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Kuis, Ykpaina

Anomauyia—Yy po0oOTi po3riassHyTo 3acTocyBaHHs 3D-MozneJieii 111 BUPIIIEHHS NPAKTHYHHX 3aBJaHb Y MEPEKHUX TeX-
HoJorifX. PO3riIsiHyTO OCHOBHI cy4acHi iHCTpyMeHTH, fKi 103B0JIsAIOTh BHpoBaj:kyBaTH 3D-rpadiky Ha Bed-cTopiHkax.
BukonaHo aHani3 Ta NOPiBHAHHA IHCTPYMEHTIB 3 TOYKHU 30pYy 3PYYHOCTI, 3p0O3yMinocTi 1/l KOPUCTYBadiB, siKi MalOTh
JesIKUi 10CBiA y mporpamMyBaHHi, ajie HikoJIM He BpoBaxKyBaju 3D-rpagiky y 6paysepi. Bkazano nepeBaru Tta Heo1iku
KOKHOT0 3 iHcTpyMeHTiB. O0IpyHTOBaHO BHOiIp iIHCTPYMEHTY HA OCHOBI IPAKTHYHOI'0 3aBJAHHH.

Kniouoei cnosa — mepescesi mexnonocii; opayzep, 3D-ecpagpika; WebGL; Three JS; Babylon JS.

L Bctvn

Beb-caiiTu Ta IHTEpHET TEXHOJIOTI] BCe OLIbIIE BIIIH-
BAaIOTh Ha Halre UTTA. Ha modaTky 3apo/pKeHHs Mepexi
[HTEpHET, CTOPIHKY MICTHIIM JIMIIE CTATHYHY TillepTeKCc-
ToBY po3mitky HTML Ta xackaani Tabmuti ctmmiB CSS.
[MepeBakHi BeO-CTOPIHKH MPEICTaBISIIA COO0I0 HAyKOBI
CTaTTi, B AKUX JIMIIE iCHYBaB TepexXia 3a po3iiiaMu.
3 TOSBOIO MOBM IIpOTrpaMyBaHHs Javascript, CTOpiHKH
CTaM JAWHAMIYHUMHU Ta iHTEPAKTUBHUMH. 3’ SBUIIACH
MOXKJIUBICTh B3a€EMOJISITH 3 KOXKHHM CIIEMEHTOM CTOPi-
HKHA Ta 3MIHIOBAaTH IX BUTJIAL a00 JaHi, IO MICTAThCS
B HHX, B 3aJIC)KHOCTI BiJI 11l kopucTyBaya. Lle nocnpusiio
Ha PO3BUTOK CEPBICIB, SKUMH MU 3BUKJIH KOPHCTYBATHCS
CHOTOJTHI — IHTepHET-Mara3uHu, Opay3epHi irpu Ta iHIIe.
3 nosiBoto 3D-rpadiku y KOMII'FOTEpHHX irpax Ta mporpa-
Max I[OCTAJO MUTAHHS NpO BpoBakeHHs 3D-rpadikn
iy Opay3epax. Crepiiry HOro BIPOBaKyBak 3a JOIO-
MOTOI0 TPOTPaMHOTO 3a0e3MeyeHHs Ul Heperisiay
MYJBTUMEAIHHOTO KOHTEHTY y Opay3epi. HaiiBinominri
3 Hux — Adobe Flash Player [1] ta Microsoft Silverlight
[2]. T'onoBHOIO mpoOIEMOIO Oyia moTpeba y BCTaHOB-
JICHHI JI0JaTKOBOTO MporpaMHoro 3abesmedeHHs. [loda-
Jlach po3po0Ka 3pydYHOro Ui ycix Opay3epiB IMpUKiIaj-
HOTO TIPOTPaMHOTO iHTepdelicy, SKuil BUpINIyBaB OH IO
npoOsieMy Ta He 3aJiekaB BiJl 30BHIIIHIX mporpam. Tak
3’siBuBcs cydacanii WebGL [3]. Ha ocHoBi mporo API
oynyrotecs yes 3D-rpadika y Opaysepax. CrinpHOTa Ta
BEJIMKI KOMIIaHii CTBOPIOIOTH 0i0JIIOTEKH, SKi TOJETTIy-
I0Th po3poOKy 3D-Momenel Ta pO3KPUBAIOTE MOMKIINBO-
cti Bukopuctanus WebGL st mroziei, siki Xo4yTh 3acTo-
cyBatu 3D Ha cBOiX BeO-CTOpiHKAX.

