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Kypc 2 cemectp 3.4

nexiyy 18 yac.

npakTidgeckuye 3ausTes () gac.

J1abopaTopHbIe paboTHI 54 vac.

BCEI0 YacoB ayIUTOPHOU HArpy3Ku 72 yac.
camocTosTeibHast padota 144 gac.

KOHTPOJIbHBIE PAa0OTHI MPOrpaMMOi HE TPEyCMOTPEHBI
KypcoBasi pabOoTa/TIPOEKT — He MPETyCMOTPEHO

3a4eT ¢ OIEHKOM— 3,4 cemecTp

9K3aMeH - He MPETYCMOTPEHO YIEOHBIM TTaHOM

PabGowas mporpamma cocTaBieHa B  COOTBETCTBHM C  TpeOOBaHMSIMU  (elepanbHOro
rOCYJapCTBEHHOI'O  00pa3oBaTEeNbHOIO  CTaHAapTa  BBICIIET0  OOpa3oBaHUSl 1O  HANpPaBICHUIO
noaroroBku 09.04.01 — HWupopmaTtnka © BBIYMCIUTEIbHAS TEXHHUKA, YTBEPXKIACHHOTO TPUKA30M
MunuctepcTBa o0pazoBanus 1 Hayku Poccuiickoit @eneparuu ot 30.10.2014 Ne 1420

Pabouas mporpamma paccMOTpeHa M yTBepkieHa Ha 3aceqanuu [upexumu Ilkomnsl nudpoBoit
9KOHOMUKH 24 uroHs 2018 r., mpoToxos Ne2

CocraBurenn(n): k.1.H. 3mey B.K.; acc. CnopeimieB M.C.



O06opoTHasi CTOPOHA TUTYJILHOTO JincTa PII]]

|. Pabouasi mporpamMma nepecmorpena Ha 3aceganuu Jupexuun xous1 nndpoBoii IKOHOMUKH:
IIporokoi ot « » 20 r. Ne

3amecturens aupexropa LD
10 y4eOHOH 1 BOCIIUTATENBEHOM paboTe

(Tmoammck) (1.0. ®amumus)

I1. Pabouasi mporpamma nmepecmorpena Ha 3aceganuu Jupexuun Ixossl nngpoBoii IKOHOMUKH:
IIporokoi ot « » 20 r. Ne

3amecturens aupekropa D
110 y4eOHOH M BOCTIUTATEILHON padboTe

(Tmoammck) (1.0. ®amumus)



AHHOTAIIUAS

Pabouast mporpamma y4eOHOU AUCHUIUIMHBI « T€XHONOTHMM BUPTyalIbHOU WU
JOTIOJIHEHHOM PEAbHOCTH B ITPOMBIIUICHHOM IIPOW3BOJCTBE» MpEAHA3HAYEHA IS
CTYJCHTOB, 0OyUaromuxcs 1o HanpasyieHuto moarotorku 09.04.01 Uudopmartuka u
BBIUMCIIUTEIbHAS TEXHUKA (YPOBEHb MAarucTparypsl), npodgmib «TexHonoruu
BUPTYaJbHOU U JOTIOJHEHHOU PEaIbHOCTI.

Pabouast mporpamMma pa3paboTaHa Ha OCHOBE MakeTa padodeil mporpammbl
y4eOHOM MUCHUIUIMHBI JJI1 00pa30BaTeIbHBIX MPOTPaMM BBICIIEIO 0Opa3oBaHUS —
nporpamMm OakajaBpuaTa, crenuaiuTera, maructparypsl [IBDOY, yrBepx)aéHHoro
npukazoM pexropa [IBDY ot 08.05.2015 Ne 12-13-824.

Juconmumaa «TexXHOIOTMM BHPTYyaJlbHOM M JONOJHEHHOW PEAJBHOCTH B
OPOMBILUIEHHOM  IPOU3BOJCTBE» BXOAUT B  BapuUaTUBHYIO 4YacTb OJoka
«Aucuumnuuel (Moxynu) no Beidopy» (b1.B.JIB.02) ydyeOHOro miaHa moAaroToBKU
MarucTpoB.

OOmasi TPyJOEMKOCTh OCBOEHHS JUCUUIUIMHBI COCTaBIseT 6 3a4eTHBIX

eauHul uiam 216 gacos. JlucuunimHa peann3yercs Ha 2 Kypee B 3 u 4 cemecTpe.

AyIUTOPHBIC 3aHATHUS Bcero no aucrumimHe
J::g;ﬁ Camocrosi-
Cemectp HGEHH Lle Beero Tegg::; KonTpons Yacks iat;eHT;r,ﬁ
pabot P FTHIL
bI
Jcemeerp | - 36 | 36 72 3aser 108 3
OLICHKOMN
hcewecrp | 18 | 18 | 36 72 3auer 108 3
OLICHKOM
Bcero 18 54 72 144 216 6

[IpoMBILIJIEHHBIE ~ TPEANPUATHS  BBIHYXKJIEHbI  OCBAaUMBATh  TEXHOJOIUU
BUPTYaJbHOW PEabHOCTH, €CJIM XOTAT BnHcaTbea B uctoputo «Uumycrpun 4.0.»,
BCTaTh HAa NYyTh HUGPOBU3AIMU U TOJTHOM aBTOMATHU3allUU MPOU3BOJACTBEHHBIX
nporieccoB. «MHTepHeT Bemiei», VR u AR — BaxkHbIE COCTaBHBIE YaCTH HOBOMU

OopraHu3aluu Ou3Hec-MoJeeH.



https://www.i-scoop.eu/industry-40-virtual-reality-vr-augmented-reality-ar-trends/

Henab wu3ydyeHuss TMCUMIUIMHBI — U3Y4YEHHUE. TEXHOJOTMU M aJTOPUTMOB
BupTyasibHOM (VR) 1 gononHeHHoi peabHOCTH (AR); monyyeHue nmpakTHYECKUX
HABBIKOB 10 MpUMeHEeHUI0 BUpTyanbHOU (VR) u nononnenHoit peansHoct (AR) B
MIPOMBIIIJICHHOM TIPOU3BOJICTBE

3agaun:

U3YYEHUE OCHOBHBIX TEXHOJOTUHA W TMOJYyYEHHUE MPAKTUYECKUX HABBIKOB B
oOnacTtu co3aanus npuioxennii VR n AR 17151 pOMBIIIEHHOCTH:

- IU3aiiH U IPOTOTUNHPOBaHUE (AU3ailH HOBBIX MPOJYKTOB) — CO3JaHUE
rojorpapuueckux Mojieiei B peadbHOM BPEMEHH C IIeJIbI0 CUMYJIMPOBATh Pa3HbIC
BapUAHTHl HCIIOJIb30BAHUSA, TPUMEPSITh pPA3NUYHBIE CIICHAPUU TMPUMEHEHUS
IPOJYKTa U MpeJICKa3bIBaTh MOTCHIIMAIbHBIE OIMOKU TU3aiiHa;

- cOOpKa MPOAYKIIMM — TEXHOJOTUU «CMEUIaHHOW» pPealbHOCTH MOTYT
3HAYUTENIbHO O0JIETYUTh COOPKY KOHEUHOW MPOIYKIMH, COCTOSALIEH U3 MHOXECTBA
AJIEMEHTOB;

- MIPOBEpPKA KAYeCTBA — TEXHOJIOTUU JIONIOJIHEHHON peaJTbHOCTH MTOMOTYT
YIPOCTUTH CJIOKHBIM M OTHUMAIOLIMI MHOTO BPEMEHHM MPOIIECC MPOBEPKH KayecTBa
MPOJYKLHUU Ha 3aBOJIE-U3TOTOBUTEIIE;

- CEpPBUCHOE OOCIYKMBAHHE — TEXHOJIOTMH, MOMOTAalOUIME B PEaTbHOM
BpPEMEHU ITPOBOJIUTH PEMOHT U 3aMEHY alllapaToB;

- BUPTYaJbHBIE TPEHAKEPHI — CaMblii BOCTPEOOBAHHBI Ha CETOMHS
BapHaHT MpUMeHEeHHs VR B MpoMBbIIIIEHHOCTH — 00y4YeHHe NepcoHaia (0nepaTopoB
Y CIICIUATIMCTOB TOJJICPHKKH ).

Jnst mpoXosKaeHus Kypca noTpedyroTcs 0a30Bbie 3HAHUS JIMHEHHOMN anreOphl,
muddepeHnnanTbHOT0 UCYUCIICHUS, S3bIKOB TporpammupoBanus: C/C++ 11 wunm
HOBee u/mwiu Python.

B pesynbrare naHHOW JUCHUIUIMHBL Yy OOydYaromuxcs (HOPMUPYIOTCS

cnenyromme mpodeccuoHanbHbIE KOMIETEHITUH (3JIEMEHTHI KOMIIETEHITUH ).

Koa u popmyiupoBka
A (popmy.aup Jransl popMUPOBaAHUS KOMIIETEHIIUN

KOMIIETCHIIUH
I1K-8 — CIOCOOHOCTH | 3HaeT - METO/Ibl IPOEKTUPOBAHUS PACIPEIEIECHHBIX
MIPOEKTUPOBATH MH(OPMALIMOHHBIX CUCTEM
pacIpe/lCICHHBIC Ywmeer - MNPOEKTUPOBATH PACTPEICTCHHbBIC
MH(QOPMAIMOHHBIC ~ CHCTEMBI, MH(POPMAIIMOHHBIE CUCTEMBI, UX KOMIIOHEHTHI U




X KOMIIOHEHTBI U TTPOTOKOJIbI
HUX B3aUMOJCUCTBUSA

IIPOTOKOJIBI UX B3 aHMOHeﬁCTBHﬂ

Bnaneer

HaBBIKAMH IPOCKTUPOBAHUS PACIIPEACTIEHHBIX
CHUCTEM, X KOMIIOHEHTOB ¥ ITPOTOKOJIOB MX
B3aUMOJEHUCTBUSA

I[IK-13 — cnocobHOCTh K
IIPOrpaMMHOMN peanuszanuu
pacnpenesIeHHbIX
MH(POPMAIIMOHHBIX CHCTEM

3Haer

OCHOBHbBIE CTaHAAPTHI B 00JIACTH OpraHU3aluu
JOCTYTA K pacipeIeICHHBIM HHPOPMAIIHOHHBIM
cucTemMam;

OCHOBHBIE€ TEXHOJIOTHH peaTn3aliu
pacipenesieHHbIX CUCTEM;

OCHOBHBIC TEXHOJIOTHH ITOUCKa NHPOPMAITUHU B
pacnpe/iesieHHbIX HHPOPMAIIMOHHBIX CUCTEMAX;
OCHOBHBIE TEXHOJIOTHH MPECTABICHUS U NIepeIaun
CTPYKTYpUPOBAHHOIN HH(OpPMALINH B
pacnpeeieHHbIX HH)OPMAITMOHHBIX CHCTEMAX

VYwmeer

IIPOEKTUPOBATh PaCIPEICIICHHbIE
UH(POPMALIMOHHBIE CUCTEMBI;

pa3pabarbiBaTh CEPBEPHOE U KIMEHTCKOE
IporpaMMHOe 00ecrieyeH sl pacipeieeHHbIX
MH(POPMALIMOHHBIX CHCTEM;

I10JIb30BAThCSl ApXUBaMU CBOOOIHO
pacIpoCTpaHsIeMOro NporpaMMHOI0 00eCTIeYeHNUS;
KOHCTPYMPOBATh MPOTrpaMMHbIE KOMIUIEKCHI JJIs1
pacrpeeeHHbIX HH(OPMALIMOHHBIX CUCTEM;
OpraHM30BBIBATh IPEOOpPA30BAaHUE TAHHBIX Ha
OCHOBE CTaHJIapPTHBIX TEXHOJIOTUH;

CO3/1aBaTh MOJIb30BATEIILCKUE HHTEP(ENCHI 115
JI0CTyIa K pacnpeieIeHHbIM HH(POPMALOHHBIM
CHCTEMaM.

