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V]IK 514.18
AHAUJII3 TA BUBIP [IPOI'PA MHUX 3ACOBIB 3DMAX

Ilonuyu Ha3zapii
Maptus €. B., 10oKTOp TeXHIYHHX HaYK, Ipodecop
JIbBiBchbKHI 1ep:kaBHUH YHiBepCcHTET 0e3MeKHu KUTTEAIATbHOCTI

3anponoHOBaHi pe3yNbTaTH MOPIBHAHHS IpadiyHUX MOXKIUBOCTEH MPOTpaMHUX
3ac00iB CHCTEMH UTIOCTpaTUBHOI KoMl toTepHOi rpadiku 3DMAX Ha IBOX HpUKIagax
ctBopenHs 3D-Moaeni maxoBoro mimaka 3 OUWIHAPA, 00’ €KTa TPUBHMIPHOTO IPOCTOPY,
Ta 06’exra Line neoBumipHoro npocropy. OCKibKY 3a7a4a OJHO3HAYHA, CTBOpeHHs 3D-
MOJIeJIi TEXHIYHOTO 00’ €KTa, TO BiJICYTHIH BIUIUB BHOOPY MPOrPAMHUX 3aCO0iB, ITOCIIIOB-
HOCTI 1l CTBOPEHHS Ha KiHIIEBUH pe3yJsbTaT. BincyTHil BIIMB BUMIPHOCTI 00X OILTIOIOYOTO
MIPOCTOPY Ha KIHLIEBHUI pe3yabTaT MOJCIIOBAaHHA. AHai3 000X MPUKIAiB BKa3y€e BILIHB
BHOOPY MporpaMHUX 3ac00iB HA TPUBATICTH Hpolecy cTBopeHHs 3D-moaelni 06’ekra. Bu-
6ip Habopy ImporpaMHuX 3aco0iB BU3Ha4Yae po3poOHuK 3D-Momeni.

KorouoBi cioBa. Komn’toTepHa rpagika, IpocTOpoBe MOJCIIOBAHHS,
mporpama 3DMAX.

ANALYSIS AND SELECTION OF 3D MAX SOFTWARE

Ponych Nazariy
Martyn E.V., Doctor of Technical Sciences, Professor
Lviv State University of Life Safety

The results of the comparison of the graphic capabilities of the software tools of
the illustrative computer graphics system 3DMAX are proposed on two examples of cre-
ating a 3D model of a chess pawn from a cylinder, an object of three-dimensional space,
and a Line object of two-dimensional space. Since the task is unambiguous, creating a 3D
model of a technical object, there is no influence of the choice of software tools, the se-
quence of its creation on the final result. There is no influence of the dimensionality of the
enclosing space on the final result of the modeling. The analysis of both examples indicates
the influence of the choice of software tools on the duration of the process of creating a
3D model of an object. The choice of a set of software tools is determined by the developer
of the 3D model.

Keywords. Computer graphics, spatial modeling and 3DMAX program.

B imxenepHiii rpagini po3poOieHuii IIMPOKUH CIIEKTP T€OMETPUYHUX 3a-
c00iB MPOCTOPOBOTO MOJICITIOBAHHS TEXHIYHUX 00’ €kTiB. KoMm'toTepHi TeXHOI0-
rii HaZalTh KOPUCTYBa4€eBi IPOrpaMHi 3aCO0H, SIKi MPUCKOPIOIOTH TPOLIECH PO3-
poOJIeHHs Tak 3BaHMX B KoM 'toTepHiit rpadiui 2D i 3D-moneaneii [1, 2]. Tomy
neperyMoBoto ctBopeHHs Takux 2D 1 3D-moaesnteii € qockoHai 3HaHHS 1 yMiHHA
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BHKOPHUCTOBYBATH 13 3aJy4EHHSIM KOMII IOTEpHUX TEXHOJOTIH T€OMETpHYHi 3a-
co0M TIPOCTOPOBOTO MOJENIOBAHHS TeXHIYHUX 00’€ekTiB [1, 3]. [lopeuno 3Bep-
HYTH yBary Ha Te, IO CMEOpeHHA SIKICHOI mpusumipnoi moodeni HE3aIEXKHO Bif
BHOOpY MPOTPaMHOTO MPOLYKTY BUKOHYETHCS 3a KJIIACHYHUM METOIOM IHXKEHEp-
Hoi Tpadiku. baratuii nmporpaMuuii iHCTpyMeHTapiii Hamae 3Mory MOOYyTyBaTH
AKICHY MOJETHh TEXHIYHOTO 00’€KTa 13 3aIydeHHSIM pi3HOTO Habopy mporpam.
[TpoBeneMo MopiBHAHHS MOKIJIMBOCTEH NPOrpPaMHUX 3aCO0IB CHCTEMH 1LIIOCTpa-
TUBHOI KoMmIr'totepHOi rpadiku 3DMAX. Bukopucraemo 1Ba NpUKIagd CTBO-
penns 3D-mMoedti maxoBoro miliaka 3 IuiIiHapa Ta 06’ekra Line.

