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OHIHIOBAHHSA KPEJUTHUX PU3UKIB MAJIUX I CEPEJHIX NIAIIPUEMCTB
METOJAMMU IHTEJEKTYAJBHOI'O AHAJII3Y JAHUX

Cmamms npuceéauena uUpiuennIo HayKo8o-npakmuiHo20 3a60aHHs MOOeNI08ANHA KPeOUMHUX PUSUKIE NO3UUATbHUKIE
KOMEPYIIHUX OAHKI8 — MATUX | cepeOHiX NIONPUEMCINS i3 3ACMOCY8AHHAM Memo0i6 iHMeleKmyalbHO20 aHAli3y OAHUX, a came.
Hetipomepedic nepcenmponnozo muny, logit-peepeciii ma 0epes nputinsimmsi piutens. Y cmammi 30iUCHIOEMbCs NOPIGHATbHUL
aHaniz epekmusHOCMI 3a3HA4eH020 ITHCMPYMeHmapiio npu eupiuieHHi nocmagienoi 3adaui. Ilposederi exchepumenmanbHi
PO3PAXYHKU NPOOEMOHCMPYBANU HAUOLIbULY NPUOAMHICb 018 OYIHIOBAHHS PUSUKIE KDeOUMYBAHHS NIONPUEMCME MemOodi8
WMY4Ho20 IHMeNeKmy, a came Helpomepedici muny nepcenmpon. Pe3ynsmamom 00cniodtcenHs € pekomenoayii uwjo0o 3acmo-
cy8amHs no6y008aHol CKOpUH2060i MOOeNi 8 OAHKIBCHKIN OISIbHOCII 3 MEMON 3HUNCCHHS PIBHSL PUSUKOBOCTIE KPEOUMHUX
onepayitl 0Jist MAI020 i cepedHbo2o Oi3HeC).
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ESTIMATION OF SME CREDIT RISKS BY DATA MINING METHODS

The article is devoted to solving the scientific and practical problem of modeling credit risks of borrowers of commercial
banks — small and medium enterprises (SME). SME lending in Ukraine is characterized by high risk but the need for lending
is increasing and essential, which is due to the socio-economic importance of SMEs. That is why there is a need to use
methods and models of intelligent data analysis. Using data mining methods, that are perceptron-type neural networks,
logistic regressions and decision trees, researched and analyzed in this paper. The database of bank borrowers was used for
the research. In particular, 21 financial and economic indicators of enterprise activity were used for modeling. The article
carries out a comparative effectiveness analysis of these tools in solving stated problem. During the research, the general
population of data was randomly divided into a general and a test sample, and each of them kept the proportion of default
units. The experimental calculations demonstrated the greatest suitability for assessing the risks of lending of enterprises the
Al methods, namely neural nets of perceptron type. To compare the results of the models, the following values were used:
common accuracy, AUC, GINI, specificity, sensitivity. The most significant parameters for the models are also indicated. The
study results in recommendations for the application of the built scoring model in banking in order to reduce the level of SME
credit operations riskiness.

Keywords: SME, credit risk, neural network, decision tree, logistic regression.

IMocTanoBKa npo6aemu. J{ocmiKeHHSI KpEAUTHUX PU3UKIB MAJIMX 1 CEPEHIX MiANPHUEMCTB (y OaHKIBCHKHIA
CIpaBi 3araJlbHOBXXUBaHUM € TepMiH MCB — manwii 1 cepenHiit 6i3Hec, 10 SKOT0 B ToMy 4Hcii BXoasTh DOITu)
3aiiMa€e BaXJIMBE MICIIC Y CyJaCHOMY HAYKOBOMY JMCITYTi, OCKIIbKH poib MCB y eKOHOMIYHOMY 3pOCTaHHI Ta
3a0e3IeveHH] COIialIbHOT CKIIaI0BOT PO3BUTKY KpalHH € BKpai BasKIiBO0. OCOOIHMBO 1€ MPOSBISETHCS HA Cydac-
HOMY €Talli AeleHTpati3alii B YKpaiHi, aJpke Taki MmiImpueMCTBa 3MIHCHIOIOThH BITYYTHUI BHECOK B HAIOBHCHHS
MiCIIeBUX OrOKeTIB. UMM JOCKOHATIIIMMH OYyTh METOAM aHANI3y Ta KiJIBKICHOI OLIIHKH CTYIICHS PU3HKY, THM
MEHIINM Oy/Ie YNHHUK HEeBU3HAYEHOCTI [1].
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Uwu He HalBaXXITUBIIIO comianbHOIO (yHKIIEr0 MCB € 3a0e3neueHHst HOBUX poOOYUX MicIlb. JlociipKeHHS
JIUHAMIKH Ta CTPYKTYPH 3alHATHX MPAI[IBHUKIB Y po3pi3i cy0'eKTiB rocrnonaproBanus B Ykpaini y 2010-2018 pp.
JIa€ MOXKJIMBICTH CIIOCTEPIraTH MOCTYIOBE 3POCTAHHS YACTKU 3aMHSITHX y MAlMX Ta CEPEAHIX MiANPHEMCTBAX

(puc. 1).
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Puc. 1. lunamika kiJIbKOCTi 3aliHATHX NpaniBHUKIB y po3pi3i po3mipiB cyd’eKTiB rocnogapoBaHHs
B Ykpaini y 2010-2018 pp.

