa-
MeTpaMH THIIOB string U int, He BO3BpALLAOIIUX Pe3yALTaT B TOUKY BbI3OBA.

Maumuanmaanusa cCeioK birthday u person, uMeromux TN Aeaerara-
TUIA Pair, BEITIOJAHEHA € TIOMOIIBIO JIAMO/Ia-BEIPaKe HUMH.
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B napameTpax 1aM6aa-BripakeHUA A4 TepeMeHHOH person 3ajaloTcs
VM ¥ TOA POXJAEeHUA HeKol mepcoHbl. B Tene aToro aambaa-BeIpaKeHUs
HECKOABKO omepaTopoB. ObpameHuem K cBorcTBy DateTime. Now.Year
oTpeaensaeTcs YUCIOBOE 3HAUEHUE TEKYIIEro I'o/la U BRIYUCIAETCA BO3PACT
TIEPCOHHBI B HACTOSIIUI MOMEHT. 3aT€M MM M BO3PACT [I€PCOHBI BBIBOJSTCH
Ha DKpaH.

B Tene naMOaa-BoIpaskeHud Aad nepeMenHol birthday oaun oneparop.
OH BBIBOJAUT YHCJIO U MECAI] KAKOTO-TO cOORITHA (HABEPHOE, 3TO AeHb POXK-
Aenud Yapau).

AHOHVMHBIE METOAB U JAMOZA-BHIPAXKeHUA YA0OHO NMPUMEHATH A1
«HaCTpoeK» OUOIUOTEUHBIX METOAOB, NMPeAyCMAaTPUBAKOIINX TPUMEHEHHE
obparHoro BhI3OBa. B m1. 9, mocesimeHHOMN MeTogaM C#, pacCMOTpPeHO TIpU-
MeHeHHe PyHKIMI 06paTHOTO BHI20Ba B oOpalleHUsAX K 6UBAMOTeUHOMY
METOAY COPTUPOBKM 3JeMEeHTOB Maccupa. TaM MBI UCIIONb30OBAAU UMEHa
METO/I0OB B KauecTBe apryMeHTOB MeToga Array.Sort(). Ecau obpaTurbes
K IOKYMEHTAIUH, TO YBUAUM, YTO 3aTOJOBOK 3TOTO METO/Ia BKJIIOYAET Imapa-
METp ¢ THIIOM Jiesterara. [103ToMy 3aMelaTh 3TOT HapaMeTp MOXHO U aHO-
HUMHBIMU METOJaMH, U IAMOa-BHpa)KeHUAMH, Pa3MeCTUB UX O0ObABNIEHUA
HETIOCPECTBEHHO B 00pameHuax K MeToay Array.Sort().

[IpuBeAeM IpPOTpPaMMy, B KOTOPOH 3/eMeHTH [eM0YHCIeHHOTO Mac-
CUBA YMIOPALOUUBAIOTCA 110 YOBIBAHUIO 3HAYCHUH, a 3aTeM COPTHPYIOTCA
MO UX YETHOCTU. 1A 3aAaHUs IpaBU YyIOpAAOUCHNA MPUMEHUM B 00pa-
LIeHUAX K MeToay Array.Sort() B KauecTBe apryMeHTOB IAMOJa-BEIpaKeHNA:

// 17_86.cs - nambda-BeipaxeHus u Array.Sort()
using System;
class Program

{

static wvoid Main()
{
int[] ar = { 4, 5, 2, 7, 8, 1, 9, 3 };
Array.Sort{ar, (int x, int y) => // no yb6uiBanHur
{
if (x < y) return 1;
if (x == y) return 9;
return -1;
}
);
foreach {(int memb in ar)
Console.Write("{@} ", memb);
Console.WriteLine();
Array.Sort{ar, (int x, int y) => // no vemHocmu
{
if (x %2 1=0 &y % 2 ==08) return 1;
if (x == y) return 9;
return -1;
}
);
foreach (int memb in ar)
Console.Write("{@} ", memb);
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Console.WritelLine(};

}
}

Pe3y/abTaT BEIIONHEHHA NPOrPAMMEL:
987543121
24813579

Tak Kak KaXbIi U3 METOAOB UCIIOIL3YeTCd B IAHHOMN IIpOrpaMMe TOMBKO
OIUH pa3, TO HET HeOBXOAMMOCTU OOBABAATE TUI AEIEraTOB OTAEIbHO
U OIpeJesIATh CCHUIKU C TUNOM Jejerata. Jiam6aa-BeIpaKeHUA MPeACTaB-
JAIOT KOHKPETHBIE METOAB! HEIIOCPSACTBEHHO B apryMEeHTax MeTo/a Array.
Sort().

HanoMHuM, 4TO AeseraT — 3TO TUIN U MO3TOMY MOXET HE TOJIBKO CHell-
nUIpoBaTh NapaMeTprl MeTO0B. B cieayomeM npuMepe Aeaerat onpe-
AendeT TUM CBOMCTBA kjacca. B pemaeMoli aanee 3azaue HyKHO OOBABUTD
AeseraT-Tun Ajs npeacTaBleHHs MeTOA0B, BEMUCIAIOUINX 3HaYeHUs JOTU-
4yecKux QYHKIUIT ABYX IepeMeHHEBIX. Jlasiee HYKHO OIpeAeIuThb Kaace, 00b-
€KT KOTOPOTO 3al0JHAET TabAULy UCTHUHHOCTH A1 GYHKIUY, IpeJCcTaBlIeH-
HOH B 00BEKTe MOJIEM, UMEIOLIUM TUII AeNerara.

i obpalileHus K TIOMI0 ONPeAeaUTh OTKPBITOE CBOMCTBO C TUIIOM Jlefie-
raTta. (IIpu 3amoaHeHUM TAGAUIEI UCTUHHOCTU OOBEKT «He 3HaeT» AjdA
KaKoM Jlorudeckoi GyHKIMU cTpoutca tabmuna; GyHKIuA nepeaaerca obb-
€KTY B TOUKe obpallleHUs K ero METOAY.)

Hrak, TpebyeTcsa onpeAeauTh KJIAcC CO CTaTUYECKUM METOAOM A
BLIBOZIA HA 3KpaH Tabauubl UCTUHHOCTH JOrHM4eckoil GyHKIIUM ABYX Tlepe-
MeHHBHIX. [IpH BLIBoAe 3aMeHATH Joruvyeckoe 3HaueHue MCTHIHA sHayve-
HueMm 1, a IOXKb — 0.

KoHKpeTHBle QYHKINU TIepefaBaTh METOAY C TOMOILEIO JaMOa-BbIpaKe-
HUH, ONIpesessieMblX B TOUKE BbI30Ba. CCHUIKY € TUIIOM Jefierara, pe/cTas-
JAONIYI0 AaMb/1a-BHIpaKeHue, IPUCBAUBAThL CBOMCTBY O0BEKTA.

B mMeTozne Main() onpeaeauts ABa AIMOAa-BeIpaKEHU, TIPEACTABIIIO-
niye aorudeckue GyHKIUYM, U TOCTPOUTD IS HUX TabJIUITEl UCTUHHOCTH.

// 17 _87.cs - cBolicmBo ¢ munom Oenezama U GHOHUMHbIE Memodsi
using System;
public delegate bool BoolDel(bool x, bool y); // Aenerart-Tun.
public class Create
{ // Knacc mabnuy ucmunrocmu
BoolDel specificFun; // none, onpedensiuee no2uvecKyn @yHKUUIWO
public BoolDel SpecificFun
{
set { specificFun = value; }
}
public bool[,] define()
{ // ®opmupcBanue nozuveckozo mMaccuba
bool[,] res = new bool[4, 3];
bool bx, by;
int k = @;
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for (int i

=8; i <=1; i++)
for (int j =

@; j <= 1; j++)
{
bx = (i == @ ? false : true);
by = (j == @ ? false : true);
res[k, @] = bx;

res[k, 1] = by;
res[k++, 2] = specificFun(bx, by);
by
return res;
}

}
public class Methods

{ // Knacc ¢ memodamu
static public void printTabl(bool[,] tabl)
{
Console.WriteLine("A B F")};
for (int i = @8; i < tabl.GetLength(@); i++)
Console . WritelLine("{0} {1} {2}",
tabl[i, @] ? 1 : @, tabl[i, 1] ? 1 : @, tabl[i, 2] ? 1 : @);
}
s

class Program
{ // OcHoBHol kaacc npo2pammt
static void Main()
{
Create create = new Create();
create.SpecificFun = (bool a, bool b)
{ return a || b; };
Console.Writeline("Tabnnua ana (A || B):");
Methods.printTabl(create.define());
create.SpecificFun = (bool d, bool e)
{ return d && le; };
Console.WriteLine("\nTa6bnuua ana (A &&IB):");
Methods.printTabl(create.define());

}
}

PES}’JII::TEITBI BRIIIONHCHHA IIpOrpaMMBI:

1}
\'s

>

abavua ana (A || B):

daon

T
A
7]
%]
1
1
T ua ana (A &&I!B):
A
e
%]
1
1

P &R, DR P &D
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I/ISY‘IaH J]HMG,ZI,&-BBIP&}KEHI/IH BN aHOHHUMHEBEIE€ METOALBI, CIeAVET 06[)3-
THTE BHUMdaHHE€ Ha BOSMOXHOCTH NpUMEHCHHUA B HUX BHCIHIHHUX IIE€pEMEH-
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HbiX. Kak ¥ 4714 JOKaTbHBIX METOAOB, BHELIHUMH CUHTAIOTCA IapaMeTphl
VY JIOKaJbHEIE ITepeMeHHBIe TOTO METO/A, B KOTOPOM OlpeAieieH AaHOHUMHBIN
MeTO Win JsiMOJa-BeIpaxeHue. OcoGeHHOCTH MCIMOMb30BAHUS BHELIHUX
nepeMeHHBIX B 1AMOJa-BEIpAXKEHUAX, B JOKAJAbHEIX ¥ aHOHUMHBIX METOAAX
COBTIAZAIOT, TIO3TOMY PACCMOTPUM TOABKO AAMOa-BHIpasKeHUA.

BHellHAA nepeMeHHas, UCToAb3yeMas B JAMOJa-BepaKeHUH, Ha3bl-
BAeTCA 3adx8aueHHOll nepemertoll. BaXXHO TOHUMATh, KOTJa MPOUCXOAUT
«3aXBaT» 3HAYEHUs, KOTOPOE UMeeT 3axBavueHHan nepeMenHasn. [[puseaem
pUMep:

// 17_b - 3axB8avennsbie nepemenHbie 8 namboa-BeipakeHUAX
using System;
class Program

{
delegate void Pusto();
static void Main()
{
string name = "Tom";
Pusto output = () =>
{ Console.WritelLine($"Hello, {name}!"); };
output();
name = "Jack”;
output()};
}
¥

PESYJII::TEITI::I, BEIBOAUMBIC Ha OKpaH:

Hello, Tom!
Hello, Jack!

Jdenerat-tun Pusto npezacTaBIAeT MeTOAbl 6e3 MmapaMeTpOB, HUYETO
He BO3BpAlAlOIIHe B TOYKY BHI30Ba. llepeMeHHAad output ¢ TUIIOM 3TOTO
Aenerata MHUIMAAU3UPOBaHA ¢ MOMOLBIO JAMOJa-BHPaXKeHUs, B Teje
KOTOPOTO MCIOAB3YETCA BHEIIHAA ITepeMeHHasa name. [Ipu ofpalueHuAx
K 3K3eMIUIAPY JAejeraTa ¢ MOMOIBI0 BbIpayKeHHUs output() HUCMOIB3Y-
eTcsa TO 3HaueHMe 3aXBaueHHOM IepeMeHHOH name, KOTOpoe OHa UMeeT
B MOMeHT ofpamieHua (a2 He B MOMEHT CO3/JaHUA JK3eMIUIIpa Jenerara).
DTO MPaBUIO MUTIOCTPUPYIOT PE3YABLTATH BLHITIOTHEHUS TTPOrpaMMEL.

3axpaueHHas AAMOJa-BEIpa’keHUEeM BHEIHAA TTepeMeHHas IpoAo/DKAeT
CYIIECTBOBATH /IO TEX TMOP, MOKA AIMOAa-BEIpaXeHHE OCTAETCS YaCThIo
3K3eMILIApA AeferaTa. JTO IPOUCXOJUT Jaxke B TOM cIydyae, Koraa Iepe-
MEeHHAasi BEIXOJAUT V3 OOBIYHON 06AACTH CBOETO CYIeCTBOBAaHUA. [ToKaKkeM
3Ty 0COOEHHOCTh Ha MPUMeEpe:

// 17_c - paciiupenue obnacmu cyuecmBoBarus nepemeHHsIx
using System;
class Program

{
delegate void Pusto();
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static void Main()

{
Pusto output;
{
string report = "CoobueHue w3z 6noka";
output = () => Console.WriteLine($"{report}!");
}
output();
}

Pe3ynbTaThl, BHIBOJUMBIE HA DKPaH:

CoobueHne W2 bBAoKkal

B meToze Main() ecTsb BiOXKeHHBIH 610K, CCbUTKA output onpe/ieieHa BHe
aToro 6y0ka, HO acCOUMUpOBaHa ¢ JLIMOAa-BEHIpa)KeHUEM B TeJle BHYTPEH-
Horo 6yokxa. B 1amM6aa-BrIpakeHHe BXOAUT JIOKAJABHAA NMepeMeHHasA report
BHyTpeHHero 6ioka. QOpalleHune K 3K3eMILIAPY JeIeraTa ¢ IOMOIIbIO BhIpa-
KeHUs1 output() BEITIOMHEHO 3a NpejelaMHi BHYTpeHHero 6;1oka. Ho mcmosnb-
3yeTcs 3HaYeHUE 3aXBaYeHHOU IepeMeHHOU report U3 BHYTPeHHEro 0JI0Ka,
YTO WUTKOCTPUPYIOT PE3YABTATH BLITIOIHEHUSA MPOTPAMMEL.

Tak Kak 3HaYeHHe 3aXBauyeHHOU NepeMeHHO! OIpeJeasaeTca He B MOMEHT
AeKaapamniuy aaMO/a-BeIPAKEHNA, a B MOMEHT o0palleHua K TOMY 3K3eM-
IULIpY Aejlerara, B KOTOPOM 3TO BRIpaXKeHUE UCNOAb3YETCA, TO CYIIECTBYET
HEMHOI'0 HeOXKUAAHHAA CUTYaLUA, B TOM caydyae, Koraa 1aMbaa-BepakeHue
3axBaThIBACT AapaMeTp LUKAA.

PaccMoTpuM clieAyioluii ¢parMeHT Koja:

Pusto [] take =
for(char h = 'A'; h < 'D'; h++)

take[h - 'A'] = () => Console.Write(h + " ");
foreach(Pusto d in take) d();

new Pusto[3];

JexnapypoBaH MacCHUB, TUIl 3JIeMEHTOB KOTOPOro OllpeJessier AejaeraT
Pusto. B napaMeTpU4eCcKOM LUK KaXKABIH JIeMEHT MAacCHBa UHULIUAIN-
3UPOBaH JAMO/a-BhIpaKeHNEeM, KOTOPOe 3aXBaThIBaeT NepeMeHHy h —
napameTp nukia. [Tocae Brixoga u3 nukiaa for B nukie foreach BrImoaHA-
10TCA o0pameHns K 3IeMeHTaM MacCUBa, KaXAbIM U3 KOTOPBIX BHIBOAUT
3HaueHHe 3aXBauyeHHOTO MapaMeTpa. Tak Kak obpalleHus K 3JeMeHTaM
MaccuBa (K axaeMIuIApaM Aenerata Pusto) BEINOJIHAIOTCA MOCIE 3aBeplie-
HHA TapaMeTPUYecKOro UKJIA, TO TapaMeTp IUKJIa UMeeT To 3HadeHue D',
IIPU KOTOPOM LIMKJI 3apeplileH. Pe3yabTaT Ha sKpaHe ANCILIes:

DDD

HHMﬁﬂa-Bblpa}I{EHHH MOI'YT USMCHATE 2aXBaUYCHHBIC IICPDCMCHHBIC MMPAK-
THYECCKHA TdK €, KAK MOI'YT HSMCHATE OIICPaTOpPhL 0JI0Ka BHeIIHHE 110 OTHO-
HIeHHIO K 6JIOKY IIepeMeHHEBIEC.
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17.6. CobbiTHA

Co0blTHe — CpeACTBO, MO3BoJAKIIECe 0O0BEKTY (WIM KJaccy) MOCAaTh
BO «BHEWIHMI AN 0ObeKTa WIM KJIacca MUP» cooDlleHHe O Tepexoje
B HEKOTOpOE HOBOE COCTOSAHUE WIU O MONYUeHUN COOOIeHNs U3 BHEUTHETO
HCTOYHMKA. TaK KaK Ha YpOBHeE IIPOrPaMMBl Bee JelicTBUsI 0OBeKTOR U Kilac-
COB PEAJM3YIOTCA € TIOMOIIBIO METOAOB, TO M MOCBUIKA COOOLeHuss 0pOopM-
JSIETCS KaK OIIePaTop B Tejle HEKOTOPOro MeToAa. CHHTAKCHYECKH OIePaTop
TIOCBUIKYM COODIIEHU BRIIJIAJUT TaK:

uma_cobommun (apeymeHmsl_dna_0Oenezama);

PazbepeM, 0 KaKOM COOBITUH WIET Pedb, U KAKYI0 POJb UTPAET /IEIETAaT,
KOTOPOMY HY>KHO TIPEIOCTABUTD APTYMEHTEL.

