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AHHoTauus. [IpeanoxeH noaxo/| K peleHUIo 3a/1a4u IOCTPOSHHUs MOJieIed MallIMHHOTO 00y4YeHHsl B PELICHUH 3a/]a4 KJIacCH-
¢uxanuu gaHHbIX. Ha mpumepe ananmusa HaGOpOB OHMOMEIWIMHCKMX JAHHBIX IIPOBEJCHO CPAaBHEHUE IMPOU3BOJUTEILHOCTH
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BBenenue

MamuHHOe 00y4eHHe HaXOIUT IMIMPOKOE MPH-
MEHEHHE B MEIWIMHE W 3ApaBooxpaHeHnu. OHO
MMOMOTaeT BpadyaM B JHArHOCTHKE 3a00JICBaHHIA,
HpOFHO3l/IpOBaHl/II/I ux pa3Bl/ITI/Iﬂ nu Bl)I60pe OIITU-
MaJpHOTO JiedeHus: [1]. AnropuTmsl MaIIMHHOTO
0o0ydYeHHs aHATM3UPYIOT OOJIBIIHE MACCHUBBI MEIH-
[UHCKHUX JaHHBIX — PE3YJIbTaThl aHAJH30B, KaJI0OBI
MAIMEeHTOB, JaHHBIC MOHUTOPHHTA U T. 1. Ha ocHOBe
9THX IAHHBIX CTPOSATCS MPOTHOCTHYECKUEC MOICIH,
KOTOPBIE 3aTeM HCIIONB3YIOTCS JUIT KOHKPETHBIX
nanueHToB. Mcnonb3oBaHue Mopeiiell MaIInHHOTO
0o0ydeHHs TO3BOJISIET CPAaBHUBATH XapPaKTEPUCTHUKU
HOBOT'O ITAIIMEHTA C MMEIOIIMMHUCS HAHHBIMH M IIO-
Jy4aTbh BEPOSATHOCTh HAIWYHS TOTO WIM HMHOTO 3a-
OoneBanus. Takoll MOJAXO0M HO3BOJISIET JUATHOCTHU-
poBaTh 3a00JeBaHMsI HAa PaHHUX CTaIUAX U CBOE-
BpeMeHHO Ha3HA4YaTh JICUCHHUC. KpOMe TOTO, Bpa‘-II/l
MOTYT OIUPATHCS HAa PEKOMCHIAIMH CUCTEMBI MPU
BEIOOpE CXEMBI JICYCHUS U ITPOTHO3UPOBAHUH €rO
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3¢ (GeKTUBHOCTH UIsI KOHKPETHOTO TIamueHTta [2].
Takum oOpa3zoM, MamMHHOE OOy4YeHHE JAeTaeT Me-
JUIMHCKYIO ITOMOINb Oo0Jiee MepCOHATM3UPOBAHHON
U Pe3yJIbTaTUBHOM.

HpOFHOCTM'—IeCKI/Ie MoJ€In MOTYT 6])ITI) TaKXE
HOJIE3HBI Ha dTare oOyueHus: OyIylMX Crelnaliu-
cToB. HekoTopble NpPOMEXYTOYHBIE PE3YJIbTATHI
WCCIIe/IOBAaHMS, NPHUBEJICHHOIO B JAaHHOW CTaThe
(onpenenenne BEpOSTHOCTH HAJTMYUS 3a00JI€BAHUS Y
MAIMeHTa 10 NepeyHI0 ONOMETMIIMHCKHUX JAaHHbIX, a
TaKXKe MPOTHO3MPOBAaHKE 3a00JIEBAHUS MO CHUMIITO-
MaM TIallieHTa) HaUId IpUMeHeHue B cepe oOpa-
3oBaaus. OHM OBUIM ampOOWPOBAHBI, MOJIOKECHBI B
OCHOBY TMpPOTPAMMHOTO MOXYJS BHPTYaJbHOTO
MpaKTHKyMa JUIi CTYACHTOB MEAHMKO-OMOJIOTHYec-
Koro npoduis [3] v yCrnenHo BHEAPCHBI B y4eOHBIN
npouecc MI'Y umenn A.A. Kynemosa [4].

