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1. HAUMEHOBAHME JVCHATIIMHBI (MOJY.JIsT), IEJIM M 3AJTAYHA OCBOEHUS
JTUCLUTLTAHBL (MO/LY.JIT)

1.1. HaumeHoOBaHMe IV CHUNIIHHBI
3D-texHonorun
1.2. leab AMCUUNJIMHBI
dopMupoBaHUE Y CTYACHTOB KOMIIETCHIIMH B 00acT mpuMeHeHus 3D TexHonoruii B BeO-
Iu3aiiHe U MOOWIIBHOHM pa3paboTKe, BKIIOYAs TECOPETHYECKHE OCHOBBI TPEXMEPHOU TpaduKu,
METO/Ibl MOJICIMPOBAHUS M BU3YAJIM3AllUU, a TAK)KE Pa3BUTHE MTPAKTUUYECKUX YMEHHM 1 HABBIKOB
paboTBl ¢ MHCTPYMEHTAMH M TEXHOJOTHSMHU co3maHus 3D KOHTeHTa Uisi BEO-TIPHIIOKCHUN U
MOOWJIBHBIX HHTEP(EHCOB.
1.3. 3agaun AUCHUNIMHBI
B xone ocBoeHUs JUCHUIUIMHBI CTYICHT J0JDKEH pellaTh TaK|e 3a/1a4uu, Kak:
® U3YYHUTh TEOPETHYECKHE OCHOBBI TpEXMEpHOU rpaduku, mpuHIUNB padotel ¢ 3D
MIPOCTPAHCTBOM, CHCTEMbI KOOPJIMHAT M TpaHCPOpPMAIH 0OBEKTOB;
® OCBOUTH METOIBI M TEXHOJIOTHH co3aanust 3D Moiesne, TeKCTypupOBaHusl, OCBEIICHHS 1
peHIepUHTa 1Ji BeO-TPUIOKEHUI U MOOUITBHBIX MIIATHOPM;
® U3YYUTh COBPEMEHHbIC HHCTPYMEHTHI U OnbnuoTexu ams pabotsl ¢ 3D B BeO-pa3paboTke
(WebGL, Three.js, Babylon.js) u MoOuabHOM pa3paboTke;
e chopMUPOBATh MPAKTHYECKUE HABBIKH PAa0OTHI ¢ MHCTPYMEHTaMH JUiss co3panus 3D
MoJieJiell U KOHTEHTa, UCIoNIb3yeMoro B BeO-nipunoxkeHusix (Blender u np.);
® HayyuThCsi OpuUMEHATh 3D  TexXHoONOruM 1S  CO3JAAHHUS  HMHTEPAKTUBHBIX
MOJIb30BATEIbCKUX UHTEP(EICOB, aHUMAIINIi U BU3YyalIU3alliii B BeO-qu3aiiHe;
® OCBOUTH METOHbI onTuMuzanud 3D KOHTeHTa sl BeO-MPUIOKEHHUH W MOOMIBHBIX
YCTPOMCTB, BKIIFOYAsI TEXHUKH CHIDKEHUS HArPY3KH Ha MPOU3BOIUTEIIHHOCTD.

2. IEPEYEHD IIVTIAHUPYEMBbIX PE3YJIBTATOB OBYUYEHMUS 110 JUCHUIIJIMHE
MOAVYJIO), COOTHECEHHBIX C IIVIAHUPYEMBIMU PE3YJIbTATAMU
OCBOEHUSA OBPA30OBATEJBHOMN MPOI'PAMMBI

[Mponiecc m3ydenus mucuumuiuHbl «3D-TexHONMorMm» HampasieH Ha (OPMHUPOBAHHE
CIENYIOIUX KOMIIETECHLIUN:

Kon n HaumeHoBaHue Konx n HanMeHOBaHME HHIMKATOPA JOCTUKEHHUS

KOMIIETCHIIMH BBIIYCKHUKA KOMIIETCHLIUN
[1IK-3. Cmocoben ocymectBisth | [IK-3.1.  Anammsupyer uHPOpMANHIO, HAXOAUT |
XYyJ10’KECTBEHHO-TEXHUUYECKYIO 00OCHOBBIBAET IIPaBUIBHOCTD IIPUHUMAEMBIX
pa3paboTKy  JU3aMH-TIPOEKTOB, | TU3AMHEPCKUX PEHICHUH C YUETOM IMOKEIIaHUM 3aKa3uuKa 1
00BEKTOB BU3YaJIbHOU | NIPEAIIOYTEHUN LIETIEBON ayIUTOPUU
nHpopmanmu, uneatudukamun u | [1K-3.2.  Hcmone3yer  crenuanbHble  KOMITBIOTEPHEIE
KOMMYHHKaIUU pOrpamMMbl Uil MPOEKTUPOBAHUS OOBEKTOB BHU3YyalbHOM

nH(popManuu, HASHTU(HUKALUA U KOMMYHUKAIIUH
[1K-3.3. BeicTpauBaeT B3aMOOTHOIICHHSI C 3aKa3UUKOM C
COOJIIOIEHNEM LIEJIOBOTO DTHUKETA

I[IK-4. Cnocoben  co3maBath | [IK-4.1. Co3maeT KOHIENIMIO M 3CKU3 TpaduvecKoro
BU3YAJIbHBIA JU3aliH AJIEMEHTOB | JM3aifHa MOJIh30BaTEILCKOTO HHTEp(deiica

rpadu4ecKkoro [IK-4.2. PazpabatbiBaeT mporoTun HHTEpdeiica B
10JIb30BATEILCKOT0 UHTEpdeiica | BEIOpaHHONW MHCTPYMEHTAJIbHOW Cpelle Ha OCHOBE aHalu3a
uHboOpMallUd O  B3aUMOJCHCTBUM  TOJB30BaTENs  C
rpaduyeckuMu uHTepdericamu

[1K-4.3. Opranusyer mnpolecc TeCTUPOBAHHs MPOTOTUIA
nHTEepdelicoB




3. MECTO JUCHHUILIMHBI (MOAYJISI) B CTPYKTYPE OBPA3OBATEJIBHOM
ITPOI'PAMMbI

VYyeOHnas nucuurinHa «3 D-TeXHOIOTuM» OTHOCUTCS K AJICKTUBHBIM JTUCIUATIMHAM 9acTH
y4eOHOTo IUiaHa, (HOpMUPYEMOIl yJ4acTHUKAMH OOpa30oBaTEIbHBIX OTHOIIECHHH 10 OCHOBHOM
npoecCHOHATLHOM 00pa30BaTEIbHON MPOrPaMMbI BBICIIETO OOpa30BaHMs IO HAIMPABICHUIO
noarotoBku 54.03.01 Jluzaiin, nHanpaBneHHocTh (mpodwib) Beb-mu3aiiH w  MoOWIbHAs
pa3zpaboTka.

4. OFBEM JUCHHUIVIMHBI (MOAYJISA) B 3BAYHETHBIX EAMHUIIAX C YKAZAHUEM
KOINYECTBA AKAJEMHNYECKHUX YACOB, BBIJIEJIEHHBIX HA KOHTAKTHYIO
PABOTY OBYYAIOHIETI'OCsA C IIPEIIOJABATEJIEM (IIO BUJAAM YYEBHbIX
3AHATUN) U HA CAMOCTOSATEJBHYIO PABOTY OBYUAIOIIUXCS

Obmass TpynoeMKocTh (00beM) IUCHUIUIMHBI COCTaBiseT 4 3adeTHbIX eaunwuil, 144
aKaJgeMUIecKuX 4acoB. Juciuruimmaa u3ydaeTcs Ha 2 Kypce B 4 cemecTpe U 3 Kypce B 5 cemectpe.

CocTaB 4 00beM JMCUUILIHHBI M BUbI Y4eOHBIX 3aHATHI

Bun yqeOHBIX 3aHATHI Bcero Paszenerine 1o cemecTpam
5
Ob6mas Tpynoemkocts, 3ET 4 2 2
OO0mas TpyI0eMKOCTb, Yac. 144 72 72
AyIuTOpHBIE 3aHATHS, Yac. 70 36 34
Jlexuuu, yac. 26 14 12
[TpakTHYeCKHe 3aHSTHSL, Yac. 44 22 22
B T.4. B ()OpME MPAKTUIECKOMN MOATOTOBKH 44 22 22
CamocTrosiTensHas paboTta 74 36 38
Kypcogoii mpoexT (pabota) - -
Bu uTOroBoro KOHTpOIIs (3a4et, IK3aMeH) 9K3aMeH 9K3aMeH

5. COAEPXKAHME JUCIMIIVIMHBI MOAVYJIsA), CTPYKTYPUPOBAHHOE
N0 TEMAM (PA3JAEJAM) C VYKA3AHMEM OTBEJAEHHOI'O HA HHX
KOJMYECTBA AKAJEMHUYECKHNX YACOB U BUJIOB YUEBHBIX 3AHATUA

5.1. Coaep:xanue TUCHUNIMHBI
Cemectp 4
Pa3nen 1. OcHoBbI BeO-1U3aiiHA
Tema 1.1. Beeoenue 6 3D mexnonocuu 6 6ed-ouszaiine

OcHoBHbl€ TOHATHS TpuMeHeHus 3D TexHooruii B BeO-Au3aiiHe, UCTOPHS pa3BUTHUS TPEXMEPHON
rpaduKy B UHTEpHETE, COBPEMEHHBIE TPEH Ibl M HanpaBJieHus. Bo3moxxHocTn ucnonb3oBanus 3D
AIIEMEHTOB JUIsl CO3JaHUSl MHTEPAKTHUBHBIX TMOJb30BATENIbCKUX HHTEP(ENHCOB, BHU3yalH3alUU
JTAHHBIX U YIIYUYIIEHUs TO0JIb30BATEIBCKOIO OMBITA B BEO-TIPHIIOKEHUSX.

