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AHortamiss. Po3BuUTOK cydacHHMX [HPPOBUX TEXHOJOTIH Ta MPOrPAMHOTO
3a0e3MeUeHHs] I BIpTyaJbHOI Ta JOMOBHEHOI PEANbHOCTI TO3BOJIMB BUKOPHUCTOBYBATH
OOYHMCIIOBAIbHI TOTYXHOCTI KOMIT'FOTEPIB [JIs CTBOPEHHS OCBITHIX CHCTEM pI3HOIO
MpU3HAYCHHS. 3aBASKH I[bOMY CTAJI0 MOXKJIMBHM JEMOHCTPYBATH MPOIIECH, SKiI BAXKKO a00
HeOe3MeyHo BIATBOPIOBATM B YMOBax HaBYalbHUX ayauTopiid. OcoOJMBO BaXKJIMBUM
HaMpsSIMKOM CTajJ0 CTBOPEHHS HaBYAIBHUX TPEHAXKEPIB JIs MIATOTOBKUA IUBUIBHUX 1
BIICHKOBHX MJIOTIB, BOJI1iB aBTOTPAHCIIOPTY, MEIUYHOTO MepcoHaly,
BiliCHKOBOCITY>KOOBIIIB TOI110. BiZioBiIHE porpaMHe 3a0e31eueHHs 3a0e3MeuyBalio sIKICHY
HiAroTOBKY (haxiBIliB MPU 3HAYHO MEHIIHUX BUTpPATax. 3 MOSBOIO Ta MOMIUPEHHSIM HOBOTO
HANPSIMKY Cy4YacHOI TPOMHCIIOBOCTI, IOB'SI3aHOTO 3 PO3pPOOKOI0, BUPOOHHUIITBOM Ta
BUKOPUCTAHHSAM O€3MUIOTHHUX JIITaJbHUX aIrapariB, MOCTAJIO0 MUTAHHS SIKICHOI MiATOTOBKH
HiJI0TIB BIAMOBIIHOTO Kiacy. IlpeacTtaBieHa poOoTa MpeACTaBis€ OJUH 3 MOMKJIUBHUX
IiIXOMIB 70 BHUPINICHHS MUTaHHS CTBOPCHHS JOCTYITHOTO TPEeHakepa ISl IATOTOBKH
nijg0TiB 6€3MiI0THUKIB. Po3poOka HE0OXITHOTO TPOrpaMHOTro 3a0€3MeUYeHHS MPOX0ouiia B
HACTYIIHI e€Tanu: BU3HAUYEHHS KOHLEIIIIT MPOEKTY, CTBOPEHHSI TPUBUMIPHOTO KOHTEHTY Ta
OporpaMyBaHHS  HaBYalbHOTO  jJojgaTky.  OcCHOBHUMH  3aco0amMu  po3poOKHU
3aMpONOHOBAHOT0 ABTOPAMHU MPOEKTY CTAIX BUILHO PO3IMOBCIOIKYBaHI IPOTPaMHIi MMAKETH.
30kpeMa, JUisi CTBOPEHHS TPUBUMIPHOTO KOHTEHTY BHUKOPUCTOBYBaBca 3D-pemaktop
Blender, a cepenoBuiiiem, B SIKOMYy CTBOPIOBABCSI CaM HaBYAJIBHUIN TPEHAXKEP, CTaB PYIIIIM
Unreal Engine 5. Cepen mnmojansliuX HaMpPsSMKIB JOCTIDKCHHS Ta BIOCKOHAJICHHS
CTBOPEHOTO MPOTPAMHOTO MPOAYKTY aBTOpU BOAYAIOTH PO3POOKY CHCTEMU TECTYBAHHS
SKOCT1 TIPEJICTABIICHOTO TPEHaKepa, BAOCKOHAJIEHHS Horo (yHKIIIN, a TaKOXK aJanTarliio
TEXHOJIOT1i 0 MOXJIMBOCTI BUKOPHCTAHHS 3 CUCTEMOIO BIPTyaJIbHOI PEaIbHOCTI.

KiarouoBi ciioBa: TpeHaxkep, MiATOTOBKA MUIOTIB OE3MUIOTHHUKIB, MPOEKTYBAHHS
HAaBYATBHUX KOMIT'IOTEpHUX TpeHaxepiB, 3D-rpadika, 3D-pemakrop Blender, irposuii

pymriii, Unreal Engine
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BCTYII

AKTyaJIbHiCTb. Y Haml dYac TpPCHaXEpPW JUIsi HABYaHHS CTald aKTUBHO
BUKOPUCTOBYIOTHCS JIIKapsIMU, BIMCHKOBUMH, PATYBAJIbHUKaMH, BOJAISIMU Ta OaraTbMma
HIIMMHU (axiBISAMHU 13 PI3BHUX cPep KUTTEAISIIBHOCTI CyYaCHOTO CYCHUIbCTBA. 3aBISKU
CUMYJISITOPM-TpEHaxepaM (Creriaii3oBaHUM MOJENSM, SIKI IMITYIOTh poOOTYy ICHYIOUHX
a00 CTBOPIOBAHMX CHUCTEM) JIFOJM, SKi TPEHYIOTHCS, OTPUMYIOTH TaHi JUIsl TPUAHSITTS
pimens. Lle 103BosIE TECTYBAaTH Pi3HI CLIEHAPIi B3a€MO/I1i KOPUCTYBaya 13 CUCTEMOIO.

3arajoM KOMIT'IOTEPHI CHUMYJISIi MOXHa BHUKOPHUCTOBYBATH ISl HaJAIITyBaHHS
MPOJIYKTUBHOCTI 1 ONITUMI13aI11i MPOIIECIB, MiABUIICHHS 0€3MEKH, TCOPETUUHOI0 TECTYyBaHHSI,
HaBYaHHS TIEPCOHATY TOIIO. TakoX TaKi CHUCTEMHU JO03BOJIAIOTH (HaxiBISIM OTPUMATH
ySIBJICHHS TIPO BILUIMB Pi3HUX (AKTOPIB MPHU BiAMPAIIOBAHHI MIEBHUX JTIH.

CuMyISIIIii TaKOX MOKYTh OYTH BUKOPUCTaHI, KOJU (DAKTUYHA CHCTEMa HEJIOCTYITHA
a00 3aHaaTO HeOe3meuHa IS OIIHKH, a00 KOJIM CHCTEMAa BCE II€ 3HAXOJUTHCA Ha CTasll
IPOEKTYBAHHS YU TEOPIi.

Kimrouem no Oynp-axoi cumynsimii € iHdopmallis, sSKa BUKOPUCTOBYETHCS IS
noOy10BY iMiTaIiifHOT Moiesi. BoHa MOXe yIOCKOHAIIOBATUCS HA OCHOBI HOBUX JaHUX,
SKI BHSIBIISIFOTBCS TIPW TEperisii HaBUYaJbHUX IPOTOKOJIIB a00 BUBUYCHHS JIOCATHEHBb
HAyKOBOI JYMKH.

JIOCUTh IOMIMPEHUMU € TaKl BUIU CUMYJISIIII.

1.Mooenosanus ouckpemuoi nooii

MopemntoBaHHs cucTeMH B Mipy il IpOCYBaHHS B Yaci: 3aBOJICHKI omepallii (TokapHa
o0poOka, mraMiyBaHHs, (pe3epyBaHHs); aHATI3 TpadiKy (4epru, TOPOTH, MEPEXKI).

2. Junamiune mooentosamnHs

MopentoBaHHsI CUCTEMH TiJ dYac il pyXy B MPOCTOpi: KiHEMaTHKa MAIIWHU;
€proHOMIKa JIFOANHH; aepOAUHAMIYH1 BUTIPOOYBaHHS, BIpTyabHE MPOTOTUITYBaHHS.

3. Mooenrosarnns npoyecy

MogaentoBanHss (I3UYHUX B3a€EMOJAIA MDK JBoMa abo0 OuIbllle CHCTEMaMHM:
MOJICTIOBAHHS MPOAYKTY B MPOIIECI €KCIUTyaTallli; BHyTPIIIHLOBUPOOHUYE MOJICIIFOBAHHS

BUPOOIB; MPOrHO3 MOTO/IH.



