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Cherevko O. O., Shcherbakov S. V., Shapovalov A. 1.

INVARIANT SYSTEM OF AUTOMATIC REGULATION OF THE METAL
LEVEL IN THE CCM CRYSTALLIZER

The operation of the automatic control system (ACS) of the metal level in the continuous
casting crystallizer has a significant impact on the surface quality of the ingot. Breaks in the stream
of metal entering the crystallizer, as well as level fluctuations lead to the formation of surface
defects of the ingot. Large deviations from the set level can lead to emergencies.

The analysis of the operation of the existing ACS metal level in the crystallizer has done. It
has been established that the main disturbance in the load, which leads to level fluctuations, is a
change in the ingot pulling speed that occurs when changing the bucket and the pouring nozzle,
when switching to the second bucket stopper, when the breakout warning system is triggered, and
for other reasons.

To increase the dynamic accuracy of stabilization of the metal level, a block diagram of a
combined ACS is proposed, using the principles of control for deviation and perturbation.
Corresponding proposals have been made to improve the system.

The functioning of the control system is tested on models. It is proved that the developed ACS
is absolutely invariant to load disturbance.

Research have shown that the proposed innovations can significantly improve the conditions
of the secondary cooling of the ingot, improve the quality of stabilization of the metal level in the
crystallize, and, as a result, the quality of the final product.

Keywords: continuous casting machine, ingot, crystallization, secondary cooling, automated
control system, invariance, computer simulation

Peniensent: kana. TexH. HayK, 101l BopoTHikoBa 3. €.
Cmamms naodiviuna

VK 004.92
Scincbka T. A., ®enoroBa H. A., Bamenko C. M.

BEB-PECYPC BI3YAJII3ALII 3D-MOJIEJEN

Cmamms npucesyena supiuenHio aKkmyaibHoi npakmuyroi 3aoayi eizyanizayii 3D-moodeneii
Ppi3Hux ghopmamis b6e3 cneyianizo8ano2o npoecpamHozo 3abesneuenns. Ilposedeno ananis cyuacrnoz2o
CmaHy NUMAaHHsA, MeXHON02il peanizayii ma pecypcié-ananoeie. 32i0HO CYUACHUX MeHOeHYil
PO36UMKY IHoOpMayiliHux mexHoo2il peanizayito uUKoHano y gopmami eeb-pecypcy. bazosorw
MexXHON02IEI0 peanizayii GUCYHYMuUX QyHKYIoHANbHUX 8umo2 oopano WebGL.

Januti 6uo0 mexuonoziii 3acmocogyemvcsa Ha eb-cmopinkax InmepHem-mazasunis, pizHux
Qipm, 6 cucmemi Ooucmanyiinoeo Haguanus. lIpuuunoro O0anozo Aeuwa € me, WO 3a PAXYHOK

266



Hayka Ta BUpOGHHUI[TBO

2020 p. Bum. 23
Ingpopmauiiini mexunonocii

000a8aHHA MPUBUMIPHUX elleMeHMi8 6 CMPYKMYpPy 6e0-CIMOPIHKU PO3POOHUKU Catimié Ompumyoms
ocobusull egpexm y Ou3atimi.

Cmpykmypa pecypcy 6eb-cmopinku 0yna po3pobieHa WisaxoM NpOmMoOmuny8aHHs 3d
oonomoeor npoepamuozo npooykmy Adobe Photoshop. [anuii eman 003601us y3eooumu 3
3aAMOBHUKOM PO3MIUeHHI OCHOBHUX OJIOKI8 Ma 6CIMAHOBUMU 3A2ATIbHY KOIbOPOB) 2AMMY.

3acobamu mos HTML ma CSS 6yn0 eukonano po3mimky ma nooanvuie Gopmamyeanus 6eo-
CMOPIHKU Y 8I0N0BIOHOCMI 00 QiHATbHO2O 8U2TA0Y NPOMOMUNY.

3a 0onomoeor pyukyit ma memoodie mosu npozpamysants JavaScript 00 nyivmy Kepy8aHHs
Oynu 0odani QhyHxyii, wo 8ionosioaroms 3a KOpeKmuy peakyiro Ha Oii Kopucmyeaua, a came - 3MiHd
KOJIbOPY MOO€Ji, HAIAumy8anHs YoOmupbox 0dxcepeil ceimaa 3a Mooeino ocsimnenus Douea, 6udip
basxcano2o npoexyitino2o eudy 0 nepezisioy Mooeli, Macumabdy8anHs CYeHu.

