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OcHoBHa MeTa Li€l cTATTi — po3rIsA acnekTiB 3a0e3neyeHHs1 Oe3MeKn Ta MiABHILEHHS eeKTHBHOCTI
npouecy aBTeHTH(diKalii B iHTeJIeKTyaJILHUX CHCTEMaX 3a JONOMOI0I0 BidyasbHOI GioMeTpuku. Jociimke-
HHSI CIIPSIMOBAHE HA PO3PO0JIEHHS TA BAOCKOHAJIEHHS CUCTeM aBTeHTH(iKkalil 3 BHKOPUCTAHHIM MepeI0BUX
MeToAiB OiomerpnyHoi inenTu(dikanii. CTBOPEHO iHTEIEKTyalbHY CHCTEMY, KA 3 BHUKOPHCTAHHSAM CiaMCh-
Koi HelipoHHOI Mepe:ki 3a0e3neuye Oe3nevHy aBTeHTH(IKaLil0 KOPUCTYBayiB MOTOYHOI cucTeMu. Okpim
peasizauii 6a30BuX 3ac00iB 3aXHCTY Y BUIJISIII XelIyBaHHs i 30epeskeHHs] KOPUCTYBAUBbKUX JIOTIHY i mapoJs,
B HaLll Yac BaKJIMBA peaizauis A1B0(PaKTOPHOI aBTeHTU(]IKaLIl, KA ICTOTHO MOCUIIOE 3aXUCT KOPUCTYBAllb-
KHX JaHHX i YHEMOMIMBJIOE OLIbIICTH CyYacHMX CMOCOOIB 3710My Ta BHKPAJeHHS JaHUX KOPUCTYBaYiB.
JBoakTOpHY aBTeHTH(}IKALII0 peai30oBaHO Y BUIVIAAI TEXHOJIOTII MOLIYKY, PO3Mi3HABAHHS TA MOPIBHAHHA
00, 1MYYSl KOPUCTYBAYiB CUCTEMHU, OCKIIbLKM BidyajibHa 6ioMeTpuka Oe3nevHinia 3a iHmi BUaM ABO(AKTOPHOI
apTreHTu(ikauii. 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. IMicisi HaBuyaHHs Ta mepeBipKH NPABWILHOCTI POGOTH
HeHPOHHOI Mepexxi il 0yJI0 iHTerpoBaHo 0 iHTeIeKTYaIbHOI CUCTEMH, 3aBASIKH YOMY CTBOPEHO e()eKTUBHMIA
cnocid po3mi3HABaHHA 00/1MY4sl KOPUCTYBaya cHCTeMH, 30epe:KkeHHs 0OTPUMAaHol iHdopManii B 0a3i JaHuX Ta
NOAATBIIOr0 MOPiBHAHHSA MOTOYHOI0 KOpPHCTYBaya 3i 30epeKeHUM 00JUYYAM Mia yac aBTeHTH(ikanii. B
pe3yabTari 0y;10 cTBOpeHO HaAlHY TA 3aXMIIEeHY IHTeJIeKTyaJbHy CHCTEMY, 10 MiHIMi3y€e pM3HK HeCaHK-
HiOHOBAHOI'0 JOCTYIY /10 KOPHCTYBAIKOIO0 AKAYHTY i BHKOpHCTOBYE edeKTHBHMIl Ta cy4yacHHii crocio
aBTeHTHU(pikanii KopucTyBayiB.

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

Beryn

VY 3B’s13Ky 31 CTPIMKAM PO3BUTKOM Ta BIIPOBA/KCHHSM IHTEJICKTYyaIbHUX CHCTEM aCIieKTH OC3TeKH Ta
e(heKTUBHOCTI MPOIECY aBTeHTU(IKAIIlI CTAFOTh OCOOJIMBO aKTyaIbHUMHU Ta BXKIMBUMH 3aBHaHHsIMHU. CTaTTs
CTIPSIMOBaHA Ha BUPILIEHHS [UX MPOOJIEM 3a JIOTIOMOTOI0 PO3pOOJICHHS Ta BIOCKOHAICHHS CUCTEM aBTEHTH(Di-
Kallii 13 BUKOPHUCTAHHSM IEPEIOBUX METOJIIB Bi3yalbHOI OIOMETPHKM Ta CyYacHHX IiIXOIB IO MEPEKEBOTO
HapyaHHs. KITFOUOBOIO METOIO I1i€l pOOOTH € CTBOPEHHS IHTEJICKTYaIbHOI CHCTEMH, OCHOBAHOI Ha ClaMCBKIi
HEeHpOHHIN Mepexi, uist 3a0e3nedeHHs Oe3neynoi apTeHTr(iKalii kopuctypadiB. OKpiM 3acTOCyBaHHS 0a30BHX
METOJIIB 3aXHCTy, TaKUX SK XElIyBaHHs Ta 30epiraHHs JIOTIHIB Ta MApoiiB, HEOOXIAHO PO3IVISIHYTH Ta
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pearnizyBaTi ABO(AKTOPHY aBTCHTH(IKaLiI0 3 BAKOPHUCTaHHSAM TEXHOJOTIT po3ni3HaBanHs oomuyyst. Le icrotHo
i BHIILY€E PiBEHb OC3MEKH Ta YHEMOIIMBIIIOE 3aCTOCYBAaHHS 0araTboX Cy4aCHHX METOMIB 3JI0MY.

Merta poOOTH — BIOCKOHAJICHHS CHCTEM aBTEHTU(IKALIl B iHTEIEKTyaJbHUX CUCTEMaX 3a JOINOMOTOI0
Bi3yanbHOI OioMeTpHKH. Po3risiHyTO Ta peasnizoBaHO nepenoBi MeToau aBTeHTHdIKaLi1, 30KpeMa, IBO(aKTOPHY
CHCTEMY 3 BHKOPHCTAHHSIM TEXHOJIOTii pO3Mi3HaBaHHA OOMMYYS HAa OCHOBI CiaMCBhKOI HEHPOHHOI Mepexi.
PoGota Harinena Ha CTBOpeHHs! HaAilHOI, Oe3MevHOI Ta e()eKTUBHOI IHTENEKTYaIbHOI CUCTEMH, SIKa MiHIMI3ye
PU3MK HECAaHKIIIOHOBAHOTO JOCTYITy Ta 3a0e3nedye BUCOKHI piBeHb 3aXUCTy KOPHCTYBALbKUX aKayHTIB. Po3y-
MIFOYH 3arajiom, o caMme HeoOXiTHO, B MeKaX poOOTH 3iHCHEHO TIO/ILT METH Ha JEeKiJIbKa OCHOBHUX 3aBJIaHb.
OcHOBHE 3aBIaHHS — CTBOPEHHS Ta HABYAHHS MOJEN JUIsl PO3Mi3HABAHHS OOJIMYYS 33 JOMOMOTOIO TEXHOJIOTIT
ciamcbkoi HelipoHHOI Mepexi. Hacammepen BapTo oOrpyHTyBaTH BUOIp ciaMCbKoi HelpoHHOI Mepexi. Heil-
POHHY MEpeKy BUKOPUCTOBYIOTH 3aBISIKHU il 34aTHOCTI e(peKTHBHO MOPIBHIOBATH ABa 00 €KTH Ta CTBOPIOBATH
BEKTOPHI TOJaHHs IS TIOPiBHSAHHSA. Lle 0coOMMBO BaXITUBO IS 3aBJaHb OloMeTpr4HOI ineHTUdiKamii. Apxi-
TEKTYpHO claMChKa HEeWPOHHA Mepeka CKIaIaeThes 13 IBOX I'JIOK MEPEXi, SIKi CIiIbHO HaBYAIOTHCS, pHMa-
IOTh J1Ba BXiH1 300pa’keHHsI Ta TeHEPYIOTh BEKTOPHI PeACTaBICHHs 00MMY4sl KOpUcTyBaya cucteMu. OyHKIis
Brpar Triplet LOSS mae 3Mory HaBuati Mepexy Tak, 1100 BEKTOpPHI MOJAHHS Uil OJHOTO KOPHCTyBava Oyiu
ONM3BKUMHY, a JJIsI PI3HUX KOPHUCTYBAYiB — BiIIaICHUMHU.

HaBuanHs Ta onTumiszauisi TeX BiIirparoTh BaXJIUBY POJIb y BHKOPHUCTaHHI HaOOpy HaHUX, IO
MICTHTh TapH 300pakeHb OOMMYYA IJIi TPEHYBaHHS Ta TECTYBaHHS, sIKi HEOOXiIHO ONTUMI3yBaTH IS
ajanTauii Bar Mozeni mig yac HaB4aHHs. OTpUMaBILY HABYCHY MOAEIb, HEOOXiTHO BUKOPHCTATH OKPEMHH
OTPHMaHNX BEKTOPHUX TpenacTaBiieHb. Jms ycmimmboi iMruieMeHTamii ABOGAKTOPHOI aBTeHTHdIKaI],
30CepeKYIOUHNCh Ha TEXHOJIOTI] MOIIYKY, pO3Mi3HaBaHHS Ta MOPIBHIHHS OOIUYYsI KOPUCTYBAUiB, MOTPiO-
HO BpaxyBaTH KiJIbKa KJIFOUOBHX eTamiB Ta geraneii. HeoOXiqHO BU3HAYMTH KOHKPETHI BUMOTH JI0 O€3MeKH
Ta MIBUAKOCTI CHCTEMH, BUOpPATH TEXHOJIOTII0 PO3Mi3HABaHHSA OONMYYS I peallizaiii APyroro eramy
nBodakTopHOI aBTeHTUdIKAI1. 3HAaI0YM BUOpaHy TEXHOJIOTiIO, BAPTO CTBOPUTH MEXaHi3M IOIIYKY, pO3-
Mi3HAaBaHHS Ta MOPIBHSHHS OO0JIMYYs, IHTEIPYHOUM HOTro i3 PO3pOOJICHOI CiaMChKOIO HEHPOHHOIO Mepe-
kero. BaxximBa yactuHa poboTH — peanizaiis ABoQakTopHOi aBTeHTH(DIKAIIT, Jie epiuil pakTop — JOTiH
Ta MapoJib NIOTOYHOTO KOPUCTYBaua CUCTEMH, a APYTHIA — PO3MI3HABAHHS OO

06’ ekmom docniddcenHs B 1i poOOTI € KOMITIEKCHUH Tporiec aBTeHTH(]iKallii B 1HTEIEKTyalbHUX
cUCTEMax i3 BUKOPUCTAHHIM Bi3yaJIbHOI O10METPUKH, 30KpeMa pO3Ii3ZHaBaHHs 00JIWYYSs, Ta iIMIUIEMEHTAIIIT
ciaMcbKol HEWpPOHHOT MepeKi. BUKoHaHO aHaii3 Ta po3poOJICHHS METO/IIB, CIIPSMOBAaHKX Ha 3a0e3MeUeHHs
Oe3meKy Ta MiaBUIICHHS e(eKTHBHOCTI aBTeHTU(DIKaIIiHOrO mpoliecy. [IpeaMeToM MOCIIHKEHHS € TaK0X
nBodakTopHa aBTEHTU(}IKAIis, SKa BUKOPHUCTOBYE TEXHOJIOTIIO IOIIYKY, PO3IMi3HABAHHS Ta TOPIBHSHHS
00JIMY KOpUCTYBauiB cucTeMu. JleTanbHO PO3TIISTHYTO BHKOPHCTAHHS Bi3yanbHOI OIOMETpHKH sk Oe3re-
YHIIIOr0 METOy MOPIBHSHO 3 IHIIMMHU BUAaMHU 1BoGakTopHOi aBTeHTU(DIKaMii. [IpeqMeToM mociimKeHHs
Contrastive Loss ta Triplet Loss. OcHoBHY yBary mpuIijieHO po3po0IeHHI0, HABYAHHIO Ta iHTErparii miei
MEpPEeXKi B IHTEICKTYaIbHy CUCTEMY ISl 3a0e3MeUeHHs HaaiiHOT aBTeHTU (KAl KOPHCTYBaYiB.

