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Ha3zBaumue crarbu

CpaBHMTE/IbHBIH AHAJIN3 METOA0B CHHTE3a JaHHBIX B 3a/1a4ax
NPOrHo3upoBaHus GUOPH/IALMY NPeICepPArid 1 BHYTPUTOCIIUTAJIbHOM
JIETAJIbHOCTH y 00JIbHBIX HIIEeMHYECKO# 00JIe3HBI0 cepALa MocJIe
KOPOHAPHOI0 IIYHTHPOBAHHUA

PE3IOME CTATBHA

Leap ucciaeqoBaHusi cocTosyia B OIEHKE 3()PEKTUBHOCTH METOIOB CHHTE3a
nanaelx SMOTE, GAN wu VAE B 3agadax nOpOrHO3UPOBAHUS
NOCJIEONEPALIMOHHON GubpuAIun npeacepaui (ITo®I) "
BHYTpUTOCNuTaIbHOM setanbHocTu (BI'JI) y OonbHBIX HileMu4eckoi 00JIe3HbIO
cepaua (MBbC) nocne koponapuoro myHtupoBanus (KIII).
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Marepuanbl u Meroabl. [IpoBeneHO OJHOLIEHTPOBOE PETPOCIEKTUBHOE
UCCIIEIOBaHKE, B paMKax KOTOPOTO aHATU3UPOBAIU JTAHHBIE UCTOPUH OOJIe3HEH
999 6onbabIX UBC, KoTOpHIM BBINIONHSTIOCH MiiaHoBoe KII. Koneunsie Touku
uccienoBanust  Obu  mpenctaBiensl  [JodII u  BIJL.  Pazpabotka
MPOTHOCTUYECKUX MOJICJIE BBIMOJHSJIACh C HCHOJIb30BAHHEM METOJ/OB
MAIIMHHOTO O00y4YeHUs: MHOroakTopHOU soructuyeckoit perpeccun (MJIP),
ciyqaitnoro jeca (CJI) u ctoxactudeckoro rpaguentHoro oycrunra (CI'b). s
reHepali HOBBIX 00pa3[0OB MUHOPUTAPHOTO Kjacca MCMOJIb30Bald 9 METO0B
cuHTe3a aaHHbIX: 5 MetonoB rpymnnsl SMOTE, meroasr SOMO, GAN, WGAN u
VAE.

Pe3yabTarsl. ConocraBjieHue KpUTEPUEB KaueCTBA MPOrHOCTUYECKUX MOJIENei
[To®II u BI'JI, paspaboTaHHBIX Ha OCHOBE PEAJIbHBIX U CUHTETUUYECKUX JAHHBIX
nmokazano, uto a8 mozaened MJIP u CJI wucnojbp30BaHHME CHHTETHUECKHUX
O0OBEKTOB HE AacCOLMHPYETCS C TMOBBIINIEHUEM TOYHOCTH TmporHos3a. I[lpu
ucnons3oBanun Meroga CI'b mns pemienns 3agauu npornozupoBanust BIJL, B
KOTOpOH 00BEM Ma)KOPUTAPHOTO KJlacca siBNsieTcs aoMuHupyomum (15 k 1),
MOBBINICHUE Ka4eCTBa IPOTHO3a OBLIIO CBS3aHO TOJIBKO ¢ MeToioM ProWRAS. B
TeX CIyd4asix, Korjaa aucOajaHC KJIacCOB HE OTHOCUTCS K 3HAUUTENbHBIM (4 K 1),
YTO COOTBETCTBYET KOHEUHOW Touke [1o®DII, ncronp3oBaHrE METOIOB CUHTE3A
JTAHHBIX HE MOBBIIIAET Ka4€CTBO MPOrHO3a.

3akmrouenue. Mcnonb3oBanne metonoB SMOTE, GAN u VAE He rapantupyet

NOBBIIIEHHE TOYHOCTU NporHoctuueckux moxenerd [odII u BI'JI y GosbHbIX
NbC nocne KIII.

KaroueBnlie ciioBa

CHHTCTHYCCKUC MOAaHHBIC, MCTOAbI CHHTC3a JAAaHHBIX, MAIIMHHOC O6y‘-ICHI/IC,

HCKYCCTBGHHBIﬁ HHTCIICKT, HCC6aJIaHCI/IpOBaHHaH BI)I60pI(a.
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Title

Comparative analysis of data synthesis methods in the problems of
predicting atrial fibrillation and in-hospital mortality in patients with
coronary heart disease after coronary artery bypass grafting

ABSTRACT

Aims: Comparative assessment of the effectiveness of data synthesis methods
SMOTE, GAN and VAE in predicting postoperative atrial fibrillation (PoAF) and
in-hospital mortality (IHM) in patients with coronary heart disease (CHD) after
coronary artery bypass grafting (CABQG).

Materials and methods. A single-center retrospective study was conducted, in
which the medical history data of 999 patients with CHD were analyzed, as a
result of which elective CABG was performed. The end points of the study were
PoAF and IHM. The development of predictive models was carried out using
machine learning methods: multivariate logistic regression (MLR), random forest
(RF) and eXtreme Gradient Boosting (XGB). To generate new samples of the
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minority class, 9 data synthesis methods were used: 5 methods of the SMOTE-
group, SOMO, GAN, WGAN and VAE methods.

Results. The presentation of such qualities of the prognostic models of POAF and
[HM, developed on the basis of natural and synthetic data, showed that for the
MLR and RF models, the use of synthetic objects is not associated with an
increase in the accuracy of the forecast. When using the XGB method to solve
problems of IHM forecasting, in which the size of the majority class is large-scale
(15 to 1), an improvement in the quality of the forecast was associated only with
the ProWRAS method. In cases where the class imbalance does not correspond to
the level (4 to 1), which corresponds to the end point of PoAF, the use of data
synthesis methods does not improve the quality of the forecast.

Conclusion. The use of SMOTE, GAN and VAE methods does not guarantee an
increase in the accuracy of prognostic models for POAF and IHM in patients with
CHD after CABG.

Keywords: synthetic data, data synthesis methods, machine learning, artificial

intelligence, unbalanced sampling.



