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yК PEЦEH3EHTA

Ha ДИCepTaЦ iIO′rapaCOBa HiKiTИ  AHДpiЙoBИЧa

《IHΦOPMAЦIИHA TEXHOЛ O「IЯ ΦOPMyBAHHЯ  Ш PИΦTy БPAИЛЯ

3A ДOΠOMO「O103D¨MO,暉)ЛЮBノ妊II班》,

ΠpeДCTaBЛ eHy Ha 3Д06yTTЯ cTyΠeHЯ ДOKTOpa ф iЛOCOф iI

B「aЛy3i 3HaHЬ 12-IHф op:MaЦ iЙHi TeXHOЛ OFiI

3a CΠeЦiaЛЬHiCT】d26-IHф opMaЦ iЙHi CИCTeMИ Ta TeXHOЛ O「iI

Arcrya.ilrHicrr reMrr. Arcryaluricru reMu Alrceprarlifinoro AocriAxeHn-s

3yMoBneHa norpe6oro y crBopeHHi 4ocrynnoro iH@opvraqifinoro cepeAoBprr\a ilils,

oci6 is nopyrueHH.,rMu 3opy. Einrmicm 3D-rrao4enefi opieHroBaHo Ha nisyamne

. cupnfinflTTfl.. Ynacri4oK uboro raKTlrJrbHa cKnaAona, Heo6xiAna Ans nigrnopennx

inQoprr,raqii urpnSrour Epafinfl., 3arrvrruaerbcfl Apyropf,AHoro. [e crnoproe 6ap'epkr y

4ocryni Ao 3HaHb, ocsiru ra upoSecifinoi ui4ro:ronru.

Possuror iHrrtrosunHoro npocropy uorpe6ye HoBr.rx pirueur, rqo 6asyrorbcs Ha

cyqacHnx iHQopnaaqifiHux rexnororixx. Oco6nuny qiHnicrb Marorb ruetoAz 3D-

MoAeJIrcBaHH.fl Ha ocHoBi agutuaHux rexHonorifi. BoHn Ao3BonrrcTb crBopK)Barr4

SiruuHi o6'erctz 3 Br{coKurra pinuervr Aeraaisarlii. I-{e BaxJrHBo 4nx SopMyBaHHrr

HaBqzurbHilx Marepianin, xri Hespaui ropucrynavi Moxyrb cnpuirr'r.au4 TaKrraJrbHo.

flpore 3acrocyBaHHfl rlux rexHoJrorifi p^ls, uorpe6 inxmosii o6uexene. flpuvuHaMu e

ai4cytuicm yniQirosaHux MeroAlrK, rexni.rHa cruaAnicrb rrpoqecis ra eronouiqni

IILIHHUKH.

Poepo6nennfl a4aflToBaHr{x 3D-rr,roAenefi snNrarae ypaxyBaHH.rr oco6runocrefi

urpnSry Bpaimt. Heo6xi.qna ro.rnicrr y poauipax, Qopl,ri ra posrvriqenHi KparrKoBr.rx

ereuentis. IIoNIETKH Ha rlroMy eraui [pr,r3BoArrb Ao ropyrreHnx QyurqiosanrHoc:ri

o6'errin. Bo4nouac BrrKopucraHHf, rparurqifiHrrx MeroAin suroroBJreHHf, TaKTr{JrbHrrx

l,rarepiarin e rpllnalllrM i nranoeQeKrr{BHrrM. Torury uorpi6ni Hosi rexHiuni piruenur,

sAarHi onrnuiayBartt rpoqec crBopeHHx rupn$ry Bpaimt.

CQepa aAuruBHoro nrzpo6HuqrBa xapaKreprrrcyerbc.rr BLrcoKoIo 4uuauiroro.

. 3na.rHa rracrlrHa rcouuauifi iunecrye y HayKoBi pospo6xz. Ue cni,q.rutr upo noreHqiar

rexHoJrorii sr pyruix innosarlifi. ii sacrocyBaHHf, y cQepi iurcnrosii M.oxe crarla
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BaxJII{BoIo cKJIaAoBoIo rpaHcQopMarlii ocBiTHboro cepeAoBr4ula. 3orpeua,

sa6egneqr4Ty: cr4creunufi uiaxil Ao Br{roroBJreHH, rupu$ry Epafiu 3 ypaxyBaHHrM

uorpe6 Kopr,rcryBa.rin i BuMor 4o rxocri.

Taruu rrr4HoM, AocriAxenH.f, opienronane Ha posa'xsanHr arrya-nruoi

upo6.uervru niAnrzuleHns srocri TaKrHJrbHrax in$opuarlifiHux rvratepianin Ans He3p-{qux

oci6 urnsxoM 3acrocyBaHH, cfracHrx iu$oprvraqifisuxrexHonorifi. 3aupouoHoeaHufi

inHonaqifinrafi niAxiA uonsrae y iHrerpaqii ueroair 3D-nroAenroBaHufl ra 3D-apyxy

y rpoqec QoprraynaHH.s rupu$ry Epafina. Peaynbrurvr AocniAxeHH, 3Aauri cyrreno

po3rrr[prrrlr Naoxnueocri iHrnrcsueHoi ocsiru ra :po6nur saroNll,Ifi BHecoK y

rr,riN4ucqnnninapHi nayroni posni4ru rr{oAo ui4rpurvmra oci6 3 rropyrueHH.aM 3opy.

