MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

YIK61:371.322.7

MOAENI IHTEPAKTUBHOI BIPTYANbHOI PEANIBHOCTI B MEAMLWHI: MIgXia
HA OCHOBI JAVA3D - TEXHONOTII. YACTUHA 1

TepHorninbcbkuli  OepxkasHuli  MeOu4vHUl  yHieepcumem

B.M. MapueHtok , |.B5. MeneHuyk

imeHi 1.5. opbavyescbkoeo

melenchuk_i@mail.ru

Y cTaTTi AOCNiAXYTbCA 3ararnbHi TEOpPeTUYHI Nigxoan Komn'toTepHoi rpadikn. BBoanTbca NOHATTS rpady cueHu Ta horo
OCHOBHWX KOMMOHEHT. Moka3aHe npakTMyHe BMKOpUcTaHHA Gibniotekn Java3D Ha npuknagi po3po0bku nepernsgada .obj-

dannis aHaToMiYyHUX 306paxeHb.

KnroyoBi cnoBa: BipTyanbHa peanbHicTb, Java3D, komn'toTepHa rpadika.

MOOENN MHTEPAKTUBHON BUPTYANNIbHON PEANIbHOCTU B MEOULMHE:
noaxoan HA OCHOBE JAVA3D - TEXHOJIOMMU. YACTb 1

TepHoronbckuli  2ocydapcmeeHHbIl  MeOQUUUHCKUL  yHUsepcumem umeHu  M.A.

B.l. MapueHiok, U .B. MeneHuyk

lopbayesckozo

melenchuk_i@mail.ru

B ctaTtbe nccnepyoTcs obuinme TeopeTuyeckne noaxoabl KOMMNbIOTEPHOW rpadukn. BBoauTtcs noHstue rpada cueHbl u
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General theoretical approaches to computer graphics are investigated in the paper. The notion of scene graph and its
basic components is introduced. Practical application of Java3D library using example of development of obj-files viewerfor

anatomical images is shown.
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Beryn. Komn'torepHa rpadika BuBuae Teopito i Me-
TOJIMKU MOJICTIOBaHHS, 00poOKH 1 Bi3yanizalii rpagiy-
HUX 00'€KTiB B KOMI'toTepax. ['0JioBHA MeTa KOMIT't0-
TepHOI rpadiku - noOyayBaTH BipTyanbHUH CBIT rpadiu-
HUX 00'€KTIB 1 Bi3yasi3yBaTH CIeHY BipTyaJlbHOT MOJIEI]
Ha OCHOBI IEBHOTO CIOTJsAJaHHS HA rpadidYHOMY MPHU-
CTpOI, SIK T0OKA3aHO Ha PUCYHKY 1.
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Y po6oTrax [1-22] HaBeieHO TOJOBHI IPOTPaMHi 3aC0-
0w, sIKi BAKOPUCTOBYBAJIMCS B KOMI'FOTEpHIii rpadii -
cepen HUX Oynu sik HU3bKo- (OpenGL, DirectX), Tak i Bu-
coxopiBHeBi (VRML, 3D Studio Max). Java3D e uu He
MePUIMM HeKoMepLinHIUM Web-iHierpoBaHUM ITPOAYKTOM.

MeTo0 1aHOT cTAaTTI € JOCHIAUTH OCHOBHI TOHATTS
KoMI'toTepHOI rpadiku y IX 3aCTOCYBaHHI 10 BipTyalib-
HOT peasIbHOCTI, CTBOPIOBaHO1 Ha OcHOBI API-0i0mioTexu
Java 3D.

Mepawu4yHa iHdopmaTuka Ta iHxeHepisa, Ne 4, 2008


mailto:melenchuk_i@mail.ru
mailto:melenchuk_i@mail.ru
mailto:melenchuk_i@mail.ru

pAT

Mopaenb BIipTYATBHOIO
CBITY

Puc.

Bizyanizauis

>

MEOWYHA IH®POPMATUKA
TA IHXEHEPIA

3o00pa‘keHHs cueHm

1. ToyioBHi 3aBaaHHS KOMII'IOTepHOI rpadgiku: Moe I0BaHHS BipTyalb-

HOTo0 CBiTYy i Bi3yaui3anisi cuenm.

OcHoBHi noHATT 3-BUMipHOi rpadiku B 6i0Jio-
Temi Java 3D. I'padivna cucTeMa nepeBakxHO CKIIAIA€Th-
Cs13 IBOX TOJIOBHUX KOMITOHEHT: MOJICITBED Ta Bi3yali3a-
TOp. Moenbep BiAMOBIIa€ 3a MOOYI0BY MOJIEIIEH BIpTY-
AJILHOT'O CBITY, a Bi3yalli3aTop BUKOHYE BI3yaTi3allifo CIICHH.

[TeperaxxHo rpadivni 00'€KTH, MO MOACTIOIOTHCS,
3HaXOAAThCS y 2- a00 3-BuUMipHOMY ITpocTopi. Llei 3a-
TaJIbHUH MPOCTIp, IO MICTHTH yci rpadidni 00'eKTH, Ha-
3UBAETHCS CBITOBUM MPOCTOPOM. 3Bi3yali3oBaHa CIie-
Ha CBITOBOTO IIPOCTOPY - TOJIOBHUM pe3ynbTaT rpadid-
HOI CHCTEMH - [IEPEBAKHO 3HAXOIUTHCS y 2-BUMIpHOMY
Burisii. OTxKe, METOAMKH, 110 BXOJATH Y 2- Ta 3-BUMIpHI
rpadiku, 3HAYHO BIAPI3HAIOTHCA. OCKIUIBKY 3a/1a41 3-BHU-
MipHOT rpadiky 3HAYHO CKJIAIHIII, TO 2- 1 3-BHMIpHI Ipa-
(IKH 9acTO JOCIIKYIOThCS SIK OKpEMi MUTAHHS.

I'padiyni 06'€KTH, IO MOJETIOOTLCI Y CBITOBOMY
MPOCTOPI, TEPEBAKHO € TEOMETPHIHUMH CYTHOCTSIMH,
TAaKWUMH SIK JTiHi1 1 TOBEpPXHi, aJie BOHU TaK0K BKJIFOUAIOTh
1HIII1 CITeniaibHi 00'€KTH, TaKl K OCBITIEHHS, TEKCTH Ta
300paxeHHs. ['pagiuni 06'€KTH MOXKYTh MaTH OaraTo
XapaKTePUCTHK i BIACTUBOCTEH, TAKHX K KOJIIp, MPO-
30piCTh i TEKCTYpa.

J1st MOZiemoBaHHS TEOMETPHYHIX 00'€KTiB BUKOPH-
CTOBYIOTHCSI pI3HOMAaHITHI MATEeMaTHYHI IPEICTaBIJICH-
Hs. [IpsAMOITiHIfHI CETMEHTH Ta MPOCTI MHOTOKYTHHKHU
3a0€3MeYy0Th MPOCTI Ta KOMIIAKTHI MPEACTaBICHHS.
[ToTpiOHO 30epiraT JHIlIe BEPIIMHHA CTPYKTYP 1 1€ JIer-
KO pealizoByeThes. CKITagHImi IpeaCcTaBICHHS BKIIIO-
4aloTh CIUTAWHOBI KpUBi Ta MoBepXHi. 1{e Bumarae 30e-
PEKEeHHS ITOPiBHAHO HeOAraTh0X KOHTPOJIEHUX TOYOK.

