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oQiuifiHoro PeueH3eHra

AoKropa Qinoco$ii sa cueUialrsicrro l2l - lnNeucpir nporpaMHot'o sa6e:nerleHr{fl"

AOrIeHTa, saniAyeava rcaQeapn npofpaMHoro :a6e:neLIeHHf KoMII'[oTepHHX C14CTeM

r{epu ieeurroro uauioHaJrbHofo yHisepc rarery i rnle H i }op i n (Delsro su q a

l'aclmr KarePlt ttn [IerPinuu

Ha Anceprauiilny po6ory acnipaHra KocoBr'lua Iropr Tapacowtua

<MoAeffosaHHs rrporHo3yBaHHfl noul{peHHq enile\aiil MeTOAaMH pyxoMl4x x'riruHHnx

anroMarie ra HaBr{aHHflM 3 uiAKpiuleuuln,t>>

rroAaHy Ha 3Ao6yrrt HayKoBofo cryneHfl AoKropa Qilocosii
sacneuiaJlrgicrroll3-<flpr,rxlalHaMaTeMaTHKa))

Arrya.uuHiCrs reuu ra 3Bofl3OK 3 HayKoBI',lMI{ II!'IaHaMI',l Ta flpotpaMaM]l

fluceprauift ua po6oTa [pl4cBqqeHa MaTeMaTI4q HOM y M oAen Io Ba rl H rc n olu H peHHt

iuQexUifinl4x 3aXBOpFoBaHb ir sacrocynaHHtM KnacHqH14x enileuio'uoriqut'ix H'roAeIeii'

rcliruHHtEX aeroN{aris ra MeroAiB Ma[rr4HHOro HaBqaHHfl, 3oKpeMa HaBLIaHHt 3

niAxpinleHHru, 3 Meroro pospo6xr,r esercrunuux crparcrifi nporncnileviqHoro

peafyBaHH.fl. Maretraruqsi tr,toAeli :a:sHqaii BI4KOpHCTOByrorbctl He JII',ll'ue Ailfl

nepeeipxn riuore3, po:po6leHlIx Ha ocHoei eKcnepl4MeHT'aIbHHX Aal'll4x, a'le il llts

rrpofHo3yBaHHr HOBlrx rBr4ul i :aroHolvtipHocrefi, xxi rntoNyrs 6yrlr enreleui npn

TecTyBaHHi II1ax 1aoAelefi. Taxlrfi ni4xi4 oco6rltzso saxrrusvtil B rl4x c$epax

AOCliAXesb, Ae npoBeAeHHt peaJlbHlrx eKcllepnNteHris saA o6'erraMK e CK"IaAHHM

a6o HeMOlrcJrr4BlrM, Harrpr4KJIaA, B enilen',rionorii. llpo6leua rloIrIHpeHHfl

pi:uorr,raHiruux iusexuifi i eniaeuifi e uo6allHI'IM BHKJII'IKOM AJI' JlloACrBa' ulo

po6nG aKTyanbHoro 3aAa.{y no6yAoBH MaTeMaTHLIHI4X utole:refi' st<i Ao:eoJlt}oTB

:po:ynirr.r AraHarrlixy eniAeltiil, ouiHroearn eserrHnuicrs KOHrpoJlK) 'la

,u*ropto"uHHtMl4 i porpo6nxrl4 IIJIaHI4 aifi ;r"rs 6opoft'6u :l IIHMH'



Axrya,'rluicrs o6pauoi TeMaTHKH e 6e:nepeqHol'o 3 ofntAy Ha BHKJIHKI'l

CyqaCHoCTi, noB'fl3asi : uO6aJIbHI4MH enilerrlisn'rH, 3OKpeMa nanAeNtien COVID- I 9'

llporHo:ynasss i auartis [oIuI4peHHa iu$ercUifiHl4x 3aXBop]oBaHL BI4Mara€ aAeKBarHnX

MoAenefi, sxi glarHi He JII,Iue orIHcaTH enileNli'rHi npouecu, ateit BpaxoByBarl4 Brllll{B

