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OcHoBHa MeTa Li€l cTATTi — po3rIsA acnekTiB 3a0e3neyeHHs1 Oe3MeKn Ta MiABHILEHHS eeKTHBHOCTI
npouecy aBTeHTH(diKalii B iHTeJIeKTyaJILHUX CHCTEMaX 3a JONOMOIOI0 BidyasbHOI GioMeTpuku. Jociimke-
HHSI CIIPSIMOBAHE HA PO3PO0JIEHHS TA BAOCKOHAJIEHHS CUCTeM aBTeHTH(ikalil 3 BUKOPUCTAHHIM NepeJ0BUX
MeToAiB OiomerpnyHoi inenTu(dikanii. CTBOPEHO iHTEIEKTyalbHy CHCTEMY, KA 3 BHKOPHCTAHHSAM CiaMChb-
Kol HelipoHHOI Mepe:ki 3a0e3meuye Oe3nevHy aBTeHTH(IKaLil0 KOPUCTYBayiB MOTOYHOI cucTeMHu. Okpim
peasizauii 6a30BuX 3ac00iB 3aXMCTY Y BUIJISIII XelIyBaHHs i 30epeskeHHs] KOPUCTYBAUBbKUX JIOTIHY i mapoJs,
B HaLll Yac BaKJIMBA peaizauis 1B0(PaKTOPHOI aBTeHTU(]IKaLIl, KA ICTOTHO MOCU/IIOE 3aXUCT KOPUCTYBAallb-
KHX JAaHHX i YHEMOMIMBJIIOE OLIbIICTH Cy4acHMX CMOCOOIB 3710My Ta BHKPaJeHHS JaHMX KOPUCTYBaYiB.
JBoakTOpHY aBTeHTH(}IKALI0 peai3oBaHO Y BUIVIAAI TEXHOJIOTII MOLIYKY, PO3Mi3HABAHHS TA MOPIBHAHHA
00/ 1MYYSl KOPUCTYBAYiB CUCTEMH, OCKIILKM BiyajibHa 6ioMeTpuka Oe3nevHinia 3a iHmi BUaM ABO(AKTOPHOI
aBTeHTu(ikaii. Po3risinyro pisHi BapianTu peanizauii ciaMcbkoi HelipOHHOI Mepe:xki 32 10MOMOroI0 (PyHK-
uiit Contrastive loss function ta Triplet loss function i, BizmosiaHo, peaizoBano Ta HaBYEHO HEIPOHHY Mepe-
Ky i3 BukopucranHam ¢Qyuxunii Triplet loss. IMicnsi HaBuyaHHs Ta mepeBipKH NPABWILHOCTI POGOTH
HeHPOHHOI Mepexi il 0yJI0 iHTerpoBaHo 0 iHTeIeKTYyaIbHOI CUCTEMH, 3aBASIKH YOMY CTBOPEHO e()eKTUBHMIA
cnocid po3mi3HABaHHA 00/1MY4Ysl KOPUCTYBaya cHCTeMH, 30epe:KeHHs OTPUMAaHol iHdopManii B 0a3i JaHuX Ta
NMOAATBIIOr0 MOPiBHAHHS MOTOYHOI0 KOpPHCTYBaya 3i 30epeKeHUM 00JIUYYAM Mia yac aBTeHTH(ikanii. B
pe3yiabTari 0y;10 cTBOpeHO HaAlHY TA 3aXMIIeHY IHTeJIeKTyaJbHy CHCTEMY, 10 MiHIMi3y€ pM3HK HeCaHK-
HiOHOBAHOI'0 JOCTYIY /10 KOPHCTYBAIBKOIO0 AaKAYHTY i BHKOpHCTOBYE edeKTHBHMIl Ta cy4yacHHii crocid
aBTeHTH(pikanii KopucTyBayiB.

Karouosi cioBa: nBodaxkropHa aBrentudikaimis; ciamcbka HeiiponHa mepexa; Triplet Loss
Function; BizyajibHa GiomeTpuka; TeXHOJIOTi po3mi3HABAHHS 00T

Beryn

VY 3B’513Ky 31 CTPIMKAM PO3BUTKOM Ta BIIPOBA/KCHHSM IHTEJICKTYyaIbHUX CHCTEM aCTieKTH OCE3MeKH Ta
e(heKTUBHOCTI MPOIECY aBTeHTU(IKAILIlI CTAFOTh OCOOJIMBO aKTyaJIbHUMH Ta BKIMBUMH 3aBHaHHsIMHU. CTaTTs
CTIPSIMOBaHA Ha BUPILIEHHS [UX MPOOJIEM 3a JIOTIOMOTOF0 PO3pOOIICHHS Ta BIOCKOHAIICHHS CUCTEM aBTEHTH(Di-
Kallii i3 BUKOPHUCTAHHSM IEPEIOBUX METOJIIB Bi3yalbHOI OIOMETPHKM Ta CyYacHHX IiIXOIB IO MEPEKEBOTO
HaByaHHs. KITFOUOBOIO METOIO I1i€l pOOOTH € CTBOPEHHS IHTEJICKTYaIbHOI CHCTEMH, OCHOBAHOI Ha ClaMCBKIi
HEeHUpOHHIN Mepexi, Iuist 3abe3nedeHHs Oe3neynoi apTeHTr(iKaii kopuctypadiB. OKpiM 3acTOCyBaHHS 0a30BHX
METOJIIB 3aXHCTy, TaKUX SK XElIyBaHHs Ta 30epiraHHs JIOTIHIB Ta MApoiiB, HEOOXiAHO PO3IVISIHYTH Ta


https://doi.org/10.23939/sisn2024.15.023
mailto:taras.m.batiuk@lpnu.ua
mailto:dmytro.h.dosyn@lpnu.ua

24 T. bBamiox, /[. Jlocun

pearnizyBati ABO(AKTOPHY aBTCHTH(IKaLi0 3 BAKOPHUCTaHHSAM TEXHOJOT1 po3mi3HaBanHs oomuyyst. Lle icrotHo
i BHIILY€E PiBEHb OC3MEKH Ta YHEMOMIIMBIIIOE 3aCTOCYBAaHHS 0araTboX Cy4aCHHX METOIB 3JI0MY.

Merta poOOTH — BIOCKOHAJICHHS CHCTEM aBTEHTU(IKALIl B iHTEEKTyaJIbHUX CUCTEMaX 3a JOIOMOTOI0
Bi3yanbHOI OioMeTpHKH. Po3risiHyTO Ta peasnizoBaHO mepenoBi MeToau aBTeHTH(IKaLi1, 30KpeMa, TBO(QAKTOPHY
CHCTEMY 3 BHKOPHCTAHHSIM TEXHOJIOTii pO3Mi3HaBaHHA OOMMYYS HAa OCHOBI CiaMCBKOI HEHpPOHHOI Mepexi.
PoGota Harinena Ha CTBOpeHHs HamilHOI, Oe3MevYHOI Ta e()eKTUBHOI IHTENEKTYaIbHOI CUCTEMH, SIKa MiHIMi3ye
PU3MK HECAaHKIIIOHOBAHOTO JIOCTYITy Ta 3a0e3nedye BUCOKHI piBeHb 3aXUCTy KOPHCTYBALbKUX aKayHTiB. Po3y-
MIFOYH 3arajiom, o caMme HeoOXiTHO, B MekaxX poOOTH 3/1iHCHEHO MO/ METH Ha JeKijlbKa OCHOBHHX 3aBJIaHb.
OcHOBHE 3aBIaHHS — CTBOPECHHS Ta HABYAHHS MOJEN JUIsl PO3Mi3HABAHHS OOIMYHUS 33 JOMOMOTOIO TEXHOJOTIT
ciamcbkoi HelipoHHOI Mepexi. Hacammepen Bapro oOrpyHTyBaTH BUOIp ciaMCbkoi HelpoHHOI Mepexi. Heil-
POHHY MEpeKy BUKOPUCTOBYIOTH 3aBISIKHU il 34aTHOCTI e()EeKTHBHO MOPIBHIOBATH ABa 00 €KTH Ta CTBOPIOBATH
BEKTOPHI TOJ[aHHs A1 TIOPiBHAHHSA. Lle 0coOMMBO BaXXITMBO UIS 3aBaHb OioMeTpudHOl imeHTHdikamii. ApXi-
TEKTYpHO claMChKa HEWpPOHHA Mepeska CKIaaeThes 13 IBOX T'JIOK MEPEXi, SIKi CIiIbHO HABYAOTHCS, NpHiMa-
IOTh /1B BXiIH1 300pa’keHHsI Ta TeHEPYIOTh BEKTOPHI PeACTaBICHHS 00MMY4sl KOpUCTyBaya cucteMu. OyHKIis
Brpar Triplet Loss mae 3Mory HaBYaTH MepeXy Tak, 1100 BEKTOPHI MOJAHHS VI OJHOTO KOpUCTyBaya Oyiu
ONTM3BKUMU, a JJIsI PI3HUX KOPHUCTYBAYiB — BiIIaICHUMHU.

HaBuanHs Ta onTumiszauis TeX BiIIrparoTh BaXJIUBY POJIb y BHKOPHUCTaHHI HaOOpy HaHUX, IO
MICTHTh TapH 300pakeHb OOMMYYA IJIsi TPEHYBaHHS Ta TECTYBaHHS, sIKi HEOOXiIHO ONTHUMI3yBaTH IS
ajanTauii Bar Mozeni mig yac HaB4anHs. OTpUMaBIIY HABYCHY MOAEIb, HEOOXiTHO BUKOPHCTATH OKPEMHM
OTPHMaHNX BEKTOPHUX TpencTaBiieHb. Jms ycmimHoi imruiemeHTamii ABOGaKTOpHOI aBTEHTU]IKAIIT,
30CepeKYIOUHNCh Ha TEXHOJIOTI] MOIIYKY, pO3Mi3HABaHHS Ta MOPIBHIHHS OOIUYYsl KOPUCTYBAUiB, MOTPiO-
HO BpaxyBaTH KiJIbKa KJIFOUOBHX eTamiB Ta geraneii. HeoOXiqHO BU3HAYMTH KOHKPETHI BUMOTH JI0 O€3MeKH
Ta MIBUIKOCTI CHCTEMH, BUOpPATH TEXHOJIOTII0 PO3Mi3HABaHHSA OONMYYS I peallizaiii APyroro eramy
nBodakTopHOI aBTeHTUdIKAII. 3HAI0UM BUOpaHY TEXHOJIOTiIO, BAPTO CTBOPUTH MEXaHi3M IOIIYKY, PO3-
Mi3HAaBaHHS Ta MOPIBHSHHS OOJIMYYsS, IHTEIPYHOUM HOro i3 po3poOJICHOI CiaMChKOIO HEHPOHHOIO Mepe-
kero. BaxximBa yactrHa poboTH — peanizamis ABoQakTopHOi aBTeHTH(DIKAIIT, /e Tepiuil pakTop — JIOTiH
Ta MapoJib IOTOYHOTO KOPUCTYBada CUCTEMH, a APYTH — PO3Mi3HABAHHS OOIUIYSL.

06’ ekmom docniddcenHs B 1ii poOOTI € KOMITIEKCHUH Iporiec aBTeHTH(]iKallii B iHTEIEKTyalbHUX
cUCTeMax i3 BUKOPUCTAHHIM Bi3yaJIbHOI O10METPUKH, 30KpeMa pO3ITi3ZHaBaHHS 00JINYYSs, Ta IMIIEMEHTAIIIT
ciaMcbKol HEWpPOHHOT Mepeki. BUKoHaHO aHaii3 Ta po3poOJICHHS METO/IIB, CIIPSMOBAaHKX Ha 3a0e3MeUeHHs
Oe3meKy Ta MiaBUIICHHS e(eKTHBHOCTI aBTeHTU(DIKaIIiHOrO mporiecy. [IpeaMeToM OCTIHKEHHS € TaKOoX
nBodakTopHa aBTEHTU(IKAIIS, SKa BUKOPHUCTOBYE TEXHOJIOTIIO IOIIYKY, PO3IMi3HABAHHS Ta TOPIBHSHHSI
00JIMY KOPUCTYBauiB cHCTeMH. JleTanbHO PO3TISTHYTO BUKOPHCTAHHS Bi3yallbHOI OioMeTpHKH sk Oe3re-
YHIIIOr0 METOy MOPIBHSHO 3 IHIIMMHU BUIaMHU 1BoGakTopHOi aBTeHTU(DIKaMii. [IpeaMeToM mociimKeHHs
Contrastive Loss ta Triplet Loss. OCHOBHY yBary mpHIiIeHO po3pO0JICHHIO, HABYAHHIO Ta iHTerpaii 1iel
MepexXi B IHTEIEKTyallbHy CUCTEMY JUIs 3a0e3MeUeHHs HaTiifHOi aBTeHTU(IKAIIT KOPUCTYBaYiB.

