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Paboyass nporpamMma JUCUMIJIMHBI (MoAynasi) paspaboTaHa B  COOTBETCTBUHU C
CaMOCTOSAATE/NbHO yCTaHOBJeHHbIM MIY o6pasoBaTenbHbIM cTaHgaptom (OC MIY) aas
peasiu3dyeMbIX OCHOBHbIX NpodecCHOHAJbHbIX 006pa3oBaTeJibHbIX IPOrpaMM BbICLIErO
obpa3oBaHua mno HanpaBiaeHuro mnoArotoBku 01.04.02 "[lpuksagHasg MaTeMaTHKa U
MHPopMaTHUKA" mNporpaMMbl MarucTpaTypbl B peJakiuud Tmnpukaza MIY Ne _

oT 20 T



1. MECTO JUCHUIIJIMHBI (MOAYJIA) B CTPYKTYPE OIIOII BO:

JucumruiiHa OTHOCUTCS K BapuaTUBHOM yacTu Maructepckoi rporpammbl OITOIT BO.

2. BxoaHble ’I’peGOBaHl‘IH JJIs1 OCBOCHHA W CIIUITIIMHBI (MOIIy.TI}I), NpeaABapUTECIIbHBIC YCIIOBHSI (ean

€CTh):

VYuanmecs 10JDKHBI BJIaJ€Th 3HAHUSIMHU T10 OICpallHOHHBIM CUCTEMaM, KOMIIBIOTCPHBIM CCTAM,

0a3zaM JaHHBIX, JUCKPETHON MAaTEMAaTUKE U OCHOBAM KMOEPHETHKH.

3. PesynbTaTsl 00yueHus o AUCHUILIMHE (MOAYJIIO), COOTHECEHHbIE C TPEOYEeMBIMU

KOMIIETCHIIUSIMH BBIITYCKHHUKOB.

Il1anupyemMbie pe3yJbTaThbl 00yYeHHUs 110 TUCHHUILIHHE (MOIYJII0)

Conepmaﬂue H KO/ KOMIICTCHILIHNH.

Huaukarop (nmokasareJib)
JIOCTH/KEHHUsI KOMITeTeHIHH

IL1anupyemsble pe3yJbTaThl
00y4eHHUs o

AUCHHIVIHHE, COITPHKEHHbIEC C
HHIAHKaTOpaMH

JOCTH/KCHHSA ROMl'leTeHlﬂlﬁ

CIIK-2. CmocoOHOCTB
MOHUMATh U IPUMEHSTH B
HUCCIIEI0BATEILCKON U
IIPUKIIAJIHON AEATEIBHOCTH
COBPEMEHHBIC
CYNEepPKOMITBIOTEPHbIC
TEXHOJIOTHH, MATEMATUYECKH I
amnmnapar, BBIYHCIUTEIIbHbIC
METO/IbI JUUIsl ITPOBEICHHUS
KpyMHOMAacIITabHOro
MaTEMaTHYECKOI0
MOJEIHPOBaHHS U 00paboTKH
JTAHHBIX HA COBPEMEHHBIX
BBICOKOITPOU3BOIUTEIILHBIX
BBIYUCITUTEIBHBIX CHCTEMaX

CIIK-2.1. ITpumenser B
UCCIIe10BATENbCKON U
NPUKIIATHON AEATEIBHOCTH
COBPEMEHHBIE
CYNEPKOMITBIOTEPHBIE
TEXHOJIOTUH, MAaTEMaTUYCCKUI
anmnapar, BbIYMCIUTEIbHbIE
METO/IbI /1151 TPOBE/ICHUS
KpyInHOMacIuTabHoro
MaTEeMaTUYECKOr o
MOJIJIMPOBAHUS U 00pabOTKH
JTAHHBIX HAa COBPEMEHHBIX
BBICOKOITPOU3BOAUTEIbHBIX
BBIYMCIUTEIBHBIX CHCTEMAX

— COBpPEMCHHBIC MPOOJIEMBI
MaTeMaTHKH,
BBIYUCJIUTEJILHOM
MaTEMaTHKH;

— IIOCTAaHOBKY npobiem
(pU3UKO-MAaTEMaTHYECKOTr0
MO/IETTUPOBAHUS;

- 0 B3aHMOCBS35X u
(dyHIaMeHTaIbHOM
€IUHCTBE €CTECTBEHHBIX
HayK.

Y1 Ymets

— (dopmanusoBatb
TEOPETHYECKYIO
npo0JieMy, HalTH Crocod
M aIrOpUTM €€ peleHHUs;

— apdexTHBHO
HCIIOJIb30BaTh Ha
MpPAKTUKE TEOPETUYECKUe
KOMITOHCHTBI HaYKH:
MOHSITHS, CY)K/EHHUS,
YMO3AKIIIOUEHHS, 3aKOHBI;

— TMPEACTaBUTh  IAHOpaMy

YHHMBEpCAJIbHBIX METO/I0B
U 3aKOHOB COBPEMEHHOIO
€CTECTBO3HAHUS;

— paboTaTh Ha
COBPEMEHHbIX
BBIUHCIIUTEIbHBIX
KOMILJIEKCaX;

— abcrparupoBarhes oT
HECYLIECTBEHHBIX
BIIMSIHU I pu
MO/IEJIMPOBAHHH




peanbHbIX
CUTYaLHii;

— IJIAHUPOBATH
OIITUMAaJIbHOE IIPOBEIEHUE
pacyera.

buszruecKux

B1 Bnaners

— Hay4yHOW KapTHMHOW MUpa;

— MareMaTU4YeCKUM
MO/IETTUPOBAHUEM
du3nyecKux 3amaay;

- HaBbIKAMHU

CaMOCTOSITENILHOH paboThl Ha

COBPEMEHHBIX

BBIYHCIIUTEIIbHBIX

KOMIUIEKCaX.

4. O0beM JUCUMIUIMHBI (MOayJs) coctaBisieT 4 3.., B TOM 4yHcie 54 akaAeMHYeCKHMX 4YacoB,
OTBEJCHHBIX HA KOHTAKTHYIO padoTy oOydyaromuxcs ¢ npenogasarenem, 90 akageMUYeCKUX 4acoB
Ha CaMOCTOSITEIIbHYIO PadoTy 00yJarommxcs.

5. COAEP)KAHUE JUCHHUIIJIMHBI MOAYJIA), CTPYKTYPUPOBAHHOE I10
TEMAM (PA3IEJIAM) C YKASAHUEM OTBEJIEHHOI'O HA HUX KOJIMYECTBA
AKAJJEMHUYECKHUX YACOB U BU/1bl YYEBHBIX 3AHATHUU

5.1. CTpykTypa AMCUMILIHHBI (MO1YJIsl) 110 TeMaM (pa3jejiaM) ¢ YKa3aHHeM OTBeeHHOI0 Ha
HHUX KOJIHYECTBA AKAeMHYECKHX YaCOB U BH/AbI Y4eOHBIX 3aHATHI (B CTPOrOM COOTBETCTBHH

¢ Y4eOHBIM IJIAHOM)

HaumeHnoBanue pasjaesio HomuHa/bHbIE TPY/103aTPAThI %=
U TeM AUCHHIIHHBI odyvarouerocs g
(mony.aist), KonrakTHas padora - z
(pabora Bo S &
dopma NpoMeKyTOYHOI B3aHMO/1eliCTBHH C s =
fad
aTTeCTAlMH 10 npenoaaBarTesiemM) - > ’g
AUCHHIIMHE (MOAYJII0) Buabl KOHTAKTHOH | v ocroarenpnasn | 5 = z
Q (=
padoThl, paGota z &3
aKajJeMH4YecKHe o6yuaomerocs, : z g
dacel aKajeMHuecKue | X = z
o o yachel - g =
— -
= o) e =
w Q R = o >
= o =0 @ 4
= = = = o = < @
; g = ; < = =] =
s 5 F s E F <
) S =3
= 1>) <
e
2 8 CILLIEHUE
Tema 1. EcrecTBeHHbIe P
0 6 3ajaq,
BBIYHCIIMTCIIBHBIC MOJICIIU
TECTUPOBAHUE
2 8 CILLIEHUE
Tema 2. Meronbt MoHTe- P
0 6 3aj1a4,
Kapio
TECTUPOBAHUE
Tema 3. Knerounsie 2 0 6 8 peuieHue




ABTOMATBI 3ajiay,
TECTUPOBAHHUE
2 8 CIICHUE
Tema 4. Cucremsl p
. 0 3ajauy,
Jlunnenmaiiepa
TECTUPOBAHUE
2 8 elICHUE
Tema 5. MapkoBckue P
0 3ajauy,
CHCTEMBI
TECTUPOBAHHUE
2 8 pelIeHHE
Tema 6. Cetu Iletpu 0 3aj1a4,
TECTUPOBAHHUE
2 10 | pemenue
Tewma 7. HeiipoHHble ceTH 2 3ajad,
TECTUPOBAHUE
2 10 CLICHUE
Tema 8. ['eneTHueckue P
2 3ajad4,
AJITOPUTMBI
TECTUPOBAHUE
2 10 CILICHUE
Tema 9. MypaBbuHbIe P
2 3ajad4,
AJITOPUTMBI
TECTUPOBAHUE
2 10 CILICHUE
Tema 10. Mopenu poeBoro P
2 3aj1a4,
UHTEJUIeKTa
TECTUPOBAHUE
2 10 | pemenue
Tema 11. Metoz post yactuil 2 3aj1ad,
TECTUPOBAHUE
2 10 CILICHUE
Tema 12. Anroput™ P
2 3ajad4,
OaKkTepraIbHOro MOUCKa
TECTUPOBaHUE
4 12 CILICHUE
Tema 13. AnropuT™MBbl poeBoii P
2 3aj1a4,
pOOOTOTEXHUKU
TECTUPOBAHUE
-+ 12 elIeHHe
Tema 14. MemOpanHbie P
2 3aj1a4,
CHCTEMBI
TECTUPOBAHUE
-+ 12 | pewenune
Tema 15. IHK-BpraucieHus 2 3ajad,
TeCTUPOBAHHUE
[TpomexyTouHas
IK3aMeH
aTTecTanus (IK3aMeH)
Hroro 36 18 90 144 —

