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Abstract. This study explores various machine learning techniques for analyzing
risk factors associated with cardiovascular diseases. Two approaches were employed
to develop predictive models-XGBoost and a Convolutional Neural Network (CNN).
The primary focus was to evaluate the performance of each model in classification and
regression tasks, as well as their ability to identify key biomarkers and risk factors such as
cholesterol, ferritin, homocysteine, and aspartate aminotransferase (AST). The XGBoost
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algorithm was fine-tuned for handling tabular data and demonstrated high accuracy in
risk prediction. In contrast, the CNN model, while showing an initial reduction in training
error, exhibited signs of overfitting during validation. A comparison based on metrics such
as Mean Squared Error (MSE), Coefficient of Determination (R?), Akaike Information
Criterion (AIC), and Bayesian Information Criterion (BIC) revealed significant differences
between the two models. The findings confirm the efficiency of XGBoost in processing
structured data and summarizing risk factor insights, while the CNN model requires further
optimization to manage sparse datasets. Overall, the study highlights the importance of
selecting an appropriate model architecture and tuning parameters to achieve reliable
cardiovascular disease diagnosis.

Keywords: cardiovascular diseases, machine learning technologies, Mean Squared
Error, biochemical indicators, XGBoost, Vanilla CNN, Pathology
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JapbIH TajAay YIIIH MallMHAMEH OKBITY SJICTEpIHIH OpTYPIl TICLIAEpl KapacThIPbUIIbL.
bomkamasik Moaenbepil Kypy 0apbIchiHAa ekl ofic KonaaHbuiabi- X GBoost xkoHe KOHBO-
monusblK, HelpoHabik kel (CNN). Herisri Hazap op Moaenb/IiH KiaccuduKanus KoHe
perpeccusi MiHAETTEpPIHET1 OHIMAUIITH, COHa-aK XoJaecTepuH, (heppUTuH, TOMOIUCTE-
UH *oHe acnapratamuHoTpaHcdepasza (AST) cusxTsl Herizri OmoMapkepsep MeH Kayill
(dakTopiapbelH aHBIKTAy KaOu1eTiH Oaranayra aymapeuinbl. XGBoost anropurminiy napa-
MeTpJIepl KeCTEeNIK JEPEKTEPMEH KYMBbIC icTeyre OeiMIenin, ToyeKelai Ja Ooirkayaa
»orapbl HoTHxkenep kepceTTi. Aa1 CNN mozeni, OKbITY KHUbIHBIHIA KaTelIK JeHIrell Te3
TOMEHJICTCHIMEH, BAJIMAIMSIIBIK IEPEKTEP Il Talaayaa apThIK YHPEHY OeNTiIepiH KopceT-
Ti. Oprama kBagpartelK Kate (MSE), nerepmunanus koagdummenti (R?), Axanke Kpu-
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anbIkTaabl. Hotmkenep XGBoost MozeniHiH KecTelNiK AepeKTepi eHAeYyIe KoHe Kayill
(dakTopiapsl Typasibl aKnaparThl )KUHAKTayAa THIMII ekeHiH ganenaeni, ain CNN mozaeni-
HE CUPEK JIEPEKTEPMEH )KYMBIC 1CTey YIIIIH KOChIMIIIAa OHTAMIaHBIpy KakeT. by 3eprTey
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AHHoTanusi. B 3ToM HccnenoBaHUM paccMaTpUBAIOTCS Pa3IUYHbBIE MOAXObI Ma-
IIUHHOTO O00y4YeHus JyTsl aHam3a (GaKTOPOB, CIIOCOOCTBYIOIIMX PA3BUTHIO CEPIACUYHO-COCY-
nucThIX 3a0oneBanuil. [Ipu cozmanum Mozesneil mporHo3upoBaHusi ObUIM TPUMEHEHBI J1Ba
Merona- XGBoost u cBeprounas HeitponHas cetb (CNN). Ocoboe BHUMaHUE YIEISUIOCH
OLIEHKE MPOM3BOIUTEIBHOCTH KaXKIOW MOJETH B 3a/a4ax KiacCu(UKALMU U perpeccuw,
a TaKk)Ke CIOCOOHOCTHU BBISBIISTH KIIIOUEBbIE OMOMapKepbl U (haKTOpbl pUCKa, BKIIOYAs XO-
nectepuH, GeppUTHH, TOMOIIMCTEMH U acnapraramuHoTpaHcdepasy (AST). Ilapamerpsr
XGBoost ObuTH aanTUPOBAHKI MO/ TAOIMYHBIE JAHHBIE, YTO TTO3BOJIMIIO JOCTUYH BHICOKOM
TOYHOCTH MPEJCKa3aHui prucka. B To ke BpeMs, HeCMOTpsI Ha OBICTPOE CHIYKEHHUE OIHUOKU
Ha oOyuaroieM Habope, Mmoneab CNN npogeMOHCTpHUpoBaia MpU3HAKK NTepeo0yUeHUs TIPH
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IIPOBEPKE Ha BaJIMJALMOHHBIX JaHHbIX. CpaBHEHHE MOJENIel 0 METpUKaM CpeJlHEel KBa-
nparuuHoit ook (MSE), koagdunuenra nerepmunanuu (R?), kpurepus Axkauke (AIC)
u OaiiecoBckoro nHpopmaionHoro kpurepust (BIC) BeIsiBUIIO CylieCTBEHHbIE pa3InyMs B
ux 3¢ dexruBHOCTH. Pe3ynprarel ananu3a moareepxaaioT, uto XGBoost 6onee rapdexTrn-
HO oOpa0aTbiBaeT TaOIMYHbIE TaHHbIE U 0000111aeT nH(OpMaLKIO 0 paKkTOpax pUcKa, TOrAa
kak CNN TpebyeT nanbpHeiel onTUMHU3AIIK 17151 KOPPEKTHON paboThl ¢ pa3peKeHHBIMU
Habopamu naHHbIX. MccnenoBanue noqyepKuBaeT BaKHOCTh BEIOOpA ONTUMAJIBHON apXu-
TEKTYpbl MOJIEIN U NTapaMETPOB O0yUEeHHUS JUIsl 0OecTIedeH sI TOUHOM 1 Ha/1eKHOM TuarHo-
CTHKHU CEPJICUYHO-COCYAUCTHIX 3a00JI€BaHUI.

KuroueBble ci1oBa: cepiedHO-COCYIUCTBIE 3a00/I€BaHuUs, TEXHOIOTUN MAITMHHOTO
oOyueHus, cpeaHexkBaapaTruHas omuodka (Mean Squared Error), Onoxumuueckue nokasa-
tenu, XGBoost, Vanilla CNN, maronorus

Jas murupoBanmsi: H.III. Makcyrosa, J[.A. TycymoB, A.A. IlekepOek,
K.E. Kenxebaena, K.O. Paxumos (2026). MamnnHoe oOy4yeHHe 11l KOMIJIEKCHOW OlleH-
KU PHUCKA CEPIEYHO-COCYAMCTHIX 3a00JeBaHUM M OMOXUMHYECKUX H3MEHEHUI: aKIeHT
Ha acrapraramMmuHoTpaHcdepasze // MexayHapoaHbIi KypHal MHPOPMAIIMOHHBIX U KOM-
MyHUKannoHHbIX TexHomoruii. T. 7. No. 26. Crtp. 260-274. https://doi.org/10.54309/
JICT.2026.26.2.017. (Ha pycc.).

