[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0

Mihopmauns 0 enapensl M T HUCTEPCTBO HAVYK

®WNO: Makeumos Anexceli bopucosuy

,U,Oﬂ)KHOCTb: OMPEKTOP fenapTaMeHTa MNo 06p330BaT(BIgR)%MJ@C]
fara noﬂ”McaH@é%{%?%%ﬂﬁ%%OCYHapCTBCHHOG al
0

YHUKanbHbIV NPOTPaMMHBIA KIKOY:
8db180d1a3f02ac9e60521a5672742735¢18b1d6 BBICIIC

«MOCKOBCKMU TIOJIUT

1 1 BBICILIETO OBPA3BOBAHUS
KO OEJIEPALINN
BTOHOMHOC O6p330BaTeJIBHOG YUpPCKIACHHUC

ro 00pa3oBaHUs
EXHWYECKWI YHUBEPCUTET»

daxkynpTeT UHPOPMAITMOHHBIX TEXHOJIOTUN

-

YTBEPXKJIAIO

Jlexan dakynbrera

- ——

~«Hr(lapManHOHHBIE TEXHOIOTHIY

o0 (:T/.‘Igg//“ /II-I'_IICM"HOB/

A v zad 2022

" g

PABOYAS ITPOTPAMMA JUCHUIIJIMHBI

«Bed XR-npuinoxkenns»

Hamnpapnenue moaroToBKu/CrieIiabHOCTh
09.03.02 UndopManMoOHHbIE CUCTEMbI M TEXHOJIOTHH

[Tpoduns/cniermanuzaus

TexH0JI0ruu J0MOJTHEHHOW U BUPTYAJIbHON PeajibHOCTH

KBanudukanus
bakauaasp

dopMbl 00yueHHUs

OuyHnasn

Mocksa, 2022 r.



PazpaboTunk(u):
Cr. mpenonaBarenb kadeapsl e
«MHdpopmaTrKa 1 HHPOPMAIIMOHHBIC TEXHOJIOTHI /[ M.B. Anmnarosa /

Cormnacosano:

3aBenyromnuii kageapoit

«Uupopmaruka u UHGOPMALIMOHHBIE TEXHOIOTHIY, -

K.T.H. / E.B. bynatHukoB /



Conepxanue

1. Ilenwm, 3a1a4u ¥ TJIAHUPYEMBIE PE3YJIbTATH OOYICHHS TIO TUCITUATIITHE ..vvevvvvvesrvreesniveennenes 4
2.  MecTo TUCHMITIMHEI B CTPYKTYPE 00pPa30BATEIBHOM MPOTPAMMBI......vevvevieneisieesieasnesnnenneas 5)
3. CTpyKTypa U COAEPIKAHUE TUCIIATIIIIIHBL «....vvresviesreesteessseesseessseasessnneessesssneessessnneessnesnneesseens 5
3.1 Bunpl yaeOHOM pabOThI U TPYI0EMKOCTD (TI0 POPMAM OOYUCHHS) «..vvvvverveenreieenneens 5)
3.2 TemaTudeckuii M1aH U3yYCHUS JUCITUIUTHHBI (110 PopMaM OOYUEHUS).......cevvveennnee. 6
3.3 CONEPIKAHME TACTIHIIITHHDBL. ....vvveeiteeesiteeassteesasteesssseessseesseeesbseesbseesnneeaneeesnneesnnnas 6
3.4 TemaTnka cCeMHUHAPCKUX/TIPAKTUYECKUX U JIAOOPATOPHBIX 3AHATHH . ....vvvvvveerriveennnee. 6
3.5 TemaTrka KypCOBBIX MPOEKTOB (KYPCOBBIX PAOOT) ..vovvevierririeesiiaiisieesieesresnesseenneans 7
4.,  Y4eOHO-METOAMYECKOEC U HHPOPMAIIMOHHOE OOCCIICUCHUE ..e.vvvveervreeesireessireessireessieeessneesnns 7
4.1 HopmatuBHbie JOKYMEHTBI U 'OCTBI .....coiiviiiiiiiiii s 7
4.2 OCHOBHAS JTUTEPATY P v veervveeessreesssresssssesssssesssssesssssesssssesssssesssssesssssessnssesssssessssnessnsees 7
4.3 JIOTIOJTHUTEIBHASI TUTEPATYPA .. eveenreeireesreesireasresssneasseessnesseessnsaneessnssneessnssnsesssnesnes 8
4.4 DIEKTPOHHBIE 00PAZOBATEITBHBIC PECYPCBI ..vvvvvreeririesiressireesssressssressssressssressssnessssees 8
4.5 JIMeH3noHHOE U CBOOOHO pacpOCTPaHAEMOE IPOTPAMMHOE OOECIICYCHHE ......... 8
4.6 CoBpeMeHHbIe TpodeccroHalIbHBIC 0a3bl TaHHBIX ¥ HHPOPMAIIMOHHBIE
CIIPABOUHBIE CHCTEMDBI ... .vveuteeeeeesseesseeasseessseasseesseeasseense e e seeame e e aseess e e e s e e nee e e e e e me e e n e e nmn e e ne e nnn e e n e nrneennes 8
5. MarepuaabHO-TEXHUYECKOE OOCCIICUCHHIE . .vvvirvrresvrresssreessseesssenssssesssssesssssesssssesssseesssssessnns 8
6. METOMMUCCKUC PEKOMECHIIAIIHIF ... veeuveesreesseessseesesssseessesasseesssssssesssessssessssesssesssessnsesssesanseses 8
6.1 MeTtoauueckue peKoOMEHAAlNU Jis IPernoAaBaTels o opraHu3anuu ooy4yeHus. . ...8
6.2 MeToaudeckue yKa3zaHust JUisl 00YJarOIIUXCS IO OCBOCHUIO TUCIUTUIAHEI .............. 8
7.  DOHJI OIEHOUYHBIX CPECIICTB ..vvreisrvtesssrresssesesssesesssesesssesssssesssssesssssesssssesssssessssessnssessssseesnssessnes 9
7.1 MeTo1bI KOHTPOJIS ¥ OI[CHUBAHUS PE3YIIBTATOB OOYUCHUIS «...vvevveeeveenveesivesneeesieeenees 9
7.2 [Ikana ¥ KpUTEPUH OLCHUBAHUS PE3YIBTATOB OO YUCHUS «..cvvvevveerveernreeseeesneeesieeannes 9
7.3 OIICHOUYHBIC CPEIICTBA. .. veeeruteeeutreesuteesssreesssseesssseesssseesasseesasseessseesasseesssesssseessseeesnes 10