Mera po6GOTH — PO3IJISIHYTH TOIMYJISIPHI IHCTPYMEHTH
Ta BU3HAYWTH MiHIMQJbHI TEOPETHYHI BIJOMOCTI IS
BHpoBapKeHHs1 3D-TexHoorii Ha BeO-CTOpiHKaX; BUKO-

HaTH MOPIBHAHHS iHCTPYMEHTIB, PO3TIIIHYTH Ta OOTPYH-
TyBaTH BHOIp TOr0 4M iHIIOTO IHCTPYMEHTY Ul BHpi-
IICHHS PaKTUYHOTO 3aBJaHHS.

I1I.  AHAJIB3 WEBGL

Jlnst Toro, mo6 BnpoBaautu 3D-rpadiky y Opaysepi
BUKOpHCTOBYI0Th API (mpuknagauii mporpaMuuii iHTep-
¢etic) Be6-rpadikn WebGL. Jlanuit API no3Bossie BuKo-
HyBaTH peHzepiHr iHrepaktuBHOi 2D Ta 3D rpadikn
y Oyab-KoMy cyMicHOMY BeO-Opaysepi 0e3 BHKOpHC-
TaHHA JOJATKOBHX IIIATIHIB.

WebGL mnoBnicTIO iHTerpoBaHmMi 3 iHImmAMEH Web-
API, mo no3Bonse 3a AONOMOTor TrpadiqHOTO MPOole-
COpy BUKOPHUCTOBYBAaTH (i3HKy, 00pOOKY 300pakeHb Ta
edexTH sk yacTuHy BeO-cTopinku. WebGL moxxHa noe-
nysatu 3 HTML enemenTaMu Ta KOMOiHYBaTH 3 1HITUMH
YacTMHAMM BeO-CTOpiHKM 4 (¢oHy cropinku. Ha
Puc. 1 moka3aHO mpuKIax MOAETI 3 BHKOPHCTAHHAM
WebGL.

Puc. 1 INpuknag WebGL
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TlNonopammu niepeBaramu WebGL €:

e [IpuB’s3Ka 10 MOMYIAPHOI MOBH ITPOTPaMyBaHHsI
Javascript

e MoOXIHBICTE BifoOpakaTH KOHTEHT y pPIi3HHX
Opay3epax Ta Ha Pi3HHUX OTeEpaIliiHUX CUCTEMax
6e3 BigMiHHOCTEH

e  ABTOMAaTHYHE YIIPABIiHHA [aM’ TTIO

e Bucoka mpoAyKTHBHICTH 4Yepe3 BUKOPHCTAHHSI
pecypciB BieokapTH

Maroun 3a3HaueHi nepeBaru, WebGL e iHCTpymeH-
TOM JIOCHTh HH3HKOTO PiBHIO Ta HE HAJAa€ MOXKJIMBOCTEH
JUIsl IIBHAKOTO 1 3py4HOro crBopeHHs 3D-rpadiku. Lle
CIPUYMHWIO TOSABY CHEIiadbHHUX O10MOTeK I CTBO-
PEHHS TaKuX EJIEMEHTIB SK TpaHcopMmarlis IeHaepis,
MOXIIMBICTh 3MIHIOBATH TMOJI€ 30py YSIBHOI Kamepw,
tomo. Hikde po3ristHyTO ABI mMOmyssipHi 0i0mioTekn —
three.js Ta BabylonJS.

III.  AHAM3 THREE.JS

Three.js — kpocOpay3epHa 0i0mioTeka, 110 BUKOpPHC-
TOBYETHCS JIJISl CTBOPSHHS Ta BifoOpakeHHS aHIMOBaHOT
KOMIT FOTepHOI Tpadiku mpu po3poOui Bed-monarkis [4].

