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Arcrya.rrsnicrr reMlr 4ucepraqii.

Ha gayufr.qac orpr,rMaJrr4 3Har{He nolrr4peHnx po6ou4 3 Mo.qeJIIoBaHHfl npoqecin

B noToKaX pi4Ianz npn onuci aepo,4l{HaMiuHux' ri4po4zuauiqszx upoqecin,

Tennolepe,4a.ri, Ae rrpoqecr4 MoAenrolorbcq Ha ocHoBi pienxnH.s Hae'e-Ctorca, a

pe3ynbTaToM po3paxynrin e IIoJLf, TBIIAKoc'ri, rracry ra rycTI{Hupiguuu.

Heninifinic6 pinn.sHl Has'e-Crorcca, HaqsHicrr MaJIoro rlapaMerpa s 6araGox

Br4naAKax npr4 crapurifi noxianifi ra npocroponufi uecraqiouapruufi xapaKrep pyxy

po5u6 3HaxoAx{eHHfl 3araJrbHoro pose'x:auHx pinuxHHfl HaA3ela'{afrHo cKnaAHoro

lpo6leuoro. B Hayroeift nireparypi upe4craBrleHo Benr{Ky rinmicrr rreroAie

erzpiurennq 3aBAaHb Ha ocuoBi erapiurenux pieurHHq Has'e-Croxca qK Anf, cruclznoi,

rar i Hecrr.rcJrr4eoi pi4xnra. Cepe4 Hr4x Br4cory e$er<rnnsicrr AeMoHcrpylorb MeroAH

Ha ocHoBi peruirvacroi uoAeni BolruuaHa (LBM). Tar<i vreroau 6azyrorbc-fl Ha

xigerr.{Honry pinn.snni EonbrlMaHa. .{nx goeiJrbHoro s eapiaurin vrero4y pi4rzua a5o

fa3 MoAeJrrororbcr tK cynynnicrr ".{acrlrHoK" a6o "By3riB", po3TaIxoBaHI4x Ha

o4Hopi4nifi peurirqi, 4e nsaeNroAiq uix qacrvHKaMl{ niASyraerbc-s rulflxolt oSviny

xilrxoclo pyxy i eueprii, a Kox{Ha rracruHKa xapaKTepl43yerbc{ TIeBHI{M ira6opovr

BJracrrTBocrefi c:rocoBHo IxBIrIKocti ra rqinrHocri'

B ocnosi MeroAis LBM e npnrryqeHH.fl, IrIo MoAeJlroerbc{ QTvrcrrr4aa piguua.

flpore e 6araro 3aAas, KoJrr4 neo6xiAno AocniAxyBarr4 upoqecu Anf, HecrvrarvrBvrx

piguu, Ae rycrr4Ha He 3aJrexr4Tb sia rl4cKy ra e BHKJIIoTIHo SyHrqiero sia

TeMneparypr4. Tonry aKryanbHr4M rlocrae 3aBlla:a:afl po:po6rz cnoco6ie

BrrKoprrcraHHfl. peurirvacroi nroAeni EolrqrraaHa Anfi, MoAenroBaHHfl uporlecin B

Hecrr,rcJrr4nrax pi4zuax. Tyr nroNJrr{BIrM e ui4xi4, Ae npoqecl4 MoAenlolorbct Ha

ocHoei MeroAy LBM, aJre Ha Ko)rGoMy rpoqi 3a rlacoM seoSxiAso Kopl{ryBarLr

3HaqeHHr rycrrrHr{ rarc, rqo6 BoHr4 6ytm 6rtrsrxlli\414 Ao nocriir:aux i pi4uua ga ceoiN{Ia

xapaKTepkrcrzrKaMrr MorJra BBax{arucfl, r,eertrcrl4Boro. Todro BI,IHrrKae neoSxiAnicrr

KopeKTyBaHHr noxu6ru, u{o Br{Hr4Kae nprl KoJII4BaHHi neffa'IuHl{ rycrl4Hil. Ocr<ilrr<u

BCT?HoBrr€Ho; rqo po3B'tr3oK xpafionoi gaAa.Ii Ha ocHoBi pinnxHHq Han'e-CroKca

g6iraerrcx s po:e'x3KoM pieuxuux EomquaHa npu Manl4x 3HaqeHH{x qIrcJIa Maxa,

ro rrpu AocniAxenni ri4po4unaMi.{Hrax npoqecin n pi4zui KopuryBaHu.x noxu6rz,

rrlo Br4Hr4Kae npr4 KoJrr4BaHHi rycruuu, Moxte lyrupeanisoeaHo Ha ocuoni nupiureuur
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pieuxnnx llyaccona. fro.o enpiureHH fl. Ha KoxHoMy xpoqi 3a r{acoM Mo>lce 6yru