COUiaIbHI4x, 11pOCTOpOBI4X, nOseAiHKOeIax TA nO;1iTI4qHI4X III4HHI4KiB' KlacuqHi

ni.qxoAra (SlR-rvro4eni) xou i e urupoxo nouI4peHI'IMI4' MaIoTb o6rraeNeHy :Aaruic'rs lo

MOAerrloBaHHr iHAHBiAyanironaHl4x CIIeHapiin y ferepofeHHoMy cepeaonr'ruri'

[uceprauir nupiurye rle 3aBAaHHt IIJIffXOM BI4Kopl4cTauug t<',qirnHHnx aeroN4aTie

TaMeTo.4iBMauI4HHoroHaBqaHHq,3oKpeMaHaBqaHH'I:nilxpinleHHgM,uoAo3BoJIg€

peani:onyn aTv alailTuBHe yflpasriFlHs fipoqecaMH notuupeHHr iu$ercuil' oco6"rrnnoi

BarH po6ori AoAae 3acrocyBaHHfl cyLIacHHX IIporpaMHI4x iHcrpyrvreHTiB' 3oKpeMa

pospo6ra Be6-3acrocyHKy, u1o 1ae 3Mory l{aoqHo ,qeMoHcTpyBarn pe3yJlbrarl4

MoAeJIFoBaHHfl B iureparrunHoMy cepeAoBHtrtl'

Taxuv rIr4HoM, TeMa AaceprauiT He JII4llIe

cyuacHoi HayKH i npaxruru, a it l'lae :naqHHfr

ar<ryaruHic'rr reMarI'IKI4 AI4ceprauifiHoi po6oru

Br4KJII4Kae cyuninin.

Crpyrcrypa ra rlricr Al{ceprauifinoi po6orll'

firaceprauifiHa po6ora loriqHo crpyKrypoBaHa'

rrpeAMer i o6'exr .qocliAxeuss' BoHa cKra'laerscq i:

po14ilin, s14cF{osxie, crl14cKy BHKopHcraH}'lx Axepen

sianosilae HaI'aJIbllHM norpe6arnt

viNAllcunnLriuaptlnil ttolcHuia,r. a

Kocoei{.Ia lropr TapacoeNva He

Mae qlTKo OKpecneHy MeTy,

BCTyny: qorHpbox oCHOBHHX

(145 uaiiveHYnaHs) i rPsox

loAarxis. 3aralrsufi o6csr - 190 cropiuor'
y repruoMy posaini sAificHeuo sce6iqHlaff aHaJIl3 cyqacHl4x nlAxoAlB Ilo

MareMarr4qHofo ra ir'rirauifiHoro MoAenloBaHHfl eniaen,lifi ' 3oKpeMa npoaua'ri:oBaHo

gr,r$epenUialsni l,loleni (rrzny SIR), irt,tilauiiiHe areHrl{e MoAenHJBaHI'1fl' a raKox

MeToAr4 MaurHHHOfo HaBqaHHs. oco6nueo ttiHttl',llvl € JleTalbtlui'i clr''rsA 'rrireparypn'

npucaxueuoi MeToAy rc:riruHHux agroNtarie, gxytfi ocrauuina LlacoM Ha6yaae Bce

6inHuoi rrofrynrpHocri s euiAeltioloriqHux AocliA)KeHHsx 3aBAflKI4 CsOifi rHy'txocri

Ta :laruocri MoAenroBarl4 cxlaAui flpocropoBi e:aeNao'4ii' Oxpelta yBara

npralinaertCs asanhy AocrynHOrO nporpaMHoro sa6esne'IeHHt Ans MoAenroBaHHfl

enilelaiolori'rHnx nPoueclB.

