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three.js
cnpaBO4yHOE PyKOBOACTBO

three.js - 370 Hebo/IbLIASA MO pa3mMepy KpoccbpaysepHasa JavaScript
6ubnnoteka/API ncnonblyemas ass cosgaHnsa N oTobpaxkeHns
aHUMUPOBaAHHOW TPeXMepPHOW KOMMNbIOTEPHOW rpadrkn B Be6-6pay3epe.
CkpunTbl three.js MOXHO MCMO/Ib30BaTb B CBA3KE C 3/IEMEHTOM canvas
HTML5, SVG nnn WebGL.

B three.js BO3MOXHO co3aBarb TPEXMEPHbIE aHUMaLNK, YCKOpsSeMble
rpadomuyecknm nNpoLeccopom, NCMob3ya A3blk JavaScript kak YacTb
BebcaliTa, He nonarasicb Ha cO6CTBEHHbIE NnarnHbl 6pay3epoB. ITO
CTas10 BO3MOXHbIM 6n1arogaps nossneHmo WebGL.

Bubnuoteka npefocTaBnseT peHaepepbl <canvas>, <svg>, CSS3D u
WebGL.

B three.js BktoveHbl cnegytowme OyHKUMN:

Busyanusartopsbl (peHgepepbl): Canvas, SVG n WebGL.
AdhekTbl: aHarnud,
COBGCTBEHHbIX I11a3 MEHATb (DOKYCHOE pacCTosiHME.
Ecnun ecTb XenaHue nonpobosars,
BbIMNO/IHUTE CMeayoLLYy0 NocnenoBaTe/lbHOCTb AEACTBUIA:' +'
CmMOoTpuTe Ha U306paxeHue.
He oTpbiBas B3rnsiga ot n306paxeHns, HaumHanTe casuratb
JooKyCHOe paccTosiHue 6nmxe K Hocy (CkocuTe rnasa).
C
[1Be yacTn n306paxeHnsa Ha4yHyT HaknaablBaTbCA ogHa
Ha apyryto, o6pasysa TpeTblo, KOTopas NOSABUTCS B LEHTPE.
.
CocpepfoTtoubTech Ha NosIBMBLUENCS KapTUHKE U CIOKyCcupyiTe
Ha Heln B3rnag,.


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%B3%D0%BB%D0%B8%D1%84

Ecnn y Bac Bce nNony4ymnoch, To n3obpaxeHne B LEHTPE Bbl yBUAUTE
TpexmepHbIM.")"> NepekpecTHbIn B3rNaa, (cross-eyed) u
napansiakcHblii 6apbep (parallax barrier).

CueHbl: gobaBrieHne N yganeHne o6bLEKTOB BO BPEMS BbINOSTHEHWS;
TymaH

Kamepbl: nepcnekTnBHasi n optorpaduyeckas

KoHTponnepsbl: Ipekbon, FPS, path n gpyrne Controllers: trackball,
FPS, path and more

AHumMayuma: armatures, forward kinematics, inverse kinematics,
morph and keyframe

OcBelyeHue: OOHOBOE, HanpaB/IEHHOE, TOYEeYHOE U MPOXEKTOPHOE
ambient, direction, point and spot lights

TeHun: otbpacbiBaHVe 1 nonyyeHue cast and receive

Matepuanbi: PBR, Phong, Lambert, smooth shading, textures and
more

dopmbl: AOCTYN K NOTHOLEHHOMY A3bIKYy NPOrpamMmmMmMpoBaHms
weraepos (OpenGL Shading Language - GLSL)

Capabilities: 6nu1ku OT NMH3, nepegadva rnyouHbl 1 06LIMpHadA
6ubnuoteka noct-06paboTku lens flare, depth pass and extensive
post-processing library

OObeKTbI: ceTkn (meshes), yactuubl (particles), cnpaiTbl (sprites),
NnHUK, neHTsbl (ribbons), koctn (bones) n mHoroe apyroe - sce c all
with Level of detall

FeomeTpumA: NNOCKOCTb, Ky6, cpepa, Top, 3D TEKCT u apyrme
Modifiers: lathe, extrude and tube

3arpys3umkn gaHHbIX: 6MHapHbIN, rpaduyecknini, JISON 1 cueHapHbI
Data loaders: binary, image, JSON and scene

YTUNUTbI: NOSHBIN HA60P BPEMEHHbIX U TPEXMEPHbIX
MaTeMaTMyYeCcKUxX PYyHKUMIA, BKIOYAS YCeYEHHbI KOHYC (yceyeHHas
napannenibHbIMU NI0CKOCTAMM YacTb domrypsl), matpuuy, Quaternian,
UV un gpyrue Utilities: full set of time and 3D math functions including
frustum, matrix, Quaternian, UVs and more

3KCNopPT U UMNOPT: YTUANTLI ANna co3gaHns JSON-chalinos,
coBmecTuMbIX C three.js n3: Blender, openCTM, FBX, Max, n OBJ
ConpoBoxaeHue: paspabdaTbiBaeTcs AoKyMeHTauma no AP,
06ulecTBEHHbI (hOpyM 1 BMKK B NOSTHOM 06beme documentation is
under construction, public forum and wiki in full operation



https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%BB%D0%B0%D0%BA%D1%81%D0%BD%D1%8B%D0%B9_%D0%B1%D0%B0%D1%80%D1%8C%D0%B5%D1%80
https://en.wikipedia.org/wiki/Parallax_barrier
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B5%D0%BA%D0%B1%D0%BE%D0%BB
https://ru.wikipedia.org/wiki/OpenGL_Shading_Language

Mpumepbl: Cebiwe 150 gaiinos ¢ kogamn NpUMepPOoB M/IC WpPUQThI,
MOAENN, TEKCTYpPbI, 3BYKU 1 Apyrue nogaepxusaemMsie cainbl
OTtnaaka: Stats.js, WebGL Inspector, Three.|s Inspector

three.js paboTaeTt BO Bcex bpay3epax, nogaepxmsatrowmx WebGL.
BbinyckaeTtcs three.js nog, auueHsnen MIT.



https://github.com/mrdoob/stats.js/
https://benvanik.github.io/WebGL-Inspector/
http://zz85.github.io/zz85-bookmarklets/threelabs.html
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%86%D0%B5%D0%BD%D0%B7%D0%B8%D1%8F_MIT

BBEAEHUWE

Co3gaHue cueHbl

Llenb aToro pasgena - gatb Kpatkoe BCTynsneHue B three.js. HauHem ero
co3[aHueM CloXeTa ¢ Bpawjaromnmcs kybom. Ha criyydaii ecnu Bbl
3anyTaeTecb 1M NOHaA00UTCS NOMOLLb, paboynii npumMep Koaa
NPUBOANTCA HUXE.

[Npexae yem HavaTtb

[Mepepn ncnonb3oBaHneMm three.js, Hy)XHO OnNpeaennTbCA, rae Mol dyaem
ero nokasbiBaTb. CoxpaHuTe cnegyowmin HTML-kog kak doaiin Ha cBoeM
KOMNbIOTEPE BMECTE C KOoNnen dpainia three. js B narnke js/ n oTKponTe

ero B CBOeM Gpay3epe.

<!DOCTYPE html>
<html>
<head>
<meta charset=utf-8>
<title>My first Three.js app</title>
<style>
body { margin: 0; }
canvas { width: 100%; height: 100% }
</style>
</head>
<body>
<script src="js/three.js"></script>
<script>
// 3pecb 6ygeT Baw Javascript kog.
</script>
</body>
</html>

370 Bce. Becbk Ko, HMXe NAET B NyCTOW Ter <script>.

Cos3pgaHue cueHsbl

[ns Toro, 4tobbl Gbl/1a BO3MOXHOCTb YTO-/IM60 OTO6paxarts ¢ three.js,


http://threejs.org/build/three.js
http://davidscottlyons.com/threejs/presentations/frontporch14/index.html#slide-16

HY>XHbl TPU BeLU: CLeHa (scene), kamepa (camera) u Bu3yanmsarop
(renderer) - Takxe HasblBaeMbli peHaepep (Mo 3By4aHUIO aHIIMNCKOro
C/10Ba), YTO6bI Obl1a BO3MOXHOCTb MOKa3blBaTb CLUEHY, CHATYIO Kamepoil.

var scene = new THREE.Scene();
var camera = new THREE.PerspectiveCamera( 75, window.innerWidth / w

var renderer = new THREE.WebGLRenderer();
renderer.setSize( window.innerWidth, window.innerHeight );
document.body.appendChild( renderer.domElement );
[aBaiiTe BOCMNoO/Ib3yeMCA MOMEHTOM U MOSICHUM, YTO 3[€Cb MPOUCXOANT.
Ha gaHHOM aTane y Hac nMeeTca Habop U3 cueHbl (nepemeHHas scene),
Kamepbl (MepeMeHHasn camera) 1 Bu3yanusaropa (nepemMeHHas
renderer). B three.js UMeeTcA HECKO/TbKO pa3HbIX kamep. Ceilvac Mbl
6yaem ncnosnb3osatb PerspectiveCamera (T.e. kKamepy ¢ 0oToO6paxeHnem
nepcrnekTnsbl). NMepBbIM NapamMeTpoM y Hee SB/ISETCH
KOTOpPbIM OrpaHnyeHa 30Ha BUAMMOCTU KamMepbl, 0ObEKTbI HE
nonagarouine
' +'B Hee He 6yayT BUAHbI.
PasnunyatoT nose 3peHns no ropu3oHTaan v no BePTUKASIW.
B three.js yron fov - 310 none 3peHns N0 BEPTUKAIN U U3MEPAETCSH B
rpagycax.’);" onmouseout="hide()">fov (none 3peHnsa nam NpocmoTpa).

BTopoii napametp - 310

aspect ratio - oTHouwleHne CTOPoH');" onmouseout="hide()">aspect
(COOTHOLLIEHNE CTOPOH, Nponopunn unu coopmat Kagpa). No4vtn Bcerga
HY>XHO MCNOJ/Ib30BaTb OTHOLUEHWNE LUMPUHBI 3/IEMEHTA K €ro BbICOTE UK
No/ly4nTe TaKoW Xe pelysbTar Kak Npu NpocMoTpe cTapbiX ddNU/IbMOB Ha
LLUMPOKO3KPaHHbIX TefieBm3opax - nsobpaxeHne 6yaeT BbIrNs4eTb
CN/IOLLLEHHbIM,

Cneaywowmmm aByMa napametTpamMmmn ABNATCA near (6nmxHAsS) v far
(AasibHAS) NJIOCKOCTU OTCEYEHUA. DTO 3HAUNUT, UTO 0OBLEKTLI AasibLue,
4yem 3HayeHue far nnn 6nmxe, yem near He 6yayT nokasaHbl. Moka 0 HUX
MOXHO He 6eCnoKoUTbCS, HO A/15 YBe/IMYeHusi ObICTPOAENCTBMS B CBOEM
NPUIOXKEHUN MOXHO MCNOJb30BaTb ApYyrne 3HauYeHus.

MpumeyaHue nepeBogUUKA: Kak rOBOPUTCA "BMECTO ThICAYN C/IOB", BOT HA PUCYHKE NMoKasaHhl
BCe napameTpbl Kamepbl.
... uuTaTb fanee



[anee naet susyanmsatop (peHaepep). BoT TyT To 1 nponcxoanT
BO/ILWLEOCTBO. B fononHeHne kK ncnonblyemomy 3gecb WebGLRenderer,
B Three.jS MeeTcA HeCKONbKO APYrux, 3a4acTyo NCMO/Mb3yeMbIX B
KayeCTBe pe3epBHOro BapuaHTa A1 nosb3oBaresniei co crapbiMu
Gpay3epamun Unn Tex, y Koro HeT nogaepxkn WebGL no gpyrum
NpUYNHaM.

MomMMMO co3paHna aKk3eMnisgpa Busyanunsartopa (peHgepepa), takke
HY>XHO YCTaHOBUTb pa3Mepbl B KOTOPbIX ByaeT oTobpaxaTbCs Halle
NpunoxeHne. Xopollen naeein dyaeT Ncrnosb3oBaHne LWNPUHbI U BbICOTbI
06/1aCTH, KOTOPYH HaM XO4YETCA 3aHATb HALLMM NPUIOXEHNEM - B
[aHHOM c/yyae, 3TO LUMpPUHA 1 BbiCOTa 3/IEMEHTa <canvas>, T.€. NOJHbIi
pa3smep (mMomMHUTe, y <canvas> n wupuHa (width) n Beicota (height)
paBHbl 100%) okHa 6pay3epa. Npun BbINO/THEHNUN PECYPCOEMKMX
NPUNOXEHNI TakkKe MOXHO 3a4aTb NnapameTpy setSize meHbLUne
3HayeHus, spoge window.innerWidth/2 n window.innerHeight/2,
KOTOpble caenarT BU3yasnsaumio NpuioxKeHnsa B NosIOBMHHOM pa3smMepe.

ECnn HY>XXHO cOXpaHnTb pasmepbl NPUIOXEHNHA, HO 0TOBPa3nTb ero C
6onee HN3KMM paspeLLeHnemM, MOXHO caenaTb 37O, Bbi3BaB napamerp
setSize co 3HaueHunem false B kauecTse napametpa updateStyle.

Hanpumep, Koz
setSize(window.innerWidth/2, window.innerHeight/2, false)

caenaet BU3yasim3alunio NPUIoXeHns B NOSIOBUHHOM paspeLLeHnn, ¢
yuyeToM TOro, 4To Hall <canvas> umeet 100% LUMPUHY 1 BbICOTY OT
pasMepoB okHa 6paysepa.

1 HakoHeL,, YTO He MeHee BaXHOo, K Hallemy HTML-A0KyMeHTy
fobasnsgem anieMeHT renderer'a. 3T0 3/ieMeHT <canvas>, Ha KOTOPOM
peHaepep v oTobpaxaeT CLeHY.

Tak mo 8ce xopouwlo, HO 20e amom o6euw,aHHbIl Ky6?
Ceityac Mbl ero go6asum.

var geometry new THREE.BoxGeometry( 1, 1, 1 );

var material new THREE.MeshBasicMaterial( { color: OxQ0ffe0 } );
var cube = new THREE.Mesh( geometry, material );

scene.add( cube );



camera.position.z = 5;

[ns co3gaHna kyba Ham notpedyetca BoxGeometry, T.e. reomeTpus
Ky6a. 9TO 06BbEKT, coAepXallnini Bce TOUKM (BEPLUMHBLI - vertices ef.
yncro vertex) n ctopoHsbl (rpaHu - faces) kyba. B ganbHenwem Mol
paccMoTpuM 3To 60s1ee Noapo6Ho.

MpumeyaHne nepeBofUMKa: 3/1ECH 1 faslee CMI0BO «Te0METPUS» 03HAYAET COBOKYMHOCThL BCEX
reOMETPUYECKMX CBONCTB OOLEKTA, T.€. BCE 3/IEMEHTbI, KOTOPbIE COCTaB/IAOT Kapkac 06bekTa -
BEPLUMHbI, FpaHu, a Takke X LBET 1 PacnosIoKeHME.

... YnTatb ganee

B gononHeHue K reomeTpun Kyba noHagoomTca n marepuan gns ero
okpawmBaHua. B Three.js nmeeTcs HECKO/IbKO MaTepranioB, HO B JaHHOM
cnyyae 6yaem ucnonb3osatb MeshBasicMaterial. Bce matepuansl
NPUHUMAIOT CBOMCTBA 06bEKTA, YTO Obl/IN K HEMY NPUMEHEHbI. YTOObI
COXpaHUTb NPOCTOTY BeLei, NpefocTaBnUM TOMbKO aTpuobyT LBeTa
0x00ff00, T.e. 3eneHbIl LUBET. ITO paboTaeT TOYHO Takxe Kak B CSS nnu
Photoshop (wecTHaguatnpryHbie 3Ha4YeHNs LBeTa).

TpeTbs Belllb, YTO HaM noTpebyeTcs, aTo Mesh, T.e. ceTka. Mesh
npeacTaBNsieT cob6oli 0GbEKT, KOTOPbI NPUHUMAET FEOMETPUIO U
NMPUMEHSIET K Heli MaTepua, KOTOpbIi NOTOM MOXHO BCTaBUTb B Hallly
CLiEHY U CBOGOHO NepeMelLaTbCs BOKPYT.

Mo ymonyaHuio, Npu BbI30Be scene.add( ), Job6aBnAemMas HaMn BeLLb
oyaet pacnonararbcs B KoopanHatax (0,0,0). UTo6bl 3TOro n3bexarb, Mbl
B nocniefHei CTPoKe NPOCTO HEMHOXKO CMeLLaeM Kamepy.

Busyanusauyma (peHaepuHr) CLeHsbl

Ecnn ckonuposatb KoA, NpBeAeHHbIN Bbile, U BCTaBUTb B 3apaHee
co3faHHbIi HTML-paiin, To Bbl HUYEro He yBuauTe. NMoToMy 4YTO Ha
camMoM fJene noka elle Heyero otobpaxarb. [na 10ro, Ytobbl YTO-HUOYAb
NMOSABUIOCb HY>XHO TO, YTO Ha3biBaeTcA render loop - LMKIOM
BU3yasimsaymu.

function render() {
requestAnimationFrame( render );
renderer.render( scene, camera );

}

render();



DTOT KO cOo34acCT LUK/, KOTOpbIn 6yaeT 60 pa3 B CEKyHAY Bbl3blBaTb
BU3yasm3aTop 415 NPOPUCOBKM CLEHbI. ECnv Bbl HOBMYOK B HanmcaHmn
Gpay3epHbIX Urp, TO MOXeTe ckasaTb: "lloyemMy Obl HAM MPOCTO He
BbI3BaTb JavaScript-cpyHKumto

T.€. BpeMeH MexXay Bbl3oBamMu (PYHKLIMN NePepnCcCOBKX CLEHbI');"
onmouseout="hide()">setInterval?" KOHEYHO Xe, MOXHO 3TO caenarb,
HO Yy QOyHKLMN

- MO3BONAET CUHXPOHN3NPOBAaTb BCE aHMMauum co

BCTPOEHHbIMW MexaHn3MamMv 0GHOB/IEHUSA CTPaHWULIbI.

To ecTb, crpynnupoBaHbl 6yayT He To/bKO JavaScript-aHumaumm,

HO 1 CSS-aHumMaumm n gpyrve 6paysepHble nepepucoBkn. Mpu 3Tom
rpapmnyeckmnin yCKoputenb NCNoNb3yeTcs MakCuMaabHO 3dIEKTUBHO
N UCKNKOYaeTCcd NoOBTOpHaA 06paboTka OAHUX N TEX Xe YY4aCTKOB
CTpaHuLbl.

A 3HaunT — MeHblle Byaet 3arpyska CPU, aa 1 cama aHMmaums
CTaHeT 6osiee NnaBHOW.');"
onmouseout="hide()">requestAnimationFrame MMEETCA HECKO/IbKO
npenmyLlecTs. MNoxanyi, cambiM BaXXHbIM U3 HUX AB/SIETCS TO, YTO
aHVMauma npuocTaHaBIMBaETCA NP nNepexoe nosb3oBaresis Ha APpYryto
BKNaZKy 6paysepa, a cnefoBaresibHO He TpaTuUTCA gparoueHHas
BblYMC/INTENbHAA MOLLHOCTb U 3apsaf akkymynsaropa.

MpumeyaHne nepeBogUMKa: BoT elé ofHa KapTyHKa AJ18 STyULIero noHMMaHus npolecca
BU3yanmnsauymm B three.js.
... ynTatb ganee

AHMMauusa Kyba

Ecnu Becb Kofl, NPUBEEHHbIN Bbille, BCTAB/IEH B 3apaHee CO3/AaHHbIl
chaiin, Bbl 4OMKHBI YBUAETL 3e/€eHblli Ky6. [aBaiTe caenaem ero YyThb
MOWHTEPECHEE - MOKPYTUM €rO.

[lo6aBbTe criefyowmin Koa cpasy nepes BbI3oBOM renderer.render
doyHKUMM render:

cube.rotation.x += 0.1;
cube.rotation.y += 0.1;

3T0T Ko, ByAEeT BbINOHATLCA B KaXKAoM kaape (60 pa3 B cekyHay) v



3a/1aCT KyOy XOpPOLLY0 aHMMaLMI0 BpallleHUsl. B npuHuune, Bce UTo
HY>XHO NepeMeLLaTb UM U3MEHATbL BO BPEMSI pab0Thbl NPUNOXEHUS,
[0/HKHO NPOX0OANTL Yepes LMKN peHaepuHra. KoHeuyHo, TaM MOXHO

BbI3BaTb U Apyrue yHKLUMK, HO NocTapaiTech He aenatb OyHKLNIO
render B HECKO/IbKO COTEH CTPOK.

Tor

[Mo3apasnsem! Bbl TO/IBKO YTO NOMYyYMnn cBoe nepsoe three.js
npunoxexue. Kak Bngure, NpocTo HYXXHO ObINO rae-To Havartb.

[MONHbIN KOA NoKasaH Hke. YToObl NoyunTb 60/1ee nosiHoe
npeacTtaBneHne o ero paborte, nourpanTecb ¢ HAM (T.e. NonpobyiTe
NMOMEHATb TE UM MHbIE NapamMeTpbl U NOHabN[aTe 3a
NoyYarLWwmMNCcs N3MEeHEHUAMN).

Koa: ... nokasatb



IMMNOPT C NOMOLLLIO MoAyNnen

HecmoTps Ha To, YTO MMMOPT three.js ¢ NOMOLLbIO Tera <script>
OT/INYHbIN cnocob GbICTPO NOAYUNUTbL U HaYaTb paboTaTb C GUGINOTEKOM,
Yy HEro MMeeTCs HEeCKOJ/IbKO HeOCTaTKOB AJ/15 NPOAO/HKUTENBHbIX
MPOEKTOB, Hanpumep:

e Hy>XHO BpyYHyt0 BbIGUpaTh 1 NOAKI0YATL KOMUID BUBNNOTEKM KaK
4acTb UCXOAHOro Koga NpoekTa.

e OOGHOBNEHNE BEPCUMM BUBNNOTEKM Takxke "pydHoOn” npouecc.

e [Mpv NpoBepke HOBOI BEPCUUN faHHON BMONMOTEKM ynpaBieHne
pasinuusa B ynpas/ieHuy BepcusaMy 3aBasieHbl MHOXECTBOM CTPOK
cbopoyHoro oaina.

cnonb3oBaHue gncnetyepa 3aBMCUMOCTEN TUna npm 06X04MT 3TU

YC/1I0BUSA NO3BOASA MPOCTO CKaymBaTb U UMMOPTUPOBATL Xenaemyto
BepCcuio 6MbNOTEKM Ha BaLly MaLLnHY.

YcTaHOBKa Npu MNOMOLLN npm

MpumeyaHue nepeBoguuKa: npm - cokpatl,. ot Node.js Package Manager — meHemkep
NnakeToB, BXoaswmi B coctaB Node.js

three.js BbinyckaeTcsa Kak MOAYNb npm. 3TO 3HAYUT, YTO A1 BKIHOYEHNS
three.js B MPOEKT, HY>XHO NPOCTO 3anycTuTb "npm install three".

mnopTt moayns

MpeanonoXxuMm, 4To Bbl 06beanHsAeTe haiifibl C MOMOLLLIO TaKoro
NHCTpyMeHTa Kak Webpack nnun Browserify, KOTOpble N0o3BOMSA0T
Assuming that you're bundling your files with a tool such as Webpack or
Browserify, which allow you to "require('modules’) in the browser by
bundling up all of your dependencies.” Tenepb MOXHO BHECTU MOAY/Ib B
CBOW MCXOAHble doaiinbl 1 NPOAO/HKUTL UCMO/b30BaTh €ro B 06bIYHOM

pexnme.
var THREE = require('three');
var scene = new THREE.Scene();


https://ru.wikipedia.org/wiki/Node.js
https://www.npmjs.com/package/three
https://webpack.github.io/
https://github.com/substack/node-browserify

Takke ecTb BO3MO)XHOCTb MCMNOJ/Ib30BaHUSA nMnopTa CUMHTaKCnCa ESG6:
import * as THREE from 'three';

const scene = new THREE.Scene();

nnn, ecsin XotTnute MMnNopTnpoBaTb TOJSIbKO OTAE/IbHbIE YAaCTU 6mMbnnoTekn

three.js, Hanpumep Scene:
import { Scene } from 'three';

const scene = new Scene();

[NpenocTtepexeHuns

B HacTosLee BpeMs TakMMm CnoCO60M HEBO3MOXHO MMMNOPTUPOBATL
dhaiinbl B KaTasior "examples/js". 3TO NponcxoguT n3-3a Toro, 4Yto
HekoTopble 13 (haii/IoB 3aBUCKMbI OT 3arpA3HeHUs rNobasibHOro
npocTtpaHcTBa MmeH THREE. bonee nogpo6Hble cBefeHNs CMOTpUTE Ha
Transform “examples/|s” to support modules #9562.



https://github.com/mrdoob/three.js/issues/9562

[Moanep)xka 6paysepamu
O630p

Three.js moxeT ncnosnb3oBaTb WebGL gnsa Busyanusaumm (peHaepuHra)
CLIEH BO BCeX COBpeMeHHbIX bpay3epax. [l cTapbix 6pay3epos,
ocob6eHHo Internet Explorer 10 1 H/XKe, MOXET noTpeboBaTbCA OTKaT K
OAHOMY M3 OCTaBLUMXCSA BU3ya/lM3aTOpOB (PeHAepepoB)
(CSS2DRenderer, CSS3DRenderer, SVGRenderer, CanvasRenderer).
Kpome Toro, MoxeT notpeboBarbCs BK/IHOYEHNE HEKOTOPbIX
nonnguINoB, 0CO6EHHO NpU NCNOb30BaHNN daisioB U3 Katasiora
/examples.

«Monndpnnn» (aHrn. «polyfill» - poly - mHoro, fill - HaNONHATL, 3aNOMHATL) ... YMTaTb gasiee
MpumeyaHue: ecniv Nogaepkka ycrapesLlunx bpay3epoB He
TpebyeTcs, TO He peKkOMeHAyeTCs NCNOob30BaTh Apyrve
BU3yasm3aTopbl-peHaepepsb!, otandHble oT WebGLRenderer, Tak Kak
OHM paboTaloT Mef/IeHHee 1 NoAAePXKMBAKOT MeHbLUEe KO/IMYEeCTBO
doyHKUMIA.

EBpay3sepsbl, nogaepxunsatowiye WebGL

WebGL nogaepxnsaetcsa cregyrowmmm bpaysepamu: Google Chrome
9+, Firefox 4+, Opera 15+, Safari 5.1+, Internet Explorer 11 n Microsoft
Edge. Y3HaTb, kakne 6paysepbl nogaepxumsatoT WebGL MOXHO Ha
«MOry nu s nonb3oBarbed WebGL»"):;" onmouseout="hide()">Can | use
WebGL.

cnonb3yemsble B three.js pyHKUMN Ha A3bike JavaScript nav

BOT HECKo/bKo dDyHKLMIA, UCnonb3yeMblX B three.js. [1Nst HEKOTOPbIX U3
HUX MOXET NoTpeboBaTbCs A0NOIHEHNE NONNUIIaAMM.

OYHKUWMW OBNACTb MPUMEHEHWNA MOA4AYNN
FEATURE USE SCOPE MODULES
Typed Arrays [cXoaHWK BufferAttribute, BufferGeometry u T.A.
Web Audio VICXOIHIK Audio, AudioContext, AudiolListener u
API T.4.
WebVR APl  |cxogHuk WebVRManager u 1.4.



https://github.com/mrdoob/three.js/tree/master/examples/js/renderers
https://github.com/mrdoob/three.js/tree/master/examples
https://caniuse.com/#feat=webgl

Blob NcxopgHuK FileLoader, etc.
. GLTFLoader, GLTF2Loader, WebVR,
Promise Mpumepsbl VREffect u 1.4,
Fetch Mprmepsl ImageBitmapLoader n 1.4,
File API Mprmepsl GLTFExporter n 1.4,
URL API Mpumepsbl GLTFLoader u T.A4.
igllnter Lock Mprmepsl PointerLockControls
Monndonnnoi

MpocTo nMnopTupyiiTe NOAMGUANbI, UCXOAS U3 CBOUX TpeboBaHuiA. Ecnu
B KauecTBe npumepa B3ATb IE9, TO NnoTpebytoTcs NonMdunnbl Kak
MUHUMYM K 3TUM (PYHKLUSIM:

e Typed Arrays
e Blob

PekomeHayemble NONNgunbI
core-js

typedarray.js
ES6-Promise

Blob.js
fetch



https://github.com/zloirock/core-js
https://github.com/inexorabletash/polyfill/blob/master/typedarray.js
https://github.com/stefanpenner/es6-promise/
https://github.com/eligrey/Blob.js
https://github.com/github/fetch

OOGHapy»xeHne coBMecTMmMocTn 6pay3epa ¢ Web:!

HecmoTpsi Ha To, YTO Npo6/eMa BCTPEYaETCS BCE PEXE U PEXE,
HEKOTOPble YCTPOCTBa UNn Gpay3epbl BCe eLLE He MOTryT paboTaTb C
WebGL.

OnucaHHbIN HUKe MeToA NpoBepsieT, nogaepxmeaetcsa nnm WebGL u,
eC/I1 3TO He Tak, BbIBOAUT CO0OLLEHME NO/b30BaTeto.

[ob6aBbTe ¢ cBOeMy javascript-kogy Detector.js 1 3anyckaiTe cneayoLnin
KO npexnae 4em MNblTarbCA yTO-NMNBO 0T06pa3I/ITb.
if (Detector.webgl) {
// Initiate function or other initializations here
// 3pecb pacnonaraeTca uHuumannsaumsa OyHKUAWM UNuU Apyrue uHuunanns
animate();
} else {
var warning = Detector.getWebGLErrorMessage();
document.getElementById( 'container').appendChild(warning);


https://github.com/mrdoob/three.js/blob/master/examples/js/Detector.js

Kak Bce 3TO 3anyCTuUTb JIOKaJIbHO

Ecnun ncnosnb3yrTcsa TOIbKO KOHCTPYKUMK, NpeaycMoTpeHHble B Three.js,
N HUKaKNX TEKCTYP AOMONHUTENbHO HEe 3arpyXaeTcs, Be6-CTpaHuLbl
[AO/MKHbI paboTatb NPAMO U3 (haiioBoO CUCTEMbI, NPOCTO cAenamnTe
[BOMHOK K/MK B doaiiioBoM MeHemkepe no HTML dpaitnly n oH fomkeH
NOSIBUTLCS M HayaTb paboTatb B 6pay3epe (B alpeCcHOI CTPoKe byaeT
BugHo file:///yourFile.html).

CofepXumoe, 3arpyxaemoe 13 BHeLIHUX doaiinios

Ecnv mogenu nnn TeKCTypbl 3arpyXaroTcs U3 BHELHUX diaiioB, n3-3a
orpaHnyeHunit 6e3onacHoOCT No

C aHrn. «MpuHUWN 0ANHAKOBOIO UCTOYHMKA») — 3TO BaXkHas

KOHUenuma 6e3onacHOCTM ANA HEKOTOPbIX A3bIKOB NPOrpaMMnupoBaHng
Ha CTOpPOHe KAMeHTa, TakMx Kak JavaScript.

' +TlonTrka paspellaeT cueHapmam, Haxoaaunmcesa Ha CTpaHuLax
O[HOrO caiTa, A0CTYN K MeToAaM 1 CBONCTBaM Apyr apyra 6e3
OrpaHMyeHuii, HO NpeaoTBpaulaeT A0CTYN K 60AbLINHCTBY METO0B

1N CBOWCTB A8 CTPAHWLL HA Pa3HbIX calTax.

' +'O4MHaKoBble UCTOYHMKN — 3TO MCTOYHUKW, Y KOTOPbIX COBMNajaroT

TpY Npu3Haka: AOMeH, NopT, NPOTOoKo/.");" onmouseout="hide()">npaBunay
orpaHn4yeHnsa goMeHa 6paysepa, 3arpyska 13 ¢oaisioBoi cucTemsl
3aBEPLUNTCS OLUNOKOWN 1 Bblgayein COOBLLEHNSA C ONMCAHNEM UCK/TIOHYEHUS

6e30nacHoOCTMW.

MpumeyaHne nepeBogUUKA: BOT CChISIKM Ha cTaTbl B Bukuneann npo MNpaBuao orpaHnyeHns
nomeHa 1 Same Origin Policy.

CywecTByeT ABa cnocoba peLueHnsi 3To NpoobeMbI:

1. N3meHuTb 415 NoKasibHbIX doaiisioB npasuia 6e30nacHoOCTA B
6pay3epe. 3TO NO3BOMUT NOJYYNUTb AOCTYN K CBOEN CTpaHuLe
Kak: file:///yourFile.html

2. 3anyckartb hainibl U3 nokasbHOro Beb-cepsepa. 310 NO3BOANT
MoMy4nUTb AOCTYN K CBOEW CTpaHuLE Kak:
http://localhost/yourFile.html

[pn ncnosb3oBaHMN NEepPBOro BapnaHTa nmenTe B Buay, 410 €C/in



https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%BE_%D0%BE%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B4%D0%BE%D0%BC%D0%B5%D0%BD%D0%B0
http://en.wikipedia.org/wiki/Same_origin_policy

MCMosib3yeTe TOT Xe caMblii 6pay3ep 1 AN 06bIYHOT0 Be6-cepdurHra,
MOXHO OTKPbITb HEKOTOPbIE YSI3BMMOCTW. /151 6€30MacHOCTU, MOXHO
c037aThb OT/AE/bHbIi NPOhUNL/APbLIK Bpay3epa TONbKO AN1S1 TOKA/IbHOTO
npumeHeHus. [laBaliTe pacCMOTPUM KaxKablli BapuaHT No oyepeau.

AI3MeHeHne NoNMTukn 6e3onacHOCTU TOKasIbHbIX pasioB B 6pa

Safari

C nomoubio NaHeNnn HaCTPONKN BKIKOUUTE MEHIO pa3paboTku, yepes
Advanced (gononHuTensHo) => "Show develop menu in menu bar"
(MokasblBaTb MEHIO pa3paboTky B MaHeNn MeHH0).

3arem B meHto "Develop"” (paspaboTka) 6pay3epa Bbidepute "Disable
local file restrictions" (OTK/IOUNTL OrpaHNYEHNs NOKasIbHbIX (haiiioB),
CTOUT Takxxe OTMETUTb, YTO Safari uUMeeT HeCKo/IbKO CTpaHHoe
noesegeHne npu paboTte ¢ KawemMm, Tak YTO B TOM XKe MEHI0
XenaTtenbHO Ucnosib3oBaTb onuymio "Disable caches" (oTkntounTb
K3LW); ecnu pefakTMpoBaHue 1 oT/1afka BefyTbCs € NOMOLLbIo Safari.

Chrome

BHauyane 3akpoiTe Bce paboTarowme ak3emnaspbl 6paysepa Chrome.
[(naBHOE C/10BO 34€ech "Bce".

B onepauunoHHoit cucteme Windows MOXHO NPOBEPUTb YMCNO
ncnosib3yemMolx ak3emnnisapos Chrome vepes MNaHesnb 3agay. Kpome
TOro, eCnin B CUCTEMHOM Tpee BUAHO MKOHKY Chrome, MOXHO OTKPbITb
ero KOHTEKCTHOE MEHH0 M KJTMKHYTb 'EXit' - BbINTU. 3TO AO/IHKHO
3aKpbITb BCe 3K3eMnisapbl bpay3sepa Chrome.

3arem 3anycTute ncnosiHsemblin painn Chrome ¢ pnarom KomaHgHOM
CTPOKMU:

chrome --allow-file-access-from-files

B OC Windows, BO3MOXHO, CamMbIM MPOCTbIM CNOCO60M SABNSETCH
co3faHue cneumanbHOro sipsbika, B KOTOPOM Ao6asneH donar,
yKa3aHHbIin Bblle (NpaBblil KNIMK N0 UKOHKE Ap/blKa BbI30BET
KOHTEKCTHOE MEHI0, B KOTOPOM HY)XXHO cAenartb /1EBbIN K/IMK Ha CTPOKe



CaolicTtBa (Properties). B oTKpbIBLLEMCS OKHE CBOWCTB SIp/ibika, B
cTpoke O6beKT (Target) U HY)XHO A06aBUTb YNOMSHYThIV donar).

B onepauyunoHHoi cucteme Mac OSX 310 genaeTcsi C NOMOLLbHO
open /Applications/Google\ Chrome.app --args --allow-file-access-

Firefox

1. Habepute B agpecHoi cTpoke about:config
2. Haihgnte napametp

security.fileuri.strict_origin_policy
3. YcrtaHoBuTe ero Kak false

3anyck NoKasIbHOro cepsepa

Ha MHOrux s3bikax nporpaMmmMmpoBaHns UMEOTCA BCTPOEHHbIE NPOCThIe
HTTP-cepBepbl. OHM HE HACTONLKO NMOMHOYHKLMOHASIbHBI, KaK peasibHO
paboTalLine cepsepa, nogobHble Apache nanm NGINX, TemM He MeHee
OHW [0/MKHbI ObITb AOCTATOYHbI AN1A TECTUPOBAHMUSA NPUIoXKeHus three.|s.

3anyck cepsepa Python

Ecnu yctaHoBneH Python, To ero A0/XHO GbITb 4OCTATOUYHO A5

3anycka cepBepa 13 KOMaHAHOW CTPokM (13 pabouyero Kkatasoray):

//Python 2.Xx
python -m SimpleHTTPServer

//Python 3.X
python -m http.server
OH 6yaet obecnyxmBaTb (hainnbl U3 Tekyllero katasiora B localhost no

8000 nopTy, TO eCcTb, B aApPecHO CTpoKe HabepuTe:
http://localhost:8000/

3anyck cepsepa Ruby

Ecnn yctaHoBnieH Ruby, MOXHO nosnyyunTb TOT XXe pe3y/ibTar, 3anycTuB
B3aMeH cnegyLlee:
ruby -r webrick -e "s = WEBrick::HTTPServer.new(:Port => 8000, :D


https://www.apache.org/
https://nginx.org
http://python.org/

3anyck cepsepa PHP

B PHP Takxe nmeetcs BCTPOEHHbI cepBep, HaunHas ¢ Bepcun php
5.4.0:
php -S localhost:8000

3anyck cepsepa Node.js

B Node.js nmeetcs npocTtoit naket HTTP cepBepa. Ansa ycTaHOBKMK:
npm install http-server -g

[nsa 3anycka (M3 /ToKasibHOro Karasora):
http-server . -p 8000

3anyck cepsepa lighttpd Ha Mac

Lighttpd - 370 o4eHb flerKkoBecCHbIi Be6-cepBep 06LLEero Ha3HaYeHus.
Ceityac pacckaxem o ero ycrtaHoBke Ha OSX ¢ nomoubto HomeBrew.
B oTnnume ot gpyrnx cepeepos, 06CyxaaeMblX 34ech, lighttpd - ato
NO/THOLEHHBIN cepBep, roTOBbIN K peasibHOi paboTe.

1. YcTtaHaBnvMBaem cepsep yepe3 homebrew
brew install lighttpd

2. B katanore, rge Hy)XHO 3anycTutb Beb-cepBep, co3haem
dhainn HacTpoiiku ¢ Ha3BaHmeM lighttpd.conf. BoT 3aech
NMmeeTca npumep.

3. B (paitsie HacTpoKiku 3aMeHsieM 3Ha4yeHre napameTpa
server.document-root Ha kaTanor, B KOTOPOM HY)>XHO
06CnynBaTtb hansbl.

4. 3anyckaem ero

lighttpd -f lighttpd.conf

5. MNepexogmm Ha http://localhost:3000/ n oH 6yaet
06CnyxmBaTb cTaTnyeckme gaiisibl U3 BbIGPaHHOIo
Katasiora.

[pyrve npocreilumne BapmaHTbl 06CyKaatoTca Hanpumep Ha Stack
Overflow.


http://redmine.lighttpd.net/projects/lighttpd/wiki/TutorialConfiguration
http://stackoverflow.com/q/12905426/24874

PucoBaHue nMHun

ﬂpeﬂﬂOﬂOXMM,HyXHOHapMCOBaﬂaﬂMHMK)MﬂMprﬂ663KapKaCHOM

CETKU. BHayane Hy>HO YCTaHOBUTbL peHaepep (BU3yanmsarTop), CLEHY U
kamepy (cmoTpute cTpaHuly Co3flaHNE CLIEHbI).