OTMeTUM, 4TO OOBABIEeHUEe COOBITHUS MOXET pasMeLlaThcAd B Kiacce,
B CTPYKTYpe U B uHTepdeiice. HauneM ¢ knaccoB. Cob6bITHE 3TO WieH Kiacca
(M ero 00BEKTA), BBOAUMBIA 00BABICHUEM:

Moduguramopbi,,. event uma_mund_denezama umA_Cobbimus;

Modudguxamopom MoxeT ObITh abstract, new, override, static, virtual,
public, protected, private, internal.

event — cIy:keOHOe C10BO AeKIapaluu cOOBITUA.

ums_cobotmuia — UACHTUGUKATODP, BEIOMpAEMBIl NPOTPAMMUCTOM
B KaueCcTBe Ha3BaHUA KOHKPETHOTO YJICHA, Ha3blBAeMOro IIepeMEeHHOU
cobuiTuA. B npakTuke mporpammupoBaHua Ha C# NPHHATO HAYUHATH
UMeHa cOORITHH ¢ peduKca On.

uMsi_muna_>denezamad — WML TOTO JieJleraTa-Tuia (ero Ha3bpIBaloT Jesie-
raToM COOBITHA WIM COOBITUMHBIM Jle/IeTaToOM), KOTOPHIHA JOKEH MPe/ICTaB-
JIITh COOBITUIO T€ METOABI, KOTOPHIE OYyAYT BbI3BIBATHCA B OTBET HA MOCBUIKY
co00ImeHna 0 COOBITHH.

Takum 06pa3oM, COOBITUE — 3TO WICH KJlacca, UMEIOLUH TUTI AeIeraTa.
3TOT AeseraT-TUIl JO/DKEH OBITh AOCTYIECH B TOUKE OOBABICHUA COOBITUA.
Hanpumep, ero onpezeieHue A0JDKHO HAXOAUTHCA B TOM xe ¢daitne. CoObI-
TUUHBIN JeeraT-Tun onpejeiseT Aj1d cOOBITHA CUTHATYPY M TUI BO3Bpa-
IIaeMOro 3HaYeHUA TeX MEeTOJ0B, KOTOPLIE MOTYT OBLITh BLHI3BAHEI B OTBET
Ha MOCBUIKY co0OMIeHUs 0 HeM. HanmoMHKM, YUTO CUTHATYpa, U TUN BO3Bpa-
IIAEMOr0 Pe3yJIbTaTa, BBOAUMEIE TUIIOM JIEJIEraTa, ONPEAesIOT IPOTOKO
JJI METOJIOB, TIPE/ICTABIAEMBIX /I€eraTOM.

B COOTBETCTBHU € 3TOU CUTHATYPOH ONPEAENSIIOTCA TUNbl ApIYMEHTOB
B OII€paTOpe MIOCBUIKK COOOIEeHUA 0 COOLITHH. B KadecTBe THIIa BO3Bpamia-
€MOro 3HaUYeHUA B COOBITUMHOM JeeraTe 00BIYHO UCIIONB3yeTcd void.

B kadecTBe npumepa OIpeAe UM CTaTUIeCKUI MeTo, MOChIalomui
qepes KaXAYI0 CeKYHAY coobienue o coOpThU. YToOs TaKkad BO3MOKHOCTD
NOABWIACE, HEOOX0AUMO, YTOORI B KJAaCCe, KOTOPOMY IIPUHAAJICKUT METOZ,
ObU10 0OBABAEHO COOBITHE, Y OBUI ZOCTYIIEH COOTBETCTBYIOIIUM 9TOMY COOBI-
TUIO AeneraT-Tull. COOTBETCTRYIOMINE 0OBARIEHUs] MOTYT OBITh TAKUMU:
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delegate void TimeHandler(); // obvsBneHue denezama-muna
static event TimeHandler onTime; // obvaBneHue cobbimus

PekoMeHAyeTCs B HasBaHUe COOBITMHHOrO Jejerata BKIOYATH B Kaue-
ctBe cyddukca cnoso Handler (o6pabotuuk). Jlenerar TimeHandler B coot-
BETCTBUHU C ero oObABIeHUEM TIpeAHa3HaueH «IpeJCcTaBIITh» METOALl Oe3
NapaMeTpoB, ¢ BO3BpalllaeMEIM 3HayeHHeM Tuna void (Hu4ero He BO3-
Bpallapinue B TOYKY BbI30Ba). CobriTHe ¢ uMeHeM onTime «HacTpOeHO»
Ha paboTy ¢ 3k3eMIvIApaMu gaenerata TimeHandler.

B ToM e Kiacce, rjie pasMemeHo oObABIeHHne COOBITUA B AOCTYIEH
AeNeraT-TUII, MOXXHO ONpeJeNNTh METOJ, Yepe3 KaKIYI0 CeKYHAY «TeHepU-
PYIOLIUM» TMMOCBUIKY COODIIEHUHN!

static void run()
{ // npouecc ¢ cobomusmu
Console.WriteLine("AnA BbIXopa HaxmuTe Ctrl+Cl");
while (true)
{ // 6ecxkoHeuHslli yuks
onTime(); // nocbiika coobiieHud o cobeimuu
// 3a8epxka HAQ CeKyHOY
System.Threading.Thread.Sleep{10660);

}
}

B metoze run() 6ecKOHeYHBIN UK, B KAXK/0H UTEpaLUU KOTOPOTO Olle-
parop onTime() mocenaeT coobuieHUEe 0 COOBITHY, CBA3AHHOM C Aejera-
toMm TimeHandler. 3aTem BhI3BIBaeTcs cratudeckuii Metof Sleep() knacca
Thread u3 mpocTtpaHcTBa uMeH System.Threading. HasHaueHue 3TOTO
METO/A COCTOUT B «3aJePKKe» IIPOLIECCa BBIIIOAHEHMA IPOrPAaMMBbl HA KOJIH-
4eCTBO MIWUIMCEKYH/], COOTBETCTBYIOlIEee 3HaUeHNIO apryMeHTa. B JaHHOM
caydae 3ajepkka pasHa 1000 MWITACEKYHA, T. €. OAHOM CEKYHJE.

MeToa run(), nocweinan coobILeHUI O CODHITHUAX, «HUYEro He 3HaeT»
0 TOM, KTO OyAeT MOoAy4aTh 3TU COOOIIeHUs, U KaK OHM OyayT ob6pabarthl-
BaTbCsA. B TexHonoruu Windows-nporpaMMUPOBaHUS TIPUHATO TOBOPUTD,
49T0 00BEKT (B HAllleM IIpUMepe He 00BEKT, a CTATHYECKUH MeToZ Kiacca)
nybauxyem cobbimusi, moceias coobmeHnsa o HuX. JApyrue o6BeKTH
(B HaweM npumMepe 3T0 OYVAYT CTATHYECKUEe METOAB) MOTYT Nnoonucamscs
Ha cobvimus.

[Toamucka Ha mosyueHHe cooblueHuil 0 coObITUN B A3biKe C# mpeaycMa-
TPUBAaET CJIeAyIoINe AeHCTBUA:

* CO3JaHUe 3K3eMIUIApA TOro Jenerata, Ha KOTOpbIH HacTpoeHO COBI-
THE;

* TOAKJIOUMEHUE 3K3eMIUIIpa Jefierata K COOBITUIO.

OO6GEIYHO 3TH BA AeUCTBUA O0BEIVHAIOT B OTHOM OIIepaTope CIeAYIO-
uero popmara:

uMa_cobommia += new ums_muna_odenezama (uma_memoda);

YenaoBre IPpUMEHHMOCTH TTOANMCKY Ha cOObITHE — HAIHYHUE U JOCTYII-
HOCTb MeToZAa, KOTopbItt 6yeT BhI3BaH A 06paboTku cobbITHa. Mi aToro
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MeTO/la MCIIOJIb3yeTCsI B KaueCcTBe apryMeHTa KOHCTPYKTOpa JeJjerara.
CaMmo co06oii, u ZiesieraT COOBITHSA, ¥ UMSI COOBITHA AOKHBI OBITH ZIOCTYITHBI
B MeCTe IIO/IIHCKH.

[Tpu co3zaHuY dK3eMIUIApa JiejieraTa olepaluio new U SBHoe obparre-
HME K KOHCTPYKTOPY MOXXHO 3aMEHUTh UMeHEeM MeTo/a:

UMA_cobeimusa += umA_memodd;

Ha oz1HO cOOBITHE MOTYT OBITH ITOAMMCAHBI HECKOJIBKO METO/IOB, /IS TTO/I-
KJIIOYEHMSA KaKIO0r0 U3 KOTOPBIX HY>KHO UCIIOJIb30BaTh CBOM OIlepaTop Mpu-
BeJIEHHOTO BH/A.

[TpeAnosoXuM, YTO «IIPUHUMATh COOOIIEHUs» O COOBITHUAX B METO/E
run() gomkeH Metoza Main() Toro ke Kjiacca, B KOTOPOM OIIpeZie/ieH MEeTO/
run(). ITycts 06paboTYNKaMU COOOINEHUS O COOBITHH JOIKHBI OBITH Ba
MeTO/a C 3aroJIOBKaMu:

static void one()
static void two()

Torma meton Main MmoxkeT 6bITh TakuM (mporpamma 17_08.cs):

static void Main()

{
onTime += new TimeHandler(one); // nodnucka Ha cobeimue
onTime += new TimeHandler(two); // nodnucka 0na memoda two
run(); // 3anyck npouecca

}

OcranbHoe, T. €. QYHKIIMOHAJBHOCTb IIPOTPAaMMBbI B 11€JIOM, 3aBUCUT
OT BO3MOXXHOCTEH U ocobeHHOCTel MeTo0B one() u two(). B cieayro-
el HuXe nmporpamMMe MeTo/ one() BBIBOAUT B KOHCOJIbHOE OKHO ATy
U TIOCEKYH/IHO U3MeHslollleecs 3HaueHre BpeMeHU. MeToz two() B Hadase
TOM Ke CTPOKU BBIBOJUT MOPSAKOBBIM HOMep coObITHA. HoMep uaMeHseTcs
KaXy1o ceKyHAy (IIpU KaXKI0M 00paIieHuy K METOY).

// 17_68.cs - cmamu4yeckue cobbimus u cmamu4yeckue memoosl
using System;

delegate void TimeHandler(); // obvaBneHue Oenezama-muna
class test_cs

{

static event TimeHandler onTime; // o6wvsBraeHue cobuimus

static void run()

{ // npouyecc c eeHepayuel cobbimuli
Console.WriteLine("AnAa Bbixoga HaxmuTe Ctrl+C!");
while (true)

{ // 6eckoHeuHsili yukn
onTime(); // noceinka coobweHus o cobbimuu
// 3adepxka Ha 1 cekyHOy
System.Threading.Thread.Sleep(1000);

}
}

static void Main()
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{

onTime += new TimeHandler{one); // nodnucka Ha cobbimue
onTime += two; // dna memoda two
run{); // 3anyck npouecca

}

static void one()

{ // npuemruk coobuerus
string newTime = DateTime.Now.ToString();
Console. . Write("\r\t\t{8}", newTime);

}

static int count = 9;
static void two()
{ // npuemHux coobueHus
Console. Write("\r{@}", count++);

}
}

PesyaETaT BRIIIOJHEHWA MPOrpaMMHBl Ha 6-11 ceKkyHze:

Ana Boixoaa HaxmuTe Ctrl+C!
6 11.11.2618 12:;59:49

B TekcTe IMporpaMMeul OﬁpaTI/IM BEHHMdHHE Ha BHIBEOJ YKA3adHUA ITOAB30-
BaTCHIO!

Console.WriteLine("AnAa Bbixopaa HaxmuTe Ctrl+Cl");

Coueranue kaapul Ctrl 1 C NIpUBOAUT K He3aMeZJUTEeNbHOMY MpeKpa-
IIEHUIO BHITOIHEHUSA IPOTpaMMbL. UTOOH He «3aTEMHSATL>» OCHOBHYIO CXEMY
NpOrpaMMBbl, WUIIOCTPUPYIOIIEH TOMBKO MeXaHN3M paboThl ¢ COOBITHAMY,
B Hee He BBe/[eHbl HUKaKHe CPe/ICTRA AUAJIOTA C IMONb30BaTeNeM.

B cTpoKe-apryMeHTe MeToJa KOHCOJABHOrO BeIBOAA Write() ynpasiad-
I0LIAA 3CKEHII-MOCAeIOBATENBHOCTE \I' o0eclieyuBaeT IIpH KaxkaAoM obpa-
LIeHUH Tepexoi B Hayalao CTPOKH Auciviesa. TeM caMBIM BHIBOA Bce BpeMs
BBIMIOHAETCA C HAYaNa OFHOU U TOM Ke CTPOKU, u3obparkeHre Ha KOTOPOH
OOHOB/ACTCA €XECEKYHIHO.

B MeTtoge one() ucnonbpayercs colicTBo Now kiaacca Data.Time. Ero
Ha3HaueHWe — BEPHYTh TEKyIlee 3HAUYEHUE AATH U BpeMeHU. [I[puMeHeHue
MeToga ToString() MO3BOAAET IPeACTABUTDL 3TH 3HAYCHUA B BUAE OJHOHU
CTPOKH, KOTOpast 3aTeM BBIBOAUTCSA Ha AVCIUIEH.

Jlia noAcdeTa cOORITUH (CEeKYH/) onpefiesieHa cTaTUYecKas mepeMeHHan
int count. Ee 3HaueHue BHIBOAUT M 3aTeM yBeanuMBaeT Ha 1 Metoz two().

B paccMOTpeHHOM MpuMepe JeleraT-Tun o6basieH BHe KJIaccoB, U Bce
METO/bl OTIpeieIeHH KaK CTaTU4eCKHe — TeHeparuio COOBITUN BLITTOTHAEST
cTaTrieckui MeTo run(), moANnUcaHsl Ha COOBITHA ABA APYTHUX CTATHYECKHUX
MeToga. TakuMm 06paszoM, ¢ MOMOLIBKD MeXaHMu3Ma COOBITHIT B3auMOJen-
CTBYIOT He 0OBEKTHI, a METO/BI OHOTO Kiaacca test_cs. Kpome Toro, B 06b-
ABJICHUH JleJeraTa-ThIla OTCYTCTBYIOT MapaMeTphl. [109TOMy IIpU [TOCBLIKE
coob1eHUs 0 coBBITHN MeTOoAbl 00paboTKH He MoNIyvaloT HUKaKo# HHGOp-
MalluH U3 TOYKH BO3HUKHOBEHUA COOBITHA.
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Bonee obuuii ciayyait — coObITHE CO3ZIaeTCsI 0OBEKTOM, a B IPYTUX 00b-
eKkTax (B 00beKTax APYTUX KJIACCOB) MMEETCS BO3MOXXHOCTb pearupoBaTh
Ha 3TU cOoObITUA. Kak MBI y2Ke MTOKa3alu, K OJHOMY COOBITUIO MOXXET OBITh
«IIPUITMCAHO» HECKOJBbKO 0O0pabOTYMKOB U BCE OHU OYAYT BBI3BAHBI IIPU
HACTYIUIEHUU COOBITHS.

MexaHu3M pabOThI C COOBITUAMU MPEAYCMAaTPUBAET HECKOJIBKO 3TAIOB.

1. O6BABNIEHUE JeneraTa-TUIa, 3a4alolero IPOTOKOI A TexX (ele
HEM3BECTHHIX Ha JAHHOM 3Talle) MeTO/0B, KOTOphIe OyyT BBHI3BIBATHCA MIPU
06paboTKe COOBITHS.

2. OmpezeneHue mepeMeHHOM COOBITHS, UMEIOIIEl THII iejleraTa COOBITHA.

3. OmpezeneHuie reHepaTopa COOBITUS (CpeACTBA MOCBUIKU COOOIIEHU),
C YKa3aHUEM apTyMEHTOB, IPU HEOOXOAMMOCTH MH)OPMHUPYIONIUX MTOTyYa-
TeJed 0 COCTOSHUM 00beKTa, IIOCIaBIIero CoOObIeHNe.

4. OmpezeneHure MeTOOB 00pabOTKY coObITHA. CUTHATYpa U TUT Pe3YJIb-
TaTa KaXkZIoro MeTo/|a ZI0JDKHBI COOTBETCTBOBATH THUITY JleJieraTa COOBITHS.

