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06 aBTopax

Ixo3ed AnbGaxapu — aBTOp NpembIAYWINX u3faHuit kuur C# in
a Nutshell (C#. Cnpasounuxk. [TonHoe onucanue ssvika) u C# Pocket
Reference (C#. Kapmannuiil cnpagounuxk), a Taxxxe kuuru LINQ Pocket
Reference. On paspaboran LINQPad — mnonynapHyio yTUAUTy Ans
MOArOTOBKM Kofia 1 npoBepky 3anpocos LINQ.

Ben Anbaxapu — coyupenurens Be6-caitra Auditionist, npegHa-
3HaueHHOro /A KacTuHra aktepoB B CoenmHeHHOM KoponescTae.
Ha mpoTs>keHuM nATH NeT OH ObUT PYKOBOAMTENEM IMPOEKTOB B
Microsoft, paboras nomumo npodero Hag npoekramu NET Compact
Framework u ADO.NET. Kpome TOro, oH ABNANCA coydpemuTeneM
¢dupmbl Genamics, 3aHMMalOLENCA MOCTABKO! MHCTPYMEHTOB /A
nporpaMmuctoB Ha C# M J++, a Tak>ke MPOrpaMMHOro obecrneyeHus
ona a”Hanusa [JHK u npoTtenHoBbIX Lienoyek. beH BbICTynan coaBTo-
pom xuuru C# Essentials, mepBoit KHUTH 10 A3blKy C# OT u3gaTenbc-
tBa O’Reilly, u npenbiayimux usgauuit C# in a Nutshell.
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KapmaHHbIN CnpaBoOYHUK
no A3biky C# 8.0

C# ABNA€TC YHUBEPCANbHBIM, 6€30MaCHBIM B OTHOLIEHNY TUIIOB,
00bEKTHO-OPMEHTUPOBAHHBIM A3BIKOM NPOrPaMMMPOBAHMA, LIebIO
KOTOpOro sBjseTcsA obecrneyeHme NPOAYKTUBHOCTY paboThl Mpo-
rpaMMuMCTOB. [I7151 3TOro B A3bIKe cobmiofaeTcs 6amaHc MeXAY Mpo-
CTOTOI!, BBIPa3UTENbHOCTbIO ¥ NPOU3BOAUTENbHOCTbIO. Bepcusa C# 8
paccuMTaHa Ha paboTy ¢ ucnontsemoin cpenoit Microsoft .NET Core 3
u nnatgopmoit NET Standard 2.1 (torpa kak Bepcusa C# 7 6bina opu-
eHTMpoBaHa Ha Microsoft .NET Framework 4.6/4.7/4.8, a Taxxxe NET
Core 2.x u .NET Standard 2.0).

HA 3AMETKY!

[TporpaMmsbl 1 GparMeHThl KOfia B 3TO KHUT€ COOTBETCTBYIOT
npyuMepaM, KOTOpble pacCMaTpUBAIOTCA B [M1aBax 2—-4 KHUTYU
C# 8.0. Cnpasounux. I[TonHoe onucanue A3vlka, U TOCTYIHBI
B BUJe MHTepaKTUBHbIX npumepoB ansa LINQPad (http://
www.lingpad.net/). IIpopa6oTka npuMepoB B COYeTaHUM
C 4TEHMEeM HaCTOALLE! KHUIYU YCKOpSAeT MpOLecC M3ydyeHu,
T.K. BBl MOXX€T€ pelaKTMpOBaTb KOJ M HEeMEeNJIeHHO BMUOETb
pesynbTaThl 6e3 HeOOXOAMMOCTY B HAaCTPOIKe MPOEKTOB U
pewenuit B cpeneVisual Studio. [Ins 3arpysku npumepos me-
peitnute Ha Bknagky Samples (ITpumepsi) B okHe LINQPad
u wenkHuTe Ha cchinke Download/import more samples
(3arpysuTb/MMMIOpTUPOBATh NOMOMHUTENbHBIE MPUMEPHI).
Ytunura LINQPad 6ecninaTHa 1 JOoCTynHa AnA 3arpysku Ha
Beb-caitte www . lingpad.net.

Cornawenuns, ncnonb3yemblie B 3TOM KHUre

B xHure NpUHATDBI CNeayoline TI/IHOFpaCbCKVIe cornalleHus.

Kypcus
Vcnonb3syeTca A1 HOBbIX TEPMMUHOB.
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MOHOWMPMH HEIM
[IpuMenseTca [na npeacraBleHUa NUCTMHIOB nporpamm, URL,
aJ[pecoB 3NEKTPOHHOM MOYTHI, uMeH aioB u ¢daioBbIX pac-
LWIMPEHNI, a TaKXXe BHYTPM TEKCTa ANA CChbIIKY Ha 3/1€EMEHThI
NIporpaMM, Takye KakK MMeHa MepeMeHHBIX My GYHKUMIA, 6a3bl
HOaHHDBIX, TUIbl JaHHbIX, IEPEMEHHbIE CPeJbl, ONlepaTOPbl U KO-
4eBble C/IOBa.

HA 3AMETKY!

3pmech npuBOAUTCA Oblllee 3aMedaHye.

Ucnonb3oBaHue npumepos Koaa

[TporpamMMbl # $parMeHTbl KOfa, paCCMOTPEHHbIE B 3TOM KHMUTE,
HOCTYIHBI B BUAE MHTePAaKTUBHBIX NpyuMepoB mna LINQPad.

JlaHHasA KHMra MpMU3BaHa MOMOYb BaM JieflaTh CBOK paboTy. B 06-
1[eM Cy4yae Bbl MOXeTe NPUMEeHATh IPUBEJIeHHBII 3[1eCb KON NpuMe-
POB B CBOMX ITPOrpaMMax M JOKyMeHTaLyu. Bol He 0643aHbI cripaum-
BaTh y HAC pa3pelleHys, eClM TONMbKO He BOCIIPOM3BOUTE 3HAUMTENb-
HYIO YacTb Kofia. Hanpumep, ans HanyucaHuA NpOrpaMMsl, B KOTOPOIt
BCTpevaloTCs MHOTMe ¢parMeHThl KOJa U3 3TOi KHUIH, paspellieHue
He Tpebyerca. OgHaKo [1A MPOAaXM MM PaclpOCTpaHeHMUS KOM-
nakT-gucka ¢ npumepamu un3 kuur O'Reilly paspeluenne o6ssarensHo.
OTBeT Ha BOMpPOC MyTeM CChIIKM Ha 3Ty KHUTY M LIMTUPOBAHUA KOJia
U3 npyuMepa paspelileHns He Tpebyer. Ho ana BHempeHnmsa cyuiecTBeH-
HOro o6’beMa Koja NMpMUMEpOB, MpefiNaraeMbIX B 3TOJ KHUIe, B JOKY-
MEHTALMIO 110 BallleMy NPOAYKTY paspellleHne 06A3aTeNbHO.

MBI BBICOKO LIeHMM yKa3aHMe aBTOPCTBA, XOTA 1 He TpebyeM 3Toro.
YcTaHOB/IeHMe aBTOPCTBA OOBIYHO BK/IIOYAaeT Ha3BaHMe KHUTH, HaMu-
NMM M MIMeHa aBTOPOB, M3[iaTeNbCcTBO 1 HoMep ISBN. Hampumep: “C#
8.0 Pocket Reference by Joseph Albahari and Ben Albahari (O'Reilly).
Copyright 2020 Joseph Albahari, Ben Albahari, 978-1-492-05121-3"

Ecnu BaM kaxkeTcs, UTO croco6 MCMONb30BaHUA BaMM NPUMeEPOB
KOJia BBIXOIMT 3a 3aKOHHbIE PaMKJM WM YIIOMAHYTbIE Bbllle pa3pelle-
HJA, TOTa CBAXMUTECh C HAMM M0 CeAYIolleMY afipecy 3NeKTPOHHOI!
noythl: permissions@oreilly.com.

Hcnonb3osanue npuMepos kopa 9



Xnem Bawux oT3biBoB!

Bbl, unTaTenb 3TOM KHUIM, M €CTb IJIaBHBI €e KpUTHUK. Mbl LieHUM
Ballle MHEHME ¥ XOTUM 3HATb, YTO OBUIO CIETAHO HaMU IIPaBUIbHO, YTO
MO>XXHO 6BUIO CHeNaTh y4llle ¥ YTO ellje Bbl XOTeny Obl yBUAETb U3NaH-
HbIM Hamy. HaM mHTepecHb! ni06ble Ballly 3aMedaHMs B Halll afipec.

M-bI xpeM BallMX KOMMEHTAapueB M HajeeMcA Ha HuX. Bbl Moxe-
Te MPUCIaTh HaM 3MEKTPOHHOE MUCbMO MO0 MPOCTO MOCETUTb Hall
Be6-caiiT 1 OCTaBUTb CBOM 3amevanus TaM. OTHUM CITOBOM, MIOOBIM
yROOHBIM I/ Bac clocoboM faiiTe HaM 3HATh, HPABUTCSH /1M BaM 3Ta
KHMTIQ, a TaK)XXe BbICKa)XMTE CBOE MHEHME O TOM, KaK C/e/laTh Hally
KHUrK GoJslee MHTEpPECHBIMU 111 Bac.

OrnpaBnaAs NucbMo UM cooblleHne, He 3abynbTe ykasaTb Ha3Ba-
HMe KHUTU 1 ee aBTOPOB, a TaKxKe CBOIt 0bpaTHbIN afpec. Mbl BHU-
MaTe/TbHO 03HAKOMMMCA C BalllMM MHEHMeM U 063aTebHO Y4TEM €ro
npy oTbope M MOATOTOBKE K M3[AHMIO HOBBIX KHUT.

Haiun anexTpoHHble afpeca:

E-mail: info@dialektika.com
WWW: http://www.dialektika.com
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epBaa nporpamma Ha C#

Huxe nokasana nporpamMmma, koTopas yMHOXaeT 12 Ha 30 u BbI-
BOAMT Ha 3KpaH pe3ynbTar 360. [IBoiiHad kocad 4epTa yKa3blBaeT Ha
TO, UTO OCTATOK CTPOKMU ABJAETCA KOMMeEHMmMapuem:

using System; // VMIIOpTUpOBaHUe
// NpOCTPaHCTBa UMeH
class Test // ObbsaBneHue kjacca
{
static void Main() // ObwaBJEeHME MeTOoma
{
int x = 12 * 30; // Oneparop 1
Console.WriteLine (x); // Oneparop 2
} // KoHel mMeToma
1 // KoHel kjacca

OCHOBHBIM KOMIIOHEHTOM ITPOrpaMMbl ABJIAIOTCA [IBA 0neparmopa.
Oneparope! B C# BBIMOMHAITCA MOCIENOBATeIbHO M 3aBepllaloTCcA
TOYKOJ1 C 3anAToi. [lepBblil orepaTop BbIUMCIAET BbipaxceHue 12 * 30
U cOXpaHseT pe3ylIbTaT B J0KANbHOU nepemMeHHOU MO MMEHU X,
KOTOpas MMeeT LieJI0YMCIeHHbI1 TUIl. Bropoii onepatop BbI3bIBaeT
memo0 WriteLine () knacca Console i BbIBOJA 3Ha4YeHUs Mepe-
MEHHOJ1 X B TEKCTOBOE OKHO Ha 9KpaHe.

Memo0 BbINONHAET HeCTBUE B BUJE NOCIE[OBATEILHOCTHU Olle-
paTopoB, KOTOpas HasblBaeTCA O/10KOM Onepamopos U MpefCcTaBA-
eT coboit napy ¢urypHnix ckobok, cofepskaliux Homb Uy 6osbliee
KOJIMYEeCTBO OMNepaTopoB. Mbl ONpenenunu efMHCTBEHHbIN METO 110
uMeHu Main ().

Hanucanue BbICOKOYpOBHEBBIX GYHKLMI, KOTOpble BbI3bIBAIOT
HU3KOYpOBHeBble GYHKLMM, YIIpoLlaeT IporpaMMy. Mbl MOXeM Npo-
BeCTU pedakmopuHe IpOrpaMMBbl, BbITENTNB MHOTOKPAaTHO UCIIONb3Y-
eMblif MeTOJ, KOTOPbIii YMHOXAeT Lie/loe YUC/IO Ha 12, clemyolmM
obpasoM:

using System;

class Test

{

static void Main()

{
Console.WriteLine (FeetToInches (30)); // 360

Console.WriteLine (FeetToInches (100)); // 1200

Nepsannporpammawa ¢ | 11



static int FeetTolInches (int feet)

{
int inches = feet * 12;
return inches;

}

MeTon MOXeT Mony4aTb 8X00Hble HaHHblE U3 BbI3BIBAIOLIETO
KOfla 3a CYeT yKa3aHMs [apaMeTpOB U MepelaBaTh BbIX00Hble LaH-
Hble 06paTHO BBbI3BIBAOILEMY KONy NyTeM YKa3aHUA 8038pPau4aemo-
20 muna. B nmpegpifylieM npuMepe Mbl ONpeneNnuIu MeTOR 10 UMeHU
FeetToInches (), KOTOpbI/ MMeeT MapaMeTp O/ BXOJHOTO 3Hade-
HusA B QyTax U Bo3BpalllaeMblil TUII /I BBIXOXHOTO 3Ha4YeHUs B [I0¥1-
Max; 06a OHM MpUHaIIexar K (LemoYucIeHHOMY) TUITY int.

ApryMeHTaMmy, repefaBaeMbiMu MeTofy FeetToInches (), 4B-
nawotcsa aumepanvt 30 u 100. Merog Main () B 3ToM npumepe cofiep-
XKUT ITYCThle Kpyrible CKOOKM, TTOCKOBKY OH He MMeeT MapaMeTpoB, 1
ABNAETCA vOid, MOTOMY YTO He BO3BpalllaeT Kakoro-1mbo 3HadeHUs
BbI3bIBamlLleMy kony. Meron mo umenu Main () pacnosnaerca B C#
Kak MpyU3HaK CTaHAApPTHOM TOUKM BXOZla B MOTOK BBINONHEHUA. MeTtof,
Main () MoxeT HeoOsA3aTenbHO BO3BpalllaTh LETOYUCTIEHHOE 3Haye-
Hye (BMecTo void) ¢ uenbio ero nepexaum ucronHswollei cpege. Kpome
TOro, MeTox Main () crocobeH NOMOMHUTENbHO MPUHUMATD B KauecT-
Be MapaMeTpa MacCUB CTPOK (KOTOPBIT OyMeT 3aloNMHAThCA NM0OBIMU
apryMeHTaMU, epefaBaeMbIMU UcTIONHAeMOMY ¢aitny). Hampumep:

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

HA 3AMETKY!

Maccus (takoit kak string|[]) npeacraBnser GpuKcupoBaH-
HO€ KOJIMYECTBO 37IEMEHTOB OINpefle/IeHHOro TuMa (CM. pasjien
“MaccuBbl” Ha cTp. 39).

MerToppl ABIAKTCA ONHUM U3 HECKONbKMX BuIoB byHkumit B CH.
Opyrum BUgoM GYHKUMY, KOTOPBIN MbI TPUMEH SN, Obl/Ia onepauns
*, BBINOJHAKILAs YMHOXeHMe. CYILeCTBYIOT TaKXXe KOHCHPYKMOopbl,
ceoticmea, cobbimu s, uHoeKcamopsl U PuHanu3amopl.

B paccmaTpuBaemMoM mpumepe [Ba MeTOHa CrPYNIMPOBaHbl B
knacc. Knacc o6benuuaeT QyHKUMM-UIEHBl U [JaHHblE-9/IEHbl IIA
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¢dopMupoBaHus 0OBEKTHO-OPUEHTUPOBAHHOIO CTPOUTENBHOrO 6710~
ka. Knacc Console rpynnupyeT 4eHbl, KOTOpble MOAAEPKMBAIOT
GyHKLMOHANBHOCTb BBOMA-BbIBOJIAa B KOMAH/IHOM CTPOKe, TaKue Kak
Merong WriteLine (). Haw knmacc Test o6benuHsieT nBa MeTofa —
Main () u FeetToInches (). Knacc mpencrasnser coboit pasHo-
BUIHOCTb muna (Tunsl Mol 06cynum B pasnerne “OCHOBBI TUIIOB” Ha
ctp. 17).

Ha camoM BHeuiHeM YpPOBHe MpPOrpaMMbl TMIIbI OpraHM30BaHbI B
npocmpaxcmea umeH. [IMpeKTUBa USIiNg memaeT MpOCTPaHCTBO MMEH
System [JOCTYMNHbIM HallleMy NPUIOXEHMIO [ MCMONb30BaHMUA
knacca Console. Mbl Mor/iu 6bl ONpeReNuTb Bce CBOM K/IacChl BHYTPU
MpOCTpaHCTBa UMeH TestPrograms, Kak [0Ka3aHO HUXKE:

using System;

namespace TestPrograms
{
class Test {...}
class Test2 {...}
t

bubnmmorexu NET Core opraHu3oBaHbl B BUfe BJIOXKEHHBIX MPO-
CTpaHCTB MMeH. Hanpumep, cnenyiouiee NpocTpaHCTBO MMEH COfiep-
JKUT TUIBI 071t 06paboTKM TeKcTa:

using System.Text;

IupexTuBa Using nmpucyTcTByeT 3mech pagyu yno6CTBa; Ha TUI
MOYKHO TaK>X€ CChI/IaThCs C TIOMOLIBIO [TOJTHOCTbIO 3aJaHHOTO MMEHH,
KOTOpoOe TNpefcTaBnaseT coboit UMs TuMa, NpeBapeHHOe ero Ipo-
CTPaHCTBOM MMeH, Hanofobue System.Text.StringBuilder.

Komnunauyua

Komnunsrop C# TpaHCIMpyeT MCXORHBINA KOZ, yKasblBaeMblil
B BuAe Habopa QaliNoB ¢ paclimpeHueM .Cs, B cO0pPky, KOTOpas
npencTaBnsier coboit enMHMLy yrnakoBkyu M pasBeprbiBaHus B .NET.
C6opka mMosxeT 6bITb b0 npunoxceruem, nubo 6ubnUOMeKOL; pasHu-
Lla MeXIy HUMM 3aK/II0YAeTCsl B TOM, YTO MPUJIOKEHME MMEET TOUKY
Bxofa (Metonm Main ()), Torga kak 6mubnuoreka — HeT. bubnmoreka
npefHa3HayeHa [Is BbI30Ba (CCbIIKU) TIPUIOXKEHUEM MU LPYTUMM
6ubnuorekamu. Ucnonusirowas cpena .NET Core u nndppactpykrypa
NET Framework cocrosT n3 Habopa 6ubnmorex.

Nepean nporpamma Ha C# 13



JInA BbI30Ba KOMIOMIATOpPA MOXKHO 1160 MPUMEHATb MHTErPUPO-
BaHHYI0 cpeay paspaboTku (integrated development environment —
IDE), Takyto kak Visual Studio mau Visual Studio Code, 1160 3anyc-
KaTb €ro BPYYHYI0 B KOMaHJHOI cTpoke. YTOOBI Bpy4HY0 CKOMIUIN-
poBaTb KoHconbHOe npunoxenue ¢ NET Core, cHavana noHagoburcs
sarpysutb kommnekT .NET Core SDK, nocne yero cosgaTb HOBbBI
MPOEKT:

dotnet new console -o MyFirstProgram
cd MyFirstProgram

B pesynbTraTe cosmaeTcs manka no umenu MyFirstProgram, co-
mep>kaiuas ¢aitn ¢ kogoM Ha C# mop Ha3BaHMeM Program.cs, KOTOpbIi
3aTeM Bbl MOXKETe pefaKTMpoBaTh. [/ BbI30Ba KOMIMIATOpA BBEAMTE
komaHny dotnet build (unu xomanmy dotnet run, KOTOpas CKOM-
MUIMPYET U 3amyCTUT MpOrpaMMy). BbIBox 3ammcbIBaeTcs B MOAKATANOr
nog bin\debug u Bxtoyaer daitn MyFirstProgram.dll (Bbixon-
Has cOopka), a Taloke ¢aitn MyFirstProgram. exe (HanpaMyo 3a-
MYCKaIOLMII CKOMIIMIMPOBAHHYIO TPOrpaMMmy).

CuHTaKCUC

Ha cuntakcuc C# okasan BnuAHMe CMHTaKcuC A3bIKOB C 1 C++.
B aTom pasgene Mbl onuileM 3neMeHThbI cuHTakcyuca C#, MpuMeHAA B
KayecTBe MpyUMepa CIeAyIoLIyIo IPOrpaMMYy:

using System;

class Test
{
static void Main{()

{
It & = 12 * 30
Console.WritelLine (x);

WnenTudukartopbl U Knouesble CNOBa

HMoenmuguxamopvr — 3TO MMeHa, KOTOpPble IPOrPaMMUCTbI BbI-
6MpaloT A1 CBOMX K/I1acCOB, METOJOB, IIepeMeHHBIX 1 T.1. Hiuxke ne-
peuncieHsl MAeHTUOUKATOPbl B MpUMepe MpOrpaMMbl B MOpAAKe UX
MOABNIEHNSA:

System Test Main x Console WriteLine
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VnenTudukaTop HOMKEH OBITH LIEeIOCTHBIM CTIOBOM, KOTOpOE 110
CyLIeCTBY cOcTOUT M3 cuMBonoB Unicode u HauuHaetcs ¢ 6YKBbI Miu
cuMBona noguepkuBanud. Vigentudukatoper C# 4yBCTBUTENbHBI K
peructpy cumBonoB. I1o cornalueHuio [jisg napaMeTpoB, IOKalbHbIX
[lepeMEHHBIX U 3aKPbITBIX 1071€11 JOIDKEH [IPUMEHATBCS “BepOIoXmit”
cTunb (HanmpuMep, myVariable), a ons Bcex OCTanbHbIX UAeHTUDM-
kaTopoB — cTuib Pascal (ckaxeMm, MyMethod).

Kntouesvie cnosa npenctaBnsaioT coboit MMeHa, KOTOpble MMEKOT
L7151 KOMITMZIATOPa 0co6blit cMbIc. Huke mepeuncneHsl Kio4deBble
C710Ba B IIpyMepe MpOrpaMMbl:

using class static wvoid int

BonbLIMHCTBO K/II04YeBbIX C/IOB ABNAIOTCA 3ape3epsuposaHHbimu,
T.e. UX He/lb35 UCIO/Nb30BATh B KayecTBe uaeHTUdMUKaTopoB. BoT non-
HbIJ1 CTIIMCOK 3ape3epBMpPOBAaHHbBIX K/IOUeBbIX c/10B 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

N36eraHne KOHGAUKTOB

Ecnu Bbl [eICTBUTENBHO XOTUTE NPUMEHATb UAEHTUDUKATOP C
UMeHeM, KOTOpoe KOHQIUKTYeT ¢ K/II04eBbIM CTIOBOM, TO K HeMy He-
obxonuMo nobaButh npedukc €. Hanpumep:

class class {...} // He monyckaercs
class @class {...} // PaspeuweHo
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CuMBon @ He sABJIseTCs YaCTbiO caMoro uaeHTuduKaTopa. Takum
obpasoM, @myVariable — To e caMoe, yTo M myVariable.

KoHTeKCTHble KAloyeBble ¢NoBa

HeKOTOpre KNTIO4Y€BbI€ CTOBA ABNAKNTCA KOHMEKCMHbIMU, &4 3TO
3HAUYUT, UTO UX TAKXKXE€ MOX>XHO UCIIONIb30BAaTb B Ka4€CTBE VI}ICHTMC])V[-
KaToOpoB — 6e3 cumBona @. Takue KiIOueBble CIOBa nepedncineHbl
HMOXKeE:

add dynamic join select
alias equals Let set
ascending from nameof value
asyrc get on 3
await global orderby when
by group partial where
descending into remove yield

HeonHO3HAYHOCTb C KOHTEKCTHBIMM K/TIOYEBBIMU CTTOBAMM H € MO-
JK€T BO3HMKATb BHYTPM KOHTEKCTA, B KOTOPOM OHM IPUMEHAKTCA.

"MTepaﬂbI, 3HaKN NYHKTYauuu u onepauuu

Jlumepansl — 3TO 3/eMeHTapHble MOPLMYU NaHHBIX, TEKCUYECKH
BCTpayuBaeMble B NporpaMMmy. B paccMaTpuBaeMoM mpumepe Mpo-
rpaMMbl UCMONB3YIOTCA MuTepansl 12 u 30. 3Haku nyHkmyayuu mno-
MOraloT pa3MeyaTb CTPYKTYpYy MporpaMmsl. B npuMepe nporpaMmsl
NPUCYTCTBYIOT 3HAKY MyHKTyauuu {, } u ;.

DurypHble cKobKM IPYNIMUPYIOT MHOXXECTBO OMEpaTOpOB B 070K One-
pamopos. Touka ¢ 3anATolt 3aBeplilaeT orepaTop (HO He 610K omepa-
TopoB). OnepaTopbl MOTyT OXBaTbIBaThb HECKOIBKO CTPOK:

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

Onepayus npeobpasyet o6 befuHAET BblpaXkeHUs. BonbLUIMHCTBO
onepanuit B C# 0603HayaloTCs ¢ MOMOILbI0 HEKOTOPOTO CUMBOJIA, Ha-
npuMep, orepalyus yMHOXEHUA BHIINAOUT KakK *. BoT kakue omnepa-
LMK 3afelICTBOBAHBI B TpUMepe MPOrpaMMBl:

0 * =
Touxoit 0603HaYaeTCA YIEHCTBO (]/UIVI JeCATUYHaA TO4YKa B YMUC-

NOBBIX NMuTepanax). Kpyrnble ckobku B npumepe NpuUCyTCTBYIOT TaM,
rae oObABIAETCA MM BBI3BIBAETCSA METOX; IYCTble KPYINble CKOO-
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KM O3HAYaKT, YTO METOA He MpMHMMAeT apryMeHTOB. 3HaK “paBHO”
BBINIONIHSAET npucsausaHue (IBOMHON 3HaK “paBHO’, ==, MPOU3BOLUT
CpaBHeHMe 3KBUBAIEHTHOCTH).

KommeHntapuu

B C# nopjepxmBaroTCA fiBa pa3HbIX CTUIA JOKYMEHTMPOBAHUA MC-
XOJIHOTO KOJia: 00HOCHPOUHblE KOMMEHMAPUU Vi MHOZOCIMPOUHDbIE KOMMEH-
mapuu. OGHOCTPOYHbBI KOMMEHTapMil HauMHAETCA C ABOWMHON KOCOM
YepThbl ¥ MPOAO/KAETCA A0 KOHLA cTpoku. Hanpumep:

int x = 3; // KommeHTapuii OTHOCUTEJLHO
// npucBaMBaHusa NEPEMEHHOl X 3HaueHus 3

MHOrOCTpOYHBIf KOMMEHTApUiT HAUMHAETCA C CUMBOJIOB / * 1 3a-
KaH4YMBaeTcA cumBonamu * /. Hanpumep:

int x = 3; /* 3TO KOMMEHTapui1,
KOTOPLDT 3aHMMaeT IBe CTPOKy */

B xoMMeHTapuum MOXXHO BCTpamBaTb XML-meckpunTopsl fOKy-
MeHTauuu (cM. pasgen “XML-gokyMeHTaums” Ha cTp. 231).

OcHOBbI TUNOB

Tun onpepfenser WabMoH AN 3HauyeHuUA. B paccmaTpyuBaeMoM
npyuMepe Mbl IPUMMeEHAEM [Ba IUTEpana TMMa int co sHaueHuAMyu 12
n 30. MbI Takxe 0OBABNAEM nepeMeHHy!0 TUIIA int MO MMeHN X.

IlepemenHas o6o3HayaeT AYeNKY B IIaMATH, KOTOpasA C TEUEHUEM
BPEMEHM MOXeT COfiep>XaTb pasHble 3HadeHus. HanpoTus, xoHcman-
ma Bcerfa NpejcTaBiAeT OQHO M TO e 3HaueHue (mogpobHee 06
3TOM — II03XKe).

Bce 3Hauenus B C# ABNAITCA k3emnaspamuy creunduieckoro
tuna. CMbICT 3HaueHUA ¥ HabOp BO3MOXKHBIX 3HaYeHUI1, KOTOpbIe
MOXXET MMeTh NepeMeHHas, ONpeAeNAnTCA ee TUIIOM.

Npumepbl NpegonpeaeneHHbIX TUNOB

[IpegonpeneneHHble TUMbL (TakXke Ha3blBaeMble BCIMPOEHHDI-
MU TUIIAMU) — 3TO TUIIbl, KOTOpbIE CIELMANBHO TOAJEPXKNUBAIOTCA
KoMIunATopoM. Tun int sABisAeTCs NpefonpeneneHHbIM TUIIOM AJIS
npepcraBnenus Habopa LenbIX Ynces, KOTOpble yMelanTcs B 32 6urta
namaATty, ot -23! go 231-1.
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C axseMmnnApamy Tuma int MOXHO BBIMONHATDL ONepaluy, Ha-
npuMep, apudmeTHyecKue:

Tt %= 122 S0

Ewe oguuMm npenonpeneneHHbIM THIIOM B C# ABndercsa string.
Tun string npeacraBnAeT MOCAENOBATENbHOCTb CUMBOJIOB, TaKYIO
kak “NET” unn “http://oreilly.com”. Co cTpokamMu MOXHO paboTarth,
BbI3bIBasA Ha HMX QYHKUMM CleayoluM obpasom:

string message = "JoBpo noxajoBaTb";

string upperMessage = message.ToUpper () ;
Console.WritelLine (upperMessage); // IOOBPO NOXAJIOBATb

int x = 2020;
message = message + x.ToString();
Console.WriteLine (message); // HoGpo noxanoBaTb2020

[IpemonpeneneHHblil TUI boo 1l MopfepXuBaeT B TOYHOCTU [iBa
BO3MOXHBIX 3HaueHus: true u false. Tun bool 06BIYHO UCTIONB3Y-
€TCA JJI YCTIOBHOTO Pa3BETBJIEHUA MOTOKA BBIITONHEHUA C [TOMOLIbIO
onepaTtopa if. Hanmpumep:

bool simpleVar = false;

if (simpleVar)

Console.Writeline ("3TO0 He Oyner BuiBeneHO") ;

int x = 5000;

bool lessThanAMile = x < 5280;

if (lessThanAMile)
Console.WriteLine ("3To OyneT BeIBeneHoO") ;

HA 3AMETKY!

[TpoctpaHcTBO MMeH System B .NET Core cogep>xuT MHOro
Ba)KHBIX TUIIOB, KOTOpble He ABIAIOTCA MpefonpeeneHHbIMM
B a3bike C# (ckaxkeM, DateTime).

Mpumepsbl cnenanbHbIX TUNOB

TouHO Tak e, KaK U3 MPOCTbIX GYHKLMI MOXKHO CTPOUTD CIIOXK-
Hble QYHKLUMM, U3 3NeMEHTapHbIX TUIOB NONYCKAaeTCs CO3[aBaTb
CJIO>KHBIE TUIIBL B crepyiolieM npumepe Mbl ONpefieNnM CIeluab-
HbI/ TN 1o uMeHy UnitConverter — Kmacc, KOTOPbIA CIYXUT
wa610HOM fi/151 peo6pa3oBaHysA eAMHMLL:
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using System;

public class UnitConverter
{
dinik- rakilon // Toje

public UnitConverter (int unitRatio) // KoHcTpykTOp
{
ratio = unitRatio;

}
public int Convert (int unit) // Meron

{

return unit * ratio;

1
I

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

Console.Write (feetToInches.Convert(30)); // 360

Console.Write (feetToInches.Convert (100)); // 1200

Console.Write (feetToInches.Convert
(milesToFeet.Convert (1))); // 63360

1
YneHbl THNA

Tun conepXUT OaHHble-uneHvl U PyHKUuU-YneHol. [JaHHBIMU-
yneHamyu TMna UnitConverter aBnseTcsa nozse no MMeHu ratio.
®ynkuun-4nens tvna UnitConverter — sro meton Convert ()
n KoHcmpykmop Knacca UnitConverter.

I'apmouua npeponpeaeneHHbiX U cneyhanbHbIX TUNOB

[IpuBnexaTenbHbll acrekT A3pika C# 3ak/l04aeTcs B TOM, YTO
MeXNy NpefonpefeNeHHbIMM M CHeLUaNbHbIMU TUNAMU MMEEeTCH
COBceM Majo oTnuumit. [IpenonpeneneHHslit TN int cmyxut wab-
NOHOM it Lenblx yncen. OH comepXuT OaHHble — 32 6uta — u
npenocTaBnseT GYHKLMU-YIEHBI, UCIIONb3YIOLMe STV JaHHbIe, TaKye
kak ToString (). AHanormyHblM 06pa3oM Hall CHEeLMANbHBIA THUI
UnitConverter geiicTByeT B kadecTBe LIabnoHa [s npeobpaso-
BaHus eguuuy. OH XpaHUT faHHble — K03 duumeHT (ratio) — u
npepnaraeT GYHKLUMU-YIEHDI A1 pabOThI C 3TUMM JaHHBIMU.
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KoHCTpyKTOpbI U CO3AaHMe 3K3eMNAAPOB

[laHHbIE CO30AOTCA MYTEM CO30aHUS IK3eMNAAPOS THIa. Mbl MO-
)KEM CO3JaBaTh 3K3EMIIAPbI IPENONPENENEHHBIX TUITOB [TPOCTO 3a CYET
NpMMEHEHMA TuTepana, Takoro kak 12 unm "Jobpo noxasmoBaTh".

Onepauyua new co3faeT 3K3eMIUIAPHI crieuanbHoro tmna. Haw
MeTon Main () HauMHAeTCA C CO3[aHMUA [BYX 3K3eMIIAPOB TUMA
UnitConverter. HenocpencTtBeHHO mocye CO3naHUA OonepaLyeit new
06 beKTa BBI3BIBAETCA €r0 KOHCHIPYKHOP ANs BBINOMHEHUS MHULIMANN-
saumy. KoHcTpykTop onpegnensercs nogoOHO METORY 3a MCK/TIOYEHMEM
TOrO, YTO BMECTO MMEHM METOMA M BO3BPALIAEMOr0 TUNa YKasblBaeTCH
MMs TUIIA, KOTOPOMY KOHCTPYKTOP NPUHAMIEXUT:

public UnitConverter (int unitRatio) // KoHCTpyKTOpP

{
ratio = unitRatio;

}

Ynenbl JK3emnAnapa U cTaTUyeckne YneHbl

JaHHble-uneHbl 1 QYHKLUMU-UWIEHBI, KOTOpPble OMEPUPYIOT Ha K-
3emnnApe TUMA, HA3bIBAIOTCA 4leHaMyu 3k3eMmnndApa. Ilpumepamu
4/IeHOB 3K3eMIIApa MOTYT CAy>XUTb MeTon Convert () Tuma
UnitConverter mmeron ToString () tuna int. ITo ymon4anuio
4JIeHbl ABNAITCA YlI€HaMM 3K3eMIIApa.

JaHHble-uneHbl M QYHKLUMMU-UIEHDBI, KOTOPble HE OMEPUPYIOT Ha
9K3eMI/IApe TUIMa, a B3aMEeH MMEIOT Jie/I0 C CAMMUM TUIIOM, JOJKHBI
nomeyaTbcsa Kak craTmyeckme (static). CraTMyeckuMum MeTona-
MU ABnAwTCA Test.Main () u Console.WriteLine (). Knacc
Console B OeilCTBUTENbHOCTHM MpeACTaBasAeT cob60il crnamuyeckull
Knacc, T.e. 6ce ero 4jaeHnl craTuyeckue. Co3gaBaTb 9K3EMIUIAPHI Kac-
ca Console Ha caMOM Jene HMKOr[ja He MpUAETCA — OfHA KOHCOMb
MICIIONIB3YETCA Lie/IbIM IPUTOXKEHMUEM.

JlaBajiiTe CpaBHMM YJIEHBl 3K3EMIIAPA M CTaTUYECKME Y/IEHBDI.
B noka3aHHOM HM>Xe KOJie I10/1e 3K3eMIiApa Name OTHOCUMTCA K KOH-
KpeTHOMY 3k3eMnApy Panda, Torga kak none Population npuHa-
INeXUT Habopy BceX 9K3eMIIAPOB Kmacca Panda:

public class Panda

{
public string Name; // Tone sk3eMnisapa
public static int Population; // Craruueckoe noje

public Panda (string n) // KOHCTpyKTOpP
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Name = n; // TIPMCBOUTE 3HAYEHME TOJIK 3K3EeMIJIAPa
Population = Population+1l;
// VIHKpEMEHTMPOBATh 3HAYEHME CTATUUECKOTI'O MOJIA

}

B cnepyromeM Kope cosparoTcsa aBa 9K3eMmaspa Panda, BbIBOAATCA
ux uMeHa (Name) u 3ateM obmee konuuectBo (Population):

Panda pl = new Panda ("Nanma On");
Panda p2 = new Panda ("NaHma Ha");

Console.WriteLine (pl.Name); // Nauma In
Console.WriteLine (p2.Name); // TaHma Ja
Console.Writeline (Panda.Population); Loft 2

Kniouesoe cnoo public

KnroueBoe cnoBo public oTKpbIBaeT JOCTYM K UYjl€HaM CO CTO-
POHBI Apyrux knaccoB. Ecnu 6b1 B paccMaTpyuBaeMoM IpuMepe mone
Name knacca Panda He 6b1710 mOMedeHo kak public, ToO OHO oOKa-
3a710Ch ObI 3aKpPBITHIM U K1acc Test He cMOT Obl MOMYYUTb K HEMY
JocTyn. MapkupoBKa 4eHa Kak OTKpbITOro (public) osHayaer, 4To
TUI paspelllaeT ero BUIeTb IPYrUM TUIIAM, @ BCe OCTanbHOe Oymer
OTHOCUTbCA K 3aKpBITBIM [JeTansAM peanusauuu. B pamkax obpekrt-
HO-OpMEHTUPOBAHHOM TEPMMUHONOIUM Mbl TOBOPUM, YTO OTKPbITbIE
YJIeHbl UHKANCYNUPYIOM 3aKpbITble Y/IeHbI Klacca.

NMpeobpa3osauus

B ssbike C# BO3MOXXHBI MpeoOpasoBaHusA MeXAy 3K3eMIUIApaMu
COBMECTMMBIX THIIOB. [[peobpasoBaHue Bceria IPMBOIUT K CO3LaHMUIO
HOBOTO 3Ha4YeHUs U3 cyliecTByoluero. [IpeobpasoBanus Moryt 6bITh
6o HeasHbIMU, TUOO ABHbIMU: HESBHbIE Ipe0bpa3oBaHuUs POUCKO-
IAT aBTOMAaTH4YeCKy, B TO BpeMs Kak sABHbIe peobpasoBaHus Tpeby-
I0T npusedeHus. B cnenymolieM npyuMepe Mbl HesI8HO peobpasoBbIBa-
eM int B Tun long (KOTOpbINt MMeeT B [iBa pasa 6osblile 6UTOB, YeM
int) u s8Ho npuBOoIMM int Kk TuMmy short (MMewIMit BIONTOBUHY
MeHbllle 6MTOB, YeM int):

int x = 12345; // int - 3TO0 32-6BUTHOE LeJoe

long y = x; // HesiBHOe npeoOpazoBaHue B 64-6UTHOE LeJioe

short z = (short)x; // fiBHoe npveeneHVe K 16-6MTHOMY LieJIOMY
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B obuieM cnyvae HesBHble Npeo6pasoBaHus paspelleHbl, KOTia
KOMITMJIATOP B COCTOAHMM FapaHTUPOBATh, YTO OHM BCerga OymyT
MpoXoauTh ycrelrHo 6e3 morepu mMHbopmauuu. B apyrux obcro-
ATENbCTBAX M/ NPeoOpasoBaHMsA MEXLY COBMECTMMBIMU TUIAMH
IO/DKHO BBIMONIHATBCA SAIBHOE MpUBEIEHMe.

Tunbl 3HaYeHUIR W CCbINOYHDIE TUNDI

Tumnel B C# MOXXHO pas[genuTb Ha mMunvl 3HAYEHUL U CCbiNOYHbIE
munvl.

Tunbvt 3HAYeHUti BKIIOYAIOT 6ONMBIIMHCTBO BCTPOEHHBIX TUIIOB
(a MMEHHO — Bce YMUC/IOBbIE TUMBI, TUN char u Tum bool), a Takxe
crienyanbHbie TUIIBI Struct u enum. CcbinouHble Munvl BKIIOYAOT
BCe KJIaCChl, MAaCCUBBI, JejIeratsl M MHTepGechl.

@OyHIaMeHTanbHOE OT/IMYME MEXAY TUIIAMM 3HAYEHMI M CChUIOY-
HBIMM TUIIAMM CBA3AHO C Te€M, KaK OHM MOJMEPXKMBAIOTCA B MaMATU.

Tunbl 3Ha4YeHNi

Conep>xMMbIM TepeMeHHOM! WM KOHCTAHTBI, OTHOCALIENCA K
muny 3HaueHus, ABNAETCA MPOCTO 3HaUYeHue. Hanpumep, cogep>xumoe
BCTPOEHHOTO THIA 3HaYeHUs int — 370 32 6GUTA HaHHBIX.

C moMolpio KII04eBOro ¢/IoBa Struct MOXKHO ONpefenuThb Clie-
LMaNbHbINA TUIT 3HaYeHUA (puc. 1):

public struct Point { publie int X, Y; }

CtpykTypa Point

-------------- : 3HaueHve / akaemnnsap

Puc. 1. Ox3emnasap muna 3HaseHuss 6 Namamu

[lpucBaMBaHue ak3eMIlIApa TUIA 3HAYE€HUs BcCerga MpUBOAUT K
KONu Po8aHu10 3TOro 3k3eMnAapa. Hanpumep:

Point pl = new Point();

pl.X =7;

Point p2 = pl; // llpucBauBaHue NPUBOIUT K KOMNMPOBAHMIO

Console.WritelLine (pl.X); // 7
Console.WritelLine (p2.X); // 7
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Pl Xt = 9k // ViI3mMeHuTs pl.X
Console.WriteLine (pl.X); // 9
Console.WriteLine (p2.X); // 7

Ha puc. 2 BuaHo, 4To 3K3eMINAPbl P1 U P2 XPAHATCS HE3aBUCU-
MO [IpyT OT OpyTa.

CtpykTypa Point

Pl p2

9 7
___________________________ 3

0 0

Puc. 2. [Ipucsausarue Konupyem 3K3eMnasp muna 3Ha4eHus

(cbinouHbie TUNDI

CchINIOYHBI TUM CTIOXHEe TUIA 3HAYEHMs M3-33 HAJIMUUSA [BYX
yacTeit: 06vekma U cculnku Ha 3TOT 06bekT. COmep>KMMBIM MepeMeH-
HOJ MJI KOHCTAHTbI CCHITIOYHOTO TUIA SABJIAETCA CChIIKA Ha OOBEKT,
KOTOPbIil CONEp>KUT 3HaueHMe. Huoke mpuBenen tun Point us npe-
IBINYLIEro MpuMepa, MepenycaHHblil B BUAe Knacca (puc. 3):

public class Point { public int X, Y; }

Knacc Point

Ccobinka OBwekT
| Ccbinka L[ >
S MeranaHHbie
06bEeKTA
X |
-------------- E 3HayeHwe / aK3emnnsp
Y

Puc. 3. Ixk3eMnnap ccvin0uH020 MUNA 8 NAMAMU

[IpyucBayuBaHye NEPEMEHHOI CCbIIOYHOTO THUITA BbI3bIBAET KOIM-
pOBaHMe CCHITIKYM, HO He 9K3eMIUIsipa 06beKTa. ITO MO3BONAET MHO-
)KECTBY TIePEMEHHBIX CChIIATbCS HA OIMMH M TOT XKe 06BEKT — TO, 4TO
C TUITaMM 3HaYeHMit OOBIYHO HEBO3MOXXHO. EC/i MOBTOPUTH mpefpl-
LyLIMit IpUMep TIpY yCNOBUM, YTO POint Temepb MpefcTaBIseT CO-
6ot knacc, Torga onepauus Hag pl OymeT BosfeiicTBOBaTb Ha P2:
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Point pl = new Point():

pl.X=17;

Point p2 = pl; // KonupyeT cchliky Ha pl
Console.WriteLine (pl.X); // 17

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

pl.X = 9; // W3menuts pl.X
Console.WriteLine (pl.X); // 9

Console.WritelLine (p2.X); // 9

Ha puc. 4 BugHO, 4T0 Pl ¥ P2 — 3TO ABE CCHIIKM, KOTOpbIE yKa-
3bIBAIOT Ha OJUH U TOT Xe OO'BEKT.

Knacc Point

B ObvexT
Ccbinka I[ .
— -' MetananHeie |
obbekra
1 I A S c— '
Ccbinka 0

Puc. 4. [Ipucsausarue Konupyem ccoliky

3HaueHue null

Ccbinke MOXeT 6bITh MPUCBOEH nuTepan null, KOTOpbIt OTpa-
»aeT TOT ¢akT, UTO CChIIKA He YKasblBaeT Ha KaKOi-1160 0ODBEKT.
[IpennonoxxuM, 4to Point sBAAETCH KIACCOM:

Point p = null;

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

ObpaliieHye K WieHy cCbUIKM Null NMpMBOAUT K BO3HMKHOBEHMIO
oLMOKM BpeMeHU BbIIIOTHEHUS:

Console.Writeline (p.X); // T'eHepaumsa MCKIOYEHMA
//  NullReferenceException

HA 3AMETKY!

B C# 8 moaBunoch HOBOE CPeACTBO, IPU3BAHHOE YMEHb-
wuTh cnydaitHble omnbkym NullReferenceException.
JlononuuTenbpHble cBefeHus uiute B pasgene “CcblouHble
T, gonyckaioume null (C# 8)” Ha ctp. 163.
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B NpoTMBONOMOXXHOCTb 3TOMY THI 3Ha4YeHMS OOBIYHO He MOXKET
MMeTb 3HauyeHyue null:

struct Peint (¢ 4}
Point p = null; // Oumbka Ha 3Tane KOMIMJIALMM
int x = null; // Oumbka Ha sTane KOMIUIIALUUKU

HA 3AMETKY!

B C# umMmeerca cneumanbHas KOHCTPYKLMSA MOJ Ha3BaHM-
eM munvl, 00nycKawujue 3Havedue null, xoropas npep-
Ha3HayeHa O NpefcTaBleHusa null B TUMax 3HauYeHMIL.
JlononHuTenbHble CBeleHUs ULIUTe B pasfene “Tumbl (3Have-
HMI1), gomyckatolme null” Ha cTp. 158.

Knaccndpukauua npeponpepeneHHblX TUNoB

I[Tpenonpenenenuble TUNbl B C# K1accuPUUMPYIOTCA CeAYIOLINM
obpasom.

Tunwv 3HaueHutl
* Yycnosoint
o llenouncrneHHslit co 3HakoM (sbyte, short, int, long)
o llenouncnennniit 6e3 sHaka (byte, ushort, uint, ulong)
O BemectBennnlit (float, double, decimal)
e Jloruyeckui (bool)
e CumBonbHbIt (Char)
CcvinouHsie munol
® CrpokoBblt (string)
e O6pbekTHbIN (Object)

ITpenonpenenennble Tunel B C# ABNAKTCA IICEBAOHMMAMM THUIIOB
.NET Core B mpocTpaHcTBe uMeH System. [TokasaHHble HIMKe Ba OIle-
paTopa OT/IMYAITCA TObKO CUHTAKCUCOM:

im &= 5%

System.Int32 i = 5;
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Habop npenonpeneneHHbIX TUNOB 3HaveHull, uckmouas decimal, B
ob1ies3bIkoBoOIt ncnonusmwoleit cpese (Common Language Runtime —
CLR) u3BecTeH Kak npumumusHvte munvt. [IpUMUTUBHBIE TUIBI Ha-
3bIBAIOTCA TaK MOTOMY, YTO OHM MOAAEPKMBAKOTCA HEMOCPEACTBEHHO
4yepe3 MHCTPYKLMM B CKOMIMIMPOBAHHOM KOJie, KOTOpble 0OBIYHO
TPAHCIUPYIOTCA B NPAMYIO MOAEPXKY BHYTPU MMEIOLIErOCs Mpo-

Leccopa.

Yucnosbie Tunbl

Huke nokasaHbl npenornpeneneHHble YMCN0BbIE TUIBI B C#.

Tun C# Tun B System  Cydpdurc :a;::ea;; Duanason
LlenouncneHHblii co 3HaKom

sbyte SByte 8 -2 -2
short Intlé6 16 2159159
int Int32 32 B Ly XL
long Int 64 L 64 263 = 2631
LienouncneHublii 6e3 3HaKa

byte Byte 3 0-28-1
ushort UIntl6 16 0-2%-1
uint UInt32 U 3 0= 2324
ulong UInt64 UL 64 0= 291
BewecreeHHbIA

float Single F 3 +(~10-% - 10%)
double Double 64 +(~10-3 - 10308)
decimal Decimal M 128 +(~10-8 - 10%)

W3 Bcex uenoqucnenHvix TUNOB int m 1long ABIAKTCA NEPBO-
KITaCCHbIMM TMITaMy, KOTOpbIM obecreuyBaeTcs MNORAEp)KKa Kak B
asbike C#, Tak ¥ B MCIONHAWLLLE! cpefe. [Ipyrue Leno4YuCIeHHble
TUIBI OOBIYHO NPUMEHAIOTCA /A peanu3aliuyl B3aMMOAENCTBUA UM
KOr[ia [MaBHaA 3ajjaya cBsA3aHa ¢ 93¢ HeKTUBHOCTbIO XpaHEH NS
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B pamkax sewjecrnsennvix uucnosbix Tunos float n double Ha-
3bIBAIOTCA MUNAMU € N1ABAKOWLeTi MO4KOL M OOBIYHO UCIIONB3YIOTCA B
Hay4HbIX M rpaduyeckux BbluMcneHusax. Tun decimal npumeHser-
A, KaK IpaBuio, B GMHAHCOBBIX BBIUUCIEHUAX, Korfa TpebyeTcsa me-
caTU4Has apudMeTuKa 1 Bbicokas ToYHOCTb. (PopManbHO decimal
TakXKe AB/IAETCA TUIIOM C IIIABaoLlell TOUKO, XOTS 0O6BIYHO Ha Hero
TaK He CCbIIAlOTCA.)

Yncnosbie nurepansi

Llenouucnennvle numepansvt MOTYT UCIIOb30BATb AECATUUHYIO UK
IIeCTHA[LIaTepUUHYy0 GOpPMY 3amucy; lecTHAALATepuHas GopmMa 3a-
nucy npenycMaTpuBaeT NpyuMeHeHue npebukca Ox (Hanpumep, 0x7 £
aKBUBaeHTHO 127). HauuHas ¢ Bepcuu C# 7, MOXKHO TaK>Ke UCIHOJb-
30BaTh nmpedukc Ob A1 TBOMYHBIX TUTEPaNoB. B sewjecrneentbix mu-
mepanax MOXeT NPUMEHATbCA OeCATUUHASA U/UIY SKCTTOHeHUMaTbHasA
¢dopma samucy, Takasd kak 1E06.

Haunnas ¢ Bepcuu C# 7, 11s ynydlleHus yuTabenbHOCTH BHYTPb
YUCTIOBOTO NMUTepana MOTYT BCTaBIATbCA CUMBOJbI MOAYEPKUBAHUA
(rampumep, 1_000_000).

BbiBepenue TMRa YNCNOBOrO NUTEpana

[To yMon4aHMIO KOMIUIATOP 8b/8600UM TUIl YUCTIOBOTO JTMUTepa-
na, oTHocs ero mbo k double, b0 K KAKOMY-TO LieTIOYUCIEHHOMY
TUIYy.

¢ Ecnu nuTepan comepXUT JeCATUUHYIO TOUKY MM CUMBOJT 3KC-

noHeHTs! (E), TO oH Mmonyyaer tun double.

® B npoTMBHOM cry4ae TUIOM nuTepana OymeT MepBbIi TUIM, B
KOTOPbIN MOXET YMeCTUTbCS 3HadYeHMe NuTepana, U3 Clegyo-
uiero crnucka: 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)
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Yucnosbie cypdukcpl

Yucnosevle cypdukcol, ykasaHHbIe B MpeNbIAylleif Tabnule, ABHO
onpefenAlOT TUII TUTepaa:

decimal d = 3.5M; //M = decimal (He YyBCTBUTEJIEH K PETUCTPY)

Heobxoaumocts B cyddukcax U n L BOZHMKAET peKO, TOCKONbKY
THObI uint, long u ulong noyryu Bcerga MOryt nubo 8b61800UMyCA,
nmmbo Hes8HO nPeobpas3oevIeamscs U3 int:

long i = 5; // HesaBHOe mpeoGpa3oBaHue M3 int B long

Cydduxc D popManbHO M36BITOUEH M3-3a TOTO, YTO BCeE JIUTE-
panbl ¢ JeCATUYHON TOYKOI BbIBOAATCA B double (M K 4MCTIOBOMY
nuTepany Bceraa MoXXHo No6aButh gecATuuHylo Touky). Cydpduxcs F
1 M Hanbosee nosnesHsl u 06A3aTeNbHBI IPU yKa3aHUM APOOHBIX NH-
TepanoB float uin decimal. Bes cyddukcos cnenyrowmmit kox He
CKOMOMIMPYeTCH, T.K. nuTepan 4.5 6b1 6b1 BoIBefieH B Tun double,
ISt KOTOPOTO He MpeAycMOTPEeHO HessBHOe NpeobpasoBanue B float
um decimal:

float f = 4.5F; // He ©Oymer kKoMmMmuImpoBaThCs 6e3 cybomkca

decimal d = -1.23M; // He OymeT KOMIMIMPOBATBLCH
// ©e3 cyboukca

Yucnosbie npeobpasoBanus

Mpeo6Gpa3oBanna uenbix Yucen B Lenble Yucna

LlenouncneHHble Mpeobpa3oBaHUA ABNAIOTCA HeABHbIMU, KOTHA
LiefIeBOJ TUIl B COCTOSHUM MpeNCTaBUTh KaXK[Joe BO3MOXXHOEe 3Ha-
4YeHMe MCXORHOro tuma. VHaue Tpebyercsa s6Hoe mpeobpasoBaHue.
Hanpumep:

int x = 12345; // int - 32-OuTHoe LeJjoe

long y = x; // HesBHOe npeobpa3oBaHue
// B 64-OuTHOEe LeJjoe

short z = (short)x; // sIBHOe npeoGpas3oBaHue
// B 16-OuTHOe LeJjoe
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lpeo6pasosaHua yncen ¢ NnaBakouleil TOYKON
B 4YMCNa ¢ NnaBakLen TOYKON

Tun £loat moxer 6bITh HeABHO npeobpasoBan B Tun double,
T.K. double Mo3BoNsAeT NMpeACTaBUTh N11060e BO3MOXHOE 3HaueHMe
float. ObparHoe npeobpa3oBaHye TOMKHO OBITH ABHBIM.

[TpeobpasoBanus Mexay decimal M ApyruMy BellecTBEHHbIMMU
TUIIAMU JOJIKHBI ObITh ABHBIMMU.

Mpeo6pa3oBaHna uucen ¢ NnasawoLieil TOYKOI B Lenble Yucna

[TpeobpasoBaHusA LIENTOYNCTIEHHBIX TUIIOB B BellleCTBEHHbIE TUIBI
ABNAIOTCA HeABHBIMM, TOTAa Kak o6paTHble Mpeobpa3soBaHuA JOMXK-
Hbl 6bITh ABHBIMU. [IpeobpasoBaHue uucna C MaaBawllell TOYKO
B 1le/I0e YMCNIO ycekaeT ApOOHYI0 4acTh; [/ BBHINONTHEHUA Npeob-
pasoBaHMIl C OKpYIJIEHMEM CNIe[yeT NPUMEHATb CTaTUYECKUM Kmacc
System.Convert.

Ba’>xHO 3HaTh, YTO HesABHOE MpeobpasoBaHye GOMBIIOTO LIENOYNC-
JIEHHOTO THUIa B TUI C ITaBalolllell TOUKOM COXpaHAeT 8eqUHUHY, HO
MHOIIa MOXET NPUBOJAUTD K MOTepe MOUHOCHU:

int i1 = 100000001;

float £ = il; // BenmumHa coXpaHseTcs, TOUHOCThL TEpPSeTcHd
int i2 = (int)£; // 100000000

ApudpmeTuyeckue onepauum

Apudmernueckne onepauun (+, -, *, /, $) onpepeneHs! Jis Bcex
YMCTOBBIX TUIOB KpoMe 8- ¥ 16-OMTHBIX LeTOYUCTIEHHBIX TUIOB.
Onepauusa % gaeT OCTaTOK OT AeNeHMUA.

Onepauuu UHKpeMeHTa U AeKPeMeHTa

Onepauuy MHKpeMeHTa U feKpeMeHTa (COOTBETCTBEHHO ++, ——)
YBEMUMBAIOT M YMEHBLIAIOT 3HAUeHMA YUCIIOBBIX TUMOB Ha 1. Takas
onepaLusa MOXeT HaXOAMUTbCA Mepef MIM MOocC/ie MepeMeHHOoi B 3a-
BMUCUMOCTM OT TOrO, Korfa Tpefyercss 0OHOBUTD 3HaYeHMe MepeMEH-
HOJl — [I0 M/IM II0CTie BbIYMCTIeHUA BblpakeHud. Hanpumep:

int x = 0;

Console.Writeline (x++); // BeiBomuT 0; X Teneps COmEPXHT 1

Console.WritelLine (++x); // BeIBOOUT 2; X Tenepb COmEPXMT 2

Console.WritelLine (--x); // BuBommuT 1; x Teneps comepxmr 1
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CneyuanbHble LeNoYNCNeHHble onepauuu

llenenne

Onepauun JeneHua Ha LETOUMC/IEHHbIX TUIIAX BCETfa yCeKarmT
ocTaTku (OKPYI/AKT B HalpaBleHMU HYNA). [leNeHre Ha IepeMeH-
HYI0, 3HaYeHMe KOTOPOI1 paBHO HYJIIO, TeHEPUPYET OMOKY BO BpeMs
BbInoNHeHMA (Uckmoyenne DivideByzZeroException). [enedue
Ha 1UmMepan W KOHCMAHMy, paBHYIO HYIO, BbI3bIBaeT oNOKy Ha
9Tane KOMIUIALUU.

llepenonHenue

Bo BpeMs BbimonHeHus apudMeTnyeckye onepanyuy Ha LieTOYMC-
JIEHHBIX TUIIaX MOT'YT NPUBOJMUTD K NepenonHenuo. [lo ymonyanmmwo
3TO NPOMCXOAMUT MOMYa — HMKAKMe UCK/II0YeHUA He FeHepUpYIOTCA,
a pe3y/nbTaT JEMOHCTPUPYeET IOBeleHNe C LUMK/INYECKMM BO3BPaTOM,
KaK ec/m Obl BbIUMC/IEHME I[IpOM3BOAMNIIOCH Haf 60nbINM enao4yuc-
JIEHHBIM TUIIOM C OTOpacblBaHMEM [JOMNOMHUTENbHbIX 3HaYal(uX Ou-
ToB. HanmpumMep, feKkpeMeHTMpOBaHME MMHMMATbHO BO3MOXXHOTO 3Haye-
HUA TMIA int [aeT B pe3y/nbTaTe MaKCMa/IbHO BO3MOXXHO€ 3Ha4Y€HUE
int:

int a = int.MinValue; a--;

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

Onepauun checked n unchecked

Onepaunsa checked cooblaer UCNONHAKLIEH CPeie O TOM, YTO
BMECTO MOJ/IYa/IMBOTrO MEPENO/IHEHUSA OHa JO/DKHA T€HEpMUpOBaTh UC-
kmovenne OverflowException, Korjga LeTOYNCIEHHOE BbIpaXxke-
HJ€ MM OTepaTop BBLIXOAMUT 3a apudMeTnueckue mpefenbl NaHHOTO
tuna. Onepauusa checked BO3feicTBYeT Ha BbIpaXKeHUA C onepa-
uuAMu ++, --, - (yHapHas), +, -, *, / 4 ABHbBIMYU npeobpa3oBaHM-
AMYU MEXAY LieIoYUCIeHHbIMM TunamMu. C poBepKoit epenoaTHeHnsa
cBsi3aHbl He6OMblIMe HaK/MafHble PACXOAbl B [1aHe TPOM3BOAMUTEND-
HOCTH.

Onepaimio checked MOXHO UCIIONB30BaTh MO0 C BhIpaXKeHMEM,
mmbo ¢ 610koM onepaTopoB. Hanpumep:

int a = 1000000, b = 1000000;

int ¢ = checked (a * b); // IlpoBepsieT TONLKO ITO BeIPAXESHME.
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checked // TlpoBepseT BcCe BhlpaXxeHus
{ // B BIOKE ONepaTopos.
e=a * by

}

[TpoBepky Ha apudMeTnyecKoe MepernoTHeHne MOXHO CAenaTh
06s13aTeNbHOM A BCeX BBIPaXKEHMit B MporpaMMe, CKOMIIMIMPOBAB
ee C MepekoyaTeneM KOMaHAHOI cTpoku /checked+ (B Visual Studio
aTo nenaetcs Ha Biiagke Advanced Build Settings (JononHuTenbHble
napameTpsl cbopkn)). Ecnu nosxe noHago6MUTCs OTKIIOYUTD [TPOBEP-
KY INeperoNHeHNs VA KOHKPETHBIX BbIpaXKeHMit MJHM OllepaTOpoOB, TO
MO>XHO NPUMEHMTD omnepalmio unchecked.

Mo6utoBble onepauumn

B C# noppmep>xuBaloTcs clefylole no6UTOBble OnepaLmi.

Onepauua Onucanme Mpumep Bbipaenua  Pesynbrar

= Jlononnenue ~0xfU Oxffff£££0U
& ] 0xf0 & 0x33 0x30

I A 0xf0 | 0x33 0x£3

» Uekniovarowee UK 0xf£00 ~ 0x0£ff0 0xf0f0

<< Cagur Bneso 0x20 << 2 0x80

>> Cpswr Bnpaso 0x20 >> 1 0x10

8- 1 16-6MTHbIE LeNnoYUCIeHHbIe TUMbI

K 8- u 16-6MTHBIM L€IOYMCIIEHHBIM TUIIAM OTHOCATCA byte,
sbyte, short u ushort. ¥ Takux TUIOB OTCYTCTBYIOT COOCTBEHHBIE
apudMeTnyeckie onepauuy, modtomy B C# oHM NMpy HEOOXOAMMOCTH
HesBHO npeobpa3syioTcs B 6onee KpymHble TUMbL [ToNbITKa MpuUcBa-
MBAaHUA pe3ynbTaTa [EPEMEHHON MEHbILUEro LeI0YUCIEHHOTO TUIIa
MO>XeT BbI3BaTh OLIMOKY Ha 3Tare KOMIMIALMK:

short x =1, y =1;

short z = x + y; // OumbKa Ha 3Tane KOMOIMIALM

B maHHOM cnyyae nepeMeHHble X M Yy HesABHO Mpeo6pasyloTcs B
TUI int, Tak 4TO CTI0OXKeHMe MOXET ObITh BBINOMHEHO. ITO O3Haya-
€T, 4TO pe3y/NbTaT TaKXe OymeT MMeTb TUI int, KOTOPBI He MOXeT
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6bITb HEABHO MpUBEMieH K TUNY short (13-3a BO3MOXHOI MOTEPYU UH-
dopmaumy). YTo6bl MokasaHHBIN KOJ CKOMIIMIMPOBACs, NoTpebyerca
H06aBUTb IBHOE NpPUBEIEHME:

short z = (short) (x +vy); // Kommuaupyetcs

CneuunanbHble 3HayeHus £loat u double

B oTnuunMe OT LeTOYMCIEHHBIX TUIIOB TUIMbI C IIaBaloLell TOY-
KOV MMEIOT 3HaueHMs, KOTOpble ONpefie/leHHble ONepaLuy TPAKTyIOT
0co6bIM 06pasoM. Takumy creLManbHbIMY 3HAUEHUAMU ABIAIOTCA
NaN (Not a Number — He 4ucno), +oo, —oco u -0. B knaccax float u
double npegycMoTpeHbl KOHCTaHTBI /151 NaN, +eo 1 ~co (a TakKxke
ONA NpYTUX 3Ha4yeHu, Bkmoyasa MaxvValue, MinValue u Epsilon).
Hanpumep:

Console.Write (double.NegativeInfinity); // -GeckoneurocTs

JleneHue HeHYNEBOTO YMCIa Ha HOJb laeT B pe3y/nbTaTe OeCKOHeY-
Hy1o Bennuuny. Hanpumep:

Console.WriteLine ( 1.0 / 0.0); // ©GeCcKOHEeYHOCTb
Console.WriteLine (-1.0 / 0.0); // ~BeCKOHeuYHOCTb
Console.WriteLine ( 1.0 / 0 (01 // —-GeCKOHEUHOCTb
Console.WriteLine (-1.0 / -0.0); // BeckOHe4YHOCTb

Jlenenve HynA Ha HOJb MM BbIYMTAHME OECKOHEYHOCTH U3 becKo-
HeyHocTu AaeT B pesynbraTe NaN. Hanpumep:

Console.Write ( 0.0 / 0.0); // NaN
Console.Write ((1.0/ 0.0) - (1.0 / 0.0)); // NaN
Korpa npumensercs onepauyms ==, 3HayeHue NaN HUKoOrf#a He Oyzmer

PaBHO [pyroMy 3Hauenmio, faxxe NaN. [l NpoBepky, paBHO /M 3Haye-
HMe cllenManbHOMY 3HaueHMIo NaN, JO/KeH MCNONb30BaThCA METOJ,
float.IsNaN() mm double.IsNaN():

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

Opnako B cnydae NMpUMMeHEHMA MeToda object.Equals () nBa
3HayeHnsaA NaN paBHbL

bool isTrue = object.Equals (0.0/0.0, double.NaN);
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Bbi6op mexay double n decimal

Tun double ynobeH B HayuHbIX BBIYMCIEHMAX (TakumX Kak BbI-
4MC/IeHMe TIPOCTPAHCTBEHHBIX KOOPAMHAT), a Tull decimal — B ¢u-
HaHCOBBIX BbIYMCIEHUSX U [/Is NIPELiCTABIIEHNs 3HAUEHMIT, KOTOpbIE
ABNAITCA “MCKYCCTBEHHBIMI, @ He MOTYYeHHBIMYU B pe3y/bTaTe pe-
anbHbIX u3MepeHuit. Hike npefcraBieHa CBOLKA 110 OT/IMUMAM MeX-
oy tunamMu double u decimal.

XapakrepucTuka double decimal

BHyTpeHHee npeacTaBnetme [NlBonuHoe [llecaTnuroe

TouHOCTb 15-16 3Haalwmx undp 28-29 3Havawmx undp

[JInana3on +(~1073 — ~10°08) +(~10"2 — ~10%)

(neunanbHole 3HaveHuA +0, =0, +o0, —co ut NaN OtcytcTeytoT

CkopocTb 06paboTku Mpucywan npoueccopy He npucywas npoueccopy (npu-
MepHo B 10 pa3 meaneHee,
yem double)

OwnOKN OKPYrNeHus BewwecTBeHHbIX Ynucen

Tuner float u double BHyTpeHHe NpeCTaB/IAKT YAC/IA B [IBOUY-
Hoit dopMe. ITo 310l MpyuuyHe 6O/BIIMHCTBO TUTEPATIOB C JPOOHOI! Yac-
TbIO (KOTOpbIe ABNAKTCS NeCATUUHBIMY) He GYIyT NpeficTaB/IeHbl TOUHO:

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

menno nmoromy tunel float u double He noaxomart mns ¢u-
HaHCOBbBIX BbIUMC/IEHMI. B MpoTuBononoxHocTs MM Tin decimal pa-
60TaeT B [eCATUYHON CUCTeMe CUMCIIEHNUA U COCOOeH TOUHO Mpen-
CTaBNATb ApobHble uncna Bpofe 0.1 (mecATMUHOE NpefcTaBleHMe
KOTOPOTO SIBJISAETCS HelepuoaNiecKuM ).

byneBckue Tunbl M onepayuu

Tun bool B C# (mceBmonuM tuna System.Boolean) mpen-
CTaBJISeT JIOTMYECKOe 3HaueHue, KOTOPOMY MOXeT ObITb MpPUCBOEH
nurtepan true unn false.
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Xors mna xpaHeHUs 6YNeBCKOrO 3HaueHMs NOCTAaTOUHO TONBKO
OfHOTO 6uTa, MCMONMHAKILIAA cpefla OymeT MCIOMb30BaTh OAMH 6aiT
NaMATH, IOCKONbKY 3TO MMHMMaNbHAA MOPLMA, C KOTOPOI1 UCION-
HALIAA cpefia M mpoleccop MoryT a¢dexTuBHO paboraTh. Bo us-
6exxaHye HENMPOAYKTMBHBIX 3aTpaT MPOCTPAHCTBA B CIyyae Mac-
cuBoB uHdpactpykrypa .NET npennaraer B NpocTpaHCTBe MMeEH
System.Collections knacc BitArray, KOTOpPbIit MO3BONAET
3a/1efiCTBOBATD 110 OFHOMY OMTY I KaXKHOro Oy/neBCKOro 3HaueHus
B MaccuBe.

Onepauuu 3KBUBANEHTHOCTU 1 CPABHEHMUA

Onepauuy == yu != npoBepAIT Ha NpeAMeT dKBMUBATEHTHOCTH
M HE3KBMBANIEHTHOCTY 3HAa4Y€HUs 1I0OOr0 TMIIA U BCErja BO3BpALLAIOT
3Hauenyme bool. Tunbl 3HaueHMiT 0OBIYHO MOMNEPXKUBAIOT OYEHD I1PO-
CTO€ NMOHATME 3KBUBAJIEHTHOCTM:

NG I S iy, G D9 = Dy

Console.Writeline (x ==vy); // False

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

JINs1 CCBUIOYHBIX TUIIOB 3KBMBAJIEHTHOCTb 110 yMOMYaHUIo 6a3u-
pyeTcs Ha CCbiaKe, @ He Ha [eCTBUTENbHOM 3HAYEHUU JIeXallero B
ocHoBe 06bekTa. CrrefoBaTeNnbHO, 1Ba 9K3eMIIApa o6beKTa ¢ MieH-
TUYHBIMM JaHHBIMM He GYIYT CYNTATbCA PABHBIMM, ECTU TOMBKO OIle-
pauus == creunanbHo He Gblla meperpyxkeHa s JOCTYKEHMUs TAKO-
ro addekra (cM. pasgens “Tunm object” Ha ctp. 100 n “Tleperpyska
onepauuit” Ha cTp. 204).

