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KEpIBHUKOBI Ta PEIECH3EHTOBI HAa TMIiATOTOBKY BIATYKY Ta
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peleHsii
[lonanns Ha xadenpy ocraToyHoro BapiaHta poOoTH,| 3a 5 1HIB 10
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AHOTALIA

Bepeain M.O.

Tema: IrpoBuit nogarok “Fitness runner VR, crBopenwmii ans miardopmu
Meta Quest

CrenianpbHictb: 121 «lHXeHepist nporpaMHOro 3a0e3neueHHs.

YcranoBa: JI3 Jlyrancebkuii HalllOHaJIbHHMI YyHIBepcUTeT iMeHi Tapaca
[lTeBuenka, 2024 p.

Kpauaigikauiiina podora: 68 c., 9 puc., 32 mxepena.

Meta podoTu — po3poOka irpoBoro gomatky  Fitness runner VR” mus
1I0JIOMY BipTyanbHOi peanbHocTi Meta Quest.

O0’exT nocaigxenns — irposuit VR nonaroxk "Fitness runner VR"

IIpeamet nocJrixkeHHs1 — po3poOKa IrpoBUX A0JATKIB 1 iaTdhopmu Meta
Quest 13 3aCTOCOBYBaHHSM TEXHOJIOT1H JJIsI MABUIIEHHS] aKTUBHOCTI Ta 3JI0POB'S.

Metoau aocaigKeHHSI: meopemuuHi: aHaNi3 JITEpaTypd 3 TMHTaHb
po3poOKu BipTyanbHOi peasibHOCTI (VR), BUBUeHHs ocobnmBocTeit podoTu misa VR-
II0JIOMIB Ta iX MOKJIMBOCTEH; MOPIBHSIILHUM aHaJ13 PI3HUX METO/IIB Ta MIIXOAIB 0
PO3pOOKH ITpOBUX AOMATKIB /st VR emnipuuni: MOCHIIKEHHS Pi3HUX PYUIIiB Ta
SDK mns po3poOku 1rop y BIpTyalbHI peansbHOCTI; eKcnepumMeHmanbHti:
TECTYBaHHS PO3POOJIECHOTO JOaTKA.

Pe3yabTaT po6oTH: po3pobieHHid irpoBuii moxatok “Fitness runner VR”
st Toiatrgopmu Meta Quest, sxuit cripusie TIBUINEHHIO aKTUBHOCTI Ta 370pPOB'S
KOPHCTYBayiB.

BHCHOBKH : Yy3aragbHEHO TEOPETHYHI AaCIEeKTH PO3pPOOKU BIpTyaiIbHOI
pEaNbHOCTI, BU3HAYEHI KIIOUYOBI OCOOJMBOCTI BIATBOPEHHS I1HTEPAKTUBHOIO
cepenoBuia Ha miuatdopmi Meta Quest 2.  [IpoBeneHo aHami3 eTamiB CTBOPEHHS
rpu "Fitness runner VR" Ta peanizaiiii OCHOBHMX KOMIIOHEHTIB 1HTepdeicy Ta
YIPABIIIHHSL.

Karouosi ciaoBa: META QUEST, IMMEPCUBHICTD, OIITUMI3ALIIA,
"FITNESS RUNNER VR", BIPTYAJIbHA PEAJIBHICTH, SDK, CKPUIIT,
PEAJIIBAIIIA



ABSTRACT

Veredin M.O.

Topic: Game application “Fitness runner VR” created for the Meta Quest
platform

Specialty: 121 "Software Engineering".

Institution: DZ Luhansk Taras Shevchenko National University, 2024

Qualification work: 68 pages, 9 figures, 32 sources.

The purpose of the work: is to develop a game application “Fitness runner
VR” for the Meta Quest virtual reality helmet.

The object: VR game application “Fitness runner VR”

The subject: development of game applications for the Meta Quest platform
using technologies to increase activity and health.

Research methods: theoretical: analysis of the literature on the development
of virtual reality (VR), study of the features of VR helmets and their capabilities;
comparative analysis of different methods and approaches to the development of VR
game applications; empirical: study of various engines and SDKs for developing
games in virtual reality; experimental: testing of the developed application.

Results: the game application “Fitness runner VR” for the Meta Quest
platform was developed, which helps to increase the activity and health of users.

Conclusions: the theoretical aspects of virtual reality development are
summarized, the key features of reproducing the interactive environment on the
Meta Quest 2 platform are identified. The stages of creating the game “Fitness
runner VR” and the implementation of the main components of the interface and

control are analyzed.

Keywords: META QUEST, IMMERSIVENESS, OPTIMIZATION, “FITNESS
RUNNER VR”, VIRTUAL REALITY, SDK, SCRIPT, IMPLEMENTATION
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1.1.
1.2.

1.3.
1.3.1.
1.3.2.
1.4.

1.1.

BCTYII

HaiimenyBanus: «Fitness runner VR»

IlincraBa 10 BukoHauHsi: IlifcTaBoro il BUKOHAHHS JaHOiI PO3pOOKHU €
3asiBa BiJ] 3aMOBHHKA.

Tepmin po3poOku:

[Touarok 20 xoBTHsA 2023p.

3akinuenns 30 tpaBusa 2024p.

diHaHCyeThCS 32 PaXyHOK 3aMOBHUKAa. YMOBHU (DIHAHCYBaHHS — 3TIJTHO

JIOTOBODPY.

1. XAPAKTEPUCTHUKA OB’EKTY

Po3po6ena rpa moBuHHA MaTH MOMKJIMBICTh B3a€MO/I11 3 KOPUCTYBAvueM 4epes

VR-monom Meta Quest, 3a0e3neuyoun iIMMEPCUBHUM ITPOBHIA TOCBIJI.

1.2.
1.2.1.

1.3.

1.4.

Jlo cknany 00’ €KTy, 1110 CTBOPIOETHCS, TOBUHHO BXOJIUTH:

I'pa, pospobnena B cepenoBuill Unity, chemiaJibHO ajanToBaHa ISt
BUKOpUCTaHHA 3 VR-1monomom Meta Quest.

Bxinna iHbopMarllis BKIItO4ae B cebe BUMOTH 3aMOBHHUKA 1010 TPH, TaKl SK:
Cnucok QyHKIIOHAIBHOCTEH, SIKI Ma€ MICTUTH T'pa.

I'padiuni Ta ayai0-BUMOTH 0 TPH.

Bumoru 10 iHTEpdeiicy KopucTyBaya Ta yIpaBJliHHS IPOIO.

Buxinna iHdopmariisi BKIroyae B ce0e 3BITH MO PI3HUM acCIEKTaM pO3pOOKHU
Tpu:

3BITH PO TPOTPEC PO3POOKH.

3BITH PO pe3yJIbTAaTH TECTyBaHHS TPH.

3BiTH TIPO BHECEHI 3MIHU Ta BUIIPABICHHS TOMUJIOK.

3BITH PO BIPOBAIKEHHSI HOBUX (DYHKIIIH Ta MOKpaIICHb.



2.1

2.2.

2. IIPU3HAYEHHSA OB’EKTY

[Tpu3HaueHHs: peanizaulis iIrpoBOro AOAATKY AJ BUKOPHUCTaHHS Ha VR-
monomi Meta Quest, sKuil Hagae rpaBUSIM IMMEPCUBHUMN ITPOBHM TOCBIJ Y
BIpTyaJIbHOMY CEPEIOBHIIII.

[{inboBa ayiuTOpis:

['eitmepu, sIK1 IIKaBIATHCS irpaMu B xkaHpi VR.
Bnacuuku VR-moaomiB Meta Quest.

JIrobGuTemni irop, K1 IMIyKatOTh IMMEPCUBHUN FeAMILICH Ta BIpTyaibHI CBITH.
[Tnardopmu 1151 po6OTH IpH:

€uHuii miaTpuMyBaHui monom - Meta Quest 2.

I'pa ve miaTpumyeThes Ha wiatdopmax Android, 10S, Windows abo Linux,

OCK1TbKY MTPU3HAaYEHA BUKIIFOYHO IS BUKOpHCTaHHS Ha VR-1momomax Meta Quest.

3.1.

3.1.1.

3.1.2.

3.1.3.

3.14.

3.1.5.

3. BUMOI'M CUCTEMH

3araJibHi BUMOT'H:

I'pa mpaittoe Tinbku Ha VR-monomi Meta Quest 2.

['pa moBuHHA MaTH 1HTYITUBHO 3pO3yMuINi iHTEep(elc Ta KepyBaHHS IS
KOPHCTYBaYiB, IKi BUKOPHCTOBYIOTH VR-1110710M.

OnTumizariis rpu 1715 MIaBHOI Ta 0e3nepebiitnoi podoTn Ha VR -monomi Meta
Quest 2 6e3 3aTpuMok abo 3007B.

['pa moBuHHA OyTH po3pobiieHa eKCKII03MBHO Tif Tatdhopmy Meta Quest 2
Ta He miATpuMyBatH i VR-mnardopmu.

3a0e3nedeHHs] KOH(D1ICHIIMHOCTI TaHUX KOPUCTYBadiB Ta O€3MeKu Ipu Ha

moaoMi Meta Quest 2.



3.2. DyHKUHioOHAJbHi BUMOIH:

3.2.1. I'pa mnoBMHHAa MaTH MOXJIMBICTb BIATBOPEHHSA IFPOBHX CLEHAapiiB 3
BUKOPHUCTaHHSAM KOHTpoJiepiB mosioma Meta Quest 2.

3.2.2. MexaHika rpy IOBUHHA OyTH ONTHMI30BaHa /sl BUKOopUcTaHHs VR-1momoma
Ta KoHTpoJepiB Meta Quest 2.

3.2.3. I'pa moBUHHA MaTH MOXJIMBICTh peaiizailii GiTHeC eneMeHTa, Ae MBUIKICTh
OIry rpaBIls 3aJICKUTh BiJl HIBUJIKOCTI PyXy HOT0 KOHTPOJIEPIB Y Pi3HI OOKHU.

3.2.4. Y rpi noBuHHI OyTH JBa BUAU BOPOTIB:

3.2.4.1. Ilepmuii BUJ - BEAMIb, SKUH MOCTIMHO HA310TaHs€E TPABI, CTUMYJIIOIOYN

Horo OIrTu BIepe/.
3.24.2. ]Jlpyruii BuA - BOpOTH, SIKI 3'BISIOTHCSA IEpea TPaBIEM 1 MOXYTh
MPU3BECTH JI0 MPOTPAILy P 3ITKHEHHI.

3.2.5. YV rpi Mae OyTH MOXJIMBICTh CTPUIATH MO BOPOTaM, SIKi 3'ABJISIOTHCS MEpeN
TpaBIIEM.

3.2.6. I'paBenib MOBUHEH MaTH MOKJIUBICTh M1JOMPATH MOHETH PyKaMHU ITiJ Yac TPH.

3.2.7. Y rpi MaroTh OyTH HACTYIHI JIIYITHbHUKH:

3.2.7.1. MakcumanbHa BiJICTaHb, SIKy TPaBellb MPOMIIOB 3a OJHY TPY.

3.2.7.2. TloTouHa BiJICTaHb, SIKYy TpaBEIlb MOJI0JIAB Ha ITPOBIH CIIEHI.

3.2.7.3. KinbkicTh miaiOpaHuX MOHET.

3.2.7.4. KinbkicTh BOUTHUX BOPOTIB.

3.3. Bumoru 10 ckiaay Ta apxiTekTypu:

3.3.1. I'pa moBMHHA MaTH BIATOBIAHY apXiTEKTYpy, 00 e(heKTUBHO MPAIIOBATH HA
VR-monomi Meta Quest 2.

3.3.2. Ocob6auBHUX YMOB JI0 CKJIQy Ta apXiTEKTYpH HE Mepea0oadeHo.

3.4. Bumoru 10 iKocTi Ta HagiIMHOCTI:

3.4.1. I'pa noBuHHa Oe3nepeOiiiHO mpaioBat Ha VR-monomi Meta Quest 2 6e3
3001B Ta NE€peHAIAIITYBaHb.

3.4.2. Po3poOHUK rapaHTtye poboty rpadidyHOoro momarky O0e3 300iB Ta

nepeHaalTyBaHb Ha mojomi Meta Quest 2.



3.5.
3.5.1.

Bumoru 10 ekcruryararnii:

poOOTH 3 TPOIO.

3.6.

3.6.1.
2.

3.6.2.

Bumoru 10 TecTyBaHHS:

Po3po6uuk BukopucroBye VR-monom Meta Quest 2 nis TecTyBaHHS Ta

MeTton TecTyBaHHs: (PyHKIIOHAIbHE TECTYBaHHS I'py Ha 1ojoMi Meta Quest

BusBneHHs GyHKIIIOHATBHUX MOMHUJIOK Ta BIAMOBIIHICTH TPH BHUMOTaM Ta

OYIKYBaHHSM KOPHUCTYBauiB IIJISXOM T€CTYBaHHS PI3HHUX ITPOBHUX CLEHAPIIB.

3.6.3.

VR-monomom Meta Quest 2.

TectyBaHHs poOOTH I'pH 32 PIZHUMHU CLIEHAPISIMUA Ta yMOBaMU KOPUCTYBaHHS

Onuc yMOB TeCTyBaHHS:

Ta0aumg 3.6.3

Kondiryparis

aroJjioma

YMOBU BUKOPHCTAHHS

Pesynbratn

TCCTYBAaHHA

Meta Quest 2

HopmanbHi yMOBM BHUKOPUCTAHHS:

rpadiyae HaBaHTAXEHHS Ha
MakCcUMyM, O€3 IHIIUX 3aImylIeHUuX

JIOJIaTKIB

I'pa Mpaukoe

cTab1IBHO, 0e3

3aTpUMOK Ta 3001B

[TlinBumena Ttemmeparypa: rpadidde

[TepeBipeHO TEIIOBUI

HAaBaHTAKEHHS Ha MaKCHUMyM IIPH | peKUM, Tpa Ipaloe
M1JIBUIIICHIN TEeMIepaTypi | CTablIbLHO
MIPUMIIIICHHS

Huszpka  3apsaka  akymynstopa: | ['pa MPAIoE
rpadiune HABaHTaKEHHS Ha | cTabUIbHO, 3a0e3meuye
MakCUMyM TIpU HU3BKOMY pIBHI | IPUAHATHY AKICTh
3aps1y 1I0JIOMY 300pakeHHs

BukopucranHd 'y  pi3HOMaHITHUX
OCBITJICHHSIX: TIEpPEBIpKa peakilii rpu

Ha 3MiHY YMOB OCBITJICHHSI

['pa apmanryerbest no
pI3HUX YMOB

OCBITJICHHA
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BCTYII

Bipryansna peansHicth (VR) crana ofHi€lo 3 HalNepCHEeKTUBHIMIUX
TEXHOJIOTIA Cy4YacHOCTI, SfIKa 3HAXOJUTh 3aCTOCYBaHHS B PI3HUX cdepax — Bia
pO3Bar i OCBITU /10 MEAMIIMHYU Ta MPOMHUCIOBOCTI. 3aBASKA MOKIMBOCTI 3aHYPUTH
KOpHUCTyBada B IHIIKWK CBIT, VR 3a0e3nedye HOBWII piBE€Hb IHTEPAKTHBHOCTI Ta
Bpa)K€Hb, 1110 BIAKPUBAE O€3J114 MOKIUBOCTEH /IS pO3POOHHUKIB IPOBOT'0 KOHTEHTY.

VY aumioMHiN poOOTI MU 30CepeIrMOcs Ha PO3pOoOIIl iIrpOBOTro AOJATKY ISt
VR-monomy Meta Quest, siIkuii € OHUM 3 HaWOLIBII TOMYJISIPHUX Ta JTOCTYITHUX
NpucTpoiB Ha puHKy. Po3poOka irpoBux aonatkiB jyisi VR Bumarae BpaxyBaHHS
cnequ(pIYHUX AacMeKTIB, TaKUX SK MIHIMI3allsd HYJOTH Ta 3alaMOpOYEHHS,
onTuMizallisa rpadiku I peaTiCTUYHOCTI, Ta 3a0€3MeUYCHHS IPUPOTHOT B3aEMOIIT
KOPHCTYBaya 3 BIpTyaJIbHUM CEPEIOBHILIEM.

Merta podoTu — po3poOka irpoBoro gomatky  Fitness runner VR” mus
10JIOMY BipTyaiabHO1 peanbHOCTI Meta Quest.

O0’exT nocaigxenns — irposuit VR nonarox "Fitness runner VR"

IIpeamer nocigkenHs: — po3poOka irpoBUX JoAaTKiB s rmiatdopmu Meta
Quest i3 3acToCOBYBaHHSIM TEXHOJIOTIN JJIs MiABUIIICHHS aKTUBHOCTI Ta 3JI0POB'S.

BiamoBimHo 10 mpemMera MOCTIMKEHHS 1 METH, OyiM BUIUICHI OCHOBHI
3aBIAHHS HOCJIIIKeHHS:

- y3arajabHUTH MOHSTTS, OCHOBHI IPUHIIMIIU BIPTYaJIbHOI PEAIbHOCTI;

- JOCTITUTH OCOOJMBOCTI PO3POOKM ITPOBUX MOMATKIB IS BipTyaJIbHOI
peanbHOCTI, METOIM B3a€MO/Iii KOPUCTYBaya 3 irpoBUM cepenoBuiiem y VR;

- PO3MIISIHYTH TEXHIYHI XapaKTEepPUCTUKU Ta MOXJMBOCTI VR-monomy Meta
Quest;

- pO3pOOHUTH ITPOBUM TOAATOK BIPTyaldbHOI peasbHOCTI ajig VR-monomy
Meta Quest 3a monomoroto cepenonuria Unity.

Jlist  BUpIlIEHHS 3aBlaHb JOCHIJDKEHHS BHKOPHUCTAHO Taki MeTOaH
JAOCJIKEeHHS. meopemuyni. aHaji3 JITepaTypu 3 NUTaHb PO3POOKH BIPTyalIbHOI

peanbHOCTI (VR), BUBYeHHS ocobmmBocTedt pobotu mis VR-monoMiB Ta ix



MO>KJIMBOCTEH; MOPIBHSAJIBHUN aHaji3 pi3HUX METOJIB Ta MIAXOMIB 0 PO3POOKH
irpoBux aojatkiB mist VR; ewnipuuni: nocnimxeHHs: pizHux pyuniiB ta SDK ns
pO3pOOKK 1rop Yy BIPTYyaIbHIA PEATBHOCTI; eKCHepUMeHmMAlbHi. TECTyBaHHS
PO3pO0JIEHOTO 10AaTKa.

Jlo ckiamy poOOTH BXOJATH TPU PO3ILIH, $KI BUCBITIIOIOTH TEOPETHUYHI U
MPAKTUYHI TUTAHHS PO3POOKH IrPOBOTO JOJIATKY BIpTyaabHOI peambHOCTI 11t VR-
mosiomy Meta Quest.

[IpakTuyHe 3HAYCHHS PO3POOKH — po3poOieHu irpoBmii momatok “Fitness
runner VR” ms uratrdopmu Meta Quest, sikuii cripusie ImiIBUIIIEHHIO aKTHBHOCTI Ta

3JI0pOB'sl KOPUCTYBAYIB.



PO3A1)I 1. TEOPETHUYHI OCHOBHU PO3POBKH II'POBOI'O
HNOJATKY JJIdd VR-IHOJIOMY META QUEST

1.1. BipryaabHa peajbHicTh Ta Ti 0CHOBHI NPUHIMIIHN

BipryanpHa peanbnicth (VR) - 116 KOMI'IOTEpHO CTBOPEHE CEPEIOBUIIIE, SKE
CIPUMMAETHCSI KOPUCTYBAUEM SIK peasibHe, 1€ BIH MOXKE B3aEMO/IIATU 3 00'€KTaMu Ta
BUKOHYBAaTU [ii, BUKOPUCTOBYIOUM CIHellalibHe oO0JiafHaHHs, Ak VR-monomu,
KOHTposiepu To1o. OCHOBHOIO MeTOr0 VR € CTBOpEeHHS iMepCIMHOTO BpaXKEHHS, 1110
JT03BOJISIE KOPUCTYBAYEBI BIIUyBaTH ce0€ YACTUHOIO BIPTYaJIbHOTO CBITY.

BipTyanbHa peasibHICTh BIAPI3HIETHCS B IHIIUX CXOXKHMX KOHIEMIIIHN, TaKUX
K JIOTOBHEeHa peanbHICTh (AR) Ta 3mimiana peansHicTh (MR). B AR peanbhi
00'€KTH JOTOBHIOIOTHCS BIPTyaJbHUMH €JIEMEHTAMH, 5K HaKJIaJaroThCs Ha
HABKOJIUIITHIHN CBIT 3a JOTIOMOTOIO MPUCTPOIB, TAKUX K cMapTHOHU ab0 creriaibHi
okymsipu. MR, y cBow uepry, noeanye einemeHTH AR Ta VR, no3Bomnstoun
KOPUCTYBAau€Bl B3a€EMOJIATH 3 BIPTyaJbHUMHU OO0'€KTaMH, SIKI I1HTETpOBaHI B
peanbHUiA CBIT. Bkl qeTanbHO MOXKHA TpovuTat y [1].

OcHoBHa BiAMIHHICTH VR BiJ IMX TEXHOJIOT1H MOISTa€ B IOBHOMY 3aHYpPEHHI
KOPHUCTYBada B CTBOPEHE BIPTyalbHE CEPEIOBHINE, Y IKOMY BiH MOXKE PyXaTHCH,
JOCIIIKYBATH Ta B3aEMOJIIATU 3 00'€eKTaMu Tak, HIOU 1ie peanbHicTh. Lle cTBOproe
YHIKQJIbHUW JTOCBIJI, SKMH MOYX€E BUKOPHUCTOBYBATUCA B PI3HUX cepax, Bijg irop ta

po3Bar a0 OCBITH Ta MCOAHNIIMHU.

1.1.1. IcTopisi pO3BUTKY BipTyaJIbHOI peajbHOCTI

[cTopist BipTyaJIbHOI peabHOCTI MPOCTATAETHCS HA KiJdbKa JECSITHIITH 1
MOYMHAEThCA 1€ Yy cepeauui 20-ro cTomiTTs. Po3risiHeMo KulbKa KIIIOUOBHX
MOMEHTIB B 1CTOPIT pO3BUTKY TexHoorii VR:

o 1960-T11 poku: OmHUM 3 TEPIIMX MIOHEPIB Y Taly3l BIPTyalbHOT peaIbHOCTI

oy Kinemarorpadict Mopron Xeitmr, skuil ctBopuB y 1960 poui nepmii



MIPOTOTHII IPUCTPOIO ITi T Ha3BOKO Sensorama. I{e OyB 6araroceHCOpHU CUMYIISATOD,
skuii BiH Ha3BaB «Tearpanbumii JocBim» (puc.1.1.) mo OyB 37aTHHI MOBHICTIO
OXOIUTH Ta MOPUHYTH TJsiava y rpy (puibMy 3a JOIOMOIOK CTEPE03BYKY, BiOparlii
Ta CTEPEOCKOMIYHUX 300pa)keHb, 1110 CTBOPIOBAJIM IMMEPCHBHHUH JIOCBI/I.

JletanpHile MOKHA JI3HATUCH Y [2].
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Puc.1.1. ITporoTun npucTporo i Ha3BOKO «SEeNnsoramay

o 1980-11 poku: Ilepiri mpakTU4YHI CUCTEMH BIPTYalbHOI pEabHOCTI OyJu
ctBopeHl B 80-x pokax MuHyinoro cromitrs. B uneid wac NASA mnouana
BUKOPUCTOBYBaTH VR-TexHosorii s TpeHyBaHHS actpoHaBTiB (puc.1.2.).
Jeranphime onucano y [3]. B meil e mepioj po3BUBaIKMCh MEpIIi MPOTOTHITH

II0JIOMIB, PYKaBUYOK Ta IATYUKIB PyXY.



Puc.1.2. IntepaktuBHa pykaBuuka Power Glove Ta moiom BipTyalbHOI

peansHOCTI NASA

o 1990-1i poxu: VY mei mepiog KOMMaHii MoYyand akTUBHO I1HBECTYBaTH B
po3poOKy komepItiiHux VR-cucTeM, ane BUCOKa BapTiCTh TEXHOJIOTIH Ta 0OMEKeHa
00YHMCITIOBANTbHA TTOTYKHICTD MMPU3BENH JI0 X HEBEITUKOTO MOITHUPCHHS.

o 2000-u1 poxu: 3aBASKH PO3BUTKY IpadiuHUX MPOIECOPIB Ta KOMITIOTEPHOL
TEXHOJIOT1i, BIpTyaJlbHa PEAJbHICTh CTajia OUIbII JOCTYMHOK. 3'IBHJIMCS HOBI
III0JIOMU Ta KOHTPOJIEPH, sIK1 OyJIM CIIpsSIMOBaH1 Ha 1TPOBUI PUHOK.

o 2010-T1i poku: 3 mporo nepiogy VR modana cTpiMKO po3BHBATHCS, 3aBIISKH
nosiBi cydyacHux VR-monomis, Takux sk Oculus Rift, HTC Vive Ta PlayStation VR.
Takoxx 3'sBHIIHCS 1HII 1HHOBAIII1, BKItOYarou MooutpH1 VR-pimenns (Puc 1.3.),

taki sk Google Cardboard Ta Samsung Gear VR.



Puc.1.3. Ilpuknan mo6inpHUX VR OKyIIsIpiB

CporojiHi BipTyaJibHa pPEATBHICTh € OJHIEID 3 HAWMEePCHEKTUBHIMINX
TEXHOJIOT1M, sIKa 3HAXOJUTh 3aCTOCYBaHHA Y pI3HUX cdepax: BiJ po3Bar 1o
MEJIMIIMHU Ta OCBITU. TEXHOJIOTiS MPOJOBKYE BIOCKOHAIIOBATHUCS, CTAIOYU BCE

OUIBII JOCTYITHOO Ta PEaTICTUYHOIO NIl KOPUCTYBAYiB.

1.1.2.TexHoJIOTi4YHi CKJIAI0BI BIpTyaJIbHOI peaJbHOCTI

TexHonorii, ki 3a0e3meuytoTh (PYHKI[IOHYBaHHS BIPTYaJIbHOI PEaJbHOCTI
(VR), € Ham3BuyaliHO CKJIAQAHUMH 1 CKJIAAAIOThCSA 3 PI3HUX KOMIIOHECHTIB, SKi
MPAIIOIOTh Pa30M JIJIsl CTBOPEHHS IHTEPAKTUBHOTO Ta 3aXOILTFOIOYOTO BipTYyaIbHOTO
CepeIOBHINA I KOpHCTyBava. bkl getanbHO MokHA TpodyuTath y [4]. OcHOBHI
cKkJIazoBl VR-cucTeM BKIIIOYAIOTH:

1. Hucnnei VR-monomis:

OcHoBHUH eneMeHT cucteMd VR — 11e auciuieid, BOyJoBaHUHM y II0JIOM, SIKHIA

3a0e3reuye CTEPEOCKOMIYHE 300paKCHHS Ta JIO3BOJIE TPABIIO  OayuTH

TpUBUMIpHUN  BipTyanbHud cBiT. [lonomMu 3a3BuYail  BUKOPHUCTOBYIOTHb



BHUCOKOSIKICHI JIUCIUIET 3 BUCOKOIO PO3UIHHOIO 3aTHICTIO Ta MIBHJKOK YaCTOTOIO
OHOBJICHHSI, 1100 3a0€3MeUnTH peaiCTUUHHI Ta TUIABHUN Bi3yalbHUM TOCBIJ.
2. BiacrexeHus pyxy:

CucremMu BIJICTeXKEHHSI PyXYy KOHTPOJIOIOTH PYX TOJIOBU Ta MO3UIIIO
KOpPHUCTYBaya, a TaKOXX PYXU KOHTPOJEPIB YW IHIIMX HPUCTPOiB B3aemoli. Lle
JI03BOJISIE  CMHXPOHI3YBaTH [ii KOpHCTyBaua 3 BIPTYalbHUM CEPEIOBUIIEM,
CTBOPIOIOYM €(eKT 3aHypEHHs Ta 3a0e3Meuy0un IPUPOAHHUI TOCBIT B3aEMO/III.

3. Kontponepu:

KonTtponepu cnyxath 3aco0amMu B3a€MOJii KOpHCTyBauda 3 BIpTyaJbHUM
cBiTOM. BoHu MOXyTb OyTH pi3HUX GOpM — BiI PYYHHX TpEeKEpiB [0
CHellali30BaHuX MPUCTPOiB y (POpMI PYKaBHUOK YU KOCTIOMIB. KoHTposnepu
JO3BOJISIIOTh  KOPUCTYBAdeBl 3MA1MCHIOBATH [, Takl SK 3aXOIUJICHHS, PyX Ta
MaHinysis o6'ektamu y VR.

4, OO6pobxka rpadiku:

[Ipouecopu mns 06podku rpadiku (GPU) rpatots Bupimansay poib y VR-
CUCTEMaX, OCKUIbKM BOHH BIJMOBIJAIOTH 33 T€HEPAIII0 Ta PEHIEPUHT TPUBUMIPHOTO
BIPTYyaJIbHOTO CEpPEJOBHINA B peXuMi peanbHoro uacy. I[loTyxui rpadiuHi
nporiecopu HEOOX1THI JJis 3a0€3MeUeHHST BUCOKO1 SIKOCTI 300paKeHb, TUIABHOCTI Ta
MiHiMi3a1ii 3aTpuMok y VR-mocBimi.

1. Aynio Ta 3ByKOBUH TIPOCTIP:

PeanictuyHe ayaio € BaXXJIMBUM KOMIIOHEHTOM BIPTYaJIbHOI pEajbHOCTI,
OCKITbKA 3BYKOBHUU TIPOCTIp TMIABUINYE CTYIMIHb 3aHypeHHs. BukopuctanHs
IIPOCTOPOBOTO ay/ai0 J03BOJIIE KOPUCTYBa4aM UYyTH 3BYKH y PI3HMX HaIpsIMKax,
BIJIMOBIAHO JI0 iIXHBOTO MOJIOXKEHHS y BIPTyaIbHOMY CEPEIOBHIIIL.

Ili TexHOJOriuHI CKJIaJO0BI B CYKYITHOCTI CTBOPIOIOTH JIOCBiJ ITOBHOTO
3aHypEHHS, JO3BOJSIIOYM KOPHCTyBadaM BiM4yTH ceOe YaCTHHOK BipTyalbHOTO
CBITY Ta B3aeMOJIATH 3 HUM. [locTiiiHnil po3BUTOK VR-TeXHOIO0T1 NPpU3BOIUTH J10
BJIOCKOHQJICHHSI I[UX KOMIIOHEHTIB, WIJBUIIYIOYH SKICTh Ta PeaJiCTUYHICTh

BIPTYaJIbHOT'O JTOCBIY.