3BeAeHe Ao nupirueHnr cr4creMra ninifinux anre6paiunux pinuxHr. I-{e 4oseolre

orpr{Marr4 poeno4in rr4cKy e o6.{HcmoeamHifi o6nacri ra noli IxBllAKocrefi i rloile

rxBHAKoc refi. uaHoBoMy qacoBoMy lcpoqi.

llpra uo.4elronanui qac Ha nNpiureuur CJIAP e BrI3HarIaJIbHrrM. Tot'ty

aKryaJrbHolo e po:po6ra vtero4ie, qo Ao3BoLfl6 fioro 3MeHlxutu' CepeA niAovrux

niAxoAie 4o nupirueHH.fl CJIAP e Marrrr.rHHe HaBrIaHHfl,, flKe Ao3BoJIfle BcraHoBJIIoBarH

uradlonu, 3B'fl3Ku Ta npaBrrJla, BJIacTusi AaHuM, Ta po6uru npoJHo3I{ Ha ocHoei

OTpI4MaHI4X 3aKoHol,lipnocrefi. I]e, -aK IIpaBIIJIO, Ao3BoI-se 3Har{Ho cKOpoqyBaTvI gAc

MoAenroB aHHfl.. Tovry pospo6ra cnocoSie opranisaqii uaurznHoro HaBqaHH.tr ra ix

peani:aqii e BaNJINBI4M 3aBIaHHqM s oSJlacri KoMl'IoTepnoi iHxenepii'

Orxe, pospoSra uoAeli upoqecin B Hecrl4cJluvlir. piguni ua ocnoei peruirvacroi

r'roAeni EomquaHa, croco6y rcopraryBaHHr crracJrl4Bocri s suKopl{craHHxu pinHruur

flyaccona Anfl yTorrHeHHr 3HarreHb rroJr.f, urnz4rocrefi i pospo6xa cloco6in

Marrrr{HHoro HaBqaHHt Ta ik peani:aqii e BaXJII4BIIM 3aBAaHH{M B o6nacri

KoMu'rorepnoi iHNenepii, mi nrapiuryrorbcfl B Al{ceprallifinonry AocniAxenni.

Ouinrca o6rPYnronaHocri

4ocronipnocri Ta HoBI{3HI{.

HayKoBIrx pesy.rrurarie 4ncepraqii, ix

Hayr<ona HoBr{3Ha pe3ynbrarie 4zcepraqifinoro AocliAxeHH-fl Ha MoIo AyMKy

rroJlffae B HacTynHoMy:

1. 3auponoHoBaHo MoAenb onucy ri4po4nnartiqszx npoqecin B Hecrl4cttwsfiI'

pi4uni An.f, Br43HarreHofo KJracy o6'eKris Ha ocHoBi peuriruacroi vroAeni Folrqrtana

D2Q9 3 ypaxyBaHHflM oneparopa sirxHeHr Exaruarapa - fpocca - Kpyr<a, AI'fl sKoi

orpr4MaHo pinuxnux pinHonaNuoi Synr<qii, BI43HaqeHo earoei xoeSiqienru ra

onr{caHo cyrb Kporin sirxHeHHr ra nolxl4peHH.f,, orpl4MaHo Sopnaynz 4nr Synrqifi
posno4iny Ha ocnosi rorrarKoBr4x 3Har{eHb MaKpocroniqnoi runuAxocti, nuaua'IeHi

uo.rarroei ra rpanuuui yMoBr{, ulo, ni4noni4Ho, xapaKTepl'I3yrorb eracu4socri

piguuu Ha rrorrarKy MoAeJrroBaHH-fl ra oco6lueocri ssaelaoAii prIlrnvr 3 MO)KaMI'I

o6.rrcnrceanrHoi o6nacri niA qac MorenroB alHfl, orpuiuani Qopuynu 4nr Synrcqift

posuo4iny Ha ocHosi [orrarKoBr4x 3Haqenb, olrl4caHa uo4raSiroBana SyHxIIix

po:no4iny Ha ocHosi nliniNlisarlii gtzcrperuoi enrpouii, flKa ni4pisnrerrc.a nia

eiAor\arax Kpaqorc 6esyuoruoro nigifi norc cra6inuricto MoAenIoB aHHfl .

