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: Maremarnueckne ocHOBBI 3D-BU3yanuzannu
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremaruku u Mapopmariku
kageapa texnonoruii undpoBoil Tpanchopmau

KYpC: 3

kBaTuuKkanus: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 5 (oceHHuil) - JluddepeHpoBannblii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 yac.
cemuHapsl: 30 gac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 75 gac.

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

[Iporpammy cocrasuin: B.O. Adanacbes, 1-p pu3.-Mar. HayK, CTAPIINI HAYYHBIH COTPYTHUK

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl TexHonorui nudposoi Tpancopmannu 25.03.2021



AHHOTANMA

TeopeTnuecknue U MpPaKTUYECKHE 3HAHHUS B 00JACTH MATEMaTHYECKHX OCHOB M aJTOPUTMOB KOMIIbIOTEPHON
rpaduKy, IMO3BOJISIOLINE OCYLIECTBISTH pPa3pabOTKy MaTeMaTHYECKOro M MPOrpaMMHOI0 obOecredeHus
HUHTEPAKTUBHBIX CUCTEM peanucTuyHoi 3D-Busyanusanuu.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

cOpMHUpPOBATH TEOPETHUYECKHE M MPAKTHUECKUE 3HAHMA B OOJACTH MaTeMaTH4eCKUX OCHOB U
QITOPUTMOB KOMITBIOTEPHOH rpaduKu, MO3BOJSIOMINE OCYIIECTBIATh Pa3padOTKy MaTeMaTHYECKOro U
IPOrPaMMHOTO 00eCHeYeHns] HHTEPAaKTHUBHBIX CHCTEM peanucTHyHoil 3D-Busyanuszanuu (cucrem

BHUPTYaJIbHON PEajbHOCTH).

33]13‘[1/[ JAUCHUIIINHBI

- OBJIAICHUC TCOPCTUICCKUMHU OCHOBAMU MECTOAOB U AJITOPUTMOB CHUHTC3a H306pa)KeHHI71;

- IOJIyUCHUC 3HAHMI B 00acTU OIMrMCaHusA, MOACIMPOBAHUSA U BU3YyAJIU3allUA HOBerHOCTeﬁ;

- OCBOCHHC MCTOAOB U AJITOPUTMOB MOJACIUPOBAHUSA PACTIPOCTPAHCHUSA CBCTA B 3D—CI_I6HaX;

- U3YUCHHUC OIITHUKO-TCOMCTPHUYCCKUX OCHOB CTCPCOBUACHUA U CTCPCOBU3YyaAJIU3allUU.

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-4 CriocoOeH oCcyIIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

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

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUUECKOI

u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJIACTH
npodeccuoHaIBHON 1S TeTbHOCTH
OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,

oubnuorpaduyeckue mepeyHr u 0030pbl WHPOpPMALIUU B
oOmactu cBoeit mpodeCcCHOHAIBHON NeITeTbHOCTH

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

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTUYeCKUE METO/bl UCCIIEIOBAHUMN U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
HU3MEPUTENBHO-aHATUTUYECKOH 1
TEXHOJIOTMYECKOM anmaparype)

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIBHOMN
Hay4HO-HCCIIEA0BATEIbCKON
(M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)

anmaparypsl

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemiarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAay4HbIE TPOOIEMBI, [TOyYaTh

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHMA H3y4aeMBIX
SIBIICHUIA M TIPOIECCOB, OICHUTh KauecTBO pa3paboTaHHON
MOJENN




HOBBIC HAYYHBIC PC3YJIbTAThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3HaeT HOpUHLUIBI MOCTPOEHHUS HAyYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CH0coObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ MPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH NpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4alOIINecs JOIKHbI

3HATb.




- MaTeMaTnyeckuil anmnapat apguaHbIX 1 adPUHHO-TPOSKTUBHBIX IPe0oOpa3oBaHuil;

- MaTpulilbl, MaTPUYHbIE U BEKTOPHbIE OIEpaLM AJIs1 OCHOBHBIX KJIACCOB IapasuleNbHbIX NPOEKIUH Ha
IJIOCKOCTB;

- MaTpUIbl, MATPUYHBIE U BEKTOPHBIC ONEPAIMH U TIEPCIIEKTUBHBIX MPeo0pa3oBaHUil M MOCTPOCHHUS
MEPCIEKTUBHBIX IPOEKLUH HA MIOCKOCTB;

- 0COOCHHOCTH HCIIOIb30BAaHMS MAaTEMaTHYECKOIo armapara aHaJIUTHYeCKOW I'eOMEeTpUH M JIMHEHHON
anreOpbl B 33/1a4aX BBIYMCICHUH 7151 CHHTE3a H300paKeHUH;

- (opmbl omucaHus U CIOCOOBI MHIpAlMi MEXKIY pPa3IMYHBIMM (popMaMy ONMUCAHUS NPSAMBIX U
I0cKocTel B mpocTpancTBax 2D u 3D;

- CocoOBI ONMCAHUS TOBEPXHOCTH B KOHTEKCTE 3a1aun 3D-Busyanuzanum;

- crnocoObl onucanHus U epeHInanbHbIX CBOWCTB MOBEPXHOCTH NPUMEHHUTEIBHO K BBIUYMCICHUSM
st 3D-Buzyanuzanuu;

- IPUHLIMIIBI ¥ METOJbI PELICHHUS 3aJa9H BOCIIOIHEHUS TIOBEPXHOCTEH;

- CYIIECTBYIOIIME MOAXOABI (C ONUCAaHWEM UX JOCTOMHCTB M HEIOCTaTKOB) K ONHCAHMIO
reoMeTpudecKkux 3D-NpUMUTHBOB;

- METO/IbI OIIMCAHU CYLIECTBYIOIIUX pa3HOBUIHOCTEN 3D-IpuMUTUBOB;

- IOAXOBI K MPEACTABICHUIO TOBEPXHOCTEN C MOMOIIBIO MACCHBOB TUIOCKUX MOJUTOHAJIBHBIX STYEEK;

- OCHOBHbI€ aJITOPUTMbI TPHAHTYJISALIUN [IOBEPXHOCTEH;

- OCHOBHBIE CBEICHUS O CIUIAHHOBBIX IOBEPXHOCTSX;

- TIOJXOABI, METOJbl U AJITOPUTMOB yAAJCHUsI HEBUAMMBIX JIMHUNA NpU (HOPMHUPOBAHUN M300paKEHHHA
[TOBEPXHOCTEH;

- PETPOCHEKTUBY DPAa3BUTHUSA IOAXOAOB, METOAOB M aJITOPUTMOB YIAJIEHUS HEBUJIUMBIX JIUHHUN IpU
(hopMHpPOBaHNHN U300paKEHNH TOBEPXHOCTEH;

- IPUHLIUI IEHCTBUS U Ha3HAYEHUE pacTepu3alluy;

- MOAXOABl K TONABICHHUIO apTe(akTOB pacTepU3aldy Ha TpaHulax obnacTeld (OCHOBHBIE BHIBI
anroputMoB bpeszenxama);

- IPUHUUIBI pabOTHI, alapaTHOW MOAJIEPKKH, BOZMOXHOCTH, JOCTOMHCTBA U HEAOCTATKH alIrOpUTMa
z-Oydepa;

- IPUHLHUIIBI PaOOThI, allapaTHON MOJAEPKKH, BOSMOXXHOCTH, JOCTOUHCTBA U HEIOCTATKU aITOPUTMOB
TPacCUPOBKHU JIy4el;

- COBPEMEHHBIE TPEACTABICHUS 00 OPraHU3allK U allapaTHOW MOAJEPKKE aITOPUTMOB TPACCUPOBKU
JIy4ei;

- TOCTAaHOBKY MW TMOAXOABl K PEIICHUI0 TEeOMETPHUYECKOHW 3aJaydl TPACCHPOBKM HEIIOCKUX
MOBEPXHOCTEH, B TOM YHCIIE 33/IaHHBIX B TapaMETPUUYECKON Gopme;

- MaTeMaTHYECKHE OCHOBBI, MTOAXO/IBI K peanu3anuy 1 Bo3MoxHoct CSG-onepauuii;

- MaTeMaTHYECKHE OCHOBBI OIMCAHUS CTPYKTYPHI IOBEPXHOCTEH BUPTYasIbHBIX 3D-00bEeKTOB;

- MaTeMaTHYECKHE OCHOBBI yIIpaBieHHs (OpMOil MOBEPXHOCTEH BUPTYaIbHBIX 3D-00BEKTOB;

- MareMarhdyeckue M (pusndeckue OCHOBBI PAcYETOB OCBEIIEHHOCTH M BHIMMOM SIPKOCTH TOUYEK
MOBEPXHOCTEH B AITOPUTMaX TPACCUPOBKH JIyUeH;

- onTuKo-(hmu3nyeckue ocHoBbl Berurcnenunii BRDF;

- CYLUECTBYIOIIKE MOAXObI K BhruncienusiMm BRDF;

- CTpPOEHUE U 0COOCHHOCTH (PyHKIIMOHUPOBAHUS 3pUTEIHHOTO aHAIN3aTOPA B LIEJIOM;

- CTpOCHHE W OCOOCHHOCTH (PYHKIMOHUPOBAHHUS CEHCOPHOTO OTHeNia 3PUTEIBHOrO aHaln3aTopa
4eJI0BEKa;

- TOIXOAbl K MOCTPOCHUIO PEIyLHPOBAHHBIX ONTHKO-T€OMETPHUUECKHX MOJAEICH KaMEpHOTO Ija3a H
OMHOKYJISIPHOH 3pPUTENBHOMN CUCTEMBI YEJIOBEKA;

- COBpPEMEHHBIC MpEACTaBJICHUs O IMpoueccax (opMupoBaHus y deloBeKa OOBEMHOro o0Opasa
OKpY>KaloIIel cpeibl Ha OCHOBE OMHOKYIISIPHOTO BOCIIPUSATHS;

- IPUHUUIBI OPraHU3alMK NPOLECCOB BU3yaIM3allui BUPTyalbHBIX 3D-00bEKTOB HEMOCPEICTBEHHO B
00néMe;

- IPUHIUIBI OpPraHU3alri, OCHOBHBIE BO3MOKHOCTH, JOCTOMHCTBA U HEAOCTATKH CTEPEOCKOMMYECKON
BU3YyaJIN3alliK BUPTYaIbHBIX 3D-00bEKTOB;

- apTe(haKThl MOHO- U CTEPEOCKOMMYECKON BU3yaTH3alNu;

- CYLLECTBYIOLIME U NIEPCIEKTUBHBIE TOJXObI K Cellapaluy IoJIeH cTepeonapsl;

- TPUHUUIBI YCTPOHCTBA U (PYHKIMOHUPOBAHUS PA3IMYHBIX BUJOB CTEPEOCKOIIMYECKOTO HHTEpdeiica;

- IPUHLOUIOBI TOCTPOEHHSI ONTHKO-TE€OMETPUUECKUX Mojesell BuaeonHTepdeiica ¢ OOIbIINM YHUCIOM
cTerneHel cBOOOII;

- MOAXOIBI U OCHOBBI MeTonoioruu cosmanuss APl mnst cosmanusa BupeounTepdeiica ¢ OOnbLIIMM
YHCIIOM CTETIeHEH CBOOOIBI;

- IOAXO/bl M OCHOBBI MeTofonoruu cosnanust APl niis 3aga4 peniepunra;