5.2. Coaep:xanue pasaesioB (TeM) IUCHUILIHHBI

Ne i/

HaumenoBanue pazaenos (Tem)
JIACHHUTUTHHBI

CopaepxaHue pa3enoB (TeM) TUCHUTUIMH

Tema 1. CoBpemenHblie
CYNEPKOMIBbIOTEPHBIC APXUTCKTYPbI

Buaer napamienusma - MIMD, SIMD, notokoas
obpaborka. ['mOpuiHas KiacTepHas CHCTEMa U ee
XapaKTepUCTUKH. BU/bl BBIYMCIUTEIIBHBIX YCTPOHCTB
u cucreM. Tononoruu BoIYUCIUTENbHBIX CUCTEM.
YpoBHH napannenu3ma U cpeacTBa pa3padoTKu.
[Tapannemsm CPU sigpa. ApXuTEKTypa
BBIUUCIUTENLHOrO y3ia. [IpuHuuns paboTsr




onepatuBHOM rnamsaTu. CBOMCTBA KaHAJIOB I€peladyn
naHHbIX. OIleHKa BPEMEHHU NepeayH JaHHBIX MEKITY
BBIYMCIIUTENIHBIMH y3J1aMu. O01acTu MpUMeHEHUs
MHOTOITPOLIECCOPHBIX CHCTEM. CynepKOMIBbIOTEPHOE
MOJIeJIMPOBaHUE CIUIOMIHOM cpeibl. [Ipumepsl
ra30JMHAMHYECKUX PAaCuCTOB.

Tema 2. [1apasuienbHble alrOPUTMBbI,
OCHOBHBIE ITOHSTUS U IPUHLIUIIbI
NOCTPOCHUS

BHyTpennuii napannennsm. OLeHKa ClI0KHOCTH,
ycKopeHus, 3pPeKTUBHOCTH, MacIITaOUPyeMOCTH
napasienabHoro anroputma. OueHka BpeMeHH
BBIIIOJIHEHUS IPOrpaMMBbl. 3aKOH AMaalis.
CaepxiinHeitHoe yckopenue. Crtatuyeckas u
JMHaMu4ecKas 0amaHCHPOBKA 3arpy3KH MPOIECCOPOB.
Meroapl: ciBauBaHUEe, F€OMETPUYECKHUI ITapasuiesu3M,
KOHBEH EPHBIH MapaJule/In3M, KOJUIEKTUBHOE PEIICHUE,
mipdysnas 6anancuposka. CtaTudeckas u
JUHAMH4YecKas OalaHCHPOBKA 3arpy3Ku IPU PEIICHUU
3aj1a4, UCMOJb3YIOIIMX HEPETYJISIPHBIC PACUCTHBIC
CETKH.

Tewma 3. Texnonoruu
pacniapasuiesBanus st MIMD
CHCTEM C O0LIEH U pacrpe1eIeHHON
NaMAThIO, OpraHu3alus

B3aMMO/IeH CTBUS NapaJuIeIbHbIX
NPOLIECCOB

Buabl oomenos nanusimu (MPI). Opranusanus
oOMeHa JaHHBIMHU, onTUMHU3aIHsa. COKpbITHE OOMEHOB
3a BbIUUCIIeHUsAMU. [Iporeccs! ¥ OoTOKH B
onepalMoHHbIX cucreMax. [ToToku u cemadopsr
cranapra Posix. Kpurnueckue cexuuu u 6J10KHpOBKa
noTokoB. CUHXpOHHU3a1us nporeccoB. OCHOBHBIE
mupekTuBbl OpenMP, mpocTeiinme npuMepsl.
Haxnanneie pacxons! v npodiaemsl. CriocoObt
ycTpaHeHHst KOH(QIMKTOB 10 JJOCTYIY K JaHHBIM Ha
IIPUMEPE CETOYHOI0 METO/A.

Tema 4. I'eTeporeHHbIC BEIYUCIICHUS
Ha [poleccopax U yCKOPUTENAX

YerpoiictBo rpaduueckoro npouneccopa GPU.
[ToTokoBast 06paboTka. BerancauTenbHblil CTaHAAPT
OpenCL. Opranuszauus gocryna K namsatu. [Ipumepsi
peanu3aluy BeIYMCICHUI. MeToiuKa mopTHPOBaHUS
kernel-koxa. MHOroypoBHeBas J1I€KOMITO3UIIHUSI.
CoxpbiTHE 0OMEHOB 32 BHIYMCICHUSIMH Ha
yckoputesix. [Ipumepsl peanmsainyy BoIYMCIECHUH.

Tema 5. JIekoMITo3uLIMs CETOYHBIX
rpagos

[Tpumepsl pacueTHbIX ceTok. Kpurepuu
nexommnosuiuu rpagos. Kpurepuii 1: knaccuueckuit
KpUTepHii 1ekommnosuiu rpada. Kpurepuii 2:
BblJIEJICHHE 000c00IeHHbIX JlIoMeHOB. Kpurepuii 3:
MHHHMMM3ALMs MAaKCUMaJIbHOW CTEIIEHU JJIOMEHA.
Kpurepuii 4: obecrieyenue cBs3HOCTH rpadoB
Ka)K/10r0 U3 J0MEHOB. J/[eKOMIO3U1IMs Ha OCHOBE
MCXOJHOM HyMepaluu y3J10B. PekypcuBHas OuceKius.
Jlexommosuuus peryssipusix rpagos. Meroibi
JICKOMITO3UIIMHU TIPOU3BOJIBHBIX I'padoB.
Uepapxuueckas gekomnosunus. KoopaunatHas
oucexkuus. CriekTpanbHasi OMceKIus. ANTOpUTM
MHKPEMEHTHOro pocra JoMeHoB. [lekommosuius
Oonpmmx ceTok. JIByXypoBHEBas CTpaTerus
00paboTKH M XpaHeHHUs ceToK. [TakeThl 1eKOMIO3UIIHH

rpa¢oB.

Tema 6. O6paboTka U BU3yaM3aLus
JAAaHHBIX, 3a/TaHHBIX HA PCHICTKaX

KiuenT-cepepnas rexnonorus. Online niu Offline
BU3YaJIM3aLlUs: TIJIFOCHl U MUHYCBI. DTaIlbl
BU3yanu3aluu. Buzyanusanus nu30moBepXHOCTEH.




ArnrpokcuMarnus u3ornosepxHoctu. Crnocoosl
ONMCaHUs TPUAHTYIALMHA. MEeTo peayKIHH.
[TapasienbHbIe aIrOPUTMBI TOCTPOCHUS
ANMPOKCUMUPYIOLUIMX TPUAHTYJISIUH.
MHoroypoBHeBoe orpy0JieHue O0JIBIIMX CETOK.
[Tpumepsl Bu3yanusauuu. BBOA-BbIBO CETOUHBIX
naHHbIX. COOTHOIIEHUE BPEMEHHU YTEHUS JaHHBIX U
BpeMeHHU ux 00pabotku PacnpenenenHblii BBO-
BBIBOJI. OrpyOJicHHE U C)KaTHE CKAJIIPHBIX CETOUHBIX
GyHKIMA: 6€3 MOTepU TOYHOCTH, C KOHTPOJIHPYEMOH
notepeit TouHoctr. dopmaThl XpaHEHUs JaHHBIX.
ITakerbl BU3yaM3aluyu JaHHBIX 00JIb1I0r0 00BbEMa.

Tema 7. OTka3z0ycTOi4YMBbIC
AJITOPUTMBI AJ15
BBICOKOITPOM3BOIUTEIBHBIX CHCTEM

KourtponbHabie Touku. JIokaabHble KOHTPOJILHbIE
TOYKH. HpI/IHI_lIdl'I JIOKAJIbHOCTH AJIA aJITOPUTMOB Ha
OCHOBE SIBHBIX pa3HOCTHBIX cxeM. dynkuuu MPI,
o0ecreynBaroe BO3MOKHOCTb pabOThI B YCIIOBHUSIX
0TKa3a 4YaCTH BBIYMCIIUTEIbHBIX Y3JI0B.

D dexkTHBHOCTL OTKA30YCTOMYUBBIX AJITOPUTMOB.
PacnipeeneHHoe XpaHEHHUE JIOKaJIbHBIX KOHTPOJIbHBIX
Toyek. CoBMeIIeHHE BO BPEMEHH 3TaIloB
pacnpeﬂeneﬂﬂoﬁ 3aIllUCH JIOKAJIbHBIX KOHTPOJIbBHBIX
TOYEK M BBIYUCIICHUI.