BBenenue

Mamuanoe oOydyenue (MO) Bce 4alie HCMIONB3YETCS B KIMHUYECKOUN
MEJUIMHE JIs1 PEIICHUs TPOTHOCTUYECKUX 3a/1a4, CBSI3AHHBIX C OIIEHKOM pHUCKOB
Pa3BUTHS Pa3IMYHBIX 3a00JIeBaHMM 1 X ociiokHeHui [1, 2]. Ocoboe 3HaueHUE
IPOTHO3MPOBAHUE HEOJArONPHUATHBIX COOBITUNA MMEET IS KapJIMOJIOTHYeCKOM
MPaKTUKHU B CBSI3U C JOMUHHUPYIOIIEH CMEPTHOCTHIO HAcEJIEHUsI B OOJIBIIIUHCTBE
CTpaH MHUpPa OT CEPACYHO-COCYAMCTHIX 3a00JIEBaHUM, CPEId KOTOPHIX BaXKHOE
MecTo 3aHuMaeT wumemuueckas Oonesnb cepamna (MBC) [3]. Koponaphoe
myntupoBanue  (KII)  saBnsiercs  OogHUM M3 OCHOBHBIX  METOJIOB
pPEBACKYJISIPU3ALMKY MUOKAP/Ia, MO3BOJISIONIUM YBEJIUYUThH MPOJOIKUTEIbHOCTh
U KauecTBO *MU3HU OosibHBIX. BMecTe ¢ TeMm Bbinosinenue KU cBsizano ¢ puckom
pa3BUTHS HEOJATONPHUSATHBIX COOBITHUH, BKIIOUASAIIUX ITOCICONEPATMOHHYO
budpuwwiuio npeacepauit (ITodI1) w1 BHYTPUTrOCHUTAIBHYIO JIETATbHOCTD
(BI'JI) , BeposSTHOCTb pPa3BUTHS KOTOPBIX OLEHUBAIOT C IOMOILBIO
MPOTHOCTHYECKUX MOJIEICH, penalonmXx OCHOBHYIO 3a/1ady KiacCUu(UKAIUU -
OTHECEHHE NAIMEHTOB K OJHOMY M3 JIByX KJIaCCOB: C OJIArONPHUSATHBIM WM
OCJIO)KHEHHBIM ~ HWCXOJIOM  omeparuu.  KoauyecTBEeHHBIM  aucOanaHc
aHAIM3UPYEMbIX  Tpynn  OOJBHBIX  SIBISIETCS  OAHOM W3 Tpolisem,
OTPAHUYMBAIOIIMX TOYHOCTh MPOTHOCTUYECKUX HcchenoBanui [4, 5). ns ee
MPEOIOJICHUS UCTIOIb3YIOTCSI METO/Ibl YBEJIIMUECHUS JIAHHBIX 32 CUET IeHEpalnu
“moxoxxux’’ 00pa3oB MUHOPUTAPHOTO Kiacca [6, 7].

K 0CHOBHBIM METOJTaM CHHTE3a HOBBIX OOBEKTOB OTHOCST I'PYIITIBEI METO/I0B
SMOTE (Synthetic Minority Oversampling Technique), GAN (Generative
Adversarial Networks) u VAE (Variational AutoEncoder) [8-10]. Metobl
SMOTE wamie npuMeHSIIOT JUisi CUHTE3a KJIMHWYECKUX JIaHHBIX, a METOJbl Ha
OCHOBE I'€HEpPATUBHBIX HEHUPOHHBIX CETEH - I MEAUIIMHCKUX HU300paKEHUM U
curHayioB [11, 12]. B mocnennue roasl (GUKCUPYETCS BO3PACTAIOIINI UHTEPEC K
UCIIOJIb30BAHUIO CHHTETUYECKUX OO0pa3loB JUIA TOBBIIMICHUS KadecTBa

MPOTHO3UPOBAHUS B KJIMHUYECKOU Meauuuue [S, 13]. IIpu aToM noguepkuBaercs



HEOOXOJAMMOCTh JIOTIOJIHUTENIbHOTO aHalli3a BAJMIHOCTH MPOTHOCTHYECKUX
Moieield, 0Oy4eHHBIX Ha CUHTE3UPOBAHHBIX JaHHBIX.

Henabp muccaenoBaHusi coctosjia B OIEHKE 3(PPEKTUBHOCTH METOJIOB
cunte3a nanHbix SMOTE, GAN u VAE B 3agauax nporno3upoBanus [Io®DII u
BI'JTy 6onbnbix MBC nocne KIII.

MarepuaJjibl 1 MeTOABI.

[IpoBeIeHO OAHOLIEHTPOBOE PETPOCIIEKTUBHOE UCCIIETOBAHUE HA 1aTACETE
“IIporHocTuydeckasi OlEHKa KIMHUKO-(DYHKIMOHAJIBHOTO CTaTyca MAlUeHTOB C
UBC nocae KII!, BxmouatomieM cBeneHus o 999 6ombpHbIX cTabmibHoi UBC,
kotopeiM B mepuoa ¢ 2008 mo 2021 rr. B I'bY3 «IIpumopckas kpaeBas
KinHu4Yeckass OompHUIIA Nely» r. BrmaguBocToka BhImonHsIIOCH mianoBoe KIII.
Jlnst onieHkn 3(pPEKTUBHOCTH METOJOB CHUHTE3a JAHHBIX OBLIM PacCMOTpPEH 2
3a/ladyd TMPOTHO3ZUPOBAHUS HEOJATONPHUSATHBIX COOBITHIA C Pa3HBIM YPOBHEM
nucbananca kinaccoB. s nporunozupoBanus [To®I1 Beigeneno 2 rpynmnsl jiui, 1-
s U3 KOTOpBIX (MUHOpUTapHas) Obu1a peacrasiena 153 (19,1 %) nanuentamu ¢
napokcuzmamu [lo®II, a 2-1 (maxoputapHas) - 648 (80,9 %) OGonpHBIMHU, Y
KOTOPBIX  COXPAHSJICS  HOPMAJIbHBIA  CepAcYHbIA puUTM. B 3agaue
nporuno3upoBanust BI'JI munopurapuyro rpymimmy coctaBmim 63 (6,3 %) 00IbHBIX,
yMEpPIIUX B CcTaluoHape B TedyeHne nepBbix 30 cyrok mnocine KIII, a
Maxkoputapayro - 936 (93.7 %) mnanveHTOB ¢ OJaronpusTHBIM HCXOJ0M
onepanuu. B 3amade mnpornosmpoBanus BIJI aumcbamanc kimaccoB ObLI
3HAUYUTEIIBHO BbIIIE, 4YeM Iipu MporHo3upoBanun [lodPII. MwuHopuTapHbIe
IpyNIibl B 000MX Clydasx KOOUPOBAIUCH 1”7, MmaxxopuTapuble - “0”.

CratucTuyeckuil aHalIu3 JAaHHBIX, XapaKTEPU3YIOMINX JOOMEPAIIMOHHBIN
KJIIMHUKO-(QYHKIIMOHAMBHBIN  ctatyc OonpHbix WBC, mnpouemypsl otbopa
MOTCHITMATBHBIX TPEIUKTOPOB, UX BAIHUIANUS U pa3pabOTKa MPOTHOCTUYECKUX
mozaenei [To®IT u BI'JI Ha ocHoOBe MHOTO()AKTOPHOM JTOTUCTHYECKON perpeccuu

(MIJIP), cnyuaitnoro neca (CJI) u cTOXacTUYECKOTO TPAaJUEHTHOTO OYCTHHTA
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(CI'b) ObuM BBIMOJHEHBI ABTOPAMM IMPOBOJMMOIO MCCIIECOBAHUS paHEE MU
MpeCTaBJICHbl B HAyYHbIX nyoimkanusx [14, 15]. [IpeaukTopsl, BbIJEICHHBIE B
3THX UCCIIEIOBAaHUAX, ObUIM HCIIONIb30BaHbl B HACTOALIECH paboTe A 00ydeHHs
U KpOCC-BAIMJALMUA MPOTHOCTHYECKUX MOJENe, a Takke JUIsl OLEHKH
NPEIUKTUBHOMN [IEHHOCTH CTEHEPUPOBAHHBIX JAHHBIX MHHOPUTAPHOTO KJIacca.