I'eoMeTpuuHi mepeTBOPEHHST 3aCTOCOBYIOTHCS IO
00'€XTIB I TOTO, MO0 OTPUMATH BiIITOBITHE PO3Mi-
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nieHHs 00'€KTIB y BipTyalabHOMY IpocTopi. [lepeTBo-
PEHHS TaKOTO THITY HAa3MBAIOTHCS MepPeTBOPEHHSIMH
00'exTiB. [lepeTBOpEHHS TaK0XK BUKOPUCTOBYIOTHCSA
Ul croTNAnanas. BoHH BimoMi sSK mepeTBOpeHHs
cnorisiganb. KopucHUM CiMEHCTBOM reoMeTpHYHUX
MePETBOPEHB € ahiHHI MEPETBOPEHHS, SIKI BKITIOUAOTh
Hal3arajibHINI X BUIH, TaKi K IEpeHECeHHs, 00epTaH-
HsI, MaclITaOyBaHHA 1 Bia3epKaieHHs. biabI 3aranb-
HUi1 Ha0ip IepeTBOPEHB - MPOCKTHBHI IEPETBOPECHHS - €
KOPHUCHUMH TS 3-BUMIiPHUX CIIOTISIIAHb.

CrorysiianHst BHKOPUCTOBYETHCS IS TOTO, 00 T0-
0aYuTH MOJIEJIb Y BIpTYallbHOMY CBITI 3 IEBHOT epc-
nextuBH. [Iponec 2-BUMipHUX CIIOTIISAAHE € BITHOCHO
npocTuM. [lepeTBOpEHHS CIIOTIISAaHHS IEPEBAYKHO HE
BIIPI3HAETHCS BiJl IEPETBOPECHHS 00'€KTa. 3-BUMIipHE
cnorsgaHHsa 3HayHO cxiaayime. [ToaioHo 10 oueit abo
KaMep 3-BUMipHi CIIOTIIS IaHHS BKIIIOYAI0Th IIPOLIEC ITPO-
eKIIil, AKH BiToOpaxkae 3-BUMipHi 00'€KTH Ha 2-BUMIpHY
WIomMuHY. baraTo mapaMeTpiB, TAKHUX SK IPOEKIIis, TIO-
3HITISI CTIOTYISIAHHS, OPIEHTALIIS 1 TTOJIE 30PY MOXYTh BILIH-
BaTH Ha 3-BUMIpHY Bi3yaJli3allilo.

Jli1s TOTO, 1100 OTPUMATH PEaTiCTUYHY Bi3yali3allito
BIpTYaJIbHOTO CBITY TOTPiIOHO BUPIIIIMTH P 33124 Bi3y-
amizariii. [ToTpiGHO KOPEKTHO Bi0Opa3UTH BITHOCHE PO3-
MIIIIEHHS 00'€KTIB y Bi3yasli30BaHi 300pakeHHs. Hampuk-
naj, 00'€KT MOKe OyTH MPUXOBAHUH 32 THIIIAM 00'€KTOM.
[Ipu npoMy IpuXOBaHa YaCTHHA HE TOBHHHA OYTH ITOKa-
3aHa Ha 300pakeHHi. CITiJl pO3TIIAIaTH JPKeperia CBiTIa
3 pI3HUMHU XapaKTepUCcTUKaMu. Ha BUTIIAN BILTHBATH-
MYyTh BIACTUBOCTI MaTepialliB 00'€KTIB.

MOKITHBOCTI 1 XapaKTePUCTUKH allapaTHIX IPUCTPOiB
MarOTh BEJIMKUW BIUIMB Ha rpadivni cuctemu. Haitno-
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ITUPEHIITAMH TPUCTPOSIMH BHBOTY JUIS BITOOPasKEHHS
pe3ynbTaTiB rpadivyHoi Biyalti3allii € BiJICOMOHITOPH Ta
npuHTepH. [0 IHIMX MPUCTPOIB BUBOAY HAJIEKATH ILJIO-
Tepu Ta ronorpagiui npoextopu. [Inpoko po3moscro-
KCHUMH TIPUCTPOSIMH BBOIIY € MUIIKH, KOHCTUKHU Ta
Tab10 3 pyuykaMu. Takoxk iCHYIOTh OLTbII BUIITYKaHI MPH-
CTpOi BBOJY 1 CEHCOPH, TaKi K TPEKEPH 3 IICThMa CTy-
MEHSAMU CBOOOIH.

AHIMaIis € TAaK0K BYKIHBOIO YaCTHHOIO KOMIT'TOTEp-
HOT rpadiku. 3aMiCTh HETTOPYITHUX 300pakKeHb aHIMaIlis
Jla€e TUHAMIYHUH rpadigHuil KOHTEHT Ta Bidyaizaltito. Y
3aCTOCYBaHHSX, TAKUX K Bi3yai3ailis KIHOCIICH Ta irpHy,
aHiMaIlis BiJirpae BUpilIagbHy poJib. [HIIUM JHHAMIY-
HHM acCIleKTOM KOMIT'FOTEpHOI rpadiku € iHTepak-
THBHICTB. Y BIAMOBIIb HA BBOJM KOPUCTYBaya rpadiuHa
MOJIeJTh MOKE BIATIOBIHO 3MiHIOBaTHCS. DyHIaMeH-
tansaui npuaUn GUI (rpadivnoro inTepdeiicy kopuc-
TyBaua) IPYHTY€EThCS Ha B3a€EMOJIISIX KOPUCTYBaya 3 Tpa-
(IYHHIMHU CHCTEMAaMU.

Komm'torepHa rpadika Mae mimpoky 001acTh 3aCTO-
cyBanHs. [TomynspHicts cepenopun GUI 3po6wiia rpa-
¢iKy CKIIaT0BOIO YaCTHHOIO IIPOTPaM IJIsl 3BUUAHHUX KO-
puctyBauiB. CAD (au3aiid 3a JOITOMOTOI0 KOMIT'FOTEPIB)
Ta IHIII IHKEHEPHI IPUCTPOT 3aJIeXkKaTh BiJl TpadiuHuX CH-
cteM. Bisyaizaiiis JaHWX Ta iHIII HAYKOB1 3aCTOCYBaH-
HSI TAKOK IIHPOKO BUKOPUCTOBYIOTE Ipadiky. 3 po3BHT-
KOM HOBUX KOMTI'FOTepHUX MeToAuK, TakuX ik CT, PET
ta MRI, MennuHi cucteMu Bce OiJIbIIe 3aCTOCOBYIOTh
TEXHOJIOT11 KOMIT FOTEPHOT Ipadiky.

Tpamuiiitao koMI'toTepHa rpadika MoBUHHA Oy TH TO-
B's13aHa 3 ICTAJSIMU peani3alii - BAKOPUCTOBYIOUH aj-
TOPUTMH HU3BKOTO PiBHS JUIS1 KOHBEPTYBAHHSI IPUMITHBIB,
TaKUX K JIHIT y MKCET, 1T BU3HAYECHHSI [TOBEPXOHb, IPH-
XOBaHHX BiJl 30Dy, IJIs PO3paXyHKY 3HAYCHB KOJIIEOPY TO-
YOK Ha IMOBEepXHi Ta iH. He moTpiOHO CTBOPIOBATH HA3b-
KOpPIBHERI JieTa 6e3mocepeIHbo, OCKITEKH BOHH pealli-
30BaHi B makeTax Java 2D ta Java 3D.

CrpuiHSITTS QI3MIHOTO CBITY JIOAWHOIO € CTPOTO TPH-
BuMipHUM. OTHAK Bi3yallbHi 300paXeHHSI, IK1 MH OadHn-
MO o4MMa, € ABOBUMipHUMU. CrieniaibHAN THII Bi00-
PaKeHHS, TKAH Ha3UBAETHCS TIEPCIIEKTHBHUMH ITPOEKIIi-

AdXepeno CceEITNa
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SIMH, € MEXaHI3MOM, SKAH IEPEBOIUTH 3-BUMIpHI CIICHU
y 2-BuMipHi 300paxkeHHs. OCHOBHA MeTa 3-BUMIpHOIT
KOMIT'IOTepHOI rpadiku - MOIEIIOBATH LeH MpoIIeC y
KOMIT'TOTepax.

