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YTBEPXJIAIO:
Jlexan dakysmbTeTa MaTeMaTHKA

Ilporpamma  cocraBieHa  Ha  OcHOBaHHH  DenepaabHOro rOCyJapCTBEHHOIO
obpasoBarenbHOro craHmapra Bbicuiero obpasosanus (PI'OC BO) HampapieHus NOATOTOBKH
01.04.02 IlpuknajpHas MatemMaTHka ¥ HHOOPMATHKA, YTBEPXKIEHHOrO NpHKa3oM MHUHHCTEpCTBA
obpa3zoBanus U Hayku Poccuiickoit @enepanuu ot «12» mapra 2015 r. Ne 228;

Ilopsnxa opranmsamuu yueOHOro mponecca B 00pa3oBaTeNbHBIX OPraHU3ALHUSX —BBICIIETO
npodeccuoHanbHOro obpasosanus Jloneukoit Hapommoit PecnyGnuku, yTBEp»IEHHOTO MPHKAa30M
Munncrepcrsa o6pasosanus u Hayku JJTHP Ne 1171 ot «10» Hos6pst 2017 r.;

y4ebHOro mnaHa M OCHOBHOM oOpa3oBarenbHO#M mnporpammbl IlpukiagHas MaTeMaTHKa M
uHpopMaTHKa, HanpasieHus noarotoBku 01.04.02 IlpuknamHas mareMaTHKa M HH(POPMATHKA,
paspaborannbix B 'OV BIIO «/loHenkuii HAMOHAIBHBINA YHUBEPCUTETY.

Pazpaboryuk:

JloueHT KadeApbl TEOPHH YIIPYTOCTH U

BBIYHCIIUTEIBHON MaTeEMaTHKH UMEHH

akagemuka A.C. KocMogamMuanckoro b W P.H. Heckopones

i

[Tporpamma yueOHO# AUCIUIUIMHBI yTBEPXKIECHA HA 3acefaHUU Kadeapbl TEOPUH YIIPYTOCTH
Y BBIYMCIIMTENBHON MaTeMaTHKU UMeHH akaneMuka A.C. KocMonamuanckoro

ITpotoxon Ne 11 ot «9» anpens 2020 r. { g

3aBenyromuii Kapeapoi B.U. Cropoxes

[Tporpamma y4eOHOM AMCUMIUIMHBI oJoOpeHa y4eOHO-METOAMYECKOH KOMHCCHEH
(bakynpTeTa MaTEMaTHKH U HH(POPMALIMOHHBIX TEXHOJIOTHIA

[Tporokon Ne 8 ot «15» anpens 2020 r.

"

[Tpencenarens yueOHO-MeTOAMUECKOM (%/

KOMHUCCHH (haKyJIbTeTa JL.U. CensxoBa
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1.  OBJIACTBb IPUMEHEHUWA U MECTO JUCHUIIVIMHBI B YYHEBHOM ITPOLIECCE

Kypc «llapamnenbHoe nporpaMMHUpOBaHUE» SBIAECTCS AUCUUIUIMHOW BapUaTUBHOM YacTH
bioka 1 “uctumiuael (Moxynu)” no HampaBieHuto mnoarotoBku 01.04.02 Ilpuxnannas
MaTeMaTtuka | uHpopMmaruka (Marucrepckas mporpamma: Ilpuknmannas wmarematuka U
nHpOpMATHKA).

JucuuiuinHa peanu3yeTcss Ha (pakynbTeTe MaTeMaTWKH W WH(OPMAIMOHHBIX TEXHOJIOTHN
Kaeapoil TCOPUH YIIPYTOCTH U BEIYUCIUTEILHON MaTeMaTHKH.

OTOT KypC, ONMMpasiCh Ha MaTEMaTUYECKYyl0 (MaTeMaTUYECKUI aHanu3, anreOpa, AUCKpeTHas
MaTeMaTHKa, YUCICHHbIE METOJBI U JIp.) U KOMIBIOTEPHYIO (apxutekrypa DBM, sS3bIKHM U METOIbI
MIPOrPaMMHPOBAHUS, ONEPAUOHHBIE CUCTEMBI) TIOJATOTOBKY CTYACHTOB, 3aKIaJbIBaeT (HyHIAMEHT
HAyYHO-METOJANYECKON MOArOTOBKH OYyIYIIMX HCCIeIOoBaTeNel B 00NAaCTH TEOPUH YHPYroCTH U
BBIYUCITUTEIILHON MaTEMATHUKH.

[TonydyeHHsie 3HaHUS MOTYT OBITH HCIOJIB30BaHBl CTYJACHTAMH BO BPEMS BBITIOJHEHUS
Hay4YyHO-MCCJIEI0BaTENbCKOW pabOThl IPU HATMCAHUM MAaruCTEPCKOM IMCCepTallUH.

2. CTPYKTYPA JUCHUIIJINHBI

Xapakmepucmuka yueoHou OUCyUNIUHb

01.04.02 IlpuknagHas MmaTeMaTuka 1
HanpaBnenune noaroToBku

uH(popMaTHKa
Marwucrepckasi mporpamMmma [MpuknanHas MmaTemMaTnka ¥ HHGOpMaTHKa
OO6pazoBarenpHas mporpaMmma aKaJIeMUYeCcKasi MarucTparypa
Kpanubukarms MarucTp
KonndecTBo comepkaTeabHbIX MOTYJIEH 1

JucrunnuHa 6a30B0o# / BApHATUBHOM YacTH

o JvcuuniauHa BapuaTUBHOM 4acTH
00pa3zoBaTeIbHON MTPOTrPAMMBI

®dopwmel koHTpOJst (MK, sk3ameH, 3ader)

Mokasarem ouHas ¢popma 3aouHas popma
00yJeHUs 00yJeHus

KonnuecTBo 3a4eTHBIX equHUIL (KPEAUTOB) 3
T'ox moaroroBku 2
CemecTtp 3

KoauuecTBo yacoB 108
- JIEKIIHOHHBIX 18
- MPAKTUYCCKUX, CEMUHAPCKHUX -
- JJa0OPATOPHBIX 36
- CaMOCTOSTEIILHON pabOThI 54
B T.4. MHANBUAYAJIbHOE 3aaHNE 24
HenenbHOE KOTHYECTBO YacoOB, 6
B T.4. ayTUTOPHBIX 3

3.  OINHNCAHHME JNCHUIIJIMHBI

Ieau 1 3agaun

Ilenvo usyuenuna oOucyunaunwvt “Ilapannenvnoe npozpammuposanue”  SBISETCS
(dhopMHpOBaHHE Yy CTYACHTOB MPAKTUYECKUX HABBIKOB OPraHH3AIMM MapauIeIbHBIX aIrOpPUTMOB
JUTSE MHOTOIIPOIIECCOPHBIX BHIYMCIUTENBHBIX CUCTEM, B MPUOOPETEHUHU CTYIEHTAMH TEOPETHUIECKUX
Y IPAKTHYECKUX 3HAHUH B 00JIaCTH MapaieIbHOTO MTPOrPAMMUPOBAHHUS.

