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YTBEPXIAIO:

Pabouas mporpamma y4eGHoi mucnumiuHel «KomnbioTepHas rpaguka» cocTaBleHa Ha
ocHOBaHWHM ~ DenepalbHOr0  rocyJapcCTBEHHOIO  00pa3oBaTENBHOrO  CTaHAApPTa  BBICIIETO
obpasoBanus — GakanaBpHar 1o HampasieHHIO moarotoBkd 01.03.02 ITpuxnamHas MaTeMaTHKA U
HH(OpMATHKA, YTBEPXKIEHHOIO IIPHKa3oM MuHuCTepcTBa 0Gpa3oBaHHs M HAaykH Poccuiickoit
OQenepaun oT «10» smBaps 2021r. Ne9; T'ocymapcTBeHHOro 06pa3oBaTENHHOTO CTaHIApTA
Beicmero obpasosanus ('OC BO) Jlomemnxoit Hapommoit Pecny6mukm (JIHP) (mpoekrta) mo
HanpasneHuio moarotoBku 01.03.02 Ilpuknagnas Marematnka u  uH(opMmatuka; Ilopsmka
OpraHusaiu  y4eOHOro  mpomecca B~ 0o0Opa3oBaTeNbHBIX  OPraHM3alUSX  BBICIIETO
npodeccronanbHoro obpazopanus Jlonernkoit Haponuoii Pecriy6iuku, yTBepKIeHHOTO IPAKA30M
MunucrepcTBa oOpasoBanus u Hayku Jlorenxoi Hapommoit Pecrry6muku ot 10.11.2017 1. Ne 1171
(c M3MEHEHHSMH U JIONOJHEHHSAMH); Y4eOHOTO IUIAHA M OCHOBHOM IPO(ECCHOHATBHOM
obpa3oBaTenbHOM IPOrpaMMBI BBICIIEr0 00pa3oBaHMs HampaBieHHs mnoarotoBku 01.03.02
Ipuxnansas Maremarnka u uHpopmarnka, npoduis: «IIpukiaaHas MaTeMaTHKa ¥ HH(OPMATHKAY,
paspaborannbix B 'OV BIIO «/loHenkuii HAUMOHAILHBIA YHUBEPCUTETY.

Pa3paborumk:
JOLEHT Kadeapsl TEOpPUH YIPYTOCTH U
BBIYHCIIUTENILHOM MaTeMaTHKH

uM. akaz. A.C. Kocmogamuanckoro, L
K.().-M.H., IOI[EHT % O.I1. A6pamoBa

Pabodast nporpamMma y4eGHON TUCIMIUIMHBI yTBEp)KIEHA HA 3aceNaHMM Kadempsl TEOpHH
YIPYTOCTH U BBIYHCIUTEILHOM MaTeMaTHKH uMeHH akajgemuka A.C. KocMoxaMuanckoro

ITporoxon Ne 15 ot «12» anpens 2021 r.

3aBenyromuii kadexpoii _Jg» B.HN. Cropoxes

Pabouass mporpamma y4eOHOM JUCHMIUIMHBI Of0OpeHa Y4eGHO-METOMMYECKOH KOMHCCHEH
(haxynpTeTa MaTeMaTHKH U HHPOPMAIMOHHBIX TEXHOIOTHI

IIpotokon Ne 4 ot «14» anpens 2021 r.

IIpencenarens yue6HO-METOAUYECKONR KOMUACCHH /—
(haxyspTeTa MaTeMaTHKH ¥ HHPOPMAIMOHHBIX TEXHOIOTHI JI.M. Censxosa




1. OBJIACTb IPUMEHEHUWSA U MECTO JUCHUIIJIMHBI B YYHEBHOM ITPOLTECCE

VYyebnas guctuuinHa «KomnbloTepHasi rpadguka sBISICTCS TPAKTUKO-OPUECHTUPOBAHHON
JUCLUUTUTMHOM M OTHOCUTCSI K BapMaTHBHOH 4acTH oOpa3oBaTesbHONW mporpamMmbl. s u3ydeHus
JaHHOW  y4yeOHOM  MUCHUIUIMHBI ~ HEOOXOAUMBI  3HaHMS W yMeHus, (GopMHpyeMble
npeowleCmeylowumu  OUCYunauHamu — «Anredpa W TEOMETpUs», «SI3BIKH M  METOJbI
IpOrpaMMUpPOBaHUs», «HucieHHble MeTOAb», «O0BEKTHO-OPUEHTUPOBAHHOE MPOrPaMMHUPOBAHHE
U cTa"jgaprtHas 6ubmuoreka C++y». 3HaHUSA U YMEHHMS, MOJyUYCHHBIE B X0/€ U3YUCHHS AUCLIUTUINHBI
«KommproTepHast rpaduka» SIBISIOTCS OCHOBOHM Ul M3y4deHUs nociedyrowux macuuriad: Web-
OU3ailH W TPUKIAJHBIE TAKeThl KOMIBIOTEPHOH TIpaduKy, HCHONB3YIOTCS TNpU HANKWCaAHUU
BBITTYCKHOHN KBATM(PUKAIIMOHHON paOOTHI.

2. CTPYKTYPA JUCHUIIJIMHBI

XapakTepucTruka y4eOHOM TUCIUTUTAHBI

®dopma 00yueHus

Ounas 3aouHasn

Hanpasnenne noarotoBku

01.03.02 IlpuknanHas MareMaTuka 1 HHPOpPMaTHKa

[Tpodwib [TpuknagHas MaTeMaTuka 1 HHQOPMATHKA
OO6pasoBarenpHast mporpaMma bakanaBpuat
Keanudukarms AxkaneMu4ecKuii OakaiaBp
KonnyecTBo copepkaTenbHBIX MOAYIJIEH U TEM 2(8)

Jucuumnirna 6a30Boii / BApuaTUBHOM yacTu
00pa3zoBaTenbHON MTPOTrPaAMMBI

BapuaTtusHoii yactu

DOopMBbI KOHTPOJISI

1 MonyNIBHBII KOHTPOIIB,
3a4eT B /-M CEMECTpE

T'ox moaroTOBKM 4

Cemectp 7

KonuuecTBO 3a4eTHBIX €IUMHHI] 3

KomngecTBO 9acoB Bcero 108

B T.4.

- JICKIITMOHHBIX 18

- MPAKTUYECKUX UM CEMUHAPCKUX

- 1a00paTOPHBIX 36

- CaMOCTOSITEIILHOM pabOThI 54

B T.4. UHJMBUAYAJbHOE 3aJJaHUE

HenensrHoe KOJIMYECTBO YacoB 6

B T. 4.. - ayAUTOPHBIX 3
- CaMOCTOSITEIbHON PabOTHI CTY/ICHTA 3

3. OIMCAHUE JUCHUIIJIMHBI

Heas wusydyenuss aucuunaunbl «KomnbiotepHass rpaduka» — QopMmupoBaHue Yy
CTY/ICHTOB 3HaHMH OO0 OCHOBHBIX IOHATHSX M METOJaX KOMIIBIOTEPHOW TpadukH, paccMOTpeHHe
BOMPOCOB MPHUKJIATHOTO MIPOrPaMMHUPOBAHHUS I'paduKu ¢ TOMOIIBIO rpaduueckoit oubmmorexn OpenGL.

3agauu: O3HAKOMJIEHHE C TEOPETUYECKMMH OCHOBAaMH KOMIIBIOTEpHOW Trpaduky;
dbopMUpOBaHUE y CTYACHTOB MOHSITHI O COBPEMEHHOW METOJOJOTHH, TEXHOJOTHH M MOJEIX
KOMIIBIOTEPHON TpadUKH; OCBOEHUE TEOPETHMUECKUX OCHOB OCHOBHBIX aJTOPUTMOB U METOJIOB
KOMIBIOTepHOU Tpaduku ¥ HOPMUPOBAHKIE YMEHHUN UX peaTn3allii MPOTPaMMHBIMU CPEJICTBAMHU.

TpedoBanus K pe3yJabTaTaM OCBOCHHMs AUCHUILIMHBI. [Iponiecc u3ydyeHusr AMCIUIUIMHBI
«KommbroTepHast Tpaduka» HampaBieH Ha (JOPMUPOBAHKE AIEMEHTOB CIEAYIOMUX KOMIETeH il
B cootBercTBHM ¢ DT'OC BO P®, 'OC BO JIHP (mpoekr) o Hanpasneruto noaroroBku 01.03.02
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[Ipuxiagnas maremaTvka ¥ MH(POPMATHKAa M OCHOBHOHM NpodeccnoHaIbHON 00pa3oBaTebHON
IporpamMMBbl BeICIIEro oOpa3zoBanus HampasieHus: noarotoBku 01.03.02 Ilpuxnagnas maTemaTuka
u nHpopmatuka, npopms: «IIpukinagHas MaTeMaTuka U MHGOpMaTHKa»:

Yuueepcanvnuvie komnemenyuu (YK):

HaumeHnoBanue kateropuu (rpymniibl) yHUBEPCATbHBIX KOMIIETECHIIHIA:
«CHCTEMHOE Y KPUTHYECKOE MBIIIIICHUE

YK-1

CriocobeH ocyIecTBIATh MOUCK, KPUTHUECKUI aHAIN3 U CHHTE3 HH(POpMaLIUH,
HNPUMEHSATH CUCTEMHBIN MOIXO0JT JUTS PEIICHNS TOCTaBICHHBIX 3aa4

«Pa3paboTka 1 peanuszanus NpoeKTOB»

