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AHHOTANMA

Kypc nexnuii paccuutan Ha IUPOKUE KPYT CTYAEHTOB, aCIMPAaHTOB, ipenoaasareneii BY30B u crienuanucto
B DPAa3IMYHBIX OOJIACTAX MAaTEMAaTHUECKOTO MOJIEIMPOBAHHMA U TEOPETHYECKOW (U3UKH, U KOTOPBIX
MPOrpaMMHUPOBAHUE HE SIBIAETCS OCHOBHOM CIIEIUAIBHOCTBIO, @ MCIOJB3YETCS MU KakK JIOMOJIHUTENbHBIN
MHCTPYMEHT B YHCIIEHHOM MOZEIMPOBAHUU HCCIIEAYEMBIX 3a/1ad.

B kypce wm3noxkeHsl 0a3zoBble 3HAHHSA, HEOOXOAMMBIE, YTOOBI OBICTPO W 3(PQEeKTHBHO HauaTh NHCATh
nporpamMmbl  Ha rpaduueckom mpoueccope (GPU) 6e3 cnenmanbHOM MOATOTOBKM B oOmacTu
nporpammupoBanua.Kypc npecienyer 1enb U3JI0KUTh MaTepuall Ha IPOCTOM JIOCTYITHOM YpPOBHE, B IIEPBYIO
o4epeib, TOJIb30BATEISAM, 3aHUMAIOIIUMCS PUKIIaHBIMA 33/1a49aMH.

1. leau u 3apauu

eap AUCUMNIMHBI

Llenpt0 OCBOGHWS IUCHUIUIMHBI SABISETCA NpUOOpeTeHre OoOyJaronmMucs MpodeccrHoHaIbHBIX
KOMIIETCHIIMA B 0OONacTH WHQOPMATHKH W BBIYHACIUTEIBHON TEXHUKH, SBISIFOIIUXCS OCHOBOM
Mpo(EeCCHOHANBHBIX ¥ CIENUATbHBIX UCIUIUINH, HEOOXOJUMBIX IS pa3pa0dOTKH MPOrpPaMMHOTO
o0ecrieyeHns U YCIEeIHOW PO eCCHOHANBHON eSITETbHOCTH CIICITUAINCTOB.

3agauu AUCHUILIHHBI

— TIOHMMaHHE IIPOrPaMMHPOBAHMS Ha Tpa(UIECcKUX Mpoleccopax, ero CyuHOCTH U MeCTa B CUCTEME
(hopMHUpOBaHUSI MAaTEMAaTUYECKUX MOZEIICH U METOIOB MOJIEIIMPOBAaHUS (PU3UUIECKUX CHCTEM;

— W3yYeHHE HAyYHBIX (PU3NYECKUX 3a/1a4, NPUBOAALIMX K BHIYMCIUTEIBHBIM METOaM, PEaN3yeMbIX
Ha NapajuieaTbHON apXUTEKType TpaduiuecKkux MporeccopoB;

— BJIaJICHUE NIOJYUYEHHBIMU 3HAHUSMU U IIPUMEHEHUE UX IIPU PEILEHUU 3a/1ad pacnapajuleIMBaHus Ha
MaCCHBHO-TIapaJIJIEIbHON apXUTEKType rpadpuuecKkux mporeccopos;

—  (opmupoBaHHE y CTYIEHTOB CIOCOOHOCTEH K aHAIM3y YUCICHHBIX METOJOB M IMPOTPAMMHBIX
QJITOPUTMOB Ha BO3MOXKHOCTB MX pacliapajjieIMBaHus Ha rpauuecKux MpoLeccopax.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kon 1 HauMeHOBaHME KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
VYK-3.1 CrnocobeHn  ycTaHaBnuBaTh  pa3Hble  BHJIBI
YK-3 CriocoOeH 0CyIIeCTBIATE COIMATEHOE KOMMYHHUKAIINH (yuebnyto, HAay4HYIO, JEII0BYIO,
B3aUMOJIEHCTBHE U PEATM30BBIBATH CBOKO POJIb B [HE(QOPMabHYIO U 1p.)
KOMaH[Ie VYK-3.2 B3auMonelcTByeT ¢ JIpPYIMMH 4YJ€HAMH KOMaHIBbI

IUTST TOCTHMIKEHUSI TIOCTABJICHHON 3aa4n

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 Criocoben npuMeHsTh HAMEATh TIyTH €€ PENICHHs

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CpnocobeH CTpOUTb MareMaTH4ecKHue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2.1 Crniocoben MPUMEHSTh COBPEMEHHEBIE
OIIK-2 Crioco6GeH KCIob30BaTh COBPEMEHHBIE |BBIYUCIMTENILHYIO TEXHUKY M CEPBHCHI ceTH MHTEpHET B
nH()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

