degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: KommerorepHas rpaduka
10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
npopuiIb NOArOTOBKHU: KoMIipioTepHbIE TEXHOIOTHH U BBIYUCIUTEIbHASI TEXHUKA

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
[EHTP 00yYCeHUS ITPOCKTHUPOBAHUIO U pa3pabOTKe UTP

Kypc: 4

KBaJIupuKAIMSL: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
7 (ocennuit) - JlnddepeHnmpoBaHHbIi 3a4eT

8 (BeceHHHI) - DK3aMeH

AynutopHbIx yacos: 90 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabdora: 105 gac.
[ToaroroBka k sk3ameny: 30 yac.
Bcero gacos: 225, Bcero 3a4. ef.: 5

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy cocrasuin: N.B. ComminoB, pyKOBOIUTENH MPOEKTOB

[Iporpamma obcyxkaeHa Ha 3aceaHny LeHTpa 00yUueHHsI IPOSKTUPOBAHMIO U pa3padboTke urp 14.04.2023



AHHOTANMA

B kypce paccmarpuBalOTCS COBPEMEHHBIE METOIBI KOMITBIOTEPHON TpadUKd B TPHIOKEHHSX PEalbHOTO
BpeMeHH. [IpoBomutcs 0030p apXUTEKTyphl IpagUIECKUX MPOLECCOPOB HECKOIBKUX MOCIEIHUX TOKOJIEHHH ¢
MOSICHEHUEM O BIIMSHUHM W3MCHEHHMI B apXWUTEKType Ha ITOIXOABI HCIOJIB30BAHUS JTAHHOTO armnapaTHOro
obecnieuenns. PaccmarpuBarorcs pasnuunble Tpadudeckne APl m ux cBsA3p ¢ pa3BUTHEM TpaduUueCKUX
nporeccopoB. J{aércs 0030p HHCTPYMEHTOB, MCIIOIB3YIOMINXCS TIPH pa3padoTke TpaduyecKux MpUIOKEHHN 1
anroput™MoB. OTzenbHas 4acTh Kypca IOCBSINEHA JIETaTbHOMY pPa300py COBPEMEHHBIX METOAOB DPEIICHUS
CTIeM(HUYHBIX 33/1a4 PEaTHCTHYHON KOMITBIOTEPHOW T'paMKH PEeajbHOTO BPEMEHH, TaKMX KaK PUCOBaHUE
TEHEH, T100aNbHOe OCBEIEHHE, AITOPUTMbI aHTHATHACHHTA, PUCOBaHUE 3P(EKTOB.

B xozne kypca mpeanaraercs peann3oBaTh psil aTOPUTMOB, KOTOPbIE HUCIOIB3YIOT Pa3IniyHbIe BO3MOXHOCTH
coBpeMeHHBIX Tpaduyeckux API. B Xome BBHIMOTHEHUS MPaKTHYECKHX 33JaHUi OyIyT MOKa3aHbI METOIbBI
OTIAJKA M ONTUMM3ALUHN aJITOPUTMOB KOMIIBIOTEPHOH rpaduku. s yCIemHOro OCBOEHHS IMPOTPaMMbI
Kypca cCiymarento OyIeT IOJe3HO 3HaTh OCHOBBI JIMHEHHOW anreOppl M HMMETh HaBBIKM pPa3pabOTKu
MPWIOKEHUH Ha si3bIke CH+.

1. lean u 3apa4n

Henp AucoMnInHBI
dopmupoBaHue 6a30BBIX 3HAHUN M HABBIKOB JUIS PAOOTHI ¢ AJITOPUTMAaMH KOMITbIOTEPHOHN IpaduKu.

3axayu QUCHUNIHHBI
Ognazienre HaBbIKAMH Pa3pabOTKH, OTIAJKH U ONTHMHU3ALNH AJITOPUTMOB KOMIIBIOTEPHON TPapHKH.
0O030p HU3KOYPOBHEBBIX OCHOB PA0OTHI € TpauueCKUMU mpoiieccopamu u rpapudeckumu API.