BoT koa, KOTOprVI A4 3T10ro 6yp,eT NCIMoJ/1b30BaTbCA.

var renderer = new THREE.WebGLRenderer();
renderer.setSize(window.innerwWidth, window.innerHeight);
document.body.appendChild(renderer.domElement);

var camera = new THREE.PerspectiveCamera(45, window.innerWidth / wi
camera.position.set(0, 0, 100);
camera.lookAt(new THREE.Vector3(0, 0, 0));

var scene = new THREE.Scene();

Cnepytoulee, 4UTo HYXHO cAenaTb, 3TO onpeaennTb Mmatepuan. Ans
NIVHNIA MOXHO Mcnosib3oBaTth LineBasicMaterial nnu LineDashedMaterial.
//create a blue LineBasicMaterial (co3pgagum cuHuMin LineBasicMaterial
var material = new THREE.LineBasicMaterial({ color: 0x0000ff });
[Mocne onpeaeneHnsa martepuasia Hy)>XKHO onpegenuteca ¢ Geometry nnim
BufferGeometry ¢ HEKOTOPbIM KO/INYECTBOM BEPLUNH (PEKOMeHAyeTCs
ncrnonb3oBarb BufferGeometry kak 6onee nponssBoanTesibHY, OAHaKO

a4 ynpoweHund 3gecb 6y,u,eT UCIMOJIb30BaHa Geometry):

var geometry = new THREE.Geometry();

geometry.vertices.push(new THREE.Vector3(-10, 0, 0));
geometry.vertices.push(new THREE.Vector3(0, 10, 0));
geometry.vertices.push(new THREE.Vector3(10, 0, 0));

O6partnte BHAMaHUE, YTO SIMHUM NPOBEAEHbI MEXY KaXK a0
nocneayrouleit napon BepLInH, HO He MeXay NepBoi U nocnegHen (To

€CTb, 3Ta JINHUA HE SaMKHyTa).

Tenepsb, Korga ecTb TOUKM A8 ABYX JIMHUA N MaTepuasl, MOXHO CITIOXUTb
BCe BMecCTe AJ/1 (hOpMUPOBaHUA TNHUMN.

var line = new THREE.Line(geometry, material);

Bce uto ocTtasioch, BbiBeCTU (406aBNTh) €€ Ha CLEeHY U Bbl3BaTb

peHaepep.

scene.add(line);



renderer.render(scene, camera);

Tenepb Bbl AO/MKHbI YBUAETL CTPENKY U3 ABYX CUHUX NNHWUIA,
HanpaB/1€EHHYHO BBEPX.



Co3gaHune TekcTa

YacTo 6bIBaeT Tak, YTo B MPUIOXEHUN three.js HY>XXHO MUCIMOJ/1b30BaTb
TEKCT - BOT HECKOJIbKO CNOCO60B, Kak MOXHO 3TO caenarb.

1. DOM + CSS

Ncnonb3oBaHme HTML - 310 Hanbonee npocTom 1 BbICTPbIA CNOCo6
fobasneHnsa Tekcta. This is the method used for descriptive overlays in
most three.js examples.

MOXHO A06aBUTb COAEPXKMMOE B

<div id="info">Description</div>

N ncnosnb3oBatb CSS-pasMeTKy A/151 pa3MeLLeHns B abCOMTHO
He3aBMCUMOW NO3NLUKN 1 NOBEPX BCErO OCTasIbHOMO MO Z-UHAEKCY,
0COGEHHO ecnu NpunoxeHue three.js paboTtaeT B NO/THO3IKPAHHOM

pexuvme.

#info {
position: absolute;
top: 10px;
width: 100%;
text-align: center;
z-index: 100;
display:block;

3

2. HapucoBaTtb TEKCT Ha canvas M UCNo/1b30BaTh €ro Kak TeKCTY

cnonb3yiiTe aToT CNOCOO6, eC/In XOUEeTCA NPOCTO HapucoBaTb TEKCT Ha
NJI0CKOCTK, Ha cBoel three.js-cLeHe.

3. Co3gaTtb Mofesib TeKCTa B BblIbpaHHOW Bamu nporpamme 3D-r
N 3KCnopTMpoBaTh eé B three.js

lcnonb3yiiTe 3TOT CNOCo6, ecnv npegnoymTaeTe pabotarb CO CBOE
nporpammoli 3D-rpadpukn 1 BcTaBbTe 3Ty Mojens B three.js.



4. Procedural Text Geometry

Ecnv npegnoynTtaete paboTarb UCKNKUNTENBLHO B three.js nnm
cospasartsb If you prefer to work purely in THREE.|s or to create
procedural and dynamic 3D text geometries, you can create a mesh

whose geometry is an instance of THREE.TextGeometry:
new THREE.TextGeometry( text, parameters );

[ns Toro, 4tobbl aTO cpaboTtano, ansa TextGeometry 6yaeT HyXeH
ak3emnnap THREE.Font, ycTaHOBNEHHbIN B KQ4eCTBE 3HAYEHUS ero
napametpa "font" - wWpundT. NocmoTpuTe cTpaHuly TextGeometry ans
NO/lyYeHUs AONOMHUTENbHbLIX CBEAEHUI O TOM, KakK 3TO MOXHO caenartb C
onncaHMeM Kaxkaoro npyMHUMaemMoro napametpa n cnuckom JSON-
LWpndpTOB, NOCTaB/IsSAeMbIX B cocTaBe camoro THREE.js.

[Mprmepsbl
WebGL / geometry / text

canvas / geometry / text
WebGL / shadowmap

Ecnu wpndT He paboTaeT Uan Hy>XXHO MCNOoJb30BaTh LWPUAIT, KOTOPOTo
30€Cb HET, CYLLLEeCTBYET PYKOBOACTBO CO CKPMNTOM Ha fA3blke Python ans
Blender'a, KOTOPbIn NO3BONASET 3KCNOPTUPOBATb TEKCT B MOHATHOM A4
Three.js doopmate JSON.



https://ru.wikipedia.org/wiki/JSON
https://threejs.org/examples/#webgl_geometry_text
https://threejs.org/examples/#canvas_geometry_text
https://threejs.org/examples/#webgl_shadowmap
http://www.jaanga.com/2012/03/blender-to-threejs-create-3d-text-with.html
https://www.blender.org/

PyKOBOACTBO MO MUrpaLun n CTUII0 Koga

PykoBOACTBO N0 MUrpaLIMNTO ECTb, N0 NEepeBoy NporpamMmm three.js,

ceNaHHbIX B 0HOI Bepcuun, s paboTbl B Apyroin Bepcum three.js

XpaHUTCcsa Ha wiki. OHO COAEPXMUT CMNCOK M3MEHEHWNI KaXa0iN BEPCUM
three.js, HaunHasa ¢ penusa r45.

Ero MoxHoO HanTu 30€ECb.
MpumeyaHne nepeBoguukKa: Bukn (aHri. wiki) — Beb-caiT, ... unTaTb ganee

Becb Ko 1 npumepsbl Ha three.js HanucaHbl B cTUNe koga ot Mr.doob.
KOHEeYHO, MOXHO MCNo/b30BaTh M0G0, NpeanoyYnTaeMblii BaMu Ais
paboThbl, CTUNb, HO NPV A06aBNEeHNM Koga B GUGIMOTEKY UN B NPUMEPI,
TpebyeTcs cnegoBaTb 3TOMY PyKoBOACTBY. MoAPOGHOCTN MOXHO HaTK

30€Ch.


https://github.com/mrdoob/three.js/wiki
https://github.com/mrdoob/three.js/wiki/Migration-Guide
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BA%D0%B8-%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BA%D0%B8
https://github.com/mrdoob/three.js/wiki/Mr.doob%27s-Code-Style%E2%84%A2

YAcCTO 3agaBaemble BOnpochl

Kakoi doopmaT nmnopTa/akcnopTa syylle BCero noaaepXXmnBaet(

TODO

Mouemy B npuMepax NpUCyTCTBYIOT TErM meta Ans okHa NPocMmc

<meta name="viewport" content="width=device-width, user-scalable=no

STW Tarn ynpasngaoT pasMmepamMmy OkHa npocmoTtpa (viewport) u
MacwTabom ans épaysepoB MOOUbHBLIX TeNeddOHOB (r4e coaepXmmoe
CTpaHULbl MOXET 0TOOpaxaTbCsa B APYroM pasmMepe, YemM BUAMMOE OKHO
npocmoTpa).
http://developer.apple.com/library/safari/#documentation/AppleApplication

https://developer.mozilla.org/en/Mobile/Viewport_meta_tag (aHrn.)
https://developer.mozilla.org/ru/docs/Mozilla/Mobile/Viewport_meta_tag
Ha pyCCKOM

Kak MOXXHO COXpaHUTb MacLitad CuUu€eHbl NMPU N3AMEHEHUN Pa3Mep

XoyeTtcs YToObl BCe 06bEKTHI, HE3AaBUCMMO OT UX PacCTOAHUA A0
Kamepbl, BbIrNA4en ogMHaKoBoO, Aaxke Npyu N3MeHeHun pasmMmepa okHa.
KntoueBoe ypaBHeHWE O1A pelleHns 3Toi 3agaun - 3To oopmyna a/s
BUAUMOW BbICcOTbI (Visible height) Ha 3agaHHOM pacCTOSAHUM OT KaMepbl

(distance_from_camera):
visible height = 2 * Math.tan( ( Math.PI / 180 ) * camera.fov / 2 )

Ecnn yBennunBaeTcsi BbiCOTa OKHa Ha ornpeaenieHHbI MPOLEHT, TO U
BUAMMas BbiCOTa HAa BCEX PACCTOSHUAX Takxe yBesimymMBasiacb Ha TOT Xe
caMblil NPOLEHT. DTOr0 HeMb3s caenarb USMEeHEHMEM MOJSTOXKEHMS
Kamepbl. BMecTo aToro cnegyet U3MeHsATb Nnosie NpocMoTpa kKamepbl
(napametp fov - field-of-view). Npumep.

[Toyemy YyacTb MOero obbekTa HeBuanva?


http://developer.apple.com/library/safari/#documentation/AppleApplications/Reference/SafariWebContent/UsingtheViewport/UsingtheViewport.html
https://developer.mozilla.org/en/Mobile/Viewport_meta_tag
https://developer.mozilla.org/ru/docs/Mozilla/Mobile/Viewport_meta_tag
http://jsfiddle.net/Q4Jpu/

3TO MOXET NPOUCXOANTb 1U3-3a BbiGOpaA rpaHun. Y rpaHeli umeeTcs
OPUEHTUP, KOTOPbI onpeAensieT kKakas CTOpoHa ABNSETCS nepeaHeli n
BUANMOW, a Kakas - 3afHeli 1 HeBUANUMOW. N B 06bIUYHbLIX YCIOBUSIX NPK
BblbOpe yaansietcs 3afHsas, HeBuanmasi CTopoHa. Ecnu npobnema B

3TOM, U3MEHNTe CTOPOHY maTepuana Ha THREE.DoubleSide.
material.side = THREE.DoubleSide



CcbI/IKM Ha NoJse3Hble Pecypchbl

Hwxe npuBefeHa KoeKLMs CCbI/IOK, KOTOpble BO3MOXHO byayT
nosiesHbIMn Npu n3yyeHuu three.js.

Ecnv Bbl Hawv 4To-NMBO, UTO XOUeTcs croja 006aBUTb, UK cUUTaETE,
4YTO OAHAa U3 NpUBEAEHHbIX CCbINOK 60/IbLIE HE YMECTHa UK He
paboTaeT, He CTECHANTECh KNKHYTb KHOMKY 'edit’ (peaaktupoBaTh)
cnpasa BBEPXY Y BHECTU HEKOTOPblE N3MeHeHNS!

OTMeTbTEe Takxe, YTo three.js 4OBONLHO GLICTPO pasBMBaETCs, MHOTME U3
3TUX CCbINOK ByaAyT cogepaTb ycTapeBLune CBefeHNs - eCNN YTO-TO
paboTaeT He Tak, Kak OXnAasioCb NN KakK YKa3bIBaeTCs B 3TOW CCbI/IKe,
NpoBepbLTE KOHCO/b bpay3epa Ha Hanuune npeaynpexneHuii n owmnobok,
COOTBETCTBYHOLUME pa3fesibl 3TON CnpaBkn 1 0COOEHHO CTpaHuLy
DeprecatedList (cnucok yctapeBLUMX aneMmeHToB API).

B gonosiHeHue K 3Tol cTpaHuue, mrdoob nogaepXxmBaeT KONIeKUmo
CCbINI0K, CBA3aHHbIX C three.js B Google+. [NocmMoTpn nx 34€ecChb.

CnpaBoyHble hopyMbl

Three.js ochmnuypnanbHo ncnonblyet Stack Overflow as1s 3anpocos
CnpaBo4YHOW NHpopMaLnN.

Ecnn B yeM-nn6o TpebyeTcs noMoLlb, obpallaintecs Tyaa. HE HY>KHO
cosfasarb Npob6nembl npocbbamm nomoyb Ha Github'e.

YUeOBHUKM 1 KypChl

Hauano pabortsbl ¢ three.js
e Beginning with 3D WebGL ot Rachel Smith.
¢ Animating scenes with WebGL and three.js aHMmMauus cueH ¢
WebGL u three.js
Bonee paclumpeHHble 1 A0NOSHALWMNE cTaTbh N KypCbl

e Collection of tutorials Ha6op y4yebHukos ot CJ Gammaon.
o Glossy spheres in three.js 6nectawue cepsl B three.js.



https://plus.google.com/+ThreejsOrg
http://stackoverflow.com/tags/three.js/info
https://codepen.io/rachsmith/post/beginning-with-3d-webgl-pt-1-the-scene
https://codepen.io/rachsmith/
https://www.august.com.au/blog/animating-scenes-with-webgl-three-js/
http://blog.cjgammon.com/
http://www.cjgammon.com/
https://medium.com/@soffritti.pierfrancesco/glossy-spheres-in-three-js-bfd2785d4857

Interactive 3D Graphics - 6ecnnatHbIii Kypc no Udacity, o6yyatoumii

ocHoBam 3D rpavkm 1 UCnosb3yLWwmnii B Ka4ecTBe NHCTPyMeHTa
KogupoBaHua three.js.

Aerotwist yuebHukn ot Paul Lewis.

Learning Three.js — a blog with articles dedicated to teaching three.js
Animated selective glow in Three.js ot BKcore

YUebHVKN Ha APYTUX S3blKax

Building A Physics Simulation Environment noctpoeHue cpegbl
MOAEeNNPOoBaHNA (PU3nNYecknx npoLeccos - y4ebHuk three.js Ha
ANOHCKOM

[lononHuTenbHaa AoKymMmeHTauus

Three.js walking map - a graphical breakdown of the structure of a
three.js scene.

HoBOCTM 1 0OHOBEHNS

Three.js Ha reddit

WebGL Ha reddit

Learning WebGL Blog — ABTOPUTETHbIN NCTOUYHNK HOBOCTEN O
WebGL.

Three.js posts Ha Google+ — yacTble coobuleHnsa o Three.js

[Mpmepsl

Professor Stemkoskis Examples (Mpvmepsbl npodgyeccopa
CteMKockuc) - CO0PHUK APYXKECTBEHHbIX NPUMEPOB /15
HauMHaoLLMX, NOCTPOEHHbIX C UCMO/b30BaHMeM three.js Bepcumn
ré0a.

OdwmumasibHble NpuMepsl three.js - 3TM NpUMepPbl COXPaHAKTCA Kak
yacTb penosutopus three.js n Bcerga Ncnonb3ykoT NOCNELHIOH
Bepcuio three.js.

Official three.js dev branch examples - Same as the above, except
these use the dev branch of three.js, and are used to check that
everything is working as three.js being is developed.



https://www.udacity.com/course/cs291
https://aerotwist.com/tutorials/
https://github.com/paullewis/
http://learningthreejs.com/
http://bkcore.com/blog/3d/webgl-three-js-animated-selective-glow.html
https://github.com/BKcore
http://www.natural-science.or.jp/article/20120220155529.php
http://ushiroad.com/3j/
http://www.reddit.com/r/threejs/
http://www.reddit.com/r/webgl/
http://learningwebgl.com/blog/
https://plus.google.com/104300307601542851567/posts
http://stemkoski.github.io/Three.js/index.html
https://threejs.org/examples/
https://rawgit.com/mrdoob/three.js/dev/examples/

IHCTPYMEHTHI

e physgl.org - javascript front-end with wrappers to three.js, 4To6bl

AoHecTun rpadmky WebGL a0 cTyaeHToB, nsydarowmx omsmky n
martemartuky. to bring WebGL graphics to students learning physics
and math.

[link:http://whitestormjs.xyz/ Whitestorm.js] — A wrapper around
Three.js and custom [link:https://github.com/chandlerprall/Physijs
physi.js].

Three.js Inspector

ThreeNodes.]s.

CTapble CCbIJIKK

3TU CChIIKM XPAHATCA B UCTOPUYECKMX LIENSIX - B HUX TOXE MOXHO HalATK
YTO-TO NOJIE3HOE, HO MMeEliTe BBUY, COAepXalllasics B HUX MHGopMaLms
OTHOCUTCS K OUEHb CTapbIM Bepcusim three.js.

AlterQualia at WebGL Camp 3

Yomotsus Examples (npumMepsbl) - KONIEKLUS NPUMepPOB, C
ncrnonb3oBaHnem three.js sepcum r45.

Introduction to Three.js - BBegeHune B Three.js oT limari Heikkinen
(chaiigLwioy).

WebGL and Three.js ot Akihiro Oyamada (cnangluoy).

Fast HTML5 game development using three.js ot BKcore (B1geo).
Trigger Rally ot jareiko (Buaeo).

ThreeFab - pegaktop cueH, nogaepxusanca Nnpubnn3nTensHo 40
three.js Bepcum r50.

Max to Three.js workflow tips and tricks ot BKcore

A whirlwind look at Three.js (bernbiii B3rnag Ha Three.js) ot Paul

King



http://www.physgl.org/
http://zz85.github.io/zz85-bookmarklets/threelabs.html
http://idflood.github.io/ThreeNodes.js/
https://www.youtube.com/watch?v=Dir4KO9RdhM
http://yomotsu.github.io/threejs-examples/
http://fhtr.org/BasicsOfThreeJS/#1
http://github.com/kig/
http://www.slideshare.net/yomotsu/webgl-and-threejs
http://github.com/yomotsu
http://bkcore.com/blog/general/adobe-user-group-nl-talk-video-hexgl.html
https://github.com/BKcore
http://www.youtube.com/watch?v=VdQnOaolrPA
https://github.com/jareiko
http://blackjk3.github.io/threefab/
http://bkcore.com/blog/3d/webgl-three-js-workflow-tips.html
https://github.com/BKcore
http://12devsofxmas.co.uk/2012/01/webgl-and-three-js/
http://github.com/nrocy

CNEAYWOWWE NENCTBUSA

Kak 3TO BCe OOHOBNATb

Bce 06beKTbI MO YMO/I4aHMI0 aBTOMaTtn4yeckn 06HOBNAKT CBOM MaTpuLbl,
ecnu 6binn Ao6asneHbl Ha CLEHY MNPy NOMOLLN

var object = new THREE.Object3D;

scene.add( object );
NN €C/IN OHU ABNSAKOTCA A0YEPHUMUN MO OTHOLLEHUIO K APYTOMY OObLEKTY,

yXe [106aBfIeHHOMY Ha CLIEHY:

var objectl = new THREE.Object3D;
var object2 = new THREE.Object3D;

objectl.add( object2 );

scene.add( objectl ); //objectl and object2 will automatically upda
//0bjectl n object2 6yayT aBTOMaAaTM4YEeCKW OOHOBMATbL CBOU MaTpPULb
Bnpoqu, €CJIN N3BECTHO YTO OOBEKT 6yp,eT CTaTUYHbIM, MOXHO
3anpeTnTb aBToMatndyeckoe 06HOBNEHME N OOHOBAATL Matpuly
TpaHcdopmaunn Bpy4YHYHo, Koraa notpedyetcs.

object.matrixAutoUpdate = false;

object.updateMatrix();



Geometries

MNpumeyaHne nepeBoguUMKa: 37ECH paccMaTpyBaeTcsl 06HOB/IEHNE TEOMETPUYECKNX
napameTpoB 0GbEKTA, T.e. BEPLUUNHbI, FPaHW, UX PaCMofIoKeHVe, HoOpMasu, LBeTa 1 T.4,

BufferGeometry

BufferGeometries coxpaHaoT nHdopMaunio (Takyto Kak nosoxeHue
BEPLUMH, MHOEKCHI TpaHeit, HopMmasiv, LBETa, TEKCTYPHble KoopauHaTb! (
N KoopanHaTamu Ha Tekctype (U, V - 311 6ykBbl 0603Ha4YaloT OcK
[BYMEPHOW TEKCTYPbI,

MNOTOMY YTO «X», «Y» U «Z» YKe UCNO/b3YITCA A1 0603HaYeHUsA oCceil
3D-06beKTa

B MpocTpaHcTBe Mmoaenun). 3HayeHuns U n V 06bI4HO M3MeHAKTCA 0T 0 A0
1.");" onmouseout="hide()">UV) n Bce atpnbyTbl, yCTAHOB/NEHHbIE
nonb3oBaTeniemM) B bydiepax, KOTopble SIBMSKOTCS TUNU30BaHHbIMU
MaccuBamy (34eCb OnMcaHne aTUX MacCMBOB Ha PYCCKOM SA3bIKe). ITO
Aenaet paboty BufferGeometries B 06LeM-TO GbICTpee, M0 CPaBHEHUIO C
06bI4HbIMM Geometries 3a CUYET TOro, YTO C HAMK CNoXHee paboTarsb.

YTto kacaetcs o6HoBNneHnsa BufferGeometries, To camoe rnasHoe ans
NOHNUMaHWs, HEe CTOUT U3MEHSATb pa3mep 6ydrepoB (3TO OUEHb 3aTpaTHo,
MO CyLecTBY paBHO3HAYHO CO34aHui0 HOBOM reomeTpuin). OfHaKO MOXHO
0OHOBNATL CoAepXnmoe 6ydepos.

DTO 3HAYUT, eC/IN U3BECTHO, YTO KaKOn-HNOYAb aTpPUBYT BaLlei
BufferGeometry 6yaet pacTtu (Hanpumep, KOJIMYeCcTBO BEPLLUH), TO
cnenyeT u3HavyasbHO BblAennTb 6ydep, AOCTaTOMHO 60/bLUONR, ANA
XpaHeHns Nb0oro Yncna HoBbIX BEPLUNH, KOTOPbIE MOTYT ObITb CO34aHbl.
KOHEUHOo, 3TO Takke O3Ha4yaeT, uTo ANns Ballen BufferGeometry
CYLLIeCTBYET MakCMMaslbHbIii pa3mep - HET cnocoba co3faTb
BufferGeometry, KOTOPYH MOXHO Obl/10 Obl YCMELHO paclUpATb 40
GEeCKOHEYHOCTM.

B kauecTBe npumMepa nonpobyemM HapucoBaTb NINHMIO, KoTopast
yBENMUMBAETCS BO BpeMsi Bu3yanusauun. Beigenm mecto B 6ydepe


https://ru.wikipedia.org/wiki/UV-%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Typed_arrays
https://developer.mozilla.org/ru/docs/Web/JavaScript/Typed_arrays
https://en.wikipedia.org/wiki/Shader

ana 500 BepwmrH, HO cHavasna, Npu NnomMoLwm metToga
BufferGeometry.drawRange, HApuCyem TOJIbKO ABe.
var MAX_POINTS = 500,

// geometry (reomeTpus)
var geometry = new THREE.BufferGeometry();

// attributes (aTpubyThl)
var positions = new Float32Array( MAX_POINTS * 3 ); // 3 vertices p
geometry.addAttribute( 'position', new THREE.BufferAttribute( posit

// draw range (pucyem pag Touyek)
var drawCount = 2; // draw the first 2 points, only (pucyem TO/AbKO
geometry.setDrawRange( O, drawCount );

// material (maTepwuan)
var material = new THREE.LineBasicMaterial( { color: Oxff0000, line

// line (nuHwnA)

var line = new THREE.Line( geometry, material );

scene.add( line );

[anee 6yaem cnyyariHbiM 06pa3oM 406aBNATb TOUKN K JIMHUM NPK
nomMoLLu wabnoHa B BUAE:

var positions = line.geometry.attributes.position.array;

var X, y, z, index;
X =y =2z = index = 0;

for ( var 1 = 0, 1 = MAX_POINTS; 1< 1; i ++ ) {

positions[ index ++ ] = Xx;
positions[ index ++ ] = vy;
positions[ index ++ ] = z;

X += ( Math.random() - 0.5 ) * 30;
y += ( Math.random() - 0.5 ) * 30;
z += ( Math.random() - 0.5 ) * 30;

}

ECnn HYXXHO N3MEHUTb KOJIU4eCmB0o mo4ekK, 0TobpaaeMbIxX nocse
nepBoi BU3yanusauuu, caenante crnegyrouiee:
line.geometry.setDrawRange( 0, newValue );

Ecnu, nocne I'IGpBOI7I BU3yasindaunn, Hy>kHO U3SMEHNTb 3HAYEHNA JaHHbIX



HOﬂOXeHMH,CﬂeﬂyeTyCTaHOBMTb(bﬂafneedSUpdate,BOTTaK
line.geometry.attributes.position.needsUpdate = true;

// required after the first render (3anpawwBaeTcs nocne nepsoii BU3
BoT nYTaHka, npeacrtaB/ieHHas aHMMMpOBaHHOM ]'II/IHI/IGI7I, KOTOPYtO
MOXHO NPUCNOCOOUTL MO CBOU HYXAbI.

[Mpumepsbl:
WebGL / custom / attributes
WebGL / buffergeometry / custom / attributes / particles

Geometry

Cneayrowme donarn ynpasiaioT 0OHOB/IEHMEM pa3/INYHbIX aTpubyToB
reoMeTpun. YctaHaBnusarvte donarv Tonbko A1 aTpubyToB, TPebyoLwmx
OGHOB/IEHNSA, TaK Kak 0OHOBNEHUSA - 3aTpaTHas Bellb. [locne n3MeHeHus
6ychepoB aTu hnaryn aBTomaTnyecky copacbiBaoTCA 06paTHO K
3HaveHuo false. Ecniv Tpebyetca npogomkars 06HOBMeHe 6ydpepos,
HY>XHO COXPaHUTb MX Kak true. ObpaTtuTe BHUMaHWe, YTO 3TO OTHOCUTCSH

TONbKO K Geometry, a He k BufferGeometry.

var geometry = new THREE.Geometry();
geometry.verticesNeedUpdate = true;
geometry.elementsNeedUpdate = true;
geometry.morphTargetsNeedUpdate = true;
geometry.uvsNeedUpdate = true;
geometry.normalsNeedUpdate = true;
geometry.colorsNeedUpdate = true;
geometry.tangentsNeedUpdate = true;

Kpome aToro, B Bepcusix, npeaLlecTsyowmx r66, cetkam (mesh)
Heob6xoAMMOo BKoYaTb donar dynamic (419 COXpaHEHUS BHYTPEHHMUX

TMHM3OBaHHbD(MaCCMBOBy

// removed after r66 (ypanseTcda nocsie Bepcun re66)
geometry.dynamic = true;

[Mpumep:
WebGL / geometry / dynamic



http://jsfiddle.net/w67tzfhx/
https://threejs.org/examples/#webgl_custom_attributes
https://threejs.org/examples/#webgl_buffergeometry_custom_attributes_particles
https://github.com/mrdoob/three.js/releases/tag/r66
https://threejs.org/examples/#webgl_geometry_dynamic

MaTtepunasbl

Bce ogHOTUMNHbIE 3HAYEHNA MOTYT 6bITb CBOOGOAHO M3MeHeHbI All
uniforms values can be changed freely (Hanpumep, UBeTa, TEKCTYpSI,
HEeNpo3paYyHOCTb U TakK Aasniee), 3Ha4yeHUs1 OTNPaBNAKTCS B LWengep
KaxabIM Kagpowm. values are sent to the shader every frame.

MNpumeyaHne nepeBogUMKa: B 06/1aCTN KOMMNBLIOTEPHOI rpadhnkm, Lweiaep - aTo
KOMMblOTEPHAs nporpaMmMa
... uATaTh ganee

MapameTpbl cBA3aHHble ¢ GLstate Takke MOryT 6bITb U3MEHEHbI B 1H060M
MOMEHT (depthTest, blending, polygonOffset, n T.4.).

Mnockoe (flat) / nnaBHoe (smooth) shading is baked into normals.
TpebyeTcs copoc 6ydrepa Hopmasiel (CMOTpUTE BblLLIE).

CnepytoLine cBOCTBa HeMb3si NPOCTO Tak U3MEHUTb BO BPeEMS
BbIMO/IHEHMSA (NOC/e TOro, Kak Marepuast 6bi1 BU3yasIn3npoBaH XOTH Obl
pas):

e TUMbI X YACAO uniforms

® TUMbl X YAC/I0 UCTOYHMKOB OCBELLEHNSA

e Ha/mume Unn oTCyTCTBUE

TEKCTypbI (texture)
TymaHa (fog)
LBeTa BepLlunH (vertex colors)

CO3/1aHuNS KOXWN, BCTPEYaeTCcA Takke HanucaHue CKUHHUHI)

- 3TO O[IH 13 3TanoB NOCTaHOBKM 3d-NepcoHaxa, Korga Mmoaesb
NepcoHaxa NpuBA3bIBAETCA (CKMHUTCA) K CKeseTY.

' +'[lenaeTca 3T0 A1 TOro, YTo6bl NPV ABWKEHUN CKeneTa
ABuranachb u

cama Mofe/ib NepcoHaxa.

' +'9T0 A0CTATOYHO TPYAOEMKUIA NPOLLECC, MOCKONbLKY HYXHO
npaBuibHO

Ha3Ha4MTb BeC (aHrn. weight) aAna ka0 BepLUVHbI MOAENN.
Yem 6osiblie Bec, TeM 60/blle BIUAET KOHKPETHAA KOCTb

Ha KOHKPETHY0 BepuivHy 3d-mogesnu.');"




onmouseout="hide()">ckunHuHra (skinning)

aHMMaunn, BU3yasibHblii S(PEKT, co3gatouLmii BnevaraieHme

nnaBHoi

TpaHcopMaummn oaHoro 06bLEKTa B Apyroi. BcTpeyaercs B

TPEXMEPHOW

N ABYXMEPHOM (Kak pacTpOBOW, Tak M BEKTOPHON) rpaduke.

' +'0na co3ganna adpdpekTa NCNosb3YHTCA Kak MUHUMYM ABa

N306paxeHuns,

Ha KOTOPbIX XYJ0XHUK 3a1aET B 3aBMCUMOCTN OT

MCNOJb3yoULerocs

NporpamMMHOro o6ecrneyeHnsa oNopHbIe PUIYPbI AN KNHYEBLIE

TOYKM

(T. H. MapKepbl, NN METKM), KOTOPbIE MOMOratT KOMMbITEPY

BbIMNO/IHUTb

NpaBUAbHbIA MOPJIVIHL, TO €CTb CO3aTb M306paXKeHUs

NPOMEXYTOYHbIX

COCTOSAHWUN (MHTEPNONNPYS MMEKOLINECH AAaHHbIE).

' +'MopdovHI Takke YacTo UCNOoNb3yeTca A/ Co34aHns

aHMMauuu, korga He

CTOUT 3aJa4ya A006uUTbCA a(pdekTa npeBpalleHna 0AHOI0

06bEeKTa B APYIoun,

a TpebyeTcs /MLIb BbICTPOUTbL NPOMEXYTOYHbIE COCTOAHNS

MEX BYMS

(1 6onee) kNYEBLIMY NONOXKEHNAMN aHUMUPYEMOIQ

o6bekTa.');" onmouseout="hide()">mopdimHra (morphing)
TeHeBoW kapTbl (shadow map)

BekTOop uBeta B dopmate RGBA. Afibdda-KOMNOHEHT

onpeaendaeTt
Henpo3pavyHoCcTb MaTtepuasia B AvanasoHe o1 1.0 o3Havaioulero

MOJIHYHO

Henpo3pa4yHocTb A0 0.0, 03HaYaruLero nNoHy NPo3padYHOCTb.
' +'[1nAa Toro 4Yto6bl co34aBaTh NPO3payHble Y NONYNPO3PaYHbIE
00bEKThI

HeobxoANMMO paspeLlnTb TeCTUPOBaTh bydhep anbha-kaHana u
BK/IHOUYUTD




MexaHW3M noj, HassaHneM albdia-cCMellnBaHue.

' +'[pu BKIOYEHHOM anb@a-Tecte cpaBHMBaETCA BXoadullee
3HayeHune

a/ibdpa-kaHana C 9Ta/IoHHbIM 3Ha4YeHeM. PparMeHT
NpUHUMAaETCA NN

OTK/IOHAETCA B 3aBMCUMOCTW OT pe3y/bTatoB cpaBHeHnA.");"
onmouseout="hide()">anba-Tecta (alpha test)

3MeHeHMA B HUX TPeOYHOT CO34aHUA HOBO LIengepHOn NporpaMmmbl.
Hy>XHO 6yfeT yCTaHOBUTL
material.needsUpdate = true

Nwmeiite B BnAy, UTO 3TO MOXET ObITb AOBOJIbHO Me/1IEHHO U BblI3biBaTb

nogeprusaHune kagpos (ocobeHHOo B Windows, NOCKO/bKY LegepHas
komnunaumsa B DirectX megsieHHee, yem B OpenGL).

[lNsi NOBbILEHMS N1ABHOCTM Pab0Thbl MOXHO B HEKOTOPOI CTENEHN
NMUTMPOBATb U3MEHEHUS 3TUX (PYHKLNIA, C NOMOLLbI0 «CPUKTUBHbIX»
3HAUYEHWUI, TaKMX KaK OCBELLEHNE C HY/1IeBOI UHTEHCUBHOCTbLIO, BE/bIX
TEKCTYP WUMN TyMaHa C Hy/1eBOIi NIOTHOCTbHO.

MOXXHO CBOOOAHO M3MEHSATb Matepuarsl, UCrnosib3yeMblil 4151 YacTel
reomMeTpun, ogHaKo Hesb3s U3MEHSTb CNOCOO pasfeneHns oobekTa Ha
yacTtu (B COOTBETCTBUM C Matepunasiamum rpaHun). You can freely change
the material used for geometry chunks, however you cannot change how
an object is divided into chunks (according to face materials).

Ecnn Bo BpeMs BbINOSIHEHUSA HYXHbI pa3Hble KOHCbI/IpraU,I/II/I MaTtepunasioB

Ecnv uncno martepmnanos / YacTeil HEBEIMKO, MOXHO 3ab/1aroBpeMeHHO
npeaBapuTenibHO pasaenntb 06bLEKT (Hanpumep, 4151 YenoBeka - BO/IOCHI
(hair) / nuuo (face) / Teno (body) / BepxHaa ogexaa (upper clothes) /
6ptokm (trousers), ana asBTomoo6mnsa - nepep, (front) / 60koBble CTOPOHbI
(sides) / Bepx (top) / ctekna (glass) / wuHblI (tire) / canoH (interior)).

Ecnn uncno senuko (K npumepy Kaxaoe nuuo/rpaHb MOXET ObITb
NOTEHUMaIbHO pas3/InyHbIM), pacCMOTpUTE APYroe pelleHne, Takoe Kak
Ncnosb3oBaHne aTpubyToB/TEKCTYP A1 NPUBEAEHMUS K APYrOMYy
BHELLUHeMY BUAY.

[Mpumepsbl:



WebGL / materials / cars
WebGL / webgl_postprocessing / dof

TekcTypsbl

Ecnn TeKCTypbl M300paXeHUs, a/leMeHTa canvas, BUAe0 1 AaHHbIX Obln
N3MEHEHbI, TO Y HUX A0/MKEH ObITb YCTAHOB/EH CeayoLwmin nar:
Image, canvas, video and data textures need to have the following flag
set if they are changed:

texture.needsUpdate = true;

OG6HOB/EHNE Lenei Bu3yannsaymm npomsonget astomarnyeckn. Render
targets update automatically.

[Mpumepsbl:

WebGL / materials / video

WebGL / rtt

Kamepbl

[MonoxeHne B NPOCTPaAHCTBE U Hanpas/ieHne CbeMKN KaMepbl
0OHOBNAKTCA aBTOMaTUYeCKN. ECnuv HY>XXHO N3MEHUTb NapameTpsbl
e fov (None npocmoTpa)
e aspect (COOTHOLLEHNE CTOPOH)
e near (GNMXHAA NSIOCKOCTb OTCEYEHNS)
far (nanbHsAs NN1OCKOCTb OTCEYEHUS)

TO TpebyeTcs nepecunTaTb MaTpuULLy NPOEKLNN:

camera.aspect = window.innerWidth / window.innerHeight;
camera.updateProjectionMatrix();


https://threejs.org/examples/#webgl_materials_cars
https://threejs.org/examples/#webgl_postprocessing_dof
https://threejs.org/examples/webgl_materials_video
https://threejs.org/examples/webgl_rtt

MaTpuyHble npeobpa3oBaHns

B three.js pns KogupoBaHus 3-MepHbIX NPeobpazoBaHwii -
nepemMeLLeHns (M3MeHeHNs NoSIOXKeEHNS), BpaLlleHns
MacLITabupoBaHus UCMOJ/b3YHTCA MaTpuubl. Kaxablid ak3eMnnsap
Object3D nmeeT CBOMCTBO matrix, B KOTOPOM XPaHUTCA NOIOXKEHUE, Yron
noBopoTa M MacwTab aToro o6bekTa. Ha aTol cTpaHuLe onvcbiBaeTcs
Kak 06HOBNATL NpeobpasoBaHune (TpaHcdopmalmio) oobekTa.

[MpeumyLlecTBa CBOMCTB U matrixAutoUpdate
CyuiecTByeT ABa cnocoba 06HOBMEHNA Npeobpa3oBaHNa obbekTa:

1. N3meHnTb CBONCTBa 0O6beKTa position, quaternion un scale,
1N No3BONUTL Three.js nepecunTatb MaTpuLy o6bekTa ¢ aTUMU

CBOWCTBaMW:
object.position.copy(start_position);

object.quaternion.copy(quaternion);

Mo ymon4aHuio, CBOMCTBO matrixAutoUpdate
yCTaHaB/IMBA€ETCA paBHbIM true, TakK YTO MaTpuLa 6y,qu
nepecyntTaHa aBToMaTn4eCKN. Ecnn 06beKT cTatuyveH nin
HY>XHO BPY4YHYIO OnpenensaTtb korga oyaet nponcxognTb
nepecyeT Martpuubl, Hanyyuyk nNpomn3soanTe/IbHOCTb MOXHO
NOJTY4YUTb yCTaHOBKOVI 3TOro cBOMCTBA Kak false:

object.matrixAutoUpdate = false;

I nocne n3aMeHeHus Kakmx-imbo CBOMCTB, BPY4YHYO OGHOBUTb
MaTpuuy:
object.updateMatrix();

2. HenocpeacTteeHHO N3MeHUTbL MaTpuly obbekTa. Knacc Matrix4

NMEET pa3/inyHble MeToAbl ANA NSMEHEHUA MaTpULbl:
object.matrix.setRotationFromQuaternion(quaternion);
object.matrix.setPosition(start_position);
object.matrixAutoUpdate = false;
O6partnte BHMMaHUe, YTo B 3TOM C/lyvyae CBOWCTBO
matrixAutoUpdate AOMKHO ObITb YCTAHOB/EHO Kak false,
npn aTOM cnenyet yﬁe,ﬂ,I/ITbCFl, YTO He ObINOo BbI30BA
updateMatrix. BbI30B updateMatrix nepebbeT n3MeHeHns
Matpuubl, caenaHHble BPYyYHYHO, NepecynTaB Matpuuy And



position, scale 1 Tak gasnee.

Matpuubl o6bekTa n world

An object's [page:Object3D.matrix matrix stores the object's
transformation relative to the object's [page:Object3D.parent parent; to
get the object's transformation in world coordinates, you must access the
object's [page:Object3D.matrixWorld.

[Mpy N3MeHeHUsIX B NpeobpazoBaHni poanuTeNbCKOro Uan Ao4YepHEro
06bEeKTa MOXHO 3anpocuTb 06HOBEHME cBOCTBa matrixWorld
fo4yepHero o6bekTa BbI30BOM MeToAa updateMatrix\World.

BpallueHne n ksatepHUOHbI

Three.js npegocTaBnser gsa cnocoba npeacTaBieHNs TPEXMEPHbIX
BpaLleHunin: yribl dinepa n Quaternions, a Takke MeToabl
KOHBEPTUpOBaHUA mexay Humun. Three.js provides two ways of
representing 3D rotations: Euler angles and Quaternions, as well as
methods for converting between the two. Euler angles are subject to a
problem called "gimbal lock," where certain configurations can lose a
degree of freedom (preventing the object from being rotated about one
axis). Mo aToil NnpnunHe, BpaweHne o6bekTa Bcerga CoXpaHAeTcs B ero
cBoicTBe guaternion. For this reason, object rotations are always stored
in the object's quaternion.

MpegblgyLime Bepcum 6MGIMOTEKM BK/IKOYAIN B CeOSA CBOMCTBO
useQuaternion, KOTOpoe, Byayun ycTaHOBNEHHOe Kak false, NPUBOAUNO
K pacyeTy Marpuupbl o6bekTa 13 yrnos ditnepa. A1a npakTnka ycrapena -
B3aMeH c/iefyeT 1cnosib3oBatb MeTo/ setRotationFromEuler method,
which will update the quaternion.