Tema 1.2. Ocrosbl mpexmepHol epaguku u npocmparHcmeda

Teopernueckne OCHOBBI pPabOThl € TPEXMEPHBIM MPOCTPAHCTBOM, CHCTEMBI KOOPIMHAT
(mexapToBa, chepuueckas), MOHATUS BEPIIMH, I'paHel, MOJUTOHOB. bazoBble TpaHchopmanuu
00BEKTOB (TepeMelIeHne, BpalleHne, MaclITa0upoBaHue), MPUHLIUIBI PabOThl ¢ KaMepaMu U
HPOEKIHUSIMU B KOHTEKCTE BEO-TIPUIIOKEHUI.

Pazgen 2. Ocuosbl UI/UX am3aiina



Tema 2.1. 3D snemenmol 6 noiv3068amensckux unmepgheticax

[Tpuntumne! uaTErpauu 3D 37€MEHTOB B MOJIb30BATENIbCKUE HHTEP(EHCHI, BIUSHUE TPEXMEPHON
rpaduKu Ha BOCTIPUSTHE U B3aUMOJCUCTBHE MOJIB30BaTesl. [IpuMepsl ycrenrHoro mpuMeHeHus
3D B UI/UX nu3zaitne, 6ananc Mexay ¢ yHKIIMOHAILHOCTBIO M BU3yaJIbHOW MPUBJICKATEIHHOCTHIO,
MPUHIUIIBI TIOCTYIHOCTH MPHU UCIOJIb30BaHUU 3D KOHTEHTA.

Tema 2.2. Humepaxmusnocmo u anumayus 8 3D unmepgheticax

MGTOHH CO3aaHUA HHTCPAKTUBHBIX 3D OJICMCHTOB, IMPUHOUIIBI aAaHUMALWUHU TPCXMCPHBIX
O6’L€KTOB, TCXHUKU 06pa6OTKI/I IIOJIB30BaTCIBCKOI'O BBOJA (KJ'H/IKI/I, KECThI, ICPEMCIICHUC MBII_HI/I).
bubnunorexu u HHCTPYMCHThI JJIA pcain3anuun HHTCPAKTUBHOCTH, OIITUMMH3aAI U
IMPONU3BOAUTCIIBHOCTH IIPU pa60Te C aHUMHUPOBAHHBIMHA 3D sneMeHTaMH.

Pasnen 3. Padora ¢ rpadgpmyeckuMu pegakropamu
Tema 3.1. Beeoenue 6 Blender u ocnoswvi 3D mooenuposarus

Wutepdeiic nu ocHoBHble nHCTpYMeHTH Blender ms co3manus 3D moneneii. ba3oBbie TexHUKH
MOJICJIUPOBaHMs: paboTa ¢ NPUMUTHBAMHU, PEAAKTUPOBAHUE MELIeH, MOIU(PHUKATOPHI, CO3AaHUE
MPOCTBIX OOBEKTOB JIJISl HCIIOJB30BAHMS B BEO-TTPUIIOKCHHUSX.

Tema 3.2. Texcmypuposanue u mamepuanwvl 8 Blender. Dxcnopm 3D mooeneii ons 6eba

Mertoapl co3ganust U HajIoXKeHus Tekctyp Ha 3D moxaenu, padota ¢ UV-pa3BepTkoi, HaCTpoiika
MaTepuaioB U meiinepoB. OcoOEHHOCTH TIOATOTOBKM TEKCTYp JJisi BEO-NPUIIOKECHMUIA,
onTUMu3anus pasmepoB (¢aitoB, wucnonszoBanue PBR (Physically Based Rendering)
matepuainoB. @opmatel skcnopra 3D mogeneir (GLTF, GLB, OBJ), Meronsl ontumuzanuu
FEOMETPUM Il BEO-NPUIIOKEHUM, YMEHBIICHHWE KOJIMYECTBA IIOJIUTOHOB, CHKATHE TEKCTYP.
WHCTpyMEHTBl 11 KOHBEpPTAlMM W ONTHUMH3AIMM MOJENeil, MOJArOTOBKAa acceToB IS
ucrnonb3oBanus B Three.js u Apyrux Be0-0MOIMOTEKAX.

Cemectp 5
Pa3znen 4. AnanTuBHbII AU3aiiH 1 MOOMJIbHBIE HHTep(elichl
Tema 4.1. 3D mexnonoeuu 6 a0anmusHom 8eb-ousatine

[Tpunuumne! agantanuu 3D KOHTEHTa MOJ pa3IMyYHbIe pa3Mepbl SKPaHOB M yCTPONUCTBA, TEXHUKHU
MacmTabupoBanust U yrpouieHus 3D cieH Ui MOOWIBHBIX YCTpOMCTB. MeTonibl onpeaeneHus
BO3MOXKHOCTEH yCTpONCTBAa U JUHAMHUYECKON 3arpy3ku 3D KOHTEHTa pa3iMyHOW CIIOKHOCTU B
3aBUCUMOCTH OT IIPOU3BOJAUTEIBLHOCTH.

Tema 4.2. 3D unmepgheticot 0151 MOOUTLHBIX NPUTIOHCEHUT

Ocobennoctu mnpoektupoBanus 3D wuHTepdeiicoB Uit MOOMIBHBIX HPUIOKEHUH, pabdoTta ¢
KECTaMH ¥ CEHCOPHBIM BBOJIOM, HAaBHTAIMs B TPEXMEPHOM IIPOCTPAHCTBE HAa MOOMIIBHBIX
yerpoiictBax. [Ipumepsl ycrnemHbIXx MOOMIBHBIX NpuioxeHuid ¢ 3D unTtepdeiicamu, Oananc
MEXYy (YHKIIMOHATBHOCTBIO M MTPOU3BOAUTEIBHOCTBIO.

Pa3nen 5. [lpororunupoBanye 1 MHTEPAKTUBHBII TH3aliH
Tema 5.1. WebGL u ocroswt pabomul ¢ 3D 6 bpayzepe

Ocnosl WebGL API, cTpykrypa mieiepoB (BeplinHHbIE U (pparMeHTHBIE), paboTa ¢ Oydepamu
BEpIIMH M HHJEKCOB. ba3oBble omepanuu: co3laHHe CLEHbI, 3arpy3ka u oroOpaxkenue 3D
MoOjIeIeld, HaCTPOMKa KaMephbl M OCBEIIIEHUS B Opay3epHOU cperie.

Tema 5.2. bubruomexa Three.js ona 6ed-pazpabomku
bubnmuorexka Three.Js kak OCHOBHOW HMHCTPYMEHT mjisi paboTel ¢ 3D B BeO-MpUIIOKCHUSX,
apXUTEKTypa OMOIMOTEKH, OCHOBHBIE KJIacChl U KOMIOHEHTHI (Scene, Camera, Renderer, Mesh,



Geometry, Material). MeToasl co3maHus CLieH, 3arpy3Kd MoAeJei, paboTbl ¢ OCBELICHHEM U
TCHSMH, aHUMaIl1 0ObEKTOB.

Tema 5.3. Unmepaxmusnwvie 3D npomomunsl u auzyanuzayuu

Metopl co3nanus HHTepakTUBHBIX 3D npoToTunos unTepdeiicoB, TEXHUKU 00pabOTKU COOBITUI
nonb3oBarens (Raycasting, B3aumonelictBue ¢ oObekTamu), WHTErpamus 3D 3IeMEHTOB C
tpaauimonHeiMu HTML/CSS komnoHeHTamu.

Cemectp 6
Paznen 6. [IpoaBuHyTbIe TEXHUKH BeO-IM3aiiHa
Tema 6.1. Ilpoosunymule mexHuxku penoepunea u nocmoopabomxu

[IponBuHYyTHIE TeXHUKH peHaepuHra 3D cieH: paboTa ¢ TEHSMH, OTPAKCHHUIMH, pedpakiueid,
addekramu moctoopadbotku (bloom, depth of field, tone mapping). Meroasl onTuMU3aNHAN
CJIIOKHBIX BH3YaJIbHBIX 3¢ QeKTOB, HCIoNb30BaHue compute shaders st TOBBIIEHUS
npou3BoIUTENBHOCTH, TeXHUKH deferred rendering.

