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CTaTTs npucBsiyeHa po3po6bli MeTOA0JIOTIYHOr0 NiX0Ay A0 KaTero-
pu3auii BXiJHHUX IOKa3HUKIB €KOHOMIKO-MaTeMaTUYHUX MoJesel
OL|iHIOBaHHS KPEeAUTOCIHPOMOXKHOCTI MO3WYa/IbHUKIB KOMEpPLiMHUX
6aHKiB. OCHOBOIO MaTeMaTHUYHOTO iHCTPyMeHTapiro 06paHO HEHUPOH-
Hy Mepexy TuUIy O6araroumapoBuil nepcentpoH. O6’ekToM zocii-
JPKeHHS € Ipolec KaTeropusanii NosICHIOI0YUX 3MIHHUX CKOPUHTOBUX
Mozenell. [IpeaMeToM JOCIiPKEHHS € CYKYNHICTh METO/IiB KaTeropu-
3auii Ta cnoco6iB OLiHKY iX BIJIMBY Ha TOYHICTb MO/ OliHI0 BAHHS
WMOBIPHOCTI HEBUKOHAHHS yMOB JOrOBOPY IO3WYaJbHUKOM. Y pe-
3yJIbTaTi NMpPOBeJEeHUX eKCIepUMEHTAJIbHUX [JOCJi/PKEHb Y paMKax
3aNpONOHOBAHOr0 METOJOJIOTIYHOro miAxoAy 6yJio OGIPYHTOBAHO
3/ilCHIOBAaTH ONTHUMi3alil0 PO3GUTTS Ha KaTeropil BXiAHUX 3MiHHUX
MoJiesli 32 paxyHOK MakcuMisanii 3HauyeHHs1 koedinieHTa /[PKuHI K
MOKa3HUKAa aleKBaTHOCTI CKOPHMHIOBUX Mojeneil. byso oTpumaHo
BUCHOBOK, LI10 3HW>KEHHS NOKa3HUKa iHdopManiliHoi 3Hauyy1oCcTi He
3aBX/U BUCTYyNA€E iHAUKATOPOM MoripuieHHs KOCTi kiaacudikaTopa.
Y cTarTi Takoxk 6yB pO3LIMpPeHUN COUCOK peKoMeHJaliil 1oz0 npo-
Be/leHHs1 GiHHIHTY, IKHH MOXXe GYTH BUKOPUCTAHHUHU IS MO6YL0BU
GBI TOYHUX MOJeJied OLiHIOBaHHS KPeJUTOCIPOMOXKHOCTI MO3HU-
YaJbHUKIB KOMepLiHHUX OAHKIB.
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CTaTbsl NOCBsAIEHA pa3paboTKe MeTO/[0J0TMYEeCKOro Mojxo/a KaTe-
ropu3aluy BXOAHbIX [1epeMEHHbIX 9KOHOMHKO-MaTeMaTUYeCKUX MO-
Jlesledl OIleHKHM KpeAMTOCIOCOOHOCTH 3aeMIIMKOB KOMMEpPYEeCKHUX
6aHKkoB. OCHOBOM MaTeMaTH4YecKOro HWHCTPYMeHTapusi BbIGpaHa
HellpoHHasi CceThb THUIA MHOTOCJONHBIM MepcenTpoH. O6bEKTOM HC-
CJIe[JOBAaHUA ABJAETCH MPOILecC KaTeropusaluy BJIUAKIIHUX aKTo-
pPOB CKOPHHIOBBIX MoJesel. [IpegMeToM HccC/eJOBaHUA ABJAETCSH
COBOKYITHOCTb METO/IOB KaTeropu3aliH U CI0COO0B OLLEHKH UX BJIH-
SAHUA Ha TOYHOCTb MOJEJM pacyeTa BEePOATHOCTHU HEBBINOJHEHHS
YCJIOBUH JIOrOBOpa 3aeMIIMKOM. B pe3ysibTaTe npoBe/leHHBIX 3KCII e-
pUMeHTa/NbHBIX HCCIe0BAaHUHM B paMKax NpeJIoKeHHOT0 MeT0/0J10-
rUYeCKOro NnojxoZa 6bUI0 060CHOBAHO NpOBe/eHHEe ONTHUMH3ALUU
pa3bveHUs] Ha KAaTeropuy BXOJHBIX IE€PEMEHHBbIX MOJEIM 3a CYeT
MaKCHMH3al UK 3HauyeHus KoadpduuueHta /)KHHU Kak IOKasaTess
aZleKBaTHOCTH CKOPUHTOBBIX MoJieJiell. Bbljo o/IyyeHo 3aK/II0YeHueE,
YTO CHMIXKEHHUe IT0Ka3aTesss MHPOPMALMOHHON 3HAYMMOCTH He BCe-
rZia BBICTYIaeT UHAUKATOPOM yXy/ALIEeHUsI TOYHOCTH KJIaccudukaro-
pa. B cTaTbe Takxe ObLT pacIIMpeH CIIMCOK PEKOMEeH/AL Ui 10 MpoBe-
JIEHUI0 OGUHHUHIA, KOTODPbIA MOXET ObIThb HCIOJIb30BaH JJis MO-
cTpoeHust 6oJiee 3¢ EeKTUBHBIX MOJiesIel OIleHKH KpeAUTOCIIOCOOH0-
CTH 32€MILMKOB KOMMEPYECKUX GaHKOB.