KoH(auKT MHTEpecoB: aBTOPHI 3asBIISIIOT 00 OTCYTCTBUU KOH(IMKTa UHTEPECOB.

Beenenue.

B coBpemenHom Mmupe cepreuHo-cocyauctoie 3aboneBanus (CC3) ocraroTcst oc-
HOBHOH NMPUYUHON CMEPTHOCTH W WHBAJIUIHOCTH CPEIH HACEICHUS 10 BCEMY MHPY, YTO
MOTYEPKHBAET HEOOXOMUMOCTh pa3padboTKu Oosiee YPGHEeKTUBHBIX METOJOB UX MPOUIIaK-
tuku u nedenus (O’Kelly et al., 2022; Silveira et al., 2022). Pacimmpenue Bo3MOXKHOCTEM
MEIUITMTHCKOW JMAarHOCTHKH U MPOTHO3a C MCIOJIH30BAHUEM TEXHOJIOTHI MAITMHHOTO 00-
YUEHHs] OTKPHIBACT HOBBIE TIEPCIIEKTUBHI JUIsl pAaHHETO BBISBICHHUS U OmeHKH prcka CC3
(Hu et al., 2021; Shaito et al., 2020). OcHoBHas Leib AAHHON pabOTHI-POaHAIN3UPOBATH
pasnuuHble (PaKTOPBI pUCKa CEPIIEUHO-COCYANCTHIX 3a00I€BaHNH C TIOMOIIBIO METOIOB Ma-
HIMHHOTO OOYYE€HHsI, YTO MOXKET CIIOCOOCTBOBATh CO3JAaHUIO MPOTHOCTUYECKUX MOJENeH
JUIsL OLIEHKHU BeposiTHOCTH pa3BuTUs CC3 y KOHKPETHBIX MallMeHTOB. Takue MOAeIu 0co-
OCHHO IIEHHBI B KITMHUYECKOH MPAKTUKE, IIOCKOIBKY OHH IIOMOTal0T ONITUMU3HAPOBATh CTpa-
TEruu NMPO(UITAKTUKA ¥ BMEIIATeIbCTBA, HAIIPABJICHHBIC HA CHU)KEHUE PHCKa 3a00JIeBaHHIA
(Deng et al., 2020).

MeTtoasl MaIMHHOTO OOYYEHHSI, BKIIIOYAsl KaK KJIACCHYECKHE allTOPUTMBI, TaKue
kak joructuueckas perpeccus (Fitriyani et al., 2020; Ramesh et al., 2022), tak u 6onee
COBpPEMEHHbIE MOJXO0/Ibl, HaIIpUMep, ryOokoe odyuenue (Swathy et al., 2022; Subramani
et al., 2023), obnanarT 3HAYUTEIHHBIMU MPEUMYLIECTBAMH JJisi 00pabOTKM U aHaln3a
00TBITUX 00BEMOB MEIUIIMHCKUX MAaHHBIX. OHU CIIOCOOHBI BBHISIBIISATH CKPBHITHIC 3aBUCH-
MOCTH ¥ 3aKOHOMEPHOCTH, KOTOPBIE MOTYT OBITh HEAOCTYITHBI TP WCIIOIB30BAaHUH Tpa-
JTUIIMOHHBIX CTaTHCTUYECKHX METONOB. TeM He MeHee, HeCMOTpsI Ha OOHaJIe)KUBAIOIIHE
PE3yNbTaThl, IPUMEHEHNE MAITUHHOTO 00yUYCHHS B MEIUITUHE CTAIKHBACTCS C PSIIOM IPO-
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O1em, BKIIIOYasi MHTEPIIPETUPYEMOCTh MOjIesiel, o0ecneueHne J0CTaTOYHOW TOYHOCTH U
HAJEKHOCTH MPOTHO30B, a TaKkKe HEOOXOAMMOCTh aJanTallii MoJeNeld K KIMHUYECKUM
tpeboBanusaM (Taylan et al., 2023). B crarbe 00cykIat0TCsi 3TU BOIPOCHI U NMPEATIAratoTCs
BO3MOXKHBIE yTH ux perienus (Sethi et al., 2023). C Touku 3peHUs TaHHBIX, UCIIOIb30Ba-
HUE IIUPOKOTO CIEKTpa KIMHUYECKUX, JJAOOPaTOPHBIX U JeMorpaduiecKux rokasaresen
MO3BOJISIET CO3/1aBaTh 00JIee TOUHBbIE U MHIUBUIYaIN3UPOBaHHbIE MO/IeTH pucka. [lomumo
TPaIUIIMOHHBIX (DAaKTOPOB, TAKMX KaK BO3PACT, TIOJ, METUIIMHCKAsl MCTOPUS, YPOBEHb XO-
JieCTepUHA U apTepuaIbHOE IaBJICHNE, B aHAJIN3 BKIIIOYAIOTCs OoJiee creruduueckue 6mo-
MapKepbl U TCHETHYECKUE JAHHBIE, YTO MOBBIIIAET MPOTHOCTUYECKYIO IIEHHOCTh MOJIEIei
(Ozcan et al., 2023; Shukur et al., 2023). B gannoit pabore paccMmarpuBaercs mpobdiema
JMArHOCTUKYU CepACYHBIX 3a00JI€BaHUI C HCII0JIb30BAHUEM METO/I0B MAITMHHOTO 00y4eHUs
(Saeedbakhsh et al., 2023), ormeuaetcs, uro CC3 ocTaroTCsl 3HAUUTEITLHOMN MPOOIEMOH Tt
CHCTEM 3/IpaBOOXpaHEHHS BO BceM mupe. 1iisi cpaBHEHHS YPPEKTHBHOCTH PA3INIHBIX MO-
neneit ucnonp3oBainuck anroputMel Random Forest (RF), Decision Tree (DT), Multilayer
Perceptron (MP) u XGBoost (XGB), 4ro no3Boiamiio 10CTHYb BBICOKOM TOYHOCTHU KIIACCH-
¢ukanuu, npesbiatomen 87% (Dritsas et al., 2023; Asif et al., 2024). Ocoboe BHMMaHUE
B HUCCJIEIOBAaHUM YIEISUIOCH Pa3paboTKe MPOTOTUIIA HOCUMOTIO OMOMEIULIMHCKOTO YCTPOii-
cTBa A5 mporHo3upoBanus Hanuuust CC3, 4To 0COOEHHO aKTyalIbHO JJISl CTPaH C HU3KUM
COOTHOIIICHHEM Bpay-MaIeHT, TaK KaK HOCHMasl TEXHOJIOTHS ITO3BOJISIET OTCIIC)KUBATh I1a-
paMeTphI MMAlMEHTOB B JTIOOOM MecTe, a He TOJIbKO B OonpHUIE (Naizagarayeva et al., 2023;
Yilmaz et al., 2022). IlpemioxkeHHbIi MPOTOTHUIT C UCIIOIB30BaHUEM anroputMa Random
Forest nponemMoHcTprpoBai 3¢(HeKTUBHOCTh IPOrHO3a HA YpoBHE 88%, MOATBEPKIas €T0
MOTEHLIMAaJ B KaueCTBE MOMOIIIHMKA JUI MOXKWIBIX Jtofeil. B nenom, sTor 0630p noguep-
KHMBaeT BYKHOCTh MHTETPALIMU METOIOB MAIIMHHOTO O0yUYEHHSI B TIPAKTHKY KapAUOJIOTHH U
SIBJIIETCS BKJIQJIOM B pa3BUTHE MEPCOHATU3UPOBAHHON MEIMIIMHBI, CIOCOOHON obecneun-
BaTh TOYHBIC U CBOEBPEMEHHBIE PEIICHUS JUTsl yIIpaBieHus 370poBbeM cepama (Bhatt et al.,
2023). B Hamem Hay4yHOM HCCJEIOBaHHMHM 0CO00€ BHHMaHUE Y/AEJIEHO aHaJu3y B3auMOC-
BsI3eH MKy OMOXMMHUYECKUMH TTapaMeTpaMH W WX BIUSHHEM Ha COCTOSTHHE 37J0POBBSI.
PaccmarpuBaercs mHpoKui cekTp (pakTopoB, BKIIOUAsi BO3PACT, YPOBEHb XOJIECTEPUHA,
dbepputuna, ACT, roMOIIUCTENHA | TIEJIEBOM MMOKA3aTelNb, OTPAKAIOIINN HATMIUE UITH OT-
cyrctBue pucka CC3. Takoil KOMIUIEKCHBIN MOJX0/] MO3BOJISET BBISBIATH Oosiee TiIyOoKue
KOPPEJSIIIAN MEXTy STUMH ITOKa3aTeSIMH M IIPOTHO3UPOBATH IMOTEHITUAIEHBIC PHCKH, YTO
nenaeT paboTy 0COOCHHO TOJIE3HOU ISt pa3paOd0TKH CTpATETHi MPOPUITAKTUKH U JICUCHUSI.

