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AHHOTAIINA

B craree mpeactaBieHO HccIeNOBaHME, IOCBAIIEHHOE pa3pabOTKe  HEHPOCETEBOrO
WHCTPYMEHTapusl Uil KiIacCH(UKAUM H300paKEeHUH MarHUTHO-PE30HAHCHOM ToMorpaduu
(MPT). HccrnenoBaHne TOCBSIIEHO PEIICHUIO AaKTyalbHOW HAyYHO-TEXHWYECKOW 3a/adw,
HaHCHeHHOﬁ Ha TIIOBBIIICHUC TOYHOCTU JHArHOCTUPOBAHUSA OHKOJOTHYCCKHUX 3a00JIEBaHUI
4eJoBedecKkoro mosra. Ilpeanoxena Moienb, OCHOBaHHAs HA MCIIOJIb30BaHUN HEHPOCETH MPSIMOTO
pacmpocTpaneHusi Mojenb MMEET TPH CKPBITHIX CJIOSi HEMPOHOB, HCIONB3YIOIUX (DYHKIHIO
axktuBaruu Relu. BeixomHoii crmoit HeMpoOHOB Hcmonb3yeT (yHKIHIO aktuBaruu Softmax. Certb
co3zaBasiach ¢ momouipto oudmuorekn Keras u nporpammuoit 6ubmmnoreku OpenCV. IIpoBenena
MIpOBepKa pabOTOCIOCOOHOCTH MPEIIOKEHHON HEHPOCEeTH, KOTOPas II0Ka3ala BHICOKYIO TOYHOCTD
pe3ynbTaToB Kiaccuukanun nzoopaxenuil. [Ipumenenne aanHoW Moaenan Mo3BosieT Ha 9,6 %
MOBBICUTh TOYHOCTh JHAarHOCTUPOBAHMS OHKOJOTMYECKHX 3a00JE€BaHUI TOJIOBHOTO MO3ra
YCJIOBCKA IO CPABHCHHUIO C TPAAUIIMOHHBIMH MCTOJaMHU.
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Abstract

The article presents a study devoted to the development of neural network tools for classifying
magnetic resonance imaging (MRI) images. The study is devoted to solving a pressing scientific
and technical problem aimed at improving the accuracy of diagnosing oncological diseases of the
human brain. A model based on the use of a feedforward neural network is proposed. The model
has three hidden layers of neurons using the Relu activation function. The output layer of neurons
uses the Softmax activation function. The network was created using the Keras library and the
OpenCV software library. The sizes of images used as training data are substantiated. The study
showed that 38 training cycles are sufficient to configure such a neural network. The performance
of the proposed neural network was tested, which showed high accuracy of image classification
results. The use of this model allows to increase the accuracy of diagnosing oncological diseases
of the human brain by 9.6% compared to traditional methods.
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BBE/IEHUE

Pacno3naBanue wu300pakeHMIl CBsS3aHO C MONy4YeHHeM IUpPOBOM  BHU3yalnu3aluu IS
UICHTUQHUKAIMKA PA3IHMYHBIX OOBEKTOB WM (YHKIMHA. 3ajayd pacro3HaBaHUS M KIAacCHU(UKALUU
U300paKEHHI aKTyalbHbl BO MHOTHX C(hepax ueloBeYeCKOM AesITeIbHOCTH, 0COOCHHO B Meauiune [1-3].
WuTennekryanpHble CpeACTBA aHaiM3a HM300paKEHUH CO3MaHbI JUISI TUATHOCTUKU CAMBIX Pa3IHYHBIX
3a0oneBanuil. IlpennoxkeHsl MoOnENH, TIO3BOJSIONIME C BBICOKOM TOYHOCTHIO KiIacCU(UIUPOBATH
TMabeTUYCCKYIO PETUHOIIATHIO [4], OCTphIC JIeiK03bI [S], KiteTku KpoBH [6]. PaspaboTan muHCTpyMEeHTapUit
00paboTKK N300paxKeHHI sl IMarHOCTUKY 3a00JIeBaHU TOPTaHH [ 7], XpPOHUYECKOTO pUHOCHHYCHUTA [8],
JIepMaToJIOTUUecKuX Oosie3Hen [9].

[lepcrieKTUBHBIM MOAXOJOM IS PEHICHMs 3a7jad aBTOMATHYeCKOH 0O0pabOTKM M aHaln3a JTaHHBIX
ABJIIETCS IPUMEHEHUE METOJI0B UCKYCCTBEHHOT0 HHTeuIekTa [10-16]. CoBpeMeHHbIE HHTEIIEKTyalIbHbIE
METOJbl 0a3uUpyIOTCs, B OCHOBHOM, Ha WCIIOJIIb30BAHUM HCKYCCTBEHHBIX HEWpPOHHBIX ceTeil. OHu
NPEICTaBISIIOT COOOW aJanTUBHBIE CUCTEMbI, (YHKIMOHHPOBAHHE KOTOPHIX HMHUTHPYET paboTy
yenoBeyeckoro mo3ra [17]. Heipocetn crnocoOHBI M3MEHSATH CBOIO CTPYKTYpy U BHYTPEHHHE CBSA3H,
IpUCIOCA0IUBAsCh K OCOOCHHOCTSIM pEIIaeMBbIX 3a/1a4. TexXHOJOruH pacro3HaBaHUs M300paKEHHN Ha
OCHOBE NPUMEHEHHS] MCKYCCTBEHHBIX HEHPOHHBIX CETeW MPUMEHSIOTCS Al UISHTHU(UKAIUU MHEHUN
Hutepuer-niosnb3oBaTeieil, HOMEPHBIX 3HAKOB, JUArHOCTUKHU 3a0osieBanuii [17]. OmHONM W3 BaKHBIX
byHKIMI pacrno3HaBaHUS W300paKeHU B 00JACTH MEAMIMHBI SBISETCS ONpElIeTICHUE HaIu4dus
3JI0KaQUECTBEHHBIX 00pa30BaHM Ha M300pakKEHUSIX OPraHOB yesoBeueckoro tena [18].