HPOTrpaMMHbIE CPEACTBA IIPU PELICHNUH 3a7a4 OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIJIEHHBIC
po(eCCHOHAIBHOM IEATENBHOCTH, COOMIONAsA  |MaTEMATHYECKME METOABI M IPHKIAJHOE HPOrPAMMHOE
TpeOOoBaHus MHYOPMAIIMOHHOM OE30MIACHOCTH  [o0ecrieyeHre Il PelIeHMs  Hay4HbIX — 3a1ad B
npodeccuoHaIbHON 0bnacTu

OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAIUH, B TOM
YHUCcle C MCIOIB30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO
OIIK-3 CriocoOeH cocTaBisTh U 0(pOpMITATH obecreyeHus

Hay4YHbIC U (MJIM) TEXHUYECKHE OIIK-3.2 Bnageet Ha mpakTHKEe METOIOJIOTUEN COCTABICHUS
(TeXHOJIOTHYECKIE, UHHOBAIL[IOHHBIE) OTYETHl  |HAYYHO-TEXHUYECKHUX OTYETOB (IIPOECKTOB)




(TyOnMKaIKH, MPOCKTEI) OIIK-3.3 Brnageer MeTonamMu BU3YaJIbHOTO U IpaMuecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHOW TEXHOJIOTHYECKON)
JESITEIbHOCTH B BUJIE OTYETOB, HAyYHBIX ITyOIMKaLIUT

OIIK-4.3 VYmeer cocTaBmsATh aHHOTALUWHW, pedeparsl,
oubnuorpaduyeckue mepeyHr W 0030pbl WHPOpPMALIUU B

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U . .
obnactu cBoeil podecCHOHATFHOM IesITeTbHOCTH

00paboTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKJIAJHBIX 3349

OIlK-4.4 Bnaneer HaBbIKaMU pabOTHI C KOMIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIIbIO MOTYYCHUs, XpPaHESHHS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopManun

OIIK-5 Criocoben yuacTtBoBarh B ipoBefieHnn  |OIIK-5.2 O6namaer crmocoOHOCTEIO K OCBOSHHIO HOBBIX
(yHIaMEHTANBHBIX U MIPUKJIATHBIX 3HaHWUH HAa OCHOBE M3YUYCHHS JMTEPATYPHI, HAYYHBIX CTaTen
WCCIIeIOBaHUH 1 pa3paboToOK, CAMOCTOATEIBHO |H IPYTHUX HCTOYHUKOB

OCBaMBaTh HOBBIC TEOPETUUECKHE, B TOM YHUCIIE,

MAaTE€MaTUYECKUE METO/Ibl UCCIEIOBAHUMN, U OIIK-5.3 Cnocober k mpodecCHOHATHHOW SKCILTyaTaIrluu
paboTars Ha COBPEMEHHOM IKCIIEPUMEHTAIILHON |COBPEMEHHOM 3KCIIEPUMEHTAIbHOMN
HAay4YHO-HCCIIEI0BATEIbCKOM, Hay4YHO-UCCIIE0BATEIbCKON

HA3MEPUTEIIBHO-aHAIUTHYECKON U (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)
TEXHOJIOTMYECKOH anmaparype anmnaparypsl

[IK-1.1  Bnageer  ¢yHAaMEHTAIbHBIMH  MOHATHUSIMH,
3aKOHaMHM ¥ TEOPUSMH COBPEMEHHOM (pHU3nKn

[MK-1.2 Mmeer myOokoe 3HaHWE W TMOHMMaHHE 0a30BBIX
MaTeMaTHYECKUX JAUCIUIUINH

[IK-1.3 Bnageer KyasTypoil IOCTAaHOBKH Hay4YHOH 3ala4d U

[TK-1 CriocobeH 1uraHupoBaTh U MPOBOIUTH MOJICJIMPOBAHSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM
Hay4HbIE SKCTICPUMEHTHI (B N30paHHON [IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
NpeMETHOM 001aCTH) U (WIIM) TEOPETUYECKUE |ONMUCAHMS W HMCCIIENOBAHMSA IIPOIECCOB W SBIECHUM B
(amanuTUYeCKHe U UMUTAIIMOHHBIE) COOTBETCTBYIOIIMX HAyYHBIX 00J1aCTAX