Cmamms micmumb onuc npakmuunoi peanisayii npoekmy: HPOMOMUNYSAHHS MdA
MaxKemy6aHHs 6e0-CMoOpIiHKU, Onuc peakyitl Ha Oii Kopucmysaua, po3pooOKy yHKYit Maninyiayiu 3
Mooeno.

Beb-pecypc peanizoeano y 6uensdi oOuHapHoi 6e6-CmopiHKU, KIIEHMCbKA YaACMUHA KO €
nauensb 3 peanizo8anuMu eremenmamu Kepyeanus(knonku, check-box, list ma inwi) ma 3abe3neuye
BUKOHAHHS (DYHKYIOHAIbHUX MONCIUBOCTIELL.

Pezynomamom npoeedenoi pobomu € pospobaenuti 6eb-pecypc, AKUU BUKOHYE 6CL
eécmanosneni eumocu. Po3pobka moowce euxopucmosysamucs ax 8 npogeciunii Oisronocmi IT-
Gaxisys 3 3D-modenrosanus, max i 8 HABUAILHOMY NPOYeci 3aK1aAdi6 0C8IMmuU HA CNeYianbHOCMAX
Hanpamis inocenepis/3D-moodeniosanns.

Knrouosi cnosa: WEBGL, sed-pecypc, mexnonoeii, sizyanizayis, 3D-moodenn, JISON.

IlocranoBka npoodsemMu.

B cyuacHOMy CBITI HEMOXIJIMBO YSBUTH KOM(OPTHY JIAJIBHICTH KOpUCTyBaua 0e3
BUKOPUCTaHHS BEO-TEXHOJIOTIN: BeO-/10/1aTKiB, BeO-pecypciB, BeO-caifTiB Toujo. CTBOpEHHS AaHUX
TEXHOJIOTI € aKTyaJbHUM HHMTAHHSM, /K€ TaKli pPecypcH JaloThb MOXJIUBICTH CHOpPMYyBaTH
iHpopMallio y JoCcTynmHOMY (Gopmarti Juis KopHcTyBaya B Iiio0albHOMY MaciTall Ta € arnapaTHo-
HE3ICKHUMHU Ta KPOC-TUIAT(POPMHHUMHU.

Takox mopsa 3 PO3BUTKOM BEO-TEXHOJIOTH MHONyJspHICTH Habupae 3D-monentoBaHHS.
Po3poGuuku BeO-Opay3epiB Maiike 1I0JIHS OHOBIIOIOTH BEPCii CBOiX MPOJIYKTIB, TOMY CY4acHI BeO-
Opay3epy OTpUMYIOTh MOXJIMBICTb BiJOOpaX€HHS TpHUBHMIpHOi Trpadiku B IHTepneri. 3
BUKOPUCTAaHHSAM JaHWX TEXHOJOTIH KOpPHCTyBad MOXE HE JHUIIe TeperisgaTi CTaTHIHe
300pakeHHs, a il BIACHOpPYY KepyBaTH TPHUBMMIPpHMMHU o0'ekTamu (0OepTaTu, MacimradyBaTH,
nepeMilllyBaTi MOJIENb Ta BUBYATH ii CTPYKTYpY) [1].

AHaJIi3 0CTAHHIX JOCJIKeHb i myOJaikamiii.

TpamumiitHo miaTpumka BigoOpaxeHHs 3D Mopeneir oOMeXeHa BUKOPHCTAHHSIM
BUCOKOIPOAYKTUBHHUX MEPCOHATBHUX KOMIT I0TEpiB a0 Creliagi3oBaHUMHU IrPOBUMHU KOHCOJISIMH, a
OporpaMyBaHHs BIJNOBITHUX MOIYJIB BHMAara€ 3acTOCYBaHHsS CKJIaJHUX OOYMCIIOBAIBHUX
aNropuTMIB JJIA peanizauii gaHoro mpouecy. IlpoTe 3aBAsiku CTpIMKOMY pPO3BHUTKY MOTYKHOCTEH
KOMIT FOT€PHOT TEXHIKU Ta PO3LMIMPEHHs (QYHKIIOHATBHIUX MOXXIIMBOCTEH BeO-Opay3epiB, CTBOPEHHS
Ta BiAOOpakKeHHS TPUBUMIPHOI rpadiku 3 BUKOPUCTAHHSIM BEO-TEXHOJIOTIH CTaau MOXIIMBUMH 1
HaOyBalOTh aKTyaJIbHOCTI [2, 3].

