MuHHCTEPCTBO HAYKH M BBICIIIETO 00pa30BaHUs
Poccuiickon denepanmnu

®denepanbHOE rOCYIAPCTBEHHOE OIOIKETHOE
o0pa3oBaTeNbHOE YUPEXKICHHUE BBICIIIET0 00pa30BaHUs
«JloHEeK1 roCcy1apCTBEHHBIN YHUBEPCUTET)

dakyIbTeT MATEMATHKH U MHHOPMAITMOHHBIX TEXHOJIOTHIA
Kadenpa Teopun ynpyroctu v BBIYUCIUTEILHON MaTeMaTHKA
nmenn akagemuka A.C. KocMomaMuaHCKOTro

AOKYMEHT NOAMNUCAH 3MIEKTPOHHOM NOANUCHIO

CepTtudukar 03CT1BBABF83E153235592ADEEC463FDD
Bnapeneu MALWIAPOB MABE/T AHATOJTbEBUY
HencteuteneH ¢ 06.07.2026 no 29.09.2027
[onxHOCTL NpopeKTop

YTBEPXIAIO
IPOPEKTOP

I1.A. Mamapos

«16» ampens 2026 r.
MII

PABOYAA ITPOT'PAMMA JIUCIUITJINHBI

ITAPAJIVIEJIBHOE TIPOI'PAMMUPOBAHUE AJITOPUTMOB
NCCIEAOBAHUA MEXAHUKHU JIE®@OPMUPOBAHUA

YKpylHEHHas rpyIa HallpaBJIeHUN
MIOATOTOBKH

[Iporpamma BeICIIET0 0Opa30BAHMS
Hanpasnenue noarotoBku

HanpasneHHOCTB (TIPOQHIIB)
00pa30BaTeNbHOM NMPOrpaMMbl
Kpanuduxarnms

®opma 00yueHus

01.00.00 MaremaTuka 1 MEXaHUKA

IIporpamma MarucTparypsl
01.04.02 IlpuknagHas  MaTeMmaTHuKa
nH(popMaTrKa

IIpukinagnas MaTeMaTHKa
MH(OPMALIMOHHBIE TEXHOJIOTUU
Marwuctp

Ounas

Pabouas mporpamMma MOKET ObITh alaliTUpOBaHAa JJIsl JIUII
C OTPaHUYECHHBIMU BO3MOYKHOCTSIMH 37I0POBbSI U HHBAJIHUJIOB

Jonenk 2026

u

u



PaGouas nmporpamma aucuummiuael «I[lapajiieabHoe MporpaMMHpPOBaHHE AJITOPUTMOB
MeXaHuKH jJedopMupoBaHus» g oOydamommxcs mo HampasieHuro moarotoBku 01.04.02
[Tpuknagnas wmarematnka u  uHpopmaruka (Ilpoduns: Ilpuknannas wmaremaTuka H
nH(}OpPMallMOHHBIE TEXHOJIOTUH), COCTaBlieHa Ha OCHOBaHMH DelepasbHOr0 rocyJapCTBEHHOTO
00pa30BaTEeNBbHOIO CTaHAAapTa BBHICIIEIO OOpa30BaHMsS — Marucrparypa IO HalpaBICHUIO
noarotoBku 01.04.02 TlpukmanHas maremMatnka ¥ WHPOPMATHKA, YTBEPXKIACHHOTO MPUKA30M
MunucrepcrBa obpazoBanust u Hayku Poccuiickoit @enepanuun ot 10 sHBaps 2018 r. Ne 13 (c
u3M. u joi.), [lopsaka opraHu3anuy U OCYLIECTBICHUS OOpa30BaTEIbHON AEATEIBHOCTH IO
o0Opa3oBaTeNbHBIM IpPOTpaMMaM BBICHIETO O0pa3oBaHHsl — MporpamMmaM OakajaBpuaTta,
mporpaMMaM  CHEIMaMTeTa, M[pPOrpaMMaM  MAaruCTPaTypbl, YTBEPXKICHHOTO MPHKA30M
MunucTepcTBa HayKH U BbIciIero oopaszoBanus Poccuiickoit @eneparun ot 06 ampens 2021 r.
No 245 (c u3M. 1 J1011.), B COOTBETCTBHH C YU4EOHBIM IJIAHOM, YTBEP)KICHHBIM YUYECHBIM COBETOM
OI'BOY BO «/lonl'Y» nns nabopa 2026 rona.

Pa3paboruuk:

W.0.3aB. kadeapsl TEOpUU yIpyroctTu

Y BBIYHMCIIUTEIILHON MaTEMaTUKHI

nMm. akaza. A.C. KocmMomamMuaHcKkoro,

JIOKTOP. (pu3.-MaT. HAYK, TOIIECHT P.H. Heckopones

PabGowas mporpamma omoOpena Ha 3acenaHuM  Kadeapbl TEOPHHM  YIPYTOCTH U
BBEIUHCIATENbHOM MaTeMaTuky UM. akag. A.C. KocMomaMuaHCcKoOro.

[Tporoxoi ot 09.04.2026 Ne 12

W.o. 3aBenyromero kagenpoi P. H. Heckopoues
COI''TACOBAHO:

Bpuo nexana ¢akynbrera MaTeEMaTUKU U

UH(POPMALIMOHHBIX TEXHOJIOTUH H.E. Mamenko
16.04.2026

VY4eOHo-MeToAnYecKass KOMUCCHUS (aKyJIbTeTa MaTEMAaTUKU U MH(POPMAIITMOHHBIX TEXHOJIOTH.
[Tpotokoun ot 15.04.2026 Ne 3
IIpencenarens 10.B. AGpamenkoBa

PykoBonuTenr  OCHOBHOW  oOpa3oBaTenbHON
IporpaMmsl, A-p Gpu3.-MaT. HayK, AOLL. P.H. Heckopones
09.04.2026



