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TH®OPMAIIIMHA TEXHOJIOT'TISI HABYAHHSA NEPCOHAJY MIAIMIPUEMCTB
3ACOBAMM BIPTYAJIbHOI PEAJIBHOCTI

BukopucmanHsi eipmyasivHoi peasbHocmi y 8UPOOGHUYOMY HABYAHHI CNpUSIE 3MEHWEHHI0 eumpam I pusukis,
niompumyroyu 6iabW Yacme ma pi3HOMAHIMHE BUKOPUCMAHHS eKCNepuUMEeHMAabHUX Ha84dAbHUX 3aHsame. JaHuli nioxid
dae 3mMo2y mpeHepy cmpykmypyeamu 8ecb HA84A/AbHUL KypC 8ipmya/nbHOi pea/nbHOCmi 8 3axon/awi4omy cepedosuiyi,
gusHayarwo4u liozo nidkomMnoHeHmu, modeJi, IHCMpPYMEeHMU ma HAAQWMy8aHHs, d Makoxc eusHavyamu Oii, ki noB8UHHI
8ukoHysamu y4acHuku. /Jlii, IKi 8UKOHYIOMbCS, 3anNUCYHOMbC Ma Y3200H#CYIOMbCs 3 MUMU, WO 8KA3aHI mpeHepoMm. Y
npoMuc/n080My cekmopi 30amuicmb npucmocogysamucss 00 3anumie (3 BUCOKUM CMyNneHeM HAAaQWmy8aHHs ma
ckaadHocmi nepedbavae dogwull yac yukay. 3acmocysamHsi 8ipmyaabHoi peasvHocmi (VR) € nepchekmugHUM nioxodom,
sAKuli donomazae MiHimizyeamu nomusku ma nideuwumu 6esneky. BukopucmaHHs eipmyasbHozo cepedoguuja 0/
30ilicHeHHs1 HagYa/1bHoI dislIbHOCMI MaA€E WUPOKULI cneKmp nepeeaz NopIiGHSIHO 3 HABYAHHAM Y peaabHOMYy KOHMeKcmi, a
came 3HUMNCEHHS aumpam i pusukie, Kpawuti KOHMpo/b npoyedyp HA8YAHHA (HANPUKAao, NAAHY8AHHSA HAGHAHHS 3AHAMMS
ma eusHadeHHs ckaAadHocmi Oili), cnpusiHHA eKCnepuMeHmMaabHOMy ma CcumyayiliHomy HAa84aHHio, 30amHicmb
3a6e3ne4umu NOBMOPEHHS CUMYAAYIL, BUKOHAHUX CAYXA4AMU, PO3WUPEHHS MOX*CAU80Cmel npoyecie camMoHA8YaHHs md
BUKAUK eMOYili, cnpusitouu iHmepecy ma 3ay4yeHocmi yuHie.

Karouosi cno6a: HA84aHHS nepcoHasy, 8ipmya/abHa peaabHiCmb, nNidnpuemMcmao.
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INFORMATION TECHNOLOGY FOR TRAINING THE PERSONNEL OF ENTERPRISES BY MEANS OF
VIRTUAL REALITY

The use of virtual reality in industrial training reduces costs and risks, supporting more and more diverse use of experiential
training sessions. This approach enables the trainer to structure the entire virtual reality training course in an immersive environment by
defining its sub-components, models, tools and settings, as well as defining the actions that the participants should perform. Actions taken
are recorded and coordinated with those specified by the trainer. In the industrial sector, the ability to apply to requests with a high degree
of customization and complexity implies a longer cycle time. The application of virtual reality (VR) is a promising approach that will help
minimize errors and increase safety. Virtual reality environments are also applied to operational tasks in industrial settings as an
experiential learning approach that has shown good results in areas such as occupational safety, medicine, maintenance and mining. In
addition, the use of a virtual environment for the implementation of learning activities has a wide range of advantages compared to learning
in a real context, as well as reducing costs and risks, better control of the learning process (for example, planning lessons and determining
the complexity of actions), facilitating experiential and situational learning, ability. to ensure repetition of simulations performed by
trainees, empowerment of self-learning processes and eliciting emotions, promoting student interest and engagement. Virtual reality
provides new sources of efficiency for all organizations. It can also significantly reduce the costs of training, services, installation, design and
other parts of the value chain. It can also significantly reduce production costs by reducing physical space requirements. The key indicators
for the implementation of VR in the educational process are reduction of study time; more users who can perform the operation without
previous experience; reduction of training costs; reducing the risk of injury.

Keywords: personnel training, virtual reality, enterprise.