[Moctpoenue 3pPpeKTUBHON MOJIEIA MAITHHHO-
ro oOydeHusi SIBISETCS CIOXHBIM U TPYIOEMKUM
IIPOLIECCOM, KOTOPBIil BKIIIOUAET B Ce0sl HAXOXKACHHE
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MOJXO/SIIET0 ANrOpUTMa OOY4YeHUSI M MOJy4eHHE
ONTUMAJILHOM apXUTEKTypbl MOJEIM IIyTEM Ha-
CTpPOHKHM €€ rumeprnapameTpoB [S] — mapaMmeTpos,
KOTOpBIE HACTPauMBaIOTCS HEMOCPEICTBEHHO Iepes
o0ydeHHEeM MOJICNIH, a HE B IPOIECCE MAIIMHHOTO
0o0yueHMs.

1 MeTtonuka MOCTPOEHHS] MOJEJH MAaIIMH-
HOT0 00y4YeHust

AHanu3 HOCTYNHBIX METOJZIOB U CXEM ITOCTPOE-
HUSL MOJEeNu MamuHHOTO 00yueHus [6]-[8], mo3Bo-
U BBIOpaTh HAJEKHYIO M ONTHMAIBHYIO CXEMY,
HauOosee MOAXOJSIIIYIO Ul PELICHUS HOCTaBJIeH-
HOM 3a1auu (pucyHok 1.1).

Peanuzanus Takoil cxemMbl NPOXOAMT B He-
CKOJIbKO 3TarloB.

1 oman. COOp JaHHBIX — TO MEPBBIH LIAr IPU
peeHny J1r000# MpoOIeMbl MAIIMHHOTO 00y4YeHusI.
Jis maHHOMW 3aJa4¥ MUCIIONB3YIOTCS HAOOPHI OHoMe-
TUIMHCKAX JaHHBIX u3 pero3uropus UCI [9], koTto-
pble TIpeTHa3HAYEHB! Ui OOYYEHHs, IPOBEPKH H

TecTUpoBaHus. B BbIOpaHHBIX HaMU Habopax [aH-
HBIX MPUCYTCTBYIOT NPU3HAKK 3a00JIEBaHUM, a TaK-
e nH(opManus 0 HATMUUK 3a00JIeBaHuUSI.

KaxpIif 3K3eMIIsp JaHHBIX, UCTIONIB3YEMBIH B
00y4eHHUH MOJAENN MAaIlIMHHOTO OOYYeHHs, HMEeT
KaK BXOJIHbIE, TaK M BBIXOJHYIO TepeMeHHble. Ha-
IIpyUMep, AaHHbIE, KOTOPHIE aHAIN3UPYIOTCS Ha Ha-
JWYHE ONIpEEeTICHHOr0 3a00JIeBaHms, UMEIOT B Kade-
CTBE BXOIHBIX TIEPEMEHHBIX HA0Op MPHU3HAKOB, OITH-
CBHIBAIOIMX 3TO 3a00JICBAHUE, U B KAYECTBE BBIXOJ-
HOM — aTpuOyT, YKa3bIBAIOMIN, ©MeeTcs Jin 3a0oJe-
BaHHE Y TALMEHTA WIN HET.

2 oman. TloaroroBka NaHHBIX — CaMbId BaX-
HBIIl IIar npoekTa B cdepe MalIMHHOTO OO0Yy4eHWUs,
KOTOPBIN JIOJDKEH MPOBOJUTHCS IO TOTO MOMEHTa,
Kak Ha0Op MaHHBIX OyIeT UCIONB30BaThCs s 00Y-
4yeHus: Mojenu. lcnonb3oBaHue HeoOpaOOTaHHBIX
JaHHBIX IPU MOJEIMPOBAHUM MOKET IPUBOANUTH K
HEBEPHBIM PE3yJIbTaTaM.
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Pucynok 1.1. — Cxema noctpoenust Moziesieli MallmHHOTO 00y4eHHs
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Tabnuna 1.1 — cnonb3yemblie aTpOyThl HA00pa TAaHHBIX

