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BBEJIEHUE

PazBurnue mHQOPMAINIOHHEIX TEXHOJIOTHII IOPOKAAET HOBLIE allllapaTHEIE U
[[pOTPaMMHBIE  apXUTEKTYPEHI NHQOPMAIIMOHHEIX  CHCTEM. YBeInm4eHn
[IPON3BOJUTENILHOCTH CEPBEPOB HE OTPAHNUYNBAETCS POCTOM TAaKTOBOM YaCTOTHI
[IPOIIECCOPOB — HSTO MPOIECC MHOTOKOMIIOHEHTHEINI. OCHOBHYKO PpOJIb B
YBEINYEHUN IIPOM3BOAUTEILHOCTH HH(POPMAIIMOHHBIX CHCTEM WIpalOT HOBEIE
KOHIEIITYaJIbHBEIE CXEMBI B3aMOAEICTBI BRIUNCIUTENell. [Ipu 3 ToM yUnTEIBaeTcs
XapaKTEep BBIYNUCIIMTEILI: y3€lI KJacTepa, MHpoIleccop, SApo, aOCTpaKTHBIN KJlacc
3aJlaul  nin  motoka. Kaxgoe HalpaBlIeHHME IIOpOXKJJaeT Ielble CceMelicTBa
TEXHOJIOTU IIOCTPOEHU BEICOKOIPON3BOAUTEIILHEIX BEIUNCIIUTEIBLHEIX CHICTEM.

PazpaboTunky  HMHQOpPMAIMOHHBEIX  CHCTEM  JOCTYIIHEL  CJIEIYFOIHE
TeXHOJIOTUM  JUI1  IIOCTPOEHUS  IapallIelIbHEIX WU pacIpeaelIeHHBIX
BLIUNCIINTEIbHBIX CUCTEM:

—  BBIYHCJIUTEJILHBIE CHCTEMBI C OOIMEN IIaMSATBK, COOTBETCTBEHHO
[IpOrpaMMHEIE€ CICTEMEI OpUEHTHPOBaHHEIE Ha pabOTy B JaHHOII MOJIEIIIL,

— BBIYHCIIUTEJILHEIE CHCTEMEI, OPUEHTHPOBAHHEIE Ha paboOTy B MOJENU
pacIpeieJIeHHOI IIaMATBIO U IIPOrpaMHHEIE KOMIIOHEHTEI JJAHHOI apXUTEKTY PHI;

— KJIaCTEpPHBIE TEXHOJIOTUIL,

— BBICOKOIIPOM3BOJAUTEIILHBIE CHUCTEMEI, IIPOTPAaMMHBIM SJIPOM KOTOPBIX
SBILTFOTCS Oa3bl JaHHBIX,

— BBIYHCJINTEJILHBIE CUCTEMEL, OCHOBAHHBIE Ha I'pa(pUUECKIX IPOIleccopax.

— IporpaMMHEIE KOMIUIEKCHI (PYyHKIMOHUPYIOMIKNE B MHOI033JauyHOIl U
MHOTOIIOTOYHOII CPEJIE.

JlaHHBIE HaIlpaBJIEHUSA HE HCUEPIILIBAIOT BCEX COBPEMEHHBIX II0JIXOJI0B
[IOCTPOEHUSI  BBICOKOIIPOM3BOJAUTEIILHEIX  CHUCTEM, HO 00pa3ylOT TIPYIIIL]
TEXHOJIOTHUYECKNX PEIICHNII, pacCMOTPEHNE KOTOPEIX H paboTa ¢ KOTOPBIMU

TI03BOJIA@BMEY AtfkicAd TIOJIydUTh NPaKTHUECKHN OIBIT B cdepe pIBpaboTKH U
SNEKTPOHHOW NOANMWUCHIO

N | O]V aﬁﬁiﬁbﬁﬁﬁ@gﬁﬁﬁ%ﬁﬁﬁmﬂb HBEIX IICTEM.
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JIABOPATOPHAN PABOTA 1. IIPUMEHEHV
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1. Ilens u cogepxkaHne

Ilenr maGopaTopHOil pabOTBEI: HN3YUUTH BO3MOXKHOCTH NpHUMEHEHHI
JICJIEraToB B s3bIke C#.

3aj1aun J1adbopaTOpHOI PabOTHI:

— OCBOUTL IIPUHIMIIEI PaOOTHI ¢ AeieraTaMu,

— OCBOUTL OCHOBHBIE HAIlpaBICHUI IPUMEHEHNS I€JIETaTOR;

— HU3YVHHUTD CIIOCOORI HCIIONL30BAHII JACJICI'aTOB COBMCCTHO C IIOTOKAMII.

2. Teoperudyeckoe 0OOCHOBaHHE

2.1 HazgaueHnue THUIIOB JieJIeTaTOBR

JleneraTel mpeaHa3zHAYEHHl IS CUTYaIlUli, KOTJa HYXXHO IIepeJaTb METO/I
IpyroMy METOJy. DBEIBarOT ciIydam, Korjga METOOYy IIOTpeOyeTcs oOpalleHHIE K
IpyroMy METOAY, HO ONpeIeNNTh K KaKOMYy HMEHHO Ha ATalle KOMIIIUIAINU He
IpeJCTaBILIETCS BO3MOXKHBIM. OTa HH@OpMaId AJOCTYIIHA TOJIBKO BO BpeM
BLIIIOJIHEHII, a IIOTOMY JIOJIKHa OBITH II€peJaHa II€PBOMY METOAY B BH/JE
rapameTpa.

[IomoOHOE moBeeHNE CBOMCTREHHO B CJICAY FOIUX CJTyYasxX:

1. 3anyck moTokoB U 3agady. B C# cyIecTBYET BO3MOIXKHOCTH COOOIINUTH
KOMIIIJIITOPY, YTO HYXKHO 3allyCTUTh HEKOTOPYIO HOBYIO IIOCIIEIOBATEILHOCTD
ICIIOJIHEHI IIapaJUIeJIbHO TOH, uTo paboTaeT B JaHHBIII MoMeHT. Takad
[IOCIeJOBaTeIbHOCTL  HazwlBaeTcsd  IoTokoM  (thread), a  ero  3amyck
OCYIIECTBIISIETCS C IIOMOINBIO MeToja Start ogHOro m3 ©0az0BBIX KJIACCOB —
System. Threading. Thread. Ecin xommbroTepy cooOImaeTcss 0 HeoOXOAUMOCTU

34llyCKa ﬂjﬂﬁﬁﬁnﬂiﬁﬂmﬂDEHTﬂﬂbHﬂﬂTH HCIIOJIHCHIIA, TO TAKIKC HYXKHO CD'DﬁH_[HTL:
3NEKTPOHHOW NOANMCLIO

ST RY 4d IIMEHHO €€ CIIeNyeT ‘HadaTh, T.€. BBI30B KaKOI'O METOJa JOJIKEH €€

Bnapeneu; eb3yxoBa TatbAHa AnekcaHapoe
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3alyckaThk. Jlpyrumm cmnoBamu, Metoja Thread. Start ( ) [OJDKEH IIOMYYHTH
mapaMeTp, KOTOPBIH yKa3bIBaeT METOJI, IT0JIeKAaI Uil BEI30BY IIOTOKOM.

2. OboOmenHsle OMONMOTEUHELIE KjIacchl. MHorne OMOMMOTEKU COAepIKaT
KOJT /IS BBIIIOJHEHHS pa3zHOOOpa3HBIX CTaHAApTHHIX 3ajadu. OOBRIYHO TaKHe
OHOIMMOTEeK MOTYT OBITH CaMOJOCTATOYHBIMH — B TOM CMEBICJIE, UTO IIPH X
HaIllCaHHIHI BBl TOYHO 3HAETE, KaK CJIEAYVeT pemarh 3agaun. OgHako HHOT/a 3ajada
MOJKET BKJIIOYATL IIo[3ajlauy, O KOTOpoil 3HAaeT TOJILKO MHIUBIIY AIbHEIN
KIIMeHTCKUil KoJ, HCHoJb3yIomuii »Ty Oubnuorexy. Hamnpumep, TpeOyercs
HamucaTh Kjacc, IPHHUMAIOMUN MaccUB OOBEKTOB M COPTHPYIOMMII HX IIO
BO3pacTaHnio. YacThio Impollecca COPTUPOBKU JJOJIKHO OBITH ITOBTOPSIFOINEECSd
CpaBHEHIE JBYX OOBEKTOR M3 MacCHBa, UYTOOBI ONPEIeINTh, KaKOil 13 HUX HYKHO
pPacIIONOXKUTL MEpBREIM. Eciu HeoOxoammo o0ecHednTh KiIacCcy BO3MOXKHOCTH
CpaBHUBAThL JIHOOLIE OOBLEKTHI, TO OH HE MOXET 3HATh 3apaHee, Kak BBIIIOJIHSTH
TaKkle CcpaBHEHUS. ToOJBLKO KIMEHTCKUI KOJ[, MCIONL3VIOMUI KJIacc, MOJXKET
COOOIUTh €My, Kak cIeayeT BBIIIOJHATL CpaBHEHIE KOHKPETHBIX OOBLEKTOB,
MAacCHB KOTOPBEIX HEOOXOJUMO OTCOPTHpOBaTh. KIMEHTCKHH KOJ JOJDKEH
IepeslaTh BallleMy Kiaccy IIOJApOOHOCTH OTHOCHUTEILHO TOTO, Kakoil MeTo[
BLI3BATE JUIS BHIIIOJIHEHUS CpaBHEHIS.

3. CoOwplTus. I'maBHAd mjaes 37eCh COCTOUT B TOM, YUTO YacTO MPUXOJUTCS
IIMETL JIeJI0 C KOJOM, KOTOpHIil JoikeH ObITh IpoUH(OPMUpPOBAH O
BOZHIKHOBEHUHN KaKIX-TO coOwbITHiI. B mporpamMmupoBaHnu rpaduueckoro
nurtepdeiica MmoIb30BaTeNsd IIOJHO MOJO0OHBIX curyaiumili. Korga coObiTue
IIPOUCXOJUT, HCIOJHSIONMAs cpefla JOJIKHa 3HaTh, Kakoil MeToJT HeoOXOJUMO
BLI3BAThL. OTO JejlaeTcd Iepegadeil MeTony, oOpadaThIBaIOIIEMY COOBITHA,
mapaMeTpa-Jjeserara.

Kak 1 B ciIydyae KJIaCcCOB JIJIS HCIIONIB30BaHUS JeleraTa, ero HeoOXoIIMO

3dapaHCC 00BLIBUTL. CHHTaKCUC OOBLABIICHI ACJICI'aTOB BBIITIAANT CJICAYFOIIIM

0OPa3OMjokyMEHT MNOANMWUCAH
3NEKTPOHHOW MOAMNUChHIO

Ceptvdmkar: 2C0 BO5&R0 000
Bnaneneu: LIJEE?]?EE& ThAHA A@H?ﬁpﬁm%@g@ﬁ!ma HM.H . minda . (ij?ﬂE?Eﬂmﬂ ([Hﬂpwempbl])
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Hampumep:

delegate void MyFirstDelegate(int pParam);

B AaHHOM  IIPHMMCPC  OIIPCACIACTCA  ACJICIAT, SK3CMILIIPp  KOTOPOI'O
IIPHHNUMACT OJIH IIapaMCTP TIII4d Int n BO3BpalldacT 3HAYCHIIC TIHIIa void.

EH_IE HCCKOJIBKO IIPHMCPOB OOLSIBIIEHN JACIJICT'aTOB.

delegate int Summ (int a, int v);

delegate string ConverterFromFloat (float D);
delegate int[] ToVector(int a, int b, int c);
delegate string GetAString();

CHE,[[}"ET IIOHNIMATb, YTO IIPH 00LABJIEHIN JAcjicrata € IHMCIIOJIB30B4AHIICEM
KIIIOYEBOI'O CJIIOBA delegate (I)HI{THT-IECKH CO34aCTCA CHEL{HHHHBHPDEHHHBIﬁ KJIaCcC.

JleneraTel co3aroTcs Kak KJIacChl, yHacegoBaHHEIe OoT System.MulticastDelegate.

()3

delegate string GetAStrin

|,.f'_.

class Program

i
5 static void Main(string[] args)
1
5 int x = 48;
E [/ nepemennas TirstStringMethod
E [ fMHAUManMsHpyeTCa SHavedwem x.ToString(),
; GetAString firstStringMethod = new GetAString(x.ToString);
; [/ NpuBegeHHuA ONepaTop 3KBHBANEHTEH CAeqynuemMy :
; // Console.WriteLine( " CTpoxa pasna ~ + X.ToString ());
§ Console.WriteLine( CTpoka pasHa = + TirstStringMethod()):
|

IIpuMeHeHne CKOOOK K ASK3EeMILIIPY JejieraTa 3TO BCE PaBHO UYTO REIZOB
meToJa Invoke (), To ecTh cieayromue CpOKU BBIIIOIHSIOT OJHO U TOXKE JCHCTBUE:

firstStringMethod ( ),

firstStringMethod. Invoke ( );

YroOBI COKpaTUThL KOJ, B KakXJOM MecTe, IJe TpeOyeTcsd 5K3eMIULIP
JeJierata, MOXKHO IIpOCTO IMepefaTh UM ajpeca. OTO HazbIBae€TCS BEIBEACHUEM
nenerara (delegate inference). Oto cpeactBo C# paboTaeT g0 TeX HOp, IOKa

KOMINLIFRPCHOEOMEH pazpenInTh 3K3EMILLIp JiejleraTa B cuenu@uaeckuil Tuml. B
SNEKTPOHHOW NOAnMCLIO

— e N ADODGEATNEET AP PP Ty A T
1 =18 AfTIAK ST L TRIRININT I_'\- L) I * * i g LI LRLELELNF .
e '.1.-. Hal. FALNLE LW LELELY, -\..-E-\..If".El'..-_-c"-\..-l-\.."L'lr'il.l-\.."E| E L LU U ‘-\..'E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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npeaplayIeM npumepe InepemeHHas firstStringMethod Ttuma GetAsString
MHULIIATIN3IPY €TCS HOBEIM SK3eMILLIpoM JAesierata GetAsString:

GetAString firstStringMethod = new GetAString(x. ToString);

CaemaTe TO K€ CaMO€ MOJKHO, IPOCTO IIepedaB IIEpEMEHHOI
firstStringMethod nmsa meToga B nepeMeHHOII X:

GetAString firstStringMethod = x.ToString;

B ob0oux cayuasx xomnoumrsitop C# co3gaeT OAUH U TOT K€  KOJI.
Komnoungrop oOHapy’kuBaeT, 4uTo THI Jernerata Tpedyercsa firstStringMethod,
[IOATOMY CO3JA€T SK3eMIULIp Aerierata Tumna GetAString 1 nepegaeT KOHCTPYKTOPY
aJpec MeTojla B 0OLEKTE X.

O4eBUIHO, UTO AOINICHIBATEL KPYIUIbIE CKOOKU IIPH Iepeaue MMEHU METO/1a
HE/TOITY CTHIMO.

OK3eMIULIp JiejieraTa MOXKET CCHIIIAThCS Ha JII0O0M METOJ — YPOBHSA
SK3EeMIULIpa IWIN CTaTUYECKUIl — JIr000ro oObekTa HOOOro THIIA, €CIII CUTHATypa

ITOI'O MCTO 4 COBIIAJ4CT C CHI‘HHT}’pDﬁ JdcJIerarta.

2.2 Neneratel Action<T> n Func<T> 6udnuotrexn NET Framework.

BwmecTo onpegeneHns HOBOTO THUIIA JeJieraTa ¢ Kax/JIbIM THUIIOM IIapaMeTpa U
BO3BpaTa MOJKHO MHCIOJIL30BaTh Jejerathl Jlenmeratel Action<T> u Func<T>.
O6o06mennniit generat Jlemeratel Action<T> mnpenHasHaueH I CCBUIKM Ha
METO/I, BO3BpAIAOIIIII MIIIB. JTOT KJIacC JieJeraTa CYI[ECTBYET B PazINUHBIX
BapHMaHTaxX, Tak 4TO €My MOJKHO II€peJaBaThb A0 106 pa3HBIX THIIOB IIapaMETPOB.

Kiacc Action ©e3 o0oOmeHHOro mapaMeTpa MOpeAHazHaueH I BBEI30Ba
METOJOB ©Oez mapameTpoB, Action<in T> — mma BBI30Ba MeETOJa C OJHIM
napamMeTpoM, Action<in Tl, in T2> — g5 BEI30Ba MeTO4a ¢ ABYMS IlapaMeTpaMU U
Action<in T, in T2, n T3, n T4, in TS5, in T6, 1n T7, in T8> — 111 BEI30Ba METOJIa
C BOCEMBIO IIapaMETPaMI.

Jemerasbhopanc<T> MOIYT IHCIOJIL30BATLCS AHAJIOTHMYHLEIM — 0Opa3OM.
SNEKTPOHHOW NognMcblo

CepTdRTn SBOIET BRISBIBATE MeTOIBI ¢ THUIIOM Bo3BpaTta. Ilogo0H0 Action<T>,

Bnaneneu: ﬁleﬁaymsa TeriHa AneKcaHapoBHa
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Func<T> ompejiesieH B pa3HLIX BapUaHTax JUJIs IIepeJaun o 16 TUIIOB HapaMeTpOB
1 THIIa BO3BparTa.
Func<out Tresult> — Tum generaTta Ajd BEI30Ba METOJa C THIIOM BO3BparTa,
HO ©Oe3 mapamerpoB, Func<int TI, out TResult> — gnma meroga ¢ ogHHM
napameTpoM, a Func<in TI, in T2, mn T3, in T4, out TResult> — gmsa merona c

HCTBEIPEMA 1IapaMCTPdaMIL.

2.3 JIamOma-BeIpakeHI

Haunnas c¢ C# 3.0, JOCTyIne€H HOBBIM CHHTAaKCUC JUII Ha3zHAUYEHI
peaqmzaiui  KojJla JeJieraTaM, Ha3blBaeMbIl JIaMOja-BeIpakeHnIMHu (lambda
expression). JIIMOga-BEIpaXX€HHUSI MOTYT HCIIONIL30BaThbCA Be3AEC, I[€ €CTh
mapaMeTp TUIIA JAenerata. Hipke mokazaH HOpeAblAyIIUIl OpUMEpP, B KOTOPOM
IPUMEHSJINChE AaHOHHMHBIE METOALI, aJalTUPOBAHHBIN JUIS HCIIOJIL30BaHI

HHMﬁ,I[a—ELIp AKX CHITA.

ctatic woid Main(string|] args)

: string mid = ", cpeguas wacib, ;
~unc<string, string> lambda = param =>
[ B
1
param 4= mid;
param 4= = a 370 gobasneno x CTpoxe. ;
return param;
13
onsole.Writeline(lambda ( "Havano cTpokw )) ;

[Ipn ncnonk3oBaHuU IIMOJa-BEIpake€HNIT CYIECTBYET HECKOJIBKO CIIOCO00B
OIIpEJIETIEHNs IapaMeTpoB. Ecim ImapamMeTp OAUH, TO JOCTAaTOYHO €ro MMeHHN. B
CIICAYIOMIEM JIIMOJa-BHIpaXK€HHU HCIOJLAYETCSI IapaMeTp [0 IMEHU S
[IockonbKYy THII JieJleraTa OIpeAesIsieT IlapaMeTp string, To s mmeer Tum string.
Peanmnzanusa BeI3EIBaeT MeTo[ String. Format () ag Bo3BpaTa CTpPOKH, KOTOpas B
KOHEUHOM HTOI€ BBIBOJAUTCS HAa KOHCOJIb IIPM BEI30BE JlelleraTa — M3MEHEHUE

pErucTpa TeKCTOBOM CTPOKU « TEST:

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

[ MDWKAT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney H.-E'-:::.-rcrn:,_: TaTefHa AnekcaHnpoeHa

IMTEneH: C 19.08. 2022 no 19.08. 2023
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static void Main(string|] args)

d
: Func<string, string> oneParam = s
' =) String.Format(”usmemernve peructpa {€};",
5. Tolpper());
_ Console.wWriteLine(oneParam( test”)):
}

Ecnn pgenerat mcmosb3yeT Oollee OJHOro IlapaMeTpa, MMEHa IapaMeTpOB
MOKHO KOMOMHHpPOBaTL BHYTPU CKOOOK. Hmke mpeacTaBiIeHBl IIapaMeTphl X U Y

tuita double, onpegenennrie generatom Func<double, double, double>:

static wvoid Main(string|[ ] args)

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

Jl1s ynoOcTBa K MMEHAM IIEpEMEHHBIX BHYTPHU CKOOOK MOKHO J0OaBIIITH

THIIBI 1IapdMCTPOB.

static void Main(string[] args)

{
unc<double, double, double>» twoParamsWithTypes =
(double x, double y) => x * y;

: Console.Writeline(twoParamsWithTypes(188, 2));

}

Ecnn mamOpga-BeIpak€HHE COCTOUT M3 €JHHCTBEHHOIO oOIlepaTopa, OJIOK
MeToJa ¢ (QUIYPHBIMH CKOOKaMI M oOIlepaTopoM return He TpeOyROTCS.