AKTHBHO BHKOPHUCYTOBYIOTHCS TPEHAXKEPU-CUMYJISITOPU 1 MPU HABYAHHI NUIOTIB,
30KpeMa 1 NUIOTIB APOHIB.

AHaJIi3 OCTaHHIX [JoCHiKeHb 1 myOgaikanid. BukopucTtaHHs mTpPOrpamMHOTO
3a0€3MeUYeHHs] B HaBYAJIbHUX LUIAX (PaKTUYHO BiIOyBajocs MapajeibHO 3 PO3BUTKOM
OoOYHUCIIOBAIBHOT TEXHIKM Ta MporpecoM y cdepi xomm'torepHoi rpadiku. 3HaYHUN
MOIITOBX Y CTBOPEHHI KOMM'TOTEPHUX TPEHAXEPIB OTPUMAB 3aBISIKH CTBOPECHHIO
MikporporecopiB. Ha iX OCHOBI akTHBHO CTBOPIOBAIHCS TPEHAKEPU IS IMiATOTOBKU
ninoTiB diTakiB. Tak, y 1986 p. Cwmit [1. ananizye cyyacHi Teopii, JOCIIPKEHHS Ta TPAKTUKY
BUKOPUCTaHHS HaBYaJbHUX TpeHaxepiB. [8]. Cepen BiICbKOBHX 0COOIMBOI MOMYJISIPHOCTI
HaOyJIM MpOTrpaMU-CUMYIISATOPH, 30kpema rpymna aBtopiB [xonc P. M., Jlepn k. E.,
Hinscen II. E., Kyntep K. JIxk., Kenni Il. Ta Kocc ®. B. omnucyroTs BUKOpUCTaHHSA
inTenekTyanpHoro komiuiekcy TACAIR-SOAR [4]. Takox B aBiamii uisl MiArOTOBKH
MIJIOTIB  JIITAJIBHUX —arapaTiB  aKTUBHO 3aCTOCOBYBAJM  CIICI[iaIi30BaHE MPOTPAMHE
3a0e3MnedeHH sl Ta CIeliajJbHO CTBOPEH1 HaBYallbHI KoMIuiekcH. 3okpema, Gu, H., Wu, D.,
Liu, H. poskpuBaioThb 0COOJUBOCTI CTBOPEHHS HEIOPOroro apiaCUMyJsATOpa ISt
3a/I0BOJICHHS TIOTpeO aBlakoMIaHii y HaB4YaHHI NUIOTIB. [3], y Toi vac sk [Hlammuaxapa, b.
I1., Yanapacekapan, P., bxaris, fI., Marem, I'., bimemxkymap, K., Kymap, X. B.
30CcepeIICA Ha OMHUCI KOHIEMIii cumynaropa OoioBux wmicii (FMS) nmns minmotiB
BUHHIIYBaviB [7].

BinmoBigHe mnporpamHe 3a0e3leueHHS TaKoK € BaXJIUBUM JUISI IJATOTOBKH
npodeciiiHuX BOAIIB aBTOMOOLIFHOTO TPAHCIOPTY. 30KpeMa, I TeMi MPUCBITHIA CBOi
mparii Taki BucHi: Bmaksensa B.II. [9], e Bintep, k., Ban Jlesen, I1. M., Xammi, P. [2],
Cetpen, I'. b., bipkenana, T. ®., [lenepcen, I1. A., Jlinareiim, K., Ckorcran, M. P. [6].

CporojiHi 3HaYHOT NOMYJISIPHOCTI HAOYIIH JTiTar04i IPOHU pi3HUX HopM-hakTopiB (BiA
JiTaKiB, MOOYJOBAHUX 32 KIIACHYHUMU a€POJUHAMIYHUMHU CXEMaMH, IO KOMTEPIB Pi3HOTO
dopmaty). B pe3ynbTaTi mocraia mpobieMa MaKCUMaITbHO €(DEKTUBHOT IMITOTOBKH ITUTOTIB
JAHOTO THITY JIITAJIBHUX amaparis.

3okpema, Albeaino, G., Eiris, R., Gheisari, M., Issa, R.R. 1ocmiixyr0Th MOKIUBOCTI
cumyssitopa DronSim, cTBOPEHOro Ha OCHOBI TEXHOJIOTIH BIpTyasbHOI peaibHOCTI. [1].

I'pyma nmocmiguukiB Pibeitpo, P., Pamoc, JIx., Cadaninwo, [I., Peiic, A., Pabagao, K.,



Bappo3sy, JIx., Ilepeiipa, A. 3anpononyBanu 0aratoruiatdpopmue xmapHe pimeHHss Web AR
JUTSL HABYAaHHS IMUJIOTIB Oe3MiIoTHHKA [5].

TakuM dYWHOM, KOHCTATyeEMO, IO KOPOTKHH aHaldi3 HAYKOBUX JOCIIIKCHB,
OB’ I3aHMUX 31 CTBOPEHHSAM Ta BUKOPUCTAHHSIM HaBYAIBHUX TPCHAKEPIB Y PI3HUX TaTy3sX,
CBITYUTH MPO aKTyaJIbHICTh OOPAHOT TEMH JOCIIIIKEHHS.

VY mporneci aHanmizy HayKOBOI JIITEpaTypu Ta BIIKPUTHX Jpkepen iHdopmarlii, 1o
CTOCYIOTBCSI BUKOPUCTaHHS TPCHAXKEPIB, BUBHAUYECHO METY HAYKOBOTO MOPEKTY: CTBOPEHHS
3py4YHOrO TpEHa)Kepa 3 BUCOKUM PIBHEM JeTali3allii IJisl MiArOTOBKHU MUIOTIB O€3MITOTHUX
JTaJIbHUX anaparis.

Cepen OCHOBHUX 3aBJlaHb BapTO BUAUINTHU TaKI:

1. ChopmyntoBatu 6a30B1 BUMOTH 10 POEKTY.

2. Omnmcatu mporpamHe 3abe3reueHHs, HeOoOXiTHe I peaizallii HaBYaJIbHOTO
CUMYJISITOpA.

3. Po3kpuTH OCHOBHI e€Tamu PO3POOKH TpeHakepa sl NMpodeciifHOl MiArOTOBKH
MiJIOTIB JPOHIB.

TakumM yuHOM, 00’€KTOM JOCHIIDKEHHS € TporpaMHe 3a0e3neueHHs I
MOJIEJIIOBaHHS TMOJBOTY JITAIBHUX arapaTiB, a MpeaMeToOM — HaBUaJbHUN TpEeHaXKep AJis
[MATOTOBKH MUIOTIB OE€3MUIOTHHUKA.

Jlns  peamizarii moctaBiieHOI MeTH OyiIu BHUKOPHUCTAaHI 3arajJibHOHayKoBi Ta
TeopeTHYHi MeToau: aHami3 iH(opMallii, OTpUMaHOi 3 BIAKPUTHUX HAYKOBUX JDKEpEN Ta
JTEpaTypu MO0 CTBOPEHHS Ta BUKOPHCTAHHS HABUAJbHUX IMPOTPAMHUX TPEHAKEPIB;
MOPIBHSHHS PE3yJIbTAaTIB Ta y3araJlbHEHHs NOCBiAy (axiBIiB 3 JaHOI TEMHU; CHUHTE3;

MOACIIOBAHHA HaBYaJIbHUX CHTyaHiﬁ.



PO3II1JI 1. AHAJII3 BUMOI ITIPOEKTY TA OIINC ITPOT'PAMHOI'O
3ABE3INEYEHHSA, HEOBXIITHOT'O J1JIS1 PO3POBKM.