IMeperBopumo obpanuii uainap g0 tuny Editable Mesh i nepeiinemo B
pexXUM pefaryBaHHs BepuinH. 3a qomoMororo Bapianty Restangular Selection
Region macmrrabyemo ix Tak, sk mokaszaHo Ha puc. 1.

Pucynoxk 1. — Pe3ynbpTaT MacitabyBaHHs BEpIIVH

BukoHaemo KibKapa3oBe penaryBanss nosirosis Polygon / Extrude / Local
Normal, penarysanus pedep Edge (puc. 2a) ta penaryBaus Bepums (puc. 20).

a)

Pucynok 2. — PegaryBaHHs MOJIroHIB
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Iuctpymenrom Select and Squash 3wmiHoeMo giamMeTpu mepeTHHIB
(puc.3a) i mponopiiiiiHo macmrabyemo ix iHctpymentom Select and Uniform
Scale (puc. 30).

Pucynok 3. — 3mina i maciutabyBaHHs AiaMeTPiB IEPETHHIB

BinkopekTyBaBIIH BiICTaHI MiXK NIEPETHHAMH, OJICPKUMO KiHIICBHH pe-
3ynbTat (puc. 4).

Pucynok 4. — T'otoBa 3D-Moe/1s maxoBoro mimaka

CrBopumo 3D-momens maxoBoi ¢irypu, Bukopucrasimu 06’ekt Line:
Create / Shape.
VY {poHTaNBHIH MIOMMHI MpoeKii Front BukpeciMo JiHito 1 3riaaumo i (puc. 5).
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Pucynoxk 5. — Jlinis g 3D-mopeni

3axomumo y merro Modify ta B cincky MoaudikaTopiB 3HAXOIUMO MOTH-
¢ikarop Lathe. Haknagaemo #ioro Ha momnepeHs0 CTBOPEHY JIiHIK0. Y HajaIlTy-
BaHHsx B MeHio Modify nepemukaemocs mixk mapamerpamu Min, Center, Max i
o0upaeMo Kpamuii BapiaHT Mozedi (puc. 6).

ULl IO EE IS elewen

Pucynok 6. — CtBopena 3D-mMopens maxoBoro mimaxa

BucHoBok. OCKiTbKM 3a7aya OJHO3HA4YHA, cTBOpeHHs J3D-Monedti
00’eKTa, TO BiICYTHill BIUIUB BHOOpPY HPOTpaMHUX 3ac00iB, MOCTIAOBHOCTI il
CTBOPEHHS Ha KIiHIIEBHH pe3yibTaT. BiACyTHIH BIUIMB BEUMIPHOCTI OOXOILIIOIO-
4Oro MPOCTOPY Ha KiHIEBUI Pe3yJbTaT MOJENOBaHHs. AHaNi3 000X MPUKIAIiB
BKa3ye BIUIMB BUOOpY IPOIpaMHHUX 3ac00iB Ha TPUBAIICTh MPOLECY CTBOPCHHS
3D-mopeai 00’ekra. Bubip Habopy mporpaMHHX 3aco0iB BH3Hada€ PO3pOOHHUK
3D-mopneuti.
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OTPUMAHHS IEPEBATH Y KOMIT'FOTEPHII I'PI METOJAMUA
MAINIMHHOI'O HABYAHHA

Bbozoan HasanvkoécoKkuil
JIsickoBebka C. €., KaHIUAAT TEXHIYHUX HAYK, TOIECHT
Hauionanbnuii yniBepeuter «JIbBiBebKka mostiTexnika»