Tema 8. [TapasuienbHbIC aJTOPUTMbI
pCLICHHUSA NMPUKIIAAHBIX 3a/1a4

[TapasnenbHbIe aNnrOPUTMBbI COPTUPOBKHU JIaHHBIX.
ANTOpUTMBI T€HEPALIUHU TICEBOCTYYalHBIX YHCEI IS
CYNEpPKOMIBIOTEPHBIX MPUIIOKEHUI. banancupoBka
3arpy3KH MPOLECCOPOB MPH PEIICHUH 3a/1a4
YUCIIEHHOT'0 HHTErPHPOBAHMSI, MHOIOMEPH Oi
ONTHUMMU3ALIUHU, PEIICHHH CUCTEM JIMHEHHBIX
anropuT™MOB. JlnHaMHuueckas OanaHCHPOBKA 3arpy3KH
HPOLIECCOPOB IPU MO POBAHUU IPOLIECCOB
TOpEHHSL.

6. ®oHJ OoLeHOYHBIX cpeAcTB (POC, oueHOYHbIE U METOAUYECKHE MaTepHuaJibl) AJs
OLleHMBAaHUA Pe3y/JIbTATOB 06y4YeHH M0 AUCHUIINHE (MOAYJII0).

6.1. TunoBbie KOHTpPOJIbHbI€ 3aJaHUsA HJIM HHbBIEC MaTepHaJibl AJA NpPOBEeACHUA

TEKYyLlero KOHTpoJid ycneBaeMoOCTH

[Tpumepsl 3a1aHuit Ui cCaMOCTOSA TENIbHON paboThl CTY/IEHTOB
[TpakTHueckoe camocrosTenbHOE 3aganue Ne 1




MmuoronoTounas peanuzanus consepa CG nisa CJIAY ¢

paspexeHHOU MaTpulleH, 3axanHoi B popmate ELLPACK.

TpeboBanus k oTUeTY:

1. TUTYBHBIN JUCT, COEPIKATIMIA

1.1 Ha3Banue kypca

1.2 Ha3Banwue 3aganus

1.3 ®amummmio, Ums, OTuectBo(nipu

HaJIM4YHH)

1.4 Homep rpynribt

1.5 Jlata nogauu

Conepxanue oryera:

2 Onucanue 3a1aHus ¥ IPOr paMMHON

peasim3anuu

2.1 Kparkoe onucanue 3aj1anus

2.2 Kpatkoe onucaHue porpaMMH O

peasin3aluy Kak OpraHu30BaHbl JaHHBIE,

Kakue (PyHKIUHU peanu3oBaHbl (Ha3BaHHUE,

apryMeHThl, Ha3HA4YCHHE)

2.2.1 VYka3aTb Kak IporpaMma 3arycKkaercst (CTaBUTCS B O4€PE/Ib) C KAKUMHU

napaMeTpaMu, C ONMCAaHUEM 3THX ITapaMEeTPOB

2.3 Onucanue onpoOOBaHHBIX CIIOCOOOB ONTUMHU3AIMHU [1OCIEA0BATEIbHbBIX

BBIYHMCIICHUH (110 KETaHHIO)

3 UccnenoBanue npon3BOJAUTEILHOCTH

3.1 XapakTepuCTUKH BBIYUCIUTEILHON CHCTEMBL:

OIMCAHKUE OJIHOM MJIM HECKOJIbKMX CHCTEM, Ha KOTOPBIX BBIITOJIHEHO

ucciie0BaHue (MogonaeT 1000 MHOTOS1EPHBIH MTPOLIECCOP). TUIT

poIeccopa, KOJUYECTBO sJ1ep, TMKOBask IPOU3BOAUTEIBHOCTD, TMKOBAs

IPOMYCKHAst CIOCOOHOCTh NaMSTH. 10 JKETAHUIO - IPOMEPATH U Ha CBOEM

JICKCTOME/HOYTE, U Ha KJlacTepe

3.1.1 Yka3atb 3/1€Ch ¥ WM B CICAYIOIUX NYHKTaX KakK MporpaMmma

KOMITUITPOBaJach (KaKMM KOMITUIISTOPOM, C KAKHMHU MTapaMeTpamH)

3.2 Pe3ynbTaThl H3MEPEHHH NPOU3BOAUTEIHLHOCTH

3.2.1 IlocnenoBaTenbHas IPOU3BOAUTEILHOCTD

Jlns kax o n3 Tpex 6a30BbIX ONepalyuii 1 JUIsl BCEro aaropuTMa cojBepa

UCCIIe/10BATh 3aBUCUMOCTD JIOCTUIAEM O IIPOU3BOAUTEIBLHOCTH OT pazMepa

cucremsl N, moctpouts rpapukun GFLOPS ot N. Heckonbkux N

nocraroyno: N=1000, 10000, 100000, 1000000

J11s nOBBIIEHUSI TOYHOCTH U3MEPEHUH, 3aMEePbl BPEMEHH JIy4Ile IIPOU3BOAUTD, BBINOIHIS HaOOp
oreparmii MHOrOKpaTHO B IIUKJIE, YTOOBI OCPEIHUTH BpeMs u3MepeHuil. CymmapHoe Bpems
M3MEpPEHUH 4TOOBI OTYy4YaIoCh NOPsiKa HECKOIBKUX CeKYH.OLEHUTh BHIMTPHILI OT HPUMEHEHHOH
ONTHUMM3ALIMH (T10 JKEJIAHHIO)

3.2.2. IlapaiuienbHOE YCKOpEHHE

Uzmeputs OpenMP yckopenue 1t paznuusbix N i kaxaoi u3 3-x 0a30BbIX onepauuii u ams
Bcero ayroput™a cossepa. [Tpu dpukcupoBanHom unciie N BapbUpyeTcsl YU CIIO HUTEH U U3MepseTcs
napasuieIbHOE YCKOPEHHE.

4. AHanu3 1oJiyd4eHHbIX pe3yJibTaToOB

4.1 IlpoueHT OT NUKa OLEHUTD JJIs1 KaK0H U3 Tpex 0a30BbIX Onepanuil, KaKo! MPOLIEHT OT
ITMKOBOM ITPOU3BOJIUTEIBHOCTH YCTPOMCTBA COCTABIIIET MAKCUMalIbHasl J0CTUraeMasi B TECTe
POU3BOAUTEILHOCTD

4.2 TIponeHT OT JOCTURKUMON TPOU3BOAUTEILHOCTH

AQHAJIOTMYHO OLIEHUTH /U1 KaK/10M Olepaluy MPOLEHT OT MAaKCUMAJIbHO JOCTUKUMOM
MPOU3BOAUTEIBHOCTH C YUETOM MPOMYCKHON CMTOCOOHOCTH MaMSTH.

[Tpunoxenuel : HCXOAHBIA TEKCT MPOrpaMMBbl B OTIEIBHOM c¢/ct+ (aiie

TpeboBanus k nmporpamMme:



1 ITporpamma fomkHa ucnonab3oBaTh OpenMP uim posix threads 1715t MHOrOnoTo4Horo
pacrnapauie/IuBaHus
2 CounBep A0DKEH KOPPEKTHO padoTaTh, T.€. MOKA3BIBATh OBICTPYIO CXOAUMOCTD.

[IpakTueckoe camocTosTenbHOE 3aaanue Ne 2
Pacnipenenennas peanusanus consepa CG mis CJIAY ¢ pa3pexxeHHON MaTpulLeil, 3aJaHHOH B
¢dopmare ELLPACK
TpeboBanus Kk OTHETY:
TUTYIBHBIN JIUCT, COACPKAIIMNA
1.1 Ha3BaHnue kypca
1.2 Ha3Bauwue 3a1anus
1.3 ®ammimro, Ums, OtyecTtBo(IIpy HAJIMYUH)
1.4 Homep rpyniribt
1.5 Jlata nogauu
Conepxanue oryera:
2. KpaTtkoe onmcaHMe 3aJaHUS M IPOrPaMMHOI peau3aluu
2.1 KpaTkoe onucanue 3agaHus
2.2 KpaTtkoe onucaHue nporpaMMHON peaan3aluy Kak OpraHM30BaHbl JaHHbIE, KAKUE (QYHKIIUU
peann3oBaHbl (Ha3BaHUE, apryMEHThI,Ha3HAYCHHE)
[Tpocwba yka3biBaTh, Kak porpaMma 3anyckaercs ¢ KaKUMH IlapaMeTpamMu, C OIMCaHUEM ITUX
napameTpoB.
3. UccnenoBanue nNpou3BOIUTEIbHOCTH
3.1 XapakTepuCTUKH BBIUUCIUTEIbHON CHCTEMBL: OMMCAHUE OJTHOH MM HECKOJIBKHUX CHCTEM, HA
KOTOPBIX BBINIOJIHEHO UCCIIEI0BAHKE.
Hcnonb3oBaHue KnacTepa B 9TOM 3aaHUH 0053aTEIIBHO.
ITpockOa yka3pIBaTh 3/1€Ch WM B CIEIYIOIIMX MTYHKTaX, KaK MPOrpaMMa KOMITHJIMPOBAJIaCh
(KaKMM KOMIMJIATOPOM, C KAKUMH [TapaMeTpaMu).
3.2 Pe3ynbTaThl U3MEPEHUH POU3BOAUTEILHOCTH
3.2.1CpaBuenune MPI ¢ OpenMP Ha MHOr0si1€pHOM ITPOLIECCOPE.
Jlns kax10i n3 Tpex 6a30BbIX ONMeEpaluii U Ui BCEro aaropuT™Ma CojBepa CpaBHUTh YCKOPCHHUS
Ha pa3HOM uuclie saep, nonydyeHusie BMPI u OpenMP pexume, olleHUTh napaiienbHyro

3pPeKTUBHOCTB. JlOCTaTOYHO OJHOrO pa3Mepa CHCTEMBI, N=]06. JlaHHBIC IPECTaBUTH B BUJIC
TaOJIAILBI.

