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BBEJAEHHUE

1. llestn m 3axa4u OCBOEHMSI TUCUMILIMHBI. PazBuTre mHGOpPMAIMOHHBIX
TEXHOJIOTUWA TOPOKJAeT HOBBIC amlapaTHbIE M MOPOrPaMMHBIE APXUTEKTYPHI
WHOOPMAITMOHHBIX CHUCTEM. YBEIMYCHH MPOU3BOJUTEIHLHOCTH CEPBEPOB HE
OTPAaHUYMBAETCS POCTOM TaKTOBOM YacTOThI MPOIECCOPOB — OTO MPOIece
MHOTOKOMITIOHEHTHBI: OCHOBHYIO pOJIb B YBEJIMYEHUU MPOU3BOJUTEIHLHOCTH
HHQOPMAITMOHHBIX ~ CHCTEM  WrpalOT  HOBBIE  KOHIENTYaJbHBIE  CXEMBI
B3aMMO/ICHCTBUS BhIUUCIUTENCH. [Ipy 3TOM ydHTBhIBaeTCS XapaKkTep BHIYUCIUTEIS:
y3ell KJIacTepa, MpoIeccop, SApo, abCTpaKTHBIN Kilace 3aja4u wiv nortoka. Kaxmoe
HamnpaBJICHUE  TMOPOXKJIACT  IIEJble  CEMEHCTBA  TEXHOJOTHM  MOCTPOCHUSA
BBICOKOIIPOU3BOAUTEIBHBIX BHIYUCITUTEIBHBIX CUCTEM.

Pazpabotunky  MHGOPMAIMOHHBIX  CHCTEM  JOCTYIHBI  CICAYIOIIUE
TEXHOJIOTUH ISl TOCTPOEHUSI MapajieIbHBIX U PaCHpeICICHHbBIX BEIYUCIUTEIBHBIX
CHCTEM:

— BBIYMCIUTEIbHBIE CHCTEMbI, OPHEHTUPOBAHHBIC Ha pPabOTy B MOJEIH
pacrpeieJIeHHON NaMsIThIO U MPOrPAMHHBIE KOMIIOHEHTHI JAHHON apXUTEKTYPHI;

— KJIACTEPHBIC TEXHOJIOTUH;

— BBICOKOIIPOU3BOAUTEIBLHBIE CHUCTEMBI, MPOTPAMMHBIM SIAPOM KOTOPBIX
SIBIITIOTCS 0a3bI TaHHBIX;

— BBIYMCJIUTEIbHBIC CHCTEMBI, OCHOBAaHHBIC Ha IpaUUeCKUX MpoIieccopax;

— TporpaMMHBIC KOMIUIEKCHl (DYHKIIMOHUPYIONIME B MHOTO33/JIa4HON U
MHOTOIIOTOYHOM Cpe/Ie.

JlaHHBIE HamNpaBJICHUSI HE HMCYEPIIBIBAIOT BCEX COBPEMEHHBIX IOJIXO0/0B
MOCTPOCHUSI  BBHICOKOIIPOU3BOJUTENIBHBIX  CHUCTEM, HO O0O0pa3ylT TPYIIIbI
TEXHOJIOTUYECKUX PEIICHUN, PAaCcCMOTPEHHE KOTOpPhIX M paboTa ¢ KOTOPBIMHU
MO3BOJISIET M3YYUTh W TOJYYUTh MPAKTHUECKH OMBIT B cdepe pn3paboTKu U

MMOCTPOCHUA BBICOKOIIPOU3BOANUTCIIBHBIX CUCTCM.
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2. Ilepeyens TIaHUpPYEeMBbIX Pe3yJbTATOB O0Y4YeHUsS] MO JAUCIHUIIHHE

(MoayJino),

0o0pa3oBaTe/IbHOI MPOrPaMMBbl.

COOTHECEHHBIX C INIAHUPYEMBIMHU  peE3yjJbTaTaMH O0CBOCHUA

Kona, popmynuposka

Kon, dpopmymnupoBka HHIUKATOpA

[Inanupyemsle pe3yabTaThl

KOMIICTCHIIU 06yquI/m 110 JUCILHUITITINHE
(MomyJII0), XapaKTepU3YIOLIHe
aTaIbl (POPMHUPOBAHUS
KOMIETEHIINM, MHANKATOPOB
OIIK-2 Cnoco6en | U/I-1omk-2 PaspabatsiBaer | Pa3pabareiBaer
pa3spalaTbiBaTh OpUTMHAQJIbHBIC aQJITOPUTMBl JJIs1 | OPUTHHAJIbHBIC aAJITOPUTMBbI
OPUTHHATBHBIC  AJNITOPUTMBL | perjeHust npoeCCUOHATIBHBIX | IS pelieHus
1 TMPOTPaMMHBIC  CPEACTBA | 34519y poQeCcCHOHANBHBIX 3a1a4
A PELLICHIA NJ1-20mk-2 Ucnonp3yer | Mcnonb3yeT COBPEMEHHbBIE
npodecCHOHANBHBIX 3ajad,
s ToM wHeTe o | COBPEMEHHBIC HHTEJLICKTYallbHbIC | HHTEJLICKTyalbHbIC
A — TEXHOJIOTHH JUISL pELICHHS | TEXHOJOTUU I PELICHUS
COBPEMEHHBIX npoecCHOHANIbHBIX 3a]1a4 npodecCHOHANBHBIX 3a7a4
WHTEIUICKTYaJIbHBIX I/II['BOHK-Z Pa3pa6aTbIBaeT Pa3pa6aTLIBaeT
TEXHOJIOT Ui OpUTMHAJIbHbIE MIPOrpaMMHBIE€ | OPUTMHAJIbHBIE
cpencraa JUTS peuieHus | MporpaMMHBIE CPEACTBA IS

HpO(I)eCCI/IOHaHBHBIX 3aJa4

pereHus
npodecCHOHATBHBIX 3a1a4




S)
JIABOPATOPHAS PABOTA 1. IPUMEHEHUE JAEJIET'ATOB

1. lleaun u 3agaun

[{ens mabopaTopHOit pabOTHI: U3YIUTH BOSMOXXHOCTH IPUMEHEHUS JIETICTaTOB
B si3bIke C#.

3amaun 1abopaTopHOM paObOTHI:

— OCBOUTH MPUHITUIIBI PaOOTHI C JIeJeraTaMH,

— OCBOUTH OCHOBHBIC HAIIPABIICHUS IPUMEHEHHUS JICTIEraToB,;

— U3YUYUTH CIIOCOOBI MCITOJIB30BaHMS ACJIEraToB COBMECTHO C ITIOTOKAMM.

2. Pea.ﬂnzyeMble KOMIICTCHIINU

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX

kommerenmnuii; OITK-2.

3. TeopeTnyeckoe 0600CHOBaHHNE

2.1 Ha3zHaueHue TUTIOB AEJIEraToB

Jleneratsl mpenHa3HAuYeHbl JJIs1 CUTYyallMil, KOTJa HYXHO NEepenaTb METO[
apyromy Mertony. beiBatoT ciyuau, kKorga meTony moTpelyercs oOpalleHHe K
JIpYyroMy METOJy, HO OINPEIEIUTh K KaKOMY MMEHHO Ha 3Tarne KOMITWIISIIIUU HE
MPEACTABIAECTCS BO3MOXHBIM. JTa HMH(OpMaLUs OCTYHA TOJBKO BO BpEMs
BBITIOJIHEHUS, a TOTOMY JOJbKHA OBITh TIEpelaHa IEepBOMY METOAy B BHJE
napameTpa.

[Tono6HOE nmoBeeHNE CBOMCTBEHHO B CIACAYIOUINX CITydasiX:

1. 3amyck motokoB u 3amad. B C# cymiecTByeT BO3MOXKHOCTH COOOITUTH
KOMITUJISITOPY, YTO HY>KHO 3alyCTUTh HEKOTOPYI0 HOBYIO MOCIEN0BATEIbHOCTD

WCIIOJIHCHMSI TapaJIeIbHO TOW, YTO pabOoTaeT B JaHHBIA MOMEHT. Takas
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HIOCJIeIOBATEIbHOCTh Ha3bIBaeTCs oToKoM (thread), a ero 3amyck ocymiecTBiasieTcs
¢ rmomoIko MeToja Start ogaoro u3 6a3oBeIX KitaccoB — System. Threading. Thread.
Ecniu  koMmmbroTepy  cooOmmaercss O  HEOOXOAUMOCTH  3allycka  HOBOM
MOCIIEZI0BATEIHLHOCTH MCTIOHEHHUS, TO TAKXKe HY>KHO COOOIIUTH, OTKY/1a UMEHHO €€
ClieyeT HayaTh, T.€. BBI30B KaKOr0 METO/a JOJDKEH ee 3amyckarb. [[pyrumu
coBamu, metoa Thread.Start () g0KeH MOJTyYUTh TapaMeTp, KOTOPBIH yKa3bIBaeT
METO/I, MOJIeKAIINUN BBI30BY MTOTOKOM.

2. O60061menHbIe OMOIMOTEUHBIE KiTacChl. MHOTHE OMOIMOTEKH COIePKAT KO/
JUTS BBITIOJTHEHUS Pa3HOOOPA3HBIX CTaHIAPTHBIX 3a7a4. OOBIYHO Takhe OMOINOTEKU
MOTYT OBITh CAMOJIOCTATOYHBIMH — B TOM CMBICJIC, YTO TP WX HAITUCAHUH BBl TOYHO
3HaeTe, Kak cliefyeT pemarh 3amaun. OJHaKo MHOTAA 3aj]ada MOKET BKIIIOYATh
noj3agady, O KOTOPOW 3HAeT TOJBKO WHAMBHIYAIbHBIM KIMEHTCKUA KO,
UCTIONIB3YIOMIMK 3Ty Oubnuorexky. Hampumep, TpeOyeTcss HamucaTh KJiacc,
MPUHUMAIOIIUNA MacCUB OOBEKTOB U COPTUPYIOIIMMA MX MO BO3pacTaHuio. YacTbio
Iporecca COPTUPOBKH JODKHO OBITH TIOBTOPSIIOIIEECS CPAaBHEHUE JIBYX OOBEKTOB
U3 MacCHBa, YTOOBI OMPEETUTh, KAKON U3 HUX HYXKHO PACIOJIOKUTH epBbiM. Eciu
HE0O0XO0IMMO 00ECTIEUNTh KJIACCy BO3MOKHOCThH CPABHUBATH JIFOObIE 00 BEKTHI, TO OH
HE MOJXKET 3HaTh 3apaHee, KaK BBIMOIHATh TaKWE CpaBHEHUA. TOJBKO KIMEHTCKUI
KOJI, HCIIOJB3YIONUN KJIACC, MOXET COOOIIUTHh €My, KaK CJIEIYyeT BBIMOJIHSATH
CpaBHEHHE KOHKPETHBIX 00BEKTOB, MACCHB KOTOPHIX HEOOXOUMO OTCOPTHUPOBATH.
KnueHTckuil Ko TOJDKEH mepeaaTh BalleMy Kiaccy MOAPOOHOCTH OTHOCHUTEIHHO
TOTO, KaKOW METOJ1 BHI3BATH IS BHIIOJTHEHUS] CPABHEHUSI.

3. CoObiTus. ['nmaBHas uued 31ecb COCTOUT B TOM, YTO YacTO MPUXOIUTCS
HUMETB JIEIIO C KOJIOM, KOTOPBIN IOJKEH OBITh MPOUH(GOPMHUPOBAH O BOZHUKHOBEHUH
KaKuX-T0 coObiTMil. B mporpammupoBanuu  rpaduyeckoro uHTepderica
MOJIB30BATENsI TIOJIHO TOAOOHBIX cutryaruii. Korma coObITHE TIPOMCXOJINT,
UCIIOJIHSIOIIAsT Cpefla JOKHA 3HATh, KaKOW METOJ HEOOXOJIMMO BBI3BaTh. IJTO

JenaeTcs nepenadeid MeToy, oopadbaThiBaroIIeMy COOBITHS, TTapaMeTpa-eserara.
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Kak u B cioydyae kjaccoB ISl MCTIOJB30BaHMS JejieraTa, ero HeoOX0oIuMo
3apaHee 00BABUTHh. CHHTAKCHC OOBSBIICHHS JCJIETATOB BBITVISIAUT CIICTYIOITIM
obpazom:

delegate <mun _eozépama > HUms _muna _oenecama ([napamempeoi])

Hampumep:
delegate void MyFirstDelegate(int pParam);

B manHOM mpuMepe onpeaessieTcs Aeerar, SK3eMIUIp KOTOPOro MPUHUMAET
OJIMH MapaMeTp TUMa int ¥ BO3BpallaeT 3HaueHue Tuna void.

EHIG HCCKOJIBKO ITPUMCPOB 00BSABICHUS JCJICTaTOB:

delegate int Summ (int a, int v);

delegate string ConverterFromFloat (float D);

delegate int[] ToVector(int a, int b, int c);

delegate string GetAString(};

CﬂﬁﬂyeT IIOHUMATb, 4YTO IIPHU 00BSBIIEHUU Jgejerarta € HCIOJIb30BAHHUEM
KJIFOYEBOT'O CJIOBa delegate (1)aKTI/ILIeCKI/I CcO31a€TCsA CHCHHaJII/ISI/IPOBaHHHﬁ KJ1acc.

JleneraThl CO3/1al0TCs KaK KJacchl, yHaciemoBanubeie ot System.MulticastDelegate.

delegate string GetaAString();

class Program

1
: static void Main(string[] args)
1
: int x = 48;
E !/ nepemennaa firstStringMethed
: f/HMUKMaNUsKMpyeTCA SHavenwem x.ToString(),
: GetaString firstStringMethod = new GetAString(x.ToString);
E [/ npuBegenHwA onepaTop 3KBMBANEHTEH CAEOyOLEMY :
: [/ Console.WritelLine("Ctpora pasma " + x.ToString ());
: Console.WriteLine("CTpoxka pasna " + firstStringMethod());
L)

[Ipumenenue CKOOOK K SK3EMIUISIPY JelieraTa 3TO BCE PaBHO YTO BBI3OB
metoza Invoke (), TO €CTh ClleAyIOIIe CPOKU BBIIMOIHAIOT OJTHO U TOXKE JICHCTBHUE:

firstStringMethod ();

firstStringMethod.Invoke ( );
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UT0OBI COKpaTUTh KOJI, B K&XKJIOM MECTE, TJIe TPeOyeTCs SK3EMILIAp Jieierara,
MOKHO TPOCTO MepenaTh UMs ajapeca. JTO Ha3bIBACTCS BBIBEICHUEM JIeJierara
(delegate inference). 3to cpeactBo C# paboTaeT 10 TeX MOpP, MOKA KOMITHIIATOP
CHOCOOEH Pa3pelInTh SK3EMIUSIp Aeierara B cnenuduueckuii Tun. B npeapiayiiem
npumepe mnepemenHas firstStringMethod tuma GetAsString uHULIMATH3UpPYETCS
HOBBIM 3K3eMIUTApoM sienerata GetAsString:

GetAString firstStringMethod = new GetAString(x.ToString);

Cnenatb TO K€ caMO€ MOXHO, TMPOCTO TIEpellaB MEepEeMEHHOM
firstStringMethod nms meTosia B mepeMeHHO X:

GetAString firstStringMethod = x.ToString;

B 00oux ciayqasx komnuiastop C# co3aaer oiuH U TOT ke koa. Komnusarop
oOHapy>KuBaeT, 4YTo TUN aenerata Tpedyerca firstStringMethod, mosTomy co3naer
sK3eMIuLsip aenerata tTuna GetAString v nepenaeT KOHCTPYKTOPY aapec METojia B
OOBEKTE X.

O4eBHIHO, YTO JOMUCHIBATh KPYTJIble CKOOKU MpH Mepeaade UMEHN METOAA
HEJ0IYCTUMO.

DK3eMIUIAp Jiefierata MOXKET CChbUIaTbCs Ha JIIOOOW METOJl — YPOBHS
AK3EMILISIpA WJIM CTAaTUYECKUM — JIF00OTO 00BEKTa JIFDOOTO THUIIA, €CJIM CUTHATypa

9TOTr0 MCTOAA COBIIAAACT C CHFHaTypOﬁ Jcjcrara.

2.2 enerater Action<T> u Func<T> 6ubauorexku .NET Framework.,

BwmecTo onpenenenust HOBOTO TUIIA JieJieraTa ¢ KaKIbIM THIIOM IapaMeTpa u
BO3BpaTa MOYKHO HCIIOJIb30BaTh jeneratbl Jlemerater Action<T> u Func<T>.
O0o6mennsit generar Jemerarsr ACtion<T> mpegHa3zHaveH I CCHIIKHA Ha METO/I,
BO3BpAlAIOIIAKM MINIIB. OJTOT KJIAcC Jejerara CyIIECTBYET B Pa3JIUYHBIX
BapUaHTaX, TaK 4TO €My MOKHO MepeaBaTh A0 16 pa3HBIX TUIIOB ITapaMeTPOB.

Kmacc Action 6e3 0000mIEHHOTO TapaMmeTpa MpeaHA3HAuYeH I BBI30BA
METOJ0B 0e3 mapaMmeTrpoB, Action<in T> — i BbI30Ba MeTOAA C OJHUM

napameTtpoM, Action<in TI, in T2> — nns BeI30Ba METO/A C ABYMS IapaMeTpamMmu U
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Action<in T, inT2,in T3,in T4, in T5,In T6, in T7, in T8> — 14 BbI30Ba METO1A
C BOCEMbBIO MapamMeTpamu.

Heneratsl Func<T> MOryT HCHOJIb30BaThCS AHAJTOTUYHBIM 0Opa3oM.
Func<T> nmo3BosieT BBI3bIBaTH METOBI ¢ TUMOM Bo3Bpata. [logo6Ho Action<T>,
Func<T> onpeneneH B pa3HbIX BapuaHTax [l epenadn 10 16 TUIOB mapaMeTpoB
U TUIa BO3BpaTa.

Func<out Tresult> — Tum neneraTa AJis BBI30Ba METOJIA C THIIOM BO3BpaTa, HO
6e3 mapametpoB, Func<int Tl, out TResult> — ns MeTo1a C OTHUM TTApaMETPOM, a
Func<in TI, in T2, in T3, in T4, out TResult> — nns meroma ¢ YeTBHIPbMS

napameTpaMu.

2.3 JIambna-BeIpaskeHUs

Hauunnas ¢ C# 3.0, nocTyrieH HOBBI CHHTAKCHUC /I Ha3HAUCHUS peaT3alliu
KoJla JererataM, Ha3bIBaeMbIi JaMOma-BeipakeHussMu (lambda expression).
JIsmMOma-BeIpaXKeHUST MOTYT HCIOJIB30BAaThCsl BE3/E, TI€ ©CTh IMapaMeTp THUIla
nenerata. Hwpke mokazaH mNpeablAyIIud MpUMeEp, B KOTOPOM IMPUMEHSIUCH

AHOHUMHBIC MCTOBI, aHaHTHpOBaHHBIﬁ JJI1 UCITOJIB30BaHUA J'ISIM6I[a-BBIpa)KeHI/I$I.

static void Main(string[] args)
r

1
: string mid = ", cpegHAas vacTe,"”;
Func<string, string> lambda = param =>»

r

1
param 4= mid;

param += " a 3To gobasneHo x cTpoke.";
return param;
¥

nsole.WriteLine(lambda (“"Hawano ctpokm”)) ;

[Tpu ucnosib30BaHUM JISIMO/1a-BBIPAXKEHUI CYLIECTBYET HECKOJIBKO CIOCOOOB
OmpenesIeHNns] nmapameTpoB. Ecim mapamerp OAuH, TO JOCTaTOYHO €ro MMEHH. B
CJIEYIOILEM JIIMOa-BbIpaXKEHUN UCTIOJIb3YETCs TapaMeTp 1o UMeHH S. [lockonbky
TUI JIeJierata OnpejessieT mapameTp string, To s uMeer Tun string. Peanuzanus

BbI3bIBaeT MeTo String.Format () niist Bo3BpaTa CTpOKH, KOTOpasi B KOHEYHOM UTOTE
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BBIBOAUTCSA HA KOHCOJIb ITPHW BBIZOBC ACJICTaTa — M3MCHCHHC pGFHCTpa,TeKCTOBOﬁ

cTpoku « TEST»:

static void Main(string[] args)

i

= Func<string, string»> oneParam = s

' =>» String.Format("wsmenenne peructpa {8}",
s.ToUpper());

Console.WriteLine(oneParam( test”));

}

Ecnmu penerar ucnosip3yer 0ojee OAHOTO MapaMeTpa, UMEHa MapaMeTpoB
MO@HO KOMOMHHUPOBATh BHYTPpH CKOOOK. Hue mpencraBieHsl mapaMeTpsl X U y
tuna double, onpenenennsie neneratom Func<double, double, double>:

static woid Main(string[] args)

ﬁ Func<double, double, double:> twoParams = (x, y) => x * y;

Console.Writeline(twoParams(1@, 2));

}
st ynoOcTBa K MMEHaM MEPEMEHHBIX BHYTPU CKOOOK MOKHO J00aBISATH

THUIIBI IIAPpaAMCTPOB!

static weid Main(string[] args)

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

_ Conscle.Writeline(twoParamsWithTypes(18a, 2));

}

Ecnn namOpa-Belpa)keHUE COCTOUT M3 €IMHCTBEHHOTO oIrepaTopa, OJIoK
MeTo/a ¢ GUTYpHBIMHU CKOOKaMu U oniepaTopom return ve tpedytrorcs. Komnumisitop

no0asiser return HessBHBIM 00pa3oM:

Func<double, double> square =
X omx N % o

MoxxHo n00aBUTH (UTYpHBIE CKOOKH, orepatop return u Touky c 3amsiTou.