- TMOOXOABl M OCHOBBI Merofojoruu co3manusi APl nns 3amau MopenwpoBaHus TOBEACHUS U
PEKOHCTPYKIMH COCTOSIHUSL CEHCOPHOT'O OT/EJla 3pUTEJIbHOIO aHAJIN3aToPa;

- ocHoBsl Metoposniorun OOIl mpuMEHHTENBHO KO BCEM OCHOBHBIM 33Ja4aM CO3/aHUSl CHUCTEM



YMETb:

- NPUMEHATh (OPMBI ONMHUCAHMA U CIIOCOOBI MUTpAlMi MEXAy pa3InYHbIMH (OpPMaMM ONHCAHUS
MPSIMBIX U INIOCKOCTEN B pocTpaHcTBax 2D u 3D;

- OIMCHIBATh IIOBEPXHOCTHU B KOHTEKCTE 3aaa4u 3D-Busyanuszanuy;

- onwuchiBaTth Au(pdepeHInanbHbIe CBOMCTBA MOBEPXHOCTH MPUMEHUTENBHO K BBIYMCICHUSAM IS
3D-Bu3yanuzanuu;

- HCTIOJIB30BATh METOABI PEIIEHUS 3a]]ad BOCIIOJHEHHUS TOBEPXHOCTEH;

- TPUMEHITH OCHOBHBIE AQJIOPUTMbl TPHUAHTYISLUU IIOBEPXHOCTEH; OCHOBHBIE aJTOPUTMbI
TPUAHTYIISALINN TTOBEPXHOCTEH;

- IPUMEHATh ONIMCAHUs CIUIAMHOBBIX IIOBEPXHOCTEH;

- IPUMEHSTh MOAXOABI, METOABl M AJITOPUTMOB YyAaJeHHUS HEBHIUMBIX JMHUU MpH (HOPMHPOBAHUHU
M300pakeHUH MOBEPXHOCTE;

- MPUMEHATH PETPOCIEKTUBY PA3BUTHUSA IMOAXOAOB, METOIOB M aJTOPUTMOB YNAJICHHUS HEBUAMMBIX
TUHAH IpU HGOPMHUPOBAHNHU HU300paKEHNUH TTOBEPXHOCTEH;

- IPUMEHSTDH MOAXOAb! K MOJABICHUIO apTe(akTOB pacTepu3alyd Ha IpaHUIAax oOyacTeil (OCHOBHBIC
BUJIBI AJITOPUTMOB bpesenxama);

- peasinzoBath CSG-omnepanui;

- BerunucaaTe BRDF;

- npuMeHsITb OcHOBBI Meromoiorun OOIl ko BceM OCHOBHBIM 3ajayaM CO3JAHHUsSl CHCTEM
3D-Bu3yanuzanuu;

- mpuMeHATh 0cHOBBI MeToponorun OOII k 3agayam coznanus API ans cuctem 3D-Busyanuzarum.

BJIAJIETh:

- METOIaMU MaTeMaTH4eCcKOTO OTMCaHUs, YIpaBieHus: (OPMOI U MOCTPOCHHS N300paKEHUH MTPOSKIINH
noBepxHoCTel 3D-00heKTOB;

- METONOJIOTHEH pa3pabOTKM MaTeMaTHdecKoro M IMpOrpaMMHOrO obecredeHus: rpaduyeckoro sapa
cucteMbl 3D-Bu3yanu3anun (CUCTEMBI PEHACPUHTA);

- METOJOJIOTHEH pa3pabOTKH MaTeMaTHYECKOTO M MPOTrPaMMHOIO 00ECHEeYeHUs! CTEPEOCKOINYECKOro
BUAeouHTepdeiica Ui MHTEpaKTUBHBIX cucTeM 3D-Bu3yanu3anu.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOThI
pabora
| MaremaTuyeckue OCHOBBI METONOB U 6 6 15
anroputMoB 3D-Bu3yanusamnuu.
) Onucanue, MOJEJINPOBAHHE u 6 6 15
3D-Bu3yanu3aius MOBEpPXHOCTEH.
3 Crpykrypa moBepxHocTH 3D-00bekTa u 6 6 15
ynpasieHue e€¢ HopMoi.
MopaenupoBaHue pacpoCTpaHEHHs CBETa
4 B 3D-cuenax u BbIUUCIICHUE 6 6 15
OCBEILIEHHOCTH.
5 OnTuko-reoMeTpuyecKue OCHOBBI 6 6 15
CTEPCOBHUICHHS U CTEPEOBU3YATU3ALIH.
Hroro yacos 30 30 75
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.




4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 5 (Ocennwii)

1. Maremarn4eckrue OCHOBBI METOAOB U aIropuTMoB 3 D-Busyanuszaiuu.

OneMeHTapHbIe TpeoOpa30BaHus Ha TUIOCKOCTH (TIOBOPOT, PACTXKEHHE CUMMETPHsI) U CBSI3aHHBIE C
HUMH Martpuisl. [lapamensHblii mepeHoc. OTpaHHYEHHOCTh BO3MOMKHOCTEH OPTOTOHAJIBHBIX
npeobpazoBanuil 1-ro poma. OpHOpoaHbIE KOOpAUHATHL. A((HUHHO-TPOEKTHUBHBIE MPEOOpa3oOBaHUS
Ha IUIOCKOCTH ®W B mpocrtpancTBe. Cymeprnosuius adhOUHHO-IPOSKTUBHBIX MPEOOPa3OBaAHUIA.
Bpamenue 3D-00bekTa U CBsI3aHHBIE ¢ HUM Marpuibl. Ymiel Jitnepa u KpbuioBa u cBs3aHHbIE
HUMH Matpuisl. [IpoennpoBanne. OCHOBHBIE KJIACChl MPOEKIMH Ha MIOCKOCTh (OpTorpaduueckas,
KOCOYTOJIbHAsI, aKCOHOMETPHYECKas, MEPCIEKTUBHAS MPOEKLIWH) W CBA3AHHBIE C HUMH MaTpPUIIBL
LlenTpanbHOE MPOEMPOBAHHE HA MJIOCKOCTh M MEPCHEKTHBHOE IpeoOpa3zoBaHue. MaTpulisl OfHO-,
JBYX- U TPEXTOUCUHBIX MEPCHEKTUBHBIX MPEOOpa30BaHui, U MpoequpoBaHusi. OCHOBHBIE MPUHIIUIIBI
MporpaMMHON peanu3aiui adGUHHO-TIPOCKTHBHBIX MpeoOpazoBanmii. [logxoasl K OpraHu3anuu
PEILETKH KIIacCOB IS OMMCAHUS TIOBEPXHOCTH.

2. Onucanwne, MmojenupoBanue u 3D-BU3yanu3anus MOBEPXHOCTEH.

Kanonuueckoe omnpeneneHne MOBEPXHOCTH M HCIONB30BAHME €ro B 3azadax 3D-Bu3yanuzanuu.
Busyanuzanusi sBHBIX M CaMOIIEPECEKAIOIIUXCS IOBEPXHOCTEH. B3auMoOCBsA3p MOAXONOB K
OTIPENICICHUIO TOBEpXHOCTed M NpuHUMNOB X 3D-Bu3yanmsaumu. IlpuHumn Busyanuzauuu
MOBEPXHOCTEH, 3a7aBaeMbIX HEABHBIMH GyHKIMAMU. OmnpeneneHus HOPMAIM M KacaTelbHOH K
MOBEPXHOCTH B 3aJJaHHOM TOUKE U CBS3aHHbIC C HUMH BBIYMCIICHUS B anroputMax 3D-Busyanuzanu.
PerpocriekTrBa MOAXOJ0B K ONUCAHMIO M MojenupoBaHuio 3D-mpumutnBoB. OOmMe CBEICHUS O
CIUIAHOBBIX TOBEPXHOCTAX. llodMroHanbHBIE CETKHM C IUIOCKUMH sYekamu. TpuaHTysus
noBepxHocteil. Tpuanrymsmus Jlenone u nuarpaMmbl BopoHOTO, M MX ABOMCTBEHHOCTh. AJITOPUTMBI
TpUaHrymauuu. llpuHOUOBI Bu3yanu3anust MOBEPXHOCTEH C yJaJleHHEM HEBHIUMBIX JIMHUI
(parMeHTOB M PETPOCIEKTHBA CBS3aHHBIX C HUMM QIrOpuTMOB. PacTepuzanus M anropuTMbl
Bpesenxema. AnroputMm Z-Oydepa, ero BO3MOXKXHOCTH M OrpaHHYEHHs. AJTOPUTMBI TPACCHPOBKH
(mpsiMoii U 0OpaTHOM) JTydel, X BOBMOKHOCTU M orpaHuueHus. CSG-onepanuu 1 MOJEIUPOBaHUE
noBepxHocTei Ha ocHoBe CSG-oneparuid.

CocraBHast nonuMopdHasi MOBEPXHOCThb. | MOpUAHBIE aITOPUTMBI OOPATHOM TPAaCCHPOBKHU Jy4dei.
OCHOBHBIE TPUHLMIIBI [IPOrPaMMHOM peanu3auuu Busyanuzauuu 3D-moepxuHocteil. [logxompr k
OpraHu3aluy PEeIIEeTKU KI1acCOB JUIsl OIMCAHUS IIOBEPXHOCTEN U BBIUMCIIEHUH JUIsl UX BU3YyaJIU3aLlUu.

3. Ctpykrypa noBepxHoctu 3D-00beKTa U yrpasieHue e€ GopMoii.

[Monsatne cTpykrypbl moBepxHOocTH 3D-o0bekra. Mepapxuueckas CTPyKTypa MOBEPXHOCTH
3D-o0bekTa u ApeBoBUAHBIN rpad. CTPYKTYpHOE ACPEBO U CBSI3aHHBIN CIIMCOK. B3aumocBs3b nepesa
CTPYKTYpPbI U KMHEMaTH4ecKux cucteM 3D-00beKTa U MX UCIOIB30BaHHUE AJIS yIpaBieHUs (OpMOi
3D-o0bekta. Opranusanysi BEIYUCICHUH CynepHno3uuuu aQ@QUHHO-NPOESKTUBHBIX MPEoOpa3oBaHUMA
Ha OCHOBE JepeBa CIPYKTYphl IIOBEpXHOCTH. Mepapxuueckue CTPYKTypbl € IEpEMEHHBIM
orHomenueM mopsiaka (RTR-nmepeBbs) u cszanHsle RTR-criucku. MonenupoBanue moBeneHHs U
B3aumozeicTBusl 3D-00BEKTOB ¢ M3MEHEHHEM KOMIIOHEHT CBA3HOCTH M OTHOIICHMS MOPSIKA.
Mopaenu AaHHBIX W TOAXOAbl K IMPOrPaMMHOM peain3aluu ynpaBieHus (GopMoil MOBEPXHOCTH
3D-00BeKTOB.

