
BIATYK

o$iqifiiroro orloHeHra Ha Arrceprauifiuy po6ory 3enrnxHoro Onexcix

,{nrurpon uya Ha reMy : <<Pospo6neHH{ MeroAis ra npolpaMHoro ga6esue.{eHHt

iHrelerryaJlbHoro ilrnyryeaHH-rr nponycrin AaHLrx>>, npeAcraBJreHy na s4o6ymx

HayKoBoro cryrreHfl AoKropa $ilocoSii: ranysi 3HaHb 12 <IH$opvrauifiui

rexHoJlorib> sa cueqiamsicto 1 2 1 IHNenepi.a nporpaMHoro :a6esueqeHH.fl

ArcryalrHicrn reMu 4ucepraqii

V cy.racnouy cniri, Ie aalri niairparorb KnrorroBy poJrb y npufiHlrri

piureur y pi:urax raJly3f,x, npo6nerua HerroBHorr4 AaHr4x crae Bce 6iltur

aKTyanbHolo. llponyrqeHi 3HaaIeHH.tr, mi Bl{Hr4Karorb rrepe3 rIoMr4JrKr{ :6opy

in$opuaqii, rexHi.rui s6oi a6o o6'eAHaHH.f, AaHr{x s pi:Hr,rx rr{epeJr, cyrreBo

BnJII4Barorb Ha sxicm auaniay. Bonu Mox{yrb npr{3BoAr4Tkr Ao ynepeAxeHr4x

pesymrarie, 3HI4)KeHHf, ro.{Hocri uoAelefi MarrII4HHoro HaBrIaHHq ra

IToMI4JIKoBI,IX BI4cHoeKie. frzcepraqifiHa po6ora 3eutssoro O. f. cupanroBaHa Ha

nupiureHHx Uiei upo6nevrra ruJr.f,xoM po:po6rn iurelerry€urbHr,rx ueroAin

intnyrynaHH-s rponycxin y Aa:rtux, xrci Syayrb BpaxoByBarr,r crpyKrypy ilaH:nx,

[arepHLI uponycxiB, a raKox xopenrqifiui ra eHrponifiui gn'sgrcu uiN o:uaKaMr4,

Ta Malorb na lreri noKparql4rn .sricrr floAaJrbrrrrax aHariiu4qHl4x tuo4elefr, u1o

po6uru 4ocri,4xeHH.fl HaA3el,r.rafiHo BaxJTHBHM An{ cyqacHr4x cr4creM o6po6rra

naHux.

OqiHKa rnricry Ta 3aBepureuocri 4ucepraqii

fraceprauifina po6ora Mae o6csr 169 cropiHoK, 3 .flKr{x ocHoeHrafi reKcr

zafti,rae 131 cropiHrcy. Po6ora lricrnrb aHorarlirc, ncryu, 4 po:4irua, Br4cHoBKrr,

cll{coK BHKopI4craL1r4x A)I(epen z l2l HafiueuynaHHrM Ta AoAarKu. fiwceprar{is e

3aBeprxeHr,rM HayKoBHM Aocn1I)KeHH-sM, y {KoMy po3pooneHo MeroAH,

anropl4TMu ra rlpolpaMHe ga6esneqeHH.f, An.s iHrereKTyanbHoro ivrnyryBaHH.rr

nporycxiB y AaHHX.
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Y scr)tni o6rpyHroBaHo aKTyanbHicru renr,r, Br43HarreHo

o6'exr i npe4naer AocniAXeHHfl, a raKo)r( HayKoBy HoBr43Hy

3Har{eHH-rr po6orrz. Hane4eHo ei4ouocri qo4o anpo6auii

uy6nixaqifi sa reMoro 4ucepraqii.

fleprulrft posair npucB.srre:c'ufi arts^atri:y cy.iacHr,rx ui4xolin ao o6poSxz

IaHvrx,3oKpeMa upo6leuu uporycxiB, trKa e o.{Hiero 3 KJrror{oBr4x rrepeuKoA Anfl

eSexrnnHoro MaIrII,IHHoro HaBr{aHHr. PosuxHyro saAa.ri rcnacrasixaqii Ha

npur<na4i 4iarHocryBaHHt iureruri.{Hoi xeopoSv cepqr ra nporHo3yBaHHfl

rIacoBHX px4in Ha ocHoBi Aauux ri4ponorirrHoro uouiropraHry. llpone4euo

AeralrHufi orn'rA icHyrovutx ueroAin iunyrynaHnr, HaBeAeHo ixulo

rcnacu Q i r<aqiro s a Ntexaui3MaMl4 Br4Hr4KHeH Hfl T a crp arerii 3 aroBHeHHf, .