Ilpeomemom Oocniodcennsi € cucreMa aBTeHTH(IKALil B 1HTEIEKTyaJbHUX CHCTEMax, CIIPSIMOBaHA
Ha 3aXMCT iHpopmanii Ta 3abe3nevyeHHs] BUCOKOI e)EeKTUBHOCTI KOPUCTYBaUiB. Y MeKaxX CTaTTi KOHKPETH-
30BaHO JOCIIIKEHHSI METOMIB aBTeHTU}IKALi], 30KpeMa BUKOPHUCTaHHS Bi3yaJbHOI O10METPUKH, TAKOI SIK
pO3Mi3HAaBaHHA 00JIMYYs, Ta CiaMCbKOT HEMPOHHOI MepeKi IJIsl AOCSITHEHHS ABO(GAKTOPHOI aBTeHTH(iIKALIii.
OO0’ €eKT AOCTIIKEHHS PO3LIMPEHO HAa PO3POOJIECHHS Ta ONTHMI3aLil0 1HTEIEKTYalbHOI CHCTEMH, SIKa OXOIUTIOE
eTanu ONpALlOBaHHA Ta 30epeKEHHA KOPUCTYBALBKUX JaHMX, PO3Mi3HABAHHS OOIMYYS 3 BUKOPHUCTAHHIM
ciaMcbkoi HEHpOHHOI MepeKi, BIPOBAKEHHS ABOGAKTOPHOI aBTCHTU(]IKALi Yepe3 TEXHOIOTiI0 MOLIYyKY
Ta MOPIBHSAHHA 00MMY KOpHUCTyBauiB. O0’€KTOM AOCTiIKEHHS € e()EKTHUBHICTH Ta Oe3MeKa Li€l CUCTEeMH,
30kpeMa 3actocyBanHs (yHkuiii Contrastive Loss ta Triplet LosS mms peamizamii ciaMcbkoi HEHpOHHOI
MEpexi, a TAKOXK OIliHKAa BIUIMBY i€l CUCTEMH Ha MiHIMI3allif0 PU3WKY HECAHKI[IOHOBAHOTO JIOCTYIY IO
KOPUCTYBALIbKOT'O aKayHTY.
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InTenekTyanpHa cucTeMa, pealli3oBaHa B Ll HAyKOBi poOOTi, iIMIIEMEHTYe HayKOBY HOBU3HY uepes
BIOCKOHAJICHHS Ta TO€IHAHHS IEPEOBUX METONIB OioMeTpryHOI ifeHTH(iKalli Ta MAalIMHHOTO HAaBYAHHS.
OnHi€ro 3 KIMIOYOBUX 1HHOBALiil € BUKOPUCTAHHS CiaMChKOi HEHPOHHOI MEpesKi ISl PO3Mi3HABaHHS OOIUYYs.
Le#i miaxin gae 3MOry BpaxOBYBaTH YHIKaIbHI PUCH KOXKHOTO KOPHCTYBada, 3a0e3Meuytoun BUCOKY TOUHICTb
inentuikanii. Pearizamist Ta TpeHyBaHHsI HEHPOHHOT Mepesxi 3 BukopuctanusaM Triplet Loss Function e inHo-
BallilHUIM KPOKOM Yy HampsiMi BIOCKOHAJICHHS OIOMETpMYHMX METOHiB. IHTerpaiis TexXHOJOrii MOLIYKY,
pO3Mi3HaBaHHS Ta TOPIBHSHHSA OONMY SIK CKJIAMOBOi JBO(AKTOPHOI aBTEHTU(]IKAIIl € JOIATKOBHM HOBO-
BBEJCHHSM. Y HayKOBill poOOTI TaKOX MPHUIIICHO yBary onTuMizawii MeToaiB GioMeTpryHOi inenTudikamii 3
BUKOPHUCTAHHAM TIE€PEIOBUX AJITOPUTMIB T4 METO/IB, L0 CIPUSIE MiABUIICHHIO TOYHOCTI Ta €()eKTUBHOCTI PO3-
mi3HaBaHHs 00NMMyYsl. [HTerpamis BCiX eTamiB, ypaxoBYIOUH po3po0JICHHS] HEHPOHHOI Mepexi, IMIIIEMEHTALIif0
JIBoQakTopHOI aBTeHTU(]IKaLii, onTHUMi3aLito OioMeTpryHOi izeHTU]IKaLi Ta iHII, B €IUHY 1HTENEKTyaIbHY
CHCTEMY — HOBaTOPCHKMH MiAXia 0 BHUpILICHHS MpoOieM Oe3nekd Ta aBTeHTH(IKaLil B IHTEIEKTyaIbHHUX
cuctemax. Llei KoMIIeKCHUI HayKOBHH MiIXi/ CIIpsSIMOBaHUN HA CTBOPEHHA e(D)eKTUBHOI Ta HAZIIITHOI CUCTEMH,
sIKa MOXE€ MIHIMI3yBaTH PH3HMK HECAHKLIOHOBAHOTO JOCTYIy Ta 3a0€3MEUMTH BUCOKUI piBeHb Oe3MeKu
KOPHCTYBaYiB.

AHaJIi3 OCTAHHIX JOCTIKeHb Ta MyOaiKamin

V crarri [1] 3po6aeHo BaxiuBHil BHECOK y cepy KibepOe3mneku Ta aBTOMAaTU30BAaHOTO BUSIBICHHS
Bpa3NUBOCTEH. ABTOpU NMPOINOHYIOTH BUKOPHCTOBYBAaTH I'padoBi HEHPOHHI Mepexi Al aBTOMAaTHYHOIO
npucBoeHHs igeHTudikatopie Common Weakness Enumeration BpasmuBocteil. OnHi€ro 3 KIFOYOBHX
nepeBar CTaTTi € 3aCTOCYBaHHA IpadoBUX HEHPOHHUX MEPEXK, IO Ja€ 3MOTY MoJeli e(heKTUBHO aHaIli3y-
BaTH B3a€MO3B’SI3KM MK PI3HUMH BpPA3IMBOCTSMHU Ta IX XapaKTepPUCTHKaMH. BukopucraHHs rpadoBux
CTPYKTYp MOXe€ MOKPaLIMTH SKICTh igeHTudikamii Ta knacudikauii BpasnuBocteld. JoOpe BukIaneHHUH
OrJIA] PI3HUX METOAIB BHSBJICHHS BpaszauBOCTEHd Ta mpucBoeHHs ineHTtudikaropie CWE cBimunts mpo
rmOoOKe Po3yMiHHS TIpeaMeTHOi oOmacti aBTopiB. Ilpomosuimiss BUKOpHcTaHHA TrpadOBHX HEHPOHHHX
MepeX y KOHTEKCTI LBOr0 3aBJAHHS € OPUTIHAIBHOIO Ta MEepCHeKTHBHOW0. OmHak Oa’kaHO NOKIaaHIIIe
00roBOpUTH 0OMEKEHHS Ta MOKIIMBI PU3UKU BUKOPUCTAHHS 3alIPONIOHOBAHOTO Mmiaxony. JlogaTkoBi aera-
Jii 1010 BUOpaHUX MapaMeTpiB rpadoBUX HEHPOHHUX MEPEXk, METOJIB HABYAHHS Ta Balijallii TAKOXK I0-
KpallaTth PO3yMIHHS YMTaya IOJ0 CTAOLIBHOCTI Ta HamidHOCTI Momeni. CTaTTs MpeacTaBiise IHHOBAIIMHUI
TIX1JT 10 TpoOJIeMH BUSIBJICHHST BPa3JIMBOCTEH Ta aBTOMaTH30BAaHOTO MTPUCBOEHHS ineHTudikaTopie CWE.

B po6ori [2] 3amporoHoBaHO HOBATOPCHKHIA MiAXis H0 PO3POOICHHS IHTEIEKTYAIBHOI CHCTEMH IS
comiaiizallii 3 ypaxyBaHHSIM OCOOMCTHX 1HTEpECiB Ha OCHOBI TexHojoriii SEO Ta MeToniB MaIIMHHOTO
HaBuaHHS. [lO3UTHBHMME acmeKTaMHU CTaTTi € BIpOBaJDKeHHs inei BukopuctanHs SEO Ttexnomoriit y
KOHTEKCTI CoIliabHOl Tmar@opMu JUIsl B3a€MOJil KOPHCTYBadiB MiX co00i0. BukopucTaHHsST MeTolniB
MAIIIMHHOTO HaBYaHHS IS aHAi3y Ta pEKOMEHIAIlil CTOCOBHO OCOOMCTHX IHTEPECIB TAKOXK CBIAYUTH PO
BUCOKHH PiBeHb TEXHIYHOI KOMIIETEHTHOCTI aBTOpiB. ImocTpaTuBHUiA orisi nmpobiieM Ta BU3HAYCHHS 0a3n
JUTSL PO3POOJICHHS IHTEIEKTYalbHOI CHCTEMH PO3IIUPIOIOTH MOXKIIMBICTh BUKOpHCTaHHS SEO TexHoorii.

Astopu B crarti [3] ommcanu 3actocyBanHs Siamese Trackers Ha OCHOBI TIMOOKHX O3HAK JUIs
3aBJIaHHS Bi3yaJbHOT'O BiJCTEXKEeHHs. JIOCTIIHUKHM BUCBIT/IIOIOTh BaXKJIMBI ACIICKTH BUKOPUCTAHHS IIIHOO-
KMX O3HaK Ta Mojeieil Siamese is MMiABMINEHHS TOYHOCTI Ta €()EKTHBHOCTI BiJCTEXKEHHS 00 €KTIB Y
Bineomnotori. [lepeBaru crarti — 4itke GOpMyITIOBaHHS MPoOJIeMH Ta JOLUTbHICTE BHOOpY Siamese Trackers
JUTS BEpIIIEHHS 3aBJIaHb Bi3yalbHOTO BijcTexeHHs. OcoONuBY yBary ImoTpiOHO 3BEpPHYTH Ha OOIPYHTY-
BaHHS BUKOPHUCTaHHS TJIMOOKUX O3HAK, IO JAF0Th 3MOTY JOCSTTH BUCOKOI TOYHOCTI BIZICTEXKEHHS 00’ €KTIB
y BapiaTHBHHMX YMOBaX. ABTOPH PETENbHO PO3IIIAAAIOTE Pi3Hi actekTn pearmizartii Siamese Trackers, Taki
SK apXiTeKTypa IITHOOKHUX Mepexk, QYHKIIIT BTpAT Ta METOAHM OHOBIICHHS MoJieli. Lle poOUTh cTaTTio Kopuc-
HOIO JIJISl JIOCHTITHUKIB Ta MPAKTHKIB, AKI IMIKABIATHCSA yIOCKOHAJCHHSIM TEXHOJIOTIHM Bi3yallbHOrO BijacTe-
skeHHs 00’ exTiB. HacamKiHelb 3a3HaYMMO, 110 CTATTS MOKE CTATH € IIHHIMIOK, AKIIO MOJAIBIII JOCHI-
JDKeHHsT OyayTh CIpsIMOBaHi Ha mopiBHsHHs Siamese Trackers [4] i3 cyyacHMMH METOIaMH Bi3yalbHOI'O
BIZICTeXKEHHS Ta 1X e()EeKTUBHOCTI y pi3HMX ymoBax. Llg poboTa € BaroMum BHECKOM y cepy Bi3yallbHOrO
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BiICTeXXEHHSI, JIe BUKopUcTaHHs Siamese Trackers ta rimmOOKuX O3HAK MOXKE TMOKPALIUTH PE3yJbTaTH B
pearbHUX YMOBaX BiACTEKEHHS 00’ €KTIB.

VY cratti [5] po3misHYTO BaXKJIMBHUil aCEKT BUKOPHCTAHHS CiaMChbKHX HEHPOHHHMX MEPEX Y 3aBiaH-
HSX perpecii Ta KibKICHOrO BH3HAUY€HHS HEBH3HAYCHOCTi. ABTOPH NPONOHYIOTh HOBUH MiAXiA A0 Mif-
BUILIEHHSI €(EKTUBHOCTI CiaMChbKMX HEMPOHHHUX MEPEXK 13 BUKOPUCTAHHSM MapyBaHHS HA OCHOBI CXOXOCTI.
OpHi€ero 3 KIIIOYOBHX TepeBar i€l poOOTH € Biajie BUKOPUCTAHHS i€l momiOHOCTI sl IMiIBUIIICHHS TOY-
HOCTI Ta HaJIHHOCTI CiaMChbKMX HEHPOHHUX MEPEeX Yy 3aBIaHHAX perpecii. ABTOpH MpOaHAIi3yBald BIUIUB
PI3HUX METOMIB MapyBaHHSA HA PE3YJIbTAaTH Ta MPOJEMOHCTPYBANIH, IO MOAIOHICTE-OCHOBAHE MapyBaHHS
CTpusi€ TiJBUIICHHIO e(EeKTHUBHOCTI HEWPOHHHMX Mepex. J(omaTkoBor mepeBaror € Te, IO aBTOPH
BHUBYAIOTh BUKOPUCTAHHS ClaMChKUX HEHPOHHUX MEPEX JJIs KiIbKICHOTO BU3HAYCHHSI HEBH3HAYEHOCTI, 10
€ aKTyaJbHUM HampsIMOM JOCIiMXeHHs. BOHM monaioTh 1ikaBi pe3yabTaTH 1 BKa3ylOTh Ha MOYJIUBOCTI BU-
KOPHCTaHHS MOAIOHOCTI JJIS MIABUINCHHS HAIIHHOCTI OI[IHIOBaHHS HEBHM3HAUCHOCTI B PErpeciiHUX
3agadax. CTaTTs MPOIOHY€E HOBI MiIXOAM PO3BUTKY METOIOJIOTi] BHUKOPHUCTAHHS CiaMCBKUX HEHPOHHHX
MEPEXK y 3aavax perpecii Ta KiIbKiCHOr0 BU3HAYCHHS HEBU3HAYCHOCTI, a MOAI0OHICTh-OCHOBAHE MapyBaH-
HS TIpeicTaBisie epeKTHBHAN TiAXif 10 30iMbIIeHHS X e()eKTUBHOCTI.

