[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0

NHbopmaums o Bnagenbue:

®KO: Leb3yxosa TatbsiHa AnekcaHapoBHa

[LomxkHocTb: [upekTop Msturopckoro uHctutyTa (Gunman) Cesepo-Kaskasckoro

eiepanbHoro yHUBepCHTeTa MUHUCTEPCTBO HAYKHU U BBICIHEI'O OBPA3OBAHUS PO
Nata nogmcanms: 18.04.2ERER2JIBHOE TOCYAAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YHMKaNbHbI NPOrpaMMHBbIiA KNHoY: YUYPEXXJIEHUE BBICHIET' (O OBPA3OBAHUA

d74ce93cd40e39275c3ba2f584864124CEBEPO-KABKA3CKUI ®EIEPAJIbHBIA YHUBEPCUTET»

rraropekmif macTATYT (prmnan) CKOY

MeToanyeckue yKazaHusl

10 BBITIOJIHEHUIO JTA0OPATOPHBIX paboT
1O TUCUHUITIIUHE
«BBeieHNne B TEXHOJIOTHN BbICOKONPOU3BOINTEIbHBIX BbIYUCIEHU D)
115t HanpaBiieHus: moArotoBku 09.03.02 UnpopManmoHHbIe CHCTEMBI M TEXHOJIOTHH
HarpaBieHHOCTh (poduiib) UHdopManiuoHHbIE CUCTEMBI M TEXHOJIOTHHM 00PadOTKH
HU(ppPOBOro KOHTEHTA

IIsaTuropck
2024



COJEPXAHUE

231001 () 214 (PP PPRRR 2
JlaGopatopHas padoTa 1. [[pUMEHEHUE JETETATOB. .....cccuvveeerereeeererreeeeaneeennns 3
JlaGoparopnas pabota 2. [I[pumeHeHNEe aCHHXPOHHBIX

JIEJIETATOB ISl PEATN3AIUNA MHOTOTIOTOUHOCT . ...ceeeeeeuerrreeeeeennnrareeesssnnnnnnnnnnnnnnnns 11
JlaGoparopnas pabota 3. OkujaHue 3aBepIICHUS ACHHXPOHHOT'O METOJIa C
VICTIOJIB30BAHUEM TAMM=QY T . uutttteeennttaeeeenntteeeeannneeeeeateeeeeannaeeeennns 17

JlaGoparopnas pabota 4. cnonb3oBaHue 0OpaTHBIX

ACHHXPOHHBIX BBIZ0BOB. .....ceetttiiuittttteeeaiitttteeeeaaaunttteeeesasnetteeessassnnenssassnesseeseeeeeeeees 19
JlaGoparopnas pabota 5. [Ipumenenue kinacca Thread...........cccvvvveeeeennnnnn. 26
JlaGopartopHas paboTa 6. [lepeiaua JAHHBIX TTOTOKAM.........cccvveeervveraeeeannns 31
JlabopatopHast pabota 7. TUITBI MOTOKOB. YTIPABJICHHUE OTOKAMH.............. 35
JlaGopartopHas paboTa 8. Co37JaHUE U 3AITYCK 3aTAU...cccvvveeeeerrrreeeeeeeennnnnns 45
JlabopaTopHast paboTa 9. 3a1aUN MPOIOTIKEHUS. .....eeeruvreeereeeenerreeeennreeeenns 50

103907 (0701901 126 (] 0121 1) 0) 2 S0 PPN 56



2
BBE/JIEHUE

Pa3BuTre MHPOPMALIMOHHBIX TEXHOJOTUN MOPOXKIAET HOBBIE alllapaTHBIE U
NpOrpaMMHBIE  APXUTEKTYpbl  MHGOPMAIIMOHHBIX  CHCTEM. Y BEIUYEHU
IPOU3BOJIUTEILHOCTH CEPBEPOB HE OTPAHUUYMBAETCS POCTOM TAKTOBOW YaCTOTHI
IIPOLIECCOPOB  — 3TO IMPOLIECC MHOIOKOMIIOHEHTHBIM: OCHOBHYIO pOJIb B
YBEJIMYCHUH TPOU3BOJUTEIHHOCTH HWHOOPMAIIMOHHBIX CHCTEM WIPAIOT HOBBIC
KOHLIENITyaJIbHbIE CXEMBbI B3aUMOACUCTBUS Bhrurciureneil. [Ipu stom yuuteiBaeTcs
XapakTep BBIYMCIUTENS: y3€J Kjactepa, MpoLeccop, sIpo, aOCTPaKTHBIN Kiacc
3ajauyn Uiy notoka. Kaxioe HampaBieHue MOPOXKIAET LeEIble CeMelcTBa
TEXHOJIOTUI MOCTPOEHHUSI BBICOKOITPOU3BOAUTENIbHBIX BBIUNCIUTEIBHBIX CUCTEM.

PazpaboTuriky  MHQOPMAIMOHHBIX  CHCTEM  JOCTYIIHBI  CIEIYIOIIHNE
TEXHOJIOTUM  JUIi  TIOCTPOCHHUS  TapajUIeNIbHBIX | pacrpeiesIeHHbIX
BBIYHCIINTEIbHBIX CUCTEM:

— BBIYUCIIUTEJIbHBIE CHUCTEMbl C OOIIEH MaMAThIO; COOTBETCTBEHHO
IpPOrpaMMHbBIE CUCTEMbI OPUEHTUPOBaHHBIE HAa pabOTy B JTAHHOU MOJEIIH;

— BBIYMCIIUTEIbHBIE CUCTEMBbl, OPUEHTHPOBAHHBIE Ha pabOTy B MOJENHU
pacnpeieIEHHON NaMsAThIO U TPOrpaMHHbIE KOMIIOHEHTHI JAHHOW apXUTEKTYpHI;

— KJIACTEPHBIE TEXHOJIOTUH;

— BBICOKOIIPOU3BOAUTENBHBIE CHUCTEMBI, MPOTPAMMHBIM SIAPOM KOTOPBIX
ABJISIIOTCS] 0a3bl IaHHBIX;

— BBIYUCJIUTEIbHBIE CUCTEMbI, OCHOBaHHbIE Ha IPapUUECKUX MPOIECCOPaAX;

— TIPOrpaMMHbIE KOMILUIEKCHl (YHKIMOHUPYIOIIME B MHOI03aJadyHOd U
MHOT'OIIOTOYHOM Cpejie.

JlanHble HampaBJIeHHs] HE MCUEPIBIBAIOT BCEX COBPEMEHHBIX IOAXOOB
MOCTPOCHUS  BBICOKONPOU3BOAMTEIbHBIX CHUCTEM, HO 0Opa3yloT TIpyHIbl
TEXHOJIOTUYECKUX PEIIEHUH, PACCMOTPEHHE KOTOPhIX W paboTa C KOTOPHIMU
MO3BOJIACT M3YYUTh M TMOJIYYUTh MPAKTHUECKUN OMBIT B cepe pm3pabOTKU U

IMOCTPOCHHA BEICOKOIIPOU3BOAUTCIbHBIX HCTCM.
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JIABOPATOPHAA PABOTA 1. TIPUMEHEHUE JAEJIETATOB

1. Llens u conepxanue

Ilens mnabopaTopHO pabOTBI: HM3YyYHUTh BO3MOXKHOCTH TPUMEHEHUS
NENEraToB B si3bIke CH.

3agaun 1a0opaTOpHON PabOTHI:

— OCBOWTbH MPUHIIUATIBI Pa0OTHI C JeNIeTaTaMu;

— OCBOWTH OCHOBHBIC HAMPaBIICHUS IPUMCHEHHUS JICTICTaTOB;

— U3YUYUTD CITOCOOBI MCITOJIb30BaHMS ACJICTaTOB COBMCCTHO C IIOTOKaMHM.

2. Teoperuueckoe 000CHOBaHUE

2.1 Ha3nauenue TUIIOB JI€JIEraToOB

Jleneratbl mpenHa3HAYEHBbI JJISl CUTYAIlMi, KOTJa HYXHO MepeaaTb METO
apyromy Metody. beiBaroT ciyudau, Korja MeToay mnoTpelyercss oOpalieHue K
IPYroMy METOYy, HO OMNpeJeIuTh K KaKOMy MMEHHO Ha dTale KOMIWISLHUHU He
MPEACTABISICTCS BO3MOXHBIM. JTa HMHPOpMalUs JOCTyIHA TOJBKO BO BpeMs
BBITIOJIHEHHUSA, & TOTOMY JOJDKHa OBITh TIepelaHa IEepBOMY METOIy B BHUIE
rapamMerpa.

[Togo6GHOE MoBeIeHe CBOMCTBEHHO B CIISAYIONIUX CIIydasix:

1. 3amyck motokoB W 3amad. B C# cymiecTByeT BO3MOXHOCTh COOOIIHUTH
KOMITWJISITOPY, YTO HYKHO 3aIllyCTUTh HEKOTOPYK) HOBYIO MOCJIENOBATEIbHOCTH
WCIIOJIHCHHSI TIApaJIeIbHO TOW, YTO paboTaeT B JaHHBIA MOMEHT. Taxkas
MOCJIEIOBATEILHOCTh ~ Ha3bIBaeTcs 1moTokoMm  (thread), a  ero  3amyck
OCYILIECTBJISIETCS C TOMOIIbIO MeToja Start ogHOrO U3 0a30BBIX KJIACCOB —
System.Threading. Thread. Ecam xommbioTepy cooOmaercs 0 HEOOXOIUMOCTH
3alycKa HOBOM TOCJIEIOBATEIIBHOCTH HMCIIOJTHEHHUS, TO TaKXKe HYXHO COOOIIUTH,

OTKyaa MMCHHO €€ CJICAYCT Ha4aTb, T.C. BBI3OB KAaKOIro MCTOJa AOJDKCH €€
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3amyckatb. J[pyrumu cnoBamm, meton Thread.Start ( ) JomkeH NOMydYUTH
napameTp, KOTOPbIi YKa3bIBAE€T METO/, MOJICKALIUN BbI30BY TTOTOKOM.

2. O600uieHHBIE OMOMMOTEUHBbIE Kiacchl. MHOrue OMOIMOTEKH COAepKaT
KOJA JUIS BBIMOJHEHHUS pa3HOOOpa3HBIX CTaHAApTHBIX 3anad. OOBIYHO Takue
OMOMMOTEeKM MOTYT OBITh CaMOJOCTATOYHBIMU — B TOM CMBICIIE, YTO MPU HX
HaIlMCAaHWHU Bbl TOYHO 3HAETE, KaK CleayeT pemars 3aaauyn. OqHako MHOraa 3aj1aqya
MOXKET BKJIIOUaTh [0J33Jady, O KOTOPOM 3HAeT TOJbKO WHJIWBHIyaJIbHBIN
KIIMEHTCKUM KOJ, UCHOJb3yIoIMil 3Ty Oubnuoreky. Hampumep, TpeOyercs
HamycaTh KJacc, MPUHUMAIOLIUN MacCUB OOBEKTOB M COPTUPYIOUIMM HUX TIO
BO3pacTaHuio. YacTeio mponecca COPTUPOBKU JIOJDKHO OBITH MOBTOPSIOLIEECS
CpPaBHEHUE JIBYX OOBEKTOB M3 MAacCHBa, YTOObI ONPEIEIUTh, KAKOW U3 HUX HYXKHO
pacnoiokuTh nepBbiM. Eciu HEo0XoAMMO 00ecneyuTh KIaccy BO3MOYKHOCTb
CpaBHUBATH JIIOObIE OOBEKTHI, TO OH HE MOXXET 3HaTh 3apaHee, KaK BBINOJHATH
TaKME€ CpaBHEHUA. TOJBKO KIMEHTCKUM KOJ, WCHOJIB3YIOIIUM KJIACcC, MOKET
COOOLIUTh €My, KaK CJIEIyeT BBIINOJHATh CPAaBHEHHWE KOHKPETHBIX OOBEKTOB,
MacCHUB KOTOPBIX HEOOXOJMMO OTCOPTUPOBaTh. KIIMEHTCKMI KOJ  JTOJKEH
nepenaTh BalleMy Kjaccy MNOJIpPOOHOCTM OTHOCHTENBHO TOTO, Kakoil MeTon
BBI3BATh JJIs1 BHIIIOJIHEHUSI CPABHEHHS.

3. CoObiTus. I'maBHas unesd 31eCb COCTOUT B TOM, YTO YacTO MPUXOAMUTCS
UMETh [JIeJI0 C KOJOM, KOTOpBIA JODKEH ObITh MNPOMH(POPMHUPOBAH O
BO3HUKHOBEHUHM KaKUX-TO CcoObITHl. B mporpammupoBanuu rpaduueckoro
uHTepdeiica TmoJb30BaTeNd IMOJMHO NOA0OHBIX cuTyauuii. Korma coObitue
IPOUCXOANT, WCIONHSIOMAs Cpella JI0JKHA 3HaTh, KaKOM METOJ HEeoOXO0JUMO
BbI3BaTh. OJTO JeNaeTcs Iepefadyed MeToay, oO0pabaThIBaroLIeMy COOBITHS,
napameTpa-Jenerara.

Kak u B cimyuae kiaccoB Ui MCIOJB30BaHUs Jelierara, €ro HeoOXoAauMo
3apaHee 00BABUTh. CHHTAaKCHC OOBSBIICHUS JEJIETaTOB BBITIAIUT CJIETYIOLIUM

oOpazom:

delegat < mun _ osepama  p,, _muna _ denecama ([napamempot])

o

€ xx .



Hanpuwmep:

delegate void MyFirstDelegate(int pParam);

B nanHOM mpumepe ompenmensieTcs JAeneratr, JK3eMIULIp KOTOpPOTO
MIPUHUMAET OJIMH MapaMeTp TUIIa int ¥ BO3BpaIllaeT 3HaueHue Tuna void.

EH.IG? HCCKOJIBKO ITPUMCPOB 0OBSABIICHUS ACJICTaTOB:

delegate int Summ (int a, int v};

delegate string ConverterFromFloat (float D);
delegate int[] To r{int a, int b, dint c):
delegate string GetAString();

—

Crnenyer NOHMMaTh, YTO NpH OOBSBIICHHM JClieraTa C HCIOJIb30BaHHUEM
KJIF04eBoro cioma delegate dakTudecKku co3laeTcs CHelualIu3upOBaHHBIN Kiacc.

Jlenerartsl co3mar0TCs Kak KJacchl, YHacleIoBaHHbIe oT System.MulticastDelegate.
delegate string GetAString();

o~

class Program

: static wvoid Main(string[] args)
E int x = 48;
5 [/ nepemennas firstStringMethod
§ J/WHMUManWSMpyeTEs SHaveHdem x.ToS5tring(),
; GetaString firstStringMethod = new GetaAString(x.ToString):
E // npuesegexHuil onepaTtop 3JKBHBANEHTEH CAEOYWWEMY !
: f/ Console.WritelLine("Crpoxa pasHa " + x.ToString ());
! Console.WriteLine{ "Ctpoxa pasHa " + firstStringMethod()):

[TpumeHneHrne CKOOOK K 3K3eMIUIIpY Jeierara 3TO BCE PaBHO YTO BBI3OB
Metoja Invoke (), TO €CTh CleAYIOIIME CPOKHU BBITIOIHSIOT OJTHO U TOXE JICHUCTBUE:

firstStringMethod  ( );

firstStringMethod.Invoke ( );

UYToOBI COKpAaTUTh KOJ, B KaXKIOM MeECTe, TIJe TpeOyeTcs DSK3eMIUIIp
Jenerata, MOKHO TIPOCTO TIEpeaaTh UMsS ajpeca. DTO HA3bIBACTCS BBIBEICHHUEM
nenerata (delegate inference). D10 cpenctBo C# paboraer 10 TeX MoOp, MOKa

KOMIWJISTOP CIIOCOOEH pa3peliuTh dK3eMIUIp Jeserara B cnenuduyeckuit tum. B



npeapiaymeM mpumepe mnepemenHas firstStringMethod Tunma  GetAsString
MHULMAJIU3UPYETCs] HOBBIM 3K3eMIUIsIpoM Jenerata GetAsString:

GetAString firstStringMethod = new GetAString(x.ToString);

Cnenate TO KEe camMoO€ MOXHO, TIIPOCTO TNEpelaB IMEepeMEHHOU
firstStringMethod ums MeTonia B mepeMeHHOH X:

GetAString firstStringMethod = x.ToString;

B o6oux ciuywasx kommuiarop C# co3maeT OIMH W TOT XK€  KOI.
Kommunsatop oOHapyxkuBaer, yto Tum jeinerara tpedyerca firstStringMethod,
MOATOMY CO3/aeT IK3eMIULsIp aenerara tuna GetAString u nepeaeT KOHCTPYKTOPY
aZpec MeTo/1a B OOBEKTE X.

O4eBHIHO, YTO JOMKCHIBATh KPYTJble CKOOKM MpH Meperade MMEHU MeToia
HEJIOITyCTHMO.

OK3eMIUIAp Jienerata MOXXET CChUIaThbCS Ha JIOOOW METOJ — YPOBHS
AK3EMIUISIPA WM CTaTUYECKUN — JTH000T0 00BeKTa JIF0OO0T0 THIA, €CITU CUTHATypa

9TOIr0 MCTOAA COBIIAAACT C CHFH&TypOﬁ Jcjcrara.

2.2 Jleneratel Action<T> u Func<T> 6ubmuorexku .NET Framework.

Bmecro onpeneneHust HOBOTO THIA JieeraTa ¢ KaX/IbIM TUIIOM IapaMeTpa U
BO3BpaTa MOKHO HCMOJB30BaTh jeneratel Jlemeratsl Action<T> u Func<T>.
O06006mennsnii nenerat Jlemeratel Action<T> mnpeaHasHaueH Uisi CCBHUIKM Ha
METO]I, BO3BpAlIAIOUIMI MINIIB. JTOT KJIACcC JeJieraTa CylIeCTBYET B Pa3IMYHbIX
BAapUAHTaX, TaK YTO €My MOXHO MepeaaBath 10 16 pa3HbIX TUIIOB NapaMeTPOB.

Kinacc Action 6e3 0000mIeHHOTO TNapamMerpa MNpelHa3HayeH MAJisi BbI30Ba
MeTo/I0B 0e3 mapameTrpoB, Action<in T> — nang BbI30Ba MeTOJa C OIHUM
napameTtpoM, Action<in TI, in T2> — 1151 BbI30Ba METOJIa C IBYMsI TapaMeTpaMu U
Action<in T1, in T2, in T3, in T4, in TS5, in T6, in T7, in T8> — my1s1 BeI30Ba METO/1a
C BOCEMBIO MapaMeTpamu.

Heneratel Func<T> MOryT HCHOJB30BAThCS AHAJOTMYHBIM  00pa3OM.