Marepuaibl 4 METOIbI.

B nanHoMm uccrenoBanuu ObUTH paCCMOTPEHBI J1BA M10/1X0/1a K TOCTPOEHUIO 1 00yye-
HUIO MPOTHOCTUYECKUX MOJENel: nepBolii ocHoBaH Ha anroputme XGBoost, a Bropoii-Ha
cBéprouHoii HelipoHHOi cetu (CNN), peanuzoBanHoi Ha miatdopme TensorFlow. OcHoB-
HOM 1es1bi0 paloThI ABISIOCH CpaBHEHHE 3(D(PEKTUBHOCTU 3TUX MOJENEH MpU pelIeHUun
3a7a4 KiIaccu(UKAIMH ¥ PErPECCUH C UCITIONB30BaHUEM JTaHHBIX, UMIOPTUPOBAHHBIX W3
Excel.

Jnst monenn XGBoost Ob1tu 3a7anbl ciiefyronue napaMerpsl. B kauectse (yHk-
LMY TIOTEPhb UCIIONIb30BAJIACh reg:squarederror, MUHUMU3UPYIOIIAsl CPETHEKBAPATUUHYIO
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omuOKy B 3aa4ax perpeccuu. Jois mpU3HAKOB, CIyYaiiHO OTOMPAEMBIX ISl TOCTPOCHUS
KaXXJI0TO niepeBa (colsample bytree), Obuta yctanoBieHa Ha ypoBHe 0.3, 94To crmocoOCTByeT
CHI)KEHHUIO 1epeoOyyeHHs] U MOBBILIAET CIOCOOHOCTh MOJENHN K 00001meHu0. CKopocTh
obyuenus (learning rate) BoiOpana paBHo# 0.1, oGecriednBasi MOCTETIEHHOE M yCTOMYHUBOE
obyuenwne. [myOuHa nepeBbeB (max_depth) orpaHudeHa MATHIO YPOBHSMH JJIi KOHTPOJIS
CJIOKHOCTH MOJIEIH, & KOJIMYECTBO JIEPEBLEB (1_estimators) ycranosineno Ha 100, uTo mo-
3BOJIMJIO TIOCTUYb JOCTATOYHON IITyOMHBI aHAIN3a JaHHBIX. B mporecce 00yueHust HCTIONb-
30BAJIMCH KaK 00ydaromias, Tak ¥ BaJMAAMOHHAS BEIOOPKH, YTO TO3BOIMIIO KOHTPOIHPO-
BaTh niepeoOyuenre monaenu no merpuke RMSE (puc. 1).

N\ —
j= Z,‘_ o)
|

RESULT
Puc. 1. Apxurekrypa moznenn XGBoost

Apxurektypa Momenun CNN  Bkitoyana  CBEPTOUHBIE  CJIOM, CJIOU  TOJBBI-
oopku (MaxPooling), cmoii mnpeobpazoBaHus JaHHBIX B  OJHOMEpHBIM  Mac-
cuB (Flatten) m momuocBsizubie cion (Dense). Takoit momxom sBIseTcs Tpa-
TUIUOHHBIM ~ TMPU  aHajau3e  M300pak€HUH U CTPYKTYPUPOBAHHBIX  JIAHHBIX.
B kauectBe (yHKIMM aKTUBAallMM B CKPBITBIX CIOSX HcHojb3oBaitach RelU,
YTO CMNOCOOCTBYET YCKOPEHHIO CXOIMMOCTH U MpeNoTBpaliaer mpodiemMy 3ary-
XaHUsl TpaaueHToB. Ha BBIXOZHOM cilo€ MpUMEHsUIach CcUrMoujajibHas (yHK-
IUsl  aKTHBAllUM, TOAXOASIIAs JJs pelleHdus 3ajad  OuMHapHOMKIacCHU(UKAIIU.
OnTumu3zanus napameTpoB OCYIIECTBISUIACH € MOMOIIbI0 anroputMa Adam, ominyaronie-
rocsi CoCOOHOCTHIO aTaTUBHO U3MEHATH CKOPOCTh OOYUYEHHsI HA OCHOBE IIEPBOI0 U BTO-
pOTO MOMEHTOB rpaAreHTOB. Mojens o0ydanach B TeueHue 10 31mox ¢ mpuMeHEHHEM BaIH-
JAIMOHHBIX JAHHBIX, YTO MO3BOJIUJIO OTCIEKHUBATH MPOIECC 00yUYeHUs U MPEeA0TBPAILATh
nepeobyuenue (puc. 2).