4. MonenupoBaHue pacpocTpaHeHUs cBeTa B 3D-clieHax ¥ BBIYUCICHUE OCBELIEHHOCTH.



Bugumasi Touka IOBEPXHOCTH W IPHUHLUIBI OPraHU3ALMM BBIYUCIEHUM U1 OLpeneseHus e
SpKOCTH B anroputmax Z-Oydepa u TpaccupoBku. IlodHas u yacTHyHas TpacCHpOBKa JIyden.
CsetoBoe nepeBo. BrrumcieHusi OCBEIIEHHOCTH Ha OCHOBe airoputMoB ['ypo um donra m ux
OTPaHUYEHHBIC BO3MOKHOCTH. AJTOPUTM TPHUBHAJIBHOIO pacuéTa OCBEIIEHHOCTH Ha OCHOBE
XapaKTEePUCTHK JIyda ¥ CBOWCTB MOBEPXHOCTH B BUuauMOi Touke. [lonsitue BRDF (nByHanpaBnennas
(GYyHKUUMS pacripeiesieHUs] OTPAKEeHH) M TOAXO/BI K €€ BBIYMCICHUAM U TaOymsiuuu. [Ipubmmkénabie
Bbrauciiennss BRDF Ha ocHOBE 3-X M 5-TM KOMIIOHEHTHBIX aJITUBHBIX (YHKIWH OCBEIIEHHOCTH.
BosmoxHOcTH anroputmMa 0OpaTHON TPaCCHPOBKH AJISl PELICHUS MPUKIATHBIX 3ajad, He CBS3aHHBIX
C ONTHKOHM (MOzENMpOBaHUE BO3IEHCTBUS M 3AIMUTHI OT BO3ACHCTBHS BBICOKOCKOPOCTHBIX YaCTHIL
Pa3IMYHOTO TNPOUCXOXKACHUS Ha OOBEKTHl CIOXHOH reomeTpuueckoil (opmel). Bo3moxnocTH
QITOpPUTMA OOpaTHOW TPAaCCUPOBKM JJIsi MOJICJIMPOBAHUS HAOMIONCHUH C HCIOJIB30BAHUEM
ONITUYECKHUX CHCTEM B Pa3IMYHBIX 00aCTAX CIEKTPa U cpellax pacipoCTpaHeHusI.

5. OHTI/IKO-FCOMeTpI/I‘leCKI/Ie OCHOBBI CTCPCOBUICHUA U CTCPCOBU3YAJIN3alIUU.

3putensHoe Bocnpusatue 3D-cpeabl B eCTECTBEHHBIX YCIOBUAX H OMHOKYJsipHOE 3peHue. [lonxonsr k
MOJICIIMPOBAHUIO YCIIOBHI OOBEMHOTO BHJCHUS ¢ wucrnonb3oBanueM 2D- wu  3D-nocureneit
n300paskeHus. 3PUTENBbHBIA aHANIM3aTOp YEJIOBEKAa M €ro OCHOBHBIE OThesbl. PemynupoBanHas
OIITUKO-TeOMETpHUYECKasl MOZENb INa3a uenoBeka. CTepeocKkonMs M HENOCPEACTBEHHBIH BbIBOJ
3D-o0bekToB. Crepeomnapa. CyliecTByIoLMe MOAXOAb K cenapanuuu moield crepeomnapsl. Moxenb
CTEPEOCKOIa U e€ OrpaHNuYeHHbIE BO3MOKHOCTH Kak OMHOKYJISIpHOTO BuaeouHTepdeiica. CXoncTBo u
pa3Iuuusl CHUCTEM BHUPTYaJIbHOW PEaNbHOCTH M CTEPEOBH3yalnH3aluu. ApPTE(akTbl 3pUTEIBHOTO
BOCTIPHATHUSl CTaTMYECKHX M JIUHAMUYecKuX 3D-creH (KOH(IMKT BepreHIMM W aKKOMOJAIWH,
HCKa)XEHUSI PaKypcOB, MHBEpCHUs mapajuiakca aBrxkeHus). Ilogxonpl k HeWTpanuzanuu apredakToB
3PUTENBHOTO BOCHPHATUS 0ObeMa. Monenu OaHHBIX W TOAXOABI K IPOTPAaMMHOM peanu3aluu
BBICOKOTOYHOTO cTepeouHTepdeiica (BUACONOCT, ONTHUKO-TEOMETPHUYECKasi, KOOpAMHATHAs U
00BEKTHAsI MOJIEJIN BHCOIOCTA).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOPHs, OCHAIIICHHAS MYJIBTUMEIUHHBIM IPOSKTOPOM, SKPAHOM, J0CKOH (MEJIOBOH HITH
Whiteboard).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. OCHOBBI MaTEeMaTHYECKOTO M ITPOrPaMMHOT0 obecriedeHus cucteM 3D-pu3yanuzanun
WHAYLUUPOBAHHOTO BUPTYaJbHOTO OKpYykeHus [Tekcer] : yueb. mocobue ais By3oB / B. O. Adanacoes,
C. B. Kiiumenko ; M-Bo o6pazoBanus u Hayku PD ; Mock. ¢u3.-TexH. HH-T (TOC. YH-T), DaK. BHICOKHX
TEXHOJIOTHH M nHHOBanii .— M. : MDTHU, 2014 — 241 c.

JomnonHurenbsHas auTeparypa

1. Kypc ananutuueckoid reoMeTpHur U TuHeHo# anreOpsl [Tekcr] : yueOnuk ans By3os / 1. B.
Bexnemuies .— §-e uz., nepepad. — M. : duzmatiut, 2000, 2001, 2002 .— 376 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.exponenta.ru — 06pa3oBaTeIbHBIN MaTEMaTHUECKUI CaMT.

2. http://mathnet.ru — obmepoccuiickuii MaTeMaTH4eCKUil OPTAaL.

3. http://www.edu.ru — penepanbnbrii mopran «Poccuiickoe 00pa3oBaHUEe.

4. http://benran.ru —0u0IMOTEKA IO ECTECTBEHHBIM HayKaM Poccuiickoii akageMun HaykK.

5. http://www.i-exam.ru — enuHbIi IOpTan MHTEpHET-TecTUpOBaHUS B chepe oOpa3oBaHusl.
6. https://developer.nvidia.com — nopran nogaepxxku paspadorunkos [10 3D-suzyanuzauuu.



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

Ha neKumMoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
MpEe3EHTalNN.

B nporiecce caMocTosSTENbHOM PabOThI 00YYarOLIHXCs TIPEIIONAraeTCsl UCTIOB30BaHUE TAaKUX
MPOrpaMMHBIX CpeCTB, kak Microsoft Visual Studio, OpenGL, 3D-Studio MAX, Open Scene Graph,
Blender u np.

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

VYenenrHoe 0cBoeHUE Kypca TpeOyeT HarpshKEHHOW CaMOCTOSTEIbHON paboThI CTy[eHTa. B mporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HE00X0JMMOe BpeMs 1Sl pabOoThI CTY/IEHTa HaJl TEMOH.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

- TpopaboTKy ydeOHOro marepuana (M0 KOHCIIEKTaM JICKIMH, Y4eOHOH M Hay4HOW JHTEeparype),
MOATOTOBKY OTBETOB HAa BOIPOCH, IPEIHA3HAYEHHBIX [UII CAMOCTOSTEIBHOTO  H3y4YeHH,
J0Ka3aTeIbCTBO OTIECIBHBIX YTBEPKICHH, CBOMCTB;

- TOATOTOBKY K MPAaKTHYECKUM 3aHSATHSM, BHIIOTHEHUE 3-X WHAWBUIYaJIbHBIX TOMAITHUX 33 aHUH.
ITpoMe:KyTOUHBIM KOHTPOJb 3HAHUI NMPOBOAUTCS B BHJE NMUCHMEHHBIX ONpPOCOB Mo Teopuu. Kpome
ATOTO B XOJ€ OCBOCHUS Kypca CTYACHT JOJDKEH BBITIONIHUTH MPOEKT, COACPIKAIIMI TPH 3aaHHs C UX
HOCEAYIOIIEH 3aIUTOM.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremartuku u Magopmaruku
kageapa texnonoruii undpoBoil TpanchopMau

Kypc: 3

kBaTuuKranus: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOM arTecTanuu: 5 (oceHHuil) - JluddepeHpoBanHbiii 3a4eT

PaszpatGoTunk: B.O. Adanacwes, o-p ¢u3.-MaT. HayK, CTapIIMi HAYYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOH U (M)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJIHBIX 3349

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalWuW MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU

u (W) TexHoJOorMYeckod wuHpopManmuu B OONACTH
npodecCHOHAIBHON IS TeTbHOCTH
OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,

oubnuorpaduyeckue nepeyHr u 0030pbl MHPOPMALUHU B
o0JacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSAMU C LIEJIbIO NOyUEHUsI, XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECCKOMN)
nHpopMaIuu

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeIOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYEeCKHE METObI HCCIICIOBAHUN 1
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
HayYHO-HCCIICI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH armaparype)

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

OIIK-5.2 OOmagaerT CHOCOOHOCTBIO K OCBOECHHUIO HOBBIX
3HAHWW Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCcCHOHANBHON JKCIUTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH M TEXHOJIOTUYECKOM)

anmaparypsl

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThdueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

[IK-2.1 3HaeT HOpUHLUIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJyYEHHOTO MaTepHala,
CHocoObl apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh M TPOBOJAWTH HaydHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoznuTeNs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIX

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare u3ydeHus AUCIUIUIMHBI «MaTeMaTrueckrue 0OCHOBBI 3 D-Br3yanu3arim o0ydalonIuics JOIKeH:

3HATb:




- MaTeMaTnyeckuil anmnapat apguaHbIX 1 adPUHHO-TPOSKTUBHBIX IPe0oOpa3oBaHuil;

- MaTpulilbl, MaTPUYHbIE U BEKTOPHbIE OIEpaLM AJIs1 OCHOBHBIX KJIACCOB IapasuleNbHbIX NPOEKIUH Ha
IJIOCKOCTB;

- MaTpUIbl, MATPUYHBIE U BEKTOPHBIC ONEPAIMH U TIEPCIIEKTUBHBIX MPeo0pa3oBaHUil M MOCTPOCHHUS
MEPCIEKTUBHBIX IPOEKLUH HA MIOCKOCTB;

- 0COOCHHOCTH HCIIOIb30BAaHMS MAaTEMaTHYECKOIo armapara aHaJIUTHYeCKOW I'eOMEeTpUH M JIMHEHHON
anreOpbl B 33/1a4aX BBIYMCICHUH 7151 CHHTE3a H300paKeHUH;

- (opmbl omucaHus U CIOCOOBI MHIpAlMi MEXKIY pPa3IMYHBIMM (popMaMy ONMUCAHUS NPSAMBIX U
I0cKocTel B mpocTpancTBax 2D u 3D;

- CocoOBI ONMCAHUS TOBEPXHOCTH B KOHTEKCTE 3a1aun 3D-Busyanuzanum;

- crnocoObl onucanHus U epeHInanbHbIX CBOWCTB MOBEPXHOCTH NPUMEHHUTEIBHO K BBIUYMCICHUSM
st 3D-Buzyanuzanuu;

- IPUHLIMIIBI ¥ METOJbI PELICHHUS 3aJa9H BOCIIOIHEHUS TIOBEPXHOCTEH;

- CYIIECTBYIOIIME MOAXOABI (C ONUCAaHWEM UX JOCTOMHCTB M HEIOCTaTKOB) K ONHCAHMIO
reoMeTpudecKkux 3D-NpUMUTHBOB;

- METO/IbI OIIMCAHU CYLIECTBYIOIIUX pa3HOBUIHOCTEN 3D-IpuMUTUBOB;

