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06 aBTopax

Ixo3sed Anmbaxapm — aBTOp NpeAbIAYIIMX YeTbIpeX M3TaHMUI
kuur C# 7.0 in a Nutshell (C# 7.0. Cnpasounuk. IlonHoe onucarue
a3vika) u C# 7.0 Pocket Reference (C# 7.0. Kapmannouii cnpasourux).
OH Takxe paspaboran LINQPad — nonynspHyio yTunury ans mnog-
rOTOBKM KOZa ¥ IpoBepku 3anpocoB LINQ.

Ben An6axapu — coyupenutennb Be6-caitta Auditionist, mpegHa-
3HayeHHOTo J/A KacTuHra akrepoB B CoemnHeHHOM KoponescTse.
Ha nporsxeHum nsatu net oH 6bl1 PYKOBOAMUTENEM MPOEKTOB B
Microsoft, momumo npouyero, paboras Hag npoektamu .NET Compact
Framework 1 ADO.NET.

Kpome Toro, oH sBnsncs coyupenureneM ¢upmsl Genamics, moc-
TaBLIMKA MHCTPYMEHTOB /s MporpaMMucToB Ha C# u J++, a Takke
nporpaMmHoro obecriedenus mns aHanusa JJHK 1 npoTenHOBbIX Lie-
nodek. BeH BbicTynman coaBropom kHuru C# Essentials, mepBoif KHUTU
no sa3biky C# ot usgarenbctsa O'Reilly, u npenpinymmx usganuin C#
in a Nutshell.
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KapmaHHbIH cnpaBOYHUK
no asbiky C# 7.0

C# sABNseTCs YHUBEpPCalbHBIM, 6€30MacHbIM B OTHOILEHUY TUIIOB,
006 bEKTHO-OPMEHTMPOBAHHBIM SI3bIKOM NporpaMmupoBanus. Llenp
A3bIKa COCTOMT B obecnieyeHNM NPORYKTMBHOCTH paboThI MpOrpaM-
MucTa. [[ns 3TOro B sA3bKe cob/ofaeTcs 6anaHC MeXAY POCTOTOM,
BBIPa3UTeNIbHOCTBIO M NIPOM3BOAUTENBHOCTDIO. S3bik C# HeliTpaseH K
mnatdhopMam, Ho 6bu1 co3nal ans apdexTuBHON paboTsl ¢ matdop-
Moit Microsoft .NET Framework. Bepcusa C# 7.0 npegHasHadeHa s
NET Framework 4.6/4.7.

HA 3AMETKY!

[TporpaMMbl 1 pparMeHTbI KOfa B 3TOif KHUTe COOTBETCTBYIOT
npuMMepaM, KOTOpble pacCMaTpMBAIOTCA B INlaBaX 2-4 KHUTH
C# 7.0. Cnpasounux. ITonHoe onucanue A3vika, ¥ GOCTYIHbI B
BMJle MUHTepaKTUBHBIX NpuMepoB mna LINQPad. ITpopa6oTka
NpUMepOB B COYETAaHUM C UTEHMEM HaCTOsAILelt KHUTY YCKOpsieT
Tpoliecc M3y4eHUs, T.K. Bbl MOXKeTe pelaKTMPOBaTbh KOA 1 He-
MelI/IeHHO BUETb pe3y/nbTaThl 63 He06XOAMMOCTH B HaCTPOI-
Ke MpoeKTOB U peleHmit B cpepe Visual Studio. [Insa sarpys-
KV NIpMMepoB NepeitanuTe Ha BKaafgky Samples (ITpuMepsr)
B okHe LINQPad u wenkuute Ha cceinke Download/import
more samples (3arpy3uTb/MMIOPTUPOBATb HOMONHUTETbHbIE
npuMepsl). Ytunuta LINQPad 6ecrimatHa 1 gocTynHa fis 3a-
rpy3Ku Ha Beb-caiiTe www . lingpad.net.

CornaweHus, ucnonb3yemble B ITOH KHUre

B kHure NIPpUHATDI Clieaylolne Tmnorpacl)cxme COor/naleHus.

Kypcus
Wcnonb3yeTcs A/ HOBbIX TEPMMHOB.

8 | Kapmanuoii cnpasounnk no asviky (# 7.0



MOHOWMPVHHBI
[IpumMeHsAeTCA /1A NIpeACTaBNeHna TUCTUHroB nporpamm, URL, an-
pecoB MEKTPOHHOI MOUTHI, MMeH aitoB 1 (aitNoBbIX paciMpe-
HM, a TAKXXe BHYTPY TEKCTA /1A CCHUIKM Ha 37IEMEHTHI MMPOrpaMM,
TaKMe KaK MMeHa [lepeMeHHbIX MK GYHKIMIA, 6a3bl JaHHBIX, TUIIbI
JlaHHBIX, IepeMeHHble Cpefibl, OTIEPaTOPHl M K/II0YeBbIE C/IOBa.
MOHOUBAPVMHHEDE [TOJTYXCAPHEDA
Wcnonb3ayeTcs 11 KOMaHA MM JPYTOrO TEKCTa, KOTOPBIit JO/KeH
BBOOUTLCA MO/b30OBATE/IEM 6y1<Baano.

MOHOUDADMHHED! KYPCUB
[TpuMeHsieTcs ANA TEKCTa, KOTOPbI JO/DKEH ObITh 3aMeHeH 3Ha-
4eHUAMHY, NpeNOCTaB/IEHHbIMU I0/Ib30BaTe/IeM, WM 3HaUeHUAMM,
orpefieNisieMbIMM KOHTEKCTOM.

COBET

3)1er NpUBOAUTCA COBET UM yKa3aHHeE.

HA 3AMETKY!

3nech NpUBORUTCS 0bllee 3aMedaHMe.

BHUMAHMUE!

3}I€Cb TNPpUBOAUTCA NpeAynpeXaeHue Uian npenocTepexeHme.

Ucnonb3oBaHue npumeposB KoAa

[IporpaMMbl M (parMeHThl KOfa, PacCCMOTPEeHHble B 3TOV KHMU-
re, JOCTYNHBI B BUJe MHTePaKTMBHBIX npuMepos Ansa LINQPad.
3arpysutbh MX MOXXHO Mo agpecy http://bit.ly/lingpad_
csharp7_samples.

JlaHHas KHMra npyu3BaHa IOMOYb BaM JieNaThb CBOK paboTy. B 06-
ILIEM CTy4Yae Bbl MOXKeTe NPMMEHATb NPUBENEHHBIN 3[ieCb KOJ| IIpyMe-
POB B CBOMX ITporpaMMax 1 JOKyMeHTaLuu. Bol He 06s3aHbI cripamm-
BaTh y HaC paspellleHNs, €C/T TONMbKO He BOCIIPOM3BOAMTE 3HAUMUTENb-
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HyI0 4acTb Kofia. HanpuMep, [is HanyucaHus MporpaMmsl, B KOTOPOit
BCTpeYaloTCs MHOrMe $parMeHThl KOLa M3 3TOM KHUIHM, paspelleHue
He Tpebyerca. OfHaKo AiA NMPOJAXM MIM PaclpoCTpaHEHUsS KOM-
NaKT-gucka ¢ npuMepamu u3 KHur O'Reilly paspeenne o6s3aTtenbHo.
OTBeT Ha BOIPOC MyTeM CCBUIKM Ha 3TY KHUTY M LIMTUPOBAHMUSA KOfia
13 npuMepa paspelileHus He TpebyeT. Ho /11 BHEApEHNUs CYLeCTBEH-
Horo o6’beMa Kofja IpMMepoOB, IpejlaraeMblX B 3TOI KHMUTe, B JOKY-
MeHTalMIO 110 BallleMy MIPOAYKTY paspelieHue 0Os3aTeNbHO.

MBb1 BBICOKO LIEHMM YKa3aHMe aBTOPCTBA, XOTA 1 He TpeGyeM 3TOro.
YcraHoB/IeHMe aBTOPCTBA OGBIYHO BK/I0YaeT Ha3BaHMe KHUTH, dpaMu-
JIUM Y MMeHa aBTOPOB, M3HaTeNnbcTBO M HoMep ISBN. Hanpumep: “C#
7.0 Pocket Reference by Joseph Albahari and Ben Albahari (O’Reilly).
Copyright 2017 Joseph Albahari, Ben Albahari, 978-1-491-98853-4"

Ecnu BaM KaXkeTcs, 4TO CIIoco6 MCIIONb30OBaHUA BaMy NPUMEpOB
KOJa BBIXOIUT 3a 3aKOHHbIE PaMKJM M/ YIIOMAHYTBIe Bblllle paspelle-
HMA, TOTA CBSDKUTECHh C HAMU 10 C/IefyIOLlleMy afipecy 3MeKTPOHHOM
noyThl: permissions@oreilly.com.

Xaem Bawux or3biBos!

Bbl, uMTaTeNb 3TOM KHUIH, M €CThb ITIaBHBIN ee KpUTHK. Mpbi LEHUM
Ballle MHEHME U XOTUM 3HATh, YTO 651710 CAenaHo HaMU NMpaBUIbHO, YTO
MOXHO ObITO CAenaTb JTyqyue Y 4TO €Ile Bbl XOTENN 6b1 YBUIETb U3IaH-
HbIM HaMu. Ham MHTEPECHDI no6ble BalllM 3aMeYaHUA B Halll aapec.

Mbr JKAEM BallMX KOMMEHTAapM€B U HafA€e€MCsA Ha HUX. Bb1 Moxxe-
T€ MpUC/IATb HaM 6yMa)KHO€ WIN 3JIEKTPOHHOE NMUCPMO nubo npocTto
MOCETUTh Halll Be6-CaliT M OCTaBUTh CBOM 3aM€YaHMUA TaM. O}IHMM
CNIOBOM, nM06bIM y}I06HbIM ansa Bac crocobom JaiTe HaM 3HaTb, Hpa-
BUTCA T BaM 3Ta KHMUra, a TAKXXe BBICKAXXUTE CBO€ MHEHUE O TOM,
KaK cienaTb HallM KHUTU 6onee MHTEpPECHbBIMU NI/IA Bac.

OT]’IpaB)’IHﬂ NMUCbMO UTHN COO6LI.[€HM€, He 336}’an€ YKa3aTb Ha3Ba-
HME€ KHUTU U €€ aBTOpPOB, a TaKXe CBOM O6paTHbII7l azipec. Mpb1 BHU-
MaTelbHO 03HAaKOMMMCSA C BalllUM MHEHMEM U 06A3aTeIbHO Yy4TeM €ro
npu 0T60p€ M NOAroTOBKE K M3MAaHUIO HOBBIX KHMT.

Hauu anektpoHHble afipeca:
E-mail: info@dialektika.com

WWW: http://www.dialektika.com

Hamm nouToBbie afpeca:

B Poccun: 195027, CaHkr-IleTep6ypr,
Maruuroropckas yn., A. 30, Awmk 116

B Ykpaune: 03150, Kues, a/a 152
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Mepsasa nporpamma Ha Ci#

Huxe nokasana nporpamMma, Kotopast yMHoXaeT 12 Ha 30 u BbI-
BOIVUT Ha 3KpaH pe3ynbTaT 360. [IBojiHasA Kocas YyepTa yKas3biBaeT Ha
TO, YTO OCTaTOK CTPOKM ABJIAETCS KOMMEHMAPUEM.

using System; // VIMnopTupoBaHue MPOCTPAHCTBA MMEH
class Test // Ob6baBIeHMe kJjlacca
{
static void Main() // Ob6bsaBNEeHMe MeTOIa
{
int x = 12 * 30; // Oneparop 1

Console.Writeline (x); // Onmeparop 2
} // Konel MeToma
} // KoHel knacca

OCHOBHBIM KOMITOHEHTOM 3TOJ TPOrpaMMbl ABJIAIOTCA [IBa onepa-
mopa. Onepatopnl B C# BBINONMHAIOTCA MOC/EROBaTeNbHO 1 3aBeplla-
IOTCA1 TOYKOM ¢ 3ansAToi. IlepBblit orepaTop BBIYUCTIAET BbipaieHue
12 * 30 u coxpaHseT pe3y/nbTaT B 10KANbHOU nepemeHHOl 10 UMEHMU X,
KOTOpas MMeeT Lie/IoYMC/IeHHbIl TuIl. Bropoit onepaTop Bbi3biBaeT
memod WriteLine () knacca Console [jis BbIBOAa 3HaYeHUs Mepe-
MEHHOM X B TeKCTOBOE OKHO Ha 3KpaHe.

Memo0 BbINONHAET HeCTBME B BUAE MOC/IENOBATENBHOCTH Olle-
paToOpoOB, KOTOpasi Ha3bIBaeTCA O710KOM onepamopos v NpeAcTaBs-
eT co60¥1 mapy ¢uUrypHbIX cKo6oK, cofepxallux Holb unu 6onbliee
KO/IMYEeCTBO ONepaTopoB. Mbl onpefenuny eAMHCTBEHHbIN METON 1O
uMeHu Main ().

HanucaHne BbICOKOYPOBHEBBIX QYHKIMIT, KOTOpble BbI3bIBAIOT
HM3KOYpOBHeBble pYHKLIMY, YIIPOLLAeT MporpaMMy. Mbl MOXKeM Ipo-
BECTH pedaxkmopurz IpOrpaMMBl, BbIIETMB MHOTOKPAaTHO MCIIONb3Y-
€Mblif MeTOJl, KOTOPbI YMHOXaeT Lefloe YUCIO Ha 12, crnenyrolmum
obpasom:

using System;

class Test
{
static void Main()
{
Console.WriteLine (FeetToInches (30)); // 360
Console.WriteLine (FeetToInches (100)); // 1200

Nepsas nporpamma Wa (¢ | n



static int FeetToInches (int feet)

{
int inches = feet * 12;
return inches;

}

MeTop MoXeT nony4yaTh 8x00Hble JaHHbIE U3 BBI3BIBAIOLLETO KOZA
3a CYyeT yKasaHMsA IapaMeTpOB U IepefiaBaTh 8biX00Hble NaHHbIE 06-
PaTHO BbI3bIBaIOLIEMY KOAY ITyTeM YKa3aHUsA 8036Dauyaemo20 muna.
Mb1 onpenenunu Mertop 1o uMeHu FeetToInches (), KOToOpblit UMe-
eT IapaMeTp A/s BXOZHOTO 3HaueHMs B $yTax M BO3BpallaeMblil THUII
I/ BBIXOJHOTO 3HaueHus B [I0Max; 06a OHM NpMHamIexaT K (Leno-
YUCIEHHOMY) TUITY int.

AprymenTamy, nepenaBaeMbiMu MeToay FeetToInches (), aB-
nsotcsa aumepanst 30 1 100. Merog Main () B 3TOM npuMepe co-
Hep>XXUT TyCTble KPYI/ble CKOOKM, TOCKONMbKY OH He MMeeT MapaMert-
POB, 1 ABNsAETCA VO1d, MOTOMY YTO He BO3BpalljaeT KaKoro-nm6o 3Ha-
4eHUs BbI3bIBalollleMy Kofly. MeTopn o uMenu Main () pacrnosHaeTcs
B C# Kak NpM3HAK CTaHJAapTHOM TOYKM BXOfla B MOTOK BBINIOTTHEHMUA.
Meron Main () MoxxeT Heo6s3aTe/IbHO BO3BpallaTh LieNIOYMUCIEHHOE
3HaveHMe (BMecTo void) ¢ Lie/blo ero nepepayy MCIONHAILLEN cpe-
me. Kpome Toro, Merog Main () MoXeT HOMONTHUTENbHO NPUHUMATD
B KayecTBe MapaMeTpa MaccuB CTPOK (KOTOpblit 6y[eT 3amonHATbCA
MOObIMU apryMeHTaMy, NepefaBaeMbIMM MCHONHsAeMOMY ¢ainy).
Hanpumep:

static int Main (string[] args) {...}

HA 3AMETKY!

Maccus (Takoif kak string []) npencraBnser GUKCUpOBaH-
HOe KO/IMYECTBO 37IEMEHTOB OINpefeNeHHOro Tuna (cM. pasgen
& i

MaccuBbl” Ha cTp. 39).

MeTonbl ABNAOTCA OFHUM U3 HECKONMbKUX BuAOB GyHKImit B C#.
JpyruMm BunoM GYHKLMM, KOTOPBIif MBI IPMMeHSH, ObI1a onepaLius *,
BHINMONHALILAA yMHOXeHMe. CyllecTBYIOT TakXe KOHCTPYKTODBI,
CBOVICTBA, COOBITUA, MHAEKCATOPHI ¥ HMHANTM3ATOPBI.

B paccmaTpuBaeMoM npuMmepe fBa MeTOJa CTPYNIMPOBaHbI B
knacc. Knacc o6benuHsier GYHKLMM-4IeHbl M [aHHble-4lIeHbl 1A

12 | Kapmanubii cnpaBoynuk no A3biky (¥ 7.0



$opMupoBaHMA 06bEKTHO-OPUEHTUPOBAHHOTO CTPOUTENBHOTO 6110-
ka. Knacc Console rpynnupyer 4jieHsl, KOTOpble MOAJEP>KUBAIOT
(yHKIIMOHANbHOCTD BBO/A-BbIBOJIA B KOMAH/IHOM CTPOKE, TaKME KaK
meron WriteLine (). Haw knacc Test o6beauHseT ABa MeTOna —
Main () u FeetToInches (). Knacc npencraBnser coboit pasHo-
BUAHOCTb THma (TUObI Mbl 06CcynuM B pasgene “OcHOBBI THIIOB” Ha
crp. 17).
Ha camoM BHellHeM ypoBHe NMpOrpaMMbl TUIIbI OpPraHU30BaHbI
B npocmpaxcmea umeH. JlupekTuBa using memaeT mpocTpaHCTBO
MMeH System HOCTYNMHBIM HalleMy MPUIOKEHUIO A/ UCIO/Ib30Ba-
HUA Knacca Console. Mbl Mornu 6bl ONpefieNnUTh BCe CBOM K/TAacChl
BHYTPM IPOCTPaHCTBa UMeH TestPrograms, KaK [OKa3aHO HMXe:
using System;
namespace TestPrograms
{
class Test {...}
class Test2 {...}
}

Unopactpykrypa .NET Framework opranusoBaHa B Bufie BO-
YKEHHBIX NMPOCTPaHCTB MMeH. Hanpumep, cnenyomiee npocTpaHCTBO
MMEH COIEP>XUT TUIIBI 11 06pabOTKM TeKCTa:

using System.Text;

IupexkTyBa UsSing NpUCYTCTBYeT 3fech pagyu yBoOCTBa; Ha TUI
MO>XHO TaK>Xe CChIaTbCA ¢ TOMOLIBbIO ITOTHOCTbIO 3aJaHHOrO MMEHH,
KOTOpoOe npefcTaBnseT co6oit UMA TuUMa, NpefBapeHHOE ero Mpo-
CTPaHCTBOM MMeH, Hanofiobue System.Text.StringBuilder.

Komnunauus

Komnunarop C# TpaHcnuMpyeT MCXOAHbI KOJ, YKa3blBaeMblit
B Buie Habopa aitnoB ¢ pacuimpeHueM .cs, B c6opky. C6opka
(assembly) — 3T0 eamumua ymakoBku M pasBepThiBaHusa B .NET.
C6opka MoxeT 6bITb NMuM60 npunoxeHuem, nu6o 6ubnuomexoil.
O6biuHoe KOHCONbHOe unuM Windows-npunoxeHne uMeeT MeTOL
Main () u aBnsercs ¢aitnoM .exe. Bubnmuoreka mpeacrasnser co-
60it daitn .dl1 u skBMBaneHTHa Qaitny .exe 6e3 Touku Bxoga. OHa
npefHa3Ha4yeHa A/s BbI30BA (Ccbiky) TPUITOXKEHMEM WM JPYTUMMU
6u6nuorexkamu. Mudpacrpykrypa .NET Framework — sro na6op
6ubmMoTEK.

Mepsan nporpamma wa C# | 13



Komnunartop C# umeer uma csc.exe. [ BHINONTHEHUA KOM-
IMUALMK MOXXHO /6o nonb3oBaThcs IDE-cpenoit, Takoit Kak Visual
Studio, 6o 3amyckaTh CSC Bpy4HyK B KOMaHTHOI CTpoKe. YTo6bI
CKOMITM/IMPOBATh BPYYHYIO, CHaYa/la COXpaHUTe NporpamMmy B ¢aitr,
Takoy Kak MyFirstProgram.cs, 1ocne 4ero nepeiauTe B OKHO
KOMaH/IHOI CTPOKM U 3aNyCTUTE KOMIMIATOP CSC (pacronoXeHHblit
B $ProgramFiles (X86) %$\msbuild\15.0\bin) cnegyrommum
obpasom:

csc MyFirstProgram.cs

B pesynbTaTe Bbl monmyuuTe NpuaoKeHMe no MMeHu MyFirst
Program.exe.
Insa nocrpoenns 6ubnmorexy (.d1l1l) BBemuTe TaKylo KOMaHAY:

csc /target:library MyFirstProgram.cs

BHUMAHME!

Heckonbko cTpanHo, HO uH$pacTpykTypsl NET Framework
4.6 u 4.7 noctapnsTcA ¢ KoMmunaropoM C# 5. Yto6bl nony-
YUTb KOMIUIATOP KOMaHAHOI cTpoku ana Bepcuu C# 7, mo-
Hapobutcs ycraHoBuTb Visual Studio 2017 man MSBuild 15.

CuHTaKCKC

Ha cuuTakcuc C# okasan BnuaHue cMHTaKCUC A3BIKOB C u C++.
B aroM pasgene Mbl onuiieM 37eMeHThl cMHTaKcuca C#, IpuMeHss B
KayecTBe IpMMepa C/eAYIOILYI0 IPOrpaMMy:

using System;

class Test
{
static void Main()
{
int x = 12 * 30;
Console.WriteLine (x);
}
}
3TY KHUTY MOXHO Obinio KyMnnTb B

pecknagynHy Ha cante open-hide.biz

14 | Kapmanubii cnpasounnK no asbixy C# 7.0



WaeHTHHKATOPDI U KNloYeBble CNOBa

Hdenmugduxamopsl — 3TO MMeHa, KOTOpble IIPOrPAMMMUCTBI Bbi-
6MpaloT /1A CBOMX KNacCOB, METOMIOB, MepeMeHHbIX M T.O. Hike me-
peunciienbl nIeHTMUKATOpDl B MpUMepe NPOrpaMMBbl B MOPAMKe UX
TOSAB/IEHUSA:

System Test Main x Console WriteLine

UnentuduxaTop HOMKeH OBITh LIeIOCTHBIM CTIOBOM, KOTOpOE IO
CYILLIECTBY COCTOUT U3 cumBonoB Unicode u HaunHaeTcs ¢ 6yKBbl unu
cumBoONa mopuepkuBaHus. VneHTudukaroper C# 4yBCTBUTENbHBI K
perucTpy cumBonoB. Ilo cornauieHuio AnA NapaMeTpoB, TOKaNbHbIX
TNlepeMeHHBIX U 3aKPBITBIX TO/EN JOIKEH NPUMEHATbCS “BepOmIoXuit”
cTunb (K npuMepy, myVariable), a s Bcex OCTaNbHBIX MAEHTH-
¢duxatopoB — ctunp Pascal (ckaxxeMm, MyMethod).

Kniouesvte cnosa npencTaBnsaoT coboit MMeHa, KOTOpble UMEIOT
A KOMIMATOpPa 0CcoO6blit cMbIC. Hiudke mepeuncieHsl KinoyeBble
CnoBa B MpUMepe MpOrpaMMBl:

using class static void int
BonbIMHCTBO K/II04EBBIX C/IOB ABMIAIOTCA 3ape3epBUPOBAHHBIMM,

T.€. UX HENb3A UCIIONTb30BATh B KaU€CTBE M)IeHTM(bMKaTOpOB. Bort non-
HBIN CIIUCOK 3ap€e3€pBMPOBAHHBIX K/ITKO4Y€BbIX C/IOB C#:

abstract enum long stackalloc
as event namespace static
base explicit new string
bool extern null struct
break false object switch
byte finally operator this

case fixed out throw
catch float override true

char for params try
checked foreach private typeof
class goto protected uint
const if public ulong
continue implicit readonly unchecked
decimal in ref unsafe
default int return ushort
delegate interface sbyte using

do internal sealed virtual
double is short void

else lock sizeof while
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U3beraHue KoHPNUKTOB

Ecnu BBl eifCTBUTENBHO XOTUTE NPUMEHATb MAEHTUPHUKATOP C
MMeHeM, KOTOpoe KOHQ/IMKTYET C K/IOYeBbIM C/IOBOM, TO [JIf1 3TOTO K
HeMy Heobxomumo Ro6aBuTh npeduxc @. Hanpumep:

class class {...} // He nmonyckaercs
class @class {...} // PaspeweHo

CuMBoON @ He ABJNISIETCSA YacThl0 caMoro ugeHTUdunKaropa. Takum
obpasoM, @myVariable — 3To TO e caMoe, 4To M myVariable.
KontekcTHble KnioyeBble cnoBa

HeKOTOPbIC K/II04YE€BbI€ C/I0OBA ABNAKTCA KOHMEKCMHbIMU, A I3TO
3HAQYUT, YTO UX TAKXXE€ MOX>XHO MCIIO/ZIb30BAaTb B KAa4Ye€CTBE M}ICHTM(bM-
KaTOpOB — 6e3 cumBona Q. BoT a3t KmoyeBble C/OBa:

add equals join select
ascending from let set
async get nameof value
await global on var

by group orderby when
descending in partial where
dynamic into remove yield

HeolHO3HaYHOCTb ¢ KOHTEKCTHBIMU K/TIOUEBBIMU C/IOBAMU HE MO-
XeT BO3HUKATb BHYTPU KOHTEKCTA, B KOTOPOM OHM NPUMEHAIOTCH.

ﬂHTepaan, 3HAKW NYHKTYallUu u onepayuun

Jlumepanvt — 3TO 3NeMeHTapHble MOPLMM AAHHBIX, IEKCUYECKU
BCTpauBaeMble B IporpaMmy. B paccMaTpuBaeMoM mpumepe Ipo-
rpaMMbl UCIONB3YIOTCA /uTepansl 12 u 30. 3Haku nynkmyayuu mo-
MOTalOT pa3MedaTb CTPYKTYpPy NporpaMmsbl. B mpumepe mporpamMmsi
NPUCYTCTBYIOT 3HaKM NYHKTyauuu {, } u ;.

durypHble cKO6KM FPYNNMPYIOT MHOXECTBO OIIepaTOpoOB B 670K
onepamopos. TouKa ¢ 3anAToi 3aBepIuaeT oneparop (HO He 670K ore-
paTopoB). OnepaTopbl MOIyT OXBaThIBaTh HECKO/IbKO CTPOK:

Console.WriteLine
(1l+2+3+4+5+6+7+8+9+10);

Onepayus npeobpasyeT u 06beaMHAET BopaxkeHUs. BombLIMHCTBO
onepanuit B C# 0603Ha4aloTCA ¢ MOMOLIbIO HEKOTOPOTO CMMBOJIA, Ha-
IpyuMep, onepaLys YMHOXKEHUA BBIIIAOUT Kak *.
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Huxe NnepevYncieHol onepauumu, 3alelICTBOBaHHbIE B npuMepe
npOrpaMMbl:

0 * =

Toukoit 0603Ha4YaeTCA WIEHCTBO (MMM NeCATUYHAA TOYKA B YMC-
NOBbIX NuTepanax). Kpyrnvie cko6ku B npyMepe MpUCYTCTBYIOT TaM,
rae o6bABNAETCS MM BBI3BIBAETCA METOM; NYCTble KpYI/ble CKOG-
KM O3HayaloT, YTO MeTOJ He NPMHMMaeT apryMeHTOB. 3HaK “paBHO”
BBIIIOJIHAET npuceausarue (IBOMHONM 3HaK “paBHO”, ==, IPOM3BOLUT
CpaBHeHMe 9KBMBANIeHTHOCTH).

KommeHTapum

B C# noppepxuBaloTca ABa pasHbIX CTU/IA JOKYMEHTUPOBAHMUSA
MCXORHOTO KOia: 00HOCMPOYHble KOMMEHMAPUU Y MHO20CMPOYHblE
kommernmapuu. OEHOCTPOYHBbII KOMMEHTapuil HauMHaeTCs ¢ OBOA-
HOM KOCOJ 4epThl M MpOJO/KAETCA N0 KOHIa TeKyllei CTPOKM.
Hanpumep:

int x = 3; // KoMMeHTapmii OTHOCUTEJILHO

// TpMCBaMBaHMA NEePEMEHHOM X 3HadeHus 3

MHOrocTpoyYHbIit KOMMEHTapuil Ha4MHaeTCA C CUMBOMIOB /* U 3a-
KaHYMBaeTcA cumBonamu * /. Hampumep:

int x = 3; /* 3TO KOMMEHTapmit, KOTOPbIL
3aHMMaeT OBe CTPOKM */

B xomMeHTapuu MoxxHO BcTpauBaTb XML-feckpunrops! mOKy-
MeHTauuu (cM. pasgen “XML-gokyMeHTanms” Ha ctp. 218).

OcHoBbI TUNOB

Tun onpenenser waboH Ans 3HaYeHuA. B paccmatpuBaeMoM npu-
Mepe Mbl IpMMeHseM [iBa TMTepana TiNa int co sHayeHusamu 12 u 30.
MBI Takke 0OBABNIAEM nepemeHHyl0 TUMA int 0 MMEHM X.

Ilepemennas 0603HayaeT siueiKy B MaMATH, KOTOpas C TeYyeHMEM
BpeMeH! MOXeT cofiep>KaTb pas/MyHble 3Ha4YeHUs. B npoTuBononox-
HOCTb 3TOMY KOHCMAHMa BCeraa NpeAcTaB/seT OSHO U TO e 3Haye-
Hue (nmoppobHee 06 3TOM — IMO3XKe).

Bce 3HaueHus B C# ABNAIOTCA 9K3eMIUIApaMu crieLuduieckoro
tna. CMbICTT 3HaueHMsA ¥ Habop BO3MOXKHBIX 3Ha4yeHUil, KOTOpbIe
MOXET MMeTb NlepeMeHHas, ONpefe/IAIOTCA ee TUIIOM.
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"pMMepr npeponpeneneHHbix THNOB

I[IpenonpeneneHHble TUIb (Tak)e Ha3blBaeMble BCMPOeHHbI-
My TMIIaMM) — 3TO TMIIbI, KOTOPble CIELMATbHO TOAAEPXKUBAKTCA
KOMIMIATOPOM. THI int ABNseTcA Npefonpee/eHHbIM TUIIOM WIS
TpefcTaBleHns Habopa LiefIbIX YMCer, KOTOpble YMellaioTcs B 32 6ura
namaty, ot -23 go 23'-1. C ak3eMmispaMy TMna int MOXHO Bbl-
NONMHATb GYHKLUMM, HarlpuMep, apudMeTHdeCKue:

int x = 12 * 30;

Eme opuuM npepmonpeneneHHsiM TnoM B C# saBnserca string.
Tun string npepncrabinseT MoC/neNOBaTeNbHOCTb CUMBOJIOB, TaKyIo
kak “NET” unu “http://oreilly.com”. Co cTpokamMu M0o>xHO paboTars,
BbI3bIBasA Ha HUX QYHKIIMM CTIeNYIOIMUM 06pasoM:

string message = "JJo6po noxaJjoeaTh";
string upperMessage = message.ToUpper () ;
Console.WriteLine (upperMessage); // HOBPO IIOXAJIOBATH

int x = 2017;
message = message + x.ToString();
Console.WriteLine (message); // HOobpo noxanoBaTs2017

[IpenonpenenenHblit TUN bool mopaep>xuBaeT B TOYHOCTU ABa
BO3MO>XXHBIX 3HayeHus: true u false. Tun bool 06BIYHO UCTIONB3Y-
eTcA [i/I YCTIOBHOTO pa3BeTB/IEHUS MOTOKA BBINOTHEHMUA C TOMOLIBIO
oneparopa if. Hanpumep:

bool simpleVar = false;
if (simpleVar)
Console.WriteLine ("3T0 He OymeT BeIBeneHoO");

int x = 5000;
bool lessThanAMile = x < 5280;
if (lessThanAMile)
Console.WriteLine ("3To ByneT BeIBEemeHO") ;

HA 3AMETKY!

[TpoctpaHcTBO MMeH System B .NET Framework comepxur
MHOTO BaXXHbIX TMIIOB, KOTOpble He ABJAIOTCSA Ipefonpese-
neHHbIMU B s3bike C# (cKkaxeM, DateTime).
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Mipumepbl cneyHanbHbIX TUNOB

ToYHO TaK e, KaK U3 MPOCTHIX GYHKLMI MOXHO CTPOUTD CIIOXK-
Hble PYHKLMM, U3 3MeMEHTapHBIX TUIIOB HONYCKAeTCsA CO3faBaTh
C/IOKHBIE TUIIBL. B cremylolieM mpyuMepe Mbl ONpefie/IMM CHeL1anb-
Hblil TMI IO MMeHM UnitConverter — K/macc, KOTOPBIA CIY>KUT
1wa67I0HOM /1A TIpeo6pa3oBaHus eqUHMLY:

using System;

public class UnitConverter

{
int ratio; // Tone
public UnitConverter (int unitRatio) // KoHcTpykTOp
{
ratio = unitRatio;
}
public int Convert (int unit) // Meron
{
return unit * ratio;
}
}
class Test

{
static void Main()
{
UnitConverter feetToInches = new UnitConverter(12);
UnitConverter milesToFeet = new UnitConverter (5280);

Console.Write (feetTolInches.Convert(30)); // 360
Console.Write (feetTolInches.Convert(100)); // 1200
Console.Write (feetToInches.Convert
(milesToFeet.Convert(1l))); // 63360
}
}

Ynenol THNA

Tun comepxur OaHHble-4neHbl U ¢ynkuuu-tmenbt. JlaHHBIMU -
yneHaMu Tuna UnitConverter sBnseTcs nose no uMeHu ratio.
Oynkuun-ynensl Tvna UnitConverter — ato mertop Convert ()
u koHcmpykmop UnitConverter ().

lapmonua npeponpepeneHHbIX W CNeLHaNbHbIX THNOB

HpMBHeKaTelleblﬁ acrekT s3bika C# 3aKiOyaercs B TOM, 4YTO
MeXAy npeponpeneneHHbIMU U CriellMaJlbHbIMU TUIIAMU UMeeTCA
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CoBceM Majo oTnumit. IIpegonpeneneHH bl THIT int CIYXUT Iwab-
JIOHOM Ans Uenbix yucen. OH COmepXXUT HaHHble — 32 6uTa — M
npenocTaBseT QYHKLMU-YIEHBI, UCIIONb3YIOLIME 3TU JaHHbIE, TaK1e
Kak ToString (). AHalOrMYHBIM o6pa30M Halll CrieliMaNbHbINA TUIT
UnitConverter meitcTByeT B KadecTBe LIabnoHa Ajis npeobpaso-
Bauusa eguHul. OH XpaHUT JaHHble — KoadduumeHt (ratio) — u
npepnaraeT GQYHKLMM-YIEHDBI A1 PabOTHI C 3TUMM JaHHBIMM.

KoHCTPYKTOpbI M CO3AaHKe 3K3eMNAAPOB

JlaHHbIe CO3MAIOTCA MYTeM CO30aHUA IK3eMNAAPOS Tua. Mbl Mo-
)KeM CO3JlaBaThb 3K3eMIVIAPbI NMpefonpene/eHHbIX TUIIOB [TPOCTO 3a CYeT
NpUMeHEHUs NUTepana, Takoro Kak 12 mim "Jo6po noxanosaTs".

Onepanus new co3faeT 3K3eMIUIAPHI clelianbHOro tuna. Ham
Mero[ Main () HauMHaeTcA € CO3aHMUA [BYX IK3eMIUIAPOB TUIIa
UnitConverter. HeMenneHHo nocne Toro, Kak onepauyus new co-
3mana o6beKT, BbI3bIBAETCA KOHCMPYKmMop o6beKTa [/isi BHIOMHEHUSA
MHUIManu3aLuyu. KoHcTpykTop omnpenensercs mofo6HO MeTORY 3a MUc-
K/TI0YEHUEM TOTO, YTO BMECTO MMEHM METOMA M BO3BpaAlllaéMOro THUMa
yKa3bIBaeTCA UMA TUIA, KOTOPOMY KOHCTPYKTOP NMPUHAMIEXUT:

public UnitConverter (int unitRatio) // KoHcTpykTop

{
ratio = unitRatio;
}

YneHbl 3K3emnnApa U cTaTHYECKHE YNeHbI

JaHHble-uneHbl ¥ QYHKLMM-Y/IEHBI, KOTOpPbIE ONEPUPYIOT Ha IK-
3eMnafgpe TUMA, Ha3bIBAIOTCA 4/leHaMM 3k3eMmmnnsapa. [Ipumepamu
Y/IEHOB 3K3eMIIApa MOTYT CNYXWUTb MeToJ Convert () Tuma
UnitConverter u Merog ToString () Tuna int. [To ymonyanuio
YjleHbl AB/IAIOTCA WieHaMy 9K3eMIApa.

JaHHble-uneHbl U QYHKUMU-YNIEHBI, KOTOpble He ONepUPYIOT Ha
3K3eMIIIApe TUMA, a B3aMeH MMEIOT JIefI0 C CAMUM THUIIOM, JOJKHBI
MmoMeyaTbCsl KakK craTmyeckue (static). CtaTMuecKMMM MeTofa-
Mu aBnsaTca Test.Main () u Console.WriteLine (). Knacc
Console B [eilCTBUTENBHOCTH NpefCTaBseT coboit cmamuyeckuil
Knacc, T.e. 6ce €ro YieHbl craTuyeckue. Co3aaBaTh 3K3eMIUIAPbI Kac-
ca Console Ha caMOM fiefie HUKOTAA He MpUAETCS — OffHa KOHCO/b
COBMECTHO MCIIOIb3YETCA LieIbIM MPUIOKEHUEM.

HaBaiiTe cpaBHUM 4Y/IeHBl 3K3eMIUIipa M CTaTUYeCKye YIeHBI.
B nokasaHHOM HM>Ke KOJie To7le 3K3eMIisipa Name OTHOCUTCA K KOH-
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KpeTHOMY 9K3eMIIApy Panda, Torfa kak mone Population npusa-
INeXHUT Habopy Bcex 9K3eMIIAPOB Knacca Panda:

public class Panda

{

public string Name; // Tlone sx3emnyspa
public static int Population; // CraTnueckoe noje

public Panda (string n) // KoHcTpykTOp
{

Name = n; // TIpUCBOMUTL 3HAYEHMe MOJIO 3K3EeMIIApa
Population = Population+l; // MHKpeMeHTUpOBaTb
// 3HadeHMe CTaTUYECKOTO NOJA

}

B cnenyioleM kope co3naioTcs fBa 9K3eMIUApa Panda, BHIBOAAT-
cs ux umeHa (Name) u 3ateM obuiee konuyectBo (Population):

Panda pl = new Panda ("llarma In");
Panda p2 = new Panda ("lauma Oa");

// Tlannma Iu
// Nanna Ja

Console.WriteLine (pl.Name)
Console.WriteLine (p2.Name)

Console.WriteLine (Panda.Population); // 2

Kniouesoe cnoBo public

KnioueBoe cnoBo public OTKphIBaeT ZOCTYI K YeHaM cO CTO-
POHBI Apyrux kmaccoB. Ecmu 6b1 B paccMaTpuBaeMoM mpumepe Mosie
Name knacca Panda He 6b1/10 TOMe4eHO Kak public, To oHO 65110
6b1 3aKpBITHIM U Kmacc Test He cMOr 6bl MONYYUTh K HEMY HOCTYIL
MapkupoBka 4neHa Kak oTKpbiToro (public) osHayaer, 4To THII
paspeluaer ero BULETb APYrMM THUIIAM, a BCe OCTaNbHOE OYHET OTHO-
CUTBCA K 3aKprTbIM neTanAaM peannsauuu. B paMKax 06'beKTHO-OpI/I-
eHTI/IpOBaHHOﬁ TCPMMHOHOFMM MbI FOBOPMM, 4YyTo OTKprTbIe YJI€HbI
UHKANCYAUPYIOM 3aKpBIThle WieHbl Kacca.

Npeo6pasoBanus

B ssbike C# BO3MOXHBI NpeoOpasoBaHusA MeXAY 9K3eMIIAPaMu
coBMecTUMMbIX THNOB. [Ipeo6pasoBaHme Bcerna MpMBOAUT K CO3AAHMIO
HOBOTO 3HayeHus U3 CyllecTBYlowero. [Ipeo6pasoBanus MOryT GbiTh
60 HeAsHbIMU, TMOO ABHbIMU: HesIBHBIE TIPeOOPa3oBaHMUsA IPOMCXO-
AAT aBTOMAaTHYeCKH, B TO BpeMs Kak ABHbIe Mpeo6pasoBanus Tpedy-
10T npusedenus. B crefyiolwem npumepe Mbl Hef8HO peo6pasoBbIBa-
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eM int B Tun long (KOTOpbIit MMeeT B ABa pasa 6onbiue 6UTOB, YeM
int) u asno mpuBoguM int k TMny short (MMeloww Mt BIONOBUHY
MeHbllle OUTOB, YeM int):
int x = 12345; // int - aT0 32-6MTHOE Lesoe
long y = x; // HemBHoe npeoBpa3oBaHue
// B 64-6uTHOe uLeJoe

short z = (short)x; // flBHoe npuseneHyve
// K 16-OUTHOMY LIEJIOMY

B o6meM cnydae HesBHble Mpeobpa3oBaHMs pa3pelleHbl, KOrAa
KOMITM/IATOP MOXET rapaHTMPOBaTh, YTO OHM Bcerga 6yayT mpoxo-
IUTb ycrelHo 6e3 morepyu uHpopMauuu. B npyrux obcrosTenbcTBax
Ins npeobpasoBaHMsA MeXAY COBMECTMMBIMM THIIAMM [O/DKHO Bbl-
TIOTIHATBCA SIBHOE NpUBENIeHNe.

Tunbl 3HaYeHHIA U CCbINOYHDIE THABI

Tumsl B C# MOXXHO pasfenuTb Ha Munvl 3HaYeHUtl U cCuio4Hble
munbl.

Tunei 3HaweHuti BKMIOYAIOT OONBIIMHCTBO BCTPOEHHBIX TUIIOB
(a MMeHHO — BCe YMCNIOBbIe THMIIBI, TUII Char M TMI bool), a Takxe
cneluanbHble TMIIBI Struct u enum. Ccvi104Hble MUNbL BKIIOYAIOT
BCe K/IacChl, MaCCUBBI, fieleraThl M MHTepdeiichI.

QyHnaMeHTaNnbHOE OT/INYME MeXAY TUIIaMM 3HAYeHUIt U CChINIOY-
HBIMM TMIIaMM CBSI3aHO C TeM, KaK OHM IOIepXXMBAIOTCS B MaMATH.

Tunbl 3Ha4YeHun

CopepXUMbIM NepeMeHHON! MIM KOHCTaHThI, OTHOCALleNRCA K
TUITYy 3Ha4€HUA, ABNIAETCA NpocTo 3HadeHne. Hanpumep, cogepxumoe
BCTPOEHHOTO TUIIa 3HaYeHUs int — 3To 32 6MTa DaHHBIX.

C noMo1bio KI104eBOro ¢/1oBa Struct MOXXHO ONpefeNuThb Cle-
LMa/IbHBIA TUI 3HaYeHus (puc. 1):

public struet Point { public int X, Y; }

Ctpyktypa Point

3HayeHue / 3k3eMnaap

Puc. 1. Dx3emnnap muna 3Ha4eHUs 8 namamu
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Hpmcnausaﬂme 3K3€eMIUIsApa TUIIA 3HAYE€HUS BCerfa NMpuUBOOUT K

KOnUpo8aHuto 3TOro 3K3eMIigpa. Hanpmmep:

Point pl = new Point();

pl.X=17;

Point p2 = pl; // [lpucBaMBaHMe NPUBOIUT K KOMNMPOBAHMIO
Console.WriteLine (pl.X); // 7

Console.WriteLine (p2.X); // 7

pl.X=9; // Viamenurs pl.X
Console.WriteLine (pl.X); // 9
Console.WritelLine (p2.X); // 7

Ha puc. 2 BuaHO, 4TO 3K3eMnsipbl Pl M P2 XpaHATCA He3aBUCH-

MO JPYT OT ApyTa.

CrtpykTypa Point
pl p2
9 7
0 0

Puc. 2. [Ipuceausarue konupyem K3eMnasp muna 3Ha4eHUs

Ccbinoynble THABI

CCBITIOYHBIN TUI CTIOXKHEee THIIa 3HaYeHMA U3-3a HaluduA ABYX
JacTeif: 06veKma U ccoliku Ha 3TOT 06beKT. Colep>KMMBIM MepeMeH-
HOJ{ M/IM KOHCTAHTBI CCBUIOYHOTO THIIA ABJIAETCA CChIIKA Ha OOBEKT,
KOTOpBII CONepXMT 3HaueHue. Huke mpusefieH Tun Point us mpe-

ObIAyllero NpuMepa, NeperucaHHblil B BUfie kinacca (puc. 3):

public class Point { public int X, Y; }

Knacc Point
Ccbinka
O6vexT
! Cebinika } >
MerapnaHHbIe
obbekTa
X
.............. 3HaueHwue / ak3eMnnsp
Y

Puc. 3. Jx3emnasp ccoinouHo20 muna 8 namamu
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[IpucsanBaHMe nepeMeHHON CCbUIOYHOTO TMIIA BbI3bIBA€T KOIM-
pOBaHMe CCBUIKM, HO He 3K3eMIUIsApa 06bekTa. ITO M0O3BONAET MHO-
JKECTBY NepeMeHHbIX CCbUIATbCA Ha ONYH Y TOT XKe 06'beKT — TO, YTO
C TMIaMM 3HayeHUi OObIYHO HeBO3MOXKHO. Ecnu moBTOpUTH Npensl-
YL IpUMep NpU YCIOBUM, YTO Point Temepb mMpefcTaBisAeT CO-
60it Kmacc, onepauus Haj pl 6ydeT Bo3feicTBOBaTh Ha p2:

Point pl = new Point();

pl.X =17;

Point p2 = pl; // KommpyeT cceiiky Ha pl

Console.WriteLine (pl.X); // 7

Console.WritelLine (p2.X); // 7

pl.X = 9; // UameHurs pl.X

Console.WriteLine (pl.X); // 9
Console.WriteLine (p2.X); // 9

Ha puc. 4 BugHO, 4To pl ¥ p2 — 3TO ABE CCBUIKM, KOTOpbIE yKa-
3bIBAIOT Ha OJMH ¥ TOT e 0ObeKT.

Knacc Point
pl O6bekT
l Ccbinika IL >
MeragaHHble
obbekTa
P2 7 Lo o
Ccebinka 0

Puc. 4. ITpuceausariue konupyem ccoinky

3Hayenune null

Ccblnke MOXeT 6bITb MPUCBOEH nMuTepan null, KOTOPHIN OTpa-
XaeT TOT (aKT, YTO CChITKa He YKa3bIBaeT Ha KaKoOM-1nb0o 06beKT.
l'[peunonox(uM, yTo Point sABnseTCA Kmaccom:

Point p = null;

Console.WriteLine (p == null); // True

O6paiuenue K YJleHY CCbUIKM Null NIpUBOAUT K BO3SHMKHOBEHUIO
o6k BpeMeH! BBINOTHEHUA:

Console.WriteLine (p.X); // T'eHepauus MCKJIOYEHUS
// NullReferenceException
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B NpoTMBOMONOXHOCTD 3TOMY THUIl 3HaYeHMs OOBIYHO He MOXeT
uMeTb 3HauyeHue null:

struct Point {...}
Point p = null; // Oumbka Ha sTane KOMIMIALMM
int x = null; // Oumbka Ha sTane KOMIMIIALMM

HA 3AMETKY!

B C# uMeeTcs crnenmanbHas KOHCTPYKLMA IOJ Ha3BaHMEM
TUIIBI, JOMyCKaLye 3HadyeHue null, KOTOpas NpefHa3Haye-
Ha [/ npeacTaBleHus null B TMnax 3HayeHMi (cM. paspmen
“Tumnsl, gomyckalolyue 3HayeHne null” Ha ctp. 150).

Knaccndukauua npegonpeseneHHbiX TUNOB

ITpeponpenenenHble Tumbl B C# KnaccuduUMpyIOTCs ClefYIOLIMM
obpasoMm.
Tunwvt 3Hayenutl

® Yucnosoi
o llenouncneHHslit co 3HakoM (sbyte, short, int, long)
o llenouncnenHsiit 6e3 sHaka (byte, ushort, uint, ulong)
O BemectBennniit (float, double, decimal)

® Jlormueckuin (bool)

¢ CumsonbHblit (char)

CcoinoyHoie munoi

® CTpoKOBbBIif (string)

® O6mbekTHbIN (Object)

HpeuonpeneneHHble Tunbl B C# aBnsloTca NnceBOAOHUMAaMHU TUIIOB
NET Framework B npocTpancTBe uMeH System. [TokasaHHble HIXe
[iBa oriepaTopa OT/IMYAKTCA TONbKO CUHTAKCHMCOM!

int i =5;

System.Int32 i = 5;
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Ha6op npenonpeneneHHbIX TUIIOB 3Ha4eHut, UcKModas decimal, B
ob11esa3bIkoBON ucnonHsAwleit cpefe (Common Language Runtime —
CLR) 13BecTeH KaK npumumueHvle munst. [IpUMUTUBHbBIE TUITbI Ha3bl-
BAIOTCS TaK [OTOMY, YTO OHM MOJMEP>KMBAIOTCA HEMOCPEACTBEHHO Ye-
pe3 MHCTPYKLIMM B CKOMITMIMPOBAHHOM KOJie, KOTOpble OObIYHO TpaHC-
JIUPYIOTCA B NPAMYIO TOAMEPXKKY BHYTPY MMEIOLIETOCA IPOLieccopa.

Yucnosbie TUNbI

Huke nokasaHsl npepornpeneneHHblie YMC/OBbIE TUIIDI B C#.

Tun C# :::remnmﬁ Cydduxc BPa:;::( Ananason
LienouncnenHbiii co 3HaKOM

sbyte SByte 8 _21 — 21
short Intlé 16 215 — 215
int Int32 32 =281 — 231
long Int64 L 64 263 263_1
Llenouncnennbi 6e3 3naKa

byte Byte 8 0— 251
ushort UIntleé 16 0— 261
uint UInt32 U 32 0— 2321
ulong UInt64 UL 64 0 — 2641
BewecTBeHHbIA

float Single F 32 H(~104 — 10%)
double Double 64 +(~10-3 — 1033)
decimal Decimal M 128 _H(~10-2 — 10%)

N3 Bcex LienoYMCnIeHHbIX TUIIOB int M long ABNAITCA NepBo-
K/TaCCHBIMM TUIIaMM, KOTOPbIM obecredymBaeTcs MOAJEP>KKa KakK B
asbike C#, Tak M B MCHonHAKLIeH cpefe. [Ipyrue LienoyncneHHble
TUIbI 06BIYHO MPUMEHAIOTCA [UIS1 peaiu3aliny B3aUMOLENCTBUS WK
KOT/ia [/IaBHas 3aflaya CBA3aHa ¢ 3¢ PpeKTUBHOCTBIO XpaHEeHH .

B pamkax sewjecmeennbix uncnosbix TunoB float u double Ha-
3BIBAIOTCA MUNAMU ¢ naasarouieli moyxoti u 06bIYHO UCTIONb3YIOTCA B
Hay4HbIX ¥ rpadyudeckux BbrumcneHusax. Tun decimal npumeHser-
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¢4, KaK 1paBujo, B GMHAHCOBBIX BBIYMCIEHMUAX, KOrAa TpebyeTcs fe-
caTMYHas apudMeTHKa 1 BbICOKasg TOYHOCTb. (PopmanbHo decimal
TaK)Xe fAB/AETCA TUIIOM C I/IaBalolLeit TOYKOM, XOTA 06bIYHO Ha HEro
TaK He CChI/IA0TCA.)

Yucnosble nutepansl

Lleno4ucnentvie numepansvt MOTyT UCIIO/Ib30BATh AECATUYHYIO M/
IeCTHafiLlaTepu4Hylo GOpMy 3amucy; LIeCTHaALaTepuyHas popma 3a-
IMcK IpefycMaTpyUBaeT NpMMeHeHMe npedukca 0x (Hanpumep, 0x7f
9KBMBaNeHTHO 127). B Bepcunu C# 7 MOXXHO TakXe MCIONb3OBaTh
npedukc Ob A1 ABOMYHBIX MUTEpasNoB. Bewecmeennvie numepans
MOTYT NPUMEHATb JEeCATUYHYIO U/MIM IKCIIOHEHLMaNbHYI0 dopMy
3aluCH, TaKyl Kak 1EQ6.

B Bepcun C# 7 nns ynyuireHus 4uTabeNnbHOCTH BHYTPDb YMCIOBO-
ro /JMTepana MOTYT BCTaBATbCA CUMBOJIbI MOfYepPKMBaHMUA (Hanpu-
mep, 1 _000_000).

BbiBeeHue THNa YHCNOBOrO nutepana

[To yMOMYaHUIO KOMITUIATOP 8b/600UM TUIl YUCTIOBOTO JIUTEpa-
na, oTHocA ero 6o k double, 160 K KaKOMY-TO L{eNIOYUCTIEHHOMY
TUITY.

o Ecnu nmutepan cofep>XUT feCATUYHYIO TOUKY MU CUMBOJ 9KC-

noHeHTH! (E), To OH nonyyaer tmn double.

® B NpoTMBHOM cnydae TMIIOM nuTepana OymeT MepBbIi THII, B
KOTOPbIIf MOXXET YMECTUTbCA 3HaYeHMe 1uTepana, U3 ciefyio-
lero cmmcka: int, uint, long u ulong.

Hanpumep:
Console.Write ( 1.0.GetType()); // Double (double)
Console.Write ( 1E06.GetType()); // Double (double)
Console.Write ( 1.GetType()); // Int32 (int)
Console.Write ( 0xF0000000.GetType()); // UInt32 (uint)
Console.Write (0x100000000.GetType()); // Int64 (long)

Yucnosbie cypuxcob

Yucnosvie cydduxcel, ykasaHHble B NpefbInyIleii TabmuLe, ABHO
OIlpefie/II0T THUII IATepana:

decimal d = 3.5M; // M = decimal
// (He 4YyBCTBMTEJIEH K PEIUCTPY)
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Heob6xoaumocTb B cyddukcax U u L BO3SHMKAET PelKO, IIOCKOMbKY
TMOBI uint, long M ulong MOryT nouTyM Bceraa 6o 861600umbcA,
nnbo HessHO npeobpazosviéamuca U3 int:

long i = 5; // HesaBHoe nmpeoGpa3oBaHMe u3 int B long

Cydoduxc D popManbHO M36BITOYEH M3-3a TOTO, YTO BCe JIUTe-
panbl ¢ AeCATUYHOI TOYKOM BBIBOAATCA B double (M K 4MCTIOBOMY
NUTepany Bcerfa MOXHO f06aBUTb AecATHYHYIO TouKy). Cyddukce F
1 M Hanbornee mone3Hbl 1 06sA3aTeNbHBI IPU YKa3aHUM APOOHBIX JIM-
TepanoB float mnu decimal. Be3 cydpdukcoB cnemyommit Kon He
CKOMIIMIMpYeTCs, T.K. muTepan 4.5 6b11 6b1 BoiBefieH B Tin double,
U1 KOTOPOTO He NpefyCMOTPeHO HesABHOe npeobpa3oBanue B float
umm decimal:

float £ = 4.5F; //He ByneT xoMmuaupoBaThCs 6e3 cybddukca
decimal d = -1.23M; //He 6ynmer xommmuampoBaThbCs Ge3 cybddmkca

Yucnosblie npeobpasoBanua
npeo6pasosanm| HenbiX Yyucen B Henbie Yucna

LlenouncneHHble npeo6pasoBaHus ABJAIOTCA HeABHbIMU, KOTa
Lle/IeBOV TUII B COCTOSAHMM NPEACTaBUTh KaXKJoe BO3MOXKHOe 3Ha-
YeHMe MCXOOHOro THma. VIHaue TpebyeTcs s6Hoe mpeobpasoBaHMe.
Hanpumep:

int x = 12345; // int - 32-6uTHoe UeJoe

long y = x; // HesBHoe npeoBpa3oBaHue
// B 64-6uTHOe uLeJOe

short z = (short)x; // SIBHoe npeoGpa3oBaHue

// B 16-6uTHOE Lemoe

Mpeo6pazoBanua Yncen ¢ Nnasalowleil TONKOH B YHCNa
C NnaBaow|el TOYKOH

Tun float MoxeT 6bITh HesABHO mMpeobpa3oBaH B Tul double,
T.K. double mo3BONAET NpeACTaBUTD N060e BO3MOXHOE 3HaueHye
float. Ob6paTHoe Npeo6pa3oBaHye TOMKHO ObITb ABHBIM.

[TpeobpasoBanus Mexay decimal u ApyrMMM BellleCTBEHHBIMU
TUIIaMM JO/DKHBI OBITb ABHBIMY.

llpeoﬁpasonauml Yyucen ¢ Nnasawlyed TOYKOM B Lenble YHcna

Hpeoépasosamm LIETOYUC/TIEHHBIX TUIIOB B BEILLIECTBEHHbIC TUIIbI AB-
JIAIOTCA HEABHBIMM, TOrJa KakK O6paTHbI€ npeo6pa303aHm1 OO/DKHBI 6bITh
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asHbIMU. [Ipeo6pasoBaHue 4iC/a ¢ NaBaoLLeil TOYKON B Liefoe YMCTI0
ycexaeT Apo6HyI0 YacTb; [/Isl BBHINOJIHEHMA Mpeobpa3oBaHMil C OKpYr-
NieHueM CreflyeT NPUMEHSATb CTaTHYecKuit Knacc System.Convert.
BakHo 3HaTb, YTO HeABHOE NpeobpasoBaHme GOMBIIOTO Lie/IOUMC-
JIEHHOTO TUIA B TUII C [/IaBalolleif TOYKO} COXpaHAeT 8eUYUHY, HO
MHOIIa MOXKET TIPUBOAMTD K IIOTEPE mOuHOCU:
int i1 = 100000001;

float f = il; // Be;nmMuMHa coxpaHSeTCs, TOYHOCTb TepseTcs
int i2 = (int)£; // 100000000

ApndmeTnyeckmne onepauuu

Apudmernyeckue oneparmu (+, -, *, /, $) onpeneneHsl Ajis Bcex
YUCTIOBBIX TUIIOB KpoMe 8- M 16-OMTHBIX L[e/IOYMCIIEHHBIX TUIIOB.
Onepanus % faeT 0CTaTOK OT He/eHUs.

Onepauuu WHKpeMeHTa U leKpemMeHTa

Onepanuy MHKpeMeHTa 1 feKpeMeHTa (++, ——) yBelIMYUBAKOT U
YMEHBILAIOT 3HaYeHUA YMCNIOBBIX TUIOB Ha 1. ITM omepaumy MOryT
HaXOJUTbCA Iepef UMK NOC/e NIepeMeHHO! B 3aBUCMMOCTH OT TOTO,
Korfia TpebyeTcs 06HOBUTD 3HaYeHMe NlepeMeHHOI — [0 MM TOCTIe
BbIYMCTIEHMA BbIpakeHus. Hanpumep:

int x = 0;

Console.WriteLine (x++); // BuBomuT 0;

// x Teneps comepxuT 1

Console.WriteLine (++x); // BelBomMT 2;

// X Tenepe COOEPXAT 2

Console.WritelLine (--x); // BelBomMT 1;
// X Tenepb comepxmT 1

CneuunanbHblie uenouyucneHHole onepaluu

llenenune

Onepauuu feneHus Ha LieJIOYUC/IEHHBIX TUIIAX BCerja yceKaloT
ocTaTky (OKPYI/IAIOT B HallpaB/lleHuMy Hyns). [lefleHne Ha NepeMeH-
HYI0, 3HaueHMe KOTOPOIf paBHO HYIIO, FeHEpUpYeT OIUMOKY BO BpeMs
BbinonHeHus (Mckmoyenne DivideByZeroException). denenne
Ha jIMTepan WM KOHCTAaHTY, paBHYI0 HYJIO, BbI3bIBaeT OIIMOKYy Ha
3Tane KOMINWIALIUMA.
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Nepenonuenne

Bo Bpems BbinonHenus apudmeTndeckme onepanym Ha LieJIouuc-
JIEHHBIX TMUIIaX MOTYT NPUBOAUTH K NepenonHeHuo. [lo yMomyanuio
3TO MPOUCXOOUT MO/TYa — HMKAKMe UCKIIOYEHUA HE TeHEPUPYIOTCA,
a pe3ynbTaT [IEMOHCTPUPYET MOBEEHME C UMKINIECKUM BO3BPATOM,
KaK ecmy 6bl BbIYMCIIeHME NPOU3BOAMIOCH Hafl GONbLIMM LieIOYMC-
JIEHHBIM THMIIOM C OTOpachiBaHMEM JOMO/IHUTEbHBIX 3Ha4aIuX 6u-
ToB. HanpuMep, JekpeMeHTHMpOBaHME MMHMMA/IbHO BO3MOXXHOTO
3HaueHMA TUNa int JaeT B pe3ynbTaTe MaKCMMa/lbHO BO3MOXXHOE
3HayeHue int:

int a = int.MinValue; a--;

Console.Writeline (a == int.MaxValue); // True

Onepauun checked  unchecked

Onepaunsa checked cooblaeT MCIOMHAIOLIEN CPefie O TOM, YTO
BMECTO MOJ/IYa/IMBOrO INepeno/HeHMA OHa JO/DKHA TeHepupoBaTh MUC-
KmoyeHne OverflowException, Korga Leno4ncieHHOe BbIpaXke-
HJe WM ONepaTop BBIXOAMUT 3a apudMeTHdecKue npefesbl JaHHOTO
tuna. Onepanusa checked Bo3geiicTBYeT Ha BoIpakeHUs C ONepaLyu-
AMU ++, ——, - (YHapHas), +, =, *, / ¥ ABHBIMU [Ipe06pa3oBaHUAMU
MEXTY Lie/IOYUCTIEHHbIMU TUIIaMMU.

Onepannio checked MOXXHO MCNONMBb30BAaTh MO0 C BBIpaOXKEHUEM,
m6o ¢ 6rmokoM onepatopoB. Hanpumep:

int a = 1000000, b = 1000000;

int ¢ = checked (a * b);//I[lpoBepsieT TOJILKO 3ITO BHIPAXEHME.

checked // TlpoBepseT BCe BEIpAXEHMSA

{ // B BrOKe ONepaTopoB.

c=a*b;

}

[IpoBepky Ha apudMeTHyecKoe NeperoNHeHNe MOXHO che-
naThb 06513aTeNbHOI /1A BCeX BbIPaXKeHUI B NpOrpaMMe, CKOMIIHU-
NIMpOBaB ee C IepeK/loyaTe/leM KOMaHAHOM cTpoku /checked+
(B Visual Studio ato gemaercs Ha Bknanke Advanced Build Settings
(JononuurenbHsle mapameTpbl c6opku)). Ecnu mo3xe noHago6urcs
OTK/IIOYUTb NPOBEPKY INepenonHeHus [/ KOHKPETHBIX BbIpaXkeHMit
WU OTIEPaTOpPOB, TO MOXXHO NMPUMEHUTH ONepanuio unchecked.
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Mob6utoBble onepayum

B C# noppepXuBaloTcs cenyolue mo6uToBble omneparuu.

Onepauua  Onucanue Npumep Boipaenna  Pesynbrar

* JlononHenue ~0xfU Oxffff£££0U
& (] 0xf0 & 0x33 0x30

| Unu 0xf0 | 0x33 0xf3

& Nekniovarowee UK 0xf£f00 ~ 0x0ff0 0xf0f0

<< Cpsur Bneso 0x20 << 2 0x80

Ze Cnswr Bnpaso 0x20 >> 1 0x10

8- # 16-6MTHDIe LenoYHcneHHble THNbI

K 8- 1 16-OMTHBIM LieIOYMCIIEHHBIM THUIIaM OTHOCATCA byte,
sbyte, short u ushort. ¥ Takux TMIIOB OTCYTCTBYIOT COOCTBEH-
Hble apudMeTnyeckue onepanum, nostromy B C# oHu npu Heobxo-
AMMOCTY HesIBHO Npeo6pa3yloTcs B 60/ee KpyNHble THIBI. [TombITKa
NpUCBaMBaHUA pe3y/bTaTa lepeMEHHO MEHbIIEro 1e/I0YMCIEHHOTO
TUIIa MOXET BbI3BaTh OWIMOKY Ha 3Tane KOMIMIALMK:

short x =1, y=1;
short z = x + y; // Oumbka Ha 3Tane KOMOMJIALMAA

B maHHOM cryyae mepeMeHHbIe X M Y HeABHO Npeo6pasyloTcs B
TUII int, Tak 4TO C/lOXKeHMe MOXET ObITh BBINOJIHEHO. JTO O3Haya-
€T, YTO pe3yNbTaT Takxke GyfeT MMeTb TUIl int, KOTOpPBI He MOXeT
OBbITb HEABHO NpUBefieH K TNy Short (M3-3a BO3MOXHOM IOTepH
nHdopManum). Uto6sl NMokasaHHBIA KOX CKOMIMIMPOBAICS, NMOTpe-
6yercs Bo6aBUTb AIBHOE NpMUBeAEHMeE:

short z = (short) (x + y); // Kommummpyercs

Cneuuanbhble 3Hayewua £loat n double

B oTnnume oT LieIOYMCIEHHBIX TUIIOB THUIIBI C IIaBalOLLei TOYKOM
MIMeIOT 3Ha4eHM, KOTOpBIe ONpefe/IeHHbIe ONepaLyy TPAKTYIT 0COOBIM
o6pasoM. TakuMy criequanbHbIMu 3HaYeHuAMM sBsiorcss NaN (Not a
Number — He umcno), +o, oo u -0. B knaccax float u double mpe-
AYCMOTpeHbI KOHCTaHTbI A1 NaN, +00 ¥ —00 (a Takyke /A ApYTUX 3Ha-
YeHuit, BKmodasa MaxValue, MinValue u Epsilon). Hanpumep:

Console.Write (double.NegativeInfinity); //-GeckoHedHOCTb
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[leneHue HeHyneBOro 4MC/Ia Ha HOMb faeT B pe3y/bTaTe 6eCKOHey-
Hylo BenmuumnHy. Hanpumep:

Console.WriteLine ( 1.0 / 0.0); // ©eCKOHEeUHOCTb
Console.WriteLine (-1.0 / 0.0); // -6eCKOHEeYHOCTb
Console.WriteLine ( 1.0 / -0.0); // -6eCKOHeYHOCTb
Console.WriteLine (-1.0 / -0.0); // BEeCKOHEeYHOCTb

JleneHue Hy/Ns Ha HOMb MM BbIYUTaHMe 6ECKOHEYHOCTH U3 becKo-
He4HOCTH AaeT B pe3ynbTaTe NaN. Hanpumep:

Console.Write ( 0.0 / 0.0); // NaN
Console.Write ((1.0 / 0.0) - (1.0 / 0.0)); // NaN

Korpa npumensercs onepanus ==, sHaueHne NaN HuKorga He 6y-
JieT paBHO [pyroMy 3HadeHuio, gaxke NaN. [Ina npoBepku, paBHO 1y
3HaueHMe creLuanbHOMy 3HadeHn0 NaN, Jo/keH MCIONb30BaThCsA
Meton float.IsNaN () mam double.IsNaN():

Console.WriteLine (0.0 / 0.0 == double.NaN); // False
Console.WriteLine (double.IsNaN (0.0 / 0.0)); // True

OpHako B cnyyae NpMMeHeHMs MeTofa object.Equals () aBa
3HayeHus NaN paBHbI:

bool isTrue = object.Equals (0.0/0.0, double.NaN) ;

Bbi6op mexay double n decimal

Tun double ynobeH B HayYHbIX BBIYMC/IEHUAX (TaKMX KaK BBbI-
4yC/IeHNe IPOCTPAHCTBEHHBIX KOOPAMHAT), a TuIl decimal — B ¢u-
HAaHCOBBIX BBIYMCIEHUAX M I/ NpeNCcTaB/leHMUs 3HaYeHUil, KOTopble
ABMAITCA “UCKYCCTBEHHBIMM', @ He IIONyYeHHbIMU B pe3y/bTaTe pe-
aJIbHBIX M3MepeHuit. Huxke npefcraBneHa cBofKa Mo OTINYMAM MeX-
oy Tunamu double u decimal.