1.1.3. Ilpunuunu podotu VR-cucrem

[Ipunuunu pobotn VR-cuctem 0a3yroTbcd Ha TOMY, LI00 CTBOPHUTH
peaNTICTUYHMM Ta 3aXOIUTIOI0UHIA JOCB1I KOPUCTYBaya y BIpTyaIbHOMY CEpPEIOBHIIIL.
Jl7is TOCSATHEHHS I[bOTO BHKOPUCTOBYIOTHCS JIEKIIbKAa OCHOBHUX TEXHOJOTIH Ta
METO/IIB:

1. CrepeockoniyHe 300pakeHHS:

OgHuM 3 KIIOYOBHX MNPUHLUMIB poOoTH VR-cucteM € CTBOpPEHHS
CTEPEOCKOIIIYHOTO 300pakeHHs, sIKe 3a0e3Meuy€e KOpUCTYBaueBl BITIYTTS TTMONHHU.
[le mocsiraeTbest 3aBASIKM MOJAavl Pi3HUX 300pakeHb O JIIBOIO Ta MPAaBOro0 OKa
KOpUCTyBaua uepe3 MHCIUIeH y MmIojgomi. 3aBASKH 1bOMY BHHHUKAE UIIO31s
TPUBUMIPHOTO TMPOCTOPY, IO JI03BOJISIE KOPUCTYBAu€Bl BIMUYTH ce0€ YACTUHOIO
BIPTYaJIbHOT'O CEPEAOBUIIIA.

2. Tpexinr rosoBu Ta pyxiB:

VR-cucreMr BHKOPUCTOBYIOTH CIICIIQIbHI CEHCOPU ISl BIJICTEKCHHS
MIOJIOKEHHSI Ta PyXy TOJIOBH KOpucCTyBaua. Lle m03Bossie CHHXpOHI3yBaTH 3MiHH
BIPTYaJbHOI'O CEPENOBUIIA 3 pPyXaMH TOJIOBH, CTBOPIOIOYM €(EeKT MPUPOAHOI
1HTEpaKIli. AHAJIOT14HI CEHCOPU MOXKYTh OyTH BUKOPUCTAHI1 JJIs BIJICTEKEHHS PYXIB
pYK Ta IHIIMX YacTUH Tila, IO JO3BOJIAE KOPUCTYBAueBl B3AEMOJISATH 3
BIpTyaJIbHUM CBiTOM [5].

3. Biacrexenus norisay:

Hesiki cydacHi VR-cucreMu MarOTh MOXKJIHMBICTH BIACTEKECHHS TOTIISTY
KOpHCTyBa4a, IO JO3BOJII€E KOHTPOJIIOBATH, KYyIW JHUBHUTHCS TpaBelb, Ta
aJanTyBaTU BIPTyaJIbHE CEPEJOBUIIE BIJMOBIAHO 10 Horo Jii. bimbin nerambHO
ornucaHo y [6].

4. MeToau cTBOpEHHS BIIUYTTS MPUCYTHOCTI:

CrtBOpeHHS BIIUYTTS NPUCYTHOCTI € OJTHUM 3 OCHOBHUX 3aBJaHb VR-cucrtem.
Ile nocsiraeTbCs NUIAXOM IMOEIHAHHS PEATICTUYHUX 300pakeHb, 3BYKOBOTO
IPOCTOPY Ta 1HIIMX BIAYYTTIB. BUKOpUCTaHHS MPOCTOPOBOIO ayAio, BiOpaliiHux

IPUCTPOIB Ta IHIIMX CEHCOPHUX TEXHOJIOTIM JO0loMarae MiJABUIIUTH pIBEHb



3aHypEeHHS Ta B3a€MOJIii y BIpTyaJdbHOMY cepeaoBwiii. [leTanpHime npo BiqIyTTs
npucytHocTi y VR MoxHa npounrtatu y [7].
S. KoHTposiepu Ta 1HI1111 3ac00M B3a€EMOJII:

KonTtposepu Ta iHIII MpUCTPOi B3a€MO/I1, TaKi K CIeliaibHI pyKaBUUKH a00
KOCTIOMH, JO3BOJISIIOTH KOPHCTYBAau€Bl 3[1MCHIOBATH PI3HOMAHITHI Mdii Yy
BipTyasibHOMY cBiTi. Lli mpucTpoi 3abe3neuyroTh BHCOKHM piBEHb TOYHOCTI Ta
MIPUPOJIHOCTI Y B3aEMO/IT 3 00'€KTaMu Ta CEPEAOBUIIEM Y TPI.

Yei 1l mpuUHUMNM TPaliooTh Pa3oM, 00 CTBOPUTH IUITICHUM JOCBIJ
BIpTyaJIbHOI peabHOCTI, KU HAOIMKae KOPUCTyBaya J0 TTOBHOTO 3aHYPEHHS Y
uudpoBul CBIT. 3aBASKU UM TexHOJOrisIM VR cTae Bce OUIbII peaicTUYHUM Ta

JOCTYITHUM JUIsl pI3HUX c(ep 3aCTOCYBaHHS.

1.1.4. Cdepu 3acTocyBaHHS BIPTYaJbHOI PeaJbHOCTI

Bipryanbna peansHicTh (VR) Hazmae 6€37114 MOKIIMBOCTEH y PI3HUX raily3sx
3aBJSIKA CBOIM 3JaTHOCTI CTBOPIOBATH IHTEPAKTHBHI Ta IMMEPCHUBHI CEpEIOBHILA.
Ocs kibKa KIH0490BHUX cep 3actocyBanHs VR:

1. Irpu Ta po3Baru:

IrpoBa iHIyCTpist € OHUM 3 HaOUTBIUX criokuBaviB VR-TexHomoriin. VR-
1TpH T03BOJIIOTH TPABISIM IMOBHICTIO 3aHYPUTHUCA B IPOBUH IPOIIEC, 3a0€3Meuy0un
YVHIKQJIbHUWA Ta 3aXOIUIIOIOYUN NTOCBIA. Irpu MOXYTh OXOIUTIOBaTH Pi3HOMAHITHI
YKAHPH, BKITIOYAIOYN TPUTOAHUIIBK], ITyTepH, CUMYJIATOPH Ta 0araTo 1HIITUX.

2. OcBiTa Ta HaBYaHHS:

VR wMoxe OyTd e(QEeKTUBHMM I1HCTPYMEHTOM HAaBYAHHS, J03BOJIAIOYM
CTYJIEHTaM 3aHyPUTHCS B pealIiCTUYHI cepeIoBuIla Ta curtyailii. Lle Bkiroyae B cede
MOJICTIOBAHHSI CKJIAJHUX HAyKOBUX Ta ICTOPHUYHUX TOJINA, HABYAHHS JKapiB
X1pyprii, aBlaliiiHi TpeHaXXepu Ta 6AraTo 1HIIUX TPUKIAIIB.

3. MenuimHa Ta 0XOpOHa 30POB's:



VY menunuHi VR BUKOPUCTOBY€ETHCS AJI TPEHYBAaHHS JIIKApiB 1 MEICECTED,
IPOBEICHHS BIPTyaJbHUX OINEpallid, a TakoX Tepamii MNall€eHTiB 3 PI3HUMHU
3aXBOPIOBAHHIMH, TAKUMU SIK (P0oOii a00 MOCTTpaBMATUYHHUI CTPECOBUIA PO3IIA.

4, ApXiTeKTypa Ta JTu3aiH:

VR pomnomarae apxiTektopaMm Ta Ju3ailHEpaM CTBOPIOBAaTH TPUBUMIPHI
Mojiel1i Oy/iBeNb Ta IHTEp'EPIB, IO JO3BOJISIE KIIIEHTAM BIPTYalIbHO MPOTYIISITUCS 110
MIPOEKTOBAHUX 00'€KTaxX mepes] MoYyaTKoM Oy/IIBHUIITBA.

S. Imxenepist Ta BUpOOHUIITBO:

[H)eHepn MOXKYTh BUKOPUCTOBYBaTH VR 111 MOJIEIIFOBaHHSA Ta TECTYBAHHS
CKJIQJIHUX MAIIMH Ta MEXaHI3MIB y BIPTyaJIbHOMY MPOCTOPI, MEPII HIXK pO3MOYaTH
peampHe BUpOOHUITBO. lle cmpusie 3MEHIIEHHIO BUTPAT Ta MPUCKOPEHHIO
IHHOBAIIII.

6. TpeHyBaHHS Ta CUMYJISLIA:

VR BHUKOpUCTOBY€ThCS Ul TPEHYBAHHsS MEPCOHANY B PI3HUX Tramys3sx,
BKJTIOUYAIOYH BIMCHKOBY, aBlalliiHy, TOKEXKHY Ta MOJILEHChKY clTy)0u. BipTyanbHi
CUMYJISITOPH JO3BOJISIIOTh TPEHYBATH HAaBHUKM B OE3MEYHOMY CEpEOBHIII,
BIJITBOPIOIOYUHN PEaIbHI CUTYAITI].

7. Typusm Ta nogopoxi:

BipryanpHa peaibHICTh MOXKE JOMTOMOTTH JIFOJISIM JOCITIKYBAaTH HOB1 MICIIS
Ta MJIAaHYBaTU CBO1 MOJIOPOXKI1, HAJTAI0OUN MOKIIUBICTD 3/11IMCHIOBATH BIPTYallbHI TypHU
110 BCbOMY CBITY.

8. Po3pobka mpoToTHMIB Ta MPOAYKITii:

VR BUKOPHUCTOBY€ETHCS JJIsl CTBOPEHHS Ta TECTYBAHHS MPOTOTHUIIIB MPOIYKIITi,
10 JIO3BOJISIE BUSIBIIATH MOJKJIMBI HEAOJIIKM Ta ONTUMI3YyBaTH IU3ailH 1€ 110
BUTOTOBJICHHS PEAIbHUX 3Pa3KiB.

i cdepu 3acToCyBaHHS AEMOHCTPYIOTh OaraTrorpaHHicTh TexHoorii VR 1 ii
NOTEHIlaJ JUIsl PO3LIMPEHHS MOKJIMBOCTEN Yy PpI3HUX ranyssx. BipTyanbHa
pEaNbHICT, TMPOJOBXKYE PO3BUBATHCS Ta 3HAXOAWTh Bce HOBImN chepu

3aCTOCYBaHHs. buTbI eTaibHO PO cdepu 3acTOCyBaHHS OnucaHo y [8].



1.1.5. OcHOBHI nepeBaru Ta HeAOJIKH BipTyaJbHOI peaJbHOCTI

BipryanbHa peanbHICTh HaJa€ YHIKaJIbHI MOXIIMBOCTI JJII CTBOPEHHS
3aXOIUTIOIOYUX ITPOBUX CEPENIOBHUIL, OCBITHIX MPOrpaM Ta CUMYJIALIA, a TaKOX
BIJIKpUBA€E HOB1 TOPU30HTH y 0aratbox raiys3sx, 0 MU po3risHyd Bulle. OaHaxk,
nopsi 3 0e3NepeUHNMU ITIepeBaramMmu, TexXHooriss VR Takok Mae ieBHI 0OMEKeHHS
Ta BUKJIMKH, SKI HEOOXITHO BpPAaXOBYBAaTH IpHU PO3poOIll Ta BUKOpHUCTaHHI VR-
JOAATKIB. Y 1bOMY MIAMYHKTI MU JIETAJIbHO PO3TJITHEMO 111 aCEKTH, 00 HaJaTu
BceOlyHmMit aHam3 VR 3 Touku 30py KopucTyBada Ta po3poOHHUKA.

llepesacu VR-mexnonoeaii:

1. IMMepcuBHUI JOCBIA:

VR no3Bossie kopucTyBayaM TMOBHICTIO 3aHYPUTHCS Yy BIPTYaJlbHUN CBIT,
3a0e3Meuyour peaqiCTUIYHUN JOCBI, SIKUM HEMOKIIUBO BIATBOPUTH 3a JOTIOMOTOIO
TpaguIlIHHUX 3aC00iB.

2. [Tokpamiena Bizyasi3altis:

3aBASKH MOKIIMBOCTSIM TPUBUMIPHOI Ipaiky Ta IHTEPaKTUBHUX CEPEIOBUII,
VR Hajnae yHikaiabH1 MOXKJIMBOCTI JIJIs Bizyasizallli cKiIaaHuX 00'€KTiB, MPOEKTIB Ta
IPOLIECIB.

3. HaBuanHs Ta TpeHyBaHHS:

VR no3Bosisie MozientoBaTH peaiibHI CUTYallii, 10 poOUTh HaBYAHHS OUIBII
edekTUBHUM Ta LiKaBUM. Lle 0coOIMBO KOPUCHO y Takux cdepax, K MEJUIMHA,
aBiallisi, IHKEHepis Ta BINCHKOBA CTIpaBa.

4, Po3mmmpeHHst TBOPYMX MOKITUBOCTEH:

Jlist MuTHIB Ta nu3aitHepiB VR BlAKpUBa€e HOBI MOXKJIMBOCTI JJIi CTBOPEHHS
IHHOBAIIMHUX TIPOEKTIB, BAKOPUCTOBYIOUH TPUBUMIPHE CEPEIOBUIIE /I TBOPUOTO
BUPaKEHHSI.

S. [HTEpaKTUBHICTH Ta B3aEMOIIA:

VR Hajgae KopucTyBauaM MOXKIIMBICTh B3AEMOMISTH 3 BIPTyaJIbHUMH

00'eKTaMU Ta CEPEIOBHUILEM 3a JOIMOMOI0K KOHTPOJIEPIB Ta 1HIIMX MPUCTPOIB, L0

CTBOPIOE IHTEPAKTHUBHUM Ta 3aXOILTIOIYHIA TOCBI.



Heoonixu VVR-mexnonoeiii:
1. KibepOesneka:

Sk 1 Oynp-sika iHIIa TeXHONOTisI, VR-cucteMu MOXyTh OyTH Bpa3IuBUMU 10
kibepaTak. 3JJO0BMUCHUKH MOXKYTh OTPUMATH JOCTYII JI0 IPUCTPOiB KOPUCTYBAUiB Ta
iXHIX JJAaHUX, 110 CTBOPIOE PU3UK JIJIs1 KOH(IICHIIIIHOCTI Ta OE3MEKH.

2. [IpoGnemu 3 KOH(DIACHITIHHICTIO:

VR-TexHoI0r1i MOXYTh 30MpaTH 3HAYHY KIJIBKICTh JAHUX MPO KOPHUCTYBaua,
BKJIIOYAIOYM KOro pyxu Ta NOBEAIHKY. Lle miJHIMae NMUTaHHA HIOJ0 3aXHCTY
ocobucToi iHpopMarlii Ta il BAKOPUCTAHHS.

3. CormianbpH1 aCOEKTH:

Hanmipae Bukopuctanss VR Moxke nmpu3BecTH 10 130715111 KOPUCTYBauiB Bij
peanbHOrO CBITY, a TAKOX BIUIMBATH HA IXHE MCUXIYHE Ta PI3UYHE 3/TI0POB'S.
4. Bapricth Ta JOCTYIHICTS:

Bucoki Butpatu Ha oOiagHaHHA Ta OOMEXeHa JOCTYIHICTh VR-TIpucTpoiB
MOXKYTbh CTPUMYBATH MOLIMPEHHS TEXHOJIOTIT cepe/l IUPOKOTo KOJia KOPUCTYBAUiB.
5. TexHoIOr14H1 0OMEKEHHS:

[Tonpu 3Haunuii mporpec, VR-TexHOJOTII BCE 1€ CTUKAIOTHCA 3 HHU3KOIO
OOMEXeHb, TaKUX SK 3aTpUMKa 300pakKeHHS, BIJICYTHICTh PEaiCTUHYHOTO
3BOPOTHOTO 3B'A3KY Ta OOMEXEeHa PO3/IUTbHA 3/1aTHICTh JTUCILICIB.

Omxe 1l mepeBard Ta BHUKIWKK TOKa3yloTh, mo VR € Hag3BuuaiiHO
NEPCHEKTUBHOIO TEXHOJOTIE0 3 BEJIMKUM MOTEHI[IaIOM, OJHAK ii PO3BUTOK
CYNPOBO/KYETHCST HU3KOIO TPYIHOIIIB, SIKI HEOOXIMHO TOMOJATH IJisi TMOBHOT
peamizauii i MoxknuBocTed. binbiie mpo mepeBarn Ta Hemoniku VR MoxxHa

npouutatu y [9].

1.1.6. ETnuHi Ta coniaibHi aClIeKTH BIPTYaJbHOI PeaJIbHOCTI

BipryansHa peanpHicTh (VR) Sk HOBITHS TEXHOJIOTIS BiKpuBae Oe€3iid

MOXJIMBOCTEN JUIsl KOPHUCTYBauiB, MPOTE, BUXOJAYM 3 aHali3y ii mepeBar Ta

HEJOJIIKIB — BOHA TaKOX CTAaBUTh IE€peJ HaMH W HU3KY €TUYHUX Ta COLIAIBHHUX



MUTaHb, K1 HEOOX1THO BpaxoBYBAaTH JJisl 3a0e3MedeHHs] 0€3MEYHOr0 Ta €TUYHOTO
BUKopucTanHs VR. Po3risiHeMo 11 acnekTu oKkpemo:
1. KounoginenmiitHicTs naHux:

OnuuM 13 HaBaXIMBIMKUX TUTaHb y cepi VR € 3axucT KoH}1aeHIIHHOCTI
KopucTyBauiB. VR-cuctemu 30upatoTh 0Oaratro JaHUX TMpO KOPUCTYBadiB,
BKJIFOYAIOYH 1XHI PyXH, MMOBEIHKY Ta HaBITh MICUXOJOTIYHI peakiiii. 3a0e3nedeHHs
3aXMCTY IUX JaHUX Ta HEJOMYIICHHS 1X 37T0OBKUBAHHS € MPIOPUTETHUM 3aBJAHHSIM.
2. BruiiB Ha CUXOJNOTIYHUN CTaH:

3aHypeHHSl Y BIpTyaJibHI CBITM MOXKE BIUIMBATH Ha TCHXOJIOTIYHHM CTaH
KOpHUCTyBauiB. JledKki KOpPHCTyBaul MOXYTbh BIJUYBaTH JI€30pi€HTalil0 a0o
TPUBOXKHICTH MiJI Yac TpuBayoro nepedyBanHa y VR-cepenoBuni. [ocmimxeHHs
TaKOX BKa3yHOTh Ha MOXJIMBHUH 3B'A30K MK HaIMIpHUM BUKOpUCTaHHSIM VR Ta
npoOiemMamu 31 310pOB'sIM, TAKUMU SIK BECTUOYJISIPHI IOPYILICHHS.

3. MaHimysiist CBiIOMICTIO:

VR BikpuBa€ MOXJIUBOCTI [Isi CTBOPEHHS BHMCOKO pEATICTUYHHX Ta
MIEPEKOHJIMBUX BIPTYaJbHUX CEPEIOBHUIN, SKI MOXKYTh BIUIMBATH HAa CHPHHUHATTS
peanbHOCTI KOpUCTyBauaMu. Lle cTaBUTh MUTAHHS 1100 MOXKJIMBOCTI MaHIITY IS
CBIJIOMICTIO, OCOOJMBO y BHMaaAKax, Koiau VR BHUKOpPUCTOBYEThCS ISt
pO3BaXaIbHUX, PEKIAMHUX a00 TIPOIaraHANCTChKUX ITiICH.

4, CormianpHa 130111

Hanmipue BukopuctanHs VR moxke NPU3BOAUTH 10 COILIANIBHOT 130JISII11,
OCK1TbKY KOPUCTYBaui MPOBOIATH OUTBIIE Yacy Y BIpTyaTbHOMY CEPEIOBHII, HIXK Y
B3a€MO/II1 3 THITUMH JIFOABMHU Y peaabHOMY CBITi. [{e Moke BruiMBaTH Ha collianbH1
HABUYKHU Ta EMOIIIMHE 3]0pOB's.

5. JIOCTYyIHICTh Ta 1HKITFO3UBHICTD:

Po3pobnrkn  VR-cucremM  MaroTh  BpaxOByBaTH  iHKIIIO3WBHICTH — Ta
JOCTYIHICTh JJI1 BCIX KOPUCTYBauiB, BKJIIOYAIOYM OCI0 3 OOMEXKEHUMU
MoxknuBocTsMu. Lle mepenbauae crBopeHHss VR-nmocBinmy, skuii BpaxoBye pi3Hi

noTpedu Ta OOMEXEHHSI KOPUCTYBayiB.



Po3yMmiHHS Ta BUPIMICHHS ITUX €TUYHUX Ta COIIAJIbHUX aCIIEKTIB € BAXKIIMBUM
KPOKOM JI0 BiAMOBIJaIbLHOTO Ta Oe3reuHoro BukopuctanHs VR-texnosorii. Sk
PO3POOHUKH, TaK 1 KOPUCTYyBayl MOBHHHI MATH YiTKI OPIEHTUPH IIOJO0 €THYHOIO
BUKOpUCTaHHA VR, mo0 MakcuMmizyBaTH ii mepeBard Ta MIHIMI3yBaTH MOXJIMBI

pusuku. [letanpHime npo e MoxHa npountatu y [10, 11].

1.2. TexuiuHi xapakTepucTHKH Ta MO:xJIuUBOCTi VR-moaomy Meta

Quest

VR-monomu Meta Quest € BaxxJIMBUM MpeACTABHUKOM CYYacCHOI TEXHOJIOT1i
BIpTyaJiIbHOI peanbHOCTI. Lli mpucTpoi BIANOBIAAIOTH BHUCOKHM CTaHIAApTaM Ta
BOJIOJIIOTh PSJIOM  XapakTEPUCTHK, WIO0 poOJATh iX NpUBAOIUBUMH IS
KOPUCTYBauiB Ta PO3POOHUKIB IrPOBUX JOJAATKIB. PoO3risiHEeMO TeXHIYHI
xapakTepuctuku VR-1onomiB Ha npukiazi mojaomy Meta Quest 2:

1. Jlucrinei 3 BUCOKO PO3UIHBHOIO 3/1aTHICTIO:

Meta Quest 2 ocnamenuii PK-aucrnieem 3 po3ainsHoro 31atHicTio 1832x1920
MIKCeNliB Ha KOXKHE OKO, IO 3a0e3reuye SKICHE Ta pPEealiCTHUYHE 300paKeHHS Y
BipTYyaJIbHOMY CEpPEIOBHIITI.

2. 3minHa yactoTa oHoBieHHs 60/120 I'm:

Bucoka yactora OHOBJIEHHS T03BOJISIE TIJIABHO BIITBOPIOBATH 300pa’KEHHS,
IO € BOXKJIMBUM JJis1 3a0e3ne4eHHs] KOM(DOPTHOro KOPUCTYBAHHS Ta 3aroOIraHHs
BiTYYTTIO TOJIOBHOTO OOEpTaHHS.

3. BOynoBana cuctema BiCIIIIKOBYBaHHS PyXiB:

Meta Quest 2 BukopuctoBye cuctemy Oculus Insight nst BifcaiaKoByBaHHS
pyxiB kopuctyBaya. Lls cucrema Bkitouae B cebe BOyJ0BaHI KaMepHu Ta AaTYUKH,
IO JO3BOJISIIOTH TOYHO BHM3HAYATH TMO3UIII0 Ta PyXW TPaBIsl y MpocTopi Oe3
HEO0OX1IHOCTI BUKOPUCTAHHS 30BHIIIHIX CEHCOPIB YU OA3UCHUX CTAHIIH.

4, Kontponepu Oculus Touch:
VR-monom mnocrabisieTbess 3 aBoMa KouTposiepamu Oculus Touch, ski

BIJIOOpaXKaroThCsl 'y BIPTYaJIbHOMY IPOCTOpPlI Ta JO3BOJISIIOTE KOpPUCTyBadam



B3a€EMOJISATH 3 00'€KTaMU Ta CEPEIOBHUIIEM Y TPi.
S. 3BYKOBa CUCTEMA 3 TPUBUMIPHUM 3BYKOM:

BOynoBana 3BykoBa cuctema Meta Quest 2 3abe3neuye TpUBHUMIPHUHN 3BYK,
0 J03BOJISIE KOPUCTYyBadaM BIiAYyBaTH MPOCTOPOBHM 3BYKOBUU e€(EKT Yy
BIPTYyaJIbHOMY CEepeIOBHUIIII.

6. ITporecop Qualcomm Snapdragon XR2:

3aBasku BOymoBaHoMmy rmporecopy Snapdragon XR2, Meta Quest 2 mae
JOCTaTHIO OOYHMCIIOBAJIbHY MOTYXHICTh Il OOpoOKM Trpadiku Ta JaHUX B
peanbHOMY dYaci, IO JIO3BOJISIE€ 3alyCKaTH iTpU Ta JOJAATKW BHCOKOi SKOCTI 0e3
3aTPUMOK.

Ili TexuiyHi xapaktepuctuku pobmare VR-momom Meta Quest 2
npuBaOIMBUM BHOOPOM JUIsi KOPHUCTYBauiB, SIKI IIyKAaKOTh SKICHHN IMEpCIMHUMN
JIOCBIJ y BIPTyalbHINA peagbHOCTI, @ TAKOXK ISl pO3POOHUKIB IrPOBUX J0JIaTKIB, K1
XOUyTh CTBOPIOBATH KOHTEHT aia i€l matdopmu. JletanbHi XapakTEpPUCTHKU

OIMCcaHi Ha caiiT BUpoOHHUKa [12].

1.3. OcobGauBocTi po3podku irpoBux J0AaTKIB AJsi BipTyajabHOI

peanbLHOCTI

1.3.1. 3araabHi npuHuMnm po3podku VR-irop

Po3pobka VR-irop mepenbavae CTBOpPEHHS IrpoOBOTO CEPEIIOBHINA, SKE
JI03BOJISIE KOPUCTYBavYaM 3aHYPUTHUCS Yy BIPTYaJbHUU CBIT Ta B3aEMOJIATH 3 HUM
MaKCUMaJIbHO TIPHPOJHO Ta IHTYITUBHO. ICHYIOTH KilbKa TPHUHIUIIB, SKHX
HEOOX1THO TOTPUMYBATHUCS JIJIs 3a0e31eueHHs aKicHoro VR-nocBiny:

1. Peanictuune cepenosuiie:

BaxxnuBo CTBOPUTH BIpTyalbHI CBITH, $SIKI BUIVISIIAIOTH 1 HOBOISATHCA
peanictuaHo. Lle ctocyeThes He TUTbKY Tpadiky, a i (i3UIHNX 3aKOHIB, OCBITJIICHHS,
TEKCTYp Ta 3BYKOBOT'O CYMpOBOAY. UMM OUTBII peanmiCTUYHUM OyJe CepeIOBHIIE,

TUM OUIBII IEPEKOHIMBUM 1 3aHYPIOIOUYHUM CTaHE JOCB1J KOPUCTYBayiB.



2. [Tpuponnuii B3aEM0O3B's130K:

B3aemonis kopuctyBaua 3 BIPTYaJIbHUM CEpelOBUILEM Mae OyTu
MakCUMajJbHO TMPUPOAHOI0 Ta IHTyiTHBHOW. Ile mgocsraeThcs IIIAXOM
BUKOPHUCTAaHHS KOHTPOJIEPIB Ta IHIIMX MPUCTPOIB BBEJCHHS, SIK1 BIITBOPIOIOTH PYXH
Ta Jii KOpUCTyBaya y peaJbHOMY 4aci.

3. [HTepaKTUBHICTB:

VR-irpy TOBHHHI TPONMOHYBaTH I1HTEPAKTHUBHUK JOCBIJ, IO J03BOJISE
KOpPHUCTyBa4aM B3a€EMOMISITH 3 O00'€KTaMH, NEPCOHAKaMU Ta CEPEJOBHILEM.
[HTEepaKTUBHICT MOXE BKIIOYATH MOXJIMBICTh MAHIMYJIIOBAaTH 00'€KTaMH,
crinkyBartucs 3 NPC, BUKOHYBaTH 3aBJaHHs Ta PO3TayBaTy TOJIOBOJIOMKH.

4. 3aHypeHHs y Ipy:

BaxnuBum acnektom VR-irop € 3abe3nedeHHs TOBHOTO 3aHYpPEHHS
KOpUCTYyBaua y BipTyaJdbHUN CBIT. lle BKJIIOUae He TUIBKM Bi3yajbHI Ta 3BYKOBI
edekTH, ane i BITIYTTS MPUCYTHOCTI, KOJIM KOPUCTYBay MOBHICTIO BiJIBOJIKAETHCS
BiJl PEJIbHOTO CBITY Ta 30CEPEIKYETHCS HAa BIPTYaJTbHOMY.

S. 30anaHCcOBaHUN KOHTEHT:

Po3poburky mOBUHHI 3a0e3MeunTH 30aTaHCOBAaHWM KOHTEHT, MIO0 He
NepPeBaHTAXyBaTH KOPUCTYBadiB CEHCOPHHMMH Ta KOTHITUBHHUMH CTHMYIIIB.
30anmaHcOBaHUN KOHTEHT 3a0e3rmeuye KOMQPOpPTHUH Ta O€3MedYHHil JOCBIT
KOPHUCTYBa4aM.

6. [1naBHICTh Ta MPOJYKTUBHICTB:

[InaBHicTh Tpadikum Ta 3BYKy, a TaKOX BHUCOKAa MPOIYKTUBHICTH TPU €
BXUIUBUMH JJIs1 3a0e3meueHHs: nmpueMHoro VR-nocBiny. Byae-ski 3aTpuMku abo
3001 B pOOOTI CHCTEMH MOXYTh HETATUBHO BIIMHYTH HA 3aHYPEHHS KOPUCTYBaUiB.

JloTpuMaHHS WX TMPUHIIMITIB € BAXKJIMBUM JIJISl YCHIMIHOT po3pooku VR-irop.
BpaxyBanusi ocoOnuBocteit VR-TexHOJOTIH JO3BOJMTH CTBOPIOBATH OUIBII
IpUBa0JIMBI Ta 1IHTEPAKTHUBHI 1'POBI1 JIOCBIJM, IO 3a1y4YaTUMYyTh KOPUCTYBayiB Ta
BIJIKpUBATHUMYTh HOBI MOXJIMBOCTI IS PO3BUTKY IrpoBoi iHAycTpii. JleranpHime

npo npomunu po3podku VR-irop omucano y [13].



