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AHAJII3 CYUACHHUX PIIEHb Y KOMIT'IOTEPHIA JIATHOCTHUIII
PO3JAJIB 3IOPOB’S 3A PAUJYKKOIO OKA

Y cmammi npedcmasneno noenubienuii ma 6cebiyHUll AnANi3 CYYACHO2O CHMAHY KOMN TOMeEPU3068anHux
cucmem i Memoois, NPUsHAUeHUX OJis OlAZHOCMUKU PIZHOMAHIMHUX PO3NAOIE8 300P08 51 IHOOUHU WISAXOM AHALIZY
Yupposux 306paicerv padyHcHoi 00010HKU OKa. Ipudodiacnocmura, K 2any3s AlbMEPHAMUBHOT MEOUYUHU,
Wo iICMopUYHO IPYHMYEMbCA HA BI3VANLHIU IHMepnpemayii CK1aoHux 8i3epyHKI8, 8apiayiti KOnbopy, MeKCmypHUX
0co0UBOCM e A THUUX MOPPOTOSTYHUX XAPAKIMEPUCTIUK PATIOYIHCKU, OCTIAHHIMU 0 eCAMUTTMMAMU OMPUMATA
SHAYHULL IMIYIbC OJIsL C8020 PO3GUIMKY, HAYKOBOL 00 €Kmueizayii ma nOmeHyiiuHo20 KAiHIYH020 3ACOCY8AHHSL
3a605KU CIMPIMKOMY NPOSPECy 8 CYMIJNCHUX 2any3X KOMN 10mepHo2o 30py, yugppogoi obpodxu meouunux
300padcens ma, 0COOIUBO, WMYUHO2O THMENEKMY, 30KpeMa Memoodi6 MAUUHHO20 Md 2IUOOKO20 HAGUAHHSL.
Axmyanvricmb 0aH020 00CHIONCEHHS. SUSHAYACNBCS HEBNUHHO 3POCMAIOYUM CYCHITbHUM MAd MeOUYHUM
NONUMOM HA PO3POOKY Mda BNPOBAONCEHHS. HOBUX HEIHBAZUBHUX, OOCHIYNHUX, eKOHOMIYHO epeKmusHux ma,
800HOUAC, THHOPMAMUBHUX MEMOOI8 PAHHBOT OIASHOCMUKU WUPOKO2O CREKMPA 3AX80PI0GAHb, A MAKOIC OISl
MOHIMOPUHEY 3A2ANbHO2O CINAHY 300pP08 sl Ma OYIHKU ehekmusHOoCmi mepanesmudnux empyuans. Ilepexio

810 YO '€KMUBHUX OYTHOK MPAOUYIUHOL IPUOONI02TT 00 KINLKICHUX, AN0PUMMI308aAHUX NIOX0OI8 KOMN TOMepHOL

OdlacHOCUKU BIOKPUBAE NepCneKmusu O NIOSUWEHHS BIOMBOPIOGAHOCHI, HAOIUHOCMI MA O0O0KA3060CMI
Yb0o20 mMemody. Memoro 0ano2o aHaLiMuuHO20 0210y € NPOBEOeHHs KOMNIEKCHOI CUCMeMamu3ayii HaseHux
HAYKOBUX 3HAHL, OemanbHe OO0CHIONCEHH MEMOOONOSIYHUX 3aca0 Ma KPUMUYHA OYiHKA eqhexmugHocmi
ICHYI0UUX RI0X00i68 00 KoMN tomepHoi ipudodiacnocmuKu. Bascaueum 3a60annsm € 6UAGTEHHS IXHIX KIIOUOBUX
nepeeas, maxKux K HEIHBA3UHICTb, GIOHOCHA NPOCMOMA MAa WEUOKICMb OMPUMAHHS OAHUX, A MAKOJIC
IMAHEHMHUX HeOONIKI8, 30KpemMa Npobiem, noe A3aHux i3 6apiabenbHiCmio SKOCMI 300PadiceHsb, CKIAOHICIIO
BUOINEHHST CMAOIILHUX OIACHOCMUYHUX O3HAK, NUMAHHAMU CMAHOAPMU3aYii NPOMOKONI6 00CIIONCEHHs Ma
inmepnpemayii pe3y1bmamis, 0CoOIUBO OMPUMAHUX 34 OONOMO20I0 CKAAOHUX MOOeLell «YOPHOI CKPUHBKUY.
Ananiz cnpamoganuii Ha 10eHMUPIKAYil0 MEXHOIOSTYHUX O0OMeNCEeHb CYUACHUX CUCMEeM Md GU3HAYEHHS
HAUOIbUL  3HAYYWUX MEHOeHYill [ NePCNneKmuGHUX HANPSIMKIE NOO0ATbUO020 HAYKOBO-MEXHOLO02IUHO20
PO3BUMKY YIET 2any3i, Wo NOMEeHYIHO MOdice NPu3eecmu 00 CMBOPEHHs BaANI008AHUX MA KIIHIYHO KOPUCHUX
0iaeHOCMUYHUX IHCMPYMEHMIB.