XapakrepucTuka double decimal
ByTpexHee npeacTasnenue [JlBonyHoe NlecatyHoe

[lecATMYHAA TOUHOCTD 15-16 3Hauawux unp 28-29 3Havawmx umdp
[Qlvanaso +(~10-3% — ~10%8) H(~102 — ~10%)
CneunanbHble 3HaYeHuA 40, -0, +oo, —couNaN  Ovcytcrayior

CkopocTb 06pabotku Mpucywan npoueccopy He npucywan npoueccopy

(npumepHo 8 10 pa3 MeaneHHee,
yeM B cnyyae double)
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OwM6KN OKpYINeHNA BewleCTBEHHbIX Yucen

Tunsr float u double BHyTpeHHe NpeACTaBNAOT YUC/IA B ABO-
u4Hol ¢opme. Ilo 3TOi MpuyMHe 6ONBUIMHCTBO NTUTEPANoOB ¢ APO6-
HOI1 4acTbIo (KOTOpbIe ABNAIOTCA AeCATUYHBIMU) He OYNYT MpencTas-
TIEHBI TOYHO:

float tenth = 0.1f; // He Touno 0.1
float one = 1f;
Console.WriteLine (one - tenth * 10f); //-1.490116E-08

MMeHHO moatoMmy tumsl float u double He nopxopAT mnsa ¢u-
HaHCOBBIX BbIYMCNIEHNMI. B npoTuBomonoxHocth M tvn decimal
paboTaeT B [eCATMYHOM CUCTEMe CUMCIEHUA M NOTOMY CHOCOGeH
TOYHO INpeACTaBNIATh SpoOHble uncna Bpofie 0.1 (mecATH4HOe mpen-
CTaBJIeHMe KOTOPOTO SABJISIETCSA HellepUOANYECKUM).

byneBckue TUnbl U onepauuu

Tun bool B C# (ncesgonuMm tvna System.Boolean) mpen-
CTaB/IsAeT JIOTMYeCKOe 3HaueHMe, KOTOPOMY MOXeT GbIThb IPUCBOEH
nutepan true unn false.

XoTa mna XpaHeHMA 6YNeBCKOro 3HayeHMS JOCTATOYHO TONBKO
ofiHOro 6MTa, MCMIONHA0WAA cpefla 6yaeT UCIONb30BaTh OfMH 6aifT
NaMATH, TOCKOIbKY 3TO MUHMMAsbHasA NMOpLMA, C KOTOPO# UCTIOMHA-
Iolllasg cpefia ¥ npolieccop MOryT a¢dekTuBHO paboTaTh. Bo u3be-
XKaHMe HEMPOAYKTMBHBIX 3aTpaT MPOCTPaHCTBA B C/yYae MacCUMBOB
nHdpactpykrypa .NET Framework npennaraeT B mpocTpaHCTBe UMEH
System.Collections knacc BitArray, KOTOpbI/ IO3BO/AET 3a-
HeiiCTBOBaTh O OJHOMY GMTY JIsl KaXKHOro 6y/neBCKOro 3HaueHus B
MaccuBe.

Onepauuu IKBUBANIEHTHOCTU U CPABHEHHUA

Onepauuy == 1 ! = NpoBEPAIOT Ha NpeAMeT 3KBUBAJIEHTHOCTU U
HEIKBMBANIEHTHOCTH 3HayeHMs M0O0ro TUIa M BCerga BO3BpalLaloT
3HaveHMe bool. Tumsl 3HaueHMIt OOBIYHO MOANEPXKMUBAIOT OYEHD MPO-
CTOe TMOHATME IKBUBA/IEHTHOCTH:

intx=1, y=2, z=1;

Console.WriteLine (x ==y); // False

Console.WriteLine (x == z); // True

open-hide.biz
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Jl1s1 CCBIIOYHBIX TUIIOB 3KBUBATEHTHOCTD [0 YMOTYaHUIO OCHOBa-
Ha Ha CCbiIKe, 2 He Ha JeMCTBUTE/IBHOM 3HAYEHUY JIeXKALLero B OCHOBE
obbekTa. CrefoBaTe/IbHO, [Ba 3K3eMIIApa 06beKTa C MAEHTUYHBIMY
HaHHBIMM He GYRYT CYMTATbCS PAaBHBIMY, €C/IM TONIbKO OMNepauus ==
CIeLManbHO He 6blIa TeperpysxeHa I ROCTIDKeHUA Takoro addekra
(cM. pasgenst “Tun object” Ha ctp. 95 u “Ileperpyska omneparnuit”
Ha cTp. 193).

Onepanuy 5KBMBaJIeHTHOCTH M CPaBHeHMs, ==, !=, <, >, >= ¢
<=, paboTalOT CO BCEMM UMCIOBBIMU TUIIAMM, HO JO/KHBI OCMOT-
PUTE/IbHO MCIIONMb30BAThCA C BeLeCTBEHHBIMU YMC/TaMy (CM. pasfien
“Ownbxu OKpyrieHus BelleCTBEHHBIX Yncen” Ha cTp. 33). Onepanuu
CpaBHeHMs TaKXe pabOTalOT C WieHaMyM THMIIa €num, CPaBHUBasA Jle-
Xalll¥e B MX OCHOBE Lie/IOYMCTIeHHble 3HAYeHNA.

YcnoBHble onepauuu

Onepauun && u | | peanusytot ycnosus M u MJIM. Onu dacto
NPUMEHSAIOTCA B COYETaHMM C OMepaumeit !, KOTopas BbIpaXkaeT yc-
nosue HE. B nmokasaHHOM Hinke npumepe Metof, UseUmbrella ()
(6bpaTb 1M 30HT) BO3BpallaeT true, ecnmu ZOXAMMBO (rainy) umm
COJIHeYHO (Sunny) Npu yc/oBuy, YTo He AyeT BeTep (windy):

static bool UseUmbrella (bool rainy, bool sunny,
( bool windy)
return !windy && (rainy || sunny);

}

Korma Bo3smoxxHO, onepauun && u | | cokpawjarom BbIYUCTIEHME.
B npenbinyumeM npuMepe, ecnmu nyet BeTep (windy), To BblpaxkeHue
(rainy || sunny) gpaxe He oneHuBaeTcA. CokpallleHue BbIYMC-
JIEHUI UrpaeT BaXKHYIO pojb B obeclieyeHUM BBINMONHEHUS BbIpa-
JKeHMIT, TaKMX KaK MOKa3aHHOe HiDKe, 6e3 reHepalMy MCKIIOYEHUA
NullReferenceException:

if (sb !'= null && sb.Length > 0)

Omnepauun & M | Takxke peanusyloT NpOBepKM YcnoBuit M u
WA

return !windy & (rainy | sunny);

UX oTnuume CBA3aHO C TE€M, YTO OHM He COKpalllal0OT BbIYUC/IEHUA.
ITo aroit Nnpu4YnHe & U | P€AKO UCTIONIb3YIOTCA B Ka4yeCTBE onepaumﬁ
CpaBHEHMUA.
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TepHapHas ycnosnas onepayus (HasbiBaeMas IPOCTO YC0BHON One-
pauueii) umeer GopMy q ? @ : b, IZie pesynbTaTOM SAB/AETCA A, €CTHU
ycnoBue q paBHO true, u b — B IpOTMBHOM crydae. Hanpumep:

static int Max (int a, int b)

{

return (a > b) 2 a : b;
}
YcnosHas onepanys oco6eHHO yno6Ha B 3anpocax LINQ (Language
Integrated Query — s3bIK MHTETrPMPOBAHHBIX 3aIIPOCOB).

CTpOKH 1 cMMBONDI

Tun char B C# (nceBgouuM timna System.Char) MpefCTaBNseT
cumBon Unicode u 3saHuMaert 2 6aitta. JIutepan char ykassiBaeTcs B
ONVHApPHbIX KaBbIYKaxX:

char ¢ = 'A'; // IlpocToit CMMBOJ

Ynpaensiowjue nocnedo8amensHOCmMy BBIPAXAKT CUMBOJIBI, KO-
TOpble He MOTYT ObITb MpefCcTaB/IeHbl UM MHTEPIpPeTUPOBaHbl GyK-
Ba/IbHO. YTpaB/isoLas MOC/ef0BaTeNbHOCTb COCTOUT M3 CUMBO/A 06-
PaTHOI1 KOCO¥ YepThl, 32 KOTOPBIM C/lefyeT CUMBOJI CO CIeL[1a/IbHBIM
cMbicnioM. Hanpumep:

char newLine = '\n';
char backSlash = '"\\';

CHUMBONBI ynpaBaAwWnX Moc/nefoBaTeNbHOCTEN nepevYncieHbl
HMXe.

CumBon Cmbicn 3Hauenne
\! OfuHapHan Kasbluka 0x0027
\" [lB0HaA KaBbluKa 0x0022
\\ 0BparHan kocas yepra 0x005C
\O ycro 0x0000
\a CurHan tpesoru 0x0007
\b 3aboit 0x0008
\f MepeBog CTpaHMLb! 0x000C
\n Hoan cTpoka 0x000A
\r Bo3Bpar kapetku 0x000D
\t TopH3OHTaNbHaA TabynAuMA 0x0009
\v BepTukanbHaa Tabynauma 0x000B
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YnpaBnsiowas nocnegoBaTeNbHOCTb \U (MM \X) MO3BONAET yKa-
3piBaTh mo6oit cumBon Unicode B Bupe ero uiecTHafLaTepUYHOro
KOfIa, COCTOAILETO U3 YeTbipeX Ludp:

char copyrightSymbol = '\u0O0A9';
char omegaSymbol = '"\uO3A9';
char newLine = '"\u000A"';

HesBHoe mpeo6pasoBaHie U3 char B uMcl0BOI TUI paboTaeT
I/ YMCTIOBBIX TUIIOB, KOTOPble MOTYT BMeCTUTb THN short 6e3 3Ha-
Ka. [l IpYrMX YMC/IOBBIX TUIIOB TpebyeTcs sBHOe NMpeobpa3oBaHUe.

CTpokoBblif TUR

Tun string B C# (nceBgoHuM Tuma System.String) npen-
CTaB/IfeT HeM3MeHAEMYIO NOC/IelOBaTeNbHOCTb cuMBoONoB Unicode.
CTpOKOBBIif TUTepan yKa3bIBaeTCs B ABOJMHBIX KaBbIYKaX:

string a = "Heat";

HA 3AMETKY!

string — 3TO CCBUIOYHBIN THUII, @ HE TUII 3HaYeHUs. TeM He
MeHee, ero onepaunyuyu 3KBUBA/IeHTHOCTY CIeAyIOT CEMaHTUKe
TUIIOB 3HA4YEHMUI:

string a = "test", b = "test";
Console.Write (a ==b); // True

Ynpapndiouue nocnefoBaTeNbHOCTH, HOMYCTUMbIE [I7IA TUTepPasioB
char, Taxxe paboTaloT BHYTpM CTPOK:

string a = "llpumep Tabynaumm:\t";
[Tnatoit 3a 3TO ABNAETCA HEOOXOAMMOCTb AYOMMPOBaHUA CUMBO/IA
06paTHOM KOCOJ YepThl, KOT/Ia OH HY>KeH 6YKBa/bHO:

string al = "\\\\server\\fileshare\\helloworld.cs";

Yro6bl u3bexatb 310N npobnemnl, B C# paspeuieHbl 00Cn08Hble
CTPOKOBbIe MTepanbl. [lOCTIOBHBIN CTPOKOBBIN NUTepan cHabXkaeTcs
npedukcom @ 1 He MoATepXMBAET YNpaB/ALIMe OCTeAOBATENbHOC-
. Cnefyiomas JOCTOBHas CTPOKa MAEHTUYHA NpeAbIAyILeil CTPOKe:

string a2 = @"\\server\fileshare\helloworld.cs";
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[loCNOBHBIA CTPOKOBBINA NUTepan MOXET TaKXKe 3aHMMATh He-
CKONbKO CTPOK. UTOObI BK/IOYNTD B JOCTOBHBI CTPOKOBbIN TMTEpan
CUMBOJI IBOMHOM KaBbIYKH, €r0 MOHafo6UTCA 3anmucaTh JBaXK/Ibl.

KonkaTeHauus cTpok

Onepauuﬂ + BBINO/HSAET KOHKaTeHALMUIO ABYX CTPOK:
string s = "a" + llbll’.

OnuH 13 onepaHAioB MOXET GbITb HECTPOKOBBIM 3HaYeHMEM; B 3TOM
crnyvae As Hero 6yne'r BbI3BaH MeTof, ToString (). Hanpumep:

string s = "a" + 5; // a5

MHorokpaTHoe npMMeHeHMe onepaLuy + /s IOCTPOeHUA CTPOKM
MOXeT OKa3aTbcsl HeaddeKTUBHBIM: 6oJlee yiauHOe pellleHye Ipefyc-
MaTpMBaeT UCMONIb30BaHMe Tuna System. Text.StringBuilder,
KOTOPBIf MO3BONAT MpPeACTaBNATh M3MeHAEMYIO (pefaKTUpYeMYIo)
CTPOKY M pacronaraet Metogamy ans 3¢ ¢dekTuBHOro gobaBneHu,
BCTaBKM, ya/lleHUA U 3aMeHbI NTOACTPOK.

UHTepnonauua cTpok

Crpoka, npegBapeHHass CMMBONIOM $, Ha3bIBaeTCA UHMeEPHOnU-
posannoti cmpoxoil. VIHTeprnonupoBaHHbIe CTPOKM MOTYT COfiep>XKaTh
BbIpa)X€HUA, 3aK/II0YEHHbIE B q)MryprIe CKOOKM:

int x = 4;

Console.Write ($"KBampar mmeer {x} CTOPOHH");

// BulBOOMT: KBampar uMmeeT 4 CTOPOHE!

BHyTpyu urypHbix cko60k MoxeT ObITh ykasaHoO nio6oe momyc-
TUMoe BbipakeHe C# nmpousBonpHoro Tuma, u C# mpeobpasyeT 3To
BbIpaXKeHMe B CTPOKY, BbI3bIBasg TOString () Mam sKBUBaJeHTHbII
MeTO TuNa BbIpakeHus. PopMaTHpOBaHMe MOXHO U3MEHATb NY-
TeM fo6aB/leHUA K BbIPaXKeHUIO ABOETOUMA U popmamHotl cmpoku
(¢opmaTHble cTpoku paccMaTpuBalorca B riaaBe 6 kuuru C# 7.0.
Cnpasounuxk. Ionoe onucanue A3biKa):

string s = $"255 B wecTHanuaTepu4YHOM QOpPMEe BHITJIAOUT
kak {byte.MaxValue:X2}"

// s nonyuaer 3HaueHme "255 B WECTHaIUATEPUYHOM

// dopme BHrynamuT kak FF"

VIHTepnonupoBaHHbBle CTPOKM HO/KHBI HaXOAUTbCS B ORHOM
CTPOKe KOfia, €C/IM TO/MbKO Bbl TaK)XKe He yKaXKeTe olepaliuio HOC/0oB-
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Holt cTpoku. ObpaTuTe BHMMaHMe, YTO OMepalusa $ HO/DKHA pacro-
naraTbcs nepen @:

int x = 2;

string s = $@"2T0 oxBaTHBaeET {

X} cTpok";

[na BKMOYeHUA B MHTEPNONMPOBAHHYIO CTPOKY /MTepanbHOM

durypHoit ckobku cMMBON QUrYpHOIt CKOOKM JO/DKeH 6BITh MPOAY6-
JIMPOBaH.

CpaBHeHuA CTPOK

Tun string He noamep>xuBaeT onepauuy < U > AnA CPaBHEHUI.
BsameH fomkeH npuMeHATbcA MeTof CompareTo () Tuma string,
KOTOPbI/ BO3BpaLlaeT MONOXUTENbHOE YMUC/IO, OTPULIATENIbHOE YUCIIO
WM HOMb B 3aBUCUMOCTHM OT TOTO, HAXOUTCA NepBoe 3HauYeHue Ioc-
7ie, TIepen WM pANOM CO BTOPbIM 3HaYeHMEM:

Console.Write ("Bbb".CompareTo ("Raa")); // 1
Console.Write ("Bbb".CompareTo ("Bbb")); // 0
Console.Write ("Bbb".CompareTo ("Ccc")); // -1

Mouck BHYTpHU CTPOK

Wnpexcarop Tuna string Bo3BpalljaeT CUMBOJ B YKa3aHHOM 1IO-
3ULUM:

Console.Write ("ciomo"[2]); // =n

Metonpt IndexOf () u LastIndexOf () ocCylecTBAAIOT MOUCK

CUMBOJIa BHYTpM cTpokn. Meroabl Contains (), StartsWith () u
EndsWith () uiyT mofgcTpoKy BHYTpU CTPOKM.

Mauunynuponauue CTPOKaMmMH

[TockonbKy THIl String sAB/IsETCS HeM3MEHAEMBIM, BCe METOMBI,
KOTOpble “MaHUIY/IMPYIOT CTPOKOIA, BO3BPAILAIOT HOBYIO CTPOKY, OC-
TaB/IASl UCXOAHYIO HE3aTPOHYTOIL:

® Merofi Substring () M3B/IeKaeT YyacTb CTPOKH;

® Metoabl Insert () u Remove () BCTaB/AKT U YHANAKT CUM-

BOJIBI B YKa3aHHO MO3ULINY;
® Meronel PadLeft () u PadRight () mo6aBnsior npobenbHble
CUMBOJIbI;

e Metonbl TrimStart (), TrimEnd() u Trim() ymansioT npo-
6enbHbIE CUMBOJIBL.
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B kmacce string taxxe onpegneneHnsl Meroabl ToUpper () u
ToLower () A/l U3MEHEHUs perucTpa CMMBOJNIOB, MeToh Split ()
Ins pa3bueHUs CTPOKM Ha MOACTPOKM (Ha OCHOBe NpeROCTaBNIeHHBIX
pasfienuTeneit) U cTaTuyeckuit Meron Join () mns obbenuHeHus
MOJCTPOK B CTPOKY.

MaccuBbl

Maccus npencraBnser GUKCUPOBAHHOE KOMUMYECTBO 37IEMEHTOB
KOHKPETHOTO TUMa. J/IeMEHThl B MacCUBe BCerfla XpaHATCA B Helpe-
PBIBHOM 6/10Ke MaMATH, obecrieunBas BbICOK0IP(eKTUBHBINM JOCTYII.

Maccus o603HauaeTcs KBaApaTHBIMM CKOOKaMM MOCIe TUIA 3Jle-
MeHTOB. Hanpumep, Hixe 06bsABNIEH MaccuB U3 10 CUMBOJIOB:

char[] vowels = new char(10];

C noMolbi0 KBafipaTHbIX CKOOOK TaKXe yKa3blBaeTCs UHOeKc B
MaccuBe, YTO NO3BOJISET MONYYaTb AOCTYI K 37eMeHTaM IO MX I0-
SULUAM:

vowels[0] = 'a'; vowels[l] = 'o'; vowels[2] = 'u';
vowels[3] = 'e'; vowels[4] = 'é'; vowels[5] = 'a';
vowels[6] = 'u'; vowels([7] = 'y'; vowels[8] = 'n';
vowels([9] = 'a';

Console.WritelLine (vowels [1]); // o

«_ »

STOT KOA NpuBefeT K BHIBOAY GYKBBI “0”, TOCKONIbKY MacCUB MH-
mekcupyetcs, HauuHad ¢ 0. OnepaTop Lykna for MOXHO UCIIONb30BATh
IS TIpOXOfia 1o BceM 37eMeHTaM B MaccuBe. Llukn for B cnepyromiem
IpyMepe BBIMONTHAETCA A/ LieIOYMC/IeHHbIX 3HaYeHuit 1 ot O go 4:

for (int i = 0; i < vowels.Length; i++)
Console.Write (vowels [i]); // aoueésryosa

MaccuBsl Takxe peanusyioT uHTepdeiic IEnumerable<T> (cM.
pasnen ‘Tlepeuncnenne u utepatopbl” Ha cTp. 144), Tak 4TO 1O 37€MeH-
TaM MaccyBa MOXKHO IIPOXOJMTb MOCPEACTBOM omnepartopa foreach:

foreach (char c in vowels) Console.Write (c); // aoueésmyos

Bo Bpems BbImonHeHMs Bce obpalleHUs] K MHOEKCaM MacCCUBOB
HpOBepHIOTCH Ha npeaMeT BbIXO[a 3a rpaHuLbI. B cnyqae IpuMeHe-
HUA HeKOppeKTHOI’O 3Ha4Y€HUsA MHIAEKCA Ir€eHEpUPYETCA UCKITIO4YEeHUE
IndexOutOfRangeException:

vowels[10] = 'a'; // Oumbka BpeMeHM BHIIOJHEHUSA
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CsoitctBo Length MaccuBa Bo3BpalllaeT KOTMYECTBO 37IEMEHTOB
B MaccuBe. [locne cosmaHus MaccuBa M3MEHMTb €ro [JIMHY HeBO3-
MoxHo. IIpocTpaHcTBO MMeH System.Collection u BloXXeHHble
B HETO NPOCTPaHCTBa MMEH MNPENOCTAB/AIOT TaKie BbICOKOYPOBHEBbIE
CTPYKTYpbl JaHHBIX, KaK MacCUBbI C JMHAMUYECKU U3MEHAEMbIMU
pasMepaMy U CloBapu.

Buipaxmenue unuyuanuzayuy maccuéa no3BonseT o6bABIATD U 3a-
TIOIHATb MAacCUB B €AMHCTBEHHOM OIlE€paTopeE:

char [] vowels = new char/(]

{lal, 'O', |Ml’ lel’ Iél, '3', 'bI', lyl, 'lO', lﬂl}’.
WX TIpolle:
char[] vowels =
{'a','O','M','e','é','a','bl','y','lO','F{' ,.

Bce MaccuBbl yHacnemoBaHbl OT Knacca System.Array, B Ko-
TOPOM OIlpefie/ieHbl 0611e METOAbl ¥ CBOMCTBA /Il BCEX MAaCCHBOB.
Clozla BXOfIAT CBOMCTBa 3K3eMmiApa Bpofe Length u Rank u craru-
YeCKMe MeTObI [/1S BBITIONIHEHUA CTIEAYIOLIMX NeACTBUIL:

® IMHaMMUYecKoe co3maHue MaccuBa (Createlnstance());

® K3BJ/IeYeHMe M YCTAHOBKA 97IEMEHTOB HE3aBMCUMO OT THUIIa Mac-
cuBa (GetValue () /SetValue());

® NOMCK B cOpTHMpoBaHHOM (BinarySearch ()) unu Hecop-
TpoBaHHOM (IndexOf (), LastIndexOf (), Find (),
FindIndex(), FindLastIndex()) Maccuse;

® coprupoBka MaccuBa (Sort () )

® komupoBaHMe MaccuBa (Copy () ).

(TaHAapTHaﬂ WHALWANNU3aU A d1eMeHTOoB

IIpu cosgaHum MaccuBa Bcerja NpOUCXOAUT MHULMATU3ALIUA €TO
37IeMEHTOB CTaHAApTHbIMM 3HaueHMAMM. CTaHAApPTHOe 3HauYeHMe /s
THUIA TpefcTaBiseT coboif pe3ynbTaT NOOGUTOBOrO OGHY/IEHUs MaMs-
1. Hanpumep, npeanonoxuM, 4To coO3aqaeTcsi MacCUB Lie/IbIX YMCEl.
[Tockonbky int — Tun 3HauyeHMs, 6yAeT BbIAeNEHO NMPOCTPAHCTBO
nop 1000 Le/TounC/IeHHBIX 3HAYeHUI B HENIPepHIBHOM 6/10Ke MaMATH.
CTaHmapTHBIM 3HaYe€HMEM ISl KaXIOro sneMeHTa 6ymeT 0:

int[] a = new int[1000];

Console.Write (a[123])); // O
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L7151 311eMEHTOB CCBUIOYHOTO THIIA CTAaHAAPTHBIM 3HaYeHueM OyneT
null.

He3aBucuMo OT THIa 371eMEHTOB MacCUB cam no cebe Bcerma fAB-
nsAeTcsA 06beKTOM ccbUIoyHOro TMmna. Hanpumep, cnepyrommit onepa-
TOP JOMYCTUM:

int[] a = null;

MHOI’OMeprle MaccuBbl

MHoroMepHble MacCUBBI MMEIOT fiBe Pa3HOBUITHOCTHU: NPAMOY20/b-
Hole ¥ 3y6yamvie. [IpAMOYTONbHBIA MacCUB NpeNCTaB/SAET N-MepPHbIi
670K maMATH, a 3y64aThlif MAaCCMB — 3TO MAcCHB, COflep>Kallyif Mac-
CUBBL ;

NpamoyronbHble MaccHBbI

[IpAMOYro/nbHble MaccHBbl OOBABIAIOTCS C UCIONb30BaHUEM 3a-
NATBIX AN OTAe/NeHUS KaXHOro mMaMepeHus Apyr oT Apyra. Huxke
npuBefieHO 0O'bAB/IEHNE NIPAMOYTONbHOTO JBYMEPHOrO MaccuBa pas-
MEPHOCTbIO 3X3:

int[,] matrix = new int [3, 3];

Mertop GetLength () MaccuBa BO3BpallaeT ANMHY A/ 3alaHHO-
ro usMmepenus (HaumHas c 0):

for (int i = 0; i < matrix.GetLength(0); i++)

for (int j = 0; j < matrix.GetLength(1l); j++)
matrix (i, j] =1 * 3 + 3j;

[TpAMOYroNbHBIN MacCUB MOXKET OBITb MHMULMANTU3UPOBAH ClleRy-
oMM 06pa3oM (IS co3MaHUA MacCUBa, MOEHTUYHOTO NpeAbIaYILe-
MY NpUMepYy):

int[,] matrix = new int[,]

{
{0,1,2},
{3,4,5},
{6,7,8}
}i

(B onepatopax o6bABNIEHNA TAKOTO POJIa KO, BbIfie/leHHDIi IOy~
XXMPHBIM, MOXeT ObITb ONYLIEeH.)
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3y6yatble MaccuBbl

3y6anb1e MacCUBbl OOBABNAITCA C NpUMEHEHUEM ITO0CeNOBa-
Te/bHO UAYLINUX Nap KBafpaTHbIX CKO6OK ANA KaXXAoro u3MepeHus.
Huxe nokasaH npuMep 00bABNEHUA 3y6qa'roro AByMEpHOro MacCuBa,
B KOTOpPOM CaMO€ BHEIIHEE U3MEPEHNE COCTABNAET 3:

int[][) matrix = new int([3])[);

BHyTpeHHMe U3MepeHUs B OOBABNEHMM He YKa3bIBalOTCA, T.K. B
OT/IMYME OT MPAMOYTONIbHOTO MAacCMBA KaXK[bl/i BHYTPEHHMI MacCUB
MOXXET MMeTb NPOU3BONbHYIO AnuHY. KaXablit BHYTpeHHMI MaccuB
HeABHO MHMLMAnNuU3upyeTcs null, a He mycThiM MaccuBoM. Kaxabiit
BHYTPeHHMI MacCUB JO/DKEH OBITh CO3[1aH BPY4HYIO:

for (int i = 0; i < matrix.Length; i++)

{

matrix[i] = new int [3]; // Co3maTb BHYTPEHHMII MacCUB
for (int j = 0; j < matrix[i].Length; j++)
matrix (i) (j] =1 * 3 + 3;

}

3y64aThlif MaCCUB MOXXHO MHULIMATN3NPOBATh CIeRYIOIMUM obpa-
30M (A5 cO3[aHUA MaccuBa, MAEHTUYHOTO NpeAbIAyIeMy MpuMepy,
HO C JJOTIO/THUTENbHBIM 37IEMEHTOM B KOHIIE):

int[][]) matrix = new int[][]
{

new int[] {0,1,2},

new int[] {3,4,5},

new int[] {6,7,8,9}
}i

(B onepaTtopax o6bsiBeHMs MOJOOGHOrO pofa Kof, BbifeNeHHbIN
MOMY>XUPHBIM, MOXKET OBbITb OMYyILeH.)

YI'IPOII.IEHHbIe Bblpa)XeHuA WHULHanU3aUuuu MaccuBoB

PaHee yxe 6bIIO NMOKa3aHO, KaK YIPOCTUTb BBIPaOXKEHUS MHUIIMU-
alM3allMy MacCUBOB, ONYCKas K/IIOYeBOE CJIOBO NeW U oObsABIeHMe
THIA:

char[] vowels = new char/(]
{'a','O','VI','e','é','B','bI','y','lO','Fl'},'

char([] vowels =
{lal,IOIIIM',le',lél,lsllIHl’lyIIIIOI,IHI}’.
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an APYroM rnoaxope nocje Kao4eBoro Cj0pa new MMsdA TUIIA HE
yKa3bIBaeTCH U KOMIIU/IATOP AO/DKEH 6y11eT CaMOCTOATENBHO BbIBECTU
TUI MaccuBa. ITo yﬂO6HO€ COKpallleHU€ Npy IMepenaye MacCMBOB B
Ka4e€CTB€ apryMeHTOB. Hanpumep, paccMOTpuUM C)'Ie,I[leIJ.le"l MeTon:

void Foo (char([] data) { ... }

Mb!1 MOXeM BbI3BaTh 3TOT METOA C MacCMBOM, CO3[jaBaeMbIM Ha
neTy:
Foo ( new char([] {'a','o"','un','e','&",'s', 'u','y', '0',
'a'} ); // OOBUHBDIT CMHTAKCHUC
E‘OO (ne'[] {'a','o','“','e','é','3‘,'“',‘y','n’,’l'} );
// COKpalleHHEIM CUHTaKCUC

Kak BbI YBUIOMTE I103XKe, TaKOe COKpallleHMe >XM3HEHHO BaXKHO
OnA CO3MaHUA MAaCCUBOB AHOHUMHbBIX MUnoas.

lepemeHHble U NnapameTpbl

[TepeMeHHast TpefcTaB/seT SYENKY B aMATH, KOTOpPAst COLEPXKUT
U3MeHsileMOe 3HaueHMe. [lepeMeHHass MOXeT OBITb N0KANbHOL Nepe-
MmenHotl, napamempom (value, ref nubo out), nonem (ax3emnaspa
b0 cmamuyeckum) WIN IeMeHmoM MAccuea.

(TeK M Kyya

Crek u Ky4a — 3TO MECTA, I'I€ pacCrosaraloTcs rnepeMeHHble U
KOHCTaHTbI. CTek M Ky4Ya MMEIT CYIIECTBEHHO OT/IMYAKOIIYIOCA Ce-
MaHTUKY BpEMEHM XXU3HU.

(rex

Crek mpefcTaBnsieT co60it 610K NaMATH A/ XpaHEHUA NOKalb-
HbIX NIEpEMEHHbIX ¥ mapameTpoB. CTeK OrMYeCcKM yBelM4YMBaeT-
¢ mpyu BXofie B QYHKLMIO M YMeHbIUAeTCA TOC/e BHIXOZA U3 Hee.
Barnanure Ha cnenymomuit Meton (4ToObl He OTB/IEKaTbh BHMMaHMS,
NpoBepka BXOJHOTO apryMeHTa He JieflaeTcs):

static int Factorial (int x)
{
if (x == 0) return 1;
return x * Factorial (x-1);

Mepemennvie u napamerp | 43



OTOT MeTOp ABNAETCA PEKYPCUBHBIM, T.e. OH BbI3bIBaeT caM cebsl.
Kaxxgplit pas, korga NpouMcXoauT BXOA B METOJ, B CTeKe pasMellaeTcs
9K3eMIIAp int, a KaXAbIA pas, KOrfia MeTOJ 3aBepluaeTcs, 9K3eMIl-
nap int ocBoboxcgaercs.

Kyua

Kyya — 3To 6710k maMATH, B KOTOPOM pacIofnaralorcsi 06beKThl
(K3eMIUIAPBI CCBIIOYHOTO THMA). Besakuit pas, korma cosgaercs Ho-
Bblit 06bEKT, OH pacrpefieNsieTcs B Kyde C BO3BpallleHMeM CCBUIKM
Ha 9TOT 06'beKT. Bo BpeMs BBINO/IHEHMA MPOrpaMMBbI Ky4a HauMHaeT
3allOTHATbCA N0 Mepe CO3aHMs HOBBIX 06'beKTOB. B Mcronuamowei
cpefie IpefycCMOTpeH cOOpLIMK Mycopa, KOTOPbIif MepUOAMYECKH OC-
Bo60xaeT 06'bEKThl M3 KY4M, TaK YTO MPOrpaMMa He CTOJIKHETCA C
CUTyaluuelt HexBaTKy NMaMATH. O6beKT CTAHOBUTCA NPUTOAHBIM IS
0CcBO6OXKIeHN, €CTU OTCYTCTBYIOT CCBUIKM Ha Hero.

SK3eMI/IApbl TUIIOB 3HaYeHM (M CChIIKM Ha O6'bEKThI) XpaHAT-
A TaM, rae 6bUIM 06bABIEHBl COOTBETCTBYIOLIME NepeMeHHble. Ecnu
9K3eMIIAp ObIn1 0OBABNIEH Kak MOJe BHYTPYM TUIIA Klacca MM Kak
37IeMeHT MacCUBa, TO TAKOJ 3K3eMIIAP pacrofnaraeTcs B Kydye.

HA 3AMETKY!

B ssbike C# Henb3s ABHO YAAanATb O6BEKTHI, KaK 3TO MOXHO
menatb B C++. O6beKT 6e3 CChIIOK CO BpeMeHeM YHUYTOXa-
eTcs cOOpLIMKOM Mycopa.

B Ky4e Tak)e XpaHATCs CTAaTMYeCKMe MONA M KOHCTAHTHL. B oTn-
4ye OT 0OBEKTOB, paclpe/ie/ieHHbIX B Kyde (KOTOpble MOTYT ObITb 06-
paboTaHbl cOOPIIMKOM MYCOpa), OHM CYLIECTBYIOT [0 TeX IOp, MOoKa
IDOMEH TIPUIOXEHUA He MPEKPATUT CBOErO CYIeCTBOBAaHMUA.

OnpeaeneHHoe NpUcBanBaHue

B C# NPpUHYAUTENIDHO NMPUMEHAETCA NMONUTUKA ONPENEIEHHOrO
INpuUcBanuBaHuA. Ha INpaKTUKE 3TO O3HAYaeT, UTO 3a IpenenaMm KOH-
TekcTa unsafe nony4yatb JOCTYI K HCMHMHI/IaHM3MPOBaHHOﬁ namsAa-
TU HEBO3MOXXHO. Onpeueneﬂﬂoe npucBaBaHMe NPUBOAUT K TpEM
nocnegCcTBUAM.
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¢ JlokanbHbIM TNEpEMEHHDBIM NO/KHbBI 6bITh TNpUCBOE€HDbI 3HAYEHUA
nepen TeM, Kak UX MOXHO 6YI[€T YUTaTh.

¢ [Ipu BbI30Be METOMA HO/DKHBI OBITH IIPeJOCTaB/IeHbl ApryMeHThI
byHKuMM (ecny TONMBKO OHM He TOMedeHBI Kak Heobs3aTenb-
Hble — cM. pa3gfen “Heob6s3aTenbHble napameTpsl” Ha CTp. 49).

® Bce ocTanbHble NMepeMeHHble (Takue KakK IONA M 37IeMEHTHI
MacCHBOB) aBTOMaTUYeCKM MHULIMATU3UPYIOTCA UCTIONHAIOLIEH
cpenoit.

Hanpumep, cnenyiomnit Kox BbI3biBaeT olMOKy Ha 3Tare KOMIK-
NALMK:

static void Main()
{
int x;
Console.WritelLine (x); // Oumbka Ha 3Tane KOMIUIALMUMK

}

Tem He MeHee, ecnu 6b1 INepeMeHHas X 6b1n1a nonem BK/TIO4amwIlero
Knacca, Torga 651 KO yCN€IHO CKOMIIM/IUPOBA/ZICA U BO BpE€Ms BbI-
TNTO/THEHMA BbIBE/T Ha 3KpaH 3HAaY€HUe 0.

(TanaaprHble 3HaYeHUA

OK3eMNIApPHl BCeX TUIIOB MMEIOT CTaHAApTHble 3HaYeHMs.
CTaHpapTHble 3HaYeHUA AJ/1A Npefonpefe/eHHbIX TUMOB ABNAITCA
pe3ynbTaToM MOo6MTOBOrO OOHY/IEHUS NaMATH U NpPeCTaB/AIT CO-
60it null /A CCHIIOYHBIX TUIIOB, O IA YUC/IOBBIX U NepeyncIuMbIX
™noB, '\0' mna tuna char u false mna tTumna bool.

[TonyynTb cTaHmapTHOe 3HayeHMe MN/A NMOOOro TUIA MOXHO C
noMolblo KnwdeBoro cnmoBa default (kak Bbl yBUAMTe fanee,
Ha MpaKTHKe MOCTYNaTh TaK yRo6HO mpyu paboTe ¢ 06061eHus-
Mu). CTaHIapTHOe 3HauyeHMe B CIel[MalbHOM THIle 3HauYeHMA (T.e.
struct) — 3To TO XXe caMoe, YTO M CTaHZApTHble 3HaYeHUS A
BceX I10J1eM, ONpeie/IeHHbIX JaHHbIM CIeliaNbHbIM TUIIOM.

Napamertpol

Merogn NpMHMMaeT NOCeROBaTENbHOCTD NapaMeTpoB. [TapameTpsl
omnpenensioT HA6Op apryMeHTOB, KOTOpble JO/KHBI OBITb NPefOCTaB-
NeHbl 3TOMY MeTORy. B cnepylomem npumepe MeTon Foo () MMeeT
€IMHCTBEHHBIV [TapaMeTp 0 MMEeHM P TUMa int:
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static void Foo (int p) // p ABISeTCA napaMeTpoM
{

1
static void Main() { Foo (8); } // 8 aBnseTcsa aprydeHTOM

Ynpapnarb cnoco6oM nepefayy napaMeTpOB MOXXHO C MCIIONb3O-
BaHMeM MopudukaTopoB ref u out:

Moguduxarop Cnoco6 Korpa nepemeHHas gomxHa
napamerpa nepepauu 6biTb onpeAeAeHHo NPUCBOEHA
Otcyrcrayer Mo 3nauennio Npu 8x00e

ref Mo ccbinke Npu xode

out Mo ccoinke Npu 8b1x00e

Nepeaaya aprymeHTOB NO 3HaYEHUIO

I[To yMonyanuio apryMeHTsl B C# nepedaromcs no sHaueHuio, 4To
6€e30roBOPOYHO AB/IAETCA CaMbIM PacIIPOCTPAHEHHBIM Cly4YaeM. ITO
O3HayaeT, YTO Npy Mepefjauye METORY CO3MAeTCA KOMMA 3HAUEHMUS:

static void Foo (int p)

{
p=p+1; // YBenuuuTb p Ha 1

Console.Writeline (p); // BelBeCTM p Ha 3KpaH
}
static void Main()
{
int x = 8;
Foo (x); // CosnmaeTrcsa konmsa x
Console.Writeline (X); //x mo-npexHeMy uMeeT 3HaueHue 8

}

ITpucBauBaHMe p HOBOrO 3HaYeHMUs He U3MEHAET COAEPXKUMOe X,
MOTOMY YTO P M X HaXOAATCA B Pa3HbIX A4elKaxX MaMATH.

[lepenaya Mo 3Ha4eHMIO apryMeHTa CCbUIOYHOTO THUIIA IPMUBOOUT
K KONMPOBaHMIO CCbiIKU, HO He 0ObekTa. B cnemyolem npumepe
MeTon Foo () BMOUT TOT Xe 06beKT StringBuilder, KOTopblit
6b11 co3aaH B Main (), OXHAaKO MMeeT HE3aBUCUMYIO CCbIIKY Ha HETO.
Ipyrumu cnosaMu, sb U fO0OSB ABAAITCA OTAENbHBIMU APYT OT
ApYyra repeMeHHbIMM, KOTOPbIE CCHUTAIOTCA Ha OfMH U TOT Xe O6beKT
StringBuilder:
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static void Foo (StringBuilder fooSB)

{
fooSB.Append ("Tect");

fooSB = null;
}

static void Main()
{
StringBuilder sb = new StringBuilder();
Foo (sb);
Console.WriteLine (sb.ToString()); // TecrT

}

[Tockonbky fOOSB — x0nus CCHINKM, YCTaHOBKA ee B null He
NpPUBOAUT K YCTaHOBKe B null nepeMeHHoi sb. (TeM He MeHee, ecnu
napaMetp £00SB 06BABUTb U BbI3BaTh ¢ MOAudUKaTopoM ref, To
sb cmanem null.)

Moaudukatop ref

Ins nepedauu no ccoinke B C# npegycMoTpeH MoaudukaTop na-
paMeTpa ref. B npuBeeHHOM fanee NpUMepe D U X CCHUIAIOTCA Ha
OfIHY M TY )Xe AYeNKY MaMATH:

static void Foo (ref int p)
{
p=p+1;
Console.WriteLine (p);
}

static void Main()

{
int x = 8;
Foo (ref x); // TlepenaTe X MO CCRUIKE
Console.WriteLine (x); // x Tenepb mMmeer 3HaueHue 9

}

Tenepb npyucBauBaHMe P HOBOTO 3HAYeHUS U3MEHAET COflep>KMMOe
x. O6paTuTe BHMMaHMe, YTO MoauduKaTop ref KomkeH ObITh YKa3aH
KaK Ipy onpepeNieHny, TaK M Tpy BbI30Be MeTOfa. JTO Ae/aeT MpouC-
XOpifilliee COBEPLIEHHO AICHDBIM.

HA 3AMETKY!

[TapameTp MO>XXeT ObITh IepefiaH 10 CChUIKE MM 110 3HAYEHUIO
He3aBUCUMO OT TOT0, OTHOCUTCA OH K CCBUIOYHOMY THUITYy MU
K TUITy 3Ha4YeHUS.
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Moaudukatop out

ApryMeHT out IOXOX Ha apryMeHT ref 3a MCKIIOYEHMeM Cliedy-
IOILMX acIeKTOB:
® OH He HYXJaeTcs B IPUCBaBaHMM 3HaUeHMA Mepef] BXOOM B
byHKLMIO;
® eMy IO/DKHO OBITb NPUCBOEHO 3HAa4YeHMe Ilepel 8biX000M U3
byHKIMM.
MonuduxaTtop out yaie Bcero mpuMeHseTcA 1A NONYYeHUs U3
MeTOofia HeCKO/IbKMX BO3BpalllaeMbIX 3HaueHMIL.

MepemeHHble out K oT6pacbiBanue (C# 7)

B Bepcun C# 7 nepeMeHHble MOXHO OOBAB/IATD Ha JIETY NPY BhI-
30B€ METOMIOB C IapaMeTpaMyu out:

int.TryParse ("123", out int x);
Console.WriteLine (x);

3rot KO 3KBMBA/IEHTEH CNE€AYIOLLEMY KOAOY:

int x;
int.TryParse ("123", out x);
Console.WriteLine (x);

Korpa BBI3BIBAaIOTCA METOAbI C MHOXKECTBOM IlapaMeTpoOB out,
NIOCpPe[iCTBOM CMMBOJIA MOAYepKUBAHUA MOXHO “OTOpachiBaTh’ JI0-
6ble mapaMeTpbl, KOTOpble He MHTepecHHI /1A Kofa. [Ipennonaras, 4to
Meron SomeBigMethod () 6b1 ompefeneH ¢ MATHIO MapaMeTpaMy
out, BOT Kak IpOMTHOPMpPOBATh BCe NTapaMeTpbl KpOME TPETHETO:

SomeBigMethod (out , out _, out int x, out _, out );
Console.WritelLine (x);

Moaudukarop params

Iins mocnemHero napaMerpa MeTOfa MOXeT OBITh YKa3aH MOIM-
¢dukaTop params, yTo6bl METOA NPMHUMAI MI060€e KOMUYECTBO apry-
MEHTOB oIlpefiefieHHoro tTmna. Tun mapamerpa JO/KeH ObITb 06bAB-
neH kak MaccuB. Hanpumep:

static int Sum (params int[] ints)

{
int sum = 0;

for (int i = 0; i < ints.Length; i++) sum += ints[i];
return sum;

)
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Bri3BaTh MeTOm Sum () MOXXHO Tak:

Console.WriteLine (Sum (1, 2, 3, 4)); // 10

ApryMeHT params MoXeT ObITh TaK)Xe 3alaH KaK OObIYHBIN Mac-
cuB. [Ipenpinyimmit BbI30B CEMaHTUYECKM 3KBUBA/IEHTEH C/efyIOIeMY
Kony:

Console.WriteLine (Sum (new int[] { 1, 2, 3, 4} ));

Heo6a3aTenbHble napameTpbl

Haunnas ¢ Bepcun C# 4.0, B MeTOf1aXx, KOHCTPYKTOpaX M MHHIEK-
caTopax MOXXHO OOBABNATD Heobsi3amenvHole napamempsl. [lapameTp
AB/IAETCA Heobs3aTeNbHBIM, €CIU B ero oObsABIeHNM YKa3aHO CTaH-
HapTHOe 3HayeHMe:

void Foo (int x = 23) { Console.WriteLine (x); }

ITpu BBI3OBE MeTOAa HeobOsA3aTeNbHbIE rapaMeTpbl MOTYT 6bITb
OITyIllE€HbI:

Foo(); // 23

Ha camoM pene Heobs3aTeTbHOMY MapaMeTpy X nepedaemcs
cmaubapmﬂbtﬁ apzymenm co 3HauyeHueM 23 — KOMIM/IATOP BCTpau-
BaeT 3TO 3HauyeHMe B CKOMIIM/IMPOBAHHbIN KON Ha 8bl3bl8ai0uUlelt CTO-

poHe. [TokasaHHBII BbIllle BBI3OB FOO () ceMaHTH4eCKV SKBUBaJIEH-
TeH TaKOMY BBI3OBY:

Foo (23);

IMIOTOMY 4YTO KOMIIMNIATOPp NPOCTO IMOACTAB/AET CTaHAApTHOE 3Ha4de-
HUe HeobA3aTeNbHOTO napaMeTpa TaM, rie OH UCIOIb3yeTCA.

BHUMAHME!

Job6aBnenne Heo6s3aTeNbHOrO MapaMeTpa K OTKPBITOMY Me-
TOAY, KOTODBI1 BHI3bIBAETCA U3 APYroit c6opku, TpebyeT nepe-
KOMIunAUuM o6enx c6opok — TOYHO Kak B C/Tyyae, ecru 6bl
napameTp 6bl1 06513aTeNIbHBIM.

CraHpapTHOe 3HayeHMe HeoOs3aTe/IbHOrO MapaMeTpa AOMKHO
6BITh yKa3aHO B BMfie KOHCTAHTHOTO BBIPXEHMA MM KOHCTPYKTOpa
6e3 mapameTpoB mns THIa 3HadeHus. Heobsa3aTenbHble napaMeTpbl He
MoryT 6bITh IIOMedeHBl MocpencTBoM ref wm out.
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OéﬂSaTe)’IbeIe MapaMeTpbl OO/KHBI HAXOAUTbLCA nepeb HeobA3a-
TE€/IbHBIMU T1apaM€TpaMM B 06 bABNIEHUN METOMla M IIpU €ro BbI3OBE
(MCK}'IIO‘-ICHI/ICM ABNAIOTCA apryMeHTbl params, KOTOpbl€ BCerga pac-
IO/1aralnTcAa B KOHLLC). B cnenymolleM npuMepe s X nepenaeTcs sAB-
HO€ 3HAaYeHUe 1, a A y — CTaHAApTHOE 3Ha4Y€Hune 0:

void Foo (int x = 0, int y = 0)

{

Console.WriteLine (x + ", " +vy);

}

void Test ()

{

Foo(l); // 1, O

}

Yrobel chenaTh obpaTHoe (MepefaTh CTaHFAPTHOe 3HaYeHMe MIA
X M yKasaHHOe ABHO 3HaueHue [/A y), noTpe6yeTca CKoOMOMHNMPOBATh
HeoOs3aTeNbHble NApaMeTPhbl C UMEHOBAHHbIMU APZYMEHMAaMU.

HMmeHoBaHHbIe apryMeHTbl

BMmecTo pacniosHaBaHMs apryMeHTa IO MIO3MLIMY €r0 MOXXHO MIeH-
tuduLMpoBaTh No MMeHy. Hanpumep:

void Foo (int x, int y)

{ Console.WriteLine (x + ", " +y);
Loid Test ()

{ Foo (x:1, y:2); // 1, 2

}

VIMeHOBaHHbIe apryMeHTbl MOTYT BCTpeYaTbCs B M0OOM MOPSKe.
Crenyowmue BbI30Bbl FOO () ceMaHTUYeCKM MAEHTUYHBIL:

Foo (x:1, y:2);

Foo (y:2, x:1);

VIMeHOBaHHbIE M MO3MLMOHHbIE apTYMEHTbl MOXXHO CMeIUMBaTb
MpY YCNIOBUM, YTO MMEHOBAHHbIE apTYMEHTbI YKa3aHbl MOCTIEAHUMM:

Foo (1, y:2);

VIMeHOBaHHble apryMeHTbl 0CO6€HHO YROOHBI B COYETaHMM C Heobs-
3aTe/IbHbIMU NapaMeTpaMy. Hanpumep, B3rnsaHMUTe Ha Takoil METO:

void Bar (int a=0, int b=0, int c=0, int d=0) { ... }
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Ero Mo)xHO BbI3BaTh, IIPE€JOCTAaBUB TONIbKO 3HaYeHMe s d:
Bar (d:3);

310 upe3BblYaitHO YA06HO npy pabote ¢ API-unrepdeircamn COM.

06bABNeHNe HeABHO TUNU3UPOBAHHDbIX IOKANbHbIX
nepemMeHHbIX C NoMollblo var

Yacto Cny4aeTcs Tak, 4YTO IepeMeHHas 06bABNAETCA U MHULMa-
NIU3UPYETCA 3a OAMH LIAr. Ecnu KOMITU/IATOp croco6eHd BbIBECTH TUII
U3 MHULMATIU3UPYIOLIETO BbIpA)KEHUA, TO Ha MECTE 06 bABNIEHMA THUIIA
MOXXHO IIPUMEHATD KKO4Y€BOE CIOBO Var. Hanpnmep:

var x = "crpoka";
var y = new System.Text.StringBuilder();
var z = (float)Math.PI;

3TO B TOYHOCTM 3KBUBA/IEHTHO cnenyruemMy Kony:

string x = "cTpoka";
System.Text.StringBuilder y =

new System.Text.StringBuilder();
float z = (float)Math.PI;

W3-3a Takoit MpsAMOIt 3KBMBaTIEHTHOCTY HESABHO THMIIM3UPOBAaHHbIE
nepeMeHHble ABAIOTCA CTaTM4YeCKu TUNM3upoBaHHbIMU. K mpumepy,
NpMBefeHHbII HIDKe KO BbI30BET OLIMOKY Ha 3Tane KOMIMIALMM:

var x = 5;

x = "crpoka"; // Oumbka Ha 3Tane KOMIMJIALMUMA;

// x wumeer Tmn int

B pasnene “AHoHMMHble THIBI” Ha CTp. 156 MBI OmyLIeM ClLieHa-
i, .
Ui, KOIZ]a UCIIO/Ib30BaTh K/IIOYEBOE CTIOBO var 06sA3aTebHO

BbipaxeHua u onepauuu

Boipaxenue no cyiecTBy yKasbiBaeT 3HaueHMe. [IpocTeimmmu
Pa3sHOBMAHOCTAMM BbIpaXKeHUit AB/AIOTCA KOHCTaHThI (Hamopo6ue
123) u nepeMeHHble (Bpofie X). BblpaxkeHUs: MOT'YT BUAOU3MEHATBCA
M KOMOMHMPOBATbCA C MOMOLIBIO onepauuit. Onepayus NpUHUMaeT
ofuH UM 60jee BXOTZHBIX 0nepaHdos U NaeT Ha BbIXOHe HOBOE BbI-
pakeHue:

12 * 30 // * - onepauus, a 12 u 30 - onepaHAr
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MO>XHO CTPOMTb COXKHBIe BbIpaXKeHMs, MOCKO/IbKY ONepaHf caM
no cebe MoxxeT OBITb BhIpaXKeHMeM, Kak omepani (12 * 30) B cre-
AylolLlleM TpuMepe:

1+ (12 * 30)

Onepauun B C# MoryT 6bITh KnaccuduuUMpoBaHbl KaK YHapHbIe,
6MHapHble ¥ TepHapHbIe B 3aBUCMMOCTHM OT KO/MYECTBA ONEePaH/IOB, C
KOTOPBIMYU OHYM paboTaioT (OfMH, ABa uny Tpu). buHapHbIe onepanuu
BCerjja NpUMEHAIT UHPukcHyo GopMy 3ammcy, Ipu KOTOPOI olepa-
Li1sA TIOMeLLaeTCs MeXAy ABYMsA olepaHAaMu.

Onepanuyu, KOTopble ABNAIOTCSA HEOTBHEM/IEMON YacTbIO CaMOro
A3bIKa, Ha3bIBAIOTCA NEPBUYHBIMU; TIPUMEPOM MOXKET CITY)XXUTb Olle-
palus BbI30Ba MeTofia. BripakeH1e, He MMelolllee 3HaUYeH!, Ha3bIBa-
eTCs NyCcmbIM 8bIPaNEHUEM:

Console.WriteLine (1)
ITockonbky mycToe Bblpa)keHue He MMeeT 3HaueHMs, OHO He MO-

JKE€T MCIIO/Ib30BATbCA B Ka4e€CTBE OIll€paHMa NpU NMOCTPOEHUMN 6onee
C/TOXXHBIX Bpra)KeHMf;i:

1 + Console.WriteLine (1) //Oumbka Ha aTane KOMONMJIALMM

BbipaxeHna npucBauBaHuA

BeipakeHMe npucBauBaHUA NPUMeEHSET ONEpaLIMIO = I/Is1 NpPUCBa-
MBaHUA TIePEMEHHOM pe3y/lbTaTa BbIYMC/IEHUS OPYroro BbIpaXkKeHMs.
Hanpumep:

X =X%*5

BeipaxkeHue npucBauBaHMA — He MycToe BbipaxkeHue. Ha camom
Herne OHO 3aK/IoYaeT B cebe MpucBauBaeMoe 3HauYeHMe M MIOTOMY MO-
XeT BCTpauBaThCs B Ipyroe BhipaxkeHMe. B cnenymoleM nmpuMepe Bbl-
pakeHMe NpUCBauBaeT 2 NMepeMeHHON X 1 10 nepeMeHHOM y:

y=5%* (x =2)

Takout cTunp BbIpaXX€HUA MOXXET NPUMEHATDHCA ON1A MHULMaIn3a-
LN HECKO/IbKUX 3HaYeHU:

a=b=c=d=0

CocTaBHblIe onepauuy NpucBanBaHuUA ABNAKOTCA CUHTAKCUIECKUM

CcoKpallleH1eM, KOTOpoe KOMOMHMpYeT NpUCBaMBaHMe C APYroi orme-
pauuen.
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Hanpumep:

X *= 2 // 3KBMBAJIGHTHO X = X * 2
X <<=1 // 3KBMBANEHTHO X = X << 1

(ToHKkoe MCKMIOYEeHNME U3 ITOrO MpaBUMa KacaeTcst cobbimuii, KOTo-
pble pacCMaTPUBAIOTCA M03XKe: ONepaliuy += U —= B HUX TPaKTYIOTCA
CTenManbHbIM 06pa3soM U oTo6paxaloTCA Ha cpeficTBa gocTyma add
1 remove cobbITUA.)

MpuopuTeTbl U ACCOLMATUBHOCTD ONepaLmi

Kornma BbIpa)XX€HNE CONEP>XUT HECKOTIBKO onepaunﬁ, nopAAoOK MX
BbIYMCTIEHUA ONpENENsAe€TCA NpUOPUTETAMM U aCCOLMATUBHOCTDIO.
Onepauuu ¢ 6onmee BHICOKMMU TNpUOPpUTETAMU BBINOTTHAKTCA TEpen
onepauusaMy, NpUOpUTETbl KOTOPbIX HUXKE. Ecnun onepauuu UMEKT
OAMHAKOBbIE TPUOPUTETDI, TO NTOPANOK UX BBITTIOTHEHUA ONpeNenAeT-
CA aCCOUUMATUBHOCTLIO.

NpuopuTeTbl ONepauwii

Beipaxkenue 1 + 2 * 3 Bbluucnsercsi Kak 1 + (2 * 3), moromy
4TO ONepauus * uMeeT Go/ee BBICOKMIl IPUOPUTET, YeM +.

NeBoaccounatusHble onepauuu

BuHapHble onepauuu (kpoMe onepanuy npucBauBaHus, NAM6aa-
onepauuu U ornepauuu obvefuHeHMs ¢ null) ABNAITCA 1€804CCO-
UUaMuUBHbIMU; [PYTUMU CIOBAMU, OHM BBIYMCTIAIOTCS CleBa HallpaBo.
Hamnpumep, Beipakenne 8/4 /2 Boruncnsercs kak (8/4) /2 no npu-
4l{He JIeBOJ acCOLMAaTUBHOCTHU. PasymeeTcs, MOPSOK BBIYMCIIEHUS
MOXXHO U3MEHUTb, PACCTABUB CKOOKH.

NpaBoaccounaTHBHbie ONepaLHi

Onepayus npuceausanus, 1am60a-onepayus, onepauus o6beau-
HeHMsA ¢ null M ycloBHas onepanus SABNAITCA NPABOACCOUUAMUB-
HbIMU; TPYTUMU CTIOBaMy, OHM BBIYMC/IAIOTCS CIIpaBa HaneBo. [IpaBas
accOLMaTMBHOCTD [I03BONAET KOMIMIUPOBATh MHOXKECTBEHHOE NpH-
CBaMBaHMe, TaKOe KaK X=y=3: CHaya/la 3HayeHMe 3 NpUCBanBaeTcs Yy,
a 3aTeM pe3yNbTaT 3TOTO BbipaxkeHuA (3) mpucBanBaeTcs X.
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Ta6nuuya onepauun

B cnenyiomeit Tabnuue nepeuncneHsr onepauuu C# B nopsake
npuopureros. Omnepalnyum B OAHOI U TOI >ke KaTETOPUM MMEIOT OfM-
HakoBble npyoputeTbl. Oneparuy, KOTOpble MOTYT OBITb NEeperpysxe-
HBI TT0/Ib30BaTeNleM, 0OBACHAIOTCA B paspene “Tleperpyska onepaumit”

Ha cTp. 193.

Cumson Bo3moxHocTb
Ha3Banue onepauuu Mpumep

onepauuu neperpy3ku

MepBuyHbIe
Jloctyn K uneny X.y Her

-> YKasarenb Ha CTpyKTypy X->y Her
(Hebe3onacHan)

() BbI308 hyHKLuK x() Her

(] Maccus/mHpekc a(x] Yepes

uHgexcarop

++ NocrduxcHan dpopma X++ lla
MHKPEMEHTa

= NoctdukcHan popma X-= lla
JeKpeMeHTa

new Co3paHve 3K3emMnnApa new Foo() Her

stackalloc  Hefe3sonacHoe Bbijenenme stackalloc(10)  Her
NamATH B CTeKe

typeof Nonyuenue Tuna no ugentn-  typeof (int) Her
dukaropy

nameof NonyyeHue uMeHn ugenTh-  nameof (x) Her
dukaropa

checked Bkniouenue nposepku ueno-  checked (x) Her
YHCIEHHOTO NepenonHeHua

unchecked  Orknioyexue nposepKM ue- unchecked (x) Her
NOYUCNEHHOTO NEpenonHeHuA

default (TaHpapTHoe 3HayeHwe default (char)  Her

YHapHbie

await Oxupanue await myTask Her

sizeof Monyyenve pasmepa cTpykryppl ~ Sizeof (int) Her
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CumBson Bo3moxHocTbL

onepauwm Ha3Banue onepauuu Mpumep neperpyakH

+ MonokuTeNbHoe 3HaueHue +x Aa

= OtpuyartensHoe 3HaueHue -X JIF]

! HE 'x fa

o Nobutosoe gononHexue ~X JIF]

++ NpedukcHan dopma uHK- ++x Jla
pemeHTa

- NpedukcHan dopma -=X Jla
[eKpemeHTa

() Npusenexue (int)x Her

> 3HaveHue no agpecy *x Her
(He6e3onacHas)

& Appec 3HaveHua &Xx Her
(He6e30nacHan)

MynbTHRAUKATHBHbIE

i YMHOXeHUe x*y Ja

/ Jlenenue x/y it

% Octarok ot genenua X%y Ja

ApauTuBHbIE

+ (noxenue X+y Aa

s BbiuuTaue X-y Jit:

Cneura

<« Casur Bneso x<<1 la

>> Cpsvr Bnpaso x>>1 lla

OTHowWeHUA

< Menbwe x<y Jla

> bonbwe x>y Aa

<= MeHblue wm pasHo x <=y Jit:

>= bonbwe unu pasHo X>=y lla

is NpuHagnexHocts K TNy X isy Her
WM ero nogknaccy

as Npeobpasoanue Tvna xasy Het
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) HasBanue onepauuu Mpumep e —
onepauuu neperpysku
IKBUBANEHTHOCTH
== PagHo X ==Yy it
= He pasHo x!=y Jif}
Noruyecxoe U
& ] X&y it
Jlornueckoe uckniovaiowee UK
® Hekniovarowee MU x"y lla
Noruyeckoe HIH
I U x|y it
Ycnoshoe U
&& [ X && Yy Yepes &
Ycnoshoe HIH
Il U x|y Yepes |
YcnoBHan (TepHapHan)
?: YenosHan isTrue ? Het
thenThis :
elseThis
06pa6oTka 3HaueHuit null
?? O6veauxenne cnull x??y Her
?. nul 1-ycnoBHaa x?.y Her
Npucsausanua u nam6aa (cambiin HU3KMi NpHOpHUTeT)
= Mpucsausanue x=y Her
e YMHOXeHMe C NpUCBanBa- X *=2 Yepes *
Hiem
s [lenenue ¢ npucsansanvem X /=2 Yepe3 /
+= CnoxeHue ¢ npucBauBaHueM X += 2 Yepes +
=2 BbluuTaue ¢ npucsauBaHinem = Yepes -
<< CaBur BNeBo ¢ NpucBau- X <<= 2 Yepes <<
BaHUeM
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Cumson Bo3moxHocTb

onepaumn Ha3Banue onepauuu Mpumep neperpy3KH

>>= CaBur BNpaBo ¢ NPUCBAK- X >>=2 Yepes >>
BaHueMm

&= Onepauwa W ¢ npucsausa- X &=2 Yepes &
HUeMm

= Onepauua uckniouakowlero X =2 Yepes ~
UMW ¢ npucsansanmnem

= Onepauua WU ¢ npucsam- X |=2 Yepes |

BaHUeM

=> Nambpa-onepauus x=>x+1 Her

Onepauum pna pa6oTbl co 3HaYeHuamu null

B ssbike C# ompeneneHsl ABe olepauuy, pedHa3HauyeHHble 1A
yrpolieHus paboThl cO 3HadeHMAMM null: onepayus o6veduHeHUs ¢
null (null coalescing) u null-ycnosuas onepayus (null-conditional).

Onepauus o6beauHeHna cnull

Onepayus o6vedunenus ¢ null obosHavyaercs Kak ??. OHa roso-
PUT O CleRyIOLleM: eC/Ii ONepaHf He paBeH null, TOra BO3BPaTUTh
€ro 3HaueHye, Haye BO3BPATUTDb CTaHAapTHOe 3HaueHMe. Hampumep:

string sl = null;
string s2 = sl ?? "nycto"; // s2 nomydaer 3Hauexrue "nycro"

Ecnu neBocTopoHHee BbipakeHMe He paBHO null, To mpaBoOCTO-
POHHee BbIpakeHMe HUKOTAA He Bbiuncnserca. Onepanus o6begyHe-
HuA ¢ null Takxke paboTaeT ¢ TMHaMy, Jomyckalomumu null (cMm.
pasgen “Tumsl, gonyckamolume 3HayeHue null” Ha ctp. 150).

null-ycnosHasa onepayua

null-ycnosxas onepayus (Wn ansuc-onepayus) o6o3Hadaercs
Kak ?. u noasunach B Bepcuu C# 6. OHa 10O3BO/sAET BbI3bIBATh Me-
TOZBI ¥ MOYYaTh JOCTYII K WieHaM NMOJO6HO CTaHAAPTHOM onepaLuu
TOYKM, HO C TOM pasHMILIEN, YTO €C/IM HAXOAALIMICA CleBa ONepaHf
paBeH null, To pe3ynbTaToM BblpaXkeHuA 6yper null, a He reHepa-
unsa uckmwodeHus NullReferenceException:
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System.Text.StringBuilder sb = null;
string s = sb?.ToString(); // Oumbka He BO3HUKAEET;
// s paBHO null

[TocnenHAs cTpoka Kofja 9KBMBaJeHTHa TaKoM:

string s = (sb == null ? null : sb.ToString());

CTONKHYBLIMCH CO 3HaueHMeM null, anBUC-ONepaLsa COKpallaeT
BbIYMC/IEHME OCTAaTKa BbIpaXkeHUs. B cnenylolliemM npuMepe repemeH-
Haf S Mony4yaeT 3HaueHyue null, HeCMOTpA Ha HanuMyyue CTaHAAPTHOM
onepauuu Touku Mexay ToString () n ToUpper ():

System.Text.StringBuilder sb = null;

string s = sb?.ToString() .ToUpper // Oumbka
// He BO3HUMKaeT

MHorokpaTHOe MCIONb30BaHMe 3/IBUC-OMepaUuu Heo6xoguMo,
TOJIBKO €C/TY HaXOXALIMICA HEMOCPENCTBEHHO C/leBa ONEPaH MOXeET
6biTh paBeH null. IlpuBefeHHOe HiKe BbIpaXkeHMe HafieXKHO pabo-
TaeT B CUTyaLMsAX, KOTAa X ¥ X.y paBHBI null:

x?.y?.z

OHO 3KBMBaZEHTHO CnenyoleMy BblpaXkeHUIO (3a ucknoyeHueM
TOrO, YTO X .Y OLIEHMBAETCA TONbKO pa3):

x == null ? null

(x.y == null ? null : x.y.z)

OkoHYaTenbHOE BblpaxkeHMe HO/DKHO OBITh CIOCOOHBIM NPUHU-
MaTb 3HaueHMe null. [lokasaHHbIi fanee KOf He SIBNAETCA NOMYCTH-
MBIM, T.K. TUII int He MOXeT nmpuHUMaTh null:

System.Text.StringBuilder sb = null;
int length = sb?.ToString() .Length; // He monyckaercs

VcrpaBUTb MOTOXKEHME MOXKHO 3a CYeT IPMMeHeHMs THITa 3Haye-
Hus, gomyckalomero null (cM. pasgen “Tumsl, Homyckaiouie 3Hade-
HMe null” Ha cTp. 150):

int? length = sb?.ToString().Length; // IonycTimo;
// int? moxer npuHMMaTh null

null-yc/noBHYIO OMepaLyio MOXXHO TaKXXe MCIIONb30BaTh [/S Bbl-
30Ba MeTofa void:

someObject?.SomeVoidMethod() ;
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Ecnu nepeMenHas someObject paBHa null, To BMeCTO reHe-
paumu uckmodenna NullReferenceException aToT BbI30B mpe-
BpalliaeTcs B “OTCYTCTBME ONepaLiuu .

null-ycnoBHas onepanys MOXXeT MPUMEHATBCS C YacTO UCIOMb-
3yeMbIMI YWIeHaMy THIIOB, KOTOpbIe oMucaHbl B pasfene “Kmacch” Ha
CTp. 72, B TOM YUCTIe C Memodamu, NOAAMY, cBoticmeamu U uxdexca-
mopamu. OHa TaK>Ke XOpOLIO COYeTaeTCs ¢ onepalyeit 06beaMHeHUs
cnull:

System.Text.StringBuilder sb = null;

string s = sb?.ToString() ?? "nycto"; // s nmomydaer

// 3Hauenme "mycTo"

[Tocnepuss CTpOKa 3KBMBaJIEHTHA cnenylomeﬁ:

string s = (sb == null ? "nycro" : sb.ToString());

Onepatopbl

DYHKUMM COCTOAT U3 ONEPATOPOB, KOTOpble BBIMOMHAKTCS MOC-
TIe[OBaTeNbHO B MOPANKE MX MOSBIEHUS BHYTPU MpOrpaMmel. Brok
onepamopos — 3TO MOC/IeROBATENIBHOCTb ONEePaTOpPOB, HAXORAILMXCA
MexXpy ¢urypHboiMu ckobkamu ({ }).

Onepatopbl 06bABNEHNA

Onepatop 06bABNEHNA OODBABNAET HOBYIO NepEMEHHYIO C BO3-
MOXHOCTbBIO ee [OMONHUTENbHO! MHULMANTUZALNYN TTOCPEACTBOM
BboipaxceHus. Oneparop o6bABNEHUA 3aBepIUAeTCA TOYKON C 3amls-
Toi1. MOXHO OOBABNATb HECKONBKO IepeMeHHBIX OJHOTO M TOTO Xe
TUMa, yKa3blBad MX B CIIMCKE C 3aMATONM B KayeCTBE pasfenuTens.
Hanpumep:

bool rich = true, famous = false;

ObvsasneHue KOHCMAHMbL TIOX0Xe Ha OODsAB/IEHME MepeMeHHOM
3a UCK/TIOYEHUEM TOTO, YTO IOC/IEe OOBABNIEHUA KOHCTAaHTa HE MOXET
ObITh M3MeHeHa 1 00bsBIeHMe 0653aTeNIbHO HO/DKHO COMPOBOXAATh-
¢ uHMuManu3saumeit (cM. pasgen “KoHcranTsl” Ha cTp. 83):

const double ¢ = 2.99792458E08;

06nacTb BUANMOCTH NOKaNbHOW NepeMeHHOM

O6macThi0 BULMMOCTH JIOKa/IbHOM MePEMEHHON MM NOKabHOIM
KOHCTaHThl ABNAETCA TeKywuit 6710k. O6DBABNATD elje OfHY NOKaNMb-
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HYIO IIEPEMEHHYIO C TEM >X€ CaMbIM MMEHEM B TEKYLIEM 6n10ke unu B
NM1I06BIX BIOXXEHHBIX O6710Kax He pa3pelieHo.