OcBoeHHE HEKOTOPHIX COBPEMEHHBIX METOJOB KOMIIBIOTEPHOH TIpaduKu peanbHOro BPEMEHH Ha
MPaKTHKE.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon 1 HamMeHOBaHWE KOMITETEHITUN WHIuKaTopsl JOCTIKEHUST KOMITETEHITUI
OIIK-3.3 Bnageer meTogamMu BU3yaJbHOTO U TpadUdeCcKOro
MIpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
OI1K-3 Crioco0OeH coCTaBIIITh U O(l)OpMJ'IHTI: ACATCIIbHOCTH B BUJIC OTYECTOB, HAYYHBIX HY6HHK3HHﬁ
Hay4YHbIC U (MJTM) TEXHUYECKHE OIIK-3.2 Brnageet Ha MpakTHUKE METOAOIOTHEN COCTaBICHUS
(TexHONMOTHYECKHE, MTHHOBAIIMOHHBIC) OTYETHl  |HAYYHO-TEXHUYECKUX OTUETOB (ITPOCKTOB)
(myOnmKanmu, mpOEKThI) OIIK-3.1 3naeT ocHOBHBIE IpaBWIa O(DOPMIIEHUS HAYYHBIX

MyOJIMKAIUI U HAYYHO-TEXHHUUYECKOHM TOKYMEHTAIlUU, B TOM
YUCIE C WCIOJMb30BAHUEM MPHUKIATHOTO MPOrPaMMHOIO
obecrneyeHus

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MMOTYYCHUS, XPAaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMaun

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepeyHr W 0030pbl WHPOpPMALIUU B
o0sacTu cBoei mpodeccuoHaIbHOHN e TeIbHOCTH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJIIH)
TEXHOJIOTNYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOM
u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJACTH
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJJIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs 0 AUCHHUILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HAThb!




- OCHOBBI IPUHIIAIIOB Pa0OTHI TPAPUUECKUX MPOIIECCOPOB.
- AGCTpaKIMHU, UCTIONB3yEeMbIE MTPH Pa3pabOTKe aJrOpUTMOB KOMIIBIOTEPHOH IpaduKH.
- CoBpeMeHHBIE MOIXO/bI K PELICHUI0 OCHOBHBIX 33124 KOMITBIOTEPHOH rpaduKH.
- [IpyHLIMITEI TPOEKTUPOBAHNUS BEICOKOYPOBHEBBIX rpaduueckux APIL.
YMETh!
- Co3maBaTb W OTIAXKHUBATh AJTOPUTMBl  KOMIIBIOTEPHOW TIpaUKH C  HCIHOIb30BAHUEM
BBICOKOYpOBHEBOTrO API.
- Ilucarp weiinepHple TporpaMMbl HAa OIHOM M3 MICHIEPHBIX SI3BIKOB mporpammupoBanus: GLSL,
HLSL.
BJIaJIETh:
- MeTonamu pa3paboTku rpadUuecKuX MPUIOKEHHH.
- HaBbikamu onTUMU3anuy ¥ OTIIAJKU IPOTPaMM JJis rpapuyecKux MpoLeccopoB.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Beenenne B GPU 2 4 5
2 TekcTypupoBaHHE H OTIaAKa 2 4 5
3 I'padmaeckue API 2 4 5
4 KommnbroT meiaepst 2 5 10
5 Pennep 2 4 5
6 GPU 2 5 5
7 TpaccupoBka u meinepsl 3 4 10
8 CBeT ¥ TeHH 3 5 10
9 Oxpykaroliee IpoCTPAHCTBO 3 5 10
10 |Anmacusr 3 5 10
11 O dexTsr 2 5 10
12 |AnropuTtmsl 2 5 10
13 |Marepuansl u 3¢pexTor 2 5 10
Hroro yacos 30 60 105
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (Ocennuii)

1. Beenenue 8 GPU

0630p padorer GPU. Otmmuns GPU u CPU. SIMD u SIMT. IukcenpHbIi meinep. OTnudus s36IKOB
st meiaepoB ot C++. SDF. Monens ®onra. ToueuHble HICTOYHUKU CBETA.

2. TexcTypupOBaHUE U OTIAAKA




Monens bannn-®onr. PBR, napamerpsl marepuanos. TekcTypupoBaHue mozaened. THIBI TEKCTYD.
Cemmnepsl. @unbrpanus. Mip-ypoBHH TekcTyp. MHCTpyMEHTBI JUid OTIAAKH TIpaduuecKkux
npunoxenuit. RenderDoc, Nsight, PIX. CpaBHeHHe HHCTPYMEHTOB, IEMOHCTPALIMS UCTIOIb30BAHMSL.