Ocnosnvimu 3a0avamu uzyueHus OUCYUNIUHDL AGTIAIOMCA:
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- U3y4eHHe OOIUX MOJI0KEHUH U IPUHIIUIIOB IPOTrPAMMHUPOBAHHSI TAPAIIICIBHBIX CUCTEM;

- M3y4EHHE TEXHOJOTUH M CpEICTB MapajuIeIbHOTO MPOTrPAMMHUPOBAHHS CPEICTBAMU
OIIEPALIMOHHOM CUCTEMBI U IIPUKIIATHOTO OKPYKEHUS,

- H3Y4YCHHC MCTOJOB IMPOrpaMMUPOBAHUSA IAPAJICIIbHBIX HpI/I6J'II/I)KeHHBIX BBEIYHCIICHUN
cpeacrBamu Texnosnorun OpenMP.

TpedoBanus K pe3yabTaTaM OCBOEHHS JAUCHMILIMHBI. [Iporiecc M3ydeHHs IUCITUTUIIHHBI
“TlapamienpHOE TPOrPaMMHUPOBAaHKE” HANpaBlieH HAa (OPMHUPOBAHHE IJIEMEHTOB CIICYIOIIMX
koMmrieTeHITMi B cooTBeTcTBHH ¢ ®I'OC BO P® mno Hamparienuro mnoarotoBku 01.04.02
[Tpuknagnas MaTeMaTuka U WHGOPMATHKAa ¥ OCHOBHOW 0Opa30BaTENBHONM MPOrPaMMbl BBICIIETO
npodeccrnoHabHOTO 00pa3oBanus HanpasiieHus: moarotoBku 01.04.02 Ilpuknagnas MaTeMaTHKa
1 uH(popMaTuKa (MarucTepckas mporpaMma: MpukKiagHas MaTeMaTuka 1 HHPOpPMaTHKA):

a) o0mekyabTypHbIX (OK):

- CIOCOOHOCTBIO K a0CTPAaKTHOMY MBIIIUICHHIO, aHamu3y, cuaTesy (OK-1);

- TOTOBHOCTBIO K CaMOPa3BHTHIO, CaMOpPEaIHM3alliH, HCIOJB30BAHUIO  TBOPYECKOTO
noteniuana (OK-3);

0) oomenpodeccuonanbubix (OIIK):

- CIIOCOOHOCTH CaMOCTOSATENBHO MPHOOPETaTh C TIOMOIIBI0 HHOOPMAIIMOHHBIX TEXHOJIOTHI H
WCTIOJb30BaTh B MPAKTHUECKOW ESTETHLHOCTH HOBBIC 3HAHUS W yMEHHs, B TOM YHCIIE B
HOBBIX OOJNACTSX 3HAHWM, HEMOCPEICTBEHHO HE CBSI3aHHBIX CO cepoll JesTeNbHOCTH,
pacimpsITh ¥ yriyonsaTh cBoe HayuHoe MupoBo33perue (OI1K-3);

- CIIOCOOHOCTBIO UCTIONIB30BaTh U MPUMEHSTH YIITyOJICHHBIE 3HAHUS B 00JAaCTH MPHKIATHON
marematuku ¥ nHpopmatuku (OITK-4);

B) npogeccuonaabubix (IIK):

HAYYHO-MCCJIeI0BaTeIbCKAS 1eSITeIbHOCTh:

- CHOCOOHOCTh pa3pabaTbiBaTh M MPUMEHSTh MaTeMaTHMYeCKUE METO[bl, CHCTEMHOE U
MPUKJIaJHOE MPOrpaMMHOE oOOecliedeHue MJis peuIeHUs 3aJad HaydyHOMl U MpPOEKTHO-
TexHoJoruueckoit aesreaproctu (IK-3);

- CHOCOOHOCTH pa3pabaThIBaTh U AHAJU3UPOBATH KOHIIETITYaJbHBIE U TEOPETUYECKUE MOACTU
pelaeMbIX 3a1a4 POCKTHON M MIPOM3BOICTBEHHO-TEXHOIOTHYecKoi aestensHoct (ITK-4);

B pe3yabTaTe n3yyeHusi y4eOHOM QM CHUIIMHBI CTYJAEHT J0JIZKEH :
3Hamb:
® IPUHIHUIIBI TOCTPOCHHS MAPALICIbHBIX BEIYMCITUTEIBHBIX CHCTEM
® OCHOBBI MOJICJTUPOBAHUS U aHAIN3a MaPAJUICIbHBIX BEIYUCIICHUH
® OCHOBHBIC OTEPAIUH MePeAaYH JAHHBIX MEX Ty MPOIIECCAMH 1 MTPOU3BOTHBIC THIIBI JAHHBIX;
e THOPHIHBIC BEIYHCIUTEIIBHBIC CHCTEMBI C UCTIOIB30BAHMEM PA3IMYHBIX TEXHOJIOTHIA,
® OCHOBHBIX KoMmaHj Oubmuoreku OpenMP mis npakruuecko peanmsamuu Ha [IK
napauieIbHbIX aITOPUTMOB.
ymemo:
e pa3pabaThiBaTh MapajliebHbIC AITOPUTMbI M MPOTPAMMBbI JUIS PELICHUS Pa3HOIo Kiacca
3aJla4 Ha KOMITbIOTEpax ¢ OOIIeH MaMsAThIO;
® JCIOJIb30BaTh OMOIMOTEKH IS ApaUICIbHBIX POTPAMM;
® OIICHHMBATh TPYAOEMKOCTh MapasieIbHbIX aJITOPUTMOB;
® CTaBHUTh U pelIaTh 3aJaud, BOZHHKAIOIINE B MPOIECCE KOHCTPYHPOBAHUS MapalielbHBIX
MPOTPAMM.
e/1a0emon:
e TEOPETUYECKUMH 3HAHUSMH B 00JIACTH OpPraHU3alliy B3aUMOJACHCTBYIOIIMNX MTPOIIECCOB,;
e HaBBIKaMU MapajieIbHOTO MPOrPaMMUPOBAHUS HA OCHOBE SI3bIKA BBICOKOTO YPOBHSI;
e CpeICTBaMU MapajuieIbHOTro nporpamMmmupoBanus OpenMP.
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4.  COIEPXAHHUE JMCIUIIJIMHBI U ®OPMbI OPTTAHU3ALIUN YYEBHOI'O