2. 3anpononoBaHo 4eopinnenuft MeroA MoAenIoBaHH.[ pyxy prI.lrHhr 3a

AonoMorolo peurirvacroi nroAeli Eolrquasa Ta cnoco6y yTor{HeHHfi IIoJIf,

urnuAxocri Ha ocHosi Bl4Kopl4cTa;pi;g^fl. pinuxuur llyaccoHa Anfl TI4cKy, UIo Ha

KoxGoMy xpoqi 3a r{acoM uepe.46a.rae ninifiny Al{cKperusaqirc pinruHnx llyaccoua

Anr rr4cKy, $opuyna1:nfl na qifi ocuosi crlcreMl{ ninifiHI,rx anre6paiunrzx pinnxHr, ii'

nupiueuHx ra roper<qiro rroJr.rr ruBr{AKocrefi ga BI{3Har{eHrrM rlpaBzlou. Ouucasuit

AeTaJrbHI4fi anropurlr 4eopiBHeBoro MeToAy MoAeJIIoBaHHfl pyxy pIAr4]P-vI, Ae KoXHa

irepaqix MoAenIoBaHH.a peani:ye cxeMy IIpeAI4KTopa Ta KopeKTop&, ple., na ei4nainy



eiA ei.qoNrr{x, KpoK rrpeAr4KTopa rroKparrleHo 3a paxyHor nro4r'rSiKosaHoi pinHonaxuoi

Qynrcqii Ha ocHoBi iraiuirr,rigaqii 4racxperrroi enrpouii. lloxasaHo, tqo npl4 peani:aqii

4eopinneBoro MeroAy MolxJrr,rBe po3napanerroBaHH-s Ha ocHosi ui4xo4y domain

decomposition, .rrKe e lracurra6oBaHr4M pm 6ygs--sxoi KBaAparHoi oSqlacffosanbuoI

o6nacri ra 4onimnoi rilrnocri npoqecopin.

3. Ha6ye rroA€Lnbrxoro po3Br4rKy Mero4 erapiruenHx pinn*trx llyaccoHa, Ae upLI

ninifinifi fioro Ar4cKperr4sarlii Sopnryerucr cr{creM a tiuriruux alre6paivnrax pienxnr,

xra nupiruyerbcf, MeroAoM Marrrr,rHHoro HaBTIaHH{ Ha 3anporloHonauuifi saropmonifi

neftponHifi nrepexi, qo BpaxoBye reolrerpiro cKJraAHI4x o6.{HcrrcBaJIbHI4x o6riacrefi.

3a pe3yJrbraraMpr lpone4enoi cepii eKcnepl,IMeHrie BcraHoBJIeHo, Iqo cepeAHe

3HarreHH{ rycrr4Hr4 pi4rann B o6.rzcrrosalrHifi o6racri srdiHloerbc.fl 3HarIHo

nonirruirue e uopiBHrHH.s si srlu'aairHl{M MeroAoM LBM, a npoSinr urszAKocri

lanriuapHoro rrorory n rpy6qi 6nngrr<uit Ao reoperl{qHofo, pe3ynbraru nrapiiueuux

CIIAP Ha ocHoBi Hefipounoi rrepexi n nopieHtHH{ 3 t{ucerbHl4M MeroAou -flro6i e

iAeHru.rHv;,;1Lr, a o6.rracrroBaJrbHa uruz4t<icrr Anfl oAniei irepaqii 4nopinneBoro

MeroAy rprr Br4Kopucrauni MeroAy nnpiureHHs CIAP Ha ocHoBi HefipoHHoi uepexi

npu europucranni GPU 6inrur uix y 6 pasie BIarIIa, HiN 3 BI4KopI4craHH-[M

rrr{ceJrbHoro MeroAy fxo6i, ra y 13 pa:in npl4 Bl{Kopucranni NPU.

,{ocronipHicrr orpr4MaHzx B xoAi 4ocli4xeHua HayKoBI{x pe:ynrrarie

ni4rnepAx{eHa uocli4onurzu reoperLIrIHI,IM oSrpynryBaHHfM 3anponoHoBaHI'IX

nreroAis ra anarisoN.{ pesynrrarin eKcrlepl4Menris. Bracnoeru ra uayr<oei

rBepAXeHHt, Iqo BKIroqeHi y poSory, AocrarHro o6qpynrosaHi'

OrNe, B Ar{ceprar{ifinifi po6ori rocraBneHe HayKoBe 3aBIaHHfl' BI{KoHaHo

nosHicrro, :4o6ynaq iloBHoro vriporo osoroAie MeroAoJloriero Hayr<oeoi Aisruuocri.

OqiHra snaicry Ar.rceprarlii, 'ii 3aBeprueuicrt ra AorpIrMaHHfl npuuquuin

a rcaA ena iq n oi 4o6 poq ecsocti.