- IOAXOBI K MPEACTABICHUIO TOBEPXHOCTEN C MOMOIIBIO MACCHBOB TUIOCKUX MOJUTOHAJIBHBIX STYEEK;

- OCHOBHbI€ aJITOPUTMbI TPHAHTYJISALIUN [IOBEPXHOCTEH;

- OCHOBHBIE CBEICHUS O CIUIAHHOBBIX IOBEPXHOCTSX;

- TIOJXOABI, METOJbl U AJITOPUTMOB yAAJCHUsI HEBUAMMBIX JIMHUNA NpU (HOPMHUPOBAHUN M300paKEHHHA
[TOBEPXHOCTEH;

- PETPOCHEKTUBY DPAa3BUTHUSA IOAXOAOB, METOAOB M aJITOPUTMOB YIAJIEHUS HEBUJIUMBIX JIUHHUN IpU
(hopMHpPOBaHNHN U300paKEHNH TOBEPXHOCTEH;

- IPUHLIUI IEHCTBUS U Ha3HAYEHUE pacTepu3alluy;

- MOAXOABl K TONABICHHUIO apTe(akTOB pacTepU3aldy Ha TpaHulax obnacTeld (OCHOBHBIE BHIBI
anroputMoB bpeszenxama);

- IPUHUUIBI pabOTHI, alapaTHOW MOAJIEPKKH, BOZMOXHOCTH, JOCTOMHCTBA U HEAOCTATKH alIrOpUTMa
z-Oydepa;

- IPUHLHUIIBI PaOOThI, allapaTHON MOJAEPKKH, BOSMOXXHOCTH, JOCTOUHCTBA U HEIOCTATKU aITOPUTMOB
TPacCUPOBKHU JIy4el;

- COBPEMEHHBIE TPEACTABICHUS 00 OPraHU3allK U allapaTHOW MOAJEPKKE aITOPUTMOB TPACCUPOBKU
JIy4ei;

- TOCTAaHOBKY MW TMOAXOABl K PEIICHUI0 TEeOMETPHUYECKOHW 3aJaydl TPACCHPOBKM HEIIOCKUX
MOBEPXHOCTEH, B TOM YHCIIE 33/IaHHBIX B TapaMETPUUYECKON Gopme;

- MaTeMaTHYECKHE OCHOBBI, MTOAXO/IBI K peanu3anuy 1 Bo3MoxHoct CSG-onepauuii;

- MaTeMaTHYECKHE OCHOBBI OIMCAHUS CTPYKTYPHI IOBEPXHOCTEH BUPTYasIbHBIX 3D-00bEeKTOB;

- MaTeMaTHYECKHE OCHOBBI yIIpaBieHHs (OpMOil MOBEPXHOCTEH BUPTYaIbHBIX 3D-00BEKTOB;

- MareMarhdyeckue M (pusndeckue OCHOBBI PAcYETOB OCBEIIEHHOCTH M BHIMMOM SIPKOCTH TOUYEK
MOBEPXHOCTEH B AITOPUTMaX TPACCUPOBKH JIyUeH;

- onTuKo-(hmu3nyeckue ocHoBbl Berurcnenunii BRDF;

- CYLUECTBYIOIIKE MOAXObI K BhruncienusiMm BRDF;

- CTpPOEHUE U 0COOCHHOCTH (PyHKIIMOHUPOBAHUS 3pUTEIHHOTO aHAIN3aTOPA B LIEJIOM;

- CTpOCHHE W OCOOCHHOCTH (PYHKIMOHUPOBAHHUS CEHCOPHOTO OTHeNia 3PUTEIBHOrO aHaln3aTopa
4eJI0BEKa;

- TOIXOAbl K MOCTPOCHUIO PEIyLHPOBAHHBIX ONTHKO-T€OMETPHUUECKHX MOJAEICH KaMEpHOTO Ija3a H
OMHOKYJISIPHOH 3pPUTENBHOMN CUCTEMBI YEJIOBEKA;

- COBpPEMEHHBIC MpEACTaBJICHUs O IMpoueccax (opMupoBaHus y deloBeKa OOBEMHOro o0Opasa
OKpY>KaloIIel cpeibl Ha OCHOBE OMHOKYIISIPHOTO BOCIIPUSATHS;

- IPUHUUIBI OPraHU3alMK NPOLECCOB BU3yaIM3allui BUPTyalbHBIX 3D-00bEKTOB HEMOCPEICTBEHHO B
00néMe;

- IPUHIUIBI OpPraHU3alri, OCHOBHBIE BO3MOKHOCTH, JOCTOMHCTBA U HEAOCTATKH CTEPEOCKOMMYECKON
BU3YyaJIN3alliK BUPTYaIbHBIX 3D-00bEKTOB;

- apTe(haKThl MOHO- U CTEPEOCKOMMYECKON BU3yaTH3alNu;

- CYLLECTBYIOLIME U NIEPCIEKTUBHBIE TOJXObI K Cellapaluy IoJIeH cTepeonapsl;

- TPUHUUIBI YCTPOHCTBA U (PYHKIMOHUPOBAHUS PA3IMYHBIX BUJOB CTEPEOCKOIIMYECKOTO HHTEpdeiica;

- IPUHLOUIOBI TOCTPOEHHSI ONTHKO-TE€OMETPUUECKUX Mojesell BuaeonHTepdeiica ¢ OOIbIINM YHUCIOM
cTerneHel cBOOOII;

- MOAXOIBI U OCHOBBI MeTonoioruu cosmanuss APl mnst cosmanusa BupeounTepdeiica ¢ OOnbLIIMM
YHCIIOM CTETIeHEH CBOOOIBI;

- IOAXO/bl M OCHOBBI MeTofonoruu cosnanust APl niis 3aga4 peniepunra;

- TMOOXOABl M OCHOBBI Merofojoruu co3manusi APl nns 3amau MopenwpoBaHus TOBEACHUS U
PEKOHCTPYKIMH COCTOSIHUSL CEHCOPHOT'O OT/EJla 3pUTEJIbHOIO aHAJIN3aToPa;

- ocHoBsl Metoposniorun OOIl mpuMEHHTENBHO KO BCEM OCHOBHBIM 33Ja4aM CO3/aHUSl CHUCTEM



YMeThb:
- NPUMEHATh (OPMBI ONMHUCAHMA U CIIOCOOBI MUTpAlMi MEXAy pa3InYHbIMH (OpPMaMM ONHCAHUS
MPSIMBIX U INIOCKOCTEN B pocTpaHcTBax 2D u 3D;
- OIMCHIBATh IIOBEPXHOCTHU B KOHTEKCTE 3aaa4u 3D-Busyanuszanuy;
- onwuchiBaTth Au(pdepeHInanbHbIe CBOMCTBA MOBEPXHOCTH MPUMEHUTENBHO K BBIYMCICHUSAM IS
3D-Bu3yanuzanuu;
- HCTIOJIB30BATh METOABI PEIIEHUS 3a]]ad BOCIIOJHEHHUS TOBEPXHOCTEH;
- TPUMEHITH OCHOBHBIE AQJIOPUTMbl TPHUAHTYISLUU IIOBEPXHOCTEH; OCHOBHBIE aJTOPUTMbI
TPUAHTYIISALINN TTOBEPXHOCTEH;
- IPUMEHATh ONIMCAHUs CIUIAMHOBBIX IIOBEPXHOCTEH;
- IPUMEHSTh MOAXOABI, METOABl M AJITOPUTMOB YyAaJeHHUS HEBHIUMBIX JMHUU MpH (HOPMHPOBAHUHU
M300pakeHUH MOBEPXHOCTE;
- NPUMEHATH PETPOCIEKTHBY Pa3BUTHS IOJAXOJOB, METOIOB W AJITOPUTMOB YAAJIEHUS HEBHUIUMBIX
TUHAH IpU HGOPMHUPOBAHNHU HU300paKEHNUH TTOBEPXHOCTEH;
- IPUMEHSTDH MOAXOAb! K MOJABICHUIO apTe(akTOB pacTepu3alyd Ha IpaHUIAax oOyacTeil (OCHOBHBIC
BUJIBI AJITOPUTMOB bpesenxama);
- peasinzoBath CSG-omnepanui;
- BerunucaaTe BRDF;
- npuMeHsITb OcHOBBI Meromoiorun OOIl ko BceM OCHOBHBIM 3ajayaM CO3JAHHUsSl CHCTEM
3D-Bu3yanuzanuu;
- mpuMeHATh 0cHOBBI MeToponorun OOII k 3agayam coznanus API ans cuctem 3D-Busyanuzarum.
BJIaJeTh:
- METOIaMU MaTeMaTH4eCcKOTO OTMCaHUs, YIpaBieHus: (OPMOI U MOCTPOCHHS N300paKEHUH MTPOSKIINH
noBepxHoCTel 3D-00heKTOB;
- METONOJIOTHEH pa3pabOTKM MaTeMaTHdecKoro M IMpOrpaMMHOrO obecredeHus: rpaduyeckoro sapa
cucteMbl 3D-Bu3yanu3anun (CUCTEMBI PEHACPUHTA);
- METOJOJIOTHEH pa3pabOTKH MaTeMaTHYECKOTO M MPOTrPaMMHOIO 00ECHEeYeHUs! CTEPEOCKOINYECKOro
BUAeouHTepdeiica Ui MHTEpaKTUBHBIX cucTeM 3D-Bu3yanu3anu.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0
[TepeueHb KOHTPOIBHBIX BOIPOCOB:

1.  OproroHanbHble mNpeoOpa3oBaHMWs Ha IUIOCKOCTH W B 3D-mpocTpaHcTBe (dIeMEHTapHbIC
mpeoOpa3zoBaHus U UX MaTPHULBL, KOMIIO3ULIMS TpeoOpa3oBaHil U (OPMHUPOBAHUE X MATPHLL).

2. OcHOBHBIE KJIacChl MPOEKLIMH Ha IUIOCKOCTD U CBSI3aHHbIE CHUMH MaTpUYHbIE IPe0Opa30BaHU.
3. Addunnble 1 ahGrHHO-TPOSKTUBHBIE MTPEOOPA30BAHMS U X MaTPHILIBL.
4. TlonsTHe HEeCOOCTBEHHON TOUKM Ha IJIOCKOCTH U €€ KOOPAMHATHOE IPEACTaBICHNUE.

5. HepCHeKTI/IBHaﬁ OpOCKIOUA U IICPCIICKTUBHOC npeo6pasoBaHI/Ie. KOOpI[I/IHaTBI HECOOCTBEHHBIX TOUEK
" TOYCK CXoJa.

6. ®Dopmbl ommcaHUS TPAMOM M IUIOCKOCTH. Murpanus Mexay (opMamMH ONHCAHUS MPSIMOH U
IIJIOCKOCTH.

7. Ompenenenne noBepxHocTH. CrocoObI 3aqaHusi MOBEPXHOCTH. [IOHATHS TOYKH IMOBEPXHOCTH,
HOCHTEJISI TOUYKU MOBEPXHOCTH M HOCHUTEJS MOBEPXHOCTH. DKBUBAJCHTHBIC OTOOPAKEHUS 3aMbIKAHUS
IUIOCKOH oOnactu B R3.

8. HesBHas noBepXHOCTb. YpaBHEHUS KacaTeJIbHOM IUIOCKOCTU U €AMHUYHOIO BEKTOpa HOpMAaJU JUIs
3a/laHHOM TOYKH HEABHOW MOBEPXHOCTH.