1. Heawn, 3an0a4um ¥ IJIaHUPYeMble Pe3yJbTAThl 00y4eHHs M0 AUCHUILIHHE

Hens mucummummabl "Be6 XR-npumoxenus” 3axmrogaeTcss B (POPMUPOBAHWUU Yy CTYJICHTOB
KOMIUIEKCAa MpO(eCcCCHOHANBHBIX  KOMIICTCHIIUH, TO3BOJSIONIMX  OCYIIECTBIATH — pa3paboTky,
TECTUPOBAHUE U BHEApPEHUE HH(OPMALMOHHBIX CHUCTEM Ha OCHOBE BEO-TEXHOJIOTMH BUPTYalIbHOM,
JOTIOJTHEHHOM ¥ CMEIIAHHOW peanbHOCTH. [{aHHas 1eab KOppeaupyeT ¢ IIaHUPYEMbIMU Pe3yJibTaTaMu
OCBOCHHSI OCHOBHOU MpodeccuoHabHONW oOpa3oBarenbHol nporpammbl (OITOIT BO), akuentupys
BHHUMaHUE Ha MTPAKTUYECKOM MPUMEHEHUH 3HAHHI B cepax, TPeOYIOMMX HHHOBAIIMOHHOTO TIOIX0/a U
MCIOJIb30BaHUS NEPETOBBIX HHPOPMAIIMOHHBIX TEXHOJIOTUH.

3ajaun JUCLMITIMHBI HalleJIeHbI Ha TOJITOTOBKY CTYJICHTOB K BBIIOJIHEHUIO IPO(HECCHOHATILHBIX
obs3anHOCTel, mnpenycMoTpeHHBIX DPI'OC BO, u oTpakaloT KIOYeBble OONacTH U cdepsl
npodeccuoHabHON AestenbHocTH, onpeaenénubie B OITOIT BO. K vuM oTHOCSTCS:
e OcBoeHHE CTYACHTAaMH TEOPETUYECKUX OCHOB U IMPAKTHMYECKHX HABBIKOB B 00JaCTH
pa3paboTKX MPOrpaMMHOI0 oOecTiedeHus s mIaT(GopM BUPTYaIbHOH, TOMOJTHEHHOH U
CMEILIaHHOM peaJlbHOCTH.
e PasBuTue yMeHui B IPOEKTUPOBAHMM HMHTEPAKTUBHBIX 3D-cuen u XR-npusnoxeHui,
UCTIONB3YS COBPEMEHHBIE OMOIMOTEKN U ppeiMBOpKH, Takue Kak Three.js, Babylon.js, u
A-Frame.
e @OopMHpOBaHME HABBIKOB OINTHMHM3AaLMHA INPOU3BOJUTEIBLHOCTH XR-NpuioxeHuin c
y4eToM 0CcOOeHHOCTEH W TpeOOBaHMK COBPEMEHHOTO MPOTPAMMHOI0 OOECIICYCHUs U
anmapaTHoro odecredeHus.
e JloaroroBka K NpOBEACHUIO UCCIIEI0BAaHUN B 00JIaCTU HOBBIX TEXHOJIOTHI BUPTYaIbHOU
peaIbHOCTH U pa3paboTKe MHHOBALIMOHHBIX PEIICHU B 3TOH cdepe.

[Tnanupyemsble pe3ysbTaThl 00Y4eHUs JUCHUILUIMHBI HAIPSIMYIO COOTHOCATCS C MHJMKATOPaMU
JNOCTHKEeHMs KomneTeHuui, ycranosieHHbIMU B OIIOII BO. I1o 3aBepuieHun Kypca CTyAEHTHI:

e [lomyuar 3HaHMS 00 OCHOBHBIX IUTAT(POPMAX, TEXHOJIOTUSIX U HHCTPYMEHTAIbHBIX CPECTBAX
st peanuzanuu uHPopManuoHubix cucreM (MOIIK-7.1), 9TO MO3BOJUT UM aKTUBHO
IIPUMEHSATh COBPEMEHHBIE TEXHOJIOTUH JJIs peanu3anuu uHpopmaronHsix cuctem (MOITK-
7.2).

e Pa30BBIOT HAaBBIKM IPUMEHEHNS HHCTPYMEHTAJIBHBIX IPOrPaMMHO-AIIIAPATHBIX CPEACTB JUIS
co3nanus 3Q(HEKTUBHBIX U ONTHMU3UPOBaHHBIX XR-nipunoxennii (MOITK-7.3).

e OcCBOAT METOAMKH pa3paboTKu TpeOOBaHUMI M TMPOEKTUPOBAHMS IMPOrPAMMHOIO
obecriedeHus: Ui CIOXKHBIX cucTeM ympasieHus u apromaruzauuu (MIIK-1.1), nayuatcs
HCIOJIb30BAaTh COBPEMEHHBIE MHCTPYMEHTAJIbHBIE CPEICTBA JJI1 CO3JaHMsI HAJIEKHBIX U
Oe3omnacHbIXx HHMopMaroHHbIX cuctem (MITK-1.2).

e [IpuoOperyT npakTuyeckue HaBbIKU B 00JaCTH pa3pabOTKU TpeOOBaHUI U TPOESKTUPOBAHUS
MH(OPMALIMOHHBIX CUCTEM YIPABJICHMS, YTO MO3BOJIMT MM YCIEUIHO pPEealu30BbIBATH

IIPOCKTHI B c@epe ABTOMATU3HUPOBAHHBIX CUCTEM O6pa6OTKI/I I/IH(I)OpMaL[I/IOHHBIX IIOTOKOB
(UITIK-1.3).