Ilono cTpyKTypH 3alHATHX MPALiBHUKIB, TO 32 AOCIIKYBaHUN MEePioa HA BEUKUX IiIPHEMCTBAX MPALO-
BajM B cepeanbomy 21 % oci0, mpudomy 1iel mokazHuk 3MeHmryBascs 3 24,9 % y 2012 p. mo 18,5 % y 2018 p.
OT1xe, JociiKeHHsT ocodumBocted nisuibHOCTI MCB B YKpaiHi € akTyaabHUM B CHITy BUCOKOT 3HAYMMOCTI IIi€i
ctepu y pO3BUTKY HalliOHAILHOI EKOHOMIKH.

Bimomo, mo manuii Gi3HeC € MeHII CTIHKUM 10 30ypeHb 3 00Ky 30BHIIIHBOTO CEPEIOBHIIA, IO TPOSIBIISETHCS
y 3MiHI MTOJIITUYHOT Ta €EKOHOMIYHOI CUTYyaIlii Ik B YKpaiHi, Tak 1y cBiTi 3arainoM. Lle, B CBOO depry, migBUIILy€E
PU3UKOBICTB JisuTbHOCTI cy0’ekTiB MCh [2]. OkpiM 116010, CYy0’€KTaM TOCTIOAAPIOBAHHS JIOBOJUTHCS CTHKATHCH
3 HU3KOI IHIIMX MPOOJIeM, BUPINICHHS SKMX 4acTO MOTpeOye 3allydeHHsI KPSIUTHHUX KOINTIB. 3a JaHuMu [3]
CIIOCTEPIraeThCsl 3MEHIICHHS 00CATIB KPEIUTYBaHHS Cy0’€KTIB TOCIIOAAPIOBAHHS, 110 MOXHA OAaunuTH y Ta0I. 1,
MPOTE YacTKa KpeauTiB, Bunanux MCB (cy0'ekTaM cepeIHbOro, Majaoro Ta MiKpOIiIMPHUEMHHIITBA), 301TbIITY€Th-
cs 1y neprromy miBpigdi 2021 p. craHOBUTE 61,9 %.

Tabnuys 1
O0csr Ta crpykrypa kpequtyBanHst MCB y po3pisi po3mipiB cy0'ekTiB rocnonaproBaHHs
3a 2018 p. — mepury nosoBuny 2021 p.

, Y cy0’€KTH MAJIOr0 Minpu- ' .
€y0’€KTH BEJHKOI0 Cy0'€KTH cepeHbOro . cy0'exTH MiKpo-
: Yeworo, NiAMPHEMHULTBA MiANPHEMHHITBA CMHHITEA (KPiM NiANPHEMHULTBA
Hepiox MUTH TpH MIKPO-IIiJPUEMHHMIITBA)

Bceboro % Beboro % Bceboro % Bceboro %
Iggﬁ%“;‘”‘ 5050841 | 1874665 | 37,12 | 1278599 | 2531 624 061 12,36 | 736937 | 14,59
H;&‘fg‘;“" 5254640 | 1922478 | 3659 | 1318274 | 25,09 610 884 11,63 | 778231 | 14,81
Ig(‘)‘*lpg“;‘”‘ 4947361 | 1644052 | 3323 | 1349579 | 2728 530 521 10,72 774556 | 15,66
112“0“131;‘;'”‘ 4636122 | 1523156 | 3285 | 1160889 | 2504 467 885 10,09 | 973812 | 21,00
I%szo“;‘”‘ 4577021 | 1415399 | 30,92 | 1206645 | 2636 481 581 10,52 | 978307 | 21,37
H;&gg‘;‘” 4507286 | 1319627 | 2928 | 1291832 | 2866 447 907 9,94 981538 | 21,78
I;‘OBZPI"I‘)“" 4358399 | 1258505 | 2888 | 1291993 | 29,64 469 269 10,77 | 936790 | 21,49

Jorcepeno: ckaageHo aBTopaMu Ha OCHOBI [3].
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OTxe, ik MOXHA O0aunTH 3 Ta0I. 1, kpenutyBanHs MCB B YkpaiHi OCTaHHIMU pOKaMH Bce OiJTbIIe MOKBABIIO-
€ThbCS. Y pe3yNbTaTi MPOBAPKEHHS KPEIUTHOT TIsITbHOCTI OaHKHA OTPUMYIOTh IIPUOYTOK BiJl TOBEPHEHHS KOIIITIB
3 BIJICOTKaMH, a TPOKPEIUTOBAHUHN Oi3HEC — pecypc Ha cBiil po3sutok. [Ipore kpemuryBanns MCB xapakre-
PHU3YETHCSI TOCUTHh BUCOKOIO PH3HMKOBICTIO /ISl OAHKIBCHKUX YCTaHOB. TOX mepe; GaHKaMU MPUPOJHBO TTOCTAE
3aBJaHHS OIIHIOBAaHHS KPEAUTHOTO PH3UKY Cy0’ €KTIB rocmoaaproBanus. Came TOMy BUHHKA€ HEOOXITHICTD HE
JIUILE JOCHIJKeHHSI TEOPETUKO-METONYHOT OCHOBH BHpIIICHHS Wi€l nmpoOiemMu, ane i po3poOku epeKTUBHUX
MaTEeMaTUYHUX MOJeJNell KPeJUTHOTO CKOPHHTY, MOUIYKY HaiOIbII a/leKBaTHOTO 1IHCTPYMEHTApil0 1HTEIEKTY-
QJIBHOTO aHaNi3y AaHUX Ta HOro MepeBipky Ha e(PeKTUBHICTb.