1.1. OcHOBHI BUMOI'H 10 IPOEKTY

HaBuanpHi TEpHAXKEPH-CUMYJISATOPH € CKJIAJHUMH CHUCTEMaMH, SKi BHMAararoTh
BUBIPEHHX IIJAXOJIB JI0 NPOEKTYBaHHS Ta pPO3POOKH HEOOXITHOrO MPOrpaMHOTo
3a0e3nedenHs. [Ipu po3poO1l TAKKX pillIeHb BaXKIMBO YITKO BUPILIUTHU PSAJl MUTAHb:

e BusHauuTHCS i3 3aBJJaHHSMH, SIKi TOBUHECH BUPIIIyBaTH TpeHaxkep. Lle Moxe OyTn
CyTO HaBYaHHS (Tiepeaava 3HaHb, YMiHb, HABUYOK), a MOXKe OyTH KOHTPOJIb HAJ[ IOCB1IOM
Ta YIOCKOHAJICHHS HAaBUYOK (haxiBIIs.

e CpoeKTyBaTH apXiTEKTYPy 3aCTOCYHKY CUMYJIATOPA.

e JlociimuTu yMiHHS Ta HaBUYKH, SIKi ()OPMYBAaTHME CTBOPIOBAHWN HaBYAIbHHM
CUMYJISITOP.

e Po3pobutu nuzaiin iHTepdelicy. [HTepdeiic moBuHEH OyTH HE TpaWIMBUM, a
HAOJIMYKEHUM JI0 PEaIbHOrO CepEeIOBUIIA.

® ANTopuTMi3yBaTH BC1 MPOIECH: 1 TEXHOJOTIYHI, 1 IHTEJIEKTyajbHi, 1 HaBITh
€MOIIIIiHI.

e 3a0e3neure HE3aJNEKHICTh BiJl IUIATPOPMHU Ta MPAIIONTE HA PI3HUX MPUCTPOSIX.

Chnuparoyuch Ha 1i TMYHKTH OIKIIEMO KOPOTKO BHUMOTH JO CTBOPIOBAHOTO
IPOrpaMHOTO NPOAYKTY. OCKIIbKYA CTBOPEHHS JIITAIOUUX JPOHIB (JIITal04i anapaTti akTUBHO
BUKOPUCTOBYIOTHCA TIpH JIKBijamii HaA3BUYAWHUX CHUTYaIlil, BINCHKOBIM CIpaBi,
TPAHCTIOPTYBaHHI TOIIO) € OJHHWM 13 OCHOBHUX TPEHIIB Cy4YacHOCTI, TO mpodeciiiHa
MiATOTOBKA MUTOTIB TAKUX alapariB € BAXKJIUBUM HAMPIMOM MPOQECiiHOT OCBITH.

Tpenaxep mae 3abe3neuntu QopMyBaHHS HABUYOK MUIOTYBaHHS IEBHOT'O BUIY
npony. Ha mowaTkoBOMy eTami TMPOEKTy Take HaBYaHHS  CTOCYBATHMETHCS
HAUTIOMY IS PHIIIOT MOIeNi 0€3MUIOTHOTO JIITATBHOTO anapaTa — KBaApOKOITepa.

[Ilo6 rapanTyBaTH, MmO MUIOT Halyae HEOOXiaHI 3HAHHS HEOOXITHO 3aBYACHO
chopmyBatu HaOlp 3aBJaHb, Kl BUKOHYBATHU JIOJAUHU IPU poOOTI Ha TpeHaxepi. [Jo Takux
BIIPaB BapTO BIJHECTH Taki: 37IT OE3MUIOTHHKA;, MEPEMINICHHS JIpOHA Bropy-BHHU3;

MepeMILleHHs] IpoHa BOIK; epeMIILIeHHS IpOHa BIEpe]] 1 Ha3al; mepeMillleHHs o cepii KiJ;



LIJIbOBA MpaKTHKA; Mocaaka Oe3minoTHUKa. KepyBaHHS ApoHOM Mae BiAOyBaTHCS yepes
KoHTpoJiep. Po3kpuemo BpaBu meTaibHIIIE.

3nim 6e3ninomnuka. lle mepmuii Kpok, SKUW TOBUHEH HABUYUTHUCS OyAb-IKUN
MaiOyTHIN MiTOT 0€3MUIOTHUKA. 3a AOMOMOT0K0 KOHTPOJIEPA MUIOT MOBUHEH MITHATU JPOH
HaJ| 3eMJIEIO.

llepemiwenns Opona 62opy i 6Hu3. BUKOPUCTOBYIOYM KOHTpOJIEp, MUIOT Mae
HABYUTHUCS KOHTPOJIIOBATH PIBEHB JIPOHA HAJT BicCiO Z.

Ilepemiwenns Opona 61i60-6npaso. BUKOPUCTOBYIOUN KOHTpPOJIEP, MIJIOT TOBUHEH
HABYUTHUCS TIEPEMIIITyBaTH JPOH TI0 TOPU3OHTAJI 811860-8Npaso.

Pyx enepeo i nazad. BUKOPHCTOBYIOUH KOHTPOJIEP, MUTOT TOBHHEH HAaBUMUTHUCS
nepeMillyBaTy ApOoH MO TOPU30HTAIIl BIIepeT 1 Ha3a/l.

llepemiwyenns no cepii’ kin. BUKOPUCTOBYIOUM BCl1 MOMEPEIHI MPUHUOMH, MIIOT
MOBUHCH 3MYCHTH OC3IUJIOTHUK CJIITyBAaTH 3a IICBHUM MapIIPYTOM, YHUKAFOUH ITEPEIITKO/IH.
MapmipyT 3a4a€ThCS CEPIEIO KIJI.

BukonanHst MaliOyTHIM MUIOTOM YCiX 3aBJaHb TapaHTye MIBUIKUHN 1 JIETKUM TIEpexia
BiJl KEpyBaHHS JIPOHOM Yy TpPEHaXXepl CUMYJATOPl JO KEPYBaHHS JIPOHOM Y peaslbHii
cUTyartii.

1.2. Orasja 0CHOBHHMX iHCTPYMEHTIB PO3pO0KH

3arasoM CTBOPCHHS HaBYAJIBHUX TPEHAXEpPIB — Il¢ OaraTorpaHHUN 1 CKIaIHUN
npoliec, SIKUi CKIagaeThes 3 0araThox etamiB. KokeH 3 HUX BUMAarae J1eTajdbHOTO OMUCY.
OpnHak HaWBKIMBIITUMU €TallaMU € CTBOPEHHS Bi3yallbHOTO KOHTEHTY Ta MPOrpamMyBaHHs
JIOTIKM HaBYAIBHOTO TpeHaxkepa. ToMy MU 30cepeauMocs caMe Ha IMX eTarax MpoIecy
PO3pOOKHU.

Croyarky OMNMIIEMO TpOrpaMHE 3a0€3MEeUCHHS, SKE BUKOPUCTOBYBAJIOCS IS
po3pobku. OcHOBHUM peaakTopoM 3D-rpadikul st CTBOPEHHS MPOCTOPOBUX BIPTYaATbHUX
3D-moneneii 6yB Blender.

Blender 3D 6yB po3po06iieHuii sik poOo4Hii iIHCTPYMEHT TOJIIaHACHKOIO aHIMAIIHHOIO
cryaiero NeoGeo. Y uepBHi 1998 poky tBopenb Blender, Ton Po3ennan, 3acHyBaB Not a
Number mis mojganemioro po3BuTky Ta miarpumku Blender. 18 numus 2002 poky

po3royanacsi nmporpama 300py CIIOHCOPCHKHMX IMOXEPTBYBAHb JJIsI TOKPUTTS HEOOX1THOT



cymu. Bxxe 7 BepecHst 2002 poky Oys10 OrojoimieHo npo Te, o HeoOXiIHy cyMy 310paHo, 1
HalOMM)KYUM 4YacoM IUIAHYEThCSA NEPEBECTH BUXIAHMHA KoJ 1 cam Blender min mineHsito
GPL. 13 xoBtHs 2002 poky ¢ona Blender Foundation BumycTtuB npoaykr mia JieH31€r0
GNU GPL. Hapasi Blender € npoekToM 3 BIAKPUTUM BUXITHUM KOJIOM 1 PO3POOIISIETHCS 32
aktuBHOI minTpuMku Blender Foundation. Buxoasuu 3 natu crBopeHHs nepmux (aiimis
BUXIJTHOTO KOAy, 2 cius 1994 poky BBaxkaeThcs nHeM HapomkeHHs Blender. ¥V 2023 poi
brnennepy BunoBHmiocs 29 pokis.