3

1. MECTO JUCHHUITJIMHBI

1.1.TpeGoBanust K NnpenBapUTEIbHON MOArOTOBKE OOYy4YaroOLUXCsl, MPEAIIECTBYIOINE U
COITYTCTBYIOIIME AUCUUIUIMHBI, HA KOTOPBIX OCHOBBIBACTCS U3yYCHHE JTaHHOM:
JIMCLUUIUIMHBL TIpOorpaMMbl  OakanaBpuata: MaremaTnueckuii aHanmu3, JluckperHas
MaTemaruka, Anredpa U reomeTpus, ApXHUTEKTypa KOMIbIOTEepoB, OnepanuoHHbIE CHUCTEMBI,
UYucneHHble METOIbI, SI3BIKM U METO/IbI IPOrPaMMHUPOBAHUS, AJITOPUTMBI U CTPYKTYPbI IaHHBIX.
JUCHUIUIMHBL  MPOTpaMMbl  MarucTparypbl: MeTOAOJOTUSI U METOJbl HAaYyYHBIX
UCCIIEI0BAHNM, /J[UCKpETHBIE MATEMAaTUYECKUE MOJCIIH.
1.2. lucuuIuivHel, KypcoBble pabOThl M MPAKTUKU, IJII KOTOPHIX OCBOEHHE JaHHOMN
JTUCLUUIUIMHBI HEOOX0IMMO KaK MPE/IIeCTBYIOIIee:
WupyctpuaneHble  BOJIHOBBIE — TEXHOJOTMHM, Hekiaccuueckue MOJAEIM  TEOpUHU
nepopmupoBanusi, [Ipou3BoacTBeHHass NpPaKTUKA:  HAay4YHO-MCCIIEAOBaTeNbCKas  paboTa
(oGs3atenbHast), [I[pon3BoACTBEHHAS MPAKTHKA: TPEIIUILIOMHAS MTPaKTUKa (00s3aTeNIbHAs).

2. OIIMCAHUME JUCHUITJIMHBI

2.1.00mas xapakTepucTuKa

HanmenoBanme mokasaTeins 3HaueHUEe NoKa3aTes

Ha3Banue oO6pazoBatebHON MPOrpaMMBbl 01.04.02 IIpukiagHas MaTeMaTUKa U
uH(popmaruka (Marucrepckas mporpamma:
[Tpuknannas maTemMaTuka u
UH()OPMAIIMOHHBIC TEXHOJIOT'HH)

[udp u Ha3BaHUE B COOTBETCTBUHU C b1.B.O/] [TapamiensHoe mporpaMMUpOBaHUE

y4€OHBIM TIJIAHOM QITOPUTMOB MCCIIEIOBAHUS MOJEIIEH
nehopMUPOBAHHUS

Yactb 00pa3oBaTEIbHON NPOTpaMMBbl BapuaruBHas yacTb: BEIOOp By3a

KosindyecTBO 3a4eTHBIX eIMHUIL / BCEr0 4acoB 41144

2.2.Pacnpenenenne 4acoB 1Mo GopmMaM u eproaaM o0ydeHuUs

O0111ee KOJIMYECTBO YaCOB
o,
o & CaMOCTOSI-
®opma &8 i Soa- i - o
> | 2 JIEKIA nmabopa- | TpaKTH TENBHOMN opMma
00y4enus 20 3 BCETO
8 OHHBIX | TOPHBIX | YeCKUX | paboThHI + KOHTPOJIS
KOHTPOJIb
QOuHas 1 2 17 34 — 93 144 3K3aMeH

3. LEJM JUCITATUIMHBI

q)OpMI/IpOBaHI/Ie Y CTYACHTOB INPAKTHYCCKHUX HABBIKOB OpraHU3alliyi HapalJICIbHbIX
AJITOPUTMOB JIsT MHOT'OIIPOICCCOPHBIX BBIYUCIIUTCIIBHBIX CUCTEM, B HpI/IO6peTCHI/II/I CTyACHTaMH
TCOPCTUUCCKUX U MMPAKTHUICCKUX 3HAHUH B 00J1aCTH napajjiCJIbHOI'O IMpOorpaMMHUpOBaHNA.

4. KOMIIETEHIIN OBYYAIOUIET'OCS, POPMUPYEMBIE B PE3YJIbTATE
OCBOEHUMA KOMIIOHEHTA OBPA30OBATEJIbBHOU ITPOI'PAMMEI, X
NHIAVKATOPHI U IINTAHUPYEMBIE PE3YJIBTATBI OBYUEHUA

4.1 KomneTeHunu
OIIK-1. CrmocobeH pemaTh akTyalbHble 3aladdl (yHIaMEHTAIbHOW U MPUKIATHON
MaTeMaTHKH.
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[TIK-2. CnocoGeHn pa3pabaThiBaTh U MPUMEHATh MAaTEMaTHYECKHE METOJbI, CHCTEMHOE
MPHUKIAHOE TMPOTrpaMMHOE oOOecredyeHrue Ui pelieHHusl 3adad  HAaydYHOWM ©  MPOEKTHO-
TEXHOJIOTHYECKOH JESITeTbHOCTH.

4.2 'niukaTopbl KOMIETCHITHA

OIIK-1.2.

AHanu3upyer U

HUCCIICOYCT MaTEMaTHYCCKHUEC MOACIN 3aJga4

po(eCcCHOHANTLHOM JEITeTbHOCTH Ha OCHOBE MOJYYEHHBIX TEOPETUYECKHUX 3HAHHWKA B 001acTH
NapauIeIbHBIX BHIUMCICHUM.

[1K-2.2. Pa3pabareiBaeT W UCCIEAyeT IOJyYCHHBIE MaTeMaTHUYECKUE MOJENIH
KOHKPETHBIX  3a7ady  Npo(ecCHOHANBHOM  NIEATEJBHOCTH C  MNPUMEHEHHEM  METOAMK
pacrapasieIMBaHus MPOLIECCOB.