ITocTanoBKa MpodaeMu
BipryanbHa peansHicTh 3a0e3edye HOBI Jkepena e)eKTUBHOCTI IS BCiX opraHizamiid. Takoxk, BOoHa MOXe
3HA4YHO 3HM3UTH BUTPATU Ha HAaBYAHHS, ITOCIYI'M, MOHTX, MPOCKTYBaHHS Ta IHII YaCTHHU JIAHIFO)KKA CTBOPEHHS
BaprocTi. Ile Takok MOXKe 3HaYHO 3HM3WTH BHPOOHHMYI BUTPATH 32 PAXyHOK 3MEHIICHHS MOTpedH y ¢i3udHOMY
npocropi. KirtouoBumu rnokasHukamy Juts BUpoBakeHHs VR y HaBYaIbHUI nporec €:
v CKOPOYEHHS Yacy HABYAHHSL.
v’ Binblia KilbKiCTh KOPUCTYBAUIB, SIKi MOKYTh BUKOHYBATH ONEPAIIit0 03 MONePeJHBOrO T0CBIiTy.
v’ 3MEHIICHHS BUTPAT HA HABYAHHSL.
v’ 3MEHIICHHS PU3UKY OTPHUMAHHS TPABMH.
EdekTuBHICT HAaBUAIBLHOTO ITIPOIECY HAa OCHOBI BIPTyaJbHOI PEealbHOCTI OE3IOCEpEIHBO 3aJEXKHUTh Bill
SKOCTI TIATOTOBJICHOTO HAaBYAJIBHOTO MaTepiamy, abo Bif SIKOCTI MiATOTOBICHOTO BipTyalbHOTO HAaBYAIBHOTO
CepeIoBHINA.
AHaJIi3 0CTaHHIX TKepeJ
3ampornoHoBana B [1] poboTa 3HaYHOIO MIpOI0 BHECHA PO3BUTOK y chepy MEAWINHH, 30iIbIINBIIN
3aHypEeHHsI, HANpPUKIAJ, 3aBISKH TMOBHICTIO KEPOBAaHUM aBaTapoM KOPHCTYBadiB, SKi OTPUMYIOTHh IEpeBard Bif
BiJICTE)KCHHS Ta OI[IHKH BCHOTO TiJIa — (QYHKITIOHATBHICTD, SIKY A0Ci He OyJ10 B MenuiuHi. Xo4a aedopmartist TKaHUH
iCHy€e B HONEpEeIHIX CUMYJIATOpax, Ll poOOTa He BKIIIOYAsla BIICTEKEHHS Ta OLIHKY BChOrO Tija. YIIbTpa3ByKOBa
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TakTWJIbHA (YHKINSI BHUSBWIACSA 3aJ0BUILHOIO JIMINE TICHSA TIOEAHAHHA 3 TICEBAO TAKTHIBHOIO CHCTEMOIO,
YHIKaJIbHOIO KOMOIHAIII€I0 HA Yac MPOrpamMyBaHHs

3anpornoHoBaHuii B [2] MpoeKT 30cepe)keHNii Ha CTBOPEHHI CHCTEMH HaBYaHHs O€3NEeKH y BIpTyasbHIH
peasbHOCTI Ta OLIHLI CIPUHHATTS Ta HOBEIIHKOBUX BIUIMBIB cepenoBuiia VR Ha ciyxaua. 11106 3po6utu cucremy
e(heKTUBHOIO, y CTBOpPEeHHI VR-CBITIB BHBYAIOTHCS MEPIENTHBHA Ta EKOJIOTIYHA IICHUXOJOTis. AHali3 aBTOPIB
BU3HAYMB, IO IS MIATPUMKH THYYKHX, 3r€HEpOBAaHHMX KOMII'FOTEPOM Bapiamliii CBITY BIpTyaJbHOI peajbHOCTI
NOTpiOEH CHpOIIeHUH KOHBEEP, IO po3pobisie creHapii. Lls pekoHdirypoBaHa Ta MOBTOPHO BHUKOPHCTOBYBaHa
CHCTEeMa CTBOPIOE TPHBHMIPHI BipTyallbHi 300paKCHHS Ta CTBOPIOE€ HE3a0yTHI BpakKeHHS IUIA CiyxXadiB. Momyi
pi3HUX BipTyaslbHUX 00’€KTiB i BIpTyalnbHUX (PaKTOPiB HABKOJMIITHEOTO CEPENOBHUINA, TAKUX K TEMIIEpaTypa, CKIIaa
MOBITPS Ta BUANMICTB, TAKOXK BHBUAIOTHCS Ta MOJICIIOIOTHCS B 3aIIPOMIOHOBAHINA CHCTEMI. ABTOPH TaKOX IUIAHYIOTh
OIHMTH cepr HaBYaHHS OC3MEeKH, SIKi MOXKYTh OTPUMATH HalOuIeITy KopucTh Bif BukopuctanHsi VR. 1. BCTVYII
Uepes BrnacTuBuil HeOel3meyHnit xapakTep OyNIiBHUIITBA YIIPABIiHHA O€3MEK0I0 € 000B’SI3KOBHM i OyIiBENbHOL
ramysi. bararo meroniB i THmiB omepaiiii, HCOOXiMHUX OYHiBEIHPHUM KOMIIAHISIM JIJIsl BUKOHAHHS Ta BUKOHAHHS
3aBllaHb, PU3BOIATH JIO IUTYTAHWHH MOJI0 OC3MEYHUX METOIB BUKOHAHHS poOiT (Minkc Ta xxoHcTton 2004).