Kmo4deBble cioBa: gecomocmb npusHaka (WOE), ungopmayuoHHas
3Hauumocmy (1V), GUHHUHS, CKOPUH208d51 MOJeTb, HellpOHHAs cemb.
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The article is devoted to developing methodological approach of cate-
gorizing the input variables of economic and mathematical models of
evaluating of creditworthiness of commercial banks’ borrowers. The
basis of mathematical tools was chosen neural network of type of mul-
tilayer perceptron. The object of study is the process of categorizing
explanatory variables of scoring models. The subject of study is a set
of methods of categorizing and approaches to evaluate their impact on
the efficiency of the model of estimation of probability of borrower’s
default under the contract. As a result of experimental studies within
the confines of the proposed methodological approach it was decided
to optimize the input variables partitioning into categories by maxim-
izing the Gini coefficient as a measure of the adequacy of scoring mod-
els. A conclusion that a drop in the information value does not always
act as an indicator of the deterioration of the classifier was obtained.
In this article it has been expanded a list of recommendations for bin-
ning that may be used to build more accurate models of evaluating the
creditworthiness of borrowers of commercial banks.
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IlocraHOBKa MpoGIEeMHU

[IpoBeneHHsT ageKBaTHOTO OIHIOBAHHS KPEIUTOCIPOMOMKHOCTI
KITIEHTIB OAHKIBCHKUX OpraHi3alliil € akTyalbHOIO 33Ja4ero SK JJis BiT-
YU3HSHUX, TaK 1 3aKOpJOHHUX (PiHAHCOBUX CTPYKTyp. Taka motpeba
CYNPOBOJIKYETHCS AKTHBHUM TIONIYKOM 3aKOHOMIPHOCTEH MiIBHUINECH-
HS1 e(peKTUBHOCTI CKOPWMHTOBHX MOJEINEH, SIKi Ha OCHOBI MOMEPETHIX
CIOCTEPEKCHb  II0JI0 0CcOONMBOCTEH TMO3WYAILHUKA TPOTHO3YIOThH
IMOBIpHICTb HOTo fedoiTy 3a 30008’ s3aHHAMU.

[MpoGieMHO0 NUTTHKOIO TOOYIOBU MOJEINI OIIHKH KPEIUTOCIIP O-
MOKHOCTI MO3MYAIbHUKA € MpoLenypa MHOAUTY JAiana3oHy KOXHOI
KUTBKICHOT MOSICHIOI0YO1 3MIHHOI Ha Kareropii 3a MposiBOM BIUIMBY Ha
HAJIIHHICTD yroa. Lls mpouenypa 103BOISE MiIBUILHTH pobacTHicTh
mozen (i1 CTIKICTh 10 BUKUAIB 1 HOXHOOK y JaHKUX) Ta OJAHOYACHO i
aJIeKBaTHICTh, aJke 00’ €THAHHS AMCKPETHUX 3HA4YEeHb 3MIHHUX Y Ka-
TEropii A03BOJIAE€ BUKIIOUNUTH HETaTHBHUN BIUIMB EKCTPEMAbHHUX YU-
CIIOBUX 3Ha4YeHb (BI/IHa,I[KOBiCTB HETOYHA PO3MIPHICTb, nponylueHi
JaHi), 3aMIHIOKOYH X OUIHKAMHM CHCTEMAaTHYHOTO BILIMBY Kareropii Ha
BUXifHI pesysnbratd. Ilpouec xareropusauii BXiIHMX 3MiHHHX (abo
NEPETBOPEHHSI KUIbKICHUX 3MIHHHX Y Kareropii) y CKOpHUHTY Ile Ha-
3uBaeThCs OiHHIHTOM (aHri1. binning) [1].

3acTocyBaHHS y CKOPHMHIY JIOTICTUYHUX perpeciii abo HIIMX He-
THIMHUX MOJeNel YCKJIaJHIOE aHajli3 BIUIMBY OIHHIHIY Ha ajeKBat-
HICTh Kiacu(iKallii MO3UYaTbHUKIB i, BITIMOBITHO, MOTpEOyeE CrieIiaib-
HOTO JOCTKEHHA 3 PO3pOOKH aNropuTMy BU3HAUYEHHS ONTHUMAIh-
HOT1 KUILKOCTI Ta Jiama3oHIB KOXHOI 3 KaTeropid KUTbKICHUX BXITHUX
3MIHHHX.

AHaJ1i3 ocTaHHIX JAKepeJt i nyosikamin

3araJbHONPUMHATIM NPABWIOM Y JHTEPaTypi € Te, 0 KOXKHA Ka-
Teropis Mae 00’ €/IHyBAaTH 3HAYCHHS [IOKA3HUKA 3 OJHAKOBHMHU BIIaC-
THBOCTSMH BIIHOCHO X BIUIMBY Ha KPEAMTOCHPOMOJKHICTH KIIEHTA.
Janomy nuranHio Oyna NPUCBSYEHA HH3KA BITYM3HSHUX 1 3aKOPJIOH-
HUX MyOJTiKamiid, KOPOTKUI aHAJ3 SIKUX MMOJA€THCS HUKYE.

VY crarti A. C. Copokina [1] ommcano nporiec mo0ya10BH CKOPHH-
TOBOi MOJENi, MOYMHAIOYH 3 MOJUTYy JAaHWX HA TECTOBY Ta HaBUAIbHY
BHUOIPKH, Ta 3aKIHUYIOYM OIIHKOIO MapaMeTpiB JIOTICTHYHOI1 perpecii.
Takox JeTanbHO OMUCYETHCS MpOLEAypa OHHIHTY KUTbKICHHX 3MiH-
HUX Ha OCHOBI po3paxyHKy iH(opMaliiHOI 3HAYymoCTi 3MIHHOI Ta
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MOKa3HUKAa BaroMocTi o3Haku. [lim 9ac mojiTy 3MIHHUX Ha Kareropii
A. C. CopokiH KepyeTbest:

® MaKCHMi3alli€l0 MOKa3HHUKA iH(pOPMAIHHOT 3HAYYHIOCTI K KpH-
Tepii0 ONMTHUMANLHOCTI OIHHIHTY;

e 00’eIHAHHS KaTeropiil 3 OJM3bKUM 3HAUYEHHSIM BaroMoCTi O3Ha-
KU JUT TOCHJICHHST TEHJEHLi 1X 3pOoCTaHHsA a00 CIalaHHs;

e OOMEXCHHSIM MaKCHUMaJIbHOI KUTbKOCTI Kareropii j1o 50;

e 1oTpebor0 B 3a0e3MeueHHi CYTTEBOI BIIMIHHOCTI y PI3HHX TpY-
[Max 4acTOK HeHaAiiHux no3ndaibHukis tTa WOE;

® HCOOXIIHICTIO PO3OWTTA 3HAYCHH NOKA3HWKIB HA KATEropii, sKi
6 3abesrneuyBami 3pocrarounii abo cnagarounii Tpenx WOE npu me-
pexoi Bi ojHiel kKareropii 10 iHIIOT.

