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: Kowmmbtorepnas rpaduxka. HYacts 1
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: [IpoektupoBanue u pa3paboTKa KOMIUIEKCHBIX OM3HEC-TPUIIOKEHHMA

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
LEHTP O0y4eHUs IPOSKTUPOBAHUIO U pa3padoTKe Urp

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOM arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

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

[Iporpamma obcyxkaeHa Ha 3aceJaHny LIeHTpa 00yUeHHsI IPOSKTUPOBAHMIO U pa3padboTke urp 29.08.2023



AHHOTANMA

B kypce paccmarpuBaroTCs COBPEMEHHBIE METOIbl KOMITBIOTEPHOH TIpadMKH B IMPUWIOKEHUSX PEaTbHOTO
BpeMeHH. IIpoBomurcs 0030p apXUTEKTYphI ITpaUIecKUX MPOIECCOPOB HECKOJIBKUX MOCIETHUX ITOKOJICHUH C
MOSICHEHUEM O BIIMSHHM M3MEHEHHMH B apXUTEKType Ha MOAXOJbl HMCIOJIB30BaHUS JTAHHOTO armapaTHOTO
obecnieuenns. PaccmarpuBatorcst paznuunble Tpaduueckue APl m ux cBs3b ¢ pasBuTHeM rpaduyeckux
nporeccopoB. Jlaércst 0030p HHCTPYMEHTOB, HCHONB3YFOIIUXCS IPU pa3padOTKe rpagMueCcKUX MPHI0KESHHH U
anroput™MoB. OTzenbHasE 4acTh Kypca IOCBSINEHA JIETaJbHOMY pa300py COBPEMEHHBIX METOOB pEIICHHS
CTIeU(HUYHBIX 33/1a4 PEaJHCTHYHON KOMITBIOTEPHOH I'paMKH pPeabHOTO BPEMEHH, TaKMX KaK PUCOBaHHE
TEHEH, T100aNbHOe OCBEIEHHE, AITOPUTMbI aHTHATHACHHTA, PUCOBaHUE 3P(EKTOB.

B xozme xypca mpeanaraercsi pealn3oBaTh psjl aJTOPUTMOB, KOTOPBIE MCHONB3YIOT Pa3IMYHbIe BO3MOKHOCTH
coBpeMeHHBIX Tpaduueckux API. B Xome BBINONHEHHS NMPAKTUYECKUX 3aJaHUN OyIyT MMOKAa3aHBI METOIBI
OTJIAJKA M ONTHUMM3ALUKM AITOPUTMOB KOMIIBIOTEPHOM rpaduku. [ ycmemHoro ocBOEHHS HPOTpaMMBbI
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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-2.1 CriocobeH  NpPUMEHSTb  COBPEMEHHBIC
BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B
OTIK-2 CriocobeH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHON JESTeIbHOCTH
WH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATb YHCIEHHBIC
MPOrpaMMHBIE CPEACTBA IIPU PEIICHUH 33/1ad  |MareMaTHYeCKHEe METOAbl W TPHKIAJHOE IPOrPaMMHOE
Ipo(eCcCUOHAIBHOMI IeSTeNbHOCTH, coOMoast |o0ecreueHre Uil pelIeHUs]  HAay4yHbIX  337ad = B
TpeboBaHMs NH(POPMALIMOHHON 0€30MaCHOCTH  |MpOogeCCHOHANIBHON 00acTh

OIIK-2.3 3naer ocHOBHble TpeOGoBaHMs HH(POPMAIMOHHON
0e30MmacHOCTH

OIIK-3.1 3HaeT oCHOBHBIC MpaBuiia OQOPMIICHHS HAYYHBIX
MyONMKAUi U HAyYHO-TEXHUYECKOH NTOKYMEHTALUH, B TOM
YHUCIE€ C MCHONb30BAaHWEM NPUKIAJHOTO IPOrPaMMHOIO

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh obecrieueHust

Hay4HbIC U (UJIM) TEXHUYECKHE OIIK-3.2 Bnazgeer Ha mpakTUKE METOJOJIOTHEN COCTABICHUS

(TexHONIOTHYECKNEe, NHHOBALIMOHHBIC) OTYETHl  |HAYYHO-TEXHHUYECKUX OTYETOB (IIPOEKTOB)

(ryGuMKaLmH, POEKTHI) OIIK-3.3 Brnageer MeToaMH BU3YaJIbHOTO U I'paHuecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

(Hay4YHO-TEXHUYECKON, NHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JIESITEIIPHOCTH B BUJIE OTYETOB, HAYYHBIX ITyOIHKAIIHIA

[IK-2.1 3HaeT OmpUHOUIBI MTOCTPOCHHA HAYYHQPROOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMeHTallH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.2 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCIICAOBAHUS CaMOCTOSTEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!