flzcepraqiftua po6ora y3roAxyerbc, s upiopr,rrerHltMrr Harp.f,MaMl{ po3BurKy

HayKI,I fi rexuirn ra niAnosi4ae uunuoMy 3aKoHoAaBcrBy Yrpainn, 3oKpeMa: 3ar<oHy

Yrpainz nflpo upiopurerui HanpxMlr po3BurKy HayKu i rexniru) (J\lb 2623-Iil sia 11

IrutrHfl 2001 p.), 3aroHy Yxpainu <IIpo npiopnremri HarprMu innonaqifiHoi

4ixmnocri n Yrpainb (Ne 433-IV sia 16 ciqns 2003 p.), 3arcony YrpaiHra <<IIpo

naqiosarbHy rporpauy in@opMarLr3arliii) (J\b 74198- BP sia 4 mororo 1998 p.),

3arouy Vxpainn nflpo ocHoBr4 coqiaruroi saxzrqesocri oci6 g innaniruricrro B

Yrpailrb (N0875-XII ria 21 6epeena l99l p.), KoHnenqii rpo rpaBa oci6 3

innani4nicto (patuSiroaaHo 3aronou Yrpainn }lb 1767-VI sia 16 rpy4nt 2009 p.),

Posuopr4xeHHro Ka6inery Minicrpin YxpaiHn <flpo cxBzlreHH.f, Harlionamnoi

crparerii ia crnopennr 6es6ap'epuoro rpocropy n Yrpaini ua uepiol lo 2030 poKy),

HarIp.aM 2: <IuQoprraaqifina 6es6ap'epnicrr>> (J1b 366-p si!, 14 xsirHs 2021 p.),

upiopnrerHltM TeMarrrrrHr,rM HarrprMaM HayKoBLrx AocniAxenr HaqioH€rrrbHoro

yninepczrery <<Jlrsiscrra lolirexHira>.

O6rpynryBaHHfl HayKoBrrx rroJro)r(eHb ra ix .qocronipnicrr.

O6rpyHrosaHicrr ra .4ocroBipnicrr HayKoBr{x pe3ynbrarin, uonoxeHb ra slacHosxin

sa6esne.reHi BuKopracraHHf,M reopii ceMaHTuqHux Mepex ra ereuenrin rorixn

rlpeAllKarin, uero4is NaarervrarnrrHoro MoAeJrroBaHHfl. iepapxifi, Naero.{is paHxyBaHH.rr

ra oqiuroBannfl. BaroMocri upegnrcarir, liuifinoro 3ropraHufl xpurepiir, ueto4in ra

saco6is neqirxoi norirz, crpyKTypno-@ynxqionanrHoro Mo.qenroBaHHfl,, MoBrr
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nporpaMyBamufl Golang 4rrfl rrporHo3yBaHH{ .sxocri rraafi6yruroi 3D-rvro4eni s

rupnStorra Epafiu.

Pesymrarn po6oru AocrarHbo aupo6oBaHo Ha: snirHux HayKoBo-rexni.IHrax

xon@epeHrli.ax upo$ecopcEKo-BLrKnaAarlbKoro cKnaqy, HayKoBLtx upaqinuuxir i

acuipanrin Yxpaincrroi araAeuii ApyKapcrna (Jlrnia,20271024);Yll Mixnapot:atit,

HayKoBo- uparuEuuifi xou$epenqii <IlonirpaQivni, MynbrLrMe.qifiHi ra WEB-

rexHoJrorii> (Xapris, 2022, 2023, 202$; lst International Workshop on Intelligent &

Cyber Physical Systems (ICyberPhyS-202$, CEUR Workshop Proceedings

(XnrenrHzqrrzft, 2024).

Bucnonru i pexouen4aqii, xrci nane4eni n Auceprauifinifi po6ori, e AocrarHbo

o6lpynroBaHr{Mu, ix Aocrosipuicrr uigrnep4xeHa eKcrrepkrMeHTaJrbHo.

CQoprvry"rr boBaHa HayKoBa HoBrr3Ha rrpeAcraBrenoi Ao 3axucry A ucepra qii'.

Ha ocuoni upone.qeHux reoperuqnux i HayKoBux AocniAxeHb oAepxano raKi noei

pe3ynbTaTu:

gneprue:

- SoprraanisonaHo 3B'r3Kr,r uix Sarropavrv, Iqo B[nr{Barorb Ha sricu

Qopvrynannr ruprEQry Epafinx B rrpoqecax aALrrr,rBHoro nzpo6nuqrna, ra

napaMerpaMrr flKocri qroro QopnayraHHn Ha ocHoni ceMaHTuqHLIx Mepex i Ntosu

rorircn [peAuKarin, rqo sa6esue.{LrJro TeopeTr4rrHe ni4lpynrx [o,q€Lrrbrr[rx AocniAxeHb;

-cuHTe3oBaHo 6araropinneni uroAeri upiopurersocri BrnrBy

BuoKpeMneHr{x Sarropia i upoqecin, sxi BrrJrrrBarorb Ha QopuynaHnr rupu$Ty

Bpafim. ra Br{3HarreHo o[ruMaJrbunfi napiaHr peanisauii eiAuosiAHl{x ilpoqecie Ha

ocnoni uero4in MareMaruqHoro MoAenroBaHH, iepapxifi, paHxyBaHHs, iL ninifinoro

3ropraHHfl Kpr{repiin, y pe3ynbrari qoro c$opvronaHo crpyKrypoBaHy iH$opvraqifiny