Bnaneer

HaBBIKaAMMU:

IIPOrPaMMHOM peanu3alyy pacipeaciIeHHbIX
MH(OPMALIMOHHBIX CUCTEM;

KOHCTPYUPOBAHUs IIPOTPAMMHBIX KOMILIEKCOB JUIS
pacnpeesieHHbIX HH(POPMAIIMOHHBIX CUCTEM;
CO3/1aHUs M0JIb30BaTENILCKUX UHTEPECcOoB s
JIOCTYTa K pacipeeIeHHbIM HHPOPMAIIMOHHBIM
CUCTEMaM.

IIK-16 -
CO3/IaHMIO
IIPOTOKOJIOB

CIIOCOOHOCTh K
cnyk0 ceTeBbIX

3Haer

CCTCBBIC TCXHOJIOTHU U ITPOTOKOJIBI;
ITPUHIHUIIBI TIOCTPOCHUS CETCBOI'O B3aHMOﬂeﬁCTBHH

VYmeer

MIPOrpaMMHUPOBATh CIYkKObI CETEBBIX TPOTOKOJIOB

Bnaneer

HaBbIKaMH CO3JJaHUA CJ'IY)K6 CCTCBLIX ITPOTOKOJIOB

IIK-19 — cnocoGHOCTE K
IIPUMEHEHUIO  COBPEMEHHBIX
TEXHOJIOTUI pa3paboTku
IIPOrPaMMHBIX KOMIIJIEKCOB C
HCII0JIb30BAHUEM CASE-
CPEICTB, KOHTPOJIMPOBATH
KauecTBO  pa3pabaThIBaeMbIX

MPOrpaMMHBIX TPOJTYKTOB

3HaeT

COBpPEMEHHBIE CPEACTBAa aBTOMATH3AIMH TIpoIiecca
pa3paboTku HHGOPMAITMOHHBIX CUCTEM H
nporpammuoro obecrieuenust (CASE-cpenctpa);
OCHOBHBIE (DYHKIIMOHAJIbHBIE, TEXHUYECKUE U
OKCILTYaTallHOHHBIC XapaKTCPUCTUKH,
MpenbsBIsieMbIe K Pa3padaThIBA€MbIM
NIPOIPAMMHBIM NIPOAYKTaM

Ywmeer

pa3pabarbIBaTh IPOrpaMMHbIE KOMILIEKCHI C
ucnosib3oBanneM coppemeHHbIX CASE-cpencrs;
KOHTPOJIMPOBATh KAYECTBO pa3padaThIBaeMbIX




MPOrPaMMHBIX MTPOJYKTOB

Bnaneer | - HaBbikamu ucnosb3zoBanus CASE-cpencts;
-  METOJAaMH aHa/IM3a U MOBLIIICHUS KaUecTBa
MIPOTPAaMMHBIX MPOAYKTOB

Jlis popMHUpOBaHUS BBIIIEYKA3aHHBIX KOMIIETEHIMN B paMKaxX JUCLUIUIMHBI
«TexHomornn BHPTyaIbHOM U JONOJHEHHOW PEAIBHOCTH B IMPOMBIIIIEHHOM
IPOU3BOJCTBE» MPUMEHSIOTCS CIEAYIOINE METOJbl AKTUBHOTO/MHTEPAKTUBHOTO
oOyueHus: Jekusa-06ecea, METOI aBTOMAaTU3UPOBAHHOTO O0YUECHHUS.

[Ipy BBINOIHEHMM PA3IUYHBIX BHUJOB pabOT HCIONB3YIOTCS CIEIYIOIINE
TE€XHOJIOTHH:

1. Ilpobnemnoe  obyuenue  —  CTUMYJIHMPOBAaHHE  OOydYaIOIIUXCSA K
CaMOCTOSITEIbBHOMY  MPUOOPETCHUIO 3HAHWUM, HEOOXOIUMBIX JUISI  PEIICHUS
KOHKPETHOH MpOOJIEMBI.

2. KonmexcmHoe ob6y4eHue — MOTUBAIUS CTYJICHTOB K YCBOECHUIO 3HAHUN MTyTEM
BBISIBJICHUE CBA3EH MEX/1Y KOHKPETHBIM 3HAaHUEM U €r0 IPUMEHEHHUEM.

3. Obyuenue Ha ocHoge onvima — aKTHUBU3AIUS TIO3HABATEIILHON JEATEIBHOCTH
oOyuaromuxcst 3a CU€T accolMaldd U COOCTBEHHOTO ONBITa C MIPEIMETOM
o0yueHwus.

|. CTPYKTYPA U COJJEPKAHUE TEOPETUUYECKOM YACTU KYPCA

4 cemecTp
Jlekuumu (18 yacoB)

Tema 1. OCHOBBI TEXHOJIOTHI BUPTYaJIbHOM U JOMOJTHEHHO 2 waca
PeaJIbHOCTH

ba3oBpie TIOHATUSA M OIPEACIICHUS TEXHOJIOTMHA BUPTYaJIbHOU M
paclIMpeHHON PEATBHOCTH. OYHKIIMOHAIIbHBIC BO3MOKHOCTH
COBPEMEHHBIX MPUJIOKEHUHN U Cpell C UMMEPCUBHBIM KOHTEHTOM. Cepnl
NPUMEHEHUSI W MUCIIOJb30BAHUS  TEXHOJOTMM  BHUPTYaJbHOM W
pacuIMpeHHON peasbHOCTU. COCTaBISAIOIIME MMMEPCUBHOIO KOHTEHTA.
Nnes n cueHapuil i NPWIOKEHUM Pa3HOrO YpPOBHS IOTPYKEHUS B
BUPTYaJIbHOE IIPOCTPAHCTBO.
Tema 2. YcTpoiicTBa BU3YAJIU3AUNH U B3aMMOAEHCTBUSA 1JIs1 2 qaca
HMMEpPCUBHBIX Cpej

Knaccudukanus ycTpoicTB BU3yalln3aluu U B3aUMOJEHCTBUS JIJIs
MMMEDPCUBHBIX Cpell. Y CTPOMCTBA BU3Yyalu3aliy BUPTYaJbHbBIX
00bekTOB: VR 111€Mbl, OYKH JTOMOJHEHHON peabHOCTH, TAHEN U
MOHHTOPBI AJIs1 0OTOOpaKEHUSI BUPTYyaJIbHBIX OOBEKTOB. Y CTPOMCTBA




B3aUMOJICHCTBHS C BUPTYaJIbHBIMU OOBEKTAMH B HMMEPCHBHBIX CpElax:
CUCTEMBI TPEKHUHTa T'0JIOBBI, 7143, ABMKEHUN Tena; nepyatku, 3D
KOHTPOJUIEPHI, YCTPOMCTBA C OOPATHOM CBA3BIO, IIIAT(OPMBI, JATUUKH.

Tema 3. PazpaboTka npu/io:KeHHuil JONMOJTHEHHOH PeaIbHOCTH

PacnioznaBanue 006pa3oB. MeTonibl pacnio3HaBanust 00pa3oB. Tumsl
3aJ1a4 pacrno3HaBaHMs 00pa30oB. TEeXHOJIOTUH TONOJHEHHON pealbHOCTH.
ApxuTekTypa TPWIOKEHUNA JOMOJIHEHHON peambHOCTU. Cdeps
OPUMEHEHUS JOINOJIHEHHOW peanbHOCTH. OrpaHUYeHHs] TEXHOJIOTMU
JOTIOJIHEHHOW peanbHOCcTU. O030p CpeACTB pa3paboTKU MPHIIOKEHHIM
JOMOJTHEHHOW PEaJbHOCTU. MapKepHbIE TEXHOJIOTMM JOTOJHEHHOU
peanbHOocTU. CO3/1aHUE MPOCTEUIINX CTATUYECKUX U AUHAMU4Yeckux QR-
KOJIOB.

4 gaca

Tema 4. Pazpa0doTKka npu/oKeHU BUPTYaIbHON PeaibHOCTH

OcuoBsl padoTsl ¢ SDK Unity 3D. Co3znanue VR-mipunoxeHus ¢
ucnonb3zoBaHueM SDK Unity. CeHcopbl, MaHUIYJIATOPBI, YCTPOMCTBA
pacno3HaBaHUs KECTOB. [Iporpammuoe o0ecnieueHus
(YHKIMOHUPOBAHUS aNNapaTHOW COCTABJISIONIEH B3aUMOJEHCTBUSA C
oObeKkTaMH BHUPTyaJIbHOW peanbHOCTH. HcmomszoBanme Unity Web
Player. Borpockl ontuMu3aium.