Y ecmammi nocrioosno ma demanvro po3ensidaomuvcs PyHOAMEHMATbHI emani, wo CKiadaioms munosuil
MEXHONO02TUHULL KOHBEEP CYYACHOI KoMn tomepHoi ipudodiacnocmuunoi cucmemu. Ilepwuil, nideomosuuil,
eman—nonepeons 00poOKa 300paNCeHb — BKIOUAE HUSKY KPUMUYHO BANCTUBUX NPOYEOYD. MOYHY AGTNOMATNUYHY

JnoKanizayilo obnacmi inmepecy, moomo camoi paudyiCcHoi 0OONOHKU, ma ceeMeHmayiio ii eHympiuHbol

(3iHUYHOL) ma 306HIWHBOIL (TIMOATLHOT) Medic. O02080PIOIOMbCSL PI3HI ANCOPUMMU Ce2MEeHMAYil, 810 KIACUYHUX,
3aCHOBAHUX HA nepemeopenusax Xagha abo inmeepo-ougepenyiaroHomy onepamopi [layemana, 00 cy4acHux
nioxo0i@ HA OCHOBI 2NUOOKUX 320pMKOGUX HeuponHux mepedic apximexkmypu U-Net. [ani 6iobysacmovcs
HOpMANI3ayis. CeeMeHmMOBAHOI Kilbyenodionol oonacmi pamdyxncku, 3a36udail WISIXOM il nepemeopents 6
ROJSIPHI KOOPOUHAMU (MOOENb «2YMOBO20 AUCIAY), WO 3a0e3neyye IHeAPIaHMHICIMb 00 3MIH PO3MIDY 3IHUYI
ma gopmu panioy’icKu, a MmaKoxic 00 HeGeIUKUX 3MiueHb ma nosopomia oxa. Basciusor ckiadosow yvoeo

emany € maxooic po3pooKa ma 3acmocy8anHs eheKmusHUX Memoois 05 GUsGIEeHHA Ma NOOAIbUOT KOMNEHCayli

6NIUBY PISHOMAHIMHUX apmepaxmis, maxkux sK ei0Onucku 6i0 0dxcepen ceimiad, OKIO3Il (nepekpumnis)
OLISIHOK PAUOYHCKU GISAMU A ROBIKAMU, U0 MOACYMb CYMMEBO CROMBOPIOSAMU OlAeHOCMUYHY IHGhopMmayiio.
Jpyeutl xmouosuii eman — GUOLIEHHA OIACHOCMUYHO 3HAYYUUX O3HAK 3 NIO2OMOBIEHO20 300PANCEHHS
panioyscku. Y cmammi 0emanvHo aHAnizyiomsCs Memoou eKCmpaxKyii pisHOMUNHUX 03HAK. MeKCIYPHUX, U0
Xapaxmepusyromy CKIAOHY GONOKHUCTY CMPYKMYPY CHMPOMU PAUOYICKU (HANPUKIAO, HA OCHOSI (hinbmpig
Tabopa, setignem-nepemeopenns, CmamucmuyHux memoois, maxKux K Mampuyi CyMidocCHOCMI PiBHi& Cipoco
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(GLCM), abo deckpunmopie muny nokaioHux oinapuux namepuie (LBP)); mononociunux, cnpamosanux Ha
OemeKxyiro ma KilbKiCHY OYIHKY Cneyu@iyHux ipudoio2iyHux 3HaKie (MaKux K Kpunmu, 1aKyHu, KOHMpaxkyitHi
00po3HU, Kitbysa adanmayii, cman Korapemxu);, ma Ko1boposux, wo OYiHIomMb 3a2albHULL KOTIp PatloyicKu,
HAAGHICMb NICMEHMHUX NASAM MA OLIAHOK OucChieMenmayii (WasxoM CmamucmuyHo20 awaiisy 6 pisHux
KOMPHUX NPOCMOPAX, 2iCMOcpamHo2o ananizy). Tpemitl, supiwanvrull, eman — 3aCmoCy8anHs PiSHOMAHIMHUX
AneOpUMMI6 MAWUHHO20 HABYAHHA OJi NOOYOOSU KAACUDIKAYIUHUX MA NPOSHOCMUYHUX Modenell Cmauy
300p08’st Ha OCHOGI Gudinenux o3uax. Posensioaiomsbcs AK KiacuuHi nioxoou (OnopHi 6eKmopHi Mawtuny —
SVM, oepeeéa piwienv, nocicmuuna peepecis), max i Oinbul CYYACHT A NOMYHCHI MEMOOU, 30KPEMA HEeUPOHHT
mepedici (ocobauso 3eo0pmrogi netiponni mepedici — CNN, wo 30amui agmomamuyHo ueuamu icpapxiuii 03HaKu
be3nocepednvo 3 300padicenv) ma ancamonesi memoou (Maki K UNAOKOSULL Jic, 2PAOIEHMHUL OYCMUHE), U0
4acmo 0eMOHCMPYIOms NOKPAUeHy MOYHICIb ma CMItIKICIb.

B oena0i npoananizoeano 3mauHy KiibKicmb aKmyaibHUX HAyKOGUX NyOmikayitl, AKi 0eMOHCmpYIOmb
NPpaKmuume 3acmocy8ants ma NOmenyitny epekmusHicms KoMn 1omepHoi ipudo0iacHoCmuky 0Jisl 6Us61EHHS.
O3HAK WUPOKO20 CHEKMPA 3aX60PIO6AHL MdA NAMONOSTUHUX CMAHIE, GKIIOYAIOYU [WeMiuny X80poby cepys,
XPOHIYHY X60pOOY HUPOK, YYKpOGuil diabem, pi3HOMAHIMHI 3AXGOPIOGAHHS ULTYHKOBO-KUUKOBO20 MPAKNLY,
00CMPYKMUBHI 3AX60PIOGAHHS Jle2eHb MA HAGIMb 0esKi NCUXiuHi po3naou, maxi ax wuzogpenii. bazamo 3
Yux O0CHIONCEeHb 36IMYIOMb NPO OOCACHEHHS BUCOKUX NOKAZHUKIG OIAZHOCMUYHOI MOYHOCHI, YYMIUBOCHI
ma cneyugiunocmi, Wo cei0UUmMb NPO HAAGHICMb IHHOPMAMUBHUX NAMEPHIE Y PALIOVIHCYT, KOPETbOBAHUX 3i
cmanom 300po8’s. Haeooamuvcs Konkpemmui npuxiaou 00CHiodcens i3 3a3HaA4eHHAM GUKOPUCTAHUX MemOodi8
ma OMpPUMAHUX pe3yibmamis, wo 003605€ OYIHUMU ROMOYHUL PIBEHb PO3GUMKY MEXHON02Il V Yill cepi.