st oneHku 3P GEeKTUBHOCTH pa3pabOTaHHBIX MOJEIei ObLT MPOBEAEH KOMILICKC-
HBI aHaJIn3, BKJIIOYAIOIIMN HCIIOJIb30BAaHUE HECKOJIBKMX CTAaTUCTHUECKUX MeTpuk-Mean
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Squared Error (MSE), xoaddunmenta nerepmunanuu (R?), a Taxke mHGOpPMAIIMOHHBIX
kputepueB Akaike (AIC) u Bayesian (BIC). Takoil moaxoa mo3BOJMII HE TOJIBKO OIpe-
JeJIUTh TOYHOCTh MPEJCKAa3aHUi, HO U OLIEHUTh Ka4eCTBO alllIPOKCUMAIUU JaHHBIX MPU
Pa3IMYHON CTENEHH CIIOKHOCTH MOJEIEH.

Convolution Max-Pooling  Convolution Max-Pooling Flatten Diense

A A ] A

Input data

nl channels nl channels nZ channels n2 channels
a3 units Ciutpur

Puc. 2. Apxutektypa mozpenu VanillaCNN

Metpuka MSE ucnonbs3oBanach Jjis1 KOJIMYECTBEHHOM OLICHKU CPETHEKBAIPATUYHOTO OT-
KJIOHEHHUS TTPOTHO3UPYEMBIX 3HAYCHHH OT PEajbHBIX, YTO IMO3BOJIMJIO BBISIBUTH OOIIYIO
omuOKky monenu. [Tokazarens R?, B cBOIO odepesn, MPOIEMOHCTPUPOBAJI, HACKOIBKO XO-
poIII0 BBIOpaHHAs MOJIENTh OOBSCHICT N3MEHUMBOCTH JJAHHBIX, OTpaXkasi CHITy B3aHMOCBSI3U
MEXIy MpeACKa3aHHBIMH U (HaKTHUYECKUMH 3HauyeHusMH. HpopManmoHHbIe KpUTEpUU
AIC u BIC nmo3Boiuim TOMOJHUTEILHO OLICHUTh 0allaHC MEXKIY TOYHOCTBIO M CJIIOKHO-
CThI0 Mojeneil. Hu3kue 3HaueHUs 3THX METPHK YKa3blBUIM Ha 0ojiee palmoHAIbHYIO
CTPYKTYpYy Mozenu 0e3 W30BITOYHOM MOATOHKHU Ton JaHHbIe (overfitting). Takolr MHOTO-
YPOBHEBBIN TOIXO/ K aHAJIU3y MO3BOJIMII HE TOJIBKO MPOBECTH OOBEKTHBHOE CpPaBHEHUE
moneneir XGBoost u Vanilla CNN, HO 1 onpefenuTh HanpaBJICHHs 1)1 JAIbHEHIIICH OT1-
TUMH3AIIMY aPXUTEKTYPBI U THIIEpIIapaMeTpoB. B pe3ynbrare cTano BO3MOKHBIM BEIOPATh
MOJIEJTb, 00CCIIEYMBAIONTYI0 ONTHMAIILHOE COYETAaHNE TOYHOCTH, MHTEPIPETHPYEMOCTH 1
BBIYUCITUTENIbHON 3()(PEKTUBHOCTH, YTO MOBBIIIAET €€ MPAKTUYECKYIO IIEHHOCTD JIIS TIPO-
THO3UPOBAHUS pHUCKA OMOXMMHUYECKUX OTKJIOHCHHH M CEPACYHO-COCYAUCTBIX 3a00JieBa-
HMI B KJIMHUYECKHUX U HUCCIIENOBATEILCKUX 3aa4ax.

Pe3yabTarsl U 00cy:K1€eHHE.

B pamkax uccienoBanus ObUT HCTIOIB30BaH YHUKAJIBHBIA HA0Op TaHHBIX, COOpaH-
HBII aBTOPOM CaMOCTOSITEIILHO B PsIJie TUAarHOCTHYECKUX Jtaboparopuii Kazaxcrana. J{aH-
HBIC MIPEACTABIISIIOT COOOM Pe3y/IbTaT peaIbHBIX OMOXUMHUYECKUX U KIIMHHYECKUX 00CIIe-
JIOBAaHUH TAIMEHTOB, MPOIICANINX aHAIU3bl B MEAUIIMHCKUX YUPEKACHUSAX I. ACTaHbI U
JIPYTUX PETHOHOB. Bee 3amucu ObIUTH MOTHOCTHIO 00€3TMYCHBI B COOTBETCTBHH € TpeOOBa-
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HUSIMU OMOATHKHU U HOpMaMH 00paboTku MeauunHckoi nHpopmauu. ChopmMupoBaHHBIN
naracet Bkitodaetr 10 000 3amucelt, conepkaiux gemMorpaduueckue XapakTepUuCTUKH U
OMOXMMHUYECKHE TOKa3aTeau, TPAIUIMOHHO HCIOJb3yeMble ISl OLIEHKH pHCKa ceped-
HO-COCYIUCTBIX 3a00neBanuil. Takum oOpa3oM, TaHHBIA HAOOP JaHHBIX SIBISIETCS OPUTHU-
HaJIbHBIM, HE TyOJIMYHBIM U OTpa’kaeT MMEHHO Ka3aXCTaHCKYIO MOMYJISLUIO, UTO MOBBIILIAET
€ro LEHHOCTb JJIf JIOKAJIbHBIX UCCIEJOBAHUN U Pa3pabOTKH PETMOHAILHO aJalTHPOBaH-
HBIX MOJIeJIel MporHo3upoBaHus. B nanHoi paboTe ncnonb3oBasics HaOop AaHHBIX U3 10
000 3anmceil, opraHU30BaHHBIX 1O MIECTH CTONOIAM. DTH JaHHbIE BKIIIOYAIOT Pa3InyHbIe
OuoMapkepsl U 1eMorpapuiecKyo HHHOPMAIINIO, YTO MTO3BOJISET UCCIEA0BATh (DaKTOPHI
pHCKa CepIeUHO-COCYIUCTRIX 3a00eBannii. [IepBrIii cToMOCT] yKa3bpIBaeT MOJ MmarueHTa: 1
0003HavaeT My>X4HH, 2 — )keHIIMH. Bo Bropom cTo101e npuBeAéH BO3pacT NallMeHTa B ro-
nax. TpeTuii cron6er coaepKUT YpoBEHb X0JIeCTEpUHA B KPOBU, U3MEPEHHBII B MMOJIb/JI.
YeTBEPTHIN CTONIOEI] OTpa)kaeT KOHLIEHTPAIMIO (eppUTHHA B KPOBH, BBIPAKEHHYIO B HI/
MJI, KOTOPBIN SIBJISIETCSI MAPKEPOM BOCHAIUTEIBHBIX ITPOLIECCOB U MOXKET KOPPETUPOBATH C
PHUCKOM CEpIIeUHO-COCYAUCThIX 3a00neBanuil. [IsaTbIi cToNGe1 MOKa3bIBaeT YPOBEHD acmap-
tatamuHoTpaHcdepassl (AST) B kpoBU B elMHUIIAX HA JTUTP, GEPMEHTA, Y4aCTBYIOLIETO B
MeTabonu3sme aMuHOKuUCIOT. [llecToil cTonber conepKUT KOHLEHTPALMIO TOMOLIMCTENHA
B KPOBH, U3MEPSAEMYIO B MKMOJIb/JI-aMUHOKHUCIIOTBI, CBS3aHHOMN C PUCKOM CEpIEYHO-COCY-
JIUCTHIX 3a00eBannid. Takoit HAOOp TaHHBIX 0COOCHHO IIEHEH JJI TIOCTPOCHUSI U TECTHPO-
BaHUS MOJIEJICH MaITMHHOTO 00y4YeHMsI, HAlPaBJICHHBIX Ha MPpOTrHO3upoBaHue pucka CC3
Ha OCHOBE OMOMAapKepOB U JIeMOrpapuueCcKuX XapakKTepUCTUK. AHAIN3 3TUX MTOKa3aTesen
MO3BOJISIET BBISIBIIATH MAI[UEHTOB C MOBBIIICHHBIM PUCKOM Ha PaHHUX CTAIUSAX U COCPEIO-
TOYUTH yCUIIUS HA TpoduiakTrke 3a0oneBanuil. [y co3naHus MpeIuKTUBHBIX Mojenen
CEepJIEYHO-COCYAUCTHIX 3a00JI€BaHUI Ba’KHO OMPEEIIUTH TOPOTOBbIE 3HAYEHUS KITFOUEBBIX
O6romapkepoB. B nanHoi paboTe UCIONb30BATUCH CIAETYIOIINE TPAaHUIIbL: (EPPUTHH BhILLIE
100 ar/mi, romonuctenH Boime 15 Mxmonb/n, AST Beime 50 En/n, xonectepun Beiie 8
MMOJIB/J 1 TJIF0K03a BBILIE 7 MMOJIB/JI. DTH MOPOrOBbIE 3HAYEHUSI OBbLIIN BEIOPAHBI HA OCHO-
BE€ HayYHOM! JINTEPATYPhl U KIMHUYECKUX PEKOMEHAIINH, YKa3bIBaIOIIMX Ha MOBBILICHHBIN
puck CC3. IlpeBsiieHre 3TUX MTOPOTOB MO3BOJISAET KIACCU(PUIIUPOBATH IMAIIMEHTOB 110 O-
HapHOU cucteme: «0»-HU3KUM PUCK, «1»- BBICOKUI PHCK.