Takum o6pazom, kypc "Bed XR-mpumnokenus" sBIseTCS WHTETPATbHON YaCThIO MOJATOTOBKH
KBTM(DUIIUPOBAHHBIX CIICIIUATHCTOB, CIOCOOHBIX BHEIPATH MHHOBAIIMOHHBIE TEXHOJIOTHH B TIPAKTUKY
CO37IaHUsI COBPEMEHHBIX HH(POPMAITMOHHBIX CUCTEM.

O6yuenne no auciumuinHe «Be6 XR-mpunoskeHus» HampaBieHO Ha (QOPMHUpPOBAHUE Y
o0yJaromuxcst CIEAYIONNX KOMITETEHITHI:
Koa  HaumMeHoBaHue KOMIIETEHIINIA NHauKaTOpPHI JO0CTHKEHUST KOMIIETeH U

OIIK-7. Cnocoben ocymectBiasath BbiOOp | MOIIK-7.1 3HaeT OCHOBHBIE IUIaT(GOPMBHI,
HJ'IaT(bopM n UHCTPYMCHTAJIBHBIX | TCXHOJIOTHHA n HHCTPYMCHTAJIbHEBIC
IpOrpaMMHO-aNapaTHBIX ~ CPEJICTB  JJIs | MpOrpaMMHO-aNmapaTtHble  CpeAcTBa  JJis
peanrsanumn I/IH(l)OpMaIII/IOHHI)IX CHUCTEM pcajm3anunuun I/IH(i)OpMaHI/IOHHBIX CHUCTEM




HNOIIK-7.2 ymeeT NpUMEHSITb COBPEMEHHBIE
TEXHOJIOTHH JUTSt peanu3anuu
MH(OPMALIMOHHBIX CUCTEM

HNOIIK-7.3 HUMEEeT  HaBBIKM  BJIAJECHUS

TCXHOJIOTHAMU, IIPUMCHCHU A
HHCTPYMCHTAJIbHBIX mporpamMmMHoO-
allrapaTHbIX CpEaACTB pcainsanuu

WH(OPMAIIMOHHBIX CUCTEM

IIK-1. Cniocob6en paszpabateiBath TpeOoBanus | UIIK-1.1. 3naer cmocoObl  pa3paboTku
U TIPOEKTUPOBATh MPOrpaMMHOE obecrieueHue | TpeboBaHmi u MIPOEKTUPOBAHUS
MIPOrpaMMHOTO oOecredeHus it 00paboTKH
W aBTOMAaTW3alud WHOOPMAIMA U CHCTEM
yIpaBiIeHUS

UIIK-1.2. Ywmeer MIPOEKTUPOBATH
IporpaMMHOE  O00ecleyeHUEe U  CHUCTEMBI
yIpaBlIeHUS C TPUMEHEHUEM COBPEMEHHBIX
MHCTPYMEHTAJBHBIX CPEICTB

NIIK-1.3. Hmeer HaBbIKM  pa3pabOTKu
TpeOoBaHUi u MIPOEKTUPOBAHUS
WH()OPMALMOHHBIX CHUCTEM VIIPABICHUS H
ABTOMATU3UPOBAHHBIX CUCTEM 00paboTKu
WH(OPMAIIMOHHBIX IOTOKOB U CUCTEM

2. MecTO IMCHUILTHAHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

JlucuuruimHa OTHOCHTCS K 4acTH, (POPMUPYEMOI ydaCTHUKaMU 00pa30BaTeIbHBIX OTHOUICHUH
6moka b1 «/lucuurnauHbl (MOIYIIH)».

JucuuriyHa B3aMMOCBSA3aHA JIOTUYECKH M COAEPKATEIBHO-METOJUYECKH CO CIEAYIOIIMMHU
mucturmuHaMu 1 npaktukamu OIOIT:

e Be06-mporpammupoBaHue 1 qu3aitH

Pa3paboTka MOOMIIBHBIX IPUIIOKEHUIN BUPTYaJIbHOHN peaibHOCTH
Pa3paboTka MOOMIIBHBIX PUIIOKEHUN TONIOJTHEHHON peaIbHOCTH
Pa3paboTka UTPOBBIX MIPHIIOKEHUH
BackEnd-pa3pabotka

3. CTpyKTypa H coJep:KaHHe IUCHUTITHHBI

OO0m1as Tpy10€MKOCTh TUCIUTIITUHBI COCTABISET 3 3aUeTHbIE eUHULIBL, T.€. 108 akageMuueckux
4acoB.