MPOLIECCA

MopsiakoBbIi
HOMeEp U TeMa

Kp aTKo¢€ CoACPKaHUE TEMbI

CoaepikarejbHbII MOAYJIb 1

Tema 1. [Mapannensable KoMObioTepsl U cynepOBM. Knaccudukanus mapamiensHbIX
Ilpunyunsl nocmpoenus | BEIYNCINTENBHBIX cHcTeM. Tumbl mapasnenusma. [lapamnennsm Ha ypoBHe
napanebHbIX komann. Kongeiiep. CynepckansapHocts. SIMD komannsl. [apamienusm Ha
GLIYUCTIUMETbHBIX YpOBHE 3a/1a4.
cucmenm.
Tema 2. AHamUTHYECKIE METOJIBI OTIPEACIICHNS] BRIYUCIUTENBHON crokHOCTH. O1ieHKa
Ananu3z vlyuciumensHoll | BBIMUCIUTEILHON — CIOXHOCTH  JIIsl  [IOCJE/IOBATENBHBIX — aJTOPUTMOB.
COMHCHOCIU [lokazarenmn sl OIEHKM NapaielbHBIX  AJTOPUTMOB:  YCKOPEHHE,
napanIebHbIX 3¢ exTuBHOCTH u CTOUMOCTD napauiebHbIX aJIrOPUTMOB.,
anzopummos OKcnepuMeHTaIbHBIE METOIBI ONPEICIEHNS] BRIUMCIUTENBHON CIIOKHOCTH.
Tema 3. Jexkommosunust mo GYHKIUSAM U 10 AaHHBIM. [lnanupoBaHue MapauienbHBIX
Pazpabomka mporpamMm. 3aBUCUMOCTH JaHHBIX. CrocoOwl cuHXxpoHu3aruu. OnpeseneHue
napanienvHblX IPOZpamm | CTOMMOCTA — TPOTpaMMbl € y4eTOM  TapajuieNIbHOrO  BBIMOJIHEHUSI.
MacmrabnupyeMocTb.
Tema 4. IMapatensHble W mocienoBaTenbHbie oOmactu. JupektuBa — parallel.
IHapannenvnoe PacnapamienuBanue omnepatopa uukia. Mcnonb3oBaHuEe TapauielbHBIX

npozpammuposarue npu
nomouwiu mexHojiocuu
OpenMP

CGKHHﬁ. CI/IHXpOHI/BaI_[I/I}I IIOTOKOB. HapanneanLIe METOABI MaTPpHUYHOI'O
YMHO)KEHUA. Bbrancienue onpeneneHHoro HHTerpaja B MHOTOIPOLIECCOPHOM
cucreme. [lapannensHbple aJTOPUTMBI COPTUPOBKM AAaHHBIX. 3ajada TOMCKa
KpaTdaimux myTed B rpade.

TemaTuueckuii mJIan

Conep:xareabHbIii MOAYJIb 1

Kosn4yecTBo 4acoB
Ounas ¢gopma 00yueHust 3aouHas popma o0yueHust
B T.Y. B T.4.
w = = w
< S <
Ha3zBanus comep:kaTejibHbIX 2 % T E S % = S
- 4
MoayJieil ¥ TeM = =| 8| & 8 85 = = S Bl 5 = 5 o
Q = 2] o) = B I ] = ] 1) = = I
Q 5l 5 El R g 2¢ © 5 o & &R o 2.9
M (> = s | g g m Z = s | 8¢ Fg
O = ol g 9 = d 5 = ol B S =
= ~ o o & A g = ~ o) o & Mg
Sl el 3 = S| 9| & =
< s = Q. < s =
= = < e} = = < sl
) =~ ) ~
Tema 1. Ilpunuyunst nocmpoenus
napannenvhvix epiuucaumensuvlx | 24 | 4 | - | 6 8 6
cucmem.
Tema 2. Ananus
GHIUUCIUMETbHOU CILONCHOCHUL 25 | 6 | - 6 7 6
RApaIenbHbIX AN2ZOPUMMO8
Tema 3. Pazpabomka
P 30|6|-112|6 |6
napanenbHvIX NPOZPamm
Tema 4. Ilapannensvnoe
npozpammuposanue npu nomowgu | 29 | 2 | - |12 | 9 6
mexnonozuu OpenMP
Hmozo
no cooepicamenbHomy mooynro 1 108 |18 | - | 36 | 30 | 24
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5. METOAMYECKHME PEKOMEHJIAIIUU JJIs1 IPOBEJAEHUSA
JEKIIMOHHBIX, MPAKTUYECKHNX U JTABOPATOPHBIX 3AHATHUI

TeMbl JIEKIITMOHHBIX 3aHATHI

No Konuuecmeo
i Ha3zeanue memoi 4aCos
1 |[Beemenme. IlapamnensHbie KommbloTepel u  cynepOBM. Knaccudukanms 2