4.3.Pe3ynbTarhl 00y4eHUS

OIIK-1.2.1. 3Haer MareMaTH4YeCKME METOAbl U  CHCTEMBl  TMapauIeIbHOTO

POrpaMMHPOBAHHUS JJIsl pa3pabOTKU M peaTn3alliy AITOPUTMOB PEIICHUS IPUKJIQJHBIX 33/a4.
OIIK-1.2.2. YMeeT OCYIIECTBIIATH BBHIOOp M AJaNTaIllMI0 MAaTEeMaTHYECKUX METOIOB H

IPOrpaMMHOTO oOecIieueHHs s pa3paboTKH M pealu3aluyl alrOPpUTMOB pEIICHHS 3a7ad

po¢eCCHOHATILHOMN IESTEITFHOCTH C UCTIOIb30BAaHUEM MAPAIICIBHBIX TEXHOIOTHH.

OIIK-1.3.3.

Bnaneer

HaBbIKaAMMU  OCYHICCTBJICHUA  TCCTHUPOBAHUA  IMAPAJIJICIBHBIX

MIporpamMm JJis OIEHKH JTOCTOBEPHOCTHU MOJTYyUYEHHBIX PE3yIbTaTOB.
[IK-2.2.1. 3Haer maremMaTHYeCKHE MOJEIW IS pelieHus 3anad mnpodecCHOHaIbHOMN

JACATCIIPHOCTH W MCTO/bI

BBEIYHCIICHUH.

UX MOJU(PHUKAIMA C YYETOM BO3MOXHOCTEH TMapajIelbHBIX

[IK-2.2.2. YMeeT HWCIoNb30BaTh, aHATM3UPOBATE U MOIU(DUIIMPOBATE MAaTEMATHUCCKUC
MOJIE]IA B COBPEMEHHOM €CTECTBO3HAHUU C UCIIOJIb30BAHUEM MAPAJUICIBHBIX TOAXO0JIOB.

5. INPOI'PAMMA TV CHUIUIMHBI

HazBaunue teMbl

KpaTkoe conepxanue TeMbl (BOIPOCH! TEMBI)

Paznen 1. IlpuHuumnel [TapannensHple  kommbioTepsl U cynepOBM.  Knaccudukarms
MOCTPOCHUS MapaJUICIBHBIX  BBIYMCIMTENBHBIX CHCTEM. THUIBI Iapauienusma.
napajuIeIbHbIX [Tapamnenusm Ha ypoBHe komaHI. Konseliep. CynepckalspHOCTb.
BBIYMCIUTEIbHBIX SIMD komangpr. [TapamiennsM Ha YpOBHE 3aj1ad.

CUCTEM.

Paznen 2. Ananu3 AHaJIUTUYECKHE METOABI ONPENETICHUS] BBIYUCIUTEIBHON CIIOXKHOCTH.
BBIUNCIUTEIbHOM OueHka BBIYUCIUTEIBHOW  CIIOXKHOCTH  JUI  TIOCJIEI0BATENbHbBIX
CJI0HOCTHU anroput™MoB. llokazaTenn [UIsi OLIEHKM MapaJuIeNbHBIX aJITOPUTMOB:
IapaJuIeIbHbIX yckopeHue, 3pPEeKTUBHOCTb U CTOMMOCTD MapaJlIeNIbHbIX alrOPUTMOB.
AJITOPUTMOB OKCIIEpUMEHTANIBHBIE ~ METOABl  ONPEIENICHHS  BBIUYMCIUTEIBHON

CJI0’)KHOCTH.

Paznen 3. Pa3zpabotka Jexommnosunus 1o ¢GyHKUMAM W 1O JaHHBIM. [lmaHupoBaHue
IapaJuIeIbHbIX NapajuleJIbHBIX ~ MpOrpaMM.  3aBUCUMOCTH  JaHHBIX.  CrocoOsl
IporpaMm cuHXpoHM3alMu. OnpenerneHrue CTOMMOCTH IPOrPaMMbl C  y4ETOM

NapaJJIeNIbHOrO BINOJIHEHHUs. MaciTaOupyeMocTb.

Paznen 4. [TapannensHoe
IIpOrpaMMHUPOBaHUE IPU
IIOMOILX TEXHOJIOTUH
OpenMP

[MapamiensHpie M TocienoBarenbHble obnactu. Jupekrua parallel.
PacnapamnienuBanue onepatopa nukia. Mcnonbs3oBaHue napauiebHbIX
cekunid.  CuHxpoHu3auus  1NOTOKOB. llapamnensHble  MeETOIBI
MaTpPUYHOTO YMHOKEHUS. BbIuuClieHHEe OmnpeneNeHHOro HWHTerpaia B
MHOTONpOLECCOPHOI cucteme. IlapamienbHble anropuT™Mbl COPTUPOBKH
JAaHHBIX. 3a/1aya MOMCKa KpaTyalmnx myrel B rpade.
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6. CTPYKTYPA U COAEPXAHUE IUCHUITIIMHBI

6.1.®opma oOyueHus — oyHas, Kypc — 1, cemectp — 2

HaumeHnoBanus pa3aenoB U TeM

KonmuectBo yacoB

Jlekir.

Jlabop.

[Ipakr.

CPC+K

Bcero

Paznen 1. IlpuHuumnel nocrpoeHust
N1apAJUICIbHBIX BBIUUCIUTEIbHBIX CHCTEM.

4

8

22

34

[TapannenbHbie KOMIBIOTEPHI U cyniepOBM.
Knaccugukarus napamieabHbIX
BBIUMCIUTENbHBIX CUCTEM. THIIBI
napajuleJInu3Ma.

4

10

16

[MTapannenusM Ha ypOBHE KOMaH/I.
Kowugeiiep. Cynepckanspuocts. SIMD
koMmaHbl. [lapaieni3m Ha ypoBHE 3aj1ad.

12

18

Pasgen 2. Ananu3 BEIUMCIATENBHOMN
CJIO’KHOCTH TapaJIICIbHBIX aJITOPUTMOB.

24

36

Amnanuruyeckue MCTO/bI OIIPCACIICHUA
BBIYMCIIMTEIILHOM CIIOKHOCTH. OI_IGHKa
BBIYHCIIMTEIILHOM CIIOKHOCTH JJIA
IMOCJICAOBATCIIbHBIX aJITOPUTMOB.