B ocHOBe nCKycCcTBEHHBIX HEHPOHHBIX CETEH JIexKaT CBsI3aHHbIE MKy COOOM y31Ibl, MOJEIUPYIOIINE
paboty HelpoHOB. M3 Takux y310B MOTYT (pOPMHpPOBATHCSI MHOTHE CJIOM HCKYCCTBEHHBIX HEHPOHOB.
Kaxnplil y3en umeer BXOH, BBIXOA U (QYHKIMIO aKTUBAIMM, KOTOpas Mpeodpa3yeT riiodanbHble BXOAHbIE
JTaHHBIE B BBIXOJ/IHbIE JaHHBIE, KaK [T0Ka3aHO Ha pucyHke 1.

PacnipocTpaneHHOi HelfpoceTeBO MOIENbIO SIBIISIETCS ceTh ¢ mpsiMoil cBsi3bio (Feed Forward Neural
Network, FFNN) [20]. Takas Moiens He COAEPKUT 3aMKHYTHIX IyTed. OTCYTCTBYIOT IyTH, BEAYIIHE KO
BXOJIHBIM y3J1aM ITOW HEWPOCETH, TaK ke, KaK U €€ BBIXOAHBIE Y3JIbl HE UMEIOT OTXOAAIIUX OT HUX JAYT.
OcTaJibHbIE CJION y3J10B UMEHYIOTCS CKPBITBIMU. COCTOSIHUSI HEHPOHOB CKPBITBIX CJIOEB MOACTPaUBAIOTCS
B 3aBHCHMOCTH OT 3a/IaHHBIX COCTOSTHUI BXO/AHBIX y3110B [21]. B npouecce pyHKIIMOHUPOBAaHUS HEHpOCETH
C IPSIMOM CBSI3bIO C yU€TOM HabOpa BXOJHBIX IaHHBIX BBIUMCIISIFOTCS] 3HAUEHUS BHIXOAHBIX TAHHBIX.

Brei6op FFNN-cetu ans mpoBeoeHHS HAIIUX HCCIENOBaHU OOYCIOBIEH, C OJHON CTOPOHBI,
OTHOCHUTEINIbHOM CTPYKTYPHOM MPOCTOTON 3TOI0 HHCTPYMEHTAPHsI, C IPYroi CTOPOHBI, CIOCOOHOCTHIO IIPU
9TOM JIOCTUYb COTIOCTABUMOM MPOU3BOAUTEILHOCTH MPH IOCTATOYHOM 00BEME JJaHHBIX M UCIOJIb30BAHUHU
3BPUCTHUYECKOTO MOAX0Ja. DTO JaeT BO3MOXKHOCTh YHPOCTHTH CO3JIaHUE HEHpPOCETEeBBIX MOJENeH H
yIpaBJieHUE UMHU.
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Puc. 1. Cxema MHOTOCIIOIHOW HEPOHHOW CETH
Fig. 1. Multilayer neural network diagram

YroObl CHU3UTH OMIMOKM KiIacCU(UKAMM CHUMKOB MarHMTHO-PE30HAHCHOM TOMOrpaguu,
UCTIONB3YIOTCS CIIEAYIOIINE METO/IbI MTOBBIIICHHUS Ka4eCTBa N300pakKeHUH:

- BoIpaBHHBaHHe ructorpaMmsl (histogram equalization) [22];

- aJIaTUBHOE BhIpaBHUBaHKE rucTorpammel (adaptive histogram equalization) [23];

- mopdonoruueckuii puastp (Morphology filter) [24].

[TpoBeneH aHanu3, KOTOPBIN [MOKa3all, YTO MPUMEHEHHUE U3BECTHBIX METOJIOB U MOJIEJIeH MO3BOJISET
YIYUYIIUTh KOHTPACTHOCTh M SIPKOCTh, HO BHOCSAT 3HAUMUTENbHBIA IIyM B M300paxeHus. Vcnoiab3oBaHue
TaKUX YJIYyYIIEHHBIX H300paX€HUIl NpUBOOUT K omMOKkaMm HelpoceteBod kiaccupuxamuu. YToObl
YMEHBIINUTD 3TU OLIMOKH, HEOOXOAUMO Npe1okuTh Mojenb FFNN-HelipoceTH, M03BOJISIONIYIO TOBBICUTD
TOYHOCTH Kinaccudukanuu MPT-n3o0paxeHuii.

OCHOBHAA 9YACTh

[TpeoOpa3oBaHue pa3NTUUHBIX THIOB JaHHBIX (M300paXKEeHUM, ro0ca, TEKCTa) B YHCIOBBIE BEKTOPHI
UMeEeT pelIarolee 3HaueHne JUIsl UCTOIb30BaHUS B MOJIENIAX MAIIMHHOTO o0y4yeHMs. [ KaXkaoro tuna
JAHHBIX TPeOYIOTCS CIEUalbHbIE METObl U3BJICUEHUS MPU3HAKOB, MO3BOJISAIONINE 3aUKCHPOBATH €T0
OCHOBHBIE XapaKTepUCTUKH. [Ipu 3TOM HpoHCXOAUT mpeoOpazoBaHHE M300pakeHUs B BeKTOp. Takoe
npeoOpa3oBaHue SBISIETCS HEOOXOAUMOW omeparuend 1ist 00OpaboTKH M300paKeHUH ¢ UCIOJIb30BAHUEM
oOyueHuss HeHpoHHbIX ceTei. [lockonbKy HEHpOHHBIE CETH MOTYT 00pabaThiBaTh TOJBKO YHCIOBBIE
JTaHHbIE, TO3TOMY M300paXXeHUs1 HE0OX0AUMO MPEJICTAaBUTh B (popMaTe, KOTOPBIA HEHPOHHAS CETh MOKET
pacrno3Hath u 3HPEeKTUBHO 00paboTaTh.

