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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]

TCXHOJIOI'MTYCCKHX pEH_IEHHfI:. PACCMOTPCHIIC KOTOPHBIX H pa6mTa C KOTOPBEIMH

Ty IT BT ——-ﬁﬂﬁmé—ﬁ:ﬁ—ﬁﬂﬂﬁmc_ﬂh—'“"_' TTOTTHYeCKUU OIIBIT B C(bﬂpﬁ PH3P369TKIT I
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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 mpegHa3HAYEHBl IS CUTYAI[Mil, KOTrJla HYXKHO IIEpeaTb METO]
IpyroMy METOJY. DEIBarOoT ciaydam, Korjga METOJy HOTpeOyeTcs oOpallleHHE K
IPYTOMy METOJZY, HO OIPEAEINTh K KaKOMY HMEHHO Ha ATalle KOMIIIUIALUIN He
IPEJCTARIIIETCSI BO3MOXKHEIM. OTa HHQOpMAaIgd JOCTYIIHAa TOILKO BO BpeMd

BBIIIOJIHCHITA, 4 IIOTOMY JOJIXKHA OLITE IICpCcaHa IICPBOMY MCTOAY B BHJIC

[mapameTpa.

[IomoOHOE moBeeHNE CBOMCTREHHO B CJICAY FOIUX CJTyYasxX:

1. 3anyck moTokoB U 3agady. B C# cyIecTBYET BO3MOIXKHOCTH COOOIINUTH
KOMIINIIATOPY, UTO HYXKHO 3aIlyCTUTh HEKOTOPYKO HOBYIO IIOCJIEIOBATEIILHOCTD
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

T T _ﬂﬁEYhi‘_EHTF MOAMMCAH 7T TTTIIOJNIHEHUs, TO TaKXKE€ HYXKHO CDD6H—IHTB:
SNEKTPOHHOW NOANMUCHIO
Ceptudchugar: = 12000002A633E3D113AD425FB50002000002A6 BEI3OB KaKOI'0O METOJa OOJIZKEH €€
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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

.r—f
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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

o

class Program

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

HPHMEHEHHE CKOOOK K SK3CMIUPY ACJICIaTa 5TO BCC PaBHO YTO BEBEIZOB

MeToj1a Invoke (), TO €CTh CIIeIYIOIIE CPOKU BBIIIOIHSIOT OJHO U TOXKE JCIICTBUE:

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

.r—f
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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> 6ubnuotrexn 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 BOCCMLBIO IIapaMCTpPaMIL.

“‘—m‘;}f{gﬁE‘HT r’f@ﬁhhéfﬁ' TTOTTT  TTTTIONIB30BATBECA  aHAJIOTHMYHBIM DGp&BGM.
SNEKTPOHHOW NOANMUCHIO _
Ceptudukar; . 12000002A633E3D 113AD425FBE0002000002A6 > TUIIOM BO3BparTa. [IomobHOo Action<T>,
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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 = ", cpegxaa 4acTb, ;
~unc<string, string> lambda = param =3
i
param += mid;
param #= ° a 370 gobasneno x cTpoke.”;
return param;
is
. —onsole.WritelLine(lambda ("Havano cTpoku” )) ;

[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 NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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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

ATTenaTONNR T thurvnoLre cvnfAwrnr u OTTenaTOoP return oosg3aTenLHEL
AOKYMEHT NoanmcAH '
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static void Main(string[] args)

: string mid = “"Havano cTpoku”;
Func<string, string> lambda = param =>
E param += mid;
; param += " a8 3To agobaBneHo K CTpoOKe.":
: 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.

Bapuanr Jlenerat (cur"arypa)

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

Action<Func<int>, char, char>

Action<Func<int>, char>

Func<Action<bool>, tloat, float>

Action<Func<char>, int, bool>

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

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

Func<Action<string>, int, int>

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

2
3
4
5
6
7
8
9
10 Func<Action<int, int>, bool>
11
2
3
4
5
6
7
R

Func<Action<strino int> int, int>

AOKYMEHT NMOA4rnncAH .
SMNEKTPOHHOM MOANUCHIO int>
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 (), xoTopriili Omaromaps
BEI30BY Thread. Sleep( ) BBIDOJHIETCS MUHUMYM CTOJILKO BpEMEHH, CKOJILKO B

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

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 KOTOpoM MOIYT mepedaBaTbCs BXOJHBIE IIapaMETPHI,
ompejieJIeHHbBIe BMecTe ¢ Tumom gernerata. Meron Beginlnvoke ( ) Bcerma nmeer
IIBa JOIIOIHUTEILHBEIX 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 NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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tatic void Main{string[] args)

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

[/ acHRXpOHMMA BH3IOB METOGa C MNPHMEHERWEM LENeraTa
.:l"l;-_--'—..'l:_'_;_L":;-_';_:'_"l'_-: al = TEkES.l'JI.'i'JhiIEj.

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

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

int result = dl.EndInvoke(ar);

// BWUBOL pe3yILTaTa
Conscle, Writeline( "result: {8}", 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 ).

AJOKYMEHT NoanUcCAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Peammsyure

dCITHXPOHHOC
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BEIITOJIHCHIIC MCTO/14

Ha OCHOBC

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

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

MuauBuay ansHOE 3ajlaHIe.

CepTtudumkar:
Bnapeneu:

Nencreutened: ¢ 20

SNEKTPOHHOW NOANUCHIO

08.2021 no 20.08.2022

12000002A633E3D113AD425FBS50002000002A6
lLlebGayxoea TateAHa AnekcaHapoBHa

Bapuant Turn menerara Pemraemas 3agaya (pe3ynbTaT MeTOZa) BxomHrie
ITapaMeTPEI

1 TIOJIL30BATEJIHCKHI MeToa BO3BpalllacT CyMMY 3JIEMEHTOB | /[Ba Imapamerpa:
MATPHIIBI IETBIX CITyYaHHBIX YHCEI pasMep MaTpPHIIEI

2 OHOITHOTEYHBIH Merton BO3BpaIllaeT pasHuIy | /[[Ba Iapamerpa:
MaKCHMAaJIBHOI' O 51 MHHHMAIIBHOI'O | PasMEP MaTPHITbI
3JIEMEHTOB MATPHIIBI I[ETBIX CITYYAHHBIX
YICell

3 TIsIMOIa-BEIPaKeHHE Metox BO3BpaIllaeT normyeckoe | J/[pa Iapamerpa:
3HAUYEHHE, VKa3bIBaKOINEe CYINECTBYET | pasMep MacCHBa
I 33JJaHHOE YHCIIO B MAaCCHBE I[ETIBIX 151 HCK OMBII
CITYYaHHBIX YHCETL 3JIEMEHT

4 [10JIL30BATEIbCKHH MeTton BO3BpallaeT MaTpHIly | /[pa Imapamerpa:
CITy4aiHBIX OHTOBBIX 3HaueHHH (0 IIH | pa3Mep MaTpPHIBI
1), popmupyeMyro ciIrydaHHBIM 00pa3oM

5 OHOIIHOTEYHEIH Meton BO3BpaIIacT CTPOKY | OIHH ITapaMeTp:
MaKCHMAaJILHON JUIMHEI Ha  OCHOBE | MacCHB §300051
IepeJaHHOI'O0 MAaCCHBA CTPOK CITHCOK) CTPOK

s TIsIMO1a-BEIPaKeHHE Merony  BO3Bpam@aeTr IOJAMHOXKECTBO | OIHH ITapaMeTp:
BJIEMEHTOB MaCCHBa CIYVYAaHHBIX YIHCENL, | pasMep
KOTOPBIE JEIISATCS Ha 3 HCXOHOTO

MacCHBa

7 ITOIIb30BATE IIbCKHIT MeToj BO3BpallaeT YrclIo — KOIMYecTBO | /IBa Iapamerpa:
BJIEMEHTOB IIPUCYTCTBYIOIMX B 000MX | pasMephl
MaCCHBaX CIIYYaHHBIX YHCEIL. MaCCHBOB

8 OHOITHOT EUHBIIH Merton BO3BpaIlacT cpenHee | /[Ba Imapamerpa:
apH(pMeTHUECKOE AIIEMEHTOB MATPHILI | pasMep MaTPHIEI
CIITYYAHHBIX YH CEJL.

9 TIsIMOIa-BEIPaKeHHE Metox BO3BpaAIlaET pesynbTar | /IBa mapamerpa:
N pOBaHN CTPOKH: KaKJIbIH | HCXOIHAS
HCXOJHBIH CHMBOJI CTPOKH 3aMEHSETCH | CTpOKa,  YHCIIO
11 () pOBaHHBEIM CHMBOJIIOM, KO | CABHIA N
KOTOPOr'o Ha n OOIbIle KOJa HCXOIHOTO
CHMBOIJIA.

10 ITOJIb30BATE I CKHIT MeTtoa BoO3BpalmaeT CTAaTHCTHKY Id | OJHH ITapaMeTp:
CTPOKH: CITHCOK ITap (CHMBOJI CTPOKH, aHAITH3HpYyeMast
KOIIYECTBO BXOKICHHIT) CTpOKa

OOKYMEHT NOAMNUCAH
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11 OHOIITHOTeYHBIH MeTton BO3BpAaIIacT pasHHLY | /[Ba mapameTpa:
MAKCHMalIbHOIO M MHHHMAIBHOIO | pasMep MaTPHIBI
3JIEMEHTOB MATPHIIBI.

12 TIsIMOTa-BRIPakeHIIE MeTton  BO3Bpam@aeTr IOJAMHOXKECTBO | OIHH ITapaMeTp:
BJIEMEHTOB MacCHBa CIVYAaHHBIX YICENL, | pasMep
KOTOPBIE SBJISFOTCS YeTHBIMHU HCXOHOTO

MacCHBa

13 ITOJIL30BATEJIHCKHH Meton BO3BpAaIlacT KOIIHMYeCTBO | /IBa ITapaMeTpa:
HEYETHBIX  3JIEMEHTOB B  MATPHIE | pasMEP MaTPHIIEI
CIIYYAHHBIX YHCEII

14 OHOITHOT €UHBIH Mertox  BO3Bpam@er IOAMHOXKECTBO | /[Ba Imapamerpa:
BJIEMEHTOB MAaCCHBA CIIYYAHHBIX YHCEN, | pasMEpP MAacCHBA,
KOTOPBIE OTJIMYAIOTCS OT 3aJaHHOIO 3HAYEHOE YHCIIO
yricita He Oojiee yeM Ha 4.

15 TIsIMO1a-BEIPaKeHHE Metox BO3BpaIllacT normyeckoe | JIsa mapamerpa:
3HAYEHHEe, VYKas3bIBAIOIIEE CVYIIECTBYET | CTpOKa )51
I 3aJTaHHBIH CHMBOJI B CTPOKE HCKOMBIH

CHMBOIJI

16 IIOJIL30BATEIHCKHI Merton BO3BpalllaeT JBa 4HciIa — | /[[Ba Imapamerpa:
MaKCHMAJIbHBIE 3JIEMEHTHEI MaCCHBOB | pasMEpPEI
CIITYYAHHBIX YHCEIL. MAaCCHBOB

17 OHOITHOTEUHBIIH MeTton BO3BpaIllacT ckagsapHoe | OJHH ITapaMeTp:
IIPOH3BEIEHHE IIBYX CIIYYAHHBIX | PasMepP BEKTOPOB
BEKTOPOB.