6azy ganvx;

- pospo6neHo crpyKrypno-SynrqioHanury MoAenb iH$opuaqifi noi rexnororii

4nx oqiuroBaHH-f, upiopnrerHLtx Sarropin BlJrrrByra npoqecin, qo Bz3Haqalorr sKicru

QoprvrynaHnr mpzSry Bpafim sa 3D-rr,ro Aelrflx, xxi ruxoprrcroBylot nesp.avi oco6u;

- BuKoHaHo reHepyBaHH.fl rpunuvripHr{x MoAenefi is reKcroM Epafinx na ocnosi

[apaMerpin sa saN,roBrryBaHHf,nr a6o BcraHoBJreHr4x Kop[cryBaqeM 3HarIeHb; sAificHeHo
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KoHBepraqirc so6paxeHH, y rpr{BuMipni rr,ro4eni g rroAtlJrbrur{M po3BHrKoM Ilboro

fyHrqionatry; rpoBeAeHo oqiHry niAuoni.qHocri po:uipin rpauor rupu$ry Bpailmt

craHAapraM, a raKox rrporHocruqHe orlinrosaHH.rr .rrKocri rpunzvripnoi vro4eni s

ypaxyBaHHrM reKcry, rr.rry 3D-apyry ra inruux naparvrerpir.

ydocxoua.neuo:

rpoqec Br.r3HaqeHH, npiopzreTHrlx Qarropin BIInI{By Ha sxicm

SopvryraHHf, rrrprfiry Epafirrfl. ra pospo6neHo peKoMenAaqii uloAo 3acrocyBaHH,

rexHoJrorii 3 D-gpyKy ra rpunurraipHo ro MoA enloB anHfl.

omputw an o no d an au,tuti p o s eum o x :

- xonqeuqis Qopvryaannx ra o6lpyHryBaHHrr npiopurerHl{x Sarropin,

qo BrrJrprBarorb Ha sricu $opuynaHrur rrrpuQry Epafinf,; BlrKopucraHHfl. cyqacHux

iHQopuaqifinnx rexHonoriirn aaurrrBHoMy rzpo6Huqrni; uorpalrleHH.fl QyHrcqionarry

lporpaMHoro sa6esue.reHHrr AJrfl rpnnrarvripHoro MoAenroBaHHs fpafiilncbKl{x

rr,rogerefi; 3acrocyBaHHf, rxrfrHoro inrerexry 3 peKoMeHAauixvru uroAo fioro

iHrerpaqii ans nignnulenHf, {Kocri crnopeHHf, raKTkrJrbHr{x 6pafinincbK[x nro4enefi;

oqinrosaHH.fl .f,xocri nr posnisnanaHH.fl rpnnnuipnux o6'errin 3a AorloMorolo

rcovrr'rorepHoro 3opy ra nefiponHrax Mepex.

Koporrcnfi ana.ris srvricry gucepraqii:

y ecmynt HaBeAeHo ra o6lpyHroBaHo arryamnicm ALlceprallifinoro

AocriAxeHHr. BrasaHo ua 3B's3ox po6oru 3 HayKoB[MkT [porpaMaMu, rIJIaHaMI,I,

reMaMlr. CQoprraynboBaHo Mery ra eaAa.ri AocniAxenn-f,. HaneAeHo o6'err ra [peAMer

4ocni4xenns. OnucaHo MeroArr Aocni.{xennx. flpoAeMoHcrpoBaHo HayKoBy HoBI43Hy

i nparcrnvHe 3HarreHH, orpvMaHux pesynrrarin. 3asHa.reHo oco1ncrufi. BHecoK

s4o6yaa.ra. flpe4craBJreHo anpo6aqirc pe3yirbraris Auceprarlifinoi po6oru. flo4ano

ni.{ouocri qo.qo rinrrocri uy6riraqiilr, orry6nir<onaHrrx sgo6ynaueM 3a pe3ynbraraMlr

Br4KJraAeHux AocniAxeHB. 3asHa.reHo crpyKTypy ra o6cn gucepraqii.

Y neputouy posdiil rpoBeAeHo anaris rexHoJroriira4uruyHoro nnpo6nzqrBa ra

inQopuraqifinnx clrcreM ilnfl peariaaqii apyxy rupnQtonr Bpaftw. 3orpeua,

rrpoaHarrisosaHo cytacuuir craH, aKTy€rJrbHicrr i ren4euqii po3BI{TKy in$opl,raqifinzx

rexnolorifi 3D-uoAelroBaHH.f,, npoqecin aAurr.rBHoro nupo6nzqrna, a raKox
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[po6reM iHrnrosii An.fl nloAefi s ropyrreHHrMr{ 3opy ra He3pf,qr,rx. ,{ocni4xeno

TexHoJlori.rxi acuerrz iHrerpyBaHHf, rrrrfrHoro inrerercry y rpouec Soplaynannx

urpuSry Epafirr Ha rrpororr.rrrax ra 3D-uo4errx. flpoanani3oBaHo MeroAr{ Ta

aJrropLrrMu ruryqHoro inrenerry, ix [epeBarz ra o6uexeHH.rr.

y dpyzouy posdini 4ocri4xeno $arropn BrrwrBy Ha nn6ip rexnororifi

Soprvrynann.r urpn$ry Epafinr Ha ourosi 3D-ruoAenroBaHHs. llpore4eno anaris

rexnororifi tpnnnvripHoro MoAeJrroBaHHs. Arrfl crBopeHHf, TaKTrrJrbHux ruoAerefi.

