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Metonnueckue ykazaHusl K JIaDOpaTOpHbIM padoTaMm MpeaHAa3HAYEHBI IS
CTYJE€HTOB, OOydalmuxcsi 1O  HampaBieHutro  noAarotoBku  09.04.02
«MHpOpMALIMOHHBIE CUCTEMBI M TEXHOJIOTMH». B 1a0opaTropHOM NpakTHKyMe
pPacCMOTPEHBl TEOPETUYECKHE AaCHEeKThl M MPUBEACHbl PEKOMEHJALUUU 110
IPaKTUYECKOMY MPUMEHEHUI0 U Pa3padOTKe MHOTOMOTOYHBIX NPHIIOKEHUN Kak
OJHOM M3 (opM peanusanuu napauienu3ma. PaccMOTpeHbl pa3inyHbIE ACTIEKThI
IIOCTPOEHUSI BBICOKOPOIIU3BOAMTENBHBIX MPWIOKECHUM, OPUEHTUPOBAHHBIX Ha
MCITOJIb30BAHUME B MHOTOIIPOLIECCOPHBIX M MHOTOSIIEPHBIX cucTeMax. M3noxenne
MaTepHuasa BeIeTCs ¢ IPUMEHEHUEM IIPUMEPOB HA OCHOBE UCXOHBIX IIPOrpaMM Ha
s3pike C#. Bpibop s3pika u  texnonoruu NET Framework ompenensercs
HAIpaBJIEHHOCTBbIO Ha OBICTPOE OCBOEHHE MPUHLUIIOB MPOrPAaMMHPOBAHUS C
UCIIOJIb30BAaHUEM  TMOTOKOB.  JlabopaTOpHBIM  NpPakTUKyM  BKJIOYaoT 9
nabopatopHbix paboT. CTpyKTypa Kaxkaod U3 pabOT COCTOMT M3 KpPaTKOro
TEOPETHUYECKOr0 Marepuana, HEOOXOJIMMOIo [Uisi €€ BBINOJHEHUS; METOIUKU
BBINIOJIHEHUS 3aJaHMsl, OCHOBAHHOIO HAa JaHHOM TEOPETHMYECKOM MaTepuale;
WHIUBUYAJIbHBIX 33JaHUI JJIs BBIITOJIHEHHSI U KOHTPOJIBHBIX BOPOCOB.

ABTOp:

KaHJ. TexH. HayK, AoueHT E.!U. Huko.s1aeB
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BBEJIEHUE

Pa3zBuTre nHGOPMAIIMOHHBIX TEXHOJOTUN MOPOXKIAET HOBBIC allapaTHbIE U
MpPOTrpaMMHBIE  APXUTEKTypbl  WHGOPMAIMOHHBIX  CHCTEM.  YBEIWYEHU
MPOU3BOJIUTEIIBHOCTH CEPBEPOB HE OTPAHUUYMUBAETCA POCTOM TAaKTOBOM YACTOTHI
MPOLIECCOPOB  — O3TO TMPOILIECC MHOTOKOMIOHEHTHBIA: OCHOBHYIO pOJIb B
YBEIMYCHUH TPOW3BOIUTEIHPHOCTH WH(MOPMAIIMOHHBIX CHUCTEM HIPAIOT HOBBIE
KOHIIENITYyaJIbHbIE CXEMbI B3aUMOJICUCTBUS BblunciauTene. [Ipu 3Tom yuntsiBaeTcs
XapaKTep BBIYMCIUTENS: y3€J KiacTepa, MpoIeccop, AIpo, aOCTPaKTHBIM Kiacc
3a/laud WM 1oToka. Kaxaoe HampaBieHUE TOPOXKIAET IIeJible CeMEeCTBa
TE€XHOJIOTUI MOCTPOEHUS BBICOKOIIPOU3BOAUTENBHBIX BHIYUCIUTEIBHBIX CUCTEM.

Pazpabotunky  MHGOPMAIMOHHBIX  CHCTEM  JOCTYIHBI  CJICAYIOIIUE
TEXHOJOTMHA  JUIsl ~ TOCTPOEHHsS  MapajuleibHBIX WM PAacHpelesIeHHBIX
BBIYUCIIUTEIbHBIX CUCTEM:

— BBIYHCIUTENBHBIE CHUCTEMBI C OOIIEN maMsIThlO; COOTBETCTBEHHO
MPOTrpaMMHBIE CUCTEMbI OPUEHTUPOBAHHBIC HAa pabOTy B TaHHOW MOJIEIIH;

— BBIYUCIUTEIbHBIE CHUCTEMbI, OPUEHTUPOBAHHBIE Ha PabOTy B MOJEIHU
pacrpeie]IeHHON NaMsIThIO U MPOrPAMHHBIE KOMIIOHEHTHI TAHHOW apXUTEKTYPHI;

— KJIACTEPHBIE TEXHOJIOTUU;

— BBICOKOIIPOU3BOJUTEIBHBIE CUCTEMBI, MPOTPAMMHBIM SAPOM KOTOPBIX
SIBJISTFOTCSI Oa3bl TAHHBIX;

— BBIYHUCIUTEIBHBIC CHCTEMbI, OCHOBAaHHBIE Ha rpadUIECKUX MPOIIeccopax;

— TpOrpaMMHBIE KOMIUIEKCHl (DYHKIMOHUPYIOIIME B MHOTO33/JIauHON U
MHOTOMIOTOYHOU CPEIE.

JlaHHbIE HampaBJEHUS HE MCUEPIBIBAIOT BCEX COBPEMEHHBIX IOAXO0B
MOCTPOCHUSI  BBICOKOTIPOM3BOJIUTEIBHBIX CHCTEM, HO OO0pa3ylT TpPYIIIbI
TEXHOJIOTUUECKUX PEIIeHUH, PACCMOTPEHHE KOTOPhIX W paboTa C KOTOPHIMHU
MO3BOJISIET M3YYUTh W MOJIYYUTh MPAKTHUUECKUI OMNbIT B cdepe pr3paboTKu U

MMOCTPOCHUA BBICOKOIIPONU3BOANTCIIBHBIX NCTCM.
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JIABOPATOPHAS PABOTA 1. IPUMEHEHUE JAEJEI'ATOB

1. lleaun u 3agaun

[lenr maGopatopHOil pabOTHI: H3YYUTh BO3MOXKHOCTH TPUMCHCHHS
neneraTtoB B sa3bike CH.

3amaun 1abopaTopHOM paObOTHI:

— OCBOUTD MPHUHIIHUIIBI pa0OTHI C JeJIeraTaMu;

— OCBOUTH OCHOBHBIC HAMPABJICHUS IPUMEHEHUS JIEJIETaToB;

— U3YUYUTH CIIOCOOBI MCITOJIB30BaHMS ACJIE€raToOB COBMECTHO C ITIOTOKAMMH.

2. Peasinzyemble KOMIIeTEHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX
KOMITETCHIIWM:

[IK-4 — CmnocobeH OCYIIECTBIATh MPOEKTHYIO  JEATEIbHOCTh B
npodecCUOHAIbHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJ]a, BBIOUpATh
METOJ/IOJIOTHIO TIPOSKTHPOBAHUS OOBEKTOB TPOHECCHOHATBLHOW ACSITEIBHOCTH,
CTPOUTh ¥ WCIIOJIb30BAaTh MOJIETH, OCYIIECTBISATh WX KAUYEeCTBEHHBIH W
KOJIMYECTBCHHBIN aHAJIN3;

[IK-5 — CnocobGeH ocymiecTBISATh pa3pabOTKy, peaju3alyi0 U OLEHKY
3G (HEKTUBHOCTH TIPOEKTa, KOHTPOJH COOTBETCTBUS TMpEIaraeMbIX perieHui
TpeOOBAHMIM CTAaHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIIMH, TPOBOAUTH TEXHUKO-
HKOHOMHUYECKOE 0OOCHOBaHME L1€JecO00pa3HOCTH pa3pabOTKU MPOEKTa;

I[IK-7 — CnocobGeH ocyliecTBIATh pa3padOTKy, KOHTPOJIb KadecTBa,
BHEJIPEHUE U COTMPOBOXKICHIE HH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IIPONU3BOACTBC.

3. TeopeTnueckoe 000CHOBaHUE



2.1 Ha3HaueHue TUIIOB JEJIEraToB

Jleneratsl mpenHa3HA4YeHbl U1l CUTYyallMii, KOTJa HYXHO TepenaTb METOJ]
apyromy Metopny. beIBatoT ciydyau, Koraa METOy HoTpedyercs oOpallleHHe K
JIPYroMy METOAY, HO OMPENEINTh K KaKOMy MMEHHO Ha 3Tare KOMIWJISIUU HE
MPEACTABIACTCS BO3MOXHBIM. JTa HH(OpMalUs JIOCTYNHA TOJBKO BO BpeMs
BBITIOJIHCHHS, a TOTOMY JOJDKHA OBITh TIEpeIaHa IEPBOMY METOJY B BHIIC
napameTrpa.

[Tono6GHOE MOBeIeHE CBOMCTBEHHO B CIEAYIOIIUX CIIydasiX:

1. 3anyck motokoB u 3amad. B C# cymiectByeT BO3MOXKHOCTh COOOIIUTH
KOMITUJISITOPY, YTO HYKHO 3allyCTUTh HEKOTOPYI0 HOBYIO MOCJIEIOBATEIHLHOCTD
UCIIOJIHEHHSI TapaJyIelbHO TOW, 4YTO padoTaeT B JaHHBIA MoOMeHT. Takas
MOCJIEIOBATEIbHOCTh ~ Ha3biBaeTcsi  moTokoMm  (thread), a ero 3amyck
OCYIIECTBJISIETCS. C MOMOIIbI0 MeToja Start ogHOro u3 0a30BBIX KJIACCOB —
System.Threading. Thread. Eciu kommbriotepy cooOiiaercss 0 HEOO0XOIUMOCTH
3aIycKka HOBOW IOCJIENOBATEILHOCTH HCIOJNHEHHUS, TO TaK)Ke HYXHO COOOIIHUTH,
OTKyJla MMEHHO €€ CJIIyeT HadaTh, T.C. BBI30B KAaKOTO METOJa JODKCH ¢
3anyckatb. Jlpyrumu cinoBamu, wmeton Thread.Start () momkeH mOMy4YUTh
napameTp, KOTOPbIH yKa3bIBaeT METO/, MOJICKAITUN BEI30BY MTOTOKOM.

2. O06o06meHHbIE OMONMMOTEUHbIE KacCchl. MHOTHMe OMOIUOTEKH coaepKaT
KOJl JUIsl BBITIOJHEHUS PA3HOOOpa3HBIX CTaHAAPTHHIX 3amad. OOBIYHO Takue
OMOMMOTEKH MOTYT OBITH CaMOJOCTATOYHBIMH — B TOM CMBICIIE, YTO TPU HUX
HAITMCAaHWW BBl TOYHO 3HAETe, KaK CCAyeT pemarh 3aaaun. OHaKo WHOTIA 3a/1a49a
MOXET BKJIOYaTh TMOJ3a/adyy, O KOTOPOM 3HAET TOJBKO WHIWBUIYATbHBIN
KIIMEHTCKUM KOJI, HCHOJB3YIOMUM 3Ty Oubamorexky. Hampumep, Ttpebyetcs
HaMMcaTh KJacC, MPUHUMAIOIIMNA MacCHUB OOBEKTOB W COPTUPYIOIIMA WX TIO
BO3pacTanuto. YacTeio mporiecca COPTUPOBKU JOJDKHO OBITH  MOBTOPSIIOIIEECS
CpaBHEHHUE JIBYX OOBEKTOB U3 MAcCCUBa, YTOOBI ONMPEEIUTh, KAKON U3 HUX HYKHO

pPacmoJIOKUTh TEpBBIM. Ecim HeoOXomuMo o0ecnednTh KIIAcCy BO3MOXKHOCTH
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CpaBHUBAThH JIIOObIE OOBEKTHI, TO OH HE MOXET 3HATh 3apaHee, KAaK BBIOJHSITH
TaKW€ CpaBHEHUS. TONBKO KIMEHTCKMWA KOJI, HMCHOJB3YIOIIUM KJIACC, MOMKET
COOOIIUTh €My, KaK CJIEAyeT BBHINOJHATh CPABHEHUE KOHKPETHBIX OOBEKTOB,
MAacCHB KOTOPBIX HEOOXOIWMO OTCOPTHUPOBaTh. KIMEHTCKHI KO JOJIKEH
nepeaaTh BamieMy KIAacCy MOAPOOHOCTH OTHOCHTEIBHO TOTO, KAaKOH METOJ
BBI3BATh JIJIs1 BBHITIOJIHEHUSI CPABHEHUSI.

3. CoObiTus. ['maBHas uaes 34€Ch COCTOUT B TOM, YTO YACTO MPUXOIUTCS
UMETh JIeJIO C KOJAOM, KOTOpPBIH JIODKEH OBbITh NPOUH(GOPMHUPOBAH O
BO3HMKHOBEHUU KaKUX-TO CcoObITui. B mporpammupoBanuu rpaduueckoro
uHTEepdeiica MoJb30BaTeNii MOJHO NOoA00HbIX curyauuid. Korma coObiThe
MPOUCXOJIUT, HMCIOJHSAONIAS CpeAa JOJDKHA 3HATh, KaKOW METOJI HEOoOXOJIUMO
BbI3BaTh. OJTO JelaeTcs Tnepegadeil meroay, oOpalaTbhIBaroIIeMy COOBITHSA,
napameTpa-jenerara.

Kak u B cinyuae kjaccoB JUisl MCHOJB30BAaHMS JeieraTa, ero HeoOX0IuMo
3apaHee 00BsABUTh. CUHTAKCUC OOBSBICHUS MEJIETaTOB BBITJISAUT CIACAYIOIIUM
obpazom:

delegate <mun eo3zépama> Hms muna oenecama ([napamempui))

Hanpumep:
delegate void irstDelegate(int pFaram);

B nmanmHOM mpuMepe ompenensercs Jeierar, OAK3eMIUISp KOTOPOTo
MPUHUMAET OJIMH TapaMeTp TUIa int ¥ BO3BpaIaeT 3HauyeHue Tumna void.

Eme HCCKOJIBKO IIPUMCPOB 00BSABICHUS JACICTraToOB:

delegate int Summ (int a, int v);
delegate string ConverterFromFloat (float D);

=

delegate i Vector({int a, int b, int c);
delegate i

Cnengyer TOHHMMAaTh, YTO TpH OOBSBICHHWM JejeraTa C HCIOJIb30BaHUEM
KJIFo4eBOro cjoma delegate dhakTudecku co3AaeTCsl CHEUATU3UPOBAHHBIN KJlacc.

Jlenerathl cO3MarOTCs KaK KIAcChl, yHacuemoBanHbie oT System.MulticastDelegate.



delegate string GetaAString();
class Program
i

static woid Main(string[] args)

int x = 48;

// nepemennas firstStringMethod
//MHMUManMsSHpyeTCAa 3HaueHWem X.ToString(),
GetAString firstStringMethod = new

= .

setAString(x.ToString);

Iy I'IIZIHBE'.EI.E'HH:*"::I onepaTop 3EKBMBANEHTEH ChNegyHgeMy .

/f Console.WriteLine("Crpoxa paswa " + x.ToString ());
Console.WriteLine("CTpoka pasua " + firstStringMethod());

)
[TpumeHneHrne ckoOOK K 3K3EMIULIpY JeseraTa 3TO BCE PAaBHO YTO BBI3OB

Metoza Invoke (), TO €CTh CleAyIONIME CPOKHU BHITIOIHSIOT OJTHO U TOXKE JIEUCTBHUE:
firstStringMethod ( );

firstStringMethod.Invoke ( );

UToObl COKpAaTUTh KOJ, B KaXJOM MeCTe, [Ae TpeOyercss HK3eMILLp
Jienerara, MOXKHO TMPOCTO TepefaTh UMs ajpeca. ITO Ha3bIBACTCS BHIBEICHUEM
nenerata (delegate inference). OT1o cpencrBo C# paboTaeT 10 Tex MOp, IMOKa
KOMITUJISITOP CIIOCOOEH pa3peninuTh dK3eMIUISp Jenerata B crenuduueckuit tum. B
npeabiaymeM npumepe nepemeHHas firstStringMethod Tuna GetAsString
VMHULMAJIU3UPYETCS] HOBBIM 3K3eMIUIsipoM aenerara GetAsString:

GetAString firstStringMethod = new GetAString(x.ToString);

Cnematb TO K€ camMoOo€ MOXHO, TPOCTO TepelaB IMepeMEeHHOU
firstStringMethod nmMs MeTonia B mepeMeHHoOM X:

GetAString firstStringMethod = x.ToString;

B o6oux cnydasx xommuiusatop C# co3gaeT OAWH W TOT K€ KOJ.
Kommunsarop oOHapyxkuBaer, 4to Tum jaeinerara tpedyercs firstStringMethod,
MOATOMY CO3JaeT IK3eMIUIsIp Aenerara tuna GetAString u nepenaeT KOHCTPYKTOPY
aJpec MeTo/1a B 0OBEKTE X.

OueBHIHO, YTO JOMHUCHIBATh KPYTJIbIE CKOOKHU MpH TMeperade MMEHH METo/1a

HCOOITyCTHUMO.
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DK3eMIUISIp JieJierata MOXKET CChUIaThCsl Ha JIOOOW METOJ — YPOBHS
AK3EMILISIPA WM CTAaTUYECKHUN — JIF000OT0 00BEKTA JIIOOOT0 THUIIA, €CJIM CUTHATypa

9TOTr0 MCTOAA COBIIAAACT C CHFHaTypOfI JcJcrara.

2.2 Jleneratel Action<T> u Func<T> oubmuoreknu .NET Framework.

BwmecTo onpenenenus HOBOTo THMA JiejieraTta ¢ KaXKIbIM THIIOM ITapaMeTpa U
BO3BpaTa MOXHO HCMOJB30BaTh neneratbl Jlemerater Action<T> u Func<T>.
O6o06mennbit nenerat [eneratel Action<T> mnpegHasHadyeH JIs CCBUIKM Ha
METOJI, BO3BPAILAIOIINN MIIIIB. DTOT KJacc JiejieraTta CyIIeCTBYET B Pa3IMYHBIX
BapHaHTaX, TaK 9TO €My MOKHO IepeaaBaTh A0 16 pa3HBIX THIIOB ITapaMETPOB.

Knacc Action 0e3 00001IeHHOrO0 THapameTpa MpeaHa3HAuYeH IS BBI30BA
MeTOJ0B 0e3 mapaMeTpoB, Action<in T> — nns BbI30Ba MeTOAa C OJHUM
napameTtpoM, Action<in T1, in T2> — 154 BeI30Ba MeTOAa C ABYMS IMapaMeTpaMu U
Action<in TIl, in T2, in T3, in T4, in TS5, in T6, in T7, in T8> — mys BeI30Ba MeTO1a
C BOCEMBIO ITapaMeTpamHu.

Heneratel Func<T> MoOryT HCIOIB30BaThCA aHAJOTHYHBIM 00pa3om.
Func<T> mno3BoJisieT BhI3bIBaTh METOJIBI C TUIIOM Bo3Bpata. [logobHo Action<T>,
Func<T> onpenenen B pa3HbIX BapHaHTax Ui repenadu 10 16 TunoB napaMmeTpoB
Y THIIa BO3Bpara.

Func<out Tresult> — Tum menerara s BBI30Ba METOJa C TUIIOM BO3Bparta,
HO Oe3 mapamerpoB, Func<int TI, out TResult> — ngng1 meToma ¢ omgHUM
napamerpoM, a Func<in TIL, in T2, in T3, in T4, out TResult> — mna meTona ¢

YETHIPbMS [TApaMETPaAMH.

2.3 JIambna-BeIpaykeHUs

Haunnas ¢ C# 3.0, pgocrynmeH HOBBIA CHHTAakCHC [UIsi HAa3HAYEHUS
peanm3anMi  KoAa JereraraMm, Ha3biBaeMbld JiaMOma-BeipakeHusiMu  (lambda
expression). JIsmMOma-BeIpaK€HUsI MOTYT MCIOJb30BaThCsl Be3le, TIAE€ €CTh

napaMeTp Tuma jaenerara. Huke mokaszaH Npenplaylinii OpuMep, B KOTOPOM
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INPpUMCHAJINCh AHOHHWMHBIC MCTO/EI, aI[aHTI/IpOBaHHHﬁ JJIA HCIIOJIb30BAHUA

JAIMOAa-BBIPAKEHUS.

static void Main(string[] args)

{

: string mid = ", cpegHaa vacTe,";

: Func<string, string> lambda = param =»

S |

E param += mid;

: param 4= " a 3To gobasnexo x cTpoke.";

E return param;

b

E Console.WritelLine(lambda (“Hauano cTpoxw"}) ;
b

[Tpu ucnonb30BaHUU JIMO1a-BbIPAXKEHUM CYIIECTBYET HECKOJIBKO CIIOCOOOB
onpeneneHus napameTpoB. Eciau mapamerp oIuH, TO JOCTaTOYHO €ro MMeHu. B
clieqyromeM JAMOJa-BbIpa)KEHUN MCIONB3YeTCs IapaMerp IO HMEHHU  S.
[Tockonpky THN Aenerata ompenesseT mapamerp string, To s UMeeT THH string.
Peanuzauus BwI3bIBaeT MetoA String.Format () s Bo3Bpara CTpOKH, KOTOpasi B
KOHEYHOM HTOr€ BBIBOJUTCS Ha KOHCOJb IIPU BBI30BE J€Jerara — HU3MEHEHHE

peructpa TeKCToBOM CTpOKH « TEST»:

static veoid Main(string[] args)
i
' Func<string, string> oneParam = s
: => String.Format("wzmexHenvwe peructpa {0}",
5.ToUpper());
Console.WriteLine(oneParam("test™));

}

Ecau nmenmerat mcmoisib3yeT Oosiee OJHOTO MapameTpa, MMEHa IapaMeTpOB
MO>XHO KOMOWHHPOBaTh BHYTpU CKOOOK. Hike mpencraBieHbl mapamMeTphl X Uy
tumna double, onpenenennrie aenerarom Func<double, double, double>:

static woid Main(string[] args)

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

Console.Writeline(twoParams (18, 2));

}
Jlnst ynoOcTBa K MMEHAM TIEPEMEHHBIX BHYTPH CKOOOK MOKHO JT0OaBIISTh

THUIIBI ITIApaMETPOB:
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static wveid Main(string[] args)
{
Func<double, double, double> twoParamsWithTypes =

(double x, double y) => x * y;
Conscle.Writeline(twoParamsWithTypes(188, 2));

}

Ecimn nsamOpa-BeIpakeHHE COCTOMT M3 €IWHCTBEHHOTO OTepaTopa, OJIOK
MeToma C (UrypHBIMH CKOOKaMH | OMEpaTopoM return He TpeOyroTcs.
Komnusitop mo6aBmisieT return HEIBHBIM 00pa3oM:

Func<double, double> square =
o= oK Y ox;

MoxHO 100aBUThH (UTYypHBIE CKOOKH, OTIEpaToOp return U TOUKY C 3amsiTOM.