Cuctema aHMMauum

O630p

B pamkax aHMMaunoHHOW cuctemsl three.js MOXHO aHUMUPOBAaTb
pasninyHble cBocTBa mogenu: koctu (bone) skinned and rigged model,
uenn mopdomHra (morph targets), pasnmMyHble CBOWCTBa MaTtepunana
(uBeTa, HeNPO3pPavyHoOCTb, STIOTKKY), BUAUMOCTb U Npeobpa3oBaHus.
CBoiicTBaMu aHMMauMm MoryT ObITb nocTeneHHoe nosseHve (faded in),
nocrteneHHoe ncyesHoBeHune (faded out), n1iaBHOe nosiBNeHne Ha ooHe
nnaBHoro ncuesHoseHus (crossfaded) n gedopmauus (warped). «Beca»
(weight) 1 BpeMeHHble MacLuTabbl (time scales) pasnnyHbIx
OOHOBPEMEHHbIX aHUMaL Ml Kak Ha OAHOM U TOM e 00beKkTe, Tak 1 Ha
pasHbIX 06bekTax, MoryT OblTb U3MEHEHbI HE3aBNUCUMO ApYr OT Apyra.
MOXHO CUHXPOHU3NPOBAaTb pas/InyHble aHMMauuKn Kak Ha OAHOM 1 TOM
Xe 06bekTe, Tak U Ha pasHbIX 06beKTax.

YT06bI AOCTNYL BCETO 3TOr0 B €ANHCTBEHHOW O4HOPOAHOIN cUcTeme,
cucTemMa aHnmaumn three.js NOAHOCTLIO n3MeHnnach B 2015 roay
(nomHUTE 06 ycTapeBLlein nHpopmauun!), n Tenepb ero apxmTekTypa,
noxoguT Ha Unity/Unreal Engine 4. Ha 370l cTpaHuue gaetcs KpaTkuii
0630p OCHOBHbIX KOMMNOHEHTOB 3TON CUCTEMbI 1 CNOCOB0B UX
COBMECTHOW paboThbl.

AHMMAUMOHHBIA KU MUHWED AHMMALMM
Tpeku KNIKYeBLX HAAPOR o . —
Animation Clip Animation Mixer

Keyframe Tracks
AHMMAUMOHHEIR

Tpexu KMOUEBMX KaQPOE WM JeRcTenn anumaymmn

Keyframe Tracks Animation Clip Animation Action



https://github.com/mrdoob/three.js/issues/6881

AHMMaUMOHHbIe Knunbl Animation Clips

Ecnn nmeetcsa ycnewHo MMNOPTUPOBaHHbIN aHMMNPOBaHHbIN 3D 00bEKT
(HEBaXXHO MMEIOTCS /1N B HEM KOCTW UK LLenn MopdorHra, Uam n To u
[IPYroe) - Hanpumep, aKCNopTnpoBaHHbI 13 Blender'a ¢ noMmoLbLo
Blender exporter n 3arpy>eHHblin Ha cueHy three.js 3arpy34nkom
JSONLoader, - TO 04HMM 13 CBOMCTB reOMeTpUN 3arpy>xaemoi CeTKu
(mesh) go/mkeH 6bITb MaccuB, NOMMEHOBAaHHbIN Kak "animations”,
cogepxawuii AnimationClip'sl 418 gaHHOW MoAeniv (CMOTPUTE HUXEe
CMMCOK BO3MOXHbIX 3arpy3umkoB). If you have successfully imported an
animated 3D object (it doesn't matter if it has bones or morph targets or
both) - for example exporting it from Blender with the
[link:https://github.com/mrdoob/three.js/tree/master/utils/exporters/blender
Blender exporter] and loading it into a three.js scene using
[page:JSONLoader] -, one of the geometry's properties of the loaded
mesh should be an array named "animations”, containing the
[page:AnimationClip AnimationClips] for this model (see a list of possible
loaders below).

Kaxabii «AnimationClip» 06bI4HO COAEPXUT AaHHble A5 onpeaesieHHOMN
aKTMBHOCTU 06bekTa. Ecnun ceTkoin, Hanpumep ABMSETCA NepcoHax, To
ANA uMkna xogbobl MoxeT 6bITb oanH AnimationClip, o5 npbbkka -
BTOPOWA, TPETUIA ANSA YKIIOHEHNA B CTOPOHY U Tak fanee. Each
*AnimationClip* usually holds the data for a certain activity of the object.
If the mesh is a character, for example, there may be one AnimationClip
for a walkcycle, a second for a jump, a third for sidestepping and so on.

Tpekun knoyeBbix kagpos Keyframe Tracks

BHyTpu Takoro «AnimationClip» aaHHble A/151 KaXKA40ro CBOCTBa
aHMMaunn xpaHatca B otaenibHoM KeyframeTrack. onyctum,
NepPCOHN(PULNPOBAHHbIN 0ObEKT UMEET CKeNeT U OAMH TPEK KHYEeBOro
Kagpa MOXeT XpaHUTb AaHHble N3MEHEHMUI NONOXEHUSA KOCTU
npeanseyss BO BpEMEHW, APYroi TPeK - faHHble N3MEHEHNS NoBopoTa
9TOW e camMoi KOCTU, a TPETUI OTC/IeXMBaTb NOMOXEHME, NOBOPOT UK
N3MeHeHne macluTaba apyroin KOCcTn u Tak ganee. NMoHATHO, YTO
AnimationClip MOXeT COCTOATb 13 MHOXeCTBa NOA00HbLIX TPEKOB.



https://github.com/mrdoob/three.js/tree/master/utils/exporters/blender/addons/io_three

[MpennosioXxum, 4to y MoAenn nMerTcs Lenu mopdimHra (Hanpumep,
ofHa Lesnib MopchrHra nokasbiBaeT NpuBET/IMBOE /UL, a Apyras -
CEepANTOE), Kaxapblil TPEK XpPaHUT CBEAEHUSA O TOM, Kak BO3AeCTBUE
(influence) HekoTOpOW Lenn MOptMHra N3MEHSIETCA BO BPeEMS
BbIiNnosiHeHUsa knnna. Assumed the model has
[page:Geometry.morphTargets morph targets] (for example one morph
target showing a friendly face and another showing an angry face), each
track holds the information as to how the
[page:Mesh.morphTargetinfluences influence] of a certain morph target
changes during the performance of the clip.

Mwukwep aHnmaumn (Animation Mixer)

CoxpaHeHHble AaHHble (hopMUPYOT TO/IbKO OCHOBY aHMMaLuUK -
(hakTyeckoe BOCnpounssefeHne KoHTponupyetca AnimationMixer.
MOXXHO NpeAcTaBuUTb 3TO HE TO/IbKO KakK Urpoka ans aHmMmauum, Ho 1 Kak
CUMYNSLMIO annapaTHOro obecrneyeHns, HanpumMmep, peasibHon
MUKLUEPHOW KOHCO/N, KOTOpas MOXET OHOBPEMEHHO YNpaB/isiTb
HECKO/TIbKMMMW aHMaLmsiMKn, cmelunsas n oobeanHasa nx. The stored data
form only the basis for the animations - actual playback is controlled by
the [page:AnimationMixer]. You can imagine this not only as a player for
animations, but as a simulation of a hardware like a real mixer console,
which can control several animations simultaneously, blending and
merging them.

HenctBua aHnmauymm (Animation Actions)

CobcTBeHHO caM «AnimationMixer» MMeeT TO/IbKO 04eHb Mas10 (06LMX)
CBOWCTB 1 METOAO0B, NOTOMY YTO MM MOXHO YNpPaB/iATb C MOMOLLbIO
AnimationActions. The *AnimationMixer* itself has only very few
(general) properties and methods, because it can be controlled by the
[page:AnimationAction AnimationActions]. HacTpoiikoi
«AnimationAction» MOXHO onpeaensTb Korga KOHKPETHbIA
«AnimationClip» 6ygeT BOCNpOn3BOAUTLCA, yCTaHaB/IMBaTLCA B nays3y
NN BbITb OCTAHOB/IEHHBLIM Ha O4HOM M3 MUKLLEPOB, ByaeT /i1 OH
MOBTOPATLCA U ec/n ByAeT, Kak 4acTo, AO/DKEH /IN OH BbINOMHATHLCA C




3aTyxaHnem nan MaclutabmupoBaTbCs No BPEMEHU, U APYTMU
[0MO/THUTENbHLIMU OCOBEHHOCTAMM BPOAE KpoccdengmHra nnm
CUHXpOoHM3aumn. By configuring an *AnimationAction* you can determine
when a certain *AnimationClip* shall be played, paused or stopped on
one of the mixers, if and how often the clip has to be repeated, whether it
shall be performed with a fade or a time scaling, and some additional
things, such crossfading or synchronizing.

AHMMaUMS rpynn 06bEKTOB
Ecnn Hy>KHO 4TOGbI rpyrnna 06bLEKTOB Npuodpena COBMECTHO

NCNOJIb3yeMOe COCTOSAHME aHMMaLumn, MOXHO MCMNO/b30BaTb
AnimationObjectGroup.

MNopnepxnBaemMble hopmaTthbl 1 3arpy3vmKkm

O6parnTe BHMMaHUe, He Bce chopmaTbl MOAENEN BKIOYAKT aHUMaL Mo
(B yacTHOCTN OBJ He BK/IOHAET), U YTO TO/IbKO HEKOTOpPbIE 3arpy34mKm
three.js nognepxusatoT nocnegosaresibHocT AnimationClip. Note that
not all model formats include animation (OBJ notably does not), and that
only some three.js loaders support [page:AnimationClip AnimationClip]
sequences. Several that do support this animation type:

e THREE.JSONLoader
THREE.ObjectLoader
THREE.BVHLoader
THREE.FBXLoader
THREE.GLTF2l oader
THREE.MMDLoader

e THREE.SEA3DLoader

O6partnTe BHMMaHUe, 4To B HacTosilee BpemMsi 3ds max n Maya He
MOTYT 3KCMOPTMPOBAaTb HECKO/ILKO aHMMauuii (To ecTb, aHMMauuii,
KOTOpble HE Haxo4AaTcs Ha OAHOM U TOM XXe BPEMEHHOM NPOMEXYTKE)
HenocpeACTBEHHO B OAWH haits.

Mpumep

var mesh;

// Create an AnimationMixer, and get the list of AnimationClip inst



// Co3pgaem AnimationMixer u nony4aem CNUCOK 3K3emnnapos AnimationCl
var mixer = new THREE.AnimationMixer( mesh );
var clips = mesh.animations;
// Update the mixer on each frame (o6HOBNsSeM MUKWEP B KaxaoM Kagpe)
function update () {

mixer.update( deltaSeconds );
¥

// Play a specific animation (npourpsiBaeM KOHKPETHYKH aHuMauuio)
var clip = THREE.AnimationClip.findByName( clips, 'dance' );
var action = mixer.clipAction( clip );

action.play();

// Play all animations (npowurpbiBaem BCe aHuMauun)
clips.forEach( function ( clip ) {
mixer.clipAction( clip ).play();

)



CO0pOoYHble NMHCTPYMEHTbI

[1poBepKa ¢c NOMOLLbLIO — MeHeaKep NakeToB, BX

B naHHOI cTaTtbe paccka3blBaeTcs Kak nonyyunTs three.js B cpege
node.js, Tak YTo6bl MOXHO ObI/10 BbINOJ/IHATL aBTOMaTUYECKNE NPOBEPKMU.
TecTupoBaHne MOXHO 3anyckarb U3 KOMaHAHOM CTPOKN UK C MOMOLLbHO
aBTOMaTU3NPOBAaHHbIX MHCTPYMEHTOB HEMPEPbLIBHOW MHTErpauunmn
HenpepbiBHasA NHTerpauma — 3T0 NpakTuka paspaboTku

NporpaMMHOro obecnevyeHuns, KoTopas 3akayaeTcs B

CANAHUN paboumnx Konui B 06LLLYH0 OCHOBHYHO BETBb

pa3paboTKM HECKONBLKO pa3 B IEHb N BbINOAHEHUN YacTbIX
aBTOMaTU3NPOBaHHbLIX COOPOK NpoeKTa A5 CKopenLero

BbIABN1EHNA U PELIeHNs MHTEerpaunoHHbIX Npobnem.);"
onmouseout="hide()">(Cl), Bpoae Travis.

Bonee noapo6HO NPo HENPEPLIBHYHO UHTErpaLui0 MOXHO MOCMOTPETL B Bukuneamm nim Ha
Xabpaxabpe.

CoKpalleHHbI BapnaHT

Ecnv Bam npuBbivHa paboTta ¢ node 1 npm,
$ npm install three --save-dev

N K CBOE npoBepke fobasbTe
var THREE = require('three');

Co3gaHne npoekTa A TECTUPOBAHUS C HYS

Ecnn 3T MHCTPYMEHTbLI BaM HE3HAKOMbI, BOT KpaTkoe pyKoBOACTBO (41
Linux npouecc ycTaHOBKN ByAeT HEMHOIO OT/In4aTbCA OT PaboThl B
Windows, HO KOMaHAbl npm UOEHTUYHbI).

Basic setup

1. YctaHaBnvMBaeM npm 1 node. js. KpaTyanumin nyTb 06bIYHO
BbIrAONT I'IpI/I6I'II/I3I/ITel'IbHO TakK
$ sudo apt-get install -y npm nodejs-legacy
# fix any problems with SSL in the default registry URL
$ npm config set registry http://registry.npmjs.org/


https://nodejs.org/en/
https://travis-ci.org/
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%BD%D0%B0%D1%8F_%D0%B8%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B0%D1%86%D0%B8%D1%8F
https://habrahabr.ru/post/190412/
https://www.npmjs.org/

2. [Jenaem katanor HOBOro npoekTa
$ mkdir test-example; cd test-example

3. 3anpawmBaem npm Ans co3gaHus aiina HoBoro npoekTa to

create a new project file for you:
$ npm init

and accept all defaults by hitting Enter on all the prompts. This
will create package.json.

4. Try and start the test feature with
$ npm test

This will fail, which is expected. If you look in the package.json,
the definition of the test script is
"test": "echo \"Error: no test specified\" && exit 1"

[lobaBnsaem

MHOrodoyHKLUMOHa/IbHasA cpefia A1a TecTupoBaHma JavaScript,
paboTatoulas Ha Node.js u B bpay3epe, YTo Aenaet
ACUHXPOHHOE TECTMPOBAHNE MPOCTbIM U MHTEPECHbIM.

' +'TectupoBaHne Mocha 3anyckaeTcd nooyepeaHo, no3Boads
[MOKO N TOYHO co0b6LlaTh, a Takke CONoCTaB/IATb
HenepexBa4yeHHbIe UCK/TKYEHUA C NPaBUIbHbIMU

TeCToBbIMU npuMepamu.');" onmouseout="hide()">mocha

byaem ncnonb3osatb mocha.

1. YctaHaBnmBaem mocha C NOMOLLbIO
$ npm install mocha --save-dev

O6parnTte BHMMaHUe, 4To node_modules/ cO34aH u Bce
3aBUCMMOCTU OKaXKYTbCA TaM. Takke OTMETbTE, UTO
package.json 6bls1 0GHOBNEH: 406AB/IEHO 1 OGHOBNEHO
CBOWCTBO devDependencies npu nomoum - -save-dev. Notice
that node_modules/ is created and your dependencies appear
in there. Also notice that your package.json has been updated:
the property devDependencies is added and updated by the
use of --save-dev.

2. Edit package.json to use mocha for testing. When test is
invoked, we just want to run mocha and specify a verbose


https://mochajs.org/

reporter. By default this will run anything in test/ (not having
directory test/ can run into npm ERR!, create it by mkdir test)

"test": "mocha --reporter list"
3. lNepesanyckaem TECT C MOMOLLbIO
$ npm test.

Tenepb OH A0O/MKEH BbITb ycnelwHbIM, This should now
succeed, reporting 0 passing (1ms) or similar.

[obaBneHune three.|s

1. Let's pull in our three.js dependency with
$ npm install three --save-dev

Ecnu Hy)XHa agpyras Bepcus three.js, ucnonb3ayire
$ npm show three versions
4yTOObl NMOCMOTPETL, Kakas JoCTynHa. to see what's available.
To tell npm the right one, use
$ npm install three@0.84.0 --save
(0.84.0 in this example). --save makes this a dependency of
this project, rather than dev dependency. nsa 6onee
NoAPOOGHbIX CBEAEHUIA CMOTPUTE AOKYMEHTaUUIO 30€eCh.
2. Mocha will look for tests in test/, so let's
$ mkdir test.
3. Finally we actually need a JS test to run. Let's add a simple
test that will verify that the three.js object is available and

working. Create test/verify-three.js containing:

var THREE = require('three');
var assert = require("assert");

describe('The THREE object', function() {
it('should have a defined BasicShadowMap constant', func
assert.notEqual('undefined', THREE.BasicShadowMap);

1)

it('should be able to construct a Vector3 with default c
var vec3 = new THREE.Vector3();
assert.equal(0, vec3.Xx);
1)
})


https://www.npmjs.org/doc/json.html

4. Finally let's test again with $ npm test. This should run the tests

above and succeed, showing something like:

The THREE object should have a defined BasicShadowMap cons
The THREE object should be able to construct a Vector3 wit
2 passing (8ms)

[lobaBnsemM CBOW COOBCTBEHHbIN KOA

Hy>XHO cienatb Tpy BELLW:

1. Hanucatb TecT 4/19 oXXugaemoro noBefeHnst CBoero koga u
pasmMecTuTb ero B test/. BOT npumep 13 peasibHOro NpPoekTa.

2. DKCMopTupynTe CBOWN AEUCTBYHOLMIA KOA TakuM 06pas3om,
4yTO6bI NOdeEjS MOr ero BUAETL, ANA NCNONb30BaHNS B
coyeTaHuu ¢ require. CmoTpuTe Nnpumep 3aecb. Export your
functional code in such a way that nodejs can see it, for use in
conjunction with require. See it
[link:https://github.com/air/encounter/blob/master/js/Physics.js
herel].

3. Require your code into the test file, in the same way we did a
require(‘three’) in the example above.

MyHKTbI 2 1 3 ByAYT 3aBUCETL OT TOTO, Kak Bbl yNpaB/isieTe CBOMM KOLOM.
B npumepe Physics.js, npusegeHHoM Huxe, Items 2 and 3 will vary
depending on how you manage your code. In the example of Physics.js
given above, the export part is right at the end. We assign an object to
module.exports:

//:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
// make available in nodejs
//:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
if (typeof exports !== 'undefined')
{

module.exports = Physics;
3

PaboTa c 3aBUCUMOCTAMU

Ecnun Bbl y)XXe Nosb30Ba/INCb YEM-TO YMHbIM, BPOAe

OH oNTUMM3NPOBaH 4719 paboTbl B 6pay3epe, HO MOXeT
MCronb30BaTbCA U B APYIvX cpefax JavaScript, Bpoae
Rhino n Node. cnonb3oBaHne MOAYNbHOIO 3arpy3ymka
ckpunTta, nogobHoro RequireJS, NoBbIWAET CKOPOCTb



https://github.com/air/encounter/blob/master/test/Physics-test.js
https://github.com/air/encounter/blob/master/js/Physics.js
http://requirejs.org/

M Ka4yecTBO koga.");" onmouseout="hide()" target="_blank">require.js nniu
browserify, nponyctuTe 3Ty 4YacTb.

O6bI4HO, NPOoEKT three.js 3anyckaeTtca B bpay3sepe. CnegoBaresibHo,
3arpyska mofayns 6pay3epom BbIMNOTHAET MHOXECTBO CKPUMNTOBLIX TErOB.
OTAaernbHble daisibl NpoeKTa He A0/MKHbI 6ECNOKOUTLCA O 3aBUCUMOCTSIX.
Module loading is hence done by the browser executing a bunch of script
tags. Your individual files don't have to worry about dependencies.
OpHako, B koHTeKcTe nodejs HeT halina index.html, yBa3biBatowlero sce
BMecCTe, Tak uTo In a nodejs context however, there is no index.html
binding everything together, so you have to be explicit.

Ecnn akcnopTmpyeTcs Moy b, 3aBUCSLLWIA OT Apyrux gaiinos, HYXXHO
yKasaTb node 0 ux 3arpyske.
BOT 0AMH 13 NOAXO/10B:

1. B Hayane Koga Mmoayna npoBepbTe, HAXoAUTECH /1M Bbl B cpeae
node. js.

2. Ecnu aTo Tak, SIBHO 06bsBUTE 3aBUCMMOCTW.

3. Ecnu HeT, To BepoSATHO Bbl B bpay3epe, Tak YTo 60/blLue
HWYEro He HY)XXHO Aenartb.

Mpumep koga u3 Physics.js:

if (typeof require === 'function') // test for nodejs environment (

{

var THREE = require('three');
var MY3 = require('./MY3.js');
}


http://browserify.org/

AHMALUNA

AnimationAction

AnimationActions niaHupyeT (cocTaBnsgeT pacnmcaHue, No KOTOPoMy
NPONCXOANT) BbINOSTHEHME aHUMAaLWIA, KOTOPbIE XPaHATCS B
AnimationClips.

MpumeyaHue: BonbLIMHCTBO MeToA40B AnimationAction MoryT 6bITb
06beMHEHDbI B LLENOYKN.
O630p pas/INYHbIX 3N1IEMEHTOB CUCTEMbI aHUMaUnn three.js MOXHO

HalTK B cTaTbe "CuctemMbl aHuMaumun” pasgena "Caegytowime warn'
AAaHHOIo PyKOBOACTBA.

KOHCTpYyKTOp

AnimationAction(
mixer - mukwep, cmecutenb');" onmouseout="hide()">mixer, clip, loca

mixer - MuKwep, cmecutenb');" onmouseout="hide()">mixer
- AnimationMixer, KOTOPbIA ynpaBnseTca gaHHbIM AEeACTBUEM.
clip - AnimationClip, UTO COAEPXUT AaHHbIE aHUMaLUK oA 3Toro
NEencTBuS.
localRoot - KOPHEBOW OOBLEKT, B KOTOPOM BbIMNOSIHAETCA faHHOe
AencTeue.

NMpumeyaHue: BmecTo HENoCcpeACTBEHHOIO BbI30Ba 3TOrNO
KOHCTPYKTOpa c/fieayeT co3gaBaTb 3K3eMNadap AnimationAction npu
nomoLwin metoga AnimationMixer.clipAction, NOCKOJIbKY ANA
yny4ylleHns npon3BoanTeIbHOCTU OH NPeAoCTaBAAET KSLWNPOBaHME.

CsoiicTBa

3axaTb (nNpuocTaHoBUTL) No 3aBepuweHun'):" onmouseout="hide()">.cla




Ecnn clampwhenFinished ycTaHOB/1EH KaK true, aHMMaLua
aBTOMartuMyeckun byaeT NpuocTaHoB/IEHa Ha CBOEM MOC/ieAHEM Kape.
Ecnu clampwWhenFinished ycTaHOB/1eH KaK false, TO Korga
3aKOHUNTCA NOCNeaHU UMKN AeACTBUSA, CBOMCTBO enabled 6yaet
aBTOMaruM4yeckn nepeknoyeHo B false, Tak YTo AasibLie 310
[eicTBME He OyaeT OKa3biBaTb HUKAKOIo BIIUSIHUS.

3HaveHneM no ymosiyaHuto apnsetcsa false.

MNpumeyaHue: clampwhenFinished He oka3biBaET BAUSHNS,
ecnv JeicTeue npepsaHo (CBOMCTBO paboTaeT TOMbKO B C/yYae,
Korga nocsefHuin LMKN AelicTBUA peasibHO 3aBepLUnsIcS).

.enabled

YctaHoBKa enabled kak false OTK/IO4aeT AaHHOE AelCTBUe, Tak YTo
OHO He ByAeT OKasbiBaTb HUKAKOrO B/IUSIHUS. 3HAYEHNEM MO
YMOJTHaHUIO ABNSIETCA true.

Ecnn gencreme BKIKOYEHO NOBTOPHO, aHUMAaLMUA NPOAO/IKUTCA C eé
TeKyLLEero BpeMeHH, T.e. OT 3HA4YeHMs cBOMCTBA time (yCTaHOBKA
enabled Kak false He copacblBaeT AencTeune).

NMpumeyaHue: YctaHoBKa enabled Kak true He genaet
aBTOMaTMYEeCKOro nepesanycka aHMmMmalun. YctaHoBKa enabled
KakK true cpa3sy e nepe3anyctut aHnMmMaumio, eC/nun BbINO/THAETCS
cneaytollee ycnoBue: CBOMCTBO paused YCTAaHOB/EHO KaK false
N B TO XXe BpeMs 3TO AeNCTBME He OblNI0 OTK/IIOYEHO
(BbINO/THEHNEM KOMaHAbl stop UK reset), a Takxe HU weight,
HW timeScale He paBHbI O.

~loop
LIMKINYHBIA pexXnm (MOXET ObITb U3MEHEH C NOMOLLbIO MeToAa
setLoop). 3Ha4YeHMEeM MO YMONYaHUIO ABNAETCH KOHCTaHTa
THREE . LoopRepeat (C 6€CKOHEYHbIM YAC/TOM NOBTOPEHNIA - CBONCTBO
repetitions)
3HayeHve 40/MKHO ObITb OAHOI N3 CNefyroLNX KOHCTaHT:
THREE . LoopOnce - O4HOKpaTHoe BOCMNpOon3BeLeHne Knuna,
THREE. LoopRepeat - NpourpbiBaeT KNun BblopaHHoe KoM4ecTBo
pa3 (ykaszaHHOe B napameTpe repetitions), BCAKUIA pa3




nepexofs ¢ KoHLA Knuna HenocpeAcTBEHHO Ha ero Havyano,

THREE . LoopPingPong - BOCNPOW3BOAUT KWN Bbl6paHHOE
KO/IMYeCTBO pas3 (ykasaHHOe B napameTpe repetitions),
npourpbIBas ero nooyepeaHo Bnepes 1 Hasag,

. paused
YcTaHOBKa 3Ha4yeHud paused Kak true npnocTaHaB/INBaET
BbIlNoOJ/IHEHNE OaHHOIo AGMCTBI/IFI, yCTaHaB/IMBaA WWKasly
3CbcbeKTI/IBHOFO BPEMEHU B 0. 3Ha4yeHnem no YMOJ/THaHUKO ABNAETCA
false.

.repetitions

Yncno NOBTOPHbLIX BbINO/IHEHWIA AnimationClip B Xo4e AAaHHOro
AencTBrs. MOXeT ObITb YCTaHOB/IEHO C MOMOLLLIO MeToa setLoop.
3HayeHneM no ymonyaHuio asngetcd Infinity.
YcTtaHOBKa JaHHOro yncna He nveet adppekta ecnm LUKANYHbIN
pPEeXUM YCTaHOB/IEH Kak THREE . LoopOnce, T.e. O4HOKpaTHoe
BOCMNPON3BEAEHNE Kmna.
NMpumeuaHue: MNepBblil 3anyck He yunTbiBaeTcA. Hanpumep,
ec/n repetition ycTaHOB/IEH Kak 2, 06LLEee KOIMYECTBO
BbIMNO/IHEHMI OYAET paBHO 3.

.time

JlokanbHoe (4acTHOe) BpeMs faHHOro AencTeus (B cekyHaax,
HaunHas c 0).

3HayeHuve nonyyaeTcd "3axarbIiM" UK OrpaHUYeHHbIM B gunana3oHe
0...clip.duration (B COOTBETCTBUM C COCTOSAHNEM LMKIa). Ero
MOXHO MacLUuTabupoBaTb OTHOCUTENIbHO 0OLLIErO BPpEMEHN MUKLLEPA,
N3MEHSS1 3HaUYeHne CBOICTBa timeScale (NPUMEHEHNEM MeToAa
setEffectiveTimeScale uan setDuration).

.timeScale

KoadpchmumeHT macluitabupoBaHust 41 CBoCTBa time. 3HaYeHme O
NPUBOAMT K NPMOCTaHOBKE aHMauun. OTpuLaTe/ibHble 3HaYeHUs!
BbI3bIBAOT BOCNPOU3BEAEHME aHMMaLM B 06PaTHOM HanpaBieHUN.



3Ha4YeHVeM No yMon4aHuio ABnsaeTca 1.

CBoicTBa/MeTObl CBA3AHHbLIE CO CBOMCTBOM timeScale (U
COOTBETCTBEHHO C time) cnepywoulme: getEffectiveTimeScale,
halt, paused, setDuration, setEffectiveTimeScale,
stopWarping, syncWith, warp.

.weight
CTeneHb BMUSHUS AAaHHOTO AeincTBus (B UHTepsane [0, 1]).
3HaueHus mexay 0 (HeT BNUAHUA) 1 1 (NO/THOLEHHOE BO3AENCTBME)
MOTYT MCNOJb30BaTLCS A/151 CMEeLUNBAHNA HECKOTbKNX AENCTBUIA.
3HavyeHneM Mo ymosiHaHuio aBnaetcs 1.

CsoicTBa/MeTObl CBSAA3AHHbLIE CO CBOMCTBOM weight cnepnyouime:
crossFadeFrom, crossFadeTo, enabled, fadeIn, fadeOut,
getEffectivewWeight, setEffectivewWeight, stopFadinag.

.zeroSlopeAtEnd

BkOYaeT raakyto MHTepnonsuuio 6e3 pasaeneHns KAnnos B
Havyane, B LMKNE 1 B KOHLE. 3HaUYeHneM no yMonHaHuio siBNSIETCs
true.

.zeroSlopeAtStart

BkoYaeT raakyto MHTepnonsuuio 6e3 pasaeneHnst KInnos B
Havyane, B LMKNE 1 B KOHLE. 3HaUYeHneM no yMon4aHu o siBNISIEeTCs
true.

MeToabl

cross fade from - nepekpecTHoe 3aTyxaHue m3');" onmouseout="hide(
fade out action - 3atyxatwuee pgeictBue');" onmouseout="hide()">fad
MeTO,CI, BbI3bIBAET NOCTENEHHOE HAPACTaHNE NaHHOIO ,CI,GI7ICTBI/IFI n
O[lHOBPEMEHHOE 3aTyxaHune Apyroro AencTeuns, 3a BpeMs 3a4aHHOoro
(napameTp durationInSeconds) UHTepBasia BpEMEHU. DTOT METOS,
MOXET ObITb BK/TIOUYEH B LLEMNOYKY.
Ecnn warpBoolean yCTaHOB/IEH Kak true, OyayT NPMMEHEHO




AononiHuTeNbHOe AedhopmMmpoBaHme (M1aBHble U3MEHEHNS
BPEMEHHbIX MacLUTa60B).
MpumeuaHue: Kak ny fadeIn/fadeOut, 3aTyxaHne Ha4ynHaetcs/
3aBepLUaeTcs C BecoM (T.e. CBOMCTBOM weight) paBHbIM 1.

cross fade to - nepekpecTHoe 3atyxaHue B');" onmouseout="hide()">
fade in action - nosaBnswweecs geiicteue');" onmouseout="hide()">fa
MeTO,CI, BbI3bIBAET MOCTENEHHOE 3aTyXaHNne AaHHOIo ,EI,GVICTBI/IFI n
0QHOBPEMEHHOE HapacTaHue Apyroro AeicTBus, 3a BpeMS 3a[aHHOM0
(napameTp durationInSeconds) MHTEpPBasia BpEMEHW. DTOT METOL,
MOXET ObITb BK/TIOUYEH B LLEMNOYKY.
Ecnn warpBoolean YCTaHOB/EH KakK true, 6yayT NPUMEHEHO
AOMOJ/IHUTEJIbHOE AG@OQMMQOB&HME (I'I]'IaBHbIe Nn3MeHeHNnA
BPEMEHHbIX MacLUTa60B).

MpumeuaHue: Kak ny fadeIn/fadeOut, 3aTyxaHne Ha4ynHaeTcs/
3aBepLUaeTcH C BecoM (T.e. CBOMCTBOM weight) paBHbIM 1.

. fadeIn( durationInSeconds )

MeToa, NnocTeneHHo YBENNMUMBAET Bec AAHHOIO AelicTBUsS OT 0 A0 1, 3a
yKa3aHHbIi MHTepBas BPEMEHW. DTOT METO/, MOXET ObITb BK/IHOUEH B
LIeMouKy.

fade out - nmocTeneHHoe ucye3HoBeHue, 3aTtyxaHue'):" onmouseout="hi

MeToa, NocTeneHHo YMeHbLLIAET Bec AAHHOIO AelicTBUS OT 0 A0 1, 3a
yKa3aHHbIi MHTepBas BPEMEHW. DTOT METO/, MOXET ObITb BK/IHOUEH B
LIEMOYKY,.

nonyymTb MaclwTab ageihctBywuero BpemeHu'):" onmouseout="hide()">.qge

MeTo/ Bo3BpallaeT AeCTBYOWNIA MacluTadb BpeMeH (C y4eToM
TeKyLLMX COCTOAHUI aechopmaumm 1 NPUOCTaHOBKMN.

- _nonyynTtb gevictByoumii Bec'):" onmouseout="hide()">.getEffectivew




MeTopa, Bo3BpalllaeT AelicTBYOLWMIA BEC (C YYETOM TEKYLLNX
COCTOSIHUI 3aTyXaHWsi U BO3MOXHOIO BK/IOUYEHUS.

get clip - nonyuutb kaun');" onmouseout="hide()">.getClip()

BosBpallaeT kivn, cogepxallmii AaHHble aHMMaunn oais AaHHoro
NEeNncTBuS.

get mixer - nmoayuntb Mukwep');" onmouseout="hide()">.getMixer ()

Bo3BpallaeT MUKLLIEP, KOTOPbIA OTBETCTBEHHEH 3@ BOCNPON3BEAEHNE
[laHHOro AencTems.

get root - nonyyuTb KopeHb');" onmouseout="hide()">.getRoot()

Bo3sBpallaeT KOpHEBOW 0O6BHEKT, HAa KOTOPOM BbIMO/THAETCS AAaHHOE
AencTeue.

halt - octaHoBka');" onmouseout="hide()">.halt( .durationInSecond

CHWXaeT CKOPOCTb [laHHOW aHUMaLmn A0 0, NoCTeNeHHbIM
YyMeHbLLUEHNEM 3HaUYeHMs1 timeScale (HauMHas C €ro TeKyLLero
3HauyeHus1), B TeueHMe 3a/laHHOro NHTepBaia BPEMEHM
(durationInSeconds). OTOT METO/ MOXET ObITh BK/IOUEH B LIEMOUKY.

~isRunning()
Bo3BpallaeT 3Ha4yeHne true, €C/iv OTCHET BPEMEHU AENCTBUS
(CBOMCTBO time) B HACTOSLWMIA MOMEHT YXXe 3amyLLeH.
Kpome Toro, Ans BbINO/IHEHNSA akTUBALUKN B MUKLLepe (CMOoTpuTe
isScheduled) AO/MKHbI ObITb BbINOSTHEHbI CNEAYOLINE YCOBUS:
CBOWCTBO paused A0/DKHO ObITb YCTaHOBJIEHO Kak false, enabled
[O/DKHO ObITb true, 3Ha4yeHne timeScale AO/HKHO ObITb OT/INYHbLIM OT
© N HEe A0/MKHO ObITb 3anjiaHnpoBaHO OT/TOXKEHHOTIO 3aryCkKa
(startAt).

MpumeuvaHue: 3HayeHne true y isRunning He 0653aTe/IbHO

O3HAYaeT, YTo aHNMaL M0 Ha camoM Jiene 6yAeT BUAHO. ITO
6yaeT TOMbLKO B C/lyyae, ec/v y CBOCTBa weight YCTAHOB/EHO




HEHYy/1EBOE 3HAYEHNE.

.1sScheduled()
Bo3BpallaeT 3HayeHne true, €CM faHHOEe AeNCTBUE aKTMBUPOBAHO
B MUKLLEPE.
npmmeanMe: 3T0 He 0b6s13aTesIbHO 3Ha4uT, YTO AaHHaA

aHMMaLusi Ha camoM aene paboTaeT (CpaBHUTE
NONONHUTE/bHbIE YC/I0BUSA A1 METOAA isRunning).

play - wurpatb');" onmouseout="hide()">.play()

YKas3blBaeT MUKLLEPY aKTUBNPOBAaTb I,CI,EI‘./iCTBI/Ie. OTOT MeTo ], MOXET
ObITb BK/TOYEH B LEenoyKky.

MpumeuaHue: AKTMBaLMS AAHHOIO AENCTBUS HE 0653aTesIbHO
O3Hauaert, YTO aHMMaums HayHeTca ToTyac xe: Activating this
action doesn’t necessarily mean that the animation starts
immediately: If the action had already finished before (by
reaching the end of its last loop), or if a time for a delayed start
has been set (via [page:.startAt startAt), a [page:.reset reset must
be executed first. Some other settings ([page:.paused
paused=true, [page:.enabled enabled=false, [page:.weight
weight=0, [page:.timeScale timeScale=0) can prevent the
animation from playing, too.

reset - c6bpocutb');" onmouseout="hide()">.reset()

C6pacbiBaeT AeiicTBNE. DTOT METO MOXET ObiTh BK/THOUEH B LIEMOUKY.
MeTop ycTaHaB/MBaeT CBOMCTBO paused Kak false, enabled Kak
true, time cbpacbiBaeTcs B 0, NpepbIBaeT Nto6oe 3ansaHMpoBaHHoe
3aTyxaHve 1 gedopM1MpoBaHune, yaansieT BHYTPEHHUIA CHETUMK LiMKNa
1 NNaHMPOBAHUE OT/IOXKEHHOIO 3anycka.
MNpumeyaHue: MeTog reset Bcerga Bbi3bIBAETCS NPU BbI30BE
MeToga stop, HO COGCTBEHHO caM reset He BbI3bIBAeT stop. ITO
O3HauaeT, eC/NN HYXXHO BbI3BaTb 06a MeToaa, copoca U
OCTaHOBKM, He Bbl3blBaiiTe reset; BMECTO HErO Bbi3blBaliTe stop.




.setDuration( durationInSeconds )

YctaHaBMBaeT NPOAO/IHKUTENBHOCTb OTAE/TbHOIO LMKIa JAHHOTO
AencTBus (MyTemM HaCTPOKKN timeScale M OCTaHABIMBAET /1HOOYHO
3an/iaHMpoBaHHy0 aedoopmaunio - warp). dTOT METOZA MOXET ObITb
BK/1HOYEH B LIEMOYKY.

set effective time scale - ycTaHOBUTb

gevicteyoumnii macwtab BpemeHun');" onmouseout="hide()">.setEffective
MeTog ycTaHaBnmBaeT timeScale 1 ocTaHaB/MBaET /t06YH0
3anaHnpoBaHHyto gedopmaunio (warp). STOT METOA MOXET ObITb
BK/1HOYEH B LIEMOYKY.

Ecnn paused ycTaHOBNEHO Kak false, AeACTBYHOWMIA MaclLTab
BpeMeHu (BHyTpeHHee CBOMCTBO) Takxe byAeT yCTaHOB/IEH B 3TO Xe
3Ha4eHue; B NPOTMBHOM C/lyyae AeCTBYHOLWMIA MacliTabd BpeMeHN
(HenocpeAcTBEHHO BNMSAKOWMIA HA aHUMaLUMIO B AAaHHbIA MOMEHT)
oyaet yctaHoBneH B 0. the effective time scale (an internal property)
will also be set to this value; otherwise the effective time scale
(directly affecting the animation at this moment) will be set to O.

MpumeyaHue: *paused* will not be switched to *true*
automatically, if .*timeScale* is set to 0 by this method.

set effective weight - ycTaHOBUTbL AeWcTBywuuMiA Bec'):" onmouseout=

YctaHaBnuBaeT weight 1 ocTaHaB/MBaeT t060e 3aniaHnpoBaHHoe
3aTyxaHue. Sets the [page:.weight weight and stops any scheduled
fading. 9TOT MeToq MOXET ObITb BK/IHOYEH B LLEMOYKY.

Ecnn cBoincTBO enabled yCTaHOBNEHO KakK true If [page:.enabled
enabled is true, the effective weight (an internal property) will also be
set to this value; otherwise the effective weight (directly affecting the
animation at this moment) will be set to O.

MpumeyaHue: .*enabled* will not be switched to *false*
automatically, if .*weight* is set to O by this method.

set loop - ycTaHoBka uukna');" onmouseout="hide()">.setlLoop( loop
MeTO,CI, YCTaHaB/IMBaAET PEXUM LIMK/IA N KOJTMHECTBO I'IOBTOpGHI/II7I.