1.3.2. T'eitmam3aiin 1 VR

I'eiimansaiin y VR-irpax 3HayHO BIAPI3HAETHCA Bl TPAJAMIINHUX ITPOBUX
MIIXO0/MIB, OCKIIBKM BIH IOBHHEH 3a0e3MeuyBaTd MAaKCHUMAJIbHY 3aHYPEHICTbH 1
B3a€EMO/III0 KOPHUCTYBauiB 13 BIpTyadbHUM CBITOM. Kijbka KIIOYOBUX AaCHEKTIB
reiman3any 1 VR BKITIOYarOTh:

1. JloriuHuii Ta IHTYITUBHHM 1HTEpdEHC:

Po3pobOka inTepdeiiciB g VR wmae BigOyBatuca 3 ypaxyBaHHSAM
OCOOJIMBOCTEH BIPTYaJbHOTO CEPENOBUINA Ta HOTO BIUIMBY HAa KOPUCTYBadiB.
InTepdeiic moBuHeH OyTH MIHIMATICTUYHHUM, 3PO3YMUIAM 1 JIOTIYHUM, YHUKAIOUH
NIEPEBAHTAXEHHS KOPUCTYBAUiB 3aBUMH €JIEMEHTAMH.

2. Bucoka sxicTh Bizyanizaiii:

BizyanbHi eleMeHTH BiAIrpaloTh BaXKJIUBY pojib Yy 3a0e3ledeHHl
MEPEKOHJIMBOTO Ta 3axorurordoro VR-gocBixy. Po3poOHMKN MaroTh TpUIIISTH
0COOJIMBY yBary jeraiizailii Ta peajicTUHYHOCTI Bi3yasli3allii, BUKOPUCTOBYIOUH
Cy4acHI TEXHOJIOT1i pEHAEPIHTY, TEKCTYpyBaHHS Ta OCBITICHHS.

3. [HTEepaKkTHBHI MEXaHIKU:

leiimauzaiin y VR Mae BpaxoByBaTH I1HTEPaKTHUBHICTh KOPUCTYBadiB 13
BIpTyaJIbHUM CBITOM. PO3pOOHHMKM TOBHWHHI pO3pOOJSATH MEXaHIKM TpH, Kl
JI03BOJISIIOTh KOPUCTYyBauaM aKTHBHO B3a€MOJIATU 3 O0'€KTaMU Ta MEPCOHaKaMU
BIpTYyaJbHOI'O CBITY, HAaNpUKIajd, 3a JOMNOMOIOK MAaHIMyJsAiii o0'ekTamu, mAiH,
KECTIB Ta PyXiB.

4. Cuenapii Ta HapaTHB:

Po3pobka crenapiiB Ta HapatuBy B VR-irpax mae OyTu copsiMoBaHa Ha
3a0e3MeyYeHHs] 3aXOIUIIOIUOr0 Ta B3a€MOMNOB's3aHOrO jAocBiny. Lle BkiIrouae
CTBOPEHHSI I[IKaBUX ICTOPIM, CIOKETHUX JIHIA Ta TEPCOHAXIB, SIKI 3aTydaloTh
KOPHUCTYBaulB Ta CIIOHYKAKOTh 1X JOCIIKYBaTH BIPTyaJbHUM CBIT.

5.  IloctynoBe HaBYaHHS Ta MiJKa3KU:
VY VR-irpax kopuctyBaui MOKyTh BIIMyBaTH CKJIQJHOILI 3 OPIEHTYBAHHSM Y

BIpTYyaJbHOMY CepelOoBHUII. TOMY Ba)JIMBO 3a0€3MEUYUTH TOCTYIIOBE HABYAHHS Ta



HaJaHHS M1JIKa30K, 00 KOPHCTYyBadl MOTJIM HIBUAKO aJanTyBaTHCS 0 HOBOTO
cepe/loBUIIIA Ta MEXAHIK T'PH.
6. 3BOpOTHUH 3B'SI30K Ta IHYPOPMATUBHICTD:

Peakmii rpu Ha mii KopucTyBauda, 3BOPOTHHH 3B'SI30K Ta 1HGOPMATHUBHICTH
BIJIIFPAIOTh BAXIJIUBY poiib Y VR-irpax. Po3poOHUKYN MOBUHHI 3a0€3MI€YUTH YITKE Ta
CBO€YACHE HaJaHHs 1H(opMaIlli KOpucTyBa4am Mpo CTaH IrpH, iX Jii Ta mporpec.

7. [ToBara 110 ¢i310JI0TTYHUX OOMEKECHB:

BaxxnuBo BpaxoByBaTH (1310JI0T14HI OOMEXKEHHSI KOPUCTYBaviB, HAIIPUKJIIA],
YHUKATH PyXiB Ta €(PEeKTiB, sIKi MOXKYTh BUKJIMKATH HYJOTYy a00 3aliaMOpOYEHHSI.
Po3poOHMKM MOBUHHI A0aTH PO KOMQPOPT KOPUCTYBAUIB.

Ieiimanzaiin st VR-1rop € BaXXJIMBUM KOMIIOHEHTOM PO3POOKHU, OCKLIIBKH
3a0e3neuye KOPUCTyBayaM MaKCHUMAJIbHO 3aXOIUTIOIOUUNA 1 TPUPOAHHUM JOCBIA Y
BipTyaJiIbHOMY cepeaoBuii. [liaxin no reiimauzaiiHy NMOBUHEH OYTH pPETENbHO
IPOJYMaHUM, BpPaxXOBYIOUHM BCi ocobiuBocTi VR-TexHosorii, mo0 CcTBOpUTH

YCIHIIIHY Ta IPUBaOIUBY TPY.

1.3.3. Minimi3zaiisi pu3MKy HYJ1I0TH Ta 3alIaMOPOY€eHHS

Po3pobnnku  VR-irop MarwTh BpaxoByBatm Oe3meky Ta KOoMGpOpT
KOPHUCTYBauiB MiJ] YaC CTBOPEHHSI IrPOBUX MPOIYKTIB /IS BIPTyaIbHOI peaibHOCTI.
BaxnuBo mnam'aratu, mo VR-cepengoBuile MoOXe€ MNPU3BECTH JO PIZHHUX
(b1310JI0TIYHUX peaKilii, BKIIOYA0UN HYI0TY, 3alIaMOPOYCHHS, TOJIOBHUHN O171h 200
tak 3BaHuil "VR-cungpom". Jlyis 3MEHINEHHS HENPUEMHHMX BITUYTTIB T 4ac
BUKOpUCTaHHA VR, ciiJ yHUKaTH pi3KUX 3MIH NEPCHEKTUBH, pyXy Kamepu ado
TpUBAIUX NepioiiB 63 ¢ikcoBaHOI TOUKH 30py. BapTo miaTpumMyBaTH miaBHHUM pyx
KaMmepH 1 3a0e31eunTu cTablIbHUN 30pOBUM KOHTAKT. Tomy mig yac po3poOku VR-
1rop HeoOX1JHO BpaxOBYBaTH TaKl aCIIEKTH:

1. OnTumizartist inTepdeicy Ta yrnpaBiaiHHS:
BaxnuBo po3poOWTH IHTYITUBHO 3pO3yMUIMN 1HTepdeiic, sikuil He Oynae

BIJIBOJIIKATH KOPHUCTYBauiB a00 yCKJIAJAHIOBATH 1X B3aEMOJIIIO 3 FPOK0. YIPABIIHHS



Mae OyTH MPOCTUM Ta 3pO3YMLIIUM, 00 KOPUCTyBadli HE Mald TPYIHOINIIB 3
BUKOHAHHSM HEOOXI1THUX JI1H.
2. Kom¢popTHicTs Ta HamamTyBaHHs TPU:

Po3poOHMKM TOBHMHHI HaJaTH MOKJIMBICTh KOPHUCTyBayaM HaJallTyBaTH
IrpOBHI1 TOCBiJ BIAMOBIIHO J0 CBOiX MOTpeO Ta MOoxIMBOCTEN. []e Moxke BKIIFOUaTH
HAJAIITyBaHHS SICKPABOCTI, KOHTPACTHOCTI, 3BYKy Ta IHIIMX MapaMeTpiB s
M1BHUIIEHHS KOM(POPTY KOPHUCTYBaYiB.

3. BpaxyBaHHs 1HIUBITyaIbHUX (D1310JIOTTYHUX OCOOIUBOCTEN:

KopucrtyBaui MOXyTbh MaTH pi3Hi (i310J0TI9HI OCOOIMBOCTI, TOMY BaXJIMBO
3a0e3MeUnTd 1HAUBIyalbHl HaJAlITYBaHHS TpPU I NIABUIIEHHS I1XHBOTO
koMdopty. Hanpukian, peryitoBaHHs MBUIKOCTI IpH 200 3MiHA MEPCTICKTHUBH.

4, PexomeHnarii 1mo/10 gacy rpu:

Po3poOHUKN MOXXYTh HaJlaTH peKOMEHAAIlli 11010 ONTUMAJIbHOI TPUBAJIOCTI
CeaHCy TpH, MO0 YHUKHYTH MEPEBAHTAXEHHS KOPUCTYBAYiB Ta 3MEHIITUTH PU3UK
MOSIBU HETaTUBHUX €(EKTIB BiJ TPUBAJIOTO BUKOpUCTaHHS VR.

3abe3neueHHss Oe3neku Ta KOMQOPTHOCTI KopucTyBauiB y VR-irpax e
BOXJIMBUM  €JIEMEHTOM PO3POOKH, SKUW CHOPHUSE TO3UTHUBHOMY JIOCBiIY
KOPUCTYBadiB Ta IMJBHUINYE SKICTh TpU. BpaxyBaHHsS IMX acCIEKTIB JOIMOMOXKE
ctBoputd VR-rpy, ska Oyzae 3pydHa Ta Oe3medHa sl PI3HUX KaTeropiu
KopucTyBauiB. [Ipo Te K YHHKATH KOpPHCTyBauaM 3aKOJIUCYBaHHS, Ta 110 POOUTH

PO3pOOHUKAM, Il HEIOMYIICHHS «CUHApOoMY-V Ry, - onncano y [14]

1.3.4. Po3po6ka iHTepAKTUBHOI0 KOHTEHTY

Po3pobka iHTepakTUBHOTO KOHTEHTY Yy VR-irpax € KiIt04OBUM €JIEMEHTOM,
OCKIJIBKH JI03BOJISIE KOPUCTYBadaM B3a€EMOJISITH 3 BIpTyaJIbHUM CEpPEIOBHINEM Ta
HOro enemMeHTamu, o 3a0e3neuye OUIbII 3aXOIUTIOIYHA Ta pealiCTUYHUN JTOCBIIL.
Lle Moke BKIIOYATH:

1. [HTepakTUBHI 00'€KTH:



OO0'exTn y rpl MOBUHHI OyTHM B3a€EMOJIIMHUMH, JO3BOJSATH KOPHCTyBauaM
nigouparty, nepemMiilyBatu abo MaHinyjaoBaTd HUMHU. L{e Moxke OyTu peasnizoBaHO
Yyepe3 pI3HOMaHITHI MEXaH13MH BBEACHHSI, TaKi sIK KOHTPOJEepH abo 1HII IPUCTPOi,
10 BIJICTEXKYIOTh PYXH KOPHUCTYyBaua.

2. Bipryansni nepconaxi (NPC):

Po3pobka NPC, 3 skumu KOpuCTyBadi MOXXYTh B3a€EMOJISITH, TOJA€ PiBHA
CKJIQJHOCTI Ta 3aHypeHHs B rpy. NPC MOXyTh BUKOHYBATH Pi3HI POJIi, HAPUKIIA],
CYHpOBOJI)KYBaTH IpaBlisl, HanmajgaTu ado HaJaBaTy 1H(POPMAIliO Ta 3aBIaHHS.

3. Cuenapii Ta oii:

[HTEepakTUBHI CleHapli Ta TOMAIl JOMOMararoTh MIATPUMYBATH I1HTEpeC
KOPHUCTYBAUiB JI0 TPH Ta IO3BOJISIOTH IM BIUIMBATH Ha PO3BUTOK CrOXKETy. Lle Moxe
OyTH JOCATHYTO NUISIXOM HaJaHHS KOPUCTYBauaM MOXJIMBOCTI MPUHAMATH PIllICHHS
Ta pearyBaTy Ha pi3HI CUTYyaIlii.

4, JluHamigHe cepeoBuIIIe:

CTBOpeHHS NUHAMIYHOTO CEepe/lOBHINA, SIKE pearye Ha Jii KOpUCTyBaua,
MIJBUIIY€E PIBEHb B3a€MOJI1 Ta 3aHYpeHHs y Tpy. Hanpukinasn, 3MiHa morojiu, yacy
1001 a00 B3a€MO/IiSI 3 OTOUCHHSIM MOXKYTh HaJIaTH TPi OLIBII pealiCTUIHUN BUTIISIL.
5. ['0J10BOJIOMKH Ta 3aBIaHHSA:

JloylaBaHHs 1HTEPAKTUBHUX TOJOBOJIOMOK Ta 3aBIaHb MOXXE CTHUMYJIIOBATH
KOPHUCTYBa4iB JI0 JOCTI/PKEHHS CBITY TPU Ta B3a€MOJIi 3 PI3HUMH 00'€KTaMu Ta
MEXaHIKaMHU.

[HTepaKTUBHUN KOHTEHT JIO3BOJISIE KOPHUCTyBauaM 3aHYPIOBATHCS Y TPy,
B3aemoisaTu 3 ob6'ektamu, NPC Ta crenapisiMu, 1o 3abe3rneuye 3aXOIUTIOI0UnN 1
peanicTUUHUNA 10CBiJ. BpaxyBaHHs nux ocoOauBocTel MmiJ yac po3podku VR-irop
€ KJTFOYEM JI0 CTBOPEHHS YCIIIIHUX MPOEKTIB, K1 OyAyTh 3aJIly4aT Ta yTPUMYBaTH
rpaBiiB. [lpo 1e, Ta OaraTto IHIIMX BAXJIMBUX MOMEHTIB JJIsI CTBOPECHHS

iHTepakTUBHOTO VR-KOHTEHTY MOXHa mpounTtaTtH y [15].



1.4, Mertoau B3aeMojii kopucTyBa4a 3 irpoBum cepenosumemM y VR

BipryansHa peanbHicTh (VR) BiaKpHBa€e IIMPOKI MOKJIMBOCTI  JUIS
IHTEpaKTUBHOI B3a€MOJIIi KOpPHUCTyBaya 3 IrPOBUM cepeaoBuieM. B po3pooliri
IrpOBUX 0AATKIB JIs VR BUKOPUCTOBYIOTHCSA PI3HOMAHITHI METOAM B3a€MOIII, 110
pOOIIATE TPy OLIBIN IMEPCIHOIO Ta 3aXOIUTIOI0U0I0. POKHM TOCHIIKEHb CTBOPHIIH
0e3miy MeToiB B3aeMoii misg VR, 1 11 MeToau MiATPUMYIOTh TaKi THUIW JiH SK:
nepecyBaHHs, BHOip Ta MaHimyJsmis. JeranpHimnre y [16].

JlaBaiiTe pO3TasHEMO JCSIKI 3 HAUTMOMUPEHIIIX METOIB B3aeMoii y VR:

1. KonTponepu pyxy:

KoHTposepu pyxy, [kl CynpoBOJKYHOThCA VR-1oromamu, 103BOJISIOTH
KOpPUCTYBauyaM B3a€EMOJIATH 3 OO0'€KTaMH Yy BIPTyaJbHOMY CEpEIOBHUIII 3a
JIOTIOMOT'OI0 peaJbHUX PyXiB. BOHM MOXYyTh BUKOPHUCTOBYBATHUCS IS B3a€EMOIII 3
00'eKTaMH, IEPEMIIIICHHS TPABIsl Ta BAKOHAHHS PI3HOMAHITHUX JTiH.

2. XKecrtu Ta mimika:

Hesiki irpu a1 VR BUKOPUCTOBYIOTH JKE€CTU Ta MIMIKY 00JIMY4sI KOPUCTYBaya
JUTSI YIIPaBJIiHHS TPOto a00 B3aeMOIii 3 mepcoHaxkamu. Lle momae peanicTUIHOCTI Ta
IJIMOMHU 70 B3a€EMO/IIT Y BIPTyaJIbHOMY CBITI.

3. ["'os10coBI KOMaHIH:

Oxpemi VR-irpu miaTpumyroTh BBEICHHS KOMaH] 3a JOIOMOTOI0 TOJIOCY.
KopuctyBau MoOXe BHUKOPHUCTOBYBAaTH TOJIOCOBI KOMAaHIW JUIsl KEPYBaHHS
MePCOHAXEM, aKTHBAIlli CHEIiaJbHUX BMIHb a00 B3a€EMOAIl 3 HABKOIHUIIHIM
CepeIOBHIIIEM.

4, TexHoJor1s Bi/IC/IIKOBYBaHHS PYXiB:

Cucremu BifC/IIIKOBYBaHHS pyXiB, Taki sik Oculus Insight, BukopucToBy10TH
KaMepH Ta CEHCOpH JUIsl BiACIITKOBYBaHHS pyXiB KOpHCTyBada y mpoctopi. Lle
JI03BOJISIE peaii3yBaTH B3a€EMOJII0 KOpHUCTyBauya 3 00'€eKTaMu y BIpTyaJbHOMY
CEpeIOBUII 32 JOTIOMOT'OI0 PyXiB TijIa.

5. TakTuIbHI BIIUYTTS:

Heski VR-irpy BUKOPUCTOBYIOTH TaKTHJIbHI BIIUYTTS, Taki K BiOpawis



KOHTpoJiepiB a0o BiOpariiiHi 00oau, 10 HAJAAIOTh TpaBleBl (I3UYHI BIAUYTTS
B3a€MO/I1i 3 00'€KTaMHU y BIPTYaJIbHOMY CBITI.

Pa3som 3 mepeBaraMu KOXHOTO METONY, ICHYIOTH 1 IE€BHI BHUKJIMKU Ta
oOMexxeHHs. Hampukian, TOYHICTH BIACHIAKOBYBaHHS pyxXiB Moxke OyTu
O0OMEXEHOIO B JICIKUX CIICHAPisNX, a BAKOPUCTAHHS TOJIOCOBUX KOMAH]I MOXe OyTH
Hee(DeKTUBHUM Yy IIYMHUX OTOYEHHSX. TaKoX BaXIMBO BpPaxXOBYBaTH
IHIMBIAYyaJIbHI MOXKJIMBOCTI KOPUCTYBAUIB Ta X 3pYUYHICTh Y BUKOPHUCTAHHI IEBHOTO
Merony B3aemonii. OTke, BHOIp METOAY B3a€EMOJIl 3aJI€KUTh BIJl KOHKPETHHX

noTped TPy Ta KOPUCTYBATLHUIIBKOTO JTOCBI Y.



BucnoBku 10 posaiay 1

Po3rnsHyBIIM  TEOPETUYHI OCHOBH PO3POOKM IrPOBUX JOAATKIB ISt
BipTyanpHoi peanbHOocTi (VR) Ta jgeTasibHO TpoOaHATi3yBaBIIM  TEXHIYHI
XapaKTepUCTUKHU Ta oco0nuBocTi VR-monomy Meta Quest, My TIMIIIA HACTYITHUX
BHUCHOBKIB:

[To-niepinie, po3yMiHHS IPUHIUITIB (GYHKIIIOHYBAHHS BIPTYaJIbHOI peagbHOCTI
Ta il OCHOBHUX KOHUEMUINA € KIIFOYOBUM JJIs1 YCHIITHOI pO3pOOKH IrpOBUX JOJIATKIB
y mi obmacti. IMmepciiiHuii mocBig, skuii VR Moxe 3abe3neyuTH, BUMarae
pPETENLHOTO BUBYCHHS Ta BpPaxyBaHHS OCOOJMBOCTEH B3a€MOii KOpHUCTyBada 3
BIPTYyaJIbHUM CEpPEOBUIIIEM.

[To-apyre, TexHiuHi XapakTepucTuku VR-monomy Meta Quest poOsiTh Horo
npuBaGIMBEM BHGOPOM JUIS PO3POOKHM irop Ta momaTkiB. Moro Bucoka posjiibHa
3IaTHICTh, CHCTEMa BIJICTIJKOBYBaHHS pyXiB Ta BOYIOBaHUU IMPOIIECOP
3a0€3MeuyoTh CTaO0IBHUN Ta PeaTiCTUYHUN ITPOBUM JTIOCBIJI.

[To-TpeTte, po3poOka IrpoBUX JOAATKIB IS BIpTYalbHOI peaIbHOCTI TOTpeOye
YBaXXHOT YBaru JI0 0COOJIMBOCTEH B3a€MO/I11 KOPUCTYBaya 3 iIrPOBUM CEPEIOBHIILIEM.
MeTonu B3aeMO/I1i, Takl sIK KOHTPOJIEPHU PYXY, KECTH, TOJIOCOBI KOMaH/IM Ta 1HIII,
BIJIICPAIOTh BAXJIMUBY POJb Yy CTBOPEHHI E€MOIIIWHO 3BOPYIUIMBOTO Ta
3aXOIUTIOKYOTO IFeUMILIEHO.

Otxe, po3yMiHHS Ta BpaxyBaHHS IIMX AaCMHEKTIB JOMOMOXE 3a0e3MedyuTH
yCHIIHY po3poOKy irpoBoro momatky mis VR-monomy Meta Quest, sikuii Oyne

HAJ1MHO BIAMOBIAATH BUMOTAM 1 OUIKYBaHHSIM KOPUCTYBaUiB.



PO3J1JI 2. HIATOTOBYI ETAIIN 10 PO3POBKH JOJATKY

2.1. Konuenuis Ta inesi irpoBoro 101aTky

[lin yac BUKOHaHHS JUIUIOMHOI POOOTH Oylia po3poOsieHa KOHLEMIis
IPOEKTY. A came:

. Hasga rpu: "Fitness Runner VR"
. [Tonii Ta >xaHp rpu:

"Fitness Runner VR" - 1ie irpoBuii J0JaTOK, IO MOEIHYE B COO1 €IEMEHTH
HECKIHUCHHOTO paHHepa Ta (¢iTHec irop. ['paBers BUCTyIae B poji JIOJIWHU, SKa
ONMHSIETHCS Y BCECBITI CBOIX CHIB, JIe HOMY HaJ€XKHUTh MPOOITTH SKOMOra OUIbIITY
JUCTaHIiI0 y OOpoThOl 3 BEIMKUM BeaMeneM, 1o ioro mnepechiaye. Ilomii
B1I0YBaIOTHCS Y MICTI, SIKE 3a3HAJIO CTPAIIIHOI CHIrOBOi OYpi, J¢ rpaBellb MOBHHEH
YHHUKATH TIEPENIKO Ta BOMBATH BOPOTiB, MO0 BWXHUTH. TeMaTuka Tpu BUKIIUKAE
aJpCHATIH Ta CIIOHYKAa€ KOPUCTyBaya aKTUBHO PyXaTHUCs, IO BiATIOBIa€ KOHIICTIIII1
dbiTHEC-1TOp.

° ['onoBHa 11e4:

I'omoBHOW imeero "Fitness Runner VR" € cTBOpeHHS IMMEPCHBHOIO
(b13U4HOTO TOCBITY, /1€ TPAaBEIh B3AEMOJIIE 3 ITPOBUM CEPEAOBUINEM, BUKOHYIOUH
pyXH, SIKI CHIBBIIHOCATHCA 3 OiroM y peanbHOMy XUTTI. LlIBUaKicTh Oiry y rpi
KOHTPOJIIOETHCS 1HTCHCHUBHICTIO PYXiB KOHTPOJIEpaMH BTrOPY-BHH3, IO HAIae
peanicTUuHUi  (QITHEC-AOCBIA Ta CHpHSE TOKpAIIeHHIO (I3UYHOI aKTUBHOCTI
IpaBIIsl.

o I'eiimmuieit:

['paBers MOBHHEH aKTUBHO KEpyBaTH OIroM CBOTO MEPCOHAXKY, BUKOHYIOUH
IHTEHCUBHI PyXH KOHTpOJiepaMH Bropy-BHU3 Mjid mpuckopeHHd. Ilig vac Oiry
rpaBelb NOBUHEH YHUKATH MEPEIIKO]] Ta BOPOTiB, 1110 3yCTpIYa€e Ha CBOEMY ILIAXY,
a TakoXX 30MpaTH MOHETH, SIKI y MallOyTHbOMY 3MOXKE€ BHUTPATUTH Y ITPOBOMY
Mara3uHi. Benukuil akueHT poOUThCS Ha PeaiCTUYHOCTI (PI3MYHOI B3a€MOJII Ta

¢biTHEC-EIeMEHTIB TPHU.



o [{impoBa ay 1uTOPIS:

'pa nmnpusHaduena maias MIKMPOKOI  ayaAuTopii, BKIOYarOYM (haHaTIB
HECKIHUCHHHMX paHHEpiB, JIOOUTENIB (IiTHEC-IrOp Ta THUX, XTO MIPOCTO IIyKa€
IMMEpPCUBHMI ITPOBUN JOCBIA Yy BipTyalbHill peanbHOCTI. BoHa 0co0amBO
npuBadJIMBa JIsl TUX, XTO XOU€ MOETHATH PO3Bary 3 (13MYHOI0 aKTUBHICTIO.

o TexHiyH1 00MEKEHHS Ta MOXKJIUBOCTI:
1. Bipryanbpauii mpocTip:

Merta Quest 2 mae oOMexxeHHUI 00CsT BIpTYyaJIbHOTO TIPOCTOPY, SIKUM BapTO
BUKOPUCTOBYBATH PALIIOHATIBLHO. BaxIMBO po3poOUTH TelMILIEN Ta apXITEKTYpPy
PIBHIO TaK, 00 BiH OyB ONTUMI30BaHUM JJIsI BAKOPUCTAHHS OOMEXKEHOTO
IIPOCTOPY Ta HE 3aBakaB KOPUCTYBAUEBI.

2. BiacniakoByBaHHS pyXiB:

OCKUTBbKM Tpa BUMAara€e iHTECHCUBHUX PYXiB KOHTPOJIEPAMH, BaXKIIUBO
BpaxyBaTH TOYHICTh Ta HAJIIMHICTh CUCTEMH BIACIIIKOBYBaHHs pyXxiB. Hepomiku B
i CUCTEM1 MOXKYTh BIUTMHYTH Ha peaji3M Ta 3aJI0BOJICHHS BiJ] TPH.

3. EneproeekTuBHICTD:

Po3poOka rpu noBMHHA BpaxOBYBaTH €HEProe(hEeKTUBHICTh, OCKUIBKH 1€
BKJIMBUI acCIeKT /1T MOOUTbHHX MPUCTPOIB, TakuX Sk Meta Quest. MiHiMizaltis
BUKOPHUCTAHHS PECYPCIB Ta ONTHMI3aIlisl IPOrPaMHOTO KOy TOTIOMOKE 30eperTu
3apsn OaTapei mpucTporo.

BpaxyBaHHS 1IuX TEXHIYHUX OOMEXKEHb Ta MOKIMBOCTEH T0MTOMOKE
3a0e3meunTd ePeKTUBHY pO3pOOKY Ta ONTHUMI3allii0 IFPOBOTO A0JIATKY,

3a0e3Meuyour ONTHMAIBHUNA TOCBIJ] TPaBIIS.

2.2. Bubip TexHoJI0TiH Ta iHCTPYMEHTIB /151 PO3POOKHU

[Tix yac po3poOKu IrpoBOro KoAaTKy At VR, BaXIMBO NMpaBUIILHO MiAiOpaTH
HEOOX1/IHI TEXHOJOTii Ta I1HCTPYMEHTH ISl €(EeKTUBHOTO Ta MPOIYKTUBHOTO
IPOLECY CTBOPEHHS MPOAYKTY. Y IIbOMY PO3/1JI1 MU PO3IJISTHEMO 3arajbHUM CIIEKTP

TEXHOJIOT1M Ta 1HCTPYMEHTIB, HEOOXIAHMX I PO3POOKH T'pHU ISl BIPTYaAJIbHOI



peanbHOCTI, @ TAKOXK MPOBEIEMO BHOIp THX, 1110 HAMKpaIle Bi/IMOBIIal0Th MOTpedaM

HAIIOrO MPOEKTY.

2.2.1. 3aranbHuii cieKTP HeOOXiTHUX TEXHOJIOTii Ta iHCTPYMEHTIB

Po3pobka irop amst BipTyalibHOT peaIbHOCTI BUMArae KOMIUIEKCHOTO TIX0y
Ta BHOOPY ONTHMAJIBHUX TEXHOJOTIM Ta i1HCTpyMeHTIB. Ilepmmm Kpokom
PO3IJIIHEMO 3arajbHUI CIIEKTP TEXHOJIOT1H Ta IHCTPYMEHTIB, 5IK1 3HAAOOIATHCS IS
YCIIIITHOT'O BTIJICHHS IPOEKTY:

1. [aTerpoBane cepenonuiie po3pooku (IDE):

BaxnuBo MmaTu 3pydHe Ta (YHKIIOHAJbHE CEPENOBUILE PO3POOKHU, SKE
N03BOJIsl€ €(EeKTUBHO NpaLoBaTH 3 KOAOM, Ipadikoro Ta ayaio CKIaJ0BUMHU
MIPOEKTY.

2. Moga nporpamyBaHHS:

Bubip MoBHM mnporpamyBaHHsS BH3Haya€ 3PY4YHICTh Ta MPOAYKTHBHICTH
po3poOkHu. Pi3H1 pyuIii NiATpUMYIOTH Pi3HI MOBH IpOrpamMyBaHHs, Taki sk C#, C++,
JavaScript Toro.

3. ['padiunmii pegakrop:

BaxxnuBo Matu 1OCTYII 10 TOTYKHOTO TpadiqHOro peaaKTopa st CTBOPEHHS
MojIeNIel, TEKCTYp Ta aHIMAaIliil.

4. VR-mnardopmu ta SDK:

Ockinbku Hama tpa Oyae pospobiena misi VR-momomy Meta Quest 2,
HeoOxiqHo BHOpatu pymid Ta SDK, saxi miarpumyroTs 1o 1miatdopMmy Ta
JO3BOJISIIOTH €(DEKTUBHO B3a€EMOJIATH 3 ii (DYHKI[IOHAIOM.

PosrnsHyBIIM 11 acrieKTH, MU 3MOXKEMO O0'€KTHMBHO OIIIHUTH MOYKJIMBOCTI
PI3HUX pyIIiiB 7151 po3poOku VR-irop, Ta BUOpaTH HalKpaluii BapiaHT AJis HAIIOTO

IIPOEKTY.



2.2.2. Bubip pyuuisi 1J1s1 po3pooKu rpu

VY cBITI BipTyallbHOI pPeaqbHOCTI, BUOIp MPAaBUIBLHOTO PYIIisl A PO3POOKHU
1rop MOYe KapIMHAJIbHO BIUIMHYTH Ha YCITX MPOEKTy. Tpu 3 HAOUIbII BIIOMHX Ta
NOTYXXHUX pyuIiB y i obxacti - Unity, Unreal Engine ta CryEngine - HagatoTh
PO3pOOHUKAM Pi3HI IHCTPYMEHTH Ta MOXJIMBOCTI JUIsl CTBOPEHHS iMMepcuBHUX VR-
irop.