9. 3agaua BocnionHeHUs moBepxHOCTH. [101X0/] K BOCIIONTHEHHIO MTOBEPXHOCTEH. TpraHrymsus.
10. CnnaitHOBbIE TOBEPXHOCTH.

11. Tpuanrymsauus enone. Onpenenenue 1 oCHOBHbIE cBorcTBa T/I.

12. Kagnsiit anroput™ T/ 1 ero cBoiicTia.

13. Huarpammsel Boponoro u TH. JIBokictBeHHOCTS 3anaun T/l u JIB.

14.  AnroputMbl ¢  TOpeABApUTEIBHBIM  YHOpsAAOYMBaHHMEM  (IUIABAIOIIETO  TOPH3OHTA,
XyJI0KHUKA.COPTUPOBKA I'paHel ¢ ucrnonb3oBanrueMm BSP-nepeBbes).

15. Pacrepuzanus u e€ apredakTsl (JUist TUHAN U TPAHUI] 00NIacTei).
16. Anroput™m Z-0ydepa. Ero opranuzamusi, JOCTOWHCTBA U HEJJOCTATKH.
17. Anroputm Bpesenxema 1t OTPE3KOB MPSMBIX Ha TUCKPETHOM PacTpe.



18. Anroput™m 00paTHOM TPACCUPOBKH JIyUeH, ero OpraHu3alysi, JOCTONHCTBA U HEJIOCTATKH.
19. TTonHeIii anroput™ 00paTHOM TpaccUpoBKH yyeit. CBETOBOE JIEPEBO.

20. [TonmMHOXecTBO anroputMa odbparHoii TpaccupoBku (Ray-Casting).

21. TTonxo/pl K CHMKEHUIO BHIYHCIUTEIHLHON HArPy3KH B allTOPUTME OOpaTHOM TPACCHPOBKH.

22. Ucnonb3oBanue anroputma otcekarens Caiipyca-beka Ha TIOCKOCTH M B TNPOCTPAHCTBE IS
(hOpMHUPOBaHHUS OTPAHUYHUBAIOLINX OOBEMOB.

23. Orcekarens Caiipyca-beka kak 3D-npuMuTHB.

24. Pacyér rmoOabHOM OCBEIEHHOCTH.

25. INonsatue BRDF. Mogenu BRDF. Beruncnenus u n3amepenus BRDF.

26. BRDF u e¢ mpuOmmkéHHOE BBIYMCICHHE HAa OCHOBE 3-X M 5-TH KOMITOHEHTHOW aJIUTUBHOI
(dyHKINH.

27. TpaccupoBKa IMIIOCKUX OOJIACTEH.

28. TpaccupoBKa HEIJIOCKUX IPUMUTHBOB.

29. CocTaBUTh CHCTEMY YPaBHEHHH U CXEMY allTOpUTMa 00paTHON TPaCCUPOBKH TIOCKOTO KOJIBIIA.

30. CocTaBUTh CHCTEMY YPaBHEHUH M CXEMY aJrOpUTMa 00OpaTHON TPACCHPOBKH CILIONIHOHN cephl.

31. CocraBuTh cHCTEMY YypaBHEHHH W CXEMy alropuTMa OOpaTHOW TpPacCUPOBKM KOHHUYECKOU
MOBEPXHOCTH.

32. llpunuunet oprannzaunu CSG-onepanuii B anropurMe o0paTHON TPACCHPOBKH.

33. Ilonsarue cocrtaBHoW mnonumop¢Hor mnoBepxHoctu (CIIII) m opranmzamus ainroputma eé
TPacCUPOBKH.

34. ConocraBnenue CIIII u TpuaHrynsHTa (C TOYKH 3pEHUS OMUCAHUS MMOBEPXHOCTH M OPTaHU3AINH
AITOPUTMOB TPACCUPOBKU U Z-0ydepa).

35. lonstusa u onpeneneHus: «OMHOKYIJISIPHAs BU3YalU3aLUs», «CTEPEOCKOINUECKask BU3yaTH3aIIHsD».

36. Crpoenue kamepHOro riasa. PegynupoBanHas Moznenb KaMepHOro mia3za. ONTHKO-TeoMeTpruiecKast
MOZIeIb AaHATOMHYECKOTO OT/IeJ1a OMHOKYJISIPHON 3pUTENIbHOI CHCTEMBI YeJIOBEKA.

37. buHOKynsipHAast 3pUTENbHAS CHCTEMa U OMHOKYJISIPHBIN HHTepdelic BU3yann3aiuy.

38. Hambonee ciokHble W HEpeUIEHHbIE MPOOIEMBI CTEPEOCKONMMUYECKONW BH3yanu3anuu (KOHQIHMKT
AKKOMOJIAIIMU M BEPTEeHINH, HCKakeHHs ipu 2D-Busyanusanuu 3D-00beKTOB, MHBEPCHS ITapauiakca).

39. Uepapxuueckas cTpykrypa 3D-00bekTa, e€ hopMupoBaHUE U UCIIONH30BAHHE.
40. Jexomno3uuuu 1 popmoodpazoBanne 3D-00bekTa Ha OCHOBE CTPYKTYPHOTO A€peBa.

41. PexypcuBHBI 00XOA JepeBa CTPYKTYpbl U (OpPMYJIbI OPTOTOHANBHBIX IMPeoOpa3oBaHUN Jis
KOOp/IMHATHBIX (peiiMOB y3JI0B JiepeBa.

42. Crpykrypa W KuHemaTmueckas cucrema 3D-o0bekta. OCHOBHBIE NPHHIUIBI WCTOIB30BAHUS
CTPYKTYpbl 3D-00beKTa 151 ynpaBieHus ero (opMoHu.

43. MepapxudecKkue CTPYKTYphl C IEPEMEHHBIM OTHOILIEHUEM TOPAIKA.

44. IlpencraBieHre OOBIYHBIX CBI3aHHBIX CITUCKOB U cBs3aHHBIX RTR-crmckor cpeacrsamu UML.

45. VHKancynupyeMble CBOMCTBA CBS3aHHBIX CIIMCKOB IIPY ONUCAHUH MOBEPXHOCTH 3D-00beKTa.

46. Bupryanbnbiii RTR-crincok u npuHIUIBI TOCTPOEHUS allTOpUTMa ero 00xoja.

47. OcobeHHOCTH BBINIOJHEHHS ONepannii «ckieiika» u «pasoueHusn» Ha RTR-nepeBbsx.

48. IlpuHuMIEI MOCTpoeHHs UHTepdeiica W peanu3auuid ONepaluil «CKICHKa» M «pa30HeHus» Ha
RTR-nepeBbsix.

49. TTaTTepHBI MOACTUPOBAHUS OTIepaIUi «CKieiika» U «pa3ouenus» Ha RTR-nepeBbsix.

50. OcobeHHOCTH TPOTPAMMHOM peanu3aiuy OpTOroOHaANBHBIX npeodpazoBanmii HA RTR-nepeBbsix npu
W3MEHEHHH CBSI3HOCTH rpada 3D-cueHs

51. IlpuHUMOBI TOCTPOEHHS MNPOTPaAaMMHOTO HHTepdeiica OpTOroHambHBIX NpeoOpa3oBaHUil Ha
RTR-nepeBbsx npu u3mMeHeHNH CBA3HOCTH rpada 3D-cieHst

52. Monenb B3auMOAEUCTBUS «KIUEHT-CEPBEP» I CHCTEMbI BU3yaJH3alliu.

53. ApxXuTeKTypa U TOMOJIOTHS pacipeneaeéHHon cuctemsl 3D-Bu3yanu3anuu.

54. OcHoBHble ha3bl MOIEIUPOBAaHUS ¥ (QOPMUPOBAHUS H300paKEHUsI BUPTyalbHOH Cpeabl B
pacnpenenéHHoi cucremsl 3D-Bu3yanu3anuu.

55. OcHoBHbIE MPOOJIEMBbI, BO3HUKAIOIINE NPU MCIOIB30BaHWM TpaHcmopTHoro mnporokona UDP B
pacnpenenéHHoi cucremsl 3D-Bu3yanu3anuu.

56. Monenu JaHHBIX JUIS OMUCAHHS COCTOSHHUSI BUPTYaIbHBIX 3D-00BbekTOB. OCOOCHHOCTH Mojeneit
JAHHBIX JJIS1 TPAHCIIOPTUPOBKU COCTOSHUS 00bEKTOB «Ha nmpotokonamu» UDP u TCP.

57. IlonstTue Kajgpa COCTOSHUS BUpPTyaidbHOro 3D-00bekTa, OCHOBHBIC KIAaCChl IS ONHCAHUS
MOBE/ICHUSI BUPTYaJIbHBIX 3D-00BEKTOB.



58. IlpuHIMIIBI OpraHM3ali MPOTOKOJA MPUKIATHOTO YPOBHS [UIS PACHpPENETIEHHON CHCTEMBI
BHU3yaJIU3aluu

59. TloHsiTHE pEryIspHBIX M HEperymapHbIX 3D-00BEKTOB M ONUCAHHE COCTOSIHHS B KOHTEKCTE
MIPOTOKOJIA MPHUKIATHOTO YPOBHS JUJIsl pactpene’léHHon cuctemMbl 3D-Bu3yanu3anuu.

60. VYmpaBneHHe COCTOSHHUEM pETYISPHBIX W HEperylspHbIX 3D-00bEeKTOB M OCOOEHHOCTH HX
peHAepHUHTa.

HpI/IMepBI OK3aMCHAIIMOHHBIX OuneToB u3 4-x BOIIPOCOB

B kaxxgom Omiere comepikarcs 1Mo 4 BOIpoca, MU OTBETE Ha KOTOPBIC YYAIUICS JODKEH MOKa3aTh
3HAHHUA COOTBETCTBYIOIIMX TeM (pa3iernoB) mporpammbl Kypca. OIMH W3 BONPOCOB MOXET HMETh
dbopmy 3amaum.

buier.

1. @opmbl onMcaHus MPSMON M IIOCKOCTH B mpocTpancTBax 2Du 3D. Murpanust Mexay GopMaMu
OTIMCAHUS IPSIMOH U MJIOCKOCTH.

2. llepcriekTHBHas TPOEKLUUS M IEPCIEKTHBHOE IpeoOpa3oBaHue. Marpuipl MepCreKTUBHOTO
npeoOpa3oBaHus M MEPCIEKTHBHOTO NpoenupoBaHus. KoopauHatel HECOOCTBEHHBIX TOYEK M TOYEK
cxofa.

3. TlocTpouTh Marpuily MOBOpPOTa BOKPYI OCH, Tpoxomsiiei depe3 Touky A(al,a2,a3), umeroniyro
Hanpasisomui Bexrop (1,m,n) equanyHoN anuab! 1151 3D-npocTpaHcTBa.

4. Cucrema ypaBHEHHI U cXeMa alropuTMa 0OpaTHON TPaCCUPOBKH KOHUYECKOH MOBEPXHOCTH

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITpomexxyTrounas arrecranmsa no aucuuminHe «KommbiorepHas 3D rpaduka» ocymiecTBiseTcs B
(dbopme sK3aMeHa. DK3aMeH NMPOBOIUTCS B YCTHOH (opme.