3.1 Buasl yueOHOii padoThI M TPyA0EMKOCTH (110 popMam 00ydeHus)

3.1.1 Ounas ¢opma oOyueHus

Ne CemecTtpsbl
" KonuuyectBo
n/n Buj yueOHoit padoThl Cemectp Henens
4acoB
cemMecTpa
1 | AyauTopHbie 3aHATHSA 40 8 23-30
B ToM ynce:
1.1 | Jlexkuuu -
1.2 | CemuHapCKHe/IPAKTHUECKUE 3aHATHUS -
1.3 | JJabopaTopHbIe 3aHATHS 40
2 | CamocTosiTe/ibHasi padoTa 68 8 23-30
3 | IIpome:kyTouHas aTTecTamus 8 31-32
JK3aMeH/3a4eT 3auer




Hroro: | 108 | |

3.2 TemaTuyeckuii NJI1aH U3y4YeHHUs TUCHMILIMHBI (M0 popMaM 00ydeHNs )

3.2.1 Ounas ¢hopma oOydeHHs

TpyroeMkocThb, yac
AyautopHasi pabora
C I Camoc
Ne Pa3znenanl/Tembl eMHH/ap Jla6opa PakT | L osare
n/n JUCHHUILINHBI Bceero | Jlek ckue TOPHBIE HHCCKa | nas
MPaKTHYIC Pl
10051 3aHSITU padoTt
cKue N ITOJTOT a
3aHATUS OBKa
1 Cosmanne 3D cuen B Three.js 20 8 12
2 WHuTepakTuBHBIE CLICHBI c| 20 8 12
ucnonb3oBanuem Babylon.js
3 Beb6 XR-npunoxenus B A-FRAME 20 8 12
4 Onrummzanus Bed6 XR-npunosxeHuit 24 8 16
5 MHOT0II0IBE30BATEIBCKUE BO3MOKHOCTH 24 8 16
Hroro 108 - - 40 68

3.3 Coaep:xaHue TUCHUTLIUHBI

3.3.1 Ounas ¢popma oOyueHus

Jucnummna "Bed XR-npunoxenus" npeanasHadena st 00ecredeHnst TTy00KOro MOHMMAaHuUs
U TPaKTHYECKUX HAaBBIKOB B oOmacTd co3faHus XR-NpuiioskeHuid, MCIOIb3ysl COBPEMEHHBIE,
JOCTYTHbIE, U IIUPOKO NPUMEHSEMbIE TEXHOJIOTUU. DTO 00y4YEeHHE MTPEI0IaraeT MHTErpalnio 3HaHUH
B 001acTu MHGOPMALMOHHBIX TEXHOJOTHMH M NPOrpaMMHMpOBAHHUS C AKLEHTOM Ha BHUPTYaIbHYIO,
JIOTIOJTHEHHYIO M CMEUIaHHYIO PEaIbHOCTbD.

3.4 TemaTuka cCeMHHAPCKUX/NMPAKTHYECKHUX U JJaA0OPATOPHBIX 3aHATHI

3.4.1 Ounas ¢popma oOyueHus
1. JlaGopaTopHas pa6ora Nel: "OcHoBbl co3nanusi 3D cueH ¢ ucnoJib30BaHuEM

oudmorexu Three.js". B pamkax nepoii mabopaTopHoil paboThI CTy1E€HTHI
HOTPYKAIOTCS B MPOLIECC Pa3pabOTKU TPEXMEPHBIX CIIEH, UCIIOJIb3YsI BO3MOKHOCTH
JavaScript u 6ubnuorexu Three.js. OcHOBHOE BHUMaHUE YAEISAETCS U3YUYECHUIO OCHOB
paboThI ¢ TeOMETpHEN, MaTepUaTaMu, OCBEIIEHUEM, a TAK)KE KaMepaMU U PEeHAEPHUHIOM.
Orta paboTa 3akaapBaeT (yHIAMEHT JJIs MIOHUMAaHUs, KaK CTPOUTCS BUPTYyaJlbHas Cpeja,
YTO CTAaHET OCHOBOM JIJisi O0JIee CIOKHBIX MPOEKTOB B 0Oactu XR.

Jladoparopnasi padora Ne2: "UnrepakTuBHoCcTh B ciienax Babylon.js'". Bo Bropoii
nabopaTopHOi paboTe aKLEHT clieJaH Ha CO3JaHUU MHTEPAKTUBHBIX BUPTYAJIbHBIX CPEI C
ucnoib3oBaHueM ¢peiimBopka Babylon.js. CTyaeHTbI H3y4aloT MEXaHU3MBI 3arPy3KH
00BEKTOB, 00paObOTKH COOBITHH, CO3JaHNs UHTEP(EHCOB U peaTr3alMi OCHOBHBIX 3aKOHOB
(GU3UKK B BUPTYAIbHOM IIPOCTPAHCTBE. DTOT OIBIT O3BOJISIET CTYACHTaM MOHSTh, KaK
CO3/1aBaTh TUHAMUYHbBIE, HHTEPAKTUBHBIE CLIEHBI U YIPABJIATH 2JIEMEHTaMHU B pealbHOM
BpPEMEHHU.

Jladoparopnasi padora Ne3: "Pa3zpadorka npoctoro XR-npusio:keHus ¢
ucnosb3oBanueM A-Frame'. Dra madoparopHas paboTa mpeamnoiaraet mpakTUIecKoe



npuMmeHenne A-Frame ans co3panus 6a30Beix XR-mpunokenuit. CTyaeHTamMm
MPEIOCTABIISIETCS. BO3MOKHOCTh pad0TaTh C CYIIIHOCTSIMH, KOMIIOHEHTAMU U CUCTeMaMU A -
Frame, a Takxe noHUMAaTh, KaK 3T 3JIEMEHThl HHTETPUPYIOTCS JIJIsl CO3/IaHUS
MOJIHOLIEHHOTO B3auMoecTBusl B XR. DT0 3a1aHue TaKk)Ke 0XBAThIBACT UHTETPAIUIO
JIOTIOJTHEHHOM peaIbHOCTH, 00ecrieunBas CTyJAeHTaM HaOOp KOMITETEHIIUNA, HEOOXOAMMBIX
JUTIs1 paOOThI C PA3IUYHBIMUA TUITAMH BUPTYAIbHBIX CPEI.