HCCICA0BanNA I[IK-1.5 Bmameer HaBbikamMu 0Oe30macHON pabOTBI €

COBPEMEHHBIMH  Hay4YHbIMH TNpUOOpaMH U JPYyTUM
9KCIEPUMEHTAIILHBIM 000PYI0BaHUEM

[IK-1.8 Bnageer HaBblkKamMH pPabOTBI C COBPEMEHHBIMH
SI3BIKAMHU [IPOIPAMMHUPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKU U
aHaJIM3a HayYHbIX JaHHBIX

[IK-2.2  VYmeer HaxomuTh  KIIOYEBBIE  IapaMeTphl,
[1K-2 CriocoOeH aHanM3upOBaTh MOJyYCHHBIE B |ONPEACISIONINEG H3ydaeMoe SIBIIEHHE, M IPOU3BOAUTH

X07Ie HayYHO-HUCCIIEI0BATEIBCKON pabOThI YUCJICHHBIE OLICHKU 110 NOPSJKY BEIUUUHbI
JQHHBIC 1 1CJIaTh HAYYHBIC BBIBOJIbI [1K-2.3 CniocobeH npencTaBiiTh HaydHbIE YTBEPKACHHUS, HX
(3aKITIO4CHH) 000CHOBaHMA M JI0Ka3aTeJIbCTBA, HAydyHbIE MPOOJIEMBI U UX

pelleHHsT SICHO W TOYHO B TEPMUHAX, MOHATHBIX A
mpoeCCUOHANBHON ayIUTOpUH, B MUCHMEHHOW W YCTHOM

dhopme

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
0a30BbIc TOHATHA APXUTEKTYpbl IpaHUUECKUX MPOLECCOPOB M 3IIEMEHTOB NPOTPAMMHOM Cpenbl
CUDA.

YMETb:
UCIIONIB30BaTh 0a30BbIC 3HAHUS IO MporpaMmHo-anmnaparHoMy creky CUDA g pacnapaienuBaHus
nporpammuoro koga va GPU.

BJIaJICTh:

HaBBIKAMH aHAJHM3a IPOTPaAMMHOTO KOZa Ha BO3MOXHOCTBH €r0 paclapajuleiMBaHusl Ha rpad)uyecKoM
npoueccope GPU.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

Tema (pazmen) TUCITUTUTHHEL

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Jlexnm

CeMuHapsI

JlaGopar. paboTsr

CaMocT.
pabora

ApxuTekTypa M IIpOrpaMMHpPOBAaHUE
MaCCHBHO-TIapaJIICTbHBIX
BBIUUCIIUTEJIBHBIX CUCTEM

['ubpunHass mMozens BeUUCHCHHA. THITBI
BBIYMCIIMTEIBHBIX APXUTEKTYP.
ApxutekTypa rpadudeckoro mporeccopa
(GPU)

[Iporpammuas MOJIENb CUDA.
I'ubpuaHas MoJeNb TPOrPAMMHOTO KOJA.
Ilonste moroka, OI0Ka, CETH OJIOKOB.
OyHKIUA — IIPO, KaK MapalIeIbHbIA KO
Ha GPU

Uepapxus namsatu Ha GPU. Peructpsl u
JIOKaJbHAs MaMATh. [7100aibpHas MaMATh.
[IIa610H paboTHI ¢ TITOOATBHON MAMSTHIO.
Ncnone3oBanne pinned-namsTu.
CUDA-22n0otoku

OObeauHeHHe 3ampocoB. MaccuBbl ¢
BBIPABHUBaHHUEM

Paznensemas mamsts. 1llabnon paboThl ¢
pazzenseMor mamAThio. OnTUMH3AIHSL
PpaboTHI ¢ pa3aensseMol MaMsThiO

Crarndeckue nepemenHnbie. KoHcTaHTHAs
namsTh. TeKcTypHas namsTh

Bormpocsl onTuMu3anuy OpUI0KEHUH Ha
CUDA

Pemenne T hepeHITnaIbHBIX
ypaBaenuii Ha CUDA Ha npumepe 3aaau
a3pO-TUJIPOANHAMUKYI

10

Pemenune 3amaum MarHUTOCTAaTHMKH Ha
GPU

11

Meron MacCHBHO-IIAPAJIIENBHOTO
nporpammupoBanuss Ha GPU B 3amadax
JUHAMUKH ITyUyKa

12

Onenka morepp nyuka Ha GPU kak
3a71a4a TPACCUPOBKU Jy4der

13

Pacuer oddekra mpocTpaHCTBEHHOTO
3apsiga nyuka Ha GPU

14

3anaua TpaccupoBkH mydka Ha GPU

15

HeperynsapHblii napauiennsM B 3agadax
obpabotka nudposoro curaana va GPU

16

Pexxum  Multi-GPU.  HeifipoceteBbie
anroputMel Ha GPU

17

CpaBHeHHE peaJM3aluii  MOJEIBHBIX
3anad Ha OpenMP, OpenACC, CUDA

Wtoro wacos

30

30

30




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. ApXI/ITeKTypa " IporpaMMHUpPOBAHUC MAaCCUBHO-IIAPAJIJICIIbHBIX BBIYUCIIUTCIIBHBIX CUCTCM

Beenenne. Hacrtpoiika mporpammuoii cpensl B MSVisualStudio. Kommumsnus mnpocTedmmx
PUMEPOB. JUIst paboTHI c CUDA.Onenka XapaKTePUCTUK BU/ICOKAPTHL.
ComputeCapabilityBumeoxapThl.