[IpocTo 0OBIYHO JIerde YuTaTh KO 0€3 HuX:

Func<double, doubler square =
X =3

{
¥

return X * x;



11

Ho ecnu HY)>XHO BKIIIOYWUTH B pPC€aJIn3aliuio JISIM6,Z[a-BBIpa)K€HI/ISI HECKOJIBKO

OTIepaToOpOB, TO (PUTYPHBIC CKOOKH U OTIEpaTOp return 00s13aTeIbHBI;

static void Main(string[] args)

{

string mid = "Hadano cTpoku”;

Func<string, string> lambda = param =>

i param 4= mid;

param += " a 3To pobaeneHo k cTpoke.";
return param;

4. O0opyaoBaHre U MAaTEePHAJIbI

JInst BBIMOJHEHMS J1a0OpaTOpPHOM pabOThl PEKOMEHIYETCS HCIOJIb30BaTh
IICPCOHATBHBI KOMIIBIOTED CO CIEAYIONMMH IMPOTPAMMHBIMU  CPEACTBAMHU
pa3paboTku (BBIOpAaTh OJWUH WM HECKOJIBKO MPOTPAMHBIX MPOJYKTOB IS
IPaKTHUECKOHN peau3aluy 3aaa4d Jadoparopaoi padorsr): MS Visual Studio 2015

¥ BBINIE; cpena pa3padorku Java (Eclipse, NetBeans).

5. Yka3zanus no TexHuke 0€30MacHOCTH

CTyneHThl TOJKHBI CIIE0BATh OOILENPUHITON TEXHHUKE OE30MacHOCTH IS
MOJIb30BaTENIe TMEPCOHAJIBHBIX KOMIBIOTEpOB. He crieayer caMoCTOSTENBHO
OPOU3BOAUTH PEMOHT TEXHUYECKMX CpPEICTB, YCTAHOBKY M  yJAaJieHUE
nporpaMmMHOro ooOecrieueHusi. B ciyyae oOHapyXeHUs HEHUCIPAaBHOCTEH
HEOOXOJMMO COOOMUThL 00 HSTOM AIMUHHCTPATOPY KOMIIBIOTEPHOIO Kjacca

(0Ocmy)uBarIIEMy MTEPCOHAITY JIA00PATOPHH).

6. MeToauka u NOPsI/IOK BbINOJTHEHUS PA0OTHI

1. Cozpnarite mpunoxenne C# B cpene MS Visual Studio.
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2. B cooTrBeTcTBHM C BAPpHUAHTOM HHAUBUAYAJIBHOI'O 3adaHHA peaJII/ISYI\/'ITe

MOJIb30BATENIbCKUI THUN Jelerara TpeOyeMOil CHUTHAaTypbl U BBIINOJHUTE C €ro

WCITI0JIb30BAaHUEM BBI30B HECKOJIBKUX METO/IOB (C KOPPEKTHOW CUTHATYPOIN).

NHnuBuayanbHOE 3a1aHUE.

Bapuant Jlenerat (curnarypa)
1 Action<Func<float>, bool, List<float>>
2 Func<Action<char>, bool, double, double>
3 Action<Func<double>, double, double>
4 Func<Action<float>, int, float, bool>
5 Action<Func<bool, int>, char, string>
6 Func<Action<int>, bool, char, string>
7 Action<Func<bool>, double, double>
8 Func<Action<T>, float, float> : T object
9 Action<Func<int>, char, char>
10 Func<Action<int, int>, bool>
11 Action<Func<int>, char>
12 Func<Action<bool>, float, float>
13 Action<Func<char>, int, bool>
14 Func<Action<List<int>>, bool>
15 Action<Func<int>, List<float>>
16 Func<Action<string>, int, int>
17 Action<Func<int, int>, List<string>>
18 Func<Action<string, int>, int, int>
19 Action<Func<bool>, string, int>
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<lEnumerable<T>>, int> : T object
25 Action<Func<int, int, int>, string>

7. Conepxanue oT4yera u ero popma

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIEPKATh:

1. HoMep u Ha3BaHue J1a00paTOpHOM pabOThI; 3a1a4u Ja00PaTOPHOUN paObOTHI.
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2. Peanu3anus kaxa0ro myHkra nojapasaena « MHauBuayanbHOE 3a1aHUE» C
NpUBEICHUEM UCXOJAHOTO KOJa TMpOrpamMMmbl, AMArpaMM U TpapuKoB a7
BU3YaJIU3al[UH JTaHHBIX.

3. OTBeTHl HA KOHTPOJIbHBIE BOIPOCHI.

4. Dxpanubie (OpMbI (KOHCOTIBHBIN BBIBOJ) U IUCTHUHT MPOTPAMMHOIO KO/Ia C
KOMMEHTapUsIMHU, IOKa3bIBAIOIINE MOPSAIOK BBIOIHEHUS 1a00paTOpHOIl paboThL, U
PE3yNbTATHI, IOJYYEHHBIE B XOJI€ €€ BBINOJIHEHUS.

OTueT O BBINOJHEHUH JIAOOPATOPHON pabOThl MOANUCHIBAETCS CTYIEHTOM U

CHacTCs IMPCIIOAaBaTCIITO.

8. Bonpocel /151 3aIUTHI Ppa00ThI

1. Yro Takoe tun nenerata? Kakoil aHayor Tuma jejeratra CyIIeCTBYeT B
C++?

2. OnummuTe OCHOBHBIE HAIPABJICHUS UCIIOJIb30BAHUSA JICJIETATOB.

3. Kakue wmexanusmbl TtexHosoruu Windows FOrms peanu3oBaHbl C
HCII0JIb30BAaHUEM JICIIETaTOB?

4. Jlns dvero mpeaHazHaueH Tunm Action<T>? Yem OH oTiMYaeTcss OT
Func<T>?

5. YUeM 10I630BATEILCKHUE AEJIETaThl OTIIMYAKOTCA OT OMOIMOTEYHBIX ?
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JIABOPATOPHASA PABOTA 2. IPUMEHEHHUE ACUHXPOHHBIX
JAEJEI'ATOB J1JId PEAJIM3AIIMA MHOI'OITIOTOYHOCTH

1. eas u conep:kanue

[lenp nabopaTopHOil pabOTHI: HAYYUTHCS HCIOIB30BATH JIEJCTAThl IS
OpraHU3alid MHOTOITIOTOYHOTO TIPHIIOKCHHUS.

3anaun 1abopaTopHOM pabOTHI:

— HAYYHTHCS OOBSBIATh, WHUIMAIM3UPOBATH M 3aIyCKaTh IIOTOKU C
WCITOJIb30BAHUEM TT0JI30BATEIIBCKUX JICTIETaTOB;

— HAy4HUTbCS 3alyCKaThb TOTOKU C HCIOJIb30BAHUEM OUOJIMOTEUHBIX
neaeratoB Action<T> u Func<T>;

— HAYYUTHCS 3allyCKaTh MapajlieibHble TOTOKH C UCTHOJIb30BaHUEM JIsSIMO1a-

BBIPAKCHUM.

2. Peanuzyemble KOMIIETEHIIUN

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii; OITK-2.

3. Teopernueckoe 060CHOBaHHE

Haubonee mpocTeiM ciocOOOM AJIs1 CO3AaHUS TOTOKA SIBIISIETCS ONIPEIETICHNE
JiesieraTa U €ro BbI30B acMHXpOHHBIM oOpa3om. Kiacc Delegate nmoanepxuBaer u
BO3MOKHOCTh ACUHXPOHHOT'O BBI30BA METOAOB. /[l pemeHuss NOCTaBICHHOU
3agaun kiacc Delegate co3aaer oTaenbHbIN MOTOK.

YToOBl MOCMOTPETH B IEWCTBUM Ha AaCUHHXPOHHBIE BO3MOKHOCTH JI€JIEraToB,
CHa4aJla Hy’»KHO CO3JaTh METOJ, BBIIIOJIHEHUE KOTOPOTO 3aHUMAET OIPENEICHHOE

Bpems. Hanpumep, Hike nokasan meron TakesAWhile (), xoTtoperit Giaromapst
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BbI30BY Thread.Sleep() BbIMOJNHAETCSA MHUHHMYM CTOJIBKO BPEMEHH, CKOJBKO B

MUJUIMCEKYHAAX 3a1aHO BO BTOPOM apryMmeHTE.
static int TakesAWhile(int data, int ms)
Console.Writeline("TakesAWhile sanymen™);
Thread.Sleep(ms);
1sole.Writeline("TakesAWhile sasepuwen”);

return ++data;

}

YUtoOBI 00€CIeunTh BBI30B 3ITOr0 MCTOOda M3 ACJICTrarTa, HOH&I[O6HTC$I

OIPCACINTD THUII ACJICTaTa C TEM JI€ CaMbIM ITaApaMCTPOM M BO3BpPAIIACMbIM THUIIOM:

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

Teneps MOXHO MPUMEHATH Pa3TUYHBIC TIPUEMBI JUII ACHHXPOHHOTO BBI30BA
JTAHHOTO JieJieraTa U BO3BpaTa pe3yibTaToB.

OaHuM W3 TakUX TMPUEMOB SIBJISETCS OMPOC M MPOBEpPKa, 3aBEPIIUI JIH
neneraT cBoro pabory. Co3nanHbli kinacc delegate mnpenocTaBisIeT METON
Begininvoke (), B KOTOpOM MOIyT TepelaBaTbCs BXOJHBIC IapaMeTphl,
oIpe/ieNIeHHbIC BMECTE ¢ THITOM jeiierata. Meron Beginlnvoke () Bcerna nmeeT iBa
nononHuTeNnbHbIX mapamerpa tuna AsyncCallback u object, koropsie OyayT
paccMatpuBathes mo3xke. Celvyac TIaBHBIA MHTEPEC MPEICTABIIET BO3BpAIlaeMbIi
tunn Mertona — IAsyncResult. C nomouisto I[AsyncResult MoxHO wu3BieKath
uH(MOpPMAIUIO O JIeJieraTe M IMPOBEPSTh, 3aBEPUIMWI JIM OH CBOIO paboTy, 4TO H
JIEMOHCTPUPYETCS B IpuMepe ¢ npuMmeHeHueM cBorictBa [sCompleted. I{ukn while
MPOJIOJIKAET BBIMOJHATHCS B TJIABHOM IIOTOKE MpPOrpaMMbl JI0 TE€X TMOp, IMOKa

JieJieraT He 3aBePIIUT padoTy.
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static void Main(string[] args)
{
'/ CHMHXPOHHLI BHM308 METOAA

/ TakesAWhileA, 3000);

/ acuHxponmMmi BH3OB

akesAWhileDelegate dl

A4 C HFA‘-YCHI'_'!‘AC'J AeneravTa
TakesAwhile;

eTo

IAsyncResult = dl.BeginInvoke(1l, 3000, null, null);
wh le (lar. IsConpleted)

{

'/ BunonHexue ewe xaxux-Hubyas Cnepauuil B rAasHOM NOTOKeE
Console.Write(".");
ead.Sleep(50);
}
int result = dl.EndInvoke(ar);

'/ BuBO4 pe3ynbTaTa
le.WriteLine("result: {@}", result);

}

[Tocrne 3amycka 3TOro NpUIOKEHUS MOXXHO YBUJETh, UTO TJIABHBIM MOTOK U
MOTOK JieJieraTa BBIMOJHSAIOTCS MapaijIesibHO, a TIOCIIe 3aBEPIICHHs pabOThI MOTOKA
JleJierata rjaBHbIM MOTOK IPEKpallaeT Npoxod Mo HuKiIy. Eciiv riaBHbBIM ITOTOK
3aBEpIIACT BBHIMIOJIHEHUE, HE JIOXKHUIASACh 3aBEPIICHUS PabOTHI Jenerara, MOTOK
JiesieraTta OCTaHaBJIMBAETCHL.

B nmanHOM paszaene METOOWYECKUX YKA3aHUM PACCMOTPEH CaMblid MPOCTOU
METOJI 3aIllyCKa METOJIa B OTAEIBHOM IIOTOKE — C UCIIOJb30BAHUEM ACUHXPOHHOIO
naenerara. PaccMOTpeH Takke MEXaHW3M Iepeladyd IapaMeTpoB B IIOTOK,
BBITIOJTHSIEMBIN TTapajlieSIbHO (aCHHXPOHHO); BO3BpaT pe3yJibTara U3 aCUMHXPOHHO
BBITIOJIHAEMOr0 MeTofa. HeoOxomumMo o0patuTh BHUMaHUE Ha peaTU3alluio

MEeXaHU3Ma OKHUIaHMS 3aBEepIIeHUS PaOOThI ACHHXPOHHOTO METO/IA.
4. O6opynoBaHne 1 MaTEPHUAJIbI

JInst BBIMIOJIHEHHST JTAOOPATOPHOM pPabOTHl PEKOMEHIYETCS HCIOJIb30BaTh
HEPCOHAIBHBI  KOMIIBIOTEP CO CICAYIONMMHA HPOTPAMMHBIMH ~ CPEICTBAMH
pa3paboTku (BBIOpaTh OJUH WM HECKOJILKO IPOrPAMHBIX IPOAYKTOB IS
NPaKTUYECKOM peann3aluu 3a1a4 jadoparopHoit padotsl): MS Visual Studio 2015

¥ BBIIIE; cpena pa3padorku Java (Eclipse, NetBeans).
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5. Yka3aHus no TexHuke 0e30MacHOCTH

CTyaeHTBI TOJDKHBI CJIEI0BATh OOMICIPUHITON TEXHUKE O€30MacHOCTH IS
NOJIb30BATENIE MEPCOHAIBHBIX KOMIIBIOTEPOB. He cieyer caMOCTOATENbHO
NPOU3BOJUTH PEMOHT TEXHUYECKHX CPEACTB, YCTAHOBKY U  yJlaJeHUE
nporpaMMHOro ooecneueHus. B ciiyyae oOHapyXeHUsI HEHCIpPaBHOCTEH
HEOOXOAUMO COOOUIUTH 00 HTOM aJMUHUCTPATOPY KOMIBIOTEPHOTO Kjlacca

(oOcmy>kuBaroIIEMy TIEPCOHATY J1a00paTOpun ).

6. MeToaMKa U MOPSIIOK BHINMOJHEHHUSI padOThI

1. Coznarite npunoxenne Ha s3pike C# B MS Visual Studio.

2. B COOTBeTCTBMM C WHJWBHIYyaJIbHBIM BapHaHTOM pa3paloTaiite
TpeOyeMbIii TUN jenerata (MOJb30BATEIbCKHUM, OWONMOTEYHBIA WM JsIMOna-
BBIPAKEHHE).

3. Peanmusyilite aCHMHXpPOHHOE BBINOJHEHUWE METOJa Ha  OCHOBE
pa3pabOTaHHOTIO Jiesierata ¢ BO3MOXHOCTbIO MOHUTOPUHTA MPOLECCA BBITOJHEHUS,

nepeadr napamMeTpoB B METOJI U MOTYUYEHUs pe3ysibTaTa paboThl METOIA.

NuauBunyansHOE 3a1aHuUE.

Bapuant Tun nenmerara Pemraemas 3agada (pe3ynbprat METOIA) Bxonnbie
napameTpbl
1 MOJIb30BATEIbCKUN Mertoa Bo3Bpaimaer cymmy 3jieMeHToB | /[Ba mapamerpa:
MaTpPUIbI LIEJIbIX CITyYalHbBIX YHUCET pa3zMep MaTpHIbI
2 OMOIMOTEYHBIN Meron BO3BpallaeT pasnuny | JIBa mapamerpa:

MaKCHUMAaJIbHOI'O n MUHUMAJIBHOT'O | pasMEp MaTpUIbL
SJIEMEHTOB MaTpUIbI LHCIBIX CJ'Iy’—I&ﬁHBIX
YHUCCII
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3 nsMOnaa-Beipaxkenne | Meton BO3BpaIlaer norudeckoe | JIea mapamerpa:
3HaUY€HME, YKa3bIBAIOIIEE CYILIECTBYET | pa3Mep MaccHBa
JU 3aJJaHHOE YKCJIO B MAacCHUBE LIEJBIX | U HCKOMBIi
CIIyYaHBIX YHCEII 3JIEMEHT

4 10JIb30BATEIbCKUN Meton BO3BpaIlaer Matpuny | JIBa mapamerpa:
CITy4aifHbIX OUTOBBIX 3HaYeHUH (0 WM | pa3Mep MaTPHUIIBI
1), popMupyemyro ciaydaiiHbIM 00pa3oM

5 ONOIMOTEeYHBIH Meron BO3BpAIllaeT cTpoky | OguH mapamerp:
MaKCUMaJbHOW JJUHBI HAa OCHOBE | MAaCCHB (nnu
IIEpEeJaHHOTO MacCUBa CTPOK CIIUCOK) CTPOK

6 nsMOpa-BelpaxkeHrue | MeTon  Bo3BpamaeT MoAMHOXecTBO | OQuH mapamerp:
3JIEMEHTOB MAacCHBa CIIy4ailHBIX YHCEll, | pa3mep
KOTOpBIE JeNATCS Ha 3 UCXOIHOTO

MaccHuBa

7 10JIb30BATEIbCKUN Meton BO3BpaIlaer YHUCIIO — | IBa mapamerpa:
KOJIUYECTBO AJIEMEHTOB | Pa3Mephl
MPUCYTCTBYIOIIUX B OOOMX MacCHMBax | MaCCHBOB
CIIy4alHBIX YUCEIL.

8 OMOIMOTEeYHBIN Meton BO3BpaIiaer cpennee | /[Ba mapamerpa:
apu(MeTUYECKOe 3JIEMEHTOB MAaTpPHUIIbI | pa3Mep MATPHUIIbI
CITy4aifHBIX YHCEIL.

9 nsMOnaa-Beipaxenne | Meton BO3BpaIaer pesynbTaT | JIBa mapamerpa:
i poBaHUs CTPOKH: KQKJIBIN | UCXOIHAS
UCXOJHBIA CHUMBOJ CTPOKU 3aMEHSIETCS | CTPOKA,  YHUCIO
P POBAHHBIM CHUMBOJIOM, KOJI | CIIBUTa n
KOTOpOT0 Ha N QoJibIIe KOJa HCXOJAHOTO
CHUMBOJIA.

10 T0JIb30BATEIbCKUN Meron Bo3Bpamaer cTaTUCTUKY s | OIUH mapamerp:
CTPOKH: CHHCOK Map (CHMBOJI CTPOKH, | aHAJIU3UpYyeMas
KOJIMYECTBO BXOXKICHUN) CTpOKa

11 OMOIMOTEYHBIN Meron BO3BpallaeT pa3nuny | JIBa mapamerpa:
MaKCUMaJbHOTO ¥  MHUHHUMAIBHOIO | pa3Mep MaTPHULIbI
AJIEMEHTOB MATPHIIBI.

12 nsMOaa-BeIpaxkeHre | MeTon  BO3BpamaeT MOAMHOXecTBO | OQUH mapamerp:
AJIEMEHTOB MAaCcCHBA CIIYYallHBIX YHCEl, | pa3Mep
KOTOpBIE SIBJISIFOTCS YETHBIMU HCXOJIHOTO

MaccHBa

13 M0JIb30BATEIbCKUI Meron BO3BpaIlaeT KojuyecTBo | J[Ba mapamerpa:
HEYETHBIX DJIEMEHTOB B  MAaTpHIIE | pa3Mep MaTPHUIIbI
CIy4alHBIX YUCEN

14 OMOIMOTEYHBIN Meron BO3BpamaeT MOAMHOXKECTBO | /[Ba mapamerpa:
AJIEMEHTOB MAacCHBa CIIy4ailHbIX YHCEll, | pa3Mep MacCcuBa,
KOTOpBIE OTIMYAIOTCSI OT 3a/laHHOTO | 3HAYEHOE YHCIIO
yricia He OoJee ueM Ha 4.

15 nsMOa-BeIpaXkeHue | Meron BO3BpalaeT moruyeckoe | JIBa mapamertpa:

3HAQYEHME, YKa3bIBAIOILEE CYIIECTBYET
JIY 33JTaHHBI CUMBOJI B CTPOKE

CTpOKa u
UCKOMBIN
CHUMBOJI
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16 I0JIb30BaTENbLCKUNA Meron Bo3Bpamaer aBa uyuciaa — | /[Ba mapamerpa:
MaKCHMaJbHbIE JJIEMEHTHl MAaCCHBOB | pa3Mephl
CITy4alHBIX YHCeII. MAacCHBOB

17 ONOIMOTEeYHBIH Meron BO3BpAIAET ckansapHoe | OquH napamerp:
MIPOU3BEICHUE JIBYX CIIy4alHBIX | pa3Mep BEKTOPOB
BEKTOPOB.