Func<T> mo3Boser BbI3bIBaTh METOBI ¢ TUIIOM Bo3BpaTa. [logqoOHo Action<T>,
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Func<T> onpeneneH B pa3HBIX BapuaHTax IS Iepeadu 10 16 THIIOB mapaMeTpoB
Y TUTIA BO3BpaTa.
Func<out Tresult> — Tum menerara ajst BEI30Ba METOJA C TUIIOM BO3Bparta,
HO Oe3 mapamerpoB, Func<int TI, out TResult> — ngns metoma c omgHUM
napamerpom, a Func<in Tl, in T2, in T3, in T4, out TResult> — nns merona c

YETBIPbMSI ITApaMETPAMH.

2.3 JIamOaa-BbIpaKeHUs

Haunnas ¢ C# 3.0, nocTynmeH HOBBIM CHHTAaKCUC JJisi Ha3HAYEHUS
peanu3anMu  Koja JereraraMm, Ha3biBaeMbld JisiMOna-BeipakeHusMu (lambda
expression). JlamMOna-BbIpa)keHUS MOTYT HCIOJIb30BaThCS BE3lle, TlI€ €CTh
mapamMeTp Tuma jaenerara. Hrbke mokasaH TpeAbIaymdid MpuMep, B KOTOPOM
MPUMEHSJIUCh AHOHUMHBIE METOJIbI, aJanTUPOBAHHBIA JJIS HWCIOJIb30BAHUS

MO Aa-BhIpAKEHUS.

static void Main(string[] args)

: string mid = ", cpegHas vacTe,”;
Func<string, string> lambda = param =>
d
param 4= mid;
param 4= " a 3To gobasnexo x cTpoke.";
return param;
¥
Console.Writeline({lambda ("Havano cTpoxu”}) ;

[Tpu ucnonb30BaHUM JISIMO1a-BRIPAKEHHUM CYIIIECTBYET HECKOJIBKO CIIOCOOOB
onpejeneHus: napaMmeTpoB. Eciu mapameTp oAMH, TO JOCTaTOYHO €ro MMeHu. B
clenyromeM JIIMOJa-BbIPaKEHUU HCHOJB3YETCS NapaMeTp MO0 MMEHH .
[TockonpKy THI jAeneratra ONpenesseT MapameTp string, TO s UMeeT THN string.
Peanuzauus BbI3bIBaeT MetoA String.Format () st Bo3Bpara CTpOKH, KOTOpasi B
KOHEYHOM HTOre BBIBOJUTCS Ha KOHCOJb IIPU BBI3OBE J€jerara — H3MEHEHHE

peructpa TekctoBor cTpoku « TEST»:



static wvoid Main(string[] args)

1
? Func<string, string> oneParam = s
; => String.Format( usmedeHue perucTtpa {8},
5.ToUpper());
Console.WriteLine(oneParam( “test"));
'

Ecnu nenerat mcnomp3yeT Oojee OJHOTO mapaMeTpa, NMEHa MapaMeTpoB
MOXHO KOMOMHHPOBATh BHYTpU ckoOOK. Huske mpenctaBieHbl mapameTphl X Uy

tumna double, onpenenennsie aeneraromM Func<double, double, double>:

static woid Main(string[] args)

t

Func<double, double, double> twoParams = (x, y) => x
Console.WriteLine(twoParams(1e, 2));

g ¥
}
I[JBI y,Z[O6CTBa K UMCHaM IICPCMCHHLIX BHYTPHU CKOOOK MOKHO ,ZIO68,BJ'ISITI)

TUIIBI IAPAMETPOB:

static void Main(string[] args)

{
Func<double, double, double> twoParamsWithTypes =
(double x;, double y) =» x * y;
Conscle.WriteLine{twoParamsWithTypes(10&, 23);

h

Ecmu nsMOpa-BeIpakeHUE COCTOMT M3 E€AMHCTBEHHOTO OIepaTopa, OJIOK
MeTrola ¢ GUTYpHBIMH CKOOKaMH M OIepaTopoM return He TpeOyroTcs.

KomMnumsitop 106aBisiet return HESIBHBIM 00pa3oMm:

Func<double, double> square =
X => X * %3

MosxHO 100aBUTh (PUTYpHBIE CKOOKH, OmepaTop return U TOYKY C 3aIsITOM.

[IpocTo 0OBIYHO JIer4e YuTaTh KOJ 0€3 HUX:

Func<double, double> square =
X =3

{
1

return x * x:

Ho ecnu HY’>KHO BKIIIOYHUTH B PCAIU3AIHIO J'I?IM6I[a—BBIpa)KeHI/I$I HECKOJBKO

OIIEepaToOpPOB, TO PUTYPHBIE CKOOKH U OIepaTop return 00s3aTeNbHbI:



static void Main(string[] args)

: string mid = “"Havano cTpoxan™;
Func<string, string> lambda = param =»
param += mid;
: param += " a 3710 gobaeneno k cTpoke.”;
; return param;
§]

3. MeTtonuka ¥ mOPSAJOK BBITOJHEHUS PaObOTHI

1. Coznaiite npunoxenne C# B cpene MS Visual Studio.
2. B COOTBEeTCTBUM C BapuUaHTOM WHIMBUIYAJIBHOTO 3aJ[aHUS pPeaU3yilTe
MOJIb30BATEIBCKUI THIT JiejeraTa TpeOyeMOW CHUTHATYpPhI M BBIMOJIHUTE C €ro

HCIIOJIb30BaHUEM BBI30B HECKOJIBKUX METOJIOB (C KOPPEKTHOM CUTHATYPOM ).

NHnuBuayanbHOE 3aaHNE.

Bapua Henerar
(curnarypa)

Action<Func<float>, bool, List<float>>

Func<Action<char>, bool, double, double>

Action<Func<double>, double, double>

Func<Action<float>, int, float, bool>

Action<Func<bool, int>, char, string>

Func<Action<int>, bool, char, string>

Action<Func<bool>, double, double>

Func<Action<T>, float, float> : T object

Action<Func<int>, char, char>

Func<Action<int, int>, bool>

Action<Func<int>, char>

Func<Action<bool>, float, float>

Action<Func<char>, int, bool>

Func<Action<List<int>>, bool>

Action<Func<int>, List<float>>

Func<Action<string>, int, int>

Action<Func<int, int>, List<string>>

Func<Action<string, int>, int, int>

| [ | [ [t | e [ | ot | -
Oloolalann| B|wo]|—|o| PRI NN W I —IH

Action<Func<bool>, string, int>
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20 Func<Action<int>, int, int>

21 Action<Func<double, double, double>, double>
22 Func<Action<int, int>, string>

23 Action<Func<char, int>, List<string>>

24 Func<Action<IEnumerable<T>>, int> : T object
25 Action<Func<int, int, int>, string>

4. Borpocsl J71s 3a1TUTHI paOOThI

1. Uro takoe tun paenerara? Kakoil aHajor Tuma jejerara CyIieCTBYeT B
C++?

2. OnumuTe OCHOBHBIE HAMPABJICHUS UCIIOJIb30BAHUS JI€JIETATOB.

3. Kakue wmexanusmbl TtexHonmorun Windows Forms peanuzoBaHbl ¢
HCIIOJIb30BAHHUEM JEJIeraToB?

4. Jlna wero mpemHazHadueH Ttun Action<T>? Uem OH oTaW4aeTcs OT
Func<T>?

5. YUeM 1OIB30BATEILCKUE JIEJIETATHI OTIIMYAIOTCI OT OMOJINOTEYHBIX ?
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JIABOPATOPHAA PABOTA 2. IPUMEHEHUE ACUHXPOHHBIX
JAEJIEI'ATOB JJIA PEAJIN3ALIAN MHOI'OIIOTOYHOCTH

1. Llenp u comepxanue

[enb nmaGopaTtopHOil pabOTHI: HAYYUTHCS MCIOJIB30BATH JI€JIETAThl JJIS
OpraHu3allid MHOTOIIOTOYHOTO MPUIIOKEHUSI.

3agaun 1abopaTOpHON PabOTHI:

— HAyYUTHCS OOBSIBIIATh, WHUIIMAIM3UPOBATH M 3ayCKaTh TIOTOKH C
MCITI0JIb30BAaHUEM T0JIb30BATEIHCKUX JIETIETaToB;

— Hay4HWThCS 3alyCKaTh TIOTOKH C HWCIOJb30BAaHHEM OMOIMOTEUHBIX
neneratoB Action<T> u Func<T>;

— HAYYUTHCS 3aITyCKaTh NapayljieIbHbIC TIOTOKH C UCITOIh30BaHUEM JISIMO 1a-

BBIPAKCHU M.

2. TeopeTrnueckoe 000CHOBAHUE

Haubonee mpocThiM crmocoOOM Jjis  CO3/IaHUA  TOTOKa  SIBISIETCS
OTpeJesieHre JelieraTa W ero BbI30B aCUHXPOHHBIM oOpa3om. Kiacc Delegate
MOJICP>)KUBAET U BO3MOKHOCTh ACMHXPOHHOT'O BbI30Ba METOJIOB. Jyig perieHus
MOCTaBJICHHOM 3a/1auu kiacc Delegate co3gaeT oTaenbHBIN MTOTOK.

UToOBbI MOCMOTPETH B ACHCTBUM HAa ACHHXPOHHBIE BO3MOKHOCTH JIE€JIEraToB,
CHayajla Hy»KHO CO3JaThb METOJI, BBIIIOJIHEHUE KOTOPOIO 3aHUMAET OMpPEIEIECHHOE
BpeMs. Hampumep, Hike mokazan meton TakesAWhile (), kotopelii Gmaromgaps
BbI30BY Thread.Sleep( ) BBINMOMHSAETCSI MUHUMYM CTOJIBKO BPEMEHH, CKOJBKO B

MUJUIMCCKYHIAX 3a1aHO BO BTOPOM apIryMCHTC.
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static int TakesAWhile(int data, int ms)

Console.Writeline("TakesAWhile sanymen™);
Thread.Sleep(ms);
—onsole.WriteLine("TakesAWhile sasepwen”™);
return ++data;

Rt

YUToObl 00eCHeYnuTh BBI3OB JTOIO MCTOJa U3 JACJICrarta, HOHa,Z[O6I/ITC5I

OIpCACINTDb TUII ACJICTaTa C TCM JIC CAMbIM IMApaMCTPOM U BO3BPAIIACMbIM THIIOM:

public delegate int TakesAWhileDelegate(int data, int ms);

Teneps MOXXHO MPUMEHSThH PA3IUYHBIC MPUEMBI ISl ACHHXPOHHOTO BBI30Ba
JTAHHOTO JIeJieraTa u BO3BpaTa pe3yJibTaToB.

OnHuM W3 TakuX MPUEMOB SIBIISIETCS OMPOC W MPOBEpPKA, 3aBEPIIWI JIU
nenerar cBowo paboty. Co3ganHbil kjacc delegate mnpemocTaBisIET METO.
Beginlnvoke ( ), B KOTOpoM MOTyT TmepeAaBaThCsS BXOJHBIC IMapaMETPhI,
olpeJiesieHHble BMecTe ¢ TUnoM Jenerara. Meron Beginlnvoke () Bcerma umeer
7IBa JIONOJIHUTENbHBIX napamerpa tuna AsyncCallback u object, koTopsie OyayT
paccMarpuBaThes no3xe. Celyac IIaBHbIA UHTEPEC MPEICTABISET BO3BpALIaEMbIi
tun Metona — IAsyncResult. C momompio I[AsyncResult MokHO u3BiIEKaThH
uH(DOpPMAITUIO O JeJierate U MPOBEPSTh, 3aBEPIINI JU OH CBOIO pabOTy, 4TO U
JEMOHCTPUPYETCS B IpuMepe ¢ mpuMeHeHneM cBoiictBa IsCompleted. I{uki while
MPOJIOKAET BBIMOJHITHCS B TJABHOM IIOTOKE MPOrpaMMbl 0 TeX MOp, MOKa

JieNieraT He 3aBepIluT padoTy.
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tatic void Main(string[] args)

i LJHKPQHﬂBﬁ BuSOB METOAA
[/ TakesAWhileA, 3080);

i ACHHXPOHHHE BuMEOS METOLAa C NpUAMEHEHAEM OEneraTa
akestihilelelegate dl = TakesAWhile;

~LlCgS

IasyncResult ar = dl.BeginInvoke(l, 388, null, null);
while (!ar.IzCompleted)
{
[/ BunonHeHwe swe xaxwx-HubyOe CNepauuil B rAasHoM NoToKe
Console.Write(™.");
hread.Sleep{58);
}

int result = dl.EndInvoke(ar);

// BHEO] PE3yYNeTaTa
Console.Writeline("result: {8}", result);

}

[Tocne 3amycka 3TOro MPUIOKEHHSI MOKHO YBHUJIETh, UTO TJIABHBIM MOTOK U
MOTOK JIEJIeraTa BBIMOJIHAIOTCS MMapalljieNIbHO, a MOCJIe 3aBepUICHHs padOThI MOTOKA
JiefieraTa IJIaBHbIM MOTOK IMPEKpallaeT Npoxod N0 Hukiy. Eciy riaaBHeIM NOTOK
3aBEpIIAcT BBHIMIOJTHEHNE, HE JOXKHUJAACh 3aBEpIICHUsT pabOThl Jeierara, MOTOK
JieNerara OCTaHaBIMUBACTCS.

B nmaHHOM pasjienie METOIMYECKUX YKa3aHUN PACCMOTPEH CAMBIM MPOCTOMN
METOJ| 3aIlyCKa METOJa B OTACIIBHOM MOTOKE — C UCIOJIb30BaHUEM ACHHXPOHHOI'O
nenerara. PaccMOTpeH Takke MEXaHU3M I[epelladyd MapaMeTpoB B MOTOK,
BBITIOJTHSIEMBIN MapajuiebHO (ACHHXPOHHO); BO3BpAT Pe3yJibTaTa U3 aCUHXPOHHO
BBITIOJTHSIEMOro MeToAa. HeobxomuMo o0OpaTuTh BHHMaHUWE HA pead3aldio

MCXaHHU3Ma OKHWJIaHHWA 3aBCPIICHUA pa6OTBI ACHHXPOHHOI'O MCTOAA.

3. Meroauka u OPSAIOK BHITIOJIHEHUS paOOThI

1. Cozpnaiite npunoxenue Ha si3bike C# B MS Visual Studio.
2. B COOTBeTCTBMM C WHIMBHIyaJIbHBIM BapHaHTOM pa3padoTaiiTe
TpeOyemMblii TUIl Jernerata (MOJIb30BAaTEIbCKUM, OMOMMOTEYHBIM WM JIIMOJa-

BBIPAKEHHE).
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Peanusyiire

ACUHXPOHHOE
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BBIITOJIHCHUC

MECTOAa

Ha OCHOBC

paspa60TaHHoro AcJierata ¢ BO3MOKXKHOCTBIO MOHUTOPHUHTA IIPOLECCAa BBINTOJIHCHM A,

nepeayu napaMeTpoB B METO/T U MOJTYUEHHUS pe3ysibTaTa padoThl METO/IA.

NupuBuayanbHOE 3a1aHUE.

Bapna Tun nenerara Pemaemast 3amaua (pe3ysibTaT METO/a) Bxonnsie
HT rnapameTpbl
1 MOJIb30BaTEIbCKUI Merto1 BO3BpalaeT cymmy Ba
3JIEMEHTOB
MaTPHIIBI LETBIX CTyYalHbIX YHUCET napameTpa:
pasmep
MaTpPHIIbI
2 OMOIMOTEUHBIN Meron BO3BpaIllaeT JBa
pa3HUIy MaKCUMaJIHHOTO
u MHUHUMAaJIBHOIO 3JIEMEHTOB HapameTpa.
MaTpUIbI LEJIbIX CIy4YalHbIX pasMep
qucels ManI/IIIBI
3 nsMOna-BeIpaxkeHne | Meron BO3BpAIlAET /Ba
JIOTUYECKOE 3HAYCHHUE,
YKa3bIBaloIIee napameTpa:
CyILECTBYET pasmep
JIY 33JJaHHOE YKCIIO B MACCHUBE LIEIBIX MaccuBa
CIIy4alHBIX YUCEI "
MCKOMBI
3J€MEHT
4 MOJIb30BaTEIbCKU I Meron BO3BpalaeT Ba
MaTpuILy
ciydaiiHpIX OuTOBBIX 3HadeHuid (0 napamerpa:
i 1), hopMupyemMyro cirydaliHbIM pasmep
o0pazom MaTpHIIbI
5 OnOIMOTEYHBIA Meron BO3BpaIlaeT Onnn
CTPOKY rmapameTp:
MaKCUMaJIbHOW  JJIWHBI  Ha MacCHB
OCHOBE
MEePEAHHOTO0 MAaCCHUBa CTPOK (Wmu cIMCcoK)
CTPOK
6 asMOza-BbIpakeHHe | MeToJ BO3BpAIlaeT IOJMHOKECTBO Onun
3JIEMEHTOB  MacCuMBa  CIy4alHBIX napameTp:
YyHUCell, KOTOpbIe JAesTcs Ha 3 pasmep
HCXOJTHOTO
MacCHBa
7 [10JIb30BATEIbCKUI Mertox BO3BpaIaeT Yucio — [Ba
KOJIMYECTBO
3JIEMEHTOB MPUCYTCTBYIONIUX B 000UX napaMerpa:
MacCHuBax cnyqai/’lHHx YHUCEeI. pasMep
Bl
MaccHB
OB
8 OUOIMOTEUHBIH Merton BO3BpallacT JBa
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cpenHee

apuMeTHIecKoe IIEeMEHTOB MATPUIlBI | IapaMerpa:
CIIy4aifHbIX YHCET. pasmep
MaTPHIIBI

9 nsIMO/1a-BhIpaKEHHE MeTton BO3BpAILlaeT pe3yabTaT JBa
mudpoBaHuUs CTPOKH: KayK b1
HCXOIHBIN CHMBOJI CTPOKHU napamerpa:
3aMeHsIeTCs mUQpoBaHHBIM | HCXOJHAs
CUMBOJIOM, KOJ KOTOPOrO Ha nh CTpOKa,
0oJbIIe KOJa UCXOTHOTO YHCIIO
CHMBOIJIA. CJIBHTA N

10 I0JIL30BaTEILCKUI Meton BO3BpalaeT CTATHUCTUKY Onun

JUISI CTPOKHU: CITMCOK TIap napameTp:

(cMMBOT CTPOKH, aHanu3upyemas
KOJIMYECTBO BXOXKJICHH ) CTpOKa
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11 OnOIMOTEUHBIA Meton BO3BpallaeT JBa
pa3HHILY
MaKCUMaJIbHOIO U napameTpa:
MHHHUMAaJIbHOTO pasmep
2JIEMEHTOB MAaTPHIIBI. MaTPUIIBI
12 nsIMO/1a-BhIpaKEHHE Meton BO3BpamaeT MOJAMHOKECTBO Onaun
9JIEMEHTOB  MacCHMBa  CIIy4alHBIX napameTp:
YHUCEJI, KOTOPbIE SABJISIFOTCS YETHBIMU pasmep
HCXOJIHOTO
MaccHBa
13 MM0JIb30BaTEIHLCKUI Meton BO3BpAIllaeT JlBa
KOJIMYECTBO HEYETHBIX
3JIEMCHTOB B napamerpa:
MaTpHIIe pasmep
CITy4alHBIX YUCEI MaTpPHUIIBI
14 OUOJIIMOTEUHBIH Mertoa BO3BpallaeT MOJMHOKECTBO JBa
JJIEMEHTOB ~ MaccHBa  CIIy4alHBIX napameTpa:
YUCel, KOTOpPhlE OTIUYAIOTCA  OT pasmep
3aJJaHHOT'O MAacCHBa,
quciia He 0osee JyeM Ha 4. 3HAYCHOC
YHCIIO
15 nAMOna-BeIpakeHre | Metox — Bo3Bpamaer — Jiormdeckoe | JIpa
3HAauYeHHE, YKa3bIBaIOIIee CYIIECTBYET
JIM 3aJaHHBIM CHMBOJI B CTPOKE napamerpa:
CTpOKa 3|
HCKOM
BIN
CHMBO
I
16 IIOJIB30BATEIIbCKAN Meron Bo3Bpamaer JgBa uyucia — [JIBa
MaKCUMAalIbHEIC  DJIECMCHTHI
MAacCUBOB napameTpa:
CIIy4alHBIX YUCEl. pa3Mepsbl
MAaCCHBOB
17 OUOJIMOTEUHBIH MeTton BO3BpaIllaeT Onnn
CKaJIIpHOE MPOU3BE/ICHUE napameTp:
IBYX CIy4YailHBIX pasmep
BEKTOPOB. BEKTOPOB
18 nsIMO/1a-BhIpaKEHHE Meroa Bo3BpalaeT CyMmy JBYX JBa
MaTpHI]
CIIy4aifHbIX YHUCell napameTpa:
pa3Mep MaTpuIl
19 I10JIb30BaTENbCKUI Merton BO3BpaIllaeT JBa
KOJIMYCCTBO
BXOXKJICHUM 3aJaHHOTO JJIEMEGHTa B IlapaMmeTpa:
MaTpHulle BEIICCTBEHHBIX YHCEII MaTpunia H
11(S0) (S3:10)5
DJIEMEHT
20 OMOIIMOTEYHBIH Meton Bo3Bpamiaer noaMHoxecTBo | OnuH
3JIEMEHTOB  MacCHUBa  CIIy4YalHBIX napamMmerp:
YHUCeN, KOTOPBIE JIEIATCS Ha 6 pasmep
HCXOJIHO
ro
MacCHBa
21 nsIMO/1a-BhIpaKEHHE MeTton BO3BpalaeT Onnn
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pe3yJNbTaT CII0KEHUS napamerp:
JBYX CIIly4allHBIX BEKTOPOB pasmep
LEJIBIX YUCEIl BEKTOPOB
22 I0JIb30BATEIbCKAN Meron BO3Bpalaer [Ba
KOJIMYECTBO
BXOXKACHMM 3aJlaHHOTO CHMBOJIa B IlapaMerpa:
CTPOKE CTpOKa
LIEJIEBOU
CUMBOJI
23 OMOIMOTEUHBII Meton  BoO3Bpaiaer Ba
HOJIMHOKECTBO YETHBIX
JJIEMEHTOB IapameTpa:
MaTpUIbI pasmep
CIIy4alHBIX YHUCEII MaTpPHLIBI
24 nsIMO/1a-BhIpaKECHHE Meton  BO3Bpamaer CTaTUCTUKY Onun
MaccuBa CIy4yaillHbIX LENbIX YHCEN: napamerp:

CIIMCOK Map (YMCIIO MaccuBa,
KOJIMYECTBO BXOXKICHHI)

pa3Mep maccuBa
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25 MOJIb30BATEIbCKHAM Meton ~ BO3BpamiaeT  JIOTHYECKOE
3HAYEHHE, YKA3BIBAIOIIEE CYIIECTBYET
M 3alaHHBIi SJEMEHT B MaTpulle
qucen

double

JBa

napamerpa:
MaTpuIa 41
HCKOM

BIA

3JIEMEH

T

4. Borpocs! 117151 3a1TUTHI paOOTHI

1. [TosscauTe HazHaueHue tumna [AsyncResult.

2. lst wero ucmonb3yetcst meroa Thread.Sleep( )?

3. IlosicHUTE MEXaHU3M BO3BpaTa 3HA4YCHHA H3 MCTOAAd ACHHXPOHHOI'O

Jcicrara.

4. Kak npou3BecTd BO3Bpar 0oJjiee OAHOTO 3HAUEHHS U3 MeToAa?

5. Kakas pasHuna cymiecTByeT MeEXIy OHOTMOTEYHBIMU JelierataMu,

IIOJB30BATCIIBCKUMHU THIIAMHK JCJICTraToOB M J'ISIM6,Z[a-BBIpa)K€HI/I$IMI/I? SBnsaroTcsa nu

9THU JACJICTaTbl B3dWMMO3aMCHSCMBIMU IIpU pCaln3allii ACHMHXPOHHOI'O BbI3OBa

METOI0B?
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JIABOPATOPHAA PABOTA 3. OXKUJAHUE 3ABEPIIEHUA
ACHHXPOHHOI'O METOJIA C YICIIOJIb30BAHMEM TANMM-AYTA

1. Llenp u comepxanue

[lens maGopaTopHOi pabOTHI: HAYUYUTHCS HUCMOJB30BaTh MEXaHU3M
OKUJIaHUS 3aBEpIIeHUs pabOThl aCHHXPOHHOT'O METO/a C MCIOJIb30BAaHUEM THIIA
IAsyncResult u Taitm-ayra.

3agaun 1abopaTOpHON PabOTHI:

— HAYYUTHCS UCTIOJIH30BaTh MEXaHNU3M TaliM-ayTOB;

— HAYYUTHCS BBIBOJUTH WH(GOPMAIMIO O XOJC BBITIOJHCHHUS] aCHHXPOHHOTO
METO0/1a;

— HaY4YUTBCA OTCJIICIKNBATH BBIITOJIHCHHUC AaCMHXPOHHOTO MCTO/14.

2. Teopetnueckoe 000CHOBaHUE

Hpyroii cmoco® OXumaHus pe3ysibTara OT AaCHHXPOHHOTO Jenerara
npeaycMaTpuBaeT MpUMEHEHHUE aeckpunropa oxuganus (wait handle), koTopsrit
accoruupyetcs ¢ [AsyncResult.

[ToyuuTh AOCTYI K 3TOMY JACCKPUIITOPY OKHUJIAHUS MOXKHO Yepe3 CBOMCTBO
AsyncWaitHandle. Dto cBoiicTBO Bo3Bpamaer o0wbekT Tuma WaitHandle, ¢
MOMOIIBI0 KOTOPOTO MOXKHO OPraHW30BaTh OXXUIAHWE 3aBEPIICHHS pPaOOTHI
noTokoMm generata. Meroxg WaitOne ( ) HpuHUMaeT B KadyecTBE IEPBOIO
HeoOs3aTEeNIbHOIO MapaMeTpa 3HaueHue TalM-ayTa, B KOTOPOM MOXHO YKa3aTh
MaKCUMAaJIbHBIN MEpUO BpEMEHN OXUAaHUA. B paccmaTpuBaeMoM 371eCh pUMepe
3TOT niepuof coctapisger 50 MuuMcekyHI. B ciydyae BOSHUKHOBEHHUs TalM-ayTa
meton WaitOne ( ) Bo3Bpamlaer 3Hauenue false, m mpoxon mo mukiay while
npofopkaerca. Ecin Bo BpeMs OXHMIaHUS A0 TailM-ayTa [0 HE JOXOIHT,

OCYIIECTBIISIETCSl BBIXOA M3 muKiIa while ¢ momomipio break u momydenue
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pesynbTata MetogoM EndInvoke (). B monms3oBarenbckom nnTepdeiice pe3yiabTar
BBITJIIUT MPUMEPHO TaK JK€, KaK B MPEIBIIYIIEM IPUMEpPE, OTINYACTCS JIHIIb

croco0 peanu3aluu 0XXuaaHusl.

static vold Main(string[] args)

{
TakesAlhileDelegate dl = TakesAWhile;
IdsyncResult ar = dl.BeginInvoke(1l, 38688, null, null);
while (true)
{
onsole.Write (" . ") 3

if (ar.AsyncWaitHandle.WaitOne(58, false})
{
Console.Writeline("Mokno wzBnews pesyneTaT ceivac")j

break;

[

1

int result = dl.EndInvoke(ar);

// embog pesyneTata
Console.WriteLine{"result: {@}", result);

3. Meroauka 1 MOpsIIOK BBITOJIHEHUS paObOThI

1. Co3naiite koHCONBbHOE puiiokeHue C# B Visual Studio.

2. Peanuzyiite IIPUJIOKEHUE Cc VICIIOJIb30BAHUEM TaliM-ayTa
(MomuduUUpyHTE NPUIIOKEHUE, TTOJTYYEHHOE B XOJI€ BBIMOJHEHHS Ja00OpaTOpHOI
paboTer No2).

3. Peanu3yiiTe MexaHu3M BbIBOJa MH(MOPMAIIUU B KOHCOJIb O XOJI€ pPEUICHUs

3aJ1a4 aCHHXPOHHBIM MCTOAOM.

4. Borpocsl [71s1 3a1TUTHI paOOTHI

1. Ans yero npumensiercst Tun [Asyncresult?
2. Kak peann3oBaTh 0KHJIaHUE 3aBEPIICHUS BBIIIOJIHEHUS ACUHXPOHHOTO
METO/Ia C UCIIOJIb30BAaHUEM TalM-ayTa?

3. [MosicanTe HazHayeHue Metoaa WaitOne( ).
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JIABOPATOPHAA PABOTA 4. UCITOJIb3OBAHUE OBPATHbBIX
ACHHXPOHHbBIX BbHI3OBOB

1. Llenp u comepxanue

lens maGopaTopHOl pabOTHI: HAYYUTHCA HCIOJIL30BaTh OOpaTHBIE
ACUHXPOHHBIC BBI3OBHI JUIsI OpraHU3AIMKM OKUJIAHWS 3aBEPIICHUS BBIMOTHEHUS
ACHHXPOHHOTO METO/Ia.

3agaun 1abopaTOpHOU PaObOTHI:

— HM3YyYUTh BO3MOXHOCTU TMPUMEHEHHsI OOpaTHBIX ACMHXPOHHBIX BHI30BOB
JUTSI TTApaJUIeITbHBIX TIOTOKOB,;

— W3yYUTh BO3MOXXHOCTH AaCHHXPOHHOTO OOpaTHOTO BBI30BA TIPH
MCTIOJIb30BAHUY THIIA JIeJIerarTa;

— HW3yYUTh BO3MOXXHOCTH AaCHHXPOHHOTO OOpaTHOTO BBI30BA TIPH

HUCIIOJIBb30BAHHUHN JBIM6I[a—BBIpa)KeHI/I$[.

2. TeopeTnueckoe 000CHOBaHUE

Emte oquH croco0 mist oKuaaHus pe3yabTaToB OT Jelierata 3akiiodyacTcs B
NPUMEHEHUN TaK Ha3bIBAEMOT'O aCHHXPOHHOI'O 00paTHOro BbI30Ba (asynchronous
callback). C momompio TpeThero mapamerpa B Meroae Beginlnvoke wmoxHO
nepeiaTb METO[, YJOBJIETBOpsAmoIMi TpeboBaHusM nernerara AsyncCallback.
Henerar AsyncCallback tpeOyer omnpenenste mnapamerp I[AsnycResult wu
BO3BpamaeMbiii THnm void. B paccmatpuBaeMoM 31ech MpUMEpe TPEThbeMy
napameTrpy HaszHauaeTcsi anpec Meroga TakesAWhileCompleted, xoTopsiii
yaoBieTBopsieT TpeboBanusim aenerata AsyncCallback. B mocneanem mapametpe
meroay Beginlnvoke MoxkHO mepenath 00bEKT, K KOTOPOMY OYyJI€T IPOU3BOIUTHCS

JOCTYT U3 METOJa OOPATHOTO BBI30BA. 37€Ch Y0OHO MepeaaTh IK3EMILIAP CaMOro
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Acjierara, Tak 410 MCTO/, O6paTHOFO BbI30Ba CMOXXCT HUCIIOJIB30BaTh €10 AJIsA

NIOJIyYEHUs Pe3yJIbTaTa aCHHXPOHHOI'O METO/IA.

static wvoid Main(string[] args)

i
TakesAwhileDelegate dl = TakesAWhile;
dl.BeginInvoke(l, 38@@, TakesAWhileCompleted, dl) ;
for {(int 1 = 8; 1 < 188; i++)
i
Console.Write(".");
Thread.Sleep(5@);
|}
¥
static wvoid TakesAWhileCompleted(IAsyncResult ar)
i
f (ar == null) throw new ArgumentNullException(™ar"};
TakesAWhileDelegate dl = ar.AsyncState as TakesAlWhileDelegate;
// HeeepHuii Tun obbexTa
ace.Assert (dl != null, "Invalid object type"”);
int result = dl.EndInvocke(ar);
// BHBOA pE3YNbLTaATa
Console.Writeline("result: {@}", result);
¥

ITo 3aBepmenun pabotel generara TakesAWhileDelegate cpasy xe
BbI3bIBaeTCs MeToa TakesAWhileCompleted ( ). OxkuaaTh pe3ysbTaToB BHYTPHU
TJIABHOTO MOTOKA HET HUKAKOW HEOOXOIMMOCTH. 3aBepIaTh TJIABHBIN MTOTOK TIEPET
3aBepIICHUEM pPaOOTHl MOTOKOB JEIIETaTOB MOXET OBITh HEO0O0sA3aTeNbHO, €CIU
TOJIBKO OCTaHOBKa pPabOThI TIOTOKOB JIEJIETaTOB IPU 3aBEPIICHUH BBHITIOJTHEHUS
TJIABHOTO IMTOTOKA HE TIPEICTABIISCT MPOOIEMBI.

Meton TakesAWhileCompleted ( ) onpeznensercs ¢ Tumamu mapaMmeTpoB U
BO3Bpara, KoTopbie ykazaHsl B nenerare AsyncCallback. [locneanuii mapamerp,
nepenaBaembiii B Beginlnvoke (), MoxeT OBITb MNPOUYUTAH C TOMOIIBIO
ar.AsyncState, a pe3ynpTaT nonyueH BbI3oBoM B TakesAWhileDelegate metona
EndInvoke.

BmecTo TOoro 49roOBI OmpenensTh OTASIBHBIM METOJ M IepeaaBaTh ero

Metony Beginlnvoke (), MOXHO BOCIOJIB30BaThCS JISIMOAA-BBIPAKCHUEM.
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[Tapametp ar umeet tun [AsyncResult. B Tako#i peanuzanuu HeT HEOOXOAUMOCTH
MpUCBaMBaTh 3HAUEHUE MOCIeIHEeMY MapaMeTpy Metona Beginlnvoke ( ), moTomy
YTO JIMOJIa-BIPAXKEHUE MOXKET HAMPSAMYIO MOJydaTh JOCTYyN K mepemeHHou dl,
HaXOJSIIENCs 3a MpeaesiaMu KOHTEKCTa JaHHoro metona. Ho Onok peanusarnuu
nsiMOJ1a-BhIpaKEHUsSI BCE PABHO JIOJDKEH BBI3BIBATHCA M3 IMOTOKA Jejierara, 4To
MOXET 1 He OBITh OUYECBUIHBIM IIPH OINPEISICHUH METO 1A ITOJ00HBIM 00pa3oM:
static void Main(string[] args)
TakesfAlWhileDelegate dl = TakesAWhile;
{
int result = dl.EndInvoke{ar);
// BuBOpR pesynbTaTta
Console.Writeline({"result: {@}", result);
}s

null);

for (int 1 = 8; 1 < 108; i++)
-

1
Console.Write(".");
Thread.Sleep(58);

e o

}

Monens TporpaMMHpPOBAaHHUS W TIPHEMBI, OMHMCAHHBIC I ACHHXPOHHBIX
JICNIETaTOB — OMPOC, JECKPUIITOPHl OXUJAHUS M ACHUHXPOHHBIE BBI3OBHI =
JOCTYIIHBI HE TOJBKO ISl JEJeraToB. JTa ke MOJENlb MPOrpaMMHPOBAHUSA,
KOTOpasi Ha3blBaeTcd IIaOJOHOM acCMHXPOHHOrO BbI30Ba (asynchronous pattern),
BcTpevaercs B pazHooOpa3ubix mectax .NET Framework. Hampumep, ¢ momoribsto
Metona BeginGetResponse ( ) kmacca HttpWebRequest MOXXHO aCHHXPOHHO
ornpasisate HTTP-3anpocsl, a ¢ nmomompbio metoaa BeginExecuteReader ()
kiacca SqlCommand — 3anpockl k 6a3ze naHHbIX. [lapameTpbl MOX0XHM Ha T€, YTO
MOXHO IiepenaBath B Meroje Beginlnvoke ( ) nemerata, a MexXaHU3MBI,

IMPUMCHACMBIC UL ITIOJIYUCHUA PE3YJIbTATOB, BBITTLAAAT TOYHO TAK 7KC.

3. MeToauka u mOpsA0K BBHITIOTHEHUS paOOTHI

1. Co3naiite koHconpHOE npuiioxkenre C# B MS Visual Studio.
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2. Peamsyiire peuieHue 3ajadyd B COOTBETCTBUM C WHJWBHAYalbHbIM
BApUAHTOM C MCIOJIb30BAaHMEM ACHMHXPOHHOTO BbI30Ba MeToja. [lpu peanuzanuu
MOJIyYEHHs] pe3yJbTaTa padOThl aCUHXPOHHOTO METOJAA HCIOJIb3YyHTE MEXaHU3M
00paTHOTO aCUHXPOHHOT'O BBI30BA.

3. ObpatuTe BHUMaHUE, YTO OOpaTHBIA BHI30B MOXKHO BBINOJIHUTH KaK C
MCII0JIb30BAaHUEM THIIA JIeJIeraTa, TaK U C UCIOJIb30BAaHUEM JsIMOAa-BhIpaxkeHus. B
3aJJaHUM MHJMBUIyaJIbHOTO BapHaHTa yKa3aHO, Kakoil cmoco0 oOpaTHOro BbI30BA

CJICOyCT UCIIOJIb30BATh.

NHnuBuayanbHOE 3aaHue.