- OCHOBBI IPUHIIMIIOB Pa0OTHI TPAPUUECKUX MPOIIECCOPOB.

- AGCTpaKIMU HCIIOIBb3yeMbIe TIPH Pa3paboTKe alrOPUTMOB KOMITBIOTEPHOM rpauKu.
- CoBpeMeHHBIE MO/IXO/BI K PEILICHUI0 OCHOBHBIX 33124 KOMITBIOTEPHON rpaduKu.

- [IpuHIMITBI TPOEKTUPOBAHUSI BEICOKOYPOBHEBBIX Ipaduyeckux API.

YMETh!
- Co3maBaTb W OTIAXHUBATH aJTOPUTMBl  KOMIIBIOTEPHOW TIpaUKHM C  HCIHOIBb30BAaHUEM
BBICOKOYpOBHEBOTrO API.

- Ilucare meinepHple NporpaMMbl Ha OZHOM M3 IICHIEPHBIX SI3BIKOB IporpammupoBanusi: GLSL,
HLSL
BIIAJICTh!

- MeTonamu pa3paboTku rpadUuecKuX MPUIOKEHHH.
- HaBblkamu ONTHMU3AIMH ¥ OTIIAIKH IPOTPAMM JUIs TpauIecKux MpoIeccopoB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), 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 Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlexkumu | CemuHapsl JIabGopar. paboTsl Camocr.
P pat-p pabora
1 Beenenne B GPU 6 6 10
2 TekcTypupoBaHHE H OTIaAKa 6 6 10
3 I'padmaeckue API 6 6 10
4 KommnbroT meiaepst 3 3 10
5 Pennep 3 3 10
6 GPU 3 3 15
7 TpaccupoBka u meiaepsl 3 3 10
Hroro yacos 30 30 75
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)
1. Beenenue 8 GPU

0630p padotet GPU. Otimuumst GPU u CPU. SIMD u SIMT. IlukcenbHbril meiaep. OTIudus sI36IKOB
st meiaepoB ot C++. SDF. Monens ®onra. ToueuHble HICTOYHUKH CBETA.

2. TexcTypupOBaHUE U OTIAAKA

Mognens bannn-®onr. PBR, napamerpsl marepuanos. TexkcTypupoBanue mozaened. THIBI TEKCTYD.
Cemmepsl. @unbtpanma. Mip-ypoBHu TekeTyp. WHCTpyMEHTHI A OTIaIKd TpaduyecKux
npunoxenuit. RenderDoc, Nsight, PIX. CpaBHeHre HHCTPYMEHTOB, IEMOHCTPALIKS UCTIOJIb30BaHMSL.




3. I'paduueckue API

00630p rpapuueckux API. OOwsicHenuwe, kak HadaThb paboTaTh C OAHMM W3 HHX Ha TpUMeEpe
Dx12/Vulkan/etc. Komnbtor meiinepsl. bydepsl. GPGPU. O630p kinaccuueckoro rpaduueckoro
KoHBeliepa (2 Tuma muredzepoB). Bepmmuubii meinep. 3arpy3ka mopeneii. Cozmanue Oydepos
(Vertex Buffer, Index Buffer). [Ipeo6pazoBanus koopaunat. MaTtpuis! npeoOpa3oBaHuil.

4. KoMnbIOT mIEHEpHI

Texcrypsl. Komnbrot meiiaeps! 11 image processing. @uiibTphl U1t ©300pakeHuil, yaaaeHue uyma,
CBepTKH. Pa3HuIila Mexay KOMIBIOT HIeHepaMu U MUKcenbHbIMU. MHCTaHCHHT Mojeneld. CKUHHUHT
mozened. Jlepopmanuu B BepmmHHOM Iueiaepe. Jloguposanue. Indirect draw. ['eomerpuueckuit
meiinep. Teccemmsmuonnblil mrednep. O030op pacmupenHoro konseidiepa. Transform feedback.
Displacement map.