YK-2

Crioco0eH omnpeaensiTh KPYT 3a/1a4 B paMKaXIIOCTaBJICHHOM 1IeTTH ¥ BBIOUPATH
ONITUMAJTEHBIE CIIOCOOBI UX PEUICHUsI, HCXOIS M3 ICHCTBYIOIINX MPABOBBIX HOPM,
UMEIOIINXCS PECYPCOB U OTPAHUUEHUIN

«be3omacHOCTb KUBHEACATCIBHOCTHU»

VK-8

Cnocoben CO3aaBaThb U MOAACPIKUBATD Oe3omacHbIe YCII0BUS KUSHCACATCIIbBHOCTH,

B TOM YHCJI€ IPU BOSHUKHOBEHUHU YPE3BbIYAMHBIX CUTYaAI[UI

Oowenpogpeccuonanvnovie komnemenyuu (OIIK):

OIIK- 2

Crioco0eH UCnob30BaTh U a1alITUPOBATh CYLIECTBYIOIINE MATEMaTUYECKUE
METO/bI U CUCTEMBI ITPOrPaMMHUPOBAHUS JUIsl pa3pabOTKU U peain3aluu
aJTOPUTMOB PELIEHU NIPUKIIAJHBIX 3a1a4

Ilpogheccuonanvnvie komnemenyuu (I1K):

[1K- 2

Crioco6eH poBoUTh 00padOTKY M aHAJIN3 HAYYHOH MH(OPMAIK U Pe3yJIbTaTOB
HCCIEeOBaHUN

NHaukaTopsl J0CTHKEHHSI KOMIIETEHUMH U pe3yabTarbl o0ydeHus JlocTmxeHue
KOMIIETEHIIMH OLIEHUBAETCS HA OCHOBE TaKMX MHAMKATOPOB M COOTBETCTBYIOIIMX UM PE3YJIbTAaTOB

o0OydeHus:
Kareropun
YHHBePCAJIbHbBIX Yuusepcanbubre HHaukaTopsl Pe3yabTaThl 00y4eHus
KOMHeTeHHl/Iﬁ KOMIICTEHIINH
CucremHoe u YK-1. Cnocoben | YK-1.1. 3HaeT: Kak B KOMITBIOTEPHOMN
KPUTHUYECKOE OCYIIIECTBISTh OcymecTBisier rpaduke mpeacTaBIsIOTCS
MBIIIJICHHUE MOUCK, KPUTHU- MOMCK, BBIOOD, M300paKeHHs, OCHOBHBIE 3TaIlbI
®CKHUI aHaINu3 U CHUCTEMAaTHU3alIHIO, noctpoenus 3D monenei;
CHUHTE3 000011IEHE U KaK U300paKeHUsI TOTOBSITCS IS
nH(popManuy, KPUTHYCCKHIA BBIBOJIa HA SKPaH WIH MIPUHTED;
MPUMEHSITh aHaIu3 KaK OCYILECTBIISIETCS BU3yaIn3alus
CUCTEMHBII uH(pOpMAIIUH. MPeBAPUTENHLHO MOATOTOBICHHBIX
MOIXO I YK-1.2. N300paKCHHUI;
pelieHus [Mpumensier KaK HHTEPaKTUBHBIM 00pazoM
MOCTaBJIEHHBIX METO/IBI OCYIIIECTBIISIETCS] B3aUMOICHCTBUE C
3a1a4 CUCTEMHOI'0 rpadu4eckuM N300paKEHHEM U €TO
MOJX0/a JIIst npeoOpa3oBaHus Ha TUIOCKOCTH U B
pelieHus MIPOCTPAHCTBE;
MOCTaBJIEHHBIX OCHOBHBIE METO/IbI TOCTPOEHUS
3a/1a4 pEATUCTUIECKUX U300paKEHHUH,
OCHOBBI TPOTPAMMHO¥ TpaduaecKoit
cuctembl OpenGL.
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YMeer: ucronbp30Bath rpaguuecKyro
6ubmmorexky OpenGL st
POTPaMMHUPOBAHHUS 32144
KOMITBIOTEPHOH rpaduku;

paboTtath ¢ 00BEKTaMU JBYXMEPHOMN
U TPEXMEPHOM rpaduku;
UCTIOJIb30BaTh U3yYCHHBIC METOIBI
JUIS TOCTPOCHUS PEATUCTUIECKUX
N300paKCHHUI;

OCYILECTBIISATH MMPeoOpa3oBaHMe
00BEKTOB N300paKEHUS
IPOTPaMMHBIMHU CPEACTBAMU

Pazpabotka u

VK-2. Crrocoben

VK-2.1. [IpoBoaut

3HaeT: Kak B KOMIIBIOTEPHOM

peanu3anus OIIpENIeNIATh KPYT | aHalu3 rpaduke npeacTaBIsIIOTCS
MIPOEKTOB 3a/1a4 B paMKax MOCTaBJIEHHOM M300paKeHHs, OCHOBHBIE 3TaIlbI
IIOCTaBJICHHOMN LIEJIM U ompeAenseT | noctpoenus 3D monenei;
L[EJIH U BEIOMPATh | COBOKYITHOCTD KaK U300pa’keHUs TOTOBSITCS JIJIs
ONITUMAJIbHBIC 3ajad, BBIBOJIA HA SKpaH UJIHM MPUHTED;
CIOCOOBI X o0ecreunBarOMUX | KaK OCYIIECTBISETCS BU3yaln3alusl
peILICHHs, UCXO/ | €€ JTOCTHKECHHUE. IpeBapUTEIbHO MOATOTOBICHHBIX
u3 peiictpyrommx | YK-2.2. Beibupaer | uzo0paxeHwuii;
MIPABOBBIX HOPM, | ONTHMAaJbHbIC KaK HHTEpaKTUBHBIM 00pazomM
HUMEIOIIUXCSI CIOCOObI, MOZICNIM | OCYILIECTBIISIETCS B3aUMOJIEICTBHE C
PECYpCOB U OTpa | ¥ IPUHIHIIBI JIS rpadpu4eckuM N300paKEHHEM U €TO
HUYEHUH NPUHSTUS npeoOpa3oBaHus Ha TUIOCKOCTH U B
YKOHOMHYECKHU IPOCTPAHCTBE;
000CHOBAaHHBIX OCHOBHBIE METO/IbI ITOCTPOEHUS
peuieHui B peaTuCTUYECKNX N300paKEeHUH,
YCIOBUSIX OCHOBBI TPOTPAMMHO¥ TpaduaecKoit
MMEIOIIHNXCSA cucreMbl OpenGL.
pecypcoB u YMeeT: Ucnonab30BaTh rpapUUecKyro
OTrpaHUYEHUN 6ubmorexky OpenGL st
POrpaMMUPOBAHHUS 3a/1a4
KOMITBIOTEPHOH rpaduku;
paboTtath ¢ 00BEKTaMU JIBYXMEPHOMN
U TPEXMEpHOU rpaduKu;
UCTIOJIb30BaTh U3yYEHHBIE METOBI
JUTSI TIOCTPOCHUS PeaTMCTUYECKUX
U300paskeHMiA;
OCYIIECTBIISATh IPeoOpa3oBaHue
00BEKTOB U300pAKEHHS
IPOrpaMMHBIMH CpEJICTBAMU
Be3omacHocTs VYK-8. Cocobern | YK-8.1. Cozmaer u | 3HaeT: mpaBuiia TEXHUKH
KHU3HEes- CO3/1aBaTh U MOJIICP’KUBACT 0€30MMacHOCTH MPH padoTe C
TEIbHOCTHU MOJAJIEP’KUBATh yCIIOBUS KOMIIBIOTEPAMH.
6e3omacHble 0e30macHoi 1 VYwmeer: 6e3omacHo paboTats ¢ IT
YCIIOBUS KH3- KOM(pOPTHOI TEXHOJIOTUSIMU U MPOTPAMMHBIM
HE/IEATENIBHOCTH, | CPEbl, B TOM o0ecrieyeHrEM
B TOM YHCIIe IPU | YHCIie Hapaboyem
BO3HUKHOBEHHUU | MECTE
Ype3BbIUYANHBIX

CUTYalHil




OobmenpodgeccuoHaIbLHbIE
KOMIIeTEHIINHU

Nuauxaropsl

Pe3yabTaThbl 00y4eHus1

OIIK-2. Cniocoben
UCIIOJIb30BaTh U
allanTHPOBATh
CYIIECTBYIOIINE
MaTeMaTHYECKUE METO B
U CUCTEMBI
POTPaMMHUPOBAHUS JIJIS
pa3paboTKu U peanu3anuu
AITOPUTMOB PETICHHSI
MPUKJIAIHBIX 33729

OIIK-2.1. cnonb3yer
U aIaliTUPYeT
CYIIIECTBYIOIIHE
MaTeMaTU4YeCKue
METO/IbI JJIIpa3paboTKH
QITOPUTMOB PEIICHHUS
MPUKIIAIHBIX 33]1a4.
OIIK-2.2. Vicnonb3yer
COBPEMEHHBIC CHCTEMBI
POrPaMMHUPOBAHHUS
TUTSL peaTu3ariu
QITOPUTMOB PEIICHUS
MPUKJIATHBIX 3a/1a4

3HaeT: KaK B KOMITBIOTEPHOU rpaduke
MPEJCTABISAIOTCS U300pakeHUs, OCHOBHBIE
aTansl noctpoeHus 3D monenei;

KaK M300pakeHUs TOTOBSITCS JIJIsl BBIBOJIA
Ha 3KpaH WUJIH MPUHTEP;

KaK OCYILIECTBIISETCS BU3yalu3allus
MPeIBAPUTENIHHO TOATOTOBIEHHBIX
M300pakeHui;

KaK MHTEPaKTUBHBIM 00pa3oM
OCYIIECTBISETCS B3aUMO/ICHCTBHE C
rpaguIecKuM N300paKCHUEM U €TO
peoOpa3oBaHus Ha TUIOCKOCTH U B
MIPOCTPAHCTBE;

OCHOBHBIE METOJIbI TOCTPOCHUS
peaTMCTUYECKUX N300paXKeHH, OCHOBBI
MpOrpaMMHON TpadUIeCcKO CUCTEMBI
OpenGL.