VY poOoTi po3MIIAAAIOTECS METOAN MAIIMHHOTO HAaBYAHHS, SIKi JO3BOJISIOTH OTPH-
MaTy IepeBary B KOMIT IOTEPHHUX irpax, 30KpeMa y KOHTEKCTI BHUKOPHCTAaHHS alrOPUTMIB
JUIsL aBTOMAaTH3anii irpoBux Aiil. Onucano po3poOKy Mporpamy, sika B3a€MOJII€ 3 OIepartii-
HOMO cucteMoro Windows, iMiTyrouu JIiif rpaBIis, 3a JOTIOMOTOK HABYCHOT MOJICITI MAIIIWH-
HOTO HaBYaHHS I PO3Mi3HaBaHHs 00'ekTiB Ha ekpaHi. OcoOimBa yBara MmpuIijieHa BUCO-
Kiif TOYHOCTI aJITOPUTMY PO3Ii3HABaHHS BOPOTIB y TP, IO JO3BOJISIE 3HAYHO NOKPALTUTH
TOYHICTD CTPLTBOH. AHATI3YIOTHCSI METOAM HAaBYAaHHS Ta aNTOPUTMH, IO BUKOPHCTOBY-
FOTBCSI U JOCSATHEHHS O1bINO1 e()eKTHBHOCTI i 4ac Tpu. 3p0OJIeHO BHCHOBOK, IO BHU-
KOPHCTaHHS MAIIMHHOTO HAaBYaHHs B TAKOMY KOHTEKCTI He JIMIIE IiJBHIIY€E pe3yIbTaTHB-
HICTB TPH, a i BiIKPHBA€ HOBI MOKJIMBOCTI LTS OAATBLIOTO PO3BUTKY TAKHX CHCTEM.

KorodoBi ciioBa: ManmmHHe HaBYaHHSI, KOMII IOTEPHI irpH, aBTOMaTH3allisl, PO3IIi-
3HaBaHHS 00 €KTIB, AITOPUTMH, TOYHICTH CTPLIBON.

GAINING AN ADVANTAGE IN A COMPUTER GAME USING
MACHINE LEARNING METHODS

Bohdan Navalkovskyi
Liaskovska S. E., Candidate of Technical Sciences, Docent, NU LP, Ukraine

This paper discusses machine learning methods that allow gaining an advantage in
computer games, specifically in the context of using algorithms to automate gameplay
actions. It describes the development of a program that interacts with the Windows
operating system, simulating the player's actions using a trained machine learning model
for object recognition on the screen. Special attention is given to the high accuracy of the
enemy recognition algorithm in the game, which significantly improves shooting accuracy.
The learning methods and algorithms used to achieve greater efficiency during gameplay
are analyzed. The conclusion is drawn that using machine learning in this context not only
enhances game performance but also opens up new opportunities for the further
development of such systems.

Keywords. Machine learning, computer games, automation, object recognition,
algorithms, shooting accuracy.

VY cydacHHX Bimeoirpax, 0COOJIMBO y IIyTepax Ta CTPATETiAX B PEATEHOMY
Yaci, BOXJIMBOIO € TOYHICTH Ta IBUAKICTH peakiii. Bukopucranus mry4HOoro iHTeE-
JIEKTY, 30KpeMa KOMITTOTEpPHOT'0 30pY, MOKE Ha/laTH TPaBLEBi 3HAYHY IepeBary y
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BUTpamIi CyTH4oK Ta 60iB. L{e € 3a3Br4aii HeeTHYHO Ta 3200POHEHO Y TPi 3 IIOABMH,
ane B Oy/Ib-SIKOMY BHIIQJIKY € IIKaBUM HATIPSIMKOM, SIKHI BapTO TOCHIIHUTH.

CTBOpEeHHS TpOTpaMH, siKa PO3Ii3HAE IrpOBHMX MEPCOHAXIB Ha 300pa-
JKCHHI, Ta BUKOPHCTOBYE B3a€MOJIIIO 3 OTIEPAiHOI0 CHCTEMOIO Il aBTOMAaTHY-
HO1 cTpinBEOM(0IHA 3 Bepciif aimbot), ska BUKOPUCTOBYE KOMIT'TOTEPHHH 3ip, € aK-
TyaJbHOIO TEMOIO CHOTO/IHI.

