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leading health tourism destination. In conclusion, this study demonstrates the potential of Al to transform
health tourism by creating tailored wellness itineraries that respect both health needs and cultural
contexts. By addressing data and privacy challenges, the system can be scaled to enhance Uzbekistan’s
wellness tourism ecosystem, contributing to global efforts for intelligent and equitable healthcare
solutions.
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OBOCHOBAHWE NPUMEHEHW S HEMPOHHBIX CETEM JJISI PEIIEHUS
YPABHEHMM C IPOSHBIM UHTEI'PAJIOM

T.IO.I'opckas', A.®. l'aaumsanos?, T. . Hryen®
'Ka3aHckuii rocyJapcTBEHHBIN apXUTEKTYPHO-CTPOUTENBbHBIN YHUBepcuTeT, Kazans, Poccus
b
2Kazanckuii (ITpuBommkckuii) henepanbHblil yauBepcuTeT» B ropoze Jxnszake, Jxusax,
PecrryOnmka Y30eknucran
SKoJute K IIPOMBILIIEHHBIX TEXHONIOT U, I. Bak3anr, BreTHam
gorskaya0304(@mail.ru

AnHotanusi: VccienoBaHo NMpUMEHEHUE HEUPOHHBIX CETEH YIS PEIICHHs OJJHOT0 MHTETPaIbHOTO
ypaBHeHUs IpoOHOro mopsiaka. [IpoBeeHo 000CHOBaHKE PUMEHEHHS METOIa HAMMEHBIIIUX KBaIPaTOB
JUIS. YACJICHHOTO PEIeHHs YPaBHEHUS, TOCTPOCHA BBIYMCIUTENBHAS CXEMa, HCIOJb3YIoNIas HeHPOHHBIE
CeTH, MapaMeTpbl KOTOPOU HAXOISTCS METOJOM HAMMEHBIINX KBAJIPATOB, HAWJCHA OIEHKA CXOJUMOCTH
MPUOJIMKEHHBIX PEIICHUH K TOYHOMY.

KiroueBble c10Ba: YMCICHHBIC METOIbI; HHTETPAIBHBIC YPABHEHHSI, ypaBHEHHUS IPOOHOTO
TopsiAKa; IpUOIKeHe (PYHKIWIA, HEHPOHHBIC CETH.

JUSTIFICATION OF USING NEURAL NETWORKS TO SOLVE EQUATIONS WITH
FRACTIONAL INTEGRALS
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Annotation: The application of neural networks for solving one integral equation of fractional
order is investigated. The application of the least squares method for the numerical solution of the
equation is substantiated, a computational scheme using neural networks is constructed, the parameters of
which are found by the least squares method, and the convergence of approximate solutions to the exact
one is estimated.

Keywords: numerical methods, integral equations, fractional-order equations, function
approximation, neural networks.

FRAKSIYONEL INTEGRAL BILAN TENGLAMALARNI ECHISH UCHUN NEYRON
TARMOQLARDAN FOYDALANISHNI ASOSLASH
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Annotatsiya: Kasr tartibining bitta integral tenglamasini echish uchun neyron tarmoqlarining
go‘llanilishi o‘rganildi. Tenglamaning ragamli echimi uchun eng kichik kvadratlar usulini qo‘llash uchun
asos yaratildi, parametrlari eng kichik kvadratlar usuli bo‘lgan neyron tarmoqlardan foydalangan holda
hisoblash sxemasi qurildi, taxminiy echimlarning aniq echimlarga yaqinlashishini baholash topildi.

Kalit so‘zlar: raqamli usullar, integral tenglamalar, kasr tartibli tenglamalar, funktsiyalarni
yagqinlashtirish, neyron tarmoqlar.