2. TuOpuanas Mojeidb BbIYMCICHUI. THIBI BBIYUCIUTEIBHBIX APXUTEKTYp. APXHTEKTypa
rpaduueckoro npomeccopa (GPU)

Harnmcanus nmocienoBaTebHOTO KoAa ISl BBIYUCIICHHS CyMMBI psiia. OLieHKa BpeMEHH BBIYMCIICHUSI.
[MpoexkrCUDABMS VisualStudio.

3. IIporpammuast mogens CUDA. I'mbpunnas Mojens nporpaMmmHoro kojaa. [lorstue moroka, Oioka,
cetr 05okoB. PyHKIMA — AOPO, KaK NapajuiedbHbli kog Ha GPU

Hammcanue mociieoBaTenbHOTO KOia ISl alrOpUTMa MEPEMHOKCHUS KBAaJIPaTHBIX MaTpHIL.
Ucnonp3oBanue nuHamuueckoi mamatu. OneHka BpeMeHu BoinoiaHenus. Pabora ¢ CUDAToolKit.

4. Uepapxuss namsitu Ha GPU. Peructpbl m jokanbHas namsiTh. [nobGanpHas namsaTe. 1llabmon
pabotsl ¢ mobansHOU naMsTh0. Mcnonb3oBanue pinned-namaru. CUDA-22notoku

Hactpoiika npoekta CUDAB cpexe  MSVisualStudio. Kommumsuus  npumepoB — u3
CUDASDK . IIpumMeps! napayiienbHON peaqn3alnuy 3a/1aud MHOTHUX TeJl U TUAPOINHAMUKH.

5. O6beuHeHne 3apocoB. MaccuBbI ¢ BRIPAaBHUBAHUEM

Hamucanue mapanienbHOTO anropuTMa CIOKEHHUSI BEKTOpOB U cymmupoBaHue psna Ha CUDA.
OneHka BpeMEHHU BBINIOJIHEHHSI U CpaBHEHHE € TIOcTe[oBaTeNbHON peanu3anueit Ha CPU.

6. Paspmensemass mamsate. Illabnon pabotel ¢ pasgenseMod mnamsThio. OnTumm3auus padboOTBl ¢
pa3nenseMon MaMsThio

Hanucanue napajienbHOT0 anropuTMa IMEPEMHOKEHHSI MAaTpHLl C HCIOJIb30BaHUE NIIOOaIbHON
namatu Ha CUDA. OrneHnka BpeMeHH BBITIOJHEHHS U CpaBHEHHE C MOCJIeI0BAaTEIbHON peann3arueit
na CPU.

7. Crarnueckue NEPCMCHHBIC. KoncrantHas naMsTh. TeKCTypHafI IIaMsATb

Hanucanne u ontumumzanus nporpammuoro koxa Ha CPU um GPU g paGoTel ¢ pa3inuyHBIMU
tuniamu namsiti Ha GPU. [mobanpraas namste, L2 ko, Read-OnlyDatakam.

8. Bonpock! ontumuzanuu npuinoxkenuit za CUDA

Hanucanne u ontumuzamus nporpammuoro koma Ha CPU um GPU jans paGoTel ¢ pa3inuyHBIMU
tunamu namsatid Ha GPU. Paznensemas mamste, peructpol. Konduukr 6ankos.

9. Pemienne nuddepennuansabix ypasueHuit Ha CUDA Ha npumMepe 3a1a4 a3po-THapOIuHAMHUKH



Hanwucanne u ontumuzanust nporpaMMuoro kogaa Ha CPU/OpenMP. 3anaua cymmupoBanue psijia u
MEPEMHOXKECHHUS MaTPHIL.

10. Pemenne 3agaun Marauroctatuk Ha GPU

Hanucanne wu ontumuzanust mnporpammaoro koga Ha CPU/OpenMP. 3apgaua wmHOrmx
B3aUMOJCUCTBYOIIUX TEJL.