AHani3 ocTaHHIX JocCjifKeHb Ta myOJikaniid. /IoCniPkeHHIO KPETUTHUX PU3UKIB MPUCBSUCHO UUMAJIO
mpais. 30kpema, B. B. Bitnincekuit Ta I'. B. BenukoiBanenko [1] mpuainsioTh 3HaUHy yBary y3arajabHEHHIO
METOJIUYHUX aCIEKTiB Ta PO3poO0Ili IHCTPYMEHTIB PU3UKOJIOTII K HayKH Yy Pi3HHX cdepax ii mposBy, 30Kpema
mianpueMHUNTBI. Takok aBTOpU HABOJSATH CUCTEMHI XapaKTEPUCTUKN €KOHOMIYHOTO PU3UKY, MPOIIOHYIOTh Pi3-
HOMAaHITHI KUTBKICHI MipH pPHU3UKY, CIOCOOM KOMIUICKCHOI Ta TPYHTOBHOI Horo ominku. Y mparpix JI. O. Iapsara
[4], B. 1. Mimenko [5] D0CHiIKYIOTBCSI acClIEKTH OaHKIBCBKOTO KPEAMTYBaHHS Ta OCOOJIMBOCTI IIi€l omepariii.
A. M. Xap4yeHko [6] aHaTi3y€e €eKOHOMIUHY TIPUPOY KPEIUTHOTO PU3HKY, CHCTEMATHU3Y€E OCOOJIMBOCTI HOTO MPO-
SIBY B PI3HUX aclleKTaxX peaizailii, 30KpemMa y KpeIuTHii yroi, 3a0e3neueHHi KpeJuTy, Ha piBHI MO3UYaIbHUKA
ta OaHKy-KpemuTopy. Y npari /1. B. Martocoroi, O. M. Komnozizea [8] moCmiKyOThCS Pi3HI MIXOTU 10 KiJlb-
KICHOTO aHaJli3y PU3UKY, TaKl K METOJ (piHAHCOBUX Koe(Dilli€HTIB, CTATUCTHYHI, KiIacH(iKaIliifHI Ta eKCIepTHI
METO/HU TOIMIO. BiybIl cyJacHi mi X0 10 OIiHIOBaHHS KPEIUTHUX PH3HKIB BUKOpUCTOBYIOTH H. P. IIBens [7],
H. B. Kysnenosa Ta I1. 1. Bimok [9]. V ix mpamsx 3acTOCOBYIOTHECS METOIHM HEHPOHHHX MEPEeX, HEUiTKOi JIO-
riku Ta VaR-mozneni. O. B. I'puroposud [10] po3risimae HEHpOHHI Mepexi TUIY MEPCENTPOH ISl BUPIIICHHS
3aja4i kiacudikauii no3MYaIbHUKIB-IOPUINYHUX OC10, a TAKOXK 31HCHIOE MOLIYK ONTUMAIIBHOT CTPYKTYPH TaKoi
MepexKi JUId MakcuMi3alii TOYHOCTI nependadeHHs aAedouTiB. Y momnepenHix HayKOBHX poOOTaxX aBTOPIB IIi€l
ctarti [11-12] Takox 3acTOCOBYBaBCS IIUPOKUNA CIIEKTP PI3HOMAHITHUX MiAXOIB /10 OL[IHIOBAHHS PU3HUKY OaH-
KPYTCTBa MiJNPHEMCTB a00 iX 1e(onTy 3a 3000B’I3aHHIMHU — BiJ] CTATUCTUYHUX CKOHOMETPUYHHUX METOJIB JI0
IHCTPYMEHTApII0 MTYYHOTO iHTENEKTy (HEHPOHHUX MEPEXk Ta HEUiTKOI JIOTIKH).

AHaJi3 HayKOBUX Mpallb HAYKOBIIB, SIKi 3aiiMajiCh MUTAHHSIMH MOOYJIOBH MOJIENEH OIIHIOBAaHHS PU3HKIB
kpeautyBanHs MCB, a Tako aBTOPChKI EKCTIEPUMEHTANbHI JOCIIIKEHHS JO3BOJISIOTH 3pOOUTH BUCHOBOK ITPO
BHUIIYy C()EKTUBHICTh METOMIB IITYYHOTO IHTENIEKTY y BUPIIICHHI IIbOTO 3aBAAaHH. AJe, 3B)KaI0UH HA BaXKJIUBICTD
i€l 3amaqi i 3a0e3neUeH s CTIKOCT] K OKpeMrX OaHKiB, Tak i, B pe3yibTaTi, (iHAHCOBOI CHCTEMHU KpaiHH
3araJioM, TUTaHHS MOIIYKY HAHOIIbII €)EeKTHBHOTO MATEMATHYHOTO IHCTPYMEHTAPII0 MOJACTIOBAHHS KPEAUTHUX
PHU3HUKIB MIANMPUEMCTB 32 MMOCTIMHO 3MIHIOBAHUX €KOHOMIYHHMX YMOB KO’KHOT OKpeMOl KpaiHu He BTpavae CBOET
akTyaspHOCTI. [IprdoMy, mompu HOCTaTHHO IPYHTOBHE BUBUCHHS aJCKBATHOCTI CTATHCTHYHHUX METOMIB Ta iH-
CTPYMEHTAPIIO ITYIHOTO IHTENEKTY, BAXKIIMBOIO HAYKOBOIO 3a7a4eiO 3AIUIIAETHCS MPOBEICHHS TTOPIBHIIBHUX
PO3paxyHKiB 3 IHITNMH 32CO0aMH IHTEICKTYaIBFHOTO aHA3y JaHUX, a CAMe — MAITMHHOTO HaBYaHHS.