VY po6orti [3] 00roBoprOIOTECS KOHTEKCTHO-3aJIEKHI BUMOTH Ta OOMEXEHHS JUTsl PO3POOKHU JI0/IaTKIB BIPTYaIbHOT
PEaTBHOCTI, SIKi 3aCTOCOBYIOTHCS JIO HABYaHHS O€3IIEKH MIaxT. 3yCHIUIS pearyBaHHs BUTPAYalOThCs Ha YCyHEHHS HeOe3Iex 1
3HIDKEHHS PU3MKIB [IUIIXOM 3aCTOCYBAaHHS 3aC00IB KOHTPOJIO TUIaHyBaHHS. Y pe3yJbTaTi IMX 3yCHIIb PO3pOOKa JI0aTKiB
BIPTYaJIbHOI PEabHOCTI K POOOYMX IHCTPYMEHTIB O€3leKd Craja MpeMETOM MOpsAKYy jAeHHoro. lle mocimimpkeHHs
CTIpsSMOBaHE Ha BUBUCHHS II€PEBAr BipTyalbHOI peaIbHOCTI TSI OXOPOHH Ipai Ta Mpo¢eciifHOro HaBYaHHsI.

ABTopHu [4] mepeBipuIn cEcTeMy Ha BHOIpIIl KOPHCTYBadiB, MO0 MOPIBHATH e()EeKTUBHICTD TPaAHULIHHOTO
HaBYaHHS 3 HAIIOIO CHCTEMOIO 3 TOYKH 30py TEOPETHYHOTO Ta MPAaKTHYHOTO HaBYaHHSA. [IpoJOBXKMIN JOCIIIHKEHHS
3a IOTIOMOTOI0 OTIMTYBAJHHUKIB 1 CIOCTEPEKEHHS 3a MOBEIIHKOI BCiX KOPHCTYBAYiB y BIpTyaJbHOMY CEPEIOBHIII.
Takox mOCHiIKyBadl 3adydeHICTh CIyXadiB 1 BIAYYTTSA HIPUCYTHOCTI, CTBOPIOBaHE CHUCTEMOIO, OCKIIBKH IIC
BaXJIMBUH (pakTOp 3aIydeHHs KOPUCTYBAYiB 1, IK HACIIIOK, BIUTUB Ha MOTHBAIIIO Ta €EKTUBHICTh HABYAHHSI.

Hocnimkennst [6] BKIIOYaIo CTBOPEHHS Mporpamu Oe3neku OyNiBeNBHHX PO3KOIOK, sika KepyBajacs 3a
jporoMoroo rapuitypu  VR. JlocnmimHukM MiJOTyBamM TporpaMmy O€3NeKH BIPTyaJlbHOT —pPEaNbHOCTI  SIK
KOHTPOJIbOBAaHUH €KCIIEPUMEHT, 11100 OL[IHUTH €(EKTUBHICTh aIMIHICTPATUBHOTO HAaBUAHHS BIPTYyallbHIHi peantbHOCTI
MOPIBHSIHO 3 TPAJUIIMHUM IiIX0J0M, 3aCHOBAHMM Ha JICKI[isSX. 3HAYHOTO MOKPAIICHHSA pPeE3yJbTaTiB HE OyIio
noMiTHO. JIOCHIIHUKY TPOBENW MOAAJbLIC BHBYCHHS EIIEMEHTIB BIPTYaJIbHOTO CEPEJOBHUINA, LI00 BHU3HAYHUTH
MOTEHIIMHI 00JacTi A1 BIOCKOHAJCHHS, SIKIi MOXXHA OyJ0 O BHKOPHCTOBYBaTH B MaWOYTHIX iTEpallisfiX I[HOTO
nocmimkeHHs. ExcriepTtisa BHSBHMIA, IO B33a€EMOJIS YJYacHHKA 3 €JIEMEHTAMH BIPTYalbHOTO CepeloBHIIa Oyna
B)XJIMBOIO JUISL JIOCATHEHHS YydacHWKa. lle micns ekcrepuMeHTanbHe MOCHIDKEHHs II0Kasajo, 1o, Xoda
peanicTHYHICTh He Oyiia 000B’I3KOBOI0 BUMOTOIO JUIS CEPEIOBHIIA BIPTyaabHOI PeaTbHOCTI, B3a€EMOIisl YIacHHKA 3
MepCOHaKaMU B HaBUAJIBHIM Mporpami BipTyaibHOI peanbHOCTI Majia NIeBHUH HeraTHBHUH BIuB. Kpim Toro, pyx
(xomp0a) y cepemoBHINI BipTyalbHOI peaslbHOCTI OYB 3HAYHUM BiJBOJIKAIOYHM (aKTOPOM [UIS YYACHHUKIB.
BpaxoByroud 1i MpoOJIEMH, JOCTIIHHKH MPOBEIH CHJIbHI, ClIa0Ki
CTOpoHM, MoxumBocTi Ta 3arposun (SWOT) anamis mocsimy Oculus Integration
BIPTyaJIbHOI PEAILHOCTI Ta MPEACTABWIM IX Y L[bOMY JOKYMEHTI SIK SDK
3ano0DKHMH  MOCIOHWK Ui MOAAJBLIOr0 PO3BUTKY MOAIOHHX
IHCTPYMEHTIB HaBYaHHS BIPTyallbHIl peaibHOCTI.