CrpobyeMo 3acToCyBaTH HATPEHOBAHY MOZETh KOMIT IOTEPHOTO Ha OJWH
3 MIPUKJIAIB irPOBOI CHTYAIIii.

Pucynok 1. — PesynbraT nepenbadeHHs Mozei

BUKOPUCTOBYIOUM pe3yibTaTd nepeadadeHHs MOJeNi, MH MOXe 3arpor-
paMyBaTH aNrOpUTM aBTOMAaTHYHOI CTPiNbOH, ale OKpiM CaMUX NPSMOKYTHHKIB
HABKOJIO TIEPCOHAXIB, OyI0 6 J00pe MaTH TOYHI KOOPAMHATH, B SIKi MH X04eMO
TIPUILTHTHUCH.

3acrocoByroun 0i0Mi0TeKy CV2, 3HaiIeMO TOYHI KOOPIWHATH LIEHTPY T'O-
JIOBH TAaKUM YMHOM: 3HAH/IEMO HAaHOUIBIINI KOHTYP Ha 300pakeHHi, a caMe Tijio
NepcoHaXxa, Bi3bMEMO KOOPIMHATH HaWBHUIIOT HOT'0 TOYKH, 1 BI3bMEMO TOUKY, SIKa
TPOXHU HUXKYE 3 Hel, IK KOOPJMHATH LIEHTPY FOJOBH.

PucyHok 2. — Pe3yibTaT aHaii3y KOHTYpY, 4epBOHA TOUYKA Bi/NIOBi/Ia€ 32 LIEHTP I'OJIOBU
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[Tix yac BUKOHAHHS NPOTPaMU Y TPEHYBaILHOMY CEPEIOBHII, BAAETHCS
noTparisaTi npudiuzHo 85-90% BUCTPLNIB y TONOBY, SKIIO Opatu rpy 3 00-
TaMH/JTIOJIbMH, TO 1€ YUCIIO MA/Ia€, Yepes Te, 10 MEePCOHaX] pOOJISTh EBHI PyXH,
IIi/1 9ac Toro, sIKk MOJIeNb aHaJIi3y€e 300payKeHHS, TOXK BUXOJUTH MU BUKOHY€EMO Ti
nii, axi Oynm 6 kopekTHi y MuHyIoMy(20-30Mc ToMy), i He QaKT IO € KOPEKT-
HUMH Y JaHUH MOMEHT Jacy. {10 3aTpuMKy MOXHA 3MELIyBaTH TUM, [II0 BUKOPH-
CTOBYBATH Kparle 3ali30, CIPOITyBaTH MOAETI ii aHaui3.

HUSE COE 80TZ

Pucynok 3. — TpeHnyBanbHe cepeoBHIIE

BucHoBok. BucHoBok. OCKiJIbKH 331aua OHO3HAYHA — PO3POOKa Mpo-
rpaMu Jis1 OTPUMAHHS [IEPeBark B KOMII IOTEPHIH Ipi 3a JOIOMOTO0 METO/IiB Ma-
LIMHHOTO HaBYaHHSI, BUOIP aJlrOPUTMIB MAIIMHHOTO HABYAHHS Ta MPOTPAMHHMX 3a-
co0iB HE Ma€e CYyTTEBOTO BIUIMBY Ha KiHIIeBUil pe3ynbTaT. OHAK BaXKJIMBUM acrie-
KTOM € ONTUMI3allisl alTOPUTMIB /I 3a0e3MeueHHs BUCOKOT MPOJTYKTUBHOCTI 1
TOYHOCTI y peaibHOMY 4aci. AHaJli3 1MoKa3ye, 10 BUOIp aJIrOPUTMIB i porpam-
HHUX 3ac00iB 3HAYHO BIUIMBA€ HA IIBUJKICTH Ta €PEKTUBHICTH MPOIECY MOKpa-
LIEHHS T'PH, a TAKOX Ha 3/IaTHICTh CUCTEMH aJanTyBaTHCS A0 3MiH y rpi. B kiH-
LEBOMY IIJICYMKY, €()eKTHBHICTh PO3POOKHN 3aJIeKUTh Bl NMPAaBUIBLHO O0OpaHUX
METO/IiB MAIIMHHOTO HABYAaHHS Ta 3/[aTHOCTI pO3POOHUKA a1aNTyBaTH 1li METOIH
JI0 KOHKPETHOI I'pH Ta YMOB.
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YK 637.5.02