Jlana 6i6mioTeka JO3BOJISIE€ CTBOPIOBATH MIPUCKOPEHY
Ha rpadiyHomy mponecopi 3D rpadiky, BUKOPHCTOBY-
FOYM MOBY TIpoTrpamMyBaHHs Javascript 6e3 miIKITIoYeHHs
JIOJTATKOBHX TUIATiHIB 3aBJSIKA BUKOPHCTAHHIO TEXHOJIO-
rii WebGL. Ha Puc. 2 maBeneno npukiag monaemi 3 ogi-
LiITHOT CTOPiHKK 010TI0TEKH.

Oco0amBocTi 010T10TEKH:

e  MOXIUBICTh JOJAaBaHHS Ta BUIAJEHHSI 00’ €KTIB
Y pPeXKHUMIi peasbHOTO Yacy.

e  BukopucTaHHS ABOX BHAIB KaMep — MEPCIEKTUB-
HOI Ta opTorpadivHOi.

e  Pi3Hi BuIUM a”iMarlii — npsiMa KiHeMaTHuka, iHBep-
CHa KiHEMaTHKa, TOKaIpoBa aHIMAIlisl.

e Tpu mxepena cBiTia — 30BHIIIHE, HalpaBlIeHE,
TOYKOBE.

e JIBa BUIH TiHEH — Cragaroyi Ta OTpUMaHi.

e [loBumii goctynm no ycix OpenGJ-melinepis
(GLSL).

Puc. 2 [puknan Three.js

e OO0'ekTH: YaCTMHKH, CIpPaWTH, JiHii, CKeleTHa
aHiMalLlis Ta IHIIE.

e T[eomeTpis: uiommuHa, Ky0, cdepa, Top, 3D TekcT
1 iHme; Monu(ikaTOpH: TKAHUHA, BUIABIFOBAHHS

e Excrnopt Ta iMmopt: cyMicHicte 3 JSON ¢aii-
JaMH CTBOPEHHX VY HACTYIIHHX @porpaMax -
Blender, openCTM, FBX, 3D Studio Max.

o [linTpumxka: moxymeHnramis o API 6ibmioTexu
3HAXOJHUTHCS B IIPOIIEC] MOCTIHHOTO PO3IINPEHHS
1 JOTIOBHEHHS, € IyOniuHui ¢(opym 1 Benmke
CIIBTOBapHCTBO.

o [lpuxmann: Ha oimiHHOMY CalTi MOXHA 3HAUTH
6impme 150 mpuxiazis poboTtu 31 mpudramu,
MOJICSIMH, TeKCTYPaMH, 3BYKOM 1 iHIIUMU eJIe-
MEHTaMH cIieHu [5].

IV. AHAJI3 BABYLON JS

Babylon JS BukopucToBy€eThCS U THX CaMuX 3aj1ad,
m1o i Three.js. SIk 3a3Havanocs panime, Three.js 703BoJsE
BUKOPHCTOBYBaTH aOcTpakuii Hajy uuctum WebGL
kojgoM. Babylon JS y cBow depry abctparye aerani
WebGL Ttpoxu 6inbnie Hix Three.js.

3aBIsIKM 1IbOMY, TIPH BOpoBajpkeHHI 3D-rpadiku
y BeO-callT MOXHO MIBHUAINIE BYNUTHCS Ta CTBOPIOBATH
HOBI CIIeHH 3a MeHIIHi gac. [lopiBHIOI0OUHN Yac CTBOPEHHS
onHiel # Tiel xx cienn, Babylon JS morpebye npubiu3HO
Ha 60 % MeHIIe Jacy.

Tax camo sk i Three.js, Babylon JS Bukopucroye
Canvas nmns penpepinry 3D-Mopeneit 3a I0mOMOTOIO
nporpam menepis.

Tt cumymsinii ¢izuku, Babylon JS mae moxnmBicTs
iHTerpyBaru miariau ¢izukn. Hampukmnan Ammo, Can-
non, Oimo [6]. Takox icHye MOJIMBICTH BIIPOBAJIKY-
BaTU BIacHy (i3HKy.

V. TIOPIBHSIHHSI BABYLON JS TA THREE JS

INonmoBamM HEegomiKOM (peiimBopky Three JS € Te, mo
Ha HOro BUBYCHHSI IO PiBHS CKJIATHUX MPOCKTIB MOTPi-
O0HO BHTpaTHTH Oararo wacy Ta 3ycwib. Habarato
Ginpie, Hixk 111 Babylon JS.