3. I'padpuueckue API

00630p rpapuueckux API. OOwsicHenume, kak HadaTb paboTaTh C OOHMM M3 HHUX Ha HpUMEpe
Dx12/Vulkan/etc. Komnbtor mredigepsl. bydpepe. GPGPU. O630p kiaccuueckoro rpaduyeckoro
KoHBelepa (2 Tuma meilaepos). Bepmmuueid meiinep. 3arpy3ka mozeneil. Co3manue Oydepos
(Vertex Buffer, Index Buffer). [IpeoOpazoBanus koopauaat. MaTtpuisl ipeoOpa3oBaHuii.

4. KomnbioT menaepol

Tekctypsl. KomnbroT mieiiiepsl 11 image processing. @uiabTpsl ai1st M300paKeHHH, yaieHue Iryma,
CBepTKH. Pa3HMIIa MEXTy KOMIBIOT IIeHaepaMu 1 MUKcenbHbIMH. MHCcTaHCHHT Moaeneld. CKUHHUHT
Mopenei. Jlepopmanuu B BepmuHHOM Iielijepe. Jlomuposanme. Indirect draw. 'eomerpudeckuii
meiigep. Teccemmsiunonnsiii meiigep. OO630p pacmupenHoro koHBeiiepa. Transform feedback.
Displacement map.

5. Pennep

HacTpoiiku Juisi  pa3nuyHbIX JTamoB KOoHBekepa. z-test, stencil-test. ®opmarbl TTyOHHBL.
Forward/deferred meiinunr, dopeapa +. Gbuffer. Depth prepass.

6. GPU

Apxutekrypa GPU. Pabora ¢ nmamsreio. OOpaboTKa IHUKIOB W YCIOBHBIX OneparopoB. TUIHUYHBIC
“y3kue mecta’ B rpaguueckux npuioxenusax. Meronsl npodpmimpoBanust GPU. Tunuunbie noaxoanst
K ONTHUMU3ALIUY.

7. TpaccupoBka u 1eiaepbl

TpaccupoBka myueir. TLAS/BLAS. Tumbl meiinepoB ansi TpacCHpPOBKH Jy4yeH. YCKOPSIOIIHE
cTpykrypbl. Coznanue ¢oTopealucTHUHBIX u300pakenuii. Monte-Carlo integration. Offline
rendering.

Cemecrtp: 8 (Becennuit)
8. CBeT u TeHH

Ucrtounuku ceera. IES Texctypbl. Bunsl ucrounmukos csera. Tiled/clustered lights. Kaptel Tenei.
TpaccupoBka nist monyueHus:i TeHu. Msrkue Tenu. Kackagaelie kaptel TeHeil. PCF, VSM, ESM.
ATrnachl KapT TeHEH.

9. Okpyxato1iee IpoCcTPaHCTBO

Pucoanne nanamadToB. KaprTel BbICOT. Bupryanbhbie Tekctypbl. buombl. [ledhopmanms
nannmadra. PucoBanme pacturenbHOCTH. [IpoOiiemMbl ¢ TPOU3BOAMTENBHOCTHIO. VMmocTepsl.
Peakuus pacrennii Ha Berep. PucoBanue tpaBbl. TpaHCIrOCEHTHBIE MaTepUaibl. PUcOBaHUE TyMaHa U
oOnakoB. Ray-marching. 3D-TekcTypsl.

10. Anuacuur

[Ipobnema ammacuara. Tumsl ammacuara. SSAA, MSAA, FXAA, TAA. 3agaua yBenTUYCHHS
paspemenns. TAAU. DLSS. Checkerboard upscale. VRS.

11. 3ddexTsr



Okpannbie d3pdexter. SSAO. GTAO. SSR. [Mocraddexrsr. Toumanmuar. HDR. Depth of field.
12. Anroputmsl

0O630p anropurmoB Global illumination. RSM, Light propagation volumes, Voxel cone tracing,
Irradiance cache, Radiosity, light probes. OcHOBHBIC alTOPUTMBI Ha KOMIIBIOT IIelaepax: scan,
KOMITpeccusi, IOCTPOEHHE TUCTOrpaMMBl, bitonic sort, radix sort. Warp.

13. Marepuaisl 1 3QPeKTbt

Subserface scattering. PucoBanme koku, BOJNOC, I1a3. AHH30TPONHBIE MaTepuaibl. Peamuzamus
cucteMbl yactull. PrucoBanue 6undopnos. Peann3zanys noBeeHNs 4acTUIl.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas ayanuTopusd, OCHAIIEHHAS MCIHUAIIPOCKTOPOM U 3KPaHOM. HepCOHaHBHBIG KOMITBIOTCPELI C
TIOAKIHOYCHHUEM K CCTH ((I/IHTepHeT».