18 TIsIMOTa-BRIPakeHIE MeTo1 Bo3BpaIacT CyMMy IBYX MATpHil | /[Ba mapamerpa:
CITYYAHHBIX YHCEII pasMep MaTpHI|

19 TIIOJIL30BATEJIHCKHI Meton BO3BpAaIlacT KOIHYeCTBO | /IBa IapaMerpa:
BXOKIEHHH 33JJaHHOro 3JIEMEHTa B | MaTpHIla 51
MaTPHIIE BEIECTBEHHBIX YHCEI IIETIEBOH BIIEMEHT

20 OHOIIHOTeUHBIH Meronx  BO3BpamacT  IOAMHOXKECTBO | OIHMH ITapaMeTp:
BJIEMEHTOB MaCCHBa CIVYaHHBIX YIHCEN, | pasMep
KOTOPBIE JEIISATCS Ha 0 HCXOHOTO

MacCHBa

21 TIsIMO1a-BhIpaKeHHE Meton BO3BpAIlaceT pesyibTar | OQHH ITapaMeTp:
CIIOKEHHS JIBYX CIIYUYAHHBIX BEKTOPOB | PasMEP BEKTOPOB
IIETIBIX YHCET

22 MIOJIL30BATEILCKHIT Merton BO3BpaIlaeT KOITHYEeCTBO | /Iea mapamerpa:
BXOXKIAEHHI 33JaHHOI0 CHMBOJIA B | CTPOKa 151
CTPOKE I[ETIEBOH CHMBOII

23 OHOITHOT € UHBIIH Merton  BO3Bpamaer IOAMHOXKECTBO | /[Ba Imapamerpa:
YE THBIX 3JIEMEHTOB MAaTPUIIBI | pa3sMEP MaTPHIBI
CITY4YaHHBIX YHCEI

24 TIsIMOIa-BEIPaKeHHE Metox BO3BpAIllaeT CTaTHCTHKY | OJIHH ITapaMeTp:
MacCHBa CIIYVYAaHHBIX I[EJIBIX UHCEN. | pa3MEpP MacCHBa
CIIMCOK ITap (YHCIIO MacCHBA,

KOIIMIECTBO BXOIKIEHHIT)
NOKYMEHT MOANUCAH
ANEKTPOHHOWM NMOANUCHIO
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu;

lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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25

IIOJIL30BATE IbCKHI

MeTton BO3BpPAIiact JIOTHYCSCKOC

3HAYUCHHC, VKA3bIBAIOIICC CYIICCIBYCT
JIH 3alaHHbII 3JIEMEHT B MATPHIIC YHCEII

double

JIpa Mmapamertpa:
MaTpHI[a )51
HCKOMBIH
3JIEMEHT

4. Bompoch JJ1s 3alIUThI PaOOTHI

JAcJIerara.

1. ITossicuure HazHaueHue tuma IAsyncResult.

2. JInsa gero ucrnonb3yercsa Mmetol Thread. Sleep( )?

3. llosgcHure MexaHU3M BO3BpdTa 3HAYCHMA M3 MCTO/4

dCIHHXPOHHOI'O

4. Kak IIPOM3BCCTIH BO3BpAT Oollee OJHOI'O 3HAYUCHIIA 113 METD,[[EI?

5. Kakag pazHHIla CYHIIECTBYET MEXJAY OHOJINMOTEUHBIMU JeJleraTaMu,

ITIOJIB30OBATCJIBCKHMIT TIHIIAMIT ACJICI'ATOB I HHM6,[[H—EEIPH}H€HHHMH? ABIsEOTCS NN

AT JACJICI'daThI

METOJ0B?

CepTtudumkar:
Bnageneu;

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 cmoco0 oXugaHUs pe3yjbTaTa OT aCHHXPOHHOIO Jelerara
IpeaycMaTpuBaeT IpUMEHeHHe eckpumnropa oxuganmd (wait handle), xoTopsiii
accoruupyercsa ¢ IAsyncResult.

[Iomy4uTk JOCTYII K 3TOMY AECKPHITOPY OKHIJaHIS MOJKHO Uepe3 CBOICTRO
AsyncWaitHandle. 3to crolicTBo BozBpamjaeT oObekT Tuma WaitHandle, c
[IOMOIIBED KOTOPOTO MOJKHO OPraHH30BaTh OXKHJAHHE 3aBEPIICHHS paOOTEHI
nmotokom Jgererara. Merog WaitOne ( ) mpuHHMaeT B KadeCTBE IIEPBOIO
HEO0OA3aTENLHOIO IapaMeTpa 3Hauy€HNE TaliM-ayTa, B KOTOPOM MOJKHO YKazaThb
MaKCHMaJIbHBII IIepHoJ BpEMEeHH OXKIJIaHII. B paccMaTpuBaeMoM 3€eCh IIpUMeEpE
ATOT IepHoJ cocTaBisieT SO MIIUINCEKYHJ. B ciydae BO3HHNKHOBEHUS TallM-ayTa

meTo; WaitOne ( ) Bo3Bpamaer 3HadueHue false, m mpoxoa mo Huxiay while

T

OJOKYMEHT NOANUCAH
SNEKTPOHHOW NOANMUCHIO
Ceptudmkar: || 12000002A633E3D113AD425FB50002000002A6 > C IIOMOIIIEBRO break 11 IIOJIyUEHHE
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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pesynbsTrata MmeTogoM Endlnvoke (). B noms3oBaTemnckoM unrepdgeiice pe3ysabTar
BRITJIIIUT IPUMEPHO Tak JKe, Kak B IpedblAyIIeM IpuMepe, OTJIHMYaeTCs JIHIIb

CIIOCO0 pcallliZalill OXIMNIaHIIA.

static void 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/ BmBog pesynsTaTa
Console.Writeline| "result: {8}, result);
h

3. MeToauka 1 IOPSAOK BBEIIIOJIHEHHS PaOOTHI

1. Cozpgaiite KoHCcONIbHOE IpIutoxkeHne C# B Visual Studio.

2. Peanmsyiire [IPIUIOKEHIIE C IICIIOJIL30BaAHIIEM TallM-ayTa
(MoauuIUpyNTEe OPIUIOKEHUE, MOIYUSHHOE B XOJ€ BHIIOJHEHIS I1aOOpaTOpHOII

pabOTHI Ne2).

3. PEE].HHByﬁTE MCXAdHI3M BEIBO/I4 HH(I)OIJME].L[HH B KOHCOJIb O XOJC PCIHICHIIA

3aJlauil aCMHXPOHHBIM METOIOM.
4. Borpochl A1 3alIUTH PabOThI

1. JIng yero npumenserca tTun IAsyncresult?

2. Kak pCallli30BATh OKIIAAHNC 3aBCPIICHIIA BBIIIOJIHCHIA aCITHXPOHHOI'O

METO/JA4 C HMCIIOJIB30BAHIICEM TaﬁM—a}’Ta?

3 TTogcuure wazuauvenve Metona WaitOne( ).
[OKYMEHT MOAMUCAH
ANEKTPOHHOW MOANUCHIO
Cepruchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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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 omnpeaenars mnapamerp IAsnycResult u
BO3BpamaeMelil Tun void. B paccMmaTrpuBaeMoM 37e€Ch NPHUMEpPE TPETHEMY
nmapaMeTpy HazHaudaeTcsa agpec wMetoga TakesAWhileCompleted, xoToprlil
yaoBriaeTBopsaeT TpeboBanuam generata AsyncCallback. B mocnegnem mapamertpe
MeTo Iy Beginlnvoke MoxkHO Ilepegarh 0OBEKT, K KOTOpOMY OyJI€T IPON3BOAUTHCS

T T nOKYMERT NOARVIEAH | 10T Cech YI0OHO IepeaTh K3EMIUIIP CaMOTO

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



20

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);
// BuBOj pe3yneTaTa
Console.Writeline( result: {@8}", result);
¥

Ilo nRaBepmenum paboTel fgenerata TakesAWhileDelegate cpazy ke
BeI3EIBaeTca MeTo] TakesAWhileCompleted ( ). OxumgaTe pe3yIbTaTOB 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 ( ) onpenensercsa ¢ THnamMu napameTpoB U
BO3BpaTa, KOTOphle ykazaHel B Jenerate AsyncCallback. Ilocimegnuii mapamerp,
nepegaBaeMelii B Beginlnvoke ( ), MoxkeT OBITH HOPOUYNTAaH C I[OMOIIBIO
ar. AsyncState, a pesybTaT noiayueH BeIzoBoM B TakesAWhileDelegate meroa

EndIlnvoke.

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

NOKYMEHT MOANWUCAH
SNEKTPOHHOWM NMOANUCLIO Bb30BATECA HHMG,[[H—BEI]D&}HEHHEM.
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[Tapamerp ar umeetr tun IAsyncResult. B Takoil peanm3aun HeT HEOOXOIMOCTH
IpICBaNBaTh 3HAUEHHE IOcIeqHeMy IapaMmerpy 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
TakesAWhileDelegate dl = TakesAhhile;
dl.BeginInvoke (1, 3008, ar =>
1
int result = dl.EndInvoke(ar);
// BuBOg peIyNeTETE
Console.Writeline("result: {@}", result);
}s
null);
for (int 1 = @; 1 < 188: i++)
i
Consoale.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
MOJKHO IHepejaBaTh B MeToge Beginlnvoke () memeraTta, a MeEXaHU3MBEI,

IIPHMCHACMBIC JJIA ITIOJIVHCHIIA PC3YJIBTATOB, BBITTIAJAT TOYHO TaK #C.

3. MeToauka u IOPSIOK BBEIIIOIHEHHS PaOOTHI

OOKYMEHT NOAnNMCAH
SNEKTPOHHOW NOANMUCHIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 que CH# B MS Visual Studio.
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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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.

BapuaHt Tt nenerara Penraemas 3agava (pesyibTar BxomHbIe Meron
METOA) ITapaMeTPEI oOpaTHOro
BEI30BA
| OHOIIHOTe YHBIH MeToI BO3BpamaeTr | OJQHH MO 1a-
IIOAMHOKECTBO 3IIEMEHTOB | ITApaMeTP: BEIPAKEHHE
MACCHBA CIIYYAaHHBIX YHCEJI, | pasMep
KOTOPEBIE JICJIATCS Ha O HCXOIHOI'O
MacCCHBa
2 MO 1 a- Metoj Bo3BpamaeT pesynbTar | OmauH Jenerart
BBEIpaKEHHE CIOXKEHHMS JBYX CIIYYAHHBIX | ITapaMeTp:
BEKTOPOB IIENBIX YHCEIT pasMep
BEKTOPOB
3 TIOIIB30BaTEIbCKHH | MeTox BO3BpaInaeT | J[Ba 1Mo 1a-
KOJIMYECTBO BXOXKIEHHH | TTapaMeTpa: BEIPAKEHHE
3aJJaHHOT'O CHMBOJIA B CTPOKE | CTPOKa 151
I[EJIEBOH
CHMBOJI
4 OHOITHOTE YHBIH Meton BO3Bparaer | /Iea Jemnerar
IIOAMHOKECTBO YETHBIX | ITapaMeTpa:
3JIEMEHTOB MAaTPHIEI | pasMep
CIIY4YaHHBIX YHCEI MaTpPHIIBI
5 MO 1a- Meton BO3Bparnaer | OaHH MO 1 a-
BEIpaKEHHE CTaTHCTHKY MAaCCHBa | ITapaMeTp: BEIPaKEHHE
CIIYYAHHBIX I[EIIBIX YHCEN | pasMep
CIIHCOK TTap (YHCIO MacCHBa, | MacCHBa
KOIIHMYECTBO BXOKICHHIT)
6 TIOIIb30ORATENNLCKHHI | MeToj BO3BpaItaeT | /Ipa Ieierat
JIOTHYECKOE 3HaueHHe, | ImapaMeTpa:
YKa3bIBAIOIIEE CYIIECTBYET JIIH | MaTpPHIlA H
3aJaHHBIH 3IIEMEHT B MAaTPHIE | HCKOMBII
yricen double 3JIeMeHT
[OKYMEHT MNOAMNWUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022




23

7 ITONL30BATEIILCKHH

MeTox BO3BpalmaeT CyMMY
BIIEMEHTOB MATPHIBL  I[EIBIX

CIIVU AIHBIX YHCE]

JIBa
IapameTpa:
pasMep
MaTPHIIEI

AcIICTaT

S OHOIHOTEe YHBIH

MeTon BoO3BpamaeT pazHHILY
MaKCHMAaJIBHOI' O H
MHHHMAJIbHOTO  3JIEMEHTOB
MAaTPHIBI LEIbIX CIYYaiiHbIX

qHCell

JIBa
Iapamerpa:
pasMmep
MaTPHIIBI

MO 1a-
BBEIPaKECHHE

9 TSmO Ta-
BRIpaKeHHE

Meton BO3BpAaIIacT
JIOTHYECKOE 3HaYeHHE,
yKa3bIBAIOIIEe CYINECTBYET JIH
3aJaHHOe YHCIO B MAacCHBE
I[ENBIX CITYYaHBIX YHCE]T