3a csoiN{ sraicrola 4racepraqifiHa po6ora 3.{o6yBa'{a Ky:rvruva BaneHruHa

AnaronifioBurra nonnicrro siAnosiAae CrauAapry BI4IrIoi oceirz gi cneqialruocri

<<I23 Kovru'rorepHa inNenepir> ra Harp.sMKaM AocniANenr siAuoniAHo Ao

ocnirnroi rrporpaMl4 <<Kovtn' torepHa inxeuepix>'

flucepraqifina po6ora e 3aBeprxeHorc HayKoBoro npaqerc i csiA'rlam npo

HaxsHic6 oco6ucroro BHecKy s4o6yna.ra y HayKonufi,uartpxvr <3roprxosi nefiponui

uepexi>.
Poartxuyrruu ssir noAi6uocri 3a pe3ynbraraMl4 nepenipru .4l4ceprallifiuoI

po6org Ha reKcrosi cnieu agiuttx, Mo)KHa spodHru BI{cHoBoK, Irdo .{zcepraqifina
po6ora Ky:ruzva Baleuruna AnaronifioBl{rla e pe3ynbraroM calr,locriftnux

AocliAxeur sAo6yBaqa i ue rric'rurr eren4enris Sanrcusir<aqii, xorr,lnilxqii,

$a6puraqii, nlariary ra 3arro3rrr{eHb. Bur<opucrasi iAei, pe3yJlbrala i rerccru iuurux

anropin Marorb narexrli rocI4JIaHHx na ni4noei.{He Axepeno.

Mona ra crlrJrb BI{KJIaAeHHT pe3ylrrarin
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,{ucepraqifi na po6 o r a Harrvcaua yr<p aiucbKolo MoBoro.

fucepraqix e nocli4onuoio ra 4o5pe crpyKrypoBaHoro. Crzlr MoBneHHt

uayronzfi, AorprrManHfl. 3ar€urbHonprafiumoi repnrinonorii lonoMarae yHI{KHyrI4

Henopo3yvinr ra sa6esnsuy,e eAsicrr replrinolori'IHoro nigxo4y.

fr,rcepraqis, ct<ta1aerbc-s 3 Bcryny, 5 pos4iniB, Br4cHoBxin, cnracry nireparypn

ra AoAarKie. 3ararunufr, o6cqr Al4ceprauii 213 cropiuox.
Y ecryui po3rrlflAaerbc.f, aKTyanbHicrr 4zcepraqifiuoro AocniAx{eHHfl, 38'q3oK

po6orra 3 HayKoBHMH npolpaMaMr4, rrJraHaMI4 Ta reMaMIr. @opl',ty;ttoerbc-fl Mera,

3aBAaHHfl, o5'exr ra npeAMer 4ocri4Neun-r, HayKoBa ra [paKTI4qHa HoBI43Ha

orpr{MaHrrx pe3yJrbrarin. llpraBo4rrbc,a ni4onaocri npo oco6uc'rufi eHecoK :4odynaua

ra anpo6arliio pesymraris 4r,rcepraqii.
y ilepuroMy por4ini npoBeAeHo orn{A uaynonoi rireparypu, npucnxveuoi

MeroAaM MoAenroBaHHfl. pyxy pi4nu. BrzceirreHi pisni MeroII4 MoAenroBaHHfl,

BKrrroqarcura ri, rqo 6asyrorbc.rr Ha pinHxuH-ax Hae'e-CroKca, LBM ra MaIrrzHHoMy

HaeqaHui. Peremuo po3rnfluyri :aranrni nepeBarlr ra HeAonixz qux niAxoAin, a

TaKox npoauari3oBaHa nireparyp?, uo crocyerbcx pinuxuux llyaccoua. Ha ocnoei

rlb o ro Ao criAxenn-a c$ opMynboB aH o 3 aB.qaHH fl, [Lreepr auifr soi po6 orz.
Y qpyroMy posgini ua4ano AoKna.qHrrfi onuc peurirvacroi rroAeni BonrqMaHa

D2Q9 (4noennaipurtir npocrip ra 9 gucrcperHr4x rxBr{AKocrefi),.f,Ka Aocni4Nyerrc-a e

Arzceprar{ifiHifi po6ori 4nx eapiairry peurixu (2.31). B roMy .Incri:

- HaAaHo onuc riHeua.{Hoi uoAeri Fonrr{lra:aa ra AlrcKperHoro peuriTr{acroro

pieu-aunx EoruqlraHa, rKe 3 ypaxyBaHH-flM orreparopa sirKueHr Exaruarapa - fpocca

- Kpyra 3BeAeHo Ao cnineiAHorxeHHx (2.25),

- 3arrpo[oHoBaHo Br4KoprrcToByBaTr,r cIIpoqeHy
po:no4iny 3a paxyHoK Br4KoprzcraHHr rimrn ninifinoro

plBHOBa)KHy QyHKrIlrc
r{reHa po3KnaAaHH_rr B prA

Tefinopa eKcrroHeHrlianrnoi Qyurcqii,
- orpnMaHo pinn.aHnx pinnosaxHoi $yHr<qii B Br4rnrAi (2.38), ez:HaueHo Ant