11. Metoa MaccuBHO-TIapajuiebHOTO nporpammupoBanus Ha GPU B 3aayax TuHAMUKY ITy4YKa

Hamucanue u ontumuzanus nporpammuoro koga Ha CUDA g 3amad mapamienbHOW peayKIuu.
Pabora ¢ paznensiemoii mamsiteio. bank konuukTel. BerBnenne Warp.

12. Ouenka noteps nmyuka Ha GPU kak 3aaua TpacCUpOBKH JTyueit

Hamucanne wu ontumusanus nporpammuoro koma Ha CUDA jans mepeMHOXKEHHS MaTpHil.
4-baiitoBbie 1 8-baiiToBble 0aHKM B pa3zaeisieMoil namsaTu. bank KOH(IUKTH Ha BUAeOKapTax ¢ 16 u
32 6ankamu. Pabora mnanuposumka warp. Anroputmer ILPu TLP.

13. Pacuer adpdexra mpocTpaHCTBEHHOTO 3apsiaa myuka Ha GPU

Hamucanne wu ontummsarnus mnporpammHoro koga Ha CUDA ana CJIAY. Peanmzamus c
WCITIOJIb30BaHNE TIIO0ATBHON TamMsaTH. VCIIoIb30BaHNe THHEWHON TEKCTYPHON TTaMSITH.

14. 3apaua TpaccupoBku myuka Ha GPU

Hamucanue n ontumuzanusa nporpammuoro koga Ha CUDA gna CHAY. Ilpoussonnas @pemie u
HenpepbIBHBIN aHajor Metona Heiotona. Mcnonbs3oBanne KoauleCHHTa IPU IOCTYIE B MI00AIbHYIO
MaMATh.

15. Heperynsipublii mapanienusM B 3a1a4ax o0paboTka nuugposoro curnana Ha GPU
Hanucanue n ontumuzanus nporpammuoro koga Ha CUDA ans 3aaun MHOTHX Tedl.
16. Pexxum Multi-GPU. HetipocereBsie anroputmel Ha GPU

OcuoBuble aupektuBbl OpenACC. Kommmmsiimst woma B cpene  OpenACC. Hanmcanue
nporpammuoro koga Ha OpenMP u GPU/OpenACC miis 3a1a4 nepeMHOKEHHUS MaTPHL.

17. CpaBHeHue peanuzanuii MoaenbHbIX 33124 Ha OpenMP, OpenACC, CUDA

Hammucanue u onrumusanms nporpammHoro koja Ha OpenMP u GPU/OpenACC s 3amay 3amaqu
MHOTHX T€JL.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

» Okpan, npoektop (¢ HDMI Boixonom)

» Jloctyn B MuaTepuet (WiFi noakmrodenue)

» JlazepHas ykaska

» KommbrorepHslii kiacce ¢ Buaeokaptamu komnanuu NVIDIA.

» Ha xoMmbproTepax JOKHO OBITH YCTAHOBJICHO MporpaMMHoe obecnieuenue Aiist pabotsl ¢ CUDA.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
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2. Nnozemuesa H.I', Ilepenénkun E.E., CagoBauxoB b.1., OnTuMuzaius alropuTMoB 3a/1a4
MareMaTnyeckor Gu3uKu ajs rpaduyeckux mpoueccopos, M3a. MI'Y um. M.B. Jlomonocosa, ISBN
978-5-8279-0107-5, 2012, 256 ctp.

JomnonHurensHas aureparypa

Pexomenyemas nureparypa Ui CaMOCTOSTEIIEHOTO H3yYSHHUS:
1. David Kirck and Wen-meiHwu’s. Programming Massively Parallel Processors: A Hands-on
Approach. Applications of GPU Computing Series, 2007, ECE 498AL, University of Illinois.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://www.nvidia.com
http://developer.nvidia.com

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MS Visual Studio 2019, NVIDIA Driver, CUDA ToolKit, SDK
9. MeToauyeckue yKazaHus AJis1 00y4arOMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, W3ydaromuil TUCIUIUIMHY, JODKEH, C OAHOW CTOPOHBI, OBIAAETH OOIIMM MOHSATHIHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3ydeHHs NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE ONpEAENEHUS U TOHATHSA,
YMETh IPUMEHSATH MOTy9ICHHBIC 3HAHUS JIJIS1 PEIICHUS Pa3IMYHBIX 33714,

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3armomuHaHus. [lpu
3aTPYNHEHUH W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
®usrex-KJIacTep akaIeMUYECKON U HAyYHON Kaphepbl
Kypc: 1

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: E.E. IlepenenkuH, n-p ¢pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 CriocoOeH 0CyIIeCTBIATE COIMATEHOE
B3aUMOJICHCTBUE U PEaM30BbIBATH CBOKO POJIb B
KOMaH e

VYK-3.1 CrnocobeHn  ycTaHaBnuBaTh  pa3Hble  BHJIBI
KOMMYHUKAIIHH (yueOnyto, Hay4qHYIO, JIEOBYIO,
He(OopMallLHYIO U JIp.)