[pyrufi poeain npl4cB'f,qeHo MareMarl4qHoMy aHari:y xlacuqHoi SlR-r',toaeni, il

rraoausircaqifi ra peaniraqiT qepe3 xlirnuHi aBroMaru'

Y n.2.1 saiircHeHo AeTanbH uit onuc MareMarHllHOi SIR-Hroaeli' BKJIroqanqH

aHaris 6a:osux npilnyqeHb, no6ylony cncTe M14 AI4OepeHIlia'''rsut'lx pieurHr ra



AocJIiAxeHHfl il MaTeMaTHqHHX B;1acTl4Bocreii' OrprarvtaHi anropoM pe3ynbTa'rl4 IUoAo

icHyaaHur Ta eAHocTi po3B't3Ky SIR-rvrole.[i, a raKOX aHani3 fpaHHqHHX

BJracTI4BocTef po3B'fl3KiB, e Ba6JII4BI'IM BHecKoM y TeopeTl4qHy elliAeuionoriio' I]i

pe3ynbrarr4 Ao3Bonrnrb ilrr46ue 3po3yMirl4 AI'IHaMiKy IIoIxI4peHHr iusexuifiHt',tx

3axBoplgBaHb Ta 9IIiHI4TI4 Mexi 3aCTO COBHO CTi KIaC I4qHI4x MOA9JI eil'

y r.r. 2.2-2.3 Apyrofo po3Ainy po3rnf,Aaerbct 3acrocyBaHHfl KnirHl"lHHx

aBTOMaTiB Ant MOAeJIIOBaHH' nouHpeHHq eni,4eNIifi' Aerallso onI4CaHo lroAra$ircaUii

SlR-uoaeni Ha ocHOei rlirussux aBToMaTie, uo Ao3Bontfol'b BpaxyBarh IIpocTopoBi

Qar<ropra, inlraeiayanrHi eiaN,riHHOCri uix aresraMl4 ra pi:ni cueHapii peafyBaHHt Ha

enilerr,rirO (r<apanrraH, BaKUnHaUit, n,tacxosHii pexhM l'oillo)' 3anpottouoaaHa

QynrUiouanrHa cxeMa MoAeJIloBaHHfl HaBeAerI14x cUeHapiiB' ffKa :a6esneuye

MOXJrr4BiCTb Ar4HaMiqHo 3MiHIOBaTI4 XapaKTepHcl'l{KH afeHTiB' BBOAftll4 HOBHX a6O

Br4AanflIoqu HaflBHHX afeHriB y pexnnri liiicHoro qacy nra rlac in'lirauiiirro|o

eKc nepHMeHTy, 36epi r arv r a siAHOerloearl4 l'taH i'

Y rperuoMy po3Airri Aeralruo oIII4CaHo 3acTocyBaHHfl MeroAiB HaBqaHHq 3

ni4rpinleHHaV Lnfl Br43HaqeHHt eoeKrI4BHI4x cTpaTefift couianbHofo

AHCTaHrIiloBaHHr. ocgoegoto MeToro llbofo niaxoaY € 3HaXOAXeHHfl oIITllMaIIbHl1x /liil

Anr Aocf,rHeHHt AoBrocrpoKoBoi BIIHaropoAr'r. V po6ori po:po6leHo SIHRD-tuoAell'

sKa e cyTTeBuM pO3Ixl,lpeHHfM KnacnqHoi SIR-uoAe'ri :a AonOMorolo anropl4TMy

Advantage Actor-Critic (A2C). V uanqaHsi r ni4xpinleHHflM llfl MoAeIIb Bl4cryilae flK

cepeAoBr4rrle, y ,rKoMy afeHT npr,rfirr,rae piuteHnr uolo onruualuuoT nolir nrcn

BrpyqaHb. Ha ocHosui :rr,riHu y AHHaMiUi narrleltiT cl4creMa ouiltrce e$cx'rnntttc'rs

yxBaneHr,rx pirueur, a areHT OTpHMye Bl4HafopoAy 3anexHo BIA pe3ynb'ra])'

Hernepruil po3Ain Mae npnnlailHnfi xapaKrep - npeAcraBJIeHO

Beo-3acTocyHoK, peani3oBaH I'tir 3a AonoMorolo cyqacH14x rexnororifr (React' FastAPI'