,Ilpyrufi posair npr4cBrrrenufi pospo6ui anropurnli.ruoro :a6e:reqeHHt

4nx imuyryBaHHf, nponycxie. OnucaHo Mero,qr4, lxi epaxoByrorb crpyKTypy

Aanvrx) narepHl4 uponycxiB, KopeJr-f,rlifiHi ra eHrponifiHi se'ssru uiN o3HaKaMH,

a raKox anfopl4TMrr [eperBopeHHs .sxicuux o3HaK Ha rilrricHi si s6epexeHHxu

iuSoplaaqii ilpo nponycKa. HaseAeHo [IML-eiarpaMn 4iurHocri Anfl

ei:yani:aqii lorixn po6orn anropHrvin.

Tperifi posair npzcB.sr{eHIafi peanisarlii po:po6neHr4x anropurirais ria noni

nporpaMyBaHH.a Python : iurerpaqiero B eKocr,rcreuy 6i6nioreKr4 scikit-learn, a

raKox ourun4is arrii r<oay Anf, iloKp arr{eHHf, npoAy KTr{nH o cri o 6qucle sr.
rlerseprrifi pogair upucexueunfi recryBaHHro pospo6nenux NleroAie

inruyryeauns. OnucaHo Aaraaertr An.s 3a.qaq xnacaSir<aqii ra nporHo3yBaHH-rr

rracoBl4x px4ie, npoBeAeHo recrpr 4nx uopiBH-suH-s roqnocri inanyrynaHHr ra

tuela4Ko.4ii, aHani:y BnnHBy iruuyryeaHua Ha qxicm naoAelefi y 3aAarrax

ruacn$iraqii ra nporHo3yBaHH.fl, ra Anfl aHani:y s\aiH eHrpouii Ao ra nic,rs

iunyryeariux.

V bzcuoeKax y3afanbHeHo ocHonui pe:yn:.laru AocniAxenHs. 3asHar{eHo,

llo po3po6neni Mero.ql4 inrnyrynaHH.rr ilporycxie y AaHvrxni4er,rrqyrorr roquicrr

ilrnyrynaHHx ra noKpau{yrorb sr<icrs irao4enefr y 3aAar{ax r<nacuSixaqii ra

Mery 3aBAaHH.f,,

Ta npaKTHr{He

pesyntrarie ra
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nporHo3yBaHHfl. Hane4euo npaKTr4r{He 3Har{eHH-f, po6ouE, 3oKpeMa

B[poBaAXeHHq pe3ynbrarie y oceirHifi npoqea ra noreuqian Anr BrrKopr4craHH.f,

B peanbHr{x cr4creMax aualisy,qaHrrx.

y AoAarKax HaBeAeHo cnr4coK ny6nircaqifi :go6ynava 3a reMoro

Al{ceprauii, xo4u xJracie iu'rorepin ra Ko.4yBa:nHuKie xricHux o3HaK, a raKo)r(

aKr BnpoBaA)KeHH.s pe3ynbrarin po6orn e oceirHifi npoqec xa$e4pra inNeuepii

rporpaMHofo sa6esue.{eHHf, Ta iHSopnraqifinrax rexnororifi fluiuponcbKoro

Haqi onalbHoro yu ieep crarery iueui One c-s foHuapa.

Crynius o6rpyHroeaHocri HayKoBr{x rroJro}r(eHb, srdcuosKie i

peKoMeHaaqifr

llp" BrrKoHaHHi aocniaxeHb Br,rKopr4craHo KoMrrneKc cyqacHux ra

anpo6oearinx uero4ie o6po6rra [a:nvrx, crarucruqHux niuxoAie ra nrero4ie

MaIrII4HHoro HaBr{aHHx. Orpuuaui npaKrrzr{Hi pe:ymraur AeMoHcrpy}orb Br4coKy

ropenrqiro 3 Teoperr4rrHo nporHo3oBanr4v.n, a raKox y3roA)Kyrorbcr i:
pe3ynbrararvrra iHruux anropin, AocTyrrHax g eiAxpurLrx Axepen.