3.2.2. TlapannensHoe yckopenue M3meputs MPI yckopenue st paznnunbix N mopsaka 10° ,

106,,... JUIsL KasK0# 13 3-X 6a30BBIX ONEpaluil U i BCEro alropuTMa cojBepa: npu
¢uxcupoBaHHOM uncie N BapbUPyETCs YHCIIO MPOLIECCOB U U3MEPACTCS MapajlieIbHOEC YCKOPEHUE.
[TocTpouts rpaduku ycKkopeHuUs.

3.2.3. MacmtabupoBanue M3mepuTh MacmTabupoBaHue /Ui pa3iuuHbIX (pukcupoBaHHBIX N/P

nopsiika 104, 105, 109, 31ech N/P — KOHUECTBO HEM3BECTHBIX HA npouecc. B atom Tecre uncino N
BapbUpPYETCs MPONOPIHMOHAIBHO YU CIY MTPOLIECCOB, P.
JlaHHbIE NPEACTaBUThL B B TaOJIMILIBI U rpaduka.

[Tpunoxenuel: HCXOAHBIH TEKCT MPOrpaMMBbl B OTIEIBHOM ¢/c++ aiise

TpeboBaHus K mporpaMme:

1 TIporpamma nosmkHa ucnonaszoBate MPI U1 pacniapanienBanus ¢ pacrpeaeIeHHON NaMsThIO,
OpenMP umm posix threads 115t MHOronoToOUHOrO pacnapaiieauBaHus (KOTOpoe yKe umeercs u3 |
-ro 3aJaHus)

2 ConBep 10JDKEH KOPPEKTHO paboTaTh, T.€. MOKa3bIBATh OBICTPYIO CXOAMMOCTD.

3 PacnapamienuBaHue JOKHO OBITH KOPPEKTHO.



6.2. TunoBbie KOHTPOJIbHBI€ 3a/JdaHHU A UJIM HHbI€ MaTepHaJibl AJIA IPOBEA€HUA
ﬂpOMe)KYTO‘-lHOﬁ ATTeCTAllUH IO AU CUHUIIVIMHE, KDUTEPHUHU U HIKAaJIbl O€HUBAHHUA

Bonpoce! K 3K3aMeny

1. Tlapannennsm npoueccopHoOro sjipa u OCHOBHbIC XapakTepucTuku. Konseiiep, out-of-order,
CYHNEpCKaIPHOCTb U APYTHE.

2. OCHOBHBIC XapaKTEPHUCTUKH CYNEPKOMIBIOTEPA - MPOU3BOAUTEILHOCTD MMUKOBA,
TEOPETUYECKU JIOCTHIKUMAs, ITPOIYCKHbIE CIIOCOOHOCTH.

3. OcCHOBHBIC XapaKTCPUCTUKH MapauIeIbHOrO aJTOPUTMa — OIICHKA CII0KHOCTH,
BBIYHMCITUTEIIbHAS HHTEHCUBHOCTD, YCKOpeHH e, 3P (PEeKTHBHOCTh, MAaCIITaOUPYEMOCTb.

4. VYcTpolCTBO ONEpaTUBHON NMaMATH, KJIIOUEBBIE XapaKTEPUCTHKU, CHUKEHUE TTOTEPD U
ontuMusauus gocryna (DDR, TaliMUHI Y, HepapXus NaMsTH U T. 11.)

5. Muoronpoueccopubie cuctembl ¢ o0uien namsareio (UMA, NUMA, ccNUMA), ycrpoiictBo
MHOTOIIPOLIECCOPHOTO Y314, cHIKeHHe notepb Ha NUMA 3¢ ek TsI.

6. MuoronotouyHoe pacnapasuieauBanue Posix, OpenMP, MIMD, o6uiue npuHLIKIbL 1
npobnemsl (race condition, false sharing, NUMA, affinity), cnoco6s! ycTpanenus
3aBUCUMOCTH I10 JIAHHBIM B CETOYHBIX METO/1aX.

7. MHOronpoueccopHbie CHCTEMBI C PACIIPEACICHHON MaMATbIO. Y CTPONCTBO U OCHOBHBIE
XapaKTepUCTHKH (MPOU3BOINTEIIBHOCTD, JIATEHTHOCTh U MPOMYCKHAs CTOCOOHOCTH CETH,
OLIEHKAa BPEMEHU Iepe/lauy JaHHbIX, TOMOJIOrUsl CUCTEMBI U OTOOpakE€HUE IPyIIIbl
IIPOLIECCOB Ha PECYPCHI).

8. PacnapannenuBanue ¢ pacnpeneneHsoi namsateio, MIMD, MPI, ocHOBHBIE TPUHIUIIBI,
BUbI OOMEHA JaHHBIMHU (p2p, TPYNIOBbIE OOMEHBI Pa3IMYHbIX BUJOB), CHHXPOHHBIEC U
ACHHXPOHHBIE OOMEHBI

9. T'eomerpuyeckuii napasuie/iu3M, palliOHAJIbHAS J1EKOMITO3UIUS PACYETHON CETKH,
opranu3anus ooMena JaHHbIMH. CriocoObl CHHYKEHHS HaKJIaIHbIX pacxonoB (DMA, overlap,
JBYXypOBHEBas! JICKOMIIO3ULNA).

10. YerpoiicTBo rpaduueckoro nporeccopa, odume npuHunsl, apxurektypa GPU, napagurma
OTOKOBOM 00paboTku, ocHOoBHBIE oTiiMuus oT CPU.

11. ITorokoBoe pacnapamienuBanue, OpenCL nmu CUDA, obmue npuHIUIBL H TTOAXOABI K
peaym3anuu (uepapxus namsatu, oydepa, kernel, ouepenu 3aganuii, HaKIaIHbIE PACXO/IbI)

12. I'ereporennsie BoruucaeHus. O01Me NPUHIUIIBI, OCHOBHBIE POOIEMBI, CIOCOOBI
peasiM3aluy, MHOIOypOBHEBAS JICKOMITO3ULIMSL.

13. ®opmatsl xpanenus pazpexennbix Mmarpull (CSR, ELLPACK, ...), ocoOeHHOCTH ornepaiuu
SpMV u ee pacnapasuienuBanus, ciocoObl MOBBILICHUS Mponu3BoauTeabHOCTH (RCM
reordering, coalescing, u jip.)

14. [TapannensHoe ycKOpeHue, napauienbHas 3(pHEeKTUBHOCTh, MacIITAOMPOBAHHE, 3aKOH
Amzans, IpUYUHBI CBEPXJIMHEHHOr0 YCKOpPEHHUs

15. Bapwsep. Cxembl peanu3aliuy U OLEHKU BpEMEHH BbINONHeHUs. Peanu3anus 6apbepa Ha
OCHOBE CHHXPOHHBIX 00MEeHOB. Peanmm3anus 6aprepa Ha ocHOBe cemaopoB JIeHKCTpHI.

16. MeToabl CTaTUYECKON U JMHAMUYECKOM 0aJIaHCUPOBKHU 3arpy3Ku MPOLECCOPOB.

17. MeTtoa caBauBaHus.

18. MeTo KOJIIEKTUBHOI'O PELIECHHUS.

19. MeTon KOHBEHEpHOro napanienus3ma.

20. Metox auddy3Hoi 0alaHCHPOBKH 3arpy3KH.

21. Metoa cepBepHOro napauienusma.

22. Omnajika napajuiesibHbIX MPUII0KEHHH, BHIITOJIHEHHE KOTOPBIX COIPOBOXKIAETCS
HE/IETEPMUHHUPOBAHHBIM IIOTOKOM COOOIICHHH.

23. INapasmienbHble aNTOPUTMbI COPTUPOBKH JaHHBIX. CIIMSHHE METOZ0OM C/IBaUBaHUS,
nsycroponHee ciusuue. Cetu coptupoBku. [lapannensabie anropuTMbl COPTUPOBKH Jst
THOPUIHBIX BBIYMCIUTEIbHBIX CHCTEM.

24. [TapayuienbHbIE aJITOPUTMBI F'€HEpaIlMU TICeBA0CTyYaHbIX yncen. TpeboBaHus K
rEHEpaToOpaM MCEBAOCIyYalHbIX Yncel. JIMHEHHO-KOHTPYIHTHBIE TeHEpaTOpbl. M-



25.
26.
27.

MOCJIE/I0BATECILHOCTH. JIOCTOMHCTBA M HEIOCTATKH F€HEPAaTOPOB CIIy4alHBIX U
TICEB/1OCIIYYaiHbIX YN CEI.

Wepapxuueckue anroputmsl pazouenus rpados. JIokansHOe yTOYHEHHE.
MeroJ criekTpasibHON Oucekuuu rpados.

MHKpeMeHTHBIN aJropuT™ JEeKOMITO3UIIMH rpadoB.

28. AnanTUBHOE MHTETpUpoOBaHKEe. MeTo1 ToKanbHOro creka. MeToa riobanbHoro creka.
29. OTKa30yCTOHYUBBIEC AT OPUTMBI /151 MHOTOIIPOLIECCOPHBIX BBIYUCIUTEILHBIX CUCTEM.
JlokanbHbIe KOHTPOJIbHBIC TOUKH. JIOKaIbHOE UCTTpaBIeHUE OIMOOK MPU PEIICHUH

runepOoJMYECcKUX CUCTEM YPaBHEHUH.

