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1. HEJIX OCBOEHUSA TUCIUITJINHBI

1.1 OcBoenune 0a30BBIX 3HAHWU TIO BOMPOCAM OPTraHU3AIMH IMapaUICITBHBIX BBIYHCIUTEIBHBIX CHCTEM, a TAKKE OCHOBHBIX
TEXHOJIOTHH OpraHu3alluyd [apajUleJIbHbIX BBIYMCICHUH Ha MHOTOIMPOLIECCOPHBIX BBIYMCIUTENBHBIX KOMIUIEKCAX C
pacnpeesieHHOM Uik 0011el OTlepaTuBHON MaMSIThIO.

2. TPEBOBAHMUA K PE3YJIBTATAM OCBOEHUA JUCHUIIJTMHBI

IIK-3. cmocoben pa3padarbiBaTh KOMIIOHEHTBI NPOIPAMMHBIX KOMILIEKCOB (B TOM 4ucjie HHTepdelichl, paiiBepa,
KOMIIMJISAITOPBI, 3arpy34dMKH, CcOOPINMKH, CHCTEMHble YTHJIUTBI) M 043 JaHHBIX € HCHOIb30BAHHEM COBPEMEHHBIX
HHCTPYMEHTAJbHBIX CPEACTB H TEXHOJIOTHii MPOrpaMMHPOBAHHSA

IIK-1. cnocofeH HCMOJB30BATH METOAbl M HHCTPYMEHTAJIbHbIE CPEICTBA HMCCIEI0BAHUA O00bHEKTOB MNpodeccuoHaTbHOI
AeATeJIbHOCTH, (P OpMAIU3ALUH ITPEIMETHOMH 00J1aCTH C Y4eTOM OrpaHNYeHHu i

B pe3ysbTaTte 0CBOCHHS JUCHMILIUHBI 00y4AIOIMIICS NOJIAKEH:

3HaTh:

OCHOBHBIE ITOHATHS U3 00JACTH Pa3pabdOTKH NMPOTPaMMHBIX CHCTEM, IPUMEHSEMBIC METPUKH, METOABl M HHCTPYMEHTAJIBHBIE CPENICTBA
(coorHeceno ¢ naaukaropom I1K-1.1);
OCHOBBI HH(POPMATUKU U IPOrpaMMHUpPOBaHus (cooTHeCeHO ¢ uHaukaropom I1K-3.1).

Ymern:

MPUMEHITh OCHOBHBIE METOAbl pPa3paboTKU MPOTPaMMHOTO OOECledeHUs; NPUMEHSATh OCHOBHBIE WHCTPYMEHTHI pa3pabOTKu
MporpaMMHOTO0 obecrieueHus (CooTHeceHo ¢ uHaukatopom [1K-1.2);
WCTIOJIb30BaTh COBPEMEHHBIC TEXHOJIOTHU pa3pabOTKU MPOrpaMMHBIX IPOAYKTOB (COOTHECEHO ¢ mHanKaropoM I1K-3.2).

Baanernb:

OCHOBHBIMH METO/IaMH pa3pabOTKM MNpPOrpaMMHOTO OOECHEUYCHUs; OCHOBHBIMH WHCTPYMEHTaMH pa3paOOTKH IMPOrpaMMHOTO
obecrieueHns (cooTHeceHo ¢ mHAUKaropoM I1K-1.3);

HaBBIKAMU DPa3pabOTKH aNrOPUTMOB B BHIE OJOK-CXEMbl M COCTaBJICHHUs IUIaHA PYYHOTO TECTUPOBAHMS pa3padaThiBa€MOro
MPOrPaMMHOTO MPOAYKTa (COOTHeCeHO ¢ uHaukaropom [1K-3.3).

3. CTPYKTYPA U COAJEPKAHUE TUCIUITJINHBI

Pasnea 1. BBenenne B napaJjuiesibHble BbIYHCJICHUS

Buj 3ansitus / Cemectp /| KonmyectBo

pa6otsl / popma ITA Kypc 4acoB Kowmerernmun

Ne HaumeHoBaHHe TeMbl, KpaTKoOe COAep:KaHHE

Tema 1.1 "OcHoOBBI apaJuleNbHBIX BBIYKCIECHUIT"

Henmu u 3amaum mapanienbHOi 00paboTku naHHBIX. HeoOxomumocTs u
aKTyalbHOCTh  MapajuleNbHbIX  BBIYMCIACHMH.  Pasmuumsa  Mexay
MHOI03aJla4HbIM, MapajjIelbHBIM M PACIpPENENICHHBIM  PeXHUMaMU IK-3

JIex1MoHHbIE 3aHATUS 5 2

BBIIOJIHEHHUsST TporpamM. 3akoH Awmpansd. 3akoH Mypa. ['mmoresa [K-1
Musckoro. Coco0bl HOCTPOSHHUS MHOTOIIPOLIECCOPHBIX BEIYUCIUTEIBHBIX
cucteM. Kparkas  ucTOpHs  pa3BUTHS  BBICOKOIPOM3BOIUTENBHBIX
BBIYHCIICHUH. [IpUMephl TapasIebHbIX BEIYUCIUTCIBHBIX CHCTEM.

1.1

Tema 1.1 "OcHoBBI napaJuleNbHBIX BHIUUCIEHUIT"
3amyck MPI mporpamm. Kommumsiims. Hactpoiiku anst c6opku u cuera. JlaGoparopHbie IK-3
amyck B makere. Illectp 6a3zoBbix BbI30BOB. Coobmienuss MPIL 3aHATHUSA TIK-1
KomMmyHHKaTOpBHI.

1.2

Tema 1.1 "BBenenue B napajuieibHbIe BEIUUCICHUS" CamocTosTenpHast IK-3

1.3 PeiiTunrn Beayuux cynepKkoMIbIOTEPOB pabora IK-1

Tema 1.2 "OOG30p mapa/UIeTbHBIX BBIYUCIUTEIBHBIX CHCTEM H HX
kiaccudukanms"”

Knaccudukaumst — napamiensHblX — BbluMciaeHMH 1o QuuHHY M
Kpumnamapdu. IloHATHS — MyNBTHIpOLIECCOpPa,  MYJIBTHKOMIIBIOTEpA,
BBIYMCIUTENBHOTO KiacTtepa. COCOOBI MOBBINICHUS IPOU3BOIUTEIBHOCTH
KOMIBIOTEpA: KOHBeWepusalus, KdIIIMPOBAHUE KOMaHJ U JaHHBIX,
yBEJIUUECHUE KOJINYECTBa PEruCTpOB, CYNEpCKaISIPHOCTD u
MHUKpPOCYTEPCKAIIPHOCTh MPOLEcCOpoB. MoJens MHOTONPOIECCOPHBIX
cucrem (mepexonq or RAM k PRAM), nokanbHas mamsiTh, MOAYJIH C IK-3

. .| JlexnmonHsle 3aHATHA 5 2

IIMHHOM CBSI3bIO, pasznesnseMast o0mias namaTh. Tornoaoruu MeXXMOIyIbHON IK-1
CBSI3M: IIMHA, AByMEpHas CETKa, THIEPKYO, NepeBbs, KOMMYTHPYIOIIUI
rpad). ApXHUTEKTypa CyHEepKOMIIBIOTEPOB. TpaHCIBIOTEPHBIE CETEBbIC
apXMTEKTypbl.  PacripeseneHHble  CHCTEMBI:  KJIacTepbl U CETH
(tMHAMUuecKue, CTaTHYECKHE). Metpuueckue XapaKTepUCTHKU
BBIYUCIIUTENIFHOI CETH: AWaMeTp, CBSI3HOCTh, IIMPUHA CEYCHHs, IOTOK
yepe3 CeYeHHe, CTOMMOCTb. OIEHKHM METPUK JUId pa3IUuHBIX CETeH.
Jloruyeckas 1 (pu3MYECKask OpraHU3alLUK HapaIeNbHbIX BEIYUCIUTEIbHBIX
cucrem (IIBC).

1.4




1.5

Tema 1.2 "OOG30p mapa/UIeTbHBIX BBIYUCIUTEIBHBIX CHCTEM H HX
kiaccudukanms"”
VYnpaxHeHne Ha TYIHK.
KBaJpaToB.

PacnapannenHBaHHe MCETOJA HAMMCHBIIHX

JlaGopatopHbie
3aHSTHS

IK-3
TIK-1

1.6

Tema 1.2 "OG30p mnapauIeNbHBIX BBIUUCIUTENBHBIX CHCTEM H HX
kinaccuukanus”

CepuannzyeMocTb, TpeOOBaHHSI KOT€PEHTHOCTH, CTOUMOCTb NEPECHIIKU B
napajule]bHbIX cucTeMax. MapiupyTusanusi.

CamocTosTeNnbHas
pabora

I1K-3
TIK-1

1.7

Tema 1.3 "Croco0bl OpraHu3aluy NapajenbHoil 00paboTKU TaHHBIX"
OCOOEHHOCTH OpraHU3alWy TMapaJUIeIbHBIX BBIYMCICHHI B CHCTEMax C
oOmieii mamsThl0 (oOecredueHre OJHO3HAYHOCTH KAII-NMAMSATH Pa3HbIX
MPOLIECCOPOB, CHHXPOHM3ALMS BbrunciaeHHH). OCOOCHHOCTH OpraHHu3aluy
mapajyiesbHbIX BBIYMCICHHH B CHCTEMaxX C pACIPEICICHHON MaMSThIO
MOCPEACTBOM mepenadn coobuienuii. Toronorun cerei nepeaadyn JaHHBIX
B MYJIBTHKOMITbIOTEpax. THUITOBbIE CXeMbl KOMMYHHKAIIHH.

CamocTosTeNnbHas
pabora

IK-3
IK-1

1.8

Tema 1.3 "Crioco0bl opraHu3aiuy napasienbHoi 00paboTku JaHHbIX"
JlaboparopHoe 3amanue Pacuer oTHOCHTENBHOM 3()(HEKTUBHOCTH CIIOCOO0B
KOMMYyHHKaluu. BiusgHue 3aMeHsl ONOKHPYIOIIETO IONY4eHHs Ha
HEOJIOKHUPYIOLIee MOyYeHUEe Ha CHHXPOHHU3ALMOHHYIO HAKJIAJIKY.

CamocTosTeNbHAS
pabora

IK-3
IK-1

1.9

Tema 1.4 "BoerunciurenbHble Ki1acTeps!”
Jlabopatoproe  3amanme  OcHOBHbIe  (YHKIMH  KOJUIGKTUBHOI
KOMMYHHKaI[MM: OmnepauusiMu Inupokor pacceuiku  (broadcast), c6opa
(gather) wm rmiobanbHoro mnpuseneHus (global reduction). Pacuer
[IapaJUICIIBHOTO BOJIHOBOTO YPABHEHHUSL.

CamMocTosTenpHast
pabora

IK-3
IK-1

Tema 1.4 "BeraucnurensHble KaacTeps”

IlonsTHe KiacTepa © KiIacTepHOil apxutekTypbl. Kiaccupukanms
KJIaCTEpPHBIX BBIUMCIUTENBHBIX cucTeM. CocTaB ceTeBoi HHPPACTPYKTyphI
kinacrepa.  Tumel  Tomomormd M KpuTepuH  3()PEKTUBHOCTH
KOMMYHHUKAIIMOHHOW ceTH kiactepa. CeTeBble PeleHHs ISl KJIACTEPHBIX
cucreM. OCHOBHbBIE KPUTEPUH OIICHKH KJIACTEPHBIX CHCTEM. THIMUYHBII
Ha0bOp IPOrpaMMHO-aNnapaTHoro obecreyenus kiaacrepoB. OcobeHHOCTH
3amycka 3amad  Ha Kiactepax. CHCTeMBl YHpaBICHHSA —3aJaHUSMU.
HuTterpupoBaHHble HAOOPHI KIACTEPHOTO NPOrPAMMHOI0 00eCTIeUEeHHSI.