Tema 6.2. Ilpouzeooumenvhocme u onmumusayus 3D konmenma

Metoap! TpOQHUINPOBAHNS W ONTUMH3AIMU MPOU3BOAUTENHFHOCTH 3D TNpHIIOKEeHUH, TEXHUKU
0aryMHra, MHCTAHCHHIA, MCIIOJb30BaHMUS TEKCTYpHBIX amiacoB. CTpaTeruu 3arpy3ku H
KammpoBanus 3D acceToB, METO/IbI CHIDKEHHSI BpDEMEHH 3arpy3KH, ucronb3oBanne Web Workers
1151 GOHOBOM 0OPaOOTKH JTAaHHBIX.

Tema 6.3. 3D xomnonenmol 8 OU3AUH-CUCEMAX

[TpuHIMnsl co3naHus nepeucnosb3yembix 3D KoMIoHeHTOB, uHTerpauus 3D 31eMeHTOB B
CYLIECTBYIOIIME JAM3ANH-CUCTEMBl, CTaHIApPTU3alUsl [apaMeTpoB M HAcTpoeK. Mertomsl
JNOKyMeHTHpoBaHUs 3D  KOMIIOHEHTOB, co3/laHHe OHOIMOTeK acceToB, oOecreyeHue
KOHCHUCTEHTHOCTH BHU3YaJIbHOTO CTUJISI IPU MCHOIb30BaHUM 3D 3JIeMEHTOB B pa3IMYHbBIX YaCTAX
IIPUJIOKEHUS.

5.2. TeMmaTH4YeCcKUH MJIaH
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4 cemecTp
Pa3gen 1. OcHoBEI BeO-aM3aiiHa
Tema 1.1. Beenenue B 3D texHomoruu B BeO-
o 4 2 2 2 - -
nU3aiHe
Tema 1.2. OcHOBBI TpexmepHON Trpaduku U
6 2 4 2 2 2
MPOCTPAHCTBA
Pa3nen 2. Ocnosel UI/UX am3aiina
Tema 2.1. 3D njaeMeHTHI B IOJB30BAaTEILCKHUX
o 8 4 4 2 2 2
uHTepdeiicax




Tema 2.2. HTepakTUBHOCTh U aHumarus B 3D
. 10 4 6 2 4 4
uHTepdeiicax
Paznen 3. PaGora ¢ rpaduueckumu perakropamu
Tema 3.1. Beenenue B Blender u ocHoBel 3D
20 12 8 2 6 6
MOJCJIUPOBAHUS
Tema 3.2. TekcrypupoBaHME€ W MaTepuaibl B
. 24 12 12 4 8 8
Blender. Dxcnopt 3D moxaeneit st Beba
Hroro 3a 4 cemecTp 72 36 36 14 22 22
5 cemecTp
Paznen 4. AnanTuBHBIN JU3aHH 1 MOOWIbHBbIE HHTEP(deiichl
Tema 4.1. 3D TexHomoruu B amalTMBHOM BeO-
. 8 4 4 1 3 3
nu3aiiHe
Tema 4.2. 3D wuHTrepdelichl a1 MOOMIBHBIX
. 8 4 4 2 3 3
MIPUIIOKESHUN
Paznen 5. IlporoTunupoBanye U MHTEPAKTHBHBII U3aiiH
Tema 5.1. WebGL u ocuHoBbl pabotsl ¢ 3D B
9 5 4 1 3 3
Opaysepe
Tema 5.2. bubmmoreka Three.js mist Be6-
9 5 4 2 3 3
pa3paboTku
Tema 5.3. WntepaktuBabie 3D mnporoTunsl u
9 5 4 2 3 3
BU3YaIH3aluU
Pa3neu 6. IlponBuHYThIe TEXHUKH Bed-au3aiiHa
Tema 6.1. IlponBuHYTHIE TEXHMKH PEHACPUHTA
PRI PEmAEP o | 5 | 4| 1| 3] 3
1 TOCTOOPabOTKHN
Tema 6.2. [Ipon3BOAUTENBLHOCT U ONTUMHU3AIUS
10 5 5 2 3 2
3D koHTeHTa
Tewma 6.3. 3D KOMIOHEHTHI B AN3aliH-CUCTEMAX 10 5 5 1 3 2
Hroro 3a 5 cemecTp 72 38 34 12 22 22
HToro no mucumuiiuge 144 74 70 26 44 44
Bcero 3aueTHBIX eTMHHII 4
5.3. JleKuMoOHHbIE 3aHATHS
dopmu-
Tema Coneprxanue 4ac. PyeMble
KOMITE-
TEHIUU
4 cemecTp
Paszgea 1. OcHoBBI BeO-1u3aiiHa
Tema 1.1. Bsenmenne B 3D | OcHOBHbIC MOHSATHS TPUMEHEHUS | 2 [1K-3
TCXHOHOFHHBBC6'Z{I/I3E[I>'IHC 3D TexHOIOTHUHA B Be6-211/13a171He, T1IK-4

UCTOpUSl  Pa3BUTHS  TPEXMEPHOMU
rpaduku B WHTEpPHETE,
COBpPEMEHHBIE TPEH/IbI u
HAIPaBIICHUS. Bo3moxkHoCcTH

HUCIONb30Banusa 3D »jieMeHTOB HIg
CO3JIaHHUs WHTEPAKTUBHBIX




MOJIb30BATEIbCKUX  MHTEp(dEncoB,
BU3yaJIN3aluU JTAHHBIX u
YIIY4IICHUS I10JIb30BATEIBCKOIO
OTIbITa B BEO-MIPHUIIOKEHUSIX.

Tema 1.2. OCHOBBI TpexXMEpHOU
rpaduKu ¥ IPOCTPAHCTBA

Teoperuueckrne OCHOBBI PaOOTHI ¢
TPEXMEPHBIM IIPOCTPAHCTBOM,
CUCTEMBl KOOpJAMHAT (JI€KapTOBa,
chepuyeckas), TOHITHS BEPIIUH,
rpaHeld,  MOJAUTOHOB.  ba3oBeie
TpaHnchopmauu 00BEKTOB
(nepemelienue, BpalleHue,
MacITaOMpOBaHHKE), TIPUHITATIBI
paboThI C KaMEpaMH U MPOEKIUSIMU
B KOHTEKCTE BEO-MIPHIIOKEHUH.

[1K-3
[1K-4

Paznen 2. OcuoBsl UI/UX au3aitna

Tema 2.1. 3D o»jaeMeHTHI B
MOJIb30BATEILCKUX UHTEpPericax

[TpuHUMTIEL AHTErpaluu 3D
SJIEMEHTOB B  II0Jb30BATEIbCKUE
uHTep(EHChl, BIUSHUE TPEXMEPHOH
rpaduky  Ha  BOCIpHUATHE U
B3aHMMOJICHCTBHE [OJIb30BaTEIA.
[Tpumepsl yCIeNTHOTO TMPUMEHEHUS
3D B UI/UX nguzaiige, OanaHc
MEXNYy (QYHKIHMOHATHHOCTBIO U
BU3YaJIbHOW NPUBIEKATEIBHOCTHIO,
NPHUHIMITBI  JOCTYITHOCTH  TIpH
HCcIoib30BaHuu 3D KOHTEHTA.

[1K-3
[IK-4

Tema 2.2. VHTepakTUBHOCTH H
anuManus B 3D unrtepdeiicax

Metonpl co3/laHusi MHTEPAKTHBHBIX
3D 3JIEMEHTOB, MPUHIUITBL
AHMMAaIllMU TPEXMEPHBIX OOBEKTOB,
TEXHUKHU 00paboTKH
M0JIb30BATENBCKOTO BBOJAA (KIIUKH,
KECThl, MEpEeMEIeHUEe  MBbIIIN).
bubmmorekn WM HMHCTPYMEHTHI IS
peanu3anuu MHTEPaKTUBHOCTH,
ONITUMU3AIHS TIPOU3BOAUTEIIBHOCTH
npu paboTe ¢ aHUMUPOBaHHBIMU 3D
HIIEMEHTAMHU.

I1K-3
[1K-4

Pa3nen 3. Pa

00Ta ¢ rpad)uIeCKIMH PEIAKTOPaMu

Tema 3.1. Beenenue B Blender u
ocHOBHI 3D MonenupoBaHus

Wntepoeiic u OCHOBHBIE
WHCTPYMEHTHI Blender JUTSL
cosganuss 3D wmogpenei. basoBble
TEXHUKHU MOJIEIMpOBaHUs: paboTa ¢
IPUMHUTHBAMH,  PEJAKTUPOBAHUE
Merniel, MoIu(PUKATOPhl, CO3TaHNE
IIPOCTBIX 00BEKTOB TUISL
HCITOJIb30BaHUs B BeO-
IIPWJIOKEHUSX.