12

18

[Tokazarenu 1 OUEHKHU MapayIeIbHbIX
AITOPUTMOB: YCKOpeHue, 3p(HEeKTUBHOCTh U
CTOMMOCTbH MapaJUICIbHBIX aITOPUTMOB.
OKCMepUMEHTAIbHBIE METO/IbI ONIPECICHUS
BBIYHCIIUTEILHOM CIIOKHOCTH.

12

18

Paznen 3. Pa3zpaboTka mapamienbHbIX
MIPOTPaMM.

24

38

JexomMmno3uius mo GyHKIUSAM U 110 TaHHBIM.

IInannpoBaHue napayIeIbHBIX IPOrPAMM.
3aBUCHMOCTH JIaHHBIX.

12

20

Crioco6b1 cunxponuzaiuu. OnpeaeneHue
CTOMMOCTH IIPOTPAMMEI C YYETOM
HapasieIbHOTO BBITOJIHEHHS.
MacurabupyemMocTs.

12

18

Paznen 4. ITapannensHoe
IIPOrpaMMHUPOBAHUE IPH TOMOIIH
texHoaoru OpenMP.

10

23

36

[NapayutenbHbIe M OCIIEAOBATEIBHBIC
obnactu. [lupextusa parallel.
PacnapannenuBanue oneparopa KA.
Vcnionb30BaHue napauienbHbIX CEKIHH.
CHHXpOHU3aLHSI TOTOKOB.

12

20

[TapannensHbIe METOIBI MATPUYHOTO
YMHOXKEHHS. Bpraucnenue onpeneaeHHoro
MHTErpajia B MHOTOIIPOIIECCOPHOI CUCTEME.
[TapanenpHbIE AITOPUTMBI COPTUPOBKH
TaHHBIX. 3a/1a4a MOMCKA KpaTYallnX myTen

B rpade.

11

16

NTOI'O ITO KOMITIOHEHTY OIIOII

17

34

93

144
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7. OHEHOYHBIE MATEPUAIJIBI (CPEACTBA) IJISI TEKYILEI'O KOHTPOJIA
YCIIEBAEMOCTH, IPOMEXYTOYHOU ATTECTALINN

7.1. KOoHTpOJIBLHBIE BOTIPOCHI

1. TIpeImoIOKHM, YTO OJHH 3EMIEKOIT MOKET 3a 4ac BBIPHITH simy pasmepoM 1x1x1 m® u
crioco0eH paboTaTh B TAKOM PEKHMME OCTATOYHO JIONTO. 3a Kakoe BpeMs Opurama u3 5, 10, 20
3EMJICKOIIOB BBIPOCT SIMY Pa3MepoM 2 X 2 M? i riryOHHOI 1 M.

2. TloctpoiiTe rpaduk BpeMeHHU BBHIIOJHEHUS PaOOTHI B 3aBUCMOCTH OT YKCJIa 3€MJIEKOIIOB
B Opurase.

3. IloBropute 3amanus m. 1, 2 1y MBI 10x10 M2, rryonHou 1 M u O6purazast u3z 10, 100
3€MJIEKOIIOB.

4. KoHBeiiepHOE YCTPOMCTBO COCTOMT W3 TMATH YCTpOWCTB. Bpemena cpabarbiBaHMiA
cryneneit pasubl 1, 1, 2, 1 u 3 takta coorBercTBeHHO. C KaKkoil MakCHMaJbHOM 4acTOTOW Ha
BBIXOJIE€ JIaHHOTO YCTpOWCTBa OynyT MOSIBIATHCA PE3YNbTAThl, €CIU HA €ro BXOJ apryMEHTHI
noctynaiot 0e3 nepedoen?

5. 3a Kakoe MHUHHMMAaJbHOE YHCIIO TaKTOB MOXET ObITh BbIoNHEHO 70 omepauuii, eciu B
pacnopsKEHUU €CTh YCTPOMCTBO, OIMCAHHOE B 3a/1a4¢ 5.

6. B xommbroTepe ecThb 7 mapamienbHO pabOTAIOMIMX YCTPOMCTB, KaXI0€ U3 KOTOPBIX
MOXXET BBIMOJHUTH OMEPALMIO 32 7 €IUHUI] BpEeMEHHU. 3a KaKoe MHHHMAJIbHOE BpPEMsI 3TOT
KOMIIbIOTEp 00paboTaeT 7 HE3aBUCHUMBIX Omeparuii?

7. KomuseitepHoe ycTpoiicTBo cocTonT U3 K cTymeneii, cpabarsiBaromux 3a Ny, Ny, ..., Nk

TaKTOB COOTBETCTBEHHO. 32 KaKO€ MHUHUMAJIbHOE YHUCIO TAKTOB MOKET OBITh BBINOJHEHO M
OTepalnii Ha TAKOM YCTPOUCTBE?

8. HazoBure ypoBHHM mnapamienu3Ma. K KakoMy ypOBHIO OTHOCHUTCS KOHBeHepHas
obOpaboTka KomaHa?

9. Uro Takoe BpeMeHHas CIOKHOCTh alropuTma’?

10. Kakue mokasarenu UCTIOIB3YIOTCS I OLIEHKH NapallIebHBIX aJrOPUTMOB?

11. Ouenute 2 anropuT™a, CTOMMOCTH KOTODPBIX B IOCJIEIOBATEILHOM M IMapalieIbHOM
peXrMe OIMHAKOBBI. VIMeeT 11 CMBICIT UCIIOIb30BaTh NapaJuIeIbHbIA aIrOPUTM B 3TOM ciiydae?

12. Onpenenure 3HaueHHs] YCKOpPeHHUs, 3()(HEKTUBHOCTH U CTOMMOCTH, €CJIHU H3BECTHBI
CIEyIOIINE€ BPEMEHHbIE XapaKTEepPUCTUKHU: [uid 6 TMpOLECCOpPOB BPEMsI  BBIIOJHEHUS
[OCJIEI0BATENbHOM 4YacTu cocTaBisieT 25 % W Bpems BBINOJHEHHs MapajuleIbHONM YacTu
cocrasisieT 75 %.