18 nsMOa-BeIpakeHne | Meroxg  Bo3BpamaeT cymmy  aByX | J[Ba mapamerpa:
MaTPHII CTYJAHHBIX YUCEI pa3Mep MaTpuI|

19 M0JIb30BATEIbCKUI MeTton BO3BpaIlaeT KojudecTBo | J[Ba mapamerpa:
BXOXKJCHUA 3aJaHHOTO DJJIEMEHTa B | MaTpHUIla u
MaTpHIle BEIIECTBEHHBIX YHCET LieJIEBOM

3JIEMEHT

20 OnOIMOTEYHBII Mertonx Bo3Bpamaer moaAMHOXKecTBO | OnMUH Mmapamerp:
AJICMEHTOB MAacCHBa CIIYYalHBIX YHCEI, | pa3Mep
KOTOpBIE JACNATCS Ha 6 HCXOJIHOTO

MaccuBa

21 nsaMOa-BeIpaXkeHue | Meron BO3BpAIaCT pesynbTaT | OQuH mapamerp:
CIIOKCHHSI JIBYX CIIYYailHBIX BEKTOPOB | pa3Mep BEKTOPOB
LIENBIX YHCEN

22 MM0JIb30BATEIbCKUI MeTton BO3BpaIllaeT KojaudecTBo | J[Ba mapamerpa:
BXOXKJCHUM 33aJJaHHOTO CHMBOJIa B | CTpOKa u
CTPOKE LIEJIEBOM CUMBOJI

23 OMOIMOTECIHBIH Meron BoO3Bpamaer MOAMHOXeECTBO | [[Ba mapamerpa:
YETHBIX 9JIEMEHTOB MaTpPHIILI | pa3Mep MaTPHUIIbI
CIIy4alHBIX YUCEN

24 nsaMOa-BeIpaXkeHue | Meron BO3BpaIllaeT cTatucTuky | OQUH mapamerp:
MacCHBa CIIYYalHBIX I@EJIBIX YHCEI: | pa3Mep MacChBa
CITHCOK nap (ducmo MAacCHBa,
KOJIMYECTBO BXOXKICHUI)

25 IMOJIb30BATEIIbCKUH Meron BO3BpaIaer norudeckoe | /[Ba mapamerpa:
3HAYCHHWE, YKa3bIBAIOIIEE CYIIECTBYET | MaTpHUIA u
JIM 33/IaHHBIA JIEMEHT B MaTPHIIE YHCEN | MCKOMBIiA
double DJIEMEHT

7. Cogepxanue or4yera u ero popma

Otuet mo 1abopaTopHOM paboTe JOJKEH COJIEPKATh:

1. HoMep u Ha3BaHue 1a00paToOpHOM pabOThI; 3a1a4u 1a00PaTOPHOUN pabOTHI.

2. Peann3zanus Kaxaoro MmyHKTa nojapasaena « MTHIuBuayaibHOE 3a1aHUE» C

MNPpUBCACHUCM HCXOAHOI'O KOJa IIpOrpaMMBbI,

BU3YyaJIn3allu JaHHbIX.

ararpaMm 1

3. OTBeTHI HA KOHTPOJIbHBIE BOIPOCHI.

rpagukoB IS
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4. DxpaHHble (POpMBI (KOHCOIBHBIN BBIBOJ) U JUCTUHI IPOTPAMMHOIO KO/Ia C
KOMMEHTapHUsIMHU, TTOKA3bIBAIOIINE MOPAIOK BBIMOIHEHUS J1a00paTOpHOil paboThI, U
pe3yibTaThl, IOJIYYCHHBIEC B XO/I€ €€ BBIIIOJIHCHHUS.
OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOIMUCHIBACTCA CTYACHTOM H

CAACTCs IPCIIOAaBaATCIIIO.

8. Bonpocsl 14151 3a1UMTHI PadOThI

1. [Nosicuute HazHaueHue tuma |AsyncResult.

2. Jlns wero ucrnonbzyetcs metox Thread.Sleep()?

3. TlosicHuTe MexaHU3M BO3BpaTa 3HAYEHUS M3 METOJa ACHMHXPOHHOIO
JeneraTa.

4. Kak npou3sBecTd BO3BpaT 00jiee OAHOTO 3HAYCHUS U3 MeToa?

5. Kakas pasHuna cCymecTtByeT MexAy OMOIMOTEYHBIMU JejieraTaMu,
MOJI30BATEIHCKUMH THUIIAMH JIEJIETaTOB U JIAMOa-BeIpaKeHUAMHA? SIBISIFOTCS JTH
OTH JeJIeraThl B3aMMO3aMEHSICMBIMU TPU peaH3alli ACHHXPOHHOTO BBI30Ba

METOI0B?
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JIABOPATOPHAS PABOTA 3. O’ KUJAHUE 3ABEPIIEHU A
ACHHXPOHHOI'O METOJA C UCIIOJIb30BAHUEM TAUM-AYTA

1. eas u conep:kanue

[ens mabopaTopHOl pabOTHI: HAYYNUTHCA UCIOIB30BATh MEXAHU3M OXKUAAHUS
3aBepIICHHS PabOTHl aCHHXPOHHOTO METO/1a C MCIoIb3oBaHueM Tumia [AsyncResult
Y TauM-ayTa.

3anaun 1abopaTopHOM pabOTHI:

— HAyYUTHCS UCTIOIH30BaTh MEXaHNU3M TaliM-ayTOB,;

— HAYYUTHCS BBIBOJUTH MH(GOPMAIIMIO O XOJE BBIOJHEHHUS] aCHHXPOHHOTO
METO/1a,;

— HAY4YHUTBCA OTCICKHUBATD BBIIIOJIHCHUC ACHHXPOHHOI'O MCTO/14.

2. Pea.ﬂnsyeMble KOMIICTCHIINU

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerenmuii; OITK-2.

3. TeopeTuyeckoe 060CHOBaHHE

Hpyroit cnoco0® oXumaHus pe3ysibTara OT AaCHHXPOHHOTO Jererara
npeaycMaTpuBaeT MpUMEHEHUe Aeckpuntopa oxunanus (wait handle), koTopsrit
accoruupyetcs ¢ [AsyncResult.

[Toy4uTh JOCTYNI K 3TOMY ACCKPUTITOPY OKHUJIAHUS MOYKHO Yepe3 CBOMCTBO
AsyncWaitHandle. DT1o cBoiicTBO Bo3Bpamaer o0bekT Tuma WaitHandle, ¢
MOMOIIIBI0 KOTOPOTO MOKHO OpPTraHU30BaTh OXXHUIAHWE 3aBEPIICHHS PalbOThI
notokoM jenerara. Merogq WaitOne () mnpuHHMaeT B KayecTBE IIEPBOIO

HeoO0s13aTeIbHOTO mapamMCcTpa 3HAUYCHHUC TaﬁM-aYTa, B KOTOPOM MOJXHO YKa3aTb
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MaKCHUMaJbHBIN MEepHOJ] BpEMEHH OKUIaHMs. B paccMarpuBaeMoMm 37eCh IpUMeEpe
3TOT mepuoj coctapisieT 50 MuuMceKyH . B ciyyae BOSHUKHOBEHHUS TaliM-ayTa
meton WaitOne () Bo3Bpamaer 3HaueHue false, u mpoxox mo 1ukny while
npogopkaerca. Ecimu Bo BpeMs OXuUOaHUS [0 TaiiM-ayTa €10 HE JOXOMMT,
OCYILECTBISIETCS BBIXO U3 ITKJIa while ¢ momortibio break u moyuenue pe3ynpraTa
metonoM EndInvoke (). B mombp3oBaTensckoMm uHTEpdeiice pe3yinbTaT BBITISIUT
OpPUMEpPHO TaK K€, KaKk B TMPEIbIAYIIEM MpUMEpe, OTIMYACTCS JHUIIb CIOCO0

pealn3alin OKUIAAHU:].

static void Main(string[] args)

f
1

TakesAlhileDelegate dl = TakesAWwhile;
IAsyncResult ar = dl.BeginInvoke(1l, 30@@, null, null);
while (true)
{
Console.Write (" . ") ;
if (ar.AsyncWaitHandle.WaitOne(5@, false))

Console.WriteLine("Moxno ussneus pesynstaT ceitwac");

ot

int result = dl.EndInvoke(ar);

/ BMBOA pesynbTaTa

Console.WriteLine("result: {8}", result);

4. O0opynoBaHie U MATEPHUAJIbI

JInst BBIMOJTHCHHS J1ab0OpaTOpHOM pabOTHl PEKOMEHIYETCS HCIOJIb30BaTh
NICPCOHAJBHBI KOMITBIOTED CO CIICAYIONUMH TMPOTPAMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpAaTh OJWMH WM HECKOJBKO MPOTPAMHBIX MPOJYKTOB IS
NPAKTHUECKON peau3aluu 3aaa4d JjadopartopHoii padotsl): MS Visual Studio 2015

U BbIIIIE; cpena pa3pabotku Java (Eclipse, NetBeans).

5. Yka3zaHud no TexXHuke 0e30MacHOCTH
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CTyaeHTBl TOJDKHBI CIe10BaTh OOUIEIPUHITON TEXHUKE 0€30MacHOCTU st
M0JIb30BATENIE MEPCOHAIBHBIX KOMIIBIOTEPOB. He cieyeTr caMOoCTOATENbHO
MPOU3BOJAUTH PEMOHT TEXHUYECKHX CPEICTB, YCTAaHOBKY M  YyJaJeHHE
nporpaMMHoOro ooecneueHus. B ciyyae o0OHapy>KeHHsT HEHCIPaBHOCTEH
HEOOXOJMMO COOOIIUTHE 00 3TOM aJIMHUHUCTPATOPy KOMIIBIOTEPHOTO Kiacca

(oOcmy>kuBaroIIEMy TIEPCOHATY J1a00paTOpun ).

6. MeToauKa U MOPSIIOK BHINOJHEHHUsI pa0oThI

1. Coznarite koHconbpHOE npuiioxenue C# B Visual Studio.

2. Peanu3yiiTe MpUIIOKEHHUE C UCIIOIH30BAaHUEM TaliM-ayTa (MOAHPUIIHPYHTE
MPUJIOKEHUE, TTOJIYYEHHOE B X0/1€ BBIMOJIHEHUS JIa0OpaTOpHOH padboThl No2).

3. Peanu3yiiTe MexaHu3M BbIBOJIa MH(OpPMAIIMK B KOHCOJIb O XOJI€ PeIICHUs

3aJa4 aCHHXPOHHBIM MCTOJIOM.

7. Conep:xanme oT4yera u ero popma

Otuet 1o 1abopaTopHON pabOTE NOKEH COACPIKATh:

1. Homep 1 Ha3BaHue 1ab0paTOpHO pabOThI; 3aa4u JTa00OPATOPHOI pabOTHI.

2. Peanuzanmst Kaxa0ro myHKTa nojapasaena « MuauBuayanbHOe 3a1aHne) C
MPUBEJACHUEM HCXOJHOTO KOJla TMpOrpaMMbl, auarpaMM W TpapuKoB IS
BU3YyalIM3allM IaHHbIX.

3. OTBETHI HA KOHTPOJIBHBIE BOMPOCHI.

4. Dxpanubie (HOpMbI (KOHCOIBHBIN BHIBOJ) U JIMCTUHT IPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMH, TTOKA3bIBAIOIINE MOPSAIOK BHIMOIHEHUS J1a00paTOpHOIl paboThI, U
PE3yNbTAThI, IOJYYCHHBIE B XO/I€ €€ BHITIOJTHEHUS.

OT4eT 0 BBIOTHEHUH JTaOOPATOPHOI PaOOTHI MOJMUCHIBACTCS CTYIACHTOM U

C/IaeTCs IPEIoaaBaTelIio.
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8. Bonnpocwl 14151 3a1IUTHI padoThI

1. lns gero npumensiercst tum [Asyncresult?
2. Kak peann3oBaTh OKWJIaHWE 3aBEPILICHUS BBIOJHEHUS ACUHXPOHHOTO
METO/Ia C UCIIOJIb30BAaHUEM TaM-ayTa?

3. [Nosicaute HazHaueHue merona WaitOne( ).
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JIABOPATOPHAS PABOTA 4. UCIIOJIb3OBAHUE OBPATHBIX
ACHUHXPOHHBIX BBI3OBOB

1. eas u conep:kanue

[lenp maGopaTopHOW pabOTBI: HAYYHTHCS HCIONB30BaTh OOpATHBIC
ACUHXPOHHBIC BBI30BBI JUISI OPraHU3AlMKA OXXUJAHUS 3aBEPIICHHS BBITIOJHCHUS
ACHHXPOHHOTO METO/IA.

3anaun 1abopaTopHOM pabOTHI:

— U3yYUTh BO3MOKHOCTH MPUMEHEHHS 00paTHBIX ACHHXPOHHBIX BBI30BOB JJIS
napajieIbHbIX TOTOKOB;

— W3yYUTh BO3MOXXHOCTH AaCHMHXPOHHOTO OOpaTHOTO BBI30BA TIpH
UCII0JIb30BAHUU THUTIA JIeJIeraTa,

— H3yYUTh BO3MOXXHOCTH ACHHXPOHHOIO OOpaTHOTO BbI30BA MpHU

HCIIOJIB30BaHHUHN JI?IM6I[a-BBIpa)KCHI/IH.

2. Pea.ﬂnzyeMble KOMIICTCHIINU

JlabopatopHass pabGoTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOITUX

komnerenmnuii; OITK-2.

3. Teopernueckoe 060CHOBaHHE

Eme onun crnoco0 ais oxkuaaHus pe3yibTaToB OT JeJierara 3akjloyaeTcs B
NPUMEHEHUN TaK Ha3bIBAEMOTO aCMHXPOHHOTO 0OpaTHOTo BbI3oBa (asynchronous
callback). C momompio TpeThero mapamerpa B Meroae Beginlnvoke wmoxHO
nepeiaTb METOJ, YIOBJIETBOpAMONMK TpeOoBaHusiM nenerata AsyncCallback.
Henerat AsyncCallback TtpeOyer omnpenenste mnapamerp I[AsnycResult wu

BO3BpamaeMbiii tunm void. B paccmaTpuBaeMoM 3/€Ch TpHMEpPE TPEThEMY
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napameTrpy HaszHavaeTcs anpec wMeroma TakesAWhileCompleted, xoTopsiit
ynoBneTBopsieT TpeboBanusm aenerata AsyncCallback. B mocnennem mapamerpe
Metony Beginlnvoke MoxHO miepesaTh 00BEKT, K KOTOPOMY OyAEeT MPOU3BOIUTHCS
JOCTYT U3 METO/1a 0OpaTHOTO BBI30BA. 37€Ch YI00HO MepeaaTh IK3EMILISIP CaMOT0O
JeneraTa, TaKk 4YTO METOJ OOpaTHOTO BHI30BA CMOXKET HCIOJB30BaTh €ro Jis

IMOJIYUCHUS PC3yJIbTaTa ACHHXPOHHOT'O MCTO/IaA.

static void Main(string[] args)

{
TakesAWhileDelegate dl = TakesAWhile;
dl.BeginInvoke(l, 38@@, TakesAWhileCompleted, dl) ;
for (int 1 = @; 1 < 18@; i++)
{
Console.Write(™.");
Thread.Sleep(5@);
l}
}
static void TakesAWhileCompleted(IAsyncResult ar)
{
if (ar == null) throw new ArgumentNullExcept
TakesAwhileDelegate dl = ar.AsyncState as T
'/ Heeephuwil Tun obbekTa
Trace.Assert (dl !'= null, "Invalid object type");
int result = dl.EndInvocke(ar);
'/ BHBOA pesyneTaTa
Console.WriteLine("result: {@8}", result);
}

[lo 3aBepmienun pabotel aenerata TakesAWhileDelegate cpaszy ke
Bei3biBacTcsi Meroa TakesAWhileCompleted (). Oxuaate pe3ysbTaToB BHYTPH
[JIABHOT'O TIOTOKA HET HUKaKON HEOOXOIMMOCTH. 3aBEPILATh INIABHBINA MOTOK MEPE]T
3aBeplIeHHEeM padOThl MOTOKOB JEJIEraTOB MOXET OBITh HeOoO0s3aTeIbHO, €CIU
TOJIbKO OCTaHOBKAa pabOTHI MOTOKOB JIEJETaTOB MPU 3aBEPUICHUH BBITOJIHEHUS
TJIABHOTO TIOTOKA HE MPEACTABISAET MPOOIEMBI.

Meton TakesAWhileCompleted () ompenessiercss ¢ THaMK MapameTpoB U
BO3Bparta, KoTophie ykazansl B jgenerare AsyncCallback. IMocnennuii mapamerp,

nepenaaBaeMbiii B Beginlnvoke (), Moxer ObITh NpPOYMTAH C  TOMOIIBIO
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ar.AsyncState, a pesynaptar noiydeH BbizoBoM B TakesAWhileDelegate merona
Endinvoke.

BMecTo TOro uTo0BI OIPEACIIATh OTACIBHBINA METO U IIEPEIaBaTh €r0 METOIY
Begininvoke (), MoxxHO BOCIOJIB30BaThCs JsIMOIa-BeIpakeHreM. [lapamerp ar
umeeT tan |AsyncResult. B Ttakoit peanm3anuu HET HEOOXOUMOCTH TIPHUCBAaNBATh
3Ha4YCHHUE TOCeaHeMy napameTpy meroaa Beginlnvoke (), moromy uto msaMOza-
BBIPAKEHUE MOXKET HAMPSAMYIO MMOJIy4aTh JOCTYI K iepeMeHHol d1, Haxoasmeics
3a TpejeaMH KOHTEKCTa JaHHOTO Merona. Ho Ojok peanusarnuu J1smOza-
BBIPKCHUS BCE PABHO JIOJDKCH BBI3BIBATHCS U3 MOTOKA JIEJIeraTa, YTO MOXKET U HE

OBITH OYEBUIHBIM ITPU OINPEACIICHUHA METOAA MOJOOHBIM 00pa3oM:

static void Main(string[] args)
r

1
TakesAlWhileDelegate dl = TakesAWhile;
dl.BeginInvoke (1, 300, ar =>

f
1

int result = dl.EndInvoke(ar);
// BwBOL pesynbTaTa
Console.WriteLine("result: {@}", result);
}s
null);

for (int i = @; i < 100; i++)

Console .Krite(" . ");
Thread.Sleep(5@);

[

Mogens nporpaMMUpPOBaHUS U TPUEMbI, OMUCAHHBIC JISI ACUHXPOHHBIX
JIEJIEraToOB — OMPOC, IECKPUNITOPHI 0KUJAAHUS U ACHHXPOHHBIE BBI30BBI = JOCTYITHbI
HE TOJBKO [JIsl JEJeraroB. JTa K€ MOJEIb MPOrpaMMHUPOBAHUA, KOTOpas
Ha3bIBaeTCs M1a0JJOHOM ACHHXPOHHOTO BbI30Ba (asynchronous pattern), Bctpeuaercs
B pasHooOpa3ubix Mmecrax .NET Framework. Hampumep, ¢ momormipto Merojna
BeginGetResponse () kinacca HttpWebRequest MOKHO aCHHXPOHHO OTIPABJIAThH
HTTP-3ampockl, a ¢ momompio Metoma BeginExecuteReader () kiacca
SqlCommand — 3anpocsl k 0a3e gaHHBIX. [lapaMeTpbl MOX0KU HA TE, YTO MOXKHO
nepeaaBath B MeToae Beginlnvoke () aenmerara, a MeXaHU3MBbI, IPUMEHSEMBbIC JIJIs

MOJIYUCHUA PC3YJIbTATOB, BBIIJIIAT TOYHO TAK KC.
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4. O0opy1oBaHHe U MATEPUAJIBI

JInst BBIMOJHCHHS Ja00OpaTOpHOM pabOTBHl PEKOMEHIYETCS HCIOJIb30BaTh
IICPCOHATBHBI KOMITBIOTEP CO CIEAYIONUMH TMPOTrPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJWH WIIM HECKOJBKO MPOrPAMHBIX IPOAYKTOB IS
NPAKTHYECKON pean3aliuy 3aaad Jjabopatopaoi padotsr): MS Visual Studio 2015

U BbIIIE; cpeaa paspadotku Java (Eclipse, NetBeans).

5. Yka3zanusd no TexHuke 0€30MacHOCTH

CTyneHThl JTOJDKHBI CJIEIOBATh OOIICHPUHATON TEXHUKE O€30MacHOCTH IS
MOJIb30BATENIE MEPCOHAIBHBIX KOMIIbIOTEpOB. He ciegyer caMoCTOATENIbHO
MPOU3BOJINTh PEMOHT TEXHUYECKHX CPEIACTB, YCTAaHOBKY U  yAaJICHUE
nporpaMMHoOro ooecrneueHus. B ciiydyae oOHapyXeHHsI HEHCIpaBHOCTEH
HEOOXOAUMO COOOUIUTHL 00 ATOM aJMHUHUCTPATOPY KOMIBIOTEPHOTO Kilacca

(oOcmy>XuBaroIIEMy IEpCOHATY J1a00paTopun).

6. MeToanka U NOPs/I0K BbINMOJTHEHUS PAdOTHI

1. Co3naiite koHcoMbHOE Tipuiiokenne C# B MS Visual Studio.

2. Peamsyiite pemieHue 3agadd B COOTBETCTBHUM C WHIWBHIYaJbHBIM
BapHAaHTOM C WCIOJB30BAaHMEM aCHHXPOHHOTO BbI30Ba MeTonaa. [lpu peanmsarmm
MOJTyYeHHsI pe3yJsibTata pabOoThl aCHHXPOHHOTO METOJIa HCIIONB3YHTE MEXaHHU3M
00paTHOTO AaCHHXPOHHOTO BBI30BA.

3. OOGpaTuTe BHHMAaHHE, YTO OOPATHBIM BBHI30B MOJKHO BBINIOJIHHTH KakK C
HCIIOJIb30BAaHUEM THIIA JIeJIeraTa, TaK U C HCIIOJIb30BaHUEM JIIMO1a-BeIpaXkeHus. B
3aJIaHUU WHJWBUAYAJILHOTO BapyWaHTa YKa3aHO, Kakoil crocod oOpaTHOTO BhI30BA

CJIeaAyeT uCoJb30BaThb.
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NunuBuayanpHOE 3a1aHUE.