1.BBenenue. AKTyalbHOCTh HWCCJICIOBAHUS PCIICHUS HMHTETPAIBLHBIX YpaBHEHUH ¢ APOOHBIM
HOPSIAKOM HHTEIPUPOBAaHUs OOYCIIOBJICHO MPUIOKEHHMEM TaKUX MHTErpaloB A pAfa NPUKIATHBIX
3aJad, K KOTOPBIM OTHOcsSTCs 3azaun auddysum, mexanuku [1], mpomeccoB co CABHramw,
DIIEKTPOMArHUTHBIX BOJIH, DKOHOMHKH [2] W Apyrux HaydHBIX obmacteit [3, 4]. Jlns MaTeMaTHYECKUX
MoOJIeJIel TPOLIECCOB AJIS BBIIIEYKa3aHHBIX 3a7ad NPUMEHSIOTCS OIepaTopbl IU(QPepeHIUaIbHOIO U
WHTETPaNbHOTO UCYHCICHUS OpoOHBIX cTeneHeld. Kak mpaBuno Takue ypaBHEHHS TOYHO HE PEIIAIOTCS U
BO3HHKAaeT HEOOXOAMMOCTh HCIOJIB30BAaHMS amlapara YHCICHHOTO pELICHUs, CIeI0BaTeNbHO, s
KOPPEKTHOTO TPHMEHEHHsS TOT0 WJIM HWHOTO TPHOMIDKEHHOTO METoJa CcleqyeT OOOCHOBaTh €ro
NpUMEHEHHE Ui KOHKPETHOW 3amayd. A TocjJe IOCTPOUTH BBIYMCIUTEIBHYIO CXEMy MeToAa U
peanuzoBath ee. Kpome Toro, Heo6XoauMo MomoOpaTh TakoW MPHOIMKEHHBIN amlmnapar, KOTOPBIA JacT
Hawinydiee npuomkeHue. HecMoTpst Ha CyliecTBYIOLIME OIyOJMKOBAaHHBIE HAaydHBbIE HCCIICIOBAHUS,
IPOBOJMMBIE IO BONPOCAM IPUMEHEHHUS NPUOIIKEHHbIX METOJOB K  HHTEIPAJIbHBIM U
i depeHInaTBEHBIM YPAaBHEHUSIM, B TOM YHUCIIE U C JPOOHBIM MOPSAIKOM, (Hampumep, padoTsl [7, 8]) u
MoHOTpadusgx, HaTIpuUMep, [9], OCTAIOTCSA OTKPHITHIMUA BOIIPOCH! IPUMEHEHHSI TTPUOTMKECHHBIX METOAO0B K
KOHKPETHBIM (PU3MYECKHM IIpoleccaM, TaKMX KaK HCKYCCTBCHHBIH HHTEIUICKT M MHOTHE JpYyTHeE,
CBsI3aHHbIE ¢ pa3BuTHEM LUPpoBbIX TexHomorui [10]. 3a mocmeanue ronasl HaOmromaeTcs OOJBIION
WHTEpEC K NPHMEHEHHIO HMCKYCCTBEHHBIX HEHPOHHBIX CETeH UIA pelIeHUs 3aady MaTeMaTHYeCKOH
(m3uKy. BoNBIION MOMYIIPHOCTHIO MOTB3YETCS UCIIONB30BAHUE HEHPOHHBIX CETEH JUIA almpOKCHMAIIHH
(YyHKUMH, anmpoKCUMalWK HWHTErpalioB, IPOOHBIX NPOM3BOAHBIX W pelieHUs TU(PepeHIUATEHBIX
ypaBHEHUH U cucteM auddepeHInanbHbIX ypaBHeHHH, HanpuMep, B padote [11]. CymecTBytoT paboThl,
B KOTOPBIX HEHPOHHBIE CETH HCIONB3YIOTCS Ul peuieHus AngQepeHHanbHbIX YpaBHEHUH APOOHOTO
mopsinka [12, 13].

Takum 00pa3oMm, MHTEpEC NPUMEHEHHsI HCKYCCTBEHHOTO WMHTEJICKTa OUEBHIIEH, OCTAeTCs JIMILb
BOIIPOC €r0 00OCHOBAHUS [yl KOHKPETHBIX 3a/1a4.