[IpocTo 0OBIYHO JIeTYe YUTATh KOJ 0€3 HUX:

Func<double, double> square =
N =>
1
return x * x;
¥
Ho ecmm HY>KHO BKIIIOYHUTH B PCAIN3aIlHUIO J'IHM6I[3-BBIpa)KeHI/IH HECKOJIBKO

OTIepaToOpOB, TO (GUTYpPHBIC CKOOKHU U OomepaTop return o0s3aTeIbHBbI:

static void Main(string[] args)
: string mid = “"Hadanoc cTporwn”;

Func<string, string: lambda = param =»

i param += mid;

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

4. O0opyoBaHHe U MATEPHAJIBI

JIJiss BBITIOJTHEHMS JTAOOpPATOPHOH pPabOThI PEKOMEHAYETCS HCIOJIb30BaTh
NIEPCOHAIBHBIN KOMIBIOTED CO CIEAYIONUMH IPOTPAMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpaTh OJWH MM HECKOJBKO TPOTPaMHBIX TMPOJYKTOB IS
MPAKTUYECKON peann3ariuu 3aad jaboparopHoit pabotsl): MS Visual Studio 2015

u BhllIe; cpena pazpadbotku Java (Eclipse, NetBeans).
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5. Yka3aHus no TexHuke 0e30MacHOCTH

CTyaeHTBI TOJDKHBI CJIEI0BATh OOMICIPUHITON TEXHUKE O€30MacHOCTH IS
NOJI30BATENE MEPCOHAIBHBIX KOMIbIOTEPOB. He cremyeT caMOCTOSTENBHO
MPOU3BOJAUTH PEMOHT TEXHUYECKHX CPEICTB, VYCTAaHOBKY M  YyJaJeHHE
nporpaMMHOro ooecneueHus. B ciiyyae oOHapyXeHUsI HEHCIpPaBHOCTEH
HEOOXOAUMO COOOHIUTH 00 ATOM aJMHUHUCTPATOPY KOMIIBIOTEPHOTO Kilacca

(0Ocmy)uBaoIIeMy MTEPCOHAITY JTA0OPATOPHH).
6. MeToanka v NOPSAIOK BbINOJTHEHHUS Pa0d0ThI
1. Coznaiite mpunoxkenue C# B cpene MS Visual Studio.
2. B CcOOTBETCTBUM C BapUAHTOM HHAUBHUAYAJIHHOTO 3a/JaHMs PeaU3yuTe
MOJIB30BATEILCKUN THIM Jiejerata TpeOyeMOoW CHUTHATYypbl W BBITIOJIHUTE C €T0

HCIIOJIb30BaHUEM BBI30B HECKOJIBKUX METOJIOB (C KOPPEKTHOW CUTHATYPOM ).

NuauBuayanbHOE 3a1aHKE.

Bapuant Jlenerar (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>
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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<I[Enumerable<T>>, int> : T object
25 Action<Func<int, int, int>, string>

7. Coagepxanue or4yera u ero popma

Otuert 1o 1abopaTopHON pabOTE AOTKEH COACPIKATH:

1. Homep u Ha3Banue mnabopaTopHOl pabOThI, 3amauu J1aOOpaTOPHOU
paboTHI.

2. Peanu3zanus Kaxa0ro nmyHKTa nojpasaena « M HauBuayaapsHOE 3a1aHue» C
MPUBEJCHUEM HCXOJIHOTO KOJla TMpOorpaMMbl, auarpaMMm u rpaduKoB s
BU3yaJIN3allM TaHHBIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOIIPOCHI.

4. Dxpanabie GopMbl (KOHCOTBHBIM BBHIBOJ) U JIUCTUHT MPOTPAMMHOTO KOJ/Ia
C KOMMEHTApHUSIMHU, MOKA3bIBAIOIINE MOPSIOK BBITIOJHEHUS Ta00paTOpHOI paboTHI,
U PE3YJbTAThI, HOJIYYEHHBIE B X0/1€ €€ BBIMOJHEHMUS.

OTyeT o BBINOJHEHUU Ja0OPaTOPHON PabOThI MOAMUCHIBACTCS CTYJEHTOM U

CaeTcsl MPenoaaBaTelo.
8. Bonipoce! 1151 3aUThI pa0d0ThI
1. Uto takoe Tun pgenerara? Kakoil aHajor Tuma Jenerara CyIIECTBYET B

C++?

2. OnumuTe OCHOBHEIC HarpaBJICHUA UCIIOJIb30BAHUA ACJICTATOB.
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3. Kakme wmexanm3mbl TtexHosorun Windows Forms peanu3oBanbl ¢
HCIIOJB30BaHHUEM JI€JIETaTOB?
4. Ilns yero mpemHasHadeH TN Action<T>? UYem oH oTiau4aercs OT
Func<T>?

5. YUeM 1OIB30BATEILCKHUE AEJIETaThl OTJIIMYAIOTCA OT OMOINOTEYHBIX ?
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JIABOPATOPHAS PABOTA 2. IPUMEHEHUE ACUHXPOHHBIX
JAEJEI'ATOB J1JId PEAJIM3AIIMA MHOI'OITIOTOYHOCTH

1. eas u conep:kanue

[lenp nabopaTopHOil pabOTHI: HAYYUTHCS HCIOIB30BATH JIEJCTAThl IS
OpraHU3alud MHOTOIIOTOYHOTO TIPHIIOKEHHUS.

3anaun 1abopaTopHO pabOTHI:

— HAy4YUTbCS OOBSIBISATh, MHHUIMAIU3UPOBATH W 3aIyCKaTh IOTOKUA C
WCITOJIb30BAaHUEM TT0JI30BATEIIBCKUX JICTIETaTOB;

— HAy4HUTbCS 3alyCKaThb TOTOKU C HCIOJIb30BAHUEM OUOJIMOTEUHBIX
neneraroB Action<T> m Func<T>;

— HAYYUTHCS 3allyCKaTh MapajlieibHble TOTOKH C UCTIOJIb30BaHUEM JIsIMO 1a-

BBIPAKCHUM.

2. Peanm3yemble KOMIEeTEHIIUN

JlabopatopHass paboTra HampaBieHa Ha (OPMHUpPOBAHHE CIIEIYIONIUX
KOMITETEHIINN:

I[IK-4 — CnoocobeH  OCYyHIECTBISATh MPOEKTHYI  JIEITEIIBHOCTh B
npodecCHOHAIBHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJla, BBIOMpATh
METOJ/IOJIOTHUI0 TIPOSKTHPOBAHUS OOBEKTOB TMPODECCHOHATBHON JESITEIBHOCTH,
CTPOUTh ¥ WCIIONB30BAaTh MOJEIH, OCYIICCTBIATh WX KA4YCCTBCHHBIA U
KOJIMYECTBECHHBIN aHAIN3;

IIK-5 — CrnocobeH ocCylIeCTBIsATh pa3pabOTKy, pealu3aluio U OIECHKY
3G ()EKTUBHOCTH TIPOEKTa, KOHTPOJb COOTBETCTBUS TMpEIaraéMbIX perieHui
TpeOOBAHMSIM CTAHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIlMU, TMPOBOAUTH TEXHUKO-

SKOHOMHYECKOE 000CHOBAHUE HGJICCOO6p8,3HOCTI/I p3.3pa6OTKI/I ITPOCKTA,
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[IK-7 — CnocobeH ocymecTBIsITh pa3pabOTKy, KOHTPOJb KadecTBa,
BHEJIPEHUE U COTIPOBOXKICHUE HH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IMPpONU3BOACTBC.

3. TeopeTruueckoe 000CHOBaHME

Haubomee mpocTehiM cmocoOOM uisi  CO3JaHUSI  TOTOKA  SIBISICTCS
OTIpeJIeJICHHE JielieraTa U €ro BBI30B acCMHXpOHHBIM oOpaszoM. Kiacc Delegate
MOJJICP)KUBAET U BO3MOKHOCTh aCHMHXPOHHOTO BBI30Ba METOJOB. [[si perneHus
MOCTaBJICHHOM 3a7aun kiacc Delegate co3maer oTAeIbHBIN MOTOK.

UT0oOBI TOCMOTPETH B IEUCTBUM HA aCUHXPOHHBIE BO3MOXKHOCTH JIEJIETaToOB,
CHaJaJla Hy»KHO CO3/JaTh METOJI, BBITOJTHCHHE KOTOPOTO 3aHUMAET OMpPEIeIICHHOES
Bpems. Hampumep, nuxe nokazan meton TakesAWhile (), koToperit Giaromaps
BbI30BY Thread.Sleep( ) BBINMOMHSIETCS MUHUMYM CTOJIBKO BPEMEHH, CKOJBKO B

MWUIMCCKYHAAX 3a/laHO BO BTOPOM apryMcCHTC.

static int TakesAWhile(int data, int ms)

{

Console.Writeline("TakesAWhile sanymen™);
Thread.Sleep(ms);
console.WriteLine("TakesAWhile sasepuwen”™);
return ++data;

}

Yto0Onl 00ecmeunTh BBI30B OTOI0 METOJAa M3 Jielierara, ITOHAJI00uTCS

OIIPpCACINTDb THUII ACJICTaTa C TEM € CAMBIM IIapaMCTPOM U BO3BpaAIlaCMbIM THUIIOM:

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

Teneps MOXHO NMMPUMEHSATH Pa3IMYHbBIC TIPUEMBI JIJIT aCHHXPOHHOTO BBI30Ba
JTAHHOTO JIeJieraTa ¥ BO3BpaTa pe3ybTaToB.

OpgHUM W3 TakuX TMPUEMOB SBJISETCS ONMPOC M TPOBEpPKa, 3aBEPIIUI JIH
neneratr cBoro pabory. Co3manHblii kjacc delegate mpemocTaBiseT MeETON
Beginlnvoke (), B KkOTOpoM MOTYT TmepenaBaThCsi BXOIHBIC TMapameTpHl,
ompeJiesIeHHbIe BMeCTe ¢ TUroM Jenerata. Meton Beginlnvoke () Bcerma umeer

JIBa JTOTIOJHUTENbHBIX mapamerpa tuma AsyncCallback u object, kotopeie OyayT
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paccMaTtpuBathes noske. Ceifuac riIaBHBIA UHTEPEC MPEICTABISICT BO3BPALIACMBbIit
tun meronga — IAsyncResult. C momomisio IAsyncResult mMoxHO u3BIEKaTh
UHpOpPMAIIHIO O JeJieraTe M MPOBEPATh, 3aBEPIIMII JH OH CBOK paboOTy, 4YTO U
JTEMOHCTPUPYETCs B IpuMepe ¢ mpumeHenneM cpoiictBa IsCompleted. [ukn while
IPOJIOJDKACT BBITIOJHITHCS B TJIABHOM TIOTOKE MPOTPAMMBI JI0 TE€X TOp, IMOKa

Jiesierat He 3aBepIuT padoTy.

static veid Main(string[] args)
{
f{ CHMHXPOHHBIA BHSOB METOAA

/f TakeséWhileA, 3008);

.- ACHMHXPOHHMEA BMSOE METOO0A C NpHMEHEHWEM OEnNEraTa
akesAkt _-_:L:-_:;_=:|'.: dl = TakesAwWhile;

TAsyncResult ar = dl.BeginInvoke(l, 3888, null, null);

while (lar.IsCompleted)

/f BunonHeHWe ewe kaxux-HUOYOe CNEpauMid B TNEBHOM NOTOKE
Console . Write(".");
hread.Sleep(58);

}

int result = dl.EndInvoke(ar);

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

}

Ilocne 3amycka 3TOro IPUIIOKEHHUS MOKHO YBHUJIIETh, UTO TJIABHBIM IMOTOK U
MOTOK JieJieraTa BINOJHSAIOTCS NapajijIesibHO, a OCIIE 3aBEPIICHHs padOThI MOTOKA
JiefieraTa TJIaBHBIM MMOTOK MPEKPAIIAET MPOXOJ MO IUKIY. ECIM riaBHBIA MOTOK
3aBeplIaeT BBINOJHEHHE, HE JO0XKHUAAACh 3aBEpLIEHHUs] padoThl Jejerara, MOTOK
JiesieraTta OCTaHaBIIMBAETCHL.

B nmanHOM pasjaene METOAWYECKHUX YKA3aHUM PACCMOTPEH CaMbId MPOCTOU
METOJ 3aIlyCKa METOJa B OTAEJIIBHOM IOTOKE — C MCIIOJIb30BaHUEM ACHHXPOHHOIO
aenerata. PaccMOTpeH Takke MEXAaHU3M IIepeladd IapaMeTpoB B IMOTOK,
BBIIIOJIHAEMBII MapajuIeNIbHO (aCHHXPOHHO); BO3BpaT pe3yjibTaTa U3 aCHHXPOHHO
BbINIOJIHAEMOro Metoga. HeobOxomumMo o0patuTh BHUMaHUE Ha peaJu3allyio

MCXaHHU3Ma OKHUJAaHUA 3aBCPIICHUA pa6OTBI ACHHXPOHHOI'O MCTOA.
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4. O6opynoBaHMe U MATEPHAJIbI

Jlis BBIIONHEHUST JTaOOpaTOpHOW PabOTHl PEKOMEHIYeTCs HMCIOIb30BaTh
MEPCOHANILHBIN  KOMITBIOTEP CO CJACAYIOMHUMH POTPAMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpaTh OAWH WM HECKOJIBKO MPOTPAMHBIX MPOMYKTOB ISt
MPaKTUYECKON pean3aliuu 3aj1ay jadboparopHoii pabotsl): MS Visual Studio 2015

U BhIIIE; cpena pazpabotku Java (Eclipse, NetBeans).

5. Yka3anug nmo TexHuke 0e30macHoOCTH

CTyAeHTBI TOJDKHBI CJIeI0BAaTh OOMICIPUHITON TEXHUKE 0€30MacHOCTU st
MOJIb30BaTENIe TMEPCOHAJIBHBIX KOMIBIOTEPOB. He crieayer camMoCTOSTENBHO
MPOU3BOJUTH PEMOHT TEXHUYECKHX CPEJICTB, VYCTAHOBKY U  YJaJCHHE
nporpaMmMHOro obOecrieueHusi. B ciyyae oOHapyKeHUs HEHCHpaBHOCTEH
HEOOXOJMMO COOOIMUThL 00 HSTOM AIMUHHCTPATOPY KOMIIBIOTEPHOIO Kjacca

(0Ocmy)uBarIIEMy MTEPCOHAITY JIA0OPATOPHH ).

6. MeToanka ¥ NOPs1IOK BHINOJIHEHUS Pa00OThI

1. Coznaiite npunoxkenue Ha si3bike C# B MS Visual Studio.

2. B COOTBeTCTBMM ¢ WHIWBHUAyaJIbHBIM BapHaHTOM pa3padoTaiiTe
TpeOyeMbIii TUN jaenerata (MOJIb30BAaTEILCKUM, OWONIMOTEYHBIA WU JISIMOJA-
BBIPAKEHHE).

3. PeanusyliTe = acCMHXPOHHOE BBIIOJHEHHE METOJa Ha  OCHOBE
pa3pabOTaHHOTO JiejeraTa ¢ BO3MOKHOCTBIO MOHUTOPHHTA TIPOIECCa BBITIOJTHCHUS,

nepeaadr mapamMeTpoB B METO/I M TIOJYyUYEHUs PE3ysIbTaTa padoThl METOIA.

NunuBuayanpHOE 3a1aHUE.
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BapuanTt

Tun nemerara

Pemaemas 3amaua (pe3yabTaT MeToa)

Bxonnsie
napameTpbl

I10JIL30BaTEIIHCKUM

MeToa BO3BpallaeT CyMMY 3JEMEHTOB
MaTpPUIIBI LIEJIBIX CITyYalHbIX YHUCET

JBa mapamerpa:
pasmep MaTpHUIIbI

OnOIMOTEYHBII

MCTOI[ BO3BpaliacT pasHunmy
MaKCUMAaJIbHOT'O )51 MHHHMAaJIBHOI'O
3JICMEHTOB MAaTpUIbl LEIbIX CquaﬁHBIX
YHUCCJII

JBa mapamerpa:
pasmep MaTpHUIbI

JISAM 6,Z[a-Bpr AXKCHHUC

Meton BO3BpAaIaeT JIOTUYECKOE
3HAYECHHUE, YKAa3bIBAIOIIEE CYLICCTBYET
U 33JaHHOE YHCIO B MAacCUBE LEJBIX
CIIy4alHBIX YUCEI

JBa mapamerpa:
pasmep MmaccuBa
u HMCKOMBII
AJIEMEHT

I10JIL30BaTEIILCKUM

Meton BO3Bpalaer MaTpuUIly
Cily4aiiHbIX OWUTOBBIX 3HaueHui (0 win
1), bopMupyemyro ciydaiiHbIM 00pa3oM

JlBa mapamertpa:
pa3Mep MaTpuLbl

OnOIMOTEYHBII

Merton BO3BpalaacT CTPOKY
MaKCHUMalIbHOM JJINHBI Ha OCHOBC
NEPCAAHHOI0 MaCCrMBa CTPOK

Onun mapamertp:
MacCHUB (vm
CIIMCOK) CTPOK

TsIMO1a-BBIPA’KEHUE

Merox  BO3BpamiaeT  MOJMHOXECTBO
3JIEMEHTOB MacCHUBa CIYYalHBIX YHCEIl,
KOTOpBIE JeNATCs Ha 3

Opun mapamerp:
pasmep
UCXOJHOIO
MaccuBa

OJIb30BATEILCKUN

Meton BO3BpaliacT 4YMCJI0 — KOJIUICCTBO
9JICMCHTOB IIPUCYTCTBYIOIIIUX B oboux
MacCuBax CJ'Iy‘I&fIHBIX YHUCCJI.

JBa mapamerpa:
pa3Mepsbl
MaCCHBOB

ONOJIMOTEYHBIN

Meron BO3BpaIlaeT cpenHee
apuMeTUYECKOe DJIEMEHTOB MAaTPHUIIbI
CITy4aifHBIX YHCEIL.

JBa mapamerpa:
pa3mep MaTpULbI

TIMOJT1a-BBIPAYKEHUE

Meron BO3Bpallaer pe3yabTaT
Qg poBaHus CTPOKH: KaXKJIbIN
HCXOI[HI;IfI CHUMBOJI CTPOKH 3aMCHSCTCA
P pPOBaHHBIM CHMBOJIOM, KOJ
KOTOpPOro Ha n 0OJbIlIe KOAAa UCXOAHOTO
CHUMBOJIA.

JIBa mapamerpa:
UCXOJHAs
CTpOKa,
cIBUIra n

YHCIIO

10

OJIb30BATEILCKUN

Meron BO3BpamiaeT CTaTUCTUKY JUIS
CTPOKH: CIHMCOK Iap (CHMMBOJ CTPOKH,
KOJIMYECTBO BXOXKJICHU)

Onun mapamertp:
aHanu3upyemas
CTpOKa

11

OUOIUOTEYHBIN

Mertox BO3BpaIllaeT
MaKCHUMAaJIbHOTO u
AJIEMEHTOB MaTPHUIIbIL.

pasHHIly
MUHUMAaJIbHOTO

JBa mapamerpa:
pa3mep MaTpULbI

12

TIMO1a-BBIPAYKEHUE

Meton  BO3BpamaeT  MOAMHOMXECTBO
AJIEMEHTOB MAaCCHBa CIIyYalHBIX YHCET,
KOTOpBIe SABIIAOTCA YCTHBIMU

OnuH mapamerp:
pasmep
HUCXOJIHOTO
MaCCUBA

13

I10JIb30BaTEIIbCKUM

Meron BO3BpaILaeT
HEYETHBIX  JJIEMEHTOB B
CIIy4alHBIX YUCET

KOJINYECTBO
MaTpuIe

JBa mapamerpa:
pa3mep MaTpUIbI
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14 ONOIMOTEYHBIHI Merox  BoO3BpamiaeT  MOJMHOXeECTBO | JIBa mapamertpa:
AJIEMEHTOB MAacCHBa CIIy4allHBIX YHCEN, | pa3Mep MacCuBa,
KOTOpBIE OTJIMYAIOTCA OT 3aJaHHOTrO | 3HAYEHOE YUCIIO
yucia He 0oJiee yem Ha 4.

15 JIMO1a-BBIPAYKCHUE Meron BO3BpalaeT norudeckoe | JIBa mapamerpa:
3HAUYEHME, YKa3bIBAIOIIEE CYIIECTBYET | CTPOKaA u
JIM 33IaHHBII CUMBOJI B CTPOKE HCKOMBIN

CHUMBOJI

16 OJIL30BAaTEIbCKUN Meron Bo3Bpamaer JBa uucia — | JIBa mapamerpa:
MaKCUMaJIbHbI€ 3JIEMEHThl MAaCCHUBOB | pa3Mephl
CIIy4aiHbIX YHCEIL. MacCHBOB

17 OnOIMOTEeYHBIH Meron BO3BpAIAET ckangpHoe | OquH mapamerp:
MIPOU3BEICHUE JIBYX CIIy4aliHBIX | pa3Mep BEeKTOPOB
BEKTOPOB.

18 nsMOnaa-BeIpaxkeHre | Metoj Bo3BpallaeT cyMMy AByX maTpull | [IBa mapamertpa:
CITy4alHBIX YUCEI pasmep MaTpuIl

19 T0JIb30BATEIbCKUN Meton BO3BpaIaer KonuuecTBo | J[Ba mapamerpa:
BXOXKJICHMM 3aJaHHOTO DJIEMEHTa B | MaTpHIla u
MaTpHUIIE BEIIECTBEHHBIX YUCEI I[EJIEBON DJIEMEHT

20 OMOIMOTEeYHBIN Meton  BO3BpamaeT — MmoAMHOXecTBO | OOuH mapameTp:
AJIEMEHTOB MAacCCHBa CIIyYaWHBIX YHCE, | pa3Mep
KOTOpBIE JeNATCs Ha 6 UCXOHOTO

MacCHBa

21 nsMOna-BeIpaxkenne | Meroa BO3BpaIaer pesynbTaT | OguH Mmapamerp:
CIOKEHHUSI JBYX CIIy4alHBIX BEKTOPOB | pa3Mep BEKTOPOB
L[EJIbIX YUCEIl

22 MOJIb30BaTEIbCKUN Meron BO3BpaIlaer KoJinuecTBO | /IBa mapamerpa:
BXOXKJIEHMM  3aJJaHHOTO CHMBOJIa B | CTpPOKa u
CTPOKE 11E€JIEBOM CUMBOJI

23 OMOIMOTEeYHBIN Meron  BO3Bpamiaer  MOJIMHOXeECTBO | JIBa mapamertpa:
YETHBIX 3JIEMEHTOB MaTpHILI | pa3Mep MaTPHUIIbI
CITy4aifHBIX YHCell

24 TIMOJ1a-BBIPAYKEHUE Meron BO3BpaIlaer cratuctuky | OIUH mapamerp:
MaccuMBa CIy4YalHBIX LENbIX YHCEN: | pa3Mep MaccuBa
CIIUCOK nap (uucno MaccuBa,
KOJIMYECTBO BXOXKICHUM)

25 MOJIb30BATENbCKUN Meron BO3BpalaeT noruyeckoe | JIBa mapamerpa:
3HaUY€HME, YKa3bIBAIOIIEE CYIIECTBYET | MaTpHIla u
JIM 3aIaHHBIA 3JIEMEHT B MaTPUIE YUCEN | HCKOMBIN
double JJIEMEHT

7. Cogep:xanue or4yera u ero popma

Otuet 1o 1abopaToOpHO pabOTe AOIKEH COACPIKATh:

1. Homep u Ha3Banue mnabopaTOopHON pabOTHI, 3amadyu JIaOOPaTOPHOM

padoTHL.
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2. Peanu3anus Kaxa0ro nyHkra nojapasaena « MuauBuayanbHoe 3a1aHue) C
NpUBEICHUEM UCXOJAHOTO KOJa TMpOrpamMMmbl, AMArpaMM U TpapuKoB a7
BU3YaJIU3al[UH JTaHHBIX.