AgTopu crarTi [6] 3anmpornoHyBaiu iHHOBAIIWHUN MiAXiJ 10 BUSBICHHS KIOHIB y Java-koji, BHKO-
PHCTOBYIOUHM CiaMCbKy HEMPOHHY MEpEXy Ha OCHOBI OaliT-Koy. ABTOPH PETENbHO IOCTIIXKYIOTH pooiie-
MY BHSIBJICHHS KJIOHIB Y IpOTrpaMHOMY 3a0e3MeueHHi, 10 € aKTyaJbHUM 3aBAAHHIM Y Taly3i po3poOieHHS
porpaMHoro 3abe3neyeHHs Ta o0cayropyBaHHsa. OHIEI 3 KIIOYOBHMX IepeBar Iiel poOOTH € BUKOPHUC-
TaHHA OaWT-KOAY Ul NpeACTaBieHHs Java-komy Ta 3aCTOCYBaHHS CiaMChbKOi HEHMPOHHOI Mepexi A
BU3HAUEHHS CXOXKOCTI MK dYacTHHamMu Kony. Lle mae 3Mory BpaxoByBaTH CTPYKTYPHI Ta CeMaHTHYHI
aCIEeKTU KIIOHIB, IO MOXKE 30UIBIINTH TOYHICTH BUSBICHHS. J[0IaTKOBOIO MEPEBAror0 € BIIPOBAIKCHHS
METOJy ClaMChbKUX HEHPOHHUX MEPEX JUIs MOPIBHAHHS 0alT-KOAy, 10 MOXKE JAOMOMOITH B ineHTH IKAIil
CKIIQJHIMMX (HOpM KIIOHIB, TAKMX SK 3MiHEHI KIIOHH, SKi HEJIETKO BHSBHTHU 32 JIOTIOMOTOIO TPAIHUIIHHIX
MeToiB. PoboTa Takoxx Hasae TOKIAJIHUH OTJISII CyYacHUX METOJIIB BUSIBJIICHHS KJIOHIB, TOPIBHSHHS 1X Tie-
peBar Ta HEOJIKIB, 110 POOUTH i KOPUCHOKO ISl YMTAYiB, SIKI OPIEHTYIOTHCS B I[LOMY IOJI. 3arajibHa
CTPYKTypa Ta MOJAHHA Marepiany B poOOTi € YiTKUMH Ta JIOTIYHUMH, IO MOKPAILIy€e PO3yMIiHHS peaji-
30BaHO1 MeTooorii. UiTko BU3HAYCHI eTaly eKCIIEPUMEHTY Ta OTPUMaHi pe3ysbTaTh J0Jal0Th BaroMOCTI
JIOBEJICHHAM €(DEeKTHBHOCTI 3alpONMOHOBAHOr0 MeToay. Ctartst [7] BHCBITIIOE MEPCIIEKTHBHUM MiAXiT 10
BUSIBJICHHSI KJIOHIB y Java-KoJi, BUKOPUCTOBYIOUM CiaMChKi HEHpPOHHI Mepeki Ha OCHOBI OalT-KO1y, i €
B)XJIMBUM BHECKOM Y rajly3b aHali3y IPOrpaMHOTO 3a0e3MeUeHHS.

VY cratrti [8] mpoaHaiizoBaHo MPOOJIEMy Bi3yalbHOTO BiJICTEKEHHs 0O0’€KTIB Ta 3alpOINOHOBAHO
e(eKTHUBHUH 1 JIETKUI METOJ], Ha OCHOBI BUKOPUCTaHHSA MiAX0Ly Mu(epeHiHOBaHOTO MOLIYKY Helpoapxi-
TekTypu. PoGora 30cepemkeHa Ha JOCSATHEHHI BHUCOKOI €()EKTUBHOCTI BIJICTEXKEHHS 328 OOMEKEHHX
o0uHCITIOBaTIbHAX pecypeiB. OJHIEI0 3 KIIOYOBHX IepeBar 1i€i poooTtu € Bukopuctanns metoqy DNAS i3
METOI0 aBTOMATHYHOrO IOIIYKY ONTHUMAaJbHOI HEHpOoapxXiTeKTypH AJs 3aBAaHHsS Bi3yalbHOro BiacTe-
xeHHs1. Lle nae 3mory aBTOMaTHU3yBaTu Mpolec BUOOPY ONTHUMAIBHOT MOJIET, IO BaXIJIMBO JUIS TOCATHEH-
Hsl BUCOKOT e(heKTUBHOCTI 3a oOMexeHux pecypciB. Crarrs [9] metansHo omumcye mporec audepeHiiio-
BaHOr0 MOIIYKY HEWPOapXiTEKTypu Ta MiIXOAW A0 3a0e3MEUeHHs JIETKOCTI MOJIENi i 3a0e3meucHHS
BUCOKOT LIBHIKOZII B peaJbHOMY 4aci. ABTOpH BIPOBaKYIOTh €(PEKTHBHI MEXaHI3MHU ISl 3MEHILCHHS
00csAry Ta 00YHUCITIOBAJILHOI CKIAIHOCTI MOJIENI, 1110 POOUTH i1 MPUIATHOO )i BUKOPUCTAHHS B 3MIHHUX
ymoBax. JlOCSATHYTI pe3yibTaTH BKa3ylOTh Ha BHCOKHU piBEHb €(EKTHBHOCTI Ta IIBUAKOAIl MPOIMOHO-
BAHOT'O METO/Y MOPIBHSAHO 3 IHIIMMH HiAXOAaMH Bi3yaJbHOTO BiACTE)KCHHA. EXCIEpHUMEHTH [OOJaTKOBO
HiATBEP/UKYIOTh KOHKYPEHTOCIPOMOXKHICTh PO3POOICHOT MOJIETI.

Asropu crarti [10] onmcanu po3poOieHHs: eheKTUBHOI CHCTEMH PEKOMEHMAIiN 3 ypaxXyBaHHIM
B3a€EMHOCTI Ta MOMYJSIPHOCTI. ABTOpH MpPOINOHYIOTh BUKOpHCcTanHs Siamese Bi-Directional Gated Recurrent
Units network mmst nocsirHenss 1iei Metr. OHIEI0 3 KIIOYOBHX HepeBar Ifi€i poOOTH € BHKOPHUCTaHHS
Siamese Bi-GRU network asst MoeiroBaHHsI B3aEMHOCTI MK KOPHCTYBa4aMH Ta 00’ €KTaMH, BPaXOBYIOUYH
ixni B3aemonii B 4aci. Lle mae 3Mory BpaxoByBaTH IWHAMIKy BiTHOCHH MiK KOPHCTYBauaMH Ta 00’ €KTaMHu,
10 BXJIMBO Yy KOHTEKCTI peKOMeHAaUidHux cucrteM. CTaTTs MICTUTh YiTKE ONMKCAHHA BHKOPHCTAHUX
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METO[IiB Ta Mojieneil, 30kpema, Siamese Bi-GRU network, 1o nosneriiye po3yminas unta4esi. JleTanbpHuii
aHaJIi3 pe3y/bTaTiB EKCIEPUMEHTIB Ta MOPIBHAHHA 3 1HIIMMHU MiAXOJaMH MiATBEPKYIOTh e(pEeKTUBHICTDH
3aIpONOHOBAaHOI MOJIENi B YMOBaxX peKoMeHAaliiiHux cucteM. OKpiM TOTo, y poOOTI pO3TISHYTO Ypaxy-
BaHHS IMOMYJISIPHOCTI 00’€KTIB MiJ 4ac HaJaHHS PEKOMEHMAIiN, IO MiJBHILYE pealli3M Ta aKTyaJbHICTh
PEKOMEHIAIITHOT CUCTEMHU.

VY crarti [11] posrisiHyTo mpoOGieMy BHSIBICHHS Pi3HOMAHITHHX MATEPHIB AWXaHHS HAa OCHOBI
HEIEPEPBHUX CUTHAJIB IUXaHHS JIIOJUHHM 3a JOIIOMOIOI0 OJHOBHMIPHOI IITYYHOI HEHPOHHOI MEpexi Ta
MeToay Kiacudikamii 1 KOXKHOTO THUIY TUXaHHsS. ABTOPH IPONOHYIOTh HOBUI MiAXix, cpsMOBaHUM Ha
PO3LIMPEHHST MOXKIIMBOCTEH BUSBJICHHS Ta Kiacuikawii pisHOMaHITHUX 3pa3KiB auxaHHi. OmgHa i3 cyTTe-
BUX TepeBar CTATTI MOJISATAa€ y BUKOPHCTAHHI OJHOBHUMIPHOI MITy4HOI HEWPOHHOI MEpexi, Mo MOXKe
e(heKTUBHO OOPOOIIATH MOCIiJOBHOCTI CUTHANIB JUXaHHS. Y IPOBA/HKCHHS KIACHU(IKAIHHOTO METOY IS
PI3HUX THITB JAWXaHHS Ja€ 3MOTY OTPUMATH JeTani3oBaHy iH(OpMaIlilo Ta MiJBUIUTA TOYHICTh BH3HA-
YEeHHS1 KOHKPETHOTO matepHa. ExcriepuMeHTanbHi pe3yabTaTH BKa3ylOTh HA BHCOKY TOYHICTH BUSIBICHHS
ta kiacugikaiii pi3HUX MATEPHIB AUXaHHA. ABTOPH TaKOX IETalbHO OOTPYHTOBYIOTH [12] BHKOpHCTaHI
METO/Y Ta AITOPUTMH, IO CHPUSIE 3aralbHOMY 3pO3yMiHHIO MEXaHi3My POOOTH CUCTEMHU.

@DopMyJII0OBAHHS WiJi CTATTI

VY xoxi pobotH HEOOXiAHO BHOpaTH OCHOBHY (DYHKLIIO MiAPAaXyHKY BTpaTr, 0a30BUM BapiaHTOM BHKO-
pucranss € pyHkiis KonTpactHux Brpar (Contrastive Loss Function) [14], siky B ciaMcbKili HSWpOHHI# MepexKi
3aCTOCOBYIOTh AJIsl HABYaHHS MOJIET Ha Mapax BXiAHHUX 3pa3kiB. OCHOBHA MeTa MOJISrae B TOMY, 00 30JIMKy-
BaTH BEKTOPHI MPEICTABJICHHS MOMIOHMX 3pa3KiB 1 BIAAAIATH BEKTOPHI MPEACTABICHHS BiJIMIHHHUX 3pa3KiB.
OyHKIISI KOHTpacTHUX BTpaT BU3HAYA€ BTPATH Ul Map 300pakeHb y Takui crmocid, mo0 BoHM Oynm
MIHIMI30BaHi, SIKIIO 300payKeHHs MOi0HI, 1 MAKCUMI3yBaJIMCs, SKIIO BiMiHHI. 3a3BHYaii BOHA BUKOPUCTOBYE
TIOHATTS “MO3UTHBHUX Ta “HETaTWBHUX  Tap, 1€ MO3UTHBHI Mapy CKIAAIOTHECS 3 OJHAKOBUX a00 TOAiOHMX
3pa3KiB, a HETaTUBHI NapH — 13 BiMiHHUX. DYHKIII0 KOHTPACTHUX BTPAT MOXHA BU3HAYUTH PI3HUMH CIIOC00a-
MH, aJie OJJWH i3 TIOMYJISPHUX BapiaHTiB — BUKOPUCTAHHs €BKJIJJOBOI BiJICTaHI MK BEKTOPHHUMH IIPE/ICTaB-
JIeHHsIMU 300paxkerb [15]. 3a3Buvaii BTpaTu Uisl MO3UTHBHKUX MAp HAMArarOThCsl 3pOOUTH EBKIIIZIOBY BiICTaHb
SKHAWMEHIIIOI0, a JUIs HETaTHMBHHUX Map — SKHAKOUIBIIOM, 3a0e3nedyrour UM c()eKTUBHE HAaBYaHHS IS
BEKTOPHHUX Mpe/cTaBlieHb. DYHKIII0 KOHTPACTHUX BTpAT BU3HAYalOTh 3a (opmysoro (1), ae D,, BU3HAYAIOTH
SIK €BKJIIJIOBY BiJICTAHb MK BUXOJIAaMH CYMDKHHUX HEHPOHHUX MEPEK, SIKY MiJPaxoBYIOTh 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 BTpAaT MOXKE 3aleXaTd BiJ rineprnapamerpis,
TaKuX SIK BiZICTaHb Mi)K MO3UTUBHAMH Ta HETATHBHUMH 3pa3KaMH, sika MOTpeOye YBa)KHOTO HANAIITYBaHHS.
Jns edpextuBHOrO HaBYaHHS (QYHKLII KOHTPACTHUX BTPAT HEOOXiAHWH Aeskuil OaslaHC MK TO3UTHUBHUMHU
Ta HETaTHBHUMH I1apaMH, IO 1HOMI CKJIaJHO 3a0e3MeYnTH B peajbHUX NaHuX. Pesymbrath (QyHKIIT
KOHTPACTHUX BTPAaT MOXE ICTOTHO 3MIHUTH SIKICTh BEKTOPHHUX IpEICTaBJICHb, SIKI Hamae MOJIeNb. SKIIo
MOJIeNTb Hee()eKTUBHO BHBYAE€ KOPUCHI O3HAKH, TO 1 pe3ylbTaTH (QYHKIII BTpaT MOXYTh OyTH HealleKBaT-
HUMH. Y pa3i BENUKOI KiJIbKOCTI KJIAciB BaXKO MifiOpaTH eQeKTHBHI Mapy AJsl MOPIBHSIHHSA, IO MOXE
NPU3BECTH 10 MEHII e(eKTUBHOro HaBYaHHS. OTxe, s eeKTUBHOI poOOTH BapTO BUKOPUCTOBYBATH CY-
yacHimy QyHKIN0, Taky sk TpumietHa ¢ynkuis Brpar (Triplet loss function [16]) — ue oauH i3 BuIiB
(GyHKUil BTpaT, SIKUM 9acTO BUKOPHCTOBYIOTH y ClaMCBKHUX HEHMPOHHHX MEpexax Uil HaBYaHHS Mozesen
MOPIBHSIHHIO 00’€KTiB y BEeKTOpHOMY Mpoctopi. OCHOBHA ijies TPUIUIETHOI BTPATH MOJSTAE B TOMY, 1100
3a0€e3MeYUTH PO3TALIYBAHHS BEKTOPHHUX MPEICTABICHD CXOKUX 00’ €KTiB OJM3BKO OJUH JI0 OJHOTO, TOMI K
BEKTOPHI MTPEJICTABJICHHS Pi3HUX 00’ €KTIB MalOTh OyTH BIIOKPEMIICHI B ITPOCTOPI.
OyHKIiS BTpaTH Ma€ TPU 3pa3Kd. SK MO3UTHBHUM, TaK i HETATUBHHUH 3pa3oK ISl KOHKPETHOTO