Tako#l moaxox ympouiaeT aHajau3 JaHHBIX U MOBBIIIAET €r0 MPAKTHYECKYIO LIEH-
HOCTb B KJIMHHYECKOH mpakTuke. buHapuzanus mnokaszareneil Mo3Boyiss€T NPUMEHSTh
pa3IUyYHbIE CTAaTUCTHYECKHE W AJITOPUTMHUYECKHE METOJbl JJI BBISBICHUS 3HAYMMBIX
(bakTOpOB pHCKa U MOCTPOEHHS MPOrHO3HBIX Mozenei. K Takum meTogaM OTHOCSTCS JIo-
TUCTHYECKAasl PEerpeccus, IepeBbsl pelIeHUd U aHcamOiIeBble alrOPUTMbI, KOTOpbIE 00e-
CIEYMBAIOT TOYHOCTh KJIACCU(UKAUU M JIAI0OT BO3MOXXHOCTb OLEHUTHh BKJIaJ KaXJ0Tro
O6uomapkepa B oOmuii puck 3aboneBanus. Hactpoiika moporos ¢ yu4éTom peanbHbIX JaH-
HBIX MalMEHTOB MOMOTraeT yAyYIIUTh MOJAEIU MPOTHO3UPOBAHUS, Aejas UX Oojee dyB-
CTBUTEJIbHBIMHU K PaHHUM IMPU3HAKaM MaTOJIOTHMH. DTO 0COOEHHO BaXKHO ISl IEPCOHAIIN-
3UPOBAHHON MEIUIMHBI, KOTAa WHAUBUAYaIbHbIE 0COOEHHOCTH MalMeHTa MOTYT BIIUSTh
Ha PUCK U TpeOOBaTh KOPPEKTUPOBKU CTaHAAPTHBIX MOPOroB. Takum 00pa3om, UCIIONIb30-
BaHUE YCTAHOBJIEHHBIX TOPOTOBBIX 3HAUEHUHN B MOJIENISIX MAIIMHHOTO O0y4€HHUs SBISETCS
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KITFOYEBBIM ATAIllOM Ha IyTH K 00Jiee TOYHON U MEePCOHATH3UPOBAHHON TMAaTHOCTUKE Cep-
JIEYHO-COCYIUCTBIX 3a00JIeBaHUH.

Koppensumonnslit ananu3 (pUCyHOK 3) mpeAcTaBiseT co00il OCHOBHOM CTaTHUCTH-
YECKHUI METO/I, TO3BOJISIFOIIUI OIICHUTh CTENEHb U XapaKTep B3aMMO3aBUCUMOCTH MEXTY
pasHbIME TIepeMeHHBIMU. [Ipu nccnenoBarnu (pakTOpOB pUCKa CEPACUHO-COCYIUCTHIX 3a-
OoneBaHMii 0c000€ BHUMAHHUE YICNSCTCS BBISBICHUIO CBS3CH MEXITy OMOXUMUYECKUMU
MOKa3aTeNsIMU U COCTOSTHUEM 37I0pOBbs. B 3TOM HCCleI0BaHNN paccMaTpUBAIOTCS TaKUe
MOKa3aTellv, KaKk BO3pacT, ypOBeHb XoliecTepuHa, (epputuH, AST, TOMOIIUCTEHH, a TaKKe
1iesieBast IEpEMEHHas1, OTPAKAIOIAsl BEPOSITHOCTh HAJIMYMS CEPIEUHO-COCYUCTOTO PUCKA.