4. JlabopatopHasi padora Ne4: "OnrumMu3anusi MPpou3BoAUTEIbHOCTH Bed-XR-
NnpuiIoKeHuii" . Dta pabora PoKycHpyeTcs Ha KITIOUEBBIX aCTIEKTaX MPOU3BOIUTEILHOCTH
npu pazpadoTke XR-npriiokeHui, BKIIF0Yas ONTUMHU3AINIO 3arpy3KH acCETOB,
YMEHbIIICHUE 3aJIepkKeK, IPPEKTUBHOE HCIIOIH30BAHUE TEKCTYP U IICHIEPOB, a TAKKE
paccMOTpPEeHHE CITOCOOOB COKpAIIEHHUsI HATPY3KH Ha MPOIeccop U rpaduuecKuil mporeccop.
CryaeHThl Hay4yaTcsl aHAIM3UPOBATh U YIydlIaTh TPOU3BOAUTEIIBHOCTD, YTO KPUTUUECKH
BaYKHO IS CO3AHMS IJIABHEIX U OT3hIBUMBBIX XR-B3auMOIEHCTBUM.

5. JlaGopaTopHasi pa6ora NeS: "MyJibTHII0/Ib30BaTeIbCKHE BO3MOKHOCTH B XR ¢
HCNOJIb30BAHNEM OTKPBITHIX BeO-TexHooruii'" . ®unanpHas 1adboparopHas padboTa
MOCBSIIIEHA Pa3pabOTKe MYJIBTUIIONB30BATENbCKUX XR-nipunoxkenuii. CTy1eHTHI
HCCIIEYIOT, KaK 00ECTIeunTh CETEBOE B3aUMOCHCTBHE, 0OMEH JaHHBIMU B PEAIbHOM
BPEMCHH, CHHXPOHH3AIUIO COCTOSHIUI 00BEKTOB MEXKTy IMOJIH30BATEIISIMUA U CO3/IaHUC
00111er0 BUPTYAILHOTO MPOCTPAHCTBA. ITO 3HAHUE OTKPBIBACT MEPE]l CTYACHTAMHU
MEPCIEKTUBY CO3/IaHUS COBMECTHBIX, COLIUATIbHBIX BUPTYAIbHBIX OMBITOB HA OCHOBE BEO-
TEXHOJIOTHH.

3.5 TemaTuka KypcoOBBIX NPOEKTOB (KYpCOBbIX padoT)
VY4eOHBIM IIJIaHOM KYPCOBOE IPOEKTHUPOBAHNE HE IPETYCMOTPEHO.

4. Y4yeOHO-MeTOAUYeCKOE M HHPOPMALIMOHHOE o0ecieueHne

4.1 Hopmatusnble 1okyMeHTbI U [OCTb1

1. denepanphblii 3ak0H 0T 29 nekadps 2012 roga No 273-03 «O6 obpazoBanuu B Poccuiickoit
denepanuny (C IBMEHEHUSIMHU U JIOTTOJTHCHUSIMU );

2. @enepa’bHbI TOCYIApCTBEHHBIM 00pa3oBaTeIbHBIA CTaHIAPT BHICIIETO OOpa30BaHUS -
OakanaBpuaT 1o HampasieHuto noarotoBku 09.03.02 MuHdopmanroHHbIE CUCTEMBI M TEXHOJOTHH,
yTBepkaeHHbIH [Ipukazom MunucrepctBa obpasoBanus u Hayku P® ot 19 cents0ps 2017 r. N 929
"OO0 yrBepxkaenun peaepanbHoro... Pepakius ¢ usmenenusimu N 1456 ot 26.11.2020;

3. Ilpukaz MunucrepctBa obpazoBanus u Hayku PP ot 05 ampens 2017 r. No 301 «O6
yrBepxkaeHun llopsaka opraHu3aluu W OCYLIECTBIIEHUS OOpa30BaTENbHOM JEATEIbHOCTH 110
o0pa3oBaTeNbHBIM NPOrpaMMaM BBICIHIETO 00pa3oBaHMs — MporpaMmaMm OakajiaBpuaTa, IporpaMMam
crenuaauTeTa, IporpaMMaM MarucTpaTyphl.

4.2 OcHoBHasi 1UTEpaTypa

1. Hukos, A. B. Knuenrckue TexHomorum BeO-miporpammupoBanms: JavaScript 1 DOM :
yuebnoe nocobue / A. B. JlukoB. — Cankr-IlerepOypr : Jlans, 2020. — 124 c. — ISBN 978-5-8114-
4074-0. — Texct : »dnexkrpoHHbd // JlaHe : 31MeKTpoHHO-OMOMMoTewHass cucrema. — URL:
https://e.lanbook.com/book/126934 (nara oopamenus: 16.10.2022). — Peskum mocTyma: Uit aBTOPHU3.
MOJIb30BaTENEH.

2. CucteMbl BUPTYaJIbHOM, TOTIOJIHEHHON M CMEIIaHHOM pealbHOCTH : yueOHoe mocooue / A. A.
Cwmomun, /1. [1. XKnanos, U. C. [Toremusn [u ap.]. — Cankr-IletepOypr : HUY U'TMO, 2018. — 59 ¢c. —
Texkcr:  snektponHsli /  Jlawp @  snekTpoHHO-OMOmuoreunas  cuctema. —  URL:
https://e.lanbook.com/book/136468 (nara obpamenus: 16.10.2022). — Pexxum goctymna: i aBTOPHU3.
I0JIb30BAaTENIEH.

3. HTMLS IomHsrit Kypc : yaeOHO-MeToandeckoe nocooue / M. P. boraanos, JI. B. Baxuosa,
. H. Iymuuxosa, JI. B. Munusipoa. — Ya : BI'TIY umenu M. Akmyimist, 2015. — 168 ¢. — Tekcer :



AIIEKTPOHHBIN // Jlanb : AJIEKTPOHHO-OMOINOTEYHAS cucrema. — URL:
https://e.lanbook.com/book/72507 (nata obpamenus: 16.10.2022
). — PeskuM mocTyma: Uit aBTOPH3. IOJIb30BATEICH.