W

IIpumepsl 3a1a4
l. Hanmmere anropuT™ 11 BBIYMCIUTEIBHON CHCTEMBI C paCIIpele/IEHHON NaMAThIO,
OIPEAENIAOIMI CyMMY 3JIeMEHTOB MaccuBa. CunTaiiTe, 4TO MAaCCUB YXKE paclipesielieH
Mex 1y mpi-rporeccamu. OueHure yckopenue u 3GGeKTHBHOCTD aJropuT™Ma B
MPEANOI0KEHHH, YTO BPEeMsl CYMMHPOBaHHUs JABYX 371eMeHToB paBHO TauC, a Bpems
MEPECHUIKU OHOI0 YUCJIa MEXKY Ipoleccopamu paBHo TauS.
2. Hamnumere aJropuT™ sl BBIMUCIUTEIBHOM CUCTEMBI C 001EH MaMsATBIO, ONPEIEIIIO I
CYMMY 3JIeMEHTOB MaccuBa. OleHnTe yCKopeHue U 3PPEeKTUBHOCTb aIropuT™Ma B
NPEION0KEHUH, YTO BPEMSI CYMMHUPOBAHUs ABYX 271eMeHTOB paBHO TauC, a MUHMMaJIbHOE
BpeMs oOpauieHust k cemagopy paBHo TauS.
3. Hapucyiite ceTb 4eTHO-HEYETHOrO ciusiHus beruepa Ui AByX ynopsiio4€H HbIX IpyIi
3JIEMEHTOB, cofiepKaluX 4 U 7 aeMeHToB. YeMy paBHO YHCIIO TAKTOB pabOTHI
IIOCTPOCHHOM CeTH?
4. Omnpenenuts nepuoa reveparopa u[i+1]=( S*u[i+1]+3) mod 1024.

OmnpenenuTs 3HaYeHHE IeMEHTa HOMep 51 nocie0BaTebHOCTH TPEXPA3psl IHBIX
JBOMYHBIX uncel, GopMupyeMbIx reneparopom X1 mod (x"4+ x”3+ 1).

6. Jano: u(t=0;i=0...n)=0, u(t,i=0)=0; u(t=0,...,m;i=n)=1, u(t+1;i=1,...,n-1)=f(u(t,i-
1),u(t,i),u(t,i+1)). Hanummre napauiebHy0 NporpaMMy Uit BBIYUCITUTEILHON CHCTEMBI C
pacrnpeseseHHON MaMAThIO, ONPEICTAIONTYI0 3HaueHus u(t=m;i=0,...,n). [IpuBeauTe oneHky
yckopeHHs U 9 (GEKTUBHOCTH MPOrpaMMbl B IIPEIIOJIOKEHUH, YTO BPEMS OJIHOKPATHOI O
Beruncienus Gpynkuuu f paao TauC, a Bpemst MepechlsIKA 0JTHOTO YUCIIa MEXKIY
nporeccopamu paBHo TauS. Ykaxute, Kakoil BUJ Iapajuien3mMa UCIOJIb30BaH.

7. Hanummre anroput™ 6apbepa Ha OCHOBE CHHXPOHHBIX OOMEHOB.

INKAJIA U KPUTEPUU OLEHUBAHMUA pe3syibraToB 06y4yeHus (PO) no aucuuninHe

Onenka 2 (ne 3 (3auTeHo0) 4 (3a4TeHO) 5 (3auTeHo0)
3a4TeHO)
BU/IbI
OLleHOYHBIX
Cpe/CTB
3HaHuA OtcyrctBue | (PparmeHTapHble O61uue, HO He CdhopmupoBaHHbIE
(8udbi 3HAHUH 3HaHUSA CTPYKTypUPOBAHHbIE | CHUCTeMaTHU4ecKue
OYEHOYHbIX 3HAHUA 3HaHUA
cpedcmas: onpoc,
mecmbl)
YMeHus OTcyTtcTBUe B nesiom B nesioM ycnenHoe, YcnewHoe u
(sudsi yMeHUH yCIelHoe, HO He HO cojiepxaliiee cucTeMaTHyecKoe
OYEHOUHbIX cUCTeMaTHU4YecKoe | OT/eJsIbHble po6esibl yMeHHe
cpedcmae: yMeHHe yMeHHe (JonycKaeT
npakmu4eckue HEeTOYHOCTH
3adaHus) HeNpPUHLMIHAJIBHOr 0
XapakTepa)

HaBbiku OTcyTcTBUE Hanuuue B nesom, CdopMupoBaHHbIE




(BJIaAEHHﬂ, HaBbIKOB OTAEeJIbHBIX C(l)OpMI/IpOBaHHble HaBbIKH

OMNbIT (B1aeHUH, HaBBIKOB HaBBIKH (BJIaJI€HUS), (B1ageHUs1),
AesATe/IbHOCTH) omnbITa) (Hanuuue HO HCIIOJIb3yeMble He NpUMeHsieMble
(8udni dparMmeHTapHOr0 B aKTUBHOU popme MIPU peLIeHUH
OUYEHOUHbIX ombITa) 3aza4
cpedcma:

8blN0OIHEHUE U

3awuma

Kypcosoll

pabomsl, omyem
no npakmuke,
omvem no HUP
um.n.)

7. PecypcHoe obecnieueHue:
7.1. IlepeyeHb OCHOBHOI U 10NOJHUTEIbHOM JIUTEPATYPbI

OcHoBHass  yyeOHO-METOAMYECKas JMTeparypa M IepeueHb pecypcoB  HH(OPMALIMOHHO-
TEJIEKOMMYHHUKAIIMOHHOHU cetu «MHTepHeT»

1. SlkoGosckuii M.B. BBenenue B napajuiesibHble METOBI peLICHHs 3a1a4: Y4yeOHoe nocodue /
[Tpenucn.: B. A. CapoBuuuuii. — M.: U3narensctBo MockoBckoro ynusepeurera, 2012, —
328 c., mmn. — (Cepus «CynepkomneioTepHoe obpa3oBanue»), ISBN 978-5-211-06382-2
URL: http://lira.imamod.ru/ITTPMOPS/

2. Jlamuc A.O. [lapannensnas obpabortka nanueix. — M.: Akagemusi, 2010 r. 336 ctp. ISBN
978-5-7695-5951-8

3. Meiikctpa  D.  BsaumopeiictBue — mocliienoBaTelbHbIX  mpoueccoB.  http:/khpi-
iip.mipk.kharkiv.edu/library/extent/dijkstra/ewd123/index.html

4. Boesoaun B.B., Boesonun Bia.B. Ilapamiensusie Boiuucienus. - CI16.: bXB-IlerepOypr,
2002. URL: http://a1308.ru/books/section/179

5. SxobGosckuit M.B., KymbkoBa E.JO. Pemenue 3amad  Ha  MHOronpouecCopHbIX
BBIUHUCIUTEIBHBIX CHCTEMax ¢ paszaensiemoi mamarbio. - M.: CTAHKHWH, 2004. — 30 c.
http://www.imamod.ru/~serge/arc/stud/Jackob_2.pdf

6. Jlonansa D. Knyr UckyccerBo nporpammupoBanus. Tom 3. CopTupoBKa U OUCK

7. B. E. Kapnos, A. U. JlobanoB, YncrneHHbIe METO/IbI, AITOPUTMBI U ITpOrpamMmbl. BeesieHne B
pacnapasnesuBanue [Tekcr] : yueOHOe mocoOue Il CTYAEHTOB BBICIIMX YYEOHBIX
3aBeJICHUH, 00yJalolmMXCsi MO0 HAmpaBlIeHUIO noArotoBkH "llpuknanHele MaremMaTHKa U
¢uzuka" /. - MockBa : ®Pusmarkuaura, 2014. - 190 c. : wr; 21 cm. - (Cepus
CynepkomnprorepHoe odpaszoanue : CKO).; ISBN 978-5-89155-234-0

8. TonoBusnun B.M., 3aiiuee M.A., KapabacoB C.A., Koporkun M.A. HoBble anropurmsl
BBIUUCIUTEIBHOW — THAPOJUHAMMKH  JUIS  MHOIONPOLIECCOPHBIX  BBIYMCIMTENbHBIX
kKoMIuiekcoB: Monorpadus / Ilpeaucn.: B. A. CapoBuuumii. - M.: H3patenbcTBO
Mockosckoro yuusepcutera. 2013. - 472 c., wui; 8 c. (uB. Bkieika). - (Cepus
«CynepkommnbioTepHoe odpazoanue») ISBN 978-5-211-06426-3

9. T'eprens B.II., CeicoeB A.B. u ap., Beicokonpou3BoauTeIbHbIE Napaie/ibHbIe BEIYMCICHUS.
100 3apanmii Ans pacmMpeHHOro abopaTopHoro npaktukyma, Msnarenscrso: Gu3MaTiur,
ISBN: 5922118161, ISBN-13(EAN): 9785922118163, 248 c., 2018

10. Ctusenc Y. UNIX: B3aumoneiictue npoueccos: CII6.:ITutep; 2002, 576¢. Un.




11. Optimizing software in C++. An optimization guide for Windows, Linux and Mac platforms
By Agner Fog. Technical University of Denmark. Copyright © 2004 -2018. Last updated
2018-08-18. https://www.agner.org/optimize/optimizing_cpp.pdf

12.MPI: A Message-Passing Interface StandardVersion 3.0. 2012. https:/www.mpi-
forum.org/docs/mpi-3.0/mpi30-report.pdf

13.The Argonne Training Program on Extreme-Scale Computing (ATPESC) 2018
https://extremecomputingtraining.anl.gov/archive/

14.Pavan Balaji, et. al. Advanced MPI Programming. Tutorial at SCI17? 2017.
https://www.mcs.anl.gov/~thakur/scl7-mpi-tutorial/slides.pdf