CamMocTosTenbHast
pabora

IK-3
[K-1

Paznen 2. [lapannenbHblie agroputmsl. Ctanaapr M

PI

HaumeHoBanue TEMbI, KpaTKo€ CoepKaHue

Buna 3ansitus /
pabotsl / popma ITA

Cemectp /
Kypce

KosmuecTBo
4acoB

Komnerenuuu

2.1

Tema 2.1 "Peanuzanus napauienabHbIX aIropuTMOB"

Ornyuus napajwieNbHBIX alTOPHTMOB OT IIOCIEJOBATEIBHBIX aITOPUTMOB.
ITocraHOBKa 3amayM paclapajIeNIMBaHHUA CYIIECTBYIOIIUX CEPHAIbHBIX
AJITOPUTMOB. IIpumep CYMMUPOBaHUS MaccHBa. Peanuzanus
napajuleJbHbIX ~JITOPUTMOB € UCIIOJNB30BAaHUEM IIporeccoB. Busl
MEXIPOIECCHOH KOMMYHHKAauy (CHTHanbL, ceMadopsl, pasmerseMas
mamsiTh, KaHanbl, coobuienus). OueHka 3(Q(EeKTHBHOCTH anroputma c
Y4€TOM BPEMEHU MOOCTABKU KOJAa W JAaHHBIX BBIYUCIIUTCIBHOMY Y3ITY.
3akonsl  Ampana.  llenecooOpazHocTe  pacnapamienuBanus.  Kak
AHANM3UPOBaTh 3aBHCHMOCTh MJAHHBIX M KOJa B IIOCIENOBAaTEIbHOH
nporpamme. [lopsiok BeraucieHuii, rpad 3aBucumocT. Mognens «rpy0oit
cuibl». Ilpumepsl pewennii ais PRAM, BSP, LogP. IIpeo6pa3zoBanus
nmapajuleNu3aliy [OUKIOB. JlocTaBka MAHHBIX, OTOOpaKGHHE MaccuBa
JAHHBIX Ha paclpeieIeHHYIO0 CUCTEMY, H30BITOYHOCTb.

JIeK1IMOHHBIE 3aHATHS

IK-3
[IK-1

22

Tema 2.1 "Peanu3zarst napajuieIbHbIX aITOPUTMOB"

[NapannenbHble  anropuTMbl IUKIMYECKOrO CIBMIa Ha CHCTEME C
paclpefellcHHOH MaMATBI0 CO  CIPYKTypod CeTH CBsi3ell MexIy
mporeccaMu - “KONbI0”, B KOTOPHIX KaKIbI TNpoLecC WHHIHUUPYET
PacChIIKY CBOETO COOOLICHHsSI OJHOBPEMEHHO B KaKOM-JIMOO BHIOpaHHOM
HarpasJeHUH 1o Koibiy (B MPI):

- C aCHHXPOHHOM OJIOKMPOBAHHOM mepenayeii, OIOKHPOBAHHBIM ITPUEMOM.

- C acHHXPOHHOW HEOJOKHUPOBAHHOW Tepenaveii, HEeOIOKUPOBAHHBIM
MPUEMOM.

- C CHHXPOHHOI1 niepeziadeii, 0JIOKHPOBaHHBIM IIPUEMOM.

JlaGopatopHbie
3aHSTHS

IK-3
IK-1

2.3

Tema 2.1 "Peanuzanus napaaienabHbIX aTOPUTMOB"

Bnusiuue amnaparHoit peanuzanmn PRAM u mpoOnembl KOT€pEeHTHOCTH
JaHHBIX. MoJenu KOHKYPEHTHOM U MCKIIOUYUTENbHOW MPUMHUTHBHBIX
onepanyii ¢ mamsteio (EREW, CRCW, CREW, QRQW)

CamocTosTenbHas
pabora

IK-3
IK-1

2.4

Tema 2.2 "MonenupoBaHue NapajUleNbHbIX IIporpamMm. Peanusarus
TapajuieJIn3Ma pa3InaHoro Buma"

JlabopatopHoe 3amanue Ilokazarenn 3¢ddexkTHBHOCTH mapaIeIbHOrO
IropuTMa ¥ OLEHKa MAaKCUMAJIBHO JOCTHXXHMMOIO —IapajuleIn3Ma.
[Mapasnnenn3m Ha mpuMepe MOIEIBHBIX 3aa4 HAXOXKICHHS YaCTHBIX CYMM
IOCJIE/IOBATEIbHOCTH YHCIIOBBIX 3HAUYCHUH 1 YMHOKEHUSI MAaTPHIL.

CamMocTosTenbHast
pabora

IK-3
IK-1

2.5

Tema 2.2 "MopenupoBaHue NapalIeNbHBIX HOporpaMM. Peamm3anus
napajienu3Ma pa3IuyHoro Buaa"
JlabopatopHoe 3amanme IlapamnenbHble

aJIrOpUTMbl  KOHBEHEpHOH

CamocTosTeIbHAS
pabora

IK-3
IK-1




repenavu JaHHBIX Ha CHCTEME C PAaCIPe/ICIICHHON MaMSIThIO CO CTPYKTYPOit
CEeTH CBs3eH MEeXy mporieccamu - “nuHerika” (8 MPI).

2.6

Tema 2.3 "Metoapl nepenayu aaHubix. Ctangaptr MPI"

MPI: ocHOBHblE TOHATHS ¥ ompexneneHus. ba3oBblii (MUHHMAaIbHBIN)
Habop ¢ynkuuii MPI, mocraroussiii s pa3paboOTKHM MapasieabHBIX
nporpamm. llpumep: mnporpamma BelYHcIeHHs uuciaa p. Omnepauuu
nepesayy JaHHBIX MEXIy JByMs mporeccamu. KolIeKTUBHBIE onepanuu
repeiady IaHHBIX. YIIaKOBKA M PaclakoBKa Pa3HOTHITHBIX JaHHBIX B MPIL.
VYnpaBneHue TrpynmaMu MPOLECCOB M KOMMYHHKaTtopamu. BupryanbHbie
TOMONOTUH. MOZENBHBIN TPUMEP: YMHOKEHHE MAaTPHIIbI HA BEKTOP

CamocTosTeNnbHas
pabora

I1K-3
TIK-1

2.7

Tema 2.3 "Metoasl nepenayu aaHubix. Crangaptr MPI"

Jlabopatoproe  3amanue  IlapaJuleNibHBIA ~ QNTOPUTM  CKAaJSPHOIO
MPOU3BEICHHUSI BEKTOPOB C MCHOJIB30BAHMEM pEIyLMPOBAHHBIX ONEpaLuii
(MPI_Reduce(...), MPI Allreduce(...)). IlapamnenbHblii  aaroput™
CKaJIIPHOTO TPOW3BENICHHS BEKTOPOB C  HCIIOJIb30BAHMEM  ITapHBIX
B3aumopeiictBuit  (MPI Send(...), MPI Recv(...)). CpaBuuth Bpems
BBITIOTHEHUS anropuT™oB (B MPI).

CamocTosTenpHast
pabora

IK-3
IK-1

2.8

Tema 2.3 "Metoas! nepenaun qanueix. Crangapt MPI"
MexmnpoueccHoe B3auMoneiictBue u onepaudoHHbIX UNIX-cpenax.
OcymiecTBIeHHE  pacHapajUIeIMBaHUS  HAa  YPOBHE  IIPOIIECCOB.
OcymiecTBieHne paclnapajUle]IMBaHus Ha ypoBHe HHUTeH. CHHXpOHU3AIUS
BoInosiHeHHs: HuTel B POSIX-coBMeCTHMBIX cHCTEMaX.

CamocTtosTeNnbHas
pabora

IK-3
TIK-1

2.9

Tema 2.4 "TIporoxon n 6ubnmorexku MPI"

CocraB (yHKIUi, THITEI JaHHBIX, OpraHu3anus ooMeHa nanHeIMU. [Ipumep
ucnons3oBanus 6ubanoreku MPIL. Cpena Beinonuennss LAM. YcranoBka,
UCIONIb30BaHUE (KOMIWIALMS M 3allyCK IpOrpaMM, KOHQHIYparus
BBIYUCIIUTEIILHON CUCTEMBI).

CamMocTosTenbHast
pabora

IK-3
[K-1

2.10

Tema 2.4 "IIporoxon n 6ubmmorexkn MPI"

JlabopatopHoe 3amanme [lapanienbHbIi  aNrOPUTM  CyMMHPOBAHHUS
9JIEMEHTOB BEKTOPOB C MCIIOJIb30BaHUEM PpEIyLMPOBAaHHBIX ONepanui
(MPI Reduce(...), MPI Allreduce(...)) (8 MPI).

CamocTosTeNnbHas
pabora

IK-3
IK-1

2.11

Tema 2.4 "IIporoxon n 6ubmmorexkn MPI"

Pa3paboTka pacmpenesaeHHbIX MPUIOKSHUH ¢ UCIIOIb30BaHUEM MEXaHHU3Ma
nepenaun  coobmennii  MPIL.  CokpamieHHblit (MUHUMaIbHBI) HaOOp
¢yukuuit MPL. IIpumep ucnonb3oanus. Pyukuuun MPI nins obmeHoB
MHOTHE-K-OHOMY H OIHMH-KO-MHOTHM. OCOOEGHHOCTH HCIIONB30BAHUSL
MHUKPOCYTEPCKAIIPHOCTH MPOLIECCOPOB B KOMIMJIATOPAX AT HMOIYyYSHUS
3¢ PEeKTUBHOTO KoJa.

CamocrosiTenbHast
pabora

IK-3
IK-1

Pazgen 3. Ilapanienbubie ajgroputMbl. Crangapt OpenMP

HaumeHoBaHue TEMbl, KpaTKoe coiepKaHue

Bua 3ausitus /
pa6otsbl / popma ITA

Cemectp /
Kypce

KosmuecTBo
4acoB

KommnereHmuu

3.1

Tema 3.1 "Metoauka pa3paO0TKH HapalIelbHbIX aITOPUTMOB"

IIpuanun «Pa3nensii-u-pnacTByit». Buapl AeKOMMO3WIMU 3agadu: IO
JaHHbIM, TI0 KOy, IO BBINOJHEHUIO, KOMOMHHMpOBaHHBIE. [Ipumepsl
pasnmuuHblX  Aexkomno3unuii.  CopTHpOBKA,  BBIIYKJIbIE  OOOJIOUKH,
MaTpUyHble ONEPALMU: TNPUMEPhl ICKOMIO3HLUHM PEKYPCHBHOIO BHIA.
MarpuyHble onepanyuu: NpuMep ASKOMIO3HLHUHK 110 JJAHHBIM, OJHO-, BYX-
M TpexmepHoe pazbuenus. OOmas cxeMa M METOIMKA pPa3pabOTKH
napajuieJbHbIX ~ QJrOpUTMOB.  [IpuMep  MCIONB30BAHHUS — METOIUKH
pa3paboTKH HapajyIeNbHBIX AITOPUTMOB JUIS MAapajuIeNbHOTO pEIICHHS
rpaBUTAlMOHHON 3a1a4n N Ted.

CamocrosiTenbHast
pabora

IK-3
IK-1

32

Tema 3.1 "Metoauka pa3paboTKu napaieabHbIX aJrOpUTMOB"
BBINOTHUTE BEIYUCIUTEIIBHBIA SKCIEPHUMEHT JUIS OLEHKU 3()(EKTUBHOCTH
napajuieJIbHbIX ~ BbIYMCICHHH  (00paboTka  JByMEpHOTO  MaccuBa:
MePEeCTAaHOBKM  JJIEMEHTOB, YMHOXKEHME MAaTpUll U  BEKTOpOB) C
pacnapaiieIMBaHHEM BBIYHCICHHH C ToMolbio TexHoiorud OpenMP.
Bapsuposars pa3mep maccusa ot 10 go 10000, yncio norokos — 1,2,4,8.

JlaboparopHbie
3aHSTHS

IK-3
IK-1

33

Tema 3.2 "Ba3oBble cpencTBa mNapayIeabHOTO IPOTPAMMHPOBAHUS
BBIYHCIIUTENBHBIX KIacTepOB"

OOwas xapakTepuCTHKa METOIOB Iepelauyd JaHHbIX, OLIEHKA BPEMEHU
BBIIIOJIHEHHS KOMMYHHUKAI[MOHHBIX omepanuil. OLeHKa TpyloeMKOCTH
oneparuii nepeaayn JAHHBIX U KIIACTEPHBIX cucTeM. Mojens XOKHH.

CamocrosiTenbHast
pabora

IK-3
IK-1

34

Tema 3.2 "bazoBele cpeacTBa MapaUIeNbHOTO MPOrPaMMHUPOBAHUS
BBIUMCIIUTENILHBIX KI1aCTEpPOB"

JlaboparopHOe 3aJaHHE BEIIOTHUTE BBIYMCIUTEIBHBIN 3KCIEPUMEHT JULL
OLECHKH 3(QGEKTUBHOCTH Mapa/UIeTbHBIX BBIYUCICHHH  (aITOPUTMBI
COPTHPOBKH) C paclapajjeluBaHHEM BBIYHCICHHH C  IOMOIIBIO
texnosnorun OpenMP. Bapbuposars pazmep maccusa or 10 mo 10000,
YHUCJI0 MOTOKOB — 1,2,4,8.

