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Ha nucepTauiMHY p060TY

JIHUVIHCbKOFO IleTpa Bopnc0Bwqa

6i0MeÅHHHux 306paxeHb Ha OCHOBi rnu60KHX HeiPOHHHX Mepex»,

npeAcTaBJ1eHY Ha 3A06YTTHHayKOBoro cTyneH51 LOKTopa (l)inococbii

3a cneuiaJ1bHicT10122 IC0Mn 'wrnepHi Haycu

(rany3b 3HaHb 12 IHØop,uauiüHi mexnonoeii)

1. AKTyaJ1bHiCTb Teran.

Y cyqacHiü MeAHUHHi 11UTaHHA 6iOMeAHHHUX 306paxeHb Mae

BeJIHKe 3HaqeHH%. CyqacHi aBTorwaTVIHHi CUCTerv1H miarHOCTYBaHH51onepaTHBH0 Ta

TOHHO 06P06JIHEOTb306paxeHHH Ta CTaBJIATb nonepeAHi AiarH03H. BUKOPHCTaHHS1

rnm60KHX HeiPOHHHX Mepe)K 3anaq KJ1acHd)iKauii 6iOMeAHHHHX 306paxeHb

A03BOJIS1€ aBTOMaTH3YBaTH npouec AiarHOCTHKH, PH3HK 110MHJIOK Ta

IliÅBHIÅY}oqm 3araJ1bHY edjeKTHBHiCTb MeAVfHHUX nocnyr.

FIpoTe 0AHi€}0 3 roJIOBHHX nepeu-1K0A unx TexHonorivi e

06MexeHiCTb AOCTYIIHHX HaBqaJ1bHHX Ha60piB naHHX, OC06JIHBO UHTOJ10riHHUX,

ricT0J10riHHux Ta iMYHoriCT0XiMiHHHX 306paxeHb. OCKiJ1bKV1 anropHTMH

Mall-IHHHOEO Haw-laHH}1 TIOTpe6Y0Tb BeJIHKHX 06cqriB mm-IVIX ed)eKTHBHoro

HaBqaHHA Ta AOCqrHe}-1HA BUCOKOi TOMHOCTi TO HemOCTaTH% KiJ1bKiCTb

306paxeHb 3HaLIH0 06Mexye iXHi MO)KJIHBOCTi.



Y cB0iii AucepTauiüHi p060Ti JIH1_UHHCbKVIM11b. np0110HY€ iHHOBaUiMHi

MeTOAH aBTOMaTHHHOro cvfHTe3Y apxiTeKTyp HeiPOHHUX Mepe)K, MO)KHa

BHKOPHCTOBYBaTH p03111mpeHH% Ta KJ1acHd)iKauii BH6iPOK 6iOMeÅUHHHX

306paxeHb. BUKOPHCTaHHA CHHTeTHHHUX 306pa)1CHb A03BOJ1%€ 3a1TOBHHTH

nporaJIMHH y HaBqaJ1bHHX naHHX Ta 3a6e311eHHTH BHCOKY TOHHiCTb AiarHocTHKH,

OC06JIVIBO y Bunamcax, KOJIM Ha60pu HaBqaJ1bHHX 306paxeHb e MajlHMM 3a 06cqroM.

Buxomnqm 3 14boro, TeMa mucepTauiMHoro AOCJ1iAxeHHAJIALUUHCbKOFO 11.6. €

6e3YMOBHOaKTyaJ1bHOfO.

2. HayK0Ba HOBH3Ha 0T1)HMaHnx pe3YJ1bTaTiB.

Y nucepTauiMHiM p060Ti aBTOPOM nucepTauii BHPi111eH0aKTyaJ1bHe HayKOBe

3aBAaHHfl, 11-10 nonnra€ B p03p06ui 'ra BAOCKOHaneHHiMeTOAiB i 3ac06iB CHI-ITe3Y Ta

HaBqaJ1bHHX Ha60piB niABULUeHH51 TOHHOCTi KJ1acmcl)iKauii

6i0MeAHHHux 306paxeHb 3 BUKOPHCTaHHHM EJIH60KHX HeiPOHHHX Mepex. FIPHUbOMY

OTPHMaHO TaKi HOBi pe3YJ1bTau:

Bnepme pogp06J1eHo:

rvreTOA aBTOMaTHLIHOro CHHTegy apxiTeKTyp 3r0PTKOBux HeMPOHHHX Mepe)K

6i0MeAHHHux 306paxeHb, 3aBA51KH BHKOPUCTaHH}O (ba3

MiKp011011.1YKY Ta MaKpor10L1.1YKY 3a6e3neqye CTBOPeHHH apxiTeKTyp HeäPOHHHX

Mepex 3 VliÅBHmeHO}OTOMHicno 6iOMeAHHHHX306paxeHb•,

MeTOA aBTOMaTHHHOro CMHTe3Y apxiTeKTyp reHepaTHBHO-3MaraJ1bHHX

HeÜPOHHHX Mepe)K reHepYBaHH51 6iOMeAHHHHX 306paxceHb, ILIO 3aBA%KH

BUKOPHCTaHHK) MexaHi3MiB caM0YBarH B reHepaTopi AHCKPHMiHaTOPiTa

CMHTe3Y 306paxeHb 3a MiT1€aMU 3a6e3neqye VliABumeHH51*KOCTi CHHTe30BaHHX

306paxeHb',

BAOCKOHaneHO:

MeTOA rel-1epYBaHH51 Ta KJ1aCH(biKauii 6iOMeÅVIHHMX306paxeHb, Ino 3a paxyH0K

BUKOPHCTaHH51 MeTOAiB aBTOMaTVfHHOro CVIHTe3Y apxiTeKTyp TOPTKOBHX i

reHepaTHBHo-3MaraJ1bHHX HeüPOHHHX Mepe)K 3a6e311eHHB p03umpeHHfl Ta



AOTIOBHeHH% HaBqaJ1bH0i BH6iPKH6iOMeÅHHHHX 306paxeHb HaBqaHH%

3FOPTKOBHX HeÄPOHHHX Mepex•,

MOAeJ1b onucy apxiTeKTyp HeMPOHHHX Mepex, 51Ka 3aBAAKH BHKOPHCTaHHIO

TeopeTHKO-MHO>KHHHOFO ninxony 3a6e3nequna (bopMaJ1i3auiK) npeÅCTaBJ1eHHA

3FOPTKOBHX i reHepaTHBHo-3MaraJ1bHHX HeMPOHHHX Mepex.

3. CTyniHb 06rPYHTOBaHOCTiHayKOBHX nonomeHb i BHCHOBKiB ancepTauii

Ta ix AOCTOBiPHiCTb, n0BHOTa orlPHJIK)AHeHHH pe3YJ1bTaTiB P060TH.

OUiHKa 3MiCTYnucepTauii, a TaKO>KBHKOPHCTEIHUX MeTOAiB Ta ix 3aCTOCYBaHHA

CBiAHHTbnpo BHCOKHM piBeHb 06rPYHTOBaHOCTiHayKOBHX pe3YJ1bTaTiB. Yci HayKOBi

BHCHOBKH Ta peK0MeHnauii, BUKJ1aneHi y nucepTauii, IliAKpinneHi

pemeJ1bHHM TeopeTHHHHM aHaJ1i30M, npaKTHHHHMH pe3YJ1bTaTaMH Ta naHHMH 3

HayKOBo-TeXHiqH0iJliTepaTypm.

OTPHMaHiaBTOPOM pe3YJ1bTaTH MO)KYTb 6YTH BUKOPHCTaHinpvr CTBOPeHHi
miarHOCTHHHHX CHCTeM Meant1H0i raJIY3i.IIpoTe, Ha MOYO AYMKY, BHKOPHCTaHHfl

p03p06J1eHmx aBTOPOM MeTOAiB He 06MOKy€TbC51 TiJ1bKH cdjep0K) MenHUUHH.

P03p06neHi MeTOÅH UiJIKOMMO)KYTb 6YTHBHKOPHCTaHi iH111HX KnaciB 306paxeHb.

TOMY pe3YJ1bTaTH uiei p060TH Ma}OTb 110TeHuiaJ1 3aCTOCYBaHH51 B iH111mx raj1Y3flx.

Lle IliÅKpecmoe YHiBepcaJ1bHiCTb i 3HaqY1-uiCTb npoBeneHux AOCJ1inxeHb, 51Ki MO)KYTb

CYTT€BO CIIPHATH P03BHTKY TexHonoriM II-ITYHHoro iHTeneKTYTa ix BIIPOBanxeHHK) y

Haipi3H0MaHiTHi111i ccbepu AiflJ1bHOCTi, IliABM1-uyK)t1H ed)eKTHBHiCTb i TOHHiCTb

niATpHMKH 11PHüHATT51pi111eHb.