Kpome Toro, npeoOpazoBanue n3o0pakeHuil B HU(POBBIE BEKTOPHI CHUKAET CII0)KHOCTh JIaHHBIX,
oOyeryasi HEWpPOHHOW ceTH OOydyeHHE U BBIIOJHEHHE KJIACCU(HUKAIMM HA OCHOBE BXOIHBIX JAHHBIX
n300paxkeHus. DTOT MPOLECC TAKKe TOMOTAET COKPATUTh BBIYUCIIUTENbHYIO HATPY3KY U BpeMsl 00yUeHHUSL.
[Tocne BBeneHHS B HEWPOHHYIO CeTh LU(POBBIX BEKTOPOB, MHPOpPMALUS MPOXOIUT Yepe3 BCE CIOM K
BBIXOJJHOMY CJIOI0 C HCHOJb30BaHHWEM (YHKIMM aKTUBAIMM BO BCEX BCTpEUarOIIMXcs HeHpoHax. OTa
MOCJIEI0BATEIbHOCTh TOBTOPSIETCSI HECKOJIBKO pa3 U MPUBOAUT K YIYUIIEHHIO CIIOCOOHOCTH CETH
pacro3HaBaTh OOBEKTHI.

B mpemyaraemoil Mojenu MMeEETCS TPHU CKPBITBIX cJI0sl. [IepBBId CKpBITBIA CIIOH COIEPKHUT
512 HeHpOHOB, B COCTAB BTOPOI'O CKPBITOIO CJIOSI BXOJAAT 256 HEHPOHOB, a TPETUN CKPBITHIN CIIOH UMEET
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128 nelipoHoB. Bce HEMPOHBI B 3THX CIOSAX aKTUBUPYIOTCSA IO MaTeMaTu4eckoil 3aBucumoct Relu. Orta
(GYHKLHUS UCIIONIB3YyeTCs Ul aKTUBAllUM HEMPOHOB BHYTPH CJIOEB U UMEET CJIETYIOIUI B!

f (x) =max(0, x). 1)

BrIxo1HOI €101 UMeeT COAEPKUT HEHPOHBI, HA BBIX0/IaX KOTOPBIX (opmupytoTcs 3HaueHus 0 wm 1

C Hcnoib30BaHueM PpyHkuuu Softmax, UMerolel cleayoNy0 MAaTeMaTUYECKYI0 HHTEPIIPETALIHIO:
X
s(x) = ne_ . (2)
>
j=1
rJie | — 9KCII0 BBIXOJIOB; | — YMCIIO BXOJIOB.

Cerb co3maBaiack ¢ momorniplo Oubmmorekn Keras. Beibop sroit OubimoTeku oOyclOBICH €&
HIMPOKUM pacrpocTpaHeHueM. Keras spnsercss OMOMMOTEKOM TIIIyOOKOro OOYy4YeHHS C OTKPBITHIM
UCXOJIHBIM KOJIOM, KOTOpas HalMcaHa Ha s3bIKe MporpammupoBaHus Python u mo3BosseT co3naBaTh
IPOTOTHITEI HEHPOHHBIX CETEeW ISl MCCIIEIOBATEIBCKUX M MPOM3BOJCTBEHHBIX Ieseil. Jta OubiamnoTexa
AT BO3MOXKHOCTb CO3[aTh HEHPOHHYIO CeTh IIIyOOKO OOy4eHHs [UIsl HMCIOJIb30BaHUS B LEJSIX
MPOTHO3MPOBaHUS 1 Kitaccuukanuu [25]. KirroueBsie ocooeHHocTr Keras npepcraBineHsl B Tadbmuie 1.