ITOT METOo, MOXeT ObITb BK/IHOYEH B LEenoyky.

start at - HauyumHaTtb c');" onmouseout="hide()">.startAt( startTime

MeTog onpeaenset BpeMsa 3afepXKu crtapta aHuMmaumm (06bIYHO
nepegaetcA Kak AnimationMixer.time + deltaTimeInSeconds).
DTOT METOA MOXET ObITb BK/THOYEH B LIEMOUKY.
MpumeuaHue: The animation will only start at the given time, if
FstartAt* is chained with [page:.play play, or if the action has
already been activated in the mixer (by a previous call of .*play?*,
without stopping or resetting it in the meantime).

stop - octaHoBUTL');" onmouseout="hide()">.stop()

YKa3blBaeT MUKLIEPY AeaKTUBUPOBaTb (OTKIHUNTL) AaHHOE
AecTBue. DTOT METo, MOXET ObITb BK/THOUEH B LIEMOUKY.
9710 peictBme byaet HemealeHHO OCTaHOB/IEHO U MOTHOCTbHO
cépoLileHo.
MpumeyaHue: MOXHO OCTAHOBUTL BCE aKTUBHbIE AENCTBUA HA
TOM e CaMOM MUKLLEpe cpasy, npu nomMoLm Mmetoaa
mixer.stopAllAction.

stop fading - ocTaHoBMUTbL 3aTyxaHue');" onmouseout="hide()">.stopF
MeTof ocTaHaBNMBaET /1t060e 3ansaHnpoBaHHoe 3atyxaHue (fadeln),
NPUMEHEHHOE B AAaHHOM AENCTBUN. ITOT METOL, MOXET ObIThb

BK/IHOYEH B LIEMOYKY.

stop warping - ocTaHoBUTb aedopmaumio'):" onmouseout="hide()">.sto
MeTof ocTaHaBNMBaET /1H00YI0 3an/1aHNPOBaHHY AeddopMaLnio
(warp), NPUMEHEHHYIO0 B @HHOM AEACTBUN. DTOT METO/ MOXET ObITb
BK/TIOHEH B LEMNOYKY.

syncWith 3TO cokpall. aHrn. C/0B
svynchronize with - cuHxpoHusmpoBaTb c'):" onmouseout="hide()">.sy
other action - gpyroe pgenctBue'):;" onmouseout="hide()">otherActio




MeTo4 CUHXPOHN3NPYET AaHHOe AeNcTBME C nepefaHHbIM B
aprymeHTe otherAction gpyrum genicTtBnemM. ITOT METOL MOXET
ObITb BK/IHOYEH B LIEMOYKY.
CUHXpOHM3aLUNSA BbIMOMHAETCS YCTAHOBKOW 3HAUYEHNIA time U
timeScale AaHHOrO AENCTBUSA K COOTBETCTBYIOLLNM 3HAYEHUAM
[pyroro aencreus (npekpatleHune oboin 3aniaHMpoBaHHOM
Aedopmaymn).
MpumeuaHue: MNocnegyouime N3MeHEHNS apryMeHTOB time n
timeScale He OyayT 06HapyXuBaTbCS.

warp - gedopmauma');" onmouseout="hide()">.warp( startTimeScale,

MeTon N3MeHAET CKOPOCTb BOCMNPON3BEAEHNSA BHYTPU NepesaHHoro
NHTepBasia BpeMeHU, NOCTENeHHbIM U3MEHEHNEM 3HaUYEeHNA
timeScale OT startTimeScale A0 endTimeScale. QTOT METO/,
MOXET ObITb BK/IOYEH B LLEMOUKY.

CobbITuA

EcTb ABa cobbITUA, NnoKa3blBarouWwne Korga 3aBepiaeTcs OT,CI,G]'IbeIVI
LUNKN ,CI,GVICTBI/IFI n, COOTBETCTBEHHO, BCE I,CI,GI"/'ICTBI/Ie LenIMKoM. Ha Hux

MOXHO pearmpoBarb C MNOMOLbHO.

mixer.addEventListener( 'loop', function( e ) { ..} );
// properties of e: type, action and loopDelta
// cBoiicTBamMu ANs e [AO0/KHbl 6bITb Tun, gelictene u loopDelta

mixer.addEventListener( 'finished', function( e ) { ..} );
// properties of e: type, action and direction
// cBoiicTBaMu ANs € AOJ/DKHbl 6biTb TuMN, AelCTBME U HanpaBfieHune

icxogHnKm
AnimationAction.js Ha github.com

AnimationClip


https://github.com/mrdoob/three.js/blob/master/src/animation/AnimationAction.js

AnimationClip - 3T0 MHOrokpaTHO MCNosIb3yeMbIi HAOOP TPEKOB
KNHOYEeBbIX KaapoB, NpeacTaBAAoWMX aHMMaLmio.

O630p pas/INYHbIX 3N1IEMEHTOB CUCTEMbI aHUMaLUnn three.js MOXHO
HanTK B cTaTbe "CucTemMbl aHMMaumun” pasgena "Caegytouime warn'
[aHHOro pyKoBOACTBA.

KOHCTpYKTOP

AnimationClip( name, duration, tracks )

name - UMsi A@HHOTO KNuna.

duration - NPOAO/HKUTENBHOCTb AAHHOIO Kmna (B cekyHaax). Ecnm
nepegaHo oTpulaTesibHOe 3HaYeHNe, NPOAO/IKMUTENBLHOCTL ByaeT
paccunTbiBaTbCS U3 NepeaHHoro Mmaccmea tracks.

tracks - MacC/B TPEeKOB KJ/KYEBbIX KaapoB.

NMpumeuyaHue: BmecTo co3gaHuna ak3emnnsapa AnimationClip
HenocpeACTBEHHO C NOMOLLIbIO KOHCTPYKTOpPA, A1 CO34aHns
aHUMaLNOHHbIX K/INMOB MOXHO MCMNO/Ib30BaTb OAUH U3 ero
ctatnyecknx metogos: ot JSON (parse), 13 Instead of instantiating
an AnimationClip directly with the constructor, you can use one of its
static methods to create AnimationClips: from JSON ([page:.parse
parse), from morph target sequences
([page:.CreateFromMorphTargetSequence
CreateFromMorphTargetSequence,
[page:.CreateClipsFromMorphTargetSequences
CreateClipsFromMorphTargetSequences) or from animation
hierarchies ([page:.parseAnimation parseAnimation) - if your model
doesn't already hold AnimationClips in its geometry's animations
array.

CsoiicTBa

.duration
MpofomKNMTENbLHOCTL AAaHHOIo Knuna (B cekyHaax). OHO MOXET ObITb

BblumcrieHo u3 The duration of this clip (in seconds). This can be
calculated from the [page:.tracks tracks array via [page:.resetDuration



resetDuration.

. hame
ima gaHHOro knuvna. KOHerTHbIVI K/IUN MOXET BObITb H&VI,CI,EH C

nomoLlbo MeToga
find by name - HaiTu no mmeHu'):" onmouseout="hide()">findl

.tracks

MaccuB, cogepxalnini KeyframeTrack A5 KaxA0ro CBOMCTBA,
KOTOPble aHMMUPYHOTCS C NOMOLLbIO AAHHOTO KAuna.

unique identifier - yHuBepca/abHbIN
VHUKaNbHbI nageHtTnoukatop');" onmouseout="hide()">.uuid

unigue identifier - yHnBepcasibHbIi

YHUKa/IbHbIN naeHtudumkarop');" onmouseout="hide()">UUID gaHHOro
ak3emnndapa kamna. OH npucBamBaeTCcs aBTOMaTNU4YeCckn U He AO/HKeH
ObITb U3MEHEH.

Bot ctatba Bukuneamun npo UUID Ha pyCcCKOM A3bIKE.

MeToabl

optimize - ontummaupoBaTb');" onmouseout="hide()">.optimize()

ONTUMN3NPYET KaxKabl TPEK NyTEM yAasieHUsi paBHO3HaUHbIX
nocriefoBaTebHbIX K/1touen (KoTopble SBNAKTCS 00WmMmn B
nocnegoBarenbHOCTY Lenein mopcdumHra) Optimizes each track by
removing equivalent sequential keys (which are common in morph
target sequences).

.resetDuration()

MeTopn ycTaHaBMBaEeT NPOAO/KNTENLHOCTbL KMna Kak
NPOAO/HKNTENBHOCTbL CaMOro A/IMHHOIO KeyframeTrack.



http://en.wikipedia.org/wiki/Universally_unique_identifier
https://ru.wikipedia.org/wiki/UUID

trim - o6pesartb, noacTpuratb');" onmouseout="hide()">.trim()
MeTog o6pe3aeT Bce TPeKM Mo BPEMEHU MPOAO/HKNTENBHOCTU Kivna.

Crartnyeckue metoabl

co34aTb K/AUMbl M3 Noc/aegoBaTeNlbHOCTU uUenei mopduHra'):" onmouseout

Returns an array of new AnimationClips created from the
[page:Geometry.morphTargets morph target sequences of a
geometry, trying to sort morph target names into animation-group-
based patterns like "Walk_001, Walk_002, Run_001, Run_002 ..."
This method is called by the [page:JSONLoader internally, and it uses
[page:.CreateFromMorphTargetSequence
CreateFromMorphTargetSequence.

create from morph target sequence - co3gaTb
U3 nocnegoBaTenbHOCTU uUenen mopduHra'):" onmouseout="hide()">.Cre

Returns a new AnimationClip from the passed

[page:Geometry.morphTargets morph targets array of a geometry,

taking a name and the number of frames per second.
MpumeuaHue: NMapameTp fps 0b6s3aresieH, HO CKOPOCTb
aHMMaumn B AnimationAction MOXET ObITb NepeonpeneneHa
MeToaoM animationAction.setDuration

find by name - Haihtu 0o wumenun') ;" onmouseout="hide()">.findByName

MeToA pasbickMBaeT AnimationClip No Has3BaHuIO, NPUHNMAas B
KayecTBe CBOEro NepBoro napameTrpa Mbo MaccnB aHUMaLMOHHbIX
Knunos, Nnéo ceTky (Mesh), nn6o reometputo (Geometry), KoTopble
cofepXxaT MaccuB, NOMMEHOBAHHbIN Kak "animations".

parse - pa36op, CUHTaKCMYECKWUIN aHann3, napcuHr');" onmouseout="hi
Parses a JSON representation of a clip and returns an AnimationClip.




parse animation - pa3o6paTb (T.e. cgenaTb aHaaM3) aHumaumiw');" on
MeTtog npon3BoanT pasdop dpopmaTa nepapxmm aHumaumm n

Bo3BpaLllaet AnimationClip. Parses the animation.hierarchy format
and returns an AnimationClip.

. t0JSON(
clip - knun, o6pe3atb');" onmouseout="hide()">clip )

MeTtog npuHuMaeT AnimationClip v Bo3Bpawaet JSON-06BbEKT.

icxogHnKM
AnimationClip.js Ha github.com

AnimationMixer

AnimationMixer - 3TO npouvrpbiBatesb 415 aHUMaunum KOHKPETHOTO
ob6bekTa Ha cueHe. Ecniv Ha cLueHe He3aBMCUMO aHMMUpPYeTCA
MHOXECTBO 0OBLEKTOB, A/19 BCEX 0ObEKTOB MOXET MCMO/1b30BaTbLCA OANH
AnimationMixer.

O630p pas/INYHbIX 3N1EMEHTOB CUCTEMbI aHUMaLUnn three.js MOXHO
HaTK B cTaTbe "CuctemMbl aHMMaumun” pasgena "Cnaegytowime warn'
AAaHHOIo PyKOBOACTBA.

KOHCTpYKTOP

AnimationMixer (
root object - kKopHeBoli 06beKT');" onmouseout="hide()">rootObject )

root object - kopHeBoil 06bekT");"
onmouseout="hide()">root0bject - 06bEKT, aHUMMaLMsi KOTOPOro
[10/KHA BOCMPOU3BOANTLCHA 3TUM MUKLLIEPOM.

CsoiicTBa


https://github.com/mrdoob/three.js/blob/master/src/animation/AnimationClip.js

.time

O6uwee (rhobanbHoe) BpeMa MuKLLepa (B CeKyHAax; HaunHas c 0 B
MOMEHT CO3[aHnNsA MUKLLIEPA).

.timeScale

KoadpdmumeHT macwitabmnpoBaHus asis obuero (rnobasnbHoro)
BPEMEHN MUKLLIEPA.
MpumeuaHue: YcTaHOBKa NnapameTpa timeScale MUKLLEPA B O U
nocneayrowmii Bo3Bpar ero K 1 - 3To0 BO3MOXHOCTb

NPUOCTaHOBKN/BO30OHOB/EHUS (pause/unpause) BCeEX AENCTBUN,
ynpaBnsieMblX 3TUM MUKLLEPOM.

MeToabl

clip action - peiictBue knuna');" onmouseout="hide()">.clipAction(

clip - kaun');" onmouseout="hide()">clip,

optional root - gononHuTenbHbIi KopeHb');" onmouseout="hide()">opt
Bo3Bpawjaet AnimationAction as1s knuna, ykazaHHOro B napamMmetpe
clip, ¢ gononHUTENbHbIM (HE06A3aTe/IbHLIM) NUCMOIb30BaAHNEM
KOPHEBOro 06bekTa, OT/IMYHOIO OT KOPHEBOIO OObEKTA NO YMO/THaHUIO
AaHHOro Mukwepa. NepBbiM NapamMeTPoM MOXET ObITb JINGO OOBLEKT
AnimationClip, nM60 nmsa/Ha3BaHne AnimationClip.

Ecnu geincteme, cBA3aHHOE C 3TUMM NapameTpamu, eLle He
CyLlecTBYyeT, JaHHbIM METOAO0M OHO ByAeT co3aaHo.

MpumeyaHue: BbI30B 3TOr0 MeToAa HECKO/IbKO pa3 C OAHUMU U

TEMMU XKe MapaMeTpamn BCcerga so3spaiaeT oanH 1N TOT Xe
IAK3EMNNAP Knmna.

existing action - cyuwecTBywuwee geiicteue');" onmouseout="hide()">.
clip - kaun');" onmouseout="hide()">clip,

optional root - gonmonHWTenbHbIi KopeHb');" onmouseout="hide()">opt
Bo3BpalyaeT cyulecTtBytoulee Returns an existing AnimationAction for
the passed clip, optionally using a root object different from the




mixer's default root.
[MepBbIM NapamMeTpoM MOXET ObITb MO0 0OBLEKT AnimationClip,
nnéo uma AnimationClip.

get root - noayyuTb KopeHb');" onmouseout="hide()">.getRoot()
Bo3BpallaeT KOpHEBOW 06BEKT MUKLLEpPA.

stop all action - ocTaHOBUTb Bce geiictBue'):" onmouseout="hide()"

[leakTMBUpyeT Ha 3TOM MUKLLEPE BCE paHee 3an/laHMpPoBaHHbIE
NEeNncTBuS.

update - o6HoBnenve');" onmouseout="hide()">.update( deltaTimeInS
Advances the global mixer time and updates the animation.

This is usually done in the render loop, passing [page:Clock.getDelta
clock.getDelta scaled by the mixer's [page:.timeScale timeScale).

.uncacheClip(
clip - kaun');" onmouseout="hide()">clip )

BblCBOﬁO)K,CI,aeT BCe peCypcChbl NaMATKU OT K/nna.

.uncacheRoot (
root - kopeHb');" onmouseout="hide()">root )

BbICBO60)K,CI|aeT BCe pecCypcChbl NaMATN OT KOPHEBOIO obbekTa.

.uncacheAction(
clip - kamn');" onmouseout="hide()">clip,
optional root - AONONHWUTENbHbIE KopeHb') ;" onmouseout="hide()">opt

BbICBOGOXAAET BCE PECYPChI NaMATU OT AelCTBUS.

icxogHnKM
AnimationMixer.js Ha github.com



https://github.com/mrdoob/three.js/blob/master/src/animation/AnimationMixer.js

AnimationObjectGroup

[pynna o6bEKTOB, KOTOpas nosyyaeT obLlee COCTOSHNE aHMMaL N,
O630p pas/INYHbIX 3N1EMEHTOB CUCTEMbI aHUMaUnn three.js MOXHO

HaTK B cTaTbe "CuctemMbl aHMMaumun” pasgena "Caegytouime warn'
AAaHHOIo PyKOBOACTBA.

[MpymeHeHne

Add objects you would otherwise pass as 'root’ to the constructor or the
[page:AnimationMixer.clipAction clipAction method of
[page:AnimationMixer AnimationMixer and instead pass this object as
‘root".

O6partnTe BHMMaHUe, YTO 0OBLEKTHLI 3TOrO K/1acca B MUKLLEPE
npeacTaBneHbl Kak ognH 06LEKT, NO3TOMY YNpaB/eHNE K3leM
OTAENbHbIX 0OGBEKTOB A0/MHKEH BbINOMHATLCA B rpynne.

OrpaHunyeHus

CBolicTBa aHMMaunn AOMKHbI ObITb COBMECTUMbI CPeAn BCEX 0O6LEKTOB
rpynnbi.

OTAebHbIM CBOMCTBOM MOXHO YNpaBAsATb MO0 Yepes LeneByto rpynny,
60 HeNnocpeacTBEHHO, HO Hesb3S OAHOBPEMEHHO U TEM U APYTM
cnocobamu.

KOHCTpYyKTOp

AnimationObjectGroup( obji, obj2, obj3, ... )

obj - npon3BosibHOE Ynco cetok (meshes), ¢ oAMHaKOBbLIM
COCTOSIHMEM aHUMaLUN.

CsoiicTBa

.stats
OGbEKT, KOTOPbI COAEPXMUT HEKOTOPYH MHAPOPMALIMIO O AAHHOW



AnimationObjectGroup (total number, number in use, number of
bindings per object)

[property:String uuid

The [link:http://en.wikipedia.org/wiki/Universally _unique_identifier
UUID of this *AnimationObjectGroup*. It gets automatically assigned
and shouldn't be edited.

MeToabl

.add( obji, obj2, obj3, ... )

MeTtog fobaBnseT Npom3BO/IbHOE YNC/0 0OBbEKTOB B AAaHHYH0
AnimationObjectGroup.

.remove( obji, obj2, obj3, ... )

Yaansiet npon3Bo/ibHOE YMC/0 0O BLEKTOB N3 JAHHOM
AnimationObjectGroup.

.uncache( obji, obj2, obj3, ... )

BbICBOGOXAAET BCE peECYPCbl OnepaTUBHON NamMsTV A8 nepefaHHbIX
00BbEKTOB AlaHHOM AnimationObjectGroup.

icxogHnKM
AnimationObjectGroup.js Ha github.com

AnimationUtils

OOBEKT € pas/INYHbIMU PYHKUMAMU 418 MOMOLLM MPY aHuMaumnn,
ncnosiblyetca BHyTpu. An object with various functions to assist with
animations, used internally.

MeToabl
.arraySlice( array, from, to )



https://github.com/mrdoob/three.js/blob/master/src/animation/AnimationObjectGroup.js

370 TOXEe camoe, YTo U Array.prototype.slice, HO PN 3TOM
paboTaeT Ha TUNNU3MPOBaHHbLIX MacCcuBax.

array (maccuB) - 3T0 MaccuB, Y KOTOPOro 6epeTcs YyacTb, T.e. S1lice (4acTb, KyCcokK),
from (oT) - Touka, c koTopoi HaunHaeTcsa slice,
to (mo) - Touka, KOTOpOW 3aKkaHuMBaeTca slice.

.convertArray( array, type, forceClone )
KOHBepTI/IpyeT MaCCuB B yKa3aHHbIVI TN,

.flattenJSON( jsonKeys, times, values, valuePropertyName )

MeTtog ucnonb3yeTcs 415 pasbopa hopmMaroB K1HUYEBbLIX KaapoB
AOS. Used for parsing AOS keyframe formats.

.getKeyframeOrder( times )
MeTop Bo3BpaLjaeT MaccuB, Mo KOTOPOMY MOTYT ObITb

OTCOPTUPOBaHbI BpeMeHa 1 3Ha4yeHus. Returns an array by which
times and values can be sorted.

.isTypedArray( object )

BossanJ,aeT 3HayeHune true, ecnun 00BLEKT aBngaeTcs
TMnn3npoBaHHbIM MaCCUBOM.

.sortedArray( values, stride, order )
CopTupyeT MaccuB, paHee BO3BPaLLEHHbI METOA0M
getKeyframeOrder.

icxogHnKm
AnimationUtils.js Ha github.com

KeyframeTrack

Tpek koueBbIx Kaapos (KeyframeTrack) ato, coriacoBaHHas no
BpeMeHW nokasa, nocsiefoBaTe/lbHOCTb kAYeBbIX kaapos (keyframes),
KOTOpble COCTOAT N3 CMUCKOB MOMEHTOB BPEMEHU M CBA3AHHbIX C HAMMU
3HaAYEHWIA, N KOTOPbIE NCNOJb3YKTCA A8 aHMMauumn onpeaesnieHHoro



https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/Array/slice
https://github.com/mrdoob/three.js/blob/master/src/animation/AnimationUtils.js
https://en.wikipedia.org/wiki/Key_frame

CBOINCTBa 0ObLEKTA.

MNpumeyaHne nepeBogUMKA: BOT NEPEBO/] Havasia BblLLIENPUBEAEHHON CTaTbi O K/OYEBbIX
Kagpax.
... unTaThb ganee

O630p pas/INYHbIX 3N1EMEHTOB CUCTEMbI aHUMaUnn three.js MOXHO
HaTK B cTaTbe "CuctemMbl aHMMaumun” pasgena "Caegytowime warn'
AAaHHOIo PyKOBOACTBA.

B otnume ot nepapxum aHumaumm mogenuv B doopmare JSON,
KeyframeTrack He coXpaHsieT CBOM OTAE/bHbIE K/HOUEBLIE Kaapbl Kak
00beKkTbl B Maccuse keys (Kitoun) (yaepxmsasi COBMECTHO MOMEHTb!
BPEMEHM M 3HAYEHUA 419 KaKA0ro Kagpa B 04HOM MecTe). In contrast to
the animation hierarchy of the
[link:https://github.com/mrdoob/three.js/wiki/JSON-Model-format-3 JSON
model format a *KeyframeTrack* doesn't store its single keyframes as
objects in a "keys" array (holding the times and the values for each frame
together in one place).

BmecTo 3T0ro, B KeyframeTrack MMeIOTCA ABa MaccuBa: Maccus
BPEMEH, Il XPaHATCS 3HaUeHUs BPEMEHM /151 BCEX KNHOUEBLIX KA1pPOB
[AaHHOTO Tpeka B nocsieoBaTe/IbHOM NOpsike, U MacCuB 3HAYEHUN,
coiepXallnii COOTBETCTBYIOLLME N3MEHSIEMbIE 3HAUEHUS CBOCTBA
aHMaLun.

Instead of this there are always two arrays in a *KeyframeTrack*: the
[page:.times times array stores the time values for all keyframes of this
track in sequential order, and the [page:.values values array contains the
corresponding changing values of the animated property.

OTAesnibHOe 3HayeHne, NpuHaanexaliee KOHKPETHOMY MOMEHTY
BPEMEHU, MOXET ObITb HE TO/IbKO MPOCTbIM YNC/IOM, HO (Hanpumep)
BEKTOPOM (eC/iv aHUMUPYETCA MOSIoXKeHNe 06bekTa) NN KBaTepHMOHOM
(ecnun aHMMUpyeTcAa BpalleHne o6bekTa). Mo 3Tol NpuynHe MmaccuB
3HaYeHni (KOTOPbIN ABMAETCA Takke NI0CKMM Maccusom) A single value,
belonging to a certain point of time, can not only be a simple number, but
(for example) a vector (if a position is animated) or a quaternion (if a
rotation is animated). For this reason the values array (which is a flat


https://github.com/mrdoob/three.js/wiki/JSON-Model-format-3

array, too) might be three or four times as long as the times array.

B cooTBeTCTBUN C Pas/INYHbIMN BO3MOXHbLIMW TUNaMW aHUMUPOBAaHHbIX
3HaAYEHWIA CYyLLLECTBYET HECKO/IbKO NnogkaccoB KeyframeTrack,
Hacneaywuwmx 60/1bLLMHCTBO CBOWNCTB 1 METO/0B:

BooleanKeyframeTrack
ColorKeyframeTrack
NumberKeyframeTrack
QuaternionKeyframeTrack
StringKeyframeTrack
VectorKeyframeTrack

HekoTopble npuMepbl CO34aHMA BPYUHYIO KIUNOB aHUMauun ¢ pasHbIMU
BMAAMU KNHOYEBbIX KAAPOB MOXHO HaTK B (haiine. MNMocKobKy SiBHble
3HaYeHUs onpeaeneHbl TONbKO ANA ANCKPETHbLIX TOYEK BPEMEHU,
XPaHALWMNXCA B MaccrBe BPEMEH, BCE MPOMEXYTOUHbIE 3HAYEHUA MeXay
HUMU OO/MKHBI ObITb UHTEPNONMpPOBaHLI. Since explicit values are only
specified for the discrete points of time stored in the times array, all
values in between have to be interpolated.

Ms Tpeka BaxKHO O/15 COeANHEHUS AaHHOIo TpeKa C KOHKPETHbIM
CBOWCTBOM aHMMMPOBAHHOIO y3Nna (caenaHHoro PropertyBinding). The
track's name is important for the connection of this track with a specific
property of the animated node (done by [page:PropertyBinding).

KoHCTpYyKTOp

KeyframeTrack( name, times, values, interpolation )

name - ngeHTudomkarTop Ana KeyframeTrack, T.e. UmMsa Tpeka
K/HOYEBbLIX KapoB.

times - MaccuB BPEMEH K/H0YEBbIX KaApoB, BHYTPEHHE
npeobpasoBaHHbIi B Float32Array. BoT ctatba Bukuneaum o
Float32Array Ha pyCCKOM SA3bIKe.

values - MaccuB 3Ha4€HWU, CBSA3aHHbIX C MAcCUBOM BPEMEH,
BHYTPeHHe npeobpasoBaHHbIi B Float32Array. BoT cTatbs
Bukuneanm o Float32Array Ha pyCCKOM Si3bIKe.

interpolation - TUN UCMOMb3YEMOI MHTEPNONAUNN. BO3MOXHbIE



https://threejs.org/examples/js/AnimationClipCreator.js
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/Float32Array

3HaueHua cMoTpuTe B cTatbe "AHMMAaLMOHHbLIE KOHCTaHTbI".
3HayeHVeM No ymonyaHuio saensaeTca Interpolatelinear.

CsolicTBa

. hame

The track’'s name can refer to [page:Geometry.morphTargets morph
targets or [page:SkinnedMesh bones or possibly other values within
an animated object. See [page:PropertyBinding.parseTrackName for
the forms of strings that can be parsed for property binding:

The name can specify the node either using its name or its uuid
(although it needs to be in the subtree of the scene graph node
passed into the mixer). Or, if the track name starts with a dot, the
track applies to the root node that was passed into the mixer.

Usually after the node a property will be specified directly. But you can
also specify a subproperty, such as .rotation[x, if you just want to drive
the X component of the rotation via a float track.

You can also specify bones or multimaterials by using an object
name, for example: .bones[R_hand.scale; the red channel of the
diffuse color of the fourth material in a materials array - as a further
example - can be accessed with .materials[3.diffuselr.
PropertyBinding will also resolve morph target names, for example:
.morphTargetinfluences[run.

NMpumeyaHue: Ha3BaHve Tpeka HeobA3aTe/IbHO A0/KHO ObIThb
YHUKa/IbHbIM. HECKO/IbKO TPEKOB MOTYT YNpaB/isiTb OAHUM N TEM
e cBonctBoM. The track's name does not necessarily have to be
unique. Multiple tracks can drive the same property. The result
should be based on a weighted blend between the multiple tracks
according to the weights of their respective actions.

.times

Tun 3HauyeHusn - Float32Array. BoT ctartba Bukuneamm Ha pycckom
A3blke. Npeobpa3osBaH M3 MaccuBa BpeMEH, nepeaaHHoro B
KOHCTpyKTOpe. converted from the times array which is passed in the

constructor.
.values



https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/Float32Array

A [link:https://developer.mozilla.org/en-
US/docs/Web/JavaScript/Reference/Global _Objects/Float32Array
Float32Array, converted from the values array which is passed in the
constructor.

[property:Constant DefaultInterpolation

The default interpolation type: [page:Animation InterpolateLinear.
[property:Constant TimeBufferType

[link:https://developer.mozilla.org/en-

US/docs/Web/JavaScript/Reference/Global _Objects/Float32Array

Float32Array, the type of the buffer internally used for the times.
[property:Constant ValueBufferType

[link:https://developer.mozilla.org/en-

US/docs/Web/JavaScript/Reference/Global _Objects/Float32Array
Float32Array, the type of the buffer internally used for the values.

MeToabl

.CreatelInterpolant()

MeTog, B 3aBMCUMOCTM OT 3HAYEHUA NapameTpa MHTepnonauun,
nepefaHHOro B KOHCTPYKTOpe, co3aaeT Creates a
[page:Linearinterpolant Linearinterpolant, [page:Cubicinterpolant
Cubicinterpolant or [page:Discretelnterpolant Discretelnterpolant,
depending on the value of the interpolation parameter passed in the
constructor.

.getInterpolation()

Bos3pawaeT Tun nHTepnonsauun.

[method:Number getValueSize()

Returns the size of each value (that is the length of the [page:.values
values array divided by the length of the [page:.times times array).
[method:DiscretelInterpolant InterpolantFactoryMethodDiscrete( .re

Creates a new [page:Discretelnterpolant Discretelnterpolant from the
[page:KeyframeTrack.times times and [page:KeyframeTrack.times
values. A Float32Array can be passed which will receive the results.
Otherwise a new array with the appropriate size will be created


JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array

automatically.
[method:null InterpolantFactoryMethodLinear( .result )

Creates a new [page:Linearinterpolant Linearinterpolant from the
[page:KeyframeTrack.times times and [page:KeyframeTrack.times
values. A Float32Array can be passed which will receive the results.
Otherwise a new array with the appropriate size will be created

automatically.
[method:null InterpolantFactoryMethodSmooth( .result )

Create a new [page:Cubiclnterpolant Cubiclnterpolant from the
[page:KeyframeTrack.times times and [page:KeyframeTrack.times
values. A Float32Array can be passed which will receive the results.
Otherwise a new array with the appropriate size will be created

automatically.
[method:null optimize()

Removes equivalent sequential keys, which are common in morph
target sequences. Called automatically by the constructor.
[method:null scale()

Scales all keyframe times by a factor.

MpumevaHue: This is useful, for example, for conversions to a

certain rate of frames per seconds (as it is done internally by

[page:AnimationClip.CreateFromMorphTargetSequence

animationClip.CreateFromMorphTargetSequence).
.setInterpolation( interpolationType )

MeTopn ycTaHaBnMBaeT TUn UHTepnonauun. Ansa Bbl60pa cmMmoTpuTe
AHVMAaLVOHHbLIE KOHCTAHTbI.

.shift( timeOffsetInSeconds )

[MepepnBuraeT Bce knroyesble Kaapbl (keyframes) nnbo Bnepen, nméo
Ha3aj, BO BPEMEHM.

.trim( startTimeInSeconds, endTimeInSeconds )
MeTop, yaanseT KfveBble Kaapbl nepef startTime U nocne

endTime, 6€3 UBMEHEHUA KaKUX-TMO0 3HAYEHNIA B AMana3oHe
[startTime, endTime].

.validate( )


https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/Float32Array
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_const,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_number,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_number,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_number,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)

Performs minimal validation on the tracks. Called automatically by the

constructor.

This method logs errors to the console, if a track is empty, if the
[page:.valueSize value size is not valid, if an item in the [page:.times
times or [page:.values values array is not a valid number or if the
items in the *times* array are out of order.

Cratunyeckue metoabl

[method:KeyframeTrack parse( [page:JSON json )

Parses a JSON object and returns a new keyframe track of the

correct type.
[method:JSON toJSON( [page:KeyframeTrack track )

Converts the track to JSON.

icxogHnKm
KeyframeTrack.js Ha github.com

KeyframeTrack -

BooleanKeyframeTrack

Tpek nornyeckmx 3HAYEHUI KNHYEBbIX KagpoB.

KoHCTpYyKTOp
BooleanKeyframeTrack( name, times, values )

name - (required) identifier for the KeyframeTrack.

times - (required) array of keyframe times.
values - values for the keyframes at the times specified.

CaoiicTBa
[Na 03HaKOMEHUA € yHac/ie4oBaHHbIMW CBOCTBAMM CMOTpUTE
onucaHue KeyframeTrack.

.DefaultInterpolation



https://github.com/mrdoob/three.js/blob/master/src/animation/KeyframeTrack.js
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_const,'Arial,9',10,10,0xffffff,0xd69967)

The default interpolation type to use, [page:Animation
InterpolateDiscrete.

.ValueBufferType

A normal Array (no Float32Array in this case, unlike
*ValueBufferType* of [page:KeyframeTrack).

.ValueTypeName
String 'bool'.

MeToabl

[ns 03HaKoMeHns ¢ yHacnegoBaHHbIMM MeTO4aMU CMOTPUTE onucaHue
KeyframeTrack.

.InterpolantFactoryMethodLinear( )

The value of this method here is 'undefined’, as it does not make
sense for discrete properties.

.InterpolantFactoryMethodSmooth( )

The value of this method here is 'undefined’, as it does not make
sense for discrete properties.

icxogHnKm
BooleanKeyframeTrack.js Ha github.com

KeyframeTrack -

ColorKeyframeTrack

Tpek 3Ha4YeHU KNHYEBbIX Kagpos, rnpegcrassiaowmnx NSMeHEHUA LBETA.
Cawma no cebe 0CHOBHas peann3auna oaHHOro nogksacca He MMeeT
HMUYero ocob6eHHoro. Tem He MeHee, 3TO MeCTO Onda napameTpundalmnn
UBETOBOIO NPoCTpaHCTBAa.

KOHCTpYyKTOp
ColorKeyframeTrack( name, times, values )



JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_null,'Arial,9',10,10,0xffffff,0xd69967)
https://github.com/mrdoob/three.js/blob/master/src/animation/tracks/BooleanKeyframeTrack.js
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
JavaScript:hhctrl.TextPopup(type_array,'Arial,9',10,10,0xffffff,0xd69967)
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name - (06a3aTeneH) naeHtudumkarop KeyframeTrack.

times - (06A3aTesieH) MaccuB BpeMEH K/IK0YEBOro Kaapa.

values - 3Ha4YEeHNA OJ151 K/YEBbIX KapoB B yKazaHHOE BpeMS.
[page:Constant interpolation - the type of interpolation to use. See
[page:Animation Animation Constants for possible values. Default is
[page:Animation InterpolateLinear.

CsolicTBa

[Na 03HaKOMEHUA € yHac/ie4oBaHHbIMW CBOCTBAMM CMOTPUTE
onucaHue KeyframeTrack.

.ValueTypeName
CTpoka 'color’ - LBET.

MeToabl

[ns 03HaKoMeHns ¢ yHacnegoBaHHbIMM MeTO4aMnU CMOTPUTE onucaHue
KeyframeTrack.

icxogHnKM
ColorKeyframeTrack.js Ha github.com

KeyframeTrack -

NumberKeyframeTrack

TpeKHMCﬂOBbD(SHaquMMIUHOqubD(KaApOB.

KOHCTpYyKTOp
NumberKeyframeTrack( name, times, values )

[page:String name - (required) identifier for the KeyframeTrack.
[page:Array times - (required) array of keyframe times.

[page:Array values - values for the keyframes at the times specified.
[page:Constant interpolation - the type of interpolation to use. See
[page:Animation Animation Constants for possible values. Default is
[page:Animation InterpolateLinear.



JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
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CsoiicTBa

[Nna 03HaKOMEHUN ¢ yHac/ie4oBaHHbIMW CBOCTBAMM CMOTpUTE
onucaHue KeyframeTrack.
[property:String ValueTypeName

String 'number’.

MeToabl

[ns 03HaKoMeHus ¢ yHacnegoBaHHbIMM MeTO4aMn CMOTPUTE onucaHue
KeyframeTrack.

icxogHnKM
NumberKeyframeTrack.js Ha github.com

KeyframeTrack -

QuaternionKeyframeTrack

A Track of quaternion keyframe values.

KoHCTpYyKTOp
QuaternionKeyframeTrack( name, times, values )

[page:String name (required) identifier for the KeyframeTrack.
[page:Array times (required) array of keyframe times.

[page:Array values values for the keyframes at the times specified.
[page:Constant interpolation the type of interpolation to use. See
[page:Animation Animation Constants for possible values. Default is
[page:Animation InterpolateLinear.

CsoiicTBa

[Nna 03HaKOMEHUN ¢ yHac/ie4oBaHHbIMW CBOMCTBAMM CMOTpUTE
onucaHue KeyframeTrack.

[property:Constant DefaultInterpolation


https://github.com/mrdoob/three.js/blob/master/src/animation/tracks/NumberKeyframeTrack.js
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
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The default interpolation type to use, [page:Animation
InterpolateLinear.
[property:String ValueTypeName

String ‘quaternion’.

MeToabl

[ns 03HaKoMeHns ¢ yHacnegoBaHHbIMM MeTo4aMuU CMOTPUTE onucaHue
KeyframeTrack.

[method:null InterpolantFactoryMethodLinear ()

Returns a new [page:QuaternionLinearinterpolant
QuaternionLinearinterpolant based on the
[page:KeyframeTrack.values values, [page:KeyframeTrack.times
times and [page:KeyframeTrack.valueSize valueSize of the
keyframes.

icxogHnKM
QuaternionKeyframeTrack.js Ha github.com

KeyframeTrack -

StringKeyframeTrack

TpeKCTpOKOBbD(3HaHeHMMIUHOHeBbD(KaApOB.

KOHCTpYKTOp

StringKeyframeTrack( name, times, values )
[page:String name - (required) identifier for the KeyframeTrack.
[page:Array times - (required) array of keyframe times.
[page:Array values - values for the keyframes at the times specified.
[page:Constant interpolation - the type of interpolation to use. See
[page:Animation Animation Constants for possible values. Default is
[page:Animation InterpolateDiscrete.

CsoiicTBa


https://github.com/mrdoob/three.js/blob/master/src/animation/tracks/QuaternionKeyframeTrack.js
JavaScript:hhctrl.TextPopup(type_string,'Arial,9',10,10,0xffffff,0xd69967)
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[Na 03HaKOMEHUA ¢ yHac/1e4oBaHHbIMW CBOCTBAMM CMOTpUTE
onucaHue KeyframeTrack.

[property:Constant Defaultinterpolation

The default interpolation type to use, [page:Animation
InterpolateDiscrete.

[property:Array ValueBufferType

A normal Array (no Float32Array in this case, unlike
*ValueBufferType* of [page:KeyframeTrack).
[property:String ValueTypeName

String 'string'.

MeToabl

[ns 03HaKoMeHus ¢ yHacnegoBaHHbIMM MeTo4aMn CMOTPUTE onucaHue
KeyframeTrack.

[method:null InterpolantFactoryMethodLinear ()

The value of this method here is 'undefined', as it does not make

sense for discrete properties.
[method:null InterpolantFactoryMethodSmooth()

The value of this method here is 'undefined’, as it does not make
sense for discrete properties.

icxogHnKM
StringKeyframeTrack.js Ha github.com

KeyframeTrack -

VectorKeyframeTrack

Tpek BEKTOPHbIX 3HAYEHWNI KNHYEBbIX KafpoB.
KOoHCTpYyKTOp


https://github.com/mrdoob/three.js/blob/master/src/animation/tracks/StringKeyframeTrack.js

VectorKeyframeTrack( name, times, values )

[page:String name - (required) identifier for the KeyframeTrack.
[page:Array times - (required) array of keyframe times.

[page:Array values - values for the keyframes at the times specified.
[page:Constant interpolation - the type of interpolation to use. See
[page:Animation Animation Constants for possible values. Default is
[page:Animation InterpolateLinear.

CsoiicTBa

[Nna 03HaKOMEHUS ¢ yHac/ie4oBaHHbIMW CBOCTBAMM CMOTpUTE
onucaHue KeyframeTrack.

.ValueTypeName
String 'vector'.

MeToabl

[ns 03HaKoMeHus ¢ yHacnegoBaHHbIMM MeTO4aMn CMOTPUTE onucaHue
KeyframeTrack.

icxogHnKM
VectorKeyframeTrack.js Ha github.com

PropertyBinding

This holds a reference to a real property in the scene graph; used
internally.

KoHCTpYyKTOp
PropertyBinding( rootNode, path, parsedPath )
-- rootNode: -- path -- parsedPath (optional)

CsoiicTBa
.path
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.parsedPath

.hode

.rootNode

.BindingType

.Versioning

.GetterByBindingType

.SetterByBindingTypeAndVersioning

MeToabl

.getValue( targetArray, offset )

.setValue( sourceArray, offset )

_bind( )

Cospgaet napy getter / setter (nonyyarens / yCTaHOBLUMK) AN
cBoicTBa B Create getter / setter pair for a property in the scene
graph. Vicnonb3yetcsa BHyTpu meTogamu getValue n setValue.

Lunbind( )

OTBsA3bIBAET Napy getter / setter (nonyyatesib / yCTaHOBLUWK) ANS
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ceoicTBa B Unbind getter / setter pair for a property in the scene
graph.

[method:Constructor Composite( targetGroup, path, optionalParsedP
Create a new Composite PropertyBinding.