MNPOKJIAJJEHHA ABTOMOBIIBHUX MAPIHIPYTIB 3A
JOIIOMOI'OIO HEUPOHHUX MEPEXK

€ezen Hlepoax
JIsickoBebka Costomist €BreHiBHa, KaHIUJAaT TEXHIYHUX HAYK
HanionansHnii yHiBepcuret «JIbBiBchbka nmoJriTexnikay

3pocTatodi 00CsTH TPaHCIIOPTYBaHHS TOBapiB Ta AaCa)XUPIB BUMAraroTh ehexTHB-
HOTO Ta ONTHMAJIBHOTO IUTAHYBaHHS MapmpyTiB. Lle 0cobnmBoO akTyaabHO y MICBKHX Ce-
PEIOBHIAX, JIe 3aTOPH Ta IIEPEHACEIIEHICTh YacTO YCKIAIHIOIOTh PyX TPAHCIOPTY Ta 30i-
JBIIYIOTH Yac HOA0POKi. MeTo1oM po3B’si3aHHs Li€l IPoOIeMH OCTAIOTh Pi3HI HeHpOHHi
Mepe:Ki, 110 MOXKYTh NMPOKJIACTH MapiipyT. PoGoTta cnpsMoBaHa Ha 3HAXOPKCHHS Haii-
OlTpII e()eKTHBHUX Ta MIBHIKUX LUISXIB Y MICTi 32 JOTIOMOTOI0 HEHPOHHUX MepeK, 10
JIOTIOMO’KE 3MEHILINTHU 3aTOPH TA NOKPAILIUTH SKICTh )KUTTA MCIIKAHIIB.

Kiouosi ciioBa: MmapmpyTuzanis, HeHpOHHI MepeKi, Feo1aHi, MalTHHHE HaB-
YaHHS.

LAYING CAR ROUTES USING NEURAL NETWORKS

Yevhen Shcherbak
Liascovska S. Y., Candidate of Technical Sciences

Growing volumes of transportation of goods and passengers require effective and
optimal route planning. This is especially relevant in urban environments, where traffic jams
and overcrowding often complicate transport movement and increase travel time. Various
neural networks that can lay a route are a method for solving this problem. The work is
aimed at finding the most effective and fast to ways lay routes in the city using neural
networks, which will help reduce traffic jams and improve the quality of life of residents.

Keywords: routing, neural networks, geodata, machine learning.

Beryn:
VYpOanizarist Ta 3pocTaHHS TPAHCIIOPTHUX MOTOKIB OTPEOYIOTh epeKTu-
BHUX pillIeHb A1 HaBiramii. BukopucTaHHs IITY4YHOTO IHTENEKTY, 30KpeMa Hel-
POHHHX MEpEexX, JUIsl aHAITI3y TPaHCIIOPTHUX MEPEX Ta NOOYA0BH ONTHMATbHHUX
MapUIPyTiB 03BOJIsIE 3MEHIINTH HABAaHTAXKEHHS Ha JOPOTH, CKOPOTUTH 4ac y
JI0PO3i Ta 3HU3WUTH 3arajibHi BUTPATH MAIBHOTO.
MeToau q0CTiIAKeHHS:
- Cnioco6wu 360py reoganux — anani3 Bukopucranus GIS, OSM ta GPS
JUTS OTPUMaHHS TPOCTOPOBOI iH(popMariii.
- O6pobOka nanux — ¢GinbTpanis, KOHBepTaLis (opMarTiB Ta iHTETparis
reoslaHnx y opMaTt, 3py4YHHUH st HBHPOHHUX MEPEeX.
- MeToan MapmpyTH3aLii — OryIs TPaJULIiHHUX Ta Cy9acHUX METO/IB
(Dijkstra, A*, HelipoHHI Mepexi).
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- Buan HeipoHHIX Mepek — NOCHTiKeHHS e(peKTHBHOCTI HelpoMepexKe-
BHX IiIXOIB JJIs 3HAXOHKEHHS HAHKOPOTIIIHX IUIAXIB.