Komnuwsarop JoOarnsgeT return HESIBHEIM 00pazoM:

Func<double, double> square =
X => x " x:

MoxkHo go0aBUTE QUIYpHEIE CKOOKH, OIIEpaTOp return 1 TOUKYy C 3allsITOId.

HpDCTG OOBIYHO JIETUE YNTATE KO/ Oe3 HIX:

Func<double, double> square =
' M =>

]

return x * x:

Ho ecnn HYXHO BKIIIOHYHUTL B PCAJIM3aIlIIO HHM'S,[[H.-B]’::IPH}I{EHHH HECKOJILKO

DHEPHTDEQ@MS—Q ﬂ(@MﬁHLIE CKOOKI 1 OIICPAaTOpP return oOsg3aTeNLHEL!

ANEKTPOHHOW NOAMUCHLIO
Ceprudukar; 2C0000043ESABBBO52205E7TBAS00060000043E
Bnapeneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutenexd: ¢ 19.08.2022 no 19.08.2023



static void Main(string[] args)

: string mid = “"Havano cTpoku”;
-unc<string, string> lambda = param =>
E param += mid;
: param += " @ 370 AgobasneHo K CTpoke."
: return param;
|

3. MeToauka u IOPSIOK BBEIIIOIHEHHS PaOOTHI

1. Cozpgaiite mpmnoxenue C# B cpeae MS Visual Studio.
2. B coorBeTcTBUM ¢ BapHMaHTOM HHIUBHIAYalbHOI'O 3aJaHIs peatnzyiiTe
I0JIL30BaTeNNLCKUIl THII JAejleraTa TpeOyeMoil CHUTHATYphl U BBIIOJIHHUTE C €ro

IICTIOJIL30BAHIEM BBI3OB HECKOJILKIX METOAOB (C KOPPEKTHOII CUTHATYPOII).

MHauBnIy allbHOE 3alaHIE.

Bapna Jlenerat
(curHartypa)

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

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

Action<Func<double>, double, double>

Func<Action<float>, int, tloat, 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, tloat>

Action<Func<char>, int, bool>

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

Action<Func<int>, List<tloat>>

Func<Action<string>, int, int>

Action<Func<int, int>, Llst«::’strlngb::»

;-;m;“m;_ﬁﬁ;ﬂ;m;;:ﬁmmqmmgmmHa

aﬂtmPDHEMMBAI&H”EIGH{SUmg int>, int, int>

TEETEAGO006T

ke 89 AeBONTEUNC<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. Borpochl A1 3alIUTE pabOThI

1. Uro Takoe tum generata’ Kakoll aHajor TUIla JeJieraTa CYIIECTBYET B
C++7?

2. OnnimunTe OCHOBHBIE HAIIpaBIICHUS MCIIOJIb30BaHU JEJIEraTOB.

3. Kakme wmexanm3mbel TexHomorun Windows Forms peajanzoBaHBI C
IICIIOJIL30OBaHIEM JeJIeraToB?

4. Jlna gero mnpenHazHadeH T Action<T>? Yem OH OTIMYAETCAd OT
Func<T>?

5. YUeM 1monb30BaTeIbCKIE ACIICT'dTBI OTIIMYAFOTCA OT OnOIMOTEUHBIX ?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIAGOPATOPHASN PALOTA 2. IIPUMEHEHWNE ACHUHXPOHHDBIX
HNEJIETATOB JUIA PEAJIM3AIIMA MHOLI'OIIOTOYHOCTH

1. Ilenb u comepxkaHue

I{ens jabopaTopHOIl padOThI: HAYUHTHLCS HCIIONIL30BaTh JEIEraThl JJId
OpraHN3aIli MHOTOIIOTOYHOT'O IPUIIOKEHI.

3aj1aun J1abopaTOpHO PabOTHI:

— Hay4dUThCAd OOBABIAATh, HHHUIUAIN3UPOBATH M 3aIlyCKaTb IIOTOKU C
IICTIOJIb30BaHIEM II0JIb30BaTeILCKUX JI€JIEraToB;

— HAY4YHTLCS 3allycKaTh IIOTOKHM C HCIIONB30BaHHEM OHOIIOTEUHBIX
nesieratoB Action<T> u Func<T>;

— HaY4YUTBLCS 3aIlyCKaTh MapalielIbHBIE IIOTOKHI C UCHOJIb30BaHIEM JIIMO1a-

BbIPaKEHUIL.

2. Teopernueckoe 0O0OCHOBAHIUE

HanbGomee mnpocTeIM cIiocoboM I CO3JaHHS IIOTOKA  SBISIETCH
ompejeNieHIe JAejieraTa M €ro BhI30B acHMHXpOHHBIM oOpazoMm. Kmacc Delegate
IOJIIEPKUBAET I BO3MOXKHOCTH aCHHXPOHHOI'O BBI30Ba METOJOB. J[JI1 pelreHund
IIOCTaBJIEHHOMN 3aJaun kiacc Delegate co3maeT oTAeNbHBIN IIOTOK.

YToOBI NOCMOTPETH B J€HCTBUN Ha aCUHXPOHHBIE BOZMOXKHOCTU AEJIEraTOB,
CHadajla HY>XHO CO3JaTh METO/I, BEIIIOJHEHNUE KOTOPOI'0 3aHUMAaET OINIpeAciIeHHOe
BpeMs. Hanpumep, Himke mokazaH meton TakesAWhile (), xoToprliil Omaromaps
BEI30BY Thread. Sleep( ) BBIDOJHIETCS MUHUMYM CTOJILKO BpEMEHH, CKOJILKO B

MIIJUIHCCKY H/IdX 34/laHO BO BTOPOM apl'yYMCHTC.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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static int TakesAWhile(int data, int ms)

_[

Conscle.Writeline({"TakesAWhile sanywen");
Thread.Sleep(ms};

Console.Writeline( "TakesAwhile sasepweH );
return ++data;

g

YtoOBl 00ecHeunTh BBIROB 3TOTO MCETOdda 3 JAcJIcl'aTa, HDHEL,[[OﬁHTCH

OIIPCACIINTE THII JACJICI'daTd C TCM JC CaMBIM IIapaMCTPOM I BO3BpPdAllldCMBIM THIIOM.

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

Tenepb MOXXHO HPUMEHSITh Pa3zINUHBIE IIPUEMBI JJII aCUHXPOHHOIO BEI30Ba
JAHHOTO JieJIeraTa U BO3BpaTa pe3yIbTaTOB.

OJHUM H3 TaKHUX MOPHEMOB SBISETCS OIIPOC H IIPOBEPKAa, 3aBEPIINII JIU
nenerar cBoro padory. Cozganselll kinacc delegate mnpemocTaBiIsger MeTO[
Beginlnvoke ( ), B KOoTOpoM MOIYT mepedaBaTbCs BXOJHBIE IIapaMETpHI,
ompejieJIeHHbBIe BMecTe ¢ Tumom gernerata. Meron Beginlnvoke ( ) Bcerma umeer
IIBa JOIIOIHHUTEILHBEIX ImapameTpa Tuma AsyncCallback m object, xoToprie OymayT
paccMaTpHBaThCA Mo3xke. Celiuac ITIaBHBIN MHTEpPEC IIPeCTaBIIsIET BO3BpallaeMEbIil
tunt Metoga — IAsyncResult. C momompro I[AsyncResult MoxkHO WM3BIEKaThH
NHQOPpMAILIIIO O JIeJIeraTe€ U IPOBEPSATh, 3aBEPUIII JII OH CBOIO pabOTy, UTO H
IEMOHCTPUPYETCA B IIpuMepe ¢ npuMeHeHneM cBolicTBa IsCompleted. I uxm while
IPOJIOJIKAET BEINIOIIHATHECS B ITIABHOM IIOTOKE MPOrpaMMEI OO TE€X IIOp, IIOKa

JIeTIEraT He 3aBEPIIUT padoTYy.

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

[ MDWKAT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney H.-E'-:::.-rcrn:,_: TaTefHa AnekcaHnpoeHa

IMTEneH: C 19.08. 2022 no 19.08. 2023

1
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tatic void Main{string[] args)

{f CAHNXPOHHDA BHI08 METOAA
[l TakesAlWhileA, 30008):

ACHMAXPOHMEN BM3OH METOLDa O TMPFMMCHERACM pDofcrard
akesfihileDelepate gl = TakesAWhile;

e

IAsyncResult ar = dl.BeginInvoke(l, 3886, null, null);
while (!ar.IzsCompleted)

{

[/ BunonHenwe ewe xaxux-Hubyas Cnepauwid B rnasHoM NoToKE
Console. . Write(™." );
hread.5leep(50);

int result = dl.EndInvoke(ar);

// BHBOA pe3yLTaTa
Console.Writeline("result: {@}", result);

}

IIocne 3amycka 3TOro IMPIJIOKEHNS MOXKHO YBUJAETh, UTO ITIABHBIN IIOTOK U
IIOTOK JIeeraTa BEIIIOJIHSIOTCS IIapalUlellbHO, a IocJjIe 3aBepIieHns paboThl II0TOKA
JieTieraTa ITIaBHBIII IIOTOK IIpEKpallaeT IMpoxXo[ MO IUKIY. EciIn ITIaBHBII ITOTOK
3aBEPIIAET BBIIIOJIHEHNUE, HE JOXKIJIAasCh 3aBepIIeHUs pabOTHI JeJierara, IOTOK
JIeJieraTa OCTaHaBIINBAETCS.

B nmaHHOM pazzere MeTOAMUECKUX YKazaHUII pacCMOTPEH CaMBIil IIPOCTOIl
METO/] 3allycKa METOJa B OTJAEIILHOM IIOTOKE — C HCIIOJIL30BAHUEM aCHHXPOHHOTO
nenerata. PaccMOTpeH Takke MeXaHH3M Ilepejladld  I[apaMeTpOB B IIOTOK,
BBLITIOJIHSIEMBIN IapallIe/IbHO (aCHHXPOHHO), BO3BpaT pe3yibTaTa H3 aCHHXPOHHO
BRITIOJTHIEMOro MeroJla. HeoOxogmmo o0paTuTk BHUMAHNE Ha pealn3alllio

MCXaHI3Ma OXKITJIdHIIA 3aBCPHICHITA paﬁﬂT]':-I ACHHXPOHHOI'O MCTO/I4.

3. MeToauka 1 IOpsAOK BBEIIIOJIHEHHS PaOOTHI

1. Co3panite npuioxkenne Ha a3pike C# B MS Visual Studio.
2. B cooTBeTCTBUI C HHAUBHUAYAalIbLHLIM BapHaHTOM pazpadoTaiire
TpeOyeMBIIl THUII Jejlerata (IIOIb30BaTENIbCKUN, OMONMMOTEUYHBIN WIN JIIMO[a-

BEIpaKEHIIE ).

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

. ACANNANATCOARARGEYAINEETE A EANAE NRCRNA 2
kat: 2C0000043ESABBBO952205E7BAS00060000043E

—_

Bnapneneuy llleGayxoea TaTbAHa AnekcaHapoBHa

NelcTeUTe

o « 1 b 1 il Ll Ll - (=] y
fed: c 19.08. 202 19.08. 2023

1 Il"h
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Peammsyure

dCITHXPOHHOC
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BEIITOJIHCHIIC

MeTOo/ia

Ha OCHOBC

papraﬁDTaHHOFD AdcJICr'aTa € BO3MOXKHOCTBIO MOHHTOPHHI'A IIPONCCCA BBIIIOJIHCHIA,

IIcpcaadil 11apaMCTpOB B MCTO/ H ITOJIYHCHIIA PC3YIIETATAa paﬁﬂT]':-I MCTO/4.

MuauBuay ansHOE 3ajlaHIe.

CepTH
Bnane

MNencTd

Bapua Tum generara Pemnraemas 3agada (pe3ynbTaT MeTOZa) BxomHreie
HT ITapaMeTPEI
1 T1OJIb30BATEIIh CKHIT MeTo BO3BpaIllaeT CyMMY JIBa
BJIEMEHTOB
MaTPHIIBI I[EJIBIX CITYYAHBIX Y CE ImapamMeTpa:
pasMep
MaTPHIIBI
2 OHOIHOTeYHbBIH MeTong BO3BpaIlaeT JIBa
PasHHIY MaKCHMAaJIbHOI'O
151 MHHHMAaJIbHOT' O BJIEMEHTOB | IlApaMETpa:
MaTPHIBI LEJIBIX CIIYYAHHBIX pa3MeEp
YHCEII MaTPHIIbI
3 maMOa-BeIpakeHe | Meton BO3BpAIlAET JlBa
JIOTHMYECKOE 3HAUYEHHE,
YKa3bIBAKOIIIEE IapaMeTpa:
CYILIECTBYET pasMep
M 33JJaHHOE YHCIIO B MAaCCHBE IIEJIBIX MaccHBa
CIIYYAHHBIX YHCE] H
HCKOMBIH
BJIEMEHT
i ITOJIb30BATETH CKII MeTtoz BO3BpaIIaeT JBa
MaTpPHITY
CIIYYaHHBIX OHTOBBIX 3HaueHHH (0 IapamMeTpa:
W 1), GopMHpYEMYIO CITyYaHHBIM pasMep
oOpaszomM MaTPHIIBI
5 OHOIMHOTEeUHBIH MeTon BO3BpaIlacT OauH
CTPOKY IapamMeTp:
MAaKCHMAalIbHOH JUIMHBI Ha MAaCCHB
OCHOBE
IepeJaHHOr0 MacCHBa CTPOK (MIIH CITHCOK)
CTPOK
0 TSIMOIa-BEIPAKEHIE MeToa BO3BpaIacT IOAMHOKECTBO OnuH
BJIEMEHTOB  MAacCHBa  CIYVYaHHBIX | IIapaMeTp:
YHCEI, KOTOPBIE AEIATCA Ha 3 pasMep
HCXOTHOI'O
MaCcCHBA
7 IIOIb30BAT €JTh CKHIT MeTo BO3BpaIlacT YHCIIO — JIBa
NOKYMEHT NOAMUCAH
ANEKTPOHHOW MOAMUCHIO KOJIMYECTBO
hukar: ECEIID[II[%-#SEEABBBQEEEDEE?BASDDﬂEGﬂGGﬂd3E 5IIEMEHTOB TIPHCYTCTBYIONIIX B 0OGOHX IapaMeTpa:
neL. llleGayxgea TaTeAHa AnexkcaHgpoBHa iy
MacCCHBaX CIIYYaHHBIX YHCE. pa3MEp
bl
buTened: ¢ 19.08.3022 no 19.08.2023 MACCHR
OB

OHOIIIOTeUYHEBIH

MeTtox BO3BPAIldCT

JIBa
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CPCAHEC

apH(MeTHYECKOE 3IIEMEHTOB MATpPHIEI | ITapaMeTpa:
CIIYYAHHBIX YHCE. pasMep
MAaTPHIIBI

9 IsIMOZa-BEIpaKeHHe | MeTox ~ BO3BpaIlaeT pesymbTaT | JIBa
I (pPOBAHIS CTPOKH: Ka K I[bIH
HCXOHBIIT CHMBOII CTPOKH | ITapaMeTpa.
3aMEHSIETCS I poBaHHEIM | HCXOJHAS
CHMBOJIOM, KOJI KOTOpPOro Ha n CTPOKa,
OOJIbIIlle KOAA HCXOMHOIO YIICIIO
CHMBOJIA. CIBHIa N

10 TTOJIL30BaTEIIb CKHIT MeToa BO3BpalllacT CTAaTHCTHKY OnuH

IUISL CTPOKH: CITHCOK ITap IapaMeTp:
(CHMBOI CTPOKH, aHaJIM3HPYyEeMas
KOIIMYECTBO BXOKISHHII ) CTPOKa
NOKYMEHT MOAMNUCAH

Bnaneneu:

SNEKTPOHHOW NOANMWUCHIO
Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CepTH
Bnane

MNencTd

11 OHOIHOTeYHbBIH MeTong BO3BpaIlaeT JIBa
PasHHILY
MAaKCHMAJIIbHOI'O  H IapaMeTpa:
MHHHMAaJILHOI'O pasMep
3JIEMEHTOB MATPHIIBI. MAaTPHIIBI
12 TsIMO1a-BEIPAKEHHE MeToa BO3BpalaeT IOAMHOMKECTBO OnuH
BJIEMEHTOB  MacCHBa  CIYYAaHHBIX | IIapaMeTp:
YHCEI, KOTOPBIE SRISIOTCS YeTHBIMHI pasMep
HCXOIHOI'O
MacCCHBA
13 TTOJIh 30BATEJIh CKIHI MeTton BO3BpAIlacT JBa
KOIIHYECTBO HEYETHBIX
BJIEMEHTOB B ImapaMeTpa:
MaTpHIIE pasMep
CIIYYAHHBIX YHCE] MaTPHIIBI
14 OHOIMOTEeYHBIH MeTox BO3Bpamaer IOAMHOMXKECTBO JIBa
BJIEMEHTOB  MAacCHBAa  CJIIVYAHHBIX | IIapaMeTpa:
YHCENI, KOTOPBIE OTIHYAIOTCI OT | pasMep
3aJIaHHOI'O MacCCHBA,
yHciia He Oonee yeM Ha 4. 3HAUEHOE
YHCIIO
15 TsIMO1a-BEIPaKEHHE MeTto BO3BpaIlacT JIOTHYEeCKOoe JIBa
3HAUEHHE, YKA3BIBAIOIIEE CYIIECTBYET
JIM 3aJIaHHBI CHMBOJI B CTPOKE ITapaMeTpa:
CTPOKa I
HCKOM
BIH
CHMBO
)|
16 [I0JIL30BAT b CKHI MeTox BO3BpallaeT JABa 4HciIa - J[Ba
MAaKCHMAIIbHBIE  BIIEMEHTEHI
MACCHBOB IapaMeTpa.
CIIYYAHHBIX YHCE]I. pasMepHI
MAaCCHBOB
17 OHOIMOTEYHBIMN Metox BO3BpaIlacT OmMH
CKaJIIpPHOE IIPOH3BEICHIIE IapaMeTp:
IBYX CIIYYaHHBIX pasMep
BEKTOPOB. BEKTOPOB
18 TsIMO1a-BEIPAKEHHE MeToa BO3BpaIacT CYMMY ABYX JIBa
MaTPHI]
CIIYYAHHBIX YHCE] IapamMeTpa:
pasMepP MaTPHI]
19 [10JIL30BaTeEIb CKHH MeTong BO3BpAaII[acT JIBa
KOIIHYECTBO
BXOXJIEHHH 3aJlaHHOIO J3lIeMeHTa B ITapaMeETpa:
MaTpHIIE BEI[ECTBEHHBIX YHCEII MaTpHIIa H
LIEJIEBOH
BJIEMEHT
20 %‘%ﬁgﬁ%mﬁﬂ MeTox BO3BpaInaeT TIOZIMHOKECTBO OmuH
hukar: ECGDD[%-# 3E9AB8BI52205E7BA50006000004BE SIICMEHTOB MacCHBa CIIYHaHHBIX ITapaMeETp.
e Lebayxqea Tarbaka AnekcaxaposHa YHCEN, KOTOPBIE AEISATCS Ha 6 pasMep
HCXOTHO
buTened: ¢ 19.08.3022 no 19.08.2023 O
MacCHBa
21 MOIa-BEIpakeHe | MeTon BO3BpaIlacT OnuH
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PE3YILTAT CIIOKEHHSI IapamMeTp:
IBYX CIIYYAHHBIX BEKTOPOB pasMep
I[EJIBIX YHCET BEKTOPOB
22 [10JIb30BATEIL CKHI MeTon BO3BpaIllacT JIBa
KOIIHYECTBO
BXOKIEHHH 33JaHHOr0 CHMBOJIA B| ITapaMeTpa:
CTPOKE CTPOKa H
LIEJIEBOH
CHMBOII
23 OHOIHOTEeYHBIH MeTox  BO3BpaIlaeT JIBa
IIOAMHOKECTBO YETHERIX
BIIEMEHTOB IapaMeTpa:
MAaTPHIIBI pasMep
CIIYYAHHBIX YHCE MaTPHIIBI
24 TsMO1a-BEIpaKeHIE MeTtox  BO3BpaIlacT CTATHCTHKY OmMH
MAacCHBA CIYYAHHBIX IEBIX YHCEN: IapaMeTp:
CITHCOK ITap (IHCIIO MacCHBa, pasMep MacCHBa
KOIIHYECTBO BXOXKIESHHI )

CepTudukar:
Bnaneneu:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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25 ITOIIL30BAaTEh CKHIT

MeTon BO3BPAIIdACT JIOTHYCCKOC

3HAUCHHC, YKA3bIBAIOIICC CYINCCTBYCT
JIH 3aJaHHBIH bSIEMEHT B MATPHIIC

YHCEI
double

JIBa

rapamMeTpa:

MaTpPHIIA
HCKOM
BIH
aIeMeH
T

I

4. BompocCH JJ1 3aI[UTHI

1. IlogscHUTE Ha3zHaueHUE

2. J171 4ero 1CIoJb3yeTe

3. llogcHuTe MexXaHH3M

JdcJicrara.

pPabOTHI

tuna [AsyncResult.

s Meto Thread.Sleep( )?