He3ssaorcarouu na oueuoni ycnixu ma 3HayHuil HAQyKOGUI i NPAKMUYHUL NOMEHYIAN, ¥ cmammi 0emaibHo
BUCBIMIIOIOMBCSA A KPUMUYHO AHATIZYIOMbCS AKMYANbHI NpoOieMy ma SUKIUKU, WO CMOSMb HA WLIAXY
WUPOKO20 MA HAOIUHO20 KIIHIYHO20 BNPOBAOINCEHHS KOMN 1omepHOI ipudodiacnocmuxu. /{o Hateadciugiuux
3 HUX HANeNcamv: HA2AIbHA HeOOXIOHICMb po3poOKU mda GNPOBAOICEHHS E€OUHUX CMAHOAPMU30BAHUX
NPOMOKONIE OMPUMAHHSL 300padceHb pauoylIcKu ma (QOopmMyeanHs 6eIUKUX, Penpe3eHmamueHUX, SKICHO
AHOMOBAHUX HAOOPIE OaHUX O/ HAGYAHHA MdA 6anioayii moodenell, 3a80aHHS NIOBUWEHHST POOACMHOCMI
PO3pOOII0GANHUX MEMOOI8 00 HEeMUHYHUX eapiayill sAKOCmi 300padicenb ma YMO8 iX 3UOMKU 8 peanbHux
KATHIUHUX YMOBAX, (DYHOAMEHMANbHA NPoONeMa 3a0e3NeYeHHs HANeNCHO20 Pi6Hs THMepnpemosanocmi ma
npo30poCcmi OiAeHOCMUYHUX BUCHOBKIB, 0CODIUBO OJisL CKAAOHUX MOoOenell 2iubOK020 HAGUAHMS, AKI 4acmo
DYHKYIOHYTOMb K «HOPHI CKPUHBKUY, MA HALATbHA NOMPeda y NPo8edenHi MacuimabHux, 000pe CniaHO8aHuXx,
MYToMUYEHMPUYHUX KATHIYHUX GANIOAUIIHUX OOCHIOdNCEeHb 051 00 €KMUBHO20 NIOMBEPONCEHHS PealbHOL
diazHocmuyHoi yinnocmi ma 6e3nexu nponoHosanux memodis. OO2080pPIIOMbCA MAKONC NUMAHHSL, NO8 S3AHT
3 GIOCYMHICMIO 342ANbHONPUTIHAMUX DIOMAPKEPI8 6 ipuOoN02ii ma cCKenmuyusmMom 3 60Ky 4acmunu MeoudHoi
cninonomu. Cmammsi y3a2a1bHIOE NOTMOYHULL CIAH HAYKOBUX O0CTI0MHCEeHb Y Yith OUHAMIYHO PO3GUBAIOUTHL 2ATY31
ma U3HAYAE HAOIbUW NEPCNEeKMUBHT HANPAMKU 051 iT NOOANLULO20 PO3BUMKY K eheKMUBHO20, OOCYNHO20
ma 00 €EKMUBHO20 THCMPYMEHMY HeIHBA3UEHOT MeOUUHOI OiaeHOCMUKU.

Knwuogi cnosa: ipudoodiaznocmuxa, Komn romepua 0iaeHoCMuKa, aHaliz 300pajcers pauoyucKil, MauluHHe
HAGUaHMHs, 2IUOOKe HA8UANHS, 00POOKA 300padicetb, cecmMenmayis panoyicKu, 6UOLIeHHs 03HAK, Kiacugikayis
Memooie, ananiz iimepamypu, Cmax 300p08 s, HeiHBA3UBHA OIAZHOCTNUKA.

MocranoBka npodaemu. IpumoniarHoctuka, sK
HaMpsM KOMIUIEMEHTapHOT MEIUIIMHH, 0a3y€ThCsl Ha
MIPUIYIIEHHI, O MOCTiKEHHS Bi3epPYHKIB, KOJbO-
piB Ta IHIIUX XapaKTEPUCTUK paiiy’KHOI 00O0IOHKH
OKa MOXX€ HajgaTd iH(OpMalilo Npo CTaH 370POB’S
JONUHY Ta ii oprauiB [15]. Tpamuiiiitai metonu ipu-
JIOJIIarHOCTHKH, 10 TOKJIAJal0ThCsA Ha Bi3yalbHUN
OmISIT JIIKApEM-ipHUI0IOTOM, HEMHUHYYE II0B’s3aHi
3 BUCOKHM CTyIICHEM Cy0’ €KTHBI3MY Ta 3aJICKHICTIO
BiJl IOCBiy (haxiBIIst, MO0 OOMEXY€ TXHIO HAAIHICTh
Ta HayKOBY JOKa30BicTh [15].

3 pO3BUTKOM KOMII FOTEPHHX TEXHOJOTIH BUHHK
HOBHMI HampsIMOK — KOMII IOTEpU30BaHa ipuIo/iar-
HOCTHKA, [0 Ma€ HAa METI aBTOMATHU3yBaTH aHAJIi3,
IMIBUAIATA 00’ €KTUBHICTH Ta TOYHICTH TIarHOCTUY-
HUX BHCHOBKIB. He3Bakarounm Ha 3HAYHUWH iHTepec
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Ta TeBHI YCIIXH, iCHye NOTpeda B cucTeMaru3anmii
HAKOIMMWYEHOI'0 JO0CBily, aHasi3i e(eKTUBHOCTI pi3-
HUAX TIIXOMIB Ta BHU3HAUCHHI HEBHUPIMIEHUX TIPO-
Oonem. JlaHuii aHami3 crnpsMoBaHWN Ha BceOiUHE
JOCHIJKEHHSI ICHYIOUMX KOMIT FOTEPHUX PILICHb IS
BUSIBJIICHHSI PO3JIaJiiB 3[J0POB’S 3a pailyKKOIO OKa,
ixHrO0 Kacu(}ikalilo Ta KPUTUYHY OL[IHKY TIOTOYHOTO
CTaHy Tany3i.