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. apannensubie Beruncienus: Ha GPU. Apxurekrypa u nporpammuas moaens CUDA [Teker] : yue0.
nocobwue /st By3oB / A. B. bopeckoB [u ap.] ; Mock. roc. yH-T uM. M. B. JlomoHocoBa .— M. : 131-BO
Mock. yH-Ta, 2012 .— 336 c.
2. Ocuossl pabotsl ¢ Texnonorueir CUDA [Tekct]/A. B. Bopeckos, A. A. Xapnamos, -M., JIMK
[Ipecc, 2010

JlonoHUTE IbHAS TUTEPATypa
1. On numbers and games/J. H. Conway, Princeton University, -New York, CRC Press, 2001

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJIIOYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

TemaTuueckuii mopTajz KOMIILIOTEPHOU IrpaduKy peaabHOTO BpEMEHH
http://www.realtimerendering.com/portal.html

[opran ans pazpadorunkoB nVidia https://developer.nvidia.com/

[opran ans pazpadorunkoB AMD https://developer.amd.com/

Caiit A.B.bopeckoBa, cOopHuK cTareli o KoMnbloTepHO# rpaduke http://steps3d.narod.ru/articles.html
Ha nekiimoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
Mpe3eHTaLH.

B npouecce camocTosTebHOM PabOThl 00YUaIONIUXCs MPEIIONaraeTcsi HCIOIb30BaHUE TaKUX
MpOrpaMMHBIX CpeAcTB, kak nVidia Nsight, PIX, RenderDoc u npyrue.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUE Kypca TpedyeT HampspKEHHOW caMOCTOSTENBLHONW padoThl cTyneHTa. B mporecce
W3y4YEHUs] MaTepuasia CTyJeHTaM HeoOXOAUMO BBHINIOJIHATH MpaKTHYeCKue 3aaanusi. Bce HeoOXxoaumeble
JUISL OCBOEHUSI TUCLUILINHBI MaTepuasibl OyayT BBICHIIATHCS Ha AIEKTPOHHBIE TOYTHI 00YYarONIUXCS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: HNudopmarrka 1 BEIYUCTUTEIEHAS TEXHUKA

npopuJib NOArOTOBKHU: KomnbroTepHble TEXHOIOTUH U BHIYUCIUTEIbHAS TEXHUKA
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
[EHTP 00yYEeHUS ITPOCKTHUPOBAHUIO U pa3pabOTKe UTP

Kypc: 4

KBaJupuKaAnus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHmpoBaHHbIi 3a4eT

8 (BeceHHHUI) - DK3aMeH

PaszpatGoTunk: N.B. CommioB, pyKOBOAUTEINb IPOEKTOB



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIISTh
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO W TpaduuecKoro
MPEICTABICHUS PE3yNbTaToB HAy4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JESITEIbHOCTH B BUJIE OTYETOB, HAyYHBIX ITyOIMKaLIUI

OIIK-3.2 Brnageet Ha MpakTHUKE METOMOJIOTHEH COCTABICHUS
HAYYHO-TEXHUYECKHX OTYETOB (IIPOCKTORB)

OIIK-3.1 3Haer ocHOBHEIE TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuH, B TOM
YHUCIE€ C MCHOJIb30BAaHWEM MPUKIAJHOTO IPOrPAaMMHOTO
o0ecrnieyeHHs

OIIK-4 CriocoOeH ocymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VI )
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.4 Bnageer HaBbIKaMu pabOTBl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSAMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
oubnuorpaduyeckue nepeyHr u 0030pbl MHPOPMALUHU B
o0JyacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (W) TexHoJOorMYeckod wuHpopManmuu B OONACTH
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-4.1 Bnageer weTromaMM Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalH{ MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuiniel «KommbrorepHas rpadukay o0yqaromuiics: JomKeH:

3HAThb:

- OCHOBBI IPUHIMIIOB PaOOTHI TPAaPUUECKUX MIPOLIECCOPOB.

- AGcTpakimu, HCTOJIb3yeMble NIPH Pa3pabOTKe aIrOPUTMOB KOMITBIOTEPHOH IpaduKH.
- CoBpeMeHHbIE TOAXOABI K PEIICHUI0 OCHOBHBIX 33]1a4 KOMITbIOTEPHOH rpaduKH.