MapajICIbHbIX BBIYUCIUTCIbHBIX CUCTCM. Tunsr Inapauiejindma.
2 [[apamnenu3sm ©a ypoBHe kKomania. Kouseiiep. Cynepckamspaocts. SIMD )
koMaHibl. [TapauienusM Ha ypoBHE 3a7ad.
3 |AnanuTudeckue METOABI OMPENEICHUS BBIYUCIUTEIHHONU cIoKHOCTH. OIleHKa 2
BBIYUCIIUTCIIBHON CIIOKHOCTU JIA MOCJIICA0BATC/IbHBIX aJITOPUTMOB.
4 |[Toka3zatenu AJsl OLEHKH MapajuieNbHBIX aJrOPUTMOB: YCKOpeHHe, 3P PEKTHBHOCTD 2
1 CTOMMOCTb IMapaJuIeNIbHBIX aIropuTMoB. 3akoHbl AMzana u ['ycradcona.
5 OKCI CPUMCHTAJIBHBIC MCTOABI OHNPCACIICHUSA  BBIYUCIUTCILH Ol  CIIOKHOCTH. 2
CpencTa npopIMpOBaHusL.
6 |dexommosuius mo (YHKIUSAM M 1O AaHHBIM. [laHMpoBaHWE MapaslIebHbBIX 2
[pPOrpaMm.
7 [3aBucumoctn maHHBIX. CIIOCOOBI CHHXPOHU3AINH ¥ B3aUMOHUCKITIOUCHIS TTIOTOKOB. 2
8 [Ompenenenre cTOMMOCTH MPOTPAMMEI ¢ YI€TOM IMapaUIeILHOTO BHITIOTHEHHS. 2
9 |Opranuzanus TapauIeIbHBIX BBIYHCICHUN CPEICTBAMHU  TEXHOJIOTHH 5
OpenMP.
BCEI'O 18
Tembl 1a00paTOPHBIX 3aHATHI
o Konuuecmeo
i Ha3zeanue memoi ACOs
1 |[[Hapamrenu3m Ha ypoBHe komaHA. Konseitep. CyrnepcKkansipHOCTb. 2
2 |[TapamnenusMm Ha ypoBHE maHHBIX. SIMD xomaHbI. 2
3 |[TapamnenusMm Ha ypoBHE 3a/1a4. 2
4  |OueHKa BEYUCIUTENBHOMN CIIOKHOCTH JUIS TTOCIIEA0BATEIBHBIX aJTOPUTMOB. 2
5 [Yckopenue, 3¢ heKTHBHOCTE M CTOMMOCTD HapauICIBHBIX AITOPUTMOB. 2
6 [OxcmeprMeHTaIBHBIC METONBI ONMPEACIICHUS BEIYUCITUTEIHFHON CIIOKHOCTH. 2
7 |dexommosurus o GyHKITHSIM. 2
8 |dexoMmo3HUIIKSs IO TaAHHBIM. 2
9 |3aBucuMoOCTH HaHHBIX. THUIIBI 3aBHCUMOCTEH. 2
10 |CrocoObl CHHXpOHU3AINH. 2
11 [Onpenenenne CTOMMOCTH MPOrPpaMMBI C YUETOM MApaJUIEIbHOTO BBIIOIHEHHUS. 2
12 |MacmTabupyemMOoCTb. 2
13 |[lapamtensHble U mocienoBarenbubie 00aactu. upextusa parallel. 2
14 |PacnapannenuBanue ornepaTopa 1ukia. CHHXPOHU3AMS ¥ PEAYKIHUS. 2
15 |[lapaiensHble aITOPUTMBI MATPUIHOTO YMHOKEHHS. 2
16 |Bbrumcienue onpeneneHHOro HHTErpajia B MHOTOIIPOLIECCOPHON CHCTEME. 2
17 |[TapamienbHbIE AITOPUTMEI COPTUPOBKH JAHHBIX. 2
18 [3apmaua mowncka kpardaiimmx myTer B rpade. 2
BCEI'O 36
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6. METOAWYECKUE PEKOMEHJAILIUU 11O OPTAHU3ALIUN
CAMOCTOSTEJBbHON PABOTHI CTYJIEHTOB

Opraﬂmaunﬂ CaMOCTOSITeNbHOM paﬁoTbl CTYAEHTOB

IS

Konuuecmeo
4acoe

Hazeanue memui

s
S

YV ckopenue, 3 HeKTUBHOCTh M CTOMMOCTD MapalIeIbHBIX aJIrOPUTMOB. 4

9KCHCpI/IMeHTaHLHLIC MCTOAbI OIIPCACIICHU A BBIYMCIIUTEILHON CI0KHOCTH.

[Unousuodyanvroe 3adanue Ne |

VYMHOXCHHE MaTpulbl Ha BEKTOP.

YMHO)eHne MaTpull. (P (HEKTUBHOCTD NapaieIbHOI0 MOIX0/a. .

[Unousuoyanvroe 3adanue No 2

I/IHTerI/IpOBaHI/IG MCTOOOM MPAMOYTI'OJILHUKOB.

Brruncienre onpeneieHHoro HHTerpaila B MHOTOIIPOIIECCOPHOM cucTeMe.

OO |N|[O|OI|D|W[IN|F-

[Unousuoyanvroe 3adanue Ne 3

[EY
o

[TapasuienbHbIe aITOPUTMBI COPTUPOBKH JTAHHBIX.

-
[N

Hnousuoyanvroe 3adanue No 4

[EY
N

3aaya moricka KpaTyalimx myTei B rpade.

QWO IN|O|WIW|ID|R|W|IO|~

[EY
w

Hnousuoyanvroe 3adanue No 5
BCEI'O

(@) ]
&

7. NHIANBUAY AJIBHBIE 3ATAHUSA

HCIIO/IB3OBAHUE TEXHOJIOI'HH ITAPAJUVIEJIBHOI O IIPOI'PAMMHPOBAHHA
OPENMP I11PH PEA/TU3ALIHH TAPAJUIEJTBHOI'O YMHOKEHUA MATPUI]

Henw: osradenue mexunonocuei OPenMP  ons peanuzayuu napanieibHvix anecopummos
VMHONCEHUSI MAampuyvbl HA BEKMOp, HNEPEMHONCEHUs. MAmpuy, GblYUCTIeHUs ONpeOeleHHO20
uUHme2pand, yYem-HeyemHou copmuposku, arcopumma Pnotuda noucka Kpamuauwux nymetl 6

epaghe.