5. Penpep

Hacrpoiiku 111 pa3nuyHBIX JTaloB KOHBeWepa. z-test, stencil-test. ®opmarbl TTyOWHBI.
Forward/deferred meitnunr, popsapa +. Gbuffer. Depth prepass.

6. GPU

Apxutektypa GPU. Pabora ¢ namsreio. OOpaOoTka LMKIOB M YCIOBHBIX ONEPAaTOPOB. THMHUYHBIE
“y3kue Mecta” B rpaduueckux npunoxeHusx. Meroasl npodunupoBanus GPU. TunuuHbie OAX0IbI
K ONTHMHU3ALIUH.

7. TpaccupoBka u 1eiaepbl

TpaccupoBka nydeir. TLAS/BLAS. Tumbl meinepoB ansi TPacCHPOBKH Jydel. YCKOPSIOIIHE
ctpykrypbl. Co3nanue ¢GoTropeaMcTUYHbIX m300pakeHuid. Monte-Carlo integration. Offline
rendering.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas ayanuTopusd, OCHAIIEHHAS MCIUAIIPOCKTOPOM U 3KPaHOM. HepCOHaJ’IBHBIG KOMITBIOTCPELI C
TIOAKIHOYCHHUEM K CCTH «I/IHTepHeT».

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. apannensubie Beruncienus: Ha GPU. Apxurekrypa u nporpammuas moaens CUDA [Teker] : yue0.
nocobwue /st By3oB / A. B. bopeckos [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
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Temaruueckuii mopTans KOMIbIOTEPHOU TpadUKN pealbHOrO BPEMEHH
http://www.realtimerendering.com/portal.html

[Mopran ans pazpadorunkos nVidia https://developer.nvidia.com/

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

CaiiT A.B.bopeckoBa, cOopHUK cTareii o KoMmbioTepHO# rpaduke http://steps3d.narod.ru/articles.html
Ha 3aHATHSIX UCTIONB3YIOTCSI MYJIBTUMEINIHBIC TEXHOJIOTUH, BKIIIOYAst AEMOHCTPALHIO TIPE3CHTALIUH.

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

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUe Kypca TpeOyeT HalpsbKEHHOW caMOCTOATENBHOUM paboThl cTyiaeHTa. B mporecce
W3y4YEHUs] MaTepuasia CTyACHTaM HEOOXOJMMO BBIONHATH MpaKkThdeckue 3ananusi. Bece HeoOxonumbie
JUISL OCBOEHUSI TUCLUIUTMHBI MaTeprasibl OyayT BBICHIIATHCS HAa AIEKTPOHHBIE TTOYTHI 00YYarONIHXCS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: [IpoektupoBanue u pa3paboTKa KOMIUIEKCHBIX OM3HEC-TPUIIOKEHHIMA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
LEHTP O0y4eHUs IPOSKTUPOBAHUIO U pa3padoTKe Urp

Kypc: 4

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

PaszpatGoTunk: N.B. CommioB, pyKOBOAUTENb IPOEKTOB



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
BBIUMCIIUTENBHYIO TEXHUKY M CEpPBHUCHI ceTh VHTepHeT B

OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) NpodecCHOHANBHOM NEITENbHOCTH

MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
IIPOrpaMMHBIE CPEICTBA IIPU PEIICHUM 330a4  |MaTeMaTHYeCKUe METOAbl U IPHUKIAJHOE IPOrpaMMHOE
npodeccuoHaIBHON I TeNbHOCTH, coOnoiast  |o0ecrieueHre Uil PeUIeHUs  HAay4YHbIX  33jad B
TpeboBanua HHPOPMALMOHHOMN Oe30macHOCTH  (podeccHOHaNBLHON 00IacTH

OIIK-2.3 3naer ocHOBHBIC TpeOoBaHUs HH(POPMAITMOHHON
0e30MacHOCTH

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

OIIK-3 CriocobeH cocTaBisTh U 0QOpMIIAT obecneyenust

Hay4HbIC U (MJTM) TEXHUYECKHE OIIK-3.2 Bnageet Ha mpakTHKE METOIOJIOTHEN COCTABICHUS