OnepaTtopbl BbipaXeHHil

Onepamopul 8vipaxenuti — 3TO BbIpaKeHUs, KOTOPble TaKXe
NpencTaBnAlT co60it JonycTuMble onepatopsl. Ha npaktuke takue
BBIp@XEHMs YTO-TO “IeNaloT ; APYTMMU CIIOBAaMH, BBIPaXKEHMUS:

® BHINOMHAIOT IPUCBauBaHue MM MOAUPUKALIMIO IepeMeHHOI;

® CO3MaIOT 3K3EMIIAP 06 beKTa;

® BBI3BIBAIOT METON.

BbipaxkeHus, KOTOpble He [eNaloT HU4Yero U3 IMepeyuceHHOro
BbIllle, HE ABNAIOTCA HOMYCTUMBIMU OIlepaTOpaMiu:

string s = "foo";

s.Length; // HemonycTmMent onepaTop: OH HMYUEro He nejaer!

[Ipn BBI30BE KOHCTPYKTOpa MM MeTOMA, KOTOPbIif BO3BpalLaeT
3HayeHMe, Bbl He 00s3aHBI UCIIONB30BaTh Pe3yNbTaT. TeM He MeHee,
€C/IY TO/BKO NAHHBIA KOHCTPYKTOP M/IM METOJ He M3MeHseT COCTOsA-
HMe, TO TaKoj1 onepaTop 6ecroneseH:

new StringBuilder(); // HonycTmM, HO Becrnoyie3eH
x.Equals (y); // DonyctuMm, HO Gecnojie3eH

Onepatopb! Bbi6opa

Onepamopbl 8bl60pa INpeaHa3Ha4vY€Hbl /14 YC/IOBHOrO yrnpaBlI€eHUA
ITOTOKOM BBITIO/THEHUA NMPOTrpaMMBbl.

Oneparop if
OnepaTtop i f BHIONHAET HEKOTOPbIA ONEPATOp, €CNU pe3ynbTa-
TOM BbIYMC/IEHUA BbIpaXKEHUA bool okasbiBaeTcsa true. HanpuMep:

if (5 <2 * 3)
Console.WriteLine ("true"); // true

OnepaTopoM MoxXeT 6bITb 610K Kofa:

if (5 <2 * 3)

{
Console.WriteLine ("true"); // true
Console.WriteLine ("...")

}
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KoHcTpyKuua else

Oneparop if MOXeT HONONHUTENBHO COAEP>KAaTh KOHCTPYKLMIO
else:

if (2 + 2 ==5)

Console.WritelLine ("He Beiumcnaerca");
else

Console.WriteLine ("False"); // False

BHyTpb KOHCTpyKLIMM e1lSe MOXKHO NOMeLaTh ApYTroit onepartop i f:

if (2 + 2 ==5)
Console.WriteLine ("He Beiumcnaerca");
else
if (2 + 2 == 4)
Console.WritelLine ("Bmuucnsercs"); // Buuucnsercs

H3meHeHHe NOTOKA BbINONHEHHA C NOMOLLbI0 GHIYPHBIX CKOGOK

KoHcTpykumsa else Bcerna npuMeHsieTCsl K HeNOCPeNCTBEHHO
npeflIecTBYloleMy onepatopy if B 6710ke oneparopoB. Hanpumep:

if (true)
if (false)
Console.WritelLine();
else
Console.WriteLine ("BeinonHaercsa");

ITO ceMaHTUYEeCKHU MAEHTUYHO C/IeAyloleMy Koay:

if (true)
{
if (false)
Console.WriteLine();
else
Console.WriteLine ("BmmosHaerca");

}

HepemeCTuB ¢Mrypr1e CK06KM, MOTOK BBbINO/IHEHUA MOXXHO M3-
MEHUTDb:

if (true)
{
if (false)
Console.WriteLine();
}
else
Console.Writeline ("He BrmoJsHgeTca");
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B si3bike C# OTCYTCTBYeT aHajnor KiwodeBoro cnosa “elseif ™ op-
HaKo IpUBeJIeHHbIN HIKe IA6/IOH MO3BOMAET JOCTUYDL TOTO Xe pe-
3ynbTaTa:

static void TellMeWhatICanDo (int age)
{
if (age >= 35)
Console.WriteLine ("Te MOXelb CTaTb npe3mpgeHToM!");
else if (age >= 21)
Console.WriteLine ("Tel MOXews ONUTH!") ;
else if (age >= 18)
Console.WriteLine ("Tel MOXellb IoJIOCOBATHL!") ;
else
Console.WriteLine ("Tel monxeH xmaTb!");

}

Oneparop swi tch

OnepaTophl switch nMo3BonAT opraHM3oBaTh BeTBIEHME TOTOKA
BBITIOJIHEHMA NPOTPaMMbl Ha OCHOBe BbI6Opa M3 BO3MOXKHBIX 3Haye-
HMIf, KOTOpble IIepeMeHHass MOXKeT npuHuMaTh. Onepatopsl switch
MOTYT JiaTb B pe3y/nbTaTe 60Jee SICHBI KO/, Y4eM MHOXECTBO Omepa-
TOpOB if, HOTOMY YTO OHM TPeGYIOT TONBKO OFHOKPATHONM OLIEHKM
BbIpakxeHus. Hanpumep:

static void ShowCard (int cardNumber)
{
switch (cardNumber)
{
case 13:
Console.WriteLine ("Koponb");
break;
case 12:
Console.WriteLine ("IOama");
break;
case 11:
Console.WriteLine ("Banetr");
break;
default: // Jlo6oe mpyroe 3Hauenme cardNumber
Console.WriteLine (cardNumber) ;
break;

}

3HayeHusA B Ka)XIOM BbIpa>X€HUN Case NO/DKHDI 6bITh KOHCTaH-
TaMM, YTO OrpaHUYMBAET pa3pell€HHbI€ TUIIBI BCTPOEHHBIMU Li€/10-
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YUC/IeHHBIMUM TUIaMM, TUIIaMM bool, char u enum, a TakXke THUIIOM
string. B KOHIle KaX/I0if KOHCTPYKIUM Case Heo6XOAMMO ABHO yKa-
3BIBaTh, KyZia BBHIMIOJIHEHME JO/DKHO IepefiaBaThCs fanbllle, C TOMOLIbIO
OJIHOTO M3 OmepaTopoB Nepexofa. Hinke mepeuncreHbl BapyaHTBI:

® Dbreak (nmepexon B KoHel] onepaTtopa switch);
¢ goto case x (mepexop Ha APYrylo KOHCTPYKLMIO Case);
® goto default (nepexon Ha koHcTpykumio default);

® 0601 Apyroit onepatop nepexoja, B YaCTHOCTH, return,
throw, continue unu goto merka.

Ecnu mnsa HecKONMbKMX 3HaY€HMI JO/DKEH BBITOTHATBCA TOT XKe Ca-
MBI KO, TO KOHCTPYKLIMU CaS€e MOXXHO 3alncaTb I0C/I€A0BATE/IbHO:

switch (cardNumber)
{
case 13:
case 12:
case 11:
Console.WriteLine ("durypHasa kapra");
break;
default:
Console.Writeline ("He¢urypHas kapra");
break;

}

Takas 0cO6eHHOCTD OnepaTopa Switch MoXeT MMeTb peluaioliee
3HayeHMe B IVIaHe MOMy4YeHMs 6ojlee ACHOTO KOAa, YeM B C/Iyyae MHO-
XecTBa onepaTtopoB if-else.

Onepartop swi tch ¢ wabnonamm (C# 7)
B Bepcun C# 7 MOXHO NepeK/IoYaTbCs Ha OCHOBE muna:

static void TellMeTheType (object x)
{
switch (x)
{
case int i:
Console.WriteLine ("3ToO ULeJlOUMCIIEHHOe 3HaueHue!");
break;
case string s:
Console.WriteLine (s.Length); // MoxHo
// ucnonb3oBaTh 8
break;
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case bool b when b == true // BunosHsercs, korza b
// paBHO true
Console.WriteLine ("True");
break;
case null: // B Bepcum C# 7 MOXHO Takxe
// nepexmmodyarbcs no null
Console.WriteLine ("null");
break;

}

(Tun object gomyckaer nepeMeHHYIO M060rO TUIIA — CM. pasie-
nbt “HacnepoBanue” Ha ctp. 87 u “Tun object” Ha cTp. 95.)

B KaX10¥t KOHCTPYKLIMM Ca S€e yKa3bIBaeTCs THUII, C KOTOPBIM CJle-
AYeT COIOCTAB/IATD, 1 [lepeMeHHas, KOTOPOit He06XOAMMO IPUCBOUTD
TUIM3MPOBAHHOe 3HauyeHMe B Clyyae YCIEIIHOTO COBMafeHus. B or-
NUYMe OT KOHCTaHT OTPaHMYeHUs Ha NpUMeHseMble TUIIBI OTCYTC-
TBYIOT. B Heobs13aTe/IbHOM KOHCTPYKLMM when yKasbIBaeTCst yCIOBHe,
KOTOpOe HO/DKHO GbITb YAOBIETBOPEHO, YTOObI IPOM3OLIIO COBMajie-
HUe And case.

ITopAmok cnefoBaHMA KOHCTPYKLMII case BaxeH, KOTfia Mpou3-
BOAMTCA NepeKIiodeHne Mo TUIY (4TO OT/IMYAeTCA OT Cydas Iepe-
K/IOYeHUs MO0 KOHCTaHTaM). VICK/MIoueHMeM M3 3TOro MpaBu/Ia AB-
nseTcst KOHCTpyKumusa default, KoTopass BbIMONHAETCA MOCTIENHEI
He3aBMCHUMO OT TOTO, IZle OHa HaXOJUTCA.

MoxHO yKa3bIBaTh HeCKO/MbKO KOHCTPYKILMIt case NofpsAf. Brizos
Console.WriteLine () B mpuBefeHHOM HinDKe Kofie 6YfeT BbINON-
HATbCA [NA 3HaUeHUs MO6GOTo TUIIA C MaBalollleif TOYKON, KOTOpoe
6ombure 1000:

switch (x)
{
case float £ when £ > 1000:
case double d when d > 1000:
case decimal m when m > 1000:
Console.WriteLine ("IllepemeHHrle £, d ¥ m HaxOOATCH
BHe objlacTu BuIomMMoOCTH") ;
break;

B sToM npumMepe kOMNMUIATOp NMO3BO/NAET 3afle/ICTBOBATD Iepe-
MeHHble f, d 1 m monbko B KOHCTpyKUMAX when. Bo BpeMs Bbi3oBa
MeTofla Console.Writeline () HeM3BecTHO, KaKoif U3 Tpex nepe-
MeHHBIX 6yIeT IPUCBOEHO 3HaYeHMe, TOITOMY KOMITMAATOP MoMella-
eT UX BCe 3a Ipefienbl 06/1acT BUAMMOCTH.
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Onepartopbl UTepaymil

Aspik C# no3Bo/seT BHINOMHATH IOC/ENOBAaTeNbHOCTh OMepa-
TOPOB [OBTOPAIIMMCA 06pa3oM ¢ noMoLibio onepaTopoB while,
do-while, for u foreach.

liuknbl while n do-while

Linknbl while MHOrOKpaTHO BBINONHAIOT KOJ B CBOEM Tejle [0
TeX IOp, NMOKa pe3y/NbTaTOM BbIYMUC/IEHUS BblpakeHus bool sABnseT-
cs true. BoipaxkeHue npoBepseTcs neped BBINONHEHMEM Tea LIMKJIA.
Hanpumep, cnenyromnit kon BoiBeger 012:

int i = 0;
while (i < 3)
{ // ®urypHele CKOOKM He OBS3aTeJIbHH

Console.Write (i++);

}

Luknbl do-while oTIM4alTCs N0 QYHKIMOHANBHOCTH OT LIMK-
noB while TO/NbKO T€M, UTO BbhIpaXK€HME B HUX NPOBEPAETCA nocae
BBIMONHEHMA 6/10Ka onepaTopoB (rapaHTUpYs, YTO 6JI0K BBINOJHA-
eTcs, Mo KpaifHelt Mepe, onMH pa3). Huxxe npuBefeH nmpembimyIwmit
NpUMep, NePENUCAHHBINA [/ UCNIONb30BaHMA LMKIa do-while:

int i = 0;

do

{

Console.WriteLine (i++);

}
while (i < 3);

Uuknbl for

Luknel for moxoxxu Ha UMKAb while, HO UMEIOT creluanbHbIe
KOHCTPYKLUMMU [/l UHUUUANUIAUUU VI UmMePupo8aHus 1nepeMeHHOM
uukna. ukn for COIEP>XUT TpU KOHCTPYKLMMU:

for (xoHCTPyKLUMS-MHMUMATIMN3AUNNA;

KOHCTPYKLIMSI-YCJIOBUS;

KOHCTPYKLMS-UTEpaLum)
onepaTop-min-6JI0K-0NepaTopoB

Yactp KOHCTPYKUMNS ~MHMLMAaJ3a 0y BbIIIOJIHAETCA Iepen
HayasioM LIMKNIa U 06bIYHO WHULNATTU3NDYET OOHY UIU 6onbire mne-
PeMEHHBIX umepayuu.
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YacTb KOHCTPYKLUMS —y CJIOBUS NIPEACTaBIAET c060it BhIpaKeHMe
THHa bool, KOTOpOoe MpoBepsieTCs neped KaXKHoil UTepalimelt LIMKIIa.
Teno umka BHIONHAETCA IO TeX MOP, MOKa YCIOBUe HaeT true.

YacTb KOHCTPYKUMNSA-MTE PaLMM BBIIONHAETCA NOCAe KaXIon
UTepaLuy LMK/IA. ITa YacTh OOBIYHO [IPUMeHsETCA At 0OHOBIEHUS
TIepeMEHHOM UTepaLyun.

Hanpumep, cnenymowmmuit kog BbIBOUT uucia oT 0 fo 2:

for (int 1 = 0; 1 < 3; i++)

Console.WriteLine (i);

[TokasaHHbIt Janee KOX BbIBOOUT NepBble 10 uncen OuboHayun
(rme KaXkmoe YMCIIO ABMAETCA CYMMOI IBYX NPeRbIAYLINX):

for (int i = 0, prevFib = 1, curFib = 1; i < 10; i++)

{

Console.Writeline (prevFib);
int newFib = prevFib + curFib;
prevFib = curFib; curFib = newFib;

}

JTio6ass u3 Tpex yacTeif onepatopa for MOXeT ObITb ONYyILeHa.
BeckoHeYHBIN LMK MOXHO peanu30oBaTh TakK (B3aMeH JONyCKaeTcs
UCTONb30BaTh while (true)):

for (;;) Console.WriteLine ("npepBute MeHs");

Liuknbl foreach

Onepatop foreach obecneunBaeT MPOXON MO BCEM 3/EMEH-
TaM B Nepe4nucnuMoM obbekre. BonpmuucTBo THmos B C# u NET
Framework, xoTopble nmpeacTaBnsaioT Habop MMM CIIUCOK NEMEHTOB,
ABNAIOTCA NepednucnuMbiMi. Hike npuBesieH npuMep nepeyncieHus
CUMBOJIOB B CTPOKE, OT NEPBOTO JI0 MOC/IENHEro:

foreach (char c in "rope")
Console.WritelLine (c + " "); // ropwu

I[Tepeuncnumble 06beKThI OnpeneneHsl B pasfiene “Ilepeuncnennue
Y uTepaTopbl” Ha CTp. 144.

Onepatopbl nepexoAa

K omneparopam nepexoma B C# oTHocATcs break, continue,
goto, return u throw. KnrodeBoe cnoBo throw onucaHo B pas-
mene “OmnepaTopbl try ¥ UCKIo4eHUs Ha cTp. 136.
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Onepatop break

Oneparop break 3aBepuiaeT BbIO/IHEHME TeJla UTepaLiUy MUK
omnepaTopa switch:
int x = 0;
while (true)
{
if (x++ > 5) break; // npekpaTUTb UMK
}

// Tocne break BHINOJSHEHUE NPONOJIXMTCH 3OE€Ch

Onepatop continue

Onepatop continue mpomyckaeT OocTaBIUMeCA ONEpaTOpHl B
LMK/Ie U HAYMHAET CIEAYIOIIYI0O UTEPALIMIO. ITokasaHHBIN afiee LUK
nponyckaem 4YeTHbBIE YUCTIa:

for (int i = 0; 1 < 10; i++)

{

if ((1 % 2) == 0) continue;
Console.Write (i + " "); // 13579
}

Onepatop goto

OmnepaTop goto nepeHOCUT BbINONMHEHMe Ha MeTKy (0603Hauae-
Mylo ¢ oMolubio cypdukca B Bue ABOeTOUMA) BHYTpH 60Ka olle-
patopoB. Crenyroiuii Ko BBINIOMHSET UTepaLMIo 10 YMC/IaM OT 1 fo
5, UMUTHpYA noBefeHMe LKKna for:
int i = 1;
startLoop:
if (i <=05)
{
Console.Write (i + " ™); // 12345
i++;
goto staxtLoop;

}

Onepatop return

Oneparop return 3aBepllaeT METOA ¥ HO/DKEH BO3BpalllaTb Bbl-
paxceHMe C BO3BpalllaeMbIM TUIIOM METOJa, €C/IM METOJ He SAB/AETCSA
void:
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static decimal AsPercentage (decimal d)

{
decimal p=d * 100m;
return p; //Bo3BpaTuTbCA B BhBHBAOUYGI METOL CO 3HaueHyeM
}
Onepatop return MoxeT HaXOZMUTbCS B TI060M MecTe MeTofa
(xpome 6noka finally).

NMpocTpaHcTBa MMeH

IIpocmpancmeo umer — 3TO 06NMaCTh, BHYTPU KOTOPOIt MMeHa
TUIOB BOJDKHBI OBITh YHMKAMbHBIMYU. TUIIBI 06BIYHO OPTraHU3YIOTCA B
Mepapxuyeckye NMPOCTPAHCTBA MMEH, YTOOBI YCTPaHATb KOHQIMUKTHI
MMEeH M ynpoluaTh MOMCK MMeH Tunos. Hanpumep, tTun RSA, koTo-
pblit noffepxuBaeT WUPpPOBaHME OTKPBITHIM KITIOYOM, OMpefeNeH B
MPOCTpPaHCTBe MMeH System. Security.Cryptography.

[TpotTpaHCTBO MMeH ABNAETCA HEOTHEM/IEMON 4YacTbI MMe-
HU Tuma. B nmokasaHHOM fanee Kofe NpOU3BOAUTCA BBI30OB METOAA
Create () kmacca RSA:

System.Security.Cryptography.RSA rsa =
System.Security.Cryptography.RSA.Create () ;

HA 3AMETKY!

[TpocTpaHCTBa MMEH He 3aBUCAT OT COOPOK, KOTOpbIe Mpef-
CTaBIAIOT CO00M eIMHMUIBI pa3BepThIBAHMUA, TAKME KaAK . E€Xe
mnn .dll. [IpocTpaHCcTBa MMeH TaKXXe He BAUAIOT Ha JOCTYII-
HOCTb 4eHOB — public, internal, private u 1.4,

KnwoueBoe cnoBo namespace omnpenensaeTrT NpoCTpaHCTBO UMEH
ANA TUNIOB BHYTPU NAHHOrO 6noka. HanpnMep:

namespace Outer.Middle.Inner
{

class Classl {}

class Class2 {}

}

C moMollblo TOYeK OTpa)kaeTcsA MepapXusA BIOXEHHBIX INpo-
cTpaHCcTB MMeH. Crefyolmit Koj ceMaHTUYeCKM MAEHTUYEH Npefbl-

AylleMy NpUMepy:
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namespace Outer

{

namespace Middle

{

namespace Inner

{
class Classl {}
class Class2 {}

}

CcbinaTbcs Ha TUII MOXHO C [IOMOLbIO €r0 NOTHOCMbIO 3a0aHH020
uUMeHU, KOTOpOe BK/II0YaeT BCe MMPOCTPAHCTBA MMEH, OT CaMOro BHe-
ILIHETO 1O CaMOro BHYTpeHHero. HampyuMep, BOT Kak MOXHO 6bI/10 6bl
cocnarbecs Ha Classl us npeppipyiero npuMepa: Outer .Middle.
Inner.Classl.

ToBOpAT, 4TO THUIIBI, KOTOpbIE He ONpefieNeHbl B KaKOM-160 mpo-
CTPAHCTBe MMEH, HaXOJATCA B 2100aNbHOM NPOCMPAHCMEe UMEH.
[No6anbHOe MPOCTPAHCTBO MMEH TaKXKe BK/IIOYaeT MPOCTPaHCTBA
MMEH BepXHero ypoBHsdA, TaKMe Kak Outer B NpuBefeHHOM Bbllle
npuMepe.

AupekTuBa using

IupexTuBa using umnopmupyem nNpoCTPaHCTBO UMEH U SABTISET-
s yBO6HBIM CITOCO60M CChUIKM Ha THUIIbI 6€3 yKa3aHMs MX MONHOCTbIO
3aJlaHHbIX MMeH. MBI MOXXeM ccbiIaThcsl Ha Classl U3 npenbifyILero
npyuMepa CregyoLuM o6pasom:

using Outer.Middle.Inner;

class Test // Test HaxooMTCs B IJiobajlbHOM
// NPOCTPaHCTBe MMeH

static void Main()

{

Classl c¢; // NonHOCTLO 3afaHHOE MMSI yXaSnBaTh
// ne obsBaTenLHO

}

[lns orpaHnyeHns 06/1aCcTH BUAMMOCTM JUPEKTHBA USing Moxcer
OBbITb B/IOXKEHA B CaMO NMPOCTPAHCTBO MMEH.
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AupekTHBa using static

Hauuuas ¢ Bepcun C# 6, MOXXHO MMIIOPTMPOBATb He TONbKO
NPOCTPaHCTBO MMEH, HO ¥ clielMpuYecKuit TUI C IpUMeHeHUeEM JIU-
pekTuBH using static. I[locne aroro Bce craTuyeckue 4eHbl AaH-
HOTO THMIIa MOTYT MCIIO/Ib30BaThcA 6e3 MX CHab)keHUs MMeHeM THIIa.
B npuBeneHHOM nanee mpuMepe BbI3bIBA€TCA CTATMYECKUI METOR
WriteLine () kmacca Console:

using static System.Console;
class Test

(
static void Main() { WriteLine ("Jlobpo noxamoBaTe"); }

}

llupektnBa using static MMIOPTHPYeT BCe HOCTYIHbIE CTAaTH-
YecKye WIEHbI THIIA, BK/II0Yas N0JIs1, CBOMCTBA M BIOXXEHHBIE TUIIbL. ITY
AMPEKTUBY MOXHO TaK)Ke IPUMEHATDH K I1epeYUCTMMBIM TUIIaM (CM.
pasgen ‘Tlepeuncrnenns” Ha ctp. 106), B c1ydae 4ero MMIOPTUPYIOTCA
ux yieHsl. Eciv MeXy HeCKONBKMMM IMPEKTUBAMM CTATU4ECKOTO UM-
TI0pTa BO3HMKHET HEOLHO3HAYHOCTS, Torda KoMmunaTop C# He cMoXeT
BBIBECTH KOPPEKTHBII THIT U3 KOHTEKCTa 1 CoO6IMT 06 orumbKe.

l'IpaBuna BHYTPU NPOCTPAHCTB UMEH
06nacTb BUAUMOCTH UMEH

VIMeHa, 06'bsiBNIeHHbIE BO BHELIHMX NPOCTPAHCTBAaX MMEH, MOTYT
MCTIONIb30BATbCA BO BHYTPEHHMX NMPOCTPAHCTBaX MMeH 6e3 OMOMHM-
Te/IbHOTO YKa3aHMsA NpOCTpaHCTBa. B crenyioumem npumepe Classl
He HYXJaeTcs B yKa3saHMM NPOCTPAHCTBa MMeH BHYTpu Inner:

namespace Outer

{
class Classl {}
namespace Inner

{
class Class2 : Classl {}

}

Ecnu Ha ™M HeO6XOMMMO CCBINIATbCA U3 APYTOM BETBU MepapXuu
MIPOCTPAHCTB MMEH, TO MOXHO NMPUMEHATb YaCTUYHO 3alaHHOE UMA.
B npusenenHoM Huke mpumepe Knacc SalesReport ocHOBaH Ha
Common.ReportBase:
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namespace MyTradingCompany

{

namespace Common

{
class ReportBase {}
}
namespace ManagementReporting

{

class SalesReport : Common.ReportBase {}
}
}

CoKpbiTHe UMEH

Ecnu OHO U TO )X€ MMsA TUMa BCTpeYaeTCs1 BO BHYTPEHHEM U BO
BHEIIHEM IIPOCTPAHCTBE MMEH, TO MPEUMYLIECTBO IMONTy4yaeT TUIl U3
BHYTPE€HHEro NpOCTPAHCTBA UMEH. Yr1o6BI COCNATHCA HA TUI BO BHe-
ITHEM IIPOCTPAaHCTBE MMEH, UMA l'lOTp66yeTCH YTOYHUTD.

HA 3AMETKY!

Bce uMeHa TMIOB BO BpeMsA KOMIMJALMM NpeobpasynoTcs
B MO/IHOCTbIO 3alaHHble MMeHa. B kole Ha MpoMeXXyTOYHOM
asbike (Intermediate Language — IL) HemonmHble MaM 4acTuy-
HO 3aJjlaHHble MMeHa OTCYTCTBYIOT.

NoBTOpAIOWMECA NPOCTPAHCTBA MEH

O6baBnenne INpOCTpaHCTBAa MMEH MOXXHO INOBTOPATDb, €C/IM UMEHa
THUIIOB B 3TUX IPOCTPAaHCTBAaX UMEH HE KOH(i)J'IMKTyIOT ApYT C ApYroM:

namespace Outer.Middle.Inner { class Classl {} }
namespace Outer.Middle.Inner { class Class2 {} }

Knaccet MoryT maxce oxBaTbiBaTh ait/ibl MCXOFHOTO KOZa M COOpPKHM.

Ksanu¢ukarop global: :

WMHorzxa MOMHOCTBIO 3aJaHHOe MMSA THIIA MOXKET KOHQIMKTOBATh C
KaKMM-TO BHYTPEHHUM MMeHeM. YTo6bI 3acTaButh C# UCMONB30BAThH
IIO/THOCTBIO 3aJaHHOe MMSA TUIIA, €r0 MIOHaKoOMTCA CHabAUTD NpeduK-
coM global: :, Kak MokKa3aHO HMXe:

global: :System.Text.StringBuilder sb;
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Ha3HauyeHHe NCceBAOHHMOB THNAM
U NPoCTpaHCTBAM UMEH

MMnopTupoOBaHue NPOCTPAaHCTBA MMEH MOXET NPUBECTH K KOH-
$nMKTy MMeH TMIOB. BMeCTO IONHOro MpOCTpaHCTBa MMEH MOXHO
MMIIOPTHUPOBATh TONbKO CllelMpyuYecKue THUIIbI, KOTOpble HY>KHBI, U
Ha3HayaTh KaXIOMY TaKOMY TUIy nceBnoHuM. Hanpumep:

using PropertyInfo2 = System.Reflection.PropertyInfo;
class Program { PropertyInfo2 p; }

ITceBmOHMM MOXHO Ha3HaYMTb Lie7IOMY NMPOCTPAHCTBY MMEH:

using R = System.Reflection;
class Program { R.PropertyInfo p; }

Knaccol

Knacc aBnserca Haubonee paCHpOCTpaHeHHOI‘;l Pa3HOBUIHOCTBIO
CCBIZIOYHOro Tuma. BoT kak BBITTAOUT 06 bABNIEHNE npoc*reﬁmero
K/jacca U3 BO3MOXXHBIX:

class Foo
{
}

Bornee cnoXxHbIN Knacc MoXeT MOIO/THUTENNIPHO MMETb Mepedyuc-
JIEHHBbI€ HM)K€ KOMIIOHEHTHI.

Mepea kNoyeBLIM CNOBOM Ampubymel u Modugukamopesl knacca.

class Moaudukatopamn HeBNOXKEHHbIX KNaccoB
ABNAITCA public, internal, abstract,
sealed, static, unsafeupartial

Mocne umenn knacca Mapamempei 0606weHHbIX munos, 6a308bil
Knacc v uHmepgedicel

BHyTpY $urypHbix ckobok YneHol knacca (K HIM OTHOCATCA MeTOAYI,
CBOIACTBA, UHAEKCATOPbI, COBBLITUA, NONA,
KOHCTPYKTOPbI, NeperpyeHHble onepauuy,
BNOXEHHbBIE TUNbI U pUHanKU3aTop)

Monsa

[Tone — 3T0 mepeMeHHas, KOTOpas ABAETCA YWIEHOM K/acca MIn
cTpykTypsl. Hampumep:
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class Octopus

{
string name;
public int Age = 10;

}

I[Tone mMoxer uMeTb Mogudukatop readonly, KOTOpBIif Ipemro-
TBpalllaeT ero M3MeHeHMe I0cle KOHCTpyupoBaHus. IIpucBauBath
3HayeHye M0JI0, JONMYyCKaWLleMy TO/IbKO YTeHMe, MOXHO JIMILIb B €ro
00bABNIEHMI MM BHYTPU KOHCTPYKTOpa THUIIA, B KOTOPOM OHO OMpe-
JleJIeHO.

Munumanusaums nonei Asnsgerca HeobssaTenbHou. Hemnunma-
NMU3MPOBaHHOE IONle TOJyYaeT CBOe CTaHAapTHoe 3HadeHue (0, \ 0,
null, false). ViHMumanusaTopsl nosueif BHINMOMHAIOTCA Nepef] KOHC-
TPYKTOpaMu B TOpsAKe, B KOTOPOM OHM yKa3aHbl.

Iins yno6cTBa MHOXKECTBO ITOJIl OXHOTO THIIA MOXXHO OOBABNATD
B CITMCKe, pasfieNifs 3anATbIMU. OTO MOAXOAALLMI cocob 0becrneynTh
COBMeCTHOE MCIIO/Ib30BaHMe BCeMU TOAMM OFHUX U TeX e aTpuoy-
TOB U MopudukaTtopoB mnoneit. Hanpumep:

static readonly int legs = 8, eyes = 2;

MeTogb!

MeTton BHINONHSAET HeNCTBME B BUle NIOC/IENOBATeNbHOCTH Ollepa-
TOpOB. MeTop MOXXeT MONMy4aTb 6X00Hble NAHHbIE U3 BbI3bIBAIOLIEro
KOJla TTOCPe[ICTBOM YKasaHUs napamempos U BO3BPAILATh BbIX00HblE
HaHHble 06paTHO BBI3bIBAIOLLlEMY KOAY 3a CHeT yKa3aHUsA 8038pauyde-
M020 muna. [Insa MeTolla MOXeT GbITh ONpeJie/ieH BO3BpallaeMblif TUIT
void, KOTOpBI/t yKa3biBaeT Ha TO, YTO METOJ HMKAKOrO 3HauYeHMs He
BO3BpalljaeT. MeToj Tak)Ke MOXKET BO3BpalllaTh BBIXOHblE JAHHbIE
BBbI3bIBaIOIleMY KOy Yepe3 mapaMeTpbl ref u out.

Cuznamypa Metopia IOMKHa 6bITh YHUKANbHOM B paMKaX THIIa.
CurHaTtypa MeTofia BK/IIo4aeT B ce6s MMsA MeTOfia M TUIbI apaMeT-
poB (HO He COMIEPXUT UMeHa ITapaMeTPOB M BO3BpalllaeMblit THII).

Metopabl, (xaTbie [0 BbipaXeHHi

Meron, KOTOprﬁ COCTOUT U3 €AUHCTBEHHOIO BbIpa)ke€Hus, Cneny-
ouero syuga:

int Foo (int x) { return x * 2; }
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MOXHO 3amucath 6onee KpaTKo Kak Memoo, cxamoiti 00 8bipaANeHUS
(expression-bodied method). ®urypHsie ckobkyu u KnwyeBOe CIOBO
return 3aMeHsIOTCA KOMOMHaLMeNR =>:

int Foo (int x) => x * 2;

OyHKUMM, OKaTble O BbIpaXKeHU, MOTYT TaK)Xe MMeTb BO3Bpa-
aeMblit TMn void:

void Foo (int x) => Console.Writeline (x);

Meperpyska metopos

Tun Moxer neperpyxxatb Me€TOAbI (MMeTb HECKOJIbKO METOOOB C
OOHUM U TEM XK€ MMCHCM) npu yC1OBUYU, YTO THUIIBI ITapaMETPOB OT-
JINYAKOTCA. Hanpnmep, BCe INepeYnCIeHHble HMXKE€ METOAbI MOI'YyT CO-
CylecTBOBaTb BHYTPU OAHOrO TUIA:

void Foo (int x);

void Foo (double x);

void Foo (int x, float y):
void Foo (float x, int y);

NokanbHbie metoap! (C# 7)

B Bepcumn C# 7 MOXHO ONpeqensTb MeTOX BHYTPU APYroro Me-
TOga:

void WriteCubes ()

{
Console.WriteLine (Cube (3));
int Cube (int value) => value * value * value;

}

JlokanbHblit MeTop (Cube () B JaHHOM cry4ae) 6yneT BULMMBIM
TO/BKO AJIs1 OXBaTbIBalollero Merofa (WriteCubes ()). 3To ympo-
IL[aeT COfiepXKallMii TUIl M HeMe[JIeHHO NOfaeT CUrHa no6oMy npo-
cMaTpuBaiollleMy KOfi, 4To Cube () 6onblie HUTAE He NPUMEHAETCA.
JlokanbHble MeTOABI MOTYT O6palaThcs K TOKa/IbHbIM TepeMeHHbIM
M MapaMeTpaM OXBaThIBAIOLLETO METONA, YTO UMeeT HECKOMbKO IOC-
NIe[CTBMII, KOTOpBIe OMMCaHbl B pa3fene “3axBaThiBaHMe BHEUIHUX
nepeMeHHbIX” Ha cTp. 132.

JlokanbHble METOABI MOTYT NOABNATbCA BHYTPYU QYHKLMI APYTUX
BMJIOB, TAKMX KaK CpefcTBa JOCTYMNa K CBOMCTBAM, KOHCTPYKTOPHI U
T.J., ¥ AaXke BHYTpU APYIMX NOKA/IbHBIX MeTOAOB. JIOKa/bHbIE METO-
Ibl MOTYT OBITb MTEPATOPHBIMU MM aCMHXpOHHBIMU. MopudukaTop
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static HemeiicTBUTENEH /1A TOKANbHBIX METOHOB; OHYM OYRYT HesB-
HO CTaTMYECKUMMU, eC/IM OXBAThIBAIOIIMI METOJ CTaTMYECKMIA.

KoHcTpyKTOpbI 3K3emnnApoB

KOHCTPYKTOpr BBINIO/THAIOT KOO MHMIMAINU3aUUU Kilacca UIU
CTPYKTYPpbI. KOHCprKTOP onpenensaeTca l'lO}IOéHO METOAY 3a MCKIIOo-
YE€HHUEM TOTO, YTO BMECTO MMEHM METOMa M BO3BpalllaéMOro Tura yka-
3bIBA€TCA MMsA THUIIA, K KOTOPOMY OTHOCUTCA 3TOT KOHCTPYKTOp:

public class Panda

{
string name; // Onpenenenue nons
public Panda (string n) // OnpemeneHune XOHCTPYKTOPa

name = n; // Kom wmmmpanusauym

Panda p = new Panda ("Petey"); // BE3OB KOHCTpPYKTOpa

B Bepcum C# 7 KOHCTPYKTOPBI, COfepKallie eAMHCTBEHHBII olle-
paTop, MOTYT 3allMCBIBaTbCA KaK WIEHbI, CKaTble 10 BbIpaXKeHMUIl:

public Panda (string n) => name = n;

Knacc unu ctpykTypa MoxeT neperpyxarb KOHCTpyKTOpbl. OnMH
Neperpy>keHHblii KOHCTPYKTOP MOXXET BbI3bIBaTb APYroif, UCMONb3YA
K/1I04eBoe C/1oBO this:

public class Wine

{

public Wine (decimal price) {...}

public Wine (decimal price, int year)

this (price) {...}
}
Korpa onyuH KOHCTPYKTOp BbI3bIBaeT ApPYroif, TO NepPBbIM BBIMNON-
HAETCSA BbI36AHHbII KOHCMPYKMOP.
I pyroMy KOHCTPYKTOpY MOXXHO IlepefiaBaTb 8bipaiceHue:
public Wine (decimal price, DateTime year)
: this (price, year.Year) {...}

B camoM BbIpakeHMM He HONYyCKaeTcs MPUMEHATb CChIIKY this,

CKaXeM, I/11 BbI30Ba METOJA 3K3eMIliApa. TeMm He MeHee, BbI3bIBaTh
CTaTU4eCkue MeTOAbl pa3pelleHo.
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HesBHble KOHCTpYKTOpbI 6e3 NapameTpos

Kommunarop C# aBTOMaTH4Yecku reHepupyeT J/isl K/acca OTKpBI-
ThIif KOHCTPYKTOp 6€3 ImapaMeTpOB TOTAA M TONMBKO TOrAa, KOrfia B
HeM He 6bIIO oIpefiefieHO HU OZHOTO KOHCTpYKTopa. OfHako mocine
onpefeneHUs X0TA 6b OHOrO KOHCTPYKTOpa KOHCTPYKTOD 6e3 mapa-
MeTpoB 60nbllle aBTOMaTUYeCKM He TeHepUpYeTcs.

HeoTKpbITble KOHCTPYKTOPDI

KoHcTpykTOpbl He 06s3aTeIbHO HOMKHBI OBITb OTKPBITBIMM.
PacnipocTpaHeHHO NpMYMHON HaNMU4UA HEOTKPHITOTO KOHCTPYKTOpa
AB/IAETCA yNpaBlieHMe CO3[jaHMeM IK3eMIUIAPOB 4Yepe3 BbI30B CTaTH-
yeckoro Merofa. CTaTu4ecKmil MeTOH MOXXeT MCIIONb30BaTbCA ANA
BO3BpallleH!s 06beKTa U3 Iy/la BMECTO CO3[laHUA HOBOIO O6bekTa
WIM [71s1 BO3BpallieH!s CllellMaNn3MpoOBaHHOTO MOAKIacca, BeI6upa-
€MOr0 Ha OCHOBE BXO[HbIX apr'yMEHTOB.

NlekoHcTpyKTOpbI (C# 7)

B To BpeMs Kak KOHCTPYKTOp OObIYHO NPMHMMaeT Habop 3Haye-
Huit (B BUMle TapaMeTpOB) ¥ MpPUCBaMBAET UX IOMAM, IEKOHCTPYKTOP
JienaeT MPOTUBOIIONOXHOE M NTPUCBAaUBaET N0/l HAGOPY NMepeMeHHBIX.
Merop feKOHCTpYMpOBaHMA JO/KeH HasbiBaTbcA Deconstruct () u
MMeTb OfMH UM Gonblilee YUCTIO MapaMeTPOB Out:

class Rectangle
{
public readonly float Width, Height;
public Rectangle (float width, float height)
{
Width = width; Height = height;
}
public void Deconstruct (out float width,
out float height)
{
width = Width; height = Height;
}
}

IIna BbI3oBa JOEeKOHCTPYKTOpa MpUMEHsAETCA CNefyoLni crenu-
a/IbHBbI CMHTAKCUC:
var rect = new Rectangle (3, 4);

(float width, float height) = rect;
Console.WriteLine (width + " " + height); // 3 4
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[leKOHCTpyUpYyIOLWIMIT BHI30B COEPXUTCA BO BTOPOIt cTpoke. OH
CO3M1aeT [iBe JIOKa/IbHbIX [IepeMEHHbIX U 3aTeM obpalllaeTca K MeTORy
Deconstruct (). Bor yeMy 3KBMBa/l€HTEH 3TOT HEKOHCTPYMPYIO-
LM BbI3OB:

rect.Deconstruct (out var width, out var height);

HCKOHCTPYMpleH.lMe BbI30BbI AOIYCKAlOT HEABHYIO TUNIM3aLUIO, TaK
YTO HAlll BHI30B MOXXHO ObI/10 ObI COKpaTUTDb CeAyILINM 06pa3OMI

(var width, wvar height) = rect;
Wnu npocro:
var (width, height) = rect;

Ecnu nepemeHHble, B KOTOpble NPOU3BOAUTCS [IE€KOHCTPYMpOBa-
HMe, y>Xe onpefesieHbl, TO TUIIbI BOOOIle He YKa3bIBAIOTCS; 3TO Ha3bl-
BaeTCA 0eKOHCIMPYUPyIOUUM NPUCBAUBAHUEM:

(width, height) = rect;

[Teperpysxas MeTo Deconstruct (), BbI3bIBaloLlieMy KOTY MOX-
HO IpeIIOKUTD Lie/Iblil [YaNa30H BapUaHTOB JeKOHCTPYMPOBaHUA.

HA 3AMETKY!

Metop Deconstruct () MoxeT 6bITh pacUIMPSIOLIUMM METO-
moM (cM. pasgen “Pacuumpsirowme Metonbl” Ha ctp. 154). 3to
YOOOHBINf pueM, eciu Bbl XOTUTe AEKOHCTPYMPOBATb THIIbI,
aBTOPOM KOTOPbIX He AB/AETECH.

WHuymanusaropbl 06beKToB

lins ynpolueHus MHMIManu3auum ob6bekTa Mobble ero JOCTYI-
Hbl€ TOJA U CBOVCTBA MOT'YT OBITh YCTaHOB/IEHBI C TOMOLUBIO UHULU-
anuzamopa 06veKkma HemoCpefCTBEHHO Nocne cospanusa. Hanpumep,
PaccMOTPUM CIeNYIOILMIA KIacc:

public class Bunny
{
public string Name;
public bool LikesCarrots, LikesHumans;
public Bunny () {}
public Bunny (string n) { Name = n; }
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Vcnonb3ys MHMUMANU3aTOpsl 00beKTOB, CO3[aBaTh OOBEKTHI
Bunny MOXHO Tak:

Bunny bl = new Bunny {
Name="Bo",
LikesCarrots = true,
LikesHumans = false
}i
Bunny b2 = new Bunny ("Bo") {
LikesCarrots = true,
LikesHumans = false

1%
Ccbinka this

Ccpinka this ykasbiBaeT Ha caM 3k3eMmsp. B cnenyomem npu-
Mepe MeTof Marry () MConb3yeT cCbIIKY this Ia ycTaHOBKM NONA
Mate ak3eMmnApa partner:

public class Panda

{
public Panda Mate;
public void Marry (Panda partner)

{
Mate = partner;
partner.Mate = this;
}
}

Ccpinka this Takke ycTpaHsAeT HEOMHO3HAYHOCTb MeXAY JI0-
Kaj7IbHOJ MepeMeHHOl MM napaMeTpoM u noneM. Hanpumep:

public class Test
{

string name;
public Test (string name) { this.name = name; }

}

Ccbinka this fomycTuMa TOMbKO BHYTPY HECTATUYECKMX YIEHOB
KJIacca MM CTPYKTYPBL

(Bo#cTBa

CHapy)u CBOJICTBa BHIITIANAT MOXOXXMMU Ha IO7A, HO BHYTPEHHe,
KaK U MeTOfIbl, OHM cofiepaT oruky. Hanpumep, B3rnsHyB Ha cneny-
IOLLIMIA KOJ, HEBO3MOXKHO CKa3aTh, YeM siB/nAeTca CurrentPrice —
T0/1eM WY CBOMCTBOM:
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Stock msft = new Stock();
msft.CurrentPrice = 307
msft.CurrentPrice -= 3;
Console.WritelLine (msft.CurrentPrice);

CBOICTBO 06'bABNAETCA NOHOOHO MO0, HO ¢ JobaBreHneM 6710Ka
get/set. Huxe nokasaHo, KaK peanusoBaTh CurrentPrice B Buge
CBOMCTBa:

public class Stock
{

decimal currentPrice; // 3axpelToe
// "nommepxuBaiwee" mnoje
public decimal CurrentPrice // OTKpHTOE CBOICTBO

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

}

C nomowpio get u set o6o3HavalTCa cpedcmea 00CmMyna K
cBoitcTBy. CpefcTBO fOCTyNa get 3amyckaeTcs NMpyU YTEHUU CBOJC-
TBa. OHO HO/MKHO BO3BpalllaTh 3HayeHMe, MMelolllee TUIl CaMOro
cBoicTBa. CpecTBO OCTyNa Set BHINONHAETCA BO BpeMs MPUCBau-
BaHMUA CBOVMCTBY 3HaueHMs. OHO NMPMHMMAaeET HesABHBIIA MapaMeTp IO
MMeHM value ¢ TMIIOM CBOWCTBA, KOTOPbIif 06BIYHO NPUCBaNBaETCA
3aKpBITOMY MO0 (B JaHHOM Clydae currentPrice).

XOTs BOCTYN K CBOMCTBaM OCYILECTB/IAETCA TaKUM )Ke COCO60M,
KaK K I0/IAM, CBOMCTBa OTIMYAIOTCA TEM, UTO IpeflOCTaBNIAIOT Mpo-
TPaMMMUCTY IO/IHbIMI KOHTPO/b Hafl MONy4eHueM M YCTAaHOBKOM MX
3Ha4YeHM!. TaKoif KOHTPO/Ib NTO3BONIAET NPOrPaMMUCTY BbIOPATh NTi0-
60e HeoOXOMMOe BHYTpEHHee MpefcTaBjieHMe, He TEMOHCTPUPYS Je-
Ta/lM MONb30BaTeNI0 CBOMCTBA. B npuBeneHHOM npuMepe MeTof set
Mor Obl reHepMpOBaTbh UCK/IIOYEHIeE, eC/TY 3HauyeHne value BBIXOLUT
3a npepenbl JOMYCTUMOTO IMarasoHa.

HA 3AMETKY!

B 3T0it KHMre MOBCEMECTHO NMPUMEHAIOTCA OTKPBIThIE MO,
4TOOBI M3NMUILHE He YCTOXHATb NIPUMepbl U He OTB/IEKATh OT
cyTH. B peanbHOM NPUIIOXEHUM IS COREMCTBUS MHKAICY/NA-
LMK [peAnouTeHne O6BIYHO OTAAeTCA OTKPBITHIM CBOMCTBAM,
a He OTKPBITHIM MOJAM.
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CBocTBO OyfeT NpefHasHayeHO TONbKO A/ YTEHMSA, eClNU A
Hero yKa3aHo Of{HO TMIUb CPeACTBO AOCTyMNa get, ¥ TONbKO W14 3amnu-
CH, eC/i OmpefieNeHo OffHO /UIIb CpeAcTBO fJocTyma set. CBoitcTBa
TOJIbKO VIS 3alIUCYU MCTIONB3YIOTCA PENKO.

CBOI1CTBO OOBIYHO MMeeT OTHeNbHOEe NMOAZepXXMUBalwllee MOJe,
npefHa3sHa4YeHHOe /1A XpaHeH!s JIeXallMX B OCHOBe JJaHHBIX. TeM He
MeHee, 3TO He 0653aTeIbHO — CBOMCTBO MOXXeT BO3BpalllaTh 3Haye-
HMe, BbIYMCTIEHHOe Ha 6ase [pyrux gaHHbIX. Hanmpumep:

decimal currentPrice, sharesOwned;

public decimal Worth
{

get { return currentPrice * sharesOwned; }

}

(BoiicTBA, C(XKaTble 40 BbIpaXKeHHUH

B Bepcum C# 6 CBOMCTBO TONBKO [/Isl YTEHUs BPOAe MOKa3aHHOTO
B IpefbIAyILeM pasfesie MOXXHO 0OBABNATh 60/ee KpaTKo Kak c80ilc-
mao, cxamoe 00 svtpaxcenus (expression-bodied property). @urypHsie
CKOOKM, a TaKXe K/IIOYeBble CIOBa get M return 3aMeHSIOTCA KOM-
6unanuen =>:

public decimal Worth => currentPrice * sharesOwned;

B Bepcun C#7 AOMO/THUTENIPHO NOMYCKaeTCA 06BABNATH CXAThI-
MU O BbIpa)XX€HUA TAaKXKe U CpeNCcTBa NOCTyIa set:

public decimal Worth
{

get => currentPrice * sharesOwned;
set => sharesOwned = value / currentPrice;

}

ABTOMaTHuYeCKHE CBOWCTBA

Haubonee pacrmpocTpaHeHHas peanusalus CBOMCTBa Npefyc-
MaTpuBaeT Ha/luMuMe CpPeNCTB JOCTyma get u/unm set, KOTopble
MPOCTO YUTAIOT M 3aMUCBIBAIOT B 3aKPBITOE I10/Ie TOTO >Xe TUMA, YTO
1 cBoitcTBo. O6bABIEHME ABMOMAMUYECKO20 CBOLICMBA YKa3bIBaeT
KOMIMIATOPY Ha HeOOXOAMMOCTD NpefOCTaBlIeHMs TaKoy peannsa-
uun. [TepBhIit MpUMep B 3TOM pasfiefie MOXHO yCOBepIEeHCTBOBATb,
06BsaBMB CurrentPrice kak aBToMaTH4yeckoe CBOMCTBO:
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public class Stock
{

public decimal CurrentPrice { get; set; }

}

KomnunaTop aBTOMaTHMYecKyu CO3[aeT 3aKpbiTOe MOAMAepPXUBalo-
Iiee ToJIe CO CHeLMabHbIM CreHepMPOBaHHBIM MMEHEM, CChIIAaThCA
Ha KOTOpoe HeBO3MOXHO. CpeficTBO JOCTyMa Set MOXeT ObITh IIOMe-
4YeHO KaK private unu protected, ecnmu cBOMCTBO JOMKHO OBITh
HBOCTYIHO JPYTMM THUIIaM TONbKO /A YTEHUS.

HHuumManu3aTopbl CBOHCTB

HaumHas c Bepcum C# 6, K aBTOMaTMYeCKMM CBOCTBAM MOXKHO
Ho6aBNATb MHULIMATU3ATOPHI CBOMCTB B TOYHOCTU KakK K MOJAM:

public decimal CurrentPrice { get; set; } = 123;

B pesynbrate cBoitctBo CurrentPrice mony4aeT HayanbHOe
3HaveHMe 12 3. CBoJicTBa ¢ MHMIIMANM3aTOPaMM MOTYT HONYCKaTb
TOJIbKO YTeHMe:

public int Maximum { get; } = 999;

Kak u nons, npegHasHauyeHHbIe TONBKO /ISl YTEHMUs, aBTOMaTHyeC-
K1e CBOMCTBA, JONYCKAoLiMe TONbKO YTeHMe, MOTYT YCTaHaB/IMBaTbCA
TaK>Xe B KOHCTPYKTOpe Tma. 3To YR06HO MpyU CO3[aHUM Heu3MeHse-
MBbIX (TONMBKO /IS YTE€HUA) TUIIOB.

flocTynHocTb get u set

CpencTBa goctyna get u set MOTyT MMeTb pa3Hble YPOBHM JO-
cTyna. B TUNMYHOM CLieHapuM MpUMEHeHUs eCTh CBOMCTBO public ¢
MopudMKaTOpoM focTyna internal unu private, ykasaHHBIM A/
CpencTBa I0CTyna set:

private decimal x;
public decimal X
{

get { return x; }
private set { x = Math.Round (value, 2); }
}

O6paTuTe BHMMaHMe, YTO CaMO CBOMCTBO 06BABIEHO ¢ bGonee
nubepanbHbBIM YpOBHeM HOCTyNa (public B HaHHOM caydae), a K
CPeICTBY [OCTYIa, KOTOPOE JOMKHO OBITh MeHee JOCTYIIHBIM, JO6aB-
neH MOmUdUKaTop.

Knacw | 81



Uupexcatopbl

VHpexcaTopbl NpeAnaraloT eCTeCTBEHHbIN CMHTAKCUC [ HOCTY-
Ia K 9/IeMeHTaM B K/Iacce MIM CTPYKType, KOTOpas MHKANCylIupyeT
crncok 6o cnoBapb 3HauYeHMI. VIHeKcaTopbl TOJOOHBI CBOMCTBAM,
HO TNpeflycCMaTpUBAIOT HOCTYIl 4epe3 apryMeHT MHMeKca, a He UMA
cBoitcTBa. Knacc string umeer MHAekcaTop, KOTOpPbIN NMO3BOJAET
MO/Ty4YaTh JOCTYN K KaXXZAOMY €ro 3HayeHMIo Char NoCpeAcTBOM MH-
JleKca int:

string s = "crpoka";
Console.WriteLine (s[0]); // 'c'
Console.WriteLine (s[3]); // 'o!'

CHHTaKCHC UCTIONIb30BaHUA MHIEKCOB IOX0X Ha CMHTAaKCUC pabo-
Thl C MaCCMBaMM 3a MCK/IIOYEHMEM TOTO, YTO apryMeHT (apryMeHTbI)
MHAeKca MOXeT ObITh Mo6oro Tuma (TMOB). VIHAEKCAaTOpBI MOTYT
BBI3bIBATbCA NU1l-ycIOBHBIM 06pa3oM 3a cyeT MOMeILEeHUs BONpO-
CMTENbHOTO 3HaKa Iepef OTKpbIBaiollleit KBafpaTHOM cKoOKoit (cM.
pasgen “Onepauun ons paboTbl co 3HaYeHMsAMMU null” Ha cTp. 57):
string s = null;

Console.WritelLine (s?[0]); // Huyero He BHIBOOUTCSH;
// oumbka He BO3HMKAET.

Peanu3auus uxaekcaropa

Hns peanusaumm MHAeKcaTopa MOHaKOOUTCA ONpefeNnuTb CBOVC-
TBO IO MMeHM this, ykasaB apryMeHTbl B KBaJ[paTHbIX CKoOKax.
Hanpumep:

class Sentence

{
string([] words = "BoOJblOM XMUTPBDL peoimt ymc" .Split();

public string this [int wordNum] // unmexcarop
{
get { return words [wordNum]; }
set { words [wordNum] = value; }
}
}

Huxxe nokasaHo, kKak MOXXHO 651710 6b1 IPUMEHATb UHAEKCATOP:

Sentence s = new Sentence();

Console.WritelLine (s[3]); // mc
s[3] = "nec";
Console.WriteLine (s[3]); // nec
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HJ’IH TUIIa MOXXKHO OOBABNATH HECKONIBKO UHIEKCAaTOPOB, Ka>KAbIN
C NnapaMeTpaMy pa3HbIX TUIIOB. MH}ICKC&TOP TaK)X€ MOXET NpUHU-
MaTb 6onee OAQHOrO Mnapamerpa:

public string this [int argl, string arg2?]
{

get { ... } set { ...}
}

Ecnu omycTuTh CpefcTBO BOCTyma set, TO MHAEKCAaTOp CTaHeT
npefHa3HaYeHHbIM TONBKO [/Il UTEHMs, U €ro OmnpelnesieHne MOXHO
COKpAaTUTh C MUCIIONb30BAHMEM CUHTAKCHUCA, CKATOTO O BbIPAKEHUs
(BBemenHoro B C# 6):

public string this [int wordNum] => words [wordNum];

KoHcTaHTbI

Koncmanma — 3To cratuyeckoe rnose, 3HaueHue KOTOPOro HU-
KOT/ia He MOXKeT U3MeHATbcsA. KoHCTaHTa OlleHMBaeTCA CTaTUYeCKM Ha
aTane KOMIOWIALMY U KOMIIMIATOP NUTePanbHbIM 06pa3oM MOfCTaB-
NAeT ee 3HayeHMe BCerfa, KOrja OHa BCTpeyaeTcs (JOBOJbHO MOXO-
e Ha Makpoc B C++). KoHcTaHTa MOXXeT OTHOCHTbCA K Mo60My U3
BCTPOEHHBIX YMCIOBBIX TUIIOB, bool, char, string muau enum.

KoHcraHTa 06DBABNAETCA C NpUMeHeHMeM KIIOYeBOro CI0Ba
const M KO/MKHA 6bITh MHULIMANU3MPOBAHA KaKMM-HUOYb 3HAYeHN-
eM. Hanpumep:

public class Test

{
public const string Message = "Jlo6po noxanomaTs" ;

}

KoHcraHTa ropasgo 6onee orpaHuyeHa, 4yeM Mojme static
readonly — KakK B TUIIaX, KOTOpble MOXXHO MCIIO/Nb30BaTh, TaK U
B CeMaHTMKe MHMUManu3auuu nons. KoHcTaHTa Takxe OTnM4aeTcs
oT nons static readonly TeM, 4TO ee OlLleHKa MPOM3BOAUTCA Ha
aTtane KoMnunAuuu. KOHCTaHTBI MOXHO Tak)Xe OObABNIATH JIOKa/IbHO
BHYTpM MeTOfIa:

static void Main()

{
const double twoPI = 2 * System.Math.PI;
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(TaTHyecKHe KOHCTPYKTOPbI

Cratuyeckuit KOHCTPYKTOP BBIINIO/THAETCA OQHOKPATHO /1A muna,
a He OJHOKpATHO /Al 3K3eMNnnapa. B Tume MoxxeT ObITDH oInpeneneH
TO/IBKO OAMH CTaTUYECKUN KOHCTPYKTOPp, OH NO/DKE€H HE IIPMHUMATDb
napaMeTpbl U UMETb TO K€ UMA, YTO U TUIL:

class Test

{
static Test() { Console.Write ("Tun mumumammsmpoBar"); }

}

Ucnonuswouas cpefa aBTOMATUY€CKM BbI3bIBAET CTaTUYEeCKUN
KOHCTPYKTOp NpAMO Ilepen TE€M, KaK TUIl HAYNHAET INPUMEHATDLCA.
3TOT BHI3OB MHULOUNPYETCA NBYMA OeMCTBUAMM: CO3[aHMe IK3eMII-
/ispa THIIAa U JOCTYN K CTaTUYECKOMY YIEHY THUIIA.

BHUMAHME!

Ecnu cratuyeckuit KOHCTPYKTOp reHepupyeT Heo6paboTaHHOe
MICK/IIOYeHMe, TOTAA THUIl, K KOTOPOMY OH OTHOCHUTCS, CTaHO-
BUTCSI HETIPUTOHBIM B )KM3HEHHOM LIMK/Ie TIPUTOXKEHUS.

VMHuLManm3aTopbl CTaTMYECKMX TO7IeN 3aMyCKalOTCA Hemocpesc-
TBEHHO neped BbI3OBOM CTaTHMYeCKOro KOHCTpyKTopa. Ecnu Tun He
MMeeT CTaTUYeCKOro KOHCTPYKTOpa, TO MHMLMAIM3aTOPbl Moeit
OynyT BBIMONHATBCS Tepef TeM, Kak TUI HauyHeT UCIIO/Nb30BaThCA —
UK 8 000t MOMEHM paHbuue TIO MIPUXOTYU UCTIONHAIOLIEN Cpeabl.

(raTuyeckue Knaccbl

Kracc Moxer 6bIiTh MOMeueH Kak static, ykasbiBas Ha TO, YTO
OH JIO/DKEH COCTOATb MCKTIOUUTE/NTbHO U3 CTaTMYECKUX Y/IEHOB U He
HOMYyCKaTb CO3flaHMe MOJK/IAacCOB Ha CBOei OCHOBe. XOpOLIMMU NpH-
Me€paMM CTaTUYECKUX KIacCOB MOTYT CIyXMTb System.Console u
System.Math.

Ounanuzatopbi

(DMHaIIMSaTOPbI — 3TO METONbI, Np€AHa3Ha4Y€HHbIE TO/IbKO O
K/1accoB, KOTOpbI€ BBINOTHAKTCA OO TOTO, KakK C60le.IMK Mycopa oc-
BO60I[MT MMaMATb, 3aHATYIO 06bEKTOM C OTCYTCTBYIOLIMMU CCbI/IKAMU
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Ha Hero. CMHTaKcuyecky GMHAIN3aTOP 3alMChIBAeTCA KaK UMSA Kac-
ca, IIpefBapeHHOe CUMBOJIOM ~:

class Classl

{
~Classl() { ...}

}

DuHANU3ATOP TPAHCTUPYETCA B METOJ, KOTOPBIif Nlepeolnpefenser
MeTtox Finalize () kmacca object. C6opka Mycopa u ¢puHanmusaTo-
pbl oapo6bHO ob¢cyxpatorcs B rnaBe 12 kuuru C# 7.0. CnpasoyHux.
Ionnoe onucanue A3viKa.

B Bepcun C# 7 ¢duHanm3aTopsl, COCTOAIME U3 eAMHCTBEHHOTO
oIepaTtopa, MOTyT OBITb 3alMCaHbl C MOMOLIBI0 CMHTAKCHCa CXKaTHUS
O BBIpaXKeHMUSL.

YacTuyHble THAbI U MeTOAbI

YacTuyHble TUIBI MO3BONMAIT PACILENNIATh ONpeMle/leHue TUMA,
06BIYHO Pa3HOCA €ro Mo HecKoNbKuUM ¢aitnaM. PacripocTpaHeHHBIN
CLeHapuil TNpefnonaraeT aBTOMaTUYECKYIO T€HEPALMI0 YaCTUYHOTO
K/Iacca U3 KaKoro-To ApYToro UCTOYHMKa (Hanpumep, wabnoHa Visual
Studio) u mocnenyiolee ero [ONoNHeHMe BPYYHYIO HATUCAaHHBIMU Me-
Tomamu. Hanmpumep:

// PaymentFormGen.cs - CreHepMpPOBaH aBTOMATUYECKUA
partial class PaymentForm { ... }

// PaymentForm.cs - HanMCaH BPYyYHYIO
partial class PaymentForm { ... }

Kaxkpplit ydacTHMK HOMieH MMeTb 0ObsABNeHMe partial.

Y4acTHUKM He MOTYT CORep>XaThb KOH(QIMKTYMOILIME YMeHBI.
CkaxeM, KOHCTPYKTOP C TEMM >K€ CaMbIMM IapaMeTpaMy NMOBTOPAThb
Henb3s. YacTUYHbIe TUITBI PAaCMO3HAIOTCSA MONTHOCTBIO KOMIMIATOPOM,
a 3TO 3HAYMT, YTO KaXXAbII YYaCTHUK ROMKeH OBITb HOCTYIHBIM Ha
aTane KOMIMWIALMYM Y PaclonaraTbcs B TON e caMoit cOopke.

Ba30BbIi1 KIacc MoXeT GBITb YKa3aH A/A eMHCTBEHHOTO yyac-
THMKa WIM AN MHOXECTBa YYaCTHMKOB (IpM YCIOBMM, 4TO MNA
KaXoro u3 Hux 6a3oBbiit Kmacc 6ymer TeM xe). Kpome Toro, mis
KaXJIOr0 y4aCTHMKa MOXXHO He3aBUCMMO YKasbIBaTb MHTepdeiichl,
nog/exalyue peanusanuu. bazoBbie Kmacchl M uHTEpeifch paccMar-
puBaiotca B pasgenax “HacnemoBanue” Ha cTp. 87 u “Unrepdeitc”
Ha cTp. 103.
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YacTuunble metoabl

YacTUYHBINA TMO MOXET COHepXaTb yacmuuHvle memoosvl. OHU
NO3BO/AIOT aBTOMaTUYeCKM CreHepUPOBAaHHOMY YacTUYHOMY TUIY
NpefoCTaBNATb HacTpauBaeMble TOUKM NPUBA3KU IS PyYHOTO Ha-
nucanus xopa. Hanpumep:

partial class PaymentForm // B ¢aiine aBTOMaTUdeCku

// CreHepMpOBaHHOTO KOIAa

{
partial void ValidatePayment (decimal amount) ;

}

partial class PaymentForm // B ¢daryse HanMcCaHHOTO
// BpyudHyl koma

partial void ValidatePayment (decimal amount)

{ :
if (amount > 100) Console.Write ("JHoporo!") ;

}
}

YacTUYHBIA METON COCTOMT M3 OBYX 4acTeil: onpedeneHue u
peanusayus. Onpenenerne 0ObIYHO 3aMMCbIBAETCH FeHEPATOPOM KOJa,
a peanusalusa — BpyuHYylo. Ecnmu peanusaumsa He mpepocTaBiieHa, TO
onpefieNieHMe YaCTUYHOTO MeTOAa NpY KOMIMIALIMM yHiansercs (BMec-
Te C KOOOM, B KOTOPOM OH BbI3bIBaeTCs). JTO fHaeT aBTOMaTuyec-
K1 CreHepMpOBaHHOMY Kofy 60/bilyio cBO6OAY B NpefoCTaBIeHUN
TOYeK NPUBA3KM, He 3acTaB/AA 6eCIOKOUTbCA MO MOBOAY addexTa
pa3byxaHus kopa. YacTHMyHble METOABI JO/KHBI ObITh vOid, M OHM
HesIBHO ABJIAKTCA private.

Onepauusa nameof

Onepaunus nameof (BBegeHHasa B C# 6) Bo3BpallaeT uMs mo60oro
cuMBONa (THIla, YieHa, IepeMeHHOM U T..) B BUJle CTPOKM:
int count = 123;

string name = nameof (count); // name noJsydaer
// 3HaueHue "count"

[TpeuMy1eCTBO NPUMEHEHMs 3TOI ONepalMy MO CpPaBHEHUIO C
NPOCTBIM YKa3aHUEM CTPOKM CBA3aHO CO CTATMYECKOW IPOBEPKON
THNoB. MIHCTpyMeHTHI, nofo6Hble Visual Studio, cmoco6Hb1 Bocnipu-
HMMaTb CUMBO/IMYECKUE CCBUIKM, TO3TOMY TepeMMeHOBaHMe Mo60ro
CMMBO/Ia TIPUBOAMUT K NEpPeUMEHOBAHMIO TAK)Ke €ro CChIIOK.
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HIIH YKa3aHMA MMEHM YJ/ieHa TUIIa, TAKOro KaK IIoJie WM CBOWC-
TBO, H€O6XOIIMMO BKJ/IIOYaTh TUII YeHa. ITO pa60TaeT CO CTaTu4ec-
KMMU YI€EHaMU U Y/I€HaMU 3K3eMIliApa:

string name = nameof (StringBuilder.Length);

PesynbraToM 6ymer "Length". YUTobbl Bo3sBpatuth "String
Builder.Length", noHagoburcsa clenyoliee BbIpaXkKeHue:

nameof (StringBuilder)+"."+nameof (StringBuilder.Length) ;

HacnegoBaHue

Knacc Moxer 6bITh YHacC/eZOBaH OT APYroro Kjaacca ¢ LieJblo pac-
LIMPEHUA MU HaCTPOMKM MCXOLHOrO Kiacca. HacnenoBanue ot kiac-
ca I03BOJ/IAeT NOBTOPHO MCIO/Ib30BaTh (GPyHKLMOHAIBHOCTb HaHHOTO
K/Iacca BMeCTO ee IOCTpoeHusA ¢ HynA. Knacc Moxer HacnenosaThcs
TOJIBKO OT OJHOTO K/lacca, HO caM MOXeT GbITb YHAac/leAOBaH MHOXeC-
TBOM K/1accoB, GOpPMUPYA MepapXMI0 K/IaccoB. B aToM mpumMepe Mbl
HayHeM C OIpefiefieHMA K/Iacca Mo MMeHn Asset:

public class Asset { public string Name; }

Tlanee Mbl onpepenuM knaccel Stock u House, koTopble 6yAyT
yHacnefoBaHbl oT Asset. Knmacchl Stock u House nonydar Bce, 4YTO
uMeeT Asset, IIOC M06ble JOMOMHUTENbHbIE YIEHBI, KOTOPble B HUX
6ynyT onperneneHsr:

public class Stock : Asset // yHacnemoBaH oT Asset
( public long SharesOwned;

;)aublic class House : Asset // yHacyemoBaH oT Asset
{ public decimal Mortgage;

}

BoT kak MO>XXHO pa60TaTb C 3TUMMU K/1aCcCaMu:

Stock msft = new Stock { Name="MSFT",
SharesOwned=1000 };
Console.WriteLine (msft.Name); // MSFT
Console.WriteLine (msft.SharesOwned); // 1000
House mansion = new House { Name="Mansion",
Mortgage=250000 };
Console.WriteLine (mansion.Name) ; // Mansion
Console.WriteLine (mansion.Mortgage); // 250000
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[MTopxnacch Stock u House HacnenyioT cBOCTBO Name OT 6a3o0-
8020 Knacca Asset.
IMomknacchl Tak)ke Ha3bIBAIOTCA NTPOM3BONHBIMM K/IaCCaMM.