1. Unity:

Unity - oquH 13 HAWITONYJISIPHIIMINX PYIIIiB y CBITI TEHMIEBY, BIIOMUI CBOEIO
JIETKICTIO B OCBOEHH], IIUPOKOIO MIATPUMKOIO IIAT(HOPM Ta aKTUBHOIO CHUIBHOTOIO
po3poOHukiB. Unity Hajae 3pydHuil iHTepQelc Ta pI3SHOMAHITHI IHCTPYMEHTH IS
CTBOPEHHS 1rop y BIPTyalbHIA peasbHOCTI, 10 POOUTH HOTO BIAMIHHUM BHOOPOM
JUIST  TIOYATKIBI[IB Ta JOCBIMYEHUX PO3POOHUKIB omHO4YacHO. Jlimsg yoro
BUKOPHUCTOBYIOTH UNity Oibmn neranpHO ommcano y [1].

2. Unreal Engine:

Unreal Engine - e oquH noTyXHUI PyIIIiid, BIZIOMHI CBOEIO HEWMOBIPHOIO
rpadikol0 Ta BHCOKOAKICHUMHU BI3yalbHUMHU e(eKTaMHu. 3aBASKU ITUPOKOMY
¢dbyHKILIOHATY Ta THY4YKOCTI HanamTyBaHb, Unreal Engine no3Bossie cTBOproBaTH
CKJIaJIHI Ta pEaNTiCTHYHI IrpH BIPTyaJbHOI peaabHOCTI, MPUBEPTAIOUH J0 ceOe yBary
npodecionainis reiiMaeBy. Sk npairoe Unreal Engine mizHatucs MoxHa B [2].

3. CryEngine:

CryEngine - mel pymnid BiqOMHI CBO€IO Bpakarouorw rpadikor Ta
peaNTiCTUMHUMHU CBITaMU, 1110 POOUTH HOro mpuBabIMBUM BHOOPOM IJIsi PO3POOKHU
Irop y BIPTYaJIbHIM peajbHOCTI. 3aBASKU MOTY>KHUM THCTPYMEHTAaM Ta THYYKOMY
Binkpuromy konay, CryEngine Hamae po3poOHMKaM MOXIIHUBICTH CTBOPIOBATU
HEHMMOBIPHI ITPOBI BpaX€HHS, $KI 3aHYPIOIOTh TPaBIB y CBIT BIPTYaJbHOI
peanbHOCTI. Bero HeoOXinHy iH(popMariiro mpo el pymriii MoxkHa 3Haiitu y [3].

Jlanm Mu po3rIISTHEMO KOKEH 3 IUX PYIIiB JAeTalbHIIlIe, MPOaHaIi3yeEMO iXHi
nepeBaru Ta HEAOJIKH, 100 BU3HAYMUTH, SKUM 3 HUX HaWKpalle MiAXOIUTh s

Hautoro npoekty "Fitness Runner VR":



1. Unity:
1)  TIlmocwu:
o Jlerkicth B OCBOEHHI:

Unity Mae npy»kHiil iHTepdeiic, MUpoKuii Hadip JOKyMEHTaIllil Ta OHJaiH-
pecypciB, 10 T03BOJISIE MIBUIKO OCBOIOBATHU IJIAT(GOPMY HABITh IS TOYATKIBIIIB.
o [upoxuit BUOIp mardopm:

Unity miarpumye Oarato pizaux VR-mmardopm, Bkmouaroun Oculus Rift,
HTC Vive, PlayStation VR ta Meta Quest.

o AKTHUBHA CHIBHOTA:

Unity Mae BeuKy Ta aKTHBHY CIIIJTBHOTY PO3POOHUKIB, SIKa HAJIA€ MIATPUMKY
Ta CIUIbHY JISUIBHICTH y BUPIIIEHHI MPOOJIEM Ta MOIIYKY PillIeHb.

2)  Minycu:
o MeHma sKicTh rpagiku:

VY nopisusinHi 3 Unreal Engine, Unity Moke MaTu MeHII Bpakarouy rpadiky
Ta MEHIIIY MTPOJAYKTUBHICTh IIPU POOOTI 3 BEJIMKUMH O0CSATaMH JTaHUX.

° JlonaTkoB1 BUTPATH:

Jlesiki po3mIMpeHHs Ta (PYHKI[IOHAT MOXYTh BUMAaraTu JOJAaTKOBUX BUTpAT,
10 MO>Ke 30UIBIINUTH BAPTICTh PO3POOKH.

2. Unreal Engine:
1)  Ilmocu:
o Bpaxaroua rpadika:

Unreal Engine BigoMmii CBO€I0 Bpa)KarO4do Tpadikor Ta peariCTHIHUMHU
edekramu, MO poOUTH HOTO 1l€albHUM U1l CTBOPEHHS BiAMIHHUX VR-irop 3
BHCOKOIO SKICTIO Bi3yaJlbHUX €(DEKTIB.

o Benukuil pyHkiionan:

Unreal Engine mae mmpokuii pyHKI[IOHAT Ta THYYKICTh HaJAIITyBaHb, IO

JI03BOJISIE PO3POOHMKAM CTBOPIOBATH CKJIAJHI Ta IHHOBAI[IHI MPOEKTH.
° be3kowmToBHUN TOCTYII 10 JUKEpena:
Unreal Engine mae 6€3kOITOBHUI JOCTY 10 BUXITHUX KOJIB, 110 JO3BOJISIE

BJIACHUKAaM TMPOEKTIB BHOCUTHM BJACHI 3MIHM Ta aJanTyBaTH JBMXKOK IIiJi CBOI



notpedu.
2)  Minycu:
° CKIagHICTh B OCBOEHHI:
VY nopiasuHI 3 Unity, Unreal Engine moxxe OyTu CKJIaIHIIIUM y OCBO€HHI
JUTsl HOBAUKIB Ta BUMaraTH OUIbIIE Yacy JJis BABYCHHS.
Benuki Bumorn no o6OnagHanHsa: Unreal Engine Moke BHMaraTd MHOTYXHOTO

06J'IaI[HaHH$I JUJIA pO6OTI/I, 10 MOKC IIPU3BCCTH A0 JOAATKOBHUX BUTpPAT.

3. CryEngine:
1)  Thmocwu:
o I'padixa BUCOKOI SIKOCTI:

CryEngine BiOMUH CBO€I0 Bpa)Karouok Tpadikoi0 Ta BHCOKOK SKICTIO
BI3yaJIbHUX €(EKTIB.

o [ToTy>XHICTb:

CryEngine Mae noTy»H1 IHCTpYMEHTH JJIs pealti3allii peaJiCTUYHUX CBITIB Ta
e(eKTIB, 1110 pOOUTH Oro NpUBAOIUBUM ISl aMOII[IHHUX MPOEKTIB.
o ['HyYKiCTh BIAKPUTOTO KOMY:

JlocTynm 110 BUXIJHUX KOJIIB JIO3BOJISIE PO3POOHHMKAM 3MIHIOBATU Ta
aJIanTyBaTH JBUXKOK 1]l CBOT OTPEOH.
2)  Minycu:

° CKi1agHICTh B OCBOEHHI:

[Toni6uo mo Unreal Engine, CryEngine moxe OyTH CKJIaJHUM Y OCBOEHHI Ta
BUMAaraTy OUThINE Yacy JjIsl BUBUCHHSI.

o O6mexenuit BuOip miaathopm:

VY nopiBHsHHI 3 Unity Ta Unreal Engine, CryEngine mae MeHIy KiJIbKICTb
OIATPUMYBAHHUX IIATPOPM, 110 MOKE OOMEXKUTH HOTo 3aCTOCYyBaHHS B IMEBHUX
MPOEKTax.

[eit anamiz JOMOMOKE HaM Kpallle 3p03yMITH [TepeBaru Ta HeJI0I1K1 KOKHOTO

pyuiist Ta oOpaTH TOW, SIKMW HaMKpale MiAXOAWTh i Hamoro npoekty "Fitness

Runner VR".



2.2.3. BucHoBOK BHOOpPY pyulisi

[licns neranpHOrO aHami3y pyuIliB JJIss PO3pOOKM BIPTYyaJbHOI PEalbHOCTI,
Unity BUSBUBCA ONTHUMalIbHUM BHOOpoM A Hamioro npoekty "Fitness Runner
VR". He3paxkaroun Ha Te, mo Unreal Engine Ta CryEngine maioTh cBOi nepesaru,
Unity nporoHye psiJ BaXXJIMBUX IIepeBar, siki poOJIsSTh HOTro i/1eaIbHUM BUOOPOM JIJIst

HaIIoIo ITPOCKTY:

1. JIerkicTp B OCBOEHHI.

2 upoxwuit BuGip miatdopm.

3. AKTHBHA CIIBHOTA PO3POOHUKIB.

4 EdexTrBHE BUKOPUCTaHHS PECYPCIB.

OTxe, Ha OCHOBI TIPOBEJCHOIO aHANI3y MH MPUHAMAEMO pIIIECHHS
BukopuctoByBatu Unity st po3poOku Hamoro mnpoekty "Fitness Runner VR",
BBAKAIOYM HOTO 1/IeaJbHUM BHOOPOM JUIsl CTBOPEHHS iMMepcuBHUX VR-irop 6e3

BEJIMKO1 KOMaH/IH.

2.2.4. Bubip SDK nas pyuis

[Tpu BuGopi SDK st po3pobku rpu mns VR-momomy Meta Quest, mu
PO3IIIsAIay KiTbKa BapiaHTIB 1 MpOaHai3yBalv iXHI IEpeBaru Ta HEJOJIKH:
1.  XR Interaction ToolKit:
1)  Tlepemaru:

o CremianibHO pO3pOOJICHUI MJIT CTBOPEHHSI BIPTyalbHOI peajbHOCTI Y
cepeaopuili Unity.
o Jlerkuii B OCBO€HHI Ta BUKOPHUCTaHHI, 3 A00pe gokymeHToBaHOO API Ta

aKTUBHOIO CIIIBHOTOIO PO3POOHUKIB.

o [TinTpumka Meta Quest Ta iHImuX nomyssipaux VR-mmatdopm.

o [Iupokuit HaGip TOTOBUX KOMIIOHEHTIB JUIs peaiizailii pi3HUX BHJIIB
B3a€MO/ii Ta e()eKTiB y BIpTyalbHIi pEasbHOCTI.

2)  Henomiku:



o Jlesiki pyHKIIT MOXKYTb OyTH OOMEXEHI B TOPIBHAHHI 3 OUIBII PO3LIIUPEHUMHU
SDK.

2. VIVE Input Utility:

1)  Tlepemaru:

o Pospobnenunit HTC nnst po6otu 31 SteamVR ta VIVE B cepenoBumii Unity.

. Mae 107aTKOBI MOXJIMBOCTI JiJIi pOOOTH 3 pyKamMH Ta KOHTpOJIepaMu Y
BIPTYyaJIbHIN peaabHOCTI.

2)  Henomiku:

o O6mexena miaTpuMka iHmux mwiargopm, okpim HTC Vive.

3. Oculus Integration:

1)  Tlepemaru:

o CrenianbHo po3pobuienuii 11t po6otu 3 Oculus Rift Ta Meta Quest B Unity.
o I'nmuboxka inTerpaiis 3 pyHkuisiMu Ta MoxiauBocTsiMu Oculus SDK.

2)  Henomiku:

. Mo>ke OyTH MEHII THYYKUM Yy TTOPIBHSIHHI 3 O11b11 YHiBepcanbuumu SDK, sk
«XR Interaction Toolkit».

[Ticns perenbHOrO aHagizy MU BUpPIIIWIA BUKOpUcTOBYBath XR Interaction
Toolkit uepe3 fioro mmpokuii GyHKIIOHAT, JETKICTh BUKOPUCTAHHS Ta MIATPUMKY
pizaux VR-miardopm, Brimouaroun Meta Quest. Lleit SDK HaiiOinbin Bignosigae
HamuMM moTpedbaM y po3podii Tpu s maHoi miaaTdopmu, HaJgaloyd HaM BCI
HEOOX1HI 1HCTPYMEHTH Ta TMIATPUMKY JJII CTBOPEHHS BHUCOKOSKICHOTO 1
IMMEpPCHBHOTO BIPTYaJILHOTO JIOCBiNy He Tinbku s mosomiB Oculus, a @ B
MOJANBIIOMY 1HIIUX TMPUCTPOIB BIPTYaJbHOI pEaTbHOCTI. 3aBAHTAKUTU Ta

o3HaoMHUTHUCH JeTanbHile 3 1M SDK moxHa y [5].
2.2.5. CrBopenns npoekty B Unity Ta minkmoyenns SDK
Ockinpkn Mu 3ynuHmwinca Ha pyuri Unity, mepmum KpokoMm OyIio

3aBanTaxeHHs Unity Hub Ta BcraHoBieHHs HeoOXxigHoi Bepcii pymrist Unity.

BaxnuBo Oyno gonatu miarpuMky Android mnatdopmu, ockuibku mosnoM Meta



Quest mobOynoBanuit Ha twiargopmi Android. Tomy MU Takoxk BCTaHOBUIIU
xommonerTu OpenJDK, ta Android SDK & NDK Tools.

IIpu cTBOpeHHi mnpoektry Mu oOpanu Horo Tun sk "VR Core". Ilicns
CTBOPEHHs OyJIM MpOBeIeHI HeoOX11H1 6a30B1 HAJAIITYBAHHS, 1110 BKIIOYAJIH:
. Bceranosnenns napamerpiB rpadiky Ta NpOAYKTUBHOCTI AJisi ONTHUMAJIbHOI
pob6otu B VR-cepenoBuiii.
° [Tinknrouenns ta koHpirypamito XR Interaction Toolkit nns 3a6e3nedyeHHs
B3aeMoii 3 VR-moaomom Meta Quest.
o HanamryBaHHs KOHTpOJIEPiB Ta IHIIKUX €IEMEHTIB YIPABIIHHS JJI11 KOPEKTHOI
po6otn y VR.

i kpoku 3abe3medwnn 0a30By TOTOBHICTh MPOEKTY 10 IOJAJIBIIOTO

PO3BUTKY Ta TCCTYBaHH:.

2.3. ApxitekTypa irpoBoro 1oaatky Ta B3aeMois 3 VR-moaomom

[Tin gac po3poOKW TpuU BaKIUBUM €TanoM Oyjie CTBOPEHHsS €dEeKTHBHOI
apXITEKTYpH JI0/IATKY, siKa 3a0€3MeUnTh ONTUMATBHY B3a€MOIII0 3 00JIaTHAHHSAM Ta
CTBOPEHHSI IMMEPCHBHOIO BIPTyaJIbHOTO JOCBIy AJisi KOpHCTyBadiB. Po3risHemo
3arajpHy apxXITEKTypy HaIlOTrO IirpOBOTO JOJATKy Ta TEXHIYHI acleKTh HOTo
B3aeMo/ii 3 VR-momaomom Meta Quest:

1. ApPXITEeKTYypHHH M IX1;

Mu BubGepemMo apxiTeKTypHUH MiIXiJ, SKUH J03BOJUTH HaM CTBOPHUTH
MOJIyJIbHY Ta pO3IIMpIOBaHy cuctemy. I'pa Oyzae ckimagatucs 3 pi3HUX MOIYJIB,
TaKUX SIK MOJYJb YIpPaBIIHHS TMEPCOHAXEM, MOIYJIb OOpOOKM B3aemMomii 3
00'eKTaMM Ta MOAYJIb YIPABIIIHHS 1HTEP(EcoM.

2. B3aemonis 3 VR-monomom Meta Quest:

Jliis 3a0e3neyeHHs B3aeMOJIIi I'paBlis 3 TPOI0 MU OyJI€EMO BUKOPHUCTOBYBATU
API ta ¢pynkuionan SDK nins Meta Quest, Bkimrouatroun XR Interaction Toolkit. Le
JI03BOJIUTH HAM OTPUMATH JIOCTYII /10 IaHUX 3 KOHTPOJIEPIB, BIJICTE)XKYBAaHHS PyXY

IpaBIls Ta IHIIUX QYHKIHA, HEOOX1THUX JJII CTBOPCHHS 1HTEPAKTUBHOIO JIOCBIY.



3. Bizyamizaris B VR:

Jlist ctBOpeHHs iMMepcuBHOI Tpadiku Ta Bizyamizauii B VR mu Oyaemo
BUKOPUCTOBYBAaTH PI3HOMAHITHI TEXHIKH, TakKl K CTEPEOCKONIYHUI PEHIEPHHT,
00poOKa OCBITJICHHS Ta TiHEH, a TAKOXK ONTHUMI3allisl JJIs IJIAaBHOTO BIITBOPEHHS Ha
VR-1monomi.

4, VYrpaBiaiHHS KOPUCTYBA4YEM:

BaxxnuBum acniektom rpu B VR € iHTYITUBHE yIIpaBiIiHHS 151 KOPUCTYyBaya.
Mu OyaeMo BUKOPHCTOBYBAaTH pyXxH KOHTpoJsiepiB Meta Quest s kepyBaHHS
pyXaMHu MepcoHa)ka Ta B3aEMO/IIT 3 00'€KTaMu y BIpTYaJTbHOMY CEpPEOBHIIIL.

OTxe, B LbOMY MiIPO3AUTI MU PO3IVISIHEMO AapXITEKTypHI pIIIEHHS Ta
TEXHIYHI JIeTalll, 10 CTOCYIOThCS B3a€EMOJIl HAIIOTO IrPOBOTO J0AaTKy 3 VR-

mojaoMoM Meta Quest.

2.3.1. Bu6ip apxiTekTypHOro miaxoay

B po3pobui irop s BIpTyadbHOI peabHOCTI BUKOPHUCTOBYIOTHCS Pi3HI
apxiTeKTypHi miaxoau. Po3risiHeMo AeKiabka 3 HAMMOMUPEHIINX apXiTeKTYPHUX
H1JX0/IB y po3po0iii irop Jisi BIpTYaabHOI peaqbHOCTI:

1. MVC (Model-View-Controller):

Le#t minxig Bimguisie Aadi (Monens), BimoOpaxeHHS (BHUI) Ta JIOTIKY
(xoHTpoJiep). Mojienb BIANOBIAAE 3a YNPABIIHHS JAaHUMU Ta O13HEC-JOTIKOI0, BU/T
BIJIMTOBIJIa€ 3a MPENICTABIICHHS JaHUX KOPUCTYyBAdeBi, a KOHTPOJIEP BIAMOBima€E 3a
B3a€EMOJIII0 MIXK MOJICJUTIO Ta BUAOM. JletanpHime o3HaiiomuTuch 3 MVC MoxHa y
[6].

2. Entity-Component-System (ECS):

[eit miaxig po3risigae Bei 00'€KTH B TP SIK CYKYITHICTh CyTHOCTEH (entities),
KOMIIOHEHTIB (components) Ta cuctem (systems). KomMmnoHEeHTH MICTSATh JaHi,
CUCTEMHU BUKOHYIOTH OIlepallii HaJ [IUMH JaHUMH, a CYTHOCTI € TIPOCTO
KOHTEMHepamu, 110 00'€IHYI0OTh KOMIIOHEHTH pa3oM. Bcro HeoOxiany iHpopMmaiiito

npo ECS moxxHa 3HaiiTu y [7].



3. Behavior Tree:

Lleli miaxii BUKOPUCTOBYE JAEPEBOINOAIOHY CTPYKTYpY MAJi YNPaBIIHHS
MOBENIIHKOI0 00'ekTiB y rpi. KokeH By30:1 B JepeBl MpeACTaBIs€e MEBHY [it0 abo
YyMOBY, 1 Tpad MoOXe€ BUKOHYBATHCS BIJMOBIAHO JI0 pe3ysbTaTy 00XOIy I[bOTO
nepesa. Jli3HaTHCH OLjIbIIIE TIPO JAEPEBO MOBEAIHKNA MOYKHA O3HAHOMHUBIIUCH 3 [8].
4. Data-Oriented Design (DOD):

Ileit migxig CTaBUTH Y LEHTP YBaru ONTHUMI3AIiI0 PoOOTH 3 daHUMHU. BiH
OpIEHTOBAaHMN Ha €(PEKTHBHE BHUKOPUCTAHHSA MaM'siTi Ta ONTUMI3ALII0 ILISIXOM
IpyIyBaHHS Ta OOpOOKH TaHUX MakeTamu. JleraapHo mpo 1iei miaxin onucano y [9].
5. Component-Based Architecture:

el miaxig mnonsrae B MOOYJOBI MPOTpaMU 3 HEBEJIMKHUX, MOBTOPHO
BUKOPUCTOBYBAaHUX KOMIIOHEHTIB, SIKI MOXYTh OyTH JUHAMIYHO JTOJaBaHUMHU Ta
3MiHIOBaHUMH. KOMIOHEHTH MOXYyTh BKJIIOYAaTH (PYHKI[IOHAIBbHICTb, Bi3yalbHl
edexTH, (i3udHI BIACTHBOCTI Ta 1HIIE.

KoskeH 3 1ux miaxo/iB Ma€e CBO1 IepeBary Ta HeJ0IKU, 1 BUOIp KOHKPETHOTO
M1XO01Y 3aJ€KHUTh BlJ BUMOT MPOEKTY, pO3MIpY KOMaH]IU, IOCBiAy pO3poOHUKaA Ta
iHmMX ¢GakTopiB. Y HamoMy BHUIAIKy MH oOepeMo MiaXiJ 3 BUKOPUCTaAHHSIM
Component-Based Architecture, ockiJIbku BiH HaJa€ THYYKICTb Ta MOXJIUBICTb
JIETKO PO3MIMPIOBATH HAIy CHUCTEMY, LI0 € BaXJIMBUM MJsi PO3POOKH irop y
BipTyalibHIM peanbHOCTI. KopucHa iHbopmaris ajis po3yMiHHS LBOTO MiAXOMY

HajaHa y [10].

2.3.2. Bzaemognin 3 VR-mo1omom Meta Quest

B namomy npoekri B3aemois 3 VR-monomom Meta Quest Biziirpae KiirouoBy
pOJIb y CTBOPEHHI IMMEPCHUBHOTO IrpOBOTO JIOCBIAY JUIsi KopucTyBadiB. Hipkue
IPEICTABICHO OCHOBHI METOJM B3a€MOJIi 3 LIUM LIOJOMOM, II0 BHUKOPHUCTaHI B
HAIIOMY TTPOEKTI:

1. KonTponepu pyxy:



BuxopuctanHs KOHTPOJIEPIB pyXYy J03BOJISE TPABLIEB] B3AEMOISITH 3 ITPOBUM
CBITOM. Y HAIIIOMY IPOEKTI KOHTPOJIEPH PYyXy BUKOPHCTOBYIOTHCS ISl KEPYBaHHSI
PYXOM MepcoHa)ka, B3aeMO/I1 3 00'€eKTaMHU Ta BAKOHAHHS Maii’Ke BCIX IMPOBUX iil.
2. 6DoF BigcTexeHHs:

VR-monom Meta Quest miarpumye 6DoF BifCcTeKEHHS, 1110 I03BOJISIE TOUHO
BIJICTTIZIKOBYBaTH PyXH KOpHcTyBauda y mpoctopi. lle momae mo irpoBoro mocsimy
peaicTUYHICTh Ta CBOOOY pyXiB. Y Hallliil rpi MOYKHA BUTBHO NIEPEMIIyBaTUCh B
OyIb-IKOMY HampsMKYy, 3a HOTPEOH.

3. BigTBopeHHs 3BYKY:

[aTerpamis aynio ¢ailiaiB Ta 3ByKOBUX €(eKTiB 3a0e3leuye aynio iMepciio
rpaBis. Mu BUKOpUCTOBYEMO BOY0BaH1 MOXJIMBOCTI Meta Quest /1st BIATBOPEHHS
3BYKIB Ta MY3HMKH, BIIMIOBITHO /10 CIICHAPIIO TPH.

4. ['pacdiuHnii KOHTEHT:

Onrtumizamis rpadigyHOr0 KOHTEHTY 3a0e3redye IUIaBHY poOOTy IrpoBOTO
cepenoBuia Ha mmoiaomi Meta Quest. Mu BHKOPHUCTOBYEMO TEXHOJOTIT, SKi
JO3BOJISIIOTHh  JIOCATTH  ONTUMAJBHOTO OajaHCy MDK SKICTIO rpadiku Ta
MPOTYKTUBHICTIO.

S. OnTuMizarliisi IpoyKTUBHOCTI:

Jliist 3a0e3nedeHHst ONTUMaIbHOI MPOAYKTHBHOCTI Tpru Ha VR-1momomi Meta
Quest MU BHKOPHUCTOBYEMO HM3BKO-PIBHEB1 OINTHUMI3allli, Taki SIK 3MEHIICHHS
MOJIITOHIB MOJIEJIEH Ta ONTUMI3AIIiSl TEKCTYP.

Hamr migxin 1o B3aemomii 3 VR-moaomom Meta Quest 103BoJIsI€ CTBOPIOBATH
ITpOBUI  JOCBifl, SKWHA € OJHOYACHO 3aXOIUTFOIOYMM, pEaTiCTHYHUM Ta

ONTUMI30BaHUM JIJIs1 TIAT(HOPMU BIpTYaJIbHOI peagbHOCTI.

2.3.3. Bizyauaizania B VR

s mamoro npoekty "Fitness Runner VR" OyayTe BuUKOpHCTaHi HacTyMHI

TEXHIYH1 ACMEKTH, 1110 BIUTUBAIOTh HA CTBOPEHHS IMMEPCHUBHOIO JIOCBITY:

1. CrepeoCKONTYHUI pEHEPHHT:



OnuH 13 OCHOBHHX aclekTiB Bi3yamizamii B VR - 1e crepeockomiuHuii
peHnepuHr. BiH [103BoJisIE CTBOPUTH UIIO31K0 MPOCTOPOBOCTI Ta TJIMOUHH,
BUKOPHCTOBYIOUH JIBAa OKpEeMi 300pa)K€HHS Il KOKHOTO OKa KOpucTyBada. Mwu
OyJleMO BHUKOPHMCTOBYBATH IIeH MiAXiA I CTBOPEHHS PEATICTUYHOI TITUOWHU 1
BIIUYTTS MPUCYTHOCTI Yy BIpTyaldbHOMY CBITI. bararo kopucHoi iHpopmarrii
obrosopeno y [11].

2. Onrumizaris rpagiyHOTO KOHTEHTY:

Ockuibkn VR BuMarae BeNHMKOI KUIBKOCTI OOYMCIIEHb ISl PEHIECPUHTY
300paKEHHS B peaJbHOMY 4Yaci, BaXXJIMBO IMPOBECTH ONTUMI3AIl0 TpadidHOTO
KOHTEHTY I 3a0€3IeuUeHHs] IUIABHOTO Ta CTaOUIbHOrO BIATBOpeHHS Ha VR-
mojioMi. Mu OyJ1IeMO BUKOPHUCTOBYBATH TEXHIKM ONTHUMI3allli, TaKi sSIK BICTaHb J0
MOSIBM Ta 3HUKAHHS 00’ €KTIB, Pi3HI PIBHI JAeTai3allii, ONTUMI3aIlis OCBITICHHS Ta
BUKOPUCTAaHHA  TEXHIKM  MacmTaOyBaHHS Uil  3a0e3MEYeHHS  BUCOKOT
MPOTyKTUBHOCTI.

3. O6poOka ocBITIEHHS Ta €EKTH:

EdekTrBHE BUKOPUCTAHHS OCBITJICHHS Ta Bi3yaJIbHUX €()EKTIB I'pa€e BaXIJIUBY
poJib 'y CTBOPEHHI IMMEPCHMBHOIO BIpTyaJlbHOrO CBiTy. Mwu  Oyzaemo
BUKOPUCTOBYBATH PI3HOMAHITHI TE€XHIKM OOpOOKM OCBITJIEHHS, TakKi SK BHUCOKO
nuHaMivyHUK giana3oH ocBiTiaeHHs (HDR), Tiob, peamictuune BimoOpakeHHS
MaTepiamiB Ta chemianbHl edektr, 1mobd 3poOUTH Tpy OLIBII BUPA3HOI Ta
pUBaAOJIUBOIO.

4, [aTepdeiic kopuctyBaya B VR:

Po3pobka inTepdeiicy kopuctyBaua B VR BinOyBaeTrhcsi 3 ypaxyBaHHSIM
0COOJIMBOCTEN BIPTYyaJIbHOroO cepenoBuila. Mu OyleMo CTBOPIOBATU IHTYiTHBHHM
Ta eproHOMIYHMM 1HTepdeiic, mo BianoBigae cnenudini VR, 30kpeMa po3MileHHs
€JIEMEHTIB y TIPOCTOPi Ta METOJU B3a€MOJIl 3 HUMH 3a JIOTIOMOTOI0 KOHTPOJIEPIB
Meta Quest.

VY oMy miapO3AUTI JETAIBHO PO3TISHYTO TEXHIYHI aCTIeKTH Bi3yasi3ailii B

VR nang Hamoro mnpoekTy, BKIIOYAIOYM TEXHIKM PEHACPUHTY, ONTUMIZAIll



rpa¢iyHOTO KOHTEHTY, 0OpOOKHM OCBITJICHHS, €(EeKTiB, Ta Po3poOKy iHTepdeucy

KOpHUCTYBaua.

2.3.4. YupaBiiHHSI KOpUCTYyBayeM

VYrpaBiaiHHS KOPUCTYBa4YeM B IrPOBOMY JTOJATKY JJI BIPTYalbHOI peaabHOCTI
(VR) Bimirpae KpuUTHYHY pOJIb Y CTBOPEHHI IMMEPCHBHOTO Ta 3aXOILIIOI0YOTO
JNOCBIAYy Jns rpaBUiB. Po3risHeMO pI3HOMaHITHI — aCHEeKTH  YIpaBIlHHSA
KopucTyBaueM B HamoMmy mpoekti "Fitness Runner VR" Ta po3kpuemo TexHiuHi
JieTal, K1 BIUTUBAIOTh Ha CIOCIO B3a€MO/I1i IPaBIld 3 BIPTyaJIbHUM CEPEIOBUIIIEM:
1. B3aemosis 3 kKoHTpoJiepaMu:

Ockinbkun  VR-monom Meta Quest Bkitouae B ceGe KOHTpOJIEpH, SIKi
PO3IMI3HAIOTh PYXHU Ta KECTH, MU peaizyeMO B3a€MOJII0 TPaBLsl 3 BIPTyaJbHUM
CepeZOBUILEM 3a JIOINOMOIOI0 IMX KOHTpoJiepiB. ['paBeunb 3MoOke KepyBaTH
MEPCOHAKEM Ta B3AEMOJMISTH 3 00'€KTaMU y Tpi, BUKOPHCTOBYIOUU PYXU PYK,
HATHUCKAHHSI KJIaBIII 1 )KECTH.