15.0penMP tutorial. Blaise Barney, Lawrence Livermore National Laboratory.
https://computing.linl.gov/tutorials/openMP/

16. Cneundukanuu crangapra OpenMP. https://www.openmp.org/specifications/

17.Tim Mattson, Larry Meadows. A “Hands-on” Introduction to OpenMP.
https://www.openmp.org/wp-content/uploads/omp-hands-on-SC08.pdf

18. Cnenmndukanuu crangapra OpenCL https://www.khronos.org/opencl/

19. lemoncrpanuonnsie npumepsl Ha OpenCL NVIDIA, https://developer.nvidia.com/opencl

20. OpenCL Best Practice Guide. NVIDIA
https://www.cs.cmu.edu/afs/cs/academic/class/15668-s1 1/www/cuda-
doc/OpenCL_Best Practices_Guide.pdf

21. AMD Accelerated Parallel Processing OpenCL. Optimization Guide. 2014.
https://developer.amd.com/wordpress/media/2013/12/AMD OpenCL Programming Optim
ization_Guide.pdf

22.T'opobenr A. B. IlapannenbHass TEXHOJIOrUs YHMCIEHHOTO MOJEIMPOBAHMS 3ajJlay ra30BOM
JUHAMHUKH aJrOpPUTMAaMH MOBBILIICHHONH TOYHOCTH, JKypHai BBIUHUCIUTEILHOW MAaTeMaTHKU
M MareMaTH4ecKoi pu3uk, T. 55, Ne4, c. 641-652, 2015.

JlomonHuTenbHas y4eOHO-METOAMYECKass JHUTepaTypa M IEpeuyeHb PecypcoB HH(POPMAIIMOHHO-
TEJIEKOMMYHHUKAIMOHHOU ceTn «HTepHeT»

1. Jlamme A.O. Kak nocTpouTh M MCIOJIB30BaTh cynepkommneioTep. - becrcemnep, 2003 r. 274
crp. ISBN 5-98158-003-8

2. Tens JK. BBesieHue B pacmpe/ie/iCHHbIC arOPUTMBL Tep. ¢ aHrI. B. A. 3axapoBa. - M. :
MIIHMO, 2009. - 616 c. : un.

3. Duagproc  I''P.  OcCHOBBI MHOrOMOTOYHOIO NApaIENBHOTO M PacHpeaeIEHHOr O
nporpaMMupoBanus. — M.: M3parensckuii goMm «Buibsamc», 2003, — 512 c.: uin. —
[Tapan. TuT. anru.

4. Kum A. K., IlepekatoB B. U., Epmako C. I'. Mukponpoueccopsl ¥ BbIYHUCIHTECIbHbBIC
KOMILIEKChI cemelcrBa «ubOpyce». — CII0.: [Turep, 2013. - 272 ¢, un. — ISBN 978-5-
459-01697-0.

5. MuxaiisioB I'.A., Bolituiek A.B. YuciaenHoe crartuctuyeckoe mojaenupoBanue. Metojibl
MonTte-Kapio YueGHoe nocobue nns ctyneHToB By30B. — M.: Akazemus, 2006. — 368 c.
— (YuuBepcuTeTckuil yueOHuk : [Ipukiaanas MmaTeMaTuka 1 HHQOpPMaTHKA).

6. 3opun A.B., ®enorkun M.A., Metoast MonTe-Kapno mis napamienbHbIX BBIMUCICHUH.
Yuebnoe nocobue, - M.: M3natensctBo MockoBckoro ynusepcurera, 192 c., 2013 ISBN

978-5-211-06530-7

7. A.Gorobets, S.Soukov, P.Bogdanov. Multilevel parallelization for simulating turbulent
flows on most kinds of hybrid supercomputers. Computers and Fluids. Volume 173, Pages
171-177. 2018. https://doi.org/10.1016/j.compfluid.2018.03.011

8. Crpounrun, P.I'. [TapamienbHble BblUMCIEHUs B 3aja4ax riobaibHoi ontumusanuu / P.I.
Crpourun P.I'., B.IL. I'eprems, B.A. I'pumarun, K.A. bapkanos. — M.: U3zna-TtenbcTBo
MockoBckoro ynusepeurera, 2013. — 280 c.

9. X.Alvarez, A.Gorobets, F.X.Trias, R.Borrell, and G.Oyarzun. HPC2 - a fully portable
algebra-dominant framework for heterogeneous computing. Application to CFD. Computers
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7.3.

7.4.

7.5.

and Fluids. Volume 173. Pages 285-292. 2018.
https://doi.org/10.1016/j.compfluid.2018.01.034

10. CyxkoB C. A., I'opoGent A. B., boraanos I1. b. [lepenocumoe penienue st MOAECIHPOBAHUS
CKMMaeMbIX TEUEHHWH Ha BCeX CYIIECTBYIOIMX THUOPUIHBIX CyNEepKOMIBIOTEpax,
Marematudeckoe MmoaenupoBanue, 2017 roa, Tom 29, Homep 8, crp. 3-16

11.TopobGery A. B. MeTtoauka BBIOJHEHHs KPYMHOMACIITaOHBIX pPacueToB 3ajay ra3oBOif
nuHaMuku, Marematuueckoe moaenupoBanue (PUHLI), 2016, Tom 28, Homep 4, ctp. 77-91.

12.C. A. Cykos, A. B. T'opoGen, Il. b. borganoB, AnanTtamusi ¥ ONTHMH3AIMsA 0a30BbIX
ornepauuii ra30IMHAMUYECKOro ajJropuTMa Ha HECTPYKTYPUPOBAHHBIX CETKaX /U1 pacyeToB
Ha MAaCCHUBHO-TIApPAJJICIbHBIX YCKOpUTENAX, JKypHasl BBIYMCIMTEIBHONM MAaTEMaTHKH M
maTeMaTudeckou ¢pusuku, 2013, Tom 53, Ne 8, ¢. 1360—1373.

[lepeyeHb JIMIEH3MOHHOTO MNPOrpaMMHOro o6GecneyeHHsi, B TOM 4YHCIe
0Te4YeCTBEHHOro Npou3BO/JCTBa

[Ipy peasusalnyu AUCLMUIJIMHBI MOXET ObITh HMCIOJb30BAHO CJjejylollee NMporpaMMHoe
obecrieyeHue:

Omnepanunonnas cuctema Microsoft Windows 10 Education akagemuueckast auiieH3us

[lepeyeHb npodeccuoHaIbHBIX 623 JAHHbIX U HHPOPMAILMOHHBIX CIPABOYHBIX
CUCTEM
1. http://www.edu.ru — nopran MunuctepcTBa odpa3zoBanus U Hayku PP

2. http://www.ict.edu.ru — cucrema QenepanbHbix obOpazoBarenbHbiX nopranoB «MKT B

o0pa3oBaHUMN

3. http://www.openet.ru - Poccuiickuii nopras OTKpbITOro o0pa3oBaHus
http://www.mon.gov.ru - MunucrepctBo obOpazoBanus u Hayku Poccuiickoit
denepauuu

5. http://www.fasi.gov.ru - ®enepanbHOE areHTCTBO M0 HAYKE U MHHOBALUSAM

llepeyeHb  pecypcoB  HHPOPMALHUOHHO-TEJIEKOMMYHMKAUMOHHOH  CEeTH
«HTEepHET»
1. Math-Net.Ru [Dnektponnslii pecypc] : obumepoccuiickuii MatemaTHdyeckuii mopran /
Marematnueckuii uHCTUTYT MM. B. A. CreknoBa PAH ; Poccuiickas akagemus Hayk,
Otnenenne MaTeMaTHueCcKuX Hayk. - M. : [6. n.], 2010. - 3aru. ¢ TuTy:n. skpaHa. - b. 1.
URL: http://www.mathnet.ru
2. YuuBepcuterckas Oubmmoreka Online [DnekTpoHHBIH  pecypc] :  2IeKTpoOHHas
oubmmoreunas cucrema / OO0 "Iupekr-Meaua" . - M. : [6. u.], 2001. - 3aru. ¢ TUTYI. 3KpaHa.
- b. 1. URL: www.biblioclub.ru
3. YuuBepcanbHble 0a3bl JaHHBIX East View [DnekTpoHHBIH pecypc] : MHPOpPMaLMOHHBIH
pecypc / East View Information Services. - M. : [6. u.], 2012. - 3arn. ¢ TuTYJ. 9Kkpana. - b. 11.
URL: www.ebiblioteka.ru
4. Hayunas onexktponHas OubGmuorexka eLIBRARY.RU [DnekTpoHHBIH  pecypc]
uHopmarmonusii nopran / OO0 "PYHOB" ; Cankr-IlerepOyprekuii rocyaapcTBeHHBIH
yHuBepcuTer. - M. : [6. u.], 2005. - 3aru. ¢ Tutyin. skpana. - b. . URL: www.eLibrary.ru

OnucaHMe MaTepHaJlbHO-TEXHUYECKOr0 06ecneyeHus.

Gumian MI'Y B r. JlyOHe, OTBETCTBEHHBII 3a peanm3anuio JaHHo# IIporpammel, pacrnosiaraer
COOTBETCTBYIOILIECH MaTepHAIbHO-TEXHUYECKOH 0a30M, BKIIOUYask COBPEMEHHYIO BBIUMCIUTEIIBHYIO
TEXHUKY, OOBEIUHEHHYIO B JIOKAJIbHYIO BBIUHCIMTEIBHYIO CETh, UMEIOLIYI0 BbIXOA B MHTEpHET.
Hcnons3yroTess  CrielMajM3MpOBaHHBIE KOMIIBIOTEPHBIE KJIACChl, OCHALICHHBIE COBPEMEHHBIM
000py10BaHUEM.