Ha cporomHimHii AeHh TEXHOJOTIH ISl 3aBaHTAXKECHHS TPUBHMIPDHUX €JIEMEHTIB Ha BeO-
CTOPIHKY iCHY€ HeBesmKa KiunbkicTh[3]. 3rimHo [4] Haibinem nomynsphi: Adobe Flash, Silverlight
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ta WebGL (ta6:m.1). biablmicTs 3 HUX Ha CHOTOJHI JIKIIE PO3BHBAETHCS 1 HAOyBa€ IMOMYIISAPHOCTI.
Hamnpukinan, Texnonoris WebGL [2] 3’ sBuiiack Ha puHKy caiiToOynyBanHs Hanpukiaii 2014 poky i
Ha JaHUH Yac rnepedyBa€e y CTaHi CTPIMKOTO PO3BUTKY Ta HAOYTTS MOMYJISIPHOCTI.

Tabmuus 1
Kpurepii Adobe Flash Microsoft Silverlight WebGL
Kpoc-mutargopMHicTh + - +
3axuCT KOy BiJl KOMIIOBaHHS + + -
[TinTprMKa MOOLTBHUX TPUCTPOIB +android +android
-ios ) +i0s
IncramoBanHasg 104aTKOBOI'O HnariHy + + -

['onoBHOIO mepeBaroro WebGL € moOynoBa 3D-mozeneit 6e3nocepenHbo npu GopMyBaHHI
BEO-CTOpDIiHKHM, IO HE BHMAara€ BCTaHOBJICHHS JOJAaTKOBHX pO3IIUPEHb a00 MigKIIOYESHHS
JI0aTKOBHX 010110TeK 3 00Ky KopHcTyBaya [5].

Lle no3Boxisie mporpamMHoMy koay WebGL ycminiHO BHKOHYBaTHCS NPAaKTUYHO HA Oyab-
SKOMY TIPUCTpOi Ta JIETKO IHTErpyBaTucs 3 IHIIUMH BeO-cepBepaMH Ta COL[aIbHUMH
Mmepexamu [2, 6].

Byno mpoBemeHo aHami3 HaWOUIBII TMONYJISPHUX BeO-pecypciB, SKi  3a0e3MeUyIOTh
MOXJIMBICTh 1HTerpaiii 3D-mMonenel y BeO-cTopiHKU. Y Tabu. 2 HaBeIeHO KpUTepii Ta pe3yabTaTu
aHamizy.

Tabmmrs 2

Hassa pecypcy
Sketchfab | Blend4Web | Modelo.io | VERGE3D

Hasga kpurepiro

1. Buxopucranus pecypcy 0e3
peecTpairii

2. MOXHBICTh 3aBaHTaKCHHS MOJICTT1
3 PO3LIUPEHHSM .0bj

3. MoxuBicTh pob0TH 0€3 iHCTAAIIIT

+ - + -
pecypey
4. BukopucTtaHHs TOBHOTO
(byHKLIOHATY IPU HasIBHOCTI1 - + + -
0OE3KOMTOBHOTO MTPOR1ITFO
5. MOXIHBICTh MOMIMPEHHS MOJIENI Ha ) + i +

BJIACHHUM CAWT

MeTta (3aBAaHHsI) JOCJII/IKEHHS.

3 po3BuTkoM 3D mojentoBaHHS 3’SIBISIFOTHCS HOBI IUIariHU JUIsi KOM(OPTHOI poOOTH 31
CKJIaJHUMH MOJIEISIMHU, poOJIsiUM X MaKCUMaJbHO HaOMMKEHUMHU 10 00’ eKTy-opuriHainy. B po6oti
(axiBIs JaHOT ramy3i MOXIIMBA CUTYaIlis, KOJU MOTPIOHO MPOAEMOHCTPYBATH/TIEPETIITHYTH MOJIENb
3a YMOBH BiJICYyTHOCTI BiZITIOBITHOTO MPOTPaMHOTO 320€3MeUCHHS.