13. Omnpenenute BpEeMEHHYIO CIOXKHOCTH JUUIsl QITOPUTMA BBIYMCIEHUS CYMMBI 3JIEMEHTOB
OJIHOMEPHOTO MaccuBa B IIOCJIENOBAaTeNbHOM pexume. [IpoBeppTe 3KCHEPUMEHTAIBHO
MIOJIy4YE€HHBIE COOTHOILLEHUS.

14. Onpenenure BPEMEHHYIO CIIOKHOCTh I alTOPUTMa COPTHPOBKH METOJIOM MPOCTOU
BCTaBKM OJJHOMEPHOI'O0 MACCHBA B IOCJEN0BATEIbLHOM peknMe. [IpoBeppTe sKCIIEepUMEHTaIbHO
MOJIy4YE€HHBIE COOTHOILLIEHUSI.

15. Onpenenute BPEMEHHYIO CIIOKHOCTb JJIS alNrOpUTMa BBIUMCIEHUS CKaJSIPHOTO
IIPOU3BENIEHUSI JIBYX OJHOMEPHBIX BEKTOPOB B IIOCJIENOBaTeNbHOM pexkume. IIpoBepbTe
HKCIEPUMEHTAIBHO MOJyYEHHBIE COOTHOLLIEHUS.

16. Onpenenute BpPEeMEHHYIO CIOXHOCTH ISl QJITOPUTMAa BBIYHACICHUS TPOHU3BEICHUS
MaTpHULbI HA BEKTOP B IIOCIIEN0BATENBHOM pekuMe. [IpoBepbTe sKCIIEpUMEHTAIBHO MTOTY4YEHHbIE
COOTHOIIEHHUS.

17. Onpenenute BPEMEHHYIO CIIOKHOCTh JJISi aJrOpPUTMa BBIUYMCIECHUS TPOU3BEIICHHS
NPSIMOYTOJIBHBIX MaTpUll B IOCIEAOBaTENbHOM pexume. IlpoBepbTe 3KCHEpUMEHTaIbHO
MIOJIyYE€HHBIE COOTHOILLIEHUS.

18. Onpenenure 3Ha4€HUS YCKOPEHU, 3(PPEKTUBHOCTH U CTOUMOCTH ISl alropuT™Ma
BBIYUCIICHUS] CYMMBbI 3JIEMEHTOB OJIHOMEPHOIO MAacCHBa, €CJIM: a) YHMCIO MPOIECCOPOB HeE
orpaHu4eHo; 0) YMCIIO IPOIIECCOPOB 3aAaHo (p > 2 ).



19. Yro ompenensroT ycnoBusi bepucraiina?

20. Ucnonb3ys GCD Tect, mpoBepUTh HAUYME UM OTCYTCTBUE 3aBUCHUMOCTH Ui IIMKJIA!
for(i=0; i<n; ++i) x[i]=x[2*1];

21. Moxer i yCKOpeHHe OBbITh OOJIbINe, YeM YUCIIO SIep MPOIecCcopa, B KAKOM CIydae 3TO
BO3MOKHO?

22. ]lns KakuX OIEpAIMOHHBIX CHCTEM U SI3BIKOB IMPOrPAMMHUPOBAHHS €CTh IOIJIEPIKKA
OpenMP?

23. Kaxk mporpaMMHO MpoBepuUTh, 4To pexkum OpenMP BrurroueH?

24. B kakux emuHMIIaX BO3BpaInaeT Bpems ¢yukuus omp_get wtime()? Kak ompemenurts
TOYHOCTh U3MEpPEHUs BpeMeHHn? Hanmuimmre COOTBETCTBYIOIINMA KO/,

25. CocraBbTe (PDYHKIMH [J51 BBIUYKCICHHS CKaJSPHOTO IPOU3BEACHUSA JIBYX BEKTOPOB B
MOCJIEIOBATEIbHOM M MapajlIeIbHOM pekuMax. s HaKoOIJIeHHs CyMMBl B IapajuieIbHOM
pexumMe ucnosb3yiite reduction. CpaBHUTE MPOU3BOIUTEIBHOCTH (DYHKIIHIA.

26. CocraBbTe (QYHKIHMH i YMHOXKEHHUS MATpPUIBI HA BEKTOP B IMOCIEAOBATEIHLHOM U
napajuieIbHOM pexumax. [[ns HakomieHus CyMM B MapajuIeIbHOM PEXKUME HCIHOIB3YHTe
reduction. CpaBHHTE IPOM3BOAUTEILHOCTH (DYHKITHIA.

27. Ilycth mapajuleNbHBIA Y4acTOK MPOTpaMMbl COAEPIKHUT BBIBOJ AJIEMEHTOB MAacCHBAa,
c(OpMHUPOBAHHBIX B TpoIlecce BhUMCICHU. Kak 00ecreunTh BBIBOJI B €CTECTBEHHOM TOPSIKE,
a He B MOPSJKE BbINOMHEHUS mMoTokoB? Hamummure QyHKIUU C BBIBOAOM B IMPOU3BOIHHOM U
(UKCHPOBAaHHBIM TIOpsiAKE. V3MepbTe BpeMsi BBITIOTHEHHS (QYHKIHHA JUIsi 00OWX BapHAHTOB.
CrenaiTe BHIBOOEL.

7.2. TeMbl UHOIUBUIYATbHBIX 3aJaHUMA

1) BpluncauTh 31€MEHThl JBYMEPHOIO KBAJpaTHOTO MacCHBa (aij) (i, j=0,N —1),

UCTIONB3YSl IS BBIYMCICHHUS (DYHKITUIO ajj = f(l, j) IIpY TIOMOIIM I10CJIEI0BATEILHOIO U

NapajuiebHOrO  anropuT™MoB. Jis pasnvuHbIX 3HA4YeHW# pasmepHoctd MaccuBa N nu
KOJINYECTBA MPOIIECCOPHBIX SIIEP OMPEICIUTh SKCIIEPUMEHTAIBHO MoKa3arenn 3ddekTuBHOCTH
JUIs 3TUX QJITOPUTMOB U CPaBHUTh MX C OXHMJIaeMbIMHM. Pe3ynbTaThl HpeACTaBUTH B BUJIE
tabnuupl. Crenarb COOTBETCTBYIOIINE BHIBOJIBI.