Bnp0BanxeHH51 pe3YJ1bTaTiB LIHcepTauii B AiW1bHiCTb T30B

6iOMeAHHHHX TexHonoriä» niÅTBepA)KY€ •IT npaKTHHHY UiHHiCTb. KpiM Toro, Ha

Kacbenpi 3axiAH0YKpaiHcbKoro HaniOHaJ1bHOroiH>KeHepiiKOMII 'K)TepH0i

YHiBepcmeTY pe3YJ1bTaTH ui€i nucepTauii BHKOPHCTaHO AJ151 ninr0T0BKM TaKHX

AVICUH11J1iH, 51K KOM11'K)TePHViX CHCTeM LLITYHHoro

P0311i3HaBaHHA306paxeHb i KOM11'}OTePHHVä3ip», MaUIHHHOFO

Ta OCHOBH 111TYHHoro



OCHOBHi HayKOBi pe3YJ1bTaTH nucepTauii ony6J1iKOBaH0 y 18 npauqx, 30KpeMa:

n'*Tb CTaTeÄ y HayKOBHX (baXOBHX nepi0ÅHHHHX BHAaHH51X YKpaiHvr; ABi CTaTTi y

HayKOBHX (bax0Bux BHAaHH%X YKpaiHH, 1110 BKJ1}OqeHi no HayKOMeTPHHHOi6a3H Web

of Science; ciM ITY6J1iKauiüy Marrepianax Mi)KHaPOÅHUX Ta BceyKpaiHCbKHX HayKOBHX

i HayKOBO-TeXHiqHHX KOH(bepeHL1iLY1 (11'flTb 3 *KUX BXOÅ51Tb AO HayKOMeTPMHH0i 6a3H

Scopus); OAHH P03ÅiJ1y KOJIeKTHBHiä y HayKOBHX BHAaHH51X iH1110i

nepxaBH', OAHa CTaTT51 Ha iH03eMHOMYcepBici arXiv.org (Cornell University); OAHa

CTaTTA y HayKOBHX nepi0AHHHvrx BHAaHH51X iHL110i nepxaBH (Scopus, QI); Ta

3ape€cTpoBaHe aBTOPCbKe npaB0.

B ony6J1iKOBaHHX npauqx 110BHOK) MiPOK) p03KpHT0 Ta arrp060BaH0 OCHOBHi

pe3YJ1bTaTH TeopeTHHHMX Ta eKcnepuvreHTaJ1bHHX AOCJ1inxeHb, BHKOHaHHX aBTOPOM
OC06HCTO.

AncepTauiA € pe3YJ1bTaTOM caMOCTiMHHX AOCJ1inxeHb, He MiCTHTb eneMeHTiB

K0Mr1inquii, nnariaTY rra 3ar103mqeHb, Luo KOHCTaTY€ BiÅCYTHiCTb
nopY1-ueHH51 aycaneMiHH0i n06poqecHocTi. BHKOPHCTaHH51TeKCTiB iHmux amopiB

MaK)Tb HEUIOKHi TIOCHJIEIHHSI Ha BiA110BiAHi nxepena.

4. AH'aJ1i3 3MicTY.
OCHOBHa qaCTHHa p060TH CKJ1ana€TbC% 3 BcTyny, HOTHPbOX p03AiJ1iB Ta

BHCHOBKiB.

Y ecmyni p031*J1ua€TbcnaKTYU1bHiCTbTeMH AOCJ1inxeHHfl, BH3HaqeHO MeTY Ta

3aBAaHHfl, HayKOBY HOBH3HY Ta [IPaKTViHHY 3HaqyLUiCTb.