Jokymenranist Three JS sikicHa Ta MicTUTB omHC yciX
nocTynmHuX (QyHKMiA. IHQOpMariis momaeThcs ITOCHUTH
KOpPOTKO Ta 0e3 3p03yMUINX MOYaTKiBII0 NpuKitamiB. s
JIFOJIMHM, 10 TiJIbKHM MOYaja BUBYATH 3acTocyBaHHs 3D
rpadiku Ha BeO-cTOpiHKaX, iH(GOPMAIsT MOXE 31aTHCS
CKJIaTHOIO IS po3yMiHHA. BuHuKae notpeba y momyxy
iHpopmMarii 31 cTopoHHix mKkepen. Ha Puc. 3 HaBeneHo
npukian onucy ¢ynkuii. Ha Puc. 4 HaBeneHo npukian
3 ()parMeHTOM KOJy.

Sk MOXHa MOOAYWTH, ONMUC Ta NPHUKIAA HABPSJ
OymyTh 3p03yMuli IMOYATKIBIIO. Y MPUKIAAAX KOMIUIEK-
CHI TPOEKTH, B SIKNX BUKOPHCTOBYEThCS 0araTto iHIIMX
(bYHKLIH, TOMY CKIIaJHO 3pO3yMITH 3aCTOCYBaHHS KOHK-
perHoi QyHKuii HaBiTh Ha npukiani. Orxke MOTPiOHO
BUTpPAYaTH Yac Ha MOMIYK JOAATKOBOI iHpOpMaIIii.

Three JS He Mae BIacHOTO MaWJaHUYUKY IS TECTY-
BaHHA. IcHye crieniamizoBaHuii pemgakrop [7], ame #oro
(hyHKIIIOHAT HE3PYYHHH JJIsl KOPUCTYBaHHS.
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Geometry

Geometry is a user-friendly alternative to BufferG
positions, faces, colors, etc.) using objects like V

etry. Geometries store attributes (vertex
3 or Color that are easier to read and edit

but less efficient than typed arrays.

Prefer BufferGeo

2try for large or serious projects.

Example

Puc. 3 Ilpuknan nokymenrauii Three JS (omuc dyHnkii)

var geometry = new THREE.Geometry();

geometry.vertices.push(

1ew THREE.V -18, 18, 8

1ew THREE 3{ =18, =18, @&

new THREE.Vector3( 1@, -18, @
geometry.faces.push( new THREE.Face3( &, 1, 2 ) ):

geometry . computeBoundingSphere( ) ;

Puc. 4 Ipuxnan nokymenrauii Three JS (dparment koxy)

1106 nomaTu HOBY clLieHy ab0 Kamepy, KOpUCTyBauam
KOXKCH pa3 JIOBOJIUTHCS KOIIOBATH Y pelakTop Oarato
mabJIOHHOTO KOy .

Three JS mie mocuth crapuii Ha CHOTOIHINIHIA JECHB
(peiiMBOpK 3 JOCHUTh HEAKTHBHOIO CHUIBHOTOIO. ToO
5K YEeKaTH BIAMOBIAI Ha MHWTAHHS OBEACTHCS IOCHUTH
JIOBIO.

Three JS naniuye 6mm3pko 500+ MOMHIIOK Ha CHOTOI-
HimHIA 7eHb. BupimeHssM mnpoGiem 3aifMaroTbes
JIOCHUTB MOBUIbHO. B Toli yac six Babylon JS nHaniuye 6mu-
3pK0 50 mommiiok. PpedMBOPK MiATPUMYETHCS KOMaH-
JIOF0 PO3POOHWKIB Ta iHIMIATUBHOI CHIIEHOTOK, TOMY
TIOMUJIKY aKTUBHO BHUPILIYIOTHCS.

Ha Bingminy Bin Three JS, xon ¢peiimBopky Babylon
JS manucanwmii Ha MoBi nporpamyBanHs TypeScript, ska
e aOcrpakiiero Han Javascript. Lle mo3Boisie yHUKaTH
MOMUJIOK Ta MIBUALIE BUNpPaBisaTy Oaru. Ko Hanucanuit
Ha TypeScript [8] TpancmoeThes y Javascript.