Blender € 6e3komToBHUM MporpaMHUM 3a0€3MCUSHHSIM, Ha BiIMIiHY Bix iHIUX 3D-
cepenoBunl. Ll mnporpama Mae MOXJIMBICTh CTBOPIOBATH TPHUBUMIPHI MOJENl Ta
poTrpamMyBaTH CKPUIITH Ha MOBi iporpamyBaHHs Python, i, mpu 11boMy, OTprMYBaTH JiiiCHO
AKicHI pe3ynbratu. Blender — 1ie mporpama st CTBOpEHHS Ta pefaryBaHHS TPUBUMIPHOI
rpadiku, Bizyanizailii, aHimMalii, CTBOpeHHs KOMII IOTEPHHUX IrOp 1 HABITh CKYJBIITUHTY.

OcnoBHi ¢yHK1ii nporpamu Blender:

3D mooemosanns. Blender MicTuTh BCi ICHYIOUYlI 3aco0M ISl CTBOPEHHS 1
penaryBaHHs TPUBHMIPHUX Mojenedl (CTBOpeHHS O0O0’€KTIB Ha OCHOBI TNPHUMITHUBIB,
OaratokytHukiB, kpuBux NURBS, kpuBux be3’e, mertachep, BUKOHAHHS JIOTTUHHX
orepalid Ha MpocTOpoBUMHU 00’ e€kTamu TolO). [Iporpama mponoHye BENIMKY KUIBKICTh
pi3HUX MOIU(IKATOPIB I YAOCKOHAJICHHS MOJICIICH.

Animayisa. Y po3nopsKeHHI KOPUCTYBava MPUCYTHI TaKl IHCTPYMEHTH, SIK TaKeJIax
(ckenmeTHa aHiMaIllis), IHBEpCHa KiHeMaTHKa, jaedopmallis CiTKH, OOMEXKEHHsS, aHIMallis
KIFOUOBUX KaJpiB, pelaryBaHHs Bar BepIIWH Tomlo. PeanizoBaHa AuHAMiKa TBEpPAHUX 1
M'SIKHX T1JI, @ TAKOK aHIMAaIlisl YaCTHHOK.

Habopu mexcmyp i wetioepis. IIporpama 103B0JIsI€ 3aCTOCOBYBATH JEKUTbKA TEKCTYP
70 OJIHOTO 00’€KTa Ta OCHAIlleHa 0araThMa IHCTPYMEHTaMHU TEKCTYpPYBaHHsI, BKIIOYAIOUU
iHCTpyMeHTH aiis ctBopenst UV-kapt. Blender MicTUTB sSIKiCHI IHCTpYMEHTH HACTPOIOBAHHUX
meiepiB, M0 TOAAIOTh THYYKOCTI B POOOTI 3 MaTepiaiaMHu.

Taxum unaoMm Blender € noctymaum i BogHOYac podeciitHuM nmporpaMHuM 3ac000M
JUIsL CTBOPEHHS Ta aHIMalliil TpUBUMIPHOrO rpadiuHOro KOHTEHTY MJid TpEHa)Kkepa-

CUMYJISITOpA HABYaHHS MUIOTIB IPOHIB.



Po3po0Oka HaBYaIbHOTO CUMYJISITOPA MPOBOAMIIACA 3 BAKOPUCTAHHSM IFPOBOIO PYIIIis
Unreal Engine 5, sikuii TakoX € MporpaMHUM 3a0€3MEeUEHHSAM, 10 BUIbHO MOIUIMPIOETHCS.
Bono go3Bonsie iHTerpyBatM Bech rpadIyHUIl KOHTEHT, cTBopeHud Yy Blender,
3amporpaMmyBaTH B3a€eMOJIT MIDK OO0’€KTaMH Yy BIPTyaJbHOMY CBITi, CTBOPIOBATU
BHUCOKOpEAJIICTUYHE Ta JUHAMIYHE Bi3yalbHE MPEACTABICHHS Ta MPOrpaMyBaTd JIOTIKY
I'POBOTO CUMYJISITOPA.

BuxopucroBytoun 6a30Bi iHcTpymMeHTH Ta Moaudikatopu Blender Ta Unreal Engine
5 Oyno CTBOPEHO OCHOBHY CLEHY IpoekTy. Penbed po3pobieHo 3a A0MOMOroro
iHcTpymeHTy «Ileiizax» 3a momomororw Unreal Engine 5, a iHmi 06’€kTH, Taki K JPOH,
napkaH, (oHTaH, TpaBa Ta OyAMHOK, OYyJIM CTBOPEHI 3a JOMOMOTrOI0 MOJIrOHAIBHOTO

MozeroBandsa B Blender.



I'TABA 2. ITPOIEC CTBOPEHHA TPEHAXKEPA-CUMYJIATOPA.

2.1. CtBopeHHs rpaivHOr0 KOHTEHTY AJIsl TPEHAKepa CUMYJIATOPA.

CtBOpeHHs MOJeJi BapTO pO3MOYaTH 3 €CKI3yBaHHA OCHOBHUX KOMIIOHEHTIB
TPUBUMIPHOI clieHH. Po30epemMo BakIIMB1 KPOKU Ha MPUKJIIA1 TPUBUMIPHOT MOJIEN1 JpOHA-
KBaJ[pOKaonTepa

PosmictuBmm ky6 y moTpiOHOMY MICITl, 3aBaHTaXXKY€EMO (paiti JBOBUMIPHUX €CKi31B
npoHa B Blender 1t Toro po3ymiTu eTanu MOICITFOBaHHS.

1. Cmeopenns 6a3060i popmu mooeni

3a pgomomoroto 0a30BuUX (opM (GOpMyeEMO KIIFOUOBI JJISI COPUMHSTTS €JIEMEHTHU
ugpoBoi Mojenl apoHy. CrnoyaTky BUKOPUCTOBYEMO HM3bKHMM piBeHb Aetamizaiii. Jlami
NOCTYIOBO 30UIBIITYBaNIN AeTalizalito. TyT 10pedHo 3aCTOCOBYBATH pi3HI MOAMGIKATOPH,
SIKi JIO3BOJISIOTh ABTOMATHU3YBAaTH Ta TMPUCKOPUTH (OPMYBAHHS 30BHIITHBOTO BHIJISIY
npoHy. 3o0kpema TakuM Moaudikatopom € Subdevision Surface, sikuii 103BoJIsI€ 30UTBIIUTH
KUIBKICTh MOJIITOHIB 1 HE CTIOTBOPIOBATU caMy MOJIITOHAIBHY CITKY.

2. Cmeopenus mamepianie i mekKcmypy8arHs MoOeJi

Peanictuuny Mozenb ApoHa HE MOXHA CTBOPHUTH, CIHUPAIOYUCh CYTO Ha IU(GPOBY
MOJIITOHATIBHY CTPYKTYpY. s sKicHOi Bizyasizaliii HEoOXiTHO PO3POOUTH MaKCHMAIbHO
HAOIMKEH1 JI0 peabHOCTI MaTepianu Ta TeKCcTypH. Lle mo3Boiise nepenaBaTi BCi CKIIAIHI
€JIEMEHTH MOBEPXHI 0€3 CTBOPECHHS J0/1aTKOBOT T€OMETpii Ha, BJIACHE, caMiil TOBEPXHI.

Jlnst  sKiCHOTO HakJaJaHHS TEKCTYpOBAaHUX 300paKeHb BAXJIMBUM € TaKOX
ctBopeHHss UV — posroptok. Takmii miaxim 3a0e3nedye TOYHE MO3WIIOHYBAHHS BIIacHE
caMUuX TEeKCTYp Ha MMOBEPXHI, a TAKOXK CIEI1aJI30BaHUX KapT HEPIBHOCTEH, HOpMaJIei, OJIiKiB
TOLO.

3. Auimayis nepconasica

AHimartis 06’ekta He € 000B’I3KOBHUM KPOKOM JIJIsI CTATUIHUX MOJEJCH 1 CIICH, aje
st irop 1 (GiIBMIB 1€ BaXXJIWBO. Y HAIIOMY BHWIIQJKy aHiMallis Oylia CTBOpeHa 3a
nomnomororo Blueprints B8 Unreal Engine 5.

4. Excnopm mooeneti 'y ¢opmamu, 3pyuHi 0N GUKOPUCMAHHA Y  PYulii

Unreal Engine 5.