Correlation Matrix
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Puc. 3. KoppensinnoHHbI aHaIH3 ONOXUMHUYECKHX MOKa3aTeaei

CunpHas MOJIOKUTENBHAS CBA3b MEX/y YPOBHEM I'OMOLMCTENHA U LIEJIEBOM Iepe-
MeHHOH (0,48) yka3pIBaeT Ha BOZMOXHOE MPSAMOE BIMSIHUE KOHIICHTPAIlu TOMOIIMCTEHA
Ha PUCK CEPIEYHO-COCYUCTBIX HapyLIeHUH. BboICcOKME 3HaUEHUS 3TOM aMUHOKHUCIIOTHI ac-
COLMUPYIOTCS C TIOBPEKICHUEM COCYAUCTBIX CTEHOK M MOTYT CIIOCOOCTBOBATH (hOPMUPO-
BaHUIO aTepockiiepo3a. Takke BaXKHOH SBISAETCS NOJ0KUTENbHAs Koppenauns Mexxay AST
u nenesoii nepemenHoit (0,41). AST-310 dpepMeHT, MPUCYTCTBYIOLINI BHYTPU KIETOK, HO
€ro TMOBBIILIEHHE B KPOBH MOXKET YKa3bIBaTh Ha TMOEIb KJIETOK, YTO MOYKET CBUJIETEIILCTBO-
BaTh O MOBPEXIECHUU CEPAEUYHON MBIIILBI UM NEYEHH. YMEPEHHBIE KOPPEISLUN MEXTY
¢bepputrHOM M LieneBoil nepemenHoi (0,15), a Taxke MeXIy XOJIECTEPUHOM U LIE€JIEBOM
nepeMeHHo# (0,13) MOKa3bIBaIOT BO3MOXKHYIO CBSI3b 3THX OMOMapKepOB C BEPOSTHOCTHIO
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Pa3BUTHUS CEPACUHO-COCYIUCTHIX 3a0oeBanuil. [Ipu aToM BbICOKMIA ypOBEHb (peppUTHHA,
XOTSI ¥ CBSI3aH C PUCKOM, HE SIBIISIETCS CAMOCTOATEIbHBIM MPEAUKTOPOM U, CKOpee Bce-
ro, OTpakaeT OOIIMI BOCHAIUTENbHBIN Mpoliecc B opraHu3Me. BrnusiHue xonecreprHa Ha
CEpJIEYHO-COCYAUCTYIO0 CUCTEMY MOATBEPHKAAECTCA €ro KOPpEsiei, 0MHAKO HEBBICOKHM
K03()PHUIIMEHT TOBOPUT O TOM, YTO BayKHO YUUTHIBATh HE TOJBKO OOLINI ypOBEHb XOJIeCTe-
pHUHa, HO ¥ COOTHOLIEHHE ero (pakuuii. Huzkast koppemnsus Mexay BO3pacToM U I1eJIeBOI
nepemenHoit (0,11) MoxeT ObITh 00BICHEHa MHOKECTBOM OMOJIOTHYECKHUX U COITUATBHBIX
(bakTopOB, BAUSIONINX HA 37J0pOBhE yesioBeka. Huskue u ymepeHHsie K03 HUIuEeHTh! KOp-
pemsitu Mexy depputunom u AST (0,16), a Takxke Mexay (GpeppuUTHHOM U XoyecTe-
punoM (0,20) mog4epKUBaIOT CIOKHOCTh B3aUMOJEHCTBUI B OMOJIOTrMYECKUX Mpolieccax,
YYaCTBYIOIIHUX B Pa3BUTHUH CEPAECUHO-COCYAUCTHIX 3aboneBanuil. [IpoBenenue xoppens-
[IMOHHOT'O aHaJIh3a MO3BOJISIET BBIABIATH MOTEHLUATIbHBIE OMOMapKepbl, KOTOPbIE MOTYT
OBITH MCIIOJIB30BAHbI JUISl TaJbHENIINX UCCIIEOBAaHNUN U KIIMHUYECKON mpakTuku. Cieny-
€T TIOMHUTb, YTO KOPPEJNALNs HE JOKAa3bIBAET HAIMUME MPUUYUHHO-CIEICTBEHHON CBSA3H.
Jls moATBepKIEHUS STUX 3aBUCUMOCTEN HEOOXOIMMBI IONIOJIHUTEIbHBIE UCCIIeI0OBaHMS,
BKJItOYasi MPOCIEKTUBHBIE HAOMIONEHUS U KIIMHUYECKUE UCTIbITaHus. B nienom, mposeeH-
HBIM aHAJIM3 TOMOTAET JIy4lle MOHATh MEXaHU3Mbl Pa3BUTHUS CEPJIEUHO-COCYAUCTHIX 3a00-
JIEBaHUM U MOXET OBITh MOJI€3€H /s pa3pabOoTKU NEPCOHAIU3UPOBAHHBIX CTPATErHil UX
pOodUIAKTUKY U JICYCHUS.

Ha pucynke 4 nokazaHo usMeHeHue cpeaneknaaparuyHoil omubku (RMSE) mo-
nenu XGBoost B mporiecce o0yueHus 1o 3moxam Juisi o0ydaromieil (CIulonHas JMHUS) 1
TeCTOBOMU (MyHKTUpPHAs JUHUSA) BEIOOpoK. RMSE sBnsieTcst kiroueBbIM MoKazaTesieM, Ko-
TOPBIM OTpakaeT cpeAHee OTKIOHEHHE MPEeACKa3aHHBIX 3HAYEHHUM OoT peaibHbIX. CHMXKe-
Hue RMSE B xozne o0y4yeHust 7eMOHCTPUPYET MOBBIILIEHUE TOYHOCTU U KaueCcTBa pabOThI
MOZIEIIH.

XGBoost RMSE over Epochs
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Puc. 4. Jlunamuka u3MeHeHU# cpeanekBaaparuunoit ommoku (RMSE) moxenn XGBoost