3-BUMipHa KOMIT'IOTepHa rpadika BHBUAE MOJICITIOBAH-
HS 1 Bi3yani3amito 3-BuMipHOTO CBITY. ['eomMeTpHuuHi
00'€KTH y 3-BHMIpHOMY HpPOCTOPI MOXYTh MaTH
po3mipHicTh 0 (TOuUkH), po3MipHicTh 1 (KpuBi),
po3MipHicTh 2 (mMoBepxHi) a00 po3MipHicTh 3 (TBepi
Tiza). O6' €KTH MOKYTh MaTH Pi3HI BUIU MaTepiaabHUX
BIIACTUBOCTEH. MOXYTH iCHYBaTH JKepelia CBiTIa
PI3HHX XapaKTEPUCTHK, IO OCBITIIOIOTH CIIEHY Y BipTy-
aTBbHOMY IIPOCTOpi. BipTyanbHi kamepH, 0 3HIMAIOTh
CIICHH BIpTYaJILHOTO CBITY, MOXYTbh OYTH pO3MIIllcHI B
PI3HUX MOJIOKEHHSAX Y IIPOCTOPI 1 MaTH Pi3Hi XapaKTepH-
CTHUKH. 3-BUMipHa KOMIT'IOTepHA IpadivyHa cucTemMa 1no-
TpeOye BUpIIIEHHs 0araThoX MpooJIeM MpeCTaBICHHS
rpadigyHuX 00'€KTIB 1 iX BIACTHBOCTEH, MOKPAIIICHHS T1e-
peTBOPEHB, OpraHizallii BCiX KOMIIOHESHT 1 Bi3yai3aIrii
CIICHH.

Java 3D - e 06'ekTHO-0opieHTOBaHa API s 3-Bu-
MipHOiKOMIT'toTepHO1 rpadiku. [ToBHa rpadiuHa Moieh
Java 3D-nporpamu opradizoBaHa B CTPYKTYPi, SKa Ha-
3uBa€eThes rpadom crienn. KoxkeH By30i1y rpadi clieHH €
00' EKTOM KITacy, 110 MpeCTaBIIsIe OJHY 3 0araThoX rpa-
¢iuHuX cyTHOCTEH. ['pad crieHu Hatae CHCTEeMaTU30Ba-
HY MOJIeJIb JUIsl MeXaHi3My Bidyanizaii Java 3D, mo6
AaBTOMAaTHYHO Bi3yali3yBaTH CIleHy, moOynoBaHy Java 3D-
POTPaMOIo.

Ipouec 3-BumipHoi Bisyamizanii. Bisyamizamis 3-
BHUMIpPHOT CIICHH JIJIS1 BUPOOJICHHS 300pakeHHS (TIepeBask-
HO 2-BUMIpHOT0) - CKIIaHUH miporiec. Ha Binmminy Bijg 2-
BHMIpHOI Ipadiku, Bi3yasrizoBaHe 300pakeHHs 3-BUMIp-
HOTO 00'€eKTa 3HAYHO BIAPI3HAETHCS Bia HOTO
OpHTIHAITBHOT 3-BUMIpHOI Bepcii. be3mocepeane Moaeto-
BaHHS 00'€KTa, CTUPAIOYUCh Ha HOTO Bi3yati3oBaHe 300-
pakeHHs, He BUAA€ThCS MOKIHBUM. OTXKe, 3-BUMipHA
rpadivHa cucTeMa He3MIHHO BKJIIOYA€E MMOOYI0BY BIpTY-
aJBHOTO CBITY, B IKOMY BH3HAYAIOThCS Pi3HI rpadivHi
00'exTH 1 ;kepena cBiTia. [IpocTa imoCcTpaIis TOHATH
3-BuMipHOi rpadiky MoKa3aHa Ha PUCYHKY 2.

4 CnocTepiray

Puc. 2. 3-pumipHa rpadiyna
MojeNb i CIOTJISIIaHHS.
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[Ipouec Bizyamizaiii cTaTnaHOT rpadivHOT CIICHH 110~
JIOHWUI 10 TOTO, SIK peabHa kamepa poouTh GoTo. Bipty-
aJbHUH CBIT BKJTFOYAE Bi3yalbHi 00'€KTH, IO BigOWBa-
I0Th CBITJIO Bijl pi3HUX JKepel ciTia. Kamepa po3mi-
IIY€ETHCS B IEBHIM TOYIII BIPTYaJIBHOTO CBITY 1 IPOCKTYE
BHIVMMI YaCTUHH BipTYaJIbHOTO CBITY B3IOBX IIEBHOTO
HaMpsAMKY Ha 2-BUMipHY TuTomuHy. ['padiyni 00'ekTH, TaK
€aMo 5K i CHOTJISIIaHHS, MOXKYTh OyTH THHAMIYHUMH.
OTxe, ClieHa 1 Bi3yani30BaHi 300paKeHHSI MOXYTh HeTle-
PEPBHO 3MIHIOBATHCS B Yaci. MOKyTh ICHYBaTH B3a€MOII1
MIX BIpTyaJIbHUM CBITOM 1 peaibHUM (Qi3UIHUM CBITOM.

Js Toro, o6 peainizyBatu a0 BHKOPHUCTATH TakKi 3-
BHUMIpPHI rpadigHi CHCTeMU, TOTPiOHO pO3IISHYTH Oara-
TO 33724, OB'I3aHUX 3 MOJICIIOBAHHSM BipTyalIbHOTO
CBITY 1 Bi3yaJTi3alli€ro CIICHH, HAIIPUKJIA;:

* ['eomeTpisi rpadiyHUX 00'€KTIB.

* Po3TalryBaHHs Ta MO3HIIIOHYBaHHS 00'€KTIB.

* ['eoMeTpHuUHI TEPETBOPEHHS, IO 3aCTOCOBYIOTHCS
110 00'€KTIB 1 CIIOTJISAIaHb.

* BiracTHBOCTI MaTepialiB i TEKCTypa 00'€KTIB.

* OCBITJICHHSI 1 HOT'O XapaKTePUCTHKH.

o Turnwu poeKIii B CIIOTIISI IaHHI.

* [TosmosxeHHS CTIONISIAHHSL, TIOJIE 30PY 1 1HIII BIACTHBOCTI.

* [;mromiHalisg i Moeni 3aTiHEHHS.

* JluHaMigHi MOBEIIHKH PI3HUX KOMITOHCHT.

* Peakiiii Ha BBOJIM KOPHCTYBaya.

I'eomeTpuuHi oricy rpadiqHuX 00' €KTIB € HalByHIa-
MEHTaJbHINIMMH acleKTaMHt MOOYA0BH BipTyaIbHOTO
CBITY B 3-BUMIpHil rpadiuniit cuctemi. OcHOBHI Oyi-
BeJbHI 0JI0KH JUTs 3-BUMIpHUX IpadiqHUX 00' €KTIB BKITIO-
4aloTh TOYKH, JIiHIT, MOBEPXHi 1 Tiya. [IpocTi MHOTOKYT-
HUKH BUKOPUCTOBYIOTHCS [Tl allpOKCHUMAITi] CKITaTHIX
00'exTiB. 3-BUMipHa TpadidHa cucTeMa IIepeBaskHO MPo-
MOHY€ 3pYYHI MOKIIMBOCTI JIIS TeHepallii IeBHUX I'eo-
MeTpiii BUCOKOTO PiBHS, TAKUX K 3-BUMIpHI TEKCTH i
reOMETPUYHI IPUMITHBH (Hampukiaa chepu, KOHYCH i
napaneneninean). CkaaaHimi 3aco0U MOJICITIOBAHHS
BKJIFOYAFOTh CIIAMHOBI KPHBI 1 ITOBEPXHI.