[1K-3
[IK-4
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Tema 3.2. TekcrypupoBaHue Hu
Mmatepuainsl B Blender. Dxcmopr
3D mogpeneit s Beba

Mertonabl co3maHus M HAJIOXKECHUS
TekcTyp Ha 3D moxenu, pabota ¢
UV-pa3BepTkoi, HacTpoOMKa
MaTepuasoB u e iepos.
Oco0eHHOCTH MOJATOTOBKU TEKCTYpP
IS BEO-TIPHIIOKEHUH,
ONTUMU3AIMS pa3MepoB  (aiiioBs,
ucnone3oBanue PBR  (Physically
Based Rendering) marepuaos.
®opmatel 3kcniopta 3D Mopenei
(GLTF, GLB, OBJ), wMeroasl
ONTUMM3AIMU T€OMETPUH IJIsl BeO-
IIPUJIOKEHUH, YMEHBILICHUE
KOJIMYECTBA TMOJHUIOHOB, CXKaTue
TEKCTYP. WNucTpyMeHTHI TSt
KOHBEpPTAlUM W ONTUMHU3ALUHU
MOJIeNIel, MOATOTOBKA aCCETOB IS
ucnons3oBanus B Three.js u apyrux
Be0-OnbInoTeKax.

[K-3
[1K-4

5 cemecTp

Paznen 4. Ajantu

BHBII1 1U3aiiH 1 MOOWJIbHBIE HHTEpPdeiichl

Tema 4.1.
aJanTUBHOM BeO-Iu3aiine

3D TexHOJIOTHU B

[Tpunmune! agantamnuu 3D KOHTEHTa
MOJ] Pa3JInYHbIE Pa3MEPBI SKPAHOB U
YCTpOMCTBA, TEXHUKH
MacIITaOMpOBaHUSI W YIPOIICHUS
3D cuen ang MOOWIIBHBIX
YCTpOMCTB. MeToabl OnpeaeaeHust
BO3MOXKHOCTEH  YCTpOWCTBA U
JTUHAMHYECKOM  3arpy3Ku 3D
KOHTEHTA Pa3JINYHON CII0KHOCTH B
3aBUCUMOCTH oT
MIPOU3BOAUTEIBHOCTH.

1

[1K-3
[IK-4

Tema 4.2. 3D wunTepdeiicel ams
MOOMIIBHBIX MPUIIOKEHUI

OcobenHoctu npoekTupoBanus 3D
uHTepdeiicoB  aa8  MOOMIIBHBIX
NpUJIOKEHUH, paboTa ¢ *KecTaMu U
CEHCOpPHBIM BBOJIOM, HaBUTallUs B
TPEXMEPHOM  TPOCTPAHCTBE  Ha
MOOMIIBHBIX yCTpPONCTBaxX.
[Tpumepsl ycrenIHbIX MOOMIIBHBIX
npunoxenuid ¢ 3D unrepdeiicamu,
OanmaHc MEeXy
(bYHKIINOHATIBHOCTHIO u
IIPOU3BOIUTENIHOCTHIO.

[1K-3
[IK-4

Pa3znen 5. [lpororunupoBanye 1 MHTEPAKTUBHBII M3aliH

Tema 5.1. WebGL u ocHOBEI
pabots ¢ 3D B Opaysepe

OcnoBel WebGL API, crpykrypa
eiaepoB (BepuIMHHBIE u
dbparmeHTHBIC), paboTa ¢ Oydepamu
BEpIIMH W WHIEKCOB. ba3oBbie
OTepaluu: CO3JIaHHE  CIICHBI,
3arpy3ka ®  oroopaxenue 3D

1

[1K-3
[IK-4
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MOJZCJIEH, HACTpOMKAa KaMmepbl U
OCBElIEeHUs B Opay3epHOH cpejie.

Tema 5.2. bubOmuorexa Three.js
U1l BeO-pa3paboTKu

bubmuoreka Three.js kak OCHOBHOU
WHCTPYMEHT 1711 paboTs ¢ 3D B BeO-
MIPHIOKCHUSX, aApXUTEKTypa
OMOIMOTEKH, OCHOBHBIC KJIACCHI W
KoMroHeHThl  (Scene, Camera,
Renderer, Mesh, Geometry,
Material). Metoabl co3aanus CIieH,
3arpy3Kd  Mojened, paboTel ¢
OCBCILIEHUEM U TCHSIMH, aHHUMAaIlUU
00BEKTOB.

I1K-3
[1K-4

Tema 5.3. HWurepaktuBHsie 3D
MPOTOTHUIBI ¥ BU3YaJTU3allUU

Metoapl cO31aHHsI UHTEPAKTUBHBIX
3D nporoTunoB  UHTEPQEHCOB,
TEXHUKH  0OpabOTKM  COOBITHIA
10JIb30BaTEIs (Raycasting,
B3aMMOJICHCTBHE C OOBEKTaMM),
uHterpauuss 3D 371eMEHTOB ¢
TPaIUIIHOHHBIMU HTML/CSS
KOMIIOHEHTaMHU

IK-3
[1K-4

Pa3neu 6. [IpoaBuHyTHIe TEXHUKH Bed-au3aiiHa

Tema 6.1. IIpoaBUHYTBIE TEXHUKU
peHaepuHTa U MOcTOOpaboTKH

[TpoBHHYTBIC TEXHUKH PCHICPUHTA
3D cuen: pabota C TEHSIMH,
OTpaKEHUSIMH, pedpaxiueit,
s pexkramu noctoOpadoTku (bloom,
depth of field, tone mapping).

MGTO)II)I OIITUMH3AIlMN CJIOKHBIX

BU3YaJIbHBIX 3¢ ¢dexToB,
ucrnonbp3oBanue compute shaders
IS TIOBBIIIICHUS
IPOU3BOIUTEIILHOCTH, TEXHUKA

deferred rendering

[1K-3
[IK-4

Tema 6.2. IIpon3BOoAUTENBLHOCTD U
ontumusanusa 3D KOHTeHTa

Mertonsl  mpodunIMpoBaHUS U
ONTUMM3ALMH TPOU3BOAUTEILHOCTU

3D TIPUIIOKEHUH, TEXHUKU
OaruymHra, WHCTAHCHHTA,
HCTIOJIb30BaHUS TEKCTYPHBIX

atnmacoB. CTpaTeruu 3arpy3ku U
K31mMpoBanus 3D acceToB, METOAbBI
CHI)KCHHMSI  BPEeMEHH  3arpy3KH,
ucrioip3oBanne Web Workers mis
($hoHOBOM 00pPaOOTKHU TaHHBIX

[1K-3
[IK-4

Tema 6.3. 3D KOMIIOHEHTHI B
U3alH-CUCTEMAX

[TpuHIMTIBI CO3/IaHUS
MEePEUCTIONb3yEeMBIX 3D
KOMIIOHEHTOB,  WHTerpauus 3D
JJICMEHTOB B CYIICCTBYIOIIUE
U3aliH-CUCTEMBI, CTaHIapTU3AIUS
napaMeTpoB M HacTpoek. Metombl
JIOKYMEHTUPOBaHUS 3D
KOMITOHEHTOB, CO3/1aHue OMOINOTEK

[1K-3
[IK-4
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acceToB, obecnieyenne
KOHCHCTEHTHOCTH BU3YaJIbHOI'O
CTWIA Mpu Hucnoib3oBaHuu 3D
DIIEMCHTOB B Pa3IMYHBIX YaCTIX
[IPUIIOKECHUS

5.4. lIpakTuyeckue 3aHATHs B (opMe NPAKTHIECKOH MOATOTOBKH

dopmu- Mertoubl u
pyembie  |(hOpMBI KOHTPOJIS
KOMIIE- hopMHUpyeMBIX
TEHIIUH KOMIIETCHIINH

Tema Conepxanue yac.

4 cemecTp

Pasznea 1. OcHoBBI Be0-TH3alHHA

Tema 1.2. OcHoBpl | Pabora ¢ xamepoir wu| 2 I1K-3 Brimonaenune
TpeXMepHOW TpauKu U | HABUTAIHEH B 3D [1K-4 IIPAaKTUYECKON
MIPOCTPAHCTBA MIPOCTPAHCTBE. paboTsI
[IpakTueckoe  H3ydeHHE
paboTel C  Pa3IUYHBIMU
TUTIAMU Kamep
(PerspectiveCamera,
OrthographicCamera),
HaCTpoiika napameTpoB
kamepsl (FOV, aspect ratio,
near/far planes).