AHaJ3 OCTaHHIX XOCTiMKeHb i myOsikamiii.
HaykoBa miteparypa OCTaHHIX pPOKiB CBIIYHTH IIPO
aKTUBHI JOCH/KEHHS Yy cdepi KoM I0TepU30BaHOI
ipunomiarHocTuku. Y  nmochimpkenni . O30i1-
rina (F. Ozbilgin) Ta in. (2023) 6yno 3amponoHo-
BaHO METOJ] TPOTHO3YBaHHA IMIEMIYHOI XBOpOOU
cepus (IXC) 3a momomororo SVM Ta 0o3HaK 3 Bei-
Bier-nieperBopenHst i GLCM, pocsrmm 93% Tou-
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Hocti [1]. C. My3amin (S. Muzamil) Ta in. (2020)
pPO3poOMIIN  IHTENEKTyallbHy CHCTEMY Ha OCHOBI
CNN st igentudikamii XpoHiyHOT XBOPOOH HHPOK
(XXH) 3 tounictio 96,8% [2]. [is niarHocTukH
mykpoBoro miabdety II tumy K. Cpyti (K. Sruthi) Ta
iH. (2022) 3actocyBanmu AlexNet misa aHamizy iH(pa-
YEPBOHUX 300pa’keHb panmykku, nocsarmu 95,85%
tounocti [3]. E. B. I1. Kappepa (E. V. P. Carrera) Ta
I1. A. M. Maiis (P. A. M. Maya) (2018) 3arnponony-
BaJIM CHCTEMY JUISI IIarHOCTHKY 3aXBOPIOBAHb IIUTYH-
koBo-kumkoBoro Tpakty (IIIKT) 3 BHKOpHcTaHHSIM
00poOku 300paxkenp Ta SVM, mocsrmm 96% Tou-
Hocri [4]. A. Bancan (A. Bansal) Ta in. (2018) po3po-
OWIM 1HCTPYMEHT Ha OCHOBI BEHBIIET-TIEPETBOPEHHS
ta SVM Ju1s TIONIepeIHbOl IIarHOCTUKH O0CTPYKTHB-
HUX 3axBoproBaHb JiereHb (O3J1) 3 tounictio 89,0%
[5]. Hocmimkenns JI. Ban (L. Wang) ta in. (2022)
BUSIBUJIO KOPEJLILII0O MDK XapaKTepUCTHKAMH paid-
IY’XKH (KpUITH, TIrMEHTHI IUIIMH) Ta MK30(peHiero
3a JOMOMOTOI0 JoricThnuHoi perpecii [6]. H. [apma
(N. Sharma) Ta in. (2017) 3anpornoHyBajid METOJ JIJIs
PaHHBOTO BHUSIBIICHHSI CEPIIEBUX 3aXBOPIOBAHb, BHKO-
PHUCTOBYIOUYH TEH30pHUH TpamieHT, Gpimsrpu ['abopa Ta
SVM [7]. I. T'ita (G. Geetha) Ta in. (2024) npencra-
B (pperimBopk Ha ocHosi LI, mo inTerpye dene-
paruBHe HayaHHs, CNN Ta TeHETHYHI aJTOPUTMH
JUISL TIPOTHO3YBaHHS Jia0eTy Ta CepleBO-CYIMHHOIO
pm3uky [8]. M. Xamman (M. Hammad) Ta in. (2021)
po3podmu cuctemy IKDIS 3 Bukopucranasm CNN
JUIS JTIaTHOCTHKH XBOpOO HUPOK, pocsarmu 86,9%
toyrocti [12]. C. Kymap (S. Kumar) ta in. (2021)
3alpONOHYBAIM METOJl PaHHBOI JMIarHOCTHKH XpoO-
HIYHUX 3aXBOPIOBaHb MEYIHKA 3 BHKOPHCTAHHIM
iH}pauepBOHNX 300paXKeHb PaNIyKKH Ta aHcamO-
JeBoro HaB4aHHS 3 TouHicTIoO 98% [9]. Lli Ta iHmi
nmocmimkenns [10, 11, 13, 14] neMOHCTpYIOTh MTOTEH-
IiaJI KOMIT FOTEPHOI 1pUAOMIarHOCTUKY, ajie BiIMiH-
HOCTI B METOOJIOTIAX Ta JaHUX YCKIaIHIOIOTh MpsiMe
MOPIBHSHHS IXHBOT €(DEKTUBHOCTI.

DopmyTrOBaHHS IIIJIEH CTATTI

ITocranoBka 3aBaaHHsl. MeToro cTarTi € aHa-
i3 ICHYIOYHX KOMII FOTEPHU30BAHUX METOJIB 1 CHC-
TEM JUIsl BUSIBJICHHS PO3JaiB 30POB’S 3a paiLyx-
KOIO OKa.