Onepauny 3KBMBAIEHTHOCTM ¥ CpaBHeHMs, ==, !=, <, >, >=yu
<=, pabOTAlT CO BCEMM UMCTIOBBIMM TUIIAMM, HO JOIDKHBI OCMOT-
PUTENBHO MCIIONb30BATbCA C BELIECTBEHHBIMY YMCIaMu (CM. pasfien
“Omnbxy OKpyrieHus BelleCTBEHHBIX uncen” Ha cTp. 33). Onepauun
CpaBHEHMA TaKke paboOTAOT C WIEHaMM TMIA €NuUm, CPaBHMBAsA Jie-
Kall[ife B MX OCHOBE LIeJIOUMCIIEHHbIe 3HAUEeHNUS.

YcnoBHble onepauuu

Onepauun && u | | peanusytor ycnosus M v MJ/IM. Oun vacto
NPUMEHSAIOTCA B COYETAaHUM C Olepaliyelt |, KOTopas BbIpaXkaeT yc-
noeue HE. B nokasaHHOM Hyke npumepe merof UseUmbrella ()
(6bpaTb M 30HT) BO3BpalljaeT true, ecnm SOXAINBO (rainy) win
CONMHEYHO (sunny) npy ycnoBuy, 4To He myeT BeTep (windy):
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static bool UseUmbrella (bool rainy, bool sunny,
bool windy)

return !windy && (rainy || sunny);

}

Korma Bo3MoOXHO, onepauuu && u | | cokpawarom Bbluucie-
Hue. B npenbinymeM npumepe, ecnu gyet Betep (windy), To BbI-
paxenue (rainy || sunny) pgaxe He oueHuBaercsa. CokpalleHue
BBIYMCIIEHUIT UTpaeT Ba)XXHYIO poNib B 0becrnedyeHUM BBITOJTHEHUS BBI-
pakeHMI, TaKMX KaK IMOKa3aHHOe HIDKe, 6e3 reHepalMy MCKIOYEHUA
NullReferenceException:

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

Onepaumy & M | Takke peanusyloT NpoBepkyu ycnosuit /1 u M1

return !windy & (rainy | sunny):

VX oTIMuMe CBA3AHO C TeM, YTO OHU He COKPAU4Am Gbi4ucieHuUs.
ITo aToit MpMuMHe & M | pedKo MUCIIONb3YIOTCA B KauecTBe OepaLuit
CpaBHeHUS.

TepHapHas ycnosHas onepayus (HasbiBaeMas MPOCTO YCA0BHOL
onepayueil) uMeeT GopMy q ? a : b, Iie pe3ynbTaToOM ABNAETCA &, ecu
ycnoBMe g paBHO true, M b — B MpOoTMBHOM crydae. Hanpumep:

static int Max (int a, int b)

{
return (a >b) 2 a : b;
|3

YcnoBHaA omepauus ocobeHHo ymo6na B 3ampocax LINQ
(Language Integrated Query — s13bIKk MHTerpMpPOBaHHbIX 3alIPOCOB).

CTpoKu U cumBONbI

Tun char B C# (mceBgonum tuna System.Char) npencraBnser
cumBon Unicode u 3anumaer 2 6aitta (UTF-16). Jlutepan char yka-
3bIBA€TCS B OJJMHAPHBIX KaBbIUKax:

char ¢ = 'A'; // [poCToi CHUMBOJ

Ynpasnsaiowjue nocnedosamenyHocmu BbIpaXkaloT CUMBOJIBI, KO-
TOpble He MOTYT ObITh NMpeNCTaBIEeHbl UIYU UHTEPIPETUPOBAHBI OYK-
Ba/IbHO. YTIpaB/AKILas [0CTe0BaTeNbHOCTb COCTOMT U3 CUMBOJIA 06-
PaTHOJ KOCOJ1 YepThl, 3a KOTOPbIM CIedyeT CUMBOJI CO CIelMabHbIM
CMBICIIOM.

(Tpokh # cumonsi | 35



Hanpumep:

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

CHMBO/BI yhnpaB A LuX MocnefOBaTeNbHOCTEN NnepedncneHbl
HUXE.

Cumson Cmbicn 3Hauyenune
\! OAMHaHARA KaBbIUKa 0x0027
A [lB0iiHaA KaBbluKa 0x0022
\\ 06paTHas Kocan uepTa 0x005C
\O Mycto 0x0000
\a CMrHan Tpesoru 0x0007
\b 3a6oit 0x0008
\f [lepeBop CTpanmubl 0x000C
\n HoBas CTpoKa 0x000A
\r Bo3Bpar kapeTku 0x000D
\t lopu3oHTanbHaA Tabynauua 0x0009
\v BepTukanbHaa Tabynayma 0x000B

YnpaBnsolas nocnefoBatenbHocTb \U (uau \x) no3BonseT yka-
3bIBaTh Mo6oit cumBon Unicode B BuAe ero LIeCTHaALATEPUYHOrO KOJa,
COCTOSALLEro 13 yeTbipex uudp:

char copyrightSymbol = '\u00A9';

char omegaSymbol = '"\u03a9';
char newlLine = "\uO00A";

HesBHoe mpeobpazoBanue M3 char B YUCIOBONM TUnm paboraer
IJ1 YMCTIOBBIX TUIIOB, KOTOPbIe MOTYT BMeCTUTb TUIl short 6e3 3Ha-
Ka. JInA Ipyrux 4iCNIOBbIX TUTIOB TpebyeTcsa ABHOe mpeobpasoBaHie.

CTpoKoBbIA TUN

Tun string B C# (nceBmoHuMM Ttuma System.String) npen-
CTaBJ/IsieT HEU3MEHsEMYIO MOC/efloBaTeIbHOCTb cUMBoONoB Unicode.
CTpOKOBbBIT TUTEpan yKasblBaeTCs B NBOMHbBIX KaBblYKaX:

string a = "Heat";
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HA 3AMETKY!

string — 3TO CCBIIOYHBIN TUII, @ HE TUN 3HaYeHMs. TeM He
MeHee, ero ornepaLyy 3KBUBaJeHTHOCTY CEAYIOT CeMaHTUKe TU-
OB 3HAYeHUI:

string a = "test", b = "test";

Console.Write (a ==b); // True

Ynpapnsiolye Nocn1ef0BaTe/IbHOCTU, JOTYCTUMbIE A7 IUTepasioB
char, Takxe paboTal0T BHYTpU CTPOK:

string a = "Mpumep Tabynauum:\t";
[Tnaroit 3a 3TO sSIBNSAETCS] HEOOXOAMMOCTb AYONUPOBAHUS CUMBONA
06paTHOIt KOCOIt 4epThl, KOTAa OH Hy)XeH OYKBanbHO:

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

Yrobb1 u3bexxath Takoit npobnemsl, B C# paspeleHbl 00C108HbLe
CTpOKOBBIe nuTepanbl. [lOCTOBHBINM CTPOKOBBIN NUTepan cHabxaercs
npeduxcoM @ 1 He MOAMEP>KMBAET yNpaBsoLMe OCTe[0BaTeNbHOC-
ti. Cnenyolast JOCTIOBHAs CTPOKA MAEHTUYHA NPeAbIAYLLei CTPOKe:

string a2 = @"\\server\fileshare\helloworld.cs";

JocnoBHBI CTPOKOBbIN NUTepan MOXeT TakKXKe 3aHMMaTb He-
CKONBKO CTPOK. YTO6BI BK/IIOUUTD B LOCTIOBHBIN CTPOKOBBII TUTEpas
CUMBOJ IBOMHONM KaBbIUKM, €0 MOHAZOOUTCS 3aMucaTh ABaXKAbI.

KoHkaTenauus CTPOK
Onepauusi + BBINONHSET KOHKaTeHALMIO ABYX CTPOK:
stging s = "at + "HM;
OpuH 13 onepaHfOB MOXeET ObITb HECTPOKOBBIM 3HA4YeHUEM; B 3TOM
crydae /s Hero 6ymet BbIsBaH Meton ToString (). Hanpumep:
sitEing si= Ya™ & &5; /7 &S

MHOrokpaTHOe NMpMMeHeHMe onepaliuy + AJIsI IOCTPOEHUsT CTPOKU
MOXeT oka3aTbcsl HeaddeKTUBHBIM: 6oNee yradHOe pellleHMe Mpefyc-
MaTpMBaeT MCMonb3oBaHye Tuna System. Text.StringBuilder,
KOTOpbIif MO3BOJNAT MpPEeACTaBIATbh M3MEHsAEeMYIO (pefakTUpyeMylo)
CTpOKY 1 pacnonaraeT Metogamy ans a¢pdekTMBHOrO 06aBeHus, BCTaB-
KU, YRaZIeHUsT ¥ 3aMeHbl TTOACTPOK.
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WNHTepnonayma cTpok

Crpoka, npefiBapeHHas CUMBOJIOM $, Ha3bIBAeTCS UHMEPHONUPO-
8anHoUl cmpoxoti. VIHTepnonupoBaHHble CTPOKM MOTYT COflep>KaTb
BbIpaXKeHMsl, 3aK/I04eHHble B GUIypHble CKOOKM:

int x = 4;

Console.Write ($"KesanmpaTr mmeer {x} CTOpOHH");

// BelBomuT: KBampaT mMeeT 4 CTOpPOHEI

BuyTtpu ¢purypHbix ckobok mMoxer 6bITb ykazaHo n06oe JomycTuMoe
BblpaXkeHMe C# IPOM3BOJIBHOTO THIMA, 1 KoMmunsaTop C# nmpeobpasyer
3TO BbIpaXKeHMeE B CTPOKY, BbI3biBasg TOString () Mau sKBMBa/NEH THbIN
MeTOJ| TUIa Bblpa>keHns. PopMaTHpPOBaHME MOXXHO U3MEHATb MYTEM J10-
6aBneHMs K BbIpaXXeHMIO iBoeTouns 1 gopmamuoii cmpoku (dopmart-
Hble CTPOKM paccMatpuBaloTcs B IaBe 6 kHuru C# 8.0. CnpasouHuk.
ITonnoe onucanue A3viKa):

string s =

$"15 B WecTHanuaTepuuyHor GopMe BEIMIIAOIMT kak {15:X2}";

// s momyuaeT 3HaueHue
// "15 B WwecrHamuaTepuuHoO}i dopMe BEIIAOMT kak OF"

VIHTepnionupoBaHHble CTPOKY JOJIXKHbI HAXOAUTbCA B OIHOM CTPO-
Ke KOfla, eC/IM TONbKO Bbl TaKXKe He yKakKeTe ollepalyio JJOCTOBHOM
cTpokyu. Obpatute BHMMaHMe, YTO OlepaLyusa $ LO/KHA pacronaraTbes
nepejy @:

imt & =2

string s = $@"3TO oxBaTHBaer {

X} crpok";

Ilns BK/MIOYEHMs B MHTEPIIONMPOBAHHYIO CTPOKY NUTepanbHO
¢urypHoit ckobku cuMBon GpuUrypHoit ckobku KomkeH ObITb poxy6-
JIMpPOBaH.

CpaBHeHuA CTpoK

Tun string He MoAfepXuBaeT onepauyu < u > [/ CPABHEHMIL.
BsameH fomxeH nmpuMeHATbcs Metofi CompareTo () Tuma string, Ko-
TOPbI1 BO3BpAlllaeT MOJIOXKUTE/IbHOE YMCTI0, OTPULATEIBHOE YUCTIO MU
HOJIb B 3aBUCMMOCTM OT TOI'O, HAXOAMTCA NepBOe 3HaueHue 1ocse, neper
UM PALOM CO BTOPbIM 3HaYeHMeM:

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

MHpekcaTop Tuma string BosBpalllaeT CUMBOJ B YKa3aHHOM MO-
3ULUM:

Console.Write ("cnoso"([3]): // B

Metopb IndexOf () u LastIndexOf () ocywecTBaAKT MOUCK
CUMBOJIa BHYTpU CTpoku. Metogbl Contains (), StartsWith () u
EndsWith () uiyT NogcTpoky BHYTpU CTPOKM.

MaHunynupoBaHue CTpoKammu

[Tockonbky TN string ABNAeTCA HEM3MEHAEMBIM, BCe METOMbI,
KOTOpble “MaHUIYIMPYIOT CTPOKOI, BO3BpallaioT HOBYIO CTPOKY, OC-
TaBNAA UCXOAHYIO HE3aTPOHYTOM:

® Meron Substring () usBneKaeT YacTb CTPOKY;

® MeTonbl Insert () M Remove () BCTaBNAWT U YAANAKT CUM-
BOJIbI B yKa3aHHOI MO3ULUY;

¢ wMeronbl PadLeft () u PadRight () mobaBnswoT npobenbHble
CUMBOJIBI;

® Mertoabl TrimStart (), TrimEnd () u Trim () ymandwoT npo-
6enbHbIE CUMBOIBL.

B knacce string Takxe omnpegmeneHsl MeTombl ToUpper () u
ToLower () AnA M3MeHEHMS perucTpa CUMMBOJOB, MeTon Split ()
Onsa pa3bueHuss CTPOKM Ha TMOACTPOKM (Ha OCHOBE MpeNOCTaB/IEHHbIX
pasgenuTeneit) M cTaTudeckuit Meton Join () mna o6begUMHEHUA TOA-
CTPOK B CTPOKY.

MaccuBbl

Maccu npepcTaBisieT GUKCMPOBaHHOE KONMUYECTBO 3/IEMEHTOB
KOHKPETHOTO THMa. JeMeHTbl B MacCUBe BCETfia XPAHATCS B Helpe-
PbIBHOM 6710Ke MaMsATH, obecriednBas BbICOK03GhGEKTUBHBIA TOCTYI.

Maccus o6o3HavyaeTcst KBapaTHBIMM CKOOKaMy TI0C/Ie TUIIA 3Jle-
MeHTOB. Hanpumep, Huxe o6bsiBeH MaccuB U3 10 cMMBOJIOB:

char[] vowels = new char([10];

C TIOMOLLIbIO KBaJpaTHbIX CKODOK TaKxe YKa3bIBa€TCA UHOEeKC B Mac-
CUBE, YTO MNMO3BOJIAET MNMOJY4aTb AJOCTYII K 3/IEMEHTAM IO UX NMO3ULIUAM:
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vowels[0] = 'a'; vowels[1l] = '0'; vowels[2] = 'u';
vowels([3] = 'e'; vowels([4] = '&'; vowels[5] = '3';
vowels[6] = 'm'; vowels[7] = 'y'; vowels[8] = 'p';
vowels[9] = 'sa';

Console.WriteLine (vowels [11); // o

ITOT KOf MpuBeeT K BbIBOAY OYKBbI “0”, TOCKONMbKY MacCUB UH-
mexcupyertcs, Hauunas ¢ 0. OnepaTop uukna £Or MOXHO UCIONb3O-
BaTh [I114 TIpOXojfia MO BCeM 3neMeHTaM B Maccuse. Llukn for B cne-
LylolleM NpuMepe BHIIIONHAETCA J/IA Lie/IOUMCTeHHbIX 3HaUeHnit i or
0 no 4:

for (int 1 = 0; 1 < vowels.Length; i++)
Console.Write (vowels [1]); // aoueésplyios

MaccuBbl Takke peanusyloT uHTepdeiic IEnumerable<T> (cM.
pasnen “Ilepeuncnenve u urepatopbl’” Ha cTp. 152), Tak YTO MO
3/MeMeHTaM MaccuBa MOXHO NPOXOAMTb MOCPe[iICTBOM OlepaTopa
foreach:

foreach (char ¢ in vowels) Console.Write (c);
// aouvie&smlyns

Bo BpeMs BbimonHeHMs Bce oOpallleHMs K MHEEKCAaM MacCUBOB
NpOBepATCA Ha MpeAMeT BbIXOAa 3a rpaHMLBbL. B cryyae mpumeHe-
HUA HEKOPPEKTHOTO 3HAYeHMS MHAEKCa TreHepupyeTcs MUCKIIOYeHMe
IndexOutOfRangeException:

vowels[10] = 'a'; // OumbBxa BpeMeHM BHIINOJIHEHUS

CroitctBOo Length MaccuBa BO3BpalllaeT KONMUYECTBO 3/1€MEHTOB
B MaccuBe. Ilocne co3anus MaccuBa M3MEHUTD €r0O [IMHY HEBOS3-
MoxHO. [IpocTpancTBo Men System.Collection u BnoxxeHHble
B HEro NpOCTPaHCTBA MMEH NPelOCTaB/AIOT TaKye BbICOKOYPOBHEBbIE
CTPYKTYpbl [LaHHbIX, KAK MAacCUBbI C IMHAMMUYECKM U3MEHAEMbIMU
pasMepaMy U ClOBapu.

Buipascenue unuyuanusayuu maccusa no3BonsAeT 0ObABNATD U 3aMON-
HATb MacCUB B €IMHCTBEHHOM ONepaTope:

char[] vowels =
new Char[] {'a','O','I/I','e','é','3',‘};!','y','10','ﬂ'},‘

unmym npouie:

char[] vowels =
{'a',‘o‘,'l/[','e','é','?','bl','y','!o','H'),‘
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Bce MaccuBbl yHacnemoBaHbl OT Knacca System.Array, B Ko-
TOpOM OIpefieieHbl 061le METOMBI ¥ CBOMCTBA A/ BCEX MaCCUMBOB.
Clona BXOJAT CBOMCTBa 3K3eMIisApa Bpoge Length u Rank u cratu-
4eCKye MeTOAbI [/ BbIIIOMTHEHUA CNEAYIOLNX AENCTBUIL:

® nMHaMMyeckoe co3maHme MaccuBa (Createlnstance());

® y3B/leYeHME M YCTAHOBKA 3MEMEHTOB HE3aBUCMMO OT THIIA Mac-
cuBa (GetValue ()/SetValue());

® nouck B copTupoBaHHOM (BinarySearch ()) uau Hecop-
tupoBaHHoM (IndexOf (), LastIndexOf (), Find (),
FindIndex (), FindLastIndex () ) Maccuse;

® copTupoBka MaccuBa (Sort ());

® xonupoBaHue MaccuBa (Copy ()).

(TaHaapTHaA MHULMANN3aUNA INeMEeHTOB

IIpn cospaHuMM MaccuBa Bcerfa NMPOMCXORAMT MHULMANM3auus
€ro 371eMeHTOB CTAHAPTHbIMM 3HadeHMsAMM. CTaHapTHOE 3HAYeHMe
ANA TUNA npeacraBaser coboif pe3ynbTaT NOOUMTOBOro OOHYMEHMA
namaTu. Hanmpumep, npeanonoxmuM, 4To CO3JaeTCA MACCUB LENbIX
uycen. [ockonbKy int — TN 3HauyeHMs, BBIAENTUTCA NPOCTPAHCTBO
nox 1000 LeTOYMC/IEHHbIX 3HaYeHMil B HenpepbhIBHOM 6/10Ke maMATH.
CraHapTHBIM 3HaYeHMEM /IS KaXKoro snemeHra 6ymer O:

int[] a = new int[1000];

Console.Write (a[123]); // O

[l a7eMeHTOB CChITIOYHOTO TUIA CTaHAAPTHBIM 3HauyeHueM OyneT
null.

HesaBUCMMO OT TMMa 9MEMEHTOB MacCUMB cam no cebe BCerga siBs-
ercst 06'BEKTOM CCBIIOYHOTO THmna. HampyuMep, clefyoluii onepaTop
AOMYyCTUM:

int[] a = null;

WHaekcbl U auana3oHbl (C# 8)

[ns ynpoleHust paboTbl C MeEMEHTaMM M WM TTOPLUAMM MacCH-
Ba B C# 8 6bIny BBeIeHbl UHOEKCHl M OUANA30HbL.

Maccsr | 41



HA 3AMETKY!

VIHpeKchl 1 OMamnasoHbl Taikoke paboTaloT ¢ TMmamu Span<T>
1 ReadOnlySpan<T> u3 CLR, KoTOpble NpefocTaBnsAnT 3¢-
beKTUBHDI HUM3KOYPOBHEBbI JOCTYI K YNpPaB/sAeMOit UK
HeyIpaB/AeMON NaMATHU.

Bbl Takxke MoXeTe cO3faBaTb COOCTBEHHblEe TUIIBI, pabo-
TalollMe C MHAEKCAaMM M [Mala3OHaMHM, 3a cUeT OIpeferie-
HUA MHAeKcaTopa TMma Index uau Range (cM. pasgen
VMHpexcaTopb!” Ha cTp. 86).

Wupekcbl

VIHOeKchl MO3BOMAIOT CCINATLCA HA /IEMEHTBI OTHOCUTEIBHO KOHYUA
MaccuBa nocpefcTBoM omnepauuu . Koucrpykums ~1 obpalgaetcs k
NIOCTIe[IHEMY 3NIeMEHTY, ~2 — KO BTOPOMY C KOHLA M T.[.:

char[] vowels =

new char il {%a"; "6", w'yle ey, W, gl vl L B, e )
char lastElement = vowels["1]; /] 'a’
char secondTolast = vowels["2]; // o'

("0 cOOTBETCTBYeT A/NMHE MAacCuBa, M03ToMy vowels [~0] npuBOOUT
K BO3HMKHOBEHMIO OLIUOKU.)

Mupekcsl B C# peany3oBaHbl C IOMOLIBIO TUIIA Index, a NOTOMY
MOXKHO TaK)Xe NOCTYNaTh CIeAYILMM 06pa3oMm:

Index first = 0;

Index last = "1;

char firstElement = vowels [first]; // 'a’
char lastElement = vowels [last]; /7 "

[lvana3oHbl

IInana3oHbl Aal0T BO3MOXHOCTb “Hape3aTb’ MacCUB MOCPEACTBOM
orepauuy . .:

char(] firstTwo = vowels [..2]; “ 2’2 'D"

char[] lastEight = vowels [2..]; A Tyl et ted
// '3','51','}",’50',';{'

char[] middleOne = vowels [2..3]; AL Pl

Bropoe uncno B auanasoHe ABNAETCA UCKAIOUANULUM, TAK UTO
. . 2 BO3BpALIaeT 371eMeHThI neped vowels [2].
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B nmMamasoHax MOXXHO Tak)ke MCIONb30BaTh cMMBON . [TokasaH-
HbII1 jafiee Koj Bo3BpalllaeT NMOC/MEAHYE ABa 3/leMeHTa:

char[] lastTwo = vowels [*2..70]; // 'no', 's'

(Konctpyxkums 0 3mech fONycTMMa, MOCKONBKY BTOPOE YMC/IO B ina-
nas3oHe UCKouaujee.)

[nanasonsl peanusosansl B C# ¢ nomolyblo TMna Range, noaro-
MY MOXXHO TakXXe [elarb ClefyoLee:

Range firstTwoRange = 0..2;
char[} firstTwo = vowels [firstTwoRangel; // 'a', 'o'

MHoromepHble MmaccuBbI

MHoroMepHble MacCBbBI UMEIOT iB€ Pa3sHOBUIHOCTY: NPAMOY20NbHbIE
u 3ybyamoie. [IpAMOYTONbHBIN MacCUB NpeJiCTaB/sAET H-MEPHBI 610K
MaMATH, a 3yOUaThIil MaCCUB — 3TO MacCUB, COfIEPIKALMI MaCCUBBL

npﬂMOYI'Ol'I bHble MacCuBbI

[IpsAAMOyronbHble MacCUBbl OOBABNAIOTCA C UCMONb30BAHMEM 3a-
NATBIX A/ OTAE/NEeHUA KaX[Ooro maMmepeHua Apyr oT apyra. Huke
npuBefieHO 06'bABNEHNME NPAMOYTONBHOIO IBYMEPHOTO MaccyuBa pas-
MepHOCTbIO 3x3:

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

Meton GetLength () MaccuBa BO3BpalllaeT JJIMHY /A 3alaHHO-
ro uaMepeHus (HaumHas c 0):

for (int i = 0; 1 < matrix.GetLength(0); i++)

for (int j = 0; j < matrix.GetLength(l); j++)
matrasd [d; 7] =41 % 3 it %

[IpAMOYTONbHBI MacCUB MOXeET ObITb MHULMANU3UPOBAH CNENY-
oMM 06pa3oM (A coslaHUA MacCUBa, MAEHTUYHOIO NpefbIayLle-
My npumepy):

int[,] matrix = new int[,]

{

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

}i
(B onepatopax o6bsaBneHus NOKOOHOrO poda KO, BbIfleNIeHHbI MO-
TY>KUPHBIM, MOXeET GbITh OMYILeH.)
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3y6uatble MaccuBbI

3y6anb1e MaccuBbl 0OBABNAIOTCA C NpUMEHEHUEM IOC/IEenOBa-~
TENMPHO MAYLIUX TMap KBaZpaTHbIX ckoboK A1 KaXXOoro u3MepeHus.
Huxe nokasan npumep 00bABNEHNA 3y6anoro ABYMEPHOTO MaCCUBaQ,
B KOTOPOM CaMO€ BHEIIHee U3MEPEHNE COCTaB/IAET 3

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

BHyTpeHHMe u3MepeHus: B 00'bsABNEHUM He YKa3bIBAKOTCH, T.K. B
OT/IMYME OT MPSAMOYTObHOTO MacCMBa Ka)kKIblil BHYTPEHHMIT MacCUB
MOXXeT MMeTb MPOU3BONbHYIO AMMHY. Kaxablit BHyTpeHHMIT MaccuB
HeABHO MHMIManuaupyercs null, a He MycThIM MaccuBoM. Kaxabii
BHYTPEHHMII MacCUB JOKEH CO3/]aBaTbCA BPYUHYIO:

for (int 1 = 0; i < matrix.Length; i++)

{

matrix{i] = new int [3]; // Co3maTh BHYTPEHHMM MacCCUB
for (int j = 0; j < matrix([i].Length; j++)
matrik (i) [9] =4 * 3 # 35

}

3y6uaThblit MAaCCUB MOXHO MHMLMANTU3UPOBATh ClefyoLInM obpa-
30M (E/s CO3[aHMsT MacCyBa, MOEHTUUHOIO MpelbIAyIleMy IpUMepy,
HO C JOMOJIHUTENbHBIM 37EMEHTOM B KOHLE):

int[] [} matrix = new int{[][]
{

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

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

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

}s

(B onepartopax o6bsBneHMs Nofo6HOro pofia KoM, BbIAeNeHHbIA MO-
JTY>KMPHBIM, MOXeT ObITb OMYILEH.)

yl‘IPOI.IIEHHbIe BblpaXeHna UHULnanu3alun maccuBoB

Panee yxe 6b1/I0 TTOKAa3aHO, KakK YIOPOCTUTDb BbIpa>KeHU UHULIM-
anusauumym MacCuUBOB, OITyCKad K/IKOYE€BOE CIOBO NEW U 06 bABNEHME
TUIA:

char[] vowels =

new char (] d*av, "o, 'u!, e, '&", g, gl iy tpl tgr)s
char[] vowels =
{"a"ple'p'u'y'e' €3 B Nyt ", A b
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[Ipy ppyroM nopxope mocne KA0OYEBOTO C/I0BA NEW MMA TUMA HE
yKasblBaeTCA ¥ KOMIMIATOP AOMKEH OyaeT caMOCTOSATENbHO BbiBecu
TUn MaccuBa. ITo YROOHOe COKpallleHue Mpy rnepefaye MacCUBOB B Ka-
4ecTBe apryMeHToB. HampuMep, paccMOTpUM CrenyroLmil MeTox:

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

MBI Mo>XeM BBI3bIBaTh MeTOH FOO () ¢ MacCUBOM, CO3[laBaeMbIM
Ha JIeTy:

// OBBIYHBEIA CUMHTAKCUC

Foo (ne" char[] {!al " 'o! , n' ’ ‘e!' . e’ ,lal, "5’ . lyv B ' : 'q’ }) :

// COKpalleHHH! CUHTaKCUC

FOO (new[] {lal 7 |o| 0 'M' 7 lel’ lél i '3', 'H' i lyl 7 lnv 7 lal}>,.

Kak Bbl yBUAMTE MO3Xe, TAKOe COKpallleHMe KM3HEHHO BasKHO I
CO3[aHUA MaCCUBOB dHOHUMHbBIX MUNOB.

MlepemeHHble U napamerpbl

[lepeMeHHas NpefcTaB/seT AYeiiKy B [aMATH, KOTOPas COREPXKUT
u3MeHseMoe 3HaueHMe. [lepeMeHHass MOXKET ObITb 10KANLHOL NepemeH-
Hoil, napamempom (MepefiaBaeMbIM Mo 3HaveHuio, ref, out nubo in),
nonem (3x3emnaapa nubo crnamuyeckum) WIN INEMEHMOM MACCUBA.

CTeK n Kyva

Crek n Ky4a — 3TO MECTa, I'l€ pacrojaraloTcsa rnepeMEHHbIE. Crek
1 Ky4a MMEKT CYLI€CTBEHHO OT/IN4YAlOIIYI0CA CEMAHTUKY BPpEMEHU
JKU3HMN.

Crek

Crex npeacraBnseT coboit 610k NaMATY AN XpaHEHUs JTOKasb-
HBIX MepeMeHHbIX M napaMeTpoB. CTek JOrMyecky yBenuuMBaeTCA
npyu Bxofe B MeTof unu GyHKUMIO, a MOCTe BbIXOJA yMEHbIIAeTCH.
Barnauute Ha cnegyowmit MeTon (4ToObl He OTBNEKAaTh BHUMAHMA,
npoBepka BXOJHOTO apryMeHTa He [eNaeTcsA):

static int Factorial (int x)

{
if (x == 0) return 1;
return x * Factorial (x-1);
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Mertopg Factorial () sBnAeTcs peKypCUBHbBIM, T.e. OH BbI3blBa-
eT caM ce6s. Kaxxaplit pas, KOrfa npoucxonuT BXOJ B METOJ, B CTEKE
pasMelllaeTcss HOBBIN 3K3eMIIAp int, a KaXkAblil pas, KOrja MeToJ
3aBeplIaeTCs, 9K3eMIIAp int ocBoboxkmaercs.

Kyua

Kyya — 3TO mamsTb, B KOTOpOIt pacnonaraiorcs 06vekmot (3K-
3eMIUIAPBl CCBUIOYHOTO THMa). Beskumit pas, KOrga cosfaeTcs HOBBII
00'beKT, OH pa3MellaeTcs B Ky4e, ¥ Ha HErO BO3BPAILAETCs CChIIKA.
Bo BpeMs BbINONHEHUs MPOrpaMMbl Kyda HauMHaeT 3aMOMHATHCA M0
Mepe CO3[aHus HOBBIX 0ODEKTOB. B ucronHswllelt cpefe npegyc-
MOTpeH COOpIIMK MYcopa, KOTOPbIl Mepuopmdecku ocBoboxpgaer
006DEKTBI M3 Ky4M, YTOOBI pOrpaMMa He CTONKHY/IAch C HEXBATKOI
namaTu. O6beKT CTAHOBUTCS IPUTOAHBIM I/l OCBOOOXKAEHUSA, €CU
OTCYTCTBYIOT CCbUIKYM Ha HETO.

IK3eMI/IAPbI TUIIOB 3HAa4YeHMUIt (M CCbUIKM Ha 06BEKTHI) XpaHAT-
cs TaM, rjie 6bun 06bSABIEHBI COOTBETCTBYIOLIME MepeMeHHble. Ecnu
9Kk3eMIsAp Obl1 06bABNIEH KaK [10/1e BHYTPYM THMIIA K/lacca MM Kak
3/1eMEeHT MaCCyUBa, TO TAKOM 9K3eMIUIAP paclonaraeTcs B Kyue.

HA 3AMETKY!

B aspike C# Henb3st ABHO yAanATb 0ObeKTHI, KaK 3TO MOXHO
menatbh B C++. O6bexT 6e3 cChIIOK CO BpeMeHeM YHMYTOXa-
eTcsl COOpIIMKOM Mycopa.

B Kyue Tak>ke XpaHATCS CTaTMYeCKMe [0/Is M KOHCTAHThL. B oTin-
4ye OT 06bEKTOB, pacnpele/leHHbIX B Kyde (KOTOpble MOTYT 6bITb 06-
paboraHbl cOOPIIMKOM MYycOpa), OHYM CYLIECTBYIOT 1O TeX MOp, MOKa
HOMEH NPUIO)KEHMS He IIPEKPATUT CBOE CYLeCTBOBAHME.

OnpepenenHoe npucBanBaHue

B C# npuMHYAUTENbHO NMPUMEHAETCA MONUTUKA ONpeaeseHHOTo
npucsamBanusA. Ha npakTuke 3To 03HayaeT, 4TO 3a MpefenaMyu KOH-
TekcTa unsafe mnonyyarb JOCTYN K HEMHULMANM3UPOBAHHON MaMs-
TU HeBO3MOXXHO. OmpefiefieHHOe NpUCBaMBaHME NMPUBOAUT K TpeM
NOCNEeACTBUAM.
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® JlokanbHbIM [NEPEMEHHDIM JOJIDKHDI 6bITD IIpUCBOEHDI 3HAYEHUA
nepen TeéM, Kak MX MOXXHO 6yueT YUTATh.

¢ TIpu BbI30Be MeTOHA ZOKHBI ObITH IPELOCTABIEHb] APTYMEHTHI
byHKUMK (ecnu TONBKO OHM He MOMeYeHbl Kak HeoGs3aTelnb-
Hble — cM. pasgen ‘HeobssaTenbHble mapameTpbl” Ha CTp. 51).

® Bce ocTanbHble NepeMeHHble (Takue Kak MONA M 3/ME€MEHTHI
MacCMBOB) aBTOMAaTHYeCKM MHULMATU3UPYIOTCA UCTIONHAIOLLEl
cpenoit.

Hanpumep, cnegytommmit kof BbI3bIBaeT OlIMOKY Ha 3Tale KOMIIM-
nAagum:

static void Main()
{
int x;
Console.Writeline (x); // Oumbka Ha sTane KOMMIMIALUM

}

Tem He Me€Hee, eC/IM B3aMEH NnepeMEHHas X 6y)1eT nosnem BKIKO4Yalo-
LIero Kaacca, Toraga Kox yCnelrHo CKOMIU/IMPpYeTCA M BO BpEMA BbINOJ -
HEHNA BbIBEAET Ha 3KpaH 3Ha4€HUE 0.

(TaHaapTHble 3HaYeHUA

JK3eMNAApbl BCeX TUIIOB MMEIOT CTaHAApTHble 3Ha4YeHMA.
CraHpapTHble 3HaYeHUA I Npefonpeae/eHHbIX TUIIOB SABNAIOTCA
pesynbTaToM NMO6MTOBOro 06HYyeHUA MAaMATU U NPeNCTaBAAIT CO-
601t null mist CCUTOYHBIX TMIIOB, O /I YMCTIOBBIX M IT€PEUNCTUMBIX
tunos, '\0' mnd tuna char u false gng tumna bool.

[TonyunuTh cTaHAapTHOe 3HaueHMe A/A N060ro THUMA MOXHO C
MCIIONb30BaHMeM KitoueBoro cnoBa default (kak Bbl yBMAMTE MO3-
’Ke, Ha MpaKTUKe MOCTYMaTh Tak ynobHo nmpu pabote ¢ 06obienn-
amu). CTaHZapTHOe 3Ha4yeHMe B ClellMa/bHOM TuIe 3HaueHus (T.e.
struct) — 3TO TO e caMmoe, 4TO U CTaHJapTHble 3HauYeHUA /14
BCEX I0/1eM, ONpefieNIeHHbIX JaHHbIM CIeLIXaNbHbIM TUIIOM.

Napamerpoi

Meton MOXeT NpMHMMATb MOC/TENOBaTENbHOCTb MapaMeTpoOB.
[TapaMeTpbl onpefensoT Habop apryMeHTOB, KOTOpble JOMKHbI ObITh
NpeIoCTaB/eHbl 3TOMY METOLY.
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B cnenyoweM npumepe MeTof Foo () MMeeT eIMHCTBEHHBII Ma-
paMeTp MO MMEHM P Tvma int:

static void Foo (int p) // p sAByseTCs napaMeTpoM
{

static void Main() { Foo (8); } // 8 aABnAercs apryMeHTOM

YnpaBnATh cnocoboM nepefauM mapaMeTpoB MOXKHO C IIOMOLLbIO MO-
audukaropos ref, out u in:

Mogudukatop  Cnoco6 nepefaun Korpa Tpebyetca onpefeneHHoe npu-
napamerpa (BaWBAHHe 3HAYEHNA NepeMeHHON
Orcytctayer Mo 3Hauenuto MNpu exode

ref Mo ccoinke lpu 8xode

out Mo ccvinke Mpu gbrxode

in Mo ccbinke (Tonbko uteHue)  Mpu 8x00e

flepepaua aprymeHToB no 3HaueHuio

[To ymonyaHuio apryMeHTbl B C# nepedaromica no 3HaveHur, 4To
6€30roBOPOYHO ABAETCA CaMbIM PaclpOCTPaHEHHBIM ClydaeM. JTO
O3HayaeT, YTO Npy Mepefaye METONY CO3JAeTCA KOMUA 3HAYEHUA:

static void Foo (int p)
{
p=p+1; // YBenuuuTb p Ha 1
Console.WritelLine (p); // BBIBECTM P Ha 3KpPaH
}
static void Main()

{

int x = 8;
Foo (Xx); // Cozmaercsa Kommusa X
Console.WritelLine (x); // x mno-npexHeMmy uMeeTr

//  3HaueHue 8
}
[IpucBaMBaHMe P HOBOIO 3HAYEHUA He M3MEHAET COJEepKUMOE X,
MOTOMY 4TO P M X HAXONATCA B PAa3HbIX AYeMKaX MaMATHU.
Ilepemaya no 3Ha4YeHMIO apryMeHTa CCbUIOYHOIrO TuIa NPUBOAUT
K KOIIMPOBAHMIO CCbIIKU, HO He 06beKTa. B cremyloleM npumepe me-
Tox FOO () BMAMUT TOT e 00bekT StringBuilder, koTopblit 6bl1
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co3gaH B Main (), 0fHAKO MMeeT HE3aBMCUMYIO CCbi/IKY Ha HETO.
Hpyrumu cnoBamy, sb u £OOSB ABNATCA OTAENbHBIMU JPYT OT
Apyra nepeMeHHbIMU, KOTOpPbIe CCBUTAIOTCA Ha OMH U TOT XKe 06DBEKT
StringBuilder:

static void Foo (StringBuilder fooSB)

{
fooSB.Append ("TectT");

fooSB = null;
1

static void Main{()

{
StringBuilder sb = new StringBuilder();

Foo (sb);
Console.WriteLine (sb.ToString()); // mect

}

[Tockonbky £00SB — K0Onus CChbUIKM, yCTAHOBKa ee B null He
NpUMBOAUT K yCTaHOBKe B null nepemeHHoit sb. (TeM He MeHee, ecnu
napamerp f00SB 06bABUTH M BBI3BaTh ¢ Moaupukatopom ref, To
sb ¢manem null.)

Mogudukatop ref

Ina nepedauu no ccoinke B C# npenycMorper Mopudukarop na-
paMeTpa ref. B npuBefeHHOM HM)Ke NpyUMepe D U X CCUTAIOTCA Ha
OfIHY M TY >Ke A4elKy MaMATH:

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

1
¥

static void Main()

{

int x = 8;
Foo (ref x); // Tlepedars X MO CCHUIKE
Console.Writeline (x); // x renepr uMeer 3HadeHue 9

}

Ternepp npucBaMBaHme P HOBOTO 3HAYEHUs U3MEHSET CONEPXKU-
Moe x. ObpatuTe BHMMaHMe, uTO MoaudukaTop ref mOmKeH ObITH
yKasaH KaK I1py OlpefeNleHny, TaK 1 [pY BbI30BE MeTOAA. JTO feNaeT
MPOMCXOpslilee COBEPLIEHHO SICHBIM.
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HA 3AMETKY!
[TapameTp Mo>KeT ObITb MepefaH MO CCbIIKE M N0 3HaYEHUIO
HEe3aBUCUMO OT TOTO, OTHOCUTCS OH K CCbIIOYHOMY THUITY MM
K TMITy 3HaYeHMUs.

Mogudukatop out
ApryMeHT out INOXOX Ha apryMeHT ref 3a UCK/II0YEeHUEM Cleny-
IOLMX acMeKTOB:
® OH He HYXJlaeTCA B [IpPMCBaMBaHUM 3HAYEHUs Tepe] BXOLOM B
GyHKLMIO;
® eMy JO/KHO ObITb MPUCBOEHO 3HaYeHMe MepeJ 8biX000M U3
byHKLMH.

Mo,umbuxa‘rop Out 4ale BCero MNpuMeHsaeTca qnd [oNy4YeHnsa us
METOLla HECKOJ/IbKMX BO3Bpallla€MbIX 3HAUEeHU .

Nepemennble out u otbpacbiBanue

Haunnas ¢ Bepcun C# 7, epeMeHHbIe MOXXHO OOBABNATD Ha NETY
IIpM BbI30BE METOJOB C MTapaMeTpaMu out:

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

HpMBeI{eHHbIﬁl BbILLIE KO 9KBMBAJIEHTEH TaKOMY KOAY:

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

Korpma BBI3BIBAlOTCA METOMBI C MHOXKECTBOM IlapaMeTpoB oOut,
[IOCPEACTBOM CMMBO/A MOLYEPKMUBAHMSA MOXHO “OTOpachiBaTh” JI0-
6ble mapaMeTpbl, KOTOpble He MHTepecHbI /14 Kofia. [Ipeanonaras, 4to
Merop SomeBigMethod () 6bIn onpeneneH ¢ NMATbIO MapaMeTpaMu
out, BOT KaK IPOMTHOPUPOBATDb BCeE NapaMeTpbl KpOMe TPETbEro:

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

HaunHas c Bepcuu C# 7.2, mapaMeTp MOXHO CHabxaTb rpeduk-
coM B popMe MomudukaTopa in, YTo6bl MpefOTBpallaTh U3MEHEHNe
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napaMeTpa BHYTpM MeTOa. B pe3ynbrare y KOMIMIATOpPA MOSABIAETCS
BO3MOXXHOCTb M30eXaTh HaK/IafHbIX PacXOHOB [0 CO3AHMIO KOMUM
apryMeHTa IO €ro nepefayy, KOTOpble MOTYT OKa3aTbCA CYLLECTBEH-
HBIMJM B C/lydae KPYIHBIX CIleliMa/ibHbIX TUIIOB 3HadYeHMi1 (CM. paszaen
“Crpyxtypnl” Ha cTp. 105).

Moagu¢ukatop params

Mogudnukartop params, KOrga OH NpMMEHAETCA K NOC/eTHEMY
napaMeTpy MeTOfa, 03BOJNSAeT METOAY NMPUHUMAThb Moboe Konmdec-
TBO apryMeHTOB ONpefle/IeHHOro Tumna. Tun napaMerpa JO/KeH ObITh
06DbsABNEH Kak MaccuB. Hanmpumep:

static int Sum (params int[] ints)

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

}
Bri3BaTh MeTOA Sum () MOXHO Tak:
Console.WriteLine (Sum (1, 2, 3, 4)); // 10

ApryMeHT params MO>eT ObITb TaKKe NpefoCTaB/IeH Kak 00bI4-
HbI MaccuB. [IpenbinyLinit BbI30B CEMaHTUYECKU SKBMUBANIEHTEH Clie-

AyiolleMy KORY:

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

Heo6a3aTenbHble napameTpbl

B MeTojax, KOHCTPYKTOpax ¥ MHAEKCAaTOpaX MOXKHO OODABIATb He-
obsa3amenvHvle napamempst. [lapaMeTp aBnseTcs Heo6A3aTeNbHBIM, eCcnu
B ero o6bsAB/IEHNMM YKA3aHO CMAHOAPMHOe 3HAYEHUE:

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

IIpn BBI3OBE MeTOofa HeoOA3aTelbHblE MapaMeTpbl MOTYT OBITH
OMNYLIEHbI:

Foo(); // 23

B neiicTBUTENbHOCTY HeobA3aTeNIbHOMY MapaMeTpy x nepedaemcs
CMAaHO0apmHblil apzymeHm CO 3HaYeHueM 23 — KOMOWMIATOP BCTpan-

BaeT 3TO 3HayeHMe B CKOMIWIMPOBAHHbI KO Ha 8b13b18ai0uiell CTO-
poHe.
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[ToxasaHHBI Bblllle BbI30B FOO () CeMaHTUYeCKM 3KBUBANEHTEH
TaKOMY BbI30OBY:

Foo (23):

IOTOMY YTO KOMIIMIATOP MPOCTO MOACTABNIAET CTAHAAPTHOE 3HA4e-
HMe HeoOA3aTebHOro mapaMeTpa TaM, rfi€ OH MCIONb3yETCA.

BHUMAHME!

Jlo6aBreHne HeobsA3aTENBHOrO MapaMeTpa K OTKPBITOMY Me-
TOLY, KOTOPbII1 BbI3bIBAETCs M3 APYroit cbopku, Tpebyer mepe-
KoMmunAumyu obenx c6Opok — TOYHO Kak B Clydae, ecnu 6bl
napametp 6bl1 0613aTeNbHBIM.

CraHfapTHOe 3HauYeHMe HeoOs3aTeNbHOrO MapaMeTpa LOMXKHO
6BITb YKa3aHO B BUJ€E KOHCTAHTHOIO BBIPA>KEHUs MM KOHCTPYKTOpa
6e3 mapaMeTpoB A5 TiIa 3HauyeHus. Heobs3aTenbHble mapaMeTphl He
MOTryT OBITb IOMEYEHbI TOCPeNCTBOM ref uin out.

Ob6s3arenbHble MapaMeTpbl JOMKHbI HAXOLUTHCA Heped Heobs3a-
Te/lbHBIMY NapaMeTpaMyu B 0ObABIEHMM METOHA M IIpY €r0 BbI30Be
(MCKIOYeHMEM SBNIAIOTCA apryMeHThl params, KOTopble BCerga pac-
MoNaraloTcs B KOHLE). B cnepyomeM npumepe ojist x nepenaercs sAB-
HOe 3HayeHye 1, a A1 y — CTaHHapTHOe 3HayeHue O:

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

: Console.WriteLine (x + ", " + y);
gfoid Test ()

{E‘oo(l); Wl i (0

}

Yrobbl cnenath obpaTHOe (nepenaTh CTaHAApTHOE 3HAYEHMeE I
X M YKa3aHHOe IBHO 3HaueHue A4 ), norpebyerca cCKoMOMHMPOBATD
Heo0Os13aTeIbHble [TapaMeTPbl C UMEHOBAHHLIMU APeYMEHMAamil.

HMeHoBaHHbIE apryMeHTbl

BMecTo pacrio3HaBaHMs apryMeHTa 110 103MLMM €0 MOXKHO MJIeH-
tuduLmpoBaTh Mo uMeHu. Hampumep:
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void Foo (int x, int y)
{

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

void Test ()
{
Heo' (%ol §E2)7 S/, 2

¥

JIMeHOBaHHbIE apTYMEHTbI MOI'yT BCTpeyaTbCsl B M0OOM IOpsLKe.
Crnepnyroline BbI30Bbl FOO () C€MaHTMYECKU MAEHTUYHBL:

Feor (xal, yea2);

Beo (yei2, xil):

VIMeHOBaHHbIE ¥ MO3ULMOHHbIE aPTYMEHTbl MOXXHO CMelluBaThb
NPy yCII0BMU, YTO MMEHOBAHHbIE apIyMeHThl yKa3aHbl OCTEAHUMM:

Boo (I, y:29;

JIMeHOBaHHble apryMeHTbl 0CO6EHHO YOO HbI B COYeTAHUM C HEO651-
3aTe/IbHbIMUM MapaMeTpaMyu. Hanpumep, B3[NIAHUTE Ha TaKO} METOZ:

vold Bar (irt a=0, int b=0, int e=0, imt d=0) { ...}

Ero Mo)xHo BbI3BaTh, IPeNOCTaBUB TOMbKO 3HaueHue ans d:

Bar (d:3);

9To upe3BbIYaiTHO yHOoO6HO npy paboTe ¢ API-unTepdeitcamu COM.

06bABNEHME HeABHO TUNU3UPOBAHHDIX NOKA/IbHbIX
nepemMeHHbIX ¢ MOMOLLbI0 vyaxr

YacTo cnydaeTcs Tak, UTO NepeMeHHass oObABNAETCA M MHULIMA-
nu3upyeTcs 3a OfMH wwar. Ecnyu xoMnuaaTop cnocobeH BbIBECTU THUII
U3 MHULMATU3UPYIOLLETO BBIpaXXeHU, TO Ha MeCTe OObABNIEHMS TUMa
MO>XHO PUMEHATD K/oueBoe c1oBo var. Hampumep:

var x = "crpoka";

var y = new System.Text.StringBuilder();

var z = (float)Math.PI;

i

3TO B TOYHOCTM 3KBUBATEHTHO cnenymumeMy Koany:

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

new System.Text.StringBuilder();
float z = (float)Math.PI;
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M3-3a Takoit NpsAMON 3KBMBAJEHTHOCTM HEABHO TUMMU3MpPOBaHHbIE
nepeMeHHble ABIAIOTCA CTaTUYECKM TUNM3UpoBaHHbIMU. CKaxkeM,
NpyBeIeHHBIN HMKe KO BbI3OBET OlIMOKY Ha 3Tane KOMIMIALNM:

var: ¥ = 9y

x = "crpoka"; // Oumbka Ha dTane KOMMUJIALUU;

// x vmeeT Tum int

B paspmene “AHOHMMHble TUIBI” Ha CTp. 167 Mbl onuieM ClLieHa-
PUif, KOTJIa MCIIONIb30BaTh K/IKYEBOE CNIOBO Var 06s3aTeIbHO.

BoipaxkeHusa n onepauum

Buipaxenue no cyliectBy ykasblBaeT 3HaueHMe. [Ipocreitummmu
PasHOBMAHOCTAMM BbIpa>KeHMII ABAIOTCA KOHCTaHTbI (Hamopobue 123)
Y niepeMeHHble (Bpozie X). Bblpa>keHus MOryT BUAOM3MEHATHCS M KOM-
6MHMpOBaThCA C MOMOLLbI0 onepaunit. Onepayus MpMHUMAET OLVH
unyu Gornee BXOAHBIX 0nepaHO08 U NaeT Ha BBIXOJeE HOBOE BbIpake-
Hue:

12 * 30 // * - onepauusa, a 12 u 30 - onepaHnsl

JloryckaeTcsa CTPOMTb CIOXHbIE BbIpa>keHMA, MOCKONbKY ONepaH/
caM 1o cebe MOXeT ObITb BbIpakeHueM, kak omepann (12 * 30) B
cnenyolleM NpuMepe:

1+ (12 * 30)

Onepaunn B C# Moryr 6bITb KaaccudpuumMpoBaHbl KaK yHApHble,
6uHapHvle U MepHApHble B 3aBUCUMOCTY OT KOJIMYECTBA ONEpaH/OB, C
KOTOpbIMM OHM paboTaloT (ofuH, fBa mnyu Tpu). bunapHble onepanun
BCerfa MpUMEHAT UHPUKCHY0 GOpMY 3alMUCH, IpU KOTOPOI onepa-
LA OMEILAeTCA Mexdy NBYMA OnepaHIaMu.

Onepaluumu, KoTopble ABNAKTCA HEOTBEMIEMO YaCTbIO CAMOTO
A3bIKA, Ha3bIBAIOTCA MEPBUUHBIMU; IPUMEPOM MOXET CITYXXUThb ornepa-
Uus BbI30Ba MeTOJa. BbipakeHue, He MMeloOLlee 3HAYEHM A, HA3bIBAETCA
nycmolm BblpaXeHuem:

Console.WritelLine (1)

U3-3a Toro, 4to ITyCTO€ BbIpa>X€HME HE MMEET 3HAaYE€HUA, OHO HE
MOXXET MCIOIb30BaTbCA B Ka4€CTBE Oll€paHAa MMpU MOCTPOEHUN 6onee
CJIIOXKHBIX Bpra)KeHMﬁI:

1 + Console.WriteLine (1) // Oumbka Ha 3Tane KOMOMJIALUU
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BbipaxeHnus npucsanBanmus

BripakeHue NpucBanBaHMsA NPUMEHSAET ONEpPALMIO = I/ MPUCBa-
MBaHNUSA TIEPEMEHHOI pe3ynbTaTa BbIYMC/IEHUS JPYroro BblpaXKeHus.
Hanpumep:

X =x*5

BolpaxkeHue npucBaMBaHMs — He mycToe BblpakeHue. Ha camom
fiefie OHO 3aK/I04YaeT B cebe MpycBayBaeMoe 3HaueHMe U NOTOMY MOXKET
BCTpauBaThCsl B Ipyroe BblpakeHMe. B cnemymolieM npumepe Bblpake-
HMe MpucBauBaeT 2 nepeMeHHoi x 1 10 nepeMeHHON y:

y=39% (% =2)

Takoit cTUIb BbIpa>keHUs MOXET MCIO0Nb30BAThCSA /1A MHULIMATIU-
3alMY HECKONbKUX 3HAYEHUIA:

a=b=c=d=0

Cocmasivle onepayuu nPUc6ausaHus BISIOTCA CUHTAaKCUYECKUM CO-
KpallleH/eM, KOTOpoe KOMOMHMpYeT npucBauBaHue C APYroil onepavyeit.
Hanpumep:

X *= 2 // BDKBMBAJIEHTHO X = X * 2

x <<= 1 // 3KBMBaJIEHTHO X = X << 1

(ToHKOe MCK/TIOUEHME U3 3TOro MmpaByuia Kacaercs co6vimutl, KOTOpble
paccMaTpUBAKOTCA M03)Ke: OnepaLyy += ¥ —= B HUX TPAKTYIOTCA Clle-
LyanbHbIM 06pa3oM u oTobpakaloTca Ha cpefcTBa gocrtyna add u
remove coObITUA.)

MpuopureTbl M accoynaTMBHOCTL onNepawuit

Korza BbIpaskeHMe cOEP>KUT HECKObKO ONepaLyif, MOPAKOK X
BBIYMCIIEHUS ONPENENSETCS NPUO pumemamu U accoyuamueHocmuyio.
Onepauun ¢ 6oree BLICOKMMMU MPUOPUTETAMY BBIMONHSAIOTCS Mepen
ornepauysMu, NPUOPUTETHI KOTOPbIX Huxe. Ecnu onepauum nmeror
OMHAKOBbIE NIPYOPUTETHI, TO MOPANOK MX BBINOTHEHUS ONpeaenser-
A aCCOLMATUBHOCTBIO.

MpuoputeThbl onepauun

Boipaxkenne 1 + 2 * 3 Bplumcnsercsa kak 1 + (2 * 3), noromy
4TO OMepalus * uMeeT Gosee BHICOKMII MPUOPUTET, YeM +.
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NleBoaccoynaTuBHbIE ONepauun

BunapHble onepanuyu (kpoMe onepanmyu NpucBauBaHus, naMbaa-
orepauuy 1 onepauuu o6beauHeHus ¢ null) ABAAWTCA se80acco-
UUAMUBHbIMU; IPYTYMM CIIOBAMM, OHYM BBIYMCTIAIOTCA C/eBa HAIMPaBo.
Hanpumep, Bbipaxkenne 8/4 /2 Bpluncnserca kak (8/4) /2 no npu-
4)He JIEBOJ aCCOLMATMBHOCTYU. PadyMeeTcs, MOpAJOK BbIYMCIEHUA
MO)XHO M3MEHUTD, PacCTaBMUB CKOOKH.

npaBoa(COHMaTMBHbIe onepauuu

Onepayus npuceausanus, namboa-onepayus, onepauus obbean-
HeHMA ¢ null u ycjoBHas onepauus ABMATCA HPABOACCOLUAMUB-
HbiMU; IPYTUMY CJIOBaMU, OHY BBIYMC/ISAIOTCS CripaBa Haneso. [IpaBas
aCCOLMATUBHOCTD [103BONIAET KOMIIMIMPOBATh MHOXECTBEHHOE MPU-
CBayMBaHMe, TAKOe Kak x=y=3: CHa4a/ia 3HayeHue 3 NpucBamuBaercs y,
a 3aTeM pe3y/nbTaT 3TOro BblpakeHuA (3) MpMUCBaMBaeTCA X.

Ta6auua onepauwui

B cnepyrouieit Tabmuie nepeuncnexsl onepauuu C# B mopsfke nx
npuopureros. OnepaLuy B OJHOI ¥ TOi >Ke KaTerOpuy MMEIOT Ofy-
HaKoBble npyuopureTsl. OnepaLyy, KOTOpble MOTYT OBITb Meperpyxe-
HBI 11071b30BaTeNeM, 06 bsACHAOTCA B pasfene “Ileperpyska onepaunit”
Ha cTp. 204.

Cumson Bo3moxHoCTb
Ha3saHue onepayuu Npumep

onepauuu neperpy3ku

NepBuunble

. JlocTyn K uneny x.y Her

40 nul l-ycnogHas x?.y Het

= YKa3arenb Ha CTpyKTYpy x=>y Het
(He6e3onacHan)

() BbI308 dyHKLMM x() Her

{1 Maccus/whpekc a[x] Yepes

WHAEKcaTop

++ Noctukcnan dpopma x++ Jla

WHKPEMEHTA
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lIpodonxerue mabn.

CumBon Bozm
HasBaHue onepaymun Npumep 03MOMHACHD
onepauun neperpysku
= NocTdukcHas popma K== lla
fleKpeMenTa
new Co3paHue 3k3emnnapa new Foo () Het
stackalloc  He6esonacHoe Bbigenemue stackalloc (10)  Her
NamsATH B CTeke
typeof NMonyuenve Tuna typeof (int) Het
N0 uaeHTHduKaTopy
nameof Nonyyenue umexu nameof (x) Het
upeHTMouKaropa
checked Bkniouenve nposepku ueno-  checked (x) Het

YUCNEHHOr0 nepenonHeHua

unchecked  QOtkniouenwe nposepku yeno- ~ unchecked (x) Her
YUCNIEHHOTO NEPENONHEHNS

default (TanpapTHoe 3HaueHve default(char)  Her

sizeof Nonyuerue pasmepa cipykTypsi  Sizeof (int) Het

YHapHble

await Oxupaxue await myTask Het

+ MonoxuTenbHoe 3Hauexue +x Jla

= OtpuuarenbHoe 3HaueHue X Jla

! HE 'x Ja

% NobutoBoE gononHeHue 2 lla

+i NpedukcHas dopma ++X [lla
MHKpEMEHTa

- NpedukcHas dopMa ==X lla
[ieKpeMeHTa

() Npuseexue (int)x Her

¥ 3Hauewue no appecy *x Het
(He6e30nacHas)

& Appec 3HauenuA &x Her
(He6e3onacHas)
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Npodonxerue ma6n.

KHIAEDN Ha3Bauue onepauuu Npume £OSMOKHOSTY
onepauyuu pau pumep neperpysku

Myl‘IbTMI'Il'IMKaTMBHbIE

® YMHOXeHue x*y fla
Y [lenetve x/y fa
% (Ocratok 0T Aenexus X%y [la

ApAnTHBHbIE

3k Cnoxenve i) GE iy Jla
- BblunTaHue X-Yy lla
Cpsura

<< CaBur Bneso x <<1 la
>> CpBur Bnpaso x>>1 fla
OTHowenua

< Menblwe % iy fa
> Bonbuwe x>y Nla
<= MeHbLue Wi pasHo Xx<=y fa
> bonblwe uam paHo x>=y Nla
is NpUHAANEXHOCTb K TUMY x isy Het

Wnu ero noaknaccy

as NpeobpasoBaxue Tuna xasy Het
IKBMBANEHTHOCTH

== PasHo X=—=y JIE]
= He pasHo X !=y JIE

Noruyecxoe U

& u X &y la

Noruyecxoe uckniovaiowee UMK

~

Uekniovatowee Ui X
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OxonyaHue mabn.

Cumeon Bo3moxHOCTD
onepaumi Hassanue onepauuu Mipumep neperpysiu
Noruyeckoe N

| 1% x|y it
YcnoBhoe U
&& [ X && y Yepes &
Ycnosroe UNTH

[ U x|y Yepe3 |
06veaunenne ¢ null
27 06beauHenme ¢ null x2?y Her
YcnoBHas (TepHapHas)
2 YcnosHas isTrue ? Het

thenThis :
elseThis
NpucBauBanua u nAmM6aa (cambii HU3KUIA NpuopuTer)
= lpucsansanue X =y Her
e YMHOXEHUe C npucBauBakmem X *= 2 Yepes *
/= [llenenue ¢ npucBavBaHnem x /=2 Yepes /
= (noxeHve C npucBauBakmem X += 2 Yepes +
e BbluuTaHue ¢ npucBauBatmem X —= 2 Yepes -
€<= CpBvr BNeBO C NpUCBaMBaHMeM X <<= 2 Yepes <<
P (pBYr BNPaBO € NPUCBaMBakMeM X >>= 2 Yepes >>
= Onepauwa W c npucsavsanmem X &= 2 Yepes &
N Onepauma UcKNioyakoLLero a5t =42 Yepes ~
WM ¢ npucausaxuem
= Onepauma WM ¢ npucsau- x |=2 Yepes |
BaHUEM

=P Nambpa-onepauma X =>xt 1 Her
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Onepauun ana pa6otbl o 3HaYeHnAMM null

B sasbixe C# ompepeneHsl Tpy OIepauyy, NpejHasHaYeHHbIe N1
ynpoueHnus paboTbl co 3HadeHUAMYU null: onepayus 06veOUHeHUS ¢
null (null coalescing), null-ycrosnas onepayus (null-conditional)
W 0Nepayus npucéausaHus ¢ 06veduHernuem ¢ null.

Onepayua o6veAnHenns cnull

Onepayus 06veduHenus ¢ null obosHayaercs kak ??. OHa roBo-
PUT O cnefyolleM: eClM ONepaHy cleBa He paBeH null, Torna Bo3Bpa-
TUTb €ro 3Ha4eHMe, MHa4Y€ BO3BPATUTb APYTOE 3HaAYEHUE. HaanMep:

string sl = null;
string s2 = sl ?? "nycro"; // s2 nomnyuaeT 3Hauenue "MycTo"

Ecnu neBocTopoHHee BblpaXkeHye He paBHO null, To MpaBOCTOPOH-
Hee BbIpaKeHMe HuKorga He Bbramcnderca. Omnepauus obbeguHeHUS ¢
null rtaxxe paboraer ¢ TMnamy, gonyckamowuMu null (cMm. pasgen
“Tumsl (sHaueHuit), gomyckatouye null” Ha cTp. 158).

null-ycnoBHas onepauus

null-ycnosnas onepayus (Mnu 3asuc-onepayus), obosHadaemas
Kak ?., noasunacb B Bepcuyu C# 6. OHa Mo3BOJIAET BbI3bIBaTb METOJbI
M MONMy4YaTh JOCTYI K WIeHaM Mofo6HO CTaHAAPTHOI omepaluy TOUKH,
HO C TOi1 pasHuLeil, 4YTO eC/IM HaXONALIMIACA c/ieBa ofepaHy paBeH null,
TO pe3yNbTaToM BbIpakeHMs 6ymeT null, a He reHepalMsA UCK/IIOUYEHUSA
NullReferenceException:

System.Text.StringBuilder sb = null;
string s = sb?.ToString(); // Oumbka He BO3HUKAET;
// s paBHO null

[TocnepHaAa cTpoka Kofa 3KBMBaJleHTHA TaKoil CTpOKe:
string s = (sb == null ? null : sb.ToString());

CronkHyBLIMCH CO 3HaYeHueM null, anBuc-onepauus coKpalaer
BbIYMC/IEHME OCTAaTKa BblpakeHUA. B cnepyoleM npumepe nepemeH-
Has S MonydaeT 3HayeHMe null, HECMOTPA Ha Ha/lMuMe CTAHNAPTHOM
onepaumyu Toukyu Mexay ToString () u ToUpper ():

System.Text.StringBuilder sb = null;

string s = sb?.ToString () .ToUpper(); // OumbBka
// He BO3HMKAET
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MHoOroKpaTHoe UCIoMb30BaHMe 3IBUC-OTIepaLyt HeO6XOAUMO, TOMb-
KO €C/IM HaXOAALUMIACA HEMOCPeACTBEHHO C/leBa ONepaHf MoXKeT ObITb pa-
BeH null. [IpuBeneHHOE HMXKE BbIp@KEHME HAle)XKHO paboTaeT B CUTYa-
LMAX, KOT#a X U X.Y paBHbl null:

A Y72

OHO 3KBMBAJIEHTHO CJIEfYIOLIEMY BbIpa)keHMIO (3a MCKIIIOYEeHMEM
TOro, YTO X .Y OLIEHMBAETCs TONIbKO pas):

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

OkoHYaTeNbHOE BbIpaXKEHMe HOMKHO ObITb CMOCOOHBIM NPUHUMATD
sHayenue null. [lokasaHHbIN fanee Kof He ABNAETCSA JOMYCTUMBIM, TK.
TMN int He MoXeT MpuHMMaTh null:

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

VcnpaBuTh nOJIOKEHNE MOXKHO 32 CYET IPMMEHEHUS TUI1a 3HAYEHUS,
momyckatoutero null (cM. pasgen “Tumsl (3HavYeHMIt), [OMyCKAOLIE
null” Ha ctp. 158):

int? length = sb?.ToString().Length; // Honycrtumo;
// int? MoxeT npuHUMAaTeE null

null-ycn0BHYIO OMlepalLyio MOKHO TaK»Ke MCIONb30BaTh /1151 BbI-
30Ba MeToja void:

someObject?.SomeVoidMethod () ;

Ecnu nepemennas someObject paBHa null, To BMecTo reHepa-
uuu uckmoveHusa NullReferenceException 3ToT Bbi30B NpeBpa-
mwaercst B “OTCYTCTBMe omepauumn’.

null-ycnoBHast ornepaLus MOXeT MPUMEHATbCS C YacTo MUCIIO/b-
3yeMbIMM 4/IeHaMU TUIIOB, KOTOpble onucaHbl B pasnene “Knaccol” Ha
CTp. 76, B TOM 4MCJIE C MEMOOAMU, HOAAMU, CBOLCMBAMU W UHOeKCa-
mopamu. OHa Tak)ke XOpOILo coyeTaeTcs ¢ orepalyelt 06befuHeHNA
cnull:

System.Text.StringBuilder sb = null;
string s = sb?.ToString() ?? "nycro"; // s nomyuaer
// 3naueHue "mycro"
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Onepayua npuceanBanua ¢ o6veAuHeHnem c null
(C# 8)

Onepaunﬂ ??= BBIIIONIHAET npucBanBaHue nepeMeHHoi{, TOJIBKO
ecny ee 3HayeHMeM He sABnsAeTca null. BMmecTo Kopa:

if (s != null) s = "Job6po noxanoBarts";
Telnepb MOXXHO 3alyUCbIBaTh TakK:

s ??2= "Jlobpo noxaJjioBars";

Onepatopbl

DOYHKLMU COCTOAT U3 ONEpPaTOPOB, KOTOPble BBIMOMHAIOTCA M0C-
NIelOBaTeNbHO B MOPAMKE MX MOABNEHMUA BHYTPU NMporpaMmsel. brok
onepamopoé — 3TO TpyIlNa OMNepaTOpPOB, HAXOAALIMXCA MeXAY u-
rypHbIMM cKobkamu ({ }).

Onepatopbl 06bABNEHUA

Onepatop 06baABneHNA 0ODBABNAET HOBYIO NIEPEMEHHYIO C BO3-
MO>XHOCTbBIO €€ NOMONHUTENbHO! MHULMANU3ALUN TTO0CPEeACTBOM
BblpakeHMA. OnepaTop 06DbABNIeHMA 3aBeplllaeTcA TOYKOI C 3ams-
TOi. MOXHO OOBABNATb HECKONBKO MEPEMEHHBIX OHOIO M TOTO e
TUNa, yKa3blBasg MX B CIIMCKe C 3alATON B KayecTBe pasfenuTend.
Hanpumep:

bool rich = true, famous = false;

O6vseneHue KOHCMAHMbL TIOXOXe Ha 0ODbABNIEHME TepeMEHHO
3a MCK/IIOYEHMEM TOTO, YTO IOC/Ie 00bABIEHUA KOHCTAHTA HE MOXET
6bITh M3MeHeHa M 00bsIBNIEHE 00513aTeNIBHO SOMKHO CONPOBOXAATD-
cst uHnunanusauyeit (cMm. pasgen “Koncrautel” Ha ctp. 77):

const double ¢ = 2.99792458E08;

006nacTb BUAUMOCTH NOKANbHON nepeMeHHOH

Ob6nacTbio BUAMMOCTY JIOKANbHOM I€PEMEHHON UM JIOKATbHOM
KOHCTAHTBI AIBNAETCA TeKylwuit 610k. O6bABNATD ellie OfHY NOKaNlb-
HYIO MEPEMEHHYIO C TeM e CaMbIM MMEHEM B TeKyllieM 6/10Ke Uy B
MI0OBIX BIOXKEHHBIX 6/10KaX He paspelleHo.
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OnepaTopbl BbipaXeHun

Onepamopul 8vipaseHuil — 9TO BbIpa)KeHMs, KOTOpble TaKxke
NpefCTaBsAT cobolt JomycTuMble onepatopsl. Ha npaxtuke Takue
BBIp@XXEHUA YTO-TO “[EAI0T ; LPYTMMM C/IOBaMM, BbIpaXKeHUS:

® cosfarT IK3EMINIAP O6'beKTa;
® BbI3bIBAKOT METO/.

BolpakeHus, KOTOpble He JeNaloT HUYEro M3 IepeduceHHOro
BbIlE, HE ABNAITCA JONYCTUMbIMM Oll€paTOpaMu:

string s = "foe";

s.Length; // HemonycTumslll ornepaTop: HMYEro He jejiaeT!

Ilpu BHI3OBE KOHCTPYKTOpA M/IX METOJA, KOTOPbIA BO3BpallaeT
3HaueHMe, Bbl He 06A3aHbI MCMONb30BATh pe3ynbTaT. TeM He MeHee,
€C/IY TONbKO JaHHbIN KOHCTPYKTOP M/IM METOJl He M3MEHAET COCTOA-
HJe, TO TaKoJt oneparop becroneseH:

new StringBuilder () ; // IonycTymM, HO BecroJjeseH
x.Equals (y); // DonycTtuM, HO Becrojie3eH

OnepaTtopb! BbiGOpa

Onepamopbt 8bl60p(1 NnpeaHa3Ha4eHbl A1 YC/IOBHOIO ylpaB/I€eHUA
ITIOTOKOM BbINO/IHEHMNA [TPOrpaMMBbl.