4 gyaca

Tema 5. Pazpa0doTka BbICOK03()(PeKTUBHBIX MPUIT0KECHUI
BHPTYAJbHOH ¥ PACHIMPEHHOH PeaIbHOCTH

Pasuuna mexay AR, Virtual Reality (VR) u Mixed Reality.
Oo6opynoBanue. Bemymue kommnanun-paspadorunkn VR/AR mpoekTos.
[Tnatdopmbl ansa pazpaboTku mpuioxeHuid AR. Drambl pa3paboTku:
BBIOOp cpeapl € Y4YeTOM OCOOCHHOCTEH (MOOMJIBHOE NPHIIOKEHHE,
IPOMBIIIUICHHBIH WIH KOPIOpPaTUBHBIN KOHTEKCT), BBIOOp
MHCTPYMEHTAJIBHBIX ~ CPEACTB, pa3padoTKa [au3aiiHa, KOJIHUPOBAHUE
(otobpaxeHnue, B3aMMO/ICVCTBUE, MOJIZIEPKKA), TECTUPOBAHHUE.
Texnonorus pazpadbotku AR-nipunoxenus B Unity.

4 gaca

I1. CTPYKTYPA U COJEP)KAHUE IPAKTUYECKOMN YACTH KYPCA

3 cemecTp
JlaGoparopHblie padoTsbl (36 yacos)

JlaGopaTopHnasi padora Nel. OcnoBbl Robot Operating System
(ROS)

TpeOyetcst ycranoButh ROS, coOpaTh nepBhIi MPOEKT. 3aIMyCTUTh
turtle-bot 1 Moy yripaBieHHUS ¢ KIIABHATYPHI.

5 yacos




JlaboparopHnasi pa6ora Ne2. OcHoBbl Gazebo

B kadecTBe mpakTUYECKOTO 3aJjaHusl IpeanoiaraeTcs 3a1auu B
cumynsarope Gazebo. Mcnonb30BaTh JIFO0YIO CYIIECTBYIOIIYIO MOJICTh
pobota u cpenpl. Crenath ynpaBiieHHEe poOOTOM C KIIaBUATYPHI.

5 gacoB

JlaGopaTopHasi padora Ne3. AJIropuTMbI IVIAHMPOBAHUS
JABHKEHHEM

PeanuzoBath anroputM o0xojaa Bcel JOCTYMHOM 00JacTH B cpefie
Gazebo u mpoTecTHUpoBaTh Ha 000 MOIEIH poOOTa.

5 yacoB

JlaGopaTopnas padora Ne4. SLAM
PeanuzoBaTh noctpoeHue kapthl ucnoiab3ys LIDAR. PeanuzoBars
MIOCTPOCHUE KAPTHI UCTIONB3YS KapTy ITyOUH C KaMEpHI.

5 yacoB

JlabGopaTopnas padora NeS. Jleraommue poootsl UAV (BILJIA)

B xauecTBe mpakTUYECKOT0 3aJlaHusl IPeAnoaraeTcs 3a1a4u B
cumynarope Gazebo, a Takxke paccMaTpuBaeTCs BapUaHT C
BBITIOJTHEHUEM Ha peaJIbHOM pOoOOTeE.

6 yacoB

JlabopaTopHas padora Ne6. O0padoTka n300paxKeHuid, 10NMOJTHEHHAS
peanbHOCTh (AR)

B xadecTBe NpakTUYECKOTO 3a1aHUsI paCCMAaTPUBAETCS
OTCJIC)KMBAHUE KaMEPhI, OTCIICKUBAHUE JBUKYIIIUXCS MaPKEPOB

5 yacos

JlaGopaTopHasi padora Ne7. BzaumopeiicrBue Jroaeii 1 podoToB
(HRI)
Peann3zoBath pacrno3HaBaHUE KECTOB

5 yacos

4 cemecTp
JlabopaTopHblie padorsi (18 yacoB)

JlaGopaTopHas padora Nel. BzaumoaeiicrBue jwoaeii u poooros, AR.
Tpebyercst peann3oBaTh BU3yaIU3alMIO PELICHUM, TPUHUMAEMbIX
POOOTOM C MOMOIIBIO JOTIOJTHEHHOM peanbHOCTH.

6 yacoB

JlaGopaTtopnasi paGora Ne2. HuTepdeiic ynpasieHusi podoTomM C
MOMOIIBI0 BUPTYAJIbHOM PeajlbHOCTH

PeanuzoBarh Bu3yalnM3alMi0 JaHHBIX C Kamepbl C TOMOIIbIO
BUPTYQJIbHOM pPEAJIbHOCTU. YTPABICHHUE JIETATENbHBIM aIlapaToM C
nomoIibo koHTposuiepoB HTC Vive win aHaIOrHYHBIX.

6 yacoB

JlaGopaTopHasi padora Ne3. Peanm3zanusi Ha peajJbHOM podoTe
Peanmuzanust anroputma 00xoma oOjacTh  HE  peaJbHOM

6 yacoB




JeTaTeNnbHOM anmnapare (IpoHe). Busyanuzanus B VR.




III. YHEBHO-METOANYECKOE OBECIIEYEHUE
CAMOCTOSATEJBHOMN PABOTBI OBYUAIOIIUXCSI

VY4eOHO-MEeTOIUYECKOE oOecrnieueHue CaMOCTOATEIIBHON paboThI
oOydaronuxcst Mo AUCHUIUIMHE «TEeXHOJOTMH BHPTYyaJIbHOM W JONOJIHEHHOU
pEaNbHOCTH B IIPOMBIIUICHHOM IIPOU3BOACTBE» MpeicTaBiieHO B [Ipunoxenun 1 u
BKJIIOYAET B ceOs:

- IUIaH-TpaUK BBHIMOJIHEHHUS] CAMOCTOSITENIFHONW PabOThI MO TUCIUILIMHE, B TOM

YKCJIe IPUMEPHBIE HOPMBI BPEMEHHU Ha BBIIIOJIHEHUE 10 KAXA0MY 3aJJaHUIO;

- XapakTEepUCTUKA 3aJaHUi [JIsI CaMOCTOSATEIbHOM padoThl OOydarIMXcid WU

METOMYECKUE PEKOMEHIAlUHU 10 UX BBIIIOJIHEHHUIO;

- TpeOoBaHUS K MPEJCTABICHUIO U O(DOPMIICHHIO PE3YJIbTATOB CAMOCTOSTENBHOM
paboTHI;
- KpUTEpPUHU OLEHKH BBIITOJHEHHS CAMOCTOSTEILHOM paOOTHI.

IV. KOHTPOJIb JOCTUXKEHUS LIEJIEH KYPCA

KoHTpompyembie OueHnouHsle cpencTBa
Ne pasaciinl / TEMBI KOHH 1 oTare (bOPMHPOBaHI/Iﬂ TCK IHHﬁ IIPOMCIKYTOYHA
n/n KOMIIETEHIH y p yr
JUCHUITIINHBI KOHTPOJIb s arrecranus
OcCHOBBI K-8 3HAeT VO-1
TeXHOJIOFI/I\I'/I K-13 —— TP-11 Saer o
1 BUPTYaAJIbLHOU U [IK-16 (BBITIOJTHEHUE N
JIOMIOJTHEHHOM [1K-19 BJIaJIEET 71a00paTOPHBIX
pCaTbHOCTH pador)
YcrpoiicTBa I1K-8 3Haet VO-1
BU3yaJIU3allud U [IK-13 o I1P-11 3
) T
2 B3aMMOZICHCTBAS | 11 16 ™ (BBIIIONTHEHHE 01?:;13130(;1
JUISI IMMEPCHUBHBIX K19 F— 71abOpaTOPHBIX
cpen pabor)
K-8 3HaeT VO-1
Pa3zpabortka OP-11
9 IK-13 }
OPHUII0KCHUU yMeeT 3auer ¢
3 . (BBITTOJTHCHHE g
JIOIOJTHEHHOU I1K-16 OLIEHKOM
ATEHOCTH F—— 1ab0paTOPHBIX
pe IK-19 pa6or)
I1K-8 3HaeT YO-1
Pazpabotka 11
. TK-13 I1P-
MIPUIIOAKEHHIN 3auer ¢
4 . (BBINOJIHEHNE .
BUPTYaJILHOU I1K-16 OLIEHKOM
71a0b0pPaTOPHBIX
pEAIBHOCTH MK-19 pagor)




Pa3zpaboTtka K-8 3Haetr VO-1
BBICOKOA(D(hEeKTUBH p-11
BIX TIPUJIOKECHU TIK-13 (BbiONHEHHE 3auer ¢
BUPTYA/IBHOU H HK-16 71a00paTOPHBIX OULCHKOIH
pacuIMpPEHHOU [IK-19 pabor)
pEeATBLHOCTH
1. yctaeiid - onpoc  (YO): cobecemoBanne (YO-1), xomrokBuym (YO-2); wurorosas

npesenrarys (YO-3); kpyrisiii cron (YO-4);

2. texuuyeckue cpeactra KouTpodsi (TC);

3. nucbMmenHbie pabotel (I1P): Tectsr (I1P-1), xonTponbhbie padoTsl (ITP-2), scce (ITP-3),
pedepatnsr (I1P-4), kypcossie padotsl ([1P-5), HayuHO-yueOHbIC oT4eThl 1O mpakTukam (I1P-6),
koHcnekT ([1P-7), mpoekt (ITP-9). PaznoypoBueBbie 3a1auu u 3aganus (I1P-11) u 1.m.

THUIIOBBIE KOHTPOJIBHBIEC 3aJaHUsI, METOAUYECKUE MATEPUAIIbI, ONpPEACIAIOIINE
MpOLIEIypbl OLIEHUBAHUS 3HAHUM, YMEHUI 1 HABBIKOB U (MJIM) ONBITA JIEATEILHOCTH,
a TaKKe KPUTEpUU MU MOKa3aTeNnHu, HEOOXOAMMBbIE NJIsi OLUEHKU 3HAHUM, YMEHMI,
HaBBIKOB M XapaKTEpPHU3YIOLIUE 3Tarbl (OPMUPOBAHUS KOMIETEHUMH B IpoOIEecce
OCBOEHUS 00pa30BaTEIbHON POrpaMMBbl, peAcTaBiieHbl B [Ipunoxenun 2.
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1. Robot Operating System (ROS) — »rto rmOKas cpeaa s HalUMCaHUS
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VII. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

KomnbloTepHslii Kiacc:

ITpoextop DLP, 3000 ANSI Lm, WXGA 1280x800, 2000:1
EW330U Mitsubishi; CuctemHblii 06JIOK € MOHUTOPOM.
[Ipoueccop: Intel 15-8600k 3.6Ghz, oneparuBHast mamsith: 32gb,
xectkuil puck: 1Th, rpaduueckuit yckopurens: Nvidia GTX
1080 becnporoansie JIBC mis oOyuarommxcs oOecrieYeHBI

cucteMo Ha ©Oaze Touek jgoctyma 802.11a/b/g/n  2x2
MIMO(2SS).