Bapuanr

Tun nexerara

Pemaemas 3agaua
(pe3yabpTaT MeTo/1a)

Bxonnbie
rapaMmeTpbl

Meron
oOpaTHOTO
BBI30BA

OnOIMOTEYHBII

Meton BO3BpallaeT
IIOJIMHOKECTBO  DJICMCHTOB
MaccuBa CIy4alHBIX YHUCEN,
KOTOpBIE JendTcs Ha 6

Onun
napamerp:
pasmep
HCXOJHOTO
MaccHBa

JIsIMO1a-
BBIPAKCHHE

JIIMOma-
BBIPAKCHHE

Meron BO3BpaIlacT
pe3yabTaT CIOXKEHHS JBYX
CquafIHBIX BCKTOPOB ILECIIBIX
yucell

Onun
napaMmerp:
pa3mep
BEKTOPOB

Jciacrar

OJIb30BATEILCKUN

Meron BO3BpaIIacT
KOJIMYECTBO BXO0KJICHHU
3a/IaHHOTO CUMBOJIA B CTPOKE

JlBa
rnapaMmeTpa:
CTpOKa
EJIEBOU
CHMBOIJI

MO 1a-
BBIPAKCHHE

OUOJIUOTEYHBIN

MeTton
MOAMHOKECTBO
9JIEMECHTOB
CIIy4allHbIX YHUCEI

BO3BpAILAET
YETHBIX
MaTpHULIbI

JIBa
napamerpa:
pa3mep
MaTpPHUILIbI

Jciaerar

JIIMOma-
BBIPAXKCHHE

Meron BO3BpAaIIacT
CTaTUCTUKY MaccuBa
CIIy4alHBbIX LENbIX YHUCEN:
CIMCOK Map (YUCIIO MAaccHBa,
KOJIMYECTBO BXOXKJICHUI)

Onun
napamerp:
pa3mep
MacCcHBa

IaMO1a-
BBIPAKEHHE

I10JIL30BaTEIILCKUM

Meron BO3BpAIlacT
JIOTHYECKOE 3Ha4YCHHE,
yKa3blBaIOIlee  CYIIECTBYET
I 3aJlaHHBIA DJIEMEHT B
Matpuie uucen double

JlBa
rnapaMmeTpa:
MaTtpuia
WCKOMBIH
3JIEMEHT

Acjerar

OJIb30BATEILCKUN

Meron BoO3Bpamaer cymmy
JJIEMEHTOB MaTpHUIbl LEIBIX
CIIy4alHBIX YHUCEI

JlBa
napaMmerpa:
pa3mep
MaTpPHUIIbI

Jeierar

OUOIMOTEYHBIN

Meto BO3BpaIlaeT pa3zHUILY
MaKCUMaJIbHOTO u
MUHUMAJIBHOT'O JJIEMCHTOB
MaTpUlbl LEJIbIX CIyYalHbIX
qucel

JlBa
napaMmerpa:
pa3mep
MaTpPHUIIbI

JIsIMO1a-
BBIpaKCHHE

IIMOa-
BBIpAXKCHHE

MeTton
JIOTHYSCKOE
YKa3bIBAIOIIEE  CYIIECTBYET
M 3aJaHHOE€ YHCIO0 B
MACCUBE LEJIBIX CIIyYalHbIX
qucen

BO3BpaIlaeT
3HaYeHUE,

JIBa
rnapaMmeTpa:
pasmep
MaccHuBa
WCKOMBIHN
3JIEMEHT

JAciacrart
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10

MOJIL30BATEIbCKUN

Merton BO3BpamaeT MaTpuily
CITy4aiHbIX OUTOBBIX
3Hauennt (0 wm 1),
dbopMupyeMyro  cirydaiiHbIM
obpazom

JlBa
napamerpa:
pasmep
MaTpHULbI

JIsIMO1a-
BBIPAKCHHE

11

OUOIUOTEYHBIN

Mertox BO3BpamiaeT CTPOKY
MakCUMaJbHOW JUIMHBI Ha
OCHOBE [epEeJaHHOTO
MacCHBa CTPOK

Onun
napamerp:
MaccuB  (Wiu
CITUCOK) CTPOK

Jciacrar

12

JIIMOma-
BBIPAKCHHE

Meron BO3BpaIIacT
IIOZMHOXXECTBO  JJIEMEHTOB
MacCHUBa CIy4alHBIX YUCEl,
KOTOpBIE JenaTcs Ha 3

Onun
napaMmerp:
pa3mep
HCXOIHOTO
MaccuBa

MO 1a-
BBIPAKCHHE

13

I10JIL30BaTEIIHCKUM

Meto BO3BpallaeT YUCIO —
KOJIMYECTBO JJIEMEHTOB
IPUCYTCTBYIOIUX B 000MX
MAaCcCHBax CIy4alHbIX YHACEIL.

JlBa
napamerpa:
pasMephl
MacCCHBOB

Jcjerat

14

OnOIMOTEYHBIN

Metoa Bo3Bpalaer cpeaHee
apuMeTHIecKoe JIEMEHTOB
MaTPUIIBI CITyYAHHBIX YHCEIL.

JIBa
rnapaMmeTpa:
pasmep
MAaTPUILIbI

JIsIMO1a-
BBIPAKCHHE

15

MO Ia-
BEIPKCHHE

Meton BO3BpallaeT
pe3ysbTar mmdpoBaHus
CTPOKH: KaXJbld HCXOIHBIN
CUMBOJI CTPOKHM 3aMEHSIETCS
muPOBaHHBIM  CHMBOJIOM,
KOJI KOTOporo Ha N Oousblie
KOJIa MICXOJIHOT'O CHMBOJIA.

JIBa
rapaMmeTpa:
HCXOHas
CTPOKa, YHUCJIO
CIIBUTa n

Acjerar

16

M10JIb30BaTENIbCKUM

Merton BO3BpallacT
CTaTHUCTUKY JJI1  CTPOKH:
CIMCOK Map (CUMBOJ CTPOKH,
KOJIMYECTBO BXOXKJIEHUH)

Onun
napamerp:
aHaIM3upyeMast
CTpOKa

1m0 1a-
BBIPAKCHHE

17

ONOJIMOTEYHBII

Meroa BO3BpallaeT pazHUILY
MaKCHUMaJIbHOT'O it
MUHHUMAJbHOTO  BJEMEHTOB
MaTpHIIbI.

JIBa
rnapaMmeTpa:
pasmep
MATPUIIBI

JAciacrart

18

IIMOa-
BBIPKCHHE

MeTOI[ BO3BpalacTt
IIOAMHOKECTBO 9JICMCHTOB
MacCuBa CJ'Iy‘l&fIHBIX qHuCclI,
KOTOPBLIC ABJIAIOTCA YETHBIMU

Onun
napamerp:
pa3mep
HCXOIHOTO
MaccHBa

1m0 1a-
BBIPAKCHHE

19

OJIb30BATEIHLCKUN

Meton
KOJIMYECTBO
9JIEMEHTOB B
CIyYalHBIX YHCEIl

BO3BpaIacT
HEUYETHBIX
MaTpuIe

JlBa
napaMmerpa:
pa3mep
MaTpPHUIIbI

Jeierar
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20 ONOIMOTEYHBII Merton Bo3Bpamaer | J[pa JIsIMO1a-
MOJIMHOKECTBO ~ DJIEMEHTOB | TTapaMeTpa: BBIPAKCHHE
MaccuBa CIy4YalHBIX YHCEI, | pa3Mep
KOTOphIE  OTJIMYAIOTCA OT | MacCHBa,
3aJJaHHOI'0 4YKcia He OoJjiee | 3HaUeHOE
yeM Ha 4. YHCIIO
21 JIAMOIa- Merton Bo3Bpamaer | J[pa neerar
BEIPQKCHHE JIOTHYECKOE 3HauYeHHE, | MapaMeTpa:
YKa3bIBalOIIEe CYIIECTBYET | CTPOKA n
M 3aJaHHBIM CHMBOJI B | HCKOMBIH
CTPOKE CHMBOIJI
22 noyib30BarenbCckuil | Meton  Bo3Bpamaer  jABa | [IBa nsmoa-
yucia —  MaKCHMaJIbHBIC | MapaMeTpa: BBIPOKCHUE
3JICMEHTBI MAacCHUBOB | pa3Mepbl
CITy4alHBIX YHCEI. MAacCHBOB
23 OMOIMOTEYHBIN Meron Bo3Bpamaer | Onun nenerar
CKaJIpHOE  TPOU3BEICHUE | IMapameTp:
JIBYX CIIy4allHbIX BEKTOPOB. | pasmep
BEKTOPOB
24 nsMO1a- Meron Bo3Bpamiaer cymmy | [Ba Mo 1a-
BBIPOKCHHE IBYX MAaTpull CIy4YailHBIX | mapaMeTpa: BBIPKCHHE
YHCeI pa3Mep MaTpuI|
25 IOJIb30BaTEIbCKUI | Meton Bo3Bpaiaer | J[pa Jejierat
KOJIMYECTBO BXOXKJICHHH | ITapameTpa:
33IaHHOTO0  DJIEMEHTa B | MaTpHIla U
MaTpHIIe BEIIIECTBEHHBIX | ICIIEBOM
YHcen 9JIEMEHT

INPpUBCACHHUECM HCXOJHOI'o KOJa IIpOrpamMmal,

7. Cogepxanue or4yera u ero popma

Otuert 1o 1abopaTopHO pabOTe AOJKEH COACPIKATH:

1. Homep 1 Ha3BaHue 1ab0paTOpHO pabOThI; 3aa4u JTJa00OPATOPHOI pabOTHI.

2. Peann3zanus Kaxaoro myHKTa nojapasaena « MTHIuBuayaibHOE 3a1aHUE» C

BHU3yaJIN3allU1 JaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BONPOCHI.

auarpaMM U TpaduKoB Ui

4. Dxpanubie (OpMbI (KOHCOJIBHBIN BHIBOJ) U JIMCTUHT POTPAMMHOIO0 KOJIa C

KOMMEHTAPHUSIMHU, TTOKA3bIBAIOIITNE TIOPSIOK BBITIOJHEHUS Ta00paTOPHOU pabOThI, U

PE3YyIbTAaThl, IOJTYUYCHHBIC B XO/1€ €€ BBIIOJIHCHMSI.
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OTuyeT O BBHINNOJHEHUHU na6opaT0pH0171 pa6OTBI MNoANMChIBACTCA CTYACHTOM U

CAAaCTCs IPCIIOAaBaTCIIIO.

8. Bonipocsl 14151 3a1UMTHI PadOThI

1. [TosicuuTe Ha3HAYCHHUE KaXK0r0 rmapameTpa metoaa Begininvoke( ).

2. [Touemy MpH UCIIOJIb30BaHUH THIIA JIeJIeraTa B Ka4eCTBE METo1a 00paTHOTO
BBI30BA MMOCICIHIIA TapameTp MeToaa Beginlnvoke( ) MOXHO He MCITIOIb30BATh?

3. OnumuTe 00JIACTH MCIIOJIB30BaHMS aCHHXPOHHBIX JejeraTtoB. B kakux

tunax npoektoB .NET Framework onu npumeHuMBbI?
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JIABOPATOPHASA PABOTA 5. IPUMEHEHMUE KJIACCA THREAD

1. leab u conep:kanue

[lenr mabopaTropHOW paOOTBI: HAYYHTHCS  HCIOJIB30BaTh  0a30BbBIE
BO3MOXKHOCTH Ki1acca motokoB Thread.

3amaun 1abopaTopHOM paObOTHI:

— Hay4uThCs co3aaBarh nmotoku Thread;

— HAYYHUTHCSI UCIIOJIB30BATh MACCUBBI IOTOKOB;

— Hay4YUTBCA OCYIICCTBJIAT MOHUTOPHUHI' IIOTOKOB.

2. PeaﬂnzyeMble KOMIICTCHIINU

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIETYIOIIUX

kommerenmnuii; OITK-2.

3. TeopeTnyeckoe 0600CHOBaHHNE

C nmomompro knacca Thread MoXHO HE TOJBKO CO3JaBaTh IIOTOKH, HO U
yopaBisiTh UMHU. Hudke mpuBeIeH KOJ MPOCTOTO MpUMEpa CO3JaHUs U 3alycKa

HOBOTI'O IIOTOKaA.

static void Main()

i
var tl = new Thread(ThreadMain);
tl.Sstart();
Console.Writeline("MnaBuuil noTok.™);
5

static void ThreadMain()

r

sole. Writeline( "BunonHAeTcA B noToke." )}

h
B sToM kojne koHCcTpykTOp Kiacca Thread meperpyskeH Jjist mpueMa jeserara

tumna ThreadStart unm ParameterizedThreadStart. Jlenerat ThreadStart onpenensier
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METOJl ¢ THUIIOM BO3Bparta void, He mpUHHMArOIUi aprymMeHTsl. ITocie co3manust
oobekTa Thread moTOK MOXKET 3aImycKaThCsl ¢ MOMOIIBI0 MeTo1a Start ().

ITocte 3amycka MPUIOKEHHsT Ha SKPaH BBIBOIATCS JaHHBIC U3 JIBYX MIOTOKOB:

This is the main thread.

Running in a thread.

[IpuBeIeHHBIH BBIIIE MOPSAIOK BBIBOJA HE TapaHTHpyeTcs. JIeno B TOM, 4TO
BBINOJIHEHHE ITOTOKOB IUIAHUPYETCS ONMEPAIMOHHON CHCTEMOM, a 3TO 3HAYHT, YTO
KaX/IBIi pa3 04epeTHOCTh MOTOKOB MOXKET MEHSATHCS.

Panee yXe yINOMHHAIOCh, YTO C ACHHXPOHHBIM JICJICTaTOM MOYKHO
UCIIOIB30BaTh JIIMOJa-BeIpakeHne. Ero Takke MOXHO HMPUMEHSTh U C KJIaCCOM

Thread, nepenaBas peain3aiyio METo1a IOTOKa KOHCTpYKTOpY Thread:

static veid Main()

{
var tl = new Thread(() =>
Co le.WriteLine("BunonHaerca 8 noroke, id: {@}",
1read.CurrentThread.ManagedThreadId));
tl.Start();
Console.WriteLine("rnasnuit novtok, id: {@}",
Thread.CurrentThread.ManagedThreadId);
}

Teneps B BBIBOJIC MPOIPaMMEBI OyIET TaKKe MPUCYTCTBOBATh UICHTU(HUKATOP
[IOTOKA:
I'naBHBII OTOK, 1d: 1.

Brmmonnsercs B motoke, 1d: 3.

4. O6opynoBaHne 1 MaTEPHUAJIbI

JInst BBIMOJIHEHHST JTAOOPATOPHOM pPabOTHl PEKOMEHIYETCS HCIOJIb30BaTh
IEPCOHAIBHBI  KOMIBIOTEP €O CICAYIONMMHA HPOTPAMMHBIMH  CPEIACTBAMH
pa3paboTku (BBIOpaTh OJUH WM HECKOJILKO IPOrPAMHBIX IPOAYKTOB IS
NPaKTUYECKON peajn3alnu 3aaa4 jabopaTopHoit padotsl): MS Visual Studio 2015

¥ BBIIIE; cpena pa3padorku Java (Eclipse, NetBeans).
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5. Yka3aHus no TexHuke 0e30MacHOCTH

CTyaeHTBI TOJDKHBI CJIEI0BATh OOMICIPUHITON TEXHUKE O€30MacHOCTH IS
NOJIb30BATENIE MEPCOHAIBHBIX KOMIIBIOTEPOB. He cieyer caMOCTOATENbHO
MPOU3BOJAUTH PEMOHT TEXHUYECKHX CPEICTB, VYCTAaHOBKY M  YyJaJeHHE
nporpaMMHOro ooecneueHus. B ciyyae O0OHapy>KeHHsI HEHUCHPABHOCTEU
HEOOXOAUMO COOOUIUTH 00 HTOM aJMUHUCTPATOPY KOMIBIOTEPHOTO Kjlacca

(oOcmy>kuBaroIIEMy TIEPCOHATY J1a00paTOpun ).

6. MeToauKa U MOPSIIOK BHINMOJHEHHUsI Pa0oOThI

1. Co3paiiTe KOHCOJIBHOE MPWJIOKEHHWE U pealu3ylTe IMpPUMEDP pPELICHUS
3aJ]a4uM C UCIIOJIb30BAaHUEM ITOTOKOB.

[Ipumep pemeHns 3anauu:

Peanu3oBarh BbINOJIHEHUE JIAOOpAaTOPHOW pabOTHI JJisi METO/Ia IOUCKA
MaKCHMAaJbHOTO 3JIEMEHTa B MACCUBE CITy4YalHBIX YHCEI.

Pemenue npumepa:

1.1. PeanuszyeM MeETOJ TMOMCKAa MaKCHMaJIbHOTO JJIEMEHTa B MAaCCHBE

ciy4daitHbIX yucen (puc. 5.1):
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static void CalcMax()

{
int threadld = Thread.CurrentThread.ManagedThreadld;
Console WriteLine{"MNovor {8}, Comgamue Maccvea, ..", thrqad[dj;
int N = 18;
int[] mas = new int[N];
Console. Writeline("MNotok {8}. WHMUWanuzauwA 3INEMEHTOR Maccuea...", threadld);
Random pad = new Random(threadId):
for(int 4 = @; i < mas.Length; i++)
{
mas[i] = rnd.Next(1868);
}
Console Writeline("MNotok {0}. MNowck MakcHManNsHOrs anemeHTa...", threadld);
int max = mas[@];
for (int 1 = @; 1 < mas.Length; i++)
{
max = (mas[i] » max) ? mas[i] : max;
¥
Console Writeline{"MNovexk {8). MaxkcwmaibHuA paemest = {117,
threadld,
max);
}

Pucynok 5.1 — Merop nmorncka MakCUMMaJIbHOTO 3JIEMHTA B MACCHUBE CITyYalHbBIX

YHCCII.

1.2. Peamuszyem ¢yHkiuio Main ¢ KCnoin30BaHMEM MacCHBa IOTOKOB,

KOKJBIM M3 KOTOphIX OyAeT paboTaTh CO CBOEW KOMHMEHW CIydailHOIO MacCHhBa

(puc. 5.2).

statiec vaid Main(string[] args)

i
Action method = CalcMax;
Thread[] tmas = new Thread[28]); // 28 novTokoe
for (int 1 = @; 1 < tmas.Length; i++ )
1
tmas[i] = new Thread{CalcMax};
tmas[i].5tart();
}
fnnun:r.REEdHEy{)j
}

Pucynok 5.2 — Metoa Main mist co3ianust MHOKECTBA IIOTOKOB.

1.3. 3amyctute npunoxenue, [lonpoOyiiTe U3MEHNUTH 3HAYCHUST KOJIMYECTBA
MOTOKOB M pa3Mep maccuBa. OOpaTuTe BHUMaHHE Ha BBIBOJ MH(GOPMAIIMH O XOC

BBITIOJIHCHUW PCIICHUS 3aaa4u.
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2. CoznaiiTe KOHCOJLHOE PUIIOKEHHUE ¢ ucnoap3oBanruemM MS Visual Studio.

3. PeanusyiiTe MeToJ AJis 3alycKa B OTJIETHOM MOTOKE (B COOTBETCTBUU C

WHIUBUAYaJIbHBIM BapuanTtoM). Co3maiiTe aenerar s MPEACTaBICHHUS METOJa

(ecnu TpeOyeTcs).

4. B ocHoBHO#l mporpamme (¢yHkmms Main()) peanusyiite co3maHue

MacCcCHuBa IIOTOKOB (pa3Mep OIIPCACIINTC C&MOCTOHTGHBHO). 3TemM 3allyCTHUTC BCC

AJIEMEHTHI MaccuBa (IOTOKM) Ha BHITIOJIHECHUE.

5. MGTOI[, BBIHOJIHSIIOHIHP'ICSI B IApaJUICIIBHBIX ITIOTOKAaX MOJIDKCH BBIBOIUTDH

I/IH(I)OpMaHHIO 0 X0AC CBOCTO BBIIIOJHCHMS B KOHCOJIb IIPUJIOKCHUA.

NuauBuayanbHOE 3a1aHKE.

Bapuant Meron 1t peanusanuu

1 MeTo BEIYHCIICHUS CPEeTHETO apu(METHYECKOT0 JIEMEHTOB MacCHBa.

2 MeToa noncka MaKCUMaJIbHOTO 3JIEMEHTA B MATPUILIE.

3 Meton mnpeoOpa3oBaHUs MATPUIIbl CIyYalHBIX YHUCET: KaKIbIH
AJIEMEHT 3aMEHSAETCSI KOCHHYCOM JIEMEHTA MATPUIIBI.

4 Mertoj noacdeTa KOJIMYECTBA YETHBIX 3JIEMEHTOB B MAaTPHIIE.

5 Metoa BBIYMCIEHUS CKAISPHOTO NPOU3BEICHUS JBYX CIy4YalHBIX
BEKTOPOB.

6 Mertop pacueTa MOAYJISl CITy4ailHOTO BEKTOPA.

7 Meton mnpeoOpa3oBaHusi MaTPUIBl CIyYallHBIX YHUCEI: YETHBIC
AJIEMEHTHI 3aMEHSFOTCS. TAHTEHCOM 3JIEMEHTA MAaTPHUIIBI.

8 Meron mojacuera KOJMYECTBA 4YHUCEI, KpPAaTHBIX 3, B MAacCHUBE
CIIyYalHBIX YHUCEI.

9 Meron  BBIYMCIIEHUS CTaTUCTUKUA  (KOJWYECTBO JUISI  KaXKIIOTO
BXOJISIIETO CUMBOJIA) IO CTPOKE.

10 Meton  BBIYMCIIEHUS CTAaTUCTUKH MO  CIy4ailHOMYy  MAacCHUBY
(KOJIMYECTBO AJIEMEHTOB JIJIsl KAXKI0T0 3HAYEHHUsI MAaCCUBA).