5. Co3maHue 3K3eMIUISIpa TOTO Zejierata, Ha KOTOPBhI «HACTPOEHO»
coObITHE. APTYMEHT KOHCTPYKTOpPA — MM MeTo/la 06paboTKU.

6. IloaxtoueHne SK3eMIUISIpa JiejieraTta K mepeMeHHOUM COOBITHA.

[lepeuynciieHHbIE 3TAMBl OOBIYHO OTHOCATCA K pa3HbIM KJlaccaM IIPO-
rpaMMBbl. Y 3TUX pa3HBIX KJIAcCOB 110 MeHbIlel Mepe ABa. Kitace, 06pabaTsl-
BaIOIUM COOBITHSA, AODKEH COZIEP)KaTh METO/bI 00pabOTKY WU, IO Kpai-
Hell Mepe, UMETh JIOCTYTI K 3TUM MeToJaM. B HeM peanusyroTcs aTarbl 4,
5, 6. BTopoii Kj1acc — 3TO KJIacc, FreHepUPYIOIIUi COOBITHA, OH peaTu3yeT
aTamsl 1, 2, 3.

3a4yacTyio B IporpaMMe MPUCYTCTBYET TPETUM KJIAcC, YIIPaBISIONUHN
mpoiteccoM Ha 6osiee BBLICOKOM YpOBHeE. B pasHbIX 3a/ladyax ero Has3bIBalOT
CyIIepBU30POM, MOHUTOPOM, AMCIIETYEPOM U T. I. [IpM HAJIUYUM TAKOTO
KJIacca M [IByX TOAYMHEHHBIX — KJIacca TeHepaluu U Kjacca o6paboTku
COOBITHIT — cxeMa paboThI CyIIeEpPBU30PaA CBOASATCA K CJIEAYIONIUM IIaraM:

1. Co3aaTh OOBEKT KyIacca reHepalliuy COOBITHIA.

2. Co3zgaTb 06BeKT Ki1acca 06paboTKU COOBITHI (3TOTO MOXKET He MTOTpe-
60BaThCsA, €CJIU METO/l 00pabOTKYU ABJISETCA CTATUIECKUM).

3. Co3zaaTh 9K3eMIUIAP ZiejieraTa, «<HaCTPOUB» €ro Ha MeTOZ Kacca obpa-
O60TKU COOBITHM.

4. TIOAKTIOUYUTH SK3EMIUISP JlejieraTta K mepeMeHHOM coObITUA (TIpUHa/-
Jiexkartelt 00beKTy Kjiacca reHepalium).

5. Ilepexats ynpaBieHne 0OBEKTY Kjlacca reHepaliuu CoObITHi (KaKOMY-
160 U3 €ro METOZIOB, TEHEPUPYIOUTUX COOBITH).

Jlasiee Bce BBITTOJIHSETCA B COOTBETCTBUU C OOIUMU IPUHITUIIAMU COOBI-
TUWHOTO YIIPaBJIeHUA.

B KauecTBe IpHUMepa PaCCMOTPUM IIPOTPAMMY C ZIeIeTaTOM U Y€ThIPbMS
ki1accamu. Kiacc Sorting cogep>XuUT MeTOZ C ABYMA BIOXKEHHBIMU ITUKJIAMMU,
KOTOPBIH COPTUPYET B MOPsIKE BO3pACTaHUS OJHOMEDPHBIHN I€JI0OYUCIEH-
HBbIM MaccuB. B mpoliecce COPTUPOBKHU TOJCYUTHIBAETCS KOJUIECTBO Iepe-
CTAHOBOK 3HAYeHUH 3/IeMeHTOB. [Ipy KaXkZIoM 3aBepIIeHUN BHYTPEHHETO
I[UKIa GopMUpPYeTCs COObITHE, TIEpeAalolee «BO BHEIIHUM MUP» KOJTHYe-
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CTBO BBITNIOJIHEHHBIX TIEPECTAHOBOK, Pa3Mep MacCUBa U CYETUYUK UTepaIUi
BHEITHero nukia. /s paboTsl ¢ COOBITUAMU B KJacce OObSIBIEHO COOBITHE
onSort, MMelolee TUII BHelTHero generata SortHandler.

Knacc View cozepxut meTos o06paboTKu coOBITHS. MeTOA BHIBOAUT
Ha KOHCOJIb 3HaUYeHHe CYETIMKA IIePEeCTaHOBOK.

Kinacc Display Bu3yanusupyeT JMHAMUKY IIPOIIeCca COPTHUPOBKU — BBIBO-
JIUT Ha KOHCOJIb UMMTAIIUIO 3JIEMEHTa yIipaBieHusa ProgressBar.

Metox Main() ympasistomero kisacca Controller B cooTBeTCcTBUU
c obmieli cxeMo#i co3maeT 0OBEKT KjIacca, TeHEPUPYIOIIEro COOBITHSA, CO3-
JaeT 00BbeKT Kiacca-obpabotumka (View). 3aTeM MOAKIIOYAET K IIepeMeH-
HOI COOBITUS ABa HabMogaTes s — ABa 6e3bIMAHHBIX SK3eMIUIApa Jeerara
SortHandler. /1, HakoHel, yripaBJeHUe ITepeAeTCs TeHEPAaTOPY COOBITUIN —
METOZYy COPTUPOBKU sort(), mpuHaIexaiero oobeKTy Kmacca Sorting.

// 17 _09.cs — cobuimua u copmupoBka
using System;
using System.Text;
// 06vaBneHue Oeneeama-muna:
public delegate void SortHandler(long cn, int si, int kl);
class Sorting
{ // knacc copmupoBku maccuBo8
int size; // pasmep maccuBa
int[] ar; // cceinka Ha maccuB
public long count; // cyem4yuk o6meHOB npu copmupoBke
public event SortHandler onSort; // obvsaBnaeHue cobeimus
public Sorting(int[] 1s)
{ // koHcmpykmop
size = 1s.Length;
count = 0;
ar = ls;
}
public void sort()
{ // copmupoBka c noceinkol u3BeweHull
int temp;
for (int i = 0; i < size — 1; i++)
{
for (int j = 1 + 1; j < size; j++)
if (ar[i] > ar[3j])
{
temp = ar[i];
ar[i] = ar[]j];
ar[j] = temp;
count++;
}
if (onSort != null)
onSort(count, size, i); // eeHepayusa cobvimus

}
}
}

class View
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{ // Obpabomuux cobsmuli 8 obvexkmax:
public void nShow{long n, int si, int kl)
{ Console.Write("\r" + n); }

}

class Display
{ // Obpabomuux cobsmuii 8 smom knacce
static int len = 39;
static string st = null;
public static void barsShow(long n, int si, int kl)
{
int pos = Math.Abs({int)((double)kl / si * len));
string sl = new string('\u258c', pos);
string s2 = new string('-', len — pos - 1) +
"\u25cd'; // unicode 8na mpey20abHuUKA;
st = s1 + "\u258c’ + s2; //’'\u258c’' - K08 npaAmMOy20AbHUKA
Console.Write("\r\t\t" + st);
X
}

class Controller

{

static void Main()

{
Random ran = new Random{55);
int[] ar = new int[19999];
for (int i = @; i < ar.Length; i++)
ar[i] = ran.Next();
Sorting run = new Sorting(ar);
View watch = new View(); // Co3dan obvexm
run.onSort += new SortHandler(Display.barShow);
run.onSort += new SortHandler(watch.nShow};
run.sort();
Console. Write("\n");

}
}

Pe3ysbTaT BHIIOIHEHUA IPOrPAMMBL:

1ee37261e | IINEIINELTERRRERDTRRRERNNNHD -

ObpaTuTe BHUMaHUe, 4YTO cOOBITUHHBIN AeneraT SortHandler u nmepe-
MeHHas cOOBITUA onSort AoMKHE OBITh OAMHAKOBO JOCTYIIHBL B MeCTe TI0J-
IHUCKY Ha cOOBITHE,

[Tpn re”Hepauny coOLITUA LeaecoodpasHO MPOBEPATH 3HAYCHUE Nepe-
MeHHOM cOoOBITHA. OTa llepeMeHHas ocTaeTcsa paBHoi null, ecan Ha cobbI-
THE HeT HH OJHOH IOJIMNCKH.

Ob6paTuTe BHUMaHME TaKXe Ha TOT QakT, YTO reHepalus cOOBITHA,
B OTJIUYHE OT FeHepalluu UCKIOUYeHUs, opopMasieTcs Kak obpallleHHue
K MeToZy. Baaroaapsa sTomy nocie o6padoTKH COOBITUA YIIPABACHME aBTO-
MaTH4eCKU BO3BPALIAETCA B TOUKY, HEMOCPEACTBCHHO CAEAYIOMIYIO 3a OIle-
paToOpoM reHepaluu cOOBITHSA.
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KOHTpOl’IbeIe BOMPOCbl N 3alaHNA

B yueM ocHOBHOe HasHadeHHe gejerara?
Ha3zoBuTe aTansl co3zaHud U IPUMEHEHUA JejieraTos.
YWieHbl KaKUX BUAOB MOI'YT IIPUCYTCTBOBATH B JlejieraTe-TuIie?
OOBbsicHUTe Ha3HAUYeHUE dJIEMEHTOB O0bABIEHUA JlejleraTa-TUIIa.
Kak 0OBABUTH CCHLIKY C TUIIOM JZejierara?
Kak coszgaTh ak3eMIUIAp Aesnerata?
Kak aprymMeHTBl MOXXHO HMCITO/Ib30BaTh MPHU oOpallleHUuH K KOHCTPYK-
TOpY Aenerarta?

8. T'me MmoXkeT pa3MmelnaTbcs 0OBABIEHUE JejieraTa-TUa?

9. Ha3oBuTe BapuaHThl MHUIIUAJN3ALNU IIeEpEMEHHON C TUIIOM Jejie-
rara.

10. KakoBbI BO3MOXXHOCTH cBo¥icTB Method u Target?

11. Jlna yero NpyUMeHAIOTCA MaCCUBHI eJIeraToB?

12. Yrto Takoe MHOTOaApEeCHBIN 9K3eMIUIAP AejieraTta?

13. Kakue cpeacTBa MOAAePKUBAIOT pabOTy C MHOT0AAPECHBIMU JK3EM-
IUIApaMU JieJIeraToB?

14. Yro Takoe MexaHU3M 0OpaTHOTO BHI30BA?

15. Kak MCIob3yIOTCA AeIeraThl 11 OpraHu3aI[iy 0OpaTHBIX BHI3OBOB?

16. Yto Takoe aHOHMMHBIN METO/?

17. Kak crenuouumpyeTcs CUTHaTypa aHOHUMHOT'O MeToza?

18. I[IpuBeguTe MpuMep pasMelleHUs aHOHUMHOI'O MeToZa B obpaiie-
HUU K METOAY, TpeOyIoleMy oOpaTHBIX BBI30BOB.

19. IlepeuyuciuTe CXOACTBA U OTIUYUA JAMOJA-BhIpaKEHUH U aHOHUM-
HBIX METOZOB.

20. OOBSCHUTE CUHTAKCUC 3aITUCH JIIMO/Ia-BhIpayKeHUH.

21. Korga namb6paa-BeIpakeHHE MOXKHO 3amucaTh 6e3 mapaMeTpoB?

22. Yro Takoe 3axBauyeHHad lIepeMeHHaa?

23. B Kako¥il MOMEHT OIpeiesisieTCsa 3HaueHNe 3aXBa4YeHHOU MepeMeH-
HOM?

24. 4Yto Takoe coObITHE B sI3bIKe C#?

25. OOBACHUTE CHMHTAKCUC OIlepaTopa IMOCBUIKU COOOIIEeHY .

26. IIpuBegure popmaT OObABIEHUA COOBITHA.

27. 4Yro Takoe mepeMeHHasA COOBITHA?

28. Yro ompeenseT Aeerart, yKka3aHHBIA B OObABIEHUN COOBITHA?

29. Kakwue ZieficTBUA MpeAyCMaTPUBAET MOAMMCKA Ha COOBITHA?

30. Ha3zoBure 3Tansl paboThl C COOBITUAMU.
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naBa 18
ObOBLLEHUA

18.1. 0606LWeHNA KaK cpeacTBO abCTpaKuum

Koz, 3anvicaHHbIi Ha KAKOM-THO0 SA3bIKe IIPOrPaMMUPOBAHUSA, IPe/CTaB-
nseT cobolt Haubosee AeTaTu3uPOBAHHOE U ITO3TOMY B 00IIIEM CTydae CJI0XK-
HOe IIpe/CTaBJIeHNe aJrOPUTMa, BBIOPAHHOTO A pelleHus KOHKPEeTHOH
3azauu. CJI0KHOCTh KoZja OOBACHAETCA TeM OOCTOSITeIbCTBOM, YTO B HEM
JOJDKHBI OBITH YYTEHHI BCE ZIeTajlu Pean3aliiy aJITOPUTMA C ITIOMOIIbIO TIPU-
MEHSEMOTO f3blKa U OrPaHUYEHUS TOH ONEepalMOHHON Cpelbl, B KOTOPOi
JOJDKHA BBIIOMHATHCA IporpamMMa. CII0XXKHOCTh KOZa U TPYZAOEMKOCTb ero
pa3pabOTKU JealoT 3aIa4y ero TOBTOPHOI'O UCIIOIb30BAHUA Y aBTOMAaTH3a-
I[UU ero TeHepaluy BeCbMa BaXXHBIMU U aKTyaJbHBIMU. B IpepiAymux ria-
BaX PacCMOTPEHHI CPeZCTBA, IO3BOJIIONIME IIPOrPaMMHUPOBATh HA OCHOBE
00'beKTHO-OPUEHTUPOBAHHOTO MOAX0A. DTOT IOAX0/, TI03BOJISIET CO3/laBaTh
OTZeNbHbIE KJIACCH M OMOJMOTEKU KJIACCOB, MIPUTOAHBIE JJI TIOBTOPHOTO
vcronab3oBaHus. [IpuMmeHsas 6UOIUOTEKY KIAacCOB, MOXKHO CyLIeCTBEHHO
CHU3UTDb TPYJOEMKOCTh pa3paboTKU MporpaMm, abCTpParupysach OT JeTaaei
KO/Ia, CKPBITHIX (MHKAICYJIMPYEMbIX) B MCIIOJb3YEMBIX 00BbEeKTax OUOIHO-
TEYHBIX KJIACCOB.

Creayonuil ypoBeHb aOCTpaKIMM — IapaMeTpu3arus oO0bABIeHUHN
TUTIOB (HapuMep, KJIaccoB) M MeTOZ0B. [Ipexx/ie 4eM nepexoZuTh K OIuca-
HUIO 3TOTO MeXaHU3Ma (peajn30BaHHOrO B fA3blke C# ¢ momo1bio 0606111e-
HUI), IOSCHUM Ha IIPUMEPE ero OCHOBHbIE ITPUHITUIIHI.

[Tpeamonoxum, 4To JJ1d JaabHeHIIero npuMeHeHUs HeoOX0ANMO UMETh
KJIacc, 00beKT KOTOPOTO MpeACTaBisAeT coO0M OTAEeTbHBIN dIeMEeHT CBA3-
HOT'O CITMCKA, KAXKJBIM M3 KOTOPHIX XPAaHUT 3HAUYeHUe TUTA int.

class ListInt

{
public int data;

public ListInt (int d)
{data = d;}

}

Ecnu B ganpHeleM noTpebyeTcs KjlacC dJIeMEHTOB CBI3HOIO CIIMCKA,
00BbEKTBI KOTOPOT'O XPaHAT 3HaUeHUs Tumna char, To npuzeTcs oObsIBIATH
ero, HalpuMep, Takx:
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class ListChar

{

public char data;
public ListInt (char d)
{data = d;}

ITo ctpykType kiacc ListInt u ListChar mogo6HbI, e IUHCTBEHHOE OT/IH-
Yyre — THIIBI TIoJIeH data ¥ TUITBI TapaMeTPOB KOHCTPYKTOPOB B OZHOM CJIy-
yae int, a Bo BTopoM char. OToT paKT, a UMEHHO pa3jiM4ue KJIacCOB TOMbKO
B 0003HaYEeHHUsAX TUIIOB, IeJIaeT BO3MOXKHBIM co3aHue 0600611eHHoro (Tapa-
METPH30BaHHOI0) KJIacca, KOTOPHIH OyeT CIYKUTh 11abJI0HOM /IJIT aBTOMa-
TUYECKOU reHepalluy ero YaCTHBIX CIy9aeB — KJIACCOB C ITOJISIMY THUIIOB int,
char, a mpu HeobxogumocTH long, double u T. 7.