Posuanyro BuAu rrporpaMHoro ga6e3rrerreHHf,, ix SynxrlioHa;rrui MoxrlEsocri ta

quHHrKtr, lr1o BrrJruBarorb Ha rrpoqec Sopuynannx rupuQry Epafinx. flpoaHarisosaHo

rexnororii a.{[TLtBHoro eupo6nuqraa. Br,monauo nopinuxnru 3 TpaArtlliitlauwu

MeroAaMr{ Br4foroBJreHH.rr raKTuJrbHux Marepianis. BnsHa.reHo rrepeBarn, ne4oniKpr ra

opienronni nnrparn. Orcpelry yBary npr,r4ireno Sarropana, xxi BrrJrLrBaK)rb Ha sxicm

ni4rnopeHH.f, penreQno-KparrKoBoro rupn$ry.

flpoae4eHo 4ocni4xeHHx rexHiqnzx oco6rnnocrefi po6oru 3D-upzurepa.

Posrruryro .rpuHrlr{rur SynrcrlioHyBaunfl ra KoHcrpyKuanui uexauisuu, rqo

Bu3Haqarcrr e{exrunnicru crBopeHHx 6paitnincbKr4x uo4etefi. BrsHa.{eHo Sarropu,
qKi sununalorb na ro.{Hicrr i cra6inrHicrr QopuynaHH.fl rxpLr$ry. flpoanarisonaHo

Bkr4r4 uarepianir, rqo 3acrocoByrorbcf, B pisuux rr.rrrax 3D-apyry. Posrn.anyro ixni

Sisu.rHi ra xiuiqni sracrrasocri. BcrauonneHo 3irJrexnicrr.sxocri rupn$ry Epafina ni4

nn6opy uarepiany. 3AificHeno AocriAxennq BrrnnBy rvrarepiarin Ha -aKicrr

$opvrynaHHtr penbeQno-rparrKoBoro urpnQry Ha rpuBuruipnzx MoAeJrf,x. Po:uxuyro

s4atnicrr pisuzx uarepianis sa6esueqyBarra .rirre raKTLrJrbHe 3qr4TyBanHs czlasorie

He3p{tIHMu KopLIcTyBaqaMu. HaneAeHo ocnonui incrpyvreHTu, ulo 3acrocoByrorbc.rl

4nx SopMyBaHHf, urpn$ry 3 BLrKopncraHH.f,M 3D-apyry. flo4aHo y3aranbHroroqy

ra6rnqto repeBar i ne4oniria, .rri BrHuKarorr uiA uac po6orz 3 KpauKoBurra rupuQrona.

Posrnruyro oco6rzsocri in$opuaqifisnx cucreM, ulo BLtKopr{croByrorbcfl Arrfl

QopuynaHHf, rupEQry Epafinx. IlponeAeHo analis repeBar i o6rvrexeHb Ha;rBHrx

piruens. HaseAeHo ueperirc cr4creM, sri gacrocoByrorb Anf, crBopeHHf, peme$Ho-

Kpa[KoBux uoAerefi. O6rpynroBaHo Heo6xiAnicm yAocKoHaJreHH.,r raKr4x

in$opnaaqifinux cr{creM. Posumryro [epcneKrr{Br crBopeHH.f, ArEcureis ta qra$ponux
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rpllcrpoiB Ha ocHoni a.{urnnHux rexHonorifi. flpone4eno anaris ra uopinnxunq CAD-

cI4cTeM, IIIo Bl{KopllcroByrorbc{ y upoqeci pospo6ru 3D-rraoAerefi si urpz$rou

Bpaitm. PoeurHyro HarBHe [porpaMHe sa6esue.reHHr, Br{3HaqeHo fioro

SyHrqionamni o6uexennx. O6rpyHroBaHo neo6xiAnicru sAocKoH€rrreHHx icHyrovux

CAD-cucrerr,r. 3aificHeHo nu6ip nafi6inrru rprAarHoro cepeAoBr{rqa Anfl crBopeHH.,r

penreQno-KparKoBr{x MoAenefi. BoAnoqac sa$irconauo fioro HeAoniru, qo csiArrl{Tb

rpo Aorli.nrHicm Soplaynanna HoBr4x rpurepiin oqinrosaHH.f, Ta pospo6neHnx

cneqianisoBaHoro [porpaMHoro ga6es[eqeHHr.