JIBa
ITapaMeTpa:
pasMmep
MaCCHBA 51

HCKOMBII
3IIeMEeHT

AcIICTaT

10 ITONL30BATEIILCKHH

MeTo 1 BO3BpalllacT MaTPHILY
CIIYYaHHBIX OHTOBBIX
sHaveHnit (0 wmwm 1),

(GOPMHPYEMYIO CITYYaHHBIM
obpaszoM

JIBa
IapameTpa:
pasMep

MaT PHIEI

MO 1a-
BEIPAKEHHE

11 OHOITHOTEe UYHBIH

MeTon BO3BpalmaeT CIPOKY
MaKCHMAJIbHOH  JUIHHBI Ha

OCHOBE IIepeJJaHHOI0 MacCHBa
CTPOK

OnIHH
rapaMeTp:
MaccHB  (HUIH
CITHCOK) CTPOK

AcIICTaT

12 TsIMO1a-
BEIpaKeHHE

MeTtox BO3BPALIAcT
TITOJIMHOKCCTBO JJIEMCHT OB
MACCHBa EH}"‘IEIIUII{BIK HHCEIL,
KOTOPLBIE ACIIATCH Ha 3

OnHH
IapaMeTp:
pasMep
HCXOIHOTO
MaccHBa

MO g a-
BEIPaKEHHE

13 ITOIIL30BATEIILCKHH

MeTtox BO3BPAllld€T HYHCIIO —
KOJIMYSCTBO JJIEMCHT OB

IIPHCYTCTBYIOIIHX B 000HX
MAaCCHBAaX CITYYaHHBIX YHCE.

JIBa
IapameTpa:
pa3sMepEhl
MaCCHBOB

AcIICTaT

14 OHOMHOTEYHEIH

MeTtox BO3BPAII4ACT CPCIHCC
ﬂpH(l)METH‘IECI{GE JJICMCHT OB
MATPHIIBL CH}”IEIIUH-ILD{ HHCCII.

JIBa
ITapaMeTpa:
pasMep

MaT PHIIEI

MO g a-
BEIPaKEHHE

15 TIIMO1a-
BBIPaKEHHE

MeToa BO3BpalllaeT pPe3yiIbTar
IIH (PPOBaHIL CTPOKH.:
KaKIObIH HCXOIHBIH CHMBOII
CTPOKH 3aMeHIeTCs
IIH (PPOBAHHBIM CHMBOJIOM,
KOJI KOTOPOro Ha n OOIbIle
KOJIa HCXOJIHOI'O CHMBOJIA.

JIBa
ITapaMeTpa:
HCXOIHAs
CTPOKa, YHCIIO

CABHI'A 11

ACIICTaT

OOKYMEHT MoAanmncAH

16 ITONL30BATEIILCKHH

Meton BO3BpaIlaeT
CTaTHCTHKY  JJII  CTPOKH:
CIIHCOK ITap (CHMBOJI CTPOKH,

KOTUUACTRO RYOKIEHI)

OnIHH
IapamMeTp:
aHaII3HpyeMas
CTPOKa

MO 1a-
BEIPAKEHHE

SNEKTPOHHOW NOAMUCHIO

CepTtudumkar:
Bnageneu;
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17 OHOIMHOTE YHBIH Meron BosBparmaeTr pasHHIly | /[Ba Jemnerar
MaKCHMAIIBHOTO H | ITapaMeTpa:
MHHHMAJIbHOI'O 3JIEMEHTOB | pa3sMep
MAaTPHIIBI. MaTPHIIBI
18 MO a- Metox BO3Bpam@aer | OgHH MO 1a-
BBRIPAKEHHE ITIOIMHOKECTBO 3JIEMEHTOB | TTapaMeTp: BBIPAXKEHIE
MACCHBA CIIYYAaHHBIX YHCETI, | pasMep
KOTOPBIE SIBIISIFOTCS YETHBIMH | HCXOIHOI'O
MaccHBa
19 TIOIIb30ORATENNLCKHHI | MeToj BO3BpAINacT | J[Ba Iejierat
KOJIMUECTBO HEYETHBIX | ITapaMeTpa:
3IIeEMEHTOB B MaTpHIE | pazMep
CIIYYAHHBIX YHCE] MaTPHIIBI
20 OMOIIHOTEYHBIH Meton BO3Bpamiaer | /[Ba IIMO/1a-
ITIOIMHOKECTBO 3JIEMEHTOB | ITapaMeTpa: BBIPAXKEHIE
MAaCCHBA CIIYYAHHBIX YHCEIL, | pa3sMep
KOTOpPBIE  OTJIMYAIOTCS  OT | MacCHBA,
3aJ1aHHOI'O 4iciia He Oolee 3HauUeHOoe
yeM Ha 4. YHCIIO
21 MO ga- Meton BO3BpaInaceT | J[pa Iernerar
BEIpaKEHHE JIOTHYecKOoe 3HaYeHHeE, | ITapaMeTpa:
YKa3bIBAIOIIEE CYILECTBYET JIH | CTPOKA H
3aJIaHHBIH CHMBOJI B CTPOKE HCKOMBIH
CHMBOII
22 TIOIB30BATENBCKHUI | MeTo Bo3BpallacT aABa uHcia | /[ra MO 1a-
— MaKCHMaAaJIbHBIE 3JIeMeHTHI ITapamMeTpa: BBEIpAXKEHIE
MACCHBOB CIIYUYaHHBIX YHCE]L. pa3sMepEhl
MAaCCHBOB
23 OHOIIHOTE YHBIH MeTtog BO3Bpam@aer | OgHH Iererar
CKasIpHOE ITPOM3BEACHHE | TITapaMETP:
IBYX CIIYYAHHBIX BEKTOPOB. pasMep
BEKTOPOB
24 MO a- Merton BoO3Bpalmaer CcyMMmy | /[Ba MO 1 a-
BBEIPaKEHHE IBYX  MaTpull CIVYaHHBIX | IIapaMeTpa. BEIPAKEHHE
yHcel pasMep MaTPHI]
25 TIOIIB30BaTEIbCKHH | MeTox BO3Bpamaer | /[Ba Ilererat
KOJIMUYECTBO BXOXKIEHHH | ITapaMeTpa:
3aJ1aHHOI'O AJIeMeHTa B | MaTpHIla 51
MaTpHIIE BEII[ECTBEHHBIX | IEJIEROH
yHcel 3IIeMEHT

CepTtudumkar:
Bnageneu;

4. Borpochl A1 3alIUTE pabOThI

1. ITosicHuTE HazHaUEHUE KaXJOoro napamerpa meroga Beginlnvoke( ).

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
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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

tuiax npoektoB .NET Framework oHI mpuMeHUMEI ?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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JIABOPATOPHAS PABOTA 5. IIPUMEHEHHWE KIIACCA THREAD

1. Ilens u cogepxkaHne

Ilene mabopaTopHON  paOOTHI: HAYUHUTHLCSA  HCIIOIB30BaTh  OA30BHIE

BO3MOXKHOCTHU KJjlacca noTokoB 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()

1
var tl = new Thread(ThreadMain);
tl.5tart();
_onzole.Writeline("MnasHuil noTok." };
I

static void ThreadMain()

{
}

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 ().

IIocne 34llyCKa IIPIUIOXKCHIIA Ha4 SKPdH BBIBOJ/JATCA JdaHHBIC H3 JBYX

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOANUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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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()

1
var tl = new Thread(() =>
ole.WriteLine("BunonniaeTca 8 noToke, id: {@}",
Thread.CurrentThread..ManagedThreadId) ) ;
tl.Start():
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

MAaKCIHMAJIEHOI'O 3JICMCHTA B MAdCCIIBC CJ’I}”—IELﬁH]’::IX HIICCII.

Pemenne npumepa:

1.1. PEHHHB}"EM METOJ IIOIMNCKa MAKCHMAJIBHOI'O 3JICMCHTAd B MACCIIBC

CIIy4JallHBIX uncen (puc. 5.1):

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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static woid CalcMax()

i
int threadld = Thread.CurrentThread .ManagedThreadld!
onsole.Writeline("Novok {8}. Cospawme maccwsa...", threadld);
int N = 18;
int[] mas = new int[N];
Console.Writeline("Novoxk {B). MHHLUHINWIEUWA INEMEHTOE MaccHBa...", threadId);
Random rnd = new Random(threadld);
for{int 1 = 8; 1 < mas.Length; 1++)
{
mas[i] = rnd.Next(1968):
}
Consele.Writeline({ "NMovok {@). MNowmck MaKCMMANEHOTD 3INEMEHTA...  , threadld):
int max = mas[@];
for (int 1 = 8; 1 < mas.Length; i++)
{
max = {mas[1] > max)} ? mas[1] : max;
}
Consale.Writeline("Norek {8}, Maxkcwmanohumd anement = {117,
threadld,
max ) ;
H

PucyHok 5.1 — Mero nmoncka MakcuMaJjlbHOTO 3JIEMHTA B MAaCCURBE CITyYallHEIX

HIICCII.

1.2. Peamuzyem ¢yHkimo Main ¢ HCHOJB30BAaHHEM MacCHBa IIOTOKOB,

KaXKIbIll I3 KOTOPBIX OyJeT paboTaTh CO CBO€Hl KONMEN CJIy4allHOTO MacCHBa

(puc. 5.2).

static void Main(string[] args)

1
Action method = CalcMax;
Thread[] tmas = new Thread[28]; // 28 noroxos
for (int 1 = @; 1 ¢ tmas.Length; i++ )
1
tmas[1] = new Thread(CalcMax);
tmas[1i]).5tart();
}
Console.Readkey();
}

Pucynok 5.2 — Metog Main Ui co3faHUSI MHOKECTBA IIOTOKOBR.

1.3. 3anycture npuoxenue, IlonpoOyiiTe N3MEHNTh 3HAUEHHII KOJIMYECTRA

[IOTOKOB 1 pazMep Maccupa. ObpaTuTe BHIMaHIE Ha BBEIBO /] HH(]EJDPMHHHH 0 X0/¢C
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2. CoapgaiiTe KOHCOJIbHOE IIPUIIOKEHUE ¢ HCHoJb3oBaHHmeM MS Visual

Studio.

3. PEHHHB}’ETE MCTOA AJIA 3a4llyCKa B OTACIIBHOM IIOTOKC (E COOTBETCTBII C

NHAUBUIY allbHEIM BapuaHnToM). Co3gaiiTe generaT JUld IIPEACTaBJIEHUS METOo/a

(ecriu TpeOyeTcs).

4. B ocuoBHOIl mporpamme (dyuKima Main( )) peamusyire cozjaHIe

MACCIIBa IIOTOKOB (pHBMEp OIIPCACIIHTC CELMDCTDHTEHBHD). 3TeM 34IlyCTHTC BCC

JAJIEMCHTEI MAdCCIIBa (HDTDI{H) Ha BBIIIOJIHCHIIC.

5. MeTto, BBIIOIHSIOIMUIICS B IIapaJlI€JIbHBEIX IIOTOKAaX JOJDKEH BBEIBOJUTH

HH(I)DIJMHLIHED O XO04C€ CBOCI'O BLEIIIOJIHCHIA B KOHCOJIb IIPHIIOXKCHIIA.

MHauBnIy allbHOE 3a/laHIE.