Paznen 2. Ocuossl UI/UX au3aitna

Tema 2.1. 3D asnements! B | Ilpaktuueckoe ocBoeHHue | 2 I1K-3 Beinonuenue
[IOJIB30BATEbCKIX unTerparmu 3D 3neMeHToB ¢ [1K-4 MPaKTUYECKOU
TpaJULIOHHBIMU paboThI
HTML/CSS kommnoneHTamu
uHTepdeiica. N3zyyenne
METO/IOB O3UIIMOHUPOBAHUS
3D canvas OTHOCHUTEIBHO
JpYrux AJIEMEHTOB
CTpaHULIBI, CO3/JaHUE
THOpUIHBIX ~ MHTEp(dEICcoB,
rae 3D JJIEMEHTBI
JONONHAT cTtangapTHeie UL
KOMITOHEHTBI

uHTepdeiicax

Tema 2.2. | Ilpaktnyeckoe u3zydyenue | 4 [1K-3 Beimonuenue
VHTepaKTHBHOCTb U | co3maHus IUIABHBIX I1K-4 MPAKTUYECKOU
aanMaryii 3D 00BEKTOB I paboThI
WCMOJIb30BaHUs B
uHTepdeiicax. OcBoenue
TEXHUK AQHUMAIUH
TpaHCHOpMAITHA
(mepemeriieHre, BpalleHUE,
MaciTadupoBaHue), padoTa
C BpPEMEHHBIMHU KPHUBBIMU
(easing functions), co3manue
Mepexo10B MEXTY
COCTOSIHUSIMU OOBEKTOB

aHNMaIus B 3D
uHTepdeiicax
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Paznen 3. PaGora ¢ rpagmyecKkuMH peakTOpaMu

Tema 3.1.
Blender
MOJICTTUPOBAHUS

BBenenne B
U ocHOBBl 3D

[lpakTiueckoe  OCBOCHHE
unrepdeiica  Blender wu
0a30BbIX WHCTPYMEHTOB
MojiermpoBanusi.  Coznanue
NPOCTBIX ~ OOBEKTOB W3
NpUMUTUBOB,  pabora ¢
peKUMaMH peTAKTHPOBAHHS
(Edit Mode), ucnons3oBanve
MOM(HKATOPOB TUTST
W3MCHCHUS TeOMETPHH,
OCHOBBI padoTHI c
MaTepualaMi ¥ TEKCTYpaMH

6

I1K-3
I1K-4

Beinonnenue
IIPAaKTUYECKON
paboThI

Tema 3.2.
TexcTypupoBanue U
Blender.
Oxcnopt 3D moneneit st
BeOa

MaTtepuaibl B

[IpaxTrueckoe H3y4YEeHHE
MpOLECCa TEKCTYPUPOBAHUS
3D mogenei, co3ganue UV-
pa3BepTKH, HaJIOXKCHHUE
TekcTyp. OCBOEHHUE IKCIIOpTa
MoJienen B (dopmaTtbl
GLTF/GLB, ontuMu3anuys
TEOMETPUM U TEKCTYp s
BeO-TIPUIIO’KEHHH, TIPOBEPKa
KadecTBa
SKCIOPTUPOBAHHBIX
MoJienei

Brimonnenue
IIPAaKTUYECKON
paboThI

5 cemecTp

Pa3znen 4. AnanTuBHbIi AU3aiiH 1 MOOWJIbHBIE HHTep(elichl

Tema 4.1. 3D TexHONIOTHHU B
aJanTHBHOM BeO-Iu3aiine

[IpakTiueckoe H3y4EHUe
MeToI0B afanTaimu 3D cueH
NOJ] pa3iM4HbIE pa3Mepsl
OKpPaHOB ¥  YCTpOMCTBA.
Peaymzaima  onpenenenus
BO3MOXKHOCTEH YCTPOMCTBA,
JMHAMUYECKOE  HM3MEHEHUE
KayecTBa peHaepyHra,
YIPOILEHNE T€OMETPUH IS
MOOMJIBHBIX YCTPOMCTB,
UCTIONIb30BaHUE Meaua-
3aIpOCOB Ul YIPABJICHUS
3D KOHTEeHTOM

3

[1K-3
I1K-4

Beimonuenue
[IPaKTUYECKOU
paboThI

Tema 4.2. 3D unrepdeiice
TS MOOMJIBHBIX
MIPUIIOKEHUN

IIpaktuueckoe H3y4eHue
co3aanus 3D unrepdeiicos ¢
MOJVIEP’)KKOM  CEHCOPHOTO
BBOZAa I  MOOWIBHBIX
YCTPOKCTB. OcBoenue
00pabotku  touch-coObITHiA,
XKecToB (swipe, pinch, rotate),
peaim3alui  UHTYWTUBHOU
HaBUT AU B 3D
MIPOCTPAHCTBE C TTOMOIIBIO
KacaHHi, ajanraims

[1K-3
[1K-4

Beinonuenue
MIPaKTUYECKON
paboThI
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OrbitControls
MOOMIIbHBIX YCTPOMCTB

JULA

Paznen 5.

IIporoTnnupoBaHue U HHTEPAKTUBHBIN AU3AHH

5.1. WebGL wu
OCHOBHI paboTel ¢ 3D B

Tema

Opaysepe

I[NpakTiueckoe OCBOCHHE
paboter ¢ WebGL API mns
co3manus 6a3oBoii 3D crieHsl
6e3 WCIIOJTb30BAHHUS
OMOIIMOTEK. Nzyuenue
CO3JaHus LIEHIEPOB
(BEpILIMHHOTO u
(bparmeHTHOr0), paboThl C
Oydepamu BEPILIH,
HACTPOMKK  aTpuOyTOB U
uniform-nepeMeHHbIX,
peanmm3anuu 0a30BOroO
peHieprHTa

3

I1K-3
I1K-4

Beinonnenue
IIPaKTUYECKOU
paboThI

Tema 5.2. bBubimoreka

Three.js BeO-

pa3paboTKu

JUIA

[IpakTuueckoe H3y4eHUe
sarpy3kn 3D Mogeneil B
¢opmarax GLTF/GLB ¢
WCMOJIb30BAaHUEM
GLTFLoader B Three,js.
OcBoeHue paboThI c
3arpyKCHHbIMA  MOJICIISIMU:
JOCTY K TE€OMETpUH U
MatepuaiaM, Moaudukarus
CBOJCTB, no0aBieHNe
aHUMaIIH, HAHTETpalys
MOJIENIEW B CYILLECTBYIOLINE
CIICHBI

[1K-3
I1K-4

Brinosinenue
MPaKTUYECKOU
paboThI

Tema 5.3. MHTepakTUBHBIE
3D
BU3yaJIM3alUN

IMPOTOTHUIIBI u

IIpaktuueckoe OCBOEHHUE
CO37aHMs  IOJHOLIEHHOTO
VHTEPaKTUBHOIO IPOTOTUIIA
uHrepdeiica c
UCTIOJIb30BaHUEM 3D
JJIEMEHTOB. N3yuenue
TeXHUK  Raycasting s
OIpeieNIeHUs
B3alMOJICHCTBUS
TIOJIb30BATENS c 3D
o0BbeKTamuy, UHTErpalyn
COOBITHH, CO3JTaHUs
MIEPEXO0B MEXIY
COCTOSIHUSIMU UHTEpdeiica

I1K-3
[1K-4

Beinonuenue
MIPaKTUYECKON
paboThI

Pa3nen 6. IIpoaBUHYTBIE TEXHUKH

Be0-IH

3aliHa

Tema 6.1. IlpoaBunyThIE
TEeXHUKU peHJIeprHTa
U IOCTOOPabOTKH

IIpaktuueckoe H3y4eHue
CO3JIaHUS CITOKHBIX
BU3YaJIbHBIX 3(dexToB B 3D
CIieHax: paboTa C TEHIMH
(shadow mapping),
orpaxenusimu  (reflection),

3

[1K-3
[1K-4

Beinonuenune
MIPaKTUYECKON
paboThI
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pedpakimeii,  sdhdexramu
noctoopabotrkn.  OcBoeHne
UCIIOTb30BAHUS

EffectComposer B Three.js
TUIsL TIPUMEHEHUsT (PUIIBTPOB
(bloom, depth of field, tone

mapping)