B pamkax nmpoBoguMoOro ucciaenoBaHus ¢ UCIob3oBaHueM Keras BaxkHOe 3HaUeHHUE UMEET MPOoIiece
npeoOpazoBanus H300pakeHU B OTTEHKaX ceporo B BeKTOpbl. OH SBJISETCS OJHUM M3 STAllOB MOJATOTOBKU
rpadU4ecKuX MJaHHBIX Ui TOJaYM Ha BXOJA HelpoceTH. HeoOXxoammocTh 3TOro mpeodpa3oBaHuUs
0o0yCIIOBIEHO TEM, YTO JaHHbIE, IOCTYMAIOLIMEe Ha BXOJ HEHPOCETEBBIX CJOEB, JOJDKHBI OBITh
IPE/CTaBJICHbI B BHJIE OJTHOMEPHBIX MACCUBOB, T.€. BEKTOPOB. B oTiM4Umne 0T 3TOT0, BXOAHBIE rpaduyeckue
naHHbIX MPT-CHUMKOB He SBJISIIOTCS OJHOMEPHBIMU MaccuBamMu. M300pakeHHE B OTTEHKAxX CEpOro
npecTaBisieT co00i IByMEpHbIN MaccuB (MJIM MaTPHILY), Te 3HAYCHUE KaXKJIOTO MUKCEIsi COOTBETCTBYET
WHTEHCUBHOCTH CBE€Ta B JAaHHOW TOYKe. 3HA4YeHUs NHKceIed B §-OMTHOM HU300paKeHHH OOBIYHO
Bapbupytorcs oT 0 (uepHsblit) 10 255 (6enblit). B kauecTBe mpuMepa MOXKHO OTMETUTh, YTO H300paXKeHHeE B
OTTeHKax ceporo pazmepoM 80 X 80 mukceneil MOKET OBITh MPEJICTABIEHO B BUJE ABYMEPHOW MaTPHIIbI
COOTBETCTBYIOIIETO pazmepa. UToOsl nmpeodpazoBath MPT-u3z00pakeHne B OTTEHKaX CEpOro B BEKTOD,
HE00X0MMO TMpeoOpa3oBaTh IABYMEPHBIX MAacCHUB B OJHOMEpPHBIM. J[1s 3TOro 351eMEeHTHl HCXOAHOM
MaTpHIbl 00BETUHSIOTCS B €IMHYI0 HENPEPBIBHYIO MOCIIEA0BaTeIbHOCTh 3HaueHui. Tak, nzobpaxxeHue
pazmepom 80 x 80 TpanchopMupyercs B BeKTop AnuHoi 6400 3HaueHuit (pe3yabTaT NpoU3BeACHUS YHucia
80 Ha 3TO ke uncno). Pe3ynpTHpyromuil BEKTOp UMEET CIEAYIOLUINIA BUI:

(VA LT E T P PO POSpwy ey (3)

rae |lj j — 3Ha4YeHHE B IMKCENSAX B CTPOKE HOMED | M CTONONE HOMED .

[Tepen monavelt mOIy4EHHOTO BEKTOPA Ha BXOJ HelipoceTH TpeOyeTcs BBIIOJHEHNE HOPMATU3alUH,
IpU KOTOPOM 3HAa4YeHMs MUKceell MacmTadupytorcs B nuanazoHe oT 0 1o 1. DTo BBIIOTHSAETCS B LENIX
YIYUIIEHUs! CXOJAWMOCTH HMCKYCCTBEHHOM HEHpOHHOM ceTu B mporecce oOyuyeHus. s 8-OUTHBIX
M300paXeHU HOpMalln3alusl, Kak MpaBUJIO, MPOU3BOJUTCS C TOMOIIBIO JEJICHHUS 3HAYEHHUS KaXIO0ro
nukcens Ha 255. IlonydeHHBI HOPMaJIW30BaHHBIA BEKTOP MOJAETCS HA BXOJ HEUPOCETH, B KOTOPOU
BBIIIOJIHSETCS COIIOCTaBIEHUE JAHHBIX BEKTOpPA ¢ METKOM OIPEIEICHHOr0 Kiacca.



—r

I—IA y I—II—IbIM Acup M/Jxc., Anv Kansup 3.M. PacnosvasaHue u kaaccugukayuss MPT-uso6padiceHuli
20/108H020 MO32a C UCNO/b308AHUEM HelpoHHbIX cemell // HayuHblli pesysbmam. 81
PE BYHE)TA Hugopmayuonmwvie mexroaozuu. - T. 10, Ne1, 2025

Bubmtmbmt bttt

Tabauya 1
KnroueBsie ocooennoctu Keras
Table 1
Key Features of Keras

XapakTepucTUKU Jeranuzanus

® JOCTYNHBIH H BBICOKONIPOU3BOAMTENBHBIM HUHTEpQEc amst
peleHus 3a/1a4 MalllMHHOT'O O0YYeHHUs;

® COIVIACOBAHHBIM MHTEp(dEeNCc NPUKIAJHOTO MPOrpaMMHUPOBAHMUI,
OXBATHIBAIOIIMK KaXIbI 3Tanm pabodero mporecca MAIIWHHOTO
00ydeHus1 0T 00pabOTKU JaHHBIX IO PA3BEPTHIBAHMS;

® MUHMMM3HMPYET KOTHUTHBHYIO Harpy3ky Osiarofapsi HOHATHBIM U
JAKOHWYHBIM HHTepdeiicam

[Ipocrota
uHTepdeiica

® yOpPOIICHHBIH (DYHKIMOHAN JUIS CO3/aHUs HEUPOHHBIX CIIOEB,
GYHKIIMH  MOTepU JMaHHBIX H  CPEIACTB JUIsl PEIICHUS 3aaa4
PacimpsieMocTs 1 | IpeiBapUTENbHON 00pabOTKH BXOIHBIX JaHHBIX;

IMpoCcTOTAa ® BO3MOXKHOCTb CO3daHUA CJIOKHBIX HeﬁpOCGTeBBIX APXUTCKTYp C
HaCTp01>'IKI/I HCIIOJIBb30BaHUECM Q)YHKHHOHB.JILHOFO HHTCp(beﬁca IMPUKIAAHOIO
napameTpoB InporpaMMHUpOBaHuA U1K C UCITIOJIB30BAHUCM ITOJAKIIACCOB,

® CII0COOHOCTH aganTanuu K pas3Id4YHbIM  HCCJICIO0BATCIILCKUM
CIICHAPHAM.