3. OTBeTHl HA KOHTPOJIbHBIE BOIPOCHI.

4. Dkpanubie GOpMbI (KOHCOJIBHBINA BBIBOA) M JUCTUHT MMPOTPAMMHOIO KO/
C KOMMEHTAPHUSIMH, IOKA3bIBAIOIINE MOPSAOK BBINOIHEHUS JaOOPATOPHOI paboOThI,
Y PE3yJIbTaThl, IOJYyYEHHBIE B XOJ€ €€ BBIIOIHEHUS.

OTuer 0 BBINOJHEHUH JIAOOPATOPHON pabOThI MOAMUCHIBAETCS CTYJEHTOM H

CHacTCs IPCIIOAaBaTCIIIO.

8. Bonpocel 1u1s 3aUTHI pa00ThI

1. IlosicanTe HazHaueHnue tuna IAsyncResult.

2. JInsa gero ucnonb3yetcss Meto Thread.Sleep( )?

3. TlosicHute MexaHM3M BO3BpaTa 3HAYEHUS W3 METOJla ACHHXPOHHOTO
Jernerara.

4. Kak npou3BecTd BO3BpaT 0osiee OAHOTO 3HAYEHUS U3 MeToAa?

5. Kakas pasHuIla CyIIeCTBYeT MeEXAy OUOIMOTEYHBIMU JejieraTaMu,
MOJIb30BATEILCKUMU THUIIAMU JIETIETaToOB U JsIMOa-BeIpaKeHUAMU? SIBISIIOTCS Jn
ATU JeJieraThl B3aMMO3aMEHSEMbIMH MpPU pPEaTU3alMU ACMHXPOHHOTO BBI30BA

METOI0B?
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JIABOPATOPHAS PABOTA 3. O’)KNJAHUE 3ABEPLHLIEHUSA
ACHHXPOHHOI'O METOJA C UCIIOJIb30OBAHUEM TAUM-AYTA

1. leas u coxep:xxkanue

[lenp naGopaTopHOW pPaOOTHI: HAYYUTHCS HCIOIB30BAaTh MEXaHU3M
OKUJIaHUS 3aBEpPIICHUS PabOThl aCHHXPOHHOTO METO/Ja C MCIOJIb30BAaHUEM THIIA
[AsyncResult u Taiim-ayTa.

3anaun 1abopaTopHOM pabOTHI:

— HAYYUTHCS UCIIOIh30BaTh MEXaHNU3M TalM-ayTOB;

— HAYYUTHCS BBIBOJUTH MH(MOPMAIMIO O XOJE BBITOJIHEHHUS aCUHXPOHHOTO
METO/Ia;

— HAY4YHUTBHCA OTCJICKUBATD BLIIIOJIHCHUC ACHMHXPOHHOI'O MCTOAA.

2. Peanuzyemble KOMIIeTEHIIUN

JlabopatopHass paboTa HampapieHa Ha (POPMHpPOBAHHE CIIEIYIOIIUX
KOMITETCHIIWM:

[IK-4 — CmnocoOeH OCYIIECTBISATh MPOCKTHYIO  JACSTEIBHOCTh B
npodeccUOHAIbHOM cdepe Ha OCHOBE CHCTEMHOrO IOAXOJ]a, BBIOUpATh
METOJ/IOJIOTHI0 TIPOSKTHPOBAHUA OOBEKTOB TMPOHECCHOHATBHON JESITEIBHOCTH,
CTPOUTh H WCIIOJNIB30BAaTh MOJIETH, OCYIIECTBISATh WX KAUYEeCTBCHHBIH W
KOJIMYECTBEHHBIN aHAJIN3;

[IK-5 — CnocobGeH ocCymHIecTBISATh pa3paboOTKy, peaju3aluio U OLEHKY
3 ()EKTUBHOCTH TIPOCKTa, KOHTPOJH COOTBETCTBUS TMpEIaraéMbIX perIeHUi
TpeOOBAHMSIM CTAHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIlMU, TMPOBOAUTH TEXHUKO-

HKOHOMHUYECKOE 0OOCHOBaHHE 11€JecO00pa3HOCTH pa3pabOTKU MPOEKTa;
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[IK-7 — CnocobeH ocymiecTBiIsTh pa3pabOTKy, KOHTPOJIb KadecTBa,
BHEJIPEHUE U COTIPOBOXKICHUE HH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IMPpONU3BOACTBC.

3. TeopeTruueckoe 000CHOBaHME

Hpyroii cnoco0 oxujaHus pe3yJbTarta OT AaCUHXPOHHOIO JeJerara
npeaycMaTpuBaeT MpUMEHEHHE Jaeckpuntopa oxumaHus (wait handle), kotopsiii
accoruupyetcs ¢ [AsyncResult.

[Toy49uTh JOCTYI K 3TOMY ACCKPUTITOPY OKHUJIAHUS MOYKHO Yepe3 CBOMCTBO
AsyncWaitHandle. DT1o cBoiicTBO Bo3Bpamaer o0bekT Ttuna WaitHandle, ¢
MOMOIIBI0 KOTOPOTO MOKHO OpPraHM30BaTh OXHUAAHWE 3aBEPIICHUS PaOOTHI
noTokoMm jnenerata. Metonq WaitOne () mnpuHUMaeT B KadecTBE IMEPBOTO
He00s13aTeIPHOrO MapaMeTpa 3HaueHUWe TalM-ayTa, B KOTOPOM MOKHO YKa3aTh
MaKCUMAaJbHBINA MEpUO BpEMEHN OXHUAaHusA. B paccMarpuBaeMoM 37ech mpuMepe
3TOT TmepuoA coctapisier 50 MuuMcekyHI. B ciiydae BO3HUKHOBEHHUS TalM-ayTa
Meton WaitOne () Bo3BpamiaeT 3HadeHue false, m mpoxon mo uukiny while
npoaobkaercsa. Ecimu BO BpeMs OXHUIOAaHUS [0 TaiM-ayTa €10 HE JOXOMAMWT,
OCyHIECTBIsIETCS BbIXOJM w3 Iukiaa while ¢ momompio break u momydenwue
pesynbrata MetogoM EndInvoke (). B mons3oBarensckoM mHTepderice pe3yabrar
BBITJIIUT MPUMEPHO TaK K€, KaK B MPEIbLIYIIEM MPUMEpE, OTINYACTCS JUIIh

croco0 peanu3aiuy 0KuIaHus.
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static woid Main(string[] args)

1
TakesiWhileDelegate dl = Takesawhile;
IasyncResult ar = dl.BeginInvoke(l, 38@@, null, null):
while (true)
r
1

Console.Write (" . ") ;
if (ar.AsyncWaitHandle.WaitOne(5@, false))

{

Consocle.Writeline("Moxno wsBness pesynetaT cedwac")j

break;

}

int result = dl.EndInvoke(ar);

/ BmBOg pesynsTaTa
Conscle.WriteLine("result: {8}", result);

4. O6opynoBaHne 1 MaTEPHAJIbI

Jlsiss BBITIOTHEHMSI JTAOOpaTOpPHOH pabOThl PEKOMEHAYETCS HCIIOIh30BaTh
NIEPCOHANBHBI  KOMIIBIOTED CO CIEAYIOIMMH IPOTPAMMHBIMH  CPEICTBAMU
pa3paboTku (BbIOpaTh OJWH WM HECKOJBKO TMPOTPaMHBIX TMPOJYKTOB IS
MPAKTUYECKON pean3aliuy 3aj1ad jadboparopHoii pabotsl): MS Visual Studio 2015

u BbIlIE; cpena pa3padotku Java (Eclipse, NetBeans).

5. Yka3anuda nmo TexHuke 0e30macHoOCTH

CTyAeHTBI TOJDKHBI CJI€0BAaTh OOUICIPUHITON TEXHUKE 0€30MacHOCTH ISt
MOJIb30BaTENIe TMEPCOHAJIBHBIX KOMIBIOTEpOB. He crieayer caMoCTOSTENBHO
NPOU3BOJNTh PEMOHT TEXHHYECKHX CPEICTB, YCTAaHOBKY W  YJaJICHHC
nmporpaMmMHOro obOecrieueHusi. B cimydae oOHapyXeHUs HEUCIPABHOCTEH
HEOOXOJMMO COOOmMUThL 00 HSTOM AIMUHHCTPATOPY KOMITBIOTEPHOIO Kjacca

(oOcmy)uBarIIEMy MTEPCOHAITY JTA0OPATOPHH ).

6. MeToanka u MOPsiIOK BHINOJTHEHUS PadoThI
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1. Coznaiite koHCcoJIbHOE npuiiokeHue C# B Visual Studio.

2.  Peanm3yiite  OpUIOKEHHWE  C  HCIOJB30BAHHEM  TaliM-ayTa
(MomubUIMPYITE MPUIOKEHUE, TOJYYCHHOE B XOJI€ BBIIOJHEHHS J1ab0paTopHOM
padoTel Ne2).

3. PeanusyiiTe MexaHu3M BbIBOJIa MHPOPMAIIMH B KOHCOJIb O XOJI€ PELICHHUS

3a1a49 aCHHXPOHHBIM MCTOIOM.

7. Conep:xanme oT4yera u ero popma

Otuert 1o 1abopaTopHON pabOTE AOJKEH COACPIKATH:

1. Homep u Ha3Banue mnabopaTopHON pabOThI, 3agauu JIabOpaTOPHOU
paboTHI.

2. Peanmm3zanus Kaxxaoro myHkTa noapaszaena « MHIuBuayalbHOE 3aIaHUEY C
MPUBEJACHUEM HCXOJIHOTO KOJla [MpOorpaMMbl, auarpamMM U Tpa@uKoB IS
BU3yaJIN3allM TaHHBIX.

3. OTBeThI HA KOHTPOJIbHBIE BOIIPOCHI.

4. Dxpannbie (OpMBbI (KOHCOJIbHBINA BBIBOJ) U JUCTUHT MPOTPAMMHOI0 KOJa
C KOMMEHTapHUSIMHU, MOKA3bIBAIOIINE MOPSIOK BHITIOJHEHUS Ta00paTOpHOI paboTHI,
U PE3YJbTAThI, OJYYEHHBIE B X0/1€ €€ BHITIOJHEHMUS.

OTyeT o BBINOJIHEHUHU J1a0OPATOPHON PadOTHI MOAMUCHIBAECTCS CTYACHTOM U

CHacTCs IMPCIoaaBaTCIItO.

8. Bonipocsl 1151 3aUThl pad0ThI

1. Ins yero npumensercs tun [Asyncresult?
2. Kak peann3oBaTh OKHJAHUE 3ABEPIICHUS BBITOJHEHHUS ACHHXPOHHOIO
METO/Ia C UCIIOJIb30BAaHUEM TaM-ayTa?

3. llosicauTe Ha3zHayeHue Metoaa WaitOne( ).
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JIABOPATOPHAS PABOTA 4. UCITOJIb3OBAHUNE OGPATHBIX
ACHUHXPOHHBIX BBI3OBOB

1. eas u conep:kanue

[lenp maGopaTopHOW pabOTBI: HAYYHTHCS HCIOJIB30BaTh OOpaTHBIC
ACUHXPOHHBIC BBI30BBI JUISI OPraHU3AlMKA OXXUJAHUS 3aBEPIICHHS BBITIOJHCHUS
ACMHXPOHHOTO METO/Ia.

3anaun 1abopaTopHOM pabOTHI:

— W3yYUTHh BO3MOXXHOCTH TPUMEHEHHUS OOpAaTHBIX ACHHXPOHHBIX BBHI30BOB
JUTS TTapaJiIeNIbHBIX TIOTOKOB;

— W3yYUTh BO3MOXXHOCTH AaCHHXPOHHOTO OOpaTHOTO BBI30BA TIPH
WCII0JIb30BAHUU THUIIA JIeJIeraTa;

— H3yYUTh BO3MOXXHOCTH AaCHHXPOHHOTO OOpaTHOTO BbI30BA MpHU

HCIIOJIB30BaHHUHN J'ISIM6)121-BBIpa)KCHI/I5{.

2. Peanm3zyemble KOMIIETCHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICTYIOIIUX
KOMITETCHIINM:

[IK-4 — CnocobeH OCyHIeCTBIATh MNPOEKTHYIO JI€ATEIbHOCTH B
npodecCHOHAIBHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJa, BBIOMpATH
METOJIOJIOTHIO TPOCKTHUPOBAHUSI OOBEKTOB MPO(EeCCHOHAIBHON AESTeNHbHOCTH,
CTPOUTh ¥ WCIIOJNB30BAaTh MOJICTH, OCYIIECTBIATh WX KAUYEeCTBCHHBIA W
KOJIMYECTBEHHBIN aHAJIN3;

[IK-5 — CnocobGeH ocCyHIecTBISATh pa3paboOTKy, peaju3alui0 U OLEHKY
3G ()EKTUBHOCTH TIPOEKTa, KOHTPOJH COOTBETCTBUS TMpEJIaraéMbIX perieHui
TpeOOBaHUSAM CTaHIAPTOB M HOPMATHBHOW JOKYMEHTAIIUH, MPOBOIUTH TEXHHUKO-

YKOHOMHUYECKOE 0OOCHOBAHHME I1€JI€CO00Pa3HOCTH pa3pabOTKU MPOCKTA;
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[IK-7 — CnocobeH ocymecTBIsITh pa3pabOTKy, KOHTPOJb KadecTBa,
BHEJIPEHUE U COTIPOBOXKICHUE HH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IMPpONU3BOACTBC.

3. TeopeTruueckoe 000CHOBaHME

Eme onun cnoco0 aist oxXuaaHus pe3yabTaToB OT JeJierara 3akiioyacTcs B
IPUMEHEHUHU TaK Ha3blBA€MOI'0 ACHMHXPOHHOIO OOpaTHOro BbI30Ba (asynchronous
callback). C momompbio TpeThero mnapamerpa B Meroae Beginlnvoke wmoxxHO
nepeiarb METOJ, YIOBJIETBOpAIOMMI TpeOboBaHusiM naenerata AsyncCallback.
Henerar AsyncCallback tpebGyer omnpenensts mnapametp IAsnycResult wu
Bo3Bpamiaembiii Tun void. B paccmMarpuBaeMoM 31ech TNpUMEpPE TPEThEMY
napamMeTpy HaszHauyaetcs azapec Meroaa TakesAWhileCompleted, koTopsbrit
ynoBieTBopsieT TpeboBanusm jaenerata AsyncCallback. B mocneanem nmapametpe
Meroay Beginlnvoke MoxHO nepeaTe 00bEKT, K KOTOPOMY OyAE€T IPOU3BOAUTHCS
JOCTYT U3 METO/1a 0OpaTHOTO BBI30BA. 37€Ch Y0OHO MepeaaTh 3K3eMIUISP CaMOro
JeneraTa, TaKk 4YTO METOJ OOpaTHOTO BHI30BA CMOXET HWCIOJIB30BaTh €ro Jis

IIOJIy4EHUS Pe3yIbTaTa aCHHXPOHHOI'O METO/1A.
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static veid Main(string[] args)

i
TakesAWhileDelegate dl = TakesAWhile;
dl.BeginInvoke(l, 38@@, TakesAlWhileCompleted, d1) ;
for (int 1 = @; 1 < 1@@; i++)
i
Console.Write(™.");
Thread.Sleep(5@);
l}
¥
static void TakesAWhileCompleted(IAsyncResult ar)
i
if (ar == null) throw new ArgumentMullException("ar");
TakesAWhileDelegate dl = ar.AsyncState as TakesAWhileDelegate;
f/ HegepHuwid Tun obbexkTa
Trace.Assert (dl != null, "Invalid object type");
int result = dl.EndInvcke(ar);
'/ BuBOj pesyneTaTa
Console.WriteLline("result: {@}", result);
¥

[lo 3aBepmienuun pabotel peneratra TakesAWhileDelegate cpazy xe
BbI3biBaeTca metonl TakesAWhileCompleted (). Oxunath pe3yibTaToB BHYTPHU
[JIABHOT'O TIOTOKA HET HUKaKON HEOOXOJIMMOCTH. 3aBEPILIATh TJIABHBINA MOTOK MEPE]T
3aBepIICHUEM pPadOThl MOTOKOB JCJIEraTOB MOXET OBITh HEO0O0s3aTeIbHO, €CIIU
TOJIKO OCTaHOBKa pPabOThl MOTOKOB JIEJIEraTOB MPU 3aBEPIICHUH BBITIOTHEHUS
[JIABHOT'O MOTOKA HE MIPEICTABIIAET MPOOJIEMBI.

Meron TakesAWhileCompleted () ompenensiercs ¢ TUTIaMU MapaMeTpoOB U
BO3BpaTa, KOoTophie ykazaHwl B jgejerate AsyncCallback. Ilocnennuii mapamertp,
nepenaBaembii B Beginlnvoke (), MoxeT ObIThb NOpoOYUTaH C T[OMOIIBIO
ar.AsyncState, a pe3ynpTar noiyueH BbI3oBoM B TakesAWhileDelegate merona
Endlnvoke.

Bmecto Toro utoObl OmpenensTh OTIENbHBIA METOA W IepefaBaTh €ro
merony Beginlnvoke (), MOXXHO BOCIONB30BaThCA  JIAMOa-BBIPAKEHUEM.
[TapameTtp ar umeer tun [AsyncResult. B Takoit peanuzanuu HeT HEOOXOIUMOCTH

MPUCBAaMBaTh 3HAYEHUE TMOCIIEeNHEMY MapameTpy merona Beginlnvoke (), motomy
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qgTo J'IHM6,IIa-Bpra)K€HI/Ie MOXCT HAIIPAMYIO IIOJIYy4YaTh JOCTYII K HepeMeHHOﬁ dl,
HaxosIIencs 3a npeaciaMmn KOHTCKCTa JAaHHOI'O Metoma. Ho Onok peanu3anuu
J'IiIM6I[a-BI>Ipa)KCHI/IH BCC€ paBHO JOJDKCH BBIZBIBATHECA H3 IIOTOKA J€jI€rara, 4To
MOJKET ¥ HE OBITh OUEBUIHBIM MIPH ONPEICICHUN METO/Ia TOJOOHBIM 00pazoM:
static void Main(string[] args)
TakesAlhileDelegate dl = TakesAWhile;

dl.BeginInvoke (1, 3088, ar =>

1

int result = dl.EndInvoke(ar);

// BwBOp pesyneTaTa

Console.WriteLine("result: {@}", result);
s
nully;
for (int 1 = @; 1 < 186; i++)
{
Console.Write(".");
Thread.Sleep(58);

}

Mogens nporpaMMUpPOBAaHHS W TPUEMBI, OMUCAHHBIC JJIS ACUHXPOHHBIX
JIeJIeraTOB — OMpOC, JECKPUOTOPHl OXHAAHUS U ACUHXPOHHBIE BBI3OBBI =
JOCTYIHbI HE TOJBKO [JIsl JEJIEeraroB. JTa K€ MOJIeNIb MPOrPaMMHUPOBAHUSA,
KOTOpasi Ha3bIBaeTCsl 1M1a0JIOHOM AaCHMHXPOHHOTO BbI3OBa (asynchronous pattern),
BcTpedaeTcs B pazHooOpa3ubix mectax .NET Framework. Hammpumep, ¢ momoribio
metona BeginGetResponse () kmacca HttpWebRequest MoxHO acCHHXPOHHO
ornpaBnsate HTTP-3ampoce, a ¢ momompbio Metoga BeginExecuteReader ()
kiacca SqlCommand — 3ampocsl k 0a3e maHHbIX. [lapaMeTpsl MOX0XKK HA TE, YTO
MOXHO TiepefaBath B MeToje Beginlnvoke () generara, a MeXaHU3MBI,

MPUMEHSIEMBIE JJISI IOJYyYeHUSI PE3YIbTATOB, BHITJISISAT TOYHO TAK XKE.
4. O0opyaoBaHre U MATEPHUAJIbI
JInst BBITIOTHEHUS J1a0OpaTOpHOM pPabOThl PEKOMEHAYETCS HCIOIb30BaTh

IIEPCOHAIBHBIA KOMIIBIOTEP CO CIHEAYIOLIMMU IPOrpaMMHBIMHU  CpPEICTBAMU

pa3paboTku (BBIOpaTh OAMH WM HECKOJBKO MPOTPAMHBIX MPOIYKTOB JJIst
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MPaKTUYECKON peanu3aiuu 3aaa4 jJadopatopHoit padotsl): MS Visual Studio 2015

U BhIIIIE; cpena paspadotku Java (Eclipse, NetBeans).

5. Yka3aHus no TexHuke 0e30MacHOCTH

CTyneHThI TOJDKHBI CIIEZI0BATh OOIIEMPUHSITON TEXHUKE 0E30MacHOCTU IS
MOJIb30BaTENIC TMEPCOHAJIBHBIX KOMIBIOTEpOB. He cremyer camMocCTOSTENbHO
MPOU3BOJUTH PEMOHT TEXHUYECKHX CPEJICTB, VYCTAHOBKY U  YJaJCHHE
nporpaMmMHOro obOecriedyeHusi. B cimydae oOHapyXeHUsT HEUCIPaBHOCTEH
HEOOXOJMMO COOOIUTHL 00 3TOM aJIMHHHUCTPATOPy KOMIBIOTEPHOIO Kjacca

(0Ocmy)uBaIIeMy MEPCOHAITY JTA00PATOPHH).

6. MeToanka v NOPSAIOK BbINOJIHEHHUS Pa0OThI

1. Coznaiite koHcosbHOE npuiiokeHue C# B MS Visual Studio.

2. Peamsylire pemieHWe 3ajadud B COOTBETCTBUM C WHJIWBHUAYaJIbHBIM
BAPUAHTOM C HMCIOJb30BAaHUEM aCMHXPOHHOTO BbI30Ba Meroja. [lpu peanuzanumn
MOJIyYeHUs] pe3yjibTaTa padoThl aCUHXPOHHOTO METOAa HCIONb3YHTE MEXaHHU3M
00paTHOTO aCUHXPOHHOTO BBI30BA.

3. OOpatuTe BHUMaHUE, YTO OOpaTHBIA BBI30B MOXHO BBINOJHUTH KaK C
UCIIOJIb30BaHUEM THUIIA JeJierara, Tak U ¢ UCIOJIb30BaHUEM JIsiMO1a-BbIpaxeHus. B
3aJJaHUM MHIMBUIYaJbHOTO BapHUaHTa yKa3aHO, Kakoil crmoco® oOpaTHOro BbI30Ba
CJIEIyEeT UCTIOIb30BaTh.