3aganusa:

(2) (i.i=0.N-1)

1) Beraucnuth 31eMeHTHI ABYMCPHOI'O KBaApaTHOI'O0 MacCCHBa )

UCIOJIb3YSl U BBIYUCICHUA (DYHKIUIO %j = f(l’ J) OpU TOMOIIU [OCIIEOBATEILHOIO H
NapajuleNbHOrO aIropuTMOB. [l pas3IMyHBIX 3HAueHMI pasmepHocTH MaccuBa N M konuyecTsa
MIPOLIECCOPHBIX SIIEP OIPENEIUTh SKCIEPUMEHTANbHO TMoKa3zaTenu ASPGEKTUBHOCTH Ui ITHX
IITOPUTMOB M CPaBHUTH UX C OkHAaeMbIMH. ClielaTh COOTBETCTBYIOIINE BHIBOIbI.

2) a) BoImosiHUTe peanu3annio naparieabHOr0 arOpUTMa YMHOKEHHS MaTPHUIBl HA BEKTOP,
OCHOBaHHOTO Ha JIEHTOYHOM pa30MEHWH MaTpHIlbl Ha TOPU3OHTaJbHbIE Mojochl. IIpoBenute
BBIYMCIIUTENIBHBIE JKCIEPUMEHTBl C Y4Y€TOM IapaMeTpPOB HCIOJIb3YEMOW BBIYMCIUTEIBHON
cucteMbl. CpaBHUTE pE3yIbTaThl PEATBHBIX SKCIIEPUMEHTOB C TEOPETUYECKMMH OLIEHKAMU.

6) BoinosiHuTe TMapaleNbHYIO0 pealu3aluio MaTpuuHoro ymuoxenus A- A, mposeure
COOTBETCTBYIOINE DKCIIEPUMEHTHI U CACIANTE BHIBOIBI.

3) IlpoBecTH 4YHCICHHBIE SKCHEPHUMEHTHI JUIS TOCICIOBATEIbHON M ABYX MapauIeIbHBIX

BEpPCUH JBYMEPHOTO HMHTETPUPOBAHUS (YHKIIUU f(x,y) no obnactu D=[0, a]X[O, a] v
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MOMOIIBI0 (POPMYIIBI TIapaJUICICTIUIICIOB B MHOTOSIEPHON BBIYUCIUTENBHOU cucteme. [locTpouTh
CPaBHHUTCIIbHBIC IarpaMMbl CI[CJIaTb COOTBCTCTBYIOIIUC BLIBOJBI.

4) BBINOJIHHUTE peaTn3aluio MOCIeI0BATEIILHOTO H MApAJUICIBHOTO aIrOPUTMOB 0000IIEHHOM
IIy3bIpbKOBOM COPTUPOBKHM (UET-HEUETHAas IEepecTaHOBKAa). MaccuB COpPTHPYEMBIX JaHHBIX
reHEePUPOBATh CiIy4allHbIM 00pa3oM. I[IpoBenure BBIUMCIUTENBHBIE 3KCIEPUMEHTHI. CpaBHHUTE
IMOJIYYCHHBIC SKCIICPUMCHTAJIBHBIC PE3YJILTAThI C TCOPECTUICCKUMHU OLICHKAMMU. Czlenal?ne BBIBOJbI.

5) BemonHuTe peanM3anuio  mapauienbHoro  airoputma  ®moiiga.  [IpoBemute
BBIUHCIIUTENbHBIE AKCIEPUMEHTHL. [lOoCTpOTE TEOpETHUUECKHE OIIEHKHM C YYE€TOM IapameTpoB
I/ICHOJIB?;}’CMOﬁ BBEIUMCITMTEITBHOM CHUCTEMBI. CpaBHI/ITe IMOJIYYCHHBIC OLCHKHU C
OKCIICPUMCHTAJIbHBIMHA JaHHBIMU.

8. KOHTPOJILHBIE BOITPOCHI K IPOMEXKYTOUYHOM ATTECTAIIAH

1. TIpeamonoskum, 4TO OJMH 3€MIEKON MOXKET 3a Yac BRIPHITH My pasmepom 1x1x1 m® u
criocoOeH paboTaTh B TaKOM pEXHME JOCTATOYHO JOJTO. 3a Kakoe Bpems Opurama uz 5, 10, 20
3eMJIEKOTIOB BEIPOET MY pasMepoM 2 X 2 M? u TiryOuHoi 1 M.

2. Tloctpoiite rpaduk BpeMeHH BBITIOJTHEHUS! pabOThl B 3aBUCUMOCTH OT YHCIIa 3€MJIEKOTIOB B
Opurase.

3. Tloropure 3amanus 1. 1, 2 ms aver 10x10 M2, roy6unoit 1 M u 6puragsr u3 10, 100
3€MJIEKOIIOB.

4. KonBeliepHoe YCTPOICTBO COCTOUT U3 MATU YCTpOUCTB. BpemeHa cpabaTbiBaHMii CTyHeHeH
paBHbl 1, 1, 2, 1 1 3 TakTa cOOTBETCTBEHHO. C KaKOW MaKCUMaJIbHOW YaCTOTOM Ha BBIXOJE TAHHOTO
ycTpoiicTBa OyAyT MOSBIATHCS pe3yibTaThl, €CIM Ha €ro BXOJ apryMeHThl MOCTYNalT 0e3
nepedoen?

5. 3a kKakoe MHHHMAaJIbHOE YHCJIO TAKTOB MOKET OBITH BBIMOJHEHO 70 omeparnuid, eciau B
pacropsKEHUU €CTh YCTPOMCTBO, ONTMCAHHOE B 3a/1a4e S.

6. B xommeroTepe ecTh 7 mapawieabHO pabOTAIONIUX YCTPOMCTB, KAXI0€ M3 KOTOPBIX MOXKET
BBITIOJIHUTh ONEPAlHI0 32 7 €JUHULl BPEMEHH. 3a KaKO€ MHUHHMAJIBHOE BpPEMs 3TOT KOMIIBIOTED
o0paboTaeT 7 HE3aBUCUMBIX OTIEPAITHIA?

7. KouseiiepHoe ycTpoiicTBo coctout w3 K crymeneii, cpabateiBatommx 3a M, Ny, ..., Nk

TaKTOB COOTBETCTBEHHO. 3a Kako€ MHHHMMAJIbHOE YHCJIO TAaKTOB MOXET OBbITh BBINOJHEHO M
omepaluii Ha TAaKOM YCTpOMCTBE?