(TeXHOJIOTHYECKUE, UHHOBAIL[IOHHBIC) OTYETHl  |HAYYHO-TEXHUYECKHUX OTYETOB (IIPOECKTOB)

(myOnmKanmu, MpOEKThI) OIIK-3.3 Bnazneer MeTogaMu BU3YalIbHOTO U rpad)uyecKoro
IpeACTaBICHUS pe3yabTaToB Hay4YHOM

(Hay4HO-TEeXHUYECKOH, WHHOBALIMOHHON TEXHOJIOTHYECKOH)
JEATEIIbHOCTH B BUJIE OTUETOB, HAyYHBIX ITyOIHKaIMHA

[IK-2.1 3Haer npuHIUIB TMOCTPOEHUS HAYYHQIAOOTHI,
MeTonbl cOopa M aHajM3a TMONyYEHHOTO Marepuana,
CIOCOOBI apryMeHTaINH

I1K-2 Crnoco0OeH caMOCTOITENBHO WU B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBOIUTH

[IK-2.2 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CaMOCTOSTENIBHO WM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

Hay4HBIE UCCIICIOBAHUS U UX arpoOaluio
[MK-2.3 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB

Hay4YHO-UCCIIE0BATEIbCKON paboTel MTOCPEICTBOM
MyOIMKAIlMK HayYHbBIX CTaTel M yyacTusl B KOH(EPeHINAX

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzyuenus quctumuinabl « KoMrbrorepHas rpaduka. HYacTs 1» 00ydaromuiicst TOMIKeH:

3HATh:
- OCHOBBI IPUHIMIIOB Pa0OTHI TPAPUUECKUX MIPOLIECCOPOB.
- AGCTpaKIMy HCIOIb3yeMble TIPH pa3paboTKe arOPUTMOB KOMITBIOTEPHOM rpauKu.
- CoBpeMeHHbIE TOAXOABI K PEIICHUI0 OCHOBHBIX 33]a4 KOMITbIOTEPHOI rpaduKH.
- [IpyHIUTIBI TPOEKTUPOBAHNUS BEICOKOYPOBHEBBIX rpaduueckux APIL.
YMeThb:
- CozgaBaTh M ONIAXMBaTh AITOPUTMBI  KOMIIBIOTEPHOHl Tpaduku ¢ HCIOIb30BAaHHEM
BBICOKOYpOBHEBOro API.
- Ilucarp meiinepHpie TPOrpaMMbl Ha OAHOM M3 HIEHAEPHBIX SI3BIKOB mporpammupoBanus: GLSL,
HLSL
BJIaJeTh:
- Metonamu pa3pa0oTku rpaduuecKux MPUIOKEHHUH.
- HaBblkamMy ONTUMHU3AIMK ¥ OTIIAIKH IPOTPaMM Ui TpaduIecKux MpoIeccopoB.

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

C nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[IpumepHsbIil nepedeHbBONPOCOB I AU PEepEeHIIMPOBAHHOTO 3a4eTa:

1. Hanmcanue nukcensHOTO mekiaepa ¢ SDF u ocemenueM no MoHry.

2. Hob6aBUTh TEKCTYpbl B HallMCAaHHBIN paHee wmeiinep. OAHa U3 TEKCTYP AOKHA OBITH MPOLIEAYPHO
CrEeHEPUPOBAHHON U MEHATHCSA cO BpeMeHeM. Peanmzanus PBR.

3. 3axBar Kajpa U3 Urpsl.

4.Coznanne MpUIIOKEHUS ¢ HCIIONb30BaHueM rpaduieckoro API. HyxHo Hamucarh mpocToi KOMIBIOT
mieiep, HalpuMep, CI0KEHHE JBYX BEKTOPOB.

5. J1o0aBUTh MONAEPKKY TEKCTYP M peasin30BaTh QUIBTP AJIsl H300paKeHHUS.

6. JloGaBnenue rpaduueckoil ouepenu B pa3paboTaHHOE paHee MPUIIOKEHHE. 3arpy3kKa MOJIEINH.
BriBoa MOzIEnM Ha DKpaH.

7. CreHepupoBaTb MHOKECTBO MHCTAHCOB JJIs1 MOJEJIM B KOMIIBIOT IIEHEPE U BHIIOIHUTh KYJUIUHT B
HéM xe. [lomyueHHbIe HHCTAHCHI OTPUCOBATH C UCIONIb30BaHUeM indirect draw.