11 Meron mnpeoOpa3oBaHUs MAaTPULBl CIy4YallHBIX YHCEN: HEYETHbIE
AJIEMEHTHI 3aMeHsI0TCS —1.

12 Meroa noucka cpeHero apu(pMeTH4ecKoro JEMEHTOB MATPHUIIBI.

13 Meto/ BBIUKCIICHUS MUHUMAIBLHOTO 3HAYEHUS B MATPUIIE CIydaHBIX
YHUCEL.

14 Merton pacueTa CyMMBbI 3JIEMEHTOB MAaCCHBA CITyYaWHbBIX YHCEI.

15 Meron mnpeoOpa3oBaHus MaTPUIIBl CIyYaWHBIX YHCET: DJIEMEHTHI
KpaTHbBIC 3 3aMEHSIOTCSI Ha KBAJIpaT COOTBETCTBYIOIIETO AJIEMEHTA.

16 Mertoa BelYUCIIEHHS (haKTOpHaJIa YUCIA.




38

17 Metonx mnpeoOpa3oBaHUs MATPHUIBI CIYyYaHHBIX YHCEN: KaXKIbIH
DJIEMEHT 3aMEHSETCSI CHHYCOM 3JICMEHTA MATPHIIBI.

18 Meton mnpeoOpa3oBaHHMsl MATPHIBI CIYyYaWHBIX YHCEN: YETHBIC
DJIEMEHTBI ~ 3aMCHSIOTCS ~ CyMMOM  KOCHHyca M CHHYca
COOTBETCTBYIOIIETO 3JIEMEHTA MATPHIIBI.

19 Meton mnpeoOpa3oBaHUs MaTPHIIBl CIYYalHBIX YHCEN: HEYETHHIC
DIIEMEHTHI ~ 3aMEHSIOTCS  CyMMOH  TaHreHca ¥ KOTaHTeHca
COOTBETCTBYIOIIETO 3JICMEHTA MATPHIIBI.

20 MeTo BBIUMCIICHUS] CTATUCTUKHU TI0 CITydaifHOM MaTpuiie (KOJIMIECTBO
DJIEMEHTOB JIJIsl KQ)KJIOTO 3HAYCHHUSI MATPHIIBI ).

21 Metox mojcyeTra KOJUYECTBA YETHBIX W HEUYCTHBIX DIIEMCHTOB
MaTpHIIbI.

22 Metox BBIYHCICHHS CTAaTHCTUKA 1O TPEXMEPHOMY MACCHBY
(KOTTMYECTBO DIIEMEHTOB JIJISl KQXKJIOTO 3HAUYCHUSI MACCHBA).

23 Meton mpeoOpa3oBaHUs MAaTPHUITLI CITYIaHBIX YHCEI: BCE DJIEMEHTHI
3aMEHSIOTCS CYMMOM KOCHHYyCa ¥ CHHYCa COOTBETCTBYIOIIETO
DJIEMEHTA MaTPUIIBI.

24 Metox BBIYHCICHHS CPEAHEr0 apu(PMETHYECKOTO TPEXMEPHOTO
MacCHBa CIIy4alHBIX YUCEIL.

25 MeTox BEIUMCIIEHUS] CYMMBI IBYX MaTpHIL.

7. Conep:xanme oT4yera u ero popma

Otuet mo 1abopaTopHOM paboTe JOJKEH COJIEPKATh:

1. HoMep u Ha3BaHue 1a00paTOpHOI pabOThI; 3a1a4u 1a00PATOPHOUN paObOTHI.

2. Peanmzanus kaxaoro nmyHkTa nojapasaena « MTHauBuayanpHoe 3aaHue» ¢

MNPpUBCACHUCM HCXOAHOI'o KOJa IIPpOrpaMMEI,

quarpaMMm W TpaduKoB IS

BU3YyaJIM3allu JaHHbIX.

3. OTBeThI HA KOHTPOJIbHBIE BOIPOCHI.

4. DxpanHbie (HOpMbI (KOHCOIBHBIN BHIBOJ) U JIMCTUHT TPOTPAMMHOTO KOJIa C

KOMMEHTAPHUSMH, MTOKa3bIBAIOLIUE TOPSAI0K BBIIIOJHEHUS JIA0OPAaTOPHOU pabOThI, U

PE3YyJIbTAThI, ITOJTYYCHHBIC B XO/IC €€ BBIIOJIHCHMUSI.

OTt4eT 0 BBINOJIHEHUH JA0OPATOPHOI PabOTHI MOANUCHIBAETCS CTYACHTOM U

CHacTCs IMPCIoaaBaTCIItO.
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8. Bonnpocwl 14151 3a1IUTHI padoThI

1. B kakoM mpocTpaHcTBe WMeEH ompeneneH kiacc Thread? IlosicHute
Ha3zHadyeHue kiacca Thread.

2. Kak nomyuuTs uieHTU(UKATOp TEKYIIETO MOTOKa?

3. Kakoil MeToJ1 OCyIIIECTBIISIET 3aIyCK METO/1a Ha BBITIOJHEHUE B MIOTOKE?

4. Jlnst 9ero HeoOXOUMBI JIeJIeTaThl TIPU MCIIOJIb30BaHUH Kiacca Thread?

5. Kak OpraHu30BaTb HCCKOJIBKO ITIOTOKOB B HporpaMMe?
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JIABOPATOPHAS PABOTA 6. IEPEJAYA JAHHBIX IOTOKAM

1. leab u conep:kanue

[lear maGopaTtopHOW pabOTHI: HAYYHUTHCS CO3/1aBaTh MHOTOIIOTOYHBIE
OPWIOKEHUST C BO3MOXHOCTBIO TIE€peJjaud [apaMeTpoB B  MapajlieIbHO
BBITIOTHSIEMbIE TTOTOKHU.

3anaun 1abopaTopHOM pabOTHI:

— U3YYUTh MEXaHU3M TIepeIaur apaMeTPOB B MOTOK;

— HAYUYUTHCSl peIllaTh MPAKTHYECKUE 3a/1a4yd C UCMOJb30BAHUEM IMOTOKOB C
napaMeTpamuy,;

— U3YUYUTHb BO3MOKHBIC METOJLI IICPCAaYIN I1apaMCTPOB.

2. Peanuzyemble KOMIIETEHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX

komnerenmuii; OITK-2.

3. Teopernueckoe 060CHOBaHHE

[lepenaBaTh TOTOKY Kakue-TO J@HHBIE MOJKHO JBYMsI CIOcoOamu: B
koHcTpykTope Thread ¢ momompsto aenerata ParameterizedThreadStart nmu6o 3a
CUeT CO3/IaHus CTHEIHATLHOTO KJIacca M OMPEIeICHUs METOa MOTOKa KaK MeToja
DK3EMIUISIPA, YTO TMO3BOJUT WHUIMAIU3UPOBATh JaHHBIC DJK3EMIUISIpa IMepes
3aIyCKOM TTOTOKA.

Jlyist mepeiaun TaHHBIX TOTOKY HEOOXOIUM KaKOW-TO KJIACC WM CTPYKTYpa,
rae Obl MOXHO OBUIO COXpaHUTh JaHHBIE. B paccmarpuBaemMoM mpumepe
ompenensieTcs CTpykTypa Data, koTopas COIEPKHT CTPOKY, HO B TIPHHIIMIIC

nepeaBaTh MOKHO JIFOOOH OOBEKT:
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public struct Data

i
b

public string Message;

B cnydae nmpumenenus nenerata ParameterizedThreadStart Touka Bxonma B
MOTOK JIOJDKHA 00s13aTeIhHO MPUHUMATH TTapaMeTp Tuia object u Bo3Bpamats void.
OOBEKT MOXHO TPHBECTH K HYKHOMY THMy. Hampumep, HmKe TMOKa3aHO, Kak

BBIBCCTH Ha KOHCOJIb COO6H1€HI/I€:

static void ThreadMainWithParameters(object o)

Data d = (Data)o;
Conscle.Writeline("BwnonHaeTcAa B noToke, nonydedo {8}1°, d.Message);

}
B koHcTpykTOope kiacca Thread mMoKHO Ha3HAYMTH HOBYIO TOYKY BXOJa
ThreadMainWithParameters u BbI3BaTh MeTOx Start (), mepegaB emy

nepeMeHHyto d:

static weid Main()

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

¥

Jlpyrum crocoboM Il Tepefadd JaHHBIX HOBOMY TIOTOKY SIBIISICTCS
omnpenenenue kiacca (Harmpumep, MyThread) ¢ HeoOXoAMMBIME TTOSIMU, & TAKXKe

TJIaBHOI'O MCTOJZia ITOTOKA KaK MCTO/J[a 9K3CMILJIAAPa 9TOro Kjacca:

public class MyThread
{
private string data;
public MyThread{string data)

i
this.data = data;
}
public woid ThreadMain()
i
Console.Writeline("BunonuaeTcAa B noToke, data: {8}", data);
}

}
B sToM ciiyuae MoxkHO co3aath 00beKT kiacca MyThread u nepenats ero u

meron ThreadMain () koHcTpykTopy kiacca Thread. TToTok cMoOeT mOydaTh

AOCTYII K TaHHBIM!



42

static void Main()

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

4. O0opyroBaHHe U MATePHAJIBI

JInst BBIMOJHCHHS J1a00OpaTOpHOM pabOTBHl PEKOMEHIYETCS HCIOJIb30BaTh
HEPCOHANBHBI  KOMIBIOTEP CO CIACAYIONMMHA HPOTPAMMHBIMH  CPEICTBAMH
pa3paboTku (BBIOpaTh OJMH WM HECKOJBKO IPOTPAMHBIX IPOJYKTOB IS
NPAaKTHUECKON pean3alny 3aaad Jjadoparopaoii padotsl): MS Visual Studio 2015

U BbIIIIE; cpena pa3padotku Java (Eclipse, NetBeans).

5. Yka3anug no TexHuke 0e30macHoOCTH

CTyneHThl JTOJDKHBI CJIEIOBATh OOIICHPUHATON TEXHUKE O€30MacHOCTH IS
MOJIb30BATENIC TEPCOHAIBHBIX KOMIBIOTEPOB. He cremyer caMocTOSATENbHO
MPOU3BOJIUTH PEMOHT TEXHUYECKUX CPEJCTB, YCTAaHOBKY U  yAaJCHUE
nmporpaMmMHOro obOecriedyeHusi. B cimydae oOHapyXeHUsT HEUCIPaBHOCTEH
HEOOXOJAMMO COOOUTUTh 00 ATOM aJMHUHUCTPATOPY KOMIBIOTEPHOTO Kilacca

(oOcmy>XuBarIIEMy IEPCOHATY J1a00paTopun).

6. MeToauKa U MOPSIAOK BHINOJIHEHUS PadoThI

1. Co3naiiTe KOHCOJBLHOE TipUIIOKeHue B cpene MS Visual Studio.
2. C mOMOIIBIO MapaMETPU3UPOBAHHBIX ITOTOKOB BBINOIHHUTE PEIICHHE
3a7a4d B COOTBETCTBHH C MHIUBUAYaIbHBIM BAPHAHTOM.

NuauBunyanbHOE 3a1aHuE.

\ Bapuant \ Pemaemas 3amaua (pe3ynbprat METoOa) BxoiHbIe MapaMeTpbl ]
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1 Merox HaxoAWT NOJAMHOXKECTBO SJIEMEHTOB Maccuba | JlBa napamerpa:
CIIy4alHBIX YHCEJ, KOTOpPbIE OTJINYAIOTCS OT 3aJaHHOTrO | pa3Mmep MaccHBa,
yrcia He OoJiee ueM Ha 4. 3HAYE€HOE YHCIIO

2 MeTon HaxOAWUT JIOTMYECKOE 3HAuUEHHWE, yKasbiBaroulee | JBa napamerpa:
CYILIECTBYET JIM 33JJaHHBII CUMBOJI B CTPOKE CTpPOKa M HCKOMBIU

CHUMBOJI

3 Meroa HaxoIWT JBa YUCIa — MAKCUMAaJbHbIE 3J€MEHTHI | JlBa napamerpa:
MacCHBa CJIy4alHbIX YHCEJL. pa3Mepbl MaCCUBOB

4 Merox HaxoguT CKaAsgpHOE Ipou3BeneHHe ABYX | OauH napamerp:
CIIy4alHBIX BEKTOPOB. pa3Mep BEKTOPOB

5 Meroa HaXOAUT CyMMY JABYX MaTpHl CiiydailHeIX yucen | JIBa napamerpa:

pa3Mep MaTpuI|

6 Mertox HaxXOIWUT KOJWMYECTBO BXOXKJICHUM 3amaHHOro | /[Ba rapaMmeTpa:
3JIEMEHTa B MaTPHUIIE BEIIECTBEHHBIX YUCEI MaTpuua U IeJeBOU

AJIEMEHT

7 Meroa HaXxOOUT pe3yJbTaT CIOXKEHHS ABYX CiaydaiHbIX | OguH rnapamerp:
BEKTOPOB LIEJIBIX YHCEI pa3Mep BEKTOPOB

8 Meroax HaxXOOuT KOJMYECTBO BXOXKIAEHUU 3aaaHHoro | JlBa napamerpa:
CHUMBOJIa B CTPOKE CTpOKa W  LIEJIEBOU

CHMBOJI

9 MeTon HaxoIUT IOJAMHOXKECTBO YETHBIX JJIEMEHTOB | J[Ba napaMmerpa:
MaTpULbl CIIYYalHBIX YHCEl pazMep MaTpullbl

10 MeTo HaXOAUT CTAaTUCTUKY MACCHUBA CIy4alHbIX LenblX | Oaun napamerp:
YypceNl: CHUCOK TMap (YUCIO MacCHuBa, KOJHYECTBO | pa3Mep MaccuBa
BXOK/ICHH )

11 Meroa BO3BpalllaeT JOTMYECKOE 3HaYeHue, yKa3biparwlee | JlBa napamerpa:
CyWIECTBYET JIA 3aJaHHBIA JJEMEHT B MaTpPHIC YHUCEN | MaTpULlAa M HCKOMBIN
double JIIEMEHT

12 Meton HaxoAMT CyMMY OAJIEMEHTOB MaTpullbl Lenbix | JBa napaMmerpa:
CIIy4allHBIX YUCEI pazMep MaTpullbl

13 Merox ~ HaxoaWT  pa3HULy  MakcuMmaibHoro  u | JIBa napamerpa:
MUHUMAaJIBHOTO 3JIEMEHTOB MAaTPHUILIbI LIEIBIX CIy4YaillHBIX | pa3Mep MaTpHULIbI
qucel

14 Merto HaxoOUT JOTMYECKOE 3HAYEHHE, yKasbiBarouiee | /[Ba rnapaMeTpa:
CYHIECTBYET JIM 3aJaHHOE 4YHCIO B MAacCHBE LENbIX | pa3Mep MaccuBa U
CIy4YailHBIX YHCEIl HMICKOMBIHN DJIEMEHT

15 Meton BO3BpamaeT MaTpHIly cIOydalHeIX OWTOBBIX | JBa napamerpa:
3Hauennit (0 win 1), opMupyemyro cirydaitHpIM 00pa3oM | pa3Mep MaTPHIIbI

16 Meton BO3BpalaeT CTPOKY MaKCHMajabHOW AnuHbBl Ha | OnuH napamerp:
OCHOBE IIEPEJaHHOTO MaCCUBA CTPOK MaccuB (MJIM CIHCOK)

CTPOK

17 MeTto BO3BpallaeT MOJAMHOXKECTBO 3JEMEHTOB MaccuBa | OauH napamerp:

CIIy4alHBIX YHMCEJl, KOTOPbIE AETATCS Ha 3 pasmep UCXOIHOTO
MaccHuBa

18 MeTton HaxoAMT 4YHMCIO — KOJIMYECTBO DIJIEMEHTOB | JIBa napaMmerpa:
MIPUCYTCTBYIOIIMX B 00OUX MacCHBaxX CIy4alHbIX YHCEI. | pa3Mepbl MACCHBOB

19 Merton HaxoIuT cpeaHee apu(MeTHueckoe 3JIeMeHTOB | J[Ba napaMmerpa:

MaTpUIbl CIIYYalHBIX YHCEIL.

pasmMep MaTpUIbl
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20 Meroa HaXOIUT pe3yabTaT MUGPOBAHUS CTPOKH: KaXKablid | JIBa napamerpa:
WCXOJHBIA CUMBOJI CTPOKH 3aMEHsieTCS HU(GPOBAHHBIM | UCXOIHAS CTpOKa,
CHMBOJIOM, KOJI KOTOPOTO Ha N OOJIbIIE KOJa UCXOJHOTO | YUCIIO CIBUTA N
CHMBOJIA.

21 Metoa HaxoOUT TOAMHOXKECTBO 3JEMEHTOB MaccuBa | OnuH napamerp:
CIly4ailHBIX YHCeN, KOTOPbIE JeATCs Ha 6 pasmep HCXO/IHOTO

MacCHBa

22 Meroa HaXOOUT CTATUCTUKY Il CTPOKHU: cmHCOK map | OauH rnapamerp:
(CHMBOJI CTPOKH, KOJIMYECTBO BXOKICHUN ) aHaJIM3UpyeMas CTpoKa

23 Meton ~ HaxoguT ~— pa3HULy — MakcuMaiabHoro M | JIBa napaMmerpa:
MUHHMAJIHHOTO 3JIEMEHTOB MaTPHIIBL. pasMep MaTpHIIbI

24 Meroax HaxoAUT TOJAMHOXKECTBO 3JIEMEHTOB MaccuBa | OauH rnapamerp:
CITy4aifHBIX YHCEN, KOTOPBIC SBISIOTCS YSTHBIMU pazmep UCXOJ/IHOTO

MaccHBa

25 MeTtoa HaxOOUT KOJMYECTBO HEYETHBIX 3JIEMEHTOB B | J[Ba napamerpa:

MaTpUIIE CITYYalHBIX YUCEIT pasMep MaTpHIIbI

7. Conep:xanme oT4yera u ero popma

OTuet no 1a00paTopHOIl paboTE NOIKEH COACPHKATh:

1. Homep u Ha3BaHMe 1a00paTOpHOM paboThI; 3a1a4u 1a00paTOpHOM pabOTHI.

2. Peanuzamms Kaxa0ro myHKTa noapasaena « MHauBuayanbHOe 3a/1aHue) C
IOPUBEIECHUEM HCXOAHOIO KOJa MporpamMmbl, JAWarpaMM U TpauKoB Js
BU3YaIH3aIIH TaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. Dxpanubie (HOpMbI (KOHCOIBHBIN BBIBOJ) U JIMCTUHT MPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMH, TTOKA3bIBAIOIINE MOPSAIOK BHIMOTHEHHUS 1a00PaTOpHOI paboThI, 1
pe3yabTaThl, IOJYyYEHHbIE B X0OJI€ €€ BBITOIHEHMUS.

OT4eT 0 BBIMOTHEHUH JAOOPATOPHON pabOTHI MOJNUCHIBAETCS CTYAECHTOM U

CAACTCs IMPETIOAaBaTCIIIO.

8. Bonrpocsbl /151 3a1IUTHI padoThI

1. OnummTe BO3MOXKHBIE ITyTH Mepeayu TapaMeTPOB B MOTOK.
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2. HOHYMaﬁTC, MOHO JIKM II€PE€AaTb B HECCKOJBbKO IMOTOKOB OJAWH MW TOT XK€

napameTp (CChUIKY Ha 00beKT)? OTBET 00OCHYMTE.
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JIABOPATOPHAS PABOTA 7. TUIIBI IIOTOKOB. YIIPABJIEHUE
I[TIOTOKAMMU

1. eas u conep:kanue

[lenp mabopaTopHOi pabOTHI: OCBOUTH MPHHIIUIIEI CO3/IaHUS U YIIPABJICHUSI
MOTOKaMH.

3anaun 1abopaTopHOM pabOTHI:

— HAYYUTHCS CO3/IaBaTh (POHOBHIC M MPHUOPUTETHHIC OTOKH,

— HAYYUTHCS paboTaTh C MyJIOM TTOTOKOB,

— HAy4MThCS peIIaTh MPAKTHUYECKUE 3aJadyl C UCIOJIb30BAaHUEM ITyJia

IIOTOKOB.

2. Peanuzyemble KOMIIETEHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIONINX

komnerenmuii; OITK-2.

3. Teopernueckoe 060CHOBaHHE

2.1 ®oHOBBIE U IPUOPUTETHBIE TOTOKU

[Ipomecc TPHIIOKEHUS TPOAOIKACT BBIMOMHATHCSA JIO TEX TIOp, TOKa
BBITIOJIHAETCST XOTsI Obl OJMH TMPUOPUTETHBIM MOTOK. Ecnu BeimosnHsieTcs Oonee
OJIHOTO TIPUOPUTETHOrO TOTOKa, a Meroj Main () 3aBepiiaercsi, MpoIecC
MIPWIOKEHUSI OCTAETCS aKTUBHBIM JI0 T€X TMOp, MOKa HE OyAyT 3aBEpIICHBI BCE

MIPUOPUTETHBIE TTOTOKH.
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[ToTok, co3naBaemblii ¢ momolkto kiacca Thread, mo ymonuanuto siBisieTcs
npuoputeTHbiM. [loTOKHM, co3maBaemble B TyJie MOTOKOB, BCErJa SBISIOTCA
(hOHOBBIMH.

[Tpu co3ganmu moTtoka ¢ momoIisio kinacca Thread MokHO ykas3aTh, KaKUM
JOJKeH OBITh MOTOK — MPUOPUTETHBHIM WM (POHOBBIM. /ISt 3TOro HEOOXOAMMO
ycTaHOBUTh cBoHcTBO IsBackground.

PaccmoTpum nmpumep (puc. 7.1). BeiBoa JaHHOM MpOrpaMMEI ITPEICTaBIICH Ha

puc. 7.2(a).

static void Main(string[] args)

{
Console.BackgroundColor = ConsoleColor.wWhite;
Co le.Clear();
Console.ForegroundColor = ConsoleColor.Black;
Console.Writeline("MoTok Main 3anywex”);
hread th = new Thread(
(3 =x4
Console.WriteLine("Motox MyNewTread sanywen");
Thread.Sleep(3€00);
Console.WriteLine("NoTok MyNewTread ocTaxoBnex");
}
{ IsBackground=false, Name ="MyNewTread" };
th.Start();
Console.Writeline("Nortok Main ocrakoenexn");
}

Pucynok 7.1 — IIpumep ycTaHOBKH THIA OTOKA.