3aBraHHs:

1. Cucremarn3yBaTd OCHOBHI  IMIXOAW  Ta
TEXHOJIOTII.

2. IlpoanamizyBaTéi KIIOYOBI eTanmd OOPOOKHU
JaHUX.

3. KnacudikyBaru METOIH 3a THUIIOM allTOPUTMIB
00poOKHU 300pakeHb Ta MAIIIMHHOTO HABUYAHHSI.

4. BU3HAYUTH JIOCSTHEHHS, TMEpeBard Ta HEIo-
JIKH PIIICHb.

5. OxpecauTd HEBUpilIeHI MpobiaeMu Ta Tmep-
CTIIEKTUBH JIOCIIIKEHb.

Buxaan ocHoBHOro marepiamay. Komm torepu-
30BaHa iPHUIOMIaTHOCTHKA, K OararoeTarmmHWi IPo-
Iec, BKJIIOYA€ HHU3KY TOCIHITOBHUX KPOKiB, KOXKEH
3 SKUX BHKOPUCTOBYE CHEIUM(I4HI METoAu Ta
QITOPUTMHM, IO CYTTEBO BIUIMBAIOTH HA KiHLEBHH
pesynbrat [13].

 Eranm  mnomepenHboi  00poOku  300pa-
KEeHb paimyKku, SIKicTh momepenHsoi 00poOKH
€ dyHIaMeHTaIHHOO.

o JlokaJizamisi Ta cerMeHTaliss paiixyKKu
i s3immni: IlepmioueproBuM 3aBAaHHAM € TOYHE
BU3HAUCHHS MEX PalIyXKH: BHYTpPILIHbOI (3iHMY-
HO1) Ta 30BHIIHBOT (J1IMOATBHOT).

*  Knacuyni memoou: IaTerpo-audepeHiiais-
muit omepatop JIxk. I ayrmama (J. G. Daugman)
[10] mykae kpyroBi Mexi, eeKTHBHHUMI IS SKic-
HuX 300paxeHb. lleperBopenns Xada BusBiIse
napaMeTpuyuHi KpHBi, CTidKke 10 pPO3PHUBIB KOH-
Typy. Moneni akTHBHHX KOHTYpiB (Snakes) ire-
palifHO €BOJIOUIOHYIOTh TIOYaTKOBHHA KOHTYD,
aIanTyIOUHCh 10 AOBITRHUX (OpPM, ajie IyTIUBI 10
iHirani3ami.

= Memoou Ha OcHO8I 2IUOOKO20 HAGUAHHSL:
Apxitektypu CNN, Ttaki sk U-Net O. PonneGep-
repa (O. Ronneberger), I1. ®imepa (P. Fischer) Ta
T. Bpokca (T. Brox) [14] Ta ii mogudikarii, 1emMoH-
CTPYIOTh BUCOKY TOUHICTH CEMaHTHYHOI CETMEHTAIII1
HaBiTh 32 HASBHOCTI [ITYMiB, aBTOMaTUYHO BHBYAIOUN
iepapxiuHi o3Haku. Hexonikom € morpeda y BEIMKUX
AHOTOBaHUX HabOpax JaHUX.

o Hopmadizamia 300paxkenn: [licis cermes-
Tamii KiTbIenoiOHa o0NacTh paiayXKKu HOpMAIi-
3y€ThCSl — IIEPETBOPIOETHCS Y MPSIMOKYTHE 300pa-
KeHHS (DIKCOBAHOTO PO3MIpy s 3a0e3redeHHs
iHBapiaHTHOCTI O3HAaK 0 Bapiauidl MacmrTady Ta
¢opmu. HaiimommpeHimmM € MoAenb «TYMOBOTO
muctay Jlayrmana (Daugman) [10], mo «po3ropraex»
paiiIy’)kKy B TOJSIpHI KOOpAWHATH. TOYHICTH 3aje-
KUTh Bijl IKOCTI cerMeHTaLii.

o BusiBJleHHI Ta BHJIAJIeHHsI apTe(akTiB:
300paskeHHs paliAy’KK1 9acTO MICTITh apTe(aKTu.

*  Bidbnucku ceimaa: JIeTEKTYyIOThCS 3a BHCO-
KOIO 1THTEHCHBHICTIO MIKCEiB.

= Oxmnosii siamu ma nosgikamu: BUSBISIOTbCA
MeTollaM1 JeTeKIii kpaiB (Hampuriman, Kenni) Ta
repeTBopeHHsAM Xada JUTsl MOBIK; /Ui Bili BUKOPHC-
TOBYIOTBCSI aHaJIi3 TeKcTypH Ta (insrpu ['abopa.

= Obpobka apmeghaxmis: MackyBaHHs (irHOpPY-
BaHHS TiKceliB apredakTiB) abo BiJHOBICHHS TEK-
ctypu (inpainting) aJis 3alIOBHEHHS ITOIIKOKEHUX
obmacTeit [13].
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* BupmineHHs MiarHOCTUYHO 3HAYYIIMX O3HAK
[Ticns momepeanboi OOpPOOKM 3 HOPMATi30BaHOTO
300paKeHHSI BUJIUISIFOTBCS JIIATHOCTUYHO 3HAUYII
O3HAaKHW, M0 KIUIBKICHO XapaKTepHU3YIOTh MaTepHH,
CTPYKTYpPH Ta KOJBEOPOBI OCOOIMBOCTI pPaMIyKKH
[13].

o TekcrypHi o3Hakm: TekcTypa paligyxKH,
YTBOpEHa MEPEkKEet0 KOIareHOBHX BOJIOKOH, CY[MH Ta
MIrMEHTHUX KJIITHH, € 1H)OpMaTHBHOIO.

*  Dinompu ['abopa: Auamni3z TEKCTypH B TIPOCTO-
pPOBO-4aCTOTHIH 001acTi, YyTIAUBI J0 OpieHTAIii Ta
YaCTOTH TEKCTYPHHX €JIEMEHTIB [7].

= Beusnem-nepemeopenns.: Pozknananns 300pa-
JKCHHSI Ha KOMIIOHEHTH 3 DI3HOI0 MPOCTOPOBOIO Ta
YaCTOTHOIO PO3AUIHHOIO 3/IaTHICTIO, aHai3 TEKCTYyp-
HUX 0COOIMBOCTEH Ha pi3HUX MacmrTadax [1, 5].