Bapua Tun nemxerara Pemraemasg 3agaua Bxonner Meton
HT (pe3ynbTar e o0paTHO
METO/1a) napameT ro
pBI BBI30BA
1 OMOIMOTEUYHBII Merton Onun JIaMOIa-
napamer BBIpaXKeH
BO3BpAIaCT TOIMHOKECTBO p: ne
JJICMCHTOB MaccuBa pa3Mmep
CIIy4aiHBIX YHUCEI, KOTOphIE HCXOJTHO
neasTest Ha 6 ro
MacCHBa
2 Mo 1a- Meton Bo3Bpamaer | OnuH Jienerat
BBIPaXKEH pe3yabTaT CIOXKEHHUS JBYX napame
ne CITy4alHBIX BEKTOPOB Tp:
LIENIBIX YHCEI pazmep
BEKTOPOB
3 OJIL30BaTENLCKA | MeTon Ba JIIMO1a-
" napaMmerpa: BBIPAKEH
BO3BpAlllacT CTpOKa ne
KOJIMYECTBO eJIeBOU
5 CHMBOJI
BXOXKJICHUI 3aJaHHOTO
CHMBOJIa B CTPOKE
4 On6INOTEUHBIIH Meton IBa Jienerat
rnapamer
BO3BpAaIaeT MOIMHOKECTBO pa:
pasmep
YETHBIX MaTpPULIBI
3JIEMCHTOB
MaTPHIIBI CITyYalHbBIX YHUCETT
5 IaMO1a- Mertox Oaun MO ma-
BBIPKEH napame BBIPKEH
ue BO3BpallacT CTaTUCTUKY Tp: ue
MaccuBa pasmep
CIy4YalHBIX LENbIX YHUCEN: MAacCHB
CITUCOK nap (amcmo a
MAacCCHBa,
KOJIMYECTBO BXOXKICHHI)
6 HOJIL30BaTENLCKH | MeTonq Ba JeJerar
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BO3BpaliacT
JJOTHYECKOEC

3HAYEHUE,  yKa3blBarOUIEe
CYLIECTBYET JIM 3aJaHHbIN
AJIEMEHT B MAaTpHIE YHUCET
double

rnapamMmeTpa:
Marpuia
HCKOMBIH
SJIEMEHT




26

7 [I0JIb30BATENbCKU | MeTo BO3BpallaeT CyMMY JlBa Jenerat
71 AJIEMEHTOB MATPHIIBI TETBIX rnapamer
CITy4aiHbIX YHUCEll pa:
pasmep
MaTpu
1Bl

8 OMOJINOTEUYHBIHI Merton BO3BpAILlaeT JBa JIIM0O1a-
Pa3HUIY MAaKCUMAITHLHOTOU rnapamer BBIPKEH
MHHHUMAaJIbHOTO DJJICMCHTOB pa: ne
MaTpPHIIBI LIEJIBIX pasmep
CITy4aifHbIX MaTpPHIIbI
qHCeN

9 nsaMoaa- Meton JBa JieneraT

BBIPXKEH napameTpa:
ue BO3BpaliacT pasmep
JIOTHYCCKOC MaccCHUBa
HCKOMBIH
3HAYCHUE, YKa3bIBaIoIee 3JEMEHT
CyIIECTBYET JIM 3aJaHHOE
YHUCII0O B MACCHBE IICIBIX
CIYYANHBIX YHCEIT
10 HOJIL30BaTEeNbCKU | MeTonq BO3BpallacT Ba IaMOma-
71 MaTpHILy CITy4aiHbIX rnapamer BBIPKEH
pa: He
OuroBpix 3HaueHui (0 mmm | pasmep
1), (bopMupyemMyro | maTpHIIEI
CITy4alHbIM
obpazom
11 OnOINOTEUHBIH Meron BosBpamaer cTpoky | Onuu Jererar
MaKCUMaJIbHOM JJIMHBI Ha napamerp:
OCHOBE MepeIaHHOTO MAacCHB
MaccCHBa
CTPOK (v
CIIHCOK) CTPOK
12 JIaMOIa- Mertox Onun MO Ia-
BBIPaXKEH rnapamer BBIPAKEH
He BO3BpAILIAET MOJMHOXECTBO p: He
D3JIEMCHTOB MaccCuBa pa3Mmep
CIIYYauHbIX YUCCII, KOTOPLIC HUCXOOHO
nensaTcs Ha 3 o
MacCHBa
13 MIOJIB30BATEIbCKA | MeToa BO3BpamiaeT Ynucio — Ba JeleraT
" KOJIMYECTBO rnmapamer
pa:
2JIEMEHTOB pasMepsbl
MPHUCYTCTBYIOIIUX B 000UX MAacCHBOB
MacCHBaxX CIy4YalHbIX YHCETI.

14 OHOJIMOTEYHBIH Mertoa Bo3BpalaeT cpeaHee JBa MO a-
apupMeTHIecKoe napamer BBIPAKEH
3JIEMCHTOB MaTpHIbI pa: ne
CIIy4alHBIX YUCE. pasmep

MaTPHIIBI
15 MO 1a- Meton BO3BpaIlaer JIBa aenerar
BBIPKEH pe3yabTaT mHUQpPOBAHUS napameTpa:
ne CTPOKH: HCXOTHAs

KaKIBIM HMCXOOHBIH CHUMBOII

CTpOKa,
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CTPOKH YHUCIIO
CIBHTra n
3aMEHsETCS IH(PPOBAHHBIM
CHMBOJIOM, KOJI KOTOPOTO
Ha n OOJbIIE
KOJa UCXOJHOI0 CHMBOJIA.
16 MHOJb30BaTENILCKU | MeTtoz Onnn JIIMOga-
" napamerp: BBIPAKEH
BO3BpAIACT CTATUCTUKY IS AHAIIM3HPYEM ne
CTPOKH: CITMCOK nap as
(CUMBOJI CTpPOKH, CTpOKa

KOJIMYECTBO BXOKJICHUI)
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17 OMOJINOTEUYHBIH MeTton Bo3Bpariaer Ba Jenerar
Ppa3HUILy MAKCUMAIBLHOTO ¥ TMapamer
MHHUMAaJIEHOTO pa:
pasmep
AJIEMEHTOB MATPUILIbI. Matpu
LIBI
18 MO 1a- Mertox Onaun MO a-
BBIPKEH rnapamer BBIPKEH
ne BO3BpALIAET MOJMHOKECTBO p: He
3JICMCHTOB MaccuBa pa3mep
CIIy4alHBIX YUCEJ, KOTOPBIE HCXOIHO
SIBJISIOTCS] YETHBIMU o
MacCHBa
19 [I0JIb30BaTeNbCKU | Meron JBa Jienerar
51 rmapaMmer
BO3BpalacT pa:
KOJIMYCCTBO pasmep
HEYETHBIX MAaTpPHIIBI
3JIEMCHTOB B
MaTpulie
CIYYaHBIX YHCeIl
20 OMOIMOTEYHBIT Meron JlBa nsMOa-
rmapamer BBIpaXEH
BO3BpallaeT IMOAMHOXKECTBO pa: ue
3JIECMEHTOB MaccuBa pa3mep
CIyYallHBIX YHCEN, KOTOPHIC MAacCHBa,
OTIMYAIOTCS OT 3aJaHHOTI'O 3HAYCHOE
yyciia He 0ojee YHCII0
yeM Ha 4.
21 IsIMO1a- MeTon JlBa nejerar
BBIPAYKEH rnapamMmeTpa:
ue BO3BpalacT CTpOKa
JJOTHYECKOE HUCKOMBIN
CHMBOJI
3Ha4YEHUE, YKa3bIBarollee
CYHIECTBYET JIM 3aJaHHbBIN
CHUMBOJI B CTPOKE
22 MOJIB30BaTEILCKU | MeToj BOo3BpalllaeT JBa JlBa JISIMO1a-
u yucia rapamer BBIpaXX€H
— MaKCHUMaJIbHBIC 3JIEMEHTHI pa: ue
MaCCHUBOB CIIyYaiHBIX pasMephl
YHCell. MacCHBOB
23 OnOIMOTEUHBIN Mertox Onnn nejerar
napame
BO3BpaIlaceT CKaJsipHOE p:
MIPOU3BE/ICHUE IBYX pazmep
CIIy4allHbIX BEKTOPOB. BEKTOPOB
24 JIIMO1a- Merox BO3Bpamaer JlBa JIIMO1a-
BBIPaXKEH CYMMY napameTpa: BBIPAKEH
e JIBYX  MaTpHI] pazmep ne
CITy4alHbIX YUCET MaTpHIL
25 OJIb30BaTeILCKA | Meton JIBa aenerar
71 rapamerpa:
BO3BpaliacT MaTpuia
KOJIMYECTBO LeJIeBOU
BXOJKJICHUH SJIEMEHT
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3aJJaHHOTO  DJIEMEHTa B
MaTpHIe

BCUICCTBCHHBIX YHCEII

4. Borpoch! 111 3aIIUTHI paOOTHI

1. [TosicauTe HAa3HaUYEHUE Kaxa0ro mapameTrpa metoaa Beginlnvoke( ).
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2. Iloyemy mnpu WHCHOJB30BAaHMM THIA JeJlerara B KadyecTBE MeEToAa
oOpaTHOro BbI30Ba MocienHuid mapamerp Meroaa Beginlnvoke( ) MoxHO He
UCIIOJIB30BaTh?
3. Onuummre 00JIaCTH UCHOJIB30BAaHUSI ACUHXPOHHBIX JeneraToB. B kakux

tunax npoektoB .NET Framework onu mpumeHuMBbI?
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JIABOPATOPHA PABOTA 5. TIPUMEHEHUE KJIACCA THREAD

1. Llens u conepxanue

Lenr nmabGoparopHoit  paOOThl: HAay4YUTbCS  HMCHOJB30BATh  0a30BbIE
BO3MOYKHOCTH Kjacca notokoB Thread.

3agaun 1abopaTOpHON PabOTHI:

— Hay4uThecs co3naBaTh NoToku Thread;

— HAYYUTHCS MCIOIb30BaTh MACCHBBI IIOTOKOB,;

— HAYYHUTHCA OCYHICCTBIATHE MOHUTOPHHI' IIOTOKOB.

2. Teoperuueckoe 000CHOBaHUE

C nmomompio knacca Thread M0OXKHO HE TONBKO CO37aBaTh MOTOKH, HO W
yOpaBisiTh UMUA. Hroke mpuBeIeH KOJ MPOCTOTO MpUMeEpa CO3MaHWsS M 3ammycKa

HOBOI'O IIOTOKaA.

static woid Main()

i
var tl = new Thread{ThreadMain);
tl.start();
Console.Writeline("Cnasuuid noTok.™);
i

static void ThreadMain()
r

1

}

B »tom kome xoHcTpykTOp Kiacca Thread mneperpyxken st npuema

le.Writeline("BunonHAeTcA B noToke.");

nenerata tuna ThreadStart mou ParameterizedThreadStart. [lemerat ThreadStart
oTmpeeNsieT METO/I ¢ TUTIOM BO3BpaTa void, He mMpuHUMArOIIHK aprymeHThI. [loce
co3nanus oobekTa Thread moTok MOXKeT 3amycKaThbCs ¢ TOMOIIBIO0 MeToja Start ().

ITocne 3amycka mnpuiIOKEHUS Ha DKpPaH BBIBOAATCSA JIaHHBIE M3 JBYX
IIOTOKOB:

This is the main thread.
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Running in a thread.

IIpuBeneHHBIN BBIIIE NOPSAOK BBIBOJAA HE rapaHTupyercs. Jleno B TOM, 4To
BBITIOJTHEHNE TOTOKOB IUIAHUPYETCSI ONEPALMOHHON CUCTEMOM, a 3TO 3HAYUT, YTO
KQKJIBIM pa3 04€PEIHOCTh IIOTOKOB MOYKET MEHATHCS.

Panee yxe ymnoMuMHaIOCh, 4YTO C ACHHXPOHHBIM JEJIEraroM MOKHO
UCIIOJIb30BaTh JsIMO/Ia-BbIpakeHre. Ero Ttakke MOXHO HNPUMEHSTh U C KIACCOM

Thread, nepenaBas peaym3anuio MeToja MOTOKa KOHCTpykTopy Thread:

static woid Main()

i
var tl = new Thread(() =>
Console.WriteLine("BunonsAeTca B noToke, id: {@}",
Thread.CurrentThread.ManagedThreadId));
tl.5tart();
Console.WriteLine({"rnaenwit noTok, id: {8},
Thread.CurrentThread .ManagedThreadId);
}

Tenepp B  BBIBOAE MNpOrpaMMbl  OyJeT TakkKe MPUCYTCTBOBATH
UIEHTU(PUKATOP TOTOKA:

I'maBHBIN MOTOK, 1d: 1.

Brinonusercs B motoke, id: 3.

3. MeTonuka 1 NOPSA0K BBITOJHEHUS pabOTHhI

1. CozpaiiTe KOHCOJIBHOE MPUIIOKEHUE U PEATN3YHTE IPUMEP PEILEHUS
3a71a4¥ C UCIOJIb30BAHUEM ITIOTOKOB.

[Ipumep pemieHus 3a1auu:

PeanuzoBaTh BbINOJSHEHUE JTAOOPATOPHOM pabOTHI Il METOAA IMOMCKa
MAaKCHUMAJIBHOTO 3JIEMEHTA B MACCUBE CITyYalHBIX YUCEI.

Pemenue npumepa:

1.1. Peaymzyem MeToJ mMOMCKa MaKCUMAJIbHOTO »JJEMEHTA B MAaCCHUBE

city4yaiHbIX yncen (puc. 5.1):
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static void CalcMax()

{

int threadld = Thread.CurrentThread.ManagedThreadId;

Console.WriteLine("MNorox {8}. Compamue maccusa...", threadId);
int N = 18;
int[] mas = new ink[N];

Console.Writeline("MoTok {@}. WMHHMuwanizaywA anemenToB Maccuea...", threadId);
Random rnd = new Random(threadId);
for{int i = 8; i < mas.Length; i++)

{
¥

mas[i] = rnd.Next(1868);

Console.Writeline("Motok {@}. Mowmck makcwMansHoro anemenTa..."”, threadld);
int max = mas[0]:
for {int 1 = 8; 1 < mas.Length; i++)

{

max = {mas[i] > max} ? mas[i] : max;

¥

Console. Writeling{ "Movok [0} . Maxcumanbiiun baement = {117,
threadld,
max);
¥

Pucynok 5.1 — MeTtoj nmorcka MakCMMaJIbHOTO 3JIEMHTA B MAaCCUBE
CIIy4alHbIX

YHUCCII.

1.2. Peammsyem ¢yHknuo Main ¢ HCIOJIb30BaHUEM MAacCHBa ITOTOKOB,
KKl M3 KOTOpbIX OyJeT paboTaTh CO CBOEM KOINMUEH CIy4yallHOro MacchBa

(puc. 5.2).

static void Main(string[] args)

i
Action method = CalcMax;
Thread[] tmas = new Thread[20]; // 28 notokoe
for (int 1 = @; 1 ¢ tmas.Length; i++ )
1
tmas[i] = new Thread(CalcMax);
tmas[i].Start();
}
Console.Readkey();
}

Pucynok 5.2 — Meton Main 1 co3gaHusi MHOXKECTBA
IIOTOKOB.

1.3. 3anyctute npunoxenue, [lonpoOyiTe U3MEHNUTh 3HAYEHUSI KOJIMYECTBA
MOTOKOB U pa3mep MaccuBa. OOpature BHUMaHHE Ha BBIBOJ UH(OpPMALIUU O XOe

BBITIOJIHCHUA PCUICHUA 3aaa4u.
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2. CozpmaiiTe KOHCOJIBHOE TPWIIOKEHHE C HCmoib3oBanneM MS Visual
Studio.

3. PeanusyiiTe MeToj AJig 3amycKa B OTJEILHOM MOTOKE (B COOTBETCTBHUHU C
WHIUBUyallbHBIM BapuanTtoMm). Co3maiiTe aeneraTr ajis NPEACTaBICHHUS METOJa
(ecnu TpeOyeTcs).

4. B ocuoBHOU mporpamme (dyHkuus Main( )) peanusyite co3maaHHe
MaccuBa IMOTOKOB (pa3Mmep OIpeAeNiuTe CaMOCTOSITENIbHO). 3TeM 3allyCTUTE BCE
AJIEMEHTHI MaccHBa (TOTOKHM) HA BHITIOJTHEHUE.

5. MeToa, BBINOJHSIOMIMKCS B MapauIeNIbHBIX MOTOKAX JIOJKEH BBIBOAUTH
MH()OPMAITHIO O XOJIE CBOETO BBITIOJHEHUSI B KOHCOJIb MPUIIOKECHHS.

NHnuBuayanbHOE 3aaHue.

Bapua Meton nis
HT peanuzaiuu
1 MeTo BBIYUCIICHHS CPEeTHEr0 apu(hMETUYECKOTr0 AJIEMEHTOB MacCHBA.
2 MeTtoa norcka MakCUMaIbHOIO 3JIEMEHTA B MAaTPUILIE.
3 Merton npeobpa3oBaHus MATPHUILHI CITYYAMHBIX YHCEIT: KaXKIbIN
AJIEMEHT
3aMEHSETCS] KOCHHYCOM JJIEMEHTA MaTPULBI.
4 Meron nopcyera KOJIMYECTBA YETHBIX 3JIEMEHTOB B MATPHIIE.
5 Meton BBIYMCIEHUSA CKAJISAPHOIO IIPOM3BEIACHUS JBYX
CIIy4aHBIX
BEKTOPOB.
6 Meton pacdyera MOJyJIsl CIy4allHOTO BEKTOPA.
7 Meron npeoOpa3oBaHUsl MATPHULBl CIy4YallHBIX YHUCEIN:
YETHBIC
AJIEMEHTHI 3AMEHSIOTCS TAHT€HCOM 3JIEMEHTA MaTPUIIBL.
8 Meron noacyera KOJIMYECTBA YUCEN, KPATHBIX 3, B MACCUBE
CIIy4anHbIX
quced.
9 MeTox BBIUMCIEHUS CTATUCTUKH (KOJIMYECTBO JUISl KAKIOTO
BXOJISIIIETO
CHUMBOJIa) 10 CTPOKE.
10 Merton BBIUMCIEHNS CTATUCTHUKU T10 CIIy4YaiHOMY MAacCHBY
(KOTM4YECTBO
AJIEMEHTOB JIJIsl KaX/10I0 3HAaUEHHsI MACCUBA).
11 Meron mnpeoOpa3oBaHUs MaTPHIbl CIy4YaWHBIX YHUCEN:
HEYETHBIE
AJIEMEHTHI 3aMEHSIOTCS — 1.
12 MeTton rnoucka cpeHero apupmMeTu4ecKoro JIeMEHTOB MATPHUIIBI.
13 Meton BBIYMCIIEHUS MUHUMAJIBHOTO 3HAYEHUS B MaTpULEe
CIIy4alHBIX
qyuces.
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14 Merton pacdyeTra CyMMBI 3JIEMEHTOB MAacCHBa CIIYYalHBIX YHACEIL.
15 Meron mnpeoOpa3oBaHMsl MaTpPULIBl CIYYallHBIX YHCEI:
AJIIEMEHTBI
KpaTHbIE 3 3aMEHSIOTCS Ha KBaJAPaT COOTBETCTBYIOIIETO 3JIEMEHTA.
16 Merton BeruucieHus Ghakropuaia yucia.
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17 Merton nipeobpa3oBaHusi MATPHUIIBI CAYYAMHBIX YACEIT: KA bl
JJIEMEHT
3aMEHSETCS] CHHYCOM 3JIEMEHTA MATPHUIIBL.