2) a) BpimonmHuTe peanM3alMi0 MapayIeIbHOTO AJITOPUTMA YMHOXEHHS MaTpHIlbl Ha
BEKTOP, OCHOBAHHOTO Ha JIEHTOYHOM pa3OMEHUU MATpHUIbl Ha TOPU3OHTAJIBHBIE IOJIOCHI.
IIpoBenuTe BBIYMCIUTENBHBIE OJKCIIEPUMEHTBI C YYETOM IApaMETPOB  HCIIOJIB3YyEMOMU
BBIUMCIUTENbHON  cucteMmbl. CpaBHUTE  pe3yibTaTbl  pEAlbHBIX  JKCHEPUMEHTOB €
TEOPETUYECKMMH OIEHKaMU. B KadecTBe MCXOAHOM MaTpumbl A HMCmonmb3yiiTe aBYMepHBIi
MACCHB W3 HHAMBHIYaTbHOTO 3a/aHus 1, BeIOupas BapuaHT u3 Tabn. 1. B kagecTse BexTopa D
BBIOPATh OJMH M3 CTONONOB MaTpuIbl A,

6) BbImonHuTe MapailenbHy0 peanu3aliio MaTpuuHoro ymuoxkenus A- A, mposenute
COOTBETCTBYIOIIME IKCIIEPUMEHTHI U CJIEJIaliTe BBIBOIBI.

3) [IpoBecTn 4MCIEHHBIE 3KCIIEPUMEHTHI ISl MOCIE0BATENbHON U JIBYX MapajuledbHbIX

BEpCUl BYMEPHOTO MHTETPUPOBAaHUS (DYHKIIMU f(X, y) no obmactu D =[O,a]><[0,a] c

NOMOIIBI0  (OPMYINIBI  MApaJUICNIENUIEeI0OB B MHOTIOSJEPHONW BBIYMCIMTEIBHON CHUCTEME.
[TocTpouts quarpammsl, ciejaaTb COOTBETCTBYIOUIUE BHIBOBI.

4) BrpimonHWUTE pealn3alMI0  OCIEAO0BAaTENbHOIO U MApajIeIbBHOTO  AJITOPUTMOB
0000111eHHOH My3bIPbKOBON COPTUPOBKH (UET-HEUETHasl MepecTaHoBKa). MaccuB COpTUPYEMBIX
JAHHBIX TeHEepupoBaTh ciydyailHbIM oOpa3oM. IIpoBenuTe BBIYMCIAMTENBHBIE SKCHEPUMEHTBHI.
CpaBHUTE TONy4YEHHBIE HKCIIEPUMEHTAJIBHBIE PE3YJIbTaThl C TEOPETUUYECKHMMH OLEHKAMHU.
Crenaiite BBIBOJIBI.

5) BemonHuTe peanuzanuioo napamienbHoro anroputma ®noiina.  IIpoBemute
BBIUNCIIUTEIbHBIE IKCIEPUMEHTHL. [locTpoiiTe TeopeTHUecKkre OLIEHKH C Y4E€TOM IapaMeTpoB



HCHOHBSyeMOﬁ BBIYHCIIMTEIIHHOM CHCTCMBI. CpaBHI/ITe IIOJIYYCHHBIC OLCHKHN C
SKCIICPUMCHTAJIbHBIMU TAHHBIMU.

7.3.006pa3zer coaepkaHus IK3aMEHAITMOHHOTO OHIIeTa
3K3AMEHA]_[I/IOHH])II71 BUJIET Ne X

1. IMapamiensHble KOMIBIOTEPHI U cyniepOBM.
2. CnocoObl CHHXpOHHU3auu MOToKoB B OpenMP.
3. Ilyctp B pemaeMoil 3ajade MCIOJIB3YETCS BOCEMb IMPOLECCOPOB U MPHU ITOM JIOCTUTACTCS
ycKopeHue B JBa pasza. Eciu ucnonb3oBaTh 3akOoH AMJana, KakoBa JOJIsl MOCJIEI0BATEIbHOM
9acTH
a) 3/7
b) 1/3
c) 2/5
4. Y cKOpeHHe apaJlyIebHBIX BEIYMCICHUH - 3TO
a) OTHOILIEHUE BPEMEHU TOCIIEeI0BATEIILHOTO AJITOPUTMA KO BpEMEHH MapajlieIbHOTO
peleHus 3a1a91
b) oTHOIIEHHE BpeMeHH MapaIeIbHOTO AITOPUTMa KO BPEMEHHU TOCIIEI0BATEILHOTO
peleHus 3a/1a91
C) OTHOILIIEHHE JIOJI paclapauieIeHHOCTH 33]]a4i K KOJMYECTBY MPOIIECCOPOB

B CJIydac BCIACHUS y‘l€6HOl"0 nponecca € UCIOJb30BAHUEM JJICKTPOHHOI'O 06y‘lCHI/IH n
JUCTaAaHIIMOHHBIX 06pa30BaTeJH)HI)IX TCXHOHOFHﬁ, COACPIKAaHUC OujeTa MOXKET OTJIMYATLCS OT
IMPUBCACHHOI'O.

8. PACIIPEAEJIEHUE BAJIJIOB, KOTOPBIE ITOJIYUAIOT OBYHAIOHIMECA

OOmiast orleHKa 3HaHUK O00yYAIOMIMXCS MO JUCHUIUIMHE mpoBoauTcs mo 100-0ammpHON
HIKajle MCXOJsd M3 MaKCUMyMa, IMpHBEJEeHHOro B Tabiuue Huwke. OpraHu3aluoHHO-yueOHas
paboTa B ayAMTOpUHU OIICHWBAETCS HAa OCHOBE TAKMX KPUTEPUEB KaK IOCENMAeMOCTh 3aHSTHIH,
CBOEBPEMEHHOE M KaueCTBEHHOE BBHIMOJIHEHUE [OMAIIHUX 3a/laHHi, aKTUBHOCTh BO BpeMs
IIPOBEJCHUS JICKIMOHHBIX W TMPAKTUYECKUX 3aHATUH (ydyacTHe B OOCYKIEHHM TEKYLIEro u
NpoiiIeHHOr0 MaTepuaia, peleHne 3a1a4 1 T.11.).