REST API), slificneHo fioro recryBaHns. olll4caHo apxilercrypy la NtoN'rheocri

MacuTa6yBaHHfl. OyuxUioHan AaHofo 3acTocyHKy Ao3Bolfle Kopl4cryBaqy

rAificHroearu vu6ip MoAeni Ant cgMynxUii, npu UboMy po3paxyHKn rpoBoA'flrbcfl Ha

cepBepHifi r{acrr4Hi, a siao6paxeHHfl orpI4MaHI'Ix pe:ynsraris eia6ysaerbct y

3pyrrHoMy Anfl Kopl{cryBaqa $opN,Iari'

Hayrcona HoBu3Ha ra 3HaqeHHfl pe3yJlbrariB

,{uceprarti, Mae BT4COKUfi pieeHl HayKoBOi o6lpyHroea}Iocri' luo

niATBepAxyeTbcfl AeTanbHHM TeopeTHrrHHM asali:oNt. MaTeMaTHt{Horo crpot-icr|io'

quCenF,HI4MI4 eKcilepI4MeHTaMI4 ra silnOeiAHiCrro npoqecaM y 6ionoriuHuX cHC'[eMax'

3a6e3[eqyrcqr4 iJ AOCTOBipHicrr i npaKrHr{Hy 3Haqyuicrl' AucepTaHroM orpHMar{o



Hacry[Hi HayI(oBi pe3ynbrarl4 :

1. Aose,[eHo HlareuarnqHi SJlaCrt{eocri xlacuqHoi SlR-ruoae,ri

Iteprvrara-Marueugpira, 3oKpeMa icrrynauua ra eAnuicrr po3B'fl3Ky npu

loqaTKoBUX yMOBaX, uIO ni4rneplxye xopeKnicrr ii BI4KOpI4CraHHt B

NaolerroeaHHi.

2. 3anpouoHoBaHo rr,ro4usiraUiro SlR-rnlo4eli : ypaXyBaHHflM npocropoBllx

$arropin, pealisoeaHy r{epe3 rui'rpruHi aBroMarl4 i: su:uaqc*vlMu npaBHnaMH

B3aeMoAii areHTlB.

3. llo6yaoeaHo $YnxuioHalruY CXCMY MOACIITOBAHH'I CUCHAPIIB

npOruenigeuiquux 3aXOAiB (iSonrUir, MacKt'1, eaKrIHHaUil, tou1o), tqo Aae 3Mory

nopinHrcnarrl ix e$exrueHicrl.

4. 3auponoHoBaHo SIHRD-ruoAenF, qK CepeIoBI4tue ilnt 3aCTOCyBaHI{t aJIfopHTMlll

HaBqaHHfl r ni4xpinJreHHf,M, uro Ao3Bonee aAaIITI4BHo KepyBarH npouecaMl4

nanaettii.

5. Peani:oBaHo aAarralriro Ao eniAeMioloriqHux 3araq Actor-Critic (A2C) ra

Deep Q-Learning ua 6asi $pefin'rnoprcy PyTorch'

6. Pospo6JreHo ra npoTecTOBaUO inrepaxtup,uuit se6-:acrocyHoK' ulo Ao3Bonte

Kopr4cryBaqaM caMocrifiHo MoAeJrroBarra cqeuapii, :NliHroearl{ napaMerpl4 ra

orpI,r MyBarra nisYanisauiro.

TeoperrauHeTa[paKTI,|tIHe3HaqeHHfloAepxaHuxpe3yJlbrarie

fiuceprauifiHa po6ora HocLITb [IepeBaxHo TeopeTHr{l]uri xapax'rcp i cnpnrvtoBalILI

Ha nnpiureuur aKTyaJrbHr,rx 3A1.Aq Ma'reMaTuqHoI'o MOAeJrloBaHHt IIo111Hpel{Ht

eniaenaifi. orprzruaHi pe3ynbTarll € KoHcrpyKrHBHI4MI4 ra niareepaxyrcTb BhcoKy

eQerrunuiCrt MaTeMaTI,tr{HHX naOAeleil Anfl BI4flBtle}{Ht i nporuo3yBaHHfl

:axoHotntipnocrefi po3BI4TKy eniAevioloriqHnx nportecin' 3anponoHoeaHi p{eroAl4rc}1

ra uoneli LeMol{cTpyroTb 3HaqHufi noreHUia,r y nupiueuHi npaKrhqHHX 3aBAallb'