NuauBunyanbHOE 3a1aHKE.

BapuanTt Tun nenerara Pemaemas 3amaua (pe3ynprat Bxonubie Meron
METO0/1a) rnapameTpbl oOpaTHOTO
BBI30BA
1 OMOINOTEYHBII MeTton Bo3Bpamaer | OnuH JIIMO1a-
MOJAMHOKECTBO 3JIEMEHTOB | MMapaMeTp: BBIPAXKEHHE
MaccuBa CIy4yailHBIX 4YHCEN, | pa3Mep
KOTOpbIE AensTcs Ha 6 HCXO/IHOTO
MaccuBa
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JIIMO1a-
BBIPAKCHHE

Merto Bo3BpamaeT pe3yiabTaT
CIOKEHHUs JBYX CIIy4alHBIX
BEKTOPOB LIEJIBIX YHCEI

OnuH
rnapamerp:
pasmep
BEKTOPOB

Jenerar

I10JIb30BaTEIIHCKUM

Meton BO3BpallaeT
KOJIMYECTBO BXOXKJICHUI
3aJIJaHHOTO CUMBOJIa B CTPOKE

Ba

napamMerpa:

CTpOKa
eleBou
CUMBOIJI

JIIMO1a-
BEIPAKCHHE

OUOJIUOTEYHBII

MeTon
IMOAMHOKECTBO
3JIEMEHTOB
CIy4alHBIX YHCET

BO3BpaIlaeT
YEeTHBIX
MaTpUIIbI

Ba

napaMmerpa:

pazmep
MaTpHIIbI

JcJerar

MO ma-
BBIpaKECHHE

Meron BO3BpaIIacT
CTaTUCTUKY MaccuBa
CIy4alHBIX LEIBIX  YHCEI:
CHHMCOK Map (YUCIIO MaccuBa,

KOJIMYECTBO BXOXKJICHU)

Onnn
napamMmeTp:
pasmep
MaccuBa

JIIMO1a-
BBIPAKCHHE

MOJIb30BATEIILCKUI

Merton BO3BpallaeT
JIOTHYCCKOE 3HA4YCHHE,
YKa3bIBalOLIEEe CYLIECTBYET JIU
3aJlaHHBIN 3JIEMEHT B MaTpHULE
yucen double

JIBa

napamerpa:

Marpuiia
UCKOMBIH
JJIEMEHT

JAcjaerart

I0JIL30BaTEIbCKUM

Merton  BO3Bpamaer
JJIEMEHTOB MAaTpPUILIBI
CIIy4alHBIX YHCEN

CyMMY
LEJIBIX

Ba

IapamMeTpa:

pazmep
MaTpHIIbI

JcJerar

OUOJIMOTEYHBII

MCTO,Z[ BO3BpalIacT pa3HUIly
MaKCUMAJIBHOT'O n
MHHHUMAJIBHOI'O QJICMCHTOB
MaTpuibl LOEJIbIX CHy‘IaﬁHBIX
YHUCCII

JIBa

napamMerpa:

pasmep
MATPHUIIBI

MO ga-
BEIPAXCHHE

JIsIMO1a-
BBIpaXKCHHE

Meron BO3BpaIIacT
JIOTUYECKOE 3Ha4YECHHUE,
YKa3bIBaIOLIEEe CYIIECTBYET JIU
3aJJaHHOE YHCII0O B MacCHUBE
OEJIbIX CJ'[y‘IElfIHBIX YHUCEII

JBa

IapamMeTpa:

pa3mep
MaccuBa
HCKOMBIHN
JJIEMEHT

Jeierar

10

OJIL30BATEILCKUN

Meton BO3BpamiaeT MaTpUIly
CITy4aifHbIX OUTOBBIX
3Havenunt (0 wm 1),
bopmupyeMyro  cilydaifHbIM
obpazom

JBa

ImapaMeTpa:

pazmep
MaTPHIIBI

JIIMO1a-
BBIpXCHHE

11

OUOJIMOTEYHBII

Meton BO3Bpamiaer CTPOKY
MaKCUMaJbHOH JUTMHBI  Ha
OCHOBE IIE€pPEIaHHOT0 MaccHuBa
CTPOK

Onun
napamerp:
MAacCCHUB

(mm

CITUCOK) CTPOK

JcJerar
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12

JIIMO1a-
BBIPAKCHHE

MeTton BO3BpallaeT
MOJMHOXECTBO  3JIEMEHTOB
MaccuBa CIy4alHBIX YHCEl,
KOTOpBIE JeNATcs Ha 3

OnuH
rnapameTp:
pasmep
HCXOHOT'O
MaccHBa

JIIMO1a-
BEIPAKCHHE

13

I0JIL30BaTEIbCKUI

Meroa BO3BpamaeT 4ucio —
KOJIMYECTBO 3JIEMEHTOB
IOPUCYTCTBYIOIIMX B 000OHX
MacCUBax CIy4alHBIX YHCEIL.

Ba

napaMmerpa:

pazMepsl
MacCHBOB

JcJerar

14

OUOJIUOTEYHBII

Merton BO3BpalaeT cpeaHee
apu(QMEeTHYECKOE 3IEMEHTOB
MaTpULbI CIy4alHBIX YHCEIL.

Ba

napaMmerpa:

pazmep
MaTpHIIbI

JIIMO1a-
BBIPAKCHHE

15

MO ma-
BBIpaKECHHE

Mertoa Bo3BpamaeT pe3yibTaT
g poBaHus CTPOKH:
KaXKObIM HWCXOOHBIA CHMBOJI
CTPOKH 3aMeHsIeTCs
mr(pPOBaHHBIM  CHMBOJIOM,
KO KOTOpOTO Ha n Oouiblie
KOJIa UCXOJTHOTO CUMBOJIA.

Ba

napaMmerpa:

HCXOIHAS
CTpOKa,
CIBHUTa n

YHCJI0

JcJerar

16

MOJIb30BATEIILCKUI

Meron BO3BpallaeT
CTaTHUCTUKY Ui  CTPOKH:
CHMCOK Iap (CUMBOJ CTPOKH,
KOJIMYECTBO BXOXKJICHU)

Onud
napamMerp:

aHaJIM3upyemas

CTpOKa

JIAIMO1a-
BBIPAKCHHE

17

OUOJIMOTEYHBII

Meton BO3BpalllaeT pasHUILY
MaKCHMAaJIbHOT'O )it
MHHHMaJIbHOTO 9JIEMEHTOB
MaTpPHIIbI.

JIBa

napamMerpa:

pasmep
MATPHUIIBI

JAcJerar

18

JIsIMO1a-
BBIpaXKCHHE

Meron BO3BpaIIacT
MIOJAMHOKECTBO 3JIEMEHTOB
MaccuBa CJIy4YalHBIX YHCEIl,
KOTOPBIE SABIISIOTCS YETHBIMU

Onnu
napamMmerp:
pasmep
HCXOJIHOTO
MaccuBa

JIIMO1a-
BBIpQXKCHHE

19

M10JIb30BaTEIbCKUM

Meron
KOJIMYECTBO
JJIEMEHTOB B
CIIy4alHBIX YUCEN

BO3BpallacT
HEYETHBIX
MaTpHiie

JIBa

napamMerpa:

pa3mep
MATPHUIIBI

JcJerar

20

OUOJINOTEYHBII

MeTtog BO3BpaIllaeT
IMOJAMHOYKECTBO 9JIEMEHTOB
MaccuBa CJIy4YalHBIX YHCEIl,
KOTOpBIE  OTJIWYAIOTCA  OT
3aJaHHOTO 4YHCIa He Ooiee
yeM Ha 4.

JIBa

napamMerpa:

pasmep
MacCHBa,
3HAYEHOE
YHUCIIO

IaMOga-
BBIPAXKCHHE

21

1m0 ma-
BBIPAXKCHHE

MeTtog BO3BpalllaeT
JIOTUYECKOE 3HaYEeHUE,
YKa3bIBaIOLIEE CYIECTBYET JIU
3aJlaHHBIA CUMBOJI B CTPOKE

JIBa

napamMerpa:

CTpOKa
HCKOMBIN
CHMBOIJI

u

JcJerar
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22 MOJIB30BaTENbCKUM | MeToa Bo3Bpamiaer aBa uncia | /[Ba JIIMO1a-
— MAaKCUMaJIbHbIE 3JIEMEHTHI | IapameTpa: BBIPAXKEHHE
MaCCHBOB CITYYalHBIX YHCE. | pa3Mepbl
MacCHBOB
23 OUOJINOTEYHBII Meton Bo3Bpamaer | Onun neJerar
CKaJIIpHOE MPOU3BEJICHUE | TapaAMETP:
JIBYX CIIy9aliHBIX BEKTOPOB. pasmep
BEKTOPOB
24 JIsIMO1a- Merton Bo3Bpamaer cymmy | JIBa JIIMO1a-
BBIPAKEHUE JBYX  MaTpHll CIydalHbIX | TapameTpa: BBIPAKEHHE
YHce pasMep MaTpuil
25 MOJIb30BaTENBCKUN | MeTon BO3Bpamaer | /lBa Jenerat
KOJIMYECTBO BXOXKJICHHH | TTapameTpa:
3aJJaHHOTO 3JEeMEHTA B | MaTpuia u
MaTpulIle BEIECTBEHHBIX | LIEJIEBOM
YHcen DJIEMEHT

7. Conep:xanme oT4yera u ero popma

OTuer no n1abopaTopHOIl paboTE NOKEH COAEPKATh:

1. Homep u Ha3BaHue mnabopaTopHOl paboOTHI; 3amayu JabOpaTOPHOI
paboTHI.

2. Peanuzanys Kaxa0ro MyHKTa nojpasaena « M HauBuayansHoe 3a1aHue» ¢
NPUBEACHUEM HCXOJIHOIO KOJila MpOorpaMMbl, JAMarpaMM U TpapuKoB s
BHU3YyaJIM3ALH TaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. DxpannHbie GOpMbl (KOHCOJIBHBIM BBIBOA) U JIUCTUHT MPOrPAMMHOTO KO/
C KOMMEHTApHUSIMH, MIOKA3bIBAIOIINE MOPSIOK BHIMOIHEHUS TaOOPaTOPHOI padoOTHI,
U Pe3yJIbTaThl, MOJYyYEHHBIE B XOJ€ €€ BHIMOTHEHUS.

OT4eT 0 BBINOTHEHUH JTaOOPATOPHOIM PAOOTHI MOJMUCHIBACTCS CTYIACHTOM U

CHacTCs IMPCIoaaBaTCIItO.

8. Bonpocel 115 3aUTHI pa00ThI

1. TlosicauTe Ha3HAYeHWE Kakaoro napamerpa meroaa Beginlnvoke( ).
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2. Ilowemy mpu WHCHONB30BAaHMM THIA JejieraTa B KayecTBE MeEToAa
oOpaTHOro BBI30OBa TMOCJIEAHHMA MapameTp Metona Beginlnvoke() MoxHO HE
UCIIOJIb30BaTh?
3. Onummure 00JacTH UCHOJIB30BAHUS ACHUHXPOHHBIX JelieraToB. B kakux

tunax npoektoB .NET Framework onn npumenumbi?
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JIABOPATOPHAS PABOTA 5. IPUMEHEHHUE KJIACCA THREAD

1. leab u coxep:kanue

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

3amaun 1abopaTopHOM paObOTHI:

— HAy4YUThCS co3/1aBaTh MoToku Thread;

— HAYYUTHCS UCTIOJIH30BATh MACCUBBI IOTOKOB;

— HAY4YUTBCA OCYIICCTBJIATH MOHUTOPHHI' IIOTOKOB.

2. Peasinzyemble KOMIIeTEHIIUN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX
KOMITETCHIIWM:

[IK-4 — CmnocobeH OCYIIECTBIATH MPOCKTHYIO  JCSTEIBHOCTh B
npodecCUOHAIbHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJ]a, BBIOUpATh
METOJIOJIOTHUI0 TPOCKTHUPOBAHUSI OOBEKTOB MPO(PECCHOHANBHON ACSTENHbHOCTH,
CTPOUTh ¥ WCIIOJIb30BAaTh MOJIETH, OCYIIECTBISATh WX KAUYEeCTBEHHBIH W
KOJIMYECTBCHHBIN aHAJIN3;

[IK-5 — CnocobGeH ocCymHIecTBISATh pa3paboOTKy, peaju3alui0 U OLEHKY
3G (HEKTUBHOCTH TIPOEKTa, KOHTPOJH COOTBETCTBUS TMpEIaraeMbIX perieHui
TpeOOBAHMIM CTAaHIAPTOB M HOPMATUBHOHN JTOKYMEHTAIIUH, TPOBOAUTH TEXHUKO-
HKOHOMHUYECKOE 0OOCHOBaHME L1€JecO00pa3HOCTH pa3pabOTKU MPOEKTa;

I[IK-7 — CnocoGeH ocCylIecTBIATh pPa3padOTKy, KOHTPOJIb KadecTBa,
BHEJIPEHUE U COTMPOBOXKICHIE HH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IIPpONU3BOACTBC.

3. TeopeTnueckoe 000CHOBaHUE
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C nmomompio knacca Thread MOXKHO HE TOJBKO CO3JaBaTh ITIOTOKH, HO U
yhnpaBisaTh UMU. Huke mpuBeneH KoJ MPOCTOro IpHMepa CO3JaHHMsS M 3aIlycKa

HOBOT'O IIOTOKA.

static woid Main()

{
var tl = new Thread(ThreadMain};
tl.start();
Console.WriteLine("ThasHui noTok.™);
h

static void ThreadMain()
r

1

}

B »stom kome koHcTpykTOop Kiacca Thread mneperpyxen st mpuema

sole . WriteLline( "BunonHAeTCA B noToke. )}

nenmerara tuma ThreadStart mimm ParameterizedThreadStart. [{enerat ThreadStart
OTIpeeIsIeT METO/I C TUTIOM BO3Bparta void, He MpuHUMArOImuid apryMeHTsl. [loce
co3nanus oobekTa Thread moTok MOXKET 3amycKaThesl ¢ MOMOIIBIO MeToa Start ().

[Tocne 3amycka TpUIOKEHHWS Ha OSKpaH BBIBOAITCS JaHHBIE M3 JIBYX
ITIOTOKOB:

This is the main thread.

Running in a thread.

[IpuBeneHHBIN BbIIE NOPSAOK BBIBOAA HE rapaHTUpyercs. [leno B ToM, 4To
BEITIOJITHEHHUE TTOTOKOB TUTAHUPYETCS OTICPAIIMOHHON CHUCTEMOM, a 3TO 3HAYMT, UTO
KQKJIBIM pa3 04epeTHOCTh TOTOKOB MOXET MEHSATHCS.

Panee yxe ymnoMuHaNIOCh, 4YTO C AaCHHXPOHHBIM JEJIETaTOM MOKHO
WCITOJIB30BaTh JIIMOIa-BhIpakKeHUE. Ero Takke MOKHO TMPUMEHSATh U C KJIACCOM

Thread, nepenaBas peanu3anuio MeToja TOTOKa KOHCTpYyKTOpy Thread:
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static void Main()
{
var tl = new Thread(() =>
Console.WriteLine(“BunonnReTca B notoke, id: {@}",
Thread.CurrentThread.ManagedThreadId));
tl.Start();
Console.WriteLine("Mnaevui noTowr, id: {@}",
Thread.CurrentThread.ManagedThreadId);
¥
Termepp B BBIBOJIC MOporpaMMbl  OyJeT Takke IPUCYTCTBOBATH
UACHTU(DUKATOP MMOTOKA:
I'naBHBIHI OTOK, 1d: 1.

Brimonusercs B motoke, 1d: 3.

4. O6opynoBaHne 1 MaTEPHAJIbI

JIsiss BBITIOJTHEHMs JTAOOpaTOpPHOH pabOThl PEKOMEHAYETCS HCIIOIh30BaTh
NIEPCOHAIBHBIN KOMIBIOTED CO CIEAYIONUMH IPOTPAMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpaTh OJWUH WJIM HECKOJbKO TMPOrPAaMHBIX TPOAYKTOB JIS
MPAKTUYECKON pean3aliuu 3aj1ad jadboparopHoii padotsl): MS Visual Studio 2015

u BblIlIEe; cpena pa3padotku Java (Eclipse, NetBeans).

5. Yka3anuda nmo TexHuke 0e30macHoOCTH

CTyaeHTBI TOJDKHBI CIEA0BAaTh OOMICTPUHATON TEXHUKE OC30MacHOCTH JIs
MOJIB30BATENIE TEPCOHAIBHBIX KOMITHIOTEPOB. He ciemyer camMoCTOSTENbHO
NPOU3BOJNTh PEMOHT TEXHHYECKHX CPEICTB, YCTAaHOBKY |  YJaJICHHC
mporpaMmMHOro oOecrieueHusi. B cimydae oOHapyXeHUs  HEUCIPABHOCTEH
HEOOXOJMMO COOOIMUThL 00 HSTOM AIMUHHCTPATOPY KOMIIBIOTEPHOIO Kjacca

(oOcmy>kuBaroIIeMy TIEpCOHATY J1a00paTopun).

6. MeToanka u MOPsiIOK BHINOJTHEHUS PadoThI
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1. Coznaiite KOHCOJBHOE MPUJIOKEHUE U pPEATM3YWTE NPUMEpP PpELICHUs
3aJ1a4M C UCIOJIb30BAHUEM IIOTOKOB.

[Ipumep pemienns 3agayu:

Peanu3oBaTh BBITIONHEHUE JAOOPAaTOPHOM pabOTHI ISl METO/Aa TMOHUCKa
MaKCHMaJbHOI'O 3JIEMEHTA B MACCUBE CIIyYalHBIX YHUCEI.

Pemenue npumepa:

1.1. PeanusyeM MeTOJ NOMCKAa MaKCHUMAaJbHOIO D3JEMEHTa B MAacCUBE

ciy4yaiHbIX uncen (puc. 5.1):

static veoid CalcMax()

{
int threadld = Thread.CurrentThread.ManagedThreadId;
Consols .h'rith;i,nel:"l'r:-n:K {'\ri' COBAaMHME MACCHUBa. .. "J thrzade:l;
int N = 19;

int[] mas = new int[N];

nsole. Writeline( "Mook {@}. HhvuwanuzaywA anemewToB Maccuea...", threadId);
jom rnd = new Randcm{threadId);
for{int i = @; i < mas.Length; i++)
{
mas[i] = rnd.Next(1908);
}

Console. Writeline("Notor {@}. Momck makcHmansHoro znementa..."”, threadId);
int max = mas[@];

for {int i = ©; i < mas.Length; i++)

{
max = {mas[i] » max) ? mas[i] : max;

¥

Console . WriteLine("Novoxk {8}, Makcwmannhwi prement = {137,
threadld,
max};

Pucynok 5.1 — Mertop norncka MakCUMMaJIbHOTO 3JIEMHTA B MACCUBE CITyYalHbBIX

YHUCCII.

1.2. PeanuzyeM ¢yHknuo Main ¢ HCMOJb30BAaHUEM MAaCCHBa IOTOKOB,

KOKIBIM U3 KOTOPHIX OyAeT padoTaTh CO CBOEW KOMHMEHW CIy4ailHOTO MacCHBa
(puc. 5.2).
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static void Main(string[] args)

I
L

n method = CalcMax;
Thread[] tmas = new Thread[2@]; // 28 noTokoe
for (int 4 = @; i < tmas.Length; i++ )
1
tmas[i] = new Thread{CalcMax};
tmas[i].Start();

[

1le, ReadKey();

}

Pucynok 5.2 — Merton Main juis co3anusi MHOKECTBA IMMOTOKOB.

1.3. 3anmyctute npunoxenue, [lonpoOyiiTe U3MEHUTh 3HAYEHUSI KOJIMYECTBA
MOTOKOB U pa3Mep maccuBa. OOpaTuTe BHUMaHHE Ha BBIBOJ MH(GOPMAIMH O XOC
BBITIOJTHEHHUS PEIISHUs 3aauu.

2. CospailiTe KOHCOJBHOE NPHIOKEHHE ¢ HcIoiab3oBaHueM MS Visual
Studio.

3. Peanu3zyiiTe MeTon juist 3amycka B OTJEIHHOM MOTOKE (B COOTBETCTBUU C
WHIWBUIyaIbHBIM BapuaHToMm). Co3maiiTe menmeraT Ijisi MPEACTABICHHUS METOJa
(ecnu TpeOyeTcs).

4. B ocnoBHoM mporpamme (dyHkuus Main( )) peanusyiiTe co3mgaHue
MacCHBa IOTOKOB (pa3Mep OMpeNeuTe CaMOCTOATEIBHO). 3TeM 3aIlyCTHTE BCE
AJIEMEHTHI MacCHBa (ITOTOKHM) HA BBHITIOJTHEHHE.

5. MetoJ, BRIMOITHSIOMIMKCS B MapauIeIbHbIX MOTOKAaX JIOJKEH BBIBOAWUTH
UH(OPMAITUIO O XOJE CBOETO BBITOTHCHUS B KOHCOJIb MPUIIOKEHUS.

NuauBunyanbHOE 3a1aHKE.

Bapuant Meron 1 peannzannu

1 MeTon BRIYMCIICHHSI CpeHEr0 apru(METHYECKOT0 AJIEMEHTOB MacCHBA.

2 Meto norcka MaKCUMaJILHOIO 3JIEMEHTA B MATPHUIIE.

3 MeTton nmpeobpa3oBaHuss MATPHUITHI CIIYIAMHBIX YUCEIT: KaXIBIA JIEMEHT
3aMEHSIETCS] KOCHHYCOM 3JIEMEHTa MATPULBI.

4 Meton nojicuera KOJIMYECTBA YETHBIX AJIEMEHTOB B MaTPUIIE.

5 Meron BBIYMCIICEHUS CKAJSIPHOIO IIPOU3BEACHUS ABYX CIy4anWHbBIX
BEKTOPOB.

6 Meron pacduera MOAYJIsl CIIy4allHOTO BEKTOPA.

7 Meton mnpeoOpa3oBaHUs MATPUIBl CIYYAWHBIX YHCEN: YETHHIC
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9JICMCHTEI 3aMCHAIOTCA TAHI'CHCOM JJICMCHTA MAaTPHIIbI.

8 Mertop nmoacyeTa KOJIUYECTBA YUCEN, KPATHBIX 3, B MACCUBE CITyYaHBIX
quced.

9 MeTon BBIUHUCIEHUSI CTATUCTUKYU (KOJIUYECTBO AJI KaXAO0TO BXOJAILETO
CHUMBOJIa) TIO CTPOKE.

10 Metop BBIUMCIIEHUS CTATUCTUKY 10 CIIy4YalHOMY MacCUBY (KOJMYECTBO
AJIIEMEHTOB JUJISl KayKJOr0 3HAaYEHUsI MAacCHBA).

11 Meton mnpeoOpa3oBaHMsl MaTpUIlbl CIyYalWHBIX 4YHCEN: HEYETHbIE
AJIEMEHTHI 3aMEHSIOTCS —1 .

12 MeTon noucka cpeHero apu(pMeTHYECKOT0 AJIEMEHTOB MATPHIIBI.

13 MeTon BBIYMCIIEHHS] MUHMMAJIBHOIO 3HAYEHMsI B MATPULE CIIy4alHBIX
YHUCel.

14 Mertop pacdera CyMMBI 3JIEMEHTOB MAaCCHBA CIIYYalHBIX YHCEL.

15 Meton mpeoOpa3oBaHHUs MATPHULBI CIyYalHBIX YHCET: 3JIEMEHTHI
KpaTHbIe 3 3aMEHSI0TCA Ha KBAAPaT COOTBETCTBYIOIIETO JIEMEHTA.