YMeeT: UcTionb30BaTh rpapUuecKyro
o6ubnuorexky OpenGL s
MIPOrpaMMHUPOBAHHUS 33/1a4 KOMITbIOTEPHOM
rpadukuy;

paboTarh ¢ 0OBEKTaMHU JIBYXMEPHOU U
TpeXMepHO rpaduKy;

MCIOJIb30BaTh U3YUYE€HHbIE METOIbI JIJIs
MTOCTPOCHHUSI PEATUCTUIECKUX
M300pakKeHUH;

OCYILIECTBIATH MPE0OpazoBaHre 00BHEKTOB
M300pakKeHUs MPOTrpaMMHBIMU
CpeAcTBaMHu

IMpodeccnonanbubie
KOMIIETEeHIINH

HNupukaTopsl

PesynbTarel 00ydeHust

[TK-2. Cnocoben
MIPOBOJIUTH 00PaOOTKY U
aHaJu3 Hay4HOU
nHpOopManuu u
pE3yNbTaTOB
HUCCIIEIOBAHNN

UIIK-2.2. Odopmisier
pe3ynbTaThl HAY9HO-
UCCIIEIOBATEIbCKIX
pabot u
BBIYUCITUTEIBHBIX
9KCTIIEPHMEHTOB B
COOTBETCTBUHU C
aKTyaJIbHBIMH
CTaHJapTaMH

3HaeT: KaKk B KOMITbIOTEPHOI rpaduke
OCYILIECTBIISICTCS BU3YAIU3AIIHS
IPEBAPUTENILHO MOTOTOBICHHBIX
M300pakKeHU;

KaK UHTEPaKTUBHBIM 00pazoM
OCYILIECTBIISIETCS] B3aMO/IECTBUE C
rpaduuecKuM U300paKEHUEM U €T0
peoOpa3oBaHus Ha TUIOCKOCTH U B
MIPOCTPAHCTBE.

YMeeT: UCcTIoIb30BaTh U3yYEHHBIE METO/IbI
U1 IOCTPOCHUS PEATUCTUIECKUX
n300pakeHUi HaydyHOH MH(BOPMAITUU 1
pe3yJIbTaTOB UCCIEIOBAHUM.




4. ®OPMBI OPT AHU3AIINY YYEBHOT'O TPOIIECCA Y COJIEPKAHUE
TACIATITAHBI

Juctmmmnaa «KomnbroTepHasi rpauka» mpeaycMaTpyuBaeT Clieayromme GopMbl OpraHu3aiyn
y4eOHOTO0 mporiecca: JEeKIMH, JTab0paTopHbIe 3aHATHS, CAMOCTOSITENIEHYIO paOOTy CTYIICHTOB.

Marepnan  w3maraercsi ¢ HCIIONB30BaHHEM  OOBSICHUTEIBHO-WIIIIOCTPATHBHBIX,
IBPUCTHUUECKUX M MCCIIEAOBATEILCKMX METOJOB MpenofaBaHus. [Ipu mpoBeieHHH JEKIMHA U
NPAKTHYECKUX 3aHSATHUH MCIIOIB3YIOTCS MYIbTUMEIUIHBIC MTPE3CHTALNH, Pa3laTOYHbIe MaTepPHaIbI,
crienuanbHOe 000pyIOBaHHE.

B yueOHOM mpomecce HIMPOKO NPHUMEHSIOTCS AKTHBHBIE W WHTEPAKTUBHBIC (OPMBI
NpOBEJCHUST  3aHATHI  (pa300op  KOHKPETHBIX  CUTyallMd, JHCKYCCHs), BHEAyIHTOpHAs
caMmocTosATeNbHas paboTa, OATTPHO-PEHTHHIOBAas CHUCTEMa OLEHKH YCHEBAEMOCTH, JHYHOCTHO-
OpUEHTHPOBaHHOE oOOy4yeHHe, mnpobiaemMHoe oOydeHue. B ydeOHOM Tmpoliecce HCHOIB3YIOTCS
MHTEPHET-PECYPCHI 10 JAHHOMY KYpCY; pPacCCMaTpUBAIOTCS 33/1a41, MAaKCUMAJIbHO NMPHOJIMKEHHBIE K
KOHKPETHBIM IPAaKTHYECKUM CUTYAIIHSIM, TECThI, CAMOCTOSTENIbHASI pa0d0Ta; KOHTPOJIbHBIE PaOOTHI.

CamocrosiTenpHas paboTa CTYAEHTOB NpelycMaTpUBaeT IOATOTOBKY K J1abOpaTOPHBIM
3aHSATHSM, TOATOTOBKY KOHCIIEKTOB 10 OT/AEIBHBIM BOIIPOCAM H3Y4aeMbIX TE€M, H3y4CHUE YUeOHOI
¥ METOJMYECKOH JTNTEepaTypbl, aHHOTALlMil HHTEPHET PECYPCOB, MOATOTOBKY U 3aIUTY PE3yIbTaTOB
COOCTBEHHBIX TpapUUECKUX MPOECKTOB.

Temarnueckuii mian «Komnsrorepuas rpaguxa»

Tembl \ Bonpocsl TeMBbI

Cooeprcamenvhulit MoOyns 1. ITanbl CO3AaHUS U300PaKEeHUNl cpeIcTBAMM
KOMIIbIOTepHO# rpaguku. [IpeodpazoBaHusi HA NJIOCKOCTH M B IIPOCTPAHCTBE.

Tema 1. Beeneuue B OcHOBHBIE 001aCTH TPUMECHEHUSI.

KOMITBIOTEpHYIO Tpaduky. | PactpoBas, BekTOpHas U QpakTanbHas rpaduxa. **
TpexmepHas rpaduka.

WuTepakTuBHas rpaduka.

Tema 2. dopmupoBaHue OOBeKT 1 HaOMIOATEINb.

U300paKeHHH. Du3nUecKue CUCTEMBI CO3JJaHNs N300paKEeHHSL: TJ1a3 YeJI0BEeKa,
Kamepa 00CKypa.

Mojenb CHHTE3UPOBAaHHON KaMephbl B KOMITBIOTEPHOH rpaduke.

Tema 3. Dtanbl co3gaHus MopenvupoBanue, reoMeTpruiecKkas 00padoTka, mpeoOpa3oBaHUE B
U300paKCHHSI. pacTp, oToOpakeHue.

Tema 4. ITpeoOpazoBanust AOcTpaKkTHBIE TPOCTPAHCTBA B KOMIIbIOTEpHOH rpaduke. [lonsTue
Ha MJIOCKOCTH U B dbpeiima.

npoctpanctse. 3D AddunHBIE TPEOOPA30BAHUS.

MOJICTTUPOBAHUE. OnHOpOHBIE KOOPIUHATEHI.

Cyniepnio3uiiysi mpeoOpa3oBaHUM.

Cooeprcamenvhulit mooyns 2. IlocTpoeHue peajncTHYIECKUX M300pasKeHH.

Tema 5. IlpoennpoBanue. Bunas! npoexmii. **
[TepcnexTuBa.
OpToroHanbHasi TPOEKIUSI.
Martpuiibl IpOECHUPOBAHUSI.

Tema 6. MonenupoBanue OCHOBHBIE KJIacChl MPEJCTABICHUN CIUIOIIHBIX O0BEKTOB. **
TPEXMEPHBIX OOBEKTOB. MopenupoBanue Kyoa.

Tema 7 IloctpoeHue B3anmopenicTBue cBeTa U Marepuaia.

MOJIETIH OCBEIICHHUS. VicTouyHuKH cBeTa M 1IBET U3JIyYEHUS.

Tema 8. Metonibl 3akpacka o meroxy ['ypo. **

3akpammBaHus. [[Ber. 3akpacka o metony Ponra. **

I[BeTOBBIE MO/IENM B KOMIIBIOTEPHOI rpaduke.

* BOIIPOCHI, BBIHOCUMELIC, B TOM YHUCJIC, U HAa CAMOCTOATCIIbHOC U3YUCHUC.
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CoaepsxareJbHbI MOAY/Ib 1. JDTanbl co3fanns N300pakeHNH CpeacTBAMH KOMIILIOTEPHOM
rpa¢guxu. [Ipeodpa3zoBannsi Ha MJIOCKOCTH M B MPOCTPAHCTBE.

Tema 1. BBeaenue B KOMIbIOTEPHYIO
rpaduky. ['paduueckune cuctemsl U
moenu. Kareropuu KoMmbIOTEpHOM
rpaduKH.

Tema 2. ®opmupoBanue H300paKeHUM.
bubmuoreku OpenGL u DirectX. Cucrema
KOMIThIOTEpHOM rpaduku. MynbTUMEHMA.