Bapuanr MeTton 11 peannu3anin

1 MeTo BRIUUCIIEHNS CpeJHEero apuPMETIUECKOro 3JIEMEHTOB MacCHRBaA.

2 Meroj moncka MaKCUMAaJIbHOI'O JIEMEHTA B MaTPUIIE.

3 MeTtoa npeoOpazoBaHII MaTPULBL CIIYUYAHBIX YNCENT: KaXIbIil SJIEMEHT
3aMEHSIETCS KOCIHYCOM 3JIEMEHTa MaTPULIEL.

4 Metoa mogcuera KOJINMUECTRBA YETHBIX 3JIEMEHTOB B MaTpPUIIE.

5 MeToa BBIUNCIIEHUS CKallsIpHOTO IIPOU3BEACHNSA [OBYX CJIyUYallHEIX
BEKTOPOB.

6 Metoa pacueTa MOJYJIA CIIy4allHOIO BEKTOpa.

7 Metox 1npeoOpazoBaHMS MATPHUILL  CIyYaHBIX 4YHCEI: UYeTHBIC
SJIEMEHTEI 3aMEHIIOTC TAHICHCOM 3JIEMEHTAa MaTPUIEL.

8 Metoa mojicuera KOJIIMUECTBA YIICEN, KPaTHHIX 3, B MaCCHBE CIIYUalHEIX
yucell.

0 MeTo/ 1 BEIUNCICHNS CTATUCTUKU (KOJIIMUECTBO JJIST KaXKJOro BXO/SIIEro
CHMBOJIA) II0 CTPOKE.

10 MeToa BEIUNCIIEHUS CTAaTUCTUKU IO CJIydYallHOMY MAacCHBY (KOJIMYECTRO
SJIEMEHTOB I8 KaXKJ0ro 3HaueHII MacCHBa).

11 Metox npeoOpazoBaHMSI MAaTPHUILI CIyYallHBIX YHCEI: HEYETHBIS
3JIEMEHTEI 3aMeHIIOTCa —1 .

12 MeTtoa noucka cpegHero apu(pmMeTHuaeckoro 3JIeMeHTOB MaTPUILIH.

13 MeTo BBEIUMCIIEHNS MHUHUMAJILHOTO 3HAUYE€HUS B MaTpPUIE CIIy4YallHBIX
yucell.

14 MeTtoJ pacyeTa CyMMEI 3JIEMEHTOB MacCUBa CJIyYaHBIX HICEI.

15 Meton mpeoOpazoBaHId MATPHUILI CIYUANHBEIX YHCENI. SJI€MEHTEI

NOKYMERT AOAMAGAR 77~ 7 777 TT7paT COOTBETCTBYIOIIErO SIIEMEHTA,
SNEKTPOHHOW MNOANUCHIO 11 YUCIIA.
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17 MeTtoa npeoOpazoBaHII MaTPULBL CIIYUYAHBIX YNCENT: KaXIbIil SJIEMEHT
3aMEHSETCS CHHYCOM 3JIEMEHTa MaTPUIIBL

18 Metox 1npeoOpazoBaHMS MATPHUIBI CIyYallHBIX YHCENl: UYeTHEIE
DIIEMEHTEHI 3aMEHSIOTCA CYMMOU KOCHHYyCa 51 CIHY Ca
COOTBETCTRBYIOIIETrO 3JIEMEHTA MATPUITHL.

19 Metox npeoOpazoBaHId MAaTPHUIBI  CIIyYallHBIX YNCEI: HEYETHRIE
SIIEMEHTHl  3aMEHAIOTCA  CYMMONM  TaHI€Hca W KOTaHIeHca
COOTBETCTBYIOIIETO 3JIEMEHTa MaTPUIIBL

20 MeToa BEIUNCIICHIS CTAaTHCTUKU IIO0 CIy4YaliHON MaTpuile (KOJIMIECTBO
3JIEMEHTOB JIJI1 KaXKJ0r0 3HaYESHIS MaTPUIIEI ).

21 Meroa 1moacueTa KOJMUECTBA UYETHBIX U HEUYETHBIX SJIEMEHTOB
MaTPULIEL.

22 Meroa  BBIUHUCIIEHMS  CTAaTUCTUKU IO  TPEXMEPHOMY  MAacCHUBY
(KOJIMYECTBO AJIIEMEHTOB IS KaXKJOr0 3HaUeHUS MacCHBa).

23 MeTtoa mpeoOpa3oBaHISI MAaTPHUILI CIIyYallHBEIX YHCEI: BCE SJIEMEHTHI
3aMEHSIOTCS CYMMOU KOCHUHYCAa 1 CUHYCAa COOTBETCTBYIOIIETO AIIEMEHTA
MaTPHULEL.

24 MeTtom BBIUNCICHUS CPEeOHEro apUPMETHYECKOTrO0 TPEXMEPHOTIO
MaCCHBa CIIYYallHbIX YHCEIL

25 MeTto BEIUUCIIEHNU CYMMEBI JBYX MaTPHIL.

4. Borpochl A1 3alIUTE PabOThI

1.

B kakoMm mpocTpaHCTBe UMeH ompeaeneH knacc Thread? IlosacHure

HazHaueHune Kiacca Thread.

2. Kak nonyunuTs nAeHTUPUKATOP TEKYIIETro IOTOKa?

3. Kakon MCTO/ OCYILICCTBIIACT 3allyCK MCTO/J4d Hd BBIIIOJIHCHIIC B II0TOKE"

4. JIng yero HeoOXOAUMEL JieIeraThl IpU UCHOJIb30BaHUN Kiacca Thread?

5. Kak OPI'aHHN30B4Th HCCKOJIBEKO IIOTOKOB B Hpﬂr‘pamme?

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO
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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

NOKYMEHT NoanncAH _
SNEKTPOHHOW NOAMAUCHLIO 1apaMcCTpP TIHIIa Db_]ECt I1 BO3BpAallaThb
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voild. OOBEKT MOXKHO IIPUBECTU K HYKHOMY THITY. Hampumep, HIDKE IIOKa3aHO, Kak

BEIBECTII Hd KOHCOJIb GDDE’!H_[EHHEZ

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 d = new Data { Message = "Info"™ };
var t2 = new Thread(ThreadMainWithParameters);
t2.Start(d);

}

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-'l?al_'l

private string data;
public MyThread(string data)
{

}
public woid ThreadMain()
1

}

this.data = data;

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

}

B sToM ciydyae MoxKHO co3jaTh 00beKT ki1acca MyThread u nepegats 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({(obj.ThreadMain);

OJOKYMEHT NoanmvucAH
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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.

CepTtudumkar:
Bnapeneu:

SNEKTPOHHOW NMOAMMUCHIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

OJOKYMEHT NoanmvucAH

BapuaHt Pemraemas 3amayda (pe3ylbTaT MeTOZA) BxomHbIe ImapaMeTphl

1 MeTon HaxXOAMT ITOAMHOKECTBO B3JIEMEHTOB MaccHBa | /[Ba Irapamerpa: pasMep
CIIYUAHHBIX YHCEN, KOTOPEIE OTIIHYAKOTCS OT 3aJaHHOIO MacCCHBA, 3HAYEeHOE
yricia He 6omnee 4yeM Ha 4. YHCIIO

2 MeTon HaxOIHUT JIOTMYECKOE 3HA4YEHHe, VKasbpIBarollee | /[Ba ImapamMeTpa: CTpoKa
CYIIECTBYET JIH 33aJaHHBINH CHMBOII B CTPOKE 1 HCKOMBIH CHMBOJI

3 MeTon HaxOIWUT JBa 4IClIa — MaKCHMalIbHBIE B3JIEMEHTHI | J[Ba IapaMeTpa:
MACCHBAa CITYYAHHBIX YHCE. pa3sMephl MaCCHBOB

4 MeTox  HaxOmHT  CKaJIpHOe  IIPOM3BedcHHEe  IBVX | OJIHH ImapaMeTp:
CITyYaiHBIX BEKTOPOB. pasMep BEKTOPOB

5 MeTox HaxXOoUT CYMMY JIBYX MaTPHII CITYYAHHBIX YHCEIT JIBa mapamerpa: pasmep

MaTPHI]

6 MeTon HaXOMUT KOIHYECTBO BXOXKJIeHHIH 3agaHHoro | /Iea IIapaMeTpa:

3JIEMEHTA B MAaTPHIIE BEIECTBEHHBIX YHCEI MaTpHIla M IeJIEBOH
BJIEMEHT

7 MeTon HaXOMHUT Pe3yIbTaT CIOKEHHS ABYX CIyYaHHBIX | OJHH IapaMeTp:
BEKTOPOB IIENBIX YHCE] pasMep BEKTOPOB

8 MeTton HaxomUT KOIHYECTBO BXOXKIECHHH 3aJaHHOrO | /[Ba ITapamMeTpa: CTpOKa
CHMBOJIA B CTPOKE 1 I[ETIEBOH CHMBOII

9 MeTom HaxOIMT IIOAMHOJKECTBO UYETHBIX BJIIEMEeHTOB | /[Ba mapamerpa: pasmep
MATPHIIBI CITYYaNHBIX YHCEII MaTPHIBI

10 MeToa HaXOQHT CTaTHCTHKY MAacCHBA CIIYYaHHBIX IIEJIBIX OJIHH IapaMeTp:
YHCEIl. CIIHCOK Itap (YHCIO MacCHBa, KOJIMYECTBO | pa3Mep MacCHBa
BXOKJIEHHI)

11 MeTox BO3BpaIllacT JIOTHYECKOE 3HAUYEHHE, VKasbIBarolee | J/[Ba IapamMeTpa:
CYILECTBYET IIH 3aJaHHBIH 3IeMEHT B MaTpPHIE YHCEIl MaTpHIla M HCKOMBII
double BIIEMEHT

12 MeTon HaxXOOHT CYMMY 3JIIEMEHTOB MAaTpHIEI ILENBIX | /[Ba MmapaMeTpa: pasMep
CITYUAHHBIX Y CEII MaTPHIBI

13 Meton HaXOIHUT pasHHIY MaKCHMAaJIbHOI'O 1 | /IBa rmapamerpa: pasmep
MHHHMAJIBHOT'O 3JIEMEHTOB MATPHIILI IETIBIX CIIYYAHHBIX MaTPHIBI
YHCEII

14 MeTtom HaXOQHT JIOTHYECKOE 3HAUEHHE, YKa3bIBAIOIIEE JIBa rapamerpa: pasMep
CYVIIECTBYET 1M 3aJaHHOE YHCIO B MACCHBE IEIBIX | MACCHBA M  HCKOMBIM
CITYUAHHBIX YHCEII BIIEMEHT

15 MeTton BO3BpamaeT MaTPHIY CIyYaHHBIX OHTOBBIX | /IBa ITapaMeTpa: pasMep
sHayeHnit (0 wan 1), popMIpyEMYIO CITy4YaiHBIM OGpa3oM | MATPHILH]

16 MeToj BO3BpaIlacT CTPOKY MaKCHMAJIbHOM JJIHHEI Ha OJTuH IapaMeTp:
OCHOBE IIEPEeJaHHOI0 MaCCHBA CTPOK MAacCHB (HIIH CITHCOK)

CTPOK
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17 MeTox BO3BpaIlacT IMOAMHOKECTBO 3IIEMEHTOB MacCHBa OmiH IapaMeTp:
CITYUAHHBIX YHCETI, KOTOPBIE JIEISATCS Ha 3 pasMep HCXOJIHOIO
MaCcCHBa
18 MeTron HaxOOMT UYHCIIO — KOIMYECTBO BJIEMEHTOB | /IBa IIapaMeTpa:
IIPHCYTCTBYFOIIHX B OOOHX MacCCHBAX CITyYaHHBIX YHCE. pa3MepPEI MaCCHBOB
19 MeTon HaxogHT cpelHee apH(pMETHUYECKOE 3IeMEeHTOB | J[Ba ImapameTpa: pasMep
MAaTPHIIBI CITYYaNHBIX YHCEIL. MaTPHIBI
20 MeTon HaxoHT pe3ynbTaT MIH(POBAHHSA CTPOKH: KaXKIbIH | /[Ba IapaMeTpa:
HCXOJHBI CHMBOJI CTPOKH 3aMEHSETCS IMH(QPPOBAHHBIM | HCXOAHAS CTpOKa,
CHMBOJIOM, KOJI KOTOPOro Ha 1 OOJBINE KOAAa HCXOIHOIO | YMCIIO CABHIA I
CHMBOJIA.
21 MeTogq HaxXoAMT ITOAMHOMKECTBO BIEMEHTOB MaccHBa | OIHH IapaMeTp:
CIIYUAHHBIX YHCETI, KOTOPBIE JIETISATCS Ha 0 pasMep HCXOJTHOIO
MacCCHBa
22 MeTron HaxXOJQUT CTAaTHCTHKY IS CTPOKH. CIIHCOK Imap | OmuH IapaMeTp:
(CHMBOMI CTPOKH, KOIMHYECTBO BXOKIEHHIT) aHaH3HPYyeMas CTPOKa
23 Metog HaXOIHUT pasHHILY MaKCHMAaJIbHOI'O H | /[Ba mapamerpa: pasMep
MHHHMAJIEHOT'O 3JIEMEHTOB MaTPHIIHI. MaTPHIBI
24 MeTon HaxoAMT ITOAMHOMKECTBO BIEMEHTOB MaccHBa | OIHH IapaMeTp:
CITYUAHHBIX YHCETI, KOTOPBIE SBJISEOTCS YeTHBIMHU pasMep HCXOJHOTO
MacCHBa
25 MeTon HAxXOMHUT KOIMYECTBO HEYETHBIX SJIEMEHTOB B | /[Ba mapamerpa: pasmep
MATPHIIE CITYYAHBIX YHCEII MaTPHIBI

4. Bompoch! I 3alIUTEl PaOOTHI

rapaMeTp (CCHIIKY Ha 00bekT)? OTBET 0OOCHYITE.