Ilpeomemom Oocniodcennsi € cucreMa aBTeHTH(IKALil B IHTENEKTyaJbHUX CHCTEMax, CIIPSIMOBaHA
Ha 3aXHCT iHpopmanii Ta 3abe3nevyeHHs] BUCOKOI e)EeKTUBHOCTI KOPUCTYBaUiB. Y MeKaxX CTaTTi KOHKPETH-
30BaHO JOCIIIKEHHSI METOMIB aBTeHTU(IKAL], 30KpeMa BUKOPHUCTaHHS Bi3yaJbHOI O10METPUKH, TAKOI SIK
PO3Mi3HABaHHA 00JIMYYs, Ta CiaMCbKOT HEMPOHHOI MepeKi IJIsl AOCSTHEHHS ABO(GAKTOPHOI aBTeHTU(IKALIi.
OO0’€eKT AOCTIIKEHHS PO3LIMPEHO HAa PO3POOJTIECHHS TA ONTHMI3aLil0 1HTEIEKTYalbHOI CHCTEMH, SIKa OXOIUTIOE
eTanu ONpALlOBaHHA Ta 30epeKEHHA KOPUCTYBALBKUX JaHMX, PO3Mi3HABAHHS OOIMYYS 3 BUKOPHUCTAHHIM
ciaMcbKoi HEHpOHHOI MepeKi, BIPOBAKEHHS ABOGAKTOPHOI aBTCHTU(]IKALIi Yepe3 TEXHOIOTiI0 MOLIYyKY
Ta MOPIBHSAHHA 00MWY KOpHUCTyBayiB. OO €KTOM HOCIiIKEHHS € e()eKTHBHICTh Ta Oe3meKa L€l CUCTeMH,
30kpemMa 3actocyBanHs (QyHKuUil Contrastive Loss ta Triplet Loss misa peanizanii ciaMcbkoi HEHpPOHHOT
Mepexi, a TAKOXK OIliHKAa BIUIMBY Ili€l CUCTEMH Ha MiHIMI3allil0 PU3WKY HECAHKI[IOHOBAHOTO JIOCTYIY JO
KOPUCTYBALIbKOT'O aKayHTY.
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InTenexTyanbHa cucTeMa, pealli3oBaHa B Ll HAyKOBiM poOOTi, iIMIIEMEHTY€e HayKOBY HOBU3HY uepes3
BIIOCKOHAJICHHS Ta TO€IHAHHS IEPEOBUX METONIB OioMeTpryHOI ifeHTH(iKalli Ta MAalIMHHOTO HAaBYAHHS.
OnHi€ro 3 KIMIOYOBUX 1HHOBALiil € BUKOPUCTAHHS CiaMChKOi HEHPOHHOI MEpesKi ISl PO3Mi3HABaHHS OOIUYYSsl.
Le#i miaxin gae 3MOry BpaxOBYBaTH YHIKaIbHI PUCH KOXKHOTO KOPHCTYBada, 3a0e3Meuyt0ur BUCOKY TOUHICTb
imentudikauii. Peamnizawis Ta TpeHyBaHHS HEHpPOHHOI Mepexi 3 BukopucTaHHsaM Triplet Loss Function € inHO-
BalifHUM KPOKOM Y HampsiMi BIOCKOHAJICHHS OIOMETpMYHMX METOHiB. IHTerpamis TeXHOJOrii MOLIyKY,
pO3Mi3HaBaHHS Ta TIOPIBHSHHSA OONMY SIK CKJIAMOBOI JTBO(AKTOPHOI aBTEHTH(]IKAIil € JONaTKOBUM HOBO-
BBEJCHHSM. Y HayKOBiil poOOTI TaKOX MPHUIIICHO yBary onTuMizawii MeToaiB GioMeTpryHOi ineHTudikawii 3
BUKOPHUCTAHHAM TIE€PEIOBUX aJITOPUTMIB T4 METO/IB, L0 CIPUSIE MiABUIICHHIO TOYHOCTI Ta €()eKTUBHOCTI PO3-
mi3HaBaHHs 00NMMyYsl. [HTerpamis BCiX eTamniB, ypaxoBYIOUH po3po0JICHHS] HEHPOHHOI MEpexi, IMIIIEMEHTALIif0
IBoQakTOpHOI aBTeHTU(]IKaLii, onTHUMi3auito OioMeTpryHOi izeHTU]IKaLi Ta iHII, B €IUHY 1HTENEKTyaIbHY
CHCTEMY — HOBaTOPCHKMH MiAXia 0 BHUpILICHHS MpoOieM Oe3nekd Ta aBTeHTH(IKaLil B IHTEIEKTyaIbHHUX
cuctemax. Llei KoMIIeKCHUI HayKOBHI X/ CIIpsSIMOBAHHUI HA CTBOPEHHS e(DEeKTHBHOI Ta HAAIIHOI cucTeMH,
sIKa MOKE€ MIHIMI3yBaTH PH3MK HECAHKLIOHOBAHOTO JOCTYIy Ta 3a0€3MEUMTH BHCOKUI piBeHb Oe3MeKu
KOpPHCTYBayiB.

AHaJIi3 OCTAHHIX JOCTIKeHb Ta MyOIiKamin

¥V cratrti [1] 3pobneHo BaxIUBHiA BHECOK Y chepy KibepOe3nekn Ta aBTOMaTU30BAaHOTO BUSBICHHS
BPa3MUBOCTEH. ABTOpU MPOINOHYIOTH BUKOPHCTOBYBAaTH I'padoBi HEHPOHHI Mepexi Al aBTOMAaTHYHOIO
npucBoeHHsa ineHTH(ikaTopiB Common Weakness Enumeration BpasnuBocteil. OpHi€l0 3 KIIOYOBUX
mepeBar CTaTTi € 3aCTOCYBaHHS rpad)OBUX HEHPOHHUX MEPEX, 110 A€ 3MOTY MoJeli eeKTUBHO aHali3y-
BaTH B3a€MO3B’SI3KM MK PI3HUMH BpPA3IMBOCTSMHU Ta IX XapaKTepPUCTHKaMH. BukopucraHHs rpadoBux
CTPYKTYp MOXe€ MOKPalIMTH SKICTh igeHTudikamii Ta knacudikauii BpasnuBocteld. JloOpe BukIaneHui
O] PI3HUX METOAIB BHSBJICHHS BPazIMBOCTEH Ta mpucBOeHHs ineHTHu(ikatopieB CWE cBimunts mpo
rmboKe Po3yMiHHS TIpeaMeTHOi oOmacti aBTopiB. Ilpomosuimiss BuUKOpHcTaHHA TrpadOBHX HEHPOHHHX
MepeX y KOHTEKCTI LBOr0 3aBJAHHS € OPUTIHAIBHOK Ta MepcreKTHBHOW0. OmHak Oa’kaHO NOKIaaHIIIe
00roBOpUTH 0OMEKEHHS Ta MOKIIMBI PU3UKU BUKOPUCTAHHS 3alIPONIOHOBAHOTO Mmiaxony. JlogaTkoBi aera-
Jii 1010 BUOpPaHHX MapaMeTpiB rpadOBUX HEHPOHHUX MEPEXk, METOJIB HABYAHHS Ta Baligallii TAKOXK I0-
KpaliaTth PO3yMIHHS YMTaya IOA0 CTAOLIBHOCTI Ta HamidHOCTI Momeni. CTaTTd MpeCcTaBIisse IHHOBAIIMHUIA
IXi0 70 TpoOieMu BUSIBJICHHS BPa3JIMBOCTEH Ta aBTOMATH30BaHOTO TPUCBOEHHS ifieHTH(DikaTopiB CWE.

B po6orTi [2] 3anponoHOBaHO HOBATOPCHKMU MiJXiJT 10 PO3POOJICHHS IHTEICKTyaIbHOT CUCTEMH TSI
comiaiizailii 3 ypaxyBaHHSIM OCOOMCTHX 1HTEPECiB Ha OCHOBI TexHojoriii SEO Ta MeToiB MaIIMHHOTO
HaBuaHHA. [lO3UTHBHMMH acmieKTaMu CTaTTi € BIpoBaJyKeHHs inei BukopuctanHs SEO TtexHomoriit y
KOHTEKCTI COIlialbHOT TmaTr@opMu JUIsl B3a€MOJil KOPHCTYBadiB MiX co0010. BukopucTaHHST MeTOlNiB
MAaIIIMHHOTO HaBYaHHS IS aHAi3y Ta pEKOMEHIAIi CTOCOBHO OCOOMCTHX IHTEPECIB TAKOXK CBIIYUTH PO
BUCOKHH PiBeHb TEXHIYHOI KOMIIETEHTHOCTI aBTOpiB. ImocTpaTuBHuiA orisin nmpobiieM Ta BU3HAYCHHS 0a3n
JUTSL PO3POOJICHHS IHTENEKTYalbHOI CHCTEMH PO3IIUPIOIOTH MOXKIIMBICTh BUKOpHCTaHHs SEQ TexHOoOorii.

Astopu B crarTi [3] ommcanu 3actocyBaHHs Siamese Trackers Ha OCHOBI TIMOOKHMX O3HAaK st
3aBJIaHHS Bi3yaJbHOT'O BiJCTEXKEeHHs. J|OCTIIHUKHM BHUCBITIIOIOTh BAXKJIMBI ACIICKTH BUKOPUCTAHHS IIIHOO-
KHMX O3HaK Ta Mojesied Siamese IUIs MiIBHUIICHHS TOYHOCTI Ta €()EKTHBHOCTI BIJICTEKCHHS O0’€KTIB y
Bizeonorot. [lepeBaru crarti — 4iTke (OpPMYITIOBaHHS MPOOJIEMH Ta JAOUUIBHICT BHOOpY Siamese Trackers
JUTS BEPIIIEHHS 3aBJIaHb Bi3yasbHOTO BijcTexeHHs. OcoOnuBY yBary MOTpiOHO 3BEpPHYTH Ha OOIPYHTY-
BaHHS BUKOPHUCTaHHS TJIMOOKUX O3HAK, IO JAF0Th 3MOTY JOCSTTH BUCOKOI TOYHOCTI BIZICTEXKEHHS 00’ €KTIB
y BapiaTUBHMX YMOBaX. ABTOPH PETEIbHO PO3IIIAIA0Th Pi3HI acmekTH peanizaiii Siamese Trackers, Taki
SK apXiTeKTypa IITHOOKHUX Mepexk, QYHKIIIT BTpAT Ta METOAHM OHOBIICHHS MoJieli. Lle poOUTh cTaTTio Kopuc-
HOIO JIJIS JIOCITIIHUKIB Ta MPAKTHKIB, AKI IIKABIATHCSA YIOCKOHAJICHHIM TEXHOJOTIH Bi3yaJlbHOTO BiiCTe-
’)KeHHs 00’ekTiB. HacaMkiHelb 3a3HAYMMO, 110 CTATTd MOKE CTATH II€ IIHHIMION, SKIIO ITOAAIbIIl JOCII-
JOKeHHs OyayTh cupsiMoBaHi Ha mopiBHsAHHS Siamese Trackers [4] i3 cydacHUMH MeTOJaMH Bi3yajbHOTO
BIZICTeXKEHHS Ta 1X e()EeKTUBHOCTI y pi3HUX ymoBax. Llg poboTa € BaroMum BHECKOM y cepy Bi3yallbHOTO
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BiZICTeXXEHHS, ¢ BUKOpucTaHHs Siamese Trackers Ta rmuMOOKHX 03HAK MOXE MOKPALIUTH PE3yJbTAaTH B
pearbHUX YMOBaX BiACTE)KEHHSA 00’ €KTIB.