ATpudyr Onucanue Tun, BO3MOXHbIE 3HAYEHUS
Age Bospact Yucno
Sex ITon 0: >xeHCKUH
1: Mmy»ckoit
Cp Tun Goneit B rpyau 0: beccumnToMHast
1: aTMIIMYHAs CTEHOKAPIHs
2: HeaHTHHaJIbHAS
3: TUIIMYHAs CTEHOKAP M
Trestbps ApTepranbHOE JaBIEHHUE B COCTOSIHUM MOKOSI Yucio
Chol OOuwii X0necTepruH B CHIBOPOTKE KPOBH Ywucno
Fbs YpoBeHb caxapa B KPOBH HATOIAK 0: menee 120 mr / o
1: 6onee 120 Mr / m
Restecg PesynbraThl aneKTpoKapauorpadun B IOKOe 0: Hopma
1: nanmuune anomamuu ST-T
2: HaNM4YMe BEPOATHON WM ompeje-
JICHHOW T'MHepTpoduu JIeBOTO Kely-
JIOYKa 10 KPUTEpHsiM DcTeca
Thalach MaxkcumanbHasi TOCTUTHYTas dYacToTa cCepaeyHbIXx | Yucio
COKpaIleHui
Exang CreHokapausi, BbI3BaHHasH (PH3MYECKOM HArpy3KoM 0: Her
1: la
Oldpeak Henpeccust ST-cermeHTa, BbI3BaHHAs Yucino
YHPAXKHCHUAMHU 11O CPABHCHUIO C OTJABIXOM
Slope Ioabem muxoBoro cermeHtra ST mpu ¢usuyeckoit | 0: KocOHUCXOAALIAS
Harpyske 1: ruraTooOpasHast
2: KOCOBOCXOAAIIAs
Ca KonnuecTBo KpynHBIX COCYOB, OKpaIlIEHHBIX 0,1,2,3
¢uryopockonuei
Thal Tamaccemus 0: oTcyTcTBYyeT
1: ucpaBieHHBIN HedeKT
2: HOpMaJIbHBIN
3: oOpaTuMbIid JedeKT
Target Hamune 3aboneBanns 0: oTcyTcTBHE 3a00I€BaHUS
1: Hanmuue 3a00IeBaHuUs

3 aman. TlocTpoeHne MoEIN MAaIIMHHOTO 00y-
YeHHA: Tociie cOopa M TOATOTOBKM JAHHBIX OHH
MOI'YT HUCIIOJIb30BATHCA IJIA o6yquI/1;1 MoJ€iIu Ma-
MIMHHOTO 00y4eHus. JlaHHbIA Tan BKIIOYaeT B ceds
BBIOOp aJropuTMa MalIMHHOTO OOy4eHHs U oOyue-
HHE MOJEJH, ONTUMM3ALMS THIIepIapaMeTpoB, BbI-
YHCJIEHNE METPHK KauecTBa sl O0yuYeHHOW MOJIEIH
U ee MPOBEepKa Ha TECTOBBIX JaHHBIX.

B xadecTBe mpuKITagHON 3a7auu 00ydeHHE MO-
JieNleil MaTMHHOTO OOyYeHUs MMPOBOAWIOCH HA Ha-
Oopax OMOMEIWIIMHCKHX HaHHBIX. 1 mpumepa B
tabmune 1.1 mpuBeneHs! aTpulyTH HAOOpa TaHHBIX,
KOTOPBIE HCIIOJIB30BAINCH B OOYYEHUS MOJETH IS
MPOTHO3HON aHAINTHKH CEPIEYHO-COCYIUCTBIX 3a-
OosieBaHMH.

HccnenoBanue MpOW3BOAUTENILHOCTH — ajro-
PUTMOB MaIIMHHOTO OOy4YeHHWs! B 3a7adax KIIacCH-
(uKanmy TaHHBIX MTPOBOAMIOCH B COOTBETCTBHHU CO
CXeMOM Ha pHUCyHKe | ans pelleHusl NpUKIaJHOU
3a/a4d TPOTHO3HOW aHANUTHKH OWOMETUIIMHCKUX
MaHHBIX. [l 3TOTO OBLT TIpOBENEH aHaIN3 HaOOpOB
JMAHHBIX C HCIOJB30BAHHEM CIEIYIONINX alTOpHUT-
MOB MammHHOTO 00y4enus [10], [11]-[14], [15]:
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— Logistic Regression (JIoructirdeckas perpeccusi),

— Linear Discriminant Analysis (Jluneiinbrii
JTUCKPUMUHAHTHBIN aHaln3),

— K-Neighbors Classifier (Meron Onmkaimmx
cocenent),

— Classification and Regression Tree (Meton
TIOCTPOEHHUS I€PEBHEB PELICHUI),

— Naive Bayes Classifier (HauBHblii OaiiecoB-
CKUH allTOpUTM),

— Linear Support Vector Classification (JIu-
HEHHBII METO]T OTTIOPHBIX BEKTOPOB),

— C-Support Vector Classification (Metox
OTIOPHBIX BEKTOPOB),

— Multilayer Perceptron Classifier (Muoro-
CJIOWHBIH [IEPCENTPOH),

— Bagging Classifier (Byrcrpan-arperuposanue),

— Random Forest Classifier (Ciy4aiinslii ec),

— Extra Trees Classifier (KitaccugukaTtop skc-
TPEeMabHO PaHIOMH3UPOBAHHBIX ACPEBHEB),

— AdaBoost Classifier (aganTuBHbIH OycTHHT),

— Gradient Boosting Classifier (I'pagueHTHBII
OycCTHHT),
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— Light Gradient Boosting Machine (I'paxu-
EHTHBIN OycTHHT AepeBbeB peuienuit LightGBM),

— Extreme Gradient Boosting (I'pagueHTHbIN
OyctuHr nepeBbeB pemeHnit XGBoost).