2. MartepuaJjibl 4 MeTOAbI. J[J151 TEOpeTHUECKOro 0OOCHOBAHUS NPUMEHEHUSI YUCICHHOTO METO/a
BOCTIONIB3yEeMCSl pe3ylbTaTaMyd W3 Teopud (YHKIMH W OpuOMKeHWi [9] 3amuimem ypaBHeHHE B
OIIEPaTOPHOM BHJIC

Ko=Ji:¢ +Bo=f, (p€X, fEY), (1)
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1 r—a a—
.0)(x) = =" @(x - )t 1dt,(a > 0)
rae Ia) —
1 , e
JleTHHKOBa, orepaTop By = ju hix t)e(t)dt, X =Y = Ly,

[TpubnmxenHoe pemeHue ypaBHeHHs (1) OydeM HCKaTh Kak TOYHOE pELICHHE CIEAYIOIIEro
YpaBHEHUS, 3alIICAHHOTO B OIIEPaTOPHOM BHJIE:

h"ﬂ{p" = fﬂ.' (fpﬂ: E Xﬂ.' fr: E Yﬂ.}' (2]
[TpubnmxenHoe pelenre ypasHeHus (1) uiueM B BUIE pa3aokKeHHs 10 MMOJIHOM cHcTeMe Oa3MCHBIX
{e"“*}. k ==mmn

unterpan  ['proHBanbpaa-

¢byHKUMH Torna npuOnKeHHbIE pelICHUS TPUMYT BHI!

mn

fpn(x) = E kaﬂlkx, (3]
k=—n
HewnsBecTHble KOB(l)(i)I/ILII/ICHTLI PAa3IOKCHUA (3) COTJIaCHO MCTOAY HAMMCHBIIUX KBaApaTOB

HaXOZSATCS U3 CUCTEMBI JIMHEHHBIX alreOpandeckux ypaBHEHUH BUAA:
i

ik X} — 3 P
Z rxk(Ke‘ I,Ke”"}z = (f,Ke'®),, j==mmn. (4)
k=—n
3meck (, )2 — CKaJIsIpHOE MPOU3BEICHIE B TPOCTPAHCTBE L,[0,1].

Jlst ypasuenus (1) cnpaBemiinBa ciaeayromas TeopeMa.
Teopema 1. Ilycmo 011 ypasnernus (1) evinonnervl credyoujue yciogus:

1) f(x) € L,[0,1], h(x, t) € L,[0,1]7, Kpome mozo 6ecosdas yHKyus h(x,t)
Makas, Ymo onepamop B: X = X gnonne nenpepuisen, 20e X — npocmparncmeo Ly,

2) ypaeuenue (1) umeem pewernue @' (x) € L,[0,1] npu  OaHHOU NpaAgol uYacmu

f(x) € L,[0,1];

3) ypasnenue Ko =0 yueem 6 npocmpancmee L2[0.1] monero MpUBUATIbHOE
peuterue.

Toeoa o0Ona mobvbix HamypareHublx n  cucmema (4) umeem eOuHCmEeHHOe — peuleHue

@, k==, npubnudicennvie peutetuss (3) cxo0amcs K MOYHOMY PeuleHuio ¢ mouKy 3peHust
cmpemlieHus — He8A3KU K HYIIO  NPU  HEOSPAHUYEHHOM  Y8eludyeHuu  Hn, Mo  ecmp,
Tn = f _Efpr: - 0,n—-ow u

Irallz < E,(3)2 < IKILEZ (9%)2  (5)
1
E,0): = IF - f2ll, f2=) ai(ke™).
k=—n
3. Pe3yabTarsl. J[jis WILTFOCTPAIMU MIPUOIMKESHHOTO METO/Ia PACCMOTPHM YpaBHCHHUE
1

2yx—1

T 1
ULo)@ + [y h(x,De(Ddt === + e 42,

(3)
rge h(x,t) =e* + t.

Jlyisa mpencTaBneHHOro ypaBHeHuUs (5), 4acTHOTO citydas ypaBHeHus (1), mpuONIMKEHHOE pEIICHUS
OyZieM MCKaTh C TIOMOINBI0 HEHPOHHBIX CETEH, NI MPUMEHEHUS KOTOPhIX HEOOXOIUMO TEOPETHUYECKU
000CHOBaTh NMPUMEHEHHE METOJda HAWMMEHBIIUX KBAJIPATOB, KOTOPOE HCIOJIB3YETCS IS HAXOKICHUS
KO3 UIIUCHTOB Y IPUOIMKSHHBIX PEIICHHUIA.