B aspike C# TakoW MeXaHM3M aBTOMaTU3UPOBAHHOMN reHepaluu
KOZIOB KOHKPETHHIX 00bsABIeHUN cymecTByeT. OnpeaeneHus (06bsaBIe-
HHs) KJIAcCOB, CTPYKTYp, UHTepelicoB, feleraToB U MeTOAO0B MOTYT
OBITh TapaMEeTPHU30BaHbl TUIIAMHU TeX JaHHBIX, KOTOPBIE IIPe/CTaBIeHbI
STUMHU KOHCTPYKIIUAMH HIN 0O6pabaThIBAaIOTCS C UX MoMoInbio. O Takoi
BO3MOXKHOCTH ITapaMeTpHu3alluu 00bABIEHUH TOBOPST, UCIOIb3yS TEP-
MHUH «000011IeHUA». MexaHusM 00001mennii a3pika C# CX0XK ¢ MeXaHU3-
MoM MmabysioHoB (templates) xknaccoB u GpyHKHui a3bika C++. Kpome
TOTO, KaK yKa3biBaeT ctaHgapT C#, 06006I1IeHNs XOPOIIO 3HAKOMBI IIPO-
rpaMMHCTaM, BaajenuM a3sikaMu Obdensb unu Axza. OTMETUM, YTO
B PYCCKOS3BIYHOI JUTEpaType, MOCBAIIeHHON s3biKaM Dddens u Aza
060611eHHbIEe (generic) MeTOAbI Ha3bIBAIOT POAOBLIMHU IIOAIPOTPAaMMaMH,
a 06 0606IIeHHOM MPOrPaMMHPOBAHUM TOBOPAT KaK O POZOBOM IIPO-
rpaMMHPOBaHUU.

[TapaMeTpu30BaHHbIE OOBSIBIEHUA KJIACCOB M CTPYKTYp Ha3bIBAlOT,
COOTBETCTBEHHO, 00®3s8JeHUAMU 0000weHHbIX Kaaccos (generic class
declaration) u obwssaeneHuamu 060b6weHHblx cmpykmyp (generic struct
declaration). Y kjaccel U CTPYKTYPHI B OTUX CAydasx ITapaMeTPU30BaHbI
TUIIAMU CBOUWX JaHHBIX U THUIIAMU TeX JAaHHBIX, KOTOPbIE JOKHBI 06pa-
6aTeIBaThCA METOJAaMM STUX KJIACCOB U CTPYKTYp. MHTepdeiichl MOTyT
OBITH ITapaMeTPU30BaHbl TUIIAMH TeX JaHHBIX, KOTOphle oOpabaThiBa-
10T QYHKIIMOHATbHBIMM WieHaMH (HalmpuMep, MeToZaMu) UHTepQeicoB
mocie ux peanusanuu. OObIBIEHUS TaAKUX TapaMeTPU30BaHHBIX UHTEP-
delicoB Ha3BIBAIOT 00Ba8aeHUAMU 0000UleHHbIX UHMepdelicos (generic
interface declaration). /Insa Toro, 4To6nl co3maBaTh «0O0OIEHHBIE AJITO-
PUTMBI», BBITIOJHAIOT ITapaMeTPU3aI[ii0 METOZ0B TUIIAMH IIPUMEHSIEeMBbIX
B HUX JaHHBbIX. Takue mapaMeTpU30BaHHbIE METO/bI Ha3bIBAIOT 00001 eH-
HoiMu memodamu (generic methods). B o6bsiBiIeHUU 0600WeHHO020 Oele-
2ama TUIHU3UPYIOUINE ITapaMeTpPhl ONPeAesAIOT TUIIH TapaMeTPOB U THII
BO3Bpall[laeMOro 3HaYeHUsI TeX METO/I0B, KOTOPhIE O/DKHBI IIPE/CTABIATh
SK3EeMIUIAPHI Jejierara.
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18.2. [leknapauun 0606LeHHbIX KNaccoB

PaccmorpuMm $opmaT Aeknapanuu 00obmeHHOro (mapaMeTpu3OBaH-
HOT'O) KJacca:

MOOUPUKAMOPLL_KNACCTy,, €lass uma_knacca
CNUCOK_MUnusupyiouux_napamempob
6a3a_KNACCay,,
O2PGHUYEHUA_MUunu3upyuux_napamempo,,,
MeNo_KAacca;

B npuBeaenHoM dopmare 006s3aTeNbHBIMU ABASIOTCA: CykebHoe CI0Bo
class, uma_xaacca (a 3To, Kak MBI 3HaeM, — UAEHTUGUKATOP), CHLUCOK_
munusupyrouwux._napamempos U meno_xaacca. OCHOBHBIM IIpU3HAKOM 0006-
IIEHHOTO KJIAcca CAYKUT HATMIKE B €70 OOBABACHUH CUCKA_MUNU3UPYIO-
wux_napamempos. Eciv B 0OBABAEHUM OMYyCTHTH 3TOT CNMUCOK U, KOHEUYHO,
02PAHUYEHUS MUNUBUPYIOWUX NAPAMEMpos8, TO OObABNeHe TPEBPATUTCH
B OMpejeieHue oObYHOro (HemapaMeTpU30BaHHOTO) KJacca.

Cnucox TUMH3UPYIOUIUX [TapaMeTpPOB IIpeJCcTaBaieT coboil 3akaoueH-
HYIO B YIVIOBHE CKOOKH < > MOCIeAOBATENBHOCTD pasAeIeHHBIX 3aIATHIMA
naenTudukaTopoB. Ob6paruTe BHUMaHUe, YTO 0O0OLIEHHBIN KIace MOXKeT
OBITH HACTETHUKOM 6a30BOTO KIACCA WIM MOXKET Peaju30BaTh UHTepdeNic,
npuydeM U 6a30BbBIT KAace, U peaausyeMrblil uHTepdetic, B CBOWO ouepeab,
MOTYT OBITh apaMeTPpU30BaHHBIMU. B mpuBegeHHOM dopMaTe AeKaapalun
06001EeHHOT0 KJIacca BO3MOKHOCTD HacleAoBaHUA 0003Ha4YeHa KOHCTPYK-
nuel «basa_inacca»,

B cranaapre C# ansa 3HaKOMCTBa ¢ 0606IeHHBIMY KJ1accaMUu Tipeiara-
€TCS PACCMOTPETH MPUMEPHO TaKoe OObABIEHIE:

class Stack<ItemType>
{ // cmex Ona mobbix OQHHLIX
static int stackSize = 109; // npeCensHsuilli pasmep cmexa
private ItemType[] items = new ItemType[stackSize];
private int index = 8; // Homep cBobodHozo 3nemeHma
public void Push(ItemType data)
{ // nomecmume 8 cmek
if (index == stackSize)
throw new ApplicationException("CTek nepenonHeH!"};
items[index++] = data;
}
public ItemType Pop()
{ // B83amb u3 cmeka
if (index == @)
throw new ApplicationException("Crek nyct!™);
return items[--index];

}
}

OGbaRaeHUe BBOAUT 0600IIeHHEIHM Knace (¢ uMeHeM Stack) ana npeg-
CTABJAEHUA CTEKA, T. €, TaKOU CTPYKTYPH JaHHBIX, KOTOpasA MO3BOJAAET
3aMIOMUHATE [TOCIEAOBATENRHO MepeAaBAEMbIe el 3HAYEHUS U U3BAEKAThH
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VX B IOpsiAKe, 06paTHOM UX MOCTYIVIeHMIO. [TocTymalye B TaKOU CTeK 3Ha-
YeHUs 3aMIOMUHAIOTCA B OAHOMEPHOM MaccuBe U3 100 3/1eMeHTOB ¢ UMeHeM
(cepUIkoil) items. QcobeHHOCTL 0ODBABIEHUA 3TOTO MacCHBA B TOM, YTO THII
€ro 3JeMEHTOB ONpeAeadeT TUIIU3UPYIOIIUN mapaMeTp ¢ uMeHeM ltemType.
st paboTEL ¢ 3MeMeHTaMU cTeKa B 060OIEeHHOM Kiacce onpesieNieHbl Ba
Metoaa — Push() u Pop(). [lepBriii U3 HUX OAYYaeT Yepes napaMeTp HeKO-
TOpOE 3HAYeHHUE U JOKEeH MOMECTUTh €r0 B MACCUB, CBA3AHHBIN CO CChLI-
KoH items. Metoz Pop() H3BiaeKkaeT U3 MaccuBa MOCICIHUHN U3 MOCTYIINB-
IIMX TyZa 3JIEMEHTOB U BO3BPAIIAET ero 3HaYeHUe B TOUKY BrI3oBa. Camoe
Ba)XKHOE 3JeCh — UCIMOAB30OBAHUE THUIIM3UpYloLIero napaMerpa ItemType.
OH ompejenseT TUIl 31€MEeHTOB MAacCUBa, TUI napameTrpa metoaa Push()
¥ TMII BO3BpalllaeMoro MetoaoM Pop() 3HaueHHA.

OcHoBHasA ujed 0000IEHUH COCTOUT B TOM, 4TO AeKaapanus obobmen-
HOTO KJacca CIYKUT IabaoHOM AJA caMbIX pasHOoOpasHBIX yxKe He mapa-
METPU30BAHHBIX KJIACCOB, KOTOPHIE KOMIWJIATOP aBTOMATUYECKU CTPOMUT,
HCXOAs U3 JeKaapauuin o6061eHHOro K1acca ¥ UMEeKLUIUXCA B IporpaMme
KOHKPETHHIX «00paleHuil» K 3ToMH Jekaapanuu. KoHCTpyKIMA, KOTOPYIO
MBI VCJIOBHO Ha30BeM «0OpalleHHeM K ieKIapanau 0000IeHHOTo Kiiacca,
WMeeT BUJA:

UMA_0B06WERHOZ0_KAGCCA <CNUCOK_MUNUIUpyIouux_apeymenmos>

3JeCh KaXAblM TUMMM3UPYIOLUA apryMeHT — UMA KOHKPETHOrO THIIA,
KOTOPOE JO/KHO 3aMeHUTE B 00BABIeHUH 0600IIMeHHOTO KJIACCa BCE BXOXK-
JIeHUs1 COOTBETCTRYIOLIEr0 TUMMIUPYIOLero napaMerpa. COOTRETCTBHE
MEXAY TUNMUUPYIOIIUMU IIapaMeTpaMH B JeKaapalnu o6061eHHOro
KJacca U TUIMH3UPYIOIIUMUA apryMeHTaMu B oOpalleHUuH K HeMy YCTaHaB-
JINBAETCA 110 UX B3AUMHOMY PaCNONOKeHHUI0. 34eCh HUCIOAb3YeTCA Tpaau-
IMMOHHAA A obpaleHUuid K MetogaM, QyHKIHAM M [IpoleaypaM CXeMa
3aMellleHHna nmapaMeTpoB {(¢popMasibHBIX TapaMeTPOB) apryMeHTamMu (dak-
TUYECKUMU ITapaMeTpaMM).

Eciu B mporpamme, cogepxkalleit gekaapanuio o6o6leHHOTo Kaacca
Stack<ItemType>, ucnonar3oBaTh KoHCTpyKIUIio Stack <char>, To 370 BBO-
AUT CTIELMANTM3UPOBAaHHEIN (MHCTAaHIIUPOBAHHBIN, T. €. KOHKPETHLIN) THII,
MOPOXKAAeMbIH U3 AeKkaapanuu 0000meHHoTo Knacca Stack<ItemType>.
B 3TOM crneljHaJU3UpPOBAHHOM THIIE, KOTOPHIN CYLIECTBYET TOJABLKO IOCTe
KOMIMWIALUU NPOrpaMMbl, BCE BXOXKACHUA TUMH3UPYIOLIEro napamerpa
ItemType 3aMeHeHBI TUIIOM char. DieMeHTbI MacCHBA, CBA3AHHOIO CO CChLI-
KOH items, 6yayT nMmeTh Tl char, Mmetoa Pop() 6yaet Bo3BpamaThk CHMBOJIb-
HBle 3HaYeHus, mapametp meroaa Push() 6yzer cumMBoNBHOrO TUTIA.

na 00603HaYeHNA CNEeUNAIU3NPOBAHHOrC THNA cTangapT C# BBOAUT
TePMUH «CKOHCTPYHUPOBaHHEIM TUI» (constructed type). ViMeHa CKOHCTPYHU-
POBAHHBIX TUIIOB MOXKHO MCNOIL30BAThH KakK U OOLIMHEIE HMeHa HemapaMe-
TPU30BAaHHKIX KJIAaccOB. Hanpumep, Tak:

Stack<char> symbols = new Stack<char>(};
symbols.Push{'A');
char ch = symbols.Pop{(};
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B gaHHOM npuMepe cosaaH sK3eMIuap (06beKT) Kiaacca Stack<char>,
onpeleneHa U CBA3aHa ¢ 3THUM 00BeKTOM ccHIKa symbols ¢ Tunom
TOT'O JKe KJIacca. 3aTeM B CTeK IToMellleH CUMBOJ 'A' U ¢ TIOMOIIbIO MeToAA
Pop() 2TOT cCUMBOJ MOAYYEH (M3BACYEH) U3 CTEKA.,

TouyHO Tak e, Kak AJiA XpaHEHUA B CTEKe CMBOJbHBIX JAHHBIX OIpeje-
JeH xnacc Stack<char>, M0OXXHO BBOAUTEH CKOHCTPYUPOBAHHEIE THITHL AJIS
CTEKOB C 3/IeMEHTAMH JI0OBIX TUIIOB. ITO MOIYT OBIThH KaK NMpeonpeaeaeH-
HEIE THIIB A3BIKA, TAK U THIIBl, BBEACHHEIC IIporpaMMucToM. Hanpumep:

Stack<double>real = new Stack <double>(};
real.Push(3.141592);
double pi = real.Pop();

BBeas CKOHCTPYUPOBAHHBIN THI, MBI MOXKeM MCNOJIb30BaTh €ro TOJAbKO
A4 paboThl C TEMU JAHHBIMH, «Ha KOTOPEIE OH HAaCTpoeH». C y4eTOM Npeatl-
ayiero o0sABNeHus nepeMenHoi symbol caeayiomuii onepaTop HeBepeH:

symbols.Push(2.7171); // owubka Komnunayuu

B nexsaparniuu o6o011eHHOr0 Kjacca MOXKeT OBbITh HECKOIbKO TUITU3UPY-
IOIINX napaMeTpoB. OrpaHUyYeHUH Ha UX KOINYecTBO HeT. EcTecTBeHHOE
TpefoBaHWe — YMCI0 TUMU3IUPYIONIUX apTYMEHTOB JIOMKHO OHITL PAaBHO
KOJINYeCTBY TUMU3UPYIOIUX NapaMeTpoB B AeKnapanuy 0600IeHHOTo
Kyacca.

KaxapIit TUNU3UPYIOIWM NapaMeTp onpeZendeT UMA B MPOCTPAHCTBe
JeKJIapalyu CBOero Kiaacca. TakuM o0pazoM, UMsA TUMHU3UPYIOLIETo Napa-
MeTpa He MOXeT COBNaZaTh: C MMeHeM JPYroro TUIHU3HUPYIIIEero napaMe-
Tpa CBOEro ke Knacca, ¢ UMeHeM 0000IIeHHOro Kjaacca, ¢ UMeHeM WieHa
3TOTrO KJacca.

QO6sacTh CyIMEecTBOBAHMA TUIMAUPYIONIETO NapaMeTpa BKAYaeT Hasy
KJacca, OrpaHuYeHN TUIU3UPYIONIUMX TapaMeTpPoB U Teslo Kaacca. Tunu-
3UpYIOIIHe TapaMeTpPHl He pacIpOCTPaHAITCA Ha MPOU3BOZHBIE KIACCHL.
B obnacTu CymecTROBaHUA TUMH3UPYIOUINK MapaMeTp MOXHO HUCIIOIb30-
BaTh KaK UMA TUMA.

18.3. OrpaHnyeHNa TUNN3NUPYIOILKUX NAPaMETPoB

B npuBegeHHOM BHIe popmaTe 06baBAeHUS 000OIIeHHOrO KIacca yKa-
3aH OAWH BechMa BAXHBIU pa3sjes, KOTOPHU onpejesseT OrpaHUYeHuUs,
HakJaJblBaeMble Ha TUNM3UpYIOLNe apryMeHTH. OH HasBaH «o2paHuue-
HUA_munusupyowux_napamempos». PacCMOTpUM €ro HasHayeHHUe.