Excrnopt € pye BaXXJIMBUM KpOKOM Y mipotieci ctBopeHHst 3D-moaeni. 3a3puyaii 3D-
XYJOKHUKH BHKOPHUCTOBYIOTH BEJIMYE3HY KUIBKICTH HPOrPaMHOro 3a0€3MEeYeHHs, IO
CHelaNi3yeTbCsl Ha OJHIA KOHKpeTHIH pedl. Mojgenb noTpiOHO 00’e€nHath, 30eperta
aHiMalio Ta BUOpaTu npaBuibHUN QopMmat excriopty. Lle, pakTHuHO, OCHOBHI KpOKU IS
EKCIIOPTY MojieNiel y Oyab-sKe 1HIIE Bi3yaJbHE MPOrpaMHe 3a0e3MeyeHHs.

Ha pucynky 1 npencraBieHi Bizyanii3alii OCHOBHUX TPUBUMIPDHUX MOJENEH IJis

TpeHakepa-CUMYJISTOPA.

Puc. 1. OnrumizoBHa irpoBa mozens 3D Moaesi
a —Mogensb npona, 6 — Moaens napkany, B — Mojenb GpoHTaHy



2.2. Orasapa pyHkuioHaabHUX MoxuBocTeit UES

HapuansHuii cumynstop OyB ctBopenuil 3 BukopuctanHsm Unreal Engine 5, C++
BUKOPUCTOBYBAaBCA SK MOBHM IPOrpaMyBaHHsS JUJIi NpPOrpaMyBaHHS BCIX (DYHKIIN
cumynsaitopa 3araiom, a Blueprints Unreal Engine BukopucTOBYBajucs Ajid peanizamii
KEpyBaHHS CAMUM JPOHOM.

MopentoBaHHsI KEpPYBaHHS JIPOHOM CTajl0 MOXJIMBUM 3aBISKH BHKOPHUCTAHHIO
cuctemu cytHocTi koMmnoHeHTiB Unreal Engine. B Unreal Engine icHye 4 ocHOBHUX KJacu
(puc. 2): «00’€KT», «aKTOp», «IIMIaKy», «IepcoHax». OQHEe ycrnagkoBye IHIIE. Y MOBHUIM
«IIEPCOHAX» BOJOJIE «IIIIAKOM», SKUH TaKOXK € «AKTOpOM», SIKUM Yy TOM ke dYac €
«00'eKTOM». YMOBHE «KEpPYBAaHHSA» — II€ INPOLEC, KOJIU NEPCOHAXK Oepe KOHTPOJIb Haj
«MIIaKoM». Y CUMYJSTOP1 NPUCYTHI TPU OCHOBHUX KJIACH, PEXKUM TPH — «CUMYJIALISY,

MEPCOHAXK — IO 1 MIMIAK — «JIPOH.

Puc 2. Cuctema knaciB Unreal Engine 5
a — C++ kiacu, 0 — Blueprint knacu
Onuiemo 6a30Bi KJIacH JIJisi CTBOPIOBaHOTO TpeHaxepa-cumysitopa. HUD Class —

iHTepdeiic, skuit Oyne mnepersigaTucs mia vac cumyisnii. Knmac  «mimaka»  3a



3aMOBUYYBaHHSM — NEPCOHAXK, SIKUM Oy/e MOPOKEHUHN y BIpTyalbHOMY CBITI, Y BUIAJIKY
cumyisnii e minor. Kimac koHTposiepa TpaBili — BHU3HAUYae, SKAW Kac KOHTpoJiepa
BUKOPHUCTOBYBATUMETHCS JUIsI CUMYJIAII1 BBEJICHHS B TPi.

Knac nepconaxxa — IIinoT, neit knac mae QyHKIIi 11 IepecyBaHHSA, BUKOPUCTAHHS
npeaMeTIBTa KepyBaHHs JpoHOM. Kitac 3arojoBka BHU3Hauae BC1 KOMIOHEHTH Ta (PYHKIIII,
aki Mae kiac cumBoidiB. Kommonentamm kimacy cumBoiiB €: UCharacterController,
UMeshComponent, USpringArmComponent, UCameraComponent. Bonu
BUKOPUCTOBYIOTHCS ISl TIEPEMIIICHHS TIEpCOHAa)a, OA4YeHHS TMEepCOHaka Ta HASBHOCTI
KaMepH, sKa CTeXKHUTh 3a MnepcoHaxxeM. DyHkuii kimacy nepcoHaxiB: MoveForward,
MoveRight, TurnAtRate, LookUpAtRate, TraceUnderCrosshairs, FireWeapon,
ToggleDrone. BoHU KOHTPOJIIOIOTH PyX IMEpCOHa)ka, BUKOPHCTAHHS TPEIMETIB 1 30poi,
BOJIOJIIHHS JipoHOM. BrnactuBocTi kiacy cumBoiiB: AGun, ADrone, isOnDrone. Bonu
J03BOJISIOTh TIEPCOHAXY TOCHJIATHCS Ha TPEIMETH Ta JAPOHH, IS apXiTeKTypa JI03BOJISE
NEPCOHAXY TMOCHUTIATUCS Ha OyAb-SIKUW Kiac, SIKM € JIPOHOM, IO O3HAdae€, 1[0 BIiH HE
NPUB’sI3aHUN IO OJJHOTO KOHKPETHOTO KJIacy.

Knac «mimak» MicTuTh GYHKIID Ui [epecyBaHHS, NEpEeMHUKaHHS KaMepu Ta
3axorjieHHs npeaMeTiB. Kiac 3arojioBka BU3Hauae BCl KOMIIOHEHTH Ta (YHKIII, SKi Mae
kiac mimaka. Komnonentu knacy mimaka: UFloatingPawnMovement, UMeshComponent,
USceneCameraComponent. BoHM BHUKOPUCTOBYIOTBCA [UJIsi IMITallii pyXy [ApoHa,
MaJIIOBaHHS TiHI JIpOHA Ta BiOOPaKEHHS JIBOX MOKJIMBHX BHJIB JPOHA: OJIUH 13 3aJIHBOT
YaCTHHHM JIPOHA, a IHIIUHN i€ AK iMmiTaris kamepu apoHa. dynkiii Drone Class: MoveRight,
MoveForward, MoveUp, SwitchView, DisableDrone BUKOPHCTOBYIOTBCS ISl TOTO, IIO0
OE3MUIOTHUK MIT PyXaTHCsS B YCIX HalpsiMKaxX, MIT MEPEKII0YaTH OIS 3 MEPIIoi KaMepu
Ha JPYTY, a TAKOXK 1100 BUMKHYTH JIPOH, 100 MOBEPHYTUCS IO KEPYBAHHS MIITOTOM.

2.3. Mone/IloBaHHS MOJILOTY IPOHA Ta OIiHKA pe3yJbTaTiB

Cumymsniss  TONBOTY JPOHAa  BHUKOHYETHCA 32  JOMOMOTOI0  KOMIIOHEHTA
UFloatingPawnMovement, sikuii € BOygoBaaum kommoneHToMm Unreal Engine 5, Bin Mae
GyHKIII1 171 pyXy Ta 3MiHHI (Ta0a. 1) st KepyBaHHS CUMYIISILIEIO PYXY.

Knac C++, sikuii € OaTbKIBCBKUM JJIsI IPOHA, BUKOPUCTOBYE B OCHOBHOMY LI

KOMIIOHEHT  JJisi  IMiTamii  modboTy. BiH  Takox  3MiHIOe  0a30BI  3MIHHI



UFloatingPawnMovement HactynHuM umHOM: Acceleration Bctanosieno Ha 2000.0f,

Deceleration BctanoBneno Ha 500.0f, Turning boost na 1.0f, MaxSpeed na 300.0f. Ile

J03BOJIIE BIATBOPUTH T€, SK JPOH Yy pPEAJIbHOMY >KUTTI MOBOJAUTHCS B MOBITpL. Y

po3pobiieHOMY Kj1aci MOBOKO CH++ TakoXk € 3MIHH1 JJIsI: IMITallil IBUAKOCTI BITPY, IO MOXKE

CHOBUIBHUTH 4M 30UIBIIUTH IIBUJAKICTH KEPYBaHHS JIPOHOM; MAacu JpOHA, sKa BKa3ye Ha

Bary JipoHa, 110 Takox 3MiHoe Bci BOyaoBaHi 3MiHH1 UFloatingPawnMovement BimoBiIHO

0 TOTO, HACKUIBKM BaXXKUM 4YHM JIETKMM € JpoH. TepmiH ciyOu Oatapei, nonae

MOJIENIIOBaHHS poOOTH Oarapei B OE3MUIOTHUK, KOJIU PO3PSIKAETHCA, CUMYJISILISA

NOBIIOMUTHh MaiOyTHROMY MUJIOTY PO HEBJIAUy, 1 HOMY JOBEAEThCS CIPOOYBATH 1€ pas.