Mera i 3aBIaHHS TOCTiIZKeHHSI: BUPIIINTH HAYKOBO-TIPAKTHYHE 3aBJaHHS 3a0e3MeUeHHsI 0OTPYHTOBAHOCTI
KkpenutyBaHHs cy0'ekTiB MCB 1uIssxoM 3acTOCYyBaHHS METOIIB IHTEICKTYaIbHOTO aHANI3Y JaHUX, SIKi JTO3BOJIHIH
0 MiBUINUTH e(DEKTUBHICTh OIIHIOBAHHS KpeAUTHUX pu3nkiB MCB Ha 0CHOBI JaHUX iX JiHAHCOBOI 3BITHOCTI.

i uporo 3’sBisieThes moTpeda y nepeBipii epeKTUBHOCTI pi3HOMAHITHUX METO/IIB IHTEIEKTYalbHOTO aHaJli-
3y Ha MPHUKJIaJi OTHOTO HA0OPY NaHUX MPO MO3WYATIBHUKIB. J{J1s MPOBEACHHS JOCTiIKEHHS OyJI0 00paHO METOAM:
CTAaTUCTUYHI (JIOTiCTHYHOT perpecii), ITYYHOTO IHTENEKTY (HelpoMepeski MEepCenTPOHHOrO TUITY) Ta MAITMHHOTO
HaBYaHHSA (iepeBa MPUUHATTS pilieHs). [1jig BU3HaYeHHs a/IeKBATHOCTI MoJiesield OyJI0 BUKOPUCTAHO TaKi MoKa3-
HuKkHU: 3aranbHa ToyHicTh (CA), mnoma mig ROC-kpusoro (AUC), koedimient Hxuni (GINI), cnenudivHicTh
(Sp) Ta gwyTnuBicTs (Se).

Bukaan ocHoBHOro marepiasy. 3amada OIIHIOBaHHS KPEAWTHOTO PU3UKY MO3MYAIBHUKA 3BOJUTHCS [0
MOJICITFOBaHHSI MMOBIpPHOCTI J1e(honTy 3a 3000B’s3aHHAMU [7]. 3 1i€I0 METO HEOOXiJIHO BCTAHOBUTH B3aEMO-
3B 130K MiXK IIEBHUM IIEPEITiIKOM YHHHUKIB Ta ()aKTOM ITOBEPHEHHS UM HEMOBEPHEHHS KPEAHUTY MO3HMYATILHUKOM,
10 TIO3HAYAETHCS 32 JIOTIOMOTOr0 OiHapHOT 3MIHHOT (siKa npuiiMae n1Ba 3HavueHHs — 0 ta 1). 3HaueHHs | 3a3BHYaii
MIPUCBOIOETHCS BUXIIHIM 3MIHHIM Y BHIIAAKY HACTaHHS J1e(oaTy 3a 3000B’s13aHHAMH, a ) — KOJIM YMOBHU Kpe-
IUTHOTO JOTOBOPY BUKOHAHO. CKOPHHIOBa MOJENb OYAy€EThCS TAKUM YHHOM, 1100 ii BuXin HaOyBaB 3HAYUCHb B
iaTepBat Bijg 0 0 1. Y Takomy pasi po3paxyHOK CKOPHHIOBOT MOJIeNi BKa3y€e Ha HMOBIPHICTh HACTaHHS 1e(OTY
3a 3000B’13aHHSAMMU 34 BiANOBIAHUX 3HAYEHb BXiAHUX YUHHUKIB.

3 MeToro peaizaiii 3aBJaHp HAIIOTO JOCHIDKEHHS Ta MOOYIOBU HU3KK MOZEJIEeH Ha OCHOBI METOINIB iHTe-
JICKTYaIIbHOTO aHali3y Oyio chopMoBaHO a3y IaHHX 3 MOKa3HUKamHu (inancoBoi 3BiTHOCTI MCB (no3uvanbpHu-
KiB OJIHOTO 3 YKpaiHChKUX KOMEPIIIHHUX OaHKIB) 13 BI/IMITKAMU 1010 BAKOHAHHS KPEJAUTHUX 3000B’s13aHb. J{ist
JIOCJIIJPKCHHS 3aralbHUM MacuB AaHUX OyJO MOAIIECHO Ha 2 BUOIpKU: HAaBYAlbHY Ta TecTOBY. Po3moain gaHux
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nependadaB goTpuMaHHA rponopmii 13,4 % neonTHIX JOTOBOpIB K y HABYANBHIN, Tak 1 y TECTOBIiH BUOIpIIi,
OCKUIBKH TaKa IpOIopIlis Oyiia y MOYaTKOBIM CyKYIMHOCTI JaHUX.