18 Meton mnpeoOpa3oBaHUsl MATpPULBI CIy4YallHbIX YHUCEIN:
YETHBIE DJIEMEHTHI 3aMEHSIOTCS CYMMOM
KOCHHYCa " CHHYyCa

COOTBETCTBYIOILETO WIEMEHTA MAaTPULIBI.

19 Merton mnpeoOpa3oBaHHs MaTPHIBl CIyYaWHBIX YWCEN:
HEYETHBIE DIIEMEHTHI 3aMEHSFOTCS CyMMOM
TaHTeHCa " KOTaHTEHCa

COOTBETCTBYIOIIETO AIEMEHTa MaTPHUIIbI.

20 Merton BBIUMCIEHHS] CTATUCTHUKY IO CIy4alHOM MAaTpHIIE
(KOJIMYECTBO
3JIEMEHTOB JUJISl KAKJIOT0 3HAYEHUSI MAaTPHULLBI).

21 MeTO)I moacdeTa KOJHNYECTBA UYCTHBIX H©W HCYUCTHBIX
9JICMCHTOB
MaTpPHIIbL.

22 Meton  BBIUMCIEHHS CTAaTUCTUKHM 1O  TPEXMEPHOMY
MacCHUBY
(KOJTMYECTBO AJIEMEHTOB JIsl KaKJ0TO 3HAUYCHHUSI MacCHBa).

23 Meton npeoOpa3oBaHus MaTPUIIbl CIyYalHBIX YHCEN: BCE
AJIEMEHTHI 3aMEHSI0TCS CYMMON KOCHHYCa U CHUHYCa
COOTBETCTBYIOILIETO JIEMEHTA

MaTpPHUIIBL.

24 MeTton  BBIYUCICHHS CpeIHEro  apuMeTUYeCKOro
TPEXMEPHOTO
MAacCCHBa CITyYalHbIX YUCE.

25 MeTo 1 BEIYUCIICHUS CYMMBI JIBYX MaTpHIL.

4. Borpocsl [71s1 3a1TUTHI paOOTHI

1. B xaxom mpocrtpaHcTBe uMeH ompeaernieH kinacc Thread? INosicaute
Ha3HauyeHue kiacca Thread.

2. Kak nony4yuTh HACHTU(PUKATOP TEKYILIErO MOTOKA?

3. Kakoii MeTo1 OCYIIECTBISIET 3aIlyCK METO/Ia Ha BBIMOJHEHHUE B IOTOKE?

4. JIns uero HEOOXOIUMBI JIeJIeraThl PH UCoab30Banuu kinacca Thread?

5. Kak opranu3oBaTh HECKOJIbKO TOTOKOB B Iporpamme?
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JIABOPATOPHA PABOTA 6. IIEPEJIAYA JJAHHBIX IIOTOKAM

1. Llens u conepxanue

[lenp naGopaTopHOil pabOTHI: HAYYUTHCS CO3/AaBaTh MHOTOIOTOYHBIC
OPWIOKEHUST C BO3MOXKHOCTBIO TIEpeJayd MapaMeTpoB B  MapajuieIbHO
BBITIOJTHSIEMBIE TTOTOKH.

3agaun 1a0opaTOpHON PabOTHI:

— U3YYUTh MEXAHW3M Iepeaaur MapaMeTPOB B MOTOK;

— HAYYUTBCS peliaTh MPaKTUYECKUE 3aJja4H C HCIOIh30BAHUEM TOTOKOB C
napameTpamu;

— U3YYUTb BO3MOJKHBIC MCTOJbI IICPCIa4Hr IapaMCTpPOB.

2. Teoperudeckoe 000CHOBaHUE

[lepenaBaTh TOTOKY KakKWe-TO JaHHBIE MOXHO JBYMS CIIOCOOaMH: B
koHcTpykTope Thread ¢ momomeio aenerata ParameterizedThreadStart muGo 3a
CUET CO3JIaHusl CIEIUAIBLHOTO Kiacca U OMpEeNeNICHUsI METo/1a MOTOKa Kak MeTojAa
DK3EMIUISIPA, YTO TMMO3BOJUT WHUIIMAIU3UPOBATh JaHHBIC SK3EMIUIApa TEpen
3aIlyCKOM IOTOKA.

Jlyis mepenayu JaHHBIX MOTOKY HEOOXOAMM KaKOM-TO KJIacC WIH CTPYKTYpa,
rie Obl MOXKHO OBIJIO COXPaHWTh JaHHBIE. B paccmaTpwBaeMOM TIpHMeEpe
ompenensieTcss CTpykTypa Data, kKoTopas COIEpXHT CTPOKY, HO B TPHUHITUIIE

nepeaaBaTh MOXKHO JIF0O0H OOBEKT:

public struct Data

1
¥

public string Message;

B cnydae npumenenust aenerara ParameterizedThreadStart Touka Bxona B

NOTOK JIOJKHA 00513aTeIbHO TPUHUMATh TapaMeTp TUIa object U BO3BpallaTh
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void. OOBEKT MOKHO MPUBECTH K HYKHOMY THIly. Hanpumep, HIKe oKazaHo, Kak

BBIBECTH HA KOHCOJIb COOOIIEHHUE:

static veid ThreadMainWithParameters(object o)

Data d = (Data)o;
Console.Writeline("BunonnAeTcs B noToke, nonydyedo {8}1", d.Message);

¥

B xonctpykTope kinacca Thread MOXKHO Ha3Ha4YMTh HOBYIO TOYKY BXOJa
ThreadMainWithParameters u BbI3BaTh MeTOon Start (), mepeaaB emy

nepemMeHnyto d:

static woid Main()

1
var d = new Data { Message = "Info” };
var t2 = new Thread(ThreadMainWithParameters);
t2.5tart(d);

}

Hpyrum crocoOoM Ui TepeAadd JaHHBIX HOBOMY IIOTOKY SIBJISCTCS
onpenenenne kiacca (Hampumep, MyThread) ¢ HeoOXoaMMBIMU TIOJISIMH, @ TAKKE

IJIaBHOI'O MCTOAA ITOTOKA KaK MCTOda 3K3CMILIIpPaA 9TOI'0 Kilacca:

public class MyThread

i

private string data;
public MyThread(string data)

1

this.data = data;

public void ThreadMain()

1
}

Console.WriteLline("BwnonnseTca & noToxke, data: {8}", data);

}

B sTtom ciydyae MoxHO co3nath 00beKT kiaacca MyThread u mepenats ero u
meroa ThreadMain ( ) xoHcTpykTopy kiacca Thread. Tlotok cmokeT mosy4arb
JTOCTYM K JTAaHHBIM:

static void Main()

{

var obj = new MyThread("info");
var t3 = new Thread(obj.ThreadMain);

3. Meroauka u IOPSIOK BBITIOJIHEHUS paOOTHI
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1. Co3naiite KOHCOIBHOE MpuUiIokeHue B cpeae MS Visual Studio.

2. C IMOMOMIBIO MMAaPaMETPU3NPOBAHHBIX ITOTOKOB BBLIIIOJHUTC PCHICHHC

3aJ1a41 B COOTBCTCTBUH C MHAUBUAYAJIbHBIM BApUAHTOM.

NuauBuayanbHOE 3a/1aHUE.

Bapua Pemaemas 3agaua (pe3ynbTar METOA) Bxonnbie mapameTpsl
HT
1 Mertox HaxoAMT IOJMHOYKECTBO JJIEMEHTOB JIBa mapamerpa:
MAacCHBa CIIy4allHbIX YKCEJI, KOTOPbIE pa3mep MaccHBa,
OTJIMYAIOTCS OT 3aJ]aHHOTO
yucia He 0osee ueM Ha 4. 3HA4YEHOE
YUCJIO
2 Meroag HaxXOOUT JIOTMUECKOE 3HAYCHUE, JBa mapamerpa:
YKa3bIBarolee CTpOKa
CYILIECTBYET JIM 33/IaHHBIM CUMBOJ B CTPOKE 1 UCKOMBIH CUMBOJI
3 Metonq HaxXOOWT [Ba 4YHCIAa — MaKCUMAaJILHBIE JIBa
AJIEMEHTHI
MacCHBa CIIy4alHbIX YHCEIL. rnapaMmeTpa:
pa3Mepbl MaCCUBOB
4 Meron  HaxoIWUT  CKaIgpHOE  IPOU3BEICHHE Onun
JBYX
CIIy4allHbIX BEKTOPOB. napamerp:
pa3Mep BEKTOPOB
5 Meron HaxXOIUT CyMMY ABYX MaTpHL CIIy4alHbIX YUCEI [IBa mapamerpa:
pasmep
MaTpuIl
6 MeTtoa HaxXOIUT KOJIMYECTBO BXOXKICHHUU JIBa
3aJIaHHOTO AJIEMEHTA B MaTPHUIIE BEIIECTBEHHBIX
qucel lapamMerpa.
Marpuna H
LIEJIEBOM
3JEMEHT
7 MeTox HaxXOAUT PE3YyJbTAT CIOXKEHUS ABYX Onun
CIIy4aHBIX
BEKTOPOB LEJBIX YNCEI napamerp:
pa3Mep BEKTOPOB
8 MeTtonq HaxXOOUT KOJHMYECTBO BXOXKICHUI JIBa mapameTpa:
3aIaHHOTO CTpOKa
CHMBOJIa B CTPOKE U LIEJIEBOI CUMBOJI
9 Meton HaxXOAWT MOJMHOYKECTBO YETHBIX JIBa mapamerpa:
AJIEMEHTOB pasmep
MaTPHULBI CIYYANHBIX YHCEI MaTpULbI
10 Metoa HAXOAUT CTATUCTUKY MacCUBa CIyYalHBIX LIEITbIX Onun
YyHhCcell: CINUCOK Tmap (YHUCIO MaccuBa,
KOJINYECTBO rapameTp: pa3mep
BXOKJICHUI ) MAacCUBa
11 Meton BO3BpamiaeT JOrHYECKOe 3HAUCHHUE, Ba
YKa3bIBAIOIIEE CYLIECTBYET JIM 3aJaHHBIA 3JIEMEHT B
MaTpHIE YHCEeT rapamMerpa: MaTpuna
double u
HWCKOMBII
3JEMEHT
12 Meton HaXOAUT CYMMY 3JIEMEHTOB MAaTpPHIIbI JIBa mapamertpa:
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LEJIbIX pasmep
CIIy4YalHBIX YUCEN MaTpUIbI
13 MeTton HaXOAMT  pa3HULy  MaKCHMAaJIbHOTO y JlBa mapamertpa:
MUHUMAJIBHOTO 3JIEMEHTOB MATPULIbI LIETIBIX CIy4YaiHbIX pa3Mep MaTpullbl
quCces
14 MeTo HaXOAUT JJOTUYECKOE 3HAYEHHE, YKa3bIBAIOILEE /IBa napamerpa:
CYLIECTBYET JIM 3aJaHHOE YHCIO B MAacCHBE pa3Mep mMaccuBa
LIEJIBIX u
CIIy4alHBIX YUCEN HACKOMBII
JJIEMEHT
15 Meron BO3Bpallaer MaTpUlly —CIIy4aHHBIX JIBa mapamerpa:
OUTOBBIX pazmep
sHaueHui (0 wim 1), opMupyemyro cirydailHeIM 00pa3oM | MaTpHILbI
16 Merton Bo3BpalaeT CTpOKy MaKCUMaJIbHOM JUIMHBI Ha Onun
OCHOBE NIEPEJaHHOTO MaCcCUBa CTPOK
napaMmerp:

MacCHB (WU CIHCOK)
CTPOK
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17 Merton BO3BpalaeT MogMHOKECTBO JIEMEHTOB MacCHUBA Onun
CIIy4alHBIX YUCEN, KOTOPBIC JIEATCS Ha 3
rnapamMmerp:
pazmep
HCXOJHOTO MacCHBa
18 MeTton HAaXOAUT YHCIO — KOJHMYECTBO JIBa
3JIEMEHTOB
MPUCYTCTBYIOIIMX B 000X MAacCHUBAX CIIyYalHBIX YHCEI. rnapaMmeTpa:
pa3Mepbl MaCCUBOB
19 Metox HaxoguT cpenHee apupMETHIECKOE JIBa mapamerpa:
2JIEMEHTOB pasmep
MaTPHIIBI CITYYAMHBIX YHCEIL. MaTPHIIBI
20 MeTton HaxXOAWUT pe3ynbTarT IMU(POBAHUS CTPOKH: JlBa
KOKAbIA HMCXOJHBIA CHMBOJ  CTPOKM  3aMEHSETCS
muQpPOBAaHHBIM CHMBOJIOM, KOJ KOTOPOTO Ha n rnapamMeTpa: UCXoaHas
0O0JIBIlIE KOJAa WCXOIHOI'O
CHUMBOJIA. CTpOKa,
YHCJIO CIBHTA N
21 MeTton HaAXOAWUT IIOAMHOKECTBO DJIEMEHTOB Onun
MacCHBa CITy4alHbIX YHUCEI, KOTOPBIE ACTATCS
Ha 6 rapamMmerp:
pazmep
HCXOJHOTO MacCHBa
22 Mertoa HaxoOAWT CTaTUCTHKY MJIsI CTPOKH: CIHCOK Onun
nap
(CUMBOJ CTPOKH, KOJTMYECTBO BXOXKICHU) rapamMmerp:
aHanu3upyemas
CTpOKa
23 Meron HaxOJIUT  pa3HHUILY MaKCUMaJIbHOTO [IBa mapamerpa:
u pazmep
MHUHHUMAJIBHOTO JIEMEHTOB MATPHIIBI. MaTPHIIBI
24 MeTton HaAXOAWUT IIOAMHOKECTBO DJIEMEHTOB Onun
MacCHBa CITy4YalHbIX YHUCEN, KOTOPBIE SIBISIOTCS
YeTHBIMH napameTp:
pazmep
HCXOJHOT'O MacCHBa
25 MeToq HaXOOUT KOJWYECTBO HEUYETHBIX DJIIEMEHTOB JIBa mapamertpa:
B pasmep
MaTpHIIE CITyYalHBIX YUCEI MaTPHIIBI

4. Borpochl 15 3aIIUTHI PaOOTHI

1. OnumuTe BO3MOKHEIC IIyTH Mnepeaadu napaMmeTpoB B IIOTOK.
2. HO,HYMaﬁTG, MOJXHO JIKM IIepeaaTb B HCCKOJIBKO ITOTOKOB OAWH MU TOT XKC

napameTp (CchUIKy Ha 00beKT)? OTBET 00OCHYHTE.
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JIABOPATOPHASI PABOTA 7. TUTIBI TIOTOKOB. VITPABJIEHUE
ITOTOKAMU

1. Ilens u conepxanue

Lenp naboparopHOi pabOTHI: OCBOUTH MPUHIUIIBI CO3/IaHUSA U YIIPABICHUS
OTOKaMH.

3agaun 1a0opaTOpHON PabOTHI:

— HAY4YUTHCSI CO3/1aBaTh (POHOBBIE U MPHUOPUTETHBIE TOTOKH;

— HAy4YUThCs paboOTaTh C IyJIOM OTOKOB;

— HAYYHUTHCS peliaTh MPaKTUUYECKHUE 33/1a4 C UCIIOIb30BAHUEM ITyJIa

ITOTOKOB.

2. Teoperndeckoe 00OCHOBaHUE

2.1 ®oHOBBIE U TPUOPUTETHBIE TOTOKU

[Iporiecc mpMIOKEHUST TPOJOJKAET BBIMOIHATBCA JO TEX IMOp, TOKa
BBITTOJTHSIETCS XOTS ObI OJMH TIPUOPUTETHBIA TOTOK. Ecim BbIMONHSETCS Oojee
OJTHOTO TPHOPUTETHOTO TOTOKa, a Meron Main () 3aBepriaercs, MPOIECC
MIPWIOKEHUSI OCTAETCS aKTUBHBIM JI0 T€X TOp, MOKa He OyayT 3aBEpIICHBI BCE
MIPUOPUTETHBIC TIOTOKH.

[ToTok, co3naBaemsliil ¢ momoinbio kiacca Thread, mo ymonuanuio siBasieTcs
npuopuTeTHbIM. [lOTOKHM, co3maBaeMble B TMyJie IIOTOKOB, BCEI/a SIBISTFOTCS
(hOHOBBIMH.

[Ipu co3ganum motoka ¢ momotisio kinacca Thread MokHO ykaszath, KakKUM
JOJDKeH OBITh MOTOK — MPHOPUTETHBIM WKW (POHOBBIM. {11 3TOro HEOOXO0IUMO

yCcTaHOBUTH cBoOMcTBO IsBackground.
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Paccmotpum npumep (puc. 7.1). BeiBoa JaHHOM mporpamMMbl MpeacTaBlICH

Ha puc. 7.2(a).

static void Main(string[] args)

i
Console.BackgroundColor = ConsoleColor.white;
Console.Clear();
Console. ForegroundColor = ConsoleColor.Black:
Console.WritelLine({"Motox Main zamywen™);
Thread th = new Thread(
() ={
Console.Writeline("MoTok MyNewTread sanywer™);
Thread.Sleep(2@08};
Console.Writeline("NoTok MyNewTread ocTadoBned”);
n
{ IsBackground=false, Name ="MyNewTread™ };
th.start();
Console.WriteLine("MoTox Main ocTanosnen™):
}

Pucynok 7.1 — IIpumep ycTaHOBKH THIIA TIOTOKA.

oror HyHeuTread ocTamoBAsH
A NPONDAREHWA HAMMHTE ANGYUN KAIDHUY . .

a

)

B CAWindowsisystem3Zomd. cxe

ntok Hain aanyuen
lotok Main octaHosaewn
oror HyMeuTread sanywen
A NPON0AACIMA HAKMHETE AMGYS KAADHUY . . -

6
)

Pucynox 7.2 — BeiBox iporpammsr: a) IsBackground=false; 0)

IsBackground=true.