CunemnanusupoBannoe I1O: Visual Studio 2019, Unity 2019,
STEAM VR, Anaconda, Oculus Rift SDK, HTC VIVE SDK
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[Tpunoxenue 1

MUHUCTEPCTBO OBPA30BAHNS U HAYKU POCCHUMCKOM ®EJIEPALIN
denepanabHOE TOCYJapPCTBEHHOE aBTOHOMHOE 00Pa30BaTEIbHOE YUPEKIECHUE
BBICIIETO MPO¢eCCUOHATHFHOTO 00pa3oBaHus
«/laIbHEBOCTOYHBIN (peaepabHbII YHUBEPCHTET»

(IBDY)

IIKOJIA HU®POBOM SJKOHOMHUKHA

YUYEBHO-METOJUYECKOE OBECIIEUEHUE CAMOCTOSATEJBHOM
PABOTBI OBYYAIOHINUXCHA

10 JUCHHUIIINHE
TEXHOJIOTUM BUPTYAJIbHOM 1 JIOITOJIHEHHOM PEAJIBHOCTU
B [TIPOMBIITIJIEHHOM IMTPOU3BOACTBE
HanpasJjieHue noagroroBKu
09.04.01 UaopMaTHKa U BBIYHCIUTEIbHASE TEXHUKA

MarucTepckas mporpamma
«TexHOJIOrMM BUPTYaJIbHOM U IONIOJIHEHHON PEAIBHOCTH

®opMa NOATOTOBKH OYHAs

BaaauBocTok
2018



Y4eOHO-MeToIuIecKoe 00ecnedeHNe caMOCTOSATENbHON paboThl 00yJaronuxcs no aucuuiuimHe «TexHomornn

BUPTYAJILHOHN M JIOTIOJHEHHO# PeabHOCTH B IPOMBIIIICHHOM [IPOM3BOICTBEY BKIIIOUAET B CEOsL:

- IUTaH-TpaduK BBIMOJHEHUS CAMOCTOSTEIbHOW PabOTHI MO JUCHUIUIMHE, B TOM YHCIIC IMPHUMEPHBIC HOPMBI
BpPEMEHHU Ha BBIMIOJIHEHUE 110 KAXKIOMY 3a/IaHHIO;

- XapaKTepUCTHKA 3alaHUi U CaMOCTOSITENIbHOM paboThl 00YYAIOIIUXCS U METOJNYECKHE PEKOMEH/AINU 110
HX BEIIOJHEHHIO;

- TpeOOBaHUS K TPEICTABICHUIO U O(POPMIICHUIO PE3yJIbTATOB CAMOCTOSATEILHON pabOTHI;

- KPUTEPHH OLICHKHU BBIMTOJHCHUS CAMOCTOSTSILHON paOOTHI.

HﬂaH-Fpa(l)I/IK BBINOJIHEHUSI CAMOCTOATEJILHOH paﬁoTbl o IMCIOMIIJIMHE

IIpumepHsbie
No Hara/cpoku Bup camocrositenbHOM HOPMBI
dopMa KOHTPOJIA
1/ BBIIIOJTHCHHS paboTsI BPEMEHHU Ha
BBIIIOJIHEHHE
1 cemecTp 72 yaca
1 1 - 17 genenn IToaroroBska k 66 YaCOB Brmmonnenue
JabopaTopHBIM paboTam J1a00paTOPHBIX padOT
2 18 Henemns [ToaroroBka k 3auety 6 yacos 3a4eT ¢ OLEHKON
2 cemecTp 72 yaca
1 1-17 senenn IToaroroBka k 30 4acos Brimonnenue
n1abopaTopHBIM paboTam 71a00paTOPHBIX paboOT
2 18 Henens IloaroroBka k 3aueTy 6 gacoB 3ayer ¢ OLEHKOH

IIpumepsl 3agaHuii AJ151 CAMOCTOSITEILHOI padoThI

HrpoBbie 00beKThI U CKPUIITHI

Co3nanne 4yacoB
o Cobepume uacwl ¢ npocmvimMu npeomMemamu.
o Hanuwume ckpunm na C #.
e Bpawaiime cmpenku uacos, umobvl nokazams 6pemsi.
« Animate the arms..

B srom ypoke MBI cO34aiMM MPOCThIE Yackl U 3alporpaMMHUpPYeM KOMIIOHEHT, 4TOObI OH
oroOpaxkayl TeKkyllee BpeMms. Bam HyXHO TOJBKO MHUHMMajbHOE IOHHUMAaHUE pEIaKTOpa
Unity. Ecin 3HakombI ¢ MHTepdelicoM U 3HaeTe, Kak IepeMeIlaThbesi M0 OKHY CyeHbl, TOTAa Bee
TOTOBO.

B sToM pykoBozCTBe npeanoiaaraercs, 4To Bbl Ucnoib3yere Xots 61 Unity 2017.1.0.

Hacrano Bpems co3nats 4achl.




Ctpoum nmpocrtbie 4achl

Ortkpoiite Unity u co3naiite HOBbII 3D-ipoekt. Bam He HYHBI HUKaKHe JOMOJHUTEIbHbIC
IIAKEThl AKTUBOB, U BaM TAKXXE HE HY)KHA aHAJIMTUKA. Eciin BBI elle He HaCTPOUIIM PEAAKTOP, BbI
IIOJIyYUTE €r0 CTAHJAPTHOE PACIIOI0KEHUE OKOH.

I
[ “Asses | This foldec i empty.

|
MakeT OKHa 10 YMOJIYaHUIO.

I use a different layout, the 2 by 3 preset which you can select from the dropdown list at the top
right corner of the editor. | customize that one further by switching the Project window to One
Column Layout, which better fits its vertical orientation. You can change it via the small
dropdown list next to it's lock icon, at the top right of the window above its toolbar. I also
disabled Show Grid in the Scene window, via its Gizmos dropdown menu.

=1 + EIE3Iz) olab - T Gves ety -

i Scene

2-by-3 layout.

Why is my Game window small with a dark border?

Creating a Game Object



The default scene contains two game objects. They are listed in the Hierarchy window and you
can also see their icons in the Scene window. First is the Main Camera, which is used to render
the scene. The Game window is rendered using this camera. Second is the Directional Light,
which illuminates the scene.

To create your own game object, use the GameObiject / Create Empty option. You can also do this
via the context menu of the Hierachy window. This adds a new object to the scene, which you can
immediately give a name. As we're going to create a clock, name it Clock.

‘i= Hierarchy ]
Create = | [arAll
v & Untitled* =
Main Camera
Directional Light

Hierarchy with clock object.

iv
—

The Inspector window shows the details of game objects. When our clock object is selected, it will
contain a header with the object's name plus a few configuration options. By default, the object is
enabled, is not static, doesn't have a tag, and belongs to the default layer. These settings are fine
for us. Below that, it shows a list of all the components of the game object. There is always

a Transformcomponent, which is all our clock currently has.

8 Inspector ] a3 =
.“’ [ Clock [] Static =
-
Tag [ Untagged + | Layer| Default s |
v . Transform B,
Position X0 Y O Z 0
Rotation X0 Y O Z0
Scale X1 Y 1 Z1
[ Add Component ] . .
Inspector window with clock selected.

The Transform component contains the position, rotation, and scale of the object in 3D space.
Make sure that the clock's position and rotation are both 0. Its scale should be 1.

What about 2D objects?

Creating the Face of the Clock

Although we have a clock object, we don't see anything yet. We'll have to add 3D models to it so
they get rendered. Unity contains a few primitive objects that we can use to build a simple clock.
Let's begin by adding a cylinder to the scene via GameObject / 3D Object / Cylinder. Make sure

that it has the same Transform values as our clock.



¥ Cylinder | [ static =

Tag | Untagged 4 | Layer| Default ¢ |
¥ .. Transform &,
Position X 0 YO 'z 0 |
Rotation X 0 YO 'z 0 |
Scale X 1 [Y[1 |Z |1 |
b || Cylinder (Mesh Filter) g .
> § (¥ Capsule Collider &
» . [¥ Mesh Renderer =8
' Default-Material [ %

> Shader | Standard v

Game object

representing a cylinder.

The new object has three more components than an empty game object. First, it has a Mesh Filter,
which simply contains a reference to the built-in cylinder mesh. Second is a Capsule Collider,
which is for 3D physics. Third is a Mesh Renderer. That component is there to ensure that the
object's mesh gets rendered. It also controls which material is used for rendering, which is the
built-in Default-Materialunless you change it. This material is also shown in the inspector, below
the component list.

Although the object represents a cylinder, it has a capsule collider, because Unity doesn't have a
primitive cylinder collider. We don't need it, so we can remove that component. If you'd like to
use physics with your clock, you're better off using a Mesh Collider component. Components can
be removed via the dropdown menu with a gear icon, in their top right corner.

@ Cylinder | O static =
Tag [ Untagged = ] Layer | Default ¢ |
b~  Transform £,
b || Cylinder (Mesh Filter) g .
b . [V Mesh Renderer 1,
' Default-Material [l *,
> Shader \Siandaud " _No more collider.

To turn the cylinder into a clock face, we have to flatten it. This is done by decreasing the Y
component of its scale. Reduce it to 0.1. As the cylinder mesh is two units high, its effective
height becomes 0.2 units. Let's also make a big clock, so increase the X and Z components of its
scale to 10.

v . Transform &,
Position X 0 'Y 0 'z 0 |
Rotation X0 'Y 0 'Z0 |
Scale X 10 'Y 0.1 |z [10 |Ascaled

cylinder.



Change the name of the cylinder object to Face, as it represents the face of the clock. It is part of
the clock, so make it a child of the Clock object. You can do this by dragging the face onto the
clock in the Hierarchy window.

Main Camera
Directional Light
¥ Clock

Face Face child object.

Child objects are subject to the transformation of their parent object. This means that
when Clockchanges position, Face does as well. It's as if they were a single entity. The same goes
for rotation and scale. You can use this to make complex object hierarchies.

Creating the Clock Periphery

The outer ring of a clock's face usually has markings that help indicate what time it is displaying.
This is known as the clock periphery. Let's use blocks to indicate the hours of a 12-hour clock.