00’€KTa, a TaKOX HETaTUBHUI 3pa30K sl iHIIOro 00’exTa (TpUBiabHO HEraTHBHHIT). Mera mossrae B
TOMY, 1100 3MEHILIUTH BiICTaHb Mi’K BEKTOPHUMH MPEICTABICHHSIMH MTO3UTUBHOTO Ta SKIipHOTO (TpHBiaib-
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HO HEraTMBHOTI'O) 3pa3ka i, BOJAHOYAC, 301IBIINTH BiJICTaHb MiXX BEKTOPHHMH MPEACTABICHHIMH SKipHOTO
Ta CKJIaJHOTO HETaTUBHOTO 3pa3ka. Ha prc. 1 3006paxeHo KOHIeNTyallbHY MOJIENTh pOOOTH TPUILIETHOT (pyHKIIIT
BTpAT, SIKa MiCTUTh KJFOUOBHH BBif [17] (sSKipHHii), a TAKOXK MMO3UTUBHKI 1 HeraTMBHUI 00’€KTH Ha BXomi. Ha

pHC. 2 MoAaHO MOAEIb claMChKOI HEHPOHHOI MEpesKi 3 10JaHOI0 TPUIUIETHOIO (PYHKII€I0 BTpaT.

e —

Mopens I—
Au . . . Buximanii
KitrouoBnii BBif; Crinbai
BekTop 1
Baru 1 - Ta cama
L.’ N JIIOJINHA
\ Mopens F TloTpiitHa BTpaTa -
A 0 - inma
Tlo3uTHBHMIA BB CrisbHi . .
I B amii JIFOTMHA
Baru
BEKTODp 2

( .’ 4
7@} 4’| Monens I_
@ Ym
HeratuBnuii BBij:

Puc. 1. Konyenmyanvua modens pobomu mpuniemuoi Qyukyii empam

TosuruBHuii BBix; | Beix: | [(Hema, 128, 128, 3)]
Bxiauuii map Busin: | [(Hema, 128, 128, 3)]

Heratusuuii Beix: | Bsein: | [(Hema, 128, 128, 3)]
Bxiauuii map Busin: | [(Hema, 128, 128, 3)]

Mogens KomyBaHHs: | BBiX: (Hewma, 128, 128, 3)

Kirouoswuii Beix; | Bsin: | [(Hema, 128, 128, 3)] INocninoBHM# map | Bugin: (Hewma, 256)
Bxinnuii map Bugin: | [(Hema, 128, 128, 3)] i
Moygiesb BifcTaHi: Bsin: (Hema, 256)

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

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

OTprMaHi BEKTOPH MEPENalOThCA Ha PIBCHb BIJACTaHi, J¢ OOYMCIIOETHCS BIJICTAHb MiX Iapamu
(mpuB’s3Ka, AomaTHMiA) Ta (IpUB’sI3Ka, Bix €MHU#). Y 1IbOMY KOHTEKCTI MH BUKOPHCTOBYEMO CITEIiabHIH
map [uisi 00YMCIICHHS BiZICTaHI MK MOTOYHUMH BekTopaMu o3Hak [18]. Lle#t map BpaxoBye BificTaHb MiX
BEKTOPaMHU Ta T'€HEPYE BIAMOBI/Ib, KA CTA€ OCHOBOIO JIJIS MOJAIBIINX KPOKIB, TAKUX SIK HABYAHHS MOJEII
JUTsL 3a0e3rneueHHsT e(D)eKTHBHOTO TMOPIiBHSHHS 00’ €KTiB. [ligpaxyHOK BEKTOPIB HETATHBHOTO 1 TIO3UTHBHOTO
3pa3kiB HaBeneHO y Gpopmynax (3) ta (4), y popmyri (5) — o0UMCICHHS TPUILIETHOT QyHKIIIi BTpaT.

n=1f% - M2 )
=4~ Pl @)
Loss (4, P,N) = max(llf(4) — F(P)II? — IIf(4) — FNII? + ,0), 5)

ne A — sikipuuii (MTO3UTUBHUK) 3pa3ok; P — MO3UTUBHUE 3pa3ok (TO# camwuii kiac, mo i A); N — HeraTtus-
Hui 3pa3ok (iHmmi kinac); f — QyHKIs, sSKa BU3HAYA€ BEKTOPHE TMOJAHHS 00’ €KTa; @@ — Mapamerp, SKUii
BU3HAYa€ MiHIMAIBHY BiJICTAHb MK TIO3UTHBHUAM Ta HETAaTHBHUM 3pa3kaMH; PO3MIpH KOKHOTO Imapy i
BXI1JIHI TapaMeTpH ciaMChKOi HEWPOHHOT Mepexi 3 TPUIUIETHOO (PYHKITIEIO BTPAT HaBeJeHO B Tabu. 1.
CiaMchka HeHipOHHA Mepeka 3 TPUILICTHOI (YHKIIEI0 BTPAT Ma€ BEIHKY KiIBKICTh TIepeBar, a came
e()EeKTUBHICTh y B3aeMOJIi 3 OOMEKEHUMH JaHUMH, TOOTO B YMOBaX OOMEKEHHX HaBUAIbHHMX IaHMX,
OCKIIbKM BOHHM BHUKOPHCTOBYIOTh TPH 300paKe€HHs Uil HaByaHHs, a He mapu. Momenb [19] moxe
HABYATHCS y3aralbHIOBATH O3HAKH, BaYKJIMBI JJIsl BIJOKPEMJICHHS Pi3HUX KJIAciB a0 eK3eMILISIPiB BXiTHUX
manux. TpumierHa ¢yHKLiS BTpaT AOMOMAara€ y BHpIIICHHI NPOOJIEMH CXOXKOCTI Ta BIAMIHHOCTI B
IPOCTOpi BEKTOPIiB 03HAK, 3MEHIIYIOUHN BiACTaHb MK MO3UTUBHUMH HapaMH Ta 301IbIIYIOYH BiICTaHb MK
HETaTMBHUMH NapaMu. Mozenb MOKHa BHKOPHCTOBYBATH JAJISl PI3HOMAaHITHHMX 3aBAaHb, TAKUX SIK pO3-
ni3HaBaHHA 00JIMYYs, BUOKPEMJICHHS 00’ €KTIB UM PO3Ii3HABAHHSA MMATEPHIB, IO SIKpa3 HEOOXiTHO B HAIIIH
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CHUTYyalii, OCKiIbKM TaM MoTpiOeH onuH KiHueBuid GpopmaT podoTu 3 hotorpadisMu KOpUCTyBadiB i BUOK-
pEeMJICHHS 00JINY KOPUCTYBaviB.

Tabnuys 1
Ilnan MoneJi ciamcbKoi HelipoOHHOT Mepexi
[Tap Pozmip ITapameTpu
3ropTka 96x11x11 Kpoxu = 1
OO0’ eHaHHA 128%x2x2 a=10-5,=0,7
Binkunanas - k=2,n=2
3ropTka 256x5%5 Kpoxku = 2
O6’enHaHHA 96x2x2 Kpoxku = 1, npuknazaHi psiau = 2
Binkunanas - a=10-5,4=08,k=2,n=2
3ropTka 384x3x3 Kpoxku = 2, npuknanHi psan = 2
O06’enHaHHA 64x2x2 Kpokn =2, p=0.35
Bigkuganas - a=10-5,4=09,k=2,n=2
TToBHicTro 3aBanTaxxkennii 1 | 1024 p=0,45
TToBHicTrO 3aBa”TaXeHnit 2 | 128 p =0,55
[IpuxoBaHuit BOymoBaHUI 128 Kpoxu = 1

VY ciaMcbhKoi HEUPOHHOT MEPEIXKi 3 TPUILICTHOI (DYHKIIIEI BTPAT € 1 MEBHI HEJOJIKH, a caMe: MOJIEb
MoKe OyTH UyTJIIMBOIO JI0 BHOOPY TileprnapaMeTpiB, TAKUX SK PO3MIp TPIHOK Ta MapaMeTpiB TPHUILIETHOI
(hyHKIIT BTpat, 0 iHOMAI MOTPeOye TOAATKOBOrO HAJAINTYyBaHHS, aje 116 HEKPUTHYHO B MEXKax CTBOPIO-
BaHOI 1HTEJNIEKTYaJIbHOI CHCTEMH, OCKLTBKH 00po0IsTUMYThes (hoTorpadii, 3Be/IeH] 10 OTHOTO THITY, SIKUH 1
Oyzie TMOYAaTKOBO HAJAINITOBAHMM. 32 BEJIMKOTO OOCATY JAHMX MOXKE BUHHKHYTH Ipobiema migdoopy
e()eKTUBHUX TPIMOK i1 HABYAHHS, a TAKOXK 30IBIIUTHCS OOYMCIIIOBAIbHA CKIIAJHICTh, IO TaKOXK HE Bi-
JITrpae BEIUKOI poJii B MeKaxX MOTOYHOI CUCTEMH, OCKUIBKH JIJISl OJTHOTO KOPHCTYBadya B MOMEHT Yacy Oy-
IyTh 00poOusaTHCs nuie NBi ¢pororpadii — morouHa ¢pororpadis KopucTyBaua 3 BAKOPUCTAaHHIM BeOKame-
pu Ta 30epekeHa B 0a3i JaHUX CBITJIMHA. Y BUIMAJKY HEMPAaBIIBLHOTO MiIOOPY TPHUILIETIB JUIS HABYAHHS
MOJK€ BUHHUKHYTH Mpo0jieMa, KOJIM MOJCNIb HaBYAEThCS HEAOCTAaTHhO €(EKTUBHO 1 HABIAKH, SK 1 Oararo
IHIIMX MOJeTe, ciaMChbKi HEHMpPOHHI Mepeki MOXYTh OYTH CXWILHHUMH JI0 TIepeHaBYaHHS, 0COOIHMBO 3a
00OMEXEeHHX JIaHWX, [0 MOTPIOHO BpaxyBaTH Mij Yac pealizanii ciaMChbKoi HEMPOHHOT MepexkKi Ta BUOOPY
JaTaceTy JUIsl HaBuaHHsS Mozeini. Ha puc. 3 HaBeneHo JieTai3oBaHy CTPYKTYPY CiaMChKOI HEHpOHHOT Mepe-
1 3 TPUILIETHOIO (DYHKLIEIO BTPAT, PO3MIP KOXHOTO LIapy Ta HOro BXiJHI MapaMeTpH.