Taxox y Three JS BincytHs noBHa mintpumka NPM
(Node Packet Manager) [9].

Foum  Sandbox  Documentation  Search

Puc. 5 Burnsag cropinku Babylon Playground

Babylon JS wmae BmacHmit pecypc Babylon
Playground, stkuit 103BOJIsIE CTBOPIOBATH Ta TECTYBAaTH
3D moxeni oapasy y 6paysepi. Lle myke 3pydHO i 1mo3u-
TUBHO BIUIMBAaE HAa CIHUIBHOTY (peiiMBopKy. SIKkimo
y JIFOJWHYU 10 Xo4e BIpoBaguTy 3D Ha CBOIO CTOPIHKY
BUHHUKAIOTh 3alIMTaHHs a0o I[iKaBi i7el, BoHA MOXe Hali-
CJIaTH MMOCHJIAHHS, 33 SIKUM IHIIMM KOPHCTyBada Ojapasy
Oye mpeICTaBICHUH KOJI Ta Pe3yIbTaT BHKOHAHHS KOITY.

Hanpuknan, sa Puc. 5 mMoxHa moGadyuTH MOJEIB,
y sIKiif 3aCTOCOBAHO HANpaBJICHE CBITIIO (CBITIO BUIIPOMI-
HIOETHCS Y BU3HAYCHOMY HANPSMKY Ta Ma€ HECKiHYEeH-
HUU Jiama3oH).

Babylon 103BoJIs€ I AKIIOYATH IJIATIHE, SIKi 3a1aI0Th
3aKOHM ITOBEIIHKM Ta B3aeMomii 00’ ekriB. be3 BcTaHOB-
JICHHSI JIONATKOBHX IUIAriHIB, MOKHA OJIpa3y MpauoBaTH
3 geuryHamu sk Cannon JS ta Oimo JS. € MoxIHBiCTh
JI0JIaBaTH 1HIII JIBUTYHW, Ta HaBiTh BJIACHE CTBOPEHY
«Pi3uKy».

OTmxe, MOXKHA 3pOOWTH HACTYITHI BHCHOBKH IO IO
BOX 010Ji0TEK.

[epeBaru Three JS:

o TloTyxHuil Ta JIETKHii 32 PO3MIPOM (PPEHMBOPK.
e JSxicHa miaTpuMKa rpadivHAX OIeHIepiB.

e baraTto eMOHCTpaliiHUX MPUKIAIIB.

e JSIkicHa mOKyMeHTAaIlis.

e [linTpumMka O6araThbox THIIIB OpPMaTIB MOJEICH.

e  MOXIHBICTh PO3MUPHUTH PYHKIIIOHAN, TOTaBITH
¢i3uuHi 1BUrYyHH, Taki sk Cannon JS abo Ammo
JS.

TABJINLA 1 TIOPIBHAIbHI XAPAKTEPUCTHUKHU BIBJIIOTEK

Ha3sga 06i0.1i- XapakTepuCcTHKH
0TEeKH Moea npozpamy- Inmezpo- Bepcin Imnopm ¢popmamie Excnopm ¢popmamie Jiyensin
B8aAHHA eani ¢izu- WebGL
uHi 08uUzyHU
Three.js JavaScript Hi Native (1.0 | gITF, DRACO, FBX, | OBJ, gITF, PLY, Collada MIT
and 2.0) OBJ, STL, MMD,
PRWM, PCD, PDB
Babylon.js JavaScript, Typ | Tak Native (1.0 | OBJ, FBX, STL, | Yci dopmaru, mo miarpu- | Apache
eScript and 2.0) Babylon, gITF mytoteesi  Blender  and | License 2.0
3dsMax (mocTymHi AJIs eKc-
10pTy)
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Henomixu Three JS:
e [loTpeOye Ha BUBYCHHS 0araTo 4acy Ta 3yCHIb.

e [lotpeba y cTOpOHHIX pecypcax ISl IMOYaTKiB-
LiB.