CepTtudumkar:
Bnageneu;
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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,

— HAVHHUTLECA PCIIATh IIPAKTITHCCKIC 3a/J[daHIl C HCIIOJIE30BAHIICM IIyJId

ITIOTOKOB.

2. Teopernueckoe 0OOCHOBaHUE

2.1 POHOBEIE U IPUOPUTETHLIE IIOTOKN

IIporiecc IpIWIOKEHNSI IIPOJAOJIKAET BHIIIOJIHATLCA JO TEX IIOp, IIOKa
BBITIOJIHSIETCS XOTS OBl OJIMH IPUOPUTETHBIN MHOTOK. Ecnu BBIIIONHSAETCI Oolee
OJHOTO IIPUOPUTETHOIO II0TOKa, a MeToa Main () 3aBepmiaercsd, IpoIecc

IIPIUIOXNKCHIIA OCTACTCAHA dKTHBHBIM JO TCX IIOP, IIOKa HC 6}’,[[}"T 34BCPIICHEI BCC

IIPHOPHUTCTHBIC IIOTOKII.

IIoTok, co3maBaeMbIil ¢ IIOMOIIBIO KiIacca Thread, o yMOI4aHUIO SBISETCS
IpUOpUTETHEIM. lloTOKH, co3gaBaeMEBIE B IIyJIE IIOTOKOB, BCErJa SBIIAFOTCH

(bOHOBEIMIL.

HpH CO3JaHIIT IIOTOKAa C IIOMOIIIBEHO KJIdCCa Thread moxHo YKa3daTb, KdKIIM

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

el T T 1 1

AOKYMEHT NOONMMCAH
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Paccmotpum npumep (puc. 7.1). BeIBoJ JaHHOI IporpaMMEBl IIp€JICTaBICH

Ha puc. 7.2(a).

static void Maln(string[] args)

{
Console.BackgroundColor = ConsoleColor.White;
Console.Clear():
Console.ForegroundColor = ConsoleColor,.Black;
Console.WriteLine{"MoTox Main zanywew");
Thread th = new Thread(
() => {
Console.WriteLine("Notox MyNewTread sanywuer' )
Thread.Sleep(30680);
Comsole.WriteLine( " NoTok MyNewTread OCTaHOBNEH );
1)
{ IsBackground=tfalse, Hame ="MyNewTread" };
th.start();
Console.WriteLine( " Motox Main ocTawoBned” );
}

Pucynoxk 7.1 — [Ipumep ycraHOBKU TUIIA IIOTOKA.

B CAWindows\system3 Zwomd exe

oToK Maim 3AaniueH nTaK Hain aanguss

or1oE MHalnm ecraHoBAeH lcrox Hain ocranoeEaen

orar MuMeuwIread sanyeeH oToK MyMeuwTread sanyieH

opror HyMewIrecad ocTanomAcH A NPONDAREHKHA HOMFHHTE ARGYN KAaDHLY . . -

A NMpOMDASXEHHA HAXKHETE ABRGYN KAGDHUY . - -

a) 0)

Pucynok 7.2 — Beieo mporpaMMel : a) IsBackground=talse; 6) IsBackground=true.

Ecnu u3sMeHUTH KOJ IHpOorpaMMBlI M YCTAaHOBUTH CBOMCTBO IIOTOKA
IsBackground B 3HayeHum paBHOe true, TO BBIBOJ IPOTPaMMEI H3MEHUTCS
(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

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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3a INIAHNPOBAHHIC  IIOTOKOEB OTBCHAC  OIICPAIIIIOHHAXA  CHCTCMaA, 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
TpeOyeTcsa OXKUAAHNIE KaKOoro-TO pecypca. ECTh HECKOJBLKO HMPUUNH JJIA IIepexoa
[IOTOKa B peXUM OXNAaHud. Hanpumep, 5TO MOXKET IIPOUCXOAUTHL M3-3a
IOJIy4EHNSI KOMaHEl Ha 3achIIIaHUE, M3-3a HEOOXOAUMOCTH OXKUJATh 3aBEpIIEHIE

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:.

peJoCTaBIsasI STUM IToTokaM gocTyil k I{II mo ouepequ. B ciyuae BLITECHEHIS
[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

T HOKYMEHT AOARWCAH ~1°7 717077 Meroa Start () oobekTa Thread. OmHako
3ANEKTPOHHOW NMOANUCHIO
Cepriudmkar: | 12000002A633E3D113AD425FB50002000002A6 [OK BCe elle IpeObIBaeT HE B COCTOSHHN

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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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,I[EIHHE IIOTOKOB TpEﬁ}’ET BPCMCHII. Eciu ecth Pa3JIMHHBEIC KOPOTKIC
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

L

HGWHEHT_HDHHHCAH [TOTDOKOB  YVBCIIMHYHMBAIIOCE W YMCHBIIAIIOCH
SNEKTPOHHOW NOAMUCHIO
Ceptuduikar: ) 112000002A633E3D113AD425FB50002000002A6 [0€ IIOBEJICHUE MPOTPaMMIUCTY

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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CaMOCTOMATEILHO HEe TpeOyercsa. J[JIg yapaBjIeHHSI TaKUM IIOBEJEHHEM IIOTOKOB B
NET Framework npeaycmoTpeH kinacc ThreadPool (kiacc myna moToxos).

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.

CC INeMEHTOE MaCCHBa
2 - Lence YWCno,

- dakTopMan wMcna Data

public class MassIten

public int Data;
public long Fact;

Pucynok 7.3 — Knacc-371€MEHT MaccHBa.

P&BpaﬁDTaEM KJI4CC, KDTDpBIﬁ IIO3BOJINT XPaHHNTh MACCHB 3JICMCHTOB,
,I[D6EIBHHTE srieMeHTHl THia Massltem B mMaccuB n 3allyCKAaThb IIOTOK D6p&16DTKH

3JIEMEHTa MacCHBa C IIEJIBIO BEIUNCIICHI (pakTopuasa unucia (puc. 7.4).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Fid <summary}

f/) Knacc maccHea. Yepes Hero NpoWH3IBOAMTCA
F/4 pobagneHwe INEMEHTOE B MAacCHB W Fanycx
f/ 3agay 8 nyne NOTOKOE

Fl 7 < summary s

1 referenips
public class MassDats
1
private List<MasszItem>» massive;
| reference
public MassDatal)
{
massive = new List<MassTtem>(1688);
}
I reference
public void Add{Massitem newklesent)
{
if (newElement.Data < 1) newElement.Data - 1;
/i Aobasnaes INEMERT B MAECCHE
massive.Add{ newElemant) ;
f=
* Janycuaes 3agadvy obpaboTkw 3InemexTa [(BWHWCNEHHME WaKTOpWana).
* Jafava npeacTagneda B BWAe NAMDAA - BEpaXeHMA
=
ThreadPool .QuaeusUserkorkItes{MathodForThread, newelamant);
2
) Csummary >
fff HeTon 3anyckaeTcA npw goblasneHw aneMesTa B MaCCHMB
f < fsummarys
fff <param ngme="00" *HoBWA INEMEHT</ param?
I el renoe
protected static vold MethodForThread{object ob)
{
MagssItem item = (MassItem)ob;
int F = itewm.Data:
Console.WriteLine{"MoTor {8}. Mony4den soBmA anement {117,
Thread .CurrentThread.ManagadThreadId,
item.Data):
long Factorial = 1
while (F > 1)
1
Factorial *= F;
Thread.5leep(l@0); // 3agep=xa
console. wWwriteLine( " NMovox {8}. Buvschewde! oawTopHan orv {1} pames {2},
Thread.CurrentThread .ManagedThreadld,
item.Data,
Factorial);
F==i
}
item.Fact = Factorial:
Console,WriteLine("Novox {8}. Bwuncneéwwe 3apepuwexHd! Caxtopwan or {1} paeen {2}",
Thread, CurrentThread . HanagedThreadId,
item.Data,
item.Fact);
)
}
AOKYMEHT NOArnnucAH 1 pabOOTEI C MACCHRBOM.

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHapoBHa

HewncrenteneH: ¢ 20.08.2021 no 20.08.2022



41

Peammzyem ¢yakimo Main( ), B koTopoii npousBogutca godapaeaue 1000

CIIy4JallHBIX 3JIEMEHTOB (puc. 7.5).

static void Maim(string|] args)

{
ie.BackgroundColor = ConsoleColor . White;
Console.Clear();
Console.ForegroundColor = ConsoleColor.Black;
int MaxkorkThread;
int MaxIOTread:
ThreadPool .GetMaxThreads {out MaxWorkThread, ocut MaxIOTread);
Console.Writeline("MakcumancHoe koamuectTeo pabounx noroxose: [@8h." &
"MakCcHManLMOE EOAWYECTED NOTOEOE BEBofa-Bweona {117,
MaxWorkThread, MaxIOTread):
[/ Co3facM O0LEKT Knacca-MacCuBa W J00aBnAReM 1098 CnyvalHux IASMEHTOE
ata myData = new MassDatad):
Random rnd = new Random{);
for {int i = A; 1 ¢« 1606 14+s)
1
myData.Add(new MassItem{) { Data - rnd.Next(1@) }).
ansale . Readey( ) ;
I

Pucynoxk 7.5 — Merog Main( ).

BriRog mporpaMMEI IIOKazaH Ha puc. /.6.

MakcuMaAbHOe? KOoAHYECTEBD pacouyd¥ notoxKoe: 1023,
MakcumansrHOER KOAMUYECTBO NOTOKOE EBOoAAa-BwmMeopna 1000
Motoxk 6. lNoayuen HoBwMM anemenT I

MoTtox 1M. [loaydeH HOBWM 3AemMenT 2

MoTtoxk 11. MoayyeH HOBWH 3AeMeHT B

Motok 12. [loAY4eH HOBHH 2AeMeHT 1

Motoxk 12. Bwuumcaenue 3apepuweno! $Paxtopuasn or 1 paeen 1
Motox 12. [oayueH HoOBMM 3AemMeHT b

Mlotox 6. Boumcaenuwe? Paxvopwasa ot 3 pasen 3

Motox 10. BuuymcaenHHe?! Paktopuaa or 2 paseH 2

Motoxk 10. BHuHCcAeHHe 3aeepuweHo?! PakTopHaa or 2 paBseH 2
Motok 10. [loayuyeH HOBHH 2AeMeHT 2

Motok 12. Buwuucaenuwe! ®aktopuas or 6 pasen 6

MNotox 11. Bwumcaenwe' ®Paktopuwan or 8 pasen 8

Motox 10. Bwumcaenne? Pakrtopuasa or 2 pasenH 2

MotTok 10. BHuMGAEHHE dasepuwceHo?! PakTopuaa or 2 pageH 2
Motox 10. MoayyeH HOBHH 9AeMeHT 7

Motoxk 6. BeuucaenHue? dPaxrvopuwas or 3 paBen 6

[lotox 6. Beumcaenue 3asepueHo! Pakropuaa or 3 paeen b
Mortoxk 6. MNoayuen HoBwWM 3anement 7

Motok 12. BuuMcAeHHe? PakTopuas or 6 pasedH 30

Motoxk 11. BuuumcaeHHe! Paktopuan or 8 paepen 56

MNotox 1. Buwuucaenue! axvopuas or 7 pasen 7

Mlotox 6. BeuucaenHue?! Paxvopuwas or 7 pasen 7

lMotoxk 12. BuuMmcaenwe' Paktopwan or 6 pasen 120

PucyHnok 7.6 — Pe3ynbTaT paOOTHI IIpOrpPaMMBEI.