ITpuxoBanuii
BOYIOBaHUH mIap -
®ororpadis 1 . . . 128 ITosHicTio
) 2x2  Bimkumauus 2x2  Bigkupanss 5 2x2 Binkupanms 1024 TIOBHICTIO 000 o wcermii map
00’ eaHaHHs 06’ eHanHs 00 €HaHHA 3aBaHTKCHUIT map
11x11 3x3 sropTka .
X11 sroprika 5x5 sroprka BuyTpiniss HeiiponHa Mepeska 1
EBkiinoBa BincTanb
VY (a-by
2 LN
28 I [
. . 128 Topmicrio | BOyROBaHHii map -
®otorpadis 2 2x2  BinkunaHas 2x2  Bigkunanus , X2 Bigkuaanas 1024 TIOBHICTIO 45 o rascermit map 128
00’ etHaHHS 06’ €/THAHAS 00’ €/HAHHsT 3aBaHTAXCHHUH map
11x11 3x3 sroprka .
XL sropria 5x5 3roprka BuyTpinrss HelipoHHa Mepexa 2

Puc. 3. emanizoeana cmpykmypa ciamcvbkoi HellpouHOi mepedici
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Ha puc. 4 nogano 61ok-cxemy poOotu (yHKUioHady iHimiamizanii qBodakTopHOI aBTeHTUdIKAil
KOpUCTYBaua B IHTEJEKTyallbHill cucteMi 3a gornoMorow ¢ororpadyBaHHs, MOUIYKY O0IMYYS Ta HOAAIb-
Ioro 30epeKeHHs MeiaKiroda B 06a3i TaHuX.

TouaTok .
- 36epertu poTorpadii _| 36epertu B B/] yac Ta naty ycmimHOTO
B bJ1 po3mi3HaBaHHS O0IUYYs
3miHa

\_¢

HaJIallTy BaHb
. OnoButu B b/1 daiinu
l Bci o6nuaus Hespane HoryBaHHg)
‘ VBimkuyTH 2FA ‘ criBnaam po3Mi3HaBaHHs f
‘ 36eperTy HaIalTyBaHHs ‘ @ CHOBICTHTH KOPHCTyBada IIpo

ycminHe BMUKaHHsA 2FA

s
po3mi3HaBaHHS

OO0 ust
3HAWJICHO

IlepeiiTn Ha CTOPIHKY
nonasaHHsa 2FA

|

Hapatu Heo6ximHi 3HaNWTH U HA
JO3BOJIH (bOTOl"paq)iﬂX KiHeLIB
AKTHBaLA R 3poOuTH IeKiTbKa
BeOKamepu ¢dororpadiit kopucrypaga

Puc. 4. Iniyianizayis osogpaxmoproi asmenmudhikayii kopucmyeaua 6 iHmeneKmyaibHitl cucmemi

Ha puc. 5 HaBeneHo 0710K-cXeMy Ipollecy aBTeHTH]IKAIlil KOPUCTYBaJa, a came BajIijallii BBEACHUX
noriny Ta maposs, 30epexenns B localstorage ¢ororpadii kopucryBaua, 3po6aeH0T 3a JOITOMOT0r0 BeOKa-
MepH Ta TOPIBHSHHS MOTOYHOI (ororpadii 3 Bke HasIBHOIO B 0a3i JaHUX, IO MICTHTh OONHWYYSI KOPHUC-
TyBaya. SIKIIO 03HAKM 30iraloThCs, KOPUCTYBAY IHTEICKTYAIbHOT CHCTEMH OTPUMYE JOCTYI JI0 HasBHOTO

(hyHKITIOHATY.
Jlorin Ta mapoJs | l
KOpHCTyBaya JocTym 10 PoGoTa koprcTyBaya B
¢ OOJIIKOBOTO 3aIHCy CHCTEMI
Basmiganist BBegeHol
iHpOopMAarii Kinens HeUb
X 3aBepIIUTH Y CITIIITHUH
Hi npoiiec aBTeHTUdiKaril
i
KopwucryBad icHye T Tax
Tax TlopiBusiTt pororpadiro oOITHuIUst
; KIZ) HUCT B(eil)qa 3ir;6(3:) E€KEHOIO Hu oGt
AxTHBaLIs P Y ; p. TE came
BeOKamMepH dororpadiero B 6a3i qaHUx
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3pobutu poTorpadiro 36epertu doTorpadiro
KOpHUCTyBaya B localstorage

Puc. 5. Ilpoyec asmenmupixayii kopucmysaua

Ha puc. 6 mogano miarpaMy MOCIHiIOBHOCTI B IHTCJIEKTYaJbHIN CHUCTEMI, SIKa MICTUTh TPH OCHOBHI
CYTHOCTI, a caMe KOPHUCTyBaua, cepBep Ta 0a3y daHHX, SKi B3a€MOJIOTh MiX 0000 3a qornomororo http-
3amuTiB. KOXKEH 3armuT Mae BIIaCHUH KOHTEKCT BiJIIOBITHO IO CBOTO THUITY 1 BIACTUBOCTEH CHHXPOHI3aIlii Ta
BUKOHYETHCS B IEBHIH MOCIiJJOBHOCTI.
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Puc. 6. [Jiaepama nocrioognocmi @ inmenexmyanvHil cucmemi

Buknan ocHoBHOro martepiany

VY xoji poOOTH TOJIOBHE 3aBJaHHS — CTBOPHTH CiaMChbKy HEHPOHHY MEpEXY, sIKa IMicisl TeCTyBaHHS
OyJe IMIUIEMEHTOBaHA B IHTEJICKTYalbHY cuctemy. st peanizallii MalllMHHOTO HAaBUYAHHS BHKOPHCTAHO
MoBy mporpamysannsi Python 3.10 i anst Hanucanus koay BuOpano IDE PyCharm. IlepmiM Kpokom €
3aBaHTaKEHHS Jaracety 3 Gortorpadiil Ta BIAMOBIIHUX MITOK KOPUCTYBAUiB, 110 Oye BUKOPUCTOBYBATHCS
JUIS HaBYaHHA Ta TECTYBaHHS HEHMPOHHOI Mepexki. 3aranom aaracet Mictuts 5000 300paxens i 50 yHikanb-
HHUX €JIEeMEHTIB, TOOTO 300paxkeHHsa 00aud 50 KopHCTyBauiB i3 pi3HUX PaKypciB Ta 3 PI3SHUMHU €MOLISIMHU.
Po3mip koxxnHOro 300paskenHs — 128 na 128 mikceniB, mo3agy KOpucTyBaubKUX OOMMY YOpPHUH (OH, BCi
TaKOK 300paKeHHs 3aBaHTAXKEHI Y KOJbOPax BIATIHKIB ciporo. Yci mikceni npomacimraboBaHi B iHTEepBaii
Bin 0 mo 1, KoXeH KOpHCTyBau 3 JaTaceTy OoTpuMaB BiAmoBimHui ineHTHdikatop Bix 0 mo 49. Bes us
iH(hopMartis, a Takox iH(OpMAITis OO OLIHKKA TOYHOCTI HaBYAHHS MOJIeIli TI0/jaHa Ha puC. /.

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 JJIS BiIOOpa)KeHHs JecsTH 300pakeHb 00JInY
JUI KOXKHOTO BKA3aHOTO YHIKaJbHOTO ileHTH(ikaTOopa. 300pakeHHsS BHBEIACHO Y BHIJIAII CITKH, JC
KOXKEH PAJIOK MPEICTABIsE€ OJHOTO KOPUCTyBaua 3 aaraceTy. s KOXKHOTO IMiJI0CHTiHOTO BUBEACHO



32 T. bamwok, /I. Jocun

necsaTh Horo ¢ororpadiii pi3HOTO THIy, Ha SAKUX OOJIMYYS KOPUCTyBada MO-pi3HOMY 300paxeHe i
BigoOpakae yHikanpHi emouii (puc. 8).
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Binrak BukoHaHO mepedopMaTyBaHHS NaHHX. KOXKHE 300paK€HHs 3 JaTaceTy NEepeTBOPEHO Ha
OJHOBUMIpHUIA MacuB po3mipy 4096%(128x128). TpeHyBanbHuUit i TeCTOBUI HAOOPH AaHHX CHOPMOBAHO
3a JOIIOMOTOI0 PO3MOALTY 300pakeHb i3 modaTkoBoro natacery. Kpim toro, ctBopeno DataFrame, skuit
MICTHTh iAeHTH(]iKaTOpH cyO’€KTiB AJisl TpeHyBaJbHOro Habopy nanux. DataFrame — e ocHoBHa CTpyk-
Typa JaHUX, sKa BHKOPHCTOBYEThCs B OiOmioreni pandas asis ompallfoBaHHsS Ta aHajidy JaHuX. Bona
CTBOPIOE JIBOBUMIpPHHI MacWB JaHUX, CXOKWH Ha TaONUIIO YW apKyIl JaHWX, JIe JaHi OpTraHi30BaHO y
psaaku Ta konoHkH. Koxen psinok y DataFrame Binmosinae ogHOMy 3pa3Ky BY TpeHyBalbHOMY HaOoOpi Aa-
Hux. le Bigirpae BaXIuBY pojib AJs HOAAJBIIONO BUBYCHHS Ta aHAJi3y 3aJIe)KHOCTEH MK ineHTudika-
TOpaMHt Cy0’€KTiB Ta BIACTUBOCTSMH 1 MOKa3HUKAMHU B HEHPOHHIN Mepexi.

HactynHuii Kpok — CTBOPEHO TPUIUIETH AJISl BUKOPUCTAHHA y claMChKil HelipoHHill Mepexi. Hamu-
caHo (QYHKUIIO, IO NpUiiMae TPH apryMeHTH: LUISX A0 AUPEKTOpil 300pa)keHb, CIOBHUK, € KIOYl — IIe
nanky (Kiacu), a 3Ha4eHHsI — KiTbKicTh (DaililiB y KOXKHIN Mamii, i MaKCUMallbHa KiTbKicTh (aiiiB, sSKy
HEOOXiJTHO BpaxOBYBaTH AJsl KOKHOI nmanku. CTBOPEHO MOPOXKHINA CHHMCOK AJs 30epiraHHs TPUILIETIB Ta
CIIUCOK yCiX mamok (KJIaciB) Ha OCHOBI KJIIOYiB CIIOBHHKA CITHCKY TAroK. Byio peani3oBaHO KOPTEXi Ui
SIKIPHOTO Ta TMO3UTHBHOIO 300pa)KEHHS y MOTOYHIM mammi 3a BKa3aHUMH 1HIEKCAMU 1 IPOaHalli30BaHO
3MiHHY JUISl AIKK HETaTUBHOTO 300paKEeHHS, sIKa CIIOYaTKy AOPiBHIOE MOTOYHIN namui. Bubpano xoprexi
JUTSE TIO3UTUBHUX Ta HETaTUBHUX 300pakKeHb, YCi TPUIUIETH MIOJAHO JO 3arajibHOTO CIUCKY. B KiHII
IporpamMHa (yHKIiS IOBEPTA€ CIIUCOK YCiX CTBOPEHUX TPUILIETIB.

Ha puc. 9 nonano rpadik npoekuii o0auyys Mroaei Ha MIIOMKHY 33 JOTIOMOTOI0 METOly aHalli3y ro-
JIOBHUX KOMIOHEHT. KoxkHa To4ka Ha rpadiky BiINOBigae omHOMY 0OaW4YYI0 JIroauHH. J[Bi oci rpadika
MO03HAYAIOTh MEPIIi JIBI TOJIOBHI KOMIIOHEHTH, SIKi BU3HAYalOTh OCHOBHI HampsAMH Bapiarlii cepen 300pa-

Id 0bnusua:24

Id obnnvun:27

Id obnnua: 39

il

Puc. 8. Vuixanoni 300pascenns obauy kopucmyeauis iz damacemy

JkeHb 00muyst. Bick X BiamoBimae mepuioMy rojOBHOMY KOMIIOHEHTY, a BiChb Y — IIPyroMy TOJIOBHOMY
koMmroHeHTy. KojkHa Touka Ha rpadiky npeacTaBise 00andus oHI€T KOHKPETHOT o quHu. Po3TairyBaHHs
TOYOK BKa3ye Ha Te, K BapilOIOTHCSA OOJUYYS MIX JIFOABMHU Yy BUOIpI. BIM3bKi TOUKM BKA3YIOTh Ha CXOXI
00MYYs, a BiJJaJCHI TOYKH — Ha pi3HOMaHITHI. KoxkeH kouip BimoOpaskae pi3HHMX JIHOJCH, 130Jb0BaHUX
ineHTH(dIKaTOpaMH, 1110 3a0e3MeUye YiTKy Bi3yallbHy PO3MEKOBaHICTh Pi3HUX OCi0.
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Puc. 9. I'paghix npoexyii 06auu moodeii Ha niowuny

Jani HeoOXiHO BU3HAYUTHU pi3HI (QYHKIIT Ta MoJesi JuIs peanizalii ciaMchbkoi HeHPOHHOT Mepexi 3
TPUIUIETHOIO (QYHKIIIEIO BTpaT. byno cTBOpeHo (QYHKIIiIO Il OTPUMAaHHS MapTii TPUILIETIB 300pakeHb, 110
npuiMae CIMCOK TPUIUIETIB, KUTBKICTh TPUIUICTIB Y KOXKHIH mapTii, OyieBe 3HaUeHHs, BKa3aHO, YH MOTPiO-
HO TIONIEPEIHBO OMpallbOBYBaTH 300pakeHHs. BUKOHAHO OOYMCICHHS KUIBKOCTI KPOKIB JIJISI OTPUMAaHHS
BCIX MapTiil TPUILIETIB, MPOIHINiaTi30BaHO CIIMCKH IS SIKIDHUX, TO3UTUBHHUX Ta HETATUBHUX 300paXKeHb Y
MOTOYHIH MapTii Ta oJiepKaHO SIKIpHE, MO3UTHBHE Ta HETaTWBHE 300pa)KCHHS JJISl TIOTOYHOTO TPHUILIETY.
300paskeHHsT I KOKHOI KaTeropii (sKipHe, MO3WTHBHE, HETaTHBHE) JOAAHO 0 BIAMOBIAHOIO CIHMCKY.
OnepxaHo maprito TpuruieTiB y popmari (128, 128, 3), npunatHy it BAKOPUCTAHHS Y HEHPOHHIH Mepexi.
IMicns wHamucanus (YHKIID IS OTPUMAaHHS MOJENI KOAyBaHHS 300pakeHb (EKCTPAKTOpa O3HAK) Oyiro
IMIUIEMEHTOBAHO KJ1ac Jijisi OOYKMCIICHHS BiJIcTaHel MiXK 3aK0JJOBaHUMH 300paKCHHSIMH.