Y nepzuonty p03DiJ1i npoBeneH0 aHaJ1i3 6iOMeAHt1HHX 306paxeHb

(UHTOJ10riHHHX, riCTOJIOriHHHX Ta iMYHoricToxiMiHHHx), a TaKO)K aHaJ1i3 KnaCHHHHX

apxiTeKTyp reHepaTHBHO-3MaraJ1bHHX HeÄPOHHHX Mepe>K (GAN) CHHTe3Y unx
306paxeHb. ElpoaHaJ1i30BaH0 anropHTMH HaBqaHH51 GAN i anropHTMH HaBqaHHS1

HeÄPOHHHX Mepe)K Ha OCHOBi rpaAi€HTHoro cr1ycKY, a TaKO)K MeTPHKH OUiHKH

noni6HocTi CHHTeTHLIHHX i pea-JlbHHX 306paxeHb. BHABJ1eHO, 1110 icHY}0HiapxiTeKTypH

GAN He 3aAOBOJ1bHMOTb BHMOFH AKOCTi 306paxeHb HaBqaHH51 KnacMd)iKaTOPiB.



Åpyeuü p03Din onucy€ p03p06KY MeTOAY CHHTe3Y apxiTeKTyp 3rOPTKOBHX

HeüPOHHHX Mepe)K (CNN). Ilp0BeneH0 110PiBH51HH%CTBopeH0i apxiTeKTypH 3 iH111VfMH

AOCJ1inxeHHAMH UHTOJIOriHHHX 306paxeHb, BHKOPHCTOBY}OHH

Ha6ip uaHHX Sipakmed. MeT0A CHHTe3Y CKJ1ana€TbCS1 3 eTa11iB MiKP0- Ta

MaKP0110LIJYKY, 1110 OllTHMi3YYOTbapxiTeKTypy KOMiPKH Ta KiJ1bKiCTb KOMiPOK
BiLU10BiAH0.IIOPiBH51HHH110Ka3aJ10, 11-10 3anp0110H0BaHa apxiTeKTypa nepeBep1LIY€

icHYY0Hi3a TOHHiCTIO (99, 125%).

Y mpemb0MY p03Dini p03p06J1eH0 MeTOA CHHTe3Y apxiTeKTyp GAN,

BKJ11-oqae ABa erranu: 110111YK apxiTeKTypm reHepaTopa 3 (If1KCOBaHHM

AHCKPHMiHaTOPOM Ta 11011.1YK apxiTeKTypH AHcycpHMiHaTopa 3 HaMKpa111HM

reHepaTopoM. HOPiBHHHHS1 51KOCTi CHHTeTHHHHX 306paxeHb, CTBopeHHX

011THMi30BaH0}0 apxiTeKTyp0K), 3 iHL11HMH GAN HOKU&JIO, 1110 3anp0110H0BaHa

apxiTeKTypa reHepy€ 306paxeHHH Kpamoi SIKOCTi 3a MeTPHKOEO FID (3,39). TaK0>K

p03p06neH0 aBTOMaTHHHHM MeTOA CHHTe3Y 6iOMeÅHHHHX306paxeHb.

qemgepmuÜ P03Din onncye (l)YHKUiOHaJ1bHi Ta CHCTeMHi BHMOEH no

nporpaMHoro 3ac06y Ta Moro peani3auiK). P03p06J1eH0 apxiTeKTypy nporpaMHoro

3ac06y, BHKOPHCTOBYK)HH cyqacHi TexH0J10rii npoeKTYBaH1-1A Ta P03P06KH

nporpaMHoro 3a6e3neqeHH51. IlporpaMHHM 3aci6 6æy€TbC51 Ha Kili€HT-cepBepHiV1

MOAYJ1bHiV1apxiTeKTypi 3a6e311eqy€ MO)KJIHBiCTb rOPH30HTaJ1bHOroTa

MaCILITa6YBaHH%3a 110Tpe6H. BHKOPHCTaHOUML AiarpaMY KJ1aciB AJ151 P03P06KH

cTpyKTypn 6a3H Aar-IVIX. OCHOBHi M0AYJ1inporpaMH MOAYJ1iHa60piB

naHHX, KJ1aCHd)iKaTOPiB Ta reHepaTopiB, 1110 BHKOPHCTOBYBaTU AK BiÅ0Mi,

TaK i BJ1aCHi apxiTeKTypu HeiPOHHHX Mepe)K CHHTe3Y Ta KJ1acH(biKauii

6iOMeAHHHHX306paxeHb.

Y BHCHOBKax AHcepTauiäH0i P060TH BHKJ1aneHO OCHOBHi pe3YJ1bTaTM, 51Ki

3 ITOCTaBJ1eHOYO MeTO}O Ta 3amaHHSIMH AOCJ1iAxeHH51.

5. 3aYBameHHH Ta AH"KyciiiHi nonomeH1-1f1 IUOAO ancepmauii

3aYBaxeHH51no nucepTaL1iäH0i P060THTaKi:



1.