MeTto10 po6oTH € Po3poOKa MPOTPaMHOTO MPOAYKTY, KUK
MOXXHA JIETKO Ta IIBUJIKO IiJCTPOIOBATH IIiJ] HOTpeOM HaBYaHb Pi3HUX i
T ATTPUEMCTB. cligHu

BuxJsiag ocHOBHOT0O MaTepiany

‘ IHTep’ep 2aBogy

11106 posnouatn po3poOKy monatka VR, oJHUM i3 OCHOBHUX v
HEOoOXiTHMX KpOKiB € BHOip HarojoBHoro aucmes VR (HMD). VY

. 3aBnaHHA 1
HamoMmy Bumaaky BuOpanumii HMD 6y Oculus Quest 2. [us
CTBOPEHHS Kpamoi cymicHocti Mk pomatkom i HMD Bubip Buseimssiein 3ange A7
OCHOBHOTO Pecypcy, CIeLialbHO 3pOOIEHOro JUIs Po3poOKU A0AATKIB L T

VR, OyB myxe BaxnuBuM. Uepe3 1€ MM BHPIIIMIIH, IO HAHKpPAIIHNM
Habopom 1t po3poOku VR € Oculus Integration SDK.

Oculus Integration SDK, po3po6uiennii kopropauieo Meta, €
O€3KOIITOBHUM IIaKETOM, CIEUiabHO CTBOPEHMM JJIsI podOTH 3
rapHitypamu VR, cTBopeHnmMu Meta. 3aBIsiKM BUKOPHCTaHHIO IIbOTO
MaKeTy BCi OCHOBHI (yHKHii BXKe CTBOPEHO, a TAaKOXX BHUKOHAHO Puc. 1. ETanu pemMonty Typ6inu npucrporo
HEeoOXiIHy KOH(]Irypariro MK IpOrpaMor0 Ta rapHITyporo. 3aBIsKH
cyMicHocTi Mix rakeroMm i HMD, 1106 nepeBiputy 101aToK, 10CTaTHRO POCTOro BukopuctanHs «Plug & Play».
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Package h

Samples

Oculus XR Plugin [Feieaz:

Oculus XR Plugin
Plugin
jilde

Remave

Puc. 3. Pecype miiarina OpenXR SDK

11106 cpusATH CTBOPEHHIO «CEPEIOBHINA, MAKCUMAILHO HAOIMKEHOT0 JI0 PEalbHOCT», B IKOMY OIlepaTop
MovyBaBcs O JyKe 3HallOMHUM, MU BUPILIMJIM CTBOPUTH BipTyalibHy (haOpHKy, sika O CTBOpHIIA e BIAYYTTS.

Puc. 4. [1nan mignpueMcTBa 3 yciMa CTBOPeHHMH 30HAMHU
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BuchHosok
CrBopeno nporpamy juist Oculus Quest 2 HMD, s sikoi noTpibeH KoMIl’ oTep i3 onepaniiHol0 CHCTEMOIO
Windows, sikuii Oy/ie miIKII0YeHO 10 TapHITypH. ABTOPH MalOTh HaMip CKOMITUIIOBATH IpOrpaMy, oo BoHa Oyiia
cymicaoro 3 HMD Ha 6a3i PCVR, nanpuknax Valve Index, sika € OuIbII NMOTY)KHOIO TapHITYpOIO BipTyajbHOL
peanbpHOCTI. 3arpornoHoBaHuil pobo4Mii mpolec po3poOKH BIpTyaJbHOI peaJbHOCTI MOKHA BUKOPUCTOBYBATH IS
JIETKOTO PO3TOPTAHHS JI0JATKiB BipTyalbHOI peabHOCTI.
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