Table 2.1. 3minaUK

MapkyBaHHA

Bun

HaimenyBanHs

Onuc

float

Acceleration

[Ipuckopenns, mo

[IOIA€THCS Ha BXI

(BUAKICTH 3MIHK
IIIBUJTKOCT1)

uint32: 1

bPositionCorrected

BcranosmroeTscs B
true, Ko
3aCTOCOBYETHCS
KOPEKIIiS MOJIOKEHHS

float

Deceleration

VYHoBUIbHEHHS, 10
3aCTOCOBYETHCS 3a
BIJICYTHOCT1 BXOAY
(IBUAKICTH 3MIHK
IIBUJIKOCT1)

float

MaxSpeed

MakcumainbHe
3HAYEHHS IIBUIKOCTI,
JIO3BOJICHE I
KOHTPOJIbOBAHOTO
Iinraxa.

float

TurningBoost

Hamamrysanns
BIUIMBA€E Ha
JI0JJaTKOBE 3yCHILIIA,
1110 3aCTOCOBYETHCS
IpU 3MiH1 HAIPSMKY
PYXY, 3aBISKA YOMY



https://docs.unrealengine.com/4.26/en-US/API/Runtime/Core/HAL/uint32/index.html
https://docs.unrealengine.com/4.26/en-US/API/Runtime/Engine/GameFramework/UFloatingPawnMovement/bPositionCorrected/index.html
https://docs.unrealengine.com/4.26/en-US/API/Runtime/Engine/GameFramework/UFloatingPawnMovement/TurningBoost/index.html

MapkyBaHHs Bup HaimenyBanHus Omnuc

pY BUKOHAHHI
TIOBOPOTIB
3MEHIIYETHCS 3aHOC 1
MiIBULTYETHCS
qYTIUBICTb.

CtBOpeHa cUMYJISLIA IpOHA JO3BOJISIE «BIIYYTH» TMOBEAIHKY JpPOHA B pEaJbHOMY
CBITI, YCIIIIIIHE BUKOHAHHS 3aBJaHb CUMYJISIIIIT B MEKax yacy poootu 6arapei 1poHa, rotye
MalOyTHIX MUIOTIB 10 MUIOTYBaHHS CHOpPaBXHIX ApoHIB. CUMYJIAILIS BPaXxOBY€E MIBUJIKICTh
BITPY Ta Macy JpOHa, 00 Kpalle BIATBOPUTH MOBEAIHKY JAPOHA B PEATbHOMY XKHUTTIL. Y
MalOyTHROMY 110 CUMYJISIIIIT MOKHA OyJie 10J1aTh MOKJIUBICTh BPaXxOBYBAaTH JIOII, CHIT Ta

1HIIT1 MO>KJIMBI TTOT'OJTHI YMOBH.



BUCHOBOK

CyyacHuii po3BUTOK HUGPPOBUX TEXHOJOTIN Ja€ MOMIMBICTh CTBOPIOBATH OCBITHI
MPOrpaMHi 3aco0H, Kl COPUSIIOTh SKICHOMY OHOBJIEHHIO OCBITHBOTO IPOLIECY Ta 3HAYHO
MOJIMIIYIOTh NIATOTOBKY (paxiBIIB PI3HUX CHELIAIbHOCTEH. AHaNI3 HAyKOBOI JITEpATypH
Ta BIAKPUTHUX JKEpel 1H(popMalli NiATBEPAUB aKTyaJIbHICTh 00OPaHOI TEMU JOCTIKEHHS.

[IpencraBneHnii TpeHAXXEP-CUMYJSATOP CIPSMOBAHHWA HAa MOKPAIIECHHS IPOLECY
HiAOTOBKY MUJIOTIB APOHiB. BiH BUpilllye HU3KY BaXKIMBUX MUTAHb:

° BUKOPHUCTAaHHSI CUMYJISATOpPAa HAOIMKae yJ4aCHUKIB HABYAJIHLHOTO IMPOLECY 0
peaNbHUX YMOB BUKOPUCTaHHS O€3MUJIOTHOIO JITAIBHOIO anapary;

° BUKOPHUCTAHHS 3pyYHOTO Ta JIOCTYITHOTO POrPaMHOT0 3a0e3MeUeHHs 3p00ITIoe
HaBYaHHS MAaCOBHUM Ta 3HMKY€E HOTO BapTICTh;

° BapifOBaHHS 3aBJaHb Ta yMOB BUKOHAHHSI J]03BOJISIE BUBUUTH 3HAYHY KUIBKICTh
THUIIB 3aBJJaHb Ta YMOB 1X BUKOHAHHSI, 1110 JIMILIE€ CIIPUSE CBIAOMOCTI Ta TOTOBHOCTI IIUIOTA;

° IpoJlyMaHa CHCTeMa OI[IHIOBAHHS JIO3BOJISIE BIAIOpaTH Kpamux, siki OyayTh
IPO/IOBXKYBAaTH BUBYATH MUTIOTYBAaHHS Ha peaJbHUX IPUCTPOSX.

Cepen nmopanpIIMX HANpsIMIB PO3BUTKY BKAa3aHOTO NMPOEKTY BU3HAYAEMO HACTYIIHI:
peTenbHe TECTYBAaHHS B)KE€ CTBOPEHOI MHpOrpaMd 3 METOI0 BHUSBJICHHS MOTEHLIMHUX
npoOJEeMHHMX CHUTyaIiii Ta iX YCYHEHHS;,; CTBOPEHHsS OUIBII JeTadbHUX Ta OO0'€MHHX
BIpTyaJIbHUX KapT CBITIB, IO JO3BOJUTH IUJIOTYy BHUBUUTH PI3HOMAHITHI 3aBJaHHS;

BIJOCKOHAJICHHSA CUCTCMU OHiH}OBaHHH JOCATHCHB TOIIO.
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Abstract. The development of modern digital technologies and software for virtual
and augmented reality has made it possible to use the computing power of computers to
create educational systems for various purposes. Thanks to this, it became possible to
demonstrate processes that are difficult or dangerous to reproduce in the conditions of
educational classrooms. The creation of training simulators for the training of civil and
military pilots, motor transport drivers, medical personnel, military personnel, etc., became
a particularly important direction. Appropriate software ensured high-quality training of
specialists at significantly lower costs. With the emergence and spread of a new direction of
modern industry related to the design, production, and use of unmanned aerial vehicles, the
question of high-quality training of pilots of the appropriate class arose. The presented work
represents one of the possible approaches to solving the issue of creating an affordable
training simulator for training drone pilots. The development of the necessary software took
place in the following stages: definition of the project concept, creation of three-dimensional
content, and programming of the educational application. The main means of development
of the project proposed by the authors have freely distributed software packages. In
particular, the 3D editor Blender was used to create three-dimensional content, and the
environment in which the training simulator itself was created was the Unreal Engine 5
engine. Among the further areas of research and improvement of the created software
product, the authors see the development of a system for testing the quality of the presented
training simulator, improvement of its functions, and adaptation technology to the
possibility of use with a virtual reality system.

Keywords: training simulator, drone pilot training, design of training computer

simulators, 3D graphics, Blender 3D editor, game engine, Unreal Engine
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INTRODUCTION

The relevance of the topic. In our time, training simulators have become actively
used by doctors, military personnel, rescuers, drivers, and many other professionals in
various spheres of modern society. Thanks to training simulators (specialized models that
simulate the operation of existing or created systems), people who train can obtain data for
decision-making. This allows testing various scenarios of interaction between the user and
the system.