Bo MHorux cmyuadax 00006meHHbIN Kaace He TONBKO XPaHUT 3HAYEHUH,
TUIl KOTOPBIX ONpeJAeNeH TUMMHU3UPYIOINUM NapaMeTpoM, HO U BKIHYAET
cpeacrBa (OOBIYHO 3TO METOARI Kaacca WIH ero oObekToB) Aas obpa-
OOTKU 3THX 3HaueHUil. [IpeAmonoXKuUM, UTO B 3K3eMIUIsIpax (B 06beKTax)
CHeUaJAu3npPOBAHHEIX THIIOB, MOPOXJAacMHX O00OIEHHBEIM KJIaccoM
Stack<ItemType>, HYKHO XPaHUTh TOJbKO TAKUE JAHHHIE, /I KOTOPBIX
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BLITIOJIHAETCA OIlpeAeIeHHOe YCA0BHe, HCTUHHOCTE KOTOPOTO YCTaHABANBA-
erca ¢ nomoupbio Metoga CompareTo(). [IpoBepKy aTOro ycaoBUA MOXKHO
BBIIOMHATE B MeTofe Push(), onpeaenus ero, HampuMmep, TakKUM o0pa3om:

public void Push (ItemType data)

{
if ({(IComparable)data).CompareTo(default(ItemType)<d)...

return;

}

B tene meroga Push() 3nauenmne mapamerpa data npuBOAUTCA K 3Ha-
JeHuio Tuna naTepdeiica IComparable, ToABKO MOC/AE 3TOTO K PE3YALTATY
MPUBEAeHNA MOXHO OyJeT mpuMeHuTh MeTo CompareTo(), creruduiiu-
poBaHHBIM B uHTepdeiice IComparable. OToT unTepdeiic onpegened B po-
CTpaHCTBe System U MpegHasHa4yeH A cpaBHeHUA 00beKToB. Jeknapauns
uHrepderica:

intemface IComparable

{
}

Kak Buaute, uHTEpdelc COAEPKUT IPOTOTUI TOABKO OJAHOTO METOAA
CompareTo(). HasHaueHUe MeTOAa — cpaBHUBATh 3HaUeHUe TOTO 0OLEKTa,
K KOTOPOMY OH MpUMeHeH (474 KOTOPOTO BBI3BAH 3TOT METOZ), CO 3Have-
HUeM OOBEKTA-apryMeHTa. ITOT apryMeHT 3aMeHsIeT NapaMeTp P, TUIIOM
KOTOPOTO CAY:KUT Kjaacc object. Tak kax object — o61uii 6a30BHI KaacCe
Ans kaaccoB 6ubnuoTtek U nporpaMM Ha C#, TO apryMeEHT MOXKET UMETh
mobon tun. IipeanmonaraeTcs, YTO NEAOYUCICHHBIN pe3y/IbsTaT, BO3Bpalla-
eMbIii MeToloM CompareTo(), yI0BAeTBOPSET CASAYIONIUM COTVIAIeHUAM.

Pesynvmam MmeHbuie Hyasl, €CN BBI3BIBAKOIIMN 0O0BeKT HY)KHO CUMTATh
MeHBIIUM, HeXelU 00BbeKT-IIapaMerp.

Pezynomam 6onbule HyA, €CIU BHI3BIBAIOMINN OOBEKT HY)KHO CHMTATD
OONBIIAM, HeXkenu 00heKT-TTapaMeTp.

Pesynbmam paseH HYi0, eC/IU BRI3BIBAIONIUN OOBEKT HYXHO CUMTATH
paBHEIM OOBeKTy-IapaMeTpy.

B meroae Push() mpu obpamennuu k Merogy CompareTo() B KauecTse
apryMeHTa HUCIOJb30BaHO ocoboe BEHIpa)keHUe MexaHu3Ma o06o0ieHUui
default(ItemType). Pe3ynbTaT ero BRIYUCAEHUA — MPUHATOE O YMOTIaHUIO
3HaYeHHe TOTO TUIIA, KOTOPHIN Oy/IeT 3aMelaTh THIIU3UPYIOIIUHM TapaMeTp
ItemType opu co3ZiaHUU cIeMANU3anuy (MHCTAHLIMPOBAHUHM, KOHKPETHU3a-
LuM) 0bobumeHHoro knacea Stack< >.

[Tocae Takoro usMeHeHusa Mertoga Push() Ha ocHoBe 06061eHHOrO
knacca Stack<ItemType> MOXHO c0O3/aBaTh CKOHCTPYHPOBAHHEIC THUIIH,
VCIIONB3YA TONBKO TUIU3UPYIOUMIVE APTYMEHTHI, KJIacChl KOTOPBIX peanu3o-
Baysu uHTepderic IComparable. [peponpeaeneHHble TUTIH sA3bIKa C#, Takue
Kak, HanpuMep, int (System.Int32) unu double (System.Double) peanu-
3yioT uHTepdelic IComparable. Ilpu Apyrux TUMUANPYIOWIUX apryMeHTaX

int CompareTo (object p);
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Ha 3Talle MCIOAHEHUs MIpOoTpaMMbl OVAeT reHepUpOBaThCA UCKIIOUEHUE
InvalidCastException. Camoe I/1aBHOE U IJIOXO€ — JAOMNYINeHHad omunbKa
B HCIOJb30BAHUM HEBEPHOTO THUMHU3UPYIOLIEro aprymeHTa He 6ygeT pac-
MO3HABATHCA HA dTale KOMIWIALUHA.

KoMTmasiTop CMOXXeT uAeHTUGUITMPOBATh HEBEPHOE 33/laHUe TUTTU3UDPY-
IOLIUX APTYMEHTOB TOMBKO B TOM C/y4ae, ecJIM B AeKIapaluio o6061eHHOro
KJIacca BKAIOUUTL TaK Ha3BIBaeMBIN cnucox ozparuuenuil (list of constaints)
MUNUBUPYIOWUX NAPAMEMpPOs.

OJIeMeHT 3TOr'0 CITHCKa UMeeT BUA:

where uwMA_munusupyiuezo_napamempa: CnRUCOK_ozpaHuyderud

3aech where — KOHTEKCTHO-3aBUCUMOE ClIy)KeOHoe cnoBo a3blka C#,
3a HUM CJeAyeT UMs TOTO TUIU3HUPYIOUIEro napamerpa o6obImeHHOro
KJacca, AJd KOTOpOTo BBOAATCA orpaHudeHuA. CIIUCOK AOIYCTUMBIX OTpa-
HUYCHUM IIpeAcTaBaAeT co0O0l CMCOK YCIOBHEIX 0003HAYeHUHN TexX orpa-
HAYEeHWUN, KOTOPble HAKIAJBIBAKTCH Ha TUMMH3UPYIONIHE apTyMEHTHI, KOTO-
pBle 3aMEeHAIOT COOTBETCTRYIOIUM TUMH3NPYIOWNHI mapameTp. Beck Habop
YCJIOBHBIX 0003Ha4Ye€HUM OrpaHUYeHUd pacCMOTPHUM II03XKe, a celdac Bep-
HeMCsl K IPUMeDY.

B HamreM npumepe €o CTEKOM, IIOMEINATh B KOTOPBIA MOXKHO TOJIBKO 3Ha-
YeHUs, TUN KOTOPHIX AONycKaeT nmpuMeHeHne Metoaa CompareTo(), 0606-
LIeHHBIN KJIaCC MOYKHO OIPeAeNNTh TaK:

public class Stack<ItemType>
where ItemType : IComparable

{
private ItemType[] item = new ItemType[168];

public void Push(ItemType data)

{
if (data.CompareTo{(default{ItemType}) < @) return;

}
public ItemType Pop{() {...}

}

Ha ocHoBe Takoi Aeknapaiiuu o6006IeHHOT0 KIacca KOMIWIATOp 6yaeT
NpOBEpPATh BCE ClIeLMAJN3alNN U cooO1aTe 06 omubKe B KaXKIOM CIy-
Jae, KOrZa TUIHU3UPYIONTUHA apTyMeHT He ABJAeTCs KJIaccoM, peaan3oBaB-
mwuM uHTepdeiic IComparable. ObpatuTe BHUMaHUe, YTO Telepb B MeTole
Push() Het (#e TpebyeTca) npuBeJeHVA TUIA lapaMeTpa K TUITY UHTEP-
¢eiica IComparable.

B gannom npumepe 0600IIeHHOrO CTeKa TONbKO OAWH TUMU3UPYIOIINHI
riapaMeTp M AJA Hero BBeJeHO TOABKO OJHO OTPaHUYEHUE — COOTBETCTBY-
IOUMH TUIU3NPYIOUIUN apryMeHT Ao/DKeH ObITh UMeHeM KJlacca, peaalu3o-
BaBIEro KOHKpeTHHIH nHTepdetic IComparable.

B 06006meHny MOXeT OBITh HeCKOAbKO THUNMUIUPYIOIIMX NapaMeTpoB
¥ AJIA KaXKAOT0 U3 HUX MOXET OBITh YKa3aHO CBOE OIpPaHUYeHe, BBOAUMOE
KOHTEKCTHO-3aBUCUMBIM CI0BOM where. B To ke BpeMs A1 OAHOrO mapa-
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MeTpa B OJHOM chucke where MOXXHO yKa3aTh HECKOJIBKO BU/IOB OTPaHU-
YeHUI.

Takum obpasom, Mpu omnpesereHu 0000IIEHHOT0 KIacca MOXHO yKa-
3aTh OTPAHUYEHUA, KOTOPHIM ZIOJDKHBI COOTBETCTBOBATh TUMU3UPYIOIIHE
apryMeHTHl IPU UHCTAaHUMPOBAaHUM KOHKpeTHOro kjacca. Eciu B mpo-
rpaMMe c/leJlaHa TOMBITKa CGOPMUPOBATH CIIEIUANIU3AIUI0 0000IIeHHOTO
KJIacca C UCTOMb30BAHUEM THUIM3UPYIOUIUX apryMEeHTOB, KOTOPbIe He COOT-
BETCTBYIOT 33/[aHHBIM OI'PAaHUYEHUAM, TO PE3yJAbTaTOM OyZeT OImmbKa KOM-
TMIALN.

OmnpeienieHbl IeCTh BUJOB OTPAaHUYEeHUN TUIIM3UPYIOUIUX ITapaMeTpPOB:

* where T: struct — TUMM3UPYIOMUN apryMEHT AOKEH OBITH TUIIOM
3HAYEeHU;

* where T: class — TUNMU3UPYOIMUI apryMeHT J0KEeH OBITH TUIIOM
ccbUTOK. CCBUIKY MOTYT OTHOCHUTBCS K JIFOOBIM KJlaccaM, UHTepdeticam, aese-
raTtam ¥ TUIIaM MacCUBOB,

* where T: umsa_unmepgeiica — TUNUIUPYIOMIUN apryMeHT A0/KeH
OBITH TUTIOM, PEATU30BABIINM YKa3aHHbBIN UHTepdelic;

* where T: new() — TUNU3UPYIOUIVI apTYMeHT AOKEH UMeTh KOH-
cTpykTop 6e3 mapamerpoB. Korzga st 0fHOTO TUNHU3UPYIOIIETO MTapaMe-
Tpa UCIOJIb3yeTCs HECKOJbKO OTpaHWYeHNM, orpaHuiyeHre new() B CIIMCKe
JIOJDKHO OBITDH ITOC/IEHUM;

* where T: umsa_knacca — TUNMU3UPYIOUUN apTyYMEHT J0JDKEH OBIThH
60 yKa3zaHHBIM KJIACCOM, JIMOO KJIaCcCOM, IIPOU3BOAHBIM OT HETO;

* where T: U, rae U — Tunmu3upymomuii mapamerp o6o6ienus. Ipu
TaKOM OTPAHUYEHUWU IO/CTaBJIsIeMbIii BMecTO apaMmeTrpa T TUMU3UPYIO-
U apryMeHT JoKeH ObITh 1060 TeM XKe apryMeHTOM, KOTOpHIH 3aMe-
HsAeT mapametp U, mubo gomkeH ObITh UMeHeM pousBoaHoro ot U kiiacca.
OTOT BUZ OrpaHUYEHUA HA3bIBAIOT 02PAHUUEHUEM C NOMOWbIO I8H020 MUna
(naked type constraint).

Cnucok orpaHUYEeHUN TUMU3UPYIOMINX ITapaMeTPOB MO3BOJISET KOMITH-
JIATOPY YZAOCTOBEPUTHLCS, UTO OMEPAIMU U METOABI B Teje 0600I1IeHHOTO
KJIacca AOIMMyCTUMBI IIPU TeX TUIIU3UPYIOMNX apTyMeHTaX, KOTOpble OyayT
MIPUMEHSATHCS MIPU CO3AaHUU CIlelThaIu3anuii 060061IeHHOro Kiacca.

Tunusupyrolye mapaMmeTpsl, A1 KOTOPHIX OIPaHUYEHUs He YKa3aHBbI,
Ha3bIBAIOT CBOOOAHBIMU (unbounded) TUTU3UPYIONIMMHU TTapaMeTpamu. s
TaKUX TTapaMeTpoB TpebyeTcs coboZieHre CeAyIonX TpeOOBaHMH:

* omepanuu !|= U == HeJb3s UCIOIb30BaTh, TAK KaK HET YBEPEHHO-
CTH, YTO KOHKPETHbIE TUITU3UPYIOIINE apTyMEHTHI OYAYT MOAAEP>KUBATh 3TU
oreparuu;

* OHU JIOIYCKaIOT IpHBeJeHue K Tuiy System.Object win BhIBeZieHbI
13 3TOTO TUIIA;

* OHU MOTYT BHO IIPUBOJAUTHCA K HEKOTOPOMY HUHTepbeliCHOMY THUITY;

* X MOXHO CpaBHHMBATh co 3HadyeHreM null. Korga cBo6oaHbIN THITH-
3UPYIOUIUI MTapaMeTp CpaBHUBAeTCs co 3HayeHreM null, To pesynbrar cpas-
HeHusd Bcerza false, eciu TUMIU3UPYIOMINI apryMeHT ABJIsAETCA TUIIOM 3Ha-
YeHUH.
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3ajgaHue orpaHuyeHUN C MOMOIIbIO ABHOIC YKa3aHUA TUMa MOJE3HO
B TeX CJIydanx, KOorJa WwieH 0000I1meHHOTo Kaacca UMeeT COOCTBEHHBIN THITH-
3UPYIOIIMI TapaMeTp, U HeOOXOAUMO, YTOOBI 3TOT HapaMeTp COOTBETCTBO-
BaJl THIIU3UPYIOUIEMY MapaMeTpy o6obmeHHoro knacca. [IpuMep uz MSDN:

class List <T»>

{
}

void Add<U> {(List< U > item) where U:T {...}

B nanHOoM npumepe 0600mieHHbIH knace List <T>> BrIouaeT B Ka4ecTBe
yieHa o6obmennbiii Metod Add<U> (06061LeHHEIM METOJAM MOCBALIEH
nanee naparpad 18.6). Jna Tunuzupyoniero napamerpa U orpaHUYeHue
3aJaHO ¢ MOMOIIbIO YKa3aHus siBHoro Tumna T. TakuM obpa3zoM, T — orpaHu-
deHue (3aJaHHOe YKazaHUeM ABHOrO Tuma) B obobmennoM metoge Add().
B To ke Bpema T B koHTeKcTe 06bABAEHNA 0006IeHHOro Kiaacca List <T>
ABAACTCA CBOOOIHBIM TUIIU3UPYIOIIUM NapaMEeTPOM.

OrpanuyeHue ¢ MOMOIIBI0 YKa3aHUA ABHOTO TUIA MOXET HEmocpe/-
CTBEHHO UCIOJAb30BAaThCA B 00DBABIeHUU 0606IIeHHOro Kiaacca. Ilpumep
u3 MSDN:

class SampleClass<T,U,V> where T:V {}

B nanHoM nmpumepe TpebyeTcs, 4TOOB apryMeHT, 3aMeHAIoNUi napa-
MeTp T, OBLT TUIIOM, 3aMeHAIINM ITapaMeTp V, 1160 MpON3BOAHEIM OT HEro
TUIIOM.

[ToyIe3HOCTh OTPAHUYEHUHN ABHBIM TUIIOM B OOBABACHUAX 000OIEHHEIX
KJ1accoB Haubosiee BeNUKA B TEX CIy4YagxX, KOr/a HeoBXoAMMO MOAYEPKHYTh
OTHOLIEHUE HAC/ACAOBAHUA MEXAY ABYMA THIIU3UPYIOIIUMY MapaMeTpaMH.

IlepeyuCAeHHbIE BUAB OTPAHHUYEHUY HEPABHO3HAYHEBL. [lepBUYHBIMU
OTpaHMYeHUAMU ABIAIOTCA uMA_Kadcca, class u struct.

BTopuuHble orpanudeHus; umA_unmepdelica, munusupyrowuil_napa-
Memp (OorpaHuveHNE C TIOMOIIBIO YKa3aHUA SBHOTO THUIIA).

OrpaHUYEHUA TPEThEro ypoBHA: new().

MMeHHO B TakOM NopAjKe (mepsoe, BTOpOE, TPeThe) OrpaHU4YeHUA
MOTYT BXOJUTH B CIIMCOK where 7151 0AHOTO KOHKPETHOI'O TUITU3UDYIOLIETO
napaMeTpa. [Ipu 9TOM TepBUYHOE OTpaHNYEHUE MOXKET OBITh TOMBKO OAHO,
YHCJIO BTOPUYHBIX OTPAHHUYEHHUU MOXeT OBITh J0OBIM U OrpaHuYeHUe Tpe-
THETO YPOBHA, T. €. New(), MoKeT ObITh TONBKO 0aHO. OrpaHU4YeHuA B CIIU-
cke where oTaensOTCA APYT OT Apyra 3amATHIMU. OTpaHUYEHUST PA3HBIX
napameTpoB (OTAeNbHbBle CUCKU where) HUKaK He pazensioTcs (06bIMHO
UX paszeieHue 0003HayaeTcs NpoOebHBIMU CUMBOJIAMU).