B C\Windowssystem3Ziomd exe

A nvon Hain aanymen
orok Main ocraHoeaen Totok Main vcraHosaeH
oroK HyMewTread sanywex oTor HyHewTread zanywewn
oraor MyMeuTread ocTanopAcH A NPON0ASCHHA HAKMHTE ANGYS KJaDHoy . . .
A NPONOAREHHA HIHHHTE ANGYE KAADHUY . . .

1 EAN YuEH

a) 0)
Pucynok 7.2 — BeiBon nporpammer: a) IsBackground=false; 0)

IsBackground=true.
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Ecin wu3MeHWTh KOA mTporpaMMbl M YCTAaHOBHUTH CBOWMCTBO IMOTOKA
IsBackground B 3HayeHum paBHOE true, TO BBIBOJ MPOTPAMMBlI H3MECHHUTCS
(puc. 7.2(6)). B nepBom ciryuae norok MyNewThread siBisieTcst mpHOpPUTETHBIM, BO

BTOpOM — (hoHOBEIM. [ToToK Main He oxxumaet 3aBepiicHUst (POHOBBIX MTOTOKOB.

2.2 ITpuopuTeThl MOTOKOB

3a [UIAaHUPOBAaHUE TMOTOKOB OTBEYA€ OINEpPAalMOHHAs CHUCTEMA, HO
MIPOTPAMMUCT MOKET BIUATH HA 3TOT MPOLIECC, HA3HAYAsl IOTOKA M IPUOPUTETHI.

OrnepalioHHasi CUCTEMa IUIAHUPYET BBITIOJIHEHUE MOTOKOB HAa OCHOBE MX
NpUOpUTETOB. IIO0TOK ¢ HAMBBICIIMM MPUOPUTETOM HAYMHAET BBIMOIHATHCS B LII1
nepBbIM. [ToTOK npekpaiiiaet BeinosiHeHUE U ocBoOoxkAaeT L1, ecu emy TpeOyeTcs
OKHMJIAHUE KaKOro-To pecypca. EcTh HECKONBKO MPHUYMH ISl MIEpEXo/a MOTOKa B
pexum oxkuaanus. Hanpumep, 3T0 MOXKET IPOUCXOAUTh U3-3a MOTYUYEHHS] KOMaH bl
Ha 3achlllaHue, U3-3a HEOOXOJUMOCTU OXKUJATh 3aBEPIICHUE JUCKOBBIX ONepaiui
BBO/Ia-BbIBO/IA, MIOCTYIUICHHE CETEBOTO MakeTa u T.I. Eciin moToK He 0CBOOOXK1aeT
LIT camocTosITENBHO, €T0 BBHITECHSIET TJIAHUPOBIIUK MOTOKOB. Eciiu moToK nmeer
BBIJICJICHHBIN KBAHT BPEMEHH, OH MOXeT ucrnoiab3oBath L[II menpepsiBHO. Ecnu
BBITIOJTHSIETCSI HECKOJIbKO TOTOKOB C OJIMHAKOBBIM MPUOPUTETOM, KaXAbI W3
KOTOPBIX OKHUJAET moyuyeHus goctyna kK 11, miaHupoBIIUK MOTOKOB MPUMEHSIET
QITOPUTM KPYTOBOTO OOCIIY>KMBaHUS, MIPEIOCTABIISAIA dTUM TOTOKaMm nocTym K [II1
1o ouepeau. B ciiyyae BEITECHEHHS TOTOK TOMENIAETCSA B KOHELl OUEPE/IN.

B knacce Thread 6a30BbIii NpHOPUTET MOTOKA YCTAHABIUBAETCS B CBOMCTBE
Priority. JlormycTumsbie 3HaueHust onpeenacHsl B nepeunciaenuu ThreadPriority. Otu
3HAQYCHUS IPEACTABIISIOT PAa3IMYHbIC YPOBHU IPUOPUTETA U BBITJISIAT CICAYIOITUM
obpasom: Highest, AboveNormal, Normal, BelowNormal u Lowest.

[Tpu Ha3HAUYEHUH TTOTOKY 0OJIee BRICOKOTO MIPUOPUTETA CIEAYET COOII0IATh

OCTOPOKXHOCTb, ITOCKOJIBKY 3TO YMCHLIIACT MIAHCHI HAa BBIIIOJIHCHUEC IJISI APYTIUX
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MOTOKOB. ECaM 3TO HACTOSTEIbHO HCO6XOI[I/IMO, TO JIy4lI€ U3MCHATH IPUOPUTCT

TOJIBKO Ha KOPOTKOC BPCMA.

2.3 CocTosIHUS TTOTOKOB

[ToTok co3maetcs 3a cueT BbI3oBa Meroaa Start () oobekra Thread. OnHako
mocJie BbI30Ba MeToja Start( ) HOBBIM MOTOK BCE €IIe MPeObIBACT HE B COCTOSHUU
Running, a B coctostanu Unstarted. B cocTossHre Running moTok rmepexoauT cpasy
IIOCJIE TOTO, KaK IJITAHUPOBIIHMK ITOTOKOB ONEPAITMOHHON CUCTEMBI BHIOEPET €T0 IS
BEITIOJTHEHHS. WMH(OpMaIus o TeKyIieM COCTOSHHH IIOTOKa JOCTyIHA depes
coiictBo Thread. ThreadState.

C nomomisio Metona Thread.Sleep( ) MOTOK MOKHO NIEPEBECTH B COCTOSTHUE
WaitSleepJoin u npu 3ToM ykaszaTh, 4epe3 KakoW IMPOMEKYTOK BPEMEHHU IOTOK
JIOJDKEH BO300HOBUTH paboTy. UTOOBI OCTAaHOBHTH MOTOK, HEOOXOIWMO BBI3BATH
meton Thread.Abort(). IIpu BbI30BE 3TOro MeToJla B COOTBETCTBYIOIIEM ITOTOKE
reHepupyercs uckiroueHue tuna ThreadAbortException.

B ciydae ecnu 71 3TOTO MCKITIOYCHUS MPETyCMOTPEH 00pabOTUMK, Mepe
3aBEPIICHUEM ITOTOK CMOXKET BBIMOJHUTHL HEOOXOJWMBIE OTICPAIMH 10 OYHCTKE.
UTtoObl NPOJOJDKHTH  BBHIIOJHEHHWE IIOTOKA IIOCJIE BBIJAYM  HCKIIFOUCHHS
ThreadAbortException, cneayet Bei3Bath Mmetos Thread.ResetAbort( ). Cocrosaue
MOTOKA, TOJIYYaIOIIero 3almpoc Ha HEMEIJICHHOE TMpeKpallleHHue, HU3MEHSETCS ¢
AbortRequested Ha Aborted, eciiu mOTOK HE TPOU3BOIUT COPOC.

Eciu HeoOXoauMo MOXKUIATHCS 3aBEpUICHUS pPadOThl TMOTOKA, MOXKHO
BbI3BaTh MeTojn Thread.Join(). Dtor Meron OJOKHpYET TEKYIIMH TIOTOK U
nepeBouT ero B cocrosinue WaitSleepJoin 10 Tex mop, moka He OyAeT 3aBepileH

HpHCOCI{HHGHHBIﬁ K HCMY IIOTOK.

2.4 ITynbl MOTOKOB
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Co3nanne TOTOKOB TpeOyeT BpeMeHH. Ecnu ecTh pasmuvHble KOPOTKHE
3aJa4M, MOJJICKAIMEe BBIMOJIHEHNIO, MOKHO CO3/1aTh HAOOp MOTOKOB 3apaHee H
3aTeM MPOCTO OTIPABIATH COOTBETCTBYIOIIHE 3alIPOCHI, KOT/Ia HACTYIAET OYepeIh
JUTSI X BBITIOJTHCHHSI.

Ha npakTtuke dacto Tpebyercsi, uToObl B 3aBUCHMOCTH OT MOTPEOHOCTH
KOHKPETHOM 3aJaud KOJUYECTBO TIOTOKOB YBEIWYHBAIOCH M YMEHBIIAIOCH
aBTOMaTW4YecKu.  Peanu3oBbiBaTh  MOAOOHOE  TOBEIEHHUE  MPOTPAMMHUCTY
CaMOCTOSITENILHO He TpebyeTcs. i ympaBieHHUs TaKuM MOBEJICHHEM IMOTOKOB B
NET Framework npeaycmotpen kiaacc ThreadPool (kiacc myna moTokoB).

3HaueHNEe MaKCUMAIBbHO JOMYCTUMOTO KOJIMYECTBA MOTOKOB B ITyJIE€ MOYKET
u3MeHsaThes. B ciydae nBysanepuoro L{I1 ono mo ymomuanuto cocrabiser 1023
pabounx notokoB u 1000 mOTOKOB BBOJA-BHIBO/IA.

MoXHO yKa3bIBaTh MUHUMAJIbHOE KOJUYECTBO MOTOKOB, KOTOPHIC JTOJKHBI
3aIyCKaThCsl cpaszy MOoCIe CO3/AaHMs IMyja, U MAaKCUMAJIbHOE KOJIMYECTBO MOTOKOB,
JOCTYMHBIX B TyJie. Ecnu octanuch kakue-To mojsiexamue oopadoTke 3a1aHus, a
MaKCHMaJbHOE KOJMYECTBO MOTOKOB B IyJI€ Y€ JOCTUTHYTO, TO 0o0Jjiee HOBbIE
3amaHus OyayT MOMENIaThCsl B 0Yepeib U TaM OKUATh, MOKA KAKOKH-TO U3 MMOTOKOB
3aBEPILUT CBOIO PadoTYy.

PaccMmoTpum mpumep mysia moToKoB Jj1st 00pab0TKH 2JIeMEeHTOB MaccuBa. Kak
TOJIBKO OYEPEIHOM dJeMEeHT M00aBIsSeTCs B MAacCHB, B MyJ IMMOTOKOB J00aBISIETCA
HOBas 3a/1a4a (11711 00paboTKH 10OABICHHOTO PJIEMEHTA).

Ha puc. 7.3 npencraBiieH Ki1acc, KOTOPbIA OMKUCHIBAET 3JIEMEHThHI MaCCUBA.

public class

public int Data;
public long Fact;

Pucynok 7.3 — Knacc-anemeHT Maccusa.
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Pazpabotaem kmacc, KOTOpBIM TO3BOJIUT XPAaHUTh MACCHUB DJIEMEHTOB,
n00aBJIATh JIEMEHTHI Tumna Massltem B maccuB M 3amyckarh MOTOK 0OpaOOTKH

AIIEMEHTa MaCCHBA C IEIbI0 BeIYKMCICHHS (hakTopuana uncia (puc. 7.4).

4 <summary»

f/4 Knacc Maccuea. Yepes Hero NpoH3IBOAMTCA
/{4 pobaBnenwe SNEMEHTOE B MACCHE W anyck
/4 3apaq B nyAe noTokoB

f40 </ summary »

public class MassData

1

private List<MassItem» massive;

public MassData()
{

massive = new Liszt<MassItem>(18@a);

}

ﬁuhlic void Add(MassItem newElement)

{
if {newElement.Data < 1) newElement.Data - 1;
ff NoGAaBnAEM INEMEHT B MACCHEB
massive.Add(newElement);
lll' i
¥ Zanyckaes zagady obpaboTeM INEMEHTa (BWYMCAEHHE LEKTOopHana).
¥ Jafava nNpeacTaBAeHa B BMge NAMOAA-BupaxeHHA
T
ThreadPool.QueuslsarlorkItes(MethodForThread, newElament);
1

£ <summary»

AA4 MeTon 3anyckaeToR npH AobaBneHMM 3NEMEHTE B MaCCHME
ff <f SUMMary >

fif <param name="ob"*HoBwA 3INnemeHT< param:

protected static vold MethodForThread{object ob)
{
MassItem item = (MassItem)ob;
int F = item.Data;
Console.WriteLine{"Motor {8}. Monyyew soBmA snemenTt {117,
Thread.CurrentThread.ManagedThreadld,
item.Data):
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long Factorial = 1;
while (F > 1)
{

Factorial *= F;
Thread.Sleep(100); // 3apepxxa

Console.WriteLine("Novoxk {@}. Buuncnewwe! Oaxkvopwan or {1} pasew {2},
Thread.CurrentThread.ManagedThreadld,
item.Data,
Factorial);

F--3

}

item.Fact = Factorial;

Console.WriteLine("NoTox {@}. Buunucneuwe 33sepuexo! ©axkvopuan or {1} pasen {2}",
Thread.CurrentThread.ManagedThreadld,
item.Data,
item.Fact);

Pucynox 7.4 — Knacc nist paboThl ¢ MACCUBOM.

Peanuzyem dynkiuio Main( ), B koTopoit npousBoautcs nqo6asaenue 1000

CIIy4alHBIX IeMEHTOB (puc. 7.5).

static void Maim(string[] args)

{
Console.BackgroundColor = ConsoleColor.White;
Console.Clear();
Console.FaregroundColor = ConsoleColor.Black;
int MaxWorkThread;
int MaxIOTread;
ThreadPool.GetMaxThreads (out MaxWorkThread, out MaxIOTread);
Console.Writeline("Makcumancuoe koamyecteo pabounx notokos: {@}." +
"MaKCHMansHOE KONMYECTED NOTOKOE BE0fa-Bweoga {117,
MaxWorkThread, MaxIOTread);
ff Coapaem oBLEKT KNacca-Maccuea W gofasnAeM 1908 CnyqafiHux INeMEHTOR
MassData myData - new MassData():
Random rnd = new Random(};
for (int 1 = @8; 1 < 1888; i++s)
{
myData.Add(new MassItem() { Data = rnd.Next(1@) }):
}
Console.ReadKey();
3

Pucynok 7.5 — Metoa Main( ).

BriBox mporpaMmel mokaszaH Ha puc. 7.6.
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MakcMMasbHOE KDAMYECTBO pasouydx noTtokos: 1023,
HakcHHMAABHOE KOAMYECTEO NOTOKOEB BBOAA—BHEORa 1000
Motok 6. MNMoayyeH HoBwM 3aemeHT 3

Motok 10. [loayyeH HOBWW 3AeMEHT 2

Motox 11. MoayuyenH HoBWH 3aement B

Motok 12. MoayyeH HoBWW 3AeMeHT 1

Motok 12. Bwuumcaenwe sasepueHo? PakTopuwan or 1 pasen 1
Motok 12. MoayyeH HoBwWW 3aeMeHT b

MNotok 6. BuwumcaenHwe?! Paktopuasa otr 3 paseH 3

Motok 10. Bwuumcaenuwe? Paktopuaa or 2 paseH 2

Motok 10. Bwuumcaenwe sasepueHo? Paxktopuwan or 2 pasen 2
Motok 10. [loayyeH HOBWW 3AeMEHT 2

Motox 12_. Buuucaenwe! PaktopHasn or 6 paeeH b

Motok 11. BwuumcaenHue?! Paxktopuasa or 8 paseH 8

Motok 10. Buwuumcaenuwe? PakTtopuaa or 2 paseH 2

Motok 10. Buwuumcaenwe sasepueHo? Paxtopuwan or 2 pasen 2
MNotok 10. lMoAayyeH HOBLIA 3AEMEHT

MNotox 6. Bwuumcaenuwe?! Paxtopuwaasn or 3 pasen 6

MNotok 6. Buwumcaenwe sasepueHo? Paxtopuan or 3 pasen b
Motok 6. lNMoayyeH HOEWM 3AeMeHT 7

Motok 12. Bwuumcaenuwe?! Paxktopwaa or 6 pasen 30

Motok 11. BwuumcaenHwe?! Paktopuasa or 8 paseH 56

Motok 10. Bwuumcaenuwe?! Paktopuaan or 7 paseH 7

MNotok 6. Bwumcaenwe? Paktopuan or 7 pasen 7

Motox 12. Buwuncaenwe?! PaktopWasa ot 6 paged 120

Pucynok 7.6 — Pe3ynbTat paboThl IPOrpaMMBI.

N3yunte mnpencraBieHHbIM KoOI npuiiokeHus. HMcciaenyite noBeneHue
nporpaMMmbl TMPU HU3MEHEHUU BPEMEHU 3aJC€PKKU B (PYHKIMH BBIYUCICHUS
daxTopuana. ChaenaiTe BBIBOA: KaK MEHsETCS paboTa mporpaMMbl OT U3MEHECHHS

BPCMCHH 3aJICPIKKU.

4. O6opynoBanne 1 MaTEPHAJIbI

JInst BBIMOJHEHHS J1abOpaTOpHOM pabOThl PEKOMEHIYETCS HCIOJb30BaTh
NCPCOHATBHBI KOMITBIOTEP CO CICAYIOUUMH TMPOTPAMMHBIMH  CPEACTBAMHU
pa3paboTky (BBIOpAaTh OWH WM HECKOJIBKO IPOTPAMHBIX MPOJYKTOB IS
NPaKTUYECKON peajn3aluu 3aaa4 jabopaTopHoit padotsl): MS Visual Studio 2015

¥ BbIIIE; cpena pa3padorku Java (Eclipse, NetBeans).

5. Yka3anudg no TexHuke 0e30macHoOCTH

CTyaeHTBI TOJDKHBI CJIE0BAaTh OOMICIPUHITON TEXHUKE O€30MacHOCTH ISt
MOJIb30BATENIEN TEPCOHAIBHBIX KOMIIBIOTEPOB. He ciiemyer camMoOCTOSTENIBHO
MPOM3BOAUTh PEMOHT TEXHUYECKUX CPEACTB, YCTAHOBKY U  YyJAJICHUE

mporpaMmMHOro oOecriedeHusi. B cimydae oOHapyXeHUs HEUCIPAaBHOCTEH
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HCO6XO,Z[I/IMO COO6H_II/ITB 00 3TOM AJIMHUHUCTPATOPY KOMIIBIOTCPHOI'O KJjacca

(oOcmy>XuBarIIEMy IEPCOHATY J1a00paTOpuUn).

6. MeTomea H MOPAAOK BbITNIOJTHCHUA paﬁoTbl

1. Co3paiiTe KOHCOJIBHOE MPUIIOKEHUE.

2. PazpaboraiiTe Kmaccel IS pEUIEHUS 3aJadyd B COOTBETCTBHHM C
WHIUBUYyAIbHBIM BapHaHTOM C HCIIOJb30BaHWEM IyJia TMOTOKOB. B kaxaom
3aJlaHuK HEOOXO0JMMO pa3padboTaTh KOJIJIEKIIUIO AJIEMEHTOB 33JJaHHOTO THIIA U KJIAcC
JUISL  YIPABJICHUS KOJUICKLIHMEHW, OCYIIECTBISIOMMNI 00paboTKy »dJeMeHTa ¢
UCITIOJIb30BAHUEM ITyJIa TOTOKOB.

3. B anroputme pemieHus 3amadu MPeayCMOTPUTE 3aJEPKKy ajJropuTMa C
ucnonb3oBanneM merona Thread.Sleep( ).

4. CnenaiiTe BBIBOJI: KaK MEHSIETCSI TIOBEJICHHUE MPOTpaMMBbI MPU U3MEHEHUU

BpPCMCHHU HCKYCCTBCHHOﬁ 3aJICPKKHU aJIrOprUT™MaA.

NuauBuayanbHOE 3a1aHKE.