Y mpemoony posdini pozpo6neHo nao4eni oqinronannfl xrocri rupz$ry Bpaitw

Ha ocxoBi texuororifi 3D-IpyKy ra 3D-uoAenroBaHH.,r. Crnopeno iu$opuaqifiuy

roHqeuqiro AocniAxeHH, npoqecin SopvrynaHHx rupu$ry Bpaiurx 3 BkrKopr.rcraHH.rrM

3D-ruo4erloBaHHfl. B if ocnoBy rroKJraAeHo ABa xpnrepii: rpoqec crBopeHHs 3D-

nao4enefi y Mexax aAI{TI{BHoro nnpo6Hr4rlTBa ra Qarroptr, ulo BrrJrr{Barorb Ha.rricrr

upnSry Epaimr,. Ha 6asi rlkrx xpnrepiin BLrKoHaHo rroerarrHe oupaqroBaHHs.

rlapaMerpir, pesylbraru tKoro rroAaHo y BrrnflAi 6araropinuesoi uo4eni. Bosa

oxorrJlloe: QoprraynaHH.f, ceMaHTktrruoi uepexi gn'.sgris rvrix upoqecaMr,r i Sarropanau;

uo6y4ony uo4enefi npiopnrerHr{x Saxropin; po3paxyHoK €rJrbrepHarLrB i

MoAeJrroBaHH.f, KoMrroHeHr neqimoi cncreuz oqiurcnauux.

Crnopeno ceMaHrurrHy Mepexy, Aa Beprur{Hr4 siAuosiAarorr Sarr:opaM, a Ayrr4

ni4o6paxalorb rinrnicrz.rHi 3n'.f,3Kn 3 BrzKopr{craHHrM loriru upe4nr<arin.

@oprraani:oBaHo 3B's3Kr4 rraix farcropaMu aArrrr,rBHoro nupo6uurlTBa i qricfio rupraQry

Epafinx. Ilo6y4onaHo Marpr.rqro Aoc{xnocri na 6azi ceMauruqnoi rraepexi, a raKox

irepaqifiHi ra6nnqi Aru Br43HaqeHH{ saxuunocri Sarropin. Pospo6reuo

6araropiaHeBy MoAenb @arropin BrrnvBy Ha ocuoni MeroAy iepapxiunoro

MoAenIoBaHHf,. CuHregosaHo BAocKoHzLrreHy MoAenb 3 Br{KopucraHHf,M MeroAy

paHxyBaHnfl, Ta BaroMocri upe4urcaris. OnruNrigosaHo narosi 3HaqeHH, Sarropin sa

AorroMororc rvrarpuqi [olapHrrrx nopinnxnr ra MeroAy 6ararorpurepianrHoi

onruuisaqii. CSopuonano MoAenE llapero 3 ypaxyBaHH.flM HaKorr4rryBaJrbHr{x

rpoqeHTHl4x BHecKin. B[sHa.reno nafisnrzsosiui $arropu, rrlo $oprvrylom sricrr

rupu$ty Epafinx Ha rprBnrraipuux MoAen x.
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y qem*epmoMy pudini pozpo6neno iuSopnraqifiny rexnoloriro @opvrynannx

urpnQry Epafinx 3a AonoMororc 3D-uoAenK)BaHHf, ra 3D-4pyxy. 3oxp evra, saiiacHeHo

rpy[yBaHHs riHrsicrutrHr.rx s N,riHHux s a QynrqionamnuMLt o3HaKauu. Crnop euo 6a":y

AaHI{x, .sKa flos'f,sye srraiuni s ix repM-MHox?rHaMr{ ra ri4uoniAnurran uinrnic'rprr{Hr4Mr4

repMaMtr, lqo sa4ani y neuirxifi rpuauruipnifi rurani. Pospo6neno iepapxiuny vro4enr

loriqnoro BuBeAeHHf,. Bona onucye 3B'.s3xu rvrix eJreMeHTaMu 6azu ilaHtrx ra

amopurM o6'rucneHnr Qynrqifi nalexnocri na ocHosi repuin sNriHHux. C$oprvronauo

iHSoprvraqiftny 6asy) flKa non'xsye sMiHHi 3 MexaMV repM-MHo)KuHTa niAnoeiAHzNrLr

rinrnicrnqHrrMlr oqinranan. llo6y4oBaHo uarpzqi rorapHlrx uopinnxur repvrin.

O6.IucrreHo 3HarreHH.f, Qynrqifi narexnocri. 3.qificHeHo uoprraarisaqiro Synxqifi

HEIJIexHocri ra rpeAcraBJreHH, ix y nzrux4i nevirxrax MHoxr4n. C$opuoBaHo vrarpuqi

He.rirrczx 3HaHb rurry. flo6y4onaHo crrcreNdu ne.rirrcnx rori.rHnx pinHrrb AJr-f, grrainnrx

Apyroro pinHx rvroAeri rori.{Horo Br{BeAeHHx. flponeAeHo ae$aszSiraqiro. BusHa.reHo

o[TrIMEtrIbHy rexHonoriro AJI{ orpLtMaHH.n BucoKo.rrKicnnx 6paiarincbKr4x raKTr.rJrbHr/rx

uoAerefi.

Buxonano eKcrlepuMeHr 3 BlrKopucraHHflM FDM-uprnHrepa i PlA-nnacrr{Ky.

.{ocni4xeHo BTIJII{B rraarepiary ocHoBr{ (uauip, uninra, rrJracrlrK, crno) na .sricrr

SopuynaHHx rupz@ry. BrsHaqeHo onrzuaarni rlapiauru ra ix napricui

xapaKTepH9TLIKH.