Add a cube object to the scene via GameObject / 3D Object / Cube. Change its scale to (0.5, 0.2,
1) so it becomes a narrow flat long block. It is now located inside the clock’s face. Set its position
to (0, 0.2, 4). That places it on top of the face and to the side that corresponds with the 12™ hour.
Name it Hour Indicator.

[ |Hour Indicator [] Static =

Tag [ Untagged & ] Layer | Default ¢ |
v .. Transform #%,
Position X 0 Y02 |Z4 |
Rotation X 0 Yo 'Z0 |
Scale X 0.5 'Y 0.2 |Z|1 |
b || Cube (Mesh Filter) £,
» i [¥/ Box Collider [ =
» . [¥/Mesh Renderer s
' Default-Material ,

> Shader | Standard =

Indicator for the 12" hour.

The indicator is hard to see, because it has the same color as the face. Let's create a separate
material for it, via Assets / Create / Material, or via the context menu of the Project window. This
gives us a material asset that is a duplicate of the default material. Change its Albedo to something
darker, like 73 for red, green, and blue. That results in a dark gray material. Give it an appropriate
name, like Clock Dark.



[Z3 Project
| Create v| & )| N | ¥ | Clock Dark i,
Shader | Standard - |
Rendering Mode [ Opague ¢
Main Maps
 oAlbedo . s
"]
:
s b
- 5
E
Saturation
g —
I T
> I
A 725
Hex Color #14999499FF_ ' Dark material asset and color popup.

What is albedo?

Make the hour indicator use this material. You can do this by dragging the material onto the object
in either the scene or hierarchy window. You can also drag it to the bottom of the inspector

window, or change Element O of the mesh renderer's Materials array.

Dark hour indicator.

Our indicator is correctly positioned for hour 12, but what if we wanted to indicate hour 1? As
there are twelve hours and a full circle has 360°, we'd have to rotate the indicator 30° around the Y

axis. Let's give that a try.



¥ .. Transform

%
Position X 0 'Y 0.2 'Z 4 |
Rotation X0 'Y 30 'z o |
Scale X 0.5 [Y[0.2 |z [1 |

Rotated

hour indicator, incorrectly positioned.

While this gives us the correct orientation, the indicator is still in the position for hour 12. This is
the case because an object's rotation is relative to its own local origin, which is its position.

We have to move the indicator along the edge of the face to align it with hour 1. Instead of
figuring out this position ourselves, we can use the object hierarchy to do this for us. First reset the
indicator's rotation to 0. Then create a new empty object, with position and rotation 0 and scale 1.
Make the indicator a child of that object.

¥ GameObject
Hour Indicator Temporary parent.

Now set the parent's Y rotation to 30°. The indicator will rotate as well, effectively orbiting it's
parent's origin, and ends up exactly where we want it to be.

Correctly positioned hour indicator.

Duplicate the temporary parent, with Control or Command D, or via the context menu in the
hierarchy. Increase the Y rotation of the duplicate by another 30°. Keep doing this until you end
up with one indicator per hour.

Twelve hour indicators.



We no longer need the temporary parents. Select one of the hour indicators in the hierarchy and
drag it onto the clock. It has now become a child of the clock. When this happened, Unity changed
the indicator's transformation so its position and rotation didn't change in world space. Repeat this
for all twelve indicators, then delete the temporary parent objects. You can speed this up by
selecting multiple objects at the same time, via control- or command-clicking.

¥ Clock

Face

Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator
Hour Indicator

Hour Indicator periphery children.
I'm seeing values like 90.00001. Is that a problem?

Creating the Arms

We can use the same approach to construct the arms of the clock. Create another cube

named Armand give it the same dark material that the indicators use. Set its scale to (0.3, 0.2, 2.5)
so it's narrower and longer than the indicators. Set its position to (0, 0.2, 0.75) so it sits on top of
the face and points towards hour 12, but also a bit in the opposite direction. That makes it look as
if the arm has a little counterweight when it rotates.

G ¥ Arm (] Static =
Tag [ Untagged - ] Layer | Default ¢ |
¥ _. Transform o,
Position X0 'Y 0.2 2075
Rotation X 0 Yo zo |
Scale X03 Y02 |z[25 |
b | Cube (Mesh Filter) &,
b i [ Box Collider ity
b | [¥ Mesh Renderer &,
Clock Dark £,

> Shader | Standard 3 Hours

arm.

Where did the light's icon go?

To make the arm pivot around the center of the clock, create a parent object for it, like we did to
position the hour indicators. Again make sure that its transformation has the default values of 0 for
position and rotation and 1 for scale. Because we'll be rotating the arm later, make this parent a
child of the clock and name it Hours Arm. So Arm ends up as a grandchild of Clock.



¥ Clock
¥V Hours Arm
Arm
Face
Hour Indicator

Hour Indicator . .
Haur Indicatar - ClOCK hierarchy with hours arm.

Duplicate Hours Arm twice to create Minutes Arm and Seconds Arm. The minutes arm should be
narrow and longer than the hours arm, so set its Arm child object’s scale to (0.2, 0.15, 4) and its
position to (0, 0.375, 1). That way it ends up on top of the hours arm.

For the child of Seconds Arms, use scale (0.1, 0.1, 5) and position (0, 0.5, 1.25). To differentiate it
further, I created a Clock Red material with the RGB values of its albedo set to (197, 0, 0) and
made the Arm child use that.

¥ Clock

V¥ Hours Arm
Arm

V¥ Minutes Arm
Arm

V¥ Seconds Arm
Arm

Face

Hour Indicator
Hnur Indiratnr A” three arms.

Our clock has now been constructed. If you haven't done so already, this is a good moment to save
the scene. It will be stored as an asset in the project.

() Clock Dark
() Clock Red

<« scene Saved scene.

If you are stuck, want to compare, or would like to skip building the clock, you can download
a packagecontaining the work done is this section. You can import these packages into a Unity
project via Assets / Import Package / Custom Package..., dragging it onto the Unity window, or
double-clicking it in your file browser.

unitypackage

Animating the Clock

Our clock currently does not tell the time. It's just an object hierarchy, which causes Unity to
render a bunch of meshes. Nothing more. Had there been a default clock component, we could've
used that to do some time-telling. As there isn't one, we'll have to create our own. Components are
defined via scripts. Add a new script asset to the project via Assets / Create / C# Script and name
it Clock.


https://catlikecoding.com/unity/tutorials/basics/game-objects-and-scripts/building-a-simple-clock/building-a-simple-clock.unitypackage
https://catlikecoding.com/unity/tutorials/basics/game-objects-and-scripts/building-a-simple-clock/building-a-simple-clock.unitypackage

Clock Import Settings i,

T':'}'i" [ Open... | [ Execution Order... |

Imported Object

.| Clock @ =
() Clock Dark S

) Clock Red
Q Scene using System.Collections;

usina Svstem.Collections.Generic: Clock SCfipt asset.

When the script is selected, the inspector will show its contents, and a button to open the file in a
code editor. You can also double-click the asset to open the editor. The script file will contain the
default code template for a component, shown below.

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class Clock : MonoBehaviour ({

// Use this for initialization
void Start () {

}

// Update is called once per frame
void Update () {

}

This is C# code. It's the programming language used for scripting in Unity. To understand how the
code works, we'll delete it all and start from scratch.

What about JavaScript?

Defining a Component Type

An empty file is not a valid script. It must contain the definition of our clock component. We don't
define a single instance of a component. Instead, we define the general class or type known
as clock. Once that's established, we could create multiple such components in Unity.

In C#, we define the c1ock type by first stating that we're defining a class, followed by its name.
In the code fragments below, changed code has a yellow background. As we start with an empty
file, the contents of it should literally become c1ass clock and nothing else, though you could
add spaces and newlines between words as you like.

class Clock

What's a class, technically?

Because we don't want to restrict which code has access to our clock, it is good form to prefix it
with the public access modifier.


http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Start.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Update.html

public class Clock

What is the default access modifier for classes?

At this point we don't have valid C# syntax yet. We indicated that we're defining a type, so we
must actually define what it is like. That's done by a block of code that follows the declaration.
The boundaries of a code block are indicated with curly brackets. We're leaving it empty for now,

SO just use {}.

public class Clock {}

Our code is now valid. Save the file and switch back to Unity. The Unity editor will detect that the
script asset has changed and triggers a recompilation. After that is done, select our script. The
inspector will inform us that the asset does not contain a MonoBehaviour SCript.

Clock Import Settings i,
i [ Open... ]I Execution Order... ]

"1y No MonoBehaviour scripts in the file, or their names do
% not match the file name.

Imported Object
Clock @

1

ublic class Clock {} .
i Non-component SCI‘Ip'[.

What this means is that we cannot use this script to create a component in Unity. At this point,
our clockdefines a generic C# object type. Unity can only use subtypes of MonoBehaviour t0
create components.

What does mono-behavior mean?

To turn clock into a subtype of MonoBehaviour, We have to change our type declaration so that it
extends that type, which is done with a colon. This makes c1ock inherit all the functionality

0of MonoBehaviour.

public class Clock : MonoBehaviour {}

However, this will result in an error after compilation. The compiler complains that it cannot find
the MonoBehaviour type. This happens because the type is contained in a namespace, which

IS UnityEngine. TO access it, we have to use its fully-qualified

name, UnityEngine.MonoBehaviour.

public class Clock : UnityEngine.MonoBehaviour {}
What's a namespace?

Because it is inconvenient to always have to use the unityEngine prefix when accessing Unity
types, we can tell the compiler to search this namespace when we don't explicitly mention any.


http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html

This is done by adding using UnityEngine; at the top of the file. The semicolon is required to
mark the end of the command.

using UnityEngine;

public class Clock : MonoBehaviour ({}

Now we can add our component to our clock game object in Unity. This can be done either by
dragging the script asset onto the object, or via the Add Component button at the bottom of the
object's inspector.

[+ |Clock (] Static =

L
Tag| Untagged #] Layer| Default 4|
P . Transform ) %
¥ ¢ Clock (Script) 3 %,
Script Clock o]

[ Add Component ]

Clock with our component.

A C# object instance has now been created, using our clock class as a template. It has been added
to the component list of the Clock game object.

Getting Hold of an Arm

To rotate the arms, c1ock objects need to know about them. Let's start with the hours arm. Like all
game objects, it can be rotated by changing the rotation of its transform component. So we have to
add knowledge of the hour arm's transform component to c1ock. This can be done by adding a
data field inside its code block, defined as a name followed by a semicolon.

Hours transform would be an appropriate name. However, names have to be single words. The
convention is to make the first word of a field name lowercase and capitalize all other words, then
stick them together. So it becomes hoursTransform.

public class Clock : MonoBehaviour {

hoursTransform;

Where did the using statement go?