Hayxoei rroJroxeHHf, Br4cHoBKr{ Ta pexoueH4aqii, npe4craeleui y

Al4ceprallii, o6rpyntonaHi, Sasyrotcfl Ha aHarrisi creuiarisoeaHoi npoSinrHoi

nireparypv, iH$opuaqifrunx rexHoJrorifi m ni4reepENyrorbc.s pe3yrrbraraMn

eKcnepl4MeHTaJrbHkrx 4o cri4xeHr.

OcuosHi Hayrconi pe3y./'rbrarr,r ra ix uaynoea HoBrr3Ha

Cepe4 pesymrarie, qxi orpuualri rpu Br{KoHaHHi locniexeHb, cril
3a3naqurtr nacrynni, -arci uarorb HayKoBy HoBr43Hy:

1. Ylocr<oHaJreHo Mero.4 iuuyryeaHHs NoNa rxJr{xoM po:po6rcra MeroAy

UnifiedClassRegrlmputer, xxvtir 3acrocoBye r<onr6inauiro xlacra$ixaropa ra

pefpecopa 3 ypaxyBaHHfM Tr4ny AaHr{x o3HaK, npr4 rlboMy BpaxoBye [arepHu

nponycxiB y [anprx ra HaAae slaiHHraft noprAoK o6xo4y o3HaK sareNHo eiA
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rilrxocri upouycrin, rqo Ao3BoJrre ni4eurqurn ro.rHict inrnyrynaHHx ra

ri o Kp arqlzrz .sKi crr nro4e;re fi y 3atraqax r<nacra S i xaq ii ra np o f Ho3y BaHH-rr.

2. Bnepure po3po6leno MeroA iutyrynauu.a Regrlmputer, sxuir

3acrocoBye pefpecop 3 yror{HeHH.[M 3Har{eHHfl y BrrnaAKy rcareropiaJrbHr4x AaHr4x,

tIIo Ao3BoJIfle 3HaqHo uiAelaqurnrnBvr[xoAiro ra ro.{Hicm ilrnyryBaHH{, a raKox

noKparrlr4ru sxicrr rvro4enefi y 3a4ar{ax r<nacn$ixauii ra nporHo3yBaHu.rr.

3. YlocxoHaJleHo eHrponifiuufi MeroA Entropylmputer rrrJr{xoM

IoAaBaHHf, ABox irao4r,r$ixaqifi: oAHoKpoKoBa ra irepaqifiua npoqeAypu

3MeHrrreHHr yuonHoi enrpouii xoNuoi o3HaKr4 y rocriAosHoMy ra

napanenbHoMy BrIKoHaHHi, ulo Ao3Bon.f,e 3MeHrrrHTH yMoBHy eHrpouiro ra l.ae

BT4KOHaHHS anfopr,rTMy.

4. Bnepure po3po6neHo ri6pugwuir Merol iunyrynaHHx

HybridRegrEntropylmputer, xxuir. roeAHye eurpouifiuufi ra perpecifiHzfi

uiAxoAH B 3aJlexHocri eil rrrny [alavrx o3HaKr4 Ta narepuin npouycxin, u1o

Ao3BoJIfle uiAnuuluru ro.{uicrr inrnyryBaHH-f, Ta rxBrrAr<oAiro y uopinu.f,HHi :
Entropylmputer.

5. Buepure pospoSneHo Mero4 iruuyryeaHH-rr Correlationlmputer Ha ocsoni

BIrrBJIeHoro KopeJlsuifiHoro sn'x:r<y uiN ogHaKaMr4, sxufi. aBToMarr4sye nH6ip

uafircparqoi uoAeni 3anexHocri cepe4 nisifiHux ra Keasiriuifiurax lroAelefi, ulo

Ao3BorIt€ niAelaulzrra roqHicrr inruyryeaHHr, a raKo)K roqHicru uoAelefr y sala.{i

nporHo3yBaHH.f, r{acoBux px4ie.

6. Buepue 3alrponoHoBaHo Mero.4 ilrnyrynaHHf, nponycrcie y qacoBux

p.[Aax 3 ce3oHHoro cKnaAoBoro Ha ocHoBi en-ssreuoro Kopen.srlifiHoro se'x:rcy

r,tiN osuaKaMrr (nrero4 ir,ruyrynauru Correlationlmputer), arre gix BrlKoHyerbcfl

Anfl KoXHoro oKpeMoro iruricxqr poKy. I-{e Ao3BoJr.f,e ui4nnulzru ro.{HicTb

inrnyryeaHHx i .st<icrs rro4enefi [poruo3yBaHHf, y nopinHquHi s aHaroroN4 6es

pos6urr.f, uo nricquxNa.