CrBopHBIIX (YHKIIIIO JJIsI OTPUMAaHHST MOJIEI KOAYBaHHSI 300paXKeHb, MU peallizyBaiu (QyHKINO s
OJICp)KaHHs CiaMChKOI HEMPOHHOI MEPEXi Ha OCHOBI MOJIEII KOAYBaHHs Ta CIICI[iajJbHOIO IIapy BiICTAaHEH.
Byno orpumaHo Mojenb ciaMChbKOI HEHMpPOHHOI Mepexi Ta 3aidicHeHo 1i TectyBanHs. Ha puc. 10 HaBenmeHo
rpadik, 110 SABJIAE COO0K MATPHIIIO HEBIAMOBIIHOCTESH A1 Pe3yJIbTaTiB KiacHpikallii 3a TOMOMOTO METOMY
EKCTPaKTOpa O3HAK HA OCHOBI BIJICTAHEH MK 3aKOJIOBAaHUMH 300pakeHHsMH. [lo ropu3oHTali Ta BepTHKA
po3raioBani HoMepu o004 KoprcTyBadiB. KojkHa KITITHHA Marpuili BKazye Ha KiIBKICTh OOJNMY, SKi OyIn
npaBuIsHO (1Mo JiaroHaii) abo HempaBUIBHO (03a JiaroHauTio) Kiacu(ikoBaHi. 3a0apBiIeHHs KOKHOT KITI THHH
BiloOpakae KiIbKiCTh 00N, KiaacH(iKOBAaHUX JUTS BiAMOBIIHOI mapu 300pakeHs (KipHHiA Kilac, mepeadave-
Huii Kac). TeMmHiln KOMbOpU BKa3ylOTh Ha OLUIbIIY KUTbKICTH OONMY Yy BiAmoBimHOoMy Kiaci. Ll maTpuist
JOTIOMAarae OLHUTH, HACKUIBKU A00pe MozeIb Kiacu(iKye OOIHIUst A1 KOXKHOT OCOOH.

Hactynaum kpokom OyJ10 OroJIOIIeHHs KJ1acy MOJIeli ClaMCbKOT HEMPOHHO1T Mepeixi, OyJI0 CTBOPEHO
BIJMOBITHUHN KJIac, KU yCHaaKOBY€EThCS BiJl KJIacy 3arajbHOi Mojeli maHux 6ibmioteku TensorFlow, Ta
BU3HAUYEHO METOIM JAJIsl TPEHYBaHHA Ta TECTYBaHHS MOAENI, OOUMCICHHS BTpAT, iHilianizanii napamMeTpis.
Matoun 00’€KT KiIacy MOJeINi claMCbKOT HEHPOHHOT Mepeski, MH BU3HAUYMIIM ONITUMI3aTOp 3 IEBHUMH Mapa-
MeTpamMu. Moaesb Hagaii Oyja MOBHOLIHHO 3i0paHa 3 BUKOPUCTAHHIM 3a3HaY€HOr0 onTuMizatopa. OTpu-
MaBIIM TOTOBY MOJIENb, MU BU3HAYMIHN (DYHKLIIO TECTYBaHHS Ha TPHUIUIETAX, sIKA OLIHIOE TOYHICTH MOJEII Ha
TECTOBHX TPHIUICTAX, & CaM€ BHBOJMTHCS TOUHICTh HA TECTOBOMY HaOOpi TPUIUIETIB Ta CEpelHi 3HAUCHHS
BiJICTaHEH ISl IPAaBHJIGHMX 1 HEMIPaBUIIBHHUX Hap. 3MIMCHEHO 3a3Ha4eHy KUIbKICTh €MOX TPEHYBAaHHS, a came
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512 enox. st KOKHOI emoXyu BUKOHAHO OOYMCIICHHsI, BUBEICHO 3HAUCHHSI CEPEeHIX BTPAaT Ha TPEHYBAILHOMY
Habopi TpuruieTiB. Mojienb MPOTECTOBAHO Ha TECTOBOMY HAOOpI TPHUILICTIB i BUBEACHO METPHKHU (TOYHICTH,
Cepe/IHi BiJICTaHi Ta CTAHAAPTHI BiIXIICHHs). 30epeKEHO Bard MOJIENI, KOJIM TOYHICTh HA TECTOBOMY Habopi

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

[xv]

HiI[BI/II]_[HIIaCH, OCTaHHIN KPOK HaBUaHHS — 3

TOIO OYJIO TPEHYBaHHSI CiaMChKOI HEHPOHHOT MEPEXKi 3a JOTIOMOI'0I0 TPHUILIETHOT (DYHKIIT BTPAT VISl BUPILICHHS
3aBIAHHS TOPIBHSHHA OONMMYYSl KOPHCTyBaua Ha JBOX Qororpadisx 1 BHU3HAYEHHS, MO3ZUTHUBHOIO YU

HETaTHBHOIO € BiIMOBIb y IIbOMY KOHTEKCTi. MOzie/Ib HaMaraeTbcsl MiHIMi3yBaTH BTpaTH IS IPABHJILHUX Map

001y KOpUCTYBaviB (SIKIpHI TTO3WTHBHI 300paKCHHsS) Ta MAaKCHMi3yBaTH BIJICTaHi /Uil HENPABHIBHHX Tap

00JTY KOPHCTYBAYIB (SKipHI HEraTUBHI 300paKCHHSI).
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Puc. 10. Mampuys nesionosionocmeii 015 pe3yibmamis Kiacu@ixayii

Ha oci Y — touHnicts. KoxHa

Ha puc. 11 HaBeneno rpadik — KpuBy, Ha oci X BioOpakeHO IOBHOTY,

TouHicTh

WHOT Mozel.

¢ikari

BH3Ha4ae€, sdKa 4aCTHUHa BKa3daHHUX MOJICIIIIO ITIO3UTHBHUX BI/IHa)IKiB ITO3HaYEH] IIpaBUJIbHO, a IIOBHOTA ITOKa-

TOYKA Ha Il KPUBiM BiAMOBIIAE MEBHOMY TOPOTY BUPIMICHHS JJS KIAcH

3y€, Ky 4acTUHY ()aKTHYHO MO3MTHUBHHX BHIAJKIB BUSBIIA MOjeib. KprBa TOYHICTH-IOBHOTA BigoOpa-

JkKae, SIK 3MIHIOIOThCS TOYHICTB 1 IOBHOTA 32 Pi3HUX MOPOTiB BUpilIeHHs 3aBnaHas. O01acTh Mijl i€l Kpu-

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

(hioJIETOBMM KOJILOPOM 00JIacTh MK KPHUBOIO Ta BicCio X, sika BKa3ye Ha CEPEIHIO OIIHKY TOYHOCTI,

ycepenHeHy 3a BciMa kiacamu. Lle ducio nmae 3Mory oTpuMaTH y3arajibHEHY Mipy sSKOCTi Kiacugikariii,

00’eHyrO4H 1H(OpPMAIIIO PO TOYHICTH Ta MOBHOTY JIs pi3HUX KiaciB. Il[o Oiible 3HaUYEHHS cepeIHbOl

TOYHOCTI, TO €()ESKTUBHIIIIE TIPAIIOE MOJICIIb.

CTBOpEeHO HOBY (YHKIIIIO KOJyBaHHS 3a apXiTEKTypOI 3Hau€Hb BUXITHOTO KOJyBaHHS. [IpoHIios-

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

KOAyBaHHs. byJio 30epeeHo Barv OTPUMAaHOT0 3aKOJA0BAaHOTO (hailily 1 BUBEACHO OMKC apXiTEKTypH LIapy
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koayBaHHs. OTpuUMaBLIM BOYIOBYBaHHS JUIS EPENaHUX CIHCKIB 300pakeHb 007114, MM OOYMCIHIN KBal-
par BiacTaHi MK BOYJOBYBaHHSIMH OOJNMY Ta 3AIMCHIIN Kiacu(ikalilo Ha OCHOBI MOPOrOBOIO 3HAYECHHS,
OJICPIKaBIIH B pe3ysbTaTi MacuB 3 nporuozamu 0 a6o 1. OTpuMaHo Ba CIUCKH MPOTHO3iB (MO3UTHBHI Ta
HEraTHBHi), sIKi BiJMOBIZAIOTh CXOXKHUM 1 Pi3HHUM HapaM 00JMY KOpHCTyBadiB. IlepeBipeHO BCi HasBHI
MaKeTH TECTOBUX TPHUILIETIB 1 pearnizoBaHo GyHKUiO Kiacudikamii 300pakeHpb Ui OTPUMaHHS IPOTHO3iB
JUIsL TO3UTUBHUX (CXOXKHX) 1 HEraTUBHUX (Pi3HUX) Map KOPHCTYBALbKUX 00JH4Yb. OCTaHHINH KPOK TECTy-
BaHHS — BUKITUK (DYHKIIi1 METPHK /IS OI[IHIOBaHHS €(heKTUBHOCTI MOJIEII.

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 nosHOMuU 3d Pi3HUX NOPO2i6 PO38’A3aHH: 3a0aUi

Ha puc. 12 naBeneno npukiaja NOPiBHSIHHS SIKIPHOTO 300paskeHHA Ta MOJAHOT0 Ha BXiX QYHKLIT AT
HepeBipKH CX0KOCTi. Sk BUnHO 3 rpadika, ue asi pororpadii TOro caMoro KOpucTyBaua, a OTKe, IPOTHO3
€ mo3uTuBHUM. [lo1aHO BMICT Ta CTPYKTypy HEpIIOro Ta APYroro 300pakeHb Ta 300pakeHHs, 110 TOKa3ye
a0COIOTHY BIAMIHHICTD MIX MEPILOIO 1 Ipyroro ¢ororpadisiMu, BUKOPUCTOBYIOUH KOJIbOPOBUHA MamiHr. Y
bOMY BIKHI KOKHHMH IIKCEJIb MPEICTABICHUI BIATIHKOM 3TiHO 3 PI3HHULEIO MK BiANOBITHUMH MiKCe-
JSIMM [IEPUINX ABOX 300pakeHb. TeMHiln o6acTi BKa3yloTh Ha MEHIY Pi3HHLO, CBITIIII — Ha Oimbmry.
B pesynbrati BU3HaUeHO, 4 BioOpaxaroTh ¢pororpadii Ty camy oco0y.

306pakeHHs 1 3o0bpaeHHs 2 ABconwTHa pi3HALA

J

-

Yu nroguHa Ta cama: True

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

I'padix Ha puc. 13 BigoOpaxkae 3aJeKHICTh TPEHYBAJIBHUX BTPAT BiJi KUIBKOCTI iTeparliil mix yac Has-
yanHs Mozeni. KoxkHa Touka Ha rpadiky BimoOpakae BTpaTy Ha KOHKPETHIH iteparii. Ha ropusoHTanbHiil oci
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Ppo3TaroBaHi ireparii, TOOTO KiTbKICTh KPOKiB a00 enox TpeHyBaHHs Mozeni. Ha BepTukanpHiil oci — 3HaYeHHS
BTpaT Ha KOXHIN iTepauii. Brpatu mpeactapisiroTh TOMHIKM MOJENI Hix yac HaBuaHHS. 1'padik BigoOpa-
JKae crieniabHO BUOpaHy (DyHKIIIO BTpaTH, sKa MOXKE 3MiHIOBATHCS BiA iTepauii mo itepauii. ¥ mpomy
BHITAJIKy 3aCTOCOBAHO TiNepOONiYHIIA CIia]] BTpAT Ha MOYATKOBUX iTepalisx (10 JOCATHEHHs IUIaTo), MiCIs
YOro BTpaTd 3aJIMINAIOThCA Ha cTablibHOMY piBHI. Llel rpadik monmomarae edeKTHBHO MpoaHai3yBaTH
JUHAMIKy BTPAT MiJl 4ac HABYaHHs MOJEINi Ta BU3HAYNUTH €()eKTUBHICTH MPOLIECY HABYAHHSI.