4. Kak IIPOM3BCCTI BO3BpAaT Oollee OJHOI'O 3HAYUCHIIA 113 METD,[[H?

BO3BpadTa 3HAYCHIA 3 MCTO/J4d AdCHHXPOHHOI'O

5. Kakag paszHHIla CYHOIECTBYET MEXJAy OHOJIMOTEUHBIMU JeJleraTaMu,

IIOJIB30BATCJ/IGCKIIMITI TIIIaMI1I ACJICI'aATOB I HHMGE[H-EBIP&?K&HHHMH? SABIsSEOTCS NI

OTH ACJICI'dTbl B3alMMO3aMCHACMBIMII IIPHM pPCAaJIN34dlMIII aACHHXPOHHOI'O BEI30Bad

METOJJ0B?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHAXN PABOTA 3. OJKNJIAHHWE SABEPIHIEHW
ACHUMHXPOHHOI' O METOJIA C UCIIOJIBSOBAHWUEM TAUM-AVTA

1. Ilenb u comepxkaHue

I{lenr sabopaTopHOil padOTHI: HAYUUTLCSA HCIIOIL30BaTh MEXaHU3M
OKUJaHNIS 3aBepIlleHNs] padOTEl aCMHXPOHHOI'O METOJAa C HCIIOJIE30BaHHEM THIIA
[AsyncResult u Taiim-ayTa.

3aj1aun J1adbopaTOpHOI PabOTHI:

— Hay4UThCS UCIIOJIB30BaTh MEXaHI3M TaliM-ayTOR;

— HAaYUUTLCS BBIBOJUTE MH(MOPMAIIIO O XOJE BHIIIOIHEHIS aCHHXPOHHOTO
METO/1a;

— HAYHHTBCA OTCJICXKHBATL BEIIIOJIHCHHNC dACITHXPOHHOI'O MCTO/4.

2. Teoperudyeckoe 0OOCHOBaHHE

Jlpyroii cmoco® oXxugaHHsd pe3yJbTaTa OT aCHHXPOHHOIO Jelerara
IpeaycMaTpuBaeT IpUMEHeHHe eckpumnropa oxuganmd (wait handle), xoTopsiii
accoruupyercsa ¢ IAsyncResult.

[Iony4uTs AOCTYII K ATOMY AECKPUIITOPY OXKUIJAHIS MOKHO Uepe3 CBOICTBO
AsyncWaitHandle. 3to crolicTBo BozBpamjaeT oObekT Tuma WaitHandle, c
[IOMOIIbIO KOTOPOIO MOJKHO OpPraHHM30BaTh OXKHIJAHHE 3aBepINeHNsI padOoTh
moTokoM penerata. Merogq WaitOne ( ) IpuHHMaeT B KauyeCTBE IIEPBOIO
HEO0OA3aTENLHOIO IapaMeTpa 3Hauy€HNE TaliM-ayTa, B KOTOPOM MOJKHO YKazaThb
MaKCHUMaJbHEII IIEpUOJ BpEMEHH OXKUAAHIA. B paccMaTpuBaeMOM 3JIeCh IIpUIMEpe
STOT Iepuoj cocTaisieT 50 MIUUINCEKYHJ. B ciIydyae BO3HHUKHOBEHUS TaliM-ayTa
meTo; WaitOne ( ) Bo3Bpamaer 3HadueHue false, m mpoxoa mo Huxiay while

TP OMOTDKRRREHT ndi@itlh BO BpeMsI O0XHJAaHNI [0 TaliM-ayTa Jell0 He JOXOJIUT,
ANEKTPOHHOW NOONMCHLIO

CPEEY HIeCTRITICTCA - BEIXOA "3 Hukna while ¢ momompelo break m momydenne

BJ'IE,EI,EJ'IEI_I,Z y JYX0Bd 1dTbHHA ERCaHOpoB

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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pesynbTrata MmeTogoM Endlnvoke (). B noms3oBaTennckoM unrepdeiice pe3ysabTar
BRITJIIIUT IPUMEPHO Tak JKe, Kak B IpedblAyIIeM IpuMepe, OTJIHMYaeTCs JIHIIb

CIIOCO0 pcallliZalill OXIMNIaHIIA.

static wvoid Main(string[] args)

i
TakesilhileDelegate dl = TakesAWhile;
TAsyncResult ar = dl.BeginInvoke(l, 3868, null, null);
while (true)

{
Console.brite (" . ") ;
if (ar.AsynchaitHandle.WaitOne({5@8, false))
{

Conscle.Writeline( "MoxHo nzemeus peayneTaT cedvac');

break;

]

int result = dl.EndInvoke(ar);

f/ BmmBon pesyaeTAaTa

Corsole. . Writel ine( “"result: {8}%, result);

3. MeToauka 1 IOPSAOK BBEIIIOJIHEHHS PaOOTHI

1. Cozpgaiite KoHCcONIbHOE IpIutoxkeHne C# B Visual Studio.

2. Peanmsyiire [IPIUIOKEHIIE C HICIIOJIb30BaHIIEM TallM-ayTa
(MoanUIIUPYITE IMPIUIOKEHNE, IIOTYUYEHHOE B XOJE€ BBIIIOIHEHU J1abOpaTOpHOU
pabOTHI Ne2).

3. Peanm3yiiTe MexaHN3M BLIBOJA MH(OpMAIIII B KOHCOJIb O XOJ€ peIleHI

3aa"dll aCMHXPOHHBIM MCTOJOM.

4. Borpochl A1 3alIUTH PabOThI

1. JIng yero npumenserca tTun IAsyncresult?
2. Kak peannzoBaTh OXKIJIaHIE 3aBEPIINEHNI BBIIIOJIHEHIA aCUHXPOHHOTO
METOJIa C UCIIOJIL30BaHUEM TailM-ayTa”’

3. lloscuure HazHaueHue metoga WaitOne( ).
OOKYMEHT NoarmmcCAH

SNEKTPOHHOW NOAnMCLIO
Ceprvpukar: 2C0000043ESABBBO52205E7BAS00060000043E

—_

Bnapneneuy llleGayxoea TaTbAHa AnekcaHapoBHa

- —— } YT e E [=] ]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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JIAGOPATOPHAS PABOTA 4. UCIIOJIbB3OBAHHWE OBPATHDBLIX
ACHMHXPOHHEIX BEI3OBOB

1. Ilenb u comepxkaHue

I{lenr sabGopaTopHOil paOOTHI: HAYUUThCS HCIOJL30BaTH OOpaTHBIE
ACHHXPOHHBIE BBIZOBHI IS OpTraHU3aIlMN OKUIAHUS 3aBEPIICHUS BBIIIOIHEHI
ACHHXPOHHOTI'O METO/a.

3aj1aun J1abopaTOpHOI PabOTHI:

— N3YYUTh BO3MOXKHOCTU HPHMEHEHHSI OOpaTHBIX aCHUHXPOHHBLIX BEI30BOB
IUIS MTapaluleIbHBIX ITOTOKOR;

—  H3YYUUTh BO3MOXKHOCTH AaCHHXPOHHOTO OOpaTHOIO BEI30Ba IIpU
IICTIOIL30BAHUM THUIIA JIeJIeraTa;

—  H3YYUUTh BO3MOXKHOCTH AaCHHXPOHHOrO OOpaTHOTO BEI30Ba IIpU

HNCIIOJIB30BAHIII HHMﬁ,[[a—BLIp AKX CHITA.

2. Teoperuueckoe 0OOCHOBAHHE

Eme oamH cnocod I OKUAaHIS Pe3yJIbTaTOR OT JiejleraTa 3aK/IFOYaeTcs B
IPpUMEHEHIN TaK Ha3kIBAEMOI'0 aCHMHXPOHHOI'O 0OpaTHOTO BEI30Ba (asynchronous
callback). C nomomgpro TpeThero mapameTpa B MeTojJe Beginlnvoke MoXHO
nepegaTh METOJ, YAOBIETBOpSIEOIIUII TpeboBaHmsIM pgenerata AsyncCallback.
Jlenerar AsyncCallback TpeOyer omnpeaensars mnapamerp IAsnycResult u
BO3BpamaeMelil Tun void. B paccMmaTrpuBaeMoM 37e€Ch NPHUMEpPE TPETHEMY
nmapaMeTpy HazHaudaeTcsa agpec wMetoga TakesAWhileCompleted, xoToprlil
yaoriaeTBopsaeT TpeboBanuam generata AsyncCallback. B mocnegnem mapamertpe
MeTo Iy Beginlnvoke MoxkHO Ilepegath 0OBEKT, K KOTOpOMY OyJIE€T IIPOU3BOAUTHCS

TOCTYII RMEROfa@6PpaTHOTO BEI30BA. 3/eCh Y A00HO IepeaTh SK3eMIIJIIP CaMOIro
ANEKTPOHHOW NOONWMCHLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JAcJiclraTd, TAK UTO MCETO/] D6p&THDI‘D BEI30Bd4 CMOKCET IHCIIOJIB30BATE €I'0 JAJIA

ITIOJIVHCHIIA PC3YJIbTAdaTd dCHHXPOHHOI'O MCTO/14d.

static wvoid Main(string[] args)

{
TakesAWhileDelegate dl = TakesAlWhile;
dl.BeginInvoke{l, 38828, TakesAWhileCompleted, dl) ;
for (int 1 = 8; 1 < 188; i++)
{
Conscle.Write( .");
Thread.Sleep{58);
l}
¥
static woid TakesAWhileCompleted(IAsyncResult ar)
{
if (ar == null) throw new ArgumenthullException("ar”):
TakesAWhileDelegate dl = ar.AsyncState as TakesAWhileDelegate;
// Hesephud Tun obwexTa
Trace.Assert (dl != null, "Invalid object type”);
int result = dl.EndInvcke(ar);
/f BuiBOS, pe3ynbTaTa
Console.Writeline( result: {@8}", result);
¥

Ilo nRaBepmenum paboTel generata TakesAWhileDelegate cpazy ke
BeI3EIBaeTca MeTo] TakesAWhileCompleted ( ). OxmgaTe pe3ysIbTaTOB BHYTPU
IJIABHOTO IIOTOKA HET HUKaKOIl HEOOXOMMOCTHU. 3aBepIIaTh IJIABHEII IIOTOK IIepe.]
3aBEpIICHUEM pPaOOThHI IIOTOKOB JE€JIEraTOBR MOXKET OBITh HEOoOS3aTeNbHO, €CIIN
TOJIbKO OCTaHOBKa pPaOOTHI IIOTOKOB JEJIEraTOB IIPH 3aBepIIeHUU BHLIIIOJIHEHIS
[JIABHOTO IIOTOKA HE MPEACTABRILIET IIPOOIEMEL.

Mertoa TakesAWhileCompleted ( ) onpenensercs ¢ THnamMu napameTpoB U
BO3BpaTa, KOTOphle ykazaHel B Jenerate AsyncCallback. Ilociegnuii mapamerp,
nepegaBaeMelili B Beginlnvoke ( ), MoxkeT OBITH HIPOUYNTAaH C MOMOIIBIO
ar. AsyncState, a pesygbTaT moiayudeH BeI3oBoM B TakesAWhileDelegate meroa

EndIlnvoke.

BmecTo Toro uroOmI OIIPCACIIATD OT,[[EHBHBIﬁ MCTOJJA I IICpCJaBaTb CI'O

OOKYMEHT NMoanncAaH

METO;{W“B‘@MW@@@B%“} MOKHO BOCIIOINL30BATECS IIMO/1a-BEIPaKEHIIEM.
Ceptudpurar:  2C00000: J43E9ABBB952205E7BAS0006000004

Bnagenel llleGayxoea TaTeAHa AnexkcaHgpoBHa

AAppepeL— - = e S 1=0s 1 '|'| o -y
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[Tapamerp ar umeetr tun IAsyncResult. B Takoil peanm3aun HeT HEOOXOIMOCTH
IpICBaNBaTh 3HAUEHHE IOcIeqHeMy IlapaMmerpy MeTtoga Beginlnvoke (), moTomy
YTO JIIMOJIa-BEIPaKECHIIE MOKET HaIpsAMYIO IIOJIyYaTh JOCTYII K IepeMeHHOM dl,
HaXOJAINEICS 3a IpejenaMi KOHTEKCTa JaHHoro MeToda. Ho Omok peanmzamuu
IIMOIa-BEIPAXKEHNSI BCE€ PABHO JIOIKEH BBI3BIBATHLCSA M3 IIOTOKA JI€JIerara, 4To

MOJKET I He OBITh OHCBIIJIHEBEIM IIPH OIIPCACIICHII MCTO /14 HDﬂGﬁHBIM G6pHBOMZ

static void Main(string|] args)

i
TakesAllhileDelepgate dl = TakesAkhile;
dl.BeginInvoke (1, 300886, ar =>
1
int result = dl.EndInvoke(ar);
// BHBOL pE3YNBETETE
Console.Writeline("result: {@}", result);
}s
null);
for (int 1 = 8;: 1 < 188: i++)
1
Consale.Write| .  );
Thread.Sleep(5@) ;
}
3

Mogens mporpaMMUpPOBaHUA H MPUEMEBI, OINCAaHHBIE I aCHHXPOHHEIX
IEJIEraTOB — OIIPOC, JAECKPUNOTOPBl OXKUAAHMA H aCHHXPOHHBIE BBIZOBHI =
JOCTYIIHEI HE TOJILKO Ui JeJIeraToB. OTa JX€ MOJEIL MNpOorpaMMUIpPOBaHIS,
KOTOpas Ha3bIBaeTcs IMaOJIOHOM acHHXPOHHOI'O BhIZOBa (asynchronous pattern),
BCTpeuaeTcs B pasHooOpaszHeIX MecTax .NET Framework. Hanpumep, ¢ momomisio
MeToma BeginGetResponse ( ) xmacca HttpWebRequest M0XHO aCHHXpOHHO
orapaBisiTe HTTP-3ampocwl, a ¢ nmomompbio MeToga BeginExecuteReader ()
kimacca SqlCommand — zampockl k 0aze JaHHBIX. IlapaMeTphl IIOXO0XKK Ha TE, UTO
MOJXHO HepejaBaTh B MeToge Beginlnvoke ( ) mgemeraTta, a MeEXaHU3MBEI,

IIPHMCHACMBIC JJIA ITIOJIVHCHIIA PC3YJIBTATOB, BBITTIAJAT TOYHO TaK #C.

3. MeToauka u IOPSIOK BBEIIIOIHEHHS PaOOTHI

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

et ek CospdiiTe KOHCOMbHOE npuioxerne C# B MS Visual Studio.

Bnaneneu Ha

Nencteutenex: ¢ 19.08.2022 no 19.08.2023
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HHINBHAYAJIbHBIM

BAPHAaHTOM C HCIIOJIb30BAHHCM dACHHXPOHHOI'O BBI30Bd MCTO/A. HpH pcallln3allliil

IIOJIVHCHIA PC3YJIbTAaTa paﬁﬂTbI ACIIHXPOHHOI'O MCTO/4 HCHGHBB}’ETE: MCXAaHII3M

D6paTHDFD dCIHHXPOHHOTI'O BEI30BA.

3. OﬁpHTHTE BHIIMAHIIE, YTO DﬁpaTHBIﬁ BEI3OB MOIKHO BEIIIOJIHITE KdK C

HNCIIOJIB30OBAHHEM TIIIIAa JACJICl'daTd, TAK 11 C HCIIOJIE30B4AHIICM HHM6,[[EI—EEIPEDHEHHH. B

3aJaHNN NHAMBHIAYAJIbHOI'O BAPHAHTAd YKdA3dHO, Kakoil crioco0 GGPHTHDFD BEI30OBAd

CIICAYCT HCIIOJIL30BATE.

MuauBuy ansHOE 3ajlaHIe.