[TepeTBOpeHHS € Ba)XJIMBUM IHCTPYMEHTOM Ha
rpadiunii cieHi. ['eoMeTprvHI TepeTBOPEHHS BUKOPHC-
TOBYIOTBCSI JIJIsl PO3MIIIICHHS T€OMETPUIHUX 00'€KTIB y
MIPOCTOPI BIPTYAIBHOTO CBITY, JIJISl 3MiHH IIUX TIOBEPXOHb,
PO3MIpiB i, MpH NOTPeOi, OJI0kKEHbB. 3-BUMIpHI adiHHI Te-
PETBOPEHHS - CIMEHCTBO IMEPETBOPEHD Y MTPOCTOPI BIPTY-
aJbHOTO CBITY. [HIIIE CIMEHCTBO, BiJOME K TPOCKTHBHI
MEePEeTBOPEHHS, € O1bII 3aranbHuM. [IpoekTuBHI epe-
TBOPCHHS € BOKIIUBOIO YaCTHHOIO IIPOIIeCy 3-BUMipHO-
T'O CTIOTISIIaHHSL.

Kpim reometpii, rpadiganii 00'€KT TaAKOXK Ma€ Bi1ac-
THBOCTI ITOSIBH, SIKI BU3HAYAIOTh, IK 00'€KT Oy/Ie Bizyalli-
30ByBaTHcs. L1i BTacCTHBOCTI MOXKYTB BKIIOYAaTH KOJIBO-
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PH, TEKCTYPH BIACTHBOCTI MaTepiay Jis O1IbII BUTOH-
yeHoro 3atinenns. OCBITIIEHHS, ITFOMIHALsA a00 OJIITH-
Ka 3aTiHEHHs] BU3HAYAIOTH CIIOCiO 00UMCIICHHS KOJIBOPIB
1 IHTCHCHUBHICTb CBiTJIa Ha 00'ekTaX. BubOip Mmozeni imro-
MiHaIlii TAKO0X BIUIMBAE Ha pe3yiIbTaT Biyauizaiii. [1es-
Ha reoMeTpruYHa iH(popMallis, Taka Sk HopMaJi moBep-
XOHbB, TICHO ITOB'I3aHa 3 BUTJISIOM B I€SIKUX 1JIFOMIHA-
MiHUX MojessX. HopMmalurio B TOYIll MOBEPXHI €
HAIPSAMOK, IIEPIICHANKYIIPHUH (BEpTHKAIBHHN) 10 10~
TUYHOI IUIOLIMHY B ToYLll. B esIkux UIroMiHaiiHUX MO-
JIeNAX IHTCHCUBHICTh CBITJIA B TOYIlI MOB'A3YETHCA 3
KYTOM MiXX HAIIPSIMKOM 30Dy (CHOTJISAAHHS ) i HATIPSM-
KOM BiIOMBaHHS CBiT/a. BekTOp BiNOWBaHHS BH3HA-
YaeThCS HAIPSIMKOM CBITJIa I HOPMAJLITIO JIO TOBEPXHI.

[Iporec 3-BUMipHOTO CIIOTIIAJAHHS TIEPEBAYKHO BKITIO-
9ae MPOEKTHUBHE ITEPETBOPEHHS, SIKE BiToOpaxae 3-BH-
MIpHY CIIeHy Y 2-BUMipHY IUTOIIHY . CIIOTIIS TaHHS MOKe
MatH 0araTo mapameTpiB, o0 KepyBaTH HOT0 Xapak-
TepucTuKamu. [Ipoekitis Moxxe OyTH apaleabHOr abo
MEPCIEKTUBHOIO. /1711 KOHKPETHOTO CIIOTIISJaHHS BHIH-
MU 00'€M BIpTYaIbHOTO CBITY € MIEPEBAKHO CKIHYCH-
HuM. [IpocTe 3acTocyBaHHSI MATEMAaTHIHOTO MIEPETBO-
PEHHSI MPOEKITii MOXXe OyTH HEOCTATHIM JJIs Bi3yalli-
3amii. Hanpuknan, BiJHOCHE MOJIOKEHHS BCEpEIUHI
00'eKTIB MOKe OYTH TaKOK BaXKJIMBUM JJIs IPOIIECY Bi3y-
ami3zanii. YactrHa 06'ekTa Moxe OyTH MPUXOBaHa 3a
iHIIIM 00'ekTOM. Li TpoGIeMu MOBHHHI Oy TH BUPITICH]
HaJIS)KHUM YHHOM IS OTPUMAaHH TPUHAHITHIX Bi3yab-
HUX pe3yJIbTaTiB.

3BHYalfHO 3-BUMIipHA Bi3yali3allis He 00MeXy€eThCs
CTaTHUYHOIO CIICHOI0. BipTyalbHUII CBIT MOXE 3MiHIO-
BaTHcs B yaci. CucreMa CorIsgaHHs Moke OyTH 1o-
B'si3aHa 3 JUHAMIYHUM IpUCTpoeM. JlmHaMiuHi eekTn
MPOIIeCy Bi3yaizallii MO>KyTh BKJIFOUATH aHIMAIIIFO 1 iHTe-
PaKTHBHICTh. [HTEpaKTUBHICTS - II€ 3MiHA CIICHH Ha OC-
HOBI 3BOPOTHOTO 3B'SI3KY 3 KOPUCTyBaYeM. AHIMAIIiS -
e 3MiHa, CKOHCTPYHOBaHa BCEPEANHI BIpTYadbHOTO
CBITY. BimMiHHICT MiXK JBOMa TUITAMH TMHAMIKH 4aCTO
cTUpaeThes. JIMHaMiuHI TOBEAIHKH MOXKYTh ITOXOIUTH
13 3MiH B rpadiqHuX 00' €KTaxX y BIpTyallbHOMY CBITi 200
13 3MiH criorysanasa. Crornsaadi (kamepu abo odi) Mo-
KYTb cami OyTH 00'€KTaMH, pO3MIIICHUMH y BipTyaJlb-
HOMY CBITi 1 MOKYTh JHHAMIYHO 3MIHIOBATH CBOI I10JIO-
JKCHHSI, HAITPSIMKH 1 1HIIII BJJACTHBOCTI.

Java 3D API 3abe3neuye MOBHY peai3alliro OCHOBHUX
rpadivHAX aIrOPUTMIB, HATAF0UX MOXKITUBICTh KOHIICHT-
pyBaTHUCS HAa TOJIOBHUX IMMOHATTSAX 1 MpodaemMax rpadiku
3aMiCTh IPOMI3JIKHX JIeTalleil HU3bKOPIBHEBOT peatizaliii.

I'padm cuen Java 3D. J{ns ehekTuBHOT OpraHizanii
PI3HHX eIeMeHTIB 3-BUMIpHOT Bidyaiszarii Java 3D Bu-
KOPHCTOBYE MOHATTS Tpady CUEHHU IS TOTO, 00 00y-
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IyBaTH BipTYaIbHHUM MPOCTIp, SKUU BKIIOYAE BCE, MO
BIJTHOCHUTKCS JI0 3-BUMipHOT Bidyanizamii. ['pad cuenu -
e a0CTpakTHA MaTeMaTHIHa MOJIENb JJIs OpraHi3arii
crenu. Lle He 3HIMOK 200 300paxenHs cuenu. ['pad cre-
HU MOKe Oy TH KOHIIENTYaIbHO 300pakeHUH SIK Jiarpa-
Ma, ajie HOTo CIIpaBsKHs peai3amis BHKOHYEThCS B TIPO-
rpami gyepe3 iHCTaHIliallilo0 00'eKTa Ta BUKIUK METOY.
I'pad cuenn no3BoIIsIE MpOrpaMicTaM OMMUCYBATH CKIIAIHI
rpadivHi CTPYKTYpH 1 1ii CTAHAAPTHUM YHHOM. Bin Ta-
KO’ JI03BOJISIE MEXaHi3My Bi3yadi3zaiii Java 3D 00po0-
JISTH CIICHY CHCTEMHO 1 e(DeKTHBHO.