Tomy BuHHKae HEOOXITHICTH y po3poOIll CHEIiaTbHOTO MPOTrpaMHOTO 3a0e3MedYeHHSs, SKE
BUPILIWIIO 110 TTPo6aeMy Ta Oyino 0 MaKCUMAaJIbHO TIAT(OPMOHE3ATECHKHHIM.
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Tomy meTor0 poOOTH € po3poOka BeO-pecypcy, SKHW TIOBUHEH HAJaTH MOXIIUBICTb
3aBaHTA)XEHHS, MEpPEerisay Ta BUKOHAHHS Oa30BHX MAaHIMYJAMIM 3 BIACTUBOCTAMH SK CaMOTO
00’ekTa, TaK 1 cuieHH. Takui pecypc Mae OyTH YHIBEpPCAIBHHUM JJI BCIX MOXJIMUBHX (opmariB 3D
Mozesei. B sikocti 6a30B0Oi TEXHOJIOTIT IPUHHATO pilieHHs: BUKopucToByBaTH WebGL.

Po3pobOka nmoBuHHaA OyTH peanizoBaHa y BUIIISAAI BeO-pecypcy, KIIEHTChKAa YacTHHA SKOI €
HaHeNb, peali3oBaHa ejeMeHTaMH KepyBaHHs (kHomku, check-box, list Ta inmi) ta 3a0e3meuye
BUKOHAHHS TAKMX MaHIITyJISIIH 3 MOICIUIIO:

®  3MiHa KOJIBOPY MOJIENI;

®  HaJamTYyBaHHS YOTHPHOX JDKEPET CBITIIA 32 MOJIEIUIIO OCBiTIIeHHs! DoHra;

e  BUOIp 60aKaHOTO MPOCKIIHHOTO BUAY JUIS TIEPETIIS Ty MOJEII;

e  MacmTaOyBaHHS CIICHH.

OcHoBHUI MaTepia JOCTIAKEHHS.

s 3abe3nedeHHs] eeKTUBHOCTI po3pOoOKH Ha €Tarli MPOEKTYBaHHS PO3pPOOJICHO CIeHapiit
po0oTH KOpHCTyBaua 3 MalOyTHIM pecypcoM, BUALIEHO BCi MOXIIMBI BapiaHTH BHKOPHUCTAHHS.
PesynbraT Takoro mociipkeHHs BukianeHo y Use-case miarpami (puc. 1).

~ Blayanizaws
S~ Mopenl

3miHa Konbopy
Mofenl

HanawTtyeaHHA
OCBITNEHHA

HanawTtyeaHHA
GNMCKY Mogeni

Bueip
npoeKWiAHoM o BULY

KopucTyBay WebGL

MacwratysaHHA
CLEHW

MoBopoT
CLEHKH

Pucynok 1 — Jliarpama BapiaHTiB BUKOPHCTaHHS
[lepm HiXX BUKOHYBaTH (hOpPMYBaHHS BEO-CTOPIHKM HEOOXITHO BUKOHATHU MPOTOTUIIYBAHHS

MaiOyTHROTO pecypcy. Ilim yac BUKOHAHHS TaHOTO MPOIECY BU3HAYEHO PO3MIIICHHS Ta KiTBKICTh
OCHOBHHX OJIOKIB (pHC. 2).
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HEAD

) HasBa npostyKTy 3 JIOrOTHIIOM Ha3zpa npoaykry 3 J10rorunom

BODY

— Brok kepyBaHHs

ITosoTHO canvas

— Tonorho canvas

[lynbT KepyBaHHS

FOOTER

L» Hassa xomnanii po3poGumKa Ha3sBa komnauii po3pobHuka

Pucynok 2 — CxeMaTu4Huil BMICT CTOPIHKH

B3aemonist koprucTyBaya 3i CTOPIHKOIO pealli3oBY€EThCS 3ac00aMu OJIOKY «ITyJIbT KEPyBaHHS»
B makeTi. [Iporotun mporo 650Ky mependadae HasBHICTH €IEMEHTIB KEepYBaHHS I peamizarii
MOJKJIMBUX BapiaHTIB BUKOPUCTAHHS BeO-pecypcy (pHc. 3, BUALJICHO MyHKTHPOM).