I'padux kpuBoil 00ydeHHUs NEMOHCTPUPYET IOCIIEI0BATEIbHOE M CTAOMIBbHOE
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yMmeHbleHne nokasarenss RMSE kak Ha oOyudaroieid, Tak U Ha TECTOBOUW BBIOOpKaX, 4TO
CBUJIETENLCTBYET O XOPOLIEH CIOCOOHOCTH MOJENU K OOYYEHUIO U 00O0OIICHUIO JaHHbIX.
Ha navyampHOM 9Tare HaOmromaercst pe3koe cHuxkeHue RMSE, oObsicHseMoe akTHBHOM
MOJICTPONKONM MOJENH MOJ CTPYKTYpY IMperocTaBieHHbIX HaHHBIX. [lo mepe mporpecca
0o0yueHUs] KpUBBIE MOCTETIEHHO CXOASTCS, YTO yKa3bIBaeT Ha CTAOMIM3alMIO TMpoliecca U
JOCTIKEHHE ONTHUMAJLHOTO OallaHca MEKIYy CMellleHneM U pa3dpocoM ommbok. Merpu-
KU OLEHKH MOJIEIH TMOATBEPKAAIOT €€ BBICOKYIO TOYHOCTh U MPOTHOCTUYECKYIO HAIEX-
HOCTh. 3HaueHHe cpeaHekBaaparuanoi ommoku (MSE) cocrasnser 0,0107, 9to roBoput
0 MUHUMAaJbHBIX OTKJIOHEHUSX MpEACKa3aHHBIX 3HAYEHHUH OT (pakTHuecKuX AaHHbIX. Ko-
s urment nerepmunanuu (R?) paBen 0,865, 4To MoOATBEPKIAAET CIIOCOOHOCTH MOJEIH
KOPPEKTHO OMHCHIBATh 3aBUCUMOCTH B JIAaHHBIX U €€ BBICOKYIO IpecKa3aTeNbHyI0 A dek-
TuBHOCTh. Cpennsisi abcomtotHas ommbka (MAE), paBuas 0,0474, orpakaeT HeOObIINE
CpEeIHUE PACXOXKACHUS MEXIY MPOTHO3aMHU U PEeaIbHBIMH MOKA3aTENIMH, JEMOHCTPUPYS
CTa0MIBHOCTL paboThl Moxenu. Kpurepun wHGOpManMOHHON oreHKH, Takue Kak AIC
(2,7625) u BIC (36,347), y4UTBIBatOT HE TOJIHKO TOYHOCTH MTOJITOHKH MOJICITH, HO U KOJTUYe-
CTBO MapaMeTPOB, YTO MPEAOTBPALIACT UIMHUIIHIOK CIIOKHOCTh MoAeu. Hu3kue 3HaueHus
ITUX KPUTEPHUEB YKA3bIBAIOT Ha YCIEIIHOE COYETaHWE TOYHOCTH MPOTHO30B U YMEPEHHOM
CIO)KHOCTH Monenu. Pe3ynbratel TpeHupoBkr XGBoost cBUAETENBCTBYIOT O €€ BBICOKOM
3¢ (}HeKTUBHOCTH U CcIOCOOHOCTH o0OecneunBaTh HaJAEKHbIE MPOTHO3bI, YTO MOATBEPKIa-
ercs ymenbiienueM RMSE, Beicokumu 3HaueHussMUA R? 1 HU3kuMU ommOkamu. JaHHBII
AJTOPUTM SIBJISIETCSI MOIIHBIM MHCTPYMEHTOM JJISl PELIeHUs 3a7ad perpeccuu, 0COOEHHO
npu paboTe ¢ KPyMHBIMU U KOMIUIEKCHBIMH Habopamu naHHbIX. [IpiMeHeHne Moienu ak-
TyaJIbHO B Pa3IMYHBIX 001aCTAX, TJ€ BaKHA TOYHOCTh IPOrHO3UPOBAHUS KOJTMUYECTBEHHBIX
nokaszaresnel, BKIItoyasi JKOHOMHKY, (prHaHCHI U Hayku o ipupoae. Ha Pucynke 5 npencras-
neHa auHamuka GyHKnuu notepb (Loss) mist cBeprouHoit HeiiponHo# cetu Vanilla CNN
10 31oxaM 00y4YeHHs Ha 00ydJaromiei (CTUTONTHAS JTUHUS) U BAIMIAIMOHHON (TTyHKTUPHAS
JTUHUS) BeIOOpKax. ['paduk meMoHCTpUpyeT CHUKEeHHE (YHKIIMU MOTEph Ha oOydaromen
BBIOOPKE 1 TIOCIEAYIOUTYI0 CTA0OMIM3AINIO HAa BaJIUIalIMOHHON, UTO OTpa)kaeT KOPPEKTHOE
o0OyueHne MOJIETH U JOCTHKEHUE €€ ONTUMAaIbHOTO COCTOSHUSI.

I'padux xpuBOil 0OyUeHHS MOKA3bIBAET, YTO M3HAYAIBHO (PYHKIUS MOTEPh UMEET
BBICOKOE 3HaYeHHE, KOTOPOE OBICTPO YMEHBIIAeTCsA, OCOOCHHO Ha MEPBBIX ATarmax odyue-
HUS, UYTO CBUACTEIHCTBYET O TOM, UTO MOAEINb 3((HEKTUBHO N3BIIEKAET KIFOUEBbIE TPU3HAKU
U3 JaHHBIX U MpUCTHOcaldnuBaeTcs K MocTaBieHHoH 3anaye. [locne nepBoHaYaIbHOTO CHU-
JKEHHsI KpUBasi IOTEPh Ha TPOBEPOYHOM HaOOpe JaHHBIX HAYMHAET KOJIeOaThCsl U epecTaéTt
CHIDKATBHCS, YTO MOXKET YKa3bIBaTh Ha Hadalo nepeoOydenus. [Ipu stom morepu Ha 00y-
YaroieM Habope MpOoaoHKAIOT YMEHbIIAThCS, @ Ha MPOBEPOYHOM OHM CTAOMIU3UPYIOTCS
WM Jja’Ke CIIerKa MOBBIIIAIOTCS, TOKA3bIBasl pa3phiB B pe3yibTaTax MEX/1y TPEHHPOBOYHON
W BaJIMJAMOHHON BbIOOpKaMmu. CpenHekBaaparndeckas ommubka (MSE) momenu Vanilla
CNN cocrasisiet 0,45, 4TO BBIIIE TOMYCTUMBIX 3HAYEHUM JIsI KOPPEKTHOM perpeCcCUOHHOM
MOJIENIH, YKa3bIBas HA 3HAUYUTENbHbBIE OTKIOHEHUS MPOTHO30B OT peajbHBIX JaHHBIX U HU3-
Kyt TouHOCTh. Koaddurment aerepmunanmu R? pasen -0,875, 4To oTpakaer kpaiiHe He-
YIOBIETBOPUTENIBbHYIO paOOTY MOJIETH U CBUIETENILCTBYET O TOM, YTO OHa pabOTaeT Xyxe
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0a30B0OI MOZIENIN, UCTIONB3YIOIIEH CpeTHee 3HAUCHHE 11eJIEBOM mepeMeHHou. Takast cutya-
LUl MOXKET OBITh CBsI3aHA C HEJNOCTAaTKaMH apXUTEKTYPbl CETH WM KAYECTBOM HMCXOTHBIX
JTaHHbIX. 3HaYeHus kpuTtepueB nHpopmanronHoit onenku AIC u BIC cocrapnstor 1562,0
u 2342,65 cOOTBETCTBEHHO, YTO TaKXe MOJITBEPKIACT HAJIUUYME NEepeoOydeHus: Wil He-
KOPPEKTHOM HACTpOMKHM Mozenu. HecMoTpsl Ha mepBOHA4aIIbHOE CHUKEHHUE MOTEPh Ha
oOyuatoniem Habope, Vanilla CNN ucnbIThIBa€T TPYAHOCTH C 0000IIEHUEM pe3yIbTaToB
Ha HOBBIE JIaHHBIE, YTO OTPAXKAETCS B BBHICOKMX IOKA3aTeNIAX OLUIMOOK HAa IMPOBEPOYHOM
Habope U oTpuuareabHOM 3HaueHuu R2. [lns ymyunienust Mozienan pekoMeHayeTcs IpoBe-
CTH JIOTIOJIHUTEIbHBIN aHAU3 JAHHBIX, U3MEHUTb apXUTEKTYPY CETH, YBEIUYUTh 00BEM
oOyyaronieil BBIOOPKU WM PUMEHUTH METO/IbI PErylsipu3aluu, 4ToObl CHU3UTh NEepeoo-
Y4€HHUE U MOBBICUTh TOUHOCTH MPOTHO30B HA HOBBIX JIaHHBIX.