I'pa¢ cuenu - e gepeBoBUAHA CTPYKTYpa HaHUX,
Binmoma sik HAT (HanpsmMieHuii anukiaani rpag). Ha-
npsiMIIeHUH Tpad cKIamaeTbes 3 Habopy BepiuuH (abo
BY3IiB), 3'€IHAHUX HaNpsAMJICHUMHU peOpamu (abo
3'eTHaHHAMH ). PUCyHOK 3 moka3ye HanpsaMiIeHUH rpad
3 IiCThMa BEPINMHAMH 1 BicbMoMa pedpamu. (Hanpsm-
JICHHH) IIUTSIX B HATPSAMIICHOMY Tpadi - 11 TOCITi TOBHICTh
,, BepIIuHa-pedpo", ika pyXxaeThCs B3I0BXK pedep rpa-
¢y. Hampuknan, Ha pucyHky 3 b-c-f-¢ € mursixom. [{uk-
JIOM B HampsMJeHOMY rpadi € 3aMKHYTHH NUISX - TOO-
TO, NUIAX, AKAH Ma€ OJTHY 1 TY K TOYATKOBY 1 KIHIIEBY
BepmnHH. Hanpukiax, Ha pucyHKy 3 a-c-f-e-a € muk-
oM. HAT - e HanpsamiieHu# rpad 6e3 )K0JHOTO IHK-
ny. To6to pucynok 3 He €e HAT'. OnHak, skmio pe6po
e-a BUJIaJIuTH, TO BiH crac HAT .

/h
\C/\
N

d
¢

Puc. 3. Hanpsimaenuii rpad.

(Hampsimiene) pepeBo - e cneniaabauii Bug HAT .
JlepeBo OymyeThCsl, TOUNHAKOYHN 3 OJTHIET BEPIIUHU, KA
Ha3MBAETLCSA KOPeHEM JepeBa. Moxe OyTu 6ararto pe-
0ep, IKi TOXOIATh 3 KOPEHS 1 BELyTh 10 IHIIMX BEPIIUH,
SIK1 HA3WBAKOTHCS NITbMH KOopeHs. KoxkHa TUTHHA MOXXKe
MaTH KiJIbKa pedep, ki BeayTh 10 1i MiTeH TaKuM ke
guHOM. Ile#t mpoiec MoXke MOBTOPIOBATHCS IOBIJIbHE
YHUCJI0 pa3iB, TAKUM YHHOM OyIyrouu nepeBo. Ha pu-
CYHKY 4 IOKa3aHO MpUKJIaa qepesa. B nepeBi BepinHa
MO’KE MaTH JJOBUIbHE YUCIIO NiTel (BKIroyarouu 0). Ae
BOHA HE MOJK€ MaTH OlJIbIIe sIK 0JHOTO OaThKa. Bep-
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IMHA, [[0 HE Ma€ IUTHHHU, HA3UBAEThCS TUCTKOM. He-

JMCTKOBA BEPIIMHA HA3UBAETHCS BHYTPIIIHIM BY3JIOM.

Ha pucynky 4 By3nu e, h, ¢, g € TMCTKaMu, a By31u a, b,
d, f- BHyTpilIHIMH By3JIaMH.

/1

e f g

Puc. 4. Hanpsimiene aepeso.

Bysznu rpady ciieHu npeacTaBiIsSioTh 00'€KTH Pi3HUX
KJIaCiB 11010 TpadigyHuX GYHKIIN. 3B'I3KH MiXK By3JIaMU
MPECTABIISIIOTE JIOT1YHI B3a€MO3B'SI3KH MiK HUMH. Y
crpaBxHiil Java 3D-nporpaMi By3iH CTBOPIOKOThCS
IHCTAJISIIE€I0 KiIaciB, Bu3HayeHux B Java 3D API a6o
KJIaciB, K1 MOXOAATH BiJl KiaciB 1 iHTepdeiiciB API. 3p's3-
KU CTBOPIOKOTHCS BUKJIMKOM BiJIITOBITHAX METOIB a00
KOHCTPYKTOpa B Ki1acax. Ha pucyHKy 5 moka3aHo Jayxe
npoctuid rpad crenun Java 3D.

VA7

Puc. 5. I'pad cuenn sik HAT'.
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Pi3Hi THIIH BY3J1iB 1 3'€ THAHB ITPEICTABIIAIOTHCS Pi3HHU-
MU TT0O3HAYKaMU Ha Jliarpami rpady crieHd. MaJroHoK 6
MOKa3ye€ MO3HAYKH, SIKi BAKOPUCTOBYIOTHCS JIJISl By3JIiB i
pebep rpady CieHH.

A/

EBipTyansHuA BCeCBIT

Nokanizau| A

[PyYNOBKMIA BY30N

TTMCTHOBKA BY30N

ByanoBa KOMNOHEHTA

[HWKA 0B'ekT
—  2B'9z0kK "DaTeKOo-gMTHHE"
——=a [locHnaHHs

Puc. 6. Jlerenna rpadgis cuenm.

I'pa¢ cuenn Mae Tpu royioBHI yactuau. Ha BepmumHi
3HAaXOIHUTHCS HANCTPYKTypa, SKa CKIAaXacThCs 3
00'exTiB, TOOTO KItaciB VirtualUniverse 1 Locale. I'omoBae
TUJI0 rpady CIICHH - IIe IEPEBO 00'€KTIB, AKI HAJIEKATh
1o kiaacy Node. Tpets yacTuHa - e HaOip 00'€KTiB
NodeComponent. JINCTKORBI By3JIH B CTPYKTYPi iepeBa
MO>KYTb OCHIIATUCS Ha 00' €KTH BY3JTOBHX KOMITOHEHT.
Ha oxun 06'ektNodeComponent MOKYTh OCHIATHCS
kinbka 00'exTiB Leaf. OTxe, 3aranbHa cTpyKTypa rpa-
¢y cuenu - e He nepeBo, a HAT .

lepapxist TOJOBHUX KJIACiB €JIEMEHTIB rpady clieH!
nmokaszana Ha pucyHky 7. Kimacu VirtualUniverse i Locale
- Ile KJIaCH JUIS HAJCTPYKTYPH 1 BOHU HE IOXOISATH 3
a0cTpakTHOTrO Kitacy SceneGraphObject. By3nu nepesa
BTpadi CIIeHH BU3HAYAIOTHC MiAKIIacaMH a0CTPaKTHOTO
kiacy Node. A6ctpaktauii kitac NodeComponent city-
KHUTH 0a30BUM KJIACOM IS Pi3HUX BY3JIOBHX KOMIIOHEHT.

Hancrpykrypa. O6'ektn VirtualUniverse i Locale -
00'exTn HaACTPYKTYpH rpady cuenn. [Iporpama Java
3D nmepeBaskHO Mae jtuie oauH 00'exT VirtualUniverse.
VirtualUniverse CKOHCYTpOHOBAHO JIJIsl TOTO, 00 TIpe-
CTaBIISATH YBECh IPOCTIp, M0 Moke Hikasuth Java 3D -
nporpamy. s Toro, mo6 3a0e3rneqnTy piBeHb TOYHOCTI
,, BcecBiTy", VirtualUniverse BHKOPHUCTOBYE TPU BUCOKO-
PpO3psiIHI 256-0iTOBI YKcIIa 3 PiKCOBAHO KPATTKOO JIS
TpEeICTaBICHHS HOTO KOOpauHaT. Bucokopo3psiaHi umc-
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SceneGraphObject VirtualUniverse
7 T
— Node L SimpleUniverse
— Group Locale
Leaf
— NodeComponent

Puc. 7. lepapxis kaaciB rpady cuenm.