7. Y.qocxoHaJleHo ABa MeroAr4 [eperBopeHH.rr .rrKrcHr4x o3HaK Ha xilrricHi

IxJlf,xoM a6epexeuur iH$opMarrii npo [porycKr{ ra MoxJrueicrro Br4KoHyBarH



3BOpOTHe nepeTBopeHH{ (I gnoreNANL ab e lEncoder,

I gnoreNANFrequentEnco der).

[parcrnvHe 3HaqeHHq oAep)KaH r,rx pery.nlrarie

llparcruuHa qiuHicrr .ql4aeprauii nonrrae y po:po6qi anropr{rMie ra

npofpaMHoro saSesueqeuH.rr Anf, iunyryeanHx npouycxie y AaHvrx, sxi

peanisylorb 3anpononoeaHi Mero.{u (UnifiedClassRegrlmputer, Regrlmputer,

Entropylmputer, Hybri dRe grEntropylmputer, Correlationlmputer,

IgnoreNANlabelEncoder, IgnoreNANFrequentEncoder). Bci anfoprrrMr4

porpoSneni ig AorprrMaHH-rrM npnHrlnnie apxirexrypra 6i6nioreKrr scikit-leam,

irlo Ao3BoJrf,e Br{Kopr{croByBarz ix e aHaniru.rHr,rx KoHBeepax (pipeline).

Po:po6neHi laero4u ni4euulylom ro.rHicrs iunyryBaHH-f, ra rroKpaurylorb

sxicrr rroAerefi r<nacra$ixaqii ra nporHo3yBaHH-rr 4rrfl AaH:zX Merr4r{Horo ra

ri4poriorir{Horo nroniropr,rnry. Pe:ylrraru BrpoBaAXeHo B oceirnifi npoqec

xa$e4pIa iHNeuepii nporpanrHoro ga6esue.reHH.rr ra in$opnraqiit:eux rexHolorifr

fHiuponcbKoro naqiouanbHoro yuinepcnrery irr,reui Onecs louuapa. Po:po6neui

MeroAI4 Moxyrb 6yru BrrpoBaAXeHi e peanrni cucreMu analiry AaHrzx.

3aynaxeHHfl Ao Br{KJraAeHoro y auceprauii

HeseaxarcqvrHa er,rcoKufi pieenr 4ocni4NeHHs, e trerimxa 3ayBDKeHr, xxi

He 3Hr{xyrorb HayKonoi ra npaKTr4i{Hoi uiHuocri po6orvr, are Moxyrb 6ytu

BpaxoBaHi 4nx noAanbrxoro BAo cKoHaJreHHfl :

1. Y rexcri 4ncepraqii norpi6Ho 6yno 6 Hasecrn pe3ynbraru nepeeipxH

a4er<narHocri uo4elefi, noKJraAeur,rx B ocHoBy iuu'rorepie, oco6lnno B

KoHreKcri ixuroro 3acrocyBaHHr ro pieHrax rznin [aln:ax (rvre4vuHnx,

ri4ponoriqHHX rou1o).

2. He4ocrarHbo po3Kpr4To npoqec npoeKTyBaHHs npofpaMHoro

sa6esue.{eHH.f, 1^nfl HoBr{x ueroAin iuuyrynauHx. fo4arr<onrafi oruc eranin

po:po6xz, nu1opy apxirexrypHrrx piureHl ra o6rpyHryBaHHf, nz6opy MoBI4
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nporpaMyBaHHfl Python (naupzrcna4, uopieH.flHo s iHrlnrdH MoBaMr,r, TaKHMT{ f,K

C++ a6o R) AorloMorno 6 Kpalqe sposyvirz rexHi.{Hi piurennx, uprzfiHxri

aBTOpOM.

3. EaNano 6y:ro 6 Aeraruuiure onucau4 Merpr4Kar,BrKopvcrasi rls ouiHxn

uoAelefi. Hanpaxrra4, xr<i caMe MerprrKr4 (oxpiu rouHocri) 3acrocoByBanLrcfl Arrfl,

otliHt<z eQexrr,rnHocri inanyryBaHH.f, ra ixHroro Bnnr4By Ha riHrleni pesyntrarra.