Kaxnplii CTyZEHT B TEUEHHE CEMECTpa JODKEH BBINOIHUTh WHIUBUIYAJIbHBIA IPOEKT, KOTOPBII
COCTOUT U3 3-xmiu 4-X 3a7]aHuii, 3aBepIIaoNIecs IPOrpaMMHON peanu3alren.

Jns nporpammuoil peanuzanuu ucrnonbdyercss sS3plk C++ u APIOpenGL 3. Ilpoext momxkeH
COMPOBOXAATHCS cOOpouHbIM ckpuritom CMakelLists. txt.

[Tpumeps! TPOEKTOB ¢ pa3OMEHHEM Ha 3a/IaHHS:

[Mpoexr 1.Busyanuzamnus TpeXMepHOH MOBEPXHOCTH, COCTABICHHOW M3 MPOCTHIX TN (TIOJUTOHAIBHAS
MOBEPXHOCTb, KOTOpast ABJISIETCS pe3yJIbTaTOM NPUMEHEHHs OylIeBCKUX OIepaIuii).

Pa36uenue Ha 3agaHus.

1. TlocTpouTh W BH3yaJU3UPOBaTh NOJUTOHAIBHYIO MOBEPXHOCTh. llapaMeTpel: pasMepsl U
KOOPJIMHATHI IIEHTPOB KyOa W cdepsl, TMN omepanuu (mepecedcHre, OObeIWHEHHE, BBHIYMTAHUE).
Pe3ynbrar MOMmKEH BBIBOOUTHCS TPH JOOBIX 3HAYCHUSX IapaMeTpoB. Vcmomp30BaTh JBa BEPUIMHHBIX
arpu0yTa: KOOpAMHATHl BEpIIMH M IBeT. lIBeT MOXXHO Ha3HAYUTH BEPLIIMHAM IPOU3BOJBHO.
[MoxnepkaTh BO3MOXKHOCTH YIpaBICHHS KaMepOH OT KIaBHATypbl Uil O0JeTa IOBEPXHOCTH,
npubmkenus/ynanenua.Ilo KemaHu0 MOXHO BBIBECTH CeTKy. /sl 3TOro Hy)XHO OTpPHCOBATh
MOJIMTOHBI TOBTOPHO ¢ KoManaamu glPolygonMode u glPolygonOffset

2. Ucronp30BaTh HECKOIBKO HCTOYHHKOB CBETA !

*  JloGaBuTh OcCBellleHHWE C OIMKaMH OT 2X HCTOYHHUKOB CBETA OJHOBPEMEHHO. li - TOYEUHBIH
WCTOYHHUK, JIOJDKEH JBHTaThCS BOKPYT TOBEPXHOCTH. 2i - HAa TOJIOBE, KOTOPBIA JIBMXKETCS BMECTE C
BHUPTYaIIbHOW KaMepoi U CBETUT KOHycoM (spotlight)

* TexcTypupoBaTh NOJUTOHAIBHYIO TIOBEPXHOCTb.

3. PeanuzoBars 3epkaio:

* Pa3mecTuTh psAIOM C TOBEPXHOCTHIO 3€PKAJIO B BUJIE MJIOCKOTO 4-yroibHUKA.

* C nOMOIIBIO peHJICpUHTa B TEKCTYPY BBHIMOIHUTH «4€CTHOE» OTPAKCHHE MTOBEPXHOCTH B 3€pKajie B
3aBUCHMOCTH OT MOJIOKEHUS KaMepBbl.

* C momourpro GUI mitn KI1aBUaTyphbl peaii30BaTh YIpaBICHHE OJIOKESHUEM U OpUEHTAINE! 3epKaa.



. JIOTIOTHUTENbHO: MOXKHO peann30BaTh OTIOXKCHHBIH PEHACPUHT W J00aBUTh 3IPQEKTHI
oCTOOPabOTKH

4. Pemnte ucxonHyo 3anauy (OyneBckue onepaunn) ¢ nomousio Merona Constructive Solid Geometry.
[Ipoexkr 2. Cumynsatop 3¢ (HekToB crenuanbHON TEOPUU OTHOCUTEIBHOCTH

Pa3Ouenue Ha 3amaHus.

1. Iloctponts M BHU3yanu3upoBaTh 3D-MoOAENb HEKOTOPOW TECTOBOM TEPPUTOPUHU: 3€MIIA M Ha HEH
KyOBbI, c(hepbl, IUIHHIPHI U APYTHE OOBEKTHI.

ITpu Bu3yanu3anuy BHECTH HCKaXeHHsI, 00yCIIOBICHHBIE ITpeoOpazoBanusiMu JlopeHna B 3aBUCUMOCTH
OT CKOPOCTH HaOto1aTessl.

* lcnonb3oBarh JBa BEPUIMHHBIX aTpuOyTa: KOOPAMHATHI BEPIIMH W LBET. L[BeT MOXKHO Ha3HAUYUTh
BEpILUHAM [IPOU3BOJIBHO.

* Peasm3oBaTh BO3MOKHOCTh IEPEMEIIEHHs BUPTYalIbHONW KaMepbl Ha (PUKCHPOBAHHOM PAaCCTOSIHUU
OT TIOBEPXHOCTHU 3EMJIH.

2. Hactpouth ocBelleHHE M TEKCTYPHPOBaTh OOBEKTHI CleHbl. BusyanusupoBars 3ddexr Horepa
(uBeT JOIKEH U3MEHATHCS B 3aBUCUMOCTH OT CKOPOCTH JIBM)KEHHS HaOJIIo1aTesns).

3. JlononHUTENBHBIE YPPEKTHI

» Jlo6aBbTe (DOHOBBIN Ky C KyOMUECKOW TEKCTYpOU, IBHXKYIITHECS OOBEKTHI B CIICHE
» Peanusyiite deferred rendering

» CrenaiiTe HECKONBKO JIBUKYIIUXCS UCTOYHUKOB cBeTa ((hoHapeit)

. CnenaiiTe Ha JKpaHe TOPU3OHTAIBHYIO MOJOCKY Ui OOO3HAYCHMs TEKyIlell CKOpPOCTH IO
CPaBHEHUIO CO CKOPOCTHIO CBeTa. Pa3Mep Mmonmocku JOImKeH ObITh POIIOPIIMOHATIEH CKOPOCTH

» Jlopabotaiite Bamu 3¢gdexrsl CTO B HOBBIX yCIOBHUAX
burner.

1. ®opmbl onMcaHus NPSMOU U IIOCKOCTH B mpocTpancTBax 2Du 3D. Murpanus mexnay gopmamu
OIMCAHUs NPSIMOMN U MJIOCKOCTH.

2. llepcrektuBHasT mNpoeKUHMs M NEPCHEKTUBHOE mpeoOpa3oBaHue. Marpuisl HEPCHEKTUBHOTO
npeoOpa3oBaHusl M MEPCIEKTUBHOTO HpoenupoBaHus. KoopauHarel HECOOCTBEHHBIX TOYEK M TOYEK
cxoza.

3. IlocTpouTh Marpuily MOBOpPOTa BOKPYI OCH, Hpoxonsuiei depe3 Touky A(al,a2,a3), umeromyio
Hanpasisromui Bekrop (1,m,n) equaMaHON AMuHBI U1 3D-npocTpaHcTBa.

4. Cucrema ypaBHEHHI U CXeMa alropuTMa 00paTHON TPaCCHPOBKH KOHHMYECKOH MOBEPXHOCTH

Kpurepun onennBanus

Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIlIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka ommmyHO 8§ OamioB - BBICTAaBIIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

Onenka xoporio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeeT IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoio 6 6ajioB - BBICTaBISACTCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.



OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
1 IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAacT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYICHTY, IOKa3aBIIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISACTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (GpopMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mpoBeneHus 3k3aMeHa oOydaroliuecs MOTYT IOJIb30BaThCsl MPOrPaMMOM JUCLUIUIMHEL, a
TaKKe CIIPaBOYHOMN JIUTEPATypOM, BEIYUCIUTEIbHON TEXHUKOM.



3. [lepevyeHb THNOBBIX KOHTPOJIbHBIX 3aJaHUIi, HCMIOJIb3YEMBIX /IJI51 OLIEHKH 3HAHMI,
YMeHUii, HABBIKOB.

[TIpomexxyrounast  arrecranuss 1no  aucuumuimHe  «KommeiotepHas — rpaduka
oCyIIecTBIIsIeTCS B (hopMe sK3aMeHa. DK3aMeH MPOBOJUTCS B YCTHOH (Gopme.

Kax b1l CTyIEHT B TEUEHHE CEMECTPA JOJKEH BBINOJHUTH UHAUBUAYAIbHBIN IIPOEKT, KOTOPBIN
COCTOUT U3 3-XWIH 4-X 3aJJaHUi, 3aBepIIarOIIUecs IPOrPaMMHOM peain3aluei.

s mporpammHuoil peanm3anuu ucnoibdyercs si3pik C++ u APIOpenGL 3. IIpoekT nmomken
conpoBoXkAaThcst cOopounbiM ckpuritom CMakeLists. txt.

IIpumepbl NPOEKTOB ¢ pa30OueHneM HA 3a1aHUS

IMpoexr 1.Busyanusaims TpexMEpHON MOBEPXHOCTH, COCTABICHHON W3 IMPOCTHIX TeI
(monMroHambHas MOBEPXHOCTh, KOTOpas SBISETCS pPE3yJbTaTOM IPUMEHEHHS OYIEBCKUX
orepanuii).

Pa30Ouenue Ha 3aqaHus.

1. IlocTpouth M BU3yaIU3UPOBATh IOJIUIOHAIBHYIO IMOBEPXHOCTb. llapameTpbl: pa3smepsl U
KOOPJAMHATHI EHTPOB KyOa U cepbl, TUII onepalyu (epeceueHue, 00beMHEHUE, BEIYUTAHUE).
Pe3ynpTar nOMKEH BBIBOAMTHCS MpPHU JIIOOBIX 3HAUYEHUSAX MapaMmeTpoB. lcmonb3oBarh JBa
BEPIIMHHBIX aTpuOyTa: KOOPAWMHATHI BEPIIMH W IBET. L[BET MOXXHO HAa3HAYUTH BEpUIMHAM
npou3BoJibHO. [lojep:kaTe BO3MOKHOCTh YIIpaBJIEHUs] KaMepoil OT KiaBHaTypsl Ajs olsera
MIOBEPXHOCTH, puOIMkeHus/ynanenus.[1o skeIanuro MOXHO BBIBECTH CETKY. st 3TOro Hy)HO
OTPHCOBATh MOJUTOHBI TOBTOPHO ¢ KoMaHaamu glPolygonMode u glPolygonOffset

2. Mcrionb30BaTh HECKOJIBKO HCTOYHUKOB CBETA '

e JloGaBuTh oOcBemieHue C OJIMKaMM OT 2X MCTOYHUKOB CBETa OJHOBPEMEHHO. 1il -
TOUYEYHBIH UCTOYHMK, TOJDKEH ABUIaThCsl BOKPYT MOBEPXHOCTH. 21 - Ha rOJI0Be, KOTOPBIN
JBIKETCSI BMECTE C BUPTYaIbHOM KaMepoil U CBETHT KOHYcoM (spotlight)

e TekcTyprpoBaTh MOJUTOHATHHYIO TTIOBEPXHOCTb.