4.3 JlonmoJiHUTEJbHAA JIUTEpaTypa
1. Rakesh Baruah: AR and VR Using the WebXR API. Springer, 2020.
2. Nijholt A. Virtual Worlds: A New Open Access Journal of Virtual Reality, Augmented and
Mixed Reality Technologies, and Their Uses // Virtual Worlds. 2022. T. 1. Ne 1. C. 18-109.
3. Bohdan B. Khomtchouk: WebAssembly enables low latency interoperable augmented and
virtual reality software. Arxiv [cs.HC], 2021

4.4 JjaekTpoHHBIE 00pa3oBaTebHbIE pecypchl
1. Be6 XR-mpunoxenus. LMS MockoBckoro nonurexa. DOP pa3pabareiBaetcs.

4.5 JluneH3HOHHOE ¥ CBOOOJTHO pacnpocTpaHsieMoe MporpaMMHoe odecriedeHmne
1. VS Code
2. SourceTree
3. Google Chrome

4.6 CoBpemeHHbIe IpodeccHOHATbHBbIE 0a3bl JAHHBIX U HH(OPMALIMOHHbIE CIIPABOYHbIE
CUCTEMBI
1. Oob6pa3zoBarenbHas miatdopma KOpaiit

2. DnexkTpoHHO-OMOIMOTEeYHas cuctemMa JlaHb
3. Hudposoii obpazoBarenbubliit pecypc [IPR SMART

5. MarepunajnbHO-TeXHHYECKOe o0ecrieyeHue

JlaGopatopHble pabOTBI M CcaMOCTOsITeNbHAas paboTa CTYIEHTOB MIOJDKHBI IMPOBOAUTHCS B
CIIEMAIM3UPOBAHHON ayAUTOPHUH, OCHAIEHHOH COBPEMEHHOH OPITEXHHKOH W IEPCOHAIBHBIMH
KOMITBIOTEPaMH C TPOTPAMMHBIM 00ECTIEYeHHEM B COOTBETCTBUH C TEMAaTHKOW U3y4aeMOT0 MaTepraia.
Yucno paboyux MeCT B ayAUTOPUH JIOJHKHO OBITh JOCTATOUHBIM Il 0OecredeHnsl MHIAMBUAYaIbHON
paboTsl ctyneHToB. Pabouee MecTo mperojaBaresiss JODKHO OBITh OCHAIIEHBI COBPEMEHHBIM
KOMIIBIOTEPOM C MOJKITIOUYEHHBIM K HEMY MPOEKTOPOM Ha HACTEHHBIN KPaH, MJIM HHBIM aHAJTOTMYHBIM
1o (PYHKIIMOHAIFHOMY Ha3HAYEHUIO 000PYIOBAaHUEM.

6. MeTtoauyeckne peKOMeH AU

6.1 MeTtoanuyeckue peKOMeHAANMH 1JIsl IPENnoiaBaTeJisi 10 OPraHUu3aluM 00yYeHus!

1. IIpy MOArOoTOBKE K 3aHATHAM ClEAyeT NpPEeJBAapUTEIbHO MPOopadboTaTh MaTepHall 3aHATHUSA,
IIPEYyCMOTPEB €ro Mojady TOYHO B OTBEIAEHHOE I ATOro Bpems 3aHATuA. ClenyeTr MOArOTOBUTH
Heo0X0IMMBbIE MaTepHaJIbl — TCOPETUUECKHUE CBEIEHNUS, 3a1a4H U 1p. [Ipu npoBeieHuy 3aHATUS ClIeTyeT
KOHTPOJIMPOBATh MOAAaUy MaTepuana 1 pelieHne 3aJaHuii ¢ y4eToM yueOHOTO BpeMEHH, OTBEJICHHOTO
JUTSL 3aHATHSL.

2. IIpu npoBepke paboT U OTUETOB CJEyeT YUUTHIBATh HE TOJIBKO MPABHILHOCTD BBHIMOJIHEHUS
3aJlaHuM, HO U ONTUMAIBHOCTh BHIOPAHHBIX METOJOB PEILIECHUs, MPAaBUIHHOCTh BBITOJIHEHUS BCEX €0
11aroB.

6.2 MeTtoanyeckue yKa3aHHs JJs1 00YYAIOLIUXCS 0 OCBOCHHIO THCIUTIIMHBI
B mpomecce camocTosTensHOW pabOThl CTYAEHTBHI 3aKpEIUIIOT M YIUIYOJSIOT 3HAHMA,
MOJIyY€HHBbIE BO BpeMs ayJUTOPHBIX 3aHATHI, AOpaOaThIBalOT KOHCIEKTHI M 3alHUCH, TOTOBATCA K
IPOMEXYTOUHOM AaTTeCTallid, a TaKXe CaMOCTOSTEeNbHO H3y4aloT OTAEIbHbIE TEMBbl Y4eOHOMH
MIPOrPaMMBI.
Ha 3aHgTHSX CTynEeHTOB, B TOM YHCJIE NPEANOJIAralolUX IPAKTHYECKYIO JESATEIBHOCTD,
OCYILIECTBIISICTCS 3aKPEIJICHUE MOJIyYEHHBIX, B TOM YHCJIE U B MPOLECCE CAMOCTOSTENbHON padoThI,