Mopenn MamMHHOTO OOYYEHHs! HCIIOJb3YIOT
80% Hnabopa JaHHBIX 111 OOyYeHHMs, a OCTaBILHECS
20% WCTIONB3YIOTCS JUIs TPOBEPKH TOUYHOCTH aNro-
puTMOB. B KauecTBEe OCHOBHOW METPUKH ISl CpaB-
HEHUS B JaHHOM CIydae HCIOJIb3YyeTcs AOJS Ipa-
BWIBHBIX OTBETOB anroputMa (Accuracy), ompene-
nsieMast CIeAYIONINM COOTHOIeHHeM [16]:

Accuracy = (TP + TN) / (TP + FP + TN + FN),

rae TP — wiaccuukaTtop BEpHO YTBEPIKHAET, 4TO
00BEKT MPUHAIIC)KUAT K pACCMATPUBAEMOMY KIIACCY,
TN — xnaccu(ukaTtop BEPHO YTBEPXKIACT, UTO
O0BEKT HE NPUHAMICKUT K paccCMaTpUBACMOMY
KJiaccy,
FP — knaccudukaTop HEBEpHO YTBEPXKIACT, UTO
00BEKT MPHHAICKHT K PACCMATPUBACMOMY KJIACCY,

Tabnumna 2.1 — CepaedHo-coCyAUCThIC 3a00IeBaHUL

FN — xnaccuduxarop HEBEPHO YTBEP)KHAET,
4TO OOBEKT He NPUHAJISKUT K PacCMaTPHUBAEMOMY
KJiaccy.

IIJ'IH BaJinaiud TOYHOCTU IMPOTHO3UPOBAHUA
OBUTH MCIIOJIB30BaHbl HAOOPHI JAHHBIX 110 CEPICYHO-
COCYZIMCTBIM 3a00JIEBaHMSIM, paKy MOJIOUHOH >Kele-
3bl, 1MabeTy, XpOHUIECKOH O0JIe3HH ToUeK, 3abolie-
BaHHSM ITeYeHH [9].

2 Pe3yJbTaThl HCCI€I0BAHUS

J1st HarsIIHOM TeMOHCTpauUK NPEUMYIIECTB
MPEUIOKEHHOTO MMOIX0Aa M BBICOKOH 3(P(PEKTHBHO-
CTH OOYYEHHBIX MOJIeJIeH MAaIIMHHOTO OOy4YeHus Ha
npuMepe aHajau3a OMOMEIUIIMHCKUX JIaHHBIX B Ta0-
nunax 2.1-2.5 getanbHO IpeACTaBIECHBl Pe3yJIbTaThl
MPOBEJCHHOTO HMCCIICIOBAHUS MIPOU3BOIUTCIHHOCTH
QJITOPUTMOB MAIIMHHOTO OOYYEHHUS] U UX THIeprapa-
METPOB JIJISI BCEX PACCMOTPCHHBIX HA0OPOB TaHHBIX.

Anroputm Tounocts (%) ITapameTpsbl 3HadyeHus HapaMeTpoB
(BG) Bagging 84.75 bootstrap, bootstrap features, n_estimators, 487.0468, True, True, 50, 1,
Classifier n_jobs, random_state, verbose, warm_start 0, 0, False
(ET) Extra Trees 84.75 criterion, max_depth, min_samples_leaf, entropy, 10, 2, 2, 0.0, 30, 6, 0
Classifier min_samples_split, min_weight fraction_leaf,