Ecan wu3meHuThH KOO IporpamMmbl W YCTAHOBHUTH CBOMCTBO IIOTOKa

IsBackground B 3Hauenmm paBHOE true, TO BBIBOJI MPOTPAMMBI HU3MEHUTCS

(puc. 7.2(6)). B nepBom cinyuyae motok MyNewThread siBisieTcsi mpuoOpUTETHBIM,

BO BTOpOM — (poHOBBIM. [ToTOK Main He 0kuaer 3aBepiieHrus: OHOBBIX MOTOKOB.

2.2 IIpuopureTbl TOTOKOB
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3a [IaHUPOBAHUE TMOTOKOB OTBEYAE€ OINEpallMOHHAsl CHUCTEMA, HO
MIPOTPAMMHUCT MOKET BIUATH HA 3TOT MPOIECC, Ha3HAYasl MOTOKA M MPUOPHUTETHI.

OrnepanvoHHasi cCUCTeMa IMUIAHUPYET BBHIMIOJIHEHUE MOTOKOB HA OCHOBE MX
npuopuTeTOoB. 1I0TOK ¢ HAMBBICIIMM MPUOPUTETOM HAYMHAET BBINOJIHATHCS B LII1
nepBeiM. [loTok mpekpamiaer BbimojHeHWe u ocBoOoxmaer LI, ecnu emy
TpeOyeTcsl OKHJIaHne KaKkoro-To pecypca. EcTh HeCKOIbKO MPUYMH TSl TIepexo/ia
NOTOKa B pEXUM oOxuaaHus. Hanpumep, 3TO MOXKET NPOUCXOIUTh H3-32
MOJTyYEHHUs] KOMaH/Ibl Ha 3achillaHue, U3-3a HEOOXOAUMOCTH OKUJIaTh 3aBEpIICHUE
JIMCKOBBIX ONepaluii BBOJIa-BbIBOJIa, MOCTYIUICHUE CETEBOrO Makera u T.n. Ecnu
nmoTok He ocBoOoxmaeT I[III camocTosiTeIbHO, €ro BBITECHSET IUIAHUPOBIIUK
MOTOKOB. Eciaum mOTOK w#MeeT BBIACICHHBIM KBAaHT BpPEMEHHU, OH MOXKET
ucrnonb3oBath [III HenpepblBHO. Eciy BBINOTHSAETCS HECKOJIBKO TMOTOKOB C
OJIMHAKOBBIM MPUOPHUTETOM, KAXKBIM U3 KOTOPHIX OXKUJAET MOJYUYEHHUS JTOCTyNa K
I, nmaHUPOBHIMK MOTOKOB MPUMEHSIET AJITOPUTM KPYTOBOTO OOCITY>KHWBaHWS,
npenocrasisiss 3TuM notokam pocryn K LI mo ouepenu. B ciiydae BeiTeCHEHUS
ITIOTOK ITOMEIAETCS B KOHEL] OYEPEH.

B kmacce Thread 6a3oBbIii MpUOPHUTET TOTOKA YCTAHABIMBACTCS B CBOMCTBE
Priority. JlomycTtumble 3HaueHusl omnpejaesieHbl B nepeuuciienud ThreadPriority.
OTU 3HAUYEHUS MPEJCTABIISIIOT PA3UYHbIE YPOBHU MPUOPUTETA M BBITJISIAT
cneayromuMm oopazom: Highest, AboveNormal, Normal, BelowNormal u Lowest.

[Ipu Ha3HaYEeHHH MOTOKY 0OJiee BHICOKOTO IPUOPUTETA CIAEAYET COOM0IaTh
OCTOPOKHOCTh, TTOCKOJIBKY ATO YMEHBIIIAET IIAHCHI HA BBIMOJHEHUE IS JPYTUX
NOTOKOB. Eciii 3TO HAcCTOSITENIbHO HEOOXOIUMO, TO Jy4Ille U3MEHSATh MPHUOPUTET

TOJIBKO Ha KOPOTKOC BpPCM:I.

2.3 CocTosTHUS TTOTOKOB

IToTok co3maercs 3a cuer BbIzoBa Meroda Start () oobekra Thread. OmgHako

rociie BbI30Ba MeTojia Start( ) HOBBIM MOTOK BCE €Il€ MPEeObIBA€T HE B COCTOSHUU
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Running, a B coctostanm Unstarted. B cocTostare Running moTok mepexoaut cpasy
MocJie TOTO, KaK IMJIAaHUPOBIIMK IMOTOKOB OMEPAIMOHHON CHUCTEMBI BBIOEPET €ro
i BeImoiaHeHus. MHbopMaius 0 TeKymeM COCTOSIHMM MOTOKa JOCTYITHA 4Yepe3
cBoiicTtBo Thread.ThreadState.

C nomomipio Metona Thread.Sleep( ) mOTOK MOXKHO TIEPEBECTH B COCTOSTHUE
WaitSleepJoin u npu 3ToM ykazarh, yepe3 KakoOil MPOMEXKYTOK BPEMEHHU IOTOK
JIOJIKEH BO300HOBHUTH paboTy. UTOOBI OCTAHOBHUTH MOTOK, HEOOXOJUMO BBHI3BAThH
meron Thread.Abort( ). IIpu BeI30BE 3TOro MeTO/a B COOTBETCTBYIOIIEM ITOTOKE
reHepupyertcs uckiaoueHue tuna ThreadAbortException.

B cnyuae ecnu y1st 3TOro UCKIIOYEHUs MPEAYyCMOTpeH 00paboTUuK, mepen
3aBEpIICHHEM IMMOTOK CMOXET BBIIOJHUTH HEOOXOJMMbIE OMEpalié MO OYHCTKE.
UtoObl TPOMOJDKUATH  BBHIMIOJHEHWE TIOTOKA TIOCJIE BBIIAYM  UCKIIOUCHUS
ThreadAbortException, cinenyet Boi3BaTh MeToA Thread.ResetAbort( ). CocTosinue
MOTOKA, TMOJIYYaloIIero 3ampoc Ha HEMEUICHHOE MpeKpalieHue, U3MEHSETCS ¢
AbortRequested Ha Aborted, ecii MOTOK HE TPOU3BOAUT COPOC.

Ecimn HEoOXomaMMo MOXUIAThCs 3aBepIICHHs pPabOThl IMOTOKA, MOXKHO
BbI3BaTh MetTon Thread.Join( ). DTor Meron OJOKMpYyeT TEKYyIIMH TIOTOK H
nepeBoauT ero B cocrosiuue WaitSleepJoin o tex mop, moka He OyJeT 3aBepIlieH

IIPUCOEIUHEHHBIN K HEMY TTOTOK.

2.4 Tlynpl TOTOKOB

Coznanue moTokoB TpeOyeT BpeMeHH. Ecim ecTh pas3inyHble KOPOTKHUE
3a/layy, MOJJIeKAIlUE BBIMOJIHEHUIO, MOXKHO CO3/1aTh HA0Op MOTOKOB 3apaHee U
3aTeM IMPOCTO OTIPABIATH COOTBETCTBYIOIIUE 3aMPOCHI, KOTJa HACTYIAET OYEPEib
JUTSL KX BBITIOJTHEHUS.

Ha mpaktuke yacto Tpebyercs, yToObl B 3aBUCMMOCTH OT MOTPEOHOCTU
KOHKPETHON 3aJaud KOJUYECTBO MOTOKOB YBEIWYUBAIIOCH M YMEHBIIAIOCH

aBTOMAaTHYECKU. Peann30BBIBaTh MOJ00HOE MOBEACHHUE IPOTrPAMMHUCTY
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CaMOCTOATENLHO HE TpeOyetcs. st ynpaBieHus] TaKUM IMOBEICHUEM TIOTOKOB B
NET Framework npenycmotpen kiacc ThreadPool (knacc myna noTokos).
3HaueHUE MAaKCUMAJIbHO JOIyCTUMOTO KOJIMYECTBA MOTOKOB B ITYJIE€ MOXET
u3MeHsThcs. B cimydae nBysaepHoro LT oo mo ymomuanuto coctaisier 1023
pabounx moTokoB u 1000 MOTOKOB BBO1a-BHIBOIA.

MOXHO yKa3bIlBaTb MUHUMAJIBHOE KOJIMYECTBO MOTOKOB, KOTOPHIE JTOIKHBI
3alyCKaThCsl cpa3y IMOCJE CO3AaHus Iyjia, U MAaKCUMAJIbHOE KOJUYECTBO MOTOKOB,
JOCTYMHBIX B myse. Eciau octanuch kakue-To mojjiexkaiire oopaboTke 3aaHusl, a
MaKCUMaJIbHOE KOJMYECTBO TOTOKOB B TyJie YK€ JOCTUTHYTO, TO 00JIee HOBBIE
3a/1aHus OyIyT MOMEIIAThCS B 0U4epe/lb U TaM OXKUJIaTh, MOKA KaKOW-TO U3 TOTOKOB
3aBEPIIUT CBOIO padoTy.

PaccmoTpum mpumep myJsia MOTOKOB Jyisi 0OpaOOTKH 3JIEMEHTOB MacCHUBA.
Kak Tonbko ouepegHONl sJeMEHT J00aBiseTcss B MacCuUB, B IIyJ ITOTOKOB
no0aBisieTcs HOBas 3a1a4a (1711 00paboTKH JOOABIEHHOTO DJIEMEHTA).

Ha puc. 7.3 npencraBiieH Kiacc, KOTOPbIA OMKUCHIBAET 3JIEMEHTHI MAaCCUBA.

Knacc 3neMEHTOB MaccHBa
ki

n 92

L |

@
ata - uenoe YWCORo
1]

act - gaxkTopwa

public class

{
public int Data;
public long Fact;

]
| 3

Pucynok 7.3 — Knacc-snemeHT
MaccHBa.

Pa3paboraem kiacc, KOTOpBIA IO3BOJUT XPaHUThb MAacCHB 3JIEMEHTOB,
n00aBIATh >MeMeHThl Tuna Massltem B MaccuB W 3amyckaTh MOTOK OOpabOTKH

AJIEMEHTa MacCHUBa C IIeJIbI0 BEIYUCIICHUS (pakTopuaia uyucia (puc. 7.4).
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Lsummary »

Knacc maccHea. Yepes Hero npowIasoanTCA
AoGEBNEHHNE INEMEHTOR B MaCCHB W Fanyck
3afa4 B8 nyne nOoTOKOE

<fsummary »

public class MassData

i

private ListcMassItemd» massive;

1 referende

public MassData()

{
}

massive = new List<MassItem>(189a);

1 referenoe
public void Add({MassItem newElement)

{

1

if (newElement.Data < 1) newElement.Data - 1;

f/ Aobagnaed INEMENT B MaccHB

massive.Add{newElemant);

lll'!'
¥ Jamyckaes Iafadvy obpaboTeEM INEMEHTE (BWHMCNEHWE HIZKTOpWANa) .
* 3agava npegcTaEneHa B BMEE NAMOLA-BHpaKeHnRA

T

ThreadPool.QueuelserdWorkItes(MethodForThread, newtElemant);

A csummary >

A7 MeTop 3aNYCKAETCA np GoBaBneHWM INSMEHTE B MaCcCHB
A of summary

{1 <param name="ob"*HoBWR anemeHT</ param>

I referenos

protected static wvoid MethodForThread{ocbject ob)

{

MassItem item = (MassItem)ob;

int F = item.Data;

Conzole.WriteLine{"Motox {8}. Mony4en HoBwmA 3nement {117,
Thread .CurrentThread. ManagedThreadId,
item.Data):

long Factorial = 1;

while (F > 1)

{

Factorial *= F;
Thread.Sleep(l188); // 3agepsxa

Console.WriteLine{ ™ Norox {8}. Bwyuchewse! GakTopwan ov {1} pasew {2},
Thread.CurrentThread . ManagedThreadld,
item.Data,
Factorial);
F==;
}

item.Fact = Factorial;

Console.WriteLine( "Novox {@}. Buvncnewwe 3asepuwenn! Caxtopwan ot {1} pasen {2}°,
Thread.CurrentThread . HanagedThreadId,
item.Data,
item.Fact);

Pucynok 7.4 — Knacc qj1st paboThI €
MaCCHBOM.
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Peanuzyem dynkmmro Main( ), B koTopoit mpousBoautcs godasaenue 1000

CITy4alHbIX AJIEMEHTOB (puc. 7.5).

static void Main(string[] args)

{
.BackgroundColer - ConsoleColor.White;
....... Clear();
Console.ForegroundColor = Consolelolor.Black;

int MaxWorkThread;
int MaxIOTread:
Pool.GetMaxThreads (out MaxWorkThread, ocwt MaxIOTread):

Console.Writeline("MakcumancHoe koAndecTeo pabounx novokos: [8}." +
"MaxcHMansHOE EKONMYECTED NOTOKOE ESoga-EBmsoga {117,
MaxWorkThread, MaxIOTread);

[/ Co3paem oObeKT KA3CCA-MaCCHBA M AobaBnsAem 1888 Cny4afHux IAEMEHTOE

a myData - now MassData():

Random rnd = new Random();

for (int 1 = @; i < 16888; i++t)

i
myData.Add(new MassItem() { Data = rnd.Next(18) }):

onsole.Readkey();

Pucynok 7.5 — Metoa Main( ).

BriBox mporpamMmel nokasaH Ha puc. 7.6.

MakcMMasbHOE KDAMYECTBO pasoudx notokos: 1023,
MakcHHMAABHOE KOAMYMECTEOC NOTOKOE BBOAA—BHEOna 1000
Motok 6. MNMoayyen HoBwM 3aemeHT 3

Motok 10. [loayyeH HOBWW 3AeMeHT 2

Motox 11. MoayuyenH HoBWH 3aement B

Motok 12. lMoayyeH HoOBWW 3AeMeHT 1

Motok 12. Bwuumcaenwe sasepueHo?! PaxkTopudan or 1 pasen 1
Motok 12. MoayyeH HoBLKW 3AeMeHT b

Notok 6. Buwumcaenue? Paktopuasa otr 3 paseH 3

Motox 10. Bwuucaenwe?! Paktopuasn or 2 paeen 2

Motok 10. Bwuumcaenwe sasepueno?! Paktopuwan or 2 pasen 2
Motok 10. [loayyeH HOBWW 3AeMeHT 2

Motox 12_. Buuucaenwe! PaktopHasn ot 6 paeeH b

MNotok 11. BwuumcaenHue? Paxktopuasa or 8 paseH 8

Motok 10. Bwuumcaenuwe? Paktopuaa or 2 paseH 2

Motok 10. Buwuumcaenwe sasepueno?! Paxtopuwan or 2 pasen 2
MNotok 10. lMoayyeH HOBLW 3IAEMEHT 7

MNotox 6. Bwuumcaenuwe?! Paxtopuasn or 3 pasen 6

MNotok 6. BuwumcaenHue 3asepuweHo! PaxkTtopuasa or 3 paseH b
MNotok 6. lNoayyeH HOEWM 3AeMeHT 7

Motok 12. Bwuumcaenwe?! Paxktopuaa or 6 pasen 30

Motok 11. BwuumcaenHwe?! Paktopuasa or 8 paseH 56

Motok 10. Bwuumcaenuwe?! Paktopuaa or 7 paseH 7

MNotok 6. Bwumcaenwe? Paktopuan or 7 pasen 7

Motox 12. Buwuncaenwe?! Paktopuasa ot 6 paged 120

Pucynox 7.6 — PesynbTat paboThl
IPOTPaMMBI.

N3yunte npencraBieHHbIA Koa TIpwioxkeHus. HMccimenyire noBeneHue
MporpaMMbl TPU HW3MEHEHUW BPEMEHU 3aJIEP)KKM B (DYHKIIMM BBIYUCICHUS
daxTopuana. ChaenaiiTe BBIBOJA: KaK MEHSETCS paboTa MporpamMMbl OT U3MEHEHHUS

BPCMCHU 3aACPIKKH.
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3. MeTtonuka 1 mOPS0K BBITIOTHEHUS PaOOTHI

1. Co3paiiTe KOHCOJBHOE MPHUIIOKEHHE.

2. PaszpaboraiiTe Kmaccel I pEIIEHUS 3aJadyd B COOTBETCTBUHM C

WHAWBUAYAJIIBHBIM BapUAaHTOM C HCIIOJIb30BAHUCM IIyJla IIOTOKOB. B Ka>XJ10M

3aJaHuNn H€O6XOI[I/IMO pa3pa60TaTb KOJUVICKOHWUIO 3JJICEMCHTOB 3aJaHHOI'O THUIIA H

KJIacC JJIsS YIpaBJIEHUS KOJUIEKIHMEH, OCYLIECTBISIOMUNA 00pabOTKy 3JIeMEHTa C

HCIIOJIB30BAHUCM ITyJIa IIOTOKOB.

3. B anroput™me pelieHus 3afadd NpeSyCMOTPUTE 3aACpPAKKY aIrOpPUTMA C

ucnonb3oBanuemM meroaa Thread.Sleep( ).

4, CﬂenaﬁTe BBIBO/I: KaK MCHACTCA IMOBCACHHUC IMPOTpaMMBbI ITPH U3MCHCHUU

BpEMCHU HCKYCCTBCHHOﬁ 3aACPKKHU AJIr'OpUTMaA.

NunuBuayansHOE 3a1aHKE.