2.

3.

4.

5.

6.

Y p060Ti aBTOP BHKOPHCTOBY€ 3r0PTKOBi HeMPOHHiMepexi
KJ1acud)iKauii 306paxeHb. AOUiJ1bHO6yno 6 3AiüCHHTU 110PiBHHHHH3

iH111HMH iVieTonaMV1

(l)OPMYBaHHA noqaTK0B0i HaBqaJTbHOi BH6ipKM GAN Mepe)K

BHKOPUCTEIHO rvmeTOL(H CllOTBOPeHHA 306paxeHb B ad)iHHOMY npocTopi.

IlepexiÅ B TononoriHHHM rrpocTip A03BOJIUB 6m cHHTe3YBarru 110TY)KHiLLIY

BH6iPKY.

ABTOP 3AiMCHK)€ OKPeMHX apxiTeKTyp HehPOHHHX Mepe)K

306paxeHb. ElpoTe, y p060Ti He p03rnqmanacq MO)KJIHBiCTb

BHKOPVICTaHHA aHcaM6J1iB apxiTeKTyp HeMPOHHHX Mepex.

B p03AiJ1i 3.2 npHBemeHa Y3araJ1bHeHa cxeMa peani3auii rvreTOAY CMHTe3Y

6i01vreAHHHHX306paxeHb. AOUiJ1bHO6YJ106 Ti neTaJ1i3YBæru.

ABTop BHKOPHCTaB cyqacHi TexH0J10rii npoeKTYBaHH51 Ta p03p06KH

nporpaMHoro 3ac06y. IlpoTe, BapT0 6YJ106 monaTH 06rpyHTYBaHH% BH60py

caMe unx TexHonoriü. HanpHKJ1an, 3arv1iCTb RabbitMQ MO)KHa BHKOPHCTaTV1

Apache Kafka.

Y TeKCTiAHcepTauiMH0ip060TH € CTHJ1iCTHHHi HeTOMHOCTi Ta

110MHJIKH.

HaBeneHi gayBaxeHH51 Hi}1K He BIIJIHBa10Tb Ha BHCOKHM piBeHb P060TH,

npaKTv•1HHY UiHHiCTb i 3araJ1bHY n03HTHBHY ouiHKY.

7. BUCHOBOK.

AucepTauiH JIA111HHcbKoro IleTpa bopuc0Bmqa nim HUBO}O

6iOMeAHHHHX306paxeHb Ha OCHOBi EJIH60KHX HeMPOHHHX Mepex» € caMOCTiMHO}O Ta

HayKOBOK) npaueK), BiA3Haqa€TbCH 3HaLIH0Y0 HayKOBOK) HOBU3H01-O

Ta npaKTHHHOK) UiHHiCT}O OTPHMaHHX pe3YJ1bTaTiB. Pe3YJ1bTaTHnucepTauii MalOTb

Ba>KJIHBe 3HaqeHHA raJIY3i3HaHb 12 IHd)opMauiMHi TexH0J10rii Ta cneuiaJ1bHocTi

122 K0M11'k0TepHi HayKH. 3MiCT AHcepmauii BiA110Binae TeMi AOCJ1iA)KeHHA Ta

nacnopTY cneuiaJ1bHOCTi. Y p060Ti AOCTHYTO r10CTaBneHHX uinei. AmcepTaui51

Bupimye 3aBnaHH51 AOCJ1inxeHH%, a TaKO)K BiA110Bina€ CTPYKTYPHHM, MOBHUM Ta



CTUJ1iCTHHHHM BMMoraM 110CTaH0BH Ka6iHeTYMiHicTpiB YKpaiHH Ng 44 Bin 12 ciLIHH

2022 p. (3i 3MiHaMH) IIPHCYAHCHHSI cTyneH% AOKTopa

(binocod)ii Ta CKacyBaHHfl npo npvycynxeHHR cTyneH51 A0KTopa

ABTOP AHcepTauii, JIHHIHHCbKHü FleTP0 BOPHCOBHH, 3acnyr0BY€ Ha

npucynxeHH51 MOMY cmyneH% AOKTopa 3a cneUiaJ1bHiCTYO122 K0M11'K)TepHi

HayKH.
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