CunTe3 HOBBIX 00pa3uoB BeimodHsuica 9 metogamu: SMOTE, Polynom-
fit-SMOTE, Proximity Weighted Random Affine Shadow Sampling (ProWRAS),
Clustering Using Representatives (CURE) - SMOTE (CURE-SMOTE),
Proximity Weighted Synthetic Oversampling Technique (ProWSyn), Self-
Organizing Map Oversampling (SOMO), GAN, Wasserstein GAN (WGAN) u
VAE TobKo A1 MUHOPUTApHBIX KJ1accoB. J{7ist 00ydueHust Moiesnieit Ha pealibHbIX
Y CUHTE3UPOBAHHBIX JaHHBIX Hcnoyb3oBainu Metoasl MJIP, CI'b u CJI. Kpocc-
BaJU AU MOJIEJICH BBITIOJIHUTACh MeToIoM cTpatuduimpoBannoro K-Fold mo
10 BriOOpkamM. MeTpuku KauecTBa MOAENIEH MPU KPOCC-BATMIAIMU BKIIOYAIIH:
miomaab noa ROC-kpuoit (AUC), 4yBCTBUTEIBLHOCTD (Sen) U cnelu@UIHOCTh
(Spec), xoTtopeie oneHuBanM myTeM ycpeaHeHus no 10 Bamuaupyromum
BbIOOpKaM. [10CKOJIbKY CHHTE3 TaHHBIX BBIMOIHSIICS TOJIBKO JJI1 MUHOPUTAPHOTO
KJjlacca, TO 3a7aueil UTOTOBOIO TECTUPOBAHUS SIBIISJIACH OILEHKAa CIIOCOOHOCTH
OOy4eHHbIX ~Ha  KOMOMHHMPOBAaHHBIX  JaHHBIX  MOJENEed  KOPPEKTHO
KJ1accu(UIMPOBaTh peajgbHble 00pa3libl MUHOPUTAPHOTO Kiacca. [loaTomy s
IPOBEPKU TUIIOTE3bl O BO3MOKHOCTH HCHOJB30BAaHUS CUHTETUYECKUX TAHHBIX
JU1s1 OOydeHusl MOJIesiel MpUMEeHsIH rmokasaresib Recall (cunonuM Sen), KOTOpbIi
paccuuThiBaeTCs 1o hopmyiie:

Recall = TP/(TP+FN),

rae TP - KoJMyecTBO KOPPEKTHO KIacCU(PHUIIMPOBAHHBIX OOBEKTOB Kjacca “17
(MUHOPUTAPHBIHA KJIacc), a FN - KOJINYECTBO HEKOPPEKTHO
KJIaCCU(PUIIMPOBAHHBIX OOBEKTOB TOTO K€ KJlacca.

Ju3zaiin uccnenoBanus Bkioyan 3 atana (puc.l). Ha nepBoM u3 Hux us

JaTaceTa peadbHBIX JaHHBIX CIy4allHbIM o0Opa3oMm Obutn u3BIeueHBl 30%



00BEKTOB, 0003HAUYEHHBIX HAOOPOM JaHHBIX 7, KOTOpPbIE HUMEIU KOHEYHYIO
TOYKY, paBHYIO “1”. JlaHHBIE 3TON KOTrOpThl OOJIbHBIX HE Y4ACTBOBAJIM B CHHTE3€
o0pasioB, 00y4eHUHM M Kpocc-Bamumanuu Mojaeneid. OHU HUCHOJIb30BAIHCH
TOJIBKO I 3aBEpIIAIONIETO TECTUPOBAHMS  Mojenied, OOy4YEeHHBIX U
BaJUMPOBAHHBIX HAa KOMOWHAIIMWM pPEATbHBIX W CHUHTE3UPOBAHHBIX JTaHHBIX.
Ocrapmmecs qanubie (70% o00bekTOB ¢ KoHeuHOH TOUKoM “1”” 1 100% 00BeKTOB
¢ KOHEUHOU Toukoi “0”), 0003HaUeHHbIE KaK Ha0op L, ObLIA UCTIOJIb30BAHBI IS
00y4eHHsT U KPOCC-BAJIMIAIMN TPOTHOCTUYECKUX Mojeineit. Ha stom srame Ha
OCHOBE BBISIBIICHHBIX paHee npeaukTopoB [1odDIT u BI'JI 6b11u 00y4eHsI U Kpocc-
B aupoBanbl moaenu MJIP, CJI u CI'b, koTopble aBTOpPBI pacCMaTpUBaIn KaK

baseline-moneinmu.
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Ha BTopom sTamne uccienoBanus K AaHHbIM HaOopa L ObLIU pUMEHEHBI 9
METOJ/IOB CHMHTE3a JaHHBIX. J[s1 oOecrieyeHus: paBHOMEPHOCTH HCIIOIb30BAHUS
peallbHbIX U CHHTE3MPOBAHHBIX JAHHBIX MpU OOYyUYEHUU MOJIENe TreHepaus
BBITIOJIHSAJIACH BHYTPU LHKJIA KPOCC-BaJUIAUMUA OTAEIBHO I Kaxzaoro u3 10
oOydaromux HaO00poB AaHHbIX. [lodydeHHBIE MMOCiEe CHHTE3a OOydaromue
BBIOOpDKM ObUTM cOalaHCUpPOBaHBl M COJAEPXKANM Kak peajbHble, TaK U
CHUHTE3WpOBaHHbIC TaHHbIC. B 1iukiie mo 10 BeiOopkam Banuaamus moaenei MJIP,
CJI m CI'b BommonHsANach Ha pealbHBIX JaHHBIX W3 Habopa L u Ha
KOMOMHUPOBAHHBIX JTaHHBIX. [Ipu 00ydyeHnu u Kpocc-Bamuaaluy BCceX MoJIemeit
BBITIOJIHSJIACH TOJrOHKA THIEpPIapaMeTpoB C LETbI0 MaKCUMH3AlMU METPUKH
AUC, ycpeanennoii o 10 BanmuaupyrommmM BeIOOpKaMm.

Ha tpetbem sTane ucciieqoBaHus BCe MOJIEH, BKIIOYas T€, KOTOpPbIE ObLIN
pa3paboTaHbl TOJBKO Ha peabHBIX JaHHBIX U Te, AJs OOY4YeHHS KOTOPBIX
UCIOJIb30BAIMCh KOMOMHUPOBAHHBIE BBIOOPKH, ObUIH MpoTecTUupoBaHbl Ha 30%
BBIJICJICHHBIX paHee JaHHBIX HaObopa 7, UMEIOUMX KOHEUYHYIO TOUKY “17.