» Mampuya  cymincHocmi — piBHI&  Cipoco
(GLCM): CraTHCTUYHHNA METOJ, IIO OIUCYE TPO-
CTOPOBi B3a€MO3B’SI3KM MIX MapamMu ImikceiniB. Pos-
PaxoBYIOTbCS O3HAKH: CHEPTrisl, KOHTPACT, KOPEJsLis,
TOMOI'€HHICTh, eHTpoIIis [1].

= Jloxanvhi 6inapui namepnu (LBP): EdexTus-
HUW JCCKPUTITOP JIOKATLHOT MIKPOTEKCTYypH, 1HBapi-
AHTHHUH 10 MOHOTOHHHX 3MiH OCBiTICHHS [13].

*  @paxmanvhui ananiz:  KinbKicHa — OIiHKa
CKJIQJIHOCTI Ta camoronioHocTi Tekctypu [13].

o TomoJioriuni 03HaKM: ABTOMaTH3allisl BUSB-
JICHHSI Ta KIJBKICHOI OITIHKH CIenu(pIYHUX CTPYK-
TYPHHX «3HaKiBY.

*  Kpunmu: AHami3yrTbCA po3Mip, hopma, riu-
OuHa, KITBbKICTh, PO3TaIIyBaHHs [6].

*  boposnu (Koumpakyiiini Kinoys): AnHamizy-
I0ThCS KUTBKICTb, TNTUOWHA, PErYISPHICTb.

*  Konapemxa (Asmonomue Hepsoge Kinvye):
Amnamizytorbest  (popMa,  HITKICTh,  IUTICHICTB,
HIMPUHA, TTOJIOKESHHS.

*  Jnwi osnaxu: Bysnukun Bonbduina, paxpiycn
COJISIpic, HEPBOBI KiJIBIIS.

o KoabopoBi o3Haku: AHaji3 3MiH KOIbODY,
MICMEHTHUX IUISIM, AUISTHOK Tifo-/rineprirMeHTariii.

*  Ananiz y pisnux xoaipnux npocmopax: RGB,
HSV, HSL, Lab, YCbCr mist BioKpeMJICHHS TOHY,
HACHYEHOCTI, sickpaBocTi [13].

»  Konipui cicmoepamu: OnHo- abo OaratoBu-
MIpHI TicTOrpamM# pO3MOALTY KOJbOPIB JUIsl KUIbKic-
HOTO omucy [13].

»  Kinbkicha oyinka niemenmayii: ABTOMaTHYIHE
BUSIBJICHHS Ta OIliHKA MTapaMeTPiB MIrMEHTHUX IIJISM.

Knacugikanist icHylo4MX METONIB y KOMII IOTe-
pU30BaHil  ipupomiarHOCTHUIN  IcHyroui  MeTonu
MOKHa Kiacu(ikyBaTH 3a THUIIOM BHUKOPHUCTOBYBa-
HUX QJITOPUTMIB MAaITMHHOTO HABYaHHS Ta METOJIB
00poOKHU 300paKeHb.
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°©  AJrOpUTMHU MAIIHMHHOTO HABYAHHSI:

* Onopni eexmopui mawunu (SVM): Yacto
JIEMOHCTPYIOTh BHCOKY TOYHICTH [1, 4, 5]. Edexk-
THBHI 3 HENHIAHO PO3MUIBHUMH NaHUMH 3aBISKH
«TPIOKY 3 SIAPOMY.

= Hetpouni  mepexci (HM) ma emuboxe
nasuannsi (I’H): CNN  aBTOMarMu4HO BHBYAIOTh
iepapxiuHi O3HaKW. BUKOPHUCTOBYIOThCS sl [lia-
THOCTHKHU XBOpOO HUPOK [2, 12], IyKpoBOTO mMiadbety
[3]. MLP takox 3acTOCOBYIOTHCS TSl Kiacuikarii
BH/IIICHUX O3HAK.

= Jnwi  aneopummu  MAWUHHO20 — HABUAHHS:
HepeBa pilieHb, BUMAIKOBUI JiC (BUKOPUCTOBY-
BaBcs Juis JiarHocTuku jgiadery I1. CamantoMm
(P. Samant) ta P. Arapsanom (R. Agarwall) [11]),
MeToA k-HalOMmKInX CyciniB, METOAM KiIacTepusa-
mii Ta ancamOneBi mMetomu (OYCTHHI, CTEKWHT), SKi
KOMOIHYIOTh TIPOTHO3M KiIbKOX Mojesieil (Hampu-
KJIaJ1, JJIs J1arHOCTUKH XBOPOO meviHku [9]).

o MeTtonu 00poOkHM 300pazkeHb (IK OCHOBa
AJISl BUAIIEHHS] 03HAK):

*  Bunyuennsi o3max. BelBieT-nepeTBOPEHHs
[1, 5], GLCM [1], SURF, ¢insrpu ['abopa [7], LBP.

Ceemenmayis ma nopmanizayis: llepeTBOpeHHS
Xada, monens Jlayrmana [10], U-Net [14].

= [Jlokpawenns 300padicenns: Meroau THUITY
CLAHE (Contrast Limited Adaptive Histogram
Equalization) mis mokparieHHs JIOKaIbHOTO KOHTP-
acty [13].

o Tiopuani minxomm: IloexHaHHs  pi3HUX
QITOPUTMIB MAalIMHHOTO HaB4YaHHS abo iHTerpa-
i MAllMHHOTO HAaBYaHHS 3 TPAJAUIIIMHUMU METO-
JIaMu 00pOOKH 300paKeHb ISl MOCATHEHHS Kpalux
pesynbratis [7].