VY crarti [5] po3rIIsSHYTO Ba)KJIMBUI aclieKT BUKOPUCTAHHS ClaMChKUX HEWPOHHHUX MEPEX Y 3aBJaH-
HSX perpecii Ta KibKICHOrO BH3HAUY€HHS HEBH3HAYCHOCTi. ABTOPH HPONOHYIOTh HOBUH MiAXiA A0 Mif-
BUIIIEHHsI €(EKTUBHOCTI CiaMChbKMX HEMPOHHHUX MEPEXK 13 BUKOPUCTAHHSM IMapyBaHHS HA OCHOBI CXOXOCTI.
OpHi€ero 3 KIIIOYOBHX TepeBar i€l poOOTH € Biajie BUKOPUCTAHHS i€l momiOHOCTI IS IMiIBUIIICHHS TOY-
HOCTI Ta HaJIHHOCTI CiaMChbKMX HEHPOHHUX MEPEX Yy 3aBIaHHAX perpecii. ABTOpH MpOaHAIi3yBald BIUIUB
PI3HUX METOMIB MapyBaHHS HA PE3YJIbTATH Ta MPOJEMOHCTPYBANIH, IO MOAIOHICTE-OCHOBAHE MapyBaHHS
CTpusi€ TiJBUIICHHIO e(EeKTHUBHOCTI HEWPOHHHMX Mepex. J(omaTkoBoro mepeBaror € Te, 10 aBTOPH
BHUBYAIOTh BUKOPUCTAHHS CIaMChKUX HEHPOHHUX MEPEX JJIs KiIbKICHOTO BU3HAYCHHSI HEBH3HAYEHOCTI, 10
€ aKTyaJbHUM HampsIMOM JOCIiIXeHHs. BOHM monaioTh 1ikaBi pe3yabTaTH 1 BKa3ylOTh Ha MOYJIUBOCTI BU-
KOPHCTaHHS MOAIOHOCTI JJIS MIABUINCHHS HAIIHHOCTI OI[IHIOBAaHHS HEBHM3HAUCHOCTI B PErpeciiHUX
3agadax. CTaTTsd MPOINOHY€E HOBI MiIXOAW PO3BUTKY METOIOJIOTiI BHUKOPHUCTAHHS CiaMCBKUX HEHPOHHHX
MEPEeXK y 3aavax perpecii Ta KiIbKiCHOrO0 BU3HAYCHHS HEBU3HAYEHOCTI, a MOAI0OHICTh-OCHOBAHE MapyBaH-
HS TIpeficTaBisie epeKTHBHAN TiAXi 10 301MbIIeHHS X e()eKTUBHOCTI.

ABTOpH cTaTTi [6] 3anMpONOHYBATM 1HHOBALIWHMI MIAX1I 0 BUSABJICHHS KIOHIB y Java-KoJi, BUKO-
PHCTOBYIOUHM CiaMCbKYy HEMPOHHY MEpEXy Ha OCHOBI OaliT-Koly. ABTOPH PETENbHO IOCTIIXKYIOTh pooie-
MY BHUSIBJICHHS KJIOHIB Y IpOrpaMHOMY 3a0e3MeueHHi, 10 € aKTyaJbHUM 3aBAAHHIM Y Taly3i po3poOieHHS
porpaMHoro 3abesnedyeHHs Ta o0ciayropyBaHHsA. OHIEI 3 KIIOYOBHMX IepeBar Iiel poOOTH € BUKOPHUC-
TaHHA OaWT-KOAY Ul MpEeACTaBIeHHsS Java-Komy Ta 3aCTOCYBaHHSI CiaMChbKOi HEHMpPOHHOI Mepexi A
BU3HAUEHHS CXOXKOCTI MK dYacTHHamMu Kony. Lle mae 3Mory BpaxoByBaTd CTPYKTYPHI Ta CeMaHTHYHI
aCIEeKTU KIIOHIB, L0 MOXKE 30UIBIINTH TOYHICTH BUSBICHHS. J[0IaTKOBOIO MEPEBAror0 € BIIPOBAIKCHHS
METOJy ClaMChbKUX HEHPOHHUX MEPEX JUIs MOPIBHAHHS 0alT-KOay, 10 MOXKE JOMOMOITH B ineHTHDIKAIil
CKIIQJHIMMX (OpM KIIOHIB, TAKMX SK 3MiHEHI KIIOHH, SKi HEJIETKO BHSBHUTHU 32 JIOTIOMOTOI0 TPAIHUIIIHHIX
MeToiB. PoboTa Takoxx Ha/ae OKIAJIHUH OTJISII CyYacHUX METOJIIB BUSIBJICHHS KJIOHIB, TOPIBHSHHS 1X Tie-
peBar Ta HEJOJNIKIB, IO POOUTH ii KOPUCHOIO Ui YUTAYiB, SIKIi OPIEHTYIOTHCS B IIbOMY IOJIi. 3arajbHa
CTPYKTypa Ta MOJAHHA Marepiany B poOOTi € YiTKUMH Ta JIOTIYHUMH, IO HMOKPAILIy€e PO3yMIiHHS peai-
30BaHO1 MeTooorii. UiTko BU3HAYCHI eTaly eKCIIEPUMEHTY Ta OTPUMaHi pe3yJbTaTh J0Jal0Th BaroMOCTi
JOBEICHHSAM €(EeKTUBHOCTI 3ampornoHoBaHoro Merony. Ctarrs [7] BHCBITIIOE MEPCHEKTUBHUM MigXid 10
BUSIBJICHHSI KJIOHIB y Java-KoJii, BUKOPHCTOBYIOUM CiaMChKi HEHpPOHHI Mepei Ha OCHOBI OalT-KO1y, i €
BXJIMBUM BHECKOM Y rajy3b aHali3y NPOrpaMHOTO 3a0€3MeUeHHS.

VY crarti [8] mpoananizoBaHO MPOOJIEMY Bi3yalbHOTO BIJICTEXKEHHS OO0 €KTIB Ta 3alpPOIIOHOBAHO
e(eKTUBHUH 1 JIETKUI METOJ, Ha OCHOBI BUKOPHCTaHHS MiAX0Ly AU(epeHLiHOBaHOTIO MOUTYKy Helpoapxi-
TekTypu. PoGora 30cepemkeHa Ha JOCSATHEHHI BUCOKOI €()EKTUBHOCTI BIJICTEXKEHHS 3a OOMEKCHHX
o0uncmIoBaIbHUX pecypciB. OJHIEI0 3 KIIOYOBHUX IepeBar 1i€i podoTH € BUKoprucTanHs Metoqy DNAS i3
METOI0 aBTOMATHYHOrO IOIIYKY ONTHUMAaJbHOI HEHpOoapxXiTeKTypH AJs 3aBAaHHsS Bi3yalbHOrO BiacTe-
xeHHs1. Lle nae 3mory aBTOMaTH3yBaTu Mpolec BUOOPY ONTHMAIBHOT MOJIETT, 1[0 BaXIJIUBO LIS IOCATHEH-
HSl BUCOKOI e(peKTUBHOCTI 3a oOMexeHux pecypciB. Ctarrs [9] metanbHO omucye mpouec aAudepeHLiio-
BaHOr0 MOIIYKY HEWPOApXITEKTypu Ta MiIXOAW A0 3a0e3MeuUeHHs JIETKOCTI MOJIENi i 3a0e3MeucHHS
BUCOKOT LIBHIKOZII B peaJbHOMY 4aci. ABTOpH BIPOBaKYIOTh €(PEKTHBHI MEXaHI3MHU ISl 3MEHILCHHS
00csATy Ta 0OYHUCITIOBAJILHOI CKIAIHOCTI MOJIENI, 1110 POOUTH i1 MPUIATHOO )i BUKOPUCTAHHS B 3MIHHUX
ymoBax. JlOCSATHYTI pe3yibTaTH BKa3ylOTh Ha BHCOKHU PiBEHb €(EKTHBHOCTI Ta IMIBUAKOIIl MPOIOHO-
BAHOT'O METOAY MOPIBHSHO 3 IHIIMMH HiAXOAaMH Bi3yaJbHOTO BiACTE)KCHHA. EKCIEpHUMEHTH [JOJaTKOBO
HiATBEP/HKYIOTh KOHKYPEHTOCIPOMOXKHICTh PO3POOIICHOT MOJIEI.

ABtopu cratti [10] onmcanu po3poOiieHHS e()EeKTUBHOI CHCTEMH PEKOMEHAALN 3 ypaXyBaHHSIM
B3aEMHOCTI Ta TIOMYJSIPHOCTi. ABTOpPY TPONIOHYIOTH BHKOpHcTaHHs Siamese Bi-Directional Gated Recurrent
Units network mns mocsirHeHHst miei Metn. OMHI€O 3 KIIOYOBUX IepeBar Ili€l poOOTH € BUKOPHCTaHHS
Siamese Bi-GRU network aiist MozenroBaHHsI B3a€EMHOCTI MK KOPUCTYBauaMH Ta 00’ €KTaMH, BPaXOBYIOUH
ixni B3aemonii B 4aci. Lle nae 3Mory BpaxoByBaTH IMHAMIKY BiIHOCHH MK KOPHUCTyBauaMH Ta 00’ €KTaMH,
10 BXJIMBO Yy KOHTEKCTI peKOMeHAaUidHuX cucrteM. CTaTTs MICTUTh YiTKE ONKCAHHA BHKOPHCTAHUX
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METO/IiB Ta Mojienieid, 30kpema, Siamese Bi-GRU network, 1mo monermrye po3yminas unrauesi. JeransHuid
aHaJIi3 pe3y/bTaTiB EKCIEPUMEHTIB Ta MOPIBHAHHA 3 1HIIMMHU MiAXOJaMH MiATBEPIKYIOTh e(peKTUBHICTDH
3aIpONOHOBAaHOI MOJIENi B YMOBax peKoMeHAaliiiHux cucteM. OKpiM TOTo, y poOOTI pO3TISHYTO Ypaxy-
BaHHS IMOMYJISIPHOCTI 00’€KTiB MiJ 4ac HaJaHHS PEKOMEHMAIIN, IO MiJBHILYE pealli3M Ta aKTyaJbHICTh
PEKOMEHIAIITHOT CUCTEMU.

VY crarri [11] posrnsHyTO TpoOieMy BUSBICHHS PI3HOMAHITHHX MATEPHIB JUXaHHA Ha OCHOBI
HEIEPEPBHUX CUTHAJIB IUXaHHS JIIOJUHHM 3a JOITOMOIOI0 OJHOBHMIPHOI IITYYHOI HEHPOHHOI MEpexi Ta
MeToay Kiacugikamii 1 KOXKHOTO THUIY TUXaHHsS. ABTOPH IPONOHYIOTh HOBUI MiAXix, cpsMOBaHUM Ha
PO3LIMPEHHSI MOXKJIMBOCTEH BUSBJICHHS Ta Kiacupikauii pisHOMaHITHUX 3pa3KiB nuxaHHs. OnHa i3 CyTTe-
BUX TepeBar CTATTI MOJISTAa€ Y BUKOPHCTAHHI OJHOBHUMIPHOI MITy4HOI HEWPOHHOI Mepexi, M0 MOXKe
e(heKTUBHO OOPOOIIATH MOCIiJOBHOCTI CUTHANIB JUXaHHS. Y IPOBA/HKCHHS KIACHU(IKAIHHOTO METOY IS
PI3HUX THITB JWXaHHS Ja€ 3MOTY OTpUMATH JeTani3oBaHy iH(OpMaIlilo Ta MiJBUIUTA TOYHICTh BH3HA-
YeHHS1 KOHKPETHOTO matepHa. ExcriepuMeHTanbHi pe3yabTaTH BKa3ylOTh Ha BHCOKY TOYHICTH BUSIBICHHS
Ta Kjacudikanii pi3HUX MaTepHIB AMXaHHSA. ABTOPU TaKOX JETAbHO OOIPYHTOBYIOTH [12] BHKOpHCTaHi
METOAHY Ta AITOPUTMH, IO CIPUSIE 3aralbHOMY 3pO3YMiHHIO MEXaHi3My POOOTH CUCTEMHU.