- IIpakTH4He 3aCTOCYBaHHS — TECTyBaHHS MOJeJIel Ha OCHOBI MiCBKO{
iHppacTpykTypu JIbBOBa.

OcHOBHI pe3yJbTaTH:

- IlpoBeneHo anHami3 mKepern s 300py TeoJaHuX Ta 00paHo iX JKe-

peo(0SMNX) st HoJanbIol podoTH.
o]
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Pucynok 1 — HakonmaeHi By37w, IUISIXH 1 BitHOCHHH Y 6a3i OSM

- HocnipkeHo MeToau o0poOKH JaHuX Ta Ge3rmocepeIHbO KOHBEPTOBAHO
kaptu micta JIbBiB Ta JIbBiBChKOT 00acTi y hopmat rpady.

Pucynox 2 — I'pad nopoxuboi Mepexi JIbBIBCbKOT 00acTi
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- OmycaHo KJIacH4YHI METOIM MapIIpyTHpH3allii Ta Cy4acHi BapiaHTH 3
BUKOPHCTaHHSIM HEHPOHHUX MEPEK.

- O6pano yotupu Mozem 1 nmogansiioi poboru: RNN, ISTM, GNN,
RL(3 BuKopHucTaHHSIM HEHPOHHOT MEpEIXi JUIs 3HAXOKEHHS! ONTUMAaJIbHUX CTpa-
Terii).

Buchnosok:

IlepeBipka MOWITBPHOCTI TPOKIANEHHS  MapIIpyTiB  HEHPOHHUMHU
MepeXaMH IO3BOJHTH IIOKa3aTH iX e(EeKTUBHICTH y pO3B’s3aHHI INPOOIEM
Mapmpytupusamnii. [1lo cnpusTiMe MomIyKy BiATIOBiAeH Ha Cy9acHi BUKIHKH y
ctepi TpaHCIOPTY, JOTICTHKH Ta TEOIPOCTOPOBOTO IUIAHYBAaHHS, CIPHUSIIOYN
e()eKTUBHILIOMY BUKOPHCTaHHI peCypcCiB, 3MEHIIIEHHIO TPAHCIIOPTHHX 3aTOPIB Ta
MOKPAIIEHHIO SKOCTI HUTTSA CYCIHiIbCTBA. [loamblii JOCTIIKSHHS CIPAMOBaHI
Ha ONTUMI3allil0 HEHPOHHHUX MEPEX, NMePEeBIPKyY iX AKOCTI Ta IX MOKpameHHs.
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Y]IK514.18

PO3POBKA PYKABUIII BIPTYAJIbHOI PEAJIBHOCTI JIJIAA
IHHOKPAIIIEHHA TOYHOCTI PYXIB 3 IHTET'PALIIEIO B
CEPEJOBUIIE UNREAL ENGINE 5

Maxcum Ilaeniw
JIsickoBcbka CoJiomiss €BreHiBHa, KaHAMIAT TEXHITHUX HAYK

B nam yac texsoorii BipTyansHoi peanbHocTi (VR) Ta 1onmoBHEHOT peasbHOCTI
(AR) HaOyBatoTh BCe OLIBIIOrO MONIMPEHHs, OAHAK icHyroui KoHTposepu VR maroTh
3Ha4HI OOMEXCHHS y Nepefadi TaKTHIBHUX BIAYYTTIB. Y pPOOOTI PO3IIISAETHCS MOX-
JIUBICTH CTBOPEHHS PYKABUII Ul BIpTyallbHOI pEaJbHOCTI, II0 O3BOJISIE KOPHUCTYBAaUYeBi
OTPHUMYBATH OUIBII PeaiCTUYHNI 3BOPOTHUIL 3B’ SI30K 3aBISKN BUKOPHCTAHHIO HOBHUX Me-
TOJIB TAKTHILHOI Bijgayi.

Kiwuosi ciioBa: BipTyanbHa peaibHICTh, JONOBHCHA PCAbHICTh, TAKTHIBHHUN
3BOPOTHUIT 3B’ 530K, CEHCOPHI PyKaBHIli, TAITHYHI TEXHOJOTII.