Oneparop if
Onepatop 1f BBINOTHAET HEKOTOPLIIT ONEPATOP, €CNIM pe3ynbTa-
TOM BbIYMC/IEHMA BblpakeHusa bool okasbiBaercs true. Hampumep:
1If (€2 ¥ 3)
Console.WriteLine ("true"); // true
OneparopoM MoxeT 6bITh 670K Kofa:

if] (5«2 % Bj

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

KoHcTpykumua else

Onepatop 1f MOXXeT DOMOMHUTENBHO COAEPIKATb KOHCTPYKLMIO
else:
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if (2 + 2 == 5)

Console.WriteLine ("He Bmiumcrasercsa");
else

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

BHYTpb KOHCTPYKLUMM €lse MOXHO NMOMeLATh ellle OfMH OnepaTop
if
if (2 4+ 2==05)
Console.Writeline ("He Buumcnserca");
else
if (2 + 2 == 4)
Console.Writeline ("Buumucasiercs:"); // BuuucnsieTcst

W3meHeHWe NOTOKA BbINOAHEHHS ¢ NOMOLLbIO GHUTYPHBIX CKO6OK

KoHcTpykums else Bcerja NpMMeHseTCs K HeNOCPeNCTBEHHO
npefllecTBYolLieMy ollepaTopy 1if B 610ke omnepaTopoB. Hanpumep:

if (true)
if (false)
Console.WriteLine () ;
else
Console.WriteLine ("Bemosuserca");

ITO CeMaHTUYECKU UOEHTUUHO crenywouemy Kony:

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

}

[TepemecTuB ¢purypHsie ckob6ky, MOTOK BBITIOTHEHUS MOXHO U3-
MEHUTb:

if (true)

{
if (false)
Console.WriteLine () ;

}
else
Console.WriteLine ("He BemMoJsiHAerca") ;

B si3bike C# OTCYTCTBYyeT aHajIOr KIIo4eBOro cjoBa “elseif ”; onHako
TIpUBeEeHHBII HU>Ke WaG/IOH TO3BONSET JOCTUYD TOrO Xe pe3ysibTaTa:
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static void TellMeWhatICanDo (int age)
{
if (age >= 35)
Console.WriteLine ("Tel MOXeub CTaTb npeauAeHTom!");
else if (age >= 21)
Console.WriteLine ("Tel MOXelWb nuTe!");
else if (age >= 18)
Console.WriteLine ("Tel MOXellb T'OJIOCOBATH!");
else
Console.WriteLine ("Tel OoJxeH xOaTe!");

}

Onepatop switch

OrnepaTopb! switch no3BoNAIT OpraHM30BaTh BETB/IEHME TOTOKa
BBIMIOJTHEHUA MPOrpaMMbl Ha OCHOBe Bbl6opa M3 BO3MOXHBIX 3Haye-
HUIL, KOTOpble NepeMeHHas MOoXeT NpuHuMaTh. Onepartophl switch
MOTYT laTh B pe3ynbTaTe 6osee ACHBIN KON, 4€M MHOXECTBO Ollepa-
TOpoB 1f, MOTOMY 4TO OHUM TPEOYIOT TONBKO OJHOKPATHOI OLEHKM BbI-
paxenua. Hanpumep:

static void ShowCard (int cardNumber)
{
switch (cardNumber)

{

case 13:
Console.WriteLine ("Kopomns");
break;

case 12:
Console.WriteLine ("HOama");
break;

case 11:
Console.WritelLine ("Bamnet");
break;

default: // Jloboe IOpyroe 3HaueHue cardNumber
Console.Writeline (cardNumber);
break;

}

3HayeHMs B KaXKAOM BbIpOXXeHUM Case AO/KHBI ObITh KOHCTAHTAMM,
YTO OTPAHMYMBAET paspeLieHHble TUNbl BCTPOEHHBIMU LI€NI0UMCIEHHDI-
MM TUINAMY, TUTIAMU DOOL, char u enum, a Takke TUNOM string.
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B kOHIle ka0l KOHCTPYKLIMM Ca S HeOOXOMMMO ABHO yKa3blBaTb,
KyJa BBINONHEHE JO/DKHO MepefaBaThCsl Aasblile, C MOMOLbIO OBHOTO M3
oneparopoB nepexopa. Hidke nepeuncneHbl BapuaHThL:

® break (nepexof B KOHel onepaTtopa switch);
® goto case x (mepexof Ha APYI'YI0 KOHCTPYKLMIO Case);
® goto default (mepexonm Ha KOHcTpykLmio default);

® 06011 Apyroit ormepaTop nepexofa, B YacTHOCTH, return,
throw, continue unm goto merxa.

Ecnu ONA HECKOJ/IbKUX 3HaYeHUM OOJ/IDKEH BbLINNONMHATbLCA TOT XK€
caMblit KOA, TO KOHCTPYKLIMM CasSe MOXXHO 3anyucbiBaTb NocCnienoBa-
TEJIbHO:

switch (cardNumber)
{
case 13:
case 12:
case 11:
Console.WriteLine ("ourypHasa kapra");
break;
default:
Console.WritelLine ("Heduryprnas xapra");
break;

}

Takast 0cObeHHOCTD OMepaTopa Switch MoXeT MMeTb pelliawliee
3HayeHMe B I/IaHe 01y4eHNns Gonee sICHOro KOfa, 4eM B C/Iyyae MHO-
)KecTBa ornepaTtopoB if-else.

Onepatop swi tch ¢ wabnoHamu
Haunnasd ¢ Bepcun C# 7, MOXXHO NepeKMoYaTbCA Ha OCHOBE muna:

static void TellMeTheType (object x)
{
switch (x)
f
case int i:
Console.Writeline ("3TO LEJIOYUCIIEHHOE 3HAadeHue'!");
break;
case string s:
Console.WriteLine (s.Length); // MoxHo
// ucnone30BaTeL S

break;
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case bool b when b == true // BunosHaercs,
// xorma b paBHO true
Console.WriteLine ("True");
break;
case null: // MOXHO Takxe MNepPeKJInYarTscd rno null
Console.WriteLine ("null");
break;

}

(Tun object momyckaer mepeMeHHYKO M060ro0 TMNA — CM. pas-
nensl “HacnegoBanme” Ha crp. 91 u “Tun object” Ha crp. 100.)

B Ka[oJi KOHCTPYKLMY CaSe YKas3blBaeTCA TUII, C KOTOPBIM Cle-
IyeT COMOCTaB/ATD, ¥ NepeMeHHas, KOTOPOi HeOOXOAMMO NPUCBOUTD
TUIMU3MPOBAHHOE 3HAYeHMe B C/lydae YCIELIHOro coBnageHus. B or-
nuYMe OT KOHCTAHT OTPAaHMYEHMA Ha MpUMEHsAeMble TUIbl OTCYTC-
TBYIOT. B Heo6A3aTenbHOI KOHCTPYKLMM When yKasblBaeTCs YCIOBHe,
KOTOpO€E HO/KHO OBbITH YOOBIETBOPEHO, YTOOBI MPOM3OLIIO COBMae-
HMe s case.

[Topsapok cnemoBaHuUA KOHCTPYKLMII Case BaXKeH, KOrha pous-
BOIUTCA NepeK/oYeHNe 110 TUMY (YTO OT/IIMYaeTCA OT Clydasd Mepe-
K/I0YeHUs Mo KOHCTaHTaM). VIcKk/MoueHMeM M3 3TOrO NpaBuia sB-
naerca koHcTpykuma default, koTopas BbBINONHAETCA MOCTeNHeN
He3aBMCUMO OT TOTO, [le OHA HAXOOUTCA.

MoO>KHO yKa3bIBaTb HECKO/IbKO KOHCTPYKLUMII case nofpsm. Beisos
Console.WriteLine () B mpuBefeHHOM HMKe Kofe OymeT BbINON-
HATbCA AA 3HaYeHMA M060ro TUNa C IaaBaplleil TOYKoit, KOTopoe
6onbure 1000:

switch (x)
{
case float f when £ > 1000:
case double d when d > 1000:
case decimal m when m > 1000:
Console.WriteLine ("IlepemeHHEle £, d ¥ m HaxonsaTCs
BHe objacTtu BuaommoctTtu") ;
break;

B nanHOM npuMepe KOMNUAATOP M03BONAET 3a/le/ICTBOBATD Iepe-
MeHHble £, d 1 m monvKko B KOHCTpYKUMAX when. Bo Bpems BbI3oBa
Metofia Console.WriteLine () HeM3BeCTHO, KaKoil M3 Tpex mepe-
MeHHBIX 6yIeT MpMUCBOEHO 3HaYeHMe, TOITOMY KOMIIMIATOP MOMellla-
eT MX BCe 3a Ipefenbl 0671acTM BUAMMOCTH.
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Bbipaxenua switch (C# 8)

Hauunas c Bepcunu C# 8, mepekrodeHue MOXHO MCIIONb30OBATH
TaK)Xe B KOHTEKCTe svipaxceHus. Huke mpefcTaBieH npuMep mnpume-
HeHMs, B KOTOPOM IpefrnonaraeTcs, YTo cardName uMmeeT TUIT int:

string cardName = cardNumber switch

{
13 => "Koposns",
12 => "Jama",
11 => "Baner",
=> "Hepurypuasa kapra" // 3xeBupBaseHT default

b

Obparute BHMMaHMe Ha TO, YTO K/IIO4YEBOE C/IOBO Switch Haxo-
OUTCA NOC/e UMEHM MepeMEeHHOM M KOHCTPYKUMM Case SABIATCA
BbIpXeHMAMM (3aKaHYMBAILIMMM 3aMATbIMMU), @ He ONepaTopamu.
[lepexnioueHre MOXHO Takke OpPraHM30BaTb 110 MHOXKECTBEHHbBIM
3HaueHUAM (Kopmexcam):

int cardNumber = 12; string suite = "spades";
string cardName = (cardNumber, suite) switch

{
(13, "spades") => "I[IMKOBHI KOPOJL",
(13, "clubs") => "Tpe¢oBLl KOPOJIL",

}i

Onepatopbl uTepauui

Aspik C# mo3BonseT MHOTOKPATHO BBIMOJHATb IOC/IEJOBATe b-
HOCTb ONEepaTOpOB C MOMOUIbI0 onepatopoB while, do-while, for
n foreach.

Uuknbl while u do-while

Iuxnel while MHOTOKpaTHO BBINONHAIT KOJ B CBOEM Tese [0
TeX IOp, MOKa pe3y/nbTaTOM BbIUMC/IEHUA BbIpaXeHUsA DOOl ABnAeT-
ca true. BolpaxeHue npoBepsieTcs neped BbIIIONHEHMEM Tena LMKIIA.
Hanpumep, cnepyrommit kon BbiBegeT 01 2:

int i = 0;

while (i < 3)

{ // ourypHele CKOOKM He OOA3aTesIbHEL

Console.Write (i++);
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Linknsl do-while ornuyaoorcs no GyHKUMOHATBHOCTY OT LIMK-
noB while TONbKO TeM, YTO BbIpaXeHME B HUX NPOBEPAETCA nocne
BBINIONIHEHUA 6710Ka ONepaTopoB (rapaHTUPYs, YTO 60K BBIMONHA-
eTcs, MO KpaiiHelt Mepe, OOMH pa3s). Huke npuBemeH mpemployLumit
npuUMep, NepenyucalHbli 418 UCTIONb30BaHUA Uukna do-while:

int i = 0;

do

{

Console.WriteLine (i++);

}
while (i < 3);

Uuknbl £or

Luknel for moxoxyu Ha UUKIbI while, HO UMEIOT crieluanbHblie
KOHCTPYKUMU ONA UHUUUAAUSAUUU U UmepuposaHus repeMeHHON
LOUKna. L[I/IK/'I for CONEP>XUT TPU KOHCTPYKLIUM:

for (KOHCTPYKUMS~-MHUUMANN3AUMM; KOHCTPYKLMUS-YCJIOBUSI;

KOHCTPYKLIMS -UTEePaLMM)
onepaTop-unmu~6J0K-0NepaTopoB

YacTb KOHCTPYKUMSA ~MHULIMATINSBALMM BbINOTHAETCA Nepey Ha-
4aJIOM LIMK/Ia M OObIMHO MHMUMANU3UPYeT OfHY MM OObllee KOMMIecT-
BO NEPEMEHHBIX Ume payuu.

YacTb KOHCTPYKLIMS -y CJIOBMSA TPeNCcTaBnseT coboit Bblpaxe-
HMe Tumna bool, koTopoe NpoBepseTcs nepeb KOKIOM UTepaLueit LUK-
na. Teno uuka BbIMOMHAETCA JO TeX MOP, MIOKa yCIOBME JlaeT true.

YacTb KOHCTPYKLIMS -MTEPALIMM BbINONTHAETCA NOC/E KaKION
UTepauuy UMKIa. ITa 4acTb OOBIYHO MpUMEHseTCs O 0OHOBIEHUS
repeMeHHON UTepaLun.

Hanpumep, cnegyrommit kog BEIBOOUT 4ucia oT 0 o 2:

far himt 4 =8 i < 3p i)

Console.WritelLine (i);

[TokasaHHbIi Janee Kon BbIBOOUT MepBble 10 uncen OuboHawun
(rme xax0e YUCIO ABIALTCA CYMMOIt IBYX MpeNlleCc TBYIOIMX):

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

{

Console.WritelLine (prevFib);

int newFib = prevFib + curFib;
prevFib = curFib; curFib = newFib;
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JTiobas U3 Tpex yacTeit omepatopa fOr MOXeT ObITb ONYyleHa.
BeckoHeuHBI LMK MOXXHO peanu3oBaTh TaK (B3aMeH JOMYCKaeTcs
ucrnonb3oBaTh while (true)):

for (;;) Console.WriteLine ("npepeure meHs");

Uuknbl foreach

Onepatop foreach obecneunBaeT POXOJ IO BCeM 3/eMEHTaM B
nepeuncnumoM ob6bekTe. bombumuctBo Tvnos B C# u .NET Core, ko-
TOpble MPEACTaBIAOT HA6Op MM CIIMCOK 3/EMEHTOB, ABJIAKTCA Nepe-
YMCTIMMBIMM, HANpUMep, MacCuB U cTpoka. Hinke meMoHCTpupyercs
TnepevycieHie CUMBOJIOB B CTPOKe, OT [IePBOrO JI0 MOCTIeHEro:

foreach (char ¢ in "ropu")
Console.WritelLine (c+ " "); // ropuwu

[Tepeuncnumble 06BEKTHI OnpefieneHbl B paspene “[lepeuncienue
1 uTepatopsl’ Ha cTp. 152.

OnepaTopbl nepexoaa

K onepatopam nepexoma B C# otHocATca break, continue,
goto, return u throw. Knwouesoe cnoBo throw onmucaHo B pas-
mene “OmnepaTopsl try M MCKIOUeHUs Ha CTP. 143.

Onepatop break

Onepatop break 3aBepliaeT BbIIONTHEHME Te/la UT€paLMU UK
oreparopa switch:

int x = 0;

while (true)

{

if (x++ > 5) break; // NpeKpaTUTh LMKII

// Tlocne break BbIOJIHEHME NPOIOJIXUTCHA 3OECh

Onepatop continue

Ornepatop continue npomnyckaeT ocTaBIUMecs OlepaTOpbl B
LMKIe U HauMHaeT c/lefylollyo utepaumio. [lokasaHHbI! fanee UMK
nponyckaem 4yeTHble YUCa:

feof (int 1= 0; i < M0 i¥F)

{
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if ((1 % 2) == 0) continue;
Console. WEite (1 + " g // 1885719

Onepatop goto

OrnepaTop goto NepeHOCUT BBIMONHEHMe Ha MeTKY (0603Hayae-
MyI0 ¢ nomolbio cybdukca B Bune HBOeTOuMs) BHYTpyu 67110Ka one-
paTopoB. CrnenyoLmit Ko BBINOMHAET UTEPALMIO [0 YMCIaM oT 1 1o 5,
MUMUTUPYA MoBeneHMe umKIa for:
GHNE A = 14
startLoop:
if ({ <= 3)
{
Console.Write (i + " "); // 12345
it4;
goto startLoop;

}

Onepatop return

OnepaTop return 3aBepllaeT METOJ M JOJKEH BO3BpalllaTh Bbl-
pa’keHue, MMelolllee BO3BpalllaeMblit TUI METOMA, €C/IM METOJ| He fB-
ngerca void:

static decimal AsPercentage (decimal d)
{
decimal p =d * 100m;
return p; //BO3BpaTUTbLCS B BHBHBALWMI METOL CO 3HadeHMeM

}

OnepaTop return MOXeT HaXOAMTbCA B TI060M MecTe MeTOofa
(kpome 6moka finally) u ucrnonbsoBatbca Gonee ogHOTO pasa.

lpocTpaHcTBa UMEH

IIpocmparcmeo umen — 310 06macTb, BHYTPU KOTOPOU MMeEHa
TUIIOB JO/DKHBI OBITh YHMKANbHBIMU. THIBI 0OBIYHO OPraHM3YIOTCS B
Mepapxuyeckue MpOCTPAHCTBA MMeH, YTOObI YCTPaHATb KOHQIMKTHI
MMeH U ynpoulaTh Mouck uMeH Tunos. Hanpumep, tTun RSA, KoTo-
pblit moxaep xuBaet WndpoBaHUe OTKPBITHIM K/IIOYOM, ONpeleNeH B
NpPOCTPAHCTBe UMeH System. Security.Cryptography.
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[TpocTpaHCTBO MMEH ABNAETCA HEOTHEM/IEMOI YaCTbIO MMEHM TUMA.
B mokasaHHOM flafiee Kofe MpoM3BOAMUTCA BbI3oB MeToja Create ()
Knacca RSA:

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

HA 3AMETKY!

[TpocTpaHcTBa MMeH He 3aBUCAT OT COOPOK, KOTOpble Mpea-
CTaB/AT co60i1 eMHULIbI pasBepTbIBaHUSA, TaKMe KaK .exe
unm .dll.

[TpocTpaHCTBa MMeEH TaK)Ke He BAMAIOT Ha JOCTYNHOCTD YJle-
HOB — public, internal, private u T.0.

KnoyeBoe cnoBo namespace omnpefenseT NpOCTPAHCTBO MMeEH
IJ1st TUIIOB BHYTpM AaHHOro 610ka. Hanpumep:

namespace Outer.Middle.Inner

{
class Classl {}

class Class2 {}
}

Vlepapxus BJIO>XEHHBIX NTPOCTPAHCTB MMEH OTpa)kaeTcs MOCpefic-
TBOM Touek. Cneylolmil KO ceMaHTUYeCKUM UIEHTUYEH NpeabIay-

1emMy npuMepy:

namespace Outer

{

namespace Middle

{

namespace Inner

{

clasgs ‘€lasssl {})
elassis Class2 {}

b
)

}

CcblnaTbcs Ha TUI MOXKHO C TIOMOILbIO €T0 HOMHOCHbI0 3a0aHH020
UMeHU, KOTOpOe BKJIOYaeT Bce NMPOCTPAHCTBA MMEH, OT CaMOr0 BHe-
IIHETO /10 CaMOro BHyTpeHHero. Hanpumep, BOT kak MOXHO 6bI710 6bl
cocnatbhca Ha Classl us npepbinyuero npuMmepa: Outer .Middle.
Inner.Classl.
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ToBOpAT, 4TO TUIIBI, KOTOPbIe He ONpefieNeHbl B KakoM-n60 mpo-
CTpaHCTBe MMeH, HaXOUATCA B 27100a/bHOM NPOCMPAHCINBE UMEH.
[no6anbHOe MPOCTPaHCTBO MMeH Tak)Ke BKII04aeT MPOCTPaHCTBA
MMeH BepXHero ypoBHA, TakMe kak Outer B MpUBeJeHHOM Bbllle
npuMepe.

QupekTnBa using

IIupekTuBa using umnopmupyem MpoCTPaHCTBO UMEH U ABNAET-
1 yOOOHBIM CITOCO6OM CCBITIKM Ha TUIBI 6€3 YKa3aHUsA UX TOTHOCTDIO
3aJJaHHbIX MMeH. Mbl MOXeM ccbinaThcA Ha Classl U3 npefblayiiero
npuMepa ClegyoIuM obpasom:

using Outer.Middle. Inner;

class Test // Test HaxoOUTCA B I'JIOBAJIbHOM
// NpPOCTPaHCTBE UMEH

static void Main()
{
Classl ¢; // NonHOCTELH BafaHHOe MMsS yKaB3HBaThb
// He obsiBaTenbHO

}

Jlns orpaHudenus o61acTi BUIMMOCTY AUMPEKTUBA USing MOXeT
6BITb B/IO)KEHA B CaMO MPOCTPAHCTBO MMeEH.

QupekTuBa using static

HaunHas ¢ Bepcun C# 6, MOXXHO MMIOPTUPOBATh He TOMBKO TpPO-
CTPaHCTBO MMeH, HO U crietbUUecKmil T C mpUMeHeHUEM AMPEKTUBBI
using static. 3areM Bce cratMyeckue WieHbl JAHHOTO TUMA MOXHO
UCnonp30Bath 6e3 ux cHab)keHMA UMeHeM THIA. B mpuBemeHHOM Harnee
IpuMepe BbI3bIBaeTCA CTaTU4deckuit Meton WritelLine () kmacca
Console:

using static System.Console;

class Test

r
|

static void Main() { WritelLine ("Jof6po noxasioeats"); }
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IupekTuBa using static ummopTupyer Bce JOCTYNHbIE CTa-
TUYeCKMe 4IeHbl TUIA, BK/ITI0Yas MO/, CBOICTBA M BIOXKEHHBIE THUIbL.
ITY AMPEKTUBY MOXKHO TaK)ke NMPUMEHATb K IepeuuCcIMMBbIM TUIIaM
(cM. pasgen “Tlepeuncnenns” Ha cTp. 113), B cnyyae yero uMmopTy-
PYIOTCA UX uneHbl. ECu MeXIy HECKONMbKUMM AMPEKTUBAaMM CTaTH-
4eCKOro MMIIOpTa BO3HMKHET HEOJHO3HAYHOCTb, TOra KOMIMIATOP
C# He CMOXeET BbIBECTM KOPPEKTHBIIT TUIT U3 KOHTEKCTa U COOOWHUT
06 omnbke.

I'IpaBmla BHYTPU NPOCTPAHCTB UMEH

06nacTb BUAMMOCTY UMEH

UmeHa, 06bABNIEHHbIE BO BHEUIHUX [MpOCTpaHCTBaX MMEH, MOTYyT
MCII0/1b30BaTbCA BO BHYTPEHHUX MMPOCTPAaHCTBaX MMEH 6es OOIOTHU~
TE€/IPHOTO yKa3aHuA NMpOCTpaHCTBA. B CNnenywlieM npumepe Classl
He HY>XAa€TCA B YKa3aHUM NMNpOCTpaHCTBAa MMEH BHYTpU Inner:

namespace Outer

{
class Classl {}

namespace Inner

{
class Class2 : Classl {}

}

Ecnu Ha TMn Heo6XOmMMO CCBITATbCA M3 APYroit BeTBU Mepap-
XY IPOCTPAHCTB MMEH, TO MOXXHO NPMMEHATb YaCTMUYHO 3afaHHOE
uMsA. B npuBeneHHoM HMKe npuMepe knacc SalesReport ocHoBaH Ha
Common .ReportBase:

namespace MyTradingCompany
{

namespace Common

{

class ReportBase {}
}

namespace ManagementReporting
{

class SalesReport : Common.ReportBase {}
1
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CokpbiTHe UMeH

Ecnu ogHO ¥ TO >ke UMs TuUMa BCTPeYaeTcss BO BHYTPEHHEM U BO
BHEIHEM IPOCTPAHCTBE MMEH, TO NIPeUMYLIEeCTBO TONy4YaeT TUI U3
BHYTPEHHETro NPOCTPaHCTBa MMeH. UTOObI cOCaThcs Ha TUI BO BHe-
ILIHEM TPOCTPAHCTBE MMEH, UMsl TOTpebyeTCs YTOYHUTD.

HA 3AMETKY!

Bce uMeHa THUIIOB BO BpeMs KOMIMIALMM NpeobpasyioTcs
B [IOJIHOCTHIO 3ajlaHHble MMeHa. B KoJle Ha MPOMEXYTOYHOM
asbike (Intermediate Language — IL) HenonHble Iy yacTuy-
HO 3aJaHHble MMEHa OTCYTCTBYIOT.

ﬂosrops owueca npocTpaHcTBa UMeH

O6basnenune MMPpOCTpaHCTBAa MMEH MOXXHO IMOBTOPATDb, €C/IN MMEHA
TUIIOB B 3TUX NMPOCTPAHCTBAX MMMEH HE KOHCbIIIAKTy}OT Apyr ¢ apyrom:

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

Krmacchl MOTYT fjaXke OXBaTbIBaTh (aitibl MCXOTHOTO KOfa 1 COOPKIL.

Ksanu¢ukatop global: :

JHorga MOMHOCTBIO 3alaHHOE MMsI TUIA MOXKET KOHQIMKTOBATD C
KaK¥M-TO BHYTPEHHUM MMeHeM. Utobbl 3acTaBuTh komnunsarop C# mc-
TI0/Ib30BaTh [TOJTHOCTbIO 3aJJldHHOE MMs THIIA, €r0 MMOHANOOUTCS CHab-
auTb npedukcoM global: :, Kak MMOKa3aHO HIDKe:

global::System.Text.StringBuilder sb;

Ha3Hauenue nceBAOHUMOB TUNAM
W NPOCTPAHCTBAM UMeH

VMIMnopTupoBaHMe POCTPAHCTBA MMEH MOXXET MPUBECTU K KOH-
GMUMKTY MMeH TUIIOB. BMECTO MOMHOro MpOCTPaHCTBAa MMEH MOXKHO
VIMITOPTMPOBATb TONbKO creluyuyecke TUIBI, KOTOPble HYXKHbI, 1
Ha3HayaTb KaXOMY TaKOMY TUMy nceBoHuM. Hanpumep:

using PropertyInfo2 = System.Reflection.PropertyInfo;
class Program { PropertyInfo2 p; }
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HCCB,E[OHI/IM MO>XHO Ha3Ha4uUThb LE/IOMYy NPOCTPAaHCTBY UMEH!

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

Knaccbl

Knacc sBnsercss Haubomnee pacnpocTpaHEHHON pasHOBUIHOCTBIO
CCBUIOYHOTO THUMa. BOT Kak BBIIIANMT 0ObsBIEHUE MPOCTEIIero
K/acca 13 BCceX BO3MOJKHBIX:

class Foo

{

1
¥

Bonee cnoxHblit K1acc MOXeT JOMOJTHUTENBHO UMETh nepeduc-
JICHHbI€ HMXK€ KOMIIOHEHThBI.

Nepea knioueBbIM cnoBom class — Ampubymel u Modugpukamopel kaacca.
MoandukaTopamn HEBNOXKEHHDBIX KNacCcoB
AaBnAlTCcA public, internal, abstract,
sealed, static, unsafe npartial

MNocne umenn knacca Mapamempel 0606weHHbIx munos, 6a3086il
Kknacc w uHmepgedicel

BHYTpU durypHbix ckobok YneHol knacca (K HUIM OTHOCATCA METOADI,
CBOWCTBA, MHAEKCATOPbI, COBbITUA, NONA,
KOHCTPYKTOPbI, NeperpyeHHble onepauum,
BNIOXEHHbIE TUMbI U GUHanKU3aTop)

MNonsa

ITone — 3To mepeMeHHast, KOTopas ABJISETCS YWIEHOM Kjacca WU
cTpykrypnl. Hanpumep:

class Octopus
{

string name;

public int Age = 10;
1

[Tone mMoxer uMeTh Mogudukatop readonly, KOTOpBIL Npeno-
TBpallaeT ero M3MeHeHMe Moc/ie KOHCTpyupoBaHus. [IpucsanBath
3HaueHMe I0JI10, NONYCKaKLIeMy TONbKO YTeHMe, MOXHO /INIlb B €ro
00bsABNIEHUM UMM BHYTPU KOHCTPYKTOpa TUIA, B KOTOPOM OHO OI-
peneneHo.
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VMunumanusaumsa noneir Apnsgerca HeobsasarenbHoi. HemHunna-
NU3UpPOBaHHOE M0Je Moy4yaeT cBoe cTaHgapTHoe 3HadeHue (0, \O,
null, false). VIHuIManu3aTopsl Mojeil BLIMOMHAIOTCA Mepel KOHC-
TPYKTOpaM B MOpAZNKe, B KOTOPOM OHM YKa3aHbI.

Jns ynobcTBa MHOXECTBO IONel OZHOTO TUIAa MOXXHO OOBABIATD
B CIIUCKe, pasfienAs 3anATbIMU. OTO MOAXOAALIMIA clocob obecneunTs
COBMeCTHOE MCITIO/Ib30BaHMe BCEMM NONAMU OTHUX M TeX xe aTpuby-
TOB M MoxgudukaTopo noneit. Hanpumep:

static readonly int legs = 8, eyes = 2;

KoHcTaHTbI

KoHcmanma BbIMMCIAETCA CTaTUYeCKM HA 3Talle KOMIMIALMMU U
KOMNUIATOp GYKBaTbHO MOACTaBNAET ee 3HaueHMe Be3fle, Ie OHO
ucrnonb3yerca (4TO JOBONMbHO Moxoxke Ha Makpoc B C++). KoHcTaHTa
MOXeT MMeTb /11060i BCTPOeHHbIN TUI: bool, char, string umu
niepeducieHue.

KoHcTaHTa 06pABAETCA NOCPENCTBOM K/TI0Y€BOrO ClI0Ba CONst 1
IO/MKHA ObITh MHMLIMANTM3UPOBAHA KaKMM-TO 3HadeHMeM. Hanpumep:

public class Test

{
public const string Message = "Jlo6po noxanoeaTs";

|}
)

KoHcranTa ABnsAeTCA ropasyo 6onee orpaHuyMBalollelt, yeM none
static readonly — kak B miaHe TUIOB, KOTOpble MOXHO INpHU-
MEHATDb, TaK M B CMbIC/I€ CEMAHTUKM MHULUManu3auuu noneit. Kpome
TOTO, KOHCTaHTa OT/IMYaeTCA OT NonsA static readonly TeMm, uTo ee
BBIYMCTIEHME NPOUCXOAUT Ha 3Tane KoMnunauuu. KoHcranTsl Takxke
MOTYT 00BABNATLCA IOKATBHO B MeTOfE:

static void Main()

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

MeToabl

MeToq BbIMONTHAET NEHUCTBUE B Q)opMe NMoCnegoBaTE/IbHOCTHU OIle-
paTopoB. MeTtopn MoXxeT nomy4artb 8x00HblE JaHHbI€ U3 BbI3bIBAKOILETO
KOJ]a MTOCpeICTBOM yKasaHUsA napamempos U BO3BpalllaTb 8bIX00HblE
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HaHHble 06paTHO BBI3BIBAIOLEMY KOMY 3a CUeT yKa3aHUs 60368pauiae-
M020 muna. [ MeTofa MOXeT ObITb OnpefiesieH BO3BpalliaeMblif THUII
void, KOTOpbIi1 yKa3blBaeT Ha TO, YTO METOJ HMKAKOIO 3HaYeHUs He
BO3BpalllaeT. MeTo[ Tak>xe MOXeT BO3BpalllaTh BbIXOJHbIE JaHHbIE
BbI3bIBalOlleMY KOJy yepe3 napaMeTpsl ref u out.

Cuenamypa MeTOia OMKHa ObITb YHMKAAbHON B paMKax THIIA.
CurHartypa MeTofa BKIIo4aeT B ce6s MMA MeTOJla ¥ TUIIbI TapaMeT-
poB (HO He CORepXXMUT UMeHAa apaMeTpPOB M BO3BpalllaeMblif THUII).

MeToapbl, CKaTble A0 BbipaeHUN

Metopn cnenyouero BMAa, KOTOPbII COCTOUT U3 €AMHCTBEHHOrO
BbIpaXKEHUSA:

int Foo (int x) { return x * 2; }
HauMHasA ¢ Bepcun C# 6, MOXXHO 6onee KpaTKO 3anycaTh Kak memod, cxa-

muiii do svipaxcenus (expression-bodied method). GurypHbie ckobky u
K/TI0YeBOE C/I0BO return saMeHsITCs KoMOuHaLmen =>:

int Foo (int x) => x * 2;
@OyHKUMY, CKaTble 10 BbIpaXXeHMIt, MOTYT TakK)Xe MMETb BO3Bpa-
LaeMbli Tun void:

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

Neperpy3ka metogoB

Tun Moxert Ieperpy>xatb METOIbI (I/IMeTb HECKOJIBKO METOJIOB C
OOHUM U TEM Xe€ V[MEHeM) npy ycnmoBuy, 4TO TUIIbI [TapaMeTPOB OT-
JINYAKTCA. Hanpnmep, BCe MnepevYncieHHble HMXXKe METOAbI MOI'YT CO-
CyleCTBOBaTb BHYTpM OJHOrO THIA:

void Foo (int x);

void Foo (double x);

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

JlokanbHble meTOAbI

Haunnas ¢ sepcun C# 7, MeTOJ pa3pellieHO ONpefeNnATb BHYTpU
Ipyroro Meropa:

void WriteCubes ()
{
Console.WriteLine (Cube (3));
int Cube (int value) => value * value * value;
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JlokanbHblit MeTof (Cube () B ZaHHOM crnydae) OymeT BUAMMbBIM
TONbKO AN obbemniouero Metofa (WriteCubes ()). 3to ynpo-
I[aeT COAep Kallyil TUII ¥ HeMe[JIeHHO IoJaeT CUTHas Mo6oMy Mpo-
CMaTpuBalolleMy Kog, uto Cube () 6onbllle HUIE He NPUMEHAETCA.
JlokanbHble METOMIBI MOTYT 06paIlaThCA K JIOKaNIbHBIM IEPEMEHHBIM 1
napaMeTpaM O6beMITIOILETO METOMA, YTO MMeET HECKONbKO MOCTefC-
TBUI1, KOTOpble OMMCaHbl B pa3fene “3axBaTblBaHMe BHELIHMX Mepe-
MEeHHBbIX” Ha cTp. 139.

JIoKanbHble METOMbI MOTYT MOABNATbCA BHYTPU QYHKLMI ApYrux
BUMIOB, TAKMX KaK CPeCTBa HOCTYyMa K CBOMCTBAM, KOHCTPYKTOPBI 1
T.[I., M 1a)kKe BHYTPY APYTUX NIOKaTbHBIX METOJOB. JIOKanbHble METObI
MOTYT OBITb UTEPATOPHBIMM MIIM ACUHXPOHHBIMMUL.

CraTnueckue noxanbHoie metoapl (C# 8)

Jo6aBnenne moaudukatopa static k n0KanbHOMY METOLY He
TI03BOJIAET €My BUJETb JIOKabHble [lepeMEHHbIEe M MapaMeTphbl 06b-
€MJIIOILIETO METO/Ia, YTO [IOMOTaeT 0C/IabUTh CBA3HOCTD, @ TAKXe pas-
PeIINTb JIOKaTbHOMY METOAY OOBAB/ATD NepeEMEHHbIE 10 CBOEMY YC-
MOTpeHMI0 6e3 pMUCKa BOSHMKHOBEHMA KOH(IMKTA C IepeMeHHBbIMMU B
obbeMiIolleM MeTOfeE.

KoHcTpYKTOpbI 9K3emnnapos

KOHCprKTOpr BBIMTO/THAKT KOO MHUIMANNU3ALUUN KlacCa UITU
CTPYKTYPBI. KOHCprKTOp onpenensaeTrcsa 1'10}106]-10 METOAY 3a UCKIIO-
YE€HMEM TOr'O, YTO BMECTO MMEHM METOAA M BO3BpalllaéMOro Tulia yka-
3bIBAE€TCA MMA TUIIA, K KOTOPOMY OTHOCUTCA 3TOT KOHCTPYKTOP:

public class Panda
{
string name; // Onpenenexue Mnous
public Panda (string n) // OnpegmeneHue koHCTpPpyKTOpa

{
name = n; // Kom mHuMumanmusaumm

1

Panda p = new Panda ("Petey"); // Be30B KOHCTpPYyKTOpa

Haunnas ¢ Bepcun C# 7, KOHCTPYKTOPbI C €IJMHCTBEHHBIM Ollepa-
TOPOM MOTYT 3alMChIBATbCA KaK YIeHbl, CKaTble 10 BbIPAXKEHMIL:

public Panda (string n) => name = n;
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Krnacc unu ctpykrypa MoxeT neperpy>kaTb KOHCTpyKTopbl. OfuH
Teperpy>keHHbIil KOHCTPYKTOP CMoco6eH BbI3bIBaTb APYroM, UCIOMb-
3y4 K/IoueBoe c/loBo this:

public class Wine
{

public Wine (decimal price) {...}

public Wine (decimal price, int year)

: this (price) {...}
}
Korna oguH KOHCTPYKTOP BbI3bIBaeT APYroil, TO NepBbIM BbINOJ-
HAETCA 8bI38AHHbIU KOHCMPYKMOP.

IlpyroMy KOHCTPYKTOPY MOXXHO IepefaBaTb 8blpaieHue:

public Wine (decimal price, DateTime year)
this (price, year.Year) {...}

B camom BbIp@KEHUN HE NMOIMYCKAETCA NMPUMEHATD CCBIIKY this,
CKaXXEM, AJ1 Bbl30Ba METOJA 3K3EMILIApPA. Tem He MEHEE, BbI3bIBATb
CTaTUY€eCKME METOIbl paspelieHoO.

HeABHble KOHCTPYKTOpbI 6e3 napameTpoB

Komnunarop C# aBToMaTudecky reHepupyer A1 K1acca OTKpbI-
ThIff KOHCTpYKTOp 6e3 mapameTpOB TOI[a M TOJbKO TOTAA, KOrfa B
HeM He ObIIIO OMpefie/ieHO HUM OJHOTO KOHCTpyKTopa. OmHAaKo mocie
onpefeneHusa XoTs 6bl OTHOTO KOHCTPYKTOpa KOHCTpYKTOp 6e3 mapa-
MeTpoB Oosbllle aBTOMAaTUYeCKU He TeHepupyeTcH.

HeoTKpbiTble KOHCTPYKTOpDI

KoHcTpykTopbl He 0653aTebHO MOKHBI OBITH OTKPBITBIMY.
PacnpocTpaHeHHOI NpUYMHOI HAaMYMUA HEOTKPBITOTO KOHCTPYKTOpa
ABNIAETCA YIpaBJeHyMe CO3NaHMeM SK3eMIUIAPOB uepe3 BbI30B CTaTU-
yeckoro mMertofia. CTaTMYecKMit METO MOXET MCIONb30BaTbCA ANA
BO3BpallleHus o6bekTa U3 Myna BMECTO CO3[JaHMA HOBOro 06bekTa
WM IS BO3BpallleHUs Cleluanu3upoBaHHOro Mofakaacca, Bel6upa-
€MOTr0 Ha OCHOBE BXOJHBIX apI'yMeHTOB.

JleKoHCTpYKTOpDI

B TO Bpems kak KOHCTPYKTOp OOBIYHO MpUHMMaeT Habop 3Haue-
HUit (B BMAe MapaMeTpoOB) M NMPUCBaMBaeT UX MOJIAM, TEKOHCTPYK-
top (C# 7+) menaeT MpOTMBOIONOXHOE U MPUCBaUBaeT Mo Habo-
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py nepeMeHHbIX. MeToJ NEeKOHCTpyMpPOBaHUA NOMKEH Ha3blBATbCA
Deconstruct () u uMeTb oguMH Unu GoJbllee KOMUYECTBO Mapa-
METPOB 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;
}
}
ﬂ)’[ﬂ BbI30OBa NEKOHCTPYKTOpa NPUMEHAETCA cneny}oumﬁ criegu-
aNIbHBIA CMHTAKCUC:

var rect = new Rectangle (3, 4);
(float width, float height) = rect;
Console.WritelLine (width + " " + height); // 3 4

JleKOHCTpYMpYIOLIMIT BLI3OB CONEP>KUTCA BO BTOpON cTpoke. OH
Co3flaeT f1Be JIOKA/NbHBIX MTepeMEeHHbIX 1 3aTeM obOpallaeTcs K METOAY
Deconstruct (). Bor uemy sxBMBa/neHTEH TaKO! JEeKOHCTPYUPYIO-
LM BbI3OB:

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

HEKOHCprMpy}OLLlIAe BbI3OBbI AOITYCKAOT HEABHYIO TUIIN3ALNIO, TAK
YTO Hall BbI30B MOXXHO OblIO Obl COKpaTuTh CNERYIOLINM o6pa30M:

(var width, var height) = rect;

Vinu npocto:

var (width, height) = rect;

Ecnu nepemeHHble, B KOTOpble MPOU3BOAUTCA JEKOHCTPYMPOBa-

HMe, Y)Ke OIpefeNeHbl, TO TUIbI BOOOLe He YKa3blBalOTCs; 9TO Ha3bl-
BaeTCs 0eKOHCMPYUD YIOUUM NPUCBAUBAHUEM:

(width, height) = rect;

Ileperpyxas meTop Deconstruct (), BbI3bIBaIOILIEMY KOAY MOX-
HO NPEIOXKUTD LIe/bIA AMana3od BapUMaHTOB JE€KOHCTPYUPOBAHUA.
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HA 3AMETKY!

Merop Deconstruct () MoxeT 6bITb pacLIMpSIOLUM Me-
TofoM (cM. pasgen “Pacuimpsioumine metons” Ha CTp. 165).
IIpueM ynobeH, ecnu Bbl XOTUTE LEKOHCTPYMPOBATH TUIIBI,
aBTOPOM KOTOPBIX He sIBJISIETECh.

WHnumanusatopbl 06 beKTOB

[Ins ynpolieHns MHULMANU3auum obbekra niobble ero HOCTyI-
Hble MOJIA M CBOJCTBA MOTYT OBITb YCTAaHOBJIEHBI C MOMOLIBIO UHULU-
anuszamopa 06vekma HeMmoCpefCTBEHHO NOC/e co3aaHus. Hanpumep,
PaccMOTpUM CIIENYIOLIMIA KTacc:

public class Bunny

{
public string Name;
public bool LikesCarrots, LikesHumans;
public Bunny () {}
public Bunny (string n) { Name = n; }

}

V[C]’IOIIbZBYﬂ VMHULMANN3aTOPbl O6"beKTOB, CO3paBaThb 00 beKTHI Bunny
MO>XXHO TaK:

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

}i

Cecoinka this

Ccpinka this ykasbiBaeT Ha caM 3k3eMmiAp. B cnepyrouiem npu-
Mepe MeTon Marry () ucnonb3yer cCblIKy this ana yctaHOBKM MmonA
Mate aksemmispa partner:

public class Panda
{
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public Panda Mate;

public void Marry (Panda partner
{

Maté = pagtrner;
partner.Mate = this;

}
}
Ccbinka this Takke ycTpaHseT HEOJHO3HAaYHOCTb MEXJAY 710-
Ka/bHOJ NepeMeHHO UM MapaMeTpoM 1 noseM. Hanpumep:

public class Test

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

}

Ccbinka this gonycT¥Ma TONMbKO BHYTPYM HECTAaTMUYECKMX YIEHOB
K/lacca MM CTPYKTYPBHI.

(BoiicTBa

CHapyXu CBOJMCTBa BBIIIAAAT MOXOXMMM Ha MONA, HO MOJOO6-
HO MeTOflaM BHYTPEHHe OHM cofep>xaT noruky. Hanpumep, B3rna-
HYB Ha C/lefyloliuil KOA, HEBO3MOXHO BBIACHUTb, YeM ABAETCA
CurrentPrice — noneMm uiyM CBOMCTBOM:

Stock msft = new Stock();
msft.CurrentPrice = 30;
msft.CurrentPrice -= 3;
Console.WriteLine (msft.CurrentPrice);

CBoitcTBO 06bABNAETCA MOLOOHO IM0/I0, HO ¢ fobaBneHneM OnoKa
get/set. Huxxe nokasaHo, kak peanusoBarb CurrentPrice B Buge
CBOJICTBa:

public class Stock
{
decimal currentPrice; // 3akpuiToe "mommepxmBanuee"
// none

public decimal CurrentPrice // OTKpeITOE CBOMCTBO

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

e
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C nomotpio get un set obosHavalTcs cpedcmea docmyna K
cBoitcTBy. CpefcTBO HOCTyNa get 3amyckaeTcs IpM YTEHMU CBOIC-
tBa. OHO [O/)KHO BO3BpalllaTh 3HA4YeHME, MMeEOLee TUI CaMOro
cBoitctBa. CpelCcTBO JOCTyNa Set BBINONTHAETCA BO BpeMs IpUCBa-
MBaHMsA CBOMCTBY 3HaueHns. OHO MPMHMMaeT HeABHBIN [apaMeTp 110
MMeHM value ¢ TUIIOM CBOMCTBA, KOTOPbI 0OBIYHO NpUCBaMBaAETCA
3aKpbITOMY NOJI0 (B JaHHOM clyyae currentPrice).

XOTs JOCTYII K CBOMCTBAM OCYILECTBISIETCA TAKUM XKe C1oco6oM,
KaK K ITO/ISIM, CBOJCTBA OTIMYAIOTCA TEM, YTO NPENOCTABIAIT MPO-
rPaMMUCTY MOJIHbIA KOHTPONb Haj MONYYEHUEM U YCTAHOBKOM MX
3HayeHmi1. Takoit KOHTPOb 103BOJSAET IPOrPaMMUCTY BbIOMpATD JI0-
60e HeoOXOnMMOe BHYTpEHHee NpefiCTaBleHNe, He JEMOHCTPUPYS fie-
Ta/IM [0/1b30BATENIO CBOMCTBA. B NpyBeneHHOM npyuMepe MeTon set
Mor 6bl reHepMpOBaTh MCK/TIOYEHME, eC/TM 3HaYeHMe value BBIXOAUT
3a Mpefenbl JOMYCTUMOrO AManasoHa.

HA 3AMETKY!

B kHure noecemecTHO IPpMMEHAITCA OTKpbITbIE 1014, 4YTOObBI
M3NMNIIHE HE YCIMOXXHATb NPUMEPbI M HE OTBJIEKATb OT CYTH.
B pe€albHOM IPUITOXEHUN ONTA COleNCTBUA MHKaICcynaunn
MNpenro4YTeHne 06bIYHO OTOAeTCA OTKPbIThIM CBOJCTBAaM, a He
OTKPbITbIM IOJIAM.

CsoitcTBO 6yfeT MpegHa3HaueHO TOMbKO I/IA UTEHUA, eCyu ANA
HETro YKa3aHO OJIHO JIMIIb CPENICTBO JOCTYNa get, M TONbKO 1 3anu-
CM, €Cny OIpeJieNeHo OHO NMIIb CPeACTBO gocTyna set. CpoitcTpa
TONBKO J/A 3aMMCU UCIONb3YIOTCA PEAKO.

CBoitcTBO 0OBIYHO MMeeT OT/JeNbHOe MOJAepXKMBalollee Moe,
npeJHasHaueHHOe A/ XPaHeHUA NeXXalluX B OCHOBE AaHHbIX. TeM He
MeHee, 3TO He 00:A3aTeIbHO — CBOJCTBO MOXET BO3BpallaTh 3Hauye-
HMe, BBIYMCIIEHHOE Ha 6ase Apyrux AaHHbIX. Hanmpumep:

decimal currentPrice, sharesOwned;

public decimal Worth
{
get { return currentPrice * sharesOwned; }

}
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(BoicTBa, CXaTble A0 BbIpaXeH Ui

Haumnaa c Bepcun C# 6, CBOMCTBO TO/NBKO [UIA YT€HMA BpOfe IMO-
Ka3aHHOTO B NpefibIaylieM pasene MOXXHO 00bABNATh Oomee KpaTKO
KakK c80icmaeo, ciamoe 0o svipaxcenus (expression-bodied property).
®urypHble ckoOKM, a TakKe K/I0YeBble cloBa get u return 3ame-
HAIOTCA KOMOMHaL el =>:

public decimal Worth => currentPrice * sharesOwned;

Haumnasa ¢ Bepcum C# 7, HONMONMHUTENBHO HOMyckaeTcs 0OBAB-
JIATb CXKATbIMM JIO BbIPAXXEHMUA TAKXKe M CPeCTBa JOCTyNa set:

public decimal Worth
{

get => currentPrice * sharesOwned;

set => sharesOwned = value / currentPrice;
1

ABToMaTHuecKHe CBOICTBA

Hanbonee pacnpocTpaHeHHas peanmaalusa CBOMCTBA MpefycMaT-
pMBaeT HanuuMe CpeiCcTB HOCTyma get m/mmm set, KOTopble IPOCTO
YUTAIOT ¥ 3aMMCBIBAIOT B 3aKPBITOE [10JIe TOTO XK€ THUIIA, YTO M CBOJIC-
TBO. OOBAB/IEHNE A61MOMANUYECKO020 CE0LICINBA YKa3blBaeT KOMIWIATOPY
Ha Heo6XOMMOCTDb NPeOCTAB/IEHNs TaKOi peanusalmm. [IepBbIit mpuMep
B 9TOM pasfiefie MOXKHO YCOBEpILEHCTBOBaTh, 00bABMB CurrentPrice
KaK aBTOMaT1yeckoe CBOMCTBO:

public class Stock
{

public decimal CurrentPrice { get; set; }

}

KoMnunATop aBTOMaTMyecky co3faeT 3aKpbiTOe MOAMEpKMBaAlO-
1iee 0Jie CO CMeLyaNbHbIM CTEHEPYPOBAHHBIM VIMEHEM, CCbITATbCA
Ha KOTOpOe HeBO3MOXHO. CpefcTBO HOCTyna set MoXkeT ObITh OMe-
YeHO Kak private mnu protected, ecnu CBOMCTBO HOMKHO ObITH
OOCTYIHO APYTMM TUIMAM TONbKO WA YTEHUA.

Wuuunanusartopbl CBOWCTB

Haunnas ¢ Bepcun C# 6, K aBTOMaTUYECKMM CBOMCTBaM MOXXHO [I0-
6aBNATb VHMLIMATN3ATOPbI CBOJCTB B TOYHOCTYM KaK K IOMAM:

public decimal CurrentPrice { get; set; } = 123;
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B pesynbrate cBoiictBo CurrentPrice nomyyaer Ha4anbHOE 3Ha-
yeHue 123. CBOMCTBA C MHUILIMANIM3ATOPAMU MOTYT AOMYCKAaTh TOIbKO
4TeHue:

public int Maximum { get; } = 999;

Kak u nons, npeaHa3Ha4Y€HHbIE TO/IbKO /11 YTEHUSA, aBTOMAaTUYECKUE
CBOJMCTBa, foMyCKarllye TO/TbKO YT€HME, MOTYT YCTaHAB/IMBATbCA TAKIKeE
B KOHCTPYKTOp€ TUIIA. 310 YIIO6HO npy CO3JaHUN HEU3MeHAEeMbLX (TOIIbKO
ana ‘-ITEHV[H) TUTIOB.

JlocTynHocTb get n set

CpencTBa focTyna get M set MOIyT MMeTb pasHble YPOBHU [1O-
cTyna. B TMNM4YHOM cLieHapuu NpuMeHeHUA ecTb CBOJCTBO public ¢
MopudukaTopoM foctyna internal wim private, ykasaHHbIM Ans
cpeacTBa flocTyma set:

private decimal x;

public decimal X
{

get { return x; }

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

O6patuTe BHMMAHMe, YTO CaMO CBOJCTBO 0O'bsBJIEHO ¢ 6onee nu-
6epanbHbIM ypOBHeM focTyna (public B gaHHOM crydae), a K cpefc-
TBY [OCTYINa, KOTOpOe HO/KHO ObITb MeHee JOCTYNHBbIM, KobaBeH Mo-
nudukaTop.

Wnaekcatopbl

JHpexcaTopbl MpeanaraloT eCTeCTBEHHbIN CMHTAKCUC A/ LOCTY-
na K 971eMeHTaM B KJlacce MU CTPYKType, KOTOpas MHKAICynupyeT
cmucok nmubo cnoBapb 3HaueHMI. VIHeKcaTopbl TOKO6HbI CBOMCTBAM,
HO TpeAycMaTpUBAIOT LOCTYIl Yyepe3 apryMeHT MHJEKca, a He UMA
cBoitcTBa. Knacc string uMeeT uHAEKcaToOp, KOTOPbI 1103BONSAET
MONy4aTh LOCTYI K KaXX[OMY ero 3HayeHUI0 char mnocpeicTBOM MH-
mekca int:

string s = "crpoka";
Console.Writeline (s[0]); // 'c'
Console.WritelLine (s[3]); // 'o!
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CHMHTaKCHC MCTIONb30BaHMA MHAEKCOB MOXOX Ha CMHTaKcUC pabo-
TBl C MacCMBaMM 33 UCK/IIOYEHMEM TOTO, YTO apryMeHT (apryMeHTbI)
MHAEKca MOXeT ObITb NMoboro Tuma (Tunos). VIHAEKCaTOpPBI MOTYT
BbI3BIBaTbCA Null-ycnoBHBIM 00pa3oM 3a CyeT MOMelleHus BONpo-
CUTENbHOrO 3HaKa Mepex OTKpbIBalollelt KBagpaTHOI CKOOKOM (CM.
pasgen “Onepaunu ans paboTsl co sHayeHmamMu null” Ha cTp. 60):
string s = null;
Console.WriteLine (s?[0]); // Huuero He BEIROIMTCH;
// ~ouwmbra He BO3HMKAaeT

Peanusauma WHAeKcaTopa

Jina peanusauuy MHAEKCaTOpa MOHaKOOMTCA ONpeneNnuTb CBOCTBO
no umenyn this, ykasap apryMeHTbl B KBafpaTHbIX ckobkax. Hanpumep:

class Sentence

{

string[] words = "BosblOM XMTPLDT Pebkvt muc” .Split () ;

public string this [int wordNum] // muzexcaTop
{

get { return words [wordNum]; }
set { words [wordNum] = value; }
}
Huoxe rnokasaHo, Kak MOXHO 6b11O 6bl MPUMEHATb MHIEKCATOP:

Sentence s = new Sentence();

Console.WriteLine (s[3]): // nuc
s{3] = "nec";
Console.WriteLine (s[3]); // nec

JInA Tuna MOXHO O6BABNATH HECKONBKO MHAEKCATOPOB, KaXkKAbIi
C mapaMeTpaMy pasHbIX TUIIOB. VIHAEKCATOp TakXKe MOXET MpUHU-
MaTb 6ojlee OfHOrO MapaMerpa:

public string this [int argl, string arg2]
{
getl § eow D 1986 N mun )

1

Ecnu onycTuth CpencTBo focTyna set, TO MHAEKCaTOp CTaHeT npef-
Ha3Ha4Y€HHbIM TOJIbKO [J1A YTE€HMA, U €r0 OnpeneaeHne MOXXHO COKpaTUTb
C MCNOJIb30BaHMEM CHHTAKCUCa, CXKATOrO A0 BbIpakeHus (HaumHas C
Bepcun C# 6):

public string this [int wordNum] => words [wordNum];
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Wcnonb3oBaHne MHAEKCOB M AHANA30HOB C NOMOLLIbIO UHACKCATOPOB
(C# 8)

[Togmep>xmMBaTh B CBOMX K/IacCaX MHAEKCHl ¥ AMANa3oHbl (CM.
pasnen “VInpexcnl u nuanazonsl (C# 8)” Ha cTp. 41) MOXHO 3a cyeT
orpefieNieHNsl MHAEKCATOpa C TUIIOM Mapamerpa Index mim Range.
MBI MOXeM pacliMpuTh NpefbIAYWMit NpuMep, fOOABUB B Kiacc
Sentence crenyolye MHAEKCATOPBL:

public string this {Index index] => words [index];
public string[] this [Range range] => words [range];

3aTeM MOXXHO 6}'}1€T MOCTynaTh Tak:
Sentence s = new Sentence() ;

Console.Writeline (s [*1]); // smc
string[] firstTwoWords = s [..2]; // (BOJbwOM, XWUTPHI)

(TaTUyecKne KOHCTPYKTOPDI

CraTnyeckmit KOHCTPYKTOP BbINOIHAETCA OAHOKPAaTHO 1A muna, a
HE OMHOKPATHO /1A 3K3emMnaApa. B tune moxer 6bITh orfpeneneH ToNnb-
KO OOVH CTaTUYeCcKui KOHCTPYKTOP, OH H€ JOJDKEH IMpMHMMATh Mapa-
METPpbLI, U 0043aH MUMETb TO Xe UMA, YTO U TUIL

class Test
{
static Test() { Console.Write ("Tun mumimammavposas"); }
VcnonHAwouas cpella aBTOMaTU4Y€CK!N BbI3bIBAET CTaTUYECKUI
KOHCTPYKTOp MPAMO Mepel TeM, KaK TUIl HaYMHAEeT MPUMEHATHCA.
STOT BbI30B MHULIMMUPYETCA JBYMA AeACTBUAMM: CO3JaHME IK3EMII-
Ngpa TUIMA U OOCTYI K CTATUYECKOMY Y/IEHY THUIIa.

BHUMAHUE!

Ecnu craTuyeckuit KOHCTPYKTOp reHepupyeT HeobpaboTaHHOe
MCKITIOYeHMe, TOTAA THUIl, K KOTOPOMY OH OTHOCUTCA, CTaHO-
BUTCA HeNPU200HbIM B XKVM3HEHHOM LIMKIIE PUIOXKEHMA.

VMHMLMaNM3aTOPbl CTATMYECKMX [107Iell 3alyCKaIOTCA HEeMmocpesc-
TBEHHO Neped BbI30OBOM CTaTMYECKOrO KOHCTPYKTOpa. Ecnyu tum He
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MMeeT CTaTMYECKOTO KOHCTPYKTOPA, TO MHMLIMANM3ATOPbl CTaTUYec-
KMX Mornet 6YyAYT BBINOMHATBCA Meped TeM, KaK TUIl HauHeT MUCMONb-
30BaTbCA — WK 6 N1H0006 MOMEHM PaHbule IO MPUXOTYU UCTIONHAIO-
Lleit cpenbl.

CTaTuyeckue Knaccbl

Knacc MoxxeT 6bITb MoMeueH kak static, ykasbiBasd Ha TO, UTO
OH JIO/DKEH COCTOATb UCKIIOUUTENbHO U3 CTATUYECKMX UIEHOB U HE
TOIyCKaTh CO3[laHMe MOAKIACCOB Ha CBOEN OCHOBe. XOpOLIMMU MpPU-
MepaMM CTaTUYECKUX K/1aCCOB MOTYT CNyXuUTh System.Console u
System.Math.

OunanusaTopbl

(DMHaHM3aTOpr — 3TO METOAbI, MpeAHa3HaUY€HHbI€ TOJIbKO ANA
K/1aCCOB, KOTOpbI€ BBINNOTHAITCA A0 TOr'O, KakK C60pU.lI/IK Mycopa ocC-
BO6OHI/IT MaMATb, 3aHATYIO 00bEKTOM C OTCYTCTBYIOLIMMU CCbIJIKaMM
Ha Hero. CMHTaKCUYECKU ¢MuanM3aTop 3allUCbIBACTCA KaK UMA Kac-
Ca, NpeABap€HHOE CMMBOJ/IOM ~:

class Classl
{
~Classl(l) { msn }

}

Kommunsatop C# TpaHcimupyeT $yHaNM3aTOp B METOf, KOTOPBbIIt ne-
peonpenensieT MeTog Finalize () knacca object. Cbopka Mycopa
1 ¢uHanu3aTopsl noapobHO obcyxaaoTcsa B rnaBe 12 kuuru C# 8.0.
Cnpasounux. I[lonHoe onucanue A3vika.

Haunnas ¢ Bepcun C# 7, GMHaNM3aTOpBl, COCTOALIME U3 €[UHC-
TBEHHOTrO OllepaTopa, MOT'YT OBITb 3alMCaHBbI C IOMOLIBIO CMHTAKCHCA
CKaTUA O BbIpaXXeHMA.

YacTuyHbie Tunbl M meToabl

YacTuyHble TUMBI MO3BONAIOT pacUeNNATh ONpefeneHue THIMA,
06BIYHO pasHOCSA ero Nno HeckonbkuM ¢paitnaMm. PacnpocTpaHeHHbI
ClleHapuit NpefanonaraeT aBTOMaTUYeCKyl0 reHepalyio YaCTUYHOTO
KJ1acca 13 KaKoro-To ApYroro MCTOUHMKa (Hanpumep, wabnoxa Visual
Studio) u mocnenyrolliee ero HONONHEHE BPYYHYIO HAMCAHHBIMU Me-
Togamu. Hampumep:
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// PaymentFormGen.cs - CreHepMpOBaH aBTOMAaTHUeCKU
partial class PaymentForm { ... }

// PaymentForm.cs - HamMcaH BPYYHY
partial class PaymentForm { ... }

Kaablit yyacTHMK BOKEH UMeTb oObsABneHMe partial.

Y4acTHMKM He MOTYT cOfep>kaTb KOH(PIUKTYMOLIME YIeHbI.
CkarkeM, KOHCTPYKTOp C TeMM e CaMbIMM TapaMeTpaMy MOBTOPSATb
Hesb3s. YacTUUHbIe TUIIBI PacTIO3HAOTCS MOTHOCTbIO KOMITUIATOPOM,
a 9TO 3HAUMUT, YTO KaXIblil YYaCTHMUK JO/DKEH OBITb HOCTYIHBIM Ha
aTare KOMIMIALMY M paclonaraTbcs B TOM e caMoit cbopke.

Ba30BbIit K1acc MOXET ObITb yKasaH A/ e[MHCTBEHHOrO ydac-
THUKA MM AN MHOXECTBA YYaCTHUKOB (IIpU YCIOBUM, YTO ANA
Ka)X[0ro 13 HuX 6a30Bblt knacc 6yper Tem xe). Kpome Toro, ans
KaXXJIOT0 y4acTHMKa MOXXHO He3aBMCUMO YKa3blBaTb MHTepdeichl,
noanesxarue peanusauuu. bazosble knacchl 1 MHTepdeitchl paccMaTt-
puBatoTcst B pasnenax “HacnegoBanue” Ha ctp. 91 u “Vintepderico”
Ha cTp. 109.

YacTHuHble meToabl

YacTUYHBIA TUI MOXET COREpXKaTb yacmuyHvie memodvl. OHU
MO3BOJIAIT aBTOMaTUYeCKM CT€HEPUPOBAHHOMY YaCTUYHOMY TUILY
NpefoCTaBNATb HacTpauBaeMble TOUKY NMPUBA3KU [ PyYHOTO Ha-
nucanus kopa. Hanpumep:

partial class PaymentForm // B ¢daiie aBTOMaTUdYECKMU
// CcreHepMpPOBAHHOTO KOIAa

partial void ValidatePayment (decimal amount) ;
I
partial class PaymentForm // B dajne HamMcaHHOTO

//  BpY4HYK KOOa
{

partial void ValidatePayment (decimal amount)
{
if (amount > 100) Console.Write ("Joporo!") ;
}
}

YacTUYHBIN METON COCTOMT U3 IBYX YACTell: onpedeneHus U peanusa-
yuu. OmpeneneHyue oObIYHO 3alMCbIBAeTCs TeHEPAaTOPOM KOAa, a pe-
anusauusa — BpyuHyw. Ecnu peanusauus He npenocTaB/ieHa, TO OI-
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pelneneHue YaCTMYHOrO MeTofla NpM KOMIMIALUMM YHansercs (BMecTe
C KOJJOM, B KOTOPOM OH BbI3bIBaeTCsl). ITO JaeT aBTOMaTUUYeCKH cre-
HepUpOBaHHOMY Kony 60/bliyio CBOOONY B IpefOCTAaBIEHUM TOYEK
IIpUBSA3KY, He 3acTaBisis GecrokouTbes Mo noBony 3ddekra pasdy-
XaHMs Koma. YacTuyHble METOIbI SOKHBI ObITh VO1d, M OHM HESBHO
ABNAIOTCA private.

Onepauus nameof

Onepauus nameof (rmosBusmascs B Bepcun C# 6) Bo3BpallaeT
1Ms moboro cumBona (T, YleHa, IepeMeHHOM 1 T.1.) B BULE CTPOKM:
int count = 123;

string name = nameof (count); // name nosyuaeT
// 3HauerHume "count"

[TpeuMyiiecTBO MpUMeHeHUs] TaHHOM OIepaLyuy MO CpaBHEHUIO
C TMPOCTBIM YKa3aHMeM CTPOKM CBs3aHO CO CTATH4eCKOI MPOBEPKO
TUIOB. VIHCTpYMeHTBI, Monobuble Visual Studio, cmocobHbr Bocnpu-
HUMAaTbh CMMBOJIMYECKUE CCBIIKY, OITOMY IleperMeHOBaHue 1060ro
CMMBOJIa IPUBORUT K TTepPEMMEHOBAHUIO TAKXKe €ro CChIIOK.

[Ins ykasaHUsi MMeHM 4YJleHa TUIA, TAKOro Kak Iojle MM CBOiC-
TBO, HEO6XOAMMO BKJIIOYATh THUII YIeHa, YTO paboTaeT Co CTaTUYeCKU-
MU Y/IeHaMM U 4JIeHaMU 3K3eMIIspa:

string name = nameof (StringBuilder.Length);

Pesynbratom 6ymer "Length". Yro6b BO3BpaTuUThH
"StringBuilder.Length", moHagoburcs cnenyollee BbIpaxe-
Hue:

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

HacnepoBaHue

Knacc Moxxer 6bITb yHacnedosax OT ApYroro Kjacca ¢ LieJlblo pac-
WIMPEHUs MY HACTPOMKM UCXOMHOro Knacca. HacnenoBaHue oT Kmacca
TI03BOJIsIET NOBTOPHO MCIIO/Ib30BaTh PYHKLMOHAIBHOCTb HAHHOTO K/lacca
BMECTO €€ NOCTpoeHMs ¢ Hyns. Kymacc MoxeT HacnefoBaTbCs TOJbKO
OT OJJHOTO KJacca, HO CaM MO>KeT ObITb YHacleZOBaH MHOXECTBOM
K/1accoB, GOpMUPYs MepapXUI0 KIacCoB. B 3TOM mpuMepe Mbl HauHeM
C ompeneneHus Kmacca 1o umMeHu Asset:

public class Asset { public string Name; }
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Hanee mbl onpenenum knacchl Stock u House, koTopble 6ymyT
yHacnefioBaHbl OT Asset. Knacchl Stock u House nonyyar Bce, 4TO
uMeeT Asset, mmoc noobble NOMONMHUTETbHbIE YIEHbI, KOTOpble B HUX
6ymyT ompeneneHsl:

public class Stock : Asset // yHacnemosaH or Asset
{
public long SharesOwned;

}

public class House : Asset // yHacyenoBaH oT Asset

{
public decimal Mortgage;

BoTr xak MO>XXHO pa6OTaTb C ODAHHbIMU K1acCaMu:

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.WritelLine (mansion.Name); // Mansion
Console.Writeline (mansion.Mortgage) ; // 250000

Mooknaccyl Stock u House HacnenyoT cBOiCTBO Name oT 6a3080-
20 Knacca Asset.
ITomknacchl Tak>ke Ha3bIBAOTCS HPOU3BOOHBIMU KAACCAMU.

Nonumopdusm

Ccblky ABNATCA NONMUMOPPHBIMU. ITO 3HAUUT, YTO NepeMeH-
Has TMIA X MOXKET CCBI/IaTbCSl Ha 06'beKT, OTHOCAIIMITCA K TOJK/IacCy
x. Hanpumep, paccMoTpum cnefiyrouinit MeTOR:

public static void Display (Asset asset
{

System.Console.WriteLine (asset.Name);

}

Merop Display () cnocoben oTobpaxkaTb 3HaueHMe CBOMCTBa Name
o6bekToB Stock u House, T.k. ouu oba sBnswTcsa Asset. B ocHose
pabotsl monumopdusma nexxut ToT GakT, 4To moaknaccel (Stock u
House) obnajaloT BceMy XapakTepuCTUKaMy CBOero 6a3oBOro Kjiacca
(Asset). OnHako obpaTHOe yTBep)kaeHue He OyneT BepHbIM. Ecnu mMeton
Display() mepemucaTb Tak, yTo6bl OH mpMHMMan House, TO mepe-
Jaya eMy Asset cTaHeT HEBO3MOXXHOM.
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NpuBeaenue u ccoinoyHble npeobpasoBanua

Ccblnka Ha 06'beKT MOXET ObITh:
® HesBHO MpusedeHa 88epx K CCblKe Ha 6a30BbIil K/1ACC;
® SBHO npusedeHa 8HU3 K CCbIJIKe Ha MOAK/IACC.

[TpuBeneHMe BBepX U BHU3 MEXIY COBMECTMMBIMU CCBHITTOYHBIMU
TUINIAMY BBIIIONIHAET CCbIIOYHbBIE NPe06PAa308aHUS: CO3RAeTCs HOBast
CCBITIKA, KOTOpast yKasblBaeT Ha mom e camolii 06bekt. [IpuBeneHune
BBepX Bcerja yClellHO; PUBefeHMe BHU3 YCIIELIHO TOMbKO B Cy4ae,
Korja o6beKT MOAXOAAWMM 06pa3oM TUIIM3UPOBAH.

Mpusepenue BBEpX

Onepaum{ NpuBeAEHUA BBEPX CO3MAET CCBINIKY Ha 6a30BbIN Kacc
U3 CCbIZIKM Ha MNOoAKnacc. Hanpnmep:

Stock msft = new Stock(); // U3 npensnywero npmmepa
Asset a = msft; // TlpuBeneHne BBepx

[Tocne npuBefeHnsa BBePX NlepeMeHHas & MO-NPeXXHeMY CCbIaeTcs
Ha TOT e caMblit 06bekT Stock, 4To u nepemeHHas msft. CaM 06b-
€KT, Ha KOTODBIi MMeIOTCA CChINIKM, He M3MeHAeTCA U He TMpeobpasyeTcs:

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

Xots nepeMeHHble a ¥ MSft ccblnaloTcs Ha OAMH U TOT Xe 006b-
eKT, a obecrneunBaer Honee orpaHUYeHHOe Tpe[CTaBleHMe ITOrO
obbekra:

Console.WriteLine (a.Name); // HopmanbHO
Console.WriteLine (a.SharesOwned); // Oumbxa Ha sTane
//  xoMmumauMyu

[TocnemHAA CTpOKa KOAa BbI3bIBaeT OMIMOKY Ha 3Tare KOMIMIA-
LMY, IOCKONbKY [lepeMeHHas & uMeeT TUN Asset HecMOTpA Ha TO,
4TO OHa ccblnaeTcs Ha 06beKT THMNa Stock. YTo6bI moMyYnTh JOCTY N
K nonio SharesOwned, ak3eMnnsAp Asset notpebyercs npusecmu
8HU3 K Stock.