BaxmBuM eranmoM BHKOHAHHS PO3POOKH € MakKeTyBaHHsS CTOPIHKH 3TiITHO PO3pOOJICHHMX
NPOTOTHUINIB Ta 1i nu3aliHepcbke opopmieHHs 3acobamu MoB HTML Tta CSS. 3rinno makera Tijo
cropiku Oyino po3buro Ha okpemi Onoku. @opmysanns userfriendly intepdeiicy Ta komdopTHe
COpUMHATTSA 1H(pOopMaLlii KOpUCTyBaueM 3a0€3Meuy€eThCsl BUKOPUCTAHHSIM BJIACHOT KOJIEKIIIT CTHIIIB.

3aranpHUI BUIIIA] BeO-pecypcy MpeacTaBieHuil Ha puc. 3.

OcTraHHIM €TanoM BHUKOHAHHS PO3POOKU € MpOrpaMyBaHHs JIOTIKH pobotu pecypcy. [lepn
HIK Mepeitu 6e3nocepeHbo 10 po3poOku (GyHKLIM MaHimy i Hag 3D-Monemmo, 6a3yrodnch Ha
MeToax Ta arpudyrax TexHosorii WebGL, Oyio go1aHo 10 My/IbTy KepyBaHHS Ta IMOJIOTHA canvas
00poOHMKM TOJIHM peakiii Ha aii kopucTyBaua. JlaHuil (QyHKIIOHAN peasi3oBaHO 3a JOIOMOIOK0
3aco0iB MoBu JavaScript.

1TP Kaleidoscope
| R C O i SO G / o,

Pucynok 3 — Cropinka Beb-pecypcy
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[Ticns mporo BUKOHYBajacsi Oe3mocepedHs po3poOka (yHKIIOHATY BeO-pecypcy Ioa0
peaizauii Manimysnii 3 3D-Moemio, BAKOPUCTOBYOYH 3aco0u TexHouorii WebGL.

Po3poOka koxHOI ormeparlii MaHINyJsAii Hajg MOICIUII0 peali3oByBaJlach Ha MPHUKIIAII
poOOTH 3 MPUMITUBHUMHU MOJICIISIMH.

[Tepioro omnepaiti€ro 3 MOJEIUIIIO, SIKY Oy/ie BUKOHYBaTH KOPUCTYBAY, € 3aBaHTAKEHHS (ailny
Ta Bi3yasi3aris mie€i Moayi.

Ockinbku WebGL He Hamae metonu API mis mepenayi He3ane)KHUX JaHUX BEPIITUH MOJIEII
B KOHBEEP PEHICPUHTa, TOMY eI 32 Bce HEOOXITHO 3aMucaT BCi BEpIIMHU B MacHuB JavaScript, a
notimM ctBopuTH Oydep BepmnH WebGL 3 mmum macuBom. Ilpu npomy Takoxk (GpopmyeThcsi MacuB
1HIEKCIB BEpIINH, SIKUH MICTUTH iH(OpMAIil0 PO MOPSAIOK 3'€JHAHHS BEPIIMHH I (HOPMYBaHHS
noBepxHi. Takuil miaxig € Tpyaomictkum. [Ipum Takomy mMmiIXoJi JIErKO peani3yBaTd MpOIIEC
Bi3yastizanii MpUMITHBIB, HAIPHUKIIAA, KyOy 9H MipaMiTy Ha OJOTHI canvas.

[Tpote, SKIIO TOBOPUTH MPO Bi3yanli3allilo MOBHOILIIHHOI Ta CKJIaJHOI MOJENi, ICHY€E BelIHKa
HMOBIpPHICTB TOTO, IO 1HAEKCH OyIyTh 3aMMCaHi 3 MOPYIICHHSM MOPSAKY CJiTyBaHHS, IO MPHU3BEIEC
JI0 HEKOPEKTHOTO BifoOpaxkeHHs mozeni. Tomy Oyno mpuiHATO pillleHHsS BUKOPUCTOBYBATU (hailiu
dopmary *.json, mo nepeadadeno napaaurmoro Texuosorii WebGL. OxpeMuM apryMeHTOM IbOTO
BUOOpY cTaB TakoxX ToH (axT, o JSON € miaMHOKUHOIO 00'€eKTHOI JTiTepanbHOi HoTawii JavaScript,
a 11e, B COI0 Yepry, CIPOIIy€e POOOTY 3 HUM HA BeO-CTOPIHIIIL.