2. Pyx Ta nepemimieHHs:

VYrpaBiaiHHS TEpeMIlIeHHSM TpaBlsd Yy BIPTyaJbHOMY CEpEIOBHIII
BiIOyBaTUMETHCA TUIAXOM pyXiB  KOHTpoysiepaMu. Mwu  peamizyemo Iig,
BUKOPHUCTOBYIOYM BOynoBaHi pyHkiii VR-monomy Meta Quest Ta iHCTpyMeHTH
pO3p00OKH, 5K 3a0€3MeUy0Th CTaOUIBHICTh Ta MJIABHICTh PYXIB.

3.  Bgzaemopis 3 o0'exTamu:

['paBenib 3MO€e B3aEMOJISITH 3 PI3HUMHU O0'€KTaMH y BIpTyaJbHOMY CBITI,
TaKUMHM $IK TEpeliKoau, 30upaHHA mnpeaMeTiB abo 30posi, 3a JI0MOMOrolo
KOHTpoOJepiB. Mu peaizyeMo MeXaHiKy, sika Mepeaac peaiCTUYHICTh Ta BIIUYTTS
B3aeMO/I11 3 00'eKTaMHu.

4.  VYmpaBniHHS MEHIO Ta iHTEpdercoM:
Jlns HaBiranii mo MEHIO Ta BUKOHAHHS PI13HUX MK (HAITPUKJIIAJ, 3aBaHTAKCHHS

piBHsI, mepe3amnyck abo BUX1J 3 TPU) MU PO3poOUMO iHTepdeiic, sskuii BiAMOBIAA€E



cnenudimi VR-cepemoBuma. lle Bkiroyae B ceO¢ BHUKOPHCTaHHS JKECTIB IS
HABEJICHHS HA MOTPIOHY KHOMKY, Ta HATUCKAHHS TPUTEPiB.

Y upoMy miAPO3AUIT PO3MJISIHYTO PI3HOMAHITHI AacHeKTH YINPaBIIHHA
KOpUCTYyBau€M B HAIIOMy IrpoBoMy Jonaatky s VR-monomy Meta Quest,
BKJIIOYAIOYM B3a€EMOJIII0 3 KOHTPOJEPAMH, YNPABIIHHSA NEPEMIIICHHIM Ta PyXOM,
B3aEMOJIII0 3 O0'eKTamMH, KepyBaHHs I1HTepQeiicoM Ta HaBIramiiiHI eJIeMEHTH,

CIPSIMOBaH1 Ha CTBOPEHHS PEaTiCTUYHOTO Ta IMMEPCUBHOTO JIOCBIAY JIJISl TPABIIIB.



BucHoBkHM 10 po3aiay 2

Y nmpyromy po3auti Oyno AETalbHO PO3MVISIHYTO MIATOTOBYI €Taml J0
po3po0KH irpoBoro goaatky aist VR-monomy Meta Quest 2. Criepriry Mu A0CTIANINA
KOHIIETLIIO Ta 1/1e10 TpU, BU3HAYUBILY ii )KaHp, TOJIOBHY 1/1€10, TeUMILIEH, LIJIbOBY
ayJIMTOPiI0, a TaKOX TEXHIUYHI OOMEXKEHHS Ta MOXKIMBOCTI MpoekTy. Jlami Oymo
3I1MICHEHO BUOIp TEXHOJIOTIH Ta IHCTPYMEHTIB JJi1 PO3POOKH, BKIHOUYAOUYH BHOIp
pyunigs Unity Tta BianosigHoro SDK. Mwu onucanu npouec 3aBaHTAKEHHS Ta
HajamtyBaHHA mpoekTy B Unity, a TaKoXX pO3TJISAHYIM apXITEKTYPHUN MIAXiT 1
B3aemozito 3 VR-monomom Meta Quest. 3aBasku cCUCTEeMAaTUYHOMY IMIAXOIY N0
BUOOpY 1THCTPYMEHTIB Ta BU3HAUEHHIO apXITEKTYPH, MU 3aKJIaJIU MII[HY OCHOBY IS
MOAAIBIIOI PO3POOKH Ta peaitizallii irpoBOro J0JaTKy, 10 3a0€3MeYnuTh BUCOKY

SKICTh Ta IHTEPAKTUBHICTh KOPUCTYBALLKOTO J10CBIY Y VR.



PO311JI 3. PO3POBKA IT'POBOI'O JOJATKY JIA VR HIOJIOMY
META QUEST

3.1. Peanizanisi rpa¢givHOro KOHTEHTY

[lepmra yactrHa po3pOOKH HAIIOTO MPOEKTY MOYMHAIACh 3 MOJICITIOBAHHS
rpadiyHUX KOMIIOHEHTIB. Y I[bOMY O3l MU MO3HAHOMHUMOCS 3 OCHOBHUMU
aCTIEKTaMH, a TAKOX 3a3HAYNMO KJIFOUOB1 METH Ta 3aBJIaHHS, SKi CTOSTh MIEpe]] HAMH

y mporieci peanizaiii rpadivHOro KOHTEHTY JJIs HAIIOTO TPOEKTY.

3.1.1. KarouosBi miji Ta 3aBI1aHHA

Byno BuaiIeHO HACTYTHI KIOYOB1 METH Ta 3aBJIaHHSA JIJISl PO3POOKHU MPOEKTY
«Fitness runner VR»:

1. CTBOpEHHS PEaTiCTUIHOTO Ta IMMEPCHBHOI'O BIPTYaJIbHOTO CBITY:

['070BHOIO METOI0 € CTBOPEHHS Bpa)XXal04oro Ta JKUBOTO IrPOBOTO
Cepe/IOBUIINA, SIKE MOBHICTIO TIOTJIMHE TPABIIS Ta 1aCTh HOMY BIIUYTTS IPUCYTHOCTI
y TpL.

2. OnTumizariist rpadi9HOTO KOHTEHTY:

Mu ctaBumo niepe o000 3aB/IaHHs 3a0€3MEeUYNTH BUCOKY SKICTh TpadiqyHOTrOo
KOHTEHTY, OAHOYACHO ONTUMI3YIOUYH HOro Juisi €peKTUBHOI pOOOTH Ha MPUCTPOSIX
Ta 3a0€3MeUeHHS TUIaBHOTO TeHMILIEIO.

3. CrtBOpeHHs e(heKTUBHOI CUCTEMH B3AEMO/IIT 3 TPaBIIEM:

Mu niparaHeMo /10 CTBOPEHHS IHTYITUBHOI Ta 3pyYHOI CUCTEMH YIPABIIHHS Ta
B3a€EMO/IIT 3 TPaBIleM, SIKa JI03BOJUTH 3a0e3nmeYnTH KOMMOPTHHUI Ta HATypalbHUN
reimIuiel y BIpTyaJlbHOMY CEpEOBUIIII.

4. 3a0e3nedyeH sl BIAMOBITHOCTI O TEMATHKHU Ta aTMOC(epu Tpu:

Hamma meta - ctBopuTH rpadiuamii, SKuif 171eaibHO BiJ0OpaKaTUME TEMAaTUKY

ta armocdepy rpu "Fitness Runner VR", nonoBHIOI0UM Ta MiJCUIIOIOYU ITPOBUMN

JTIOCB1]1 TPaBLIsl.



3.1.2. Mope/loBaHHA Ta TEKCTYPYBaHHA 00'€KTiB

Jnis ctBopenHs rpadigHoro KoHTeHTy y Hamii rpi "Fitness Runner VR" mu
BUKOPHUCTOBYBaiu nporpamy Blender. Blender - e motyxHmii Ta 6€3KOITOBHUN
1HCTpYMEHT A 3D-MoietoBaHHs, SKUH Ha/la€ IMHUPOKI MOXKIIMBOCTI Y CTBOPEHHI
PI3HOMAaHITHHX O0'€KTiB, IEPCOHAXKIB Ta apXITEKTyPHHUX €leMEeHTiB. [leTanpHimie 3
UM TPUBUMIPHUM I'padidHUM PEAaKTOPOM MOYKHA O3HAHOMUTHCH Ha OPIIIHHOMY
caiiti [12]. [Ipouec cTtBopenHst 3D mojerneli ckiragaBcs 3 IBOX €TaIliB, a caMe:

1. CtBopenns 3D Mmojenei:

VY mporieci MoAeIOBaHHS, MU TTOYaJIM pO3pOOKYy Mojeni 3 6a30Boi GpopmH -
KyOa. 3a TOMOMOIOI0 pI3HOMAaHITHMX 1HCTpyMeHTIB Blender, takux sik Extrude
(BunmaButu), Scale (Macmrabysaru), Rotate (Possepuyrn) ta Knife (Hix), mu
nepeTBoproBaiM e Ky0 Ha ckiagdimi (opmu Ta JaHAIAQTH, B pe3yJbTaTi

OTPUMABIIH MOJIEIi TOTPiOHOT Ham Gopmu (puc.3.1.)
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Puc. 3.1. Monens 3eMHOI TOBEPXHi 3 POBAJIOM IPYHTY, O€3 TEKCTYpH

2. TexcTypyBaHHS MOAENEH:

JUis TekCTypyBaHHS MojeJel, 3a3aaneriip Oyna 3aBaHTa)XeHa MaiiTpa
KOJBOPIB, 3 BIAKPUTUX JpKepen iHTepHeTy. s omTtumizamii rpu — 1 mamitpa
BUKOPUCTOBYETHCS Ha 0araTb0X 00’ €KTaxX 0JHOYACHO.

Jlst po3MaltoBaHHS MOJICNICH - MU BUKOPUCTOBYBaJIM 1HCTpyMeHT Shading y

Blender. Busnauanu 300pa)xeHHs 3 MATITPOIO KOJIbOPiB, sik Base Color mis Hammx



Mojenel, micas doro, B inctpymenti UV Editing, obupanu nosironn mozerni, Ta
nepeMillyBaliv iX Ha NOTPIOHUI HAM KOJTip.

B pesynbTari orpumyBanu 3aBepiieHi 3D Mozeni, ki B IOJaIbIIOMY CTAHYTh
CKJIaJIOBOIO YaCTHMHOIO HAIIIOTO IFPOBOTO CBITY y BIpTyalbHINA PeagbHOCTI.

3.1.3. CTBOpeHHs YaCTHH PiBHHA

VY mamiit Tpi, Oyna peasizoBaHa KOHIIEMIIISI HECKIHUEHHOTO piBHsA. Lle Oymo
JIOCSITHYTO 3aBJISIKK CUCTEMI T'eHepallli piBHS 3 pI3HOMaHITHUX TaiIiB (3aroToBJIEHI
YacTUHHU, 310paHi 3 6aratboX 00’€KTIB B OJIMH), SIK1 MOCIIJJOBHO PO3MIIIYIOTHCS Ha
CIICHI MiJ] Yac TpHu.

Koxen Taiin Bkitouae B ceOe pi3HI €IEMEHTH, Takl AK JIJISHKH JTOPOTH,
JEKOpaTHBHI O0'€KTH, 30HM HJis CIAaBHY OyJiBeNb, nepemkon Ta MoHeT. L1
eneMeHTH Oynm 310paHl 3 pI3HUX MOJCNEH, sIKi OyJM CTBOpPEHI B camMoOMy pyIIii
Unity, abo iMmmopToBaHi 3 mporpamu MojentoBanHs Blender.

JJist CTBOpEHHS TailliB, MU BUKOPUCTOBYBAJIM PI3HOMaHITHI 00'€KTH, TaKi K
3aroToBJIeHI mpedadu 3emili 3 Joporamu, OY/IiBII, Ta PI3HOMAHITHI MEPEIIKOIH, SKi
Oynu 00poOieHl Ta JeTanai3oBaHl MiJl €IUHUN CTWIb, 100 CTBOPUTU IMITALIIO
HECKIHUYEHHOI JJOPOTHU Ta OTOYYHOYOr0 CEPEJOBHINA, CXOKOT0 HA BYJIMIIO B MICTI.
[Ticnst miAroTOBKM BCIX CKJIAJ0BHX - KOXKEH Taily OyB 310paHuil 3 WX €JIEMEHTIB Y
BIJIMTOBITHOMY TOPSAKY, OO CTBOPUTH PEATICTUIHUN Ta PI3SHOMAHITHUHN IrpOBUN
cBiT (puc. 3.2.).

Ha mamonky (puc. 3.2.) My 6auMMH OJMH 13 TPbOX BU[IB 310paHUX HaMH,
TaWJIiB JUIs Tpyi. MU MOXKEMO MOMITUTH 00'€KTH, 3 IKUX CKIAAAETHCS JIOPOTa, KIIbKa
aBTOMOOLIIB BAAJIMHI Ta MiAMOMU B TOpy, mo obujasa Ooku Joporu. Y iepapxii
npoekTy € Tpu Tpynu (puc. 3.3.): "Obstacle Spawn Points" (rpyma To4dox s
nosiBu mnepenikona), "Bonuses Spawn_Points" (rpyma To4ok A MOSIBH MOHET) Ta

"Buildings Spawn_Points" (rpymna To4ok /ij1si HOsIBU Oy/I1BEJIb).



¥ Ground 1
&0 Ground 1
) Ground_New
() Obstacle_Spawn_Points
() Bonuses_Spawn_Points
(7 Buildings_Spawn_Points
W9 Vehicles_HotdogTruck
W9 Vehicles_PizzaCar
W9 Prop_Bin
W9 Prop_Billboard
D Left Mount
0 Right_Mount
€0 Ground

= Hierarchy
-I— * a

&P Ground 1

f) Ground 1

Ground_New

pawn_Points
7] Buildings_Spawn_Points
&) Point_Building
&) Point_Building (1)
&) Point_Building (

Puc. 3.3. I'pynu To4OK 11715 TTOSIBH BIJIMOBIIHUX 00’ €KTIB HA X KOOpAUHATAX

Koxna 3 1ux rpymn MICTUTh IYCTi, MPO30pi MOJAENI, SKI CIyXaTh
KOOpJAMHATAMU MOSIBU BIAMOBIAHUX 00'ekTiB. Takuil miaxing OyB 3poOieHui s
ONTHMI3AIl TPU Ta CTBOPEHHS €(EeKTy HECKIHYEHHOCTI. 3aBASKM TOMY IO MU
3aBYACHO 3HAEMO KOOPJMHATH PO3TAlTyBaHHS IIUX TOUOK HA TaisIax, MU MOKEMO 32
JIOTIOMOT'O0 KOJ1y 3a0€3MEeUnTH MOSIBY NOTPIOHUX O0'€KTIB Y EPEBIPEHUX MICIISIX, 1

auiie B 06sacTi Hamoro nosst 3opy. Lle g03Bossie 3MEHIIMTH HABAaHTAKEHHS Ha



MPUCTPIid, BUBAHTAXKYIOUM OJTHOYACHO MEHIIY KUIBbKICTh Mojzenelt Ha cueny. Kpim
TOTrO, IIi TOYKM BHUKOPUCTOBYIOTHCS OO 00'€KTH, 110 3'ABISIOTHCS HA HUX, -
OOWpaNHCh 3aBXIU y aOCOTIOTHO BUMAJAKOBOMY TOPSJIKY, 31 CIHCKY JOCTYITHUX.
Takum 4MHOM, TpaBellb OTPUMYE MOXKIIMBICTD JOCIIIKYBaTH HECKIHUCHHUI P1BEHb,
10 CKJIAJIA€ThCS BCHOTO 3 TPHOX BapiaHTIB TAMIIB, TPU IbOMY 30BCIM HE MOMI4aloun
MK HAMH CXOXKOCTI Ta Mepexoy, 00 KOKEH BIPI30K 3aBXKIU € YHIKaJTbHUM, HE
3QJIEKHO BiJl TIOPSAKY TOSBH Ha CIIEHI, OCKUIBKH Maibke BCi 00'€KTH Ha HBOMY

3'SIBISIFOTHCA Y BUIIAJAKOBOMY IOPSIAKY.

3.1.4. IlporpamyBaHHs BUNIaJKOBOI reHepailii piBHsl

{06 iMIeMeHTyBaTH OJHY 3 KJIIOYOBUX MEXaHIK T'pH, a caMe BUITAJIKOBY
reHepalil0 HeCKIHYEHHOTO PIiBHSA, MU 3BEPHYJHUCS /0 HAMHCAHHS CKPUITIB JUJIS
rpadiuanx 00’e€kTiB, crieHu Ta TaimiB. OcHoBHuii ckpunt "Tile Generator" -
BIJIMOBIA€ 3a TeHEpaIlito TainiB. Mu 3po0uiIn Ha CIIeH] MOPOXKHINA 00’ €KT 1 JoAaIu
no wporo ckpunt "TileGenerator". Po30epeMo KIFOYOBI METOAM TE€HEpallii TaliB,
1110 OyJIM HAMMCaH1 B CKPHUIITI:

1. [aimamsarns:
void Start()
{

// 3reHepyBaTH MOYATKOBY KIJTBKICTh TalIIiB
for (inti=0;i<startTiles; i++)
{

// SIk1110 1€ mepIuii Tai, 3reHepyBaTH TaHI-TIOYaTOK
if i==0)

SpawnTile(3);
// 3reHepyBaTH BUIAIKOBHUH Tails 31 crircKy npedadis

SpawnTile(Random.Range(0, tilePrefabs.Length));

VY wmerom Start() 3 nukiy for 3reHepoBaHO IMOYATKOBY KUIBKICTH TaijIiB

(startTiles). Ilepmmit Taitn (3 iHACKCOM 3) € TaWJIOM-IIOYaTKOM, a pEIITa TaiIiB



BUIAJIKOBUM YWHOM OOMparoThcsi 31 cnucky mnpedadiB. [louaTkoBuii Taitn €
HAMOUIbII PO3BAHTAXKEHUM, 1 PO3POOJICHUM CIHEUIANIbHO MiJ KOPEKTHY IMOSBY Ha
HbOMY IIEPCOHaKa Ha MOYATKY T'PH.
2. OHOBJICHHS:

void Update()

{

// SIK1110 TO3MIIIS TPaBLs TIEPEBUILY€E MO3MIIII0 CIIAaBHY HACTYITHOTO Taiia
if (player.position.z - 60 > spawnPos - (startTiles * tileLength))
{

// 3reHepyBaTu HOBUH Taii1
SpawnTile(Random.Range(0, tilePrefabs.Length));
// Bunanutu HalicTapilui Tain

DeleteTile();

Meron Update() nepeBipsie, 4 MOTOYHA MO3ULISA TIpaBUsi IEPEBUILYE
MO3UIII0, JIe TOTPIOHO 3reHepyBATH HACTYNMHUMN Tail. SIKIO Tak, TO TEHEPYETHCS
HOBUH TailJl 1 BUJAISETHCS HaCTApIIUK, 100 YHUKHYTH NEPEBUILIEHHS KIIBKOCTI
aKTHBHUX TaWIiB, IS ONTUMI3AIlIl POCSKTY.

3. I'eneparris:

// Meton niist TeHeparii Taiyia 3 BKa3aHUM 1HIEKCOM
private void SpawnTile(int tileIndex)
{
// CTBOpUTH HOBHI Tailsl Ha MO3MIII{ CITaBHY
GameObiject nextTile = Instantiate(tilePrefabs[tileIndex], transform.forward * spawnPos,
transform.rotation);

// lopaty Taiil 10 CIMCKY aKTUBHUX TaMIIiB
activeTiles.Add(nextTile);
// 301IBIIMTH MO3UII0 CIIABHY JIJIs1 HACTYITHOTO Taiia

spawnPos += tileLength;

Meton SpawnTile(int tileIndex) BimmoBigae 3a cTBOpEeHHS HOBOT'O TaiIy 3a

noromororo ¢yHkiii Instantiate. Bin orpumye ingekc mpedaba Taiiga 3 MacHBY



tilePrefabs, BcramoBmioe mosuiito cmaBHy 3a gomomororo transform.forward *
SpawnPoS 1 gomae CTBOPEHUM Talia 10 CHOMCKY aKTHBHUX TailmiB. [loBHUI Ko
MOJKHA IMO0AYHTH y A0JaTKy B.

[Ticns po3poOku cKpuNTy — BiH OyB HAJIAIITOBAHUM Ha CIIEHI, B 1HCIIEKTOPI1
00’€KTa J10 AKOT0 BiH NpuKpimieHui. byno gonano npedabu taiinis, Ta Kamepy, ska
OyJie BIAMOBIATH 32 KOOPJAUHATH I'PaBIIs, I KOPEKTHOI poOOTH KOy .

Tenep, micias BOPOBAKEHHS IBOTO CKPUIITY, MPU CTapTi CIEHH, TIpa
IPOIOHY€E HECKIHUEHHUH piBeHb. [ reHepalii 00’ €KTiB Ha Tailllax MU pO3poOHIIn
e TPU JOJATKOBHUX CKPHUITH, KOXKECH 3 SKHUX BIATNOBITAE 3a T'eHEpAIlil0 CBOE]
Kareropii 00’€KTIB, 3 BUIAJKOBHUM BHOOPOM Ta PO3MILICHHSAM iX y BU3HAYEHUX
MOXJIMBHX MO3ULISIX. BOHM MawTh MOAIOHY MK COOOK CTPYKTypy, TOMY MU
po30epeMo sMille OCHOBHI MeToAu, Ha mpukiaml ckpunty «TileWithObstaclesy
(ITepemkoau Ha Taini) (auB. 1oaaToK B):

1. [Himami3anis:

VY wmeromi Start(), axmo mainCamera He OyJi0 3aJaHO, BOHA IIIYKA€THCS
aBTOMATHYHO 3a Ha3Bor «Camera.mainy. Takox, iHimiadi3yeThcsl MAaCUB 00’ €KTIB
(mepemrko) obstacleSpawnedOnCollider.

2. OHOBJIEHHS:

Y wmeromi Update(), mepeBipsSeTbCs BiJICTaHh MK KaMEpOl Ta KOXHUM
Kojaiaepom. Axmio BincTtanb MeHma 3a spawnDistanceThreshold 1 mepemkona Ha
IbOMY KOJIaliiepi 1ie He OyJia CTBOPEHA, TEHEPY€ETHCS HOBA MEPEIIKO/Ia.

3. I'enepartis mepemkoam:

Merton GenerateObstacle(int colliderIndex) obupae BunaakoBy nepemkoy 3
obstaclePrefabs ta cTBoproe 1i Ha Micii KoJaiaepa.
4, [To3HaueHHs EPEMIKON

Meton MarkObstacleSpawned(Collider spawnPoint, GameObject obstacle)
nonae ter "Obstacle" 11t mo3HaYSHHS TEPEIIKOIH.

o. Bunanenns nepemkoau:
Komnu 00'exT ctae HeBuaumuM ajist kamepu (Meto OnBecamelnvisible()), Bin

BUAAIAETHCA 3 CLICHH.



Jlami e, Ta moaiOHI CKPUNTH JJIS reHeparii Oy/iBesb Ta MOHET Ha PiBHI -
PUKPITUTIOIOTHCS Ha KOKEH 3 TalJIiB OKPEMO, Ta HAJIAIITOBYEThCS B 1HCIIEKTOPI. J[0
CKPHUIITIB 3aHOCUMO OKPEMO KOKEH 3 TiArOTOBICHUX npedadiB Moeel mepeniko,
BHU3HAYA€MO BCl TOUKH, JI€ 1[I MIEPEIIKOIU MOXKYTh 3'SBISTUCS, Ta BCTAHOBIIOEMO
BIJICTaHb BiJ TpaBUs 10 HAWOJMXKYOI TOUKM CIHaBHY, MpHU SKi Mae 3'dIBUTHCS
nepemkosia. TakoX BCTAaHOBIIOEMO 4Yac, MPOTATOM SKOTO ISl TEpelKoa
icHyBaTtuMe Ha crieHi. OCKUIBKY 11el Tall He € 00'€KTOM Ha CIICHI, a 3'SBISETHCS 111
Jac rpH, - KaMepy J101aTu He MOkHA. ToMy, sIK BKa3aHO y TOTIEPETHbOMY CKPHIITI,
KaMmepa OyJie 3HaXOAUTHCS 3a 11 HA3BOIO Ha CIICHI ITiT Yac TPH.

TakuM YMHOM, 13 BOPOBA/KEHHSM LHUX CKPUITIB Yy rpy OyB Jd0JaHUN
HECKIHUEHHHI PIBEHb, SIKMH Maii’kKe MOBHICTIO T'€HEPYETHhCS BUMAJAKOBUM YHHOM.
Boanouac, Mu BIpoBaJuiii METOM ISl ONITUMI3allli MPOEKTY, TaKl SK: BUJAJICHHS
CTapuX TailliB, BUJaJIeHHs] 00’ €KTIB Yepe3 MEeBHUI yac, Ta MicJis MeBHOI MPOHAeHOT
muctaHiii. [le¥ miaxiax 703BOJIMB HAM CTBOPUTH THYYKY CHCTEMY TeHepallii piBHS,
sgKa 3a0e3nedye YHIKIBHICTh Ta PI3HOMAHITTS KOXXHOTO IrpOBOTO MOMEHTY,
3a0e3Medyoun MpH IbOMY HETIEPEPBHY MeMMIUICHHY TWHAMIKY Ta 3aXOIUJICHHS IS

I'PAaBIIIB.

3.1.5. Jlu3aiin Ta inest irpoBoro MmeHio

VY HamoMmy MNpoeKTI MM NPONOHYEMO TIpaBIEBl HENEPECIYHUM JOCBI,
MOETHYIOYHN €JIEMEHTH IrpOBOTO MEHIO 3 icTopiero Tpu. [licist BXoay y Tpy, TpaBelhb
ONMHSIETHCS Y BIPTyallbHOMY OyAMHKY TOJIOBHOTO repos, Ouns nuBany. Lleit
OyIMHOK BiH MOXX€ JOCTII)KYBAaTH y BIpTyalbHINA peanbHOCTi. Ha ronoBHIN CTiHI
OyIuHKY po3TallioBaHa CTaTHUCTHKA, IO BigoOpa)kae KUTbKICTh BOMBCTB, paxyHOK
MOHET Ta MaKCUMaJIbHY IPONICHY AUCTAHIIIIO 32 OJMH pa3 y Ipi. 3a CIOKETOM TpH,
BCE, 10 BiIOYBA€ETHCS HA ITPOBIH CIICHI, € CHOM TOJIOBHOTO Teposi, SKUi BiH 0a4nTh
3aCHHAIOYM HAa IOMY JAMBaHi. TakuM 4YMHOM, OYJIMHOK Y MEHIO paxyeThCcs 3a
peanbHICTh, i€ TpaBellb 3alUCy€ pe3yJbTaTH MICIs KOXHOTO CHY Ha CTiHi,

HaMararounch Ipu [bOMY OUTH TaM BJIACHI PEKOP/IH.



Ha cmeni MeHrw, micias jonaBaHHS OyJMHKY TOJOBHOTO TepOsi, MH
peanizyBaiu e(peKT 3amiKaHHs CBITJa, BUKOPUCTOBYIOUM BOYJIOBaHI MOXJIMBOCTI
Unity. 3amikaHHs CBITJA - L€ TPOLIeC OOYMCIIEHHS OCBITJIICHHS B IrPOBIH CLIEHI TIEPE]T
yacoM ii 3amycky. BoHO 103BoJisi€ 3MEHIIUTH OOYUCITIOBAIbHE HABAHTAKEHHS IT1]T
4ac I'py, 3aMICTh TOTO, 1100 OOYUCIIIOBATH OCBITJIEHHS B peajibHOMY yaci. Ji3HaTuCh
OuThIIIC MPO TE SAK BiOyBaeThes 3amikaHHSA CBiTJIa B Unity mMoxHa y odiriiiHii
nokymentarii [13]. V mHamiii poOoTi, A 3amikaHHSA CBiTJa MU JOJAlIH Ta
HayTamTyBaim 00’ekt «Spot Lighty (ToukoBe cBiTIO) I AOCATHEHHS e(EKTy
OCBITJICHHSI BiJ JIOCTpH B OyauHKy. JIJisi 3arajJibHOrO OCBITJICHHS CIICHH MH
HaJIAITYBaJUM CTaHaapTHe ocBiTieHHs «Directional Lighty (CrnpsimoBaHe CBITIIO),

SIK€ pIBHOMIPHO OCBITJIIOE BCIO CLIEHY 3arajioM.

[Ticns Toro, sik 0ys10 IPOBEAEHO HANAIITYBAHHS CLIEHU - MU BUKOPHUCTAIIU
¢dyukmionan Unity 1uis cTBOpeHHS 3aredeHoro cBitia. Unity BukopuctoBye
3areyeH1 JaHl AJ1 IBUJKOro Ta €()eKTUBHOTO B1I0OPa)KEHHS OCBITICHHS B CLIEHI.
Lle no3BOISsIE MOCATTH PEATICTUYHOTO €(PEKTy OCBITIIEHHS O€3 3HAYHOTO BIUIMBY Ha
MPOYKTUBHICTH T'PH.

B pesynbrari po3poOku i7ei Ta Au3ailHy ITPOBOTO MEHIO HaM BJAlOCH
CTBOPUTH 3pyUHUH iHTEepdEiC 151 KOPUCTYBAUiB, Ta JOJATH IIKAaBUH €JIEMEHT, SIKH
nornubaoe atMocepy Tpu. 3aMmicTh 3BUYHOTO MEHIO MU 3a0€3MEUMSIA TPaBIs
MOJKJIMBICTIO 3aHYPUTHCS B arMoc(epy camoro TOJOBHOTO TEpos, J€ BiH MOXKE
OTJISTHYTH CBOI JIOCATHEHHS Ta CIIOCTEPIraTH 3a ix 3MiHOIO B peaibHoMy uaci. Kpim
TOTO, 3aCTOCYBAaHHS CBITJIOBMX €(EKTIB, 30KpeMa 3aliKaHHSA CBITJA, J0JAJ0
pPETICTHYHOCTI Ta 3pOoOWIO OOCTAaHOBKY ONTHMI30BaHOK, Ta IIe¢ OUIBII

HpI/IBa6J'II/IBOIO JIIAA CHpHﬁHHTTH.

3.1.6. InTepdeiic

Mu npuaiauaM BeTUKUAN aKIEHT 3pYyYHOCTI iHTepdericy, mob 3abe3neunTtu
IpaBIsIM TIPpUEMHHUM Ta Oe3mepeOiiHMM  JOCBIA BIJI TEeUMIUICIO. 3aMicTh

CTaHJApPTHOTO MPUKPITUICHHS J0 MEePCOHaXxa, IHTepdeiic po3TaloBaHuii Momnepeny,



Bropi, 3a0e3Meuyroyn IpaBIeBl 3pyUHU AOCTyN 10 iH(opmMalii mij yac 6iry mo
HECKIHUEHHOMY PIBHIO.