* [Ipobnemu siKOCTi JaHWX Ta iXHIM BIUIHB
SIxicTb, 00CAT Ta penpe3eHTaTUBHICTh AaHUX € (yH-
JAMEHTAJIbHUMHE (DaKTOpamu.

°© BmiMB yMOB OTpHMAHHS 300pa’keHb:
Ocsitinenns, (OKyCyBaHHs, pPO3IOiIbHA 3IaTHICTB,
aprecdaktu (BIOOMHMCKH, OKIIO3ii) CyTTE€BO BIUIH-
BalOTh Ha CTAOUIBHICTH O3HAK 1 TOYHICTH HlarHOC-
tnyHux moxeneit [13]. HecrannmapruzoBaHi ymMOBH
YCKIIQIHIOIOTh HABUYAHHS POOACTHUX MOJICTICH.

o IIpodnemu ¢opmMyBaHHS Ta cTaHIAPTH3ALIT
Ha0OpiB TaHUX:

*  Posmip eubipku: Yacto BITHOCHO HEBEIHKHH,
10 MOXE MTPU3BECTH 10 TIEPEHABYAHHS MOJICIIEH.

*  Anomysamns ma «Ground Truth»: AHOTY-
BaHHS 300pakeHb PANIYXKKU JUIS J1arHOCTUYHHX
LiJe € CKJIaJHUM Ta Cy0 €KTUBHUM. Bu3HaueHHs
06’extuBHOTO «ground truth» yckmamaeHne depes
HEJOCTAaTHIO HAayKOBY BalliJaIlifo OaraTbOX Tpaiu-
HIHHUX ipUIONOTIYHKX 3HAKIB [15].



IndpopmaTuKa, 06uKCII0BaIbHA TEXHiKA Ta aBTOMAaTH3aLlis

*  Cmanoapmusayis — anomayii: ~ BincyTHicTb
€IMHUX MPOTOKOJIB MPU3BOJUTH JIO0 BapiadeIbHOCTI
OLIIHOK.

* 3miwenns (Bias) y Oanux: Habopu maHux
MOXYTb MICTHUTH CUCTEMaTH4HI 3MilIeHHs (BiIOOpY,
oOmagHaHHS, aHOTyBalbHUKA). Moyeri, HaBYeHI Ha
TaKuX JAaHUX, MOXKYTh YCIaAKOBYBATH Ii 3MiLLICHHSI.
Hez0anancoBaHiCTh KJIAaciB TakoK € TOMIMPEHOIO
POOJIEMOIO.

BucnoBku. IlpoBenenmii aHami3 CBITYUTH PO
3HAYHUI TPOrpec Ta MOTEHINaI KOMII IOTEPHOI ipH-
JIOAIarHOCTUKH. 3acCTOCYBaHHS Cy4acHHX MeETO-
IiB 00poOKM 300pa’keHb Ta MAIIMHHOTO HAaBYAHHS
JIO3BOJIMJIO JIOCSITTH BUCOKOT TOYHOCTI Y BUSIBJICHHI
03HaK PI3HOMaHITHUX 3aXBOPIOBAHb.

OpmHak, A1 TIUPOKOTO KIIIHIYHOTO 3aCTOCYBAaHHS
HEOOXiTHO BUPIMIUTH HU3KY TPOOIeM:

e (@ynaamMeHTalbHe HayKOBe  OOIPYHTY-
BaHHs: bararo acmekTiB TpamuIiiiHOI 1pUA0Ii-
arHOCTUKM  MOTpeOyIoTh  miATBep/KeHHs  [15].
Komm’torepu3oBani  MeTOIM TakoX BHMAararoTh
MacIITa0HHUX KITIHIYHUX BUMIPOOYBaHb.

* Cranpapru3anis Ta sikicts aaHux: Bincyt-
HICTh CTAaHJIJAPTU30BAHUX MPOTOKOJIIB OTPUMAHHS Ta
AQHOTYBaHHs 300paXKCHb, a TAKOXK PENPE3CHTaTHBHUX
Ha0OpiB TaHUX, € CEPHO3HOIO MEPEITKOAOI0.

* IuTepmperoBanicth  Mmomeneii:  Ckmagai
MOJIeNi TIIMOOKOTO HaBYaHHS 4acTo (YHKIIOHYIOTh
SIK «9OPHI CKPUHBKH», IO YCKJIATHIOE iX PO3yMiHHS
Ta J0BipYy 3 OOKy MeAMKiB. PO3BUTOK METOMIB Mosic-
HioBajibHOrO 111 (XAI) € BaxknuBum.

* TlomonanHsi CKENTHIIM3MY METHYHOI CHiIb-
HoTu: HeoOXimHO TPOAEMOHCTPYBATH HE JIHIIC
TOYHICTb, aje W 3pO3YMLIICTh Ta peajbHy KOPHCTbH
CHCTEM.

[lepcnekTuBHUMKU ~ HampSIMKaMH  TOAAJIBIINX
JIOCJIJDKEHb € PO3p0o0Ka POOACTHUX aJITOPUTMIB, BJIO-
CKOHAJICHHSI METOJIB BHIUICHHS O3HAK, 3aCTOCYBaHHS
HOBITHIX apXiTEKTyp TIHOOKOTO HABYAHHS, aKTHBHE
BukopucTanHs XAl, mocmikeHHs] TeHETHYHHX KOpe-
TSN Ta TPOBECHHS MAaCIITAOHMX KIIIHIYHHUX BaJlia-
1iii. BupiieHHs nux 3aBJaHb JO3BOJIUTH pealli3yBaTu
MOTEHITIAJI KOMIT FOTePH30BaHOT ipH/I0IarHOCTUKHU SIK
LIHHOTO IHCTPYMEHTY Cy4acHOI METUITHHH.
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Zavarin V.0., Tereikovskyi .A. ANALYSIS OF MODERN SOLUTIONS IN COMPUTERIZED
DIAGNOSTICS OF HEALTH DISORDERS BY THE IRIS OF THE EYE