We also have to define the type of the field, which in this case iS unityEngine.Transform. It has
to be placed in front of the name's field.

Transform hoursTransform;

Our class now defines a field that can hold a reference to another object, whose type has to
be Transform. We have to make sure that it holds a reference to the transform component of the
hours arm.


http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html

Fields are private by default, which means that they can only be accessed by the code belonging
to clock. But the class doesn't know about our Unity scene. By making the field public, anyone
can change its contents.

public Transform hoursTransform;

Aren't public fields bad form?

Once the field is public, it will show up in the inspector window. This happens because the
inspector automatically makes all public fields of components editable.

¥ & Clock (Script) [ #,
Script Clock @

Hours Transform None (Transform) o Hours transform field

To make the proper connection, drag the Hours Arm from the hierarchy onto the Hours
Transform field. Alternatively, use the circular button at the right of the field and search for Hours

Arm.

¥ ¢ Clock (Script) [ #,
Script Clock @

Hours Transform [AHours Arm (Transform) ] @ Hours transform connected

After dragging or selecting the hours arm object, the Unity editor grabs its transform component
and puts a reference to it in our field.

Knowing all Three Arms

We have to do the same for the minutes and seconds arms. So add two more appropriately-named
fields to clock.

public Transform hoursTransform;
public Transform minutesTransform;
public Transform secondsTransform;

It is possible to make these field declarations more concise, because they share the same access
modifier and type. They can be consolidated into a comma-separated list of field names following
the access modifier and type.

public Transform hoursTransform, minutesTransform, secondsTransform;

naof naof
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What does // do?

Hook up the other two arms in the editor as well.

¥ & Clock (Script) [l %
Script Clock o

Hours Transform . Hours Arm (Transform) o]
Minutes Transform | L Minutes Arm (Transform) o]

Seconds Transform | . Seconds Arm (Transform) @ & All three arms connected



http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html

Knowing the Time

Now that we can reach the arms in c1ock, the next step is to figure out the current time. To do
this, we need to tell c1ock to execute some code. This is done by adding a code block to the class,
known as a method. The block has to be prefixed by a name, which is capitalized by convention.
We'll name it awake, suggesting that the code should be executed when the component awakens.

public class Clock : MonoBehaviour ({
public Transform hoursTransform, minutesTransform, secondsTransform;

Awake {}
}

Methods are somewhat like mathematical functions, for example f(X)=2x+3f(x)=2x+3. That
function takes a number, doubles it, then adds three. It operates on a single number, and its result
is a single number as well. In the case of a method, it's more

like f(p)=cf(p)=c where pp represents input parameters and CCrepresents code execution. As
that's rather generic, what is the result of such a function? That has to be mentioned explicitly. In
our case, we just want to execute some code, without providing a resulting value. In other words,
the result of the method is void. We indicated this with the void prefix.

void Awake {}

We also don't need any input data. However, we still have to define the method's parameters, as a
comma-separated list between round brackets. It's just empty in our case.

void Awake () {}

We now have a valid method, although it doesn't do anything yet. Like Unity detected our fields, it
also detects this awake method. When a component has an awake method, Unity will invoke that
method when the component awakens. This happens after it's been created or loaded.

Doesn't Awake have to be public?

To test whether this works, let's have awake create a debug message.

The unityEngine.Debug class contains a publicly-available .og method for this purpose. We'll
pass it a simple string of text to print. Strings are written between double quotes. Again, a
semicolon is required to mark the end of an expression.

void Awake () {
Debug.Log ("Test") ;

}

Enter play mode in the Unity editor. You'll see the test string show up in the status bar at the
bottom of the editor. You can also see it in the console window, which you can open via Window /
Console. The console provides some additional information, like which code generated the
message, when you select the logged text.
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Now that we know that our method works, let's figure out the current time when it is invoked.
The unityEngine namespace contains a Time class, which in turn contains a time property. It
seems obvious to use that, so let's log it.

void Awake () {
Debug.Log (Time.time) ;
}

What's a property?

It turns out to always log the value 0. That's because Time. time tells us how many seconds have
passed since entering play mode. As our awake method gets invoked immediately, no time has
passed yet. So this doesn't tell us the real time.

To access the system time of the computer we're running on, we can use the pateTime Structure.
This isn't a Unity type, it is found in the system namespace. It's part of the core functionality of
the .NET framework, which is what Unity uses to support scripting.

What is a structure?
pDateTime has a publicly-accessible now property. It produces a pateTime value that contains the

current system date and time. Let's log it.

using System;
using UnityEngine;

public class Clock : MonoBehaviour {
public Transform hoursTransform, minutesTransform, secondsTransform;

void Awake () {
Debug.Log (DateTime.Now) ;

}

Now we get a timestamp logged each time we enter play mode.

Rotating the Arms

The next step is to rotate the clock’s arms based on the current time. Let's again start with the
hours. pateTime has an Hour property that gets us the hours portion of a bateTime value.
Invoking it on the current timestamp will give us the hour of the day.

void Awake () {
Debug.Log (DateTime.Now. Hour) ;
}

We can use that to construct a rotation. Rotations are stored in Unity as quaternions. We can
create one via the publicly-available guaternion.Euler method. It has regular angles for the X,
Y, and Z axis as parameters and produces an appropriate quaternion.

void Awake () {
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Quaternion.Euler (0, DateTime.Now.Hour, 0);

What's a quaternion?

All three parameters are real numbers, which are represented in C# by floating-point values. To
explicitly declare that we're supplying the method with such numbers, let's add the f suffix to both
zeros.

Quaternion.Euler (0f, DateTime.Now.Hour, 0f);

Our clock has twelve hour indicators set at 30° intervals. To make the rotation match that, we have
to multiply the hours by 30. Multiplication is done with an asterisk.

Quaternion.FEuler (0f, DateTime.Now.Hour * 30f, 0f);

To make it clear that we're converting from hours to degrees, we can define an appropriately-
named field for the conversion factor. As it is a floating-point value, it's type is £1oat. Because we
already know the number, we can immediately assign it as part of the field declaration.

float degreesPerHour = 30f;

public Transform hoursTransform, minutesTransform, secondsTransform;

void Awake () {
Quaternion.Euler (0f, DateTime.Now.Hour * degreesPerHour, 0f);

}

The amount of degrees per hour isn't supposed to change. We can enforce this by adding
the constprefix to our declaration. This turns degreesperHour into a constant.

const float degreesPerHour = 30f;
What's special about constants?

At this point we have a rotation, but don't do anything with it yet, so it's simply discarded. To
apply it to the hours arm, we have to assign it to the 1ocalrotation property of it's transform
component.

void Awake () {
hoursTransform.localRotation =
Quaternion.Euler (0f, DateTime.Now.Hour * degreesPerHour,

0f);
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Hours arm at 4 o'clock.
What's local about the rotation?

The hours arm now jumps to the correct orientation when entering play mode. Let's give the same
treatment to the other two arms. Both a minute and a second take up six degrees.

const float
degreesPerHour = 30f,
degreesPerMinute = 6f,
degreesPerSecond 6f;

public Transform hoursTransform, minutesTransform, secondsTransform;

void Awake () {
hoursTransform.localRotation =
Quaternion.Euler (0f, DateTime.Now.Hour * degreesPerHour,
0f)
minutesTransform.localRotation =
Quaternion.Euler (0f, DateTime.Now.Minute *
degreesPerMinute, 0f);
secondsTransform.localRotation =
Quaternion.FEuler (0f, DateTime.Now.Second *
degreesPerSecond, 0f);

Clock displaying 16:29:06.

We're using pateTime . Now three times, to retrieve the hour, minute, and second. Each time we go
through the property again, which requires some work, which could theoretically result in
different time values. To make sure that this doesn't happen, we should retrieve the time only
once. We can do this by declaring a variable inside the method and assign the time to it, then use
this value afterwards.

What's a variable?

void Awake () {
DateTime time = DateTime.Now;
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hoursTransform.localRotation =

Quaternion.Euler (0f, time.Hour * degreesPerHour, 0f);
minutesTransform.localRotation =

Quaternion.Euler (0f, time.Minute * degreesPerMinute,

0f);
secondsTransform.localRotation =
Quaternion.Euler (0f, time.Second * degreesPerSecond,

0f);

Animating the Arms

We get the current time when entering play mode, but after that the clock remains motionless. To
keep the clock synchronized with the current time, change the name of our awake method

to update. This method gets invoked by Unity every frame instead of just once, as long as we stay
in play mode.

void Update () {
DateTime time = DateTime.Now;
hoursTransform.localRotation =
Quaternion.Euler (0f, time.Hour * degreesPerHour, 0f);

minutesTransform.localRotation =
Quaternion.Euler (0f, time.Minute * degreesPerMinute,

0f);
secondsTransform.localRotation =
Quaternion.Euler (0f, time.Second * degreesPerSecond,

0f);
}

Clock that stays up to date.

Note that our component has also gained a toggle in front of its name in the inspector. This allows
us to disable the component, which prevents Unity from invoking its update method.

v ¢« [# Clock (Script) #*,
Script Clock @
Hours Transform A~ Hours Arm (Transform) @

Minutes Transform | _L Minutes Arm (Transform) @
Seconds Transform | . Seconds Arm (Transform) | @ Now with enabled toggle

Continuously Rotating

The arms of our clock indicate exactly the current hour, minute, or second. It behaves like
a digital clock, discrete but with arms. Many clocks have slowly-rotating arms that provide
an analog representation of time. Either approach works, so let's make this configurable
by adding a toggle to our component's inspector.

Add another public field to c1ock, named continuous. It can be either on or off, for which

we can use the boolean type, declared with bool.

public Transform hoursTransform, minutesTransform, secondsTransform;

public bool continuous;



http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Awake.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Update.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Update.html
http://social.msdn.microsoft.com/search/en-us?query=DateTime
http://social.msdn.microsoft.com/search/en-us?query=DateTime
http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/Quaternion.html
http://docs.unity3d.com/Documentation/ScriptReference/MonoBehaviour.Update.html
http://docs.unity3d.com/Documentation/ScriptReference/Transform.html

Booleans values are either true 0Or £false, which correspond to on and off in our case.
They're false by default, so turn it on once the field appears in the inspector.

v ¢ [+ Clock (Script) ) %
Script + Clock @
Hours Transform |).. Hours Arm (Transform)

Minutes Transform . Minutes Arm (Transform) =@
Seconds Transform . Seconds Arm (Transform) |
Continuous ¥4

Using the continuous option.