Nonumopdusm

CchInKy ABNAIOTCA NONMUMMOPPHBIMU. ITO 3HAYMT, YTO IIepeMeHHas
TUIIA X MOXET CChUIaTbCA Ha 0OBEKT, OTHOCAIIMIACA K IMOAKIACCY X.
Hanpumep, paccMoTpuM cnepmyrommit MeTox;:

public static void Display (Asset asset)
{

System.Console.WriteLine (asset.Name);

}

Merton Display () crmocobeH oTobpaxaTb 3HaYeHMe CBOMCTBa
Name o6bekToB Stock u House, T.k. oHu 06a sBnsoTcs Asset.
B ocHoBe paboThl monumopdusMa neXUT TOT GakT, YTO MOAKIAC-
cbl (Stock u House) obnagaioT BceMy XapaKTepUCTUKaMU CBOEro
6asoBoro knacca (Asset). OgHako o6paTHOe yTBepX/eHe He Bep-
Ho. Ecnu mMeton Display () mepemucaTb Tak, 4TOObI OH NMpUHUMAT
House, To nepepaBath eMy Asset 6ymeT HeBO3ZMOXHO.

lipuBepeHue n ccbinoyHbie Npeo6pa3oBaHuA
Ccblnika Ha 00'bEKT MOXKET OBITh:
® HeABHO npueebena BBer K CCbI/IKE€ Ha 63303]:»117[ K/nacc;
® 4BHO npueebeua 8HU3 K CCBhIZIK€ Ha noakKiacc.

anBeI[eHMe BBEpPX M BHU3 MEXAY COBMECTUMBIMU CCbI/IOYHBIMU
TUIIAMU BBITNONTHAET CCblI0YHbLE npeoépasoaanuﬁ: COo3JaeTCA HOBasA
CCbI/IKa, KOTOpas yKa3bIBa€T Ha TOT K€ CaMblit 06'beKT. HpuBeneHMe
BBEpX BCe€raa yCrielIHO; NNpUBENE€HME BHU3 YCIIEIHO TO/IbKO B Cl1y4ae,
Korga 06 bexT nogxogAlwuM 06pa30M TUIIM3UPOBaAH.

Mpuseaexue ssepx

Ornepalius npuBefieHNs BBEPX CO3AAET CChIIKY Ha 6a30Bblil K/Tacc
U3 CCBIIKM Ha mopknacc. Hanpumep:

Stock msft = new Stock(); // U3 npenmnymero npmmMepa
Asset a = msft; // TNpusemenue BBepx
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Ilocne npuBeneHus BBepX MepeMeHHasA a MO-NPeXHEMY CChi/aeT-
Csl Ha TOT Xe caMblif 06beKT Stock, uTo u nepeMeHHas msft. Cam
06bEeKT, Ha KOTODBIN MMEIOTCS CCBUIKM, He M3MEHAETCA U He mpeob-
pasyercs:

Console.WritelLine (a == msft); // True

XoTs nepeMeHHble @ ¥ MSEt CCHUTAIOTCA Ha OMH U TOT Xe OOBEKT,
a obecrneunBaeT 6oree OrpaHMYEHHOE MPENCTaB/IeHe STOr0 06beKTa:

Console.WriteLine (a.Name); // HopmanbHO
Console.WriteLine (a.SharesOwned); // Oumbka

[TocnenHss cTpoka Kofa BbI3bIBaeT oUIMOKY Ha 3Tare KOMIWISA-
MU, TTOCKOJ/IbKY [€pEMEHHAsA a MMeeT TUIl ASset HeCMOTpA Ha To,
4TO OHA CChbIIaeTcs Ha 06'beKT TNa Stock. YTo6bl MOMYyYUTh KOCTYII
K nono SharesOwned, ak3eMmnAp Asset morpebyercsa npusecmu
8HU3 K Stock.

lMpusepenue BHU3

Omnepauusa npuBeeHUA BHMU3 CO3JAET CCHUIKY Ha IOAKIAcC U3
CCBIIKM Ha 6a30Bblit knacc. HampuMep:

Stock msft = new Stock();
Asset a = msft; // TlpuBenmeHue BBepx
Stock s = (Stock)a; // TlpuBeneHmue BHU3
Console.WritelLine (s.SharesOwned); // Oum6xa

// ne BOSHMKaerT
Console.WriteLine (s == a); // True
Console.Writeline (s == msft); // True

Kak 1 B cnyyae npuBefieHMs BBEpX, 3aTParuBalOTCA TONBKO CChII-
KM, HO He JIeXallinif B ocHoBe 06bekT. [IpuBeseHne BHU3 TpebyeT
ABHOTO yKa3aHMA, IOTOMY YTO IOTEHI[MAIbBHO OHO MOXXET He JOCTUT-
HYTb yCIl€Xa BO BpE€MsA BbINIOJTHEHUA:

House h = new House();

Asset a = h; // TlpuBeneHue BBEpx BCerna yCHEIUHO

Stock s = (Stock)a; // llpuBeneHue BHU3 HE NOCTUTAET
// ycnexa: a He saBnfercsa Stock

Korpa npuBeneHue BHU3 TepNUT Heyfady, TeHEPUPYETCS UCKITIO-
yeHue InvalidCastException. 3To mpumep NpoBepku TUIOB BO
BpeMs BBINOMHeHMA (koTopas 6onee MOFPOGHO paccMaTpuBaeTcs B
paspene “Cratuyeckas poBepKa THIIOB 1 ITpOBepKa TUIIOB BO BpeMs
BBINIOJIHEHUs” Ha cTp. 97).
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Onepauus as

Onepauml a s BBINONHAET NpUBEIecHNE BHU3, KOTOpOe B Cy4yae
Heyaa4yy BbIYMCTIAeTCA Kak null (BMecTO reHepauuu UCKITIOYEHUA):
Asset a = new Asset();

Stock s = a as Stock; // s paBHO null;
// UCKJOUYEeHMEe He TeHepupyeTCs

Ora onepauus yno6Ha, KOrfa Hy)XHO OpraHM30BaTb MOCIERYIO-
LIYIO [IPOBEPKY pe3y/bTaTa Ha npeaMer null:

if (s '= null) Console.WriteLine (s.SharesOwned) ;

Onepauna aS He MOXKET BBINO/THATDb cneyuanbvHvie npeo6pa306a-

Hus (cM. pasgen “Tleperpyska omepauuit” Ha cTp. 193), paBHO Kak u
4UC/IOBbIE MIPeobpa3oBaHusl.

Onepauma is

Onepauusa is mpoepseT, 6ymeT 1M npeo6pa3oBaHue CCHITKU
YCIIeLHbIM; [PYTUMMM CTIOBaMU, AABNIAETCA M 06bEKT IPOU3BOJHBIM
OT YKa3aHHOTO Knacca (MM peanu3yeT MU OH KaKoi-To MHTepdeitc).
OHa YacTo NpuMeHseTCA NPy INpoBepKe NepeJ| NpUBeJeHUeM BHU3:

if (a is Stock) Console.Write (((Stock)a).SharesOwned);

Ormepaums 1s Takke [JaeT B pe3ynbTaTe true, eCiM MOXeET yc-
TeIHO BHIIOMHUTHCS pacliakoBbiBawllee npeobpasoBaHue (CM. pas-
nen “Tun object” Ha ctp. 95). OgHaKo OHa He NPUHUMAET BO BHMU-
MaHMe CrelManbHble MM YUCIOBbIe Ipeobpa3oBaHMA.

B Bepcuu C# 7 nosiBunach BO3MOXXHOCTb BBOIUTD B J€CTBHMeE Ie-
PEMEHHYIO IIpM UCIIONb30BaHUM ONepaLuu is:

if (a is Stock s)
Console.WriteLine (s.SharesOwned);

BBeneHHas nepeMeHHas JOCTYIHA /s “HeMe[/IeHHOro” moTpe6-
TIeHUst M OCTaeTcs B 06/1aCTH BUAMMOCTH 3a MpefieNiaMy BhIpaXKeHUs:

if (a is Stock s && s.SharesOwned > 100000)
Console.WriteLine ("Wealthy");
else
s = new Stock(); // s B oBnacTu BMAMMOCTH
Console.WriteLine (s.SharesOwned); //llo-nmpexuemy B
//o6nacm BummocT
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BuptyanbHble ¢pyHKLUN-UNEeHDI

DyHKUMA, TOMeYeHHass KaK BUpTyanbHas (virtual), moxer
ObITb nepeonpedeneHa B MOAKIACCAX, [ie TpeGyeTcs NpefoCTaBIeHMe
ee cnenyanuanpoBaHHoi peanusauyuu. O6DBABNATh BUPTYaNbHBIMU
MO>XHO MeTO/Ibl, MH/IEKCATOPbI ¥ COOBITUA:

public class Asset
{
public string Name;

) public virtual decimal Liability => 0;

(KoHcTpykumsa Liability => 0 ABnAeTCA COKpallleHHOM 3amy-
coio A { get {return0; } }. 3a gonomHuTeNbHOM MHPOpMarMeit
10 TAKOMY CMHTaKcucy obpaijaittech B pasgen “CBOIICTBa, CKaTble
IO BeIpa>keHMi1” Ha cTp. 80.) BupTyanbHblit MeTOR nepeomnpenensercs
B MOAK/Iacce ¢ NpuMeHeHUeM MoaudukaTopa override:

public class House : Asset

{
public decimal Mortgage;

) public override decimal Liability => Mortgage;

[To ymonyanmio cBoiicTBO Liability knacca Asset Bospamaer 0.
Knacc Stock He HyxpmaeTcs B crelManu3alium 3Toro nosefeHus. Tem
He MeHee, Knacc House crenmanusupyer cBoicTBo Liability, yTo-
6b1 BO3BpallaTh 3HayeHMe Mortgage:

House mansion = new House { Name="Mansion",

Mortgage=250000 };

Asset a = mansion;

Console.WriteLine (mansion.Liability); // 250000

Console.WriteLine (a.Liability); // 250000

CurHaTypbl, BO3BpallaeMble THUIIBI M JOCTYIIHOCTb BUPTYanbHO-
r0 ¥ IMepeolnpefie/IeHHOTO MEeTOROB JO/KHBI ObITh MAEHTUYHBIMMU.
BHyTpM mepeonpefieeHHOrO MeTOAa MO>KHO BBI3BAaTb €ro peanusa-
1MI0 U3 6a30BOro Kacca ¢ MOMOILLBIO KII0YeBOro c/oBa base (cM.
pasgen “KntodyeBoe cnoBo base” Ha cTp. 93).

A6CcTpaKTHbIe Knacchbl U abcTpaKTHble YneHbl

Knacc, o6psaBneHHbIN KaK abCcTpakTHbIt (abstract), He paspe-
LIaeT co3faBaTh CBOM 3K3eMIVIAPhL. BMecTo 3TOr0 MOXHO co3paBathb
TOJIBKO 9K3eMIVIAPbI €r0 KOHKPETHBIX IOLK/IACCOB.
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B a6CTpaKTHbIX K/accax eCTb BO3MOXXHOCTD OIpeNeEnsATb a6cmpa1c-
MmHbvle YneHbol. A6CTpaKTHbI€ Y/1eHbl IIOXO0XM Ha BUPTYa/IbHbIE€ YI€HDI
32 UCK/TIOYEHNEM TOTrO, YTO OHM He NMpefOoCTaBNAIT CTaHAApTHYIO pe-
a/In3alulo. Peanusauusa gomkHa obecrieynBaThCA TMOAKNAaCcCOM, €Cnu
TONBKO INMOAK/IACC TOXE He 00bABNIEH Kak abstract:

public abstract class Asset

{
// OBpaTuTe BHMMaHMe Ha MYCTYI peajms3almo.
public abstract decimal NetValue { get; }

}

B nopxnaccax abcTpakTHbIE 4/leHbl NEpeonpefeNsioTcs TaK, Kak
ecru 651 OHYM GBI BUPTYaNnbHbIMU.

Coprnue YHacnefo0BaHHbIX Y€HOB

B 6a30BoM Kkiacce ¥ MOAKIaccax MOTYT OBbITb ONpefeneHbl UAeH-
TUYHbIe YneHbl. Hanpumep:

public class A { public int Counter = 1; }
public class B : A { public int Counter = 2; }

ToBopAT, yTo none Counter B Knacce B ckpsisaem none Counter
B knacce A. O6BIYHO 3TO MPOMCXOAUT CTYYalHO, KOTia YieH Ao6aBs-
eTcs K 6a30BOMY THUITY 10C/le TOTO, KaK MAEHTUYHbINA YieH 6bi1 o6aB-
7leH K MOATHIY. B TakoM c/yyae KOMIMIATOpP reHepUpYeT NpeRynpesx-
IeHMe U 3aTeM paspelllaeT HEOZHO3HAYHOCTD CIeAYIOIUM 06pa3oM:

® CCBHIIKM Ha A (Ha JTamne KOMHM)'IF{I.IMM) TNpUBA3BIBAIOTCA K
A.Counter;

® ccbUIKM Ha B (Ha 3Tame KOMNMIALMM) NMPUBA3BIBAIOTCA K
B.Counter.

MHorpa Heo6XomMMO NpefHaMepeHHO COKPBITb KaKOMi-TO Y/eH;
TOIZla K WIeHY B MOAK/Iacce MOXKHO NMPUMEHUTD K/TI0YeBOE C/IOBO NEW.
MonndukaTop new He dendem Huuezo c8epx mMozo, 4mo NPocmo nodas-
Nislem 861041y KOMNUAAMOPOM COOMBEMCMEyouse20 npedynpexOeHuUs:

public class A { public int Counter = 1; }
public class B : A { public new int Counter = 2; }

Mopudukatop new coobuiaeT KOMIMAATOPY — U APYTMM IIpO-
rpaMMMCTaM — O TOM, YTO Ay6/IMpoBaHye YeHa IIPOU3OLLIIO He Cy-
YalHo.
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3aneyatbiBaHue GYHKUHH K KnaccoB

C moMolblo K/IH04YeBOTrO CloBa sealed mepeonpeaencHHas
dYHKLMA MOXeT 3arneyaThiBaTh CBOK peann3aluio, pefoTBpallas
ee IepeonpesieNieHNe ApYrMMHM NMOAKNAccaMu. B paHee nmokasaHHOM
npyMepe BUPTYa/lbHOM QYHKLMMU-4IeHa MOXKHO ObI/IO Obl 3areyaTaThb
peamusanmio Liability B kmacce House, 4To6bl 3alpeTUTDb Nepe-
onpepenenue Liability B knacce, npou3BofHOM OT House:

public sealed override decimal Liability { get { ... } }

Mo>HO Takxe 3ameyaTaTbh BeCb K/IacC, HeABHO 3areyaTaB BCe €ro
BUPTYajibHble QYHKLIMH, TyTeM IpUMeHeHUs MofudukaTopa sealed
K CaMOMYy K7accy.

KnoueBoe cnoso base

KnioueBoe cnoBo base nmoxoxxe Ha knwo4eBoe ¢noBo this. OHO
CTYXXMT ABYM Ba>XKHBIM Le/IIM: HOCTYIH K IepeolnpeneNleHHON (PyHK-
LIMM-Y/IeHY M3 NOAK/IAcca U BbI30B KOHCTpYKTOpa 6a30BOro Knmacca
(cM. cnepyrowmit pasgen).

B npuBemeHHOM HuMXe npuMepe Knacca House KkmodeBoe Cro-
BO base ucnonb3yerca A JOCTyNa K peanusauuu Liability us
Asset:

public class House : Asset

{

public override decimal Liability
=> base.Liability + Mortgage;
}

C moMolpio K/II0YEBOro C/I0Ba base Mbl NolyyaeM HOCTYI K
cBoitcTBY Liability knmacca Asset HesupmyanvHbim obpasom.
9TO 3HAYMT, YTO MBI Bcerga obpalaeMcst K Bepcuu Asset JaHHO-
ro CBOMCTBA HE3aBUCUMO OT [IeICTBUTE/IbHOTO THIMA 3K3eMIIApa BO
BpeMs BbIIIO/IHEHUS.

ToT >xe caMblit NOAXON pa60TaeT B CUTyalluu, Korga Liability
ckpvisaemcs, a He nepeonpedensiemcA. (TIony4nTb JOCTYI K CKPBITBIM
4jleHaM MOXKHO TaKXXe IyTeM NpyBefeHus K 6a30BOMY Kiaccy nepen
obpalleHMeM K YJIeHy.)
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KoHcTpyKTOpbI M Hacnep0BaHue

B mopknacce fo/mKHBI 6T 06BABNIEHBI COOGCTBEHHBIE KOHCTPYK-
Topbl. HarpuMep, ecnu knaccol Baseclass u Subclass onpepene-
HbI C/lefyolMM o6pa3oM:

public class Baseclass

{
public int X;
public Baseclass () { }
public Baseclass (int x) { this.X = x; }

public class Subclass : Baseclass { }
TO MOKa3aHHBIN HMXKe KOJ 6y;[e‘r HEIOIyCTUMBIM:
Subclass s = new Subclass (123);

B knmacce Subclass [ODKHBI ObITh “IOBTOPHO ONpefieNieHbl” Mio-
6ble KOHCTPYKTOPBI, KOTOpble HEOOXOIMMO OTKPbITh. IIpy 3TOM MOX-
HO BBI3bIBaTh /M060 KOHCTPYKTOp 6a30BOro Knacca ¢ NMpUMeHeHeM
K/II0YeBOTO C/IoBa base:

public class Subclass : Baseclass

{

public Subclass (int x) : base (x) { ...}

}

Knwouesoe cnoso base paboraer mogo6HO KI04eBOMY CIO-
By this, HO TONbKO BbI3bIBaeT KOHCTPYKTOp 6a30BOro Kiacca.
KoHcTpyKkTOphI 6a30BbIX K/IAaCCOB BCETAa BBHINOMHAOTCSA IIePBbIMU; 3TO
rapaHTUpYeT BBINO/NHEeHMe 6430804 MHULIMANU3ALIMY TIEPEN] CheyUanu-
3Up0BAHHOU MHULMANM3ALIMEN.

Ecnu B KOHCTpYKTOpe NOfIK/Iacca OIYCTUTD K/I0YeBOe CNIOBO base,
Torfa 6yfieT HesIBHO BBISbIBATbCA KOHCTPYKTOP 0e3 napamempos 6aso-
Boro knacca (ecm 6a30Bblit K/1acC He MMeET JOCTYIHOTO KOHCTPYKTO-
pa 6e3 mapaMeTpoB, TO KOMIMIATOP coO6IUT 06 olnbKe).

KoHcTpyKTOp M NOPAAOK HHULMANK3ALUK NONe

Korpa 00beKT CO3[1aH, MHULIMA/MM3aLuusA NMpOUCXOOAUT B YKa3aHHOM
HMKE MOpsAKe.

1. Or nogxnacca k 6a30BOMy Kjaccy:
a) MHULIMATM3UPYIOTCA MONA;

6) OLleHMBAIOTCA apryMeHTHI AJIsl BBI30Ba KOHCTPYKTOPOB 6a-
30BOTO K/acca.
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2. Ot 6a30Boro Knacca K NOK/Iaccy:

a) BBIMONTHAIOTCA Te/la KOHCTPYKTOPOB.

Meperpy3ka u pacno3HaBaHue

HacnegoBaH1e oka3biBaeT MHTepecHOe BIIMSAHMEe Ha IeperpysKy
MeTof10B. TIpefnonoxuM, 4To ecTh Clefylollye IBe MNeperpyXxeHHble
BEpCUM:

static void Foo (Asset a)
static void Foo (House h)

{1}
{}
IIpu BbI30Be Meperpy>KeHHO! BepcuM NPUOPUTET MONydaeT Ha-
nbornee crieunUUHbIA TUI:
House h = new House (...);

Foo(h); // BusmBaeTrcsa Foo (House)

KoHkpeTHas meperpyxeHHas Bepcus, NMoAjexallyas BbI3OBY, OIl-
penmensieTcst craTMyecku (Ha 3Tame KOMIMIALMM), @ He BO BpeMs
BBIMONTHEHMA. B MOKa3aHHOM HMXKe Kofie Bbi3biBaeTcs Foo (Asset)
HECMOTps Ha TO, YTO TUIIOM BpeMeHM BBINO/THEHUA NepeMeHHON a
ABNseTcsa House:

Asset a = new House (...);
Foo(a); // Bu3mBaeTcsa Foo (Asset)

HA 3AMETKY!

Ecnu npusect Asset k dynamic (cM. pasmen “IuHamu-
yecKoe CBA3bIBaHMe” Ha CTp. 184), Torma peleHue o TOM, Ka-
Kas NeperpyxxeHHas Bepcyus JO/DKHA BbI3BIBATbCA, OTKMAfbl-
BaeTCs [I0 CTafiuM BBINOMHEHNA, ¥ BIGOp OYleT OCHOBaH Ha
HeNICTBUTENbHOM THIIe 06beKTa.

Tun object

Tun object (System.Object) npeacraBnser coboit nepBoHa-
Ya/bHbIA 6a30BbI KMacc [/is BceX TMIOB. JII060M1 TN MOXeET ObITb

HesIBHO NpMBeJieH BBepX kK object.
YT06bI POMITIOCTPUPOBATh, HACKONBKO 3TO I10/IE3HO, PAaCCMOT-
pMM yHUBepcanbHblit cmek. CTeK sB/IAETCS CTPYKTYPOU JaHHBIX, pa-
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6ora koTopoit ocHoBaHa Ha npuHuune LIFO (“Last-In First-Out” —
“HOC/IefHUM NpUILeNT — NepBbIM 06CmyxeH”). CTek MOANEpPKMBaET
IBe ollepallMy: 3aTa/KMBaHMe 06 beKTa B CTeK ¥ BbITalIKMBaHMe 06b-
eKTa M3 cTeka. Hike mokasaHa npocTas peanusanys, KOTopas MOXeT
XpaHUTb B0 10 06beKTOB:

public class Stack
{
int position;
object[] data = new object[10];
public void Push (object o) { data[position++] = o; }
public object Pop() { return data[--position]; }
}
ITockonbky Stack paboraer ¢ TvnoM object, Metoasl Push ()
1 Pop () kmacca Stack MOXHO MCIO/NIb30BaTb C 3K3eMIIApaMU /i10-

6020 muna:

Stack stack = new Stack();

stack.Push ("anemeHT");

string s = (string) stack.Pop(); // TlpyBeneHue BHM3

Console.WriteLine (s); // 35eMeHT

object OTHOCUTCA K CCBIIOYHBIM TUIIAaM B CUNTY TOTO, YTO Ipef-
cTaBnseT co6oit kinacc. HecMoTps Ha 3TO, TUIIbI 3HaYeHMIt, TaKue Kak
int, TaKxe MOXXHO MPUBOAUTb K Object, a object nmpuBoauThb K
HUM. UTo6bl clienath 3TO BO3MOXHBIM, cpefa CLR fo/mkHa BhINON-
HUTD CIelanbHylo paboTy Mo NMpeonoNeHUI0 BHYTPEHHUX OTIUYMIA
MeXJy TMIIaMJM 3HaYeHUit M CCbUIOYHBIMYU TUIMaMU. [laHHBIi poLiecc
Ha3bIBaeTcs ynaxoskoii (boxing) u pacnaxosxoti (unboxing).

HA 3AMETKY!

B pasgene “O606wenns” Ha cTp. 109 6ymeT mokasaHo, Kak
yCOBepLIeHCTBOBaTh knacc Stack, 4yTobbl ynydmnTh nopse-
PKKY CT€KOB OHOTUITHBIX 9/1EMEHTOB.

YnakoBKa u pacnakoBKa

YmnakoBKa npegncTaBseT cob6oit AeifcTBYE MO NPUBENEHUIO IK3EM-
IiApa THUIIA 3HaYeHUs K 9K3eMIVIAPY CCbUIOYHOro THma. CChbITOYHBIM
TUIIOM MOXeT 6bITb 160 Knacc object, mubo unrepdeitc (cM. pas-
men “Unrepdericer” Ha cTp. 103). B cnenyroleM npuMepe Mbl yrako-
BbIBaeM int B 06BeKT:
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int x = 9;
object obj = x; // ynakoBaTb int

PacniakoBKa siB/sieTCs 06paTHOI OlNepaliyeit, KOTopas NpefycMaT-
pUBaeT MpuBefieHNe 06 beKTa K MCXOMHOMY TUITY 3HAYEHMS:

int y = (int)obj; // PacnakoBaTb int

PacrakoBka TpebyeT sBHOrO NpuBefeHMA. VcnonHswoIan cpe-
fa MpoBepseT, COOTBETCTBYET /M yKa3aHHbIN TUI 3Ha4eHUA Jeifc-
TBUTENBHOMY OOBEeKTHOMY THMIIy, M TeHepupyeT MCKIIOYeHMe
InvalidCastException, ecnu aTo He Tak. Hanpumep, nokasan-
HbIil [laniee KOJ MpuBefeT K reHepalluyM MCKIIOYEHMUA, MOCKONbKY
long He COOTBETCTBYET int:

object obj = 9; // Ina 3HaueHus 9 BLIBOAMTCA TUM int

long x = (long) obj;// I'eHepupyeTCs UCKIIOUEHNE
// InvalidCastException

TeM He MeHee, cne,uyxoumﬁ KOl BBINIO/THAETCA YCIIELIHO:

object obj = 9;
long x = (int) obj;

3rot KOI TaK>X€ HE€ BbI3bIBa€T OIMNOKM:

object obj = 3.5; // Insa 3Hauenus 3.5 BuBOOMTCA TMN double
int x = (int) (double) obj; // x Tenepb paBHO 3

B nmocnennem mpumepe (double) ocylliecTBNsAeT pacnakosxy,
Noc/e 4ero (int) BBINONHAET YUCN080e npeobpasosatue.

YnakoBka KONMpYeT 9K3eMIVIAp THUIa 3HaYeHUA B HOBBIN OOBEKT,
a pacrakoBKa KONMPYeT COAep>KMMOe NaHHOro o6beKTa o6paTHO B
9K3eMIUIAp TUINA 3HAYEHUA:

int i = 3;

object boxed = i;

i=5;

Console.WriteLine (boxed); // 3

(ratuveckas nposepkKa THNOB
U npoBepKa TUNOB BO BpemA BbiNONHEeHUA

B sasbike C# npoBepKa THIIOB MPOM3BOAUTCA KaK CTaTM4Yeckyu (Ha
aTarne KOMOWIALMM), TAK ¥ BO BpeMs BbINOTHEHUA.

CraTnyeckas NMpoOBepKa TUIIOB 1103BO/AET KOMIMIATOPY KOHTpPO-
NMpPOBaTbh KOPPEKTHOCTb IIPOrPaMMBl, He BHIMONMHAA ee. [Ioka3aHHBIN
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HMOXKe KOO Hé CKOMIIUIIUPYETCA, T.K. KOMIIMIATOP NPUHYOAUTEIBHO
NpUMEHAET CTaTUYECKYIO TPOBEPKY TUIIOB:

int x = "5";

[TpoBepka TMIIOB BO BpeMs BbIIIOTIHEHUS OCYLIECTB/AETCA Cpefoi
CLR, xorjga MpoMCXORMT NpUBeieHNe BHU3 Yepe3 CChUIOYHOE Mpeob-
pasoBaHye MM paclaKoBKY:

object y = "5";

int z = (int) y; // Oumbka BpeMeHM BHIOJIHEHUA,

// Heymauya npuBeleHMs BHU3

[TpoBepka TMIIOB BO BpeMs BBINONHEHUA BO3MOXXHA [TOTOMY, YTO
KaXK[blif 06beKT B Kydye BHYTpeHHe XpaHUT HebOO/bIION MapKep THIIa.
STOT MapKep MOXeT ObITb M3BJIeYeH NOCPEACTBOM BbI30Ba MeTOAA
GetType () kmacca object.

MeTtop GetType () 1 onepauus typeof

Bce tunbl B C# Bo BpeMs BBINO/NHEHMA MpeACTaBIeHbl C TOMO-
b0 9K3eMmApa System. Type. [Tonyunts 06bekT System. Type
MOXXHO IByMs OCHOBHBIMM ITyTAMMU: BbI3BaTb MeTOh GetType () Ha
9K3eMIINIApe WM BOCIIONb30BaTbCA ollepalyeil typeof Ha uMeHM
Tuna. PesynbTaT GetType () olLieHMBaeTcA BO BpeMs BbIIIOJIHEHM,
a typeof — cTaTuMyecku Ha 3Tane KOMIUIALMUMU.

B knacce System.Type npeaycMOTpeHbl CBOMCTBA A MMEHU
THmna, cbopky, 6azoBoro Tuna u T.5. Hanpumep:

int x = 3;

Console.Write (x.GetType () .Name); // Int32
Console.Write (typeof (int) .Name) ; // Int32
Console.Write (x.GetType().FullName); // System.Int32
Console.Write (x.GetType() == typeof(int)); // True

B System. Type Takxe UMeIOTCA MeTOAbI, KOTOpPbIE AEICTBYIOT B
KayeCTBe III03a /11 MOfeNM pedreKCUM BpeMeHM BBINOMHeHMA. 3a
noppo6Hoit uHpopManmeit obpamainTtech B rnaBy 19 kuuru C# 7.0.
Cnpasounux. ITonHoe onucanue A3vika.

Cnucok yneHos object

Hike npuBefeH cniucok Bcex 4ieHOB object:

public extern Type GetType();
public virtual bool Equals (object obj);
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public static bool Equals (object objA, object objB);
public static bool ReferenceEquals (object objA, object objB);
public virtual int GetHashCode() ;

public virtual string ToString();

protected override void Finalize();

protected extern object MemberwiseClone () ;

Metoabl Equals (), ReferenceEquals ()
H GetHashCode ()

Meron Equals () B K1acce object noxox Ha onepanuio == 3a
UCK/TIOYEHUEM TOTO, YTO Equals () ABnsAeTca BUPTyanbHbIM, a OIle-

paLusa == — cTaTu4YecKoit. PasHuIla IeMOHCTpUpYeTCA B CIeAyoLleM
npumepe:
object x = 3;
object y = 3;
Console.WriteLine (x ==y); // False
Console.WriteLine (x.Equals (y)); // True

[TockonbKy nepeMeHHble X 1 y ObUIM NpMBedeHBI K THITY object,
KOMIIU/IATOP NMPOU3BOAUT CTAaTUYECKYIO NMPUBA3KY K ONepauuy ==
K/acca object, KoTopas NMpUMEHAET CEMaHTUKY CCbIIOHUHO20 MUna
IS CpaBHeHUs ABYX 3K3eMmnApoB. (V3-3a Toro, 4To X ¥ y ymako-
BaHbl, OHM HaXOAATCA B PasHbIX fAYeiKax MMaMATH, I03TOMY He paB-
Hbl.) OfHaKo BUPTYya/bHbIA MeToA Equals () monaraeTcs Ha MeTOR
Equals () tvMma Int32, KOTOpHINA NMpU CPaBHEHMM [BYX 3HAYEHUM
UCIIONIb3YeT CEMaHTUKY MUnos 3HaveHul.

Craruyeckuit MeTop; object.Equals () npocTo BbI3bIBaeT BUP-
Tya/nbHbI MeTOA Equals () Ha nepBoM apryMeHTe — IOC/ie IPOBEp-
KM, HE PaBHbI /1M apryMeHThl null:

object x = null, y = 3;

bool error = x.Equals (y); // Ombka BO BpeMs BHIIOJIHEHUS !

bool ok = object.Equals (x, y); // PaboTaeT HOpMaJlbHO

// (ok nmonydaeT 3HaueHue false)

Meron ReferenceEquals () NpMHYAUTENbHO NPUMEHSAET CPaB-
HeHMe 3KBUBANEHTHOCTHU CChIIOYHBIX TUIIOB (4TO MHOTAA YHROOHO As
CCBUIOYHBIX THIIOB, B KOTODBIX ONepauusaA == 6bl/la NleperpyxeHa s
BBINO/IHEHUA APYTOro AeMCTBUA).

Meron GetHashCode () BbIaeT xel-Kof, KOTOPbIi IIOAXOAUT
I UCTIONb30BAHUA CO CTIOBApAMM, OCHOBAaHHBIMM Ha Xelll-Tabnuiax,
a MMeHHO — System.Collections.Generic.Dictionary u
System.Collections.Hashtable.
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YT0o6Bl HAaCTPOMTb CEMAaHTUKY IKBMBAJ€HTHOCTM THIIA, IOT-
pebyeTcs, Kak MMHUMYM, NlepeonpefenuTb MeTomsl Equals () u
GetHashCode (). O6bIYHO TaKXe IeperpyxanTcs olepaLuy ==
n !=. IIpuMep Takoit HacTpOVKM NpuBefieH B pasgene ‘Tleperpyska
omnepauuit” Ha cTp. 193.

Metop ToString ()

Merop ToString () BosBpalliaeT CTaHZApPTHOE TEKCTOBOE Ipef-
CTaBJIeHMe 9K3eMIUIApa TUMa. OTOT MeTOJ IepeolnpefeNieH BO BCeX
BCTPOEHHBIX THUIIaX:

string sl = 1.ToString(); // sl paBHo "1"
string s2 = true.ToString(); // s2 paBHO "True"

[Tepeonpenenutb Meron ToString () B cmeuManbHBIX THUIIAX
MOXXHO CTefyioLuM o6pa3om:

public override string ToString() => "Foo";

CTpykTypbl

CprKTypa IOX0>Ka Ha Knacc, HO o6nanaeT CnegyrlnmMn Knwde-
BbIMU OT/IUYUAMMU.

L4 CprKTypa ABNAETCA TUIIOM 3HA4Y€HMUA, TOraa KakK Kiaacc —
CCBIZIOYHBIM THUIIOM.

¢ CTpyKTypa He MOAJepPXXUBaeT HaclefOBaHMe (3a UCKIIOYEHHNEM
TOTO, YTO OHA HESABHO MOPOXMEHa OT object, uau TouyHee —
oT System.ValueType).

CTpyKTypa MO>KET MMeTb BCe Te ke YIeHbl, YTO U KIacc, KpoMe
KOHCTpyKTOpa 6e3 mapaMeTpoOB, MHMLIMANN3aTOPOB MoJel, pUHanm-
3aTopa M BUPTYa/bHBIX MY 3allMILEHHBIX YWIEHOB.

CTpykTypa NOAXOOUT TaM, Ifie >KelaTelbHO MMeTb CEMaHTUKY
TUNa 3HayeHMs. XOpOUIMMY NIpUMepaMy MOTYT CIYXMUTb YUCTIOBBIE
TUIBL, /1A KOTOPBIX 60/Iee eCTeCTBEHHBIM COCOOOM NpUCBaNBaHUA
ABJIAETCA KONMMPOBaHMe 3HaYeHMs, a He cChUTKU. [ToCKONMbKY CTpyK-
Typa NpeAcTaBiseT coboil TUI 3HayeHWs, KaXKAblil 3K3eMIUIAp He
TpebyeT co3aaHuA 06beKTa B Kyde; 3TO [jaeT OLYTUMYI0 3KOHOMMIO
Tnpy co3faHuy 6OMBIIOTO KOMMYeCcTBa 3K3eMIUIApoB Tuna. Hanpumep,
co3fjaHMe MaccuBa C 37leMeHTaMM TUIIa 3HaueHUs TpebyeT TONbKO Of-
HOTO BBbIfIENIEHMs TIAMATH B Kyde.
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(emMaHTHKa KOHCTPYHPOBAHHUA CTPYKTYpbl

CeMaHTMKa KOHCTPYMPOBAHMA CTPYKTYPbI BBIIIARUT C/IERYIOLUM
obpa3oM.

¢ HesBHO cyluecTByeT KOHCTPYKTOp 6e3 MmapaMeTpoOB, KOTOPbIit
HeBO3MOXHO INepeonpefienTb. OH BHINO/HAET MO6UTOBOE 06-
Hy/IeHMe TIo7Ieft CTPYKTYpBI.

¢ Ilpu onpeneneHuy KOHCTPYKTOpa (¢ mapaMeTpaMu) CTPYKTYpbl
KaX/IOMY TOJTIO IO/DKHO GBITb ABHO MPUCBOEHO 3HaYeHMe.

® JIHMLUMaNM3aTOPHI MOJIel B CTPYKTYpe He NMpefyCMOTPEHBI.

Moaudukartopbl foctyna

Insa copmeitcTBUA MHKANCYMALMU TUI MM YeH TUIA MOXeET Or-
paHMYMBaTh CBOIO 0OCMYNHOCMb OPYTMM TUIaMM U cOOpKaM 3a cueT
no6aBneHust K 06bABIEHMIO OHOTO U3 ATU MoOuduxamopos docmy-
na, KOTOpble OIMCAaHBI HIKe.

public
[TonHas BOCTYNMHOCTb. ITO HeABHAsA JOCTYIHOCTD J/IA Y/IEHOB Ile-
peuncnenus nubo uHTepdeiica.

internal
JJOCTYImHOCTb TONMBKO BHYTpM COfiepxkaleit cOOpKM WM B Apy-
JKECTBEHHBIX c6opxax.3To CTaHapTHasA AOCTYNHOCTb [/ He-
BJ/IOJKEHHBIX TUIIOB.

private

HOCTynHOCTb TO/ZIbKO BHYTPU COL€p Kalllero Turma. 3ro CTaHapT-
Has JOCTYNHOCTDb /1A 41€HOB K/1acCa U CTPYKTYpbI.

protected
JlocTynHOCTh TONbKO BHYTPM COfiep>Kalliero TUIIA MY B €ro IOf-
K/accax.

protected internal
O6mbennHenne poctynHocteit protected u internal (ato Gonee
nmubepanbHas AOCTYNMHOCTD, YeM protected unu internal no
OTHENBHOCTH, T.K. OHA Jle/laeT WieH AOCTYIHee ABYMs ITYTSAMM).

B cnenytomem npumepe knacc Class2 JOCTYIeH U3BHe ero c6op-
KM, a Knacc Classl — Her:
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class Classl {} // Classl asnaerca internal (no ymosuaHuo)
public class Class2 {}

Knacc ClassB oTKpbIBaeT nose X ApYrMM THUIIaM B TOif e caMoit
cbopke, a kmacc ClassA — HeT:

class ClassA { int x; } // x aBnaercsa private
class ClassB { internal int x; }

[Ipn mepeompenenenun ¢yHkuum 6a3oBoro kmacca ZOCTYI-
HOCTb JO/DKHa OBITb TaKoIt XKe, KaK y IepeonpefenseMoit GYHKLMN.
KoMnunsarop npenarcryer mo60My HecOrTacOBAHHOMY MCIIONIb30Ba-
HMIO MOIUUKATOPOB JOCTYNa — HaNpyUMep, IOAKIACC MOXKET UMeTb
MeHbLIYI0 TOCTYNMHOCTb, YeM 6a30BbIlt Kacc, HO He 60/bLIYIO.

ApyxecTBeHHble C60pKH

B 6onee cnoXHBIX CLieHapuAX 4YleHbl internal MOXHO OT-
KpbIBaTb APYIMM OpyicecmeéeHHbiM cO6OpKaM, fobaBissa aTpubyr
cbopku System.Runtime.CompilerServices.Internals
VisibleTo, B KOTOPOM yKa3aHO MMs ApYXKeCTBEeHHOI COOPKM:

[assembly: InternalsVisibleTo ("Friend")]

Ecnu ppyxecTBeHHas c6opka MMeeT CTpOroe MM, Torja MoTpe-
6yercs yka3aTb ee HOMHbI 160-6a/1TOBDIN OTKPBITHI KII0Y. VI3BNeub
3TOT K/II0Y MOXKHO C NOMolLblo 3anpoca LINQ — B 6ecnimatHoit 616-
nmoreke npuMepoB LINQPad ans xuuru C# 7.0. Cnpasounux. Iontoe
onucavue A3vlka MpeJJlaraeTCA UHTEPAKTUBHBINA IIPUMeED.

YcranoBnenue BepxHero npeaena AOCTYNHOCTH

Tun ycraHaBnyuBaeT BepXHMit IpefieN ZOCTYITHOCTH O6bABNIEHHbIX
B HeM wieHoB. Hanbonee pacnpocTpaHeHHbIM MPMMEpPOM TaKOIo yc-
TAHOBJIEHUA ABJIAETCA CUTYallUs, KOT/lAa €CTb TMIl internal c une-
Hamu public. Hanpumep:

class C { public void Foo () {} }

CranpjapTHas JOCTynHOCTb internal kmacca C ycTaHaBnIMBaeT
BEpXHMI NpefieNl JOCTYNHOCTH MeToda Foo (), Mo cyllecTBy fAenas
Foo () BHyTpeHHMM. PacnpocTpaHeHHas npuyuHa nomeTku Foo ()
Kak public cBs3aHa ¢ o6nerdeHeM peakTOpUHIa, ecy Mosxe 6y-
JeT pellleHO M3MEHMTDb JOCTYMHOCTb C Ha public.
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UHTepdeiichl

Mnmepdetic TOX0X Ha K/acc, HO obecredynBaeT A/ CBOMX YIeHOB
TOJNbKO clelMMKaLmIo, a He peanusanmio. MiHTepdeitc obnamaer cre-
AYIOLIMMU 0COOEHHOCTAMM.

® Bce uneHbl uHTepdelica ABNAITCA HeABHO abCTPaKTHBIMM.
B npoTHMBONOMOXHOCTD 3TOMY K/IacC MOXET MpeROCTaB/ATD
KaK abCTpaKTHBbIe Y/IeHBI, TAK ¥ KOHKpPEeTHbIe WIEeHBI C peanu-
3alMAMM.

¢ Kracc (M1 cTpyKTypa) MOXeT peanu3oBbIBaTb HECKONbKO UH-
tepdeitcoB. B oTnune ot aToro knacc Moxer GbITb yHacneno-
BaH TO/MBKO OT 00H020 K/acca, a CTPYKTypa BooOlie He MOA-
[epXuBaeT HaclefoBaHMe (32 MCK/IIOYEHMEM MOPOXHEHMUS OT
System.ValueType).

O61bsaBneHne MHTepdeiica MoXoxe Ha o6bABIEHMe KIacca, HO
HUKAKOM peanyusaliuy A7 ero 4eHOB He NMpefocTaBdeTcA, T.K. Bce
ureHbl MHTepeitca HessBHO abcTpakTHble. Takue 4neHbl 6YAYT pea-
JIM30BaHbl K/IaCCaMM U CTPYKTypaMM, KOTOpble peanu3yioT JaHHbINA
nHTepdeiic. HTepdeitc MOXXeT colepXaTh TONMbKO METOABI, CBOC-
TBa, COOBITUA M MHIEKCATOPBI, YTO COBEPIIEHHO HEC/MYYaifHO B TOY-
HOCTM COOTBETCTBYeT WIeHaM KJacca, KOTopble MOTYT ObITh abCTpak-
THBIMU.

Huxe nmokasaHa ynpoieHHas Bepcus nHtepgeitca IEnumerator,
oIlpefie/IeHHOTro B MPOCTpaHCTBe MMeH System.Collections:

public interface IEnumerator
{

bool MoveNext () ;

object Current { get; }
}

Unennl nHTepdeiica Bcerna HeABHO ABMAOTCA public, u mna Hux
He/b3s 0OBABNATH Kakue-b0 MoguukaTopsl foctyna. Peanusaums
nHTepdeifca 03HayaeT NpefoCTaBleHMe peanusanuyu public mna
BCEX €ro 4WIeHOB:

internal class Countdown : IEnumerator

{
int count = 11;
public bool MoveNext () => count-- > 0 ;
public object Current => count;

}
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O6beKT MOXKHO HesIBHO NPUBOAUTD K Mo6oMy UMHTepdelicy, KOTo-
pblit OH peanusyer. Hanpumep:

IEnumerator e = new Countdown () ;
while (e.MoveNext())
Console.Write (e.Current); // 109876543210

Pacwnpenne nutepdenca

UnTepdeitchl MOryT 6bITh MPOU3BOZHBIMU OT APYTMX MHTepGeit-
coB. Hanpumep:

public interface IUndoable { void Undo(); }
public interface IRedoable : IUndoable { void Redo(); }

Unrepdeitc IRedoable “HacmenyeT” Bce 4leHbl MHTepoeiica
IUndoable.

fiBHaA peanusauua uneHoB uHTeppenca

Peanusanyusa MHoXecTBa MHTep(deiCOB MOXXeT MHOTAA IPUBO-
OUTb K KOHQNMKTY MeXAY CUTHaTypaMy YieHoB. PaspemnTs Takue
KOHQMMKTBI MOXKHO 3a CYeT SIBHOI peanu3aluy 4ieHa MHTepdeitca.
Hampumep:

interface Il { void Foo(); }

interface I2 { int Foo(); }

public class Widget : I1, I2
{

public void Foo() // HesBHas peanusauus

{

Console.Write ("Peanmmuzaumsa Il.Foo() m3 Widget");

}

int I2.Foo () // fBHas peamusauus mMerona I2.Foo
{
Console.Write ("Peammzsaumsa I2.Foo() m3 Widget");
return 42;
}
}

[Tockoneky unTepdeitcet 11 1 12 ¥MMeOT KOHPIUKTYOLIME CUTHA-
Typbl Foo (), kmacc Widget sABHO peanu3syeT MeTof Foo () MHTep-
deitca I12. Takoit npuem NMO3BO/AET STUM JBYM METOAAM COCYLIECTBO-
BaTb B OJHOM K/acce. ENMHCTBEHHBIN croco6 BbI30Ba SBHO peanu3o-
BaHHOTO MeTOfia MpeflyCMaTpUBaeT NpuBefieHNe K ero MHTepdeiicy:
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Widget w = new Widget();

w.Foo(); // Peammsaums I1.Foo() u3 Widget
((I1)w).Foo(); // Peammsaumsa I1.Foo() u3 Widget
((I2)w).Foo(); // Peamm3aumsa I2.Foo() 13 Widget

Jpyroit NpMYMHONM ABHOM peanusaluy 4ieHOB MHTepdeiica Mo-
XeT ObITb HeOOXOOMMOCTb COKPBITHSA YIEHOB, KOTOpble ABNAIOTCA
y3KOCIellManu3MpOBaHHbBIMU M HapyIIAIOIMMI HOPMalbHBbIH Clie-
Hapuil UCIIONb30BaHUA Tuma. HanmpuMep, Tun, KOTOpbli peanusyeT
ISerializable, o6b14HO 6ymeT M36eraTb JEMOHCTpaLMM YIEHOB
ISerializable, ecnu TONbKO He OCYILECTB/AETCA ABHOE NpUBENe-
HMe K YIIOMSIHYTOMY MHTepeiicy.

Peanusauua BUpTyanbHbiX YNeHoB uHTeppenca

HesBHO peanusoBaHHbIt YleH MHTepdeiica 10 YMOMYaHUIO SAB-
NgeTcs 3amedyaTaHHBIM. UTOOBI ero MOXXHO OBINIO TepeonpefennTh,
OH JIOMKeH ObITh TMOMedeH B 6a30BOM Kiacce Kak virtual wm
abstract: obpauieHne k 3TOMy WieHy uHTepdeiica yepes 6a30BbIi
Knacc m16o uHTepdeifc NPMBOAUT K BLI3OBY €r0 peann3aLiMy U3 MOf-
K/acca.

SIBHO peanu30BaHHBII YleH MHTepdeiica He MOXeT ObITh MMO-
MeyeH Kak virtual, paBHO KaK M He MOXeT ObITb NepeomnpesieNieH
06bIYHBIM 06pa3oM. TeM He MeHee, OH MOXET OBITb NOBMOPHO pea-
NU308aH.

NoBTopHas peanu3aLuua uneHa HHTepdenca
B nogknacce

[Topxnacc MoxeT nosmopHo peanusosamv n060N YleH UHTep-
deiica, KOTOpBIN yxKe peanu3oBaH 6a3oBbIM KnaccoM. IloBTopHas
peanu3alLua NepexBaTbIBaeT peanu3alnio WieHa (pu BbI3OBe Yepes
uHTepderic) 1 paboTaeT BHe 3aBUCMMOCTH OT TOTO, AAB/IAETCS JIN YIeH
BUPTYalbHbIM B 6a30BOM Kiacce.

B nokasanHoM Huxe npumepe TextBOx ABHO peanusyer
IUndoable.Undo (), MO3TOMY JaHHbBIA METOM HE MOXET 6bITD
nomedeH Kak virtual. Yro6nl “nepeompemenuts” ero, kmacc
RichTextBox mo/mkeH MOBTOPHO peanu3oBaTh MeTod Undo () MH-
Tepdeitca IUndoable:
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public interface IUndoable { void Undo(); }

public class TextBox : IUndoable

{
void IUndoable.Undo ()

=> Console.WritelLine ("TextBox.Undo()");
}

public class RichTextBox : TextBox, IUndoable
{

public new void Undo ()
=> Console.Writeline ("RichTextBox.Undo()");

}

O6paleHne K TOBTOPHO peanM30BaHHOMY METORY Yepe3 MHTep-
(eitc MpMBORUT K BBI3OBY €ro peannsaLiMy U3 MOAKIAcCa:
RichTextBox r = new RichTextBox () ;

r.Undo () ; // RichTextBox.Undo ()
((IUndoable) r).Undo() ; // RichTextBox.Undo ()

B maHHOM cryyae Metop Undo () peanusoBaH sABHO. HesBHO pe-
anM3oBaHHbIe YIEHbI TAKXKe MOT'YT GbITh MOBTOPHO pealn30BaHbl, HO
3¢ deKT He sABNsAETCA BCeoOBEMIIOILMM, T.K. 0OpallleHe K Y/IeHY Ye-
pes 6a30BBIN KJacc MPUBOAUT K BbI3OBY 6a30BON peanunsaluy.

Mepeuncnenna

[Tepeuncnenue — 3TO creuuanbHBIA TUN 3HaYeHUs, KOTOPBIA
MO3BO/IAET YKa3blBaTh IPYNNYy MMEHOBAHHBIX YMC/IOBBIX KOHCTAHT.
Hanpumep:

public enum BorderSide { Left, Right, Top, Bottom }

HaHHOC Inepevnc/ieHne MO>XXKHO IMMpUMEHATDH CleAYLINM o6pa30M:

BorderSide topSide = BorderSide.Top;
bool isTop = (topSide == BorderSide.Top); // true

Kaxxablit uneH mepeuymcieHUs: MMeeT JieXKalllee B €ro OCHOBe lie-
7Io4MC/IeHHOe 3HadeHMe. ITo yMomyaHuIo nexaliue B OCHOBe 3Haye-
HUA OTHOCATCA K TUIY int, a 4/leHaM Nepednuc/ieHns NpUCBauBaloTCA
KOHcTaHThl 0, 1, 2... (B nopsnke ux o6bsaBneHNns). MOXXHO ykasaTh
OpYroi Lie/IOYUC/IEHHBINA TUIL:

public enum BorderSide : byte { Left,Right, Top,Bottom }
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HIIH Ka)>Xoro 4yjieHa nepevnci€nns MOXXHO TaKXKe€ yKa3bIBaTb fB-
HbI€ JIeXKalllye B OCHOBE 3HAYEHUA:

public enum BorderSide : byte

{ Left=1, Right=2, Top=10, Bottom=11l }

KOMHMJ’IHTOP TaK>Xe€ MO3BO/IAET ABHO NpUCBaUBaTb 3HAY€HUA OIl-
peneneHHbIM Y/leHaM Iepeyuucnenusa. UneHsl, 3HadueHUs KOTOPbIM He
6b111 TNMPpHUCBOEHDI, IONYYaAIOT 3HA4Y€HUA Ha OCHOBE MHKPEMEHTHUPOBa-
HUA NMOC/IEAHEr0 ABHO YKa3aHHOIO0 3Ha4Y€HUs. l'[peubmyluuﬁ npumep
9KBMBAJIEHTEH ClIEQYIOLIEMY KOOY:

public enum BorderSide : byte
{ Left=1, Right, Top=10, Bottom }

Npeo6pa3oBanna nepeuncneHni

OK3eMIIIAp MepeducieHuss MOXeT 6bITb npeo6pa303a1—1 B U U3
JIeXKALero B OCHOBE Le/IOYMC/IEHHOTO 3HaYeHUA C NMMOMOLIbIO ABHOTO
NpUBEIEHUA:

int 1 = (int) BorderSide.Left;

BorderSide side = (BorderSide) 1i;
bool leftOrRight = (int) side <= 2;

OnMH THN NepedyncIeHNss MOXHO TakXe ABHO NPUBOAUTD K ApY-
romy; IpM TPaHC/ALMM MEXHY TUIIaMy NepedncieHui UCTIONb3YIOTCA
Jlexcallie B UX OCHOBe LIeJIOYMC/IEHHbIE 3HAUeHMUA.

Uncnosoit nmurepan 0 TpakTyeTcss 0co6bIM 06pa3soM B TOM, YTO He
TpebyeT SIBHOTO NMpUBeEHMUA:

BorderSide b = 0; // lpuBeneHne He Tpebyercs
if (b==0) ...

B maHHOM npumepe BorderSide He MMeeT Y/I€HOB C Lie/IOYMUC-
NIeHHBIM 3HavyeHueM 0. ITO BOBce He MPUBOAMUT K ouInbOKe: OTpaHu-
yeHMe NepeducieHuit CBA3aHO ¢ TeM, YTo koMmunarop u cpefa CLR
He NPpeNATCTBYIOT NPUCBaMBAHUIO Le/IbIX YMCeNl, 3Ha4eHUS KOTOPbIX
BBIXOZAT 3a IpeJie/bl AManasoHa Y/IeHOB:

BorderSide b = (BorderSide) 12345;
Console.WritelLine (b); // 12345

NMepeuncnenna ¢pnaros

UneHbl NepevymcieHnit MOXKHO KOMOMHMpoBaTh. UT06bI mpeno-
TBPaTUTb HEONHO3HAYHOCTH, WIEHb KOMOMHMPYEMOTO MepeuncneHns
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Tpe6ymT ABHOrO NpUCBauMBaHUA 3HaYeHUi1, OObBIYHO ABNAIOLINXCSA
cTeneHblo ABONKM. Hanpumep:
[Flags]

public enum BorderSides
{ None=0, Left=1, Right=2, Top=4, Bottom=8 }

ITo cornaumenuio T™MITY KOM6MHMpyeMOI‘O nepeynuciienns Ha3Hava-
€TCs UMA BO MHOXX€CTBEHHOM, a4 HE €AMHCTBEHHOM 4YUCIIE. HIIH pa6o-
Tbl CO 3HAYCHUAMU KOM6MHMpyeMOI‘O nepeYncneHns NpuMEHATCA
OO6UTOBBIE onepaumny, Takue Kak | & OHu ﬂeﬁCTBleT Ha J1exa-
IIMUX B OCHOBE LI€JTOYMUCNIEHHBIX 3HAYEHUAX:

BorderSides leftRight =
BorderSides.Left | BorderSides.Right;

if ((leftRight & BorderSides.Left) != 0)
Console.WriteLine ("Bxiwuaer Left"); // Bxuwdaer Left

string formatted = leftRight.ToString(); // "Left, Right"

BorderSides s = BorderSides.Left;
s |= BorderSides.Right;
Console.WriteLine (s == leftRight); // True

K tnam koMOMHMpYeMBbIX NMepeunciennit JOIKeH ObITh pUMe-
HeH aTpubyT Flags, uHade BbI30B ToString () Ha akseMmispe ne-
peumcneHus BO3BPAaTUT YMUCTIO, @ He NOCTIefOBaTe/IbHOCTb MMEH.

Insa ymo6cTBa 4neHbl KOMOMHALIMIA MOTYT GBITh MOMeLIEHBI B
caMo o6'bsB/IEHME TIEPEUNCTIEHNS:

[Flags] public enum BorderSides

{
None=0,
Left=1, Right=2, Top=4, Bottom=8,
LeftRight = Left | Right,
TopBottom = Top | Bottom,
All = LeftRight | TopBottom

Onepauuu Hap nepevyncneHnAmMH
Hwke ykasaHbl onepanyuu, KOTopble MOIyT paboTaTh ¢ Mepeync-
TIeHUAMM:

= == I= < > <= > + - "~ & | ~
+= -= ++ - sizeof
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[To6utoBble, apudMeTnyecKme M onepaLuy cpaBHEHUs BO3Bpala-
10T pe3ynbTaT 06pabOTKM JeXXalUX B OCHOBE LieIOYMCTIEHHBIX 3Ha-
ueHMi. C/1oXKeHMe paspelleHo N/ NepedncieHNs U LeNoYNC/IEHHOTO
TMUIA, HO He [/Is1 fBYX NepedncIeHNit.

BnoxeHHble TUNbI

Bnoxcennviii mun o6baBnseTcA BHYTpU 06/1acTH BUAMMOCTH ApY-
roro Tuna. Hanpumep:

public class TopLevel

{
public class Nested { } // BIOXEHHBI1 KJIacC
public enum Color { Red, Blue, Tan } // BnoxeHHoe
// nepeuncnenne

}
BnoxxeHHbIi THIT o6na11aeT CNenyrINMA XapaKTEpUCTUKaAMMU.

® OH MoXeT nony4yaTb JOCTYI K 3aKpbITbIM YiI€HaM BK/IIO4alo-
1jero Tuiia ¥ KO BCEMY OCTa/IbHOMY, K YEMY BK/IIOYAIOILIUIA TUIT
UMEET NOCTYII.

¢ OH MoXeT 6bITb 06BAB/IEH C MOJIHBIM AMANIa30HOM MOAMpUKa-
TOpPOB AOCTYMa, a He Tonbko public u internal.

¢ CTaHJapTHOM JOCTYIHOCTbIO B/IOXKEHHOTO THUIIAa SAB/AETCA
private, a He internal.

o JlocTyn K BIOXEHHOMY TUIy M3BHe TpebyeT yKasaHUs MMeHM
BK/II0YAOLIero Tuna (Kak rmpy obpalieHny K CTaTUYECKUM YJie-
HaM).

Hanpumep, ana poctyna k 4neHy Color.Red u3BHe Knacca
TopLevel HeoOXOAMMO 3amyucaTh TakK:

TopLevel.Color color = TopLevel.Color.Red;

Bce Tunbr MOryT ObITh B/IO)KEHHBIMU, HO cobepmamb BJ/10>K€HHBIC
TUIIBI MOT'YT TOJ/IbKO K/TaCChbl U CTPYKTYPBI.

0606wWweHuna

B C# uMeloTcs [iBa OTAE/NIbHBIX MeXaHU3Ma [/id HaMCaHUA KOAaQ,
MHOTOKPAaTHO MCIIO/Ib3YyEMOTO pa3/IMYHbIMU TUIIAMU: HacC/1€OBaHUE
" 060611.[6}{14}1. B T0 Bp€MA KaK Hac/lefoBaHMe BbIpa)KaeT IIOBTOPHOE
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MCTIO/Ib30BaHMe C IIOMOLIBIO 6a30BOro THIA, 06061LEeHNS Ae/al0T 3TO
MOCPeACTBOM “l1ab/IoHa”, KOTOPBIN COOEPXKUT “THUIIBI-3aMONTHUTENN .
O6061eHNa B CpaBHEHUM C Hac/le[JOBAaHUEM MOTYT yBelTM4MBaTh Oe-
30MaCHOCTb TMIIOB, a TaKXe COKpAIaTh KOMMYECTBO NpPUBENEHMI U
YIaKOBOK.

0606L1eHHbIe THRADbI

O606wienHbiil mun oObABIAET NAPAMEMPbl MUNA — TUIIBI-3a-
[OJIHUTENH, [IpeSHa3HadeHHbIe 471 3aMelleHus noTpebuteneM 0606-
IIEHHOTO THIIA, KOTOPbIl NPefOCTaBsAET apeymenmpl muna. Huxe
nokasaH 06061eHHbI TUI Stack<T>, NpefHasHayeHHbIN /1A pea-
NM3aLMK CTeKa 9K3eMIUISpoB Thma T. B Stack<T> o6bsABneH enuHc-
TBEHHbI1 mapameTp TMna T:

public class Stack<T>
{
int position;
T(] data = new T[100];
public void Push (T obj) => data[position++] = obj;
public T Pop () => data[--position];
}

[TpuMeHATh Stack<T> MOXHO cleRylomuM obpa3om:

var stack = new Stack<int>();
stack.Push (5);
stack.Push (10);

int x = stack.Pop(); // x mmeer 3Hauenme 10
int y = stack.Pop(); // y mMeer 3HaueHne 5
HA 3AMETKY!

O6patiTe BHMMaHMe, 4TO B MOC/TENHUX ABYX CTPOKAaxX Kopa
npuBefeHMe BHU3 He TpebyeTcs. ITO MO3BONsAET U3bexarh
BO3MOXXHOM OLIMOKM BO BpeMs BBINMONIHEHUS U YCTpaHseT
HerpoM3BOAMTE/IbHbIE 3aTPaThl Ha YMAaKOBKY/pacnaKOBKY.
B pesynbraTe Haw 06OGIEHHBI CTeK MONyYaeT HpeuMy-
eCTBO Hajl He0OOOLEHHBIM CTEKOM, B KOTOPOM Ha MecTe
T ucrnonb3yercs TN object (mpuMep NpuBeieH B pasfnene
“Tun object” Ha cTp. 95).
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Knacc Stack<int> samemaer napaMerp Tuna T apryMeHTOM
THIIA int, HeABHO co3faBas TUI Ha JeTy (CMHTE3 NMPOUCXOAUT BO
BpeMs BbinonHenus). Gakrudeckn Stack<int> mMeer nokasanHoe
HIKe onpefieneHMe (MOACTaHOBKY BbIfie/IeHbl MOMY)XUPHBIM, @ BO U3-
6e>xaHye MyTaHMIBI BMECTO MMEHM K/acca yKasaHo ###):

public class ###
{
int position;
int[] data;
public void Push (int obj) => data[position++] = obj;
public int Pop () => data[--position];
}

DopManbHO MBI TOBOPUM, 4TO Stack<T> — 3TO omkpvimuiil
(open) mun, a Stack<int> — saxpumuuii (closed) mun. Bo Bpems
BBINIOJIHEHUA BCE 3K3€Mﬂﬂﬂpbl O606I.LleHHbIX THUIIOB 3aKprBaIOTCH =
C 3aMelleHeM UX TUIIOB-3allONHUTENEN.

0606weHHbIe MeTOADI

O606uennuiii Memod o6BbABNAET NapaMeTphbl TUIIa BHYTPU CUTHA-
Typhl MeTofa. C noMolibio 06061LeHHbIX METOJOB MHOTHE QYHIaMeH-
Ta/IbHble aITOPUTMBI MOTYT GBITb peanu30BaHbl eNUHCTBEHHBIM YHU-
BepcambHbIM crocoboM. Hike nokasax 0606111eHHbII METOS, KOTOPBIIt
MeHseT MeCTaMy COflep>KMMOe [IBYX TepeMeHHbIX moboro Tuma T:

static void Swap<T> (ref T a, ref T b)

{
T temp = a; a = b; b = temp;
}

MeTton Swap<T> MOXKHO NPUMEHATb CIERYIOINM 06pa3oM:

int x =5, y = 10;

Swap (ref x, ref y);

Kak mpaBuio, mpegocTaBnsATb apryMeHTbl TUIa 06061eHHOMY
METOAY HET HYXXAbI, ITIOCKO/NIbKY KOMIINIATOP crocobeH HesABHO Bbl-
BecTu Tun. Ecnu numeercsa HEOOHO3HAYHOCTb, TO 0606Lu€HHbIe METO-
Abl MOTYT ObITh BbI3BaHBbI C apryMeéHTaMy Tula:

Swap<int> (ref x, ref y);

BHyTpyu 060611eHHOTO mMuna MeTol He pacCMaTpUBaeTCA Kak
0606111eHHBII 10 TeX ITOp, IOKa OH CaM He 86edern MapaMeTpbl THIA
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(mocpencTBOM CHHTaKCKca ¢ YIIOBbIMU ckobkamu). Metox Pop () B
HaiieM 06061eHHOM CTeke IPOCTO MOTPeb/seT CYLieCTBYIOLMIA Ma-
paMeTp TMna T U He KnaccubuLMpyeTcst Kak 0606 1eHHDIIA.

Mertonbl ¥ THIOBI — €NMHCTBEHHble KOHCTPYKLUMM, B KOTODPBIX
MOTYT BBOAMTbCA NMapaMeTpbl Tuna. CBOMCTBa, MHAEKCATOPDI, CO-
ObITHSA, TIONIA, KOHCTPYKTOPDI, ONlepaLiMy U T.A. HE MOTYT O0ObABNATH
HapaMeTpsl THIIA, XOTA MOTYT I10/Ib30BaThCs NMOOBIMU MTapaMeTpaMu
THIIa, KOTOpble y)Xe 06'bsAB/IEHB BO BK/IIOYaloLleM TUIle. B mpumepe ¢
0600611[eHHbIM CTEKOM MOXKHO 6b110 6bl HamucaTh MHAEKCATOP, KOTO-
pblit Bo3BpaliaeT 06001LIeHHbI 3/IeMEHT:

public T this [int index] { get { return data[index]; } }

AHanornyHo KOHCTPYKTOPbI TaK)K€ MOT'YT I10/Ib30BaTbCA CYLIECT-
BYKWOILIMMU NMapaMe€TpaMy THUIIA, HO HE BBOOUTH UX.

06bABneHne NapameTpoB THNA

[TapaMeTpbl THma MoryT GbITb BBefieHbl B 0ObABNIEHMAX Klac-
COB, CTPYKTYP, UHTep(eitcoB, aeneratoB (cM. pasgen “fleneratsl” Ha
ctp. 118) u mMeromoB. O6061IEHHBI TUII UM METOX MOXET MMETh
HeCKOJIbKO NapaMeTpoB:

class Dictionary<TKey, TValue> {...}

BoT kak co3naercs ero sk3eMnnap:
var myDic = new Dictionary<int,string>();

VMMeHa 0606111eHHBIX TUIIOB M METOLIOB MOTYT ObITh MeperpyxeHsl
MpY YC/IOBUY, YTO KONMYECTBO MApaMETPOB TUMA Yy HUX OT/IMYAETCH.
Hanpumep, nokasaHHble HIDKe TPU MMEHM THUIIA He KOHQMUKTYIOT
ApYT C Ipyrom:

class A {}

class A<T> {}
class A<T1,T2> {}

HA 3AMETKY!

Io cornameHno 060611IeHHBIE TUIIBI ¥ METOAbI C e0UHCMBEH-
HbimM TTApaMeTPOM TUNa OObIYHO MMEHYIOT ero Kak T, ecnu
HasHayeHMe MapaMeTpa o4eBMAHO. B cimyyae Heckonvkux ma-
paMeTpOB THUIIa KaX/blif TaKoJt mapaMeTp MMeeT 6onee Onu-
cartenbHoe UMA (c npedukcom T).
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Onepauna typeof u HecBA3aHHble 0606wWweHHble THNDLI

Bo Bpems BbINMONHEHMA OTKPHITBIX 0606ILEHHBIX TUNOB He Cy-
LleCTBYET: OHM 3aKpbIBAIOTCA Ha 3Tane Kommuisuuu. OfHako Bo
BpeMs BBIIIOJIHEHMS] BO3MOXKHO CYILECTBOBAHME HeC8A3aHHO020 (un-
bound) o606ueHHOro TMIIA — MCKIIOYUTENBHO Kak o6bekTa Type.
EnvHCTBEHHDBIM CIIOCOGOM YKasaHMA HeCBSA3aHHOTO 06006IeHHOro
tuna B C# AB/s€TCS IpUMeHeHMe onepanuy typeof:

class A<T> {}
class A<T1,T2> {}

Type al = typeof (A<>); // HecBs3aHHED! THII
Type a2 = typeof (A<,>); // YkazaHue OBYX apI'yMEHTOB Tumna
Console.Write (a2.GetGenericArguments().Count()); // 2

Onepaunio typeof MOXHO TaKkxke MCIONb30BaTh /1A YKa3aHUA
3aKpBITOTO THIIA:

Type a3 = typeof (A<int, int>);
WIN OTKPBITOrO THIA (KOTOPBIN 3aKpOETCS BO BpeMs BBIITONHEHUA):

class B<T> { void X() { Type t = typeof (T); } }

(traHpapTHoe 0606WieHHOE 3HaYeHHue

KnioueBoe cnoBo default MoxeT MpUMEHATbCA O/ MONY-
YeHUs CTaHOAPTHOrO 3HayeHMs 060OLIEHHOro MapaMeTpa THMIIA.
CraHgapTHBIM 3HaYeHMeM [/ CChIIOYHOro TMNa ABisfeTca null, a
AN TUIIA 3HaYeHUs — pe3y/bTaT NMOOUTOBOrO OOHY/NeHNUs Ioneit B
3TOM THUIIE:

static void Zap<T> (T[] array)
{

for (int i = 0; i1 < array.Length; i++)
array[i] = default(T);

}

OrpaHu4eHna 0606w eHnil

[To yMonyaHuio MapaMeTp TUIAa MOXeT ObITb 3aMellieH T06bIM
tnoM. YUto6sl 3arpeboBaTh 6onee crnenuduyHble apryMeHThl THIIA,
K NapaMeTpy THIIa MOXHO NPUMeHUTb orpaHudeHus. CyliecTByioT
IIeCTb BUOB OrpaHUYEHMUIL:
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where T : 6a3oBmri-Knacc // OrpaHudyeHye 6a30BOTO kJjlacca
where T : uHTEpdesic // OrpaHudenue MHTepbdeiica
where T : class // OrpaHMyeHMe CCHUIOYHOT'O TuMa
where T : struct // OrpaHMueHMe TUNa 3HAUEHUs
where T : new() // OTpaHMUeHMe KOHCTPYKTOpa

// 6e3 napameTpoB
where U : T // HenpuKpeITOE OTpaHMuYeHMue Tuna

B cnepymoweM npumepe GenericClass<T, U> Tpebyer, 4ToObI
i T 6bIn MPOM3BOMHBIM OT Knacca SomeClass (Mnu upeHTHYeH
eMy) 1 peannsoBan uHTepdeitc Interfacel, a Tn U npegocTaBnsn
KOHCTpYyKTOp 6€3 nmapaMeTpoOB:

class SomeClass {}
interface Interfacel {}

class GenericClass<T,U> where T : SomeClass, Interfacel
where U : new()

Noaa ]

OrpaHuyeHusa MOTYT IIPUMEHATHCA Be3Jie, Ifie OnpejieNieHbl Mapa-
MeTpbl THIA, KaK B MeTOJAX, TaK ¥ B ONpefe/IeHUAX TUIIOB.