VYK-3.2 B3auMonelcTBYeT ¢ JIpPYIMMH 4YJ€HAMH KOMaHIBbI
IUISL TOCTYOKEHHS TIOCTaBICHHON 3a1a4n

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.1 CriocobeH aHamM3upoBaTh MOCTABICHHYIO 3aj1ady,
HaMeyarb IMyTH €€ PELCHUS

OIIK-1.2 CpnocobeH CcTpOUTb MareMaTU4ecKhue MOAEIH,
MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIOas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MPUMEHSTh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHHUKY U CEpBHCHI ceTu VIHTepHeT B
obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
MaTeMaTH4ecKue METOAbl M MPHUKIAJHOE MPOrpaMMHOE
obecrieueHne AN pEIIeHHs  HAydyHBIX  3a1ad B

npodeccruoHanbHOM 00IacTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (MJTM) TEXHUYECKHE
(TeXHOIOTUYECKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myOnuKanum, MpoeKThI)

OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAIUH, B TOM
YHUcie C HCIOIb30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO
obecrieueHus

OIIK-3.2 Bnageet Ha mpakTHKEe METOIOJIOTHEN COCTABICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.3 Bnageetr MeTogamMu BH3yaJbHOTO U rpauIeCcKOro
MIpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9YHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIIAi

OIIK-4 CriocoOeH oCymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJIHBIX 33129

OIlK-4.3 VYmeer coCTaBmsATh AaHHOTANWH, pedeparTsl,
oubnuorpaduyeckue mepeyHr u 0030pbl MHPOPMALUHU B
o0JacTu cBoei mpodeccuoHaIbHOM JIeATeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIENbIO [IOJYUYEHUs], XpaHEHUS U
00pabOTKM Hay4yHOW (TEXHHYECKOH, TEXHOJOTHYECCKOMN)
nHpopMaIun

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIIEA0BAHUI, U

OIIK-5.2 OOmnagaerT CIOCOOHOCTBIO K OCBOECHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 CnocobeH K TpodeCCHOHAILHOW DKCILTyaTaIluu

paboTaTh Ha COBPEMEHHOMN IKCTIIEPUMEHTAIBHOM | COBPEMEHHOM AKCIIEPUMEHTAITLHOM
HAay4HO-UCCIIEI0BaTEIbCKOM, HAay4HO-UCCIIEI0BATEIbCKON
M3MEPUTENhHO-aHATUTUIECKON 1 (M3MepHuTEeTHEHO-aHATUTHYECKOM u TEXHOJIOTHIECKON )
TEXHOJIOTHYECKOM amnmaparype anmaparypsl

I1IK-1.1 Bnameer  QyHIaMeHTanbHBIMH  TIOHSTHIMH,

[MK-1 Crioco6eH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)

3aKOHaMHU U TCOPUAMU COBpeMeHHOﬁ (1)I/I3I/IKI/I

[IK-1.2 Hmeer miyOokoe 3HaHHWE W MOHMMaHHE Oa30BBIX
MaTeMaTHYEeCKUX JUCLUILUIMH

[1IK-1.3 Bnazgeer KyabsTypoil IOCTaHOBKM Hay4HOM 3a/a4d U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHA B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX




UCCICNOBAHMS IIK-1.5 Buageer HaBbikamu 0Oe30mMacHOil pabOTHI ¢
COBPEMCHHBIMH  HAYYHBIMH  NPHOOpAaMH U JIPYTUM
9KCIIEPUMEHTAIIBHBIM 000PYI0BaHHEM

[IK-1.8 Bnageer HaBblkKamMH pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOIPaMMHMPOBAHUS U IPOrPaMMHBIMU ITaKETaMU
JUISl HAYYHBIX pacyeToB

[IK-2.1 Bnangeer merojamMH CTaTHCTUYECKOW OOpabOTKH U
aHaJIM3a Hay4YHbIX JTaHHBIX

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  IapaMeTpBhl,
I1K-2 Crnioco0eH aHaau3upOBaTh MOMYyUYCHHBIC B |ONPEACIAIOINEe H3ydyaeMoe SIBICHHE, M IPOU3BOAUTH