MpuBepexne BHU3

Onepauus npuBefieHMsI BHU3 CO3[laeT CCbIIKY Ha MOAKIACC U3
cchbInKM Ha 6a30BbIif knacc. Hanpumep:
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Stock msft = new Stock();
Asset a = msft; // TipuBeneHve BBepx
Stock s = (Stock)a; // TipuBenexrue BHU3
Console.WriteLine (s.SharesOwned); // Oumbxa

// He BO3HMKaeT
Console.WriteLine (s == a); // True
Console.WriteLine (s == msft); // True

Kak u B cnydae npuBeneHus BBepX, 3aTParuBaloTCA TONMbKO CChI-
KU, HO He JieXaluit B ocHoBe 00bexT. [IpuBeneHne BHU3 TpebyeT
ABHOTO yKa3aHUs, IOTOMY UTO MOTEHLIMATbHO OHO MOXET He JOCTUT-
HYTb yCIiexa BO BpeMs BbIITOTHEHUA:

House h = new House () ;

Asset a = h; // TlpuBe#eHue BBEPX BCErOa yCHEeWHO

Stock s = (Stock)a; // [lpuBenmeHye BHU3 HEe HOCTUTAET
// ycrnexa: a He sBisercs Stock

]

i

Korna npuBepneHyue BHM3 TEPIIUT HeyAaayy, reHEpUPYeTCA UCKIIOYe-
Hue InvalidCastException. 3To npumep nposepku munos 8o epe-
M5 8vinonHeHus (kotopas 6ornee moApobHO paccMaTpuBaeTcs B pasperne
“Cratuyeckas MpoBepKa TUIIOB Y NMPOBepka TUIIOB BO BpPeMs BbINOJ-
HeHus” Ha cTp. 102).

Onepauus as

Onepaunﬂ as BbINONIHAET NpUBeAeHNE BHU3, KOTOpOe B C/yyae
HeyJauyy BbIUMCIAETCA Kak null (BMecTo reHepaumumn UCKIOYEHUA ):
Asset a = new Asset();

Stock s = a as Stock; // s paBHO null; uckKueHMe
// He reHepupyercsd

Ora onepauus ynobHa, KOra HyXHO OpPraHM30BaThb MOCIEAYIOLIYIO
NPOBEPKY pe3y/bTaTa Ha npeamer null:

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

Ol'IeanMH aS He MOXXET BBINNONMHATbL cneyuanvHole npeo6pa306a-

Hus (cM. pasgen “Ileperpyska onepauuit” Ha cTp. 204 ), paBHO Kak 1
4UC/IOBblE NPeO6pPa3OBaHMUAL

Onepauus is

Onepauusa is mposepset, 6yaer nu npeobpasoBaHMe CChINKM
YCIELIHbIM; APYTUMMM CTIOBaMM, ABJIAETCA 1M 0ODEKT MPOU3BOJHBIM OT
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yKasaHHOro knacca (MM peanuayer 1y OH Kakoi-To uHTepdeiic). OHa
4acTo MPMMeEHAETCA NPy NpOBepKe Mepefl NpMBeJeHNeM BHU3:

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

Onepauusa is Takke faeT B pe3ynbTaTe true, €Cy MOXeT yCrel-
HO BBITNIOTTHUTBCA pacnakosviéarijee npeobpasosarue (cM. pasmen “Tun
object” Ha ctp. 100). OgHako oHa He NPMHMMAaET BO BHUMaHUe CIIe-
Lia/IbHble WY YMCTIOBble MpeobpasoBaHusL.

Haunnas ¢ Bepcun C# 7, noAaBunach BO3MOXXHOCTb BBOIUTH B
JeCTBYME NEPEMEHHYIO NIPY MCIIONIb30BAHMM Ollepaluu is:

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

BBeneHHas nepeMeHHas HOCTYMHA M/ “‘HeMe[JIEHHOro  norpe6-
JIEHUs M OCTaeTcs B 06/11acT¥ BUAMMOCTY 3a NpefieNiaMy BbIPaXKeH U T:

if (a is Stock s && s.SharesOwned > 100000)
Console.WriteLine ("Wealthy");

else
s = new Stock(); // s B oBnacTM BMEMMOCTHK

Console.Writeline (s.SharesOwned); // No-npexHemy
// B oBnacT BUMOMMOCTH

BupryanbHbie ¢yHKUUM-uNeHbl

DyHKUMA, TOMeYeHHasA Kak supmyanvhas (virtual), MoxeT 6bITb
nepeonpedenexa B MOAKIAccax, rae TpebyeTcs MpefoCTaBUTD ee Clie-
LManu3npoBaHHylo peanusaunio. O6bABATh BUPTYaNbHBIMU MOXHO
METO[bI, MHAEKCATOPbI U COOBITUS:

public class Asset
{

public string Name;

public virtual decimal Liability => 0;
1

(Konctpykumsa Liability => 0 ABnseTcsA COKpallleHHOI 3amu-
coio g { get { return 0; } }. 3a JONONHUTENBHO MH(j)opMauM-
ell 110 TaKOMY CMHTaKcKCy obpaliaiitech B pasfen “CBoiCTBa, CKaTble

Io BbIpa>keHMit” Ha cTp. 85.) BUpTyanbHbIT MeTOf Nepeonpenensercs
B MOAK/Iacce ¢ MpuMeHeHMeM MopudukaTopa override:

public class House : Asset

{
public decimal Mortgage;
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public override decimal Liability => Mortgage;

ITo ymonuanuio csoitcTBo Liability knacca Asset Bosppauiaer Q.
Knacc Stock He Hy)XpaaeTca B crieuanusaluy 3Toro nosefeHus. Tem
He MeHee, Knacc House crneuuanusupyer cBoicTBO Liability, uTo-
6bl BO3BpalllaTb 3HaYeHMe Mortgage:

House mansion = new House { Name="Mansion",
Mortgage=250000 };

Asset a = mansion;

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

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

CurHarypsl, Bo3BpalljaeMble TUIIbI ¥ JOCTYIIHOCTb BUPTYaTbHO-
ro M MepeornpefeneHHOI0 METOXOB JOKHBI OBbITH MIEHTUUHBIMIL
BHyTpu mepeornpe/ieIeHHOTO MeTOJa MOXHO BbI3BaTh €ro peannsa-
1Mo 13 6a30BOro Kmacca ¢ MOMOLIBIO KTI0YEBOTO C/IOBa base (cM.
paspen “Kimouesoe croBo base” Ha cTp. 98).

A6cTpaKTHbIE Knaccbl M abCTPaKTHbIE YNeHbl

Knacc, 06 bABneHHbliT kak abcmpakmuuiti (abstract), He paspe-
1IaeT CO3[JaBaTh CBOY 3K3eMIUIApbl. B3aMeH MOXHO co3aaBaTh TONbKO
9K3eMIUIAPbI €r0 KOHKPETHBIX HOOKAACCOB.

B abCcTpaKTHBIX K/1accax eCTb BO3MOXKHOCTD ONpefeNATh abcmpak-
mHvle uneHbl. AGCTpaKTHBIE YIeHBI OXOXKM Ha BUPTYalbHble YIeHbI
3a MICK/IIOYEHMEM TOTO, UTO OHM He MPeJOCTaBAIT CTAHJAPTHYIO pe-
anusaumio. Peanusauus nomkHa obecrneunBaThCcs MOJAKIACCOM, €CIU
TONIBKO MOJK/IACC TOXe He 00bABNEH Kak abstract:

public abstract class Asset

{

// OBpaTuTe BHMMAHME Ha MYyCTYK peanmn3auyo.
public abstract decimal NetValue { get; }

!

B nogkmaccax a6CTpaKTHbl€ YIEeHbI [IepeolpenenaTca Tak, Kak
ecnu 6bl OHYM ObIIN BUPTYa/lTbHBIMU.

(OKprTMe YHacnefoBaHHbIX YNEHOB

B 6a30BOM Kkitacce 1 MOAK/IACCaXx MOTYT ObITh OMpefeseHbl UeH-
TUYHbIE YJIEHBI,
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Hanpumep:

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

ToBopsAT, uTo none Counter B knacce B ckpvisaem none Counter
B Kxnacce A. O6BbIYHO 3TO MPOMCXOAMT CNYYalHO, KOrfa 4ieH fo6as-
nsercs K 6a30BOMY TUITy HOC/e TOTO, KaK MAEHTUUHBIN 4leH 6bln
mobaBeH K MOATUIY. B TakoM crydae KOMIMIATOp reHepupyeT Mmpe-
RyNpeXXAeHMe U 3aTeM pa3pellaeT HeOJHO3HAUYHOCTb CNeAYIOLMM 06-
pasom:

® ccbiiky Ha A (Ha arame KOMMMIALMM) NPUBA3BIBAIOTCA K
A.Counter;

® cchIIKM Ha B (Ha 3Tame KOMIOUIALMM) NMPUBA3BIBAIOTCA K
B.Counter.

MHorpa He06XOAMMO MpefHaMEPEHHO COKPBITh KaKOM-TO YJleH;
TOrfa K YieHy B MOAK/IACCe MOXKHO [IPUMEHUTD K/I0YEBOE C/IOBO NEW.
Mogandukatop new He deaem Huuezo C8ePX MO20, 4MoO HPOCMO Ho0As-
Jisem 8b10a4y KOMNUSMOPOM COOMBEem ey usez0 npedynpeioenus:

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

Monudukatop new coobliaeT KOMIUIATOPY — U APYTUMM INpoO-
rpaMMMCTaM — O TOM, UTO AyO/MMpOBaHMe YIeHa MPOM3OLUIO He CITy-
YaifHo.

3aneyatbiBaHue GYHKUUA U KNAccoB

C noMolLbIo K/TI04eBOro c/0Ba sealed nepeornpeneneHHas QyHKLMA
MOJXXET 3anexamvl8amp CBOK peajn3alnio, NpeJjoTBpallas ee rnepeomnpe-
JeneHue ApyrMMy Nopgkaaccamm. B panee noxasaHHOM Npumepe BUp-
TyanbHOM QYHKLMU-UTEeHa MOXKHO OBINO OBl 3ameyaTaTb peanus3aLuio
Liability B kmacce House, uToObl 3alpeTUTh MepeolpeneneHue
Liability B Knacce, NpouMsBOZHOM OT House:

public sealed override decimal Liability { get { ... } }
MO)XHO TakK)Xe 3aleyaTaTb BeCb KJacC, HEABHO 3aleyaTaB Bce

ero BUpTYya/nbHble QYHKLMM, 33 CUeT NpUMeHeHUA MoAuduUKaTopa
sealed x caMoMy Knaccy.
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KnioyeBoe cnoBo base

KnioueBoe cnoBo base noxoxe Ha Knoyesoe cnoBo this. Ono
CIYXXUT OBYM Ba>XHBIM LIeJIAIM: JOCTYIl K IepeornpefieIeHHo QyHK-
LMK -YeHy U3 MOJKIacca ¥ BbI30B KOHCTPYKTOpa 6a30BOro Kiaacca
(cM. cnemylolwuit pasgen).

B npuBeeHHOM HMXe MpuMepe Kaacca House KaoueBOe CI0BO
base ucnonpdyerca Ana BOCTyna K peanusaumuyu Liability us
Asset:

public class House : Asset

{

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

C noMmolbio KII0YEeBOr0 ClI0Ba base Mbl MonydaeM JOCTYM K
cBoitcTBy Liability knmacca Asset HesupmyansHboim 06pasoM. 1o
3HA4YUT, YTO MBI BCerfa obpalliaeMcsi K Bepcuy Asset TaHHOro CBOC-
TBa HE3aBUCUMMO OT (aKTMYECKOro TUMA 3K3EMIUIApa BO BpeMs BbIMIOJ-
HEHUSL.

Tor >e caMblit noxxon paboTaeT B cuTyauuu, korga Liability
ckpuigaemcs, a He nepeonpedensemcs. (IIonyduTb JOCTYI K CKPBITHIM
Y/leHaM MOXXHO TaKxe IyTeM IpuBedeHuUs K 6a30BOMY Kaccy nepej
obpallieHMeM K 4JIeHY.)

KoHcTpyKkTOpbI M HacnepoBaHue

B mopknacce [omKHbI 6bITb OOBABNEHBI COOCTBEHHBIE KOHCTPYK-
Topbl. Hanpumep, ecnu knaccol Baseclass u Subclass onpenene-
HBI ClIefy0IMM 0Opa3oM:

public class Baseclass

{

public int X;

public Baseclass () { }

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

public class Subclass : Baseclass { }

TO MOKa3aHHbIN HUXKE KOJ 6yneT HEQOMYyCTUMDIM:

Subclass s = new Subclass (123);
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B xnmacce Subclass BO/mKHBI GbITh “IOBTOPHO ONpefeNneHsl” Jio-
6ble KOHCTPYKTOPBI, KOTOpble HEOGXOAUMO OTKPBITH. [Ipy 3TOM MOX-
HO BbI3bIBaTh /1106011 KOHCTPYKTOP 6a30BOro K/acca ¢ NpMMeHeHUEM
K/II0YEBOTO C/IOBa base:

public class Subclass : Baseclass

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

}

KrmoueBoe cnoBo base pabotaeT Nogo6HO KI0YeBOMY CIOBY this,
HO BbI3bIBaeT KOHCTpyKTOp 6a3oBoro knacca. KoHcTpykTopsl 6a30BbIx
KJIaCCOB BCerfia BBIMOMHAKTCSA MEPBbIMU, YTO TapaHTUPYeET BBIMOTHe-
HMe 0430601 VHULIMANTU3ALIMY TIepef, Cneyuanu3uposanHol MHULMa-
nu3aluen.

Ecnu B KOHCTpyKTOpe MOAKIAacca OMYCTUTb KIIOYEBOE CIIOBO
base, Torga 6yaeT HesIBHO BbI3bIBATHCA KOHCTPYKTOP 63 napamempos
6asoBoro Kmacca (ecny 6a30BbIN K/lIacc He MMeET JOCTYIHOTO KOHC-
TpykTOpa 6e3 MapaMeTpoB, TO KOMIMIATOP coo6wHuT 06 ounbKe).

KOHCTPYKTOpP M NOPAAOK MHULMANN3aLUKN nonei

Korga 06bexT co3maH, MHMLMANMU3ALMUSA TPOUCXOAUT B YKasaHHOM
HVDKe MTOpSALKe.
1. Or nopxnacca k 6a30BOMY KIaccy:
a) MHULMANU3UPYIOTCA MO,
6) BBIYMCIAKTCA apryMeHThI AJ1s BbI30Ba KOHCTPYKTOPOB 6a-
30BOTO KJIacca.
2. Or 6a30Boro knacca K MOfKIaccy:

a) BBINOTHAKTCA T€/1a KOHCTPYKTOPOB.

Meperpy3ka u pacno3HaBaHue

Hacnemosanue okasbiBaeT MHTepeCHOe BMAHME Ha IEPErpysKy
MeTof0B. [IpeAnonoxmum, 4To ecTh CleAyiollne ABe MeperpyKeHHbIX
BEpCUM:

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

}
}

IIpu BHI3OBE Meperpy)<eHHO! Bepcuy NPUOPUTET MONYyyaeT Ha-
nbonee cretunUUHbIN TUIL:

{
{
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House h = new House (...);
Foo(h); // BemseiBaercsa Foo (House)

KonkpeTHas neperpy>xeHHas Bepcus, MofA/exallas BbI30OBY, OIl-
penensercsa ctaTuyecky (Ha JTame KOMNMIALMM), a HE BO BpeMs
BbINONHEHMA. B mokasaHHOM HMKe Kole Bbi3blBaeTca Foo (Asset)
HECMOTpA Ha TO, YTO TUIIOM BPEMEHM BBINOTIHEHMSA NMEPEMEHHON a fB-
naetca House:

Asset a = new House (...);
Foo (a); // Bu3eBaercsa Foo(Asset)

HA 3AMETKY!

Ecnu npusectu Asset k dynamic (cm. pasgen “IuHamu-
4yeckoe CBsA3bIBaHMe  Ha CTp. 196), Torga pellleHue O TOM, Ka-
Kas Meperpy>KeHHas Bepcus JOMKHA BbI3bIBATbCA, OTK/IaLbl-
BaeTcs [0 CTafuy BBINOTHEHUA, M BbI6Op OYAeT OCHOBaH Ha
dakTuueckoM Ture obbekTa.

Tun object

Tun object (System.Object) npeacraBnser coboit mepBoHa-
ya/bHbIN 6a30BbIN Knacc AnA BceX TUIOB. JI1060M TUIT MOXeET ObITh
HesIBHO NpMBeJEeH BBepX K object.

YT06bI MPOUNNIOCTPUPOBATh, HACKONBKO 3TO MONE3HO, PACCMOT-
puM yHUBepcanbHblit crmek. CTeK ABNAETCA CTPYKTYPOIt JaHHBIX, pa-
6oTa koTopoit ocHoBaHa Ha npuHuune LIFO (“Last-In First-Out” —
“nocnegHuM mpuilen — nepBbIM o6cnyxeH”). CTek moagep>xuBaer
IBe oMepauuy: 3amankusanue o6beKTa B CTEK U 8bimankusaHue o6b-
eKTa M3 cTeka. Hyke nokasaHa mpocras peanusaums, KOTOpas MOXeET
XpaHuTb 710 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]; }
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[Tockonbky Stack pabortaeT ¢ Tunom object, Metonsl Push () u
Pop () kmacca Stack MOXHO MCMO/b30BaThb C 3K3eMIUIAPaMU 1106020
muna:

Stack stack = new Stack();

stack.Push ("anemeHT") ;

string s = (string) stack.Pop(); // TpuBeleHUEe BHUS3
Console.WriteLine (s); //  anemenT

object OTHOCMTCA K CChIIOYHBIM TUIIAM B CUTY TOTO, YTO Mpef-
cTaBnseT coboit knacc. HecMoTps Ha 3TO, TUIBI 3HAYEHMIT, TakMe Kak
int, Tak>Xe MOXHO NPUBOAUTDL K object, a object npuBoguTbL K
HUM. YTO6BI CHenaTbh 3TO BO3MOXHBIM, cpefia CLR JO/DKHA BbIITOTHUTD
crerMabHYy0 paboTy 1o MpeooIeHNI0 BHY TPEHHUX OTIMYMIT MEXAY TH-
TTaMy 3HAUeHUIt U CCbIIOYHbIMYU TUIIaMM. [JaHHbIN Npoliecc Ha3blBaeTCA
ynakoskoti (boxing) u pacnaxoskoii (unboxing).

HA 3AMETKY!

B pasgmene “O606uienus” Ha cTp. 116 6yner nokasaHo, Kak
yCOBepIIEHCTBOBATh knacc Stack, 4To6bl yNy4yLINTb MOAIe-
PXKY CTE€KOB OHOTUITHBIX 37IEMEHTOB.

YnakoBKa U pacnakoBka

YrakoBka npefcTasiseT coboif AeifcTBMeE 10 MPUBELEHUIO IK3eM-
T/1sipa TUIMA 3HaYeHUS K 9K3eMIUIAPY CCbIOUHOro Tuna. CCblIOYHbBIM
TUMOM MOXeT 6bITh b0 Kmacc object, mubo uHTepdeitc (cM. pas-
men “Vintepdertcor” Ha cTp. 109). B crenyiomem npyumepe Mbl yakoBbl-
BaeM int B 06bekT:

int x = 9;

object obj = x; // YnakoBars int

PacnakoBka sBnseTcs o6paTHOlt onepalueif, KOTopas NpefLycMaT-
puBaeT NpuBefieHNe 06'beKTa K MCXONHOMY TUITYy 3HAaUeHMs:

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

PacnakoBka TpebyeT sABHOTo npuBefeHus. VlcnonHswiias
cpefia mMpoBepseT, COOTBETCTBYeT /1M yYKa3aHHbI TUIl 3HAYEHUA
dakTudeckoMy 0ODBEKTHOMY TUIY, M TeHepUpYeT MUCK/I0UYeHMUe
InvalidCastException, ecnu 3to He Tak. Hanpumep, nokasas-
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HbIJl flaflee KO NpMBefeT K FeHepaluM UCKIOYEHUs, MOCKONbKY
long He cooTBeTCTByeT int:

object obj = 9; // Ona 3Hauenmsa 9 BLIBOOMTCA TuMO int
long x = (long) obj; // TeHepupyeTcs MUCKIIOUEHME
// InvalidCastException

Tem He MeHee, crenyoLIMit KOA BbIMOMHAETCA YCMEILHO:

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

HPEHCTaBﬂeHHbIﬁ HIM>K€ KO TAK>XX€ He BbI3bIBA€T OO KU:

object obj = 3.5; // Ina 3HadeHMsa 3.5
// BeBomuTcsa tmin double
int x = (int) (double) obj; // X reneps paBHO 3

B nocnennem npumepe (double) ocyllecTBAsET pacnakosky, roc-
ne yero (int) BBIMONMHSET YUCN080e HPeobpPa3os8aHue.

YnakoBKa Konupyem 3K3eMIUISp TMIA 3HaYeHUs B HOBDIt 0ObeKT, a
pacrnakoBKa KOnupyerm coiep Xumoe JaHHOro o6bekta 06paTHO B 3K3eM-
N/IAp TUMA 3HA4YeHUs:

iat i = 8;

object boxed = i;

i- = 5%

Console.WritelLine (boxed); // 3

(raTMyecKas npoBepKa TMNoB
W NpoBepKa TUNOB BO BPeMA BbINOJIHEHUA

B saspixe C# mpoBepka TMIIOB NPOBOAUTCS KaK cTaTuyecku (Ha
JTane KOMIW/IALMM), TaK M BO BpeMsI BBITIOJTHEHUSI.

CraTnyeckast IpoBepKa TUIIOB I103BONAET KOMIMIATOPY KOHTPO-
NUpOBaTh KOPPEKTHOCTb NPOTPaMMbl, He BbIMONHAA ee. [TokasaHHbI
HMOKe KOJI He CKOMIUIUPYeTCs, T.K. KOMIOUMATOP NpPUHYAUTENTbHO
NpUMeHsEeT CTaTMYeCKYI0 IPOBePKY TUIIOB:

int % = "5%

[IpoBepka TMIIOB BO BpeMs BBIMONTHEHUA OCYILLIECTBIAETCSA Cpefion
CLR, xorfa npoucxonuT npuBefieHre BHU3 Yepe3 CChIJIOYHOe Mpeob-
pas3oBaHMe UMM PACMaKOBKY:

ebject y = "S";

int z = (int) y; // Owybkra BpemeHM BBINOJIHEHMSH ,

// Heymaua npuBeIeHUs BHU3
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[IpoBepka TUIIOB BO BpeMs BBINOJHEHMs BO3MOJXKHA M3-3a TOrO,
4YTO KaXk[blll 06bEKT B Kydye BHYTpPEHHE XPaHUT HeOONbLION! Mapkep
Timna. Takolt Mapkep MO>KeT ObITb M3BJI€UeH NMOCPEACTBOM BbI30Ba METONA
GetType () knmacca object.

Metoa GetType () v onepauus typeof

Bce tunsl B C# BO BpeMs BBINOTHEHNUA MPEACTaBIEHbl C TIOMO-
1[blo 9K3eMmnsagpa System. Type. [Tonyunts 06bpekT System. Type
MOXXHO [IByMsA OCHOBHbIMM IIyTAMU: BbI3BaTb MeTOA GetType () Ha
9K3eMIIIApe MIN BOCMONb30BaTbCA oNepauyell typeof Ha uMeHM
Tuna. Pesynpratr GetType () olLleHMBaeTCA BO BpeMA BbINONHEHNS, a
typeof — craTuMyecky Ha 3Tane KOMIMIALMNA.

B knacce System.Type npefycMOTpPeHbl CBOICTBA AN MMEHM
tumna, cbopku, 6aszosoro Tuna u 1.4 Hampumep:

int x = 3;

Console.Write (x.GetType () .Name); 4/ Totse
Console.Write (typeof (int) .Name) ; // Int32
Console.Write (x.GetType().FullName); // System.Int32
Console.Write (x.GetType() == typeof(int)); // True

B System.Type TakxXe UMEITCA METOAbI, KOTOpPbIE Je/ICTBYIOT B
KayecTBe LIMI03a A Mofeny pediekcuy BpeMeHM BBINOTHEHMA. 3a
nofpo6Hoit nHpopMaLmeit obpauaiitecs B rnaBy 19 xuuru C# 8.0.
Cnpasouruk. [TonHoe onucanue A3viKa.

Cnucok unenoB object

Hixe npuBeieH cmcok Bcex WiIeHOB object:

public extern Type GetType();

public virtual bool Equals (object obj);

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 virtual void Finalize();

protected extern object MemberwiseClone();
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Metoabl Equals (), ReferenceEquals ()
n GetHashCode ()

Meron Equals () B kinacce object moxox Ha onepaLuio == 3a
MUCK/IIOYEHMEM TOro, YTO Equals () ABnAerca BUPTYalbHbIM, a Ole-

paumusa == — cTaTu4yeckoi. PasHuiia JeMOHCTpUPYETCA B ClleflyIoleM
puMepe:
object x = 3;
ebject y = 3;
Console.WriteLine (x ==y); // False
Console.WritelLine (x.Equals (y)); // True

[TockonbKy nepeMeHHble X ¥ Yy ObUIM pUBELEHbI K TUITY Object,
KOMMUIATOP MPOU3BOAMUT CTaTUYECKYIO NMPUBA3KY K Ollepauuy ==
Knacca object, KoTopas NpUMEHAET CEMAHTUKY CCbII0OUH020 MUna
AN CpaBHEHMA BYX 3k3eMnApoB. (M3-3a Toro, 4To x U y ymako-
BaHbl, OHM HAXOMATCA B PasHbIX AYENKaX NMaMATH, I03TOMY He paB-
Hbl.) OfHaKO BUPTyanbHbll MeTOA Equals () momaraeTcs Ha MeTOJ
Equals () tuna Int32, KOTOpbI NpM CPaBHEHUM [BYX 3HAUYEHMUN
MCIIONIb3YeT CEMAaHTUKY MUNO0B8 3HAUEHULL.

Cratuuecknit MeTof object.Equals () NpocTo BbI3bIBaeT BUP-
Tya/lbHbIl MeTOl Equals () Ha nepBoM apryMeHTe — II0C/e IIPOBep-
KU, He paBHbI 1M apryMeHTbl null:

object x = null, y = 3;

bool error = x.Equals (y); // OumOka BO BpPeMs BbINIOJHEHMA !

bool ok = object.Equals (x, y); // PaboraeTr HOpMalbHO

// (ok momyuaeT 3HaueHue false)

Meton ReferenceEquals () NpMHYAUTENbHO IPUMEHAET CpaB-
HeHJe 3KBMBANEHTHOCTM CChUIOYHBIX TUIIOB (YTO MHOTAA YAOOHO A
CCBITIOYHBIX TMIIOB, B KOTOPBIX OMepalus == Oblra neperpyxxeHa ans
BBIMTOTIHEHU A APYTOTO AEUCTBUA).

Meton GetHashCode () BblgaeT XeLI-KOA, KOTOPbIil OAXOAUT
A7 UCTIONIb30BAHMSA CO CTTOBapsiMM, OCHOBaHHBIMM Ha Xelll-Tabnuuax,
a UMeHHO — System.Collections.Generic.Dictionary u
System.Collections.Hashtable.

YT106bl HACTPOUTb CEMAHTMKY 3KBMBAJE€HTHOCTM THUIMA, MOT-
pebyercs, Kak MMHUMYM, IepeonpeRenuTb MeTonbl Equals () u
GetHashCode (). O6bI4HO TaK)Ke MEperpy>XaloTcs onepauuy ==
n !=. [IpuMep Takoit HaCcTpoOitku npuBeneH B pasgene “Tleperpyska

R3]

onepaumit’ Ha cTp. 204.
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Metop ToString ()

Meron ToString () Bo3BpallaeT cTaHAapTHOE TEKCTOBOE INpef-
CTaBJIeHMe 3K3eMIUispa Tula. ITOT METOJ Nepeolnpenened BO Bcex
BCTPOEHHBIX TUIAX:

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

[Nepeonpenemntb Metog TOString () B creumanbHbIX THUIIAX MOX-
HO cefyoluM obpasom:

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

CTpyKTYpbI

Cmpyxmypa noxoxa Ha Kiaacc, Ho obnajjaeT clneayommuMm Kio-
4eBbIMU OTIUUUAMMU.

L CprKTypa ABNAETCA TUIIOM 3HA4YE€HUA, TOrga KakK Kjaacc —
CCBIJIOYHBIM TUTIOM.

® CTpyKTypa He MOAJEp>KMBaeT Hac/legoBaHye (3a UCK/TIOUeHNEeM
TOTrO, YTO OHa HEABHO MOpPOXJeHa OT object, unm TouHee —
or System.ValueType).

CTpyKTypa MOXeT MMETb BCe Te XK€ YJIeHbl, YTO M K/Iacc, KpoMe
KOHCTpyKTOpa 6e3 mapaMeTpoB, MHULMANU3ATOPOB Noselt, GuHanu-
3aTOpa ¥ BUPTYa/lbHBIX MM 3alUMILEHHBIX YI€HOB.

CTpyKTypa MOAXOOMUT TaM, [He >KeNaTeNbHO MMETb CEMAaHTUKY
THUNa 3HayeHus. XOpOLIMMYU pUMepaMy MOTYT CIIYXKXUTb YMUCIIOBbIE
TUIIBI, 47151 KOTOPBIX 60JIee eCTeCTBEHHBIM COCOOOM MpucBauBaHus
AB/AETCA KOMMpPOBaHMe 3Ha4YeHM, a He cCbUIKM. [TI0CKONMbKY CTPYKTY-
pa npencraBnser coboit THUII 3HaYEHUs, KaXXIblil IK3EMIUIAP He Tpe-
6yer cospmaHus obbekra B Kyye (M mociepymoliyio cbopky mycopa);
3TO AaeT OLYTUMYIO 3KOHOMMIO Py CO3[aHuM GOMBIIOTO KOMMYECT-
Ba 3K3eMIIISIPOB THIIA.

Kak u mi060i1 TMI 3Ha4ueHMA, CTPYKTYPa MOXKET KOCBEHHO OKa-
3aThCAl B Kyye, 1160 13-3a YIIaKOBKU, MO0 OTTOrO, YTO OHA BBICTYIMa-
eT B KayecTBe 110715 B knacce. Ecnu 651 Mbl co3aany sK3eMIIAp Kaac-
ca SomeClass B I0Ka3aHHOM Jajiee IpMMepe, TO Moje Y CChlnanoch
6Bl Ha CTPYKTYpY B KYyue:

struct SomeStruct { public int X; }
class SomeClass { public SomeStruct Y; }
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[Tono6HbIM e 06pa3oM, ecny 6bl Mbl OOBABUIM MAacCUB 13
SomeStruct, To 3k3eMmIAp 6bL1 6b1 COXpaHeH B Kyde (T.K. MacCUBBI
ABJAIOTCA CCHUIOYHBIMM TUIIaMM), XOTA Lie/blit MaccuB notpe6osan
6bl TONMBKO OLHOIO BbIAE/TEHNA MAMATH.

Haunnasa c Bepcun C# 7.2, K CTPYKType MOXHO NPUMEHATb MOJIU-
¢dukatop ref, 4TOOBI rapaHTUPOBATD €e UCMOIb30BaHME TONMBKO CIIO-
cobaMy, KOTopble OYIyT MoMellaTh CTbPYKTYPY B CTek. Takoit mpueM
obecreuyBaeT BO3MOXXHOCTD Ja/nbHelIIeil ONTUMMU3ALMI CO CTOPOHDI
KOMIIMJIATOpPA, @ TaKXXe Y4MThIBaeT TN Span<T> (cM. https://
bit.ly/2LR2ctm).

CeMaHTMKa KOHCTPYMPOBAHUA CTPYKTYpbI

CeMaHTMKa KOHCTPYMPOBaHUA CTPYKTYPBI BBIIIAAUT CIeRYIOLINM
obpasom.

¢ CyliecTByeT KOHCTPYKTOp 6e3 IapaMeTpoB, KOTOpBII HeNlb3s
HesABHO NepeonpenenuTs. OH BbINONHAET NO6UTOBOE 0OHYe-
HMe M0/1ell CTPYKTYPBL.

® [Ipu ompeneneHMM KOHCTPYKTOpa (¢ mapaMeTpaMu) CTPYKTYphI
KaXK[IOMY MOJTI0 JO/KHO ObITh ABHO NPUCBOEHO 3HauYeHMe.

¢ JIHMUManu3aTophbl MoNell B CTPYKTYpe He NPefyCMOTPEHBDI.

CTpyKTYypb! U PyHKUMM readonly

Haunnas ¢ Bepcun C# 7.2, K CTPYKTYpe MOXHO NPUMEHATH MO-
audukarop readonly, 4To6bI rapaHTUPOBATh, UTO BCe MonA 6ynyT
readonly; Takoil NpueM NOMOraeT 3aBUTb O HAMEPEHUM U Mpefo-
CTaB/IAeT KOMOUIATOPY 6onblyio cBOOOAY B MIaHe OMTUMMU3ALMNM:

readonly struct Point

{

public readonly int X, Y; // X 1 Y mosmkuel OuTe readonly
}

Ecnu Mommdukatop readonly HYKHO NPUMEHATH ¢ Gonbliel
CTeneHblo feTanusauuy, To C# 8 comeicTByeT aTOMy, Ipefinaras Ho-
BY10 BO3MO)XXHOCTb, IOCPEICTBOM KOTOpOIt Moaudukatop readonly
MOXHO NPUMEHATb K PYHKUUAM CTPYKTYphl. Ecnu Takaa ¢yHkuma
nonsiTaeTcss MoauMLMpoBaTh N06oe Mosne, TOrAa Ha Tane KOMIN-
NALMY BO3ZHUKHET olmbKa:
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struct Point
{

public int X, Y:

public readonly void ResetX() => X = 0; // Oumbxka!
}

Ecm dynkuma readonly Bbi3biBaeT ¢yHKuMio He readonly,
TO KOMIM/IATOP BbIAAeT MpemynpexxaeHue (1 3aluileHHbIM 06pasoM
KOMUpYeT CTPYKTYpy BO u3bexkaHue BOZMOXKHOCTU ee M3MEHEeHUA).

Moaudukatopsbl goctyna

Ins comeiicTBUA UHKANCYTALMY TUI WIM WIEH TUIA MOXeT Or-
paHMuYMBaTbh CBOI 0OCMYNHOCMY OPYrMM TUIaM M cOopkam 3a cyeT
HobaBneHUs K OOBABNEHUIO ONHOTO U3 IeCTH MoOuUPUKkamopos 0o-
cmyna, KOTOpble OTIMCaHbI HUXKE.
public

[TonHasA HOCTYMHOCTb. TO HeABHAA JOCTYMHOCTD J/IA 4/leHOB Ie-

peuncnenus nubo uHTepdeiica.
internal

JlOCTYIMHOCTb TONMBKO BHYTPM cofiepxkallieif cOopku umu B Apy-
)KeCTBEeHHbIX cbopkax. OTO cTaHOapTHas DOCTYMHOCTb H/s He-
BJIO>KEHHBIX TUIIOB.
private
JJoCcTyIMHOCTb TONBKO BHYTPY COREprKalllero Tumna. To CTaHAapT-
HaAd HOCTYMHOCTD I/1A 4IEHOB Kjlacca WU CTPYKTYpBHI.
protected
JlocTynHOCTb TONIbKO BHYTPU COfiep>Kalliero TUIa Uy B €ro Mog-
KJaccax.
protected internal

O6wedunenue focrynHocreit protected u internal (6onee u-
6epanvHas DOCTYIHOCTD, YeM protected unu internal no orge-
JIBHOCTY, T.K. OHA JIeJIaeT WieH JOCTYIHee JByMA MyTAMM).

private protected (HaumHasa c Bepcuu C# 7.2)

Iepeceuenue pocrynHocreit protected u internal (6onee oepa-
HUYUBAWLAS NOCTYIHOCTD, yeM protected unu internal nmo
OT/IESTbBHOCTH ).
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B cnepywouem npumepe knacc Class2 HocTyneH usBHe ero c6op-
Ku, a knacc Classl — Her:

class Classl {} // Classl sBnsercsa internal (rno yMondaHuo)
public class Class2 {}

Knacc ClassB oTkpblBaeT Iojle X ApyrMM TUIIAM B TO Xe CaMoit
cbopke, a kmacc ClassA — HeT:

class ClassA { int x; } // x saBnsercs private

class ClassB { internal int x; }

[Ipn nepeonpepenenun ¢yHkuumu 6a3oBOro kaacca HOCTYI-
HOCTb JO/IKHA OBITb TaKOM Xe, KaK y IepeornpenenaeMon QJYHKLIVII/I.
KoMnunarop npenarcreyer n}o60My HECOrIaCOBAaHHOMY UCITO/Nb30Ba-
HUIO MO)IM¢)VIK&TOPOB [O0CTyIla — HalpuMep, [MOAK/IACC MOXET UMETD
MEHBILYIO JOCTYTHOCTb, YeM 6a30Bblit K1acc, HO He GObILIYIO.

ApyxecTBeHHble cOOpPKHU

YneHsl internal MOXHO OTKpbIBaTb APYIUM OpyiaeCrmeeH-
Hum cbopkaMm, gobaBnss atpubyt cbopku System.Runtime.
CompilerServices.InternalsVisibleTo, B KOTOPOM YKa3aHO
MMs IPY>KECTBEHHOI COOpKM:

[assembly: InternalsVisibleTo ("Friend")]

Ecnu gpyxecTBeHHas cOopka MMeeT CTpoOroe MMs, Toria norpebyer-
cAl yKasatb ee nonbiil 160-6ai1TOBbBINM OTKPBITHIN Kio4. VI3Bneub 3TOT
K/II0Y MO>KHO C noMolplo 3anpoca LINQ — B 6ecninaTtHoit 6ubnno-
Teke npumepoB LINQPad mns rnaBbl 3 kuuru C# 8.0. CnpasouHux.
IonHoe onucanue A3vika NpeanaraeTcsA MHTEPAKTUBHbBIN MpUMep.

YcTraHoBneHue BepxHero npeaena AOCTYNHOCTH

Tun ycraHaBnMBaeT BepXHUit pefen JOCTYMHOCTM 06bABNIEHHBIX
B HeM useHoB. Hanbonee pacnpocTpaHeHHBIM TPUMEPOM TAKOrO yc-
TaHOBJIEHMA AB/AETCA CUTyaluA, KOrjga ecTb TN internal c uneHa-
Mu public. Hanpumep:

class C { public void Foo() {} }

CraHfapTHasA JOCTYynHOCTb internal knacca C ycTaHaBIMBa-
€T BepXHMI npejieN JOCTYNHOCTI MeTofia Foo (), no CyliecTBy aenas
Foo () BHYTpeHHMM. PacnpocTpaHeHHas NpuuMHa MOMETKM Foo ()
KakK public cBasaHa ¢ obneruyeHneM pepaKkTOpUHra, eCny Mo3sxe Oy-
JeT pelleHO UM3MEHUTb JOCTynHOCTh C Ha public.
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UnTepdeiicnb

M rmepgeric NoXox Ha Knacc, Ho obecrieunBaet Jjisi CBOMX YIEHOB
TONMBbKO crieluduKaLmio, a He peanusauuio (XOTs HauMHas C Bepcuu
C# 8.0, unrepdeiic crocobeH MpefoCcTaBIATb CMAHOAPMHYIO peau-
3anuio; cM. pasgen ‘CrangaprHble MetTonbl uHTepdeitcos (C# 8)” Ha
cTp. 112). VinTepdeitc obnanaer cnenyolmmmu oco6eHHOCTAMM.

® Bce umeHbl unrtepdeiica SBISIOTCA HeABHO AOCMPAKMHbIMU.
B mpOTMBOMNONOXHOCTb 3TOMY K/TacC MOXKET NMpefoCTaBAATh Kak
abCTpaKTHBIE YIEHBI, TaK M KOHKpETHbIE WIEHBI C peaTu3aLmsaMu.

e Knacc (MMM CTPYKTypa) MOXET peanu3oBbIBATb MHOMECMEO
nHTepdeitco. B oTmume oT 3TOrO Knacc MoXeT ObITh yHace-
IOBaH TOMBKO OT 00HO20 KJacca, a CTPyKTypa Booblie He MOof-
Lep>XMBaeT HaclnefoBaHMe (3a UCK/IIOYEHUEM MTOPOXKAEHUSA OT
System.ValueType).

O6DbaBneHne uHTepdeiica Moxoxe Ha 06bsABNEHME KIacca, HO HU-
KaKoJ1 peanusaliuy A/ ero YieHoB He NpeJoCTaB/AeTCs, IOTOMY YTO
BCe wieHbl uHTepdeiica HessBHO abcTpakTHble. Takue uneHsl O6ynyT
peanusoBaHbl KAaccaMyu U CTPYKTypaMy, peanu3yoLUMU JaHHbI
uHTepdeitc. VIHTepdeitc MOXeT COfepKaTh TONBKO METOMbI, CBOJC-
TBa, COOBITUA U MHEKCATOPBI, YTO COBEpLIEHHO HeCMy4aifHO B TOY-
HOCTM COOTBETCTBYET WIeHaM K/lacca, KOTopble MOryT ObITb abcTpak-
THBIMMU.

Huxe nokasaHa ynpolieHHas Bepcus uHrepdeiica IEnumerator,
OIpeNeNIeHHOro B MPOCTpaHCTBe MMeH System.Collections:

public interface IEnumerator

{
bool MoveNext () ;
object Current { get; }
void Reset();

}

Unens! nHTepdeiica Bcerga HestBHO ABNAKTCA public, u mns HuX
Hesnb3si 06BABNATH Kakue-nmnbo Moaudukatopsl foctymna. Peanusauns
nHTepdelica 03HaYaeT NMpefoCTaBleHye peanusauuu public mis
BCEX €ro Y/IEHOB:

internal class Countdown : IEnumerator

{

nt count = 6;
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public bool MoveNext () => count-- > 0 ;
public object Current => count;
public void Reset () => count = 6;

}

O6DBeKT MOXHO HeABHO MPUBOAUTDH K N1060MY MHTepdeiicy, Ko-
TOPbIJi OH peanusyer:

IEnumerator e = new Countdown();
while (e.MoveNext ())
Console.Write (e.Current + " "); // 543210

Pacwupenue untepdenica

VHuTepdeitcbl MOTYT ObITb MPOM3BOAHBIMU OT APYrUX MHTepdeit-
coB. Hanpumep:

public interface IUndoable { void Undo () ;

}
public interface IRedoable : IUndoable { void Redo(); }
Nurepdeiic IRedoable “Hacnenyer” Bce wieHbl MHTepdelica
IUndoable.

flBHaA peanu3saumna uneHoB UHTepdenca

Peanusaumus MHOXecTBa MHTepdeiicoB MHOrAa MOXeT NPUBOAUTD
K KOHQJIMKTY MeXJy CUTHATypaMy YIEHOB. YCTPaHUTb Takue KOHIMK-
ThI MOXKHO 3a CUeT 58HOU peanusayuu 4ieHa uHrepoeitca. Hampumep:

interface Il { void Foo(); }
interface I2 { int Foo(); }
public class Widget : Il, I2
{

public void Foo() // HesApHas peanusaums
{
Console.Write ("Peanuzauus Il1.Foo () m3 Widget");

}

int I2.Foo() // flBHas peammsauusa Meroma I2.Foo
{
Console.Write ("Peammsaumsa I2.Foo () u3 Widget");
return 42;

1
}

[Tockonbky uuTepdeiicel I1 M 12 UMeIOT KOHPIMKTYIOLME CUTHA-
Typbl Foo (), knacc Widget sIBHO peanusyeT MeTOA FOO () MHTep-
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deiica I2. Takoit npueM no3BONSAET STUM IBYM METOMAM COCYILECTBOBaTh
B OIHOM Kiacce. ENMHCTBEHHBIN croco6 BbI30Ba sBHO pean30BaHHOrO
MeTofa NpefycMaTpMBaeT NpyUBeeHMe K ero uHTepdericy:

Widget w = new Widget () ;

w.Foo () ; // Peamuzauusa Il.Foo() u3 Widget
((I1)w) .Foo(); // Peammszaumsa Il.Foo() u3 Widget
((I2)w).Foo(); // Peamuzsauusa I2.Foo() u3 Widget

Elle omHOI NpuuMHOI sBHOM peanusalimyu 4YieHOB MHTepdeiica
MOXET OBbITh HEOOXOAMMOCTb COKPBITHUS WIEHOB, KOTOpbIE ABIAIOTCSA
y3KOCMNeLManu3MpOBaHHbBIMU M HapyLIAIOLWMMMY HOPMaJbHBIN clie-
Hapuit ucronb3oBaHuA Tuna. Hanpumep, Tum, KOTOpblit peannsyer
ISerializable, o6pr4HO OymeT M3beraThb AeMOHCTpPALIMM UIEHOB
ISerializable, ecnyu TONMbKO He OCYLIECTBAAETCA ABHOE NPUBENie-
HJE K YIOMSHYTOMY MHTepdelicy.

Peanu3auusa BUpTYanbHbIX YneHoB UHTepdeiica

HesiBHO peanu3oBaHHBI WIeH MHTepdeiica 0 YMOTYaHMIO SABJIAET-
cs 3arneyaTaHHbIM. UTOObI €ro MOXKHO OBUIO IepeonpefenuTh, OH A0-
KeH ObITb ToMeyeH B 6a30BOM Kiacce Kak virtual mmm abstract:
obpallleHne k 3TOMY 4leHy uHTepdeiica yepe3 6a30Bblif kaacc 1160
MHTepdeiic NPMBOAUT K BBI30OBY €r0 peanusaliny 13 MOAKIIacca.

SIBHO peanu30BaHHBI WieH MHTepdelica He MOXeT ObITh TOMeYeH
Kak virtual, paBHO Kak M He MOXeT ObITb NepeonpefeneH oObIY-
HbIM 06pa3oM. TeM He MeHee, OH MOXET ObITb Peanu308aH NOBMOPHO.

NoBTopHaa peanu3auna yneHa untepdeiica
B noAKnacce

[Topkmacc MOXeT n0B8MOPHO peanu3osamy M0O0N YIeH MHTEp-
derlica, KOTOpBHIT yXKe peann3oBaH 6a30BbIM kiaccoM. I[loBTopHas
peanusalius NepexBaTblBaeT peanuaalyio wieHa (Ipy BbI30OBe yepes
uHTepdeiic) u paboTaeT BHe 3aBUCUMOCTY OT TOTO, SIBJISIETCS TN YIeH
BUPTYa/bHbIM B 6a30BOM Kilacce.

B mokasanHoM Hmke npumepe Text BOx ABHO peannsy-
er IUndoable.Undo (), Mo3TOMYy [JaHHbI! METOA HE MOXET
6bITb MoMedeH kak virtual. UTo6bl “nepeonpemenuTs’ ero, Kmacc
RichTextBox [JO/MXeH NOBTOPHO peanu3oBaTh MeTod Undo () MH-
Tepoeitca IUndoable:
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public interface IUndoable { void Undo(); }

public class TextBox : IUndoable
{
void IUndoable.Undo ()
=> Console.WriteLine ("TextBox.Undo()");
}
public class RichTextBox : TextBox, IUndoable
{

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

1
|3

O6palieHne K MOBTOPHO peanyu30BaHHOMY METOAY 4Yepe3 MHTep-
(bei{c MPUBOAUT K BbISOBY €ro peanusalyuy 13 Moakmacca:
RichTextBox r = new RichTextBox();

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

B manHOM cny4ae mMeTton Undo () peanusoBaH ABHO. HesABHO pe-
a/IN30BaHHbIE YIEHDbI TAK)KE€ MOTYT 6bITh ITOBTOPHO p€ajin3oBaHbl, HO
scbq)eKT He AB/IAETCA BCEMPOHUKAIOLIMUM, T.K. o6pamex—me K 4JIeHYy Ye-

pe3 6a30BbIt KJTacC MPUBOAUT K BbI30BY 6a30BOI peanusalym.

CraHpapTHble meToAbl MHTepdeicoB (Ci 8)

B Bepcuu C# 8 k uneny nnrepdeiica MOXXHO 06aB/IATb CTAHAAPT-
HYIO peanu3aluio, Aenas ero Heo6A3aTeNbHbIM A peanu3aLnm:

interface ILogger

{

void Log (string text) => Console.WriteLine (text);
}

Takas BO3MOXXHOCTb [1071€3Ha, KOTZla He06X0AMMO NOOABUTb 4/leH
K MHTepdeiicy, OnpefeNeHHOMY B KaKO-TO NOMYIApHOit 61baMoTeKe,
HO He HapyIuTb paboTy (MOTEHLMANbHO THICAY) peann3saLuit.

CraHzapTHble peanu3alyy BCeraa ABAITCA ABHbIMM, TaK 4TO
ecny B Kiacce, peanuaywieM ILogger, OTCYTCTBYET ONpefeneHme
MeTofa Log (), TO BbI3BATb €ro MOMYYMUTCHA TONBKO OZHUM CIIOCO-
6oM — yepes uHTepdeic:

class Logger : ILogger { }

( (ILoggerx) new Logger()) .Log ("coobweHue") ;
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STo0 npepnoTBpallaeT NpobeMy HacnegoBaHMA MHOXKECTBA peany-
3aLMil: €C/IM TOT )K€ CaMblit CTAHZAPTHBIN WieH 6b1 gobaBieH B gBa
uHTepdelica, KOTOpble peanusyeT Kacc, TO HEOGHO3HAYHOCTb OTHO-
CUTENIbHO TOTO, KaKOil YJIeH BbI3bIBAETCA, HUKOTMIA He BO3HUKHET.

Tenepb B uHTepGeiicax MOXHO ONpefeNsATh TaKXKe U CTaTUYecKue
ueHbl (BK/I0Yass NO/s), JOCTYN K KOTOPbIM OCYILECTBISAETCA U3 KOfia
BHYTPM CTaHJApPTHBIX peanusaLuit:

interface ILogger

{
void Log (string text) =>

Console.Writeline (Prefix + text);
static string Prefix = "";

H

[TockonbKy uneHbl MHTEpECOB HEABHO OTKPBITHI, M07y4aThb H0-
CTYIl K CTAaTMYECKMM YIeHaM MOXKHO TaK)XKe CHapyxXiu:

ILogger.Prefix = "XypHanbHet dami: ";

Mo>xHO BBeCTM orpaHMYeHMe, JOOaBUB K CTaTUYECKOMY YIEHY MH-
tepdeitca mogudukarop gocryna (Takoit kak private, protected
unu internal).

ITons ak3eMnnsApoB (MO-MpeXHeMY) 3alpelleHbl, YTO COOTBETC-
TBYeT IPUHLUMITY MHTepelicoB, MpefycMaTpMUBaIOILieMy ONpeae/neHe
UMM 108e0eHUS, HO He COCIMOAHUA.

fMepeuncnenus

[lepeuncnenne — 3TO CneUManbHbI TUII 3HAYEHUA, KOTOPBI
M03BOJAET YKa3blBaTbh IPYINIy MMEHOBAHHBIX YMC/IOBbIX KOHCTAHT.
Hanpumep:

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

JlaHHOe mepeuncnenre MOXXHO MPUMEHATDb CNeAYIoLMM 06pa3oM:

BorderSide topSide = BorderSide.Top;

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

Ka>kpblit uneH nepeuncineHns MMeeT jexalllee B €ro OCHOBE 11e/0-
4yucneHHoe 3HaueHue. [lo yMonuaHuio nexalime B OCHOBE 3HAYEHMUA
OTHOCATCA K TUMY 1nt, a WwieHaM nepeyncieHyns NpUCcBauBalOTCA KOH-
cranThl 0, 1, 2... (B mopanke ux obpABneHns). MoxXxHO ykasaTb Apyroit
LIeJTOYMCTIEHHDII TUIT:

public enum BorderSide : byte { Left,Right, Top,Bottom }
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Ins xaxxgoro 4ysneHa nepeyncneHnna MO>XXHO TaK>XXe yKa3bIBaTb AB-
HbI€ Ne>XXal(ye B OCHOBE 3HAYEHUA:

public enum BorderSide : byte
{ Left=1, Right=2, Top=10, Bottom=11l }

BJIO6aBOK KOMIINIATOP NMO3BONAET ABHO NpUCBaMBAaTb 3HAYE€HUA
onpebe/zeHHmM YJ1€HaM NepeYNCIeHNA. q}IeHbI, 3Ha4Y€HUA KOTOPbIM HE
6b111 [IpUCBOEHDI, MONMY4YalOT 3HAYE€HMA Ha OCHOBE MHKPEMEHTUPOBA-
HUA MOC/IEAHETO ABHO YKa3aHHOro 3Ha4€HUA. Hpeubmymwﬁ npuMmep
9KBUBAJ/IEHTEH CNEAYIOLIEMY KOAY:

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

Npeo6pa3opanna nepeuncneHmi

OK3eMn/Ap MepedncieHnsa MOXeT 6bITh npeo6pa30BaH B U U3
JIeXKalllero B OCHOBE L[€/TOUYMC/IEHHOIO 3HAYeHMUA C [TOMOLbIO ABHOTO
NpUBENEHUA:

int i = (int) BorderSide.Left;

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

OmVH TMIN nepevyncnennsa MOXKHO TaKKe ABHO NPUBOIUTD K JPYrOMY;
NPy TPaAHCIALMY MEXY TUIIAMM [lepedMuC/IEH NI UCTIONb3YIOTCA /IeXa-
1[Me B MX OCHOBE Lie/IOUMC/IEHHbIE 3HAYEHMA.

Uncnosoit nutepan O TpakTyeTcss 0cO6bIM 06pPa3oM B TOM CMBICTIE,
4TO He TpebyeT ABHOroO NpUBEAeHUS:

BorderSide b = 0; // lpuBeneHue He TpebyeTcs
if (b == 0)

B manHOM npumepe BorderSide He MMeeT YNE€HOB C LieTOYMC-
NeHHbIM 3HayeHyueM 0. ITO BOBce He MPUMBOIUT K OlIMOKe: OrpaHu-
YyeHye MepeuncieHynit cBA3aHo ¢ TeM, YyTo kommunATop u cpega CLR
He MPeNATCTBYIOT IPUCBAMBAHMIO LiETIbIX YMCEN, 3HAYE€HUA KOTOPhIX
BBIXOJAT 3a MpefeNnbl AMana3oHa 4Y/IeHOB:

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

Nepeuncnenus pnaros

YneHbl MepeuyyucneHnit MOKHO koMOuHupoBaTb. UTO6BI Npeno-
TBPaTUTb HEOJHO3HAYHOCTH, YIeHBl KOMOMHUPYEMOTO MepeuncneHnsa
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Tpe6ymT SABHOTO NMpPUCBaMBaHMs 3HaYeHUIt, OOBIYHO ABMAIOLIUXCA
cTeneHblo ABOVMKMU. Hanpumep:
[Flags]
public enum BorderSides
{ None=0, Left=1, Right=2, Top=4, Bottom=8 }

[To cornaueHnio TUIY KOMOYHUPYEMOTO NEPEYMCIeHNA Ha3Hauaer-
A MM BO MHOXKECTBEHHOM, a He €IMHCTBEHHOM uucre. [1nsa paboTsl co
3HaueHUAMY KOMOMHMPYEMOTO NEPeUNC/IEHNA MPUMEHAIOTCA NoOUTOBbIE
onepauuy, Takve Kak | ¥ & OHM [€MCTBYIOT Ha /eXaluX B OCHOBE
LIE/TOUMC/IEHHBIX 3HaYEHUAX:

BorderSides leftRight =
BorderSides.Left | BorderSides.Right;

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

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

s |= BorderSides.Right;

Console.WritelLine (s == leftRight); // True

K tunaM koMOMHMpYEMBIX NepednucieHnit NOMKeH OBITh NpuMe-
HeH aTpubyT Flags, uHaue BbI3oB ToString () Ha sk3eMmispe me-
peducienyss BO3BPaTUT YMUCIIO, a He MOCTeNOBaTENbHOCTb MMEH.

Ina yno6cTBa uneHbl KOMOMHAaLMit MOTYT OBITb MOMELIEHBI B
caMo OO'bAB/IEHUE TIEPEYNCTIEHUS:

[Flags] public enum BorderSides

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

Onepauuu HaA nepevyncneHnamu
Huxe ykasaHbl omepanum, KOTOpble MOTYT paboTaThb ¢ Mmepeunc-
NeHUAMM:

= oom= = € P &= = & oz T & | =
4= -= ++ = sizeof
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[TobuToBbIe, apudMeTHyeckye 1 onepanuy CpaBHEHM BO3Bpallla-
10T pe3ynbraT 06paboTKM Nexallyux B OCHOBE LIeJIOYMCTIEHHBIX 3Ha-
gyeHuit. CloxKeHye paspelleHo I/ MepeunucieHns U Lel04YMCIeHHOro
TUIA, HO He J/S BYX IepeuncieHuit.

BnoxeHHble Tunbl

Broxennviti mun o6bABNAETCA BHYTPU 0OaCTU BUIMMOCTH [PYro-
ro tuna. Hanpumep:

public class TopLevel
{

public class Nested { } // BJIOXEeHHBI KJacc
public enum Color { Red, Blue, Tan } // BrnoxeHHoe
// NepeunciieHue

1
Brno>xeHHbIi THIT 06nanaeT CNEeNYIOIINMMN XapaKTEPUCTUKAMN.

¢ OH MOXeT MOoNyyaTb JOCTYM K 3aKpbIThIM YlI€HaM BKJIIOYa-
IOLLLEr0 TMUIIA M KO BCEMY OCTAa/lIbHOMY, K UeMy MMeeT AOCTYI
BKJTIOYAKOI[ U TUIL

® OH MoxeT 6bITb 06bABJIEH C NONHBIM AMaNa3oHOM Moxudmka-
TOpPOB [OCTYMa, a He TONbKO public n internal.

¢ CTaHIapTHO JOCTYNHOCTbIO BJIOXKEHHOIO TUMA ABAETCA
private, a He internal.

e JloCTyN K BIIO>KEHHOMY TUITY M3BHe TpebyeT yKasaHMA MMEHU
BKJIIOYalollero Tina (kak npy obpallleHuy K CTaTU4ecKuM ure-
HaM).

Hanpumep, ana poctyna k ureny Color.Red u3BHe Kiacca
TopLevel He06XOmMMO 3anMcaTh Tak:

TopLevel.Color color = TopLevel.Color.Red;

Bce tumnst MOTYT 6bITH B/IOXKE€HHBIMHU, HO cobepmamb BJIOJKEHHDbIE
THUIbI MOT'YT TOJIbKO K/IacCbhl M CTPYKTYPbL.

0606wWweHua

B C# uMeroTca oBa OTHENbHbIX MeXaHM3Ma [I/IS HalMCaHUA KOJa,
MHOTOKPAaTHO MCIO/Mb3yeMOro pasnuYHbIMMU TUIIAMU: HACIE008aHUE
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n 0606ujeHus. B To BpeMsa KaK HaclefOBaHMe BbIpa)kaeT MOBTOPHOe
MCIIONb30BaHMe ¢ NOMOLIbI0 6a30BOro Tma, 06061eHN eNalT 3TO
M0CpefCcTBOM “IabnoHa”, KOTOPbIA CONEPXKUT “TUMbI-3aMONHUTENN .
O60611eHA B CpaBHEHMM C HacleJOBaHMEM MOTYT ygenuuusams be-
30MAcHOCMy MuNos, a TaKXKe COKPauyamp Koau4ecmeo npusederuti u
YNAaKosox.

0606w eHHbIE TUMDI

Ob6o6ujeHnbLil mun 06bABNAET napamempsl Mmuna — TUIIBI-3a-
TIOJTHUTENY, NIpeflHa3HauYeHHble /1A 3aMellleHus noTpeburenem 0606-
ILIEHHOTO TUIA, KOTOpbIil NpeAoCcTaBnAeT apeymenms muna. Huxe
nokasaH 06061eHHbIT TMO Stack<T>, mpefHa3HauYeHHDbI [ pea-
nM3aluM CTeka 9K3eMmnsApoB Tuna T. B Stack<T> o6bABNeH eqnHC-
TBEHHbI NapaMeTp Tuna T:

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

TpuMeHATb Stack<T> MOXHO CleAyoluM 06pa3om:

var stack = new Stack<int>();

stack.Push (5);

stack.Push (10);

int x = stack.Pop(); // x mMmeer 3Hauerue 10
int y = stack.Pop(); // y umeer 3HaueHue 5

HA 3AMETKY!

O6paTuTe BHMMaHMe, YTO B IIOC/NETHMX ABYX CTpPOKaX Koaa
npuBefieHMe BHU3 He TpebyeTcsa. DTo mosBonseT usbexarb
BO3MOXKHOI OIIMOKM BO BpeMs BBINONHEHMUS M YCTpaHseT
HeNpoM3BOAMTENbHbIE 3aTPaThl Ha YNaKOBKY/paclaKOBKY.
B pesynbrate Hall 06001eHHBI CTEK MONYYaeT IIpeuMyLLec-
TBO HajJl HeOOOOLIEHHBIM CTEKOM, B KOTOPOM Ha MecTe T McC-
nonb3yeTcst TMn obj ect (mpumep npuBefeH B paspene “Tun
object” Ha cTp. 100).
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Knacc Stack<int> saMemaer napamerp tMma T apryMeHTOM
TMna int, HeABHO cO3JaBas TUI Ha 7eTy (CUHTE3 MPOUCXONUT BO
BpeMsA BbimonHeHus). Paktuueckn Stack<int> MMeeT MmokasaHHOe
HUOKe onpejieneHye (MIOACTaHOBKY BbIe/EHb TOMY>KMPHbIM, @ BO U3-
6e>xaHMe ITyTaHMLBI BMECTO MMeHM Kacca yKasaHo ###):

public class ###
{
int position;
int[] data = new int[100];

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

}

®opmanpHO Mbl TOBOPUM, uTo Stack<T> — 3T0 omkpuimutii

(open) mun, a Stack<int> — 3akpwoimuiil (closed) mun. Bo Bpemst
BBINOJIHEHUsT BCe 3K3eMIIApbl 0O0OIIEHHBIX TUNOB 3aKpbIBAIOTCS — C
3aMellleHMeM UX TUIIOB-3aOMHUTENIEN.

0606w eHHbIe MeToAbI

O606uerHbIti memo0 0OBBIAET MapaMeTphbl TUIA BHYTPU CUTHA-
Typbl Metoga. C moMolbio 060611 eHHbIX METOOB MHOTHE QyHIaMeH-
TasbHble aITOPUTMbI MOTYT OBITb peanu30BaHbl eJUHCTBEHHBIM YHMU-
BepcanbHbIM crioco6oM. Hinke nokasan 0600611eHHbI METOT, KOTOPbIit
MeHsIeT MeCTaMy COTep)KUMOe JBYX MlepeMeHHbIX noboro tumna T:

static void Swap<T> (ref T a, ref T b)

{
T temp = a; a = b; b = temp;
1

Mertop Swap<T> MOXHO NPUMEHSTb CTERYIOMM 06pasoM:

int x =5, y =10;

Swap (ref x, refy);

Kax mpaBuso, npefocTaBisiTh apryMeHTbl THUIA 060611eHHOMY
METOAY HET HYXIbI, TOCKO/TIbKY KOMIIUIATOP crocobeH HeSABHO BbI-
BeCcTU TUM. Ecnu MMeeTca HEOTHO3HAYHOCTb, TO O606LI.I€HHbI€ METO-
IbI MOTYT OBITb BbI3BaHbI C apryMeHTaMy TUIIA:

Swap<int> (ref x, ref y);

BHyTpu obob1iieHHOrO muna MeTOR He paccMaTpMBaeTCs Kak
06006111eHHBIIT IO TeX MOp, TOKa OH CaM He 88edem MapaMeTpbl TUIMA
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(mocpencTBOM CUMHTaKCMCa C YIloBbIMM ckobkamu). Meron Pop () B
HallleM 000011eHHOM CTeKe MPOCTO MOTPeO/IseT CYLIEeCTBYIOMI Ma-
paMeTp tuna T M He Knaccubuumpyercsi Kak 06061eHHBII.

MerTopbl ¥ TUIMbI — €IMHCTBEHHBIE KOHCTPYKLIMY, B KOTOPBIX MO-
IyT BBOAMTHCS MapaMeTpbl TyNa. CBONCTBA, MHAEKCATOPbI, COOBITHS,
T0J151, KOHCTPYKTOPBI, OTlepaliMy 1 T.4. He MOTYT OObSIB/IATH MapaMeT-
PbI TUITA, XOTsI CIIOCOOHBI N10/1b30BAThCs M0OBIMY [TapaMeTpaMy THUIIA,
KOTOPpbIE yXe 0ObsIBIEHbI BO BK/IIOYaMOLeM TUle. B mpumepe ¢ 0606-
LIEHHBIM CTEKOM MO>HO ObI70 OBl HamycaTh MHAEKCATOP, KOTOPBI
BO3BpallaeT 0000LIEeHHbIN 3/IEMEHT:

public T this [int index] { get { return data{index]; } }

AHa/IOrMYHO KOHCTPYKTOPBI TaK>Ke MOT'YT I0/1b30BaTbhCs CyLIECTBY-
IOLMMY TTapaMeTpaMy TUIIA, HO He 8600umb UX.

06bABneHue napameTpos TUNA

[TapaMmeTpbl TuMa MOryT GbITb BBefjeHbl B OO'bSABIEHMSX KIlac-
COB, CTPYKTYp, UHTepbeitcoB, generatoB (cM. pasgen “Ileneratsl” Ha
cTp. 125) u MeTOfOB. MOXHO yKa3blBaTb MHOXECTBO IapaMeTpOB
TUIA, pasfesnsist UX 3alAThIMU:

class Dictionary<TKey, TValue> {...}

Bor kak co3maTtb ero sk3emmnasp:
var myDict = new Dictionary<int,string>();

VMeHa 060011[€HHBIX TUIIOB ¥ METOLOB MOTYT ObITb I€perpy KeHbl
Ipyu yCl10BUM, YTO KOJIMYECTBO TMapaME€TpOB TUIIA Yy HUX OT/INYAETCA.
Hanpumep, nokasaHHble HUXKE TPU MMEHU TUIIOB He KOHPIUKTYIOT
OPYT C OPYyTrOM:

class A {}

class A<T> {}
class A<T1,T2> {}

HA 3AMETKY!

[To cornalenuio 060061IEHHbIE TUIIBI M METOAbI C €OUHCIBEH-
Hbim TIapaMeTPOM TUMa OOBIYHO MMEHYIOT ero kak T, eciu
Ha3HayeHMe MapaMeTpa OYeBUAHO. B clyvae Heckonvkux ma-
paMeTpOB TUIIA Ka>K/Ibli TaKoi MapaMeTp uMmeeT 6osee omnmca-
TenbHOe UMs (¢ npedukcom T).
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Onepauusa typeof u HecBA3aHHbIe
0606L1eHHbIe TUMDI

Bo BpeMs BbINONHEHMs OTKPBITHIX 000OIEHHBIX TUIIOB He CY-
IeCTBYeT: OHM 3aKpbIBAKTCA Ha 3Tane koMmuasauuyu. OZHaKO BO
BpeMs BbINOJIHEHUST BO3MOXKHO CYLIeCTBOBaHUE Hec8A3aHH020 (un-
bound) o6061ieHHOr0 THMa — UCK/IIOYUTENBHO Kak o6bekTa Type.
EnmHcTBEHHBIM croco60M yKasaHUA HecBA3aHHOro 06061IeHHOro
tuna B C# ABnAeTCA NpuMeHeHMe onepauun typeof:

class A<T> (}
class A<T1,T2> {)

Type al = typeof (A<>); // HecBs3aHHEN! TUIM
Type a2 = typeof (AL,>); // Yka3aHue IOBYX apryMeHTOB Tua
Console.Write {a2.GetGenericArguments().Count()); // 2

Onepaumo typeof MO>XHO TaK>Ke€ MCIIO0/Ib30BaTb A/ yKa3aHUA
3aKpbITOrO THUMaA:

Type a3 = typeof (A<int,int>);
UM OTKPBITOrO TMMHA (KOTOPBI 3aKpOETCA BO BpeMs BbIMOTHEHMUA):

class B<T> { void X() { Type t = typeof (T); } }

(taHaapTHOe 0606LeHHOe 3HaYeHue

KnwoueBoe cnoBo default MoxxeT NMpUMeHATbCA 1A MOJNY-
YeHMA CTAHOApPTHOro 3HaueHUA 0600IIeHHOro MmapaMmeTpa THUIIA.
CraHJapTHBIM 3HaueHMeM IJISl CChIJIOUHOTrO THIa ABasgeTcA null, a
AJIA TUINA 3HaYeHMsA — pe3yNbTaT nobUTOBOro O6HY/IEHUA MOJet B 3TOM
TUIIE:

static void Zap<T> (T[] array)
{
for (int i = 0; i < array.Length; i++)
array[i] = default(T) ;
}

Haunnasa ¢ Bepcun C# 7.1, apryMeHT TUIIa MOXXHO He yKa3blBaTb
B Cly4asAX, KOrga KOMIMUIATOP CMocobeH ero BBIBECTM CaMOCTOSA-
Te/IbHO!

array[i] = default;
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Orpannuenuns o6o6wenui

[lo yMonyaHuIO mapamMeTp TUIA MOXeT OGBbITh 3aMellleH MOObIM TH-
noM. Ytobbl 3aTpeboBaTh Gonee crelnduuHble apryMeHTbl TUMA, K Na-
paMeTpy TUIa MOXXHO NPUMEHUTb 0zpaHuyenus. CyLiecTBYIOT BOCEMb
BUIOB OTpaHMYeHMIt:

where T : 6asosrsi-kytacc // OrpaHuueHme 6as30BOTO KJacca

where T : mHTepdesic // OrpaHuueHmue mHTepbderca
where T : class // OrpaHMuyeHue CCELIOYHOTO Tumna
where T : class? // (CM. paszmen "CCBLIOUHBIE TUIIHI,

// nmomnyckawupie 3HauyeHue null (C# 8)".)
where T : struct // OrpaHuuyeHMe Tuna sHadeHud
where T : unmanaged // OrpaHuueHue HeynpaBJIAEMOT'O THMa
where T : new() // OrpaHuueHyue KOHCTPYKTOPA

// ©e3 napaMerpos

where U : T // HenpmkpEITOE OTpaHudYeHye Tuna

B cnenywouem npumepe GenericClass<T, U> TpebyeT, 4T06bI
tun T 6bI1 MPOM3BOAHBIM OT Knacca SomeClass (Mayu MEEeHTHUEH
emy) 1 peanusoBan uHTepdeitc Interfacel, a tun U npefocTaBisn
KOHCTPYKTOp 6€3 MmapaMeTpoB:

class SomeClass {}
interface Interfacel {}

class GenericClass<T,U> where T : SomeClass, Interfacel
where U : new()

i .l M

OrpaHu4eHuss MOTYT NIPUMEHATbCA Be3Jle, [Mle ONpefie/leHbl Napa-
MeTpbl TUIA, KaK B MeTO/laX, TaK M B OMNpe/ieIeHUAX TUIIOB.