I'padix na puc. 14 BimoOparkae OCHOBHI METPUKH IS MOJEIN pO3Mi3HaBaHHS KOPUCTYBALLKOI'O
o0mmyust. CepelHs TOUHICTB — 1€ MOKAa3HUK TOT0, HACKIUIBKH J0Ope MOJIeNb PO3Ii3HAE MMO3UTHUBHI MapH, SIKi
HOBHHHI OyTH cX0XuMHU. Brcoke 3HaueHHs1 AP (cepesiHsi TOYHICTh) CBIAYUTH MPO e(hEKTUBHICTH MOJIEI B
posmi3HaBaHHi noniOHKX 00mmd. AN (cepeiHe HeraTHBHE 3HAYCHHS) — BKa3ye Ha CTYIiHb CXOXKOCTI JUis
HEraTUBHUX Nap, siKi HOBUHHI OyTu pisHuMHU. Husbke 3Hauenns AN cBiTYUTh PO ePEeKTUBHICTh 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 KilbKOCHI imepayii nio 4ac HaguaHHs MOOei

CepefHs TouHicTb, CepeniHe HeraTueHe i TOMHICTb TECTYBaHHA

3Ha4YeHHA

CepeaHs TOYHICTb CepefiHE HEraTUBHE TOYHICTb TECTYBaHHA

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

OCTaHHBOIO METPHUKOIO € TOYHICTh TECTYBAaHHS — i€ MMOBIPHICTh MPAaBUIBHOTO KiacudikaliifHOro
BU3HAYEHHS BiAIOBIJHO 0 TECTOBOro Habopy maHux. I'padik momomarae OLiHUTH TPH OCHOBHI aCHEKTH
e(eKTUBHOCTI MOZETI Ul KOHKPETHOT'O 3aBJaHHS PO3Mi3HABAHHS OOIMYYAL.
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Ha puc. 15 300paxeHo nmepimii etan aBreHTH(iKaLil KOPUCTYBadya B iHTEJICKTyaIbHIA cUCTeMi 3a 10-
IIOMOT'0I0 BBEJICHHS JIOTIHY Ta MapoJito, Ha puc. 16 — 6a30By CTOPIHKY NMOYATKy JBO(AKTOPHOI aBTEHTU]IKAL],
UL 3A1HCHEHHSI SIKOT KOPUCTYBavdy HEOOXiTHO B MOTOYHOMY Opay3epi 103BOJIMTH BUKOPHCTaHHS BeOKaMepH.

tarasbetiuk1@test.com

Puc. 15. Beedenns noziny ma napoias kopucmyeaia

2fa Webcam

CHECK FACE

Puc. 16. Iloyamxosa cmopinka osogaxmopnoi aemenmugpikayii

2fa Webcam

CHECK FACE

Puc. 17. @omoepapysanns obauyus xopucmyeaua inmeiekmyaibHoi cucmemu

Ha puc. 17 300paskeHO YBIMKHEHHS KOpPHCTYBalbKOi BeOKamepu Ta (oTtorpadyBanHs 0OIMUYSL
KOPHCTYBaua iHTEJEKTyaJlbHOI CHCTeMH; Ha puc. 18 — ompamroBaHHS CTBOPEHOIO paHillle CiaMCBKOIO
HelpoHHOI0 Mepexero ¢ororpadii Ta MOUIyK Ha HiI 00MMYYs; HA puc. 19 momaHo pe3yNbTaT yCIHIiIIHOTO
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nmomyky obnuuus Ha (oTorpadii Ta BUAINIEHHS 3€JIEHMM KOJIBOPOM MNEBHOI 00nacTi 300pakKeHHS, e
3HaiIeHO 00MUYUsl KOPHCTYBaya.

2fa Webcam

CHECK FACE

Puc. 18. Obpobrenna pomozpagii ciamcokoio HelipouHoIo Mepedicero

2fa Webcam

Puc. 19. Pesynomam ycniwno2o nouiyky obauyys Ha pomozpapii

Ha puc. 20 naBegeHo nopiBHSAHHA MOTOYHOI hoTorpadii KoprcTyBaya, 3po0JIeHOT 3 BUKOPUCTAHHIM
BeOKaMmepH, Ta dotorpadii, 30epexeHol B 0a3i qaHuX. Pe3ynbTaT: IPOrHO3 ClaMChbKOT HEHPOHHOT MEpexi €
MMO3UTUBHUM 1 KOPUCTYBay 3A1MCHUB ycHimHy aBTeHTH(iKawio B cucteMi. Ha puc. 21 300paxkeHo crpoly
MOTOYHOTO KOPUCTYBaua YBIHTH B aKayHT IHIIOTO KOPHCTyBaua IHTCJIEKTYaJbHOI CHCTEMH, BiJIIIOBIIHO
MIPOTHO3 HEHPOHHOI MEPEXi € HEraTUBHUM 1 KOPHCTYBady BiZIMOBJICHO B aBTCHTU(IKALI].

2fa Webcam

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

Puc. 21. Biomosa kopucmysauy 6 agmenmuikayii 8 inmeneKmyanibHiti cucmemi

OTxe, B X011 poboTH OyI0 IMIJIEMEHTOBAHO CiaMCbKYy HEHPOHHY MEPEXY 3 TPUILICTHOIO (BYHKIIIERO
BTpaT. BoHa Moxke K 3miliCHIOBATH 3arajJbHUH MOLIYK KOPHUCTYBalbKoro oOmuuus Ha ¢otorpadii, Tak i
BUKOHYBATU MOPIBHAHHS ABOX (oTorpadii, 100 BUSHAYUTH, YM HUX 300pa>keHUI TOM caMuil KOpUCTYBad.
3nidCHUBIIM HaBYAHHS MOJEJII HEMPOHHOI Mepexi 1 i mojanmplie ycIiliHe TECTYBaHHS 3a JOIOMOIOIO
MOJJAHOTO JIaTaceTy, MA BHKOHAIIM MOJYJIbHY IHTETPAIil0 CTBOPEHOI HEHPOHHOT MEPEKi B IHTENEKTYIbHY
CHCTEMY SIK BKJIMBUI KOMIIOHEHT cepBicy 3a0e3neueHHs O3MeYHOr0 BXOAY B CUCTEMY, Jie BiH BUKOHYE
¢byHKII0 edeKTHBHOT Ta HaaiiHOT JBO(daKTOpHOT aBTeHTH(DIKAIIIT 32 TOMTIOMOTO0 Bi3yallIbHOI 010METPHKH.

BucHorku

B xoxi gocmikeHHs Ta po3pO0JICHHST CUCTEMH aBTeHTH(IKAIII Ha OCHOBI Bi3yajbHOI 0IOMETPHUKH 3
BUKOPUCTAaHHIM CiaMChbKOi HEHPOHHOI Mepeki BHKOHAHO KOMIUICKCHHH aHaji3 acrlekTiB Oe3neKd Ta
e(eKTUBHOCTI aBTEHTH(IKAIIHHOTO MpOIleCy B IHTENEKTYaIbHUX CHUCTEMaX. BaXIIMBUMH KpOKaMH Y
JOCI/DKEHHI CTalli BUBYCHHSI Ta PO3TJIIsL allbTEPHATUB peaiizallii ciaMchkol HeHpOHHOI Mepei 3a A0mo-
MOTOt0 (DYHKIIIT KOHTPACTHUX BTPAT Ta TPUILICTHOI (QyHKIIIT BTpaT.

VY pe3yibTari aHaNli3y OMyOJiKOBaHMX POOIT BU3HAYCHO OCHOBHI IEpEBAru Ta HEIOJIKHA ClaMChbKHX
HEMPOHHMX MEPEeX Ta CHOCOOM ONTHUMAIBHOI iHTErpallii HeHPOHHOI Mepeki B 1HTEIEKTyalbHYy CHUCTEMY
ayreHtudikanii. Bubpano tpuruieTHy QyHKIiIO BTpaT SK ONTHUMAIBHUI METOJ JUI HABYaHHS MOJENI, 10
Jla€ 3MOry 3a0€3IMEeUYMTH BHCOKY TOYHICTh PO3IMi3HABAHHS 0O0IMYYs KOopHcTyBada. OMUCaHO OCHOBHI OCOOJIH-
BOCTI CiaMChbKUX HEHPOHHHX MEpEXK i3 BUKOPUCTAHHSM Jiarpam siKk poOOTy caMoi HEHpOHHOI Mepexi y
BUTJIAI MOHOJITHOTO €JI€MEHTa, TaK 1 Yy BHIVI/I CEPBICY Yy CKIal IHTEJICKTyalbHOI CHCTEMH. 3a JI0MO-
MOTor0 OJIOK-CXEM Ta JiiarpamMy TOCIiIOBHOCTI OMUCAHO AITOPUTM poOOTH cucTeMu Ta hitp-3amuTiB Mix
KOMITOHEHTAMH CHUCTEMH. 3a pe3yJibTaTaMy KOHIIETITYaIbHOTO MPOEKTYBAHHS HAITMCAHO MPOTPaMHUHA KO,
HABYCHO Ta MPOTECTOBAHO C1aMChKY HEHPOHHY MEPEXKY 3 TPUILUICTHOIO ()YHKIIIEIO BTPAT, 110 Ma€e peaizo-
BaHMH (QYHKIIOHAJI SIK MOUIYKY OOJMYYsl KOpPUCTyBaya Ha ofgHii ¢ororpadii, Tak i MOPiBHIHHS AEKiIBKOX
¢dororpadiii g BU3HAYCHHS, UM CYKYNHICTH (hoTorpadiid Hanexarb TOMYy CaMOMY KOpPHCTyBady, LIO €
Ba)KJIMBOIO BUMOT'OIO ITiJ1 Yac iHTerpauii HeHPOHHOI Mepeki B IHTENEeKTyaIbHy cucTeMy. JlogaTKOBO CHCTe-
My po3mMpeHo (yHKIioHamoM ABOGAKTOPHOI aBTeHTHU(IKALil 3 BHUKOPHUCTAHHSAM TEXHOJIOTIl MOLIYKY,
pO3mi3HaBaHHsS Ta MOPIBHSAHHA 00JIMY4Ys KOpUCTyBadiB. Lle He numie miaBMIIMIO piBeHb Oe3meku, a i
3po0uIIo mporiec aBTeHTH(iKaLii eEeKTUBHIIINM Ta HAIIHHILINM.

Iarerpaunis ciaMcbkoi HEHPOHHOI Mepei B IHTENEKTyaJbHYy CHCTEMY aBTeHTH(iKalii Jana 3Mory
CTBOPUTH e(QEeKTHBHHUH 3aci0 po3mizHaBaHHS OONMMYYSl KOpUCTyBaua, 30epiraHHs Ta MOPIBHAHHS OTpHUMa-
HUX AaHuX. Takuid miaxix MiHIMI3ye PH3HK HECAaHKIIOHOBAHOTO JOCTYIly Ta TapaHTye Oe3MeKy KOPHUCTY-
BallbKUX akayHTiB. OTxe, po3pobiieHa cucTeMa sBisie Co0010 e()eKTUBHUH Ta 3aXHUILEHUN iIHCTPYMEHT IS
aBTeHTHU(}IKaIil KOPUCTYBauiB, 3AATHUH MiHIMI3yBaTH 3arpo3H OE3MEKH B iHTEIEKTyaJbHUX cucTeMax. Llen
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T IX1]] MO’KHA BUKOPHCTOBYBATH JUIS TIOKPAIICHHS 3aXUCTy KOH(DieHIIiitHOI iHpopMmarii Ta 3a0e3neueHHs
HAIIIHOTO KOHTPOJIIO IOCTYIY 0 CUCTEMHU.