Vanilla CNN Model Loss
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Puc. 5. Tunamuxka ¢pyukuun noreps (Loss) moaesnn ceeprounoil ueitponnoii cetu (Vanilla CNN)

CpaBaenne ¢ mozaenpio XGBoost moka3pBaeT 3HAYMTEIBHBIC PA3IUUMs B (-
dexruBHOCTH. [[151 XGBoost cpennexBanparnueckas ommbka (MSE) cocraBnseT Bcero
0,0107, 9TO CBHAETENBCTBYET O KpaitHe HU3KOM ommoOke mpenckazanuii. Koaddunment
nerepmuHaiuu R? pasen 0,865, 1eMOHCTpUPYS BBICOKYIO TOYHOCTh MOJEIH U CIIOCO0-
HOCTb OOBSICHATH 86,5% Bapuanuu 1eneBoi nepemMeHHol. 3HaueHus kpurepueB AlIC
u BIC nns XGBoost 3HaunTensHo Hroke, yeMm y Vanilla CNN, 9To yka3pIBaeT Ha ONTH-
MaJIbHBIN OajaHC MEXAY CIOKHOCTHIO MOJIETTH U KaueCTBOM €€ MOATOHKH. B To ke Bpems
Vanilla CNN noka3zbiBaet ropas3no xyamue pesynsrarel: MSE paBaa 0,45, a R? -0,875,
YTO OTpaXkaeT KpalHe HU3KYI0 TOUHOCTh IPOTHO30B U HECIIOCOOHOCTh MOJAEIHU JaKe J0-
CTUTHYTh YPOBHsI 0a30BOM MOJENH C MpeAcKa3aHUueM CpeaHero 3HaueHusi. Bricokue mo-
kazarenu AIC u BIC moarBepikaaroT nmepeoOydeHre U HEeMPaBWIBHYIO CHEIU(UKAITUIO
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monenu. B utore XGBoost nemoHcTpupyeT 6ojiee BHICOKYI0 TOYHOCTh M CIIOCOOHOCTh K
0000111eHuI0, YTO AenaeT e€ 3PPEeKTUBHBIM UHCTPYMEHTOM JIJISl PELLIEHUS] PErPeCCUOHHBIX
3aja4 Ha OOJBIIKX U CIOKHBIX HaOOpax NaHHBIX, B TO Bpems kak Vanilla CNN crpanaer
0T nIepeoOyyeHusl 1 HU3KOM alanTUBHOCTH K HOBBIM JaHHBIM, YTO MPOSBISIETCS] B BHICOKUX
NOTEPsIX Ha IPOBEPOYHOM Ha0Ope M OTPULIATENIHLHOM 3HaYeHUH R2.

3aki04enue.

B 3axnrouenue, orieHka (pakTopoB prcKa CepeUHO-COCYIUCTHIX 3a00/IeBaHUM C IO-
MOILbIO METOJIOB MALTMHHOTO OOYYEeHHsI UTPAET KIIIOUEBYIO POJIb B OJOOPE ONTUMAJIbHBIX
aJITOPUTMOB U TapaMeTpoB Jisi 0OeCredyeHus TOUHbIX IMPOrHo3oB. CpaBHEHHE MoJenen
eXtreme Gradient Boosting (XGBoost) u cBeprounoit neriporsoii cetu (CNN) mokasa-
70 siBHbIe npeumyiectBa XGBoost npu padore ¢ TaONIUYHBIMU JAHHBIMU, BKJIFOYAIOLIH-
MU OMOMapKepsl U ieMorpaduieckue nokasareau. Ita MoJielb IEMOHCTPUPYET BBICOKYIO
TOYHOCTb OJ1aroapsi CHOCOOHOCTH KOPPEKTHO MOJIETUPOBATH CII0KHbIE HEJTMHEWHbIE B3au-
MOCBSI3U M YCTOMUMBOCTH K pa3peKeHHbIM JaHHbIM. B To e Bpems, CNN, xoTs u ob1anaer
MOTEHIMAJIOM JUIsl aHAJIM3a MPOCTPAHCTBEHHO-3aBUCHUMBIX JIaHHBIX, MPOSBUJIA MTPU3HAKU
nepeoOydeHus: U HU3KYI0 TOUHOCTb MTPH KJIacCU(PUKAUU OMOMapKepoB. ITO MOJUYEPKHUBAET
HEOOXOAMMOCTD JI0Pa0OTKH apXUTEKTYpPbl U aJITOPUTMOB O0yUYEHUS, @ TAaKXKE IPUMEHEHUs
METOZIOB PEryJspU3aliy U yBeJIUYEHHUs] 00beMa 00yJaroIuX JaHHbIX.

[Ipumenenne noxazareneit MSE, koagdunuenra nerepmunanuu (R?), kpurepus
Axkauke (AIC) u baitecoBckoro kputepus unpopmaiuu (BIC) mo3sonuso npoBecTH 1eTaib-
HBII CpaBHUTEJIbHBINA aHAU3 MOJEJEH, BBIIBUB UX CHIIbHBIE U ciabble cTopoHbl. Mozenb
XGBoost nporemoHcTpupoBaia HaJAEKHOCTh U BBICOKYIO CIIOCOOHOCTh K MPEICKa3aHHUIO,
¢ dexTUBHO OamaHCUPYsl CMEIICHHE U pa3dopoc AaHHBIX, B TO BpeMs kak CNN Hyxn1a-
eTCsl B JOIMOJHUTEIbHON HAacCTpOMKE MapaMeTpoB IS MOBBILIEHUS KauecTBa MPOrHO30B.
[TonmyueHHbIe pe3ynbTaThl MOAYEPKUBAIOT, YTO MPAaBUIIBHBIA BIOOP apXUTEKTYPhl MOJENIN
U ONTUMU3ALIMA MApaMETPOB OOYUYEHUsI UMEIOT KPUTHUECKOE 3HAUEHHUE JJIsi POrHO3UPO-
BaHUS PUCKA CEPACUHO-COCYIUCTHIX 3a00eBaHuil. B manbHeiineM nccaea0Banust T0KHbI
COCPEIOTOYUTHCSI HA PA3BUTUHU NEPCOHAIU3UPOBAHHOW METUIMHBI, COBEPIICHCTBOBAHUN
MoJieNIel I TOYHOTO BBISIBIEHUS (PaKTOPOB pUCKa U (POPMUPOBAHUU CTpAaTETUil paHHEH
quarHoctuku u npogunakruku CC3.
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