10

Tema 3. @opmupoBaHne H300paXKESHUH.
Oransl CO3JaHMsI N300paKeHUsL.
®Pu3nyecKue CUCTEMBI CO31aHUS
N300paKCHU.

12

Tema 4. AGCTpakTHBIE IPOCTPAHCTBA B
KOMITBIOTEPHOM Trpaduke.
[IpeoOpazoBaHus Ha TUIOCKOCTH U B
npoctpancTse. Cyneprno3unus
npeoOpaszoBanuii. 3D MonenmpoBanue.

18

HToro no conep:xkaresbHOMY MoayJ0 1

48

8

16

24

Coaepxareabnbiii Moayab 2. IlocTpoenne

peaTuCTHYEeCKUX H300pasKeHH .

Tema 5. TpexmepHbie 00BEKTHI B
OpenGL IIpeobGpa3oBaHue KOOPAUHAT.
IIpoenupoBanue.

16

3

7

Tema 6. IIpoenuposanue. Onpenenenne
MaTpHL OPTOTOHAJIBHOTO U
MEPCHCKTUBHOT'O MPOCHUPOBAHUA.
Marpuiisl npoenupoBanusi B OpenGL.

17

Tema 7. MoaenupoBaHue TPEXMEPHBIX
00bexToB. [locTpoenne Moaemu
OCBEILICHUSI.

18

Tema 8. Moaens @onra. Onpenenenue
BEKTOPOB HOPMAJIU, OTPAKEHUS U
npesoMyeHust. MeToibl 3aKpalluBaHusl.
Meronp! 3akpammBanus. [[BeT.

HToro no coaepxareJJbHOMY MOAYJIIO 2

60

10

20

30

Bcero yacos nmo moay.Jito

108

18

36

54




7
5. TEMATHKA JIEKIIMOHHBIX, MIPAKTUYECKHNX U JIABOPATOPHBIX 3AHATHIA

TeMBI JJeKIIMOHHBIX 3aHATHH

KoauuecTBo 4acoB
Ha3sBanue TemMbl Ouynasa | 3aoyHasn

dopma dopma

1 Brenenue B komnproTepHyto rpaduky. ['padudeckne cucteMsl u
mojenu. Kareropuu komnbroTepHoit rpaduku. Pactpoas rpaduka. 2
Bekropnas rpaduka. Opakranbaas rpaduka. 3D rpaduka.

2 dopmupoBanue nzodpaxenuii. buonmoreku OpenGL u DirectX.
Cucrema KoMIbIOTepHOH Tpaduku. MynbTrMenua.

3 dopmupoBaHue H300pakeHUH. ITanbl CO3AAHUS H300PAKEHUSI.
dusnyecKue CUCTEMBI CO3/IaHUs N300paKECHUH.

4 AOCTpaKkTHBIE IPOCTPAHCTBA B KOMITBIOTEPHOM rpaduke.
[IpeoOpazoBanms Ha TUIOCKOCTH U B TTpocTpaHcTBe. Cyneprno3uiius
npeobpaszoBanuii. 3D monenuposanue. [IoBOpoT BOKpyr
MIPOM3BOJILHON TOUKU. [T0BOPOT KyOa BOKPYT MPOU3BOIHLHOM OCH.

5 Tpexmepubie 00bekThl B OpenGL [Ipeobpa3zoBanue KoopaUHAT.
Marpuisl npeodpazoBanuii. [lpoennpoBanue. Buapl npoekuuii.

6 [IpoenupoBanue. OnpeneneHne MaTpull OPTOTOHATIBLHOTO U
[IEPCIEKTUBHOIO IIPOELUPOBaHusl. MaTpUIlbl IPOCLIUPOBAHKS B 2
OpenGL.

7 O6nactp BeIBOAA N300pakeHui. ['eomeTprueckoe MOJETUPOBaHHE
CIIOMIHBIX TeJl. MoJenmnpoBaHe TPEXMEPHBIX 00BEKTOB.
Tpexmepubie 00bekThl B OpenGL MonenupoBanue ky6a.
Anroput™m Z - Oydepa (Oydepa riamyOounsl).

8 [TocTpoeHne peanucTuaeckux n300paxennit I pexTol
MPO3PAYHOCTH U CMEIIEHUA IBETOB. AHMManus. [loctpoenue 2
MOJIEJIM OCBELIEHUs. 3aKOHBI OCBEIIEHHOCTH. Mojiens DoHra.

9 Mogaens @onra. OnpeneneHue BEKTOPOB HOPMAIIU, OTPaKEHUS U
npenomieHus. Metonsl 3akpamnBanus. LIBeT u cBer.

Bcero

TexcTsl nexuit mpuBeaeHs! Ha Tiathopme Moodle JTorHY
http://dl-test.donnu-support.ru/course/view.php?id=519

Tembl 1abopaTOpHBIX padoT

KoanuecTBo 4acoB
HasBanune TeMbI Ounasa | 3aounas

¢opma ¢opma

Ne
n/n

1 Co3nanue npoekra Microsoft Visual C++. M3yuenne uHCTpyKUuUs
o co3aanuto nmpoekrta Microsoft Visual C++. CozmaeM mpooekT. 2
JloGaBieHne onepaTopoB JJIsl PUCOBAHUSI.

2 Cosmaem npoext Microsoft Visual C++. Jlo6aBinenue omnepatopoB
1u1s1 prucoBanus. ['paduka Ha TUIOCKOCTH.

3 BrinosniHeHue u caaya nepBoro ¥ BTOPOro 3aiaHui.
Nunusuayaneaoe 3aganue 1. M300pa3uth 10 Touek,
pacIo0oKEHHBIX HA OTPE3KE MPSMOM, KOOPAUHATHI KOHIIOB 2
KOTOPOTO YKa3aHbI JIJIsl K&KJ0T0 BapuaHTa. MHauBuyansHoe
3aganue 2. COCTaBUTh MPOrpamMMy, IEMOHCTPUPYIOIIYIO H3MEHEHUE



http://dl-test.donnu-support.ru/course/view.php?id=519

TOJILUHBI TUHUNA U TPUMEHEeHue ITpuXoBku. [Toctpouts Tpu
JTUHWH.

Beimonuenue u cnava tpersero 3ananus. HauBUyanbHOE 3a1aHUE
3. CocraBuTh nporpammy nocTpoeHus y3opa CepnuHCKOro 1mno
OJTHOMY U3 MPEJI0KEHHBIX aJITOPUTMOB.

V30p CeprimHcKoro (reoMeTpuyeckuii hpaxTain) — caydaiHbIi
00BEKT, ONPEICIICHHBIN PEKYPCUBHO, B TIpeiese ero ¢popma
CTPEMHTCS K IETEPMUHUPOBAHHOMY OOBEKTY.

Beimonnenue u cnava tpersero 3ananus. HauBUyanbHOE 3a1aHIE
3. CocraBuTh nporpammy nocTpoeHus y3opa CepnuHCKOro 1mno
OJTHOMY U3 MIPEIOKEHHBIX aJITOPUTMOB.

V30p CeprimHcKoro (reoMeTpuyeckuii ppaxTain) — caydaiHbIi
00BEKT, OTIPEICIICHHBIN PEKYPCUBHO, B Mpeiese ero ¢popma
CTPEMHTCS K IETEPMUHUPOBAHHOMY OOBEKTY.

Brimmonnenue u cnava nsatoro 3aaanus. UuauBuayanbHoe 3aaHKe
5. CocraBuTh Nporpammy, KoTopasi reHepupyeT (hpakTaj METOJI0OM
Hrrotona. Pa3pemaroniue ¢pyHKIIUM BHIOUPATh CAMOCTOSTEILHO.
[omyunts 3-4 pa3nuyHbIX U300paKEHUS B pa3HBIX IBETOBBIX
OTTEHKaX.

I'paduka B npoctpanctse. 3D npumuTuBel. BeimonHnenue u caada
mecrtoro 3ananus. MuausuayaneHoe 3aganue 6. Mcrnosb3ys Criucok
TpexmepHbIX puryp OpenGL, HapucoBaTh UX, pacronaras B
YKa3aHHBIX ISl K&KJI0TO BapHaHTa MECTaXx.

BrimonHenue u caada meCcToro 3agaHusd. I/IH,Z[I/IBI/II[yaJIBHOG 3alaHUuC
6. Ucnonw3ys crincok Tpexmepubix ¢uryp OpenGL, HapucoBaTh
HX, pacrojiaras B YKa3aHHBIX JJIS KaXXJI0I'o0 BapuaHTa MCCTax.

Brimonnenue u caaya ceapmoro 3aaanus. UHauBuyanbHoe
3amanue 7. Co3aaTh CIOKHBIA TPEXMEPHBIH OOBEKT HIIU CIICHY CO
CMBICIIOM U3 HECKOJIbKUX TPEXMEPHBIX 00BEKTOB, UCTIOIL3YS
TpeXMepHbIC TPUMHUTHUBHI M MPEOOPA30BAHUS B IIPOCTPAHCTBE:
MMOBOPOT, IEPEHOC U MaciTabupoBanue. [IpogeMoHCcTpUpOBaTh A1
COCTaBHBIX N300paskeHUH 3((HEeKTHI MPO3PAYHOCTH U CMELICHHS
IIBETOB.