X0JIe HayYHO-HCCIIE0BATENLCKON paOOThI YHUCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI
AQHHBIC U ICIATh HAYIHBIC BBIBOJLI I1K-2.3 CniocoGeH npencTaBisaTh HayYHbIE YTBEPKICHHS, UX
(3aKuIr0uCH) 000CHOBaHMSI M J0KA3aTeNbCTBA, HAYYHbIC MPOOJIEMBI U UX

pelieHUs] SICHO M TOYHO B TEPMHUHAX, IIOHATHBIX IS
npoeCCUOHANBHON ayIUTOpHH, B MUCHbMEHHOW M YCTHOM

dopme

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare usydeHus IUCUMILIMHBI «MeTOAbl MacCHBHO-NApaUIEIbHOIO IIPOIPpaMMMPOBAaHUS B Cpene
CUDA niist perienus 3a7ad TEOPETHUECKON U MaTeMaTHYECKON (PU3UKNY 00yUarOIINIACs TOJKEH:

3HAThb:

0a30Bblc TOHATHA APXUTEKTYpbl TpaHUUECKUX MPOLECCOPOB M 3IEMEHTOB HPOTPAMMHOM Cpebl
CUDA.

yMeThb:

UCIIONB30BaTh 0a30BbIE 3HAHUS IO MporpaMmHo-anmnaparHomMy creky CUDA g pacnapalienuBaHus
nporpammuoro koga na GPU.
BJa/IeTh:

HaBBIKAMH aHAJHM3a IPOTPaAMMHOTO KOJa Ha BO3MOXHOCTBH €r0 paclapajuleiMBaHusl Ha rpad)uuecKoM
npoueccope GPU.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylIeMy KOHTPOJII0

1. Hcnonp3oBanne m1o0anbHOW MHaMATH Ha NpuUMepe IepeMHOkeHus wmarpul. OleHka
IPOU3BOJUTEIBHOCTH.

2. Pazpensiemas namsTh.3anuch, YTeHUE, CAHXPOHHU3ALHMS, CKOPOCTh IOCTYIIA.
3. 3anuch W YTeHHE U3 MI0O0ATBFHON HaMsITH, CKOPOCTb JOCTYIIA.
4. HlabnoHb! HOCTYMA K INIOOATBHON MaMSITH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[TepeueHb KOHTPOIBHBIX BOIPOCOB:

1. TlapannenbHble apXUTEKTypbl Ha 0a3ze meHTpanbHOro mporeccopa: IntelCore2 Duo, Quad, Cell,
SMP, BlueGene. OcobernocTti paboTbl

2. TlapannenwsHast apxuTekTypa Ha 0aze rpaduueckux npoueccopoB GPU: NVIDIATesla 8, Tesla,
Fermi, Kepler, Pascal

Cpena nporpammupoBanust CUDA mi1st MmaccuBHO napasiienbHbix apxutektyp GPU.
I'uGpuanbIi mogxoxn nmporpammuposanus Ha GPU/CPU.

[MonsiTre pyHKINY siipa, CETKU OJIOKOB, HUTEH.

OcHoBHbIe cnieniudukaTopsl, u nepemeHnbie cpenbl CUDA.

OcuoBnble Tunb Namatu Ha GPU.

e A S

3anuch ¥ YTeHUE 13 NI00AIBHON MaMsITH, CKOPOCTh JOCTYIIA.

9. 1labnoHsl HOCTyMA K MI00ATBHOM MaMSITH.

10. TTonsitue ComputeCapability. Brmussaue CC Ha paboTy ¢ maMAThIO.
11. O6benuHEeHHE 3aPOCOB MPH JJOCTYIIE B IOOATBHYIO IAMSITh.




12. Hcnonp3oBaHue II00ANbHOM NaMATH Ha MpUMepe MEPEeMHOXKEHUS MAaTpHIL.

MIPOU3BOIUTEIBHOCTH.
13. Paznensemast naMaTh.3auch, YTEHUE, CHHXPOHU3ALUS, CKOPOCTD AOCTYIIA.
14. TlonsiTue 6aHKOB MaMsITH, IIA0JIOHBI TOCTYIA B Pa3AesieMyIO HaMsTh.

15. Hcnonp3oBaHHWe pazfenseMold MaMsITH Ha MpUMEpe MEPEMHOXKEHUS MAaTpHIL.

MPOU3BOAUTEIBHOCTH.
16. Ilpumep napauiensHOM peayKIHUU C TIOCIEAYIONMEN ONTUMU3AINEH.

17. TlonsiTue TeKCTyphI, GUIBTPHI, TpeoOpa3zoBaHue TUTIOB, CIOCOOBI OOpaIIeHusI.

18. Mcnionp30BaHe TEKCTYPBI IIPU AOCTYTIE B INIO0ATBHYIO TaMSTh.

19. 3amaun 06paboTku curHaia. HaxoxeHne CBEpTKH.