Bapmna Twa1 generara PerraeMas 3ajaya BxomHbI Meron
HT (pe3yibTat e oOpaTHO
MeTOo/a) IapaMeT ro
PBI BBI30BA
| OHOIIHOTEe YHBIH Meton OmuH 1O a-
IapameT BEIpa’KeH
BO3BpAIlacT ITOAMHOMXKECTBO p: He
3IIeMEHTOB MaccHBa pasMep
CIIVHAHHBIX YHCCII, KOTOPBIC HCXOIHO
ensrcs Ha 0 ro
MaccHBa
2 TIsMO1a- Meton BO3BpaIlacT OaHH nererat
BBEIPaKEH pPE3YIbTAT CIIOKEHHSI IBYX Imapame
He CIIYYaHHBIX BEKTOPOB TP:
I[eJIbIX YHCell pasMep
BEKTOPOB
3 [IOIIb30ORATENLCKH | MeTong JIBa MO a-
151 ImapaMeTpa: BEIpa’KeH
BO3BpalllacT CTPOKa H He
KOIIHYESCTRO HEHEEGﬁ
. CHMBOII
BXOKIEHHH 3alaHHOTO
CHMBOJIA B CTPOKE
4 OHOIIHOTE YHBIH MeTto JIBa nererat
ITapamMeT
BO3BpAIIacT ITOJAMHOKECTBO pa:
pasMep
HETHBIX MaTPHIIBI
3IIeMEHTOB
MAaTPHIIbI CITyYaHHBIX YHCEII
5 MO a- Metonr OnuH MmO a-
. ;éu Bar HDHHGAH Iapame BRIpaKeH
CepTuthbukar: EEGGGG}4§E§BBB95EEDi:EE:EEEEEﬂﬂﬂ%SﬂSEpmaE:T GTHTHCTI]I{}" Tp: HC
Bnageney: lleBayxpsa TatbAHa AnekcaHapoeHa MdCCHB4A Pa3MEp
CIIYUYAHHBIX IEJIBIX YHCEI: MACCHRB
NeiicTuTenes: ¢ 19.08.0022 no 19.08.2023 CIIHCOK I1ap (umemo | a
MaccCHRa,
KOITHYECTBO BXOKISHHI)
6 IIONIIB30OBATEIIbCKH | MeTon JIBa nererart




25

151 IapamMeTpa:

BO3BpaIlacT MaTpHIla H

JIOTHYECKOE HCKOMBIH
BJIEMEHT

3HAYEHHE,  VKasbIBaIOIIEE

CYILIECTBYET I 3aJaHHBIN

BJIEMEHT B MATPHIIE YIHCEN

double

AOKYMEHT MOANUCAH

3NEKTPOHHOW NOANMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptu
Bnane

MNencTd

KaKIbIH HCXOMHBIM CHMBOII

CTPOKa,

7 IIOJIB30BATENILCKH | MeToa BO3BpaIllacT CYMMY JIBa JeJieraT
i 3JIEMEHTOB MATPHIBI LIETIBIX IapamMeT
CIIYUYAHHBIX YHCE] pa:
pasMep
MaTpH
ITBI
8 OHOIIHOTEe UHBIH Meton BO3BpallaeT JIBa MO a-
PasHHIY MaKCHMaJIbHOT OH ITapamMeT BEIpaKeH
MHHHMAIIbHOTO BIIEMEHTOB pa: He
MaTPHIIBI I[EIbIX pasMep
CIIYYaHHBIX MaTPHIIBI
YHCEII
9 MO 1a- Meton JIBa JleTIerat
BBIPAKEH IapamMeTpa:
e BO3BpalllacT pasMep
JIOTHYUCCKOC MACCHEA Hi
HCKOMBIH
3HAUYeHHE, YKa3bIBAKOIIIEE SIeMeHT
CYIIECTBYET IIH 3aJaHHOE
YHCIIO B MACCHBE IIEIBIX
CIIYYaHHBIX YHCEI
10 II0JIB30BATENLCKH | MeTon BO3BpaIlacT JIBa MO a-
i MaTpPHITY CITyYalHBIX ITapamMeT BEIpaKeH
pa: He
OMTOBBIX 3HaueHWil (0 WM | pasMmep
1), (GopMIIpyEMYIO | MaTpHIBL
CIIYYaHHBIM
oOpas3oM
11 OHOITHOTE YHBIT Metox BoOsBpamaeT cIpoky | OxHH Jlenerat
MaKCHMAlIbHOH JJIHMHBI Ha ImapamMeTp:
OCHOBE TIepeJaHHOI O MAacCCHB
MacCCHBa
CTPOK (ruTH
CITHCOK) CTPOK
12 TsIMO1a- Metox OaHH sIMO1a-
BBIPaKEH IapaMeT BEIpaKEH
He BO3BpAIlaeT ITOAMHOKECTBO p: He
3JIEMEHTOB MacCHBa pasMep
CIIVYAHHBIX YHCEI, KOTOPHIE HCXOIHO
Jennsarcs Ha 3 o
MacCHBa
13 MONIB30BaTENILCKH | Mertox Bos3Bparnaer ynuciio — | JIBa JleTerat
i KOIIHYECTBO ITapamMeT
pa:
5IIEMEHT OB pa3sMepPEI
ITPHCYTCTBYIOIMX B O00HX MAaCCHBOB
MAaCCHBAaX CIIVYAHHBIX YHCEIL.
14 OHOITHOTE UHbBIH MeTox BO3Bpall[aeT CpeHee JIBa Mo a-
5 %%H;gﬁngﬁ%%ﬁﬁm apH(pMeTHYECKOE IapamMeT BEIpa’KeH
bukar: 2cﬂﬂﬂﬂ}daEmBBBaﬁEEDSE?BAEﬂmEmﬂﬂéﬂ@?MEHTDE MaTPHIIbI pa. He
neu; leGayxpea TaTenAHa AnexkcaHgpoBHa CH}"—IEHHH‘IBD{ yHCcen. pﬂBMEp
MaTPHIIBI
burened: 519.08. pO27IINIDIER923 Meton BO3Bparaer | J(Ba Jlererar
BBIPAXKEH pe3yIbTaT IIH(PpPOBaHH IapamMeTpa:
He CTPOKH: HCXOIHA S
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KOIIMYECTBO BXOKIEHHI)

CTPOKH YHCIIO
CIBHTa N
3aMeHsSIeTCsS IMH(POBAHHBIM
CHMBOJIOM, KOJI KOTOPOIO
Ha n Oolblle
KOJla HCXOJHOI'O CHMBOJIA.
16 II0OJIL30BATEIILCKH | MeTon OnHH IsIMO1a-
0| IapaMeTp: BBIPAXKEH
BO3BpPAIaeT CTAaTHCTHKY JJIS aHAITH3HPYEM He
CTPOKH: CITHCOK ap ast
(CHMBOJI CTPOKH, CTPOKa

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptu
Bnane

MNencTd

17 OHOITHOTE YHBIIH MeTona Bo3Bpallaer JIBa Jenerat
PasHHIY MAKCHMAJIbHOTO M| IIapaMeT
MHHHMAJIbHOT' O pa:
pasMep
BJIEMEHTOB MAaTPHIIBI. MaTpPH
1B
18 sIMO1a- Meton OIHH MO a-
BBIPAKEH ImapameT BEIpaKeH
He BO3BpAIlacT ITOAMHOMXKECTBO p: He
3JIEMEHTOB MacCHBa | pa3Mep
CIIYUYAHHBIX YIHCEI, KOTOPRIE HCXOTHO
SIBIISIFOT CS Y€ THBIMH ro
MAacCCHBA
19 ITONIb30BAaTENIbCKH | MeToxn JlBa JeTerart
151 IapaMeT
BO3BpaIlaeT pa:
KOIIHYCCTEO pa3Mep
HEYETHBIX MaT PHIIBI
3JIEMEHTOB B
MAaTpPHILIE
CIIYYAHHBIX YHCE
20 OHOITHOTE YHBII Metox JlBa MO Ta-
IapamMeT BEIpa’KeH
BO3BpAIlaeT ITOAMHOXECTBO | pa: He
3JIEMEHTOB MAacCHBa | pa3Mep
CIIYUYAHHBIX YHCEI, KOTOPBIE MAaCCHBA,
OTJIMYAIOTCSA OT 3aJJaHHOTO | 3HAYEHOE
yHciIa He Oolee YHCIIO
yeMm Ha 4.
21 TIIMOTa- MeTton JIBa Ienerat
BBIPAKEH IapamMeTpa:
He BO3BpalllacT CTpOKa H
JIOTHYECKOE HCKOMBIH
CHMBOII
3HAUEHHE,  YKasbIBaOIIEe
CYIIECTBYET JIH 3aJaHHBIH
CHMBOJI B CTPOKE
22 IONIL30BATENILCKH | MeToa BO3BpallacT JABa Jlra TIIMOIa-
151 YICIIa IapaMeT BBIPa’kKeH
— MaKCHMAalIbHBIE BJIEMEHTHI pa: He
MAaCCHBOB CIIYYaHHBIX pasMepEl
YHCEIL. MAaCCHBOB
23 OHOITHOTE YHBII Meton OIHH Jelerat
Iapame
BO3BPAIIAceT CKaISIpHOE D:
ITPOU3BEJIEHHE JBYX | pa3Mep
CIIYYaHHBIX BEKTOPOB. BEKTOPOB
24 TsIMOTa- MeTton BO3BpaInact JIBa MO Ta-
- oBarpd Eﬁﬁm CYMMY ITapaMeTpa: BEIpa’KeH
bukar: Ecﬂﬂﬂﬂ}daﬂﬁaaﬂaﬁzzuSE?Bﬂﬁﬂmﬁmﬂﬂdl?é"x MaTpHIL pasMeEp He
ney;: leGayxpea TaTenAHa AnexkcaHgpoBHa CH}H{H}[I—[[,I}{ HHCeII MﬂTp}[]_[
25 MOIL30BaTENLCKH | MeTox JBa Jlenerar
butened: ¢ 19.08.2023 o 19.08.2023 HﬂpﬂI‘uIETpﬂ:
BO3BpaIlaeT MaTpHIla 151
KOIIHYECTBO IeJIeBOH
BXOJKICHHH HIIEMEHT
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34 J4dHHOI'O JJICMCHTA B
MATPHIIC
BEIMISCTBCHHDBIX YHCCII

4. Borpochl A1 3alIUThl pabOThI

1. IlosgcHuTe HazHAUCHUE KaxJoro ImapaMeTpa meroa Beginlnvoke( ).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



30
2. Ilouemy mpum HCIONB30BaHHN THIIA JelleraTa B KauecTBE MeETO/la
oOpaTHOro BBIZ0Ba IIOCJIEAHHII mapaMeTp MeToja Beginlnvoke( ) MoXkHO He
IICIIOJIL30BATE ?
3. Onumure oONacTH HCIIONB30BaHUS aCHHXPOHHEIX JI€JIeraToB. B Kakux

tuitax npoektoB .NET Framework oHI mpuMeHUMEI ?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHAS PABOTA 5. IIPUMEHEHHWE KIIACCA THREAD

1. Ilens u cogepxkaHne

Ilene mabopaTopHON  paOOTHI: HAYUHUTHLCSA  HCIIOIB30BaTh  OA30BHIE

BO3MOJKHOCTH KJ1acca moTokoB Thread.

3aj1aun J1abopaTOpHOI PabOTHI:
— HAY4HThCS CO3JaBaTh MOTOKN Thread;
— HAaYYUTBLCS UCIIONIB30BaTh MaCCHBHI [IOTOKOBR;

— HAYHHTBCA OCYHICCTBIIATE MOHHUTOPIIHI' IIOTOKOB.

2. Teoperudyeckoe 0OOCHOBaHHE

C ITOMOIIIBRO KJIdCCa Thread MoXHO HE TOJIBKO CO344B4TE IIOTOKH, HO I
YIIPpABJPATE HMIL Huxe IIPUBCACH KO/ IIPOCTOI'O IIPHMCPd CO3ddHMNA I 34lIyCKd

HOBOI'O IIOTOKaA.

static woid Main()

i
var tl = new Thread(ThreadMain);
tl.Start();
_onzcle.Writeline("MnasHuil noTok." )};
I

static void ThreadMain()

]

1

i

B »sToM kxoge kxoHcTpykTop Kkmnacca Thread neperpyxkeH mid IpueMma

yle . WritelLine( BunonHAeTCA B NOTOKE. );

nenerata tuma ThreadStart nnmm Parameterized ThreadStart. Jlenerat ThreadStart
OIIpEJeNsieT METO ¢ TUIIOM BO3BpaTa vold, He IpUMHIMAarOIIUIl apry MeHTHhI. [locite
co3gaHmsI oObekTa Thread IMOTOK MOJXKET 3allyCKaThCA ¢ IIOMOIILIO MeToda Start ().

Ilociie 3amycka MOPIUIOKEHNS Ha 5KpaH BBIBOJATCSA JJaHHBIE M3 JIBYX

HOTOKOB i:l,DH'&"I‘-.-‘IEP iT NogrmncaH

3NEKTPOHHOW NOANMUCLIO

CepTudmkar :u:::-::-:':]E?higtfg;.-th?&;qﬂqiﬂﬁthrﬂﬁd'::-'.E

o~ - "
Bnapeneu LeD3yxXoBd iITbHAHA AJIeKCaHOpoBHA

NeicteMTeneH: ¢ 19.08.2022 no 19.08.2023
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Running in a thread.

IIpuBeIeHHBIIT BBIINE MOPSAOK BRIBOJA HE rapaHTHpyeTcs. J[elo B TOM, UTO
BBLITIOJIHEHIIE IIOTOKOB INIAHUPYETCS OINEpallIOHHOII CUCTEMOIl, a 3TO 3HAYUT, UTO
KaskJIBlil pa3 odepeHOCTh IOTOKOB MOJKET MEHITLCS.

Panee yie YyIIOMHHAIOCh, YTO C ACHHXPOHHBEIM JeJIeraTOM MOXHO
IICTIONBL30BaTh JIIMOJa-BeIpakeHne. Ero Takke MOKHO MHPUMEHSITHL U C KJIaCCOM

Thread, nepengaras peanmzaro MeTo/1a MOoToka KOHCTpykTopy Thread:

ztatic wvoid Main()

i
var tl = new Thread{() =>
le.WriteLine("BunoniaeTca B8 noToke, id: {@}",
Thread.CurrentThread..ManagedThreadId) ) ;
tl.5tart():;
Console. WriteLine("Mraenui noTok, id: {@}",
Thread.CurrentThread.ManagedThreadId) ;
H

Tenmepr B  BEIBOJIE HporpaMMbl  OyAeT Takke  MPUCYTCTBOBATH
IAeHTI(HKATOP OTOKA:

[ maBHBIIN NTIOTOK, 1d: 1.

Brimmonusercs B moToke, 1d: 3.

3. MeToauka 1 IOpsAOK BBEIIIOJIHEHHS PaOOTHI

1. Co3zmaiiTe KOHCOJILHOE MPWIOKEHNE U pealin3ylre IIpUMEp peIleHI
3aJ1aull C HCIIOJIb30BAHNEM IIOTOKOB.

IIpumep pelmeHuns 3a1aun:

Peanm3oBaTh BEINIOJIHEHHUE J1aOOPaTOpPHOH padOTHI JJII METOJa IIOHCKa
MaKCUMAaJILHOT'O 3JIEMEHTAa B MaCCHUBE CIIYUAHBIX YHCEL.

Pemenne npumepa:

1.1. Peammsyem wmeroJ IOHNCKa MaKCHUMaJIbHOI'O »3JIEMEHTa B MAacCCHBE

CIIy4JallHBIX uncen (puc. 5.1):

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD
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static woid CalcMax()

{
int threadld = Thread . CorrentThread. ManagedThreadld:
onsole.Writeline("MNorok {8}. Cospanve maccwea..."; threadld);
int N = 18;
int[] mas = new int[N];
Console. Writeline( "Motok {B8). WHHUHINWI SUWA 3NEeMEHTOE MaccHes...", thresdId);
Random rnd = new Random{threadld);
forlint 1 = B, 1 < mas.Leéength; 1++)
1
mas[i] = rad.Next{1068):
}
Comsele.Writeline( "NMotok {8). MNowcx makcvmMansHOro 3NEMEHTE...  ; threadld);
int max = mas[@];
for (int 1 = ©; 1 < mas.Length; i++)
{
max = {masf[1] * max} ? mas[1] : max;
1
Consale.Writeline{ "Notoe {8). Maxcwmannai anement = {117,
threadld,
max} ;
}
PucyHoxk 5.1 — MeTtog moncka MakCUMaJIbHOT'O 3JIEMHTA B MaCCUBE
CIIyYallHBIX
HIICCII.

1.2. Peammzyem ¢yHkimro Main ¢ HCIOJIB30BaHIEM MacCHBa IIOTOKOB,

KaXKJbII 13 KOTOPEIX OyJEeT padoTaTh CO CBOEN KOIHMEH CIy4YallHOrO MacCHBa

(puc. 5.2).

static void Main(string[] args)

1
Action method = CalcMax;
Thread[] tmas = new Thread[20]); // 20 noTtoxos
for (int 1 = @ 1 ¢ tmas.Length: i++ )
{
tmas[i] = new Thread{CalcMax);
tmas[i].5tart();
}
Console.Readkay( };
}

Pucynoxk 5.2 — Merog Main A1 co3JaHNis MHOXKECTRa
IIOTOKOB.

1.3 03amy cauze nipunoxenne, [lonpoOyliTe NM3MEHUTH 3HAUEHUA KOJINUECTBA
ANEKTPOHHOW NOONMCHLIO

‘3*:“f‘¢mTéﬁéﬁ?ﬁ'ﬁiﬁﬁ@ﬂi@ﬁ%éﬁﬁ@ﬁqﬂﬁﬁpMHTe BHIMAaHIE Ha BHIBOJ MH(pOpMAIINU O XO[e

Bnaneneu: llleGayxoea TateAHa AnexkcaHgpoBHa

BBITIOJIHCHITA PCHICHITA 3a/a'Y1.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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2. CoapgaiiTe KOHCOJIbHOE IIPUIIOKEHUE ¢ HCHoJb3oBaHHmeM MS Visual
Studio.

3. PeanuzyiiTe MeTO A1 3aIlyCKa B OTJAEILHOM IIOTOKE (B COOTBETCTBUI C
NHIUBHUAY aJIbHBIM BapHaHToM). CozjaliTe JeneraT QI HpeAcTaBIIEHHS METOa
(ecriu TpeOyeTcs).

4. B ocuoBHOIl mporpamme (dyuKima Main( )) peamusyire cozjaHIe
MacCHBa IMOTOKOB (pazMep OIIPEJEINTe CaMOCTOSTEIBbHO). 3TEM 3allyCTUTE BCE
3JIEMEHTEI MacCHUBa (IIOTOKU ) HA BBEIIIOJTHEHIIE.

5. MeTo/i, BBIIIOIHSIONUIICS B MapaJUIelbHBIX IMOTOKaX JOJIKEH BEIBOJUTH
MH(OpMAIIIO O XO/JI€ CBOEr0 BBIIIOJIHEHUS B KOHCOJIb P HJIOKEHHUSL.

MHauBnIy allbHOE 3a/laHIE.

Bapna MeTtoa qi4a
HT peanmn3animn
1 MeTo /1 BEIUNCIEHUs] CPEAHETO apu(PMETHMUECKOTO STIEMEHTOB MaCCUBaA.
2 MeTo rmoncka MakCUMaJIbHOT'O 3JIEMEHTA B MaTPUIIE.
3 Metoa nmpeoOpazoBaHmsg MaTPUITEl CIIYUaHBIX YUCEN: KaX b
AJIEMEHT

3aMCHZA/ACTCA KOCIHIHYCOM 3JICMCHTA MATPHIIEL.

Ceptu
Bnane

4 MeTon mojicyera KOINYECTBa YETHRIX 3JIEMEHTOB B MATPUILE.
5 MeTos BBIUNCIIEHUS CKaJISPHOTO MPOM3BEJECHUSA JIBYX
CJIy YallHBIX
BEKTOPOB.
6 Metoa pacuera MOJYJISA CIIy4YallHOT'O BEKTOpA.
7 Merosm 1npeoOpazoBaHMA MATPHUILI  CIIyYJallHBIX — YHCEI:
YETHBIE
SIIEMEHTEI 3aMEHSFOTCS TAHT€HCOM 3JIEMEHTa MaTPUIIBL.
8 MeTtona nojJicuera KOJIM4ecTBa UNCEI, KPaTHBIX 3, B MAaCCHUBE
CJIy4alTHBIX
YHCETL.
9 MeTo1 BEIYNCIICHNS CTAaTUCTHKN (KOIMYECTBO JJIS KaXkKI0T0
BXOJIAIIETO
CIMBOJIa) II0 CTPOKE.
10 MeTo i BEIUUCIIEHNI CTATUCTUKU I10 CIIYUalTHOMY MacCCHBY
(KOIIHYIECTBO
AJIEMEHTOB JJI KajkJJOT'0 3HAUYEHIS MacCHBa).
11 ﬂ.}ﬁhgffr?oﬁqmﬂjwﬁpmg%mm MAaTPUIILl CJIYUAHBIX UHCE:

SNEKTPOHHOW NoanvEeXI CTHEIC

S i oron 1.

MNencTd

12 Metoa rmoucka cpegHero apu@MeTHUeCKOro 3JIEMEHTOB MaTP HIbI.
renend-39.08 20p2 DASEBOHE BEIUNCIIEHNST MITHIMAJILHOTO 3HAUYEHUS B MaTpUIle
CJIy YallHBIX

HIICEJI.
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14 Meto g pacueTa CyMMBI 3JIEMEHTOB MacCHBa CJIyYallHBIX YICEIL.
15 Merox mnpeoOpa3zoBaHMS MATPHUILl CIyYallHBIX UYHCEN:
BIIEMEHTEI
KpaTHBLIE 3 3aMEHSIOTCS Ha KBaJpaT COOTBETCTRYIOIIETO SJIEMEHTA.
16 Metoa BeruncneHus ¢pakTopuaia Yncia.
AOKYMEHT NogarincAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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17 Metoa nmpeoOpazoBaHmsg MaTPUITEl CIIYUaHBIX YUCEN: KaX b
AJIEMEHT
3aMEHSETCSI CUHY COM 3JIEMEHTA MaTPUIILL.

18 Meton 1mnpeoOpazoBaHUA MATPUILI  CIVYalHBIX — YHCEIN:
YETHBIE AJIEMEHTEI 3aMEHSIOTCS CY MMOII

KOCIHHYCa 41 CIIHYCa
COOTBCTCTBYIOIICI'O 3JICMCHTA MATPHIILL.

19 MeTtonq mnpeoOpazoBaHHsI MATPULBl CJIIyYaHBIX YHCE:
HEUETHBIE AJIEMEHTEI 3aMEHSFOTC S CYMMOII

TAHI'CHCA 14| KOTAHI'€HCA
COOTBCTCTBYIOHLICI'O 3JICMCHTA MATPHIILL.