® COBMECTUMOCTh CO MHOTHMH (peHMBOpKaMH TIyOOKOTO
oOyuenus (TensorFlow, CNTK, Theano u np.);

Crnioco6HOCTh
® BO3MOXHOCTb COTJIACOBAHHOTO BBITIOJIHEHUS UCCIIEOBATEIBCKUX
(GYHKIIMOHUPOBAHUS
3aad Ha Pa3IMYHBIX MIaThopMax, HE3aBUCHMO OT HCIIOJIb30BaHHS
Ha Pa3INIHBIX
rpauuecKoro mporeccopa;
iatgopmax . .
® BO3MOXHOCTh I€peHOca HEHPOCETEeBbIX MOJAEIeH MeXay
Pa3TMYHBIMHU CEPBEPHBIMU KOMIIOHEHTaMH.
® BO3MOXXHOCTh  CO3[IaHUSl ~ MPOTPAMMHBIX  MPOTOTHIIOB U
TECTHUPOBAHUS PA3JIUYHBIX HEUPOCETEBBIX APXUTEKTYpP B TECUCHUE
Cokpaienue i
OTPaHUYEHHOTO BPEMEHU;
BpPEMCHH
¢ HaIMYHME MHOTOYHCIEHHBIX MPEABAPUTENHHO TMOATOTOBICHHBIX
UCCIICIOBaHMUS. . 9
ITuporii HEWPOCETEBBIX MOJIeNIeH U OMOINOTEK;
o 1 KK MHOTOYHMCICHHBIX  TPUIIOKEHUI BKJTIOYAsI
byHKIHOHAT oJlIepIKKa OroYHce PHUIIOKEHHIA, KJTFO4a

KOMIIBIOTEPHOE 3pEHHE, TPOTHO3UPOBAHUS BPEMEHHBIX DSJIOB,
00paboTKy OO0JIBLINX JAaHHBIX U AP.

B niensix cokparieHus BpeMeH! HEHPOoCceTeBOro 00yUueHus MocIIe 3arpy3ki Ha0opa BXOTHBIX IAHHBIX
OBUTH YCTaHOBJICHBI pa3Mepbl m300pakeHnii 80x80 ¢ MCmoNb30BaHUEM METOAA FeSiZe U3 MpOrpaMMHOM
oubmorekn OpenCV. VYkazanHas OWOMMOTEKa COACPKUT MpOrpaMMHOE oOOecrieueHue s
KOMITBIOTEPHOT'0 3PEHUS U MAIIMHHOTO O0YUYEHHS C OTKPBITHIM UCXOIHBIM KOJIOM.

PE3YJIBTATBI HCCIIE/IOBAHHUA H HX ObCYK/IEHHE

[Tporiecc oOyueHus: HeMpOHHOU ceTH ObUI MOBTOpeH 55 pa3. Ha pucyHke 2 mokas3aHbl KpHBBIE
3aBUCHUMOCTH XapaKTEPUCTUK KauecTBa HACTPOMKU HEHPOCETH OT KOJUYECTBA IIUKIIOB O0yUEHUSI.
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Puc. 2. XapakTepucTHKH KadyecTBa HACTPOUKHU HEHpOoceTH
Fig. 2. Characteristics of the quality of neural network tuning

YroObl MMPpOTCCTUPOBATL CO3AAaHHYIO HaMH HeﬁpOHHYIO CE€Thb MU OILCHHUTH, HACKOJIbBKO BBIXOJHBIC
3HaYeHUs OJIM3KM K peaJibHbIM, Mbl HCHONb30BaIM psiag MPT-uzoOpaxenuil. PacmosznaBanue 3THX
M300paXeHU ¢ TOMOIIBIO CO3JaHHON HEHpPOCETEBOW MOJEIHU JaeT BOZMOXHOCTh UX KJIacCU(ULIMPOBATS.
B Tabmuue 2 mnpencrtaBieHsl MpPUMEPHl Pe3yJbTaTOB TakKOW KiIacCH(HKAIMM, KOTOpPbIE Ha BBIXOJIE
HelpoceTH 0TOOpaXkaroTCs B BUIE OAHOIO U3 IBYX OMHAPHBIX 3HAUEHUA:

0 — o3Hayaer, 4TO ATO U300paXKEHHE 37J0POBOrO (HE MOBPEXKIEHHOI0) MO3Ta.

1 — o3Havaer, 4TO TO U300paKEHNE MO3Tra C OHKOJIOTUYECKUM 3a00JI€BAHUEM.

Tabauya 2
PesynbTatel paboThl HelipoceTeBoi Moaenu
Table 2
Results of the neural network model
HN3o6pakenne daxT PesyabTar kiaaccupukanuu

310pOBBIM MO3T 0 = 3xopossiit Mo3r

IToBpex1eHHBII MO3T 1 = Moar ¢ 3aboneBanneM
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3AK/TIO9EHUE

AHanmm3 xapakTepUCTHK pacrno3HaBaHus 222 MPT-uzo0pakeHuil ¢ MCIOJb30BaHUEM TOCTPOCHHOM
FFNN-neiipoceTn nmokasan pe3yibTaThl, 00J1a1a011e BEICOKOM TOUHOCTBIO (60see 99%). Ilpeanoxxennas
B cCTaTbe HelpoceTeBass MOJENb I03BOJIAET YCOBEPLICHCTBOBATH Ipolecc pacno3HaBaHus MPT-
n300pakeHMi M MOBBICUTH TOYHOCTh MX Kiaccupukamuu Ha 9,6 % Mo CpaBHEHHIO C TPaJUIIMOHHBIMHU
meronamu. biaronaps coeii ciocoOHOCcTH 00padaThiBaTh 00JIBIINE OO0BEMBI JAHHBIX U U3y4aTh CI0XKHbIE
B3aUMOCBS3M MexAy mnpu3Hakamu, FFNN sBistorcs 3¢ (eKTUBHBIM HMHCTPYMEHTOM JUISI TOYHOM
KjJaccupukanuu cepplx M300paxkeHuid. OpHAako HEoOXOAMMBI JalbHEHIINE WCCIEAOBAaHUS s
ONTUMH3AIMH PabOTHl MPEATIOKEHHON MOAETH M 00ECledeHUs] HaeKHBIX PE3yIbTaTOB B Pa3IMYHBIX
3afjauax Kiaaccu(uKaluy n300pakeHui.