O603HauuM Yepe3 yu(x,2) - NpUONKEHHOE PeIleHre, ONpeeiieMOe HEHPOHHOW CEThIO
C MPSAMOM CBA3BIO C HACTPAWBAEMbIMU MMapaMeTpaMu n (Becamu u cMetieHueM). HeiporHas ceTs ¢

OJIHUM BXOJOM W OJHUM BBIXOJIOM, TJIE = (X1, X200, Xy) - mepemenHas yu(x, 1)
HUrak, ypaBHeHue (1) 3aMEHHM Ha ypaBHCHHUE:

Ky = ULJ';;(X- ﬂ)) + }’,\'(-r- n = f{x) (ﬁ)
Pemenne ypaBHenus (1) MOXXKHO MpeoOpa3oBaTh B CICAYIONIYIO 3a1a4y MUHUMH3AIUA CYMMEI
KBazpaToB omuOoK (SSE) 1o oTHOIIEHHUIO K TapaMeTpaM ceTH ( Wy b‘):
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ming, ) {(EanGe®) + e 0) - fx) )
i
ITapameTpsl HEUPOHHOW CETH HAXOJATCS C MCIIOJIL30BAHUEM IMPUBEJACHHOM BBIIIE 3a/lauu
muaIME3aIa (7). Mbl paccmaTpuBaeM HelpoHHyI0 ceTh Tmma SISO (omwH BXOZ, OJMH BBIXOJ) CO
CKPBITBIM CIIO€M, COCTOSIIIUM W3 M HEHPOHOB, MOAPOOHOE OMHCAHWE HEHPOHHOW CETH B 3TOM pasjelic
MO>KHO TIOCTPOUTH CIEAYIOLIMM 00pa3oM:

€IMHNIIA BXOJHOTO CJIOS:
1

g; =x = (xy,%5,..., %)

CANHUILIBI CKPBITOT'O CJIOA:

a; = @(net,),

net, = w; *x+b,

A€ CHMBOJI L' OpeaACTaBIIACT (l)yHKL[I/IIO aKTUBalliv, 3ACCb Mbl MCIIOJB3YyCM Tan-
CUIMOBHIHYIO ()YHKIHIO aKTHBAIIMN
et —e "

NN(x) =megf =Z(mf*@[m}*x+bi)) (8)
i=1 i=1

HmeHHO Takyro MOJeNb HEHPOHHOW CETH MblI IpejjiaraeM Jisl PEelieHHs TTOCTABICHHOE 3aJIavH.
Heo0xoaumMo 0TMETUTB, YTO MOCIIe BHECEHUS! HEKOTOPHIX HEOOJBIINX H3MEHEHU B 3TY CETEBYIO MOCITH
OHa CTaHOBUTCS 3(PPEKTUBHBIM HHCTPYMEHTOM MOJISITMPOBAHUS TIOJOOHBIX 3a/1a4.

Hus ontumuzanuu  Gyskiuu ommbku (7) wucmonsdyercs metonq L - BFGS. Ilocne srtama
ONTHUMH3AIIUK TIONyYAtOTCS ONTUMANbHBIE 3HAYCHHs BECOB, MOATOMY MpPU 3aMEHE ONTUMAIbHBIX

plx) =

napameTpoB w',b" g YpaBHEHUHU (&) Tounoe peleHre yx(x,2) Oyner
MIPUOTDKEHHBIM PEIICHHEM HHTETPATLHOTO ypaBHeHwS (1).
Jlst ypaBHeHUS (6) cripaBeIMBa CIeayIonas TeopeMa.