8. [obGasnenue kapthl displacement’a B cymiecTByoLiee MpUIOKEHHUE.

9. Peanuzanus oJHOTO U3 BUJIOB pEHAEPEpPA.

10.MuTterpanus npogaiinepa B pazpadboTaHHOE paHee MPUIIOKEHHE.

11. TpaccupoBKa Jiydeld B MUKCEIBbHOM LIEMIepe Ha IPOCTOM CIIEHE ¢ 3epKaJbHBIMHM MaTepHaIaMu.

Kputepun onennBanus

- omerka «ommuHo  (10)»  BbICTaBHsieTCST  CTYAEHTY,  IIOKa3aBLIEMYy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPUHATHIX PEIIEHUN;

- omeHka  «ormimuHO  (9)»  BBICTABISIETCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha MPAKTHKE NPU PEIICHUH KOHKPETHBIX 3aJad, CBOOOIHOE M HpPaBMWIIbHOE 0OOCHOBaHME NPHHATHIX
PpELICHMUI;

- OLleHKa  «oTau4yHO  (8)»  BBICTaBIseTCA  CTYAEHTY,  IIOKa3aBIIEMYy  BCECTOPOHHHE
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha [IPAKTUKE PU PEIICHUN KOHKPETHBIX 3a/1a4, U IPaBUIbHOE 000CHOBAHHNE NPUHSTHIX PEIICHNH;

- OLICHKa «XOopouio (7)» BBICTABJIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT MATCpUall, TpaMOTHO U I10
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCHATD NOJTYUYCHHbBIC 3HAHNA Ha IMPAKTUKE, HO JOIYCKACT B OTBETC
HJIN B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTHU,

- OlIEHKa «XOpoIIo (6)» BBICTABISAETCS CTYIEHTY, €CIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT HPUMEHSTh MOJy4YeHHbIE 3HAHUS Ha MPAaKTHKE, HO JIOMYCKAaeT B OTBETE WJIHU B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- OLIEHKa «XopowIo (5)» BBICTABISETCS CTYACHTY, €CIIM OH 3HAET Marepuaj, U Mo CyLIECTBY H3jaraetr
€ro, yMeeT IPUMEHATh I0JyUYeHHbIC 3HAHUS Ha IIPAKTUKE, HO JOIYCKAET B OTBETE€ WIU B PEIICHUU
3a/1a4 HEKOTOpPbIE HETOYHOCTH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, IOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyLIeHHs JJOTUYECKONW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHaa, HO MPU 3TOM
OH BIIQJCeT OCHOBHBIMH pa3ieiaMu Y4eOHOH mporpamMMbl, HEOOXOAMMBIMH JUIS JaJIbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3ily B CTAHAAPTHOM CUTYalUH;

- OIIEHKa «Y/IOBJIETBOPUTENHbHO (3)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH O0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3liellaMd Y4eOHOW NpOrpaMMbl, HEOOXOOUMBIMHU JUIS
JanbHENIIero oOyueHHs M MOXKET NPUMEHSATHh IOJNyYeHHbIE 3HAHUS MO 00paslly B CTaHAApTHOMH
CUTYalluu;

- OLICHKAa «HEYIOBJIECTBOPUTEILHO (2)» BBICTABISETCS CTYACHTY, KOTOPBI HE 3HaeT OOJbIIeld 4acTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIMyCKaeT rpyOble OmHOKH B
(hopMyIIMPOBKaX OCHOBHBIX MOHATHI JUCUUIUIMHBI K HE YMEET UCIIOJIb30BaTh NOJIYYCHHBIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTUYECKUX 3a7a4;



- OIICHKA «HEYIOBJIETBOPUTEIHHO (1)» BBICTABISIETCS CTYIACHTY, KOTOPBIH HE 3HAaeT (hopMyTHpOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

KonTponp 3HaHMsA Marepuana OCyIIECTBIAECTCA MPU MOMOLIN BBINOIHEHHS MPAKTHYECKHUX 3aJaHUN U
KOHTpOJNBHOM pabotbl. [lpum TOATOTOBKE K OTBETY pa3peliaeTcsl IOJIb30BaThCs MPOTrPaMMOit
JTVCIUTUTAHBL

Hns noaroroBku otBoautcs 30 MUHYT.