I[oum,chTb 3a0e3nedenns cyrreBoi pizHuLI WOE mpu nepexoni
BiI ojHiel Kareropii A0 iHIIOT TakoX Oyio A0BemeHo y jkepeni [2],
ze JUk. XepmMaHOM MPOAHAT30BAHO TPH CIIOCOOH OIHHIHTY:

e (opmyBaHHS MEX Kareropiil sk BiIPBBKIB 3 OJHAKOBOIO JOBXKH-
HOIO Ha Jiala30H] BXITHAX IaHHX;

® TI0JIUT HA KaTeropil 3 0JTHAKOBOIO KUTBKICTIO MPHUKIIAIIB;

e mnocwieHHs pi3HUIl 3HaueHb WOE MK cycimHIMU KaTeropisMu.

Kowmmanis FICO [3] 3ayBaxye, MO0 BCTAHOBUTH BHUYEPIIHY MPOIIE-
Iypy ONTHUMAJIbHOTO OIHHIHTY HEMOXKJIMBO, AJDKE II€ € MUTAHHIM
«MHCTELTBA T4 HAyKH», alle [PH LBOMY HaJa€ Psiji peKOMCHIALL I st
NPOBE/CHHS €(PEKTHBHOTO PO3NOJLTY 3MIHHOI Ha KaTeropii:

® KOXXHA KaTeropis Mae BMILIyBaTH JOCTAaTHbO 3HAYCHb, abM 110-
TaCHTH BIUIMB CKCTPEMAILHIX IOKA3HHKIB Ta IIyMY B BH61pu1

® KOXKHA KaTeropis Mae BMIllyBaTH JIMLIC 3HAYCHHA, CIUIbHI 3a
MIpOI0 BIUIMBY Ha Pe3yJbTyIOUy 3MIHHY;

* a0CoMOTHI 3Ha4eHHs IHPOPMAUiiHO] 3HAYYIIOCTI 3MIHHOI He-
CyTh MiHIMAQJIbHE CMHCJIOBE HABAaHTA)KEHHS 1 MAlOTh BUKOPHCTOBYBa-
THCSI JIMIIE NI IOPIBHSHHSL.

VY pobori [4] H. Cinaiki mpomoHye KiIacHIHI peKOMEHAII 11010
MIPOBEJICHHS OIHHIHTY:

® [IPOMYIIEHI 3HaYeHHS MOKa3HUKA MAlOTh BXOJUTU B OKpEMY Ka-
TETOPio;

® KOXKHA KaTreropis He MOXe MICTUTH MEHIIE, HDK 5 % BHOIpKH;

® KUILKICTh HAIIMHWX YW HEHAJIHHHUX YroJl y KaTeropii He MarTh
nopisHroBaTH 0.

VY po6oti H. b. Iankina [5] Oyma mociimpkeHa mpobiieMa ONTH-
MaJIbHOTO KBAaHTYBaHHS 11 MiABUILEHHS TOYHOCTI OIHApHMUX KJIacu-
¢ikaTopiB (ormeparis yKpyIHEHHSI BXKE paHillle yTBOPEHUX KaTeropii).
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VY mpormeci mpoBeneHHs eKCTICPHMEHTY HHM OyJi0 TMiIBHIIEHO TOY-
HICTh KJIacu(IKaTopa NpH 3HAYHIA BTpaTi IHPOPMALIAHOT 3HAYYIIOCTI
sMmiHHuX. Takuii pesynbrar oOymoBimoe motpely B Iepesipii podi
MOKa3HUKa 1H(GOPMAIHHOT 3HAYYIIOCTI SIK KPUTEpiI0 Kiacugikartii
HOSICHIOIOYHX 3MIHHUX.

A. B. Marsiitayk y MoHOrpagii [6] BucBiTIMB IpoLec KaTeropu-
3amii IUIIXOM TepeBeICHHS KUTbKICHUX 3MIHHHUX y HEYIiTKI MHOKHHH.
[Ipote mpencTaBieHUi IHCTpyMEHTapili HEYITKOI JIOTIKH MoTpedye 3a-
CTOCYBaHHS HAJTO Majoi KUIbKOCTI HEYITKUX MHOMHH JUIS KOXKHOT
3MIHHOI Ta He mependayae BCTAHOBIICHHS BaroMOCTI KOXHOI OKpeMOi
3MIHHOT 9¥ 11 HEYITKMX MHO>KHH.

IMonpu Tte, mo y my6mikamisx [1—5] anropurm OiHHIHTY OYB 1e-
TaJlbHO OMHUCAHWK 1 MPOKOMEHTOBAHWH, MPUHIMIN PO3OUTTA KiTb-
KICHUX 3MIHHHX Ha KaTteropii y mmx po0oTax € HaATO BIIMIHHUMH
MDK co0or0. Tak, piBHATBCS PEKOMEHJAIll II0J0: PO3MIPIB Ta KUTh-
KOCTI KaTeropid, mpaBui iX 00’ €JHaHHS, JOILUILHOCTI 3aCTOCYBaHHS
NOKa3HMKa iHpopMaLiiiHOT 3HauywocTi Towo. ToMy BUHHKae norpe-
6a y mepeBipil afeKBaTHOCTI PO3POOICHHX METOLIB OIHHIHTY, iX 10-
NOBHEHHI Ta PO3BUTKY, IOLIYKY HOBHX IHAMKAaTOpiB AKOCTI NPOBE-
NEHHS I[HOTO TMPOIeCy, TEepPEeBIpKA TpaBwWil OIHHIHTY Ta Tepersiay
poui nokasHuKa iHQopMaliiHOT 3HavymocTi 3MiHHKEX. Lle 3ymoBioe
aKTYaJIbHICTb JIaHOTO JIOCIIIKCHHS Ta JOLUIBHICTE PO3POOKH MeTo-
JOJIOTTYHOTO MAXO1Y 10 KaTeropmauu MOSICHIOIOYHMX 3MIHHUX €KO-
HOMIKO-MaTeMaTHYHUX MOJIeNeH aHam3y KPEINTOCIIPOMOKHOCTI 110~
3UYaJbHUKA 3 METOIO MIIBUILEHHS X TOYHOCTI Ta aJJeKBATHOCTI.