20 MeTo BBIUNCIIEHNS CTaTUCTUKHI II0 CIIYyUalHON MaTpUIlE
(KOIHYIECTBO
AJIEMEHTOB A1 KaXKJOT0 3HAUEHIS MaTPHIIEI ).

21 MeToax mojacueTa KOJIHYUeCcTBAa UYeTHBHIX W HeYeTHBIX
3JIEMEHTOB
MaTPHIIBL.

22 MeTroa  BBIUNCIIEHUS  CTAaTUCTUKU IO  TPEXMEPHOMY
MAaCCHBY
(KOJIIMYECTRO AJIEMEHTOB JJI KaXKJOro 3HAUEHII MaCcCHBA).

23 Meton npeoOpazoBaHISI MAaTpHIBl CIYYallHBIX UICEII. BCE
3JIEMEHTEI 3aMEHSIIOTCS CyMMOII KOCHHYCa U CHHYyca

COOTBCTCTBYIOLICI'O 3JICMCHTA
MaTPILBL.

24 MeTosT BBIUNUCIEHHS CpeAHEero apu@MeTHdecKoro
TPEXMEPHOTO
MacCCHBa CJIyYallHbIX YHCETL.

25 MeTo BEIUNCIIEHNS CY MMEI JBYX MaTPII],

4. Borpochl A1 3alIUTE pabOThI

1. B xakoMm IpocTpaHCTBE UMeH oIlpejeneH kinacc Thread? IlosacHure
HazHadeHUe kinacca Thread.

2. Kax nonyunth ujaeHTH(UKATOP TEKYIIEero noToka?

3. Kakoli METOJI OCYII[ECTRIISET 3ally CK METO/a Ha BLIIIOJIHEHIE B IIOTOKE?

4. J11s uero HeoOXOAUMEL JeNeraThel IIpH UCIOJIb30BaHNN kiacca Thread?

5. Kak OPI'aHN30B4ATh HCCKOJIBKO IIOTOKOB B HpDI‘paMME?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHAS PABOTA 6. IIEPEJJAUYA JTAHHBIX IIOTOKAM

1. Ilens u cogepxkaHne

Ilenr nabGopaTopHOIl pabOTHI: HAyUYUTBCS CO3JaBaThb MHOTOIIOTOYHEIE
NPIWIOKEHNSI C BO3MOJXKHOCTBIO IIepeJlauld IIapaMeTPOB B  IapajulelbHO
BBLITIOJIHSIEMBIE IIOTOKIL.

3aj1aun J1abopaTOpHO pabOTHI:

— IBYUYUTh MEXaHU3M IIepeJaull IapaMETPOR B IIOTOK;

— HAYUUTLCS pelaTh IpaKTHUeCKHe 3aJaull ¢ HCIIOIL30BaHHEM IIOTOKOB C
mapaMeTpaMI,

— H3YHHITb BO3MOMHBIC MCTO/JbI 1ICPCAAYI IIaPpdAMCTPOB.

2. Teopernueckoe 0OOCHOBaHUE

IlepegaBaTe MOTOKY KaKHE-TO JaHHBIE MOJKHO JIByMsd CIOCODaMU:. B
koHCTpykTope Thread ¢ momompro jgernerata ParameterizedThreadStart nuGo 3a
CUeT CO3/JaHUd CIIelUaJIbHOI'O Kjlacca M OmIpelesieHIsI METoJa IIOTOKa Kak MeToJa
SK3E€MIUIIpa, UYTO IIO3BOJIMT HHHUIUAIN3HNPOBATHL JaHHBIE SK3EMIULIpa IIEpe]
3aITy CKOM IIOTOKa.

J1s nepegaun JaHHBIX IIOTOKY HEOOXOAUM KaKOii-TO KJlacC IJIHM CTPYKTypa,
rge Obl MOJKHO OBIJIO COXpaHUThL JaHHBIE. B paccMaTpuBaeMOM IIPHMEPE
ompejeseTcsd cTpykTypa Data, koTopas COIEp>XUT CTPOKY, HO B IIPHUHIIUIIE

IepeaaBaTh MOIKHO JTIFOO0IT OOBEKT:

public struct Data

i
'

public string Message;

B cnyuae npumenenus aererata ParameterizedThreadStart Touka Bxoga B
OOKYMEHT NoarmmcCAH

TIOTOK ﬁ-‘:ﬁﬂﬁﬂ‘ﬁﬂ%ﬁ%ﬁ“‘f’éﬁhHD TIpHIMATh [apaMeTp THIIa object 11 Bo3BpalaTh

........... IESABBBO952205E7BAS

LIeD3yxoBd iITeHHA _.".__".: IHODOBHS
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voild. OOBEKT MOXKHO IIPUBECTU K HYKHOMY THITY. Hampumep, HIDKE IIOKa3aHO, Kak

BEIBECTII Hd KOHCOJIb CDD6H_IEHHEZ

static woid ThreadMainWithParameters(object o)

{

ata d = (Data)o;
Console.WriteLine( 'BunonnseTca B noToke, noeaydeHo {@}", d.Message);

!
B xoHcTpykTope kiacca Thread MoXHO Ha’HA4YUTHL HOBYIO TOUKY BXOJa
ThreadMaimmWithParameters um BwI3BaTh MeTOJ Start (), IepemaB emy

repeMeHHy o d:

static woid Main()

{
var |_'_| = new Data { E‘“ESSEEE = IlIn-F':II. }J.
var t2 = new Thread(ThreadMainWithParameters);
t2.Start(d);

1

Jlpyrum cnocobom I Iepedadynd JaHHBIX HOBOMY IIOTOKY SBIISETCS

onpejeneHne kiaacca (Hanpumep, My Thread) ¢ HeoOXoaQMMEIME IIOJISIME, a TaK¥Ke

ITIaBHOI'O MCTO/J4 IIOTOKad KaK MCTO/J4 5K3CMILIIAPA 5TOI'O KJIdCCa.

public class

{

'-;,-Th read

private string data;
public MyThread(string data)
{

}
public woid ThreadMain()
1

}

this.data = data;

Console.Writeline( " "BunonHaeTca B8 noToxe, data: {@}", data);

}

B sToMm ciydae MoxkHO co3/aTh 00bekT kilacca MyThread u nepemgats ero u

meTos; ThreadMain ( ) xoHcTpykTopy Kkiacca Thread. IloTok cMoxeT HoIydaThb
JOCTYII K JaHHBIM:

static void Main()

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

OOKYMEHT NMoanncAaH

Ceptudmkar:. 2C0 '%?;Mhéi’gﬁﬁiﬁiﬂfﬁ%ﬂﬁg% BbIIOJIHCHITA p d 6DTBI

Bnapgeneuy;: llleGayxoea TaTeAHa AnexkcaHgpoBHa

B o e e . A A T s La B 4 10 L o]
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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1. Co3maliTe KOHCOIBbHOE IIpIUIOKeHue B cpeae MS Visual Studio.

2. C IIOMOIIBIO IIaPaMCTPH3MPOBAHHBIX IIOTOKOB BBIIIOJIHUTC PCHICHIIC

3ada"dll B COOTBCTCTBII C HHANBIJAYA4JIbHBIM BaPIIaHTOM.

MuauBuay ansHOE 3ajjaHIe.

Baprma Pemraemas 3agaya (pe3ymnbTaT MeTO/a) BxoaHble ImapaMeTphl
HT
1 MeTon HaXOMUT TIIOAMHOJKECTBO 3JIEMEHTOB JIBa mmapameTpa:
MaCCHBA CIIYYAHHBIX YHCEJ, KOTOPHIE pasMep MaCcCHBA,
OTIIHMYAIOTCA OT 3aJaHHOIO
yriciia He 0ojiee yeM Ha 4. 3HAYECHOE
YHCIIO
2 MeTo HaxXOAHT JIOTHYECKOe 3HadeHHE, JIBa Imapamerpa:
YKa3bIBAIOIIEE CTpOKa
CYILECTBYET IIH 3aJlaHHEIIl CHMBOJI B CTPOKE H HCKOMBIH CHMBOII
3 MeTon HaxXOAHT JABa 4YHCIa — MaKCHMAJILHEIE JIBa
BIIEMEHTEI
MacCCHBA CIIyYaiHBIX YHCEIL. IapameTpa:
pa3sMepPLI MaCCHBOB
4 MeTron  HaxXOOHT  CKAASpHOE  ITPOHM3BEJICHHE O HH
. mByX
CIIy4YalHBIX BEKTOPOB. IapameTp:
pasMep BEKTOPOB
5 MeToa HaXOAHT CYMMY JBYX MAaTPHI CIIYUYaHHBIX YHCE] JIBa mmapameTpa:
pasMep
MAaTPHI]
6 MeTox HaxXOIHT KOIHMYECTBO BXOXKIESHHI JIBa
3aJITaHHOI O AIIEMEHTA B MaTPHIIE BEIleCTBEHHBIX
Y Cell ITapaMeTpa.
MaTpHila Mo
IIETIEROM
3JIEMEHT
7 MeTom HaXOMHUT Pe3yIbTaT CIOKEHHS IBYX O mHH
CIIy4YaHHBIX
BEKTOPOB IIEJIbIX YHCEI IapaMeTp:
pasMep BEKTOPOB
8 Merog HaxXOOUT KOJIHMYECTBO BXOKICHIIHI JIBa mapamerpa.
3aJTaHHOT'O CTpOKa
CHMBOJIAa B CTPOKE H I[EJIEBOH CHMBOII
9 Meron HaxOIMT TIOAMHOMKECTBO UYETHBIX JIBa rapaMerpa:
3JIEMEHTOB pasMep
MAaTPHIIbI CITYYaHHbBIX YHCEIL MaTPHIIEI
10 MeToa HaXOAHUT CTaTHCTHKY MAaCCHBA CIIYYAHHBIX I[EJIBIX OIHH

Al

HHCCII. CIODICOK  II4dp (IHIGJIC! MACCHEBA.
KOINTYSCTBO

Ceptwitbukart: 1 iCDDGDI{

Bnaneneu: LLleBayxq

Nencteutenad: ¢ 19.08.]

ITapaMeTp: pa3Mep
MacCHBa

D43
Ba

]
2BOSEPAINaEToMOI HYCCKOS 3HAUYCHHCE,

VRKASBIBAIGRE €yIecTBYET IH 3aJaHHBII SIEMEHT B
MaTpPHIIE YHCEIT

02¢fimib)e 2023

JIBa

ITapaMeTpa: MaTpHI[a
5|

HCKOMBIH
3IIEMEHT

12

MeTtonq HaXOIHT CYMMY J3JIEMCHTOB MATPHIIBI

JIBa mapameTpa:
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I[EJIBIX pasMep
CITYYaHHBIX Y CEI MaTPHITBI
13 MeTtox HaXOIHUT PasHHIY  MaKCHMAaJIbHOIO 1 JIBa rmapamerpa:
MHHHMAJIBHOTO AIIEMEHTOB MATPHIIBI IL[ETBIX CIIYYAHHBIX pasMep MaTPHIIBI
Y CE
14 MeToa HaXOAHUT JIOTHYECKOE 3HAUYEHHE, YKA3BIBAIOII[EE JIBa mmapaMerpa.
CYIIECTBYET JIH 3aJJaHHOE YHCIO B MACCHBE pa3Mep MaccHBa
I[ETIBIX H
CITYYAHHBIX Y CEII HCKOMBIi
BJIEMEHT
15 Meron BO3BpalacT MaTpHIY CIIVUAHHBIX JIBa rapaMerpa:
OHTOBEIX pasMep
sHaueHHH (0 mm 1), popMIpyeMyIo CIIydaiHBEIM 00pa3oM | MaTpPHIBI
16 MeTtoz BO3BpaIaeT CTPOKY MaKCHMAILHOH JJIMHEBI Ha OIHH
OCHOBE IEPEIaHHOr O MAaCCHBA CTPOK
ITapaMeTp:
MAacCCHB (HJIH CITHCOK)
CTPOK

CepTudukar:
Bnaneneu:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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17 MeToa BO3BpaIlacT IMOJIMHOKECTBO SIIEMEHTOB MaCCHBA O IHH
CIIYYaHHBIX YHCEJI, KOTOPEIE JEIATCS Ha 3
IapameTp:
pasMmep
HCXOJHOrO MAacCHBa
18 MeTon HaXOOIHUT YHCIO — KOJIHYECTBO JIBa
IIeMEHT OB
IIPHCYTCTBYIOIIHX B 000HX MAaCCHBAX CIIYYAHHBIX YHCEIL. IapameTpa:
pasMepPBl MACCHBOB
19 MeTon HaxOOHT cpedHee apH(MeTHYECKOE JIBa rapaMerpa:
3IeMEHTOB pasMep
MAaTPHIBI CITYYAHHBIX YHCEIL. MaTPHIIBI
20 MeTon HaxXOMHUT Ppe3ylabTaT IMHQPOBAHHSI CTPOKH: JIBa
KaXJbIH HCXOJHBIH CHMBOJI CTPOKH  3aMEHSETCS
IMM(QPOBAHHEIM CHMBOJIOM, KOJ KOTOpPOrOo Ha n ITapaMeTpa: HCXOTHaA
OOIbIle KOJAa HCXOIHOLO
CHMBOJIIA. CTPOKa,
YHCIIO CABHUIA 1
21 MeTon HaAXOIHT IIOAMHOKECTBO HIeMeHTOB O IHH
MAaCCHBA CIIYYAHHBIX YHCEII, KOTOPBIE JAEIISTCS
Ha 6 ITapamMeTp:
pasMep
HCXOJHOI'O MacCHBa
22 MeTrog HaxXOJQUT CTaTHCTHKY IS CTPOKH. CIDICOK OmH
Tap
(CHMBOJI CTPOKH, KOTHYECTBO BXOJKJ[EHHIN) ITapamMeTp:
aHAIIM3HPYeMas
CTpOKa
23 Meton HaXOJHUT pasHHUIY MAaKCHMAaJIbHOT'O JIBa rapaMerpa:
51 pasMep
MHHHMAJIBHOI'O 3JIEMEHTOB MAaTPHIIEI. MaTPHIIBI
24 MeTon HaAXOIHT IIOAMHOKECTBO HIeMeHTOB O IHH
MAaCCHBA CIIYYAHHBIX YHCEII, KOTOPBIE SABISIOTCS
YeTHEIMH HapaMETp.
pasMep
HCXOJHOI'O MacCHBa
25 MeToag HaXoOHT KOIHYECTBO HEYEeTHBIX S3JIEMEeHTOB JIBa rapaMerpa:
B pasMep
MAaTPHIE CITYYAHHBIX YHCEIT MaTPHIIBI

CepTudukar:

4. Bompoch JJ1s 3alIUThI PaOOTHI

1. Onumure BO3MOXKHBIE IIVTIH IICPpCOa4ll 1IapaMCTPOB B IIOTOK.

Zon

MEHT NOANUCAH
WW&Q&W@QEM}KHD JII IIEPCAAaTb B HCCKOJIBKO IIOTOKOB OAIMH I TOT 2KC

2C0000043E9ABEB952205E7BAS00060000043E

Branenga p &XIeTY (eeBrikyHav0BHekT)? OTBET 000CHYITE.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHAX PALOTA 7. TUIIBI IIOTOKOB. YIIPABJIEHHE
I IOTOKAMHA

1. Ilenb u comepxkaHue

[{ens mabopaTopHOl pabOTHEI: OCBOUTL HMPUHIUINLI CO3JAaHUSA 1 YIIPaBICHUS
IIOTOKAMIL

3aj1aun J1abopaTOpHO pabOTHI:

— HAYYUTBLCS CO34aBaTh (POHOBEIE I MPUOPUTETHLIE IIOTOKI,

— Hay4YUTBLCS pabOTAThL C IIyJIOM IIOTOKOR,

— HAY4HNTLCSI PEMIaTh NpaKTHUECKIE 3aJJadull C HCIIOL30BAHUEM IIyJIa

ITIOTOKOB.

2. Teopernueckoe 0OOCHOBaHUE

2.1 POHOBEIE U IPUOPUTETHLIE IIOTOKN

IIponiecc MOPIIOKEHUI IIPOAOIIKAET BBIIOJIHATHCA 4O TeX IIop, IIOKa
BBITIOJIHSIETCS XOTS OBl OJIMH IPUOPUTETHBIN MHOTOK. Ecnu BBIIIONHSAETCI Oolee
OJHOTO MPHOPUTETHOIO IIOTOKa, a MeToa Main () 3zaBepiiaercs, IIpoIlecce
IPIUIOXKEHIS OCTaeTCsI aKTUBHEIM JO Te€X IIOp, IIoKa He OyayT 3aBepIleHLl BCE
[IPUOPUTETHLIE ITIOTOKIL

IIoTok, co3gaBaeMEIil ¢ ITOMOINLIO Kiacca Thread, mo ymMomuaHHIIO SBISETCS
OpUOPUTETHEIM. IlOTOKHI, co37aBa€MEIE B IIyJIE IIOTOKOB, BCEr[a SBILIFOTCA
(bOHOBEIMIL.

IIpu cozmaHnm MOTOKa ¢ IIOMOIIBIO Kjacca Thread MoKHO ykazaTb, KaKUM

JAOJIZKCH OBITH IIOTOK — IIPHOPUTCTHLIM LI EI)DHDBLIM. I[.]’IH 2TOI'O HE:DGXD,[[HMD

yCTaHO BIgeRodtemra-lsBackground.
SNEKTPOHHOW NOANMWUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



CepTudukar:
Bnaneneu:
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Paccmotpum npumep (puc. 7.1). BeIBoJ JaHHOI IporpaMMEBl IIp€JICTaBICH

Ha puc. 7.2(a).

static void Main(string[] args)

{

Console.BackgroundColor = ConsoleColor.White;
Consale.Clear():
Console.ForegroundColor = ConsoleColor.Black;

Console.WriteLine{ "Notok Main zanywew");

Thread th = new Thread(

() => {
Console.WriteLine( "NoTox MyNewTread sanywer" );
Thread.Sleep(30008);

Console.WriteLine( " NoTok MyNewTread OCTaHOBREH )

1

IsBackground=false, Name ="MyNewTread™ };
8 ¥

th.start();

Console.Writeline{ "NoTok Main ocTaHoBner" ),

Pucynoxk 7.1 — lIpumMmep ycTaHOBKHU TUIIA IIOTOKA.

.
: BN CAWindows\system3Zwmd.exe
oTokK Main a0 yueH nroK Hain aanyuew
orork Main ocrvavosaeH loror Main vcranoeEasm
orakr MuMewTread sanyoed orar MyMeuwIread sanymew
oror MHyMowTrecad ocTanoeacw A NPONGAMEHMA HAMMHTE ABGEUS KIAaDMUYy . . -
A NPDADAXEHEA HIMFHTE ABRGYD KAGDHDY . . -
a 0

) )

Pucynok 7.2 — BeiBog nporpammel: a) IsBackground=talse; 0)
IsBackground=true.

Ecnn u3MeHHTH KOoA IIpoI'paMMBEI I YCTAaHOBUITB CBOICTBO IIOTOKa

IsBackground B 3HaueHum paBHOE€ frue, TO BHIBOJ IHPOTPAMMEI H3MEHHTCS

(puc. 7.2(0)). B nepBom ciyuae norok MyNewThread gpngercss mpHOpPUTETHBIM,

BO BTOpOM — (poHOBBEIM. [IoTok Main He 0XKHJaeT 3aBepIIeHUSI (POHOBLEIX IIOTOKOB.

2.2 IIpnopureThl IIOTOKOB

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

2C0000043E9ABBB952205ET7TBAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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3a INJIAHIPOBAHIIC IIOTOKOB OTBCYHAC OIICPAallIOHHAA CIICTCMaA, HO
IIPOI'PpaMMHCT MOXKCT BIIIATE Ha 5TOT IIPOLHCCC, Ha3HAHYAA IIOTOKd M IIPHMOPHUTCTEL.