Ha ocHOBI IepBUHHMX JaHUX (PIHAHCOBOI 3BITHOCTI 0YyJI0 po3paxoBaHo 6a30BHi HaOIp GiHaHCOBHX KoediieH-
TiB, SKH{ HaBEICHO Yy Ta0I. 2. Y pe3ynbTaTi MPOBEICHHS eKCIIEPUMEHTAIEHOTO TOCTIHKEHHS 3 IIbOT0 Habopy 110
KOKHOT MOJIEJI1 BiTOMPA€EThCs TaKa KiIBKICTh Ta CKJIa]l MOKA3HHUKIB, sIKi 3a0e3medyarb HalOLIbIy e)eKTHBHICTD Ta
CTiMiKicTh BinmoBigHo1 Moxeni. OOrpyHTYBaHHs BUOOpPY 6a30BOro rnepeliky GpiHaHCOBUX KOe(IIEHTIB 3iHCHIO-
€TbCS B aBTOPChKUX mparsx [12; 13].
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Tabnuys 2
®inaHcoBi Noka3HNKH AisibHOCTI cyd’ekTa MCh
Hosnayenns Hassa Ho3nayenns Haszsa
K, KoegiuienT 3H0CY 0CHOBHHX 3ac00iB K, KoedimieHT MOKpHUTTS
.. . . BigHonieHHs BaOTH OallaHCy J0 YHUCTOTO
K2 KoedimienT 3aranbHoi JIiKBiTHOCTI K
13 noxony
.. . . KoedimieHT  epeKkTHBHOCTI  BHKOPHUCTaHHS
K Koedimient mBuakoi JikBiIHOCTL K .
3 in A A 14 3aranbHuX akTuBiB (ROA)
. . . . YacTka BITaCHOTO KaIiTary Ta Ae0iTOpChKOi
K, KoedinienT MOOITBHOCTI aKTHBIB K . yran P
15 3a00proBaHoCTi
K KoedimieHT e)eKTUBHOCTI BUKOPUCTAHHS K KoedimieHT criiBBIIHOIIEHHS TTO3UYEHOTO 1
5 oboporHux axktusiB (RCA) 16 BJIACHOTO KaITiTary
KoediuieHT 060pOTHOCTI KPeIUTOPCHKOT .. .
K $in oP PCAHTOP K KoedinieHT MaHeBpYBaHHsI BIIACHOTO KalliTay
6 3a00proBaHOCTI 17
K KoeoirieHT peHTa0ebHOCTI BIACHOTO K YacTtka 000POTHHUX AKTHBIB, 32 BUHATKOM TOTOY-
7 kamitairy (ROE) 18 HUX 3000B's13aHb
K KoedimieHT CIiBBiTHOIICHHS BIACHOTO K KoedimieHT 060poTHOCTI 1e0iTOPCHKOT 3a00p-
8 KaItiTamy Ta akTHBiB 19 TOBAHOCTI
K Koeoiuient dinancoBoro pusuky (1ede K YacTka JOBrocTpPOKOBUX 3000B’5I3aHb y Kepe-
9 (hiHAHCOBOTO BayKes) 20 nax GOpMyBaHHS KammiTamy
K, Koediuient pinaHcoOBOI 3a1eKHOCTI K, Koediuient ¢inancoBoi cTiikocTi
K, KoedinieHT 060pOTHOCTI OCHOBHUX (OH/IIB

BinmoBiiHO /10 TOCTaBICHOTO Y JOCIIPKEHHI 3aBIaHHs Ha 3a3Ha4YeHIH iHpopMaIiliHii 6a3i Oyio mo0ya0BaHO
PSI MOJIeTIEH THTETICKTYaIbHOTO aHAITI3Y JaHUX, a CaMe: CTATUCTUYHI (JIOTICTUYHI perpecii), MTYYHOTO IHTEIEKTY
(HeiipoMepeki TIepCeNTPOHHOTO THUITY), MAIMHHOTO HABYaHHS (JiepeBa NMPHUHATTS pillieHb). MoJiebHI po3pa-
XYHKH TIPOBOIMITHCH Y cepeaosuin Deductor Studio.

baz0B0OI0 MOZEITIO /IS OIIHIOBAaHHSI KPEIUTHOTO PH3HKY € JOTICTHYHA PErpecis, aJpke BOHA 3a0BOJBHSIE
OIMCAaHUM BUIIIE OOMEKESHHSIM Ha MOYKJIMBI 3HAUEHHS Pe3yIbTYI0U01 3MIiHHOT — (DyHKIIisS BU3HAYCHA HA IHTEPBAI
pe [0:1].

(ﬁ) = Wy + WyX; + WoXo+... +Wp»

Jie p — IMOBIpHICTh JiedonTy 3a 3000B’sI3aHHIMHM, X1 — i-Mi BXIJHUNA MOKa3HUK MOJAENi, Wi — i-Hii BaroBui
napametp [8].