@DopMyJII0OBAHHS WiJi CTATTI

VY xozi pobotH HEOOXiAHO BHOpaTH OCHOBHY (DYHKLIIO MiAPaXyHKY BTpaT, 0a30BUM BapiaHTOM BHKO-
pucrtanHs € QyHkiist konTpacTHUX BTpar (Contrastive Loss Function) [14], sky B ciaMchKiii HeHpOHHIN Mepexi
3aCTOCOBYIOThH AJIsI HABYaHHS MOJIET Ha Mapax BXiAHHUX 3pa3kiB. OCHOBHA MeTa MOJISIrae B TOMY, 1100 30JIMKy-
BaTU BEKTOPHI IPEJCTABICHHS TMOMIOHUX 3pa3sKiB 1 BiJAIATH BEKTOPHI MPEJCTAaBICHHS BiMIHHUX 3pa3KiB.
OyHKIISI KOHTpacTHUX BTpaT BU3HAYA€ BTPATH Uil Map 300pakeHb y Takui crocid, mo0 BoHM Oynu
MIHIMI30BaHi, SIKIIO 300payKeHHs MOi0HI, 1 MAKCUMI3yBaJIMCs, SKIIO BiMiHHI. 3a3BHYail BOHA BUKOPUCTOBYE
TIOHATTS “TIO3UTHBHUX Ta ‘“‘HETATWBHUX  Tap, 1€ TMO3WTHBHI Mapy CKIAAIOTHCS 3 OJHAKOBUX a00 MOAiOHMX
3pa3KiB, a HETaTUBHI NapH — 13 BiMiHHUX. DYHKIII0 KOHTPACTHHUX BTPAT MOXHA BU3HAYUTH PI3HUMH CIIOCO0a-
MM, aJie OJJWH i3 TIOMYJISPHUX BapiaHTIB — BUKOPUCTAHHs €BKJIJJOBOI BiJICTaHI MK BEKTOPHHUMH IIPE/ICTaB-
JIeHHAMH 300pakess [15]. 3a3Buuail BTpaTu A7 MO3UTUBHUX MAp HAMAraroThCs 3pOOMTH EBKIIIIOBY BiJCTaHb
SKHAHMEHIIIO0, a JUIsi HETaTMBHHUX MMap — SKHAHOUIBINOM, 3a0e3nedyroun UM c()eKTUBHE HAaBYaHHS IS
BEKTOPHUX Ipe/cTaBieHb. DYHKIII0 KOHTPACTHUX BTpAT BU3HAYAIOThH 3a opmyioto (1), ne D,, BU3HAYAIOTH
SIK €BKJIIIOBY BiJICTaHb Mi>K BUXOJIAMU CYMIXKHUX HEHPOHHUX MEPEXK, SIKY IiAPaxoBYIOTH 3a (2):

Loss (P,N) = (1Y) (Dy,)? + (¥) ;{max(0,m — D,,)}*, (1)

Dw = \/{Gw(xl) - GW(XZ)}Z- (2)
OyHKIIiS KOHTPACTHUX BTPAT Mae€ JIesKi HEJOMIKH, sIKi BapTO BpaxyBaTd. Lle 4yTnuBicTh A0 rinep-
napameTpiB, TOOTO e(eKTHBHICTh (YHKLII KOHTPAaCTHHX BTpAT MOXKE 3ajleXaTd Bix Tileprapamerpis,
TaKuX SIK BiZICTaHb Mi)K ITO3UTUBHIMH Ta HETATHBHUMHU 3pa3KkaMH, sika TIOTpeOye yBa)KHOTO HAIAIITyBaHHSI.
s edextuBHOrO HaBYaHHS (QYHKLII KOHTPACTHUX BTPAT HEOOXiAHWH Aeskuil OasiaHC MK O3UTHBHUMHU
Ta HETaTMBHUMH IapaMH, IO 1HOMI CKJIaJHO 3a0e3MeYnTH B peajbHUX NaHuX. Pesymbraté QyHKIIT
KOHTPACTHUX BTPAT MOXE ICTOTHO 3MIHUTH SIKICTh BEKTOPHHUX IPEICTaBJICHb, SKi Hamae MOJIeNb. SKIIo
MO/JIeNTb Hee()eKTUBHO BHBYA€E KOPHCHI O3HAKH, TO 1 pe3yNbTaTh (QPYHKIIT BTpaT MOXKYTh OyTH HeaJeKBaT-
HUMH. Y pa3i BENUKOi KiJIbKOCTI KJIAciB BaXKO MifiOpaTH eQeKTHBHI Mapu AJsl MOPIBHSIHHSA, IO MOXE
NPU3BECTH 10 MEHII eeKTHBHOro HaBYaHH:. OTxe, 115 epeKTUBHOI pOOOTH BapTO BUKOPHUCTOBYBATH CY-
yacHimy QyHKIN0, Taky sk TpuruietHa ¢ynkuis Brpart (Triplet loss function [16]) — ue oauH i3 BUIIB
(GyHKUil BTpaT, SIKUM 9acTO BUKOPHCTOBYIOTH y ClaMChKUX HEHMPOHHHX MEpexax Uil HaBYaHHS Mozesen
MOPIBHSIHHIO 00’€KTiB y BEeKTOpHOMY TpocTopi. OCHOBHA ijies TPUIUIETHOI BTPATH MOJSTAE B TOMY, 100
3a0€e3MeYUTH PO3TALIYBAHHS BEKTOPHHUX MPEICTABICHb CXOKUX 00’ €KTiB OJIM3BKO OJUH 10 OJHOTO, TOMI K
BEKTOPHI MTPEJICTABJICHHS Pi3HUX 00’ €KTIB MatOTh OyTH BiJIOKPEMIICHI B IIPOCTOPI.
OyHKIS BTpaTH Ma€ TPU 3pa3Ku: SK MO3UTHBHUM, TaK i HETATUBHHUH 3pa3oK JJIsi KOHKPETHOTO

00’eKTa, a TaKOXX HETaTUBHHU 3pa3oK Ui iHIIOro 00’€kTa (TpUBIaJIbHO HEraTHMBHUMN). MeTa mojsrae B
TOMY, 00 3MEHIIIUTH BiICTAHb MiXX BEKTOPHUMH IMPEICTABICHHSIMHU IMO3UTHBHOTO Ta SIKIPHOTO (TPUBiallb-
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HO HEraTHWBHOTO) 3pa3ka i, BOAHOYAC, 30UIBIINTH BiJICTAHb MiXX BEKTOPHHMHU TPEACTABICHHIMH SKiPHOTO
Ta CKJIaJHOTO HETaTUBHOTO 3pa3ka. Ha prc. 1 300paxeH0 KOHIENTyalIbHY MOJIENTh pOOOTH TPUITIETHOT (pyHKIIIT
BTpar, sSKa MICTUTh KITFOUOBHH BBij [17] (SKipHMIT), a TaKOX TMO3UTUBHHMN 1 HeraTuBHUN 00’ €kTH Ha Bxo#i. Ha

pHC. 2 MOAaHO MOAEIB ClaMChKOI HEHPOHHOI MEpesKi 3 10JaHOI0 TPUIUIETHOIO (PYHKII€IO BTpaT.

e —

Mopens I—
&_ . . . Buximanii
KitrouoBnii BBif: Crinbai
BekTop |
Baru 1 —Ta cama
‘»J N JIIOJINHA
\ Mopens F TloTpiitHa BTpaTa -
A 0 — iHma
Tlo3uTHBHMIA BBII: CrisbHi . .
I Buxigamit JIFOTMHA
Baru
BEKTOp 2

{w 4

7@} 4’| Monens I_
@ m

HeratuBuwii BBix:

Puc. 1. Konyenmyanvua modens pobomu mpuniemuoi Qyukyii empam

Heratusanii BBim: | Bsin: | [(Hema, 128, 128, 3)]
Bximanii map Busin: | [(Hema, 128, 128, 3)]

Tosuruerwmii Beix: | Beix: | [(Hema, 128, 128, 3)]
Bximauii map Busin: | [(Hema, 128, 128, 3)]

Mojziesb KoyBaHHS: Beig: | (Hewma, 128, 128, 3)

KitouoBwmii BBiz: Bsix: | [(Hema, 128, 128, 3)] IocninoBHM# map | Bugin: (Hema, 256)
Bxinnuii map Busin: | [(Hewma, 128, 128, 3)] i
Mogens BifcraHi: Baix: (Hema, 256)

Jucranniiiauii map | Busix: | ((Hema), (Hema))

Puc. 2. Mooenv ciamcoroi neliporHoi Mepedci 3 000aH00 Mpuniemuor QYHKyicio empam

OTprMaHi BEKTOPH MEPENalOThCsA Ha PIBCHb BIJACTaHi, J€¢ OOYMCIIOETHCS BIJICTAHb MIX Iapamu
(npuB’s3Ka, momaTHUA) Ta (MPUB’SI3Ka, Bil €MHHUMN). Y 1IbOMY KOHTEKCTI MM BUKOPHUCTOBYEMO CIICHIaIbHHMA
nrap st o04YHCIIeHHs BiJIcTaHl MiXK IIOTOYHUMHE BeKTopaMu o3HaK [18]. Lleif map BpaxoBye BifcTaHb MiX
BEKTOPAaMHU Ta T'€HEPYE BIAMOBI/Ib, KA CTA€ OCHOBOIO JIJIS MOJAIBIINX KPOKIB, TAKUX SIK HABYAHHS MOJEII
JUTsL 3a0e3neueH s e(h)eKTHBHOTO TMOPIBHSHHS 00’ €KTiB. [ligpaxyHOK BEKTOPIB HETATHBHOTO 1 TTO3UTHBHOTO
3pa3kiB HaBeleHO Y popmynax (3) ta (4), y popmymni (5) — oOUHCIEHHS TPUILIETHOT (PYHKIIIT BTpaT.

n=|I*- 3, 3)
p=fe- £ @)
Loss (4, P,N) = max(llf(4) — F(P)I? — IIf(4) — FNI? + «,0), 5)

ne A — skipHUi (IO3UTUBHUN) 3pa3oK; P — MO3WTUBHUM 3pa3oK (TO# camwuii kiac, mo i A); N — HeraTus-
HUI 3pa3ok (iHIUI kiac); f — QyHKIs, sika BU3HAYa€ BEKTOPHE MOJAHHS 00’€KTa; @ — mapaMeTp, sIKHi
BU3HAYa€ MiHIMAIbHY BiJICTAHb MK TIO3UTHBHHAM Ta HETATHBHUM 3pa3kaMH; PO3MIpH KOXKHOTO Imapy i
BX1JIHI TapaMeTpH ciaMChKOi HEWPOHHOT Mepexi 3 TPUIUIETHOO (PYHKIIIEI0 BTPAT HaBEJCHO B Ta0. 1.
CiaMchka HEHpOHHA Mepeka 3 TPUILICTHOI (YHKIIIEI0 BTPAT Ma€ BEIHKY KiIBKICTh TIepeBar, a came
e(PEeKTUBHICTh y B3aeMOJIii 3 OOMEXKCHHUMH JaHUMH, TOOTO B YMOBaX OOMEKEHHX HAaBUAJIbHUX IaHHX,
OCKUTbKM BOHHM BUKOPHCTOBYIOTH TpW 300pakK€HHs JJIsi HaBYaHHs, a He mapu. Mogenb [19] moxe
HABYATHCS y3aralbHIOBATH O3HAKH, BAXJIMBI JJIsl BIJOKPEMJICHHS Pi3HUX KJIAciB a0 eK3eMILISIPiB BXiTHUX
manux. TpumierHa ¢yHKLiS BTpaT AOINOMAara€ y BHPIIICHHI NPOOJIEMH CXOXKOCTI Ta BIAMIHHOCTI B
IPOCTOpi BEKTOPiB 03HAK, 3MEHIIYIOUN BiACTaHb MK MO3UTUBHIUMH HapaMH Ta 301IbIIYIOYH BiICTaHb MK
HETaTMBHUMH NapaMd. Mozenb MO)KHa BHKOPHCTOBYBATH AJISl PI3HOMAHITHHX 3aBAaHb, TaKUX SIK PO3-
ni3HaBaHHA 00JIMYYs, BUOKPEMJICHHSA 00 €KTIB UM PO3Ii3HABAHHSA MMATEPHIB, IO SIKpa3 HEOOXiTHO B HAIIIH
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cHUTyauii, OCKiIbKM TaM MoTpiOeH onuH KiHueBuid GpopmaT podoTu 3 hotorpadisMu KOpUCTyBadiB i BUOK-
peMIIeHHS 00JIMY KOPUCTYBAYiB.