IaTepeiic Bxmrodae B cedbe mpozopuii Canvas 13 HACTYTHUMH JIUYWIbHUKAMU:

. MakcumanbHHN peKop BiACTaH1
. IToTrouna mpoiiieHa BiCTaHb

. KinpkicTh MOHET

. KinbkicTs BOMBCTB 3a payHI

Kpim toro, mu peamizyBanu "Lose canvas" (puc. 3.4.), 1e majieHb, siKa
3'SIBJISIETHCS MPU nporpaiii. BoHa MICTUTh aHAIOTIYHI JIYMJIBHUKHU (CTaTUCTUKA), A

TAKOK KHOIIKH JIsI PECTapTy YU BUXOAY B MCHIO.

Great resun

Puc.3.4. MeHnto nporparty y rpi

JIisi HaTHCKaHHS KHOIKH TpaBellb MOXKE HABECTH KOHTPOJIEp Ha TaHENb
mporpamnry, 1 TOJIl 3 KOHTpojiepa BHIE JIyd, SKHUM MOXHA OUIBII YITKO
BiJICJTIIKOBYBATH HaBeAeHH KOoHTposepa(puc. 3.4.). [Ticis Toro sk 1y4 KOHTposiepa
Momajie Ha MOTPIOHY TPAaBIIO KHOMKY, - MPU HATUCKaHHI TpUrepa BiAOYIEThCS
aKTUBallisl HeoOxigHoro meronay. lled miaxin 3abesnedye TOYHE YMpABIIHHS Ta

3py4YHHUHN AOCTYM A0 QyHKIIN Ipu O€3 3aiiBUX YCKIIaIHEHb.



[aTepdetic y MeHIO Mae cXO0Xy cTpykrypy 3 "Lose canvas" y rpi, ane
3abe3mneuye iHII (GYHKIT, BIAMOBIAHO 0 KOHTEKCTY MeHI0. Takoxk BIH Hajaae

JOCTYII 0 OCHOBHOI 1H(popMalii. A came:

o MakcumanbHHN peKop MPOHAeHOT BiJICTaHl 3a BECh Yac
o KinbkicTh 310paHuX MOHET
o KinpkicTh BOMBCTB 3a BECh Yac 3arajom

3.1.7. Boporu

Boporu BUKOHYIOTh KJIFOUOBY POJb y MIATPUMIII HANPY>KEHHS Ta 3aXOIJICHHS
rpaBiis. Po3risiHeMo ABa OCHOBHHMX THUITM BOPOTIB y HAIIOMY MPOEKTI:
o Bunankosi Boporu:

[lepmi Boporu 3'SBASIOTBCA IMONEpPeNy TpaBlsl y BUINAAKOBUW ISl HHOTO
MOMEHT Ta y BUITaJIKOBOMY MOPSAKY. BOHU 3aBk /11 HAIIpaBJIeH1 HA TOJIOBHOTO I'epost
3 METOI0 MEpPEelIKOAN y JIOCATHEHHI 1iyiel. ['paBelb Ma€ MOXJIMBICTH BOMTH a0o
Hamaratucs o0iiTH iX. Lle# elmeMeHT moae Tpi T0JATKOBOI THHAMIKH Ta BHOODY,
CTBOPIOIOUH Hemepea0adyBaHiCTh Ta BUKIUKAIOUN PEaKIIio TPaBIIs.

o [Tocriiiauit Bopor:

['onoBHUM BOpPOTOM y Tpi € BEAMIiAb, SKHA HEMEPEPBHO TEPECIiTy€
roJoBHOro reposi. Llelt Bopor He Jae MOXKIMBOCTI 3YMUHUTUCH Ta PO3CIA0UTHUCH,
CTUMYJIIOIOYH rpaBLs OIFTH BCE AaIl 1 Jal.

3iTkHeHHsI 3 OyJb-KMM BHJOM BOpPOTIB MPHU3BOAMTH JI0 NpOrpamry Ta
Bukiukae "Lose canvas", CHOHyKaroud TpaBlsg [0 CTPATETIYHUX PIIIEHb Ta
MIBUIKAX JTIH.

Po3bepemo OinbIn neTanbHO, SK OYB peati30BaHUi MEPIIH TUIT BOPOTIB:

1)  BunaakoBi Boporu:

[MeprmM KpokoM MU CTBOPHITH 00’ €KT «Spawner animaly, 11 BcTaHOBIECHHS
BIJICTaHI, Ha sIKii OyayThb 3 SBJISITUCH BOPOTH, BIIHOCHO TOJOBHOTO repos. [lms
KOPEKTHO1 poOOTH, BiH MOBUHEH 3aBXAW OyTH Ha BIJICTaHI BiJ mepcoHaxa. [[ns

I[bOI'0 MH JIOJIJIA Ha CIICHY 00’€KT, miJ Ha3Bow «Stop Planey, mo 6yae 6arbkoM



JUTSL BCIX 1HIIUX, K1 TOBUHHI OyTH Ha BijcTaHi BiJ rpasis. Cioau BXOAUTH Oarato
00’€KTIB, B TOMY 4HUCIl ¥ 1HTepdeic, o0 MU PO3rISHYJIU padime. Jas mporo
00’ekta OyB po3poOieHmit ckpunt «StopPlane» (moBHwmii kox auB. q01aTOK B).
Po3rissneMo Moro KJIr0o4oBUU METO:

Merton it mepeMillieHHs 00’ €KTIB:

private void Update()

{
if (player !'= null && stopPlane !'=null)
{
// OTpumyemo BifcTaHb 1O oci Z Mix rpasueM i "StopPlane"
float distanceZ = Mathf.Abs(player.position.z - stopPlane.position.z);
// SIk11o BiacTaHb OLIBIIE 32 MAKCUMAJIbHY JOIYCTUMY BIJICTaHb
if (distanceZ > maxDistance)
{
// Tlepemimyemo "StopPlane" 6muxde 10 rpaBis
Vector3 newPosition = stopPlane.position;
newPosition.z = player.position.z + maxDistance - 4;
stopPlane.position = newPosition;
¥
¥
}

Le#t meTon mepeBipsie, uu MOTPiOHO TepemicTuTH miomuHy "StopPlane". Mu
nepeBipseMO, YW ICHYIOTh IOCWIAHHS Ha TpaBls Ta ruioumHy "StopPlane".
Po3paxoByeMo BiCTaHb O Oci Z Mik HUMH. Ta rnepeBipseMo, YM BiACTaHb OUTbIIE
3a MaKCUMAaJIbHO JIOMyCTUMY. SIKIIIO0 YMOBa BUKOHAHA - CTBOPIOEMO HOBY MO3HIIIO
s "StopPlane" Ha OCHOB1 TOTOYHO1, Ta MEPEMIIITYEMO J0 HET 00’ €KT.

TakuM 9MHOM Terep MU Ma€EMO MOXJIMBICTh 3aKPIMUTH 00’ €KTH Ha CIIEHI Ha
BU3HAYCHIN BigcTaHi. OKpiM 3MOTM MepeMillyBaThd OO €KTH BIEpPea - IMO3aay
MepcoHa)ka, Ta 3 KOXKHOTO OOKy OYyJIO BCTAaHOBJIEHO HEBUIUMI CTIHHU, 110 OYIyTh
CIlyTYBaTH TPAHUISIMHU, JUISI YHEMOKIIMBIICHHS BUXO/Ty 32 MEX1 iIrpOBOTO PiBHS.

[Ticnst po3poOKH IUX KPOKIB - BXKE MOYKHA MPUCTYITUTH IO PO3POOKU CKPUTITY

JUIs TIOSIBU BOPOTIB Ha CIieHi. Po3riissHeMO OCHOBHME MeToj ckpunty «Animal



Spawnery mig Hazoro «SpawnAnimalsRandomly()» (muB momatok B):

I{e#i MeTO BUKOPUCTOBYETHCS JJISI CTBOPEHHS BOPOTa Y BUITAIKOBI MOMECHTH
yacy. Hukn while 6e3kiHe4HO MOBTOPIOETHCSA, 11100 TOCTIHHO CTBOPIOBATH TBAPHHH.
3a nomomoror Random.Range - renepyeThcsi BUNIAJKOBUH Yac 3aTPUMKH TEpe]
HACTYITHUM  CIIABHOM  BOpOra, SKHWA 3HAXOJMUThCS MDK  MIHIMQJIbHUM
(minSpawnDelay) Tta wmakcumanbHuM (maxSpawnDelay) 3HadenHsmu. [lam
oOupaeTbcs BUNIaaKoBuil mpedad Bopora 3 MacuBy animalPrefabs, Ta renepyerbcs
BUITQJKOBA ITO3UIISA MO ocl X B Mexkax Bix -1 mo 1. B morouHiit mo3umii Bke
CTBOPIOETHCS BOPOT, 1 sKIIO 3a 10 cekyHn ioro He Oyyio BOMTO — BiH 3HUKAE 31
CLICHH, JIJIsl ONTUMI3alLlii TPpH.

Lle#t kox xpimumo Ha 00’ekT «Spawner animaly, Ta g0maeEMoO B iHCTIIEKTOPI
npedabu BoporiB, 10 OyAyTh CTBOPIOBAaTHCH Ha cIeHl. Hmkue BkazyeMo
MiHIMaJIbHHI yac Mixk mosiBoro Boporis (Min Spawn Delay), Ta MakcuManbHUit yac
(Max Spawn Delay).

J1jist TOro 1106 BOPOTH pyXalliCh B OIK IPaBIls, 3 METOIO MEPEIIKOUTH HOMY
pyXx — 0yB po3pobaenuii yHiBepcabHui ko «AnimalMovementy (nuB. nogarok B),
KU KPIMUTHCS HAa KOXKHOTO BOpora okpeMo. BiH Bkitrodae B ce0e HACTyIHE:

Y wmeroai «Start()» BigOyBaeTbcsi TOIIYK 00'€eKTa TIpaBIsl 3a TEroM
"MainCamera". SIkmo mocwiaHHs Ha O0'€KT TpaBIll HE 3HAHJICHO, BUBOIUTHCS
BIIIIOBITHA ITOMMJIKA B JIOT.

VY meromi «Update()» 3milicHIOETbCS TepeBipKka HAsBHOCTI MOCHJIAHHS Ha
00'eKT TpaBIls. SIKIIO MOCHIIAaHHS €, BOPOT 00EPTAETHCA y HAMPSMKY 110 TPaBId, a
MIOTIM PYXa€ThCs BIIEPE] 13 3a/1aHOI0 MIBUKICTIO.

Meton «OnCollisionEnter» o00poOisie 3iTKHEHHS TBapUHH 3 IHIIUMHU
o0'ektamu. SIKIIO TBapWHA CTHKA€ThCsA 3 00'ekTom, mo Mmae ter "kulya", BoHa
3HUIIYETHCS, a Ha 1 Miclli ciaBHUTHCS 00'ekT «FirePrefaby.

TakuMm ymHOM, L€l cKpulT 3a0e3nedye 0a30By MOBEIIHKY PYXy TBAapUHH,
OpIEHTAIlII0 HA TPaBIA Ta PEAKINIO HA 31ITKHEHHA 3 1HIIMMHU 00'€KTaMHu y irpOBOMY
cepeaouii Unity.

2)  Ilocriiinuii Bopor:



[Io cTocyeThecss Apyroro, MOCTIMHOTO BUAY BOPOTIB, @ KOHKPETHO BEIAMES
no3aay — TyT Bce 3po0iieHo iHakuie. Lleit Bopor Mae iHmy mety. Bin po3po0Onenuii
JUIA TOTO, 100 TpaBIf0 HIKOJIM Oyino BigmoumBaTu. Uepe3 Te IO BiH MOCTIHHO
ODKHUTB 1MO3ay — I'PaBIfo Tpeda OIrTH BIEPEI, 1110 JI0JA€ K CTUMYJI, TaK 1 MOKPAIIye
eneMeHTH (iTHecy y rpi (Mpo 1ie Tpoxu 3rojom). CrodyaTKky MU 3aBaHTKUIU IO
TBapuHYy 3 odimiitHoro marazuny Unity [14]. ITicns yoro po3poOwiin Ha clieHi 00’ €KT
«LosePlaney, 1o ciyryBatuMe HEBHIMMOIO CTIHOMW, sika OyJie pyXaTHCh pa3oM 3
BEIMEJIEM, Ta BIJIIIOBIJATUME 32 MEHIO MpOrpaily y pasi 3iTKHeHHsA. Takuil MmeTon
oOpaHuit AK JIsl ONTUMI3aIli1, TaK 1 sl TOTO, 1100 HEMOKJIMBO 0YJI0 3J1aMaTH JIOTIKY
IpH, Ta O0IMTH BeaAME s, IPH IbOMY He mporpasiim. J[ins 06’ exra «LosePlane» 0ys
po3po0JieHUt OKpeMuil KOJA, 3 OJHONMEHHOI Ha3BOK (IMB. A0JaTOK B).
PosristHemMo oro OCHOBHI MOMEHTH:

¥ metoai OnTriggerEnter() oOpo6iisitoTbes 3iTkHeHHs "LosePlane" 3 inmumu
o0'ektamu. SIKIIO 3ITKHEHHS BiAOyBae€ThCcs 3 TpaBIEM, - 3YIUHAETHCS PYyX
"LosePlane", axkTHUBY€TbCSI TEMHE CBITJIO, BHUMHMKA€ETHCS 3BHYAHE CBITJIO,
BMHKAETHCS KaHBAC Mporpaunry Ta 00'ekt B3aemo/1i. Kpim Toro, Bci 00'eKTH 3 TErOM
"enemy" BHIAISIOTHCS 3 CIIEHHU. SIKIO 31TKHEHHS B1I0YBAETHCS 3 TIEPEIITKO 1010 a00
MOHETOI0, - 00'EKT IIi€l MEepenIKoar a0 MOHETH BUAAISETHCS 3 CIIEHU, a TAKOX
3’ ABIISIETHCS €PEKT 3HUIICHHS HAa MICIIl 3HUIIIEHOTO 00'€KTA.

Jlnst camoro BeaMes TaKoK OyB po3poOIeHUH KOJI, ISl TOTO 100 KepyBaTH
Horo aHimaiisMu. BoHU 3MIHIOIOTBCS B 3QJIEKHOCTI BiJ] CIIEHApII0 Tpu. 3a
CTaHIAPTOM BEIMIJIb OKHUTH BIIEPE], aJIec aHIMallisl 3MIHIOEThCS Ha aHIMAIIiIo
aTaKW, KOJIM BiH HAOJIMIKYETHCS JIO TPABIIs, Ta 3apaxoBYe€ Mporpaiil. TakuM YuHOM
JIOIAI0YU PEATICTUYHOCTI Ta EMOI[IOHATBLHOCTI BiJl ITPOBOTO MPOIIECY.

OTxe B IbOMY IMAPO3/ILJII MM OTJISHYJIM BC1 MOYKJIMBI BUTIQJIKH JIJIS
nporpaiiy y rpi, po3iopaBiiu sk rpadiuyHy, Tak 1 OCHOBHY KOJOBY CKJIaJIOBY IIMX

HaABaXJINBUX CJICMCHTIB Ipu.



3.2. Peanizamisi 3ByKOBOr0 KOHTEHTY

OrasHyBIIN KJIIOYOBI MOMEHTH TpadiyHOTO KOHTEHTY — CIiJI PO3MOBICTH 1
npo 3ByKkoBuil. Ham apceHan 3ByKiB OXOIUIIOE€ MOCTPUIM, 3BYKHM pyXy Ta
3aXOIUII0I0YY (POHOBY MY3HKY, sIKa CTBOpIOE€ aTrMocdepy imepcii Ta BHOCUTH
PI3HOMAHITTS B TeAMILICH.

Jlst Toro, mo6 3a6e3neuntn 6e3rnepediliny podoTy 3ByKOBOI'O KOHTEHTY, MU
3aBaHTKWIH HEOoOXiTHI aymiodaiinm 3 BiakpuTux mkepen [15,16] ta imnopryBanu
ix y Ham mpoekT. o0 yHMKHYTH OyIb-SKHX HEMOPO3yMiHb Ta 3a0€3MeUnuTH
OpraHi3oBaHICTh, MU CTBOPWJIM CHellajgbHy namnky "Sounds", B siKili KOXKEH 3BYK
PO3MIIIIEHO Y BIJIMOBIAHIN MaIli, 3T1IHO 3 HOTO MPU3HAUYCHHSIM.

Takum 4MHOM, MM 107U TPU OCHOBHI TUIIM 3BYKIB: ()OHOBY MY3HKY, sIKa
rpa€ MOCTIHHO MPOTSTOM PIBHS, 3BYKH PYXY, K1 aKTUBYIOTHCS M1 Yac epecyBaHHs
TpaBIls, 3 BpaxyBaHHSM IHTEHCHBHOCTI Ta IIBHAKOCTI PyXy, a TaKOX 3BYKH

MOCTPLUTIB, SK1 3'SBISIOTHCS JUIIE IPU BUKOPUCTAHHI 30poi.

3.2.1. ®doHoBa My3HUKAa

Jlns mokpaiieHHsT aTMocdepu, Ta TOMIHOJEHHS Y Ipy — BOHA IMOBHMHHA
MicTUTH (OHOBY My3uKy. My3uka Ha ¢OHI 3/1aTHa 3aBJAaBaTh Oyab-sKO1
atMocdepu, B 3aJIeXKHOCTI Bij 1i TUMY. Y HalIOMy BUTNIAJKy OyJia oOpaHa TMHAMIYHA,
byTypucTHYHA KOMIIO3UIIiS, 10 HaJae atMochepy, 3 IKOI X0UeThbes OIrTH Bepe
1 BCTAaHOBITIOBATH BCE OUBIIII 1 O1IBIIT PEKOPAN, MUHAIOUH MEPEITKOAN Ta BOUBAIOYH
BOPOTiB Iepes co0oro.

[Ilo6 peanizyBat (HOHOBY MYy3WKY, Ha OO’€KT KamMepu MU J0Aald
xomnonentu «Audio Listen» ta «Audio Sourcey. 11i 00'€ekTH BUKOPHUCTOBYIOTHCS
st pobotu 3i 38ykoM B Unity. «Audio Listeny» (Aymio ciyxad) moTpiOeH HaMm y Tpi,
1100 MU MOTJIH CITyXaTH BC1 MOXJIHMBI 3BYKH. Ha crieHi BiH MOxke OyTH TUIBKH OJTUH,
1 OCKUIbKU 00’ €KT «KaMmepay 1€ Hallll 04l — Oy/ie IPaBUIbBHUM 3pOOUTH 1i 1 HAIIUMHU

ByXamH, aoxaroun Ha Hei kommoHeHT «Audio Listen». Audio Source (Aymio



JKEPEII0) — I KOMITOHEHT, SIKUH JI03BOJISE BIITBOPIOBATH 3BYK. L{MX 00’ €KTIB MOXKE
Oyle NeKiabKa Ha CIIeHI, OCKUIbKM KOXXEH TaKuil 00’€KT MOXe BIATBOPIOBATH
okpemuid ayaio aiin. s GoHOBOI My3uWKHM HaWKpalliM pimeHHsSM Oyae AoaaTH
HOro TakoXx Ha Kamepy. Takum 4YMHOM BOHA Oyie B MPSMOMY CEHC1 3aBXKIU rpaTH y
Hac B rojoBi. lleli MeTon BHKOPHUCTOBYIOTH BCl IrpOBI CTYy/li, JJIi CTBOPEHHS
(hOHOBOTO CYIIPOBITY.

B xommnonent «Audio Source» y moae «AudioClipy mu mepeHecnn Hari
My3WYHUM (aiin 3 mankk y MNpoeKkTi. B mapamerpax KOMIIOHEHTa BKJIIOUMIIU
napametpu «Play On Awake» Ta «Loop», mo o3Havae mo My3uka Oyje rpaTe 3
caMoro IMo4YaTKy, MpHU CTapTi piBHA, Ta MICJs 3aKiHYCHHS OyJe aBTOMaTUYHO
NOBTOPIOBATUCH. Takl mapameTpH, K I'YUHICTb, IPIOPUTET, €(PEKT CTEPEO Ta 1HII —

OyJI HaJaITOBaHI ONTUMAJIBHO ITiJ CIICHAPid TPH.
3.2.2. 3ByKkH nocTpijaiB
OckiJIbKM B Hallllid rpi 3aayMaHa MOXJIMBICTh CTPUISTH MO BOPOraM — MH

MOBUHHI 3a0€3MEYUTH KOXKEH TMOCTPUT XapakTepHUM 3BYKOM, I  OLIbII

PEeaNICTUYHOIO BiAUYTTS rpu. JJst moyatky po3doepemMo poOoTy MicToNeTa y Ipi.

Scenes

Puc. 3.5. IlicToser Ta Touka MOSIBM KyJib Ha CIICH1



Mu nomanu Ha CIEHY MOJCHB ITCTOJIeTa, Ta MPHUKPIMMIMA ii 0 TPaBOTO
KOHTpOJiepa, 100 MaTh MOXJIMBICTh KEpyBaTH HHUM 3a JOTIOMOTOI0 PYK,
MaKCHUMAaJbHO CXO0Xe 10 peanbHoro (puc. 3.5.). Ilepen micronerom OyB momanuii
HOPOJKHIN 00’ €KT, IKUM MH Ha3BaJld «SPawn_pointy». Lleit 00’ ekt Oyae ciyryBaru
TOYKOIO, Ha SIKId Oyne 3 SBIATUCH KyJs Ha cleHi. HacTymHum Kpokom Mu
OPUCTYNIUIUM 70 TporpamyBaHHa. Po3bepeMo TOJOBHI METOAM 3 KOIy
«GunController» (muB. gomatok B), mo0 gi3HATHCH [CTANBHINIE SK MPAIOE€
KEpyBaHHS MICTOJIETOM:

Le#i ckpunt kepye CTpIISHUHOIO 31 30poi y VR-Tpi. OcHoBHI QyHKIIIT
BKJIFOYAIOTh:

o [Himiamizanis Tpurepa: 3UMTYBaHHS HATUCKAHHS TPUTE€pa HA MPABOMY
KOHTPOJIEPI.

o Pyx kyni: CtBopenHns 06'exrta "kulya" nmpu yrpumaHH1 Tpurepa 3 iHT€pBajIoM
y 0.33 cexyHau.

° Buznauenns mBuakocti Kyii: Kymst pyxaerbces 31 IBUAKICTIO 3 OJMHUII B
HaTPsIMKY 30poi.

o BinrBopenns 3Byky: [Ipu nmoctpini BiaTBOproeThes 3ByK "Shot".

[eit ckpunt 3a0e3neuye GyHKIIIOHAIBHICTh CTPUITHUHY Ta aHIMAIIIIO KyJIi B Tpi.

[Ticns HammcaHHS CKpUNTY — WOro OyJio J0JaHo 0 00’€KTa MicTojieTa Ha
CIICHY, Ta HAJIAIITOBAHO HACTYITHAM YHHOM:

B iHcmiekTopi OyJ1o 10/1aH0 00’ €KT «SPawn_pointy, sSskuii CIIyTye HEBHIUMOTO
TOYKOIO Ha KIHIII TiCTOJETa, 3BIIKK BUjIiTae Kyis. Jlam mMu qomanu npedad camoi
KyJdl, Ta BKa3ajd IHTEpBajJ, WO CIYry€e 3aTPUMKOI0 MIXK MOCTpUIAMH, IS
PEANTICTHYHOCTI, Ta MBHIAKICTh KyJi. ¥ HWXKHE TOJIC TOJAIHA CaM 3BYK TOCTPLTY.
Taxox, Horo 0ys10 g0aaH0 Y KoMIOHEHT «Audio Sourcey, s Toro oo e 3ByK
JyHaB came 3 MICTOJIETa, a HE 3 KaMepH, SIK (POHOBA My3HKa.

TakuM 4YMHOM MU OTPUMAJH MPAIIOIOYHI MICTONET, IPH MOCTPJIaX 3 SIKOTO
rpaBsellb Oyie 4yTu XapakTepHi 3ByKu. OcoOJIMBICTh LILOI'O METO1Y MOJISITAE B TOMY,
110 3BYK noctpiny Oyae 100% myHaTu came Bij 30poi, a He Ha POHI, IO TOTIOMOXKE

MiATPUMYBATH IMMEPCUBHY aTMoc(hepy Ta 3aHypeHHS y TPY.



3.2.3. 3ByKH pyxy

OCKUIBKM TOJIOBHa M€Ta I'pU — HPOOIrTH SIKOMOTIa Jaji, BCTAHOBJIIOIOYHU
PEKOp/I TTO0JIAHOT BIJICTaHI — MU HE MOYKEMO 3aJIMIITUTH Halll O1r 6e3 XapaKTepHUX
3ByKiB. [l peanizaliii 3ByKy NEpeMIlIeHHs MM 3alucald 3BYK OJHOTO IIary Ta
JoJanu Horo y rpy. BBaxaerbes, o nporo Oyzae noctatibo. OCKUIBKH Y TPl MU
MaeMO MOXKJIMBICTh IUIABHO 3MIHIOBAaTH IIBHJKICTh PyXYy — JIOTIYHHMM PIIICHHSIM
OyJzie 3poOUTH 1 KOPEKTHHUI 3BYKOBHUI CYIPOBIJ, NI TOTO 1100 Kpaille nepeaaTu
BIIUYTTS MBUAKOCTI. JIJIs mocsrHeHHS I11i€i MeTh OyB Moau(iKOBaHUN KOI PyXy
nepconaxka «DynamicMoveProvider» (muB nmomaroxk B), skuit Oynme aeranbHO
pO3MIIsIHYTO Mi3HiIIe. Po30epeMo KIIF0UOB1 MOMEHTH B KO/I1, IO BIAMOBIIAIOTH cCaMe
3a 3BYKH IIIariB:

B ckpunTi Mu OTpUMy€EMO TMOCHJIAHHS Ha KOMIIOHEHT «AudioSourcey, 3i
3BYKOM IIary, MiCJIsl 40TO pOOMMO YMOBH JIJIsl HOTO BIATBOPEHHS Ta MPUITMHEHHS. Y
YaCTHHI KOAY, € MU 3MIHIOEMO HMIBUAKICTh PyXy — JOJAEMO YMOBHU, MPHU SKHX
3MIHIOETbCS TIapaMerp «Pitch» (MBUAKICTH) 3BYKY IIariB B 3aJCKHOCTI Bif
3Ha4YeHHs moveSpeed.

[Micns momudikanii ckpunty M jojganud kKommoHeHT «AudioSource» B
1HCIIEKTOp1 00’ €KTa «MOVE», K 1y MUHYJIUX BUIJKaX, BKa3ylOUM TaM 3BYK IIary.
TakuM 4MHOM, MM OTPUMAJU 3BYKOBUU €(EKT, /¢ Iark JyHaITh JUIIE Mij Jac
pYXy rpaBls Ta 3MIHIOIOTh CBOIO IHTEHCUBHICTb 3aJIEKHO B1J] IIBUAKOCTI PyXY.

OTxe Tenep MU MaeMO YSIBIICHHS SIK TMPAIIOIOTh TPU BUIM 3BYKIB Y HAIIOMY
IIPOEKTI, a came:

1)  Tlocriiini 3Byku (doHoBa My3uka): Ile 3BykH, sKi BIATBOPIOIOTHCS
Oe3nepepBHO MPOTATOM YyCi€l IpH, Takl sik GOHOBA My3HKa, SIKa CTBOPIOE aTMochepy
TpH.

2)  3ByKHW, IO BUKIHKAIOTHCSI HATHCKaHHAM (3BykH moctpimny): Lli 3Bykum
BIJITBOPIOIOTHCS] Y BIATOBIAb HA KOHKPETHI il TpaBIlsl, HAMPUKIAJ, MOCTPUIN 31
30poi.

3)  3BykHW, OI0 3MIHIOIOTBCS B 3aJEKHOCTI Bif il TpaBis (3BYKH pPyXy



nepcoHaxa): Ile 3Byku, sKi 3MIHIOIOTBCS B 3aJIGKHOCTI BIJ] aKTUBHOCTI TpaBIIf,
HaIPUKIIAJ, 3BYKH KPOKIB, 5IKl 3MIHIOIOTh CBOIO 1HTEHCHUBHICTh B 3aJIEKHOCTI BiJl

HIBUAKOCTI pyXy [IEPCOHAXKA.

3.3. B3aeMogaisi 3 kKOpucTyBa4eM Ta YHPABJIiHHA IPOI0 Y BIipTyaJlbHOMY

cepeoBHIILi

B3aemonisi 3 KOpUCTyBaueM Ta YIpPaBIiHHA TpPOK Yy BIpTyalbHOMY
CEpENIOBUII € OJHUM 13 HAWBAKJIUBIIIMX ACMEKTIB PO3POOKH BIPTyaTbHUX iTOD,
SKUN CUJIbHO BIAPI3HAETHCSA BIJl YNPaBIiHHA Ha 1HIIMX Iuatr@opmax. Y oMy
pO3AUTT MU PO3IVIIHEMO METOJIM Ta 1HCTPYMEHTH, sIKI OyJIM BHUKOPUCTaHI HJis
CTBOpPEHHsI €(EKTHBHOIO Ta 3pYyYHOTO YNPABIIHHSA TIpPOK Yy BIPTyalbHOMY
cepenoBUlll. MU AOCHIIUMO B3a€EMOJIII0 3 KOHTpPOJIEpAMH, peajizalliio pyxy Ta
HaBiraifii, oOpoOKy »ecCTiB Ta BBEICHHS JaHWUX, a TAKOX IHII AaCIEKTH, IO

CIPUSIOTH 3pYYHOCTI Ta IMMEPCHUBHOCTI I'pOBOT0 JIOCB1TY BIpTyajbHOI PEabHOCTI.

3.3.1. Interpauis Ta Bukopucrtanusa SDK «Unity XR Interaction Toolkit»

Y wHamiéi Tpi KEpyBaHHS TEPCOHAXKEM pEai30BaHO 3a JOMOMOTOIO
BIJIITOBXYBAHHSI CTIKY JIIBOIO KOHTPOJIEPA, IO JO3BOJISIE MEPEMIIyBaTH TPaBIIS Y
BIpTyaJIbHOMY IipocTopi Ha Bcl 360 rpaayciB. OKpiM LbOTO, AJI 3MIHH IIBUAKOCTI
pPYXy I'paBlsi BAKOPUCTOBYIOTBCS PYXU KOHTPOJIEPIB y MPOTUIICKHUX HAmpsSMKax.
Hanpukinan, K110 pyxaTu KOHTPOJIEPH y MTPOTUIICKHI CTOPOHU BrOpy Ta BHU3, SK Y
3BUYAHOMY OIr'y, TO MEPCOHAX PYXaTUMETbCA IIBUALIE. [HTEHCHUBHICTh PYyXy
KOHTPOJIEPIB BiI0OpaKa€ThCsl HA MIBUAKOCTI Oiry rpaBug. Lleli MexaHi3m nopae y
Tpy eIeMeHTH (DiTHECYy, OCKUTEKH TpaBellb MOCTIMHO aKTUBHO PYXA€ETHCS, IO CTIPHUSIE
TPEHYBAHHIO M'A31B PYK 1 CHAIFOBAHHIO 3aiBUX KAJIOPIil.