4. He BKa3aHo, xr<i iucrpyMeHTla Bl4Kopl4croByBanr4cfl. Ans. npoBeAeHHfl

AocliANeHr. HanpHKJraA, Mo)KHa 6yro 6 ouncarvr, xxi iurerpoaaui cepe4oBr4rua

qu creui anisoeaHi 6i6niorer<rr 3acro coByBaJrr,rc.rr.

5. He sposynririo, xxuir is pucynxie 4rzceprarlii eiao6pa)Kae in$opMaqifilry

rexHoJroriro, ma pospodnrnacb y rlifi po6ori.

llpore nncriosreui 3ayBaxeHHtr He 3HlDr(yrorb 3afalrbHoi nosnrtaeHoi

otliHt<n BIzKoHaHoi anropou po6orn, ii Hayxonoi noeuguu, o6tpyHronaHocri ra

npaKTr4rrHoi rtiHsocri.

flosuora BrrKJraAy pe3yJrbrarie 4ucepraqii e uyb.uilcarliqx

3a reuorc Anceprarlii ony6niKoBaHo 11 po6ir: 4 crarri y HayKoBHX

Saxoeiax BI{AaHHflx VxpaiHlr rareropii 8,2 crarri y iHurnx s6ipHuxax HayKoBr,rx

rpaub ra 5 res AouoeiAefr y s6ipHr4Kax vrarepianiB HayKoBzx xou$epenqifi.

Pe:yrrratu AocniA)KeHb aBropa upofiurnra anpoSauiro i Aicraru no3r4rr.rBHy

oqinrcy ua xoHSepeHqixx ra inurux HayKoBo-npaKTurrHr4x 3axoAax.

3ara.nuuufi sucHosorc

tr,rcepraqifrHa po6ora 3evrrHoro Onexcis fnrnrponv-ua e 3aBeprrreHnM

HayKoBlrM Aoc:riANeHH.sM, y flKoMy orpr4MaHo uoni pe3ynbraru, xxi Marorb

o3HaKr4 Hayrcoeoi HoBH3Hrr ra nparcruvuoi sHauurvrocri, uo e$exrueHo

erzpiuryrom aKryanbHy HayKoBo-[przKJraAHy 3araqy iHrerexryaJrbHoro

innyrynanHf nponycxin y naHtrx.

Po6ora niAnoniAae cnerlialrHocri 12f IHNeHepia nporpaMHoro

:a6e:neveHHx, ocrimxu npr4cB-f,r{eHa pospo6qi vero4ie, a;ropr.rr:irain ra



nporpaMHoro 3a6e3rlerreHH.f,, .sKi sa6esneqyrorb roquicrl ra eSexriznHicm y

3aIAIJAX MOHlTopLIHry.

Bpaxoeyrouu o6csr Br,rKoHaHrlx 4ocui4Nenn, HayKoBy HoBr43Hy,

o6lpynroeaHicm i nparrra.try uiHHicu orpuMaHr{x pe3ynbrarie, 4zcepraqix

nignoni4ae Br4MoraM Har<a:y Miuicrepcraa oceirz i Hayr<z Vxpainr,r

JVq 40 ei.a12 ci.In-f, 2017 p. ra llocraHoera Ka6iHery MiHicrpie YrcpaiHu Jtlb 44 sia

12 ci.{Hx 2022 p. gi sN,IiHaN{H. 3eNrn.sHufi Oner<cifi [vrrzrpoer4rr 3acryroBye

rIpI4cyAXeHHf, fiouy cryreH.rr AoKropa @inoco$ii sa cueqialtnicrro 121

IHNenepifl rlpofpaMHoro sa6esue.reHHs.

OQiuifiHufi ououeHr

AoKTop rexHi.rHrax HayK, upoSecop,

npoQecop rcaSe4pr.r rporpaMHoro

3a0e3nerleHHt ABTOMATi43OBAHIIX

cr4creM 9epxactrcoro Aepx{aBHofo

rexHoJrori.{Horo yuieepcurery MOH

Vrpaiua

Ilidnuc npofu. C. B. fony1a saceidvyn.

Ceprifr |OJIYE

llepurrafi npopeKrop I{.p

AepxaBHofo

yHrBepcureTy, K.T.H., npoQ. Apreu |OHqAPOB
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