10

Brimonnenue u cnada ceapbmoro 3ananus. MaauBuyansHoe
3ananue 7. Co3naTh CIOKHBIA TPEXMEPHBINH O0OBEKT WU CIICHY CO
CMBICJIOM U3 HECKOJIBKUX TPEXMEPHBIX 00BEKTOB, UCTIONIB3YS
TpeXMepHble IPUMHUTHUBBI U IPE0OpPa30BaHUsl B IPOCTPAHCTBE:
MOBOPOT, IEPEHOC 1 MaciTabupoBanue. [IpogeMoHCTpUpOBATH IS
COCTaBHBIX M300pakeHUH 2P (HEKThI MPO3PAYHOCTH U CMEIICHUS
1[BETOB.

11

Brimonuenue u ciaga BOCbMOro 3aanusi. UHauBHIyaabHOE
3amanue 8. Ha mpumepe MoaenupoBanus Kyoa
MPOJAEMOHCTPUPOBATH OPTOTPAPHUECKYIO U TIEPCIIEKTHUBHYIO
npoekiun. [ToctpouTts mpeodpa3oBaHue cKkoca U MPUMEHHUTH €ro K
00beKTy Ky0. Ha HTOTOBBIX CKpUHIIIOTAX IMOKA3aTh: KyO ¢
MMOBOPOTOM; KyO 0€3 OBJIPOTOB (KBapaT); CKOC Kyba ¢
MMOBOPOTOM; CKOC KyOa 6e3 moBopoTa (poM0); KyO B IEpCIIEKTHUBE.
JIiist KaKI0To Citydast IpUBECTH (pparMeHTHI TeKCTa
cooTBeTcTBYOmUX KoMana OpenGL.

12

Brimmonnenue u cnada aeBsitoro 3ananus. MaausunyansHoe
3amanue 9. Oprann3oBaTh yIpaBlIeHUE ABH)KEHHUEM (TIOBOPOT,
MePEHOC, MACIITAOMPOBAHHUE) CII0KHOTO TPEXMEPHOTO O0BEKTA,




CO37IaHHOTO B 33JIaHUU 7 (WK JTHOOOTO APYTroro COCTaBICHHOTO U3
HECKOJIBKUX pa3iuydHbIX 3D MPUMHUTHBOB), C TOMOIILIO TYHKTOB
MEHIO, MBIIIKY U KJIaBuaTypsl. UnauBuayansHoe 3aganue 10.
Peann3oBaTh aHUMAIIHUIO TPEXMEPHBIX OOBEKTOB CIICHBI.

13 | BemonHenue u caada aeBaToro 3aaanus. MaauBuayamsHoe
3amanue 9. Oprann3oBaTh yIpaBlIeHUE ABM)KEHHUEM (TIOBOPOT,
MEePEHOC, MAaCIITAOUPOBAHHUE) CIIOKHOTO TPEXMEPHOTO O0BEKTA,
CO3/IaHHOTO B 3aJaHuu 7 (U JIF00OTO IPYroro COCTaBICHHOTO U3 2
HECKOJIbKUX pazNuyHbIX 3D MpUMHUTHBOB), C IIOMOIIIBIO TYHKTOB
MEHIO, MBIIIKY U KJIaBuaTypsl. MaauBunyansHoe 3aaanue 10.
PeanuzoBaTh aHUMAINIO TPEXMEPHBIX OOBEKTOB CIICHBHI.

14 | BeimonHeHue U cAava aecAToro 3aaanus. HauBuayaibHOe

3amanue 10. Peanmm3oBaTh aHUMAIIAIO TPEXMEPHBIX 00BEKTOB 2
CLICHEI.

15 | Bemoanenue u caava aecaToro 3aaanus. MHaMBuayaaIpHOe
3aganue 10. Peann3oBaTh aHUMAIMIO TPEXMEPHBIX OOBEKTOB 2
CIIEHEI.

16 | BeimonHeHue U cAada OJUHHAANATOTO 3aAanus. UHANBUAyaIbHOE
3amanue 11. BkimtounTs B n300paxkeHne 00bEKTOB CIICHBI

HMCTOYHHUKHU CBETA, CBOMCTBA MATEpUAJIOB, MOJIETU OCBEIICHUS U 2
TEKCTYPBHI.

17 | BeimonaHeHue u caavya OAMHHAALATOrO U TBOPUYECKUX 3aJaHUH. 5
TecTupoBaHue M0 BCeMy JEKIIMOHHOMY MaTepHaly.

18 | Cnaua TBopueckux 3amanuii. 3aueTHoe 3aHaTue. [logsencHme 5

UTOTOB 10 KYpCY.
Bcero 36
Copepxanne JT1a0OPAaTOPHBIX PadOT M METOIUYECKHE PEKOMEHIAIMU K WX BBITOIHEHUIO
npuBeeHbl Ha matd@opme Moodle JlonHY
http://dl-test.donnu-support.ru/course/view.php?id=519
U B yueOHBIX mocobusix [1, 4]

6. OPTAHU3AIIUA CAMOCTOATEJBbHOM PABOTHI CTYJIEHTOB

KoanuecTBo 4acoB

Ne
Ha3Banue Tembl Ounas | 3aounHas
n/n
dopma dopma

1 Brenenue B komnproTepHyto rpaduky. ['padudeckue cucteMsl u 6

mozenu. Kareropuu KoMnbIOTepHOH TpaduKu.
2 dopmupoBanue nzodpaxenuii. buonmmoreku OpenGL u DirectX. 4

Cucrema KoMIbIOTepHOH Tpaduku. MynbTrMenua.
3 dopmupoBaHue H300pakeHUN. ITanbl CO3AAHUS H300PAKEHUSI. 6

dusnyecKue CUCTEMBI CO3/IaHUs N300paKECHUH.

4 AOCTpaKkTHBIE IPOCTPAHCTBA B KOMITBIOTEPHOM rpaduke.
[IpeoOpazoBanms Ha TUIOCKOCTH U B ITpocTpaHcTBe. Cyneprno3uiius 8
npeoOpaszoBanuii. 3D MonenupoBaHue.

5 Tpexmepubie 00bekThl B OpenGL [Ipeobpa3zoBanre KoOOpaAUHAT.

7
IIpoenpoBanue.

6 [IpoennpoBanue. OnpeneneHne MaTpull OPTOTOHATBLHOTO U
MEePCIEKTUBHOTO MPOEUUpPOBaHUs. MaTpHIlbl TPOCIIUPOBAHUS B 9
OpenGL.

7 MonenupoBaHue TpeXxMepHBIX 00beKTOB. [locTpoeHre MogeTH 9

OCBEILEHUSL.



http://dl-test.donnu-support.ru/course/view.php?id=519
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8 Mogaens @onra. OnpeneneHue BEKTOPOB HOPMAJIU, OTPAKEHUS U
npesnoMiieHus. Meroasl 3akpauBanus. MeTonbl 3aKkpaluBaHusl. 5
IBer.

Bcero o4

ConepkaHre CaMOCTOSATCIbHOW (B T.4. HMHIMBHAyadbHOH) pabOTBHI MO TeMaM |

METOAMYECKHE PEKOMEH/IAIlUH 110 €€ BBIMOJHEHHIO MpHuBeIeHb! Ha ru1atdhopme Moodle lonHY

http://dl-test.donnu-support.ru/course/view.php?id=519

U B yueOHbIX ocoousix [1, 4]

7. KOHTPOJIBHBIE BONPOCHI K IMPOMEXYTOUYHOH ATTECTALIMUA U

3AYETY

1.

2.

o gk

©

10.

11.

12.

13.

14.

15.

16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
217.
28.

Komnbrotepnast rpaduka. OcHOBHble 00NacTH TpUMEHEHHUs. PacTpoBas, BeKTOpHas U
dbpakranbHas rpaduka. TpexmepHas rpaduka. IHTepakTrBHAsA rpaduka. MynbTumenna.

OCHOBHBIE KOMIIOHEHTBI CUCTEMBbI KOMIIbIOTepHOU Tpaduku. CyiiecTByroniie rpapudeckue
OMOIMOTEKH.

PactpoBas rpaduka. Pactp. Ilukcens. Bydep xanpa. buroBas miaockocts, 6uToBasi ri1youHa.
Pa3pemaroniast cmoco6HOCTh pacTpa rpaduuecKoro n300paxeHusl.

Bekropnas rpaduka. bazossie anementsl. [Ipumutussl. Kpubie besbe.

OpakranpHas Tpaduka. Ilomstue Qpakrama. ['eomerpudeckue, anreOpandeckue u
croxactuueckue gppakransl. [Ipumeps GppakTanbHBIX H300paKEeHUH.

TpexmepHas rpaguka. DTarbl IPOCTPAHCTBEHHOTO MOJEIMPOBAHHS OOBEKTA.

VYcrpoiictBa BbiBoga uzoOpaxkeHuil. Ilpomecc dopmupoBanus mzobpakeHuif. OOBEKT U
HaOJII01aTeb.

Du3NUecKue CUCTEMBI CO3JaHNs N300paKeHHSL: TJ1a3 YeJI0BeKa, Kamepa 00cKypa.