HB}”—IHTE HpE,[[CTEIEHEHHEIﬁ KOJ IIPHJIOMKCHIIA. HCCH&,[[}’E[TE ITOBC/JCHIIC
IIpOI'paMMBl 1IPpH H3MCHCHHIIN BPCMCHII 3aJCPXKKHI B (byHKL[HH BBIHIICJICHITA

AOKYMEHT TIOANUCAH 1eTcs paboTa IPOorpaMMBl OT N3MEHEHI
SNEKTPOHHOW NOAMNUCHIO

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneuy: ebayxoea TaTeAHa AnekcaHapoBHa
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3. MeToauka 1 IOPSAOK BBEIIIOJIHEHHS PaOOTHI

1. Co3tanire KOHCOJILHOE IIPIUIOKEHUE.

2.

PaspaboraliTe Kkinaccel [JIs1 pelieHns 3ajaul

B COOTBCETCTBIII C

NHANBIAYAJIbHBEIM BapHaHTOM C HCIIOJIb30BAHHCM IIyJia IIOTOKOB. B KaXJI0M

34 1daHITH HEDGXD,[[HMD papraﬁDTaTb KOJUICKITMEO 3JIEMCEHTOB 34/J4HHOI'O TIHIIA I

KITacc JUIS YIOPaBJICHUS KOJIIEKITUEH, OCYIIECTBILIIONINII 0O0pabOTKYy 3JIEMEHTa C

HCIIOJIB3OBAHIICM IIyJIa IIOTOKOB.

3. B amropurme pemeHusd 3ajadd OpPEeayCMOTPUTE 3aJepikKKy alropurMa C

IICIIOJNIBb30BaHeM MeToJa Thread. Sleep( ).

4. c,[[EHaﬁTE BEIBOJI. KaK MCHACTCAH ITIOBCACHIIC IIPOI'PaMMEI IIPH N3MCHCHII

BPCMCHI HCK}"CCTEEHHDE 3aJICPIKKH aJI'OPHTMaA.

MuauBuay ansHOE 3ajjaHIe.

BapuaHT | 3a7a4a, pelraeMas ¢ HCIIOIb30BaHEM ITyIIa IIOTOKOB (METO[I Tum snemeHTa
00paOOTKH 311eMeHTa) KOJUIEKIHI

1 MeTon HaxomHT cpeHee apH(METHYECKOE 3I1eMEHTOB Kiacc OIIPEJIESIET
MATPHIIBI CITYYaHBIX YHCETL. MaTPHILY (pazmep

BEIOHpAETCS
CIIyYaHHBIM 00pa3oMm)

2 MeTon HaxoQUT pe3ynbTaT IMH(POBAaHMA CTPOKH: KakIblk | Kitacc  ITpeicraBinIeT
HCXOJHBI CHMBOJI CTPOKH 3aMEHSETCS IMH(QPOBAHHEIM | ITapy CTPOK: HCXOMHAS
CHMBOIIOM, KOJI KOTOPOro Ha n OOJbINE KOJa HCXOMHOIO | H I poBaHHAS
CHMBOJIA. (McxXomHas1 3ajacTcs B

KOHCTPYKTOPE)

3 MeTog HaxXoAMT ITOAMHOKECTBO BIEMEHTOB MaccHBa | Kitacc  IIpelicTaBIIseT

CITYYaHHEIX YHCeJI, KOTOPBIE AeJISATCa Ha 6 MAaCCHB CITy4aHHBIX
JHCETl, CIIy4aHHOI O
pa3Mepa

4 MeToa HaxXOMHT CTaTHCTHKY JJIS CTPOKH: CITHCOK ITap Kimacc  mpemcraBisier
(CHMBOII CTPOKH, KOITHYECTBO BXOKJICHHI) CTPOKY (3ajlaeTcsI B

KOHCTPYKTOPE)
5 MeTrog — HaxXoguT — pasHHIy  MaKCHMadbHOro M | Kitacc  IIpelicTaBIIsIeT
MHIHHMAJIEHOTO 3IIEMEHTOB MaT PHIIEL MATpPHLy  CIIy4aiHBIX
JHCel CIIy4aiHOr O
[OKYMEHT MOAMNUCAH pasmepa
ANEKTPOHHOW NOAMUCHIO
Ceptudnkar:  12000002A633E3D113AD425FB50002000002A6

Bnageneu;
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6 MeTton HaxXOAWUT IIOAMHOKECTBO »3JIEMEHTOB MaccHBa | Kimacc  ImpefcraBiseT

CIIYYAHHBIX YHCEIL, KOTOPHIE SBILSFOTCS YeTHRIMH MaCCHB CITYYAHHBIX
YHCET CIIYYAIHOI' O
pasMepa

7 MeTtox HaXOAHUT KOJIMYECTBO HEYETHBIX JIEMEHTOB B Kmacc  mpeacraBisieT
MATPHIIE CITYYANHBIX YHCEL MaTpHIY  CIIYYaHBIX

JHCell (pasmep
3a7[aeTCS B
KOHCTPYKTOPE)

8 Merton HaXOIUT pasHHIlY  MAaKCHMAalIbHOI'O u | Kiacc OITHCBIBAET
MHHHMAJIBHOTO 3JIEMEHTOB MATPHIIBI I[EIBIX CIIYYAHHBIX | MAaTPHIY  CIIYYaHHBIX
YICEeJl YHCETT (pasmep

MaTPHIBI BEIOHPAETCS
CITY4aHHBIM 00pa3oM)

o MeTon HaxomWT JIOrHYeCKOE B3HAauYeHHe, VKasbIBarollee | Kimacc OITHCBIBAET
CVIIECTBYET JIH 3aJJaHHOE YHCIO B MAacCHBE I[EJIBIX | MACCHB CITYYaHHBIX
CIIYYAHHBIX YHCE]I yHcel (pa3Mep MacCHBa

BEIOHpacTCS
CIIVYaHHBEIM  0Opa3oM,
HCKOMOE YHCIIO
YKa3bIBACT CS B
KOHCTPYKTOPE)

10 MeToJl cTPOHT MaTpPHITY CIIy4aHHBIX OHTOBBIX 3HaueHHH (0 | Kitacc OITHCEIBAET
Wi 1), popMHpyeEMYIO CITy4aHHBIM 00pa3oM MaTPHILY (pasmep

YKa3bIBACTCSI B
KOHCTPYKTOPE)

11 MeTox HaXOMUT CHMBOJI CTPOKH, KOTOPBIH BCTEYAETCS Kitacc OITHCEIBAET

MAaKCHMAaIbHOE KOJIHYECTBO pas CTPOKY (cTpoka
3a1aeTCs B
KOHCTPYKTOPE)

12 MeTton HaxOMUT IIOAMHOKECTBO AIIEMEHTOB Maccuia | Kiacc OITHCBIBAET
CIIYYaHHBIX YHCEIL, KOTOPHIE AEIISTCI Ha 3 MaCCHB

13 Merton HaxXOOUT 4YHCIO — KOJHYECTBO HIeMeHTOB | Kitacc oImHcBIBaeT mapy
IPHCYTCTBYIOIMX B 000HX MaCCHBaX CIIYYaHHBIX YHCE]L. MaCCHBOB (pazmep

OITPEHENSACTCS
CIIYYaHHBIM  00pasoM,
BJIEMEHTHI MACCHBA —
CIIy4YaHHBIE YHCIIA)

14 MeTon HaxXOmMT IIOAMHOMKECTBO BJIEMEHTOB MaccHBa | Kiacc s ormicaHus
CIIVUAHHBIX 4YHCEIl, KOTOpPHIE OTJIMYAOTCS OT 3aJlaHHOrO | MacCHBa  CIIyYalHBIX
yriciia He Oornee YeM Ha 4. YHCENl M 3aJaHHOr O

YICIIA

15 MeTtom HaXOQHUT JIOrHYECKOE 3HAUEeHHE, YKa3bIBAIOIIEE Kmacc  mpencraBiseT

CYILECTBYET JIH 3aJJaHHBIH CHMBOJII B CTPOKE CTPOKY M  HCKOMBIH
CHMBOIJI
16 MeTom HaXOAHT ABa YHCIIa — MAKCHMAJILHBIE AJIEMEHTHI Knmacc g ormcaHus
MACCHBA CIIYYaHHBIX YHCEL. MacCHBa  CIIyYaIHBIX
BJIEMEHTOB
[NOKYMEHT MOAMMCAH
ANEKTPOHHOM NOANUCLIO
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu;
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17 MeTom HaxOOHUT  CKaJdIpHOe ITPOM3BeJeHHe JBYX | Kilacc OIMCHIBAeT [Ba

CIIyYaHHBIX BEKTOPOB. CIIYYaMHBIX  BEKTOpa
Pa3sMEPHOCTH 1.

18 MeTom HaxXoQUT CYMMY JABYX MaTpHI[ CIIYYaNHHBIX YHCE]I Kmacc ommchIBaeT rapy
MaTPHI] CIIY4aHHOI'O
pasMepa, COAEpKalHX
CIIyYalHbBIE YHCIIa

19 MeTron HaxXOMHT KOIHYECTBO BXOXKIEHHH 3aJaHHOro | Kmacc OITHCEIBAET
3JIEMEHTA B MATPHIIE BEIECTBEHHBIX YHCEII CIIYYAHHYIO0 MaTpHIly H

HCKOMOE YHCIIO

20 MeToa HaXOMHUT Pe3yIbTaT CIOKEHHS JIBYX CIIYYAHHBIX Kiacc ormceIBacT rapy

BEKTOPOB IIETIBIX YHCEII CIIYYANHBIX  BEKTOPOB
pasMepa n (n 3agaeTcs
B KOHCTPYKTOPE)

21 MeTom HaxXOIHT KOIHYECTBO BXOXKAeHHIN 3amaHHoro | Kimacc — rpeicraBiseT

CHMBOJIA B CTPOKE CTPOKY H  HCKOMOE
YHCIIO

22 MeTron HaxoOOUT TIOAMHOJKECTBO UYETHBRIX 23IeMeHTOB | Kacc OITHCEIBAET

MaTPHIIBL CITYYAaHHBIX YHCEIT MaTpHIy  CIIyYaHHBIX
JHCel (pasmep
MaTPHIBI YKA3BIBAETCS
B KOHCTPYKTOPE)

23 MeToa HaxOJHT CTAaTHCTHKY MAacCHBA CIIVYAaHHBIX IIENBIX | Kiacc OITHCEIBAET
yHcelI. CIHCOK Itap (YHCIO MacCHBa, KOIHYECTBO | MAaTPHIy  CIyYaiHBIX
BXOKJIeHHI) JHCel (pasmep

MaTpPHILI  BEIOHpaeTCs
CIIyYaHHBIM 00pa3oMm)

24 MeTom HaxXOMUT pel3yiabTaT — JIOTHYECKOE 3HaueHHe, | Kiacc OITHCHIBAET
YKa3bIBAIOIIEe CVIINECTBYET JIM 3aJaHHBIH SJIEMEHT B | MAaTPHIY  CIyYaHHBIX
MaTpHIle yrcen double JHCE (pazmep

MaTPHIBI YKA3BIBAETCS
B KOHCTPYKTOPE)

25 MeTon HaxXOOUT CYMMY B3JIEMEHTOB MAaTPHIBI IENBIX | Kimace OITHCEIBAET

CIIYYAHHBIX YICEJT MAaTpyIly  CIIVYaHHBIX
JHCel (pasmep
MaTPHIBI BEIOHPAETCS
CITY4aHHBIM 00pa30oM)

4. Bompoch JJ1s 3alIUThI PaOOTHI

1. Kaxue THIIBEI IIOTOKOB BHI 3HaeTe? UeM OHU OTJIMYAKOTCA?

2. JIimg 4yero ImpuUMEHSFOTCS IIPUOPUTETHl NOoTOKOB? Kak 3aJaTh IMPUOPUTET

IIoToka?