[Ipu orpaHUYeHUH B BUZIe MMEHH KJIacca:

* 9TOT KJIACC He JOKeH OhITh 3amedaTaH (sealed);

* OH He MOXeT UMeTh TUI: Array, Delegate, Enum, 1 He MOXKeT OHITH
TUIIOM 3HaueHUN (Value Type);

* OH He MOXET UMETh TUII object.
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[TprumMepr! 06BABIEHUI C OTpaHUYEHWAMU TUTM3UPYIOIUX NTapaMeTPOB:

class MyClass < T > where T: class...
class newClass <T, F> where T: Stream
where F:IComparable <int>, new()...

18.4. 06061 EeHHbIC CTPYKTYPBI

[IpaBuna OOBABACHUA U HUCIOAL3OBAHUA OOOOLIEHHBIX CTPYKTYP
HE OTIHYAKOTCA OT IpaBuia A41A 0600IMeHHEX KiaaccoB. Jua o60bIeHHEIX
CTPYKTYP TMIU3UPYWIIUE ITapaMeTpbl YKAa3bIBAIOTCA B YIVIOBHIX CKOOKax
BCJEJ 33 UMEeHEeM CTPYKTYPHOro TUIa. s TUMHAUPYIOUIUX MapaMeTpPOB
MOTYT OBITH YKAa3aHEI OTPaHUYEHUA, a MpaBwia OOBABICHUA OrpaHUYCHUN
TE XKe, YTO M AJIS KJIACCOB.

Tak KaK y 0006MEHHBIX CTPYKTYP MHOrO 061ero ¢ o6o61eHHEIMA KIac-
CaMH, TO PaCCMOTPUM 37eCh TOMBLKO T€ MPABIIA, O KOTOPHIX He TOBOPUIOCH
B CBA3HU C KJlaccaMH (XOTs1 3TU ITpaBiia 0OLIUe U AJIA KJIACCOB, U JJ1A CTPYKTYP).

HauHeM ¢ Toro, 4To 0606IIeHUs U KJIACCOB, U CTPYKTYP AOIYCKAIOT hepe-
epy3ky. OCHOBOI1 NeperpysKH ABMIAETCS KOAMYECTBO TUITU3UPYIOLIUX Mapa-
METPOB B 0OBABAEHUH OJHOUMEHHBIX THITIOB, [Ipr ieperpyske 06001IeHHEBIX
TUIOB KOHKPETHBII TUII OTIpeesieTcs [0 YUCTY apTyMeHTOB, UCIIONIb30BaH-
HBIX TPV MHCTAHLIMPOBAHUMU. [IpuMep neperpysku 0600IeHHBIX CTPYKTYP:

struct Element<D>

{
s

struct Element<E, R>

{

public D memb;

public E membl;
public R memb2;

}

B aaHHOM ciyyae ABa OTKPBITBIX TUNA {ABa 0006IIEHHBIX CTPYKTYPHBIX
THITA) UMEIOT OJUHAKOBEIE UMEHA, HO Pa3HOE KOIUYECTBO TUITM3UPYIONHAX
napameTpoB. FIMeHa 2TUX napaMeTpoB He UMET 3HA4YEHHUA IIpH Iiepe-
rpy3ke. HeBO3MOXHO OOBABUTE B TOM K€ IIPOCTPAHCTBE UMEH, HAPUMED,
0600IIeHHYIO CTPYKTYPY ¢ 3arogoBKoM struct Element<T, F>.,

O600111eHHEI THIT HA3BIBAIOT OTKPBITEIM TUIIOM, & CKOHCTPYUPOBaHHEIN
Ha ero OCHOBE IMOJHOCThIO CelMGULIMPOBAHHEINM TUIl — 3aKPBITHIM, MOJ-
4epKHBas, YTO Ha OCHOBE 3TOI'0 CKOHCTPYUPOBAHHOTO THUNA y)Ke Helb3d
OOBABAATD APYTUeE TUIILL

Ilpumep nepeMeHHOH M 3K3€MIUIAPa CTPYKTYPHI 3aKPBITOTO THIIA:

Element<int> ded = new Element<int>();
Console.WritelLine("ded.memb = " + ded.memb);

Pe3yarTaT BHIIOJAHEHUA:
ded.memb = ©
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Kak Bcerza 1o yMOMYaHMIO WIEHHl CTPYKTYP UHULUAIUSUPYIOTCS yMal-
YMBaeMbIMU 3HAaUeHUSAMH COOTBETCTBYIOIIUX TUIIOB. B HameMm mpumepe
L[eZIOYHUCAEHHOE TI0Ne CTPYKTYPH PaBHO HYJIIO.

Crneayer OTMETHUTD, YTO 060OIMEeHHbIN TUII U OAHOUMEHHBIHA ¢ HUM pery-
JISIPHBIN TUI CYUTAIOTCA PA3HEIMH THIaMu. Hanpumep, Hapsiay ¢ 06001eH-
HBIM KyaccoM Example<U> B Toll ke mporpaMMe MOXKHO JeKJIapUpOoBaTh
TAKOU peryJApHHIil Kiacc:

public class Example {}

3TO He TPUBEJET K OIMUOOYHOU CUTYaIUN.

O6o061eHHEIe TUITBI MOTYT BKJIIOYATH Cramuyeckue wieHsl, B aTux ciy-
Jasax KaKAbIM cTaTHYeCKUN WieH o000LEHHOTo THIIA IPU CO3/JaHUU CKOH-
CTPYWPOBAHHEIX THUIOB «Pa3MHOXKAETCA», T. €. KOKAOMY 3aKPHITOMY TUIY
NPHUHAAACKAT CBOH SK3EMIUIAP CTATHYECKOI'0 WieHa 0000MeHHoro TUIa.
[Tpumep 06OCLUICEHHOTO TUIIA CTPYKTYP CO CTATUYECKUM WieHOM (IIpo-
rpamMma 18 _02.cs):

using System;
struct Memb<T>
{
public static int count;
public T data;
public Memb(T d)
{
data = d;
count++;
}
}
class Program

{

static void Main()
{
Memb<char> mcl = new Memb<char>('Z');
Memb<char> mc2 = new Memb<char>('F');
Memb<byte> mb = new Memb<byte>(12);
Console.WritelLine("Memb<char>.count
Memb<char>.count);
Console.WriteLine("“Memb<byte>.count
Memb<byte>. count);
}

1}
+

n
+

}

PESYJIbTaTbl BBIITIOJJHECHHA TTIpOT'paMMBI:

2
1

Memb<char>.count
Memb<byte>.count

B 06001IeHHBIN CTPYKTYPHEIA TUTT Memb<T> BXOAUT CUETINK DKIEM-
mwisApos public static int count;. [To yMon4aHui0 OH UHALUAIU3UPYETCA
Hy/leBBIM 3HadeHHeM. [Tpu KaxaoM ofpalieHnH K KOHCTPYKTOPY 3HAUeHUE
cYeTYHKa yBeaudusaeTcd Ha 1. Tun mona ZaHHHX data ¥ TUI apaMeTpa
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KOHCTPYKTOpa OIpeAe/sIIoTeA TUNN3UPYIOLUIMM ITIapaMeTpoM 000061eHHOH
CTPYKTYPHI, T. €. 3aBUCHT OT TUITU3UPYICLIETO apryMeHTa. B 0CHOBHOM Mpo-
rpaMMe co3/laHkl ABa 00bekTa cTpyKTypel Memb <char> u oaun sx3em-
wiAp tTuna Memb<byte>>. Pe3ynbTaThl BHIIOJIHEHUA TPOTPaMMBbl WLIIO-
CTPUPYIOT MPABWIO «Pa3MHOXEHHI» CTATUYECKUX WIEHOB 0000IEeHHbBIX
TUIOB. CTaTUYeCKU WieH IPUHaAJIeXKNUT He 0600LUIeHHOMY TUITY, a B KaX-
ABIA U3 CKOHCTPYUPORBAHHBIX HA €r0 OCHOBE TUIIOR BXOJAUT CBOH COOCTBEH-
HBIM cTaTdeckuii wieH (OH B CBOIO ouepeab MOXKeT OBITh TapaMeTpU30BaH
TUNU3UPYIOMIUM [TapaMeTpPOM, HO 3TO He II0Ka3aHO B IPUBEAEHHOM IIPU-
Mepe).

B kauecTBe npumepa 060OIIEHHOTO CTPYKTYPHOT'O TUIIA CO CTaTHUYe-
CKUMU MeTOJaMM PacCMOTPHUM TaKyIO MPOTpaMMy:

// 18 83
using System;
struct GenStr<T, V>

{
static GenStr()

{ // cmamuveckuili KoHcmpykmop
Console.Write("{@}+{1}", typeof(T).Name, typeof(V).Name);
}

public static void method() { } // cmamudecxkul memod

}

class Program

{

static void Main()

{

GenStr<string, int>.method();

}
}

B 0600611eHHOM CTPYKTYpHOM Tulle GenStr<T, V> 00BABNEHE cTaTUYe-
CKMI KOHCTPYKTOP U cTaTuvecKuiit Metoa method(), He uMerolnii mapame-
TPOB U «HUYEro He AeJalolivii». B OCHOBHOU NporpaMMe KOHCTPyUPYyeTCA
3aKPHITHINA CTPYKTYPHBIN THI GenStr< string, int> ¥ 719 HETO BBIIIOJIHAECTCA
obpanieHue K crarudeckomy Metoay method(). Tem caMbIM HESBHO BBI3HI-
BaeTCA CTATUYIECKUN KOHCTPYKTOP, B TeJie KOTOPOTO BBIBOJAATCA Ha3BaHUA
TUIIOB, UCTIOIb30BAHHBIX B KAYECTBE TUIIM3UPYIOLUIMX apTYMEHTOB IPU 00b-
ABJCHUU 3aKPHITOTO CTPYKTYPHOrO THMNA. Pe3ysbTaThl BHIIOJIHEHUA IIPO-
TPaMMEL;

String+Int32

ITpu sroxcertu 06061EHHBIX TUTIOB PEKOMEHAYETCA A1 THIN3UPYIOIINX
napaMeTpPOB BHEIIHEro M BIOKEHHOTO 0606IIeHHBIX TUIIOB HCIOIB30BATh
pasHble UAeHTUPUKATOPEL. [IpeanonoxxuM obpaTHoe, T. €, OGBABUM TaKyIO
0O00LIEHHYIO CTPYKTYPY, B TeJe KOTOpoM o0bABIeHa Apyrad 0bob1eHHasA
CTPYKTYpa C TEM XX€ UMEHEM THITH3UPYIOUIETO TapaMeTpa:

struct Memb<T>

{
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struct into<T>
{
T field;

}
}

O6baBNeHNe KOPPEKTHO, HO IIPH CO34AaHWU 3aKPHITOTO TUNA, HallpU-
Mep, Memb<int>, B1OXeHHAA CTPYKTYpa IIPOAOMKAET UMETh OTKPBITBII
Tun into<T>, u koukpeTtHbId THN noaA field ocTaeTcs, mo kpatineii Mepe,
HENIOHATHEIM. B cieAyromeM npuMepe IoKa3aHO KOPPeKTHOe 00bABICHHUE
BIOKEHHBIX 0O0BIEHHBIX CTPYKTYD:

struct Memb<T>

{

struct into<U>»

{
T field1l;

U field2;
}
}

Tunusupyomuii mapaMmerp T BHelIHero 06061eHHOTO TUMA AOCTYIIEH
U B HEM, M BO BJIOKEHHOM TuIle. B To ke BpeMA napametp U ZOCTyIeH
TOJIBKO BO BAOXKEHHOM 006061eHHOM THITe. [Ipy TakoM 0OBABACHUN 3aKPHI-
ThIN TUTT Memb<int> onpeaendet tun nond field1, Ho ocTaBaseT 0GobIEeH-
HOH CTPYKTYpY into<U> u He BauseT Ha Tl nousd field2.

18.5. 060611eHHbIe UHTEpdeiicbl

HanoMmHuM, uTo wieHaMu HHTepdetica MOTYT OBITh IIPOTOTUNE METOAOB,
CBOMCTB, MHAEKCATOPOB, cOOBTUI. B 06001eHHOM uHTepdeiice TUIIN3UPY-
I011e TapaMeTPhl ONPEAEAAIOT TUIIB BO3BpAllaeMbIX 3HAYeHWH U mapa-
METPOB WIeHOB UHTepdelica. Kak U A/1A KJIaCCOB U CTPYKTYP, IPU3HAKOM
06061IeHHOrO HHTEpdeEica ABATETCA CIHCOK TUMM3UPYIONIUX [IapaMeTPOB
B ero o0baBaeHun. TUMM3UPYIOIIUE MapaMeTphl — 3TO NAeHTUUKATOPEL,
pazJesieHHBle 3alIATEIMU 1 IOMEICHHBIC B YIVIOBBIE CKOOKU. [IpumMep:

public interface IExample<T>

{ // obobwernruil uHmeppedc
char this[T index] {get; set;} // npomomun uHndexcamopa
int add(T x, T y); // npomomun memoda

}

B obobmennom nnTepdetice IExample <T> oAuH THIU3APYIOIAN Napa-
MeTp. OH crnenudUIMpyeT THIT TapaMeTpa MPOTOTUIIA UHAEKCATOPa, a JJis
IIPOTOTHIIA METO/IA — OTIPEAEAET TUIIBI TAPAMETPOB.

O06061eHHbII UHTepdelic MOXKeT OBITh peaTU30BaH KaK 0600LIeHHEIM,
TaK U peryIapHBIM THIIOM. IIpuMep peanusauun o6obiieHHOro HHTepdeiica
000DIIEHHBIM KJIACCOM:
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// peanusauun obobUEHHHM KAAGCCOM
class real<lU»> :; IExample<l>

{
public char this[U r]

{
get {return r.ToString()[0];}

set{}
}
public int add(U a, U b)
{return a.GetHashCode() + b.GetHashCode();}

}

B peanusanum MHACKCATOP BO3BpalllaeT IIEPBBHIA CHMBOJ CTPOKOBOTO
MpeACTABNIEHNS UHAEKCA, UCTIOMb30BAHHOTO NPpU 0OpanieHu K UHAEKCA-
TOpy. B KadecTBe peanu3aluy akceccopa set MCIOMAb30BaHA «3aIMyIIKa».
Peanuzanua metroga add(U a, U b) BHIIIOAHsIET CYMMUPOBaHUE XeII-KOAOB
aprymeHToB. Tak kak MeToAHl ToString() 1 GetHashCode() npucymu scem
KiaccaM Asbika C#, To B 06baBIeHUe 00600IeHHOro Kiacca He moTpeboBa-
JIOCh BKJTIOUATh OTpaHUYEHUA Ha TUTTU3UPYIONIUHA ITapaMeTp.

IIpuMmeHeHne 06006mIeHHOTO Kaacca real <U> WLIIOCTPUPYET CleAyIO-
1WA KOA:

class Program

{

static void Main()

{

var templ = new real<int>();

var temp2 = new real<byte>();
Console.WriteLine{templ[655]);
Console.WritelLine(templ.add(958, 6));
Console.Writeline(temp2[155]);
Console.WriteLine(temp2.add(34, 6)};

}
}

PESYJIbTaTbI BBIIIOAHCHHUA ITPpOrpaMMBbIl:

6
956
1
44

Pery/sipHBIA THN (KTace WIN CTPYKTYpPa) MOKeT pealu30BaTh HECKOIbKO
cnenuanusanuii uHTepdelicop, CKOHCTPYUPOBAHHEIX HAa OCHOBE OJHOTO
obobmenHoro unTepdeiica. ObUHe NPUHIUIEL TOr0 MeXaHHU3Ma WIIIO-
CTPUPYET CASAYIOMUN KO/ ¢ TPUBHAMBHEIMU PEATH3AIUAME WIEHOB UHTEP-
(delicoB:

struct Realization : IExample<string>, IExample<double>

{
public char this[string st]

{ get { return '#'; } set { } }
public int add(string s1, string s2)
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{ return -135; }
public char this[double d]
{ get { return (char)d; } set { } }
public int add(double d1, double d2)
{ return (int)(d1 - d2); }

}

B maHHOM ciyvae peryasipHas CTPYKTypa struct Realization peanusyet
ABa VHTepderca, CKOHCTPYHMPOBAHHBIX Ha OCHOBe 0GODIIEHHOTO UHTEp-
detica IExample<T>. [Ipu Takol peaausanuu B CTPYKTYPE CO3AAIOTCA TIepe-
rpy:keHHble MeTozbl add() u meperpyxeHHBIe UHAEKCATOPEL. B ciegyomeM
PpparMeHTe KOJa CO3/IaeTCA OFMH SK3eMIUID CTPYKTYPH Realization u ga
Hero ¢ apryMeHTaMH pa3HbIX TUIIOB BEI3bIBaloTCs MeToZ add() u mHzekcarop.

static void Main()

{

Realization exemplar = new Realization{();
Console.WriteLine(exemplar.add{(5.6, 3.3));
Censole.WriteLine(exemplar.add{"123", "abc"));
Console.WriteLine(exemplar[5.6]);
Console.WriteLine(exemplar["screb™]);

}

B KOHCO/MBHOE OKHO BEIBOAATCA JIeAYiolTue 3Ha4YcHHA.