Mopenb CHUHTE3MPOBAHHOW KaMephl B KOMIBIOTEpHON rpaduke. KapTHHHAs TIOCKOCTH.
Ortcekaroniasi pamka.
Otambl  CO3JaHUA  HM300pa)XEHUsS:  MOJICIUPOBAHHME, TeOMETpHUYecKas  00paboTka,
npeoOpa3oBaHue B pacTp, OTOOpaKeHUE.
I'paduueckuii crangapr OpenGL. Ob6paboTka BepmuH U cOOpka MPUMUTHBOB. OCHOBHBIC
(GyHKIMK pUCOBAaHUS MPUMUTHUBOB, YCTAHOBKA IIBETA, pa3Mepa, IUTPUXOBKH. YCTpaHEHHUE
CTYIEHYaTOCTH.
AOCTpaKkTHBIE TIPOCTPAHCTBA B KOMIIBIOTEpHOW Tpaduke: BekTopHOe, adduHHOE U
€BKJIMJIOBO.
[IpeoOpa3oBanusi Ha IUIOCKOCTH: CIBHUI, BpallleHUE, OTpPaK€HHE, MAaCIITa0HpOBAaHUE.
Martpuiisl npeodpazoBanuii. OqHOPOHBIC KOOPIUHATHI.
[IpeoOpa3oBanusi B MPOCTPAHCTBE: CIBUT, BpalleHHe, MacmTabupoBaHHe, CKOC. MaTpHIibl
npeoOpa3oBaHMiA.
Cynepnosunusi npeodpazoBanuii. [10BOPOT BOKPYT NPOM3BOJIBHONW (PUKCHPOBAHHOM TOYKH,
0CBb TIOBOPOTA COBIAAET C 0ChI0 £ (OCBIO X, OCBIO ).
[ToBopoT KyOa BOKpYT MPOU3BONIbHOM ocu. DUKCHpOBaHHAsI TOUKA TOBOPOTA — LEHTP KyOa.
Mopenb nporiecca BbIBoIa TpexMepHoi rpadudeckoit mabopmanmu B OpenGL.
Marpuisl npeo6pazoBanuii B OpenGL. MaTpuiisl BUAOBBIX PeoOpa3oOBaHHIA.
®peiimbl B OpenGL. Opeiim kamepsl 1 MUPOBOU (peiim.
Pa3memnienue kameps! 1 3a1anue ee opueHtauuu B OpenGL.
[IpoennpoBanue neHTpaIbHOE U MapajieabHoe. Buasl npoekuuid. [lepcnexkTusa.
ITapannensHoe npoeunpoBanue. OproronanbHas npoekius B OpenGL.
ITocTpoenne MaTpuIbl OPTOrOHAILHOIO IPOEKTUBHOTO NTPE0OPa30BAHHUS.
KocoyromnpHas npoekius. Marpuiia KOCOyrojJbHOTO POELUPOBAHUS.
IlepcnexTuBHast Hopmanuzanus. [locTpoeHne MaTpuUIbl NEPCIEKTUBHOIO MPOELUPOBAHMSL.
[TepcnexTuBHbIe MpeodpazoBanust. ynkiun OpenGL.
MeToabl MOIEIMPOBAHNUS TPEXMEPHBIX 00BEKTOB. MoenupoBanue Kyoa.
Anroputm z-06ydepa 11 yaaIeHus HeBUAUMBIX oBepxHocTel. Tect rimyouns: B OpenGL.
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29. IlocTtpoenne Mojenu OcCBelleHUs. B3auMoneiicTBue cBeTa W Marepuana IMOBEPXHOCTH:
3epKaibHOE OTpakeHue, TudPpy3HOE OTpaKeHHE, TTPEITOMIICHHE.

30. Buapl MCTOUYHUKOB CBETa, Pealn3yeMbIX B KOMIIbIOTEpHON rpaduke. LIBer uzmydeHus u
(GYHKIIMN MTHTEHCUBHOCTH U3ITy4eHUs. MoaeapoBaHue IPOKEKTOpa.

31. Mogens orpaxenus Poura. Otpaxkenue (oHOBOro cBera, AUPPY3HOE OTpaXKEHUE H
3epKaJIbHOE.

32. Mogens orpaxenus @ounra. OnpeneneHne KOMIIOHEHTOB BEKTOpa HOPMAJIH.

33. Monens orpaxenus @onra. OnpeeneHrne KOMIOHEHTOB BEKTOPA OTPAKECHUSI.

34. IlocTpoenue Mojenu npenomiieHus ceera. OnpezeneHre BEKTopa MpeioMIICHHS.

35. MeTtoabl 3aKkpallMBaHUs MHOIOYIOJIbHHMKOB: IUIOCKOE 3aKpallliBaHUE, MHTEPHOJSLMOHHOE
3akpammBanue [ 'ypo, 3akpammsanue o merony doHra.

36. Onucanue uctouyHukoB cBeta B OpenGL (TodyeuHbIe MCTOYHUKH, yJTaJICHHBIE MCTOYHUKH,
IIPOXKEKTOPHI).

37. Monenu ocsemenns B OpenGL.

38. Peanu3zanus cBoiicTB MaTepuanoB oobekTa B OpenGL.

39. IIger. [{BeTOoBBIC MO/IETH B KOMITBIOTEPHOU rpaduke.

8. OBPA3EI 3AJJAHUSA MOAYJIBHOI'O KOHTPOJIA

T'OY BIIO «JIOHELIKUI HAITMOHAJIbHbI YHUBEPCUTET»

Ob6pa3oBarenbHas IporpaMMa: 6akagaBpuaT

Hampasnenue noarotosku: 01.03.02 Ipuknaanas matemaTuka U nHPoOpMaTuKa
[Ipoduns: [Mpuknagnas MmaremaTnka 1 UHPOPMATHKA

Ounas ¢popma o0yuenus. Cemectp: 7

3aounas Gopma oOyuenus. ['ox:

VYuebnas qucrumnHa: KomnberoTepHas rpaduka

1. Oo0pa3sen TecTOBOro 3a1aHUA
BAPUAHT 1
1. Kakue ocHOBHBIE 00,1aCTH NPUMEHEHHUSI KOMIIBIOTEPHOI rpauku?
) MOJIb30BaTENIbCKUI HHTEpdErc
b) oroOpaxxenne nHpoOpMaIHH, IPOSKTHPOBAHHE, MOJICIIMPOBAHUE, TIOJIB30BATEIbCKAN HHTEP(EIic
C) TOIBKO OTOOpakeHue HHPOPMAITIHI
d) mocrpoenue TpexmMepHoii rpaduku
2. M300pakeHusi B BEeKTOPHOI rpadguke CTPOATCH € MOMOIIBIO:
a) MaTeMaTH4ecKux (Gopmyn
b) 06bekTOB THITA THHMIA
C) OTJENIbHBIX TOUYEK — MUKCEeIen
d) MaTemMaTHYECKUX ONMUCAHHI 0OBEKTOB U KOMOMHAIIUN KOMITBIOTEPHBIX KOMaH/T
3. B komnbloTepHoii rpadguke co3gaHue H300paKeHHs OCYIIECTBJISIETCH € IOMOIIBIO:
a) pUCOBaHMsI HA TUIOCKOCTH
b) pucoBanus B mpocTpaHCcTBe
C) MOJIEJIN CUHTE€3UPOBAHHON KaMephbl
d) MmeTona TpaccupoBKH ydei

4. B 0fHOPOAHBIX KOOPANHATAX TOYKE B IPOCTPAHCTBE P(X, Y, Z)CTaBHTCﬂ B COOTBETCTBHE

BEKTOP:



k3 x| ] ]
aP={"| ne=lY| op=|"| ap=|”
Z Z P, P,
1 0] 10 | 1 ]
1 0 0 0]
0 cose -sing O
5. Marpuna R = ONMCHIBAET B MPOCTPAHCTBE Mpeodpa3oBaHue:

0 sing cosep O
0 O 0 1

a) MOBOPOTa BOKPYT OCH y

b) moBopoTa BOKpyr ocu X

C) caBura

d) noBopora Bokpyr ocu Z

6. B cucreme KOMNBLIOTEPHOI rpadpuKu 30HA BUAMMOCTH NpeaCcTaBJseT CO00¥:
a) yCEUeHHBIN KOHYC

b) 6eckoHeuHyIO MUpPaMUITy BUAUMOCTH

C) YCEUEHHYIO TUPAMUy BUIUMOCTH

d) TpyOy mpsIMOYrOJIbHOTO CEUCHHUS

7. BUIMMBIMH CYUTAIOTCS TOJBKO T€ TPAHH

a) HOpMaJIi, KOTOPBIX NEPIEHAUKYISIPHBI IMHUY B3IJIs/1a

b) HopMmasH, KOTOPBIX HAMPABJICHBI B IICHTP dKpaHa

C) HOpMaJI¥, KOTOPBIX HaIlpaBJIEHbI B HAYAJI0 MUPOBOM CHCTEMBI KOOPAUHAT
d) HOpMasIH, KOTOPBIX HalpaBJIEHbI B CTOPOHY HaOJIF01aTelIs
8. O0BbeKT MOKHO YBU/IEThb, €CJIH OH

a) HaXOJIUTCS B 30HE BUJIUMOCTH

b) mororaer Bech magaroIIMii CBET

C) OTpa)kaeT UM MPOMYCKAET CBET

d) HaxomUTCS B Hauaie KOOPIUHAT

9. ®oHOBOE OCBEIICHHE 00ecIIeYnBaeT

a) paBHOMEPHOE OCBEIICHHE TI0 BCEMY IPOCTPAHCTBY CLICHBI
b) paBHOMEpHOE OCBeIlIEHHE 3aHETO MIaHa CI[CHBI

C) CAaMOCBEYCHHE OOBEKTOB CIICHBI

d) ocBerienne 00bEKTOB BOIM3U HaYaa KOOPIHHAT

12

10. lois1 BbIuMcCIeHUs] (PYHKIUH HBeTA NPOM3BOJIbLHON TOYKH MOBEPXHOCTH 00beKTa B MO/IeJIH

DoHra UCIOJb3YIOTCS CIEAYIOIHE BEKTOPBDI:
a) HOpMaJli, HalpaBJIeHUs Ha HaOJII0JaTeNs], TPETOMIICHUS

b) Hopmau, HarpaBJIeHUs HA HAOJIOAATeNsl, HAPABJICHUS HA UICTOYHHK CBETA, HAIIPABJICHHSI

UJCAIBHOIO OTPaXKCHU JIyda

C) HOpMaJIi, HallpaBJICHHsI HA ICTOYHUK CBETA, HAIIPABJICHUS UCAIIbHOTO OTPaKEeHHUs Tyda
d) HanpaByieHus Ha HAOJIFOIATENIs, HAMTPABIICHHS HA KICTOUHUK CBETA, HAMIPABIICHUS UCATLHOTO

OTpaKeHUs JIy4a, IPEIOMIICHUS
BAPUAHTHI MOAYJIBHOM KOHTPOJIBHOM PABOThHI

Bapuant Ne 1.