CamocTosTenbHast
pabora

IK-3
IK-1
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Tema 3.3 "ba3oBble cpeacTBa MapajieIbHOTO IPOrPaMMUPOBAHHS CUCTEM
¢ obweit mamstero. Cranmapr OpenMP"

O6mue cBenenus. Crpykrypa crangapra OpenMP. JlocrouncTsa
texnonoruun OpenMP. Mozens mapamienm3ma OpenMP. Monens namstu

CamMocTosTenbHast
pabora

IK-3
[K-1




OpenMP. [lupektuBer OpenMP. Tumer gumpextuB. Popmar 3amucu
mupektuB.  OmpeneneHue mapajuienpHON  obmactu.  Pacnpenenenue
BBIYMCIICHHH MEXKy MOTOKaMH. JIMPEKTHBBI CHHXPOHU3ALUH. JIUPEKTHBBI
yIpaBlieHUs: 00JaCThI0 BUAUMOCTH JaHHBIX. COBMECTUMOCTD UPEKTUB H
ux mapamerpoB. bubmuoreka ¢yukimit OpenMP. OyHKIMK A1 KOHTPOIIS/
3anpoca IapamerpoB cpenbl UcroiHeHus. DyHkuuu cuHxpoHusauuu.ll
CpEMEHHBIC Cpelbl HCHONHEHHs. IIpuMep NporpaMMbl IPOM3BEACHUS
marpun. CpaBHenue TtexHonorut MPI u OpenMP nmns SMP-cucrem.
T'ubpunusnii (MPI+OpenMP) nonxox anst SMP-kinactepos.

3.6

Tema 3.3 "BazoBble cpeicTBa MapajuieIbHOTO MPOrPAMMHPOBAHUS CUCTEM
¢ obmeit namsteio. Crannapr OpenMP"

JlaboparopHoe 3a7aHKie BBIIOTHUTH BBIYUCIUTEIBHBIH IKCIICPUMEHT JUIS
oreHKH 3((HEKTUBHOCTH MAapaUICIbHBIX BBIYUCICHHH (PEIICHHE CHCTEMBI
JUHEeHHBIX  anreOpanuyeckux  ypaBHeHumit  Mmeromom  laycca) ¢
pacnapajyieNMBaHHEM  BBIYUCICHHH € [OMOLIBIO  TEXHOJOTHH
mHoromorouHoctd Ha ocHoBe kiaccoB .NET (Thread, Task, Parallel).
Bapruposars pasmep cetku ot 100 mo 10000 Todex, YUCIO HMOTOKOB —
1,2,4,8.

CamocTosTeIbHAS
pabora

IK-3
IK-1

3.7

Tema 3.3 "BazoBble cpencTBa MapauieIbHOTO IIPOrPAMMHIPOBAHUS CHCTEM
¢ obmeit mamsteio. Ctangapr OpenMP"

Komnumsitoper  Intel ¢ momgmepxkoir  OpenMP.  HuHcrpymeHTanbHbie
cpencTBa  pa3pabOTKM ¥ OTIAJAKA ~ MHOTONOTOYHBIX — HPHIIOKEHHH.
ITpumepst

CamMocTosTenpHast
pabora

IK-3
IK-1

3.8

Tema 3.4 "I'ubpunHas MozeNb NapajyIeIbHOTO IPOrpaMMHUPOBaHUs"
CoBMECTHOE HWCHONb30BaHHE TEXHOIOTUH mporpammupoBanust MPI,
OpenMP. Penienune 3agau ¢ npusiedeHueM obenx texHonoruid — MPI u
OpenMP. Pa36op ocobeHHOCTEH COBMECTHOTO HCIIOIb30BaHMUSI.

CamocTtosTeNnbHas
pabora

IK-3
TIK-1
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Tema 3.4 "I'ubpunHas MozeNb NapajyIeIbHOTO IPOrpaMMHUPOBaHUs "
JlabopatopHoe  3amanue [lapamnenbHble  aJrOPUTMBI  CKAJISIPHOTO
HPOU3BEAEHUS] BEKTOPOB: C MCIIOIb30BAaHUEM PELYLMPOBAHHON ONeEparuu
(reduction(...)); c ucrioabp30BaHNEM AUPEKTHB critical{...} mim atomic.

CamocTosTeNnbHas
pabora

IK-3
TIK-1

Tema 3.4 "T'ubpunHas MozeNb NapajyIeIbHOTO IPOrpaMMHUPOBaHUs "
Apxutektypa npunokeanii B DCOM u CORBA. CpaBHeHHe TEXHOIOTHI
CORBA u DCOM. MICO - cBobOomHO pacmpocTpaHsieMas BepCHs
CORBA. [IlIporpammupoBanne it CORBA. fI3pik  ommcanus
unrepdeiicos IDL B CORBA.

CamocTosTelIbHAsS
pabora

IK-3
IK-1

Pa3znen 4. AnropuTMBI pacnapajuie;liBaHus copTupoBKH. [lapaiieabHble YHCTeHHBIE METOTBI

HaumeHoBanue TEMbI, KPpaTKoO€ CoAepKaHue

Buj 3ausitusi /
pabotsl / popma ITA

Cemecrp /
Kypc

KosauuecTBo
4acoB

Komnerenuuu

4.1

Tema 4.1 "TIpuHUMITBI pacTiapaiieTMBaHIs COPTHPOBKU"

OCHOBHBIE ~ IOCJICIOBATEIbHBIC  AJTOPHUTMbI  COPTUPOBKH  JIaHHBIX.
MaciTabupoBanue napajuieibHbIX BelduciaeHui. [lapasenbHbie METObI
coptupoBku. Ily3eippkoBasi coprtupoBka. CoptupoBka Illemma. Brictpas
coprupoBka. OGOOLICHHBII aITOPUTM.

CamocTosTeNnbHas
pabora

I1K-3
TIK-1

4.2

Tema 4.1 "TIpuHIuIBE pacnapaieuBaHus COPTHPOBKU"

JlaboparopHoe 3amanume Marpuna M1 pacnpeneneHa mo mporeccam
TOPU30HTATIBHBIMY JICHTOUYHBIMH HOJOCaMu, Marpuna M2 pacmpeneneHa
BEPTHKAJIbHBIMH JICHTOUHBIMH MOJIOCAMHU.

Marpuust M1 u M2 06e pactpeeneHs! 10 IpoLeccaM ropH30HTaIbHBIMU
JIEHTOYHBIMH IIOJTOCAMH.

CamocTtosTenbHas
pabora

IK-3
[IK-1
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Tema 4.2 "MHOromoTo4HOE NPOTPAMMHUPOBAHHE C HCIIOJIE30BAaHHEM
kiaccoB Visual Cod"

IMapannensHoe nporpammupoBanue B cpene Visual Cod. MHoronorouHas
obpaboTka. Mertozs! u cBoiicTBa kiacca Thread. donoBbie motoku. Kitace
BackGroundWorker.

MHoro3agayHocTs Ha ocHOBe Kiacca Task. @abpuka 3anau. O000mEeHHBIE
knaccsl 3agad u (abpuxu 3amau Task TResult, TaskFactory TResult,
METOJIbI M CBOMCTBA KJIaCCOB.

Mapamnennsm 3amad. [Mapamnennsm panubix. Kiace Parallel; meromsr
Parallel.Invoke; Parallel.For; Parallel.Foreach.

CamocTtosTeNnbHas
pabora

IK-3
[IK-1
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Tema 4.2 "MHOromnoTo4yHoe NPOrpaMMHPOBAHHE C MCIIOIb30BAaHUEM
kiaccoB Visual Cod"

JlabopatopHoe 3amanue [lapansienbHbId aJrOPUTM YMHOXKEHHS MaTpPHULIbI
M Ha Bektop V C HCHONBb30BaHHEM IUPEKTUBBI pacHapajiieInBaHHs
rapaMeTpuueckux LHUKIOB #pragma omp for. [TapaniensHblid anroputM
YMHO)KEHHsI Marpunbl M Ha BekTop V ¢ HCIONB30BAHHEM ‘“pydHOrO”
3agaHus paboT (pacnapaiieauBaHus LMKIOB). [lapasienbHblid aliroputM
YMHOXXCHHSI MaTpHUIBl Ha MAaTpUIly C HCIOJIb30BAHHEM JUPECKTUBBI
pacrmapaulelMBaHusl IapaMeTPHUYeCKUX IHMKIOB #pragma omp for.
CpaBHUTH MOKa3aTenu YCKOpeHHs U d()GEKTHBHOCTH HPHBEISHHBIX
QJITOPUTMOB, a TaK JK& CPABHUTH UX C aHATOIMYHBIMU [OKA3aTEIAMHU 3THX
K€ aITOPHUTMOB pEalM30BAHHBIX Ha CHCTEMax C pacHpeneNeHHOM
MaMSTBIO.

CamocTosTeIbHAS
pabora

IK-3
IK-1




4.5

Tewma 4.3 "IlapannensHble YUCICHHBIE METOIBI"

VYMHOXKEHHE MaTpullbl Ha BekTop. lIpomsBeseHne MaTpull (alaroputm
lItpaccena). [lapamnensHas peanu3auusi BOJIHOBOrO ajroput™a. beictpoe
npeoOpazoBanue Dypne. Pemenne cucTeMbl JIHHEHHBIX ypaBHEHHil ¢
TpeXAHaroHaJbHOW  MaTpUIEeH METOA  PeAyKLHUH. Ananus
BBIYHMCIIMTENBHON CI0KHOCTH aJATOPUTMOB, aHAJIM3 HAKJIAJHBIX PAcXolO0B
Ha CHHXPOHU3ALMIO NapayieNbHbIX Mnoa3anau. PopMynupoBka psia
YHUCIEHHBIX METOAOB, JOIYCKAIONNX MapajuleIbHOE  HCIOIHCHHE.
VYMHOXKEHHE MaTpHIbl Ha BekTop. IIpousBeneHHe MAaTpUIl HaIpAMYIO,
(dopmynaupoBka M 0OCYXJECHHE BapHaHTOB IapaJUICILHOW peas3aluu
anroputMma llTpaccena. IlapannensHas peaan3anust BOIHOBOIO alrOpHTMa
MOKMCKA KpaTdafiero myTH B rpade I ciIydas HEOPUEHTHPOBAHHOTO
TJIaHapHOTO Tpada, TONOJOTHYECKH YKBUBATIEHTHOIO IaXMaTHOM JOCKE.

CamocTosTeNbHAS
pabora

IK-3
IK-1

4.6

Tema 4.3 "[lapannenbHble YUCICHHBIC METOIbI"
JlaboparopHoe 3amaHue PelieHHe CHCTEMbI JIMHEHHBIX anreOpandecKkux
ypaBHeHH AX = f METOJIOM IIPOCTOI UTEPALIUH.

CamocTosTenbHas
pabora

IK-3
IK-1

4.7

Tewma 4.3 "IlapannensHble YUCICHHBIE METOIBI"

IMapannenbhas peanu3auust ObicTporo npeodpasoBanus dypee. Pemenue
CHCTEMBI JIMHEIHBIX YpaBHEHHUI ¢ TpeXANAaroHAIbHON MaTpHUIEel — METOX
penykuuy. AHannu3 BBIYHCIUTENPHON CIOXKHOCTH AalITOPUTMOB, aHAIN3
HAKJIaJHBIX PACXONO0B HA CHHXPOHH3AIUIO NapajlIeNIbHBIX MOq3a1ay.

CamocTosTebHas
pabora

IK-3
IK-1

Paznes 5. Boicokonpou3BoauTe/ibHbIe BIYUCICHUS

HaumeHoBaHue Tembl, KpaTKkoe cojepkaHue

Bua 3ansitus /
pa6orsl / popma ITA

Cemectp /
Kype

KosmuecTBo
4acoB

Komnerenuuu

5.1

Tema 5.1 "BBICOKOYpOBHEBEIE cpeacTBa
MHOTOIIPOIecCOpHBIX cucteM. DVM-cucrema"
DVM-cucrema. OOmme cBeneHMs, UMM  CO3JAHUS, [PUHIHUIBI
nocrpoeHus. Mozenb napaniennsma, MoOJIEib BBIIIOJIHEHHS W MOJEIb
nporpammupoBanust DVM. SI3eikn nporpammuposanns DVM. JlupekTuBbr
DVM (ma mpumepe s3pika C-DVM). CpaBHeHnme pa3MepoB U
a¢pdexruBHoctu MPI- u DVM-nporpamm. [lepeHocMMOCTh U OBTOpHOE
ucnosns3oBanre DVM-nporpamm. Cpencra (pyHKIHMOHATIBHON OTIaIKH,
aHalu3a M IPOrHo3a  npousBogutTensHocTn — DVM-nporpamm.
OcobenHocTd  KoMOWIsiIMH  u  3amycka DVM-mporpamm.  [Ipumepst
nporpamm Ha sizeike C-DVM.