[lepmum KpokoM, Ui TOrO 1100 KepyBaTH MEPCOHAXKEM — Tpeda CTBOPUTHU
camoro nepcoHaxa. OCKUIbKH BIpTyajbHa PEAJIbHICTh J1a€ HAM 3MOTYy KepyBaTH

TOJIOBOIO, 32 JIOTIOMOT OO IIOJIOMY, Ta PyKaMH, 3a IOTIOMOTOI0 KOHTPOJIepiB — Tpeda



JIOJIaTH 111 €JIEMEHTH Ha Hally creHy. /[ boro Mu CKOpHUCTaIUCh 3aBaHTAXKEHUM
panime, crienianbanM SDK it po3po0ku i monom Meta Quest 2, a came - «Unity
XR Interaction Toolkit»

XR Interaction Toolkit mae Benwkuii HaOlp HajJalITOBaHUX, 0a30BHUX
KOMIIOHEHTIB, K1 JIO3BOJISAIOTH 00’ €KTaM B3a€MOJISATH 3 IHIIUMH OO0’ €KTaMH B
cepenoBuiii VR abo AR, Takumu sik 3aXOIuieHHs, TpaHchopmarllis, IepeMiieHHs
tomo. ToMy My OyJeMO BHKOPHUCTOBYBATH JIesKi CKPUNITH 1 HANpAIfOBaHHS, SKi
Oy po3pobiieHi B «XR Interaction Toolkit» mist po3poOHUKiB irop.

Hanuit SDK wmae mnpedad (3aroroBky) 0a30BOro KOMIIOHEHTY 3
HaJAIITyBaHHSIMHM JIJI1 KEpyBaHHS KaMepor Ta KoHTposepamu y VR, Mg Ha3BOIO
«Complete XR Origin Set Up». /1y modaTtky OyJi0 IPpUHHSTO PIillICHHS IMITOPTYBaTH

ueﬁ KOMIIOHCHT Ha HaIllly CICHY:

i# Complete XR Crigin
G Input Action

Puc. 3.6. KomnoneHTu kepyBaHHsI IEPCOHAXKEM Ha IrpOBii ClIeH1

[Mpehab mae OGaraTo KOMIIOHEHTIB Ta mporpamHoro koay (puc. 3.6.).
PosrnsiHemo netanbHo ocHOBHI ckiamoBi «Complete XR Origin Set Up»:
o Input Action Manager: Lle KOMIIOHEHT, IKUH yIpaBiisie BBEIEHHAM Yy rpi. Bin
JI03BOJISIE HANIAIITOBYBATH Ta 0OpOOISATH All rpaBlis, Taki K HATUCKAHHS KHOIOK,
PYXH KOHTPOJIEPIB Ta 1HIII MOIII.
° XR Interaction Manager: Ileii KOMIIOHEHT BIJIOBIa€ 3a B3aEMOIII0 3
00'eKTaMHU-1HTEPAKTUBAMH, 1X 3aXOIJICHHSM Ta NEPEMIILICHHSIM.

° EventSystem: Ile crammaprauii kommnoHeHT Unity, sKui BIANOBiJae 3a



00poOky moxiit BBomy. B VR BiH BUKOpPUCTOBYETHCS AJiE OOpPOOKH B3aeMOJIil 3
00'eKTaMU, HATUCKAHHSI KHOIOK Ta 1HIIMX MO/ BBOY.

o XR Origin (XR Rig): Ile KOMIOHEHT, sikuii npeacTaBisie 6a30BUil 00'€KT s
BCHOTO BIpTyaJIbHOTO MEPCOHaXKa rpaBilsi. BiH BU3HaYa€ MOJ0KEHHS Ta OPIEHTAIIIIO
BCHOT'O IFPOBOTO MPOCTOPY Y BIPTYAJTLHOMY CEPEIOBUIIII.

J Camera Offset: Lle KOMIIOHEHT, SIKHi1 BUKOPUCTOBYETHCS JJIs 3CyBY KaMepH y
BIpTyaJIbHOMY cepeoBuIlll. BiH 103BoJig€ HaANTAIITOBYBATH TOJIOKEHHS KaMepu
B1JIHOCHO T'OJIOBH T'PaBIIsl I Kpamoro koMm@opry Ta iMepcii.

o Main Camera: Ile cranmaptHa kamepa Unity, ska BiAmnoBigae 3a
BiIOOpa)KeHHSI TPU Ha €KpaHi. Y BIPTyallbHIM pPeaTbHOCTI 1€ BIAMOBigae 3a
B1JIOOpaXKEHHS I'PH Y BIPTYaJIbHOMY MPOCTOP1 Yepe3 OKYJISIPH.

o Gaze Interactor: Lleif KOMIIOHEHT J03BOJISE B3a€EMOIIITH 3 00'€KTaMHM IIIJIIXOM
CIpSIMYBaHHS TIOTJISAY HA HUX.

° Gaze Stabilized: Crabinizye B3aemMo/Iit0 3 00'€KTaMH 3a JOIIOMOI'OXO TOTJISY
rpaBiis. Bin 3a0e3neuye cTabuIbHICTD MO3UITT B3a€MO/I1i HaBITh MPU PyXax T'OJIOBHU.
o Left Controller ta Right Controller: Lle npencraBineHHst aiBOro Ta mpaBoro
KOHTpOJIEpa BIpTyaabHOI peaibHOCTI. L{i KOMITOHEHTH BiAMOBIAIOTH 32 B3AEMOIIIO
3 00'ekTaMu y Tpi 3a JOMOMOTOI0 KOHTPOJIEPIB.

o Left Controller Stabilized ta Right Controller Stabilized: 3a0e3neuyroTh
CTaOUTBbHICTH MO3HIIIT KOHTPOJIEPIB HABITH MPHU pyXax I'PaBIIs.

o Locomotion System: Ile cuctema mepemimieHHs BIpTyalbHOTO MEPCOHAXKA B
rpi. Bona BiamoBimae 3a pyx TpaBlsd Yy BIPTyaJbHOMY CEpPEIOBHII,

BUKOPUCTOBYIOYH KOHTPOJIEPU UM 1HIIN METOIU TIEPEMIIICHHS.

3.3.2. KepyBaHHs nepcoHakeM

[Ticns meraabHOTO BUBYCHHS KOMIIOHCHTIB, HAaJaHUX HaM BUPOOHUKOM Y
«Unity XR Interaction Toolkity — mu nepeinum 10 BIOCKOHAJICHHS CKPHIITIB, JJIs
poOOTH 3 KOHTpOJIEpAaMH, OCKIIBKHM JUIS HAIIOi TPH HE MiIXOIATh CTaHIAPTHI

HajamTyBaHHs 3 gaHoro SDK.



Jliis KepyBaHHSI IEPCOHAKEM MU NEPEUIIUIN 10 3MiH B OCHOBHOMY CKPHITI B
00’exti «DynamicMoveProvider» (muB momatox B) xommonenrta «Locomotion
Systemy. B nanomy ko1 Oyna po3po0ieHa ojjHa 3 HAUTOJIOBHIMINX MEXaHIK HAIIO1
dbiTHEC TpH, a caMme — OIr 3a JOIMOMOT0I0 PyXiB pykaMu (KOHTpOJIepaMU B pyKax) y
pI3HMX HampsiMKax, Ui 3MIHM MIBUAKOCTI pyxy. Po3riasHeMo pgetalibHilie
HOBOBBEJICHHS:

VY 1boMy CKpUNTI OOYUCITIOETHCS MOTOYHE MOJIOKEHHS KOHTPOJIEPIB, Ta
MOPIBHIOIOTHCS 3MIHU B MOJOKEHHI KOHTPOJIEPIB 3 MONEPEAHIMU 3HAUCHHIMU IS
BU3HAYEHHS TOTO, YM PYXalOThCsl KOHTPOJEPU B MPOTHICKHHUX HampsMkKax. B
3aJICKHOCTI BiJl pe3yibTaTy IEpeBIpKH, IIBHIKICTH pyxy (MmoveSpeed) miHiiHO
3MIHIOETBCSI 32 gomomororo  Mmetoxy  Mathf.Lerp wmik  3HaueHHSIMH
originalMoveSpeed  (opurinmampna  mBHakicte) Ta  MmodifiedMoveSpeed
(MonudikoBaHa MIBUIKICTB).

Takum ynHOM Hamu OyB peai30BaHHUI KIFOYOBHM (PITHEC €IEMEHT TpH.
Opnax € 1me nesiki MOMEHTH, K1 TpeOa J0/1aTh ISl KEPYBAHHS MEPCOHAKEM.

OckiJIbKM B Halii Ipi nepeadoadeHi Nepenkoan — JIOTTYHUM pIIIEHHAM Oyie
3pOOUTH MOXJIMBICTh HE MPOCTO OMHMHATH iX, a W mepectpubyBatu. Tomy mu
BUPIIIWIN peati3yBaTu 110 (PYHKIII0 OKPEMUM CKPUNITOM «JUMP» (TIOBHUM KOJI € B
nojaTky B), 3a1igBiiy npu koMY CTIK TPaBOro KOHTpoJiepa. Po3riasiHemo netainbHO
KJIFOYOB1 YaCTUHU KOJIY:

1)  Merox cTpubKy:

private void Jumping(InputAction.CallbackContext obyj)
{

if (!_characterController.isGrounded) return;

_playerVelocity.y += Mathf.Sqrt(jumpHeight * -3.0f * gravityValue);

Metox «Jumping» BUKIMKAETHCS MPU BIAXWICHHI BrOpy KHOIMKU CTpHOKA.
Bin nepeBipsie, un mepcoHaXK Ha 3eMTi, 1 AKIIO TaK, TO JOJA€ MBUIAKICTh Y BUTJISII
BEKTOpa Bropy Juisi CTprOKa.

2)  MeToj OHOBJICHHS:

private void Update()



if (_characterController.isGrounded && _playerVelocity.y < 0)

{
_playerVelocity.y = 0Of;

}

_playerVelocity.y += gravityValue * Time.deltaTime;

_characterController.Move(_playerVelocity * Time.deltaTime);

VY oMy METOJI KOKHOTO KaJipy MEPEBIPSIETHCS, YU MEPCOHAXK Ha 3eMIIl 1
SKIIO Hi, TO MEPEBIPAETHCA MOr0 MIBUAKICTh Y BEPTUKAILHOMY HAmpsMKy. SKII0
IIBUJIKICTb WJ1e BHU3, TO BOHA aHYJIIOETHCS, a AKIIO Hi, TO O MIBUIAKOCTI JOAAETHCS
cuina rpasitamii. IloTiM 1 MBHAKICTH 3aCTOCOBYETHCS O IIEpCOHAXa 3a
nonomororo metoay Move() komnonenta CharacterController.

Taxkum 4rHOM Tenep B HAC € MOXKIIMBICTh IIEPECTPHOHYTH Uepe3 MEPEIIKOIY,

110 JI0Ja€ JUHAMIYHOCTI Ta aJbTePHATUBHOCTI Y MPOXOKCHHI TPH.

3.3.3. Bzaemonuisi 3 inTepdeiicom

VY Hamiii Tpi SK B MEHIO, TaK 1 Ha IrpoOBifl CIIEHI — YacTO JOBOJIUTHCS
B3aEMOJIATHU 3 iHTEpdercoM, IS HaTUCKaHHS KHOMOK. CTaHAapTHI KOMIIOHEHTH 3
SDK «XR Interaction Toolkit» He 30BciM miaxoaaTh i Hail cieHapii rpu. Tomy
HaMU OyJIO MPUWAHATE PIMIEHHS PO3POOUTH JOMOMINKHUN CKPHUIIT, JIJIsi KEPYBaHHS
JNESKUMH (PYHKIISIMH B3a€MOJIIT 3 THTEpErcoM.

Pozbepemo sk mparitoe B3aemo/iist 3 iHTepdeiicom Ha IrpoBil CIIEHI:

[lin wac camoi rpu y Hac HeMae MOXKIJIMBOCTI HATHUCKATH HAa EJIEMEHTH
iHTEpdeiicy, 1 HaBITh MOCTaBUTU TPy HA mnay3y. Mu po3poOWiIM Takuh 3aaym,
CIUpPAOYNCh HA TE, IO II¢ MOBMHHA OyTH HE MPOCTO pO3BaKajdbHA TIpa, a
MOBHOIIIHHUYN (ITHEC-IHCTPYMEHT. 3aBASKM TOMY IO IIiJ] Yac TPU HEMae
MO’KJIMBOCTI YBIMKHYTH May3y — TpaBellb HE MOXE 3yNMHUHUTH TPCHYBAHHS IS
MIEPEAUIIKH, Ta TIPOJOBKHUTH N1ajli, HE OHYJISIOYM MPU I[bOMY pe3yibTaT. Takum

YUHOM MH 3a0e3IeYuId YECHICTh MIXK rpaBIsIMH, aIKC KOJIMU JIIOAWHA CTABUTH



HOBUHW PEKOpJ| MPONACHOI JUCTAHINI — MM MOXEMO TapaHTyBaTH, IO BiH OYB
MOCTaBJICHUM 0e3 MaxiHalliif, 3a 0JiuH Oe3nepepBHuUit 3a0ir. Tomy Haille criMBaroue
MEHIO 1HTep(deiicy MOBUHHO 3’ IBISATUCH BKE MMICIs porpaity y rpi. Jns peamizamii
HAIIMX IUIAaHIB, CIIOYaTKy MU BHUMKHYJIM Ha CIIEHI Taki KOMIIOHEHTH K «Ray
Interactor» niBoro ta mpaBoro KoHTpoJjepa, Ta «Lose Canvasy. Hactynaum kpokom
JOJIa T YBIMKHEHHsS IIMX 00’€KTIB y JOMOMiXKHOMY ckpunti «Lose Plane», mio
po3risdany panimie, B ymoBy Mmeroxy OnTriggerEnter, xomum «Lose Plane»
CTHKA€ETHCS 3 TPABIIEM.

Takum yuHOM, TPU CTIPAIIOBAaHHI METOMY IS POTPaIly y HAC BMUKAETHCS
1HTEpdeiic mporpaiy, Ta aKkTUBYIOThCS 00'€KTH IHTEPAKTUBHOCTI JIIBOTO Ta IIPABOTO
KOHTPOJIEPIB, 3 JOMOMOTOI0 IKMX MU MOKEMO HAaBECTU IPOMEHI 3 pyK Ha MOTPIOH1
HaM KHOIIKH, T2 HATUCHYTH iX KJIaBIIICIO TPUTEPOM KOHTpoJiepa. AHAJIOryHa YMOBA
nporpairy Oyia 1oAaHa 10 CKpUOTY 1HIIKUX BOPOTIB.

Peamizariisi MeToaiB HaTHCKaHHA Ha KHONKH y iHTepdeici ocoOIMBO HE
BIZIPI3HSAETHCS B IHIIKMX TUaThopM. Y KoxkHIA kHomii B Unity 3a ctanmaprom €
MO/l HATHCKAHHA, SKy MOJYKHA HAJAIITYBaTH 3a JOMOMOTOI0 CKpUNTIB. Mu
BUKOPHUCTAIM YHIBEPCAIBHUM CKPUMIT «SCENES» st KHOMOK «Restarty ta «Menuy,
B SIKOMY JTOJIaJI METO/I OOMpaHHS CIICHH B IHCIIEKTOP1 KHOIKH:

Mero 3MiHU CLICHU:

public void NextLevel(int _sceneNumber)

{

SceneManager.LoadScene(_sceneNumber);

Lleit ckpunT M0AA€ThCA HA MyCTHH 00’€KT «SceneManager» Ha creHi, s
3pYYHOCTI HOTO0 BUKOPHCTAaHHsS. HacTymHUM KpPOKOM MM J0Jalu Tl 00’€KT B
00poOHMK noTii ipu HatuckanHi kHonky (On Click), Ta Bkazamu HOMep CIICHH, Ha
Ky TpeOa MmeperTH, Mic/Isl HATUCKAHHS KHOIIKH.

B upomy po3auni MU pO3MISIHYJIM MpU SIKUX OOCTaBUHAX BHUKIUKAETHCS
iHTepdeiic Ha IrpoBid CIEHI, Ta SKUM YHUHOM BIJOYBA€ThCS B3aEMOIISI MIXK

1HTEpQEiicoM Ta KOHTPOJIEpaMu TPaBIISL.



BucHoBku 10 po3ainy 3

VY TperboMy po3aiil 0yJsio AETAIBHO PO3IVISIHYTO MPOLIEC PO3POOKHU ITPOBOIO
nonatky st VR-monomy Meta Quest. OcHOBHA yBara mpuiifisiiacs peaizaiii
rpagiyHOTO Ta 3BYKOBOI'O KOHTEHTY, a TaKOoXX 3a0€3MEeUeHHIO0 B3aeMOJll
KOPHUCTYBaua 3 IPOI0 Y BIpTyaIbHOMY CEPEIOBHIIL.

Peanizariist rpadiuHOr0 KOHTEHTY BKJIIOUYAja BU3SHAUYCHHS KIFOUOBHX IUICH 1
3aB/IaHb, MOJICIIOBAHHS Ta TEKCTypyBaHHS OO'€KTIB, CTBOPEHHS YacTHH PpIBHS,
IporpaMyBaHHs BUMAJAKOBOI reHeparlii piBHS, po3po0Ky Au3aiHy Ta i7el irpoBoro
MEHI0, CTBOPEHHS 1HTEp(EICy Ta BOPOTIB.

3BYKOBUH KOHTEHT, BKJIIOYAIOUU (DOHOBY MY3HUKY, 3BYKH MOCTPLIIB Ta 3ByKU
pyXy, OyB IHTETpOBAaHMM IS TMOKpAIICHHS IMepcCii TPaBIiB Yy BIPTyaJbHY
peabHICTh.

B3aemonisi 3 KopucTyBaueM Ta YNPaBIiHHA TPOK Yy BIPTyaJbHOMY
cepeoBUIIll OyJiM peali3oBaHi 3a JOMOMOIO iHTerpaiii ta Bukopuctanus SDK
«Unity XR Interaction Toolkit». OcobnuBa yBara npuaiisiiacs po3poOLi MexaHiK
KEepyBaHHS NIEPCOHAXKEM Ta B3aEMO/IIT 3 THTEpdEHcoM, 10 3a0e3MeUnsio 3pyIHICTh
Ta IHTYITUBHICTb IPH.

3araiom, y posaini 3 Oyno yCHINIHO peandi3oBaHO BCi HEOOXigHI eranu
pOo3po0KH irpoBoTO M0AaTKY At VR-1mmonomy Meta Quest, 1110 703BOJIUIIO CTBOPUTH

MOBHOIIHHUY Ta (PYHKI1OHATBHUI ITPOBUI TPOIYKT.



BUCHOBKH

Ha ocHOBI IpoBeI€HUX TOCHIIKEHb 0YJI0 J€TAIBHO IPOAHAI30BAHO 1CTOPIIO
PO3BUTKY Ta TE€XHIYHI CKJIajloBl VR-TEXHOJIOTIH, a TakoX MpUHIUIK podoTH VR-
cucteM. OcoOnuBy yBary OyJ0 NPHAUICHO TEXHIYHUM XapaKTEPUCTHUKaM Ta
MOXIHBOCTAM VR-monomy Meta Quest, mo Bu3Hayaiau crerudiky po3poOKu
ITPOBOTO JIOJIATKY.

Pe3ynpraTtu gocnipkeHHs 1 po3poOKM 1rpOBOro A0AaTKy uisi VR-monomy
Meta Quest marBepawim e(PEKTHBHICTP OOpaHUX TEXHOJOTIH Ta MiAXOiB. Y
npoieci poOboTu OyJ0 CTBOPEHO KOHIIEMINI0 1HHOBauiiHOro VR-mocBimy, 110
3a0e3nedye BUCOKHMI piBEHb 3aHYPEHHS KOPHUCTYyBaya y BIPTyaJlbHE CEPEIOBHUIIE.
OcoOnuBa yBara NpUIAUIAIAcS ONTHMI3alli MPOAYKTUBHOCTI Ta PEaiICTUYHOCTI
BIPTYaJIbHOTO CBITY, IO OYyJIO TOCSATHYTO 3aBIiKkU BukopucTaHHio Unity Ta Unity
XR Interaction Toolkit. Tectu minTBepaunm crabiapbHy poOOTYy TOMATKYy Ta
BIJIMOBIAHICTD HOTO (PYHKIIIOHAIBHUM BUMOTaM.

[Tix yac po3poOKu iIrpoBOro 10AaTKy OyJiO YCHIIIHO peaai3oBaHO TrpadiuyHuit
Ta 3BYKOBHH KOHTEHT, 3a0€3ME4YeHO IHTEPaKTUBHICTh Uepe3 IHTErparlito
BianoBigHux SDK, a Takoxx po3poOJieHO MeXaHIKM KepyBaHHS IEPCOHAXKEM Ta
iHTepdencoM. 3aBAsSKU bOMY TPOEKT CTaB 3HAYHUM KPOKOM Y PO3YMiHHI Ta
3aCTOCyBaHHI cydacHUX VR-TexHOmOrii, HagaBIIM 3MOTYy CTBOPUTH YHIKaTbHUN
IrpOBUIT TOCBIJ Ta TPOJIEMOHCTPYBABIIIM MOTEHLIA JJI TOAAJIBIINUX JTOCTIKEHb 1

BJIOCKOHAJICHHS Y 1111 cdepi.
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TECT IIVIAH

1. Beryn

1.1.

Meta

TecT-myan AJie TPOEKTYy BH3HAYae CTpaTerii Ta METOAM TECTyBaHHS,

HEOOX1TH1 I 3a0e3MeUeHHS SKOCTI Ta cTabuIbHOCTI rpu. OCHOBHA MeTa IbOTO

TCCT-IUIAHY - I[CTaHiSYBaTI/I IMpoHCcCu BUABJICHHS Ta YCYHCHHSA IIOMHJIOK, @ TAKOX

onTUMI3aIli MPOAYKTUBHOCTI. JIOKyMEHT [03BOJIIE OTpUMATU 1HQPOPMAIIIIO MPO

IJIaH TECTOBHUX POOIT.

1.2.

Ilisi TectyBanHs

[lepeBipka (pyHKIIOHAIIBHOCTI T'PU Ha BIJIMOBIIHICTh BUMOTaM crienudikarii.
BusiBnieHHs Ta yCYHEHHSI TOMUJIOK Ta Je(EKTIB B pOOOTI IpH.

Orrinka e(peKTUBHOCTI Ta MPOTYKTUBHOCTI TPU HA IPUCTPOSIX.

[TepeBipka KOPEKTHOCTI Ta CTA0ILHOCTI I'PH i Yac Pi3HUX CIIEHAPIiB TPH.
O0'exTH TecTyBaHHA

['omoBHE MeHIO Ta iIrpoBUid IHTEpPEIiC.

KepyBanHs nepcoHaxem Ta B3a€EMOJISl 3 OTOUCHHSM.

['eiimruieiini MexaHiKu (CTPIISHHSA, PYX, B3a€EMOJIS 3 00'€KTaMu).

I'padika Ta animarris.

3ByKOBHI €()eKT Ta MY3UKAIbHHUIA CyTPOBIJ.

TecroBi cuenapii

3ammyck rpu Ta nepeBipka poOOTH TOJIOBHOTO MEHIO.

TecTyBaHHS TOJIOBHOTO PEXUMY TPH.

[lepeBipka poOOTH TpHU B PI3HUX yMOBaXx.

B3aemogis 3 pizHuMu 00'ektaMu y Tpi (30posi, MpeMETH, MEPEIIKOJIN).

[TepeBipka peakilii Tpu Ha dii TpaBls y pi3HUX YMOBax (pyX, CTPUISHHSA,

OOMHHAHHS BOPOTa).

1.5.

MeTtoau TecTyBaHHSA

PyuHe TecTyBaHHs: Bpy4YHYy MEpEBIPATU Pi3HI ACHEKTU I'pd Ta (PiKCyBaTH



HOMMJIKH.

. ABTOMAaTH30BaHe TECTYBAaHHS: BUKOPUCTOBYBATH aBTOMATHM30BAHI CKPHUITH
JUISl TECTYBAHHS (PYHKI1I0HATBHOCTI TPH.

J TectyBanHs Ha pealbHUX MPUCTPOSIX: TIEPEBIPKA IPH HA PI3HUX IPUCTPOSAX Ta
maTdopmax i 3a0e3MedYeHHs] CyMICHOCTI Ta ONTUMI3aIIii.

1.6. IlnaH TecTyBaHHSI HA YaC TeCTYBAHHA

o BusHaueHHs TepMiHIB Ta Irpadiky NpOBEIEHHS TECTyBaHHS.

o dikcallis Ta aHaJ3 pe3yJIbTaTiB TECTyBaHHS.

o BrecenHs KOpeKTHB y po3poOKy TpM Ha OCHOBI BHUSBICHUX JePEKTIB Ta
IPOIO3UIIIH.

2. TecTyBajibHe cepel0BHIIE

Jlisi mpoBeleHHS TECTYBaHHsS Hamioi rpu OyJl0 BUKOPHCTAHO IIOJIOM
BIpTYyaJIbHOI peanbHOocTI Mets Quest 2, OCKIIbKH Hallla rpa po3po0sieHa BUKIIFOUHO
miJ II0 MOJedbh Ta Bepcito mpucTporo. Lleit monom OyB oOpaHMM SIK OCHOBHE
TECTyBaJIbHE CEPEOBUILIE YEePe3 HOTr0 MOMYISPHICT CEPENl KOPUCTYBAUiB Ta BUCOKY
CYMICHICTb 3 PI3HUMH ITPOBUMU J0JATKaMHM, 110 pOo3po0iIeH] Mij 10 miaTgopMmy.

Kpim monomy Mets Quest 2, 1151 TecTyBaHHSI TaKOX BUKOPHUCTOBYBAJIUCS
HACTYMHE 00JIaIHaHHA Ta MIPOorpamMHe 3a0e3MeUeHHS:
o [IK nmns po3poOku Ta TectyBaHHA: Komm'torep 3 BUCOKOMPOIYKTUBHUMH
XapaKTepUCTUKaMH, SIKHH BHUKOPUCTOBYBABCS JUIsl pO3pOOKM Ta 3alyCKy He
310paHoOro npoekty Ha moiaomi Mets Quest 2.
o IrpoBi koHTposiepu Mets Quest 2: Jlyig kepyBaHHS rpaBUEM Y BIpTyaIbHOMY
CEpEeIOBUII Ta B3aEMO/IIi 3 IrPOBUMU €JIEMEHTAMH.
o [Iporpamue 3abe3nedyeHHs sl TecTyBaHHs: [lomaTkoBi mporpamHi 3acoou,
Taki SIK CHCTEMH JIOTYBaHHA TIOMWJIOK, a TaKOX MpOrpaMu [Uisl aHalizy
MPOYKTUBHOCTI TPH Ha PI3HUX KOH(DIryparisx KOMI'roTepa.

Ile TecTyBasibHE cepenoOBHUILE 3a0€3MEUNI0 HAC MOMJIUBICTIO B1ITBOPIOBATH
peanbHI YMOBU I'pU Ta MEPEKOHATUCS B SIKOCTI Ta CTaOUIBHOCTI TPYU HAa KOHKPETHIN
maTgopmi.

3. Tecr-keiicu



3.1. 3anyck rpu Ha moJomi Meta Quest 2:

J Ilepexonarucs, 110 rpa 3amyckaerbes Ha mosomi Meta Quest 2 6e3 Oy ab-aKkux
OMMJIOK a0 300iB.

J [lepeBipuTH, 1110 Tpa 3aIMyCKAETHCS 31 CUEHU MEHIO.

3.2. IlepeBipka ynpapJ/iiHHsI TpaBIeM:

J [lepexoHatucs, 0 KEpyBaHHS MEPCOHAXEM BIIOYBAETHCSA BIANOBIIHO 10
BIJILITOBXYBAHHS CTIKY JIIBOTO KOHTPOJIEPA.

o [lepeBipuTH, YU 3MIHIOETHCS MIBUAKICTh PYyXY T'paBLs BIAMOBIIHO 10 PYyXY
KOHTPOJIEPIB y MPOTUJIEIKHUX HATIPSIMKAX.

3.3. TecryBanus ¢pyHKuionaay rpu:

o [lepeBipuTu pOOOTY OCHOBHHUX ITPOBHUX MEXAHIK, TAKUX SIK CTPUOKH, 301p
MOHET Ta B3a€MO/IIs 3 BOPOraMH Ta OTOUYIOUUM CEPEJOBUILEM.

o [lepexkonatucs, 1Mo rpa mpamioe cTaOUIbHO Ta O€3MEpPEepBHO MPOTATOM
TPUBAJIOCTI FEHMILIEIO.

3.4. TecryBaHHs ayaio Ta Bi3yaJbHUX edeKTiB:

o [lepeBipuTH BIATBOPEHHS 3BYKIB IIAriB Ta 1HIIUX ay]10 €(EKTiB.

o [lepexonatucsi, 1m0 Bi3yajdbHl e(eKTH, Taki SK aHiMalli BOMBCTBa abo
pyHHYBaHHS MEPEIIKO]I, BIATBOPIOIOTHCS KOPEKTHO.

3.5. IlepeBipka cymMiCHOCTI Ta IPOAYKTUBHOCTI:

o [TepeBipuTH CyMmicHICTh TpH 3 moiaoMoM Mets Quest 2 Ta HOro OCHOBHUMU
XapaKTepUCTUKAMH.
o [TepexonaTucs B cTabinbHIN pOOOTI TPH.

3.6. TecTyBaHHS BiIHOBJICHHSI I'PH MiCJIsl BTPAaTH 3B'A3KY:

o CumynoBati BTpaTy 3B'S3Ky 3 KOHTpoJiepaMH a0o iHIINI HemepeadadeHi
00CTaBHHH.
o [TepexonaTucs, 110 rpa KOPEKTHO BITHOBIIOETHCS MICHIS BIIHOBIICHHS 3B'S3KY

3 I0OJJATKOBUMHU IPUCTPOSIMH, Ta HE BTpaya€e MOTOYHHM Mporpec.
3.7. OwuikyBaHi pe3y/bTaTH:

o VYci TecT-kelicu MpoiaeHi yChinHo 03 MOMUIIOK a00 HEIOIaI0K.



o I'pa mparttoe cTabinbHO Ta 6€3 mepedoiB Ha moaomi Meta Quest 2.

o KepyBanHus nepcoHa)keM pearye Ha BCl BX1JIHI JaHI KOPEKTHO 1 0€3 3aTpUMOK.
o Aymio Ta Bi3yasibHI €(EKTH BIATBOPIOIOTHCS O€3 MEepepB Ta BiANOBIIAIOTH
OY1KYBaHHSIM.