16 MeTon BeluucCieHus (hakTopHasa yncia.

17 MeTton npeobpa3oBaHusl MaTPULIBI CITYYalHBIX YMCEN: KaX/IbIi 2JIEMEHT
3aMEHSETCS CHHYCOM 3JIEMEHTa MaTPUILIBL.

18 Meton npeoOpa3oBaHus MaTpULbl  CIyYaWHBIX YHCEN: YETHBIC
AIIEMEHTBI 3aMEHSIFOTCS CyMMOM KOCHHYCa u CUHycCa
COOTBETCTBYIOIIETO 3JIEMEHTA MATPUIIBI.

19 Meton mnpeoOpa3oBaHMsl MaTpUIbl CIYyYalHBIX YHUCEN: HEYETHbIE
AIIEMEHTBl ~ 3aMEHSIIOTCSA ~ CyMMOM  TaHreHca M KOTaHIeHca
COOTBETCTBYIOILIETO 3JIEMEHTA MATPUIIBI.

20 Metop BBIYKCIEHUS] CTATUCTUKU MO CIYyYalHOW MaTpuue (KOJIUYECTBO
JIEMEHTOB JUJIsl K&KJOT0 3HAYEHUs] MAaTPULIBI).

21 Meron mnojacuera KOJMYECTBA YETHBIX W HEYETHBIX JJIEMEHTOB
MaTpPUILIBL.

22 Merton  BBIUHCIIEHHMS CTATUCTUKM IO TPEXMEPHOMY  MAacCUBY
(KOJIMYECTBO 3JIEMEHTOB JUIsl KAXA0T0 3HAYEHHsI MacCUBA).

23 Meton npeoOpa3oBaHus MaTpHUIIbl CIIYYaWHBIX YHCEN: BCE DJIEMEHTHI
3aMEHSI0TCA CYMMOW KOCHHYCA U CUHYCa COOTBETCTBYIOUIETO JIE€MEHTA
MaTPUIIBL.

24 MeTton BBIYMCIICHHS] CpeaHEro  apudMETUYECKOTO TPEXMEPHOTO
MAacCHUBa CIyYalHBIX YUCEIL.

25 MeTto1 BEIUMCIEHUS] CYMMBI IBYX MAaTpPHIL.

7. Conep:xanme oT4yera u ero popma

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIEPKATh:
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1. Homep u Ha3Banue mnabopaTopHOM pabOThI; 3agauu JabOpPaTOpHOMN
padoTHL.

2. Peanu3anus Kaxa0ro nyHkra nojapasaena « MuauBuayanbHoe 3a1aHue) C
NpUBEICHUEM HCXOAHOTO KOJa MpOrpamMMmbl, AMAarpaMM U TpauKoB a7
BU3YyaJIM3AlNH TaHHBIX.

3. OTBeTHI Ha KOHTPOJIbHBIE BOIIPOCHI.

4. Dkpanubie GOpMbI (KOHCOJIBHBINA BBIBOJ) M JUCTUHT MPOTPAMMHOI0O KOJa
C KOMMEHTApHUSIMH, MIOKA3bIBAIOIINE MOPSAIOK BINOIHEHUS JaOOPaTOPHOI paboThI,
Y PE3YJIbTAThI, [IOJYyYEHHBIE B XOJ€E €€ BBIIIOIHEHUS.

OT4eT 0 BBIMOIHEHUH JAOOPATOPHOM pabOTHI MOIIMUCHIBAETCA CTYJEHTOM H

CHacTCs IMPCIIOAaBaTCIITO.

8. Bonpocel 1u1s 3aUThI pa00ThI

1. B kakom mnpoctpaHcTBe uMMeH omnpeneneH kiacc Thread? Iloscaute
Ha3zHayeHue kiacca Thread.

2. Kak nony4uTh HACHTU(PUKATOP TEKYILIErO MOTOKA?

3. Kakoi MeTO1 OCYIIECTBIISET 3aIlyCK METOIa HA BBIINIOJHEHHUE B IIOTOKE?

4. JIns yero HEOOXOAMMBI JIeJIeraThl IPH MCII0JIb30BaHuM Kiaacca Thread?

5. Kak opranmsoBaTth HECKOJIBKO IMOTOKOB B IporpamMmme?
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JIABOPATOPHAS PABOTA 6. IEPEJAYA JTAHHBIX IIOTOKAM

1. leab u conep:kanue

[lear maGopatopHOW pabOTHI: HAYYHUTHCS CO3/1aBaTh MHOTOIIOTOYHBIE
NPUJIOKEHUST C BO3MOXKHOCTBIO TIepefadd IMapaMeTpoB B  IMapaJljIeNIbHO
BBITIOJTHSACMBIC TTOTOKH.

3anaun 1abopaTopHO pabOTHI:

— U3yYUTh MEXaHU3M Iepe/Iauul mapaMeTpoB B TIOTOK;

— HAy4YUTBhCS peliaTh MPAKTHYSCKUE 3aJ1a4i C HCIOJb30BAHUEM ITOTOKOB C
napaMeTpamu;

— U3YUYUTb BO3MOXKHBIC MCTOAbI IICPCAaYNn 11apaMCTPOB.

2. Peaqm3yemble KOMIIETCHIMH

JlabopatopHass pabGoTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX
KOMITETCHIIWM:

I[IK-4 — CnoocobeH  OCYyHIECTBISATh MPOEKTHYI  JIEATEIBHOCTh B
npodecCHOHAIbHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJa, BBIOUpATH
METOJIOJIOTHIO TIPOSKTHPOBAHUS OOBEKTOB TPO(HECCHOHATBLHOW ACSITEIBHOCTH,
CTPOUTh ¥ WCIIOJB30BAaTh MOJIETH, OCYIIECTBISATh WX KAUYEeCTBCHHBIH W
KOJIMUSCTBECHHBIN aHAIN3;

IIK-5 — CrnocobeH ocCylIeCTBISATh pa3pabOTKy, pealu3aluio U OIECHKY
(G (HEKTUBHOCTH TIPOEKTa, KOHTPOJIH COOTBETCTBHS TPEIJIaraeMblX pEIIeHUN
TpeOOBAHMIM CTAaHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIIMH, TIPOBOAUTH TEXHUKO-
IKOHOMHYECKOE 0OOCHOBAHHE 11€71eCO00Pa3HOCTH pa3pabOTKU MPOCKTA;

[IK-7 — CnocobeH ocymecTBIsITh pa3paboTKy, KOHTPOJb KadecTBa,
BHEJIPEHUE U COMPOBOXKACHHE NHHOPMAIIMOHHBIX CUCTEM U TEXHOJOTUN B HAYKE U

IMPOU3BOACTBC.
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3. TeopeTrnueckoe 000CHOBaHME

[lepenaBath TOTOKY KakKue-TO JaHHBIE MOXHO JABYMS CIIOCOOaMH: B
koHCTpykTOpe Thread ¢ momomipio nenerata ParameterizedThreadStart mmubo 3a
CUET CO3JaHHMs CIICIHATIBHOTO KJlacca W ONPEICTICHUs] METO/a TIOTOKA KaK METo/a
IK3EMIUISIpA, YTO T[O3BOJIAT HMHUIUAIU3APOBATh JAHHBIE SK3EMIUISpa Tepen
3aITyCKOM MOTOKA.

Jlnis mepenadr JaHHBIX MMOTOKY HEOOXOIUM KaKOH-TO KJIACC WM CTPYKTYpa,
rae Obl MOXHO OBUIO COXpaHHTh JaHHBIE. B paccMmarpuBaeMoM mpuMeEpe
ompenensercss CTpykrypa Data, koTtopas COIEpKUT CTPOKY, HO B MPHHIIHUIIE

nepeaBaTh MOXKHO JII0O0U OOBEKT:

public struct Data

1
¥

public string Message;

B cnydae npumenenus nenerata ParameterizedThreadStart Touka Bxoma B
MOTOK JIOJDKHA 0053aTeNbHO NPUHHMATh TapaMeTp Tuma object W BO3Bpamiarh
void. OOBEKT MOKHO MPUBECTU K HY>)KHOMY Tuy. Hanmpumep, HUKe MoKa3aHo, Kak

BBIBECTH HA KOHCOJIb COOOIIIEHUE:

static void ThreadMainWithParameters(ocbject o)

Data d = (Data)o;
Conscle.Writeline ("BunonHaeTca 5 noToke, nonydenc {8}, d.Message);

¥
B konctpykTope kimacca Thread mMokHO Ha3HAYMTh HOBYIO TOYKY BXOJa
ThreadMainWithParameters wu BbI3BaTh MeTon  Start (), mnepegaB emy

nepemMeHHyto d:

static woid Main()

1
var d = new Data { Message = "Info" };
var t2 = new Thread(ThreadMainWithParameters);
t2.5tart(d);
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JlpyruMm cmocoOoM il Tepefaddl JaHHBIX HOBOMY TIOTOKY SIBJISICTCS
onpenenenne knacca (Hampumep, MyThread) ¢ HeoOXoAMMBIME TTOSIMH, & TAKXKe

IIaBHOI'O MCTOAA ITOTOKA KaK MCTO/a SK3CMILIISIpa 3TOTO KJIaccCa:

public class MyThread

{
private string data;
public MyThread(string data)
1
}
public woid ThreadMain{)
1

}

this.data = data;

Console.WritelLine("BunonuaeTcAa B8 noToke, data: {@}", data);
}
B aToM cityqae MoxkHO co3nath 00beKT kiacca MyThread u nmepenats ero u
meron ThreadMain () koHcTpykTopy kiacca Thread. IToTok cMoxkeT momyyaTh

AOCTYII K JTaHHBIM:

static void Main()

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

4. O6opynoBaHne M MaTEPHUAJIbI

JIJiss BBITIOJTHEHMSI JTAOOpPaTOpPHOH pPabOTHl PEKOMEHAYETCS HCIIOIh30BaTh
NIEPCOHANBHBI KOMIBIOTED CO CICAYIONUMH IPOrPAMMHBIMH  CPEJICTBAMHU
pa3paboTku (BbIOpaTh OJWUH MM HECKOJBKO MPOTrPaMHBIX MPOAYKTOB IS
MPAKTUYECKON pean3aliuy 3a1ad jadboparopHoii pabotsl): MS Visual Studio 2015

u BhllIE; cpena pazpadbotku Java (Eclipse, NetBeans).

5. Yka3zaHud no TexHuke 0e30mMacHOCTH

CTyneHThl TOJKHBI CIEA0BAaTh OOIIEMPUHITON TEXHUKE 0€30MacHOCTU IS

MOJb30BaTeNeH IEPCOHATTBbHBIX KOMIIBIOTCPOB. He ciaeayer CaMOCTOATCIIBHO
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PEMOHT TCXHHYCCKHX CpCacTB,

obOecrieuenuss. B ciyuae

YCTAaHOBKY H

O0OHapyKEeHHS

yaaJieHue

HEHUCIPABHOCTEN

HCO6XO,ZIHMO COO6HII/ITI> 00 3TOM AIMHUHHUCTPATOPY KOMIIBIOTCPHOI'O KJacCa

(0Ocmy)XuBarOIIEMy ITEPCOHATY JIAOOPATOPHH ).

6. MeToanka v MOPSIAOK BbIMOJTHEHUSA PA0OTHI

1. Co3naiite KOHCOIBHOE MpUiIokKeHue B cpeae MS Visual Studio.

2. C IIOMOIIBIO IIAPpaAMCTPU3HUPOBAHHBIX ITIOTOKOB BBIIIOJIHUTC PCIICHHC

3aJ1a4u B COOTBCTCTBUH C MHAWBUAYAJIbHBIM BApUAHTOM.

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

Bapuant Pemaemas 3agaua (pe3ynbrat METO/A) BxoniHble mapameTpsl

1 Merton HaxoAUT TMOJMHOYKECTBO JJEMEHTOB MaccuBa | J[Ba mapamerpa: pazMep
CIIy4alHBIX YHCEN, KOTOpbIE OTJIMYAIOTCS OT 3aJaHHOrO | MAacCHBA, 3HA4YE€HOE
yuclia He OoJiee ueM Ha 4. YHCIIO

2 Meton HaxoIWT JIOTMYECKOE 3HA4Y€HME, YyKasbiBarouiee | /IBa mapamerpa: cTpoka
CYIIECTBYET JIM 3aJJaHHBIA CHMBOJI B CTPOKE Y KICKOMBIN CUMBOJI

3 MeTton HaxoAWT JBa 4YMCla — MAaKCUMaJbHbIE 3JeMeHTHI | /[Ba napamerpa:
MacCHBa CJIy4alHbIX YHCEII. pa3Mepbl MaCCUBOB

4 Meron  HaxoAWT  CKaadgpHOE  MmpousBeAaeHHe  JBYX | OnuH napameTp:
CITy4alHBIX BEKTOPOB. pasMep BEKTOPOB

5 Metoa HaXOAUT CyMMY ABYX MaTpHI CIIy4ailHbIX YUCEI JIBa mapameTtpa: pa3mep

MaTpHIL

6 MeTton HaxoAUT KOJMYECTBO BXOXJIECHHMM 3amaHHoOro | /Iea napamerpa:
AJIEMEHTa B MaTPUIIE BEIIECTBEHHBIX YUCEI MaTpulla © IEJIeBOU

3JIEMEHT

7 Metol HaxoIUT pe3yJabTaT CIOXKEHUS IBYX ciydalHbIX | OquH rapamerp:
BEKTOPOB LEJIBIX YUCEII pasmep BEKTOPOB

8 Meroag HaxoguT KOJIMYECTBO BXOXKAGHHWH 3amaHHOrO | /[Ba mapamerpa: cTpoka
CHUMBOJIa B CTPOKE Y 1EJIEBON CUMBOJI

9 Meroaq HaxoIWT TOAMHOXXECTBO YETHBIX JJEMEHTOB | JBa mapamerpa: pazmep
MaTPHIIBI CITYYaHBIX YHCEIT MaTPHIIbI

10 Meroa HaXOJIUT CTAaTUCTUKY MacCUBa CIydalHbIX Lenbix | OnauH napameTp:
YyHhCcesl: CINHUCOK TMap (YMCIO MacCHBa, KOJUYECTBO | pa3Mep MaccuBa
BXOJKJICHHIA )

11 Mertoa BO3BpallaeT JOrMYECKOe 3HaYeHUe, yKasbiBaroliee | J[Ba napaMeTpa:
CyLIECTBYET JM 3aJaHHBIM 3JIEMEHT B MaTpUIE YHUCEN | MATpULla M HCKOMBII
double AJIEMEHT

12 Meroag HaxoAUT CyMMy D3JIEMEHTOB MAaTpHIbl LebIX | J[Ba mapamerpa: pazmep

CIIyYalHBIX YHCell

MaTpPHUIIbI
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13 Meron HaXOOUT pa3HuUIly MaKCHUMaJIbHOTO u | JIBa mapamertpa: pazmep
MUHUMAJIBHOTO 3JIEMEHTOB MATPUIIBI IIENIBIX CIyYaWHBIX | MATPUIIBI
Yucell
14 Meron HaxoAuT JIOTMYECKOE 3HA4YeHue, yKasbiarouiee | J[Ba mapamerpa: pazmep
CYLIECTBYET JIM 3aJaHHOE YHCIO B MacCUBe LENbIX | MACCHBA M HCKOMBIH
CIIyYaHBIX YHCEII 3JIEMEHT
15 Merton BoO3BpamaeT MaTpuIly CIy4aiHBIX OWTOBBIX | [IBa mapamerpa: pazmep
3Hauenut (0 wiu 1), hopmMupyemyro ciydailHpIM 00pa3oM | MaTPHIIBI
16 Meton BO3BpalllaeT CTPOKY MaKCUMalbHOW inHBI Ha | OquH napamerp:
OCHOBE IIEPEITAHHOTO MAacCCUBA CTPOK MaccuB (WM CIIHCOK)
CTPOK
17 MeTto1 BO3BpalIaeT MOJMHOKECTBO 3JIEMEHTOB MaccuBa | OauH napamerp:
CIIy4aifHBIX YHCell, KOTOpbIE AeTsATCs Ha 3 pa3mep UCXOIHOTO
MaccHBa
18 Meton HaxoOOUT YHCIO — KOJMYECTBO 3JIEMEHTOB | JIBa rnapamMmeTpa:
MPUCYTCTBYIOIIUX B 00OUX MacCHBaX CIy4alHBIX YHCEI. pa3Mepbl MaCCHBOB
19 Merton HaxomuT cpenHee apudmeTHdyecKoe 3JIEeMEHTOB | JIBa mapamerpa: pazmep
MaTPHUILIbI CTyYalHBIX YHCEL. MaTpPHUILIbI
20 MeTton HaxoauT pe3yiabTaT IIU(PPOBAaHUS CTPOKU: Kaxabli | [IBa napamerpa:
UCXOJHBIA CHMBOJI CTPOKH 3aMeHsieTCsl IU(GPOBAHHBIM | UCXOTHAS CTpOKa,
CHUMBOJIOM, KOJI KOTOPOro Ha n OoJbllie KOAa MCXOIHOTO | YMCIIO CABUIA N
CHUMBOJIA.
21 Mertonq HaxoAUT TOJIMHOXECTBO JJleMEHTOB MaccuBa | OnuH rapamMerp:
CIIy4aifHbIX YHCeIl, KOTOPbIE AeJSATCs Ha 6 pa3mep UCXOIHOTO
MaccHBa
22 MeTon HaXOOUT CTAaTUCTUKY Ui CTPOKHU: CIUCOK map | OauH napamerp:
(CMMBOJI CTPOKH, KOJTMYECTBO BXOXK/ICHUN) aHaJIM3HUpyeMasi CTpOKa
23 Meton HAaXOAWT  pas3HUIy  MaKCHUMallbHOTO u | /IBa mapametpa: pazmep
MUHUMAJIBHOTO DJIEMEHTOB MATPHIIBI. MaTpPHIIBI
24 MeTon HaXOOUT TOAMHOXKECTBO DJEeMEHTOB MaccuBa | OauH napamerp:
CIIy4alHBIX YHCEJl, KOTOPbIE SIBJISIOTCS YETHBIMU pasmep HCXOJHOTO
MaccHBa
25 MeTon HaxXOAWT KOJWYECTBO HEYETHBIX OJJIeMEeHTOB B | J[Ba mapamertpa: pazmep
MaTpHUIIE CITYYalHBIX YUCEI MaTpPHUIIBI
7. Cogep:xanue or4yera u ero popma
Otuert 1o 1abopaToOpHOI pabOTe AOJIKEH COACPIKATh:
HoMep u Ha3zBanue nabopaTopHOM pabOThI, 3amaud J1abopaTOpHOU
paboTHI.

MNPUBCACHHUECM HMCXOJHOI'0 KO/Ja IpPOrpamMmsbl,

BU3YyaJIN3alluN JaHHbIX.

2. Peaymmzanust kaxaoro nmyHkTa nojpasaena « MTHauBuayaibHOE 3a1aHUEY C

auarpaMM M rpaukoB IS
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3. OTBeThI Ha KOHTPOJIbHBIE BOIIPOCHI.
4. Dkpanubie GOpMbI (KOHCOJIBHBINA BBIBOA) M JUCTUHT MPOTPAMMHOI0O KOJa
C KOMMEHTAPHUSIMH, MOKA3BbIBAIOIINE MTOPSIOK BBIIOIHEHMS JAOOpaTOPHOU padoTHI,
Y PE3yJIbTAThl, IOJYYEHHBIE B XOJ€ €€ BBIIOIHEHUS.
OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOAMUCHIBACTCA CTYIACHTOM H

CHacTCs IMPCIIOAaBaTCIITO.

8. Bonpocel 1u1s 3aUTHI pa00ThI

1. OnumuTe BO3MOKHBIC IIyTH rniepcaadur mapamecTpoOB B IIOTOK.

2. HOI[YM&ﬁTG, MOJKHO JIK IICPCaaTh B HCCKOJIBKO IIOTOKOB OJHWH M TOT XKC

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

1. eas u conep:kanue

[lenp mabopaTopHOi pabOTHI: OCBOUTH MPHHIIUIIEI CO3/IAHUS W YIIPaBICHHUS
MOTOKaMH.

3anaun 1abopaTopHO pabOTHI:

— HAYYUTHCS CO3/1aBaTh (POHOBBIE U IPUOPUTETHBIEC TOTOKH;

— HAYYUTHCS paboTaTh C MYJIOM MTOTOKOB;

— HAy4MThCS peIIaTh MPAKTHUYECKUE 3aJadyl C UCIOJIb30BAaHUEM ITyJia

ITIOTOKOB.

2. Peaqm3yemble KOMIIETCHIMH

JlabopatopHas pabGoTa HampaBieHa Ha (OPMHUPOBAHUE CIICIYIONTUX
KOMITETCHIIWM:

I[IK-4 — CnoocobeH  OCYyHIECTBISATh MPOEKTHYI  JIEATEIBHOCTh B
npodecCHOHAIBHOM cdepe Ha OCHOBE CHCTEMHOrO IIOAXOJa, BBIOMpATh
METOJIOJIOTHIO TIPOSKTHPOBAHUS OOBEKTOB TPO(HECCHOHATBLHOW ACSITEIBHOCTH,
CTPOUTh ¥ WCIIOIB30BaTh MOJIENH, OCYIIECTBIATh WX KA4YECTBEHHBIA U
KOJIMUSCTBECHHBIN aHAIN3;

IIK-5 — CrnocobeH ocCylIeCTBISATh pa3pabOTKy, pealu3aluio U OIECHKY
3G ()EKTUBHOCTH TIPOEKTa, KOHTPOJb COOTBETCTBUS TMpEIaraéMbIX perieHui
TpeOOBAHMIM CTAaHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIIMH, TIPOBOAUTH TEXHHUKO-
IKOHOMHYECKOE 0OOCHOBAHHE 11€71eCO00Pa3HOCTH pa3pabOTKU MPOCKTA;

[IK-7 — CnocobeH ocymecTBIsITh pa3paboTKy, KOHTPOJb KadecTBa,
BHEJIPEHUE U COMPOBOXKICHHE NHPOPMAIIMOHHBIX CUCTEM M TEXHOJIOTUH B HAYKE U

IMPOU3BOACTBC.
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3. TeopeTrnueckoe 000CHOBaHME

2.1 ®oHOBBIE U TPHUOPUTETHBIE TOTOKU

[Ipouecc mNpWIOKEHUS NPOAOJDKACT BBIIOIHATBCA N0 TEX IOp, IOKa
BBITIOJHSETCST XOTs Obl OJMH NPUOPUTETHBIM TMOTOK. Eciu BbeIMomHsETCs Oomee
OJTHOTO TPHUOPUTETHOIO TOTOKa, a Merox Main () 3aBepuiaeTcs, HIpoLECC
NPUJIOKEHUSI OCTAeTCs aKTUBHBIM JI0 T€X IOp, MOKa He OyIyT 3aBepIICHbI Bce
PUOPUTETHBIE MOTOKHU.