JUIs TOBBIIEHUS YPOBHS JIOCTOBEPHOCTU PpE3YJbTAaTOB BCE ITallbl
UCCJIeIOBaHMSI, HAUMHAsI cO ciydaiiHoro u3Biedenus 30% oOpa3ioB kiacca “17,
noBTopsiick 100 pa3, a Bce MeTpUKM KadecTBa ycpeaHsiauchk. I[loaronka
rUnepnapaMeTpoB MOJIEIEH BBINOIHAIACH TOJIBKO HA IIEPBOM IIAre 3TOTO LUKJIA,
Ha CJIEIYIOUIUX IIarax OHU MCHOJIb30BAIUCh 0€3 nu3MeHeHui. KoHeuHble TOUKH
uccienoBanusi Obutn mipenctaBieHsl [To®dII u BIJI, kotopeie oTanyanuch
nucOaaHcOM MUHOPHUTAPHOTIO U Ma)KOPUTAPHOTO KIIACCOB PA3IMYHOM CTENEHU
BBIPOKEHHOCTU. JTO MO3BOJISIO OLEHUTH BIUSHUE TAHHOTO (DakTOpa M METOAOB
CUHTE3a KIIMHUYECKUX JaHHBIX Ha TOYHOCTh IPOrHOCTHYECKUX MOJEIIEH.

Uccnenoanue BoimosHsiuch B Python Bepcum 3.9.18. Jlns renepauuu
CUHTETUYECKUX JAHHBIX OBbUIM HCIIOJIBb30BAaHbl OMOJUOTEKH C OTKPBITHIM
UCXOJHBIM KoJIoM: smote variants Bepcuu 0.7.3 s npuMeHeHHs sSmote

MeTo0B, keras Bepcuu 2.15.0 115t peanuzaiiuy reHepaTUBHBIX HEHPOHHBIX CETEH.



Hns pazpadotku moaeneit MJIP u CJI ucnonb3oBana 6ubimnoreka scikit-learn,

Bepcuu 1.4.0, a iyt CT'b - xgboost, Bepcuu 2.0.3.

Pe3yabTarhl

B HacrosmeM uccienoBaHuM ObUIO pacCMOTPEHO 2 3a7aud Ha OJHOM
maTaceTe, B TeEpBOM W3 KOTOphIX (mporHo3upoBanme [lo®II) mmcbOamanc
MUHOPUTAPHOTO M Ma)XOpUTapHOTo KinaccoB cocTaisut 20%/80%, a Bo BTopoit
(nporno3upoBanne BIJI) - 6%/94%. s npornosupoBanusi I[lo®II
UCIIOJIB30BAJIM  JJaTaCe€T pPEANbHbIX KIWHUYECKUX JaHHBIX, BKJIIOYAOIINX
nmokaszaTtenu 121 mammenTa u3 knacca “1”, 716 nmamuenToB u3 kiaacca “0” u 595
“CHHTETHYECKMX MauuMeHToB. JlIs  3aKIIOYUTENIBHOTO  TE€CTUPOBAHMS
UCITIOJIB30BAJIM TOKa3aTean 52 OOJbHBIX M3 Kiacca “1”, KOTOPBIX BBIACITHIN U3
peanbHOro Jatacera J0 Mpoueaypbl CUHTE3a NaHHbIX. [[porHocTnyeckue monenu
[To®II 6bu1H pa3paboTaHbl HA OCHOBE paHEE BbIACIECHHBIX MIPEIUKTOPOB: BO3PACT
OOJIbHBIX, KOHIIEHTPALIMS TTIOKO3bI B KPOBH, ITOKA3aTeIN JIEKTPOKAPIUOT PAMMBI
(mponosmkutenbHOCTE PQ, QRS, QT), pasmepsl mpaBoro npeacepaus U HaAIMIue
XpoHHueckoi cepreuHoit HemocratouHoctu III-IV ¢yHxnumonamsHOro Kiacca.
Takum 00pa3oM, CHHTETUYECKUE JaHHbIE OBUIM MPEICTaBIICHbI HEMPEPHIBHBIMU
U KaTeropuajbHbIMM [OKa3aTeasiMU. Pe3ynabTaThl KpOCC-BaluAALMM |
3aKIIFOUYUTENIBHOTO TECTUPOBaHMs Mozesen nporno3a [IodII na ocHoBe MeTo10B

MJIP, CJI u CI'b, npuBenens! B Tabsmiie 1.

Tabmuma 1. Merpuku kauectBa moneneit MJIP, CJI u CI'b mns

nporao3upoBanus [1odI1

Hrorosoe
Kpocc-Bamupanus TECTUPOBAHUE

Sen, [95% | Spec, [95% | AUC, [95% | Recall, [95%
MeTobl cUHTE3a J] JI] JI] JI]
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MJIP

0.56 0.58 0.63 0.59

SMOTE [0.55, 0.58]1[0.57,0.6] |[0.62,0.64] |[0.57,0.61]
0.56 0.57 0.62 0.6

ProWSyn [0.55, 0.58] |[0.56, 0.59] |[0.61, 0.63] |[0.58, 0.62]
0.6 0.6 0.63 0.61

SOMO [0.58, 0.61] |[0.58, 0.61] |[0.62, 0.64] |[0.59, 0.62]
0.59 0.58 0.63 0.6

CURE SMOTE [0.58, 0.6] |[0.56, 0.59] |[0.62, 0.64] |[0.58, 0.62]
0.59 0.59 0.63 0.6

Polynom-fit-SMOTE |[0.57, 0.61] [[0.58, 0.6] [[0.62, 0.64] [[0.58, 0.62]
0.58 0.61 0.64 0.6

ProWRAS [0.57,0.6] |[0.6,0.62] |[0.62,0.67] [[0.55,0.65]
0.58 0.59 0.63 0.58

GAN [0.56, 0.59]1[0.58, 0.61] |[0.61, 0.64] |[0.54, 0.63]
0.58 0.61 0.63 0.56

WGAN [0.56, 0.6] |[0.58,0.63] |[0.61,0.65] [[0.52,0.61]
0.46 0.5 0.46 0.45

VAE [0.42, 0.49]1[0.47, 0.52] |[0.43,0.49] |[0.4,0.51]
baseline-mooens na 0.6 0.6 0.64 0.61

peanbHblX 0AHHBIX [0.58, 0.61] |[0.59, 0.61] |[0.63, 0.65] |/0.59, 0.63]