Ozpanuyenue 6a308020 Knacca ykasblBaeT, YTO MapameTp THUIA
[O/MKeH ObITh MOAKIACCOM 3alaHHOrO Kacca (111 COBMAfATh C HUM );
oepaxuyerue uxmepdgeiica ykasplBaeT, YTO MapaMeTp THUIA JO/DKEH
peanu3oBbIBaTh faHHBIM MHTepdelic. Takue orpaHnyeHus MO3BONA-
I0T 3K3eMIIApaM MapaMeTpa TUIa ObITb HeABHO MpeobpasyeMbIMU B
3TOT KJ1acC MMM MHTepdeiic.

Oz¢panunenue class u ozpanuvenue struct ykasblBawoT, 4To T f071-
KeH OBbITh CCBIIOYHBIM THIIOM MM TUIIOM 3HadeHus (He JOMYCKAIOLUM
null). Ozpanuyenue unmanaged sABseTcs bonee CUMbHON Bepcueit
orpaHudenusa struct: Tun T fo/mkeH ObITh MPOCTBIM TUIIOM 3Hadye-
HMA UMU CTPYKTYPOIt, KoTopas (peKypcMBHO) He MMeeT CChITTOYHBIX
tinoB. Oepanuyenue kKoHcmpykmopa 6e3 napamempos TpebyeT, YTO-
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6b1 TMIT T MMeN OTKPBITHI KOHCTPYKTOp 63 mapaMeTpOB 1 MO3BONAN
BbI3bIBATD ONepaluio new Ha T:

static void Initialize<T> (T[] array) where T : new()
{
for (int 1 = 0; i < array.Length; i++)
array[i] = new T() ;

}

Henpukpeimoe oepanuvenue muna tpebyeT, 4ToObl OAMH Mapa-
MeTp Tuna 6blUI NPOM3BOAHBIM OT APYroro napamerpa Tuma (Man
COBMafiazl C HUM).

Co3aaHue noaKnaccos AnA 06061eHHbIX TUNOB

ITogknaccol gns 0606].1.[61-1!-{0[‘0 Kjacca MOXHO CO3aBaTb TOYHO
TaK >Ke, KaK B Cj1ydae H€0606H.[€HHOFO K1acca. HOI[K}'IGCC MOXET OC-
TaBJIATDb [TapaMeTPpbl TUIIA 6asoBoro kmacca OTKPpbITbIMY, KaK ITOKa3a-
HO B C/IEAYIOLEM NIPpUMEPE:

class Stack<T> {a.]
class SpecialStack<T> : Stack<T> {...}

JInbo xe MOAK/IAaCC MOXXET 3aKpbITb IMMapaMeETPbI 0606].1_[6HHOI‘O
TUIa NMoCpeacTBOM KOHKPETHOTO TUIIa:

class IntStack : Stack<int> (...}

[Tomkmacc MOXXET Tak>ke BBOLUTb HOBbIE ApryMeHTbI TUla:

class List<T> {...}
class KeyedList<T,TRey> : List<T> {...}

Camoccbinaowuecs 06bABNeHNA 0606weHu

Tun moxer YKa3bIBaTb camozo ce6s1 B KayeCTBe KOHKpE€THOro Tula
[Ipy 3aKpbITUM apryMEHTA THUIIA:

public interface IEquatable<T> { bool Equals (T obj); }

public class Balloon : IEquatable<Balloon>
{
public bool Equals (Balloon b) { ... }

}
Crenyowmit KoJ Takxe JOMYCTUM:

class Foo<T> where T : IComparable<T> { ... }
class Bar<T> where T : Bar<T> £ owws 3
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(TaTuyecKue AaHHbIe

CraTtuueckue [aHHbI€ ABIAKTCA YHUKAJTbHbIMU [JIS KaOXKIOro 3a-
KpBITOTO THUIIA:

class Bob<T> { public static int Count; }

Console.WritelLine (++Bob<int>.Count) ; AL 2
Console.WriteLine (++Bob<int>.Count) ; Al 2
Console.WriteLine (++Bob<string>.Count); L
Console.WriteLine (++Bob<object>.Count); A
KoBapuaHTHOCTb
HA 3AMETKY!

KoBapuaHTHOCTb U KOHTPaBapUAHTHOCTb — C/IOXKHblE KOH-
uenuuu. MoTuBauus, nexallas B OCHOBE UX BBEIEHMUSA B A3BIK
C#, 3aknmoyanach B TOM, YTOObI TO3BONUTh 0600 1IEHHBIM UH-
Tepdericam u 06061eHMAM (B YaCTHOCTHM, OMpee/eHHbIM B
NET, rakum kak IEnumerable<T>) paboratb 6onee npeo-
ckasyembim 00pa3om. Bbl MOXkeTe M3B/Iedb BITOAY U3 KOBapu-
AHTHOCTM U KOHTPAaBapUaHTHOCTH, [jaxke 0c060 He BHMKAsA BO
BCe X eTalHu.

[Tpepnonaras, 4To TUIT A MOXeT 6bITh MpeobpasoBaH B B, Tum X
MMeeT KOBapMaHTHBIN MapaMeTp TUIA, ey X<A> MOoAmaeTcs mpeob-
pasoBaHUIO B X<B>.

(CornacHo noHsTHIO BapuaHTHOCTH B C#, “mofnaetcs npeobpaso-
BaHMI0” O3HaYaeT BO3MOXXHOCTb Mpeobpa3oBaHus uepe3 Hes8HOe CCbi-
7104HOe npeobpasosarue — TaKoe Kak A AB/AMCS NOOKAACCOM B Umu
A peanusyem B. Ciofia He BXOLAT YUC/IOBble MpeobpasoBaHus, ymako-
BbIBaOLMe Npeobpa3oBaHu U clelnaabHble NpeobpasoBaHms.)

Hanpumep, tun IFOO<T> MMeeT KOBapMaHTHbIN Tunm T, ecnu
CNIpaBeINBO CeHYIOILee:

IFoo<string> s = ...;
IFoo<object> b = s;

VinTepderichl (1 meneraTsl) JOMYCKalOT KOBapMaHTHbIe MapaMeTpbl
Tuna. B Lenax unnrocTpauuyu npennonoXuM, YTo knacc Stack<T>,
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KOTOPBIN 6B HalMCcaH B Hayalle HACTOALLETO pa3fiena, peaqnsyeT Mo-
Ka3aHHBII HIKe uHTepdelic:

public interface IPoppable<out T> { T Pop(); }

Momudukartop out ansa T ykasblBaeT, YTO TUN T MCIONb3YETCA TOMb-
KO B 8bIX00HbIX nO3uyusAx (HanpyMep, B BO3BpAILAeMbIX TUMNAX A/ METO-
IOB) M moMeyaeT mapameTp TUNa KaK KOBAPUAHMHDILI, paspelias Hamm-
caHMe TaKoro Koja:

// Tpexnonaraercs, 4ro Bear ABJigeTCA nomkjaccom Animal:
var bears = new Stack<Bear>();

bears.Push (new Bear());

// Tlockonbky bears peanusyer IPoppable<Bear>,

// ero mMoxHO npeoGpasoBark B IPoppable<Animal>:
IPoppable<Animal> animals = bears; // HonycTmmo
Animal a = animals.Pop();

[lpuBeneHne bears k animals paspelleHO KOMOUIATOPOM — B
CMITY TOTO, YTO MapaMeTp TuNa B MHTepdeiice ABAAETCA KOBapUaHT-
HBIM.

HA 3AMETKY!

Nutepdeitcol IEnumerator<T> u IEnumerable<T>
(cm. pasgen “Tlepeuncnenvie u utepatopsl’ Ha cTp. 152) mo-
MedeHbl KakK MMeloliye KOBapMaHTHBIN Tum T. 3TO MO3BO-
nfeT, HalpuMmep, npuBoAuTb IEnumerable<string> «k
IEnumerable<object>.

Komnunarop rexepupyeT ommbKy, ecnyu KOBapMaHTHBII Mapa-
METp THIIAa BCTPEYAETCA BO 8x00HOI MO3ULMu (CKaxkeM, B apameTpe
MeTOfla MY B 3alMCbIBaeMOM CBOJCTBe). Llenb Takoro orpaHmye-
HUA — rapaHTUpoBaTbh 6€30MaCHOCTb TUIIOB Ha 3Tare KOMIMIALMA.
Hanpumep, oHo npepoTBpalaet fobaBneHne Kk 3TOMy MHTepdeiicy
metofia Push (T), KOTOpbIT MOTpebuTeny MOIIM Obl HeNpaBMUIb-
HO MpUMEHATb ONs BHellHe 6e306MAHOI omepauuy 3aTanKuBa-
HuA 00beKTa, NpefcTaBnswoliero Bepbaiona (camel), B peanusanmio
IPoppable<Animal> (BCIIOMHMTE, YTO OCHOBHBIM TUIIOM B Ha-
IIeM NpyuMepe ABNAETCA cTeK 0O BEKTOB, NPEACTABAIIIMX MeBeE
(bear)). Yto6sl MOXXHO 6bU10 Onpenenutbh MeTox Push (T), mapameTp
tuna T B JeMCTBUTENbHOCTH OOMKEH OBITb KOHMPABAPUAHMHBIM.
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HA 3AMETKY!

B sasbike C# KOBapMaHTHOCTb (M KOHTpaBapMaHTHOCTD) MOATe-
P>KMBAETCS TOJIBKO [/ 9NIEMEHTOB CO CCbIIOUHBIMU NPeodpaso-
BaAHUAMU, HO HE YNAK08bl8anwumy npeoopasosanusmu. Takum
0o6pas3oM, ecny MMeeTCs METOJ, KOTOPblit IpMHMMaeT Napa-
MeTp Tuna IPoppable<object>, To ero MOXHO BbI3bIBATh
¢ IPoppable<string>, Ho He ¢ IPoppable<int>.

KoHTpaBapuaHTHOCTD

Kak 6p1710 nokasaHo paHee, eC/M NpefNoNOXNTD, YTo A paspellaeT
HeABHOE CChITIOYHOe NMpeobpa3oBaHue B B, To Tun X MMeeT KOBapu-
aHTHBII MTapaMeTp THIA, Korfa X<A> NOMYCKaeT CCbUIOYHOE Mpeod-
pasoBaHue B X<B>. Tun 6yner xoHmpasapuaHmHbiM, eCly BO3SMOXHO
npeobpasoBanue B o6paTHOM HampaBjeHMyn — u3 X<B> B X<A>. 310
noffiepXXuBaeTCsA MHTepdeiicaMy 1 HeneraTaMy, Korfa napamMeTp TUma
BCTPEYaeTCsA TONIbKO BO BX0OHbIX MO3ULIMAX, 0603HAUEHHDIX C MOMOLIBIO
Moaudukatopa in. Ilpomomkasa mpefplayiinit MpuMep, ecIu Kaacc
Stack<T> peanusyer cnenywouuit uutepdeic:

public interface IPushable<in T> { void Push (T obj); }
TO BIIO/IHE 3aKOHHO MOCTYMAaTh TaK:

IPushable<Animal> animals = new Stack<Animal>();
IPushable<Bear> bears = animals; // IonycTimo
bears.Push (new Bear()):;

3epKalbHO OTpa)kasd KOBapMAHTHOCTb, KOMIMUIATOP co06WHUT 06
ommnbke, ecy Bbl MOMBITAETECh MCIIONb30BATb KOHTPaBapMaHTHBDI
napaMeTp TUIIA B BBIXOAHON Mo3uLuu (HanmpuMep, B KayecTBe BO3-
BpalliaeMOro 3HaYeHMA WM B UUTAEMOM CBOVCTBE).

Nleneratbl

Jenerat cBA3bIBaeT KOMIIOHEHT, KOTOPBIN BbI3bIBAa€T METOJ, C €ro
LiefleBbIM METOIOM BO BpeMs BblNonHeHuA. K generaram npuMeHMMbI
IBa acrekTa: mun u sk3emnasp. Tun Oenezama onpepnenseT npomo-
K07, KOTOPOMY OYIYT COOTBETCTBOBATh BbI3bIBAIOLMI KOMIIOHEHT U
LieJIeBOJt MeTOJ; MPOTOKO/N BKJIIOYAaeT CIIMCOK TUIOB MapaMeTpoOB 1
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BO3BpalljaeMblit TMI. Jk3emnasp denezama — 3T0 0OBEKT, KOTOPbIi
ccbutaercs Ha oauH (uay 6onee) LieseBbIX METOMOB, YAOBIETBOPSAIO-
L1X JAHHOMY IIPOTOKOIY.

OK3eMIUIAp Jeferara AeiicTBYET B BbI3bIBAIOLLIEM KOMITOHEHTE GYK-
BaJ/IbHO KaK IOCPEeJHNK: BbI3bIBAIOLIMIT KOMIOHEHT obpallaeTcs K ge-
Jieraty, Mocje Yero jenerar BbI3bIBaeT LiesieBoit MeTof. Takas KOCBeH-
HOCTb OTBA3bIBAET BbI3bIBAIOLIMII KOMIIOHEHT OT LIeJIEBOTO METOJA.

O6bsBneHyne TMna generata npenBapseTcs KIIOYEBBIM CTOBOM
delegate, HO B OCTa/bHOM HanoMuHaeT 0O bsBneHne (abCTPaKTHO-
ro) Meroga. Hanpumep:

delegate int Transformer (int x);

YT06bI CO3maTh 3K3eMIUIAP Jenerata, epeMeHHO Jeerata MOX-
HO MPUCBOUTb METOL:

class Test
{
static void Main({)
{
Transformer t = Square; // Co3naTh SK3eMmAp nejerara
int result = £(3); // BeI3BATH IeJjierar
Console.Write (result); 7Y B
}
static int Square (int x) => x * x;

}

BbI30B [enerata oYeHb MOXO0X Ha BbI3OB MeTomda (T.K. Lie/Ibl0 Je-
nerata fABNsAeTCA BCEro Mulib obecrnedyeHye OMpefieIEHHOTO YPOBHA
KOCBEHHOCTH):

t(3):

Oneparop Transformer t = Square; npeacrasnser coboit co-
KpallleHye /1A CleAYIollero oneparopa:

Transformer t = new Transformer (Square);
Bro6aBok t (3) — cokpalleHue m/ist TAKOTO BbI30OBa:
t.Invoke (3);

[leneraT oXox Ha o6pamHuiii 861308 — OOLLMIT TEPMUH, KOTOPBII 0X-
BaTbIBaeT KOHCTPYKLMM, MoRo6Hble yKasarensaM Ha ¢ynxkumn C.
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HanucaHne nogKnlo4Yaembix METOA0B
¢ NOMOLLbIO fieneraTos

Meton npucBanBaeTcsA NepeMeHHOM eneraTa BO BpeMsA BBINOJ-
HeHMs. OTO YOOOHO, KOTZa HY)KHO HAIMCATh MOAK/II0YaeMble METO/bI.
B cnenyouieM nmpuMepe NpUCYTCTBYET CNY>KeOHBIN METOX 1O MMEHN
Transform (), KOTOpPbII NpUMeHsAeT TPaHCHOPMALMIO K KaKAOMY
3/IEMEHTY B Lie/IouncIeHHOM MaccuBe. Meton Transform() mmeer
napameTp feferarta, npefHasHAYeHHbIN /1A YKa3aHUA MOKI0YaeMot
TpaHchopMaumu.

public delegate int Transformer (int x);

class Test

{

static void Main()
{

ingl) valwes= [ L, 3, 3};

Transform (values, Square);

foreach (int i in values)

Console.Write (1 + " "); // 149

}
static void Transform (int[] values, Transformer t)

{
for (int i = 0; i < values.Length; i++)
values[i] =t (values[i]);

1
|

static int Square (int x) => x * x;

}

lpynnoBble aeneraTbl

Bce ak3eMmApBI AeneraToB 06/1afal0T BO3MOXHOCTBIO 2Pynnoeoeo
év1308a (multicast). ITO 3HAYNMT, YTO IK3EMIVIAP [€/eraTa MOXKET CChl-
NaThcA He TONBKO HA OFIMHOYHBIN LieNIeBOJ METOJ, HO TAK>Ke M Ha CIMCOK
LieNIeBbIX METONOB. DK3eMIUTAPHI Je/leraToB KOMOMHUPYIOTCA C IIOMO-
b0 onepaunit + un +=. Hanpumep:

SomeDelegate d = SomeMethodl;
d += SomeMethod2;

HOCHGHHHH CTpOKa (l)yHKuVlOHaIIbHO SKBMBaJ€HTHA TaKOM CTpOKE:

d = d + SomeMethod2;
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O6pauenne k d Termepb NpUBeNeT K BbI30OBY METOLOB Some
Methodl () u SomeMethod?2 (). [leneraTsl BbI3bIBalOTCA B MOPAL-
Ke, B KOTOPOM OHY B0OaBIIANNCS.

Onepauyy — ¥ —-= y[andoT [paBblil ONlepaH[ feneraTa u3 1eBoro
olepaHja Jefnerara, Halpumep:

d -= SomeMethodl;

Obpauienne k d Termepb NMpuBeReT K BbI30BY TONBKO METOAA
SomeMethod?2 ().

IlpuMenenue onepauum + unM += K [EPEMEHHOI Je/erata co
3HaueHyueM null 3aKOHHO, KakK M IpMMEHeHMe Olepaluy —= K Iepe-
MEHHOJ1 JiefieraTa ¢ eI¥MHCTBEHHBIM L[eJIeBbIM METOJOM (B pe3ynbTare
4ero sK3eMIUIAp Henerata MoayyaeT 3HaueHye null).

HA 3AMETKY!

IleneraTol ABNAIOTCA HeU3IMEHAEMbIMU, TAK YTO MIPU UCIIONb-
30BaHUM onepaLuy += uiu -= GakTUYECK! CO3[AETCS HOBbL
9K3eMNIAp [iefleraTa, KOTOPbIN MPUCBaMBAETCA CYIECTBYIO-
uiei rnepeMeHHoN.

Ecnu rpynnoBoit meneraT mMmeeT BO3BpalllaeMblit TUI, OTIN-
yawpmuica oT void, Torga BbI3bIBAlOWMII KOMIIOHEHT IO/y4a-
eT BO3BpalllaeMO€ 3HauyeHMe M3 IOCTeNHEer0 BbI3BAHHOIO MeETOJa.
[IpenuiecTByomme METOAbI MO-NIPEXHEMY BbI3bIBAIOTCA, HO UX BO3-
BpalllaeMble 3HaueHMs OTOpachIBalOTCA. B GONbLIMHCTBE clieHapueB
TpYIIIIOBbIE [e/leraThl MMEIOT BO3BpalllaeMble TUIbl VvO1id, MO3TOMY
TaKasg TOHKasg CUTyallMs He BO3SHMKAET.

Bce Tunbl peneratoB HeABHO MOPOXJAEHBbI OT Kaacca System.
MulticastDelegate, KOTOpPBI yHAcnenoBaH oT System.
Delegate. Onepauumu +, —, += y —=, BHINONIHAEMble HaJ Jiefera-
TOM, TPAHC/IMPYIOTCA B BbI30BbI CTaTUYECKMX MeTOA0B Combine ()
un Remove () knacca System.Delegate.

HEJIEBbIe meToAbl SK3emnnApa
M uenesble ctaTu4eckue metoabl

Korpma 06’beKTy fiefierata NpucBauBaeTCs METON IK3emMniapa, 006D-
€KT [iefnerata AOJ/DKEH MOAAEPXXMBATb CCbIJIKY HE TO/PKO Ha METOA,
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HO TaKXe M Ha 3K3eMnifAp, KOTOPOMY JJaHHbIA METONl MPUHAI/IEXKNT.
Ok3eMnnAp NpeacTaBieH cBOicTBOM Target kmacca System.
Delegate (3HaueHMEM KOTOPOrO 6yueT null, ecnu meneraT ccbuia-
€TCA Ha CTaTUYECKUI METON).

0606uieHHbIe TUNDI AeneraTos

Tumn menerata MoXxeT cofiep>KaTb MapaMeTpbl 06061LEHHOTO THIA.
Hanpumep:

public delegate T Transformer<T> (T arg);

Huxe nokasaHo, KaK MOXHO 661710 NNpUMEHUTDb ITOT TUIl fele-
rara:

static double Square (double x) => x * x;

static void Main()

£
Transformer<double> s = Square;
Console.WriteLine (s (3.3)); // 10.89

Hleneratbl Func n Action

Bnaropaps 060611eHHBIM [ieieraTaM CTAHOBUTCS BO3MOXKHBIM Ha-
nucaHue He6GO/IbIIOro Habopa TUIIOB [€/€raToB, KOTOPbIE SABIAIOTCA
HaCTO/MbKO YHMBEPCANbHBIMMU, YTO CIOCOOHBI paboTaTh C METOAAMM,
uMenluMy n0boit Bo3BpallaeMplit TMI U nwboe (mpuemneMoe)
KO/IMYECTBO apryMeHTOB. TakuMu Oeneratamy ABAAIOTCA Func u
Action, onpeneneHHble B MPOCTpPaHCTBe MMeH System (Momudu-
KaTopbl 1n 1 out ykasbIBaloT 8apuaHmHocmy, KoTopas Bckope Oyner
packpbITa B KOHTEKCTE [€/IEraToB):

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 axrg?):
. M Tak ganee BHyoTs mo T16

delegate void Action ();
delegate void Action <in T> (T arg):
delegate void Action <in T1, in T2>
(T rargl, T2 arg2);
. M Tak pasee BmioTs o T16
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[IpencTaBneHHble JleneraThl MCKIKOYUTENTbHO YHUBEPCA/IbHBI.
Henerat Transformer B mpepblAylieM NMpuUMepe MOXKeT ObITh 3aMe-
HeH JleneraToM Func, KOTOpblif MpUHUMAeT ONMH apryMeHT Tina T u
BO3Bpall[aeT 3Ha4eHMe TOro ke CaMOro THIa:

public static void Transform<T> (
T[] values, Fune<T,T> transformer)

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

values(i] = transformer (values(i]);

}

Heneratel Func n Action He MOKPBIBAIOT MILUb MPAKTUYECKUe CLie-
Hapuy, CBA3aHHble C napaMeTpamy ref/out u napamerpamy ykasaterneil.
CoBMeCTUMOCTD generatoB

Bce tunst AeneraToB HECOBMECTUMDBI IpYyTr C IpYyroM, ake €Cnu
OHM MMEIT OJMHAKOBbIE CUTHATYPDI:

delegate void D1(); delegate void D2();

D1 dl = Methodl;
D2 d2 = dl; // Oumbka Ha 3Tane KOMMIUJIAUUMU

TeM He MeHee, ClefyOLIMIt KOJ paspellieH:
D2 d2 = new D2 (dl);

OK3eMINApPbI JeeraToB CYUTAIOTCS PaBHBIMM, €CNIM OHU UMEIOT
OIMHAaKOBbIe TUIIbI U lieneBble MeTOObI (Mnyu MeTon). [Ins rpynnoBbIx
HeneratoB BakeH MOPANOK C/IeIOBAHMUSA Lie/IeBbIX METOHOB.

BapuaHTHOCTb BO3BpaujaembliX TUNOB

B pesynbraTe BbI30Ba MeTO[a MOXHO IONY4YUTb OOpaTHO THI,
KOTOpBIit sABNAeTCA 6onee creunduyeckum, 4eM 3aIpoIleHHbI. ITO
06bIYHOe nonumopdHoe nosedeHue. B cOOTBETCTBUM C TAKUM TOBefie-
HMEM LieNIeBOi1 MEeTO[ ieflerata MOXKeT BO3BpallaTh 6osee criennduyec-
KMt TUII, YeM OIMCAHHbIN CaMUM [iesleraToM. ITO KOBAPUAHMHOCMY:

delegate object ObjectRetriever();

static void Main()

{
ObjectRetriever o = new ObjectRetriever (GetString);
object result =o0o();
Console.Writeline (result); // noxon

static string GetString () => "noxon";
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Ienerar ObjectRetriever oxupgaer monyuuTb ob6paTHO
object, HO NOAOIET TaKXKe U nodkaacc object, MOTOMY YTO BO3-
BpalllaeMble TUIIbI [Ie/IeTaTOB ABAITCA KOBAPUAHMHbIMU.

BapnaHTHOCTb napameTpoB

IIpu BbI30BE METOAA MOXHO NPENOCTABIATb apIyMEHTBI, KOTOpbIe
uMetoT 6onee cneunduyecKnit TUI, YeM MapaMeTpbl JaHHOTO METO-
Ia. 10 0ObIYHOE noaUMOpPHOe nosedeHue. B cOOTBETCTBMM C TaKuMM
TNOBeleHMeM Y 11e/IeBOTO MeTOfia Aeierata MOTYT ObITb MeHee CIieLi-
¢dudeckyte TUIIBI TApaMeTPOB, YeM OMMCAHHble CAMUM [ieleraToM. 1o
Ha3bIBAETCA KOHIM PABAPUAHIHOCTIbIO:

delegate void StringAction (string s);

static void Main ()
{
StringAction sa = new StringAction (ActOnObject);

sa ("6ynywee"); // BeBoaut "Oynywee"
+
static void ActOnObject (object o) => Console.Write (0);

HA 3AMETKY!

CraHpmapTHBI Ma6M0H COOBITMII CIPOEKTUPOBAH TaK, YTOObI
MCIIO/Ib30BATh B CBOMX MHTEPECaX KOHTPaBapUaHTHOCTb Mapa-
METpOB Jiefierata 3a cyeT NpyYMeHeHusa ob1ero 6a3oBoro kmac-
ca EventArgs. Hanpumep, MOXHO MMeTb €IMHCTBEHHbIN
METOJI, BbI3bIBA€Mblil JBYMS PasHbIMM JieleraTaMu, OMHOMY
"3 KOTOpbIX mnepefaerca MouseEventArgs, a gpyromy —
KeyEventArgs.

BapuaHnTHoCTb napameTpoB TMna ANA 0606LeHHbIX AeneraTos

B paspene “O6061enns” Ha ctp. 116 65110 yKasaHo, 4TO apamer-
pbl Tuna mA 06061eHHBIX MHTePENCOB MOTYT OBITh KOBapMaHTHBI-
MM ¥ KOHTpaBapMaHTHBIMU. AHA/lOrMYHAsA BO3MOXXHOCTb CYILECTBYeT
TaKxe A 060011eHHbIX neneratoB. [1pyu onpenenerny 060611eHHOTO
TUIA JeeraTa peKOMEeHAYeTcs MOCTYyMaTh CleRyloLluM 06pasom:

® [oMedaTb MapaMeTp TUIA, UCIIONb3yeMblil TONbKO A/ BO3Bpa-
11[aeMOTO 3HauyeHus, Kak KoBapMaHTHbI (out);

® nomevaTb 110601 NapaMeTp THUIIA, IPUMEHAEMBIIT TOMBKO /IS
MapaMeTpoB, Kak KOHTpaBapUaHTHBIN (in).
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310 nosponser npeobpazoBaHUAM paboTaTh eCTECTBEHHBIM
obpasoM, cobnofias OTHOLIEHMs HACle[OBaHUS MEXAY THUIIaMMu.
Cnenytowmit feneraT (ONpeReNneHHbl B POCTPAaHCTBe MMeH Sy stem)
AB/IAETCA KOBapUaHTHbIM i TResult:

delegate TResult Func<out TResult>();

pa3pe€lliaa 3anucbiBaTb TakK:

Func<string> x
Func<object> y = x;

[TpencTaB/eHHbIN HYDKE Heserat (ONpefeNieHHbI B POCTPAHCTBE
MMeH System) sABNseTcs KOHTpaBapUaHTHBIM Ans T:

delegate void Action<in T> (T arg);

I03BOJIAA 3alMCbIBATDb CIEAYIOLINM 06Pa30M:

Action<object> x = ...;
Action<string> y

I
x

CobbiTHA

Korpa mcnonb3yiorcs feneratsl, 06bIYHO BO3HMKAIOT ABe Hesa-
BYMCHMblE POJIA: PEMPAHCASMOP N nOONUcHUK. Pempancasimop — 3to
THII, KOTOPbIIT COAEPKUT 1107 fieNieraTa. PeTpaHCIATOp pelliaeT, KOria
ienaTh nepefavy, BbI3blBas fenerar. [1o0nucuuky — 3To LiesieBble Me-
ToAbI-Monyyateny. Iloanmcunk pellaer, KOraa HaYMHATD M OCTAHAB-
JMBaTh MPOCNYLIMBAHNUE, BbI3bIBAas OMEpalMy += M —= Ha fHejerare
perpaHcnaTopa. [TogmucumK HUYero He 3HaeT O APYTMX MOAMMCUMKAX
11 He BMeLMBAeTCs B X pabory.

Co6vimus ABNAIOTCA A3BIKOBBIM CPeNCTBOM, $HOpMann3yolmm
omycaHHblit WabnoH. KoHCTpyKLms event OTKpbIBaeT TONbKO MOJ-
MHOXXeCTBO BO3MO)XHOCTeI! fe/ieraTa, KOTOpble TPEOYIOTCA /IS MOfie-
mm “perpancnarop/nopmucunk’. OCHOBHOI 3aMblces COOBITHIT — npe-
domepamums 8nuAHUE HOONUCYUKO8 Opy2 Ha Opyaa.

O6baBUTb COOBITHE MpOLLE BCETO, IOMECTUB K/IOYEBOE CIOBO
event repen 4ieHOM fenerara:

public class Broadcaster

{

public event ProgressReporter Progress;
1
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Kop BHyTpu TMna Broadcaster mMeeT NOMHbIA JOCTYI K YTIEHY
PriceChanged u MoXeT TpakToBaTh €ro kak jenerar. Kox 3a npe-
genaMy Broadcaster MOXeT TONbKO BBINONHATb ONepauun += u
—-= Hap cobbiTeM PriceChanged.

B cnepylouem nmpumepe xracc Stock samyckaer cBoe cobbITHME
PriceChanged kaXpablit pas, KOrja M3MeHsAeTcA CBOMCTBO Price
JAHHOTO Kjacca:

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 => price;

set

{
if (price == value) return;
// Ecnam cnucox Bm3oBa He NyCT,
// Torma BanycTurTh cobmTHE:
if (PriceChanged != null)

PriceChanged (price, value);

price = value;

}

Ecnu B npuBefeHHOM Bblllle NpyuMepe ybpaTh KIlo4yeBOe CIOBO
event, 4tobel PriceChanged crano oObIYHBIM MONEM Jenerara,
TO pe3y/NbTaTbl OKaXKyTcA TeMy e caMmbiMu. OmHako kimacc Stock
CTaHET MeHee Hale)XKHbIM B TOM, YTO MOANMUCUYMKMA CMOTYT Mpeanpu-
HMMaTb Clefyloliye eilCTBUA, BNUAA APYT Ha Apyra:

®  3aMeHATDb APYTUX NOANMCUMKOB, NepeycTaHaBmMBad PriceChanged
(BMeCTO MpMMeHeHMA onepaLuu +=);

® ouMwaTh BCeX MOAMUCYMKOB (MyTeM ycTaHOBKM PriceChanged
B null);

® BLINOMHATD IPYINIOBYIO PACCBUIKY APYTMM MOAMNMUCUMKAM, BbI-
3bIBas Jeferar.
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CobbiTus MOTYT 6bITD BUPTYa/llbHbIMHU, NE€pEOINpeNETEHHbIMU,
a6CTpaKTHbIMVI unu 3anedataHHbiMu. OHU TaKXKe MOTYyT 6bITb CTa-
TUYECKUMU.

CraHaapTHbIN WabnoH cobbITHil

[TouTu BO Bcex cyyasx, KOTAa COOBITUSA ONpeRensAnTcsa B 6ubnu-
oteke .NET Core, ux onpeaeneHus npuaep>XuBaloTCa CTaHAAPTHOIO
wabnoHa, NMpefHa3HaYeHHOro AnA obecrnevyeHus COrNMACOBAHHOCTH
MexXny 6ubnuoTeKoit M Monb3oBaTeNbCKMM KogoM. Hiuke mokasaH
NpeabIayLnit TpuMep, NepefeNaHHblil ¢ yueTOM AaHHOTO LabnoHa:

public class PriceChangedEventArgs : EventArgs

{

}

public readonly decimal LastPrice, NewPrice;

public PriceChangedEventArgs (decimal lastPrice,
decimal newPrice)

s

LastPrice = lastPrice; NewPrice = newPrice;
1
}

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) =>
// CokpaleHue ans Bei3oea PriceChanged,
// ecsum He paBHO null:
PriceChanged?.Invoke (this, e);

public decimal Price
{
get { return price; }
set,
{
if (price == value) return;
OnPriceChanged (new PriceChangedEventArgs
(price, value)) ;
price = value;
1
}
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B ocHoBe cTaHmapTHOro LabnoHa co6bITHIT HaXOAUTCA System.
EventArgs — mnpepgonpeneneHHnt knacc .NET ¢ egumHcTBeH-
HbIM YJIEHOM — CTaTMYeCKMM CBOMCTBOM Empty. bBasoBblit knacc
EventArgs npegHasHaueH [y nepepauu MHopMauuym cobbITHIO.
B npuBeneHHOM BblIllle mpuMepe Knacca StoCk Mbl co3aeM MOKIAcC
EventArgs aas repefayy CTaporo ¥ HOBOTO 3HaueHMI! LieHbl, KOTfa
UMHULMUpYeTCcA cobbiTue PriceChanged.

O60611eHHbII menerat System.EventHandler takxe sBiseTcs
vactbio .NET Core 1 onpegerneH cnexyoimuM obpasoM:

public delegate void EventHandler<TEventArgs>

(object source, TEventArgs e)
where TEventArgs : EventArgs;

HA 3AMETKY!

o Bbixoma Bepcuu C# 2.0 (rme B s3bIK ObIIM JO6aBIEHBI
060611eHNA) pellieHNe peIycMaTpUBaNo HamycaHue Clewm-
anpHOro menerata 06paboTkM COOBITMI AN KaXXIOrO THUIA
EventArgs:
delegate void PriceChangedHandler

(object sender,

PriceChangedEventArgs e);
[To ucTopuueckuM mpudnHam 6ONBIIMHCTBO COOBITHIT B 6M6-
nmuorekax .NET ucnonbsyioT meneraTsl, onpefeneHHble 10806-
HBIM 06pa3oM.

LleHTpanbHbIM MECTOM reHepaLuy coObITUIl ABNAETCA 3allMIIeH-
HbI/i BUPTYaNbHbIl METON MO UMeHU On-yMsa~cobuTus (). 1o
TM03BOJIAET MOJK/IACCaM 3aIlycKaTb cOObITHE (4TO OOBIUYHO >KemaTesb-
HO) UM TaK)Ke BCTaBJATb KO IO U IOCJIe TeHepalyuu COObITUA.

BoT xak MOXHO 6b110 6bI TPUMEHUTD Kmacc Stock:

static void Main()

{
Stock stock = new Stock ("THPW");
stock.Price = 27.10M;

stock.PriceChanged += stock_ PriceChanged;
stock.Price = 31.59M;

Co6birua | 135



static void stock PriceChanged
(object sender, PriceChangedEventArgs e)
{
if ((e.NewPrice - e.LastPrice) / e.LastPrice > 0.1M)
Console.WritelLine
("BHMMaHMe, LeHa yBeauuunacb Ha 10%!");

}

Ins cobbiTiit, KOTOpble He cofepxaT B cebe JONMONTHUTENIbHYIO MH-
dopmauuio, B .NET Takke mpepnaraeTcsi HeoOoOIeHHbI Henerat
EventHandler. [lna neMOHCTpaLMM €ro UCNO/Ib30BaHUA MOXKHO Ilepe-
nucaTh Knacc Stock rtak, 4yTo6bl cobbiTie PriceChanged uHuumu-
POBanoch nocie U3BMEHEHMUs LleHbl. DTO O3HAYaeT, YTO C COObITMEM He
HY>XHO TepefiaBaTh KaKyw-/11M60 JOMOHUTENbHY0 MHGOpMALMIO:

public class Stock
{ string symbol; decimal price;
public Stock (string symbol) => this.symbol = symbol;
public event EventHandler PriceChanged;
protected virtual void OnPriceChanged (EventArgs e) =>
PriceChanged?.Invoke (this, e);

public decimal Price
{
get => price;
set
{
if (price == value) return;
price = value;
OnPriceChanged (EventArgs.Empty);
}
}

1
i

O6paTuTe BHMMaHMe Ha IpYMeHeHMe CBoJCTBa EventArgs . Empty,
4YTO I03BOJIAET He CO3aBaTh 9k3eMIUIAp EventArgs.

CpeacTBa pocTyna K cobbiTuio

Cpedcmea docmyna k coO6bITHMIO IIPEACTABIAIT co60il peanmsaLmm
ero onepaumit += u -=. [lo yMO/IYaHMIO CpelcTBa LOCTYNa peannusy-
I0TCSl HEABHO KOMIMIATOPoM. B3risiHute Ha crnefyoliee o6bsBneHmne
cobbITH:

public event EventHandler PriceChanged;
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Komnunarop npeobpasyer ero B nepeuyncieHHble HMXKE KOMIIO-
HEHTDI:

® 3aKpbITOE MOJIe Jie/ierara;

° napa OTKpPbITbIX ¢)yHKLUAIZ AocTyna K CO6bITI/ﬂO, peamn3alnmn Ko-
TOpbIX HANpaB/IAKT Onepauum += U -= K 3aKpbITOMY I1O/TI0 J€-
Jierara.

KoHTponb HaJ TakuMM MpOLIECCOM MOXKHO B3ATb Ha cebs, onpepe-
JIUB A6Hvle CPe[ICTBA JOCTYNA. BOT Kak BBIMNIANMT pYyyYHas peannsalus
cobbiTusa PriceChanged 13 npenblayLiero npuMmepa:

EventHandler priceChanged; // 3akpuTelt LeseraT
public event EventHandler PriceChanged

{
add { priceChanged += value; }

remove { priceChanged -= value; }

ITpuBefeHHDI NpyMep GYHKLMOHANBHO MAEHTUYEH CTaHAapTHOM
peanusaumu cpencts gocryna C# (3a MCK/IIOUEHMEM TOTO, YTO KOM-
munarop C# takxke obecrneunBaeT 6€30MacCHOCTb B OTHOIIEHUM ITO-
TOKOB BO BpeMs OOHOB/eHMA fenerata). Onpenienssa cpefcTBa HOCTYna
K COOBITMIO CAMOCTOATENBHO, MBI yKasblBaeM Ha TO, YTO eHepMUpOBaThb
CTaHapTHOE I1071e 1 JIOTMKY CPEACTB HOCTYyMa He Tpebyercs.

C oMol ABHBIX CPEICTB JOCTYMA K COOBITUIO MOXHO peannso-
Barb OoJee CIIOXKHBIE CTpaTerny XpaHeHus M JOCTYMa /I JeXallero
B OCHOBe jenerata. JTO MOJIE3HO, KOIa CpeACTBa HOCTyna K cobbl-
THIO IPOCTO MOPYYAKT Nepefady coObITUA APYTOMY KIaccy WM KOrja
ABHO peanusyetca uHTepdelic, B KOTOPOM 06bABNAETCA COOBITHE:

public interface IFoo { event EventHandler Ev; }
€lass Fed ! IF®O

{
EventHandler ev;
event EventHandler IFoco.Ev

{
add { ev += value; } remove { ev -= value; }

Nam6pa-BbipaxeHus

Jlam60a-eviparerue pencTaBseT co60il HeMMEHOBaHHbBI METOL,
3aMyCaHHbIN BMECTO 3K3eMIUIApa fenerarta. KoMnuaATop HeMeaeHHO
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HpeOGpaSOBbIBaET HHM6JIa-Bpra)K€HVIe B OOHY M3 ABYX ONMCaHHbIX
HMXE KOHCTPyKLlVIﬁI.

® Ok3eMIUAp JeneraTa.

® Jlepeso evipaxceHus, KOTopoe uMmeeT TMn Expression
<TDelegate> u npefcTaBiseT KOJ BHYTpy NAM61a-BbIpaKeHNs
B BUAie 06BEKTHON Moeny, noaaep xupalowlelt ob6xon. OHo fe-
NlaeT BO3MOXXHOJ MHTepIpeTalnuio 1AMOaa-BbIpaskeHNns M03xe
BO BpeMs BBIMONHEHMs (Bechb Mpoliecc Mogpob6HO OMMCaH B
rnaBe 8 kuuru C# 8.0. Cnpasourux. [Tonnoe onucarue s3vika).

HpVI Hanmuuuy cnepyroumero Tumna aenerara:

delegate int Transformer (int i);

BOT KaK MO>XHO IIPUCBOUTD U O6paTVlTbCH K IIHM6J18-Bpra>K€HVl}O X =>
X * X

Transformer sqr = x => x * x;
Console.WriteLine (sqr(3)); // 9

HA 3AMETKY!

BHyTpeHHe koMnunATOp mpeobpasyer naMb6aa-BblpakeHue
TaKOro TMIa B 3aKPbIThIIt METOL M MMOMELLAET B €r0 TeNO KOX
BbIpa)kKeHU .

)'[HM6na—Bpra>KeHMe UMeeT CNeAYIOLYIO QJopMy:
(napameTphl) => BRPaxeHue-umm-6OJI0K-0IepaTopoB

Insa ynobcTBa Kpyrable CKOOKM MOXHO ONYCKaTb, HO TONbKO B CH-
Tyal[My, KOrla eCTb B TOYHOCTM OAMH MapaMeTp BbIBOAMMOTO TUIIA.

B maHHOM mpuMepe eIMHCTBEHHbIM NMapaMeTPOM ABJIAETCA X, a Bbl-
paXeHneM — X * x:

X => X * x;

Kaxxablit mapaMeTp nAmM64a-BbIpaXKeHNsA COOTBETCTBYET ITapaMeT-
pY Henerara, a TUN BbIpaxkeHusa (KOTOPBIM MOXeT ObITb vOid) — BO3-
BpalllaeMOMY TUIIy fe/lerara.

B HalleM npumepe X COOTBETCTBYET MapaMeTpy i, a BblpakeHue
X * X — BO3BpalllaeMOMY TUNY int 1, cnegoBaTeNnbHO, OHO COBMEC-
TUMO ¢ jeneratoM Transformer.
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Kon nambpa-BbipakeHus MOXeET ObITb 070KOM 0nepamopos, a He
MPOCTO BbIpakeHMeM. Mbl MOXKeM Mepenucath MpuMep CleayoLmuM o06-
pasom:

x => { return x * x; };

JIaM6pa-BblpaXkeHNs 4dallle BCErO MUCIONB3YIOTCA C HeneraTaMu
Func u Action, moatoMy NpuBeleHHOe paHee BbIpakeHue Bbl Oymere
HepefiKo BUAETb B Takoy dopme:

Func<int, int> sqr = x => x * x;

KoMmunaTop o6bIyHO criocobeH 861800unty T NAM6a-BbIpaXkeHUA
13 KOHTEKCTA. B MPOTMBHOM Cnydae THIbI MapaMETPOB MOXKHO YKa3bl-
BaTb SIBHO:

Func<int, int> sqr = (int x) => x * x;

Huxe npuBenen npumMep BbIpa>keHM s, IPMHUMAIOLLETO [1Ba Mapa-
MeTpa:
Func<string, string,int> totalLength =
(sl, s2) => sl.Length + s2.Length;
int total = totallength ("mobpo", "moxanoeats"); //total=15

Ipenmnonaras, yro Clicked — arto cobbiTre Tvna EventHandler,
Cemyo Mt KO MpucoefnHsAeT 06paboTunk coObITis Yepe3 nAMOa-Bbl-
paxceHne:

obj.Clicked += (sender, args) => Console.Write ("Uesnuok");

3axBaTbiBaHUEe BHELIHUX nepemeHHbIX

JIam6aa-BblpaXkeHne MOXET CChIIAaTbCA Ha JIOKajIbHble MepeMeH-
Hble Y TTapaMeTpbl METO/Ia, B KOTOPOM OHO OTIpefieNIeHo (B8HeuiHue ne-
pemenHvie). HanpuMep:

static void Main ()

{
int factor = 2;
Func<int, int> multiplier = n =>n * factor;
Console.WriteLine (multiplier (3)); // 6

}

Buemrnue IepeMeHHbIe, Ha KOTOPbIE CCbITAETCA HHM6JIa-Bpra)K€-
HUE, HA3bIBAIOTCA 3AX8AYECHHbIMU NEePEMEHHbIMU. HHM6Ha-Bpra>K€HME,
KOTOpO€ 3aXBAaTbIBAET NEPEMEHHDbIE, HAa3bIBAETCA 3AMbIKAHUEM.
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3axBayeHHble I[N€EpeMEHHDbIE OLIEHMBAIOTCA, KOTAA Aenerat q)aKTI/I-
4YeCKM 8bvl3visaemcs, a HE Korga 3T repeMeHHbIe 6bITM 3ax8aHeHbl:

int faetor = 2;

Func<int, int> multiplier = n => n * factor;
factor = 10;

Console.WriteLine (multiplier (3)); // 30

JlamM6a-BbIpXEHUA CaMyi MOTYT OOHOBNATD 3aXBayeHHbIe Nepe-
MeHHBbIE:

int seed = 0;
Func<int> natural = () => seed++;

Console.WriteLine (natural()); // 0
Console.WriteLine (natural()); Vi 2
Console.WriteLine (seed); // 2

3axBaueHHble [IepeMEHHbIE MMEIOT CBOE BpeMA XU3HM, PacLIMpeH-
HOE [I0 BpEMEHM XXU3HM Jienierata. B cnenyroleM npumMepe noKanbHas
nepeMeHHasa seed o6bIYHO Mokupana 6bl 06/1acTh BUAMMOCTY IOC-
e TOro, Kak BbinonHenne Natural saBepiueHo. Ho nockomnbky ne-
peMmeHHas seed Oblna 3axeayeHa, BpeMs >KM3HM ITOI NepEMEHHO
pacliMpAeTca A0 BPEMEHM XXM3HM 3aXBaTUBLIETO ee JeNerara, T.e.
natural:

static Func<int> Natural ()
{
int seed = 0;
return () => seed++; // Bo3BpallaeT 3aMEKaHUE
}
static void Main ()
{
Func<int> natural = Natural();
Console.WriteLine (natural()); // O
Console.WriteLine (natural()); // 1

HA 3AMETKY!

HepeMeHHbIe TaKXe MOTIyT ObITh 3aXBayeHbl AHOHUMHBIMU U
JIOKaJIbHBIMU METOOaMMU. B Ttakux Cny4asx npaBuia s 3aXBa-
YE€HHbIX NMEPEMEHHDIX OCTAIOTCA TEMMU XK€ CaMbIMU.
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3axBatbiBaKnue UTEepauUoOHHbIX NepeMeHHbIX

Korna 3axBaTbiBaeTcs UTepalyoOHHasA nepeMeHHas B uukie for,
OHa TPaKTyeTCs Tak, Kak ecny 6bl oHa 6blia 06bsAB/IEHA B8He LMKIIA.
ITO 3HAUWT, YTO B KaKHON MTepaLMyu 3aXBaTbIBAETCA mMaA He camas
nepemeHHad. IlpuBeeHHbIN HIMKe KOA BbIBOAUT 333, a He 012:

Action|[] actions = new Action[3];
ifeor (Mt 4 =0k i < 3w du)
actions [i] = () => Console.Write (i) ;

foreach (Action a in actions) a(); // 333

Kaxxpoe 3amblkaHue (BbIfe/NeHHOE MOMY>XMPHBIM) 3aXBaTbIBaeT
ONHY U Ty Xe nepeMeHHY0 1. (YTBep>kmeHMe HeCTBUTENBHO MMe-
€T CMBIC/I, KOT[la NPUHATb BO BHMMAHMe, YTO 1 ABNAeTCA NepeMeH-
HOJI, 3HaUeHMe KOTOPOI COXpaHAETCA MeXAy UTepaluuAMMU LUKIa;
NpY >KeNaHuMu 1 MOXKHO Aake IBHO M3MEHATb BHYTPM TeNla LIMKIIA.)
[TocnencTBue 3akmoyaeTcss B TOM, 4YTO nNpyu 6osee no3gHeM BbI30Be
Ka>XIbIM Jenerat BUOAUT 3HaueHUe 1 Ha MOMEHT 8bvl3068a, T.e. 3. Ecnu
B3aMeH TpeOyeTcsl BbIBeCTM Ha 9kpaH 012, TO pellleHMe MpegycMmart-
pMBaeT NpyUcBauBaHMe UTEPALMOHHON NEPEMEHHON KaKO-TO MOKalb-
HOJI MepeMeHHO ¢ 06/1acTbio BULMMOCTY 8HYMpuU LIMKNIa:

Action[] actions = new Action[3];
for (DnE H = 0 i 8% 1kt
{
int loopScopedi sby
actions [1] = () => Console.Write (loopScopedi) ;
}
foreach (Action a in actions) a(); // 012

I

B pesynbTaTe 3aMblKaHue Ha KaXk[AOM uTepaluy OymeT 3aXBaTbIBaTh
0pyey1 NepeMeHHYIO.

HA 3AMETKY!

Linknel foreach paboranyu aHanornyHbiM 06pa3oM, HO Mpa-
Buna uamenunucey. Haunnas ¢ Bepcun C# 5.0, MoXHO 6Ge3omac-
HO 3aMbIKaTb MTEPALMOHHYIO NepeMeHHYl0 UMkKa foreach
6e3 HEOOXOOMMOCTY B HalMUMy BPEMEHHO IIepeMEHHOIL.
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CpaBHeHue nAm6Aa-BbIpaXKeHMiA
W NOKaNbHbIX MeTOA0B

DYHKLMOHANBHOCTD JIOKA/IbHBIX METONOB (CM. pasien “JlokanbHble
MeToAbl” Ha CTp. 78) 4acTMYHO coBmajaer ¢ GYHKLMOHANBHOCTHIO
naAM6a-BbIpaXkeHUit. [IpenmylLecTBa T0KaNbHBIX METOLOB B TOM, 4TO
OHU [IONMYCKAIOT PeKYpCHIo 1 u36aBIAIT OT Hecrnopsaka, CBA3aHHOTO
C yKasaHMeM [e/eratoB. YCTpaHeHMe KOCBEHHOCTH, PUCYILLEN fene-
raTaM, TaKXXe Je/laeT UX HeCKoabKo 6onee addeKTUBHBIMMU, U OHU
MOTYT MO/y4aTh LOCTYI K JIOKaJbHbIM [EPEMEHHBIM COfepIKalLero
Mertoza 6e3 “nepeHoca” KOMIM/IATOPOM 3aXBau€HHbIX [€PEeMEHHbBIX
BHYTPb CKPBITOTO Kacca.

TeM He MeHee, BO MHOTMX C/Ty4asX fe/leraT BCe-TaKM HyxeH, Jallle
BCero npu BbizoBe GyHKLMM GOJIee BbICOKOTO MopsifKa (T.e. MeToAa ¢
rapaMeTpoM, UMEIOLMM TUII [ie/ieraTa):

public void Foo (Func<int,bool> predicate) { ... }

B cuenapusax mogo6Horo poga B moboM cnydae HeoOXOAMM [e-
JIeraT, ¥ OHU NpPeNCTaBAAT co00i B TOYHOCTM Te CUTyallUM, KOrAa
nam6aa-BblpaxkeHUs 0ObIYHO KOpoUe U fCHee.

AHOHUMHbIE MeToAbl

AHOHUMHble MemoObl — 3TO GYHKLMOHAbHAS BO3MOXHOCTD, 110-
asuBLIascs B Bepcuu C# 2.0, koTopas no 6osblielt YacTu OTHOCUTCA
K 7MOfa-BbIpaKeHMAM. AHOHUMHbIN METOJ| NOXOX Ha NAMOHa-Bbl-
paXkeHUe 3a UCK/IIOYEHUEM TOrO, YTO OH JIMIIEH HESIBHO TUIU3UPO-
BaHHBIX [ApaMeTPOB, CUHTAKCUCA BbIpaKeHUI! (RHOHUMHBI METOX
IOJKeH Bceraa 6bITh 6I0KOM OMEepaTOpOB) M CIIOCOOHOCTY KOMITUIIHU-
poBaThcs B IepeBO BblpaxkeHus. UToObI HamMcaTh aHOHUMHBIN METOZ,
noHapo6uTcs ykasaTs KitoueBoe cnoBo delegate, 3ateM (Heob6s3a-
Te/bHOE) 0ObsB/IEHME [TApAMETpa U, HAKOHEL, TeNo Metona. Hampumep,
MMes IOKA3aHHBIN HUXKE JIe/eraT:

delegate int Transformer (int i);

BOT KaK HammcaTh U BbI3BaTb aHOHMMHBIN METOon:

Transformer sqr = delegate (int x) {return x * x;};
Console.WriteLine (sqr(3)); // 9

[lepBas cTpoKa ceMaHTUUYECKM IKBUBATIEHTHA CefYIOLeMY JAM-
61a-BbIpaXKeHU I0:
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Transformer sqr = (int x) => {return x * x;};

Wnu npocro:

Transformer sqr = X =>x * x;

YHuKanbHasg 0COOEHHOCTb aHOHMMHBIX METOJOB COCTOUT B TOM,
4YTO MOXKHO OJIHOCTBIO OMYCKaTh 0O'bsAB/EHME TApaMeTpa, JaXKe ecu
Ienerat ero oxxupaet. [loctynats Tak yEo6Ho npu 06bABNEeHNN COObI-
TUIT CO CTAaHZAPTHBIM MyCTbIM 06paboTunKoOM:

public event EventHandler Clicked = delegate { };

B utore ycrpaHserca HeOOXOAMMOCTb MPOBEPKM Ha PaBEHCTBO
null nepex 3anyckom cobbiTus. [IpuBeneHHbI nanee Koa Takxe 6y-
HeT gonycTuMbIM (06paTuTe BHMMaHMe Ha OTCYTCTBME MTapaMeTpPOB):

Clicked += delegate { Console.Write ("wenyox"); };

AHOHVMHbBIE METOIbI 3aXBaTbIBAOT BHEIIHMNE IIEPEMEHHDbIE TEM XK€
CaMbIM CHOCO6OM, 4TOo U fIHM6}Ia-Bpra>K€HI/IH.

Oneparopbl try 1 ucknoYeHns

Oneparop try ykaseiBaeT 670K Kofia, IpegHa3HaYeHHbI A 06-
paboTky omnbox mmn o4UCTKM. 3a On0Kkom try NOMDKEH ClefoBaThb
OIVH MU HECKONMbKO 670k08 catch w/wmu 60k finally. Brnok
catch BbImonHsAeTCSA, KOrAa Bo3HMKaeT ownbka B 6710Ke try. Brok
finally BBIMONHAETCS MOC/IE TOTO, KaK [OTOK YIIpaBIeHUs MOKMAA-
eT 670k try (unm 610k catch, ecnm oH MpUCYTCTBYeT), obecreyn-
Basl OYMCTKY HE3aBUCHMO OT TOTO, ObIIO CreHepMPOBAHO MCKIIOYEHNE
WM HeT.

Bnok catch umMeer goctyn k 06bekTy Exception, koTopslit
copepxut nHbopmauuio 06 omnbke. brok catch npumensercs
nmm60o AnA KOppeKTUPOBKM OWMOKY, 1160 ANA nO8MOPHOL 2eHepayuL
ucknodeHns. VIcknoueHne reHepupyeTcs MOBTOPHO, €ClM HY>KHO
MPOCTO 3aperncTpupoBaTh GakT BOSHUKHOBEHUs NMPO6IeMBI B XKyp-
HaJe WM eCnyu HeoOXOXMMO CreHepUpOBaTbh MCK/IIOYEHME HOBOTO
Tuna 60o/ee BLICOKOTO YPOBHA.

Bnok finally mobaBnseT HeTepMMHM3MA K IIpOrpaMMe 3a CYeT
TOTO, YTO BBIMOJHAETCA HECMOTPSA HM Ha 4TO. OH IoNeseH s mpo-
BeleHUA 3aJa4 OYMCTKM BPOJie 3aKPbITHSA CETEBbIX MOAKIIOYEHMIL.
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Ornepatop try BBIITARUT CIERYIOIMUM 06pasoM:

fery’
{
... // BO BpeMs BBIMOJIHEHUA 3TOro OJIOKa MOXET
//  BOBHUKHYTb MCKJIOUEHUE

}

catch (ExceptionA ex)

{

... // Obpaborare uckiouerme Tuna ExceptionA
}

catch (ExceptionB ex)

{

// OBpaboraTb uckiwueHmne tuna ExceptionB

1

finally
{

... // Kon& ouncTku

1
¥

B3rnaHuTe Ha Moka3aHHbBIN HYUXKe Kon:

int x =3, y =0;
Console.Writeline (x / y);

[TockonbKy Y ¥MMeeT HyneBOe 3HadeHMe, MCIOJHALLIAsA cpefia reHe-
pupyet uckmovenue DivideByZeroExzception u nporpamma npe-
Kpantaer paboTy. YTo6bl MpesoTBpaTUTh Takoe MOBeJieHNe, Mbl Tepe-
XBaTbIBaeM MCK/IIOYeHMe:

try

{
int x =3, y=0;
Console.WriteLine (x / y);

}

catch (DivideByZeroException ex)
{

Console.Write ("y He MoxeT ObITb PABHO Hymo. ");
}
// Tloclle UCKIIYEHUs BHINOJHEHME BO30OHOBIAETCH
// ¢ 3TOro MecTa...
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HA 3AMETKY!

Llenbio MpMBeIEHHOTO NPOCTOroO NpyuMepa 6blla UITIOCTpaLus
obpaboTky McknioueHmit. Ha npakTuke nyuie sBHO MpoBe-
PATDb AeNUTENb Ha PaBEHCTBO HYJIO Nepefl BbIUMCTEHMEM.

O6paboTka UCKTIOYeHNIT ABAETCA OTHOCUTENBHO 3aTPaTHOI,
3aHMMas COTHY TaKTOB Mpolieccopa.

Korpa ucknioueHye creHepMpoBaHO BHYTpY onepatopa try, cpe-
na CLR BbIMONHAET CeAYIOLIYIO TPOBEPKY.

ViMeeT nu omepaTop try COBMeCTMMble C UCKIIOUeHMEM OOKM
catch?

Ecnu mmeet, Torga ynpapneHue nepexoguT Ha COBMECTUMBIN
610k catch, satem Ha 6ok finally (npu ero Hanuumm) u
Iajee BBIMOMHEHME MPOJO/KAETCSA 0OBIYHBIM 00pa3oM.

Ecnu He uMeer, Torfa yrnpaBieHye MepeXofuT NpsAMO Ha 610K
finally (npu ero Hanumumu), a cpea CLR uiieT B cTeke Bbl-
30BOB fipyrue 00k try M B cnydyae uX o6Hapy>KeHMs MOBTO-
pAeT MpoBepKy.

Ecnu Hu ofgHa ¢yHKUMA B CTeKe BBHI3OBOB He B3sina Ha cebs OT-
BETCTBEHHOCTb 3a MCK/IOUEHME, TO MO/Nb30BaTeN0 0TOOpaXkaeTcs
IMaNnoroBoe OKHO ¢ coobieHmeM 06 owmbke u NporpaMma Ipekpa-
waet pabory.

KoHcTpyKuusa catch

KoHcTpykumsa catch ykasblBaeT TUI MCKTIOUeHN, TTIOA/IEXXALLIEro Ie-
pexBary. Tunom mMoxet 6bITb 1160 System.Exception, m16o kakoit-
To nmofgknacc System.Exception. [lepexaTt System.Exception
obecreunBaeT OTIABNMBaHME BCEX BO3ZMOXHBIX OMIMOOK, YTO YROOHO
B MepeYMCIEHHBIX HIDKE CUTYALMUAX:

nporpaMMa noTE€HLMA/IbHO MO>XET BOCCTAHOBUTbCA HE3aBUCHU-
MO OT KOHKpPETHOro TUIlla UCKIIOYE€HUA;

ITAHUPYeTCA MOBTOPHaA IeHepalusa UCKIIoueHnA (BO3MOXKHO,
TI0CTIe ero PerucTpalluy B XypHae);

00paboTumnK OWMOOK ABNAETCA MOCTELHUM CPECTBOM Iepen
TeM, KaK [porpaMma IpekpaTtuT paboTy.
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Opnnako 6oree 0OBIYHON ABNAETCA CUTYaLMs, KOTA [epeXBaThl-
BAIOTCA UCK/IIOHeHUSA CHeyudu1eckux munos, 4Tobbl He MMeTb Jena ¢
YCTOBUAMMU, Ha KOTOpble 06paboTumk He ObIT paccuuTaH (Hampumep,
OutOfMemoryException).

[lepexBaTbIBaTh MCKIOYEHMA HECKONBKUX TUIIOB MOXHO C ITOMO-
I[bI0 MHOXECTBa KOHCTPYKLMIT catch:

LRy

{
DoSomething () ;

}
catch (IndexOutOfRangeException ex)

{
catch (FormatException ex) { wwa )
catch (OverflowException ex) {

JlnA 3alaHHOTO MCK/TIOUEHUA BBIMONHAETCA TONBKO OfHA KOHCTPYK-
uus catch. Ecny Bbl XOTUTe NpeNycMOTpeTh ceTKy 6e30macHOCTH s
nepexBaTa oOLMX MCKIKOYeHUI (Bpome System.Exception), To
IO/KHBI pasMellath 6onee crenyuduyeckye 06paboTUNKM nepsbimu.

VcknoyeHe MOXKHO NepexBaTblBaTh 0e3 yKkasaHMs MepeMeHHO,
€CNy JOCTYI K CBOMICTBAM MCK/IIOYEHUA He HYXKeH:

catch (OverflowException) // nepemeHHas He yKasaHa

{ @@ J

Kpome TOro, MOXXHO omyckaTb ¥ NepeMeHHYI0, 1 Tin (Torga 6y-
IYT MepexBaTbIBaTbCA BCE UCKIIOYEHUA):

catei { ko ¥

OUNbTPLI NCKNIOYEHNI

Haunnas ¢ Bepcun C# 6.0, B KOHCTpyKIIMM Catch MOXHO yKasbl-
BaTb PuUAbLMP UCKAIOHEHUT C TTOMOLLbI0O KOHCTPYKLMM when:

catch (WebException ex)
when (ex.Status == WebExceptionStatus.Timeout)

Ecnu B mpuBeNeHHOM NpuMepe TeHepUPYeTCsA MCKIOYeHue
WebException, Torga Beluucnsercsa 6yneBckoe BblpaXkeHue, HaXo-
IslleecA Mocne Ko4eBoro cnosa when. Ecnu pesynbratom oxasbiBa-
erca false, To maHHBI 670K Ca tch UrHOpMpYyeTcs U MpocMaTpyBa-
IoTcA mobble mocnenywolne KOHCTpykuuu catch. Bnarogapsa ¢unb-
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TpaM MUCK/TIOYEHUI MOXET MOABUTLCSA CMbBICTT B TIOBTOPHOM II€pexXBaTe
UCK/IIOYEHUA TOro >Xe€ CaMoro Turia:

catch (WebException ex) when (ex.Status ==
HeXOoTopoe COCTOsHHe)

1 Aag 1}

catch (WebException ex) when (ex.Status ==
APYyTOe_COCTOSHHE)

(oI

ByneBckoe Bblpa’keHMe B KOHCTPYKLMM when MOXeT MMeTb I0o-
6ouHble 3¢ deKThI, HaNpyMep, BbI3bIBaTb METOJ, KOTOPBI perucTpu-
PYeT B >KypHase cBefileHUs 06 UCKTIOUeHUM [JIA Liefeil IMarHoCTUKM.

bnok £inally

brokx finally BbIMONHAETCA BCerja — HE3aBUCUMO OT TOTO,
BO3HMKAJIO JIM UCKJIIOUEHME, Y TIOTHOCTBIO 1 OBl BBINOMHEH 610K
try. bnoku finally o6bIYHO UCIIONB3YIOTCA 1A pa3MellieHNs Kofia
OYUCTKMU.

brnok finally BbINONHAETCA B OJHOM U3 CIENYIOIMUX C/Ty4aeB:

® rocse 3aBeplleHus 61oka catch;

® [0CJe TOro, Kak MOTOK YIpaBleHus Mokuaaer 610k try us-sa
omnepartopa Iepexofia (HampyuMep, return um goto);

® rocje OKOHYaHus 610Ka try.

Bbnok finally copmeiicTByeT MOBbILIEHUIO NeTEPMUHM3MA TIPO-
rpaMMbl. B mpuBefeHHOM faniee puMepe OTKpbIBaeMblit Gaitn scezda
3aKpbIBaeTCS HE3aBUCUMO OT IIepeuyC/IeHHbIX HUXe 0OCTOATENbCTB:

® 650K try 3aBepllaeTcd HOPMaJbHO;

® TIPOMCXORMUT NpeKIeBpeMEHHbDI BO3BpaT U3-3a TOrO, YTO Qaitn
nycr (EndOfStream);

® BO Bpems uTeHus (aita BO3HMKaeT UCKoueHe I0Exception.
Bor npumep:

static void ReadFile ()
{
StreamReader reader = null; // M3 npocTpaHcTBa
//  wMen System.IO
try
{
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reader = File.OpenText ("file.txt");
if (reader.EndOfStream) return;
Console.WriteLine (reader.ReadToEnd());
}
finally
{
if (reader != null) reader.Dispose();
i
}
B npennoxxeHHOM npumepe Mbl 3aKkpbiBaeM (aitl ¢ NOMOLUbIO BbI30-
Ba Dispose () Ha StreamReader. Boi3oB Dispose () Ha o6bekTe
BHYTpu 61oka finally npeacraBnser coboif CTaHAapTHOE COrnallle-
Hue, cobniopaeMoe noBceMectHO B .NET, 1 0HO IBHO NMOAREPXKMBAET-
ca B A3bike C# yepes onepaTop using.

Onepatop using

MHorue Knacchbl MHKaNCyINpPYIOT HeynpaB/ifAeMble pecypchbl, Ta-
Kue kak daitnossle u rpadpuyeckme SeCKpMITOPbl MUY MOLKITIOUEHU
K 6asaM maHHbIX. Knaccel momo6HOro popa peanusyror MHTepdelic
System.IDisposable, B KOTOpoM olpefeneH eJMHCTBEHHbIN
MeTop 6e3 mapaMeTpoB Mo uMeHM Dispose (), mpegHasHayeHHbIN
O OUUCTKM 3TUX pecypcoB. Onepatop using npennaraer sneraH-
THBII CMHTaKCUC i BbI3oBa Dispose () Ha 06bekTe peanusaluyu
IDisposable BuyTpu 6noka finally.

Oneparop:

using (StreamReader reader = File.OpenText ("file.txt"))

{

}
B TOYHOCTU 3KBMBAJIEHTEH CIEAYIOLIEMY KOAOY:
{

StreamReader reader = File.OpenText ("file.txt");

try
{
}
finally
{
if (reader != null) ((IDisposable)reader).Dispose();

148 | Kapmannbiii cnpaBounnk no aseiky C# 8.0



06baBneHus using ((# 8)

Ecnu omyctutb Kpyrible ckobky 1 6710k ONepaToOpOB, CeRYIOLMit
3a OrepaTopoM Using, To Mbl MonyuuM obwAeneHue using. B pe-
3y/IbTaTe pecypc 0CBO6OXKAaeTCsl, KOrja MOTOK YIpaB/ieHys BBIXOAUT
3a Ipefienbl 8KII0YANU4e20 6II0Ka ONepaTOpPOB:

if (File.Exists ("file.txt"))

{
using var reader = File.OpenText ("file.txt");
Console.WriteLine (reader.ReadLine());

B paHHOM cnydae reader ocBo6oauTcsa Mocne TOro, Kak MOTOK
yIpaB/ieHUA BbIIJIET 3a Npefienbl Tena oneparopa if.

feHepauns UCKNOYEHNIA

VMcknio4eHMss MOTYT reHepupoBaTbca nu60 MCMONHALLLEN
cpepoit, 1160 Monb30BaTeNbCKMM KOAOM. B mpuBemeHHOM panee
npumepe meton Display () reHepupyer mcknwodeHme System.
ArgumentNullException:

static void Display (string name)
{
if (name == null)
throw new ArgumentNullException (nameof (name)) ;
Console.WritelLine (name);
}

Bbipakenua throw

Haunnas ¢ Bepcun C# 7, KOHCTPyKUMA throw MOXeT MOABIATD-
cs KaK BblpakeHye B GYHKLMAX, CKATBIX O BBIPAXKEHUS:

public string Foo () =>
throw new NotImplementedException() ;

BoipakeHue throw MoXKeT TaKk)Ke HaXOAMTbCA BHYTPYU TepHAPHOI
YCNIOBHOJ OIepaLmm:

string ProperCase (string value) =>
value == null ? throw new ArgqumentException ("value")
value == "" 2 "n .
char.ToUpper (value([0]) + value.Substring (1);
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NoBTOpHaA reHepauua UcknioveHua
VcknmoyeHre MOXXHO rnepexBaTbiBaTb ¥ T€HEPUPOBATb MOBTOPHO:

oy ( mze )
catch (Exception ex)

{

// 3aperucrpupoBaTh B XypHalse uHbopMaumo 06 ouniOke

throw; // [oBTOPHO CreHepUpPOBATL TO *€ CaMOe MUCKIDYeHMe
1

[loBTOpHAs reHepauys B nofo6HO MaHepe HaeT BO3MOXXHOCTb 3a-
perucTpupoBaTth B XXypHane uHpopmaLmio ob owmbke, He nodasnss ee.
OHa TaK)Xe MO3BOJISIET OTKA3aTbCs OT 0OpabOTKYM UCKIIOUEHMs, ecu 06-
CTOATENbCTBA CNIOKMIUCh He TaK, KaK 0XXU/anoch.