MPOrpaMMUPOBAHUS

CamMocTosTeabHast
pabora

IK-3
IK-1

52

Tema 5.1 "BbICOKOYpOBHEBBIE cpeacTBa
MHOTOIIPOIeCCOpHBIX cucteM. DVM-cucrema"
JlaboparopHoe 3amanen PemieHne CHCTEMBI JTHHEHHBIX aireOpanyecKhx
ypaBHenmit Ax = f merozom ["aycca.

MPOrpaMMUPOBAHUS

CamocTosTeIbHAsS
pabora

IK-3
IK-1

5.3

Tema 5.2 "BBICOKONPOM3BOAMTEIBHBIC BBIUUCICHUS C I[PUMEHEHHEM
rpapuueckux nponeccopos (GPU). Texuonorus NVidia CUDA"
JlabopatopHoe  3amanme  [lapanienbHble  aNrOPUTMBI  CTPOSITCS
onnoBpemeHHo B MPI u OpenMP. [lapannenbHble BBIYMCICHUS BHYTPU
y3/a BBIYMCIUTENBHOTO Kiactepa ocymecTsisirorcss B OpenMP, a
B3aMMOJEHCTBUS  MPOLECCOB, pPACHOJIOKEHHBIX B  Pa3HBIX  y3Iax,
ocymectBisitorcst B MPI:  [lapamiencHble alropuTMbl  BBIYHCICHUS
ompenencHHoro uHrerpana y=f(x)dx ¢ ucmoiab3oBaHMEM ~MeTONA
MIPSIMOYTONILHUKOB (Tpanenwit) s f (x)= sin(x), f (x)=x"2, f (x)=e"x

CamocrosiTenbHast
pabora

IK-3
IK-1

5.4

Tema 5.2 "BbICOKONPOM3BOAMTENBHBIE BBIUUCICHUS C NPUMECHEHHEM
rpapuueckux mporeccopoB (GPU). Texuomorus NVidia CUDA"
BBeneHne B BBIYMCIIEHHUS OOIIEro HasHayeHus ¢ ucronb3oBannemM GPU.
OcHoBHble apxutektypHele ommnuus GPU or CPU. Apxwurexrypa
coBpemeHHslx GPU. Texnmomorns CUDA. Mogenmn wu  mabnoHs
TporpaMMHpOBaHusl ¢ wucnoib3oBanuem Ttexuonorun CUDA. Mogens
namatit CUDA. Tumer mamsitu. Ontumusanuss CUDA-npuiioxeHuu.
Mogens ucnonennss CUDA.  Kommumsnus  CUDA-npunoxenuii.
CUDA -pacumpenune SI3BIKA C (cienupukaropsr (dyHKUMiA,
crelM(UKaToOpbl MEPEMEHHBIX, BCTPOCHHbIE IEPEMEHHBIC, IHPEKTUBBI
3amycka snpa). Hexoropelie ¢ynkimu APl CUDA Runtime. [Ipumep
nporpammbl Ha CUDA. IlpousBeneHne MaTpHiL.

CamocTtosTenbHas
pabora

IK-3
TIK-1

5.5

HOI[I‘OTOBKa K HpOMe)KyTO'—IHOﬁ arTecranun

DK3aMeH

IK-3
IK-1

4. ®OHJI OLIEHOYHBIX CPEJCTB

CTpykrypa M cozmepxaHne ()OHIA OLICHOYHBIX CPEICTB JUIS TIPOBENCHUS TEKYIIETO KOHTPOIS M IIPOMEKYTOYHOH aTTeCTaluH
npenctasieHs! B [Ipmnoxennn 1 x pabodeii mporpaMMe TUCIIATIIHHEL

5. YYHEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJIMHBI

5.1. YueOHble, HayYHbIe H METOAMYECKHE U3TAHUS




ABTODBI,
COCTaBUTEIU

3arnnaBue

I/I3I[3.T€HI>CTBO, rog

bubauoreka /
KomuecTBo

1 KanaueB A. B.

MHorosiepHbIe ITpoLeccopsl: yuebHoe nocodue

Mocksa: nTepHeT-
YuuBepcurer
WHdopMamoHHBIX
Texnonoruit (MHTYUT))|
Bunowm. JlaGoparopus
3Hanmi, 2011

OBC «YHuBepcureTckas
O6ubIMoTEeKa OHJIANHY»

2 Jlesun M. I1.

[TapayuienbHOE TPOrpaMMHPOBaHHE C
ucnons3zoBanrueM OpenMP: yueOHoe mocobue

Mocksa: luTepHeT-
YHHUBEpCUTET
WudopmarmonHbIx
Texnonoruit (MHTYUT))|
Bunowm. JlaGoparopust
3Hanmi, 2008

OBC «YHuBepcureTckas
OuOIMOTEKa OHJIANHY

3 AntonosB A. C.

INapannensHOE MPOrpaMMUPOBAHUE C
ucnons3oBanueM Texnonorud MPI: kypce: yuebHOE
nocobue

Mocksa: MuTepHeT-
YHuBepcurer
HNudpopmanmoHHbIX
Texnonoruit (MHTYUT),
2008

OBC «YHuBepcureTckas
OuOIMOTEKA OHJIANHY

4 AGpamsH M. D.

IpakTHKYM I10 TapauIeIbHOMY IPOrPAMMHPOBAHHIO
C HCIIONB30BaHHEM IEKTPOHHOTO 3aJauHUKa
Programming Taskbook for MPI: yue6Hoe nocobue

PocroB-Ha-JloHy: FOxHBII
(benepasbHbIii
yHuBepcuret, 2010

OBbC «YHuBepcureTckas
O6ubnnoTeKa OHIANH)

I/IH(I)OpMaHI/IOHHLIC CHUCTEMBI U TCXHOJIOTHUHU: XKYPHAJI

Open: ['ocynuBepcurer —
VYHIIK, 2013

OBC «YHuBepcureTckas
OubMMoTeKa OHIANH

6 AnexceeB A. A.

OCHOBBI TAPAIIETFHOTO IPOrPAMMHUPOBAHHS C
ucrnions3oBanueM Visual Studio 2010: xypc mexruit

Mocksa: HammmonansHBINH
OTKpBITBI YHUBEPCUTET
«MHTYHUT», 2016

OBC «YHuBepcureTcKas
OubnmoTeka oHIANH)

7 bumnur B. A.

IMapayienbHble BBIYMCICHHS 1 MHOTOIIOTOYHOE
MpOrpaMMHpOBaHKeE: yaeOHOe mocodue

Mocksa: HarronanbHbIi
OTKpBITHI YHUBEPCUTET
«MHTYHUT», 2016

OBC «YHuBepcureTckas
OuOIMOTEKA OHJIANHY

I/IH(i)OpMaL[I/IOHHLIe CHUCTEMBI U TEXHOJIOTUU: XKXYpHaJI

Open: ['ocynusepcurer —
VHIIK, 2015

OBbC «YHuBepcureTckas
OubnMoTeKa OHIANH

9 Huxomnaes E. U.

ITapasienbHbIe BEIYHCICHUS: YUeOHOE TOco0He

Crasponoins: CeBepo-
KaBxka3zckuit @enepanpHbIid

OBC «YHuBepcureTckas
O6ubIMoTEeKa OHJIANHY»

ynauBepcuteT (CKDY),
2016
10 | JIsicakos, K. . [IpakTHyeckoe nmporpaMMupoBanue Ha Python: HoBocubupck: OBC «IPR SMART»
yqe6Hoe rnmocooue HOBOCI/I6I/IpCKPIﬁ
rocyAapCTBEHHBIN

yuuBepcuret, 2023

5.2. IIpodeccuonanbHble 0a3bl JAHHBIX U HHPOPMALMOHHBIE CIIPABOYHBIE CHCTEMbI

NCC "Koncynsrantllntoc"

HCC "Tapant"http://www.internet.garant.ru/
Obuepoccuiickuil MareMarnieckuii noprai (MHGpopMaoHHas cucrema)http://www.mathnet.ru/
Microsoft Developer Network https://msdn.microsoft.com/ru-ru/

5.3. IlepeyeHsb NpPOrpaMMHOro odecreyeHust

Onepanuonnas cucrema PEJ[ OC

Visual Studio Code

5.4. YueOHO-MeTOAMYECKHE MATEPUAJIBI TSI 00YYAIOIINXCS ¢ OTPAHNYEHHBIMH BO3MOKHOCTSIMH 310POBbS

[Tpn HEOOXOIMMOCTH I10 3asBICHUIO 00Y4YarOLIErocsi ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSMH 3[J0POBbSI y4eOHO-METOANUCCKHE MaTepHaIIbl
TPEIOCTABIAIOTCA B (hOpMax, aJalTHPOBAHHBIX K OTPaHHYCHHAM 3IOPOBBS M BOCHPHUATHSA MH(popMmarwd. [ Wl ¢ HapyIIeHHSIMH
3penus: B popme ayauodaiina; B medaTHOH GopMme yBEIHUCHHBIM MpH(TOM. IS U] ¢ HApYIICHUAMH CIyXa: B (hopMe IEKTPOHHOTO
JOKYMEHTa; B IeyaTHol (opme. st Il ¢ HApYIICHUSIMH OIIOPHO-/ABUraTeIbHOIO armapara: B (opMe 3JIEKTPOHHOTO JIOKYMEHTa; B
TeyaTHOM opme.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHHUIIJIMHBI

ITomemenuss At BcexX BHOOB PadoOT, MPEAyCMOTPEHHBIX YYEOHBIM IUIAHOM, YKOMIUICKTOBAaHBI HEOOXOMMMOM CIEIHMaIN3NPOBAHHON
y4eOHOIl MeOesbl0 U TEXHUYECKUMHU CPEACTBAMH O0yUIEHUSI:

- CTOJIBI, CTYJIbS;

- IePCOHAIBHBIA KOMIIBIOTEP / HOYTOYK (TIePEeHOCHOH);

- IIPOEKTOD;

- 9KpaH / UHTEPaKTHBHAs JOCKa.

JlabopaTopHBIe 3aHATHSA NPOBOIATCA B KOMITBIOTEPHBIX KiaccaX, pabodwme Mecta B KOTOPHIX OOOPYHOBAHBI HEOOXOANMBIMH




JHULEH3UOHHBIMH W/WIHM  CBOOOTHO pPACHPOCTPAaHSIEMBIMH IIPOTPAMMHBIMU CPEACTBAMH M BBIXOAOM B HMHTepHeT, w/wim B
CIICMATM3UPOBAHHBIX JIAOOPATOPUSX, IPETYCMOTPEHHBIX 00pa30BaTEIbHON IPOrpaMMOii.

IMomemeHust A1 CaMOCTOSATEIBHON PabOTHl 00YUJarOIINXCS OCHAIICHBI KOMITBIOTCPHOW TEXHUKOW C BOSMO)KHOCTBIO TONKITIOUEHHS K
ceru "MHTepHET" M 0OEcTIeueHNEM HOCTYTIA K MIEKTPOHHON MH(OPMAIIMOHHO-00pa30BaTeIbHON Cpefe.