Ozpanuyenue 64306020 Knacca ykasbplBaeT, YTO IapaMeTp TUIa
RO/DKeH GBITh IIOAKIACCOM 3aJaHHOTO K/Iacca (MM COBMAAaTh C HUM);
ozparuverue unmepdgeiica yKaspiBaeT, YTO MapaMeTp THUIA JO/DKeH
pean30BbIBAaTh ITOT MHTepeiic. Takue orpaHMueHUA O3BOJAIOT K-
3eMIIIApaM MapaMeTpa TUIMa 6bITb HEABHO NMpeo6pasyeMbIMU B 3TOT
K/acc unm uHrepdeiic.

OrpaHuyeHne class u orpaHuyeHMe Struct yKasblBaloT, YTo T
HO/KEH ObITb CCBUIOYHBIM TUIIOM MM TUIIOM 3HadeHMA (He JOMyc-
xaromwmm null). Ozpanuvenue koHcmpyxmopa 6e3 napamempos Tpe-
6yet, uTo6bI TMI T MMeN OTKPBITHIIA KOHCTPYKTOD 6€3 ITapaMeTpOB U
MO3BOJIAN BbI3bIBaTh New () Ha T:

static void Initialize<T> (T[] array) where T : new()

{
for (int i = 0; i < array.Length; i++)
array(i] = new T();

}

Henpuxpoimoe ozpanuverue muna Tpebyet, 4ToObl ONMH Napa-
MeTp Tuma Obl1 MPOU3BOLHBIM OT LPYroro mapamerpa Tuma (Uau
COBIafia/l C HUM).
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Co3paHue noaknaccoB ANA 0606 EeHHbIX THNOB

ITogknacchl ansa 06061IEHHOrO KIacca MOXHO CO3aBaTh TOYHO
TaK e, Kak B cly4ae Heob6o6LeHHOro knacca. Ilomkmacc MoxeT oc-
TaB/IATh NapaMeTphl THIIa 6a30BOro Kaacca OTKPBITBIMM, Kak ITOKa3a-
HO B CTIefyIoleM Ipumepe:

class Stack<T> {...}
class SpecialStack<T> : Stack<T> {...}

JIn60 >ke MOFKIACC MOXET 3aKphIThb MapaMeTpbl 06061 eHHOro
THUIIa IOCPECTBOM KOHKPETHOTO THIMa:

class IntStack : Stack<int> {...}

ITopknacc MoXeT TakXke BBOIUTb HOBbBIE apTyMEHTbBI TUIIA:

class List<T> {...
class KeyedList<T,TRey> : List<T> {...}

Camoccbinatowuecs 06vaBneHna 0606w ennii

Tun Moxer YKa3bIBaTb CaMOro C€6)'{ B Ka4€CTB€ KOHKpPETHOro
TUIIA NIPU 3aKPbITUM apryMeHTa TUIa:

public interface IEquatable<T> { bool Equals (T obj); }

public class Balloon : IEquatable<Balloon>

{
public bool Equals (Balloon b) { ... }

}
Crnenylommit KOJ Tak>ke JOMYCTUM:

class Foo<T> where T : IComparable<T> { ... }
class Bar<T> where T : Bar<T> { s )

CTraTuyeckue flaHHble

CraTtuyeckue AaHHbIE ABNAOTCA YHUKA/IbHBIMU [/1A KaXOAOro 3a-
KpBITOI'O THUNa:

class Bob<T> { public static int Count; }

Console.Writeline (++Bob<int>.Count); // 1

Console.Writeline (++Bob<int>.Count); // 2
Console.WritelLine (++Bob<string>.Count); // 1
Console.Writeline (++Bob<object>.Count); // 1
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KoBapuaHTHOCTD

HA 3AMETKY!

KoBapuaHTHOCTb ¥ KOHTpaBapMaHTHOCTb — C/IOXHbIE KOH-
uenuuu. MoTuBauus, nexallas B OCHOBE UX BBEJEHUA B A3bIK
C#, 3aK/m04anach B TOM, YTOObI [TO3BOIUTb 060OIIEHHBIM UH-
TepdeiicaM 1 0606ueHUAM (B 4aCTHOCTH, ONpeJe/leHHbIM B
NET Framework, TakuM kak IEnumerable<T>) paboTarb
6ornee mpenckasyeMbIM 06pa3oM. Bbl MoxeTe M3Bedb BBITORY
U3 3TOro, flaXke He MOHMMas BCe JleTa/lu KOBapMaHTHOCTH U
KOHTpaBapMaHTHOCTH.

[Ipepnonaras, yto TMn A MoXeT 6bITh peo6pa3oBaH B B, Tun X
MMeeT KOBapMaHTHbIil TapaMeTp THMa, eCM X <A> NOAJaeTcs Npeod-
pa3oBaHuio B X<B>.

(Cornacno nonstuio BapuantHocty B C#, “nopgpaercs npeobpaso-
BaHMIO” O3Ha4YaeT BO3MOXXHOCTb Npe06pa3oBaHusA Yepes HeABHOE CCbi-
7I04HOe npeobpasosarue — TaKoe Kak A g81Aemca noOKAAccom B unu
A peanusyem B. Ciofia He BXOJAT YMC/IOBbIe NpeobpasoBaHMus, YIaKo-
BblBaloLllMe Mpeobpa3oBaHus U CleL1anbHble peobpasoBaHus.)

Hanpumep, Tun IFoo<T> uMeeT KOBapMaHTHbI Tul T, ecnn
CIpaBelNMBO ClEfYIOLLEe:

IFoo<string> s = ...;
IFoo<object> b = s;

Haunnasn ¢ Bepcun C# 4.0, uHTepdeiichl (1 meneraTsl) JOMYCKakOT
KOBapMaHTHble NapaMeTphbl TUMA. B Lenax unmocTpauuu npeamnosno-
XXMM, 4TO K/acc Stack<T>, KOTOpbIi ObI1 HAIMCaH B Hava/le HacTO-
ALIET0 pasfieNa, peanusyeT MOKa3aHHbI Hibke MHTepdeiic:

public interface IPoppable<out T> { T Pop(); }

Mopudukarop out ana T ykasbiBaeT, 4TO TN T MCHO/Mb3yeTCs
TO/IBKO B BBIXOAHBIX MO3MLMsAX (HampuMep, B BO3BpalljaeMbIX THIaX
INs. METOMIOB), ¥ MOMeYaeT MapaMeTp TUIa KaK KOBapUMaHTHBIN, pas-
pelllasi HanmMcaHUe TaKOro Koja:

// Tlpennosaraercs, 4To Bear sBnsercs nomkjaccoM Animal:

var bears = new Stack<Bear>();
bears.Push (new Bear());
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// Tlockoneky bears peamm3yer IPoppable<Bear>,

// ero MoxHo npeo6pa3oBaTb B IPoppable<Animal>:
IPoppable<Animal> animals = bears; // Honycmmo
Animal a = animals.Pop();

[IpuBenenne bears k animals paspelleHO KOMIOMIATOPOM — B
CMITy TOTO, YTO [TapaMeTp THUIIa B MHTepelice AB/NAETCA KOBapUaHT-
HBIM.

HA 3AMETKY!

Untepdeitcet IEnumerator<T> u IEnumerable<T>
(cM. pasmen “Tlepeumcnenue u uTepaTopsl” Ha cTp. 144)
MOMeYeHbl KaK MMeolMe KoBapuaHTHb Tun T u3 NET
Framework 4.0. 3To mosBonser, HanpuMep, NPUBOSUTD
IEnumerable<string> k IEnumerable<object>.

Kommunsarop reHepupyer omm6Ky, ecny KOBapuMaHTHbIN ITapaMeTp
THMIIa BCTPeYaeTCsi BO 8X00HOI M03uLuK (CKaXkeM, B TapaMeTpe MeTO-
Iia WIM B 3alIMCbIBaeMOM CBOJCTBe). Llenb Takoro orpaHu4eHus — ra-
paHTUpOBaTh 6e30MacHOCTb TUIIOB Ha 3Talle KoMnunALuu. Hanpumep,
OHO mNpefoTBpallaeT fobGaBleHMe K 3TOMY MHTepdeitcy MeToxa
Push (T), KOTOpbIif MOTpe6UTeNN MO 6Bl HEMPaBUIBHO TpUMe-
HATb [/ BHellHe 6e3060MOHON ONepaluy 3aTalKMBaHUA 0ObeKTa,
npefcTaBnsoLlero Bepbmona, B peanusanuio IPoppable<Animal>
(BcrIOMHMTe, YTO OCHOBHBIM TUIIOM B HallleM MpuMepe SABJISAETCA CTeK
006 BEKTOB, NpelCcTaBNANIINX MefiBefieit). YToO6bl MOXXHO 6bLIO Ompe-
nenuTb Metox Push (T), napamerp Tuna T B A€ACTBUTENTbHOCTH [OT-
XeH ObITb KOHMPABAPUAHMHBIM.

HA 3AMETKY!

B asbike C# KoBapMaHTHOCTD (M KOHTpaBapMaHTHOCTb) MOJe-
P>KMBAeTCA TONBKO IS 3IEMEHTOB CO CCHIIOYHBIMU NPeobpaso-
8aHUAMU, HO He ynaxosvlearnuumu npeobpasosanusmu. Takum
06pa3oM, ecnu MMeeTCs MeTOJl, KOTOpbIi MpUHMMaeT Mapa-
MeTp THna IPoppable<object>, To ero MOXXHO BbI3bIBaTh
¢ IPoppable<string>, Ho He ¢ IPoppable<int>.
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KoHTpaBapHaHTHOCTb

Kak 6b1710 Noka3aHO paHee, eC/i NPEANONOXUTD, YTO A paspella-
eT HesIBHOe CCbI/IOYHOe Npeobpa3oBaHue B B, TO TUII X MMeeT KOBa-
PMaHTHBI NapaMeTp THMIa, Korga X<A> JONyCKaeT CCbUIOYHOE Ipe-
obpasoBaHue B X<B>. Tun 6yfeT KOHTpaBapMaHTHbBIM, eC/I¥ BO3MOX-
HO npeobpasoBaHMe B 0OpaTHOM HalpaB/leHUMM — U3 X<B> B X<A>.
9To noamep>xuBaetcs uHTepdeicaMu U feneraTaMu, Korja rnapaMeTp
THUIA BCTPeYaeTcs TONbKO BO BXOLHBIX MO3ULMAX, 0603HAYEHHBIX C
noMolpio Mopudukatopa in. Ilpogomkas NMpembIAyLWwIMit NpuMep,
ecnu Knacc Stack<T> peanusyeT clefylolmit uHTepdec:

public interface IPushable<in T> { void Push (T obj); }

TO BIIO/IHE 3aKOHHO IIOCTYNAaTh Tak:

IPushable<Animal> animals = new Stack<Animal>();
IPushable<Bear> bears = animals; // HomycTmmo
bears.Push (new Bear());

3epKka/lbHO OTpaXkas KOBapMaHTHOCTb, KOMIMIATOP coo6WUT 06
ommbKe, ecnyu Bbl MOMbITA€TECh MCHONB30BAaTh KOHTPaBapUaHTHBIM
napaMeTp THNa B BBIXOAHOI MO3MLMK (HalpuMep, B KauyecTBe BO3-
BpalllaeMOro 3Ha4eH!s WM B YUTAeMOM CBOVICTBe).

Nlenerartbl

JleneraT cBA3bIBaeT KOMIIOHEHT, BBI3bIBAIOLLMIT METO, C €O Lie/IeBbIM
MeTOfIOM BO BpeMs BblNonHeHus. K feneratam mpuMeHMMbl fiBa acrek-
Ta: mun u sx3emnaap. Tun denezama onpefenseT nPomokon, KOTOpOMy
6yAYT COOTBETCTBOBATb BBI3BIBAIOILMI KOMIIOHEHT U Lie/IeBOI METOL;
NPOTOKOJ BK/TIOYaeT CIMCOK THUIIOB NTapaMeTPOB ¥ BO3BpalLiaeMblil THIL
Sx3emnnap denezama — 3TO O6BEKT, KOTOPBINT CCbITAeTCA Ha OfMH (Mn
6oree) LieNeBbIX METOJIOB, YAOB/IETBOPSIOLMX JAHHOMY HPOTOKOTY.

OK3eMIUIAp fiefieraTa [eiiCTBYeT B BbI3bIBAIOLLIEM KOMIIOHeHTe 6yK-
Ba/IbHO KaK MOCPeHMK: BbI3bIBAIOLIMIT KOMIIOHEHT obpallaeTcs K fe-
Jierary, Mocijie 4ero fiefieraT BbI3bIBAaeT Lie/ieBON MeTof. Takasi KOCBeH-
HOCTb OTBA3bIBaeT BbI3BIBAIOLIMI KOMIIOHEHT OT LieIeBOTO METOJA.

O61bsABNeHMe THUIA [ieeraTa NpefBapsAeTCsA KIIOYeBHIM CTIOBOM
delegate, HO B OCTa/IbHOM HallOMMHaeT 06bsABNeHMe (a6CTpaKTHO-
ro) metopa. Hanpumep:

delegate int Transformer (int x);
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YT06BI CO3MaTh 3K3eMIVIAP AeleraTa, epeMeHHOM [iefleraTa MoX-
HO IPUCBOUTb MeTO;

class Test

{

static void Main()

{
Transformer t = Square; // Co3maTb 3K3eMIIAP mejerara
int result = t(3); // Bui3BaThb mejerar
Console.Write (result); // 9

}

static int Square (int x) => x * x;

}

BbI30B [leierata o4yeHb IMOXOX Ha BBI3OB MeTofa (T.K. Lie/Iblo Jie-
Jerata sIBIA€TCA BCEro NUiIb obecriedeHue ONpefeEeHHOr0 YPOBHA
KOCBEHHOCTH):

t(3)7

Oneparop Transformer t = Square; mnpeicTaBiaser coboi
COKpallleHMe 1A CNefyollero oneparopa:

Transformer t = new Transformer (Square);

A t (3) — 3ro0 cokpallleHMe /s TAKOTO BbI3OBa:

t.Invoke (3);

[enerat moxox Ha 06paTHbI BbI30B — OOLMIT TEPMUH, KOTOPBbIIt
OXBaTbIBaeT KOHCTPYKLIMM, TOKOOHbIe yKa3aTensM Ha ¢pyHkumu C.

Hanucanme nogkniovaembix Metof0B
cnomouiblo aeneratos

Meron mpucBauBaeTCs NepeMeHHON [iefieraTa BO BpeMs BbINOJ-
HeHus. IT0 yHo6HO, KOrla HY)XHO HalMcaTb MOAK/II0YaeMble METOMBL.
B cnepyromem npumepe NpUCYTCTBYET CMY>XeOHBI METON IO MMeHU
Transform(), KOTOpBII NpUMeHseT TpaHcHOpMALMIO K KaXIOMY
3/IEMEHTY B LielIoYMClIeHHOM MaccuBe. Merton Transform() umeer
napaMeTp JiefieraTa, NpefHasHaYeHHbI /1 yKasaHUA MOAKI0YaeMoit
TpaHcopManmu.

public delegate int Transformer (int x);

class Test

{
static void Main ()
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{
int[] values = { 1, 2, 3 };
Transform (values, Square);
foreach (int i in values)
Console.Write (i + " ™); // 149

}
static void Transform (int[] values, Transformer t)
{
for (int i = 0; i1 < values.Length; i++)
values[i] = t (values[i]);
}
static int Square (int x) => x * x;

}

[pynnoBble aeneratbl

Bce sk3eMnApb ieneratos 061aal0T BO3MOXXHOCTbIO IPYIIIOBO-
ro Bbi3oBa (multicast). 3To 3HaYMT, YTO 3K3EMIIAD [lefieraTa MOXeET
CCBIIATbCSA He TONbKO Ha ONMHOYHBIN 11€7IeBOJ METOM, HO TaKXe M Ha
CIIACOK 1IeIeBbIX METOMOB. DK3EeMIUIADPHI [ie/leraToB KOMOMHUPYIOTCA
¢ noMollbIo onepauuit + u +=. Hanpumep:

SomeDelegate d = SomeMethodl;
d += SomeMethod2;

[MocnepHaAs cTpoka QYHKIMOHANBHO 3KBMBA/IEHTHA TAKOif CTPOKe:

d = d + SomeMethod2;

O6pamenne k d Temepb NpuBeZeT K BBI3OBY MeETOHOB
SomeMethodl () u SomeMethod?2 (). [leneraTbol BbI3bIBAlOTCS B
nopsfike, B KOTOPOM OHU [06aB/ISNIUCh.

Onepauuy - U —= yfganAioT MpaBblil ONepaHf fe/eraTa 13 1€BOro
onepaHfia generara. Hanpumep:

d -= SomeMethodl;

O6pamenne x d Temepb NpuBefeT K BbI30BY TONbKO MeTOAA
SomeMethod2 ().

[IpuMeHeHMe omepaLuyu + MIM += K IEepeMEHHON Henerata co
3HayeHMeM null 3aKOHHO, KaK ¥ MPUMMEHEHMeE OlepaLuy —= K Iepe-
MEHHOI1 JiefieraTa ¢ efUHCTBEHHBIM LieIeBbIM METONOM (B pe3y/bTaTe
4ero 3K3eMIUIAp [eferara rnojay4yaer 3HaueHue null).
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HA 3AMETKY!

leneraTbl ABNAITCA Heu3MeHAEMbIMU, TAK YTO NPU MCIOMb-
30BaHMY oNepauuu += Unu —= HakTUYeCKU CO3TaeTCA HOBbLi
3K3eMIUIAp Jefnerata, KOTOPbIi MpUCBauBaeTCs CYILeCTBYIO-
1iel IepeMeHHOMN.

Ecnu rpynnoBoit generat uMeeT BO3BpalllaeMblil TUI, OTINYHBIN
oT void, Torfa BbI3bIBAOILMI KOMIIOHEHT MONy4yaeT BO3BpallilaeMoe
3HayeHMe U3 IOCNeJHero BbI3BaHHOro MeTopa. [IpenumecTBylomue
METOJbl MO-TIpeXXHEeMY BbI3bIBAIOTCA, HO MX BO3BpalllaeMble 3Haye-
HUA oTOpachIBaloTCA. B 60NBUIMHCTBE ClieHapyeB TpYNNOBbIe Here-
raThl MMeIOT BO3BpalllaeMble TUNbI VOid, MO3TOMY Takas TOHKas
CUTyaLus He BO3HMKaeT. Bce Tumbl feneraToB HEABHO MOPOXAeHbI
oT knacca System.MulticastDelegate, KOTOpbIN yHac/lIejOBaH
oT System.Delegate. Onepauuu +, -, += U —=, BBINONHAEMbIE
Haj fiefleraToM, TPAHCIUPYIOTCA B BbI30Bbl CTaTUYECKMX METOLOB
Combine () M Remove () knacca System.Delegate.

Lienesble meToab! dK3emnnapa
“ ueneBbie CcTaTUYeCKne metoabl

Korma o6bekTy menerata npucBauBaeTcsi METO 3K3eMNAAPA, 06D-
eKT JlefieraTa JAO/DKeH MOJIePXXMBATh CCBIIKY He TONMbKO Ha MeTOf,
HO TaK)XKe M Ha 3K3eMIIIAP, KOTOPOMY JaHHBI! METOJ IPUHAMIEXNT.
IK3eMINIAp NpefcTaB/leH CBOMCTBOM Target Kmacca System.
Delegate (kotopoe 6ymer paBHO null, ecnu menerar ccbimaercs
Ha CTaTU4eCKMIl MeTOx).

0606w eHHble TUNDbI AeneraTos

Tun pmenerata MoXXeT COfiepXaTb napaMeTpbl 0006IEHHOTO THUMa.
Hanpumep:
public delegate T Transformer<T> (T arg);

Huxe mokasaHo, Kak MOXXHO 6b1710 NpUMEHUTD 3TOT TUII [eferara:

static double Square (double x) => x * x;
static void Main()
{
Transformer<double> s = Square;
Console.WriteLine (s (3.3)); // 10.89
}
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[leneratbl Func n Action

Bnarogaps 060061eHHbIM AeneraTaM CTaHOBUTCA BO3MOXHBIM
HamucaHue He6onpuoro Habopa TUIIOB [ie/IeraToB, KOTOphle ABNAIOT-
¢ HACTONMbKO YHMBEpCa/lbHBIMU, YTO MOTYT paboTaTh ¢ MeTofaMMu,
MMeIoLMMM TG0 Bo3BpaliaeMblil TUII U M06oe (pasyMHOe) KOMH-
4ecTBO apryMeHTOB. TaKiMM fenerataMy ABlA0TcA Func u Action,
onpefiefieHHble B IIPOCTPAHCTBe UMeH System (MoaudukaTops! in u
out YKasblBalOT 8APUAHMHOCMb, KOTOpas BCKOpe 6yIeT pacKpbiTa):

delegate TResult Func <out TResult> ();
delegate TResult Func <in T, out TResult> (T arg);
delegate TResult Func <in T1, in T2, out TResult>
(Tl argl, T2 arg2);
. M Tak pgajnee BIUIOTL no T16
delegate void Action ();
delegate void Action <in T> (T arg);
delegate void Action <in T1, in T2>
(Tl argl, T2 arg2);
. M Taxk pgajsiee BIUIOTL no T16

3T HeneraThl MCKIOUMUTENBHO YHMBepCabHbL. enerat Transformer
B IpedbIayLleM NpyMepe MOXeT ObITb 3aMeHeH fieNleraToM Func, ko-
TOpBIf IPMHMMAeT OAWH apryMeHT Tuna T ¥ BO3BpallaeT 3HauyeHMue
TOTO XK€ CaMOro THMIIa:

public static void Transform<T> (
T[] values, Func<T,T> transformer)

{
for (int i = 0; i < values.Length; i++)
values[i] = transformer (values[i]);
}
Heneratbl Func 1 Action He MOKpBHIBAIOT NMUIUb NMpaKTUYECKHE
ClleHapuH, CBsA3aHHbIe ¢ apaMeTpaMy ref/out u napamerpamu yka-
3aTenei.

CoBMeCTHMOCTb Aenerartos

Bce Tunbl meneraToB HECOBMECTMMBI APYT C SPYroM, AaXke eCnu
OHU UMEIOT OIMHAKOBbIE CUTHATYPbI:

delegate void D1(); delegate void D2();

Dl dl

D2 d2

Methodl;
dl; // Oumbxa Ha 3Tane KOMMMIALMM
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TeM He MeHee, cefyolLMit KON paspellleH:
D2 d2 = new D2 (dl);

OK3eMIIAPHI [iefleraToB CYMTAIOTCA PaBHBIMM, €C/IM OHUM MMeIOT
OIMH M TOT e LieNieBoit MeTOR (MeTofbl). [InA IpyNnoBbIX HeeraTos
Ba)keH MOPAMOK C/efOBaHMs Lie/IeBbIX METOHOB.

BapuaHTHOCTD BO3BpallaemMbiX THNOB

B pesynbraTe Bbi30Ba MeTOZa MOXXHO MONY4YUTb OOpaTHO THII,
KOTOPpbIit ABNsAeTCcA 6onee crieliudpuuecKuM, YeM 3anpoLleHHbI. ITO
06b14HOe monmuMopdHoe moBefeHMe. B cOOTBETCTBMY C TAKMM MOBe-
HeHMeM 1ie/IeBOJ MeTOf AefleraTa MoXKeT BO3BpalaTb 6osee crieLy-
buyeckuit TMI, YeM ONMCAHHbBIA CaMUM HeleraToM. JTO KOBapHMaHT-
HOCTb, KOTOpast MOAfiep>KMBaeTCs, HauMHas ¢ Bepcun C# 2.0:

delegate object ObjectRetriever();

static void Main ()

{

ObjectRetriever o = new ObjectRetriever (GetString);
object result = o) ;
Console.Writeline (result); // noxon

static string GetString() => "nmoxoxm";

Henerar ObjectRetriever oxupgaeT Mony4uTb obpaTHO
object, Ho 6ymeT Takxe MOMYYaTbCcsA M nooxaacc object, moromy
4YTO BO3BpallaeMble TUIIbI Ie/IEraTOB ABJAIOTCA KOBAPUAHMHBIMU.

BapuaHTHOCTb NapameTpoB

HpM BbI3OBE€ METOA MOXXHO INpENOCTAB/IATb apryMEeHTbI, KOTOpbI€
uMeloT 6ornee CHeLIM(bI/I‘{eCKMﬁ THUII, 4Y€M INIapaMETpbl NAHHOI'O METO-
aa. 310 06bIYHOE IIOIIMMOpCl)HOE nmoBefieHue. B COOTBETCTBUM C TaKUM
TMOBEIEHMEM Y LI€/IEBOTO ME€TOMA fAeerata MOryT 6bITh MeHee crenu-
q)uqecxue THUIIbI [TApAMETPOB, Y€M OIIMCaHHbIE CAMUM [I€/IEraToOM. 3ro
Ha3bIBA€TCsA KOHTpaBapMaHTHOCTbIO:

delegate void StringAction (string s);

static void Main()

StringAction sa = new StringAction (ActOnObject);

sa ("Gymywmee"); // BelBoOMT "Oynymee"
}
static void ActOnObject (object o) => Console.Write (O);
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HA 3AMETKY!

CTaHfapTHBIN WA6IOH COOBITHII CTIPOEKTUPOBAH TaK, YTO-
6b1 TOMOYb 3a[le/ICTBOBaTb KOHTPaBapMaHTHOCTb MapaMeT-
pOB JHeneraTa 4yepes MCIIONb30BaHMe 061ero 6a3oBoro Kmac-
ca EventArgs. Hampumep, MOXHO MMeTb eJMHCTBEHHbIN
METOH, BbI3bIBa€Mblil JBYMs pasHbIMU JiefleraTaMu, OGHOMY
U3 KOTOpBIX NnepefaeTca MouseEventArgs, a ipyroMy —
KeyEventArgs.

BapHaHTHOCTb NapameTpoB THNa AnA o6obuieHHbIX generatoB

B pasgene “O606wenus” Ha cTp. 109 65110 MOKa3aHo, YTO Ma-
paMeTpsl Tuna Ans 0606ueHHbIX MHTepdetcoB MOTYT ObITh KOBa-
PMaHTHBIMM M KOHTpaBapuaHTHbIMU. HaunHas c Bepcun C# 4.0, Ta
e caMasi BO3MOXKHOCTD CYLIECTBYET U i 00001eHHbIX [ie/IeraTos.
ITpu onpepeneHnn 06061IeHHOTO THIIA flefleraTa peKOMeHAYeTCs Mmoc-
TYTIaTh CIeAYIOLIMM 06pa3oM:

® roMevaThb [TapaMeTp TUIA, IPMMEHsAEMBI TONBKO J/Is BO3Bpa-
ILJaeMOro 3Ha4eHMs, kaK KOBapMaHTHBIN (out);

® nomeyaTb M000J MapaMeTp THUIA, UCMIONb3YEMBI TONbKO A
NapaMeTpoB, kKak KOHTpaBapMaHTHBIN (1in).

9Tto no3BonseT npeobpasoBaHUAM paboTaTh eCTeCTBEHHbIM 00pa-
30M IyTeM COOMONeHNUs OTHOILEHUI Hac/efOBaHUA MeXAY TUIaMU.
Cnenyrowuit generat (onpeneneHHbI B MPOCTPaHCTBe UMeH System)
AB/AETCA KOBapMaHTHBIM i TResult:

delegate TResult Func<out TResult>();
paspelllas 3alMCbIBaTh Tak:

Func<string> x = ...;
Func<object> y = x;

[Toka3aHHBIT HMXKe feneraT (OmpefesleHHbII B NPOCTPaHCTBe
MMeH System) sB/sAeTCA KOHTpaBapMaHTHBIM s T:

delegate void Action<in T> (T arg);
TNI03BOJIAS 3alUCBIBATh CNIERYIOWIMUM 06pasoM:

Action<object> x = ...;
Action<string> y = x;
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Co6biTUA

Korma npuMensioTcs meneraTol, 06bI14HO MOABAAITCA OBe Hesa-
BMCUMbIE POMY: PETPAHCIATOP M MOANMCYMK. PeTpaHCIATOp — 3TO
TUII, KOTOPBI CONEPXKUT I10/1e [iefieraTa. PeTpaHC/IATOP peLlaeT, KOraa
nenaTh Iepefavy, Bol3biBas fenerar. [Todnucyuxu — 3TO LielieBble Me-
TofbI-nonydaTtenu. Ilognucymk pelllaeT, KOr4a HayMHATh M OCTaHAaB-
NUBATh NPOCNYLIMBaHUe, UCIIONb3YyA ONepaLMy += U —= Ha Jiefierate
perpaHcnaTopa. IToAnucuMK HUYEro He 3HaeT O APYrUX MOANMCUMKAX
M He BMeLIMBaeTCA B UX paboTy.

CoO6bITHA ABNAIOTCA A3BIKOBBIM CPeCTBOM, KOTOopoe ¢popmanu-
3yeT omMcaHHbI! WabnoH. KoncTpykuus event OTKpPbIBaeT TONIbKO
MIOAMHO)KeCTBO BO3MOXHOCTel1 Jeferata, KOTopble TpebyloTcs AnA
Mogenu “perpaHcnsTop/noanucumnk’. OCHOBHOI 3aMblcen cOObITHIT —
NpefOTBPATUTh BIIUSHUE NOONUCHUKO8 Opye HA Opyaa.

O6DbaABUTb cOObITHME IpOlLe BCEro, MOMECTUB KIII0OYeBOEe C/IOBO
event nepen YIeHOM JieneraTa:

public class Broadcaster

{

public event ProgressReporter Progress;

}

Kop BHyTpu Tna Broadcaster uMeeT NOMHbBIA JOCTYI K 4lIeHY
PriceChanged u MOXeT TpaKTOBaTb ero Kak fenerat. Kox 3a npene-
namMu Broadcaster MoXXeT TONMbKO BBIMOTHATD ONepaluu += U —=
Haj cobbiTeM PriceChanged.

B cnenymowmem npumepe kmacc Stock samyckaeT cBoe coGbITHE
PriceChanged kaxpblit pa3, Korja M3MeHsAETCA CBOUCTBO Price
JAHHOTO Kmacca:

public delegate void PriceChangedHandler
(decimal oldPrice, decimal newPrice);

public class Stock
{

string symbol; decimal price;
public Stock (string symbol) { this.symbol = symbol; }
public event PriceChangedHandler PriceChanged;

public decimal Price

{

get { return price; }

CobbiTHa | 125



set

if (price == value) return;
//ECiu CIMCOK BBI30Ba He MYCT, TOrAAa 3anyCTUTb COCHITHE:
if (PriceChanged != null)
PriceChanged (price, value) ;
price = value;

}

Ecnu B satoMm npuMepe ybparb KnoyeBoe CoBO event, 4To6bI
PriceChanged cTano o6bIYHBIM IIONIEM Ji€leraTa, TO Pe3yNnbTaThl
OKaXyTcsa TeMyu xe caMbiMu. OfHaKo Knacc Stock okaxerca MeHee
HaJIeXXHBIM B TOM, YTO TOAMUCYUKU CMOTYT MpPEANPUHUMATD CNEAYIO-
uMe OeiCTBUA, BIUAA OPYT Ha Apyra:

® 3aMeHATb APYrMX MOANMCYMKOB, IlepeycTaHaBNMBasg Price
Changed (BMecTo NpyMeHeHNUsA onepaLuu +=);

® OuMILaTh BCeX MOAMMCYMKOB (IyTeM ycTaHOBKM PriceChanged
Bnull)

® BBIMO/NHATb TPYNNOBYI0 PAaCcCHUIKY APYTMM MOANMUCYMKAM, BbI-
3bIBas feferaT.

CobbiTus MOryT 6bITD BUPTYa/lbHbIMU, NEpEONpENENEHHbIMMU,
aéCTpaKTHbIMM uny 3aneyaTaHHbIMuU. OHU Takxe MOTyT 6bITh CTa-
TUYEeCKUMMU.

CTaHpapTHbIN WabnoH cobbIiTUM

B .NET Framework onpenenen craHgapTHBIf Wa6NOH A1 Hamu-
canmsa coburtuit. Ero uenbio sBnsercsa obecrnedyeHne COrnacoBaHHOC-
1 B uHOpacTpykType .NET Framework u monmbp3oBaTe/IbckoM Kofe.
Huxe nokasan npenbigywmuit npumep, nepefieNlaHHblA C y4eTOM Ta-
KOro 1a6oHa:

public class PriceChangedEventArgs : EventArgs
{
public readonly decimal LastPrice, NewPrice;
public PriceChangedEventArgs (decimal lastPrice,
decimal newPrice)
{
LastPrice = lastPrice; NewPrice = newPrice;

}
}
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public class Stock
{

string symbol; decimal price;
public Stock (string symbol) { this.symbol = symbol; }

public event EventHandler<PriceChangedEventArgs>
PriceChanged;

protected virtual void OnPriceChanged
(PriceChangedEventArgs e)
{
if (PriceChanged != null) PriceChanged (this, e);
}

public decimal Price
{
get { return price; }
set
{
if (price == value) return;
OnPriceChanged (new PriceChangedEventArgs
(price, value));
price = value;
} . .
} openhide.biz

}

B ocHoBe cTaHmapTHOro mwa6mo0Ha COOBITMII HaXOAUTCA System.
EventArgs — npenomnpegenenHsiit knacc .NET Framework, umero-
LM eMUMHCTBEHHOE CTaTu4yecKoe cBOMCTBO Empty. ba3oBblit knacc
EventArgs npefHasHayeH [/ Nepefauu MHGOpPMaLMM COOBITHIO.
B NIpUBENEHHOM Bblllle puMepe Knacca Stock Mbl co3faeM noaknacce
EventArgs Ans nepefauM CTaporo M HOBOTO 3Ha4YeHMIA LieHbI, KOTAa
UHULMUPYETCA cobmiTie PriceChanged.

O6061enHbI fenerat System.EventHandler Takxe ABnsAeTca
vactblo .NET Framework u onpeneneH cnepyowmmm o6pasom:

public delegate void EventHandler<TEventArgs>
(object source, TEventArgs e)
where TEventArgs : EventArgs;

LleHTpanbHbIM MeCTOM reHepaLuy COOBITUIA ABNAETCA 3alLMILEH-
HbI/l BUPTYa/bHbI/ MeTO 10 MMeHU On—-ymsa—coBrTys (). ITO NO3-
BOJIAET IOJK/IACCaM 3aIMycKaTh COOBITHE (4TO OOBIYHO XKeNaTeNbHO) U
TaKXke BCTaB/IATb KOJ [0 M MOC/e TeHepaluu cOObITHA.
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HA 3AMETKY!

Jo Bbixopa Bepcuu C# 2.0, B KOTOpOJ K A3bIKY Obn mo6aBrie-
HbI 0600611eHN, pellleHMe IpeAyCMaTpPUBa/oO HalMCaHue CIle-
LiMa/IbHOTO Aenerata o6paboTKM cOOBITUI A KaXKOOTO TUIA
EventArgs:
delegate void PriceChangedHandler

(object sender,

PriceChangedEventArgs e);
ITo ucTopuyeckuM npuynHaM 60MbIWMHCTBO cobbITHt B .NET
Framework ucronb3yroT feneraTsl, onpefeneHHble MOA06HBIM
obpasom.

BoT kak MOXXHO MpuMMeHATDb Knacc Stock:

static void Main()
{
Stock stock = new Stock ("THPW");
stock.Price = 27.10M;
stock.PriceChanged += stock_PriceChanged;
stock.Price = 31.59M;
}
static void stock PriceChanged
(object sender, PriceChangedEventArgs e)
{
if ((e.NewPrice - e.LastPrice) / e.LastPrice > 0.1M)
Console.WriteLine ("BHyuMaHme, yBe/mueHme LeHH Ha 10%!");

}

[ns cobbiTHit, KOTOpble He collepXaT B cebe HOMONMHUTENBHYIO
nHpopManmio, nHppactpykrypa .NET Framework Takxe npegnaraer
Heo00061LeHHbIit AeneraT EventHandler. IIpofeMOHCTpHpOBaTh €ro
MCTIONb30BaHMe MOXHO, MlepenucaB Knacc Stock Tak, 4To6bl cobbi-
THe PriceChanged MHMLIMMPOBANOCh HOC/E USMEHEHUS LieHbl. JTO
O3HayaeT, YTO C COOBITMEM He HY)XHO IepefiaBaTh KaKylo-mu6o mo-
HOJTHUTENbHYI0 MHPOpMaLHIo:

public class Stock
{

string symbol; decimal price;
public Stock (string symbol) {this.symbol = symbol;}

public event EventHandler PriceChanged;
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protected virtual void OnPriceChanged (EventArgs e)
{

if (PriceChanged != null) PriceChanged (this, e);
}

public decimal Price
{
get { return price; }
set
{
if (price == value) return;
price = value;
OnPriceChanged (EventArgs.Empty);
}
}
}

O6paTuTe BHMMaHMe Ha NpUMeHeHMe CBONMCTBa EventArgs.
Empty, YTO MO3BO/AET HE CO3AaBaTh 3K3eMINAp EventArgs.

CpeacTBa AoOCTYNA K CO6LITHIO

Cpedcmea 0ocmyna K cOOBITUIO IPEACTABNAIOT cO60i peanusauu
ero omnepanuit += 1 -=. [Io yMo/n4aHuIo CpeACTBa JOCTYIa peannsy-
I0TCSl HeSIBHO KOMIMIATOPOM. B3rnsHuTe Ha cnenyiolee 06bsiBneHue
cobBITUA:

public event EventHandler PriceChanged;

KoMmunaTtop npeobpasyeT ero B nepedncieHHble HIKe KOMIIO-
HEHTBI:

® 3aKpbITO€ IOJIEe [e/leraTa;

® mapa OTKpBITHIX QYHKLMIT JOCTYNa K COOBITHIO, peann3aliuu
KOTOPbIX HalpaBJIAIOT ONepalyy += U —= K 3aKpPbITOMY IIOJTIO
menerara.

KoHTponb Hai TakMM IpOLIeCCOM MOXXHO B3ATb Ha cebsl, ompefe-
JIUB A8Hble CPEACTBA JOCTYNA. BOT Kak BHITIAAUT py4YHas peanusauus
cobpiTua PriceChanged u3 mpefbifylLero npumepa:

EventHandler priceChanged; // 3akpeTelt mesnerar
public event EventHandler PriceChanged
{

add { priceChanged += value; }

remove { priceChanged -= value; }

}
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[TpuBeneHHbIN IpUMEP $YHKLMOHANBHO UIEHTUYEH CTaHIApTHOM
peanusanum CpeacTB [OCTyINa C# (3a ucknioyeHueM rtoro, yro C#
TaKxe obecreynBaeT 6€30MaCHOCTb B OTHOLIEHUY NTOTOKOB BO BpeMs
o6HoBneHusa Aenerata). Onpefenss cpefcTBa JOCTYNA K COOBITHIO Ca-
MOCTOSATENbHO, Mbl YKa3bIBaeM Ha TO, YTO reHepMpOBaTb CTAHAAPTHOE
T0J1€ U JIOTUKY CPEACTB JOCTYMa He TpebyeTcs.

C noMo1pio ABHBIX CPeCTB NOCTYMa K COOBITHIO MOXXHO peaniu-
30BaTh 6oslee CNIOXKHblE CTpaTerMy XpaHEHUA U NOCTymNa Jis Jiexa-
1Lero B OCHOBE Jiefierata. JTO IOJIe3HO, KOrfja CpefcTBa AOCTYMa K
COOBITHIO TIPOCTO NMOPYYAIOT Nepefavy COOBITHSA APYrOMY KIaccy MIu
KOTrZla AIBHO peann3yercs uHTepdeiic, KOTOPBI 06bABNAET COOBITHE:

public interface IFoo { event EventHandler Ev; }

class Foo : IFoo
{
EventHandler ev;
event EventHandler IFoco.Ev

{

add { ev += value; } remove { ev -= value; }
}
Nambpa-BbipaieHua

JIamb0a-8vipaxernue — 3TO HEMMEHOBAaHHBII METOMI, 3alMCaHHbII
BMeECTO 3K3eMIVIspa Aenerata. KomMnmasatop HeMemieHHO npeo6pa3oBsl-
BaeT NAMOMa-BbIpaKeHIe B ONHY U3 CTIENYIOLMX ABYX KOHCTPYKLMIA.

L4 3K3€Mnﬂﬂp penerara.

¢ JlepeBO BbIpaKeHMs, KOTOpoe MMeeT TN Expression
<TDelegate> u mpepcTaB/sieT KOJ BHYTPU NAMO[a-BbIpaxe-
HUs B BUIe Nonep>kuBalLeit 06xon 06beKTHONM Momenyu. ITo
HO3BOJIsIET NAMOAa-BbIpaXXEHUIO UHTEPIIPETUPOBATHCS MO3XKeE
BO BpeMsl BBINONHEHUs (BeCb Mpolecc NoapobHO OMMCaH B
rnaBe 8 kuuru C# 7.0. Cnpasounux. IlonHoe onucanue A3viKa).

VMes nokasaHHBbIN HUXKe TUII Jleierarta:
delegate int Transformer (int i);

BOT KaK MOXXHO NMPUCBOUTb M 0OpaTUTbCA K NAMOGHA-BBIpaKeHUIO
X => X * X:

Transformer sqr = x => x * x;

Console.WriteLine (sqr(3)); // 9
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HA 3AMETKY!

BHyTpeHHe koMnunaTop mpeobpasyeT nsaM6aa-BbIpaXKeHue
3TOTrO THMIa B 3aKPbITbII1 METOL, TEIOM KOTOPOro GyneT Koj
BbIpa)XXeHUS.

JIam6na-BbipakeHe MMeeT cliefyoILyo GopMmy:
(napamerpsl) => BrpaxeHme -win-6JI0K-0NepaTopoB

[nsa yro6cTBa Kpyrible CKo6KM MOXHO ONYCKaTh, HO TONBKO B CH-
TyalL[M, KOTIa eCTh B TOYHOCTHM OfMH MapaMeTp BHIBOAMMOTO THUIIA.

B aToM npuMepe eqMHCTBEHHBIM NTapaMeTPOM AB/IAETCA X, a BbI-
paXxeHueM — x * Xx:

X => X * Xx;

Kaxppiit mapaMeTp nsam6aa-BboipakeHUsA COOTBETCTBYET NMapaMeT-
py HeneraTta, a TMI BbIpakeHUs (KOTOPbIM MOXeT 6bITb void) —
BO3BpalllaeMOMY THITy JiefieraTa.

B HaleM npuMepe x COOTBETCTBYeT MapaMeTpy i, a BbIpakeHue
X * X — BO3BpalllaeMOMY TMITy int u, clnefoBaTeNnbHO, OHO COBMeC-
TUMO C fieneraToM Transformer.

Kon nam6na-BeipaxkeHUss MOXeT ObITb 6710KOM onepamopos, a He
HpOCTO BbIpakeHNeM. Mbl MOXXeM TepemnyucaTh NpUMep CeRYIOLMM
obpasom:

x => { return x * x; };

JIaM6pa-BblpaxkeHMs Yallle BCErO MCHONMb3YIOTCA C Jle/leraTaMu
Func u Action, noaToMy npuBefieHHOe paHee BbipakeHue BbI Oy-
IeTe HepefKo BUAETb B Takoit ¢popMe:

Func<int, int> sqr = x => x * x;
Komnunatop o6s14HO ciocob6eH BbIBECTM THMI NAMOAa-BbIpaXxe-

HUA U3 KOHTEKCTa. B MpOTUBHOM c/y4ae TUIIbI TApaMeTPOB MOXXHO
yKa3bIBaTh AABHO:

Func<int, int> sqr = (int x) => x * x;
Hwxe npuseneH npyMep BblpakeHUs, IPMHMMAIOLLETO ABa NapaMeTpa:

Func<string,string,int> totallLength =
(sl, s2) => sl.Length + s2.Length;

int total = totalLength ("mof6po", "noxaJsoBarns") ;
// total=15
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I[pepnonaras, yto Clicked — aro cobbiTie TMNIa EventHandler,
crenyowuit KOJ IPUCOeMHAET 06paboTumk cobbITHA Yepes namba-
BbIpa)KeHMe:

obj.Clicked += (sender,args) => Console.Write ("llemuok");

3axBaTbiBaHWe BHELWHUX NepeMeHHbIX

JIaM6a- BoIpaXkeHNe MOXKET CChUIATbCA Ha JIOKa/lbHbIE TIepeMeH-
Hble ¥ IlapaMeTpbl METOIa, B KOTOPOM OHO OTIpefieNieHo (8HewHue ne-
pemennoie). Hanpumep:

static void Main()

{
int factor = 2;
Func<int, int> multiplier = n =>n * factor;
Console.WriteLine (multiplier (3)); // 6

}

BHewrHe nepeMeHHble, Ha KOTOpbIe CChl/IaeTCsA NAMOa-BbIpaske-
HMe, Ha3bIBaIOTCA 3ax6ayeHHbIMU nepemeHHbiMU. JIiMOaa- BbipaxkeH e,
KOTOpO€ 3aXBaTbIBaeT IepeMeHHble, Ha3bIBaeTCA 3aMblkaHueM. 3aXBa-
YeHHble TlepeMeHHble OLIEHMBAIOTCSA, KOrfa fieieraT GpakTU4ecKyu 8bi-
3b18aemcs, a He KOTa 3TH IepeMeHHble ObUIN 3aX8aueHbl:

int factor = 2;

Func<int, int> multiplier = n=>n * factor;

factor = 10;

Console.WriteLine (multiplier (3)); // 30

HHM6ﬂa-Bpra)KCHMﬂ CaMy MOryT OOHOB/IATb 3aXBayeHHbIE nepe-
MEHHBIE:

int seed = 0;

Func<int> natural = () => seed++;

Console.WriteLine (natural()); // 0
Console.WritelLine (natural()); // 1
Console.WriteLine (seed); // 2

3axBayeHHble NlepeMeHHbIe MMEIT CBOE BpeMs >KU3HU, pacllMpeH-
HOe 0 BpeMeHM >KM3HU [iefierata. B crefyioleM npyuMepe nokajbHas
nepeMeHHas seed 06bIYHO MoOKMAana 61 0671acTb BUAMMOCTH IOCTIE
TOTO, KaK BbINONIHeHNe Natural saBepureHo. Ho mockonbky nepemeH-
Has seed 6blma 3axeaueHa, BpeMs XXU3HU 3TOI NlepeMeHHON pacIumps-
eTCsl 0 BpeMeHM )XKM3HM 3aXBaTMBLIErO ee feferaTa, T.e. natural:
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static Func<int> Natural ()

{
int seed = 0;
return () => seed++; // Bo3BpamaeTr 3aMuKaHue

}

static void Main()

{

Func<int> natural = Natural();

Console.WriteLine (natural()); // 0
Console.WriteLine (natural()); // 1
}
HA 3AMETKY!

HepeMeHHbIe TaKXe MOTyT 6bITh 3aXBayeHbl AHOHUMHBIMU U
JIOKa/ZIbHIMU MeTofiaMu. B Takux Ccny4yasax INpaBuia O/ 3aXBa-
YE€HHDIX NEPEMEHHDbIX OCTAKTCA TEMU XXE CAaMbIMU.

3axBaTbiBaHKHe HUTEepaLHOHHDIX NepeMeHHbIX

Kornma saxBaTbiBaeTcsi UTepaliMOHHasA IepeMeHHas B uukne for,
OHa TPaKTyeTcs TaK, KaK ecnu 6bl OHa 6bl/la 06bAB/IEHA 8He LIMKIIA.
ITO 3HAYMT, YTO B KaKAONM MTepaLlMy 3aXBaThIBAETCA mMa xe camas
nepemeHHas. [IpuBeneHHbI HMXKe Kof BbiBOAUT 333, a He 012:

Action[] actions = new Action[3];

for (int i =0; i < 3; i++)
actions [i] = () => Console.Write (i) ;

foreach (Action a in actions) af(); // 333

Kaxxgmoe 3aMbikaHMe (Bble/NeHHOE MOMY>XMPHBIM) 3aXBaThIBaeT
OfIHY M Ty e NepeMeHHYyI0 i. (OTo HeifCTBUTENbHO MMeeT CMBICT,
KOI/la CYUTaTh, YTO 1 AB/AETCA NIEPEMEHHOMN, 3HaYeHNe KOTOpO# Co-
XpaHAETCA MeXAY UTepalMAMM LMK/Ia; MPYU XKeaHUM 1 MOXHO Jaxe
ABHO M3MeHATb BHYTPM Tena Lukia.) IlocneacTsue 3akmogaeTcs B
TOM, YTO Ipyu 6o/lee MO3[HeM BbI30Be Ka)kAblil feneraT BUAMT 3Ha-
4eHMe 1 Ha MOMEHT 6bi3064, T.e. 3. Ecnu B3aMeH TpebyeTcs BbIBeCTH
Ha 3kpaH 012, To pellleHMe npegycMaTpUBaeT NpUCBaUBaHUE UTEpa-
LIMOHHOI lepeMeHHO KaKOoi1-TO IOKa/lIbHOM NlepeMeHHO ¢ 06/1acThIo
BUIVMOCTY 8Hympu LIMK/A:
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Action[] actions = new Action[3];
for (int i = 0; 1 < 3; i++)
{
int loopScopedi = i;
actions [i] = () => Console.Write (loopScopedi);

}
foreach (Action a in actions) a(); // 012

B pesynbTaTe 3aMblkaHMe Ha KaX[oi uTepauuu OymeT 3axBaTbl-
BaTb APYTYIO IePEMEHHYIO.

BHUMAHMUE!

Lukner foreach paboranyu aHanormyHbIM 06pasoM, HO Ipa-
BuIa u3MeHnmmch. Haunnas ¢ Bepcun C# 5.0, MoxxHO 6esomac-
HO 3aMbIKaThb MTepPaLMOHHYIO NepeMeHHYl0 Lukna foreach
6e3 HEOOXONMMOCTY B Ha/lMYMM BpeMEHHOI! MepeMeHHOI.

CpaBHeHHe nAMOaa-BbIpaXKeHHH
W NOKaNbHbIX METOA0B

DyHKIIMOHANBHOCTh JIOKAaNbHBIX MeTomoB C# 7 (cM. paspmen
“JlokanbHble MeTopbl (C# 7)” Ha CTp. 74) YacCTMYHO COBMAfaeT C
GyHKLMOHAMBHOCTbIO NAMO/a-BbIpaXkeHuit. [IpenmylecTBa N0Ka/b-
HBIX METOJIOB B TOM, YTO OHM JONYCKAIOT PEKYPCUIO U U36aBNAIT OT
Gecnopsnka, CBA3aHHOTO C yKasaHMeM JeNeraToB. YCTpaHeHMe KOC-
BEHHOCTH, NPUCYLIEN HeNerataM, TaKxe JieflaeT UX HECKONbKO 6oree
3bdeKTUBHBIMY, U OHYM MOTYT NMOMYYaTh LOCTYM K JIOKa/bHbIM Tlepe-
MEHHBIM COfiepiKalliero MeTofia 6e3 “TpaHCIIOPTUPOBKM” KOMIIU/IATO-
POM 3aXBayeHHbIX NepeMeHHBIX BHYTPb CKPBITOrO K/acca.

Tem He MeHee, BO MHOTMX CTTy4asiX [ie/leraT Bce-TaKU HyMeH, dallle
BCero npu Bbi3oBe GYHKLMM 60ee BBICOKOrO MOpsiKa (T.e. MeTofa C
NIapaMeTpoM, MMEIOILMM THII [ie/lerara):

public void Foo (Fune<int,bool> predicate) { ... }

B cutyanuax nmomo6HOro popa, Tak Mau MHave, HeOOXOIUM Jene-
raT, ¥ OHM TpEeJCTAB/AIT co60if B TOYHOCTH Te C/yda, Koraa nam6-
Ia-BbIpaXKeHUs1 0OBIYHO KOpoYe U sCHee.
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AHOHUMHbDbIe meTOADI

AHOHUMHble MemoObl — 3TO (PYHKLMOHa/NbHAash BO3MOXXHOCTb
C# 2.0, xoTopas 1o 6onblieit YaCTM OTHOCUTCS K NAMOfa-Bbipaxe-
HMAM. AHOHMMHBIN METOJ MOXO0X Ha AMO[a-BbIpaXKeHHe 3a UCKITIO-
4YeHMEeM TOTO, YTO OH JIMILEH HEABHO TMIIM3MPOBAHHBIX NIAPAMETPOB,
CMHTaKcMCa BblpaKeHMI (aHOHMMHBIN MeTOX HO/DKeH Bcerpa ObIThb
6710KOM OIlepaTOpPOB) M CIIOCOGHOCTM KOMIMIMPOBATbCA B [E€PeBO
BbipaxeHus. YToObl HamucaTb aHOHMMHbBI METOH, NMOHagoOOUTCA
yKasaTb K/loyeBoe coBo delegate, sateM (Heobs3aTenbHoe) 06b-
sIBlleHNe MapaMeTpa U, HaKoHell, Tefo Metopa. Hanpumep, umes no-
Ka3aHHBIN HMXKe [eflerar:

delegate int Transformer (int i);
BOT KaK HallMcaTh M BbI3BaTb aHOHMMHbBI METO[I:

Transformer sqr = delegate (int x) {return x * x;};
Console.WriteLine (sqr(3)); // 9

[TepBas cTpOKa ceMaHTMYeCKM SKBUBA/EHTHA CIeAYIOLIEMY JISIM-
6ma-BbIpaXKeHUIO:

Transformer sqr = (int x) {return x * x;};

Wnu npocro:

Transformer sqr x x * x;

YHuKanbHasA 0cO6EHHOCTh aHOHMMHBIX METOLIOB COCTOMT B TOM,
4TO MO>XKHO ITOTTHOCTBIO OITYCKaThb O6'bsAB/IEHMe [TapaMeTpa, AaXKe ey
JeneraT ero oXupaer. [locTynmaTb Tak yAo6Ho npyu 06bABIEHUN COOBI-
Tl CO CTaHAAPTHBIM NMYCTbHIM 06paboTIMKOM:

public event EventHandler Clicked = delegate { };

B utore ycrpaHseTcs Heo6XOAMMOCTb NPOBEPKM Ha PaBEHCTBO
null mepep samyckom cobbitus. IlpuBeneHHBIN fanee Kof Takxe 6y-
ZeT DomycTUMbIM (06paTuTe BHMMaHMe Ha OTCYTCTBUe NapaMeTpPOB):

Clicked += delegate { Console.Write ("wesuox"); };

AHOHMMHbIE METO/bl 3aXBaTbIBAlOT BHEIIHME IIEPEMEHHDbIE TEM Ke
CaMbIM CHOC060M, 4YTO U )'IHM6IIa-Bpra)KCHMﬂ.
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Onepatopbl try W UCKNIOYEHHA

OrnepaTop try ykaspiBaeT 6710k Kofa, NpefHa3HaYeHHbI [ 06-
paboTku OWMOOK MM OYMCTKM. 3a 6710kom try HOMKEH ClefoBaTh
6n0x catch, 6nok finally wnu oba. bnok catch BeimonHsercs,
KOrfa ciydaercs omnbka B 61moke try. bnok finally BbinonHser-
cs1 TI0CTIe BBIMONHeHUs 6noka try (umm 6moka catch, ecnu oH npu-
CyTCTBYeT), obecneunBas OYMCTKY He3aBMCMMO OT TOro, BO3HMKaNla
omnbKa UK HeT.

Bnok catch uMeer gocTyn Kk 06bekTy Exception, KOTOpbIit
conepxut uHbopMmauuio 06 ommbke. brok catch mpumensercs
nub0 [/ KOPPEKTUPOBKM OIIMOKY, MO0 /st HOBMOPHOLL 2eHepayuu
MCKMIOYeHuA. VICKIoueHe reHepupyeTcs MOBTOPHO, €CM HYXXHO
IPOCTO 3aperucTpupoBaTh (GakT BOSHUKHOBEHUA NPOO/IEMBI B XYp-
Hajle MM ecnu HeoOXOAMMO CreHepMpOBaTb MCKIIOYEHNE HOBOTO
THuna 60/ee BLICOKOTO YPOBHS.

Bnok finally mo6aBnseT feTepMMHM3Ma K MpOrpaMMe 3a CYeT
TOTO, YTO BBINONHAETCA HECMOTPSA HM Ha yTo. OH MoJe3eH A Mpo-
BefleH!s 3aiay OYMCTKY BpOJIe 3aKPbITUS CETEBBIX NOAKMTIOYEHMI.

OnepaTop try BBIIAAUT CIEAYIOIMUM 06pa3oM:

try
{
... // BO BpeMsa BHITOJIHEHMA 3TOT'O GJIOKA
// MOXEeT BO3HMKHYTb UCKJIOYEHUE
}
catch (ExceptionA ex)

{

... // ObpaboraTb MCkOueHue Tuna ExceptionA
}
catch (ExceptionB ex)

{

... // ObpaboraTe uckjoyeHne Tmna ExceptionB

}
finally

{

... // Kom oumcTkmu
}

B3rnsgHuTe Ha MOKa3aHHBIN HUXKE Kom:

int x =3, y=0;
Console.WriteLine (x / y);
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[TockonbKy y uMeeT Hy/neBOe 3HaueHMe, UCIIONHAIILAA CPefia re-
HepupyeT ucknoyenme DivideByZeroException u nporpaMma
npekpaiaer pa6ory. YTo6bl NpefoTBpaTUTh TaKoe IOBeJEHME, MbI
IlepexBaTbhIBaeM MUCKIIOYEHMeE:

try

{
int x =3, y=0;
Console.WriteLine (x / y);

catch (DivideByZeroException ex)

{

Console.Write ("y He MoxeT ObITb PaBHO Hyjo. ");

}

// Tlocne MUCKJIIOUEHMA BHINOJIHEHME BO30OHOBJISETCS
// c aTOrO Mecra...

HA 3AMETKY!

Llenbio aToro mpocToro nmpuMepa 6bina MTIOCTpauus obpa-
60Tk uckmoyeHuit. Ha mpakTuke nyyille sIBHO NpOBepATh
HelUTeNb Ha paBeHCTBO HY/MIO MNepep BbI3oBoM Calc ().
O6paboTKa UCKII0OYeHMI ABNAETCS OTHOCUTENIHO 3aTPaTHOM,
3aHMMas COTHM TaKTOB IIpolieccopa.

Korma BosHukaer uckioderne, cpefa CLR BBINONHSET Clenyio-
LIYI0 TIPOBEPKY.

Haxo0umcs nu 8 mexyuwuti MOMEHM NOMOK 8bINONHEHUS 8HYMPU

onepamopa try, Komopuiii MOxem nepexéamums uckmoveHue?

e Ecnu pa, Torga NoTOK BBINONHEHUA MEPEXOAUT K COBMECTUMO-
My 610Ky catch. Ecnu ator 6510k catch 3aBepmmica ycnem-
HO, TO NMOTOK BBINIOJIHEHNUA NlepeMelllaeTcs Ha OnepaTop, cie-
mymowmit mocne try (cHavama BbIMONHYUB 6710k finally, ecmu
OH NPHUCYTCTBYET).

® Ecnu Her, Torga NOTOK BBIONIHEHUS BO3BpallaeTcs o6paTHO
B BBI3bIBAIOLIMIT KOMIIOHEHT U MpPOBepKa MOBTOpsieTcs (mocne
BBINIOJTHEHUA NMI0ObIX 6/10k0B finally, BHYTpM KOTOPBIX Ha-
XOUTCA OMepaTop).

Ecnu Hu opHa QYHKLMA B CTeke BBI3OBOB He B3s/la Ha cebs OT-
BETCTBEHHOCTb 3a UCK/IIOYeHMe, TO I0/b30BaTeNno oTobpaXkaeTcs
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AMa/IoroBoe OKHO C cooblieHMeM 06 oumbke U MporpaMma Mpekpa-
w@etT pabory.

KoncTpykuua catch

KoHcTpykuusa catch ykaspiBaeT TUI UCK/TIOYEHUA, [TOJITIEXKALIETO
nepexsary. TUIIOM MoxeT 6bITb 60 System.Exception, mubo
KaKoM-To nofknacc System.Exception. Yka3anue tuna System.
Exception mpuBOOMT K NepexBaTy BCeX BO3MOXHBIX MCKIIOYEHMIA,
4TO YHOOHO B MepeYNCIIeHHbIX fa/lee CUTyaLMAX:

® nporpamMma MOTE€HLMUAIbHO MOXXET BOCCTAHOBUTHCA HE3ABUCU-
MO OT KOHKpPETHOroO TUIla UCK/ITIOYEHUA;

® [IaHUpYeTCs MOBTOPHasA IreHepalMsA UCKIIOYeHNs (BO3MOXHO,
TIOC/Ie €ro PerucTpaLMy B XXypHae);

® 06paboTunK OIWMOOK AB/AETCS MOCTENHUM CPEACTBOM Iepef
TeM, KaK [porpaMMa MpekpaTtuT pabory.

OnHako 607iee OOBIYHOIN ABNAETCA CUTYaLMs, KOTZla lepexBaThIBa-
I0TCA UCKTIIOYeHUS cheyudu4eckux munos, 4Tobbl He MMeTb [eNa C UC-
K/IIOYEeHUIMM, Ha KOTOpble 06paboTunk He 6bIN paccunTaH (Hanpumep,
OutOfMemoryException). [lepexBaTbIBaTh MCKIIOUEHUS HECKOIb-
KUX TUIIOB MOXHO C ITOMOILbIO MHOXX€CTBa KOHCTpYKLMit catch:

try
{

DoSomething () ;
}
catch (IndexOutOfRangeException ex) { ... }
catch (FormatException ex) { ...}
catch (OverflowException ex) { ...}

JIns1 3aaHHOTO MCK/TI0YEHW 51 BBIMIOTIHAETCS TONBKO OfHa KOHCTPYK-
umsa catch. Ecny Bbl XoTHTe NpefycMOTpeTb ceTKy 6e30MmacHOCTH s
nepexBaTta oOmMx MckmoyeHnit (Bpome System.Exception), To
DBO/DKHBI pa3Mellath 6onee crienmduyeckne 06paboTUMKN nepssviMu.

VcknioueHre MOXHO IepexBaThiBaTh 6e3 yKasaHUs IepeMeHHOI,
ecnM JOCTYT K CBOMCTBaM UCKITIOYEHNS He HYXKeH:

catch (OverflowException) // nepeMeHHas He ykKasaHa

{ ...}

KpoMme Toro, MoXxHO omyckaTb ¥ NepeMeHHYIo, ¥ T1I (Torxa 6y-
IYT NepeXBaTbIBaTbCA BCe UCKTIOYEHUA):

catch { ... }
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OHUNLTPDLI HCKNIOYEHUM

Haunnas ¢ Bepcun C# 6.0, B KOHCTPYKLMYM catch MOXKHO YKasbl-
BaTh PuAbMpP UCKAOYeHULi ¢ IOMOILbIO KOHCTPYKLMM when:

catch (WebException ex)
when (ex.Status == WebExceptionStatus.Timeout)

Ecnu B npuBefeHHOM INpuMepe TeHEpUPYeTCA MUCKIIOYeHMe
WebException, Torga BeruncnseTcs 6yneBckoe BblpaxKeHMe, HaXo-
Asillleecs Nocye KnoyeBoro cnobBa when. Ecnu pesynbraToM okasbiBa-
erca false, To DaHHbI 610K catch UrHOpUpyeTcs M NpocMaTpuBa-
IoTCA mobble MOC/eRyole KOHCTpYKIuK catch. brarogaps ¢uns-
TpPaM MCK/II0OYEHUI MOXET MOABUTHCA CMBIC/ B TIOBTOPHOM IlepexBaTe
UCK/TIOYEHNA TOTO K€ CaMOro THa:

catch (WebException ex)

when (ex.Status == HexoTopoe_CoOCTOoaHHe)

{ ...}
catch (WebException ex)
when (ex.Status == gpyroe_cocToaHxne)

{ ...}

ByneBckoe BblpaxkeHMe B KOHCTPYKLMM When MOXKeT MMeTb IO-
60uHbIe 3¢ deKThl, HapuMep, BBI3bIBATb METOM, KOTOPbI PETUCTPHU-
PYeT B >XypHalle cBefieHUsA 00 MCK/TIOYEHUM 1A LieNeil FUarHOCTHUKU.

bnok f£inally

briok finally BbINONHAETCA BCerma — He3aBUCUMMO OT TOTO,
BO3HMKAJIO /M MCK/ITIOYEHME, M TIOTHOCTbIO M ObUI BBIONHEH 610K
try. Bnioku finally o6bIYHO MCNIONMB3YIOTCA AN pa3MellleHMs Kofa
OYMCTKU.

Brnok finally BBIMONMHAETCA B OFHOM U3 CNIEAYIOILMX C/TyYaeB:

® mocie 3aBeplueHns 610ka catch;

® [0C/le TOTO, Kak MOTOK yIpaB/leHMsA MOKUAAeT 610K try us-3a
ornepaTopa Nepexofa (HanpuMep, return uim goto);

® [oc/le OKOHYaHus 671oKa try.
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Bnok finally copmeiicCTBYeT MOBBILIEHUIO AeTEPMUHM3MA IIPO-
rpaMMbl. B puBeieHHOM [ia/lee NpUMepe OTKpbIBaeMblil daitn écezda
3aKpBIBaeTCsl HE3aBUCUMO OT IepPeYNCIEHHBIX HIKe 0O6CTOATEeNbCTB:

® 670K try 3aBepllUaeTCs HOPMalbHO;

® [pPOUCXORUT MpexKIeBpeMeHHbI/ BO3BPAT 13-3a TOr0, 4TO aitn
nyct (EndOfStream);

® BO BpeMs YTeHMs (paifa Bo3HMKaeT ucKIodeHne IOException.
Bot npumep:

static void ReadFile()

{

StreamReader reader = null; // U3 npocrpaHcTBa
// vmmMeH System.IO
try
{
reader = File.OpenText ("file.txt");
if (reader.EndOfStream) return;
Console.WriteLine (reader.ReadToEnd());

}
finally

{

if (reader !'= null) reader.Dispose();
}
}

B srom npuMepe Mbl 3akpbiBaeM (aif1 ¢ MOMOIIbIO BbI30Ba
Dispose () Ha StreamReader. Boi3oB Dispose () Ha 06bekTe
BHYTpM 6n10ka finally npencTaBnser co6oit cTaHAAapTHOE COI/a-
weHKe, cobnofaemoe noscemectHo B .NET Framework, 1 oHo ABHO
nopfep>xuBaeTcs B A3bike C# yepes omepatop using.