Pospo6neHo crpyKrypno-Qyurcqionanbrry MoAenr in$oprraaqifinoi rexnolorii

oqiuronanns qrcocri rupuSry Epafinx. Bona BKrroqae in@opuaqiiruy 6azy AaHkrx,

IraoAeni upiopurerHltx Sarropia i Heuimy cprcreMy rrporHocrr4qHoro aHanisy 4nx

s a6esueqeHH.f, norpe6 He3p.fl qux KopucryBa.ri s.

y n'amouy posdini orucaHo poapo6nene nporpaMHe :a6e:ueqeHH, lnfl,

reHepaqii Ta auarisy urpuf,ry Bpairw. is 3acrocyBaHH.rrM rexuolorifi 3D-

MoAeJIIoBaHHf,. 3orpeua, orrricaHo anropr4TMr4 Ta Synr<qioHalrni uoxnznocri

pospo6ueHoro rporpaMHoro rpoAyKTy, rqo sa6esneqye ana-uis rpzaHnaipurzx uo4erefi

urpnQry Epaiurr- na ni4uonignicu craHAapraM, rrporHo3yBaHH.f, .f,rocri nao4enefi i

reuepaqiro reKcry y Bnrnflpri rpauxonvx cr{MBonir. Posrpr.rro rpr4H\vrnvr peanisaqii

Qynrqifi na pinni rporpaMHoro KoAy. [eranisoBaHo nporleAypu reHepaqii upz$ry
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Bpaimt, crBopeHH.f, STl.-nro.qerefi is [apaMerpaMr,r sa 3aMoBrryBaHH.rrM a6o

KopI,IcryBaIIbKr,rMr,r H€IJraruryBaHHflMvt. PearigonaHo rrepeBipry niguonignocri rvroAeri

craHAapraIra. HaseAeHo anropr.rrM KoHBepraqii:o6paxenr JPG/PNG y STL-SopMar.

flpoanarisonaHo po6ory [porHocrrarrHoro K€rrrbKyJrrropa, r.xutrr oqinroe srictr

nrafi6yrnroi uroAeni 3 ypaxyBaHH.rrM sxiAHux rapaMerpin. HaseAeno fipanr,reHrkl KoAy

s Al-@yuxqignau p.nfl renepaqii rupuQry, uo6y4onu uo4enefi, uepeniprcu

niguoni4nocri craHAapraM, KoHBeprarlii rpa$irrHr,rx :o6paxenr y 3D-uoAeni ra

[porHo3yBaHHs srocri. flpone4eno uopinnfllalafl MoxJrr,rBocrefr pi:nzx Al-cepnicin,

Bu3HaqeHo ix uepesaru fr o6uexeHHtr y KoHTeKcri nrarcopucraHHf, e pospo6neHoMy

rporpaMHoMy rpoAyKri.

Y e u c u o eKOx y3ar aJrbHeHo pe3ynETar v Ancepraqifi Horo Aocri.qxenru .

Y dodamKax lnaBe4eHo crrucox ny6.rrir<aqifi s.qo6yBaqa 3a reMolo gzcepraqii ra

aupo6aqiro pesynmarin. Ilpe4craureHo ra6nuqi 3 repM-MHoxuHaMI{, 3HaqeHlaflMu

Synrcqifi HzIJIexHocri repu-rvrHoxrH rinrsicrzqHax striHHr,rx ra ni:yanisaqiro 3HaqeHb

$ynrcqifi HaJrexHocri. flogano KoA po:po6reHoro rporpaMHoro sa6esne.{eHHfl ((3D

Braille CAD) ra rporparrrruir KoA AJrtr o6.rzcueHnx peftrznry Qaxropin ua ocrroei

MeroAy ELO. flpo4ervroHcrpoBaHo aKrr4 BnpoBaAxeHH, pe3yJrbrarin 4zcepraqifiuoi

po6oru.

BlrxoAsqu iz a:aatisy ocnonHoi .racruHLr Akrcepraqii, MoxHa spo6uru BkrcHo-

BoK, rrlo Azceprauir e saneprueHoro HayKoBorc po6ororo.

Ilparru.rHe 3HarreHHfl oAepxanrrx pe3yJrbraris. Y Arrceprarlifisifi po6ori

orpuMaHo [paKTuqHo BaxJrLtBi pesy.umarn. 3orpeMa, orrucaHo ocnosHi npLIHIIulu

po6orn rexHoJloriit, r'xi BlrKopucroByrorb Anf, crBopeHHf, TaKTuJrbHzx 3D-vro4enefi,

o6lpynroBaHo rrepeBaru 3acrocyBaHHx 3D-4pyKy, a raKox rroAaHo peKoMeHAaqii ra

BuMoru rrloAo SoprrayaaHrur rupufiry Epafinx. O6ryyHroBaHo peKoMeHAaqii rqoao

SopnrynaHHf, rrrpu$ry Bpafinu, rri oxornrcrorb KoMrrJrerc Sarcropir i upoqecin, rqo

BTIJILIBaIoTr Ha .sricrr raKruJrbHoi rrao4eni. Pospo6JreHo iH$opuaqtilruy rconqeuqiro