MerTa i 3aBAaHHSA A0CTiAKEeHHA

Mertoto TOCHKEHHS € pO3p0OKa METOAOJOTTIHOTO TIAX0Y 010
NpoBeeHHsT e(heKTUBHOI KaTeropu3alii KUIbKICHUX 3MIHHHUX y HpoIie-
ci MoOy/10BU CKOPMHTOBUX MOJIETEH.

JlocsiTHEHHS TOCTaBJIEHOI METH NOTpedye BUPILIEHHS TAaKUX 3aB-
JaHb: C(HOPMYITIOBATH TIMOTE3M IOJ0 ONTUMAIBLHOTO IMOJLUTY Jiara-
30HY 3HAa4Y€Hb KUTbKICHUX 3MIHHHMX Ha OCHOBI y3arajibHEHHS CBITOBO-
ro JIOCBiAYy 3 MPOBEACHHS OIHHIHTY;, aJTOPUTMI3YBaTH MPOLECH MO i-
Jy 3Ha4YeHb KUIbKICHMX 3MIHHMX Ha KaTeropii BiIMOBIIHO JI0 BHUCY-
HYTHX TilIOTE3, a TaKOXK MOOYA0BH CKOPUHTOBUX MOJIENEH ISl pI3HUX
BapiaHTIB OIHHIHTY BX{JHUX JaHWUX, CUCTEMAaTHU3yBaTH pe3yJbTaTh
eKCTICpUMEHTANIbHUX JOCTKEHh 13 OOTPYHTYBaHHSM BIIIOBITHUX
BHCHOBKIB 1 pEKOMEHIAITIH.
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Buksiaa ocCHOBHOro marepiajy

Sk yxke 3a3Havanoch, Mporeaypa 61HH1Hry 3aCTOCOBYETHCS B IPO-
1eci po3poOKH CKOPHHIOBHX MOJEINei 1 peanisye TpaHchopMarlio
BCHOIO PIBHOMAHITTS. 3HAYCHb MOSCHIOYOI KUIBKICHOT 3MIHHOI 10
00MeKeHOT KUIBKOCTI KaTeropii, y3araJbHIOIOYM BIUIMB BXITHUX Ja-
HUX Ha pe3ynbTaT mMojeni. KpiM mporo manuii nporec q103Bouisie [2]:

1) BKIFOYUTH y MOJETb MPOMYILICHI 3HAYCHHS 3MIHHUX (OCKUIbKH
yacTo y 0a3ax JMaHuX KPEIUTHUX OpraHi3alii pi3Hi MO3WYaibHUKH
XapaKTepHU3yIOThCS PI3HUMH TMOKa3HUKaMH, TO 0Oe€3 i€l BIAaCTHBOCTI
JIOBOJIUTHCS 200 BIIKUJATH CIIOCTEPEIKEHHS, a00 BUIAISATH MOSICHIO-
1091 3MiHHI, III0 CYTTEBO 3BY)KY€ 3aCTOCOBHICTh MOJIETI);

2) BHKIIOUUTH BIUIUB €KCTPEMAIBHHUX BHUKHUJIIB HA SKICTh MOJICII,

3) mpuBecTH BCi BXiIHI 3MIHHI J0 OJHIET pO3MIPHOCTI.

VY mporeci nepeBeieHHsT KUTbKICHUX 3HAa4€Hb MOKA3HMKIB Yy Kare-
ropianbHy GopMy B Cy4acCHOMY CKOPHHIY 3aCTOCOBYETHCSH TMOKA3HUK
Baromocti o3naku WOE (weight of evidence), sikuii po3paxoByeThcst
JUTA KOXKHO1 KaTeropii OKpemo:

woE, = in[ 4@ ) o1k, 1)

d; (2)
ne d;(1) i1 d;(2) — BiTHOCHI YaCTOTH HEHAIIMHUX 1 HAXIHHUX YTOJ Y
BUOIpII, SIKi BIAMOBITAOTH I-ii KaTeropii, i =1k ; k — uncino xarero-

piii 3miaHO1 [1, c. 13].

INokasnuk (1) mo3BOJIsIE OXapaKTepU3yBaTH Mipy BIUIMBY BCIX 3Ha-
4YeHb 3MIHHOT 3 TeBHOT KaTeropii Ha HMOBIpHICTH nedonry 3a 30-
00B’ A3aHHIMU.

[HIMM BaXKIMBUM ITOKa3HAKOM, IIO BKa3ye HA BEIMYMHY C(eKTy
Bi OIHHIHTY JUIi NPOTHO3YBaHHs GIHAPHOI 3aIEXKHOI 3MIHHOI, € iH-
dopmarriiiHa 3HAYYIIICTH IV (information value) [1, c. 17]:

IV = Z(di(l)—di (2))-WOE, . )

[Ipuuomy -
i‘(di(l)—di(z))-WOEi +(d,(1)-d,(2))} WOE, 3
Jie ] — HOBOYTBOPEHA KaTeropis 3MIHHOI, II0 CKIaIa€ThCs 3 yCIX Ka-