Ilentp ky0a, peOpo KOTOporo paBHO 3, HaxomuTcs B Touke Po=(2, -4, 3). PeOpa kyba

napaaijaCIbHbl KOOPAWMHATHBIM OCSAM.

IMosepuyts ky6 Ha yron pasubii & =30° Bokpyr BekTopa AB ((puKCHpOBaHHAs TOUKa
MOBOPOTA LEHTP Ky0a) U CAeNIaTh U3 HEro MmapasuieieuIie I, paclioIOKeHHBIA B Touke (4, 5, 6).

Pebpa nmapannenenunena paBHsl 3, 4, 2, COOTBETCTBEHHO.
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Koopaunats! Touek A u B cienyromue: A(2, 3, -1), B(-3, 2, 1).
Onucary mpoliecc BceX TmpeoOpa3oBaHuil. Beimumcate B oO0mEeM BUaE MaTPHIBI BCEX
MPOMEKYTOUHBIX TPeoOpa3oBaHUN W OMPEACIUTh MX KOHKPETHbIE KOMITOHEHTHI. CraenaTh
HEOOXOJMMBbIE PHCYHKH. 3amucaTh MATpPUIy pPe3YyIbTHUPYIOIIETO MpeoOpa3oBaHHs B
0003HaUCHMSIX Yepe3 MaTPUIbl IPOMEKYTOUHBIX MPEOOPa30BaAHUM.

Bapuant Ne 2.
OpToroHaibHOE MPOEKTUBHOE MTPEOOPa30OBAHHUE.
30Ha BUAMMOCTH 334a€TCSI KOOPJUHATAMU
left =-10, right =15, bottom =-9, top =11, near =10, far =20.
[TocTpouTs nmporiecc mpeodpa3oBaHus 3aJaHHON 30HBI BUTUMOCTH B KAHOHUYECKYIO 30HY
BuguMocTU. [IpuBecTr Bce MpOMEXYTOUHBIE MATPHUIIHI B OOIIIEM BHJIE U C KOHKPETHBIMH
3HaYeHUAMU. OOBSICHUTD JIJI YETO OHHU MCTIOJB3YIOTCS.
[TonyunTh MaTpHIly OPTOrOHAJIBHOTO MPOEUpOoBaHus P.

[omyuuTs MaTpuIly npoenuposanus M ort P na xaprumnyio mmockocts 2=0.

Brimucats KoOpAMHATHI TPOSKIIUU TOYKH (X, Y, Z) Ha KAPTUHHYIO TIJIOCKOCTh
z=0 B o0OmeM cirydae.

BrImoHUTE BEIYUCICHUS I TOYEK 00BEKTA:

1) (x,y, 2)=(10, 10, 5), 2) (X, Y, 2)=(-5, 5, -5), 3) (x, y, 2)=(0, 0, 10).

9. KPUTEPUU OHEHUBAHMUSA 3ATAHUSA MOAYJIBHOI'O KOHTPOJIA

Homep 3ananus KoanuecTBo 0a1710B
1 6
2 6
3 6
4 6
5 6
Bcero 30

10. KPUTEPUH OLHEHUBAHHUA CAMOCTOSATEJBbHOM PABOTBI

Camocmosmenvuas paboma (sxmouas evinoanenue CPC u nabopamopuvix 3a0anuil)
ouenuBaercsa B 50 O6amnoB. B paszpese OTAETbHBIX TEM OLIEHUBAHHE OCYILECTBIISETCS CIEAYIOIIUM
obpazom.

OunennBanne CPC u nadopatopHbIX 3axanuii no pucuumiande «Komnelorepnas rpagpuka»

B Teuenue cemecTpa CTyIEeHT MOXKET 3apaboTaTh OayuIbl (B OOIICH CIIOKHOCTH MAKCUMYM
100 GaoB) 3a CIeAYIONIUE BUIBI N€ATEIHHOCTH:
3aJjaHus JJ1s 1a00OpaTOPHBIX 3aHATUH, TECTUPOBAHUE, MOYJIbHAs KOHTPOJIbHAs padoTa Mo TEOpUH U
MPAKTUKE, aKTUBHOCTD HA 3aHATHUSAX, UHIUBUAYAIbHBIC TBOPUYECCKHE 3a/1aHUs (OOHYCHBIE OalTbI).

DopMa KOHTPOJIA basnel
BrinonHeHne TeKymmx 3a1anusi 115 1a00paTOPHBIX 3aHATHH 40
WuauBuayanpHble TBOPUECKUE 3aIaHUS 10
MonysabpHas KOHTpoJIbHast paboTa 30
TecTupoBaHme MO TEOPETUUECKOMY MaTEPHAITY 20
OO0t uror 100

Kaxnomy cTyneHTy HEOOXOIUMO BBIIOTHUTH JECATh 00s3aTeNbHBIX 3amanuil. Kaxmoe
3aJaHUC O(bOpMJIHeTCH OTACJIIBHBIM HpOCKTOM " CaacTCs npenoz[aBaTenIo, HYT€M CO6CC€I[OB3.HI/I$I BO
BpeMsi 3aHaTHi. KonmdecTBo OaiioB 3a 3alaHWE 3aBUCHUT OT OTBETOB CTYACHTA Ha BOIPOCHI
npenojasaresisi. 3a 3ajaHue, CIaHHOE He B CPOK CHUMaeTcsd 1 6aJwu.
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Ilkana 6a1710B 3a Tekyuue JadopaTopHbie 3a1aHus (B cymme 40 6amioB)

Homep 3amanus | 1 2 3 5 6 7 8 9 10 11
KomnuectBo
0annoB
Cpoxku cnaumn
3aJJaHUs
(yueOHas
HEJIEIsN)

3 3 1456|7891 |11 | 12,13 | 14,15 | 16,17

Ilo ’xemaHuio cTyqeHTa MOTYT OBITh BBIIOJHEHbBI JONOJIHUTENbHbIE HWHIUBUAYAJIbHBIE
TBOpueckue 3anaHus (10 GayioB) SBIAIOTCS IOMOJHUTEIBHBIMH M MOJEIHMPYIOTCS CTYIEHTaMHU
CaMOCTOSITEJILHO B 3aBUCUMOCTH OT JK€JIaHUS IPOJIEMOHCTPUPOBATh IPUOOPETEHHBIE 3HAHMSL.

MonayabHasi KOHTpoJibHas padora (Bcero 30 6amuioB) coCcTOMT M3 5 3amaHuil (Kaxkmoe
3aJlaHH€ OLIEHUBAeTCs B 6 OAJUIOB) U MPOBOAUTCS B TEUEHHUE CEMECTPA BO BPEMsI 3aHATHUH.

TecTupoBanue 1o TeopeTHueckomMy Mmartepuany (Bcero 20 OayiioB) mpoBoauTcs Ha 8
HeaeJie 3aHsTHIA.

3aveTrHasi padora oneHuBaerca MakcumMyM B 100 6asioB.

11. KPUTEPUU OLIEHUBAHUS OBIIENA YCIIEBAEMOCTH
OO6mrast oreHKa 3HaAHUM CTYACHTOB IO JUCHMIUIMHE TpoBoauTcs 1o 100-6amipHOM mikame
COTJIACHO TaKUM KPHUTEPHUSM, IPUBEICHHBIM B Tabiuie Huxke. OpeanuzayuoHuo-yuebHas paboma
cmydenma B AyIUTOPUU OILICHUBACTCS HA OCHOBE TAaKWX KPHUTEPUEB KaK BBHITIOJIHCHHE
7a00paTOPHBIX 3alaHHi, MOIYJbHOW KOHTPOJBHOW pabOThl M TECTUPOBaHHUA IO BCEMY
JIEKIIMOHHOMY MaTtepuainy.

dopma KOHTPOJIS bamnbt
BrinonHenue Tekymux 3aganus AJis JJabOpaTOPHBIX 3aHATUI 40
WHauBHyanbHbIe TBOPUECKHE 3aaHUs 10
MopynbHass KOHTpOJIbHAs paboTa 30
TecTupoBaHue 110 TEOPETUYECKOMY MaTepUaly 20
OO0muit uTor 100

Iopsiiok oeHMBaHUS Y4eOHBIX JOCTHKEHUA 00y4aI0IINXCS

O1eHKa 110 Orenka 1o 100- OreHka 1o rocyJapCTBEHHOH IIIKaje
mkane ECTS | OannbHOi mKane | sk3ameH, quddepeHIMpoOBaHHbIM 3a4eT 3a4eT
A 90-100 5 (OTJIMYHO) 3a4TEHO
B 80-89 4 (xopor1o) 3a4TCHO
C 75-79 4 (xoporo) 3a4TEHO
D 70-74 3 (YAOBJIETBOPUTEIHHO) 3a4TEHO
E 60-69 3 (yIOBIETBOPUTEIHHO) 3a4TEHO
FX 35-59 2 (HEeYJOBIIETBOPUTEIHHO) C HE 3aUTEHO
BO3MO>XHOCTBIO TOBTOPHOM aTTeCcTalluu
F 0-34 2 (HEeyIOBJIETBOPUTEILHO) C HE 3a4TEHO
BO3MOYKHOCTBIO IIOBTOPHOU Ca4U IPH
YCJIOBHH 00s3aTEIHLHOTO Habopa
JOTIOJTHUTEIIBHBIX 0aJIIOB
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE YYEBHOI'O TIPOLHECCA

VYuebubie 3ausaTuss mnpoBoasrcs B ['maBaom kopmyce JlouHY (83001, r. Jlomenk, mp.