3HaHuid. Ocoboe BHMMaHHME OOpalaeTcsi Ha pa3BUTHE YMEHUH M HAaBBIKOB YCTaHOBJICHUS CBSI3U
MOJIOKEHU TEOPUH ¢ MPO(ecCHOHATLHOM NeSATeTbHOCTHIO OYAYIIETo CIeHaTUCTa.
CamocrosiTenbHass paboTa OCYIIECTBISICTCS HWHAMBUIYaTbHO. KOHTpPOJIH CaMOCTOSTENIbHOU
paboThI opranuszyeTcs B ABYX (popmax:
® CaMOKOHTPOJIb U CAMOOIICHKA CTYACHTA;
® KOHTPOJIb CO CTOPOHBI Mperno/iaBaTesiei (TeKyIui U NPOMEKYTOUHBIN).
Texymuil KOHTPOJIb OCYILIECTBISIETCS HA ayAUTOPHBIX 3aHATUSAX, TPOMEKYTOUHBIH KOHTPOJb
OCYILECTBIISICTCS HA 3a4€Te B MMUCbMEHHOM (yCTHON) opme.
Kputepusamu olieHKH pe3ysIbTaTOB CAMOCTOSITEILHOM paboThl CTYIEHTA SBIISIOTCS:
® YPOBEHb OCBOCHHS CTYJCHTOM YU4E€OHOTO MaTepuaa;
¢ YMCHUA CTyACHTA HUCIIOJIB30BaTh TCOPCTUYCCKHUC 3HaHUA npu BBIITOJIHCHUH
IPAKTUYECKUX 3aau;
e chopMHpPOBAaHHOCTH KOMIETEHIIHIA;
e odopmMieHHe MaTepralia B COOTBETCTBUH C TPEOOBAaHUSIMHU.

/. DOoH/ OLIEHOYHBIX CPEACTB

7.1 MeToabl KOHTPOJISI U OLIEHUBAHUSA Pe3yJIbTATOB 00y4eHU sl
B mponecce 00ydeHHs] HCHONB3YIOTCS CIEAYIOIIME OLEHOYHBIE (DOPMBI CaMOCTOSITEIbHOM
paboTBI CTYJIEHTOB, OIICHOYHBIC CPEJCTBA TEKYIIETO KOHTPOJS YCIIEBAEMOCTH M IPOMEXYTOYHBIX
aTTeCTallun:
e BrimosiHeHHe 1a00paTOPHBIX pabOT

e [IpoMeKyTOYHOE TeCTHPOBAHKE (ITOCPEACTBOM U3YUEHHS TEOPETHUECKUX MAaTEPHAIIOB B
cucreme LMS)
e UTOroBoe TecTHpOBaHHE

7.2 Ikajga u KPpUTEPUH OLIEHUBAHUA Pe3yJIbTATOB 00y4YeHH s
HTorosas oleHKa MO JUCLUIUIMHE PACCUUTHIBACTCS KaK CpeJHEe B3BELICHHOE BCEX OLIEHOK B
cootBeTcTByIomEeM Kypce LMS MockoBckoro nosimrexa ¢ MpUMEHEHHEM BECOBBIX K03(PHIINEHTOB,
MIPEJCTAaBICHHBIX HIXKE:
e JlaGoparopHsie pabotsl — 0,8
e Hrorosoe tectupoBanue — 0,05
e (OsnakomieHue c reopuei — 0,15
OneHka 3a KaXIyl J1abopaTopHyrO pabOTy BBICTABISETCA HCXOAs U3 (PAKTUUECKOTO
BBITOJIHEHUS] BCEX IOCTABJICHHBIX 33/a4 C Y4€TOM CPOKOB HCIOJHEHHMS: 3a Kaxayi | Hexmenmro
MIPOCPOYKH 3aJaHUs U3 OLIEHKH BblunTaercs 10 6amios.

I[J'IH MOJIYUYCHUA MOJOKUTEIbHON 3K3aMeHaHHOHHOI>'I OLCHKU CTYACHTY HeO6XOI[I/IMO Ha6paTB
BCEr0 MUHHUMAJILHO 55 0ajjIoB 1o AUCHUILIMHE U 3aBCPUINTD HTOTOBBII TECT C PE3YIBTATOM HC MCHEC

55%.

Jnanazon
Ixama oneHUBaHUA Omnucanue
OamioB
He 3aureno 0-54 He nocturnyto moporoBoe 3HaueHHE XOTs ObI AJIS1 OAHOTO YPOBHS

(bopMHpYEMbBIX HAa MOMEHT ITPOBE/ICHUS ATTECTAI[UH KOMIIETEHITUH.
He BeimonHeHn oauH wim Oonee BUAOB y4deOHOH paboOTHI,
NPEayCMOTPEHHBIX y4eOHBIM TuIaHOM. CTYAEHT IEMOHCTPUPYET
HETIOJIHOE COOTBETCTBUE 3HAHWUM, YMEHHI, HABBIKOB ITPUBEICHHBIM
B Ta0JIMIIAaX TOKa3aTeseH, MOMyCKalOTCs 3HAYUTEbHbIC OIINOKH,
NPOSIBIISIETCS OTCYTCTBHE 3HAaHUM, YMEHHH, HAaBBIKOB MO PAIY
noKazareie, CTYJCHT HCIBITHIBACT 3HAYUTEIbHBIC 3aTPyHEHHUS
NpY OTIEPUPOBAHHUN 3HAHUSMH W YMEHHSMU NP UX MEpeHOce Ha
HOBBIE CUTYalllH.

3auTeHo 55-69 Cpennee 3HaueHwe Ui BceX (OPMHPYEMBIX Ha MOMEHT
MIPOBEICHMSI ATTECTAIIMH YPOBHEH KOMIIETEHITNI — 3. BhITTOTHEHBI




BCE BH/BI Y4eOHOH paboThl, IPEAyCMOTPEHHBIC YIEOHBIM ITAHOM.
CTyoeHT [eMOHCTPUPYET COOTBETCTBHE 3HaHWH, B KOTOPOM
OCBELIECHA OCHOBHAs, HauboJee BaXKHas 4acTh MaTepuaa, Ho IIpH
9TOM JONYLICHA OJJHA 3HAUYNTEIbHAs OIMOKA MM HETOYHOCTb.
70-84 Cpennee 3HaueHWe Ui BceX (OPMHPYEMBIX Ha MOMEHT
MIPOBEJICHUSI ATTECTAIINY YPOBHEH KOMIIETEHINH — 4. BrImoHeHBI
BCE BHJBI Y4eOHOH paboThl, IPEAyCMOTPEHHBIC YIEOHBIM IITAHOM.
CTyneHT NEeMOHCTPHPYET HENONHOE, MPaBHIbLHOE COOTBETCTBHE
3HAaHUHM, YMEHHMH, HaBBIKOB IPUBEJICHHBIM B  TalnMuax
nokazarened, nTUOO eciM TPU OSTOM OBUIM JOMyIIeHBl 2-3
HECYIICCTBCHHBIC OINOKY.