Tabauys 1
Ilnan MopaeJi ciamcbKoi HelipoOHHOT Mepeaxi
[Tap Pozmip ITapameTpu
3ropTka 96x11x11 Kpoxu =1
OO0’ eqHAHHS 128%2x2 a=10-5,4=0,7
Binkunanas - k=2,n=2
3ropTka 256x5%5 Kpoxu =2
O6’enHaHHA 96x2x2 Kpoxku = 1, npuknazaHi psiau = 2
Binkumanas - a=10-5,=0,8,k=2,n=2
3ropTka 384x3x3 Kpoxku = 2, npuknanHi psan = 2
006’ eqHaHHS 64x2x2 Kpoxu =2, p=0.35
BigkugaHas - a=10-5,=09,k=2,n=2
IoBHicTro 3aBanTaXeHM 1 | 1024 p=0,45
[oBHicTro 3aBaHTaXKCHMIA 2 | 128 p=0,55
[IpuxoBaHuii BOymoBaHUI 128 Kpoxu =1

VY ciaMcpKkoi HEHPOHHOT Mepexki 3 TPUILIETHOO (DYHKIIIEI0 BTPAT € 1 IIEBHI HENIOJIKH, a came: MOJIeITh
Moe OyTH UyTJIMBOIO JI0 BHOODY TileprnapaMeTpiB, TAKUX SK PO3MIp TPIHOK Ta MapaMeTpiB TPUILIETHOI
(GyHKIIi BTpaT, 1m0 iHOMI MOTpedye MOJATKOBOTO HANANITYBAaHHS, ajie 11 HEKPUTHYHO B MEXaxX CTBOPIO-
BaHOI 1HTEIEKTYaJIbHOI CHCTEMH, OCKLTBKH 00po0IsITUMYThes (hoTorpadii, 3Be/IeHi 10 OTHOTO THITY, SIKUH 1
OyJe IMOYaTKOBO HAJAIITOBAHMM. 3a BEJIMKOIO OOCATY JaHWX MOXKE€ BHHUKHYTH IpoOjieMa mig0opy
e()EeKTUBHUX TPIMOK i1 HABYAHHS, a TAKOXK 301IBIIUTHCS OOYMCIIIOBAJIbHA CKIIAJHICTD, IO TaKOXK HE Bi-
JIrpae BEIUKOI poJii B MEKaxX MOTOYHOI CUCTEMH, OCKIIBKH JIJISl OTHOTO KOPHCTYBadya B MOMEHT 4acy Oy-
IyTh 00poOusaTHCs nuie NBi ¢pororpadii — morouHa ¢pororpadis KopucTyBaua 3 BAKOPUCTAHHIM BeOKame-
pu Ta 30epekeHa B 0a3i JaHUX CBITJIMHA. Y BUIMAJKY HEMPAaBIIBLHOTO MiOOPY TPHUILIETIB JUIS HABYAHHS
MOKe BUHUKHYTH Tpo0iieMa, KOJM MOJIENb HABYAETHCS HEJIOCTATHHO e(EKTHBHO i HABMaKW, SK 1 Oararo
IHIIMX MOJEeTel, ciaMChbKi HEHMpPOHHI Mepexki MOXYTh OYTH CXWJILHHUMH JI0 TIepeHaBYaHHS, 0COOIHMBO 3a
00OMEXEHHX JTaHWX, [0 MOTPIOHO BpaxyBaTH Mij Yac pealizaii ciaMCbKoi HEMPOHHOT MepexkKi Ta BUOOPY
Jaracery JUisi HaB4aHHs Mozenmi. Ha puc. 3 HaBeneHo JeTanizoBaHy CTPYKTYpPY ciaMChbKOi HEHpOHHOI Mepe-
K1 3 TPUILIETHOIO (DYHKLIEIO BTPAT, PO3MIip KOKHOTO MIapy Ta HOro BXiAHI HapaMeTpH.

ITpuxoBanuii
BOYI0BaHUI mIap -
Dororpadis 1 . . . 128 ToBHicTiO
) 2x2  Bimkmmanus 2x2  Binkupanas & 2x2 Binknanns 1024 TIOBHICTIO  5ppairorcammrit map
00’ eaHaHHs 06’ etHanHs 00 €NHaHHA 3aBaHTKCHHIT map
lixl1 3x3 3ropTKa .
X1 1 sropria 5x5 sroprka BryTpinras HelipoHHa Mepexa 1
EBkiinoBa BincTanb
VY (a-by
2 LN
8- | e
. o 128 Mopuictio | BOYAOBAmHI rap -
Dororpadis 2 2x2  Bigkumanas 2x2  Bigkunauus , X2 Bigkuaanas 1024 TIOBHICTIO b oo cormrit map 128
00’ etHaHHS 06’ €/THAHAS 00’ €/HAHHs 3aBaHTaXCHHUH map
lix11 3x3 3ropTka .
X11 sropra 5X5 3roprka BuyTpiniss HelipoHHa Mepexa 2

Puc. 3. emanizoeana cmpykmypa ciamcobkoi HellpouHOi Mepeici
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Ha puc. 4 nogano 61ok-cxemy pobotu (yHKUioHady iHimiamizamii qBodakTopHOI aBTeHTUdIKALIT
KOpUCTyBaua B IHTENEKTyaJIbHil cucteMi 3a JonoMororo ¢ororpadyBaHHs, NOUIYKY OONMAYYS Ta MOAAb-
Ioro 30epeKeHHs MeiaKiroua B 06a3i TaHuX.

TouaTok .
- 36epertu poTorpadii _| 36epertu B B/] yac Ta naty ycmimHOTO
B bJ1 po3Mi3HaBaHHS O0INYYs
3miHa

\_¢

HaJIallTy BaHb
. OunoButu B b/1 aiinu
l Bci o6nuaus Hespane HOT’yBaHHj)
‘ VBimkuyTH 2FA ‘ criBnaam po3Mi3HaBaHHs f
‘ 36eperTy HaIallTyBaHHs ‘ @ CHOBICTHTH KOPHCTyBada IIpo

ycminmHe BMuKaHHsA 2FA

s
po3ni3HaBaHHS

OO6aust
3HAWJICHO

IlepeiiTn HA CTOPIHKY
nonmasaHHs 2FA

|

Hapatu Heo6ximHi 3HaNWTH U HA
JO3BOJIH (bOTOFpaq)iﬂX KiHeLIB
AKTHBaLA R 3poOuTH IeKiTbKa
BeOKaMmepu ¢dororpadiit kopucrypaga

Puc. 4. Iniyianizayis osogpaxmoproi asmenmugbikayii kopucmyeaua 6 iHmeneKmyaibHit cucmemi

Ha puc. 5 HaBeneHo 0J0K-cXeMy Ipollecy aBTeHTH]IKAIlil KOpUCTyBaJa, a came BaJIifailii BBEACHUX
JIOTiHy Ta mapoJisi, 30epexenHs B localstorage dororpadii kopucTyBaua, 3p0o0JIeHOT 3a JOIOMOI 00 BeOKa-
MepH Ta TOPIBHAHHS MOTOYHOI (ororpadii 3 Bke HasIBHOIO B 0a3i JaHUX, IO MICTHTh OONHMYYSI KOPHUC-
TyBaya. SIKIIO O3HAKW 30iraroThCs, KOPUCTYBAY IHTENEKTYAILHOI CUCTEMH OTPHUMYE JOCTYII IO HAasiBHOTO

(hyHKITIOHATY.
Jlorin Ta mapoJs | l
KOpHCTyBaya JocTym 10 PoGoTa koprcTyBaya B
¢ OOJIIKOBOTO 3aIHCy CHCTEMI
Basmigamnist BBegeHol
iHpOpMAarii Kinens HeUb
X 3aBepIIUTH Y CITIIITHUAN
Hi npoiiec aBTeHTUdiKaril
i
KopwucryBad icHye T Tax
Tax TlopiBusiTa pororpadiro oOITHIdst
; KIZ) HUCT B(eil)qa 3ir;6(3:) €KEHOIO Hu oGt
AxTHBaLIsT P Y ; p. TE came
BeOKaMepH dororpadiecro B 6a3i qaHUX

v

3pobutu poTorpadiro 36epertu doTorpadiro
KOPHCTyBava B localstorage

Puc. 5. Ilpoyec asmenmupixayii kopucmysaua

Ha puc. 6 nogaHo miarpaMy MOCIHiIOBHOCTI B IHTCJIEKTYaJbHIN CHUCTEMI, SIKa MICTUTh TPH OCHOBHI
CYTHOCTI, @ caMe KOpUCTyBaua, cepBep Ta 0a3y JaHuX, siKi B3a€EMOIIIOTh MK cO0O0I0 3a JONMOMOror0 http-
3armuTiB. KOKeH 3armuT Mae BITaCHUH KOHTEKCT BiJIOBITHO IO CBOTO THUITY 1 BIACTUBOCTEH CHHXPOHI3aIlii Ta
BHUKOHYETHCS B IEBHIH MOCIiJOBHOCTI.
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Puc. 6. Jiaepama nocrioognocmi @ inmenekmyanvHil cucmemi

Buknan ocHoBHOro Mmartepiany

VY xoji poOOTH TOJIOBHE 3aBJIaHHS — CTBOPHTH CiaMChbKY HEHPOHHY MEpEXKY, sIKa IMicisl TeCTyBaHHS
OyJe IMIUIEMEHTOBaHA B IHTEJICKTYalbHY cuctemy. st peanizallii MalllMHHOTO HAaBYaHHS BHKOPHCTAHO
MoBy miporpamyBanHsi Python 3.10 i nuis manucanus koay BuOpano IDE PyCharm. IlepmiM kpokom €
3aBaHTaKEHHS Jatacety 3 Gortorpadiil Ta BIAMOBIIHUX MITOK KOPUCTYBAUiB, 110 Oye BUKOPUCTOBYBATHCS
JUIS HaBYaHHA Ta TECTYBaHHS HEMPOHHOI Mepexki. 3aranom garacet MictTuts 5000 300paxens i 50 yHiKalb-
HHUX €JIEeMEHTIB, TOOTO 300paxkeHHsa 00aud 50 KOpHUCTYBauiB i3 pi3HUX PaKypcCiB Ta 3 Pi3SHUMHU €MOLISIMHU.
Po3mip koxxHOro 300paskeHHs — 128 Ha 128 mikceniB, mo3agy KOpUCTYBaUbKUX OOMMY YOpPHUH (OH, BCi
TaKOK 300paKeHHs 3aBaHTAXKEHI Y KOJbOPax BIATIHKIB ciporo. Yci mikceni npomacimraboBaHi B iHTepBai
Bix 0 mo 1, KOXEeH KOpHCTyBau 3 JaTaceTy OTpuMaB BiAmoBimHUH ineHTHdikatop Bix 0 mo 49. Bes us
iH(opMartis, a Takox iH(OpMAITis 1100 OLIHKA TOYHOCTI HaBYaHHS MOJIelli TIo/laHa Ha puc. 7.