Cnucok JuTepaTypsl

1. Kacarkun A.A., JlumanoBa H.U., Kozmos B.B. Pa3paboTka u mpuMeHeHHE aarOpUTMOB MAIIMHHOTO
3peHus u 00paboTkn M300pakeHuit / TenaeHnu pa3BUTHs Hayku 1 oOpazoBanus. — 2023. — Ne 98-10. — C. 58—61.

2. Asepkun A.H., Bonkos E.H., SIpymes C.A. OObsICHUTETbHBI HCKYCCTBEHHBIH WHTEJUICKT B aHAIH3e
UQPOBBIX U300paKEHUI HA OCHOBE HEMPOHHBIX ceTell rirybokoro odydenus // M3Bectust Poccuiickoi akagemun
Hayk. Teopus u cuctemsl ynpasneHus. — 2024. — Ne 1. — C. 150-178.

3. Cyxux I'.T., HasemoB A.I'., JlorunoB B.B. CocrosHMe W MEpCHeKTHBHI BHEAPEHHS TEXHOJIOTHUI
HCKYCCTBEHHOTO MHTEJUIEKTA B aKyIIEPCKO-THHEKOJIIOTHUECKYIO MPAKTHKY // AKyIIepcTBO U ruHekonorus. — 2021,
—Ne2.-C.5-12.

4. Hapkesmu A. H. T., MamenoB X., [I3t00a /I. B. PacmozHaBanme nuabeTHdeckoil peTHHONATHH Ha
IUQPOBBIX M300pAKEHUSIX TIIa3HOTO JHA C IPUMEHEHHEM CBEPTOYHBIX HEHPOHHBIX ceTel ri1yOokoro oOydeHus //
Texuonoruu )uBbIx cucteM. — 2023. — T. 20, Ne 1. — C. 55-61.

5. JOmwutpuesa B.B., Tymumer H.H., [Tomsxos E.B., leanciok C.C. MeTtoa MynbTHKIACCU(DUKAINN KIETOK
KOCTHOTO MO3Ta JJIsl JAUArHOCTHUKU OCTPBIX JICHKO30B M MHUHUMAJIbHON OCTaTOYHOW Ooie3Hu (Ha MaTepuaie
nabopatopuu  remonos3a  HanMoHaTbHOrO  MEAMIMHCKOTO  HCCIIENOBATENBCKOTO  LEHTPa  OHKOJIOTHUH
uMm. H.H. brioxuna) // Cuctemublil aHanu3 u yrpasieHue B Onomeaunuackux cuctemax. — 2020. — T. 19, Ne 3. —
C. 155-158.

6. Enaruna E.A., Mapryn A.A. HccrnenoBanue METOIOB MAaIlIMHHOTO O0YYCHHS B 3a/1aue UIACHTU(DUKAIIUU
KIJIETOK KpoBH // Hay4HO-TeXHUYECKHH BECTHHK MH()OPMAIMOHHBIX TEXHOJOTUN, MEXaHUKU U onTuku. — 2021. —
T. 21, Ne 6. — C. 903-911.

7. CadwsanaukoBa E.A., KprokoB A.M., Kynenbckas H.JI. Bo3moxHOCTH HeHpoceTH B ITMarHOCTHKE
HOBOOOpa3oBanwmii ropranu // Digital Diagnostics. — 2024. — T. 5, Ne S1. — C. 98-101.

8. abamun B.B., 3axaposa I'.Il., Kpuonanos A.A. BrisiBieHrEe CTPYKTYPHBIX MapKepOB XPOHUYIECKOTO
PUHOCHHYCHTA Ha M300pakeHUSX TBEpAOH (a3bl Oronornueckux xuiakocred // Poccuiickas punonorus. — 2023. —
T.31, Ne 4. — C. 245-251.

9. Hapxkesuu A. H., Bunorpanos K. A., [1apackesorryno K. M., Mamenos T. X. HTemIeKTYaIbHBIE METOBI
aHajM3a JaHHbIX B OMOMEAMIMHCKHUX HMCCICIOBAHMAX: CBEPTOUHBIC HEWPOHHbIE CETH // DKOJOTHs 4YeloBeKa. —
2021. — Ne 5. — C. 53-64.

10. Velikanova A.S., Polshchykov K.A., Likhosherstov R.V., Polshchykova A.K. The use of virtual reality
and fuzzy neural network tools to identify the focus on achieving project results // Journal of Physics: Conference
Series. 2nd International Scientific Conference on Artificial Intelligence and Digital Technologies in Technical
Systems 2021, Volgograd. — 2021. — Vol. 2060. — P. 173707.

11. MomemmkoB K. A., JlazapeB C. A., KoncrantuoB WM. C. Monens s oneHkd 3()(OEKTHBHOCTH
BBITIOJTHEHUST pOOOTOTEXHUYECKOH cucTeMoit KoMMyHUKaTHBHBIX QyHKIwmid / CTUH. — 2020. — Ne 6. — C. 4-7.

12. Rvachova N., Sokol G., Polschykov K., Davies J. N. Selecting the intersegment interval for TCP in
telecomms networks using fuzzy inference system / // 2015 Internet Technologies and Applications, ITA 2015 —
Proceedings of the 6th International Conference. — Wrexham, 2015. — P. 256-260.