Bapuant 3anayva, pemiaeMas ¢ HCIOJIb30BaHEM ITyJIa TIOTOKOB Tun snemenra
(Metox 06paboTKH dIeMeHTa) KOJUIEKIIUU
1 Meton HaxonuT cpeaHee apudmerndeckoe 3neMeHToB | Kiacc omnpenenser
MaTpPHUILIBI CITyYalHBIX YACEN. MaTpHULly (pa3mep
BbIOMpaeTcs
CIIy4aifHBIM 00pa3oM)
2 MeTtoa HaxouT pe3yabTaT mu(poBaHus CTPOKU: Kaxaplil | Knacc  mpeacrasnser
UCXO/HBI CHUMBOJ CTPOKH 3aMeHsieTcs IM(POBAHHBIM | Mapy CTPOK: MCXOIHAS
CHUMBOJIOM, KOJI KOTOPOTo Ha N OoJblie KOAa UCXOIHOTO | U mQppoBaHHas
CHUMBOJIA. (ucxonHas 3ajmaercs B
KOHCTPYKTOpE)
3 Meton HaxoauT IOAMHOXECTBO 3JEMEHTOB MaccuBa | Kimacc — mpeacrasiser
CITy4alHBIX YUCEN, KOTOPBIE JAENSTCS Ha 6 MAacCHUB CIIy4YaiHBIX
quced, CIIy4aliHOTO
pa3Mepa
4 MeTon HaXOOUT CTAaTUCTHKY sl CTpOKM: crnucok mnap | Knmacc  mpeacrasnser
(CUMBOJI CTPOKH, KOJTMYECTBO BXOMXKACHUMN ) CTpOKY (3amaercsi B
KOHCTPYKTOpE)
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5 Meron ~ HaxomuT  pasHuLly — MakcuMainbHoro W | Kilacc  mpencrasnser
MUHHMMAJIBHOTO 3JIEMEHTOB MaTPUIIBI MaTpully  CIIy4alHBIX
qucen CIIy4aitHOTO

pa3zMepa

6 Meroax HaxoAMT NOJAMHOXKECTBO 3JIEMEHTOB MaccuBa | Kitacc  mpencrasiser
CIIy4alHBIX YHMCEJl, KOTOPBIE SIBJISIFOTCS] YETHBIMU MacCHUB CITy4alHbIX

qucen CIIy4aitHOTO
pa3Mepa

7 Meroa HaxoIWT KOJIMYECTBO HEYETHBIX 3i1emMeHTOoB B | Kitacc  mpencrasiser
MaTpuLe CIIy4alHbIX YUCEIl MaTpully  CIIy4anHBIX

qHUCen (pa3mep
3aJ1aeTcs B
KOHCTPYKTOPE)

8 Meronx ~ HaxomuT  pa3HMIly ~— MakcumaineHoro W | Kiace OITUCBHIBAET
MHUHHMMAJIBHOTO 3JIEMEHTOB MaTpPULIbl LENbIX CIYYalHBIX | MATPULY  CIIy4alHBIX
qucen qucen (pazmep

MaTpHULIBl BBIOMpAeTCs
CIIy4aifHBIM 00pa3zom)

9 Meroa HaxoAMT JOTMYECKOE 3HaueHue, ykasbiBawolee | Kiace ONMCHIBAET
CYUIECTBYET JIM 3aJaHHOE 4YHCIO B MAacCHBE LEJNbIX | MAaCCUB CITy4aiHbIX
CIIy4allHbIX YHUCEI qyucen (pasmep

MaccuBa BbIOMpaeTcs
CIIy4aifiHBIM  00pa3oM,
HCKOMOE YHUCIIO
YKa3bIBaeTCs B
KOHCTPYKTOpE)

10 MeToa CTPOUT MaTpHIly CIy4alHbIX OUTOBBIX 3HaueHH | Kmacc ONMCHIBAET
(0w 1), hopmupyemyto cirydaiftHBIM 0Opa3oM MaTpHUIly (pazmep

YKa3bIBaeTCs B
KOHCTPYKTOpE)

11 Meron HaxXOOUT CHUMBOJ CTPOKHM, KOTOpBIM BcTedaercs | Kiace OIIUCBHIBAET

MaKCUMaJIbHOE KOJIMYECTBO Pa3 CTPOKY (ctpoka
3aj1aeTcs B
KOHCTPYKTOpE)

12 MeTton HaXOIWT NOIMHOKECTBO »JIeMeHTOB MaccuBa | Kmacc OITMCHIBAET
CIIy4alHBIX YUCEN, KOTOPBIE NENATCS Ha 3 MacCHUB

13 Meton HaxoAMT YHMCIO — KOJMYECTBO AyieMeHTOB | Kiacc onuchiBaeT napy
MPHUCYTCTBYIOIIMX B 00OUX MacCUBaX CIy4alHBIX YHCEN. | MAacCCHBOB (pa3mep

onpezensercs
cillydyaiiHeIM  00pazom,
AIIEMEHThl MaccuBa —
CITyJaifHbIE YHCIIa)

14 MeTton HaxoOUT HOOIMHOXKECTBO DJIIEMEHTOB MaccuBa | Kitacc 1 ommcaHus
CIIy4alHBbIX YHCEJ, KOTOpbIE OTIMYAIOTCA OT 3a/IaHHOTO | MACCMBA  CIIY4alHBIX
yucia He OoJiee ueM Ha 4. Yyhcell W  3a/laHHOTO

qucia

15 Merto HaxoguT JOTMYECKOE 3HAYe€HHWE, yKasbiBaromiee | Kimacc  mpexacrtaBiser

CYIICCTBYCT JI 3aJIaHHBIN CUMBOJI B CTPOKE

CTPOKY U HCKOMBIU
CHUMBOJI
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16 Meton HaxoOWT [Ba 4YMClIa — MaKCUMaJlbHbIE deMeHTHl | Knacc s onmcanus

MacCHBa CIIy4aiiHbIX YHUCEIL. MaccuBa  CIIy4anHBIX
JJIEMEHTOB

17 Meron  HaxomuT CKaisgpHOE IpousBeneHue ABYX | Kilacc ommceiBaer nBa

CIIy4allHBIX BEKTOPOB. CIIy4alHBIX ~ BEKTOpa
pa3MEpHOCTH N.

18 Meton HaXOAUT CyMMY ABYX MaTpul CilydaiHbIX uncen | Kiacc onuceiBaer napy
MaTpul  CIy4alHOro
pasMepa, colepKalux
CIIy4alHbIE YHCIIA

19 Meton HaxoOMT KOJMYECTBO BXOXAECHHMH 3azaHHoro | Kmacc OIHCHIBAET
3JIEMEHTA B MaTpPULIE BEIIECTBEHHBIX YU CEI CIIy4alHyI0 MaTpuly U

HCKOMOE YHUCJIO

20 Meron HaxOOuT pe3yibTaT CIOKEHMs ABYX CiydanHbIX | Kitacc onuceiBaer napy

BEKTOPOB LIEJIBIX YNCEI CIIy4alHBIX BEKTOPOB
pasmepa N (N 3amaeTcs
B KOHCTPYKTOpE)

21 Merton HaxoAUT KOJWYECTBO BXOXKAEHUW 3amaHHoro | Kmacc  mpexacrasiser

CHUMBOJIA B CTPOKE CTPOKY M  HCKOMOE
YHCIIO

22 MeTon HaxoIuT MOJAMHOXKECTBO YETHBIX 3yieMeHToB | Kiacc OIHCHIBAET

MaTpPHULIbI CIIy4allHbIX YHCET MaTpULly  CIIy4aWHBIX
qucen (pazmep
MaTpHULBI YKa3bIBACTCS
B KOHCTPYKTOPE)

23 MeTo HaXOAWUT CTAaTUCTUKY MACCHBA CiydalHbIX Lenbix | Knace OIHCHIBAET
yycesl: CHUCOK TMap (YUCIO MAacCHBa, KOJMYECTBO | MAaTPULy  CIy4yalHBIX
BXOKJICHH ) quCen (pa3mep

MaTpHUIBl BBIOMpaETCS
CIIy4aifiHBIM 00pa3oM)

24 Meron HaxoouT pe3yinbTaT — JIOTMYECKoe 3HadeHue, | Kiace OIMCBIBAET
YKa3bpIBaIOUIEE CYLIECTBYET JIM 3aJaHHBIM D3JEMEHT B | MAaTPULy  CIy4alHBIX
Matpuiie yrcen double qHCel (pa3mep

MaTpHLbI YKa3bIBAETCS
B KOHCTPYKTOPE)

25 Meton HaxoaMT CyMMY DJIEMEHTOB Matpulpl Lensix | Kmace OIHCHIBAET
CIIy4alHBIX YUCEI MaTpully  CIIy4alHBIX

qrces (pa3mep

MaTpHUllbl BbIOMpaeTcs
cllydyaiiHbIM 00pa3zom)

7. Conepxanue oT4yera u ero popma

Otuert 1o 1abopaToOpHON pabOTe AOJIKEH COACPIKATh:

1. Homep u Ha3BaHue 1ab0paTOpHOI pabOThI; 3aa4u JTa00OPATOPHOI pabOTHI.
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2. Peanu3anus kaxa0ro myHkra nojapasaena « MHauBuayanbHOE 3a1aHUE» C
NpUBEICHUEM UCXOJAHOTO KOJa TMpOrpamMMmbl, AMArpaMM U TpapuKoB a7
BU3YaJIU3al[UH JTaHHBIX.

3. OTBeTHl HA KOHTPOJIbHBIE BOIPOCHI.

4. Dxpanubie (OpMbI (KOHCOTIBHBIN BBIBOJ) U IUCTHUHT MPOTPAMMHOIO KO/Ia C
KOMMEHTapUsIMHU, IOKa3bIBAIOIINE MOPSAIOK BBIOIHEHUS 1a00paTOpHOIl paboThL, U
PE3yNbTATHI, IOJYYEHHBIE B XOJI€ €€ BBINOJIHEHUS.

OTueT O BBINOJHEHUH JIAOOPATOPHON pabOThl MOANUCHIBAETCS CTYIEHTOM U

CHacTCs IMPCIIOAaBaTCIITO.

8. Bonpocel /151 3aIUTHI Ppa00ThI

1. Kakue tunbsl OTOKOB BhI 3HaeTe? UeMm oHu oTiimyaroTcsa’?
2. Jlisi yero MpUMEHSIOTCS MPHOPUTETHl MOoTOKOB? Kak 3amaTh MpUOPHUTET
noToka?

3. Uto Takoe myJ noTokoB? Kakoil MeTos 3amycKkaeT NOTOK B ITyJjie?
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JIABOPATOPHAS PABOTA 8. CO3JAHUE U 3AIIYCK 3AJJAY

1. leab u conep:kanue

[lenb mabopaTtopHoOil pabOThI: H3yYUTh MEXAHU3M PabOTHI C KJaccaMHu 3aj1ad.
3anaun 1abopaTopHOM pabOTHI:

— U3y4UTh BO3MOKHOCTH Kitacca Task;

— HAYYUTHCS CO3/IaBaTh M 3aIyCKaTh 3a/1a4H,

— HAY4YUTbCA pa6OTaTB C MaCCUBaMHM 3a1a4.

2. Peanuzyemble KOMIIETEHIIUN

JlabopatopHass pabGoTa HampaBieHa Ha (OPMHPOBAHUE CIIECIYIOIIUX

komnerennuii: OITK-2.

3. TeopeTnueckoe 000CHOBaHME

B cocraB .NET 4 BxoauT HOBoe mpocTpaHcTBO uMeH System.Threading.
Tasks, B KOTOpOM copepxkaTcsi Kiacchl i abcTparupoBanusi GyHKIIMOHAIEHOCTH
noTokoB. BHyTpu »THX knaccoB ucnoibdyercs ThreadPool. Ilon 3agaueit (task)
MOHUMAIOT €IMHUILY TOJJIEKAIIEeH BBIMOIHEHUIO Pa0dOThl. JTa eauHUIla PaboThI
MOKET BBITIOJIHIATHCS B OTJEIBHOM IOTOKE, HO MOXXET TaKKe 3aIlyCKaThCid B
CUHXPOHU3UPOBAHHON MaHepe, OXHuJas BBI3BIBAIONICTO TIOTOKAa. B ciydae
MPUMEHEHUS 3a7]a4¥l CO3/IaeTCsl JOMOJHUTEIbHBIN YPOBEHb a0CTpPaKIUU U TaKXKe
MOSBJISIETCS Macca BO3MOKHOCTEH /TS YITPaBJICHUS JISKAITMMH B OCHOBE IIOTOKAMM.

3amaun obOecrmeunBarOT OOJBINYI0 THOKOCTH B TUIAHE OpTraHU3aIuU

BBITIOTHSIEMON PaOOTEHI.
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Jliis 3amycka 3agadd MOXKHO MCTONb30BaTh b0 kiace TaskFactory, 6o
KoHCTpykTOp Kiacca Task m wmerom Start(). Konctpykrop Task mpocto
IPEI0CTaBIISICT OOIbIIEe THOKOCTH MPHU CO3/IaHUH 3a1a4H.
[pu 3amycke 3a7a4nm MOXHO CO37aTh dK3eMIuLsip kinacca Task u Ha3HaYHWTH
BEITIOJTHSEMBIN KOJ[ C UCIIOJIb30BaHUeM Jenerata Action min Action<object> (T.e.
0e3 rmapaMeTpoB MO0 C OJTHUM MapaMeTPOM THMa object).

B npeacTaBneHHOM THCTUHTE TIOKAa3aHbl BAPUAHTHI 3aITycka 3aaad (puc. 8.1).

class grar

{

static void Main(string[] args)

{

le.BackgroundColor = oleColor.white;
e.Clear();
e.ForegroundColor = ConsoleColor.Black;

Task t1 = new Task(ParallelTask);
tl.Start();

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

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

ole.ReadKey();

public static void ParallelTask()

{

e.WriteLine("Bunonnenne sagaun {0}", Task.Currentld);
3
7

f—

Pucynox 8.1 — BapuanTs 3amycka 3aad.

[TepBrIii criocoO 3arrycka 3a/1ad mpeanojaraeT co3aanue oobekra Tuna Task
u 3anmyck 3amaun meromoMm Start(). Jlo BeizoBa Start( ) 3agada HaXOAWUTCS B
cocrossHuu Created, TO eCThb 3ajJadya HE 3amycKaeTcs aBTOMATHYECKH TIOCTC
co3maHus. JlaHHBINH TIOX0] TTOXO0K Ha MCIIOJIb30BAHUE aCHHXPOHHBIX JICJICTaTOB —
3ajjaya 3alyCKaeTcs B ACHHXPOHHOM peXHMe. 3aJadyy MOXKHO 3alyCTUTh B
CHHXPOHHOM (HEeTmapasuieIbHOM) PEXHUME; IS 3TOr0 HEOOXOAMMO HCIIOh30BaTh
metoa RunSynchronously( ) smecto Start( ).

Bropoii cnoco6 mnpeamnonaraer HcCrosib3oBaHue oObekTa TaskFactory:

co3gaHue o0beKTa U BbI30B MeToaa StartNew( ) ¢ mapameTpoM-IeeraTom.
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Tperuii ciocod — BeI30B MeToa StartNew( ) uepes cBoiicTBo Factory kiacca
Task.

Koncrpykropy Task um meromy StartNew( ) kmacca TaskFactory moxkHO
nepenaBath 3HaueHus u3 nepeuncieHus TaskCreationOptions. 3a cuet mepemauu
sHaueHus LongRunning MoxHO nHGOPMUPOBATH MIAHUPOBIIKK 337a4 O TOM, YTO
BBINIOJIHEHUE 3aJlayd  TpeOyeT JIMTEIBbHOTO BpPEMEHHM, 4YTOObl OH MOT IO
BO3MO>KHOCTH BBIICJIUTH /11 HEE HOBBIM MOTOK.

Ecnu 3amava nomkHa OBITH NPHUCOEIUMHEHA K POAMTENbCKOW 3ajade u,
CJIEIOBATEIbHO, OTMEHSTHCS B CIIy4yae OTMEHBI ATOM POAUTEIBCKON 3a]ayu,
HE0OX0AMMO HcHoJib30BaTh 3HaueHue AttachToParent. YcranaBnuBas 3HaueHue
PreferFairness, MOXHO yka3bIBaTh TUIAHUPOBIIUKY, YTO OH CHaydajia JOJKEH OpaTh
3a/1aud, OXKHUJAIONIUE BBIMOJHEHMS. [lo yMomyaHuIO Tak HE MPOUCXOJUT, €CIU
3a/laya Cco3JlaeTcsl B paMKax Jpyrou 3anaud. Ecnu 3agadd npeaycMaTpuBarOT
CO37laHUE JOTOJIHUTEIbHBIX €IUHUI] PabOoThl 3a CUYET HCIOJb30BAHUS JOUECPHUX
3a/la4, TO O9TU JOYEPHHE 3aJayd TMOJy4aroT 00Jie€ BBICOKHUN MPUOPUTET MO
CPaBHEHHIO C JPYTUMH 3aJa4aMHu.

OHU He OKUIAIOTCS 3aBEPIICHUsT padOTHl B oUepeau MyJia MoTokoB. Ecnu
Takue 3ajadyd JOJKHBI 00pabaThIBaThCSI PABHOMPABHO CO BCEMH OCTaJIbHBIMU

3a/1auaMu, IOHAI00UTCS YCTaHOBUTH 3HaueHue PreferFairness.

4. O6opynoBaHne 1 MaTEPHUAJIbI

JInst BBHINOJIHEHMS JIAOOPATOPHOM pPabOTHl PEKOMEHIYETCS HCIIOIb30BaTh
HEPCOHAIBHBI  KOMIIBIOTEP CO CICAYIONMMHA POTPAMMHBIMH  CPEICTBAMH
pa3paboTku (BBIOpaTb OJWH WM HECKOJILKO IPOrPAMHBIX IPOAYKTOB IS
NPaKTUYECKON peain3alnu 3aaa4 jabopaTopHoit padotsl): MS Visual Studio 2015

U BhIIIIE; cpeaa pa3pabotku Java (Eclipse, NetBeans).



61

5. Yka3anudg nmo rexHuke 0e30macHoOCTH

CTyAeHTBl TOJDKHBI CJIe0BaTh OOUICIPUHITON TEXHUKE 0€30MacHOCTU st
MOJIb30BaTeNIE MEepPCOHAIBHBIX KOMIbIOTEpOB. He crieayer caMocCTOSATENIbHO
MPOU3BOJIUTH PEMOHT TEXHUYECKUX CPEJCTB, YCTAaHOBKY U  YJaJCHUE
nporpaMmMHOro ooOecriedyeHusi. B cimydae  oOHapyXeHUsT HEUCIpaBHOCTEH
HEOOXOAMMO COOOIUTHL 00 ATOM aIMHUHUCTPATOPY KOMIBIOTEPHOTO Kjlacca

(oOcmy>kuBaroIIEMy IEPCOHATY J1a00paTOpun ).
6. MeToauKa U MOPSIAOK BLINOJTHEHUS PadOThI
1. CoznaiiTe KOHCOBHOE MpriIoxkeHue B cpeae Visual Studio.
2. PeammsyiiTe pemieHWe 3aladdl B COOTBETCTBUM C WHIWBUIYaTbHBIM

BapHaHTOM C IIPUMCHCHHCM KJIacCa Task.

I/IHI[HBI/IIIyaJ'IBHOG 3aJaHucC.

Bapuant Meton 11 peanuzanuun
1 Mertoj pacdyeTa CyMMBbI 3JIEMEHTOB MacCUBa CIyYaWHBIX YUCEII.
2 Merton mnpeoOpa3zoBaHUs MATPHUIIBI CIyYaWHBIX YHCEN: SJIEMEHTHI

KpPAaTHEIC 3 3aMEHSIOTCS Ha KBaapaT COOTBCTCTBYIOIICTO 3JICMCHTA.

3 Merton BeruncieHus (pakropuasia yucia.

4 Meton mnpeoOpa3oBaHus MATpPUIlbl CIyYalHBIX YHCET: KaKIbIH
AIIEMEHT 3aMEHSETCSI CHHYCOM DJICMEHTA MAaTPHIIBI.

5 Meton mnpeoOpa3oBaHHUs MATPUIlbl CIyYaWHBIX YHUCEI: HEUETHbBIC
AJIIEMEHTHI 3aMeHSI0TCS —1.

6 Mertoa noucka cpeHero apupMeTH4eCKOro AIEMEHTOB MATPHIIHI.

7 MeToa BBIUKCIEHUS MUHIMAIBHOTO 3HAYEHUSI B MATPUIIE CIIYIAHBIX
YHCEl.

8 Meton mnpeoOpa3oBaHusi MaTPUIBl CIYYalHBIX YHUCET: YETHBIC

AIIEMEHTBI ~ 3aMCHSIOTCA  CYMMOW  KOCHMHYyca W CHHYyca
COOTBETCTBYIOIIETO AIEMEHTA MATPHUIIBI.
9 Meton mnpeoOpa3oBaHHMs MATPUIlBl CIYYaWHBIX YHUCEI: HEUETHbBIC
ANIEMEHTBl ~ 3aMEHSIOTCS  CYMMOW  TaHT€HCa M KOTaHTeHca
COOTBETCTBYIOIIETO DJIEMEHTA MATPUIIBI.
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10 MeTo BBIUUCIIEHUS CTATUCTUKHU T10 CIIy4yaliHOW MaTpulie (KOJINYECTBO
AJIEMEHTOB JIJIsl KaX/10I0 3HaYEHHsI MATPULIbI).

11 MeTo/1 BBIYHMCIIEHUS CPENHETO apu(hMETUIECKOTO HIIEMEHTOB MAaCCUBA.

12 MeTo1 MoMcKa MaKCUMAaJIbHOTO 3JIEMEHTa B MaTpPHIIE.

13 Meron mnpeoOpa3oBaHHs MaTpULbl CIYyYaWHBIX YHUCEN: KaKIbIi
AIIEMEHT 3aMEHSETCSl KOCHHYCOM 3JIEMEHTa MaTPHIIBI.

14 MeTto/ nojcueTa KOJIMYECTBA YETHBIX JIEMEHTOB B MATPHIIE.

15 MeTon BBIUKCIEHHS CKAJIAPHOTO TPOU3BEACHUS JIBYX CIy4YalHBIX
BEKTOPOB.

16 Meton npeoOpa3oBaHusl MAaTPUILIBl CIIy4alHBIX YUCEIN: BCE JIEMEHTHI
3aMEHSAIOTCSI CyMMOW KOCHMHYCa M CHHYCa COOTBETCTBYIOILETO
AJIEMEHTa MaTPHULIBI.

17 MeTon BBIYHCIEHUS CPEAHETO apU(METUYECKOTO TPEXMEPHOTO
MAaCCHUBA CIyYalHBIX YUCET.

18 MeTo/1 BEIYMCIICHHS CYMMBI ABYX MaTpHII.

19 Metoj pacyeTa MOyJIsl CIIy4allHOTO BEKTOpA.

20 Meton mpeoOpa3oBaHHs MATpPUIbl CIy4yalWHBIX YHCENl: YETHBIC
AJIEMEHTHI 3aMEHSIFOTCS] TAHTEHCOM JIEMEHTA MaTPUIIBL.

21 Meton moacuera KOJMYECTBA YMCEN, KpaTHBIX 3, B MacCUBE
CIIyYalHBIX YHUCEl.

22 Meton  BBIYMCIEHUS CTAaTUCTUKH  (KOMUYECTBO JUISI  Ka)JI0TO
BXOJISIIIIETO0 CUMBOJIA) MO CTPOKE.

23 MeTon  BBIYHCIEHUS CTaTUCTUKKA 1O  CIy4YallHOMY  MacCHUBY
(KOJIMYECTBO AJIEMEHTOB JIJIsl KQXK/10I0 3HAYEHHsI MaCCUBA).

24 Meton mojcyera KOJIMYECTBA YETHBIX W HEYETHBIX 3JIEMEHTOB
MaTpHULIBI.

25 MeTon  BBIYMCIEHHS CTaTUCTHUKHM IO TPEXMEPHOMY MAaCCHUBY

(KOHH‘I@CTBO DJICMCHTOB JJIs KAXKJ0I'0 3HAYCHUA Macana).