3. PeanuzoBats 3epkaio:
e Pa3MecTuTh psJIOM C MMOBEPXHOCTHIO 3€PKAi0 B BHJIE TUIOCKOTO 4-yTrOJIbHUKA.

e (C noMompi0 peHIepuHra B TEKCTYPY BBIIOIHUTH «9€CTHOE» OTPaKEHUE MOBEPXHOCTH B
3epKalie B 3aBUCUMOCTH OT MOJIOKEHHS KaMephI.

e C momompro GUI wmnm kmaBuatypbl peann3oBaTh YIPaBICHUE IIOJOXKCHHEM U
OpHEHTALMEN 3epKaJa.

e J[OMOMHUTENBHO: MOKHO pPeajn30BaTh OTJIOKEHHBIA PEHACPUHT U M00aBUTH A HEKTHI
MOCTOOPabOTKH

4. Pemuth ucxonHyio 3anady (OyneBckue omepauuu) ¢ nomoirsio mMetona Constructive Solid
Geometry.

Mpoekt 2. Cumynsatop 3¢pPeKToB criennanbHON TEOPUHA OTHOCUTEIILHOCTH
PazOuenue Ha 3a1aHusl.

1. ITocTpouTs 1 BU3yanu3nupoBath 3D-MoAeb HEKOTOPOU TECTOBOM TEPPUTOPUH: 3EMJIS U HA
Hel KyObl, chepbl, HMIMHIPHI U APYrHe 00BEKTHI.

[Tpu BU3yanu3anuu BHECTH UCKa)KeHUs, 00yCIOBIIEHHbIE ITpeoOpa3oBanusiMu JlopeHiia B
3aBHCUMOCTH OT CKOPOCTH HaO0aTessl.



e lcnonp30BaTh JBa BEPIIMHHBIX aTprOyTa: KOOPIAWHATHI BEPIIUH U IBET. L[BeT MOKHO
HA3HAYUTh BEPIIMHAM ITPOU3BOJIEHO.
e Peamn3oBaTh BO3MOXHOCTh TIEPEMEIICHHSI BUPTYaIbHON KaMephbl Ha (PUKCHPOBAHHOM
PacCTOSTHUU OT TOBEPXHOCTH 3EMITH.
2. HacTpouTh OCBELICHHE U TEKCTYPUPOBATh 00BEKTHI ClIeHbI. BusyanusupoBath 3¢ ekt
Jorutepa (IIBET J0DKEH U3MEHSATHCS B 3aBUCHMOCTH OT CKOPOCTH JIBMYKCHHUS HAOJIIO1ATEIIs).
3. HonomuurensHbie 3P HeKThI

J Jlo6aBbTe (hOHOBBIN KyO C KyOMUECKOH TEKCTYpO, ABIKYIHECS OOBEKTHI B
CLIeHE

. Peanusyiite deferred rendering

J CrenaiiTe HECKOJIBKO JIBIDKYIIMXCSI ICTOYHHKOB CBeTa ((oHapeit)

J CrenaiiTe Ha KpaHe TOPU30HTAIBHYIO MOJOCKY ISl 0003HAYCHUS TEKYyIIeH

CKOPOCTH 10 CPAaBHEHHIO CO CKOPOCTHIO CBEeTa. PazMep monocku A0mKeH ObITh
MPONOPIIMOHANIEH CKOPOCTH
. Hopa6oTaiite Bamwu 3¢ dexktsl CTO B HOBBIX yCIOBUAX

Ilepeyenb KOHTPOJIBbHBIX BONPOCOB:

1. OproronaneHbie mpeoOpa3oBaHusl Ha TJIOCKOCTH M B 3D-mpocTpaHcTBe (3JI€MEHTapHBIC
npeoOpa3oBaHUsd U HMX MAaTPHUIBI, KOMIIO3UIIMSA MpeoOpa3oBaHuii U (GOPMHUPOBAHUE UX

MaTpHiLL).

2. OCHOBHBIE KJACCHI HpOGKI_II/Iﬁ Ha INIOCKOCTb MW CBA3aHHBIC CHHMH MAaTpHUYHBIC

npeoOpa3oBaHusl.
Addunabie 1 ad(HUHHO-TTPOCKTUBHBIE IPEOOPA30BAHUS U UX MATPHIIBI.

[TonsiTe HeCOOCTBEHHOM TOYKH HA IIOCKOCTH M €€ KOOPJIMHATHOE TIPEJICTABIICHHUE.

HepCHeKTI/IBHaH IMIPOCKIHA n MNECPCIICKTHUBHOC Hp606p330BaHI/Ie. KOOp)II/IHaTBI

HECOOCTBEHHBIX TOYEK U TOUEK cxoJa.

6. Dopmbl onHcaHUs MPSIMOK U MJIOCKOCTH. Murpanus Mexxay (GopMaMu omucaHus MPSIMO U

IIIIOCKOCTH.

7. Omnpenenenue mnoBepxHOCTH. (CrmocoObl 3agaHusi MOBEPXHOCTH. [lOHATHS  TOYKH
MOBEPXHOCTH, HOCUTENS TOYKH MOBEPXHOCTH W HOCHUTENS MOBEPXHOCTU. DKBHUBAJICHTHBIC

0TOOPaXKEHNS 3aMBIKAHHUS TLIOCKOH oOmacTu B R3,

8. HesBnas IOBCPXHOCTD. ypaBHeHI/I}I KacaTelIbHOM IJIOCKOCTH M €OUHHUYHOTO BCKTOpa

HOpMaJu JUIsl 3aIaHHON TOYKU HESIBHOM MMOBEPXHOCTH.

9. 3az[aqa BOCITIOJTHCHH A ITOBCPXHOCTH. Iloxxon K BOCIIOJIHCHHIO HOBerHOCTCﬁ.

Tpuanrysus.
10. CrinaiiHOBBIE TOBEPXHOCTH.
11. Tpuanrynsuus Jlenone. Onpenenenue u ocHoBHbIE cBoiicTBa T/I.
12. XKannsiii anroput™m T/ u ero cBoiicTBa.

13. Imarpammsl Boponoro u T/I. [IBoiictBeHHOCTH 3a1aun T/] u JIB.

14. Anroput™Mbl ¢ TpeABAPUTEIBHBIM  yIOpsAAOYMBaHMEM  (IUIABAIOLIETO  TOPU3OHTA,

XYIO’KHHKA.COPTUPOBKA IpaHei ¢ ucrnonb3oBanneM BSP-nepeBbes).
15. Pactrepusanus u e€ apredakTsl (1715 TUHUNA U TpaHUL] 00JacTeit).
16. Anroput™m Z-0ydepa. Ero oprannzanusi, JOCTOWHCTBA U HETOCTATKH.

17. AJ'II‘OpI/ITM Bpe3eerMa JJI1 OTPE3KOB MPAMBIX HA AUCKPETHOM paCTpEC.
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18. Anroput™ 00paTHON TPACCUPOBKH Jy4ei, ero OpraHu3anus, JOCTOMHCTBA U HEOCTATKH.
19. TlonHBIi anropuT™ 00paTHOM TpacCUPOBKH Jiyueit. CBETOBOE JepeBoO.

20. ITogmHOXecTBO anroput™a oopatHoii TpaccupoBku (Ray-Casting).

21. TTomxoapl K CHUKCHHIO BEIYUCIUTEIILHOW HArPY3KH B JITOPUTME OOpaTHOW TPACCUPOBKH.

22. Vcnionp3oBanue anroputMa otcekarens Caiipyca-beka Ha TUIOCKOCTH U B POCTPAHCTBE IS
(hopMHpOBaHUS OTPAaHUYMBAIOIINX 00HEMOB.

23. Orcekarens Caiipyca-beka kak 3D-nmpumutuB.
24. Pacyér rino0aibHON OCBENIEHHOCTH.
25. TTousitue BRDF. Monenn BRDF. Beruncnenus u usmepenus BRDF.

26. BRDF u e€ npubnmkx€éHHOEe BEIYMCICHUE HA OCHOBE 3-X U 5-TH KOMIIOHCHTHOM aJlTATUBHOMN
GyHKIUH.

27. TpaccupoBKa IIIOCKUX 00J1acTeH.
28. TpaccupoBKa HETUIOCKUX MIPUMHUTHUBOB.

29. CocTaBUTh CHUCTEMY YpPaBHEHHUH U CXEMY aJropuTMa OOpaTHON TPaCCUPOBKH IIOCKOTO
KOJIbIIA.

30. CocTaBUTh CHUCTEMY YpaBHCHHMI M CXEMY aJITOPUTMa OOpPATHON TPAaCCHPOBKH CILTONIHON
cdepsl.

31. CocTtaBUTh CHUCTEMY YPaBHEHHH U CXeMy alrOpuTMa OOpaTHON TPacCHUPOBKU KOHUYECKON
MMOBEPXHOCTH.

32. Ilpunuunst opranuzanuu CSG-onepanuii B alropuTMe 00paTHOM TPACCUPOBKHU.

33. [lonsitue cocraBHoil monmumopduoii mosepxuoctu (CII) u opranuzamms anropurMa eé
TPacCHPOBKH.

34. ConocraBnenne CIIII w TpuanryiasHTa (C TOYKM 3PEHUS ONKMCAHUS TOBEPXHOCTH U
OpraHu3aIK AITOPUTMOB TPACCUPOBKU U Z-0ydepa).

35. TloHATHS W  ONpENeNICHUs «OWHOKYJISpPHAS  BH3YyalIHM3aIlUs», «CTEPEOCKOMUIEcKast
BHU3yaJIU3aLUsD».

36. Ctpoenne kamepHOro rJiaza. PemymmpoBaHHass MoJelnb KaMepHOro riaza. OmNTHKo-
reoMeTpuuYecKas MOJEellb aHATOMHUYECKOrO OTAeNa OWHOKYISAPHOW 3PUTEIHHOM CHCTEMBI
YeJioBeKa.

37. buHoKynsipHas 3puUTeNbHAs cCUCTeMa U OMHOKYJISIPHBIA HHTEepdeiic BU3yalu3auH.

38. HaubGonee cnoxHblE W HEPEUIEHHBIE TPOOIEMBI CTEPEOCKONMMYECKONW BH3YyaIN3aluU
(KOH(IUKT aKKOMOJALIMK U BEPreHINH, UCKaxeHus npu 2D-Busyanuzanuu 3D-00beKTOB,
WHBEPCHUs MapajutaKca).

39. Uepapxuueckas ctpykrypa 3D-00bekTa, e€ popMHUpoBaHUE U UCTIONb30BAHUE.
40. Jlexomriozunuu U popmoodOpa3zoBanue 3D-00bekTa Ha OCHOBE CTPYKTYPHOTO JIEpeBa.

41. PexypcuBHBIM 00X0/ 1epeBa CTPYKTYphl U (OPMYIIBI OPTOTOHAIBHBIX MTPeoOpa3oBaHuil Juis
KOOpPJMHATHBIX (PpeiiMOB y3JI0B JIepeBa.

42. CtpyKTypa U KuHemaruueckas cucrema 3D-o0bexkta. OCHOBHBIE PUHIIMITBI UCIIOIB30BaHHUS
CTpYKTyphl 3D-00bekTa 17151 yrpaBieHus ero GopMoil.

43. Nepapxuueckue CTPYKTYpbI C IEPEMEHHBIM OTHOIIEHUEM MOPSIKA.
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44. TlpencraBiieHne OOBIYHBIX CBS3aHHBIX CIUCKOB W CBsi3aHHBIX RTR-cmmckoB cpenctBamu

UML.