[ToGynoBa MOTiICTHYHUX perpeciil Ast OIiHIOBaHHS HMOBIPHOCTI HACTAHHS E(OIITY 32 KPEITUTHUM TOTOBOPOM
3aiiiCHIOBAIACh y HAIIOMY JOCIIIKEHHI 32 YOTHpMa criocobamu BigOopy (GpakTopiB 0 MOJIENi 3 TOBHOTO TepedTi-
Ky: TIOBHE BKJIFOYCHHS (BUKOPHCTOBYIOThCS Yci 21 KoedillieHT, HaBeeHi y Tabi. 2), mpsMuit BinOip (1onaBaHHS
3MIHHOI Tipu oporoBomy p-value® p<0,05), 3BopoTHwmii Bindip (BUKIFOYEHHS 3MiHHOT mpu p>0,1), OCTi I0BHUI
BiJI01p (omaBaHHs Npu moporoBomy p-value p<0,05 ta BukmtoueHHs npu p>0,1). 3a 0JHAKOBUX YMOB MOJICIIO-
BaHHS (BUOIpKa JaHWX, METOJ HOpMai3allii, MaKCHMaJIbHa KUTbKICTh iTepalliii, mopir Biacikauus cut-off=0,5)
Oyi10 mepeBipeHo KOKEH 3 UX IMiaX0oAiB. Pe3ynpraTi MOIEMIOBaHHS Ul HABYAJIFHOI Ta TECTOBOI BUOIPOK BilTO-
Opaxeni y Taba. 3.

" p-value — 1ie MOBIpHICTh ICTHHHOCTI HYJIBOBOI TMIOTE3H, 10 MOSCHIOYI 3MiHHI HE BH3HAYAIOTh IWHAMIKY PE3YJIbTaTHBHOTO
MOoKa3HuKa. SIKIo p-value HIKYe TPaHWIHOTO PIBHS, TO HYJIHOBA TiMOTE3a IIOMUIKOBA (TOOTO BIJIIOBITHA 3MiHHA € BayKIIHBOIO).
P-value yacTo 3acTOCOBYIOTECS B Pi3HUX aNTOpUTMax BiOOpYy 10 pEerpeciiiHuX MOAENeH MOSCHIOIOYNX 3MIHHUX.
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Tabnuys 3
Pe3ynbTaTn 3acTocyBaHHS JOTiCTHYHOIL perpecii /i1 ONiHIOBAHHSA KPeAUTHUX PU3HKIB
3a pi3HMX coco0iB BigdOpy 3MiHHIX
CA AUC GINI Sp Se

Ha3sa meTony YmoBa

HaB4. TECT. HaB4. TECT. HaB4. TECT. HaB4. TECT. HaB4. TECT.
TosHe prnto- | Buxopucrosyiothes yci 21 0,88 | 0,88 | 0,79 | 0,56 | 0,58 | 0,12 | 99,21 | 96,92 | 15,39 | 30,0
YCHHA KOC(l)lHlGHTI/I
Tpsmii Honaanns sminnoi npu 0,87 | 0,88 | 0,71 | 0,61 | 0,42 | 0,22 | 100,0 | 100,0 | 5,13 | 10,0
B1110ip p<0,05
3sopornuii | BUKIOUeHHS 3MiHHOT MpH 0,88 | 0,89 | 0,75 | 0,55 | 0,50 | 0,10 | 100,0 | 100,0 | 12,82 | 20,0
BiZIOIp p>0,1
Hocrinosmuit | lopasamns npu p<0,05 0.87 | 0,88 | 0,71 | 0,61 | 0,42 | 0,22 | 100,0 | 100,0 | 5,13 | 10,00
BigOip BUKJIFOYEHHS mipu p>0,1

[Torpu AOCUTH BUCOKY 3aralibHy TOYHICTh KiIach(iKaIlii, mpeacTaBieH] MOJIeIli TOTaHO PO3II3HAKOTh BUITAI-
KH 1e(ONTIB 32 KPEJAUTOM, IO BHUIHO IO HU3bKOMY 3HaueHHIO Se. 3HaueHHs noka3HukiB AUC ta GINI mis
HaBYAJILHOI Ta TECTOBOI BUOIPKH € HU3bKUMHU, IO CBITYUTH MIPO HU3BKY aJICKBATHICTD JOCIIKYBAaHUX MOJICIICH
JIOTiCTUYHOT perpecii. 3ayBakuMo, 1110 HaHOLIbII 3HAYMMUMHU NapameTpamu Mozeneit Bussunncs K, K, , K.

Hpyruii THII MOJENi, sIKK OyB peatizoBaHUN Y IOCHIIKCHHI, — HEHPOHHA MEpeka THITYy MMEPCENTPOH, M0
MOJKe e(DEeKTHBHO BiJITBOPIOBATH 3aJICKHOCTI MK BX1THUMH/BHX1THUMH 3MIHHUMH HaBIiTh 3a MMOBHOI BIJICYyTHOCTI
3HAYMMHUX KOPEJSIIHHUX 3B SI3KIB MK HUMU, aJ[KE 3/1aTHA BUSBIIATU HE TUTLKH JIHIHHI 3aKOHOMIPHOCTI PO3BUT-
KY, SIK II€ POOJISATh KIACH4HI EKOHOMETPUYHI MOJIEN], ajie i CKJIaJHI HeMiHIHH (YHKIIOHAIBHI 3aJIeXKHOCTI [2].

[ToOynoBa HeMpOHHOT Mepexi MepcenTPOHHOr0 TUITY nepeadayae BUOIp 11 CTPyKTypH Ta (GpyHKIIN akTUBAIi]
HEHpPOHIB, a TAaKOX HaBUAHHS Pi3HUX KOH(Irypaniit Mepex i Bi0ip Halle(heKTUBHIIMINX 3 HUX HA OCHOBI TOMUJIKU
kiacudikaii Ha TecToBii BHOIpIIi.