112 3 piKCOBaHOIO KPAITKOIO MAIOTh CBOIO TOUKY IOCEpE-
nmH1 256 6iT. To6TO, Take ynciio mae 128 Oit mis minol
gactuHH i 128 6iT 1151 ipo6oBoi yactiau. Yucmno 1.0 mpe-
cTaBisie oquHUIO 1 MeTp. Uucna Mporo THITY MOXYTh
MPEACTaBUTH BiJICTAHb X JI0 217 METPIB 3 TOYHICTIO JI0
2% merpa. 1le € aeKBaTHUM JUIS BUMipIOBAHHS J10-
BUIBHOTO peallbHOTO 00'€KTY y BeecBiTi. Hampukian,
Bimcrans Bix 3emui 10 COHIS CTAHOBHTE Juie 2° MeT-
pa, a pajiiycoM IPOTOHA BBAKAIOTH OIIH3bK0 2™ MeTpa.
Knac HiResCoord BUKOPHCTOBY€ETHCS IS IPENICTAB-
JICHHS BUCOKOPO3PSIIHUX KOOPAUHAT. BiH BKITIOUae Tpu
256-0iTHI BUCOKOPO3PSJIHI Yncia 3 (IKCOBAHOIO Kpar-
KOTO IS IPEICTABICHHS KOOPAUHAT X-, Y-, Z.
Hessaxaroun Ha te, mo VirtualUniverse B 3M031 MO-
NIETIOBATH YBECHh BiJOMUI BCECBIT KOPUCTYIOUUCH YHC-
namu HiResCoord, mpote Hee(eKTUBHO MPECTABIISIE
BCl KOOpAMHATH BUKOpUCcTOBYIOUN 00'exTr HiResCoord.
Takum ynHoM Java 3D BukopucroBye kiac Locale mis
MPEICTaBICHHS MCHIIUX JTOKATHHUX IIPOCTOPIB 1 MUM
JIocsATaeTbesl Kyau Ounbma epekTHBHICTh. OO0'exT
Locale Bu3Hauae moxansHy KOOPAHHATHY CHCTEMY, 3aK-
piTUIeHY Ha IICBHOMY TIOJIOKEHHI, KE OIUCYEThCSA 00-
"extoM HiResCoord y BipryansHOMY BeecBiTi. Beepe-
IIUHI IEBHO1 JIOKaTi3aIlii KoOOpIUHATH TOYKH IPEACTaB-
JISIOTHCS 3BUYAHAMIE YHCIaMH 3 TIABAI0Y0I0 KPAITKOIO.
VirtualUniverse Bkiarouae oquH a0o Oiyblie 00'€KTiB
Locale. Locale Moxe maTu rpadu BiATamyXeHHs, AKi
MPUETHYIOTHCS 10 HhoT0. Kou rpad BiaramyxeHHs npH-
enHyeThes 10 Locale, To Mexani3Mm Bizyaizanii Java 3D
PO3MOYHE Bi3yaTi30BYBaTH BIATAYKCHHS, a Ipad TAKUM
YUHOM ,, 0kuBae". O0'exT Locale 3aBx a1 MpHETHY€Th-
cs1 1o oguoro o0'exra VirtualUniverse. Lleii 3B'130K
BCTaHOBIIIOETHCS B KOHCTpYKTOpax Locale.
Locale(VirtualUniverse vu)
Locale(VirtualUniverse vu, HiResCoord location);
Locale(VirtualUniverse vu, int[] X, int[] y, int[] z).
[Tonoxxenns 06'ekta Locale y BcecBiTi MOXHa oIrca-
T BUKopucToBytoun 00'exT HiResCoord abo Tpu ma-
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CHBH 3 TPHOXIIIi;, 1K1 OMHUCYIOTh BUCOKOPO3PSAIHI UHCIIA.
[Tonoxenns 3a npunynieHHsM - e (0, 0, 0). Hactymai
PSAIKA CTBOPIOIOTH HANCTPYKTYPY I rpady CIeHH:

VirtualUniverse universe = new VirtualUniverse();

Locale locale = new Locale(universe);

BingranyxeHns rpady ClieHH, SKi BKa3yIOThCSA 00'€KTa-
mu BranchGroup, MoxxyTs OyTH nipueHaHi 10 00'eKTa
Locale BukopucToByto4n Takuii Metoa B Locale:

void addBranchGraph(BranchGroup branch)

BinramyskeHHSI MOXYTB peJaryBaTHCS HACTYTHIMHU
METOHAMHU:

void replaceBranchGraph(BranchGroup oldBranch,
BranchGroup newBranch);

void removeBranchGraph(BranchGroup branch).

HactymHi MeTOIM TOBEPTAOTH YHCIIO BiATATYKECHbD 1
Bci Bigramysxenns B Locale:

int numBranchGraphs()

Enumeration getAllBranchGraphs()

Kiac SimpleUniverse - 11e 1OTOMIKHHE KJac, SKUH
noxoxnuth 3 VirtualUniverse. Bin Bkinrouyae 00'ekt Locale
1 Ha0ip 00'€KTIB JJII BU3HAYCHHS CTAHAAPTHOTO CITOTJISA-
nanHs. O0'ekT SimpleUniverse Moxe ITOETHYBATHCS 3
BiATally>KCHHSAM Bi3yaJbHOTO BMICTY JUIS TOTO, 100
IIBUIKO chopMyBaTH MOBHUM rpad criern. CBiTOBA CH-
crema koopauHat B Java 3D - mpsMoKyTHa cucTeMa
3TiHO MPaBOI PyKH. 3a MPUIYIICHHSM, TIOJIOKSHHS CIIOT-
JAIaHHS PO3MINICHE Ha 0Cl Z B HAIIPSIMKY BiJI'€MHOT OCi
Z. 3 IepCIEeKTHBH CIIOTIIsI1a4a BiCh X BKa3y€e IPaBopy,
a BICh y - BrOpY.

Mpuknan. [Iporpama-nepernsanad obj-daiinis. ['pad
CIICHU, SKWH BiAmoBiaae Java 3D-101aTKy, HaBeIeHO Ha
pHUCYHKY 8.

New BoundingSphere()

o Puc. 8. I'pad cueHn JicTHHrY.
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importjava.awt.*;

importjava.applet.*;

importjava.awt.event.*;

importjavax.media.j3d.*;

importjavax.vecmath.*;

import com.sun.j3d.utils.universe.*;

import com.sun.j3d.utils.geometry.*;

import com.sun.j3d.utils.applet. MainFrame;

//important classes for this application

import com.sun.j3d.loaders.objectfile.ObjectFile;

import com.sun.j 3d.loaders.Scene;

// important class for viewing platform motion

import com.sun.j3d.utils.behaviors.vp.*;

public class SimpleObjFileLoader extends Applet {
public static void main(String s[]) {

newMainFrame(newSimpleObjFileLoader(), 640, 480);

}
public void init() {

GraphicsConfiguration gc =
SimpleUniverse.getPreferredConfiguration();
Canvas3D cv = new Canvas3D(gc);
setLayout(new BorderLayout());
add(cv, BorderLayout. CENTER);
BranchGroup bg = createSceneGraph();
bg.compile();
SimpleUniverse su = new SimpleUniverse(cv);
su.getViewingPlatform().setNominal Vi*/ing Tiansform();