Oneparop using

MHorne Knaccbl MHKalCyIupyIloT HeynpaB/isieMble pecypchl, Ta-
Kue Kak QaitoBble 1 rpadudeckue NeCKpUITOPHI MU MOAKITIOYEHUA
K 6a3aM paHHbIX. Knmaccel mogo6Horo popma peanusyior uHrepeitc
System.IDisposable, B KOTOpOM omnpefeneH eAMHCTBEHHbIN
Merop 6e3 mapaMeTpoB 1o MMeHM Dispose (), npefHa3HayeHHBDI
I OYMCTKY 3TUX pecypcoB. OnepaTtop using npepnaraer snera-
THBII CMHTAaKCUC I/1A BbI30oBa Dispose () Ha obbekTe peanusanuu
IDisposable BHyTpu 610Ka finally.
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Oneparop:

using (StreamReader reader = File.OpenText ("file.txt"))
{

}
B TOYHOCTHM 3KBMBAJIEHTEH CleAylollleMy KOAY:
{

StreamReader reader = File.OpenText ("file.txt");
try
{

}...
finally

{

if (reader !'= null) ((IDisposable)reader).Dispose();
}
}

leHepauua ncknoyeHun

VcknioyeHnss MOTYT TeHepUpOBaTbCcA NUOO MCIONHAIOLIEN
cpemoit, nn60 MONb30BaTeNbCKMM KOJOM. B mpuBemeHHOM fanee
npuMepe meton Display () reHepupyer uCKnwdeHue System.
ArgumentNullException:

static void Display (string name)

{
if (name == null)
throw new ArgumentNullException (nameof (name)) ;
Console.WriteLine (name);

}
BblpaxeHua throw

o Bbixopa Bepcunu C# 7 kOHCTpykuMsa throw Bcerga 6bina ome-
paropoM. Temepb OHa MOXXET Tak)ke INOABNATbCA KakK BbIpakeHue B
YHKLMAX, CKATHIX JO BbIPAXKEHUA:

public string Foo() => throw new NotImplementedException() ;

BbipaxkeHue throw MoXeT Tak)ke HaXOIUTbCA BHYTPU TEPHAPHOM
YC/IOBHOM OIepanuu:

string ProperCase (string value) =>
value = null ? throw new ArgumentException ("value")
value == "" 2 "n .
char.ToUpper (value([0]) + value.Substring (1);
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NoBTopHas reHepalHa UCKNOUEHHA
VcknoyeHMe MOXXHO INepeXBaTbIBaTb ¥ F€HEPUPOBATh MMOBTOPHO:

try { ...}
catch (Exception ex)

{

// 3aperMcTpuMpoBaTh B XypHalle MHbpopMaumo o6 oumbke

throw; // [oBTOPHO CreHepupoBsaThb TO Xe CaMoe MCMIDYeHNMe

}

[ToBTOpHas reHepaums B MOJOOHONM MaHepe HaeT BO3MOXXHOCTb
3aperncTpUpoBaTh B XKypHane nH$opMarmio 06 omnbke, He MOAaB-
nas ee. OHa TaKkXe MMO3BOJAET OTKA3aTbCA OT 06pabOTKM MCKIIOYe-
HMA, eClT1 06CTOATENbCTBA CIOXKWINCh He TaK, KaK 0XKMAANoCh.

HA 3AMETKY!

Ecnu throw 3aMeHuTh throw ex, To NpuMep COXPaHMUT pa-
60TOCIIOCOOHOCTb, HO CBOMCTBO StackTrace UCKIOYEHUS
6onblie He GyneT OTpaXKaTb UCXOLHYIO OLIMOKY.

Ewme oguH pacnpocTpaHeHHbII CLieHapyif IIpegycMaTpUBaeT MOB-
TOPHYIO FeHepalL1io MCKTIoUeHNs 6oree crieLduyeckoro uim cogep-
XKaTeJIbHOrO THUIIa:

try
{

// TlpousBecTu pa3bop HATH POXIOEHUA M3 3jeMeHTa XML

}

catch (FormatException ex)

{

throw new XmlException ("HekoOppekTHas Oara poxumenusa", ex);

}

IIpu moBTOpHOI reHepaLuyu APYroro MCKIO4YeHUs B CBOMCTBe
InnerException MOXHO yKasaTb MCXOAHOe UCKIIOYeHMe, YTOOBI
noMoyb B oTnagke. [TodTu Bce TUNBI UCK/IIOYEHMIA NPEAOCTABAAIOT
KOHCTPYKTOp JIf TaKoit Lienn (Kak B pacCCMOTPeHHOM IpuMepe).
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OcHoBHble (BoicTBA System.Exception

Huxe onmncanbl Hambonee BakHble CBOJMCTBaA Knacca System.
Exception.

StackTrace
Crpoka, npencTaBnsiolas BCe MeTOABI, KOTOpble OblM BbI3Ba-
Hbl, HaYMHAsA C UCTOYHMKA MCK/IIOYEHUA U 3aKaH4YMBasg OTOKOM
catch.

Message
CTpOKa C OMMCaHMeM OLIUOKH.

InnerException
BHyTpeHHee MckmoyeHne (ecnu ecTb), KOTOpoe NPUBENO K re-
HepalMy BHeLIHero ucknodeHus. CaMo cBOMCTBO MOXeET MMeETb
oT/nMyamlLeecs cBOMCTBO InnerException.

06wue TUNDbI UCKNIOYEHMIH

[TepeuncneHHble HUXE TUIIBI UCKIIOUEHUI IIMPOKO NPUMEHSAIOTCA
B CLR u .NET Framework. VIx MoXHO reHepupoBaTh 1160 UCIONb-
30BaTh B KayecTBe 6a30BbIX K/IACCOB A/A MOPOXAEHUs CIelMaTbHbIX
TUIIOB UCK/TIOYEHUIA.

System.ArgumentException
TeHepupyercs, korfa GYHKUMA BBI3BIBAETCA C HEJOMYCTUMBIM ap-
ryMeHToM. Kak mpaBuio, ykasbsiBaeT Ha Hanuuue ommbKyu B Mpo-
rpaMme.

System.ArgumentNullException
Moaxnacc ArgumentException, KOTOpbI reHepupyeTcs, Korga
apryMeHT ¢yHKUMM (Hempefcka3yeMo) paBeH null.

System.ArgumentOutOfRangeException
[lopknacc ArgumentException, KOTOpbI reHepupyeTcs, Kor-
Aa (06BIYHO YMCIOBOJ) apryMeHT MMeeT CIMLIKOM 6OJIbIloe MIu
CNIMIIKOM Majnoe 3HadeHue. Hampumep, aTo McknoyeHue BO3HM-
KaeT TIpHU Nepefiaye OTPULIATEILHOTO YMC/Ia B QYHKIMIO, KOTOpas
NPMHUMAET TONBKO IONIOXUTE/bHbIE 3HAUEHMUA.

System.InvalidOperationException
TeHepupyeTcs, KOLA COCTOSAHME 00bEKTa OKa3blBaeTCS HENoOJ-
XOOAWNM [/ YCNELWHOro BbIIIOTIHEHUA MeTO/la He3aBMCUMO OT
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n06bIX 3aflaHHBIX 3HaUeHUIt apr'yMeHTOB. B kadecTBe mpumMepoB
MO>KHO Ha3BaTb YTeHMe HEOTKPHITOro aityia UM MomydeHue cre-
AYIOLLEro 3MeMeHTa U3 MepeYUuCTUTENA B Cyyae, eC/u Jiexalmui
B OCHOBE CIIUCOK OBUI M3MeHeH Ha cepefyHe BBIIIOTHEHUA MTe-
pauum.
System.NotSupportedException

TeHepupyeTcsa ANA yKa3aHUA Ha To, YTO crenudmyeckas GyHk-
LIMOHANIbHOCTb He NOAAep>kuBaeTcsA. XOpOIIMM NPUMEPOM MO-
XeT CNY>XUTb BbI30B MeToAa Add () Ha KO/MNeKUUH, I/is KOTOpPOi
IsReadOnly Bo3Bpaiaer true.

System.NotImplementedException
TeHepupyeTcsl 1A yKa3aHUs Ha TO, 4TO QYHKLMA MOKa ellie He
peanusoBaHa.

System.ObjectDisposedException
TeHepupyeTcs, Kora 06beKT, Ha KOTOPOM BbI3bIBaeTCs QYHKLMA,
6bI71 0CBOOOXK/EH.

NMepeuncnenune u utepatopsbl
Nepeuncnenue

I[Tepeuncnutenb — 3TO AOMYCKAKOILMIA TOMbKO YTEHME OIHOHAMNpPAB-
TIEHHBIA KYpCOp IO MOC/ef0BaTebHOCTY 3HayeHuit. [lepeuncnurens
npefncTaBnseT coboit 06beKT, KOTOPBIN peanusyer nmbo MHTep-
¢eitc System.Collections.IEnumerator, mm6o uHrepdeiic
System.Collections.Generic.IEnumerator<T>.

Oneparop foreach BHINOMHAET UTEPALMIO TIO HEPEHUCTUMOMY
o6bekrty. [lepeuncnumblit 06beKT ABNAETCA TOTMYECKUM ITIPECTaBIe-
HMEM TOC/IefOBATeNILHOCTH. JTO He COOCTBEHHO Kypcop, a 06BbeKT,
KOTOPbIif MPOM3BOAUT Kypcop Ha cebe camoM. Ilepeuncnumblit 06b-
eKT /60 peanusyer uHTepdeitc IEnumerable/IEnumerable<T>,
6o uMeeT MeTofd 10 MMeHM GetEnumerator (), KOTOpbIif BO3-
BpalllaeT nepeuucaument.

Illa6n0H mepeyncneHns BBIIIAAMT CNeRYIOIMUM o6pasom:

class Enumerator // OBeHO peamm3yeT IEnumerator<T>
{
public IteratorVariableType Current { get {...} }
public bool MoveNext () {...}
}
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class Enumerable // OObaHO peammusyer IEnumerable<T>

public Enumerator GetEnumerator() {...}

Huxe mokasaH BBICOKOYPOBHEBBIjI CIIOCO6 BBIMOMTHEHUS MTe-
pauMy Mo CUMBO/IaM B CloBe “Bofla” ¢ MCIONIb30BaHMEM OIeparopa
foreach:

foreach (char ¢ in "Bona") Console.WriteLine (c);

A BOT HU3KOYPOBHEBBII1 METOJ IPOBeIeHNA UTEPALIUM 110 CUMBO-
naM B cnoBe “Bopa” 6e3 npuMeHeHus oneparopa foreach:
using (var enumerator = "Boma".GetEnumerator())

while (enumerator.MoveNext())

{
var element = enumerator.Current;

Console.WriteLine (element);
}
Ecnu nepeuncnutens peanusyer unHrepdeiic IDisposable, To
onepaTop foreach Takxe feilCTBYeT Kak ONepaTop UsSing, HesIBHO
0cB060XasA 06BEKT MepeyncInTeN.

Wuuunanusatopbl KonneKuHif

[TepeuncnuMsbiit 06beKT MOXHO CO3[aTb M 3aMONHUTb 3a ONMH
wiar. Hanpumep:

using System.Collections.Generic;

List<int> list = new List<int> {1, 2, 3};
KoMmnunarop TpaHcnupyer 3TO B CleAyIOIUi KO

List<int> list = new List<int>();
list.Add (1); list.Add (2); list.Add (3);

3pmech TpebyeTcs, 4TOOBI MepeunCIUMBI O6BEKT peanu3oBas UH-
Tepdeitc System.Collections.IEnumerable u Takum o6pasom
uMen Metof Add (), KOTOpPbIt MpUHMMAeET MOAXOAALLee KOMUIeCTBO
IapaMeTpOB /11 BbI30Ba. AHAJIOTMYHBIM CIOCO6OM MOXHO MHMLM-
anM3upoBaTh c/oBapy (TUIBI, peanusylolle uHTepdeitc System.
Collections.IDictionary):

var dict = new Dictionary<int, string>()
{

{5, "nars" },

{ 10, "mecsarp" }

}i
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Wnu 6onee kpaTko:

var dict = new Dictionary<int, string>()

{
[5] = "naTb",

[10] = "mecaTp"
}i

BTOpOﬁ BapMaHT 3allMCH AOIMMYCTUM HE€ TO/IBKO CO C/NOBapsMM, HO
U ¢ Mo6bIM TUIIOM, A1 KOTOPOro CyLIeCTBYET MHAEKCATOp.

Utepatopbl

Hapsany c tem, uyto onepatop foreach MOXXHO paccMaTpuBaThb
KaK nompe6ume/lb TNepeYucnnuTend, UTEpaTop CneayeT CUYUTaThb noc-
masuiuKom TepednucinTend. B NNpUBEAEHHOM HMKXE€ INIpUMeEpE UTE-
paTop UCNONb3YETCA /1A BO3BpallleHUA IOC/IENOBATE/NIbHOCTU YUCeN
®uboHayuy (rae Kaxxaoe YUC/IO ABIAETCA CYMMOIJ ABYX NpeAbIAYyIINX
yucen):

using System;

using System.Collections.Generic;

class Test
{
static void Main()
{
foreach (int fib in Fibs(6))
Console.Write (fib + " ");

}

static IEnumerable<int> Fibs (int fibCount)
{
for (int i = 0, prevFib = 1, curFib = 1;
i < fibCount;
i++)

yield return prevFib;

int newFib = prevFib+curFib;
prevFib = curFib;

curFib = newFib;

}
}
BRBOZA: 112358
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Ecnu onepatop return Bblpaxaer: “BoT 3HayeHMe, KOTOpOe
HZO/DKHO OBITb BO3BpALlleHO M3 3TOr0 MeTofa”, To omeparop yield
return coobuaer: “BoT CnefyIoluit aneMeHT, KOTOPbIl NOMKEH
6BITH BbIIaH STUM NepeuncnuteneM’. IIpu kaxpom onepatope yield
ynpaB/ieH)e BO3BpalllaeTCA BhI3bIBAIOL[EMY KOMIIOHEHTY, HO COCTO-
SAHME BbI3bIBA€MOro METOJa COXpaHseTcA, TaK 4YTO JOaHHBIA METOR
MOXeT NPOJO/KUTh CBOE BBIMNOTHEHME, KaK TOMbKO BbI3bIBAIOILMIA
KOMIIOHEHT NEPEeYMUCIUT CNeAYIOLUit aneMeHT. XKMU3HeHHBI LUK
COCTOSIHUA OTPaHM4eH IepeduCIUTENEM, IIOITOMY COCTOSIHME MOXET
6bITh 0CBO6OXIEHO, KOIZIa BBI3bIBAIOILMI KOMIIOHEHT 3aBepLIMT Ie-
peuncneHue.

HA 3AMETKY!

Kommunstop npeo6pa3yer MeTofbl uTepaTopa B 3aKpbITble
K/IacChl, KOTOpbIe peanu3yloT nHTepdeitchl IEnumerable<T>
n/umn IEnumerator<T>. Jloruka BHyTpu 6/10Ka UTepaTopa
“vHBepTHpYeTCs” M CpalliMBaeTCs ¢ MeTodoM MoveNext () u
cBoicTBOM Current K/macca rnepedyuciuTeNs, CreHepupoBaH-
HOTO KOMIIMIATOPOM. DTO 3HAUMT, YTO MpM BHI3OBE METOAA
UTEepaTOpa BCETO IMIIb CO3MAETCA 3K3EMIUIAD CTeHEpUPOBaH-
HOTO KOMITM/IATOPOM K/lacca; HMKaKOJ HallMCaHHbIA BaMy KOJ,
Ha caMoOM Jiefle He BbINonHsAeTcs! Baur Ko 3amyckaeTcst TONMbKO
KOI[la HauMHaeTCA Tepeynciienne Mo pe3ynbTUPYIOLLei Moce-
ROBaTe/IbHOCTH, OOBIYHO ¢ MOMoLIbIo onepaTopa foreach.

CemaHTHKa uTepaTopa

UTtepaTtop mpepcTaBnseT coboit MeTon, CBOMCTBO MU MHAEKCA-
TOp, KOTOPbIif COfEPXXUT OAMH MK GoNbliee KOMUYECTBO ONEPaTOPOB
yield. UrepaTop momkeH BO3BpaliaTb OAMH U3 C/IEAYIOLIMX YeTbl-
pex uHTepQeiicoB (MHaYe KOMIMIATOP CreHepupyeT cooblieHne 06
oummnbke):

System.Collections.IEnumerable

System.Collections.IEnumerator

System.Collections.Generic.IEnumerable<T>
System.Collections.Generic.IEnumerator<T>

UtepaTtopsl, KOTOpble Bo3BpamaoT MHTepdeitc IEnumerator
(IEnumerator<T>), Kak NpaBu/I0, NPUMEHAIOTCA MeHee 4acTo. OHM
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yno6HbI Npy HalMCaHMM CMeLMaTbHOrO K/1acca KOJIEKLMM: OObIYHO
Bbl Ha3HayaeTe UTepaTopy UMsa GetEnumerator () u obecrneunBae-
Te peanu3alluio K1accoM unTepdeiica IEnumerable<T>.

MrepaTopbl, BO3Bpallawiiue peanusanuio MHTepdeitca
IEnumerable (IEnumerable<T>), apnsoTca 6onee pacnpocTpa-
HEHHBIMM — M OHM IIpOlLl€e B UCIO/Ib30BaHUM, T.K. BaM He MPUXOMUT-
ca paspabaTbiBaTh K/acc KoaeKuuu. “3a KynmucaMu” KOMIMUIATOP
reHepupyeT 3aKpbIThlit K/lacc, peammsywouwui IEnumerable<T>
(a Takke IEnumerator<T>).

MHoXecTBO onepaTopoB yield
WrepaTop MOXeT BK/IIOYaTb HECKOJILKO OIepaTopoB yield:

static void Main()
{
foreach (string s in Foo())
Console.Write (s + " "); // Omuu OBa Tpu
}

static IEnumerable<string> Foo()
{

yield return "Omguu";

yield return "llea";

yield return "Tpu";
}

Onepatop yield break

Oneparop yield break ykasbiBaeT, yTo 670K MTepaTopa JOJ-
XeH ObITb 3aBepllieH NpexJieBpeMEHHO, He BO3Bpalliasd 6oblie 3J1e-
MeHTOB. [I/11 ero leMOHCTpaLuu MoauduuupyeM MeTof Foo (), Kak
MI0Ka3aHO HMXe:

static IEnumerable<string> Foo (bool breakEarly)
{

yield return "Ommu";

yield return "IBa";

if (breakEarly) yield break;

yield return "Tpu";

BHUMAHMUE!

Hanuuue oneparopa return B 6710ke uTepaTOpa He AOMycKa-
€TCsl — BMECTO Hero JO/DKEH NpuMeHATbcA yield break.
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KomnoHoBKa nocnefjoBaTeNnbHOCTEN

WtepaTopsl B BbICIlIei CTENEHU KOMIIOHyeMbl. Mbl MOXKeM pacily-
PUTb Halll IpUMep C YUC/TaMU ®uboHayyy, f06aBUB K K/accy creny-
IOLIUI METON;

static IEnumerable<int> EvenNumbersOnly

(IEnumerable<int> sequence)

{

foreach (int x in sequence)
if ((x % 2) == 0)
yield return x;

}
ITocne aToro Mb1 MOXKeM BBIBOOAUTDL YE€THBIC YUC/IA OuboHauun:

foreach (int fib in EvenNumbersOnly (Fibs (6)))
Console.Write (fib + " ™); // 2 8

Kaxpblit aneMeHT He BHIYMUCTIAETCA BIIOTb KO NMOCTIEHETO MOMEH-
Ta — KOI[la OH 3alpallyBaeTcs onepanueir MoveNext (). Ha puc. 5
TI0Ka3aHbl 3aMIPOChl JaHHBIX M MX BBIBOJ C T€YEHUEM BPEMEHMU.

Bo3Mo>xHOCTb KOMIIOHOBKHM, MOAfiepXK1BaeMas IIabIOHOM MTepa-
TOpa, XXM3HEHHO Heob6XoAMMa IpM MoCcTpoeHuy 3ampocoB LINQ.

[ €— cnepyowmii —
[€— cnepylowmni ——j
s ——1—
7 [€«— cneayowmii — §
g l€—— chenyiowmin — ;
JNERGHSIN 2| |
¢ F——2—> £ | |3
A § [ cneaylowmin — ﬁ §
E l€—— cnenytowmin — % é §
.
§ l¢— cnenyoumin —| § v
3 NN
E l¢— cneayowmit —
————— 8 ———>
88—

«4—— BuiTankvBaHue AaHHbIX ——
————— Bblgaya AaHHbIX —p

Puc. 5. [Tpumep KOMNOHOBKU nocnedo8amensHocmeil
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Tunbl, gonyckatouue 3HayeHue null

CchImoyHble TUIIBI MOTYT NPEACTAB/IATh HeCYlIeCTBYIOILee 3Haye-
Hye C MOMOILbIO cChbIKM null. OmHAKO TMIIBI 3HAYEHMI He Crocob-
Hbl NPEACTaB/NATh 3HaYeHNs null o6bIYHBIM 06pa3oM. Hanpumep:

string s = null; // HopmaneHO, CCEUIOYHEDA THMII

int i = null; // Oumbka Ha 3Tane KOMIMIIALMMU,
// Tvn int He MoxeT ObITb null

Yto6bl npencTaBUTh Null ¢ NOMOLLBIO THIIAa 3HaYeHUs, He06X0-
JIUMO UCIIONb30BaTh ClELMaIbHYI0 KOHCTPYKLIMIO, KOTOpas Ha3blBa-
eTCSA TUNOM, bonycxaromum 3Havenue null. Tun, gonyckarommit 3Ha-
yeHue null, o603HayaeTCs KaK THUI 3HaYeHMUs, 32 KOTOPHIM CledyeT
CUMBON ?:

int? 1 = null; // HopmanbHO; THI, IOOMYyCKAaloumit

// 3HadeHye null

Console.WriteLine (i == null); // True

(rpykrypa Nullable<T>

Tun T? TpaHcnupyerca B System.Nullable<T>. Tun
Nullable<T> ABNA€TCA NErKOBECHOM HEU3MEHAEMOWM CTPYKTYpOMH,
KOTOpas MMeeT TO/bKO [iBa 1107151, MpejHasHaYeHHbIe [IA Mpe/iCTaBIe-
HMsA 3HaveHus (Value) u mpusHaka Hanuuus 3HaveHus (Hasvalue).
B cymHocTH, cTpykTypa System.Nullable<T> odeHb IpOCTa:

public struct Nullable<T> where T : struct

{
public T Value {get;}
public bool HasValue {get;}
public T GetValueOrDefault();
public T GetValueOrDefault (T defaultValue);

}

Kog:

int? i = null;
Console.WriteLine (i == null); // True

TpaHCIIUPYETCA B:

Nullable<int> i = new Nullable<int>();
Console.WriteLine (! i.HasValue); // True
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[TonbiTKa M3BNEYb 3HayeHMe Value, Korma HasValue pas-
Ho false, NpMBOAUT K reHepanuuu MUCKIw4YeHuMsa Invalid
OperationException.

Merton GetValueOrDefault () BosBpalljaeT 3HayeHue Value,
ecnu HasValue paBHO true, u pesynbTaT new T () MIM 3ajaHHOe
CTaH[apTHOE 3HaueHye B IPOTUBHOM CIlyyae.

CraHgapTHBIM 3HaueHMeM T? paBHO null.

Npeo6pazoBanna TUNOB, AONYCKAIOWMKX 3HAUEHHe null

[TpeobpasoBanne u3 T B T? ABNAETCA HeABHBIM, a U3 T? B T —
aBHbIM. Hanmpumep:

int? x = 5; // HesBHOe

int y = (int)x; // aBHoe

SIBHOe mnpuBefeHMe NONHOCTbIO SKBMBaJeHTHO obpalne-
HUIO K CBOMCTBY Value o6bekTa TuMa, fomycKalomero null.
CnenoBarenbHo, ecnu HasValue paBHo false, Torma reHepupyercs
ucknodyenne InvalidOperationException.

YnakoBKa u pacnakKoBKa 3Ha4YeHHi THNOB, aonyckawowux null

Korma T? ynakoBbiBaeTcs, ylakOBaHHOe 3HayeHue B Kyde cofep-
xut T, a He T?. Takasa onTMMM3aLMs BO3MOXKHA U3-3a TOTO, YTO yINa-
KOBaHHO€ 3HauyeH)e OTHOCUTCSA K CCbUIOYHOMY TUIY, KOTOPBIN yXKe
crocobeH BblpaXkaTh null.

B C# raxke paspellleHO paclaKOBbIBaTb THIIbI, JOIMYyCKaloLiue
null, ¢ moMoubio onepauun as. Eciu npusenenne He ymaercs, TO
pesynbraToM 6ymer null:

object o = "crpoka";

int? x = 0 as int?;

Console.Writeline (x.HasValue); // False

Noabem onepauui

B cTpykType Nullable<T> He ompefeneHbl Takue Oneparuu,
Kak <, > unu faxe ==. HecMoTps Ha 3T0, CeAYIOMUIA KO YCTIELUIHO
KOMITM/IUPYETCA U BBINIO/THAETCA:

int? x = 5;

int? y = 10;

bool b = x < y; // true
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Kop paboraeT 6naromapsa TOMy, YTO KOMIMIATOP 3aMMCTBYeT,
Unyu “nogHuMaeT’, olepauMi0 “‘MeHblie YeM” Y JieXallero B OCHOBe
Tuna 3HadeHus. CeMaHTHYeCKM NpefbIAyILiee BoIpaXKeHue CpaBHEHUA
TpaHCIUpYeTCA TakK:

bool b = (x.HasValue && y.HasValue)

? (x.Value < y.Value)
: false;

Hpyrumu CnoBaMy, €Cu X U Y UMEIOT 3HaY€HUA, TO CpPaBHEHME
IPOM3BOAUTCS MOCPEACTBOM OINlepalyy “MeHblile YeM” Tuma int; B
NPOTMBHOM CTy4ae pe3ynbTaToM 6ymer false.

IlogpeM onepanmit 03HayaeT BO3MOXXHOCTb HEABHOTO MCIIONb30-
BaHMA omepaumit u3 T ¢ TunoM T?. Bel MoxeTe onpenenuTb onepa-
Uy ons T?, 4ToObl NPeSOCTaBUTh CHeLMaNN3MpOBaHHOE TOBefieHNe
B OTHOILEHMM null, HO B MOAABNAILEM OOMBLUIMHCTBE CTyYaeB NMy4-
11l 110/1araThbCsl Ha aBTOMAaTH4eCKoe pMMeHeHe KOMIIUIATOPOM CHUC-
TeMaTUYeCKOM JIOTMKM paboThl co 3HayeHMeM null.

B 3aBucMMOCTM OT KaTeropuu omnepanuyu KOMIUIATOP NpefCcTaB-
7sieT IOTUMKY B OTHOIIEHMM null mo-pasHoMy.

Onepauuu 3KBUBaNEHTHOCTH (==u !=

[TonHATbIe OmepalMy 3KBUBaJIEHTHOCTU 00pabaThIBalOT 3HAUYEHUA
null TOYHO TaK ke, KaK MOCTYTMAIOT CChIIOYHbIE TUIBL. JTO O3Haya-
€T, YTO /IBa 3HayeHusA null paBHBHI:

Console.WritelLine ( null == null); // True
Console.WriteLine ((bool?)null == (bool?)null); // True
Bonee Toro:

® eCcnu B TOYHOCTU OJMH OINl€paH] MMeeT 3HayeHue null, Torga
OIlepaHibl HE paBHbI;

® ecnu ob6a onepaHAa OTIMYHBI OT Null, TO CPaBHMBAIOTCA UX
cBoycTBa Value.

Onepauumu oTHOWEHHUA (<, <=, >=, D)

Pa6oTa omepaluif OTHOLIEHUA OCHOBaHa Ha NMpUHLMUIIE, COITIac-
HO KOTOpOMY CpaBHeHMe OmepaHfioB null He MMeeT cMbicna. ITO
O3HayaeT, YTo cpaBHeHMe null /mbo ¢ null, mbo co 3HaueHUeM,
OT/IMYHBIM OT null, faeT B pedynbTate false.
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bool b = x <y; // TpaHcmupyercs B:

bool b = (x == null || y == null)
? false
(x.Value < y.Value);

// b paBHO false (mpexmnonaras, 4TO X paBHO 5, a y - null)

OctanbHbie onepaumu (+,—,*, /,%, & |, ~, <<, D>, +, ++,-=,1,~)

OcTanbHble ornepauuyu BosBpainapT null, korga moboit u3 ore-
paHpoB paBeH null. Takoif ma610H AO/MKEH GBITH XOPOLIO 3HAKO-
MbIM nonb3oBatensam SQL.

int? ¢ = x + y; // TpaHciaupyeTcs B:

int? ¢ = (x == null || y == null)
? null
(int?) (x.Value + y.Value);

// c paBHO null (npenmnosiaras, YTO X paBHO 5, a y - null)

WckmoyeHneM ABNAETCA CUTYyaLUs, KOTAa Oonepaumu & u | mpu-
MeHAITCA K boO1?, YTo MBI BCKOpe 06CYmUM.

(mewuBaHue B OnepayuaAxX TMNOB,
AONYCKAIOLWMX U He AoNycKaoWuX null

Tumnel, fonyckamollye 1 He Konyckaiomye null, MOXHO cMeLIN-
BaTh (3TO paboTaeT, IOCKONbKY CYIeCTBYeT HesiBHOe INpeobpasoBa-
Hue u3 T B T?):

int? a = null;

int b = 2;

int? ¢ = a + b; // c paBHO null - 3KBMBAJIEHTHO a + (int?)b

Tun bool? u onepauuun & u |

Korpa mpepgocTaBneHHble omnepaHfibl MMeEIOT TN bool?, onepa-
Imu & U | TpakTyloT null Kak HeussecmHoe 3navenue. TakuM obpa-
30M, null | true faer true Mo CNeAyrOIMUM MPUIMHAM:

® eCiM HeM3BECTHOe 3HaYeHMe paBHO false, TO pe3ynbTaTOM
6ymer true;

® ec/M HeM3BECTHOe 3Ha4YeHMe paBHO true, TO pe3ynbTaToM by-
aeT true.
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AnanmornyHbIM ob6pasoM null & false paer false. [logobHoe
MoBefieHMe MOMKHO ObITb 3HAKOMBIM mMonb3oBaTrenam SQL. Huxe
NIpUBefieHbl Apyrue KOMOMHALMY:

bool? n = null, f = false, t = true;
Console.WriteLine (n | n); // (null)

(
Console.WriteLine (n | £); // (null)
Console.WriteLine (n | t); // True
Console.WriteLine (n & n); // (null)
Console.WriteLine (n & f); // False
Console.WriteLine (n & t); // (null)

Tunbi, gonyckaowue null, u onepayuu
ANnA paboTbl Co 3HaYeHMAMM null

Tunel, gomyckalolme 3HayeHe null, ocobeHHO xopollo pabora-
0T ¢ onepanueit ?? (cM. paspgen “Onepanusa o6beauHenus ¢ null”
Ha cTp. 57). Hanpumep:

int? x = null;

int y=x2?5; // y paBHO 5

int? a = null, b = null, c = 123;

Console.WriteLine (a ?? b 2?2 ¢); // 123

Ucnonb3opanue onepanyuu ?? S3KBUBaNeHTHO BbI3OBY GetValueOr
Default () ¢ ABHBIM CTaHJAapTHBIM 3HauyeHMeM 3a MCKIIOUYEHNEM
TOTO, YTO BBIpaXKeHMe [ CTAaHAAPTHOTO 3HaueHMs HMKOIZA He olle-
HMBAeTCs, eC/IM NepeMeHHas He paBHa null.

Tunsl, fonyckaroume 3HauyeHne nUll, Takke yIO6HO NPUMEHATD C
null-ycnoBHoit omepauneit (M. pasgen “null-ycnoBHas onepaumus”
Ha cTp. 57). B cnepylomeM npuMepe nepemMeHHas length momyvaer
3HayeHMe null:

System.Text.StringBuilder sb = null;
int? length = sb?.ToString().Length;

CKOMOMHMPOBAB 3TOT KOA ¥ olepauuio obbenmHeHus ¢ null,
nepeMeHHo# length MoxxHO npucBouTb 3HayeHune 0 BMecTo null:

int length = sb?.ToString() .Length ?? 0;

Pacwupawowme metoab

Pacuupsiousue memoOs: IO3BOAIOT pacIIMPATh CYIECTBYIOLMIA
TUIT HOBBIMM METO[iaMM, He U3MEHASA ONpefieNieHMe CXONHOTO THIIA.
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Paclupsomui MeTOL — 9TO CTaTUYECKUII METOA CTaTU4eCKOro
K/acca, B KOTOPOM K NepBOMY MapaMeTpy NMpuMeHeH MofuMKaTop
this. TumoM mepBoro napaMerpa HO/DKEH ObITb THMII, KOTOPBIit pac-
umpseTcsa. Hanpumep:

public static class StringHelper

{
public static bool IsCapitalized (this string s)

{
if (string.IsNullOrEmpty (s)) return false;
return char.IsUpper (s[0]);
}
}

Pacummpsromuint Merog IsCapitalized () MoxeT BbI3bIBaTbCA
TaK, Kak ec 6b1 OH 6bI/T METOIOM 9K3eMIlIsApa kinacca string:

Console.Write ("Mept".IsCapitalized());

BbI30B pacumpsiolero MeTosa npu KOMIOM/IALMMA TPaHC/IMPyeTCs
B OOBIYHDBII BbI30B CTATUYECKOTO MeTofa:

Console.Write (StringHelper.IsCapitalized ("Ilept")):;

VHTepderichl TakKe MOXHO pacuIMpPATD:

public static T First<T> (this IEnumerable<T> sequence)
{

foreach (T element in sequence)
return element;
throw new InvalidOperationException (
"371eMeHTH OTCyTCTBYOT!") ;

}

Console.WriteLine ("CuaTn".First()); // C

Llenouku pacmpsaoWwKxX MeToA0B

Pacummpsione MeTOfbl, kak ¥ MeTOAbI 3K3eMIUIApa, Npeja-
raloT aKKypaTHbIif CII0co6 [yiA CBA3bIBAaHMA GYHKIMII B LIeMOYKM.
BsrnsHuTe Ha cnepyromye aABe QYHKLMM:

public static class StringHelper
{

public static string Pluralize (this string s) {...}
public static string Capitalize (this string s) {...}

}
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CTpokoBble nepeMeHHbIE X M Y 3KBMBA/lIEHTHBI U MONTYYaloT 3Ha-
yeHue "CTpoka'", HO X MCIO/Nb3yeT pacIIMPAIOLME METOMbI, TOIAa
KaK y — CTaTUyecKue:

string x = "Crpoka".Pluralize () .Capitalize();

string y = StringHelper.Capitalize
(StringHelper.Pluralize ("cTpoka"));

HeoaHO3HAYHOCTb M pacno3HaBaHWe

NpocTpaHcTBa HMEH

PaCI.HMpH}OI.uMﬁ METO HE MOXXET ObITH AOCTYIIEH OO TE€X IOp, ITIOKa
€ro NMNpoCTpaHCTBO MMEH HE€ OKaXXeTCA B obnactu BUIUMOCTHU (06bI‘~I-
HO 3a CYeT MMIIOpTa MNOCPEACTBOM OllepaTopa usin g)

PaclumMpalowWwnin MeToa MNK METOA 3K3eMnAApa

JTi060i1 cOBMeCTMMBII MeTOJ 3K3eMIUIspa Bcerfa 6ymeT uMeTh
NpeUMYILECTBO Haj pacIUMpAOIIMM METOAOM — JAaXke KOrAa mapa-
MeTPpbl pacIIMpSIOLLEro MeToa JaloT 60/lee TOYHOE COOTBETCTBYE 110
THUIIAM.

Pacwupaiowmuin MeToa UAK APYroM paclMpAIOWMA METOA

Ecnu gBa paciumpsiommx MeTofa MMeIOT ORMHAKOBbIE CUTHATYPBI,
TO pacUIMPSIOLIMI MeTOJ NO/DKEH BbI3bIBATbCS KakK OOBIYHBINA CTa-
TUYeCKUI METOH, YTOOBI YCTPaHUTb HEOZHO3HAYHOCTb NPY BHI3OBeE.
OpnHako ecny OfMH pacUIMpAKILMIA MeTOX uMeeT 6Gonee creunduy-
Hble apryMeHTBI, TOrJa eMy 6yaeT OTHaBaTbCA MpefIoYTeHNE.

AHOHMMHDIE TURNbI

AHOHUMHBIIT TMII — 3TO NPOCTOM KIacC, CO3MAaHHBIN Ha JIeTy C
Lie/IbI0 XpaHeHMs1 Habopa 3HaueHmit. [/ CO3naHUsA aHOHMMHOTO THIIA
NpUMeHseTCs K/I04YeBOe C/IOBO New ¢ MHUIMAIN3ATOpOM O06beKTa,
yKa3bIBalOLLIMM CBOJCTBA ¥ 3HaueHMsA, KOTOpble OyIeT Coflep>KaTh THIL.
Hanpumep:

var dude = new { Name = "Bo6", Age =1 };

Kommunsarop npeo6pasyer faHHOe 06'bsiBlieHNE B 3aKPbIThLI B/IO-
XKEHHDIIl TUI CO CBOMCTBaMM, JOMYCKAOWIMMM TONBKO YTeHMe, ANs
Name (tuma string) u Age (tuna int). IIpu ccbike Ha aHOHUM-
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HbIM TUN OO/MKHO MCIOJb30BAaTbCS K/IKOYEBOe CIOBO var, T.K. UMA
3TOr0 THUIIa FEHEPUPYETCA KOMIIUIATOPOM.

VIMA cBOIICTBAa aHOHMMHOIO TUIIa MOXET OBbITb BHIBEJEHO M3
BbIpaXKeHUs, KOTOpoe caMo Mo cebe sABNAETCA MAEHTUPUKATOPOM.
Hanpumep:

int Age = 1;

var dude = new { Name = "Bo6", Age };

9KBUBAJIEHTHO:
var dude = new { Name = "Bo6", Age = Age };

MoxHo CO3maBaTb MAaCCUMBbI aHOHMMHBIX TUIIOB, KAK IMOKa3aHO
HMXe:

var dudes = new([]

{
new { Name = "Bo6", Age = 30 },
new { Name = "Mspu", Age = 40 }
)i

AHOHMMHbBIE THUIIBI IPUMEHSAIOTCA INIaBHBIM 06pa3soM Npy Hamu-
caHuu 3anpocos LINQ.

Koprexu (C# 7)

[Tomo6HO aHOHMMHBIM THIIaM KOPTEXM MpenaraloT MpoCToif
croco6 xpaHeHus Habopa 3HaueHMit. [1aBHas Lielb KopTexeit — be-
30M1aCHO BO3BpalLiaTh MHOXKECTBO 3Ha4YeHMIt U3 MeTofa, He mpuberas
K NMapaMeTpaM out (TO, YTO HEBO3MOXXHO [Ie/IaThb C IOMOLIbIO aHO-
HUMHbIX TunoB). Co3faTb numepanvHolli kopmex Mpollle BCEro, yKa-
3aB B KPYITIbIX CKOOKaxX CIIMCOK >KelaeMbIX 3HaueHMit. B pesynbraTe
CO3TaeTCs KOPTeX C HeUMEeHOBAHHbLIMU TleMEHTaMM:

var bob = ("Bo6", 23);
Console.WriteLine (bob.Iteml); // Bo6
Console.WriteLine (bob.Item2); // 23

BHUMAHUE!

dyHkUMOHANbHOCTD KopTexeit C# 7 monmaraeTcsa Ha Ha-
60p mopmep>XMBaOLINX 0606LEHHBIX CTPYKTYpP IO MMEHU
System.ValueTuple<...> OHM He ABIAITCA 4aCTbIO
.NET Framework 4.6 u conepxarcs B c6opke [oj Ha3BaHUEM
System.ValueTuple, koTopas AocTynHa B makete NuGet
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c TeM ke caMbIM MMeHeM. Ecu BbI pabotaere ¢ Visual Studio
n .NET Framework 4.6, Torma fo/KHBI IBHO 3aTpy3UTb yIIO-
MsHYThIt nakeT. (Ecnu Bbl ucnons3yete LINQPad, To Tpeby-
eMas cbopka BK/IIoYaeTcs aBToMaTuyecku.) B Bepcun .NET
Framework 4.7 c6opka System.ValueTuple BCTpoeHa B
mscorlib.dll.

B oTnuuMe OT aHOHMMHBIX TUIIOB NPpUMEHATDb K/II04Y€BOE C/I0BO
var HeobA3aTeNbHO U Mun Kopmexa MOXXHO YKa3bIBaTb IBHO:

(string,int) bob = ("Bob", 23);

9To 03HayaeT, YTO KOPTEX MOXHO YCHEIIHO BO3BpallaTh U3 Me-
Tofa:

static (string,int) GetPerson() => ("Bo6", 23);

static void Main()

{
(string,int) person = GetPerson();
Console.WriteLine (person.Iteml); // Bo6
Console.WriteLine (person.Item2); // 23

}

KopTexxu xopouo codetalorcs ¢ 060611eHMAMMU, TaK YTO BCe Clle-
Ayiollite TUIIBI 3aKOHHBI:

Task<(string,int)>
Dictionary<(string, int),Uri>
IEnumerable<(int ID, string Name)> // CM. Humxe...

Koprexu sBnsoTca munamu 3HaveHutl ¢ usmeHsemvimu (Zomyc-
KaOIMMM YTeHMe/3auCh) aneMeHTaMu. Takum 06pa3oM, Nocie co-
3laHMUA KOpTeXa MOXXHO MogubuumpoBars Iteml, Item2 u T.A.

WmeHOoBaHMe 3neMeHTOB KopTeXa
[Ipy co3maHMM NUTepabHBIX KOpTeXell 3/MeMeHTaM MOXHO JO-
MO/THUTE/IbHO Ha3Ha4YaTb COflep)KaTe/lbHble MMEHa:

var tuple = (Name:"Bo6", Age:23);
Console.WritelLine (tuple.Name); // Bo6
Console.WriteLine (tuple.Age); // 23

To e camoe paspelleHo fenatb pyu yKa3aHUu munos Kopmemeﬁ:

static (string Name, int Age) GetPerson() => ("Bo6",23);
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HA 3AMETKY!

KopTexu mnpencraBnAoT coboit “cMHTaKCMUeCKMil ca-
xap” /1A MCIIONb30BaHUA ceMeitcTBa 0606IeHHBIX CTPYK-
Typ ValueTuple<T1l> u ValueTuple<T1l, T2>, Ko-
TOpble UMEKT nons ¢ uMeHamMyu Iteml, Item2 u T.A.
CnepoBaTtenbHo, (string, int) sBnsAeTcA NCeBLOHMMOM
mnsa ValueTuple<string, int>. 9To o3HayaeT, 4TO “MMe-
HOBaHHbIE 3/IEMEHTBI” CYILECTBYIOT TONbKO B MCXOTHOM KOJe,
a TaKxe B “Boo6paxkeHMM” KOMIMIATOPA, U BO BpeMsl BBINOJ-
HeHUA 0OBIYHO UCYE3aIoT.

[leKoHCTpyMpOBaHHe KopTexei

Koprexu HesiBHO MOAZepXMBAIOT WIAG/IOH NeKOHCTPYMPOBaHUA
(cM. pasgen “HexoHcTpykTopbl (C# 7)” Ha cTp. 76), TaK YTO KOPTeX
JIETKO OeKOHCMPyuposams B OTHeNbHble NepeMeHHble. TakuM o6pa-
30M, B3aMeH:

var bob = ("Bob", 23);

string name = bob.Iteml;
int age = bob.Item2;

MOX>XHO HanmucCaThb:

var bob = ("Bo6", 23);

(string name, int age) = bob; // JexoncrpympoeaTe bob
// B name u age.

Console.WriteLine (name);

Console.WriteLine (age);

CHMHTaKCHC JeKOHCTPYMPOBAHMS MOXOXK Ha CMHTaKcuc 00bsBIe-
HMA KOpTeXa C MMEHOBAHHBIMM 3/IEMEHTaMM, YTO MOXKET TIPUBECTHU K
nytaHute. Crnemyommit Kof MoA4epKUBaeT pasHULY:

(string name, int age) = bob; // IleKOHCTpPyupOBaHue
(string name, int age) bob2 = bob; // OGbsaBneHne koprexa

LINQ

SI3bIK MHTErpMpoBaHHbIX 3anpocoB (Language Integrated Query —
LINQ) maeT BO3MOXHOCTb NUCaTh CTPYKTYpMUpOBaHHbIe Ge30macHble
B OTHOIUEHMM THUIIOB 3allPOCHI K JIOKa/IbHBIM KOJ/IEKLMAM 06beKTOB
Y yOa/leHHbIM MCTOYHMKAM JaHHBIX.
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S13bik LINQ nosBosnsieT 3anpammsath Mo6Yyio KOIEKLMIO, peanu-
sylomylo uHTepdeiic IEnumerable<T>, 6yAb TO MacCUB, CIIUCOK,
DOM-mogmens XML niau ynaneHHbI MCTOYHMK JAaHHBIX (TaKoi Kak
tabnuua B 6ase maHHbix SQL Server). fA3sik LINQ ob6ecneunBaer
NpeuMyIIecTBa KaK IIPOBEPKM TUIIOB Ha JTane KOMIMIALNY, TaK U
CoCTaB/leHMA AMHAMMYeCKUX 3alpOCOB.

HA 3AMETKY!

AxkcnepuMenTHpoBaTh ¢ LINQ ymo6Ho, 3arpysuB LINQPad
(www.lingpad.net). MHcTpymenT LINQPad nossonser
MHTEpPaKTMBHO 3alpalllXBaTh JI0Ka/lbHble KOMIEKUMU U 6asbl
maHHBIX SQL ¢ noMombio LINQ 6e3 kakoit-nubo HacTpOMKM
M CONPOBOXMaeTC MHOTOYMCIEHHBIMY TIPUMepaMI.

OcHoBbi LINQ

BasoBbiMu emuHMLaMu AaHHbIX B LINQ saBnswoTca nocnedosa-
menvHocmu U nemenmoi. IlocnefoBaTeNbHOCTb NpeACTaBNAET CO-
6011 M060J1 06BEKT, KOTOPDIIt peanusyer 06061eHHbI MHTepdeiiC
IEnumerable, a 91eMeHT — 4YIeH B 3TOI MOC/eNOBaTeNbHOCTH.
B cnenyromeM npuMepe names sBAseTCA NOCNEA0BATENbHOCTDIO, A
"ToMm", "Kupk" u "Tappu" — aneMeHTaMu:

string(] names = { "Tom", "Kupk", "Tappu" };

[TocnemoBaTenbHOCTb TAKOTO POJia Ha3bIBaeTCs IOKa/bHOI MOCTIe-
IOBaTeNbHOCTDIO, IOTOMY 4YTO OHa IpefCTaB/AeT TOKANbHYIO KOJIIEK-
LIMI0 O6BEKTOB B NMAMATH.

Onepayus 3anpoca — 3TO METOH, KOTOPBIi TpaHcHOpMUpYeT Hoc-
Ne[OBaTeNIbHOCTh. TUIIMYHAA ONepalus 3aNpoca PUHIUMAET 8X00HYI0
nocnedo8amenyHOCMy M BBIYyCKaeT TPaHCHOPMUPOBAHHYIO 8b/X00-
Hyl0 nocnedosamenvHocms. B knacce Enumerable u3 mpocTpaHc-
TBa UMeH System. Ling umeerca okono 40 onepaLuit 3alpocos,
KOTOpbIe BCe peann3oBaHbl KaK cTaTU4eckue MeTofbl. VX Ha3bIBalOT
CMAHOGPMHbIMU ONEPAUUAMY 3aNPOCO8.
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HA 3AMETKY!

Ssbik LINQ Taxoke noppmep>xuBaeT Moc/ief0BaTe/IbHOCTH, KOTO-
pble MOTYT AMHAMUYECKM HATIOMTHATBCA U3 YAA/IEHHOTO MCTOYHU-
Ka JJTaHHBIX, nofo6Horo SQL Server. Takue MOCeNOBaTENbHOCTH
TOTIONTHUTENBHO peanusyloT uHTepdeitc IQueryable<T> u
TIOJIIep>XMBAIOTCA Yepe3 COOTBETCTBYIOLIMII HA6Op CTaHAapT-
HBIX OTlepal1if 3anpocoB B KMacce Queryable.

Npocroit 3anpoc

3anpoc — 3TO BhIpaXKeHMe, KOTOpoe TpaHcHOpMUPYeT Mocne-
HOBaTe/IbHOCTH C IIOMOLIbIO OfHOI My GONbILEro Yuc/Ia oneparuit
3anpocos. [Tpocreimnit 3anpoc cOCTOUT U3 OJHON BXOJHOM NOCNeNo-
BaTe/IbHOCTM ¥ OffHOJ omnepauyuu. Hanpumep, Mbl MOX<eM NpUMEHUTD
onepauuio Where () K NpocToMy MacCUBY I/ U3B/I€YEHUS ITIEMEH-
TOB C AJIMHO! MMHUMYM 4YeTbIpe CMMBOJIA:

string[] names = { "Tom", "Kumpk", "TIappu" };

IEnumerable<string> filteredNames =
System.lLing.Enumerable.Where (
names, n => n.Length >= 4);

foreach (string n in filteredNames)
Console.Write (n+ "|") ; // Kupxk|Tappu|

[TockonbKy cTaHAapTHbIE ONepaLyy 3apOCOB peanu3oBaHbl BUME
paclUIMpAIIIMX METOLOB, Mbl MOXKEM BbI3bIBaTb Where () mpaMo Ha
names — Kak ecny 66l OH 6bI1 METOJOM 3K3eMIUIsApa:

IEnumerable<string> filteredNames =
names.Where (n => n.Length >= 4);

(YTo6b1 Tako¥ KOA CKOMIMIMPOBANCA, MOTpebyeTcs MMIOPTH-
poBaTb NMPOCTPAHCTBO MMeH System.Ling ¢ NOMOLIbIO AMPEKTUBbI
using.) Merog Where () B knacce System.Ling.Enumerable
MMeeT CNeAYIIYI0 CUTHATYpY:

static IEnumerable<TSource> Where<TSource> |

this IEnumerable<TSource> source,
Func<TSource,bool> predicate)

B source ykasbiBaeTcs 8x00Has nocnedosamenvHocmoy, a B
predicate — generar, KOTOPBIi BbI3bIBaeTCA AN KaXKAOTO BXOZHOTO
anemenma. Metox Where () moMelaet B 8biX00Hy10 nocnedosamens-
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HOCmb BCe 9lIEMEHTHI, i1 KOTOPbIX Aenerat predicate BosBpallaer
true. BHyTpeHHe OH peanu30BaH MOCPENCTBOM MUTepaTopa — HMXe
MOKa3aH UCXOMHbIN KOM:

foreach (TSource element in source)
if (predicate (element))
yield return element;

Npoeuunposanue

Eute onHolt $yHAaMeHTaNIbHOI OMepaliyeif 3anpoca AB/AETCS Me-
Ton Select (), KoTopbl TpaHcopmupyeT (TpoennpyeT) KaxKAbi
37IeMEHT BO BXO[HOM IOC/IeNOBATENBHOCTH C MOMOILBIO 3aJaHHOTO
nAM60a-BeIpaKeHUA:

string[] names = { "Tom", "Kmpk", "Tappu" };
IEnumerable<string> upperNames =
names.Select (n => n.ToUpper ());

foreach (string n in upperNames)
Console.Write (n + "|"); // TOM|KAPK|TAPPH|

3ar1poc MOXKET BBITNIO/THATDb IIpOE€LIMPOBAaHNE B QHOHMMHBIN TUIL

var query = names.Select (n => new {
Name = n,
Length = n.Length

1)
foreach (var row in query)
Console.Writeline (row);

Bot pesynbrar:
{ Name = ToM, Length = 3 }

{ Name = Kupk, Length = 4 }
{ Name = T'appu, Length = 5 }

Take () u Skip ()

B LINQ Ba)xeH nepBOHaYa/lbHblil MOPAKOK CNENOBaHUA 3/1eMEH-
TOB BHYTPY BXOHOU MocnefoBaTenbHOoCcTH. Ha 3T0 noBeaeHue nona-
raloTCcs HeKOTOpble Onepaluy 3alpocoB, Takue Kak Take (), Skip ()
n Reverse (). Onepauusa Take () BblgaeT nepBble X 371€MEHTOB, OT-
6pacbiBasi OCTanbHble:

int[] numbers = { 10, 9, 8, 7, 6 };

IEnumerable<int> firstThree = numbers.Take (3);

// firstThree comepsmr { 10, 9, 8 }
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Onepauysa Skip () mpomyckaeT MepBble X 37€eMEHTOB M BblaeT
OCTa/IbHbIE:
IEnumerable<int> lastTwo = numbers.Skip (3);

Onepauuu Hag 3neMeHTaMH

He Bce omepanuu 3anpocoB BO3BpaILAIOT MOC/TELOBATE/IbHOCTD.
Onepauunu Hapi 3nemeHmamy U3BJEKAIOT U3 BXONHOI MOC/IEOBaTeNb-
HOCTYM OfIMH 37IEMEHT; IIpMMepaMy TaKuX OrlepaLmit cnyxar First (),
Last (), Single () u ElementAt ():

int[) numbers = { 10, 9, 8, 7, 6 };

int firstNumber = numbers.First(); // 10
int lastNumber = numbers.Last(); // 6
int secondNumber = numbers.ElementAt (2); // 8
int firstOddNum = numbers.First (n =>n%2 ==1); // 9

Bce aTu onepanuy reHepMpYIOT UCK/IIOYEHME, €CTIA 3/1EMEHTHI OT-
CYTCTBYIOT. YTO6BI MONMYyYUTh BMECTO MCK/IIOYEHUs NMYyCTOe BO3Bpa-
IaeMoe 3HayeHMe WM null, HeO6XOZMMO UCIONB3OBAaTh METORbBI
FirstOrDefault (), LastOrDefault(), SingleOrDefault ()
u ElementAtOrDefault ().

MeTtogpt Single () u SingleOrDefault () 3KBUBa/NeHTHbI
MetomaM First () m FirstOrDefault (), HO TOMbKO OHU TeHe-
PMPYIOT UCK/IIOUeHNe NpU Hamuyum 6o/ee ofHOTO coBMafieHus. Takoe
noBefieHye yRo6HO, Koraa M3 Tab6/mMibl 6a3bl JaHHBIX 3aMpallyBaeTCs
CTpOKa I10 MIePBUYHOMY KIIOYYy.

Onepauuu arperupoBaHna

Ornepauun arperypoBaHus BO3BpalllaloT CKa/iipHOe 3HayeHue,
06bIYHO MpMHaf/IeXKallee YUCIOBOMY Tuly. Hanbonee pacnpoctpa-
HEHHBbIMM ONlepalMAMM arpermpoBanus AsndwTca Count (),Min(),
Max () u Average():

int[] numbers = { 10, 9, 8, 7, 6 };

int count = numbers.Count (); // 5
int min = numbers.Min(); // 6
int max = numbers.Max(); // 10
double avg = numbers.Average () ; // 8

Omnepauusa Count () nmpuHMMaeT Heo6A3aTeNbHbINA NMpeRUKaT,
KOTOpPbIA yKa3blBaeT, JO/DKEH /M BKIIOYATbCA 3a[laHHBINA 3/IEMEHT.
Cnenyrommmit KOfi IOACYMTHIBAET YeTHbIE YMUCTIA:

int evenNums = numbers.Count (n =>n $%$2==0); // 3
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Onepanun Min (), Max () u Average () NpMHMMAIOT Heobs3a-
Te/IbHBII apTYMEHT, KOTOPbIl TpaHCOPMIUPYET KaXKAblii INeMEHT O
TOTO, KaK OH TOfIBEPTHETCs arperMpoBaHMIO:

int maxRemainderAfterDivBy5 = numbers.Max
(n=>n¢gb>5); // 4

HpMBeHeHHbIﬁ HMXKE KO BBIYUC/IAET CpeAHEKBaApaTUYECKOE 3HA-
YeHMe MOoC/iefoBaTe/IbHOCTU numbers:

double rms = Math.Sqrt (numbers.Average (n =>n * n));

Ksanudmkartopb!

KBanuoukatopsl Bo3BpalalT 3HadeHue tuma bool. Ksanudu-
KaTopamMu ABNAIOTCA omepauuu Contains (), Any (), All() u
SequenceEquals (), koTopass cpaBHMBaeT fiBe IOC/efOBaTe/Nb-
HOCTH:

int[] numbers = { 10, 9, 8, 7, 6 };

bool hasTheNumberNine = numbers.Contains (9); // true

bool hasMoreThanZeroElements = numbers.Any(); // true

bool hasOddNum = numbers.Any (n=>n$% 2 == 1); // true
bool allOddNums = numbers.All (n=>n % 2 == 1);//false

Onepauuu Hai MHOXeCTBaMK

Onepauun Hap MHOMecmeamuy TPUHUMAIOT [iBe BXOAHBIX MOCTIe-
ROBaTeNIbHOCTH OFHOTO 1 Toro xe Tuna. Onepauusa Concat () gobas-
JISeT OIHY MOC/eNOBaTeNBHOCTD B KOHeL| IpYToit; onmepanys Union ()
ZeraeT TO XKe caMoe, HO C yAa/leHneM TyOnMKaToB:

int[] seql=(1, 2, 3}, seq2={ 3, 4, 5};

IEnumerable<int>
concat = seql.Concat (seq2), // {1, 2, 3, 3, 4, 5}
union = seql.Union (seg2), // {1, 2, 3 4,5}

B maHHOI KaTeropum ecThb elle fBe onepauum — Intersect ()
u Except ():

IEnumerable<int>
commonality = seqgl.Intersect (seqg2), // {3}
differencel = seql.Except (seq2), // {1, 2}
difference2 = seq2.Except (seql); // {4, 5}
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0TnoXeHHOe BbiNONHEHHE

Ba)xnas XapaKTepucTUKa 60NbIIMHCTBA OMNepaluit 3alpocoB 3a-
K/TI0YaeTCA B TOM, YTO OHM BBITIOJTHAIOTCA He TOrAa, Koraa Co3falTcA, a
KOT/ia TPOUCXOIMT nepeuucnerue (Apyr¥Mu CIOBaMM, KOT/Ia BbI3bIBa€eT-
ca Metog MoveNext () Ha nepeqncnmene). PaccMorpum CNemyIoLuiA
3anpoc:

var numbers = new List<int> { 1 };

IEnumerable<int> query = numbers.Select (n => n * 10);
numbers.Add (2); // BcTaBUThb IOONOJIHUTEJIbHEDA 3JIEMEHT

foreach (int n in query)
Console.Write (n + "|"); // 10(20]

JlononHuTeNbHOE YMUCTIO, BCTAB/IEHHOE B CIIUCOK NOC/le KOHCTPYH-
POBaHMsA 3ampoca, BKIIOYEHO B Pe3yNbTaT, MOCKONBbKY mobas $uib-
TpalMsA MIM COPTUPOBKA He NMPOUCXOAMUT BIVIOTb O BBINOTHEHMUA
onepatopa foreach. 3To Ha3bIBaeTCA OMAOMEHHBIM VTN NEHUBLIM
BbINo/IHeHNeM. OT/I0XKeHHOe BBIIIO/THEHNE OTBA3bIBaeT KOHCTPYMPO-
BaHMe 3allpoca OT ero BBINONIHEHUA, NO3BONAA CTPOMTb 3allpoc Ha
NPOTsXKEHNM HECKONMbKMX IUAroB, a TaKxe Je/laeT BO3MOXKHBIM 3a-
npaumBaHue 6a3bl JaHHBIX 6€3 M3B/IeYeHUs BCEX CTPOK IS KIMEHTA.
Bce craHpmapTHBIe onepaLuy 3anpocoB 00ecreunBaloT OTIOXKEHHOe
BBITIOJIHEHME CO CIeAYIOLMMU UCKTIOYeHUAMM:

® omepanyy, KOTOpble BO3BpAILAIOT OAMHOYHBIA 37IEMEHT WU
CKa/sipHOe 3HaueHMe (onepayuu HAo InemeHmamu, onepayuu
azpezuposaxus U onepayuu xeanudurxayuu);

® onepanuu npeobpasosaHusa ToArray (), ToList (),
ToDictionary (), ToLookup ().

Onepauuyu npeo6pa3oBaHus ynoOHbI OTYACTH TEM, YTO OTMEHSIOT
OT/IOXKEHHOE BBIMONTHEHME. DTO MOXET ObITh MONME3HO ANA “3aMopa-
XKMBaHUA" WM KeLIMPOBAHUA Pe3y/bTaTOB B ONpefie/IeHHbI MOMEHT
BpeMeHH, 4TOObI M36exaTh IOBTOPHOTO BBINOJTHEHMS 3aMpoca ¢ KpyIl-
HBIM 06eMOM BBIYMCIIEHMIA WM 3aIIpOCca K yAa/leHHOMY MCTOYHUKY,
TakoMy Kak Tabmuua LINQ to SQL. ([To6ounbiit addekT oTn0XKEHHO-
TO BBINOTHEHUA CBA3aH C TeM, YTO 3anmpoc 6yAeT BBINONTHEH MOBTOP-
HO, eC/i Mo3xe 6yfeT NpeNNpUHATO ero fepeducieHue 3aHOBO.)

B cnenymouem npumepe feMOHCTpUpyeTca onepauua ToList ():

var numbers = new List<int>() { 1, 2 };
List<int> timesTen = numbers
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.Select (n =>n * 10)

.TolList () ;

// BunoOnHsieTcs HEMEIJIeHHO
// c nomemenuem B List<int>

numbers.Clear () ;
Console.WriteLine (timesTen.Count); // lo-npexHemy 2

BHUMAHMUE!

[Noxsanpockl o6ecrieynBaloT ellle OFUH YPOBEHb KOCBEHHOCTH.
Bce, uTo HaxoauTCA B nof3anpoce, NoAnagaeT Mof OTI0XKeHHOe
BBITIO/IHEHNe — BK/IIOYas METOMbI arpermpoBaHus U mpeobpa-
30BaHusA, T.K. CaMM ITIO[3aNpOChl BBHIMONHAIOTCA OT0XXEHHBIM
06pa3oM To/bKO 1o TpeGoBaHuio. [Ipennonaras, 4To names —
CTPOKOBBII MaCCUB, NMOA3ANPOC BHIITIAAUT IPUMEPHO TaK:

names.Where

n => n.Length ==
names.Min (n2 => n2.Length))

(TaHpapTHble onepayuu 3anpocos

CraHgapTHble onepaluy 3ampocoB (peanu3oBaHHble B Kiacce
System.Ling.Enumerable) MoryT 6bITh pa3feneHbl Ha 12 Kate-
ropuit, KOTOpble OMMCaHbl B Tabm. 1.

Tabnuua 1. Kateropun onepauymii 3anpocos

Kateropua

Onucanue

Npumenserca
¥ OTNOXEHHOe
BbINONHEHHe

Onepauuv ¢unbTpauum

Onepaumu npoeyupo-
BaHuA

Onepauuu coeiMHeRMA

Onepauwv ynopago-
YeHuA
Onepauuw rpynnupo-
BaHUA

Bozspamam NOAMHOXEeCTBO 3NEMEHTOB, KO-
TOpble YA0BNETBOPAKOT 3aAaHHOMY YCNOBUIO

TpaHcopMUpYIOT Kax Ablit INEMEHT ¢ no-
MOLLbIO NAMOAA-GYHKUMK, LONONHUTENbHO
pacwupAA NOANOC e A0BATENbHOCTH

06beauHAIOT 3neMeHTbl 0AHOM NOCNeA0Ba-
TeNbHOCTH C APYrOM, UCNONb3YA IPPEKTUBHYIO
C TO4KY 3pEHUA BPEMEHH CTPATeruio NOUCKa

BosspaLyatot nepeynopAnoYeHHyio nocnego-
BaTeNbHOCTb

TpynnupyloT nocneaoBaTenbHOCTb B NOANOC-
Nef0BaTeNbHOCTH

lla

la

JIE}

Jlla
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Npumenserca

Kareropusa Onucanne ¥ OTNOXEHHoe
BbiNONHEHHE
Onepauwv Hap MpuHiMaloT ABe NocneaosatenbHocTi ogHoro A
MHOXECTBaMH 1 TOr0 XE THNA U BO3BPALLAIOT UX 06LL4HOCTD,
CYMMY UnM pasHuLy
Onepaumu Han Bbi6UpaloT 0AMHOUHbIA 3neMeHT U3 nocnego-  Her
3NeMeHTaMK BaTeNbHOCTH
Onepauwv arperupo- BbinonHaAloT BbIuMCEHUE Hap nocnefoBa- Her
BaHUA TENbHOCTbI0, BO3BPALLAA CKANAPHOE 3HaYe-
Hue (06b14HO uncno)
Onepauuv ksanudu- BbinonkAloT npoBepky nocnegosarensHoct,  Her
Kauuu Bo3Bpawan true unu false
Onepaumv npeobpa- Npeobpasyior HeobobwieHHylo nocneposa- lla
30BaHUA: UMNOPTUPO- TeNbHOCTb B (NOAAEPXKMBAIOLYIO 3aNPOCHI)
BaHue 0606LeHHyt0 NocnenoBaTenbHOCTL
Onepauuw npeobpa- Npeobpasyiot nocneaoarensHocTb B Maccue,  Her
30BaHUA: IKCNOPTUPO-  CMUCOK, CNIOBAPb NH 06beKT Lookup, Bbl-
BaHue 3bIBaA HEMEANEHHOE BbINONHEHHE
Onepaumv reHepawuu Npou3BoAAT NPOCTYI0 NOCNEAOBATENLHOCTD Jla

B Tabn. 2-13 npuBepeHbl ONMMCaHMA BCeX OMNepalMil 3alpOCOB.

Onepauuy, Bbife/leHHbIE TIOMY>KMPHBIM, MMEIOT CIeLMabHYIO MOAze-
PXKy B a3bike C# (cM. paspen “BbipaxkeHus 3anpocoB” Ha cTp. 171).

Ta6nuua 2. Onepauuu punbTpauuu

Metop Onucanue

Where () Bo3BpalyaeT NOAMHOXECTBO 3NEMEHTOB, YA0BNETBOPAIOLLMX 33AAHHOMY
yCnosuio

Take () Bo3Bpalaer nepabie X 31EMEHTOB U 0TOPACLIBAET OCTANbHbIE

Skip () lponyckaer nepsbie X 3NeMEHTOB M BO3BPALUAET OCTaNbHbIE

TakeWhile ()

SkipWhile ()

Distinct ()

Bblgaer anemenTbI BX0AHOM NOCNE0BATENLHOCTH A0 TEX NOP, NOKa
33/)aHHbIM NPEAUKAT 0CTAETCA PaBHLIM true

ﬂponycxaeT 3NeMEHTbI BXOAHOA NOCNEA0BATENLHOCTH A0 TeX NOp, NOKa
33faHHbIA NpeauKar oCTaeTcA paBHbiM t rue, U 3aTeM BbIAAET 0CTaNb-
Hbl€ 3NEMEHTbI

Bo3BpaLyaer nocnenoBaTenbHOCTb, U3 KOTOPOH UCKAIOYEHbI AyBAUKaTHI
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Ta6nuua 3. Onepayum npoeunpoBaHUA

Metop Onucanue

Select () TpaHchopMupyeT Kaxablii BXORHOH INEMEHT C NOMOLbIO 33AaHHOM0
NAM6A-BbIPAXKEHUA

SelectMany () TpaHcpopMUpYET KaxAblii BXOQHOIA 3NEMEHT, a 3aTeM BbIpaBHUBaeT
1 06beguHAeT pe3ynbTupylowue NoANOCNEA0BATENBHOCTH

Ta6nuua 4. Onepauyumn coefjMHeHNA

Metoa Onucanne

Join() [puMeHAeT CTpaTeruio NOUCKa ANA CONOCTABNEHNA INEMEHTOB U3 ABYX
KONNEKUWiA, BbIZABaA NNOCKWA pe3ynbTUpyloLwuil Habop

GroupJoin () MNopoben Join (), HO BbIAAET MepapXUyeCKuid pe3ynbTHpYIoL Wil Habop

Zip() Nepeuucnser ABe NoceoBaTeNbHOCTA 3a Pas, BO3BPALLAR NOCNEA0Ba-
TENbHOCTb, KOTOPAA NPUMEHAET GYHKLIMIO K KAXA0H Nape 3eMEHT0B

Tabnuua 5. Onepauun ynopagoueHus

Mertop Onucanne

OrderBy (), ThenBy () Bo3BpalyatT 3nemenTbI, 0TCOPTUPOBAHHbIE B BO3PACTa-
foLiem nopaake

OrderByDescending (), Bo3Bpawalot anemeHTbI, 0TCOPTUPOBAHHbIE B Y6bIBAIO-

ThenByDescending () wem nopaake

Reverse () Bo3Bpawwaer anemenTbl 8 06paTHOM nopaake

Tabnuua 6. Onepauumn rpynnupoBaHua

Metop Onucanue

GroupBY () [pynnupyeT nocnenoBatenbHOCTL B NOANOCNEN0BATENLHOCTH

Ta6nuua 7. Onepauun Ha MHOXKeCTBaMU

MeTop Onucanue
Concat () BbinonHAeT KoHKaTeHaUMo ABYX NOCNEA0BATENbHOCTEH
Union () BbInonHAET KOHKaTeHaLwI0 ABYX NOCNEAOBATENLHOCTEH, YAANAA Ay6nukaTh!