ClI

0.6 0.62 0.65 0.6

SMOTE [0.59, 0.62] |[0.6, 0.63] |[0.64, 0.66] |[0.58, 0.62]
0.61 0.62 0.65 0.6

ProWSyn [0.6,0.62] |[0.61,0.63] |[0.64, 0.66] |[0.58, 0.62]
0.6 0.6 0.64 0.59

SOMO [0.59, 0.62] |[0.59, 0.62] |[0.63, 0.65] |[0.57, 0.62]
0.61 0.6 0.65 0.6

CURE SMOTE [0.6,0.63] [[0.58,0.61] |[0.64, 0.66] |[0.58, 0.62]
0.6 0.6 0.64 0.58

Polynom-fit-SMOTE [[0.58, 0.61] |[0.59, 0.62] |[0.63, 0.65] |[0.56, 0.6]
ProWRAS 0.6 0.62 0.65 0.59
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[0.59, 0.62] |[0.6, 0.64] |[0.63,0.67] |[0.56,0.63]
0.59 0.63 0.65 0.57
GAN [0.56,63] |[0.6,0.66] |[0.63,0.67] [[0.52,0.61]
0.610 0.6 0.65 0.58
WGAN [0.59, 0.63] |[0.58, 0.62] |[0.64, 0.66] |[0.54, 0.63]
0.6 0.6 0.64 0.58
VAE [0.57, 0.62] |[0.58, 0.62] |[0.61, 0.66] |[0.54, 0.63]
baseline-mooenv na 0.61 0.61 0.65 0.6
peanbHblX 0AHHBIX [0.6, 0.63] |([0.59, 0.62] |[0.64, 0.66] |[0.58, 0.61]
CI'b
0.6 0.61 0.65 0.58
SMOTE [0.58, 0.61] |[0.6, 0.62] |[0.63, 0.66] |[0.56, 0.6]
0.58 0.61 0.64 0.56
ProWSyn [0.56, 0.59] |[0.6, 0.63] |[0.63, 0.65] |[0.54, 0.58]
0.6 0.6 0.65 0.59
SOMO [0.58, 0.61] |[0.59, 0.61] |[0.63, 0.66] |[0.57,0.61]
0.6 0.61 0.65 0.6
CURE SMOTE [0.59, 0.62] |[0.59, 0.62] |[0.64, 0.66] |[0.58, 0.63]
0.6 0.6 0.65 0.61
Polynom-fit-SMOTE [[0.59, 0.61] |[0.59,0.61] |[0.64, 0.66] |[0.59, 0.64]
0.62 0.61 0.67 0.6
ProWRAS [0.6,0.64] [[0.6,0.62] |[0.65,0.69] [[0.57,0.64]
0.61 0.61 0.65 0.61
GAN [0.58, 0.64] ([0.59, 0.63] |[0.63, 0.67] |[0.56, 0.65]
0.61 0.61 0.65 0.6
WGAN [0.59, 0.63] |[0.58, 0.64] |[0.63, 0.67] |[0.55, 0.64]
0.6 0.6 0.64 0.6
VAE [0.57,0.62] |[0.58, 0.63] |[0.63, 0.65] |[0.55, 0.64]
baseline-mooenv na 0.6 0.61 0.65 0.6
peanvHblX OAHHBIX [0.59, 0.61] |/0.6, 0.62] |[0.64, 0.66] ([0.58, 0.61]

Cokpamenusi: MJIP - mHorodaktopHas snorucruueckas mojensb, CJI -

cinydaiinbiii snec, CI'b - croxactuueckuii rpamueHtHsld Oyctunr, SMOTE -
Synthetic Minority Oversampling Technique, SOMO - Self-Organizing Map
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Oversampling, ProWSyn - Proximity Weighted Synthetic Oversampling
Technique, ProWRAS - Proximity Weighted Random Affine Shadow sampling,
CURE-SMOTE - Clustering Using Representatives - SMOTE, GAN - Generative
Adversarial Networks, WGAN - Wasserstein GAN, VAE - Variational
AutoEncoder

ConocTtaBieHre METPHUK KadecTBa MporHoctuyeckux moaeinei [1odIT Ha
ocHOBe pealibHbIX (baseline) u creHeprupoBaHHBIX JAHHBIX YKa3bIBAJIO HA TO,4YTO
UCIIOJIb30BaHUE OOJBIIMHCTBA METOJOB CHHTE€3a HE acCOLUMUPOBAIOCH C
NOBBIIICHHEM TOYHOCTH MporHo3a. Tak, npu pa3zpaboTke moneneit Ha 6aze MJIP
BCE METOJbl CMHTE3a JTaHHBIX CHW)XQJIU MX MPOTHOCTUYECKYIO TOYHOCTb, UTO
WUTIOCTPUPOBAIOCH IO KpaliHE Mepe OAHOU U3 IByX MeTpHK kadecTBa (AUC nim
Recall). Moaemu CJI, pazpaboTaHHbIE Ha OCHOBE CHHTE3WPOBAHHBIX JIAHHBIX
metogamu SMOTE, ProWSyn u CURE -SMOTE nemoHCTpupOBaJIM TOUHOCTh
Ha ypoBHe baseline-Moenau, HO MPHU UCTOIB30BAHUH JAPYTUX METOJOB TOYHOCTh
nporHo3a Obuta Hmke. Ilpu pazpaborke moxeneit Ha 6aze CI'b ¢ momorsio
metogoB CURE-SMOTE, Polynom-fit-SMOTE, ProWRAS, WGAN u GAN
ObUIM TIOJNy4EHBl pe3yJbTaThl aHajloruuHele baseline-monenu. OcTanbHbIe
METO/1bl IPUBOJIUIIU K CHUYKEHUIO METPUKA KayecTBa MOJIeTIEH.

Hns  npornosupoBanuss BI'JI  wucmonmp3oBanu — fmaracer  peanbHBIX
KJIMHUYECKUX JAaHHBIX, BKIIIOUAIOIIUX MTOKa3aTeIM 58 manueHToB U3 Kiacca “1”,
561 mamuenta u3 kinacca “0” m 503 “‘cuHTEeTMYECKHX’ TaUMeHToB. s
3aKJTIOYUTENIHPHOTO TECTUPOBAHUS HCIIONB30BAIM TOKazatenu 17 OONBbHBIX W3
Kj1acca “1”, KOTOpBIX BBIACIWINA U3 PEaIbHOr0 JaTaceTa 0 NPoLeaypbl CHHTE3a
naHHbIX. Jlns paspabotkm moxener BI'JI mcmonb3oBamum paHee oToOpaHHBIC
IPEIUKTOPBI: BO3pacT OOJIbHBIX, (pakiuio BBIOpOCA JIEBOTO JKEIYJI0YKa,
KOHEYHBLIM JUACTOJIMYECKHH M KOHEYHBIM CHCTOJIMYECKUH OOBEMBI JIEBOTO
KeJy10YKa, CpeHEE AaBJICHUE B JIETOYHOM apTepUu, pa3Mephl JIEBOTO U MPABOTO
npeacepausi, ypoBeHb HEUTPO(DUIOB KPOBU, TPOMOMHOBOE BpEMS, KIUPEHC

KpEaTMHHWHA, HaJW4Yue CEpPJCYHOU HENOCTATOYHOCTHM M creHokapauu III - IV
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(GYyHKUIMOHAJIBHBIX KJIACCOB, OKCTpaKapIUalbHOM apTepuoNnaTuu, HEAaBHO
NEepeHeCeHHOro HH(papkTa MuUOKapaa. Pe3ynpTaThl Kpocc-Baluialuud |

3AKIIIOIUTCIIBHOTO TCCTUPOBAHUS ITPHUBCACHBI B Ta6HI/IHe 2.