We now have two approaches to support. To prepare for this, duplicate
our update method and rename them to UpdatecContinuous and UpdateDiscrete.

void UpdateContinuous () {}
DateTime time = DateTime.Now;
hoursTransform.localRotation =
Quaternion.Euler (0f, time.Hour * degreesPerHour, 0f);
minutesTransform.localRotation =
Quaternion.Euler (0f, time.Minute * degreesPerMinute,

0f);
secondsTransform.localRotation =
Quaternion.Euler (0f, time.Second * degreesPerSecond,
0f) ;
}

void UpdateDiscrete () {
DateTime time = DateTime.Now;
hoursTransform.localRotation =
Quaternion.Euler (0f, time.Hour * degreesPerHour, 0f);
minutesTransform.localRotation =
Quaternion.Euler (0f, time.Minute * degreesPerMinute,

secondsTransform.localRotation =
Quaternion.Euler (0f, time.Second * degreesPerSecond,

Create a new update method. If continuous is true, then it should

invoke updateContinuous. This can be done with an if statement. The if keyword is
followed by an expression within round brackets. If that expression evaluates as true,
then the code block following it is executed. Otherwise, the code block is skipped.

void Update () {
if (continuous) {
UpdateContinuous () ;

|

Where does the new Update method have to be defined?

It is also possible to add an alternative code block, to be executed when the expression
ends up false. This is done with the e1se keyword. We can use that to invoke
OUr UpdateDiscrete method.

void Update () {
if (continuous) {
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UpdateContinuous () ;

}
else {
UpdateDiscrete () ;

|

We can now switch between approaches, but both still do the same thing. We have to
adjust updatecontinuous SO it displays fractional hours, minutes, and seconds.
Unfortunately, pateTime doesn't contain convenient fractional data. Fortunately, it does
have a TimeofDay property. This gives us a Timespan Value that contains the data in the
format that we need. Specifically TotalHours, TotalMinutes, and TotalSeconds.

void UpdateContinuous () {
TimeSpan time = DateTime.Now.TimeOfDay;
hoursTransform.localRotation =
Quaternion.Euler (0f, time.TotalHours * degreesPerHour,
0f);
minutesTransform.localRotation =
Quaternion.Euler (0f, time.TotalMinutes *
degreesPerMinute, 0f);
secondsTransform.localRotation =
Quaternion.Euler (0f, time.TotalSeconds *
degreesPerSecond, 0f);

}

This will result in compile errors, because the new values have the wrong type. They are
defined as double-precision floating point values, known as double. These values provide
higher precision than £1o0at values, but Unity's code only works with single-precision
floating point values.

Is single precision enough?

We can solve this problem by converting from double t0 £1o0at. This simply discards the
precision data that we do not need. This process is known as casting and is done by
writing the new type within round brackets in front of the value to be converted.

hoursTransform.localRotation =
Quaternion.Euler (0f, (float)time.TotalHours *
degreesPerHour, 0f);
minutesTransform.localRotation =
Quaternion.Euler (0f, (float)time.TotalMinutes *
degreesPerMinute, 0f);
secondsTransform.localRotation =
Quaternion.Euler (0f, (float)time.TotalSeconds *
degreesPerSecond, 0f);

Yacel ¢ HCIIPCPBIBHO BpallatONIUMHACA CTPCIIKAMU.

Teneps BbI 3HAETE OCHOBHI CO37aHUsI 00BEeKTOB 1 ciieHapueB B Unity. CreyronuM marom
SIBJISIETCS] TIOCTpOEHUE Tpaduka .
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DoHO oyenounvix cpedcms no oucyuniune «TexHonoeuu 6upmyanrbHoOUu U OONOIHEHHOU

PeanbHOCMU 8 NPOMBLUIEHHOM NPOU3BOOCEE) BKIIOUAem 6 Ce05:

- Munogvie KOHMpOJbHble 3A0aAHUS,

- MemoouyecKue Mamepuanvl, onpeoensiowjue npoyeoypbl OYEeHUBAHUS 3HAHUL, YMeHUL U
HABLIKOB U (UIU) ONnblma OessmebHOCMU,

- a makaice Kpumepuu u NOKa3amenu, Heooxooumvle Oisk OYeHKU 3HAHUL, YMEHUll, HABLIKOG U
Xapakmepusylowue 3manvl  QOPMUPOBAHUS  KOMNEMEHYUll 6 Nnpoyecce OC8OECHUs.
006paA306aMeNbHOU NPOCPAMMbL

Kpurepuu oueHUBaHHs pPe3yJabTATOB KOHTPOJIbHO-0LEHOYHbBIX
MEPONPUATHH TEKYLIEeH U MPOMEKYTOUYHOM ATTECTAUM M0 JUCIHUILIIMHE

Cucrema KpUTEpHUEB OLICHUBAHMS, KaK U MPU MPOBEACHUU MPOMEKYTOUHOU
aTTeCTallui MO MOJYJI0, ONMMUPAETCs Ha TPU YPOBHS OCBOCHUA KOMIIOHCHTOB
KOMITETEHIIN: TOPOTOBbIN, NOBBIIIEHHBIN, BEICOKH.

Pe3ynbrarst
00yueHus 3Haer Ymeet Bnaneer
(kommieTeHIIUN
n3 ®IOC)
K - 8 TEXHOJIOTUU U CO3/1aBaTh MIPaKTHYECKUMU
AJIIrOPpUTMBI IMIPUIO0KCHUA VR u HaBbIKAMHU
IIK - 13 BuptyainsHoi (VR) u | AR mis npuMeneHust VR u
K - 16 JIOITOJTHEHHOMN IIPOMBILIJIEHHOCTH AR B
K — 19 peansHOCcTH (AR) MIPOMBIILIEHHOM
IIPOM3BOJICTBE
OTaJIOHHBIN OCHOBHOI1 U YMeeT B NoJIHOM BCEMHU HaBBIKaAMU
JOMOJIHUTEIIbHBIN oobeme ... MIPUMEHCHUS VR u
Matepual, co3/1aBaTh AR B
HPEAYEMOTPEHHbI npunoxerust VR u MPOMBIIIJIEHHOM
koMmmeTennusamu I11K-8, AR s
TK-13, TIK-16 1 [TK-19 HPOU3BO/ICTBE,
63 OLIHGOK I MIPOMBIIIJIEHHOCTH JEMOHCTPUPYS UX HE
MorperHocTeil TOJIBKO B CTaHAAPTHBIX
CUTYaIUsIX, HO U TIPH
peleHnn
HECTaHJIaPTHBIX 3a/1a4
[IponBUHYTHIN | OCHOBHOW Marepua, Ymeer ¢ OCHOBHBIMM HABBIKAMU
MPENYCMOTPEHHBIN HE3HAYHUTEJIbHBIMH MIPUMEHEHUS VR u
koMmmeTenmusamu 11K-8, MOTPEIHOCTSAMU ... AR B
gigiﬂ%i 1H6 nIIK-19, | cosnasars IPOMBIIICHHOM
MIOTPELTHOCTEN ipél noskeris VR i HIPOU3BOJICTBE,
AT JIEMOHCTPHUPYS HX B
IIPOMBIIIJIEHHOCTH CTaHJApPTHBIX
CUTYAITUSIX, B TOM YHUCJIC
MIPH PEIICHUN
JIOTIOJTHUTEIBHBIX 33134
[Toporossrii OOJIBIIMHCTBO OCHOBHBIX | YMeeT ¢ HEKOTOPBIMHU
TIOHSITHIA, U3Y9aeMBbIX B NMOTPEIHOCTSIMH ... OCHOBHBIMM HaBBIKAMU




paMKax JTUCIUILTAHEI CO3/1aBaTh npuMmeHenus VR u

npuinoxenus VR u AR B
AR g MIPOMBIILJICHHOM
ITPOMBIIIICHHOCTH MIPOM3BOJICTBE,

JIEMOHCTPHUPYSI UX B
CTaHAAPTHBIX CUTYAIUsAX

KpI/ITepI/II/I BBICTABJICHUA OLICHKUN CTYACHTY Ha 3a4€TE

[Topsinok HaYMCHAEHUS! PEUTHHIOBBIX OAJIIOB 1O MPEAMETY

BBHITIOJTHEHHE BceX JabopaTopHbIX padboT — 100 6amos.

bamer
(periTun

TOBOM
OIICHKH )

OneHka
JK3aMeHa

TpeboBanust k cPOPMUPOBAHHBIM KOMIIETEHITHSIM

85-100

«OTJIMYHO»

O1neHka «OTJIIMYHOY» BBICTABISETCS CTYACHTY, €CIU OH IIyOOKO U
MPOYHO YCBOWMJ MPOrPaMMHBIA  MaTepHall, HCYEPIIBIBAIOIIE,
IIOCJIEIOBATEIbHO, YETKO M JIOTMYECKHM CTPOMHO €ro u3Jjaraer,
yMEeT TECHO CBS3bIBaTh TEOPUI0 C MPAKTUKOH, CBOOOJHO
CIpaBIseTCs C 3aJadaMy, BOIPOCAMH HW JAPYIMMH BUIAMU
MPUMEHEHHUs 3HAHUW, MPUYEM HE 3aTPYAHSAETCS C OTBETOM IIpU
BUJIOM3MEHEHUU 33JaHUM, MWCHOJIb3YyeT B OTBETE MaTepuall
MOHOTpaUUYECKON  JUTepaTyphl, BIaJCeT PA3HOCTOPOHHUMHU
HaBbIKaMU UM NIpUEMaMH BBIIIOJIHEHUS J1a00paTOpHBIX paldoT.

70-84

«XOopoHo»

OI_IeHKa «XOpOIIO» BBICTABIIACTCA CTYACHTY, €CJIN OH TBEPAO 3HACT
Marcepurall, rpaMOTHO M IO CYIICCTBY H3JIaract €ro, HE JOITyCKas
CYHICCTBCHHBIX HETOYHOCTEM B OTBETE Ha BOIIPOC, IIPaBUIIBHO
MMPUMCHSACT TCOPCTUUCCKHUEC ITOJIOKCHUA npu pPEeIICHUN
J'Ia60paTOpHLIX pa60T BOIIPOCOB W 3a4a4, BJIAACCT HCO6XO)II/IM]':>IMI/I
HaBbIKaMU U ITPUEMaMH UX BBIITOJIHCHUS.