[Totok, cozmaBaeMslii ¢ momoulbio kiacca Thread, mo yMonmuaHuto SBiISETCA
npuopuTeTHbIM. [lOTOKHM, co3naBaeMble B ITyJie TOTOKOB, BCErAa SIBIIAIOTCS
(hOHOBBIMU.

[Tpu cozmanum noroka ¢ momoiibio kiacca Thread MOkHO yka3aTb, KaKUM
JOJDKEH OBITh MOTOK — MPUOPUTETHBIM WM (POHOBBIM. [[7s1 3TOr0 HE0OXOAMMO
yCTaHOBUTH cBOMCTBO [sBackground.

Paccmorpum npumep (puc. 7.1). BolBog naHHON mporpaMMbl NpeacTaBiIeH

Ha puc. 7.2(a).

static void Main(string[] args)

1
Console.BackgroundColor = ConsoleColor.white;
Console.Clear();
sole, ForegroundColor = ConsoleColor.Black;

Console.WritelLine{“MNoTox Main =zanywen"};

nread th = new Thread(

0 = {

hread.Sleep(368@);
Console.WriteLine("MoTok MyNewTread ocTaHoBnew™);

}
{ IsBackground=false, Name ="MyNewTread" };

th.5tart();

15o0le.Writeline{ "MoTok Main ocTanoenexn™);



50

Pucynok 7.1 — IIpumep ycTaHOBKHM THUIA MTOTOKA.

m C:‘\Winw B ChAWindowsisystem3Zomd.exe

OTOK AN FAll YueH nI'I'I'I'IH Hﬂil‘l T WIe H

oroKk Main octaHoBAaew MNotor Main vcranosaen

Movor MyMewTread zanywen HEIWH HyHeuTread sanywed

E:ruu HyHeuTrecad ocTamopAcH A NPONGASEHHA HAMMHTE ABGYS KAaDHUY . . .
A NPONOASREHHA HIMHHTE ANMGYE KAADHUY . . -

a) 0)

Pucynok 7.2 — BeiBog nporpammel: a) IsBackground=false; 6) IsBackground=true.

Ecnin wu3MeHWTh KOA mTpOrpaMMbl M YCTAaHOBHUTH CBOWMCTBO IOTOKA
IsBackground B 3HaueHMM paBHOE true, TO BBIBOJ MPOTrPAMMBI H3MEHUTCS
(puc. 7.2(6)). B nepBom ciiyyae notok MyNewThread siBisieTcsi mpuOPUTETHBIM,

BO BTOpPpOM — (bOHOBBIM. IToTox Main ne OXKHMIACT 3aBCPUICHUA (1)OHOBBIX ITIOTOKOB.

2.2 IIpuopuTeTsl TOTOKOB

3a TJIAHUPOBAHWE TMOTOKOB OTBEYA€ OMNEpallMOHHAs CHCTEMA, HO
MIPOrPAMMHUCT MOKET BJIMATH HA 3TOT MPOLECC, HA3HAYask MIOTOKA M MPUOPUTETHI.

OrneparmoHHas cucTeMa IUIaHUPYET BBITIOJHEHHE MOTOKOB HAa OCHOBE HX
puopUTETOB. [I0TOK C HAMBBICIIUM MPUOPUTETOM HAYMHAET BBIMOJHATHCS B LII1
nepBeiM. [loTOk mpekparmiaer BbimosHeHHe u ocBoboxmaer LI, ecnu emy
TpeOyeTcsl OKHUIaHUE KaKOTO-TO pecypca. ECTh HECKOJIBKO MpUYMH JIJIs TIepexo/ia
MOTOKa B pEeXUM OXujaHus. Hanpumep, 3TO MOXKET MPOUCXOAUTH H3-3a
MOJIYYCHUSI KOMaH/Ibl Ha 3aChIITaHKUE, U3-32 HEOOXOAMMOCTH OKHMJIaTh 3aBEPIICHUE
JIUCKOBBIX ONEpalMii BBOJA-BBIBOJIA, MOCTYIUICHUE CETEBOTO Makera W T.n. Eciu
noTok He ocBoOoxmaer IIII camocTosTeIbHO, €ro BBITECHSAET TIUIAHHUPOBIIUK
MOTOKOB. EciM mNoOTOK uWMEEeT BBIACICHHBIA KBAHT BPEMEHH, OH MOXKET
ucnonp3oBathk LII HempeppiBHO. EcCiau BBINONHAETCA HECKOJIBKO MOTOKOB C
OJIMHAKOBBIM MPUOPUTETOM, KAXKJIBIA U3 KOTOPBIX OXKUIAET MOJYUYEHHS JOCTyIa K

I, naaHUpPOBIIMK IMOTOKOB MPUMEHSET AJTOPUTM KPYTOBOTO OOCITYKUBaHUS,
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npenocTaBisia dTUM TotokaM aoctymn K LIT mo odepenu. B cinyuyae BbITECHEHHS
MOTOK MOMEIIAETCS B KOHEIl OUEPE/IH.

B knacce Thread 6a30BbIii MPUOPUTET MOTOKA YCTAaHABIMBACTCS B CBOMCTBE
Priority. Jlomyctumbie 3HaueHusi ompezeneHsl B mepeuncieHun ThreadPriority.
OTU 3HAYEHUS NPEIACTABISIIOT pPa3JIMYHbIE YPOBHU MPHOPUTETA U BBITTISAIAT
cneayrommm obpazom: Highest, AboveNormal, Normal, BelowNormal u Lowest.

[Tpu Ha3HAYeHHH TOTOKY OO0JIiee BHICOKOTO MPUOPUTETA CIETYET COOMI0AATh
OCTOPO’KHOCTb, MOCKOJIBKY 3TO YMEHBIIAET IIAHCHl HA BBINOJHEHUE ISl JPYTHUX
noTokoB. Eciu 3TO HacTosTeNbHO HEOOXOJUMO, TO JIy4llle U3MEHATHh MPUOPUTET

TOJIBKO Ha KOPOTKOC BPCMA.

2.3 CocTossHUA MTOTOKOB

[ToTok co3maercs 3a cuet BbIzoBa Merofda Start () oowekra Thread. OgHako
nocJje BbI30oBa MeToja Start( ) HOBBIM MOTOK BCE €llle MpeObIBACT HE B COCTOSTHUU
Running, a B cocrossuun Unstarted. B cocTostaue Running moTok nepexoaur cpasy
MOCJIE TOTO, KaK TUIAHUPOBIIUK TOTOKOB OIEPAIMOHHONW CHCTEMBI BBIOEPET €To
JUTSL BBITIOTHEHUS. MIHpopManus o TeKymeM COCTOSIHMHM IMOTOKa JAOCTYITHA dYepes
cBoiicTtBo Thread.ThreadState.

C nomomisto Metona Thread.Sleep( ) MOTOK MOKHO TIEPEBECTH B COCTOSTHUE
WaitSleepJoin 1 mpu 3ToM yKazaTh, 4epe3 KakOil MPOMEKYTOK BPEMEHHU IMOTOK
JIOJDKEH BO30OHOBUTH paboTy. UTOOBI OCTAaHOBUTH MOTOK, HEOOXOJUMO BBI3BATH
meto Thread.Abort( ). [Ipu BbI30BE 3TOro MeTO/ia B COOTBETCTBYIOIIEM IMOTOKE
reHepupyetcs uckiatodenue tuna Thread AbortException.

B ciydae ecnu 71 3TOTO MCKIIOUCHHUS MPETyCMOTPEH 00pabOTUHK, TMepe
3aBEPIICHUEM IMOTOK CMOXKET BBIMOJHUTHL HEOOXOJUMBIE OTEPAIMH 1O OYHCTKE.
UToObl TMPOMOJDKUTH  BBHITIOJIHEHWE TIOTOKA TIOCJE€  BBIJAYM  HCKIIFOUCHHUS

ThreadAbortException, cieayer Boi3BaTh MeToa Thread.ResetAbort( ). CocTosinue
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MOTOKA, IMOJIYYAOIIero 3ampoc Ha HEMEUICHHOE MpPEKpallieHhe, U3MEHSETCS ¢
AbortRequested va Aborted, eciu MOTOK HE IPOU3BOUT COPOC.
Ecnmn HEoOX0oAMMO JOXKUAAThCS 3aBEepUICHHs] pPabOTHl IMOTOKA, MOXKHO
BbI3BaTh MeTod Thread.Join( ). DToT MeTonm ONMOKMpYyeT TEKyIIMA TOTOK |
nepeBoauT ero B cocrosiane WaitSleepJoin 1o Tex mop, moka He OyJeT 3aBepIlcH

HpI/ICOG,ZII/IHGHHBIﬁ K HCMY IIOTOK.

2.4 Tlynel OTOKOB

Coznanne mOTOKOB TpeOyeT BpemeHH. Eciu ecTb pasnuyHble KOPOTKHE
3aJ]a4uM, MOJJICKAIUE BBINOJIHEHUIO, MOKHO CO3/1aTh HAOOp MOTOKOB 3apaHee U
3aTeM MPOCTO OTHPABIATH COOTBETCTBYIOIIHE 3allPOCHI, KOT/Ia HACTYMAET OYepehb
JUTSL X BBITIOJIHEHUS.

Ha npakTtuke 4dacto TpeOyercsi, 4ToObl B 3aBUCHMOCTH OT MHOTPEOHOCTU
KOHKPETHOM 3aJaud KOJUYECTBO TIOTOKOB YBEIWYHBAIOCH M YMEHBIIAIOCH
aBTOMAaTW4YeCcKu.  Peanu3oBbiBaTh  MOAOOHOE  IOBEIEHUE  MPOTPaAMMUCTY
CaMOCTOSITENIbHO He TpeOyeTcs. i ympaBieHus TaKuM MOBEICHHEM MOTOKOB B
NET Framework npenycmotpen kiacc ThreadPool (knacc myna moTokos).

3HaueHUEe MaKCUMAaJIbHO JOMYCTUMOTO KOJIMYECTBA IMMOTOKOB B ITyJIE MOXKET
u3MeHAThCA. B cnyuae nByspepHoro LII oHo mo ymomuanuto cocrasisier 1023
pabounx moTokoB 1 1000 MOTOKOB BBOAA-BHIBOIA.

Mo>HO yKa3bpIBaTh MUHMMAJIbHOE KOJUYECTBO MOTOKOB, KOTOPBIE TOJIKHBI
3aIyCKaThCsl cpaszy MOoCJe CO3/AaHMs Mysa, U MAaKCUMAJIbHOE KOJIMYECTBO MOTOKOB,
JOCTYNHBIX B myJie. Eciu ocranuch kakue-To mojjiexaiine oopaboTke 3a1anus, a
MaKCHMaJbHOE KOJMYECTBO TMOTOKOB B MyJI€ Y€ JOCTUTHYTO, TO 0oJjiee HOBBIE
3ajaHus OyayT MOMeUIaThesl B 0Yepeib U TaM OKUJaTh, MOKA KaKOW-TO U3 MOTOKOB

3aBEPIIUT CBOIO PadoTYy.
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PaccMoTpum mpumep mysa MOTOKOB ISl 0OpabOTKHM 3JIEMEHTOB MacCHBA.
Kak Tonmpko ouepenHON »dieMEHT [00aBiseTCS B MAacCHB, B IyJ TOTOKOB
no0aBysieTcss HoBast 3a1a4a (1151 00pabOTKU 100aBIEHHOTO JIEMEHTA).

Ha puc. 7.3 npencrasieH Kiacc, KOTOPbIM OMUCHIBAET 3JIEMEHTBI MACCHUBA.

KEnacc anemeHTOB MacCcHBa
Data - uenoe 4MCHO,
Fact - dakTopwan 4wmcna Data

public class Ma

{
public int Data;
public long Fact;

Pucynok 7.3 — Knacc-anemMeHT MaccuBa.
Pazpabotaem kiacc, KOTOpBI MO3BOJIUT XPaHUTh MAaCCHUB 3JIEMEHTOB,

,Z[O6aBJ'I}ITB aJIEMEHTHI Thila Massltem B maccuB u 3adIllYCKATb IIOTOK 06pa6OTKI/I

AJIEMEHTa MacCHUBa C 1IeJIbIO BEIYUCIICHUS (pakTopuaia uncia (puc. 7.4).
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fA ¢summary:

S/ Knacec maccuwea. Yepes Hero npod3IBOAMTCA
[/ noBaBnenHwe INEMEHTOR B MACCHB W Ianyck
f/f 3apav B nyne noTokoe

f7 </ summary >

3 references

public elazs MassData

i
private List<MassItem> massive;
1 reference
public MassData()
{
massive = new List<MassItem»(188@);
}
1 reference
public void Add{MassItem newElemsent)
{
if {(newElement.Data < 1) newElement.Data - 1;
{f oGasnAed INEMEHT B MaCCHB
massive. Add{newElament) ;
lll'l\.
¥ Ianyckaem 3agady obpaboTen snemeHTa (EWHMCNEHWE HEKTOpHANa).
* Jajava npefcTaBneda B Bdge NAMOAAE-BHpaxeHHA
*f
ThreadPool.QueuelserlorkItes(MethodForThread, newElement);
}
AF <summary>
Aff MeTop 3anyckaeTCcA npw Qo03BNEHMA INEMEHTE B MACCHB
F o summary
fff <param name="ob"*HoBWA INeMeHT param:
1 reference
protected static vold MethodForThread{object ob)
{
MaszsItem item = (MassItem)ob;
int F = item.Data;
Console.Writeline({"Motor {8}. Mony4eH HoEwA snemest {117,
Thread .CurrentThread . ManagedThreadId,
item.Data);
long Factorial = 1;
while (F » 1)
{
Factorial *= F;
Thread.S5leep(188); // 3apep=xa
Console.WriteLine( NoTok {8}. BwvMcnewwe! Saktopwan ov {1} paeew {2}",
Thread.CurrentThread . ManagedThreadld,
item.Data,
Factorial);
F--3
}
item.Fact = Factorial;
Console.WriteLine( NoTok {@8}. Buuwmcnewwe 3asepueno! Gaxtopwan ot {1} pasen {2}",
Thread.CurrentThread.ManagedThreadId,
item.Data,
item.Fact);
1
}

Pucynok 7.4 — Knacc asnst paboThl ¢ MaCCHBOM.



55

Peanmuzyem ¢dynkiuo Main( ), B koTopoil npousBoautcs nodasaenue 1000

CIIy4alHBIX 3JIEMEHTOB (puc. 7.5).

static void Main{string[] args)

{
C .BackgroundColor - ConsoleColor.White;
Console.Clear();
Console. ForegroundColor = ConsoleColor.Black;

int MaxWorkThread;

int MaxIOTread:

Tt ool.GetMaxThreads (out MaxkWorkThread, out MaxIOTread);
Console.WriteLine("Makcumancuoe koamyecTeo pabounx notoxos: {@}." +

"MaKCcHMansHOE KONMYECTED NOTOKOE BE0Qa-Bweoga {1}7
MaxWorkThread, MaxIOTread);

/7 CozpaeM obbexT Knacca-Maccwpa W aobaenaeM 1800 CnyqYaRHuX INEMEHTOR
MassData myData - new MassData():

Random rnd = new Random(};

for (int i = 8; i « 18688; i+s)

myData.Add(mew MassItem() { Data - rnd.Hext(1@) }):

on=ale. Readkey();

Pucynok 7.5 — Metoa Main( ).

BriBoz1 mporpamMmel mokasaH Ha puc. 7.6.

MakcHMaAbHOE KOAHYECTBO pPacouMXx noTokoe: 1023.
MaxcHMaAbHOE KOAMYECTBO NOTOKOE EBORA—EBmBopa 1000
MNotok 6. MNoayyeH HOBWM 3AeHMeHT 3

Motox 10. MoAyyeH HOEWH 3aemeHT 2

Motok 11. MoayyeH HoOBWM 3aeMeHT 8

Motok 12. loayuyeH HOEWH 3aemeHT 1

MNotox 12_. Buwuucaenwe sasepuedHo? Paxtopuas or 1 paeen 1
Motok 12. lMoAyyeH HOBWM 3AEMEHT b

MNotok 6. BuwuvcaenHwe?! Paktopuaan ot 3 paseH 3

Motok 10. Bwuumcaenuwe? Paktopuan or 2 pasen 2

MNotok 10. BwuumcaenHwe 3asepuweHo?! PakTopuaa ot 2 paseH 2
Motok 10. loayyeH HOEWH 2AeMeHT 2

Motok 12. Bwuumcaenuwe? Paxtopuan or 6 paseH 6

MNotok 11. BwuumcaenHue? Paktopuaa ot 8 pasen 8

MNotox 10. Buwuucaenwe?! dPaxtopuasn ov 2 paeen 2

Motok 10. Bwuumcaenuwe sasepueHo? Paktopuan or 2 pasen 2
MNotok 10. lMoAyyeH HOBBM 3AEMEHT

MNotoxk 6. Buwumcaenuwe?! Paxtopuan or 3 pasen 6

MNotok 6. BuwuvcaeHue 3asepueHo?! PakTopuaa ot 3 paseH 6
MNotok 6. lNMoayyeH HOEWM 3AeMeHT 7

Motok 12. Bwumcaenwe? Paktopuas or 6 pasen 30

Motok 11. BwuumcaenHwe! Paktopuasa or 8 pasen 56

Motok 10. Bwuumcaenuwe?! Paktopuaan or 7 pasen 7

MNotok 6. Buwumcaenwe? Paktopuan or 7 pasen 7

MNotoxk 12. Bwuucaenwe?! PaxtopHas ot 6 paeed 120

Pucynok 7.6 — Pe3ynbTat paboThl MPOTPAMMBI.

N3yuure npencraBiieHHbI Koa mnpuioxeHus. MHccnenyiite mnoseneHue
IporpaMmMbl MPU HU3MEHEHUM BpPEMEHHM 3aJ€pKKM B (YHKIHMH BBIYUCICHUS
¢dakropuana. CuenaiiTe BBIBOJ: KaKk MEHSETCS paboTa MPOrpaMMbl OT U3MEHEHHS

BPEMEHU 3a/IEPHKKHU.



56

4. O0opy1oBaHHe U MATEPUAJIBI

JIJIs BBITIOJTHEHMS JTAOOPATOPHOH pPabOTHl PEKOMEHAYETCS HCIIOIh30BaTh
NIEPCOHAIBHBIN  KOMIBIOTEP CO CISAYIONUMH IPOrPAMMHBIMH  CPEICTBAMHU
pa3paboTku (BBIOpAaTh OJWMH WM HECKOJIBKO MPOTPaMHBIX MPOJYKTOB IS
MPaKTUYECKON peanm3aruu 3aaad jabopatopHoit padotsr): MS Visual Studio 2015

u BhIIIIE; cpena pa3padotku Java (Eclipse, NetBeans).

5. Yka3zanusd no TexHuke 0€30MacHOCTH

CTyneHThl JTOJDKHBI CJIEIOBATh OOIICHPUHATON TEXHUKE O€30MacHOCTH IS
MOJIb30BATENIE MEPCOHAIBHBIX KOMIIbIOTEpOB. He ciegyer caMocCTOSATENIbHO
MPOU3BOJINTh PEMOHT TEXHUYECKHX CPEIACTB, YCTAaHOBKY U  yAaJICHUE
nporpaMMHoOro ooecrieueHus. B ciydyae oOHapyXeHHsT HEHCIpaBHOCTEH
HEOOXOJAMMO COOOHIUTH 00 HTOM aJMHUHUCTPATOPY KOMIBIOTEPHOTO Kilacca

(oOcmy>XuBarIIEMy IEPCOHATY J1a00paTopun).

6. MeToanka v NOPS/I0K BbINOJHEHHUS PA0OThI

1. CoznaiiTe KOHCOJIBHOE MPUITOKEHUE.

2. PazpaboraiiTe Kmaccel IS PpEIIEHUS 3aJadd B COOTBETCTBUHM C
WHJMBUAYAJIbHBIM BapUaHTOM C MCIOJIb30BaHUEM TMyJia TOTOKOB. B KaxaoMm
3aJlaHUd HEOOXOIUMO pa3padoTaTh KOJUICKIMIO SJEMEHTOB 3aJaHHOTO THMAa M
KJIAcC ISl YIPABJICHUSI KOJUIEKIMEH, OCYHIECTBISIOMUNA 00pabOTKy 3JIeMEHTa C
MCIIOJIb30BaHUEM ITyJIa TOTOKOB.

3. B airoputMe pemieHusi 3aadyd MpeayCMOTPUTE 3aJEPKKy alroputMa c

ucrnosbs3oBanueM Metojia Thread.Sleep( ).
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4, Cz:eﬂaﬁTe BBIBO/I: KaK MCHCTCA IMOBCACHUEC IMPOIrpaMMbl ITPH U3MCHCHHUHU

BpPCMCHHU PICKYCCTBCHHOﬁ 3aJICPKKHU aJIrOpruT™MaA.

NHnuBuayanbHOE 3a1aHAE.