n_estimators, n_jobs, random_state
(LR) Logistic 84.74 C, class_weight, fit_intercept, intercept_scaling,|0.01, balanced, False, 0.01,
Regression 11 _ratio, max_iter, multi_class, n_jobs, penalty, [0.2, 5000, auto, 1, elasticnet,
random_state, solver, tol 0, saga, 1.01
(CART) 84.35 criterion, max_depth, min_samples_leaf, 11.4143, gini, 16, 6, 2, 0.0,
Classification and min_samples_split, min weight fraction leaf, [random
Regression Tree splitter
(KNN) 84.35 algorithm, leaf size, n_jobs, n_neighbors, p, |auto, 2, 1, 9, 1, uniform
K-Neighbors weights
Classifier
(LSVC) Linear 84.34 C, class_weight, dual, fit_intercept, inter- 0.01, , True, True, 0.41,
Support Vector cept_scaling, loss, max_iter, multi_class, pen- |squared hinge, 5000, ovr, 12,
Classification alty, random_state, tol, verbose 0,2.01,0
(RF) Random 83.91 bootstrap, criterion, max_depth, max_features, [True, gini, 2, auto, 110, 0
Forest Classifier n estimators, random state
(XGB) Extreme 83.91 learning_rate, max_depth, n_estimators, nthread|0.051, 1, 480, 6
Gradient Boosting
(LGBM) Light 83.5 boosting_type, learning_rate, max_depth, dart, 0.379, -1, 6, 2, binary, 0
Gradient Boosting| n_jobs, num_leaves, objective, random_state
Machine
(NB) Naive 83.5 var_smoothing 0.3960000001
Bayes Classifier
(LDA) Linear 83.1 solver, store_covariance, tol svd, False, 0.8
Discriminant
Analysis
(SVC) C-Support 83.1 C, degree, gamma, kernel, random_state, tol, |0.61, 1, scale, poly, 0, 0.201,
Vector verbose False
Classification
(MLP) Multilayer 82.29 activation, alpha, hidden_layer_sizes, relu, 0.4, 130, 0, 0.001, False,
Perceptron random_state, tol, verbose, warm_start False
Classifier
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AnroputMm TounocTts (%) ITapameTpsl 3HaueHus mapaMeTpPOB
(GB) Gradient 82.27 criterion, learning_rate, loss, max_depth, friedman_mse, 0.1,
Boosting n_estimators, random_state, tol exponential, 1, 400, 0, 0.0001
Classifier
(AB) AdaBoost 82.26 algorithm, learning_rate, n_estimators, ran- 525.1748, SAMME, 0.36,
Classifier dom_state 405, 0

Tabnuma 2.2 — Pak MOJIOYHO >xerne3sl

Anroputm Tounocts (%) ITapameTpbl 3HaueHus apamMeTpoB
(LR) Logistic 98.68 C, class_weight, fit_intercept, intercept _scaling,|0.21, , False, 0.01, 0.2, 5000,
Regression 11 ratio, max_iter, multi class, n_jobs, penalty, multinomial, 1, elasticnet, 0,

random_state, solver, tol saga, 0.01
(LSVC) Linear 98.68 C, class_weight, dual, fit_intercept, 0.21, balanced, True, True,
Support Vector intercept_scaling, loss, max_iter, multi_class, [0.61, hinge, 5000, ovr, 12, 0,
Classification enalty, random_state, tol, verbose 0.51,0
(SVC) C-Support 98.24 C, degree, gamma, kernel, random_state, tol, |0.41, 1, scale, linear, 0,
'Vector 'verbose 0.001, False
Classification
(MLP) Multilayer 98.02 activation, alpha, hidden_layer sizes, identity, 0.0, 100, 0, 0.001,
Perceptron random_state, tol, verbose, warm_start False, False
Classifier
(AB) AdaBoost 97.8 algorithm, learning_rate, n_estimators, SAMME, 0.4, 400, 0
Classifier random_state
(LGBM) Light 97.8 boosting_type, learning_rate, max_depth, ebdt, 0.364, -1, 6, 10, binary,
Gradient n_jobs, num_leaves, objective, random_state |0
Boosting
Machine
(ET) Extra Trees 97.58 criterion, max_depth, min_samples_leaf, entropy, 12, 1, 3, 0.0, 30, 6,0
Classifier min_samples_split, min weight fraction leaf,

n_estimators, n_jobs, random _state
(GB) Gradient 97.36 criterion, learning_rate, loss, max_depth, friedman_mse, 0.4,
Boosting n_estimators, random_state, tol exponential, 1, 700, 0, 0.0001
Classifier
(XGB) Extreme 97.14 learning_rate, max_depth, n_estimators, nthread|0.201, 1, 520, 6
Gradient Boosting
(KNN) 96.92 algorithm, leaf size, n_jobs, n_neighbors, p, |auto, 2, 1, 11, 1, uniform
K-Neighbors weights
Classifier
(RF) Random 96.48 bootstrap, criterion, max_depth, max_features, (True, entropy, 22, auto, 310,
Forest Classifier n_estimators, random_state 0
(BG) Bagging 96.04 bootstrap, bootstrap features, n_estimators, True, True, 40, 1, 0, 0, False
Classifier n_jobs, random_state, verbose, warm_start
(LDA) Linear 96.04 solver, store_covariance, tol svd, False, 0.2
Discriminant
Analysis
(CART) 94.95 criterion, max_depth, min_samples_leaf, gini, 26, 6, 2, 0.0, random
Classification and min_samples_split, min weight fraction leaf,
Regression Tree splitter
(NB) Naive 94.73 var_smoothing 1.00E-10
Bayes Classifier