Bapua 3amaua, pemaemast ¢ UCIIOJIb30BaHEM ITyJIa TIOTOKOB Tum
HT (meTon 3JIEMEHTA
00pabOTKH dJIEMEHTA) KOJUICKIIUN
1 Metox HaxogUT cpeaHee apu(PMeTHUIECKOe >JIEMEHTOB Knacc  ompenpensier
MaTpPHULbI CTyYalHBIX YHUCEN. MaTpHUILy
(pa3mep BbIOMpaeTCs
CITy4aitHBIM 00pa3om)
2 Metox HaxomuT pe3ynbTaT MM(POBAHUS  CTPOKH: Knacc mnpencrasnser
KOKIBIA HMCXOMHBIM CHUMBOJI CTPOKH 3aMEHsieTca | mapy CTpOK:
MUQPOBAaHHBIM CHUMBOJIOM, KOJ KOTOPOro Ha n 0oJjblle HCXOJIHAs u
KOJIa UCXOJTHOTO CHMBOJIA.
mudpoBaHHAS
(ucxomHas 3a1aeTCs B
KOHCTPYKTOPE)
3 MeTox HaxOAWT MOJMHOXECTBO DJIEMEHTOB Knace
MaccHBa CITy4alHBIX YHCEN, KOTOPbIE IESATCS
Ha 6 MPE/ICTABIISIET MACCUB
CIIy4aiHBIX
YHCell,
cIy4alHOro pasmepa
4 MeTo HaxOOUT CTATHUCTUKY ISl CTPOKH: CIHUCOK Map Knacc
(CMMBOJT CTPOKH, KOJIMYECTBO BXOXKICHUIN)
MIPEJICTaBIISIET
CTpOKy (3amaercsa B
KOHCTPYKTOpE)
5 Merton HAaXOAWT  pa3HUIly  MaKCHMAalbHOTO u Kiacc
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MHHUMAJIBHOTO 3JIEMEHTOB MATPHIIbI
IIPEACTABIISACT
MaTpuIy

CIIy4aiHBIX
yuces

ClIly4yailHOro pasmepa
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MeTOI[ HaxoauT IIOAMHOXECTBO OJICMCHTOB
MacCuBa CHy‘I&fIHBIX YHUCCII, KOTOPBIC ABJIAIOTCSA
YCTHBIMH

Knacc
MPEJICTaBIIIET MACCUB

CIIy4aiHbIX
qucel

CIly4aifHOrO pazMepa

MGTOZ[ HaXoaUuT KOJIMYCCTBO HCUCTHBIX 3JICMCHTOB B
MaTpune CﬂyqaﬁHbIX YHUCCII

Knacc npencrasnser
MaTpHUIly CIIy4YaiHbIX
qucen

(pa3mep 3amaercs
B
KOHCTPYKTOpE)

MCTOL[ HaxoJguT pa3Huny MaKCHUMAJIbHOI'O u
MHWHHUMAJIBHOI'O 3JICMCHTOB MAaTpHUILblI TEJIbIX cnyqaﬁme
YHUCCII

Knacc

OIUCBIBACT MAaTPUILY
CIIy4alHBIX YHUCEIl
(pasmep
MaTpHIIBI
BbIOMpaeTcs
CITy4aitHBIM 00pa3oMm)

MeTon HaxXOOWT JOTMYECKOE 3HAYCHHE, YKa3bIBAIOLIEE
CyLIECTBYET JIM 3aJaHHOE YHUCIO B MACCHUBE LEJBIX
CIIy4alHBIX YUCEI

Knacc

OIIUCBIBACT
MacCCHUuB

CITy4YaiHbIX YHCEIT
(pa3mep maccuBa
BbIOMpaeTCs
CITy4ailHbIM

oOpazom,
HCKOMOE

YHCII0
YKa3bIBACTCS
KOHCTPYKTOpE)

10

MeToa CTpOUT MaTpHILy CITyY9alHBIX OMTOBBIX 3HAUCHUM
(0 mmu 1), popmupyemyto ciryyaitHbIM 00pa3zom

Knacc

OITUCHIBACT MATPUILY
(pasmep

yKa3bIBaeTcs B

KOHCTPYKTOPE)

11

Metoa HaXOIUT CUMBOJ CTPOKH, KOTOPBIN BCTEUAETCS
MaKCHUMaJIbHOE KOJIMYECTBO pa3

Knacc

OIUCBIBAET
CTPOKY

(cTpoka
3ajaercs

B
KOHCTPYKTOPE)

12

MeTon HaAXOOUT MOJAMHOYKECTBO DIIEMEHTOB
MaccuBa
CITy4alHBIX YUCEN, KOTOPhIE JENSITCS Ha 3

Knacc

OITMCBIBACT
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MacCHUB
13 MeTonq HaxXOOUT YHCIO — KOJIWYECTBO Kmacc ommcreiBaet
9JIEMEHTOB MPUCYTCTBYIOMINX B 000MX napy MacCHBOB
MaccHBax CIy4YalHbIX YHCeT.
(pa3mep
onpeaensieTcs
CITy4YaiiHbIM
o0Opazom,
3JICMEHTBl MacCHBa
clly4aiiHble YuCIia)

14 MeTog HaXOOHWT IIOJAMHOXECTBO DJIEMEHTOB MAacCHBa Knacc mgns ommcanms
CIIy4alHBIX YHCEJN, KOTOPhIE OTIMYAIOTCS OT 3aJaHHOTO MaccHuBa CIIy4alHBIX
yucia He OoJiee ueM Ha 4. YyceNl W 3aJaHHOTO

qyciia

15 Metoa HaXOAUT JIOTUYECKOE 3HAYEHUE, YKA3bIBAIOIIIEE Knacc
CYIIECTBYET JIU 33JJaHHBIN CUMBOJI B CTPOKE

MPE/ICTABIIET CTPOKY
n
WCKOMBIN
CHUMBOII

16 MeToa HaXOIUT ABa YUCJIa — MAKCUMAJILHBIE DJI€MEHTHI Kmacc mmsa

MacCHBa CIIyYalHBIX YHCEIL. OITMCAHUS
MacCHBa
CITy4ailHbIX

9JICMCHTOB
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17

Merton HaxoaguT CKaJISIpHOC MMPOU3BCACHUC

JBYX CIIy4alHBIX BEKTOPOB.

Kiace onuceiBaer
JBa
CIIy4aiHbIX

BEKTOpa
Pa3MEpPHOCTH Nn.

18

Meton HaxXOIUT CyMMY ABYX MaTpHI CIIy4alHbIX YUCEI

Kiace ONKCBIBAET
napy MaTpuIl
CIIy4ailHOro pasmepa,
coJiepKaInx
CIy4YaiiHbIE YHCIIA

19

MeTtonx HaxXOOUT KOIUYECTBO BXOXKIECHUH
3aJIaHHOTO AJIEMEHTA B MaTPHUIIC BEIIECTBEHHBIX
qHCell

Knacc

OIIMCBhIBACT
CIIy4YaillHyI0 MaTpHILly
u

HMCKOMOE YHUCJIO

20

MCTOI[ HaxXOoIuT pe3yJIbTaT CIOXKCHUA IBYX CHy‘I&ﬁHBIX
BCKTOPOB LCJIBIX YUCCII

Kiacc OIIACBHIBACT
napy CIIy4alHBIX
BEKTOPOB pa3Mepa n
(n 3amaercs

B KOHCTPYKTOpE)

21

MeTron HaxXOOUT KOIHUYECTBO BXOXKIECHUHI
3aJIaHHOTO CUMBOJIa B CTPOKE

Knacc

MMPEACTABIIACT CTPOKY
u
HCKOMOC
YHCJI0

22

MGTOH HaxXoauT MOIMHOXECTBO YCTHBIX
QJICMEHTOB MaTpPHUIIbL CHy‘IﬂﬁHBIX YHUCCII

Knacc

OIIMCBHIBAECT MAaTpPHILY

CIIy4alHBIX YHUCEIl
(pasmep

MaTpPHUILIbI

YKa3bIBaeTCs

B KOHCTPYKTOpE)

23

MeTo1 HaXOUT CTATUCTUKY MAacCUBa CIy4YailHbIX IEJIBIX
YHCeN: CIUCOK map (YUCIO MacCuBa, KOJIUYECTBO
BXOXKJICHUM)

Knacc

OIMMCHIBAET MATPUILY
CIIy4aifHbIX YHCel
(pa3mep
MaTpPHIIbI
BbIOMpaeTcs
CITy4aitHBIM 00pa3oMm)

24

Meron HaxoaWT pe3ynbTaT — JIOTUYECKOE 3HAYEHHE,
yKa3bIBaOIEe CYLIECTBYET JIM 3aJaHHbI 3JIEMEHT B
MmaTpuue uucen double

Knacc

OIMCBHIBAECT MAaTpPHUILY

CIIy4alHBIX YHUCEIl
(pasmep

MaTpPHUILIbI

YKa3bIBaeTCs

B KOHCTPYKTOpE)

25

MCTOI[ HaxoauT CyMMYy O3JIEMCHTOB MaTpHIbI
OCJIbIX CJ'Iy‘lB.fIHLIX YHUCCII

Knacc

ONKCHIBAECT MAaTPHUILLY
CIIy4alHBIX YUCEII
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(pazmep
MaTpHIIbI
BbIOMpaeTcs
CIIy4aiiHbIM 00pa3oM)

4. Bonpocsl 15 3aUThI pa0OThI

1. Kakue Tunel moTOKOB BbI 3HaeTe? UeM OHU OTIINYaroTCA?
2. [Ins 4ero nmpUMEHSIOTCS NPUOPUTETHI NOTOKOB? Kak 3a1aTh NPUOPUTET
MOTOKa?

3. Uro Takoe myn noTokoB? Kakoi MeTo/ 3amyCKaeT MOTOK B IyJje?
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JIABOPATOPHAA PABOTA 8. CO3JJAHUE U 3AITYCK 3AIAY

1. Llens u conepxanue

[enp mabopaTopHOi pabOThI: H3yUYNUTh MEXaHNU3M PabOTHI C KJacCaMHu 3aj1ad.
3agaun 1abopaTOpPHON PaOOTHI:

— U3YYUTh BO3MOXKHOCTH Kitacca Task;

— HAYYUTHCS CO3/1aBaTh M 3aITyCKaTh 3a/1a4H;

— HAy4UThCs paboTaTh C MacCUBaMU 3a]1ay.

2. Teopernueckoe 000CHOBAHUE

B cocraB .NET 4 BxoauT HOBOoe mpocTpaHcTBo uMeH System.Threading.
Tasks, B KoTOpoM cozep:kaTcsi Kiacchl sl abcTparupoBanus (PyHKIIMOHAIBHOCTH
notokoB. BHyTpu 3Tux kinaccoB ucnonsdyercs ThreadPool. Tlon 3amaueit (task)
NOHUMAIOT €IUHUILY TOJJIEKAIlIeH BBIMOIHEHUIO pabOThl. JTa eIuHUIA PadOThI
MOKET BBITIOJHATHCS B OTIEIBHOM IOTOKE, HO MOXKET TaKKe 3aIlyCKaThCsi B
CUHXPOHU3UPOBAHHON MaHepe, OXKWJas BbBI3BIBAIOIIETO TMOTOKa. B  ciydae
NPUMEHEHHUS 3a7[aud CO3/1aeTCsl IOTIOJHUTENbHBI YPOBEHb aOCTPAKIIMUA U TaKKe
MOSIBIISIETCS.  Macca BO3MOXKHOCTEM JJisi  YIpaBJICHUS JIeXKAIIUMU B OCHOBE
TIOTOKaMH.

3amaun  oOecrieynBalOT OOJBIIYI0 THUOKOCTh B IUIaHE OpraHU3aINH
BBITIOJIHAEMON PabOTHI.

Jlyist 3amycka 3aadd MOXKHO UCTosib3oBaTh Jubo kiacce TaskFactory, mm6o
KoHCTpykTOp Kiacca Task m wmerom Start( ). Kouctpyktop Task mpocro
MpeaoCcTaBisieT 0oJbLIe THOKOCTH MPU CO3AaHUM 3aJauH.

[Ipu 3amycke 3amaun MOKHO CO3/1aTh IK3eMIUIsIp kiacca Task n Ha3HAuMTH
BBITIOJTHSIEMBIN KOJI C UCIOJIb30BaHHEM jenerara Action unu Action<object> (T.e.

0e3 mapaMeTpoB OO C OJTHUM MapamMeTpoM Tuma object).
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B npcacCTaBJICHHOM JIMCTHHIC IIOKA3aHbI BAPHUAHTLBI 3aITyCKa 3aJa4d

(puc. 8.1).

class Progran

{

static void Main(string[] args)
{
onsole,BackgroundColor = ConsoleColor.White;
1sole,Clear();
ole.ForegroundColor = ConsoleColor.Black;

Task tl = new Task(ParallelTask);
tl.5tart();

TaskFactory tf = new TaskFactory();
Task t2 = tf.StartNew(ParallelTask);

Task t3 = Task.Factory.StartNew(ParallelTask);

Console,Readkey();

public static void ParallelTask()

{
}

ole.WriteLine("Bunonnenvwe sagauywn {0}", Task.Currentld);

Pucynok 8.1 — BapuaHnTsl 3amycka
3a/1a4.

[TepBrIii crioco0 3arrycka 3a/1ad mpeanojaraeT co3Ianue oobekTa Tumna Task
U 3amyck 3amaun meromom Start( ). o Bbei3oBa Start( ) 3amaya HaxoauTcs B
cocrostnuu Created, TO ecThb 3aJaya HE 3allyCKAeTCsl aBTOMATHYECKH IOCIIEe
co3ganus. [JJaHHBII MOAXO/ MOX0XK HAa UCIOIb30BAHNE ACUHXPOHHBIX JIEJIEraToB —
3a/laya 3alyCKaeTcsl B ACHHXPOHHOM peXuMe. 3ajadyy MOMKHO 3allyCTUTh B
CUHXPOHHOM (HENapauyieIbHOM) PEXHUME; ISl 3TOr0 HEOOXOJWMO HMCIOJIb30BaTh
meroa RunSynchronously( ) BMmecTo Start( ).

Bropoii cnoco6 mnpeanonaraer ucnosib3oBaHue oObekra TaskFactory:
co3gaHue o0ObEKTa U BbI30B MeToza StartNew( ) ¢ mapameTpoM-JeneraTom.

Tpetuii crioco0 — Be130B MeTo1a StartNew( ) uepes cBoiictBo Factory kiacca
Task.

Koncrpykropy Task u meromy StartNew( ) kiacca TaskFactory moskHO
nepenaBaTh 3HaueHus u3 nepeuncienuss TaskCreationOptions. 3a cuer nepeaauu

3HaueHusa LongRunning MoxHO MH(GDOPMHUPOBATH TUTAHUPOBILIUK 33/1a4 O TOM, UTO
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BBIMIOJIHEHHE 3a7jaud  TpeOyeT [UIMTEIbHOTO0 BPEMEHM, YTOObI OH MOT IIO
BO3MO>KHOCTH BBIJICJIUTH I HE€ HOBBIN MOTOK.

Ecnmn 3amaua momxHa OBITH NMPUCOECOUMHEHA K POAMTEIBCKOM 3amadue W,
CJIEJIOBATEeIIbHO, OTMEHATHCS B CIIy4ae OTMEHBI 3TOW POIUTENIbCKOW 3ajauwu,
HEOOXOAMMO HCIONb30BaTh 3HadeHne AttachToParent. YcranaBnmuBas 3HaueHHE
PreferFairness, MOXHO yKa3bIBaTh TUIAHUPOBIIMKY, YTO OH CHadaja JOJKEH OpaTh
3aJa4y, OKuJaromue BbinoidHeHUs. [lo ymMomyaHMIO Tak HE HPOUCXOAMT, €CIIU
3aJada Cco3/aeTcs B paMKax JApyrou 3axadd. Ecnm 3agauM mpenycMaTrpuBaroT
CO3/1aHUE JOTOJHMUTEIbHBIX €AMHUIl paObOThl 32 CYET HCHOJIb30BAHUS JOUYEPHUX
3aJa4, TO OTHU JOYEPHUE 3aJa4ydl TONY4aroT OoJiee BBICOKHI MPHOPUTET TIO
CPaBHEHHUIO C APYTUMH 33]Ja4aMH.

OHu HEe JOXKUIAIOTCS 3aBEpPILICHUS padOTHI B ouepeau myja NoTokoB. Eciu
Takhe 3a7add JIOJDKHBI 00pabaThIBaTbCS PABHOIMPABHO CO BCEMH OCTaIbHBIMU

3a/1auaMH, TIOHAI00MTCS YCTaHOBUTH 3HaueHue PreferFairness.
3. Meroauka ¥ OPSAI0K BBIIIOJIHEHHS pa0OThI
1. Co3paiite KOHCONBHOE TpUIIOKeHHE B cpee Visual Studio.

2. Peanusyiite pemieHHWe 3aJa4d B COOTBETCTBUU C WHIWBUIYaJIbHBIM

BAapUAHTOM C pUMEHeHHeM knacca Task.



58

NunuBuayansHOE 3a1aHKE.

Bapua Metoxn st
HT peanuzaiuu
1 Meron pacdera CyMMBbI 3JIEMEHTOB MAaCCHBA CIIyYalHBIX YHCEL.
Meron mnpeoOpa3oBaHMsl MATPUIIBI CIYYaHBIX YHCEI:
DJIEMEHTHI
KpaTHbIE 3 3aMEHSIOTCS] Ha KBapaT COOTBETCTBYIOIIETO AJIEMEHTA.
3 Merton BeluncieHus GhakTopuaia yucia.
4 Merton npeobpa3oBaHusl MATPHUILHI CITyYaAMHBIX YUCEIT: KaXKIbIH
3JIEMEHT
3aMEHSETCS] CHHYCOM DJIEMEHTA MATPHUIIBIL.
5 Meron mnpeoOpa3oBaHUs MATPHUIbl CIyYaWHBIX YHCE:
HEYETHBIE
AJIEMEHTHI 3aMEHSIOTCS —1.
6 MeTton noucka cpeHero apupmMeTH4eCcKOro JIeMEHTOB MATPHUIIBI.
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7 Metoa BBIYMCIEHUSI MUHUMAJIBHOTO 3HAYEHUS B MATpULEC
CIIy4alHBIX
Yyuced.

8 Meton mnpeoOpa3oBaHUsl MATpPULBI CIy4YallHbIX YHUCEIN:

YETHBIE DJIEMEHTBI 3aMEHSIOTCSA CyMMOU
KOCHHYCa 151 CUHyCa
COOTBETCTBYIOIIETO IJIEMEHTA MATPUIIBL.
9 Merton mnpeoOpa3oBaHHs MaTPHIBl CIyYaWHBIX YWCEN:
HEYETHBIE 3JIEMEHTBI 3aMEHSIOTCSA CyMMOH
TaHreHca u KOTaHI€HCa
COOTBETCTBYIOIIETO 3JIEMEHTA MaTPHIIBL.

10 Meton BBIUMCIECHHS] CTATUCTUKHU MO CIIyYaHHOW MaTpULE
(KOJIMYECTBO
AJIEMEHTOB JIJIsl K&XKI0T0 3HaYEHHUsI MATPUILbI).

11 MeTo BBIYUCIICHHSI CPETHEr0 apu(hMETHIECKOTO PJIEMEHTOB MACCHBA.

12 Metoz norcka MakCUMAaJIbHOT'O 3JIEMEHTA B MATPULIE.

13 Merton npeobpa3oBaHusl MATPUILGI CITyYAMHBIX YHCEIT: KaXKIbIH
JJIEMEHT
3aMEHSETCS] KOCHHYCOM 2JIEMEHTA MaTPUIIbI.

14 Meron nojcdeTa KOJIM4YEeCTBA YETHBIX 3JIEMEHTOB B MATPHIIE.

15 Meton BBIYUCIEHUS CKaJsPHOTO MPOU3BEIACHUS JBYX

CIIyYalHBIX
BEKTOPOB.

16 Meton mpeoOpa3oBaHus MATPHIIBl CIYYaHBIX YHUCEN: BCE
3JIEMEHTHI 3AMEHSAIOTCS CYMMOM KOCHHYCA M CUHYCa
COOTBETCTBYIOILIETO JIEMEHTA
MaTpULbIL.