Ta6nuna 2. Metpuku kauectBa mojeineit MJIP, CJI u CI'b qis

nporuosuposanus BI'JI
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Kpocc-Bamunanus

Hrorosoe

TECTUPOBAHUE

Sen Spec AUC Recall, [95%
Metonpl cunTe3a |  [95% U] [95% ] | [95% AU] JIN]
MJIP
0.72 0.73 0.78 0.76
SMOTE [0.7,0.75] [0.72,0.75] | [0.77,0.8] | [0.74,0.79]
0.73 0.73 0.79 0.76
ProWSyn [0.72,0.76] |[0.72,0.74] | [0.78,0.81] | [0.74, 0.79]
0.75 0.76 0.82 0.76
SOMO [0.72,0.77] |[0.75,0.77] | [0.8,0.83] | [0.73,0.78]
0.71 0.76 0.79 0.74
CURE_SMOTE | [0.69,0.74] |[0.75,0.77] | [0.78, 0.81] | [0.72,0.77]
Polynom-fit- 0.75 0.72 0.8 0.77
SMOTE [0.73,0.78] |[0.71,0.73] | [0.79, 0.82] | [0.75, 0.8]
0.73 0.73 0.79 0.77
ProWRAS [0.7,0.75] [0.71,0.75] | [0.78,0.81] | [0.74,0.79]
0.72 0.76 0.8 0.74
GAN [0.7,0.74] [0.74,0.79] | [0.78,0.81] | [0.7,0.79]
0.75 0.74 0.79 0.76
WGAN [0.72,0.77] |[0.71,0.77] | [0.78, 0.82] | [0.73, 0.78]
0.73 0.77 0.8 0.72
VAE [0.7,0.75] [0.74,0.8] | [0.76,0.83] | [0.7,0.75]
baseline-mooens
Ha peabHbIX 0.75 0.76 0.82 0.76
OaHHbBIX [0.72,0.77] | [0.75,0.77] | [0.8, 0.83] | [0.73, 0.78]
CJI
0.72 0.7 0.79 0.76
SMOTE [0.7,0.74] [0.68,0.72] | [0.78,0.8] | [0.73,0.78]
0.7 0.77 0.81 0.77
ProWSyn [0.67,0.72] |[0.76,0.79] | [0.8, 0.82] [0.74, 0.8]
0.70 0.73 0.8 0.73
SOMO [0.67,0.72] |[0.72,0.74] | [0.79, 0.82] | [0.71, 0.76]
0.7 0.7 0.78 0.76
CURE_SMOTE | [0.68,0.72] |[0.69,0.73]| [0.77,0.79] | [0.73,0.79]
Polynom-fit- 0.74 0.78 0.82 0.74
SMOTE [0.72,0.76] [0.77,0.8] | [0.81,0.84] | [0.72,0.77]
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0.72 0.76 0.82 0.76
ProWRAS [0.71,0.74] |[0.73,0.79] | [0.79, 0.83] | [0.74, 0.79]
0.69 0.72 0.77 0.71
GAN [0.67,0.72] |[0.69,0.75] | [0.75,0.8] | [0.68, 0.73]
0.72 0.71 0.79 0.74
WGAN [0.7,0.73] [0.67,0.73] | [0.77,0.82] | [0.7,0.77]
0.73 0.71 0.8 0.76
VAE [0.71,0.75] |[0.69,0.73] | [0.77,0.82] | [0.73, 0.78]
baseline-mooens
Ha peanbHbIX 0.72 0.71 0.8 0.74
OaHHbBIX [0.69, 0.74] | [0.7,0.72] | [0.78, 0.81] | [0.71, 0.78]
CI'b
0.65 0.69 0.74 0.7
SMOTE [0.63, 0.68] |[0.66,0.69] | [0.72,0.75] | [0.68, 0.73]
0.73 0.7 0.79 0.76
ProWSyn [0.7,0.74] [0.68,0.71] | [0.78,0.8] | [0.74,0.79]
0.71 0.7 0.77 0.75
SOMO [0.69,0.74] |[0.69,0.72] | [0.76,0.79] | [0.71,0.76]
0.71 0.74 0.79 0.73
CURE _SMOTE | [0.68,0.73] |[0.72,0.75] | [0.78, 0.81] | [0.69, 0.76]
Polynom-fit- 0.64 0.65 0.73 0.63
SMOTE [0.62,0.67] |[0.64,0.72] | [0.71,0.75] | [0.6, 0.66]
0.74 0.75 0.82 0.77
ProWRAS [0.72, 0.76] | [0.74,0.76] | [0.8, 0.83] [0.74, 0.8]
0.7 0.71 0.78 0.76
GAN [0.69,0.72] |[0.68,0.73] | [0.76,0.81] | [0.73, 0.78]
0.7 0.72 0.78 0.75
WGAN [0.68,0.72] |[0.69,0.74] | [0.77,0.79] | [0.72,0.79]
0.71 0.72 0.78 0.76
VAE [0.69,0.74] |[0.69,0.74] | [0.76,0.81] | [0.73,0.79]
baseline-mooens
Ha peanbHbIX 0.7 0.71 0.77 0.75
OaHHbBIX [0.67,0.72] | [0.7,0.73] | [0.76, 0.78] | [0.72, 0.77]

Cokpamenusi: MJIP - mHorodakTopHas norucruueckas mojenb, CJI
cnyuyaiinblii Jiec, CI'b - croxactuueckuii rpagueHtHsii 0yctunr, SMOTE -
Synthetic Minority Oversampling Technique, SOMO - Self-Organizing Map
Oversampling, ProWSyn - Proximity Weighted Synthetic Oversampling
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Technique, ProWRAS - Proximity Weighted Random Affine Shadow sampling,
CURE-SMOTE - Clustering Using Representatives - SMOTE, GAN - Generative
Adversarial Networks, WGAN - Wasserstein GAN, VAE - Variational