50-69

«YIOBJIETBOPUT
€IIbHOY»

OneHka «yJOBJIETBOPUTEIBHO» BBICTABISIETCS CTYIEHTY, €CIIM OH
MMEET 3HaHUS TOJIBKO OCHOBHOI'O MaTepHaja, HO HE YCBOWJI €ro
JeTaned, JOMyCKaeT HETOYHOCTH, HEJOCTaTOYHO IpaBUIIbHbBIE
(GOpMyYIMPOBKH, HapyLIEHHs JOTMYECKOW MOCIEOBATEIIbHOCTU B
U3JI0’KEHUHU MPOTrPAMMHOIO MaTepHalia, UCHBITHIBACT 3aTPYIHEHUS
IIPY BBINOJIHEHUH J1a00PaTOPHBIX padoT.

0-49

«HEYIOBJIETBOP
UTEIBHO

OueHka  «HEyIOBJIETBOPUTENIbHO»  BBICTABISETCS  CTYACHTY,
KOTOpBIM HE 3HAET 3HAUYUTEIBHON YaCTH IPOrPaMMHOIO MaTepuaia
10, JOIMYCKAET CYIIECTBEHHbIE OMNOKH, HEYBEPEHHO, C OOJIBIINMHU
3aTpyIHEHUSIMH BBIOJHSET MpakTHueckue paboTsl. Kak mpaswuio,
OIICHKA «HEY/IOBJIETBOPUTENBHOY» CTABUTCS CTYIAEHTaM, KOTOpbIE HE
MOTYT HPOJOJDKUTH O0ydeHue 0e3 JOMOIHMUTENbHBIX 3aHATHH 110
COOTBETCTBYIOLIEH TUCIUIIIIUHE.

IIpaBuia aTTecTannu AJisl CTYJIeHTOB, He HAOPaBIIMX HEO0XOIMMBbIH
MHUHUMYM 0QJUI0B MO TUCHMILINHE




Ecnu cTyneHT, B XoAe U3y4eHus AUCIUIUIMHBI HaOpas 50 u Oosiee 0amios, TO
OH MMEET MpaBO Ha BHICTABJIEHHE 3a4€Ta C COOTBETCTBYIOIIEH OLIEHKOW Oe3 ero
coayu.

Ecnmu crynent naOpan menee 50 0aymioB, TO OH JOJKEH ClaBaTh 3aueT
(BBINIOJIHEHUE ~ TOTIOJHHUTEIBLHOM  JTabopaTopHOM  pabotThl). JlaHHBIA  TecT
orieHnBaeTcs B nuamnas3one ot 0 1o 30 6amios. [lonyyeHHble OaIbl CYMMUPYIOTCS K
y>kKe HaOpaHHBIM U CTYACHTY BBICTABIISICTCS UTOTOBASI OIICHKA.

Texkymmii KOHTPOJIb
Ycrubii onpoc

Tema 1
1. IIpeanoceuiku, UCTOpUs, 00JACTH NPUMEHEHHS CUCTEM BUPTYaJIbHON
PEaIbHOCTH.
2. ba3oBble NOHATHS U ONIPEAEIICHNS TEXHOJIOTHI BUPTYaIbHOW U PaCIIMPEHHON
PEaNbHOCTH.
3. OTansl ¥ TEXHOJIOTUH CO3JaHus CUCTEM VR, CTpYKTypa U KOMIIOHEHTBI.
4. OyHKIMOHAJIBHBIE BO3MOKHOCTH COBPEMEHHBIX IIPUIIOKEHHUI U CPEX C
UMMEPCUBHBIM KOHTEHTOM.
5. Ceprl mprMeHEHNS U UCIOIb30BAaHUS TEXHOJOTUN BUPTYaJIbHOMN U
pacIIMPEHHON PEATTBHOCTH.
6. CocTaBisione IMMEPCUBHOTO KOHTEHTA.
7. ines u cueHapuii Juisl TPUIOKEHUN Pa3HOTO YPOBHS NOTPYKEHUS B
BUPTYyaJIbHOE ITPOCTPAHCTBO.
8. O630p coBpeMeHHbIX 3D-1BUKKOB. CpaBHUTEILHBIN aHAIU3.
9. Pasunna mexxny AR, Virtual Reality (VR) u Mixed Reality.
10. O6opynoBanue ajis pazpadotku XR npuioxeHuid.
Tema 2
1. Kimaccudukanust ycTpoWCTB BU3yaJIU3aIlluy U B3aUMOJICHCTBUS JIJIs
UMMEPCUBHBIX CpE.
2. YcrpoiicTBa BU3yadu3aluyi BUPTYaTbHBIX 00BEKTOB: VR 1u1eMbl, 0uku
JOTIOJTHEHHOM PeaIbHOCTH, ITAHEIU U MOHUTOPBI
JUTSI OTOOpaKEHUsI BUPTYATIbHBIX OOBEKTOB.
3. YcrpoiicTBa BU3yalu3aluy BUPTYaIbHBIX OOBEKTOB: OUKH JOTIOJIHEHHOM
PEaTbHOCTH.
4. YcrpoiicTBa BU3yalau3alui BUPTYalIbHBIX OOBEKTOB: MMAHEN U MOHUTOPBI
JUTs1 OTOOpaXKEHUsl BUPTYAIIbHBIX OOBEKTOB.
3. YcTpolicTBa B3aMMOACHCTBUS C BUPTYabHBIMU OOBEKTAMH B UMMEPCUBHBIX
cpenax: miaTGopmal.
4. YcrpoiicTBa B3aMMOJEHCTBUS C BUPTYaIbHBIMUA OObEKTAMU B UMMEPCUBHBIX
Cpelax: CUCTEMbI TPEKHHIA 'OJIOBBI.
5. YcrpoiicTBa B3aUMOJEHCTBUS C BUPTYyaJTIbHBIMU 00bEKTAMH B UMMEPCUBHBIX
cpelax: CUCTEMbI TPEKHHIa IJ1a3.
6. YcrpoiicTBa B3aMMOJEHCTBUS C BUPTYaJTbHBIMU O0BbEKTaMU B UMMEPCHUBHBIX
cpelax: CUCTEMbI TPEKUHIa JBUKEHUI
Tena.



7. YcrpoiicTBa B3aUMOJEHCTBUS C BUPTYyaIbHBIMUA O0bEKTaMU B UMMEPCUBHBIX
cpeaax: mepyYaTKu.
8. YcTpoiicTBa B3auMOICUCTBUS C BUPTYaTbHBIMU OOBEKTAMH B UMMEPCUBHBIX
cpenax: 3D KOHTPOJUIEPBL.
9. YcrpoiicTBa B3aUMOJEHCTBUS C BUPTYyaJIbHBIMUA O0bEKTaMU B UMMEPCUBHBIX
cpelax: yCTpoicTBa ¢ 0OpaTHOM CBS3bIO.
10. YcTpolicTBa B3aUMOAEICTBUS ¢ BUPTYaJIbHBIMU OOBEKTAMH B KMMEPCUBHBIX
cpelax: JaT4YrKH.
Temnl 3,4, 5
1. MapkepHbie TEXHOJIOTUM JTOMOJIHEHHON PEATTBHOCTH.
2. Cdepbl npuMeHEHHs! TOTOTHEHHON peanbHOCTH. OTrpaHUueHUs] TEXHOJIOTUU
JOTIOJTHEHHOUW pEalbHOCTH.
3. TexHONOrNM TONIOJIHEHHON PEANBHOCTH. APXUTEKTYpPa MPUIOKECHAN
JOTIOJTHEHHOM PEasbHOCTH.
4. PacrioznaBanue o0pa3oB. MeTo bl pacrio3HaBaHMsI 00pa3oB.
5. Tunsl 3324 pacrio3HaBaHUsI 00PA30B.
6. CeHCcOopbl, MAHUITYJISITOPBI, YCTPOKWCTBA PACIIO3HABAHMS JKECTOB.
7. OcnoBbl padoTsl ¢ SDK Unity 3D.
8. Coznanue VR-npunosxenus ¢ ucnonszoBanueM SDK Unity.
9. Ucnons3oBanue 6udmmorexkn OpenCV 11 pa3pabOoTKy MPUIIOKEHUN
pacIIMPEHHON PEATTBHOCTH.
10. Ucnonb3oBanue mnatdgopmsl Vuforia ajis co3nanust mpuiaoKeHUI
PACHIMPEHHON PEAIbBHOCTH C MOJIMCEHCOPHBIM
YIpaBJICHUEM.
3auyer

Bonpocs! k 3auery:
1. Ba3oBble MOHATHUS U ONPEACIICHUS TEXHOJIOTUN BUPTYaJIbHON U PACIIMPEHHOMN
pPEaNbHOCTH.
2. DTansl ¥ TEXHOJIOTUU CO3JaHus cucTeM VR, cTpyKkTypa U KOMIIOHEHTHI.
3. Cdepnl mpUMEHEHUSI U UCTIOJIb30BAaHUS TEXHOJIOTUI BUPTYaIbHON U
PacCIIMPEHHON PEATBHOCTH.
4. CocTaBisole IMMEPCUBHOTO KOHTEHTA.
5. OcnoBsl pabotsl ¢ SDK Unity 3D.
6. Kinaccudukanus ycTpoicTB BU3yaau3aluy U B3aUMOJICUCTBUS JJIs
MMMEPCUBHBIX CPE/I.
7. PactiozHaBaHue 00pa3oB. MeTo/ bl pacno3HaBaHus 00pa3oB.
8. YcTpoiicTBa BU3yallu3alluu BUPTYalbHBIX 00beKTOB: VR IIIeMBbl, OUKH
JOTIOJTHEHHOM peaibHOCTH, TAHETU U MOHUTOPbI
TSl OTOOpaXKEHUsl BUPTYAIbHBIX OOBEKTOB.
9. YcTpoiicTBa B3auMOICHCTBUS C BUPTYAJIbHBIMU OOBbEKTAMH B UMMEPCUBHBIX
cpelax: CUCTEMbI TPEKHHIA T'OJIOBBI, IJ1a3,
JBYDKEHUH Tena; nepyaTku, 3D KOHTPOIUIephI, YCTPOHCTBA ¢ 00paTHOM CBS3bIO,
m1aThOPMBI, TaTUYNKH.
10. Ucnionp3oBanue tuiargopmel Vuforia ajist coO3aaHus MPHIIOKEHUN
PaCUIMPEHHON PEATBHOCTH C MOJMCEHCOPHBIM
yIpaBJIeHUEM