[method:Constructor create( root, path, parsedPath )

Create a new Composite PropertyBinding (if root is an
[page:AnimationObjectGroup) or PropertyBinding.

[method:Constructor parseTrackName( trackName )
Matches strings in the following forms:

-- nodeName.property

-- nodeName.property[accessor]

-- nodeName.material.property[accessor]

-- uuid.property[accessor]

-- uuid.objectName[objectindex].propertyName[propertyindex]
-- parentName/nodeName.property

-- parentName/parentName/nodeName.property[index]

-- .bone[Armature.DEF_cog].position

-- scene:helium_balloon_model:helium_balloon_model.position

[method:Constructor findNode( root, nodeName )
Find a node in a node tree or [page:Skeleton Skeleton.

icxogHnKM
PropertyBinding.js Ha github.com

PropertyMixer

Buffered scene graph property that allows weighted accumulation; used
internally.

KOHCTpYKTOP


https://github.com/mrdoob/three.js/blob/master/src/animation/PropertyBinding.js

PropertyMixer( binding, typeName, valueSize )
-- binding
-- typeName
-- valueSize

CsoiicTBa

.binding

.buffer

Bydep pasmepom Buffer with size
value size - pas3mep 3HauyeHua"'):" onmouseout="hide()'">value!

CBOWCTBO MMEET TaKyH CXEMY:
[ incoming | accu@ | accul | orig ]

NHTepnonsatopbl MOTyT UCMNO/b30BaTb CBOMCTBO buffer B KayecTse
CBOEro result 1 3aTeM faHHble nepegasarb B incoming.
Interpolators can use .buffer as their .result and the data then goes to
'incoming’.

accu0 1 accul are used frame-interleaved for the cumulative result
and are compared to detect changes.

orig coxpaHsieT UCXOAHOe COCTOSIHNE CBOWMCTBA.

.cumulativeWeight
3HaueHue No yMoiyaHuio paBHoO 0.

.valueSize

.referenceCount
3HaueHue No yMolyaHuio paBHO 0.

.useCount

3HaueHue No yMoiyaHuio paBHoO 0.
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MeToabl

.accumulate( acculndex, weight )
Accumulate data in [page:PropertyMixer.buffer buffer[acculndex]
'incoming' region into 'acculi]'.
Ecnu Bec (napameTp weight) paBeH 0, TO He AeNlaeTca HUYero.

.apply( acculndex )
Apply the state of buffer 'acculi]' to the binding when accus differ.

.saveOriginalState( )

3anomMnHaeT coCTosiHME CBA3aHHOIO CBOMCTBA M KONUPYET ero B 06a
HakonuTens (accu).

.restoreOriginalState( )

MeTo NpUMEHSET K NPUBA3KE COCTOAHME, paHee B34Toe C NOMOLLbIO
MeToaa saveOriginalState.

icxogHnKm
PropertyMixer.js Ha github.com



https://github.com/mrdoob/three.js/blob/master/src/animation/PropertyMixer.js

3BYKOBOE COINPOBOXAEHUNE

AUdIO Object3D -

CosgaeTt rnobasibHbIit, T.e. He UMEIOLLNIA KOHKPETHOIO PacnoioXeHus,
ayino OObLEKT.

[nsa ero pa6otbl ucnosnbdyetca Web Audio API. Botr Web Audio APl Ha
PYCCKOM f3blKe.

Mpumep

// Create an AudiolListener and add it to the camera
// co3paem AudiolListener u pgob6aBnsiem ero K Kamepe
var listener = new THREE.AudiolListener();
camera.add( listener );

// create a global audio source (co3gaem rnobasibHblii ayANONCTOUYHUK)
var sound new THREE.Audio( listener );

// Load a sound and set it as the Audio object's buffer
// 3arpyxaem 3BYK W ycTaHaBnMBaeM ero kak oydep obbekTa Audio
var audioLoader = new THREE.AudiolLoader();
audiolLoader.load( 'sounds/ambient.ogg', function( buffer ) {
sound.setBuffer( buffer );
sound.setLoop(true);
sound.setVolume(0.5);
sound.play();

1)
Llpyrue npumepsl:

webaudio / sandbox
webaudio / visualizer

KOHCTpYKTOP
Audio(
listener - cnywatenb, npuemHuk');" onmouseout="hide()">listener )
listener — 3k3emnngap AudiolListener (3TOT aprymeHT
oba3aresieH).
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https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/coneOuterGain
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https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/orientationZ
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https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/panningModel
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/positionX
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam/value
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/positionY
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam/value
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/positionZ
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam
https://developer.mozilla.org/en-US/docs/Web/API/AudioParam/value
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/refDistance
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/rolloffFactor
https://developer.mozilla.org/en-US/docs/Web/API/AudioNode
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/setPosition
https://developer.mozilla.org/en-US/docs/Web/API/AudioListener
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext/listener
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/setOrientation
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/setVelocity
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode
https://developer.mozilla.org/en-US/docs/Web/API/AudioBufferSourceNode
https://developer.mozilla.org/en-US/docs/Web/API/AudioListener
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode
https://mdn.github.io/webaudio-examples/panner-node/
https://mdn.github.io/webaudio-examples/
https://developer.mozilla.org/en-US/docs/Web/API/AudioListener/forwardX
https://developer.mozilla.org/en-US/docs/Web/API/AudioListener/setOrientation
http://musiconnect.ru/publ/mixmaster/osnovy-panoramirovaniya-raspolozhenie-zvukov-v-virtualnom-prostranstve-ch-1/

CsoiicTBa

aBToMaTuyeckoe BocnpousBegeHue'):" onmouseout="hide()">.autoplay

CBOWCTBO onpegenser, oynet nu 3BYKOBOE COMNpOBOXAeHne
3anyckarbcs aBToMaTtnyeckn. 3HadyeHneMm rno ymondaHuio ABseTcs
false.

~context

AudioContext a5 listener, 3agaHHOro B KOHCTpYKTOpe. Bot
AudioContext Ha pycCKOM fi3biKe.

.filters

CBOIACTBO onpeaensieT, BOCNPOU3BOANTCS /TN 3BYK B HACTOSALLINI
MOMEHT. 3HAUEHMEM MO YMO/TYaHUIO SIBNSIETCS NYCTOW MaccuB.

.gain
GainNode co3gaHHbI Npy nomMoLwm MetToga
AudioContext.createGain().

.hasPlaybackControl

MOXXHO N1 ynpasnaTb BocnpousseaeHnem npu nomowum play( ),
pause() W T.N. MeTogamu. 3Ha4eHnem no ymonyaHuio ABnseTca true.

.isPlaying
CBoiicTBO NoKa3blBa€T, BOCNPOMN3BOANTCA /I 3BYK B ,CllaHHbIVI MOMEHT.

.0ffset

CmMelLeHne BpemeHn BHYTpY ayamobydiepa, ¢ KOTOPOro A0/HKHO
HayaTbCs BOCNpou3BeaeHne. IT0 ToXe camoe, YTo U napameTp
offset U3 AudioBufferSourceNode.start. 3HayeHue no
YMOJTYaHN0 PaBHO 0.

.playbackRate
MHOXUTENDb CKOPOCTWK BOCINpon3BegeHn. 3HauyeHue no YMO/1HaHNO



https://developer.mozilla.org/en-US/docs/Web/API/AudioContext
https://developer.mozilla.org/ru/docs/Web/API/AudioContext
https://developer.mozilla.org/en-US/docs/Web/API/GainNode
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext/createGain
https://developer.mozilla.org/en-US/docs/Web/API/AudioBufferSourceNode/start

PaBHO 1.

.startTime

MOMEHT, C KOTOPOro Ha4YMHaeTcsa BOCMNpon3BeaeHNE 3BYKa. 3Ha4veHne
Mo ymos1i4aHuo paBHO 0.

. Source

AudioBufferSourceNode co3gaHHbI Npy NomoLy MetToaa
AudioContext.createBufferSource().

.sourceType
Tvn ncTouyHmkKa 3BYyKa. 3HaueHnem no YMOJ/THaHUIO ABJTAETCA CTPOKa
‘empty’.

. type
CTpokoBOe 3HaueHue, 0603HaanOLLl,ee TUN YCTaHOBNEHHOro 'Audio’.

MeToabl

.connect()

MoakntoyeHne K Audio. source. Vicnonb3oBaHMe MeToAa BHYTpeHHee
Npy UHULMaNn3aLmMm 1 Npu yctaHoske / yaaneHnn ounsTpos.

.disconnect()

OTkNtoYeHre oT Audio.source. Vicnonb3oBaHne MeTofa BHYTPEHHeE
Npu ycTaHoBKe / yaaneHnn uibTPoB.

.getFilter()
Bosspallaet nepsblii aneMeHT 13 MmaccmBa filters.

.getFilters()
Bo3BpalliaeTr maccuB filters.

.getLoop()
Bo3sBpallaeT 3Ha4yeHne CBOMCTBa source.loop (CBOMCTBO



https://developer.mozilla.org/en-US/docs/Web/API/AudioBufferSourceNode
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext/createBufferSource
https://developer.mozilla.org/en-US/docs/Web/API/AudioBufferSourceNode/loop

OﬂpEAGﬂﬂEﬂBaHMKﬂeHOIH4BOCHpOMSBeAeHMG)

.getOutput()
Bo3BpallaeT gainNode.

MHOXUTEeNb (cKopocTu) BocnpoussegeHus'):" onmouseout="hide()">.get

Bo3BpallaeT 3HaueHve playbackRate.

.getVolume( value )
BosBpallaeT Tekyllee 3Ha4YeHne rpoOMKOCTH.

.play()
Ecnn cBoCTBO hasPlaybackControl YyCTaHOB/IEHO KakK true, TO 3TOT
MeTOo/, 3anyCcKaeT BOCMpon3BeaeHue.

~pause()

Ecnn cBoCTBO hasPlaybackControl YyCTaHOB/IEHO KakK true, TO 3TOT
MeTo/, nNpuocTaHaB/MBaET BOCNpou3BeaeHne, T.e. NnepeBoanT B
pexum "naysa’.

.onEnded()

BbI3biBa€TCA aBTOMAaTUYECKM NO OKOHYaHUW BOCMPOU3BEAEHNS.
YcTaHaBNMBAaET CBOMCTBO isPlaying Kak false.

.setBuffer( audioBuffer )

YcTtaHaB/MBaeT source B audioBuffer, N HaA3HayaeT sourceType B
buffer.

Kpome 3Toro 3anyckaeT BocrnpousBefeHne, ec/iv CBOMCTBO autoplay
YCTaHOBJ/IEHO KaK true.

.setFilter( filter )
[o6asnsaet counbTp B Maccus filters.

set filters - yvcTaHoBUTb ¢unbTpbl'):" onmouseout="hide()">.setFilt




value - MaccmB 13 OUILTPOB.
YctaHaBnMBaeT B KayecTBe maccuBa filters maccus, NPUBEAEHHbIN
B NapameTpe value.

.setLoop( value )

YcTtaHaBnMBaeT CBOMCTBO source.loop B COCTOSIHME, YKa3aHHOe B
value (byaeT N 3aUMKIEHO N BOCNPOU3BEAEHNE).

.setNodeSource( audioNode )
YcTtaHaBnmBaeT source B audioBuffer, U Ha3Ha4YaeT sourceType B

audioNode.
Takxe ycTaHaB/nMBaeT hasPlaybackControl Kak false.

MHOXMTensa (ckopocTu) BocnpousBegeHus'):" onmouseout="hide()">.set

Ecnu hasPlaybackControl BK/1HOUEH, TO CBOMCTBO playbackRate
yCTaHaB/IMBaeTCA KaK value.

.setVolume( value )
YctaHaBNBaeT YPOBEHb NPOMKOCTMW.

=stop()

Ecnu hasPlaybackControl BK/1OYEH, TO BOCNpou3segeHne
ocTaHaB/MBaeTcs, startTime copacbiBaeTcs B 0, a isPlaying
yCcTaHaB/IMBaeTCA KaK false.

icxogHnKM
Audio.js Ha github.com

AudioAnalyser

Cos3paet 06bekT AudioAnalyser, UCNoNb3YOLWNIA ANA aHanm3a
ayamogaHHbix AnalyserNode
[ns ero pa6otbl ucnosnbdyetca Web Audio API. Web Audio API Ha



https://developer.mozilla.org/en-US/docs/Web/API/AudioBufferSourceNode/loop
https://github.com/mrdoob/three.js/blob/master/src/audio/Audio.js
https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode
https://developer.mozilla.org/en-US/docs/Web/API/Web_Audio_API
https://developer.mozilla.org/ru/docs/Web/API/Web_Audio_API

PYCCKOM A3bIKE.

[Mpumep

// Create an AudiolListener and add it to the camera
// Co3paem AudiolListener u pob6aBnsem ero K Kamepe
var listener = new THREE.AudiolListener();
camera.add( listener );

// create an Audio source (co3gaeM MUCTOYHMK Audio)
var sound = new THREE.Audio( listener );

// Load a sound and set it as the Audio object's buffer
// 3arpyxaem 3BYK W ycTaHaBnMBaeM ero kak oydep obbekTa Audio
var audioLoader = new THREE.AudiolLoader();
audiolLoader.load( 'sounds/ambient.ogg', function( buffer ) {
sound.setBuffer( buffer );
sound.setLoop(true);
sound.setVolume(0.5);
sound.play();

1),

// Create an AudioAnalyser, passing in the sound and desired fftSiz
// co3paem AudioAnalyser, c nepegadein sound n xenaemoro fftSize
var analyser = new THREE.AudioAnalyser( sound, 32 );

// Get the average frequency of the sound (nony4dyaem cpegHolw 4acToTy
analyser.getAverageFrequency();

Opyrve npumepsi:
webaudio / sandbox
webaudio / visualizer

KOHCTpYyKTOp
AudioAnalyser( audio, fftSize )

Cospgaet HoBbI AudioAnalyser.

CsoiicTBa

.analyser

3710 AnalyserNode, ncnonb3yemblil Ana aHasm3a 3BykKa.

MNpumeyaHne NnepeBogUMKA: BOT KpaTKMii nepesos onncanus AnalyserNode 13
BbILLENPVBEAEHHOI CTaTby ... YuTaTb ganee



https://threejs.org/examples/#webaudio_sandbox
https://threejs.org/examples/#webaudio_visualizer
https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode/fftSize
https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode

fftSize

HeHyneBoe 3HavyeHne cTeneHun Aeoiiku Ao 2048, npeacrasnstouiee
pa3mep FFT (Fast Fourier Transform) 6biCcTporo npeo6pa3oBaHus
®ypbe, NCNONb3YeMOro AN onpeaenieHnss YactoTHoOM obacTw.
Moapo6HOCTM CMOTPUTE Ha 3TOWN CTpaHULIE.

MpumeuaHne nepeBogUUKA: BOT KpaTkuii nepesog onvcanns fftSize 13
BbILLENPUBEAEHHON CTaTbU ... YATaTb gasiee

MocMoTpuTe Takke 3TOT Marepuas o0 CnekTpax 3ByKOBOrO CUrHana, 6bICTpoM
npeobpasoBaHun dypbe, cemnnax, buHax u T.4.

.data

icnonb3yemblii Ana XpaHeHs AaHHbIX aHa/msa, MaccuB 8-
pa3psiAHbIX 6€33HaK0BbIX LefbIX YMcen, pasMmep KOTOpOoro
onpepnensieTcsl CBOMCTBOM

4aCTOTHbIX 6KMHOB (bin - 10TOK, AYelika,

nogobopka) aHanmsaropa');" onmouseout="hide()"
target="_blank">analyser.frequencyBinCount.

MNMpumeyaHne nepeBogUMKaA: BOT KpaTKuii nepesos onucadns analyser.frequencyBinCount
13 BbILLENPVBEAEHHOV CTaTby ... YNTaTb gasiee

MeToabl

.getFrequencyData()

[aHHbln MmeTog, ucnonb3yet metod Web Audio ¢ HazBaHueM
getByteFrequencyData.

BoT nepeBoA YacTn onnucaHns Metofa no CCbl/ike Bbllle: MeTos
getByteFrequencyData nHTepcpeiica AnalyserNode Konupyet
[laHHble TEKYLLIEN YaCTOTbl B MacCUB 6€33HAKOBLIX LENbIX Yncen
(Uint8Array), nepefaHHblil C HAM.

Ecnn B maccuBe 3/1EMEHTOB MEHbLLE, YEM B
AnalyserNode.frequencyBinCount, U30bITOYHbIE 3/IEMEHTHI
oTopacbiBatoTcA. Ecnu xe anemeHTOB 60/bLUE, YEM TpebyeTcs,
N30bITOYHbIE 3/1IEMEHTbI UTHOPUPYHOTCS.

.getAverageFrequency()
MeTO,CI, nony4yaet cpeaHee 3Ha4eHne 4acTtoT, BO3BpallaeMbIX



https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode/fftSize
http://forum.reference-audio-analyzer.pro/viewtopic.php?t=109
https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode/frequencyBinCount
https://developer.mozilla.org/en-US/docs/Web/API/AnalyserNode/getByteFrequencyData

MeToaoM getFrequencyData.

icxogHnKM
AudioAnalyser.js Ha github.com

AudioContext

3aecb cogepxarca metoapl Ana HacTpoikn AudioContext. Bot
AudioContext Ha pycCKoM f3blKe.

icnonb3yeTca BHYTpKU KnaccoB AudiolListener u Audioloader.

[ns ero pa6otbl ncnosnbdyetca Web Audio API. Bot Web Audio APl Ha
PYCCKOM fi3bIKe.

MeToabl

.getContext()

Bo3sBpallaeT 3HauyeHve nepeMeHHo context (eCcan OHO
onpeesnieHo) Bo BHELLHEW 061acTu, B MPOTMBHOM Criyyae
yCTaHaBNmBaeT B Heé HoBbI AudioContext.

.setContext( value )

YcTaHaBMBaeT B NePeEMEHHY context BO BHELLIHEN obnacTw,
3Ha4YeHne, ykasaHHOe B napameTpe value.

icxogHnKM
AudioContext.js Ha github.com

Object3D -
AudioListener

AudioListener npeacTaBnsieT BUPTYyasibHOrO CyLlaTenst BCEX 3BYKOBbIX
3(hheKTOB Ha CLeHe, KaK UMEeILLMX onpeaeneHHoe NosIoKeHne, Tak U He
MMEILLNX TaKoBOrO.



https://github.com/mrdoob/three.js/blob/master/src/audio/AudioAnalyser.js
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext
https://developer.mozilla.org/ru/docs/Web/API/AudioContext
https://developer.mozilla.org/en-US/docs/Web/API/Web_Audio_API
https://developer.mozilla.org/ru/docs/Web/API/Web_Audio_API
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext
https://github.com/mrdoob/three.js/blob/master/src/audio/AudioContext.js
https://developer.mozilla.org/en-US/docs/Web/API/AudioListener

MpunoxeHue three.js 06bI4YHO co3aaeT oAnH ak3emnnap AudioListener.
D710 06A3aTesibHbIA NapaMeTp KOHCTPYKTopa 4/15 ayAMo-00bekToB, Takux
kak Audio u PositionalAudio.

B 60MbWNHCTBE C/yyaeB, 0O0bEKT-CNyLLaTeNb ABASETCA A0YEPHUM
3/1EMEHTOM KamMepbl. Takum 06pa3oMm, U3MeHeHNE NOMOXEHUS KaMepbl B
TpexmMmepHOM MPOCTPaAHCTBE NPeACTaBNAET N U3MEHEHWE MOJI0XKEHUA
cnywarens.

Mpumep

// Create an AudiolListener and add it to the camera
// co3paem AudiolListener u pob6aBnsem ero K Kamepe
var listener = new THREE.AudiolListener();
camera.add( listener );

// create a global audio source (co3gaem rnobasibHblii ayANONCTOUYHUK)
var sound new THREE.Audio( listener );

// Load a sound and set it as the Audio object's buffer
// 3arpyxaem 3BYK W ycTaHaBnMBaeM ero kak o6ydep obbekTa Audio
var audioLoader = new THREE.AudiolLoader();
audiolLoader.load( 'sounds/ambient.ogg', function( buffer ) {
sound.setBuffer( buffer );
sound.setLoop(true);
sound.setVolume(0.5);
sound.play();

1)
Llpyrue npumepsl:

webaudio / sandbox
webaudio / timing
webaudio / visualizer

KOHCTpYKTOP
AudioListener( )

Co3paet HoBbIl AudioListener.

CsoiicTBa

context - kKoHTekcT, cpepa, doH'):;" onmouseout="hide()">.context



https://threejs.org/examples/#webaudio_sandbox
https://threejs.org/examples/#webaudio_timing
https://threejs.org/examples/#webaudio_visualizer

3agaHHbIn B KOHCTpYKTOpe, AudioContext cnywiatens. BoT ctatbd 0
AudioContext Ha pycCKOM f3blKe.

.gain
GainNode co3gaHHbI Npy NomMoLwmM MetToaa
AudioContext.createGain.

.filter
3HaueHunem no YMOJ/THaHNIO ABAETCA null.

MeToabl

.getInput()
Bo3BpawiaeT 3HavyeHne gainNode.

.removeFilter()
YcTaHaBnmMBaeT cBoWCTBO filter Kak null.

.getFilter()
Bo3BpallaeT 3Ha4yeHne cBoiictBa filter.

.setFilter( [page:AudioNode value )

YctaHaBnMBaeT CBOMCTBO filter paBHbIM 3HAYEHUIO, YKa3aHHOMY B
napametTpe value.

.getMasterVolume()
Bo3BpallaeT 3HaueHne ypoBHSA FPOMKOCTN.

.setMasterVolume( value )
YcTaHaBNMBaeT 3HaYeHne YPOBHSA IPOMKOCTH.

icxogHnKM
AudiolListener.js Ha github.com

Object3D - Audio -



https://developer.mozilla.org/en-US/docs/Web/API/AudioContext
https://developer.mozilla.org/ru/docs/Web/API/AudioContext
https://developer.mozilla.org/en-US/docs/Web/API/GainNode
https://developer.mozilla.org/en-US/docs/Web/API/AudioContext/createGain
https://github.com/mrdoob/three.js/blob/master/src/audio/AudioListener.js

PositionalAudio

Co3gaeT No3UMOHNPOBAaHHbIA ayanoo6beKT (T.e. NICTOYHUK 3BYKa,
NMEILLMIA KOHKPETHOE PacnosioXeHune).

[nsa ero pa6otbl ucnosnbdyetca Web Audio API. Bot Web Audio APl Ha
PYCCKOM fA3blKe.

Mpumep

// Create an AudiolListener and add it to the camera
// co3paem AudiolListener u pgob6aBnsiem ero K Kamepe
var listener = new THREE.AudiolListener();
camera.add( listener );

// Create the PositionalAudio object (passing in the listener)
// co3paem 06beKT PositionalAudio (passing in the listener)
var sound = new THREE.PositionalAudio( listener );

// Load a sound and set it as the PositionalAudio object's buffer
// 3arpyxaem 3BYK W ycTaHaBnMBaeM ero kKak oydep obbekTa PositionalA
var audioLoader = new THREE.AudiolLoader();
audiolLoader.load( 'sounds/song.ogg', function( buffer ) {
soundl.setBuffer( buffer );
soundl.setRefDistance( 20 );
soundl.play();

1),

// Create an object for the sound to play from

// co3gaem 0ObeKT [/19 BOCNPOU3BELeHUA 3BYyKa

var sphere = new THREE.SphereGeometry( 20, 32, 16 );

var material = new THREE.MeshPhongMaterial( { color: 0Oxff2200 } );
var mesh = new THREE.Mesh( sphere, material );

scene.add( mesh );

// Finally add the sound to the mesh
// HaKOHel fo6aBnsieM 3BYK K CeTKe
mesh.add( sound );

[pyrvne npumepsi:
webaudio / sandbox
webaudio / timing

KOHCTpYKTOP
PositionalAudio( listener )


https://developer.mozilla.org/en-US/docs/Web/API/Web_Audio_API
https://developer.mozilla.org/ru/docs/Web/API/Web_Audio_API
https://threejs.org/examples/#webaudio_sandbox
https://threejs.org/examples/#webaudio_timing

listener — ak3eMnsap AudiolListener (06A3aTe/ibHbIA aprymMmeHT).

CsoiicTBa

[ns o3HakomMieHnsa ¢ yHacnegoBaHHbIMA CBONCTBaMMU cMmoTpuTe
onuncaHue knacca Audio.

.panner
3T0 PannerNode AnA PositionalAudio.

MpumeuaHne nepeBogUUKA: panner - YCTPONCTBO AJ/18 NaHopaMUpoBaHMs 3ByKa, T.e. /15
pa3smMelleHnsa UCTOYHNKOB 3BYKa B BUPTYaUIbHOM NPOCTPAaHCTBE, CKOPOCTU pacnpoCTpaHeHUA U
HanpasB/EHHOCTN 3BYKOBOrO CUrHasia. BOoT HENO/HbLIN NepeBoA BbILLENPUBEAEHHON CTaTbl O
PannerNode.

... UATaTb gaviee

MeToabl

[Ons o3HakoMIeHUs ¢ yHacnenoBaHHbIMW MeTo4aMu CMOTpPUTE onncaHue
Knacca Audio.

.getOutput()
BosBpalwiaeT panner.

- NoAYyYUTb cnpaBoyHoe paccTtodHue'):" onmouseout="hide()">.getRefD

Bos3BpalwlaeT 3HavyeHne napameTpa panner .refDistance.

MpumeuaHne nepeBoguuka: Ceoiicteo refDistance nHtepderica PannerNode ato
3HaueHne Tvna double, npeacTasnsiollee cnpaBoyHoe (3Ta/IOHHOE, ONOPHOE)

paccTosiHie A1 YMEHbLLEHWUS TPOMKOCTY NPY yaasieHnM UCTOUYHMKA 3ByKa OT CyLuaTensl.
[laHHOEe 3HayeHune UCnosb3yeTcs NP BCEX MOAENSX, 3aBUCMMOCTUN OT PACCTOSIHUSA, T.€. NpK
Bcex 3HayeHunsax ceoctea distanceModel.

3HauyeHune no ymonyaHuto ceolictea refDistance pasHo 1.

- YCTAHOBWUTbL cnpaBoyHoe paccTtogHue'):" onmouseout="hide()">.setRe

YcTtaHaBnmMBaeT 3HayeHue panner.refDistance.

KoaddnumeHT cnaga (ymeHbweHunsa)'):" onmouseout="hide()">.getRollof



https://developer.mozilla.org/en-US/docs/Web/API/PannerNode
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/refDistance
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/refDistance

Bo3Bpawyaet 3HayeHne panner.rolloffFactor.

MpumeuaHne nepeBoguunka: Ceoiicteo rolloffFactor nHtepdheiica PannerNode
aTo 3HadeHue Tuna double, xapakTepusyioLiee Kak 6bICTPO YMEHbLLAETCS FPOMKOCTb Mpw
yOa/IeHU UCTOYHMKA 3BYKA OT cnyluatensi. [laHHoe 3HauYeHue UCMosib3yeTcsi Mpu Bcex
MOAENsX, 3aBMCUMOCTM OT PaCCTOSIHUS, T.€. NPU BCEX 3HAUYEHNAX CBOMCTBA
distanceModel.

3HaueHue no ymonuyaHuio ceolictea rolloffFactor pasHo 1.

Ko3oduumMeHT cnaga (ymeHbueHuda)');" onmouseout="hide()">.setRollof
YctaHaBnvBaeT 3HadyeHune panner.rolloffFactor.

Mogens (3aBUCUMOCTM OT) paccTtoaHua'):" onmouseout="hide()">.getDi

Bo3BpalyaeT 3HayeHne panner.distanceModel.

MpumeuaHne nepeBoguunka: Ceoiicteo distanceModel nHtepdheiica PannerNode
ABMAETCA BblYNCNAEMbIM 3HA4YEHNEM, ONnpeneAaAnwnm KakKom aJITOPUTM 6y,c|,eT
Mcnosib3oBarbCAa And CHMXEHUNA TPOMKOCTU MCTOYHMKa 3BYKa Nnpu ero yaasieHnn ot
cnywarens.
B0O3MOXHbIMW 3HAYEHUAMU ABMAKOTCA:
linear (nuHeliHas): Moaenb NMHENHO 3aBUCUMOCTM OT PacCTOSIHUSI paccunTbIBaeT
KO3d3d3I/ILI,l/IeHT YCUJTEHNUA, BbI3BaHHbIM paccTtoAHnem, B COOTBETCTBUN C:
1 - rolloffFactor * (distance - refDistance) / (maxDistance - refDistance)
inverse (o6partHas): Moaenb 06paTHOI 3aBUCMOCTM OT PACCTOSIHUSI paccymTbiBaeT
KO3d3d3I/ILI,l/IeHT YCUJTEHNUA, BbI3BaHHbIM paccTtoAHnem, B COOTBETCTBUN C:
refDistance / (refDistance + rolloffFactor * (distance - refDistance))
exponential (a3kcnoHeHumanbHas): Mogesnb 3KCNOHEHLMATbHOW 3aBUCUMOCTU OT
pacCcTOsiHWS pacCcunTbIBAET KOI(PULUNEHT YCUNEHNS, BbI3BaHHbI PACCTOSHNEM, B
COOTBETCTBUMU C:
pow(distance / refDistance, -rolloffFactor).

3HaueHneM no ymonyaHuto ans distanceModel siBnsietca inverse.

Mogens (3aBUCUMOCTM OT) paccTtoaHua'):" onmouseout="hide()">.setDi

YcTtaHaBnvBaeT 3HayeHne panner.distanceModel.

.getMaxDistance()

Boaspau_\aeT 3Ha4yeHune panner.maxDistance.
MpumeuyaHne nepeBoguumka: CeoiicTeo maxDistance nHtepdheiica PannerNode aTto
3HauveHve Tuna double, npeacTaBnsiowEee MakCMMasibHOE PacCTOsIHUE MEXAY
NCTOYHMKOM 3BYyKa U CriyLuareniem, nocne KOToporo ypoBeHb rPOMKOCTU fasiblie He



https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/rolloffFactor
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/rolloffFactor
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/distanceModel
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/distanceModel
https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/maxDistance

CHmXaetcsl. [lJaHHOoe 3HaYeHne NCNosb3yeTcs TO/IbKO B MOAE/N C JIMHEHO 3aBUCUMOCTbIO
OT paccTosiHus, T.e. korga distanceModel yctaHoBneHa kak 1inear.

3HaueHue no ymonuyaHuio ceolictea maxDistance paBHo 10000.

.setMaxDistance( value )
YctaHaBMBaeT 3HadyeHne panner.maxDistance.

icxogHnKm
PositionalAudio.js Ha github.com



https://developer.mozilla.org/en-US/docs/Web/API/PannerNode/maxDistance
https://github.com/mrdoob/three.js/blob/master/src/audio/PositionalAudio.js

KAMEPBbBI

Camera Object3D -

AGCTpakTHbI 6a30BbIi knacc ans kamep. Mpu co3gaHMm HOBOI Kamepbl
3TOT KNacc Bcerga 6yaeT yHac/1ei0BaH.

KOHCTpYKTOP

Camera()
Co3gaeT HOBbI 06bEKT Camera. O6paTuTe BHUMaHME, YTO 3TOT K/1acc He
npegHasHayeH Ans HenocpeAcTBEHHOIO Bbi30Ba; CKOpPee BCEro Bam
HY)XHa Kamepa C NepcrnekTMBHOW NPOeKUMENR NN Kamepa C
opTorpacnyeckon NpPoeKLmEN.

CsoiicTBa
[na npocmoTpa 06 MX CBOMCTB NOCMOTpUTE 6a30BbIil Knacc 0bject3D.

.isCamera

cnonb3yeTcs Ans NPOBEPKU, SABNSIETCS /N JaHHbI 06BEKT, 1K
NPON3BOHbLIE OT HEro, Kamepamu. o yMoIYaHUI0 3HaUYeHne paBHO
true.

He Hy>XHO ero M3MeHsiTb, Tak kak BHyTpu three.js oHO Ucnonb3yetcs
peHaepepom (BU3yasnin3aTopom) Anst onTUMMU3aLnn.

.layers
Cnou, 4acTblo KOTOPbIX AB/SAETCA Kamepa. DTO CBOMCTBO,
Hacnenyemoe ot Object3D.
UT06b! ObITb BUANMBIMK, NPU OTOOBPaKeHU obnacty npocMoTpa
Kamepbl, 06bEKTbI A0/DKHbI UMETb C KaMepon Kak MUHUMYM OAWH
06LWKiA (COBMECTHO UCNOMb3yEMbI) CNOA.

matrix world inverse - uHBepcua mMaTpuus Mmpa'):" onmouseout="hide




9710 nHBepcusa matrixworld. MatrixWorld cogepxut Matrix, B
KOTOpOW nmeeTcs yHnBepcasibHoe npeobpasoBaHme Camera. This is
the inverse of matrixWorld. MatrixWorld contains the Matrix which has
the world transform of the Camera.

projection matrix - maTtpuua npoekumn'):" onmouseout="hide()">.pro

370 MaTpuLa, coaepxallasi NPOeKLMI0 N306paxeHusl.

MeToabl
[na npocmoTpa o6LWwmx MeTo40B NocmoTpuTe 6a30BbIv kKnacc 0bject3D.

clone - kAOH, ABOWHMK');" onmouseout="hide()">.clone( )

Bo3BpalllaeT HOBYIO KaMepy C TEMM Xe CBOCTBaMU, YTO 1 AaHHas.

copy - komua');" onmouseout="hide()">.copy(
source - MUCTO4YHUK');" onmouseout="hide()">source )

KonupyeT cBoiicTBa NCXOAHON (source) Kamepbl B AAHHYIO0 Kamepy.

get world direction - noayymTb HanpasaeHue mupa'):" onmouseout="h
optional target - gononHuTenbHasa uenb'):" onmouseout="hide()">opt
Bo3BpallaeT TpexmepHblii BekTop (Vector3d) npeactaBnsitoLLnia
HanpaB/1eHNE B TPEXMEPHOM MPOCTPaHCTBE, Kyada CMOTPUT KaMepa.

MpumeyaHue: 3TO He NONOXUTENbHAA, a OTpuLUaTe/lbHas YacTb
OCU z KaMepbl, B OTIM4me oT
get world direction - nonyunTtb HanpaeaeHne mupa’);"
onmouseout="hide()">getWorldDirection 6a30BOro ksacca
(Object3D).
Ecnn 3apaH BeKTOp
optional target - pononHutenbHaa uens');" onmouseout="hide|
pe3ynbrar 6yeT CKONMPOBaH B 3TOT BEKTOP (KOTOPbIA MOXHO Takxe
MCNOo/Ib30BaTb NOBTOPHO), B NPOTUBHOM C/lyvyae 6yaeT co3faaH HOBbIl
BEKTOP.




icxogHnKM
Camera.js Ha [nTxabe

Object3D -
CubeCamera

Co3paeT 6 Kamep, KOTOpble NPeACcTaB/AT BU3yasn3aTop
WebGLRenderTargetCube.

Mpumep
// Create cube camera (co3gaem Kybuyeckyw Kamepy)

var cubeCamera = new THREE.CubeCamera( 1, 100000, 128 );
scene.add( cubeCamera );

// Create car (co3gaem MaluHY)

var chromeMaterial = new THREE.MeshLambertMaterial( { color: Oxff
var car = new Mesh( carGeometry, chromeMaterial );

scene.add( car );

// Update the render target cube (o6HoBnAeMm npegcTaBneHne 3afaHHO
car.setVisible( false );

cubeCamera.position.copy( car.position );
cubeCamera.updateCubeMap( renderer, scene );

// Render the scene (Bu3yanusauus cuUEHbI)
car.setVisible( true );
renderer.render( scene, camera );

Opyrve npumepsi:
materials / cubemap / dynamic
materials / cubemap / dynamic2
shading / physical

KoHCTpYyKTOp

CubeCamera( near, far, cubeResolution )
near -- pacctosiHme Ao 61MmKHeN NI0CKOCTN OTCEYEHNS.
far -- pacctosiHMe 0o AasibHel NI0CKOCTU OTCEUYEHUS.
cubeResolution -- napameTp ycTaHaBAMBaeT AJ/IMHY pebep Kyoa.



https://github.com/mrdoob/three.js/blob/master/src/cameras/Camera.js
https://threejs.org/examples/webgl_materials_cubemap_dynamic.html
https://threejs.org/examples/webgl_materials_cubemap_dynamic2.html
https://threejs.org/examples/webgl_shading_physical.html

Cospgaet CubeCamera, KOTOpas COAEPXUT 6 KaMep C NepCneKTUBHON
NpoekLmen, KakoBble 3aTeM NPeacTaBNAlT BU3yasim3aTop
WebGLRenderTargetCube.

CsoiicTBa
[ns npocmoTpa 06LLMX CBOMCTB NOCMOTPUTE 6a30BbIin Knacc Object3D.

.renderTarget
The cube texture that gets generated.

MeToabl
[na npocmoTpa o6Lwmx MeTo40B NocmoTpuTe 6a30BbIv knacc 0bject3D.

.update( renderer, scene )
renderer -- Tekywmii WebGL Busyanusatop (peHgepep).
scene -- Tekylas (T.e. AeCTBytOLLas B JaHHbIi MOMEHT) cLeHa.
DTOT MeTof, BbI3blBaeTCA A/151 0OHOBNEHUA CBOCTBA renderTarget.

.clear( renderer, color, depth, stencil)

MeToA BbI3blBAETCA AJ151 OUNCTKU renderTarget'oBCKuX 6ydepos
useta, rnyouHsl n/nnu Tpadpapetos. bydep LBeTa ycTaHaBIMBaeTCA
ANA TeKyLlero npo3payHoro useta peHgepepa. The color buffer is set
to the renderer's current clear color. o ymonyaHuo aprymeHThbl
paBHbI true.

icxogHnKM
CubeCamera.js Ha [uTxabe

Object3D - Camera -

OpTorpadmyeckas kamepa

Kamepa ¢ opTorpadinmyeckoii npoekumen.
Mpwn aTOM cnoco6e npoeuupoBaHns, pasMmep 06bekTa B 0TO6paxkaemoi
KapTUHKE OCTaeTCcs NOCTOSIHHbIM, HE3AaBMCUMO OT PACCTOSIHUSI MeXay



https://github.com/mrdoob/three.js/tree/dev/src/cameras/CubeCamera.js
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%86%D0%B8%D1%8F

HUM 1 KaMepoiA.
Mexay Npo4YMM, 3TO MOXET ObITb NOMIE3HLIM MPU OTOOPAKEHUN
AByxXMepHbIX (2D) cueH n anemeHToB MHTepdielica nonb3osarens (Ul).

[Mpumep
var camera = new THREE.OrthographicCamera( width / - 2, width / 2,
scene.add( camera );

Opyrve npumepsi:
camera / orthographic
camera / orthographic?
camera
interactive / cubes / ortho
materials / cubemap / dynamic
postprocessing / advanced
postprocessing / dof?2
postprocessing / godrays
rtt
shaders / tonemapping

shadowmap
terrain / dynamic

KOHCTpYyKTOp
OrthographicCamera( left, right, top, bottom, near, far )
left — f1eBas NJIOCKOCTb OTCEYEHNA 06N1acTV BUANMOCTU KaMepbl.
right — npaBas NJ10CKOCTb OTCEe4YEeHUA obnacTtu BNONMOCTUN KaMepbl.
Ltop — BEPXHAA NIOCKOCTb OTCEYEHUA obnactu BUONMOCTU KaMepbl.
bottom — HWXHAS NIOCKOCTb OTCEeYEeHUsa 061acTu BMOANMOCTHA
Kamepbl.
near — G6/MXHAS NIOCKOCTb OTCEUYEHUSA 06NacTu BUANMOCTHA
Kamepbl.
far — AaJ1bHAA NMJTOCKOCTb OTCEeYEHUA obnacTtu BUOANMOCTU KaMepbl.
BmecTe oHM onpenensatoT 06n1actb NpocMoTpa kamepsl (B Buae
yCeUYEHHOWN NnupamMnapl). ... Nokasarb

CsoiicTBa

OnucaHne o6uMxX CBOMCTB CMOTPUTE B CTaTbe 0 6a30BOM K/iacce
Camera.

O6paTtute BHMMaHWe, YTOObl U3MEHEHUS BCTYNUAW B CU/TY, MOCNE
BHECEHNSI UBMEHEHWIA B BO/bLLUMHCTBO 3TUX CBOWCTB, C/1IeAyeT Bbl3BaTb


https://threejs.org/examples/canvas_camera_orthographic
https://threejs.org/examples/canvas_camera_orthographic2
https://threejs.org/examples/webgl_camera
https://threejs.org/examples/webgl_interactive_cubes_ortho
https://threejs.org/examples/webgl_materials_cubemap_dynamic
https://threejs.org/examples/webgl_postprocessing_advanced
https://threejs.org/examples/webgl_postprocessing_dof2
https://threejs.org/examples/webgl_postprocessing_godrays
https://threejs.org/examples/webgl_rtt
https://threejs.org/examples/webgl_shaders_tonemapping
https://threejs.org/examples/webgl_shadowmap
https://threejs.org/examples/webgl_terrain_dynamic
https://en.wikipedia.org/wiki/Viewing_frustum

MeTo updateProjectionMatrix.