MakcumanbHoe

Howmepa pa3aenoB Buasr pador
pa pasi JBLP KOJIMYECTBO OAJIIOB

Opranu3anoHHO-y4eOHas paboTa B ayIUTOPUH
CamocTodrenbHas padora
KoHTposbHbIe paboThI 10 MPaKTHKE

1-4
KonTponbHas paboTa 1o TeOpeTHIECKOMY 30
MaTepuany
WNunuBunyanbHOE 3a1aHNe 70
HUTOI'O 100
DK3aMeH 100

OO01muii UTOT 3a CEMECTpP 100
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CooTtBeTcTBHE 0AJUIOB OLIEHKE

K OiecTEO GaLIOR O1eHKa 110 NATHOAJUIFHON MIKaJIe
s 100 ECTS | Dxzamen, nuddepeHunpoBaHHbIN 3auer
3a4er

90-100 A OTJINYHO 3a4TEHO
80-89 B XOpOIIO 3a4TEHO
75-79 C 3a4TEHO
70-74 D YIOBJIETBOPUTEIHHO 3a4TCHO
60-69 E 3a4TEHO
35-59 FX HEYIOBJICTBOPUTEIHHO HC 3a9TCHO
0-34 F HE 3a4TE€HO

9. MATEPUAJIbBHO-TEXHUYECKOE OBECIIEYHEHUE YYEBHOI'O ITPOLHECCA

YueOusbie 3ansaTus npoosatcs B [ maBHom kopnyce Houl'Y (r. Jowenk, np. ['yposa, 6), B
YueOHo-npakTuueckoM BbruuciautensHoM tentpe JHoul'Y (r. Joneuk, mp. ['yposa, 6, kopmyc
12).

Jns  mpoBefeHus JieKUui TpeOyeTrcs ayauTopus, o00OpylOBaHHas MeEJIOBOM wWin
MapKepHOW JOCKOW / CEHCOPHBIM SKpPaHOM / MyJIbTHMEAMHHBIA TPOEKTOP C IKPaHOM U
HOYTOYKOM, KOMIUIEKT yueOHOM MeOenu Ui CTYZeHTOB, padouee MEeCTO IpenojaBaTess.

JUia npoBeneHHsS NPAKTUYECKUX 3aHATUN TpeOyercs ayauTopusi, 000OpyAOBaHHAs
MEJIOBOM HJIM MapKepHO NOCKOH / CEHCOPHBIM AIKpaHOM / MYJIBTHMEIUIHBIA IPOSKTOP C
DKPaHOM W HOYTOYK, KOMIUICKT Yy4eOHOH MeOenu Uit CTYACHTOB, pabouee MecCTo
IIpernoaaBarels.

JUia mpoBeneHus J1a0OpaTOPHBIX 3aHATUN Tpedyercs aynuTopus, OOOpyIOBaHHAs
MapKepHOW JOCKOH WIIM CEHCOPHBIM 3KPaHOM / MyJIbTHMEAUIHBIA MPOCKTOP C IKPAHOM H
HOYTOYK, IE€pPCOHaIbHbIE KOMIIBIOTEPHI, KOMIUIEKT Yy4eOHON MeOenu A CTyIeHTOB, pabouee
MECTO IperoiaBarelis, BbIXoa B VIHTepHeT — MIPOBOAHON MM C UcTojb3oBaHueM Wi-Fi.

Jlis caMOoCTOSITeNIbHOM paboThl KCIIOJIB3YIOTCS TEKCTOBBIE U DJIEKTPOHHBIE PECYpCHI
Hayunoii 6uOnuoTekM yHHMBEpCUTETAa W JPYTUX 3JEKTPOHHBIX OMOIMOTEYHBIX 0a3 JaHHBIX,
yueOHO-MeToInYeckoe obecliedeHne, NpPEICTaBICHHOE B ayAUTOpUsX [JaBHOro Kopmyca
(ayn. 511, 605, 610).

OOyuaromuecs HMMEIOT BO3MOXXHOCTh HCIIOJIb30BAaTh  y4yeOHbIE MaTepuajbl IO
JTUCLUIUIMHE, pa3MeleHHble Ha miardgopme Moodle LlenTpa aucTaHIMOHHOrO 00pa3oBaHMS
OI'BOY BO «lonI'Y». Ilpu n3ydeHUH IUCHUIUIMHBI IPUMEHSIOTCS 3JEKTPOHHOE O00y4YeHHE U
JMCTAaHIIMOHHBIE 00pa30BaTeIbHbIC TEXHOJIOTHH.

C  wucnonp30BaHHMEM  pecypcoB  MIaTGOpMbl  JUCTAHIIMOHHOTO  0Opa3oBaHUs
OCYILECTBIISICTCS TEKYLIUI KOHTPOJb 3HAHMH OOY4YalOLUIMXCS Ha OCHOBE TECTUPOBAHHUS U
IIPOBEPKHU PE3YyIbTATOB CAMOCTOSTENIbHOIN paOOTHI.

10. PEKOMEHAYEMAS JIUTEPATYPA

10.1. OcHoBHas nuTEparypa

1. Heckoponer, P.H. IlapannensHoe mporpamMmupoBaHue [DIEKTPOHHBINA pecypc]:
yuebHoe nocodue / P.H. Heckopozaes; 'OV BIIO “JloHenkuii HallMOHAJIbHBIN YHUBEPCUTET . —
Honenxk: JorHY, 2019. — snexkrponnsie nanubie (1 daiin).