Intersect ()  Bo3spawaer 3neMeHTbl, NPUCYTCTBYIOWME B 06EUX NOCEA0BATENLHOCTAX

Except () Bo3BpaLyaer anemeHTbl, NPUCYTCTBYIOLIME B NEPBON, HO He BO BTOPO
nocnenoBaTenbHoOCTH
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Ta6nuua 8. Onepauun Hap 3neMeHTamMu

MeTop Onucanne

First(), Bo3BpawaloT nepabli 3neMeHT B NOCEA0BATENbHOCTH UAK

FirstOrDefault () NepBbIi 3NEMEHT, yA0BNETBOPAIOLLMIA 3aAAHHOMY Npeaukaty

Last (), Bo3Bpavwaiot nocneaHuii NEMEHT B NOCNEAOBATENLHOCTH AU

LastOrDefault () NOCNEAHWA 3NeMEHT, yA0BNETBOPAIOLLMA 33AaHHOMY NpeAuKaTy

Single(), ksuBaneHTHbl First ()/FirstOrDefault (),

SingleOrDefault () HO FeHEPUPYIOT UCKNKoYeHue, ecnu 06HapyxeHo bonee o-
HOrO COBNaAEHMA

ElementAt (), Bo3BpalyaloT 3neMeHT B yKa3aHHOA NO3uLUK

ElementAtOrDefault ()

DefaultIfEmpty () B03BpalLaeT NOCNEA0BATENLHOCTL U3 OAAHOTO Ne-
MEHTa, 3HaYeHueM KOToporo ABAAETCA null unu
default (TSource), eum nocneoBaTenbHoCTb
He COAEPXHUT N1EMEHTOB

Ta6bnuua 9. Onepayum arperupoBaHua

MeTop Onucanue

Count (), Bo3spatyaiot o6wiee KonuyecTBO 3nEMEHTOB BO BXOAHON

LongCount () NoCNeA0BATENbHOCTH UNM KONUYECTBO SNEMEHTOB, Y08~
NeTBOPAIOWMX 33aHHOMY NpeavKaty

Min(),Max () Bo3BpawwaloT HauMeHbLMIt WM HaBONbLWKA IneMeHT B
NoCneA0BaTeNbHOCTH

Sum (), Average () MloACuMTLIBAIOT YUCNOBYID CyMMY UNK CPeHee 3HayeHue

ANA INEMEHTOB B N0CNEA0BATENbHOCTH

Aggregate () BbinonHAeT cneuuanbHoe arperuposaxme

Ta6bnuua 10. Onepayun kBanudpuKayum

MeTop Onucanue

Contains () Bo3Bpawaer t rue, ec/m BXoAHaA NoCneaoBaTeNbHOCTb
COAEPXKHT 331aHHDIA INEMeHT

Any () Bo3spawaer t rue, ecm Kakue-Hubyb IneMeHTbI y0B-
NETBOPAIOT 33AaHHOMY NpeauKary

All() Bo3Bpalyaer true, ecnu Bce 3neMeHTb! yA0BRETBOPAIOT
3ajaHHOMY NpeauKaTy

SequenceEqual () Bo3spalaer t rue, eciv BTOpas nocneoBatenbHoCTb
COQEPXKHT 3NEMEHTI, UACHTUYHBIE JNEMEHTaM BO BXOA-
HOWM NOCNeA0BaTeNbHOCTH
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Ta6bnuuya 11. Onepauun npeo6pasoBaHNA: UMNOPTUPOBaAHME

Meton Onucanne

OfType () Npeobpasyer IEnumerable 8 IEnumerable<T>,
0T6pacbIBaA INEMEHTbI HENOAXOAALLMX THNOB

Cast () MNpeobpasyer IEnumerable 8 IEnumerable<T>, reHe-

PHUPYA UCKNIOYEHUE NPU HANUYUU 3NEMEHTOB HENOAXOAALLUX TUNOB

Ta6nuua 12. Onepauun npeo6pa3oBaHuA: IKCNOPTUPOBaHNE

MeTop Onucanue
ToArray () Npeobpasyer IEnumerable<T>B8 T[]
ToList () Npeobpasyer IEnumerable<T>B List<T>
ToDictionary () MNpeobpasyer IEnumerable<T> B
Dictionary<TKey, TValue>
ToLookup () Npeobpasyer IEnumerable<T> 8
ILookup<TKey, TElement>
AsEnumerable () NpusoguT BHM3 K IEnumerable<T>
AsQueryable () Npusoaut unu npeobpasyet 8 IQueryable<T>

Ta6bnuua 13. Onepauun reHepauun

Metoa Onucanue

Empty () Co3naer nycTylo nocnegoBatenbHOCTh

Repeat () (034a€T N0CNeA0BATENLHOCTH NOBTOPAIOLLUXCA 31EMEHTOB
Range () (03A3€T NOCNEA0BATENLHOCTL LENOYUCNEHHDIX 3HAYEHN

lienouku onepauuit 3anpocos

Ins nocrpoerns 6onee CIOXKHBIX 3alPOCOB KOMYCKaeTCs 06bean-
HATH Ollepallyy 3alpocoB B Lenouky. Hanpumep, crexyrommmii anpoc
U3BJIeKaeT Bce CTPOKM, CoiepxKalme 6ykBy “a’, COpTMpYeT UX 10 [u-
He U 3aTeM Npeo6pasyeT pe3ynbTaThl B BEPXHUI PETUCTP:

string[] names

= { "TOM", "K_VIpK", "FappVI", "Bayuu" , "pac" };

IEnumerable<string> query = names
.Where (n => n.Contains ("a"))
.OrderBy (n => n.Length)

.Select (n => n.ToUpper());
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foreach (string name in query)
Console.Write (name + "|");

// PE3YJILTAT: TI'AC|T'APPY|BAHHMU|

Where (), OrderBy () u Select () — 3TO CTaHHApTHbIE Olle-
palym 3anpocoB, KOTOpble Paclo3HAlOTCA B BbI30OBbI pacCIIMPAIOLIMX
MeTONOB Knacca Enumerable. Onepauua Where () BbgaeTr oT-
GunbTpOBaHHYIO BepCHMI0 BXOLHOM INOC/ENOBATeNbHOCTH; OlepaLys
OrderBy () — OTCOPTMPOBaHHYIO BEPCUIO BXOJHOM MOC/IENOBATE/b-
HOCTHM; omepauua Select () — mnocnefoBaTeNbHOCTb, B KOTOPOM
KaX[Iblif BXOJHON 971EMeHT TpaHCOPMUPOBaH, MM CIPOELMPOBaH,
¢ NoMolLIbIo 3afaHHOTO NAM6Aa-BbipaxkeHus (n. ToUpper () B 3TOM
cmy4ae). JlaHHblE IPOTEKAIOT C/IeBa HATIPaBO Yepe3 LIeNOoYKy OrepaLyit,
MO3TOMY OHM CHayana QpUIbTPYIOTCSA, 3aTeM COPTUPYIOTCS M, HaKOHell,
npoelyMpyloTcs. KoHe4HbIll pe3y/nbTaT HalloOMMHaeT NPON3BOACTBEHHYIO
JIMHMIO C JICHTOYHbIMM KOHBeliepaMy, NMOKa3aHHYIO Ha puc. 6.

n => n => n =>
n.Contains("a") n.Length n.ToUpper ()
4 A A

o=
[y
g:85¢
ER R
O ®unbTpauma QO CopTupoBka OQﬂpoeuuposaHue

.Where() .OrderBy () .Select ()

Nddvl
NHHVS
o) 4]

Puc. 6. [Ipumep yenouxu onepayuii 3anpocos

OT10)keHHOe BbIMONTHEHNEe COOMIOfaeTCs onepanuAMM MOBCEMECT-
HO, TaK 4YTO HM OMIbTpaLs, HU COPTUPOBKA, HU NPOELMpOBaHMe He
NPOMUCXOAAT [O TeX MOP, OKa He HAYHETCS [IeICTBUTENIbHOE Nepeyyc-
JIeH!e pe3y/IbTaTOB 3alpoca.

Bbipaxenua 3anpocos

Jo cux mop Mbl MMCany 3anpochl, BbI3bIBasg paclIMpSAIOILIE METO-
Ibl B K/acce Enumerable. B HacTosILet KHUre Mbl Ha3bIBaeM TaKoe
TeKy4uM cuHTakcucoM. B C# Taxke obecreunBaeTcs cnelyaabHas
A3bIKOBas MOAMepPXKa [/ HallMCaHUA 3alPOCOB, KOTOpas Ha3blBaeT-
cs1 suipaxenusmu 3anpocos. Hixe npusenen mpenbigymuit 3anpoc,
NpefcTaB/IeHHbIN B BUMle BbIpa)keH!s 3amnpoca:
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IEnumerable<string> query =
from n in names
where n.Contains ("a")
orderby n.Length
select n.ToUpper () ;

BoipakeHue 3anpoca Bcerfja HauMHaeTCs ¢ KOHCTpyKuuu from u 3a-
KaH4yBaeTcs 60 KOHCTPYKLMelt select, mbo KOHCTPYKLMel group.
KoHcrpykims from o6psABnseT NepeMeHHYIO iUanasoHa (B JaHHOM CIy-
4ae n), KOTOPYI0 MOXXHO BOCHPMHMMATb KaK IepeMeHHYIo, NpefHa3Ha-
YeHHYI0 [N 06Xofa BXOAHOI IOC/Te0BaTeNbHOCTY — IOYTH KaK B
uukne foreach. Ha puc. 7 unnioctpupyercs nonHblit CMHTaKCuUC.

u,aervm(buxar@ in (nepevucnn/woe aupaxeuue)

>

ascendin
Bbipa- B [j

e L descending J

orderby

1
( : ) npoaonxeHue sanpoca
1
1
1

8
& §
& b3
g XOHCTPYKUNA ¢
orderby S
9 i)
3 5
-
& [}
@ where e
Gynesckoe BbIpaXeHne A
BuIpaXeHne select

-
A
[

KOHCTPYKUMA
from

let
naeH™dmKaTOp KOHCTpYKUUS
= BLIpAXEHHE, group
]
1
KOHCTDYKUNA N

join
BbIpa- Babij
! Group s by

. [BHYTDEHHEE BHELHAA BHYTPEHHWA
m( BbIpaXerue )on( Koy )equals( Koy ) :
into

Puc. 7. Cunmaxkcuc svipaxcernuti 3anpocos

BHYTPEHHW
WAeHTY-
¢uxarop

join

uaeHTH-
¢uxarop
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HA 3AMETKY!

Ecnu BbI 3HaKOMBI ¢ s3bIKOM SQL, TO CMHTAaKCHC BbIpaXkeHMit
sanpocoB LINQ — c¢ koHcTpykuueit from B Hayazme M KOHC-
TpyKLMel select B KOHLie — MOXET BbIITIANETb CTPAHHBIM.
Ha camoM piene cuHTakcuc BbIpakeHMI 3anpocoB 6Goree no-
TMYeH, MOCKONMbKY KOHCTPYKLMM MOABNAITCA 8 NOpAdKe, 6
KOMOPOM OHU BbINOAHAIMCA. DTO MO3BoNsAeT cpefie Visual
Studio ¢ momompbio cpencrBa IntelliSense mpennarate nox-
CKa3Ky o Mepe Habopa 3anpoca, a Takxxe YNpollaeT IpaBuia
YCTaHOBKM 06/1aCTH BUSMMOCTH 1S IOA3apPOCOB.

KoMmmunstop o6pabaTbiBaeT BhipaxkeHUs 3alpOCOB, TPaHCNUPYA
UX B TeKyuuit cuHTakcuc. OH [lellaeT 3TO MOYTH MeXaHUYeCKU —
MPUMEPHO TaK, KaK TpaHCnupyeT omnepatopsl foreach B BbI30OBHI
GetEnumerator () u MoveNext ():
IEnumerable<string> query = names
.Where (n => n.Contains ("a"))
.OrderBy (n => n.Length)
.Select (n => n.ToUpper());

3ateM onepanuu Where (), OrderBy () u Select () pacnos-
HAIOTCA C MCTO/Ib30BaHMEM TeX e MpaBuM/I, KOTOpble NPUMEHSTUCD Obl
K 3ampocy, HalMCaHHOMY C NMOMOILbIO TeKy4ero CMHTaKcuca. B pan-
HOM CJy4ae orepanyuy NpUBA3bIBAIOTCA K paclUMPAIOIIUMM METOfaM B
Knmacce Enumerable (mpepnonaras MMIOPTHMPOBaHye NIPOCTPAHCTBA
uMeH System.Ling), moToMy YTo names peanusyeT MHTepeiic
IEnumerable<string>. Tem He MeHee, Py TPAHCTIALMM CUHTAKCHUCA
3allpOCOB KOMIIMIATOP He OKasbIBaeT CIieL[a/IbHOM TOMJIEPXKKM K/Iaccy
Enumerable. MoxeTe c4uTaTh, YTO KOMIIU/IATOP MeXaHUYECKM BBOAUT
cnoBa Where, OrderBy u Select BHYTpb ollepaTopa, I10C7ie Yero KoM-
IWIMPYET €ro, KaK ec/y 6bl Bbl HabMpa/y MMeHa MEeTOIOB CaMOCTOSATE/b-
Ho. B uTore obecrneunBaeTcs rM6KOCTb B criocobe MX pacro3HaBaHUA —
HanpuMep, onepauuy B 3anpocax LINQ to SQL u Entity Framework
NpUBA3BIBAIOTCA K paclIMPSAIOLIMM MeToflaM B K/lacce Queryable.

CpaBHeHHe CMHTaKCHCa BbIpaXKeHUI i 3aNPOCOB U TEKYYero CMHTaKcuca

CHHTaKCHCYy BbIpaXKeHUIA 3aIIpOCOB M TeKy4eMy CMHTaKCUCY NpU-
CYILYM CBOY NpeUMYILeCTBA.
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Bblpa)KeHMﬂ 3alpoCOB MOAAEPXXUBAIOT TONBKO HebornbILIOe nop-
MHOXXeCTBO OIlepaliuii 3allpOCOB, B YaCTHOCTHU:

Where(), Select(), SelectMany(),

OrderBy (), ThenBy(),

OrderByDescending(),

ThenByDescending (),
GroupBy (), Join (), GroupJdoin ()

3ar1p0c1>1, KOTOpbI€ MCIIONB3YIOT ApYyrue onepauuu, NpuaeTcs 3a-
NMUCBIBaTh MO0 MOMHOCTHIO B TEKy4eéM CUHTaKCHUce, 1160 B cMelllaH-
HOM CMHTAKCHUCe:

string[] names = { "Tom","Kupxk", "T'appu", "BaHuu", "T'ac" };

IEnumerable<string> query =
from n in names
where n.Length == names.Min (n2 => n2.Length)

select n;

[TpuBeneHHbIN 3anpoc BO3BpallaeT MMeHa C HaMeHbILEN J/IMHOM
(ToM u Tac). IToasanpoc (BbifeNeHHBI MOMYXXMPHBIM) BBIYMCIAET
MMHMMA/IBHYIO JJIMHY MMeH M Nony4aeT 3HaueHMe 3. [InsA JaHHOTO
NOAI3anpoca HO/MKEH MPUMEHATHCA TeKYIUMI CUHTAKCUC, T.K. olepa-
MA Min () B cMHTaKcyce BbIpaKeHMUI 3alIPOCOB He MOAfepXKUBaeTCsl.
OpHako /s BHEIUHEro 3amnpoca Mo-MpeXHeMy MOXXHO MCIO/b30BaTh
CMHTAaKCUC BbIpa)XKeHUIt 3alIpOCOB.

[maBHOe MpeuMMYIeCTBO CMHTAKCHCa BbIpaXKeHMil 3allpOCOB 3a-
K/I0YaeTcs B TOM, YTO OH CNOco6eH pafiuKalbHO YIPOCTUTD 3alpo-
Chbl, B KOTOPBIX 3a[ie/ICTBOBaHBbI CIeAYIOI}e KOMIIOHEHTBI:

® KOHCTPYKLMA let 1A BBefleHMs HOBOI IepeMeHHOI Mapa-
TIeNIbHO C TIepEMEHHON AManasoHa;

® MHOXECTBO reHepaTopoB (SelectMany () ), 3a KOTOpbIMHU Clle-
JyeT CChI/IKa Ha BHEILUHIOIO NIEPEMEHHYIO IManasoHa;

® 5KBMBaleHT onepauuu Join () unu GroupJoin (), 3a KoTo-
PbIM C/lefiyeT CChI/IKA Ha BHEIUHIOK NEPEMEHHYI0 Ayana3oHa.

KnioyeBoe cnoso let

KnioyeBoe cnoBo let BBOAUT HOBYIO MEpeMEHHYIO MapajleNIbHO
C MepeMeHHON [Mana3oHa. B kayecTBe mpuMepa NpeAnonoXxmm, 4To
Heo6XOMMMO BBIBECTH CIIMCOK MMeH, /IMHA KOTOpBIX 6e3 ydeTa rimac-
HBIX CcOCTaB/seT 60/iee ABYX CUMBOJIOB:
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string[] names = { "Tom", "Kupk", "Tappu", "Banun", "Tac" };
IEnumerable<string> query =
from n in names
let vowelless = Regex.Replace (n, " [aoneésuypn]", ")
where vowelless.Length > 2
orderby vowelless
select n + " - " + vowelless;

Bor BBIBO[, HOI'Iy‘{eHHbIﬁ Ipyu NepeInCI€EHNUN pe3yIbTaTOB 3TOrO
3arpoca:

Kupk - Kpk

Tappy - Tpp

BaHHU - BHH

KoHcTpykumsa let BBINONHAET BbIYMCIEHME HAJl KaXXIAbIM 37IeMeH-
TOM, He YTpauuBasi MCXOOHBIN 371eMeHT. B HalleM 3ampoce nocneny-
IolMe KOHCTpyKuunu (where, orderby u select) uMenT gocTyn
K n u vowelless. 3anpoc cnocobeH BKIIOYATh Moboe KOMMYECTBO
KOHCTPYKLMI let, ¥ OHM MOTYT CONPOBOXAATbCA HOMOTHUTEIbHBIMU
KOHCTPYKLIMAMU where u join. KoMnuaaTop TpaHcImnpyeT KmoueBoe
CNMoBO let myTeM npoeLMpOBaHMUA BO BPEMEHHbI aHOHMMHBINA THII,
KOTOPBIN CORePXMUT UCXORHBIE ¥ TPaHCHOPMUPOBAHHBIE IIEMEHTHI:

IEnumerable<string> query = names
.Select (n => new
{
n =n,
vowelless = Regex.Replace (n, "[aoueé€smywsa]",
}
)
.Where (temp0 => (temp0O.vowelless.Length > 2))
.OrderBy (temp0O => temp0.vowelless)
.Select (temp0 => ((tempO.n + " - ") + temp0.vowelless))

"")

NMpoaonxenue 3anpocos

Ecnyn Heo6xomnMo 106aBUTh KOHCTPYKLIMM NMOC/IE KOHCTPYKLIMM
select unm group, Toraa NpuaeTCa UCIO/Nb30BaTh K/I0YeBOe CTI0BO
into, yTo6sl “npomomxuty” 3anpoc. Hanpumep:

from ¢ in "BoJsbwoy XUTpeBt ObicTpedt JMc".Split ()

select c.ToUpper () into upper

where upper.StartsWith ("B")
select upper

PE3YJIBTAT: "BOJILIION", "BHCTPHIA"
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ITocne kOHCTpYKLMM into npenbiAylas NepeMeHHas AMana3oHa
HaXOIUTCA 3a npenenamu 06/1acT BULUMOCTH.

KoMmunaTop mpocTo TpaHC/MpyeT 3ampochl C K/II04Y€BbIM C/IOBOM
into B 6onee OMMHHYIO LIEMOYKY OMepaLuilt:

"BOJIbWOM XUTPLIL OeICTPEST JMc" . Split ()

.Select (c => c.ToUpper())
.Where (upper => upper.StartsWith ("B"))

(KommunsaTop omyckaeT ¢puHanbHYI0 KOHCTPYKLMIO Select (upper=>
upper ), IOTOMY YTO OHa M36BITOYHA.)

MHoXecTBO reHepaTopoB

3anpoc MOXeT BK/II0YaTb HECKONMbKO FeHepaTOpoB (KOHCTPYKLIMIt
from). Hanpumep:

int(] numbers = { 1, 2, 3 };

string([] letters = { "a", "6" };

IEnumerable<string> query = from n in numbers

from 1 in letters
select n.ToString() + 1;

Pe3synbraToM fB/sETCS BEKTOPHOE NpOU3BeieHMe, OYeHb MOX0xXee
Ha TO, YTO MOXHO ObI/I0 6bI MOMYYUTh C IOMOLIBIO BJIOXKEHHbIX LIMK-
noB foreach:

"la", "16", "Za", ll26", "3&", "3g"

[Ipn Hannuuu B 3amnpoce 6ojee OXHOM KOHCTPYKLMM from KOM-
MMIATOP BBIMYCKaeT BbI30OB MeToAa SelectMany ():

IEnumerable<string> query = numbers.SelectMany (
n => letters,
(n, 1) => (n.ToString() + 1));

Meton SelectMany () BbINONHAET BIOXXeHHble LUUKAbI. OH
HNPOXOAUT IO BCEM 3IeMeHTaM B MCXOAHOI Komnekuuu (numbers),
TpaHcHOpMUPYSA KaXXABIN 37IEMEHT € MIOMOILbIO IAMOa-BbIpa>keHUA
(letters). B urore reHepupyercs MOC/IefOBaTeNTbHOCTb MOANOC-
NenoBaTeNIbHOCTeN, KOTOpas 3aTeM INOABepraeTcs MepeducieHuIo.
®uHanbHble BBIXOOHbIE 37IEMEHTBHI ONpeleNsATCcs BTOPbIM NAMbOaa-
BblpaxkeHMeM (n.ToString () + 1).

Ecnu mononHuTeNbHO NpUMEHMTb KOHCTPYKLMIO Wwhere, TO Bek-
TOpHOe Npou3BeleHNe MOXXHO OTOUIBTPOBATh U CIIPOELIMPOBATH pe-
3y/NbTaT MOAOOHO COENMHEHMIO:
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string[] players = { "ToM", "T'ac", "Mspu" };
IEnumerable<string> query =
from namel in players
from name2 in players
where namel.CompareTo (name2) < 0
orderby namel, name?2
select namel + " wm " + name2;

PE3YJIBTAT: { "Tac wmm Mspu", "Tac umm Tom", "Mspm wim ToMm" }

TpaHcnanua Takoro samnpoca B TEKYYMi CMHTAKCUC CIOXHee U
TpebyeT BpeMeHHO aHOHMMHOI NpOoeKUMU. BoaMOXHOCTb aBTOMa-
TUYECKOTO BHITNIO/IHEHNSA TAKOM TPaHCIALMUN ABAETCA OOHUM U3 OC-
HOBHBIX NPeUMYILECTB BbIpaXXEHUI 3aIIPOCOB.

BbipaxkeHuio BO BTOPOM reHepaTOpe paspellleHO MOb30BaTbCsA
MepBOit IepeMEHHOM AyanasoHa:

string([] fullNames =
{ "AHHa Bunbamc", "IxoH dpen Cmmur", "Cbio I'pmH" };

IEnumerable<string> query =
from fullName in fullNames
from name in fullName.Split ()
select name + " u3 " + fullName;

PE3YJIbTAT:

AHHa u3 AHHa Buibamc
BunbsaMmc 13 AHHa Bumnbamc
IxoH n3 IxoH dpen CvuT
¢pen n3 IxoH ¢pen Cmmr
Cvut n3 IxoH dpen CvmT
Crei0 3 Cbio I'puH

T'puH n3 Ceio I'puH

3anpoc paboTaeT, MOCKONBKY BblpakeHMe fullName.Split ()
BBIfIaeT nocnedosamenvHocms (MacCuB CTPOK).

MHOXeCTBO reHepaTOpOB WIMPOKO NPUMEHAIOTCA B 3alpocax K
6asaM MaHHBIX [/ BbIpABHMBAHUA OTHOLIEHMI “PORMTENbCKMUI-
Zo4yepHUIT” U [/Is BBINONIHEHUSA PYYHBIX COENMHEHMIA.

Coeaunenne
B LINQ mocTynHbl Tpu omnepaluyu COeNMHEHMS, U3 KOTOPHIX
[JIaBHBIMU ABNATCA Join () M GroupJdoin (), BHINOMHAIL-

e COeIMHEHMA Ha OCHOBe Kiwdeit moucka. Onepauum Join ()
¥ GroupJoin () HopmmepXXMBalOT TONBKO NMOAMHOXECTBO (YHK-
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LIMOHA/IBHOCTY, KOTOPYIO BbI NONy4aeTe 6narogapss MHOXECTBY Te-
HepaTopoB Mnu SelectMany (), HO OHM 06nafalOT 60/ee BBHICOKOM
NpOM3BOAMTE/IbHOCTBIO NIPU UCIIONIb30BAaHMM B JIOKA/IbHBIX 3alpocax,
HOTOMY YTO NPUMEHAIOT CTpaTeruio noucka Ha 6ase xeu-rabnui, a
He BBINONHAIOT BJIOKeHHble LMKBL. (B cnydae sampocos LINQ to
SQL u Entity Framework onepauny coenyHeHMs He MMEIOT HMKAK1X
HpeNMYILeCTB Iepefi MHOXECTBOM IeHepaTopoB.)

Onepanuyu Join () u GroupJoin () moamep>XMBalOT TONbKO
axeucoeOuHeHus (T.e. yCIOBMe COENUHEHMs HOMKHO MCIIONb30BATh
ornepanuio 9kBuBajieHTHOCTH). CyllecTBYIOT fBa MeTofa: Join () u
GroupJoin (). Meton Join () BblAaeT MIOCKUIt pe3ynbTUPYIOLIUIA
Habop, Torga Kak Metop GroupJoin () — MepapxuyecKuit pesyb-
TUpYIOLLMII Habop.

CHHTaKCcHC BbIpaXKeHMIt 3alIPOCOB M1 INIOCKOTO COeNMHEHUA BbI-
[IAOUT TaK:

from BHeEwHss-NepPeMeHHass in BHEMHAs-NOCNAe[0BaTEIbLHOCTE
join BHYyTpeHHsas-NepeMeHHas in
BHYTPEHHSS-1I0CJIe [OBATELHOCTE
on BHeIIHee-BhpaxXeHue-Kapder equals
BHY TPEHHEe e -BHPaxe H1e —~KJIY e

Hanpnmep, uMesa cnenyrume KomieKunumn:

var customers = new(]

{
new { ID = 1, Name = "ToMm" },
new { ID = 2, Name "Kupk" },
new { ID = 3, Name = "Tappu" }

bi

var purchases = new|[]

{

new { CustomerID =

I
Jun
~

Product = "Ilom" },

new { CustomerID = 2, Product = "Jlogka" },
new { CustomerID = 2, Product = "ABToMoOWIL" },
new { CustomerID = 3, Product = "IlyreBka" }

i
MbI MOXXeM BBIMIONIHUTDb COEfMHEHNE CeAyouM 06pa3oM:
IEnumerable<string> query =
from ¢ in customers

join p in purchases on c.ID equals p.CustomerID
select c.Name + " npuobpen " + p.Product;
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KOMI’IMHHTOP TpaHC/IUPYET 3TOT 3aAIIpOC TAK, KAK ITOKa3aHO HMXKE:

customers.Join ( // BHelHaAsa KOJIJIEKUMA
purchases, // BHYTPEHHSS KOJUIeKUMSA
c =>c.ID, // BHEUHWI CEeJIeKTOp KJIoYeit
p => p.CustomerID, // BHYTPEHHMI CEJIEKTOP KJIOUelt
(c, p) => // CeJleKTop pe3ysibTaToB

c.Name + " npuobpen " + p.Product
)i

Bor pesynbrar:

ToM npuobpen oM

Kupk npuobpen Jlonka
Kupk npuobpen ABTOMOOMIIb
Tappyu npuobpen [lyTeBka

B Cny4ae JI0KaJIbHbIX HOCHeHOBaTeﬂbHOCTeﬁ npu 06pa60TKe Kpyn-
HBIX KoJleKumit onepauuu Join () u GroupJoin () 6onee apdek-
TUBHBI, YeM SelectMany (), MOCKONbKY OHM CHa4yana 3arpyaoT
BHYTPEHHIOIO NIOCTIE[{OBATENIbHOCTD B XeI-Tab/IMLy TOMCKa 110 KITI0YY.
TeM He MeHee, TOTO XXe CaMOTO pe3y/bTaTa B PaBHOI cTereHn addek-
TMBHO MOXXHO JOCTUYb ¥ TaK:

from ¢ in customers

from p in purchases

where c.ID == p.CustomerID

select c.Name + " npuobpen " + p.Product;

GroupJoin ()

Onepauusa GroupJoin () menaeT Ty Xe pabory, uro u Join (),
HO BMECTO IITIOCKOTO pe3ynbTaTa BbiaeT MepapXu4ecKkuii pe3ynbrar,
CTPYNNUPOBaHHbIN M0 KaXAOMY BHELIHEMY 3/1€MEHTY.

CuHTaKcHC BbIpaXkeHMit 3armpocoB A GroupJoin () Takoit xe,
Kak ¥ g Join (), HO 3a KOHCTpPyKLMell join cneayeT Kno4eBoe
cnoBo into. Huxe npuBeneH nmpocTeiunit npuMep, B KOTOPOM 3a-
HeNCTBOBAaHbI KOMIEKLMMU customers u purchases, HacTpoeHHbIe
B NpeabIAylleM pasfene:

IEnumerable<IEnumerable<Purchase>> query =
from ¢ in customers
join p in purchases on c.ID equals p.CustomerID
into custPurchases
select custPurchases; // custPurchases -
// nocnenoBaTeJIbHOCTb
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HA 3AMETKY!

KoHcTpykumsa into TpaHcnupyercs B GroupJdoin (), Tomb-
KO KOIZla OHa MOSAB/AETCA NPAMO MOC/e KOHCTPYKLMM join.
[Tpu pacnono>xeHuu 1nocie KOHCTpyKuuu select unm group
OHa O3HayaeT MpOAO/KeHUe 3ampoca. ITU ABa NpUMEHEHUs
K/1I04eBOTO C/I0Ba into CyIeCTBEHHO OTIMYAIOTCH, XOTA U
o6n1afaloT ogHOM 061Lei XapaKTepUCTUKON: B 060MX CTydasx
BBOJIMTCA HOBas lepeMeHHas [ManasoHa.

PesynbraTtoMm 6ymeT mocnefoBaTeIbHOCTb MOC/TEROBaTENbHOCTEN,
KOTOPYIO MOXXHO 6bUIO Obl IOJBEPTHYTh NEPEYMCTIEHMIO CTIEAYIOLUM
obpasom:

foreach (IEnumerable<Purchase> purchaseSequence in query)

foreach (Purchase p in purchaseSequence)
Console.WriteLine (p.Description);

OpHako 3TO He 0COOeHHO MoNe3Ho, T.K. purchaseSequence
He MMeeT CChUIOK Ha BHEIIHero 3akasumka. Yaule Bcero B MpoeKLUM
NPOM3BOAMTCA CChIIKA Ha BHEIHIO NepeMeHHYI0 IMana3oHa:

from ¢ in customers

join p in purchases on c.ID equals p.CustomerID
into custPurchases

select new { CustName = c.Name, custPurchases };

Tort e caMblit pesynbTaT (HO MeHee 3¢ eKTHBHO, [ TOKa/Mb-
HBIX 3a[IPOCOB) MOXXHO 6bI/IO Obl ITOMYYMUTH 3a CYET MPOELMPOBAHMA
B @aHOHMMHBII THII, KOTOPBIit BK/IIOYaeT MOA3aMpoc:

from ¢ in customers
select new
{
CustName = c.Name,
custPurchases =
purchases.Where (p => c.ID == p.CustomerID)

Zip()

Onepauus Zip () sABAsieTcA MpocTeiflieit onepaLmeit coegnHe-
Hus. OHa NepeuncnseT fBe MOCNENOBAaTENbHOCTH 3a pa3 (mogo6HO
3acTe)xke-MONIHMM (zipper)) ¥ BO3BpallaeT MOCIeN0BaTeNbHOCTD, MO-
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Jly4eHHYIO B pe3ynbTaTe NpyMMeHeHUA GYHKLMM K KaXKOit mape ane-
MeHTOB. Hanpumep:

int[] numbers = { 3, 5, 7 };

string(] words = { "rpu", "nars", "cemp", "mpourHopupoBaH" };
IEnumerable<string> zip =
numbers.Zip (words, (n, w) =>n + "=" + w);

NMpUBOAUT K IOTY4YE€HHIO NTOCIEAOBATENIBHOCTU C TAKMMU I/IEMEHTAMMU!

3=Tpu

5=narb

7=ceMb

Io6aBoyYHbIEe 37IEMEHTHI B M10601 M3 BXOOHBIX IMOC/IEeN0BAaTeNbHOC-
Teit urHopupylorcsa. Onepauus Zip () He MOARepXXUBaeTCA B 3aIMpo-
cax K 6a3aM JaHHBIX.

Ynopapoyenue

C nomowpio KI04eBOro coBa orderby MocnefoBaTeNnbHOCTD
coptupyercs. [JonyckaeTcs ykasbBaTb M060€e KOTMYECTBO BbIpaXKe-
HMIA, TI0 KOTOPBIM HY)XHO COPTMPOBATh:

string[] names = { "Tom", "Kupk", "Tappu", "Bauuu","l'ac" };

IEnumerable<string> query = from n in names
orderby n.Length, n
select n;

Copmposxa OCYLIECTB/IAETCA CHa4a/la Mo IJIMHE, a 3aTEM I10 UMe-
HHU, NO3TOMY p€3YyNbTaThl ITOTYy4alOTCA TaKMMU:

Tac, ToMm, Kmpk, BaHHuM, Tappu

KoMnunsarop TpaHcnupyert nepBoe BbipaxkeHue orderby B BbI30B
OrderBy(), a mocnepywiue BoipaxkeHUss — B BbI30oBbl ThenBy ():

IEnumerable<string> query = names
.OrderBy (n => n.Length)
.ThenBy (n => n)

Onepauusa ThenBy () ckopee ymouHsem pe3ynbTaThl NpeRLIecT-
BYIOLLIE/ COPTMPOBKM, HEXENN 3ameHsem UX.

IMocne mioboro BbipaxkeHMs orderby MOXHO MOMeLIaTh Kilove-
Boe cnoBo descending:

orderby n.Length descending, n
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3anpoc TpaHCIMpyeTcs B:

.OrderByDescending (n => n.Length).ThenBy (n => n)

HA 3AMETKY!

Onepauuyu ynopsamo4deHusi BO3BPALIAIOT pPacUIMPEHHBIN THUI
IEnumerable<T> no uMenn IOrderedEnumerable<T>.
B maHHOM MHTepdeiice onpeneneHa gononHuTeNbHaA GYHKLN-
OHa/NbHOCTb, TpebyeMas omneparueit ThenBy ().

TpynnupoBanue

Onepauua GroupBy () opraHusyeT INIOCKYI0 BXOJHYIO MOC/IeNO-
BaTe/bHOCTD B T10C/IE0OBaTeNIbHOCTD rpym. HanpuMep, npuBeneHHbI
HIDKe KOJ TPYIIMpYeT MMeHa MO MX IUHe:

string[] names = { "Tom","Kupk", "T'appn", "Banun", "'ac" };

var query = from name in names
group name by name.Length;

KoMmunsTop TpaHcnupyeT 3TOT 3anpoc B:

IEnumerable<IGrouping<int, string>> query =
names.GroupBy (name => name.Length);

BoT kak BBINONMHUTD nepe4yucieHne pesynbraTa:

foreach (IGrouping<int,string> grouping in query)
{
Console.Write ("\r\n Length=" + grouping.Key + ":");
foreach (string name in grouping)
Console.Write (" " + name);
}
PE3YJIbTATH:
Length=3: Tom T'ac
Length=4: Kupkx
Length=5: I'appu BaHHM

Metop Enumerable.GroupBy () paboTaeT myTeM 4TeHUs BXOJ-
HBIX 97IEeMEHTOB BO BpPEeMEHHBIN C/I0Bapb CIMCKOB, TaK YTO BCe 3e-
MEHTBI C OJMHAKOBBIMM K/TIOYaMM MONAfAlOT B OAMH U TOT Xe NOJ-
CIMCOK. 3aTeM OH BbIAaeT IMOC/ENOBaTeNbHOCTb 2pynn. [pynma npen-
cTaB/sieT co60if MOC/IENOBATENILHOCTb CO CBOMCTBOM Key:
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public interface IGrouping <TKey, TElement>
IEnumerable<TElement>, IEnumerable
{
// KJod npyMeHseTCA K NOANOCJEeNOBATEJILHOCTM
// xak K emvHoMy LEJIOMY
TKey Key { get; }
}

ITo yMonyaHuio sneMeHThI B Ka)XKIO¥ IPYIIe ABMAIOTCA HeTpaHC-
$OpMMPOBaHHBIMYM BXOIHBIMU 37IeMEHTAaMM, €CTTU TONBKO He yKasaH
apryMeHT elementSelector. Cnenylowmuit 3anpoc npoeuupyer

BXOOHbIE 3IEMEHTHI B BCpXHMf;I peructp:

from name in names
group name.ToUpper () by name.Length

OH TpaHcnupyeTcs B:
names.GroupBy (
name => name.Length,
name => name.ToUpper () )

[Togkonnmekuyu He BBHIAIOTCA B MOpsAKe ClefOBaHUA KIIOYeN.
Onepanusa GroupBy () He BBINONHAET COPTUPOBKY (Ha caMoM Hene
OHa INpefloOXpaHseT MCXOHHOe yrnopsapodeHue). YTobsl oTcopTHPO-
BaTb, MOHaf06UTCA B06aBUTh onepauuio OrderBy () (YTo B mepBylo

odepeb O3HaYaeT nobasyieHue KOHCTpPYKIIMM into, TK. group
06BIYHO 3aKaHYMBaeT 3aNpoc):
from name in names
group name.ToUpper () by name.Length into grouping
orderby grouping.Key
select grouping

by

[TponomkeHus 3ampoca YacTo MCIONB3YIOTCA B 3alpocax group
by. Cnenyomuit 3anpoc 0TGUIbTPOBBIBAET IPYMIIBI, KOTOPbIE MMEIOT

TOYHO [ABa COBIIAICHUA B HUX!
from name in names
group name.ToUpper () by name.Length into grouping
where grouping.Count() == 2
select grouping

HA 3AMETKY!

KoHncTpykuusa where nocne group by skBMBa/leHTHa KOHC-
Tpykuuu HAVING B SQL. OHa MpUMeHAeTCA K KaXAoy MOof-
MI0C/IEIOBATENIbHOCTM M/ IPYIINE KaK K eIMHOMY LIEIOMY, a He
K COfiep>XallyMCA B Heil MHAMBUAYA/IbHBIM 37IEMEHTaM.
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OfType () nCast()

Onepaunn OfType () u Cast () MpMHMMAIOT Heo6OOILEHHYIO
KO/IeKIMio IEnumerable u BblAalOT 06061LEHHYIO TOCTEN0BATENb-
HocTb IEnumerable<T>, KOTOpOi BIIOCTEACTBUM MOXXHO OTIIPaBUTD
3anpoc:

var classicList = new System.Collections.ArrayList();

classicList.AddRange ( new int([] { 3, 4, 5} );
IEnumerable<int> sequencel = classicList.Cast<int>();

[Tonp3a ykasaHHBIX omepanuit B TOM, 4TO INOAB/ASAETCA BO3-
MOXXHOCTb 3allpalll¥BaTh KOJUIEKLMM, pa3paboTaHHble [O BBIXOAa
Bepcun C# 2.0 (rge 6bi1 BBefieH MHTepdeitc IEnumerable<T>),
TakuMe Kak ControlCollection M3 mpocTpaHCTBa MMEH
System.Windows.Forms.

Onepauunu Cast () u OfType () OTIMYAIOTCA CBOMM IOBefIEHH-
€M, KOIfla BCTpeYyaeTcsl BXOJHOM 3/1eMEHT C HECOBMECTUMbBIM TUIIOM:
Cast () reHepupyeT ucknwoyenue, a Of Type () UTHOPUPYET TaKo
3/IEMEHT.

[TpaBMna COBMECTUMOCTY 371EMEHTOB COOTBETCTBYIOT aHAa/lOrUY-
HbIM NpaBUNIaM [N onepauuy is B aspike C#. Hinke mokasaHa BHYT-
peHHAA peanusauua Cast():

public static IEnumerable<TSource> Cast <TSource>
(IEnumerable source)
{
foreach (object element in source)
yield return (TSource)element;

}

A3k C# moppmep>kuBaeT onepanuio Cast () B CMHTaKCHCe 3alpo-
COB — HY)XHO TPOCTO MOMECTUTb THUIl /IEMEHTa HENMOCPeNCTBEHHO
oc7ie KI4YeBoro cnosa from:

from int x in classicList ...

9To TpaHCIUpyeTCs B:

from x in classicList.Cast <int>()

[nHamuyeckoe cBA3bIBaHHe

ﬂuﬂamuuecxoe c6A3bléaHUe OTKMaAbIBAET C8A3bl8AHUE — TIPOLIECC
pacrnno3HaBaHuA TUIIOB, Y/IEHOB U onepaum?r — C 3Talla KOMIMUIALUUA
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IO BpeMeHM BbINONHeHMA. [IMHaMKuyeckoe CBA3bIBaHME TOABUIOCH B
Bepcuu C# 4.0 1 ygo6HO, KOrla Ha 3Tarle KOMIOWIALMM 6bi 3HaeTe,
4TO onpefiefieHHass GYHKLMA, YleH UM Omepauus CyIeCTBYeT, HO
KOMIUIATOPY 06 aToM HensBecTHO. O6bIYHO MOAO6HOE MPOMUCXO-
IOUT NpY B3aMMOZENCTBUM C DMHAMUYECKMMM SA3bIKaMU (TaKMMM Kak
IronPython) 1 COM, a Takxe B ClieHapysx, B KOTOPbIX MHaye Mc-
NoNb30Baach 6b1 pednekcus.

OuHamMudeckuit Tun o6BABNAETCA C MOMOILBIO KOHTEKCTHOTO
K/II04eBOro ¢noBa dynamic:

dynamic d = GetSomeObject () ;
d.Quack () ;

JMHaMMYeCKuit TUN IIpefyIaraeT KOMIMIATOPY CMATYUTDb TpebGoBa-
HUA. Mbl O>XXMfIaeM, YTO TUIT BpeMeHM BbINONHEHUA d HOMKEH UMETb
Metof Quack (). Mbl MpocTO He MOXXeEM MPOBEPUTb 3TO CTaTUYeC-
ku. [Tockonbky d OTHOCHMTCA K AMHAMUYECKOMY THUITY, KOMIIUIATOP
OTK/afblBaeT cBA3bIBaHMe Quack () ¢ d Ho BpeMeHM BBINOTHEHHUS.
[ToHMMaHMe CMbIC/Ia TAKOTO HEMCTBUA TpeOyeT ySACHEHMA pasnudmit
MeXIy Cramu4eckum cés3vi8aHuemM M OUHAMUYECKUM CBA3bIBAHUEM.

(paBHEHHe (TaTU4yeckoro U AMHamu4yecKkoro ceA3biBaHuA

KaHoHMYeckmit mpuMep CBA3bIBaHMA NpefycMaTpuBaeT oTobpa-
XKeHMe MMeHM Ha crienndudeckyo QYHKUMIO IpY KOMIWIALMYU BbI-
paxeHus. [l KOMOWIALMM CTIeRYIOLIEr0 BbIpaXXeHUsA KOMIUIATOP
HO/DKEH HalTy pealn3aLiyio MeToAa 1o uMeHM Quack ():

d.Quack() ;

JlaBaitTe NpeANONOXMUM, YTO CTaTUYeCKMM TUNIOM d AB/IsAETCA
Duck:

Duck d = ...
d.Quack () ;

B camMoM nmpocToM crmydyae KOMOMIATOP OCYILECTBNAET CBA3bIBA-
HMe 3a cueT MOMCKa B TuIle Duck MeTofia 6e3 mapaMeTpoB MO MMeHU
Quack (). Ecnu HaitTi Takoit MeTOA He YAanoCh, TOTa KOMIMIATOP
pacnpocTpaHseT MOMCK Ha MeTOMbI, TPMHUMAIoILMe HeobsA3aTebHbIe
napaMeTpBbl, MeTofibl 6a30BBIX KTaccoB Duck M pacmmpsioLine MeTo-
Abl, KOTOpble MpuHMMAOT Duck B cBoeM mepBoM mapamerpe. Ecin
coBIafieHMi1 He OGHapyXeHO, TO BO3HMKAET OLIMO6Ka KOMIMIALMM.
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HesaBucumo ot TOro, kK KakoMy MeTORy NpOM3BENEHO CBA3bIBA-
HUe, CYThb B TOM, YTO CBA3bIBaHME Ml€NIA€TCA KOMIMIATOPOM, U OHO
MOJTHOCTBIO 3aBUCUT OT CTATMYECKUX CBEAEHUM O TUIAX ONepaH[OB
(B maHHOM cnyyae d). IMeHHO MMO3TOMY TaKoOJf MpOLiecC Ha3bIBaeTCA
cmamuvecKkum C853vl8aHuUeM.

A Temepb U3MeHUM cTaTU4eckuit Tum d Ha object:

object d =

d.Quack() ;

Bri3oB Quack () mpuMBOAMT k olmbKe Ha 3Tarle KOMIWIALMY, TK.
HECMOTPs Ha TO, YTO XpaHsilleecs B d 3HadeHMe CIOCOOHO coflep>KaTh
MeTOf| 1o MMeHM Quack (), KOMIUIATOpP He MOXeT 06 3TOM 3HaTb,
TNIOCKO/IbKY eIMHCTBeHHas MHOpMaLus, KOTOPOil OH pacrosiaraet —
TUIl [IEPEMEHHON, KOTOPbIM B pacCMaTpUMBaeMOM Cly4ae AB/AETCSA
object. Ho maBaitTe usMeHuM ctatudeckuit Tun d Ha dynamic:

dynamic d =

d.Quack () ;

Tun dynamic moxox Ha object — OH B paBHO} CTeleHM He
omuchiBaeT Tun. OTAMuMe 3aKI0OYaeTcss B TOM, 4To Tvn dynamic
HOMycKaeT NMpMMeHeHMe crocob6aMy, KOTopble Ha 3Tane KOMIMIALMU
He 13BeCTHHI. [IMHaMI4eCKMil 06bEKT CBA3BIBAETCA BO BPEMS BbIIO-
HEHUA Ha OCHOBE CBOEr0 TUIIa BPEMEHM BHINONTHEHUSA, @ HE TUIIA NIPU
xommunauuu. Korga koMnunaTop BcTpeyaeT AMHAMMUYECKHM CBA3bIBA-
eMoe BbIpakeHMe (KOTOPBIM B 06llieM ClTy4ae sB/AETCA BbIpaXKeHMe,
cofiepxalliee m060e 3HaYeHMe THMa dynamic), OH NpOCTO YNMaKOBbI-
BaeT ero TaK, YTOObI CBA3bIBaHME MOIJIO 6bITh POMU3BENEHO MO3XKe BO
Bp€MA BBINIO/THEHUSA.

Ecnu puHamudeckmit o6bexT peanusyeT uHTepdeitc IDynamic
MetaObjectProvider, To BO BpeMs BbINONHEHUA AN CBA3bIBa-
HMA UCTIONb3YeTCs AaHHbIN MHTepdelic. Ecnu xe HeT, Torma cBA3biBa-
HJe IIPOXOIUT B OCHOBHOM TaK Xe, KaK B CUTyal[uy, KOIZla KOMIIU/IA-
TOpPY M3BeCTEH TUIl AMHAMMYECKOTO 06 beKTa BpeMeH! BBINOTHEHUA.
STy [Be aNbTePHATUBbI Ha3bIBAIOTCA CHEYUANbHBIM C8A3bIBAHUEM U
A3bIKOBLIM CBA3BIBAHUEM.

CneunanbHoe cBA3bIBaHHE

Cneyuanvroe cesa3vbiéaHue MPOUCXONUT, KOTHA AMHAMMUYECKUI
06beKT peanusyer uHTepdeiic IDynamicMetaObjectProvider
(IDMOP).
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Xots untepdeitc IDMOP MoXXHO peann3oBaTh B THIaX, KOTOpbIe
Bbl MuIleTe Ha s3bike C#, ¥ MocTynmaTh Tak ymo6HO, 6onee pacrpo-
CTpaHeHHBIIl c/y4ait IpefycMaTpUBaeT 3ampoc o6beKTa, peanusyio-
wero IDMOP, us guHaMmueckoro Asbika, KOTOpblit BHeipeH B .NET
TNIOCPECTBOM MCIIONHAIOILEH Cpefbl fAMHaMU4ecKoro Asbika (Dynamic
Language Runtime — DLR), ckaxem, IronPython mmm IronRuby.
OO6beKThl M3 TAKMX S3BIKOB HesIBHO peanusyioT uHtepdeitc IDMOP B
KayecTBe Crocoba s MpsMOTro yIpaBeH!s CMBICTIOM BBIIOTHAEMBIX
Hafl HuMu onepauuit. Hivke npusenen mpocroit npumep:

using System;

using System.Dynamic;

public class Test
{

static void Main()

{
dynamic d = new Duck();
d.Quack(); // BuBomuT BrraBaH MeTon Quack
d.Waddle(); // BeiBomuT BrizBaH MeTon Waddle

}
public class Duck : DynamicObject

{
public override bool TryInvokeMember (
InvokeMemberBinder binder, object[] args,
out object result)

{
Console.WriteLine ("BmizBaH MeTonm " + binder.Name);
result = null;
return true;

}

Knacc Duck B meincTBUTENbHOCTM He MMeeT MeToma Quack ().
BsaMeH OH npuMeHseT clleliMa/bHOe CBsI3bIBaHME MIA llepexBaTa U
MHTepIpeTalMy Bcex obpallieHuit K MeToaaM.

CrnennanbHoe cBsA3bIBaHKe 6oree MOAPO6HO 06CYXNaeTCs B I71aBe
20 xuuru C# 7.0. Cnpasounux. ITonHoe onucanue A3vika.

fl3bikoBoe CcBA3bIBaAHMUE

A3biK080e c873bI8aHUE TIPOUCXOTMUT, KOTA TMHAMUYECKUI 06DEKT
He peanmmnsyeT MHTepdeiic IDynamicMetaObjectProvider.
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SIsbikoBO€ CBsA3bIBaHME YHOOHO Npy paboTe ¢ HEyNaYHO CIPOEK-
TUPOBaHHBIMM TUIIAMUM MM BHYTPEHHUMM OTPaHMYEHUAMU CUCTEMBI
tunoB .NET. Hanpumep, BcTpoeHHBle UMC/IOBBIE TUIIBI HEyJayHbI B
TOM, YTO OHM He MMeloT obuiero uHTepdeitca. PaHee 6bllo MoKa3sa-
HO, YTO METOfbl MOTYT ObITh NPUBA3aHbI AUHAMUYECKH; TO XKe CaMoe
CTIpaBelIMBO U I/ OlNepaLuit:

static dynamic Mean (dynamic x, dynamic y) => (x+y) / 2;

static void Main()

{
int x =3, y=4;
Console.WriteLine (Mean (x, Yy));

}

HpeMMyLLleCTBO O4Y€BUIHO — HE NPUXOAUTCA JIy6IIMPOBaTb Ko
IU1S1 KQ)KAOro YMC/IOBOTO THIIA. TeM He MeHee, yTpauuBaeTcsa 6e3onac-
HOCTb TUIIOB, M3-3a Y€ro BO3pacTa€T pUCK reHepaLuumn MUCK/TIOYEeHUM
BO BpeMs BBINIOTHEHUA BMECTO MONTYYEHUA omKUOBOK Ha 3Tare KOM-
NUIALUA.

HA 3AMETKY!

I[MHaMM‘leCKOC CBsI3bIBaHUE 06XOIU4T CTaTUYECKYIO 6e3onac-
HOCTb TUIIOB, HO HE€ NMHaAMU4YECKYIO 6e30MacHOCTb THUIIOB.
B otnnume ot peq)nexcun C NOMOUbIO ITMHAMUYECKOI'O CBA3bI-
BaHUsA HEBO3MOXHO 060MTH npaBui1a NOCTYITHOCTU YJ/IEHOB.

SI3bIKOBOE CBSI3bIBaHME BO BpeMsl BBIIOJIHEHUS MpeIHaMePEHHO
BefleT ce6s MaKCMMa/bHO TIOXOXMM Ha CTaTMYeCKOe CBA3bIBaHUE 00-
pasoM, Kak GYATO TUIIbI BpeMeH! BBINOMHEHUs AMHAMMUYeCKUX 00D-
eKTOB ObIIM M3BECTHBI ellje Ha 3Tale KOMIWIAUMU. B mpepbinyiem
IpyUMepe MOBefeHNe IPOrPaMMBbI OKaXKeTCsl MAEHTUYHBIM, €C/TU METOL,
Mean () >kecTKO 3aKOAMpoBaTb 1A paboThl ¢ TMIIOM int. Hanbonee
3aMeTHbIM MCKIIOYEHMeM TP MPOBeNeHUM aHATIOTMM MeXTY CTaTH-
YeCKMM M JUHAMMUYEeCKMM CBA3bIBaHMEM SIBISIOTCS pacluupsioLine
MeTOfbl, KOTOpble paccMaTpMBalOTCS B pasfene “HeBbi3biBaeMble
¢yHkumn” Ha cTp. 193.
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HA 3AMETKY!

JuHaMuyeckoe CBA3bIBaHMeE TaKXKe HAHOCUT yllep6 Mpou3Bo-
autenbHocTH. OHaKoO M3-3a MeXaHU3MOB KemupoBanus DLR
noBTOpsOLMecs obpalieHNss K OGHOMY U TOMY )Ke KUHaMM-
4eCKOMY BbIpa)keHMIO ONITUMU3UPYIOTCA, 03BONAA 3 deKTUB-
HO paboTaTh ¢ AMHAMMYECKMMY BbIpaKeHUAMY B 1uKie. Takas
ONTMMM3aLMA CHIKAET TUNMYHbIE BPEMEHHble U3AEP>KKM NpHU
BBINO/THEHUM NIPOCTOTO AMHAMUYECKOTO BbIpa>keHUs Ha COBpe-
MEHHOM o6opy11013amm no MeHee 4yeM 100 HaHOCEKYH]I.

Wcknoyenne RuntimeBinderException

Ecnyu npuBsska K 4ieHy He yHaeTcs, TOrfa reHepupyeTcs UCKIIO-
yeHue RuntimeBinderException. Ero MoXHO cuuTaTh ombKOM
3Tana KOMIUIALMM, IEPEHECEHHO Ha BpeMs BBIIIONTHEHUSA:

dynamic d = 5;
d.Hello(); // renepupyercs RuntimeBinderException

UckniodeHne reHepupyeTcs NOTOMY, 4TO TMN int He MMeeT Me-
Toga Hello ().

NpeacraBnexne Tuna dynamic
BO BpemA BbINONHEHUA

Mexay tumamm dynamic u object uMeercs rny6okas skBuBa-
TIEHTHOCTb. VicnonHsmwwas cpefa TpaKkTyeT cCleayollee BblpakeH!ue
KaK true:

typeof (dynamic) == typeof (object)

JlaHHBI IPUHLMI paclpOCTPaHAETCA Ha COCTaBHbIE THUIIbI M MACCUBBIL:

typeof (List<dynamic>) == typeof (List<object>)
typeof (dynamic[]) == typeof (object[])

ITono6HO 06BEKTHOI CChIIKE AMHAMMUYECKas CChITKA MOXET yKa3bi-
BaTb Ha 00'beKT /M060ro THna (3a UCKIIOYEHNEM THUIIOB yKasaTesnei):
dynamic x = "cTpoka";
Console.WriteLine (x.GetType().Name); // String
x = 123; // Oumbky HeT (HEeCMOTpPS Ha TO,
// 4TO nepeMeHHas Ta xe camas)
Console.WriteLine (x.GetType().Name); // Int32
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CTpyKTYpHO KaKue-M60 OTIMYMA MeXAY 06BeKTHON CCBUIKOM U
MMHaAMMYeCKOM CChIIKOM OTCYTCTBYIOT. [IMHaMMuyeckas CChblIKa Ipoc-
TO pa3pellaeT BbINONIHEHMe NUHAMUYECKUX ONepaluii Hall 06'beKToM,
Ha KOTOPBIf OHa yKa3biBaeT. UTOOBI BHIOMTHUTD NMI0OYI0 AMHaMUYec-
KYI0 oNepaluio Haj object, TMI object MoXHO npeo6pa3oBaTh B
dynamic:

object o0 = new System.Text.StringBuilder();

dynamic d = o;

d.Append ("crpoka");

Console.WriteLine (o0); // crpoka

QuHamnyeckue npeo6pasosaHna

Tun dynamic moppmep>kuBaeT HesiBHble peoOpa3soBaHyUsA B U U3
BCeX OCTa/IbHbIX TUIIOB. UTO6bI Mpeo6pa3oBaHye MPOLIIO YCIEIHO,
TUIl BpeMeHM BBINONTHEHUs JUHAMUUECKOrO 06beKTa JO/MKEH ObITh
HesIBHO Ipeo6pa3yeMbIM B Lie/IEBOJ CTaTUYECKMIl THIL.

B cnenylomem npumepe reHepupyerca MCKMoOYeHue Runtime
BinderException, TX. TMD int He MoXeT OBbITb HesABHO Mpeobpa-
30BaH B short:

int i =7;

dynamic d = i;

long 1 = d; // HopManeHO - paboraer HesaBHOe NpeoBpa3oBaHyue

short j = d; // T'eHepupyeTcs RuntimeBinderException

(paBHeHne var n dynamic

HeCMOTpﬂ Ha BHEILIHeE CXOACTBO TUIIOB Var U dynamic, pa3Hu-
a MeXAy HUMMU CYyLIEeCTBEHHa:

® var roBoOpuT: MMO3BO/IUTb KOMIIMIATOPY BbISICHUTD THUII;

L4 dynamic FTOBOPUT: NO3BO/IUTD UCTIONHAOLLEN cpene BbIACHUTD
TUII.

Bot unnioctpaunsa:

dynamic x = "cTpoka"; // CTaTuy¥eckuM TUIIOM
// aBnsercs dynamic

var y = "crtpoka"; // CraTMyYecKMM TMIOM
// aBnsercs string
int i =

X; // Owmnbka BO BpeMs BbINOJIHEHMSA
int j =vy;

// Oumbka Ha 3Tane KOMMMIIALMN
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[inHamunueckne BbipaxeHua

ITons, cBOMCTBa, METOAbI, COOBITUSA, KOHCTPYKTOPBI, MHEKCATOPHI,
onepauuu ¥ npeobpasoBaHMUs MOTYT BBI3bIBaTbCS JMHAMUYECKH.

[TonbiTka MOTpe6/eHMs pe3ynbTaTa AMHAMUYECKOTO BbIpaXKeHMs
C BO3BpalllaeMbIM TUIIOM vOid mpeceKkaeTcs — TOYHO Kak B C/ly4ae
CTaTMYeCKM TUIM3UPOBAHHOIO BblpaxkeHUs. OTINuMe CBA3aHO C TeM,
4TO OIIMO6KAa BO3HMKAET BO BPeMs BBIMIOJTHEHUS.

BeipaxkeHus, copepkalye RMHaMU4Yeckue onepaHpbl, OObBIYHO
caMy ABNAIOTCA JUHAMUYECKUMM, T.K. 9¢deKT oTCyTCTBUA UHOOP-
MallMy O TUIle MMeeT KaCKaJHbIi XapaKTep:

dynamic x = 2;

var y = x * 3; // CraruueckmM THMOM y ABJiAeTCA dynamic

U3 aroro TNpaBuia CyWeCTBYET Ilapa O4Y€BUIHDBIX UCK/TIOYEHU.
BO-l'lepBbIX, NnpuBeNeHNE NMHAMUYECKOrO BbIpa)XXeHUA K CTaTUYE€CKO-
MY THUITy [a€T CTaTU4Y€CKOE BbIpa)keHMe. BO-BTOprX, BbI3OBBI KOHC-
TPYKTOpPOB BC€raa faloT CTaTUYECKNE BbIpaXXE€HUA — HaXke €C/IM OHU
NMpOU3BOAATCA C AMHAMUYECKMMU apryMEHTaMu.

KpOMe TOro, CyLEeCTBYET HECKO/IbKO Kpa€BbIX C/1y4a€B, Koraa
BbIpa)Xke€Hue, cofiepkalee OMHaMUYECKUNA ApryMeEHT, AB/IAETCA CTa-
TU4YECKUM, BK/IIO4Yas nepenavyy MHAEKCAa MaCcCUBY U BbIpaXXE€HUA IONA
CO3JaHUA HOeneraTos.

Pacno3HaBaHKe neperpyeHHbIX Bepcui
AHHAMHUYECKHX YNECHOB

B xaHOHMYECKOM ClieHapuU¥ UCIO/Ib30BAHUA dynamic y4yacTBYyeT
IMHAMUYeCKUI nony4amens. 3ro 3HA4UT, YTO IO/Ty4yaTe/NeM IMHaAMU-
YECKOro BbI3OBa q)yHI(L[MM ABNISIETCA AMHAMUYECKUM 0O'bEKT:

dynamic x = ...;
x.Foo (123); // x - nonydaresb

TeM He MeHee, IMHaMUYyecKoe CBsA3bIBaHME He OrpaHM4YMBaeTCA
nony4yaTtensaMu: apryMeHTbl METONOB TaK>Xe€ NPpUTrONHbI A1 AMHAMU-
YE€CKOro CBA3bIBaHUA. CHCI[CTBMeM BbI3OBa Cl.)yHKL[MM C AIMHaAaMU4€CKU-
MU aprymeéHTaMu 6yneT OTK/TafblBaHME pacCllO3HaBaHUA NEpPErpyxeH-
HBIX Bepcmﬁ C 3Tana KOMIIMIALUU 0O BpEMEHU BbINIO/THEHUA:

class Program

{
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static void Foo (int x) { Console.WriteLine ("1"); }
static void Foo (string x) { Console.WriteLine ("2"); }
static void Main()

{

dynamic x = 5;

dynamic y = "crpoka";
Foo (x); //1
Foo (y): // 2

}

PacrosHaBaHMe Ieperpy>KeHHbIX BEPCUit BO BpeMs BBINIOTHEHMs
TaK)Ke HasbIBAETCA MHONECMBEHHOL Oucnemvepusayueil 1 Mone3Ho B
peanusaliMy MaTTepHOB NPOEKTUPOBaHUA, Takux Kak “TTocemumens”
(Visitor).

Ecnu puHaMuyeckuit onydaTtenb He 3afiefiCTBOBaH, TO KOMIUIA-
TOp MO>XXeT CTaTMYeCKM BBINOMHUTD 6a30BYI0 NIPOBEPKY YCIELIHOCTH
AMHAMMYECKOTO BBI30BA: OH NPOBEpAET, CyLlecTBYeT MU QyHKUMA ¢
NpaBU/IbHBIM MMeHEM M KOPPEKTHbIM KOMUYECTBOM I1apaMeTpoOB.
Ecnu xaHaMpmaThl He HaiffleHbl, TOrfa BO3HMKaeT olnb6Ka Ha aTame
KOMITW/IALIMMN.

Ecnu GyHKuMA BbI3BIBaeTCA CO CMeChIO AMHAMMYECKMX M CTaTH-
4eCKMX apryMeHTOB, TO OKOHYaTeNbHbIN BbIGOp MeTofia 6ymeT oTpa-
XKaTh CMeCb pellleHMit TMHaMU4eCKOTro ¥ CTaTMYeCKOro CBA3BIBAHMUAL:

static void X (object x, object y)
{Console.Write("oo");}

static void X(object x, string y)
{Console.Write("os");}

static void X(string x, object y)
{Console.Write("so");}

static void X(string x, string y)
{Console.Write("ss");}

static void Main()

(
object o = "cTpokal";
dynamic d = "crpoka2";
X (o, d); // os

}

Bbi30B X (0,d) mpuBs3bIBaeTCA AMHaMMYECKH, IOTOMY YTO ORMH
U3 €ro apryMeHToB, d, onpefeneH Kak dynamic. Ho mockonbky me-
peMeHHas O CTaTM4YeCKM U3BECTHa, CBA3bIBaHME — XOTS OHO NPOMC-
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XOIUT AMHaMU4ecKu — OyeT NpUMEHATDb ee. B paccMaTpuBaeMoM
IIpMMepe MeXaHM3M Paclio3HABaHUA NEPErPY>KEHHBIX BepCHUit Bbibe-
peT BTOpYI0 peanusauuio FOo () u3-3a CTATMYECKOTO THIIA O U THUIA
BpeMeHM BbINONHeHus d. [IpyruMu cnoBaMy, KOMIMAATOP ABJAETCA
“HaCTONBKO CTaTMYECKUM, HACKONIBKO 3TO BO3MOXXHO .

HeBbi3biBaemble GpyHKUNH

Hekoropble ¢GyHKIMM He MOTYT OBbITb BBI3BaHbI JUHAMUYECKM.
BbI3bIBaTh Henb3s:

® paciumpsioLMe MeTOAbI (4epe3 CMHTaKCUC pacUIMpAIOIMX Me-
TOJOB);

¢ mo6ble yneHbl MHTepdelica (depe3 uHTepdeiic);
® yjleHbl 6a30BOroO K/acca, CKpbITble MOAKIACCOM.

[IpuunHa B TOM, 4TO AMHAMMYECKOE CBA3bIBaHME TpebyeT HBYyX
nopumit nHGOpMaLMM: MUMEHY BbI3biBaeMoit GYHKLMU U 06'beKTa, Ha
KOTOPOM JI0/XKHA BbI3bIBaTbCA QyHKIMsS. OXHAKO B KOXKAOM U3 TpeX
HeBbI3bIBaeMBIX CLIeHApMeB YYaCTBYeT 00NONHUMENbHbLE MUN, KOTO-
Pblit M3BeCTeH TONBKO Ha 3Talle KOMIMIALMMU. VI HeT HUKAKOro Cro-
coba ykasaTb Takye JONOMTHUTENbHbIE TUIIBI JUHAMUYECKH.

I[Tpy BbI30OBE pacIIMPAIOLIMX METOIOB 3TOT HOMOMTHUTENbHBINA THII
HpefcTaBsieT coboi paclIMpAIOLMIA K/Tacc, BBIOpaHHBIN HESIBHO MOC-
PENCTBOM AMPEKTHB US1ing B MCXOXZHOM Kofe (KOTOpble IOC/e KOM-
munsAumMu ucdesalor). [Ipyu obpaleHnn K 4neHaM depe3 uHTepdelic
HOMOTHUTENbHBII TUIT COO61IaeTCs Yepe3 HeABHOE MM AABHOE NIpUBe-
neune. (ITpyu sBHOM peanu3auyuu GpakTHIeCKM HEBO3MOXKHO BbI3BaTh
4yieH 6e3 mpyuBefeHMA K TUIy MHTepdeiica.) [Toxoxas cuTyarus Bos-
HMKaeT NPy BBI30Be CKPBITOTO WIeHa 6a30BOro K1acca: JOMOTHUTeEb-
HBIIf TUIT JO/DKeH ObITh yKa3aH nuM60 yepe3 mpuBefieHMe, TM60 Yepes
K/II0YeBOe C/I0BO base — M BO BpeMs BBINOTIHEHUA 3TOT JAONOHMU-
TE/IbHBINA TUIl yTpayMBaeTCA.

Meperpy3ka onepauun

Onepanuuy MOryT 6bITh Teperpy>eHsl I NpefOCTaB/IeHNs Clie-
LIMalbHbIM TUIIAaM 6o0jlee eCTeCTBEHHOTo CUHTaKcuca. [leperpysky
oneparnuit Haubornee 1enecoo6pasHO MCMONB30OBATh IIPU Peanu3aLu
CrieliManbHbIX CTPYKTYP, KOTOPbIe MPECTaBIAIT OTHOCUTENbHO NpU-

Meperpyska onepauwii | 193



MUTHMBHbIE TUNBI AaHHbIX. HanpuMep, xopoluM KaHAMAATOM Ha Ile-
perpysKy ornepaumit MO>eT CIy>KUTb ClleLiMa/bHbIA YMCIOBOM THIIL.
Paspenleno neperpyxxartb crnemyiouue CMMBOIMYECKMe ONepaLum:

+ = ) e = % & "
= Il= < <K< >> >

SIBHble 1 HesAIBHblE Npe0bpa3soBaHMA TaK)Ke MOTYT ObITh Meperpy-
XeHbI (C MpMMeHeHMeM KTIOYeBbIX CIOB explicit u implicit),
paBHO Kak nuTepandl true u false, a Takxke yHapHble onepanuyu
+u-.

CocTaBHble omnepaluy NpucBaMBaHuUsA (HampuMep, += U /=) aB-
TOMaTUYeCKM IeperpyxalTcs Npy Heperpyske OObIYHBIX OMepaLuit
(Te. +mn /).