DEVELOPMENT OF A VIRTUAL REALITY GLOVE TO IMPROVE
MOVEMENT ACCURACY WITH INTEGRATION INTO THE UNREAL
ENGINE 5 ENVIRONMENT

Pavlish Maksym Andriyovych
Liascovska Solomiia Yevhenivna, Candidate of Technical Sciences

Virtual reality (VR) and augmented reality (AR) technologies are becoming
increasingly widespread in the modern world. However, existing VR controllers have
significant limitations in conveying tactile sensations. This paper explores the possibility
of creating a VR glove that allows users to receive a more realistic feedback experience by
implementing new haptic feedback methods.

Keywords: virtual reality, augmented reality, haptic feedback, sensor gloves,
haptic technologies.

Beryn 3naunnii po3Butok VR ta AR TexHOoNOTIH MPU3BOAUTH 0 HEOO-
X1THOCTI BIIOCKOHAJICHHS 3aCO01B B3a€MO/Ii1 KOPHCTYBaya 3 BipTyalbHUAM Cepeo-
BuieM. Tpaauuiiiai VR-koHTponepu MaioTh abo oOMexeHi, abo MOBHICTIO Bif-
CYTHI MOXJIMBOCTI IIepeaadl TaKTWIBHUX BiUYTTIB, 110 3HAYHO 3HM)KY€E PiBEHb
3aHypeHHs. BupimeHHsM wiel nmpobieMn MoxyTh ctatn VR-pykasuiii 3 po3mu-
PEHUM TaKTHIBHUM 3BOPOTHHUM 3B’SI3KOM.

Meta pocaimzkenHnsi: [IpoexTyBaHHS Ta aHaIi3 TEXHOJIOTIH CTBOPEHHS
VR-pyKkaBuili, sika T03BOJIHUTH IepeIaBaTH BiTUyTTSA (Pi3HIHOTO CYIIPOTHBY KOPH-
CTyBady 3a JIOMIOMOTOI0 CHCTEMH TpociB y cepenosumii Unreal Engine 5.
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Metoau gociaixKeHHs
- Anani3 icHyrounx VR-koHTponepiB Ta pykaBuis (Meta Quest, Valve
Index, Manus Quantum XR, HaptX Gloves G1);
- BukopuctaHHS CEHCOPHOI CHCTEMH (aKCelIepoOMETpH, TiIPOCKOIH) IS
BiJICTe)KECHHS PyXiB MAJIBI[iB;
- 3acTOCyBaHHS TaKTWJIGHOTO 3BOPOTHOTO 3B’SI3Ky depe3 BiOpamiliHi Ta
MEXaHI4Hi TIPUBOJIH;
- Po3po0ka aJiropuT™iB 1715 TOKpaIeHHsI TOYHOCT] PO3ITi3HaBaHHS KECTIB
y cepenosuiii Unreal Engine 5.
OcHOBHI pe3yabTaTn
- IIpoBeneno anaii3 icHyrounx VR-koHTposepiB Ta BU3HAYCHO iXHi mepe-
Bard i HEIOMIKH;
- 3anponoHOBaHO KOHIENi0 VR-pyKaBHIli 3 BIOCKOHAIEHOIO CHCTEMOIO
TPOCOBOTO 3B’53KY;
- OOrpyHTOBaHO JOIUTBHICTh BHUKOPHUCTAHHS MeEXaHi3My TPOCOBOTO
HATSTY 3aMiCTh CTAaHIAPTHUX AATYHKIB JUIA ITiABHUICHHS TOYHOCTI;
- Bu3HaueHO MOTEHIIHHI BUKINKH Yy BHPOOHMIITBI Ta peaiizamii JaHOi
TEXHOJIOTIi.
BucnoBku Po3pobka VR-pykaBulli 3 MOKpalleHUMH BIIYYTTSIMH CHPO-
TUBY MO>KE€ 3HaYHO MIIBUILUTH SIKICTh B3a€MO/Ii KOPUCTYBaya 3 BIpTyaJbHUM Ce-
penoBuieM. 3amporoOHOBaHA KOHICIINsl JO3BOJISIE 3MEHIIUTH BapTICTh MPH-
CTpoto, 30epiraroud HpU IBOMY BHCOKY TOuHIcT pobOotu. [lomampuii Jo-
CJIIJPKEHHS CIIPSIMOBaHI Ha ONTHUMI3allil0 KOHCTPYKIIT Ta TECTYBaHHS aJTOPUTMIB
posmizHaBaHHs xecTiB y cepenouiii Unreal Engine 5.