[NOKYMEHT NOANUCAH

SNEKTPOHHOW NOANUCHIO

CepTtudumkar:
Bnapeneu:

12000002A633E3D113AD425FBS50002000002A6
lLlebGayxoea TateAHa AnekcaHapoBHa
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JIABOPATOPHAS PABOTA 8. CO3JIAHUE U 3ATTYCK 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;

— HaYHHTBCA paﬁﬂTaTb C MdaCCHBAMII 34/14Y.

2. Teopernueckoe 0O0OCHOBAHIUE

B cocrar .NET 4 BxoauT HOBoe IpocTpaHCTBO MMeH System.Threading.
Tasks, B KOoTopoM cojiepaTcs KJIacChl 41 aOcTparupoBaHus (yHKIITMOHAILHOCTU
IIOTOKOB. BHYTpU 3TuX 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.

Jl1s 3amycka 3aJadml MOXKHO HCIIOJNB30BaTh b0 kinacc TaskFactory, mubo
KOHCTpYkKTOp Kkiacca Task m wmertonm Start( ). Koncrpyktop Task mpocto
IpeJOCTaRISET OOJIbIIE THOKOCTU IIPU CO3JaHNN 3aJaull.

HpH 34llyCKC 3aJa4ll MOKHO CO3JdTb SK3CMIUIAP KildCCa Task 1 HazHaunThL

ST T HOKYMENT AIOOANUGAR -~ orrionr enerata Action unu Action<object> (T.e.
SNEKTPOHHOWM NOANUCHLIO _
Ceptudmkart: | [12000002A633E3D113AD425FB50002000002A6 OM THIIA Db_]E:Ct).
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B IIPCACTABIICHHOM JINMCTHHIC IIOKd3dHLI BaPHAaHTEI 34IIyCKd 34144

(puc. 8.1).

class Progran

{

static void Main{string[] args)

{

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

Ta;k tl = My ‘J.-{pafallﬂlTaikj;
tl.5tart();

laskKEACT ! t+ = e :J'H.|--'"]{];
rask €2 = ¢f . StartNew(ParallelTask);

fask t3 = Task.Factory.5tartNew(ParallelTask);

Console,.Readkey();

public static void ParallelTask()

{
;

Console.WriteLine("Bunonverne sagauw {8}", Task.CurrentId);

Pucynok 8.1 — BapuaHThl 3amycka 3ajau.

IlepBRIil crioco0 2amycka 3ajJlad IpeIoiaraeT co3jaHne oObekTa Tuia Task
n 3amyck zagaun merogom Start( ). Jlo BeizoBa Start( ) zamaya HaxoguTcsa B
coctogann Created, To ecTh 3ajjaua HE 3aIlyCKaeTCd aBTOMATHYECKH IIOCJIE
cozgaHmd. JlaHHBII MOJIXOJ IMOXO0K Ha HMCIIOJIL30BaHNE aCHHXPOHHBIX JICJIETaTOB —
33jJlaua 3aIlyCKaeTCs B AaCHHXPOHHOM peXMUMe. 3ajlady MOJXKHO 3aIlyCTUThL B
CHHXPOHHOM (HEIapalUleIbHOM) PEXKUME, AJISI 3TOT0 HEOOXOJUMO HCIOIB30BaTh
MeTod RunSynchronously( ) BmecTo Start( ).

Bropoli cmoco® mpeamosiaraeT HCHOIb30BaHMEe oObekTa TaskFactory:
cozgaHNue oObeKTa I BEI30B MeToAa StartNew( ) ¢ mapaMeTpoM-AeJIEraTOM.

Tperuii cmocod — BEI30B MeTo1a StartNew( ) uepes cBolicTBo Factory kimacca
Task.

Konctpykropy Task um meromy StartNew( ) kmacca TaskFactory moxxHO

epeaBaTh 3HaueHnsd u3 nepeuncieHns TaskCreationOptions. 3a cueT nepejgadun

AOKYMEHT NoanmncAH
SNEKTPOHHOW NoarnMCbio I}IpOEaTB HH&HHPGEH_IHK 3a4Y O TOM, HTO
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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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.

Bapuanr Merop i peannzaiumn
1 Mertop pacueTa CyMMEBI 3JIEMEHTORB MacCHBa CIIyYallHBIX YNCETT.
2 Meton mpeoOpazoBaHId MATPUIBEL CIYUYAMHBEIX UYHCEI. SJICMEHTEHI

KPdTHBIC 3 3aMEHSIOTCS Ha KBaJpaT COOTBCTCTBYIOHICI'O 2JICMCHTA.

3 MeTtos BeIUNCIICHNS (paKTOpHajla YHca.
4 MeTtoa npeoOpazoBaHII MAaTPULBL CIIYUYallHBIX YNCENT: KaXKIblil SJIeMEHT
3aMEHACTCS CUHYCOM 3JIEMEHTA MaTPUIIbL.
5 Merton mnpeoOpazoBaHNI MATPUIEI CIyYailHBEIX UICE. HEYCTHEIC
[IOKYMEHT MOAMNUCAH
ANEKTPOHHOM NOAMUCHIO

Ceptudukart: (12000002A633E3D113AD425FB50002000002A6 'METIYECKOI'O 3JIEMEHTOB MaTPUIIHL.
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7 MeToa BBIUNCIIEHNS MIHUMAJILHOIO 3HAUYEHUS B MAaTPUIE CIIy4YailHBIX
YHCell.

8 Meton npeoOpazoBaHMS MAaTpHIBl CIyYallHBEIX UHCEJI. YETHHIE
DIIEMEHTEHI 3aMEHSIOTCA CYMMOU KOCUHYyCa 51 CHHyCa
COOTBETCTRBYIOIIETrO 3JIEMEHTA MATPUITHL.

9 Meton mnpeoOpazoBaHNI MaTpULBl CIyYaillHBIX YHCEN. HEYETHLIE
SIIEMEHTHl  3aMEHAIOTCA  CYMMONM  TaHI€Hca W KOTaHIeHca
COOTBETCTBYIOIIETO 3JIEMEHTa MaTPUIIBL

10 MeToa BEIUNCIICHIS CTATHCTUKU IIO CIIy4YailHONM MaTpuile (KOJIIMIECTBO
3JIEMEHTOB JIJI1 KaXKJ0r0 3HaYESHIS MaTPUIIEI ).

11 MeToa BEIUUCICHUS CPESHENO apUPMETITIECKOr0 AJIEMEHTOB MaCCIIBa.

12 Metoj nmoncka MakCUMalIbHOI'O 3JIEMEHTa B MaTPUIIE.

13 MeTtoa npeoOpazoBaHII MaTPULBL CIIYUYAHBIX YNCENT: KaXIbIil SJIEMEHT
3aMEHSIETCSI KOCIHYCOM SJIEMEHTa MaTPULIEL.

14 Metox nojicuera KOJIM4eCcTBa UETHBIX 3JIEMEHTOB B MAaTPUIIE.

15 MeTroa BBIUNCIIEHUS CKaJIApHOTO MPOU3BEACHHUS JBYX CIIYUallHBIX
BEKTOPOB.

16 MeTtoa mpeoOpa3zoBaHNI MATPUILI CIIyYaillHBEIX YHCEJI: BCE SJIEMEHTHI
3aMEHSIOTCI CYMMOU KOCHUHYCAa 1 CUHYCa COOTBETCTBYIOIIErO AIIEMEHTA
MaTPUIH.

17 MeToq BEIUNCICHUS CpPEOHEr0 apU(@METHYECCKOTO TPEXMEPHOTO
MacCUBa CJIyYalHBIX UMCEIL.

18 MeTo BEIUICICHN CYMMEBI JBYX MaTpPIIL.

19 Mertoj pacuera MOAYJIIA CIIy4ailHOTO BEKTOpaA.

20 Metox 1npeoOpazoBaHMS MATPHUILL  CIyYaHBIX YHCEI: YETHBIE
AIIEMEHTHI 3aMEHIIOTCS TAHTEHCOM BJIEMEHTA MATPUITHL.

21 Meroj moacueTra KOJIMUECTBA YNUCETL, KPaTHHIX 3, B MaCCUBE CJIyUallHBIX
YuCell.

22 MeTo/ 1 BEIUNCIeHN CTATUCTUKH (KOJIMYECTBO JJIST KaXkI0r0 BXOAIIETO
CUMBOJIA ) 10 CTPOKE.

23 MeTo/ BEIUNCIEHN CTATUCTUKH II0 CIIyYallHOMY MacCHBY (KOJIMYECTBO
3JIEMEHTOB JJIs1 KaXKJOro 3HAUEHII MacClBa).

24 Merox r1moacueTra KOJMMUECTBA YETHHIX U HEUETHBIX 3JIEMEHTOB
MaTPULEL.

25 MeTroa  BBIUHUCIICHMS  CTATUCTUKU IO  TPEXMEPHOMY  MAacCCHUBY
(KOJIMYECTBO AIIEMEHTOB IS Ka’KJ0r0 3HaueHUS MAacCHBa).

4. Borpochl A1 3alIUTH PabOThI

1

LI I

1.0 TT

NOKYMEHT NOAMACAR . ~ree Task oTnmmyaaercs ot knacca Thread?

SNEKTPOHHOW NOANUCHIO
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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 NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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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 Tuma Task, xoTophii
[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 NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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static void Main(string|[] args)

1
Task tBase = new Task(
() =>{
Console.Writeline( "OcHoBHas =zapava. Havano™):
Thread.Sleep(3264Q);
Console.Writeline( OCHOBHAA 3afava. OxKOHYaHWE )
1
Task tContinue = tBase.ContinuelWith(
base task => {
Console.Writeline( " 3apava {0 zasepwena. , base task.Id);
Console.Writeline("3agava npogonxenua. Hawano™);
Thread.Sleep(3008);
Console.Writeline( " 3agava npogonxenva. OKoHYanue™);
});
tBase.Start();
Console.ReadKey();
h

Pucynoxk 9.1 — McnonszoBanne ContinueWith( ) mis onpeaenenns 3agaun

IIPOJOJIAKCHITA.

OdeBHAHO, UTO HCHOJL30BaTh ContinueWith( ) moxHO I onpeneneHus
HECKOJILKIX 3ajJau npogospkeHud. Ilpudem kaxkgas 3ajauva MPOJOJLDKEHIST MOMKET
IMETh HECKOJIbKO CBOHX 3aJau IIPOoJOJDKEHHd. TakuM oOpazoM, MOXKHO CTPOHTH
CIIOXKHBIE HepapxXnM 3aJad. B KkadecTBe BTOpOro IlapaMeTpa METo/ia
ContinueWith( ) MOXHO  YyKazaTh 3HaUEeHUE 3 [IepeUNCIICHI
TaskContinuationOptions. Kaxmgoe u3 3pagennii (OnlyOnFaulted, NotOnFaulted,
OnlyOnCanceled, NotOnCanceled, OnlyOnRanToCompletion u 1mp.) yka3bIBaeT

Hd YCJIOBHC 3allyCKa 3dJld4H IIPOJOJIKCHIIA.

3. MeToauka u IOPSIOK BBEIIIOIHEHHS PaOOTHI

1. CozmaiTe KOHCOJILHOE IIPIUIOKEHIE.
2. Peanmsylirte pelieHne 3ajayll ¢ HCIIOJL30BAHNEM MeEXaHH3Ma 3ajad

IIPOAOIJLKCHIIA B COOTBCTCTBHHN C BAPHAHTOM HMHANBHIAY4JIbHOI'O 344 HIA.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO
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MuanBuay alsHOE 3ajlaHIIE.