HA 3AMETKY!

Ecnu throw samenuTs throw ex, To mpuMmep COXpaHUT pa-
60TOoCIIOCO6HOCTD, HO CBOICTBO StackTrace UCKIOYeHUA
6onblue He OygeT OTpa>kaTb UCXOLHYIO OLIMOKY.

Eute oguH pacnpocTpaHeHHbIN clieHapuit NpegycMaTpyuBaeT MOB-
TOPHYI0 reHepalnio UCKIovYeHus 6onee cneunduueckoro umm comep-
XKaTelbHOro TUIa:

o2
{

... // Tlpouseect pa3bop HaThl poxIeHus u3 sjemeHTa XML

}

catch (FormatException ex)
{

throw new XmlException ("HekoppekTHas HaTta poxaeHua", ex);

}

[Ipu MOBTOpHOJ TeHepaUuy ApYroro UCKIOUEHUS B CBOMCTBE
InnerException MoXHO yKasaTb MCXORZHOE MCKIIOHYeHMe, YTOOBI
noMoub B oT/Nafke. [TouTu Bce TUIBI UCKIIOYEHMIT IPENOCTABNAIOT
KOHCTPYKTOP [/ Takol Lieny (Kak B pacCCMOTPEHHOM IIpUMepe).
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OcHoBHble cBoiCTBa System.Exception

Huxe onucansl Hambonee BakHble CBOVCTBA Kacca System.
Exception.

StackTrace

Crpoka, npefcrasnsiolias Bce METObI, KOTOpble ObIIN BbI3Ba-
Hbl, HaYyMHasg ¢ UCTOUHMKA UCK/ITIOYEHUSA U 3aKaHUYMBasg 610KOM
catch.

Message
Crpoka ¢ onMcaHueM OWIUOKU.
InnerException

BHyTpeHHee uckmoyeHne (eCnu ecThb), KOTOpOe NPUBENO K TeHe-
panuy BHelllHero uckinodeHus. CaMo 3TO CBOMCTBO MOXET UMETD
oTnMyarolleecss CBOMCTBO InnerException.

06wre TMNbI UCKNIOYEHWNI

ITepeuncneHHble HMXe TUIIBI UCKITHOUEHUI LIMPOKO NPUMEHAIOT-
ca B CLR u NET. Mx MOXHO reHepupoBaTb 1160 MCI0Ib30BaTh B
KadecTBe 0a30BBIX KIacCOB [/ MOPOXKAEHUSA CHelManbHbIX TUIIOB
UCKITIOUEeH A

System.ArgumentException

[enepupyetcs, korga GyHKLMA BbI3bIBAETCA C HEAOMYCTUMBIM ap-
rymeHToM. Kak mpaBumo, ykasbiBaeT Ha Hanuuue olIM6KM B po-
rpamMmMme.

System.ArgumentNullException
[Toaknacc ArgumentException, KOTOpbIJl reHepupyercs, Koraa
apryMeHT GyHKUMM (HenmpedBUIEHHO) OKasbiBaeTcsA null.
System.ArgumentOutOfRangeException

[Togknacc ArgumentException, KoTopblit reHepupyercs, Kor-
na (0OBIYHO UMCIOBO) apryMeHT MMeeT Yepecuyp Gorblloe MK
CMUIIKOM Masnoe 3HadeHue. Hanpumep, 3To UCK/IIO4eHME BO3HMU-
KaeT NpM Nepefjade OTPULATENBHOTO YMCIa B QYHKLNIO, KOTOpas
NPUHUMAET TOIbKO IMOJIOXUTENbHbIE 3HAYEHUS.

System.InvalidOperationException
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TeHepupyeTcst, KOrfia COCTOsIHME 06bEKTA OKa3blBaeTCsl HENOLXOMS-
MM /11 YCIIELHOTO BBITIONIHEHMS METOAA He3aBUCUMO OT NH06ObIX
3alaHHbIX 3HAaYeHMI1 apryMeHTOB. B kayecTBe NPMMEPOB MOXHO
Ha3BaTb YTE€HME HEOTKPBITOro Gaitna uam mojyyeHue cremyolie-
IO 971eMeHTa U3 NepeunCcInTeNA B CIydae, ec/y eXalluit B OCHOBE
CIMCOK ObIN1 M3MeEHEH Ha cepejiiHe BbIIIOHEHUS UTepaLMM.

System.NotSupportedException

leHepupyercsa anA ykasaHus Ha TO, 4TO creuududeckas yHk-
LMOHATbHOCTb He NOAAepXMBaeTcA. XOpOUMUM NpUMEpPOM MO-
XKET CNMy>XUTb BbI30B MeTofa Add () Ha KONIEKUMMU, A KOTOPO
IsReadOnly Bo3Bpamaer true.

System.NotImplementedException

leHepupyerca mnA ykasaHMS Ha TO, 4TO QYHKLMUA TOKa ellle He
peanusoBaHa.

System.ObjectDisposedException

TeHepupyercsi, Korga o6 beKT, Ha KOTOPOM BbI3biBaeTcss GyHKLMS,
6b171 0OCBOOOXKIEH.

lepeuncneHue n uteparopol
Nepeyncnenue

Ilepeyucnumeny — 3TO KOMYCKAIOLMIT TONbKO YT€HME OFHOHAIIPAB-
JIEHHBI KYypcop M0 nocnedosamenviocmu 3HaveHuil. Ilepeaucnurens
npeznctaBnfeT coboit 06beKT, KOTOpbI peanusyeT nubO MHTep-
¢deitc System.Collections. IEnumerator, nu6o unrepdeic
System.Collections.Generic.IEnumerator<T>.

Omnepatop foreach BHINONHAET UTEPALMIO [1O NEPEUUCTUMOMY
06DbexTy. [Tepeuncnumblit 06bEKT ABNACTCA NOTMYECKUM TpeNCTaBe-
HJMEM II0C/IeIOBAaTeNIbHOCTU. DTO He COOCTBEHHO Kypcop, a 00bekT,
KOTOPBIiT IIPOM3BOAUT Kypcop Ha cebe camoM. [lepeuncnumplit 06b-
exT 1160 peanusyet unTepdeiic IEnumerable/IEnumerable<T>,
nubo MMeeT MeTOR MO UMeHM GetEnumerator (), KOTOpbIt BO3-
BpallaeT nepeuucaumens.

[ITa6noH mepeuncneHus BLIARUT CefYOIUM 06pa3oMm:

class Enumerator // OBel¥HO peanu3dyer IEnumerator<T>

{
public IteratorVariableType Current { get {...} }
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public bool MoveNext () {...}
}
class Enumerable // OBeluno peanmuayer IEnumerable<T>

{

public Enumerator GetEnumerator() {...}
t

Huoke moxasaH BBICOKOYPOBHEBBIN CIIOCOO BBIMOHEHUS UTe-
pauuy 1o CMMBONAM B C/IOBe “Bofia” C MCIO/NIb30BaHMEM OllepaTopa
foreach:

foreach (char c in "Boma") Console.WriteLine (c);

A BOT HM3KOYPOBHEBbIII METOX MPOBENEHNMS UTepALIMM 1O CUMBO-
nam B cnoBe “Bona” 6e3 npuMeHeHus onepatopa foreach:

using (var enumerator = "Boma".GetEnumerator())
while (enumerator.MoveNext() )
{
var element = enumerator.Current;
Console.Writeline (element);
}

Ecny nepeuncnutens peanusyer untepdeiic IDisposable, To ome-
patop foreach Takxe fefiCTBYeT KaK OrepaTop Using, HeABHO OCBO-
60>xnas O6beKT mepeuncnuTens.

WHuunanusatopbl Konnexkuuit

[TepeuncnuMblit 06beKT MOXXHO CO3[aTh M 3aMONHUTb 3a ORMH
war. Hanpumep:

using System.Collections.Generic;

List<int> list = new List<int> {1, 2, 3};
KoMnunaTop TpaHcIMpyeT Ko creayoluM obpa3om:

List<int> list = new List<int>();
list.Add (1); list.Add (2); list.Add (3):;

3necb TpebyeTcs, 4TOObI MepeuncnIMMblil 06 BEKT peanu3oBbIBas
uHTepdeiic System.Collections. IEnumerable u Takum obpa-
30M mmen MeTon Add (), KOTOpbIN NMPMHMMAET MOAXOAALLee Kommyec-
TBO TapaMeTpOB [/ BbI30Ba. AHA/IOTMYHBIM CIOCOOOM MOXXHO MHU-
LIMaM3MpoBaTh C/I0Bapu (TuIIbl, peanusyioliye nHTepdeitc System.
Collections.IDictionary):
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var dict = new Dictionary<int, string>()
{

{ 5 "nsars" P

{ 10, "neegms" }
}i

Vinu 6onee KpaTko:

var dict = new Dictionary<int, string>()
{

[5] = "mame",

[10] = "mecsaTw"
}i

BTOpOﬁ BapMaHT 3alucyu AONYyCTUM HE TOMDBKO CO CIIOBapsAMM, HO
" ¢ M106bIM TUIIOM, /11 KOTOPOro Cyle€CTBYET MHAEKCATOP.

UrepaTtopb!

Hapsany ¢ Tem, uto onepatop foreach MOXHO paccMaTpMBaTh Kak
nompebumeny NepedNUCIIUTENS, UTEPATOP CIEAyeT CYUTATb NOCMABU4U-
KoM MepedyucnuTensA. B npuBefeHHOM HMXKe MpUMepe UTepaTop MC-
T0NIb3yeTCA 1A BO3BPalleHMs MoCTef0BaTeNbHOCTH yncen OuboHauun
(rme KaXkgoe YMCIo ABNAETCA CYMMON ABYX NPENBIAYLINX YMCEN):

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;
i
1
BHBOL: 112358
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B To Bpemst Kak onepaTop return BblpaxaeT: “BoT 3HaueHue, KO-
TOpO€ JOMKHO 6bITh BO3BpALLEHO M3 ITOr0 MeTofia’, onepaTtop yield
return coobuaet: “Bor CleayloWmit 3MeMeHT, KOTOPbIA HOMXKeH
6bITh BBIZAH 3TUM Mepeuncnntenem’. Ilpu BCcTpede KaXaoro ornepa-
Topa yield ynpaBneHue BO3BpallaeTCsl BbI3bIBAIOLLEMY KOMIIOHEHTY,
HO COCTOsIHME BbI3bIBAEMOIO METO[la COXpPAHAETCS, TaK 4YTO JAHHbIN
METOJ MOXXET NpPORO/IKUTb CBOE BbIIIOJTHEHME, KaK TO/NbKO BbI3blBa-
IOLIMII KOMIIOHEHT MEePeYUCIUT Clefyoluii 3neMeHT. JKusHeHHbI
LMK COCTOSAHMUSA OTPaHMYEH MepedncauTeneM, I03TOMY COCTOSHME
MOXeT OBbITb OCBOOOX/IEHO, KOTZIa BbI3bIBAIOLIMI KOMIIOHEHT 3aBep-
LIMT [epeyncneHne.

HA 3AMETKY!

Komnvmmop. npeo6pa3yeT MeTOMbI MTEPATOpPa B 3aKPbIThIE
KJIaCChl, KOTOpble peanusyloT MHTepdeiichl IEnumerable<T>
n/vnu IEnumerator<T>. Jloruka BHyTpu 610Ka UTEpaTo-
pa “MHBepTUpYeTCA’, MOCTe Yero Cpalli¥MBaeTcs C METONOM
MoveNext () u cBoiictBoM Current Knacca nepeumcnmure-
715, CTEHEPUPOBAHHOTO KOMMMUIATOPOM. JTO 3HAUMUT, YTO Mpu
BbI30BE METO/Ia UTEPATOPA BCETO NINLIb CO3AAETCA IKIEMIIAD
CreHepUMpOBAaHHOTO KOMIIMUIATOPOM Kacca; HMKAKOM Hamu-
CAHHBI} BaMy KOJ Ha CaMOM Jiefie He BbinonHsercsa! Baw kox
3aMyCKaeTCsA TOMbKO KOTJla HAYMHAETCA Nepeuyucenne 1o pe-
3yIbTUPYIOLIEN MOCNeN0BaTeTIbHOCTH, OOBIYHO C MOMOILbIO
omnepartopa foreach.

CemaHTuKa utepaTopa

VtepaTop npenctaBnseT coboif METOH, CBOMCTBO MM MHAEKCATOP,
KOTOpBII CONEP>KUT OAMH MM bornblilee KOMMYECTBO onepaTopoB yield.
VTepaTop KOMXKeH BO3BpalIaTh peanusalinio OFHOrO U3 CIeRyIOWMX Ye-
ThIpex MHTepdeicoB (MHaYe KOMIUIATOP CreHepupyeT cooblieHue 06
oummnbke):

System.Collections.IEnumerable
System.Collections.IEnumerator
System.Collections.Generic.IEnumerable<T>
System.Collections.Generic.IEnumerator<T>
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MTepaTophl, KOTOpble BO3BpAlLAIOT peanusaluio MHTepde-
ca IEnumerator (IEnumerator<T>), Kak OpaBUIO, IpUMe-
HAOTCA MeHee 4yacTo. OHM YHOOHBI MpM HaNMCaHUM CHeluanb-
HOTO KJlacca KOJIEKLMMU: OObIYHO Bbl Ha3HayaeTe UTepaToOpy UMH
GetEnumerator () u obecrneunBaeTe peanusaluio K1acCoM MHTeP-
¢eitca IEnumerable<T>.

MtepaTophl, BO3Bpallalliue peanmaaluuio uMHTepdeitca
IEnumerable (IEnumerable<T>), aBnsTcs 6onee pacnpocTpa-
HEHHbIMM — U OHM IIpOlle B UCIIONb30BAHUY, T.K. BaM He [IPUXOAUT-
cst paspabaTbiBaTh K1acc KOIeKUMM. “3a KynmucaMu” KOMIMJIATOP
reHepupyeT 3aKpbIThbIi Knacc, peanusywowui IEnumerable<T>
(a Takxke IEnumerator<T>).

MuoxecTBO Onepatopos yield
VTepaTop MOXXET BK/IIOYAaTb HECKOJIbKO omepaTopoB yield:

static void Main()
{
foreach (string s in Foo())
Console.Write (s + " "); // Omun JIOea Tpu

}

static IEnumerable<string> Foo ()

{
yield return "Omur";
yield return "llBa";
yield return "Tpmu";
}

Onepatop yield break

Hanuuue onepatopa return B 6710Ke UTepaTopa He JOMYCKa-
eTcsl; B3aMeH Bbl 00s3aHbl MCIIONb30BaTh onepatop yield break,
ANA yKasaHUs Ha TO, YTO OJIOK UTepaTopa HOMKeH OBbITh 3aBeplleH
NpeXAeBPEMEHHO, He Bo3Bpalllas bonbliie aneMeHToB. YTOOBI NpOAE-
MOHCTPUPOBATb €ro paboTy, MOXXHO MOAMPULIMPOBATb MeTOA Foo (),
KaK [TOKa3aHO HMKeE:

static IEnumerable<string> Foo (bool breakEarly)
{

yield return "Ommu";

yield return "IBa";

if (breakEarly) yield break;

yield return "Tpu";
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KomnoHoBKa nocnepoBatenbHoCTelH

VTepaTopbl B BbICLIE CTENIEH KOMIIOHYeMbl. Mbl MOXXeM pacuin-
puTb Hall npumep ¢ uncnamu PuboHauuy, fo6aBMUB K KIaccy crepny-
IOLIMII METOf:

static IEnumerable<int> EvenNumbersOnly
(IEnumerable<int> sequence)

foreach (int x in sequence)
if ((x %$2) ==0)
yield return x;
}
ITocne 3TOro Mo>XXHO BbIBOIUTD YeTHbIe uncna OuboHayum:

foreach (int fib in EvenNumbersOnly (Fibs (6)))
Console.Write (fib + " "); // 2 8

Kaxknblil a7ieMEHT He BbIYMCIAETCA BIJIOTb O MOC/TEJHEr0O MOMEH-
Ta — KOIJla OH 3anpalimsaerca onepauueit MoveNext (). Hapuc. 5 no-
Ka3aHbl 3aMpoChl JAHHBIX M UX BbIBOJ C TEYEHMEM BPEMEHM.
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Puc. 5. [Ipumep KOMnOHO8KU nocnedosamenvHocmer
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B0o3M0)XHOCTb KOMIOHOBKM, MOAAEpK1BaeMas MaboHOM UTepa-
TOpa, )KM3HEHHO Heob6XoyMa Npy NocTpoeHun 3ampocos LINQ.

Tunb! (3HayeHnit), ponyckaowme null

CcblIouHbIe TUIIBI MOTYT NPEeACTaB/IATh HeCylllecTBYollee 3Haye-
HUe ¢ moMollbto ccbiky null. OgHAKO THUIBI 3HAYEHMUI HE CIOCO6-
Hbl MIPeACTaBAATb 3HaYeHus Null o6bluHbIM 06pasoM. Hanpumep:

string s = null; // HopManbHO, CCBUIOYHBIA TUI

inot 1 = mall; // Oumbka Ha sTarie KOMNUISLUU,
// Tun int He moxeT OwiTb null

Ytobp! npencraBuTh NUL1 ¢ MOMOLIBIO THMA 3HAUEHMsA, HEOOXOMMMO
VICTIONb30BATD CrELMATIbHYI0 KOHCTPYKLIMIO, KOTOPas HasblBaeTCA HIUNOM,
donyckarowum 3Hayenue null. Tun, gonyckawowuit 3HayeHne null,
o603Ha4aeTcA KaK TUI 3HAYeHMH, 32 KOTOPbIM CleyeT CUMBON 2:

Semite) ot = Tl Le // HOpMamnbHO; TMIl, OOIMYCKaoup
// 3naueHue null
Console.WriteLine (i == null); // True
Crpyktypa Nullable<T>

Tun T? Tpancaupyerca B System.Nullable<T>. Tun
Nullable<T> aBnsdercs NerKoBeCHOM HEM3MEHAEMON CTPYKTYpPOi,
KOTOpas MMEET TONbKO JBa Mo/, NpeJHa3HaYeHHble /1 Mpe/CTaB-
nenus 3HadeHus (Value) u npusHaka HanmuuA 3Hauenus (HasValue).
B cymHocTy, ctpykTypa System.Nullable<T> oyeHb mpocra:

public struct Nullable<T> where T : struct

{
public T Value {get;}
public bool HasValue {get;}
public T GetValueOrDefault();
public T GetValueOrDefault (T defaultValue);

}
Kon:

int® 1 =null;
Console.WriteLine (i == null); // True

TPaHCINPYETCA B:
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Nullable<int> i = new Nullable<int>();
Console.WritelLine (! i.HasValue); // True

[TonbiTKa M3BIeYb 3HaueHue Value, korma HasValue paBHo false,
NpPUBOAUT K reHepauuy uckmovenusa InvalidOperationException.
Metop GetValueOrDefault () BosBpaulaeT 3HaueHue Value, ecnu
HasValue paBHO true, u pesynbraT new T () uau 3aJlaHHOe CTaH-
JapTHOe 3HayeHye B IIPOTUBHOM Clyyae.

CraHpapTHbIM 3HaueHueM T? sABnsgercs null.

Mpeo6pa3oBaHna TUNOB, AONYCKAIOWMUX 3HaYeHNe null

[IpeobpasoBanue u3 T B T? ABNAETCA HeABHbIM, au3 T? B T —
ABHbIM. Hanpumep:

int? x = 5; // HesaBHOe
int y = (int) xg // aBHOe

SIBHOe mpuBeleHMe TMONTHOCTbIO 9KBMBANEHTHO OOpallleHUIo K
cBOMCTBY Value o6bekTa Tuma, momyckalomero null. Cnegona-
TenbHO, ecnu HasValue paBHo false, Torna reHepupyercs UCKmoye-
Hue InvalidOperationException.

YnakoBKa pacnakoBKa 3HayeHU! TMNOB, Aonyckawwux null

Korga T? ynakoBblBaeTcs, yNIaKOBaHHOE 3HaueHMe B Kyue COfiep-
#uT T, a He T?. Takasa onTMMM3aLUMA BO3MOXKHA U3-3a TOTO, YTO yIa-
KOBaHHO€ 3Ha4eHMe OTHOCUTCA K CChIOYHOMY THUITY, KOTOPbBIN yXKe
cnocobeH BblpaXkaTb null.

B C# Takxxe paspelleHO paclakOBbIBaTb TUIIBI, JOMyCKaoLlMe
null, ¢ noMouwbio onepauun as. Ecnu npusefenne He ypaeTcs, TO
pesynbTaToM 6ymeT null:

object o = "cTpoka";
int? x = 0 as int?;
Console.WriteLine (x.HasValue); // False

Noabem onepauuii

B cTpykType Nullable<T> He onpefeneHbl TaKMe ONepaLuyu, Kak
<, > wmm paxke ==. HecMoTpsl Ha 3To, CNeAYIOLMIT KON YCIEIHO KOM-
MIUIUPYETCSA U BBINONHAETCA:

int? % = 5;

int? y = 10;

bool b = x <y; // true
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Koz paboraer 6narogaps TOMY, YTO KOMIMWIATOP 3aUMCTBYET,
wim “nogHMMaeT”, onepauuio “MeHblile YyeM” Y JIeXalllero B OCHOBE
TiIa 3HaueHUs. CeMaHTUYeCKH MpeabIAyLilee BbIpa)KeHNe CpaBHEHMA
TPAHC/IUPYETCs TakK:

bool b = (x.HasValue && y.HasValue)

? (x.Value < y.Value)
false;

JpyrumMu cnoBaMy, eCnyu X M Yy UMEIT 3HauyeHMs, TO CpaBHeHue
IPOU3BOAMUTCS MOCPENCTBOM OMepaluy “MeHbllle yeM~ TMIA int; B
NPOTMBHOM Ciy4ae pesynbraToM 6ymer false.

[Tonbem onepaumit 03HayaeT BO3MOXXHOCTb HEABHOTO MCIIO/Nb30-
BaHMA onepauuit u3 T ¢ Tunom T 2. Bel MOXeTe onpefennTh onepa-
uyu mis T?, 4ToObl NPefOCTaBUTD CIeLManu3upOBaHHOe MTOBefleHIEe
B OTHOIIeHMM null, HO B nofaBnAwLIeM OONbLUIMHCTBE CIyYaeB Nyy-
llle [10/1araThCA Ha aBTOMAaTUYeCKOe [IPUMEHEHNE KOMIIUIATOPOM CUC-
TeMaTU4ecKolt oruky paboTsl co 3HayeHueM null.

B 3aBMCMMOCTM OT KaTeropumu onepaumy KOMOUIATOP MpeAcTaB-
NA€T JIOTMKY B OTHOWIEHMM null rmo-pasHoMmy.

Onepauun 3KBUBANEHTHOCTH (==u ! =)

[TonHATbIe ONMepaLyy SKBUBATEHTHOCTY 0OpabaThIBaIOT 3HAUEHUs
null TOYHO TaK e, KaK MOCTYMAIOT CCbUIOYHblE TUIBI. ITO O3HAYa-
€T, UTO [IBa 3HayeHusd null paBHbL

Console.Writeline |{ null == null); //True
Console.WriteLine ((bool?)null == (bool?)null); //True
bonee toro:

® ecnu B TOYHOCTYM ONMH ONepaH] MMeeT 3HaueHMe null, Torpa
OlepaHfbl He paBHbI;

® ecmyu oba onepaHaa OTIMYAIOTCA OT null, TO CPaBHMBAIOTCA MX
cBolicTBa Value.

Onepauun oTHoWweHMA (<, <=, >=, >)

Pa6ora onepanmit oTHOLIEHMA OCHOBaHA Ha MPMHLMIIE, COTNIACHO
KOTOPOMY CpaBHEHMe OllepaHfoB Null He MMeeT cMbIC/a. ITO O3Ha-
4aeT, YyTo cpaBHeHye null nu6o ¢ null, mubo co 3HauYeHUEeM, OT/IU-
yaplwmmMmca ot null, faet B pesynpraTe false.
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bool b = x < y; // TpaHcaupyercs B:

bool b = (x == null || y == null)
? False
(x.Value < y.Value);

// b paBHO false (mpenmnosiaras, 4YTO X paBHO 5, a y - null)

OcTanbHble onepauuu
(+I = *I /I %I &, II AI <<, >>, +, k==, !I ~)
OcranbHble onepanuy Bo3BpaliaroT null, xorga mo6oit us omne-

paHznoB paBeH null. Takoit wa6n0H KoMXKeH OGbITH XOPOLIO 3HAKO-
MbIM Monb3oBaTensam SQL.

int? ¢ = x + y; // TpaHcaupyeTcs B:

int? ¢ = (x == null || y == null)
? null
(int?) (x.Value + y.Value);

// ¢ paBHO null (npexmnojyaras, 4YTO X pPaBHO 5, a y - null)

VickmoyeHyeM sBIIAETCA CUTYaLMs, KOTKA Onepaunu & u | Inpume-
HAITCA K 00012, 4TO MBI BCKOpe 06Cynnm.

(MewwmBaHue B onepaunaAx TUNOB, AONYCKAIOWNX
M He gonycKawowux null

Tumnsl, gomyckamwlme 1 He Jomyckamolme null, MOXKHO cMeLIn-
BaTb (3TO paboTaeT, MOCKONbKY CYLIECTBYeT HesBHOe Npeobpa3oBa-
Hue u3 T B T?):

IrtE? a = pulls;

int b = 2;

int? ¢ = a + b; //c paBHO null - 3KBMBAJIEHTHO a + (int?)b

Tun bool? n onepauun & u |

Korna npenocraBneHHble onepaHfbl MMEIOT TN bool ?, onepa-
UMM & M | TpakTyloT null Kak HeussecmHoe 3HaveHue. Takum obpa-
30M, null | true gaer true no caegywlnM NpMINHAM:

® ecnyM HeM3BECTHOe 3HauyeHMe paBHO false, TO pe3ynbTaTroM
6yner true;

® eCy HeM3BECTHOE 3HaueHye paBHO true, TO pe3ynbTaToM Oy-
ner true.
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AnanornunbiM obpasom null & false maer false. [TogobHoe
TNIoBefieH}e OKHO ObITh 3HAaKOMBIM monb3oBatenaM SQL. Hike npuse-
IeHbl Apyrue KOMOMHALMM:

bool? n = null, f = false, t = true;
Console.WriteLine (n | n); // (null)

(
Console.WriteLine (n | £); // (null)
Console.WritelLine (n | t); // True
Console.WritelLine (n & n); // (null)
Console.WriteLine (n & f); // False
Console.WritelLine (n & t); // (null)

Tunbl, AonycKkaowue null, u onepayuu
Ana paboTbl co 3HaYeHnaAmMM null

Tunel, gomyckalolye 3Hayenne null, ocobeHHo xopollo paboTa-
10T ¢ onepauueir 2? (cm. pasgen “Onepauus o6benuuenus ¢ null”
Ha cTp. 60).

Hanpumep:
int? % = nully
inty=x ?? 5; // y paBHO 5

int? a = null, b = null, ¢ = 123;
Console.WriteLine (a 2? b 2?2 ¢); // 123

Vcnonb3oBanue onepauum ?? 3KBMBATEHTHO BbI30BY GetValueCr
Default () c ABHBIM CTaH[JApPTHbIM 3HAYEHMEM 3a UCK/IHOYEHMEM
TOr0, YTO BbIPaXX€HME [/1A CTaHNaPTHOTO 3Ha4YeHUSA HMKOT[A He olle-
HUBAETCH, €C/IU NIepeEMEHHas He paBHa null.

Tumbl, gonyckamoume 3HayeHne null, Takxe yno6HO MPUMEHATb
¢ null-ycnoBHoit onepalimeit (cM. pasgen “null-ycnoBHas onepaius’

Ha cTp. 60). B cnemylomeM npumepe nepeMeHHasas length monmyuaer
3HayeHye null:

System.Text .StringBuilder sb = null;

int? length = sb?.ToString() .Length;

CKOMOMHMPOBAB 3TOT KOA 1 oMlepalnio obbefuHenns ¢ null, ne-
peMeHHoit length MoxHo npucsoutb 3Hauenne O BMecto null:

int length = sb?.ToString().Length ?? 0;
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CcbinoyHble TUNDI, AONYCKaloWwue
3HayeHue null (C# 8)

B To Bpems Kak munvl, donyckawoujue null, IpUBHOCAT MOJLe-
PXKy null B TUIIBI 3HAUEHMIL, CCHLIOUHBIE MUNbL, 00Ny CKAWUE 3HAYe-
Hue null, fenawT NpOTMUBOIOIOXKHOE 1 0becrneunBaloT (B HEKOTOPO
crerneny) noodepiky He null CCBUIOYHBIMM TUIIAMM JJISL TOTO, YTOOBI
nomoub usberath ucknouennit NullReferenceException.

CchlnoyHble THIBI, fomyckaioume null, BBOAAT YpOBeHb
6e30NacHOCTY, KOTOPBII MPUBOAUTCH B [eNCTBUE CAMUM KOM-
nunatopom B $opMme NpeayrnpexpeHuit, Korga OH 0O6HApyXu-
BaeT KOJ, MOJBepraioluiics PUCKY FeHepaLuu MCKIIOYeHU
NullReferenceException.

Yro6bl 3amycTUTh B pabOTy CChIIOUHBIE THMIIbI, JOMYyCKakoLine
null, notpebyercs mnm [ob6aButh aneMeHT Nullable B daitn npo-
eKTa .CSproj (ecnu OHYM HYXKHBI /I BCErO MpPOEKTa):

<Nullable>enable</Nullable>

MM/ UCIIONB30BaTh B T€X MeCTax KOJa, rae Takue TUIIbl JOJIDKHbI
BO3BIMETD [Ie/ICTBMUE, cnenyroune IMpeKTUBDL:

#nullable enable // BkJiYaeT CCHIJIOUHLIE TUIIH,

// Donyckaoupme null, HauMHas C 3TOM TOYKM
#nullable disable // OTkJnYaeT CCbUIOYHEE TUIIH,

// nonyckaoume null, HauMHasa C 3TOM TOUKMU
#nullable restore // [IPMBOOUT CCBLIOYHBIE TUIIH,

// monyckaioume null, B cocTosHue,

// cooTBeTCTByWIlee HACTPOMKE NPOeKTa

[locne akTuBM3aLMy CChIIOYHBIX TUIIOB, AONyCKawoWux null,
KOMIMU/IATOP JenaeT MoAjAepXKy He null NpMHATO MO yMOMYaHMIO:
ecny HeoOXOAMMO, YTOOBI CCBIIOYHBIN TUI MONyYan 3HadeHus null,
TOTa MpUAETCA NPUMEHUTDb K HeMY cybUKC ? A/ yKasaHUsA CCbl-
JI04H020 muna, donyckaroujezo null. B mokasaHHOM HVDKe [pUMepe
sl He gomyckaer null, Torga Kak s2 AOMYyCKaer:

#nullable enable // BKJIOYAET CCBLIOYHBIE TMUIIEI,
//  nponyckamoume null

string sl = null; // TPUMBOOUT K BbLOAYE KOMIMUJIIATOPOM
// npenynpexmeHus!
string? s2 = null; // HopManbHO: S2 ymMeeT CChLIOYHELL

// Twun, nomyckaoupst null
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HA 3AMETKY!

ITockonbKy ccblIOuHbIE TUIIBI, JOMycKawwme null, ABAA0TCA
KOHCTPYKLMAMM 3Tana KOMIMIALMMA, BO BpeMA BbIOTHEHUA
MeXAy string M string? HeT HMKakux oTnmumit. Y Ha-
NpOTUB, TUIbI 3HAYEHMIA, JOMycKaolyme null, NpMBHOCAT B
CUCTEMY TUIIOB KO€-YTO KOHKPETHOE, @ MMEHHO — CTPYKTYpy
Nullable<T>.

[l puBeEHHOrO Jajnee KOfa KOMIOWIATOP Tak)Ke BBIHACT Ipe-
RynpexeHue u3-3a OTCYTCTBUA MHULMAIM3ALNY X:

class Beo { string x; }

[IpemynpexxeHye UCYE3HET, €CNIM MHMLMANU3NPOBATD X 1160 ye-
pe3 MHMLMANM3ATOP MO, MO0 MOCPeSCTBOM KOfia B KOHCTPYKTOpe.

KoMnunatop nmpegynpexxgaer u B clyyae pasbIMEHOBAaHMA CChl-
TIOYHOTO TUMA, JOMycKalolero null, ecnu NpeanonoX1MTenTbHO MO-
KeT BOSHMKHYTb ucknwouenne NullReferenceException. B cne-
AylolleM NpuMepe JOCTYN K CBONCTBY Length cTpokyu MpMBOAMT K
BblJjaue MpeynpexaeHns:

void Foo (string? s) => Console.Write (s.Length);

Yro6bl YyOpaTh NpenynpexxaeHue, MOXKHO MCIONb30BaTh null-
mepnumyro (null-forgiving) onepayuro (!):

void Foo (string? s) => Console.Write (s!.Length);

ITopo6Hoe npuMeHeHMe null-TepnuMoit ONepaLyuy OMacHO TeM,
4TO MBI MOIZIM 6bl B MTOTe MOMYYUTb TO )K€ CaMoOe MCKIIYeHMe
NullReferenceException, KOTOpOro B NepByl0 ouepefb MbITa-
nuch u3bexarthb. BOT kak MOXKHO 6b1710 6bI MCIIPAaBUTD CUTYaLMIO:

void Foo (string? s)
{
if (s != null) Console.Write (s.Length);

}

O6paTute BHMMaHMe, YTO Ternepb Null-Tepnumas onepauus He
HY>XHa. [I[pyumHa B TOM, 4TO KOMIUIATOP POBOAUT CTATUYECKMIA aHa-
NM3 M JOCTATOYHO MHTE/IEKTYasIeH A/ TOro, YToObl chenaTh BbIBOJ
(mo xpaiiHeil Mepe, B IPOCTHIX C/TyYasx) O TOM, KOIla pasbIMeHOBa-
Hye 6e3omacHO 1 MoTomy mckaoveHne NullReferenceException
He BO3HMKHET.
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Cnoco6HOCTb KOMNUIATOPA K 0OHAPYXKEHUIO Y MpeJiypeKIeH IO
OTHIONb He 6e3ymnpeyuHa, K TOMY >Ke CYI[eCTBYIOT MpefeNbl TOr0, YTO
OHa MOXeT 0XBaTuTb. CKaXkeM, KOMIUIATOP HE MMeeT BO3MOXHOCTH
y3HaTb, ObI/I /11 3aIIONTHEH MAacCUB 37IEMEHTaMM, a IOTOMY MNOKa3aH-
HBINl HIMOKE KOJl He IIPUBOMAMT K BblJjayue NpefynpexxieHn:

var strings = new string[10];
Console.WriteLine (strings[0].Length);

Pacwupaowme metoabl

Pacwupsiowue memoos mo3BONAT paclIMpATb CYLIECTBYIO-
LM TUN HOBBIMM METO[laMM, He M3MEHAA ONpefie/leHNe UCXOJHOro
Tuna. Paciumpsiomnit MeToJ — 3TO CTaTMYECKMIT METOJ CTaTUYeCKO-
ro Kjacca, B KOTOPOM K NepBOMY NapaMeTpy MpuMeHeH MOAu(UKaTop
this. Tunom nepBoro napamerpa JO/KeH ObITh THI, MOABEPraloLIMiAcsa
pacumpenuto. Hanpumep:

public static class StringHelper

{
public static bool IsCapitalized (this string s)

{
if (string.IsNullOrEmpty (s)) return false;
return char. IsUpper (s[0]);

1

}
Pacummpsaiommnit metop IsCapitalized () MoxeT BbI3bIBaTbCA
Tak, Kak ecnu 6bl OH 6bIT METOLOM 9K3eMmifApa Knacca string:

Console.Write ("Ilepr".IsCapitalized()):

BbI30B paclinpAOLIero MeTofa Npy KOMIMIALMM TPaHCIUpYeTcs B
OObIUHBIN BbI30OB CTATUYECKOTO METOJA:

Console.Write (StringHelper.IsCapitalized ("Ilept"));
MHTepdeiichl Tak)ke MOXHO pacLIMpATb:

public static T First<T> (this IEnumerable<T> sequence)
{
foreach (T element in sequence)
return element;
throw new InvalidOperationException ("3yeMeHTE!

oTcyTCcTBYT!") ;
}

Console.Writeline ("Cuarn".First()); // C
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Lienouku pacwmpaowmux metoaos

Kax 1 MmeTopbl sk3eMnnApa, pacluupAolMe MeTOAbl Mpeana-
ralT aKKypaTHbI crnocob AnA cBA3bIBaHMA GYHKUMI B LEMOYKM.
Barnanute Ha cnenyomve aBe GyHKLMM:

public static class StringHelper

{
publie stative string Plunalize (&his string s) {«.«}
public static string Capitalize (this string s) {...}

}

CrpokoBble NepeMeHHble X M Y 9KBMBAJEHTHbI M NONYYaloT 3Ha-
yeHye "Crtpoxa", HO X UCIONb3yeT paclIMpAKLIMe METONbI, TOrga
KaK y — CTaTuUyeckue:

string x = "crpoka".Pluralize().Capitalize();

string y = StringHelper.Capitalize
(StringHelper.Pluralize ("ctpoka"));

HeoaHo3HauHOCTb U pacno3HaBaHue

MpocTpauncTBa UMen

Pacumpstommit MeTon He MOXeT ObITh JOCTYIIEH O TeX I10p, MoKa
€ro NMpOCTPaHCTBO MMEH He OKakeTcsl B obmacTy BUAMMOCTH (06bIY-
HO 3a CYeT MMIIOpTa MOCPEACTBOM olepaTopa using).

Pacwmpsowmnit MeTos UK MeTO SK3emnaapa

JT1o60i1 COBMeCTMMBIII METOJ dK3eMIIApa Bcerga OymeT MMeTb
NpeyMYILLeCTBO HajJl paclIMpALIMM METOLOM — Jake KOrja rnapa-
MeTpbl paclUMpsIOLIEro MeTofa AT 60ee TOUHOE COOTBETCTBYE 0
TUMAM.

Pacwmpatowmin meToa UAK APYroi paclmMpsioWuA meToa

Ecnu gBa pacuumpsmomx MeToja UMEIOT OlMHAKOBble CUTHATYPBI,
TO paclIMpSIOLINI METOX HO/KEH BbI3bIBATbCA KaK OOBIYHBIN CTa-
TUYECKMI METOJ, YTOObl YCTPaHUTb HEOAHO3HAYHOCTD NPU BbI3OBE.
OpnHako ecny OfvH pacluMpALINit MeTod uMeeT 6onee crennduy-
Hble apryMeHTbl, TOrja NpeArnouTeHye 6yner oTaaHo eMy.
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AHOHUMHDI@ TUMNDI

AHOHMMHBINI TUII — 3TO MPOCTOI K/IAacC, CO3[AaHHbINA Ha JIETY C
Liesblo XpaHeHus Habopa 3HaueHMit. [ co3paHys aHOHMMHOIO THUMa
TIPUMEHSAETCA K/TI0UeBOe C/IOBO NewW ¢ MHULMANU3aTOPOM 00DbeKTa, yKa-
3bIBAIOIMM CBOMCTBA M 3HAYEHMUHA, KOTOpbIE 6)’)16T cofiep>KaTh THII.
Hanpumep:

var dude = new { Name = "Bo6", Age =1 };

Komnunsarop npeobpasyer faHHOe 00bABIEHME B 3aKPbIThII BJIO-
JKEHHBI TUII CO CBOMCTBAaMM, JOMYCKAIOLIMMMU TONbKO YTeHUe, /A
Name (tTuna string) n Age (tuma int). [Ipu ccbUike Ha AHOHMMHbII
THUI JO/DKHO MCIOJIb30BAThCA K/IIOYEBOE C/IOBO VAT, T.K. MMS 3TOrO TUNa
reHepUPYeTCs KOMIMIATOPOM.

VIMs1 CBOMCTBa aHOHMMHOIO TUIIA MOXXET ObITb BHIBE[IEHO U3 BbI-
pakeHus, KOTopoe caMo 1o cebe ABnAeTcs uaeHTUMKaTOpoM. Takum
06pasoM, npyBeneHHbI fanee KOm;:

int Age = 1;

var dude = new { Name = "Bo6", Age };

9KBMBAJIEHTEH CIEAYIOLIEMY KOLY:
var dude = new { Name = "Bo6", Age = Age };

MosxHo CO31aBaTb MaCCMBbl aHOHMMHBIX TMUIIOB, KaK [NOKa3aHO
HMXeE:

var dudes = new(]
{
new { Name = "Bo6", Age = 30 },
new { Name = "Mspu", Age = 40 }
}i

AHOHMMHbBIE TUIIBI IPUMEHSAIOTCA [/IABHBIM 06pasoM Ipy Hamu-
canuyu 3anpocos LINQ.

KopTexu

[Tomo6HO aHOHMMHBIM TMmaMm KopTexxu (C# 7+) npepnaraior
npocToit crnocob xpaHeHus Habopa 3HavyeHuit. [aBHas Lenp KopTe-
et — 6e30MacHO BO3BpALaTh MHOXKECTBO 3HAUEHUIT U3 METOMA], He
npuberas x mapaMerpam out (TO, YTO HEBO3MOXXHO J€NaTh C TOMO-
[b}0 aHOHMMHBIX TUIOB). CO3[aTh /UMeEPANbHBLIL KOPmMeX Tpolile

Avowumnbie Tunei | 167



BCEro, yKasaB B KPYITIbIX CKOOKaX CIMCOK JKelaeMbIX 3HaueHMit. B pe-
3yanaTe CO3AaE€TCA KOPTEX C HEUMEHOBAHHbIMU IIEMEHTAMM:
var bob = ("Bo6", 23):
Console.WriteLine (bob.Iteml); // Bo®
Console.WritelLine (bob.Item2); // 23

B oTnuume 0T aHOHUMMHBIX TUIIOB NPpUMEHATD KIKYEBOE C/II0BO
var HeobA3aTeNbHO U Mun Kopmexa MOXXHO yKa3blBaTb ABHO:

(string,int) bob = ("Bob", 23);

ITO 03HayaeT, YTO KOPTEX MOXHO yCMeLHO BO3BpalllaTh U3 Me-
Tofa:
static (string,int) GetPerson() => ("Bo6", 23);

static void Main()

{

(string,int) person = GetPerson();
Console.WritelLine (person.Iteml); // Bob6
Console.Writeline (person.Item?2); // 23

}

Kop‘rexm XOpOLIO COYETAKTCA C 0606I.I.l€HMHMM, TaK 4YTO BcCe CJlie-

Aywolliye TUIbI 3aKOHHBbI:

Task<(string, int)>

Dictionary<l(istring~int), Yri>

IEnumerable<(int ID, string Name)> // Cm. Huxe. ..

KopTexu ABns0TCA munamu 3HaueHutl ¢ usmeHsemuimu (ROmyc-
KaloL MMM YTeHMe/3anuch) aneMeHTaMu. TakuM o6pa3oM, nocne co-
3aHNA KOPTeXa MOXKHO Moumbuumposarb Iteml, Item2 u T.0.

WmeHoBaHMe 3nemeHTOB KopTeXa
[Ipy co3maHMM NUTEPanbHBIX KOPTEXeil 3/eMEHTaM MOXHO Ji0-
IIOTIHUTENBHO HA3HAYATh COAEpPXKaTeNbHble MEHa:

var tuple = (Name:"Bo6", Age:23);
Console.WriteLine (tuple.Name); // Bob®
Console.Writeline (tuple.RAge); // 23

To e camoe paspelleHO fenaTb NpyU YKasaHUM MuUnos Kopme-
JHeetl:

static (string Name, int Age) GetPerson() => ("Bob",23);
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VIMeHa 371eMEHTOB 8bl800AMCA aBTOMAaTUYECKM U3 MMEH CBOJCTB
WU TIONeN:

var now = DateTime.Now;

var tuple = (now.Day, now.Month, now.Year);
Console.WriteLine (tuple.Day); // HopmansHO
HA 3AMETKY!

KopTexxn npepcraBnswTr coboit “cuMHTaKcuueckuit caxap”
LA MCNONb30BaHMsA ceMelcTBa 00OOIIEHHBIX CTPYKTYP
ValueTuple<T1l> u ValueTuple<T1, T2>, KOoTOpble
MMeloT nonsA ¢ uMeHamu Iteml, Item2 u t.n. Crnemosa-
TenbHO, (string,int) sABnAeTcA NCEBOOHMMOM [/
ValueTuple<string, int>. 3T0 03HayaeT, YTO “MMeHO-
BaHHbIE 3JIEMEHTBI” CYLIECTBYIOT TOJIBKO B MCXOLHOM KOfe€, a
TakXe B “BOOOpa>keHMN” KOMNMIATOPA, M BO BpeMs BBINOJ-
HeHMsA 0OBIYHO MCUE3AIOT.

JleKoHCcTpYupoBaHUue KopTexeil

KopTexu HeABHO MoAfep>KMBaIOT WAOIOH JEKOHCTPYUPOBaAHMA
(cM. pasmen “IleKOHCTpyKTOpbI” Ha CcTp. 80), TaK YTO KOPTEX JIErko
OekoHCmpyuposamp B OTHENbHbIe NlepeMeHHble. Takum 06pasom, B3a-
MEH:

var bob = ("Bo6", 23);

string name = bob.Iteml;

int age = bob.Item2;

MO>XHO HalucarThb:

var bob = ("Bo6", 23);

(string name, int age) = bob; // HexoHcTpyupoBaTe bob
// B name u age.

Console.WritelLine (name);

Console.WriteLine (age);

CHHTaKCHUC NeKOHCTPYMPOBAHMA IOX0X Ha CMHTaKCUC 0ObABIe-
HUA KOpTeXa C MMEHOBaHHBIMM 3IEMEHTaMU, YTO MOXKET MPUBECTY K
nyranuue. CnefyoLnit Kof NoguepKuBaeT pasHULLY:

(string name, int age) = bob; // HeKOoHCTpYyMpOBaHue
(string name, int age) bob2 = bob; // ObmbsBleHue xopTexa
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LINQ

SI3bIK MHTErpMpOBaHHbIX 3anmpocoB (Language Integrated Query —
LINQ) maeT BO3MOXHOCTb MMUCAaTh CTPYKTYpPUPOBaHHble Ge30MacHble
B OTHOLIEHUY TUIIOB 3allpOChl K JIOKaJIbHBIM KOJUIEKLIMAM 00 BEKTOB
M yHaNeHHbIM UCTOYHMKAM NaHHBbIX.

SIsbik LINQ nosBonseT oTnpaBnATb 3alpOChl M060I KOIeKLnH,
peanusyiolueit uutepdeitc IEnumerable<T>, 6yab TO MacCuB, CIu-
cox, DOM-mopens XML mnu ynmaneHHbIt MCTOYHMK HaHHBIX (Takoi
Kak Tabnuiua B 6ase nanubpix SQL Server). fssik LINQ o6ecneunBaer
NpeyMyllecTBa Kak MPOBEPKYM TUIIOB Ha 3Tale KOMIMIALUM, Tak U
COCTaBJIeHUA AMHAMMUYECKUX 3aIPOCOB.

HA 3AMETKY!

Sxkcnepumentupoath ¢ LINQ yno6so, sarpysus LINQPad
(https://www.lingpad.net/). MHctpyment LINQPad
[03BOJISIET MHTEPAKTMBHO 3allpalll MBaTh JIOKA/IbHbIE KOJUIEKLIMN
u 6a3bl maHHbIx SQL ¢ momoupio LINQ 6e3 kakoit-nubo Ha-
CTPOJKM ¥ COMPOBOXKIAETCSA MHOTOUMCTIEHHBIMM TIPYMEPaMH.

OcHosbi LINQ

BasoBbiMyu eguHuMuamMyu gaHHbix B LINQ sABnsoTca nocnedosa-
menvHOCMU U Inemenmyl. IlocnefoBaTeNbHOCTb MpeAcTaBAAeT CO-
6011 1106071 06bEKT, KOTOPBIIT peanusyeT o6001UeHHBIT MHTepdelic
IEnumerable, a aneMeHT AB/IAETCA YIEHOM B 3TOJ NMOCIENOBATE/b-
HocTu. B cnepyroleM npuMepe names 6ymeT nocnefoBaTeNbHOCTHIO, a
"Tom", "Kupk" n "T'appn" — aneMeHTaMu:

string[] names = { "Tom", "Kupxk", "Tappu" }:

[TocegoBaTeNnbHOCTb TAKOTO POJa Ha3bIBAETCS JIOKAILHOI NOC/E00-
8arneIbHOCMbi0, IOTOMY 4TO OHA NpeACTaB/AeT JOKAMbHYIO KOJIEKLIMIO
00bEKTOB B MAMATH.

Onepayus 3anpoca — 3T0 MeTOJ, KOTOPbIN TpaHCHOpMUPYET Moc-
NefoBaTeNbHOCTD. TMIMYHAS ONepaLMs 3apoca IPUHMUMAET 8X00HYIO
nocnedo8amenvHOCMy M BbIMYCKaeT TPaHCHOPMUPOBAHHYIO 8bIX00-
HYyl0 nocredosamenvHocmy. B xnacce Enumerable us npocTpaHc-
TBa MMeH System.Ling uMeeTcs okono 40 omepawLuit 3alIpocos,
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KOTOpble peann3oBaHbl B BUJE CTAaTMYECKMX METOAOB. VX HasblBaloOT
CMAaHOap mHbIMU ONepaUUAMU 3aNPOCO8.

HA 3AMETKY!

Aspik LINQ Takke nmopgmep)kuBaeT NOCTEeNOBAaTENbHOCTH,
KOTOpble MOTYT AMHAMMUUYECKM HAINONTHATbCA U3 yHaleHHO-
ro MCTOYHMKA JaHHbIX, mogobHoro SQL Server. Takue moc-
NIeZOBATE/IbHOCTM [OMONHUTENBHO peannsyT uHTepdeitc
IQueryable<T> U NOAAEpPXXMUBAIOTCA Yepe3 COOTBETCTBY-
oLt Habop CTaHOApTHBIX OMepaluit 3alpoCOB B Kacce
Queryable.

Mpocroit 3anpoc

3anpoc — 3T0 BbIpaXKeHMe, KOTOpoe TpaHCHOPMUpYeT MOoCeaoBa-
TeIbHOCTHM C IIOMOILbIO OfHOI MaM 6ONbIIero KonuyecTsa onepawuii
3anpocos. [IpocTeiiiinii 3anpoc COCTOUT U3 OfHOI BXOLHOM MOCIeNO-
BaTeIbHOCTY M OHOM onepauuu. Hanpumep, Mbl MOXXeM NPUMEHUTD
onepauyio Where () K MIPOCTOMY MacCUBY [/ M3B/I€YEHNS S/IEMEHTOB C
O/IMHOM MUHMMYM 4€TbIpe CMMBOJIA:

string[] names = { "Tom", "Kupk", "Tappu" };
IEnumerable<string> filteredNames =
System.Ling.Enumerable.Where (
names, n => n.Length >= 4);
foreach (string n in filteredNames)
Console.Write (n+ "["); // Kupxl|Tappu|

[TockonbKy cTaHOapTHblE ONepaLuy 3alMpOCOB peanu3oBaHbI
B BUJe pacLIMPAIOIIMX METOLOB, Mbl MOXKEM BbI3bIBaThb OIepaLyio
Where () mpAMo Ha names — Kak ecny 6bl oHa ObUTa METOIOM 3K3eM-
nnapa:

IEnumerable<string> filteredNames =
names.Where (n => n.Length >= 4);

(UTo6bI TaKoit KOf CKOMIMIMPOBANCSH, NoTpedyeTcss MMIOPTUPOBATh
NPOCTPaHCTBO MMeH System.Ling ¢ NOMOLbI0 IUPEKTUBBI USing.)
Merog Where () B knacce System. Ling.Enumerable umeer cne-
IOYIOUIYIO CUTHATYPY:

e | N



static IEnumerable<TSource> Where<TSource> |
this IEnumerable<TSource> source,
Func<TSource, bool> predicate)

B source ykasbiBaeTcs 8X00HAS NOCe008amMenvHOCMb, a B
predicate — gmenmeraT, KOTOpbIt BHI3BIBAETCA ISl KaXIOr0 BXOJ-
Horo aznemeHma. Metog Where () moMelllaeT B 8bIX00HYI0 Nocnedo-
8amenbHOCMb BCe 3JIEMEHTDL, /1A KOTOpbIx fenerat predicate Bos-
BanJ,aeT true. BHyTpeHHe OH peamAsoBaH I'IOCpeJ_'[CTBOM MTepaTopa —
HIKe TOKA3aH MCXOJHbIN KO

foreach (TSource element in source)
if (predicate (element))
yield return element;

MpoeunpoBanue

Eure onHolt ¢yHIaMeHTaIbHONM OIlepallyeil 3apoca sB/IAeTCA METOf
Select (), kotopblit TpaHchopMupyer (npoeyupyem) Kakablit 31eMeHT
BO BXOJHO IIOC/IeJOBATENIbHOCTH C IIOMOLIBIO 3aJaHHOTO NAM6Ma-BbIpa-
XKEHUS:

string[] names = { "Tom", "Kupk", "Tappu" };
IEnumerable<string> upperNames =
names.Select (n => n.ToUpper()):

foreach (string n in upperNames)
Console.Write (n + "|"); // TOM|KUPK|TAPPHU|

3ampoc MOXKeT BBIMOMHATh NPOeLMpOBaHMe B aHOHUMHBII TUII:

var query = names.Select (n => new {
Name = n,

Length = n.Length

1)

foreach (var row in query)
Console.WriteLine (row);

Bor pesynbrat:

{ Name = ToMm, Length = 3 }
{ Name = Kupk, Length = 4 }

r

{ Name = T'appy, Length =5 }

Take () W Skip ()

B LINQ BakeH nepBoHaya/bHbli OPSNOK C/efOBAHNUS 37IEMEHTOB
BHYTPY BXOJHOI MOC/efoBaTenbHOCTH. Ha 9T0 moBefeHme monararor-
Cs1 HEKOTOpble OMepaluyM 3aIpocoB, Takue Kak Take (), Skip () u
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Reverse (). Onepauus Take () BblgaeT mepBble X 3lEMEHTOB, OTOpa-
CbIBasi OCTajibHblE:

int[] numbers = { 10, 9, 8, 7, 6 }:
IEnumerable<int> firstThree = numbers.Take (3);
// firstThree comepxur { 10, 9, 8 }

Onepauusa Skip () npomyckaer nepsble X 3/IEMEHTOB M BbIIaeT OC-
TajIbHbIE:

IEnumerable<int> lastTwo = numbers.Skip (3);

Onepauuu Hag 3nemMeHTaMu

He Bce omepauuu 3anpocoB BO3BpallalOT MOC/IENOBATENbHOCTD.
Onepauun Haf 31eMmeHmamu U3BIEKAIOT U3 BXOLHON IOC/TIeI0BaTeb-
HOCTM OIMH 37IEMEHT; MpMMepaMy TaKuX orepauuii cayxar 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 ykasaHHble Bblllle ONepaLuy FeHEPUPYIOT UCKITIOYeHNe, eCu
3/7IEMEHTBl OTCYTCTBYIOT. UTOObI M36€XaTb MCKIIOY9eHMUs, HeobXo-
OIUMO McTonb3oBaTh FirstOrDefault (), LastOrDefault (),
SingleOrDefault () unu ElementAtOrDefault () — korma HU
O[JHOTO 37IeMeHTa He HajifleHo, OHM BO3BpalaT null (1M 3HayeHMe
default gnsa TUIIOB 3HaYeHMN).

Meroppl Single () u SingleOrDefault () skBMBaneHTHbI
MetoflaM First () m FirstOrDefault (), HO reHepupymwT Mc-
K/II04eHye Npy Hanuuuyu 6onee OZHOro coBmajeHus. Takoe rnoBeje-
HMe yno6HO BO BpeMs 3allpalllMBaHMUs CTPOKYU MO NEPBUYHOMY KITIOUY
u3 TabnuLbl 6a3bl JaHHBIX.

Onepauuu arperupoBaHus

Ornepaluy azpez1posaHus BO3BPALLAIOT CKajIAPHOE 3HadYeHMe, OObIY-
HO NpUHajJIeXalllee 41cIoBOMY Tuny. Hanbomnee pacnpocTpaHeHHbIMM
onepauMAMM arpermpoBaHus ApnAwTca Count (), Min (), Max () u
Average ():

int[] numbers = { 10, 9, 8, 7, 6 };
int count = numbers.Count () ; 7/ 8
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int min = numbers.Min{(); // 6
int max = numbers.Max(); // 10
double avg = numbers.Average () ; // 8

Onepauua Count () npuHMMaeT HeoOA3aTeNbHBIN NpeaMUKarT,
KOTOPbI/1 yKasblBaeT, AO/DKEH M BK/IIOYATbCA yKa3aHHbI 3/€MEHT.
CrnenyloLmit Ko oACYMTbIBAET YeTHbIE YMCTIa:

int evenNums = numbers.Count (n =>n % 2 == 0); i B

Onepauuyu Min (), Max () u Average () npuMHMMaIOT HeobA3a-
TeJIbHBII apIYMEHT, KOTOPbI TpaHCHOPMUPYET KaXKAblit 31eMEHT [0
TOTO, KaK OH 6yJeT I0ABEPTHYT arperupoBaHuIo:

int maxRemainderAfterDivBy5 = numbers.Max
(n=>n%5); // 4

HpMBeueHHbll‘;I HMOKE KONl BbIYUC/IAET CpEeAHEKBaApPaTUYECKOE 3Ha4e-
HUeE MOC/Ie0BaTe/IbHOCTYM NUMbers:

double rms = Math.Sqrt (numbers.Average (n =>n * n));

Keanudukartopbi

Keanugukamopsl BosBpalaloT 3HaueHue tvma bool. Kanudu-
KaTopaMyu ABNAKTCA onepauuu Contains (), Any () n All(), a
TaKxe onepauus SequenceEquals (), KoTopas cpaBHMBAeT ABe MOC-
71eJl0BaTeNIbHOCTH:

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 HaQ MHOXeCTBamMu

Omnepaunn Haj MHONMECMBAMY TIPUHUMAIOT ABE BXOHBIX IOCTIEN0-
BaTeNIbHOCTY OJJHOrO U Toro e tuma. Onepauns Concat () pobapnsger
OJHY TOCNeJIOBATENILHOCTb B KOHELl ApYyroi; onepauma Union () ne-
JlaeT TO >Ke caMoe, HO C yaaJleHueM AyOIMKaTOB:

int[] seql = {1, 2, 3}, seq2={ 3, 4, 5 };
IEnumerable<int>
concat = seql.Concat (seq2), // {1, 2, 3, 3, 4, 5}
union = seql.Union (seq2), // {1, 2, 3, 4, 5}
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B maHHOV KaTeropum ecTb elle ABe onepaumu — Intersect () u
Except ():

IEnumerable<int>
commonality = seqgl.Intersect (seq2), // { 3}
differencel = seql.Except (seq2), // {1, 2}
difference2 = seqg2.Except (seql); // { 4, 5}

0TnoXeHHoe BbiNoJIHEHUe

BaxHasa xapakTepucCTMKa MHOTMX OMepauluii 3alpocoB 3aK/io-
4YaeTCs B TOM, YTO OHM BBINIONHAITCA He TOr[Aa, KOrga co3falTcs, a
KOTfia IPOUCXOIMUT nepeyucienue (IPyruMyu CI0BaMM, KOIJia BbI3bIBaeT-
ca Merop, MoveNext () Ha nepeuncaurene). PaccMoTpuM cremyromi
3anpoc:

var numbers = new List<int> { 1 };

IEnumerable<int> query = numbers.Select (n =>n * 10);

numbers.Add (2); // BCTaBuTb HOMNOJIHUTEJILHLEDI SJIEMEHT

foreach (int n in query)
Console.Write (n+ "{"); // 10/20]

JlononHuTebHOE YMUCIO, BCTABNIEHHOE B CIIMCOK MOC/Ie KOHCTPY-
MPOBAHNMA 3aMpoca, IPUCYTCTBYET B pe3yNbTaTe, MOCKOMbKY NMI06as
GunbTpauMa UM COPTUPOBKA He NMPOMUCXOTUT BIUIOTb O BHIMOJIHE-
HMA oneparopa foreach. ITo Ha3bIBAETCA OMIOMEHHbIM VU NEHU-
6biM BbIMOTHeHNEM. OT/I0XKeHHOe BbIMONHEHMe OTBA3bIBAET KOHCHIPY-
UposaHue 3arpoca OT ero 8vnONHEeHUS, T03BOJISsL CTPOUTD 3aMpoc Ha
MPOTSDKEHNM HECKONbKMX LIATOB, a TAK)Ke Me/aeT BO3MOXKHBIM 3alpa-
wyuBaHue 6asbl JaHHbIX Oe3 M3B/edYeHUs BCex CTPOK i KameHTa. Bce
CTaHapTHble ONepaLyy 3alpoCoB 06ecreuYnBaloT OTI0XKEHHOE Bbl-
IO/IHEHME CO CIENYIOLMMM UCKTIOYEHUAMM:

® omepauuy, KOTOpble BO3BPALalOT ONMHOYHbBI 3€MEHT UK
cKa/IipHOe 3HaueHMe (onepayuu HAd 3nemeHMamu, azpeauposa-
HUA U K8ANUPUKAUUL);

e omnepauum npeobpasoBanus ToArray (), ToList (),
ToDictionary (), ToLookup () u ToHashSet ().

Onepauun npeobpasoBanusa yAOOHbI OTYACTH TEM, YTO OTMEHS-
I0T OT/IOXKEHHOE BBIMOTHEHME. ITO MOXET ObITb MMO/e3HO A “3aMo-
pa>kuBaHUA  WIM KeIUMPOBAHUA pe3y/NbTaTOB B ONpedeNeHHbl MO-
MeHT BpeMeHH, 4To6bl M36e>KaTh MOBTOPHOTO BbIMONHEHUA 3aNpoca ¢
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KPYMHBIM 06’beMOM BBIYMCTIEHMI MM 3alpoca K yHaNeHHOMY MCTOY-
HMKY, TakOMy kak Tabnuua Entity Framework. (ITo6ounblit addexT
OT/IO)KEHHOTO BBINONIHEHMUA CBA3aH C TeEM, 4YTO 3alpoc OymeT BIMON-
HeH MOBTOPHO, eC/IM M03Xe OyfeT NPeANpUHATO €ro nepeuncneHne
3aHOBO.)

B cnenyrowem npumMepe neMoHCTpupyerca onepaumsa ToList ():

var numbers = new List<int>() { 1, 2 };

List<int> timesTen = numbers
Iedest (=% mn * 10)
.ToList(); // BHOONHSAETCS HEMENJEHHO C NOMeWeHueM
// B List<int>

numbers.Clear ();
Console.WritelLine (timesTen.Count); // No-npexHemy 2

HA 3AMETKY!

[Top3anpocsl obecreynBaloT ellle OfUH YPOBEHb KOCBEHHOCTH.
Bce, uTO HaxoAMTCA B NOA3aNpOCe, IOANAAAeT M0 OTIOXKEHHOe
BBIMOJIHEHMeE, BK/IIOYasA METO[bl arpermpoBaHusa u npeobpaso-
BaHMA, T.K. CaM} [1OA3aITPpOChI BbIITOTHAKXTCA TOTbKO OT/I0)KEH -
HbIM 06pa30M o Tpe6OBaHI/IlO. [Ipepnonaras, yTo names —
CTPOKOBDIT MacCUB, MOA3ANPOC BIMALUT IPUMEPHO TaK:
names.Where (
n => n.Length ==
names.Min (n2 => n2.Length))

(TaHAapTHble onepauun 3anpocos

CranpapTHble onepalLuyu 3anpocoB (peanu3oBaHHbBle B Kjacce
System.Ling.Enumerable) MoryT 6bITh pa3feneHsl Ha 12 kaTe-
ropuit, KOTOpble KpaTKO OnucaHbl B Tabm. 1.