13. Konstantinov 1.S., Polshchykov K.O., Lazarev S.A. The Algorithm for Neuro-Fuzzy Controlling the
Intensity of Retransmission in a Mobile Ad-Hoc Network // International Journal of Applied Mathematics and
Statistics. — 2017. — Vol. 56, Issue No. 2. — PP. 85-90.

14. Polshchykov K.O., Lazarev S.A., Zdorovtsov A.D. Neuro-Fuzzy Control of Data Sending in a Mobile Ad
Hoc Network // Journal of Fundamental and Applied Sciences. —2017. — Vol 9, No 2S. — PP. 1494-1501.



I—IA y I—II—IbIM Acup M/Jxc., Anv Kansup 3.M. PacnosvasaHue u kaaccugukayuss MPT-uso6padiceHuli
20/108H020 M032d C UCNO/Ib308aHUEM HelpoHHbIX cemell // HayuHblll pe3ysbmam.
PEBY]-[I:) I A_ HHugopmayuornHble mexHoaozuu. — T. 10, Ne1, 2025

Bubmtmbmt bttt

15. Maxmgu T.H., Urutan E.B., [omsmumkoB K.A., Kopcynor H.M. OnenuBanume >¢hdexTHBHOCTH
(I)yHKLII/IOHI/IPOBaHI/IH ﬂHaHOFOBOﬁ CUCTCMblI Ha OCHOBC IMNPHUMCHCHHUA HCEYCTKOI'O BbIBOAA C HeﬁpOCGTCBOﬁ
HacTpoiikoii // Dkonomuka. Mudopmaruka. — 2022. — T. 49. — Ne 2. — C. 356-374.

16. Polshchykov K.A., Velikanova A.S., Igityan E.V. Neural network natural language processing tools for
identifying personal priorities in the project performers selection in the field of smart agriculture // IOP Conference
Series: Earth and Environmental Science. — 2022. — Vol. 1069. — 012012.

17. Bhardwaj H., Tomar P., Sakalle A., Sharma U. Principles and Foundations of Artificial Intelligence and
Internet of Things Technology // Artificial Intelligence to Solve Pervasive Internet of Things Issues. — 2021. —
P. 377-392.

18. Grossi E., Buscema M. Introduction to artificial neural networks // European Journal of Gastroenterology
& Hepatology. — 2007. — Vol. 19(12). — P. 1046-1054.

19. Capizzi G., Coco S., Lo Sciuto G., Napoli C. A new iterative fir filter design approach using a Gaussian
approximation // IEEE Signal Processing Letters. —2015. — Vol. 25. — P. 1615-1619.

20. Chen Y., Zhang C., Liu C. et al. Atrial Fibrillation Detection Using a Feedforward Neural Network //
Journal of Medical and Biological Engineering. — 2022. — Vol. 42. — P. 63-73.

21. Sayal A. et al. Neural Networks and Machine Learning // 2023 IEEE 5th International Conference on
Cybernetics, Cognition and Machine Learning Applications (ICCCMLA). — Hamburg, 2023. — P. 58-63.

22. Roy S., Bhalla K., Patel R. Mathematical analysis of histogram equalization techniques for medical image
enhancement: a tutorial from the perspective of data loss // Multimedia Tools and Applications. — 2024. — Vol. 83. —
P. 14363-14392.

23. Acharya U.K., Kumar S. Genetic algorithm based adaptive histogram equalization (GAAHE) technique
for medical image enhancement // Optik. — 2021. — Vol. 230. — P. 166273.

24. Bachiega de Almeida T., Carlos Pedrino E., Merino Fernandes M. Complex Morphological Filtering for
Serial, Parallel, GPU, SoC, PetaLinux and FPGA Execution // IEEE Latin America Transactions. — 2020. —
Vol. 18(10). — P. 1675-1682.

References

1. Kasatkin A.A., Limanova N.I., Kozlov V.V. Development and application of machine vision and image
processing algorithms // Trends in the Development of Science and Education. — 2023. — No. 98-10. — P. 58-61.

2. Averkin A.N., Volkov E.N., Yarushev S.A. Explanatory artificial intelligence in the analysis of digital
images based on deep learning neural networks // Bulletin of the Russian Academy of Sciences. Theory and Control
Systems. — 2024. — No. 1. — P. 150-178.

3. Sukhikh G.T., Davydov D.G., Loginov V.V. Status and prospects of introducing artificial intelligence
technologies into obstetric and gynecological practice // Obstetrics and Gynecology. — 2021. — No. 2. — P. 5-12.

4. Narkevich ANN.T., Mamedov H., Dzyuba D.V. Recognition of diabetic retinopathy in digital fundus
images using deep learning convolutional neural networks // Technologies of living systems. — 2023. — Vol. 20,
No. 1. — P. 55-61.

5.  Dmitrieva V.V., Tupitsyn N.N., Polyakov E.V., Denisyuk S.S. Method of multiclassification of bone
marrow cells for the diagnosis of acute leukemia and minimal residual disease (based on the hematopoiesis laboratory
of the N.N. Blokhin National Medical Research Center of Oncology) // Systems analysis and control in biomedical
systems. — 2020. — Vol. 19, No. 3. — P. 155-158.

6. Elagina E.A., Margun A.A. Study of machine learning methods in the problem of blood cell
identification // Scientific and Technical Bulletin of Information Technologies, Mechanics and Optics. — 2021. —
Vol. 21, No. 6. — P. 903-911.

7. Safyannikova E.A., Kryukov A.l., Kunelskaya N.L. Capabilities of neural networks in diagnostics of
laryngeal neoplasms // Digital Diagnostics. — 2024. — Vol. 5, No. S1. — P. 98-101.