CrapmaptHuMm 3acobamu 0ib6miorex Texosnorii WebGL BukoHaHo peainiszamito 0a30BHX
orepauii MaHImymsmii 3 Mojemao. A caMe: 3MiHa 3a0apBi€HHS MO, MaclTaOyBaHHS Ta
MOBOPOT CIIEHH 3a JOMOMOTOI0 MAaHINMyJasATOpa THUIYy MHINA, HANAMTYBAaHHS YOTHUPHOX JHKEpen
ocBiTJIeHHs 3a Mojemnto DoHra, mMexaHi3MH poOOTH 3 KaMepaMHM Ha OCHOBI MPOEKLIHHOTrOo
nepeTBopeHHs. Komii ekpaHiB 3 JeMOCTpalli€elo BUKOHaHHS BKa3aHUX (YHKIIH HaBeJleHO Ha puc. 4
Ta 5.

Pucynox 4 — 3miHa KoIb0py Ta 10AaBaHHS OJIUCKY

———
P -,

ITP Kateidoscope
, -,

Pucynok 5 — HanamryBanHs Jpkepen cBiTia Ta 3MiHa MPOEKIIHOTO BULY
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BUCHOBKHA

[IpoBenene nmociiKeHHS NUTaHHA BUKOpHCTaHHS 3D-momeneit B mpakTuuHid poOOTI
MOKa3aJio, M0 YaCTO BMHUKAE HEOOXITHICTH JEMOHCTpAIlil Ta BUKOHAHHSA 0a30BHX MaHINMYJSLINA 3
MOJICJUTFO 32 YMOBH BiJICYTHOCTI BCTaHOBJICHOTO CIICIiali30BaHOTO TPOTrPAMHOTO 3a0€3IECUCHHSI.
Jns BupimenHs 1iei mpobiemu po3pobiero BebO-pecype «ITP Kaleidoscope», sikuii mo3Bodisie
3aBaHTaKyBaTH, NEPErisIaTH Ta BUKOHYBAaTH MaHINYJISIIA 3 MOJEIUIIO Ta clieHOw. PeanizoBaHuit
(GyHKITIOHAN TIOBHICTIO BIAMOBiJIa€ 3asBICHUM BHUMOTaM. 3a0e3MeuyeThCs poOOTa HE3alIeKHO BiJl
wiatpopmMu Ta Gopmary mozeni. BukopucranHs [HTepHET-TEXHOJIOTIH POOHUTH 3alpOIIOHOBAHUIA
pecype AOCTYIHHUM JUTs KOPUCTYBa4ya HE3AIEKHO BiJl Yacy Ta MICIlsl 3HAXOKEHHSI.

[IpoBeneHe TecTyBaHHS FOTOBOTO MPOAYKTY MOKA3aio, 10 ICHYIOTh BUIAJKA HEKOPEKTHOI
Bi3yai3allii MoJesi Ha CIIeHi, TIOB’s3aHi 3 0COOIMBOCTSIMH POOOTH KOHKPETHOTO BeO-Opaysepa. 3a
pe3yJbTaTaMH IOTO CKJIAJIEHO MEPeiK PEeKOMEHJIOBAaHMX 10 BUKOpHCTaHHsS Opay3epiB. Tomy B
MOJAJIBIIIOMY 3aIlUTAHOBAHO PO3POOKY OKPEMOTo MOAYJNS, SKHAW J03BOJIMTH TNPH 3aBaHTAKECHHI
CTOPIHKM BUKOHYBATH MEPEBIPKY MIATPUMKH BeO-Opay3epoM 00paHOi TEXHOIOT1I.