3D »1eMeHTOB, MOATOTOBKA
AHATUTUYECKUX MAaTEPUAJIOB O
BIIMSIHUM 3D Ha
IIOJIB30BATEIILCKUI OIBIT

Tema 6.2. | IIpakTudeckoe OCBOGHHUE | 2 ITK-3 Brimonaenue
HpongBo JIUTEIIBHOCTD u | MCTOOOB HpO(l)I/IJII/IPOBaHI/ISI n [1K-4 HpaKTquCKOﬁ
ornrumm3arus 3D korrenTa | ONTHMH3ALNN paboTI
npousBogureibHOCTH 3D
BeO-nprItoskeHui. M3ydyenune
TEXHUK OaTumHra,
WHCTAHCHHI,
WCTIOJIb30BaHUSI TEKCTYPHBIX
aTy1acos, ONTUMU3ALINU
uieiiiepo, paborsl ¢ Web
Workers  ams doHOBO#
00pabOTKM JTaHHBIX
Tema 6.3. 3D komnonents! | [Ipaktnyeckoe u3ydeHue | 2 I1K-3 Brinonnenue
B TU3alH-CUCTEMAX CO3J1aHusA OnOMMOTEKN [1K-4 HpaKTHHGCKOﬁ
TIEPEUCTIONB3YEMBIX 3D paboThI
KOMIIOHEHTOB Ut Hrorosoe
WCTIONIb30BAHUS B PA3IMYHBIX TECTUPOBAHUE
TIPOEKTax. OcBoenue 10 JUCILIUIUINHE
METOIOB  CTaHJapTU3ALUHU
rapaMeTpoB, CO3/1aHUS
KOH(UTYypaIMOHHBIX
(aiiioB, JOKyMEHTUPOBAHUS
KOMITOHEHTOB, 00€eCIICYEHHS
KOHCHCTEHTHOCTH
BU3YaJIbHOTO CTHJISI
5.5 CamocTosiTeibHast padoTa 00y4yarommxcst
®opvup Metonanl
. 1 (GOpMBbI
Tema Buasl camocTosTensHON yac. | YeMble KoHTpOIS
paboThI KOMIIETE (bOpMHDYEMBbIX
HITUU .
KOMIIETEHIINI
4 cemecTp
Pa3nea 1. OcHoBBbI BeO-1u3aiiHa
Tema 1.1. Beenenue B 3D | AHanu3 JIydmMx MpakTHK, | 2 [1K-3 IToaroroska
TeXHOIOTHI B BeO- | I3YUEHHE KEWCOB YCIEIIHBIX I1K-4 COOOIIeHHS
M3aitHe IIPOEKTOB C HCIIOJIb30BAHUEM
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1.2.
TpeXMEpHOH TpaduKud U

Tema OCHOBBI

IIPOCTPAHCTBA

N3yuenue JIEKIIUOHHOTI'O
Martepuana 1o TeMe.
N3yuenue IIPUHLUIIOB
paboThl ¢ TpaHChHOPMAITUIMU,
MPOEKIUSIMH, pacueTamu

OCBCHICHHUA U 3aTCHCHN .

[1K-3
I1K-4

Brimonuenue
MPaKTUYECKOU
paboThI

Paszaen 2. Ocuosbl UI/UX au3aiina

Tema 2.1. 3D sneMeHTHI B
M0Jb30BATEILCKUX
uHTepdeiicax

Nzyuenune JIEKLIMOHHOI'O
MaTepuaa 1o Teme.

AHalM3  HCCIEOOBaHWM B
obomactu UX mpum pabore ¢
TPEXMEPHBIMU HHTEpeiicaMu

4

I1K-3
[1IK-4

Brinonnenue
[IPaKTUYECKON
paboThI

2.2.
HNHTEepakTHBHOCTH u
aHUMaIus B 3D
nHTepdericax

Tema

N3yuenne IIPUHLUIIOB
CO3JIaHMS IUTaBHBIX u
€CTeCTBEHHBIX aHUMAIMi B
3D wuntepdeiicax. M3ydenue
KpUBBIX aHUMaluM (easing
functions), BPEMEHHBIX
GyHKIUH, IPUHLUIIOB
(Gu3MKY B aHUMAIUH, METOJIOB
CHHXPOHH3AINY aHUMAITHH.

I1K-3
[1K-4

Brinosinenue
MPaKTUYECKOU
paboThI

Paznen 3. PaGora ¢ rpadguyecknmu p

eXaKTO

aMH

Tema 3.1.
Blender u OCHOBEI

BBenenue B
3D
MOJETUPOBAHUS

CamocrosTenbHOE HU3yueHHE
IIPOJBUHYTHIX TEXHUK PabOThI
c Blender pmns coznanus
ONTUMU3UPOBAHHOTO
KOHTEHTa s
MIPUIIOKEHUMN.
METOZIOB
HU3KOIIOJIUTOHAIIBHOTO
MOJIETTUPOBAHUs, TEXHUK
CO3JIaHMsI CTHJIN30BaHHBIX
MOJIENEH, paboThI C
MoaudUKaTOpaMu JUTS
ONTUMHU3ALMH

BeO-
N3yuenne

12

I1K-3
[IK-4

Brimonnenue
IIPAaKTUYECKON
paboThI

3.2
TekcrypupoBanue u
Blender.
Oxcnopt 3D moxenent nns

Tema

Marepuaigbl B

Beba

N3yuenne Ppa3JInYHBIX
dopmaroB 3D wmopmeneit, ux
MIPEUMYIIECTB U HEJJOCTaTKOB
JUTSt BeO-pa3paboOTKH.
N3yueHne MHCTPYMEHTOB ISt
KOHBEPTALIMHM, ONTUMHU3ALNHU
n Baympanmuu 3D acceros,
METOJI0B paboThI C
TEKCTypaMH U MaTepHaJlaMu.

12

I1K-3
[1K-4

Brimonnenue
[IPaKTUYECKOU
paboThI

Paznen

4. AJanTUBHDII TU3ailH 1 MOOMJILHLIE

HHTEP(eichI

Tema 4.1. 3D TexHomorNnu
B aJarTUBHOM BeO-

nu3aiHe

N3yuenune Pa3JInYHBIX
noaxon0B K anxanTtanuu 3D
KOHTEHTa TOJ pa3JINYHbIE
YCTpOMCTBA 51 YCIIOBUSA
HCIIOJIb30BaHUS.

Hccnenosanne METO/I0B

4

I1K-3
[1K-4

Brinonnenue
[IPaKTUYECKOU
paboThI
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ONPEAEIEHUS BO3MOXKHOCTEU
YCTPOMCTBA, JTUHAMUYECKOMN
ajlanTalyy KayecTBa, TEXHUK
IIPOrPECCUBHOMN 3arpy3Ku
KOHTEHTA.

Tewma 4.2. 3D unrepdeiics
TUTS MOOMIBHBIX

IIPUIIOKEHUN

N3yuenue MIPUMEPOB
YCHEIIHBIX MOOUITBHBIX
MIPUJIOKEHUN U BEO-CalTOB C
MCII0JIb30BaHUEM 3D
uHTEp(EnCcoB. AHanmu3
MaTTEPHOB MPOCKTUPOBAHUS,
METOJIOB pabOThl C KECTAMH,
NPUHIIMIIOB  HABUTAIIMH B
TPEXMEPHOM  IPOCTPAHCTBE
Ha MOOMJIBHBIX YCTPOUCTBAX

I1K-3
[1K-4

Brinonnenue
IIPAaKTUYECKOU
paboThl

Paznen 5. IlpororunupoBanue 1 MHTEPAKTUBHbIN TH3alH

5.1. WebGL wu
OCHOBBI paboTel ¢ 3D B
Opaysepe

Tema

N3yuennue  WebGL  API,
CTPYKTYpbI e 1epos,
TEXHUK [POrpaMMHUPOBAHUS
Ha GLSL. N3yuenue
BEPIIMHHBIX M (h)ParMEHTHBIX
el 1epos, paboThI C
TEKCTypaMu, peanuzanuu
pas3INnYHbIX BU3YaJIbHBIX
¢ dekToB

5

I1K-3
[1K-4

Brinosinenue
MPaKTUYECKOU
paboThI

5.2. bubmuoreka

BeO-

Tema
Three.js TUTST

pa3paboTku

CaMocTosATeNbHOE H3Y4YECHHE
pa3IUYHBIX  OUOIMOTEK U
bpeiiMBOpKOB IsI pabOTHI C
3D B BeO-pa3paboTke.
CpaBHUTENBHBIN aHanm3
Three,js, Babylon.js, A-
Frame, PlayCanvas, n3yduenue
1504 BO3MOYKHOCTEH,
POU3BOIUTENILHOCTH,

00J1aCTH IPUMEHEHHS.

I1K-3
[1K-4

Beinonnenue
MIPaKTUYECKON
paboThI

Tema 5.3. InTepakTHBHBIE
3D
BU3yaJIN3aluN

IMPOTOTHUIIBI u

I/I3yquHe JCKIIMOHHOTI'O
Marcpuralia 1o T€Me

I1K-3
[1K-4

Beinonnenue
MIPaKTUYECKON
paboThI

Pasn

eJ1 6. [IponBUHYTHIE TEXHUKH B

e0-nu3aiua

Tema 6.1. IIponBunyTtsle
TEXHUKHU peHaepuHra

1 TTOCTOOPabOTKH

N3yuenune MIPOJIBUHYTHIX
TEeXHMK peHjepunra 3D cueH:
deferred rendering, forward
rendering,  ocBemieHUsT |
TEHEH, TEXHUKU
MOCTOOPabOTKH.