Boceoro € 5008 zo6pameHe B gaTtaceTi OuiHka TOuHOCTi: 0.93
Bceoro € 58 yHikaneHux enemeHTie B gataceti CepepwWiii Gan TowHocTi, ycepepHeHwil mo Bcix knacax: 0.96
Po3mip KowHoro zobpaweHHa 128x128 BigcTtaHe: 0.96

QopMa X: (568, 4896) CepegHa ToynicTte (AP): 1.8
QopMa TpeHyeaneHoro X: (258, 4896) CepegHe HeraTueHe (AN): 0.28

Puc. 7. Inghopmayis npo cmeoperny mooenv HeupoHHOT Mepedxci

Hacrynuuit ¢pyHKIioHan mporpaMu BUKOPUCTAHO IS BiIOOpa)KeHHs JecsTH 300pakeHb 00JInY
JUI KOXKHOTO BKA3aHOTO YHIKaJbHOTO ileHTH(ikaTopa. 300pakeHHsS BHBEIACHO Y BHIJIAMI CITKH, J€
KOXKEH PAJIOK MPECTABIsIE€ OJHOTO KOPUCTyBaua 3 garaceTy. s KOXKHOTO IMiII0CHTiHOTO BUBEACHO
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necsaTh Horo ¢ororpadiii pi3HOTO THIy, Ha SKUX OOJIMYYS KOPUCTyBada MO-pi3HOMY 300paxxeHe i
BimoOpaxae yHikanbHi emouii (puc. 8).

Id obnnyun:3  1d 06anyua:3  Id 06anyusi3  Id obamyusi3  1d 0Bamyusi3 Id 0bamyusi3 Id 06nmwns:3 Id obanwus:3 Id o6anvunsi3 Id 06amnyn:3

r

Id 0bnuyun:8 Id 0bnwyua:8  I1d obnnyusi8 Id obnnuua:8

Id 0bnnvyn:8 : : Id 06nKyyn:8

d 0bnuyusn
-

a
Id 06nu<ua:24

L
Id 0bnu4ya:24 06n1449:24  1d 0bnusNa:24  Id obauyya:24 Id 06nuy48:24
l! o!nwmu 127

Id onnwu 39 Id 0bnnyya:39
E; U >

Binrak BukoHaHO mepedopMaTyBaHHS NaHHX: KOXKHE 300paKC€HHs 3 JaTaceTy NEepeTBOPEHO Ha
OIHOBUMIpHHUI MacuB po3mipy 4096x(128%128). TpenyBanbuuii i TecTOBUN HAOOPH JaHUX C(HOPMOBAHO
3a JOIIOMOTOI0 PO3MOALTY 300pakeHb 13 modaTkoBoro natacery. Kpim toro, ctBopeHo DataFrame, sikuit
MICTHUTh ieHTH(]iKaTOpH cy0’€KTiB IJisl TpEeHyBaJbHOro Habopy maHux. DataFrame — 1ie ocHOBHa CTpyK-
Typa JaHHX, SIKa BUKOPUCTOBYETbCs B OiOmioreni pandas 1l ompamoBaHHS Ta aHamizy JaHuX. BoHa
CTBOPIOE JIBOBUMIPHHH MacWB aHHUX, CXOXKUH Ha TAONUIIO UM apKyll AaHHUX, 1€ JaHi OpPraHi3oBaHO Y
psaku Ta konoHkH. Koxken psinok y DataFrame BinnoBinae ogHOMY 3pa3Ky By TpeHyBalbHOMY HaOopi Aa-
Hux. le Bimirpae BaXIuBY pojib AJs HOAAJBIIOIO BUBYCHHS Ta aHAJi3y 3aJie)KHOCTEH MK ineHTudika-
TOpaMHu Cy0’ €KTiB Ta BIaCTHBOCTSAMH 1 MOKa3HUKAMU B HEHPOHHIN Mepexi.

HactynHuii Kpok — CTBOPEHO TPHIUIETH AJIS1 BUKOPUCTAHHA y claMChKii HelipoHHil mepexi. Hamm-
caHo (YHKUIIO, 0 NpUiiMae TPH apryMeHTH: LUISX A0 AUPEKTOpil 300pa)keHb, CIOBHUK, € KIOYl — IIe
nmanky (KJIacH), a 3HauYeHHs — KiJbKIicTh (hailyliB y KOXKHIM mamii, 1 MakcuMasbHa KildbKicTh (aiiB, Ky
HEOOXiJTHO BPaxOBYBaTH AJsl KOKHOI nmanku. CTBOPEHO MOPOXKHINH CHHMCOK AJs 30epiraHHs TPHUILIETIB Ta
CIMCOK YCiX Hamok (KjaciB) Ha OCHOBI KJIIOYiB CJIOBHHKA CIIMCKY Hanok. byio peanxizoBaHo KopTexi s
SIKIPHOTO Ta TO3UTHBHOIO 300pa)KEHHS y MOTOYHIM mammi 3a BKa3aHUMH 1HIEKCAMU 1 IpOaHalli30BaHO
3MiHHY JUISl AlKH HETraTUBHOTO 300paKEeHHS, sIKa CIIOYaTKy AOPiBHIOE MOTOYHIN namui. Bubpano xoprexi
JUI TIO3UTHBHUX Ta HETaTHBHHUX 300pa)KeHb, YCl TPUIUIETH AOAAHO N0 3araJbHOrO CIUCKYy. B KiHIi
IporpaMHa (yHKIIiS IOBEPTA€ CIUCOK YCiX CTBOPEHUX TPUILICTIB.

Ha puc. 9 monano rpadik npoekuii o6auyus Moaei Ha MIOMKHY 332 JOIIOMOIOI0 METOLy aHalli3y ro-
JIOBHUX KOMIOHEHT. KokHa Touka Ha rpadiky BiNoOBigae omHOMY 0Oau4Y4I0 JiroauHH. J[Bi oci rpadika
MO3HAYAIOTh MEPIIi JIBI TOJIOBHI KOMIIOHEHTH, SIKi BU3HAYalOTh OCHOBHI HampsAMH Bapiarlii cepen 300pa-

Id obanuun:27 Id 0bnnuun:27 : Id 0bnnuun:27  Id obanvuni27

Id 0banyun:39 : Id 06nuyun:39  Id 0bnuuua:39  Id obnmuua:39  Id oinuwn :39
‘ m

Puc. 8. Vuixanoni 300pasicenns obnuy kopucmyeauis iz damacemy

Id obnnvun:27

JkeHb 00mMuyst. Bick X BiamoBimae mepuioMy rojOBHOMY KOMIIOHEHTY, a BiCh Y — JIIPyroMy TOJIOBHOMY
koMmIoHeHTy. KojkHa Touka Ha rpadiky npeacTaBise 00audus oJIHI€T KOHKPETHOT o quHu. Po3TairyBaHHs
TOYOK BKa3ye Ha Te, SK BapilOIOTHCSA OOJUYYS MIX JIFOABMHU Y BUOIpI. BIM3bKi TOUKM BKA3YIOTh Ha CXOXI
00MYYs, a BiJJaJCHI TOYKH — Ha pi3HOMaHITHI. KoxkeH koumip BimoOpakae pi3HHX JIHOCH, 130Jb0BaHUX
ineHTH(dIKaTOpaMH, 110 3a0e3MeUye YiTKy Bi3yalbHY PO3MEKOBAHICTh Pi3HUX 0CI0.
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Puc. 9. I'paghix npoexyii 06auu moodeii Ha niowuny

Jani HeoOXiHO BU3HAYUTHU pi3HI (QYHKIIT Ta MoJesi JuIs peanizalii ciaMchbkoi HeHpPOHHOT Mepexi 3
TPUIUIETHOIO (YHKIIIEIO BTpaT. byno cTBOpeHo QYHKIIiIO Ui OTPUMAaHHS MapTii TPHUILIETIB 300paKeHb, 110
npuiMae CIMCOK TPUIUIETIB, KUTBKICTh TPUIUIETIB Y KOXHIM NapTii, OyJieBe 3HaYCHHS, BKA3aHO, 41 MOTPi0-
HO TIONEPEIHBO OMpallbOBYBaTH 300pakeHHs. BUKOHAHO OOYMCICHHS KUIBKOCTI KPOKIB JIJISI OTPUMAaHHS
BCIiX MapTiil TPUILIETIB, MPOIHINiaNi30BaHO CIIMCKH IS SIKIDHUX, TO3UTUBHHUX Ta HETATUBHUX 300paXKeHb Y
MOTOYHIH MapTii Ta oJiepKaHO SIKIpHE, MO3UTHBHE Ta HETaTWBHE 300pa)KCHHS JJISl TIOTOYHOTO TPHUILIETY.
300paxeHHs ISl KOXKHOI Kareropii (SKipHe, NO3MTHBHE, HETaTHBHE) MOJAHO 1O BiJIMOBIJIHOTO CITHCKY.
OpneprkaHo maptito TpuruieTiB y popmati (128, 128, 3), npunaTHy Ui BAKOPUCTAHHS Y HEMPOHHIM Mepexi.
[Ticns HanmucanHs (GYHKIHI U191 OTPUMaHHS MOJAEJI KOJYBaHHS 300pakeHb (SKCTpaKkTopa O3HaK) OyIo
IMIIEMEHTOBAHO KJ1ac Jis OOUMCICHHS BiICTAHESH MK 3aKOJIOBAHMMH 300pa)KCHHAMMU.

CrBopuBIIM (DYHKIIIIO AT OTPUMAaHHST MOJIEI KOAYBaHHSI 300paXKeHb, MU peallizyBaiy (DyHKINO s
OJICp)KaHHs CiaMChKOI HEMPOHHOI MEPEXi Ha OCHOBI MOJIEII KOAYBaHHs Ta CIICI[iajbHOIO IIapy BiICTAaHEH.
Byno orpumaHo Mojenb ciaMChbKOI HEHMpPOHHOI Mepexi Ta 3aidcHeHo 1i TectyBanHa. Ha puc. 10 HaBenmeHo
rpadik, 110 SABJIAE COOOK MATPHIIIO HEBIAMOBIIHOCTESH A1 Pe3yJIbTaTiB KiacHpikallii 3a TOMOMOTOK METOMY
EKCTpaKTOpa O3HAK HA OCHOBI BIJICTAHEH MK 3aKOJOBAaHUMH 300pakeHHsMH. [lo ropu3oHTali Ta BepTHKA
po3raiioBani HoMepu o004 KoprcTyBadiB. KojkHa KITITHHA Matpuili BKasye Ha KiIBKICTh OOJHY, SKi OyIn
MPaBUIBHO (TI0 JiaroHai) ab0 HeMmpaBUIIbHO (11032 TiaroHa/UT0) KiacudikoBaHi. 3a0apBiICHHS KOXKHOI KITITHHU
BiZIoOpakae KiMbKICTh 00JMY, Kiack()IKOBAaHUX IS BiATIOBIIHOI Mapu 300paxkeHb (SKIpHUH Kiac, mepeadave-
HUM Kiac). TemHim KombOpu BKa3ylOTh Ha OUbIIY KUIBKICTH 0ONMY y BigmoBimHoMy kiaci. Ll marpuis
JOTIOMAarae OLIHUTH, HACKUIBKU A00pe MOAEIb KIacH(iKye 00U A1 KOXKHOT OCOOH.