noB'fl3aHIzX 3 IInaHyBaHHsM Ta peanisaUiero 3axoAiB 6oporr6n ir nouupeHHtM

iH$eruifi ul4x 3axBoPIoBaHb'

flpaxrltuHe 3uar{eHHfl 4ucepraUifinoi po6oTl4 nonflra€ y MoxJIHBocrl

3acTocyBaHna ii pesynrraris opraHaMl4 tyticUeeoro caMOBptAyBaHHfl Ta AepxaBHI4MH

cTpyKTypaMr4 oxopoHu s4opon'1. 3anpououonaHi nilxoAl't Moxyrr' 6yrn nnrcopncraHi

lnq oinrlrl Tor{Horo [porHo3yBAHHI LuHALnlixlt nouluperrHfl nipycHl'tx 3aXBopaBaHb Ta

eser<rneHoi onrr,rui:aqiT BnpoBaAXyBaHI4X o6lreNyna!'IbHHX :axolie, u-lo €'

aa/IzsuqairHo arflyanbHr4M y rosrexcri 6opors6n I naHAer,/tisMH Ta eni,tervlirr'ln'



flonHora BuKJlaAy pe3yJlbTaTin lucepraUii n ony6liroeaHux npauffx'

OcHoeHi pe3yJrbraru Araceprauii Aocnrr rtoBHQ enceir,'Ieui y qorupbox

HayKoBr.rx crarrrx. Ini 3 qlrx crareii ony6nironaui y Bilil{sHrHux HayKoBI4x

xypHanax, xxi nxo4rTb AO rcareropii "8" nepelixy uayxonvx BlantAHI vxpaiun, a ule

ABi - y rurixuapoaHrax Br,rAaHHrx, ulo irluercyrorbct y HayKoMerpraquifi 6a:i "Scopus"'

Orpirr,r Toro, Hayroni pe3ynbTarll 6ynra anpo6oeaHi y Aononi4flx Ta o6roeopeHHtx Ha

ruecry nceyxpaiucbKux ra vixuapo.Uuux HayKoBr,r x roH Qepes Ui r x. Y An ccpraUii'l irxo

Br43HaqeHo oCo6uCrufi BHecOK aBTopa y Aoc,'riAXeHHsX, ony6'lirconaHnx y

cnieanropcrui.
3aralou, 4uceprauifiua po6ora sianosiAae BcraHoBJIeHI4M BnMoraM uoAo

xilrxocri Ta sxocri ny6lixaUiir y Qaxoenx BhIaHHfx, a raKox ei4nosilae

H6pMaTHBHHM Kpr.rrepirv o6crry ra oQoprra,reHHt HayKoBHX rocrrliANenr ubofo pinur.

3ayeaxeHHfl Ta Ancrycifi Hi no.noxeuus

Pasot\,{ is garanrHo no3HTI4BHoro ouinxoro, c'ltiA 3a3HaLII4TH nesHi 3ayBaxeHHg ra

nO6axaHu t, txi MoxryTb 6yru ropr,rcHl{Mu Ant noAanb[II'{X AocliAxeHs:

l. Bapro 6yno 6 AoAarKoBo rrpoBecrl4 asali: uacura6yBaHHfl locligNynaut'rx

uoAelefi, po3rJrrgyBrxr{ suiny uoseAiurn uoAelefi ilpl4 nepexoai nia

roKanbHoro ao perioHaJlbHoro qn HauioHaJIbHoro pieHie'

2. 6axauo po3txtrpr4Tu xilsxicrs cueHapiIB MoAeJIroBaHHs, BpaxoBylot{n,loAarrosi

$axropu, raxi grc uepinHorraipHe BrrpoBaA)I{eHHfl o6ntexeHu" rviua ttoserittxn

HaceJreHHfl, UirpauifiHi nororcu ra iHlrri couialr,rri acIIeKTH.