85-100 | Cpemnee 3HaueHwe i1 BceX (OPMHPYEMBIX Ha MOMEHT
MIPOBEICHUS aTTECTALlMA YPOBHEN KOMIIETEHIUI — 5. BeIONIHEHBI
BCE BHJBI Y4eOHOH paboThl, IPEAyCMOTPEHHBIC YIEOHBIM IITAHOM.
CTygeHT JeMOHCTPHpPYET COOTBETCTBUE 3HAHWMK, YMCHHH,
HaBBIKOB IPHUBEICHHBIM B TaluuIax I[OKa3aTelel, Oomepupyer
NprOOPETEHHBIMU 3HAHUSIMU, YMCHHUSAMH, HaBbIKAMH, IPUMEHSET
UX B CUTYallUsIX MOBBIIIEHHON CIIOXKHOCTH. [Ipu 3TOM MOTYT OBITH
JIOITyLIIEHbl HE3HAUYUTEIbHbIE OINOKN, HETOYHOCTH, 3aTPyIHCHHS
IpY aHAJTUTUYECKUX OIepalusixX, IepeHoce 3HaHUM U yMEHHH Ha
HOBBIC, HCCTAHAAPTHBLIC CUTYalluU.

7.3 OueHoYHbIE CpeACTBA

7.3.1 Bompocsl k 3a4eTy
1. Yro Takoe BeO6 XR U KaKOBBI OCHOBHBIE TPUHIUIIBI €T0 (DYHKITHOHUPOBAHUS?

2. Kakue oCHOBHBIE TEXHOJIOTUH HCIOIB3YIOTCS s co3aanus BeO XR-npuoxermii?

3. B yem 3axmoyaroTcs OTIMYMS MEKAY BUPTYyalbHOH peanbHOCThIO (VR), momonneHHON
peanbHOCTBIO (AR) 1 cMemanHo# peanpHOCTRIO (MR)?

4. Kakue ocoOeHHOCTH BeO-pa3paboTKu HEOOXOMMO YUYUTHIBATh MPH co3aaHuu BeO XR-
MIPUJIOKEHUI?

5. UYrto takoe Three.js, u A5 Kakux 1eiei OHa UCTIONB3yeTCsl B KOHTeKCTe BeO XR?

6. OmnwumuTte mporecc co3anus npoctoit 3D-CLeHbI ¢ UCTI0Ib30BaHHEM OMOINOTEKH A-
Frame.

7. Kakue ocHOBHBIE TPOOIEMbI TPOU3BOAUTEILHOCTH BO3ZHUKAIOT NpH padote ¢ BeO XR-
MPUIOKEHUSAMHU U KaK UX MOXHO ONTHUMU3HPOBATH?

8. Uro Takoe Babylon.js, 1 KakKOBBI €ro MPEUMYIIIECTBA 110 CPABHEHHUIO C IPYTHMHA
¢dpeliMBopkamMu 11711 pazpaboTku XR-nipunoxeHnit?

9. Kakue HHCTPYMEHTbI U METOAMKH UCIOIB3YIOTCS AJIs TecTUpoBaHus BeO XR-
MIPUJIOKEHUI?

10. Kak B3auMmozeiicTBue nojib3oBaTens ¢ XR-NpuIokeHUsIMH BIUSET Ha TU3aiiH
MOJI30BaTEILCKOT0 HHTEp(eiica?

11. Kakwue CymiecTBYIOT METOBI 3aIUTH KOH(HUICHIINATLHOCTH ¥ 0€30MacHOCTH JJAHHBIX B
BeO XR-npusnoxxeHusx?

12. Kakwne ocoOeHHOCTH pabOTHI C ayAHO W BUJEO KOHTEHTOM HEOOXOIMMO YIUTHIBATH MTPH
pa3pabotke BeO XR-nipuinoxeHnit?

13. Kak peanusyetcs moajepxKa pa3IMuHbIX TUIIOB BXOJHBIX YCTpoiicTB B BeO XR-
MIPUIOKEHUSAX?

14. Kakue OCHOBHBIE 3Talbl )KU3HEHHOTO 1IMKJIA MpoeKTa B obnactu Be6 XR u kak oHH
COOTHOCATCS C OOIIMMHU MPUHIUIIAMU Pa3pabOTKU MPOrpaMMHOro obecreyeHus ?

15. Kakwue cymiecTByroT moixo/ibl K MHTerpauuu Bed XR-npusoxenuil ¢ [pyrumMu cucteMamMmu
u arpopmamu?



16.

17.

18.

19.
20.

Kakue TpeboBaHus NPebABIAIOTCS K anlapaTHOMY obecrieueHuto A 3(peKTuBHOM
pabotsl BeO XR-npuiioskeHuit?

B 4em 3akimo4aroTcss 0cOOEHHOCTH CETEBOTO B3aUMOJICHCTBHS U TIepeiadr JaHHBIX B BEO
XR?

Kak perynupyertcst BOrpoc HHTEIIEKTyalIbHOM COOCTBEHHOCTH IpH pazpadboTke Bed XR-
MPUITOKEHUNA?

Urto takoe nmmepcuBHbINA BeO (Immersive Web) u kak oH cBsizad ¢ BeO XR?

Kak Oynymue TexHonoruueckue TeHASHIUA MOTYT MOBJIUAThH Ha pa3BuTue Bed XR-
MPUITOKEHUNA?