.bottom
HXHAA N/IOCKOCTbL OTCeyeHuss 0bnacTu MPOCMOTpPa KaMepbl.

.far

[anbHAS NN0CKOCTb OTCeYEeHNA 061acTu NPocMoTpa Kamepsl.
3Ha4yeHune No yMmo/i4aHnio paBHO 2000.

JonycTMbI AnanasoH 3HaYeHU HaxoanTCs MeXay TEKYLIUM
3Ha4YeHneM B/IMXKHER NIOCKOCTM OTCeYeHUs (CBOMCTBO near) U
6ECKOHEUYHOCTLIO.

.is0rthographicCamera

CBOWCTBO UCMOMb3YyeTCs AN NPOBEPKN, ABMASIETCS N AaHHbI Knacc
N NPON3BOAHbIE OT HErO K/lacchbl, opTorpatnyecknmm Kamepamu.
3HayeHmeM no ymon4yaHuio ABMsieTcs true.

DTO CBOWCTBO HEMb3S U3MEHSTh, TakK Kak OHO UCMOJ/b3yeTCsi BHYTPU
three.js BU3yaniM3atopom 4/ onTuMmn3aymu.

.left
JleBasi N/I0CKOCTb OTCeYEeHNA 061acTy NPOCMOTPa Kamepsbl.

.hear

BNIMXHSASI NNIOCKOCTb OTCEeYeHNst 06/1aCTU NPOCMOTPa Kamepbl.
3HauYeHneM No ymosiyaHuio sBnsieTcs 0. 1.

[lonycTuUMbI/ Avana3oH 3HaYeHuli HaxoaMTCs Mexay 0 U TEeKYLLUM
3HauYeHneM AasibHel NI0CKOCTU oTceueHus (CBOCTBO far).
O6partute BHUMaHUe, 4To, B OT/INUME OT KaMepbl C NePCNeEKTUBHONA
NpoeKLMen, Ans GNnXKHeRn N0CKOCTU OTCeYEHNS
OrthographicCamera 3HauYeHue O SABMSIETCA AOMYCTUMbIM.

.right
[MpaBas N/I0CKOCTbL OTCeYEeHNA 061acTy MNPOCMOTPa Kamepsbl.

.top
BepxHaa n10CKOCTb oTCevyeHus obnactu MPOCMOTpPa KaMepbl.



.view

3HauyeHue cBolicTBa ycTaHaB/IMBaAETCS METOA0M setViewOffset.
3HauyeHneM nNo ymonyaHuio sensieTcs null.

. Z00m

Monyyaet nnn yctaHasAMBaeT Ko3(hpuuneHT macutabupoBaHus
Kamepbl. 3Ha4YeHne Mo YMO/IYaHUIo paBHoO 1.

MeToabl
OnncaHne 06WmMX MeTOA40B CMOTPUTE B CTaTbe 0 6a30BOM K/iacce
Camera.

.setViewOffset( fullwidth, fullHeight, x, y, width, height )

fullWidth — nosiHas WpuHa Npv yCTaHOBKE HECKO/TbKUX
o6nacteii npocmoTpa
fullHeight — MonHas BbiCOTa NPU YCTAHOBKE HECKOJTbKUX
o6nacteii npocmoTpa
X — FOPU30HTa/IbHOE CMELLieHNe cyGKaMepbl
y — BEPTMKa/IbHOE CMelLleHVe cyBKamepb!
width — WMpuHa cy6Kkamepsl
height — BblcoTa cy6Kamepbl
MeTog, ycTaHaBIMBaET CMELLEHNE NPU 60MbLLOY 06/1acTV NPOCMOTpPA.
3T0 NoNEe3HO A1 MHOTOOKOHHbIX U/ MHOTOMOHUTOPHbIX/
MHOFOMaLLVHHBIX HacTpoikax. MprMep Nogo6HOro NCNo/Ib30BaHMS
CMOTPUTE B ONMCAHWUUN KaMepbl C NepPCneKTUBHON NPoeKLMEi.

.clearViewOffset()

Ypansaet fobble CMeLLEeHNs, YCTaHOBJ/IEHHbIE METOA0M
setViewOffset.

.updateProjectionMatrix

MeTtoa, 06HOBNSIET MAaTPULLy NpoeunpoBaHusl. OH AO/MKEH ObITb
BbI3BaH Nocsie Nt060ro N3MeHeHnst NapamMmeTpoB.




— TO eCTb, B TEKCTOBbIi ¢opmaT onucaHua obbekTa,
OCHOBaHHbI Ha JavaScript');" onmouseout="hide()">.toJSON()

MeTo/ BO3BpallaeT faHHble Kamepbl B hopmaTte JSON.

icxogHnKM
OrthographicCamera.js Ha [MTxa6e

Object3D - Camera -

PerspectiveCamera

Kamepa ¢ nepcnektuBHou npoekumein. Ctatbs Bukuneamm o
NepcnekTUBe Ha PyCCKOM Si3bIKe.

DTOT pexnm npoekumn npegHasHavyeH 4tobbl Hanbosnee NOHO
CbIMUTUPOBATL YET0BEYECKOE 3pPEHNE. DTO CaMblil pacrnpoCTPaHEHHbIN
PEXUM NPOEeLNpPOBaHNS, UCMOMb3YEMbIN ANSA BU3yanu3aumm
(peHaepuHra) TpexmepHon (3D) cueHbl.

Mpumep
var camera = new THREE.PerspectiveCamera( 45, width / height, 1, 10
scene.add( camera );

[pyrve npumepsi:
geometry / birds
geometry / cube
animation / skinning / blending
animation / skinning / morph
effects / stereo
interactive / cubes
loader / collada / skinning

KOHCTpYyKTOp
PerspectiveCamera( fov, aspect, near, far )

fov — BepTMKaﬂbeIVI Yrosn obnacTtu MPOCMOTPa KaMepbl.

aspect — COOTHOLUEHNEe CTOPOH obnacTtu BUONMOCTU KaMepbl.

near — G/MXHAS NIOCKOCTb OTCEYEHUS 06NacTu BUANMOCTHA

Kamepbl.

far — AaJ1bHAA NMTOCKOCTb OTCEeYEHUA obnacTtu BUONMOCTUN KaMepbl.

BmecTe oHM onpefensAloT 061actb NpocMoTpa kamepsl (B BUae



https://ru.wikipedia.org/wiki/JSON
https://github.com/mrdoob/three.js/tree/dev/src/cameras/OrthographicCamera.js
https://en.wikipedia.org/wiki/Perspective_(graphical)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%B0
https://threejs.org/examples/canvas_geometry_birds
https://threejs.org/examples/canvas_geometry_cube
https://threejs.org/examples/webgl_animation_skinning_blending
https://threejs.org/examples/webgl_animation_skinning_morph
https://threejs.org/examples/webgl_effects_stereo
https://threejs.org/examples/webgl_interactive_cubes
https://threejs.org/examples/webgl_loader_collada_skinning
https://en.wikipedia.org/wiki/Viewing_frustum

yCeUeHHoW nupamubl). ... NnokasaTb

CsoiicTtea

OnucaHne o6uMxX CBOMCTB CMOTPUTE B CTaTbe 0 6a30BOM K/iacce
Camera. ObpaTute BHMMaHue, YTOObl U3MEHEHUSA BCTYMNUIA B CUY,
nocsie BHECEHUSA U3MEHEHNN B OO/bLUMHCTBO 3TUX CBOWCTB, crieayeT
BbI3BaTb MeTo updateProjectionMatrix.

.aspect

COOTHOLLIEHME CTOPOH 06/1aCTN BUAMMOCTM Kamepsbl, T.e. LWMpUHa
OKHa (canvas) gefnieHHasa Ha BbICOTY OKHa (canvas). 3HayeHue 1o
yMO/14aHMI0 paBHO 1 (kBagpaTHoe OKHO / canvas).

.far

[anbHAS NN0CKOCTb OTCeYeHNa 061acTu NpocMoTpa Kamepsl.
3Ha4yeHune No yMmo/i4aHunio paBHO 2000.

JonycTMbI AnanasoH 3HAaYeHU HaxoanTCs MeXay TEKYLUM
3Ha4YeHneM B/IMXKHER NTIOCKOCTM OTCeYeHUs (CBOMCTBO near) U
6GECKOHEUYHOCTLIO.

. filmGauge
Pa3|v|ep KNHOMNJ/EHKU, I/ICI'IOJ'Ib3yeMbII7I and 60/bLLEel ocu. 3Ha4YeHne no
YMO/1YaHMNIO paBHO 35 (MUIIMMETPOB). DTOT NapameTp He OKasblBaeT
HVUKaKOro B/IMAHNA Ha NPOEKUNOHHYKO MaTpuly, 3a UCK/TIDHEHNEM
cnydyas, korga cBonctBo filmoffset yCTaHOBNEHO B HEHY/1EBOE
3HayeHue.

.filmOffset

CMelLleHne OT LeHTpa Mo rTopM30oHTaNIN B TEX Xe eAnHMLaX, YTo 1Y
cBolicTBa filmGauge. 3HAYEHME NO YMOMYAHUIO PaABHO 0.

.focus
PaccTosHune no 06beKTa, ncnosiblyemoe ansa ctepeockonum n

athchekToB rny6uHbl peskoctu (depth-of-field). Bot ctatbn 3
Brvkunegmn Ha aHIIMMCKOM U PYCCKOM fi3blkax. QTOT napamMeTp He



https://en.wikipedia.org/wiki/Depth_of_field
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D1%83%D0%B1%D0%B8%D0%BD%D0%B0_%D1%80%D0%B5%D0%B7%D0%BA%D0%BE_%D0%B8%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B0%D0%B5%D0%BC%D0%BE%D0%B3%D0%BE_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%B0

BMINSIET HA MATPULYY NPOEKLUN, EC/IN HE UCMOSb3YeTCS
cTepeokamepa. 3HaueHne no yMonyaHuio paBHo 10.

.fov

BepTuKanbHbIA yron o6/1acTy NpoCcMOoTPa Kamepsbl, CHU3Y 10BEPXY, B
rpagycax. 3HayeHne no ymosiuaHuio paBHo 50.

.isPerspectiveCamera

CBOWCTBO UCMO/b3YyeTCs AN NPOBEPKN, ABMASIETCS N AaHHbIA Knacc
N NPON3BOAHbIE OT HErO K/1acChbl, KAaMepamMn ¢ NepcrnekTUBHOM
npoekunen. 3HavyeHmem nNo ymonvaHuo ABMSIETCS true.

DTO CBOWCTBO HEMb3S U3MEHSTh, Tak Kak OHO UCMO/Ib3YeTCsi BHYTPU
three.js BU3yanin3atopom 4/ onTUMm3aLymu.

.hear

BAvXHAA N/I0CKOCTb OTCeUYEHNA 061acT MPOCMOTPa Kamepbl.
3HayeHue No yMosilyaHui paBHo 0. 1.

[onycTUMbIA Ananas3oH 3Ha4YeHNn HaXo4UTCA MeXAy YNCIIOM,
60nbLwMM O, 1 TEKYLLMM 3HAaYEeHNEM [asibHel NI0CKOCTN OTCeYeHNs
(cBoicTBO far).

O6paTtuTte BHMMaHue, B OT/INYME OT KaMepbl C OpTorpamuyeckon
npoekumen, 3Ha4eHme 0 Ans 6nvmkHen NI0CKOCTU oTCeYeHuns
PerspectiveCamera HegONyCcTUMO.

View
CBOWCTBO MOXET ObITb U/ ONMCaHMeM 06n1acTn BUAUMOCTU KaMepbl
B BMAE YCEUYEHHOW nupamuibl, Man null. 3Ha4yeHMe 3TOro CBOMCTBA
yCcTaHaB/IMBaeTCca MeToAoM setViewOffset, a yganaeTca MeTo40omM
clearViewOffset.

. Z00m

Bo3Bpallaet unm yctaHaBaMBaeT Koa(hpmumneHT macutabupoBaHus
Kamepbl.

MeToabl



OnucaHune 06LLI,|/|X MeTo40B CMOTPUTE B CTaTbe O 0a30BOM Kfiacce
Camera.
.clearViewOffset()
YpanseTt nobble CMeLLeHns, yCTaHOB/IEHHbIE MPY NMOMOLLM MeToaa
setViewOffset.

NoAYUYMTbL AeNCTBYOWMA yroa nonsa npocmorpa'):" onmouseout="hide()">

Bo3BpallaeT TeKyLMii BEpTUKa/IbHbI YTo/ Nnosist IpocMoTpa B
rpagycax, ¢ y4eTom zoom.

.getFilmHeight()
Bo3BpalyaeT BbICOTY N306paXkeHns Ha KMHOoMJIeHKe. Ecniv 3HavyeHne
CBOWCTBa aspect MeHbLUe U paBHO eanHunLe (KHWXHbI dhopmar),
pe3ynbTar paBeH filmGauge.

.getFilmwidth( )
Bo3BpallaeT WuprHy n3o6paxeHns Ha KMHOMMEeHKe. Ecnn 3HavyeHne
CBOWCTBa aspect 60/blUEe UK paBHO eanHuLE (albOOMHbIN
doopmar), pesynbrar paBeH filmGauge.

.getFocallength()

MeTog, Bo3BpalLlaeT DOKYCHOE PacCTosiHME MO TEeKYLLEMY 3HAUEHWHO
cBoiicTBa fov B COOTBETCTBUM CO 3HAUYEHUEM cBolicTBa filmGauge.

.setFocallength( focallength )

MeTop ycTaHaBnMBaeT CBOMCTBO fov N0 hOKYCHOMY PacCTOSIHUIO
(3agaHHoOMY B napameTpe focallength) B COOTBETCTBUM C TEKYLLMM
3HauyeHnem cBoiicTBa filmGauge.

Mo ymonuyaHuto hokycHoe paccTosiHue 3agaetcs ans 35-
MUNMMETPOBOI (NMO/THOKAAPOBOIA) KaMepbl.

.setViewOffset( fullwidth, fullHeight, x, y, width, height )

fullWidth — nosiHas WypuHa Npv yCTaHOBKE HECKO/TbKUX
obnacTeii npocmoTpa
fullHeight — NosiHasi BbICOTA NPU YCTAHOBKE HECKOSIbKMX




o6nacteii npocmoTpa

X — TOPpU30HTa/1IbHOE CMELlEeHNE Cy6KaMepr
Y — BepTuMKa/ibHOE CMelleHne Cy6KaMepr

width — WmMprHa cybKkamepsl
height — BbicOTa cy6GKamepbl

MeTog, ycTaHaBIMBaET CMeELLEHNE Npu 60MbLLOYM 06/1acTV NPOCMOTpPA.
370 roanTCs A/151 MHOTOOKOHHbIX U MHOTOMOHUTOPHbIX/

MHOIroMalwnHHbIX YCTaHOBKax.

Hanpumep, ecnv MMeloTcs [iBa psiga MOHUTOPOB ApPYr Haf, APYroM, no

TPV MOHUTOpPA B KaXXA0M psiay (3X2), NpruueM KaxXablli MOHUTOP

(0603HauveHbl bykBamu A, B, C, D, E u F) ¢ pa3peweHmem 1920x1080

NNKCenen n oOHU pacnonaraloTcAa B CETKE BOT TaKUM o6pa30M:

N S Ty Sy &
| Al B[ C|
N S Sy Sy
| D | E | F |
N S Sy Sy

TO A1 KaxXgoro MOHUTOPa 6y,u,eM Bbi3blBaTb €ro c/iegyrwmnm

obpasom:

var w = 1920,

var h = 1080;

var fullwidth = w * 3;
var fullHeight = h * 2;

é;mgra.setViewoffset( fullwidth,
é;mgra.setViewoffset( fullwidth,
é;mgra.setViewoffset( fullwidth,
é;mgra.setViewoffset( fullwidth,
é;mgra.setViewoffset( fullwidth,
é;era.setViewoffset( fullwidth,

fullHeight, w * @,
fullHeight, w * 1,
fullHeight, w * 2,
fullHeight, w * @,
fullHeight, w * 1,

fullHeight, w * 2,

h

h

* 1,

O6partuTe BHUMaHUE, MOHUTOPbI MOTYT GbIThb PA3HOrO pa3Mepa U He

pacnonararbCA B CETKE.

.updateProjectionMatrix

MeTtoa, 06HOBNSIET MaTPULLY NpoeunpoBaHusl. OH AO/MKEH ObITb



BbI3BaH rnocse 0b60ro uaMeHeHns napamMeTpoB.

— TO eCTb, B TEeKCTOBbIi ¢opmaT onucaHua obbekTa,
OoCHOBaHHbI Ha JavaScript');" onmouseout="hide()">.toJSON()

MeTo/ BO3BpallaeT faHHble Kamepbl B hopmaTte JSON.

icxogHnKm
PerspectiveCamera.js Ha [nTxabe

StereoCamera

CABOeHHasa kaMepa C NepcrnekTUBHOW NPOEKUMEN, UCrob3yemas ans
nony4vyeHna acppektos, nogobHbIx 3D Anaglyph vnn Parallax Barrier.
BoT 311 aphekTbl Ha pycckom A3bike: AHarivd v MapaniakCHbIi

6apbep.

Mpumep
effects / anaglyph

effects / parallaxbarrier
effects / stereo

3TOT K/lacc kamep UCnonb3yeTcs BHYTpKU ¢palinos

examples/js/effects/AnaglyphEffect.js (ucxogHoin dann adppekTa aHaru
examples/js/effects/ParallaxBarrierEffect.js (nmcxogHuk napannakcHor
examples/js/effects/StereoEffect.js (mcxogHuk cTepeoadpekTa)

NCnoJsib3yemMsbliX, B CBOKO o4epeb, B BbIlUEYNOMAHYTbLIX NMPpUMepax.

KOHCTpYyKTOp
StereoCamera( )

CsoiicTBa

.aspect
3Ha4veHune no YMO/THaHUIO paBHO 1.


https://ru.wikipedia.org/wiki/JSON
https://github.com/mrdoob/three.js/tree/dev/src/cameras/PerspectiveCamera.js
https://en.wikipedia.org/wiki/Anaglyph_3D
https://en.wikipedia.org/wiki/parallax_barrier
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%B3%D0%BB%D0%B8%D1%84
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%BB%D0%B0%D0%BA%D1%81%D0%BD%D1%8B%D0%B9_%D0%B1%D0%B0%D1%80%D1%8C%D0%B5%D1%80
https://threejs.org/examples/webgl_effects_anaglyph
https://threejs.org/examples/webgl_effects_parallaxbarrier
https://threejs.org/examples/webgl_effects_stereo
https://github.com/mrdoob/three.js/blob/master/examples/js/effects/AnaglyphEffect.js
https://github.com/mrdoob/three.js/blob/master/examples/js/effects/ParallaxBarrierEffect.js
https://github.com/mrdoob/three.js/blob/master/examples/js/effects/StereoEffect.js

- pasgeneHve rna3');" onmouseout="hide()">.eyeSep
3HaueHune no YMOJ/THaHNKO paBHO 0.064.

cameral - cokpall. aHra. CcaoB
camera left - neBas kamepa');" onmouseout="hide()">.cameral

NleBada kamepa. This is added to [page:Layers layer 1] - objects to be
rendered by the left camera must also be added to this layer.

cameraR - coOKpall. aHra. CcaoB
camera right - npaBad kamepa'):;" onmouseout="hide()">.cameraR

MpaBada kamepa. This is added to [page:Layers layer 2] - objects to be
rendered by the left camera must also be added to this layer.

MeToabl

.update( camera )

O6HOBNEHNE CTepeokaMep, OCHOBaHHOE Ha Kamepe, nepelaHHo B
KauecTBe napametpa.

icxogHnKM

StereoCamera.js Ha [uTxabe



https://github.com/mrdoob/three.js/tree/dev/src/cameras/StereoCamera.js

KOHCTAHTDI

AHVMMaALUVOHHbIE KOHCTaHTHI

LinknnyHbie pexumbl (loop modes)
oHOKpaTHOe Bocnpou3BegeHue knuna');" onmouseout="hide()">THREE.LoO

KAUN NPOUrpPbIBAETCA Bbl6paHHOE KOAMYECTBO

pa3 (yKa3laHHoe B napameTpe repetitions),

BCAKUA pa3 nepexoasa C KOHUA kKauna

HenocpeACTBEHHO Ha ero Haydano');" onmouseout="hide()">THREE.LooOpRep

BOCMNPOU3BOANTCA BbLIGPaHHOE KOJNYECTBO pas3
(yKa3aHHoe B napameTpe repetitions),
npourpsiBasg ero _nooyepeaHo Bnepea v Haszan'):" onmouseout="hide()">TH

Pexxunmbl nHTepnonauum (interpolation modes)
THREE.InterpolateDiscrete
THREE.Interpolatelinear
THREE.InterpolateSmooth

Pexumbl OKoOHYaHuA (ending modes)

THREE.ZeroCurvatureEnding
THREE.ZeroSlopeEnding
THREE .WrapAroundEnding

icxogHnKM
constants.js Ha github.com

KoHCTaHThbI siapa

Homep Bepcum (revision number)
THREE . REV


https://github.com/mrdoob/three.js/blob/master/src/constants.js

Homep Tekyuleli Bepcun three.js.

KHonku Mblwkn (mouse buttons)
THREE . MOUSE . LEFT

THREE . MOUSE . MIDDLE
THREE . MOUSE . RIGHT

icxogHnKm
constants.js Ha github.com

KOHCTaHTbLI HacTpamBaeMbIX ypaBHeHI/IM cMewnBaHnA

Mpumep
materials / blending / custom

[MpumeHeHne

KoHcTaHTbl paboTaloT co BceMu Tunamu matepunasios. BHavane
yCTaHaB/IMBAETCA PEXMM CMeLUNBaHUA MaTepnasioB
(THREE.CustomBlending), 3aTeM yCTaHaB/IMBAETCS Xenaemble
ypaBHeHue cMmelumBaHua (Blending Equation), CXo4HbIN hakTop
(Source Factor) u ueneBoi (haktop (Destination Factor).

var material = new THREE.MeshBasicMaterial( {color: Ox00ffE0} );
material.blending = THREE.CustomBlending;

material.blendEquation = THREE.AddEquation; // no ymonyaHuiwo
material.blendSrc THREE.SrcAlphaFactor; // no ymonyaHuio
material.blendDst THREE.OneMinusDstAlphaFactor; // no ymonyaHuwo

YpaBHeHus cmelwumBaHus (blending equations)

THREE .AddEquation

THREE .SubtractEquation

THREE .ReverseSubtractEquation
THREE .MinEquation

THREE .MaxEquation



https://github.com/mrdoob/three.js/releases
https://github.com/mrdoob/three.js/blob/master/src/constants.js
https://threejs.org/examples/webgl_materials_blending_custom

cxoaHble doakTopskl (source factors)
THREE .ZeroFactor

THREE .OneFactor
THREE.SrcColorFactor

THREE .OneMinusSrcColorFactor
THREE.SrcAlphaFactor

THREE .OneMinusSrcAlphaFactor
THREE .DstAlphaFactor

THREE .OneMinusDstAlphaFactor
THREE .DstColorFactor

THREE .OneMinusDstColorFactor
THREE.SrcAlphaSaturateFactor

Llenesble gpakTopsbl (destination factors)

Bce ncxogHble thaktopbl paboTatoT U Kak Lienesble, 3a UCKIIYEHNEM
THREE.SrcAlphaSaturateFactor.

icxogHnKm
constants.js Ha github.com

KOHCTaHTLI pexnma pucoBaHus

270 gencTeyoLLMe 3Ha4eHna ana ceoiictea Mesh.drawMode, n
yNpaB/isoT TEM, Kak CNUCOK BEPLUNH ByAeT MHTEepPNpPeTUpPOBaH nocne
oTnpasku B rpacumyeckmii npoueccop (GPU).

O6paTuTte BHMMaHMe, 4YTO 3TO BCe paboTaeT TO/IbKO Koraa
Mesh.geometry asnsaetca BufferGeometry. I3ameHeHe KOHCTaHT, Korga
Mesh.geometry asnaetca Geometry, He OKa)XKeT HUKaKOro B/INAHUS.

Pexunmbl pucoBaHusa (draw modes)
THREE.TrianglesDrawMode

JTOT pexum yctaHaBMBaEeTCA Mo YMOHYaHUIO U NPUBOANUT K TOMY,
YTO Kaxkable Tpu nocsiegosaresnbHble BepwnHbl (VO, v1, v2), (v2, v3,
v5), ... ByayT MHTEPNPETUPOBaHbI KaK OTAENbHbIA TPEYToIbHUK.
Ecnn uncno seplinH He KpaTHO 3, N30bITOYHbIE BEPLUNHDI
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NTHOPUPYIOTCA.
THREE.TriangleStripDrawMode

DTOT pexnm nNpmBeaeT K nocsienoBaTe/lbHOCTU TPEYro/IbHUKOB,
CcoefMHEHHbIX B NEHTY, NnpeAcTaBneHHyo kak (vO, vl, v2), (v2, v, v3),
(V2, v3, v4), ... TaK 4TO Kaxabli NpeablayLwmii TpeyrofibHUK MMeeT ABe

o6LiMe BepLUUHbI C NPeablayL MM TPeYrosibHUKOM.
THREE.TriangleFanDrawMode

B pe3ynsrare aToro pexuma nosBAaTcs nocnefosaresibHOCTU
TPEYro/ibHMKOB, B K&XXA0M M3 KOTOPbIX MMEeeTcsa ofHa obLas
BepLuMHa (NogobHO nonactam BeHTUNATOPA - fan), NpeAcTaBneHHble
kak (vO, v1, v2), (vO, v2, v3), (vO, v3, v4), n 1.4.
NMpumeuyaHue: ITOT pexum He nogaepxmsaetcsa DirectX10. (Bot
DirectX10 Ha pycckom ga3bike.) bpay3epbl Chrome n Firefox
npegctasnaoT WebGL Ha Windows npu nomowiy ANGLE,
npeobpa3oBblBas BHYTPU Ce65A 3TOT PeXVM B NOALEPKNBAEMBIN,
4TO, CKOpee BCEero NpuUBeAET K CHUXXEHWIO NMPON3BOANTENIBHOCTH
3TNX 6pay3epos.

MpumeyaHue nepeBoguuka: ANGLE (Almost Native Graphics Layer Engine -
NpakTU4eckn BCTPOEHHbI ABWMXOK rpadduyeckoro c/ios, a nepesos camoi
abopesmatypbl ANGLE - yron) ato rpadonmyecknin ABMKOK /1051 abCTpakuuii,
paspaboTaHHbIli koMnaHuel Google, ¢ OTKPbITbIM UCXOAHLIM KOAOM Nof, /IMLUEH3NEN
BSD. 3101 API B OCHOBHOM NpeaHasHayeH asisi obecneyeHuns
BbICOKOMPOM3BOAMTENBHOW coBMecTUMOocTM OpenGL ¢ komnbioTepamn Windows
Be6-6pay3epamn Bpoge Chromium, nytem nepeBoga Bbi3oBoB OpenGL B Direct3D,
KOTOpbI ropasao nydule nogaepxusaetcs apansepamun. ns ANGLE cyulectByet
[Ba BHYTPEHHMX BM3yannsaropa: camblil cTapblil ucnosnb3yet Direct3D 9.0c, B TO

Bpems Kay, HoBb) O S ErGE e mbu amen. Bukuneduu, nepegod Moil.

[MpymeHeHne
var geometry = new THREE.Geometry();

geometry.vertices.push(

new THREE.Vector3( -10, 10, 0 ),
new THREE.Vector3( -10, -10, 0 ),
new THREE.Vector3( 10, -10, 0 ),
)
geometry.faces.push( new THREE.Face3( 0, 1, 2 ), ... );

var material = new THREE.MeshBasicMaterial( { color: Oxffffee } );


https://en.wikipedia.org/wiki/DirectX#DirectX_10
https://ru.wikipedia.org/wiki/DirectX
https://en.wikipedia.org/wiki/ANGLE_(software)

var mesh = new THREE.Mesh( geometry, material );
mesh.drawMode = THREE.TrianglesDrawMode; // default (no ymonyaHuiw)

scene.add( mesh );
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KOHCTaHThLI MaTtepuasioB

OTU KOHCTaHTbI ONpeaenstoT CBONCTBa, 06Lme 418 BCeX TUMOB
maTtepuana, 3a UCckKrveHmeM onepaumii KOMOMHUPOBAHUA TEKCTYP
(Texture Combine Operations), KOTOpbIe MPUMEHAKTCA TOMLKO K
MeshBasicMaterial, MeshLambertMaterial 1 MeshPhongMaterial.

CTopoHa (side)
THREE.FrontSide
THREE . BackSide
THREE.DoubleSide

DTN KOHCTaHTbI ONPeAenstoT Kakaa CTOpOoHa rpaHn byaet otobpaxarbcs
- nepepgHsas (front), 3agHaa (back) nam o6e. Mo ymonyaHuio NCnosb3yeTcs
FrontSide.

LiBeTa (colors)

THREE .NoColors

THREE .FaceColors

THREE.VertexColors

NoColors ncrnonb3yercs no ymon4yaHuio 1 NpUMeEHSET KO BCEM rpaHsaMm
(noBepxHOCTAM) LIBET MaTepuana.

FaceColors okpalwmBaeT rpaHu (T.e. sueikn kapkaca) B COOTBETCTBUM CO
3Ha4YeHneM LBeTa color Kaxao TpeyrosnbHoM rpaHn Faces.
VertexColors okpalumBaeT rpaHu1 B COOTBETCTBMM CO 3HAYEHNEM
vertexColors kaxaon 13 BepLlumnH rpaHy Face3. 3T0 MaccuB U3 Tpex
3Ha4eHwuin color, Mo oAHOMY ANS KaXKAO0W BEPLUNHbBI FPaHMN.

CmoTpute npumep geometry / colors.
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Pexunm cmewumsaHus (blending mode)

THREE . NoBlending

THREE .NormalBlending

THREE .AdditiveBlending

THREE .SubtractiveBlending

THREE.MultiplyBlending

THREE .CustomBlending

DTN KOHCTaHTbI YNPaBAsaT UCXOAHbIM N Le/ieBbIM YPaBHEHUAMN AN
RGB un Alpha matepuana These control the source and destination
blending equations for the material's RGB and Alpha sent to the
WebGLRenderer for use by WebGL.

NormalBlending ncnosib3yeTcsa no ymosi4aHuio.

O6paTtuTte BHMMaHue, 4to CustomBlending Ao/mkeH ObITb YCTaHOB/EH
Ansa ncnosnb3oBaHua Custom Blending Equations.

CmoTpute npumep materials / blending.

Pexxum rnybuHsl (depth mode)

THREE . NeverDepth

THREE .AlwaysDepth

THREE. LessDepth

THREE.LessEqualDepth

THREE.GreaterEqualDepth

THREE .GreaterDepth

THREE . NotEqualDepth
Which depth function the material uses to compare incoming pixels Z-
depth against the current Z-depth buffer value. Ecnn pe3synsratom 3Toro
CpaBHeHUA ByaeTt 3HadyeHue true, NUKcesnb dyaet npopucosaH. If the
result of the comparison is true, the pixel will be drawn.

[page:Materials NeverDepth will never return true.

[page:Materials AlwaysDepth will always return true.

[page:Materials LessDepth will return true if the incoming pixel Z-depth is
less than the current buffer Z-depth.

[page:Materials LessEqualDepth is the default and will return true if the
incoming pixel Z-depth is less than or equal to the current buffer Z-depth.
[page:Materials GreaterEqualDepth will return true if the incoming pixel
Z-depth is greater than or equal to the current buffer Z-depth.
[page:Materials GreaterDepth will return true if the incoming pixel Z-depth
is greater than the current buffer Z-depth.

[page:Materials NotEqualDepth will return true if the incoming pixel Z-



https://threejs.org/examples/webgl_materials_blending

depth is equal to the current buffer Z-depth.

Onepayymm KOMOUHNUPOBaHNA (COBMELLLEHUS) TEKCTYP
THREE.MultiplyOperation
THREE .MixOperation
THREE .AddOperation
DT onepauumn onpenensoT KakoB OyaeT pe3y/istaT npyv CoOBMeLeHUn
LiBETA NOBEPXHOCTUN C KApPTOM LiBETa cpebl (eCNu CywecTByeT), /s
Takmx marepunanoB kak MeshBasicMaterial, MeshLambertMaterial n
MeshPhongMaterial.
MultiplyOperation npyMeHSAeTca No yMO/14aHUIo U NepeMHOXaeT KapTy
LBeTa cpefpbl 1 LBET NOBEPXHOCTN.
MixOperation npy cmelnBaHUM ABYX LBETOB UCMO/Ib3YETCH OTPaXKeEHNE.
AddOperation gob6aBnsaeTt gBa LBeTa.

icxogHnKM
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KoHcTaHTbl WebGLRenderer

PexunMbl BbiopakoBku rpaHeit (cull face modes)
THREE.CullFaceNone
THREE.CullFaceBack
THREE.CullFaceFront
THREE.CullFaceFrontBack
DTN KOHCTaHTbI Ucnosb3yTca metogoM setFaceCulling
WebGLRenderer'a.
CullFaceNone oTk/to4aeT BbIGPaKoBKY rpaHen.
CullFaceBack otbépachbiBatloTca 3afHu1e rpaHn (3ta KOHCTaHTa
MPUMEHSAETCS N0 YMOIHaHUIO).
CullFaceFront otépacbiBaloTCA NepesHNN rpaHu.
CullFaceFrontBack otépacbiBatoTca 06e rpaHu, 1 nepesHsas u
3a4HAS.

HanpasneHne nepegHei rpaHn Front Face Direction
THREE.FrontFaceDirectionCWw
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THREE.FrontFaceDirectionCCW

DTN KOHCTaHTbI Ucnosib3yTca Metoaom setFaceCulling
WebGLRenderer'a.

FrontFaceDirectionCW sets the winding order for polygons to clockwise.
FrontFaceDirectionCCW sets the winding order for polygons to counter-
clockwise (default).

Tunbl TeHn Shadow Types

THREE .BasicShadowMap

THREE . PCFShadowMap

THREE . PCFSof t ShadowMap

DTN KOHCTaHTbI onpeaenstoT cBoicTBo shadowMap.type
WebGLRenderer'a.

BasicShadowMap faet HedpunbTpPOBaHHbIE KapTbl TEHEN - camble
ObICTPbIE, HO 1 CaMble HU3KOKayecTBeHHbIe. gives unfiltered shadow
maps - fastest, but lowest quality.

TECTOB Ha 3aTeHeHMEe B OKPECTHOCTAX MCKOMOro chparmeHTa u ans
3aTEHEHUN UCMOo/b3yeTcs cpeaHee 3HauYeHne 3TUX TECTOB, TaknM
o6pasom, rpaHunua TeHn byaet 6onee «msrkom».")"> PCEShadowMap
donNbTPbI TEHEBLIX KAPT MCNONbL3YIOT anroputm Percentage-Closer
Filtering - PCF (3Ha4yeHne no ymon4aHuio).

peasIMCTUYHLIMU U NPUBMMXEHHBIMU K XMU3HWU. OUepTaHns TEHEN
pacTBOPAKOTCA N0 Mepe yaasieHus oT 06bekTa, oTopacbiBaroLLero
TeHb. Vicnonb3oBaHue TexHonormn PCSS no3BonseT caenatb
oYyepTaHus TEHEe eCTECTBEHHbIMU U N36eXaTb «/1eCEHOK».")">
PCESoftShadowMap donnbTpbl TEHEBLIX KAPT UCMOMb3YT a/IfOPUTM
Percentage-Closer Soft Shadows (PCSS).

Tone Mapping

OTobpaxeHne TOHOB LBeTa (tone mapping) - 3To npouecc
npeobpasoBaHns gnanasoHa ApkocTeit HDR k LDR guanasoHy,
oTo6paxaemMoMy yCTPOMCTBOM BbiBOAA, HANPUMepP, MOHUTOPOM UK
NMPUHTEPOM, TakK Kak BbiBO4 HDR n306paxeHnin Ha H1UX notpeodyeT
npeobpa3oBaHNsA AUHAMWYECKOTO AManas3oHa 1 LLBETOBOro oxsara
mogeniv HDR B cOOTBETCTBYHOLWMI ANHAMUYECKNA amana3oH LDR, yalle
Bcero mogesnbs RGB. Begb Agnana3oH sipkocTn, npeactasrieHHbiii B HDR,
OYeHb LUINPOK, 3TO HECKOJIbKO MOPAAKOB abCOoMOTHOIO AMHAMNYECKOTro




AnanasoHa eAnHOBPEMEHHO, B OHOW cLeHe. A Anana3oH, KOTopbIi
MOXHO BOCMPOU3BECTU Ha NPUBbLIYHbLIX YCTPONCTBaX BbiBOAa (MOHUTOpPAX,
Tenesunsopax), COCTaBMSAET NMLb OKO/0 ABYX NOPSAAKOB AMHAMNYECKOIO
AvanasoHa.

Mpeo6pasoBaHne n3 HDR B LDR 1 Ha3biBaeTcsa tone mapping, OHO
BbIMNOJTHAETCS C NOTEPSIMN U UMUTUPYET CBONCTBA YE10BEYECKOIO
3peHus.

THREE .NoToneMapping

THREE.LinearToneMapping

THREE .ReinhardToneMapping

THREE .Uncharted2ToneMapping

THREE .CineonToneMapping

OTW KOHCTaHTbI OnpeaenstoT cBoincTBo toneMapping WebGLRenderer'a.
OHM NCNOoNb3YTCA ANA NPUBEAEHUSA BHELLIHErNO BUAA N300paxeHns B
paclupeHHoM gnHammndeckom gmnanasoHe (high dynamic range - HDR) K
BO3MOXXHOMY OTOOGPaXeHWN0 UX B HA3KOM AMHamMuyeckom guanasoHe (low
dynamic range - LDR) cTaH4apTHOro KOMMbOTEPHOrO MOHUTOPA UMK
aKpaHa MOOGMNBHOIO YCTPOKCTBA.

NoToneMapping oTK/1l04aeT OTOOGpaxXeHne TOHOB.
3Ha4veHneM no ymosiyaHuio asnsetcsa LinearToneMapping.
CmoTpuTe npumep 0To6pakeHna TOHOB.

icxogHnKm
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KOHCTaHTbI TEKCTYP

Pexunmbl kapTuposaHus (Mapping Modes)
THREE . UVMapping

THREE . CubeReflectionMapping

THREE . CubeRefractionMapping
THREE.EquirectangularReflectionMapping
THREE.EquirectangularRefractionMapping
THREE .SphericalReflectionMapping

THREE . CubeUVReflectionMapping

THREE . CubeUVRefractionMapping
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DTN KOHCTaHTbI ONpeAesnsitoT pexnm oTobpaxeHnsa TekcTypbl. These
define the texture's mapping mode.

3HayeHmeM no ymonyaHuo ABnsieTcst THREE . UVMapping, Npyv KOTOPOW
TEeKCTypa Hak/afblBaeTCs Ha NOBEPXHOCTb 06beKTa B COOTBETCTBUN C
koopguHatamm UV ceTtkn (mesh).

OcTasibHble KOHCTaHTbI onpeaenatoT Tunbl The rest define environment
mapping types.

[page:Constant CubeReflectionMapping] and [page:Constant
CubeRefractionMapping] are for use with a [page:CubeTexture
CubeTexture], which is made up of six textures, one for each face of the
cube.

[page:Constant CubeReflectionMapping] is the default for a
[page:CubeTexture CubeTexture].

[page:Constant EquirectangularReflectionMapping] and [page:Constant
EquirectangularRefractionMapping] are for use with an equirectangular
environment map.

[page:Constant SphericalReflectionMapping] is for use with a spherical
reflection map.

CmoTpute npumep materials / envmaps.

Pexxumbl yknagku tekctyp (Wrapping Modes)

THREE .RepeatWrapping

THREE .ClampToEdgeWrapping

THREE .MirroredRepeatWrapping

DTN KOHCTaHTbI oNpeaenstoT CBOMCTBA TEKCTYP wrapS U wrapT, KOTOpble

YCTaHaB/INBaAKOT CTbIKOBKY TEKCTYpP MO NOPU30OHTa/IN N BEPTUKAJIN.

C KOHCTaHTOW RepeatWrapping TEKCTypa 6yaeT nonpocTy
NOBTOPATLCA A0 6GECKOHEUYHOCTH.

[0 yMOMIYaHUIO NPUMEHSETCA KOHCTaHTa ClampToEdgeWrapping.
MocnegHuii NNKCeN TEKCTYPbI pacTsarMBaeTcs Ao kpasi ceTkm (mesh).
C KOHCTaHTOM MirroredRepeatWrapping TEKCTypa byaet
MOBTOPATLCA GECKOHEYHO, 3epKasibHO OTOOpaxXasiCb NPU KaxKaoMm
noBTOpE.
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®dunbTpbl yBennyeHna (Magnification Filters)

THREE.NearestFilter

THREE.LinearFilter

For use with a texture's [page:Texture.magFilter magFilter] property,
these define the texture magnification function to be used when the pixel
being textured maps to an area less than or equal to one texture element
(texel).