Juis mpoBeieHHs TOCTi/KEHHSI BUKOPUCTOBYBAIACh TPUIIAPOBA HEWpOMepeka 3 CUTMOTTHOIO aKTHBAIlIHHOO
¢dyHKII€0 Y TpUXoBaHOMY Imapi. J[js1 HaBuaHHS HeHpoMepeski 3aCTOCOBYBABCS METO/ 3BOPOTHOTO MOITHPEHHS
TTOMUJIKH.

[Neprmmit map MicTuTs 21 BXig 3a KUIBKICTIO BXITHUX (akTopiB. Y mpuxoBaHoMy mapi Mictarecst 10 Heitpo-
HIB, OCKIJIBKHM CaMe 3a TaKo1 iX KiJIbKOCTI IOCATAEThCSI MaKCHMaJIbHa TOYHICTh MOJIEI Ta MiHIMalIbHA CEpeIHS T10-
x1OKa (0yJI0 IepeBIpeHO EMITIPUYHUM IIIISIXOM CTBOPEHHS 1 TECTYBaHHS MOJIENCH 3 KIJIbKICTIO HEHMPOHIB y TIPH-
xoBaHOMY m1api Biz 1 10 20). Y BUXiTHOMY IIapi TAKOXK 3aCTOCOBYETHCS CUTMOITHA (DYHKITIS akTHUBAITl. MaTpuiis
pe3yNbTaTiB MOJICITIOBAHHS KpeqUTHUX pu3uKiB MCh niepcenTpoHOM 13 BKa3aHOK CTPYKTYPOIO MojiaHa y Ta0. 4.

Tabnuysn 4
Marpuis pe3yJabTaTiB MOJeJI0BAHHS /1JI51 HeiipoMepe:Ki mepcenTpPOHHOT0 THITY
3HaueHHS CA AUC GINI Sp Se
HaBYaJIbHAa BUOIpKa 0,97 0,795 0,59 100 79,49
TecToBa BUOipKa 0,85 0,955 0,91 93,85 30,00

3aranbHa TOUHICTh HeHpoMepexi cTaHOBUTH 94,81 %, 1110 BHIIE, HI)K Y OyAb-9KOT MOOYI0BAHOI Y JTOCIIKCH-
HI MOJIeII JIOTiCTHYHOI perpecii (auB. Tadu. 3). Takox crocrepiraeTbest BUcokuit koedimient GINI mis TectoBoi
BHOIPKH, 110 CBITYNTH PO BHCOKY PO3ALTIOBAIBHY 3/1aTHICTH HEHPOMEPEKEBOT MOJIEIII.

3acTOCyBaHHSA METONY JepeBa PILICHb Il OLIHIOBAaHHSA KpeAUTHUX pu3ukiB MCbB 3yMoBiIeHe He ulle MOX-
JIUBICTIO BHUSIBIICHHS CKJIQJIHUX 3aKOHOMIpHOCTEeH y kpeauTHil noBeninui MCB, ane i nerkictio iHTepnpeTarii
Ta Bigyaiizauii moemi. JlepeBo pilieHb CKIaNa€eThes 3 BY3JiB, y SKUX NEepPeBIpseThCs BUKOHAHHS Ti€l 4M 1HIIOL
YMOBH, TicCJIsI 4OTO BifI0yBa€ThCS PyX Jajli 10 AEPEBY JO «INUCTSI», IO € KJIaCaMU, B SIKMX LiNbOBa (DYHKIIiS HAOy-
Bae TMeBHOro 3HaueHHs [2]. [Ipouec mobynoBu nepeBa pillleHb PEryNIOEThCsl TAKUMU MaKpoIapaMeTpaMu: MiHi-
MaJlbHa KUTBKICTh IPUKJIAAIB Y BY3Ii, IPU sIKil OyJie CTBOPEHO HOBHIL, Ta PiIBEHB JIOBIPH P, 3a SIKOTO BiJICIKAIOTHCS
BY3JIM JiepeBa. Bapiarito 1ux mapamerpiB Ta 3HAYCHHS MOKAa3HHUKIB aJIeKBaTHOCTI MOJEINEH Uil HaBYaJIbHOI Ta
TECTOBOI BHOIPKH TOaHO y TalI. 5.
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Tabauys 5
IMoka3sHukM ageKBATHOCTI MoJeJIel JepeBa pillieHHs
YmoBa CA AUC GINI Sp Se
K-c1B
MiH. K-CTh - npa-
. BY3JIH BIACIKA-
NMpUKJIAIAIB BUJI HaB4. TEeCT. HaB4. TECT. HaB4. TECT. HaB4. TECT. HaB4. TECT.
. 0ThCS NPH P
y By3Ji
2 0,4 28 | 097 | 0,67 | 092 | 057 | 0,84 | 0,14 | 98,81 | 70,77 | 84,62 | 40
1 0,4 23 096 | 0,76 | 0,82 | 0,62 | 0,64 | 024 | 100 | 81,54 | 66,67 | 40
3 By““}:fb’zf"“‘a' 31 0,93 | 0,83 | 0,81 | 0,65 | 0,61 | 030 | 96,83 | 89,23 | 66,67 | 40

OTxe, HABUINA TOYHICTh MOJIEII Ha TECTOBUX JAHUX JOCSATAETHCS MPU MIHIMAIBHIN KiJTbKOCTI 3 TIPUKIIa/iB
y BYy3J1i, KOJIM BY3JIM HE BiJcikaloThesa. Take aepeBo oTpumano 31 mpaBuiio, a HAHOUIBIT 3HAYMMUMK 3MIHHUMH
susiBuincs K, K, K, K, K (.