// viewplatform motion

OrbitBehavior orbit = new OrbitBehavior(cv);
orbit.setSchedulingBounds(new BoundingSphere());
su.getViewingPlatform().setViewPlatformBehavior(orbit);

su.addBranchGraph(bg);
}

private BranchGroup createSceneGraph() {
BranchGroup root = new BranchGroup();
// object
Appearance ap = new Appearance();
ap.setMaterial(new Material());

//1oad the obj ect file
Scene scene = null;
Shape3D shapeObject = null;
//read in the geometry information from the data file
ObjectFile objFileloader = new ObjectFile(
ObjectFile.RESIZE);

try

scene = objFileloader.load( "samples/human.obj" );
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// TyT BKa3yeTrbcs iMs .0bj-daiiny 11 3aBaHTaAXKEHHS

}

catch ( Exception e )

{

scene = null;

System.err.println(e);

h

if( scene == null )

System.exit( 1);
// retrieve the Shape3D object from the scene
BranchGroup branchGroup=scene.getSceneGroup();
shapeObject = (Shape3D) branchGroup.getChild( 0);
// assign the appearance to the Shape
shapeObject.setAppearance( ap );

//transformation
Transform3D tr = new Transform3D();
tr.setScale(0.5);
tr.setTranslation(new Vector3f(0f, 0f, 0f));
TransformGroup tg=new TransformGroup(tr);
root.addChild(tg);
// add object to the transform group
tg.addChild(scene.getSceneGroup());
/1 light
PointLight light =
Color3f(Color.white),

new PointLight(new

new Point3f(1f,1£,1f),

new Point3f(1£,0.1f,01));
BoundingSphere bounds = new BoundingSphere();
light.setInfluencingBounds(bounds);

MEANYHA IHPOPMATUKA
TA IHXEHEPIA

root.addChild(light);
return root;

}
;

BikHO BUKOHAHHS IPOTPaMHU:

B simpleObjFileLoader

BucnoBku. B po06oTi BBe/1IeHO OCHOBHI MOHSATTS KOM-
n'rorepHoi rpadiku B repminax API-6i6mioreku Java3D,
sIKa, Ha Hallly IyMKY, Ha CbOTO/IHI € HAUTPUIHATHIIIOO
JUtst ctBopeHHs1 Web-1o/1aTKiB iIHTEpaKTUBHOI BipTyaibHOT
peanbHOCTI B MEJIUIIMHI, OCKUIBKH:

1. bibnioreka Java3D € Web-inTerpoBaHoro Ta Kpoc-
m1aTGOpPMOBOIO.

2. TyT BUKOpHCTaHa iepapxivyHa rpadiuHa MOJIEIb, KA
rpyHTYyeThes Ha rpadax cuen. Lle Mae Bkpail BaxinuBe
3HAYEHHSI JIJIs Bi3yalli3ail] CKIIaJIHUX O10JIOTTYHHUX 00'€KTIB.

3. BibnioTeka € 6€3KOMITOBHOIO 3 BIIKPUTUM BHXI1/I-
HUM KOZIOM.

1. Angle, E. (2006). Interactive computer graphics: A top-down Java3D. Proceedings of the 6th International Conference on

approach with OpenGL. Addison Wesley

3D Web Technology (pp 117-125). New York: ACM
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Honatok. IHcTransinia iHcTpymMeHTIB po3poOku
Java B cranaaTHiii pegakuii (Java Standard Edition
Developer Kit a6o Java SE Developer Kit a6o
Java SE). Ha caiiti http://java.sun.com/ 3HaX0JUThCS
MOCUJIAHHSI Ha HAlOCTAHHIIy BEPCiI0 IHCTPYMEHTIB PO3-
poOku Java B cTaHAaTHIHM pegaxuii (K MpaBUiIO, TEKCT
nocunaunss Java SE):

V BikHi, mo 3'sBusocs, Budbepite came Developer Kit
i HaTHCHITH KHOTIKY "Download":

b i Y B s ki P [ ieas

Juvs S Rurstime Exvirsmmmerst (JREI 4 Updrte 90
B e e T eded

S0 BE Davabupment 108 L) & Updite 90
Toa ot BT P L3 awiied -

V BiKHI, 10 3'IBUIIOCS, TPAaBUIBHO BKAXITh M1aTHOP-
My, Ha sikiil Oyne BcranosmoBatucsa JDK SE, 6araro-
MOBHICTb, JOTPUMAaHHS YMOB JilleH3i1 Ta HATUCHITh
"Continue":
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19http://sun.com/

20.http://coding;derkeiler. m/Archive/Ja\a/comyj:)lang"javahelp/
2004-08/0241html
21http://www.cspm/pcworld/2002/01/162727/

22. http://www.java2s.com/Code/Java/Swing-JFC/
FileSystemTreehtm

0 5 e AR s bt P 3 S e A AT it Bt ek e e P 3% o - Qe

L EX

VY BiKHI, 1110 3'IBUJIOCS, HATHCHITH HA3BY (hailiry IHCTAIIALLI:

3 Onwr

[y

V BiKHI, 1[0 3'IBUIIOCS, HATUCHITH «COXPaHUTHY»:

3arpyaka paina - npeaynpeie HHe CHCTeMbl Be3onacHoCTH

3anycTUTE HAW COXPAHWTE 3TOT Pann?

-

Mraa: jdk-6u10-windows-i586-p,exe
Tur: Mpunomenne, 72,9 ME
C: cds-esd.sun.com

[ BeinonHuTe ] [ LoxpaHute ] E Ot1reHa i|

P aiinel Uz MHTepHeTa mMoryT Sbme NoAS3HE!, HO 3TOT TWUN Maling
MOKET NOBPEAUTE KoMMbiTep, Ecnu Bbl He QOBEPABTE MCTONHMKY,
HE 3anycKaiTe W HE CoxXpaHaiTe 3ToT galin. P aKTopsl pucka

i BuOepiTh OakaHe po3TainyBaHHs Qainy Ha Bamii
CHUCTEeMI:
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CoxpaHHTh HaK

[anka: IUJu\mDK v| O >E
) ICDji2sdk-1 4 2-doc
(£ Piore-1_4_2_13-windows-586-p
Hegasrie Qilsdk-l_'l_z_l3-vmdcw31586 p
AOKYMEHTEL | jdk-6ul-windows-1556-p
@
Patoumit cTon
Mou aokymerTel
e
Mo
KoMnsKTeD
™ Wms paina: [ jdk-Buil O-windowss-1586-¢ v ‘
Ceresoz Tun gaiinz: [ MpHaoketsie v ‘ OteHa

[Ticns Toro, sk incTansiianid ¢paiin JDK SE 3aBanTa-
JKEHO, 3aITyCTITh HOTO Ha BUKOHaHHS. [TepeunTaBmm ymo-
BH JIIIICH3IMHOI YTOJTH PUHMITH 1X, HaTHCHYBIIH "Accept':

i Java(TM) SE Development Kit 6 Update 10 - License

License Agreement

@ Sun

Please read the following license agreement carefully.

Sun Microsystems, Inc. Binary Code License lgreement ~

for the JAVA 3E DEVELOPMENT KIT (JDK), VERSION 6

SUN MICROSYSTENMS, INC. ("SUN™) IS WILLING TO LICENSE THE
SOFTWARE IDENTIFIED BELOW TO YOU ONLY UPON THE CONDITION
THAT YOU ACCEPT ALL OF THE TERHS CONTAINED IN THIS

BEINARY CODE LICENSE AGREEMENT AND SUPPLEMENTAL LICENSE
TERMS (COLLECTIVELY "AGREEMENT"). PLEASE READ THE
AGRIEMENT CAREFULLY. BY DOWNLOADING OR INSTALLING THIS
SOFTWARE, YOU ACCEPT THE TERMS OF THE AGREEMENT.