Hactynaum kpokom OyJ10 OroJIOIIeHHs Ki1acy MOJIelli CilaMCbKOT HEMPOHHOIT Mepeixi, OyJI0 CTBOPEHO
BIJIIOBITHUH KJTac, SIKWH YCHAJKOBYETHCS BiJ| KJIacy 3araibHOl Mojelni aanux 0iomioteku TensorFlow, Ta
BU3HAUYEHO METOIM JAJIsl TPEHYBaHHA Ta TECTYBaHHS MOAENI, OOUMCICHHS BTpaT, iHiliani3anii napamMeTpis.
Matoun 00’€KT KiIacy MOJeINi cilaMCbKOT HEHPOHHOT Mepeski, MM BU3HAUYMIIM ONITUMI3aTOp 3 IEBHUMH Mapa-
MeTpamMu. Moaesb Hagami Oyja MOBHOLIHHO 3i0paHa 3 BUKOPUCTAHHIM 3a3HaY€HOT0 onTuMizatopa. OTpu-
MaBIIM TOTOBY MOJIENb, MU BU3HAYMIHN (DYHKLIIO TECTYBaHHS Ha TPHUIUIETAX, SIKA OLIHIOE TOYHICTH MOJEII Ha
TECTOBHX TPHIUIETAX, & CaM€ BHBOJMTHCS TOUHICTh HA TECTOBOMY HaOOpi TPUIUIETIB Ta CEpeiHi 3HAUCHHS
BiIcTaHEeH 1JIs MPaBWIBHUX 1 HENPABWIBHUX Hap. 3AiHCHEHO 3a3HAYCHy KUIBKICTH €MOX TPEHYBAaHHS, a came
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512 enox. [Iy1s1 KO>KHOT €MoXy BUKOHAHO OOYMCIIEHHS, BUBEACHO 3HAYCHHS CEPEAHIX BTPAT HA TPEHYBAJIHLHOMY
HaOopi TpuIuieTiB. Mozens NpoTeCTOBaHO Ha TECTOBOMY HAOOpPi TPUILIETIB 1 BUBEJCHO METPUKH (TOYHICTS,
CepeziHi BiACTaHI Ta CTaHAAPTHI BIAXHUIECHHS). 30€peXEeHO Baru MOJEN, KOJIM TOUHICTh Ha TECTOBOMY HaOOpi

OepexxeHo (piHaTBHI Bard MOJIETI MiCHs BCIX €MoX. 3arajibHOK Me-

[xv]

HiI[BI/II]_[H.TIaCH, OCTaHHIN KPOK HaBYaHHS — 3

TOIO OYJIO TPEHYBaHHSI CiaMChKOI HEHPOHHOT MEPEXi 3a OTIOMOI'0I0 TPHUILIETHOT (DYHKIIT BTPAT JUIsl BUPILICHHS
3aBIAHHS TOPIBHSHHA OONMMYYSl KOPHCTyBaua Ha [JBOX Qororpadisx 1 BHU3HAYEHHS, NO3ZUTHUBHOIO YU

HETaTHBHOIO € BiTOBIb y IbOMY KOHTEKCTi. MOzIe/Ib HaMaraeTbcsl MiHIMi3yBaTH BTpaTH IS IPABHJIBHUX Map
005y KOPHUCTYBaviB (SIKipHI MO3UTHBHI 300pa)KeHHs) Ta MaKCHMI3yBaTH BiACTaHi [UIl HENPAaBHJIbHUX Iap

004 KOPHUCTYBaUiB (SIKIPHI HETATUBHI 300pasKeHHS).
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Puc. 10. Mampuys nesionosionocmeii 015 pe3yibmamis Kiacu@ikayii

Ha oci Y — Tounicts. Koxna

Ha puc. 11 naBeneno rpadik — kpuBy, Ha oci X BiIoOpakeHO ITOBHOTY,

TouHicTh

WHOT MOZei.

¢bikari

BH3Ha4ae€, sgKa 4aCTUHa BKa3aHUX MOJCIIIIO ITIO3UTHBHUX BI/IHa)IKiB ITO3HAYEH] IIpaBUJIbBHO, a IIOBHOTA ITOKa-

TOYKA Ha I KPUBIM BIAMOBIIAE MEBHOMY TOPOTY BUPIMICHHS JJIS KIAcH

3y€, Ky 4acTUHY (PaKTHYHO MO3MTHUBHHUX BHIAJKIB BUSBIIA MOjeib. KprBa TOYHICTH-IIOBHOTA BigoOpa-

JKae, SIK 3MIHIOIOThCS TOYHICTB 1 TOBHOTA 32 PI3HUX MOPOTiB BUpilIeHHs 3aBaaHHs. O0JacTh MiJ €0 KpH-

BOIO BKa3y€ Ha SKICTh MOJEINi: 4uM Oijiblie Iie 3Ha4YeHHs, TUM Kpamie. Ha rpadiky Takoxk Bin3zHaueHa

(hioneToBUM KOJIHOPOM O0JIaCTh MiXK KPHBOIO Ta Bicclo X, sika BKa3y€ Ha CEpeJHIO OLIHKY TOYHOCTI,

ycepeqHeHy 3a BciMa kiacamu. Lle gucno jae 3MOory OTpUMAaTH y3araibHEHY Mipy sIKOCTi Kiacugikarii,

00’eTHyrOYH 1H(OPMAIIIO PO TOYHICTH Ta MOBHOTY s pi3sHUX KiaciB. Illo Oiible 3HaUYEHHS cepeIHbOl

TOYHOCTI, TO €)EKTHUBHIIIIE PAIIOE MOJICTb.

CTBOpeHO HOBY (YHKIIIIO KOJyBaHHS 3a apXiTEKTypOI 3Hau€Hb BUXITHOTO KOJyBaHHS. [IpoHmios-

M TI0 IIapaX KOJyBaHHS BUXIIHOI MOJIENI, MU CKOIIIOBAIM IX Bard J0 BIAMOBIAHUX IIapiB HOBOI'O IIapy

KOAyBaHHs. ByJio 30epeeHo Bark OTPUMAaHOT0 3aKOJA0BAaHOTO (hailily 1 BUBEACHO OMKC apXiTEKTypH LIapy
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koayBaHHs. OTpuUMaBLIM BOYIOBYBaHHS JUIS IIEPEaHUX CIHCKIB 300pakeHb 007114, MU OOYMCIIHIN KBa-
par BiacTaHi MK BOYZOBYBaHHSIMH OOJINY Ta 3AIMCHUIM KiIacu(iKalilo Ha OCHOBI IOPOTOBOTO 3HAYEHHS,
OJIepKaBILIM B pe3ybTaTi Macus 3 nmporuozamu 0 abo 1. OTpumaHo JBa CIHMCKU MPOTHO3iB (IO3UTHBHI Ta
HETaTHBHI), SIKI BiANOBiZAalOTh CXOXKHMM 1 pi3HMM mapaM o0iauy KopucTyBauiB. [lepeBipeHo Bci HasBHI
MaKeTH TECTOBUX TPHUILIETIB 1 pearnizoBaHo ¢yHKUi0 Kiacudikamii 300pakeHpb Ui OTPUMaHHS IPOTHO3iB
JUTS TTO3UTUBHUX (CXOXMX) 1 HETaTUBHUX (PI3HUX) Map KOPUCTYBAaLUBKUX 00auYb. OCTaHHIA KPOK TECTy-
BaHHS — BUKJIMK (PYHKIIT METPUK AJIs OLIIHIOBaHHS €()EKTUBHOCTI MOJIEIIL.

CepeH# oLiHKa TOYHOCTI, ycepeHeHa 3a BciMa knacamu: AP=0.96

0.8 4

0.6 4

TO4HICTE

0.4 4

0.2 4

0.0 T
0.0 0.2 0.4 0.6 0.8 10

MNosHoTa

Puc. 11. I'paghix 3minu mournocmi ma nosHOmMuU 3d Pi3HUX NOPO2i6 PO38’ A3aHH: 3a0aUi

Ha puc. 12 HaBeneHo npukiaa NOPiBHSIHHS SIKIPHOTO 300paskeHHS Ta MOJAHOT0 Ha BXiX GYHKLIT AT
HepeBipKH CX0XKOCTi. Sk BUnHO 3 rpadika, ue aBi pororpadii TOro caMmoro KOpuctyBaya, a OTKe, IPOTHO3
€ mo3uTuBHUM. [lo1aHO BMICT Ta CTPYKTYypy HEpIIOro Ta APYroro 300pakeHb Ta 300pakeHHs, 110 TOKa3ye
abCOIOTHY BIAMIHHICTD MIX IEPILOIO 1 Ipyroro ¢ororpadisiMu, BUKOPUCTOBYIOUH KOJIbOPOBUHA MamiHr. Y
bOMY BiKHI KOKHHMH MIKCEJIb MPEACTABICHUI BIATIHKOM 3TiHO 3 PI3HHULECIO MK BiANOBITHUMH MiKCe-
JSIMM [IEPUIMX ABOX 300pakeHb. TeMHiln obiacTi BKa3yroTh Ha MEHILY Pi3HHULIO, CBITJIIN — Ha Oinbuly.
B pesynbTaTi BU3HaUCHO, YM BiioOpakaoTh ¢ororpadii Ty camy oco0y.

306pakeHHs 1 3o0bpaeHHs 2 ABconwTHa pi3HALA

J

-

Yu nroguHa Ta cama: True

Puc. 12. Busnauenns, uu ma cama ocoba na 060x gpomozpagisx

I'padix Ha puc. 13 BigoOpaxkae 3aJeKHICTh TPEHYBAJIBHUX BTPAT BiJI KUIBKOCTI iTepariil mix yac HaB-
yanHs Mozeni. KoxkHa Todka Ha rpadiky BimoOpakae BTpaTy Ha KOHKPETHIiH itepartii. Ha ropusoHTanbHiil oci
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po3TaroBaHi ireparii, TOOTO KiTbKICTh KPOKiB a00 enox TpeHyBaHHs Mozeni. Ha BepTukanpHii oci — 3HaYeHHS
BTpaT Ha KOXHIN iTepauii. Brpatu mpeactapisitoTh TOMHIKM MOJENI Hix yac HaBuaHHA. 1'padik BigoOpa-
JKae crieniabHO BUOpaHy (DyHKIIIO BTpaTH, sKa MOXKE 3MiHIOBAaTHCS Bif iTepauii mo iTepauii. ¥ mpomy
BUIAJIKy 3aCTOCOBAHO TiMepOONMiyHuiA craj BTpaT Ha NOYATKOBHUX iTepauisx (J0 AOCSTHEHHS ILIATO), MiCis
YOro BTpaTd 3aJIMINAIOThCA Ha cTablibHOMY piBHI. Llel rpadik momomarae edeKTHBHO MpoaHai3yBaTH
JUHAMIKy BTPAT MiJl 4ac HAaBYaHHs MOJEINi Ta BU3HAYUTH €()eKTUBHICTH MPOLIECY HABYAHHSI.

I'padik Ha puc. 14 BimoOparkae OCHOBHI METPUKU IS MOJEIN pO3Mi3HABAaHHS KOPUCTYBALbKOI'O
o0muyust. CepelHs TOUHICTB — 1€ MOKAa3HUK TOT0, HACKIIBKH J0Ope MOJIeNb PO3Ii3HAE MMO3UTHUBHI MapH, SIKi
NOBHHHI OyTH cx0XHMHU. Bucoke 3Hauenns AP (cepenHsi TOUHICTB) CBITYHUTE PO €(EKTUBHICTH MOJETI B
po3mizHaBaHHi moAiOHUX 06mry. AN (cepeqHe HeraTHBHE 3HAYCHHS) — BKAa3y€ HA CTYMiHb CXOXKOCTI AJIS
HEraTUBHUX Map, sIKi HOBUHHI OyTH pisHMMHU. Husbke 3HauenHs AN CBiIYUThH PO €PEeKTUBHICTh MOJEIMI B
po3mi3HaBaHHI Pi3HUX OOIUYb.