Cepen nocmimkeHux Mozese (tadbn. 3—5) uid MOpiBHAIBLHOTO aHami3y Oyio BigiOpaHO Ti 3 HUX, SKi MalOTh
Buiuii koediient GINI Ha TectoBiii BuOGipii (Tad. 6).

Tabnuys 6
IMoka3HuKH aTeKBATHOCTI JOCTiTKYBAHUX MO eJIei

Tun mogesi TP TN FP FN CA TPR FPR GINI
Jloricriuna perpecis (MeTox mpsivoro | 65 0 9 0.88 0.10 0.00 0.22
BizOOpY)
Heiipomepexa 3 61 4 7 0,85 0,30 0,06 0,91
JlepeBo pinreHs (mpu MiH. K-CTi IPU-
KJIa/IiB y By3Ji 3; By3/IM He Bifcika- 4 58 7 6 0,83 0,40 0,11 0,30
I0THCS1)

3 tabi. 6 MOXHa 0aunTH, IO HE yCi MOOY0BaH1 MOJIET € JJOCTaTHRO afeKkBaTHIUMH. Cepel 3anpOoIIOHOBaHUX
MoJieneld HaBUIMiA Toka3HUK TouHOoCcTi (CA) y JOricTHYHOI perpecii, MpoTe HalBUIIle 3HAUYCHHS Koe(illieHTa
GINI BusBIITOCH y HEHPOMEPEK EPCENTPOHHOTO TUITY, TIPX YoMy 3HaueHHsI CA TakoX TOCTaTHHO BUCOKeE. ToMy
JUTSI OLIIHIOBAHHS KpeTUTHUX pu3uKiB MCB B mpakTH4HIH JisuIbHOCTI OaHKIBCHKHX YCTAaHOB BOAYa€EMO JOPEUYHUM
3aCTOCOBYBATH caMe IIeil BUI MOJCIICH.

BucHoBkH. Y Cy4yacHUX MOCTIHHO 3MIHIOBAHHMX €KOHOMIYHHMX yYMOBaX JisUIbHICTh OAHKIB 3 KPEAUTYBaHHS
MCB xapakTepu3yeThesl MiABHIICHUM PU3UKOM, MOTpeda Y 3HWKEHHI SIKOTO 00yMOBITIOE JOIUIBHICTH 3aCTOCY-
BaHHS MEPEJOBUX TEXHOJOTIH IHTENCKTYalIbHOTO aHaji3y HaHWX. Y MpoIeci MPOBEISHHS TOCITIKEHHS OyIo
moOyIOBaHO Ta €KCIEPUMEHTAIbHO MEPEeBIPEHO Ha MPHUKIAIl OJAHOTO HAOOpy JaHUX ePEeKTHBHICTb pi3HOMA-
HITHUX KOH(Irypauiii Mosieneld Ha OCHOBI CTATUCTUYHUX METOAIB (JIOTICTHYHOI perpecii), ITy4HOTO iHTETIEeKTY
(HeiipoMeperki IepCenTPOHHOTO TUITY) Ta MAIIMHHOTO HAaBYaHHS (JiepeBa NpUHHATTA pimeHs). Ha nanux ¢inan-
COBHX 3BITHOCTEH MO3UUYAIBHHUKIB OYJ0 pO3paxoBaHO MOKA3HUKH CTaHY OOOPOTHHX KOIITIB, BIACHOTO KaliTa-
JIy, JIKBITHOCTI Ta IJIATOCIPOMO>KHOCTI TOIIO Ta MPOBEJICHA KIacudikalis MiANTPUEMCTB 3a PIBHEM KPEIUTHOTO
pu3uky. HaliBu1mi moka3HUKY aleKBaTHOCTI NPH OI[iHIOBAaHHI KpeIuTHUX pu3nkiB MCh npoageMoHcTpyBana Hell-
POHHA Mepexa TUITY IepcenTpoH. BripoBa/KeHHS TaKOT MOJIEINI Y CUCTEMY YIIPaBIiHHS pU3UKAMU OaHKiBCHKUX
YCTaHOB JI03BOJISIE 3HU3UTH BTPATH HA KPEAUTYBAHHI HEHAMIHHUX MO3UYAIBHHUKIB, 10 B PE3yJbTATI CIIPHSITHME
i IBUIIEHHIO (PIHAHCOBOT CTIHKOCTI caMOi OaHKIBCHKOT YCTAHOBH Ta MOJIMIIEHHIO YMOB KPEIUTYBaHHS BiIITOBI-
JIUTBHUX Cy0’€KTIB rOCIIOIAPIOBAHHS.

Takosx 3a pe3yJbTaTaMH JOCHIHKSHHS MOXHA TOBOPUTH PO HEOOXIAHICTH TMEPIIOYEPTroBOi yBard TUM TIO-
Ka3HHKaM JisTbHOCTI c¢y0'exTiB MCB, 110 MaroTh HalBHII MOKA3HUKW 3HAYMMOCTI Y TIPEJICTABICHUX MOJICIISX,
30KpeMa Koe(ilieHTaM MOOUTBHOCTI aKTUBIB, 000POTHOCTI KPETUTOPCHKOI Ta 1e0ITOPCHKOT 3a00pTrOBaHOCTI.
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