B Tabn. 2-13 npuBeneHbl ONMMCaHMA BCeX ONepaLMil 3ampo-
coB. Onepauny, BblJieNeHHblE NONYKUPHBIM, UMEIOT CIELMANBHYIO
nopnepxky B Asbike C# (cM. pasgen “BelpakeHus 3anpocoB” Ha
ctp. 182).
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Tabnuuya 1. Kateropuu onepauuit 3anpocos

[lpumeHaeTCcA nu

Kateropua Onucanue OTNONeHHOe
BbinONHEHHe
OunbTpauns Bo3BpauaiT nogmMHoXeCTBO 3nemeHToB, KoTo- [l

Pble Y0BAETBOPAIOT 33AaHHOMY YCIIOBUIO

Mpoeuuposaxue TpaHchopmupyIoT Kaxabii 3nemeHT ¢ nomowbio [l
nAM6Aa-yYHKLMK, AONONHUTENBHO PACLLMPAA
noAnoCNea0BaTeAbHOCTH

CoepuHenme 06benuHAIOT 3neMEHTbI 0HOW NOC/E0Ba- lla
TENbHOCTI C 3NeMEHTaMM APYrOW, UCnonb3yA
30 $EeKTUBHYI0 C TOUKM 3PEHUA BPEMEHH CTpare-

M0 NOUCKA

Ynopapouenue Bosspauwaior nepeynopagoyenHyio nocneposa-  [a
TeNbHOCTb

[pynnuposanue TpynnupyioT nocneposarenbHocTb B noanocneao-  [la
BATENbHOCTH

Pa6ota ¢ MHOXec- MTPUHUMAIOT ABE NOCNEA0BATENLHOCTY OaHOro M [la
TBaMM TOr0 € TMNA U BO3BPALLAIT UX 0OWHOCTD, CYMMY
WIM pasHuuy

Pa6ota ¢ anemeH- BbibupatoT 0AMHOUHDIA 3neMeHT u3 nocnegosa-  Het
Tamu TeNbHOCTH
Arperuposanve BbinonHAlT BblunceHMe Haa nocnefoBaTenbHoc-  Het
Tbl0, BO3BPALLAA (KAnApHOe 3HaueHue (06b1uHO
uncno)
Keanudukauua BoinonHAoT npoBepKy nocne0BaTenbHoOCTH, Her

Bo3gpawan true wm false

Npeobpasosanue: Mpeabpa3ytoT HeobobLeHHylo nocnefosarenb- Nla
MMNOPTUPOBAHUE HOCTb B (NOAAEPXMUBAILLYI0 3aNPOCHI) 06061 eH-
HYI0 N0OCNeA0BATENLHOCTD

Npeobpasosatue; NpeobpasyloT nocne0BaTenbHOCTL B MACCHB, Het
3KCNOPTUPOBAHME  CMUCOK, CNI0BAPb UM 06beKT Lookup, BbI3bl-
B8aA HEMENEHHOE BbINONHEHHe

leHepauus NpoM3BOAAT NPOCTYIO NOCAEA0BATENLHOCTD lla
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Ta6nuua 2, Onepayuu punbTpayun

Metop Onucanue

Where () Bo3BpalyaeT noAMHOXeCTBO 3NEMEHTOB, Y A0BNETBOPAIOLMX 3a1aHHO-
MY YCNOBUIO

Take () Bo3BpalyaeT nepBble X INEMEHTOB 1 OTOPACbIBAET OCTaNbHble

Skip() NponyckaeT nepable X 3NEMEHTOB W BO3BPALUAET OCTaNbHble

TakeWhile ()

SkipWhile ()

Distinct ()

BbigaeT anemeHTbI BXOAHOM NOCNe0BATENbHOCTU A0 TEX nop, noka
33/aHHbIA npeankar 0CTaeTcA paBHbIM true

nponyCKaer 3NeMeHTbI BXOAHOW NOCNe0BaTeNbHOCTH 0 Tex nop,
MOKa 3aAaHHbIA npeauKar 0CTaeTca paBHbIM true, N 3aTeM BblaeT
0CTanbHbIe INEMEHTDI

Bo3BpalyaeT nocnenoBaTenbHOCTb, U3 KOTOPO MCKMKYEHDI AYOMMKaTbI

Ta6nuua 3. Onepauuu npoeyupoBaHNA

Metop

Onucanue

Select ()

SelectMany ()

TpaHchopmupyeT Kax AblA BXOAHOM INEMEHT C NOMOLLbI0 331aHHOFO
NnAMOAa-BbIpaxeHua

TpaHchopmupyeT Kaxblit BXOSHOM INEMEHT, 3 3aTem BbIpaBHUBAET U
00beauHAeT pe3ynbTupyioLUe NOANOCNEA0BATENLHOCTI

Ta6nuua 4. Onepayuu coe AUHeHUA

Merog

Onucanue

Join ()

GroupJoin ()

Zip ()

lpuUMeHAeT CTpaTerkio NOUCKa ANA CONOCTaBNEHUA INEMEHTOB U3 ABYX
KONNEeKLMIA, BblAaBaA NNOCKWA pe3ynbTupylowwuit Habop

Nopoben Join (), HO BbIAAET UEpPAPXUYECK UL Pe3ynbTUPYIOLIWiA
Habop

lepeuncnaer ABe NoCneAoBaTENbHOCTH 3 Pa3, BO3BpALLaA nocne-
A0BATENbHOCTD, B KOTOPOWA K K&XA0A Nape InemMeHTOB NpUMeHeHa
dyHKLUA
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Tabnuua 5. Onepauuu ynopaaoUeHus

Metop Onucanue

OrderBy (), ThenBy() B038BpalLaloT 3neMeHTbI, 0TCOPTUPOBAHHbIE B BO3PACTal0-
Liem nopaake

OrderByDescending (), Bo3BpaatT 3neMeHTbl, 0TCOPTUPOBaHHbIe B Y6biBalO-

ThenByDescending () wWwem nopaake

Reverse () Bo3spataeT 3nemeHTb! 8 06paTHOM nopaake

Ta6bnuua 6. Onepaymns rpynnUpoBaHuA

MeTtoa Onucanue

GroupBy () Ipynnupyet nocnenoBatenbHOCTb 8 NOANOCNEA0BATENLHOCTH

Ta6nuua 7. Onepauumn Hap MHOXKeCTBaMu

Metoa Onucanue
Concat () BbinonHAET KOHKaTeHawuio ABYX NOCNe0BaTeNbHOCTEMH
Union () BbinonKseT KOHKaTeHaLuio ABYX NoCne0BaTeNbHOCTeN, yaanaa Aybmmkarsl

Intersect()  Bo3gpalwaeT 3neMeHTbl, NPUCYTCTBYkWME B 06EMX NOCNEA0BATENLHOCTAX

Except () Bo3spavyaeT 3neMeHTbl, NPUCYTCTBYIOLIME B NEPBOW, HO HE BO BTOPONA
noCnefo0BaTeNbHOCTH

Tabnuua 8. Onepaunu Hag 3nemMeHTamm

MeTop,

Onucanue

First (),
FirstOrDefault ()

Last (),
LastOrDefault ()

Single(),
SingleOrDefault ()

ElementAt (),
ElementAtOrDefault ()

DefaultIfEmpty ()

Bo3BpawwaloT nepsbIit INeMeHT B N0CNeA0BATENLHOCTH UK
nepBblit 3NeMeHT, YA0BNETBOPAIOLIMA 3aAaHHOMY NpeavnKaTy

Bo3BpalLlaloT NoCNeAHUIA 3NEMEHT B NOCNe0BATENLHOCTH UK
N0CNeAHAN 3NeMeHT, )’ﬂOBJ‘IETBOpFIlOl.uMﬁ 3aQaHHOMY npeaukarty

IKkBUBaNeHTHbl First ()/FirstOrDefault (),
HO reHepUpyIoT UCKNKoYeHme, ecni 06HapyxeHo Gonee
OQHOTO COBNAAEHUA

Bosapamam INEMEHT B yKaBaHHOﬁ no3uyuu

Bo3BpawaeT nocnenosatenbHOCTL U3 OAHOMO INEMEHTa,
3HayeHnem Kotoporo sgnaetcA null um def ault

(TSource), et N0CNeA0BATENLHOCTb HE COAEPXKUT
3NeMEHTOB
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Tabnuuya 9. Onepayun arpermpoBaHms

Metop

Onucauune

Count (),
LongCount ()

Min (), Max ()

Sum (), Average ()

Aggregate ()

Bo3spalualoT obLuee KoM4eCTBO 31EMEHTOB BO BXOAHOI nocne-
[OBATENbHOCTH UNM KONMYECTBO 3NEMEHTOB, YAOBAETBOPAIOLMX
33/1aHHOMY npeAvKary

Boaspamam HaUMeHb WM UNK HaMBONbWHIA 3neMeEHT B nocne-
[0BaTENbHOCTH

MoacuutbiBaloT YACNOBYIO CYMMY NN CpeAHee 3Ha4YeHWe ANA 3ne-
MEHTOB B NOCNE[0BATENbHOCTH

BbinonHaeT cneumanbHoe arpernposanuve

Tabnuua 10. Onepauum KBanudunKauum

MeTop

OnucaHune

Contains ()

Any ()

ALl ()

SequenceEqual ()

Bo33pamaer true, eCM BX0AHAA NOCNE0BATENbHOCTL COAep-
KT 33aHHDINA INeMeHT

Bozspamaer true, ecm KaKMe-HMﬁyﬂb 3NeMEHTbI y10BNETBOPA-
10T 3aJaHHOMY NpeanKaTy

Bo3spalaeT true, ecu Bce EMeHTbI yA0BNETBOPAIOT 3aAaH-
HOMy npeauKary

Bosapamaer t rue, eCav BTOpas NOCNEA0BATENbHOCTD CONEPMUT
3NeMeHTbl, WAEHTUYHbIE 3IeMeHTaM BO BXOAHOW NoCneoBaTeNb-
HOCTH

Tabnuua 11. Onepauum npeo6pazoBaHNA: UMNOPTUPOBaHNE

MeTog OnucaHue

OfType () Npeobpasyer IEnumerable 8 IEnumerable<T>,
076pacbiBan 3NEMEHTbI HENOAXOAALIMX TUNOB

Cast () Npeobpasyer IEnumerable 8 IEnumerable<T>,

T@HepuUpyA UCKNIOYEHWE NPU HanUynUK SNEMEHTOB HENOAXOAALIMX
THNOB
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Tabnuua 12. Onepauun npeobpasoBaHUA: SKCNOPTUPOBaAHNE

Merop Onucanue
ToArray () Npeobpasyet IEnumerable<T>8 T []
ToList () Mpeobpasyet IEnumerable<T>8 List<T>
ToDictionary () Mpeobpasyer IEnumerable<T>

B Dictionary<TKey, TValue>
ToHashSet () MNpeobpasyer IEnumerable<T>8 HashSet<T>
ToLookup () Npeo6pasyer IEnumerable<T>

B ILookup<TKey, TElement>
AsEnumerable () NpusoauT BHM3 K IEnumerable<T>
AsQueryable () NpuBoauT unu npeopasyet 8 IQueryable<T>

Ta6bnuya 13. Onepauun reHepauumn

Metop OnKcanue

Empty () (03AaeT nycTylo AOCAEA0BATENLHOCTD

Repeat () Co3aeT nocneoBaTeNbHOCTb NOBTOPAIOWIMXCA INEMEHTOB
Range () Co3naeT nocneoBaTeNLHOCTD LENOYUCNIEHHDIX 3HAYEHMiH

Llenouku onepauuit 3anpocos

Jina moctpoenns 6osee COXKHBIX 3aMPOCOB AOMycKaeTca o6beau-
HATb ONepalyMyu 3ampocoB B Lenouky. Hampumep, cnenyrommit sanpoc
U3BJIEKAET BCe CTPOKM, Cofepykalme 6ykBy “a’, COPTMpPYeT UX MO A/IMHE
U 3aTeM npeobpasyeT pe3yNbTaTbl B BEPXHUI perucTp:

string[] names = { "Tom", "Kupk", "Tabu", "Bauuu","Tac" };

IEnumerable<string> query = names
.Where (n => n.Contains ("a"))
.OrderBy (n => n.Length)

.Select (n => n.ToUpper()):

foreach (string name in query)

Console.Write

PE3VYJILTAT:

TAC|TABM | BAHHU |

(name + "|");

v | 181



Where (), OrderBy () u Select () — 3To cTaHAapTHbIE OIe-
palLlMy 3ampoCcoB, KOTOpble PaCMO3HATCA KaK BbI3OBbI PACIUMPSIOLIMX
MeToloB knacca Enumerable. Omnepauus Where () BbijaeT oT-
GUIBTPOBAaHHYIO BEpCUI0O BXOAHOI MOC/IEA0BATENIBHOCTH; OTepaLus
OrderBy () — OTCOPTMPOBAHHY1 BEPCUI0 BXOLHOI MOC/IE€NOBATE b~
HOCTH; olepauus Select () — mocnefoBaTebHOCTb, B KOTOPO KaX-
Oblit BXOTHOM 3/1EMEHT TpaHCPOPMUPOBAH, UK CHPOEUUPOBAH, C TIOMO-
1[bl0 3alaHHOro NAM6a-BbipaxkeHus (n. ToUpper () B pacCMOTPEHHOM
cnmy4vae). [JaHHBIE IPOTEKAIOT C/IeBa HANpaBO uepe3 LETNOUuKy onepaLuit,
MO3TOMY OHM CHadasa QUIbTPYIOTCS, 3aTeM COPTUPYIOTCS U, HaKOHell,
npoeuupytorcsi. KoHeuHblt pe3ynbTaT HallOMUHAeT NPOU3BOJCTBEH-
HYIO TMHUIO C TEHTOYHBIMU KOHBEJepaMy, [T0Ka3aHHY0 Ha puc. 6.

n => n => n =>
n.Contains{"a") n.Length n.ToUpper ()
A A

oe|

NHHEG
nge|
xduy
WOl

WHHVY
navl
ovl

© Ounb'rpauunQC CopTup! QO‘, W

.Where () ,OrderBy{) .Select ()

Puc. 6. [Tpumep uenouxu onepauuii 3anpocos

OTnoxxeHHOe BBIMONIHEHMe COOMI0AaeTCs ONepaLyusIMu OBCEMeCT-
HO, Tak 4TO HY GUIbTpALMs, HU COPTUPOBKA, HU MPOELMpPOBaHUE He
MPOUCXOAAT O TeX IMOp, I0Ka He HauHeTCs1 GaKTUYecKoe nepeyucre-
HUe pe3y/nbTaToB 3alpoca.

Bbipaxenua 3anpocos

[lo cux mop MbI MMCany 3allpoOChl, BbI3bIBasl paclIMpSIOLe METO-
Ibl B Knacce Enumerable. B HacTosIel KHUTe Mbl HasblBaeM TaKoe
mex yuum cunmaxcucom. B C# Takxe obecrnedyuBaeTcs creluanpHas
SI3bIKOBas MOAepiKKa JI/1s1 HalMCaHMsI 3alIPOCOB, KOTOpast Ha3bIBaeT-
Cs1 8bipameHUAMU 3anpocos. BoT Kak mpefbIayILmit 3anpoC BbIMISAUT B
¢dbopme BbipaXkeHMs 3armpoca:

IEnumerable<string> query =
from n in names
where n.Contains ("a")
orderby n.Length
select n.ToUpper () ;
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BbipakeHue 3anpoca Bcerja HauMHaeTCA ¢ KOHCTpyKuuu from
U 3aKaH4YMBaeTcs MO0 KOHCTpYKIMelt select, mubo KOHCTPYKLU-
eit group. KoHcTpykuus from o6 bsABIseT nepemeHHy0 0uanas3oHa
(B TaHHOM ciy4ae n), KOTOPYI MOXHO BOCIPUHMMATb KaK IepeMeH-
HYI0, NpeHa3HAYeHHYIO /1 06X0a BXOLHOI ITOCIel0BaTeTbHOCTY —
no4Tu Kak B uukne foreach. Ha puc. 7 unmocTpupyercs nomaHsblit
CUHTAKCUC.

from H mleummmarop]in(nepewcnumoe Bb/paxeune)
:
ascending _]_
orderby ;‘;’n”:e g %
descending

1 NpoAOJIXeHue 3anpoca

I
I
i
1
I
)
I
|
.
1
¥
'
|
1
i
|
P
1
1
t
i
1
I
1
1

Q
§
) <
4 KOHCTPYKUMS ]
E orderby %
: . s
~
& o
& where 2
bynesckoe BbpaxeHue \ &
BbIpaxXeHue sel ect

KOHCTPYKUMS.
from ;

KOHCprKuMﬂ

gro up

meymdmxarop

KOHCTPYKUMS

1
join -
. s Bblpa- Bblf
R Biaup by

i
. (Brymoeree _(arewnmii BHyTpeHHMM
" gbipaxenme |0 kmoy | eT0aLS
into

Puc. 7. Cunmaxcuc 8vipasceHuii 3anpocos

BHyTpeHHMM
UREeHTH-
Gukarop

join

uaeHTH-
¢ukarop
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HA 3AMETKY!

Ecnu Bbl 3HaKOMBI ¢ A3bIkOM SQL, TO CMHTaKcUC BbIpaXKeHU
sanpocoB LINQ — ¢ koHcTpykuueit from B Hadane M KOHC-
Tpykuueit select B KOHLE — MOXET BBIITIAAETb CTPAHHbIM.
Ha camoMm pmene cuMHTaKkcuc BbIpa>keHMit 3alpocoB boree j10-
TUYeH, TOCKOIbKY KOHCTPYKLMM MOSABJIAIOTCA 8 nopsoke, 8
KOMOpoM OHU 8bINONHAIOMCA. DTO TMO3BOMNAeT cpefie Visual
Studio ¢ nomowsio cpepctsa IntelliSense npennarats moa-
CKa3KM 10 Mepe Habopa 3ampoca, a Takxe ynpoluaeT paBuia
YCTaHOBJIEHUS 0671aCT BUAMMOCTH [I/Ist [TOfI3aIIPOCOB.

Komnunarop obpabaTbiBaeT BblpakeHMUsl 3allpOCOB, TPAHCIUPYS
UX B Tekyuuyt cuHTakcuc. OH HenaeT 3TO MOYTUM MeXaHUYeCKU —
NpUMEPHO TaK, KaKk TpaHC/IMpyeT onepaTopbl foreach B BbI3OBHI
GetEnumerator () u MoveNext ():
IEnumerable<string> query = names
.Where (n => n.Contains ("a"))
.OrderBy (n => n.Length)
.Select (n => n.ToUpper());
3areM onepauun Where (), OrderBy () un Select () pacnosHa-
I0TCS C UCTIO/Ib30BAHMEM TeX >Ke MpaBMUII, KOTOpble MPUMEHAMUCh Obl K
3anpocy, HanMCaHHOMY C TOMOLLbI0 TeKy4ero cMHTakcuca. B maHHOM
clyyae omepauMy NPUBA3BIBAIOTCA K paclIMpARIMM MeTONaM B
knacce Enumerable (mpepmosnaras UMNOPTUPOBaHMe MPOCTpPAHC-
TBa UMeH System.Ling), NOTOMy YTO names peanusyer UHTepdeiic
IEnumerable<string>. TeM He MeHee, IpU TPAHCIALUM CUHTAK-
CMca 3alpOCOB KOMIUTIATOP He OKa3blBaeT CIeLManbHOM MO EePXKKY
Kknmaccy Enumerable. MoxxeTe cuMTaTh, YTO KOMIMTIATOP MeXaHUYeCKM
BBOAUT crioBa Where, OrderBy u Select BHYTpb OIlepaTopa, [10c/e
4ero KOMIMUIMPYET ero, Kak ecayu 6bl Bbl HaOMpanyu MMeHa MeTOMOB
caMocCToATeNnbHO. B urore obecneunBaercss rMOKOCTb B crocobe ux
pacrno3HaBaHMs — HallpuMep, olepauuy B 3anpocax Entity Framework
MpUBA3bIBAIOTCA K paclIMpAIIMM MeTOfaM B Kacce Queryable.

CpaBHeHHe CUHTAKCUCA BbipaXKeHUii 3anpoCcoB
W TeKyyero CHHTaKcuca

4 CUHTaKCUCy Bblpa)KeHMﬁ 3anpoOcCoOB, M TEKy4YeMYy CUHTAKCUCY
npucymm CBou npeMMyliecTna.
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Bblpa)!(CHVIH 3alpoOCOB MOANEP>KMUBAKT TOJIBKO HebonbIIOE non-
MHOXXECTBO onepaumﬂ 3aIpoCoOB, B YaCTHOCTN:

® Where(),

e Select(),

® SelectMany()

® OrderBy(),

® ThenBy(),

® OrderByDescending (),
® ThenByDescending()

® GroupBy(),

e Join(),

® GroupJoin ()

3amnpocsl, KOTOpble UCMONMb3YIOT APYryue OnepaLyuu, MPUAETCA 3a-
NMUCBIBaTh MO0 MOTHOCTBIO B TeKYYeM CUHTAKcKCe, 1160 B CMelllaH-
HOM CUHTaKCHuce, HallpyMep:

string[] names = { "Tom", "Kupk", "Tabu", "Bauun", "T'ac" };

IEnumerable<string> query =
from n in names
where n.Length == names.Min (n2 => n2.Length)
select n;

[IpuBeneHHbIN 3aNpoC BO3BpALUAET MMeHA C HAMMEHbLIEN AJIMHOM
(Tom u T'ac). Iopsanpoc (BbIfeNEHHbI NOMYXXUPHBIM) BbIYMCIAET MMU-
HMMAJIbHYIO JUIMHY MMEH U Mo/y4aeT sHayeHue 3. [y JaHHOro mopasa-
npoca J0JKEH NPUMEHATBCA TEKYYUi CUHTAKCUC, T.K. onepaumsa Min ()
B CMHTAKCHCE BbIPaXKEHUIT 3a[IpPOCOB He nopjep>xuBaerca. OnHaKo i
BHELLIHETO 3aMPOCa MO-NPEXHEMY MOXXHO MCMO/Ib30BaTh CUHTAKCUC BbI-
Pa>keHMit 3aMpocoB.

[maBHOE NPEeUMMyLIECTBO CUMHTAKCUCA BBIPAXXEHMI 3aIPOCOB 3a-
KJIIOYaeTCA B TOM, UTO OH CIIOCOOEH PaJiMKanbHO YIPOCTUTD 3alpo-
Cbl, B KOTODPbIX 3aI€ICTBOBAHbI C/IEAYIOIME KOMIIOHEHTHI:

® KOHCTPYKUMA let mna BBeleHMA HOBOII MepeMeHHOI mapa-
JIETIbHO € MepeMEeHHO AMana3oHa;

® MHOXECTBO reHepaTopoB (SelectMany () ), 3a KOTOpbIMMU Clle-
OYeT CChIJIKA Ha BHELIHIOI MePEeMEHHYIO J1aNa30oHa;

® SKBMBAJIEHT onepaumy Join () mnu GroupJoin (), 3a KOTO-
PbIM CleyeT CChIIKA HAa BHEILHIOK [€EPEMEHHYIO AMalla3OHa.
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KnioyeBoe cnoso let

KnioueBoe cnoBo let BBOAMUT HOBYIO NMepeMeHHYIO Mapasle/lbHo C
TNlepeMeHHOJ1 IMana3oHa. B kauecTBe mpuMepa MpeNNonoXuM, YTO He-
06x0[MMO BBIBECTHM CIIMCOK MMEH, VIMHA KOTOpPBIX 6€3 yueTa rlacHBIX
cocTaBnAeT 6onee JBYX CMMBOJIOB:

string[] names = { "Tom", "Kupk",6 "Tabu", "Bauuu", "Tac" };

IEnumerable<string> query =
from n in names
let vowelless = Regex.Replace (n, "[aoueésmurymst]", "")
where vowelless.Length > 2
orderby vowelless
select n + " - " + vowelless;

BoT BbIBOJ, MONMY4YEHHDbIN NIPU NEPEYMCTIEHNN PE3YNbTATOB ITOTO
3ampoca:

Kupk - Kpx

BaHHM - BHH

KoHcTpykunsa let BbIONHAET BbIYMC/IEHME HAMl KaXKIbIM 3/1€MEH-
TOM, He yTpauMBasA MCXONHbIN 2/eMeHT. B HallleM 3anpoce nocneny-
ouye KOHCTpykumu (where, orderby u select) umerr gocTyn
K n 1 vowelless. 3ampoc crocobeH BKIIOYaTb M060€ KONMIECTBO
KOHCTPYKLIMIt 1et, M OHM MOTYT CONPOBOXAATHCA NOMONTHNUTENbHBIMY
KOHCTpyKLUMAMMU where u join.

KoMnunaTop TpaHcnupyer kniodeBoe cnoBo let myTeM mpoeuu-
POBaHMA BO BPEMEHHbII aHOHMMHbIN TUII, KOTOPbIN COONEPXMUT MUC-
XOIHbIE ¥ TPaHCHOPMUPOBAHHbBIE JTEMEHTDL:

IEnumerable<string> query = names
.Select (n => new
{
n=n,
vowelless = Regex.Replace (n, "[aomeésmlyws]", "")
}
)
.Where (temp0 => (temp0.vowelless.Length > 2))
.OrderBy (tempO => temp0.vowelless)
.Select (tempO => ((tempO.n + "-") + tempO0.vowelless))
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Mpoaonxeuune 3anpocos

Ecnu Heobxoammo B06aBUTb KOHCTPYKLMM NOC7E KOHCTPYKLMUM
select umm group, Torja NpuaeTCA UCIO/Ib30BaTh KIX0UEBOE CI0BO
into, 4To6e! “npogomxuTs” 3anpoc. Hanpumep:

from ¢ in "Bosbwon xMTpemt OelcTpent jmc'".Split ()

select c.ToUpper () into upper

where upper.StartsWith ("B")
select upper

PE3VJIbTAT :
"BOJIBWON", “BHCTPHN"

ITocne koHCTpykUMM into npenbifylias nepeMeHHas Auala3oHa
HaXOIMTCA 3a IpefieslaMy 061acTv BUIMMOCTH.

KoMmnunaTop npocTo TpaHCAMpYyeT 3alpoChl C K/II0YeBbIM CIOBOM
into B 607ee OMMHHYIO LIeMOYKY ONepaLuit:

"BoJibloN XUTPeIA OblcTPRM Jmuc" . Split ()

.Select (c => c.ToUpper())
.Where (upper => upper.StartsWith ("B"))

(KoMmunsaTtop omyckaer ¢puHaAbHYI0 KOHCTpyKUMIo Select (upper=>
upper), NOTOMy 4TO OHa M36bITOYHA.)

MHoXecTBO reHepaTtopoB

3anpoc MoXeT BK/IIOYaTb HECKONBKO IeHepaTopoB (KOHCTPYKLMIt
from). Hanpumep:

int[] mambers = { 1, 2, 3 };

string[] letters = { "a", "6" };

IEnumerable<string> query = from n in numbers

from 1l in letters
select n.ToString() + 1;

PesynbTaToM fIB/IAETCSA BEKTOPHOE IpOM3BEJieHNe, OYeHb ITOX0XKee
Ha TO, YTO MOXXHO ObIIO Obl IOTyYMUTD C IIOMOMIBIO BJIOXKEHHBIX LIMKJIOB
foreach:

nlEl, miet, wIRY, U2l u3av, w3ef!

IIpy Hamuuuu B 3ampoce Gosee OfHONM KOHCTpykiyuy from KoMmu-
JIATOP BBIMTyCKaeT BbI3OB MeTOfa SelectMany ():

IEnumerable<string> query = numbers.SelectMany (
n => letters,
(n, 1) => (n.ToString() + 1)) ;
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Meton SelectMany () BBINMONHAET BJIOXeHHbIe LIUK/bL. OH
MPOXOAMUT IO BCEM 37IEMEHTAaM B MCXORHOI Komlekuuyu (numbers),
TpaHCHOPMUPYS KA KA 3/EMEHT C IOMOLIbIO M6Ka-BbIpa>keHUs
(letters). B utore reHepupyeTcsi MOC/IELOBATENBHOCTb NOONOCE008a-
menvHocmell, KOTopasl 3aTeM NoABepraeTcs nepeyucnednto. PuHanbHble
BBIXOJHbIE 3/IEMEHTbI ONpefeNsAoTCsA BTOPBbIM NsAM6Aa-BblpaXkeHNeM
(n.ToString () + 1)

Ecnn pononHuTenbHO MPUMEHUTb KOHCTPYKLIMIO Where, To BEeKTOp-
HOe MpoM3BefeHMe MOXHO OTGUIbTPOBATb U CIPOELMPOBATh pe3ybTaT
nonoOHO coeduHeHUK:

string[] players = { "TomM", "Tac", "Mspu" };

IEnumerable<string> query =

from namel in players

from name2 in players

where namel.CompareTo (name2) < 0
orderby namel, name2

select namel + " umam " + name2;

PE3YJILTAT:
{ "Tac nmm Mspu", "T'ac uym Tom", "Mspu mmm Tom" }

TpaHcnALMA TAKOTO 3alpoca B TeKYUMil CUMHTAKCUC CTIOXKHee U
TpebyeT BpeMeHHO! aHOHUMHOI MpoeKUuu. BoamoxxHOCTb aBTOMa-
TUYECKOTO BBINOIHEHUA TAKO! TPAHCNALUMU ABNAETCA OLHUM U3 OC-
HOBHbIX MTPeMMYLIEeCTB BbIPa>XeHMII 3alIpOCOB.

Bbipa>keHM1o BO BTOPOM TFeHepaTope paspelleHO MO0Mb30BaThCs
NepBOJ TlepeMEHHOM [IManasoHa:

string[] fullNames =

{ "AHHa Bujbamc", "IxoH ®pen Cmmr", "Cbio T'puu" };
IEnumerable<string> query =

from £ullName in fullNames

from name in fullName.Split ()

select name + " uz " + fullName;

PE3YJILTATH:

AHHa M3 AHHa Bumbamc
BunbaMc na AHHa BujbaMmc
IIxoH n3 IxoH ®pen CvuT
dpen n3 IxoH dpen CyvT
CMuT n3 IxoH dpen CvuT
Coio 3 Coio T'puH

TpuH u3 Ceo I'puH
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3anpoc paboraet, mockonbKy BblpakeHue fullName.Split ()
BbIlaeT NOC1e008ameIbHOCHY (MacCUB CTPOK).

MHOXeCTBO reHepaTOpPOB MIMPOKO MPUMEHSETCS B 3ampocax K
6a3aM DaHHbBIX [/ BbIpABHUBAHUA OTHOLIEHMI “POAUTENbCKUII-T10-
4epHUit” U I/1s BHIIONTHEHUS PYYHBIX COeLUHEHMIL.

CoepiMHeHME

B LINQ pgocTynHbl Tpyu onepauuu coeduHeHus, U3 KOTOPHIX
rnaBHbIMM ABNAKTCA Join () m GroupJoin (), BbIIONHAKLLME
coeMHEHMA Ha OCHOBe kiiodel nmoucka. Onepauum Join () u
GroupJoin () nommep>XMBalOT TOMbKO NOAMHOXECTBO PYHKIM-
OHaJIbHOCTU, KOTOPYIO BbI IONyYaeTe 6narogapsas MHOXeCTBY reHe-
patopoB unu SelectMany (), HO OHM obnajatoT 6onee BHICOKOM
NpOU3BOJUTENbHOCTHIO MIPY MUCIIO/Nb30BAaHMM B TOKA/NbHbBIX 3arpocax,
MIOTOMY YTO NMPUMEHSAIOT CTpaTeruio noucka Ha 6ase xem-rabnul,
a He BBIMONMHAIT BNOXeHHble LUUKNbL. (B cnyuae sampocos Entity
Framework onepaumuyu coefMHeHNs He UMEIOT HUKAKUX NTPeUMYILeCTB
nepej MHO)XXeCTBOM TeHepaTopoB.)

Onepauun Join () um GroupJoin () nopgep>XuBarmT TONbKO
3KeucoeduHeHuUs (T.e. yCTIOBME COeAMHEHUs HODKHO MCIIONb30BaTh
onepaiuio skBuBaneHTHOCTH). CyluecTBYIOT fBa MeToAa: Join () u
GroupJoin (). Metong Join () BblgaeT MIOCKUIA pe3ynbTUPYIOLINIA
Habop, Torga kak Merof, GroupJoin () — uepapxuueckuit pesynb-
TUpYIOLWMI Habop.

CHMHTaKcHC BbIpa>keHUit 3aIIpOCOB MI/A MIOCKOTO COeIMHeHU BbI-
TTIAOUT TaK:

from BHemHsAT-nEepemeHHas in BHEUHSISI-N0CNEOBATENIBHOCTE
joln BHYTPEHHST-NIEpEeMEHHAasT in BHYTpPEHHsII-NO0CJIEROBA TETbHOCTE
on BHEIIHEee-BhPaXeHue ~Kaoyern
equals BHYTPeHHee-BrpaXeHUe -KJIodert

Hanpumep, umes cnepymolme Konnexumm:

var customers = new(]

{
new { ID = 1, Name = "Tom" },
new { ID 2, Name "Kupk" },
new { ID = 3, Name = "Tappu" }

}i

var purchases = new/]

{

il
]
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new { CustomerID = 1, Product = "Jom" },

new { CustomerID = 2, Product = "Jlogka" },

new { CustomerID = 2, Product = "ABTOoMOOUNL" },
new { CustomerID = 3, Product = "Ilyreska" }

}i
Mbl MOXK€EM BBIMOIHUTD COeJIHEHMe CleyIoIMM 06pa3om:

IEnumerable<string> query =
from ¢ in customers
join p in purchases on c¢.ID equals p.CustomerID
select c.Name + " npuobpen " + p.Product;

KOMHV[HFITOP TpaHC/IUPYET 3TOT 3aIpOC TaK, KaK [IOKa3aHO HUXKeE:

customers. Join | // BHelHss KOJJIeKUMS
purchases, // BHYTPEHHAS KOJIJIeKUMSA
€ => ¢=ID, // BHEUHWM CeJIeKTOP KJIYen
p => p.CustomerID, // BHYTPEHHMUM CEJIEKTOP KJIOUeM
(¢, p) => // cenexkTop pe3yJbTATOB

c.Name + " npuoBpen " + p.Product
7
BoT pesynbrar:
Tom npmobpern oM
Knpx npuobpen Jlonoka

Knpx npunobpen ABTOMOOUIIL
Tappu npuobpern [lyTepka

B crnyuae nokaNnbHBIX MOCNefOBaTeNbHOCTEN MpU 06paboTke Kpym-
HBIX KOJUIeKLMIT onepauyuu Join () u GroupJoin () 6onee apdek-
TUBHBI, 4eM SelectMany (), NOCKONbKY OHM CHayasa 3arpy>XaroT
BHYTPEHHIOIO [10C/IEIOBAaTENIbHOCTD B XelI-TabNuily MOMCKa MO K04y,
TeM He MeHee, TOTO >ke CAMOTO pe3y/bTaTa B paBHON cTeneHy ek TuB-
HO MO>XHO JOCTHUYb U TakK:

from ¢ in customers

from p in purchases

where c.ID == p.CustomerID
select c.Name + " npuobpen " + p.Product;

GroupdJoin ()

Omnepauusa GroupJoin () memaer Ty ke pabory, uto u Join (),
HO BMECTO IUIOCKOTO pe3y/IbTaTa BblJJaeT MepapXUuecKuil pe3ynbTar,
CTPYNIMPOBAHHbIN MO KaXX[[OMy BHELIHEMY 371eMEHTY.
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CuHTaKcuC Bblpa)keHuit 3anpocos AnsA GroupJoin () Takoit e,
Kak 1 g Join (), HO 3a KOHCTpyKuUMelt Join creayer KoyeBoe Co-
BO into. Huxe npmBeneH npocTeinit npumep, B KOTOPOM 3afeic-
TBOBaHbI KO/JIEKUMM customers u purchases, NOArOTOB/IEHHbIE B
npenbIAylieM pasfene:

IEnumerable<IEnumerable<Purchase>> query =

from ¢ in customers
join p in purchases on c.ID equals p.CustomerID
into custPurchases

select custPurchases; // custPurchases -
// mnocneloBaTesIbHOCTh

HA 3AMETKY!

KoHcTpykuma into tpancniupyerca B GroupJoin (), Tonb-
KO KOIZla OHa MOAB/AETCA NMpPAMO I0C/e KOHCTpyKumMu join.
IIpu pacrnonoxeHuy nocne KOHCTpyKuuyu select unm group
OHa O3HayaeT npoodonseHue 3anpoca. Takye fBa NpUMeHeHMA
K/TI0YEBOTO C/I0Ba in to CyleCTBEHHO OTINYAIOTCA, XOTA U
obnagaloT ofHOI 0Ollei! XapaKTepUCTUKOI: B 060MX Cnydyasx
BBOJMTCA HOBasA MepeMeHHas JManasoHa.

Pesynbratom OyfeT mocnefoBaTeNbHOCTD IOC/ENOBATeNIbHOCTEI,
[0 KOTOPOJ1 MOXXHO ObINIO 6bI OPraHM30BaTh IepeuncIeHne cregyo-
MM obpasom:

foreach (IEnumerable<Purchase> purchaseSequence in query)

foreach (Purchase p in purchaseSequence)
Console.Writeline (p.Description);

OpHaKo 3T0 He 0cOOEHHO MoNe3Ho, T.K. purchaseSequence He UMe-
€T CCbUIOK Ha BHEIIHero 3akasuuka u3 customers. Yalue Bcero B TNpOoeK-
UMM MPOM3BOJUTCA CChITIKA Ha BHEILIHIOK MEPEMEHHYIO Iana3oHa:

from ¢ in customers

join p in purchases on c.ID equals p.CustomerID

into custPurchases
select new { CustName = c.Name, custPurchases };

Tot ke camblit peaynbrar (HO MeHee 3G eKTUBHO, A TOKa/lb-
HBIX 3alIpOCOB) MOXXHO OBIIO OBl MONYYMTDb 3a CYET MPOELMPOBAHUA
B aHOHVMMHBII TUII, KOTOPBI BK/II0YaeT MOA3anpoc:
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from c in customers
select new
{
CustName = c.Name,
custPurchases =
purchases.Where (p => c.ID == p.CustomerID)
1

Zip()

Omnepauys Zip () ABnAeTcs mpocTeliileit onepaLyeil COeaMHEHUL.
OHa nepeuncrnseT gBe 10CNe10BaTeNbHOCTH 3a pa3 (MoJoOHO 3acTexKe-
MonHMM (zipper)) U BO3BpalllaeT MOC/Ie[OBATeNIbLHOCTb, TONYYEHHYIO B
pesynbTaTe NpUMeHeHUs: QYHKIMM K KaXK[Oil Iape 371eMeHTOB.

Hanpumep:

int (] numbers = { 3, 5, 7 };

string[] words = { "Tpu", "nare", "cemp", "npourHopuposakr" };

IEnumerable<string> zip =

numbers.zZip (words, (n, w) =>n + "=" + w);

MPpUBOAUT K IMONTYUYEHUIO NTOCNTEAOBATENNIBHOCTU C TAKUMMU I/IEMEHTAMU:

3=Tpu
5=nare
T=ceMb

Jo6aBoyHble 3/1eMEHTHI B M0O0I M3 BXOTHBIX MOC/IENOBAaTEbHOCTE!
urHopupylotcsa. Onepauus Zip () He MOmmepKMBaeTCs B 3ampocax K 6a-
3aM JJaHHbIX.

Ynopapouenue

C OMOLLBIO K/TIOYEBOro €/10Ba Orderby nocnenoBaTebHOCTb COp-
TUpyeTcs. PaspeleHo yKasblBaTh M060€ KOMMYECTBO BbIpaXKEHMI, 110
KOTOPbIM HY>XHO COpPTUPOBATb:

string[] names = { "Tom","Kupk", "Tabu", "Bauuu", "T'ac" };

IEnumerable<string> query = from n in names
orderby n.Length, n
select n;

COpTI/IpOBKa OCYLUECTB/IAETCA CHavana 1o Q/IMHE M 3aTEM I10 UMe-
HU, NTO3TOMY pe€3ynbTaThbl NMOTYYAOTCA TaKUMU:

Tac, Towm, T'abu, Kupk, BaHHU
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KoMnunarop TpaHcnupyer mnepBoe BblpakeHue orderby B BbI3OB
OrderBy (), a mocnenyolue BblpaXkeHuss — B BbI3oBbl ThenBy () :
IEnumerable<string> query = names
.OrderBy (n => n.Length)
.ThenBy (n => n)
Onepauusa ThenBy () ckopee ymouHsAem pe3ynbTaThl MpeILECT-
BYIOLIEN COPTUPOBKY, HEXENU 3aMeH Aem UX.
[Tocne noboro BbIpakeHusa orderby MOXHO IOMeIaTh Kiode-
Boe cnoBo descending:

orderby n.Length descending, n

3ampoc TpaHCIMpyeTcs B:
.OrderByDescending (n => n.Length).ThenBy (n => n)

HA 3AMETKY!

Onepauunu ynopsago4eHus BO3BPAINAOT PaCIIMPEHHbBI! TUII
IEnumerable<T> no umenu IOrderedEnumerable<T>.
B nanHoM uHTepdeiice onpenenenHa foNonHMTeNbHaA QYHKIM-
OHaNbHOCTD, Tpebyemas onepauueit ThenBy ().

fpynnupoBanue

Onepaunsa GroupBy () npeBpallaeT MIOCKYI0 BXOZHYIO IOC/IENO-
BaTeNbHOCTb B MOCTIENOBAaTeNIbHOCTb epynn. Hanpumep, npuseneHH blit
HVKEe KOf TPYNNUPYET UMEHA IO UX AIMHE:

string[] names = { "ToM", "Kupk", "Tatu", "Bauuu", "Tac" };
var query = from name in names
group name by name.Length;
KoMmnunaTop TpaHcnupyeT 3TOT 3ampoc B:
IEnumerable<IGrouping<int, string>> query =
names.GroupBy (name => name.Length);
BoT xak BbIMOMHUTD NepedyucieH e pesynbraTa:

foreach (IGrouping<int,string> grouping in query)
{
Console.Write ("\r\n Length=" + grouping.Rey + ":");
foreach (string name in grouping)
Console.Write (" " + name);
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PE3YJIBTATH :
Length=3: Tom Tac
Length=4: Kupk I'abu
Length=5: BaHHu

Meron Enumerable.GroupBy () paboTaer myTeM 4T€HMs BXOA-
HBIX 37IEMEHTOB BO BPEMEHHDbIi1 C/I0Bapb CMMCKOB, TaK YTO BCE 3/IEMEHTBI
C OJIHAaKOBBIMM KJTIOYaMM TOMAfIAI0T B OAMH U TOT Ke MOACIMUCOK. 3aTeM
OH BbIflaeT MOCNEeOBATENbHOCTD 2pynn. [pynmna npefcTaBnseT coboit
TI0C/Ie[IOBATEeNIbHOCTD CO CBOICTBOM Key:

public interface IGrouping <TKey, TElement>
IEnumerable<TElement>, IEnumerable
{

// Kiod npuMeHseTCA K NOLNOCJeLOBATesIbHOCTU
// Kak K eIUHOMY LieJIoMy
TKey Key { get; }

t

[To yMomyaHMIO 3/1EMEHTbI B KaXK[0i1 TPYIIle ABNAKTCA HeTpaHC-
$bopMUpOBaHHBIMY BXOLHBIMM 37IEMEHTAMMU, €CNIU TONbKO He yKa3aH
aprymeHT elementSelector. Cnenywowmit 3anpoc Npoeuupyer BXoa-
Hble 37IEMEHTbI B BEPXHUI PETUCTP:

from name in names
group name.ToUpper () by name.Length

OH TpaHcnupyercs B:

names.GroupBy (
name => name.Length,
name => name.ToUpper () )

[TogkonnekuuMu He BBIAAIOTCA B NMOPAJAKE C/IeJOBAaHUA KIIOYeln.
Onepauys GroupBYy () He BBINONHAET COPMUPosKy (Ha caMoM fiefie OHa
NpefloXpaHseT UCXOHOe yropsafoueHue). YTobbl 0TCOpTMPOBATB, I10-
Hafob6uTcs fobaBuTh onepaunio OrderBy () (4To B nepBylo odyepenb
03HayaeT HobaB/eHMe KOHCTPYKUMM into, TK. group by obpluHO 3a-
KaH4YMBaeT 3aMpoc):

from name in names

group name.ToUpper () by name.Length into grouping

orderby grouping.Key

select grouping

HpO)IOII)I(eHVIH 3anpoca 4acTo UCNONMb3yKTCA B 3alIpocax group by
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Crnepyrouuit 3anpoc OTGUIbTPOBbIBAET FPYIIbI, KOTOPble MMEIT B
HMX TOYHO [IBa COBIAIEHUSL:

from name in names

group name.ToUpper () by name.Length into grouping
where grouping.Count() ==

select grouping

HA 3AMETKY!

KoHcTpykuus where nocne group by skBuBaneHTHa KOHC-
Tpykuuu HAVING B a3bike SQL. OHa npumeHseTcs K Kaxaoi
MOATOC/IeAOBATENIBHOCTYM MY TPYIIe KaK K eAMHOMY LieJIoMY,
a He K cofiep XallMMcs B Helt MHAMBUAYA/IbHBIM 37IEMEHTaM.

OfType () nCast()

Onepauun OfType () u Cast () nmpuHUMAOT HeOOOOILEHHYIO KOTI-
nexumio IEnumerable u BbIAaloT 0600LIEHHYIO OCTIE[0BATEIbHOCTD
IEnumerable<T>, KOTOpOIt BIOCIEACTBUM MOXKHO OTIPABUTDb 3aNpoC:

var classicList = new System.Collections.ArrayList();
classicList.AddRange ( new int[] { 3, 4, 5} );
IEnumerable<int> sequencel = classiclList.Cast<int>();

[Tonb3a yKasaHHbIX Onepauuil B TOM, YTO NOABJIAETCA BO3SMOXXHOCTb 3a-
npalyMBaTh KO/UIeKLIMHM, pa3paboTaHHble 10 Bbixoga Bepcuu C# 2.0 (rae 6bin
BBefleH uHTepdeitc IEnumerable<T>), Takue kak ControlCollection
13 NpOCTpaHCTBa uMeH System.Windows.Forms.

Omnepauuyu Cast () u OfType () OTIMYAKTCA CBOMM MOBEJEHMU-
€M, KOrfla BCTpeyaeTcs BXONHOM 9/7€EMEHT C HECOBMECTMMbBIM TUIIOM:
Cast () renepupyet uckmwoyenmne, a Of Type () UrHOpUpPYeT TaKo
37IEMEHT.

l'lpaBMna COBMECTUMOCTYU 3/IEMEHTOB COOTBETCTBYIOT aHA/IOrMYHbIM
npaBuIaM /1 onepauuu is B Asbike C#. Hike nokasaHa BHyTpeHHAA
peamusanua Cast ():

public static IEnumerable<TSource> Cast <TSource>
(IEnumerable source)
{
foreach (object element in source)
yield return (TSource)element;
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Sspix C# noppepkuBaer onepauuio Cast () B CMHTaKcuce 3ampo-
COB — HY>KHO IPOCTO NOMECTUTD TUI 3/IEMEHTA HETMOCPEACTBEHHO NOCIE
K/I104YeBoro cnoBa from:

from int x in claseiclList wis

310 TPaHCIIMPYETCA B:

from x in cleseiclist.Cast <in®>() ..

InHamuyeckoe cBA3biBaHue

JuHamuueckoe c8A3vi6aHUe OTKIAbIBAET C8A3bI6AHUE — TIPOLIECC
pacrnosHaBaHus TUIIOB, YWIEHOB Y Ollepaliyit — C 3Tana KOMIOWIALMU
IO BpeMeHM BBINOTHeHUA. [[MHaMuyecKoe CBA3bIBaHMe YIOOHO, KOraa
Ha 9Tane KOMIWIALMY 8bl 3HAETE, YTO onpeneneHHas GYHKLMSA, YieH
WU oNepalyA CYLIECTBYET, HO KOMNUAAMmMopy 06 3TOM HeM3BeCTHO.
O6b14HO MOJO0OHOE MPOUCXOIMUT NP B3aUMORENCTBUM C AUHAMUYEC-
KMy sA3bikamu (Takmmyu kak IronPython) u COM, a Takxe B clieHa-
puAX, B KOTOPBIX MHaue UCIIONb30Banach Obl pedexcus.

InHammuuecknit T 06 bABIAETCA C MOMOLIBI KOHTEKCTHOTO KII0Ye-
Boro cnoBa dynamic:

dynamic d = GetSomeObject () ;
d.Quack () ;

JMHaMMuecknit TUI mpefnaraeT KOMIMUIATOPY CMATYUTb Tpe-
6oBaHNA. Mpl OXupaeM, 4YTO TUI BpeMeHM BbINONHeHUA d JON-
KeH uMeTb MeTof Quack (). Mpl NpocTO He MOXeM NPOBEPUTb
3TO cTaTuyeckyu. [Tockonbky d OTHOCUTCA K JMHAMUYECKOMY THUITY,
KOMIIMJIATOP OTK/ajblBaeT cBA3bIBaHMe Quack () ¢ d 1o BpeMeHnu
BbINONHeHNA. [IoHMMaHMe CMbICTIAa TAKOTO AeNCTBUA TpebyeT yscHe-
HUA PasINumit MeXAY Cramu4ecKum c6A3vl6aHuem U OUHAMUHECKUM
ceA3vlBaAHUEM.

(paBHEHMe CTaTUYeCcKoro N oUHamMmuyecKoro
CBA3bIBaHUA

KaHoHMYeckuit npuMep CBA3bIBaHUSA NpefycMaTpuBaeT oTobOpa-
)KeHye VMeHM Ha cretnuueckyo GYHKUMIO NPy KOMIMIALMMA BbI-
paxeHuA. 1 KOMIMAALMM CNEYIOLIEro BbIpaXKeHUA KOMIMIATOP
JOJDKEH HaliTM pealynsalMio MeToja no MMeHu Quack ():

d.Quack () ;
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[laBaiiTe NpenNONOXMM, YTO CTaTMdeCKMM Tunom d ABnsAeTcsa Duck:

Duck d =
d.Quack () ;

B caMOoM mpocToM cnydae KOMIUATOP OCYLIECTBNAET CBA3bIBA-
HMe 3a cyeT Moucka B TuIe Duck meTona 6e3 mapaMeTpoB M0 MMEHM
Quack (). Ecnu naliTu Takolt MeTOZ He YHanoch, TOrAa KOMIUIATOP
pacnpocTpaHAeT MOMCK Ha MeTOAbl, IPMHUMAKOIMe HeobA3aTeNb-
Hble IapaMeTpbl, MeTO/ bl 6a30BbIX kaccoB Duck u pacmmpsmome
METOMIbI, KOTOpbIe MPUHUMAIOT Duck B CBOEM NEPBOM MapaMeTpe.
Ecnm coBnagenmit He 06Hapy»KeHO, TO BO3HMKAET OLIMOKAa KOMIMIALIMA.
HesaBucuMo oT TOro, Kk KakOMy MeTOAy NpPOM3BE[IEHO CBA3bIBAHME,
CYTb B TOM, YTO CBA3bIBAHME [I€/IA€TCS KOMIUIATOPOM, U OHO TIOTTHO-
CTbI0 3aBMCUT OT CTAaTMHECKMX CBElEHMII O TUIAX ONepaH/oB (B AaH-
HOM crydae d). VIMeHHO 10O3TOMY TaKoif Npoliecc HasblBaeTcA cma-
MU1ecKUM C8A3bIBAHUEM.

A Terepb M3MEHMM cTaTudeckuit Tun d Ha object:

object d = .4

d.Quack ()

BbizoB Quack () nmpuBoauT k omnbKe Ha dTane KOMIUIALMY, T.K.
HECMOTPS Ha TO, YTO XpaHslleecsi B d 3Ha4eHMe CIIOCOOHO COMlepXKaTb
MeTOJ Mo MMeHyu Quack (), KOMIMUAATOp He MOXeET 06 3TOM 3HaTh,
TMIOCKOJIbKY eAMHCTBEHHass MHPOpMaLMs, KOTOPOJ OH pacnosiaraetT — THUII
nepeMeHHOJ1, KOTOPbIM B PacCMaTpMBaeMOM crydae sABnsAeTcsA object.
Ho paBaitte uamenum cratudeckuit Tun d Ha dynamic:

dynamic d = ...
d.Quack();

Tun dynamic noxox Ha object — oH B PaBHON CTENEHU He ONM-
cbiBaeT TuI. OTNMYME 3aK/TH0YAETCA B TOM, 4TO TUIT dynamic gomyckaer
TpUMeHeHMe crocob6amy, KOTopble Ha 3Tane KOMIUIALMY He U3BECTHbI.
IuHaMuyeckmit 06beKT CBA3bIBAETCA BO BPeMSA BBINOMHEHMA Ha OCHO-
Be CBOEro TUIIA BPEMEHU BHINIONTHEHNUSA, @ HE TUIIA IPU KOMITUALMUN.
Korga koMnunAaTop BcTpeyaeT AMHAMMYECKM CBA3bIBAEMOE BbIpaX<e-
HMe (KOTOpbIM B 06lIeM Clydae ABNSAETCA BbIpaXkeHMe, COfepiKalilee
nwo6oe 3HaYeHMe TMNa dynamic), oH MPOCTO yNaKoBbIBaeT €ro Tak,
4TOOBI CBA3BIBAHME MOI/IO OBITH MPOMU3BENEHO MO3)XKE BO BpeMs BbI-
MONTHEHNUA.

Ecnu nuHammudeckmit 06bekT peanusyer uHTepdeitc IDynamic
MetaObjectProvider, To Bo BpeMs BbINONHEHUS [/ CBA3bIBA-
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HMA UCTIONb3yeTcA JaHHbI uHTepdelic. Ecnu xe Het, Torma cBA3bIBa-
HJe NTPOXOAMT B OCHOBHOM TaK e, KaK B CUTyal[My, KOrla KOMIU/IA-
TOpY U3BECTEH TUIT JMHAMUYECKOTO 00beKTa BpeMEH! BBIMOMHEHUAL
3T [Be anbTepHAaTMBbI HA3bIBAIOTCA CHEUUANbHLIM C8A3bI6AHUEM U
A3bIKOBHIM CBA3IBAHUEM.

CneuuanbHoe cBA3bIBaHUE

CheyuanvHoe c8A3bl8aHue TPOUCXOANT, KOIMIA AMHAMMYECKMIT 06D-
eKT peanusyeT uHTepdeiic IDynamicMetaObjectProvider. Xora
nHTepdeiic IDynamicMetaObjectProvider MoOXHO peanusoBaTh B
TUMAX, KOTOpble Bbl muuteTe Ha A3blke C#, M MOCTYMaTh TakK yao6Ho, 60-
Jlee paclpOCTPaHEeHHBIN Cy4all MpefycMaTpuBaeT 3apoc 06beKTa,
peanusymouiero IDynamicMetaObjectProvider, u3 guHamMmmuyec-
KOro A3blka, koropblit BHenpeH B .NET nocpeacTBom ucrnonHAmwoLein
cpenpl AMHaMudeckoro sA3blka (Dynamic Language Runtime — DLR),
ckaxkeM, IronPython unu IronRuby. O6bekTbl 43 TakMX A3BIKOB HesAB-
HO peanusyioT uHTepdeiic IDynamicMetaObjectProvider B ka-
yecTBe CI0coba A/ MpPAMOTro yrpaBleHUA CMBICIOM BBINOTHAEMBIX
HaJ HMMM onepaluii. Huxe npuseneH npocroi npumep:

using System;

using System.Dynamic;

public class Test

{
static void Main ()
{
dynamic d = new Duck();
d.Quack(); // BeleoouT Bei3BaH MeTon Quack
d.Waddle(); // BelBoouT Bel3Ban MeTon Waddle

}
public class Duck : DynamicObject
{
public override bool TryInvokeMember |
InvokeMemberBinder binder, object[] args,
out object result)
{
Console.WriteLine ("Beli3BaH mMeron " + binder.Name);
result = null;
return true;

198 |  KapMannii cnpaBoynKk no asbiky C# 8.0



Knacc Duck B meifCTBUTENbHOCTM He MMeeT MeToma Quack ().
BsaMeH OH npuMeHsAeT CleLiMaNbHOE CBA3bIBaHME [/ MepexBaTa U
VIHTepIIpeTaLmMy Bcex obpallleHMit K MeTOaM.

CrieunanbHoe cBs3bIBaHMe 6oree MOApo6HO 06CyXmaeTcs B Ina-
Be 20 kuuru C# 8.0. Cnpasounuk. [TonHoe onucavue A3viKa.

fI3bIKoBOe CBA3bIBAHUE

A 3bik060e C63bI8aHUE TTPOUCXONUT, KOTAA JUHAMUYECKUIT 00D-
eKT He peanuayer nHTepdeitc IDynamicMetaObjectProvider.
SIsbIKOBOE CBA3bIBaHMe YHOOHO Mpy paboTe ¢ HEYHAUHO CIIPOEKTHU-
POBAaHHBIMM TUIIAMM MM BHYTPEHHMMM OTPAaHMUYEHMAMU CUCTEMBI
tunos .NET. Hanpumep, BcTpoeHHbIe 4MC/IOBbIE TUITBI HEYNAYHbI B
TOM, YTO OHM He MMeloT obuiero uHTepdeiica. PaHee 6bi10 nmokasa-
HO, YTO METONbl MOTYT OBITb NMPUBA3AHBI JMHAMUYECKH; TO JXKe caMoe
CMpaBeNINBO M A/A ONepaLuit:

static dynamic Mean (dynamic x, dynamic y) => (x+y) / 2;

static void Main ()
{
int x =3, y=4;
Console.WriteLine (Mean (x, y));:
}

Hpenmymecmo O4YE€BUIHO — HE NPUXOOANUTCA ﬂy6HMp0BaTb Kon oA
Ka>Xaoro 4Y1Mc/i1oBOro Ttuma. Tem He MEHeE€, YyTpaiMBaeTCA 6€30MacHOCTD
THUIIOB, 13-3a 4Y€ro BO3pacTaeT pUCK IreHepalun MUCK/TIOYEHUM BO BpeMA
BBINTO/THEHMA BMECTO IIO/Ty4€HUA oimmnboK Ha Jrane KOMIIUITALUA.

HA 3AMETKY!

JIMHaMuyeckoe cBA3bIBaHMe 0OXOAMT CcTaTMyeckylo Gesomac-
HOCTb THUIIOB, HO He AMHAaMMUYeCKylo 6e30MacHOCTb TUIOB.
B ornuune oT pedekcun ¢ NOMOLIbIO AMHAMUYECKOTO CBA3bI-
BaHMA HEBO3MOXKHO 00OJTY NpaByuia AOCTYIHOCTU 4/I€HOB.

SI3pIkOBOe CBSI3bIBaHME BO BpeMA BbIIIOJTHEHNA NMpEeAHaAaMEpEeHHO
BeOeT cebs MaKCMMabHO MOXOXXMM Ha CTaTUYeCKoe CBA3bIBaHME 00-
pasoM, Kak 6yJZ[TO TUIIbI BPEMEHMU BBINNOTHEHUA INHAMUYECKNX 00b-
€KTOB ObIIM U3BECTHBI ellle Ha 3Tarne KoMnunAuuu. B npenpiayueM
puMepe MNoBefeHMe MporpaMMbl OKaXXeTCA UAEHTUYHDIM, €C/IU METON
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Mean () >ecTKO 3aKOAMpoOBaThb AnA paboThl ¢ TMIIOM int. Haubonee
3aMeTHBIM MCK/TIOYEeHMEM MPU NPOBENEHUM aHAIOTUM MEeXIY CTaTHU-
4eCKMM M JMHAMMUYECKMM CBA3bIBAHUMEM ABMAITCA paclIMpALINe
MeTOfbl, KOTOpble paccMaTpuBaloTCA B pasfene “HeBbl3biBaeMble
byHkuMu” Ha cTp. 204.

HA 3AMETKY!

JlHaMuyeckoe CBA3bIBAHME TaK)Ke HAHOCUT ylep6 MpousBo-
autenbHOCTH. OHAKO M3-3a MEXaHU3MOB KeLIMPOBaHUA CpefIbl
DLR nosTopsiolmecs obpallieHus K OTHOMY 1 TOMY ke TMHa-
MMYECKOMY BBIP@XEHMIO OMTUMU3UPYIOTCS, 103BONAA 3 dek-
TMBHO paboTaTbh C AMHAMMUYECKUMMU BbIpaXKEHUAMU B LIMKIIE.
Takas ONTUMM3ALMA CHYUIKAET TUITMYHbIE BPEMEHHbIE U3TEPIKKI
TPy BBIMOMHEHUM MPOCTOrO AMHAMUYECKOTO BBIPAKEHUA Ha
COBpeMeHHOM 060pyHoBaHMM O MeHee yeM 100 HAHOCEKyHJ.

Ucknioyenne RuntimeBinderException

Ecnu npuBA3sKa K 4iIeHy He yIaeTcs, Torfia FeHepupyeTca UCKoYeHe
RuntimeBinderException. Ero MoXHO cuuTaTh owmbKoit arama
KOMIW/IALMYU, TIEPEHECEHHO Ha BpeMs BbIMIOJTHEHUS:

dynamic d = 5;

d.Hello(); // TeHepupyercsa RuntimeBinderException

Vckmoyenne reHepupyercsa oTTOro, 4To TMI int He uMeeT MeToza
Hello().

lpeacraBnenune Tuna dynamic
BO Bpems BbINONHEHUA

Mexpay tunamu dynamic u object umeerca rny601(aﬂ 9KBUBa-
NIEHTHOCTD. VIcronHAmwolasa cpefja TPAKTyeT CNeAylollee BbIpakeHue
Kak true:

typeof (dynamic) == typeof (object)

JTaHHBIN NPUHLMI PAcpOCTPAHAETCA Ha COCTaBHbIE TUIIBI U Mac-
CUBBI:

typeof (List<dynamic>) == typeof (List<object>)
typeof (dynamic[]) == typeof (objectl[])
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ITogo6HO 06 bEKTHOI CChUTKE AMHAMMUYeCkas CCblIKa MOXKET YKasbl-
BaTbh Ha 00'beKT M060ro THMa (3a MCKII0YEHNEM TUIIOB yKasaTene):

dynamic x = "cTpoka";

Console.WriteLine (x.GetType().Name); // String

x = 123; // OumbKM HeT (HeCMOTPSA Ha TO,

// 4TO nepeMmeHHas Ta ke camas)
Console.WriteLine (x.GetType().Name); // Int32

CTpyKTypHO Kakue-nubo oTnnuma MeXHy 06beKTHOI CChIIKOI U
IOVHaAMMYECKOM CCbUIKOI OTCYTCTBYIOT. [IMHaMmyeckas cCbliKa IPOCTO
paspelliaeT BHINOMHEHNME AMHAMMYECKUX OflepaLiyit HaJf 00'beKTOM, Ha KO-
TOPBIt OHa yKa3biBaeT. UTOObI BbIMOMHUTD M100YI0 IMHAMUYECKYTO OIe-
paumio Haj object, Tin object mMoxHO npeobpasoBaTb B dynamic:

object o = new System.Text.StringBuilder();

dynamic d = o;

d.Append ("cTpoka");

Console.WriteLine (o); // crpoka

NluHamuyeckue npeo6pasosanus

Tun dynamic nopmep>xuBaeT HesiBHble peobpa3oBaHus B U U3
BCEX OCTa/bHBIX TUNOB. UTO6BI Mpeobpa3oBaHme MpOLIIO YCIELIHO,
TUII BPEMEHM BBIIIONHEHUs OMHAMMUYECKOro 00beKTa HO/KeH ObITh
HesIBHO Npeobpa3yeMbIM B 1le/IeBOJ CTaTU4eCKMIit TUIL.

B cnepyloueM npumepe resepupyerca MckiarwodeHue Runtime
BinderException, T.k. Tl int He MoXeT 6bITb HESIBHO Mpeobpa-
30BaH B short:

int 1 = 7y

dynamic d = i;

long 1 = d; // HopmasneHO - paBoTaeT HesiBHOe Npeobpas3oBaHue

short j = d; // TeHepupyeTcsa RuntimeBinderException

(paBHeHue var n dynamic

HecMoTps Ha BHelllHee CXOACTBO TUIOB var u dynamic, pasHu-
11a MeXJy HUMM CYLIeCTBeHHa:

® var roBOPUT: NIO3BONUTb KOMNUAMOPY BBIACHUTb THUI;

¢ dynamic roBOpUT: NO3BOMNTb UCHOAHAIOW4EL CPede BbIACHUTD TUIL

Bot nnniocrpauus:
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dynamic x = "crpoka"; // CraTuyecKuMm TUIOM
// saBnserca dynamic

var y = "crpoka"; // Crarmueckmum TUNOM fBjigdercs string
int i = x; // OumbBxa BO BpeMs BHIIOJIHEHUS
int j = y; // OumbKa Ha aTane KOMIMIIALMK

AvHamnyeckue BblpaxeHuA

ITonA, CBOMCTBA, METOAbI, COOBITHUSA, KOHCTPYKTOPDI, MHIEKCATOPHI,
ornepaLuy M npeobpasoBaHys MOTYT BbI3bIBAThCS JUHAMUYECKH.

[TombiTKa MoTpebneHNs pe3ynbTaTa AMHAMUYECKOTO BbIpa>keHus
C BO3Bpall{aeMbIM TUIIOM VO1id mpecekaeTci — TOYHO Kak B Clyuae
CTaTMYECKM TUIM3MPOBAHHOIO BblpakeHusA. OTIn4Me CBA3AHO C TeM,
4TO OIIMOKA BO3HMKAET BO BPEMs BBIITOTHEHUS.

BbipakeHus, cofepikalliye AMHaMUUYeCKMe ONepaHibl, OOBIYHO
caMy ABMAIOTCA JMHAMUYECKUMM, T.K. ekt orcyTcTBusa HbOp-
MallMy O THUIIe MMeeT KaCKaIHblt XapaKTep:

dynamic x = 2;

var y = X * 3; // Crarudeckum TuUnoMm y seisercs dynamic

/3 aToro mpaBua CyLeCTByeT Mapa OYeBMUIHBIX UCKITIOUEHMIL.
Bo-nepBbIX, NpMBefeHME AMHAMMYECKOrO BbIPAXKEHMA K CTaTUYeCKO-
MY TUIY faeT CTaTM4Yeckoe BblpakeHMe. Bo-BTOPBIX, BBI3OBBI KOHC-
TPYKTOPOB BCerfa JaloT CTaTMYeCKue BbIpaXKeHMsA — [axke eCly OHU
NPOU3BOIATCS C AMHAMUYECKMMY apryMeHTaMMU.

KpoMe ToOro, cylecTByeT HeCKOJIbKO KpaeBBIX Cly4yaeB, KOTAa
BbIpaXKeHMe, cofieprkalliee NMHAMUYECKMII apryMeHT, ABJIAETCA CTa-
TUYECKMM, BK/I0Yas Nepefavy MHAEKca MaCCUMBY M BbIpaXKeHUs A
CO3[jaHMsA [Ie/IeraToB.

PacnosHaBanue neperpyxeHHbIX
BepCU AMHAMNYECKNX YNeHoB
B xaHOHMYECKOM cLeHapuM MCNONb3oBaHMA dynamic yyacTByer

OVUHaMUYeCKUn nonyvamerns. 310 3Ha4MT, 4YTO MNOny4aTeyneM AMHaAMU-
YEeCKOro BbI30OBa q)yHKI_I]AVI ABNAETCA OUHAMUUYECKUN 00 beKT:

dynamic x = ...;
x.Foo (123); // x - nonyudareis

TeM He MEHEeE, NMHAMNYECKOE CBA3bIBAHNE HE OrpaHNYMNBAETCA
nonydaTenAMu: apryMeHTbl METOJOB TaKXXE MPUTOOHDI ANA ANHAMU-
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YE€CKOTO CBA3bIBAHUA. CHCIICTBMCM BbI3OBa (bYHKLUAM C IMHaMU4Y€CKU-
MU apTyMEeHTaMU 6yneT OTK/1afbIBaHME pacCllO3HaBaHUA IIEPETPYIKEH -
HBIX Bepcmﬁ C 9Talna KOMINIALUUN 1O BPEMEHU BbIITOTHEHUA:

static void Foo (int x) => Console.WriteLine ("int");
static void Foo (string x) => Console.WriteLine ("str");
static void Main ()

{
dynamic x = 5;
dynamic y = "cTpoka";
Foo (x); // int
Foo (y); // str

}

PacriosHaBaHMe Meperpy)xeHHbIX Bepcuit BO BpeMs BbIOTHEHMS
TaKKe Ha3bIBAETCS MHOMECMBEHHOT Oucnemyepusayueil u IONe3HO B
peanusanyy MaTTepHOB MPOEKTUPOBaHMsA, Takux kak ‘[locemumens”
(Visitor).

Ecnu puHaMudeckuit nmonmyvarenn He 3afiefiCTBOBaH, TO KOMITMIA-
TOP MOXXET CTaTMYeCKM BBIIOMHUTb 6A30BYI0 NPOBEPKY YCIEUIHOCTH
IMHaMUYeCKOro BbI30Ba: OH MPOBepseT, CyllecTByeT MU GYHKUMUA C
[paBU/IbHBIM MMeHEM M KOPPEKTHBIM KOMMYECTBOM IapaMeTpOB.
Ecnu xaHOMOaThl He HaiifeHbl, TOT[a BO3HUKAET OliMbKa Ha 3Tale
KOMIIUNTALUN.

Ecmu dyHKuMs BBI3BIBAeTCA CO CMEChIO JMHAMMUECKUX M CTaTH-
YeCKUX apryMeHTOB, TO OKOHYaTeNbHbIl BbIOOp MeTona 6yneT orpa-
XKaTb CMeCb pellleHMi SUHaMUIECKOrO ¥ CTaTUYeCKOTO CBSA3bIBaHMUA:

’

static void X (object x, object y) => Console.Write (
static void X (object x, string y) => Console.Write ("os"
( (
( (

)
)i
static void X (string x, object y) => Console.Write ("so");
)

static void X (string x, string y) => Console.Write

static void Main()

{
object o = "llpuser";
dynamic d = "Iloka";
X (o, d); // os

}

BeisoB X (0, d) mpuBA3bIBaeTCA AUHAMUYECKM, [IOTOMY YTO OOUH
U3 ero apryMeHToB, d, onpeneneH kak dynamic. Ho nockonbky nepe-
MEHHafl O CTaTUYECKM U3BECTHA, CBA3bIBaHME — XOTA OHO MPOUCXOAUT
IMHaMMYecku — Oyner MpuMeHATb ee. B paccMaTpuBaeMoM mpuMepe
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MeXaHM3M pacllo3HaBaHUs MeperpyXxeHHbIX Bepcuil BEIGepeT BTOPYIO
peanusanuio Foo () M3-3a CTaTMYECKOTO TUIA O U TUIIA BPEMEHU Bbl-
nonHenns d. [[pyruMu crioBaMu, KOMITUIATOP ABNAETCS “HACTONBKO
CTaTUYeCKUM, HACKOJIBKO OH CIIOcoOeH 6bITh .

HeBbi3biBaembie GyHKLUK

HeKOTOpre (i)yHKLU/IM HE€ MOryT 6bITb BbI3BaHBI OUHAMUYECKU.
BbIsbiBaTh Henmb3s:

® paciiupsolMe MeTORbI (depe3 CUHTAKCUC pacliMpAIOIUX Me-
TOHOB);
® no6ble 4neHbl MHTepdeiica (Yepes UHTepdelic);

® yjeHbl 6a30BOrO KJ1acca, COKpbITbI€ ITOOK/ITACCOM.

[IpuuMHa B TOM, YTO AMHaMMUUYeCcKoe CBA3bIBaHME TpebyeT ABYX
nopunit MuGOpMauuM: MMEeHU BbI3bIBaeMoit GYHKLUMM U 06beKTa, Ha
KOTOPOM [JO/XHa BbI3bIBaTbCA GYHKIMA. OJHAKO B KaXKJOM U3 Tpex
HeBbI3bIBaeMbIX CLIeHapyeB YYacTBYeT 00NONHUME IbHbI mun, KOTO-
Pblil M3BECTEH TONbKO Ha 3Tane KOMNuaAuMu. Vl HeT HuKakoro cro-
coba ykasaTb Takye DONOTHUTENbHblE TUIbI JMHAMUYECKH.

[Tpu BbI30BE pacliMpPAOLNUX METOIOB 3TOT HOMOMTHUTENbHbINA TUIT
npencTaBnAeT coboil paclIMPAIOIMIL KJIacC, BbIOpaHHbIN HEABHO MOC-
PENCTBOM IMPEKTUB USing B MCXOOHOM Kofie (KOTOpbIe MocIe KOM-
nunAuMmu ucdesawT). [Ipu obpaiennyu x dneHaM depes MHTepdeirc
TOTIONHUTENbHBIN TUIT cOOO1IIaeTCA Yepe3 HesIBHOe MU ABHOE TpUBe-
mennue. (IIpu sABHOI peanusauuu GakTUUIEeCKM HEBO3ZMOXKHO BbI3BaThb
4jieH 6e3 mpuBefeHMa K TUNY UHTepdeiica.) [loxoxkasn cutyauns Bos-
HMKaeT NPy BbI30BE CKPLITOTO UjleHa 6a30BOro Kacca: JOMOTHUTEb-
HbIIT TUIT HO/KeH OBbITh ykasaH 1160 depe3 mpuBeneHMe, 1160 depes
K/II0UeBOe CJIOBO base — U BO BpeMs BBINONHEHUA 3TOT LONONHU-
TebHbIN TUI YTPadMBaeTCA.

lMeperpy3ka onepauuii

Ornepauun MoryT ObITb Meperpys<eHsl /s NpefoCTaBIeHUs Cle-
LManbHBIM TUMaM 6osee ecTeCTBEHHOTO CMHTakKcuca. [leperpysky
omnepariuit Haubornee LenecoobpasHO UCIONMb30BATh IPU peanusauuu
crielManbHbIX CTPYKTYP, KOTOpPbIe MPeJCTaBAAT OTHOCUTENIbHO NP U-
MUTUBHbIE TUIBI JaHHbIX. HanpuMep, XopoliuM KaHAMOATOM Ha IIe-
perpysky olepaiyil MOXXeT CITy>KMTb CIeLabHblit YMCTOBOM TUIL.
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PaspelieHo neperpy)arb cnefyioline CMMBONMYECKIE OIepaLiiiu:

+ = T #F mm £ ow % & A
= I= < <KL > >

SIBHBIE M HesIBHble NpeobpasoBaHMs TaK)Ke MOTYT OBITH Meperpy-
JKeHbl (C IpUMeHeHMEeM KIIoUYeBbIX c/IoB explicit u implicit),
paBHO Kak nuTepanpl true n false, a TakXe yHapHble ONepaLuy
+u-

CocraBHble omepaLMy MpucBaMBaHus (Hampumep, += u /=) aB-

TOMaTUYECKM [EPErPYXKAITCA NPy NeperpysKe 0OBIYHBIX ONepaumui
(te. + 1 /).

OyHKUMN onepauymil

Ornepanys neperpyaetcs 3a cueT 0ObABNEHNA PYHKUUU Onepayuu
(c xmo4eBbIM c/I0BOM Operator). OyHKLMA onepaLuy KOKHA OBITH
CTaTMYEeCKOI! U, 110 KpaiiHeil Mepe, ONMH U3 ONepaHIoB 0643aH UMETDb
TUII, B KOTOPOM 00DbsABNeHa GyHKLUMA onepaunu. B cnepyrouem npu-
Mepe Mbl OlpefieNnsgeM CTPYKTYpy o uMeHu Note, MpecTaBAILLYI0
MY3bIKa/IbHYIO HOTY, X 3aTeM Ileperpy>kaeM orepauuio +:

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);

}

[leperpy»xeHnHas Bepcus No3BosseT fo6aBnATb K Note 3HaueHue
Lt

Note B = new Note (2);
Note CSharp =B + 2;

[ToCKONbKY Mbl MEPErpy3MIN Orepauyio +, MOXKHO TakXXe MCII0/b30-
BaTh OIEpaLuIo +=:
CSharp += 2;

[Tono6bHO MeTomaM M cBoifcTBaM, HaumHasA ¢ Bepcun C# 6, GyHk-
LMY OllepaLMif, KOTOpble COCTOAT M3 OOMHOYHOTO BbIpa)keHMs, pa3pe-
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LIIEHO 3aMuchbiBaTh Ooree KpaTKO C NNOMOILbIO CMHTaKCUCa q)yHI(L[MI?I,
CXKATbIX OO Bblpa)KeHVI];l:

public static Note operator + (Note x, int semitones)
=> new Note (x.value + semitones);

Neperpy3ska onepaumit dKBUBANEHTHOCTH
W (PaBHEHUS

Onepauny 9KBMBaJIEHTHOCTYM Y CPABHEHMS YaCTO MEPErpyXKarTcsa
[Py HaNMCAHMU CTPYKTYP U B PENKMX Clydasx — NPy HalMCaHUM
KnaccoB. IIpyu neperpyske onepawyit 3KBUBaJIeHTHOCTM M CPaBHEHMA
IO/KHBI cOOMIONATbCA CrielanbHble paBmaa 1 0613aTeNbCTBa.