20. O6paboTka n300paxeHus, NoHsATHE Iyma. [logasnenue nryma

21. [apannenbHoe peleHrne CUCTEMBI INHEHHBIX U HeIMHENWHBIX ypaBHeHni Ha GPU
22. Paznuunble TUTBI GUIBTPOB TIPU 00pabOTKE H300paKEeHUSI.

23. Bompock! ontuMuzanuu. Kitaccudukanms 3aa4 mo cTeneHy pacnapaieTnBaHus.
24. Ucnons3zoBanne CUDART u CUDADriverAPI.

25. OcHoBHbIE 1a0MOHBI PabOTHI ¢ MaMATHIO. [IpuMeps! onTMU3anKy Koaa.

26. Pabora ¢ nmpopumrpoBIIHKOM.

27. Ocobennoctr paboThl ¢ HeckonbkuMu GPU.

28. [Ipumeps! ucnionb3oBanust GPU.3agaua rugporazoquHaMuKy.

29. TpaccupoBka Jgyueil.

30. MonenupoBaHuE TUHAMUKH MTyYKa.

31. IapannenbHbli aITOPUTM PEIICHHS yPaBHEHHS TETJIONPOBOIHOCTH.

[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

Orenka

OrueHka

1. Hariucats B cpeae CUDA nporpaMMHBI Ko peanu3yIonifi napajuieabHoe IEPEeMHOKEHNE MaTPHII

C UCIIOJIB30BaHHC paS,Z[eJ'ISIGMOﬁ naMsAaTHu

2. Hamucarp B cpene CUDA nporpaMMHBIN KO pealu3yIoni napajuieIbHOe IEPEMHOKEHUE MaTPHIL

C UCITOJI30BaHNE ITI00aTLHON MaMITH

3. Hanncars B cpeae CUDA nporpaMMHBIN KO peanu3yIonifi napamieabHoe IEPEeMHOKEHNE MaTPHII

C UCTOJNB30BaHNE pasfessseMo namsaTi u anroput™Mom ILP u TLP

4. Hanucars B cpene CUDA nporpaMMHBIN KOZ pealu3yIONIHi apajuieIbHOE BEIUNCICHUE JUHAMUKI

CHUCTEMblI MHOT'UX YaCTHL C TpaBUTAlUOHHBIM B3aHUMO/ICHCTBHEM.

5.Hanwmcarps mporpaMMHBIN KO/ WILTIOCTPUPYIONIHN d3PPEKTHBHOCTH paboTHI ¢ pinned-maMsaThio

6.Harmmmcatp HapanneanHﬁ KO CJIOKCHHA MaCCUBOB C HCIIOJIB30BAHHWE ACMHXPOHOI'0 KOIIMPOBAHUA

JTaHHBIX Mex Ty host/device/
[Mpumeps! OUIETOB

burer 1.
1. IlonsiTHE TEKCTYpBI, GUIBTPHI, IPeoOpa30BaHKE THIIOB, CIOCOOBI OOpaIIeHUs
2. 3anada Ha paboTy ¢ pinned-naMATbIO

buier 2.
1. IousTre GaHKOB MaMsATH, MIA0JIOHBI JOCTYIIA B PA3ICISEMYO TaMSTh.
2. 3amaua Ha pabory ¢ CUDA-Stream

burer 3.
1. Ilpumep napamienbHON peAYKIMY € MOCIETYIOMEH ONTUMH3aUEN.
2. 3ajada Ha CIIOKEHHUE MATPHIL C UCTIOIB30BAaHUEM TEKCTYPHOU MaMSITH.

burer 4.
1. Ilabnons! moctyna Kk mobanbHoM namsaTy. [lonaTue koaneccunra.

2. 3a/:[aqa Ha CJIOKECHHE MACCHBOB B II00AILHON MAMSTH C HCIIOJIB30BAHUE BbIpaABHUBAHUA.

burer 5.



1. Opranuzanus pabots! B pexrme Multi-GPU cpencrsamu OpenMP nu CUDA-Stream
2. 3ana4 Ha paboOTy C TMHAMHYECKON pa3/ieNiieMOi aMsIThIO.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh X Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 00O0CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH O0a30BBIX MOHSTHI,
HapyLIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COAEp)KaHUsI y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oaiim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaJIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepenumupoBanuplii 3a4€T MPOBOAUTCS B ycTHOW ¢dopme mo Owieram. B kaxmom Owiete
NpPE/ACTaBICHO JBa TEOpPEeTHYeCKHMX Bompoca. I[lpm mpoBerneHuu 3auéra  oOydaromiemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromerocss He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