2
-135
*
#

[Ipu peamuzanuu 0606meHHOT0 HHTEPdetica 0006IeHHBIM TUIIOM HEe00-
XOAUMO CA€JUTh, YTOOBl HE MOABIAMNCH TaKUE KOMOWHAIUU TUITU3UPYIO-
IIUX APTYMEHTOB, KOTOPBIE IPUBEAYT K AyOIUpOBaHMIO UHTepdelica B 3ITOM
THUIIE.

[IpumMep 3aroaoBKa, KOTOPHIH BBI3SOBET OIIMOKY KOMITMIALMU:

public class Example<H> : IExample<char>, IExample<H>

B 3TOM Kjacce mpeAsaraeTcsa peaau3oBaTh CKOHCTPYHMPOBAHHBINA THII
(unrepdetic) IExample <char> u 06061meHHbIT nHTepdeiic [Example <H>
¢ TUMU3UPYIOIWUM NapaMerpoM H. Eciu Ipu UHCTAHUUPOBAHMM KJaacca
Example<H> BmecTo mapamerpa H 6yaeT noacrasaen apryment char, Boz-
HUKHET KOHQIVKT, TaK KaK KJIacc AQDKEH OyAeT pealru30BHEBATH IBa OAUHA-
KOBHIX HHTepdeiica, 9TO HEBO3MOXKHO.

18.6. 0606LeHHbIE MeTObI

O600MmMeHHBIMHA MOTYT OBITH OOBABNEHBI HE TOMBKO TUIHI {KJAACC, CTPYK-
Typa, uHTepdeiic, Jeaerar), HO U METO/H], T. €. OAUH U3 BH/IOB WIEHOB THITOB.
Cpasy ke OTMEeTHUM, YTO Cpeau BCeX WICHOB THUIIOB 00001IeHNa BO3MOXHEI
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TOMBKO 4151 MeToZ0B. HegomycTUMEl 060611ieHUs CBOMCTB, HHAEKCATOPOR,
TeperpyXeHHEX ONepalui, AeCTPYKTOPOBR. Cpeau TUIIOB HEAOITYCTUMBI
060011eHNA NepeunucaeHn U cOOBITUH.

HTak, B OTAHYUE OT APYTUX 00001IeHHI MeTOAb ABIAIOTCA He TUIIaMU,
a wieHaMu TANOB. QB06LEHHBIMH MOTYT OBITE OObABAEHBl METOABI: KIAC-
COB, CTPYKTYPHEIX TUIIOB U HHTepdeiicoB. MoxHO co3gaBaTh 0606LIeH-
HBIe METOALI SK3eMILIAPOB U CTaTUYeCcKUe MEeTOAR!, BUPTyaJIbHble MeTOALI
U aberpakTHbie MeToAbl. O6BABNATE 060OUIEHHBIMU MOKHO METO/bl PETY-
JAPHBIX TUIIOB ¥ MeTOABl 00OOIIEHHBIX TUIIOB.

Jdexnapanuysa 060611eHHOTO MeToZa 06A3aTelbHO BKJAKYAET CIIMCOK
TUITH3UPYIOLINX napaMeTpoB. Kak 06bIYHO, 3TO 3aKJHYEHHBIH B YIIOBEIE
cKOOKU CUCOK UAeHTUGUKATOPOB, pa3AeJeHHBIX 3alATBIMU. Pa3zMela-
eTcs 3TOT CIIMCOK HeMOCPeACTBEHHO MOC/Ie UMeHU MeToAa Iepe] KPyT/IEIMA
ckobkaMu co crnenuduKareld napaMmeTpoB MeToia. Takum obpasom, 065-
ABAeHUe 0H600IMEeHHOTO MeToJa UMeeT ABa CIUCKa IIapaMeTPOB — THUITH3U-
pYIollle napaMeTprl U IapaMeTphl MeToZa. Ec/Iu A1 THIM3MpYIOLIUX napa-
MeTPOB HeoHX0AUMO BBECTH orpaHnyeHusa (where), To OHH TOMeEILAIOTCS
nepes TeIoM METo/a MocIe 3aKpHBaIed KpyrIoi ckoOku cienuduKau
napaMeTpoB (WU Nepej TOUKOH ¢ 3amnaToi, ecnu 3To 0606IIeHHBI MeTOA
uHTepdeiica).

[TpumMep 3aronoBKa 06001IeHHOTO MeTOAR, GOPMUPYIOLIETO OAHOMEPHBIN
MacCUB €O CAyYaHBIMU 3HaUeHUsIMH 3JIEMEHTOB U3 UHTepBaja [mi, ma):

public static T[] randArray<T>{(int n, T mi, T ma)
where T : struct, IComparable<T>

Merog OTKPHITBIM, CTATUYECKUAM, BO3BpALAOIIUN CCHUIKY Ha MAaCCHUB
¢ 3/eMeHTaMHU, THUIl KOTOPHIX OIpeeiseT TUNUzupywiuii napamerp T.
[TepBrIii MapaMeTp MeTOJA int n onpejeiseT pa3Mep MacCUBa — KOAUYe-
CTBO €ro 3/IeMEeHTOB. BTOPO U TpeTHil napaMeTpsl 3aJjal0T JUATTA30H CIIy-
yallHbIX 3HaueHUl 3J€MeHTOB C03J4aBaeMoro Maccupa. Ha TUNIU3UpyIoLui
napaMeTp HAJIOXKEHO OTPaHHYeHNe — apryMeHT JI0/KeH OBITh TUIIOM 3Ha-
denui (orpaHudeHue struct), ¥ 3TOT TUI JAO/DKEH Peaju30BaTh CTAHZAPT-
HEIH 060611eHHEIEH nHTepdelic IComparable<T>.

B kadecTBe BTOpPOro npuMepa o606IIeHHOTO MeToJa IIPUBEJeM KOJ
METO/Ia /I BEIBO/Ia B KOHCOIBHOE OKHO 3HAYEeHU 31eMeHTOB OHOMEPHOT'O
MacCUBa.

public static void printArray<T> (T[] a, string format = "“{86} ")
{
for (int i = @; i < a.Length; i++)
Console.Write(format, a[i])};
Console.WriteLine();
Y // printArray<T>()

B o60o6uieHHOM MeToge printArray<T> () 0ANMH TUNU3NUPYIOLINIK Napa-
MeTp T, cneuupUIIUPYIOIINH TUIl IEPBOTO ITapaMeTpa MeToAa, T. €. THUII
3JIEMEHTOB BEIBOAUMOI'O MaccuBa. BTopol mapaMeTp MeToZa olpejesdeT
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bopMaTHYIO CTPOKY, KOTOPYIO IIpU oOpalleHU: K METOAY MOXKHO BbIOUPATh
B HEKOTOPOU CTelleHU He3aBUCHMMO OT THIIA IIepBOro apryMmenTa (dpopmar
MOXXHO BBIOMPATh U COOTBETCTBYIOIIUM TUILY IIEPBOTO ITapaMeTpa, HO COOT-
BETCTBUE BBIOMPAETCSA MPOrPaMMUCTOM IIPU OOpallleHuu K MeTony). Bro-
poii mapaMeTp uMeeT o ymordaHuio 3HaveHue "{0} ". Takum obpas3om, mpu
OTCYTCTBUU B OOpallleHu! K METOAY BTOPOT'O apryMeHTa 3Ha4eHHUs dJeMeH-
TOB MaCCHBa BbIBOJATCSA MpeoOpa3oBaHHBIMU K THUITY String v pasaensiorcs
mpobenamu.

Jlnst obpareHust K 06001eHHOMY MeToAy HeoOX0AUMO B O0IIeM ciydae
IIOCJIE €T0 UMEHU [TOMECTUTD CIIMCOK TUIHU3UPYIOUIUX apTyMEHTOB U 3aMe-
HUTBH apryMeHTaMU ImapaMeTphbl MeToza. [Ipu o6paboTKe Takoro obparie-
HUsI, KOTOPOE IIPOUCXOJUT BO BpeMsI BBIIIOJHEHUS [IPOTPAMMEI, CO3/AETCS
KOHKpeTHas Bepcus 0000I1eHHOTO MEeTOa, B KOTOPOM yYTeHBI peajbHbIe
TUIU3UPYIOIINE apTyMEHTHI, U UMEHHO 3Ta BepCUs METO/A BBIOTHAETCA.
Kak u B ciryyae 06001IeHHBIX TUIIOB, CO3ZaHNe KOHKPETHOM (CKOHCTPYU-
POBaHHOM) Bepcuu 0600IIEHHOT0 METOAA Ha3bIBAIOT NHCTAHIIMPOBAHUEM.

B KadecTBe mpuMepa HUCIOJb30BaHUA 000OIIEHHOTO MEeTOJa PaccMo-
TPUM CJIeAYIOIIUN KO

static void Main()

{
double[] dArray = new double[] {0, 1, 2, 3, 4};

printArray<double>(dArray, "{@:E1} ");
int[] testArray = new int[] {0, 10, 20, 30, 40,
50, 60, 70, 80, 90};
printArray(testArray);
}

B mporpamme omnpegeseHb U UHUIMATU3UPOBAHBI BellleCTBEHHBIN
U 1[eJIOYUCTEHHBIM MaCcCHUBBI, aCCOLIMMUPOBaHHbIe cO cchutkamu double[]
dArray u int[] testArray. O6pamenue printArray<double>(dArray,
"{0:E1}"); obecmeuynBaeT co3jaHUe BapuaHTa METOAA, HACTPOEHHOTO
Ha BBIBO/] BEI[eCTBEHHBIX 3JIEMEHTOB MaCCHBAa C HCIOJIb30BaHUEM JJISI KaK-
Joro 3HadyeHud noJid noacraHoBku {0:E1}.

[Tpu BTOpOM oOb6palmneHuu K 0600IIEHHOMY METOAY BMECTO ITOJHOU
dopMbl Bua printArray <int> (testArray, "{0} ") ucmosb30BaHa COKpaIieH-
Hasa popma ero BwI3oBa printArray(testArray). B Hell oTCyTCTByeT BTOpOIi
apryMeHT MeTo/a, M HeT CITMCKa TUIIU3UPYIOUIUX apryMeHTOB. BTopoii apry-
MEHT MeTO/ia B 3TOM cJIydae IoJydyaeT yMaJduBaeMoe 3HaueHue llapaMmeTpa
"{0} ". A TUIU3UPYIOIINI apTyMeHT KOMIIWIATOP aBTOMaTHU4eCKU «BBIBO-
[UT», aHAJIU3UPYSA TUII IEPBOT'O apryMeHTa MeTo/a.

Pe3ynbTaThbl BHITIOHEHUA IIPOIPAMMBI:

0,0E+000 1,0E+000 2,0E+000 3,0E+000 4,0E+000
© 10 20 30 40 50 60 70 80 90

[TosicHuM npaBuWia OIlpeZesieHUs BBIBOAUMBIX THUIIOB, KOTOPBIMU II0OJIb-
3yeTca KOMIWIATOp. TUMM3UPYIOIINN TapaMeTp He Bcerza MOXeT ObITh
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HCIIOAB30BAH A4 3aZaHUA TUIIOB MapaMeTpoB MeToAa. OH B 3TOM ciydae
MOXXET OIIpeAesIATh TUII BO3BpaIllaeMOr0 METO0M 3HAYCHUA WIH clielndu-
IUPOBATh JOKANLHEIE TIEPEMEHHEIE B TeJle MeTo/la. B 3ToM ciydae, aHamu-
3upyd obparneHue K 00001eHHOMY METOAY, HEBO3MOXHO Y3HATh, KAKOB
THIT COOTBETCTBYIOIEro apryMeHTa. Ecii, Kak B HalleM npuMepe, TUIIA3U-
pyIoLui mapaMeTp cielu$pUIIMpPyeT OAUH Wi Hoee mapaMeTPOB MeToJa,
TO CAeJaTh BEIBOJ O PeajJbHOM TUIEe TUNHU3HUPYIOUIEro napaMmerpa MOXKHO
10 TUIIAM apryYMEHTOB, 3aMEHUBIINX MapaMeTphl B 00palleHUN K METOAY.
B kauecTBe npuMepa 0H606IIEHHOTO METO/A ¢ TapaMeTpaMU, Iepe/laBa-
€MBIMH IO CCBUIKaM, PacCMOTPUM MeToZ 0OMeHa 3HaYeHUH apryMeHTOB:

public static veid change <U> (ref U g, ref U s)

{
U temp = g;
g = 5;
s = temp;

h

Tumsupyronui napametp U crieiuduiipyeT napaMeTphl METO/a, Tiepe-
JlaBaeMble 10 cchbUIKaM. B Tene 060b6meHHOT0 MeTOga TOT Xe TUITU3NPYIO-
LUl TapaMeTp OoNpeAe/sieT THUII BCIIOMOTATENbHOM JOKAAbHOMN NepeMeH-
Ho#t temp. B crmeayiouieM ¢pparMeHTe Koja NokKasaHo obpallleHHue K MeTOAy
change(), He cogep)kalllee TUIIU3UPYIOIIETO apryMeHTa:

static void Main()

{

float d = 24F, r = S52F;

change(ref d, ref r);

Console.WriteLine("d = {6}, r = {1}", d, r);
}

Pesy/nbTaT BHITOIHEHNA:

d=52r=24

T[TosnHoe obpalneHue (¢ ykazaHWEM THITH3HUPYIOIIETO apTYMeHTa) K 0606-
IIEHHOMY METOAY HAIIero MpUMepa MOXKeT OBITh M TAKUM:

change<float>(ref d, ref r);

18.7. 06061eHHbIC generaTbl

Kak 1 y 0600IMeHHBIX MeTOAOB, V 0D00IMEeHHBIX AeleraToB UMeeTCs
JBa CIHCKa MapaMeTPOB — CIIHMCOK TUMU3UPYIOIMUX MapaMeTPOB U CIIUCOK
IIAPAMETPOB METOAOB, KOTOPBIE MOXKET IpeACTaBIaTh generar. Ho y geme-
raTa HeT Tejla, H 3TUM OGOBIIEeHHEIH AeeraT IoX0X Ha MPOTOTUII 06061 H-
HOT'O METOJA.

B kauecTBe npuMepa npuBegeM c600MeHHBIN AeeraT ¢ OQHUM THIIN3U-
PYIOIINM IIapaMeTpPOM:

delegate R DelMin<R> (R X, R ¥);
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Tunusupytrouuii mapameTrp R cnenmbunpyeT TUIBI TapaMeTPOB U THUII
BO3BpalllaeMOro 3Ha4eHUsA TOTO MeTO/a, KOTOPHIM MOXeT NPeACTaBIATh
3K3eMIUIAp peanu3aluu Jejerara.

B cinexyromem kinacce Program ABa cTaTUdecKUX MeToJa, KaKAbIH
13 KOTOPBIX BO3BpalllaeT MUHUMaabHOe U3 3HAUEHUI CBOUX apryMeH-
TOB U MOXeT OBbITh IpeAcTaBieH 00001eHHbIM feneraToM. Metoa minl()
cooTBeTCcTByeT Aeneraty DelMin<int>, a merog minL() — aeneraty
DelMin<long>.

class Program

{
static int minI(int a, int b)
{
return a > b ? b : a;
}
static long minL(long a, long b)
{
return a > b ? b : a;
}
static void Main()
{
int first = 5, second = 6, third = 7;
DelMin<int> dI2 = new DelMin<int>(minI);
DelMin<long> dL2 = new DelMin<long>(minL);
Console.WriteLine(dL2(dI2(first, dI2(second, third)), -3L));
}
}

B metoze Main() o6bsaBiaeHs! ABa sk3emivisipa (dI2 u dL2) koHKpeTu3a-
iuii DelMin<int> u DelMin<long> o606mieHHoro generata DelMin<R>.
OK3eMIUIAPHI fleieraToB npeAcTapiasaioT Metoabl minl() u minL(). B apry-
MeHTe MeTozna Console.WriteLine() BeIpakeHUeE C BIOKEHHBIMU OOpaire-
HUSAMU K 3K3eMIUISIpaM JieJieraToB BBIYUC/AAET MUHUMA/IbHOE 13 3HaYeHUHN
TpeX MepeMeHHBIX THUIIa int ¥ ogHOUW KoHcTaHTH -3L Tuma long. Pe3ysb-
TaT, KOHEYHO, paBeH —3. OOpaTuTe BHUMAaHUeE, YTO BO3BpallaeMble 3Have-
HuA MeTozZa minl() uMeroT TUN int, a apryMmeHTHl MeToZa minL() ZOMKHBI
umeThb TUM long. COOTBETCTBYIOIINE TPUBEAEHUA TUIIOB IIPU 00OpaIeHUsIX
K 9TUM METOZaM C IIOMOIIbIO /IeJIEraTOB BHITIOMHSIOTCSA 110 YMOTYaHUO (YTO
He MMeeT OTHOIIEHUS HU K JejieraTaM, HU K X 0000IIeHuAM, a CBA3aHO
C aBTOMAaTHYECKUM IIpeobpa3oBaHueM apuPpMETUIECKUX TUTIOB sA3bika C#).