BapuanT | 3agaua, pemaemas ¢ UCIIOJIb30BaHEM I1yJia IOTOKOB (METOJ Tun anemenra
00pabOTKH 2JIEMEHTA) KOJUICKITUN

1 Metox HaxomuT cpenHee apudmernyeckoe sieMeHToB | Kmace onpenensier
MaTpPHULBI CIIy4alHBIX YHACEI. MaTpuLy (pa3mep

BBIOMpaETCS
CIIy4aifiHBIM 00pa3oM)

2 MeTton HaxoauT pe3yiabTaT MU(PpPOBaHUs CTPOKU: Kaxablil | Kmacc — mpencrasiser
UCXOJIHBIH CHMBOJI CTPOKHM 3aMeHsieTcs IIM(POBAHHBIM | IAapy CTPOK: HCXOJHAs
CHUMBOJIOM, KOJI KOTOPOro Ha n OoJbllle KOAa MCXOIHOTO | U mmdpoBaHHas
CHUMBOJIA. (ucxongHast 3amaercss B

KOHCTPYKTOpE)

3 MeTton HaxoOUT TOAMHOMKECTBO 3JIEMEHTOB MaccuBa | Kimacc — mpencrasisieT

CIIy4alHBIX YUCEN, KOTOPBIE JENATCS Ha 6 MacCHB CIIy4aHBIX
qucell, CIIy4ailiHOTO
pa3mepa

4 MeTon HaxOOUT CTaTUCTUKY UId CTPOKM: cnucok mnap | Kmacc — mpencrasisier
(CMMBOJI CTPOKH, KOJIMYECTBO BXOXK/IEHU) CTpOKy (3ajmaercsi B

KOHCTPYKTOpE)

5 Meron HAXOJIAT pasHHALy MaKCUMaJIbHOTO u | Kimacc  npexacrasusier

MUHUMAaJIBHOTO 3JIEMEHTOB MaTPHIIbI MaTpully — CIIy4alHbIX
qucen CIY4aitHOTO
pa3Mepa

6 MeTton HaxoOUT TOAMHOMKECTBO DJJIEMEHTOB MaccuBa | Kimacc — mpencrasisieT
CIIy4alHBIX YHCEJl, KOTOPbIE SIBJISIOTCS YETHBIMU MaccHB CIIy4aiHbIX

yHcell CIIy4ailiHOTO
pa3mepa

7 MeTon HaxoOAWT KOJIMYECTBO HEYETHBIX 2JIeMEHTOB B | Kimacc — mpencrasisieT
MaTpHLE CIIy4alHbIX YUCEI MaTpuly  CIy4alHBIX

qHCcen (pazmep
3a/1aeTcs B
KOHCTPYKTOpE)

8 MeTton HaXOUT pasHUIlY MaKCHUMaJIbHOT'O u | Knacc OIIMCBIBAET
MUHUMAJIBHOTO 3JIEMEHTOB MATPHUIbl LENBbIX CIy4YallHBIX | MATPULYy  CIy4YalHBIX
quUCen qUCe (pa3mep

MaTpHIlbl  BBIOUpAETCS

CIIy4aifiHBIM 00pa3oMm)
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9 Meton HaxoAWT JIOTMYECKOE 3HA4YeHue, ykaszbiBaromiee | Kmace OIHUCBIBAET
CYLIECTBYET JIM 3aJaHHOE€ YHCIO B MAacCHBE LEJbIX | MACCUB CIIy4alHbIX
CIIy4alHBIX YUCEN yucen (pa3Mep Maccuba

BBIOMpaETCS
ClIly4aiilHbIM ~ 00Opa3zom,
HCKOMOE YHCIIO
YKa3bIBaeTCs B
KOHCTPYKTOpE)

10 MeToa CTpouT MaTpuily ciydaitHeix OuToBbiX 3HaueHui (0 | Kiace OMHUCHIBACT
wi 1), popMupyemyro cirydaiiHIM 00pazom MaTpuLy (pazmep

YKa3bIBaeTCs B
KOHCTPYKTOpE)

11 MeTton HaxoIUT CHMBOJI CTPOKH, KOTOpblId Bcredaercs | Kiace OIHUCHIBAET

MaKCHMaJIbHOE KOJIMUYECTBO pa3 CTPOKY (cTpoka
3a/1aeTcs B
KOHCTPYKTOpE)

12 Meron HaxoIUT MOAMHOXKECTBO 3JIeMEHTOB MaccuBa | Kiace OIUCHIBAET
CIIy4alHbIX YHCEJI, KOTOpbIE AEIATCS Ha 3 MacCHB

13 Merox HaXoOUT YMCIO — KOJMYEeCTBO 3neMmeHToB | Kilacc onuckiBaer nmapy
IPUCYTCTBYIOIIMX B 00OUX MaccUBax CIy4alHbIX YHCEI. MacCHBOB (pazmep

onpenensercs
Clly4ailHbIM  oOpa3om,
3J€MEHThl MaccuBa —
CIIy4aiHbIE YUCIIa)

14 MeTton HaxoOUT TOAMHOXKECTBO d3JIEMEHTOB MaccuBa | Knmacc uig  ommcanHus
CIIy4aHbIX 4HCEJ, KOTOpbIE OTJIMYAIOTCA OT 3aJaHHOrO | MacCHBa  CIIy4alHBIX
yucia He Oosiee yeM Ha 4. yhucel M 3aJaHHOTO

qucia

15 Meton HaxoguT JIOTMYECKOE 3HayeHue, ykasbiBarouiee | Kimacc  mpexacraBisier
CYILLECTBYET JIM 3a/IaHHBII CHMBOJI B CTPOKE CTPOKY M  HCKOMBIH

CHUMBOJI

16 MeTon HaxoIWT [Ba 4YMcIa — MAaKCHUMalbHbIE 3J1eMeHTHl | Knmacc g ommcaHus

MaccHBa CIIy4alHbIX YHCEI. MaccuBa  CIIy4alHBIX
JJIEMEHTOB

17 Meton  HaxoauT — CKagsApHOE Tpou3BeAeHue  1ByX | Kilacc omuchiBaeT aBa

CIIy4aiHbIX BEKTOPOB. CIIy4allHbIX ~ BEKTOpa
pa3MepHOCTH n.

18 MeTto HaXOAUT CyMMY ABYX MaTpHIl CIy4ailHbIX YHCET Kiacc onuceiBaer mapy
MaTpull  CIIy4aiiHOTO
pa3Mepa, coaepXkKalnux
CIIy4alHbIe Ynca

19 Meton HaxogMT KOJIMYECTBO BXOXKJIeHUHM 3amaHHoro | Kiacc OINKCHIBAET
3JIEeMEHTa B MaTpULIE BEIIECTBEHHbIX YHCEl CIIy4allHyl0 MaTpully U

HICKOMOE YHCJIO
20 Meton HaxoIWT pe3yabTaT CIOXKEHWS JBYX ciaydanHbIX | Kitacc onmceiBaer mapy

BCKTOPOB L CJIBIX YUCCII

CllyyailHBIX ~ BEKTOPOB
pa3smepa n (n 3amaercs
B KOHCTPYKTOpE)
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21 MeTonq HaXOOWT KOJHWYECTBO BXOXKIACHUU 3amaHHoro | Kmacc MPEJCTABIISIET
CHUMBOJIa B CTPOKE CTPOKY M  HCKOMOE

YHCIIO0
22 MeTtox HaxXoaWT NOAMHOXKECTBO UYETHBIX dJeMeHTOB | Kmacc ONHCHIBAET
MaTpPHIIbI CITyYalHBIX YUCETT MaTpUIly  CIy4alHBIX
qucen (pa3mep

MaTpUIBl yKa3bIBACTCS
B KOHCTPYKTOpE)

23 Metoa HaXxOIWUT CTATUCTUKY MacCHBa CllydalHbIX Ienbix | Kiace OIUCBIBAET
YyCceN: CHOUCOK map (YMCIO MaccuBa, KOJUYECTBO | MATPUIy  CIy4alHBIX
BXO)KJICHHI ) quCen (pa3mep

MaTpHIbl  BBIOUpPACTCS
CIIy4aifHBIM 00pa3oM)

24 Meron HaxomuT pe3ynbTaT — JIOTMYECKoe 3HaudeHue, | Kmacc OIIUCHIBAET
yKa3bIBaIOIlEe CYIIECTBYET JM 33JaHHBIA 3JE€MEHT B | MATpULy  CIy4alHBIX
Mmatpuie yrcen double qucell (pasmep

MaTpUIbl yKa3bIBACTCS
B KOHCTPYKTOpE)

25 MeTon HaxoguT CyMMy 2JIEMEHTOB Marpuubl Lenbix | Kiacce OIMCHIBAET
CIIy4alHBIX YUCEN MaTpuly  CIy4YalHBIX
qucen (pa3mep

MaTpullbl  BbIOMpaeTcs
CIIy4aifHBIM 00pa3oM)

7. Coagepxanue or4yera M ero popma

Otuert 1o 1abopaToOpHO pabOTe AOTKEH COACPIKATh!

1. Homep u Ha3Banue mnabopaTopHOil pabOThI, 3amauu J1aOOpaTOPHOU
paboTHI.

2. Peanuzanus Kaxa0ro nmyHKTa nojpasaena « M HauBuayaapsHOe 3a1aHue» C
MPUBEJACHUEM HCXOJIHOTO KOJla TMpOTrpaMMbl, auarpaMM W TrpaduKoB s
BU3yaJIM3allM TaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. Dxpanabie GOpMbl (KOHCOTBHBIM BBIBOJ) U JIUCTUHT MPOTPAMMHOTO KOJIa
C KOMMEHTapHUsIMH, MTOKa3bIBAIOIINE TOPSI0K BBITOJIHEHHS JIA0OPATOPHOU padOThI,
U PE3YJIbTAThI, OJYYEHHBIE B X0/1€ €€ BHITIOJHEHMUS.

OT4eT 0 BBIMOTHEHUH JaOOPATOPHON PabOTHI MOJMUCHIBAETCS CTYACHTOM U

CAACTCs IMPEIIOAaBaTCIIIO.
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8. Bonipocs! 11 321U ThI pa0d0ThI

1. Kakue Tumbel noTOKOB BbI 3HaeTe? YUem OHU OTIIMYaOTCS?
2. J1ns yero NpUMEHSIIOTCS TPHOPUTETHI NOTOKOB? Kak 3amaTe mpuopurer
noToKa?

3. Uto Ttakoe myJs notokoB? Kakoil MeTos 3amyckaeT NOTOK B IyJie?
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JIABOPATOPHAS PABOTA 8. CO3JJAHHUE U 3AIIYCK 3AIAY

1. leab u conep:kanue

Lenb nabopaTopHOit pabOThI: U3yUYUTh MEXAHU3M PAOOTHI C KJIacCaMH 3a/1ad.
3anaun 1abopaTopHOM pabOTHI:

— U3YYHUTHh BO3MOKHOCTH Kitacca Task;

— HAY4YUTHCS CO3/1aBaTh U 3aIlyCKaTh 3aJ1a4H;

— HAY4YHUTbCA pa6OTaTB C MaCCHUBaMH 3a1aa4.

2. Peasim3yemble KOMIIETCHIMH

JlabopatopHass pabGoTa HampaBieHa Ha (OPMHPOBAHUE CIIECIYIOIIUX
KOMIIETEHIINM:

I[IK-4 — CnoocobeH  OCYyHIECTBISATh  MPOEKTHYIO  JIEATEIIBHOCTh B
npodecCHOHAIBHOM cdepe Ha OCHOBE CHCTEMHOTO II0JX0Jia, BBIOUpATH
METOJ/IOJIOTHIO TIPOSKTHPOBAHUS OOBEKTOB TPO(HECCHOHATBLHOW ACSITEIBHOCTH,
CTPOUTh ¥ WCIIOJNB30BaTh MOJICTH, OCYIIECTBIATh WX KAYCeCTBCHHBIH W
KOJIMYECTBECHHBIN aHaJIN3;

[IK-5 — CrnocobeH ocCylIecTBISATh pa3pabOTKy, pealu3aluio U OIEHKY
3G ()EKTUBHOCTH TIPOEKTa, KOHTPOJIHh COOTBETCTBUS TMpEIaraéMbIX perieHui
TpeOOBAHMSIM CTAHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIlMU, TMPOBOAUTH TEXHUKO-
PKOHOMHUYECKOE 0OOCHOBAHUE 11€]IECO00PA3ZHOCTH pa3pabOTKH MPOCKTa;

[IK-7 — CnocobeH ocymecTBIsITh pa3paboTKy, KOHTPOJb KadecTBa,
BHEJIPCHUE U COTPOBOXKICHHE MH(POPMAIIMOHHBIX CHCTEM M TEXHOJIOTUH B HAYKE U

IIPONU3BOACTBC.

3. TeopeTnueckoe 000CHOBaHME



62

B cocrap .NET 4 BxomuT HOBoe mnpocTpaHcTBO uMeH System.Threading.
Tasks, B KOTOpOM cojiepKaTcsi KJIacChl AJisi a0CTparupoBaHusi (PyHKIIMOHATBHOCTH
MoTOKOB. BHyTpH 3THX KjaccoB ucnoiib3dyercs ThreadPool. Tlox 3amaueit (task)
MOHUMAIOT €IWHUILY MOJJIEKAIIEH BBIMOIHEHUIO pabOThl. DTa €IWHUIA PabOTHI
MOJKET BBINIOJIHATECA B OTJCJIBHOM IOTOKE, HO MOXET TaKXKe 3alyCKaThCsi B
CUHXPOHU3UPOBAHHON MaHepe, OXujas BbI3bIBAIOIIET0 TMOTOKAa. B ciydae
NPUMEHEHHUS 3a7aud CO3/IaeTCsl JOTMOJIHUTEIbHBIA YPOBEHb aOCTPAKLUU M TaKKe
MOSIBJISIETCS. Macca BO3MOXKHOCTEH Il  YIpaBJCHUS JIEKAIIUMU B OCHOBE
MOTOKaMHU.

3amaun oOecrneunBarOT OOJBIIYI0 THOKOCTh B IUIAHE OpraHu3aluu
BBITIOJIHAEMON PabOTHI.

Jlns 3amycka 3agaud MOKHO MCIOJIb30BaTh nuO0 knacc TaskFactory, mnbo
KoHCTpykTOp Kiacca Task u wmerox Start(). Konctpykrop Task mpocto
IpeoCTaBIIsIET O0bIIE THOKOCTH MPU CO3/JaHUU 3aa4u.

[Tpu 3amycke 3amaun MOXKHO CO3/1aTh dK3eMIUIsip kiacca Task m HazHaunuThH
BBITIOJTHSIEMBIN KOJI ¢ UCIIOJIb30BaHuEM Jererata Action miam Action<object> (T.e.
0e3 mapaMeTpoB MO0 C OJTHUM MapamMeTpoM Tuma object).

B NpeACTaBJICHHOM JIMCTHHIC TIIOKA3aHbl BApWAaHTLI 3allyCKa 3aJad

(puc. 8.1).
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class Progran

{

static void Main(string[] args)

{

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

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

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

Task 3 = Task.Factory.StartNew(ParallelTask);

Console.ReadKey();

public static void ParallelTask()

{
}

Task.CurrentId);

Console.WriteLine("BunonHeHue sagaun {8}",

Pucynok 8.1 — BapuaHTsl 3amycka 3aaad.

[lepBbiii crioco0 3arycka 3aad npeanojaraeT co3nanue oobekTa tumna Task
U 3amyck 3amaud meromoM Start( ). /o BwBoBa Start( ) 3amaua HaxoguTcs B
cocrosinun Created, TO ecTh 3aaya HE 3aIMyCKAaeTCsl aBTOMATHYECKH IOCe
co3manus. J[aHHBIN MTOAXO0/ MOX0XK HA MCITOJIB30BAHNE ACHHXPOHHBIX JICJIEraToB —
3ajlaya 3alyCKaeTcsi B AaCMHXPOHHOM peXuMe. 3ajady MOXKHO 3allyCTUTh B
CUHXPOHHOM (HEeMapaJieIbHOM) PEKHUME; ISl 3TOTO HEOOXOIMMO HCIOIH30BaTh
metoa RunSynchronously( ) Bmecto Start( ).

Bropoit cmoco6 mnpenmosaraeT wucnoyib3oBaHue o0bekTa TaskFactory:
co3/laHue 00BEKTa U BBI30B MeTo/1a StartNew( ) ¢ mapaMeTpoM-JeIeraToM.

Tpertwnii ctoco6 — BbI30B MeToa StartNew( ) uepe3 cBoiicTBo Factory kimacca
Task.

Konctpykropy Task u meromy StartNew( ) kmacca TaskFactory moxxno
nepenaBaTh 3HaueHus u3 nepeuncienust TaskCreationOptions. 3a cyeT nmepenayu
3HaueHus LongRunning MoxHO MHPOPMUPOBATH IIAHUPOBIIKK 33724 O TOM, YTO
BBITIOJIHCHUE 33Jladydl  TpeOyeT JIMTEIBbHOTO BpPEMEHH, 4YTOOBI OH MOT TIO

BO3MOXHOCTH BBIACIUTDH IJIA HEC HOBBII MOTOK.
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Ecnmu 3amaya momxHa OBITH NMPUCOCAMHEHA K POAUTEIBCKON 3amade W,
CIIEIOBATENIbHO, OTMEHATHCA B Cllydae OTMEHBI STOM POJIUTENHCKOM 3aJaud,
HEe0OX0aMMO HcHoJib30BaTh 3HaueHue AttachToParent. YcranaBnuBasi 3HaueHue
PreferFairness, MOXHO yKa3bIBaTh TUIAHUPOBIIUKY, YTO OH CHadaja JOJDKEH OpaTh
3a/lau, OXKHUJAIONINE BBIMOJHEHUSA. [lo yModaHWIO Tak HE MPOMCXOAMT, €CIH
3ajJa4a CO3/IaeTCs B paMKax ApPYyrou 3amaunm. Ecnu 3amadm mpemycMaTpuBaroT
CO37aHME JOMOTHUTEIBHBIX EAUHUI] PaOO0THI 32 CYET HMCIOJb30BAHUS JOUYCPHUX
3a/lay, TO OTHU JOYEpPHHUE 3aJaud TOJIy4aroT Oojiee BBHICOKUNA MTPHOPUTET IO
CPaBHEHHUIO C JPYTUMHU 3a]ja4aMHu.

OHU HEe TOXUAAIOTCS 3aBEPIICHUS PaOdOTHI B oYepeau Myja MoTokoB. Eciau
TaKhe 3a/aud JIOJDKHBI 00pabaThiBaThCs PaBHOMPABHO CO BCEMH OCTAJIbHBIMU

3a/1auaMu, MOHaA00UTCs ycTaHOBUTH 3HaueHue PreferFairness.

4. O6opynoBaHne 1 MaTEPHAJIbI

Jlist BeIMOJTHEHUST 1a00paTOpHOM pabOThl PEKOMEHAYETCS HCIOIb30BaTh
MIEPCOHANILHBIN  KOMITBIOTEP CO CACAYIOIIUMH MPOTPAMMHBIMH  CPEICTBAMU
pa3paboTku (BbIOpaTh OAWMH WM HECKOJBKO TMPOTPAMHBIX MPOIYKTOB ISt
MPAKTUYECKON pean3aliuy 3aj1ad jadboparopHoii pabotsl): MS Visual Studio 2015

u BbIlIE; cpena pa3padotku Java (Eclipse, NetBeans).

5. Yka3anug nmo TexHuke 0e30macHoOCTH

CTyaeHTBI TOJDKHBI CIE0BAaTh OOMICIPUHITON TEXHUKE O€30MacHOCTH ISt
MOJIb30BATENIEN MEPCOHAIBHBIX KOMIIBIOTEpOB. He cremyer caMocCTOSATENIbHO
MIPOU3BOAUTh PEMOHT TEXHUYECKUX CPEACTB, YCTAHOBKY H©  YyJAJICHUE
nporpaMmMHOro oOecrieueHusi. B cimydae oOHapyKeHUS HEHWCHpPaBHOCTEH
HEOOXOAMMO COOOUIUTHL OO0 ATOM aJMUHUCTPATOPY KOMIBIOTEPHOTO Kjlacca

(0Ocmy)uBarIIEMy TTEPCOHAITY JTA0OPATOPHH ).
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6. MeToanka v MOPSIAOK BbINOJHEHUSA PA0OTHI

1. Co3pmaiiTe KOHCOMBHOE MpUIIOKEeHUE B cpeae Visual Studio.

2. Peammsyiite pemieHwe 3a1aud B COOTBETCTBHUM C WHAWUBHAYAJIbHBIM

BapHaHTOM C IIPUMCHCHHECM KJIaCcCa Task.

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

Bapuant Meron i peanuzanuu

1 Mertop pacuera CyMMBbI 3JIEMEHTOB MAaCCHUBA CIIyYalHbBIX YHCEL.

2 Meton mpeoOpa3oBaHUS MATPHUIBI CIyYalHBIX YHCET: JJIEMEHTHI
KpaTHbIC 3 3aMEHSIOTCSI Ha KBAJIpaT COOTBETCTBYIOIIETO AJIEMEHTA.

3 Merton BeruncieHus (pakropuaia dyucia.

4 Merton npeobpa3zoBaHusi MAaTPHUILIBI CITYYAHBIX YUCEIT: KaXK/IbIi AJIEMEHT
3aMEHSIETCSI CHHYCOM 3JIEMEHTA MaTPHULIBL.

5 Meton mnpeoOpa3oBaHMsl MaTpUIlbl CIYyYalHBIX 4YHCEN: HEYETHbIE
AJIEMEHTHI 3aMEHSIOTCS —1 .

6 MeTton noucka cpeHero apupMeTHIECKOT0 AJIEMEHTOB MATPHIIBI.

7 Meton BBIUMCIEHHS] MUHUMAIBHOTO 3HAYEHUS] B MATPULE CIyYaWHBIX
YHCEJI.

8 Meton mnpeoOpa3oBaHUsi MaTpUIBl CIY4YallHBIX YHUCEN: YETHbBIE
AJIEMEHTBI 3aMEHSIIOTCS CyMMOM KOCHHYCa " CHUHYyCa
COOTBETCTBYIONIIETO 3JIEMEHTA MATPHUIIbI.

9 Meton mnpeoOpa3oBaHusi MaTpUIlbl CIyYalHBIX YHCEN: HEYETHbIE
AJIEMEHTHl  3aMEHSIOTCA  CYMMOW  TaHTeHca M KOTaHIeHca
COOTBETCTBYIOIIETO 3JIEMEHTA MATPHULIBL.

10 Metop BBIYMCIEHUSI CTATUCTUKU MO CIy4alHOW mMaTpule (KOJIUYeCTBO
AJIEMEHTOB JIJIs1 KQXKJI0T0 3HAYEHHUSI MaTPUILbI).

11 MeToj BEIYHMCIICHUS CPEHEro apu(pMETHIECKOr0 AJIEMEHTOB MacCHUBA.

12 MeTop norcka MaKCUMMaJIbHOTO 3JIEMEHTA B MAaTPUIIE.

13 Merton npeodpa3zoBaHusi MAaTPHUIIBI CIYYaHBIX YACEIT: KaXK/IbIH AJIEMEHT
3aMEHSIETCS] KOCHHYCOM 3JIEMEHTA MATPUIIBI.

14 Mertop nojicuera KOJIMYECTBA YETHBIX 3JIEMEHTOB B MaTPHUIIE.

15 MeTton BBIYMCIEHUS CKAJIAPHOTO IPOM3BEIACHUS JBYX CIy4alHBIX
BEKTOPOB.

16 Meton mpeoOpa3zoBaHus MaTpHIlbl CIyYalHBIX YMCEN: BCE JJIEMEHTbI

3aMCHAIOTCA CyMMOﬁ KOCHMHYCAa U CMHYCa COOTBECTCTBYIOLICTO 3JICMCHTA
MaTpHIbI.
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17 MeTton  BBIYMCIEHHMSI CpeaHEro apuMeTHYeCKOro TPEXMEPHOIO
MacCHBa CIyYalHbIX YUCETL.

18 MeToq BEIYMCIEHUSI CYMMBI IBYX MaTpPHIL.

19 Meron pacuera MOAYJIsSI CIIy4ailHOTO BEKTOpA.

20 Meton npeoOpazoBaHuS MaTPULBI CIyYaWHBIX YHCEN: YETHBIC
AJIEMEHTHI 3AMEHSIOTCS] TAHT€HCOM 3JIEMEHTA MATPUIIBI.

21 Merton noacyeTa KOIMYECTBA YHACEII, KPATHBIX 3, B MACCUBE CITy4alHbBIX
qucell.

22 MeTon BBIUKCIEHUSI CTATUCTUKU (KOJIMYECTBO JJIsl KAXKI0TO BXOJSIIETO
CHUMBOJIA) IO CTPOKE.

23 MeTon BBIUMCIEHUS! CTATUCTUKH IO CIIy4ailHOMY MAacCHUBY (KOJIMYECTBO
AJIEMEHTOB JIJIs1 KaKJI0T0 3HAYEHHUSI MaCCUBA).

24 Merton mojacuera KOJWYECTBA YETHBIX W HEYETHBIX JJIEMEHTOB
MATPUIIBI.

25 Meron  BBIUHCIEHHMS  CTATUCTUKM IO TPEXMEPHOMY  MAacCUBY

(KOHI/I‘ICCTBO JJIEMCHTOB JJI KaXXJ0I'0 3HAYCHUA MaCCI/IBa).

paboTHI.