9
Teropiit Mk € Ta g, ne €9 <[Lk], (dj :Zdi)

66



BiHHIHT y He ipoMepeKeBUX CKOP MHT OBUX MOJIeJIsIX I0. B. Koasida, B. A. boudap

Bupa3 (3) Bkasye, mo cyma nokasuuka IV js KUIbKOX CYCITHIX
KaTeropi He NOPIBHIOE 3HAYCHHIO JaHOTO MOKA3HMKA Ui HOBOT Ka-
Teropii micast 00’ €HaHb IUX CyCLZ[]B HepiBHictb (3) NPU3BOJUTH J10
TOTO, IO MOIIYK ONTHUMAIBLHOI KUIBKOCTI KaTeropidl ajs 3MIiHHOI He
MOJKe OyTH 3aJauyero JIHIHOTO MpOoTpaMyBaHHS, A, HABIIAKU, BUMArae
KOMOIHAaTOPHOTO Hepe6opy BCIX MOK/MBHX BapiaHTiB. IlocTaBiena
3aj1a4a Moxe OyTu pO3B’si3aHa 32 JIOMOMOIOK MOPIBHSHHSA Pe3yibTa-
TIB PI3HHMX BapiaHTIB KaTeropu3allii Ha OCHOBI NMPOBEACHHS EKCIIep U-
MEHTY.

OckUIbKM He BCl JITepaTypHi JKepena OAHOCTAHHI WOA0 POl iH-
hopmariiitoi 3Haqym00T1 SIK KPUTEPII0 ONTUMAIBLHOCTI KaTeropusartii
BXIIHUX JIaHUX, y JaHid poOOTi JOUUILHO MPOBECTU OIIHIOBAaHHS SKOC-
Ti OIHHIHIY OJHOYAaCHO Ha OCHOBI BUpa3sy (2) Ta IOKa3HHKA SKOCTI
Mozeni B uiiomy. IcHye 6araro croco6iB OLIHKH SIKOCTI MOZEII, OJi-
HaK, BpaxoBYIO4YH OiHapHy (opMy BHUXITHOI 3MIHHO1, 3aCTOCYEMO 3a-
Tra/lbHOBKMBAHNA IOKA3HMK aJCKBATHOCTI CKOPHHIOBHX MOJENeH —
KoediieHT JDKKHI, 32 SAKAM Y TOMY YHCI 3MOXEMO OLIHMTH e(ek-
THBHICTh OIHHIHTY.

3nauenHs J[xuHi Moke OyTH PO3paxoBaHE SIK TUIOMIA ITil KPUBOIO
ROC (Receiver Operating Characteristic) #a miomnmHi 3 a0bCIHCOIO
«1 — Specificity» Ta opmunaroro «Sensitivity», sik mpeacTaBIeHO Ha
puc. 1.

Sensitivity=——
vy TP+FN '’ “)

Specificity=l , (5)
TN + FP
ne TP — ictunHo mo3uTtuBHI Bunagku, 7N — iCTHHHO HETaTWBHI BHU-
naaku, FN — momuika nepmoro poay, FP — nommnka agpyroro po-
ny [4, c.49]. '
[Ilo € MO3WTHMBHUM BHUIAIKOM, a IO HETaTHBHUM, 3aJICKHUTh Bil
KOHKpeTHOro 3aBaaHHs. Komum MM mporHo3yeMo HMOBIpHICTH Jie-
¢doaTy mo3uvanbHUKA, TO MO3UTUBHUM pe3ynabraroM Oyne kmac «llo-
3UYAIGHUK HEHANidHWID), HeraTuBHUM — «llo3uyanpHUK Hamid-
HUT». SIkOM MM BU3HaYanM MMOBIPHICTH TOTO, IO MO3MYAILHUK Ha-
JNIHHUH, TO MO3UTUBHHUM pe3yiabTraroM OyB Ou kmac «llo3ndanbHUK
HaIIAHAR», 1 T. 1.
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sensitivity
|

0 lo1 lo2 03 lo4a Tos 06 07 To8 Tos 11
1-specificity

Puc. 1. Tunoswii Bursssn ROC-kprBoi 3a1€5KHO Bil Iy TIAMBOCTI
Ta cenuQiuHoCTI

KoedimienT J[uHI po3paxoByeThCs 3a TaKOO (HOPMYIIOTO:

Gini= 'El(Sensitivity(l +1)+ Sensitivity(] ))x ©
1=0
x (Specificity(l)— Specificity(l +1)) 1,

ne N — kimekicTh To49oK aiisi moOynoBu ROC-kpuBoi 3 KpOKOM AwcC-
kperm3anii A=1/N (y Hamomy IOCHiIXKeHHI OyJ0 TPHUHATO, IO
N=20).

3a Gini =0 xnacuikauis 3AiCHIOETECA BUNAIKOBHUM YHHOM, a
npu Gini=1 KIacH(ikarop npawoe iteanbHo (iCHye Takuit noplr
BIICIKAHHSI, 33 SKOT'O BCI MO3HYAIBHUKH 3 PO3PAXYHKOM CKOPHHIOBOI
MOJIENI, BUIIMM 3a e Topir, € Hacmpasi Ae(oJTHIMH, a BCi MO3U-
YaJbHUKH, JJSI IKAX PO3PAXOBaHUHM MOJEIUII0 PEUTHHI MEHIIE IOpo-
Ty, € HaJifHUMH). 3HAYEHHS AaHOTO Koe(illieHTa € 3pYYHHMHU IS
MNOPIBHSAHHS PI3BHUX MOJenaell MDK co00f0: 1m0 BHIIe 3HaueHHS Gini
JUISI MOJIEN, TO TOYHIMOK BoHA € [3, ¢. 43]. Kopucrtyrounch JTaHOIO
0COOHMBICTIO, pe3yNbTaTH Kiacu(ikailii Ha OCHOBI CKOPUHTOBUX MO-
Jleneld Tpy pI3HUX Bapiallisx OIHHIHTY OyayTh MOPIBHSHI OULIXOM PO-
3paxyHKy JaHOTO KoeQillieHTa.
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3 MeTO JOCIHKEHHs BIUIMBY OIHHIHTY Ha SIKICTh Kiacu@ikaropa
JIOIUIBHO Cc(hOpMyBaTd METOAOJOTIMHUM MIIXiA [0 KaTeropusaii
BXITHUX JAHUX CKOPHWHTOBHUX MOJEIEH, 3MICT SKOTO TIOJISITae B peai-
3amii TAKUX €TamiB:

1) Bu3HauyeHHs iHpopMaIiiHOiI 0a3u AN TOCHIIKEHb, (OopMyBaH-
HSl HABYAJILHOT Ta TECTOBOI BUOIPOK;

2) po30UTTA 3HAUEHb MOSICHIOIOYMX 3MIHHUX Ha KaTeropii 3 oJHa-
KOBOIO KUTBKICTIO MPHUKJIIAIB;

3) mpoBeneHHs 00’ €IHAHHS MOMEPETHHO BCTAHOBJICHUX KaTeropii
pi3HUMH cniocobamuy;

4) po3paxyHOK Uil KOXHOI KaTeropii 3a BCiX BapiaHTIB OIHHIHTY
noka3Hukis WOE Ta IV;

5) noOynoBa CKOPMHIOBMX MOJIENEH Ha HaBYAIbHIA BMOIpLI Ay
PI3HHX BApiaHTIB KaTeropu3aiii BXITHUX 3MIHHFIX;

6) oIiHKa aJeKBaTHOCTI MOOYIOBAaHMX CKOPHHTOBHX MOJIENCH Ha
TECTOBI BHOIpII 3a Kputepiem JIKuHi;

7) aHaNi3 OTpUMAaHUX PE3yJbTaTiB, (POPMYIIOBAHHS BHCHOBKIB TIPO
0CcO0MBOCTI OIHHIHTY;

8) po3po6Ka alropuT™My aBTOMATH3allii TPOIECY KaTeropu3arlii
BXIIHAX 3MIHHUX Ta BIATIOBIMHOT MOOYJOBY CKOPUHTOBHX MOJIEIICH.

Y mxepenax [1] Ta [9] CKOPHMHI0Ba MOJIEIb NPE/ICTaBIICHa Joric-
TUYHOIO perpec1efo OCKUIbKHM 1€ HalMONIMpPEHIMHA y CKOPUHTY Ma-
TEeMaTHYHUI amapar, peanizoBaHuil y 06ararb0X mporpaMHUX 3aco0ax.
OnHak y maHiii poOoTi mepeBara Oynia HagaHa OaraToniapoBOMY Tep-
centpoHy PoseHOnarra. Jlanuii BUOIp 3yMOBICHHUII BUCHOBKaMH 10 C-
JKeHb y poboTtax [6 — 8] mpo mepeBary mTydHUX HEWPOHHHX Me-
peK THITY TEPCENTPOH MpH noOynoBi OiHAPHMX KIACH(IKALIHHIX
MoJieNield, IO MOMITHO TepEeBaXalld 32 TOYHICTIO IHIN aHAJIOTH, 30K-
peMa, MoJieli Ha OCHOBI JIOTICTHYHOT perpecii.

BinmoBinHO, mATHI eTam BHUPIMICHO peali3yBaTH 3a PaxyHOK ITO-
OymoBH 0araTomapoBOTro MEPCENTPOHY, IO SBISIE COO0I0 HEWPOHHY
MEpexy 3 NPSAMHUMHU 3B’SI3KaMH, sKa CKIAJAEThCA 3 KUIbKOX IIApiB:
BXIIHOTO, NMPUXOBaHUX (OJHOTO a0 KUIbKOX) Ta BuXigHOro. KoskeH
Iap MICTUTh TEBHY KUIBKICTH HEHPOHIB, a MDKEIEeMEHTHI 3B’S3KH
MOJKJIMBI MDK HeWpoHamu cycigHix mapis. [Ipumipom, y nepcentpoHi
3 OJHUM TNPUXOBAHUM IIaPOM HEHUPOH BXITHOTO IIApy Mae 3B’ SI3KH
JMIIe 3 HEHpOHAMH MPUXOBAHOTO APy, a Oyab-IKH HEHPOH MPUXO-
BaHOTO MIapy Ma€ OJHOYACHO 3B’SA3KH 5K 13 HEHPOHAMH BXOJY, TaK i3
HEHPOHAMU BUXOJY.
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Hpuampm Aii KOXHOTO HEHpOHy Takoi Mepexi OyB 3amo3ndeHni
HeI/IpoaHaTOMOM Mak-Kamokom i marematukom IlirTcom 3 TNPUHI[H-
niB (QyHKIIOHYBaHHS Horo OiosnoriuHoro ananora. LlTyuni HelipoHHi
MepexXi, 32 aHAJIOTIEI0 3 MPUPOJTHUMHU HEPBOBHUMH CHUCTEMaMH, CKJia-
JAlOTHCSI 3 HEUPOHIB, SKI MOETHYIOTHCS MDK CO00I0 MDKHEHPOHHUMU
3B’ A3KaMHU. Mi)KHeﬁpOHHHﬁ 3B’S130K, SKHA € aHAJOTOM CHHAICIB y
NPUPOJHUX HEHPOHAX, 3IIHCHIOE ,Z[06yTOK CUTHAIY, 110 Hz[e 0 HeH-
pOHA, Ha BAroBUi KOCILIEHT, AKUH XapaKTepH3ye CHITy 3B’S3Ky.