- [IpyHIUTIBI TPOEKTUPOBAHNUS BEICOKOYPOBHEBBIX rpaduueckux APIL.

yMeThb:

- CozgmaBaTh M OTIAXMBaTh AITOPUTMBI  KOMIIBIOTEPHOH Tpaduku C  HCIOIb30BAaHHEM

BBICOKOYpOBHEBOro API.

- Ilucarp meigepHble MporpaMMbl Ha OJHOM M3 MIEHIEPHBIX S3BIKOB MporpammupoBaHus: GLSL,

HLSL.
BJIaJeTh:

- Metonamu pa3pa0oTku rpaduuecKux MPUIOKEHHUH.
- HaBblkamMu ONTUMHU3AIMK ¥ OTIIAKH [IPOTPaMM Ui TpaduIecKux MpoIeccopoB.

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

[lepeueHb TUIOBBIX BOIIPOCOB U1l TEKYILLETO KOHTPOJISL:

7 cemectp:

1. ToyeyHble HCTOYHUKU CBETA.
2. TexcTypupoBaHue

3. Otnazka.

4. NHCTpYMEHTHI ISl OTIAIKK MpaduaecKiX MPUITOKEHHUH.

5. I'padmueckue APL
6. OUABTPHI AJIs1 N300PAKCHU.
7. Ynanenue myma.




8. CeepTKH.
9. Pazauiia Mexay KOMIBIOT HIEHAepaMu U TUKCEIbHBIMHU.
10. ®opmarsl rTyOHUHBI.

8 cemectp:
. O6paboTKa UKIIOB.
. O6paboTKa yCIOBHBIX OIEPaTOPOB.
. Co3nanue GoTopearTucTHYHBIX N300paKeHUH.
. TpancmoceHTHBIC MaTepHabI.

1

2

3

4

5. PucoBanue TymaHa u 00JIaKOB.
6. Ray-marching.

7. 3D-TeKcTyphl.

8. 3aymaua yBennueHus pa3petieHus.

9. TAAU. DLSS. Checkerboard upscale. VRS.

10. OcHOBHBIE aNTOPUTMBI HA KOMIIBIOT IIeHIepax.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeuens BonpocoB k aAudpupeHIrpoBaHHOMY 3a4eTy:

1. Hammcanue nukcensHOTO mekiaepa ¢ SDF u ocemenneM o MoHry.

2. JloGaBUTb TEKCTYpHl B HalMCaHHBIA paHee meraep. OnHa U3 TEKCTyp JOJKHA OBITh MPOLEAYPHO
CreHEPUPOBAHHOW U MEHATHCSA cO BpeMeHeM. Peanmzanus PBR.

3. 3axBar Kajpa U3 Urphbl.

4. Cozganme TpWIOXKEHUs € Ucnonb3oBaHueM rpadudeckoro API. HykHo Hammcars mnpocToit
KOMITBIOT LIEiIep, HApUMeEp, CJIOKEHHUE JIBYX BEKTOPOB.

5. J1o0aBuTh MONAEPKKY TEKCTYP M peasin30BaTh QUIBTP AJIsl H300paKeHHUS.

6. JobGaenenue rpaduyeckoil ouepenu B pa3pabOTaHHOE paHee NPWIOKEHHE. 3arpy3ka MOZICIH.
BriBoI MOzIENIM HA DKpaH.

7. CreHepupoBaTh MHOXECTBO MHCTaHCOB JUIsl MOZEIU B KOMIIbIOT ILIEHiepe U BBIIOIHUTh KYJUIMHT B
HéM xe. [lomyueHHbIe HHCTAHCHI OTPUCOBATH C UCIONIb30BaHueM indirect draw.

8. [obGasnenue kapthl displacement’a B cymiecTByoliee MpUIOKEHHUE.
9. Peanmuzanus oJHOTO U3 BUJIOB pEHAEPEpPA.
10. UuTerpauns npodaiinepa B pa3paboTaHHOE paHee MPUIIOKEHHUE.

Hepequb BOIIPOCOB K 3K3aMCHY:

TpaccrpoBka j1yueld B TUKCEIBHOM IIeiiiepe Ha IPOCTOH CLEHEe ¢ 3epKaJIbHBIMU MaTepHajIaMH.
Hobasnenne nogaepxku spot lights.

JHobaBneHne KapTbl TEHEH.

Hobasnenue panamadra ¢ KapToil BEICOT.