5

I1K-3
[1K-4

Brimonnenue
[IPaKTUYECKOU
paboThI

6.2.
[Ipou3BOgUTENEHOCTE U
3D

Tema

OIITUMH3aAN A
KOHTCHTA

N3yuenune Pa3JInYHBIX
METO/IOB pacyeTa OCBEIEHUS
5 TEHEH, TEXHUKHU
nocTo0paboTKH,

HMCIOJIL30BAHUE compute

I1K-3
[1K-4

Brimonnenue
[IPaKTUYECKOU
paboThI
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shaders IS  DOBBILICHUS

MTPOM3BOIUTEITHHOCTH
Tema 6.3. 3D komnionents! | Muzyuenune IPUHLIAIIOB | 5 [K-3 Beinonnenue
B JM3aiH-CHCTEMAX CO3MaHUSI W MOJJEPKKHU I1IK-4 MPAKTUYECKOU
J3aliH-CUCTEM, paboThI
BKJIFOYAIOIIUX 3D

KOMIOHEHTHI. McciegoBanue
METOJIOB  CTaHJapTHU3aIl1H,
JIOKYMEHTHUPOBAHUS,
obecnieyeHus
KOHCHCTECHTHOCTH,
uHTerpauuu 3D 37eMEeHTOB B
CYLLECTBYIOLINE JA3aiH-
CHCTEMBI

6. ®OHJ| OLIEHOYHBIX CPEJCTB JUUIsI IPOBEJEHMS TEKYIIETO KOHTPOJIA
YCIEBAEMOCTH U NPOMEKYTOYHOI ATTECTALIMHU OBYYAIOLIUXCS MO
JUCHUILIMHE (MOJ1YJIIO)

@DOHJ OLICHOYHBIX CPEACTB JUIsl MPOBEACHUS TEKYIIEr0 KOHTPOIS YCIEBAaeMOCTH U
POMEKYTOUHOM arTectaiuu ooydaromuxcs (nanee — @POC) no guctuuiuinie «3D-TeXHOI0Tum
MPEJICTaBJICH OTAEIbHBIM JOKYMEHTOM U SIBIISIETCS 4aCThI0 paboueil mporpaMMbl

7. IEPEYEHDb QCHOBHOI71 U JIONOJHUTEJBHOW YUYEBHOM JUTEPATYPBI,
HEOBXOJIMMOMU JJIsA OCBOEHUA JUCHUIIJIMHBI (MOY JIS)

IleyaTHble u3naHuA

1. JIunsenn Y. YHUBepcallbHbIE MPUHIUIIBI AU3aiiHa: 125 ctoco60B yay4IIuTh I03a0MIINTH
MPOYKTa, OBJIMSTH Ha €T0 BOCIPUATHE TOTpeOUTENEM, BEIOpaTh BEpHOE JU3aliHEPCKOE pEIIEHNE
U noBbICUTH 3¢ dextuBHOCTh / Y. Jluasemn, K. Xonaen, [[x. batnep; nep. ¢ anra. A. Mopo3sa. -
Mocksa: KomOpu; A3dyka-Attukyc, 2021. - 272c.: ui.

2.Yenwmen H. [ludppossie rpapuueckue uacrpyments! / H. Yenmen, J[. Yenmen. - 2-e uzn.
- M.: Bunbsimc, 2022. - 656c¢.: ui.

DJIeKTPOHHbBIE U3aHNs (3J1eKTPOHHBIE pecypchl)

1. BopeckoB A.B. OCHOBBI KOMIIBIOTEPHOW IpaduKu: y4eOHUK U MPAKTUKYM Il BY30B /
A.B. Bopeckos, E.B. Illukun. — Mocksa: FOpaiit, 2026. — 219 ¢. — TekcT: 31eKTpOHHBIN //
ObpazoBarenbHas miatgopma HOpaiit [caiit]. — URL: https://urait.ru/bcode/583399 (nara
obpamenus: 19.05.2026).

2. WnxenepHas 3D-komnbioTepHas rpaduka: Y4eOHHK M TIPaKTHKyM il BY30B /
AL Xewigen, A.H. Jlormrosckmid, .B. byropuna, B.H. BacunbeBa. — 3-e¢ usg., mepepad. u
non. — Mocksa: FOpaiit, 2025. — 596 c. — Tekcr: snextponHsiii // OO6pazoBaTenbHas
matdopma FOpaiit [caitt]. — URL: https://urait.ru/bcode/558191 (mata oopamenus:19.05.2026).

3. JIutBuna T.B. Jlu3aiin HOBBIX Meaua: yueOHuk g By3oB / T.B. JIutBuna. — 3-e u3n.,

uctp. — MockBa: IOpaiit, 2026. — 182 c. — Tekcrt: snekrpoHHbi // OOpa3oBarenbHas
mwiarpopma HOpaiit [caiit]. — URL: https://urait.ru/bcode/586107 (mara oOpameHus:
19.05.2026).

4. IlupoBble TEXHOIOTUHU B 1u3aiiHe. Mcropus, Teopus, MPaKTUKA: Y4€OHUK U TPAKTUKYM
Jutst By30B / ioxx pen. A H. JlaBpertbeBa. — 3-e u3 ., ucnp. u jgon. — Mocksa: FOpaiit, 2026. —
215 c. — Tekcr: snexTpoHHbIl // OOpa3zoBarenbHas miaatgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/586108 (mara obpamenus: 19.05.2026).
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JlomoJIHUTEeIbHbIE HCTOYHUKH

1. bo6por B.U. TexHoMOTHS OTAEIOYHBIX MPOIIECCOB: yueOHUK s By30B / B.J. boOpos.
— 2-e u3a., nepepad. u gon. — Mocksa: HOpaiit, 2025. — 625 c. — TekcT: 3IeKTpOHHBIH //
O6pasoBarenbHas 1uiathopma IOpaiir [caiit]. — URL: https://urait.ru/bcode/566398 (mara
oOpatuenus: 19.05.2026).

8. IEPEYEHb PECYPCOB MH®OPMAIIMOHHO-TEJIEKOMMYHUKAIIMOHHOM
CETU «MHTEPHET», HEOBXOJMMbLIX [JIA OCBOEHUSA JUCIUIIJIMHbBI
MOAYJIs)

DJIEeKTPOHHBIEe 00pa30BaTe/IbHbIE PeCypChl

e MUHHCTEpPCTBO HAyKW M  BbIcmero oOpazoBaHusi Poccuiickoit ~ deneparuu:
https://minobrnauki.gov.ru/;

e Oenepanbhblil moptan «Poccuiickoe odopasoBanue» https://ro-edu.ru/

e Jluzaiin B 1iudpoBoii cpexe: https://tilda.education/courses/web-design/basicsteps/

9. METOAUYECKHE YKA3AHMSI A5 OBYYAIOIIHMXCSI MO OCBOEHHUIO
JUCLUILIMHBI (MOLYJIS)

CamocrodrenbHas paboTa 3aKJII0YAeTCs B U3YYEHUHU OTAEIbHBIX TEM Kypca I0 33JaHHI0
IpenojaBaresis 0 pEeKOMEH1yeMOl UM yueOHOM JTUTepaType, B MOATOTOBKE K PELLIEHUIO 3aa4 U
pa3paboTke mnpoekToB. CamocTosATeNlbHAs TBOpUYECKas paboTa OLEHMBAETCS MpernojaBaTeieM
W/WIIK CTYACHTAMH B IMAJOTOBOM peknuMe. Takast TeXHOIOTHsI 00ydeHHsI CIIOCOOCTBYET Pa3BUTHIO
KOMMYHHKaTUBHOCTH, YMEHHUI BECTH IUCKYCCHIO M CTPOUTH IMAJOr, apryMEHTHpPOBaTh U
OTCTaMBAaTh CBOIO MO3UIIHMIO, AaHATM3UPOBATh YUECOHBII MaTepuall.

TemaTnka NpPaKTUYECKUX M CAMOCTOATENBHBIX pPAabOT HUMeeT NpoQecCHOHATBHO-
OpPUEHTUPOBAHHBINA XapaKTep U HEMOCPEACTBEHHYIO CBSA3b pacCMaTPHUBAEMbIX BOIIPOCOB C Ballei
npodecCHOHATIBHOMN 1A TeNTbHOCTBIO.

B m3ydenun Kypca HUCIOJIb3YIOTCS MHTEPAKTUBHBIE O0YUYaIOIUEe METOAbI: Pa3BUBAIOLIEH
KOOIIEpaLiH, METO IPOEKTOB, KOTOPhIE MO3BOJISIOT (POPMUPOBATH HABBIKK COBMECTHOM (apHOU
U KOMaH/JHOH) paboThl (COCTaBJIE€HUE aJTOPUTMOB, MPOEKTUPOBAHHE IUPPOBBIX MPOIYKTOB,
pa3paboTka U oTiIaaka HUGPOBBIX MPOAYKTOB), a TaKkKe CTPOUTH MPO(ECCHOHATBHYIO peyb,
JIEJIOBOE OOIIEHHE.