Hboro earoni xoeQiqieHT:a Ta orrr4caHo cyrb KpoKie sirxHeHHfl, Ta rroruupeHHr,
- noKa3aHo 3B'r3ox uix peurirvacroro MoAeJrJrro EomunaaHa ra pinHrHHru

Has'e-CroKca,
- 3anponoHoBaHo 3araBarv [orlarKoBi yl,roeu Ant 3HarIeHH.rI MaKpocKoni.IHoi

urua4rocri ra rycrI4HH IIeBHrrMrr Synr<qirnaa B xoNnift 3 TorrKo npocropy ra
orpuMaHo Sopnrynu 4.nfl QyuKrliff posno4iny Ha ocHoei ror{arKoBr4x 3HaqeHb

MaKpocKoni.rHoi ruerz4r<ocri,

- Bu3HarreHo rpaHl4uui yvrou4 npr{ToKy pigu:rtu, iT ezroKy ra rpaHvrrl:ny yMoBy

rnep4oi crinu,
- orpr{MaHo nao4z$inoBaHy pinnonaxHy Syuxqirc posuo4iny (2.90), nKa

rapaHTye 6e:yuonuy niHifiuy cra6inrnicrr MoAenroBaHHq,

- 3alpoloHoBaHo cnoci6 yrorrHeHH.f, rroJrfl rrrBr4AKocri s Naerogi LBM 3a yMoBr4

HecrlrcJll4eocri 4ocni4xyeaHoi pi4rauz Ha ocHosi BnKopucra:n:afl pinnxuux
llyaccona .{n-s rucKy, Ir1o nepe46avae: ninifiny Ar,rcKpeursaqiro pinuanHx llyaccoua



Anfl rgcKy ra orpr4MaHHfl pienxnnx (2.96)), neperBopeHHq (2.96) B cl4creMy

ninifinr,rx alre6paiunr,rx pinnsnr i if po:n'l3aHH-4, roper<qiro rIoJLs urnu.4rocrefr

sriAFro (2.97).

Y rperuouy posgini 4Ycepraqii:
- npeAcraBJreHo 3ararrbHr4ir, rlu1, CJIAP, rqo SopNayerbcfl npl4 nepernopeuui

pinuxnnx (2.96) B cllcreMy ninifinrax anre6paivnrax pinnxnr,

- AalaxapaKrepvrcruKa irepaqifiHr4x MeroAin ezpiruenH-s CJIAP: -fro5i, fayca-

3efiAenq ra penaxcaqifi, cepeA He4ocrarr<in f,Kl4x BI43Har{eHo Mo}KnI4Ba B€JII4Ka

rcilrr<icrr irepaqifi, qo 3yMoBrrce Aorlilrnicm BI4KopI{craHHr. uefipouuux Mepex -flK

saAa.ri perpecii y crarr4crr.{rrHoMy MoAenroBauui ra MaIrIrIHHotr,ly uanuanui,

- AaHo Qopnranisonauuit orrr4c za1a'ai MoAenIoBanHflpo:n'r:ry xpafionoi saAa'Ii

Ha ocHoBi pinnxunx llyaccoHa 3aAoloMororo IxryrrHoi nefiponuoi uepex,

- po3rnrHyri ra olzcani Synrqii Brpar, qri N,IiHi\,Ii:yrorrcl n xo4i nupiureunx
gaAa.ri perpecii B MaIxI4HHoMy HaBrlauui,

- po3rrrrHyri pisni :lrapu rrryqHrx uefrpoHuzx Mepe)K ra Synrqii arrzeaqifr,

rrci nur<opl{cro Bylor bc fl, [llfl. Ao cfl rHeH rtx 6 axartl4x p e3ynbtati n,

- nplrBe.qeHo 3araJrruuir ornqA npoqecy nupiruennr 4u$epenqialrsux pinHxur

3a .{onoMororo rxryrrHr4x uefipouHutx Mepex - OoptyJIIoBaHHfl sa4avi, renepaqix

HaBqarbHr4x 1LaH:ax, npoeKTyBaHHfl. apxirercrypu uefipoHuoi ntepexi, eu6ip

eiAnoBiAuoi Syuxqii Brpar, HaBrraHHr uryuHoi ueftpouuoi uepeNi ra oqisra
ro.rHocri lroAeni. rtplr po3po6qi xonr<petroi uefrpoHHoi nrepexi .{nq MoAeJIroBaHHt

poen' xsry pienxHnx llyaccoua.
rlerneprufi pos4in upucnxvenvfi Kotr.rtt'Iorepnifi peanisaqii gnopinHeBoro