I'yposa, 6, rnaBHeIi KoOpiyc, ayn. 606, 610, 511). /Iy npoBeeHHs JIEKIIUOHHBIX M TPAKTHYECKUX
3aHATUH  TpeOyeTcss  ayauTopusi, oOOOpydOBaHHAs MEJOBOM WJIM  MapKEepHOW  JTOCKOH,
MYJIbTUMEAUUHBIA TPOEKTOP M SKpaH, HOYTOYK, KOMIUIEKT Y4eOHOW MeOenu Ui CTYAEHTOB,
pabouee MecTo mpemnoaaBatels. Beixoa B UHTepHET MpoBOAHOM Wik ¢ ucmoib3oBanneM Wi-Fi.
Jlist caMOCTOSITENNbHON pabOThl HCIIONB3YIOTCS TEKCTOBBIE W DIIEKTPOHHBIE PECYpPChl HAyYHOU
OMOJIMOTEKN YHUBEPCUTETA M JPYTrUX OJEKTPOHHBIX OMOJMOTEYHBIX 0a3 JaHHBIX, Y4eOHO-
METOIMYEeCcKOe oOecreueHue, IpeCTaBICHHOe B yueOHO-MeTonnueckom kabunete JJouHY (83001,
r. Jlonenk, mp. I'ypoBa, 6, rmaBHbIil Kopryc, aya. 605), MaTepualbHO-TeXHUYEeCKas 0a3a yueOHbBIX
naboparopuii (ayn. 606, 610) kadenpbl Teopuu YIpyrocTd M BBIYHUCIUTENBHOW MAaTEMaTHKH UM.
akan. A. .C. KocMomaMuaHCKOTO.

B npouecce o0yueHHs CTYACHTHl HIMEIOT BO3MOXXKHOCTD MCIIOJIb30BaTh y4eOHbIE MaTepUaIbl
no gucrtuminae «KommprotepHas rpaduka», pasmerinendsie Ha tiargopme Moodle Ientpa
nuctanionHoro oopazosanust ['OY BIIO «louHY». C ucnons3oBaHreM pecypcoB IUIaT(OpMbI
JTUCTAaHIIMOHHOTO 00pa30BaHUsl TAaK)Ke OCYILECTBISETCS TEKYLIUH KOHTPOJIb 3HAHUM CTYJEHTOB Ha
OCHOBE TECTHPOBAHUS U IIPOBEPKH PE3YIBTATOB CAMOCTOSITEIBHON pabOTHI.

13. PEKOMEHJIOBAHHAS JIMTEPATYPA

Hannumue
3JIEKTPOHHOM
BEpPCHHU B
IbC

Koa-Bo

Ne IK3eMILIAPOB
HanmenoBanue

n/n B OMOJIHOTEKE

TonHY

Ocnosnas n1umepamypa

KommprorepHas rpaduka: yaedbHOEe mocodue / cocr.
O.I1. A6pamosga, E.C. I'nymankos, M.H. ITaueBa. —
Honenk: JouHY, 2020. — 247 c.

AIIEKTPOHHOE
yuebHoe
U3/1aHne

Abpamoga, O. I1. Komnsrorepnas rpaduxa. OpenGL:
VYueb. mocodue / O. I1. AGpamona, P. H. Heckopones;
Honen. nau. yu-1. - Jloneux: HouHY, 2004. - 80 c.

10

Aobpamoga, O. I1. [IporpaMmMmupoBaHre KOMITBIOTEPHOM
rpaduku. OpenGL: yue6. mocodue / O. I1. Abpamosa, P.
H. Heckopones; Jonen. Hai. yH-T. - Jlonenk: JlouHY,
2006. - 117 c.

Aobpamoga, O. I1. [IporpamMmMmupoBaHre KOMITBIOTEPHOM
rpaduku. OpenGL: yue6. mocobue / O. I1. AGpamosa, A.
U. Anydpuesa, P. H. Heckopones; [lonernkwuii Hail. yH-T,
¢ax. MaTeMaTuKu U HHYOPM. TEXHOIOTUH. - JOHeLK:
JouHY, 2012. - 119 c.

AJIEKTPOHHOE
yaeOHoe
n3JaHUueC

Huxynun E.A. KomneroTepHas reoMeTpus U airOPUTMBI
MamuHHOU rpaduki: [ Yueb. nocodue] / E.A. HukynuH. -
CI16.: BXB-ITerep6ypr, 2003. - 550 c.

32

[TaBnosckas T. A. C/C++. IIporpammupoBaHue Ha A3bIKe
BBICOKOT'O YPOBHSI: yu€0. /Uil CTYIEHTOB BY30B,
oOyuyaromuxcs o HanpasieHuto "MHdopmaTuka u
BeruncanT. Texuuka' / T.A. I1aBnoBckas. - MockBa [u
ap.]: Turep, 2009. - 460 c.

22

[TaBmoBckas T. A. C/C++. IIporpammupoBaHue Ha sI3bIKE
BBICOKOT'O YPOBHSI: yue0. /ISl CTYICHTOB BY30B,
oOyyJaronuxcst mo HanpasieHuro "MapopmaTuka u

31
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BeruncauT. Texuuka' / T. A. IlaBroBckas. - MockBa [u
ap.]: Iurep, 2010. - 460 c.

X, @. OpenGL: IIporpamMmmrpoBaHrue KOMIBIOTEPHON
rpadpuku / @. Xusr; [ep. A. lkanosa. - 2-e u3a. - CII6.:
ITutep; M. u ap., 2002. - 1082 c.

Jonoanumenvnas numepamypa

OpenGL: Odu. cnpas. / [Tox pen. Jleiisa lpaituepa. -
M. u np.: DiaSoft, 2002. - 512 c.

10.

OpenGL: Odu. pyk. mporpammucta / Meticon By,
xexu Helinep, Tom [lesuc, Jleiis Llpatinep. - M. u ap.:
DiaSoft, 2002. - 584 c.

11.

Kpacnos, M. B. OpenGL. I'paduxa B mpoekrax Delphi:
[Ipakt. pykoBoactBo / M. B. Kpachos. - CII6. : BXB-
[TetepOypr, 2004. - 345 c. + 1 ru6. MarHuT. JHCK.

12.

Pomxepc, 1. @. MaTeMaTnyeckrue OCHOBBI MAallIMHHOU
rpadukn: [Yuebd. mocodue] / [. Pomxkepc, JIx. Anamc,
[ox pen. 0. M. basikosckoro u zp.; Ilep. co 2-ro aHri.
m3a. [1. A. Monaxosa u ap. - M.: Mup, 2001. - 604 c.

13.

Pomxepc . AnropurMudeckue OCHOBbI MAalTUHHOM
rpaduku / JI. Pomxkepc; nep. ¢ anrn. C. A. Buueca u np.;
nox pex. 0. M. Basikosckoro, B. A. ['anaktroHosa. -
Mocksa: Mup, 1989. - 503 c.

14.

Tuxomupos, 0. IIporpammupoBanue TpexmMepHOM
rpadukn / FOpuit Tuxomupos. - CI16. u ap.: BXB-C.-
[etepOypr, 1999. - 256 c. + 1 I'ub. MarHuT. AUCK.

15.

['mymrakos, C. B. KomnbrorepHas rpaduka: Yueb. kypc /
C. B. I'mymaxkos, I'. A. Kuna6e. - Xapbkos: @omnno; M.:
ACT, 2001. - 500 c.

16.

VYpasndroomuye cucteMbl 1 MaluHeL. - Kues: UacTuTyT
kuoepHetuku uM. B.M. I'mymkoBa HarnmmonansHoi
aKaJeMuu HayK Ykpaussl, 1995-2011.

434

akrowdpE

14. ”AH®OPMAIIMOHHBIE PECYPCbI

TexcTsl JIEKIUH IO KypCy B JJIEKTPOHHOM BHJIE
VYueGHbIe mocobus mo Kypey [1, 4]
Meroaunueckue yka3aHus
https://www.opengl.org/

http://www.opengl.org.ru/lesson/index.html

15. IPOTPAMMHOE OBECIIEYEHHUE

1. Windows 7 PRO (xopnopatunas nunenzust JJOHHY Ne 46484614);
2. Microsoft Office (koproparuBHas uien3us JOHHY munensus Ne 46472919);

3. Microsoft Visual Studio (mumensust mporpammbl DreamSpark st Beicmnx ydeOHBIX
3aBEJICHUN );
4. JIunenszun GPLans cBob6oHOTO TporpaMMHoro obecniedeHus: AutTuBupyc Kacrepckoro,
Libre Office, Adobe Acrobat Reader, xPDF, Paint.NET.
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