2. Heckopones, P.H. Opranusauus napajjielbHbIX BBIYUCICHUM INPU MOMOILU
texHojoruun OpenMP [DnekTpoHHBIN pecypc]: y4eOHO-METOUIEeCKOe TTOCOOHE JIIs CTYJACHTOB
HanpaBinenuss noaroroBkun 01.04.02 Ilpuknannas wMartematuka ©  uHpopmathka /
P. H. Heckopones; 'OY BIIO “Jlonenkuii HanmoHanbHbIH yHUBEpcuTeT . — Jlonenk: JlonHY,
2019. — snektponHble naHHbIE (1 (aiin).
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10.2. domonHuTeIbHAS JUTEPATYPA

3. BoeBogun B.B. IlapamnensHbple BblUMCIEHUS: Yued. mocobue Uisi BY30B 110
HarnpaBieHuto "llpuknaanas maremaruka u uHbopmaruka" / B.B. Boeronun, Bi.B. BoeBoauH.
— CII6.: BXB-IlerepOypr, 2002. — 608 c.

4, Kauko E.I'. ITapamrensHoe nporpammupoBanue / E.I'. Kauko. — XapwskoB: Dopr,
2011. - 528 c.

5. bapckuit A.b. I[lapannensasie nHGopManronHbie TexHoyoruu / A.b. bapckwuii. — M.:
WnTepuer-YH-T uHpopm. Texnonoruii: BUHOM. JIa6. 3nanwuii, 2007. — 502 c.

6. TI'epremp B.II. Teopus u nmpaktrka napaienbHbix BerunciaeHuid / B.I1. T'eprens. —
M.: bunowm. Jlaboparopus 3uanuii, 2007. — 424 c.

11. NHOOPMAIIMOHHBIE PECYPCBI

1. Hayunas 3nexkTponHas 6umoauoreka eLIBRARY.RU: caiit / HOb (000). —
Mocksa, 2000- . — URL: https://elibrary.ru (mara o6pamienus: 08.04.2026). — Pexxum goctyna:
JIs1 aBTOPHM30B. MOJIb30BaTeNeH. —TeKCT: 3JCKTPOHHBIH.

2. Hayunas sjekTponnasi 6uéimorexka «KubepJlenmnkay: cailt / Accommanus
«OtkpbiTas Hayka». — MockBa, 2014- . — URL: https://cyberleninka.ru/ (mara oOpamieHus:
08.04.2026). — Pexxum noctyma: CBOOOHBIN. — TEKCT: 3JICKTPOHHBIH.

3. Hanmonanbnasi moamucka: cair / PIHHM. — Mocksa, 2020- . — URL:
https://podpiska.rcsi.science/ (mata oOpamenus: 08.04.2026). — Pexum gocryma: s
aBTOpHU30B.110Ib30BaTened JJonl Y. — TeKkcT: 31eKTpOHHBIN.

4, Hauunonanbhasi 3JIEKTPOHHAas OndbaHMoTeKA (HOB): denepanpHas

rocyaapctBeHHas uH(popMainronHas cucrema /| MunucrepctBo Kynbryper P®; Poccwuiickas
rocynapcTBeHHas oubnnoreka. — MockBa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHmus:
08.04.2026). — Pesxum moctymna: cBOOOAHBIH. — TeKCT: 371eKTPOHHBIH.

o. Oopa3oBarenbHas miaargopma IOpaiiT: caiit. — Mocksa, 2013- . — URL:
https://urait.ru/library/svobodnyy-dostup/ (mara ob6pamenus: 08.04.2026). — Pexxum gocryma:
U3aHust CBOOOHOTO AOCTYIIA, /I aBTOPHU30B. MOJIb30BaTeeil. — TeKCT: 3JeKTPOHHBIH.

6. JiaexTponHasi 0udsamorexka PI'B: pasnen caiita / PI'b. — Tekcr: a1ekTpoHHBIH //
Poccniickas rocyAapcTBeHHas OoubanorTeka: opuIHMaTBHBIN Caur. —
https://Idiss.rsl.ru/electroniclibrary. — Pexum pgocrtyma: mHOMCK CBOOOIHBIH, 3JIEKTPOHHBIC
JNOKyMeHThI — Bupryansnsiii untansaslii 3as1 PI'b Ha repputopun HB JonI'Y .

7. DJIeKTPOHHO-0MOMoTeyHass cucrema Jlanb: caiit / OBC Jlaws. — C.-

[erepOypr, 2011- . — URL: https://e.lanbook.com (mara oGpamienus: 08.04.2026). — Pexum
noctyna: uzfaHus CeTeBOMl 3MEKTpOHHOW OMOIMOTEKM, A aBTOPU3OB. IOJIb30BaTeNeH. —
TekeT: 2eKTPOHHBIN.

8. DyeKTpoHHO-0nb1uoTeunas cucrema J{oul'Y: caiitr / ®T'BOY BO «/lonl'Y». —
Honeuk, 2016- . — URL: http://library.donnu.ru/ (mara oopamenusi: 08.04.2026). — Pexum
JocTyna: cBOOOIHBIN. — TeKCT: AMeKTPOHHBIM.

9. yIeKTpoHHbI KaTtajgor Hayunoil 6ubmmoreku JlonI'Y: pasnen caiira / Hb
Joul'Y. — Tekcr: anextponnsiit // DBC Jlonl'Y: caiit. — URL: http://library.donnu.ru/catalog/
(mata oOpamenus: 08.04.2026). — Pexxkum jgocTyma: IMOMCK CBOOOIHBIN, 3IIEKTPOHHBIE
JOKYMEHTBI — JUIs rosib3oBateseit Jlonl'yY.

10. Ouexktponnblii apxuB [doul'¥Y: pazgen caiitta / HBb Joul'Y. — Tekcr:
anektponHsii // OBC [oul'Y: caiit. — URL: http://repo.donnu.ru/ (mata oOpamieHus:
08.04.2026). — Pesxxum octyma: CBOOOIHBIIA.

12. I[TPOIT'PAMMHOE OBECITEYEHUE

1. PEJ OC, Astra Linux (OEM).
2. OpenOffice, LibreOffice.
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https://cyberleninka.ru/
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https://e.lanbook.com/
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http://repo.donnu.ru/
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