Ta6numa 2.3 — luaber

Anroputm  |Tounocts (%) ITapameTpsl 3HaueHus napaMeTpoB
(CART) 81.17 criterion, max_depth, min_samples_leaf, entropy, 41, 11, 2, 0.0,
Classification min_samples_split, min_weight fraction leaf, |random

and Regression
Tree

splitter
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Anroputm  |Tounocts (%) ITapameTpsl 3HaueHus napaMeTpoB
(LSVC) Linear 81.16 C, class_weight, dual, fit_intercept, 0.81,, True, True, 0.41,
Support Vector intercept_scaling, loss, max_iter, multi_class, [squared hinge, 5000, ovr,
Classification penalty, random_state, tol, verbose 12,0,4.01,0
(SVO) 79.55 C, degree, gamma, kernel, random_state, tol, |0.21, 1, auto, poly, 0, 0.401,
C-Support verbose False
Vector
Classification
(RF) Random 79.54 bootstrap, criterion, max_depth, max_features, |True, gini, 22, log2, 310, 0
Forest Classifier n_estimators, random_state
(LDA) Linear 79.25 solver, store_covariance, tol svd, False, 0.0
Discriminant
Analysis
(LGBM) Light 79.24 boosting_type, learning_rate, max_depth, dart, 0.368, -1, 6, 2, binary,
Gradient n_jobs, num_leaves, objective, random_state |0
Boosting
Machine
(MLP) 79.24 activation, alpha, hidden_layer_sizes, ran- identity, 0.6, 100, 0, 0.001,
Multilayer dom_state, tol, verbose, warm_start False, False
Perceptron
Classifier
(ET) Extra Trees 79.23 criterion, max_depth, min_samples_leaf, gini, 16, 1, 3, 0.0, 40, 6, 0
Classifier min_samples_split, min_weight fraction_leaf,

n_estimators, n_jobs, random_state
(GB) Gradient 78.91 criterion, learning_rate, loss, max_depth, friedman_mse, 0.4,
Boosting n_estimators, random_state, tol deviance, 4, 100, 0, 0.0001
Classifier
(LR) Logistic 78.91 C, class_weight, fit intercept, inter- 0.21,, True, 0.01, 0.6, 5000,
Regression cept _scaling, 11 _ratio, max_iter, multi_class, |auto, 1, elasticnet, 0, saga,
n_jobs, penalty, random_state, solver, tol 1.01
(AB) AdaBoost 78.59 algorithm, learning_rate, n_estimators, ran- SAMME, 0.38, 455, 0
Classifier dom_state
(BG) Bagging 78.26 bootstrap, bootstrap features, n_estimators, True, False, 25, 1, 0, 0,
Classifier n jobs, random state, verbose, warm_start False
(KNN) 77.96 algorithm, leaf size, n_jobs, n_neighbors, p, |auto, 2, 1, 29, 1, uniform
K-Neighbors weights
Classifier
(NB) Naive 77.32 var_smoothing 0.2846000001
Bayes Classifier
(XGB) Extreme 77.3 learning_rate, max_depth, n_estimators, 0.051, 1, 440, 6
Gradient nthread
Boosting

Tabnuma 2.4 — XpoHudeckasi 00JIe3Hb TIOYEK

Anroputm Tounocts (%) [TapameTpsl 3HaueHus napaMeTpoB
(AB) AdaBoost 100.0 algorithm, learning_rate, n_estimators, SAMME, 0.35, 400, 0
Classifier random _state
(CART) 100.0 criterion, max_depth, min_samples_leaf, gini, 1, 11, 2, 0.1, best
Classification min_samples_split, min_weight fraction_leaf,
and Regression splitter
Tree
(ET) Extra Trees 100.0 criterion, max_depth, min_samples_leaf, gini, 10, 1, 2, 0.0, 20, 6, 0
Classifier min_samples_split, min_weight fraction_leaf,