Computer simulations can be used in general for tuning productivity and optimizing
processes, increasing safety, theoretical testing, personnel training, and more. Such systems
also allow experts to gain an understanding of the impact of various factors when working
through certain actions.

Simulation can also be used when the actual system is not available or too dangerous
to evaluate, or when the system is still at the design or theory stage.

The key to any simulation is the information that is used to build the simulation model.
It can be improved based on new data that emerges during the review of training protocols
or the study of scientific achievements.

The following types of simulation are quite common.

1. Discrete Event Simulation

Modelling a system as it progresses through time: factory operations (turning,
stamping, milling); traffic analysis (queues, roads, networks).

2. Dynamic Simulation

Modelling a system as it progresses through space: machine kinematics; human
ergonomics; aerodynamic testing; virtual prototyping.

3. Process Simulation

Modelling physical interactions between two or more systems: in-service product
modelling; in-manufacture product modelling; weather forecasting.

Training simulators are also actively used in the training of pilots, including drone
pilots.

Analysis of recent studies and publications. The use of software for educational



purposes actually occurred parallel to the development of computing technology and
progress in the field of computer graphics. A significant boost in the creation of computer
simulators was given thanks to the creation of microprocessors. On their basis, training
simulators for training aircraft pilots were actively created. Thus, in 1986, Smith P. analyzes
contemporary theories, research and practice of using educational simulators [8]. Simulator
programs have gained particular popularity among the military, in particular, the group of
authors Jones, R. M., Laird, J. E., Nielsen, P. E., Coulter, K. J., Kenny, P. and Koss, F. V.
describe the use of the TACAIR-SOAR intelligent system [4]. Also, specialized software
and specially created training complexes were actively used in aviation to train aircraft
pilots. In particular, Gu, H., Wu, D., Liu, H. reveal the features of creating a low-cost flight
simulator to meet the pilot training needs of airlines [3], while Shashidhara, B. P.,
Chandrasekaran, R., Bhatia, Y., Magesh, G., Bineshkumar, K., Kumar, H. V. focused on
describing the concept of a full mission simulator (FMS) for fighter pilots [7].

Appropriate software is also important for the training of professional road transport
drivers. In particular, the following scientists devoted their works to this topic:
Vlakveld W. P. [9], De Winter, J., Van Leeuwen, P. M., Happee, R. [2], Setren, G. B.,
Birkeland, T. F., Pedersen, P. A., Lindheim, C., Skogstad, M. R. [6].

Today, flying drones of various form factors have gained considerable popularity
(from aircraft built according to the classic aerodynamic schemes of airplanes to copters of
various formats). As a result, the problem of training pilots of this type of aircraft as
efficiently as possible has arisen.

In particular, Albeaino, G., Eiris, R., Gheisari, M., Issa, R.R. investigate the
capabilities of the DronSim simulator, created on the basis of virtual reality technologies [1].
A group of researchers Ribeiro, R., Ramos, J., Safadinho, D., Reis, A., Rabadao, C.,
Barroso, J., Pereira, A. proposed a multi-platform cloud-based Web AR solution for drone
pilot training [5].

Thus, we state that the brief analysis of scientific research related to the creation and
use of educational simulators in various fields proves the relevance of the chosen research

topic.



In the process of analyzing scientific literature and open sources of information
related to the use of training simulators, the goal of scientific project was determined: the
creation of a convenient training simulator with a high level of detail for training pilots of
unmanned aerial vehicles.

Among the main tasks, the following should be highlighted:

1. Formulating basic requirements for the project.

2. Describing the necessary software for implementing a training simulator.

3. Expanding on the main stages of developing a simulator for professional training
of drone pilots.

Thus, the object of research is software for simulating the flight of aircraft, and the
subject is a training simulator for training drone pilots.

To realize the set goal, general scientific and theoretical methods were used:
analysis of information obtained from open scientific sources and literature on the creation
and use of educational software simulators; comparison of results and generalization of the

experience of specialists in this subject; synthesis; simulation of educational situations.



CHAPTER 1. PROJECT REQUIREMENTS ANALYSIS AND DESCRIPTION OF
REQUIRED SOFTWARE FOR DEVELOPMENT.

1.1. Basic project requirements.

Educational simulators are complex systems that require well-thought-out approaches
to design and development of the necessary software. When developing such solutions, it is
important to clearly address a number of issues:

e To determine the tasks that the simulator should solve. This can be purely training
(knowledge, skills, and abilities transfer), or it can be control over the experience and
improvement of the skills of a specialist.

e To design the architecture of the simulator application.

e To investigate the skills and competencies that will be developed by the created
educational simulator.

e To design the interface. The interface should not be playful, but close to the
environment.

e Algorithmize all processes: technological, intellectual, and even emotional.

e Ensure platform independence and run on different devices.

Based on these points, let's briefly describe the requirements for the created software
product. Since the creation of drones (flying vehicles that are actively used in emergency
situations, military affairs, transportation, etc.) is one of the main trends of modern times,
professional training of pilots for such vehicles is an important direction of professional
education.

The simulator should provide the formation of skills for piloting a certain type of
drone. At the initial stage of the project, such training will relate to the most popular model
of unmanned aerial vehicle - quadcopter.

To ensure that the pilot acquires the necessary knowledge, it is necessary to form a
set of tasks in advance that people will perform while working on the simulator. Such
exercises should include the following: takeoff of the drone; moving the drone up and down;

moving the drone sideways; moving the drone forward and backward; moving in a series of



circles; target practice; landing of the drone. Drone control should be performed through a
controller. Let's discuss these exercises in more detail.

Takeoff of the drone. This is the first step that any future drone pilot should learn.
Using the controller, the pilot must lift the drone off the ground.

Moving the drone up and down. Using the controller, the pilot must learn to control
the level of the drone above the Z-axis.

Moving the drone left and right. Using the controller, the pilot must learn to move the

drone horizontally from left to right.
Moving forward and backward. Using the controller, the pilot must learn to move the drone

horizontally forward and backward.

Moving in a series of circles. Using all the previous techniques, the pilot must guide
the drone to follow a specific path while avoiding obstacles. A series of circles define the
way.

Completing all the tasks by the future pilot guarantees a fast and easy transition from
controlling the drone in a simulator trainer to controlling it in a real-life situation.

1.2. An overview of the main development tools.

In general, creating educational simulators is a multifaceted and complex process that
consists of many stages. Each of them requires a detailed description. However, the most
important stages are creating visual content and programming the logic of the educational
simulator. That's why we will focus specifically on these steps of the development process.

First, let's describe the software that was used for development. The main 3D graphics
editor used for creating spatial virtual 3D models was Blender.

Blender 3D was developed as a working tool by the Dutch animation studio NeoGeo.
In June 1998, the creator of Blender, Ton Rosendahl, founded Not a Number to further
develop and support Blender. The program was distributed free of charge. On July 18, 2002,
a program began to collect sponsorship donations to cover the required amount. As early as
September 7, 2002, it was announced that the required amount had been collected, and plans
were being made to bring the source code and Blender itself under the GPL license in the
near future. On October 13, 2002, the Blender Foundation released a product licensed under

the GNU GPL. Blender is currently an open source project and is developed with the active



support of the Blender Foundation. Based on the date the first source code files were created,
January 2, 1994 is considered Blender's birthday. In 2023, Blender turned 29 years old.

Blender is free software, unlike other 3D environments. This program has the ability
to create three-dimensional models, and program scripts in the Python programming
language, and, at the same time, get really high-quality results.

The main Blender functions:

3D modeling. Blender is represented by almost all existing methods of creating and
editing with three-dimensional models (designing objects based on primitives, polygons,
NURBS curves, Bezier curves, metaspheres, boolean operations, Subdivision Surface and
basic sculpting tools is available). The program offers a wide range of different modifiers to
enhance the models.

Animation. The user has access to tools such as rigging (skeletal animation), inverse
kinematics, mesh deformation, constraints, keyframe animation, vertex weight editing, and
more. Both rigid and soft body dynamics are implemented, as well as particle animation.

Texturing and shader sets. The program allows you to apply multiple textures to one
object and is equipped with many texturing tools, including UV mapping and partial texture
adjustment. Blender includes high-quality tools for customizable shaders that add flexibility
to working with materials.