B 6ubnmoreky craHgapTHBIX KiaccoB minatdopmbl .NET Framework
BKJIIOUEHO CEMEMCTBO 0000IIEHHBIX TUIIOB JieJIeraToB, Hanbojiee BaXXHbBIMU
13 KOTOPBIX /IS KOHEYHOT'O TT0/Ib30BaTeisd ABISA0TCA Func< > u Action<>.
VIx Ha3HayeHue — 00eCneyruTh MPOrpaMMUCTa 0000IIeHHBIMU JiejieraTaMu,
KOTOpPBIE MOXKHO TIPUMEHSTD B porpaMMax 6e3 mpeABapUTeNIbHOTO SBHOTO
o0bsaBneHus. KaxxabIli 13 Ha3BaHHBIX 0O00OIIEHHBIX JIeJIETaTOB ITeperpy:KeH,
TaK YTO B ITPOCTPAHCTBE UMeH System ecTb 0000IIeHHbIE TUITHI €/IETaTOB
C Pa3HBIM KOJHMYECTBOM TUIIHU3UPYIOIIUX MapamMeTpoB. lna 06001IeHHbIX
AeneratoB Func<> MOXXHO HUCIIOJB30BaTh OT 1 0 17 TUNIM3UPYIOIIUX Mapa-
METPOB. B KaXX/JoM M3 3TUX ceMHaAlaTh 0000IEeHHBIX TUTIOB TOCTEIHUN
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V3 TUIIM3UPYIOUINX IapaMeTpOB OIpeJesieT TUIl BO3BPalllaeMOr0 3HaueHUs
TeX METOJO0B, KOTOPEIE IIPeCTARAET COOTBETCTBYIOWIUI generaT. O6baBie-
HUA NEPBLIX Tpex 0606IIeHHEIX THIIOB AeaeraTos Func u3 6ubauoreku .NET
MMEIT TaKol BUA:

delegate TResult Func<TResult> ();
delegate TResult Func<T1l, TResult> (T1 t1);
delegate TResult Func<Tl, T2, TResult> (T1 t1, T2 t2);

Peanuzanuu 1epBOTO U3 IepeYUCIeHHHX 0600IMEeHHEIX TUIIOB JAeje-
raTOB MpeAHa3HAdYEHHl AA9 MPeACTaBAeHUA MeToJA0B He3 mapaMmeTpoR,
BO3BpaNIaOIUX 3HAYEHUE THUIA, ONPEAeAAeMOro eIUHCTBEHHBIM THITH-
3UPYIOIIAM apryMEHTOM KOHKPETHOrO Aeaerata, Hanpumep, MeTof ¢ 3aro-
noBkoM double method() moxeT OHITE TpeACTaBAEH SK3EMILIAPOM Jee-
rata Func<double>. MeToa ¢ 3aromoBkoM int count(int[] arr) MoxxeT ObITH
MPEACTABIEH SK3eMILIAPOM Jlefierata Func<int[], int> u 1. J.

B oTmuune OT AeneratoB Func< > generat Action< > npeaHazHadeHEBl
ZUTA IPE/ICTABAEHUS METOAOB, HE UMEIONIUX BO3BPAIlaeMOro 3Ha4eHus, T. €.
METO/IOB, /1A KOTOPHIX B KAYECTBE TUIA BO3BPAIAEMOT0 PE3Y/IbTATa YKA3bI-
paetrca void. Takux 0600IMeHHEIX TUIIOB AeNeraToB B Ou0aMoTeKe eCTHA/ -
1IATh C KOAWYECTBOM THITHU3NUPYIOMIUX TapaMeTpoB oT 1 a0 16:

delegate void Action<T1> (T1 t1);
delegate void Action<Ti, T2> (T1 t1, T2 t2);
delegate void Action<T1, T2, T3> (T1 t1, T2 t2, T3 t3);

= ..

Hanpumep, MeToa ¢ 3aronoskoM void printArray(float [] arr) moxert
OBITH IIpeACTABICH 9K3eMILIAPOM Aenerata Action<float []>.

3HasA O CYyILeCTBOBAHUY 3TUX ABYX CeMeiicTB 0000IeHHBIX TUIIOB Ae/e-
raToB K O TOM, YTO OHU U3BECTHEHI B IPOCTPAHCTBE UMEH System, nporpam-
MUCT B pAZAE CAy4acB MOXET He BKIIOYATh B KOA COOCTBeHHOE 0OBABACHUE
THIA Aejerata. HanprMep, eciau B IporpaMMe HY>KeH TUI

delegate int Processor (string line, char ch)

3K3€MIUIAPEl KOTOPOT'O MOTYT MIPEACTABAATh METOAR C TapAMETPaMM TUIIOB
string u char, Bo3Bpainaronye sHadeHue TUIA int, MOXXHO UCTIIOIb30BAaTh
Func<string, char, int>.

Cneayiomiasi mporpaMMa UAAIOCTPUPYET MPUMEHeHWe OUOIMOTEYHHIX
000OIeHHBIX TUIIOB AeneraTtoB Func< > u Action< >, HeoHxoauMo Hanu-
caTh MeToA AnA GOPMUPOBAHUA MACCHBA U3 33IaHHOTO KOMUYECTBA 3HA-
4eHUil wieHoB paga ®PubdoHauyuy U 0606IMEeHHBIN MeTOA /19 BEIBOAA B KOH-
COMBHOE OKHO 3HAY€HUH 37€MEeHTOB OAHOMEPHOI'O MaccHBa. B OCHOBHOU’
nporpaMme oOBABUTL ABa dK3eMILIApa Jeaeratop (Func<> u Action<>)
JJ1A NMpeACTaBACHHUA YKa3aHHBIX METOAOB U, UCMOAB3YA 3THU 3K3EMILIAPHL
AEeJEeTaTOB, BBIBECTU 3HAUYEHUA NMEPBRIX CeMM WiIeHOB paaa Pubonayqu:

// OBoblujeHnse denezamsi NET u oBobiyeHnsili memod
using System;
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class Program

{

static void printArray<T>(T[] ar, string format)

{

foreach (T z in ar)
Console.Write(format, z);
Console.WriteLine();
} // printArray<T>()
static int[] fib(int numb)

{
int[] ar = new int[numb];
ar[@] = ar[1] = 1;
for (int k = 2; k < numb; k++)
ar[k] = ar[k — 1] + ar[k — 2];
return ar;

}

static void Main()

{

Action<int[], string> act =
new Action<int[], string>(printArray);
Func<int, int[]> result = new Func<int, int[]>(fib);
act(fib(7), "{e} ");
}
}

Pe3ynbTaThl BHIIOJHEHYA IPOTrPAMMBI:
112352813

O60061eHHbIH MeTOA printArray<T> () A1 BbIBOZA 3HAYEHUH dIeMeH-
TOB MaCCHUBa MBI YK€ IPUBOAMIN. B 3TOI mporpaMme OH HEMHOTO H3Me-
HEeH — HCKJII0OUYEeHO YMaTdYHMBaeMoe 3HaUYeHre BTOPOro lapaMeTpa, a B Tejle
MeToza A Ilepebopa aieMeHTOB MaccrBa npuMeHeH 1ukia foreach. Jlna
IIpEe/ICTaBIEHNS TAKOT'0 METO/a MOXKHO HCITOJIb30BaTh K3EeMIUIAP pean3a-
11U 060061IeHHOTO Aenerata Action<T1>. O6paTuTe BHUMaHUe, YTO BTO-
poit mapameTp 06061eHHOr0 MeToZa printArray<T>() He TUIM3UPOBAH
1 uMeeT PUKCUPOBAHHBIN TUT String.

MeToz Aa co3AaHKUA MacCHBa CO 3HAYEHUAMH WieHOB psAga PuboHavuu
fib(int numb) ocobenHOCTel He UMeeT. [lTapaMeTp ompezAenseT YUCIO Ye-
HOB psZia, BO3BpalllaeMbIii pe3yIbTaT — CChUIKA Ha CO3/[aBa€MbIii MaCCHB.
[l Ipe/icTaBIeHHs] TAKOTO METO/Ia MOXKHO HCITOIb30BaTh SK3eMIUISP pea-
au3anuu obob1eHHoro generara Func<T1, TResult>.

B ocHoBHOI1 nnporpamMe (B MeTozie Main) ccbiika Action<int [], string>
act cBfi3aHa C SK3eMILIIPOM JlejieraTa, MpeACTaBIAIONIMM KOHKPETHU3aIlUI0
MeTozia printArray(). [TepBbIfi TUIM3UPYIOIIUI apryMeHT int [] 060611eH-
HOro fieyierata Action< > ompe/esisieT TUII IIEPBOTO ITapaMeTpa MeToza

void printArray<T>(T[] ar, string format).
a BTOPOM TUNU3UPYIOUIUI apryMeHT COOTBETCTBYeT (PUKCHUPOBAHHOMY
TUITy BTOpOro mapaMmeTpa Metoza. Ccbirka Func<int, int[]> result cBsi3zana

C 9K3eMILIAPOM jiejierarta, mpeacrasiaaiomum Mmetos int[] fib(int numb).
[Tocite 0OBABIEHNA YKa3aHHBIX CCHUIOK Ha 3K3EMIUISPHI JIeJIETaTOB BhIpaXKe-
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uue act(fib(7),"{0} ") obecnneunBaeT obpaieHre K KOHKPETHU3AIUU MeTO/ia
printArray<T> (), KOTOpPHIH B CBOIO ouepeb Bei3biBaeT MeTo/ fib(int numb).

KoHTponbHble Bonpocbl 1 3afaHuA

1. Ha3oBuTe sI3bIKM NMPOTPAMMHUPOBAHUSA, B KOTOPHIX TEM WIN UHBIM
criocob0M peasi30BaH MeXaHU3M 0000IIeHUIA.

2. Kakwue Tumsbl si3pika C# MOTYT OOBABIATHCSI KaK 000011eHHbIE?

3. Kakue ueHbl TUTIOB s3bIka C# MOTYT OBITH 0600IIEHHBIMU?

4. HaszoBure ob6s13aTeIbHBIE 3IEMEHTHI ZieKiaparuu (00bsaBaeHus1) 0600-
IIIEHHOTO KJlacca.

5. YTo Takoe TUNMM3UPYIOIIMU ITapaMeTp?

6. KakoBO HazHaYeHUE TUMU3UPYIONIUX apTYMEHTOB B 0003HAYEHUU
ClleIaIu3upPOBAHHOr0O TUMA?

7. YTo Takoe CKOHCTPYMPOBAHHBIN TUI?

8. B ueMm oTIMUMA CKOHCTPYMPOBAHHOI'O TUIIA OT PETYIAPHOrO THUMIA?

9. Ha3oBure TpeboBaHUA K UMEHAM TUIIU3UPYIONIUX TaPaMeTPOB.

10. O6bscHUTE Ha3HAUYEHHE pasz/jesia OTPAaHUYEHUMN TUNU3UPYIOMIUX
apamMeTpoB B JlekjIapanuu 0606IeHHOro TUMna u 06001eHHOTO MeToza.

11. Kakoii ¢popmaT UMeeT 3IeEMEHT CIIHMCKA OTPaHUYEHUH TUITU3UPYIO-
IIUX [TapaMeTpOoB?

12. HasoBuTe BU/bl OTPaHUYEHUN TUMIU3UPYIOIIEro mapaMeTpa.

13. Yro Takoe cBOOOAHBIE TUMU3UPYIOIINE TTapAMETPhI?

14. Tlepeuuciute TpebGOBaHUA K CBOOOAHBIM TUITHU3UPYIOIMINM IIapame-
Tpam.

15. Korza nprMeHsaeTca orpaHUYeHYe C IIOMOIIIBIO ABHOI'O YKa3aHWA TUIIA?

16. Ha3zoBuTe paHTu U MpaBUIa UCIIOIb30BAHUS pa3HBIX GOPM OTPaHU-
YeHUHN TUNU3UPYIOUIUX TapaMeTpPOB.

17. O6BsAcHUTE MpaBWIa eperpy3Ku 0000IIeHHBIX THUTIOB.

18. [Toyemy 0600IIEHHBIM TUIM HA3bIBAIOT OTKPHITHIM TUIIOM, a CKOH-
CTPYUPOBAHHBIN — 3aKPBITBIM?

19. HazoBuTe 0COOEHHOCTU CTaTUYECKUX WIEHOB 0006IIEeHHbBIX TUIIOB.

20. YTo ompezenAoT TUMTU3UPYIOIINE TTapaMeTpbl 0000IIeHHOTO UHTEP-
deiica?

21. Kak peanusyercsa 0600IeHHBIH UHTEpdENC PEryaapHBIM THUIIOM
U 0000IIEHHBIM TUIIOM?

22. Kak peanusyeTca peryaapHbIM TUIIOM HECKOJIbKO CKOHCTPYUPOBAaH-
HBIX UHTepdecoRn?

23. Ha3oBuTe THUIIBI, HE JOMyCKalolue 0000IeHHH.

24. TlpuBegute popmaT 0OBSIBIEHUSA 0O0OIIEHHOTO METO/A.

25. Yro Takoe MHCTaHIIMPOBaHHE 000OIIEHHOI0 MeTo/Aa?

26. IlepeunciauTe s1eMeHTHl OOBABIEHUA 0000IIEHHOTO TUIIA JeJieraTa.

27. YTo ompenenAOT TUIU3UPYIOIINE TapaMeTpsl 0006IIeHHOTO TUIIa
Jenerara?

28. HazoBuTe mMeHa 0006IeHHBIX THUIIOB JEJeraToOB, BXOAAIIUX
B 6ubmmoTteky kiaccoB .NET.
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rnozacraHoBka "out " 147
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Action 356
Func 355
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AuarpamMma
arperaiuu kjaccop 229
BJIO>KeHUs KjaccoB 231
KOMIIO3UIIUH KJIaccoB 229
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JUHaMH4YecKoe cBs3bIBaHUe 244, 262
AUPEKTHUBa
using 18
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AUPEeKTUBa UMIIOPTa
IIPOCTpaHCTBAa UMeH 18
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MMEHOBAaHHbBIE apryMeHTHl 147 System.Object 279

MMEHOBAaHHbIE KOHCTAHTHL 32 System.SystemException 308
HMMIIOPT KOHKpPETHOro kjacca 21 System.Enum 272
umsa uatepderica 252 Thread 330
nHjekcarop 214 abCcTpakTHBIN 245
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MozandUKaTOPHI MHAeKcaTopa 214 6a3oBbIil 232
ob6bsaBIEHHE UHAEKcaTopa 214 BJIOXKeHHe K1accoB 230
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TeJI0O UHAeKcaTopa 215 reHepanuu coobiTuii 333
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UHULMannusaTop 93 MozaudUKaTOpHI Kiacca 182
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KOHCTpyKTOpa 196, 239 06paboTku cobpiTil 333
ob6bekTa 202, 203 ornpezeneHue kiaacca 182
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Kak Tun 260 KOHcTaHTa 173
HacyeioBaHue uHTepdeiicoB 264 WMeHOBaHHaA 32
HesABHAadA peaausalus UHTEp- 00bsIBIEHHE CTATUYECKOU KOH-
deiica 259 craHThe 173
peanusauua 288 rnepeuucieHud 272
cienmukanusa 6a3sl 264 KOHCTpyKTOp 64, 113
WCKII0ueHUs 294 6asoBoro kjiaacca 233, 239
System.FormatException 299 JeneraTa-tuna 312
System.NullReferenceException 304  ums KoHCTpyKTOpa 195
reHepanusa uckiarodenua 295, 303 WHULIMAIA3aTOP KOHCTPYKTOpa 195,
obpaboTka uckiIoueHus 295 239
rckmodyeHuii 303
K kiacca 178
KBAIMOUIMPOBaHHOE nMs 169, 272 KOHCTPYKTOp 00beKTOB 195
kinacc 13, 14 komupoBaHua 196, 197, 200
Data.Time 332 o6iero Buza 196, 199
Enum 276 npuBeZieHus TUMoB 196, 199
object 24, 26 cratndeckui 177
string 112 CTPYKTYpHI 279
System.Delegate 310, 316 TeJIO KOHCTpyKTOpa 195
System.Exception 286, 308 ymosmyanusa 190, 196, 200, 280
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