n_estimators, n_jobs, random_state
(LGBM) Light 100.0 boosting_type, learning_rate, max_depth, gbdt, 0.35, -1, 6, 2, binary,
Gradient n_jobs, num_leaves, objective, random_state |0
Boosting
Machine
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Anroputm Tounocts (%) ITapameTpsl 3HaueHus napaMeTpoB
(LR) Logistic 100.0 C, class_weight, fit_intercept, inter- 0.01,, False, 0.01, 0.1,
Regression cept_scaling, 11 _ratio, max_iter, multi_class, [5000, auto, 1, elasticnet, 0,

n_jobs, penalty, random_state, solver, tol saga, 0.01

(LSVC) Linear 100.0 C, class_weight, dual, fit_intercept, inter- 0.01,, False, True, 0.01,
Support Vector cept_scaling, loss, max_iter, multi_class, pen- [squared hinge, 5000, ovr,
Classification alty, random_state, tol, verbose 11,0,0.01,0
(MLP) 100.0 activation, alpha, hidden_layer sizes, identity, 0.0, 110, 0, 0.001,
Multilayer random_state, tol, verbose, warm_start False, False
Perceptron
Classifier
(NB) Naive 100.0 var_smoothing 1, 00E-10
Bayes Classifier
(RF) Random 100.0 bootstrap, criterion, max_depth, max_features, |False, gini, 22, auto, 210, 0
Forest Classifier n_estimators, random_state
(SVC) 100.0 C, degree, gamma, kernel, random_state, tol, 0.21, 1, scale, linear, 0,
C-Support verbose 0.101, False
Vector
Classification
(XGB) Extreme 100.0 learning_rate, max_depth, n_estimators, 0.001, 1, 400, 6
Gradient nthread
Boosting
(KNN) 97.6 algorithm, leaf size, n_jobs, n_neighbors, p, auto, 2, 1, 2, 1, distance
K-Neighbors weights
Classifier
(BG) Bagging 98.4 bootstrap, bootstrap features, n_estimators, True, False, 35, 1, 0, 0,
Classifier n jobs, random_state, verbose, warm_start False
(GB) Gradient 98.4 criterion, learning_rate, loss, max_depth, friedman_mse, 0.1,
Boosting n_estimators, random_state, tol deviance, 1, 400, 0, 0.0001
Classifier
(LDA) Linear 99.2 solver, store_covariance, tol svd, False, 0.4
Discriminant
Analysis

Tabnuua 2.5 — 3aboeBaHus EYEHH

AnroputMm Tounocts (%) [TapameTpsl 3HaueHus napaMeTpoB
(LSVC) Linear 73.23 C, class_weight, dual, fit_intercept, 0.81,, True, True, 0.61,
Support Vector intercept_scaling, loss, max_iter, multi_class, [squared hinge, 5000, ovr,
Classification penalty, random_state, tol, verbose 12,0,2.51,0
(ET) Extra Trees 73.01 criterion, max_depth, min_samples_leaf, gini, 16, 1, 3, 0.0, 60, 6, 0
Classifier min_samples_split, min_weight fraction leaf,

n_estimators, n_jobs, random_state
(LR) Logistic 72.79 C, class_weight, fit_intercept, inter- 0.81,, True, 0.01, 0.1, 5000,
Regression cept_scaling, 11_ratio, max_iter, multi class, |multinomial, 1, elasticnet,
n_jobs, penalty, random state, solver, tol 0, saga, 0.01
(CART) 72.56 criterion, max_depth, min_samples_leaf, gini, 16, 16, 7, 0.0, random
Classification min_samples_split, min_weight fraction_leaf,
and Regression splitter
Tree
(KNN) 72.34 algorithm, leaf size, n_jobs, n_neighbors, p, |auto, 2, 1, 27, 2, uniform
K-Neighbors weights
Classifier
(MLP) 72.13 activation, alpha, hidden_layer sizes, ran- tanh, 0.4, 110, 0, 0.001,
Multilayer dom_state, tol, verbose, warm_start False, False
Perceptron
Classifier
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Anroputm Tounocts (%) ITapameTpsl 3HaueHus napaMeTpoB
(LGBM) Light 72.12 boosting_type, learning_rate, max_depth, gbdt, 0.372, -1, 6, 9, binary,
Gradient n_jobs, num_leaves, objective, random_state |0
Boosting
Machine
(LDA) Linear 71.68 solver, store_covariance, tol svd, False, 0.1
Discriminant
Analysis
(RF) Random 71.46 bootstrap, criterion, max_depth, max_features, |True, entropy, 2, auto, 10, 0
Forest Classifier n_estimators, random_state
(SVC) 71.46 C, degree, gamma, kernel, random_state, tol,  [0.01, 1, scale, linear, 0,
C-Support verbose 0.001, False
Vector
Classification
(XGB) Extreme 71.46 learning_rate, max_depth, n_estimators, 0.001, 0, 400, 6
Gradient nthread
Boosting
(GB) Gradient 71.24 criterion, learning_rate, loss, max_depth, friedman_mse, 0.1,
Boosting n_estimators, random_state, tol exponential, 1, 100, 0,
Classifier 0.0001
(AB) AdaBoost 70.12 algorithm, learning_ rate, n_estimators, ran- SAMME, 0.45, 470, 0
Classifier dom_state
(BG) Bagging 68.58 bootstrap, bootstrap features, n_estimators, True, True, 95, 1, 0, 0, False
Classifier n jobs, random_state, verbose, warm_start
(NB) Naive 58.84 var_smoothing 1.00E-10
Bayes Classifier