e  Yacre HamMcaHHS MAa0JIOHHOTO KOMY.
e  Crapuil ppeiiMBOPK 3 HEAKTHBHOIO CIIIIEHOTOIO.
ITepeBaru Babylon JS:

e binbmma abcrpaktHicTh Hax WebGL nix y Three
JS.

e CrTBOpeHHS CICH 3aiiMae MEHIIE Yacy HiX
3 Three JS.

e [Ipocrimmii 10 3aCBOEHHS /ISl HOBAUKIB.
e JleranpHa JOKyMEHTAIIIS 3 IPUKJIATAMHU.
e  3py4HUI iIrpOBUI MalaHYHK.

e AKTHBHA CIIIBHOTA, IIBUIKICTH BHIIPABICHHS
TTOMMUJIOK.

Henoniku Babylon JS:
e  Menm xkommaktauil Hi’k Three JS.
e [IIporpae 3a momynspaictio Three JS.

e BiporigHiCTh TPUNUHEHHS MIATPUMKH dYepes
HETIOIYJISIPHICTb.

Ha Puc. 6 mpeacraBieHo AWHAMIKY HOIYJISPHOCTI
[10] y mepion 3 Gepe3ns 2019 mo Gepeszens 2020 poky.

VI. KoHUENL CAUTY

3actocyBanHs 3D Mopxeneit Moxe OyTH KOPHCHHUM
JUIsl BUPIMICHHS MPAaKTUYHUX 3aBaaHb. KoHuemnmiero mpo-
MIOHOBAHOTO IIPOEKTY € OCBITHS IUIaTGopMa Ul HaBYA-
JIBHUX 3aKNaJiB.

B sxocTi mpukiany MokHa oOpaTH iHTEpPaKTUBHHN
MOoCiOHMK 3 reomeTpii s 11 kimacy Ta TeMy crepeoMer-
pii. Ilnmardopma Hamae MOXIMBICTH 00paTH MOTPiOHY
nucruiutiny. Ha Puc. 7 300pakeHo MakeT CTOPiHKHY 1HTe-
PaKTUBHOTO MOCIOHUKA.

CropiHka MICTUTh HaBIramil0 IO OCBITHIA OHJIAWH
matgopmi y BepxHiit vactuHi. B 0OCHOBHIN YacTUHI iHTe-
PAKTHBHOTO MiAPYYHHKA 3HAXOMATHCS MpPaBUIIa, 3aKOHH,
TEOpeMH 3 TpUKIaJaMyd Ta TPaKTH4YHI 3aBAaHHA, SIKi
MOJIETIIYIOTh PO3YMIHHA MaTepiaiy 3 3acTocyBaHHsM 3D
Mozeneit. Hampukiaa, KopucTyBad Xo4e BiANpaIfoBaTH
3aBlaHHA Ha 3HAXOIDKCHHS 00’€MIB CTEPEOMETPUIHUX
oiryp. Bynyerbcst 3D Mozens, sika CKIIQIa€THCS 3 KOMIIO-
HEHTIB, TIPW HaBECHI Ha SKi MOXKHA TOOAYUTH 3a3HAYCHI
Y YMOBI MapameTpH.

Yomy mouiapHO BHKOpHCTOBYBaTH 3D mms Bupi-
LIeHHs oAi0HuX 3aBnanb? Ha npukiiazni ocBiTHBOT IIIaT-
(bopMu MOXHA 3a3HAYUTH SIKi IIEpeBark Haga€e BUKOPHC-
tanHs 3D TexHooriil y BeO-cTopinkax. [ToniOHuit ocBi-
THiff Marepian OuibIe 3aTPUMYy€ yBary JIFOJCH, 3 HUM
MOJKHa B3aEMOJIISITU Ta TPATHCS, IO MO3HAYAETHCS HA
SIKOCTI 3aCBOEHHSI 3HaHb.