MeroAy MoAenroBaHH.f, pyxy piguuu Ha ocHoBi peuriruacroi naoAeni Eolrquaua
D2Q9 Ar-s 3anporoHoBaHoro napiaHry peruirxu (2.31) ra 3roprKoBoi nefiponnoi

rrepexi. Ouzcano crpyKrypy 3anporonoeaHoi uefipoHnoi uepeNi, frKa MoAenIo€

posn'.a:or rpafioeoi sa4aui Ha ocnoei pinH-aHux llyaccoua, ra po:po6nena 3

ypaxyBaHHrM reovrerpii o6.rucrloBarrbHoro rlpocropy, Ee Bl4KoHyerbc.fl

MoAenroBaHH.fl. Onracannfi 4eramuzfr amopr{TM peani:aqii 4eopirneBoro MeroAy

MoAenroBaHHfl. pyxy piguuu, Ae KoxHa irepaqix peali:ye cxeMy npeAl{Krop

KopeKrop, a KpoK npeAr4Kropa norparqeHufr 3a paxyHoK vro4u$ircoeaHoi

pinnoeaxnoi Qyurcqii na ocuosi Nrinirtigal{ii 4zcr<pernoi enrponii.

3aupononoBaHo cnoci6 po3rrapaneJrroBaHH.rl Ha ocHoei ni4xo4y domain

decomposition ra rroKa3aHo, rr1o eiH e iraacruraSoBaHrlM arr. 6ygt--sxoi r<ea4paruoi

oS.rzcrrosanruoi o6nacri ra 4onimHoi xirur<ocri npoqecopin.

Ha ocnoei aualisy pfr4y cneqianieoBaHr4x o6.rzcrroBaJlbHlzx apxirerryp
urryqHlrx nefiponnux Mepex( cQopvronaHa nefiponua Mepe)Ka, opieHronana Ha

Br4KOpr4CTaHH.'I creulaJrl3oBaHofo o6qlacrroBaJrbHoro rpr{cTpolo

NPU Zynq,UltraScale+ MPSoC ZCU 104.

Hefiponna Mepelra peanisonyBaJracfl. Anfl Anfl. ABox runin rpl4cKoproea'rie: GPU

ra NPU, [e Anfl, TpeHyBaHHfl BrrKopxcraHo Spefinreopr< Tensorflow ra nporpaMHe



3a6e3nerleHHt CUDA ra cuDNN. llp" raxifi peanisaqii po:po6neHa MoAeJrb BXe
onrultigoBaHa 4nx rpaSi.rHux rpoqecopin rouuanii nVidia, roMy npra rrpoBe4eHHi
eKcrIepHMeHrtB 3anponoHoBaHo Br4Kopr.{croByBarr4 rofi xe rpa$ivHzfi upoqecop, Ha

tKoMy BI,IKoHyBaJIocb HaBrraHHs uefiponuoi uepeNi. Tecrone [porpaMHe
sa6esue'{eHHfl pospo6neHe 3a AonoMororo MoBrl nporpaMyBaHHr Python, 6i6nioren
PyQt6, Numpy, matplotlib i PIL ra $pefirunopry Anfl rru6ororo Marrrr4HHoro
HaBr{aHH-s TensorFlow. Hane4eni cKpr4Hrxorr{ inrep$eficy ilporpaMr{ nicr.q iT

3anycKy, craHy nicn-f, 3aBaHTaxeHH-s o6.rtlcffoearuHoi odriacri, eraHy npoqecy
MoAenIoBaHHfl ra fioro saKiriqeHHf, 3 BI4KopvcraHHflM rrrKaJrr4 rrporpecy, a raKox
pe3ynbrarin nao4elroBaHH{.

ff'qrufi pos4i.n 4zcepraqii upzce.aveuufi anarii:y pe:ynmarin rrr4cerbHux

eKcnepl{MeHrie Enfl TecroBoro nporpaMHoro sa6egne.rerlHx. B eKcnepr{MeHTax
ouiHrosarocr:

- eQerrrasHicm po:po6neHoro 4nopinneBoro MeroAy rrloAo sa6egne.reHH-s
Hecrue rrurBo cri pi guuu,

- ro'IHicrr MeroAy uzpirueuHr CIIAP Ha ocHoei uefipouuoi uepexi n
nopinHxuHr 3 qr4ceJrbHr4M MeroAoM flrco6i,

- o6'{zcrroBaJlbHa ureu4ricru po:poSneHoro MeroAy ra BrrJrr4B arraparHux
rrpr4cKoproeaqie Ha ruBr4AKicrn o6.rucJreHb.