TpeHyBansHi BTPaTH

1.0 —— TpeHyBankHi BTpaTH

0.8

Brpata

0.4

8] 50 100 150 200 2 5‘;0 300
Irepauin

Puc. 13. I'paghix 3anexcrocmi mpenyganvHux empam 6i0 KilbKoCmi imepayii nio 4ac HagUaHHs MOOei

CepefHs TouHicTb, CepeniHe HeraTueHe i TOMHICTb TECTYBaHHA

3Ha4YeHHA

CepeaHs TOYHICTb CepefiHE HEraTUBHE TOYHICTb TECTYBaHHA

Puc. 14. I'paghix oyinosarnuss OCHOBHUX ACNEKMi6 eheKMUSHOCMI CMBOPEHOI HEelPOHHOL Mepeict

OCTaHHBOIO METPHUKOIO € TOYHICTH TECTYBAHHS — LI€ MMOBIPHICTh MPaBUIBHOTO Kiacu(ikaliifHOro
BU3HAYEHHS BiAIOBIJHO 0 TECTOBOro HaOopy maHux. I'padik nomomarae OLiHUTH TPH OCHOBHI acCHEKTH
e(eKTUBHOCTI MOZIETI Ul KOHKPETHOT'O 3aBJaHHS PO3Mi3HABAHHS OOIMYYAL.
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Ha puc. 15 300pakeHo mepiumii etan aBTeHTH(IKaLil KOPUCTyBaya B iHTENEKTyalbHINA CHCTEMI 3a J10-
IIOMOTOI0 BBEJICHHS JIOTIHY Ta HapoJito, Ha puc. 16 — 6a30By CTOPiHKY MoYaTKy ABO(aKTOpHOI aBTeHTH(DiKail,
UL 3A1HCHEHHSI SIKOT KOPUCTYBavdy HEOOXiTHO B MOTOYHOMY Opay3epi J03BOJUTH BUKOPUCTaHHS BEOKaMEpPH.

tarasbetiuk1@test.com

Puc. 15. Beedenns noziny ma napoias kopucmyeaia

2fa Webcam

CHECK FACE

Puc. 16. Iloyamxosa cmopinka osogpakxmoprnoi aemenmugpikayii

2fa Webcam

CHECK FACE

Puc. 17. @omoepapysanns obauyus xopucmyeava inmeiekmyaibHoi cucmemu

Ha puc. 17 300paskeHO YBIMKHEHHS KOPHCTYBalbKOi BeOKamepu Ta (oTorpadyBaHHs 0OIMUYSL
KOPHCTYBaua iHTEJEKTyaJlbHOI CHCTEeMH; Ha pHC. 18 — ompalroBaHHS CTBOPEHOIO paHillle CiaMCBKOIO
HelpoHHOI0 Mepexero (ororpadii Ta MOUIyK Ha Hi 00MMYYs; HA puc. 19 MomaHO Pe3yNbTaT yCIHIIIHOTO
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nmomyky obnuuus Ha (oTorpadii Ta BUANEHHS 3€JIEHHUM KOJNBOPOM MNEBHOI 00jacTi 300paKeHHS, e
3HaiIeHO 00MUYUsl KOPUCTYBaya.

2fa Webcam

CHECK FACE

Puc. 18. Obpobrenna pomozpagii ciamcokoio HelipoHHoI0 Mepedicero

2fa Webcam

Puc. 19. Pesynomam ycniwno2o nouiyky obauuys Ha pomozpapii

Ha puc. 20 HaBengeHo nopiBHSAHHA MOTOYHOI hoTorpadii KopucTyBaya, 3po0JIeHOT 3 BUKOPUCTAHHIM
BeOKaMepH, Ta dotorpadii, 30epexxeHol B 0a3i qaHuX. Pe3ynbTaT: IPOrHO3 ClaMChbKOT HEHPOHHOT MEpexi €
MMO3UTUBHUM 1 KOPUCTYBay 3I1MCHUB ycHiHy aBTeHTH(iKawio B cucteMi. Ha puc. 21 300paxkeHo cnpoly
MOTOYHOTO KOPUCTYBaua YBIHTH B aKayHT IHIIOTO KOPHCTyBaua IHTEJIEKTYaJbHOI CHCTEMH, BiJIIIOBIIHO
MIPOTHO3 HEHPOHHOI MEPEXi € HETAaTUBHUM 1 KOPUCTYBady BiIMOBJICHO B aBTEHTU(IKALII.

2fa Webcam

Puc. 20. Yeniwna asmenmucpixayis kopucmysaua 6 inmenekmyanvuii cucmemi
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2fa Webcam

Puc. 21. Biomosa kopucmysauy 6 agmenmuikayii 8 inmeneKmyanibHiti cucmemi

OTxe, B X011 pob0TH OYI0 IMIZIEMEHTOBAHO CiaMCbKYy HEHPOHHY MEPEXY 3 TPUILICTHOIO (YHKIIIEIO
BTpaT. BoHa Moxe K 3miliCHIOBATH 3arajJbHUN MOLIYK KOPHUCTYBalbKoro oOmuuus Ha ¢otorpadii, Tak i
BUKOHYBATU MOPIBHAHHS ABOX (oTorpadiil, 100 BU3HAYUTH, UM HUX 300paskeHUI TOH caMuil KOpHCTYBad.
3niACHUBIIM HaBYAHHS MOJEJII HEMPOHHOI Mepexi 1 i mojanmplie ycIiliHe TECTYBaHHS 3a JOIOMOIOIO
MOJJAHOTO JIaTaceTy, MA BUKOHAIIM MOJYJIbHY 1HTETPAIlil0 CTBOPEHOI HEHPOHHOT MEPEkKi B IHTENEKTYAIbHY
CHCTEMY SIK BKJIMBUI KOMIIOHEHT cepBicy 3a0e3neueHHs O3MeYHOr0 BXOAY B CUCTEMY, Jie BiH BUKOHYE
¢byHKIi0 epeKTHBHOT Ta HaaiiHOT JBO(daKTOpHOT aBTeHTH(DIKAIIIT 32 TOMTOMOTO0 Bi3yalIbHOI 010METPHKH.

BucHoeku

B xoai gocmipkeHHs Ta po3pOo0JICHHST CUCTEeMH aBTeHTH(IKAIlIl Ha OCHOBI Bi3yajabHOI 01OMETPHKH 3
BUKOPUCTAaHHIM CiaMChbKOi HEHPOHHOT Mepeki BHKOHAHO KOMIUICKCHHH aHaji3 acrlekTiB Oe3neKd Ta
e(eKTUBHOCTI aBTEHTH(IKAIIHHOTO MpOIleCy B IHTENEKTYaJIbHUX CHUCTeMaX. Ba)XIIMBUMH KpOKaMH Y
JIOCII/DKEHHI CTall BUBYCHHS Ta PO3TJIsI allbTEPHATUB pearizallii ciaMchkol HeHpOHHOI Mepeki 3a J0mo-
MOrot0 (YHKIIIT KOHTPACTHUX BTPAT Ta TPUILIETHOI (DYHKIIIT BTpaT.

VY pe3yibTari aHaNli3y OMyOJiKOBaHMX POOIT BU3HAYCHO OCHOBHI IEpPEBAru Ta HEIOJIKHA ClaMChbKHX
HEMPOHHNX MEPEeX Ta CHOCOOM ONTHUMAIBHOI iHTErpallii HeHPOHHOI Mepeki B 1HTEIEKTyalbHY CHUCTEMY
ayreHtudikanii. Bubpano tpuruieTHy QyHKIiO BTpaT SK ONTHUMAIBHUI METOJ JUI HABYaHHS MOJENI, IO
Jla€ 3MOry 3a0€3IMEeUYMTH BHCOKY TOYHICTh PO3IMi3HABAHHS 0O0IMYYs KOopHcTyBada. OMUCaHO OCHOBHI OCOOJIH-
BOCTI CiaMChKUX HEHPOHHMX MEPEXK i3 BUKOPUCTAHHSM Jiarpam sk poOOTy caMoi HEWpOHHOI Mepexi y
BUTJIAI MOHOJITHOTO €JI€MEHTa, TaK 1 Yy BHIVIA/I CEPBICY Yy CKIal IHTEJIEKTyalbHOI CHCTEMH. 3a JI0Mo-
MOTO0 OJIOK-CXEM Ta JiarpaMu IOCIHiOBHOCTI ONMKMCAaHO aITOPUTM poOOTH cHCTeMH Ta http-3amuTiB Mix
KOMITOHCHTAaMH CHUCTEMH. 3a pe3yJIbTaTaMU KOHIETITYaIbHOTO MPOEKTYBAHHS HAIMMCAHO MPOTPaMHUIA KO/,
HABYCHO Ta MPOTECTOBAHO ClaMChKY HEHPOHHY MEPEKY 3 TPUILUICTHOIO (YHKIIIEIO BTPAT, 110 Ma€e peaizo-
BaHMH (QYHKI[IOHAJ SIK MOUIYKY OOJMYYsl KOpPUCTyBaya Ha ofHii ¢ororpadii, Tak i MOPiBHIHHS AEKiIBKOX
¢dororpadiii 11 BU3HAYCHHS, YM CYKYNHICTH (poTorpadiid Hanexarb TOMYy CaMOMY KOpPHCTyBady, LIO €
Ba)KJIMBOIO BUMOT'OIO ITiJ1 4ac iHTerpauii HeHPOHHOI Mepeki B IHTENEeKTyaJIbHy cucTeMy. JloAaTKOBO CHCTe-
My po3mMpeHo (yHKIioHaToM ABOGAKTOpPHOI aBTeHTU(IKALil 3 BHKOPUCTAHHSIM TEXHOJIOTIl MOILIYKY,
pO3mi3HaBaHHsS Ta MOPIBHSAHHSA 00JIMY4Ys KOpUCTyBadiB. Lle He numie miaBUIIMIO piBeHb Oe3meku, a i
3po0uIIo mpolec aBTeHTH(iKaLii ePEeKTUBHIIINM Ta Ha i HIIINM.

Iarerpaunis ciamcbkoi HEHPOHHOI Mepei B IHTENEKTyaJbHYy CHCTEMY aBTeHTH(iKalii Jana 3Mory
CTBOPUTH e(EeKTHBHHUI 3aci0 po3mizHaBaHHS OONIMYYSl KOPUCTYBaua, 30epiraHHs Ta MOPIBHSIHHS OTpHMa-
HUX AaHuX. Takuid miaxiz MiHIMI3ye PH3HK HECAaHKL[IOHOBAHOTO JOCTYIly Ta TapaHTye Oe3NeKy KOPHUCTY-
BallbKUX akayHTiB. OTxe, po3pobiieHa cucTeMa sBiisie Co0010 e(heKTUBHUH Ta 3aXHUILEHUN iIHCTPYMEHT IS
aBTeHTHU(}IKaIil KOPUCTYBauiB, 3AaTHUH MiHIMI3yBaTH 3arpo3H O€3MEKH B iHTEICKTyaJbHUX cucTeMax. Llen
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T IX1]] MO’KHA BUKOPHCTOBYBATH JUIS TIOKPAIICHHS 3aXUCTy KOH(DiIeHIIiitHOI iHopMmarii Ta 3a0e3neueHHs
HAAIIHOTO KOHTPOJIIO IOCTYIY A0 CUCTEMHU.
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The main purpose of this article is to consider the aspects of ensuring security and increasing the
efficiency of the authentication process in intelligent systems using visual biometrics. The work is aimed
at the development and improvement of authentication systems using advanced biometric identification
methods. An intelligent system has been created that ensures secure authentication of users of the
current system, using a Siamese neural network. In addition to the implementation of basic security
measures in the form of hashing and saving user logins and passwords, the implementation of two-factor
authentication is important nowadays, which significantly strengthens the protection of user data and
prevents most modern methods of hacking and stealing user data. Two-factor authentication is
implemented as a technology for searching, recognizing and comparing the faces of system users, as
visual biometrics is more secure than other types of two-factor authentication. Different variations of
the possible implementation of Siamese neural network using Contrastive loss function and more
modern Triplet loss function were reviewed and accordingly, a neural network using Triplet loss
function was accomplished and trained. After training and verifying the correct operation of the neural
network, it was integrated into the created intelligent system, thanks to which an effective way of
recognizing the face of the system user was created, saving the received information in the database and
further comparing the current user with the stored face during authentication. As a result, a secure and
reliable intelligent system was created that cutting down the risk of unapproved access to the user
account and uses an effective and modern method of user authentication.

Key words: two-factor authentication; siamese neural network; Triplet Loss Function; visual
biometrics; facial recognition technologies.
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