Bapuanr OcHOBHAa4 3ajlaya 3aJlaull IpOJI0JIKEHIS

1 l'eHepanma MaTpullbl CIy4YalHBIX | 2 3ajlauyl: pacuyeT  CyMMEI
YHCEI (pazmep 3aJacTCs | SIIEMEHTOR, IIOUCK
I0JIb30BaTEIIEM ) MAaKCHUMaJIbHOTO 3JIEMEHTA.

2 l'eHepannas MaccuBa CIyYaillHBIX | 2 3aJaull: BBIUNCJIEHUE
YHCEI (pazmep 3aJIaeTCs | KOIIMUECTRA BJIEMEHTOB,
[I0JIb30BaTEJIEM ) JEJIANIIXCSA Ha 3, IIOUCK

MUHIIMAJILHOTO 3JIEMEHTA.

3 l'eHepannga MaTpuibl CIYUYalHBIX | 2 3aJaull. pacueT CYMMBI BCeX
yucen (pazMep  oOpeAersieTcs | YETHBIX AJIEMEHTOB,; IIOUCK
CJIy4ailHBIM 00pa3zoM) CPEJIHETO apuPMETHIECKOTO

BJIEMEHTOB.

4 l'eHepaniuss MaccuBa CIyVYalHBIX | 2 3aJadyll.  pacuer CYMMEI
yucen  (pazMep — ompeelsieTcs | HEUETHRIX — 3JIEMEHTOB, IIOJCUET
CJIy4allHBIM 00pa3oM) KOJIMYECTBA BJIEMEHTOB, KPaTHBIX

3.

5 l'eHepana MaTpullbl CIIyUYalHBIX | 2 3aJlaud. BBIBOJ MATpPUIIEI B
YHCEI (pazmep 3aJa€TCA | KOHCONIb, IIOJCUET  KOJIMUYECTBA
I10JIb30BaTEJIEM ) SIIEMEHTOB, KpaTHBIX 7.

6 l'eHepanma MaccuBa CIyYalHBIX | 2 3ajiayl: pacuyeT  CyMMEI
YIICEII (pazmep 3aacTCA | KBapaTOB UYETHLIX SIIEMEHTOB,
I10JIb30BaTEIIEM ) [TIONCK MaKCHUMAaJIbHOI'O 3JIEMEHTA.

7 l'enepaniuss MaTpullbl CJIYUaNHBIX | 2 3aJaddl. IIOMCK MaKCHMAaJILHOTIO
yucen  (pazsMep  ompedelsieTcs | 3JIeMeHTa B KaXJOM  CTOJIOIE,
CJIy4allHBIM 00pa3oM) [IOUCK MUHUMAJILHOTO 3JIEMEHTA

MaTPUIIEL

8 ['eHepaliud MaccHBa CJIY4alHBIX | 3 3ajJlaul: pacyeT CYMMBI KyOOB
yucen  (pazMep  ONpEACILICTCH | HEUSTHREIX ~ BJIEMEHTOB,  IOUCK
CJIy4ailHBIM 00pa3oM) MAaKCHUMaJILHOTO 3JIEMEHTA, IIONCK

MUHIMAaJILHOTO 3JIEMEHTA.

9 l'eHepanna MaTpuibl CIVYalHBIX | 2 3aJlaull. MONCK MUHNMAJIBLHOTO
YIICEII (pazmep 3aJaeTcsd | BJIeMeHTa B KaXJOM CTOJIOIE;
I0JIb30BATEIIEM ) [IOUCK 3JIEMEHTOB MaTpUIIbI,

OTJIMYArON[IXCS HE OoJlee yeM Ha 4
OT 3aJAHHOTO I10JIb30BATEIIEM.

10 l'enepaniuss MaccuBa CIYYalHBIX | 2 3aJadudl. IIOUCK MaKCHMAaJILHOTIO
YIICEII (pazmep 3aJlaeTCd | BJIEeMEHTa, IIOJACUET KOJIMYECTBA
I0JIb30BaTEIIEM ) BJIEMEHTOB MAacCCUBA, JIEILAINXCS

Ha .
[IOKYMEHT NMOANMUCAH
ANEKTPOHHOM MOAMMUCHIO
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11 l'eHepannga MaTpuibl CIYUalHBIX | 3 3aJayld. BBIBOJ MAaTpUILI B
yucen  (pazMep — ompedelsieTcs | KOHCONIb, IIOACUET  KOJINYECTBA
CJIydallHEIM 00pa3oM) 3JIEMEHTOB MacCCHBa, KOTOPHIE

JIeJIATCA Ha 3, IMONCK MHUHIMyMa B
KaJXJJO0Il CTPOKE.

12 l'eHepanna MaccuBa CIyYalHBIX | 2 3aJlaud. IIOUCK MHHIMAJIBHOIO
ypcen  (pazMep — ompeesieTcs | SJIEMeHTa cpeau HEUYETHBIX
CIIydallHEIM 00pa3oM) [10JICUEeT KOJINUEeCTBa SJIEMEHTORB

MacCHBa, JEJIAMIIXcs Ha /.

13 ['eHepaniusd MaTpUIbl CIIYUaMHBIX | 3 3ajaull: pacdyeT CyMMBI KyOOB
yucell (pasmep 3aJlaeTcs | UeTHBIX AJIEMEHTOB; IIOIICK
[I0JIL30BaTEIIEM ) CPEIHETO apuPMETIUECKOTO

SJIEMEHTOB, IIONCK MHIHIMAaJILHOTIO
SJIEMEHTa.

14 l'eHepana MaccuBa CIyUYalHBIX | 2 3aJadil: IOMCK MaKCHMaJlbHOT'O
yucell (pazmep 3aJlaeTCd | BJIEeMEHTa CpeAU YeTHHIX, IIOACUEeT
[I0JIL30BaTEIIEM ) KOJI4YecTBa »IEMEHTOB MaccIiBa,

OTJIMYAIOIIIXCS  OT  3aJJaHHOTIO
[I0JIb30BaTeJIeM He OoJjiee ueM Ha
3

15 l'eHepanma MaTpulbl CIYUYaNHBIX | 3 3aJadil. pacyeT CYyMMBI UETHBIX
yicen  (pazMep  ompedelsieTcs | AJIEMEHTOB, JeldIumxcsd Ha 4,
CJIydallHEIM 00pa3oM) [IONCK MaKCHUMyMa Cpeau

SJIEMEHTOB, JeJIdammuxcsl Ha o 3;
[IONCK MUIHHNMAJILHOTO 3JIeMeHTa.

16 l'eHepana MaccuBa CIIYYalHBIX | 3 3ajlayll. BHIUUCIIEHHE KBaJpaTa
ypcen  (pazMep — oOpedelsieTcs | CYMMBI 3JIEMEHTOB, BBIYNICIICHIE
CJIydallHEIM 00pa3oM) CYMMEI KyOOB 3JIEMEHTOB, BBIBOJ]

MacCHBa B KOHCOJIb.

17 l'enepanmsga MaTpuibl CIIYUYANHBIX | 3 3aJaull: pacuerT  CYMMBEI
yucell (pasmep 3ajlaeTcsd | DIIeMEeHTOB, Jendamuxca Ha 4.
[I0JIL30BaTEIIEM ) pacueT KOJIMUECTBA SIIEMEHTOBR,

JTeIISI X CA Ha 3 IIONICK
MHIHIIMAaJILHOTO AJIEeMEHTA.

18 l'eHepaniua MaccuBa CIIYYalHBIX | 3 3aJlaul; pacyer CYMMBEI
yucel (pasmep 3aJlaeTcs | HEeUEeTHRIX DJIEMEHTOB, JAEIIAIIXCA
10JIL30BaTEIIEM ) Ha /, TIIOHNCK MAaKCHaJILHOTO

sJIeMeHTa, BBIBOJ MacCHBa B
KOHCOJIb.
NOKYMEHT MOAMNMCAH

SNEKTPOHHOW NOANUCHIO
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19 l'eHepanna Marpuipl CIy4YalHBIX | 3 33jJa4ud.  pacuer CYMMEI
yucen  (pasMep  ONPEACILICTCS | HEUSTHRIX 3JIEMEHTOR, JEIISIIIXCS
CJIy4ailHBIM 00pa3oM) Ha 7/, IMOUCK MakCUMyMa Cpeau

BJIEMEHTOB, JCIAIMUXCSA Ha 2.
BLIBOJI MATPUILI B KOHCOJIb.

20 l'eHepana MaccuBa CIIYYalHBIX | 3 3aJaduil. pacyeT CyMMBI UETHBIX
yucen (pazMep  ONpEACILICTCH | BIIEMEHTOB, JCNSAIMUXCI Ha 4.
CJIy4ailHBIM 00pa3zoM) [TIOCK MaKCUMYy Ma cpeau

BJIEMEHTOB, JAEJIAIIUXCS Ha 3,
[IONCK MIHUMAJILHOT'O 3JIEMEHTA.

21 ['eHepaniusd MaTpUIbl CIIYUaHBIX | 3 3ajaull: pacdyeT CyMMBI KyOOB
quCe (pazMep 3aJIa€TCs | SJIEMEHTOB, ACNAIUXCA Ha 3,
[I0JIb30BaTEJIEM ) [IONCK MaKCHUMAaJIbHOTO 3JIEMEHTA,

[IONCK MHIHUMAJILHOTO 3JIEMEHTa B
KaXXJOM CTOJIOIIE.

22 l'eHepannia MaccuBa CIy4YalHBIX | 3 3ajaud.  pacuer CYMMBEI
YHCe (pazmep 3aJIa€TCS | HEUETHBIX 3JIEMEHTOB, JEIIAIIUXCS
[I0JIb30BaTEJIEM ) Ha 5, MOHCK MakKCUMyMa Cpean

BJIEMEHTOB, JENAIUXcsa Ha 9,
[TIONCK MUHNMAaJILHOTO 3JIEMEHTA
CpeIl YETHLIX.

23 l'eHepannga MaTpuibl CIy4YalHBIX | 3 3aJaul: pacuerT  CYMMBEI
yucen  (pazMep  ompederrsieTcs | SJIEMEHTOB, JeldIumxcsd Ha S,
CJIy4allHBIM 00pa3oM) [TOVCK MaKCHUMYy Ma cpean

BJIEMEHTOB, AEJIAIUXCA Ha 9,
BEIBOJ, MATPUIEI B KOHCOJIb.

24 l'eHepanna MaccuBa CIy4YalHBIX | 3 3aJaull: pacuerT  CYMMBEI
yucen  (pazMep  ompedelrsieTcs | KBaApaTOB UETHBEIX  SIIEMEHTOB,
CJIy4allHBIM 00pa3oM) [TOVCK MaKCHUMYy Ma cpean

BJIEMEHTOB, AEJIAIUXCA Ha 9,
BLIBOJI BCEX BJIEMEHTOB MAaCCIHRBA.

25 l'eHepana MarTpuipl CIy4YalHBIX | 3 3ajauMl.  pacuer CYMMEI
qucen (pazmep 3aJIa€TCS | HEUETHBIX 3JIEMEHTOB, JEIIAIIXCS
I0JIb30BaTEIIEM ) Ha 2. IIOUCK MaKCIMyMa B KaXXJIOM

CTOJIOIE, MONCK MUHUMAJILHOTO
BJIEMEHTA B KaXKJOU CTPOKE.

CepTtudchmkar:
Bnapeneu:

4. Borpochl A1 3alIUThl pabOThI
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2. CKOJILKO 33J1a4 IPOJIOIKEHNS MOXKET IMETh Kax/jas 3agaya’

3. C noMompbl Kakoro wMeTroga knacca Task MoOxkHO 3agaTh 3ajady
[IPOJIOJIKEHIIA?

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

5. IlosgcHure MexXaHI3M OIMpPEAEIICHIU Y CIIOBHBIX 3aj1au IIPOJI0JIAKEHIIS.

6. Onumure MeTo bl ki1acca TaskFactory, mpeaHazHaueHHBIE IS YKa3zaHUS
3a4a4 IIPOJOJIKEHIISL.

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

KoMaHgoI1 Start( ).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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