3 a pesynrraraMu rlpoBeAeHoi c epii eKcrrepr{MeHrie BcraHoBJreHo :

- cepeAHe 3HarIeHH-s rycrvrHLr piguuvt B o6.rzcrroeamHifr o6nacri
sN{iHroemcfl 3HaqHo rosimuiure e nopinnruHs si zsuuartHuM MeroAoM
LBM, a npoSinb IIrBI4AKocri nalriuapHoro noroKy n rpySqi 6tuzsxuir yo
TeopeTr.rqHofo;

- pe3ynbrarl{ nzpiureuux CJIAP Ha ocHoei nefiponnoi naepexi n
nopinHxuH-{ 3 qI{ceJIbHrlM MeroAoM -f,r<o6i e iAeHru.rHvr:vrz, rqo cei4uurr
rpo roqHicrr ra na4ifinicrr pospo6neHoro MeroAy;

- o6rII4crIoBaJIbHa urua4xicrb rnfl olHiei irepaqii 4nopinueBoro MeroAy
npl4 europzcrauHi MeroAy wrpiurertu CJIAP Ha ocHoei nefiponuoi
IraepeNi rIpI4 Bl4KopzcrauHi GPU 6inrru uiN y 6 pa^:in BHrrIa, HiN s
Br4Kopr{craHH.sM rrr{cerbHofo MeroAy flxo6i, Ta y 13 pa:ie npu
Br4KopncraHsi NPU.

fracepraqifina po6ora oSopnureHa eignoni4no Ao Br.rMor HaKa3y MOH Yxpainu
vig 12 ci'IH-s 2017 p. J\b 40 dlpo 3arBepAXeHH{ BHMor 4o oSopuJieHH-rr 4zcepraqii>.

Oupun roAHeHHfl pe3yJrbrarin 4ucepra qifi noi po6orra

Hayroni pe3ynbrarl4 4Iacepraqii nucnirneHi y 8 HayKoBrzx uy6niraqixx
s4o6ynaua, cepeA -flKl4x: 1 crarr.s y HayKoBoMy BHAauui, BKJrror{eHoMy Ha rary
ony6nixyBaHHfl Ao nepeniry HayKoBr4x $axonzx Br4AaHb Vr<paiuz; 3 crarri y
nepio4I'ruHHx HayKoBHX BI4AaHH-rrx, upoiH4eKcoBaHr4x y 6asax Aankrx Web of Science
Core Collection ra/a6o Scopus.



Pesylnrartr [uaepraqii aupo6onani Ha 4 Hayr<onzx Saxonux ronSepenqixx.

Taruu qr{HoM, ocnoeni nayroni pe3ynbrarll ALlcepraqifinoi po6orz uoeHicrro

eucsirreHi y nayr<oevx ny6nircaqisx :4o6ynava.

Helonircl{ Ta 3ayBaxehnq Ao Al'Icepraqifinoi po6oru.

1. Hayr<oni pesynrrarvr, uaseAeHi B Ar4ceprallifiHifi po6ori, e AocroBipul'tr,lia,

siAnoei.qamr suicry po6oru ra uiAreepA)Kyrorb BHcHoBoK rlpo re, Iqo

rrocraBJreHe HayKoBe 3aBAaHHfl BI,IKoHaHo IIoBHoIo yiporo, npore

csopuynrosaHi Alxe raroHi.rHo i AoIIimHo 6yno 6 6inuu AeraJIbHo

rrpeAcraBHTH B Hrrx cyrb t1eh. ta niAxoAis, 3a paxyHoK -xKI4x rari pe:yJlbrarl4

orpuuani.
2. <...Mra o6pasm peurimy D2Q9 qepe3 rrpocrory n peani:aqii, uenurwfi. o6'ervr

oS.rrzclenr, B nopinnxnni si crna4ninruuu cxeMaMI4 Ta npzfiruruy

ro.{Hic6....> (crop .7 4-75). B uarepiafiax pos4iny ni4cyrui odrpynryBaHHt

crocoBHo npufiuxruoi ro'IHocri.
3. <...Mero.q KpyrrHr4x qacrr{HoK nono4ie IuI4poKI4MI4 o6qucmoBaJIbHI{MI{

Mo)KJrHBocrrMI4, rrlo Ao3BoJr.trrorb 4ocni4xyBarvr crnaAui IIoroKI4 HaBKoJIo

rin pisnoi Sopvrr,r, qK rrpr4 Ao3ByKoBHX, raK i Ha4snyroBrlx IrIBI4AKocrflx,

OcnoeHrau se.qoinKoM Mero,4y e necrifir<icrb rll4ceJlrnoi cxeul,I 3 pooroM

.vvcra PefiHonrAca Ao 3HaqeHb I02 - 103 ....)) (crop.26). npy BI{coKI4x

rrrBr4aKocrrx 3HarreHHq qr.rcra PefinonbAca Aocf,rarorb 3HarreHb 10t - 10o.