Teopema 2. [Iycmo 6 ypasneruu (6) x €l yy(x,0) € L, [lyw

moeo, ypaernenue (6) umeem peuienue yun(x, 1) €1 npu OaHHOU NPaAsol Yacmu f(x) € b,
a npu HYe6oll NPABoUl YACMU uMeem moibko mpusudaibHoe peuwenue. To2oa ons mobvix Hamypanbhvix N

l;-. < 0, f('r'.} S I:'Kpojl/le

wix, 1)
3a0aya (7) umeem eOUHCMBEHHOE peuleHue Yu\X di) xomopoie cxodsamces K MOUHOMY peuleHuio

ypaenenus (1) 6 npocmparncmee L.
s ypaBHenus (6) Hamucana nporpamma Ha Python, neliponnyio cets (MHC) oOyuaem mist
JIECSATH PABHOYIAICHHBIX TOYCK B OTpe3ke [1, 2] ¢ mAThIO CKPHITHIMHA y37aaMu. CpaBHUBAS aHATUTHICCKOE

peuieHus ypaBHeHus (6), p(x) =1, ¢ NpUOIMKEHHBIMU  pelieHus MU, noiayueHHsiMH MHC,
MOHO YTBEPKIaTh, 4TO (DYHKIHMS OMIHOKH, KO3()(UIMEHTH KOTOPOH HaXOAATCS METOJOM HAUMEHBIINX
KBaJ[paToB, 0OOCHOBaHHBIM BBIIIIE, YJOBIETBOPSIOT CIECAYIOLIEH OLIEHKOM:

y
min, » X, { ([ vy (xe 0) + yu(x, 2) = f(x)} = 0(0.0001).

4. O6cyxaeHue M BbIBOAbI. B paboTe BmepBble TeopeTHYECKH OOOCHOBAHO IIPUMEHCHHE
HEHpPOHHBIX ceTel Ul pelIeHUs HHTErpo-Iu(QepeHInalIbHBIX YpaBHEHUH, OOOCHOBaHHE KOTOPOIO
OCYILIECTBISUIOCH 1O MeTofoJiorud, npeanoxennoi b.I'. T'abaynxaeBbim [7]. B manbHeiimem aBTOpBI
npojomkaT padoTy, CBS3aHHYIO C NPUMEHEHHEM HCKYCCTBEHHOTO HHTEUIEKTAa K PEIICHUIO 3a1ad
anMpoOKCUMAILUHU C TEOPETUUECKUM 00OCHOBAaHUEM IIPUMEHEHUS YMCIICHHBIX METOOB.
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Abstract: Cardiovascular disease (CVD) is the leading global cause of mortality, and prediction is
difficult in resource-limited settings. Traditional models like SCORE2 and Framingham use limited
variables and offer low interpretability. We propose an Explainable Multimodal Al (EMAI) framework
combining echocardiography images, ECG waveforms, and clinical data. Modality-specific encoders and
a fusion transformer learn cross-modality interactions for improved prediction. Explainability is provided
through SHAP for feature attribution, Grad-CAM for echo visualization, and temporal saliency for ECG
interpretation. Preliminary results show higher accuracy than single-modality models. The framework
enhances clinical trust and supports patient-specific cardiac risk assessment.

Keywords: explainable Al, Multimodal Deep Learning, Cardiovascular Disease, Risk Prediction,
Clinical Decision Support.

1. Introduction. Cardiovascular conditions develop gradually and often remain undetected until
significant structural or functional impairment has occurred. In routine clinical practice, risk assessment
relies on a combination of imaging interpretation, physiological monitoring, and patient history, each
offering only a partial view of the underlying cardiac status. Clinicians therefore synthesize information
from multiple sources such as echocardiography, electrocardiography (ECG), and biochemical profiles to
form a diagnostic judgment. However, this process is highly dependent on clinical experience, can vary
across practitioners, and becomes increasingly challenging in settings with limited specialist availability.

Artificial intelligence (AI) approaches have shown promise in supporting cardiovascular evaluation
by automating pattern recognition and detecting subtle abnormalities not easily visible to the human eye.
For example, deep learning has enabled precise estimation of ventricular function from echocardiographic
sequences and the detection of structural dysfunction from ECG waveform features alone. Despite these
advances, most Al systems operate as black boxes, providing predictions without revealing the rationale
behind them. In a clinical context where decisions influence treatment initiation, medication management,
and surgical referrals the absence of interpretability can limit trust and prevent clinical adoption.

Furthermore, a substantial portion of existing Al models rely on single data modalities, whereas
cardiac decision-making is inherently multimodal. A model that interprets only an ECG or only an
echocardiogram may overlook critical contextual factors such as comorbidities, medication effects, or
underlying metabolic risk. Integrating multiple data types within a single predictive framework has the
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