45. Vnkancynupyemble CBONCTBA CBSA3aHHBIX CIHMCKOB IPU ONMCAHUU MOBEpXHOCTH 3D-
00BbeKTA.

46. Buptyanbubiii RTR-cicok M MPUHIKITEI HOCTPOCHUS AITOPUTMA €ro 00Xo/1a.
47. OcoOCHHOCTH BBITTOTHEHUS OTIepalluid «CKIehHKkay u «pazouenus» Ha RTR-nepeBbsx.

48. TIpuHIUIIBI TOCTPOCHUST UHTEpdeiica U pealn3anuil onepanuid «CKIehHka» U «pa3OueHus»
Ha RTR-nepeBbsx.

49. TlaTTepHBI MOJCTUPOBAHUS OTIEpalNi «CKJIeKa» U «pazouenus» Ha RTR-aepeBbsix.

50. OcoO6eHHOCTH TPOrpaMMHON peaju3alii OPTOTOHAIBHBIX TNpeoOpa3oBanuii Ha RTR-
JIePEeBbsIX IPH U3MEHEHUH CBS3HOCTH Tpada 3D-crieHsl

51. IIpuHUMOBI TOCTPOEHHS MPOrPaMMHOIO MHTEp(delica OpTOroHAIBHBIX MPpeoOpa3oBaHUi Ha
RTR-nepeBbsix npu n3aMeHeHHH CBSA3HOCTHU Tpada 3D-crieHbl

52. Mojienb B3aUMOJIEHCTBHS «KJIMEHT-CEPBEP» AJISl CUCTEMbl BU3YATU3ALIH.
53. ApXUTEKTypa M TOTOJIOTHS pacupeaenEéHHol cucteMbl 3 D-Bu3yanu3anuu.

54. OcHoBHbIe (Da3pl MoJETUpPOBaHUS U (POPMHUPOBAHUS M300paKEHUsT BUPTYaAJbHON cpeibl B
pacrnpenenénnon cuctemsl 3D-Bu3yanuzanuu.

55. OcHOBHbIE ITPOOJIEMbI, BO3HUKAIOIME ITPH MCIIOJIb30BaHUU TPAHCHIOPTHOTO mpoTokoia UDP
B pacnpeaenénHoi cuctemsl 3D-Busyanuzanuu.

56. Moaenu HOaHHBIX IS OMHCAHUS COCTOSHUS BUPTyaiubHBIX 3D-00BexToB. OcobGeHHOCTH

MOJIeTICH JaHHBIX ISl TPAHCIIOPTUPOBKHU COCTOSIHUS OOBEKTOB «HAJ mpoTtokoiramu» UDP u
TCP.

57. Ilonsitue Kampa coCTOsIHUA BUPTyabHOro 3D-00beKTa, OCHOBHBIE KJIACCHI JIJISi OIHCAHUS
MOBE/ICHUS BUPTYaIbHBIX 3D-00HEKTOB.

58. [IpuHIIMTIBI OpraHU3aIMK MMPOTOKOJIA MPHUKIIAIHOTO YPOBHS IS pacipeneEHHON CHCTEMBI
BU3yaJI3alUU

59. TloHsATHE pETrYISAPHBIX U HEPETYIIPHBIX 3D-00HEKTOB M ONMUCAHUE COCTOSIHUS B KOHTEKCTE
MIPOTOKOJIAa TPUKIIATHOTO YPOBHS AJIs pacipenenéHHoii cuctemsl 3 D-Bu3yanuzanuu.

60. YrpaBieHHe COCTOSIHHEM DPETYJSPHBIX U HeperysIpHbIX 3D-00bEeKTOB M 0OCOOCHHOCTH WX
peHIEepUHTA.

IIpumepsbl 3K3aMeHALIMOHHBIX OWJIETOB U3 4-X BOIIPOCOB

B kaxaom Ounere coxepkarcs mo 4 BoIpoca, NMPH OTBETE HAa KOTOpBIE Yydyallluics
JOJDKEH TOKa3aTh 3HAHUS COOTBETCTBYIOIIMX TeM (pa3zieioB) mporpammbl Kypca. OauH u3
BOIIPOCOB MOXKET UMETh (hOpPMY 3a4a4H.

Bbuaer.

1. ®opmsbl onucaHus NPSAMOHR U TUIOCKOCTH B npocTpaHcTBax 2Du 3D. Murpanus mexay
(dbopmMaMu orMcaHUsI IPSIMOM U TUIOCKOCTH.

2. llepcnekTHBHas TPOEKIMS U MEPCIEeKTUBHOE TmpeoOpa3oBaHue. MaTpuiisl
NEPCIEKTUBHOTO  MPeoOpa3oBaHUsT W IEPCIEKTUBHOTO  TpoenupoBaHus. KoopauHaTel
HECOOCTBEHHBIX TOUEK U TOUEK CXO0/1a.



3. IlocTpouTh Marpuily MOBOpOTa BOKPYI OCH, MPOXOAALICH Yepe3 TO4Ky A(ai,az,as),
MMEIOIIYIO HaMpaBIAromui BekTop (I,m,n) eqruHnaHOM niuHBI 17151 3D-nipocTpaHCTRa.

4. Cucrema ypaBHEHHMH M CXeMa alropuTMa OOPAaTHOW TPACCUPOBKH KOHHUYECKOU
HOBEPXHOCTH.

4. Kputepuu olleHUBAHUSA.

Onenka basbl Kpurepun

10 BCECTOPOHHME, CUCTEMATU3UPOBAaHHbBIE, TTTyOOKHE 3HAHUS
y4eOHOM MTPOrpaMMbl TUCHUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHSITh UX Ha MMPAKTUKE IPU PEIICHUU KOHKPETHBIX
3aj71a4, CBOOOAHOE U PAaBUIBHOE 0OOCHOBAHHUE MTPUHSATHIX
pEeUICHUI;

9 CHCTEMaTH3UPOBAHHbIC, TTTyOOKHE 3HAaHUS YIeOHOH
OTJIMYHO [IPOrpaMMbl JTUCLUILIMHEI U YMEHHUE YBEPEHHO IIPUMEHSATh
UX Ha MPAKTUKE IIPU PELICHUHA KOHKPETHBIX 3a/1a4,
IpaBUJIbHOE 0OOCHOBAHUE IPUHATHIX PEIICHUI;

8 riTyOOKHe 3HaHUSI Y4eOHOH MPOrpaMMBbl AUCHUIUINHBI U
yYMEHHE IPUMEHSATh UX Ha MPAKTUKE MPH PEIICHHH
KOHKPETHBIX 33]1a4, IPaBUIbHOE 00OCHOBAHUE MTPUHSITHIX
pEIICHUI;

7 TBEPJI0 3HAET MaTepuall, TPaMOTHO U 10 CYLIECTBY M3J1araeT
ero, yMeeT IPUMEHSATh MOIy4YE€HHbIE 3HAaHUs Ha NIPaKTHKE,
HO JIOITYCKaeT B OTBETE WM B PEILICHUU 3a]]a4 HEKOTOPbIE
HETOYHOCTH;

6 3HACT MaTcpuall, rpaMOTHO U3JIaract €ro, ymMecT NpuMCHATb
MOJIYYCHHBIC 3HAHUS HA MTPAKTUKE, HO JOITYCKACT B OTBCTEC
HJIM B pCIICHUHU 3aJa4 HCKOTOPLIC HCTOYHOCTH,

XOpOLIO

5 3HAET OCHOBHOM MaTtepuall, rpaMOTHO HU3J1aracTt €ro, ymecT
MNPUMCHATH ITOJTYUYCHHBIC 3HAHWA Ha IIPAKTUKE, HO
JOIMYCKACT B OTBCTC UJIM B pCHICHUHU 3aa4 HCTOYHOCTH;

4 (bparMeHTapHbIi, pa3pO3HEHHBINH XapaKkTep 3HAHUH,
HEJ0CTAaTOYHO MpaBWIbHbIE (POPMYIHPOBKU OA30BBIX
MOHSITUI, HAPYILIEHNUS JTIOTMYECKOH MOCIEI0BAaTEIILHOCTH B
U3JI0’KEHUU TIPOrPaMMHOI0 MaTepuasa, HO Py ATOM OH
BJIa/IEET OCHOBHBIMHU pa3fiesiaMu y4eOHON IPOrpaMMBl,
YIOBJIETBOPUTEIILHO HEOOXOAUMBIMU JIJIs1 JaJIbHEHIIero 00y4eHus: 1 MOKET
MIPUMEHSTD MOTYyYEHHBIE 3HAHUS 110 00pa3ily B CTaHAAPTHON
CUTYalluu;

3 XapakTep 3HaHUWJOCTAaTOUEH /JIs JalbHEHIIero o0y4eHus u
MO’KET IIPUMEHATH MTOJy4YE€HHbIE 3HAHU 110 00pasily B
CTaHJAPTHOU CUTYalUU;

2 He 3HaeT OoJIbIIIel YaCTU OCHOBHOTO CO/IEp KaHUsI yueOHOM
pOrpaMMbl JTUCHUIUIMHBL, JOIMYCKaeT rpyOble OMNOKY B
(bopMyTUPOBKAX OCHOBHBIX TIOHSATHH TUCIUILTAHBI U HE
yMeeT MPaBUIbHO UCIOJIb30BATh NOJTYYEHHBIE 3HAHUS ITPH
PEIICHUN TUIIOBLIX MPAKTUYCCKHUX 3aJay.

HCYHAOBJICTBOPUTCIIBHO

1 HC 3HACT (I)OpMy.HI/IpOBOK OCHOBHBIX MOHSITUH TUCHHUILIMHEI
1 HC YMECT HMCII0Jb30BaTh MOJYYCHHBIC 3HAHUS ITPH
PCIICHUHN TUITIOBLIX NPAKTUYCCKHUX 3aJay.




5. llopsinok mMpoBeleHUs YCTHOIO K3aMeHAa, 0COOCHHOCTH OLEHKHM BBITOJHEHHBIX
3alaHui.

[Tpu npoBeieHNY 3K3aMEHA YYUTHIBAIOTCS PE3yJIbTAaThl 3aUeTa 3aJaHuii mpoekTa. Kaxmoe
HE 3a4TEHHOE 3a/IaHHE 3aMEHSETCS JIOMOJHUTEIBHBIM BOIPOCOM (HAIPUMEpP, €CIIA MPOEKT He
3a4TEH MOJHOCTBIO, CyMMapHOE YHCJIO BOIIPOCOB cocTaBisier 4+3 = 7).

[Ipu mpoBexeHuu »5K3aMeHa oOyyaromeMmycs TMpenocraBisercs A0 O0MHHYT Ha
MOJITOTOBKY OTBETOB Ha BOIPOCHI H/HMJTH PEIICHHUE 33a4H.

Ompoc oOyuaromerocss 1mo OWIETy Ha 53K3aMEHE HE JIOJDKEH IMPEBBIIATh JIBYX
ACTPOHOMHYECKHX YaCOB.

Bo Bpemsi mpoBeneHHs dK3aMeHa OOYYarolIMecs MOTYT TMOJIb30BAaThCs MPOTPAMMOMN
ncIUIUTHHBL «KoMIbroTepHas rpadukay.