AocriAxenns npoqecin i Qarropin @opruynaHHx rupu$ry Bpaimx. 3Aifiureso

QopuarisoBaHe ni4o6paxeHH.n niAnoruenr uix Sarropauu, qo BrrJrl{Barorb Ha

SoprrayraHHfl rupu$ry Epafirx. Pospo6neHo MoAeni nnnnny Sarropin na sricm
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Sopvrynaxnr rupzQry Epafiir_ ig 3acrocyBaHHrM rrr[poKoro crreKrpa rraero4in;

BLI3HaqeHo ouruuamHi napaMerpr4 fioro Sopuynannx. Crropeno crpyKrypHo-

SynrcqiouztrlbHy MoAenb iH$oprvraIlifiHoi rexHoJrorii uorcparqeHHfl srocri upoqecin

Soprvrynannr rupLl$ry Bpairlr. 3aupouonoBaHo nporpaunuft npoAyKr Anfl

rleperBopeHHfl 6pafirincrroi 3D-rr,ro4eri, a raKox Arrfl anarisy craHAaprHr4M

posvriparra i uporuo3yBaHHf, .flKocri rrrair6yrnroi 3D-uoAeni.

BrIpoBaAxeHHfl pery.nrrarin qoc.rrigxeHHfl. Pesylrraru Ar{ceprarlifinoi

po6otu BrIpoBaAxeHo B ocnirnifi rpoqec Yxpaincrxoi ara4ervrii 4pyrapcma ni4 uac

lexqifinux i na6oparopHux 3aHflrb. Tarox pe3ynbraru nupona4xeni y

KoMyH€uIbHoMy saKraAi Jlrsiscrroi o6racHoi pa4u <<Has.rarEno-pea6in h auiitrterit

IIeHrp <<JleseHf,). Haxnui uigrnepAxynalrui AoKyMeHrr/r tqoAo BrpoBaAxeHHfl .

IlosHora nncnir.neHHq ocHoBHrrx pe3yJrbrarin Aucepraqii'. Hosi Hayxoni

pe3yJlbrarn i noloxeHHs uosHicrro nigo6paxeni y 19 nayronux rparlflx, cepeA rKr4x:

2 crani y Blr^AaulaflX, I{o in4ercyrorbc, B rvrixHapo4Hr.rx HayKoMerprrqHux 6azax

Scopus; 6 crarefi y HayKoBI,rx Saxonr4x BLrlaHHxx Yxpainu, 3arBepAxeHr4x MOH

YxpaiHIa; 4 ny6niraqii n saropAoHHlrx BuAaHHfi; 7 uy6niraqifi y :6ipHurax HayKoBr.rx

rcon$epenqifi. Kinrxicrr uy6niraqifi, ix noBHora ra o6csr y Aocrarnifi rrlipi

ai4o6paNalorb oco6ucuEfi nnecor aBTopa i eiAnosi.{arorb Br.rMoraM, rrlo Br{cyBarorEcs

Ao Ar{cepraqii na s4o6ymx HayKoBoro cryreH.f,.qoKropa Sinoco$ii.

OQopur.nenHfl 4ucepraqii, Aorpr.rMaHufl BrrMor arca4erriunol

qo6po.recnocti. O$oprr,rnennr 4ucepraqii ai4noni4ae qzHHr{M HopMarr{BHr4M

BI{MoraM, 3oKpeMa Bunaorau go oSopuJreHH, Ar.rceprarlifi, sarnepAxeHr4M HaKa3oM

MOH Vrpainn Ns 40 sia 02.01.2017 p. Crpyrrypa AocriAxenHq uo6y4oeaua

noriqHo: KoxeH pos4in 3aBeprueHo Br4cHoBKaMlr, Iqo ni4uonigaroru orpraMaHraM

pe3yJlETarau. Auoraqir ysroAxeHa si sNaicroM ocHoBHr,rx rroJroxeHb Akrcepraqii ra

ni4o6paxae sMicr BuKoHaHoi po6orz. Terccr luceprarJii He uicrram HeAo3BoneHux

3arlo3l{rlenr. Yci Hayroni pe3yJrbrarra inrurEx anropin Br{Kopr{craHo 3 niAuoniAnulru

rrocLrJraHH.f,Mlr Ha AxepeJra.

3aynaxeHnfl Ao Arrceprarlifi noi po6oru
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He 3Baxaroqu Ha 3araJrbHy rro3r4rr4BHy oqinxy Ar{ceprauifiuoi po6oru,

neo6xiAHo 3ayBaxvrr{:

1. y ncryui HaBeAeHo uepenir yrpaiHcrrnx ra sapy6ixnzx BqeHHx, -sri

s4ificnzru{ 3HaqHr4fi nHecor y Aocni,4xeHnf, 3D-apyrcy ra rupu$ry Bpafitx. O4Har<,

Bapro 6yno 6 4eramnirue olr4carr,r cyrb ra narouicm BHecKy 3a3HaqeHux

AocriAHIarcis.

2.Hazsa po:4iny 4 <Peanisaqir inSoprraaqifinoi czcreuu Anq crBopennr 3D-

uoAelefi 3 TeKcroM Bpaitlt, Ha ocHoei aAlrrI4BHI,Ix rexsororifi>> He nosHicfio

ni4uoei4ae snricry pos4iny, ocHoBHr4M pe3ynbraroM sKoro e pospo6neunx

inSopiraaqifinoi rexuororii $opuynauru urpn$ry Bpaiar,u 3a AorloMorolo 3D-

MoAeJrrcBaHH, ra 3D-4pyxy. Harouicm pospo6nena inQoprraarlifiHa cr.rcreMa oilvcaHa

y poa4ini 5.