[page:constant NearestFilter] returns the value of the texture element that
Is nearest (in Manhattan distance) to the specified texture coordinates.

[page:constant LinearFilter] is the default and returns the weighted
average of the four texture elements that are closest to the specified
texture coordinates, and can include items wrapped or repeated from
other parts of a texture, depending on the values of [page:Texture.wrapS
wrapS] and [page:Texture.wrapT wrapT], and on the exact mapping.

dunetpbl MUHUMM3aUuK (Minification Filters)

THREE.NearestFilter

THREE .NearestMipMapNearestFilter

THREE.NearestMipMapLinearFilter

THREE.LinearFilter

THREE.LinearMipMapNearestFilter

THREE.LinearMipMapLinearFilter

For use with a texture's [page:Texture.minFilter minFilter] property, these
define the texture minifying function that is used whenever the pixel being

textured maps to an area greater than one texture element (texel).

In addition to [page:constant NearestFilter] and [page:constant
LinearFilter], the following four functions can be used for minification:

[page:constant NearestMipMapNearestFilter] chooses the mipmap that
most closely matches the size of the pixel being textured and uses the
[page:constant NearestFilter] criterion (the texel nearest to the center of
the pixel) to produce a texture value.

[page:constant NearestMipMapLinearFilter] chooses the two mipmaps



that most closely match the size of the pixel being textured and uses the
[page:constant NearestFilter] criterion to produce a texture value from
each mipmap. The final texture value is a weighted average of those two
values.

[page:constant LinearMipMapNearestFilter] chooses the mipmap that
most closely matches the size of the pixel being textured and uses the
[page:constant LinearFilter] criterion (a weighted average of the four
texels that are closest to the center of the pixel) to produce a texture
value.

[page:constant LinearMipMapLinearFilter] is the default and chooses the
two mipmaps that most closely match the size of the pixel being textured
and uses the [page:constant LinearFilter] criterion to produce a texture
value from each mipmap. The final texture value is a weighted average of
those two values.

See the [example:webgl _materials_texture_filters materials / texture /
filters] example.

Tunbl

THREE.UnsignedByteType
THREE.ByteType
THREE.ShortType
THREE.UnsignedShortType
THREE.IntType
THREE.UnsignedIntType
THREE.FloatType
THREE.HalfFloatType
THREE.UnsignedShort4444Type
THREE.UnsignedShort5551Type
THREE.UnsignedShort565Type
THREE.UnsignedInt248Type

[na ncnonb3oBaHMA CO CBOMCTBOM TEKCTYpPbI type, KOTOPOE A0/HKHO
COOTBETCTBOBATHL NMpaBuibHOMY thopmary.
3Ha4veHneM no ymosnyaHuio asnsetca UnsignedByteType.

dopmartsl

THREE .AlphaFormat
THREE .RGBFormat



THREE . RGBAFormat

THREE . LuminanceFormat

THREE. LuminanceAlphaFormat

THREE . RGBEFormat

THREE .DepthFormat

THREE .DepthStencilFormat

For use with a texture's [page:Texture.format format] property, these

define how elements of a 2d texture, or *texels*, are read by shaders.

[page:constant AlphaFormat] discards the red, green and blue
components and reads just the alpha component. The [page:Texture.type
type] must be [page:constant UnsignedByteType].

[page:constant RGBFormat] discards the alpha components and reads
the red, green and blue components. The [page:Texture.type type] must
be [page:constant UnsignedByteType] or [page:constant
UnsignedShort565Type].

[page:constant RGBAFormat] is the default and reads the red, green,
blue and alpha components. The [page:Texture.type type] must be
[page:constant UnsignedByteType], [page:constant
UnsignedShort4444Type] or [page:.constant
THREE.UnsignedShort5551Type].

[page:constant LuminanceFormat] reads each element as a single
luminance component. This is then converted to a floating point, clamped
to the range [0,1], and then assembled into an RGBA element by placing
the luminance value in the red, green and blue channels, and attaching
1.0 to the alpha channel. The [page:Texture.type type] must be
[page:constant UnsignedByteType].

[page:constant LuminanceAlphaFormat] reads each element as a
luminance/alpha double. The same process occurs as for the
[page:constant LuminanceFormat], except that the alpha channel may
have values other than *1.0*. The [page:Texture.type type] must be
[page:constant UnsignedByteType].

[page:constant RGBEFormat] is identical to [page:constant



RGBAFormat].

[page:constant DepthFormat] reads each element as a single depth
value, converts it to floating point, and clamps to the range [0,1]. The
[page:Texture.type type] must be [page:constant UnsignedIntType] or
[page:constant UnsignedShortType]. This is the default for
[page:DepthTexture DepthTexture].

[page:constant DepthStencilFormat] reads each element is a pair of
depth and stencil values. The depth component of the pair is interpreted
as in [page:constant DepthFormat]. The stencil component is interpreted
based on the depth + stencil internal format. The [page:Texture.type type]
must be [page:constant Unsignedint248Type].

Note that the texture must have the correct [page:Texture.type type] set,
as described above. See this page for details.

DDS / ST3C Compressed Texture Formats

THREE .RGB_S3TC_DXT1_Format

THREE .RGBA_S3TC_DXT1_Format

THREE .RGBA_S3TC_DXT3_Format

THREE .RGBA_S3TC_DXT5_Format

For use with a [page:CompressedTexture CompressedTexture]'s
[page:Texture.format format] property, these require support for the
WEBGL_compressed_texture_s3tc extension.
According to WebglStats, as of February 2016 over 80% of WebGL
enabled devices support this extension.

There are four S3TC formats available via this extension. These are:
[page:constant RGB_S3TC_DXT1 Format]: A DXT1-compressed image
in an RGB image format.

[page:constant RGBA_S3TC_DXT1_Format]: A DXT1-compressed
image in an RGB image format with a simple on/off alpha value.
[page:constant RGBA_S3TC_DXT3_ Format]: A DXT3-compressed
image in an RGBA image format. Compared to a 32-bit RGBA texture, it
offers 4:1 compression.

[page:constant RGBA_S3TC_DXT5_ Format]: A DXT5-compressed
image in an RGBA image format. It also provides a 4:1 compression, but
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differs to the DXT3 compression in how the alpha compression is done.

PVRTC Compressed Texture Formats

THREE . RGB_PVRTC_4BPPV1_Format

THREE .RGB_PVRTC_2BPPV1_Format

THREE .RGBA_PVRTC_4BPPV1_Format

THREE .RGBA_PVRTC_2BPPV1_Format

For use with a [page:CompressedTexture CompressedTexture]'s
[page:Texture.format format] property, these require support for the
WEBGL_compressed_texture_pvrtc extension.
According to WebglStats, as of February 2016 less than 8% of WebGL
enabled devices support this extenstion. PVRTC is typically only
available on mobile devices with PowerVR chipsets, which are mainly
Apple devices.

There are four PVRTC formats available via this extension. These are:
[page:constant RGB_PVRTC_4BPPV1_ Format]: RGB compression in 4-
bit mode. One block for each 4?4 pixels.

[page:constant RGB_PVRTC_2BPPV1_ Format]: RGB compression in 2-
bit mode. One block for each 8?4 pixels.

[page:constant RGBA_PVRTC _4BPPV1_ Format]: RGBA compression in
4-bit mode. One block for each 4?4 pixels.

[page:constant RGBA_PVRTC 2BPPV1 Format]: RGBA compression in
2-bit mode. One block for each 8?4 pixels.

ETC Compressed Texture Format
THREE.RGB_ETC1_Format

For use with a [page:CompressedTexture CompressedTexture]'s
[page:Texture.format format] property, these require support for the
WEBGL_compressed_texture_etcl extension.

According to WebglStats, as of February 2016 just over 13% of WebGL
enabled devices support this extenstion.

KoauposaHune Encoding

LinearEncoding
THREE . sSRGBEncoding
THREE . GammaEncoding
THREE .RGBEENncoding
THREE . LogLuvEncoding
THREE .RGBM7Encoding
THREE .RGBM16Encoding
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THREE .RGBDENncoding
THREE .BasicDepthPacking
THREE . RGBADepthPacking

[na ncnonb3oBaHUsA CO CBOMCTBOM encoding Texture.

If the encoding type is changed after the texture has already been used
by a material, you will need to set [page:Material.needsUpdate
Material.needsUpdate] to *true* to make the material recompile.

3Ha4veHneM no ymosiyaHuio asnsaetcs LinearEncoding. 3HaueHus,
OT/INYHbIE OT AAHHbIX, AENCTBUTENbHbI TO/ILKO OIS KapT Marepuana,
envMap 1 emissiveMap.

icxogHnKM
constants.js Ha github.com



https://github.com/mrdoob/three.js/blob/master/src/constants.js

OCHOBHbIE 3JIEMEHTbBI THREE. JS

B aToMm pa3sgene onvcaHbl OCHOBHbIE K/lacCbl 6ubnunoTekn three.js.

BufferAttribute

BufferGeometry

Clock - knacc ansa otcnexvBaHuUs BpeEMEHN.

DirectGeometry - AaHHbIN KNnacc Ucnosb3yeTcs BHYTpU three.js ons
KOHBepTMpoBaHuA 13 Geometry B BufferGeometry.

EventDispatcher - gucnetyep co6bITUIA, KNacc As1si ynpasneHns
(oTCcnexmnBaHusa 1 3anycka) cobbiTnamn JavaScript.

Face3 - knacc, onpegensiowmnii napameTpbl TPEYrosIbHOWN rpaHn -
AYENnKN apMatypsbl, N3 KOTOPbIX COCTaB/IeHa reoMeTpuyeckas
dourypa.

Geometry - OCHOBHOW Knacc Ans BCeX reoMeTpuii Kpome
BufferGeometry. Takke MOXHO MCNO/b30BaTbL HANPSAMYH AN
NMOCTPOEHNsI COBCTBEHHbIX N HECTAHAAPTHbIX FEOMETPUYECKNX
3N1IEMEHTOB.

InstancedBufferAttribute

InstancedBufferGeometry

InstancedinterleavedBuffer

InterleavedBuffer

InterleavedBufferAttribute

Layers - cnoun Ansa ynpaeneHus BUAMMOCTbIO TPEXMEPHbIX 0ObEKTOB.
MOXHO ncnonb3oBatb 0 32 C/NOEB.

Object3D - 6a30BbI kKnacc g5 6onblIMHCTBA 0ObLEKTOB three.js,
npenocTaBnaowmii Habop CBOIMCTB 1 METOA0B A/151 yNpaBIeHUs
06beKTamMM B TPEXMEPHOM NPOCTPaHCTBE.

Raycaster
Uniform

BufferAttribute

,ﬂlaHHbIVI K/1aCC COXpaHAeT AaHHble anI/I6yTa (TaKI/Ie KaK MNOoJ10XXEeHUA


https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D1%88%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D1%88-%D1%82%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D0%B0
https://en.wikipedia.org/wiki/Hash_table
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B0%D1%81%D1%81%D0%B8%D0%B2

BEPLUMH, MHOEKCHI TpaHeit, HopMmasiv, LBETa, TEKCTYPHble KoopauHaTb! (
obbekrta (X, Y, Z) n koopamHaramu Ha Tekctype (U, V - 311 GyKBbI
0603HaYarT 0CK ABYMEPHOMW TEKCTYPbI, NOTOMY YTO «X», «Y» N «Z»
VXK€ UCNOoNb3YITCA ANa 0603HavYeHnsa ocerl 3D-06beKTa B MPOCTPaAHCTBE
mMoaenun). 3HavyeHna U 1 V 06bl4HO n3meHsaTea ot 0 ao 1.9)"
onmouseout="hide()">UV) 1 BCce aTpnbyTbl, yCTAHOB/IEHHbIE
noNb3oBaTesieM), CBA3aHHOro ¢ BufferGeometry, KOTOPbI NO3BOMSAET
6onee adhhekTMBHOE NMPOXOXAEHNE BCEX 3TUX AAHHbIX K

610K rpaPuUeckmx BblYNCNEHUI MK TpadIUYECKMIA NPOLIECCOP

NI NONPOCTY - NpoLeccop BuaeokapThl')" onmouseout="hide()">GPU.
MocMOoTpuUTE 3Ty CTpaHULy A5 AONOHUTENbHbLIX CBEAEHWIA U MPUMEPOB
MCNOJIb30BaHUA.

[laHHble XpaHATCS Kak BEKTOPbI NPOU3BOMLHOW A/1MHbI (OnpeaensieMble
itemSize), 1 BOOOLWE B MeToAax, ONUCaHHbIX HXKE, eC/N NepeaatoTcs C
NHAEKCOM, TO OH aBTOMAaTUYECKN YMHOXaETCA Ha ANIMHY BEKTOopa.

KOHCTpYyKTOp
BufferAttribute( array, itemSize,

HOPMUPOBAHHLIN, T.e. NPUBEAEHHbI K Kakoli-To Hopme')" onmouseout="hid

array -- 0/DKeH ObITb TypedArray (IMOU3NMPOBaAHHbLIM MAacCUBOM).
cnonb3yetca anda co3gaHusa aksemnnsapa oydoepa.
B aTom maccuBe A0/MKHO ObITh (itemSize * numVertices)
39N1eMEHTOB, 4e numVertices - 3TO YAC/I0 BEPLUNH B
cootBeTcTBYyloWen BufferGeometry.

itemSize -- UNCNO 3HAYEHUI MacCUBa, CBA3AHHOIO C KOHKPETHOW
BEPLUMHOW. Hanpumep, ecnu gaHHbI atpubyT XpaHuTt 3-
KOMMOHEHTHbIN BEKTOP (TaKoM Kak position - NoNoXeHne, normal
- HopMasib, UK color - UBET), TOraa itemSize AO/HKEH ObITb
paBeH 3.

HOPMWPOBAaHHLIV, T.e. MPUBEAEHHbI K KakKOohn-TO Hopme')" onmc
-- ([ONOMHUTESbHBIN, HeobA3aTeNbHbIA aTpubyT) - NOKa3bIBAET Kak
6a3oBble AaHHble B bypepe conocTtaB/eHbl CO 3HAYEHUSIMU B KOAe
ANA NporpaMMupoBaHuns wenaepoB. CUHTaKCUC A3blka 6a3upyeTcs
nporpammupoBanna ANSI C, ogHako, 13-3a ero cneumgunyeckon Hal
N3 HEero OblAN UCK/IKYEHbI MHOTME BO3MOXHOCTW, AN YIPOLEHUA S:



https://ru.wikipedia.org/wiki/UV-%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://developer.mozilla.org/ru/docs/Web/JavaScript/Typed_arrays

NpPON3BOANTENBLHOCTU. B A3bIK BK/IHOYEHbI AONOHUTENbHbIE OYHKLIN
Hanpumep Ana pabotbl ¢ BekTopamun 1 Matpuuamm. OCHOBHOE npewu
nepeq Apyrmmuy LenaepHbiMy a3blkaMy — NePeHOCUMOCTb Koda M€
nnatrdopmamu 1 OC.")" onmouseout="hide()">GLSL. Hanpumep,
eCc/In MaccuB ABNAETCA IK3eMNNAPOM UInt16Array, a atpubyT
normalized yCTaHOB/EH KaK true, TO 3Ha4YeHNA OT O A0 +65535 B
AaHHbIX MaccrBa 6yayT oTo6paxeHbl B atpubyTte GLSL kak
3HayeHus ot 0.0f go +1.0f. MaccuB Int16Array (CO 3HaKOM) OT
-32767 [0 +32767 OyAeT conocTas/eH Kak -1.0f - +1.0f. Ecnun
normalized ycTaHOBMEH KaK false 3HaYeHuA OyayT
KOHBEPTMPOBaHbI B YMC/1a C nnasaroLLeil 3anaTom, KoTopble
cogepxxaT To4YHoe 3HayeHue, T.e. 32767 CTaHET 32767 . 0f.

CsoiicTBa

.array
MaccuB yaepX1BaeT laHHble, XpaHsLumecs B bydepe.

.count

XpaHuT 4siMHy MaccvBa [Ie/IeHHYI0 Ha .itemSize.

Ecnn 6ydpep XpaHUT 3-KOMMNOHEHTHbIN BEKTOP (KaK Hanpumep
NONIOXEHNEe, HOpMasIn UK LBET), TO B 3TOM C/lyvyae byaet
NOACUYNTAHO YNC/IO0 TaKUX XPaHSALLMXCS BEKTOPOB.

.dynamic
Onpepgensert, éyaet nu bydep AUHAMUYECKAM UNN HET. 3Ha4YeHne no
yMO/14aHuo paBHo false.
[Mpwn ycTtaHoBNeHHOM 3Ha4vyeHnn false, GPU coobuaeTtcs, 4To ckopee
BCero, cogepxunmoe bydepa, byaeTt 4acTo UCNONb30BaTLCH, HO He
4acTO N3MEHATLCA. DTO COOTBETCTBYET (oiary gl.STATIC DRAW.
Ecnun xe yctaHoBneHo 3HavyeHne true, GPU coobliaetcs, 4To
coaepxmnmoe bydepa, BeposaTHO OyAET Kak 4acTo MCMNosib30BaTbCA,
TakK MU 4acTo M3MEHATLCA. DTO COOTBETCTBYET dhary
gl.DYNAMIC DRAW.

MpumeyaHne nepeBoOAUMKA: NEPEBO/, YACTY CTaTbU M0 CChI/IKE BbILLE
gl.STATIC_DRAW: cogepxnmoe bydepa, BO3MOXHO, OyaAeT 4acTo 1CMO/1b30BaThbCsl, HO



https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/bufferData
https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/bufferData

He YacTo n3MeHATbCA. CoAepXMoe 3anncbiBaeTcs B bydep, HO He CUMTbIBAETCS.
gl.DYNAMIC_DRAW: cogepxmmoe Gydepa, BO3MOXHO, OyAEeT YacTO MCMO/b30BaThCs U

yacTo usMeHsTbes. CoaepXMMoe 3anncbiBaeTcsl B Oydhep, HO HE CUUTLIBAETCS.

.isBufferAttribute

cnonb3yetca ana NpoBepku ABASETCA NN AaHHbI Knacc nnu
NMpou3BoAHble OT Hero BufferAttribute. 3Ha4YeHMe NO yMOYaHWUIO
paBHO true.

He n3meHsiiTe aTo CBONCTBO, Tak Kak OHO MCNOMb3yeTcsa A1
onTumMmnsauumn BHyTpu three.js.

.itemSize

[JnvHa BEKTOPOB, COXpPaHAEMbIX B array.

. hame

[lononHMTENbHOE UMS ANS 9K3eMN/Isipa AaHHOro aTpmbyTa. Mo
YMO/YaHWI0 3TO NycTas CTPoKa.

.needsUpdate
dnar, nomsusarou.q,mﬁ yToO p,aHHbIVI anI/I6yT Obl/1 UBMEHEH AOJDKEH
ObITb MOBTOPHO OTNpaB/eH B rpadunyeckunii npoueccop (GPU).
YcTaHOBUTE €ro Kak true npn nsmeHeHnn 3Had4yeHnAa maccumBa.
YcTaHOBKa 3TOro 3Ha4yeHuda Kak true Takke yBENMNYNBaAET version.

.nhormalized
YKa3blBaeT kaknm 0b6pa3om 6a3oBble AaHHble B Oydepe

COOTBETCTBYIOT 3HaYeHunsiM B koae GLSL. Moapo6HOCTM cMoTpuTe
BbllLie, B ONMCAHNUN KOHCTPYKTOPA.

.onUploadCallback

®YHKUMA 06paTHOro BbI30Ba, BbINOIHAEMasi Moc/e Toro, Kak
Bu3yanmnsatop (renderer) nepegan gaHHble Maccuea aTpubyToB B
GPU.

.updateRange
OO6BLEKT COAEPXKUT:




offset: NO3nLMS, C KOTOPOI HAUMHAETCSt 0BHOB/IEHME, 3HAYEHME
MO YMO/TYAHUIO PaBHO 0.
count: 3HaYEHNE Mo YMOMYAHWIO PaBHO -1, YTO O3HAYaAET He
CMo/b30BaTh ANAanasoH 0GHOBIEHUS.
JlaHHOE CBOICTBO MOXET 6bITb UCMO/Ib30BAHO /19 OTAE/TbHOIO
06HOB/IEHMSA HEKOTOPbIX KOMMOHEHTOB XPAHSILLMXCS BEKTOPOB
(HanpuMep, TONbKO A/151 KOMINOHEHTA OTHOCSILLEEroCs K LiBETY).

- VHUBepcabHbli VHUKaNbHLIA noeHTuomkatop')" onmouseout="hide()">.

- YHUBEPCa/IbHbI YHUKa/IbHbIA naeHTudumkarop')"
onmouseout="hide()">UUID gaHHoOro aksemnnsapa obvekra. OH
npucBamBaeTcs aBTOMaTUYECKN U HE OO/DKEH pefaKTMpPOoBaThCS.

.version

Homep Bepcuun, yBennumBatoLWMNCa Kaxablil pas, Koraa CBOMCTBO
needsUpdate yCTaHaB/IMBAETCA KakK true.

MeToabl

.clone( )
Bos3BpawaeT konuio gaHHoro bufferAttribute.

.CopyArray( array )
Konupyert, 3afaHHbIii 34ecb, MaccuB (KOTOPbIA MOXET ObITb 0ObIYHbLIM
MaccMBOM UMW TUMN3NPOBaHHbIM - TypedArray) B MacCuB array.
Ecnn konupyeTtca TunusnpoBaHHblii Maccus (TypedArray),
o3HakombTecb Ha TypedArray.set ¢ npymedyaHusaMmn no TpeboBaHusM.
Bot TypedArray.set Ha pyCCKOM Si3bIKe.

.COpyAt( indexd, bufferAttribute, index2 )
KonupyeT BekTop U3 bufferAttribute[index2] B array[index1].

copy colors array - KonupoBaTb MaccuB (3HayeHuii) uBeta')" onmouse



https://ru.wikipedia.org/wiki/UUID
https://developer.mozilla.org/ru/docs/Web/JavaScript/Typed_arrays
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/TypedArray/set
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/TypedArray/set

KonupyeT maccuB, npefcTaB/eHHbIN 3HA4YEHUsIMK LBeTa B oopmarte
RGB, B array.

copy indices array - konupoBaTb MaccuB umHaekcoB')" onmouseout="hi

KonupyeT maccuB, NpeAcTaBNeHHbIn nHaekcamun Face3, B array.

copy vector2s array - KoOnNupoBaTb MacCWUB ABYMEPHbLIX BekToposB')" onm
KonupyeT maccus, NnpefcTaB/eHHbIl BeKTopaMmu Vector2, B array.

copy vector3s array - KOMMpoBaTb MaCCUB TpPexMepHbIX BekTopoB')" on
KonupyeT maccus, NnpecTaB/eHHbIn BekTopamu Vector3, B array.

copy vector4s array - KonMpoBaTb MacCCWUB YeTblpexXmMepHbiX BekTopoB')"
KonupyeT maccus, NnpefcTaB/eHHbIn BekTopamu Vector4, B array.

- _NOoAy4YnTb KoopauHaty no ocu X')" onmouseout="hide()">.getX( inde
Bo3BpalyaeT KOMNOHEHTY x BeKTopa no 3agaHHOMYy UHAEKCY.

- _NoAy4YnTb KoopauHaty no ocu Y')" onmouseout="hide()">.getY( inde
Bo3BpalyaeT KOMNOHEHTY y BeKTopa no 3agaHHoOMYy UHAEKCY.

- _NOAy4YnTb KoopaumHaTty no ocu Z')" onmouseout="hide()">.getZ( inde
Bo3BpalyaeT KOMNOHEHTY z BEKTopa Nno 3agaHHOMYy WUHAEKCY.

- _NOoNy4YnTb KOMOOHEHT W')" onmouseout="hide()">.getW( index )
Bo3BpalyaeT KOMNOHEHTY w BEKTOpa No 3agaHHOMY UHAEKCY.

.onUpload ( callback )
YcTaHaBnMBaeT 3HaYeHne cBoiicTBa onUploadCallback.




B npumepe WebGL / Buffergeometry 3TOT METOZ, UCMNO/Ib3YETCA A/1A
BbICBOOOXAEHNA NaMATK nocne Toro, kak éydep 6bin nepegaH GPU.

.set ( value, offset )

value -- MaccuB UAN TUNN3NPOBAHHbIA MaccuB, U3 KOTOPOro
KONMpPYOTCA 3HaYEeHUA.
offset -- UHAEKC MaccuBa array, C KOTOPOro Ha4YMHaeTcA
KonnpoBaHue, (40NONHUTENbHbIA, HE0OSA3aTe TbHbIN apryMeHT).
MeTog Bbi3biBaeT MeToq TypedArray.set( value, offset ) Ha
[aHHbIN array.
B yacTHOCTM, MOCMOTPUTE 3Ty CTPAHUYKY HacyeT TpeboBaHWUi K value
B TypedArray. BOT 34eCb OHa Ha PyCCKOM fi3blKe.

.setArray( array )

YcTaHaBNMBaeT MacCuB array B TUN3MPOBAHHbIA MaccuB
TypedArray, NepeAaHHblii B apryMeHTe.

Mocne ycTaHOBKM MaccuBa, needsUpdate AO/MHKEH ObITb YCTAHOBMEH
Kak true.

set dynamic - ycTtaHoBUTb (cBoicTB0o) dynamic')" onmouseout="hide()

MeTopa, ycTaHaBNMBaeT 3HauYeHne CBONCTBa dynamic.

.setX( index, x )
YcTtaHaBMBaeT KOMIMOHEHT X BEKTOpPa Nno 3agaHHoOMy NHAOEKCY.

.setY( index, y )
YcTtaHaB/IMBaEeT KOMMOHEHT y BEKTOpPa Nno 3agaHHOMY UHAOEKCY.

.setZ( index, z )
YcTtaHaB/IMBaeT KOMMOHEHT z BEKTOpPa Nno 3agaHHoOMy NHAOEKCY.

.setW( index, w )
YcTtaHaB/IMBaeT KOMMNOHEHT w BEKTOpPa Nno 3agaHHoOMy NHAOEKCY.

.setXY( index, x, y )


https://threejs.org/examples/#webgl_buffergeometry
https://developer.mozilla.org/en-US/docs/Web/JavaScript/Reference/Global_Objects/TypedArray/set
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/TypedArray/set

YcTaHaBnMBaeT KOMNOHEHTbI BEKTOpa X, U y Mo 3agaHHOMY UHAEKCY.

.setXYZ( index, X, y, z )

YcTaHaBnMBaeT KOMMNOHEHTbI BEKTOPA X, Y, U z N0 3a/laHHOMY
NHZEKCY.

.setXYZW( index, X, vy, z, w )

YcTaHaBnMBaeT KOMMNOHEHTbI BEKTOPA X, Y, Z U w M0 3ajaHHOMY
NHZEKCY.

icxogHnKM
BufferAttribute.js Ha github.com

BufferAttribute -

Tunbl BufferAttribute

B three.js vmetotca aeBatb TMNoB BufferAttribute. OHM COOTBETCTBYIOT

TUNU3MPOBaHHbLIM MaccrBaMm B JavaSscript.

THREE.Float64BufferAttribute
THREE.Float32BufferAttribute
THREE.Uint32BufferAttribute
THREE.Int32BufferAttribute
THREE.Uintl16BufferAttribute
THREE.Intl16BufferAttribute
THREE.Uint8ClampedBufferAttribute
THREE.Uint8BufferAttribute
THREE.Int8BufferAttribute

KOHCTpYyKTOp

Bce BbilenepeyncrieHHoe BbI3bIBAETCHA OAHUM N TEM XKe CNOCO6OoM.
TypedBufferAttribute( array, itemSize )
array -- 3T0 MOXET ObITb TUNU3NPOBAHHbIN NN HETUMU3UPOBAHHbI
(06bI4HbIN) MaccuB. OH byaeT Npeobpa3oBaH B MacCuB yKkazaHHOro
TMna.
itemSize -- UNCNO 3HAYEHUI MacCuBa, KOTOPbIE AO/MKHbI ObITb
yBsi3aHbl C KOHKPETHOWN BEPLUNHOIA.



https://github.com/mrdoob/three.js/blob/master/src/core/BufferAttribute.js
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/TypedArray

CsoiicTBa

YHacnegoBaHHble CBONCTBa CMOTpUTE Ha cTpaHuue BufferAttribute.

MeToabl

YHacnenoBaHHble MeTOAbl CMOTpUTE Ha cTpaHuue BufferAttribute.

icxogHnKM
BufferAttribute.js Ha github.com

BufferGeometry

[aHHbln Knacc saensaetca adhdekTMBHOM anbTepHaTuBoil Geometry, Tak
Kak OH coxXpaHsaeT BHyTpu 6ydoepoB BCe AaHHble, BK/IHOYaSA NOIOXEHNSA
BEPLUMH, MHOEKCHI TpaHeit, HopMasiv, LBETa, TEKCTYPHble KoopauHaTb! (
obbekTa (X, Y, Z) 1 koopamHatamu Ha Tekctype (U, V - 3T1 GYKBbI
0603Ha4YaloT 0CU ABYMEPHOW TEKCTYPbI, MOTOMY YTO «X», «Y» U «Z»
yXXe UCNOoNb3YITCA ANa 0603Ha4YeHnsa ocerl 3D-06beKTa B MPOCTPaHCTBE
mMoaenun). 3HavyeHna U u V 06bl4HO n3meHsaTea ot 0 ao 1.9)"
onmouseout="hide()">UV) 1 Bce aTpnbyTbl, yCTAHOB/IEHHbIE
Nnofib3oBaresieM); 3TO CHKAET 3aTpartbl Ha NPOXOXAEHNE BCEX ATUX
[AaHHbIX K

610K rpadinyecknx BbIMUCAEHUI UAW Tpadmnyecknin npoueccop

NI NONPOCTY - NpoLeccop BruaeokapThl')" onmouseout="hide()">GPU.
[Mpwn atom, paboTtartb ¢ BufferGeometry C/noxHee, Yem C Geometry;
BMECTO TOro, 4To6bl 06pawaTbCs K AaHHbIM PacrnoioXeHUs Kak K
obbekTam Vector3, a K fJ]aHHbIM O LBeTe Kak K 06bekTam Color U Tak
fanee, Hy)XXHO obpawatbCcs K HeobpaboTaHHbIM faHHbIM (raw data) n3
cooTBeTCcTBYyloLlero bydepa arpnoytoB. 310 Aenaet BufferGeometry
Hanbonee noaxoAdawWmMM A1 CTaTUYeCKMX 0O bEKTOB, I4e Bam He HYXHO
ynpaBnATb reoMeTpUYeCKNMM CBOMCTBaMM 06bEKTa NOC/e ero co3gaHus.



https://github.com/mrdoob/three.js/blob/master/src/core/BufferAttribute.js
https://ru.wikipedia.org/wiki/UV-%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

Mpumep

¥
4,11 1,11
x
2T
A,-1,1 1,-1.1

var geometry = new THREE.BufferGeometry();

// create a simple square shape. We duplicate the bottom left and t
// vertices because each vertex needs to appear once per triangle.
// co3gagum npocTyw GopMmy - KBagpaT. HUXHAA neBas U BepxHAA npasas
// NOBTOPSAWNTCHA, MOCKO/NIbKY B 060MX TpeyrosibHUKax ecTb Kaxgas U3 9Tux
var vertices new Float32Array( [

-1.0, -1.0, 1.0,
1.0, -1.0, 1.0,
1.0, 1.0, 1.0,
1.0, 1.0, 1.0,
-1.0, 1.0, 1.0,
-1.0, -1.0, 1.0

I4

1)

// itemSize = 3 because there are 3 values (components) per vertex

// itemSize = 3, noTomy 4TO MMeeTcHA 3 3HayeHUs (KOMMOHeHTa, T.e. CO
geometry.addAttribute( 'position', new THREE.BufferAttribute( verti
var material = new THREE.MeshBasicMaterial( { color: Oxff0e00 } );

var mesh = new THREE.Mesh( geometry, material );

Opyrvne npumepsi:
Complex mesh with non-indexed faces (cnoxHas ceTKa C HeuWHAEKCUpOBaH
Complex mesh with indexed faces (cnoxHas ceTka C WHAEKCUPOBAHHbLIMU T



https://threejs.org/examples/#webgl_buffergeometry
https://threejs.org/examples/#webgl_buffergeometry_uint

Lines (NuHuNn),

Indexed Lines (MHAEKCUPOBaHHbLIE NUHUU),
Particles (uacTuubl), u

Raw Shaders (Heo6bpaboTaHHble welgepsl) .

Ob6palleHune K aTpubytam Accessing attributes

WebGL XpaHuUT AaHHble, CBA3aHHble C OTAE/bHbIMY BEPLUMHAMU
reomeTtpun B ampubymax. WebGL stores data associated with individual
vertices of a geometry in attributes. [NpyMepbl BKNKOYAKOT NO/0XKeHNe
BEPLUMHbI, BEKTOP HOPMaJin BEPLUWHbI, LIBET BEPLUNHLI U T.4. Examples
include the position of the vertex, the normal vector for the vertex, the
vertex color, and so on. Npu ucnosnb3oBaHun Geometry, peHgepep éepet
Ha cebs 3ab0Ty 0 nepeHoce 3Ton nHhopmauun B 6ycepsl
TUNM3MPOBAHHOIO MaccmBa 1 OTNPaB/IEHNN 3TUX OAaHHbIX B Lenaep.
When using [page:Geometry], the [page:WebGLRenderer renderer]
takes care of wrapping up this information into typed array buffers and
sending this data to the shader. C BufferGeometry Bce 3Tn flaHHble
XpaHATCA B bydoepax, CBA3aHHbIX C OTAe/IbHbIMYK aTtpnoytamu. With
BufferGeometry, all of this data is stored in buffers associated with an
individual attributes. 310 3Ha4MT, YTO A/19 NONYYEHNSA OAHHBIX O
NO/IOXEHWM, CBSA3AHHbIX C BEPLUMHOM (HAanpUMep), HY>XXHO BbI3BaTb METO/
.getAttribute gna gocTtyna Kk arpubyTty position, 3arem obpawaTbCs
K OTAeNbHbIM KoopauHartam x, y, U z. This means that to get the position
data associated with a vertex (for instance), you must call
[page:.getAttribute] to access the 'position' [page:BufferAttribute
attribute], then access the individual x, y, and z coordinates of the
position.

Pas3minyHbIMK1 an1eMmeHTamMm 3Toro Ksiacca yCTaHaB/INBaKOTCA CcsiegyroLine
aTpuoyTbl:
position (itemSize: 3)
CoaepXuT KoopAnHaThI X, Y, U z KaXA0W BEPLUNHbI AaHHOM
reoMeTpun. YctaHasnmeaeTca npu nomowy metoga .fromGeometry().

normal (itemSize: 3)
CO,CI,ep)KI/IT KOMMOHEHTLI X, Y N Z BEKTOPOB HOpMaﬂeM K Ka)K,D,OVI

BEpLUMHE B JAHHON reoMeTpun. YcTaHaBIMBAETCA MPY MOMOLLM
meTtoaa .fromGeometry().



https://threejs.org/examples/#webgl_buffergeometry_lines
https://threejs.org/examples/#webgl_buffergeometry_lines_indexed
https://threejs.org/examples/#webgl_buffergeometry_custom_attributes_particles
https://threejs.org/examples/#webgl_buffergeometry_rawshader

color (itemSize: 3)

CoaepXuT KaHaslbl KpacHOro, 3e/1eHOI0 U CUHETO LiBETA KaxK oM
BEPLUMHbI B laHHOW reoMeTpun. YctaHaBIMBaeTCs Mpu NMOMOLLN
meTtoaa .fromGeometry().

index (itemSize: 1)
Allows for vertices to be re-used across multiple triangles; this is
called using "indexed triangles,” and works much the same as it does
in [page:Geometry]: each triangle is associated with the index of three
vertices. This attribute therefore stores the index of each vertex for
each triangular face.

If this attribute is not set, the [page:WebGLRenderer renderer] assumes
that each three contiguous positions represent a single triangle.

In addition to the the built-in attributes, you can set your own custom
attributes using the addAttribute method. With [page:Geometry], these
attributes are set and stored on the [page:Material]. In BufferGeometry,
the attributes are stored with the geometry itself. Note that you still need
to set the attributes information on the material as well, but the value of
each attribute is stored in the BufferGeometry.

KOHCTpYKTOP
BufferGeometry()

KoHCTpyKTOp co3aaeT HoBblli BufferGeometry, a Takke 3agaet
HEKOTOPbIM CBOVCTBAM 3HAUYEHWE MO YMOYAHWIO.

CsoiicTBa

.attributes

Y aTolh Xelw-KapTbl UMs aTpubyTa ycTaHaBIMBaETCS Kak
noeHTMdmkaTop, a B KauecTBe 3Ha4YeHUs ycTaHaBmBaeTcs dydep.
BmecTo HenocpeACcTBEHHOIO 0bpallleHns K JaHHOMY CBOMCTBY, A/
AoCcTyna K arpubyTam 31O reoMeTpun UCnosb3yinTe MeTofbl

add attribute - 106aBUTL aTpPUBYT')"
onmouseout="hide()">addAttribute n




get attribute - nonyyntb atpmbyT')" onmouseout="hide()">getAttribute.
This hashmap has as id the name of the attribute to be set and as
value the buffer to set it to. Rather than accessing this property
directly, use addAttribute and getAttribute to access attributes of this
geometry.

MpumeyaHue nepeBoguUuKa: BoT uyTb 60/1€€ NOAPOOHO O XelmMpoBaHUK, xew-Tabnmuyax (xew-
KapTax) 1 accoumaTmMBHbIX Tabnuuax. ... Yyatatb gasnee

bounding box - orpaHuuuTenbHasa pamka')'" onmouseout="hide()'">.boun

OrpaHununTenbHas pamka s bufferGeometry, kotopas MOXeT ObITb
paccumMTaHa npu nomMmoLm metoga .computeBoundingBox().
3Ha4vyeHneM Mno ymosiHaHuio aBnaetcsa null.

bounding sphere - orpaHuuutenbHaa céepa')" onmouseout="hide()">.b
OrpaHununTenbHas cpepa an1a bufferGeometry, kotopas MOXeT ObITb

paccumMTaHa npu nomMmolm metoga .computeBoundingSphere().
3HayeHmeMm no ymonyaHuio aBnsieTcst null.

. drawRange
icnonb3yeTca ansa onpenenieHns, Kakas 4yacTb reoMeTpun Ao/mHKHa
ObITb BU3yaniM3mpoBaHa. ITO CBOWCTBO He ycTaHaB/MBaETCs
Hanpsimyto, B3ameH 1Ucnosnb3yinTe metop, .setDrawRange.
3Ha4YeHVeM No yMo4YaHuo ABNAETCA
{ start: 0, count: Infinity }.

.groups
PasgenuTe reoMeTpuUIo Ha rpynnbl, KaXkaaa nu3 KOTopbix 6yaeTt
oTobpaxarbCs B 0TAe/IbHOM Bbl30Be pucosaHna WebGL. 310
NMO3BOJIUT UCNONb30BaTh ¢ bufferGeometry maccuB matepuanos. Split
the geometry into groups, each of which will be rendered in a
separate WebGL draw call. This allows an array of materials to be
used with the bufferGeometry.

Kaxkgas rpynna npegcraBnsier coboil 06bEKT B BUAE:
{ start: Integer, count: Integer, materialIndex: Integer }

rge start yka3biBaeT MHOEKC HepBOVI BEPLUNHbLI B 3TOM BbI30BE




pucoBaHUA, count onpegenseT KoIM4ecTBO BK/IOYEHHbIX BEPLUNH, a
materialIndex yCTaHaBMBAET NHOEKC UCMOMb3YyEMOro MaccuBa
MaTepuasna.

[ns nobasneHna rpynmn, BMECTO HenocpeACcTBEHHOIO N3MEHEHNS
MaccumBa groups, UCMNONb3yiTe MeTo . addGroup.

.id
YHuKasibHO€e unucno Ana gaHHoro aksemnnsapa bufferGeometry.

.index

OnucaHne 3TOro CBOKCTBA CMOTPUTE Bbile, B pasgene "Accessing
Attributes"”. 3HaueHneM nNo ymonyaHuo aenseTcs null.

.isBufferGeometry

cnonb3yeTtca A/1si NpoBEPKU, ABNAETCA NN AaHHbIA Knacc u
Npon3BoAHbIE OT Hero bydhepHbiMn reomeTpunammn (BufferGeometry).
3HayeHMeM No ymon4aHuo ABNASETCS true. OTO CBOMCTBO He/b3s
N3MEHATb, NMOCKO/IbKY OHO UCMO/b3YeTca ANA ONTUMU3aUnmn BHYTPU
three.js.