17 MeTton  BBIYUCIEHHS CpEIHEro  apupMeTUYeCcKOro

TPEXMEPHOTO
MACCHBa CIy4YalHbIX YUCEIL

18 Meton BEIYMCIEHUS CYMMBI IBYX MaTpHIL.

19 Meron pacuera MOAYJISL CITY4ailHOTO BEKTOPA.

20 Merton mnpeoOpa3oBaHUSI MATPHUIIBI  CIyYallHBIX  YHUCE:

YETHBIC
AJIEMEHTHI 3AMEHSIOTCSI TAHT€HCOM 3JIEMEHTA MaTPUIIBL.

21 Meton noacyeTa KOJIMYECTBA YUCEI, KPATHBIX 3, B MACCUBE
CIIy4alHbIX
quces.

22 MeTtoa BBIYHCIICHHUS CTATUCTHKH (KOJIUYECTBO JIJI KaXKJI0TO
BXOJISIIIETO
CHMMBOJIa) IO CTPOKE.

23 Merton BBIUMCIEHNS CTATUCTUKY 10 CIIyYaHHOMY MAaCCUBY
(KOIM4YECTBO
AJIEMEHTOB JIJIsl K&YKJI0T0 3HAYEHUSI MACCHBA).

24 Meron mnoxacuera KOJMYECTBA YETHBIX M HEYETHBIX

AJIEMEHTOB
MaTpHIIbIL.
25 Merton  BBIUMCIEHMS CTaTUCTUKM IO  TPEXMEPHOMY
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MacCHUBY
(KOJIMYECTBO 3JIEMEHTOB ISl K&KJI0T0 3HAUYEHUSI MAaCCUBA).

4. Borpoch! 1151 3aIIUTHI paOOTHI

1. Urto Takoe xiacc Task? Uem kimacc Task ornmnuaercs ot kiacca Thread?
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2. Kak mnomyunts wunentudukarop Tekymed 3amaun? Kax mnomyuyuTs
UIEHTU(PUKATOP TEKYIIEro MoToKa?
3. OnumuTe BO3MOXKHBIE METOBI CO3JJaHUS U 3aITyCKa 3ajad.
4. Kakue mnapaMerpel 3aadyd MOXET YCTaHOBHUTH IIPOTPAMMUCT IIPU
peanuzanuu 3agaun? ONUIIMTE BO3MOKHBIE BAPUAHTHI NMPUMEHEHUs MapaMeTpa

tumna TaskCreationOptions.
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JIABOPATOPHA PABOTA 9. 3AITAYU I[TPOJOJDKEHUA

1. Lenp u conepxxanue

[lenp  nmaGopaTopHOil  pabOTHI:  HAYYUTHCS  HCIONB30BATh  3aJa4d
MPOJIOJDKEHUS B MHOTOTIOTOYHBIX TIPOTpaMMax.

3agaun 1a0opaTOpHON PabOTHI:

— HAy4UTHCS GOPMHUPBOATH TIOCIEOBATEIIBHOCTD 3aIlycKa 3a71a4,

— HAYYUTHCS HCIIONB30BaTh 3aJIa4ll MPOAOHKCHUS T (HOPMHUPOBAHHMS
MOCJIEIOBATEIHHOCTH BBITIOTHIEMBIX PaboOT;

— HAy4YUTBhCS HCIOJB30BaTh 3a/ladydl TPOJOJDKEHHUS JUIsl  peau3aluu

MacCCOBOTI'O 3aITyCKa 3aJa4.

2. Teoperndeckoe 00OCHOBaHUE

B ciyyae npumeHeHus 3aa4 MOXXHO YKa3bIBaTh, YTO IOCJIE 3aBEPIICHUS
OJTHOM 3ajayM JO/DKHA HAYMHATBCS Kakasg-TO Jpyras 3ajada. B JgaHHOM
MEXaHU3ME MOXXHO TaKkKe pealn30BaTh YCJIOBHOE BBIMOJHEHUE: peaTn30BaTh
3aIyCK OMpENEIeHHOW 3aJaud MPOJOJDKEHHS B 3aBUCUMOCTH OT XapakTepa
3aBEpIICHUSI OCHOBHOM 3a7auM (MJIAHOBOE 3aBEPIICHHE, OIMOKA U T.]I.).

3amaya TPONOJDKEHMS] TpPUHUMAET Tmapamerp Tuna Task, KoTopbri
MO3BOJIACT MONMydaTh MHPOpPMAIMI0 00 MCXOTHOW 3amade. 3aaada MpOAOKEHUS
onpenensaercs BbizoBoM Merona ContinueWith( ) oObekTa ucXogHOW 3amaymu.
Pa3BuThIMU cpecTBaMU ONpENETICHUsT M 3amycKka 3ajad MpoAoDKeHHs o0ianaer
taxke kiace TaskFactory.

Paccmopum nipumep ucnonb3oBanus ContinueWith( ) (puc. 9.1).
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static void Main(string[] args)

i
Task tBase = new Task(
() => 1
Console.WritelLine("OcHoBHas 3agava. Havano");
Thread.Sleep(3068);
Console.WritelLine("OcHoBHan 3agada. Oxondanue™);
b
.k tContinue = tBase.ContinuelWith(
base_task =» {
le.WriteLine("3anava {@} zapepwena.”, base_task.Id);
( le . WriteLine("3agava npogonxenua. Havano™);
Thread.Slesp(3008);
( le . WriteLine(“3agava npogonwenua. Oxkonyvanue™);
1)s
tBase.Start();
Conscle.ReadKey();
¥
Pucynox 9.1 — cnonszoBanne ContinueWith( ) nnst onpenenenus
3a1a4u
MMpOAOJIZKCHUA.

OueBuaHo, yTo Mcnoib3oBaTh ContinueWith( ) MOXXHO IS onpeseneHus
HECKOJBKHX 3a7a4 NpojoDKeHus. [IpuueM kaxkaas 3amada MpOIOSIKEHUS MOMKET
MMETh HECKOJBKO CBOMX 3a7a4 MPOJOJDKCHHs. TakuMm 00pa3oM, MOXKHO CTPOHUTH
CIIOXHBIC HWEpapXWW 3ajJad. B KkadecTBe BTOPOTO TmapamMeTpa  MeToja
ContinueWith( ) MOXHO  yKazaThb  3HA4YCHHUE u3 nepeYrcieHust
TaskContinuationOptions. Kaxngoe u3 3nauenuit (OnlyOnFaulted, NotOnFaulted,
OnlyOnCanceled, NotOnCanceled, OnlyOnRanToCompletion u mp.) yka3biBaer

Ha yCJIOBUE 3aMyCKa 3a/1a4i MPOJOJIKEHHUS.
3. Mertoaurka U OPsIOK BBITIOJTHEHUST PaOOTHI
1. Co3nmaiiTe KOHCOIBLHOE MPUIIOKEHUE.

2. PeanusyiiTe penieHue 3ajadd C MCIOJb30BAHMEM MEXaHU3Ma 3ajad

IMPOJOJIZKCHUA B COOTBETCTBHUH C BApUAHTOM MHAWBUAYAJIbHOI'O 3adaHus.
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NHnuBuayanbHOE 3aJaHuE.

Bapua OcHoBHas 3aaua 3agaun NpoaOJKEHHS

HT

1 I'enepanus MaTpuibl 2 3agadyd:  pacuer
CIIy4alHBbIX CYMMBI
qucen (pazmep AJIIEMEHTOB;

3amaercs
[0JIB30BATENEM) MOMCK MaKCHUMaJIbHOTO
AJIIEMEHTA.

2 I'enepanusa maccuBa ciaydaHbIX | 2 3aJ1a4u:
qucen (pa3mep 3a/aercs BBIYHCIICHUE KOJIMYECTBA
MI0JIL30BATEIIEM)

AIIEMEHTOB, AEJSAIINXCS
Ha 3; IMOMCK
MUHHMAaJIbHOTO 3JIE€MEHTA.

3 I'enepanus MaTpulbl CIy4YaHBIX | 2 3aJadd: pacyeT CYMMBI
guces (pasMep  OIpeaesercs BCEX YETHBIX AJIIEMEHTOB;
CIIy4aliHBIM 00pa3oM) TOMCK

CPEIHETO
apu(MEeTHIECKOro 3JI€MEHTOB.

4 I'enepanusa maccuBa CiaydallHBIX | 2 3aJadd: pacuyeT  CyMMBbI
yucen (pazMep ONpEAeNsieTcsl | HEYETHBIX SJIEMEHTOB; IOJICYUET
CIIy4ailHBIM 00pa3oMm) KOJIMYECTBA AJIIEMEHTOB,

KpaTHBIX
3.

5 ['enepanust MaTpuibl 2 3amadd: BBIBOJ MATPHIIBI
CIIy4YalHBIX B
qucen (pazmep KOHCOJIb;,  MOJICYET

3a/1aercs KOJIMYECTBA
10JIb30BaTEJIEM) AJIEMEHTOB, KPATHBIX 7.
6 I'enepannss MaccuBa 2 3aJa4un: pacder
CIIy4YalHBIX CYMMBI
qucen (pa3mep KBaJpaToOB YETHBIX
3a/aercs AJIIEMEHTOB; MTOUCK
M0JIb30BATEJIEM ) MaKCHUMAaJIbHOTO JIEMEHTA.

7 ['eneparus MaTpullbl CIy4aHbIX | 2 3a/Ja4d: TOMCK MaKCHUMalbHOTO
yucen (pa3Mep OMNpeaensieTcss | 2JEeMEHTa B KaKIOM CTOJIOIE;
CIly4ailHbIM 00pa3oMm) MMOMCK MUHUMAJIBHOTO 3JIEMEHTA

MaTpULIbIL.

8 ['enepanust maccuBa ciydalHbIX | 3 3a/ayu: pacdyeT CyMMBbI KyOOB
yucen (pasMep ONpEAeNsieTcsl | HEUYETHBIX  DJIEMEHTOB;
CIIy4aliHBIM 00pa3oM) TOMCK

MAaKCUMAJIbHOTO 3JIEMEHTA;
MOMCK MUHUMAJIBHOTO 3JIEMEHTA.
9 ['enepanus maTpuLbl CIydaHbIX | 2 3aJa4d: ITOMCK MUHHMMAJbHOTO

quceia 3a1aCTCA

(pa3zmep

DJIEMEHTA B Ka)KJIOM CTOJIOIIE;
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M0JIb30BATEIIEM )

MOUCK DJIEMEHTOB MATPHIIBI,
OTJIMYAIOIINXCS HE 0oJiee YeM Ha
4 0T 3aJaHHOTO II0JIb30BATEIIEM.

10

I'enepanuss maccuBa CilydalHBIX
YHCEN (pa3mep 3a71aeTCsA
MOJIb30BATEIIEM )

2 3aJ1a4u: TIIOMCK MaKCUMAaJIbHOTO
3JIEMEHTA; IIOJICYET KOJIMYeCcTBa
3JICMEHTOB MacCHBa,
JICTISIIMXCS

Ha 5.
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11 I'enepanus mMaTpuubl CIydaHbIX | 3 3aJayd: BBIBOJ MaTpHIbl B
guces (pa3Mep OINpeAessercss | KOHCOJb; IIOACYET KOJWYECTBA
CIIy4ailHBIM 00pa3oMm) AJIEMEHTOB MAacCUBa, KOTOPbIE

JensaTca Ha 3; MOMCK MUHMMYyMa
B KOKJIOM CTPOKE.

12 I'enepanus maccuBa CiaydalHBIX | 2 3a7a4M: IMOMCK MHUHUMAJIbHOIO
yucen (pazMep oOmpeAensercss | 3JeMEHTa Cpeld  HEYETHBIX;
CIIy4aiiHbIM 00pa3oM) MOJCYET KOJUYECTBA JIEMEHTOB

MAacCHBa, JCIAIUXCs Ha 7.

13 ['enepaniust MaTpHIIbl CIyYaiHBIX | 3 3aJa4d: pacuyeT CyMMbI KyOOB
qucell (pa3mep 3a1a€TCsl | YETHBIX  JJIEMEHTOB;  TOWCK
MOJIb30BATEIIEM ) CpPEIHETO

apu(METHUEeCKOro  DJIEMEHTOB;
MOUCK MUHHUMAaJILHOTO
AJIEMEHTA.

14 ['enepanust MaccuBa ciydyalHbIX | 2 3a/ayd: MOMCK MaKCHMaJbHOTO
qucell (pazmep 3ajaeTca | dSJIEMEHTa cpenu YETHBIX;
M0JIb30BaTEJIEM) MOJICYET KOJMYECTBA JIEMEHTOB

MaccHuBa, OTJIMYAKOLIUXCA  OT
3aIaHHOTO TIOJIb30BATEJIEM HE
Oosnee yeM Ha

3.

15 ['enepanus MaTpuLbl CIy4aHbIX | 3 3aJa4d: pacdyeT CyMMBbI YETHBIX
yucen (pa3Mep ONpeAensiercss | 3JE€MEHTOB, MAENAIIUXCS Ha 4;
CIly4ailHbIM 00pa3oMm) IIOMCK MAaKCUMyMa Cpeau

DJIEMEHTOB, JEadIIuXcA Ha 3;
IIOMCK MUHUMAJIBHOTO AJIEMEHTA.

16 I'enepanusa maccuBa CiaydallHbBIX | 3 3a/a4yd: BBIUMCIICHHE KBaJpara
gucen (pazMep OMNpeAensercs | CyMMBbI 3JIEMEHTOB; BBIUHUCIICHUE
CITy4aliHBIM 00pa3oM) CyMMBI ~ KyOOB  3JIEMEHTOB;

BBIBO/]
MacCHBa B KOHCOJIb.

17 I'enepanus mMaTpuubl CIydaHbIX | 3 3aJadd:  pacuyeT  CyMMBbI
YHCEN (pa3mep 3a7aeTcs | DJEMEHTOB, JAeNsAnuxca Ha 4;
MOJIb30BATEIIEM ) pacyeT KOJIMYECTBa 3JIEMEHTOB,

JensAImMxcss  Ha  3;  IIOMCK
MUHUMAJIbHOTO 3JIEMEHTA.

18 I'enepanusa maccuBa ciaydalHbBIX | 3 3a4aud: pacdyeT  CyMMBI
qucell (pazmep 3a/1aeTCsi | HEYETHBIX AJIEMEHTOB,
M0JIb30BaTENIEM) Jensmuxcs  Ha  7;  TOHUCK

MAaKCHAJIbBHOT'O 3JIEMCHTA, BBIBOJ
MacCCHBa B
KOHCOJIb.
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19 I'enepanys MaTpuLbl CIy4aHbIX | 3 3aJa4d: pacyeT  CyMMBI
gucen (pa3Mep omnpenensiercs | HEYeTHBIX AJIEMEHTOB,
CIIy4ailHBIM 00pa3oMm) JejImmxcss  Ha  7; TOUCK

MaKCUMyMa Cpeau
3JIEMEHTOB, ACHAIIUXCA Ha 2;
BBIBOJI MATPULIBI B KOHCOJIb.

20 I'enepanus maccuBa CiaydalHBIX | 3 3aJa4d: PpACUYET CYMMBbI YETHBIX
yucen (pazMep oOmnpeAensercss | 3JIEeMEHTOB, MAeNAIIUXCcs Ha 4;
CIly4ailHbIM 00pa3oMm) MOUCK MaKCUMyMa cpenu

DJIEMEHTOB, JEIAIUXCS Ha 3;
MOMCK MUHUMAJILHOTO AJIEMEHTA.

21 ['enepanust MaTpHIIbl CIyYaiHBIX | 3 3aJa4d: pacuyeT CyMMbl KyOOB
YHCEN (pa3mep 3a7aeTcs | DJEMEHTOB, JACJANIUMXCA Ha 3;
I10JIb30BATEJIEM) MIOMCK MaKCUMaJIbHOTO

AIIEMEHTA;
IOMCK MUHHMAJIBHOTO 3JIEMEHTA
B K@XIOM CTOJIOILIE.

22 I'enepanusa maccuBa ciaydalHbBIX | 3 3a4aud: pacdyeT  CyMMBI
qucell (pazmep 3a/laeTcs | HEYETHBIX 3JIEMEHTOB,
0JIb30BaTEJIEM) JNeNsImMxXcss  Ha  5;  TOHCK

MaKCUMyMa CpEIu DJIEMEHTOB,
aemsmuxess  Ha o 9;  mowmck
MUHUMAJIBHOTO 3JIEMEHTA

Cpelli YETHbIX.

23 I'enepanusa maTpuubl CaydaHelX | 3 3a4add:  pacdyeT  CyMMBI
yucen (pazMep OmNpeAensercss | 3JE€MEHTOB, MAENAIIUXCS Ha S;
CIly4ailHbIM 00pa3oMm) ITOMCK MaKCUMyMa cpenu

3JIEMEHTOB, JCIISIIMXCS Ha 9;
BBIBOJI MATPUIIbI B KOHCOJIb.

24 I'enepanusa maccuBa CiaydalHbBIX | 3 3aJadd:  pacuyeT  CyMMBbI
gucen (pa3Mep Ompenensercs | KBaJIpaToB YETHBIX 3JIEMEHTOB;
CIIy4aiiHbIM 00pa3oM) IIOMCK MaKCUMyMa cpenu

AJIEMEHTOB, JEIAIUXCcs Ha 9;
BBIBOJI BCEX 3JIEMEHTOB MacCHUBA.

25 ['enepanust MaTpulIbl CIydalHbIX | 3 3aJayd: pacyeT  CyMMBbI
qucell (pa3mep 3a1a€TCs | HEYETHBIX AJIEMEHTOB,
II0JIb30BATENIEM) JNEJSIIUXCs  HAa  2;  TOHCK

MaKCUMyMa B Ka)JOM CTOJIOLE;
MOUCK MHUHUMAJIBHOTO
AJIEMEHTA B KAXKJI0M CTPOKE.
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4. Bornpochl JJ1s 3aIIUTHI PaOOTHI

1. Yrto Takoe 3amada mpoaosKeHus? JJisl 4ero Mcroib3yeTcs JaHHbBIN

MeEXaHu3M?
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2. CKkobKO 3aj1a4 MPOJIOHKEHUS] MOKET UMETh KaXk/1ast 3aj1ada’?

3. C nomompio Kakoro Meroja kiacca Task MoxHO 3amarh 3amauy
IIPOIOJKEHUA?

4. Kakue mnapameTpbl MNPUHHUMAET METOJ, MPEACTABIAIONINN 3amaqy
MPOJOTIKEHUA?

5. [MosicHuTe MEeXaHU3M ONPEACIICHUS YCIOBHBIX 3a7a4 MPO0JKECHHUS.

6. Onummre Meroasl knacca TaskFactory, npegHazHaueHHbIE ISl yKa3aHUS
3a/1a4 MPOAOJIKEHUS.

7. OnummrTe MEXaHW3M, HCHOJB3YIOINIMN 3alaud MPOJOJDKEHHUS U
MO3BOJISIONIMN 3aMyCTUTh Ooubiioe KoiudectBo 3amad (100, 1000, ...) omHOU

KomaHioun Start( ).
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