AHanu3 MoNy4eHHbIX Pe3yJIbTaTOB, MIPOBEICH-
HBIH JJIs1 KQXKJ0ro Habopa JaHHBIX, [TO3BOJIMII OIIpe-
JenuTh HanOosee 3PPEKTUBHBIN alTOPUTM MAaIIWH-
HOro OOy4eHWs, OOJamaronmMii Hanbosee BBICOKOU
TOYHOCTBIO.

3akii0yeHue

[MpeanoxeH MOAX0A, OCHOBAaHHBIH Ha MCHOJb-
30BaHMH ONTHUMHU3MPOBAHHBIX AJITOPUTMOB MAIlWH-
HOTO OOYYeHHs, KOTOPHIH ITO3BOJSET OOECIICYHTH
3¢ (exTUBHOE TPOTHO3MpOBaHHWE 3a00JIEBaHUA Ha
JTarne paHHel auarHocTukd. [IpoBenen anaaus npo-
M3BOAUTENBHOCTH aITOPUTMOB MAIIMHHOTO 00yde-
HUS JUIs Kiaccu(UKau OMOMEANIIMHCKIX TaHHBIX.
HccnenoBana 3¢ddexTHBHOCTh Hanboiee MOMYJIsp-
HBIX QJITOPUTMOB KiacCU(pHUKAUUKM HaHHBIX. Jlms
KaXI0ro ajaropurma oOIpCACICHbI OITUMAJIbLHBIC
3HA4YEHHs THIEpIIapaMeTpoB Uil HAOOpPOB JaHHBIX
M0 CEepJIeYHO-COCYIUCTHIM 3a00JI€BaHUIM, PaKy MO-
JIOYHOW ’Kene3bl, JuabeTy, XpOHHYEeCKOW Ooye3HH
HOYeK, 3200JICBaHUAM IICYCHH.

HajineHsr anropuTMbel MamImHHOTO OOyYEHWUS,
o0najamIie HauBBICHICH MPOU3BOAUTEIBHOCTHIO:
JUIA  CEeplIeYHO-COCYANCTHIX 3aboneBanmii — Extra
Trees Classifier — ¢ Tounoctero 84.80%, s paka
MOJIO4HOH jxene3bl — Logistic Regression — ¢ TouHo-
cteio 98.68%, mius gumabera — Classification and
Regression Tree — ¢ Tounoctbio 81.17%, mis xpo-
HU4Yeckoi Oonesnu nodyek — AdaBoost Classifier —
¢ toudocteio 100.0%, mist 3a0oiieBaHUil [TEYEHU —
Linear Support Vector Classification — ¢ TO4HOCTBIO
73.23%.
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[Mosy4eHHbIe Pe3yJIbTAThl MOTYT OBITH UCIIOJIb-
30BaHbI B 3APAaBOOXPAHECHUH IS Pa3Pa00TKU CUCTEM
MTOICPIKKH ITPUHATHS BPaueOHBIX PEIICHHUI.

B HepCHeKTl/IBe C IICJIBKO IIOBBILIICHHUS TOYHO-
CTHU U HAACKHOCTU pe3yanaTOB HpOFHOSI/lpOBaHI/IH
IUTAHUPYETCS MPOBEICHUE UCCIICAOBAHMIA B HAIPaB-
JICHHH Pa3pa0OTKU HEWPOCETEBBIX MOJENCH Ha oc-
HOBE COBPEMCHHBIX apXHTEKTYyp TIyOOKOro 00yde-
HUS, OOBEIUHSIONIIE B ce0e pa3InIHbIe TUITHI CIIOEB.
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