OnennBanue Bamieii paboTsl Ha 3aHATUSAX OPraHU30BaHO 1) B hopMe TeKyIero KOHTpoJs,
B paMKax KOTOPOTO BbI PELINTE MHOKECTBO 3aa4 BO3pACTAIOIIEH CII0)KHOCTH; 2) JIJIsl IPOBEEHUS
IPOMEXYTOUYHOW aTTEeCTallMM OpPraHW30BAaHO KOHTPOJbHOE TECTHUPOBAHHWE U BBINOJIHEHUE
IIPOEKTA.

B noarotoBke caMoCTOSATENbHOM pabOThI PenoiaBaTeb:

® y4uT paboTaTh ¢ yUeOHHUKAMH, TEXHUUECKOU JIUTEpaTypoi (B TOM YMCIIe Ha aHTIMICKOM
A3bIKE), CIIEIMATU3UPOBAHHBIMHU BEO-pecypcamMu

® Da3BUBAET HABBIKM CAMOCTOSITEJIbHOM MOCTAHOBKH 3aJlad W BBINOJIHEHUS BCEX ATAloB
pa3pabOTKH MIPOTrPAMMHOTO PEIIEHNS,

® OpraHM3yer TeKyIlue KOHCYIbTAllUH;

® 3HAKOMHUT C cUcTeMOU (opM M METOJIOB 00y4YeHHs, MpodeccnoHaNbHOM opraHu3anueit
TpyZa, KPUTEPUSIMHU OLIEHKH €€ KaueCTBa;

e OpraHu3yeT pa3bsCHEHUs JOMAIIHUX 33JaHUH (B Yachl MPAKTUYECKHUX 3aHATHH);

® KOHCYJIBTHPYET 110 CAMOCTOSTEIbHBIM TBOPUECKUM MPOEKTAM YUALTHXCS;

® KOHCYJIBTHPYET IPH NOJATOTOBKE K HAYYHOH KOH(EPEHIIH, HATUCAHUN HAyYHOH CTaThH,
U TIOJITOTOBKE €€ K MeYaTu B COOPHUKE CTy/IeHYeCKUX padoT.

Bmecte ¢ Tem nmpenopaBaTellb OpPraHU3yeT CHCTEMHBIH KOHTPOJb BBIOJIHEHUS
CTyJIeHTaMH TpaduKa CaMOCTOATEIbHONW pPabOThI; MPOBOJUT aHAIM3 W JA€T OLEHKY paboThI
CTY/ZICHTOB B XOJI€ CAMOCTOSATEIBHOM padOoThI.


https://ro-edu.ru/
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Pesynbratel cBoeit pabOThI BBl MOXKETE OTCICAUTh B JIMYHOM KAaOWHETE 3JIEKTPOHHO-
uHGOPMAIMOHHOM 00pa30BaTeIbHOM cpejie (BeO-mopTal HHCTUTYTA).

10. IEPEYEHb MH®OPMAIIMOHHBIX TEXHOJIOTWH, NCITIOJIB3YEMbBIX ITPH
OCYHWECTBJIEHUU OBPA3OBATEJIBHOI'O MNPOUHECCA IO AUCHUIIVIMHE
MOAVYJIIO), BKJUIOYASA NEPEYEHb ITPOITPAMMHOI'O OBECIIEYEHUS,
COBPEMEHHBIX MPO®ECCHUOHAJIBHBIX BA3 JAHHBIX n
NHO®OPMALIMOHHBIX CITPABOYHbIX CUCTEM

Ilepeuens ungopmayuonnbIX MexXHONOUIL:

[TnaTdhopma ns mpe3eHTanuii microsoft powerpoint;
TexcToBbIi ¥ TAOMUYHBINA pegakTop microsoft word;

[Mopran uncruryra http://portal.midis.info

Ilepeuenv npozpammmnozo obecneuenusn:

1C: Ipenmpusitue. Komrmiekt ansi BBICHIMX U cpeAHMX Y4eOHbIX 3aBeaeHuid (1C —
8985755)

butpukc 24

SAnnexc Opaysep

Microsoft™ Office®

MoitOduc

Antusupyc «Kacnepckuii» (Kaspersky Endpoint Security)

Figma (Edu)

Blender

Cospemennvle npogeccuonanvhnovie 0a3vl OAHHBLIX U UHPOPMAYUOHHDBIE CRPABOUHDbLE
cucmemul

«["apaHT a3po»

KoncynsrantlInroc

Caenenusi 00 3J1eKTPOHHO-0N0/IMOTEYHOM cHCTeMe

Ne OcHOBHBIE CBe/IeHUS 00 ANEKTPOHHO-OMOINOTEYHON crcTeME Kpartkas
/i XapPAKTEPUCTHKA
1. |HaumeHoBaHue 3JIEKTPOHHO-OMOIMOTEYHON cucremsl, | OOpa3zoBaTesbHas

TPEJICTABJISIONIE  BO3MOKHOCTh  KPYIJIOCYTOUHOTO  juc-|miardopma FOPAUT
TAHIIMOHHOTO  MHIMBHIYAJbHOTO  JOCTyma sl Kakmaoro [http://www.urait.ru
oOydaromierocst u3 000 TOYKH, B KOTOPOH MMEETCs AOCTYI K
cetu MHTEpHeT, anpec B cetu MIHTEpHET

11. MATEPHUAJIBHO-TEXHUYECKAS BA3A, HEOBXOINMASA JJIA

OCYIIECTBJEHMSI OBPA3OBATEJBHOI'O IPOIECCA TIO JUCHUILINHE
(MOJIYJTIO)

Ne HaumenoBanue Ilepeuenb MaTepuanbHOTO OCHAIIEHUS, 000PYAOBAHHSA
1/ | 060pyIOBaHHBIX YUeOHBIX U TEXHUYECKUX CPEACTB O0yUECHHUS
ayIUTOPUN, AyJUTOPUH [

IIPAKTUYECKUX 3aHATUN

1. |JIaGoparopus pa3pabotku |Kommbrorep
BeO-npunoxenuit Ne 329  |[1na3menHas manesnsb
CToJ1bl KOMIIBIOTEPHBIE
(JTaboparopwust mist Crynbs

IpOoBeJEHUS 3aHATUH Bcex |CTo npenogaBaTesis
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BUJIOB, TPYIIIIOBBIX U
WHIVBUAYaJIbHBIX
KOHCYJIbTALIUH, TEKYILErO
KOHTPOJISL A

Cryn npenonasatens

Jlocka MarHUTHO-MapKepHas

Jlocka a1 0ObsIBIACHUI

ABTOMaTH3uUpoOBaHHbIE ~ pabounme  MecTa  oOecreueHsbl

MIPOMEKYTOUHOM JOCTYTIOM B ANEKTPOHHYIO uH(OPMaIMOHHO-

aTTeCTaIluH) 00pa3oBaTenbHYIO cpeny  MUIuC, BBIXOJIOM B
MH(OPMAITMOHHO-KOMMYHHKAIIMOHHYIO ceTh «HTepHET.

bubnuoTexa. ABTOMaTH3UWpOBaHHBIC paboyne MecTa OMOInOoTEKapen

YuranpHbiii 3a1 Ne 122

ABTOMaTH3MpPOBaHHBIE paboune MecTa [T YUTaTeNei
[TpunTep

Ckanep

Cremtaxu 17 KHUT

Kadenpa

BricTaBouHBII cTEIaX

Karanoxusriii mxad

[Tocamounble MecTa (CTONBI M CTYJNbS JUIsl CAMOCTOSATEIHHON
paboThI)

Crenn nHpOpMaITMOHHBIHA

Yenosus g mun ¢ OB3:

ABTOMaTH3upoBaHHOE padbouee MecTo s juil ¢ OB3

JInnza ®penens

CrneuuanbHasi mapta Uil JHMI[ C HapyHICHUSIMH OIIOPHO-
JBUTATEJILHOTO armapara

KnaBuarypa c Hanecenuem mpudta bpaiins

Komnerotep ¢ nporpaMMmHbIM obecrieuenuem s i ¢ OB3
CBeToBbIe Masikil Ha JIBEPsIX OMOIMOTEKH

TakTunbHbBIE YKa3aTeIu HAIIPABJICHUS ABUKCHUS
TakTunbHBIE YKa3aTeNu BbIXO/1A U3 TOMEIIEHUS
KontpactHoe BbIENIEHHE TPOEMOB BXOJOB M BBIXOJIOB W3
MIOMEUICHUS

Tabmuuka ¢ HauMEHOBAaHUEM OMOJIMOTEKHU, BBIIOJIHCHHAS
mpudToM bpaiiis

ABTOMaTU3UpOBaHHBIE  paboure  MecTa  OOecredYeHBI
JOCTYIIOM B 3JIEKTPOHHYIO nH(MOPMaIMOHHO-
obOpaszoBarenbhyto  cpeny ~ MUJuC,  BeixogomM B
MH(OPMAIIMOHHO-KOMMYHHKAIIHOHHYIO ceTh «HTepHEeTY.