MatepuanbHas 0a3za MOApa3/CICHUS COOTBETCTBYET JCHCTBYIOIIMM CaHMTapHO-TEXHUYECCKUM
HOpMaM M oOecreunBaeT IpPOBEICHHE BCEX BHUAOB 3aHATUH (11a0OpaTOpHOM, NMPAaKTUYECKOH,
JUCHUIUTMHAPHOH M MEKIMCHUIUIMHAPHON IMOATOTOBKH) M HAayYHO-HCCIEIOBATENIHCKOH paboThI
o0y4Jaronmxcs, MpelycCMOTPEHHbBIX Y4EOHBIM ITIaHOM.

8. MeTOLlll'-leCKlrle pekomelmauuu nmo opranmauuu H3y‘leHlﬂl JAUCUHHUILIHHBI
8.1. ®opMbI M METOABI NPENoJgaBaHUA AU CLUILINHbI

(mepe4ucASIOTCA B COOTBETCTBUH € Tabauuei 5.1.)

Hcnonb3yembie OpMBI M METOABI 00y CHUS:

JEKIUH

CEMHUHAPCKUE 3aHATHS

camocCTosITe/IbHasi padoTa CTYJAEHTOB.

B nponecce mnpenoaaBaHusg AUCHUIUIMHBI NIPENOAAaBaTECIb HMCIIOJB3YECT KAaK KIIACCHYCCKHUC
dopmbl U MeToABl O0y4YeHHMs (JIGKIMH M CEMHHApCKHE 3aHATHSA), TaK M AKTHUBHBIC METOJbI
o0y4eHus.

[Ipy mpoBeaeHUH JEKIMOHHBIX 3aHATHUH IPENoJaBaTellb MCIONIB3YET ayAHMOBH3yallbHbIC,
KOMITBIOTEPHBIE U MYJIbTHMEIUNHBIE CpeICcTBa OOy4YeHHs, a TaKkKe JIEMOHCTPAILlMOHHBIE H
HarjsiAHO-HIUIFOCTPALIUOHHBIC (B TOM YHCIIC pa3naT0qm,1e) MaTEpHaJbl.

CemuHapcKkue 3aHATHS MPOBOJATCS B (opMe NMpOOJIEMHOM CHTyallMM, KOrja HEKOTOPBIH
aCIeKT paCCMOTPEHHOW TEeMbI M3JIaraercs npernojanareieM Oosiee noapodHo. Yacts undpopmanmu
KOHCIIEKTUpYyeTcs. bonmbmias dYacTb BpeMeHM BbIJI€JICHa Ha paboTy ¢  HCIOJNb30BaHUEM
KOMITBIOTEPHON TEXHUKU U IMPOrPaMMHOI0 00ecrnedeHus.

B paMmkax Kypca HCIOIb3yIOTCSI aKTHBHBIE U HHTEPAKTHUBHBIC METO/bI 00YUYECHHUS B MpoLiecce
npoBefeHuss 3aHATUH. OCHOBHBIMH OCOOCHHOCTSIMM MHTEPAKTUBHBIX 3aHATHHA  SABIAOTCA
HHTCPAKTHBHBIC MNPAKTHYCCKHUC YIIPAXKHCHUA WU 3aaHUA, KOTOPBIC BBIITOJIHAKOTCA 06y'~la}OI_I_lPIMPIC$I
HE TOJbKO M HE CTOJIbKO Ha 3aKperieHhe M3Yy4eHHOro MaTepuala, HO M Ha CaMOCTOSATEIbHOE
U3Y4YEHHE HOBOTO.

8.2. MeTojMuecKre peKOMeH/Jall My IpernojaBaTesio

[lepen HauanoM M3y4deHHUs AUCUUILUIMHBI MPENojiaBaTelb JOKEH 03HAKOMHUThL CTYJICHTOB C
BUAAMH y4yeOHOH M CcaMOCTOATENbHOM paboThl, IMEepedyHeM JHMTepaTypbl M HHTEPHET-PECYpPCOB,
dbopMaMu TEKylIeH ¥ NPOMEKYTOUHON aTTECTAllMU, C KPUTEPUSIMH OLICHKHM Ka4yecTBa 3HAHUMN JUIs
MTOTOBOI OLIEHKH I10 AU CLIMILIMHE.

[Ipu npoBeneHnu JIeKUUii, penogaBaTelib:

1) popmynupyeT TeMy U Lielb 3aHATHS;

2) u3naraer OCHOBHbIE TEOPETUYECKUE MTOJIOKECHUS;

3) ¢ mOMOLIBI0 MYJIBTUMEIUHHOrO O0OPYIOBAaHUS W/WIM TOJ 3alUCh JAET OIpPEICICHUs
OCHOBHBIX TOHSATHI, pacyeTHBIX (GopMyIT;

4) NpOBOAUT MNPUMEPHI U3 OTEUYECTBEHHOrO M 3apyOEKHOro OIbITA, JaeT TEKYIIHe
CTaTUCTUYECKHE JaHHBIC Ui HATJAAHOTO U 00pa3HOoro MpeACcTaBlICHUs H3y4aeMOro MaTepHania;

5) B KOHLIE 3aHATUS JaeT BONPOCHI Il CAMOCTOSITEIILHOTO U3yYEHUSI.

JI1l ceMMHapCKUX 3aHATHIMA

[lonrotoBka K  MHPOBEACHHMIO  3aHATHH  NPOBOAUTCA  peryyspHo.  Opranuzauus
npernojaBaTeeM CEMUHAPCKUX 3aHATUM JIOJDKHA YIOBJIETBOPATH CIEAYIOIIMM TpeOOBaHUS:
KOJIMYECTBO 3aHSATHI JOJDKHO COOTBETCTBOBATH YUEOHOMY IJIAaHY MPOrPaMMBbl, COJEPIKaHKE TUIAHOB
JOJDKHO ~ COOTBETCTBOBATH  INpOrpaMme, IUIAH  3aHATHH  JIOJDKEH  COoJepKaTh  IepeuyeHb
paccMaTpUBAEMBIX BOIIPOCOB.

Bo BpeMs ceMHHApCKUX 3aHATHH MCIIOJIB3YIOTCS CIIOBECHBIE METO/IbI 00yUeHHUs, Kak Oecena
U JIMCKYCCHSI, YTO IO3BOJISIET BOBJIEKATh B Y4eOHBIH INMpOIECC BCEX CiyllaTeseld U CTUMYJIUpYeT
TBOPYECKHUI MOTEHIHAI 00yJaroIuXcs.

[Ipy MOAroTOBKE CEMMHAPCKOMY 3aHATHIO IPENoJaBaTesi0 HeOOXOJAMMO 3HATh IJIaH €ro
NPOBEJICHUS, MPOAYyMaTh (HOPMYIHMPOBKU U COJAEp)KAHUE Y4eOHBIX BOINPOCOB, BBIHOCUMBIX Ha
00CyKJICHHE.



B Hawazne 3aHATHS NpenogaBaTelb JOKEH PAaCKpPbITh TCOPETHMUECKYI0 M IPAKTHYECKYIO
3HaYUMOCTh TEMbI 3aHATHUS, ONPEIEIUTh IMOPSIOK €ro MPOBEACHHS, BpeMsl Ha 00CYXK/ICHHUE Kax10r0
y‘lCGHOFO BOIIpoca. B X0A€ 3aHATUA CICAYET AaTh BO3MOXHOCTL BBICTYIIMTHL BCEM JKCIAKOIIHM H
NPEIJIOKUTH BHICTYIIUTH TEM CIIYLIATEISIM, KOTOPbIE MPOSIBIISIOT MACCUBHOCTD.

[lenecooOpa3no, B xoje 00Cyx)aeHUs Y4eOHbIX BONPOCOB, 3aJaBaTh BBLICTYNAIOIIUM H
ayIUTOPUM JOTOIHHUTE/IbHBIC M YTOUYHSAIOIIME BOMPOCHI C IICJIBIO BBIACHCHHMS HX MO3ULUNA MO
CyLIECTBY OOCYXKAaeMbIX NpoOsieM, a TaKKe MOOUIPATHh BBICTYIJICHHE C MECTa B BHJE KPATKUX
nononHeHuit. Ha 3aHATHAX npoBoAMTCA OTpabOoTKa MPAKTUYCCKUX YMEHHH IOJ KOHTPOJIEM
npenojiaBare’is

8.3. MeToauueckue pPeKoMeHAanuu CTyAeHTaM no opraHu3anuu
CaMOCTOSATE/IbHOM PaGoOThl.

[Ipuctynas x u3y4eHHI0 HOBOH y4eOHOH AMCHUIUIMHBI, CTYACHTBI JOIDKHBI 03HAKOMHUTBLCS C
yueOHOH mnporpaMMmoid, ydeOHOH, HaydyHOH M METOJMYECKON JIMTEepaTypol, HMelolencs B
OuOIMOTEKEe YHUBEPCUTETA, BCTPETUTHCS C MPEojiaBaTesieM, BeAYLIIMM JUCUUIUIMHY, TOJYyYUTh B
OuOIMOTEKe PEKOMEH/IOBAHHbBIC YYCOHUKH M Y4eOHO-METOAMYECKHUE TOCOOH S, OCYIIECTBUTH 3aIMUCh
Ha COOTBETCTBYIOIIUI KYPC B Cpejle JIEKTPOHHOIO 00y4Y€eHUsl YHUBEPCUTETA.