7. METOAUYECKHUE YKA3ZAHUSA JJISA OBYYAIOIIIUXCSA 11O OCBOEHHUIO JTUCITUITJINHBI

Meroandeckue yka3aHHS 0 OCBOSHHIO AUCIUILTHHEI IpecTaBieHs! B [Ipunoxennn 2 x paboueil mporpaMMe TUCIUIIIHHEL




Ipuioxkenne 1

®OHJ OHEHOYHBIX CPEJACTB
1 Onucanue nokasaresieii U KpuTepreB OLIEHUBAHUA KOMIIETEHIMI HA Pa3JIMYHBIX ITANaX UX
(opMupOBaHNS, ONIUCAHUE LKA OLlEeHNBAHUSA

1.1 Iloka3arenu u KpUTEPUH OLIEHUBAHUSI KOMIIETEHLIUI!

3VH, cocrasisronye | [oxasarenu oneHuBaHUs Kpurepuu ouenuBanus Cpenctsa
KOMIIETECHIIHIO OLICHUBAHUS
IK-1 - cmocofeH HCHOJb30BATH METOAbl W HWHCTPYMEHTAJIbLHBbIE CPEICTBA HCCJIEAOBAHHS O0BEKTOB MNPOQecCHOHATbHOMI
JesITeJIbHOCTH, (hopMaIu3alii MPeIMeTHOH 00J1aCTH € Y4eTOM OrpaHMYeHHil
3. OCHOBHBIE TIOHSTHS W3 | 3HAET  METOAOJIOTHH  pa3paboTku | chopmupoBaBmieecs cucrematnyeckoe | O (Bompochl 1-
obnactu Pa3paboTKU | IPOrpaMMHOI0O 00eCIIeueHNs; IpaBuila | 3HaHHUE METOJI0JI0TUH paspabotku | 50),
MPOrpaMMHBIX CHUCTEM, | HanmMcaHMsT ~ TOHATHOH  TECTOBOM | mporpaMMHoro  oOecriedeHws;  mpaBwi | D (Bompocsl 1-
NpUMEHsIEMbIe METpUKH, | JOKYMEHTalu1 (Tect-Kkelichl, | HanMcaHus MIOHATHOH tecToBoii | 50)
METOJIbl U WHCTPYyMEHTAIbHBIE | TECTIUIAHbI) IIpU TOATOTOBKE K | TOKymMeHTamuu (TeCT-KEHChHI, TeCTIUIaHbl)
CpecTBa OIIPOCY W SK3aMEHY IIPY OTBETE Ha BONIPOCHI OTPOCa U IK3aMEHA
Y.  DOpuUMEHATh  OCHOBHBIE | IPUMEHAET  METOAbl  YNPAaBJIEHHUS | KOPPEKTHOCTh  NpUMEHEHHs  MeTonos | JI3 ( JI31-
METObI pa3paboTku | mporeccamu pa3paboTku TpeOOBaHHH, | yIpaBieHHs  mpoleccamMu  paspabotku | JI317);
MIPOTPaMMHOTO  OOECIICUeHHMs; | OIIEHKM  PHCKOB,  NpHOOpeTeHus, | TpeboBaHMi, OLICHKH puckos, | II0O3D (3amanue
TIPAMEHATh OCHOBHBIE | IPOEKTUPOBAHMS, KOHCTPYHUPOBAHUS, | mproOpeTeHus, npoekTupoBaHus, | 1-10)
HWHCTPYMEHTHI pa3paboTKH | TECTUPOBAHMUS, 9BOJIIONNHI U | KOHCTPYHPOBaHUS, TECTUPOBAHMUS,
MPOrpaMMHOT0 00eCHeUeHUS CONIPOBOXKICHUSI IIPH  BBINIOJHEHWH | S5BOJIONMH M CONPOBOXIEHWA  IIpU

71a0OpaTOpHBIX U MPAKTHKO- | BBIIIOJHEHUH Ja0OPAaTOPHBIX U MPaKTHKO-

OPHEHTHPOBAHHBIX 3aJaHUH OPHEHTHPOBAHHBIX 3aJaHUH
B. ocHOBHEIMM  MeToIaMH | paspabaTbIBacT IPOrpaMMHOE | KOPPEKTHOCTh pa3paboTku mporpammuoro | JI3 (1 JI31-
pa3paboTku MPOTPaMMHOTO | obecrieyeHne  TPH  BBIIOJIHEHWH | o0ecieueHus pu BeImonHeHnH | JI317);
obecrieueHns; OCHOBHBIMH | 1a00OpaTOpPHBIX U MPAaKTUKO- | TabOpaTOPHBIX u npaktuko- | [103D (3amanme
MHCTPyMEHTaMH  pa3pabOTKH | OpPHEHTHPOBAHHBIX 3aJaHUH OPHEHTHPOBAHHBIX 3aJaHUH 1-10)

MPOTPAMMHOTO 00eCTIeUeHHS

IIK-3: ciocoGen pa3padaTbiBaTh KOMIOHEHTHI MPOTPAMMHBIX KOMILIEKCOB (B TOM 4ncJie HHTepdeiichl, ApaliBepa, KOMIIMISITOPBI,
3arpy34uKH, cOOPIIMKH, CHCTEMHbIe YTHJINTBI) U 023 JaHHBIX ¢ MCIOJb30BAHMEM COBPEMEHHBIX HHCTPYMEHTAJILHBIX CPEACTB H
TEXHOJIOTHIi NPOrpaMMHPOBAHNS

3: OCHOBBI MH(OPMATHKH U
MPOTPaMMHUPOBAHUS

3HACT IporpaMMHbIC CpeaAcCTBa
CHUCTEMHOTIO, TIPUKIIATHOTO n
CIICIIUAJIBHOT'O Ha3HA4YCHU,

UHCTPYMEHTAIIBHBIE CPEJICTBA, SA3BIKU
U CHUCTEMBbl IIPOrPaMMHUpPOBAaHUS IIPH
IIOJITOTOBKE K OIIPOCY U 9K3aMEHY

copmupoBaBIIeecs CHUCTEMaTHUYECKOE
3HAHUE IIPOrpaMMHBIX CpencTB
CHUCTEMHOTO, MPUKIIAJHOTO U CHENHAIbHOTO
HA3HAYEHUs, MHCTPYMEHTAIBHBIX CPEACTB,
S3BIKOB U CHUCTEM IPOTPaMMHUPOBAHUS TPHU
OTBETE Ha BOIIPOCHI ONPOCa U 9K3aMEHa

O (Bompocs! 1-
50),
3 (Bompocer -
50)

V' UCIOB30BaTh COBPEMEHHBIC
TEXHOJIOTUH pa3paboTku
MIPOTPaMMHBIX IIPOLYKTOB

UCTIONB3YET TPOrpaMMHBIE CPENCTBA
CHUCTEMHOTO, MPUKIIATHOTO u
CHELHUATBHOTO Ha3HAuYCHUS,
WHCTPYMEHTAJIBHBIE CPEJICTBA, S3BIKU
U CUCTEMBI NPOTPaMMHUPOBAHUS TPHU
BBINOJIHEHUH 11a00paTOPHBIX u
MPAaKTUKO-OPUEHTUPOBAHHBIX 3aJaHUN

CHCTEMAaTHYECKOE
MPOTPaMMHBIX
MPUKIAIHOTO U
Ha3HA4YCHUS,

chopmupoBaBIIeecs
YMCHUEC HCIIOJIb30BaHUA
CPEICTB  CHCTEMHOTO,
CIICLIMAIILHOTO
WHCTPYMEHTAIBHBIX CPEJCTB, S3BIKOB U
CHUCTEM  NPOrpPaMMHUPOBaHUS pu
BBITTOJITHEHUH J1a0OPAaTOPHBIX M IMPAKTHUKO-
OPHEHTHPOBAHHBIX 3aaHUH

JI3 ( JI31-
JI317);
10332 (3amanue

1-10)

B: HaBelIkamMum  pa3paboTKu
ANTOPUTMOB B BHIE OJOK-
CXeMbl M COCTaBJIEHHs IIIaHa
py4YHOro TECTUPOBAHUS
paspabaTbiBaeMOro
MPOrpaMMHOI0 IIPOAYKTa

BIAQJECT  HABBIKAMHM  NPUMEHEHUS
MPOrPaMMHBIX CPEICTB CHCTEMHOTO,
MPHKIIAJHOTO u CHENHUAaTbHOTO
Ha3HAuCHMUS, MHCTPYMEHTAJIBHBIX
CPEICTB, S3BIKOB u CHUCTEM
MPOTPaMMHUPOBAHHUS npu
BBINOJIHEHUH 11a00paTOPHBIX u

TMPAKTUKO-OPHUCHTUPOBAHHBIX 3a)IaHI/Iﬁ

copmupoBaBIIeecs CHUCTEMaTHUYECKOE
BIIaJICHUE HaBBIKaMH MIPUMEHEHHS
MPOTPaMMHBIX  CPEACTB  CHCTEMHOTO,
MPUKIIAJHOTO M CIEIHUAIBHOTO Ha3HAYCHHUS,
HHCTPYMEHTAJBHBIX CPEACTB, S3BIKOB U
CHUCTEM  IPOTPaMMHUPOBAHUS npu
BBITIOJITHEHUH J1a0OPAaTOPHBIX M IMPAKTHUKO-

OPHUCHTHUPOBAHHLIX 3a)IaHI/Iﬁ

JI3 ( JI31-
J1317);
10332 (3amanue

1-10)

O —onpoc, JI3 — naGopatopusie 3ananus, [103D - npakTUKO-OpUEHTHPOBAHHBIE 3aJ]aHUs K SK3aMEHy, O —

BONPOCHL K IK3AMEHY .
1.2 IlIkanbl OLIEHUBAHUS:

Texkymuii KOHTPOJb YCIIEBAEMOCTH M TPOMEXKYTOUYHAsl aTTeCTalisl OCYIIECTBISETCS B paMKax
HAKOMUTEJIBbHON OalIbHO-peTHHTOBOM crucTeMbl B 100-0ayuibHOM miKae.
- 84-100 GamtoB (OIIEHKA «OTIUYHOM);

- 67-83 GaiyIoB (OIIEHKA «XOPOIIO»);

- 50-66 6annoB (OlIEHKA YIOBICTBOPUTEIHHO);
- 0-49 GamoB (oIeHKa HEYIOBICTBOPUTEILHO).




2 TunoBble KOHTPOJbHBbIE 3aJaHUsl MM HHbIe MaTepUaJbl, HEOOXOAUMBbIE JJIsi ONEHKH 3HAHWI,
yMeHHii, HABBIKOB M (WJHM) OMNBITA [eSTeJbHOCTH, XAPAKTEPH3YIOIIUX 3Tanbl (PopMUPOBAHUS
KOMIIeTEHI[UH B MpoIecce 0CBOeHHUs 00pPa30BaTeIbHO MPOrpaMMblI
Bonpocsl k 3k3ameHy
1.OcnoBsl MPI
2. 3amyck MPI nporpamm
3. 'pynmbl KOMMYHHKATOPOB U TIPOIECCOB.
4., CooOmenus MPI.
5. KoMMyHuKaTOpHI.
6. biiokupyroiee noseneHue
7. HeGnokupyromiee noenenne. HeOI0Kupyronye BEI30BBI
8. CrtocoObI KOMMYHUKAITHH.
9. CuHXpOHHAas KOMMYHHKAITHS.
10. KomMyHUKaIusl O TOTOBHOCTH.
11. BydepuzoBanHass KOMMYHHKAIIHS.
12. CrannapTu3oBaHHasi KOMMYHUKaIIUS.
13. OcHoBHBIC (DYHKIINU KOJUICKTUBHON KOMMYHUKAIIUH.
14. Onepanus mmpokoi pacceliku (broadcast).
15. Oneparust coopa (gather).
16. Oneparnus rmodansHoro puBeaeHus (global reduction.
17. I3menenue koja napauiebHON IPOrpaMMBI.
18. Bcrionb3oBanue pynkiuu MPI Scatterv.
19. Ucnonb3oBanue Gpynkuun MPI_Scatter.
20. Ucnonp3oBanue pynknuun MPI Gatherv.
21. OcHOBHBIE (DYHKIMH, HEOOXOIUMBIE JUISI CO3AaHUS TPYII U KOMMYHHUKATOPOB.
22. OcHOBHBIE QYHKIIUH, HEOOXOAUMBIC IS TIOTyYeHHS HHPOPMAIIMH O KOMMYHHUKATOpaXx.
23. OcuoBHbIe THUNBI JaHHBEIX MPI.
24. TIpon3BOIHBIC THITHI TAHHBIX.
25. O0m1me TUTIBI TAaHHBIX U KapThl TUIIOB. J[nana3oH THIla JaHHBIX.
26. OOmiasi cxemMa W METOJMKa pPa3pabOTKH MapayieNbHbIX aaroputMoB. [lpunnun «Pazpensii-u-
BIIACTBY». BUIBI NEKOMIO3UIMHN 3aqaud: MO JAHHBIM, MO KOAY, MO BBIMOJHEHUIO, KOMOWHUPOBAHHBIE.
[IpuMeps! pa3InYHBIX JEKOMITO3HUIIMM.

27. CopTHpoBKa, BBIMYKJIbIE OOOJIOYKHM, MAaTPUYHbIE OMNEpAlMH: TPUMEPHl  JIEKOMIIO3UIIH
PEKYPCUBHOI'O BUJIA.

28. Martpuussle ollepauuu: IOPUMEP ACKOMIO3ULUU 10 AAHHBIM, OJHO-, ABYX- U TPEXMEPHOE
pazOueHws.

29. OOm1ast cxemMa ¥ METOJIMKA pa3pabOTKH MapasieIbHbBIX allrTOPUTMOB.

30. OueHka TpyA0EMKOCTH ONEpaLil Iepeauu JaHHBIX I KJIaCTEPHbIX cucTeM. Mojenb XOKHHU.
31. ba3oBele cpencTBa mapasieNbHOrO MPOrPaMMHUPOBAHUS CUCTEM ¢ oOmieil mamsarteio. CraHmapt
OpenMP. O6mue cBenenus. Ctpykrypa crangapra OpenMP. JloctonrcTBa Texnonorun OpenMP.