OyHKuuM onepayun

Ornepauus neperpyxaercs 3a cueT o6baBneHus GyHxkyuu onepa-
yuu (operator). OyHKuMA oNepauymm JO/DKHA ObITh CTATUYECKON I,
N0 KpaitHeil Mepe, ONMH U3 OIEPAaHAOB JO/DKEH MMETb TMII, B KOTO-
poM GyHKUMA onepauuy o6bsABNeHa. B cnenyloleM npumepe Mbl or-
penenseM CTPYKTYpY 1o ¥MeHM Note, NpefcTaB/IALILYI0 My3bIKalb-
HYIO HOTY, Y 3aTeM Ieperpy>kaeM oIeparuio +:

public struct Note
{

int value;

public Note (int semitonesFromA)
{ value = semitonesFromA; }

public static Note operator + (Note x, int semitones)

{
return new Note (x.value + semitones);
}
l'[eperpy)l(eHHaﬂ BepCHUA MO3BOJNAET no6aBnATh K Note 3HaueHue
int:

Note B = new Note (2);
Note CSharp = B + 2;

Hocxom:xy MBI [Ieperpysuin ornepaumio +, MOXXHO TaK>Xe UCIO/b-
30BaTh ONepaluIo +=:

CSharp += 2;
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HapaBHe ¢ MeTomaMu u cBoitctBamu Bepcus C# 6 1 Bblllle M03-
BOJISIET 3alMChIBaTh QYHKIMM OMepaLiu, COCTOSILME U3 ONMHOYHOTO
BbIpaXKeHus, 60/1ee KpaTKO ¢ MOMOLIBIO CMHTaKcKuca QYHKIMIA, CKa-
THIX O BBIPaXeHMIt:

public static Note operator + (Note x, int semitones)
=> new Note (x.value + semitones);

Meperpy3ka onepauuit SKBUBaANEHTHOCTH U CPaBHEHHA

Onepauuy 3KBUBaNeHTHOCTY ¥ CpPaBHEHMA YacTO IeperpyxarnTcsa
Ipy HaNMCaHUM CTPYKTYP M B PENKUX CITy4asaX — NPy HalMCaHUMU
KnmaccoB. [Ipu neperpyske onepanuit 3KBMBaJIeHTHOCTM ¥ CPaBHEHUSA
TOTDKHBI COOMIONAThCA CrelianbHble NpaBuIa U 06A3aTeNbCTBA.

Ilaprocmy
Kommunsarop C# tpebyert, uTo6bl onmepaumu, KOTOpble NpefCTaB-
NAIT cob0it NorMdeckne mnapel, 66N onpeneneHsl obe. TakuMu
onepaLMAMYU ABNATCA (== !=), (< >) u (<= >=).

Equals () u GetHashCode ()
IIpu neperpyske omepauuit == 1 ! = 06bIYHO HEOGXOXMMO Mepe-
onpenenaTb MeToAbl Equals () u GetHashCode () knacca ob-
ject, 4To6bI 06ecnednTh HafleXXHYIO pabOTy C TUIIOM KOJIeKLH-
AM U XelI-TabnuiaM.

IComparable u IComparable<T>
Ecnu meperpyxatorcst onepaumu < ¥ >, TO OOBIYHO AO/DKHBI OBITH
peanu3oBaHbl MHTEpdeiichl IComparable u IComparable<T>.

PacumpuM npenbiaywuit npuMep, 4YTo6bl MOKasaTb, KaK MOX-
HO 6bITIO 6Bl MeperpysuTb onepaluy 3KBUBAJIEHTHOCTH CTPYKTYpPbI
Note:

public static bool operator == (Note nl, Note n2)
=> nl.value == n2.value;
public static bool operator != (Note nl, Note n2)
=> ! (nl.value == n2.value);
public override bool Equals (object otherNote)
{
if (! (otherNote is Note)) return false;
return this == (Note)otherNote;
}
// Ina Hawero xew-koija OyIeT MCNOJL30BAThHCH Xew-KOon value:
public override int GetHashCode () => value.GetHashCode();
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CneynanbHble HesABHbIE U ABHbIE I'IPEOGPaBOBaHMﬂ

HesBHble U ABHble Mpeobpa3oBaHus AB/AIOTCA IeperpyxaeMbIMu
onepaumamu. Kak npasuso, a1 onepaumuu neperpy>arorcs Ajs Toro,
4TOOBI CHeNMaTh Npeobpa3oBaHUA MeXAY TeCHO CBA3aHHBIMM TUIIAMU
(TakMMM KaK 4MC/IOBBIE TUIIBI) TAKOHUYHBIMU U €CTECTBEHHBIMM.

Kak o6bacHANOCH MpU 06CY>XAEHMM THUIIOB, JIOTMYecKoe 060c-
HOBaHMUe HeABHBIX NpeoOpa3oBaHMil 3aK/MIOYaeTCs B TOM, YTO OHM
IO/DKHBI BCerfia BBINMONHATHCA YCIELIHO M He MPUBOIAUTDH K MOTepe
uHopMauuu. B npoTUBHOM ciyyae DOKHBI OBITb ONpeneNeHbl SB-
Hble peo6pa3oBaHMus.

B cnenyromem npuMepe Mbl onpefiensieM npeo6pa3oBaHUs MeXAY
oM Note u TvnoMm double (¢ NOMOILIBI0 KOTOPOTO MpeNCTaB/IA-
€TCs YacTOTa B repliaX JaHHOWM HOTBI):

// TpeoBpa3oBaHue B I'epLkl
public static implicit operator double (Note x)
=> 440 * Math.Pow (2, (double) x.value / 12 );

// TlpeoBpa3oBaHue U3 repu

// (C TOYHOCTBLK OO BKalWero OJIyTOHA)

public static explicit operator Note (double x)
=> new Note ((int) (0.5 + 12 * (Math.Log(x/440)

/ Math.Log(2)) ));
Note n =(Note)554.37; // sABHOe npeobpa3zoBaHue
double x = n; // HesBHOe npeoBpa3oBaHyue
HA 3AMETKY!

Koe B ueM [faHHBIf IpUMep HeNb3s CUMTATh €CTECTBEHHBIM:
B PEaNbHOCTM TaKue MpeobpasoBaHMUA MOXKHO peannu3oBaTh
a¢ppexkTMBHee ¢ moMoubio MeTofa ToFrequency () u (cra-
TUYECKOro) MeToia FromFrequency ().

Ornepauuu as ¥ 1s UrHOPUPYIOT CHeLMabHbIe Tpeo6pa3oBaHM.
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ATpu6yTol

BaM y>xe 3HaKOMO MOHATHE CHabG>XeHUS SMEMEHTOB KOJia IPU3Ha-
Kamu B popMe MomudUKaTOpOB, TakuX Kak virtual wmm ref. Otu
KOHCTPYKLIMM BCTPO€HbI B A3bIK. ATpMOYTHI NpeACcTaBNALT coboit
paciuMpsieMblif MeXaHU3M 1A Ho6aBleHUA CllellManbHoO MHPOpMa-
LMK K 9MeMeHTaM Kofa (c6opKaM, THIIaM, 4leHaM, BO3BpalllaeMbIM
3HaYeHMAM ¥ napaMeTpaM). Takad pacmmMpseMocTb ymo6Ha mnsa
cny6, ry60Ko MHTErpMPOBaHHBIX B CUCTEMY THUIIOB, U He TpebyeT
CIieLia/IbHbIX K/TIOYeBbIX CIOB MM KOHCTPYKLMit B A3bike C#.

Xopoumit crieHapuit A aTpubyTOB CBA3aH C cepuanusayueis —
TnpolLieccoM npeo6pa3oBaHys MPOU3BONIbHBIX 06BEKTOB B U U3 OIpe-
meneHHoro ¢opmata. B TakoM crydae aTpubyT Ha monme MOXeT yKa-
3bIBaTh TPAHC/ALMIO MEXAY TpeficTaBneHueM nonsa B C# u ero npen-
CTaB/IeHUEM B NpMMeHsAeMOM ¢opMare.

Knaccol atpubyToB

ATpubyT ompenenseTca KnaccoM, KOTOpPbIN yYHacnemoBaH (mps-
MO M/IM KOCBEHHO) OT abCTpaKTHOro kmacca System.Attribute.
YTo6bl MPMUCOEAMHUTb aTPUOYT K 3/1EMEHTY Koja, MOHagobuT-
cA yKasaTb Ilepefi 9/1eMEHTOM KOfia MMA TuHa aTpubyTa B KBaf-
paTHbIX cKob6kax. Hanpumep, B moka3saHHOM fanee Kofie aTpubyT
ObsoleteAttribute mpucoenuHsercs K Knaccy Foo:

[ObsoleteAttribute]
public class Foo {...}

ITOT aTpUOYT pacro3HaeTcss KOMIMIATOPOM U NPUBENET K TOMY,
YTO KOMIMIATOP BHIIACT MpERYNpeXAeHue, eCu NPOU3BOAUTCA
CCBIIKA Ha THMII M/IM Y/leH, TOMeYeHHBIiT KaK ycTapeBiumit (obsolete).
ITo cornamenuio MMeHa BceX TUIIOB aTpMOYTOB 3aKaHYMBAIOTCA Ha
Attribute. JlaHHOe cornauleHue NOffepXuUBaeTCs KOMIUAATOPOM
C# u nosBonser onyckath cypdukc Attribute, korga npucoemm-
HseTCs aTpUOYT:

[Obsolete]
public class Foo {...}

Tun ObsoleteAttribute 06bsABNeH B MPOCTPAaHCTBe MMeH
System cnenyoumum 06pa3oM (I KpaTKOCTH KOJ YIPOLIEH):

public sealed class ObsoleteAttribute : Attribute {...}
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WmeHOBaHHbIe H NO3ULMOHHBIE NapameTpbl aTpHOYTOB

ATpu6yThl MOTYT MMeTb IapaMeTphl. B puBefeHHOM fanee npu-
Mepe Mbl IpMMeHseM K Kmaccy aTpubyT XmlElementAttribute,
KOTOpbIit coobmaer knaccy XmlSerializer (M3 mpocTpaHcTBa
uMeH System.Xml.Serialization) o TOM, KaKk 0O'bEKT NpeficTaB-
neH B XML, 1 4TO OH NpMHMMaET HECKO/IbKO napamempos ampubyma.
TakuM o6pasoM, aTpubyT otobpaxaer knacc CustomerEntity Ha
XML-aneMeHT no nMenu Customer, NpUHaA/IeXalluit IPOCTPAHCTBY
uMeH http://oreilly.com:

[XmlElement ("Customer", Namespace="http://oreilly.com")]

public class CustomerEntity { ... }

[TapameTpbl aTpu6YTOB OTHOCATCS K OfHOI M3 [ABYX KaTeropuit:
MO3MLIMOHHBIE Y MMeHOBaHHble. B mpenbifyieM NmpyMepe IepBbIif
apryMeHT ABJISIETCS NO3UYUOHHBIM Napamempom, a BTOPOt — UMeHo-
sanHbim napamempom. [To3MLMOHHBIE TapaMeTpbl COOTBETCTBYIOT Ia-
paMeTpaM OTKPBITHIX KOHCTPYKTOPOB TiIa aTpu6byTa. JIMeHOBaHHbIe
HapaMeTpbl COOTBETCTBYIOT OTKPBITBHIM IIO/IAIM M/IY OTKPBITBIM CBOJC-
TBaM THUIIa aTpuOyTa.

I[Ipu ykasaHum aTpubyTa JO/DKHBI BKIIOYAThCA MO3MLMOHHBIE Ma-
paMeTpbl, KOTOpble COOTBETCTBYIOT OZHOMY M3 KOHCTPYKTOPOB K/ac-
ca aTpubyTa. IMeHOBaHHbIe MTapaMeTpbl HeOO3aTeNbHbI.

Uenu atpubytos

HesBHo nenbio aTpubyTa ABNAETCS 3MEMEHT KOfa, HaXOAWMIACA
HeMoCpeICTBEHHO 3a aTpUOYTOM, KOTOpBI OObIYHO MpeNCcTaBIAeT
co60¥t TN UK 4/leH THMa. TeM He MeHee, aTpUOYTbI MOXXHO NPUCO-
eIMHATb K cbopke. IIpu 3TOM TpebyeTcs ABHO yKasbIBaTh Lie/Ib aT-
pubyra.

Bor xak ¢ momompio atpubyra CLSCompliant 3amaTh co-
oTBeTcTBUE 061eAsbikoBoit crenudukanuyu (Common Language
Specification — CLS) s uenoit c6opku:

[assembly:CLSCompliant (true) ]

YKka3aHue HecKonbKux aTpubytos

Jlns opHOTO 37MeMeHTa KOfia HOMYCKAeTCs YKa3blBaTh HECKONBKO
aTpu6yTOB. ATpMOYTBI MOTYT OBITh 3afaHbl MO0 BHYTPU eAUHCTBEH-
HOJ1 Mapbl KBafpaTHBIX CKOOOK (M pas3menATbcs 3alATHIMM), TGO B
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OTHeNbHBIX MapaX KBaflpaTHbIX CKOOOK (MM C MOMOILbI0 KOMOMHa-
LMK IBYX croco6oB). Crepnyroliue gBa npyMepa CeMaHTUYECKU UEH-
TUYHBI:

[Serializable, Obsolete, CLSCompliant (false)]

public class Bar {...}

[Serializable] [Obsolete] [CLSCompliant (false)]

public class Bar {...}

Onpepenexne cneunanbHbiX aTpubyTOB

CospaBas NoOAK/Iacchl knacca System.Attribute, MOXXHO ornpe-
HenATb cobcTBeHHble aTpubyThl. Hanmpumep, Mbl Moru 6b1 MCIIONB30-
BaTb C/eRYIOIMIl CTIeLMa/IbHbIA aTpUOYT A/ MOMETKM MEeTOfa, MOf-
JieXXallero MOAYy/IbHOMY TECTUPOBaHMIO:

[AttributeUsage (AttributeTargets.Method)]

public sealed class TestAttribute : Attribute

{

public int Repetitions;
public string FailureMessage;

public TestAttribute () : this (1) { }
public TestAttribute (int repetitions)
=> Repetitions = repetitions;

}
Huxe nmokasaHo, Kak MOXXHO 661710 6B NpUMEHUTDH JaHHbBIN aT-

pubyT:
class Foo
{
[Test]
public void Methodl() { ... }
[Test (20) ]
public void Method2() { ... }

[Test (20, FailureMessage="Bpems oTnanku!") ]
public void Method3() { ... }

}

ATpubyT AttributeUsage ykasbiBaeT KOHCTPYKLIMIO MM KOM-
OMHALMI0 KOHCTPYKLMIf, K KOTOPbIM MOXeT ObITb NpUMeHeH CIleLy-
anbHblt aTpu6yT. [Nepeuncnenne AttributeTargets BkawyaeT
TaKMe 4NeHbl, Kak Class, Method, Parameter u Constructor (a
TaKkxe All 19 06beIMHEHMA BCEX Lieieit).
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W3Bneuenne atpu6yToB BO Bpems BbINONHEHNA

CylLecTBYIOT ABa CTAaHAAPTHBIX CIOco6a M3BIe4eHUs aTpuOyTOB
BO BpeMs BBINOTHEHUA:

® BHI30B MeTofla GetCustomAttributes () Ha m060M 06beK-
Te Type win MemberInfo;

® BBI3OB MeTofla Attribute.GetCustomAttribute () unn
Attribute.GetCustomAttributes ().

I[TocnepHue aBa MeToda MeperpyxeHbl Wi NpueMa nM060ro o6bek-
Ta pedpieKcuM, KOTOPBI COOTBETCTBYET AOMYCTUMOI Lienyu aTpubyTa
(Type, Assembly, Module, MemberInfo wim ParameterInfo).

BoT kak MOXHO BBINOTHUTD NepedUCIeHNe BceX METOMIOB MpeJIec-
TBYIOLIIEro K1acca Foo, Kotopble uMeloT atpubyT TestAttribute:

foreach (MethodInfo mi in typeof (Foo) .GetMethods())
{
TestAttribute att = (TestAttribute)
Attribute.GetCustomAttribute
(mi, typeof (TestAttribute));
if (att != null)
Console.WriteLine (
"{0} 6ynmer TectupoBaTbCs; reps={1l}; msg={2}",
mi.Name, att.Repetitions, att.FailureMessage);

}
BbiBOA BHITIAOMT Tak:

Methodl ©yner TecTMpOBaTbLCA; reps=1l; msg=
Method2 6yner TectupoBarbCs; reps=20; msg=
Method3 6yner TectupoBarbcs; reps=20; msg=Bpems ornanxmu!

ATpu6yTbl nH$opmauuu
0 BbI3bIBalOLLEM KOMMNOHEHTe

Haunnas ¢ Bepcuu C# 5.0, MOXXHO IIoMeyaTh Heobs3aTeNbHble Ma-
paMeTpbl OHUM U3 Tpex ampubymos uHPOPMAauUU 0 8bl3b16aI0UEM
KOMnoHeHme, KOTOpble MHCTPYKTUPYIOT KOMIMIATOP O Heo6Xomu-
MOCTH nepefiauy MHGOPMaLMK, TIONYYEHHON! U3 UCXOTHOTO KOJa BbI-
3bIBAIOLIlET0 KOMIIOHEHTa, B CTAHApPTHOE 3HayeHMe MapaMeTpa:
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® [CallerMemberName] mpuMeHseT MMs YieHa BbI3bIBalOLLe-
ro KOMIIOHEHT3;

® [CallerFilePath] mpumeHser myTb K ¢a17my MUCXOHOTO
KOJIa BbI3bIBaIOILEr0O KOMIIOHEHTa;

® [CallerLineNumber] npumeHsieT HOMep CTpPOKM B Qaitne
MICXOIHOTO KOJIa BbI3bIBAIOILIEr0 KOMIIOHEHTA.

B cnenmyromem mMetome Foo () IEMOHCTPUPYeTCS MCIIONb30OBaHMe
BCeX TpexX aTpu6yTOB:

using System;
using System.Runtime.CompilerServices;

class Program

{

static void Main() => Foo();

static void Foo (
[CallerMemberName] string memberName = null,
[CallerFilePath] string filePath = null,
[CallerLineNumber] int lineNumber = 0)

{

Console.WriteLine (memberName) ;
Console.WriteLine (filePath);
Console.WriteLine (lineNumber);

}
}

I[Tpenmonaras, 4yTo Kof HaxomuTcA B daitne c: \source\test\
Program.cs, BbIBOS OymeT TakuM:

Main

c:\source\test\Program.cs

6

Kak 1 co cranmapTHbIMM HeoOsi3aTe/IbHBIMM NTapaMeTpaMu, MOA-
CTAaHOBKa [ieflaeTCs B mecme 8bi1308a. CnemoBaTeNnbHO, MOKa3aHHbIN
Bbille MeTOf Main () sBnseTcs “CMHTaKCMYECKMM caxapoM” s Cie-
AYIOLLEro Kopaa:

static void Main ()

=> Foo ("Main", @"c:\source\test\Program.cs", 6);
ATpubyThl MHPOpMaLMK O BHI3BIBAKOIEM KOMIIOHEHTe YAOOHBI

npy HanyucaHuM QYHKLMI peruCTpaLiuy B XXypHaJle, a TaKxe IpH pe-
anusaumy wabnoHoB yBegoMieHus o6 usmeHenusx. Hanpumep, Mol
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MO>XE€M BbI3BATb METON, 110}106Hblf1 NpUBENEHHOMY HMXXE, UBHYTPU
CpeacTBa foCTyna set onpeneneHHoro CBOItCTBa 6e3 H€06X011MMOCTM
B YKa3aHUU MMEHU 3TOro CBOJCTBa:

void RaisePropertyChanged (
[CallerMemberName] string propertyName = null)

AcMHXpOHHbIE PYHKLUK

KnioueBble cnoBa await u async (BBegeHHble B Bepcuu C# 5.0)
NOAfepXXMBAIOT aCMHXPOHHOE NpPOrpaMMUpOBaHME — CTWIb IPO-
rPaMMUpOBaHMsA, NP1 KOTOPOM I/IMTENIbHO BIMONHsAWMecs GyH-
KUMM fenaloT 60MbUIyIo YacTb MM HaXke BCIO CBOK paboTy mocne
TOrO, KaK yIpaB/ieHMe BO3BpPAILeHO BBI3BIBAIOLIEMY KOMIIOHEHTY.
OHO oT/IMYaeTCst OT HOPMAZILHOTO CMHXPOHHOTO NPOrPaMMUPOBaHMA,
KOT/ja ITUTEeNIbHO BHIMONMHAWMECS QYHKLMM ONOKMPYIOT BbI3bIBAIO-
LMt KOMIIOHEHT [0 TeX IOp, [I0Ka ollepalusi He OyfeT 3aBepuIeHa.
ACMHXpOHHOe NpOrpaMMMpOBaHMe NOAPa3yMeBaeT napannenusm,
HOTOMY YTO J/IUTENbHO BBINOMHAILIAACSA ONlepaliys MPOJOIKAETCA
napannensHo ¢ GYHKIMOHMPOBaHMEM BbI3bIBAIOLIET0 KOMIIOHEHTA.
Pa3paboTumMk acMHXPOHHOM QYHKIMM MHULMMPYET TaKOW Mapanie-
nu3M 1160 Yepe3 MHOTOMIOTOYHOCTH (f/A ONepaumit, MHTEHCUBHBIX B
I/1aHe BBIYMCIIEHMIT), TM6O MOCPeNCTBOM MeXaHW3Ma OOpaTHBIX BbI30-
BOB (A7 OmepaLuit, UHTEHCUBHBIX B [/IaHe BBOJA-BbIBOJA).

HA 3AMETKY!

MHOromoTOYHOCTh, Mapalnen3M U aCMHXPOHHOe MpOrpaM-
MMpOBaHMe — OOLIMpHbIe TeMbl. VIM NOCBslLLEeHBI 1Be ITIaBbl B
kHure C# 7.0. Cnpasounux. ITonxoe onucarue a3vika u Boba-
BOK OHM 06CY>XAal0Tcs o ccblike http://albahari.com/
threading.

Hanpumep, paccMoTpuM cnenymowmui CMHXpOHHBI METOJ, KOTO-
PbIil ABNAETCA AUTENbHO BHINONHAIOIMMCA M MHTEHCUBHBIM B I/IaHe
BBIYUCIIEHUI:
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int ComplexCalculation()
{
double x = 2;
for (int i = 1; i < 100000000; i++)
X += Math.Sqrt (x) / i;
return (int)x;

Metopg ComplexCalculation() 6noxnpyeT BbI3bIBAIOLL Mt
KOMITIOHEHT Ha NPOTSXEHUM HECKONbKUX CEKYH/[, I0Ka OH BbINO/NHA-
€TCA, U TONbKO 3aTeM BO3BpalllaeT pe3yNnbTaT BLIYUCTIEHUA BbI3bIBAIO-
1[eMy KOMIIOHEHTY:

int result = ComplexCalculation();

// B KakoOM-TO MOMEHT MO3Xe:
Console.WritelLine (result); // 116

B cpene CLR ompeneneH Knacc o MMeHM Task<TResult> (n3
IIPOCTpaHCTBa UMeH System.Threading.Tasks), mpegHa3HayeH-
HBIN 714 MHKAICYNALMU IOHATUA Ollepaliy, KOTOpas 3aBepllaeTcA B
6ynymeM. CI‘eHepMpOBaTb 06bekT Task<TResult> mnsa ornepanuu,
MHTEHCUBHOM B I/IaHE BbBIYMCIIEHMI, MOXXHO C ITOMOLLbIO BbI30Ba Me-
topma Task.Run(), koTopblit coobmaer cpege CLR o HeobxognMMocTn
3allycKa YKa3aHHOTO JiefieraTa B OTA€/IbHOM IIOTOKeE, BbINO/MHAILEMCSA
Napasn/ie/IbHO BbI3bIBAIOILEMY KOMITOHEHTY:

Task<int> ComplexCalculationAsync ()
{

} return Task.Run (() => ComplexCalculation());

STOT MeTOx AB/AETCA ACUMHXPOHHBIM, IIOTOMY YTO OH BO3BpalllaeT
ynpaBjieHMe BbI3bIBAIOLIEMY KOMIIOHEHTY HEMENNIEHHO U MPOMOJIXKa-
€T BBINONTHATbCA NapannenbHo. OMHAKO HAaM HY>XEH KaKO-TO Mexa-
HM3M, KOTOpbIit 6bl Ial BO3MOXHOCTDb BbI3bIBAKOLLlEMY KOMIIOHEHTY
yKa3sblBaThb, YTO JO/DKHO NPOU3ONTHU, KOIJia ONepalnsa 3aBepLIUTCA U
pesynbTaT cTaHeT focTynHbIM. Knacc Task<TResult> peaer npo-
671eMy, OTKpbIBasi ZOCTYN K MeToly GetAwaiter (), KOTOpBI/ 103-
BOJIAET BbI3bIBAIOLEMY KOMIIOHEHTY MPUCOENUHATD MPOJODKEHMUE:

Task<int> task = ComplexCalculationAsync();
var awaiter = task.GetAwaiter ();
awaiter.OnCompleted (() => // TpomosyxeHne
{
int result = awaiter.GetResult () ;
Console.WriteLine (result); // 116
b
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Tem cambIM omepauuyu coobliaeTcss 0 TOM, YTO IO 3aBeplIEHUN
OHa JI0/XXKHa BBINIOJTHUTD YKa3aHHbIN feneraT. [IpogomkeHne cHavana
BbI3bIBaeT MeTof, GetResult (), KOTOpbIt BO3BpalllaeT pe3y/nbTaT
Bbruncnenus. (Mnu, ecnu 3afaya moTeprena Heyhauy, creHepMpOBaB
MCK/IOYeHNe, TO BbI30B GetResult () creHepupyeT 3TO MCKIIOYe-
HMe MOBTOPHO.) 3aTeM NPOJO/KeHe BBIBOAUT Ha KOHCONb Pe3ynbTaT
yepe3 Console.WriteLine ().

Knioyesbie cnosa await m async

KnioueBoe cnoBo await ynpoiaeTr mpucoenuHeHue MpOOTKe-
Huit. HaunHas ¢ 6a30Boro cueHapus, KOMIMAATOP pacliupsieT KOHC-
TPYKLUM:

var pesyJbTaT = await BEpaxeHue;

oneparop (k) ;

B KOfi, QYHKLIMOHa/IbHO MOJOGHBII CefyiolLleMy:

var awaiter = BrpaxeHne.GetAwaiter();
awaiter.OnCompleted (() =>
{
var pe3ysnbTaT = awaiter.GetResult();
oneparop (u) ;
)

HA 3AMETKY!

Kommunstop Takxe BbIycKaeT KO A/s ONTMMM3aLMK Clie-
Hapus CUHXPOHHOTO (HeMeM/IeHHOTro) 3aBepLIeHNs ONepaLyu.
PacnipocTpaHeHHas npu4MHa /1A HEMeL/IEHHOTO 3aBepIleHMs
aCMHXPOHHOI1 Onepalyyu BO3HUKaeT, KOTfla olepalus peanu-
3yeT BHYTPEHHMII MeXaHM3M KEIUMPOBAHMUSA U pe3yNbTaT yxe
HaXO[MTCA B Kellle.

CrenoBaTeNbHO, Mbl MOXKEM BbI3BaTb paHee OIpele/leHHbI MeTOf
ComplexCalculationAsync (), Kak IOKa3aHO HMXe:

int result = await ComplexCalculationAsync();
Console.WriteLine (result);

YT06bI KOJ CKOMITM/IMPOBACSA, K COBEPIKALLEMY €r0 METOAY MOHa-
Bobutcs fo6aBUTh MOEMIHUKATOP aSync:
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async void Test ()

{
int result = await ComplexCalculationAsync();
Console.WriteLine (result);

}

Mopudukarop async coobiyaer KOMIUIATOPY O Heo6XooMMOC-
TH TPaKTOBKM await Kak K/II04eBOro CIOBa, a He MAeHTUMKATOpa,
4TO MpMBeno 6bl K HEONHO3HAYHOCTH BHYTPM JAHHOrO MeTofa (3TO
rapaHTMpYeT, YTO KOJi, HallMCaHHBIA o Bbixoma Bepcuu C# 5.0, B
KOTOpPOM C/IOBO awalt mcronmbsyercs B KayecTBe MAEHTU(]MKATOpa,
To-npexxHeMy 6yfieT KOMIUINpoBaThcs 6e3 ommbok). MoauduxaTop
async MOXeT NPUMEHATbCA TONMbKO K MeTonaM (M nsaMOpa-Bbipaxe-
HUAM), KOTOpble BO3BpalaloT void nubo (kak 6ymeT mokasaHo mos-
xe) 06bekT Task unu Task<TResult>.

HA 3AMETKY!

Monuoukarop async nogobeH Momudukatopy unsafe B
TOM, YTO He OKasblBaeT HUKAKOrO BIMSAHUA Ha CUTHATYpy Me-
TOZa MM OTKPbIThle MeTaflaHHble; OH BO3EHCTBYET TONBKO Ha
TO, YTO TIPOMUCXOAUT 6HYMPU METORA.

MeToapl ¢ MOAMPUKATOPOM aSyNC Ha3bIBAIOTCA aCMHXPOHHBIMU
GYHKUMAMM, IOTOMY YTO OHM CaMy OOBIYHO AB/ISAIOTCA aCMHXPOHHBI-
Mu. UTo6Bl yBUAETD [TOYEMY, AaBaiiTe MOCMOTPUM, KaKMM 06pa3oM
HpoLiecC BBINONHEHUA NPOXOAUT Yepe3 aCMHXPOHHYIO QYHKLIMIO.

BctpetuB BbipaxkeHye await, ynpasnenue (06bI4HO) Bo3Bpalla-
eTCs BbI3bIBaloLlleMy KOMIIOHEHTY, YTO OYeHb II0XOXKe Ha IOBefieHMe
yield return B ureparope. Ho mepen BosBpaToM MCMONHAOLIAA
cpena npyucoeAMHsAET K OXXMAAIOILeil 3afjade MPU3HAK MPOAO/KEHU,
KOTOPbIif FapaHTUPYeT, YTO KOrfia 3ajjlaya 3aBepLINTCA, TO yIIpaB/leHue
nepeitfieT 06paTHO B METOR ¥ MPOJO/DKMUT C TOTO MeCTa, Iile OHO €ro
OCTaBMNIO. B cryyae BO3HMKHOBeHMs OLIMOKM B 3ajiade ee MCKIIOYe-
HMe reHepupyeTcs NOBTOpHO (6/arofaps BbI3oBy GetResult ());
MHaye BBIPQ)XEHMIO awalt mpucBaMBaeTcs BO3BpalllaeMoe 3HadyeHMe
3ajjaum.
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HA 3AMETKY!

Peanusanusa cpemoit CLR Meroga OnCompleted () obbekra
OXUAaHUA 3ajjlayy rapaHTUPYeT, YTO 10 YMOTYaHUIO CUTHAIbI
NPOMIO/KEHU OTIIPAB/IAIOTCA Yepe3 TeKYIUUI KOHMeKCm CUH-
XpoHU3ayuu, ecnu oH cyilecTByeT. Ha mene ato o3Hayaet, 4To
€C/IY NIPOUCXOUT OXKMAaHMe TOTOKA MO/NMb30BaTe/NbCKOTO MH-
Tepdeiica B CLieHapysAX ¢ oboraleHHbIMY N0/1b30BaTe/IbCKUMU
nntepdeiticamu (WPE, WinRT, Silverlight 1 Windows Forms),
TO Kofi 6yAeT NMpORO/KEH B TOM )Ke CaMOM IIOToKe. B urore
ympoiaetcs obecrneyeHne 6€30MacHOCTH K MOTOKaM.

BripakeHue, Ha KOTOPOM NpUMeHsAETCA await, 0ObIYHO AB/sET-
ca 3afayeif. TeM He MeHee, KOMIMIATOP YCTPOUT /060 06BEKT C
MeTofoM GetAwaiter (), KOTOpbIif BO3BpallaeT 06BEKT C BO3MOX-
HOCTbI0 OXxMAaHusA. O6beKT ¢ BO3MOXXHOCTbIO OXXMAAHUSA peannsyer
Meton INotifyCompletion.OnCompleted (), a TakXxe MMeeT
NOAXOAALIUM o6pa30M TUIIM3UPOBAaHHbIN MeTox GetResult () u
6yneBckoe cBoicTBO boolIsCompleted, KOTOpoe BBIMONMHAET MpPO-
BepKY Ha NpeAMeT CMHXPOHHOTIO 3aBepIlUeHN.

O6parture BHMMaHMe, YTO BbhIpaXkKeHUe awalt olleHMBaeTcs Kak
MMelolllee TUIT int; NpUYMHA B TOM, YTO OXKMJAEMbIM BbIpakeHUEM
6b1m10 Task<int> (Merom GetAwaiter () .GetResult () koro-
poro Bo3BpalljaeT TMN int).

OxxupaHme Heo6061IEHHO 3alauy BIIOTHE 3aKOHHO 1 TeHepupy-
€T BbIpakeHMe void:

await Task.Delay (5000);
Console.WriteLine ("lpouwto nate cexkyHa!");

Crarnyeckuit Meton Task.Delay () BosBpamaeT o6bekT Task,
KOTOpbI/l 3aBeplllaeTcs 3a YKa3aHHOe KOMMYEeCTBO MUIUCEKYHJ.
CunxpoHHbIM 3KkBMBaneHTOM Task.Delay() aBnserca Thread.
Sleep().

Task npegacraBnser coboit Heo6061eHHDbI 6a30BbI Kacc
ona Task<TResult> u ¢JYHKLLMOHaIIbH0 3KBUBAJIEHTEH
Task<TResult> 3a UCK/IIOYEHMEM TOTO, YTO He MMeEET KaKOro-a1mu-
60 pesynbTara.
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3axBaT N0KaNbHOro COCTOAHUA

McTHHas Molub BbIpaXKeHMit await cOCTOMT B TOM, YTO OHM MO-
TYT HaXOAMTbCS MOYTHM Ifie YTOHO B KOfe. B 4acTHOCTH, BbIpaXkeHMe
await MoXeT MOABNATbCA Ha MecTe /MOO60ro BbIpakeHUs (BHYTpH
acMHXpOHHOM GYyHKIMM) KpoMe 6110ka catch mnu £inally, Bbipa-
XeHMA lock, KOHTeKCTa unsafe MIM TOYKYM BXOAA B MUCTIONHAIOLIMIA
Monyns (Metoma Main ()).

B cnenyiouem npumepe await ucrnonb3yeTcss BHyTpY LIMKIIa:

async void Test ()

{
for (int i = 0; 1 < 10; i++)
{
int result = await ComplexCalculationAsync();
Console.WriteLine (result);

}

[Ipu nepBom BbinonHeHun ComplexCalculationAsync ()
ylpaB/ieHMe BO3BpalllaeTCs BbI3bIBaloOLeMy KOMIIOHEHTY 6mnaropaps
BbIpaXeHMIo await. Korma MeTtoq 3aBepiuaeTcs (MM TepluT Heynda-
4y), BBINO/IHEH)E BO30OHOBISIETCA C TOTO MeCTa, KOTOpOe OHO paHee
TIOKMHY/IO, C COXPaHEHHbIMM 3HaYEHUAMM JIOKANbHBIX NePEMEHHbIX U
CYETYMKOB LMK/IOB. KOMIUNATOP HOCTUTaeT ITOro MyTeM TPaHCIALMM
TAKOro KOfja B KOHEYHbI aBTOMAT, KaK OH IOCTyIaeT C UTepaTopaMu.

B orcyrcTBie KmodeBoro cnoBa await pyyHoe npuMeHeHMe Impo-
HO/DKEHUIA O3Ha4YaeT HeOOXOAMMOCTb B HAallMCAaHUM Yero-TO IKBMBa-
JIeHTHOTO KOHEYHOMY aBTOMATy, YTO TPagMLMOHHO 6bUT0 dakTOpOM,
YCOXHSAIOWMM aCMHXPOHHOE NpOrpaMMMpOBaHMe.

Hanncanne acHHXpOHHBIX QYHKLMA

B mo60it acMHXpOHHOI QYHKLMM BO3BpalliaeMblif TUI vOid MOX-
HO 3aMeHMTb TMIOM Task, 4To6bI clienaTb caM MeTOf NMPUTOSHBIM
A/A aCMHXPOHHOTO BBINONHEeHUA (1 noamepxku await). Hukaxue
Apyrue U3MeHeHUsA He NMOTpebyloTCA:

async Task PrintAnswerToLife()
{
await Task.Delay (5000);
int answer = 21 * 2;
Console.WriteLine (answer);
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O6paTuTe BHMMaHMe, YTO Mbl He BO3BpalllaeM SBHO 3afiayy B TeJle
MeTofa. KoMmunaTop caMocTosiTenbHO npousBefeT 3afady, KOTopas
CUTHA/IM3MPYeT O 3aBepllieHMM NAHHOTO MeToAa (MM O BO3HUKHOBe-
HUM HeoO6pabOTaHHOTO MCKMIOYeHMUs). B pesynbrare obneryaercs co-
3aHMe LeNoYeK aCMHXPOHHBIX BbI30BOB:

async Task Go()

{
await PrintAnswerToLife();
Console.WriteLine ("Toromo");

}

(M nockonbky MeTon Go () BosBpalaeT Task, caM Go () mopmepxu-
BaeT OXXMJaHMe MOCPeACTBOM await.) Kommunsartop pasBopaumBaer
acMHXpOHHble GYHKLMM, BO3Bpalljalolliie 3afayy, B KOJ, KOCBEHHO
ucnonb3yomuit knacc TaskCompletionSource ans cosgaHus 3a-
Ja4M, KOTOpas 3aTeM OTIpaB/IAeT CUTHAN O 3aBepIUEHMM MM OTKase.

HA 3AMETKY!

TaskCompletionSource — ato Tun CLR, nossonsmommi
CO3aBaTh 3afauM, KOTOPHIMM BbI YIpaB/iseTe BPYYHYIO, CHUT-
Hanuaupys o6 ux 3aBepLIeHUM MOCPEACTBOM BBIAYM pe3yiib-
TaTa (MM 06 OTKa3se C IIOMOIbIO UCKIIOUEeHNsA). B oTnume ot
Task.Run () ™vn TaskCompletionSource He cBA3bIBa-
€T MOTOK Ha MpPOTsXKEHMM BBINONHeHUA onepaunyu. OH Takxke
NpUMeHsAeTCA NpY HallMCaHUM METOOB, MHTEHCUBHBIX B IIa-
He BBOJA-BbIBOJAa ¥ BO3BpallalolnX o6beKThl 3agay (Bpoge
Task.Delay ()).

Heﬂb B TOM, YTOOBI IpU 3aB€pLIEHUN aCMHXPOHHOIo M€TOa, BO3-
Bpaljamwliero 00'beKT 3ajgayM, o0becreyuTb BO3MOXHOCTD nepenain
yhnpaB/i€HUA B TO MECTO KOJa, rae MpoUCXOOUT €ro OXXuaaHue, yepes3
IMpOoaOo/DKEHME.

Bosspauenne Task<TResult>

Ecnu B Tene merona BosBpamaercss I TResult, To MOXXHO BO3-
BpamaTth Task<TResult>:

async Task<int> GetAnswerToLife ()
{
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await Task.Delay (5000);

int answer = 21 * 2;

// answer uMmeeT Tun int,

// moaromy meTon Bo3Bpawaer Task<int>
return answer;

}

[TpomeMoHcTpupoBaTh paboTy Meroga GetAnswerToLife ()
MO>XHO, BbI3BaB €ro u3 Metroga PrintAnswerToLife () (KOTopbu?l
B CBOIO O4epefb BbI3bIBaeTCs U3 GO () ):

async Task Go()
{

await PrintAnswerToLife();
Console.WriteLine ("ToroBO");

async Task PrintAnswerToLife ()

{

int answer = await GetAnswerToLife();
Console.WriteLine (answer);

}
async Task<int> GetAnswerToLife()
{

await Task.Delay (5000);

int answer = 21 * 2;

return answer;

}

AcuHXpOHHbIe PYHKLMY [leNal0T aCMHXPOHHOE NpOorpaMMUpoOBa-
HJe MOXOXMM Ha CMHXpOHHOe. Hiuke npuBefieH CMHXPOHHBIII 9KBHU-
BA/IeHT Halllero rpaga BbI30BOB, /i1 KOTOPOro BbI30B GO () [aeT TOT
XKe caMblif pe3y/nbTaT Noc/e 6I0KMPOBAaHUA B TedeHMe MATU CEKYHJ:

void Go()

{

PrintAnswerToLife () ;
Console.WriteLine ("T'oroBoO");

void PrintAnswerToLife ()

{

int answer = GetAnswerToLife();
Console.WriteLine (answer);

}
int GetAnswerToLife()

Thread.Sleep (5000);
int answer = 21 * 2;
return answer;

}
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9To TaKkXKe WUTIOCTpUPYeT 6a30BbIN NMPUHLIUI NPOEKTUPOBAHUA C
UCIIONb30BaHMeM aCMHXPOHHBIX pyHKumit B C#, KOTOpBIN NpexycMaT-
pUBaeT HamyMcaHMe CUHXPOHHBIX BEPCHil METOHOB M MOCIERYIOLLYIO
3aMeHy BbI30BOB CUHXPOHHbIX METOHOB BbI30OBaMM ACUHXPOHHBIX Me-
TOMIOB, a TaK)ke NIpMMeHeHe K HUM await.

MNapannenusm

MbI TONBKO YTO NMPOJAEMOHCTPUPOBAIK Haubonee pacrnpocrpa-
HEHHBII MIOAXOH, TP KOTOPOM OXKMAaHMue GyHKIMII, BO3BpaILaOINX
OOBEKTHI 3ajla4, NPOM3BOAMUTCA Cpas3y IMocne BbI3oBa. B pesynbrare
MO/Iy4YaeTcsl NOoCefOBaTeNbHbINA MOTOK BBINOTHEHUSA NMPOrpaMMbl, KO-
TOprﬁ JIOTUYECKU HOHO6€H CBOEMY CMHXpOHHOMY 3KBMBAJIEHTY.

BbizoB ACMHXpPOHHOro MeToaa 6e3 ero OXXUOaHUsA IO3BOIAET IIN-
CaTb Ko[f, KOTOprf"i CNneayeT BBINOMHATD IMapaanenbHO. Hanpmvlep,
MOKa3aHHbIA HIDKe KOJ [iBa pasa INapasje/lbHO 3anmyckaeT MeTOR
PrintAnswerToLife():

var taskl = PrintAnswerToLife();

var task2 = PrintAnswerToLife();

await taskl; await task2;

[IpuMeHss B KOHLle await K o6euM omnepaumsaM, Mbl “3aKaH4YM-
BaeM” MapajjenusM B JaHHOI TOYKe (M NMOBTOPHO FeHepupyeM Jio-
6ble MCKTIOYeHMs, KOTOpble MOI/IM MOCTYMMUTb U3 3THX 3afay). Knacc
Task mpefgocTaBiseT CTaTUYeCKuit MeTo[ Mo uMmeHu Whenall (),
MO3BO/IAOIIMIA JOCTUYD TOTO XKe pe3y/bTaTa HeMHOro addeKkTuBHee.
Metop WhenAll () Bo3BpallaeT 3afayy, KOTOpas 3aBepLIAaeTCs, KOr-
7la 3aBepILIAIOTCs Bce NepejaHHble eMy 3ajjaun:

await Task.WhenAll (PrintAnswerToLife(),
PrintAnswerToLife());

Meton WhenAll () Ha3biBaeTcsa Komburamopom 3aday. (Kmacc
Task Takke MpeftaraeT KOMOMHATOp 3afia4 Mo uMeHu WhenAny (),
BO3BpallaloIlMii 3afjauy, KOTOpas 3aBepliaeTcs, KOIa 3aBepLIaeTcs
nobas 13 NepefaHHbIX MeToAy WhenAny () 3amay.) Kom6uHaTOpbI
3afa4 nofpobHo paccMarpuBaloTcsi B KHure C# 7.0. CnpasouHux.
Ionnoe onucanue A3vika.

AcunxpoHHble nAM6AA-BbIpaXKeHUA

1'1011061-10 TOMY, KaK OObIYHBIE UMEHOBaHHbIE METOAbI MOTYT 6bITh
ACMHXpPOHHBbIMM:
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async Task NamedMethod ()
{
await Task.Delay (1000);
Console.WriteLine ("Hauasno");
}
aCMHXPOHHBIMM MOTYT OBITb UM HeumeHo8aHHble MeTObI (M1AM6Aa-BbI-
pakeHMs M aHOHMMHbIe MeTOfIbl), €C/IM NpeABapUTb UX K/IIOUEBBIM
C/IOBOM async:
Func<Task> unnamed = async () =>

{
await Task.Delay (1000);
Console.WriteLine ("Hauano");

} ’
BBI3bIBaTb MX ¥ MIPUMEHATb K HUM await MOXHO TeM ke CaMbIM
criocobom:

await NamedMethod () ;
await unnamed() ;

AcuHXpOHHbIe NAMOIa-BbIpaXkKeHNs MOTYT UCIIO/Nb30BAaTbhCA MPH
npyucoenHeHnn 06paboTYNKOB COOBITHIL:

myButton.Click += async (sender, args) =>
{
await Task.Delay (1000);
myButton.Content = "I'oroBo";

’

3r0 60NEe TAKOHMYHO, YeM C/IeRYIOLINIA KOMI, KOTOpbIil obecneun-
BaeT TOT ke caMblif 3¢ deKT:

myButton.Click += ButtonHandler;

async void ButtonHander (object sender, EventArgs args)
{
await Task.Delay (1000);
myButton.Content = "T'oroBo";
}i
ACMHXpOHHbIE IIHM6).'[a-Bpra)KeHMﬂ MOT'YyT TaK)Xe BO3BpallaTh
Task<TResult>:

Func<Task<int>> unnamed = async () =>
{
await Task.Delay (1000);
return 123;
}i
int answer = await unnamed() ;
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He6e3onacHblit KOA U yKa3aTenu

SIsbik C# mopaep xuBaeT NpsAMble MAHUIY/TALIMM C AMATDIO Yepes
yKkasaTenu BHYTpM 6710KOB KOZa, KOTOpble IOMedeHbl Kak HebGe3omac-
Hble ¥ CKOMIIMIMPOBAHBI C OnLueit kommunaropa /unsafe. Tunsl
yKasaTeJiell o/1e3Hbl [TaBHBIM 06pa3oM npy B3auMopeiftcTum ¢ API-
nHTepdeitcamu C, HO MOTYT TaK>Ke MPUMEHATbCS /1A KOCTYNA B Na-
MATD 3a Npefie/laMy YIpaBsAeMOi Kyuyu MIU As “TOpAYMX’ TOYeK,
KPUTHYHBIX K NPOM3BOAUTENbHOCTH.

OcHoBbI yKa3aTenei

Jlnst KaXXOoro TMHa 3HAaYeHMS MU CCBUIOYHOTO THMA V MMeeTcs
COOTBETCTBYIOLUMI TUI yKasaTens V*. DK3eMIUIAp yKa3aTels Xpa-
HMT afipec NepeMeHHOI. TUI ykasaTens MoxeT 6bITh (Hebe30macHoO)
NpMBefieH K M060My ApyroMy Tiiy ykasatens. Huxe nepeuncieHst
OCHOBHbIe OllepaliMy HaJ| YKasaTelAMu.

Onepauma  Onucanue

& Onepauua 83amus adpeca BO3BPALLAET yKa3aTenb Ha aapec NepeMeHHoM

* Onepauus pa3siMeH08aHUA BO3BPALLAET nepemeHHylo No aapecy,
KOTOPbIi 33aH yKa3atenem

—-> Onepauu yxkasamens Ha Y/ieH ABNACTCA (MHTAKCMYeCKUM COKPALLIEHHEM,
T.e. X—>y 3KBUBANEHTHO (*X) .y

He6e3onacHbin Kop

[Tomeyas THII, WieH TMMA WM 6JI0K ONEPaTOPOB K/IOYEBBIM C/IO-
BOM unsafe, Bbl paspelliaeTe UCMONb30BATh TUIIbI YKasaTesleit U Bbl-
TOJHATD OllepaLyy Hajl yKasaTensmy B cTune C++ BHYTpPM 3TON 00-
macT BUAMMOCTH. Hike mokasaH mpuMep NpMMeHeHMs yKasaTerlei
mns 6bICTpOit 06paboTKM GUTOBOIM KapThi:

unsafe void BlueFilter (int[,] bitmap)
{
int length = bitmap.Length;
fixed (int* b = bitmap)
{
int* p = b;
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for (int i = 0; i < length; i++)
*p++ &= OxFF;

}

Heb6e3omnacHblit Kof§ MOXeT BbIMONHATBCA GbICTpee, 4eM COOTBETC-
TBylOLlas eMy 6e3onacHas peanu3auus. B nocnenHem cmydae kop nmot-
pebyeT BIOXKEHHOTrO LIMKIA C MHAeKCcallMelt B MacCMBe M MPOBEPKOM
rpanuu. Hebe3omacHsiit MeTox C# MOXeT TaKoke OKasaTbcs ObICTpee,
4eM BbI30B BHelluHeit QyHKIMy C, MOCKONbKY He 6yeT HMKaKMX Ha-
KJIaJHBIX PacXofoB, CBA3aHHBIX C MOKMAAHUEM YIpaB/IsAeMON Cpefbl
BBINO/THEHUA.

Onepatop fixed

Omnepatop fixed Heo6XOmUM LA 3aKpeIIeH!s YIpPaBAAeMOTo
o6bekTa, TaKOro kak 6MTOBas KapTa B IpeAblAyIieM mpumepe. Bo
BpeMsl BBIIIOJIHEH!s] IPOTPaMMbl MHOTHe O6BEKTHI paclpefensioTcs
B Ky4e Y BIIOCTIEACTBMM 0CBOOOXHaTCA. Bo n3bexxanue Hexenarenn-
HBIX 3aTpaT WM (pparMeHTaLMM MaMATH COOPILUMK Mycopa MepeMe-
1aeT 06'beKTHl BHYTPYU Ky4l. Yka3aTellb Ha 06beKT b6ecrioneseH, eciu
afipec 06beKTa MOXeET M3MEHUTbCA BO BpeMs obpallieHus K HeMy,
notoMy onepatop fixed coobuaer c6opimKy Mycopa o Heob6xonu-
MoOCTH “3aKperieHuss” 06beKTa, YTOOBI OH HMKYHA He MepeMeLiascs.
91O MOXeT oKa3aTb BAUsAHME Ha 3 PEeKTUBHOCTD MPOrPaMMbl BO
BpeMs BBITNIONIHEHMUA, TaK YTO GpUKCHpOBaHHbIe 67I0KM JOMKHbBI UC-
T0/1b30BaThCs TOMbKO KPaTKOBPEMEHHO, a paclpefie/ieHus aMATH B
Ky4e BHYTpM duKcupoBaHHOro 6/10Ka cnefyet usberaTs.

B oneparope fixed MOXHO MONyYaThb yKasaTelb Ha THUI 3Ha-
YeHMs, MaCCUB THMIIOB 3Ha4YeHWIt MU CTpOKy. B ciydyae MaccuBoB 1
CTPOK yKasarenb OyAeT B [eMCTBMTENBHOCTM YKa3bIBaTh Ha IePBbIit
97IeMEHT, KOTOPbII OTHOCUTCA K TUITY 3Ha4YeHUs.

Tunbl 3HaueHuit, 06bABNEHHbBlE HEMOCPENCTBEHHO BHYTPU CChI-
JIOYHBIX TUIOB, TPeOYIOT 3aKpeIUIeHN)s CCHIIOYHBIX TUIIOB, KakK IO-
Ka3aHO HMXe:

class Test
{
int x;
unsafe static void Main ()

{

Test test = new Test();
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fixed (int* p = &test.x) // 3akpenuser test

{

System.Console.WriteLine (test.x);
}

Onepauua yKka3aTtens Ha YneH

B nononHeHue K omepauuaM & M * Asblk C# Takxke Ipepnaraet
onepanuio -> B ctune C++, KOTOpas MOXeT IIPUMEHATbCA NPH pa-
60Te CO CTPYKTypaMu:

struct Test
{
int x;
unsafe static void Main()

{
Test test = new Test();
Test* p = &test;
p->x = 9;
System.Console.WriteLine (test.x);

Maccusbl
KnioyeBoe cnoso stackalloc

Bbl MoxkeTe ABHBIM 06pa3oM BBIIENATh NaMATb B 6/10ke BHYTpU
CTeKa C NMOMOLIbI0 K/Ilo4eBoro cnosa stackalloc. M3-3a pacmpe-
HeNeHUs B CTeKe BpeMs >KM3HM 6710Ka MaMATY OrpaHMYMBAETCA BbI-
MO/THEHNEM MeTOHa, B TOYHOCTH KaK I M060i APYroif M0KalIbHOM
nepeMeHHO. Briok MoxeT ucnonp3oBaTh onepauuio (] 1A MHAEKca-
LMY BHYTPU MaMATH:

int* a = stackalloc int [10];

for (int i = 0; 1 < 10; ++1i)

Console.WriteLine (a[i]); // BelBoOo HM3KOYypPOBHEBBIX
// 3HadeHuit U3 NnaMATU

Bydepbi puKcupoBaHHbIX pasmepoB

Jins BbIfeNeHUs NaMATH B 6/10ke BHYTPY CTPYKTYpbl IPUMeEHSAET-
¢ KnodeBoe cnoBo fixed:
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unsafe struct UnsafeUnicodeString
{
public short Length;
public fixed byte Buffer[30];
}
unsafe class UnsafeClass

{

UnsafeUnicodeString uus;

public UnsafeClass (string s)

{
uus.Length = (short)s.Length;
fixed (byte* p = uus.Buffer)
for (int 1 = 0; i < s.Length; i++)

pli] = (byte) s[i];
}
}

B npuBenenHoM npumepe knodeBoe cnoBo fixed Takke UCHOMb-
3yeTcs 1A 3aKpelyieHus B Kyde o6beKTa, cofiepxkaniero 6ycdep (ko-
TOpbIN 6yneT sk3eMmnsapoM UnsafeClass).

void¥*

Ykasatenb void (void*) He memaeT HUKaKMX NPeRNONONKEHUI O
THIle JIeXAIMX B OCHOBe JaHHbIX 1 ynobeH ansa yHKIMA, KOTOpble
UMEIOT IeNo C HU3KOYPOBHeBOIt NaMATb10. CylllecTByeT HeABHOe Ipe-
obpa3oBaHMe 13 Mo6oro TMIa ykasaTens B void*. Ykasatenp void*
He JONYCKaeT pa3bIMEHOBaHMA M BBHIMONHEHUA Hal HUM apudMeTu-
yeckux onepauumit. Hanpumep:

unsafe static void Main()
{
short(]) a=(1,1,2,3,5,8,13,21,34,55};
fixed (short* p = a)
{
// Onepaumsa sizeof BO3BpawaeT pa3Mep
// Tuna 3HaueHusa B Bairax
Zap (p, a.Length * sizeof (short));
}
foreach (short x in a)
System.Console.WritelLine (x); // BbIBOOMT BCe HyJMn
}

unsafe static void Zap (void* memory, int byteCount)

{
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byte* b = (byte*) memory;
for (int i = 0; i < byteCount; i++)
*b+t+ = 0;

NupeKTuBbl Npenpoueccopa

Hupexmuesl npenpoyeccopa cHa6>kalOT KOMIUIATOP HOMONHMU-
TeNIbHOI MHQopMalueit 0 pasgenax kofa. Haubonee pacnpocTpaHeH-
HbIMM JUPEKTUBAMM IIPENPOLECCOpa AB/AIOTCA JUPEKTUBbI YCTIOBHOM
KOMIMWIALIMM, KOTOpble NPENOCTaBNAIT CNOCO6 BKIIOYeHUs M1M60 Mc-
K/I0YeHUs pa3fieNioB Kofla U3 mpoliecca komnunauuu. Hanpumep:

#define DEBUG
class MyClass

{
int x;
void Foo ()

{
#if DEBUG
Console.WriteLine ("TecTtupoBaHue: x = {0}", x);
#fendif

}

B knacce MyClass onepaTop BHyTpyu MeTofia Foo () KoMnuau-
pyeTcs YCTOBHO B 3aBUCMMOCTH OT CYLIeCTBOBaHUA cMMBona DEBUG.
Ecnu ypanute onpenenenne cumBona DEBUG, Tor#a 3TOT onepaTop B
Foo () xoMmunupoBaTbcs He 6ymeT. CHUMBOJIbI IIpeNpoLeccopa MOTYT
omnpefienATbcsl BHYTpH (aitia MCXOfHOro Kofia (4To M 6bllo chenaHo
B NpyMMepe), a TaKXKe IepefaBaThCsl KOMIMIATOPY C MHOMOILBIO ONLIMMU
KOMaHOHOM cTpoku /define: cumBouL

B nupextuBax #if u #elif MoxHO npuMeHATb omepauuu | |,
&& n ! nna BuinonHeHus norndeckux pencteun MW, Y u HE Hapg
HeCKONbKMMU cuMBoaMu. [IpencTaBieHHas HidKe JMPEKTUBA yKa3bl-
BaeT KOMIWIATOPY Ha HEOOXOAMMOCTb BK/IIOYEHUS C/IefyIOLlero 3a
Helt Kofa, ecnu onpefiened cuMBon TESTMODE u He onpefieNieH CUM-
Bon DEBUG:

#if TESTMODE && !DEBUG
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OpHako uMeifTe B BUAY, 4TO Bbl He CTPOUTe OOBIYHOE BbIpa)XKEHMe
C#, a CUMBOJIbI, KOTOPbIMM BBl ONEpMpYeTe, He MMEIT abCOMIOTHO
HMKAKOI'O OTHOLUEHUA K nepemeHHbimM — CTAaTUYECKUM M/IU KaKUM-TO
ApYTUM.

HupexTusbl #error u #warning npegoTBpaljaoT clydaitHoe
HerpaBU/IbHOE MUCMONb30BaHME JUPEKTUB YCIOBHOM KOMIMIALMM,
3aCTaB/IAsA KOMIMIATOD reHepUpOBaTh MpeAynpeXxaeHne unm coob-
weHue 06 omnbKe, KOTOPOe BHI3BAHO HEMOAXOMAAIIMM HA60POM CUM-
BOJIOB KOMITU/IALIUM.

Huxe nepeuncrnenbl Bce AUPEKTUBBI NpeNpoLieccopa.

flupexTuBa npenpoueccopa  [fleiictBue

#define cumBoON OnpegenseTt cumpon

#undef cimBoOT OTMeHAeT onpegenenme cumBona

#if cumsos YcnoBHaA KOMNUAALMA (onepaunaMK ABNAKOTCA

[onepammsa cympon2)... == 1= g&su||)

#else KomnunupyeT kog ao cnegylowed AUPEKTHBbI
#endif

#elif cmmsos Kombuhupyer BeT8b #else u npoBepky #1if

[onepawsa cimBoOn2)

#endif 3aKkaHuuBaeT AMPEKTUBbI YCNOBHOM KOMNUAALMH

#warning TexcT 3acTaBNAET KOMNUNATOP BbIBECTH NpeaynpexaeHue
€ YKa3aHHbIM TEKCTOM

#error Texct 3acTagnAeT KOMNUAATOP BbIBECTH CoobleHUe

06 owwmbKe C yKka3aHHLIM TEKCTOM

#line [Homep Homep 3agaeT CTpoKy B HCXOAHOM Koge; B " dastr"

("¢arr"] | hidden] yKa3blBAETCA UMA (aiina ANA NOMeLLEHKS B BbIBOA
KomMnunATopa; hidden WHCTPYKTUPYET HHCTPYMEH-
Thl OTNAAKM 0 HE0BX0AUMOCTH NPONYCKA KOAA OT 3TO
TOUKW A0 Cnepyloliedt AupeKTUBLI # 1ine

#region rma 0603HauaeT Havano pasgena
#endregion 0603HavaeT KoHey pasgena
#pragma warning (m. cnepylowuié pasgen
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AnpektHBa #pragma warning

KoMmnunsarop reHepupyeT npegynpexxaeHue, Korga o6HapyxuBa-
eT B KOfie YTO-TO, He KaXcyllleecsl MpeAHaMepeHHbIM. B oTnnune or
oIM6OK MpeaynpeXxAeHus 06bIYHO He NPEeNATCTBYIOT KOMITMIALUM
TIpUIO>KEHMUA.

[IpenynpexxneHua KOMIMIATOPa MOTYT OBITb MCKMIOYMUTENBHO
T0/Ie3HBIMY NIPY BbIsIBNeHUM olM6OK. TeM He MeHee, MX IONE3HOCTD
CHIDKAeTCs B C/Tydyae BBIAUM N0XHbIX TIpeRyNpexaeHuit. B kpynHom
NIpUIOXKeH!M O4YeHb BaXKHO NMOAAEP>KMBATh MOAXOAAIee COOTHOILe-
HMe “CUTHajI-1IyM’, eCu JO/DKHBI ObITb 3aMeydeHbl “HacTosALMe” Mpe-
RyTNpexaeHus.

C 3T0J1 LeNnbi0 KOMIMIATOP MO3BONAET M36MpaTeNbHO MOAAB-
NATH BbIayy MpeRynpexaeHuii ¢ OMOLIbIO AMPEKTUBBI #pragma
warning. B cnenyolieM npuMepe Mbl MHCTPYKTUPYeM KOMIIMTIATOP
He BBIJJaBaTb NpeNyNpeXxAeHUs O TOM, 4TO Moje Message He Mc-
TONb3yeTCst:

public class Foo

{

static void Main() { }

#pragma warning disable 414
static string Message = "Coobwenue";
#pragma warning restore 414

}

Ecnu B pupekTuBe #pragma warning He ykasaHO YMCIIO, TO
6ymeT OTK/IIOYeHa M/IM BOCCTAaHOBJIEHAa Bblaya MpeRypeXxaeHuit co
BCEMU KOOAMMU.

Ecnu BbI BceCTOpOHHE NPUMEHSANN 3Ty RAUPEKTUBY, TOTAA MOXKeTe
CKOMITM/IMPOBATb KOJ C NepeKoyaTesieM /warnaserror, KOTOpblit
COOBIMT KOMIMIATOPY O HEOOXOAMMOCTHM TPAKTOBATh /II06bIE OCTaB-
1Mecs NpeRynpexnaeHnsa Kak ommnbKu.

XML-gokymeHTauus

JokyMeHTUpYIOIIMII KOMMEHTapuif — 3TO NOPIUA BCTPOEH-
Horo XML-kogma, koTopad BOKYMEHTMpYeT TMII MM 4leH THUIa.
JOKyMeHTUPYIOIMII KOMMEHTApUil pacrosnaraeTcs HermocpefCTBEHHO
nepen 06bsAB/IEHMEM TUIIA MM YIEHA M HAUMHAETCA C TPeX CUMBOJIOB
KOCO1 4epThl:
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/// <summary>llpexpaiiaeT BIIONMHSEMMJTICS Sanpoc.</summary>

public void Cancel() { ... }

MHoOrocTpo4YHble KOMMEHTApUM 3ANUCHIBAIOTCA CIEAYIOMMUM 06-
pasom:

/// <summary>

/// TipekpamaeT BEIIOJHAOUMIACA 3anpoc.

/// </summary>
public void Cancel() { ... }

WK Tak (06paTuTe BHUMaHMe Ha OTONIHUTENBHYIO 3Be3[OYKY B Hayase):

[**

<summary>Ipekpalia eT BBHIIOJHAKWMIACA 3anpoc.</summary>

*/

public void Cancel() { ... }

B cnyyae xoMnunAuuu c nepexnioyareneM /docC KOMIUIATOP
M3BJIEKAET M HaKal/IMBaeT JOKYMEHTUPYIOLME KOMMEHTApUU B CIle-
unanbHoM XML-aitne. C gaHHBIM ¢aitioM cBsi3aHbI JBa OCHOBHBIX
ClLieHapysA UCIIO/1b30BaHUA.

¢ Ecnu oH pa3MellleH B TOif )ke MallKe, YTO ¥ CKOMIMIMPOBaHHas
cbopka, To Visual Studio aBTomMatndecku umutaer stor XML-
¢aitn u npuMeHsieT MHPOPMALIMIO U3 HETO ANA MpefocTaBe-
HusA cimcka yineHoB IntelliSense noTpe6urensam c6opku ¢ Ta-
KMM ke UMeHeM, Kak Yy XML-daitna.

¢ CropoHHMe MHCTpYMeHTHI (TakMe Kak Sandcastle 1 NDoc)
MOTYT TpaHcpopMupoBaTh 3ToT XML-¢aitn B cnpaBouHsIi
HTML-daitn.

(ranpapthble XML-geckpuntopbl AOKYMeHTaL UK

Huxe nepeuncnens! ctangapTHble XML-eckpunTopsl, KOTopble
pacnosHalorcs Visual Studio M reHepaTopaMy HOKyMeHTaLMM.

<summary>
<summary>...</summary>
YkasbiBaeT BCIIBIBAIOLIYI0 MOACKAa3Ky, KOTOPYI CpeACTBO
IntelliSense momxHo oTo6paxcaTh AnA TMna unu 4neHa. O6bIYHO
3TO OfMHOYHas $pasa MM MpemTOKeHNe.

<remarks>
<remarks>...</remarks>

XML-poxymentauns | 219



JlonOMHUTENbHBIN TEKCT, KOTOPbIA OMMUCHIBAET TUII WM Y/eH.
TeHepaTOpBl JOKyMeHTaLMi OOBeAMHAIOT €ro C MOMHBIM ONMCa-
HMEM TUIIAa MM YJIeHa.
<param>
<param name="mmsg">...</param>
O6BACHAET MapaMeTp MeTOA.
<returns>
<returns>...</returns>
O6mBACHsET BO3BpalllaeMOoe 3HaueHe MeTOfia.
<exception>
<exception [cref="Tun"]>...</exception>
Yka3biBaeT MCK/IIO4EHME, KOTOpOE METOf MOXXET reHepMpoBaThb
(B cref 3ajaeTca THUI UCKIIOYEHUA).
<permission>
<permission [cref="Tun"]>...</permission>
YkasbiBaeT Tun IPermission, TpeGyeMslit JOKYMeHTUPYeMbIM
TUIIOM MU YIEHOM.
<example>
<example>...</example>
O603HayaeT npumep (MCIONb3yeMblit FeHEPaTOPaMy JOKyMEHTALMM).
Kak npaBusio, cofiep>XUT TeKCT ONMCaHUs UM UCXOOHBIN Kop (1Mcxof-
HBIiT KO OObIYHO 3aK/II04eH B IECKPUIITOp <C> wu <code>).
<c>
<c>...</c>
Yka3blBaeT BHYTPUCTPOYHBI PparMeHT Koja. ITOT JeCKPUIITOP
06BIYHO NpUMeHseTCA BHYTpU 6710Ka <example>.
<code>
<code>...</code>
YkasbiBaeT MHOTOCTPOYHBIN NpyMep Koja. DTOT HECKPUIITOP
06BIYHO MCHONb3YeTCs BHYTpM 6/10Ka <example>.
<see>
<see cref="uygen">...</see>

BcTaBnseT BHYTPUCTPOYHYIO NepeKpeCTHYIO CChIIKY Ha ApYroi
Tin uin dieH. [eHepatropsl HTML-pmokymeHTanmmu o6b14HO mpe-
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o6pa3y}oT 3TO B IMIepCChIIKY. KoMnunaTop BbigaeT npegynpex-

JleHUe, eClIM YKa3aHO HeJONyCTMMOe MMA TUIAa U/IU Y/IeHa,
<seealso>

<seealso cref="uneH">...</seealso>

BcTaBnseT nepekpecTHYIO CChIIKY Ha ApYroit TUI MIM YIEH.

TeHepaTopbl JOKyMeHTALMY OObIYHO 3aMMCHIBAIOT 3TO B OTAE/bHbIN
pasgen “See Also” (“CM. Takxe”) B HIDKHeIl YaCTH CTPaHMLIbL

<paramref>
<paramref name="ymsa"/>

BcraBnser cchiKy Ha mapaMeTp BHYTPM AeCKpuNTOopa <summa-
ry> unu <remarks>.

<list>
<list type=[ bullet | number | table ]>
<listheader>

<term>...</term>
<description>...</description>
</listheader>
<item>
<term>...</term>
<description>...</description>
</item>
</list>
WHCTpYKTHpYeET reHepaTop JOKYMEHTALMK O HeOOXOAMMOCTH BbI-
Fauy MapKupoBaHHoro (bullet), HyMepoBaHHOro (number) um
TabnuuHoro (table) crmeka.

<para>
<para>...</para>
VIHCTpyKTHMpYeT reHepaTop JOKYMeHTaLMu O HeOOXOAMMOCTH
dbopMaTHpoBaHKA CORePXXMMOTO B BUfle OTAENbHOTrO ab3ana.
<include>

<include file="'wmmsa-gparuia’'
path="'nyTes-x-geckpunropy [@name="ygexrupmuxarop"]'>

</include>
BeimonHseT o6benuHerne ¢ BHelHUM XML-daitnom, comepka-

MM JOoKyMeHTauumio. B atpubyre path sagaerca XPath-3ampoc
K KOHKpPeTHOMY 3/IeMeHTY 13 3Toro ¢aitna.
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C# 1.0. KapMaHHBIV CIIPABOYHMUK

Korga Bam Hy»Hbl OTBETbl Ha BONPOCHI MO NPOrPaMMMUPOBAHUIO Ha A3blKe
C# 7.0, 3TOT y3KOCNeyMan3npoBaHHbIN CNPaBOYHUK NPEANOKNT UMEHHO
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AYTbiIX NpUMepoB. Jlerkoe B YTeHUM 1 njeanbHoe B KayecTBe KpaTkoro
CMpaBOYHWKA, AAHHOE PYKOBOACTBO NMOMOXKET OMbITHbIM NMPOrpamMMncTam
Ha C#, Java n C++ 6bICTpO 03HaKOMUTbLCA C NocnefHen Bepcunent asbika C#.
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