8. HazoBute ypoBHU mapaienusma. K kakoMy ypoBHIO OTHOCHUTCSI KOHBeHepHas oOpadoTka
KoMaHx?

9. Yrto Takoe BpeMeHHas CI0KHOCTh allropuT™Ma?

10. Kaxkue nokazaTeny UCHOJIB3YIOTCS JJISl OLICHKHU MapaljIeIbHbIX aIrOPUTMOB?

11. Ouenure 2 anroputMa, CTOMMOCTH KOTOPHIX B TMOCIEAOBATEIbHOM M MapalljIeIbHOM
peXHMe OAMHAKOBHI. FIMeeT 11 CMBICT UCTIONB30BaTh MapaliebHbINA AITOPUTM B 3TOM cliydae?

12. Omnpenenute 3HaueHUsT YCKOpEeHUS, S(PPEKTUBHOCTH U CTOMMOCTH, €CJIH HW3BECTHBI
CIIEyIOIIMe BPEMEHHbIE XapaKTePUCTUKH: s 6 TMpOIecCOPOB  BpeMsl  BBIIOJIHEHUS
MIOCJIEI0BATENILHOM YacTH COCTaBIISIET 25 % U BpeMs BBITOJIHEHUS NapaJIJIEIbHOM YaCTH COCTAaBISET
75 %.

13. Ompepnenute BpPEMEHHYIO CIOXHOCTh Ui alTOPUTMa BBIYUCICHUS CYMMBI 3JIEMEHTOB
OJIHOMEpPHOT'0 MaccHBa B MOCIIEI0OBATEIBHOM pekuMe. [IpoBephTe IKCIIEPUMEHTATBHO MOJTYyYEHHBIE
COOTHOIIEHHUSI.

14. Ompenenute BPEMEHHYIO CIOXHOCTh Ui alIrOpUTMa COPTHPOBKA METOJIOM MPOCTOM
BCTaBKM OJHOMEPHOIO MaccHMBa B MOCJIEAOBATENIbHOM pexume. [IpoBepbTe 3KCHEepUMEHTaIbHO
MOJYy4YEHHBIE COOTHOILLICHHUSL.

15. Ompenenute BpPEeMEHHYIO CJIOXXHOCTh JJSi QJITOPUTMA  BBIUKCICHHS  CKAISPHOTO
MPOU3BEICHUS] JIByX OJHOMEpPHBIX BEKTOPOB B TMOCJIEAOBaTeIbHOM pexume. I[IpoBepbte
AKCIIEPUMEHTAIILHO MOJIyY€HHbIE COOTHOIIEHUSI.
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16. Onpenenute BpeMEHHYIO CJIOKHOCTB JUIS QJITOPUTMA BBIYMCIICHUS TPOU3BEIACHUS MATPHIIBI
Ha BEKTOp B IIOCJIEIOBATEIbHOM pexume. IIpoBepbTe SKCIEPUMEHTAIBHO IOJYYEHHbIE
COOTHOLLIEHUSI.

17. Onpenenute BPEMEHHYIO CJIOXKHOCTb JUJIsl QJIrOPUTMa BBIUMCIEHUS IPOU3BEACHUS
IPSMOYTOJIbHBIX ~MaTpUIl B IOCJIENOBATEIbHOM pexume. llpoBepbTe sKCHEpUMEHTaIbHO
[IOJIy4E€HHBIE COOTHOILIEHHUS.

18. Onpenenure 3Hau€HUsl yCKOpeHUs, 3(P(EKTUBHOCTH U CTOMMOCTH JJIsl ajJropUTMa
BBIYMCIIEHUS CYMMbl 3JEMEHTOB OJHOMEpPHOIO MaccHBa, €CJIM: a) YHUCIO IPOLIECCOPOB HE
OTPaHUYEHO; 0) YKCIIO TTPOLIECCOPOB 3a7aHo (p > 2 ).

19. Yo ompenenstor yciaoBusi bepHcraiina?

20. Ucnonezys GCD Tect, mpoBepuTh HaJW4ME WJIM OTCYTCTBHE 3aBHCHMOCTH IS ITHKJIA:
for(i=0; i<n; ++i) x[i]=x[2*1];

21. MoxeT i yCKOpeHHe OBITh OOJIbIIE, YeM YHCIIO sIep MpoIeccopa, B KaKOM CIydae 3TO
BO3MOXHO?

22. ]l KakkX OIEPAalMOHHBIX CHUCTEM W S3BIKOB IPOTPAMMHUPOBAHHS €CTh TMOJUIEP)KKa
OpenMP?

23. Kak mporpammHO mpoBeputh, 4T0 pekum OpenMP Briouen?

24. B kakux eQMHHUIAX BO3Bpamaer Bpems (yHkuus omp_get_wtime()? Kak onpenenutsb
TOYHOCTh HU3MEpeHHus BpeMeHH? HamummTe COOTBETCTBYIOLIUN KOI.

25. TlycTh 4MCIO TIOTOKOB 3amaHo mapamerpoM num_threads(2), mapamerpom cpemsl
OMP_NUM_THREAD (3) u ¢yuxuueii omp_set num_threads (4). Ckoiabpko NOTOKOB OymeT
co3gaHo i mapajvienbHoil  cexkuuu?  [IpoBepbTe  OTBET  COOTBETCTBYIOUIMM  KOJOM
MIPOTPaMMBEI.

26. Kakve mapameTpsl HaJI0 TNepelaarh IMOTOKOBOW (YHKIMK JUIS pachapauieTuBaHuUs
LKA C U3BECTHHIM YHUCIOM MOBTOPEHUI?

27. OmpenenuTe TMOTOKOBYIO (YHKIHIO JUIS TMapajUIeIbHOTO BBITIOJHEHUS IUKJIA CIOXCHHUS
JIBYX BEKTOPOB C (UKCHPOBAHHBIM pa3MmepoM. Hamummre koa uis cO3laHUS MOTOKOB HU
OTIpelieNIuTEe BpPEMsl BBINOJHEHUS CYMMHpOBaHHUs 0€3 MOTOKOB W C HCIOJIb30BAaHUEM IOTOKOB.
Onpenenure 3HaYeHHE YCKOPEHHUS B 3aBUCUMOCTH OT pa3Mepa BEKTOPOB.

28. CocraBbTe (YHKUMU JUIS BBIYHCICHUS CKAISIPHOTO TMPOM3BEJCHHS JBYX BEKTOPOB B
MOCJIEIOBATEILHOM U HapajlieIbHOM pekumMax. Jisi HaKOIUIeHHsI CYMMBI B MapajlIeIbHOM PEKUMe
ucnoab3yite reduction. CpaBHUTE IPOU3BOAUTEIBHOCTA (DYHKITHA.