OHE:paLIHGHHaH CICTCMa ILNIAHHNPYCT BBEIIIOJIHCHIIC IIOTOKOB Ha OCHOBC HX

IIPHOPHUTCTOB. IIoTOoK ¢ HaMBBICIINM IIPHOPHUTCTOM HAYMHACT BBIIIOJIHATBHCA B LI

nepBeIM. 1IoTOK mpekpamjaeT BeINOJIHEHHE U ocBoboxkmaeT I[II, ecmum emy

Tpﬂﬁ}"ﬂTCH OXILAAHIIC KaKOI'O-TO pECypcCa. EcTb HECKOJIBKO IIPHYNH OJIA IICPCXO /14
IIOTOKa B PCKHIM OXIJAHITA. HHHPHMEP:, 2TO MOXKCT IIPOHCXOJHUTEL  HM3-34
ITIOJIVHCHIIA KOMaH/JBI Ha 34CBIIIAHIIC, I13-34 HED6XD,[[HMGCTH OXII4Th 3daBCPIHICHIIC

JAIMCKOBBIX DHEpElL[Hﬁ BBOJd4d-BbIBO/Jid, IIOCTYIUICHIHC CCTCBOI'O IIAKCTA M T.IL Ecin

IIOTOK HCE GCEGGD}K,I[HET IL{II CAMOCTOATCIIEHO, €CI'0 BLBITCCHACT INNIAHHPOBIIIK

[IOTOKOB. EcCINM TIOTOK HMEeT EBIﬂEHEHHBIﬁ KBaHT BpCMCHH, OH MOXCT

HncIonb3oBath I1[I1 HCIIPCPLIBHO. Ecian BBEINIOIHSETCSI HECKOJIBKO IIOTOKOB C

OJAMHAKOBEIM IIPHOPHUTCTOM, KH}I{,[[bIﬁ 13 KOTOPBIX OXIAA4ACT IIOJIVHCHITA JOCTVIIA K

| L, INIJAHHUPOBIINK IIOTOKOEB IIPHMCHACT aJlI'OPHTM KpPYI'OBOI'O D6CH}"}HHBHHHH:.

IIPCAOCTaBJIAA STHM IIOTOKAM HOCTVII K III o OHCPCIII. B CJIYHAC BBITCCHCHITA

[IOTOK ITIOMEIIAETC B KOHEL] OUePE/IIL.

B xnacce Thread 6a30BEIil IPHOPUTET MOTOKA yYCTAHARINBAETCS B CBOICTBE
Priority. JlomycTumble 3HadeHHsS omnpejeneHbl B mepeuncieHun ThreadPriority.
OTH 3HAUE€HUd IPEJACTABILIOT pPaziINYHBEIE YPOBHH IPUOPHUTETA U BBITJLIIAT
cneqyromum odbpazom: Highest, AboveNormal, Normal, BelowNormal u Lowest.

IIpn HazHAUEHHU IIOTOKY OO0Jiee BEICOKOI'O IIPUOPUTETA CIIEAYET COOMOAATh
OCTOPOKHOCTh, IIOCKOJILKY 3TO YMEHBIIAeT MIAHCHI Ha BBINOJHEHUE JJII JPYTIUX
IIOTOKOB. ECIIM 5TO HACTOATENbLHO HEOOXOAUMO, TO JIYUIIE M3MEHSITH IPHOPUTET

TOJIEKO Ha KOPOTKOC BPCMA.

2.3 CoCTOSHUS IIOTOKOR

I opokeaoaiiae®esl 3a cueT BeIzoBa MeToja Start () oowrekra Thread. OgHako
ANEKTPOHHOW NOONMCHLIO

Ceptud ; 0 B TBAS s
anaﬂeniﬁjCﬁﬁaﬁg’iﬁTbﬂHaﬁéﬁﬂf‘?&DEma “Y"HOBBIIT MOTOK Bce ele MpeOLIBaeT HEe B COCTOSIHIN

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Running, a B coctogunn Unstarted. B coctosgrane Running moTok nepexoaur cpasy
[IOCIIE TOTO, KakK IUIAHUPOBIINK IIOTOKOB OIIEPAI[MOHHOII CHCTEMEI BBEIOEPET €ro
U1 BRINONMHEHNI. MHMopMamusa o TEeKyIeM COCTOSHHU IIOTOKa JOCTYIIHA Yepes
ceolicTBo Thread. ThreadState.

C nomoirsio Metoga Thread.Sleep( ) MOTOK MOXKHO IMEPEBECTH B COCTOSHUIE
WaitSleepJoin u mpm »ToM ykazaTh, depe3 Kakoil NPOMEKYTOK BPEMEHHU IIOTOK
JOJDKEH BO300HOBUTL paboTy. UTOOBI OCTAHOBUTH IIOTOK, HEOOXOJUMO BBIZBATH
meTos Thread Abort( ). IIpu BEIZ0BE 5TOro MeToZla B COOTBETCTBYIOIIEM IOTOKE
reHepupyercs uckmrodeHnne tuma Thread AbortException.

B cnydae ecnu 1l 3TOro UCKIFOYSHUS IIpeyCMOTpPEH 00paboTUuK, Iepes
3aBEPIICHUEM IOTOK CMOXKET BEIIIOIIHHTE HEOOXOAUMEIE OIEpaIfii II0 OYMICTKE.
YToOBI MOPOJOIIKUTL  BBEIIIOJITHEHHE IIOTOKA IIOCJI€  BBIJAUM  HCKIFOYEHI
ThreadAbortException, cneayer BeizBaTh MeTo[ Thread ResetAbort( ). CocTosgHue
[IOTOKA, IOJIYYAIOMIEro 3alpoc Ha HEMEIJICHHOE IPEKpalleHHe, N3MEHSIETCS C
AbortRequested ma Aborted, eciu moTokx He mMpoM3BOAUT COpOC.

Ecnu HeoOXoAuMoO MJOXKUAATHCS 3aBEpIIeHHsS paOOTEl IOTOKAa, MOYXKHO
BEI3BaTh MeToh Thread.Jomn( ). 3ToT Merton OIOKHpYET TEKYIIUIl IIOTOK M
IepeBOUT ero B cocTtosgHue WaitSleepJoin go Tex mop, moka He OyJIeT 3aBeplleH

HpHCDE,[[HHEHHEIfI K HCEMY IIOTOK.

2.4 11yl 1IOTOKOB

CDB,[[EIHHE IIOTOKOB TpEﬁ}’ET BPCMCHII. Eciu ecth pPa3lIMdHBIC KOPOTKIIC
3agayll, IIOHAJICKAIIIIIC BEIIIOJIHEHITFO, MOXHO CO314Th Haﬁﬂp IIOTOKOB 34paHCC I

34aTCEM IIPOCTO OTIIPABJIATE COOTBCTCTBYIOLIINIC 34lIpOChI, KOI'/ld HACTYIIACT OHCPCIb

JIIA ITX BBEIIIOJIHCHITA.
Ha IIPAKTHKC HacCTO TpEﬁ}’ETCH:. yTOOBI B 3aBHUCHUMOCTU OT HDTPE6HDCTH

KOHKD €T HOMvE I3 AATHAH KOJIMUECTBO | IIOTOKOB YBEINYUBAJIOCh U YMEHBIIAIOCh
SNEKTPOHHOW NOAMNUCHLIO

Ceptud ; 02
o ABTQMATIIECKTT, * PedAITSOBE BATL 1I0J00HOE MOBEJICHUE MPOTPaMMUCTY

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CaMOCTOMATEILHO HEe TpeOyercsa. J[JIg yapaBjIeHHSI TaKUM IIOBEJEHHEM IIOTOKOB B
NET Framework npeaycmoTpeH kinacc ThreadPool (kimacc myna moToxon).

3HaueHe MaKCUMaJlbHO AOIIYCTHMOI'O KOJIMYCCTBA IIOTOKOB B IIVJIC MOZKCT

IBMEHATLCA. B ciydae apysaepHoro LII ono mo ymormanmnto cocrariiier 1023
pabounx 1moTokoB u 1000 moTOKOB BBOJa-BEIBO/IA.

MoXKHO YKa3eIBaThb MIHUMAJILHOE KOJIMUECTBO IIOTOKOB, KOTOPEIE JOJI’KHEI
3aIlly CKaThbCS Cpa’y IIOCIIe CO3JQaHUs IIyJla, 1 MaKCHUMaJIbHO€ KOJIMYECTBO IIOTOKOB,
JNOCTYIIHEIX B ITyJe. Eciu ocTanuck kakue-ToO HoJiIexkaliue oOpaboTKe 3aJaHU, a
MaKCHMAaJIbHOE€ KOJIMYECTBO IIOTOKOB B IYJIE€ YK€ JOCTHTCHYTO, TO OOJee HOBLIE
3aJlaHNS Oy IyT MOMEIaThCS B OUEpe/Ib M TaM OKH/IaTh, II0Ka KaKO-TO U3 IIOTOKOB
3aBEPIIHUT CBOIO paboTy.

PaccmMoTpuM mpumep IIyJjia IIOTOKOB JII 00OpaOOTKU 3JIE€MEHTOB MacCHURA.
Kak Tompko ouepegHON »5IeMEHT [0OaBJIsIeTcd B MAcCHB, B IIYJI IIOTOKOB
noOaBIgeTCs HOBas 3ajiada (J1s1 0OpaboTKU JO0OABIEHHOTIO JIEMEHTA ).

Ha PHC. 7.3 IHPCACTABIICH KJIACC, HDTDpBIﬁ OIINCEIBACT 2JICMCHTEI MAdCCIHIBA.

d
Data - Uence YWomo,
rﬁ

- dakTopman wMcna Data

public class |

public int Data;
public long Fact;

Pucynoxk 7.3 — Knacc-31eMeHT
MaccHBa.

P&BpaﬁDTaEM KJI4CC, KDTDpBIﬁ IIO3BOJINT XPaHHNTh MACCHB 3JICMCHTOB,
,I[OﬁaBHHTB slleMeHTHl Tuia Massltem B mMaccurB n 3allyCKAaThb IIOTOK DﬁpaﬁﬂTHH

3JIEMEHTa MaCcCHBa C IIEJIBIO BEIUNCIICHIT (pakTopuasa unucia (puc. 7.4).

OOKYMEHT NMoanncAaH
ANEKTPOHHOM NOONMUCEID

[ IDMWKAaT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney lllebayxoea TaTeAHAa ANeKcaHnpoBHa
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A <summary}

£/} Knace maccuea. Yepez Hero npoMasoaMmTCA
F// nobagnesne INSMEHTOBR B MACCHE M Fanyox
f// 3apay 8 nyae NOTOKORE

Jl 1 <f summarys

] references
public class MassData
1
private List<MassItem> massive;
| reference
public MassData()
{
massive = new List<MassTtema(lE0a);
}
I reference
public void Add(Massitem newElesent)
{
if {mewElement.Data < 1) newElement.Data - 1;
J Aobagnaes INEMEHT B MACCHB
massive. Add{nawElemant) ;
lI|':i-
* Janyckaem 3agavy obpaboTkw InemenTa (BLNMCASHWE LAKTOpWana).
* Jajasa npeacTagneHa 8 BWAe NAMGDA-BuWpaxKeHnA
'
ThreadPool . QueusUcarkork I tos( MothodFor Threead, newElamant);
2

F A < summarys
fff MeTon 3anyckaeTcA npw gobDasnedwn IneMenTa B MaCCWE
fHF < feummary>

ff <param ngme="00" *HoBwR INeMeHT</ param>

I referenoe
protected static vold MethodForThread{object ob)
{
MazsItem item = (MassItem)ab;
int F = item.Data;
Console.WriteLine{"MoTox {8}. MNony4ex soa=n snement {117,
Theread. CurrentThread.HanagedThreadId,
item.Data):
long Factorlal = 1!
while (F » 1)
1
Factorial *= F;
Thread.Sleep(l@8); // Japepmxa
consgle.WriteLine{ " NMoTox {8}. Bwvnachexde! oakropwan ot {1} pasexd {2},
Thread.CurrentThread .MenagedThreadId,
item.Data,
Factorial);
F--:
h
item.Fact = Factorial;
Console,WriteLine("Novox {8)}. Buqmcnenwe 3apepuend! GaxktTopwan or {1} paeen {2},
Thread, CurrentThread .ManagedThreadId,
item.Data,
item.Fact);
)
}
OOKYMEHT NoarncAaH —
e Pucynox 7.4 — Kiace A paboTHI ¢
Ceptucdmrar: 2C0000043E9ABBBI52205E7BAS00060000043E MaCCIHIIBOM.
Bnaneneu: LWebayxoea TatTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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Peammzyem ¢yakimo Main( ), B koTopoii npousBogutca godapaeaue 1000

CIIy4JallHBIX 3JIEMEHTOB (puc. 7.5).

static void Maim{strimg|] args)

{
Console.BackgroundColor = ConsoleColor.White;
console.Clear();
Caonsole.ForegroundColor = ConsoleColor.Black;
int MaxkWorkThread;
int MExXIOTread;
ThreadPool .GetMaxThreads {out MaxWorkThread, out MaxTO0Tread);
Consale. Writeline("Makcumancuoe eonnyecTeEo pabounx notToxoa: I8)." 1
"MakcHManLMoOe EOMMYECTEO NOTOKOE BEofa-Bweona f11°7,
MaxkWorkThread, MaxIOTread);
[/ Co3paem O00REKT KANaCCa-HMacCHBa W QOoCapnReM 19098 Cny4valHex JAEMEHTOE
ata myData = new MassDatal):
Randam rnd = new Random();
for {int 1 = @8; 1 <« 166868 1++)
f
myData.Add(new MassItem{) { Data - rnd.Next{19) });
nnsole . ReadKey( )
1

Pucyunoxk 7.5 — Metog Main( ).

BriRog mporpaMMEI IIOKazaH Ha puc. /.6.

MakcuMaAbHOE KOAHMYECTEO pacodydX noToKoe: 1023.
MakcuMmaabHOR KOAMUYECTEO NOTOKOEB BEOpAa—-©BMsopa 1000
Movok &. lMoayuen HoOBWW 3aemeHT 3

Movos 10. lloay4en HoBbM a3AereHT 2

Mortok 11. lMoaAyYyd4eH HOBWMM aAeHMeHT B

Morok 12. lMoAYyyeH HOBWH 2aereHT 1

Movok 12. Bwuucaenue zasepueHo? daxtopuaasn ov 1 paeen 1
Movok 12. lloayyeH HOEBM 3JAeHMEHT b

Movok B. Bouwcaenuwe?! Paxtopuwan orv 3 pasen 3

Moroxk 10. Bwuucaenwe?! PaxktopHan orv 2 pasen 2

[Mloroxk 10. BwiucaeHHe sasepucHo?! PakropHaa ot 2 paBeH 2
Morok 10. MoayyeH HoEwWM 2aermeHT 2

Movok 12. Buuucaenue?! Paktopuwan or 6 pasen b

Mortoxk 11 . Bweuucaenwe? Paxtopuwan ovr 8 pasen 8

Morox 10. Bwuucaenwe?! Paxtopwan orv 2 pasen 2

Moroxk 10. BuWyucAeHde sasepucHo? Pakrtopdaa ot 2 paBeH 2
Moroxk 10. MoAay4yeH HOoBWM 2aeMeHT 7
Movok 6. Beuucaenue?! daktopuan or 3 paBen 6

Movrok 6. Buwukucaenume sagepueHo?! Paktopuwaa or 3 pasen b
Morok B. lMoaAyyeH HOBWMH 3AEMEHT 7

Mortok 12. BouyucAenHue? PaxkTopdHan ot 6 pasen 30

Motok 11. BwuyucaenHHe?! PakTtopuan or 8 papen 56

Movoxk 10. Bwuucaenue?! daxtopuwan orv 7 papen 7

Movok 6. Beuucaenue?! daktopuan orv 7 pasen 7

Movok 12. Buyucaenwe?! Paxtopuwan orv 6 pasen 120

Pucynok 7.6 — PeayasTaT paboThI
IIpOTPaMMEI.

HB}”—IHTE HpE,[[CTaEHEHHEIf:I KOJ IIPHJIOMNKCHIIA. HCCHE,[[}’E[TE ITOBC/JCHIIC

HP'DPPaMﬂ%%}M:EI%EMHIEEEI?’IEHEHHH BPCMCHII 3aJICPXKKH B (byHKL[HH BBIHIICJICHITA

anﬂﬂPUHHGPHUﬂHﬂﬁbm
.--:..EbaKTGpHaﬂﬂa'a[-;.-@ﬂﬂHaﬂTﬂ-EI:IBDJ_EEZ KdaK MCHACTCAH paGGTa HpDFpaMMBI OT HN3MCHCHIIA

DAl Lil ol iTeHHE AJ1eKCAHODOBH:

BPCMCHH 3aJJCPHKII.
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3. MeToauka 1 IOPSAOK BBEIIIOJIHEHHS PaOOTHI

1. Co3tanire KOHCOJILHOE IIPIUIOKEHUE.

2. PaszpaboraiiTe kjaccel Qi1 pemIeHMs 3ajJadd B COOTBETCTBHU C
IHINBMIYJIbHEIM BapMaHTOM C HCIOJL30BaHHEM IIyjla IIOTOKOB. B KaxJoM
3aJlaHNi HeoOXoAuMo pa3paboTaTh KOJUJIEKIHMIO SJIEMEHTOB 3aJJaHHOTO THUIIA I
KJIacC ISl YIIpaBJICHUS KOJUICKIIUEH, OCYI[ECTBILIIOMUII 0OpabOTKy 3JIEMEHTa C
IICTIONB30BAHUEM IIyJIa IIOTOKOB.

3. B anropurmMme pemeHusd 3ajaud IpeayCMOTPUTE 3aJep:KKy alIropuTrMa C
IICIIOJNIBb30BaHeM MeToJa Thread. Sleep( ).

4. CrenaiiTe BBIBOJ: KaK MEHSETCS IIOBeAEHIE IIPOTpaMMbl IIPH M3MEHEHUH

BPCMCHI HCK}"CCTEEHHDE 3aJICPIKKH aJI'OPHTMaA.

MuauBuay ansHOE 3ajjaHIe.