The article presents an in-depth and comprehensive analysis of the current state of computerized systems
and methods designed for diagnosing various human health disorders by analyzing digital images of the
iris. Iridology, as a field of alternative medicine historically based on the visual interpretation of complex
patterns, color variations, textural features, and other morphological characteristics of the iris, has received
significant impetus for its development, scientific objectification, and potential clinical application in recent
decades due to rapid progress in related fields of computer vision, digital processing of medical images, and,
especially, artificial intelligence, including machine and deep learning methods. The relevance of this study is
determined by the constantly growing societal and medical demand for the development and implementation
of new non-invasive, accessible, cost-effective, and, at the same time, informative methods for the early
diagnosis of a wide range of diseases, as well as for monitoring general health status and evaluating the
effectiveness of therapeutic interventions. The transition from subjective assessments of traditional iridology
to quantitative, algorithmized approaches of computer diagnostics opens up prospects for increasing the
reproducibility, reliability, and evidence base of this method. The purpose of this analytical review is to
conduct a comprehensive systematization of existing scientific knowledge, a detailed study of methodological
foundations, and a critical assessment of the effectiveness of existing approaches to computerized iridology.
An important task is to identify their key advantages, such as non-invasiveness and the potential speed of
obtaining results, as well as inherent disadvantages, including problems related to the variability of image
quality, the complexity of extracting stable diagnostic features, issues of standardization of research protocols,
and interpretation of results, especially those obtained using complex “black box” models. The analysis aims
to identify the technological limitations of modern systems and determine the most significant trends and
promising directions for further scientific and technological development in this field, which could potentially
lead to the creation of validated and clinically useful diagnostic tools.

The article sequentially and in detail examines the fundamental stages that make up a typical technological
pipeline of a modern computerized iridology system. The first, preparatory, stage — image preprocessing —
includes a number of critically important procedures: accurate automatic localization of the region of interest,
i.e., theiris itself, and segmentation of its inner (pupillary) and outer (limbal) boundaries. Various segmentation
algorithms are discussed, from classical ones based on Hough transforms or Daugman s integro-differential
operator, to modern approaches based on deep convolutional neural networks of the U-Net architecture. Next,
the segmented annular region of the iris is normalized, usually by converting it to polar coordinates (the
“rubber sheet” model), which ensures invariance to changes in pupil size and iris shape, as well as to small
displacements and rotations of the eye. An important component of this stage is also the development and
application of effective methods for detecting and subsequently compensating for the influence of various
artifacts, such as reflections from light sources, occlusions (overlapping) of iris areas by eyelashes and eyelids,
which can significantly distort diagnostic information. The second key stage is the extraction of diagnostically
significant features from the prepared iris image. The article analyzes in detail the methods for extracting
various types of features: textural, characterizing the complex fibrous structure of the iris stroma (e.g., based
on Gabor filters, wavelet transform, statistical methods such as gray level co-occurrence matrices (GLCM),
or descriptors like local binary patterns (LBP)); topological, aimed at detecting and quantifying specific
iridological signs (such as crypts, lacunae, contraction furrows, adaptation rings, collarette status),; and color,
evaluating the overall color of the iris, the presence of pigment spots, and areas of dyspigmentation (through
statistical analysis in different color spaces, histogram analysis). The third, decisive, stage is the application
of various machine learning algorithms to build classification and prognostic models of health status based
on the extracted features. Both classical approaches (support vector machines — SVM, decision trees, logistic
regression) and more modern and powerful methods are considered, including neural networks (especially
convolutional neural networks — CNN, capable of automatically learning hierarchical features directly from
images) and ensemble methods (such as random forest, gradient boosting), which often demonstrate improved
accuracy and stability.

The review analyzes a significant number of current scientific publications that demonstrate the practical
application and potential effectiveness of computerized iridology for detecting signs of a wide range of diseases
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and pathological conditions, including coronary artery disease, chronic kidney disease, type Il diabetes
mellitus, various gastrointestinal diseases, obstructive lung diseases, and even some mental disorders such
as schizophrenia. Many of these studies report achieving high rates of diagnostic accuracy, sensitivity, and
specificity, indicating the presence of informative patterns in the iris correlated with health status. Specific
examples of research are provided, indicating the methods used and the results obtained, which allows for an
assessment of the current level of technological development in this area.

Despite the evident successes and significant scientific and practical potential, the article highlights in
detail and critically analyzes current problems and challenges hindering the widespread and reliable clinical
implementation of computerized iridology. The most important of these include: the urgent need to develop
and implement unified standardized protocols for acquiring iris images and forming large, representative,
high-quality annotated datasets for training and validating models; the task of increasing the robustness of
developed methods to inevitable variations in image quality and acquisition conditions in real clinical settings;
the fundamental problem of ensuring an adequate level of interpretability and transparency of diagnostic
conclusions, especially for complex deep learning models that often function as “black boxes”; and the
pressing need for large-scale, well-designed, multicenter clinical validation studies to objectively confirm the
real diagnostic value and safety of the proposed methods. Issues related to the lack of universally accepted
biomarkers in iridology and skepticism from part of the medical community are also discussed. The article
summarizes the current state of scientific research in this dynamically developing field and identifies the most
promising directions for its further development as an effective, accessible, and objective tool for non-invasive
medical diagnostics.

Key words: iridology, computerized diagnostics, iris image analysis, machine learning, deep learning,
image processing, iris segmentation, feature extraction, methods classification, literature analysis, health
status, non-invasive diagnostics.
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