3, Bngua.Ienur Syurcuii BHHaropoA[1, flKa noBI4HHa aAeKBarHo 6a'raHcyearu n,tiN

pi:Hruu, qacro cyrtepeqn14B14M14 uirsrnln (virrirr,li:auir 3axBopFoBauocri,

CUepruOCri, erOHOtnliqHUX BTpaT, COUia,lsFII'{x O6rr,teNeHs) e CKJ'IaAHI4M

3aBAaHHflM, BaxaHo 6yno 6 leralrHiule onucarn o6rpyHrynaHnr npoUecy

nu6opy $yuruii Br4HafopoArl y B]/'naAKy AoBfocrporcoaoi repcneKrnBl{.

4, HeAocrarsro o6fpyuroeaHufi eu6ip alropuruiB HaBqaHHr r ni;rpinleHHqN'{' He

3po3yMino, qLI BpaxoByBailucfl oco6nlrBocri :ala'Ii: posnaipuicTb npocroPY Aifi,

BHMOTU AO trIBr,rAKOCri VOAenrcBaHHs Ta qI4 fipoBoAuBcr nopinHrlsHHfi aHaIiS S

isurulru niAxoAauu, ulo Br{Kopr4cToBy}orbcs y uifi rany:i.

5. .{orynreHryBaHHfl KOAy p93pO6leuoro rpofpaMrlofo 3acrocyHxy' Xoua AoAarKI4

uicrsrr nuxiaui safinrz, ailcyrun nosHouiuua iHcrpyxttis : po3l'opraHHt Ta

orrr4c APl-eHlnoiHris, lllo yCKnaAHro€ Mo}KJl14socri tloBHoro froro

BHl{opHcraHHfl cropoHsi rvn AocliAuu rcan'l n'



3ara,'lr,uuil sucuosor'
Oqiuroroqra gr,rcepraUifiuy po6ory <Mo,UenIoBaHHt llporHo3yBaHHt IIolllHpeHH'g

euilervrift MeTOAaMr.r py*orr* KIiTI4HHI,IX aSroN{arie Ta HaBqaHHtrM 3 ni4rcpinneHHflM))

Buinornry,esciniActasucTBepAXyBaTI4,ulo3aaKTyansuicrrcTeMH,o6cxrou
Br4KoHaHux AocliAxeus i uayronoro HoBI43Horo ra qisuic'no oAepxaHHX s Hifi

pesylrrarie i Hayxono-TeopeTI,It{HI4M pienervr ix o6rpyHrosaHocri BoHa ui'Ittcov

siAnosi,uae Br,rMofaM nyuxrin 6, 7, 8, 9 "flopngxy npI4CyIIXeHHq cTylleHs JIOKTOpa

$inocoSii Ta cKacyBauHr piu.reHHf pa3oBoi cneUia'ri:oeaHoi e'jeHoi pajlll 3aI(JIally

eHUIOi Ooniru, Hayxonoi ycraHOBH npo IIpHCy/lxeHHt CryneHs Aolflopa $i"roco$ii"

3arBepAxeHoro flocraHoBolo Ka6iuery MiHicrpin Vxpaiura eia l2 ciqHn 2022p'Nt44

(:i tvrinanrrl, BHeceHl1tvtt4 sriAuo s flocraHoeaMla Ka6iuery Mirricrpin VrpaIHra Ne 341

ein ZI.03.2022,Ne 502 eia l9'05'2023' Ne 507 sia 03'05'2024)' a ii aBrop Koconu'l

Irop 'fapacoBgq 3acnyroBye Ha npHcyAXeHHt iiolay crynel{n Aotoopa $i'roco$ii :a

cneqialrsicrrc | l3 - <flpraKIIaAHa MareMarHKa) B fany3i :sasl I I - <MareMarl'lKa ra

CTATLICTL{KA)).

OQiuifiHufi PeIreH3eHr'

AoKrop Qinoco$ii :a cneuialrniclo 1 2 1

IuNeuepir nporpaMHoro sa6esneqeHHq,

AoueHr, sari4ynav r<aQeapu

nporpaMHoro sa6esneqeHHt

xoMn'rctePHl4x cl4creM

r{epHineutKoro HauioHarbHoro yHinepcurery

ilreni IOPir (DeAlxosuqa KarepnHa f A3IllOK

{epxi'oeuxoro na
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