.morphAttributes

Xeww-kapTa BufferAttribute'o, cogepxauias ceBefeHns o
morphTargets (Lensax MopdumHra) reomeTpuun.

. hame

Heob6a3aTenbHoe (40NONHUTE/NBHOE) MMSA ANA AaHHOIo 3K3emmnasapa
bufferGeometry. 3Ha4eHMEM NO YMONYAHUIO ABNASIETCS NycTas
CTpoKa.

- VHUBepcabHbli VHUKaNbHLIA noeHTuomkaTtop')" onmouseout="hide()">.

- YHUBEPCa/IbHbI YHUKa/IbHbIA naeHTudumkarop')"
onmouseout="hide()">UUID gaHHoOro aksemnnapa obbekra. OH
npuceamBaeTCcs aBTOMaTUYECKN U HE LO/HKEH N3MEHATLCA.



https://ru.wikipedia.org/wiki/UUID

MeToabl

B f,aHHOM Knacce BO3MOXHO npumMeHeHne MeToaoB EventDispatcher.

.addAttribute( name,

attribute - aTpubyTt')" onmouseout="hide()">attribute )
MeTog Ao6GaBnsAeT aTpnbyT B 3a4aHHYH0 reomeTputo. icnonb3oBaHne
3TOrNo MeToda sydiwie nMcnosib3oBaHUA CBOVICTBa anI/I6yTOB, TaK KakK
[N YCKOpeHNs nepebopa nogaepXxuBaeTcsa BHyTPEHHWIA MaccuB

aTpuoyToB.

.addGroup( start, count, materialIndex )

[lo6aBnsieT rpynny B 3aAaHHy0 reOMeTPUIO; MOAPOOHOCTN CMOTPUTE B
CBOWCTBE groups.

.applyMatrix(

matrix - matpuua')" onmouseout="hide()">matrix )
[Mepepnaet npeobpasoBaHe MaTpuLbl HEMOCPEACTBEHHO B
KoopauHartbl BepLlunH. Bakes matrix transform directly into vertex
coordinates.

.center( )
LI,eHTpl/lpyeT reomMmeTpuno ncxogd mn3 OrpaHMHMTeﬂbHOM paMKun.

clone - KknoH, ABOWHWMK, aHanor')" onmouseout="hide()">.clone()

Co3pnaeT KNoH AaHHoi BufferGeometry.

copy - konusa, konupoBaTb')" onmouseout="hide()">.copy( bufferGeom

Konupyet apyryto BufferGeometry B gaHHyto BufferGeometry.

.clearGroups( )
Ypansaet Bce rpynnbl.

. computeBoundingBox( )




BbluMcnseT orpaHNUNTENIbHYIO paMKy reoMeTpum 1 06HOBNSAET
aTpnoyT .boundingBox.

OrpaHnumnTe/ibHbIE PaMKM HE PacCUMTbIBAOTCA NO yMoNYaHuo. OHK
[0/DKHbI ObITb BbIYUC/IEHbI ABHO, B MPOTMBHOM C/ly4ae OHW paBHbI
null.

- BbIYUCAUTL OCpaHuuunTenbHyw coepy')" onmouseout="hide()">.compute
BblunMcnseT orpaHNunTeNnbHY0 chepy reoMeTpum n 06HOBNSAET
aTpnoéyT .boundingSphere.

OrpaHnumnTesbHble cdoepbl HE paccUnTbIBAOTCA N0 yMONYaHuo. OHK
OOJDKHbI ObITb BbIYNCNEHbI ABHO, B NPOTUBHOM CJly4a€e OHWN pPaBHbI
null.

- BblYMCAUTbL HopManu BepuwuH')" onmouseout="hide()">.computeVertexN

BbluMcnsieT HopMasiv BEPLUUH NyTeM ycpeaHeHUs Hopmaseli rpaHei.

.dispose()
BbIBO,CI,I/IT OOBEKT U3 NaMATU.
10T METO/, BbI3bIBAE€TCA KOrga BO BPeEMAA pa60TbI NPUNOXEHNA HYXHO
yaannTb onpeaeneHnyto bufferGeometry.

oT aHrn. cnoB from direct geometry - mn3 npsamon reomeTtpum')" onmou
3anonHsaeT atoT BufferGeometry AaHHbIMU N3 0ObEKTA
DirectGeometry.
ﬂpmmeanme: DirectGeometry NCroJsib3yeTcqd s OCHOBHOM B
KayecTBe nocpefHuka oA KOHBEPTUPOBaHUA Mexay Geometry n
BufferGeometry.

OoT _aHrn. cnos from geometry - 3 reometpunm')" onmouseout="hide()"

3anonHsaeT a1oT BufferGeometry AaHHbIMU N3 0O6beKTa Geometry.

OT _aHrn. cnoB get attribute - noayuutb atpmbyTt')" onmouseout="hid




Bo3BpalllaeT aTpubyT C yKazaHHbIM UMEHEM.

OT _aHrn. cnoB get index - nmonyuutb uHaekc')" onmouseout="hide()">

Bo3BpawjaeT . index - HAeKc bydoepa.

OT aHrn. cnoB look at - cmoTpeTb Ha')" onmouseout="hide()">.lookA

vector - Aworld vector to look at.
MoBopaynBaeT reoOMeTputo K INLLEBOI TOUKE B MPOCTPaHCTBE.
O6bIYHO BbINOHAETCSA Kak 0f4HOpa3oBas onepauus, U He B npolecce
unkna. icnone3yiite metopg, Rotates the geometry to face point in
space. This is typically done as a one time operation, and not during a
loop Use Object3D.lookAt for typical real-time mesh usage.

merge( bufferGeometry, offset )

O6begmHeHne ¢ apyron BufferGeometry ¢ gononHuTenbHbIM
CMeLLeHneM, OT KOTOPOro Ha4YMHaEeTCsa C/nsHue.

.normalizeNormals( )
Kaxxablil BEKTOP HOpMaUsi reOMeTPUYEeCcKoro afieMmeHTa oyaet MeTb

€QUHNYHYIO BE/TIMUYMHY. DTO UCNPABUT OCBELLEHNE TEOMETPUYECKMX
NMOBEPXHOCTEN.

OT _aHrn. cnoB remove attribute - ypanutb aTtpubyTt')" onmouseout="h

Ynansiet atpubyT C YKa3aHHbIM UMEHEM.

rotate X - noBopoT (no ocu) X')" onmouseout="hide()">rotateX( rad

[MoBOPOT reoMeTpun BOKpYr ocn X. OBbIYHO BbIMOMHAETCA Kak
ofHOpa3oBas onepayus, U He B npoLiecce Lukna.

[ns 06bIYHOro NoBOpOTa CeTkn (mesh) B peasibHOM BpeMeHHN
MCNosib3yiiTe CBOMCTBO Object3D.rotation.

rotate Y - noBopoT (no ocu) Y')" onmouseout="hide()">rotateY( rad




[MoBOPOT reoMeTpun BOKpPYr ocu Y. OBbIYHO BbIMOMHAETCA Kak
ofHOpa3oBas onepauus, U He B npoLecce Lukna.

[ns 06bIYHOro NoBOpOTa CeTkn (mesh) B peasibHOM BpeMeHHN
MCNosib3yiTe CBOMCTBO Object3D.rotation.

rotate Z - noBopoT (no ocu) Z')" onmouseout="hide()">rotateZ( rad

[MOBOPOT reoMeTpun BOKpYr ocu Z. OBbIYHO BbIMOMHAETCA Kak
oL HOpa3oBas onepayus, U He B npoLiecce Lukna.

[ns 06bIYHOro NoBOpoTa CeTkn (mesh) B peasibHOM BpeMeHHU
MCNosib3yiTe CBOMCTBO Object3D.rotation.

scale - macwta6')" onmouseout="hide()">scale( X, ¥, Z )

MacLitabupyet gaHHble reomeTpun. O6bIYHO BbINOMHAETCS Kak
ofHOpa3oBasa onepayus, U He B npoLiecce Lukna.

[ns 06bIYHOro MacwTabnpoBaHus ceTkn (mesh) B peasisHOM
BPeMeHU 1CNosb3yiiTe CBOMCTBO Object3D.scale.

.setIndex(
index - uHgekc')" onmouseout="hide()">index )

YctaHaBvMBaeT . index - MHAEKC Bydepa.

.setDrawRange( start, count )

YctaHaBnnBaeT 3HaYeHne cBoicTea bygepa . drawRange.
MoapobHee cMoOTpUTE B ONMCaHUM 3TOIO0 CBOMCTBA.

set from object - ycTaHOBUTb M3 06bekTa')" onmouseout="hide()">.s

YctaHaBnmBaeT aTpuoyThl n3 Object3D ans gaHHoi BufferGeometry.

set from points - ycTaHoBUTbL M3 To4deK')" onmouseout="hide()">.set

YcTtaHaBnnBaet anI/I6yTbI ,anH0|7| BufferGeometry n3 maccmsa
TOYEK.




Notation, — TO ecTb, B TEKCTOBbIN popmMaT OnucaHus
06beKkTa, OCHOBaHHbI Ha JavaScript')" onmouseout="hide()">.toJSON(

Bo3BpaljaeT HeobpaboTaHHOe npeacTaB/ieHne obbekTa
BufferGeometry.

to non indexed - B HeumHaekcupoBaHHoM (Buge)')" onmouseout="hide()

BosBpallaeT HeMHAEKCUPOBAHHYO BEPCUIO MHAEKCUPOBAHHOW
BufferGeometry.

translate - nepeBoa, nepeHoc, nepemeueHue')" onmouseout="hide()">

MepeBog (cmeweHne) koopamHat reomeTpun. O6bIYHO BbINOHAETCS
Kak ofHOopa3oBas onepauns, n He B npouecce LumKna.

[ns 06bIYHOro nepesoga KoopanHart cetku (mesh) B peasibHOM
BpeEMeEHM Ucnonb3yinTe ceoiicTBO Object3D.position.

update from object - o6HOBUTbL M3 06bekTa')" onmouseout="hide()">.
O6HoBNsIET AN gaHHoM BufferGeometry atpnoyTbl 3 Object3D.

icxogHnKm
BufferGeometry.js Ha github.com

Clock

O6beKT ONna oTCnexmBaHnd BpeEMEHN. OH ncnonb3yet MeToA
performance.now(), €c/u Takasd BO3MOXHOCTb UMEETCSA, B NPOTUBHOM

C/lydae OH obpallaeTcs K MeHee TOYHOMY MeToAy Date.now(). BoT
onncaHue metonoB performance.now() U Date.now() Ha PyCCKOM
A3bIKe.

KoHCTpYyKTOp

Clock( autoStart )


https://github.com/mrdoob/three.js/blob/master/src/core/BufferGeometry.js
https://developer.mozilla.org/en-US/docs/Web/API/Performance/now
https://developer.mozilla.org/en/docs/Web/JavaScript/Reference/Global_Objects/Date/now
https://developer.mozilla.org/ru/docs/Web/API/Performance/now
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/Global_Objects/Date/now

autoStart — onpepnenser, 6y,qu M OTCHET BPEMEHN 3alyCKaTbCA
aBTOMaTn4yecku, (,CI,OI'IOI'IHI/ITG]'IbeIVI, Heob6s3aTe/bHbll aprMeHT).
3HavyeHnem no YMO/THaHUIO ABNAETCA true.

CsoiicTBa

autoStart

Ecnn 3HayeHune cBoicTBa YCTaHOB/IEHO KaK true, Npn NepBoOM
Bbl30BE€ OOHOB/1IEHMS aBTOMATUYECKU 3arnyCcKaeTcAd OTCHET BPpEMEHN.
3HavyeHnem no YMO/T4aHUIO ABNAETCA true.

.startTime

34echb XpaHUTCA BpemMsa nocniegHero BbisoBa mMetofa start. Ecnn
OTCHET BpeMEHU 3anyuieH, To0 B 3TOM CBOICTBE XPaHUTCA BpeEMA
Ha4dasla OTCYETa.

.0ldTime

DTO CBOWCTBO XpaHUT BPEMS NOC/NeQHEro Bbi30Ba METOAOB start,
getElapsedTime nnm getDelta.

.elapsedTime

CBOWCTBO OTC/NEXNBAET MOMHOE BpeMs paboTbl HacoB (OTCYET BCEro
BPEMEHMN).

.running
,ﬂ,aHHOG CBOICTBO oTCnexnBaeT, 3anyweHbl YaCbl /1IN HET.

MeToabl

.start()

3anyckaeT oTcyeT BpeMeHU. Takke ycTaHaB/MBaeT 3HAYEHWS
CBOWCTB startTime 1 0ldTime B TEKyLLEee BpeEMS, 0OHYNAET
3HauyeHune cBoicTBa elapsedTime N yCTaHaBMMBAET 3HAYEHME
CBOWCTBA running Kak true.




.stop()

OcTaHaBNMBaeT OTCYET BPEMEHM U yCTaHAB/MBAET 3HAYEHNE
CBOICTBa 0ldTime Ha TeKyLlee Bpemsi.

.getElapsedTime()

MeTopa, nosyyaeT cekyH/ibl, NpoLueaLlve nocse 3anycka otcueta
BPEMEHM 1 yCTaHaBNMBAET 3HAUYEHNe CBONCTBA oldTime Ha Tekyllee
BPEMSI.

Ecnv oTcUeT BPEMEHU He 3anylLleH, a 3HaueHne cBolicTeBa autoStart
YCTAHOB/IEHO KaK true, Takke 3arnyckaeT OTCYET BPEMEHMW.

-getDelta()

MeToa nonyyaeT cekyHApbl, NpoLLeALLne nocse YyCTaHOBKN 3HaYeHs!
CBOICTBa 0ldTime M ycTaHaBNMBAET 3HaYeHMe oldTime Ha Tekyllee
BPEMSI.

Ecnu oTcuyeT BpeMeHM He 3anyLleH, a 3HayeHne cBolicTBa autoStart
YCTAHOB/IEHO KaK true, TaKXe 3anyckaeT OTCUYET BPEMEHW.

icxogHnKm
Clock.js Ha github.com

DirectGeometry

,EI,aHHb||7| Knacc ncnosb3yeTcs BHYTPU three. js A1 KOHBEPTMPOBaHUA
n3 Geometry B BufferGeometry.

KoHCTpYyKTOp
DirectGeometry()

Cos3paeT HOBYIO DirectGeometry.

CsolicTBa

.id


https://github.com/mrdoob/three.js/blob/master/src/core/Clock.js

YHUKa/IbHOE UnC/Io A1s1 JaHHOTo 3K3eMnasipa DirectGeometry.

. hame

JononHntenbHoe, HeobA3aTelbHoe UMSA. 3HaYEHNEM MO YMOJTHaHM o
ABNAETCA NnycTas CTpoka.

. type
CTpoka 'DirectGeometry’.

.indices

NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().

.vertices

HuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().

B JaHHOW ee TOoYyKe - npaMas, npoxoasuas yepe3 3Ty TOYKY M NepneHau
KacaTe/bHOW npsaAMon (KacaTenbHOW MAOCKOCTWU) B 3TOW TOYKE KPUBOW (N
Nnockasa rnagkas kpuBas UMEET B Kax/[oW TOYKEe eAMHCTBEHHYI HOopMalb,
PACNONOXEHHYI0 B MJOCKOCTU KpuBoii."')" onmouseout="hide()">.normals

NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCH METOA0M
fromGeometry( ).

.colors

NHuumanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry( ).

OyKBa S 03HayaeT, 4YTO KOoopAMHaTbl BO MHOXecTBeHHOM 4ucae')" onmous

NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCH METOA0M
fromGeometry().

MpumeyaHne nepeBoguuKa: UV 370 TEKCTYPHbIE KOOPAMHATBLI, COOTBETCTBYHOLLIE
KoopAuHaTtam Ha NoBepPXHOCTU TPEXMepPHOro oobekTta (X, Y, Z). bykBbl «U», «V»
0603HavaloT OCK ABYMEPHOI TEKCTYPbI, MOTOMY UTO «X», «Y» U «Z» YK€ UCNOMb3YHTCA AN
0603Ha4veHnst oceil 3D-06bEKTa B NPOCTPaHCTBE Moaenn. 3HavyeHmst U n V 06bIYHO
n3meHsaTca ot 0 go 1.



https://ru.wikipedia.org/wiki/UV-%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

OyKBa S 03HayaeT, 4YTO KOoopAMHaTbl BO MHOXeCcTBeHHOM 4ucae')" onmous

NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().

.groups
NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().

- uenn mopéuHra (TpaHchopmaumm)')" onmouseout="hide()">.morphTarg

NHuumanmampyeTcs Kak nycToi MaccuB, 3ano/IHAETCH METOAO0M
fromGeometry().

MpumeyaHune nepeBogUnKa: MOPAVHL (aHr/1. morphing, TpaHchopmalmsa) — TEXHOOrs
B KOMMbKOTEPHON aHMMaLUnn, BU3yasbHblii 9hhekT, co3gatoLlmii BnevaTieHne nnaBHom
TpaHcopmaumm ogHOro 06bLEKTa B Apyroii. Lienn mopdomHra - 3To Habop
nocneaoBaTesibHbIX UBMEHEHNIN 00beKTa. VICXOAHbI 00BEKT, 3a4acTyo Ha3blBaeTCS
3aTpaBoyHbIM (seed object).

.SskinWeights

NHuumnanmanpyeTcs Kak nycToil MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().
MpumeyaHune nepeBogUNKA: MOPAIVHT.

.skinIndices

NHuumnanmanpyeTcs Kak nycToi MaccuB, 3ano/IHAETCSH METOA0M
fromGeometry().

OT_aHrn. cnoB bounding box
- _orpaHunumTenbHas pamka')" onmouseout="hide()">.boundingBox

OrpaHununTenbHas pamka s bufferGeometry, KOTOPYH MOXHO
paccumTaTtb C NOMOLLbI0 MeToAa computeBoundingBox. 3HAYEHNEM
No YMO/TYaHUIO ABNAETCA null.

OT_aHrn. cnoB bounding sphere



https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D1%84%D0%B8%D0%BD%D0%B3

- _orpaHunymTtenbHasa cdepa')" onmouseout="hide()">.boundingSphere
OrpaHununTenbHas cdpepa an1a bufferGeometry, KOTOPYH MOXHO
paccumTaTtb C NOMOLLbLIO MeTOoAa computeBoundingSphere.
3Ha4yeHneM Mno ymosiHaHuio aBnaetcsa null.

- BEpWWUHbl, KOTOpble HYXHO 006HOBUTL')" onmouseout="hide()">.vertice

3HavyeHnem no yMO4aHuio ABnseTca false.

- HOpMa/iM, KOTOpble HYXHO 06HOBUTL')" onmouseout="hide()">.normals

3HavyeHnem no yMO4YaHuio ABNnseTca false.

- _uBeTa, KOTOpble HYXHO 06HOBUTL')" onmouseout="hide()">.colorsNee

3HavyeHnem no yMO4YaHuio ABNseTca false.

- TEKCTVYpPHble KOOpAMHATbl, KOTOPbIE HYXHO 006HOBUTL')'" onmouseout="hi

3HavyeHnem no yMO4aHuio ABNnseTca false.

- _Cpynnbl, KOTOPble HYXHO 06HOBUTL')" onmouseout="hide()">.groupsNe

3HavyeHnem no yMO4aHuio ABNnseTca false.

MeToabl
B AaHHOM Knacce BO3MOXHO NpuUMeHeHne MeToaoB EventDispatcher.

- _BbluMcAeHne orpaHuymBawwer pamkm')" onmouseout="hide()">.compute

CmoTpuTe Geometry.computeBoundingBox.

- BbldUCAeHMEe orpaHuymBawlenn coepsl' )" onmouseout="hide()">.compute

CmoTpuTe Geometry.computeBoundingSphere.




.computeGroups( geometry )

Bbluncnaer yactn reoMeTpun ¢ pasHbiMy materialIndex. CMOTpUTE
BufferGeometry.qroups.

.dispose( )
Y,Cl,aJ'IFleT 06BbEKT U3 NnamsaTn. ITOT MeTO/[ BbIi3bIBA€TCA, €CJ/I1 BO BpEMA
pabOoTbl MPUNOXEHUA HYXHO yaanuTb directGeometry.

. fromGeometry( geometry )
[Mepexop Ha ak3emnnap Geometry A5 KOHBEPTUPOBaHUS.

icxogHnKm
DirectGeometry.js Ha github.com

EventDispatcher

CobbITna JavaScript o5 HacTpanBaeMbIX O0ObEKTOB.
EventDispatcher Ha [nTxabe.

Mpumep
// Adding events to a custom object
// [obaBnfeMm co6bITUA B MOMb30BATE/IbCKUIA 00BLEKT
var Car = function () {
this.start = function () {
this.dispatchEvent( { type: 'start',6 message: 'vroom vroom!
Iy
Iy

// Mixin the EventDispatcher.prototype with the custom object proto
// 06beguHaem EventDispatcher.prototype ¢ nNpoTOTMNOM MNOMb30BaTeENbCK
Object.assign( Car.prototype, EventDispatcher.prototype );

// Using events with the custom object

// Wcnonb3oBaHWe CcOoObITUI C MNOMb30BaTe/IbCKUM OObEKTOM

var car = new Car();

car.addEventListener( 'start', function ( event ) {
alert( event.message );


https://github.com/mrdoob/three.js/blob/master/src/core/DirectGeometry.js
https://github.com/mrdoob/eventdispatcher.js

)

car.start();

KOHCTpYKTOP
EventDispatcher()

Co3naet 06beKT EventDispatcher.

MeToabl

- [006aBUTb MnpueMHUK codbbiTun' )" onmouseout="hide()">.addEventListe

type - TMN NPUHMMAEMOTO COBbITHS.
listener - OyHKUMS, Bbi3blBAEMAs NMPU 3arnycke coObITUS.
[l06aBNSIET NPUEMHIK K TUMY COOLITUS.

- _uMeeTcsa npueMHuK cobbituin')" onmouseout="hide()'">hasEventListene

type - TMN NPUHMMAEMOTO COBbITHSI.
listener - OyHKUMS, Bbi3blBAEMAS MPU 3amnycke coObITUS.
MpoBepsieT, 4o6aBNEH N NPUEMHUK K TUMY COObITUS.

- VAaAUTb NpUeMHUK cobbiTuii' )" onmouseout="hide()">removeEventlList

type - TUN NPUEMHUKA yaaISeMOro CobbITUS.
listener - QYHKUNS yAansiemMoro npuemMHuka.
YaanseTt NpueMHMK ¢ TUNOM COGbITUS.

dispatchEvent( event )

event - 3anyckaemMmoe cobbiTue.
3anyckaeT T1n cobbITuA.

icxogHnKm
EventDispatcher.js Ha github.com



https://github.com/mrdoob/three.js/blob/master/src/core/EventDispatcher.js

Face3

TpeyronbHas rpaHb, Ucnonb3yemMas B Geometry. MpaHu co3aatoTcs
aBTOMaTUYeCKN 151 BCEX CTAaHAAPTHbIX TUMNOB rEOMETPUM, OfIHAKO, eC/
CTPOUTCS HecTaHAapTHas reoMeTpusi, UX NPUAETCS CO3/laBaTb BPYUHYHO.

Mpumep

var material = new THREE.MeshStandardMaterial( { color : 0x00cc00 }

// create a triangular geometry

// co3pagnum reoMeTpul TpeyrosbHuKa

var geometry = new THREE.Geometry();
geometry.vertices.push( new THREE.Vector3( -50, -50, 0 ) );
geometry.vertices.push( new THREE.Vector3( 50, -50, 0 ) );
geometry.vertices.push( new THREE.Vector3( 50, 50, 0 ) );

// create a new face using vertices 0, 1, 2

// co3paeM HOBYW rpaHb, WUCNOAb3YySA BepwuHol 0, 1, 2

var normal = new THREE.Vector3( 0, 1, 0 ); // optional (HeobGs3aTenb
var color = new THREE.Color( Oxffaa®® ); // optional (Heob6s3aTenbHO
var materialIndex = 0; // optional (Heob6s3aTenbHO)

var face = new THREE.Face3( 0, 1, 2, normal, color, materialIndex )

// add the face to the geometry's faces array
// pobaBnisiem rpaHb K MacCuBy rpaHeil reomeTpuu
geometry.faces.push( face );

// the face normals and vertex normals can be calculated automatica
// ecnu Bbllle He npefocTaB/IeHO, TO HOpPMa/n rpaHei U BepuwmH MOryT BblY
geometry.computeFaceNormals();

geometry.computeVertexNormals();

scene.add( new THREE.Mesh( geometry, material ) );

[pyrvne npumepsi:
ubigquity / test
svg / sandbox
webGL / exporter / obj
WebGL / shaders / vector



https://threejs.org/examples/#misc_ubiquity_test
https://threejs.org/examples/#svg_sandbox
https://threejs.org/examples/#webgl_exporter_obj
https://threejs.org/examples/#webgl_shaders_vector

KoHCTpYyKTOp

Face3(

- _SAYeNKn CeTKM-apmaTypbl, U3 KOTOPOIW COCTOAT BCE rpaHW FeoMeTpuUYecKo
- _SAYelKkn CeTKM-apmaTypbl, U3 KOTOPOW COCTOAT BCE rpaHuW FEeoMeTpuUYecKo
- _SAYeNKkn CeTKM-apmaTypbl, U3 KOTOPOIK COCTOAT BCE rpaHuW FeoMeTpuUYeckKo
normal - Hopmanb')" onmouseout="hide()">normal, color, materiallnde

a — WHAEKC BepLlmHbI A.

b — MHAEKC BepLwuHbI B.

C — VHAEKC BepwuHbI C.

normal — HOpPMaJib FPaHN NN MaccuB HOpMasiell BEPLLVH.

color — UBET rpaHN UNM MaccuB LBETOB BEPLUVH.

materialIndex — 3TO MHAEKC MacCMBa MaTepuasioB, CBA3aHHOIO C
[laHHOI rpaHbto (A0MOSTHUTENbHbIN, HEe06A3aTe IbHbIA apryMeHT).

CsoiicTBa

- _AYelKN CeTKM-apMaTypbl, U3 KOTOPOAN COCTOAT BCE rpaHuW reomMerpuyec
Haekc BepLunHbl A.

- _AYelrKN CeTKM-apMaTypbl, U3 KOTOPON COCTOAT BCE rpaHW reomMerpuyec
Haekc BepLunHbl B.

- A4YEenKN ceTKU-apmaTypbl, U3 KOTOPOIW COCTOAT BCE rpaHW reomeTpuyec
NHpaekc BeplnHbl C.

normal - Hopmanb')" onmouseout="hide()">.normal

Hopmasib rpaHm - BEKTOp, NpeacTaBnaowmii HanpasieHne aHHOM
rpaHn (Face3d). Mpu aBTOMATMY4ECKOM BblYMCIEHUN (MCNONb3YETCA
MeTo[ Geometry.computeFaceNormals), 3TO 6yaeT
HOpMa/In30BaHHOE BEKTOPHOE Mpou3BeeHne ABYyX CTOPOH
TpeyrosibHMKa. 3Ha4eHneM Mo yMosi4aHuio aensetcsa (0, 0, 0).



https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5

color - uet')" onmouseout="hide()">.color

LIBET rpaHu - npy aToOM A0/HKHO NCNO/b30BaThLCS CBOICTBO
MaTtepuasia vertexColors, ycTaHOB/NEHHOE Kak THREE . FaceColors.

.vertexNormals

MaccuB 13 3 Hopmasiell BEPLUVH.

.vertexColors
MaccuB 13 3 LBETOB BEPLUUH - NPU 3TOM A0JIXKHO UCNO/1b30BaThCS
CBOIACTBO Matepunaia vertexColors, YCTaHOBJ/1IEHHOE KakK
THREE .VertexColors.

.materialIndex

Hpekc maTepuana (FIOKaBbIBaET NHOEKC B MaCCBE MaTepnasios,
CBA3aHHOM C FpaHblO). 3Ha4vyeHne No ymMmosiyaHuKo paBHO 0.

MeToabl

clone - knoHupoBaTb')" onmouseout="hide()">.clone( )

Co3pnaeT HOBbIM KNOH 06bekTa Face3.

copy - konupoBaTtb')" onmouseout="hide()">.copy( face3 )

KonupyeT B 3Ty TPeYyrofibHyto rpaHb NapameTpbl APYroi TpeyrosibHOoM
rpaHn (nepefaHHoin B aprymeHTe face3s).

icxogHnKm

Face3.js Ha github.com

Geometry


https://github.com/mrdoob/three.js/blob/master/src/core/Face3.js

OCHOBHOW Knacc g/1s Bcex reometpuii (Ho He ans BufferGeometries).
Takxe ero MoXHO UCnosib30BaTb HaNPAMY 4J/19 NOCTPOEeHUS
COOCTBEHHbIX U HECTaHAAPTHbIX FTEOMETPUIA.

C Geometry pabortaThb fierye, yem ¢ BufferGeometries, Tak kak OHa
XPaHUT aTpubyThbl, TakMe Kak BEPLUUHbI, FpaHu, LBeTa 1 ToMy nogobHoe
HenocpeACcTBEHHO y cebs (a He B Bychepax), XOTA OHa, Kak npasuino,
paboTaeT MmenJ/IeHHEN.

Mpumep
var geometry = new THREE.Geometry();

geometry.vertices.push(
new THREE.Vector3( -10, 10,
new THREE.Vector3( -10, -10,
new THREE.Vector3( 10, -10,

[cNoNO)
N N N

)
geometry.faces.push( new THREE.Face3( 0, 1, 2 ) );

geometry.computeBoundingSphere();

[pyrue npumepsl:

WebGL / geometry / minecraft,

WebGL / geometry / minecraft / ao,

WebGL / geometry / nurbs,

WebGL / geometry / spline / editor,

WebGL / interactive / cubes / gpu,

WebGL / interactive / lines,

WebGL / interactive / raycasting / points,
WebGL / interactive / voxelpainter,

WebGL / morphNormals.

KOHCTpYKTOP

Geometry()
KOHCTPYKTOp HE NPUHUMAET apryMeHTOB.

CsoiicTBa

.boundingBox
OrpaquMTeanaﬂ pamMKa A Geometry, KOTOPYKO MOXHO BbIHNC/TIUTb



https://threejs.org/examples/#webgl_geometry_minecraft
https://threejs.org/examples/#webgl_geometry_minecraft_ao
https://threejs.org/examples/#webgl_geometry_nurbs
https://threejs.org/examples/#webgl_geometry_spline_editor
https://threejs.org/examples/#webgl_interactive_cubes_gpu
https://threejs.org/examples/#webgl_interactive_lines
https://threejs.org/examples/#webgl_interactive_raycasting_points
https://threejs.org/examples/#webgl_interactive_voxelpainter
https://threejs.org/examples/#webgl_morphnormals

MeTo40oM computeBoundingBox. 3Ha4YEHUEM MO YMOYaHUIO
ABNAeTcs null.

.boundingSphere
OrpaHununTenbHas cpepa a1 Geometry, KOTOPYH MOXHO BbIYUC/IUTb
MeToAoM computeBoundingSphere. 3Ha4YeHUEM MO YMOYaHUIO
aBnseTca null.

.colors
Maccus 3Hal-IeHI/II7I UBETA BEPLUNH, B COOTBETCTBN C NUX YACJIOM U
NnopsaaKOM.

DTO CBOWCTBO MCMNO/b3YETCA TOYKAMU N IMHUEN, a TakKe NHObIMK
Knaccamu, NPOn3BOAHLIMKU OT UX, TakMe Kak LineSegments u
pasnnyHble BCcnomMoraTebHble 31eMeHTbl. CEeTKM B3aMeH 3TOro
cBoWcTBa ncnonb3yoTt Face3.vertexColors.

UT06bI 3aaTb 0GHOB/IEHME 3TOr0 MacCuBa, Hy>XXHO YCTaHOBUTb
cBoiicTBO Geometry.colorsNeedUpdate kak true.

.faces

MaccuB rpaHei.

MaccuB rpaHein onncbIBaeT, Kak ans qopMmnpoBaHns rpaHei
COeINHAETCA Kaxkaasi BeplunHa moaenn. Kpome Toro, B HEM
cofepXuTcst nHhopmaumsi 0 LBETE U HOpMasIAX FPaHen U BEPLLIVIH.
UT06bI 3aaTb 0GHOB/IEHME 3TOr0 MacCcuBa, Hy>XXHO YCTaHOBUTb
ceoiicTBo Geometry.elementsNeedUpdate kak true.

.faceVertexuvs

Array of face UV layers, used for mapping textures onto the geometry.
Each UV layer is an array of UVs matching the order and number of
vertices in faces.

UT06bI 3aaTb 0GHOB/IEHME 3TOr0 MacCuBa, Hy>XXHO YCTaHOBUTb
CBOWCTBO uvsNeedUpdate Kak true.

.id
YHUKanbHbIN HOMeEpP A1 AaHHOIo 3Kk3eMisidpa reoMmeTpumn.



.isGeometry

icnonb3yeTca A/1si NpoBEPKU, ABNAETCA NN AaHHbIN KNnacc 1 ero
NPON3BOAHbIE FEOMETPUAMMN. SHAYEHNEM MO YMOTYAHNIO ABNAETCH
true.

He n3meHsinTe 3To CBOMCTBO, Tak Kak OHO MCNOosb3yeTcs Ans
onTuMun3saunn BHyTpu three.js.

.lineDistances

MaccuB COAePXUT PacCTOAHNSA MeXay BeplvHaMn /s reomeTpuii
Line. OHWU HYXHbI AN NpaBU/IbHOWN BU3yanunsaunm LineSegments /
LineDashedMaterial. /InHeHble pacCTOAHUSA MOTYT ObITb
CreHepmpoBaHbl aBTOMATMYEeCKM METOA0M computelineDistances.

.morphTargets

MaccuB 13 uenein mopuHra. Kaxgasa uenb mopguHra aBnsercs
06bekTOM Javascript:
{ name: "targetName", vertices: [ new THREE.Vector3(), ... ] }

Morph vertices match number and order of primary vertices.

.morphNormals
MaccuB Hopmaneit MopcmHra. Hopmasiv mopgouHra UMeT CTPYKTYpY
NOA0GHYI0 LenamM MopdinHra, Kaxabli Habop HopMasien siBnsieTcs
06bekTOM Javascript:

morphNormal = { name: "NormalName", normals: [ new THREE.Vector3(

Cmotpute npumep WebGL / morphNormals.

. hame

M gaHHO reoMeTpun. 3HaYeHNEM Mo YMOIHaHUIO SIBMISIETCA nycTtas
cTpoka ().

.skinWeights
Mpu pabote ¢ SkinnedMesh, kaxaaa BepLUMHa MOXET UMeTb [0 4
KOCTeW, BMAoWmnX Ha Heé. CBOMCTBO skinWeights - 3TO MaccuB
3HaYeHN Beca, KOTOPbIN COOTBETCTBYET NOPSALAKY BEPLUNH AAHHOWA
reomeTpumn. Tak Hanpumep nepBbli skinweight 6yaeTt
COOTBETCTBOBATb MNEPBOI BEPLUMHE TEOMETPUYECKOIO 3/1IEMEHTA.



https://threejs.org/examples/#webgl_morphnormals

[MoCKO/bKY Kaxaas BepLlirHa MOXEeT OblTb M3MeHeHa 4 KOCTAMU, OJ15
npeacTaBneHnst Beca 060/104KM Kaxk 0 BePLUNHBI UCMO/b3YeTCs
YeTbIPEXMEPHbIA BEKTOP.

3HauvyeHnsa BekTopa 06bIYHO AO/MKHbLI ObITh B Anana3oHe Mexay 0 v 1.
Hanpumep npu ycTaHOBKe 3HA4YeHUA paBHbIM 0, Npeobpa3oBaHne
KOCTU He ByaeT MMeTb HMKakoro adhpekra. Ecniv yctaHOBUTL
3HayeHue paBHbIM 0.5, NpeobpasoBaHne dyaet UMeTb aIPGEKT B
50%. Npu yctaHoBKke 1, byaet BAnsHue Ha 100%. Ecnn cywecTByeT
TO/IbKO 0fHa KOCTb, CBSI3aHHasi C KOHKPETHOW BEPLUMHOM, HY>XXHO
N06GEeCnoKOUTLCA TO/IbKO O NEPBOM KOMMOHEHTE NpuAaHHOIo BEKTOPA,
OCTa/IbHblé MOXXHO NPOUTHOPUPOBATL N YCTAHOBUTL PaBHbIMA 0.

.skinIndices

To4yHO Takxe Kak y coiicTBa skinWeights, 3HaueHNs cBoicTa
skinindices cOOTBETCTBYHOT BepLUMHAM reOMEeTPUYECKOro asfieMeHTa.
Kaxgas BeplivHa MOXeET MMETb [10 YETbIPEX BEPLUNH, CBA3AHHbIX C
Heit. Mo3ToMy, ecnin NOCMOTPETL Ha NepByto BepLUnHY (vertex) n
nepBbIi nHAeKc 060104kKM (skinlndex), TO OHM pacCKaxyT O KOCTSX,
CBSI3aHHbIN C AAaHHOWN BEPLUMHOW. Hanpumep npeanonoxum, nepsas
BEpLUNHA MMeeT 3HayeHre ( 10.05, 30.10, 12.12 ), 3HAYEHUEM
NnepBoro NHAekca 060104k MOXET ObITb ( 10, 2, 0, 0 ), a
nepBbIi BEC 060/104KN MMEET 3HaveHne ( 0.8, 0.2, 0, 0 ).In
affect this would take the first vertex, and then the bone
mesh.bones[10] and apply it 80% of the way. Then it would take the
bone skeleton.bones[2] and apply it 20% of the way.
Mocneayowme aABa 3Ha4eHNA UMEOT BeC paBHbI 0, Tak YTO OHU He
OyayT OKasblBaTb HUKAKOIO BAIUSHUA.

Ko noo6HOro npuMepa MoXeT BbIIAAeTb Tak:

// e.g. (Hanpumep)
geometry.skinIndices[15]
geometry.skinwWeights[15]

new THREE.Vector4( o, 5,
new THREE.Vector4( 0.2, 0.5

// corresponds with the following vertex
// COOTBETCTBYeT crieaywlei BepunHe
geometry.vertices[15];

// these bones will be used like so:



// 3TN KocTm 6yayT MCNONb30BaTbCHA BOT Tak:
skeleton.bones[0]; // weight of 0.2 (Bec 0.2)
skeleton.bones[5]; // weight of 0.5 (Bec 0.5)
skeleton.bones[9]; // weight of 0.3 (Bec 0.3)
skeleton.bones[10]; // weight of O (Bec 0)

.uuid
UUID pgaHHOro ak3emnsispa oobekTta. Bot ctatba Bukuneaum o UUID
Ha pycckoM fA3blke. OH npuceanBaeTcAa aBTOMaTnyeckn N He A0JIKeH
pefakTnpoBaTbCA.

.vertices

MaccvB BEPLLVH.

MaccuB BEPLUNH COAEPXKUT MOJSTOXKEHME KaXA0M BEPLUNHBI
reomeTpuyeckoro anemeHTa. To signal an update in this array,
3HayeHue cBoicTBa verticesNeedUpdate AO/HKHO ObITh
YCTaHOB/IEHO KaK true.

.verticesNeedUpdate
3HaueHue cBoiicTBa YCTaHaB/INBaAETCA Kak true, ecainm maccumBs

BepLUMH 6bln1 06HOBNEH. Set to *true* if the vertices array has been
updated.

.elementsNeedUpdate
Set to *true* if the faces array has been updated.

.uvsNeedUpdate
3HauyeHune CBOWCTBa ycTaHaBIMBaETCS Kak true, ecnmn maccms UV

KoopauHar 6b1s1 06HOBMEH. Set to *true* if the uvs array has been
updated.

.normalsNeedUpdate
3HaueHue cBoiicTBa YCTaHaB/INBaAETCA Kak true, ecaim maccumB

Hopmasiein 6b1s1 06HOBNEH. Set to *true* if the normals array has been
updated.

.colorsNeedUpdate
Set to *true* if the colors array or a face3 color has been updated.



http://en.wikipedia.org/wiki/Universally_unique_identifier
https://ru.wikipedia.org/wiki/UUID

. groupsNeedUpdate
Set to *true* if a face3 materiallndex has been updated.

.lineDistancesNeedUpdate

3HauyeHune CBOCTBa ycTaHaB/IMBaETCS Kak true, ec/in MaccuB
linedistances 6bI1 06HOBEH. Set to *true* if the linedistances array
has been updated.

MeToabl
B AaHHOM Knacce BO3MOXHO NpuUMeHeHne MeToaoB EventDispatcher.

.applyMatrix(
matrix - matpuua')" onmouseout="hide()">matrix )

MeToa npeobpalyeT MaTpuLly HenocpeacTBEHHO B KOOPAMHATbI
BEPLLNH.

.center( )

MeTon LeHTPUPYEeT reoMeTpuyYecKnx a/ieMeHT OTHOCUTENbLHO
OFp&HI/IHI/ITG]'IbHOVI paMKun.

.clone( )

Co3paeT HOBbII koH G