INDICATE ACCEPTANCE BY SELECTING THE "ACCEPT" BUTTON AT
THE BOTTOM OF THE AGREEMENT. IF YOU ARE NOT WILLING TO

BE BOUND BY ALL THE TERMS, SELECT THE "DECLINE"™ BUTTON b

f Dedine | Accept> I

[Tpu BHOOPI CKIIaTOBUX IHCTAIAIIHOTO MTAKETY PEKO-
MEHyEMO BUOPATH yce, 10 IPOHOHYETHCS:

i Java(TM) SE Development Kit 6 Update 10 - Custom Setup

Custom Setup

@ Sun

Select optional features to instal from the list below. You can change your choice of fzatures after
installation by using the Add/Remove Programs utility in the Control Panel

Select the program features you want installed,

Feature Desaription

Java(TM) SE Development Kit 6
Update 10, including private JRE
6 Update 10, This wil require
300MB cn your hard drive.

= ~ | Demos and Samples
&3 ~ | Source Code

&3 ~ | Public JRE

=3~ | Java DB

Install to:
C:\Program Files| Javaljdkl .6,0_10Y

[ <gack [ mwet> |[ cancel |

1 BUOPABIITY KATAJIOT JUTS IHCTAIAI, HATHCHYTH "Next".
Jaxi ciiye mporec iHCTaAIIT, i1 Yac sTIKoTo 0y 1e MOX-
JTUBICTH BKa3aTH po3TamryBanHs 6i6morek JRE (Java
Runtime Environment). Mo>xHa NpAHAHATH OUIAX 32 TPH-

MYLIEHHSM:
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i Java Setup - Destination Folder

Destination Folder

S Sun

Click "Chznge..." ta Instal Javz to 3 different folder,

Install to:
C:\Program Files)Javaljreé)

Cancel

iHatucHyTH "Next". HatucHyBmu B kinmi "Finish" mu
3aBEPIIYEMO IHCTAJISIIIIO:

& Java(TM) SE Development Kit 6 Update 10 - Complete

Java(TM) SE Development Kit 6 Update 10
Successfully Installed

Product Registration is FREE and ircludes many benefits:
* Notification of new versions, patches, and updates

* special offers on Sun products, services and training

* Access to early releases and documentation

‘When you click Finish, product and system data wil be
collected and the DK product registration form will be
presented. If you do not register, none of this information
will be saved.

For more information on what data Registration collects
and how it is managed and used, sze the Product
Registration Information Page.

Lgroduct Registration Information ]

a caiiT Sun Microsystems 3aIpOIIOHY€ HaM 3apeeCT-
pyBatucs:

[
Qwu-0 NE@G,

D T e

— )

e - 03

S e}

TAKE CONTROL

REGISTER NOW!

Peectpariis rapanTyBaTiMe BaMm npueHanHs 10 mu-
POKOI CITUTBHOTH KOPUCTYBadiB Java - pO3CHIIKH OBIiIOM-
JICHB PO HOBI Bepcii Ta MOHOBJICHHS, 3HM)KKH Ha TIPO-
JIYKTH Ta TPEHIHTH, TOCTYII 0 JOKYMEHTAIIi1 1 iH. 3apee-
CTpyBaTHCS MOXHa i mi3Himre, BuOpasmy B mammi JDK
SE ¢aiin register.html:
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Incransinia 6idaiorekn Java 3D. Ha caiiti http://
java.sun.com 3HOBY 3aiiiiTh Ha mocunanus Java SE.
[epeiiniTs Ha 3akianky Technologies:

© St SunDeveloper Network (SON)

] o

e [ e

'V BiKHi, 110 Bi/[KPHIIOCS:

250
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B TOJIOBHOMY MeHIO BuOepemo "Downloads". Bube-
peMo (hai I IHCTANAIT, SKUH MU O0a)kaeMO 3aBaHTa-
JKWTH - BIH TOBUHEH BIAMOBIIATH HAIIi# ruiaTgopMi Ta
Croco0y IHCTAIIAIIIT - MH CKOPHCTAEMOCS TOTOBHM 1HCTa-
JAIHHAM BUKOHYBaHUM (aiinom (Installer):

S

L D e el S50~

Bub6pasmu datin, BkaxkxeMo « COXpaHUTHY:

3arpysKa haina - npeaynpekae HHe cHcTe Mol GesonacHocT @

3anycTuUTb WAK COXPaHUTb 3TOT dann?

-

Mrms: j3d-1_5_2-windows-i586.exe
Tur: Mpunowexwne, 2,94 ME
C: download java.net

BeinonHuTe ] I LCorparure I [ Omena |

MOKET NOBPEAMTE KOMNBKITER. ECAW Bbl HE ADBEPAETE HCTONHMKY,

P aiinel Wz MHTepHeTa MoryT BbTs NoAe3Hb!, HO 3TOT TWUN daiina
HE SaNYCKalTe W He CORPaHAMTE STOT $akin. P aKTopbl PUCKa

Ta MiCIIepO3TaITyBaHHS:
Coxpanuib Kan
Nanka ‘6 Jawall V‘ (¢ Jis @l g
Hepasue | Manualinstallat
AOKYMEHTLE
Pafiouaii cron
Mou aokymerTsl
Mok
KOMITBIOTER
. Hma paiina: iﬁd-'\_i_z»wmdnw:-ﬁﬂs V‘ CoxpaHiTs J
Cereeos Tun eaina: ‘!'Ipummanue v‘ l Orvera |

3amyckaeMo 3aBaHTaKeHUH (aiiin Ha BukoHaHH:. [Tpo-
YUTABIIH, TPUHMAEMO JIIIICH31HHI IOMOBJICHOCTI:
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Js TOTO, 1100 TIEPECBIAYUTHCS, 10 THCTAIIALISA IPO-
BeJIeHa YCIIIIHO, MOYKHA ITEPErITHYTH POOOTY AEMOH-
CTpalliifHUX MPOCKTIB, HA AKi € MOCHJIaHHA y (aiii
Readme incransmiinoro karamory Java 3D:

i& Java 3D 1.5.2 - License

License Agreement

Please read the Following license agreement carefully,

Sun Microsystems, Inc. ("Sun”) ENTITLEMENT for SOFTWARE A
Licensee/Company: Entlty recelving Software.

Effective Date: Date of delivery of the Software to You.
Software: JAVA 3D, VERSION 1.5.2.

License Term: Perpetual (Subject to termination under
the SL4).

Licensed Unit: Software Copy.

R Ry L AERCR O | WSS O | S WS e |

| Decline :“ Accept > I

Jani Oyzae moka3aHo MicIis, Je Oyje IHCTaTbOBaHO
0i0JTioTEKY:

1 Java 3D 1.5.2 - Install Confirmation CrnpobyemMo 3alyCTUTH OJIMH 13 I€EMOHCTPALIHHUX

Ready to Install the Program JOJILKIB:
The wizard is ready to begin installation.
B 34 wabsiart bave 1) W Soart | sapie Pragran b rwestt it vt | ap—— A
G 4 5 +] = Y@ o3
Java3D will be installed into the following locations a2 —— o

tiProgram FilesiJavailavazDil.5.2y java.net oo | iy

\Program Files\Javalire6)

:\Program Files\Javajdk1 .6.0_10%
AWINDOWSY,

<Back || Instal | [ Cancel J

5 @

Ha 3aBepmenns Hatuckaemo "Finish": acame, rpy « HoTHpH 3 HOTUPHOX»:

® org.jdesiitop.j3il.cjuriples.raur by four.i~ourttyf~oi

Complete

Java 3D 1.5.2 has been successtully installed. Click Finish to
exit.

instructions. New Game J Undo Move Shol Lewel High Scores

57 MegnyHa iHdbopmaTuka Ta iHxeHepida, Ne 4, 2008