ITaproctp

Kommunsarop C# tpebyer, 4To6bl onepaumu, KOTOpble NpeacTaB-
naT coboit noruyeckue napel, 6piny onpenenenst obe. Takumu
onepauMAMM ABNATCA (== !=), (< >) n (<= >=).

Equals () u GetHashCode()

[Ipu neperpyske onepauuit == 1 != ans tuna o6bIYHO HEOOXO-
IMMO mepeonpefenATb MeTodbl Equals () u GetHashCode ()
Knacca object, yTo6bl KOMIEKU MM U XelI-Tabnmuibl MOIIM Ha-
IexHo paboTaTh C TUIOM.

IComparable u IComparable<T>

Ecnu meperpy»arorcst onepaumut < M >, To 06bIYHO HOMKHBI ObITH
peamm3oBanbl MHTepdelichl IComparable u IComparable<T>.

Pacimpum npepbiayuiuit npumep, 4Tobsl MokKasaTb, KaKuM 06-
pasoM MOXHO 6bI70 6bl NMeperpysuTh ornepaLuy KBUBANTEHTHOCTH
CTPYKTYypblI 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;
}
// Ins Hawero xeuw-xoma OyIeT UCIONL30BaThCA XelWw-Kod value:
public override int GetHashCode () => value.GetHashCode();
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CneynanbHble HeABHbIE U ABHbIE npeoﬁpasoBaHMa

HesBHble 1 ABHbBlE NpeoOpa3oBaHMsA ABMAIOTCA Neperpy>KaeMbIMu
onepauuamu. Kak npaBuso, 3Tu onepauuu neperpyxalorcsa Ans Toro,
4TO6BI CHeNMaTh Npeobpa3oBaHUA MEXY TECHO CBA3AHHBIMU TUMAMMU
(TaKMMM KaK 4YMCIOBbIE THUIIBI) TAKOHUUHBIMU M €CTECTBEHHBIMML.

Kak 06bscHANOCH npyu 0O6CY>XIZEHMM TUIIOB, oruyeckoe oboc-
HOBaHMe HeABHBIX Mpeobpa3oBaHMil 3aK/Ii0uaeTcA B TOM, YTO OHM
IOJI>KHBI BCera BbINOMHATBCA YCIEUIHO ¥ He NPUBOAUTb K IOTepe
nHdopManuy npyu npeobpa3oBaHMM. B NpOTUBHOM cyyae HOMKHBI
6bITh ONpefieNieHbl ABHbIE MPe0Hpa3oBaHMA.

B cnepytomiem npuMepe Mbl onpefendeM npeobpasoBaHMA MEXIY
tunoMm Note u tunom double (c NOMOILIBIO KOTOPOTO NpefCTaBIA-
€TCA 4acTOTa B repliaX JAHHOM HOThI):

// TlpeobpaszoBaHue B TIeplsl
public static implicit operator double (Note x)
=> 440 * Math.Pow (2, (double) x.value / 12 );

// TpeobpazoBaHye u3 reply,
//  (c ToOuHOCTb OO GuMXamwero MNoJIyTOHA)
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; // aBHOe npeobpasoBaHue
double x = n; // HeaBHOe npeobpazoBaHue

HA 3AMETKY!

Koe B 4eM JaHHBI pyYMep HeNb3sl CUUTATh €CTECTBEHHBIM: B
IeCTBUTENIbHOCTHM Takye MpeobpasoBaHMs MOXKHO peannso-
BaTb 3¢ dexTuBHEE ¢ nomolybio MeTona ToFrequency () u
(ctatuyeckoro) Meroga FromFrequency ().

Onepaumy as 1 1s UTHOPUPYIOT ClleliMabHble MpeobpasoBaHMA.

AtpubyTbl

BaM y»xe 3HaKOMO MOHATHe CHabXKeH!A IEMEHTOB KOfa Npu3Ha-
KaMy B popMe MOAMPMKATOPOB, TaKMX Kak virtual unm ref. Otu

Atpubyrbi 207



KOHCTPYKLMM BCTPOEHBI B A3bIK. AmMPubymul NpefcTaBIsA0T coboi
pacluupseMblit MexaHu3M Ans fobaBneHus cneuyanbHol nHbopMa-
LMK K 371eMeHTaM Kofa (cOopkaM, TUMaM, uleHaM, BO3BpalllaeMbIM
3HaueHUsM ¥ napamerpam). Takas paclIMpsieMOCTb ynobHa s
cnyx6, rmyboKo MHTETPUPOBAHHBIX B CUCTEMY TUIIOB, ¥ He TpebyeT
CrelanbHBIX KTIOYEBBIX CTIOB WM KOHCTPYKLMIL B A3biKe C#.

Xopouwuit cueHapuit fns aTpuOyTOB KacaeTcsl cepuanusauuu —
npolecca npeobpasoBaHus MPOU3BONBHBIX OOBEKTOB B OINpeesNeH-
Hbli1 popMaT M 06paTHO C LieNbI0 XpaHeHMs MM Mepefadn. B Takom
cnydae aTpuOYT Ha MO/Me MOXKET yKasblBaThb TPaHCIALMIO MEXAY
npencTasneHyeM nons B C# 1 ero npepcTaBieHyeM B IPUMEHAEMOM
dopmare.

Knaccol aTpubyTtos

ATpu6yT onpefensieTcss KaaccoM, KOTOPbIA yHacnegoBaH (nps-
MO UM KOCBEHHO) OT a6CTpaKTHOF0 Kknacca System.Attribute.
YT06BI MPUCOENNHUTD anM6YT K 3/IEMEHTY KOJa, IepeJi 37IEMEHTOM
Koja MoHamoburcs yKasaTb UMsA TUMA anM6yTa B KBaJIpaTHBIX CKOOKax.
Hanpumep, B npuBegeHHOM HMKe KOfie K K1accy Foo npucoenmHserT-
ca aTpubyr ObsoleteAttribute:

[ObsoleteAttribute]
public class Foo {...}

ATpubyt ObsoleteAttribute pacnosHaeTcss KOMIMIATOPOM 1
MPUBOJUT K TOMY, YTO KOMMMIATOP BbIAACT MpeRYNpeXAEHNE, eCNu
BCTPETUTCSA CChIIKA HA TUII M/IMA Y/I€H, IOMEYEHHBIN KaK yCTapeBLInii
(obsolete). ITo cornaleHno MMeHa BCeX TUIOB aTpMOYTOB OKaHYM-
BalOTCA CNOBOM Attribute. [JaHHoe cornallieHue MOAREP)KMBAETCA
koMmunaTopom C# 1 nosBonsieT onyckaTb cypukc Attribute, xorma
NpUCOERNHSACTCA aTpUOyT:

[Obsolete]
public class Foo {...}

Tun ObsoleteAttribute ob6bsABIeH B NPOCTPAHCTBE MMEH
System cnenytommm o6pasoM (I/1s KpaTKOCTY KOJ YIpPOLLEH):

public sealed class ObsoleteAttribute : Attribute {...}
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WMeHoBaHHbIE U NO3MLMOHHDbIE
napameTtpbl aTpubyToB

ATpu6yTbI MOTYT MMeTb MTapaMeTpbl. B mokasaHHOM HIDKe NpyMepe Mbl
IpyMeHseM K Kmaccy arpubyr XmlElementAttribute, kotopblit coob-
et kmaccy XmlSerializer (3 mpocTpaHcTBa mMeH System.Xml.
Serialization) o Tom, uTo 06bekT mpenctaBned B XML, u npunu-
MaeT HeCKOJIbKO napamempos ampubyma. B utore arpubyt otobpara-
eT knmacc CustomerEntity Ha XML-anemeHT no umenn Customer,
TIpMHAIEXALIMI TPOCTPAHCTBY MMeH http://oreilly. com:

[XmlElement ("Customer",

Namespace="http://oreilly.com")]
public class CustomerEntity { ... }

[TapameTpbl aTpu6yTOB OTHOCATCA K OJHOI M3 OBYX KaTeropuit:
NO3MUMOHHbIE M MMeHOBaHHble. B nmpepnbigylieM mpumepe nepBblit
apryMeHT ABJIAETCA NOSUUUOHHBIM NAPAMEMPOM, a BTOPOIl — ume-
HOB8AHHbIM napamempom. T103MIMOHHDIE MapaMeTpbl COOTBETCTBYIOT
napaMeTpaM OTKPBITBIX KOHCTPYKTOPOB THna aTpubyTta. VIMeHOBaHHbIe
napaMeTphbl COOTBETCTBYIOT OTKPBITBIM TO/IAM MU OTKPBITHIM CBOJICTBAM
Tuna arpubyra.

Ilpu yxasaHum aTpubyTa JOMKHBI BKII0YaThCA MO3MLMOHHbIE Ma-
paMeTpbl, KOTOpble COOTBETCTBYIOT OJHOMY 13 KOHCTPYKTOPOB KJac-
ca aTpubyTa. VIMeHOBaHHbIe MTapaMeTpbl HeOOA3aTeNbHbI.

Uenu atpubyTos

HesBHO Lienblo aTpubyTa ABNAETCA 371€MEHT KOZA, HaXOOALLMICS
HeIOCpe[ICTBEHHO 3a aTpuOyTOM, KOTOPbIif OOBIYHO NpefCTaBAeT CO-
60t TMI MK 4YneH Tuna. TeM He MeHee, aTPUOYTHI MOXHO NIPUCOETHU-
HATb K cbopke. [Ipy aTOM TpebyeTcsa ABHO yKasbIBaTh Lie/b arpubyTa.
Bor kak ¢ momouipio arpubyra CLSCompliant 3afaTh cOOTBETCTBME
obuesasbikoBoit crneunduxauuyu (Common Language Specification —
CLS) mnsa uenoit cbopku:

[assembly:CLSCompliant (true) ]

YKa3aHue HecKonbKuX aTpu6yTtoB

[lna ogHOro aneMeHTa KOfja JOMYCKaeTCsA YKa3blBaTb HECKONIbKO
aTpubyTOB. ATpOYTHI MOIYT ObITh 3alaHbl 1160 BHYTPM eIMHCTBEH-
HOJ! Mapbl KBaf[paTHBIX CKOOOK (M pasfensATbcs 3anATbiMu), 1160 B
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OTZeNIbHBIX MapaX KBaJpaTHBIX CKOOOK (M/M C MOMOIIbI0 KOMOUHA-
My gByx crnoco6os). Crepyoline 1Ba NpuMepa ceMaHTUYECKM U/EH-
TUYHbL:

[Serializable, Obsolete, CLSCompliant(false)]
public class Bar {...}

[Serializable] [Obsolete] [CLSCompliant(false)]
public class Bar {...}

Onpepenenue cneyuanbHbIX aTpubyTOB

3a cyeT co3paHMsA MOAKIACCOB Kmacca System.Attribute MoxHo
onpenenATb cobcTBeHHble aTpuOyThl. Hampyumep, Mbl MOrM 6Gbl UCIIONb-
30BaTb C/IEAYIOLMIT ClIeLMabHbI aTpubyT A/ MOMETKM METOAA, TMOfIe-
Kalllero Mofy/IbHOMY TECTMPOBAHMUIO:

[AttributeUsage (AttributeTargets.Method) ]
public sealed class TestAttribute : Attribute
{

public int Repetitions;

public string FailureMessage;

public TestAttribute () : this (1) { }

public TestAttribute (int repetitions)

=> Repetitions = repetitions;

}

Huoke nokasaHo, Kak MO>XKHO 6b110 Obl IPUMEHUTb OAaHHDBIA aT-
pubyT:
class Foo

{
[Test]
public void Method1() { ... }

[Test (20)
public void Method2() { ... }
[Test (20, FailureMessage="Bpemsa oryanmku!") ]
public void Method3() { ... }
}

ATpubyr AttributeUsage yxasbiBaeT KOHCTPYKIMIO MU KOM-
6MHALMIO KOHCTPYKLMIA, K KOTOPBIM MOXET ObITb MPUMEHEH Crel1arb-
Hblit aTpuobyT. [lepeuncnenue AttributeTargets BKIIOYaeT Takue
y/eHbl, Kak Class, Method, Parameter u Constructor (a Takxe
All gng obbenuHEHUs Bcex Lienein ).
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W3Bneyenue aTpubyTOB BO BpeMsA BbINONHEHNA

CyILLECTByIOT ABa CTaHAApTHDBIX criocoba u3BneYeHUs anM6yTOB
BO Bpe€Ms BbITTO/THEHUA:

® BpI30B MeToma GetCustomAttributes () Ha moboM obbekTe
Type unu MemberInfo;

® BbI30B MeTofa Attribute.GetCustomAttribute () umu
Attribute.GetCustomAttributes().

[TocnenHue fBa MeTofia Meperpy>KeHbl A7 MpueMa 1060ro obbek-
Ta pedIeKcuit, KOTOPbIt COOTBETCTBYET NONYCTMMOIA e aTpubyTa
(Type, Assembly, Module, MemberInfo umm ParameterInfo).

BoT KaK MOXXHO BbINOJHUTb NEPEUUCTIEHNE BCEX METONOB MPEAILECT-
ByIoLero kacca Foo, Kotopble MMeloT atpubyT TestAttribute:

foreach (MethodInfo mi in typeof (Foo).GetMethods())
{
TestAttribute att = (TestAttribute)
Attribute.GetCustomAttribute
(mi, typeof (TestAttribute));
ifl tatt b= nall)
Console.WritelLine (
"{0} ©ynmer TecrmpoBaTbCcs; reps={1l}; msg={2}",
mi.Name, att.Repetitions, att.FailureMessage);

}
BbIBon BBIIMADMT Tak:

Methodl Bynmer TecTupoBaThbCs; reps=1l; msg=
Method2 Bymer TectupoBaThcsa; reps=20; msg=
Method3 GyneTr TectupoBaTscs; reps=20; msg=Bpems oTyianxu!

ATpu6yTbl MHdOpMaLUK 0 Bbi3biBalOLLEM
KOMMOHEHTe

Haunnas ¢ Bepcun C# 5.0, HeobsA3aTeNbHble MapaMeTPbl MOXHO
roMe4aTb OTHUM U3 TpeX ampubymos uHPopmayuu 0 8bi3bl8a10ULEM
KOMNOHeHMe, KOTOpble MHCTPYKTUPYIOT KOMITUJIATOP O Heo6XoauMoc-
TU Nepefaun MHPOpMaLIMH, TIONYYEHHO U3 UCXOTHOrO KOJia BbI3bIBa-
IOLIero KOMIIOHEHTA, B CTAaHAAPTHOE 3HAaYeHMe MapaMeTpa:
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® [CallerMemberName] NMpuMeHSET UMS YJieHa BbI3bIBalollle-
'O KOMITIOHEHTa;

® [CallerFilePath] npumeHser nytb K Qaitny UCXOLHOIO
KOJIa BbI3bIBalOLErO KOMIIOHEHTA;

® [CallerLineNumber] mpuMeHsieT HOMep CTpPOKM B Qaitne
MICXOIHOTO KOJIa BbI3bIBAIOLLErO KOMIIOHEHTA.

B cnenyromemM meTozie FOO () JEMOHCTPUpPYETCA UCIIO/NIb30BaHME
BCeX Tpex aTpubyToB:

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 = Q)

Console.Writeline (memberName) ;
Console.WriteLine (filePath);
Console.WriteLine (lineNumber) ;

}

I[lpennonaras, 4ro kop Haxomutcst B ¢aitne C:\source\test\
Program.Cs, BbIBOZ OyHeT TakuM:

Main

c:\source\test\Program.cs

6

Kak u co cTaHmapTHbIMM HeoOs3aTebHBIMM MTapaMeTpaMu, MOJ-
CTaHOBKa fieaeTcs B mecme 6b:308a. CrefoBaTeNbHO, TIOKa3aHHbIN
BbIllle MeTOA Main () sBnseTcs “CMHTaKCUMYECKUM caxapom” Mjisi Clle-
LyIoL(ero Kopa:

static void Main{)
=> Foo ("Main", @"c:\source\test\Program.cs", 6);

ATpubyTel MHGOPMALMY O BBI3bIBAKOLEM KOMIIOHEHTE YHIOOHBI
py HanmucaHny GYHKLUMIA perucTpaLuy B XKypHalle, a TaKXKe Ipy pe-
anusauuy wabnoHoB yBemoMeHus 06 uaMeHeHmsx. Hanpumep, Mol
MO>XeM BBbI3BAaTb MeTOJ, MOROOHBIN MPUBEIEHHOMY HMXe, UHYTPU
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CpencTBa NOCTYyIa set OInpenesIeHHOro cBOMCTBa Oe3 H€06XOIU/IMOCTI/I
B YKa3aHUUM UMEHU 3TOro CBONCTBA:

void RaisePropertyChanged (
[CallerMemberName] string propertyName = null)

ACHHXpOHHbIE QYHKL MM

Knwouesble cnoBa await u async (BBeneHHble B Bepcun C#
5.0) mofiep>KUBAIOT ACUHXPOHHOE NPOZPAMMUPOBAHUE — CTUIb MpO-
TPaMMMPOBaHUA, IPU KOTOPOM [IMTENbHO BBIMONHAILIMECA PYH-
KLMU fenaioT OONbLIYI0 YacThb MM Jaxke BCIO CBOK paboTy nocre
TOTO, KaK ynpaBjleH}Me BO3BpPAIeHO BbI3bIBAIOIEMY KOMIIOHEHTY.
OHO 0T/IMYaeTCA OT HOPMaNbHOTO CUHXPOHHO20 TTPOrPaMMMUPOBaHNA,
KOT/ia [UIMTEIbHO BBINONHALLIMeCS QYHKLMM 60KUPYIOM BbI3bIBaIO-
M1 KOMIIOHEHT [0 TeX IIop, MoKa onepauus He OyaeT 3aBeplleHa.
ACMHXPOHHOe NpOorpaMMMUpOBaHMe MOApasyMeBaeT nApPaslesusm,
MOTOMY 4TO JIMTEBbHO BBIMONHAKIIAACA ONMepaluus NpOROKaeTCA
napannenvHo ¢ GYHKUMOHMPOBaHMEM BBI3bIBAIOIIETO KOMIIOHEHTA.
Pa3paboTuMk acMHXpOHHONM QYHKLMM MHMLMMPYET TAKO¥ Mapasne-
nM3M b0 Yepe3 MHOTOMOTOYHOCTD ([/1s1 ONepaLuil, UHTEHCUBHBIX B
T/IaHe BBIUMCIIEHUI), 60 MOCPeNCTBOM MeXaHM3Ma 06paTHBIX BbI3O-
BOB (f/1A1 ONlepaluif, MHTeHCUBHBIX B IIJ1aHe BBOAA-BBIBOJA).

HA 3AMETKY!

MHOrOMOTOYHOCTD, MApajjieNu3M U acCUHXPOHHOE MpOorpaM-
MMUpOBaHMe — OOIMpHbIE TeMbl. VIM MOCBSIILEHbI [IBe [IaBbl
B KHure C# 8.0. Cnpasounuk. IlonHoe onucaHue s3bika M BIO-
6aBok OHM obcyxaalTCA Mo cebinke http://albahari.
com/threading.

Hanpumep, paccMOTpUM clenyrolmil cUuHXpOHHbITE METOJ, KOTOPbIi
ABNAETCA AJIUTENTbHO BBIMONHAIMMCA M MHTEHCUBHBIM B I/IaHe BbIUMC-
JIEHUIA:

int ComplexCalculation()

{
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double x = 2;

for (int i = 1; i < 100000000; i++)
x += Math.Sqgrt (x) / i:

return (int)x;

}

Meton ComplexCalculation() 6mokupyeT BbI3bIBAIOLIMIA
KOMIIOHEHT Ha MPOTA>KEHUM HECKONbKUX CEKYHI, I0Ka OH BbINO/HA-
eTcA, M TONIbKO 3aTeM BO3BpalllaeT pe3y/nbTaT BbIYMC/IEHUA BbI3bIBAO-
1leMy KOMIIOHEHTY:

int result = ComplexCalculation();
// B KakoM-TO MOMEHT [O3Xe:
Console.WriteLine (result); // 116

B cpeme CLR onpenenen knacc mo umenu Task<TResult> (u3
NpocTpaHCcTBa UMeH System.Threading.Tasks), mpegHasHayeH-
HBIit /I MHKANCYNALUMY NMOHATUA ONepalyu, KoTopas 3aBeplIaeTcs B
6ynywem. CreHepupoBath 06bekT Task<TResult> pgns onepauum,
MHTEHCUBHO B I/IaHe BbIYMC/IEHMIT, MOXKHO C MOMOLIbIO BbI30BA METOAA
Task.Run (), kotopblit coobiaer cpege CLR o Heob6xoaumocTu 3amyc-
Ka YKa3aHHOTO JejleraTa B OT[e/IbHOM IOTOKe, BBIIIOJHAIOLLEMCS Mapas-
NIENIBHO BbI3bIBAIOLIEMY KOMIIOHEHTY:

Task<int> ComplexCalculationAsyne()
{

return Task.Run (() => ComplexCalculation());
}

STOT MeTop ABNAETCA ACUHXPOHHbIM, TIOTOMY YTO OH HEMe[JIEHHO
BO3BpALlA€T YIIPaB/I€HNE BbI3bIBAIOIIEMY KOMITOHEHTY U IPOAO/KAET BbI-
MOJTHATbCA MapasieNnbHo. OTHAKO HaM Hy>XeH KaKoM-TO MeXaHU3M, KOTO-
pblit an 6bl BO3MOXXHOCTb BbI3bIBAIOLEMY KOMIIOHEHTY YKa3bIBaTb, YTO
IOJKHO MPOM3OMTH, KOT/A ONepalus 3aBepLIMTCA U pe3y/nbTaT CTAHET
poctynubiM. Knmacc Task<TResult> pelaeT mpo6nemy, OTKpbiBas
mocTyn Kk MeTofy GetAwaiter (), KOTOpbIJ I03BO/AET BbI3bIBaIOLLE-
My KOMIIOHEHTY IPUCOENUHATD NPOOONNeHUE:

Task<int> task = ComplexCalculationAsync();
var awaiter = task.GetAwaiter();
awaiter.OnCompleted (() => // TponmosxeHue
{
int result = awaiter.GetResult();
Console.WriteLine (result); // 116
} ki
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TeM caMbIM omepaluy coobLIAeTCsA O TOM, YTO MO 3aBEpLIEHNM OHa
TOJDKHA BBINONIHUTD YKasaHHbI fenerat. [Ipoo/mkeHne cHayana BbI3bIBa-
eT Metof, GetResult (), KOTOpPbIN BO3BpallaeT pe3ynbTaT BblUMCIIE-
Hus. (Vinu, ecnu 3apaya nomepnena Heydauy, CreHEpUpPOBAB MCKIIOUEHME,
TO BbI30B GetResult () creHepupyer 3TO MCKIIOYeHME MOBTOPHO.)
3aTeM Npofo/KeHMe BbIBOIUT Ha KOHCOMb pe3y/bTaT yepe3 Console.
WriteLine().

KnioueBble cnoBa await u async

KmoueBoe cnoBo await ympolaer npucoeauHeHe MPOROIKEHMI.
HaumHas ¢ 6a30Boro cLeHapus, KOMIMIATOP pacIuMpsieT KOHCTPYKLIMM:

var pesyneTaT = await Brpaxenmne;
oneparop (k) ;

B KOJI, PYHKLIMOHANbHO NMOJOOHbI TIOKa3aHHOMY HMXe:

var awalilter = Bmpaxexire.GetAwaiter ();
awaiter.OnCompleted (() =>

{

var pesysnsTaT = awaiter.GetResult();
onepaTop (u) ;
)i

HA 3AMETKY!

Kommunarop Takxe BbIITyckaeT KOA AN ONTMMM3ALMM CLe-
Hapys CMHXPOHHOrO (HeMeJIeHHOr0) 3aBeplleHMs ONepaLui.
PacnipocTpaHeHHas NpuUYMHA [/ HEMeJJIEHHOTO 3aBeplieHNs
ACMHXPOHHOJ ONepaluy BO3HMKAeT, KOrjja onepauus peanu-
3yeT BHYTPEHHMI MEeXaHU3M KeIUMpPOBAHUA U Pe3yNbTaT yxe
HaxXOIMUTCA B Kellle.

CrnepoBare/ibHO, BOT KaK Mbl MOXXEM BbI3BaTb ONpe/ie/IeHHbI paHee
Merop ComplexCalculationAsync():

int result = await ComplexCalculationAsync();
Console.WritelLine (result);

Yro6bl KO CKOMITMIMPOBATICA, K COAIEPIKAlleMy ero MeTOLY MOHamo-
6utcs no6aBUTh MomuduKaTop async:
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async void Test()

{
int result = await ComplexCalculationAsync();
Console.WriteLine (result);

}

Monudukarop async MHCTPYKTUPYeT KOMIMIATOP O TOM, 4TO
await HeobxommMmo TpaKTOBaTh KaK KJIOUEBOE CIOBO, a He UeHTUMKa-
TOp, MHaye BHYTpM MeTOAa BO3HMK/IA Obl HEOHO3HAYHOCTb (B UTOre KO,
HalMCaHHbI 10 Bbixoma Bepcuu C# 5.0, roe cnoBo await Mormo 6bIth
BbIOpaHO [n1A uAeHTUUKATOpA, O-NIpeXKHEMY OYAeT YCMEelUIHO KOMIHU-
nMpoBaThca). MogudukaTop async MOXKeT MPUMEHSATHCA TOMbKO K Me-
TofaM (1 nAMO6Ma-BbIpaXKEeHUAM), KOTOpble BO3BpalljaloT void nmbo
(kax 6yner nokasaHo no3xe) 06bekt Task mm Task<TResult>.

HA 3AMETKY!

Mopudnukartop async nogoben moaudukaropy unsafe B
TOM, YTO He OKa3blBaeT HMKAKOTO BJIMAHMA Ha CUTHATYDY Me-
TOfIa MM OTKpPBITble MeTafaHHble; OH BO3JENCTBYET TOMBKO Ha
TO, YTO IIPOMCXOIUT BHYMPU METOHA.

Meropsl ¢ MOIMGUKAaTOPOM asSynC Ha3bIBAKTCA ACUHXPOHHLIMU
dyHKYUAMU, TIOTOMY YTO OHM CaMM OOBIYHO ABNAIOTCA aCUHXPOHHBIMM.
YTo6b! YyBUAETb [TOYEMY, faBaiiTe MOCMOTPUM, KaKMM 06pasoM Mpo-
11ecC BBIMOMHEHU A MPOXOAUT Yepe3 aCMHXPOHH Y0 QYHKIIMIO.

BcTperus BelpaxkeHue awalt, ynpasnerne (06p14HO) BO3Bpallla-
€TCA BbI3bIBAKOLEMY KOMIIOHEHTY, YTO OYeHb [I0XOXe Ha IMOBefleHue
yileld return B urepatope. Ho nepen Bo3BpaToM MCHOMHAMOLIAA
cpefa NMpUCOeIMHAET K OXMUAAMOLIe 3ajade NPMU3HAK NPOJOKEHNA,
KOTODbBIN rapaHTUPYeT, YTO KOIAa 3ajjaya 3aBepLIUTCA, TO MOTOK Y-
paBJieHMA NepeiineT 06paTHO B METOM 1 MPOJO/DKMUT C TOTO MECTa, Ilie
oH ero octaBu1. Ecnu B 3afaye Bo3HMKaeT olIMOKa, TOIA ee UCKIO-
4eHye reHepupyeTcs MOBTOPHO (61arofaps BeI3oBy GetResult ());
B [IPOTMBHOM CJTyyae BbIPa>KeHMIO awalt npuceaupaeTcsa BO3Bpallla-
eMoe 3HaueHMe 3aflaun.
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HA 3AMETKY!

Peannsaumns cpegoit CLR metoma OnCompleted () obbekTa
OXMIAHMA 3aflayy rapaHTUPYET, YTO MO YMOMYAaHMIO CHUTHa-
bl IPOJOJKEHNA OTIPABAITCA Yepes3 TeKYIUUit KoHmeKcm
CUHXPOHU3ayuu npu ero Hanuuuu. Ha gene ato osHauaer,
4TO €CNM B ClieHapusaX ¢ o6oralleHHbIMM [10/Ib30BATENbCKM-
mu natepdeitcamu (WPE, UWP (yHuBepcanbHas nnardopma
Windows) u Windows Forms) ncnonesyerca await BHyTpu
TI0TOKA M0JIb30BaTENbCKOrO MHTepdeiica, TO BBIIIONHEHME Koaa
6ymeT Npono/KeHO B TOM >Ke CaMOM NOToke. B nrore ynporua-
eTca obecrneueHne 6€30MacCHOCTM K MIOTOKAM.

BbipakeHue, Ha KOTOPOM NpuUMeHseTcs awailt, o6bIYHO AB-
nAeTca 3afadeit. TeM He MeHee, KOMIMIATOP YCTPOUT M060it 06b-
€KT ¢ MeToJoM GetAwaiter (), KOTOpbIl BO3BpallaeT 06vexm
C 803MOMHOCMYI0 OMUOAHUs. Takoll 06beKT peanusyer MeToxn
INotifyCompletion.OnCompleted (), a Takxe uMeeT Haje-
XKaluM 06pa3oM TMNM3MPOBaHHbIN MeTof GetResult () u 6ynes-
ckoe cBoycTBo IsCompleted, kKOTOpoe BHINONHAET MPOBEPKY Ha
npeaMeT CMHXPOHHOIO 3aBeplLIeHMA.

O6bpaTuTe BHMMaHMeE, UTO BbIpaXkeHMe awalt olleHMBaeTCsa Kak
uMelolllee TUI in t; MpUyYMHA B TOM, YTO OXKMAAeMbIM BbIpa>keHMEM
6b1m10 Task<int> (4eit MeTon GetAwaiter () .GetResult ()
BO3BpalliaeT 3HayeHMe int).

Oxupanue Heo6061leHHOI 3aa4uM BIOHE 3aKOHHO M reHepupyeT
BbIpaXkeHMe void:

await Task.Delay (5000) ;
Console.WritelLine ("IMpouwmo nsaTe cekyHm!");

Cratuyecxuit Meron Task.Delay () BosBpauaeT o6bekT Task,
KOTOPbBIN 3aBeplllaeTcA 3a YKa3aHHOE KONMNYECTBO MMJIIMCEKYHI,.
CunxpouHbim sxkBuBaneHToM Task.Delay () aBngerca Thread.
Sleep().

Tun Task npepcraBnsgeT cob6oit Heo6061eHHBI 6a30BBIt
knacc gna Task<TResult> u QJyHKuMOHaano 3KBUBAJIEHTEH
Task<TResult>, HO He MPOM3BOAUT KAKOTO-1160 pesynbTaTa.
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3axBaT NOKanbHOro COCTOAHMUA

PeanbHas Mollb BblpaXkeHMi1 await sakmodaeTcs B TOM, YTO OHM
MOTYT HaXORMUTbCA MOYTU TAe YTOfHO B Koje. B wacTHOCTH, BhIpaXxe-
HMe await MoXeT MoABNATbCA Ha MecTe Mo6oro BoipaxkeHus (BHYT-
pM acMHXpOHHOI ¢yHKUMM) KpoMe 6roka catch wm finally,
BblpakeHMsa lock mmbo koHTekcTa unsafe.

B cnenyrowem npuMepe await mcnonbayercs BHYTpY LIMKIa:

async void Test()
{
for (int i =0; 1 < 10; i++)
{
int result = await ComplexCalculationAsync();
Console.Writeline (result);

}

[Ipn nepBom BhinonHenun ComplexCalculationAsync() yn-
paB/ieHMe BO3BpALlaeTCA BbI3blBaIOLEMY KOMIOHEHTY 6/arofaps Bblpa-
eHuio await. Korga MeTon 3aBepuraeTcsl (MM TepnMUT Heymauy), Bbl-
TnojIHeHye BO30OHOB/IAETCA C TOrO MeCTa, KOTOpPOe OHO paHee MOKMHYIIO,
C COXPaHEHHbIMM 3HAYEHMAMM JIOKATIbHBIX MEPEMEHHBIX M CUETYMKOB
uyknoB. KoMOunaTop fOCTUraeT 3Toro nyTeM NnpeBpalleHus TaKoro
KOJla B KOHEYHbIl aBTOMAT, KaK OH MOCTYMaeT C UTePAaTOPAMM.

B orcyTcTBMe KMI04EBOTro COBa awail t pyuyHoe mpuMeHeHMe Mpo-
HO/KeHMI 03Ha4YaeT HeOOXOAMMOCTb B HANMCaHMM YEro-TO IKBMBA-
JIEHTHOrO KOHEYHOMY aBTOMATY, 4TO TPaJULIMOHHO 6b110 PaKTOpOM,
YCNOXHAUIMM aCUHXPOHHOE NPOrpaMMUpPOBaHMe.

Hanucanme acMHXpOHHBIX GYHKLMIA

B moboit acuHXpoHHOI GYHKLMM Bo3BpalllaeMblit TN vOid Mox-
HO 3aMeHUTDb TunoM Task, YToObI CHeNaTh caM METON MPU200HbIM LA
aCMHXPOHHOTrO BBINMOJIHEHNMA (M MOANEPXKM await). BHocuTh kakme-To
Apyrye U3MeHeHus He noTpebyeTcs:

async Task PrintAnswerToLife ()
{
await Task.Delay (5000);
int answer = 21 * 2;
Console.WriteLine (answer);
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Ob6patuTe BHMMaHMe, YTO B Telle METOAA Mbl SIBHO He BO3Bpalla-
eM 3agady. KoMnunaTop caMocTOATeNbHO MpousBeeT 3ajavy, KOTo-
pas CUTHa/IM3UpyeT O 3aBeplLIeHMU NAaHHOTO MeToAa (MM O BO3SHMK-
HOBeHMM HeoOpaboTaHHOrO UCKMoYeHu). B pesynbrarte obneryaercs
CO3IaHye LenoyeK aCUMHXPOHHbBIX BbI30OBOB:

async Task Go()

{
await PrintAnswerToLife();
Console.WriteLine ("Toroso"):

}

(1 mockombky Go () Bo3Bpaltaer Task, caM MeToR GO () NOAfep>KMBaeT
OXMaHMe NocpecTBoM await.) KoMmnunAaTop pasBopaumBaeT acMHX-
poHHble GYHKLMY, BO3BpaLlaollie 3aa4, B KO, KOCBEHHO UCIIO/b-
3ytowmit knacc TaskCompletionSource and co3fanusa 3afauy, Ko-
TOpas 3aTeM OTIpaB/AeT CUTHA O 3aBEPIUEHMM MM OTKa3e.

HA 3AMETKY!

TaskCompletionSource — ato tun CLR, nosBonsoumit
co3aaBaTb 3ajjlauyM, KOTOPbIMYM Bbl yIpaBjfAeTe BPY4YHYIO, CUI-
Hanuaupys o6 X 3aBeplieHNy NMOCPeSCTBOM BbIJauy Pe3ynb-
TaTa (MM 06 OTKase C MOMOLIbIO TeHepaLMy UCKITIOUEHNU).
B otnnume ot Task.Run () Tvn TaskCompletionSource
He CBA3bIBaeT MOTOK Ha MPOTSXKEHUM BBIMIONHEHUSA ONepaLym.
OH TaKKe NpUMeHsAeTCs NPy HaNMCaHUM METOJOB, MHTEHCUB-
HBIX B [/IaHe BBOJA-BbIBOJA M BO3BpALLAIILMX OOBEKTHI 3a1ay
(Bpome Task.Delay()).

U,e)'[b B TOM, 4TOOBI py 3aBeplI€eHNN aCMHXPOHHOI'O MeTOAa, BO3-
Bpalllalollero 00BEKT 3aja4iy, 4yepes MpoaonKeHune obecrneunTh BO3-
MOXXHOCTb I1€peiadu ynpaB/I€HMA B TO MECTO KOJa, rI€ MpOMUCXOOAUT
€ro oOXXmuagaHue.

Bo3spaujenne Task<TResult>

Ecnu B Tene mMetoa BosBpalaeTca tun TResult, TO MOXXHO BO3-
Bpauath Task<TResult>:
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async Task<int> GetAnswerToLife ()
{
await Task.Delay (5000);
int answer = 21 * 2;
// answer mMmeeT T int, NO3TOMY MeTOI
// Bo3ppamaetT Task<int>
return answer;

}

[IpomeMoHcTpUpoBaTh paboTy MeToga GetAnswerToLife ()
MO>XHO, BbI3BaB ero u3 mMeroja PrintAnswerToLife () (koTopblit
B CBOIO 0O4epeNib BbI3bIBaeTcs U3 GO ( )):

async Task Go()

{
await PrintAnswerToLife();
Console.WritelLine ("T'oToso");

}

async Task PrintAnswerToLife ()
{
int answer = await GetAnswerToLife();
Console.WriteLine (answer);
1
async Task<int> GetAnswerToLife ()
{
await Task.Delay (5000);
int answer = 21 * 2;
return answer;

}

AcMHXpOHHble QYHKIMM JealoT aCMHXpOHHOE MporpaMMUpOBaHue
MOXO0XMM Ha CMHXpOHHOe. Huke IipyBefieH CMHXPOHHbBI 9KBUBa/NEHT
Hallleit CXeMbl BbI3OBOB, I'7le BbI30B GO () JaeT TOT >Ke caMblii pe3y/lbTaT
noc/ie OJI0KMPOBaHMA B TeYeHMe MATU CEKYHI:

void Go ()
{
PrintAnswerToLife ()
Console.WriteLine ("ToroBo");
}
void PrintAnswerToLife ()
{
int answer = GetAnswerToLife();
Console.Writeline (answer);
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int GetAnswerToLife ()
{
Thread.Sleep (5000);
int answer = 21 * 2;
return answer;

}

9To TaKXKe WINIOCTpUpYeT 6a30BbIit NPUHLIMI TPOEKTUPOBAHUS C
MCIONb30BaHMEM aCMHXPOHHBIX QyHKUmit B C#, KOTOpBIiT IpeaycMar-
pyBaeT HaNMCaHMe CMHXPOHHbBIX BEPCUII METONOB M MOCNENYIOLIYIO
3aMeHY BBI30OBOB CUHXPOHHbLIX METOLOB BbI30BaMM ACUHXPOHHbIX Me-
TOJIOB, @ TaK)Xe IIPMMeHeHMe K HUM awalt.

Napannenusm

MBI TONMBKO YTO MPOAEMOHCTpUpOBanyu Haubonee pacnpocrpa-
HEHHBII MTOAXOZ, MPY KOTOPOM OXXMAaHMe GYHKIMIM, BO3BpallaloLnX
00beKTHI 3aa4, MPOM3BOAUTCA HEMEIEHHO 11OC/Ie BbI30Ba. B pe3yrnb-
TaTe MO/yYyaeTCA MOCNEeR0BATENbHbIN MIOTOK BHINIOTHEHUA NIPOTPaMMbl,
KOTOPBIf TOTMYeCKM NMORO0OEH CBOEMY CMHXPOHHOMY 3KBMBAJIEHTY.

BbI30B acMHXpOHHOTO MeTona 6e3 ero oXXupaHus MO3BONAET IU-
caTb KO, KOTOPbIt ClefyeT BbINONHATb NapannenbHo. Hanpumep,
MOKa3aHHbIM HMXKE KON ABa pasa MapajalieNbHO 3alyCKaeT MEeTOf
PrintAnswerToLife ():

var taskl = PrintAnswerToLife();

var task2 = PrintAnswerToLife () ;
await taskl; await task2;

3a cueT npuMeHeHMs await k obeuM onepalMAM Mbl “3aKaHUM-
BaeM’ mapaslenu3M B AAaHHOM TOYKe (M MOBTOPHO FeHepupyeM miobble
VICK/TIO4eHMA, KOTOpble MOI/IM NOCTYNMTb M3 3TMX 3apad). Kmacc Task
NpenocTaBAeT CTaTUYECKMit MeTon o uMeny WhenaAll (), no3Bons-
IOLMI1 ZOCTMYDb TOTO Xe pe3ynbTara 4yTh 60nee adpdexTnBHO. MeTon
WhenAll () BosBpallaeT 3ajauy, KOTOpas 3aBepllaeTcs, KOIja 3aBep-
LIAIOTCA BCe NepejaHHble eMy 3afaym:

await Task.WhenAll (PrintAnswerToLife(),
PrintAnswerToLife());

Merog WhenAll () HasbIBaeTCs KOMOUHAMOPOM 3a0a4. (Knacc
Task Takxe npepnaraer KOMOuHaATOp 3amay o nMeru WhenAny (),
BO3BpaLLAIOLINIA 3aKayy, KOTOpas 3aBeplliaeTcs, KOIa 3aBeplIaeTca /to-
6as u3 3agay, nepesaHHbIx WhenAny ().) KombuuaTops! 3apay noa-
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po6HO paccmaTpuBarTCs B kuure C# 8.0. Cnpasounuk. [Tonxoe onu-
caHue A3vlKa.

ACMHXpOHHbIe nAM6aa-BbIpaXKeHUs

[TonobHo TOMYy, Kak OOBbI4YHBIE UMEHOBAHHblE METOAbl MOTYT ObITh
ACUHXPOHHBIMM:

async Task NamedMethod ()

{
await Task.Delay (1000);
Console.WriteLine ("Hauamo");

}

aCUHXPOHHBIMM MOTYT ObITb U HeumeHo8aHHble MeTOMbI (1AMO/a-BbI-
paKeHUSA U aHOHMMHbIE METO/BI), €C/TM MPEABAPUTb UX KIIOYEBbIM
C/IOBOM async:

Func<Task> unnamed = async () =>
{
await Task.Delay (1000);
Console.WriteLine ("Hauamo");

1%

BbI3bIBaTh MX UM MPUMEHATb K HUM await MOXXHO TeM ke CaMbIM
CrocoboM:

await NamedMethod() ;
await unnamed();

AcHHXpOHHbIE N1AMO6/a-BbIPOKEHUA MOTYT MCIIONb30BaThCA NPU
npucoefMHeHn 06paboTINKOB COOBITHMI:

myButton.Click += asynec (sender, args) =>
{

await Task.Delay (1000);
myButton.Content = "T'oTroso";

bi

9to 6onee TAKOHMYHO, YeM CIeAYIOLIMIA KO, KOTOpbIit obecredn-
BAeT TOT Xe caMblif 3 deKT:

myButton.Click += ButtonHandler;

async void ButtonHander (object sender, EventArgs args)
{

await Task.Delay (1000);

myButton.Content = "T'oToso";

bi
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AcuHXpOHHble NAMO6[a-BbIpa>keHUs MOTYT Tak>Ke BO3BpalllaTh
Task<TResult>:

Func<Task<int>> unnamed = async () =>
{
await Task.Delay (1000);
return 123;
}i
int answer = await unnamed();

AcuHXpoHHble notoku (C# 8)

B Bepcun C# 8 nosiBunach sBHas MOAKEPXKKA aCMHXPOHHBIX Mepe-
YUCTIUTENEN Y UTEPATOPOB (ACUHXPOHHBIX NOMOKOB), OCHOBaHHaA Ha
cnenyiolleit nape MHTepdECOB, KOTOpPbIe ABMAIOTCA ACUHXPOHHBI-
MY aHanoraMy MHTEpGECcoB Mepedncienys, ONMCAHHbIX B pasferne
“Ilepeuncnenvie 1 uTepaTopbl” Ha CTp. 152:

public interface IAsyncEnumerable<out T>
{
IAsyncEnumerator<T> GetAsyncEnumerator (...);

}

public interface IAsyncEnumerator<out T>: IAsyncDisposable
{

T Current { get; }

ValueTask<bool> MoveNextAsync() ;
}

Tun ValueTask<T> — 3TO CTPYKTypa, NpeAcTaBlA0LIasA CO-
6011 obonouky ansa Task<T>, KOTOpas 110 MOBEAEHUIO IKBUBANEHTHA
Task<T> 3a UCK/IIOYEHMEM TOTO, YTO OHA [leNlaeT BO3MOXHBIM bonee
a¢ddexTMBHOE BBIMONHEHME, KOTJA 3ajjaya 3aBeplLIaeTCss CUMHXPOHHO
(4TO MOXET MpPOM3ONTY MpU MEPeUNCIEeHNH MOCNeNOBATENbHOCTH).
Nurepdeitc IAsyncDisposable sABnseTca aCMHXPOHHOI Bepcuel
IDisposable n obecnieunBaeT BO3MOXXHOCTb BbIIIOTHEHUA OUUCTKMI
B ClIy4ae pYuHOIl peanusauuy uHTepdencos:

public interface IAsyncDisposable
{

ValueTask DisposeAsync () ;

I
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HA 3AMETKY!

IeiicTBME MO M3BMEYEHMIO KaXXJOrO 371€MEHTa M3 MOCIeNO-
BatenbHocTH (MoveNextAsync ()) NpencTaBnAeT cobon
aCMHXPOHHYIO ONepalyio, IO3TOMY aCMHXPOHHbIE MOTOKM
NOAXOMAAT, KOIJla 3JMIEMEHThl MOCTYNAKT MOCTeNeHHO (Kak
npu 06paboTke HaHHBIX U3 BMAeoNoToKa). VM HaobopoT, TN
Task<IEnumerable<T>> 6onblie MOAXOAMUT, KOTAa MOCe-
LOBATEeNbHOCTb 3aIePXKUBAETCA KAK 00HO uesoe, a SMEMEHTDI
MOCTYNalT BCe BMeCTe.

JIna reHepauyy aCMHXPOHHOrO MOTOKA MOHAAOOMTCA HamucaTb
METOJ], KOTOPbIif coueTaeT B cebe MPUHLMIIBI UTEPATOPOB M aCUHXPOH-
HbIX METONOB. [IpyrMmMm cnoBaMu, MeTOR MO/KEH BKaouaTh yield
return u await, a takxe Bo3Bpamath IAsyncEnumerable<T>:

async IAsyncEnumerable<int> RangeAsync (
int start, int count, int delay)

for (int i = start; i1 < start + count; i++)
{
await Task.Delay (delay);
yield return i;
}
}
Yrobbl 3afeifcTBOBATb aCMHXPOHHBIN MOTOK, HEO6XOOMMO MC-
nonb3oBaTh onepartop await foreach:

await foreach (var number in RangeAsync (0, 10, 100))
Console.Writeline (number);

Hebe3onacHbiit Kop 1 YKa3aTenu

Ssbik C# noppep>xuBaeT NpAMble MaHUIYIALMY C TAMATBHIO Yepes
yKasaTeny BHYTpy 6710KOB KOJia, KOTOpble OMedeHbI Kak Hebesomac-
Hble ¥ CKOMIIMIMPOBaHbI C OMUMelt koMmuaATopa /unsafe. Tumsl
yKasaTesieil 10/1e3Hbl I/TaBHbIM 06pa3oM Nnpyu B3aumopeitcteum ¢ API-
nHTepdeitcamu C, HO MOT'YT TaKXKe NPUMEHATbCA ANA ZOCTYNA B Ma-
MATb 3a MpefeNaMy YIpaBaAeMoil Kydm uau [ “ropsAunx” Todek,
KPUTUYUHBIX K IPOU3BOAUTENBHOCTH.
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OcHoBbI yKa3ateneit

[lnA KaXaoro TMMa 3HayeHMs WM CCBUIOYHOTO TuMa V MMeeTcs
COOTBETCTBYIOLMIT TUIT yKa3aTens V*. DK3eMIUIApP yKasaTens XpaHUT
afipec nepeMeHHO. TuI yka3aTensa MoxeT 6bITh (Hebe30MacHO) Npu-
BefleH K 11060My ApYroMy TUITY yKasaTens. Huoke onmcaHbl OCHOBHbIe
ornepaLuy Haj| yKasaTelnsaMu.

Onepauus Onucauue

& Onepauus 83amus adpeca Bo3BpalyaeT yKasatesb Ha afpec nepeMeHHOM

B Onepauus passiMeHOBaHUS BO3BPALAET NepeMeHHYI0 N0 AAPeCy, KOTo-

pblit 3aAaH yKasaTenem

-> Onepauua ykazamens HQ 41eH ABNAETCA CUHTAKCUUECKUM COKPaLLeHH-
eM, T.e. Xx—>y IKBUBANEHTHO (*X) .y

He6e3onachbit Ko

TloMeyas TH, WieH TMNA Wi 60K OnepaToOpoB KITIO4YEBBIM CTOBOM
unsafe, Bbl paspelllaeTe MCIONb30BaTh TUMbI yKa3aTeNlell M BBINOMHATD
omepaumy Haj ykasatensMu B ctiie C++ BHYTpU 3TOit 0b61acTy BUAK-
MocTu. Hike mokasaH npuMep MpuMeHeHMs yKasaTeseit Il ObICT-
poit 06paboTky 6UTOBOM KapThI:

unsafe void BlueFilter (int[,] bitmap)
{
int length = bitmap.Length;
fixed (int* b = bitmap)
{
int* p = b;
for (int i =:0; i < length; i++)
*p++ &= OxXFF;

3

Heb6esonacHblit ko criocob6eH BBIMOMHATHCA ObICTpee, YeM COOT-
BeTCTBYIoLIasA eMy 6e3onacHas peanusaums. B nocnegHem cnyyae kop
norpe6oBan 6bl BIO>KEHHOTO LIMK/IA C MHEKCalueil B MacCuBe M Mpo-
Bepkoit rpanul. Hebesonacubiit Meton C# MOXET Take OKa3aThCA
6pIcTpee, ueM BbI30B BHelIHel GyHKUMM C, MOCKONbKY He OyaeT Hu-
KaKMX HaK/IaJ[HbIX PAaCcXOHOB, CBA3AHHBIX C IOKMIAHMEM yIPaBIAEMOIt
Cpefbl BbIOMTHEHMA,

HeGesonackbii kop W ykasarenn | 225



Onepatop £ixed

Onepatop fixed Heo6XOmMM O 3aKpervieHUs YIpaBlsieMOro
06beKTa, TaKOTO Kak 6MTOBas KapTa B NpefblAylleM npumMepe. Bo
BpeMsl BBbIITOJTHEHUS IPOrpaMMbl MHOTMe 00 beKThl pacrpenensioTcs
B Ky4e ¥ BIIOC/IeACTBMM 0cBOOOXa0TCs. Bo n3berxkaHme HexxenaTenn-
HBIX 3aTpaT Mnu ¢parMeHTaLMyu maMary c6opluK Mycopa mepeme-
1aeT 06’beKTHl BHYTPM Kyuu. YkasaTenb Ha 00bekT becrioneseH, ecnu
ampec 06bexTa MOXKET M3MEHMUTbCS BO BpeMs obpallleHus K HeMY, a
notomy onepatop fixed coobuyaer cboplunky mycopa o Heobxonu-
MOCTH “3akperieHus’ o6bekTa, YTOObl OH HUKYAA He MepeMellancs.
ITo MOXeT oka3aTh BnMsAHMe Ha 3¢ EeKTMBHOCTb NPOTPaMMbl BO
BpeMs BBIMONHEHMs, TaK YTO QUKCUPOBaHHbIe GIOKM JOMKHBI MUC-
T0/1b30BATbCS TOMBKO KPAaTKOBPEMEHHO, a paclpene/ieHns MaMaT B
Ky4e BHYTpU UKCMPOBaHHOrO O110Ka crenyeT u3beraTs.

B omepatope fixed MOXHO MonyyaTb ykasaTelb Ha TUIl 3Ha-
YeHUs, MaCCUB TUIIOB 3HaYeHMIT MM CTPOKY. B cnydae MaccumBOB 1
CTPOK yKasaTenb 6ymeT dakTMuecky yKa3blBaTb Ha I1EpPBbIil JTEMEHT,
KOTOPBIN OTHOCUTCS K TUITYy 3HAUEHUS.

Tunel 3HayeHMit, 06'bABNIEHHbIE HEMOCPENCTBEHHO BHYTPU CChI-
JIOUHBIX TUIIOB, TPeOYIOT 3aKpereHMsa CChIIOYHBIX TUIIOB, KaK IO-
Ka3aHO HyXe:

class Test

{
It Xy
unsafe static void Main ()

{
Test test = new Test();
fixed (int* p = &test.x) // 3axpenyser test

System.Console.WritelLine (test.x);

Onepauus ykasatens Ha uneH

B pononHenue k onepauyaM & u * A3bik C# Taroke NpearaeT olle-
paumio —> B ctune C++, KOTOpass MOXeT NpUMEHATbcs Npu paboTe co
CTPYKTYpamu:
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struct Test
{
A0 %
unsafe static void Main()
{
Test test = new Test();
Test* p = &test;
p->x = 9;
System.Console.WriteLine (test.x);

1
}

Kniouesoe cnoso stackalloc

Bbl MOJXeTe SIBHO BBbIAENATb NaMATb B 6710Ke BHYTPU CTeKa C MOMO-
1bI0 K/oyeBoro cnoBa stackalloc. Ms-3a pacnipefenenus B cTeke
BpeMs XXM3HU 67I0Ka TaMATU OrpaHMUMBAETCS BBIMIONHEHUEM METOJIa,
B TOYHOCTM KakK 1/ NM060it Jpyroit 10KanbHOI NMepeMeHHON. Brok
MOXXET UCINO/Ib30BATh onepaumio [ | /s MHOEKCAaLUM BHYTPU MaMATU:

int* a = stackalloc int [10];
for (dnk.d =0 i €700; THil)
Console.WriteLine (a{i]); // BeBOL HM3KOYPOBHEBBIX
//  3HadYeHWUM U3 namaTu

bydepbl $uKcHpoBaHHbIX pa3mepos

s BbloeneHus aMATY B 6J10Ke BHYTPY CTPYKTYPbl IPUMEHSETCS
KoyeBoe cnoBo fixed:

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 (iat.d =0 i < si.Lengthd i++)
pli] = (byte) s[i];
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Bydepbl duKcupoBaHHBIX pa3MepoB — I3TO He MacCUBBI: eC/y
6b1 one Buffer 6b110 MaCCUBOM, TO OHO COREpPIKano Obl CCHINKY Ha
00bekT, XpaHAuMiics B (ynpasnseMoit) Kyue, a He 30 6aiiToB BHyTpM
CaMoM CTPYKTYPpBI.

B npusenenHom npumepe kmouyeBoe cnoBo fixed Takxe mc-
TO/Ib3yeTCs AN 3aKpelieHus B Kyde o0bekTa, cogepikaiiero 6ydep
(kotopbIit 6yner aksemnnapom UnsafeClass).

void*

Ykasamenv void (void*) He BblBUraeT HUKAKUX IIPENNONOKEHMI
OTHOCUTEJIbHO THIIA JIEXALMX B OCHOBE AAaHHBIX U YRoOeH misi GyHKLMIL,
KOTOpble MMEIOT [ie/l0 C HU3KOYPOBHEBO! naMsaThio. CyllecTByeT HesB-
Hoe npeobpasoBaHMe U3 Mo6Oro TuIa ykasarensa B void*. Ykasarenb
void* He gomyckaeT pasbIMEHOBAHMs Y BBINONHEHUs Haf HUM apud-
MeTu4eckux onepauuit. Hanpumep:

unsafe static void Main()
{
shoxrt(] a = {1,1,2,3,5,8,1%, %81, 34,55} ;
fixed (short* p = a)
{
// Onepauusa sizeof BosppamaeTr pasMmep Tuna
// 3HaueHua B DaniTax
Zap (p, a.Length * sizeof (short));
}
foreach (short x in a)
System.Console.WriteLine (x); // BelBoOMUT BCe HyJm
t
unsafe static void Zap (void* memory, int byteCount)
{
byte* b = (byte*) memory;
for (int i = 0; i < byteCount; i++)
*b++ = 0;

[inpekTuBbI Nnpenpoueccopa

Jupexmusbt npenpoueccopa cHabXalT KOMIMUNATODP AOMONTHMU-
Te/IbHOI MHOpMalMeit 0 pasgenax xona. Hanbonee pacnpocrpaHeH-
HbIMM AMPEKTMBaMM IIpenpolLieccopa ABJATCA AUPEKTUBbI YC/IOBHOM
KOMIIMJIALMY, KOTOpble MPeNOCTaBAIT CIIOCO6 BKMoyeHUA 6o uc-
K/I0YeHUsA pas3fenoB Koja U3 Mpoliecca KOMIMALMM.

228 | Kapmanubii cnpasounuk no aswiky (# 8.0



Hanpumep:

#define DEBUG
class MyClass
{

int R

void Foo ()

{
#if DEBUG
Console.WriteLine ("TectupoBauue: x = {0}", x);
#endif

]

1

B xnacce MyClass onepaTtop BHYTpu MeTofia FooO () KoMnunnu-
pyeTcs YyCIOBHO B 3aBUCMMOCTHM OT CYLeCTBOBaHUA cuMBona DEBUG.
Ecnu ypanutb onpenenenne cumpona DEBUG, Toraa aToT onepaTop B
Foo () koMnunnpoBaTbcs He 6ymeT. CMMBOJBI IpeNpoOLieccopa MOTYT
omnpenenATbca BHYTpH aitna McXomHOro kopa (4To u 6bI10 CHenaHo B
NpMMepe), a TAKXKe NepefaBaTbCs KOMIMIATOPY C MOMOLUBIO OMUMM KO-
MaHzHOV ctpoku /define: cravsosr nubo B daitne npoekTa B cnydae
ucrionszosauus Visual Studio mnu MSBuild.

B nmpextuBax #if u #elif MoxHO nMpuMeHATH onepauuu | |, &&
u ! Ons BBINONHEHUA norudeckux aevicteuit MJIM, M v HE Ham HECKOMb-
KuMyM cuMmBonamu. IIpencraBneHHas HuXKe IUMPEKTMBA yKasblBaeT KOM-
NMUIATOPY Ha Heo6XOOMMOCTb BK/TIOUEHUA CNIENYIOLIEro 3a Hell Koxa,
ecnu onpepened cumBon TESTMODE u He onpenened cuMBon DEBUG:

#1f TESTMODE && !DEBUG

OpnHako uMeliTe B BUIY, YTO Bbl HE CTPOUTE OOBIYHOE BbIpaXKeHMe
C#, a cMMBOJIBI, KOTOPBIMYM BBl ONepUpyeTe, He MMEIOT abCOMIOTHO
HMKAKOTO OTHOLUEHMUA K HepeMeHHbIM — CTaTUUeCKUM UM KaKUM-TO
OpYTUM.

InpexkTupbl #error u #warning npegoTBpallaloT clyyaliiHoe
HeNpaBU/IbHOE UCIO/Nb30BaHME NMPEKTUB YCTOBHON KOMIUALMMY,
3acTaB/AA KOMIUIATOP TeHepUpOBaTh NMpeRyNpexaeHne unm coob-
weHne 06 ormbKe, KOTOpPOe BI3BAHO HEMOAXOAALIMM HAOOPOM CHM-
BOJIOB KOMITM/IALIMN.

Hwxe nepeuncnens! Bce IMpeKTUBBI NPENpOLECCOpa.
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QmpekTuBa npenpoueccopa

DeiicTBHe

#define crmmosr
#undef cmumBoOT

#1if cumsour |

onepaumusg CrMBOJI2) . . .

#else

#elif cgmmBon [
onepaumus CUMMBOJIZ]

#endif

#warning Texcr

#error Tekcr

#line [Homep [" parr")
| hidden]

#region g
#endregion
fipragma warning

#nullable BapuaHT

Onpepenaet cumgon
OTMeHAeT onpeaenexue cumMeona

YcnogHas Komnunauma (onepauuamu ABRAKTCA ==, | =,
&&ull)

Komnunupyet kog go cneaytoweit aupexTussl #endif

Kom6uhupyet Beteb #else u nposepky #1 £

3aKaHyuBaeT AMPEeKTUBbI )’(ﬂOBHOﬁ KOMNUNALUU

3acTasnaer KOMNUNATOP BbIBECTU NpeAynpeX AeHue C
YKa3aHHbIM TEKCTOM

3aCTaBNAET KOMNUNATOP BbIBECTH CO0BWEHMe 06 ownb-
Ke C YKa3aHHbIM TEKCTOM

Homep 3apaet CTpoky B UCXOAHOM Kope; B " parit”
yKa3biBaeTcA uMA ¢aina Ana nomeLeHuA B BbIBOS
KoMnunATopa; hidden UHCTPYKTUPYET UHCTPYMEHTbI
0TNAAKY 0 He0bX0AUMOCTM NPONYCKA KOAA OT 3TOMA TOYKH
A0 CNepylowei aupekTuesl # Line

(0603HauaeT Hayano paspena
(06o3HauaeT KoHew pasgena
(M. cnenytowwmit pasaen

(M. pasgen “(cbinoyHbIe TUNbI, fONYCKAKLME 3HAUEHME
null (C#8)"Hactp. 163

[npektnea #pragma warning

KoMmnunartop reHepupyet nmpegmynpexxuenue, korga o6HapyxuBa-
eT B KOfle YTO-TO, He KaXyllleeca MpeJHaMepeHHbIM. B oTnuune ot
onboK npenynpexaeHns oObIYHO He NMPenATCTBYIOT KOMIMIANUU

IPpUNOXEHUA.

[IpenynpexxmeHuss KOMIUAATOPA MOTYT ObITh MCKITIOYUTENBHO
TIO/Ie3HBIMM TIPY BbISABIEHMHM OLINGOK. TeM He MeHee, UX MOIE3HOCTb
CHIDKAETCS B C/Iy4ae BBIAYM /0KHHbIX TIPEAYNpeXIeHuit B kpynHoM
NPUWIOXKEHUN OYeHb BXKHO MOIIEpP>KUBATh MOAXOMALLEe COOTHOLIe-
HMe “CUTHa-IIYM’; eC/U TODKHBI ObITh 3aMedeHbl “HacTosMe” mpe-

OyNpeXXaeHu.
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C 9TO0i1 Lenblo KOMIMIATOP MO3BONAET U36MpaTeNbHO MOAAB-
NATb BblAady MpPeAyNpeXAeHuil ¢ MOMOIbI0 JMPEeKTUBb #pragma
warning. B crepgyioiieM npumepe Mbl yKasblBaeM KOMIMIATOPY
0 TOM, 4TOOBI OH He BBIAABaN MpefyNpeXAeHUs O TOM, YTO MoJne
Message He UCNONb3YETCS:

public class Foo

{

static void Main() { }

#pragma warning disable 414
static string Message = "Coobuwenue";
#pragma warning restore 414

}

Ecmn B aupektuBe #pragma warning oTcyTcTBYeT 4Mcno, TO Oy-
IeT OTK/II0YeHa WIX BOCCTAHOB/IEHA Bblfjaya MpeyIpeXaeHIit CO Bee-
M¥ Kofamu. Ecnu Bbl MHTEHCMBHO MPUMEHSANM STy AMPEKTUBY, TOrAA
MO>KeTe CKOMIMIMPOBATh KOJ C MepeKioyaTesieM /Warnaserror,
KOTOPbIit COO6IINT KOMOMIATOPY O HEOOXOAMMOCTHM TPAKTOBATD JTI0-
Oble ocTaBIUMeCs NPefYNIpPeXAeHNA KaK OWNOKM.

XML-gokymeHTayus

Joxymenmupyowutt KOMMEHMApUl — 3TO MOPLUMA BCTPOEHHOro
XML-koaa, koTopasd JOKYMEHTUpPYyeT TUI UAM 4ieH Tuna. JJoKkyMeH-
TUPYIOLIMI KOMMEHTApMil pacrnonaraeTcs HenocpeACTBEHHO Nepef
oObsABNEHMEM THUNA MM YIeHA M HAUMHAETCA C TPeX CUMBOJIOB KOCOIt
YepThl:

/// <summary>lipexpaliaeT BHIONHSRUGMICS Banpoc.</summary>
public void Cancel() { ... }

MHOI‘OCTpO‘{Hble KOMMEHTApUM 3alUCbIBAIOTCA CIIEAYIOLINM 06pa30M:

/// <summary>
/// TlpeKpamaeT BHIMOJHAKMIMIICS 3aNpocC.
/// </summary>

public void Cancel () { ... }

WIN TaK (O6paTI/ITe BHMMaHME Ha JOINOTHUTENIbHYIO 3BE€3[J0YKY B Ha'{aﬂe):
/ * %

<summary>llpeKpallaeT BBIIOJHSOUWMCA 3arlpoc.</summary>
*/
public void Cancel() { ... }
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B cnyuae koMmunALMM ¢ NepekmoyarteneM /doC (MM Mpy BKIOYe-
Hun XML-fokyMeHTaluyu B ¢altne MpoekTa) KOMIUIATOP U3B/IeKaeT
M HaKalaMBaeT NOKYMEHTUDYHOIIMe KOMMEHTApUM B CHeLManbHOM
XML-¢aitne. C nanHbIM aitioM CBA3aHBI IBa OCHOBHBIX CLleHapus
MCIONb30BaHUA.
® Ecnu oH pasMellieH B TOJ Xe MalKe, 4YTO ¥ CKOMIIMIMPOBaHHas
cbopka, To Visual Studio aBTomaTuyeckn umuraer ator XML-
daitn u npuMeHseT MHPOPMaLMIO U3 HETO M/ MpefOCTaBIe-
HuA crnucka uneHoB IntelliSense moTpeburensam c6bopku ¢ Ta-
KMM e MMeHeM, Kak y XML-daitna.

¢ CTOpOHHMe MHCTPYMeHTHl (Takme kak Sandcastle u NDoc)

MoryT TpaHchopMupoBaTb 3T10T XML-daitn B cnpaBo4HbIN
HTML-daitn.

(ranpaptHbie XML-aeckpunTOpbl AOKYMEHTaL UK

Hwuxe nepeuncnensl craHgapTHble XML-geckpunTtopsl, kOTopble
pacnosHatoTca Visual Studio u renepaTopaMu JOKyMeHTaLIMM.

<summary>
<summary>...</summary>
YkasblBaeT BCIIbIBAIOLLYIO [IOACKa3Ky, KOTopyto cpencTso IntelliSense
DO/DKHO OTOGpaxaThb And Tuma mim dneHa. OO6bIYHO 3TO OAMHOY-
Has ¢pasa UK npennoxeHue.

<remarks>

<remarks>...</remarks>
JlononHUTEeNbHBIN TEKCT, KOTOPbIN ONMCbIBAET TUI MY 4YJIEH.
[eHepaToOpbl JOKyMeHTaUUM OOBEAMHAIOT €ro C MOTHBIM OMMca-
HMEM THUIIa UM YJIeHa.

<param>
<param name="rmg">...</param>

O6mBACHAET MapaMeTp MeTOfa.

<returns>
<returns>...</returns>

O6bACHAET BO3BpalllaeMOe 3HaUYeHUe MeTO/a.
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<exception>
<exception [cref="muo"]>...</exception>
YKkasblBaeT MCKIIOYEHME, KOTOpOe MEeTOJ MOXeT reHepMupoBaTb
(B cref 3amaeTcs TUI UCKIIOUEHUs).
<permission>
<permission [cref="T7un"]>...</permission>
YkasbiBaeT TN IPermission, Tpebyemblit JOKyMeHTUPYeMbIM
TUIIOM MU YTEHOM.
<example>
<example>...</example>
O6o3HauaeT npumep (MCMONb3yeMblif FeHepaTOpaMy JOKyMeHTaLluM).
Kak npaBuno, comep>XuT TEKCT ONMCaHUA M UCXORHDIA KOR (McXOf-
HbI KOJ 0ObIYHO 3aK/II0UeH B JeCKpUnTop <C> unyu <code>).
<c>
<c>...</c>
YKa3blBaeT BHYTPUCTPOUYHbBIN pparMeHT Koja. DTOT AeCKpUNTOP
06bIYHO TIpUMeHseTCs BHYTpU 6/10Ka <example>.
<code>
<code>...</code>
YkasbIBaeT MHOTOCTPOYHbIIT MpuMep Koja. ITOT AeCKPUITOp 0ObIY-
HO UCIIONb3yeTcA BHYTpU 610ka <example>.
<see>
<see cref="unen">...</see>
BcTaBnseT BHYTPUCTPOYHYIO MEPEKPECTHYIO CChIIKY Ha Jpyroi
™un unu 4neH. lenepatopsl HTML-gokyMeHTauuu o6byHO mpe-
00pasyioT 3TO B rumnepccbiky. KoMnunaTop BbigaeT npemynpesx-
TeHye, eCIM YKa3aHO HeONyCTMMOe MMSA TUIIA UM YTeHa.
<seealso>
<seealso cref="unen">...</seealso>
BcTaBnseT nepekpecTHYIO CChIIKY Ha APYroy TMUII MMM Y/EH.
[eHepaTOpbI JOKyMeHTaLMM OObIYHO 3aMUCBIBAIOT 9TO B OTAE/NbH bl
pasnen “See Also” (“CM. Takxxe”) B HMOXKHEI 4acTU CTPaHMLbL.

<paramref>
<paramref name="smg"/>
BcraBnseT ccblnky Ha mapaMeTp BHYTpM JecKpunTopa <summary>
unu <remarks>.
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<list>

<list type=[ bullet | number | table ]>
<listheader>
<term>...</term>
<description>...</description>
</listheader>
<item>
<term>...</term>
<description>...</description>
</item>
</list>
VIHCTpYKTHpYeT reHepaTop JOKYMEHTalLMM O HeOOXOOMMOCTH Bbl-
mauy mMapkupoBaHHoro (bullet), HymepoBaHHOro (number) umm

TabnuuHoro (table) crmcka.

<para>
<para>...</para>
VIHCTpYKTUpYyeT reHepaTop JOKyMeHTalMU O HeOOXOZMMOCTU
dbopmMaTHpOBaHUs COOEP)KUMOro B BuIe OTHENbHOrO ab3ala.
<include>
<include file='"mmsg-darra’
path="'nyre-x-neckpunropy (@name="paesrupuxarop"] ' >
</include>
BeinonHser o6bennHenne ¢ BHemwHuM XML-¢aitnom, comepika-
MM JoKyMeHTauuo. B atpubyte path sagaercs XPath-sanmpoc
K KOHKPEeTHOMY 3/IeMeHTy M3 9TOro ¢aitna.
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