4. << Xagluit MeroA Ao3Bo[.se MoAenroBarr{ pyx Hecrl4crlraeoi pi4t'Inu 6inrur

rorrHo, uiN rlacu.rHi i\aeroaz LBM. (crop. 94). Taxuia BIlcHoBoK MoxHa

zpo6uru rinrru Ha ocHoBi pesynrrarin npoeeleHzx AocniANent, xri 4o

crop. 94 qe He nigo6paxarrkrc\ a HaBeAeHe rBepAXeHHt € auoraqiero

pe3ynbrary, ni4rnepA)KeHoro nigHiure.

5. HarBHa He3HarrHa rinrrcicrr rroMrrJroK npu oSopureuui reKcry 4racepraqii:

- HeKopeKTHo Br4Kopr{craHo repvrinra pinnxnnx 6esnepepeHocri Ta

HerrepepBsocri (norpi6no pinurHnr Hepo3pl4Bnocri) ra KoHerrHHX

erervrenrin (uorpi6no criH.IeHI4x eJleMenrin) ;

- B TeKcri e HesaKisqene peqeHH-s; <IIopinHxHHq noKa3aJlo Brlcory ro'ruicm
orpIlMaHI,Ix po:n'xsrin i sayna)I(eHo, rt1o LBM e Y 2,5 pa3l{) (crop.26)

- He3HarIHa r<ilrricru noMr{JIoK B cJroBax, HarIpI4KJIaA, <<He4oilr<ou>

(crop.26), (HefrpoeBonroqifinulu) (crop.29), (B MaKpocKoniqHifi

Iracrura6i> (crop. 36), <<sn'xar<y lriN povripou r<ovripxz ra ro.IHicrr
MoAenroBaHHs)) (crop.39) <<uorilr>> ganaicrr norir (crop.40).

Bnaxato, tqo Bl4cnoereHi 3ayBaxeHHt He e BI43HarraJIbHI4MI4 i ne sl,IeHlrryrorb

3araJrbHy HayKoBy HoBr{3Hy ra rrpaKTrrrrHy 3Harrrzuicm pe3yJlbrarie ra He BnJII4Barorb

Ha rro3rrrr{nHy oqirucy Al4cepraqiftnoi poSorn.

' BucHoeoK rrpo AllcepraIIifi Hy po6ory



Beaxaro, rqo Al{cepraqifina poSora s4o6ynaua crylleHt AoKropa Sinoco$ii

Kysrvruua Baleurnua Asaronifioezqa Ha reMy <<Mero4u ra zaco6u MareMarl4rlHoro

MoAenroBalHfl, pyxy pi4zH 3 Br4Kopr4craHH-aM MaITII{HHoro HaBlIaHHs) BI{KoHaHa Ha

BlrcoKoMy HayKoBoMy pinui,,He rropy111ye npr4Hrll{nin araAenli'{Hoi 4o6povecHocri ra

e sarin.reHr.rM HayKoBr4M AocniAxeHHrM, cyxyunicrb reoperl4rlHl{x ra npaKTvrrrHvrx

pe3ynbTarie .flroro posn'r:ye HayKoBe 3aBAaHH{, I11o uae icroTHe 3HaqeHHf, AJIx

ranysi 3HaHb <InQopvraqifiHi rexHorlorii>.,{racepraqifiua po6ora 3a aKryanluicrto,

lpaKrr{qHo}o uinHicto ra HayKoBoro HoBI{3Horo nosnicrrc ni4uoqj4ae BI4MoraM

rrr4HHoro 3aKoHoAaBcrBa Vxpainu, IrIo nepe46aueni B n.6 9 <llopx4t<y

rpucy,eKeHHf, oryrreHr AoKropa SinocoQii ra cKacyBaHH.x piurennx pa-:onoi

cueqialisoeaHoi Br{eHoi pa1u 3aKnaAy elarqoi ocairz, Hayronoi ycraHoBl{ IIpo

npr4cyAxeHHfl cryrreHr AoKropa SirocoQii>>, sarnepAxeHoro llocranonoro KaSinery

MiHicrpin VxpaiHra sia12 ci'{H-s 2022 p. J\b 44'

34o6ynau Ky:rvruv BaleHruu AnaronifroBur{ 3acnyroBye Ha npl4cyAx{eHHf,

cryneHfl AoKropa Sinoco$ii n rany:i gsanr <<I2 - In$opMallifrni rexnororii> sa

cueqialrnicrro <<I23 - Koun'torepHa inNeuepix>.

OQiqifiHnfi ononenr:
3ani4ynau ni4giny
IHcruryry upo6neM MoAenroBaHHt

iir,r. f .e . llyxona HAH YrPailru,
n enepreruqi

AoKrop rexuiqnux HayK, uPoQecoP Creuan BZHHI,IT{VK

fli.quuc A.r.H., rpo$.. Crenana BIilIWTHyKA :acni4vyro

Y.reHuft ceKperap

IIIME iu. f.e.flyxoBa HAH BiKropiq r{borlb.

M.TI. 20 poKy