7. Coagepxanue or4yera u ero popma

Otuet 1o 1abopaTopHON PabOTE NOKEH CONEPIKATh:

Homep u Ha3zBanue nabopaTopHOM pabOThI, 3amaud J1abopaTOpHOMU

2. Peanmauml KaXJ10TO0 ITYHKTAa 1mmoapasaciia «HHI[I/IBI/II[yaJ'IBHOC 3aJaHUEC» C

MPUBEJACHUEM HCXOJHOTO KOJla TMpOrpaMMbl, auarpaMM W TpapuKoOB s

BHU3yaJIN3allU1 JaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. Dxpanabie GOpMbl (KOHCOTBHBIM BBIBOJ) U JIUCTUHT MPOTPAMMHOTO KOJ/Ia

C KOMMEHTapHUsIMH, MTOKa3bIBAIOIINE TOPSAIO0K BBITOJIHEHHS JIAOOPATOPHON padOTHI,

M PE3YyJIbTAaThbl, IIOJTYYCHHBIC B XO/1€ €€ BBIIIOJIHCHMS.

OT4eT 0 BBINOTHEHUH JTaOOPATOPHOIM PAOOTHI MOJMUCHIBACTCS CTYIACHTOM U

C/IaeTCs IPEIoaaBaTelIio.

8. Bonipocsl 1151 321U ThI padoThI
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1. Uro takoe knacc Task? Uem xknacc Task ornmuaercs ot kitacca Thread?

2. Kak mnomyuuts wunentudukarop Tekymend 3amaun? Kak mnomyduTh
UJEHTU(PUKATOP TEKYIETO MOTOKa?

3. OnummTe BO3MOXHBIE METOIBI CO3/IaHUS U 3aITycKa 3a1ad.

4. Kakme mapaMeTphl 3aJadud MOXKET YCTAaHOBUTH IPOTPAMMUCT TIPH
peanuzaruu 3anaun? ONUIIMTE BO3MOXKHBIC BapHUaHThl MPUMEHEHUs IMapaMeTpa

tumna TaskCreationOptions.
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JIABOPATOPHAS PABOTA 9. 3AJAYUN ITPOAOJDKEHUA

1. leab u conep:kanue

[lens  maGopaTopHO¥l  pabOTHI: HAYYUTHCSA  HWCIIONB30BATh  3aJ1ayu
MPOJIOJKEHUS B MHOTOTIOTOYHBIX MPOTpaMMax.

3amaun 1abopaTopHOM paObOTHI:

— Hay4uThCs POPMUPBOATH MOCIEIOBATEIBHOCTD 3aITyCKa 3ajad4;

— HAy4YUThCA HCIIOJIb30BaTh 3aJa4ll MPOJODKCHHS sl (hOpMHUPOBAHUS
MOCJIEI0BATEILHOCTH BHITIOJIHSIEMBIX paldoT;

— Hay4YUThCS HCIOJB30BaTh 3aJaydl MPOJOJDKEHUS I  peaju3aluu

MaCCOBOT'O 3aI1yCKa 3aJa4.

2. Peaqm3yemble KOMIIETCHIMH

JlabopatopHass pabGoTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX
KOMITETCHIIWM:

I[IK-4 — CnoocobeH  OCYyHIECTBISATh MPOEKTHYI  JIEATEIBHOCTh B
npodecCHOHAIBHOM cdepe Ha OCHOBE CHCTEMHOTO II0JX0Jia, BBIOUpATH
METOJIOJIOTHIO TIPOSKTHPOBAHUS OOBEKTOB TPO(HECCHOHATBLHOW ACSITEIBHOCTH,
CTPOUTh ¥ WCIIOJB30BAaTh MOJIETH, OCYIIECTBISATh WX KAUYEeCTBCHHBIH W
KOJIMUSCTBECHHBIN aHAIN3;

IIK-5 — CrnocobeH ocCylIeCTBISATh pa3pabOTKy, pealu3aluio U OIECHKY
3G ()EKTUBHOCTH TIPOEKTa, KOHTPOJH COOTBETCTBUS TMpEIaraéMbIX perieHui
TpeOOBAHMIM CTAaHIAPTOB M HOPMATHUBHOM JTOKYMEHTAIIMH, TIPOBOAUTH TEXHUKO-
IKOHOMHYECKOE 0OOCHOBAHHE 11€71eCO00Pa3HOCTH pa3pabOTKU MPOCKTA;

[IK-7 — CnocobeH ocymecTBIsITh pa3paboTKy, KOHTPOJb KadecTBa,
BHEJIPEHUE U COMPOBOXKACHHE NHPOPMAIIMOHHBIX CUCTEM M TEXHOJIOTUHN B HAYKE U

IMPOU3BOACTBC.
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3. TeopeTrnueckoe 000CHOBaHME

B cnydyae mpumeHeHHMs 3amad MOXXHO YKa3bIBaTh, YTO IOCIIE 3aBEPIICHUS
ONTHOM 3adaudM JOJHKHA HAYMHATBCA Kakas-TO Jpyras 3amada. B maHHOM
MEXaHH3ME MOXKHO TaKKe peaJnu30BaTh YCIOBHOE BBIMIOJIHEHUE: PEaln30BaTh
3aIyCK OMpENeICHHOW 3a7a4d TPOJOJDKEHUS B 3aBHCUMOCTH OT XapakTepa
3aBEPILCHUSI OCHOBHOM 3a71au (IIJIAaHOBOE 3aBEpIIICHHE, OIIMOKA U T.1T.).

3amaya MpoOAODKEHMs TpUHUMAaeT mnapameTp Ttuma Task, KoTopbrit
MO3BOJISIET TOJydaTh WHGOpMANHUIO 00 MCXOMHOHM 3amade. 3amada MpOAOHKEHUS
onpenensiercss BbizoBoM Metoga ContinueWith( ) oObekTa HCXOHOW 3amayu.
Pa3BuThIMU cpefcTBaMu OTpEEICHUS M 3alycKa 3ajad MPOIOJDKCHHs 00J1agaeT
taxke kimace TaskFactory.

Paccmopum pumep ucnonszoanus ContinueWith( ) (puc. 9.1).

static void Main(string[] args)
r

1

ask tBase = new Task(
() =>{
Console.WwriteLine( "OcHoBnaa sagava. Havano");
Thread.Sleep(30€@);
( sole.Writeline("OcHoBHan sagava. Oxkoddanue™);

1); ‘

k tContinue = tBase.ContinuewWith(
base_task =» {

le.WriteLine("3anava {0} sasepwena.”, base_task.Id);
le.WriteLine( "3apnava npogonxeHun. Havano");
ead,Sleep(3608);

Console.Writeline("3agava npogonxenwa. OxoHdanwe™);

1
tBase.Start();

Console.ReadKey();
}

Pucynox 9.1 — UcnonszoBanne ContinueWith( ) nmst onpenenenus 3agaqn

IPOAOJIKECHUS.

OueBuaHO, uTO Hcnoias3oBath ContinueWith( ) MoxHO ayis ompeneneHus

HCCKOJIBKHX 3aaa4 IMPOJOJIZKCHHUA. HpI/I‘IGM KaXJasd 3aada MmpoaOoJIKCHUA MOKCT
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UMETh HECKOJBKO CBOMX 3aJa4 MpOAODKeHHsA. Takum 00pazom, MOKHO CTPOHTH
CIIO)KHBIE HMepapXuu 3a7ad. B KadecTBe BTOpPOro IapameTpa MeToja
ContinueWith( ) MOYHO yKa3aTh 3HAYEHUE u3 TIepeYnCIICHUS
TaskContinuationOptions. Kaxxnoe u3 3nauenuii (OnlyOnFaulted, NotOnFaulted,
OnlyOnCanceled, NotOnCanceled, OnlyOnRanToCompletion u mp.) yka3biBaeT

Ha YCJIOBHC 3aITyCKa 3a1a4H IIPOJOJIKCHUA.

4. O6opynoBaHne 1 MaTEPHAJIbI

JIist BeIMOTHEHUST 1a00paTOpHOM pabOThHl PEKOMEHAYETCS HCIIOIh30BaTh
MEPCOHANIbHBIN KOMITBIOTEP CO CJICAYIOIMIUMH MPOTrPAaMMHBIMH  CpEICTBAMU
pa3paboTKu (BBIOpaTh OJWMH WM HECKOJIBKO MPOTPaMHBIX MPOAYKTOB IS
MPaKTUYECKOMN peain3aliuu 3aj1ad jadboparopHoii pabotsl): MS Visual Studio 2015

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

5. Yka3anuda nmo TexHuke 0e30macHoOCTH

CTyAeHTBl TOJKHBI CIEA0BATh OOLIEHPUHATON TEXHUKE O€30MaCHOCTH IS
II0JIB30BATENIEN TMEPCOHAIBHBIX KOMIIBIOTEPOB. He cienyer caMOCTOATENBHO
IPOU3BOJAUTH PEMOHT TEXHUYECKHX CPEICTB, YCTAHOBKY M  YJaJCHHE
nporpaMMHOro obecrnieueHusi. B cimydae oOHapyXeHHs HEUCIpaBHOCTEH
HEOOXOJMMO COOOIIUTh 00 H3TOM aJIMUHUCTPATOPy KOMIBIOTEPHOTO Kiacca

(oOcmy>kuBaroIIeMy TIEpCOHATY J1a00paTopun).

6. MeToanka ¥ MOPs1IOK BHINOJIHEHUS PadOThI

1. CoznaiiTe KOHCOJIBHOE MPUITOKEHUE.

2. PC&HHSYﬁTe PCUHICHUE 3aga4dd C HMCIIOJIBb30BAHHMEM MCXaHHW3Ma 3ajjad

MMPOJAOJIKCHUA B COOTBETCTBUH C BApHMAHTOM MHAWBUAYAJIbHOI'O 3aJaHN.
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NunuBuayanpHOE 3a1aHKE.

Bapuant

OcHoBHas 3aJada

3aga4u NpOI0JDKCHUS

1

['eHepanst MaTpuubl CIy4YaWHBIX
qucen (pasmep 3aJaeTcs
M10JIb30BATEJIEM )

2 3aJa4n: pacucT CYMMEBI
OJICMCHTOB, ITIOUCK
MaKCHUMAJILHOT'O 3JICMCHTA.

['eHepanust MaccuBa CIy4aWHBIX
qucen (pa3mep 3ajaeTcs
II0JIb30BATEIIEM)

2 3a7ja4uu: BBIUMCJICHUE
KOJIMYECTBA 3JIEMEHTOB,
JICTISIIIXCS Ha 3; MOXCK
MHHHUMAaJIbHOI'O 3JIEMEHTA.

['enepanuss mMaTpuuUbl CIy4alHBIX
gucesn  (pa3Mep  ompenensercs
CllydaiiHbIM 00pa3om)

2 3aja4yM: pacyer CyMMBI BCEX
YETHBIX AIIEMEHTOB; MIOMCK
CpenHero apu(MeTH4ecKoro
DJIEMEHTOB.

['eHepanust MaccuBa CIy4aWHBIX
gucen  (pasMep  ompeaeisieTcs
CITy4aliHBIM 00pa3oM)

2 3aJa4n: pacucT CYMMEI
HCYCTHBIX JJICMCHTOB, IIOACYCT

KOJIMYCCTBA 3JICMCHTOB, KPATHBIX
3.

['enepanuss mMaTpuuUbl CIydalHBIX
qucen (pa3mep 3ajaeTcs
II0JIb30BaTEIIEM)

2 3agayd: BBIBOJ MATpHIBI B
KOHCOJIb, IIOJCYET KOJIMYECTBA
DJIEMEHTOB, KPaTHBIX 7.

['enepanuss maccuBa CIydalHBIX
qucell (pa3mep 3a7aeTcst
M10JIb30BATEIIEM)

2 3a1aun; pacuer CYMMBI
KBaJIpaTOB YETHBIX DJIEMEHTOB;
IMOUCK MAaKCUMAaJIBHOTO DJIEMEHTA.

I'eHepanuss MaTpuibl CIy4alHbBIX
yucen  (pa3Mep  OompenensieTcs
CITy4aliHBIM 00pa3oM)

2 3aJa4d: IMOUCK MaKCHMAaJIbHOIO
JJIEMEHTAa B KaXKIOM CTOJIOIE;
IIONCK MHHHUMAJILHOI'O DJIEMEHTA
MaTPHUIIBI.

I'enepanuss MaccuBa Ciy4alHBIX
yucen (pazMep  ompenensieTcs
CTy4yaliHbIM 00pa3zoM)

3 3ajauu: pacyer CyMMbl KyOOB
HEYETHBIX  JJIEMEHTOB;  MOUCK
MaKCHMaJbHOTO 3JIEMEHTA; MOMCK
MUHHUMAJIBHOTO AJIEMEHTA.

['eHepanmss MaTpuibl CIy4alHbBIX
yucen (pa3mep 3a7aeTCst
M10JIb30BATEIIEM)

2 3amadd: IMOWCK MHHHUMAJILHOIO
JJIEMEHTAa B KaXIOM CTOJIOIE;
MOMCK  JJIEMEHTOB  MAaTPHIIbI,
OTINYArOIKXCA He OoJiee yeM Ha 4
OT 3aJaHHOTO ITOJIB30BATEIIEM.
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10 ['eHepanuss maccuBa CIOy4YalHBIX | 2 3aJayd: MOUMCK MAKCUMAaJbHOIO
qucen (pazmep 3a1a€TCS | DIEMEHTA; TMOJCYET KOJIUYECTBA
MOJIb30BATEJIEM) AJIEMEHTOB MAaCCHBa, JEISALIUXCS

Ha S.

11 ['eHepanmss MaTpuibl CIOy4alHbIX | 3 3aJadd: BBIBOJ MATPHIBI B
yucen  (pa3Mep  ONPENENseTCs | KOHCOJIb;, IOJCYET  KOJIMYECTBA
CIy4yallHbIM 00pa3oM) AJIEMEHTOB  MAacCHBa, KOTOpbIC

JeNATCA Ha 3; MOUCK MUHMMYyMa B
KaXJ 0N CTPOKE.

12 ['eHepanuss MaccuBa CIy4YalHBIX | 2 3a/Jadyd: MOUCK MHHUMAJIBHOIO
yucen (pa3Mep  OmpejessieTcs | 9JIEMEHTa  CpPeId  HEYETHBIX;
CllydaiiHbIM 00pa3om) MOJICYET KOJMYECTBA 3JIEMEHTOB

MacCHBa, NEJSIIMXCS Ha 7.

13 ['enepans MaTpuilbl CIyYalHBIX | 3 3aJa4yd: pacueT CyMMbl KyOOB
qucell (pa3zmep 3a/1aeTcs | YETHBIX JJIEMEHTOB; IIOMCK
MOJIb30BaTENIEM ) CpEeIHEro apupMEeTHIECKOTO

AJIEMEHTOB; MOMCK MUHUMAaJIbHOTO
DIIEMEHTA.

14 ['enepanus maccuBa CIy4YaWHBIX | 2 3aJa4d: MOMCK MAaKCUMAJbHOIO
qucen (pazmep 3a/1aeTcd | AJ€MEHTa CPEIM YETHBIX; MOJICYET
II0JIB30BATEJIEM) KOJIMYECTBA 3JIEMEHTOB MacCHBa,

OTIIMYAKOLIUXCS  OT  3aJaHHOIO
MOJIb30BaTEIeM He Oojiee yeM Ha
3.

15 ['eHepanuss MaTpuubl CIy4alHBIX | 3 3aJa4M: pacdyeT CyMMBI YETHBIX
yucen  (pa3Mep  ONpenessieTcs | DJIEMEHTOB, JAeNdIiuxcs Ha 4;
CIy4yaliHbIM 00pa3zoM) MTOUCK MaKCUMyMa cpeau

DJIEMEHTOB, JCHIAIIMXCA Ha 3;
MOMCK MUHUMAJIBHOTO AJIEMEHTA.

16 ['enepanuss maccuBa CiaydaWHBIX | 3 3aJa4yd: BBIYMCIICHHE KBaJapara
yucen  (pa3Mep  ONpEAeNsieTcs | CYMMbl 3JIEMEHTOB; BBIYMCIICHUE
CllydaiiHbIM 00pa3om) CYMMBbI KyOOB 3J€MEHTOB; BBIBOJ

MacCHBa B KOHCOJIb.

17 ['enepauns MmaTpulbl CilydalHbIX |3 3aga4yd:  pacdyeT  CyMMBbI
YHCEN (pa3mep 3a71a€TCs | DJIEMEHTOB, JeNamuxcs Ha 4;
MI0JIb30BATEJIEM) pacyeT KOJIMYECTBA 3JIEMEHTOB,

JICTISIIIIXCS Ha 3; IIOMCK
MUHHUMAJIBHOTO AJIEMEHTA.

18 ['enepanuss maccuBa ClOydaWHBIX |3 3aJayu:  pacyeT  CyMMBI
qucen (pazmep 3a/1aeTCs | HEYETHBIX DJIEMEHTOB, ACIALIUXCS
MOJIb30BATEJIEM ) Ha 7; TIOMCK MAaKCHaJIbHOIO

JJIEMEHTa; BBIBOJ MaccuBa B

KOHCOIJIb.
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19 ['eHepanuss MaTpuubl CIydalHbIX |3 3aJayd:  pacdyeT  CyMMBbI
yucen (pa3Mep  OMNpEAENsieTCs | HEUETHBIX AJIEMEHTOB, JCISIIUXCS
CIIy4ailHBIM 00pa3om) Ha 7; TOMCK MaKCUMyMa Cpelau

AJEMEHTOB, [JENSIIUMXCA Ha 2;
BBIBOJI MATPHUILIBI B KOHCOJIb.

20 ['enepanuss maccuBa CIydalHBIX | 3 3aJa4M: pacdyeT CyMMBI YETHBIX
yucen  (pa3Mep  ONpENENseTcs | 3JIEMEHTOB, JAEIAIuXcs Ha 4;
CIy4yallHbIM 00pa3oM) MTOUCK MaKCUMyMa cpenu

3JIEMEHTOB, JEIAIIMXCA Ha 3;
MOMCK MUHUMAJIBHOTO AJIEMEHTA.

21 ['enepanus MaTpuilbl CIy4alHBIX | 3 3aJayd: pacueT CyMMbl KyOOB
qucell (pa3zmep 3a1aercd | JJIEMEHTOB, Jesammxcsd Ha  3;
II0JIB30BATEJIEM) IIOMCK MAaKCHUMaJIBHOI'O JJIEMEHTAa;

IIOMCK MMHUMAJIBHOTO 3JIEMEHTA B
Ka)KJI0M CTOJIOLIE.

22 ['enepanuss maccuBa CIOydauHBIX | 3 3aJayd:  pacdeT  CyMMBI
qucen (pazmep 3a/1ae€TCs | HEYETHBIX 3JIEMEHTOB, JEIALIUXCS
M0JIb30BATEJIEM) Ha 5; MOUCK MaKCcUMyMma Cpeau

9JIEMEHTOB, JelAmuMxcsa Ha 9;
MOMCK MHUHHUMAJIBHOTO 3JIEMEHTa
Cpelld YETHBIX.

23 ['eHepanuss MaTpuubl CIOydalHbIX |3 3agayu:  pacdyeT  CyMMBbI
yrcen  (pa3Mep  omperensercs | DJIEMEHTOB, JAeNsAlMxXcs Ha 5;
CIIy4aitHBIM 00pa3oMm) MTOUCK MaKCuMyMa cpenu

AJIIEMEHTOB, Jeisammxcs Ha 9
BBIBOJ] MaTPULIbI B KOHCOJIb.

24 ['enepanuss maccuBa CIyd4aulHbIX | 3 3aJayd:  pacyeT  CyMMBI
yucen  (pa3Mep  ONpeAeNsieTcs | KBaJpaTOB YETHBIX 3JIEMEHTOB;
CIy4yaliHbIM 00pa3zoM) MTOUCK MaKCUMyMa cpeau

DJIEMEHTOB, JenAmmxcsa Ha 9;
BBIBOJ] BCEX 2JIEMEHTOB MAcCCHUBA.
25 ['enepanns MmaTpulbl CIydalHbIX |3 3aga4yd:  pacdyeT  CyMMBbI

qyucen (pa3mep
M10JIb30BATEIIEM)

3a4aCTCA

HEUYETHBIX DJIEMEHTOB, IEIISIIIUXCS
Ha 2; TIONCK MaKCUMyMa B KaXKIOM
CTOJIOLIE; IOMCK MHHHUMAIBLHOTO
3JIEMEHTA B KOKJIOM CTPOKE.

7. Conep:xanme oT4yera u ero popma

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIEPKATh:
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1. Homep u Ha3Banue mnabopaTopHOi palOTHI; 3amauu JabOpaTOpHON
padoTHL.

2. Peanu3anus Kaxa0ro nyHkra nojapasaena « MuauBuayanbHoe 3a1aHue) C
NpUBEICHUEM HCXOAHOTO KOJa MpOrpamMMmbl, AMAarpaMM U TpauKoB a7
BU3YyaJIM3AlNH TaHHBIX.

3. OTBeTHI Ha KOHTPOJIbHBIE BOIIPOCHI.

4. Dxkpanubie HOpMBI (KOHCOJIBHBIN BBIBOJ) M JUCTUHT MPOTPAMMHOIO KOJIa
C KOMMEHTApHUSIMH, MIOKA3bIBAIOIINE MOPSAIOK BINOIHEHUS JaOOPaTOPHOI paboThI,
Y PE3YJIbTAThI, [IOJYyYEHHBIE B XOJ€E €€ BBIIIOIHEHUS.

OT4eT 0 BBINOIHEHUH JAOOPATOPHON pabOTHI MOJNUCHIBAETCS CTYAEHTOM U

CHacTCs IMPCIIOAaBaTCIITO.

8. Bonpocel 1u1s 3aUTHI pA00ThI

I. Yro Takoe 3amada mpoaopkeHuA? s 4ero wMcmoJsib3yeTcsl JaHHBIN
MeXaHu3M?

2. CKOJIBKO 3aJ1a4 TIPOJIOKEHUS MOYKET UMETh KaxK/1ast 3aja4a’?

3. C nomoiplo Kakoro Meroja kiacca Task MOXXHO 3amath 3amady
MPOJIOTIKEHUA?

4. Kakue mapameTpbl MNPUHUMAET METOJ, MNPEACTABISIONIMN 3aaady
MPOIOTIKEHUA?

5. I[losicHuTe MEXaHW3M ONPEIEIICHHS YCIOBHBIX 33/1a4 MPOJAOIAKEHUS.

6. Onummre Meroasl kinacca TaskFactory, npegHazHaueHHble ISl yKa3aHUs
3a/1a4 MPOJOIIKEHUS.

7. Onumure MEXaHW3M, HCIOJB3YIONIMN 3aJaud  TMPOAOJDKEHUS U
MO3BOJISIONINN 3aMyCTUTh Ooubiioe KoiwmdectBo 3amad (100, 1000, ...) omno#

KomaHion Start( ).
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