J I'pa 30epirae mporpec KopucTyBaya Ta BITHOBIIIOE HOTO MiCIIsl BTPATH 3B'SI3KY

a00 IHIIKNX MOAIOHUX CUTYaIliH.

. 3arajgpbHe BpaXCHHS BiJ TEUMIUICI0O € TMO3UTUBHUM 1 3aJ0BUIBHUM IS
KOpHUCTYyBaya.

4. BUKOHAHHS TeCTyBaHHSI.

[Ipouiec TectyBaHHsS BKJIIOUae B ce0e KUIbKa KpPOKIB, CHPSIMOBAHMX Ha
3a0be3reueHHs SKOCTI Ta HaJaiiHOCTI rpu Ha mosnomi Mets Quest 2. Och qoKIagHuN
OIKMC BUKOHAHHS KOXHOTO €Tary:

4.1. IliAroToBKA TECTOBOIO CEPeIOBHUIIA:

[lepmmm KpokOM y TIpomeci TECTyBaHHA € MIATOTOBKAa TECTOBOTO
cepeaoBuia. s nboro Mu MaemMo (hi3UYHUN JOCTYII 10 HEOOX1THOTO 00JIaIHAHHS,
BKJIIOYAIOUM II0JIOM BIpTyalabHOI peanbHOCTI Meta Quest 2 Ta KOHTpoJiepH, fKi
BUKOPHUCTOBYETHCS JIJISl PO3POOKHU Ta TECTYBAHHS TPH.

o [lepeBipka oOmamnanus: IlepexkoHyeMocs, IO IIOJIOM Ma€ HaJallTOBAHHMA
3BYK, BiJIe0 Ta KoHTpousiepu. [lepeBipsieMo cran Oarapei Ta HasiBHICTb 1OCTaTHBHOTO
MPOCTOPY Ta OCBITIAEHHS I POOOTH TapHITYpU Ta KOMHOHEHTIB BIPTyaJIbHOI
peabHOCTI.

. 3amyck nNporpaMHoOro 3ade3nedyeHHs: 3amyckaeMo NporpaMHe 3a0e3MneueHHs
aBTOHOMHO Ha mosomi Meta Quest 2 Ta mepeKoHyeMOcCs, IO BOHO MPAIO€
HaJICKHUM YHHOM, 0€3 TTOMHJIOK.

o [lepeBipka roroBHocTl rpu: IlepeBipseMo, 1m0 yci HEOOXiJHI pecypcu Ta
KOMITOHEHTH ITPOBOTO CEpPEIOBHUINA 3aBAHTAXWINCh HAICKHAM YHHOM, Ta
HaJIAIITOBAaHI 1 TOTOB1 10 BUKOPUCTaHHSI.

. [lepeBipka inTerpamii: IlepekoHyeMocs, 10 Tpa HaJIEKHUM YHUHOM
1HTerpoBana B mosioMoM Meta Quest 2 Ta MOXe B3aEMOMISATH 3 yciMa HOTo

(GYHKITISIME Ta MOKJIUBOCTSIMU.



Le#t kpok goromarae 3a0€3MeUnTH, 0 TECTYBaHHS I'pu OyJie MPOBOAUTUCS
HaJIEKHUM YMHOM Ta YCl aClEKTU Ipy OyIyTh NMEPEBIPEH] BIAMOBIIHO O BUMOT Ta
OYIKYBaHb.

4.2. 3amyck TeCTOBHMX ClleHApiiB:

[Ticyst miATOTOBKM TECTOBOTO CEPEIOBUIIA POSIIOYHMHAETHCS 3aITyCK TECTOBHX
CIICHapiiB, SKi MOKJIWKAaHI MEPEBIPUTH PIi3HI ACMEKTH T'PH Ta (PYHKIIOHATHHICTH
IrPOBOTO JOJIATKY:

o 30ip TectoBux cueHapiiB: CnouyaTky TepeBIpsIEMO HasBHICTh YCIX
3aIJTAaHOBAHUX TECTOBHX CIIEHApPIiB 1 MEPEKOHYEMOCS, M0 BOHHU BIJIOOPAKAIOTH
PI3HOMAaHITHI aCIeKTH T'PH, TaKl K KEpyBaHHs, TeHMILIEH, B3aeMo i 3 00'eKkTaMu
TOIIIO.

o BukoHaHHs TeCTOBHX CIleHapiiB: 3amyckaemo rpy Ha moiomi Mets Quest 2 i
MIOCJTITIOBHO BUKOHYEMO KOXKEH TECTOBUI ClieHapiii 31 criucky. [1ix yac TecTyBaHHs
aKTUBHO B3a€MOJIIEMO 3 T'POI0, CIPOOYIOYH BIATBOPUTH PI3HI CUTYAIlli, SIKI MOXYTh
BUHUKHYTH IT1]1 9ac TPH.

° dikcarris pe3yabrari: [1i1 yac BUKOHAHHS KOXKHOTO TECTOBOTO CIICHAPIIO
3aMMCyEMO BCl BUSIBJICHI MPOOIEMU, TOMUIIKM Ta HEJOJIKU Y CIIeiayIbHINA TaOIuIIl.
OnucyemMo KOKHY TIpo0IeMy TOKIaaHO, BKa3yIOUuHu Ha ii XxapakTep, BIATBOPEHHS Ta
BIUIMB HA T€UMILIEH.

J JlokyMeHTyBaHHsI TOMWJIOK: [licis 3aBepiieHHS TECTOBOTO CEaHCy
CTBOPIOEMO JETaJbHI 3BITH MPO KOKEH TECTOBUH CIIEHApiH, € JOKYMEHTYEMO BCi
BUSIBJICHI IIOMIJIKK Ta HeOIiKU. KoXeH 3BIT BKIIOYAE OMKC POOJIEMHU, KPOKH IS
BIJITBOPEHHS, IPIOPUTETHICTh Ta PEKOMEHI0BaH1 KPOKH JIJIsl BUITPABJICHHS.

4.3. Peectpauisi pe3yJbTaTiB:

[Ticnist 3aBepIiiIeHHS] KOKHOTO TECTOBOTO CIICHAPiI0 HEOOX1THO 3apeecTpyBaTH
OTPUMaHi pe3yibTaTH ISl TOJANBIIOTO aHali3y Ta BUIPABICHHS BHSBICHUX
pooIeMm.

° dikcallis MOMUIIOK: 3amucyeMo OyJb-iKl BUSBJICHI IIiJ Yac TECTyBaHHS
NOMWIKM a00 HEJOJIIKM Yy CHeUlaJbHUNA >KypHal nomuiok. KoxkHiid momMumii

HAJIAEMO OIIUC, ATy BUSABIICHHSI, 4ac Ta IUISAX J0 BIAMOBIIHOTO (hparMeHTa Koy abo



CLICHM.
o JlokyMeHTyBaHHsI BHsBIeHUX Mpobsiem: Kpim camoi momuiku, (ikcyemo
OMKMC MOXJIMBUX MPUYMH BHHUKHEHHA MPOOJEMU Ta MOXIMBI CHOCOOM ii
BUIIPABJICHHS.

o [Tpuznauenns npioputety: KoxHiil 3apeecTpoBaHiii moMumil abo mpoodiiemi
MPU3HAYAEMO MPIOPUTET BIJAMOBIIHO JI0 11 BAXKJIMBOCTI Ta BIUIMBY Ha KOPUCTYBAUiB.
Ile nomomarae BH3HAYUTH TMOPSIOK BHUIPABICHHS MPOOJIEM Ta PO3MNOAUIUTH
pecypcu e(peKTUBHO.

o [linroroBka 3BiTy: Ha oCHOBI 310paHHMX JaHUX CKJIaJa€EMO 3BIT MpPO
pe3ysbTaTH TECTYBaHHS, SKHM BKJIIOYa€ ONUC BUSBIECHUX MpoOieM, iXHIiN
OpIOPUTET, MOXKJIMBI MPUYMHU Ta PEKOMEHJAIlli II0JI0 BUIPABICHHSA. 3BIT
JOTIOMArae Kpaiie 3p03yMITH CTaH IPOEKTY Ta IPUIHATH HEOOX1AH1 PIIIEHHS.
PeecTpariist pe3ynbTaTiB TECTYBaHHS € BAKJIMBUM €TAIlOM Y MPOIIeCi po3poOKH TpH,
IO JTO3BOJISIE BUSIBUTH Ta BUIIPABUTH BCl MOXJIMBI MPOOJIEMHU Ta HEAOJIKH Mepes
BUITYCKOM F'OTOBOTO MPOJIYKTY.

4.4. BusiBJieHHSI IOMHJIOK:

[Tin yac TectyBaHHs OyJiO BUSIBIICHO, 110 MPU CTApTi I'POBOI CLIEHH 1HOII B
obnacti, Je 3'IBISETHCA TpaBellb, - 3 ABISIETBCA OJHA 3 TEPEIIKOJ, IO
YHEMOKITUBIIOE PyX, yepe3 KOHPIKT 00’ ekTiB. L[ mpobiema Moxke MPU3BECTH 10
HE3pYyYHOCTEH Ui rpaBLIB Ta MNOPYWIUTH reimivieil. HeoOxigHO nocmiauTy 1o
CUTYAIlIF0 Ta BUIIPABUTHU MpoOiIeMy, Mo0 3a0e3nmeynTH MIaBHUNA Ta KoM(pOpTHUI
reiMInien Jisi KOpUCTyBaviB.

5. BumpaB/ieHHSI TOMHJIOK

[Ticnst BUSIBJICHHS Ta aHaNIi3y MOMUIIOK MU BKUBA€EMO HACTYITHI KPOKHU IS 1X

BUTIPABIICHHS:
o BusnayeHHs npuurHU noMuiku: [lepmmM KpoKoM € BU3HAYECHHSA KOPEHEBOI
OPUYMHA TIOMWIKH. MU aHamizyeMo Koj, KOHGIrypalii Ta B3a€EMOJII0 PIZHHUX
KOMITOHEHTIB I'pH, 11100 3'ACyBaTH, 10 came MPU3BEJIO 10 BUHUKHEHHS MPoOIeMu 3
MOSIBOIO B MEPEIIKO/II Ta MOKJIMBUX MPUYHH 1HITUX MTOMHJIOK.

o BunpasiieHHs cnaBHy B HepewkoAl: My BHECIH 3MIHM B JIOKalli CIIaBHY



MEPEIIKOIM Ha TIOYaTKy T'pH, MEPEMICTUBINM ii HA OE3MeYHIIIe MiCIle, /e BOHA HE
3aBakaTHMe IO0sB1 HAIIOTO nepcoHaxa. lle BunmpaBmino nmpoOnemy 31 CIaBHOM B
NEPENIKO/Il Ta TapaHTye TIABHUN TOYATOK TPH JJIsI KOPUCTYBAYiB.
o OnTtumizariiss Ttpu: s mOKpamieHHS TPOTYKTUBHOCTI Ta ONTHUMI3aIlii
3arajJpHOTO JIOCBIly TPU MM CKOPOTHUJIM MOXKJIMBY MAaKCHUMAajbHY KUIBKICTh
nepenIko Ha Taiini. Lle qormomarae yHUKHYTH TepeBaHTaXKEHHS TPH Ta 3a0€3MEUUTH
TUIABHY TeHMITIEHHY TUHAMIKY.
6. IloBTOpHE TecTyBaHHSA

[Ticnst BHECEHHS BUIIPABICHb MU MPOBEIH MOBTOPHE TECTYBaHHS CIIEHAPIiB
I'pH, JIJIs TIepeBipkU €(DEKTUBHOCTI 3MiH Ta 1X BIUIMBY Ha 3arajlbHUM JOCB1J BIJ TPH.
[Tin yac ©pOro TectyBaHHsS HE OyJIO BUSBICHO JKOAHMX HOBHX MOMHIIOK a0o
HernosagoK. KpiM Toro, BiA3HAYWIHM MOMITHE TMOJIMIICHHS MPOAYKTHBHOCTI TPH:
BOHA CTaJla MpAIfOBaTH IUIaBHIIIE, 3 OUIBIION KUTBKICTIO KajapiB Ha cekyHay. Lle
JOCSITHYTO ~3aBIASKH JIOAATKOBIM oNTHMI3alli, fKa CHpUsUIa MOKPAIICHHIO
IIBUJIKOCTI Ta €)eKTUBHOCTI poOOTH rpu Ha 1ojioMi Meta Quest 2.
7. BucHoBKM TecTyBaHHA

[Ticnst mpoBeneHHS BCEOIYHOTO TECTYBAHHS ITPOBOTO JOJATKY HA IIOJIOMI
Meta Quest 2 mMu OoTpUMalld BaXKJIUBI BIJIOMOCTI MPO MOTro (DYHKIIIOHAJIBHICTD,
IPOJAYKTUBHICT Ta KOPEKTHY poOOTy. BusiBieHi Henoyiku Oyiau YCHIIIHO
BUTIPABJICHI, a Tpa MiJJaHa psAy ONTHUMIZAMIMHUX 3aXOJiB, M0 TMO3UTHBHO
MO3HAYMJIOCA Ha 11 IIBHIKOCTI Ta SKOCTI BiITBOPEHHS. 3arajioM, pe3yibTaTd
TECTYBaHHS CBiYaTh MPO BHUCOKY SKICTb Ta TFOTOBHICTH IFPOBOrO JIOAATKY 10
MOIANIBIIOTO PO3BUTKY Ta BUMYCKY. Bax1BO BpaxoByBaTH OTpUMaH1 BIJIOMOCTI i
4yac MoJalibIloi po3poOKH, 3 METOI0 3a0€3MeUeHHsS] MaKCUMAJIBHOI 3a/10BOJICHOCTI

KOPHUCTYBAdiB Ta YCIINTHOTO BIPOBA/KCHHS TPU HA PUHOK.



JTIOJATOK B

Buxignunii kox cKpunTis
BuxigHuii KoA CKpHUITIB, $SKI OpPraHi3oBylOTb pPOOOTY NpOrpaMu —
TileGenerator, TileWithObstacles, StopPlane, AnimalSpawner, AnimalMovement,

LosePlane, GunController, DynamicMoveProvider.

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

public class TileGenerator : MonoBehaviour
{
public GameObject[] tilePrefabs;
private List<GameObject> activeTiles = new List<GameObject>();
private float spawnPos = 0;
private float tileLength = 80f;

[SerializeField] private Transform player;
private int startTiles = 2;
void Start()
{
for (inti=0;i<startTiles; i++)
{
if (i==0)
SpawnTile(3);
SpawnTile(Random.Range(0,tilePrefabs.Length));
¥

}
void Update()

if (player.position.z - 60 > spawnPos - (startTiles * tileLength))
{
SpawnTile(Random.Range(0, tilePrefabs.Length));
DeleteTile();

¥

}

private void SpawnTile(int tileIndex)

{
GameObiject nextTile = Instantiate(tilePrefabs[tileIndex], transform.forward * spawnPos,

transform.rotation);

activeTiles.Add(nextTile);
spawnPos += tileLength;

}

private void DeleteTile()

{
Destroy(activeTiles[0]);
activeTiles.RemoveAt(0);



¥

¥
using UnityEngine;

public class TileWithObstacles : MonoBehaviour
{
public GameObiject[] obstaclePrefabs;
public Collider[] obstacleSpawnPoints;
public float spawnDistanceThreshold = 40f;
public Camera mainCamera;
public float obstacleLifetime = 5f;

private bool obstaclesSpawned = false;
private bool[] obstacleSpawnedOnCollider;

void Start()

{
if (mainCamera == null)
{

mainCamera = Camera.main;

}

obstacleSpawnedOnCollider = new bool[obstacleSpawnPoints.Length];

¥
void Update()

{
float cameraZ = mainCamera.transform.position.z;
for (inti = 0; i < obstacleSpawnPoints.Length; i++)
{
float spawnPointZ = obstacleSpawnPoints[i].transform.position.z;
float distance = Mathf.Abs(cameraZ - spawnPointZ);
if (lobstaclesSpawned && distance < spawnDistanceThreshold &&
lobstacleSpawnedOnColliderf[i])
{
GenerateObstacle(i);
}
¥
}
void GenerateObstacle(int colliderIndex)
{
GameObject obstaclePrefab = obstaclePrefabs|[Random.Range(0, obstaclePrefabs.Length)];
Quaternion spawnRotation = obstacleSpawnPoints[colliderIndex].transform.rotation;
GameObiject obstacle = Instantiate(obstaclePrefab,
obstacleSpawnPoints[colliderIndex].transform.position, spawnRotation);
obstacleSpawnedOnCollider[colliderIndex] = true;
MarkObstacleSpawned(obstacleSpawnPoints[colliderIndex], obstacle);
Destroy(obstacle, obstacleLifetime);

}
void MarkObstacleSpawned(Collider spawnPoint, GameObject obstacle)

{

obstacle.tag = "Obstacle™;

¥

void OnBecamelnvisible()



{
Destroy(gameObject);

}
}
using UnityEngine;
public class StopPlane : MonoBehaviour
{
public Transform player;

public Transform stopPlane;
public float maxDistance = 2.0f;

private void Update()

{
if (player !'= null && stopPlane !=null)

float distanceZ = Mathf.Abs(player.position.z - stopPlane.position.z);
if (distanceZ > maxDistance)
{
Vector3 newPosition = stopPlane.position;
newPosition.z = player.position.z + maxDistance - 4;
stopPlane.position = newPosition;

¥
by
¥
Yoo
using UnityEngine;
using System.Collections;

public class AnimalSpawner : MonoBehaviour
{

public GameObject[] animalPrefabs;

public float minSpawnDelay = 2f;

public float maxSpawnDelay = 10f;

private void Start()
{

StartCoroutine(SpawnAnimalsRandomly());

}

private IEnumerator SpawnAnimalsRandomly()

{

while (true)
{
float delay = Random.Range(minSpawnDelay, maxSpawnDelay);
yield return new WaitForSeconds(delay);
GameObject animalPrefab = animalPrefabs|[Random.Range(0, animalPrefabs.Length)];
float randomX = Random.Range(-1f, 1f);
GameObject spawnedAnimal = Instantiate(animalPrefab, new Vector3(randomX,
transform.position.y, transform.position.z), Quaternion.identity);
yield return new WaitForSeconds(10f);
Destroy(spawnedAnimal);

¥
¥



¥

using UnityEngine;
using System.Collections;

public class AnimalMovement : MonoBehaviour

{

}

public float moveSpeed = 5f;
public GameObject player;
public GameObject Animals;
public GameObject FirePrefab;
private BoxCollider boxCollider;
private void Start()

{
if (player == null)
{

player = GameObject.FindWithTag("MainCamera");

¥
if (player == null)
{
Debug.LogError("Player object not found.");
¥
}

private void Update()

{
if (player == null)

return;
¥
Vector3 targetDirection = player.transform.position - transform.position;
targetDirection.y = Of;
Quaternion newRotation = Quaternion.LookRotation(targetDirection);
transform.rotation = Quaternion.Euler(0f, newRotation.eulerAngles.y, 0f);
transform. Translate(Vector3.forward * moveSpeed * Time.deltaTime);

¥

private void OnCollisionEnter(Collision collision)

{
if (collision.gameObject.CompareTag("kulya™))

{
Destroy(gameObject);
Instantiate(FirePrefab, transform.position, Quaternion.identity);
¥
b

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

using UnityEngine.SceneManagement;

public class LosePlane : MonoBehaviour

public float moveSpeed = 5f;



public GameObject darkLight;

public GameObject normalLight;

public GameObject CanvasLose;

public GameObject RaylInteractorL;

public GameObject RaylnteractorR;

public GameObject spawnerAnimal;

public GameObject destructionEffectPrefab;

private void Update()
{

transform.Translate(\Vector3.forward * moveSpeed * Time.deltaTime);

¥
private void OnTriggerEnter(Collider other)

{
if (other.CompareTag("Player"))

{
moveSpeed = Of;
darkLight.SetActive(true);
normalLight.SetActive(false);
CanvasLose.SetActive(true);
RaylInteractorL.SetActive(true);
RaylInteractorR.SetActive(true);
spawnerAnimal.SetActive(false);
GameObiject[] enemies = GameObject.FindGameObjectsWithTag("enemy");
foreach (GameQObject enemy in enemies)

{
Destroy(enemy);

}
if (other.CompareTag(""Obstacle) || other.CompareTag(*"CoinsUI"))

{
Destroy(other.gameObject);
if (destructionEffectPrefab !'= null)
{
Instantiate(destructionEffectPrefab, other.transform.position, Quaternion.identity);
¥
b
¥
Yoo
using UnityEngine;
using UnityEngine.InputSystem;

public class GunController : MonoBehaviour
{

public GameObject gun;

public GameObiject kulyaPrefab;

public float spawninterval = 0.33f;

public float kulyaSpeed = 3f;

public AudioClip shotSound;

private InputAction triggerAction;
private bool triggerPressed = false;



private float lastSpawnTime;

void OnEnable()

{
triggerAction.Enable();

}
void OnDisable()

{
triggerAction.Disable();

}
void Start()

{
triggerAction = new InputAction(binding: "<XRController>{RightHand}/trigger");
triggerAction.started += OnTriggerPressed,;
triggerAction.canceled += OnTriggerReleased,;
triggerAction.Enable();

¥
void Update()

{

if (triggerPressed && Time.time - lastSpawnTime > spawnlinterval)

SpawnKulya();
lastSpawnTime = Time.time;
¥
¥
void OnTriggerPressed(InputAction.CallbackContext context)

{

triggerPressed = true;

b
void OnTriggerReleased(InputAction.CallbackContext context)

{

triggerPressed = false;

}
void SpawnKulya()
{
if (qun !'=null)
{
GameObiject kulya = Instantiate(kulyaPrefab, gun.transform.position,
gun.transform.rotation);
Rigidbody kulyaRigidbody = kulya.GetComponent<Rigidbody>();
if (kulyaRigidbody != null)
{
kulyaRigidbody.velocity = gun.transform.forward * kulyaSpeed,;

¥
if (shotSound != null)

{
AudioSource.PlayClipAtPoint(shotSound, transform.position);

¥
¥
¥
¥

using Unity.XR.CoreUltils;



using UnityEngine.Assertions;
using UnityEngine.XR.Interaction.Toolkit;

namespace UnityEngine.XR.Interaction.Toolkit.Samples.StarterAssets

{

public class DynamicMoveProvider : ActionBasedContinuousMoveProvider
{

private CapsuleCollider col;

private float originalMoveSpeed = 2.0f;

private float modifiedMoveSpeed = 35.0f;

private bool areControllersMoving = false;

private Vector3 lastLeftControllerPosition;

private Vector3 lastRightControllerPosition;

//private ActionBasedContinuousMoveProvider moveProvider; // [Tocunanus Ha
koMrioHeHT ActionBasedContinuousMoveProvider ajis oTpumanHs 3HaueHHs moveSpeed

public AudioSource footstepAudioSource; // [Tocunanns Ha komnoneHT AudioSource s
BIJITBOPEHHS 3BYKY IIATiB

public enum MovementDirection
{

HeadRelative,

HandRelative,

}

[Space, Header("Movement Direction™)]

[SerializeField]

[Tooltip("Directs the XR Origin's movement when using the head-relative mode. If not set,
will automatically find and use the XR Origin Camera.")]

Transform m_HeadTransform;

public Transform headTransform
{
get =>m_HeadTransform;
set => m_HeadTransform = value;

}

[SerializeField]

[Tooltip("Directs the XR Origin's movement when using the hand-relative mode with the
left hand.™)]

Transform m_LeftControllerTransform;

public Transform leftControllerTransform
{
get => m_LeftControllerTransform;
set => m_LeftControllerTransform = value;

¥

[SerializeField]

[Tooltip("Directs the XR Origin's movement when using the hand-relative mode with the
right hand.")]

Transform m_RightControllerTransform;



public Transform rightControllerTransform
{
get => m_RightControllerTransform;
set => m_RightControllerTransform = value;

}

[SerializeField]

[Tooltip("Whether to use the specified head transform or left controller transform to direct
the XR Origin's movement for the left hand.”)]

MovementDirection m_LeftHandMovementDirection;

public MovementDirection leftHandMovementDirection
{

get => m_LeftHandMovementDirection;

set => m_LeftHandMovementDirection = value;

}

[SerializeField]

[Tooltip("Whether to use the specified head transform or right controller transform to direct
the XR Origin's movement for the right hand.")]

MovementDirection m_RightHandMovementDirection;

public MovementDirection rightHandMovementDirection

{

get => m_RightHandMovementDirection;
set => m_RightHandMovementDirection = value;

}

[SerializeField]
[Tooltip("Deadzone value for Y-axis movement of the controllers.")]
float m_Deadzone = 0.05f;

public float deadzone

{
get => m_Deadzone;
set => m_Deadzone = value;

}

Transform m_CombinedTransform;
Pose m_LeftMovementPose = Pose.identity;
Pose m_RightMovementPose = Pose.identity;

protected override void Awake()
{
base.Awake();

// OtpuMatu nocuiaaHHs Ha KoMmrmoHeHT AudioSource
footstepAudioSource = GetComponent<AudioSource>();

originalMoveSpeed = moveSpeed;



m_CombinedTransform = new GameObject("[Dynamic Move Provider] Combined
Forward Source").transform;

m_CombinedTransform.SetParent(transform, false);

m_CombinedTransform.localPosition = Vector3.zero;

m_CombinedTransform.localRotation = Quaternion.identity;

forwardSource = m_CombinedTransform;

lastLeftControllerPosition = leftControllerTransform.position;
lastRightControllerPosition = rightControllerTransform.position;

}

private bool isObstacleDetected = false; / lonanu 3MiHHY 17151 BiACTE)KEHHS 3ITKHEHHS 3
HEPEIIKOI00

private void OnTriggerEnter(Collider other)

{
if (other.CompareTag("obstacle™))

{
1sObstacleDetected = true; // BctanoBiroemo npamnopetipb, 1o Oyia 3HaieHa
nepemKoaa
// 3ynuHsAEMO pyX, BCTAHOBJIIOIOYH IIBUAKOCTI pyXy Ha ()
moveSpeed = 0.0f;
¥
by
protected override Vector3 ComputeDesiredMove(Vector2 input)

{

if (input == Vector2.zero)
{
areControllersMoving = false;
return Vector3.zero;,
}
// BinTBOpEeHHs 3BYKY LIariB
if (input = Vector2.zero && footstepAudioSource !'= null &&
IfootstepAudioSource.isPlaying)

{
footstepAudioSource.Play();

¥

// TlepeBipka, YU HE PyXa€ThCS CTIK JIIBOIO KOHTPOJIEPa, 1 3yTUHKA BIATBOPEHHS 3BYKY
IariB

if (input == Vector2.zero && footstepAudioSource != null &&
footstepAudioSource.isPlaying)

{
footstepAudioSource.Stop();

}

var currentLeftControllerPosition = leftControllerTransform.position;
var currentRightControllerPosition = rightControllerTransform.position;

if (YareControllersMoving &&



Mathf.Abs(currentLeftControllerPosition.y - lastLeftControllerPosition.y) >=

m_Deadzone &&

Mathf.Abs(currentRightControllerPosition.y - lastRightControllerPosition.y) >=

m_Deadzone &&

Mathf.Sign(currentLeftControllerPosition.y - lastLeftControllerPosition.y) !=
Mathf.Sign(currentRightControllerPosition.y - lastRightControllerPosition.y))

{

areControllersMoving = true;

else if (areControllersMoving)

{

areControllersMoving = false;

}

lastLeftControllerPosition = currentLeftControllerPosition;
lastRightControllerPosition = currentRightControllerPosition;

if (YareControllersMoving)

{
moveSpeed = Mathf.Lerp(moveSpeed, originalMoveSpeed, Time.deltaTime); //

[TnaBHMIA epexiJl 10 OPUTIHATHLHOT IBUIKOCTI

}

else

{
moveSpeed = Mathf.Lerp(moveSpeed, modifiedMoveSpeed, Time.deltaTime); //

[TnaBHuMii epexia 10 Moaru(iKOBaHOT MIBUIAKOCTI

¥

if (m_HeadTransform == null)

{
var xrOrigin = system.xrOrigin;
if (xrOrigin !'=null)

var xrCamera = xrOrigin.Camera;
if (xrCamera != null)
m_HeadTransform = xrCamera.transform;
}

}

switch (m_LeftHandMovementDirection)
{
case MovementDirection.HeadRelative:
if (m_HeadTransform != null)
m_LeftMovementPose = m_HeadTransform.GetWorldPose();
break;

case MovementDirection.HandRelative:
if (m_LeftControllerTransform != null)
m_LeftMovementPose = m_LeftControllerTransform.GetWorldPose();
break;

default;



Assert.IsTrue(false, $"Unhandled
{nameof(MovementDirection)}={m_LeftHandMovementDirection}");

break;
}
switch (m_RightHandMovementDirection)
{

case MovementDirection.HeadRelative:
if (m_HeadTransform != null)
m_RightMovementPose = m_HeadTransform.GetWorldPose();
break;

case MovementDirection.HandRelative:
if (m_RightControllerTransform != null)
m_RightMovementPose = m_RightControllerTransform.GetWorldPose();
break;

default:
Assert.IsTrue(false, $"Unhandled
{nameof(MovementDirection)}={m_RightHandMovementDirection}");
break;
}

var move = base.ComputeDesiredMove(input);

// OHOBITFOEMO TIapaMeTp pitch 3ByKy IIariB B 3aJIKHOCTI BiJl 3Ha4eHHS moveSpeed
if (footstepAudioSource = null)
{
footstepAudioSource.pitch = Mathf.Lerp(1f, 15f, moveSpeed / modifiedMoveSpeed);
// 3mintoemo pitch Bix 0.5 mo 1.5 3anexHo Bix 3HadeHHs moveSpeed

}

/lreturn move;

var leftHandValue = leftHandMoveAction.action?.ReadValue<Vector2>() ??
Vector2.zero;

var rightHandValue = rightHandMoveAction.action?.ReadValue<Vector2>() ??
Vector2.zero;

var totalSgrMagnitude = leftHandValue.sqrMagnitude + rightHandValue.sqrMagnitude;
var leftHandBlend = 0.5f;
if (totalSqrMagnitude > Mathf.Epsilon)

leftHandBlend = leftHandValue.sgrMagnitude / totalSgrMagnitude;

var combinedPosition = Vector3.Lerp(m_RightMovementPose.position,
m_LeftMovementPose.position, leftHandBlend);

var combinedRotation = Quaternion.Slerp(m_RightMovementPose.rotation,
m_LeftMovementPose.rotation, leftHandBlend);

m_CombinedTransform.SetPositionAndRotation(combinedPosition, combinedRotation);

return base.ComputeDesiredMove(input);
}
}
}