7. Conepxanue oT4yera u ero popma

Otuet 1o 1abopaToOpHO pabOTe AOIKEH COACPIKATh:

1. Homep 1 Ha3BaHue 1ab0paTOpHOM pabOThI; 3aa4u JJaA00OPATOPHOI pabOTHI.

2. Peanmauuﬂ KaXJ10T O ITYHKTAa 1nmoapasaciia ((I/IHI[I/IBI/IIIyaJ'IBHOC 3aJaHUEC» C

MPUBEJACHUEM HCXOJHOTO KOJla TMPOTpaMMBbl, AWarpaMM u rpaduKoB s

BU3YyaJIUM3allu JaHHbIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.
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4. DxpaHHble (POpMBI (KOHCOIBHBIN BBIBOJ) U JUCTUHI IPOTPAMMHOIO KO/Ia C
KOMMEHTapHUsIMHU, TTOKA3bIBAIOIINE MOPAIOK BBIMOIHEHUS J1a00paTOpHOil paboThI, U
pe3yibTaThl, IOJIYYCHHBIEC B XO/I€ €€ BBIIIOJIHCHHUS.
OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOIMUCHIBACTCA CTYACHTOM H

CAACTCs IPCIIOAaBaATCIIIO.

8. Bonpocsl 14151 3a1UMTHI PadOThI

1. Yro Taxoe xiacc Task? Uem xitacc Task orinuuaercs ot xkiracca Thread?

2. Kak nonyuute wuaeHTu(dukaTop Tekymed 3amaun? Kak mnoiyduTh
UJIEHTU(PUKATOP TEKYIIETro MOTOKa?

3. OnmummTe BO3MOXHBIE METOBI CO3/IaHMUS 1 3aITycKa 3ajad.

4. Kakue mapaMeTpbl 3a7a4dl MOXXET YCTAaHOBUTb IPOTPAMMHUCT IpH
peanuzarnuu 3amaun? ONUIIMTE BO3MOXKHBIC BapHUaHThl MPHUMEHEHUs IMapaMeTpa

tumna TaskCreationOptions.
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JIABOPATOPHAS PABOTA 9. 3AJJAYUN I[TPOJOJDKEHU A

1. leab u conep:kanue

[lens maGopaTopHO¥l  pabOTHI: HAYYUTHCSA  HWCIIOJNB30BATH  3aJayu
MPOJIOJKEHUS B MHOTOTIOTOYHBIX MPOTpaMMax.

3amaun 1abopaTopHOM paObOTHI:

— Hay4UThCs POPMUPBOATH MOCIEOBATENBHOCTD 3aIlyCcKa 3ajady;

— HAy4YUThCA HCIIOJIb30BaTh 3aJaydl MPOAODKEHHUS 1 (HOpMHpPOBAHUSA
MOCJIE0BATEILHOCTHU BBITIOTHSIEMBIX paldoT;

— Hay4YHUThCS HCIONB30BaTh 3aJa4dl MPOJOJDKEHHUS HJis peaau3alud

MaCCOBOTI'O 3aITyCKa 3aaa4y.

2. Peanuzyemble KOMIIETEHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX

komnerennuii: OINK-2.

3. Teopernueckoe 060CHOBaHHE

B cnydae mpumeHeHHs 3aad MOKHO YKa3bIBaTh, UYTO TOCJIEC 3aBEPIICHHS
OJIHOM 3aJ1a4M JIOJDKHA HAYMHATHCS KaKasi-TO pyras 3a1ada. B jaHHOM MexaHuzme
MOJKHO Tak)K€ peall30BaTh YCJIOBHOE BBIMIOJIHEHUE: pEAN30BaTh 3aIlyCK
OTIPEJICTICHHON 3aJlayil MPOJOHKEHHUSI B 3aBUCHUMOCTH OT XapaKTepa 3aBEPIICHUS
OCHOBHOM 3a/1auu (IJIaHOBOE 3aBEpIIICHUE, OMOKA U T.J.).

3amava MpoI0/DKeHUs IPUHUMaET apamerp tuma Task, KoTopsiii O3BOJISIET
MoJTy4aTh HHPOPMAIIKUIO 00 UCXOMHOM 3a7ade. 3aaada MPOJOJDKEHUS OTPEISIsETCS

BbI30BOM MeTona ContinueWith( ) oObekta wucxomHod 3amaud. Pa3BuUThHIMU
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cpeacTtBaMu OIPCACICHHA MW 3allyCKa 3a1a4d IMPOJOJIKCHUSA 06JIa,Z[a€T TaKXE KJ1accC
TaskFactory.

Paccmopum nipumep ucnoib3oanus ContinueWith( ) (puc. 9.1).

static void Main(string[] args)
r

1
k tBase = new Task(
() = {
Console.Writeline("OcHoBHan 3agava. Havano");
ead.Sleep(3000);
;ole.WriteLine("OcHoBHan sagava. Oxonuawue™);

1) .‘

Task tContinue = tBase.ContinueWith(
base_task => {

le.WriteLine("3apnava {0} sasepuwena.”, base_task.Id);
le.WriteLine("3anava npogonxenna. Hawano");
ead.Sleep(3000);

le.WriteLine("3apnava npoponxenua. Oxoxvanue");

1s
tBase.Start();

le.ReadKey();
}

Pucynok 9.1 — Hcnons3oBanue ContinueWith( ) as onpeneneHust 3a1aun

MIPOJOJIKEHUS.

OueBugHO, uTO Hcnoias3oBath ContinueWith( ) MoxkHO ayis onpeneneHus
HECKOJIbKMX 3a7ad mponoipkeHus. [Ipuuem kakmas 3amada MpOJOIHKEHHUS MOXKET
UMETh HECKOJBKO CBOMX 3aJad MpoAoJLKeHus. Takum oOpa3oM, MOXXHO CTPOUTH
CIIO)KHBIE ~HMepapXuu 3a7ad. B KauecTBe BTOpPOro MapameTpa MeToaa
ContinueWith() MOKHO yKa3aTh 3HAYCHHE u3 TIePEUHCIICHUS
TaskContinuationOptions. Kaxmoe u3 3nadenuii (OnlyOnFaulted, NotOnFaulted,
OnlyOnCanceled, NotOnCanceled, OnlyOnRanToCompletion u np.) yka3piBaeT Ha

YCJIOBHC 3aIlyCKa 3aa49u IIPOAOJIZKCHU .

4. O0opynoBaHMe U MATEPHUAJIbI
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JInsi BBIMOJIHEHHST JIAOOPATOPHOM pPabOThl PEKOMEHIYETCS HCIOJIb30BaTh
IICPCOHATBHBI KOMITBIOTED CO CIEAYIONIMMH IMPOrPaMMHBIMU  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJUH WM HECKOJBKO IPOrPAMHBIX IPOAYKTOB IS
IPAKTHYECKON peau3aluy 3aaad Jadboparoproi padorsr): MS Visual Studio 2015

¥ BBIIIE; cpena pa3padorku Java (Eclipse, NetBeans).

5. Yka3aHus no TexHuke 0e30MacHOCTH

CTyAeHTBl TOJDKHBI CIe0BaTh OOUICIPUHITON TEXHUKE 0€30MacHOCTH st
M0JIb30BATENIE MEPCOHAIBHBIX KOMIIbIOTEPOB. He cienyer caMoCTOATENbHO
MPOU3BOJINTh PEMOHT TEXHUYECKHX CPEIACTB, YCTAaHOBKY U  yAaJICHUE
nporpaMMHoro ooecrneueHus. B ciydyae o0OHapyXeHHsI HEHCIpaBHOCTEH
HEOOXOAMMO COOOUUTH, 00 ATOM aJIMHUHUCTPATOPY KOMIIBIOTEPHOTO Kilacca

(oOcmy>kuBaroOIIEMy TIEPCOHATY J1a00paTOpHUn).
6. MeToauKa U MOPSIIOK BHINMOJHEHHUsSI pa0oOThI
1. Co3zpaliTe KOHCOJIBHOE MPUIIOKEHUE.

2. PeanusyiiTe pelieHWe 3ajlaud C HCMOJIb30BaHHEM MEXaHW3Ma 3ajad

MMPOAOJIZKECHUA B COOTBETCTBUHM C BApUAHTOM MHAWBUAYAJIbHOI'O 3aaHUs.

NuauBuayanbHOE 3a1aHKE.

Bapuant OcHoBHas 3a71a4ya 3aauu POJOJKCHUS

1 I'eHepanyst MaTpulbl CIy4alHbIX | 2 3aa4yd:  pacyeT  CyMMBI
qucell (pa3mep 3a71a€TCsl | DJIEMEHTOB; IIOMCK
M0JIb30BATEJIEM ) MAaKCUMAaJIBHOT'O 2JIEMEHTA.

2 I'enepanusa maccuBa cCily4alHBIX | 2 3a1a4H: BBIYUCIICHUE
qucell (pa3mep 3a7aeTCsl | KOJIMYEeCTBa DJIEMEHTOB,
M0JIb30BATEJIEM ) JeNsAIUXcss  Ha  3;  IOMCK

MHHHUMAJIBHOIO 2JIEMEHTA.
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3 ['eHepanyss MaTpuLbl CIy4alHBIX | 2 3aJadd: pacyeT CyMMBbI BCEX
qyucen (pa3Mep  OINpEAENseTCs | YeTHBIX  AJIEMEHTOB;  IOMCK
CIy4aliHBIM 00pa3oM) CpEeIHETO apuhMETHIECKOTO

DJIEMEHTOB.

4 I'enepanusa maccuBa CilydaWHBIX |2 3aJa4d:  pacyeT  CyMMBI
gucen (pasMep  ONpenessieTcs | HEYETHBIX 3JEMEHTOB; IMOJCYET
CIIy4aiiHbIM 00pa3oM) KOJINYECTBA 3JIEMEHTOB, KPATHBIX

3.

3) I'enepanus mMaTpuipl CIIy4alHBIX | 2 3aJadd: BBIBOJ MAaTpPHIBI B
qHCen (pazmep 3a/1aeTcs | KOHCOJb; IIOJCYET KOJIMYECTBA
II0JIb30BATEJIEM) AJIEMEHTOB, KPAaTHBIX 7.

6 I'enepanys maccuBa Ciy4alHBIX |2 3afa4d:  pacyeT  CyMMBI
quCcen (pazmep 3a/1aeTcs | KBaApaToB YETHBIX JJIEMEHTOB;
10JIb30BATEJIEM) IIOMCK MaKCUMaJIbHOTO JIEMEHTA.

7 I'eHepanuss MaTpuUbl CIIy4yalHBIX | 2 3a/1a4M: MOUCK MAaKCHMAaJIbHOIO
gucen (pasMep  ONpelemsieTcs | JJIEMEHTa B  KaXJOM CTOJIOIE;
CIly4ailHbIM 00pa3om) MOMCK MHUHUMAJIBHOTO 3JIEMEHTA

MaTpUIBI.

8 ['enepanust maccuBa Ciy4allHBIX | 3 3aJaud: pacdyeT CyMMbl KyOOB
gyucen (pa3Mep  OINpEAeNseTcs | HEUETHBIX  3JIEMEHTOB;  IOMCK
CITy4aiiHbIM 00pa3zoM) MaKCUMAaJIbHOTO AJIEMEHTA; TOUCK

MUHHAMAJIBHOTO AJIEMEHTA.

9 ['enepanyst MaTpuLbl CIy4alHBIX | 2 3aJa4d: IMOMCK MUHHMAJIBHOTO
quCen (pazmep 3aJ]aeTCs | 3JIEMEHTa B KaXXIOM CTOJIOLE;
MOJIb30BATEIIEM ) MOMCK  3JIEMEHTOB  MaTpPHIIbL,

OTJIMYAIOLIMXCs He OoJjiee YyeM Ha
4 OT 3aJJaHHOTO MOJIb30BATEJIEM.

10 'eHepanmsi maccuBa CllydalHbBIX | 2 3a/1a4d: MOUCK MAKCHUMAaJIbHOTO
qucen (pa3mep 3a/1aeTcs | AJEMEHTA; MOACYET KOJIUYECTBA
MOJIb30BATEJIEM ) AJIEMEHTOB MAacCHUBa, IENSIIMXCA

Ha .

11 ['enepanyst MaTpulbl CIy4alHbIX | 3 3aJadud: BBIBOJ MAaTpHULbl B
gucen (pa3Mep  OINpeAesnsieTcs | KOHCONb;, MOJCYET KOJIMYeCcTBa
CJly4aiiHbIM 00pa3oMm) AJIEMEHTOB MAacCUBa, KOTOpPBIE

JeNATCs Ha 3; IOMCK MUHAMYyMa B
Ka)XJ 0l CTPOKE.
12 ['enepanusi mMaccuBa Ciy4alHBIX | 2 3a/ladyd: MOMCK MUHHUMAJIBbHOTO

yrucen (pasMep ompezdenseTcs
CIIy4ailHBIM 00pa3om)

AJIEMEHTAa  CpPEIM  HEYETHBIX;
MOJICUET KOJIMUECTBA DJIEMEHTOB
MacCHUBa, JCSIIIMXCs Ha 7.
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13 ['enepanust MaTpullpl Cay4yailHbIX | 3 3aJauu: pacdeT CyMMbl KyOOB
quCcen (pazmep 3a/1a€TCA | YETHBIX  DJIEMEHTOB; IIOMCK
II0JIb30BATEIIEM ) CPEIHETO apu(MeTnyecKoro

DJIEMEHTOB; IIOMCK
MUHHAMAJIBHOTO JIEMEHTA.

14 I'enepanusa maccuBa Cily4aWHBIX | 2 3aJ1a4yd: IIOMCK MaKCUMAaJbHOIO
qucen (pa3mep 3a1a€TCS | DIIEMEHTA CPEAU YETHBIX; ITOACUET
MIOJIb30BATEJIEM ) KOJINYECTBA JJIEMEHTOB MAaCCHBA,

OTJIMYAIONIUXCS OT  3aJaHHOIO
MOJIb30BaTENEM He Oojiee 4eM Ha
3.

15 I'enepanyst MaTpunbl Cly4alHBIX | 3 3a7a4d: pacyeT CyMMBbI YETHBIX
qyucen (pasMep  OINpEnemsieTcs | JIEMEHTOB, JAeNAluxXcsd Ha 4;
CJIy4aiiHbIM 00pa3oM) IIOUCK MaKCUMyMa cpeau

AJIEMEHTOB, JEJSIUXCs Ha 3;
ITIOMCK MUHUMAJIBHOTO 3JIEMEHTA.

16 I'enepanusa maccuBa CiydaWHBIX | 3 3aJa4d: BBIYMCIICHHE KBaJapara
gucen (pasMep  ONpeNemsieTcs | CyMMbl 3JIEMEHTOB; BBIUHCIICHUE
CIIy4ailHbIM 00pa3om) CyMMbI KyOOB 3JIEMEHTOB; BBIBOJ]

MacCHBa B KOHCOJIb.

17 ['eHepanyst MaTpuLbl CIy4alHbIX | 3 3aa4yd:  pacyeT  CyMMBI
qucen (pazmep 3a/aeTcs | JIEMEHTOB, JACIAIIUXC Ha 4
IOJIb30BATEIIEM) pacyer KOJMYEeCTBa DJIEMEHTOB,

Jensumxcs  Ha o 3;  IOMCK
MHUHHUMAJIBHOIO DJIEMEHTA.

18 I'enepanusa maccuBa CilydaWHBIX |3 3aJayd:  pacyeT  CyMMBbI
qucen (pa3mep 3a1a€TCS | HEYETHBIX AJIEMEHTOB, IEIISIIMNXCS
MOJIb30BATEJIEM ) Ha 7; TIOMCK MaKCHAJIbHOTO

DJIEMEHTA; BBIBOJ MACCHMBA B
KOHCOJIb.

19 ['eHepanust MaTpulbl CllydyalHBIX | 3 3aJa4yd:  pacyeT  CYMMBI
gyucen (pa3Mep  OIpEnemsieTCs | HeUYETHBIX JIEMEHTOB, IETISIIMXCS
CIIy4ailHBIM 00pa3om) Ha 7; NOMCK MakCHUMyma Cpeau

SJIEMEHTOB, JCIAIIMXCS Ha 2;
BBIBOJI MATPHUILIBI B KOHCOJIb.
20 I'enepanyss maccuBa Ciy4allHBIX | 3 3a7a4d: pacyeT CyMMBbl YETHBIX

grcen (pa3Mep  OINpeaemnsieTcs
CIIy4aiiHbIM 00pa3oM)

9JIEMEHTOB, Jeasnmxcd Ha 4,
TIOUCK MaKCHUMyMa cpenu
9JIEMEHTOB, Jeasnmxcd Ha 3;
MMONCK MUHHUMAJIBHOTO DJICMEHTA.
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qucen (pa3mep
I0JIb30BATEJIEM )

3a1aCTCA

21 ['enepanust MaTpullpl Cay4yailHbIX | 3 3aJauu: pacdeT CyMMbl KyOOB
quCcen (pazmep 3a/aeTcs | IJIEMEHTOB, JACIAINMXCA Ha  3;
II0JIb30BATEIIEM ) IIOMCK MaKCUMAJIBHOTO 3JIEMEHTA;

ITOMCK MUHUMAJIBHOTO 3JIEMEHTA B
Ka)KJIOM CTOJIOIIE.

22 ['enepanys maccuBa Ciy4ailHbIX | 3 3aJadd:  pacyeT  CyMMBI
qucen (pa3mep 3a/1a€TCs | HEYETHBIX 3JIEMEHTOB, JESIINXCS
MIOJIb30BATEJIEM ) Ha 5; NOHWCK MakCHUMyMa Cpelu

BJIEMEHTOB, Jeasnmxcsd Ha 9;
MOMCK MHUHUMAJIBHOTO 3JIEMEHTA
CpEIH YETHBIX.

23 I'enepanyst MaTpunbl CIy4auHbIX |3 3aa4yd:  pacyeT  CyMMBI
qyucen (pasMep  OINpEnemsieTcs | JEMEHTOB, JAeNAluxcsd Ha S;
CJIy4aiiHbIM 00pa3oM) IIOMCK MaKCHUMyMa cpenu

AJIEMEHTOB, Jesuxcss Ha 9;
BBIBOJ] MaTPHULIBI B KOHCOJIb.

24 I'enepanusa maccuBa CilydaWHBIX |3 3aJa4d:  pacyeT  CyMMBI
gucen (pasMep  OmpenensieTcs | KBaApaToB YETHBIX 3JIEMEHTOB;
CIIy4ailHbIM 00pa3om) MOMCK MaKCHUMyMa cpenu

9JIEMEHTOB, Jeasnmxcsd Ha 9;
BBIBOJ] BCEX 3JIEMEHTOB MacCHUBA.
25 ['eHepanyst MaTpuLbl CIy4alHbIX | 3 3aa4yd:  pacyeT  CyMMBI

HEYETHBIX JIEMEHTOB, JIEIISIIIAXCS
Ha 2; MOUCK MAaKCUMYyMa B KaxKJIOM
CTOJIONIC; TIOMCK MHMHHMAJbHOTO
3JIEMEHTA B KOKIOM CTPOKE.

7. Conepxanue oT4yera u ero popma

Otuet mo 1abopaTopHOM paboTe JOJKEH COJIEPKATh:

1. Homep 1 Ha3BaHue 1a00paTOpHO pabOThI; 3aa4u JTa00OPATOPHOI pabOTHI.

2. Peanmauuﬂ KaXJ10T O ITYHKTAa 1nmoapasaciia ((I/IHI[I/IBI/IIIyaJ'IBHOC 3aJaHUEC» C

MNPpUBCACHUCM HCXOAHOI'o0 KOJa IIPpOrpaMMEI,

BU3YyaJIM3allu JaHHbIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

quarpaMMm W TpaduKoB IS
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4. DxpaHHble (POpMBI (KOHCOIBHBIN BBIBOJ) U JUCTUHI IPOTPAMMHOIO KO/Ia C
KOMMEHTapHUsIMHU, TTOKA3bIBAIOIINE MOPAIOK BBIMOIHEHUS J1a00paTOpHOil paboThI, U
pe3yibTaThl, IOJIYYCHHBIE B XO/I€ €€ BBIIIOJHEHHUS.
OT4eT O BBINOJHEHUH J1TAO0OPATOPHON pabOThI MOANUCHIBACTCS CTYICHTOM U

CAACTCs IPCIIOAaBaATCIIIO.

8. Bonpocsl 14151 3a1UMTHI PadOThI

1. Yro Takoe 3amaya mnpoaoukeHus? s 4Yero HuCroiab3yercs JaHHBIN
MEXaHU3M?

2. CKoaBKO 3aJ1a4 MPOJIOHKEHUS] MOKET UMETh KaXkast 3aj1ada’?

3. C nomompio Kakoro Meroja kiacca Task MoxHO 3aaaTh 3agady
MPOIOJIKEHUA?

4. Kakme mapaMeTpbl MPUHUMAET METOJ, MPEACTABIAIOMUN 3aaady
IIPOJIOJKEHUSA?

5. IlosicHuTe MEXaHU3M ONPEACIICHHUS YCIOBHBIX 3aJ1a4 MPOI0KEHUS.

6. Onummure Meroasl knacca TaskFactory, npegHazHaueHHble U1l yKa3aHUs
3a/1a4 MPOJAOJIKEHUS.

7. Onumure MeXaHW3M, HWCHOJB3YIONMNA 3aaud  MOPOJOJDKCHUS U
MO3BOJISIIONIMN 3amyCTUTh OoJjbioe koiaumdectBo 3amad (100, 1000, ...) onHo#

KoMaH o Start( ).
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