CTpyKTYpHO INTYYHUI HEHPOH CKIaaEThCH 13 cymMaropa ta QpyHKITi-
OHaJbHOTO HeperBopioBaua. CymMaTop 3A1MCHIOE 10JaBaHHS 3BAKEHUX
CUTHAIIB, SKI HAIXOASATh 10 MDKHEHPOHHUX 3B’ 13KaX Bl HIMMX HEUPO-
HiB, 200 30BHIIIHIX BXiTHUX cUrHaMB. OYHKIIOHATBHUHN MTepeTBOPIOBaY
3AIMCHIOE TpaHC(HOPMALI0 BHXOJY CyMaropa 3a XapaKTepuCTUIHOIO
dynkuiero 3ananoro Buny [6, ¢. 44]. Icuye Gararo pi3HMX (yHKLIA aKTH-
Baulii. JIist 1o0y10BH EPCENTPOHY B HALIOMY TOCIIKCHHI CKOpUCTa€-
MOCB JIOTICTHYHOIO CUTMOIHOIO (DYHKITI€IO aKTHBALIIL:

y(s )_m )

ne y(s) — (yHKIisS aKTUBAalli(; S — 3HAYEHHS PO3PaXyHKY CyMaropa
HeHpoHa; I — KOeQIliEHT CTUCHEHHSA-PO3TATYBaHHS (YHKII B3OBXK
ociabcuuc.

TakuM YMHOM, KOXCH HEHPOH MEPEXi MepPeTBOPIOE CHIHAN, SKHi
MOJAETBCSL HA BXOAH, BIANOBIIHO [0 BHYTPINIHIX KOH(plrypauu/I A
HCHPOHHA MEPEKa, WO CKIAAETBCS 3 TPHOX LIAPIB TaKMX HEHPOHIB,
MOJKE BIITBOPUTH 13 33/1aHOIO0 TOYHICTIO Oy/Ib-sKy HerepepBHY (yHK-
Iito 3 6ararbMa 3MIHHUMH, SIKIIO KUTHKICTH HEHPOHIB y IPUXOBAHOMY
mapi € JOCTaTHLOoIO [6, c. 53].

Ipouenypa nmoOynoBH IEPCENTPOHY, SIK MATEMaTHYHOI OCHOBH
CKOPHHIOBOT MoJeni, Moxke Oyru omucana TakuMm duHOM. [leprumii
ap YTBOPIOEThCS 3 TAKOi KUIbKOCTI HEHPOHIB, IO BiNMOBiTae Kilb-
KOCTI [OSICHIOIOYNX 3MIHHAX MoJeni. CHUTH&IM 3 BXYIHOTO IIApy Hal-
XOJISITh JI0 TMPUXOBAHOTO IIAPY 1 MicJIT 00pOOKH MepeaaroThes 10 BU-
xigHoro. 3rigHo pexomenmamid [6] Ta [7], KUIbKiCTh HEUPOHIB y
NPUXOBAHOMY IIApi Mae BCTAHOBIIIOBATHCH CMILPUYHO 3 METOHO YHH-
KHCHHSI SIBHIIA «IIEPEHABYAHHs» HEHPOHHOI Mepexi OCKUIbKH 3aB-
JQHHAM LBOTO JOCIUKEHHs € He KOHCTPYIOBAHHS HaiiajIeKBaTHILIOL
HEHPOHHOI MepeXi, a BCTAaHOBJICHHS NPUHIMIIB €PEeKTHBHOTO OiHHI-
HTY, TO JJISl IPOBEJCHHS MOJEIIOBAHHS BUPIIIEHO OyJO0 OOMEKHUTHCH
noOyI0BOI0 TIEPCENTPOHY HANMPOCTINIOT CTPYKTYpH — 10 €IMHOTO
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MPUXOBAHOTO Iapy SKOTO BXOAHWTH 2 HEHpOHU. Y pe3yabTaTi MpoBe-
JEHHS PO3paxyHKIB Ha HEMPOHI BUXITHOTO IIAPY OTPUMYETHCS YK CIIO
B inrepBani [0,1], mo Bkasye Ha WMOBIPHICTH 1eOITY 3a KPEIUTOM,
iHpopMaIliio MO0 SKOTO Ta WOTO MO3WYaIbHUKA OyJI0 TOJaHO Ha
BXOJM HelipoMepexi. HamamryBanHs mapamerpiB mepcenTpoHy 3.ii-
CHIOETBCS 13 3aCTOCYBAaHHSM aJITOPHUTMY 3BOPOTHOTO TOMIMP €HHS TO-
MUJIKH.

OCKUIbKH METOJ 3BOPOTHOTO MOLIMPEHHS OMUIIKH IOJISITAE y 3HA-
XOJ/DKEHHI HaHOMIDKYOro JIOKATFHOTO MIHIMyMy Ha TiNepIUIOIINHI
MOMMJIOK, TO B PE3YJIbTaTi HOro 3aCTOCYBaHHS /I OJTHAKOBUX HAaBY JIb -
HUX BUOIPOK AaHUX OyIyTh 3HAXOJUTHCHh PI3HI MapaMmeTpu MepcenT-
pOHY, alKe JIOKATbHUX MIHIMyMIB Ha TIIEPIUIONMHI TOMHJIOK € 0e3-
nid. Tomy 1y1st 30UTBINICHHST aJIeKBaTHOCTI MOJIEN B JOCIIIKEHHI OyII0
BUPIIIEHO U1 KOXHOI Heifipomepexi Ta oOpaHOi mpoueaypu KaTero-
pu3anii mporec HaJamTyBaHHS MOBTOPIOBATH JECATh pa3iB (Tak Bia-
€TbCS BiiOpaTH MOJIENb 3 HAWMEHIIOI MOXHOKOI0).

Iadopmariiinoro 6a3010 I JAOCHIKEHb CIyTyBalia BUOIpKa 3
7807 xpenutHux yroa. 3 Hux 2033 3amuciB yBIMIIIM A0 HABYAILHOT
BUOIpKH, a 10 TecToBOT — 5774, siki Oynu BUKOPHCTaHI IS OIIHKA
e(beKTMBHOCTI MOJIeNi Ha JaHMX, HA AKMX MOJEJb HE HaByanach. 3a-
IMCH NP0 KOXKHY KPEAUTHY YrOJy MICTATb TaKi XapakTepUCTHKH I10-
3UYaIbHUKAa Ha MOMEHT ii yKJIaJaHHs, SK WOTO CTaTh 1 BIK, MOcaja,
ciMEHHMI CTaH, OCBiTa, 3apOOiTHA IUIaTa, KUIbKICTh BIIKPUTHX YTOJ,
3arajbHa CyMa, Ha SIKy YKJIaJEHO IMOTEPEaHI KPEAUTHI yroau, 3araib-
Ha KUIBKICTh MOMepenHix yroa Tomio. PesympTyroua OiHapHa 3MiHHA
3a KOKHOIO yro/1010 HaOyBae 3Ha4eHHsS | 3a yMOBM HacTaHHA 1eonTy
3a KpEAUTHUM 3000B’ s3aHHAM Ta 0, SKIO KpeAUT OYB 3aKpHUTHHA 3Tif-
HO YMOB JIOTOBODY.