Thus, Blender is an affordable yet professional software tool for creating and
animating three-dimensional graphics content for a drone pilot training simulator.

The development of the training simulator was carried out using the Unreal Engine 5
game engine, which is also freely distributed software. It allows for the integration of all the
graphic content created in Blender, programming interactions between objects in the virtual
world, creating high-fidelity and dynamic visual representations, and programming the logic
of the game simulator.

Using basic tools and modifiers of Blender and Unreal Engine 5 we created the main
scene of the project. Relief was created with a “Landscape tool” using Unreal Engine 5, and
other objects like drone, fence, fountain, grass, and house were created by polygonal

modeling in Blender.



CHAPTER 2. CREATING A TRAINING SIMULATOR PROCESS.

2.1. Creating graphic content for simulator training

Creating a model should start with sketching the main components of the 3D scene.
Let's take the example of creating a quadcopter drone model. After placing a cube in the
desired location, we load the 2D drone sketch files into Blender to understand the modeling
stages.

1. Creating the base model shape Using basic shapes, we form key elements of the
drone’s digital model. We start with a low level of detail and gradually increase it. Various
modifiers can be applied to automate and speed up the formation of the drone's appearance.
One such modifier is the Subdivision Surface, which increases the number of polygons
without distorting the polygonal mesh itself.

2. Creating materials and texturing the model A realistic drone model cannot be
created solely based on the digital polygonal structure. To achieve high-quality
visualization, it is necessary to create materials and textures that are as close to reality as
possible. This allows for the transmission of all the complex surface elements without
creating additional geometry on the surface itself. Creating UV unwraps is also important
for accurate overlaying of textured images. This approach ensures precise positioning of
textures on the surface, as well as specialized maps of roughness, normals, highlights, etc.

3. Object animation of the object is not a mandatory step for static models and scenes,
but it is crucial for games and movies. In our case, animation was created using Blueprints
in Unreal Engine 5.

4. Exporting models in formats convenient for use in the Unreal Engine 5 engine.

Export is a really important step in a process of creating 3D model. Usually 3D artists
use a huge number of software specializing in one thing particular. The model needs to be
merged, the animation saved and the correct export format selected, those are the main steps
for exporting your models (Fig. 1) in any other visual software.

The visualizations of the main 3D models for the simulator trainer are presented in
Figure 1.



Fig. 2.1. Game ready 3D models

a — drone model, b — fence model, ¢ — fountain model



2.2. Functionality overview UE5

The training simulator was created using Unreal Engine 5, with C++ being used as
the programming language for programming all simulator functions overall, and Unreal
Engine Blueprints were used to implement the drone control itself.

The drone control modeling was made possible by using Unreal Engine’s entity
component system. There are 4 main classes (Fig. 2) in Unreal Engine, object, actor, pawn,
character. One inherits the other. The character possesses the pawn, which is also an actor,
which is also an object. The possession is a process of a character taking control over a
pawn. There are three main classes in the simulator, the game mode — simulation, the

character — the pilot, and the pawn — the drone.
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Fig. 2. Unreal Engine 5 class system
a— C++ classes, b — class blueprints
It defines such functionality as, the world that the simulation will start in, also known
as the game level. The HUD Class — the heads-up display, the interface that that will be



viewed in the simulation. The Default Pawn Class — the character that will be spawned in
the world, in the case of the simulation, it’s the pilot. The Player Controller Class — defines
which controller class will be used for simulating input in the game.

The character class is the Pilot, this class has functionality for movement, using items,
using weapons, and controlling the drone. The header class defines all the components and
functions, that the Character Class has. The components of character class are:
UCharacterController, UMeshComponent, USpringArmComponent, UCameraComponent.
These are used for moving the character, seeing the character, and having a camera that
follows the character. The functions of the character class are: MoveForward, MoveRight,
TurnAtRate, LookUpAtRate, TraceUnderCrosshairs, FireWeapon, ToggleDrone. These
control the movement of the character, the use of items and weapons, the possession of the
drone. The properties of the Character Class are: AWeapon, ADrone, isOnDrone. These let
the character reference items, and drones, this architecture allows the character to reference
any class that is a drone, which means it’s not tied to one specific class.

The pawn class is the drone, this class has functionality for movement, camera
switching and getting possessed. The header class defines all the components and functions,
that the pawn class has. The components of pawn class are: UFloatingPawnMovement,
UMeshComponent, USceneCameraComponent. These are used for simulating drone
movement, drawing a shadow of the drone, and displaying two possible views of the drone,
one from the back of the drone, one acting as simulation of the drone’s camera. The
functions of the Drone Class are: MoveRight, MoveForward, MoveUp, SwitchView,
DisableDrone. These are used for having the drone being able to move in all directions,
being able to switch the view from first camera to second, and to disable the drone, to return
to controlling the Pilot.

2.3. The simulation of drone flight, and assessment of results

The simulation of drone flight is done via the use of the UFloatingPawnMovement
component, which is a built-in component in Unreal Engine 5, it has functions for
movement, and variables (Tab. 1) for controlling how the simulation of movement works.

C++ class that is parent to the drone uses primarily this component for simulating

drone flight. It also modifies the base variables of the UFloatingPawnMovement as follows:



Acceleration is set to 2000.0f, Deceleration is set to 500.0f, Turning boost to 1.0f, MaxSpeed

to 300.0f. This achieves replication of how a drone in real life behaves in air. The C++ class

also has variables for: wind speed, for simulating how fast the wind moves, which can slow

down, or increase the speed of drone’s handling; drone mass, which indicates on how much

the drone weights, which also modifies all of the built in variables of the

UFloatingPawnMovement accordingly to how heavy or light the drone is. Battery life, adds

a battery life simulation to the drone, when depleted, the simulation will inform the future

pilot of failure, and they will have to try again.

Table 2.1. Variables

Mark Type Name Description
) Acceleration applied by input
float Acceleration ]
(rate of change of velocity)
_ o Set to true when a position
uint32: 1 bPositionCorrected o ]
correction is applied.
Deceleration applied when there
float Deceleration is no input (rate of change of
velocity)
Maximum velocity magnitude
float MaxSpeed allowed for the controlled
Pawn.
Setting affecting extra force
applied when changing
float TurningBoost direction, making turns have
less drift and become more
responsive.



https://docs.unrealengine.com/4.26/en-US/API/Runtime/Core/HAL/uint32/index.html
https://docs.unrealengine.com/4.26/en-US/API/Runtime/Engine/GameFramework/UFloatingPawnMovement/bPositionCorrected/index.html
https://docs.unrealengine.com/4.26/en-US/API/Runtime/Engine/GameFramework/UFloatingPawnMovement/TurningBoost/index.html

The created drone simulation achieves the “feel” of how a real-world drone behaves,
successful completion of simulation tasks within the time limit of the drone’s battery, and
prepares future pilots for piloting real drones. The simulation takes into account the speed
at which the wind is traveling, and the mass of the drone, to better replicate a real-life drone’s
behavior. What could be added in the future to the simulation is the ability to take into

account rain, snow, and other possible weather conditions.



CONCLUSIONS

The modern development of digital technologies makes it possible to create
educational software tools that contribute to the qualitative renewal of the educational
process and significantly improve the training of specialists in various specialties. The
analysis of scientific literature and open sources of information confirmed the relevance of
the selected research topic.

The presented training simulator is aimed at improving the process of training drone
pilots. It addresses a number of important points:

* the use of the simulator brings the participants of the training process as close as
possible to the real conditions of using an unmanned aerial vehicle;

* the use of convenient and affordable software makes training mass and lowers its
cost;

* the variation of tasks and performance conditions allows you to work out a
significant number of types of tasks and their performance conditions, which only
contributes to the awareness and preparedness of the pilot;

» a well-thought-out evaluation system allows you to select the best, who will continue
to master piloting on already real devices.

Among the further directions of development of the indicated project, we define the
following: thorough testing of the already created application, with the aim of identifying
potential problem situations and their elimination; creation of more detailed and larger
virtual maps of the worlds, which will allow the pilot to work out various tasks; improve the

achievement evaluation system, etc.
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