JHobasneHue TpaBbl, pearupyromiei Ha BeTep.

Jobasnenne TymaHa B MPUIIOKEHUE.

Peanuszanus FXAA unu TAA.

Peanuzaum AO.
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9. Peanuszanusa toumanmnuura u nogaep:xka HDR.

10. Peanusamua RSM.

11. Ioxnepsxka aHU30TPOITHBIX U TPAHCIIOCEHTHBIX MaTEPUAIIOB B MIPIIIOKEHUH.
12. lo6aBnenue 3¢h(hexkToB B MPUIIOKEHHUE.

HpI/IMepBI OK3aMCHHAIIlMOHHBIX OUJIETOB:

Buiet Nel:



1. Pacckaxkute 00 TpacCHpOBKH Nyueil B MHUKCEIHLHOM IIEijaepe Ha MPOCTOW CIICHE C 3epKATbHBIMH
MaTepHagaMu.

2. Peamuzanug FXAA m TAA.

Buiter Ne2:
1. Onumute no6aBieHue naHamadTa ¢ KapTOl BBICOT.
2. Peamu3zamnusg RSM.

Kputepun onennBanus

- omenka «omm4HO  (10)»  BBICTaBNSieTCS  CTYAEHTY, IIOKa3aBLIEMy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
MPUHATHIX PEIIECHUN;

- omeHka  «omimuHO  (9)»  BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE TPUMEHSITh UX
Ha IMPAaKTHKEe NPU PEIICHUH KOHKPETHBIX 3aJad, CBOOOIHOE M MPaBHIIbHOE 00OCHOBaHME NPHHATHIX
pELICHMUI;

- oOuleHKa  «oTaumyHO  (8)»  BBICTABIsAETCS  CTYIACHTY,  IIOKAa3aBIIEMy  BCECTOPOHHHE
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBI 1 YMEHHE TPUMEHSITh UX
Ha [IPAKTUKE NPU PEIICHUN KOHKPETHBIX 3a/1a4, ¥ IPaBUIbHOE 000CHOBAHHME IPUHSTHIX PEIICHNH;

- OLICHKa «XOopouIo (7))) BBICTABJIIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MaTcpuall, rpaMOTHO H I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO AOITYCKACcT B OTBETC
HJIN B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OlIEHKa «XOpoIlIo (6)» BBICTABISETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT NPHUMEHSTHh MOJyuyeHHbIC 3HAHWSA Ha MPaKTHKE, HO JOMYyCKAaeT B OTBETE WM B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- OLICHKa «XOpoIIo (5)» BBICTABJIACTCA CTYACHTY, €CCJIM OH 3HACT MATCpuall, U MO CYHICCTBY MU3JIaracT
€ro, yMeeT NpUMCHATL IMOJYUYCHHBIC 3HAHUSA Ha IMPAKTHUKE, HO AOIYCKACT B OTBETC WM B PCUICHUU
3a1a4 HCKOTOPBIC HCTOYHOCTH,

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIAZIcET OCHOBHBIMHU paslelaMHd y4eOHOW NporpaMmbl, HEOOXOIUMBIMH [UIS JajJbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3sily B CTAHAAPTHOM CUTYallUH;

- OIIEHKa «YJIOBJIETBOPUTENHbHO (3)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3liellaMd Y4YeOHOW NpOrpaMMbl, HEOOXOOUMBIMHU IS
JanbHENIIero oOydeHHs M MOXKET HPUMEHATh IOJTy4eHHble 3HaHMSA 1O o0paslly B CTaHIApTHOM
CUTYalluu;

- OLECHKAa «HEYJOBJIETBOPUTENIBHO (2)» BBICTABIAETCS CTYACHTY, KOTOPBIH HE 3HAeT OOJbIIed 4acTH
OCHOBHOTO COACp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT TrpyOble OIMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYEHHBIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTUYECKUX 3a7a4;

- OLICHKA «HEYNOBIETBOPUTEIHHO (1)» BBICTABISAETCSA CTYACHTY, KOTOPBHIH HE 3HaeT (OPMYIHPOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckne MaTepuajbl, onpeaeasonue Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

KoHTponb 3HaHuS MaTepuasa OCYILECTBIISIETCS IPU IIOMOLIM BBIIOJIHEHUS 3aJaHUM U KOHTPOJbHON
pabotsl. [Ipu moaroToBKe K OTBETY pa3peliaeTcs MoIb30BaThCs JTIOOBIME MaTepHalaMH.