AutoEncoder

ConoctaBieHre METPUK KadecTBa MporHoctuyeckux wmoxenend BIJL,
pa3paboTaHHBIX Ha OCHOBE KOMOMHUPOBAHHBIX JaHHBIX, C baseline-mporaozom
Ha ocHoBe MJIP 1mokazajio, 4TO HCIOJb30BAHME CHHTECTHUECKMX JAHHBIX HE
NPUBOJUIIO K YJYYIICHHUIO KadecTBa mporHo3a. Mertonx SOMO obGecneuni
conoctaBuMblii ypoBeHb AUC c baseline-monensio (AUC - 0.82), a ocTaibHbIC
METO/bl CUHTE3a JAHHBIX MPUBOJAUIN K CHIXKEHUIO JaHHOTO nokaszatens (AUC:
0.78-0.8). Unmukatop Recall Obi1 comoctaBuM jyisi OOJBIIMHCTBA METOJOB
cuntesa gaHubix: SMOTE, ProWSyn, SOMO, Polynom-fit-SMOTE, ProWRAS
u WGAN (0.76-0.77). Xynmue pesynbrarsl geMoHcTpupoBanu CURE SMOTE,
reneparuBHbie cett GAN u VAE, nipu ucnons3zoBanuu koTopsix Recall Obut Ha
ypoBHe 0.72-0.74. Moaenu CJI ¢ ucnonb3oBanuem meroaa Polynom-fit-SMOTE
MOKA3bIBAJIM CTATUCTUUYECKN 3HaUMMOe noBeilieHue MeTpuku AUC u Spec npu
conoctaBumoit Recall (AUC - 0.82 vs 0.8, Spec - 0.78 vs 0.71, p-value < 0.01,
Recall - 0.74). OcTansHbIe METOJIBI CHHTE3a IAHHBIX JINOO HE OKA3hIBAIH BIUSHUS
Ha Ka4yeCTBO MpOrHosa, jaubo yxyamanu ero. [ms moxeneit CI'b mydmmii
pe3yabTar accouuupoBasics ¢ merogom ProWRAS, npu wucnons3oBaHuu
kotoporo 3HaueHust AUC (0.82 vs 0.77), Sen (0.74 vs 0.7) u Spec (0.75 vs 0.71)
3HauMMO Bo3pacTaio (p-value<0.001). Iloewimenune metpuxu Recall (0.77 vs
0.75) e ObUIO cTaTUcTUYECKH 3HAYMMBIM (p-value=0.104). Meroast ProWSyn,
SOMO, GAN, WGAN u VAE nemoHcTpupoBanu comoctaBumbie ¢ baseline-
moaenbto pe3ynbtatbl (AUC - 0.77-0.79 vs 0.77) u Recall (0.75-0.76 vs 0.75) pu

3HaueHusx p-value > 0.05.
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Oo6cyxaeHue

B 3agadax nporHo3upoBaHusi HEOJIArONPHUATHBIX COOBITUN B KIIMHUYECKOU
MEIUIIMHEe, TA¢ HaOIromaeTcss HEOOJBIION pa3Mep MHHOPUTAPHOTO KIlacca,
BAXKHBIM SIBJISIETCS. BOIPOC O BO3MOKHOCTH TNPUMEHEHHSI CUHTE3UPOBAHHBIX
JAHHBIX Mpu 00yueHuun mojenei [11]. Ananu3 auTepaTypbl CBUIIETEIBCTBYET O
TOM, YTO B KapJAHOJOTHUU JJIS PEIICHUs TpoOeMbl aucOananca TaOTUIHBIX
KJIMHUYECKUX JAHHBIX Yallle UCIOIb3YIOT anroputMel rpynmsl SMOTE [12]. dns
JIMarHOCTUKHU Ha OCHOBE MEIUIIMHCKUX U300paKeHUN W
ANEKTPOU3NOTIOTHYECKUX CUTHATIOB MpUMEHs 0T anroput™Mbl GAN u VAE [12,
16]. Ilpu sTOM B OOJIBIIMHCTBE TaKUX HCCIEIOBAHMN HE paccMaTpUBaCTCA
3¢ (HEKTUBHOCTh 00yUYEHUS MPOTHOCTUYECKUX M JHUATHOCTUYCCKUX MOJCNICH Ha
Cr€HEepUPOBaHHBIX 00pa3liax B CPABHEHUHU C UCTIOJIb30BAHUEM PEAbHBIX IaHHBIX
[17].

s onieHkH 3¢G(HEKTUBHOCTH OOy4YeHHsS Ha KOMOWHUPOBAHHBIX JAHHBIX
OBLJIO PacCCMOTPEHO 9 METOJ0B CHHTE3a, 5 U3 KOTOPBIX OTHOCATCS K 0a30BOii
rpynme  MmerogoB  SMOTE, wucnosib3yemslx jId  TE€HEpaUMd  HOBOTO
CUHTETHYECKOTO NMpUMeEpa, pacroJiarasi €ro B pOCTPAHCTBE MPU3HAKOB MEX Ty k-
OV KAMIIMMU COCEISIMUA U3 MUHOPUTAPHOTO Kiacca [8]. DTy rpyIiny JOMOIHSIOT
metoabl Polynom-fit-SMOTE, CURE-SMOTE, ProWSyn, ProWRAS. Tlpunmun
pabotel Polynom-fit-SMOTE 3akirouaeTcsi B UCIOJIb30BAHUM MTOJTMHOMUATBHBIX
KPHUBBIX JUIsl TeHEPAIUHA HOBBIX CHHTETUYECKHUX MPUMEPOB, KOTOPHIE 00JIe€ TOUHO
MOJICJIUPYIOT paclpeiesiCHUe JaHHBIX B MUHOPUTApHOM KJiacce [18]. Anroputm
CURE-SMOTE xknacrepusyet nanssie ¢ momouisto anropurma CURE, a 3atem ¢
1EJIbI0 TeHEepallud CUHTETHYECKUX 00pas3ioB mpuMeHsercs anroput™m SMOTE
JUIE MUHOPUTAPHOTO Kjacca B Kaxaom kiactepe [19]. ProWSyn renepupyer
HOBBIE CHHTETHYECKHE OOpa3Ilbl, HCIOJIb3ysS KOMHUPOBAHUE ¥ W3MECHCHHE
CYIIECTBYIOIIUX OOBEKTOB, HAXOXKIACHUE TPAHUYHBIX TMPUMEPOB M HX

MOU(DUKALINIO, & TAK)KE CHUKEHHUE IITyMa C MOMOIIbIo 03rrunra [20], a anroputm
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ProWRAS wunterpupyer LoRAS wu ProWSyn [21]. [dna reHepauuu
CHHTETHYECKUX O00paslloB HCHOJB3YIOT Takke MeTonx SOMO, KOTOphIif
dbopMHpyeT KiacTepbl B JBYXMEPHOM IPOCTPAHCTBE M HOBBIE 3K3EMILISPHI
CO3JTAl0OTCS KAK BHYTPH KJIACTEPOB, TAK U C UCIOJIb30BAHUEM TOYEK COCEIHUX
KJ1acTepos [22].