29. CocraBbTe (YHKUMU Ui YMHOXKEHHUS MaTpULbl HAa BEKTOpP B IMOCIEOBATEIBLHOM U
napajuielbHOM pexumax. [l HakomieHus CyMM B MapajjIeIbHOM peXUME HCIONIb3yHTe
reduction. CpaBHUTE NPOU3BOAUTEIHLHOCTU (DYHKIIHIA.

30. Ilyctes mapamnenbHBId y4acTOK MPOTpaMMbl COJEPXKUT BBIBOJ JJIEMEHTOB MAacCHBA,
chopMUpOBaHHBIX B Tmpolecce BbhluucieHuid. Kak obOecrneuynTh BBIBOJA B €CTECTBEHHOM
MOpsiIKe, a He B TMOpSAAKE BBHIMOJHEHUS NOTOKOB? Hamwumute ¢yHKIMM € BBIBOJOM B
MPOU3BOJLHOM M (PUKCUPOBAHHBIM mOpsAke. V3mepbTe Bpems BBINOMHEHUS (QYHKUUN Ui
oOoux BapuaHToB. CrenaiiTe BBIBOJBI.

31. Ilycth HEOOXOAMMO HaKalJIUBaTh CyMMY 3JIEMEHTOB. [l 3TOT0 MOXHO HCIOJIb30BaTh
reduction WIH JUPEKTUBY #pragma omp atomic. Kakoit u3 stux cnocoboB Oomee
apdexTuBHbIN? [loyemy?

32. Kak  MCK/IIOYMTH  BO3MOXHOCTb  B3aUMHOW  OJIOKHPOBKM TPH  HUCIOJIb30BAaHUU
HECKOJIbKUX BIJIO)KEHHBIX KPUTHUYECKHX CEKLU?
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9. OBPA3EL MOAYJbHOI'O KOHTPOJIA

TrOY BIIO (IOHEIKHA HAIIMOHAJIbHBIA YHUBEPCUTET»
@akynbTeT MaTeMaTUKH U HHPOPMALMOHHBIX TEXHOJIOTUH

Hanpasnenue noocomosxu: 01.04.02 IIpuxnaonas mamemamura u ungpopmamuxa
Mazcucmepckas npoecpamma: Ilpuknaonas mamemamuxa u ungpopmamuxa
IIpozpamma noozomosxu: aKademuyueckan Mazucmpamypa

Cemecmp i

Vuebnas oucyuniuna Ilapannensnoe npozpammupoganue

MOAYJbHASA KOHTPOJIBHASI PABOTA
BAPHUAHT Nel
1. Hazosure ypoBHM mapamienu3ma. K kakomy ypoBHIO OTHOCUTCSI KOHBeWepHasi oOpaboTka
KoMaH?
Kaxue mokazaTenu UCTIONMB3YIOTCS ISl OIIEHKU MapalIeIbHbIX aJITOPUTMOB?
3. Ucnonwezys GCD Tect, mpoBepuTh HaJM4YME WM OTCYTCTBHE 3aBHCUMOCTH JUISI IIHKJIA:
for(i=0; i<n; ++i) x[i]=x[2*1];
4. CocraBbTe (YHKIHM IS BBIYHCICHHS CKAISAPHOTO TIPOM3BENEHHS JBYX BEKTOPOB B
MOCJIEIOBATEIFbHOM M MapajUieIbHOM pexumax. [l HaKOIUIEHHS CYyMMBbI B MapaijieIbHOM
pexume ucroiib3yiite reduction. CpaBHUTE IPOU3BOAUTEIBLHOCTH (DYHKITHIA.

N

VYTBepkIeHO Ha 3acefaHuu Kadeapoil TeOpUH yIPYrocTH U BBIYUCIUTEIBLHON MaTEeMAaTUKH UMEHU
akagemuka A.C. Kocmomamuanckoro, mpotokost Ne oT“ 7 20 T

3aB. kadeapoi
[IpenonaBarens

Kputepun oneHuBaHus MO1YJIbHOI0 KOHTPOJIS

Homep 3a0anusn Koauuecmeo o6annos
3aganue 1 10
3aganue 2 10
3amganue 3 10
3aganue 4 10
Bcezo 40

10. OBPA3EIl DK3AMEHAILIMOHHOI'O BUJIETA
(e npedycmompen npocpammoi)

11. OBPA3EILl TECTOBOI'O 3AJIAHUS (ne npedycmomper npoepammort)

12. KPUTEPUU OLIEHNBAHMUSA
IIo kypcy mpenmnonaraercs MpOBEIECHHUE MPOMEXYTOYHOM aTTECTAllMM B BUAEC MOIYJIBHOIO
KOHTpOJIS, BBINOJHEHUE WHIMBHUIYAIbHbIX 3aJaHUN W 3a4eT. 3a4eT CTYAEHTHl CHAIT C LEJbIO
MIOBBIIICHUS PEUTHHTA.
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Pacnpedenenue 6annos, Komopvie MoZym nOJIYUUNLL CHYOECHHbL
6 npouecce uzyueHus OUCYUNIUHDL

OpranuszanuoHHo CPC
yueOHasi paboTa NuauBuayaabHbIe MoayabHbIi
CTyAeHTa 3aJaHus KOHTPOJIb
max 10 6ayuios max 50 6aoB max 40
OaioB

IlIkana coomeemcmeus 6an/108 HAUUOHAILHOIL WIKATIE

Ounenka Ouenka no OueHka 1o rocy1apcTBeHHOM 1IKaJIe Ouenka no
no mkaje | 100-6amnbHoi (3k3ameH, 1M PepeHUPOBAHHBIN 324eT) rocy1apcTBeHHOM
ECTS mKaje mKaJje (3a4er)
A 90-100 S5 (OTIUYHO) 3a4TEHO
B 80-89 4 (xopor1o) 3a4TEHO
C 75-79 4 (xopor1o) 3a4TEHO
D 70-74 3 (y10OBIETBOPUTEIBHO) 3aYTEHO
E 60-69 3 (yIOBJICTBOPHUTEIHHO) 3a9TEHO
FX 35-59 2 (Hey/IOBJIETBOPUTEIHHO) HE 3a4TEHO