® babyions o treis + [lo6asuTs cpasHerme

o scemy mnpy + 3a12mec. v Boe Kareropun v BeGrovck v

Lusanca nonynapHocTn

| ERSRa

I«
A

Puc. 6 [omymsapuicTs 3amutiB Three JS Ta Babylon JS

- H
Hazea nnatd I

iA no caiity

HaszBa gucumnninm
Hazea Temm

OnKMc TeMM 3 3aBJaAHHAMM

3D-mopens

Puc. 7 MaxeT CTOpiHKH

BUCHOBKH

Jlnst BimoOpakenns 3D y Opayzepi ciiyrye WebGL.
l'onoBuum HenoxikoMm mporo API € Te, mo cTBOpeHHs
HaWTPOCTIIOi Mojaeni moTpedye dacy Ta HaBHYOK JIJIS
HalMCcaHHs HU3bKOPIBHEBOT'O KOY.

o mpobnemy BupimyloTh O0iOMIOTEKH, KOI Ta
KOMaH[U B IKHX € abcTpakuiero Hag kogoM WebGL. Tu-
noBi 6i6miorekn — Three JS ta Babylon JS.

[MepeBaru Ta Hegoiiku 000X 6i0yioTeK y posaimi V.
Jlnst BnpoBapkenns 3D mopenelt 111 OCBITHBOT miaTgo-
pmu obpaHo 6i6siotexy Babylon JS, Tomy mo nana 6i6-
JioTeka OiNbII MPOCTa /Il OCBOEHHS HOBaYKaM, PO3po-
OKa 3aiiMae MEHIIIE Yacy, a TAKOX iCHYe 0araTo mpuKia-
IB, sIKI MOXKHa MOAHM(DIKyBaTH Ta OIpa3y IHTErpyBaTH
y npoekT. Bapro 3asnaumrtm, mo Babylon JS Ourem
cydacHHH (GpeHMBOpPK, Y SKOMY DPEryISIpHO BUIPABIIS-
IOTBCSl TIOMWJIKH Ta ICHy€ aKTHBHA CIIUTBHOTA. Y pasi
BUHUKHEHHS 3allUTaHb, MOXHA CIOJiBaTHCh Ha BiAIO-
BiJlb IHIIMX KOPUCTYBadiB. BukopucTaHHs irpoBoro Maii-
nmanuuky Babylon Playground no3Bosisie BUKOHATH TECTY-
BaHHS KOy 3py4YHO Ta HasBHO ofpa3y y Opaysepi.
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Abstract—This article contains a short story of technologies development and tools, which were used for displaying 3d
content for web sites. WebGL, which is a basic and only one tool for displaying 3d graphics on web pages, was reviewed. An
analysis of advantages and disadvantages of this tool was made. A review of modern tools for applying 3d graphics to web
pages to ease interaction with webgl was made. A review of theoretical knowledge of Three JavaScript libraby was made.
Main advantages and disadvantages were highlighted and possibilities of this library were described. A review of theoretical
knowledge of Babylon JavaScript library was made. Main advantages and disadvantages were highlighted and possibilities
of this library were described. A comparison between Three JavaScript and Babylon JavaScript in terms of convenience of
development and implementation of 3d graphics to web pages for a beginner web developer was made. Main advantages
and disadvantages were highlighted. A graph of popularity of both libraries was composed. A comparison table, which
contains data about specifications, was constructed. Such as, export-import format, physical engine support, programming
languages support, et cetera. A model of practice task or project, that contains 3d models, was made. The essence of the task
is to create an educational online platform in which 3D graphics are implemented. This allows students to better understand
the learning material. It also extends the capabilities of learning educational platforms and web pages in general. An analysis
on which library is better to use for solving a task was carried out. Coming from the fact that WebGL is used to display 3D
in the browser and it is difficult to work with it directly, it was decided to choose a library that simplifies the work. Despite
the fact that both libraries are able to accomplish this task, Babylon JS was chosen. Babylon JavaScript library was chosen
for the implementation of 3D models for the educational platform because this library is easier to learn for beginners,
development takes less time, and there are many usefull examples that can be modified and integrated into the project
immediately. It is worth noting that Babylon JavaScript is a more modern library, which is supported by well-known com-
panies engaged in 3D graphics. There is also an active community that reports and suggests ways to resolve errors. So, if
the user has a question, he or she can hope for help to solve the problem. Also, worth mentioning is a tool like Babylon
Playground, which allows to test 3D models directly in your browser.

Key words — network technologies; web browser; 3D-Graphics; WebGL; Three JS; Babylon JS.
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