3HaYMMICTh BUKOHAHOI PO3POOKH MiATBEPIIKYETHCS BUKOPUCTAHHSIM 3aIPOIIOHOBAHOL
pPO3pOoOKM B HaBYANBHOMY Mpoleci cekuii iHpopMalmiifHUX TEXHOJIOTiH MPOeKTyBaHHS Kadenpu
KoM toTepHruX Hayk (CyMCBKHH Nep)KaBHHM yHIBEPCHTET) NMPU MPOBEIEHHI JEKIIHHUX 3aHATH 3
mucnuiutie «Komm’rotepHa rpadika» ta « TeXHOJIOTii KOMIT FOTEPHOTO MPOeKTyBaHHs». Lle cripuse
MOKPAIIEHHIO CIPUWHATTS MaTepiany.
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BEB-PECYPC BU3YAJIN3AIIUM 3D-MOJIEJIEN
Cmamovs nocsesawena peulenuro aKkmyaivbHOU Npakxmuyeckou 3aoauu euszyaiuzayuu 3D-
MoOenell pastuiHblx hopmamos 6e3 cneyuanusupo8aHHo20 NPoSpamMmno2o obecnevenus. Ilposeden

aAHAIU3 COBPEMEHHO2O0 COCMOAHUA 60npocda, MexHon02Ull peaiuzayuu U  pecypcoe-aHailocos.
Coenacno COBPEMEHHbBIM meHaeHI/[M}lM paseumiis MH¢0pMaI4MOHHle mexHon02Ull pearusayuro
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Ingpopmauiiini mexunonocii

gvinoinen 6 ¢opmame eb-pecypca. bazosoii  mexHonocuu  peanuzayuu - 8b108UHYMbIX
@yHxyuonanvuvix mpeboganuti uzopan WebGL. Cmamvs codepoicum onucanue npaKkmuiecKkoozo
8bINOIHEHUS NPOEKMA: NPOMOMUNUPOBAHUS U MAKEMUPOBAHUS 8e0-CMPAHUYbI, ONUCAHUE PeaKyull
Ha Oelicmeus Noiv308amens, paspadomky @yHKyull MaHunyiayuii ¢ moodeivlo. Pezyiomamom
npogedeHHoU pabomuvl A61AeMCcsA  pa3pabOmManHblli  8e0-pecypc, KOmMOpblll  BbINOJHAEH.  BCe
ycmaHognenHvle mpebosanus. Paspabomka mooicem ucnonvb3o8amuvcs Kak 8 npogeccuoHanbHol
oesmenvnocmu  IT-cneyuanucma no 3D-molderuposanuro, max u 6 YueOHOM npoyecce no
cneyuanbHocmam HanpagieHul unxcenepus / 3D-moodenuposanue.
Knroueeswvie cnosa: WEBGL, seb-pecypc, mexnonozuu, suzyanuzayus, 3D-wodens, JSON.

Yasinska T. A., Fedotova N. A., Vashchenko S. M.
WEB RESOURCE FOR 3D-MODELS VISUALISATION

The paper is devoted to solving the actual practical task of 3D-models rendering in different
formats without specialized software. Current state of the issue, implementation technologies and
analog resources analyze was conducted. According to modern trends in information technology
development, the implementation is done in the web resource format. WebGL was chosen as the
basic technology for the implementation functional requirements.

This type of technology is used on the web pages of online stores, different companies, in the
distance learning system. The reason of this fact, is that by adding three-dimensional elements to the
structure of the web page, the site developers get a special effect on the design.

The structure of the web page resource was designed by prototyping, using Adobe
Photoshop software. This phase made it possible to coordinate with the customer the placement of
the main blocks and to establish a common color scheme.

By using HTML and CCS markup and formatting the webpage was made according to the
final prototype.

Thanks to the functions and methods of the JavaScript programming language to the remote
control functions responsible for correct reaction to user actions, namely, changing the color of the
model, adjusting the four light sources for the Fong lighting model, selecting the desired projection
to view the model, scaling the scene have been added.

The paper describes the practical project realize: prototyping and layout of the web page,
description of reactions to user actions, development functions for manipulation with the model.

The web resource was made as a single web page, the client’s section of which is a panel
with implemented controls (buttons, check-box, list, etc.) and provides the performance of functional
possibilities.

As a result, web resource was developed. This product fulfills all established requirements.
The resource can be used both in the professional activity of an IT specialist in 3D-modeling, as
well as in the educational process for specialties of engineering / 3D-modeling.

Keywords: WEBGL, web resource, technologies, visualization, 3D model, JSON
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