C BO3MOYKHOCTBIO ITOBTOPHOM CHAYH
F 0-34 2 (HeYIOBJIETBOPUTEIHHO) HE 3a4TE€HO
C BO3MOKHOCTBIO IIOBTOPHOM CJIa4H MPHU YCIOBUN
00s13aTeTLHOTO HA0Opa JOTOITHUTEIBHBIX 0AJIIIOB

13. MATEPHUAJIBHO-TEXHUYECKOE OBECIHEYEHHUE YYEBHOI'O ITPOLIECCA

JlekuMOHHBIE 3aHATUS TPOBOJATCS B ayIUTOPUHM, OCHAIICHHOW JOCKOW. JlaGoparopHbie
3aHATHUS TPOBOJATCS B KOMIIBIOTEPHOM KJ1acce, 000pyI0BaHHOM KOMITBIOTEPAMH C JINIIEH3UOHHBIM

MIPOrpaMMHBIM O0ecreueHHeM, TOCTYIIOM K ceTu VIHTepHeT, cTosilaMu, T0CKOi.

14.  PEKOMEH/JOBAHHAS JIUTEPATYPA

Koa-Bo

Ne IK3EMILISAPOB
HaumenoBanue

n/n B OM0JIHOTEKe

JonHY

Hanunume
3JIEKTPOHHOI
BepCUH B
IbC

Ocnoenasa numepamypa

1. Heckopoaes, P.H. IlapamensHoe mNporpaMMupOBaHUE
[Dnexrponnsiii  pecypc]: yuebnoe mocobue / P.H.
Heckopoaes; I'OY BIIO “JloHenkuii HanuoHaIbHbBIN 10
yauBepcutet”’. — Jloneuk: JouHY, 2019. — snexrponnsie
nanubie (1 daiin).

2. Heckopones, P.H. Opranuzanus napamieabHbIX
BBIYHCIIEHUH Mpu oMoInu TexHonoruun OpenMP
[DnexTponHsIii pecype]: yueOHO-MeTOANYECKOE TOCOOUEe
JUIsl CTYA€HTOB HarpasiaeHus: noarorosku 01.04.02
[Ipuknannas maTemaTrka U uHGopmaruka /

P. H. Heckopoaes; I'OY BIIO “/lonenxuii
HalMOHaNbHBIA yHUBepcuTeT . — Jlonenk: JlonHY,
2019. — snexrponHsle ganHble (1 daiin).
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Jlonoanumensnas numepamypa

3. Boesomun B.B. Ilapamnenbubie BbluucieHus: Yueo0.
nocobue Ui By30B 1o HampasieHuto "[lpuknannas
MaTematuka u uHGopmaruka" / B.B. Boesonun, Bi.B.
Boesogun. — CI16.: BXB-Ilerepoypr, 2002. — 608 c.

4, Kauko E.I'. Tlapamnensroe uporpammupoBanue / E.I.
Kauko. — Xapskos: ®opr, 2011. — 528 c.

S. Bapckwuii A.b. IapannensHpie HHPOPMAIIOHHBIE TEXHO-
norun / A.B. Bapckwuii. — M.: UaTepHET-YH-T HHPOPM. 2 -
texnosoruii: BUHOM. JIa6. 3gaunnii, 2007. — 502 c.

6. I'eprens B.II. Teopus u npakTvka napauleabHbIX
Beraucienuii / B.I1. I'eprens. — M.: bunowm. JlaGopatopust 2 -
3nanuii, 2007. — 424 c.

1. Kanoepos C.A. IlporpammupoBanue Ha s3bike C++:
yue0. nocodue / C.A. Kanoepos. — Jlonenk: FOro-Bocrok, 85 -
2009. — 298 c.

8. baxsanos, H. C. Yucienusie MeToabl: Yued. mocobdue s
cTyneHTOB (u3.-mar. cnen. By30B / H. C. baxsanos, H. I1.
Kunkos, I'. M. KoGenbkoB. — 2-¢ n3x. — M.: JIa6. bas.
3nannii; CI10.: Hesckuii nuanext, 2008. — 640 c.

15. MH®OPMAIIMOHHBIE PECYPCbI

http://parallel.ru - JTabopatopuu [TapannensHbix HHOOPMAMOHHBIX TEXHOJIOTHIH HaydHo-
MCCIIeJOBATEIbCKOTO BBIYUCIUTEIBHOTO IeHTpa MOCKOBCKOTO TOCYIapPCTBEHHOTO YHUBEPCUTETA
nMmenu M.B.JlomoHOCOBA;

16. MMPOI'PAMMHOE OBECIIEYEHHUE
Omnepanuonnas cuctema Microsoft Windows 7, cpeaa paspabotku Microsoft Visual Studio.

Pabouass mporpamma paccMOTpeHa M IE€peyTBEp)KJ€Ha Ha 3acellaHuM KadeIpbl TEOpHUH
YIOPYroCTH W BBIYMCIUTENBHOM MaremaTuku uMeHu akajgemuka A.C. Kocmonamuanckoro c
n3MeHeHusMu (6e3 usmenenuit) Ha20  ron.

[Tporokosa Ne or“ 7 20 1.

3aBenyromuii. kadenpoit B.A. Cropoxen

PaGouass mporpamma paccMoTpeHa M TepeyTBEepikJeHa Ha 3aceqaHuu Kadeapbl Teopuu
yIPYroCTH U BBIYMCIUTENbHON MaTemMaTuku wuMeHu akaaemuka A.C. Kocmomammanckoro c

n3MeHeHussMHu (0e3 u3meHenuii) Ha 20 TO/I.
IIporokour Ne or“ 7 20 1.
3aBeayromiuii. kadeapoit B.U. CropoxeB

Pabouas mporpamma paccMOTpeHa M TEpeyTBEp)KJeHa Ha 3acellaHuM KadelIpbl TeopHUu
YOPYTOCTU W BBIYUCIUTEIbHON MaremaTuku uMmeHu akajgemuka A.C. KocMomamumaHckoro c
n3MeHeHusMu (6e3 usmeHenwnit) Ha20  ron.

IIporokou Ne or“ 7 20 1.

3aBeaytomuii. kadeapoit B.A. CropoxeB
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