3. Y poa4ii 4 Hapvc.4.1.1 rpeAcraBJreHa MoAenE rori.IHoro BI4BeAeHH.f, Ha

ocHosi rroK€BHLrKis .flrocri Soprraynaunx rupzSry Bpafin-f, B rpoqecax alprrr.rBHoro

nnpo6nnqrBa ra 3D-rraoAerroBaHHr, .f,ra Naicrum 8 riHrsicrzrrHr{x snaiuuux. IIpu

rlboMy y ceMaHrr4qHr4x Mepexax, HaBeAeHLrx y po:4ini 3 sa pnc. 3.2.1 ra 3.2.2

upoanani3oBaHa 6inuua ximicrr Sarropin. He sposyrraino.f,KlrM rrHHoM s4ifiureno

SopuynauH.rr MHoxt,tnrt fliHrsicru.rHflx guinHux sra4auoi rrroAeni.

4. Haqssu.rafiHo BaroMrrM 3 rrpaKTu.{Hoi rorrKr.r 3opy e po:po6reHnx

rporpaMHoro rpoAyKry trnfl 3D-rvroAenroBanH-s rupu$ry Bpaittrx, auatizy ra

rrporHo3yBaHH.rr .f,rocri B rrpoqecax ailurt4BHoro nupo6HraqrBa, rrpeAcraBJleHoro y

posgini 5. OAsarc, 3 orrsAy Ha crnaAnicrr ra 6araroSynrcqiouamsicru npolpaMl4,

Aorlinrno 6yno 6 nasecru y AoAarKax Aer€Lrrbni iHcrpyrqii 4nx Kopl4cryBaqin.

5. y Auceprarliirttiit po6ori :ycrpiuarorrcx Hegna.rHi cruricru.IHi ra

rpaMaTr.rqni uouurxu.

HanegeHi 3ayBaxeHH.rr He 3Hrrxyrorb nayroroi Ta uparrvuuoi qiuuocri

rrpoBeAeHoro Aocnigxeuux i ne rurrrBarorb Ha 3araJrrrtuit Br4cHoBoK. Po6ora e

3aBeprueHoro, opurisamnoro HayKoBoro nparrerc, flKa 3acnyroBye rro3I{TI,IBHoi oqinxu.

BHcHosrcH. Ha ui4crani sce6iqHoro aHarisy MoxHa crBep4xyr,aru., rIIo 3a

aKTyanbHicuo, HayKoBorc HoBr{3Horo, HayKoBoro ra npaKTHqHoIo qinnicto
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oAepxaHl{x pffiyJlbrarin 4ucepraqix TapacoBa Hircirn AH4pifioanua <In$oprraaqifiHa

rexHonoris QopuynaHHx rupnQry Epaiml 3a AoloMororc 3D-rvroAenroBaHHrr>) e

3aBepllreHoro HayKoBoro rrparlerc, npucB.rrqeHoro BLrpirueHnro aKTyanbHoi nayrono-

rpLIKnaAHoi npo6rerrau uiqu{uleHH-rr.srcocri raKrr{JrbHnx iuQopuaqiftnux uarepiarir

AJIf, He3pf,rrrrx oci6 uusxoM 3acrocyBaHHfl c) {acHux iHQopuaqifiHI,rx rexsororifi.

Po6om uicruru nosi nofloxeHHfl, sri e oco6ucruMr.r HarrparlroBaHH.aMla aBTopa ra

TaKvrMvI, rqo MarcTb HayKoBy qiHHicrs raseadusKe rrpaKTr{qHe 3HaqeHHf,.

,,{ucepraqifina po6ora uosHicrro siAuoni4ae Br,rMoraM quHHoro 3aKoHoAaBcrBa

YrpaiHN, BLrKrraAeHHMu y r. 6-9 <Ilopx4ry rrplrcyAxeHH.rr cryrleH, AoKropa

Siroco{ii ra cracyBaHHfl piurennr pasonoi cneqianisonauoi s.reHoi pap.u 3aKnaAy

nuqoi ocnirn, nayronoi ycraHoBlr rpo rpucyAxeHHfl cryreHq AoKropa SinocoQii>,

3arBepAxeHoro Iocranonoro Ka6inery Minicrpin Yrpainu sil 12 ci.rH.tr 2022 p. J\b

44, a Ii anrop Tapacon Hirira An4pifioar{q 3acryroBye Ha rrpkrcyAxeHH-,r cryrreH,

AoKropa QinocoQii n ranyri 3HaHb 1,2 <InQopvraqifini rexnororib> 3a

cneqiamnicrro L26 - <InSopnaarlifiHi crrcreMr{ ra rexHoJrorib>.

Peqenrenr:

AorIeHr rcaQe4pn CBP
Iucrnryry KouH' rorepHr4x HayK
ra inQoprr,raqifi uux rexnolorifi
HaqionanbHoro ynirepcurery
<<JlrsiBcbra uorirexHiro>,
AoKTop rexniqHux HayK, AorIeHT AЛЬoHa KyД P´ЯⅡOBA
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