Chnmcok Jiitepatypu

1. Long, X., Zhuang, W., Xia, M., Hu, K., & Lin, H. (2024). SASiamNet: Self-adaptive Siamese Network for
change detection of remote sensing image. IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 17, 1021-1034. DOI: https://doi.org/10.1109/jstars.2023.3330753

2. Ning, M., Tang, J., Zhong, H., Wu, H., Zhang, P., & Zhang, Z. (2022). Scale-Aware Network with Scale
Equivariance. Photonics, 9(3), 142-142. DOI: https://doi.org/10.3390/photonics9030142

3. Batiuk, T., & Dosyn, D. (2023). Intellectual system for clustering users of social networks derived from the
message sentiment analysis. Journal of Lviv Polytechnic National University “Information Systems and Networks™,
13, 121-138. DOI: https://doi.org/10.23939/sisn2023.13.121

4. Zhao, Y., Song, X., Li, J., & Liu, Y. (2024). CSCNet: A Cross-Scale Coordination Siamese Network for
Building Change Detection. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 17,
1377-1389. DOI: https://doi.org/10.1109/jstars.2023.3337999

5. Farabbi, A., & Mainardi, L. (2023). Domain-Specific Processing Stage for Estimating Single-Trail Evoked
Potential Improves CNN Performance in Detecting Error Potential. Sensors, 23(22), 9049-9049. DOI:
https://doi.org/10.3390/s23229049

6. Cheng, L., Zheng, X., Zhao, M., Dou, R., Yu, S., Wu, N., & Liu, L. (2022). SiamMixer: A Lightweight and
Hardware-Friendly Visual Object-Tracking Network. Sensors, 22(4), 1585-1585. DOI: https://doi.org/10.3390/522041585

7. Kummerow, A., Monsalve, C., & Bretschneider, P. (2021). Siamese recurrent neural networks for the robust
classification of grid disturbances in transmission power systems considering unknown events. IET Smart Grid, 5(1),
51-61. DOI: https://doi.org/10.1049/stg2.12051

8. Batiuk T., Vysotska V., Lytvyn V. (2020). Intellectual System for Socialization by Personal Interests on the Basis
of SEO Algorithms and Techniques of Machine Learning. CEUR Workshop Proceedings, 4th Intern. Conf. on
Computational Linguistics and Intellectual Systems, COLINS 2020, 23-24 April 2020, Lviv, Ukraine, 2604. 1237-1250.

9. Gao, Y., Wu, H., Liao, H., Chen, X., Yang, S., & Han, X. (2023). A fault diagnosis method for rolling
bearings based on graph neural network with one-shot learning. EURASIP Journal on Advances in Signal Processing,
2023(1). DOI: https://doi.org/10.1186/s13634-023-01063-6

10. Mo, W., Tan, Y., Zhang, Y., Zhi, Y., Cai, Y., & Ma, W. (2023). Multispectral Remote Sensing Image
Change Detection Based on Twin Neural Networks. Electronics, 12(18), 3766-3766. DOI:
https://doi.org/10.3390/electronics12183766

11. Batiuk, T., & Vysotska, V. (2022). Technology for personalities socialization by common interests derived
from machine learning techniques and seo-algorithms. Radio Electronics, Computer Science, Control, 2, 53. DOI:
https://doi.org/10.15588/1607-3274-2022-2-6

12. Pang, H., Xie, M., Liu, C., Ma, R., & Han, L. (2021). Siamese tracking combing frequency channel
attention with adaptive template. IET Communications, 15(20), 2493-2502. DOI: https://doi.org/10.1049/cmu2.12280

13. Basu, T., Menzer, O., Ward, J., & SenGupta, I. (2022). A Novel Implementation of Siamese Type Neural
Networks in Predicting Rare Fluctuations in Financial Time Series. Risks, 10(2), 39. DOI:
https://doi.org/10.3390/risks10020039

14. Yuan, D., Li, Q., Yang, X., Zhang, M., & Sun, Z. (2022). Object-Aware Adaptive Convolution Kernel
Attention Mechanism in Siamese Network for Visual Tracking. Applied Sciences, 12(2), 716. DOI:
https://doi.org/10.3390/app12020716

15. Lee, D., & Jeong, J. (2023). Few-Shot Learning-Based Light-Weight WDCNN Model for Bearing Fault
Diagnosis in Siamese Network. Sensors, 23(14), 6587-6587. DOI: https://doi.org/10.3390/s23146587

16. Batiuk T., Vysotska V., Holoshchuk R., Holoshchuk S. (2022). Intellectual System for Socialization of
Individual’s with Contributed Interests derived from NLP, Machine Learning and SEO Algorithms. CEUR Workshop
Proceedings, 6th Intern. Conf. on Computational Linguistics and Intellectual Systems, COLINS 2022, 12-13 May
2022, Gliwice, Poland, 3171, 572-631.

17. Ahmed, S., Lee, K. H., & Jung, H. Y. (2022). Robust Hippocampus Localization From Structured
Magnetic Resonance Imaging Using Similarity Metric Learning. IEEE Access, 10, 7141-7152. DOI:
https://doi.org/10.1109/access.2021.3137824


https://doi.org/10.1109/jstars.2023.3330753
https://doi.org/10.3390/photonics9030142
https://doi.org/10.23939/sisn2023.13.121
https://doi.org/10.1109/jstars.2023.3337999
https://doi.org/10.3390/s23229049
https://doi.org/10.3390/s22041585
https://doi.org/10.1049/stg2.12051
https://doi.org/10.1186/s13634-023-01063-6
https://doi.org/10.3390/electronics12183766
https://doi.org/10.15588/1607-3274-2022-2-6
https://doi.org/10.1049/cmu2.12280
https://doi.org/10.3390/risks10020039
https://doi.org/10.3390/app12020716
https://doi.org/10.3390/s23146587
https://doi.org/10.1109/access.2021.3137824

Peanizayia Haoilinoi ma egpexmusnoi asmenmuixayii'  inmenekmyaibHUx CUCTNEMAX ULTAXOM... 41

18. Islem Jarraya, F. Said, Hamdani, T. M., Bilel Neji, & Alimi, A. M. (2022). Biometric-Based Security System for
Smart Riding Clubs. IEEE Access, 10, 132012-132030. DOI: https://doi.org/10.1109/access.2022.3229260

19. Song, C., & Ji, S. (2022). Face Recognition Method Based on Siamese Networks Under Non-Restricted
Conditions. IEEE Access, 10, 40432-40444. DOI: https://doi.org/10.1109/access.2022.3167143

References

1. Long, X., Zhuang, W., Xia, M., Hu, K., & Lin, H. (2024). SASiamNet: Self-adaptive Siamese Network for
change detection of remote sensing image. IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 17, 1021-1034. DOI: https://doi.org/10.1109/jstars.2023.3330753

2. Ning, M., Tang, J., Zhong, H., Wu, H., Zhang, P., & Zhang, Z. (2022). Scale-Aware Network with Scale
Equivariance. Photonics, 9(3), 142-142. DOI: https://doi.org/10.3390/photonics9030142

3. Batiuk, T., & Dosyn, D. (2023). Intellectual system for clustering users of social networks derived from the
message sentiment analysis. Journal of Lviv Polytechnic National University “Information Systems and Networks™,
13, 121-138. DOI: https://doi.org/10.23939/sisn2023.13.121

4. Zhao, Y., Song, X., Li, J., & Liu, Y. (2024). CSCNet: A Cross-Scale Coordination Siamese Network for
Building Change Detection. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 17,
1377-1389. DOI: https://doi.org/10.1109/jstars.2023.3337999

5. Farabbi, A., & Mainardi, L. (2023). Domain-Specific Processing Stage for Estimating Single-Trail Evoked
Potential Improves CNN Performance in Detecting Error Potential. Sensors, 23(22), 9049-9049. DOI:
https://doi.org/10.3390/s23229049

6. Cheng, L., Zheng, X., Zhao, M., Dou, R., Yu, S., Wu, N., & Liu, L. (2022). SiamMixer: A Lightweight and
Hardware-Friendly Visual Object-Tracking Network. Sensors, 22(4), 1585-1585. DOI: https://doi.org/10.3390/522041585

7. Kummerow, A., Monsalve, C., & Bretschneider, P. (2021). Siamese recurrent neural networks for the robust
classification of grid disturbances in transmission power systems considering unknown events. IET Smart Grid, 5(1),
51-61. DOI: https://doi.org/10.1049/stg2.12051

8. Batiuk T., Vysotska V., Lytvyn V. (2020). Intellectual System for Socialization by Personal Interests on the
Basis of SEO Algorithms and Techniques of Machine Learning. CEUR Workshop Proceedings, 4th Intern. Conf. on
Computational Linguistics and Intellectual Systems, COLINS 2020, 23-24 April 2020, Lviv, Ukraine, 2604, 1237-
1250.

9. Gao, Y., Wu, H., Liao, H., Chen, X,, Yang, S., & Han, X. (2023). A fault diagnosis method for rolling
bearings based on graph neural network with one-shot learning. EURASIP Journal on Advances in Signal
Processing, 2023(1). DOI: https://doi.org/10.1186/s13634-023-01063-6

10. Mo, W., Tan, Y., Zhang, Y., Zhi, Y., Cai, Y., & Ma, W. (2023). Multispectral Remote Sensing Image
Change Detection Based on Twin Neural Networks. Electronics, 12(18), 3766-3766. DOI:
https://doi.org/10.3390/electronics12183766

11. Batiuk, T., & Vysotska, V. (2022). Technology for personalities socialization by common interests derived
from machine learning techniques and seo-algorithms. Radio Electronics, Computer Science, Control, 2, 53. DOI:
https://doi.org/10.15588/1607-3274-2022-2-6

12. Pang, H., Xie, M., Liu, C., Ma, R., & Han, L. (2021). Siamese tracking combing frequency channel
attention with adaptive template. IET Communications, 15(20), 2493-2502. DOI: https://doi.org/10.1049/cmu2.12280

13. Basu, T., Menzer, O., Ward, J., & SenGupta, I. (2022). A Novel Implementation of Siamese Type Neural
Networks in  Predicting Rare Fluctuations in  Financial Time  Series. Risks, 10(2), 39. DOI:
https://doi.org/10.3390/risks10020039

14. Yuan, D., Li, Q., Yang, X., Zhang, M., & Sun, Z. (2022). Object-Aware Adaptive Convolution Kernel
Attention Mechanism in Siamese Network for Visual Tracking. Applied Sciences, 12(2), 716. DOI:
https://doi.org/10.3390/app12020716

15. Lee, D., & Jeong, J. (2023). Few-Shot Learning-Based Light-Weight WDCNN Model for Bearing Fault
Diagnosis in Siamese Network. Sensors, 23(14), 6587-6587. DOI: https://doi.org/10.3390/s23146587

16. Batiuk T., Vysotska V., Holoshchuk R., Holoshchuk S. (2022). Intellectual System for Socialization of
Individual’s with Contributed Interests derived from NLP, Machine Learning and SEO Algorithms. CEUR Workshop
Proceedings, 6th Intern. Conf. on Computational Linguistics and Intellectual Systems, COLINS 2022, 12-13 May
2022, Gliwice, Poland, 3171, 572-631.


https://doi.org/10.1109/access.2022.3229260
https://doi.org/10.1109/access.2022.3167143
https://doi.org/10.1109/jstars.2023.3330753
https://doi.org/10.3390/photonics9030142
https://doi.org/10.23939/sisn2023.13.121
https://doi.org/10.1109/jstars.2023.3337999
https://doi.org/10.3390/s23229049
https://doi.org/10.3390/s22041585
https://doi.org/10.1049/stg2.12051
https://doi.org/10.1186/s13634-023-01063-6
https://doi.org/10.3390/electronics12183766
https://doi.org/10.15588/1607-3274-2022-2-6
https://doi.org/10.1049/cmu2.12280
https://doi.org/10.3390/risks10020039
https://doi.org/10.3390/app12020716
https://doi.org/10.3390/s23146587

42

T. bBamiox, /[. Jlocun

17. Ahmed, S., Lee, K. H., & Jung, H. Y. (2022). Robust Hippocampus Localization From Structured

Magnetic Resonance Imaging Using Similarity Metric Learning. IEEE Access, 10, 7141-7152. DOI:
https://doi.org/10.1109/access.2021.3137824

18. Islem Jarraya, F. Said, Hamdani, T. M., Bilel Neji, & Alimi, A. M. (2022). Biometric-Based Security System for

Smart Riding Clubs. IEEE Access, 10, 132012-132030. DOI: https://doi.org/10.1109/access.2022.3229260

19. Song, C., & Ji, S. (2022). Face Recognition Method Based on Siamese Networks Under Non-Restricted

Conditions. IEEE Access, 10, 40432-40444. DOI: https://doi.org/10.1109/access.2022.3167143

REALIZATION OF RELIABLE AND EFFECTIVE AUTHENTICATION
IN INTELLIGENT SYSTEMS BY USING VISUAL BIOMETRICS METHODS

Taras Batiuk, Dmytro Dosyn

Lviv Polytechnic National University,
Information Systems and Networks Department, Lviv, Ukraine
E-mail: taras.m.batiuk@Ipnu.ua, ORCID: 0000-0001-5797-594 X
E-mail: dmytro.h.dosyn@Ipnu.ua, ORCID: 0000-0003-4040-4467

© Batiuk T., Dosyn D., 2024

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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