32. Mognens napamtenuzma OpenMP. Mogens mamstu OpenMP. lupextuBsl OpenMP. Tumsl
nupeKkTuB. Popmar 3anucu JUPEKTUB.

33. OpenMP. Omnpenenenue mnapajuieabHON oOnactu. PacnpeneneHue BBIYMCICHUN MEXITy

IIOTOKaMHM. HI/IpeKTI/IBBI CUHXPOHU3AIUH. HI/IpeKTI/IBBI YpaBJICHUA 00/1aCTBIO BUJUMOCTH JAaHHBIX.
COBMECTHUMOCTD JAUPCKTUB U UX MTapaMETPOB.

34, bubnuorexka ¢ynknuit OpenMP. @®yHkium g KOHTpoJis/3ampoca NapaMeTpoB  CpPe.bl
ucnonHenus. PyHKIUN CMHXpoHU3auuu. [lepeMeHHbIe cpe/ibl UCTIOTHEHHUSI.

35. CpaBuenune texHoioruii MPI u OpenMP. T'uOpuansiii (MPI+OpenMP) noaxox st SMP-
KJ1acTepoB. IHCTpyMeHTaIbHbIE CPEACTBA Pa3padOTKU M OTJIAAKH MHOTOIOTOYHBIX MPUIIOKEHUH.

36. [TpuHIMIBI pacniapajieTuBaHus COPTUPOBKU. OCHOBHBIE H0CJIE10BATEbHbIE AJITOPUTMBI
COPTHUPOBKHM JaHHBIX. MacimTabupoBaHue napauieIbHbIX BEIYUCICHHMN.

37. [TapannensHbie MeTOABI cOpTUPOBKU. [ly3pipbKoBas coptupoBka. CoptupoBka Illemna. beictpas

coptupoBka. OOOOIICHHBIIN alTOPUTM.



38. MHoromnoroyHoe TNporpaMMHpOBaHHME C WCIOJb30BaHMEM kiaccoB MS  Visual Cod.
Mmuoromnorounas oOpabotka. Meroasl u cBoicTtBa kiacca Thread. ®onoBbie moToku. Kiacce
BackGroundWorker.

39. MHoro3amgadyHocTh Ha ocHoBe kiacca Task. ®abpuka 3amady. OOOOIIECHHBIE KJIAcChl 3a1a4 M
¢dabpuxu 3anau Task TResult, TaskFactory TResult, meToas! 1 cBoiicTBa KIaccoB.

40. [Tapamnenusm  3amau. [lapamnemmsm  gannbix. Kmace Parallel; metomsr  Parallel.Invoke;
Parallel.For; Parallel.Foreach.

41. [TapanienbHble YUCIEHHBIE METO/IBI. Y MHOXKEHHE MaTpuilbl Ha BekTop. [IpousBenenue martpuil
(anroput™m IlTpaccena).

42. [TapannensHasi peanusanyisi BOJHOBOTO aliropuTMa IOMCKA KpaTdaifiiero myTd B rpade s
ClIy4asi HOOpUEHTUPOBAHHOTO IIAHAPHOTO Tpada.

43. [TapannensHas peanu3zanus ObicTporo nmpeodpazoBanus Dypoe.

44, BbICOKOYypOBHEBBIE CPEICTBA POIPAMMUPOBAHKS MHOTOIIPOLIECCOPHBIX cucteM. DVM-cucrema.
OO61ue cBeeHUs, eI CO3AAHUSL, TPUHIIUITBI ITOCTPOSHUS.

45. Monens napannenusma, MOEIb BBIIIOJIHEHNS U MOJEINb ITporpaMMupoBanus DVM.

46. S3eiku iporpammupoBanust DVM. [Tupextussl DVM (Ha npumepe si3pika C-DVM).

47. BBICOKOTIPOU3BOIUTENBHBIE BBIYUCIICHUS C MpHUMEHEeHHeM rpaduyeckux mpomeccopoB (GPU).
Apxutektypa coBpeMeHHbix GPU.

48. Texnonorusst NVidia CUDA. Mogenu ¥ mabioHBl NPOrpaMMHPOBAHUS C HCIIOJIb30BAaHHUEM
Texuosorun CUDA. Moxaenp namatu CUDA. Tunsl namMsiTu.

49. BBenenue B BbluMcleHHs oOuiero HasHadeHuss ¢ ucnoib3oBanueM GPU. OcHoBHbIe
apxutektypubie oTinuust GPU ot CPU.

50. Ontumuzanuss CUDA-npunoxenuid. Mogens ucnonnenuss CUDA.  Kommusauus CUDA-
MPUITOKEHUM.

HpaKTI/IKO-OpI/IeHTI/IPOBaHHbIe 3alaHus K IK3aMEHY

3ananue 1 IloctaHoBka 3ajauM pacmnapajjieIMBaHUs CYIIECTBYIOIIUX CEpPHAlIbHBIX anroputmoB. [Ipumep
CYMMMpOBaHMsI MaccuBa. Peanusanus napauienbHbIX aIrOPUTMOB C UCIIOJIb30BAaHUEM IIPOLIECCOB.

3amanue 2 Pacdyer oTHOCHTENEHON YPPEKTHBHOCTH CIIOCOOO0B KOMMYHHUKAITUH.

3amanne 3 OcHOBHBIE (PYHKIIMUHM KOJUIEKTUBHOW KOMMYHHUKAIIMU: OTEPAIUSIMHU IIHPOKOW PACCHUIKH
(broadcast), cbopa (gather) m rtmobampHOrOo mnpuBeneHus (global reduction). Pacuer mapamienbsHOTO
BOJIHOBOTO ypaBHeHHUs. [IpeacraBinenue pe3ynbTaToB pacyeTa.

3ananue 4 Ilporpamma BeluucieHus yucia n. Onepanuu nepenayd JaHHBIX MEXAY JABYMs IpPOIECCaMH.
KonnexkTuBHbIe onepanuu nepenadu JaHHbIX.

3anaHue 5 YnpapiieHue IpynnamMH IPOLECCOB M KOMMYHHMKAaTopamHu. MOJIENbHBIN IpUMep: YMHOXEHHUE
MaTpHUIIBI Ha BEKTOP.

3amanne 6 OneHka TpyJ0eMKOCTH ONEpalii epeiaun JAHHBIX JUTS KITACTEPHBIX CUCTEM.

3amanue 7 PemeHue cUCTeMBbI TMHEHWHBIX alreOpanyecknx ypaBHeHuN AXx=f meTomom ["aycca.

3amanne 8 PemieHue cCUCTEMBI THHEHHBIX alredpanueckux ypaBHeHHH AX=f MeTO1I0M MPOCTON UTEpalLry.
3amganue 9 Copruposka Illenna.

3amanue 10 ITy3bippkoBasi COPTUPOBKA.

Kpurepun oueHuBaHmsi:

- 84-100 GaymioB (OLEHKA «OTIUYHO») - W3JIOKEHHBIA Marepuan (hakTUYeCKH BEpeH, HAIWYHE TITyOOKHX
UCYEPNBIBAIOIINX 3HAHWM B 00BEME TPOIIEHHOW MpPOrpaMMbl JUCHUIUIMHBI B COOTBETCTBHH C
MIOCTABJIEHHBIMU MPOrpaMMOi Kypca IeJIIMU U 3a/1ayaMu 00y4€eHUsl; IpaBUIIbHbIE, YBEPEHHBIE IEHCTBUS 110
MPUMEHEHUIO TIOyUYEHHBIX 3HaHUHN Ha MPaKTHKE, TPAMOTHOE M JIOTHYECKU CTPOMHOE M3JI0KEHHE MaTepuaia
MIpY OTBETE, YCBOEHUE OCHOBHOW M 3HAKOMCTBO C JIOMOJIHUTEIBbHOW JIUTEPATYPOl;

- 67-83 GamnoB (OLIEHKA «XOpOIIO») - HAIMYUE TBEPIABIX M JOCTATOYHO TMOJHBIX 3HAHUNA B OOBEME
MPOMICHHON MPOrpaMMBbl AMCHUIUIMHBI B COOTBETCTBMU C LEISIMH OOydYEHHsI, MPAaBUIbHBIC NEHCTBHS IO
MPUMEHEHUIO 3HAHUI Ha MPaKTHUKe, YeTKOE U3I0KEHHE MaTepHralia, JOMyCKAIOTCs OT/IeIbHbIE JTOTHYECKHE U
CTHJINCTUYECKHE MOTPEIIHOCTH, O0yYarolmMiicss yCBOWJI OCHOBHYIO JINTEpATypy, PEKOMEHIOBAaHHYIO B
paboueil mporpaMme TUCIUILTAHBL,

- 50-66 GanoB (OIleHKA YIOBJIETBOPUTEIHHO) - HATMYKE TBEP/BIX 3HAHUI B 00bEMe MPOIIEHHOTO Kypca B
COOTBETCTBUU C IIeNIsIMH OOyYEHHs, HW3JIO)KEHHE OTBETOB C OTACIbHBIMU OIIMOKaMH, YBEPEHHO



UCIPABICHHBIMU TI0CJIE JOMOJIHUTENBHBIX BOIPOCOB; MPABWIBHBIE B LIEJIOM JEHCTBHUS MO NPUMEHEHUIO
3HAHUW HA MPAKTHUKE;

- 0-49 OannoB (OLEHKAa HEYIOBJIETBOPUTEIHHO) - OTBETHI HE CBS3aHBI C BOMNPOCAMH, HAIUYHE TPYOBIX
omKOOK B OTBETE, HEMOHUMAHHE CYIIHOCTH M3JIaraéMOro BOIPOCA, HEYMEHHE IPHUMEHSATh 3HAHMS Ha
IIPAKTUKE, HEYBEPEHHOCTh U HETOYHOCTh OTBETOB HA JOTIOJIHUTEIbHBIE U HABOJAIINE BOIIPOCHI.

JlaGopaTopHble 3a1aHusA
1. TemaTuka Ja6opaTopHbIX padoT Mo pa3jieamMm U TeMam
Pa3nen 1 «BBegenne B napajuiesibHble BHIYMCIECHUSD).
Tema 1.1 "OcHoBBI NapaIeIbHBIX BbIYMCICHHIT"
Jlaboparoproe 3aganue 1 3amyck MPI nporpamm. Komnusinus. Hactpoiiku uist cOopku U cuera. 3aImyck B
nakete. [llects 6a30BbIX BhI30BOB. CoobOmeHuss MPI. KommyHuKaTOpBHI.
Tema 1.2 "O030p napajuieJibHbIX BHIYUCIUTEIbHBIX CHCTEM U UX KJIaccupukanus'
JlaboparopHoe 3aganue 2 YmpakHeHue Ha TynuK. PacnapanienuBaHue MeTo/1a HAUMEHBIIUX KBAJpaTOB.
Tema 1.3 "Cnoco0bl opranu3anum napajijieabHoii 00padoTKu JaHHbIX"
Jlaboparopnoe 3ananue 3 Pacuer oTHOCHTENbHON 3(()EKTUBHOCTH CIOCOOOB KOMMYHHKaluHu. BrusHue
3aMeHBbI OJIOKHPYIOLIETO MOTyYeHHs Ha HEOIOKUPYIOIIee TOTyYeHNEe Ha CHHXPOHH3AIMOHHYI0 HAKIIAAKY.
Tema 1.4 "BbrunciaurenbHble KiacTepbl"
Jlaboparoprnoe 3amanrie 4 OCHOBHBIE (YHKIMH KOJUICKTHBHOW KOMMYHHKAITUH: OTMEPANHUSIMH IIUPOKOI
pacceuiku  (broadcast), cOopa (gather) m rioGampHOro mnpuBenenus (global reduction). Pacuer
[1apaJuIeIbHOTO BOJTHOBOI'O yPaBHEHUS.

Paznea 2 «Ilapasuiesabnbie agaroputmbl. Ctangapt MPD».