Baprma 3agaya, perraeMasi ¢ HCIIOJIb30BaHeM ITyJIa IIOTOKOB T
HT (MeTO aIIeMEHTA
00pabOTKH BIIeMeHTa) KOJUIEKI[HH
1 MeTon HaxXOJHUT cpelHee apH(pMETHUYECKOE SIeMEHTOB Kmacc  ompegenser
MaTPHIIBL CIIYYAHHBIX YHCEL. MaTpPHILY
(pazMep BBIOHpaeTCs
CIIy4aHHBIM 00pPa3oM)
2 MeTon HaxXOMHUT Ppe3ylabTaT IMHQPOBAHHSI CTPOKH: Knacc npencrasiset
KaXXIbIH HCXOJHBIH CHMBOJI CTPOKH 3aMEHSETCA | IIapy CTPOK:
I POBAHHBEIM CHMBOJIOM, KOJ KOTOPOro Ha n OONbIIe HCXOJTHAs H
KOJa HCXOJHOI'O CHMBOIIA.
ITH(]ppPOBaHHAS
(MCXOHAS 3aJlacTC B
KOHCTPYKTOPE)
3 MeTon HaAXOMUT IIOAMHOMKECTBO HBIIEMEHTOR Kiacc

CepTH
Bnane

hukar: ZC0000(

neL. LLleBayxq

MACCHBa GH}"‘IEIIUH{E-IK HHCEII, KOTOPBIC ACIIATCA

Ha 0 ITpeICTaBIISIET MaCCHB
CITyYaHHBIX
YHCEIL,
n -
EKTPOHHOM NONNACEIC CTyYAfiHOro pasMepa

43V ETON2 M AROMIPCTATHETHKY UIS CTPOKH:. CIIICOK IIap

Kiacc

Ba JarkaHa AnexkcadnpoeHa —
ECHN[EDH CTPOKH, KOJIIHYECTBO EXG}K,[[EHIIH)
ITPEACTABIIACT
Nencteutenad: ¢ 19.08.2022 no 19.08.2023 CTpﬂKy (381I[HETGH
KOHCTPYKTOPE)
5 METD,I[ HaxXOIHT Pa3HHITY MAaKCHMAJIEHOT'O H Kiacc
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MIHHMAJIBHOI'O 3JICEMEHTOB MdTPHIIBI
IPpEACTABIACT

MaTPHIY
CITyYaHHBIX
YHCET

CIIy4aHHOr O pa3Mepa

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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6 MeTtog HaXOMHUT TIOAMHOXKECTBO 3IIEMEHTOB Kmacc
MAaCCHBA CIIYUYAHHBIX YHCEIl, KOTOPBIE ABIISIOTCS
YeTHBIMI IIPEJICTABIISIET MACCHB
CITyYaHHBIX
YHCEI
CIIYYAHHOI O pa3zMepa
7 MeToa HaxOoIHUT KOJIMYECTBO HEUETHRIX AJIEMEHTOB B Knacc mpeacrasiser
MaTPHIIE CITYYAIHBIX UHCE]T MaTPHIY CIYYailHBIX
YHCET
(pasMep 3amaeTcA
B
KOHCTPYKTOPE)
8 MeTon  HaxXOAWT  pasHHIY  MAaKCHMAIbHOIO  H Kmacc
MHHHMAJIBHOIO 3JIEMEHTOB MAaTPHI[BL I[EIBIX CIIYYaHBIX
yHcel OIMCBHIBAET MAaTPHIIY
CIIYYAHHBIX YHCET
(pa3Mep
MaTPHITBI
BEIOHPAETCS
CIIy4aHHBIM 00pPa3oM)
9 MeTton HaxOIHMT JIOTHMYECKOE 3HAYEHHE, YKa3bIBAOIIEE Kiacc
CYVIECTBYET IH 3aJaHHOE YHCIO B MACCHBE I[ETIBIX
CIIyYaHHBIX YHCE] OINCBIBACT
MaCCHB
CIIYYAHHBIX YIHCET
(pasMep MaccHBa
BEIOHPAETCS
CIIYYaHHBIM
oOpaszoMm,
HCKOMOE
YICIIO
YKa3bIBAeTCH
KOHCTPYKTOPE)
10 MeToa CTPOHT MAaTPHIY CIIYVYAHHBIX OHTOBBIX 3HAUECHHI Kmacc
(0 wn 1), hopMHpPYEMYIO CIIy4aiiHBIM 00pa3oM
OITHCBIBAET MATPHILY
(pa3Mep
YKa3bIBAETCSA B
KOHCTPYKTOPE)
11 MeTtoa HaxXOMHT CHMBOJI CTPOKH, KOTOPBIH BCTEYAETCS Kiacc
MaKCHMaJIbHOE KOJIHYECTBO pas
OITHCHIBAET
CTPOKY
AOKYMEHT MOAMWCAH (cTpoKa
ANEKTPOHHOW NOANMCLIO 3amaeTcs
Ceptutbukatr: 2C0000043ESABBBO52205E7BAS00060000043E
Bnaneneu: llleGayxgea TaTeAHa AnexkcaHgpoBHa B
KOHCTPYKTOPE)
HeRCTITETE B T O R R T ON - HAXOMUT — TOAMHOKECTBO 3IIEMEHTOB Kmnacc
MaCCHBa
CITYYaHHBIX YHCEN, KOTOPBIE AEIATCS Ha 3 OITHCHIBAET
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MAacCHB

13 MeTtongy HaxXoIHWT YHCIO — KOIHMYECTBO Ki1acc ormicreIBaeT

3IIEMEHTOB IPHCYTCTBYIOIIIX B 000HX IIapy MacCHBOB

MAaCCHBAaX CIIYYaHHBIX YHCEIL
(pazMep
OITPEHEIISIETCS
CIIy4YaHHBIM
oOpaszomMm,
3IIeMeHTEl MacCHBa —
CIIy4YaiHBbIE YHCIIA)

14 MeTon HaAxXOOHT ITOAMHOXKECTBO »IIeMeHTOB MacCHBa Kmacc 1 ormicaHHus
CIIyYaHHBIX YHCEJI, KOTOPBIE OTJIHYAIOTCSA OT 3aJ[aHHOI'O MAacCCHBa CIIYYaHHBIX
yycia He Ooliee yeM Ha 4. YHcell H 3aJaHHOIO

yHCIla

15 MeToa HaXOAUT JIOTHYECKOE 3HAUYEHHE, YKA3BIBAIOIIEE Kiacc
CYILIECTBYET JIH 3aJJaHHBIH CHMBOII B CTPOKE

IIPECTABIISIET CTPOKY
51
HCKOMBIH
CHMBOII

16 MeToa HaxXOOHT JABa YHCIIa — MAaKCHMAJIBHEIE SIIEMEHTEL Kmacc pmng

MAaCCHBA CITYYAHHBIX YHCEIL OITHCAaHU
MacCHBa
CIIyYaHHBIX
3I1eMeHTOB

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptuibukar:
Bnaneneu:

17 MeToax  HaxOOMT  CKaJdpHOE  ITPOH3BEJIEHHE Kitacc ormiceIBaeT
JIBYX CIIYYaHHBIX BEKTOPOB. JBa
CIIYYaHHBIX
BEKTOpPa
PasMEPHOCTH 1.
18 MeTtom HaXOaUT CYMMY ABYX MaTPHI[ CIIVUAIHBIX YIHCE] Kiacc OIMCEHIBAET
rapy MaTPHI]
CIIYYAHHOI0 pa3Mepa,
COJIEPKAIIIX
CITy4aiHBbIE YHCIIA
19 MeTtongy HaXomHT KOJIHMYECTBO BXOXKIcHHH Kiacc
3aJIaHHOI' O AIIeMEHTA B MaTPHIIE BellleCTBEHHBIX
yHcell OITHCEIBAET
CIIVYAHHVYIO MaTpHILY
H
HCKOMOE YHCIIO
20 MeToa HaXOmHUT Pe3yIbTaT CIOKEHHS ABYX CIIYYaHHBIX Kmacc OIMCHIBAET
BEKTOPOB IIEJIbIX YHCEII rapy CITyYalHBIX
BEKTOPOB pasMepa 1
(n 3ajmaercs
B KOHCTPYKTOPE)
21 MeTong HaXomHT KOJIHMYECTBO BXOXKIeHHH Kitacc
3aJJaHHOI'O CHMBOJIA B CTPOKE
ITPEICTABIISIET CTPOKY
H
HCKOMOe
YHCIIO
22 MeTon HaXOIUT TIOAMHOKECTBO UYeTHBIX Kiacc
3JIEMEHTOB MATPHIBI CITYYAHHBIX YK CETT
OITHCHEIBAET MAaTPHIY
CIIYYAHHBIX YHCET
(pa3Mep
MaT PHIIBI
YKa3bIBAETCS
B KOHCTPYKTOPE)
23 MeToa HaxXOAUT CTaTHCTHKY MAacCHBA CIIYYAHHBIX I[EJIBIX Kiacc
YHCENI. CICOK TIap (YHCIIO MacCHBa, KOIIHYECTBO
BXOKJIe HII ) OITHCEIBAET MAaTPHILY
CIIYYANHBIX YHCEII
(pazMep
MaTpPHIIBI
BEIOHpaETCA
CITy4aHHBIM 00pa3oM)
24 MeTon HaxXOAHT Pe3ylIbTaT — JIOTHYECKOE 3HAYEHHE, Kitace
YKa3bIBAIOIIEE CYINECTBYET IIH 3aJaHHBIIL SIIEMEHT B
MaTpHIle yHcel double OITHCBIBAET MaTpPHILY
CIIYYaNHBIX YHCEII
NOKYMEHT MOAMMCAH (pasmep
3IJEKTPOHHOW MOAMCHIO
2C0000043E9ABBBI52205E7BAS00060000043E MaTpPHIIBI
lLleBayxgea TaTtenAHa AnekcaHapoBeHa YKa3bIBACTCA
B KOHCTPYKTOPE)
Neicrpurenedd19.08.p02MeBOA 20 HaXOUT CYMMY 3JIeMEHTOB MaTpPHIBI Kitacce

HOEJIbIX CIIYY AIHBIX YHCE]

OITHCBIBACT MATPHIY
GH}"‘IEIIUH-ILIK HICCII
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(pa3Mep
MaTPHIBI
BEIOHpacTCA
CITy4aHHBIM 00pPa3oM)

4. Borpochl A1 3alIUTE PabOThI

1. Kaxue THIIBEI IIOTOKOB BEI 3HaeTe? UeM OHU OTJIMYAKOTCS?

2. JInmg 4ero ImpuUMEHSIOTCS IIPUOPUTETHl NOoTOKOB? Kak 3aJaTh IMPUOPUTET

I[I0TOKa?

3. Uto Takoe myJ moTOKOB? Kakol METOJI 3aIly CKaeT IIOTOK B IIyJIe?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHANX PALOTA 8. COSJIAHUE U 3AITYCK 3AJIAY

1. Ilens u cogepxkaHne

I{ens nabopaTopHOil pabOTEl: M3YUUTE MEXAHI3M pabOTHI ¢ KJIacCcaMH 3ajau.
3asaun 1abopaTOpHOIl paOOTHI:

— I3YUUTh BO3MOXKHOCTH KJ1acca Task;

— HaY4UUTLCS CO3/IaBaTh M 3allyCKaTh 3ajauil;

— HAY4UTBLCS paboTaTh ¢ MacCHBAMU 3aJad.
2. Teopernueckoe 0O0OCHOBAHIUE

B cocrar .NET 4 BxoauT HOBoe IpocTpaHCTBO MMeH System.Threading.
Tasks, B KoTopoM cojiepaTcs KJIacChl 41 aOcTparupoBaHus (yHKIITMOHAILHOCTU
IIOTOKOB. BHYTpU 5TuX knaccoB ucrnons3yercsa ThreadPool. Ilox 3amaueii (task)
[IOHIMAIOT €JUHUIYY IIOJJIe)Kallleil BEIIIOJTHEHUIO paOOThHI. OTa €QUHHIAa PaOOTEHI
MOJKET BBIIIOJIHATLCS B OTAEILHOM IIOTOKE, HO MOXKET TaKXK€ 3aIlyCKaThbCSI B
CHHXPOHN3UPOBAaHHON MaHepe, OXKHJas BBI3LIBAIOIIEr0 IIOTOKa. B  ciydae
IPUMEHEHN 3ajJlaul CO34a€TCs JOIIOIHUTEILHEIN YPOBEHL aOCTpaKI[UI M TaKXkKe
MIOSBILIETCS Macca BO3MOXKHOCTEH /I VYIIpaBI€HUS JIEKAIMUIMHU B OCHOBE
ITOTOKaMIL.

3ajaun  oOecnedynBarOT OOJBIIYIO THUOKOCTH B IUIAHE OpraHM3aIUH
BBLITIOJTHIEMOIT paOOTHI.

J1s 3amycka 3aJadml MOXKHO HCIIOJNIB30BaTh b0 kinacc TaskFactory, mmubo
KOHCTpYkTOop Kkiacca Task m wmeronm Start( ). Koncrpyktop Task mpocto
IpeJOCTaRISET OOJIbIIE THOKOCTU IIPU CO3JaHNN 3aJaull.

[Ipnu 3amycke 3ajlaud MOYKHO CO3JaTh 3K3eMIULIp Kiacca Task m HazHaUuNTEH

BEITTO JTHSI@MMEIT KOFVEAIICTIONE30BaHneM Jejlerata Action unu Action<object> (T.e.
ANEKTPOHHOW NOONMCHLIO

g:g;‘jgﬁa ﬁéﬁ%mﬁﬁfmﬁﬁﬁw IIapaMeTpOM THIIa object).

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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B IIPCACTABIICHHOM JINMCTHHIC IIOKd3dHLI BaPHAaHTEI 34IIyCKd 34144

(puc. 8.1).

class Progran

{

static wold Main{string[] args)

{

150le, BackgroundColor = ConsoleColor White;
Console.Clear():
Console.ForegroundColor = ConsoleColor.Black;

Taiiﬂ t'l = fan - B, {paraIIEITaik]j
tl.5tart();

FaskfFactory tf = new TaskFactory();
rask €2 = tf.StartNew(ParallelTask);

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

Can= '_--,EEIQI:II":E}"E]:

public static void ParallelTask()

{
}

Console.WriteLine("Bunonnenne zapgaun {8}", Task.Currentld);

Pucynoxk 8.1 — Bapuaursl 3amycka
3a/1au.

IlepBRIil criocod 3amycka 3ajjad Iperoiaraer co3janne oobekTa Tuia Task
n 3amyck zagaun merogom Start( ). Jlo BeizoBa Start( ) zamaya HaxoguTcsa B
cocroguuu Created, To ecTb 3ajadya He 3allyCKaeTCs aBTOMATHUYECKM IIOCIIE
cozgaHIl. JlaHHEIN MOJXO[ IIOXO0XK Ha HICIIOJIL30BAHUIE aCHHXPOHHLIX JIEJIETaTOB —
3ajJlaya 3allyCcKaeTcsl B aCHHXPOHHOM pexXUMeE. 3aJauy MOJKHO 3allyCTHUTh B
CHUHXPOHHOM (HeIapalUuleIbHOM) PeXUME, AJISI 3TOT0 HEOOXOJUMO HCIOIB30BaTh
mMeTo; RunSynchronously( ) BMmecTo Start( ).

Bropoii crnocod mpeamosiaraeT HCIOJb30BaHME o0ObekTa TaskFactory:
cozgaHNe 0OBEKTa I BEI30B MeToAa StartNew( ) ¢ mapaMeTpoM-AeJIEraTOM.

Tperuii cmocod — BEI30B MeToAa StartNew( ) uepes cBolicTBo Factory kimacca
Task.

Konctpykropy Task um meromy StartNew( ) kmacca TaskFactory moxHO

nepegaBarksHawens 13 rnepedncieHns TaskCreationOptions. 3a cueT nepegayun
HEKTRPORHOW NOONHMCBIO

pTucbukat:  2C0000 ABBBA52205E7BA50006000004
E \aner k’E’:-H-":"LT—LE:I-IH.‘,F,[ i: Kllﬂnlng MD}HHD IIH(bOpMIIpOEEITI:: INIAHUPOBIINK 3a/J{da4 O TOM, HTO

NelcTeUTe

r = A } '| b L (=] 1
fned: c 19.08. 20 Y Us AUL3

L& MO
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BLITIOJIHEHIE 3aJauld TpeOyeT IINTEJILHOIO BpEeMEHH, YTOOBl OH MOT IIO
BO3MOKHOCTH BEIJEJIUTEL JUIS Hee HOBLIN IIOTOK.

Ecnu zamaua gomkHa OBITH MOPHCOEANMHEHA K POAUTENILCKONM 3ajade I,
CII€OBATEIILHO, OTMEHSATBCSA B CJIyda€ OTMEHEI 3TOIl POJAHUTEILCKOI 3ajadl,
HeoOXogUuMO HCHOL30BaTh 3HaueHne AttachToParent. YcranapimmBas 3HaueHne
PreferFairness, M0OHO yKa3bIBaTh INTAaHUPOBIIHIKY, UTO OH CHayalla JOJDKEH OpaTh
3aJlaull, OXKHJAIOI[IE BEBIIIOJIHEHHS. I1lo yMOIYWaHHMIO TakKk HE HPOUCXOIUT, €CJIN
3aJlaga CO3JaeTcs B paMKaxX JApyrod 3agaun. Ecnom 3agaunm IpegycMaTpHUBarOT
cOo3JlaHlE JOIIOIHUTEILHBIX €JMHUI] paOOThEl 3a CUET MCIIOJIL30BAaHUS JOYEPHUX
3aJlay, TO HSTH JOYEpHUE 3aJaull IOoJIydarOoT OoJie€ BBICOKUII HIPUOPUTET IIO
CPaBHEHIUIO C APYTUMH 3alauaMIL.

OHU HE JOKHIAIOTCS 3aBEpIIeHNd padOThl B oduepeau IyJja IIOTOKOB. Ecmu
Takle 3aJaul JOJDKHBI 00paOaTBEIBATHCS PAaBHOIPABHO CO BCEMHU OCTaJIbHBIMU

3ajJladaMi, IOHAJ0ONTCs yCTaHOBUTEL 3HaueHue PreferFairness.
3. Metoanka u mopsA0oK BEIIIOTHEHIS PaOOTEI
1. Co3aliTe KOHCONIBLHOE IIPIUIOKEHUE B cpesie Visual Studio.
2. PeammzyiiTe pemieHne 2ajJadll B COOTBETCTBUHU C HHIUBHIY aJlbHBEIM

BdPHaHTOM C IIPHMMCHCHIICM KJIaCCd Task.

MuauBuy ansHOE 3ajlaHIe.

CepTH
Bnane

MNencTd

Bapna MeTtoa qn4a
HT peanmzalin

1 MeToJ1 pacyeTa Cy MMEI 9JIEMEHTOB MacCUBA CIIyYalHbBIX YICEI.

2 MeTtonq mnpeoOpazoBaHMSA MAaTPUIEl CIYyYAalHBEIX YHCEN:
BIIEMEHTEI
KpaTHBLIE 3 3aMEHSIOTCS Ha KBaJpaT COOTBETCTRYIOIIETO SJIEMEHTA.
3 MeTo/1 BeIUnciIeHns GpaxTopuasa Yrncia.
4 MeTo 1 mpeobpazoBaHUsd MAaTPUILI CIIyUAHBIX YHUCEIT: KaXk bl

ANEKT UCbIO

pukar: 2C000004PEIRFRFSHIICTOACHHYCOM 3JIEMCHTAa MAaTPIIIIHL.

n'e—LE_gré!ﬂVrﬁB‘nl BEHHA AJTERCAanpoBHa —
cTOq HpEDﬁpaBDBaHHH MAaTpHIbl CJIVHAMHBIX  HIHCCII.

HCEYUCTHEIC
SIIEMEHTHI 3aMEHIIOTCA —1 .

buTened: ¢ 19.08.20P2 no 19.08.2023

6 MeTo moucka cpeqHero apupMETHIECKOr0 3JI€EMEHTOB MAaTPUITH.
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7 MeTo i BEIUNCIIEHNUS MUHUMAJILHOTO 3HAUEHUS B MaTpUIE
CJIyYalTHBIX
YLICETIL.

8 Metong mnpeoOpazoBaHMAI MAaTpHIBEl CIYYalHBIX  YLCEI:

YETHBIE BJIEMEHTBl 3aMEHSIOTCS CYMMO
KOCUHyca 1 CHHYyca
COOTBETCTBYIOIIErO 3JIEMEHTA MaTPUITHL.
9 MeTtonq mnpeoOpazoBaHHsI MATPULBl CJIIyYaHBIX YHCE:
HEUETHBIE SJIEMEHTEI 3aMEHIOTCSI CYMMOH
TaHI'€HCa 51 KOTaHI'€HCa
COOTBETCTBYIOIIErO 3JIEMEHTA MaTPUIIHL.

10 MeTto BBIUNCIIEHNS CTATUCTUKHN II0 CIIyYalTHOM MaTpUIIE
(KOIHYIECTBO
AJIEMEHTOB A1 KaXKJOT0 3HAUEHIS MaTPHIIEI ).

11 MeTo /1 BLIUNCTIEHUs] CPEAHETO apu(PMETUIECKOI0 SIIEMEHTOB MaCCUBA.

12 MeTto rmoncka MakCUMaJIbHOT'O 3JIEMEHTA B MaTPUIIE.

13 MeToa nmpeoOpazoBaHId MaTPUILI CIIyUATHBIX YHUCENT: KaX bl
AJIEMEHT
3aMEHSETCS KOCUHYCOM 3JIEMEHTA MATPUITHL.

14 MeTton mmogcueTa KOJIM4eCcTBa YETHBIX SJIEMEHTOB B MaTpUIIE.

15 MeToa BBIUNCIEHUA CKaJIAPHOTO MPOM3BEICHUA JBYX

CJIyYalTHBIX
BEKTOPOB.

16 Mertoa mpeoOpazoBaHHd MaTpPHIBI CIIyYallHBIX YLCEN: BCe
AJIEMEHTEI 3aMEHSFOTCS CYMMOM KOCHUHYCa U CUHYyCa
COOTBETCTRBYIOIIETO 3JIEMEHTA
MAaTPUITHL.

17 MeTosT BBEIUNUCIEHHS CpEAHEro apu@MeTHdecKoro

TPEXMEPHOTO
MAacCCHBa CJIy4allHbIX YHCETL.

18 MeTo 1 BEIMHUCICHIS CY MMEI IBY X MaTPUILL,

19 Metoa pacuera MOZYJISA CIIy4YallHOI'O BEKTOpA.

20 Meroxg mnpeoOpazoBaHMI MATPHUIBl  CIIYYallHBIX  YHCEI:

YETHBIE
AJIEMEHTEI 3aMEHSIOTCS TAHTEHCOM AJIEMEHTA MATPUIIHL.

21 MeTto moacueTra KOJIMYECTBA YICET, KPaTHBIX 3, B MaCCUBE
CJIy4alTHBIX
YHCETL.

22 MeTo1 BEIYNCIICHN CTAaTUCTHKN (KOIMYECTBO JJIS KaXKJI0TO

BXOJAIIETO
CIMBOJIa) II0 CTPOKE.