['nybuna ycBOEHHS IUCHUIUIMHBI 3aBHCHUT OT AaKTHBHOM M CHCTEMAaTHYECKOH paboTh
CTYZI€HTa Ha JIEKIMSIX U MPAKTUYCCKHX 3aHATUAX, a TAKKE B XOJ€ CAMOCTOATEIbHON paboThl, 1O
U3Y4CHHUIO PEKOMEHA0BAaHHON JIMTEPATYPBI.

Ha neknusx Ba)kHO COCPEIOTOYMTH BHHUMAHHE HAa €€ COJACP)KaHUU. DTO MOMOXKET JIydIle
BOCHIPUHUMATL Y4e€OHBIM MaTepuall U YSCHUThL B3aUMOCBS3b IPOOJIEM 110 BCEH IMCIUILIMHE.
OcHOBHOE cojiepiKaHHe JICKIIUH 11esiecoo0pa3Hee 3alMuchiBaTh B TETPAJU B BUJC KITIOUEBHIX (pas,
MOHATHI, Te3uCcoB, 0000IIeHUI, CXeM, ONOPHBIX BbIBOAOB. Heobxoaumo obpamiaTh BHUMaHUE Ha
TEPMHUHBI, (POPMYIMPOBKH, PACKPHIBAIOIIME COAEPIKAHUE TEX WM HUHBIX SIBJICHUI U IIPOLIECCOB,
Hay4HbIE BLIBOJIbI U IPAKTUYECKUE pekoMeHjanuu. JKenaTelbHO OCTaBIsATh B KOHCIEKTaX MoJist, Ha
KOTOpPBIX J€laThb IIOMETKM U3 PEKOMEHAOBAHHOW JIMTEPATypbl, JOMNOJHAIOLICH MaTepuai
NpPOCIYIIAHHOW JIGKIMHU, a TaKke [OJYEepKHBAIOUIMe OCO0yH BaKHOCTh TEX WM MHBIX
TCOPETHUECKUX MONOKEHUH. C LEenpl0 ySICHEHHS TEOPETUYECKMX IOJIOKEHUH, pa3pelieHus
CMOPHBIX CHTyallMii HEoOXOAMMO 3adaBaTh MPENOJABATEII0 YTOYHSIONIME BoOmpockl. Jlns
3aKpeIUICHUsl COJIepKAHMsI JIEKLIMU B [aMSTH, HEOOXOAMMO BO BpeMsi CaMOCTOSITEIbLHOW paboThl
BHUMATEIBbHO TMPOYECTh CBOM KOHCNEKT M JIOMOJHHUTH €ro 3amucsIiMH M3 Y4YCOHHUKOB W
pPEKOMEHI0BaHHOM JuTepaTypbl. KOHCIEKTHpOBaHME YHUTaeMbIX JEKIMH M HUX MOCIeIyloIas
nopabotka crnocoOcTByeT Oonee riyOOKOMY YCBOCHMIO 3HAHH, W MOITOMY SBISIOTCA Ba)KHOM
dopmoii yueOHOM JesSTeILHOCTH CTY/ICHTOB.

MeToauyeckue yKazanus /sl CAMOCTOSITeIbHOMH padoThl 00y4al0IUXCS

[IpouHoe ycBOEHHE U JIOJATOBPEMEHHOE 3aKperjieHne ydeOHOoro MmaTepralia HeBO3MOKHO 0e3
NPOJIYMaHHOH CaMoOCTOSATENbHOM paboThl. Takas pabora TpebyeT OT CTyqeHTa 3HAYUTEIBHBIX
YCUIIMI, TBOPUECTBA U BBICOKOH OpraHM30BaHHOCTH. B Xoj1e caMOCTOATENbHON pabOThI CTYAEHTHI
BBIMOJHAIOT — CIEAYIOIIME 3ada4yd: J0padaThIBAlOT JIEKIUH, HW3Y4YalOT PEKOMEH/I0BAHHYIO
JUTEpaTypy, TOTOBATCA K MPAKTHUYECKUM 3aHATHSM, K KOJJIOKBUYMY, KOHTPOJBHBIM paboTaMm 1o
OTAeNbHBIM TeMaM aucuuIiuimabl. [Ipu stom addexTuBHOCTL yueOHOM /e TeIbHOCTH CTY/IeHTa BO
MHOTOM 3aBUCHUT OT TOro, Kak OH pacHopsAMIICS BBIJCICHHBIM I CaMOCTOSITEIbHOI paboTh
OIOKETOM BPEMEHH.

Pe3ynbTaToM caMOCTOATENbHOW padoThl SBISETCS MPOYHOE YCBOCHHE MAaTEpHaoB IO
NpeaMeTy COIJIaCHO [porpaMMbl JIMCUMIUIMHBI. B wrtore »9rtoit paborel  GopmMupyoTcs
npodeccCuOHANIbHBIE YMEHUST U KOMIIETEHIMH, Pa3BUBAETCS TBOPYECKUH TMOAXOJ K PEIICHUIO
BO3SHUKIIMX B XO/i¢ Y4eOHOI AesITeNbHOCTH MPOOIEMHBIX 3a1ad, MOSBISETCS CaMOCTOATEIbHOCTH
MBIILJICHUSI.

Pemenue 3a1au

[Ipu caMoCTOATEILHOM pEUIEHUH 3ajad HYKHO OOOCHOBBIBATH Ka)K/bId 3Tall pELICHUs,
UCXO/AS M3 TEOPETUUYECKUX IMOJIOKEHUH Kypca. Ecim CTyJIeHT BHJMT HECKOJIBKO MyTEH pEIICHUS



npoOiembl (3a7auu), TO HY)KHO CpaBHMTh WX M BbIOpaTh camblii panuoHanbHbld. [Tone3Ho mo
Hayalla BBIYMCICHHI COCTaBUTh KPATKUM IJIaH pelleHus npodiemsl (3a1aun).

Pemenne nmpoOieMHBIX 3a7ad MM NMPUMEPOB CIEAYET H3Jarath MoaApoOHO, BBIYHUCICHHUS
pacriojaraTh B CTPOroM IOpsAKe, OT/elssl BCIIOMOraTe/IbHbIe BEIYMCICHUs OT OCHOBHBIX. Perenus
IIPU HEOOXOAUMOCTH HYKHO COIPOBOXK/1aTh KOMMEHTAPUAMH, CXEMAaMHU, YEPTEKAMU U PUCY HKAMHU.

Cnenyer NMOMHHTB, 4YTO pCUICHHE KaXA0W yueOHOH 3aqauM JIODKHO JOBOJUTBCS [0
OKOHYATENIbHOr0 JIOTHYECKOr 0 OTBETA, KOTOPOro TpedyeT yCI0BUE, H 110 BO3MOKHOCTH € BBIBOOM.

[TonyueHHBIN OTBET CIEyeT MPOBEPUTH CIOCOOaAMH, BBITCKAIOIMMH U3 CYIECTBA JaHHON
3agaun. [lone3Ho Ttakke (eciM BO3MOXKHO) pellaTh HECKOJbKUMH CIOCO0aMU U CPaBHUTD
TIOJTyYEHHBIC PE3YyJIbTATHI.

Pemienue 3a1a4 JaHHOTO THIIA HY)KHO MPOJOJIKATE J0 MPUOOPETEHHS TBEPABIX HABBIKOB B
UX PEIICHUH.

3ajaya — 3TO LeNb, 3aJaHHasl B ONPEJIEICHHBIX YCIOBHSX, pEUICHHUEe 3a7auyu — IpOoIlecc
JIOCTUIKEHHUSI TOCTABIICHHOM 11€JIU, TOMCK HEOOXOAUMBIX Il 3TOT0 CPE/ICTB.

ANropUTM pellIeHHS 3a/1au:

1. BuuMatenbHO npo4yuTanTe yCIOBHE 3a/1aHUsl U YSICHUTE OCHOBHOM BOIPOC, NPEACTABbTE
IPOLIECCHI U SIBJICHUS, ONTUCAHHBIE B YCIIOBHH.

2. TIOBTOpPHO NMPOYTHTE YCIOBHE /I TOr0, YTOOBI YETKO IMpEICTaBUTh OCHOBHOI BOIpOC,
npobieMy, LeIb PELICHUs, 3aJaHHbIC BEIHMYMHBI, OMUPAsICh HA KOTOPBIC MOKHO BECTH IOHCKH
peLIeHus.

3. I[IpousBeauTe KpaTKylo 3alKCh YCIOBUS 3a1aHuUs.

4. Ecnu HeoOX0AMMO COCTaBbTE TaOJHUILY, CXEMY, PUCYHOK MJIH YEpPTEKX.

5. Onpezenure METO pelieHus 3a/laHusl, COCTABbTE IIJIaH PELICHUs.

6. 3anuiuuTe OCHOBHBIE MOHSATUSA, (OPMYIIbI, ONMMCHIBAIOLIME MPOLECCHI, MPEAI0KECHHbIE
3a/IaHHON CHCTEMOM.

7. Haiinure pemenue B 0011eM BUI€, BEIPa3UB HCKOMBIE BEJIMYMHBI YEPE3 3a/JaHHBIC.

9. IIpoBepbTe NMPaBUIILHOCTH PELICHHS 3aaHu L.

10. [IponsBenuTe OLEHKY peaJbHOCTU MOTYYEHHOTO PELICHUS.

11. 3anummre OTBET.

9. Pa3zpa6oTyuK (pa3paboTYMKH) NPOrpaMMbl.

K.T.H. ['puropseBa M.A.