Tema 2.1 "Peanusanus napajjieJIbHbIX aJITOPUTMOB'

JlaGopaTopnoe 3ananue 5 IlapannensHble alrOpUTMBI HUKIMYECKOTO CABUra Ha CUCTEME C paclpeeeHHON
MaMATBIO CO CTPYKTYpPOH CETH CBSI3€M MEXKIy MpoleccamMu - “KOJIbIO~, B KOTOPBIX Ka)Iblil IpoIEecc
MHHUIUMPYET PACCBUIKY CBOETO0 COOOIIEHUS OJHOBPEMEHHO B KAaKOM-JIMOO BBIOPAHHOM HAIPaBICHUM I10
kobily (B MPI):

- C aCHHXPOHHOM OJIOKMpOBaHHOH nepenaveid, 0JI0KHPOBAHHBIM IPUEMOM.

- C aCHHXPOHHOM HEOJOKHPOBAaHHOU Nepeadeit, HeOIOKUPOBAHHBIM PUEMOM.

- C CHHXPOHHOI nepeaueii, 0JIOKHPOBAaHHBIM IPHEMOM.

Tema 2.2 "MopenupoBanue mnapajuiebHbIX NporpamMMm. Peasmsanmsa napassieausMa pa3iu4HOro
Bujaa"

Jlaboparoproe 3amanue 6 IlapamienbHple anrOPUTMBI KOHBEHEPHOW Mepeaadd JaHHBIX Ha CUCTEME C
pacripesielIeHHON NaMsThIO CO CTPYKTYPOH CEeTH CBsi3eil Mex 1y mpoueccamu - “iauneika” (8 MPI).

Tema 2.3 "Metoanl nepenaun gannbix. Crangapr MPI"

JlaGopatopHoe 3amanue 7 IlapannenpHblii @JITrOPUTM  CKANSIPHOTO MPOM3BEACHUS BEKTOPOB C
UcHosib30BaHueM peayuupoBaHHbeix onepanuit (MPI Reduce(...), MPI Allreduce(...)). IlapanienbHblii
QITOPUTM  CKAJIPHOIO TPOM3BEICHHUS BEKTOPOB C HCIOJIb30BAHUEM IMAPHBIX B3aUMOACHCTBHM
(MPI_Send(...), MPI Recv(...)). CpaBHUTb BpeMsl BBINOJIHEHUS anroputmoB (B MPI).

Tema 2.4 "IIpoTokos u 6udauorexku MPI"

Jlaboparopnoe 3amanme 8 IlapamienbHbIi adrOpUuT™M CYMMHUpPOBaHHUS 3JIEMEHTOB BEKTOPOB C
UCTONIb30BaHUEM penynupoBaHHbix onepanuit (MPI Reduce(...), MPI_Allreduce(...)) (8 MPI).

Paznen 3 «Ilapanienbubie aaroputmbl. Ctangapt OpenMPy.

Tema 3.1 "Metoauka pa3pad0TKu napajjie/IbHbIX AJITOPUTMOB'"

JlaGopaTtopHoe 3amganue 9 BBIMOTHUTH BBIYMCIMTENBHBIM 3KCIEPUMEHT A OLEHKU 3((HEKTUBHOCTH
napajuleNIbHbIX BbIYHUCICHUH (00paboTka JBYMEPHOIO MacCUBa: MEPECTAaHOBKU 3JEMEHTOB, YMHOXEHHE
MaTpHIl ¥ BEKTOPOB) C paclapajljIeIMBAaHUEM BBIYUCIEHUH ¢ momolbto TexHoiaorun OpenMP. Bapsupoats
pasmep maccuBa ot 10 1o 10000, uncno morokos — 1,2,4,8.

Tema 3.2 ""ba3oBble cpeacTBa NapajieJIbHOr0 MPOrPpaMMUPOBAHHS BbIYUCIUTEIbHBIX KJIacTepoB'
Jlaboparoproe 3amanue 10 BrIMOTHUTH BBIYUCIUTEIBHBIM SKCHEPUMEHT Il OIEHKH 3(h()EKTUBHOCTH
napajyieNIbHBIX BBIYUCICHUH (aJrOpUTMBI COPTHPOBKH) C pacHapajieIMBaHHEM BBIYMCICHUN C MOMOIIBIO
texnosioruu OpenMP. Bapsuposats pasmep maccuba ot 10 1o 10000, uncno morokos — 1,2,4,8.



Tema 3.3 '"ba3oBble cpeacrBa mapajjieIbHOT0 MPOrPaAaMMHPOBAHUSA CHUCTEM ¢ 001Ieill MaMATbIO.
Cranpapt OpenMP"

Jlaboparoproe 3amanue 11 BBIMONHUTH BHIYMCIUTENBHBIA IKCIEPUMEHT Al OUEHKH 3(P(HEKTUBHOCTH
napajuie/IbHBIX BBIUUCIICHUH (pEIIeHHe CUCTEMBI JIMHEHHBIX alre0panyeckux ypaBHEHHI MeToaoM ['aycca)
C pacrnapajyIeIMBAHUEM BBIYMCICHUN C TOMOIIBIO TEXHOJIOTMUA MHOTOIIOTOYHOCTH Ha OCHOBE KiaccoB .NET
(Thread, Task, Parallel). BappupoBats pazmep cetku ot 100 1o 10000 Touek, uncio nmotokos — 1,2,4,8.
Tema 3.4 "I'mOpuaHast Mmoaesib NapajieJIbHOr0 NPOrpaMMUpoBanus'

Jlaboparopuoe 3amanue 12 [lapannenbHble anropuTMbl CKAJISIPHOTO TPOU3BEICHUS BEKTOPOB: C
UCIIOJIb30BaHUEM peaylupoBaHHON omnepanuu (reduction(...)); ¢ HCIOJIB30BaHUEM TUPEKTHB critical{...}
WM atomic.

Pa3nen 4 «AnropurMsbl pacnapaijieJuBanus copTupoBku. [lapasuiesibHble YHCIEHHbIE METOABI».
Tema 4.1 "[IpyHuMnbI pacnapajiieJJMBaAaHUSA COPTUPOBKH'"

Jlaboparopnoe 3amanue 13 Marpuna M1 pacnpeneneHa mo mpoueccaM TOpU30HTaIbHBIMU JICHTOUHBIMHU
roJjiocamu, MaTpuua M2 pacnpesesieHa BEpTUKaJIbHBIMU JIEHTOUHBIMU TOJIOCAMM.

Matpuubst M1 u M2 06e pactipeieneHsl Mo IporeccamMm ropu30HTaIbHBIMU JIGHTOYHBIMU MTOJIOCAMH.

Tema 4.2 "MHOronoTo4Hoe NporpaMMHUpPoOBaHKe ¢ UCNO0JIb30BaHUeM KJaccoB Visual Cod"
Jlaboparoproe 3amanme 14 IlapanmienpHbId aNTOPUTM YMHOXKEHHUST MaTtpuilbl M Ha Bektop V ¢
UCTIOJIb30BAHUEM JUPEKTUBBI pacnapajjieIiBaHus MapaMeTPUUEeCKUX LUKIOB #pragma omp for.
[TapannenbHblii aNTOPUTM YMHOXEHUSI MaTpUIlbl M Ha BEKTOp V € MCIOJIB30BaHUEM “pyYHOTO” 3aJaHUs
pabot (pacmapayuienuBaHusi UUKIOB). [lapaiienbHblid anropuTM yMHOXKEHUS MaTpPUIBl Ha MAaTpHIy C
UCIOJIb30BaHUEM JMPEKTUBBI pacnapajuieIuBaHusl apaMeTpHUUecKuX IUKIOB #pragma omp for. CpaBHUTH
MoKa3aTean YCKOpeHUS U A(PQPEKTHBHOCTH TNPHUBEACHHBIX aITOPUTMOB, a TaK JKE€ CPaBHUTh HX C
AQHAJIOTMYHBIMM TOKA3aTENIMM 3THX JK€ AJTOPUTMOB PEAJTU30BAHHBIX HA CHUCTEMAX C PaCIpEIeICHHOU
MIaMSATBIO.

Tema 4.3 "I[lapannejbHble YUCIEHHbIE METOAbI"

Jlaboparopnoe 3amanue 15 Pemienne cucteMbl TUHEHHBIX anreOpanyeckux ypaBHeHH Ax = f MeTomom
IIPOCTOM UTEPALUH.

Paznen S5 «BbicOKONPOU3BOAUTEIbHbIE BHIYNCICHUSD).

Tema 5.1 "BpicokOypOBHeBbIE¢ CpPeACTBA NMPOrpaMMHPOBAHUSI MHOTONPOLECCOPHBIX cuctemM. DVM-
cucrema'

JlabopaTtopHoe 3amaHue 16 PemieHne cucTeMbl JHHEHHBIX anreOpamdeckux ypaBHeHHH AXx = f meromom
l'aycca.

Tema 5.2 "BbIcOKONPOM3BOAUTEIbHbIE BHIYHUCICHHS ¢ NPUMEHeHHMeM rpaduyecKux NPOLECCOPOB
(GPU). Texnoaorus NVidia CUDA"

Jlaboparoprnoe 3amanme 17 IlapammensHble anrOpuTMBI CTpOsiTCA onHOBpeMeHHO B MPI m OpenMP.
[TapanienbHble BBIUMCIEHUST BHYTPHU Yy3Jia BBIYMCIHUTEIBHOTO Kiactepa ocyuiecTBisitorcs B OpenMP, a
B3aUMOJICMCTBUS MPOLECCOB, PACIIONIOKEHHBIX B pa3HbIX y3Jax, ocymecTBisitorcss B MPI: IlapamiensHbie
QITOPUTMBI  BBIYHMCICHHUS  OMNpeAeNeHHoro uHTerpama y=f(x)dx ¢ wHcCmonbp30oBaHWEM  METO/a
NpsIMOYTONBHUKOB (Tpaneuuit) ans f (x)= sin(x), f (x)=x"2, f (x)=e"x

Kpurtepun oueHnBanus:

MakcuMajibHOe KOJIHYecTBO 0a/10B: 85 0a/1/10B.

Kaxsioe 3aj1aHue olleHUBaeTCI MakKCUMyM 5 OaJlioB.

5 0. — 3a71aHKE BBITIOIHEHO BEPHO;

4 6. — IpH BBITIOJTHEHUH 3a/IaHUS OBLITH JIOMYIICHBI HETOYHOCTH, HE BIUSIONINE HA PEe3yJIbTaT;
3 6. — mpu BBHIMOTHEHUHN 33JJaHUsI OBUTH JOMYIIEHBI OIIHOKH;

2-1 6. — Ip¥ BBITIOJTHEHUH 3a/IaHUS OBLIN JTOTYIICHBI CYIECTBEHHBIC OIMTUOKH.

0 6. — 3amaHue HE BBIIOIHEHO.

Bomnpocsl 1i1s onpoca

1.0cHoBbl MPI
2. 3amyck MPI nporpamm
3. 'pynmbl KOMMYHHKATOPOB U TIPOIECCOB.



4. Coobmenust MPI.

5. KomMyHUKaTOPBHI.

6. brokupyroiee nmoseneHne

7. Hebmokupyroriee nopeaeHue. HeOmokupyromnye BbI30BbI

8. CriocoObl KOMMYHUKAIIHH.

9. CHHXpOHHAs1 KOMMYHHKAIIHS.

10. KomMmMyHUKaIHs 110 TOTOBHOCTH.

11. bydepuzoBanHass KOMMYHHUKAIIHS.

12. CranmapTru3oBaHHasi KOMMYHUKAIHUS.

13. OcHOBHBIE PYHKITUN KOJUICKTUBHONH KOMMYHHUKAITHH.

14. Onepanus mupoxoit pacceiiku (broadcast).

15. Oneparus coopa (gather).

16. Oneparus rnobansHoTO NpuBeaeHus (global reduction.

17. i3MeHeHHe Ko1a TapaJieIbHON IPOTrPaMMBI.

18. Becnonp3oBanue ¢pynkuun MPI Scatterv.

19. cnonb3oBanue ¢ynkuuun MPI_ Scatter.

20. Ucnonn3oBanue ¢pynkunu MPI_Gatherv.

21. OcHOBHBIC (DYHKIHH, HEOOXOIUMBIE JUTSI CO3/IaHUS TPYII U KOMMYHHKATOPOB.

22. OcHOBHBIC (PYHKIIMH, HEOOXOIUMBIE JJIs TOMydeHUsI MHPOPMAIIUU O KOMMYHHKATOPaXx.
23. OcHoBHBIE TUIIHI TaHHBEIX MPI.

24. TIpon3BOIHBIC THIIHI TAHHBIX.

25. O01ue TUTIBI JAHHBIX U KapThl TUTIOB. J[Mana3oH THIA JaHHBIX.

26. OOmast cxemMa M METOJMKA pa3pabOTKHU MapajieNbHBIX aaropuTMoB. [lpunimmn «Pasnensii-u-
BJIACTBYi». Buabl JEKOMNO3HMIMK 3aJaud: MO JAHHBIM, IO KOJY, IO BBINOJHEHHIO, KOMOMHUPOBaHHbIC.
[IpuMeps! pa3InyHbIX JEKOMITO3HULIMMN.