[TomuMo 0a30BBIX METOJIOB T€HEpAIllMU JAaHHBIX, KOTOPHIE OCHOBAHBI Ha
OPUHIUMIE CHUHTE3a B ONMXKallieM OKPY>KEHHHM, B MEIUIMHE HCHOJIb3YIOTCS
reHepatuBHbie HeWpoHHBIE ceTH [9]. K Hambornee MNOMyIsIpHBIM OTHOCSTCS
reHepaTUBHO-cocTA3aTenbHble HelpoHHbIe ceTu - GAN, WGAN u VAE. GAN
COCTOSAT U3 IByX HEUPOHHBIX CETEH: FeHepaTopa U JUCKPUMHUHATOPA, IIEPBBIN U3
KOTOPBIX CO3/Ma€T CHHTETHYECKH OOBEKT, a BTOPOM - OIICHUBACT Ha
cootBeTcTBUE peanbHOMY [23]. WGAN - gBnsiercst ynmyumieHHoOU Bepeueid GAN
[24]. ABtosnkonepsl VAE mpencraBieHbl KOMOWHAIMEH BYX COCAMHEHHBIX
HeWpoceTel: 3HKoiepa U Aekoaepa [10]. DHkoaep NpUHUMAET BXOJHBIC TAHHBIE
U npeoOpasyeT ux B Oosiee KoMmnakTHy (opMy. B cBow ouepenb, AeKoaep
UCIIOJIB3yeT TpeoOpa3oBaHHbIE JaHHBIE ISl TpaHChOpMalMu WX OOpaTHO B
OPUTHHAIHLHOE COCTOSIHHE.

Ananmu3 >(pQEeKTUBHOCTH METOJOB CHHTE3a JaHHBIX BBITIOJHSJICA Ha
penieHnn 2-x 3a7a4 NporHo3upoBanus ommkanmmx pe3ynbratoB K1 y 6ombpHBIX
NBC: TTo®IT u BI'JI. Ilo nanasim nuteparypsl [ToDIT ¢pukcupyercs y 20-40%
o6omeubix UBC mocnme KIII, a BIJI - y 2-6% O6onbubix [14, 15]. Huzaitn
UCCIe10BaHus 00ecTeurnBall KOPPEKTHOCTh MPOBEPKU TMITOTE3bI O CITOCOOHOCTH
OOy4YeHHBIX Ha CHUHTETHYECKMX (KOMOMHUPOBAHHBIX) [aHHBIX MOJENIEH
MPOTHO3UPOBaTh HeOaronpusitaeie coobiThs B hopme [TodDIT u BI'JI. ABTopamu
obuTn otaenieHbl 30% peaabHbIX JaHHBIX MUHOPUTAPHOTO Kjlacca OT MPOLECCOB
CUHTE3a HCKYCCTBEHHBIX O0BEKTOB, 00yUEHHUS M KpOCC-BauIauii moieneit. s
OLICHKM 3(PPEeKTUBHOCTH METOJOB CHHTE€3a B 3aJadax pa3pabOTKH

IIPOTHOCTUYECKUX MOJEINIEW UCHOJIb30Baiu 2 MeTpuku: ycpeaaeHHas AUC npu
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Kkpocc-Bamuaauuu u  Recall mpu uTOroBoM TecTMpOBaHMM MOJENEH Ha
HEU3BECTHBIX JJII METOJIOB CUHTE3a pEAIbHBIX JaHHBIX Kiacca “1”.

Jims mopenein Ha ocHoBe MJIP HUM OaWH M3 METOJI0OB HE TOJBKO HE
o0ecreuns CTaTUCTUYECKH 3HAYMMOE TMOBBIIIEHHWE KadecTBa MPOTrHO3a, HO B
OOJBIIMHCTBE CITyYaeB MPUBOIUI K ero cHuxkeHuto. s moaeneit CJI Ha ocHOBe
CUHTETHYECKUX NaHHBIX Npu nporHozupoBanuu [To®dII ne ymamoch n1oOuThCS
MOBBIICHUS METPUK KA4yeCTBa, a Ipu nporHozupoBanuu BI'JI cratuctuuecku
3HaYUMble pa3nnuusa QukcupoBaiguch ans Merona Polynom-fit-SMOTE mno
metpukam AUC (0.82 vs 0.8) u Spec (0.78 vs 0.71), apyrue MeTpUKH
CTaTUCTHUYECKM 3HAYMMO HE paziuuainuch. [lpu wucnonp3oBaHUU IS
nporHo3upoBanusi [lo®Il wmopenerr CI'b Takke He yaanock T0OUTHCS
MOBBIICHUS METPUK KayecTBa, a Ui NMporHo3upoBanus BI'JI enquHCTBEHHBIM
METOJIOM CHHTE3a, KOTOPHIA 00€Creuns yBeTWYeHHUE TOYHOCTH TMPOTHO3a Ha
KoMOuHUpOoBaHHBIX HaHHBIX 06T ProWRAS (AUC - 0.82 vs 0.77), Sen (0.74 vs
0.7) u Spec (0.75 vs 0.71). TectupoBanue 3TOH MOJEIN Ha peaJbHbIX JaHHBIX
MUHOPUTAPHOTO Kjacca HE MOKa3aj0 CTAaTUCTUYECKU 3HAUYMMBIX YIYUYIICHUM
(Recall - 0.77 vs 0.75 npu p-value = 0.104).

Orpanuyenne uccjieI0BaAHNUS

UccnenoBanne OrpaHUYEHO HCMOJIb30BAHUEM TOJBKO KIMHUYECKUX
JaHHBIX. B CBSI3U ¢ 3TUM MOJTy4eHHBIE PE3YJIbTAThl HE CIEAYET TPAHCIUPOBATH Ha
MEJUIIMHCKHE W300pakeHuss W curHajibl. Kpome Toro, B JaHHOUW paboTe
PAacCMOTPEHO OTPAHUYEHHOE YMCIIO METOAO0B CUHTE3a AaHHbIX. [Ipu pacimpenun
UX CIIEKTPa MOTYT OBITh IMOJYYE€HBI PE3YJIbTAThI, OTIIMYAIOITUECS OT TE€X, KOTOPHIE
OBLIIM TPEICTABIIEHBI B TAaHHOW paboTe.
3akioueHue

PesynbraThel uccienoBaHus moka3ajid, YTO MCIOJIb30BAaHUE OOJIBITUHCTBA
M3BECTHBIX METOJOB CUHTE3a HaHHBIX, OTHOCcsumxca k rpynnamMm SMOTE, GAN
n VAE, He acconuumpoBajioch C TOBBIIIEHUEM TOYHOCTH HPOTHOCTUYECKUX

mogener [To®II u BI'JI y 6onbabix UBC mocne KIII. Uckmrouenne coctaBui

20



meton ProWRAS B monenu CI'b, koTopbiii o0ecrieunsi 3Ha4uMOe MOBBIIICHHE
TOYHOCTH TiporHo3a BI'JI Ha KOMOMHHMpPOBAHHBIX MAHHBIX TMPU OTCYTCTBUHU
TaKOBOM Ha peanbHbIX. [lepcnexkTvBa AaNbHEHMIIMX HCCIEAOBAHUU II0 3TOM
npobjieMe CBs3aHA C pPa3pa0OTKOM HOBBIX METOJIOB CHHTE3a JIaHHBIX,

YUYUTBIBAOIIUX PA3JIMYHA MUHOPUTAPHOI'O U MAKOPUTAPHOT'O KJIACCOB.
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