8. Shabalin V.V., Zakharova G.P., Krivopalov A.A. ldentification of structural markers of chronic
rhinosinusitis in images of the solid phase of biological fluids // Russian Rhinology. — 2023. — Vol. 31, No. 4. —
P. 245-251.

9. Narkevich A. N., Vinogradov K. A., Paraskevopulo K. M., Mamedov T. Kh. Intelligent methods of data
analysis in biomedical research: convolutional neural networks // Human Ecology. 2021. — No. 5. — P. 53-64.

10. Velikanova A.S., Polshchykov K.A., Likhosherstov R.V., Polshchykova A.K. The use of virtual reality
and fuzzy neural network tools to identify the focus on achieving project results // Journal of Physics: Conference
Series. 2nd International Scientific Conference on Artificial Intelligence and Digital Technologies in Technical
Systems 2021, Volgograd. — 2021. — Vol. 2060. — P. 173707.



I—IA y I—II—IbIM Acup M/Jxc., Anv Kansup 3.M. PacnosvasaHue u kaaccugukayuss MPT-uso6padiceHuli
20/108H020 MO32a C UCNO/b308AHUEM HelpoHHbIX cemell // HayuHblli pesysbmam. 85
PE BYHE)TA HHugopmayuornHble mexHoaozuu. — T. 10, Ne1, 2025

Bubmtmbmt bttt

11. Polshchikov K. A., Lazarev S. A., Konstantinov I. S. Model for assessing the effectiveness of a robotic
system in performing communicative functions // STIN. — 2020. — No. 6. — P. 4-7.

12. Rvachova N., Sokol G., Polschykov K., Davies J. N. Selecting the intersegment interval for TCP in
telecomms networks using fuzzy inference system / // 2015 Internet Technologies and Applications, ITA 2015 —
Proceedings of the 6th International Conference. — Wrexham, 2015. — P. 256-260.

13. Konstantinov 1.S., Polshchykov K.O., Lazarev S.A. The Algorithm for Neuro-Fuzzy Controlling the
Intensity of Retransmission in a Mobile Ad-Hoc Network // International Journal of Applied Mathematics and
Statistics. — 2017. — Vol. 56, Issue No. 2. — PP. 85-90.

14. Polshchykov K.O., Lazarev S.A., Zdorovtsov A.D. Neuro-Fuzzy Control of Data Sending in a Mobile Ad
Hoc Network // Journal of Fundamental and Applied Sciences. —2017. — Vol 9, No 2S. — PP. 1494-1501.

15. Mahdi T.N., lgityan E.V., Polshchikov K.A., Korsunov N.I.Evaluation of the dialogue system efficiency
based on the application of fuzzy inference with neural network settings // Economics. Information technologies. —
2022. —Vol. 49. — No. 2. — P. 356-374.

16. Polshchykov K.A., Velikanova A.S., Igityan E.V. Neural network natural language processing tools for
identifying personal priorities in the project performers selection in the field of smart agriculture // 10P Conference
Series: Earth and Environmental Science. — 2022. — Vol. 1069. — 012012.

17. Bhardwaj H., Tomar P., Sakalle A., Sharma U. Principles and Foundations of Artificial Intelligence and
Internet of Things Technology // Artificial Intelligence to Solve Pervasive Internet of Things Issues. — 2021. —
P. 377-392.

18. Grossi E., Buscema M. Introduction to artificial neural networks // European Journal of
Gastroenterology & Hepatology. — 2007. — Vol. 19(12). — P. 1046-1054.

19. Capizzi G., Coco S., Lo Sciuto G., Napoli C. A new iterative fir filter design approach using a Gaussian
approximation // IEEE Signal Processing Letters. —2015. — Vol. 25. — P. 1615-1619.

20. Chen Y., Zhang C., Liu C. et al. Atrial Fibrillation Detection Using a Feedforward Neural Network //
Journal of Medical and Biological Engineering. — 2022. — Vol. 42. — P. 63-73.

21. Sayal A. et al. Neural Networks and Machine Learning // 2023 IEEE 5th International Conference on
Cybernetics, Cognition and Machine Learning Applications (ICCCMLA). — Hamburg, 2023. — P. 58-63.

22. Roy S., Bhalla K., Patel R. Mathematical analysis of histogram equalization techniques for medical image
enhancement: a tutorial from the perspective of data loss // Multimedia Tools and Applications. — 2024. — Vol. 83. —
P. 14363-14392.

23. Acharya U.K., Kumar S. Genetic algorithm based adaptive histogram equalization (GAAHE) technique
for medical image enhancement // Optik. — 2021. — Vol. 230. — P. 166273.

24. Bachiega de Almeida T., Carlos Pedrino E., Merino Fernandes M. Complex Morphological Filtering for
Serial, Parallel, GPU, SoC, PetaLinux and FPGA Execution // IEEE Latin America Transactions. — 2020. —
Vol. 18(10). — P. 1675-1682.

Scup Myxanan [[xxadap, kaHauIaT TEXHUUECKUX HAYK, JIEKTOp, FOKHBINA TeXHUUYECKUH yHUBepCUTeT, T. bacpa, Mpaxk
Aab Kansup 3yandexap Myunud, acnupant, MHCTUTYT MHXKEHEPHBIX M UH(POBBIX TeXHOJIOTHH, benropoackuii
roCyapCTBEHHbIN HallMOHAIbHBIN MCCIIEA0BATEIbCKUN YHUBEPCUTET, I. benropon, Poccus

Yasser Muhanad Jabar, Candidate of Technical Sciences, Lecturer, Southern Technical University, Basra, Iraq
Al Janzeer Zualfekar Munif, Postgraduate student, Institute of Engineering and Digital Technologies, Belgorod State National
Research University, Belgorod, Russia