Ceptuibukar:
Bnaneneu:

23 ppddememBBIINCIIEHIA CTaTUCTUKI II0 CIIyYallTHOMY MaCCHUBY

ANE
2C000004

KTPOHHOW NMoanucelo

s Eoh BRI TR Bioheno00043E

Webayxoes TonrE MIEIFTEEAII KaXKJOT0 3HAUEHIIST MaCCHUBA ).

24 MeToax moacueTa KoJIMYeCTBAa UYeTHLBIX W HeYeTHBIX
Nencteutened: ¢ 19.08.20R2 no 19.08.2023
3JIEMEHTOB
MaTPULIEL
25 MeTto  BBIUNCIIEHUSA  CTAaTUCTUKU IO TPEXMEPHOMY
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MdCCHBY
(HGHH‘IEGTEG AJICMEHTOB JJIA KaXJ10I'0 3HAUCHIIA M&CGHB&).

4. Borpochl A1 3alIUTE PabOThI

1. Yto Ttakoe xmnacc Task? Uem xiracc Task oTnmuaercs ot kiacca Thread?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Heicteutened: ¢ 19.08.2022 no 19.08.2023
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2. Kak mnomyunte wnpentuduxatop Tekymeld 3agaun? Kak TOIYUNTH
NIeHTU(PUKATOp TEKYIIEro IoToka?
3. OnumuTe BO3MOKHBIE METOALI CO3JJaHUS U 3allyCKa 3ajiau.
4. Kakme mnapaMeTphl 3aJaduldl MOJKET YCTAaHOBUTH IIPOTPaAMMUCT IIPU
peanm3anuu 3agadn? ONUIINTE BO3MOXKHBIE BapUaHTHI IIPUMEHEHUS I[IapaMeTpa

tuma TaskCreationOptions.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JIABOPATOPHAN PAGOTA 9. 3AJIAYHN 1TPO JJIOJLKEHKW A

1. Ilens u cogepxkaHne

Ilenr  jabGopaTopHOil  pabOTBEI:  HAYUYHUTLCI  HCIIOJIB30BATh  3ajadl
IPOJIOJIKEHIS B MHOTOIIOTOYHBIX IIpOrpaMMax.

3aj1aun J1adbopaTOpHOI PabOTHI:

— Hay4UThCS GOPMUPBOATH IIOCIIEAOBATEILHOCTE 3allyCcka 3ajad,

— Hay4UThCS HCIOJIB30BaTh 3aJaull MIPOJIOJIKEeHNS I (OpMUIPOBaHUS
[IOCIIEIOBATEILHOCTU BBIIIOIHIEMBIX padoT;

— HAYUHThCS UCIIONIB30BaTh 3aJadull MOPOJAOIIKEHII IS pealu3allil

MACCOBOTI'O 34llyCKad 3aJdaH.

2. Teopernueckoe 0OOCHOBaHUE

B ciaydae mpuMeHeHH 3ajad MOXKHO YKazbIBaTh, UTO IIOCJIE€ 3aBEpIICHII
OAHOIl 3ajauM JOJDKHA HAUMHATBLCSA KakKasg-TO Jpyragd 3ajada. B JaHHOM
MeXaHI3MEe MOJXKHO TaK)Ke peajIn30BaTh YCJIOBHOE BLINOJIHEHHE: peajli30BaTh
3allyCK OIIPEJECJICHHOI 3aJauld IpOJOJIKEHISI B 3aBUCHMOCTH OT XapakTepa
3aBepIIeHNI OCHOBHOII 3ajjaull (IDTaHOBOE 3aBEpIIEHUE, OMIOKa U T 1. ).

3ajjlaua  MOPOJOIDKEHUS IpHUHUMaeT mapamerp Tumna Task, xoTopwiit
[IO3BOJISIET IIOJIydaTh HMH}OpMaImo o0 HCXOAHOII 3ajade. 3ajJada IPOJOJIKEHIS
ompejeigeTcsa BbI30oBOM MeToga ContinueWith( ) oObekTa MCXOJHOM 3agadil.
PazBUTEIMU CpE€ICTBAMU OIIPEACIICHII M 3allycka 3ajau IpoJOJDKEHUS oOJIajaeT
Takke kiacc TaskFactory.

Paccmopum npumep uctnonbizoBannsg ContinueWith( ) (puc. 9.1).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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static void Main(string[] args)

|
Task tBase = new Task(
() = {
Conzole.Writeline( "OcxvoBHaR 3apava. Havano™):
Thread.Sleep(3060€);
Console.Writeline( OCHOBHAR 3a0ada. OxKOoHdYanue™ )
¥
Task tContinue = tBase.ContinueWith(
base task => {
Console.WriteLine( " 3apnava {0} sapepwena. , base _task.Id);
Console.WriteLine("3agava npogonxeswa. Havano");
ead.Sleep(3000);
Cons _wiﬂriteLine[“aagaua npogonkenda. OxKOHWARWE )]
P)i
tBase.Start();
Console.ReadKey();
I
Pucynok 9.1 — Mcnons3zoBanne ContinueWith( ) miga onpenenenns
3aJa4dull
IIPOAOJTIZK CHILA.

OueBMAHO, UYTO HCIOJL30BaThk ContinueWith( ) MoxkHO 1 ompeneneHUs
HECKOJILKIX 3ajJau npogospkeHud. Ilpudem kaxkgas 3ajauva IPOJOJLDKEHIS MOMKET
IMETh HECKOJIbKO CBOHMX 3aJau IPOJOJDKEHNI. TakuM oOpazoM, MOXKHO CTPOHTH
CIIOJKHBIE HepapxXuM 3aJad. B KkadecTBe BTOPOro IlapaMeTpa  MeETo/ia
ContinueWith( ) MOXHO  YyKazaTh 3HaUeHUE 3 [IepednCIICHI
TaskContinuationOptions. Kaxaoe m3 3mauennii (OnlyOnFaulted, NotOnFaulted,
OnlyOnCanceled, NotOnCanceled, OnlyOnRanToCompletion u mp.) yka3bIBaeT

Hd YCJIOBHC 3allyCKa 3d/Jld4IH IIPOJOJIXKCHIIA.

3. MeToauka 1 IOPSAOK BBEIIIOJIHEHHS PaOOTHI

1. Co3tanire KOHCOJILHOE IIPIUIOKEHUE.

2. PEE’LHHB}"fTI‘E PCLHICHIIC 3a/Jld4I1 C HCIIOJIb30OBAHICM MCXdHIM3Ma 3dJda4

HpﬂﬂDHH&%%PﬂS%%@&ETCTEHH C BAPHAHTOM IHANBHIAY 4/ IbHOI'O 344 HIA.

SNEKTPOHHOW NOANWUCHIO

— e N ADODGEATNEET AP PP Ty A T
1 =18 AfTIAK ST L TRIRININT I_'\- L) I * * i g LI LRLELELNF .
e '.1.-. Hal. FALNLE LW LELELY, -\..-E-\..If".El'..-_-c"-\..-l-\.."L'lr'il.l-\.."E| E L LU U ‘-\..'E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

. A0 A8 N9 ¢ 40 A8 290973
auTened: ¢ 19.08.2022 no 19.08.2023
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MuanBuay alsHOE 3ajlaHIIE.

Bapna OcHOBHAa 3ajjada 3aJilaul IIpOI0JIKEHI

HT

1 | 'eHepaniusa MaTpUILL 2 3ajayu: pacuer
CJIyYalTHBIX CYMMBEI
YIICET (pazmep AJIEMEHTOB,;

3a/]aeTCs
[I0JTb30BATETIEM ) IIONCK MaKCUMAaJILHOTO
3JIEMEHTA.

2 l'eneparniusga MaccuBa CIy4dalHBIX | 2 3aJ1auul.

YIICET (pazmep 3a/]a€TCsI BBIUNICIIEHIE KOJINMUECTBA
I10JIb30BaTEJIEM )
AJIEMEHTOB, JACJIAIIXCS
Ha 3. IIOUCK
MHIHIMAaJILHOTO 3JIEMEHTA.

3 ['eHepanug MaTpUIpl CIIYUalHBEIX | 2 3aJadl. pacyeT CYMMBEI
yrcen (pasMep OIpeaendeTcs BCEX UETHBIX 3JIEMEHTOB,;
CITyYallHEIM 00pazoM) TIOJICK

CPEIHETO
apU(PMETHUECKOT0 3JIEMEHTOB.

4 l'eHeparniusa mMaccuBa ciIy4dallHBIX | 2 3aJadyl. pacuyeT  CYyMMEI
yrcen (pasMep OIPEIENsIeTCsS | HEYETHBIX 3SIE€MEHTOB, IIOJCUET
CITy4alTHEIM 00pazoM) KOJIMYECTBA AJIEMEHTOR,

KpaTHBIX
3.

5 ['eHepanusa MaTpUIlLL 2 3ajadu. BBIBOJI MAaTPUIILI
CJIy4alTHBIX B
YIICET (pazmep KOHCOJIb, IIOJCUET

3a/]aeTCs KOJIMUECTBA
I10JIL30BaTEIIEM ) 3JIEMEHTOB, KPaTHEBIX 7.
6 l'eHepaniusa MaccuBa 2 3ajayu: pacuer
CJIy UallHBIX CYMMBEI
YICET (pazmep KBaJpaTOB UYETHBLIX
3a/]aeTCs SIIEMEHTOB, IIONCK
I10JIL30BaTEIIEM ) MAaKCUMAaJIbHOI'O 3JIEMEHTA.

7 ['eHepanuss MaTpuIlbl CIIyUallHBIX | 2 3aJaul; IIOMCK MaKCHUMaJlbHOTO
yrucen (pasMep OIpEendeTcs | 3JIeMEHTa B KaxkJoM CTOJIOIE;
CIIy4alfHEIM 00pazoMm) IIONCK MUHNMAJILHOTO 3JIEMEHTA

MATPUITHL.
8 ['eHeparmsd MaccuBa CIy4dallHBIX | 3 3ajaudll: pacdyeT CyMMBEI KyOOB
I s 4 (o D'B‘;‘ﬁ@&gmep OIIPEACIIACTCA | HEUETHBIX  DBJIEMEHTOBR;
Ceprufpukar:  2C000004BESCTIYIAIIEIBEMOOOPAZEM ) [IOICK
Bnagepew:  lleGayxosd TaTesina AnekcaHapoeHa MAaKCHMAIILHOTO SIeMEHTa:
e ©iose e 200 IIONCK MIHIMAJILHOTO 3JIEMEHTA.

9 ['eHepanusg MaTpuIBl CIIyYallHBIX | 2 3aja4yl. [MONUCK MHUHHMAJILHOTO

YIICET (pazmep 3aJla€Tcs | BJIEMEHTAa B KaxJOM CTOJIOIE;
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I10JIL30BaTEIIEM ) IIONICK 3JIEMEHTOB MaTpPUIIEL,
OTJIMYAIOIMUXCS He OoJjiee ueM Ha
4 oT 3aJaHHOTO IIOJIL30BATEIIEM.

10 ['eHepanusa mMaccuBa CIYYaNHBIX | 2 3aJaul. IIOMCK MaKCHMaJlbHOTO

yricenl (pazmep 3aJaeTcsa | 2IIeMeHTa, IIoJicueT KOJINJecTBa

I10JIL30BaTEIIEM ) IIEMEHTOB MacClBa,
TeJISIITITX C S
Ha .

OOKYMEHT NOANMNCAH

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ceptuibukar:
Bnaneneu:

11 l'eHeparniusg MaTpuIlpl CIIyUallHBEIX | 3 3ajadyi. BBEIBOJ] MATpHUILI B
yrcen (paszMep ONpeendeTcsa | KOHCOJb, IIOACYET KOJINMJEeCTRa
CIIy4ailHBIM 00pazoM) 3JIEMEHTOB MacCHBa, KOTOPHIE

JIEJIAATCS Ha 3, IIONUCK MHHIMyMa
B Ka)kKJIOH CTPOKE.

12 l'eHeparniusg MaccuBa cCJlIy4dalHBIX | 2 3aJadl. IIONCK MHHIMAJILHOTO
yrucen (pasMep OIpeJendeTcs | 2JIeMEHTa  CcpeQu  HEUETHHIX,
CIIy4dailHEIM 00pazoM) II0CUET KOJIMYeCcTBa 3JIEMEHTORB

MacCHBa, JeJIIuxcs Ha 7.

13 ['eHepanumsa MaTpUILI CIVUAHBIX | 3 3aJaull: pacyeT CYMMEI KyOOB
qlCell (pazmep 3aJlaeTCcsI | YETHBIX  DJIEMEHTOR; IIONCK
I10JIL30BaTEIIEM ) CPEIHETO

apuPMETHUECKOr0  3JIE€MEHTOB;
IIOMCK MHHHUMAJILHOTO
SIIEMEHTA.

14 l'eHeparniusg MaccuBa CJIy4yalHBIX | 2 3aJlauld. IIOMCK MaKCHMAaJIbLHOTO
qlCell (pazmep 3aJaeTcs | BIJIEMEHTAa cpeau YETHHBIX,
I10JIL30BaTEIIEM ) II0/CUET KOJIMYECTBa SJIEMEHTOB

MacCHBa, OTJINYAIOIIMXCS  OT
3aJIaHHOTO IIOJIb30BATEIIEM HE
Oosrlee ueM Ha

3

15 ['eHeparnusg MaTpullbl CIIyUYalHBEIX | 3 3aJayl. pacueT CyMMBbI YETHBIX
yrcea (pasmep OIpeaendeTcs | SIeMEHTOB, Jeldmuxcsd Ha 4
CITyYallHEIM 00pazoM) [IOIICK MaKCHIMyMa Cpeau

SIIEMEHTOB, JeNdImuXcsd Ha 3,
IIOMCK MIHHMAJILHOT'O BJIEMEHTA.

16 ['eHepanusa mMaccuBa CIYYaNHBIX | 3 3aJaul. BEIUNICJICHHNE KBaJpaTa
yruceal (pasmep OOpeaendeTcs | CYMMbI AJI€MEHTOB, BEIULCJIEHHUE
CITyYallHEIM 00pazoM) CYMMBEI KyOOB  SIIEMEHTOB,

BBEIBO/I
MacClBa B KOHCOJIb.

17 l'eHepaniusg MaTpullpl CIIyUallHBEIX | 3 3ajadil:  pacyeT  CyMMEI
qlCell (pazmep 3aJlaeTcsl | BIEMEHTOB, Jeldmuxcsd Ha 4
I10JIL30BaTEIIEM ) pacyeT KOJIMUECTBAa 3JIEMEHTOR,

JeIsmmxcsl Ha 3, IIOUCK
MIHIMAaJILHOTO 3JIEMEHTA.
18 l'eHepanusa mMaccuBa CIyYalHBIX | 3  3aJaul. pacueT  CYMMEI

YIICET (pazmep 3aJ1a€TCH
I10JIb30BATEJIEM )

OOKYMEHT MNOANWCAH

ANE

2C000004
lleGayxoed TaTenAHa AnexkcaHgpoBHa

KTPOHHOW NOAMNMUCBLIO
IE9ABEBBO52205E7BAS00060000043E

HeueTHRIX IIEMEHTOB,
nendamuxca Ha o 7 IIOUCK
MaKCHAaJILHOTO AJIEMeHTa, BELIBOJI

MACCHB4 B
KOHCOJIb.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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19 l'eHeparniusg MaTpullpl CIIy4YallHBEIX | 3 3a4adyl. pacuyeT  CYyMMEI
yrcen (pa3sMep OIPEIensaeTcsd | HEYETHBIX 3JIEMEHTOB,
CITy4alTHEIM 00pazoM) neymuxess  Ha o/, TIOUCK

MaKCUMyMa Cpeau
BJIEMEHTOB, MJENAINUXCSA Ha 2,
BBLIBOJI MaTPUIILl B KOHCOJIb.

20 ['eHepaluss MaccuBa CIIyUYalHBIX | 3 3aJaull. pacueT CyMMbI YETHBIX
yrucen (pasMep ONpeeNndeTcs | 3JeMEHTOB, AeJISImuxXcsad Ha 4
CIIy4alfHEIM 00pazoMm) IIONCK MaKCcUMyMa cpean

BJIEMEHTOB, JAENAIUXCI Ha 3,
IIONCK MIHIMAJIbHOTO 3JIEMEHTA.

21 ['eHepanusa MaTpHUIBl CIIyUalHEIX | 3 3aJaull: pacueT CyMMBI KyOOB
YIICE (pazmep 3aJjaeTcs | DJIEMEHTOB, MAEIAIUXCSA Ha 3,
I10JIL30BaTEIIEM ) IIONCK MaKCUMaJIbHOTO

BJIEMEHTA,
[IONCK MUHIMAJILHOTO 3JIEMEHTA
B KaXXJIOM CTOJIOIIE.

22 l'eHepaniusa mMaccuBa CiIy4dalHBIX | 3 3aJaull. pacyeT  CyMMEI
UIICE (pazmep 3aJ]a€TCs | HEUETHBIX SIIEMEHTOR,
I10JI30BATEJIEM ) NEJAMIXed  Ha 5,  IIOUCK

MAaKCUMyMa CpPEIU 5SJIEMEHTOBR,
nejEmuxess Ha 9, IIOUCK
MUHUMAaJILHOT'O 3JIEMEHTA

CpEAN YETHEBIX.

23 l'eHepanug MaTpuIBl CIIVUaHBEIX | 3 3aJadl.  pacueT  CyMMEI
yrcen (pasMep OIpeendeTcs | 3JIeMEHTOB, OEJISIMUXcsId Ha J;
CIIy4YaliHBIM 00pa3oMm) IIONCK MaKCHUMyMa cpeau

BJIEMEHTOB, JEIAIUXCI Ha 9,
BBIBOJT MaTPUIILI B KOHCOJIb.

24 l'eHepaniusa mMaccuBa CiIy4dalHBIX | 3 3ajadil:  pacyeT  CyMMEI
yrcen (pasMep OIpelendeTcsd | KBaJApaTOB UYETHHIX 3JIEMEHTOB,
CIIy4allHEIM 00pa3oMm) IIONCK MaKCUMyMa cpeau

BJIEMEHTOB, JEIAIUXCI Ha 9,
BBLIBO/JI BCEX SJIEMEHTOB MaCcCHUBa.

25 l'eHepaniusg MaTpullpl CIIyUallHBEIX | 3 3aJadyl.  pacueT  CYyMMEI
YIICET (pazmep 3aJja€TCs | HEUETHBIX AJIEMEHTOR,
I10JI30BATEJIEM ) NeJAMUXesds  Ha 2,  IIOUCK

MaKCHIMyMa B KaxkJIOM CTOJIOIIE;

IIONCK MHIHUMAJIbHOTO

SIIEMEHTa B KaiKJI0Il CTPOKE.
AOKYMEHT NogarincAH

POHHOW NOANWCLIO

3
e 2080 ONEPOEE A S ABIITEE PAGOTEI

Bnaneneu:

NelcTEUTENEH: C 1EJJIIE.EEIﬁi

MEXaHN3M ?

llleGayxoea TaTeAHa AnexkcaHgpoBHa

no 19.08.2023

TO TAKOC 3a/ld'4d HpOﬂOH}HEHHH? I[HH HCI'O HCIIOJIb3YCTCA ,[[&HHE-Iﬁ
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2. CKOJILKO 33J1a4 IPOJIOIKEHNS MOXKET IMETh Kax/jas 3agaya’

3. C noMompbl Kakoro wMeToga knacca Task MoOxkHO 3aJaTh 3ajady
[IPOJIOJIKEHIIA?

4. Kakne mapaMeTphl IIPUHIMAET METOJ, IPEACTaBILIIONINII 3ajgady
[IPOJIOTIKEHII ?

5. IlosgcHure MexXaHI3M OIMpPEAEIICHIU Y CIIOBHBIX 3aj1au IIPOJI0JIAKEHIIS.

6. Onumure MeTo ikl ki1acca TaskFactory, mpeaHazHaueHHBIE A1 YKa3zaHUS
3a4a4 IIPOJOJIKEHIISL.

7. Onumunure MexXaHH3M, HCIONB3VIOMUII 3ajaull HOPOJOJDKEHUA U
MIO3BOJISEOI Ul 3allyCTUThL Oomnbimoe koiamuecTBO 3agad (100, 1000, ...) omHOII

KoMaHgoI1 Start( ).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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