27. CopTupoBKa, BBITyKJIble OOOJOYKHM, MATPUYHBIE OINEPAllH: NPUMEPHl JAEKOMIIO3HIIUU
PEKYPCHUBHOT'O BHJIA.

28. Marpuunsie omepanuu: MpUMEp JACKOMIIO3MIWU MO JaHHBIM, OJHO-, IBYX- M TPEXMEPHOE
pa3buenus.

29. OO0mmas cxeMa U METOJIMKA pa3padOTKH MapaJlIeIbHBIX aTOPUTMOB.

30. O1eHKa TPY0EMKOCTH ONepalfii epeaun JaHHbIX Ui KJIacTepHbIX cucteM. Mojienb X OKHH.
31. bazoBeie cpencTBa mapaniensHOTO MPOTPAMMHPOBAHUS CUCTEM ¢ 0o0miei mamsteio. CtaHmapT
OpenMP. O6mue ceenenus. Crpykrypa crangapta OpenMP. Jloctouncrsa Texnonorun OpenMP.

32. Mogpens mapamrenmmsma OpenMP. Mopens mamsatu OpenMP. [QupextuBsr OpenMP. Tursr
nupekTuB. Popmar 3arucu TUPEeKTUB.

33. OpenMP. Onpenenenne napauieabHOW o0JacTH. PacmpenerneHne BBIYUCICHHNA MEXIY

NOoTOKaMH. JIUpeKTUBBl CHHXpOHM3AUMU. JIMPEKTHBBI YIPABICHUS O0O0JACTbIO BHUIUMOCTH JAHHBIX.
CoBMECTUMOCTh TUPEKTHUB U MX ITapaMeTPOB.

34, bubmuorexka ¢ynkuuit OpenMP. @yHkuuu A8 KOHTpOJs/3ampoca MapamMeTpoB  CpeJibl
ucnonaeHus. DyHKUM cHHXpoHM3anuu. [lepeMeHHbIe CpeIbl HCITOTHEHMSI.

35. Cpasuenmne texHonoruii MPI u OpenMP. T'm6puansiii (MPI+OpenMP) moaxox mmst SMP-
KJacTepoB. IHCTpyMeHTaIbHbIE CPECTBA Pa3padOTKU M OTJIAJAKH MHOTOMOTOYHBIX MPHIIOKEHHH.

36. [TpuHIMIBI pacniapaieTuBaHus COPTUPOBKH. OCHOBHBIE nocje10BaTeIbHbIe aJITOPUTMBI
COPTHPOBKH JaHHBIX. MacmTabupoBaHUe MMapauIeIbHBIX BEIYUCICHHN.

37. [Tapannenshsie MeTobI copTUpoBKH. [ly3bpIppKoBast coptupoBka. CoptupoBka Illemna. beictpas
coptupoBka. OG0OIIEHHBIN AJITOPUTM.

38. MHoromnoroyHoe TpoOrpaMMHpOBaHHME C UCIoib3oBaHMEeM kiaccoB MS  Visual Cod.

Mmuoronorounass o00pabotka. Mertonsl u cBoiictBa kiacca Thread. ®onoBeie mnoroku. Kiacc
BackGroundWorker.

39. MHoro3amadyHocTs Ha ocHOBe kiacca Task. ®abpuka 3amau. OO0OIMICHHBIE KJIAcChl 3aad |
¢dabpuxu 3anau Task TResult, TaskFactory TResult, meToas! 1 cBOiicTBa KIaccos.

40. [Tapamnenusm  3amau. [lapamnemmsm  gannbix. Kmace Parallel; metomsr  Parallel.Invoke;
Parallel.For; Parallel.Foreach.

41. [TapanienbHbIe YUCIIEHHBIE METOIBI. Y MHOXKCHHE MaTpHIll Ha BekTop. [IpomsBeneHre MaTpHIl
(anroput™m Lltpaccena).



42. [TapannenbHas peanu3anys BOJHOBOTO alrOpUTMa IOMCKA KpaTdaiiimero myTtu B rpade s
Ccllyyasi HEOPUEHTHPOBAHHOTO IJIAHAPHOTO rpada.

43. [TapannenbHas peanuzanus ObicTporo npeodpazoBanus Oypoe.

44, BricokoypOoBHEBBIE Cpe/ICTBA MPOTPAMMHUPOBAHUSI MHOTOIIPOIIECCOPHBIX cucteM. DVM-cucrema.
OO0mue cBeAeHUS, TSN CO3AAHMUS, TPUHIIUITBI IIOCTPOSHUSL.

45. Mogens napasienus3Ma, MOJICNIb BBITIOJIHEHUSI W MOJIETb TporpaMmmupoBanus DVM.

46. S3biku nporpammupoBanuss DVM. lupextussl DVM (Ha npumepe sizbika C-DVM).

47. Bricokonmpon3BoaUTEIbHBIC BBIYUCIICHUS C NMpUMEHeHHeM rpadudeckux mpoueccopo (GPU).
Apxurekrypa coBpemeHHbIx GPU.

48. Texnomoruss NVidia CUDA. Mogenun u maGIOHBI TPOrPaMMHUPOBAHHUS C HCIOJIb30BAHHEM
texnosiorun CUDA. Mogens namsitu CUDA. Tumnbl namsTu.

49. BBenenue B BelUKMCiIeHHSA O00IIero HaszHayeHuss ¢ ucrnoiibzoBanueM GPU. OcHOBHbIE
apxutektypHsble otinuust GPU ot CPU.

50. Ontumuzanusas CUDA-npunoxenuit. Mogens ucnonnenuss CUDA.  Kommwisimua CUDA-
IIPUIIOKEHUH.

Kpurepun oueHuBanmsi:

MaxkcumaJjibHOe KOJIUYeCTBO 0aJL10B: 15 0aJlJI0B.

Bo Bpems ompoca o6yuaeMoMy 3a7al0TCA S BOIIPOCOB.

3a oJIMH OTBET 00yYaeMbIi MOTyYaeT:

3 0. — 3a NpaBWIbHBIA OTBET;

2 0. — mpu OTBeTE OBLIU JAOMYIIEHBI HETOYHOCTH, HE BIUSIONINE HA PE3yJIbTaT;
1 6. — mpu oTBeTe OBUIN TOMYIICHBI OIINOKH;

0 6. — HE OTBETHJI Ha BOIIPOC.

3 MeToanyeckue MaTepuaJibl, ONpeae/solue MpPoueAypbl OLleHMBAHUA 3HAHUI, YMeHHI, HABBIKOB H
(MJIM) ONBITA IeATEJbHOCTH, XaPAKTEPU3YIOLIHUX ITANBI (POPMUPOBAHUSA KOMIIETECHIIMI

[Iponieypsl OIICHUBAHMSI BKITFOYAIOT B c€0s1 TEKYIIUH KOHTPOIIb U MPOMEXKYTOUYHYIO aTTECTAIIHIO.

Texkymuii KOHTPOJb  YCIEBAEMOCTH MPOBOJMTCS C  HCMHOJb30BAHHEM  OILICHOYHBIX  CPEJCTB,
MPEJICTABJICHHBIX B 1. 2 TAHHOTO MPUJIOKEHUS. Pe3ynbTaThl TEKYIIEro KOHTPOJS JOBOASTCS 10 CBEACHUS
CTYAEHTOB JI0 TPOMEKYTOUHON aTTECTAllH.

IIpomesxxyTouHas aTTeCTALMS MPOBOIUTCS B OpME IK3aMEHA.

DK3aMEH MPOBOAMUTCSA MO PACIHCAHUIO SK3aMEHAIIMOHHOM cecCuM B MUCbMEHHOM Buje. KommuecTBo
BONIPOCOB B JK3aMEHAIIMOHHOM 3aJaHWM — 3. JIBa TEOPETUYECKHUX BOIMpPOCa M OJHO MPAKTUKO-
OpHUEHTHpPOBAaHHOE 3ajaHue. [IpoBepka OTBETOB W OOBSBICHHWE PE3YJIbTATOB IMPOU3BOJIUTCA B JICHb
sK3aMeHa. Pe3ynbTarhl aTTecTallii 3aHOCATCA B BEAOMOCTh U 3aUYE€THYIO KHUXKKY CTyAeHTa. CTyJ€HThI, HE
MIPOIIIEIIITNE TTPOMEKYTOUHYIO aTTeCTAIUIO TI0 TpaduKy CECCUH, TOJDKHBI JIMKBUIUPOBATh 33/I0JDKEHHOCTD B
YCTaHOBJIEHHOM TIOPSIAKE.



Ipuioxkenne 2
METOANYECKHUE YKA3AHUSA ITIO OCBOEHUIO ITUCHUITJIMHBI

Y4eOHBIM IJIAHOM MPETyCMOTPEHBI CIICAYIONINE BUAbI 3aHATHH:

- JIeKIHH;

- 1abopaTOpHbIE 3aHATHUSI.

B Xxome JEKUMOHHBIX 3aHATHH pPAacCMaTPUBAIOTCSI OCHOBHBIE TEOPETUYECKHUE BOIPOCHI, JIAIOTCS
PEKOMEHAALINH JUIsl CAMOCTOSTEIBHOM paboThl ¥ MOATOTOBKE K JIA00PATOPHBIM 3aHATHSIM.

B xozne nabopaTopHbIX 3aHATUH YIIIyOJISIOTCS U 3aKPEIUIIOTCS 3HAHUSI CTYIEHTOB 110 Psily PACCMOTPEHHBIX
Ha JICKIIUSAX BOTPOCOB, Pa3BUBAIOTCS HABBIKH MTPAKTHYECKON PaOOTHI.

ITpu noaroToBKe K J1aOOPATOPHBIM 3aHATHSIM KaXKAbIi CTYICHT JOJKEH:

— U3YYHUTh PEKOMEHIOBAHHYIO YUEOHYIO JIUTEPATYPY;

— U3Y4YHUTh KOHCIIEKThI JIEKIIUH;

— IOJTrOTOBUTH OTBETHI HA BCE BOIIPOCHI I10 U3y4aeMOil TEME.

B mponecce noaroToBkH K 1a00paTOPHBIM 3aHATUAM CTYJEHTBl MOTYT BOCIIOJIB30BaThCsl KOHCYJIbTALUAMU
IIpenoiaBaTels.

Bomnpocsl, He paccMOTpeHHbIE Ha JIAOOPATOPHBIX 3aHATHUSAX, JOJKHBI ObITh M3y4Y€HBl CTYJEHTAMU B XOJ€
caMoCTosATeNIbHOU paboThl. KOHTpONIb camMoCTOsATENbHONW padOThl CTYy/IEHTOB HajA Y4eOHOH HpOrpaMMoii
Kypca OCYLIECTBISICTCS B XOZE 3aHATUI MeToJOoM ompoca. B Xxone camocTosTenbHONH pabOThl Kaxbli
CTYACHT 00s3aH TPOYUTATb OCHOBHYIO H 10 BO3MOXXHOCTH JIONOJHHUTEIBHYIO JUTEpaTypy IO
u3ydyaeMod  TeMme,  JONOJHUTh  KOHCIEKThl ~ HEAOCTAIOIMM  MaTepuajoM,  BBIIUCKAMH U3
PEKOMEH/IOBAaHHBIX [EPBOUCTOYHUKOB. BBIIENUTh HENOHATHbIE TEPMMHBI, HAWTH HX 3HAUCHUE B
SHLMKIIONEMYECKUX CIOBapsX.

CTyneHT J0JDKeH TOTOBUTBHCS K TPEACTOSIIEMY JabOpaTOPHOMY 3aHITHIO 1O BCEM, O003HAUYCHHBIM B
paboueill mporpaMme TUCHUILIMHBI BOIPOCAM.

JUIsd TIOATOTOBKHM K 3aHATHUSM, TEKYLIEMY KOHTPOJIO M IPOMEXKYTOYHOM aTTECTAllUU CTYAEHTbl MOTYT
BOCIIOJIb30BaThCS 3JIEKTPOHHO-OMOIMOTEYHBIMU cucTeMaMu. Takxke oOydarolmuecs MOTYT B3ATh Ha JOM
HEOOXO/IUMYIO JINTepaTypy Ha aOOHEMEHTE YHHMBEPCUTETCKOW OMOIMOTEKH WM BOCIOJIb30BATHCS
YUTAJIBHBIMU 3aJIaMHU.
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