[Iponienypa OIHHIHTY MPOBOJAUTHCS IS BXIAHUX 3MIHHHUX MOJIEN
Ha HaBYAIbHIA BHUOIPIN, a MOTIM MEXi KOXHOI KaTeropii BUKOPUCTO-
BYIOTHCSl JUIS 3aMIiHM MOTOYHHUX 3HA4YEeHb 3MIHHOI K y HaBYAIBHIH,
Tak 1 TectoBid BuOipmi Ha BimmoimHi im WOE;. Ilpounenypa momiry
Jlara3oHy 3Ha4eHb 3MIHHOT Ha K KaTreropiii Moke NMPOXOJNUTH TaKUM
YUHOM: KOYKHA KaTeropis, 3a BUHATKOM IEPIIOi Ta OCTaHHbOI, BMIIILy€E

BCi €J1eMEHTH 3MIHHOT y MekaX (X, p,Xia] A i=2,k—1 3 Kpokom
=1/k, ne X,, — ue i-uil KBaHTWIb 20O KBaHTWIb PiBHA I*A (pu
=1/100 KBaHTWJIb HAa3WBA€THhCs MepleHTHIEM, mpu A=1/10 — ne-

miieM, A=1/4 — kBaptunem, A=1/2 — wmenianorw). [lpu i=1 ka-

Teropis mMae Mexi(—0,X, |, a npu i =k Kkareropis BM3HAauacTLCH B Me-
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Kax (X(k_l)_A,-i-OO). Hanwmii crioci6 mo3Bosisie GopmyBat K kateropiit 3
MPAaKTUYHO OJHAKOBOIO KUIBKICTIO €JIEMEHTIB y KOKHIH, 3aJeKHO Bil
TUMy BUOIpKH. 3a3HA4MMO, MO TYT MIACHI TpaHMIIl aHAT{30BaHOI BU-
OIpKM 3MIHEHI Ha +00 HE CTUILKH [UIs PO3OUTTS TMOBHOI MHOKHHH ii
CNIEMEHTIB Ha Kareropii, CKUIbKM JJ IOCIHIAYIOYOTrO MepeBEACHHS
3HaY€Hb TECTOBOI BI/I6ipKI/I y Kareropii (agke BOHH MOXYTb BUXOIUTH
3a MeXi HaBuaIbHOT BUOipKK). BapTo 3ayBaxkutn, wo skiwo B 6asi ga-
HUX y TPYIU MO3MYIbHUKIB MPOIYLICHI 3HAYCHHs aHAN30BaHO]
3MIHHO1, TO Til HUX CTBOPIOETHCS OKpema Kk +1 Kareropis.
Jlnst HAOYHOTO MPHKIALY KATeropusallii BUKOHAEMO OINCAHY BU-
me NpOLEeaypy It k=10 na Jiana3oHi 3HaYCHb IMOSCHIOIYOI 3MIH-
, IO BIIMOBINA€ 3arajbHiii CyMi MOTEPEIHIX KPSAUTHUX YrOJl MO-
suqamsrmka. Tlicas 06 €HaHHS TPOIYIICHNX 3HAYeHb B OKpEMY
kateropito NULL ta otpumanns mex 10 xarteropiii ans 3ammcis, 110
3aJTUIIIIICK, TPOBOJANTECS MIPAXYHOK CYMH 3HAYCHb PE3YNLTYIOOL
OiHapHOi 3MIHHOT JUIS MPHUKIALIB 13 KOXKHOI Kareropii. BitHormenHs
KUTbKOCTI eoNTHUX er,[[I/ITlB y I-iii kareropii 70 3aranpHOiI KUTbKOC-
Ti AehoNTIB Yy HaBUYANBHIA BUOIPII HA3MBAETHCS BITHOCHOIO YaCTOTOIO
HEHAIIHUX YTOJ di(l) 3rimHO opmynu (1). AHaIOTIUHUM YHHOM

3HAXOJUTHCS YacTKa HAMIHHUX Yro. di(Z), i=1k+1, sk BigHO-

IICHHST KUTbKOCTI MOTAIIEHUX KPEOUTIB y i-iif Kareropili 10 3araibHOT
KUTbKOCTI KPEIWTIB Y HaBUAIbHIA BHOIPIN, 3a SKAMH MO3WYAIbHHKa-
MU Oylio BHKOHaHO 3000B’s3aHHsA. OJHAK ICHYIOTh TakKi BUIAIKU
(0oco0sBO 3a BenmMKuX 3HaYeHb K), KoM di(l) abo d, (2) i-i kareropii

JIOPIBHIOIOTh HYJIO. Y TakoMmy pasi JOIIbHO 00’ €aHATH JIaHy KaTe-
TOpIifo 3 OHOIO 13 CYCITHIX.

3a cniBBigHoMIeHHsAM (1) minpaxoByeTbest K + 1 okpemMux 3Ha4eHb
WOE;, i=1k+1, Ta BinOyBaeThCs 3aMiHa KOKHOTO 3HAUYEHHS 3MIHHOI

BinnosigauMu WOE; . Okpim 1msoro mis rpyn i=1k+1 po3paxoBy-
eTbCcsl okpemuii nokazuuk Vi sik nomanok Bupazy (2). Otpumanuii pe-
3yJbTaT PO3PaxyHKIB Uil MOKa3HUKA MOJaHo y Tabm. 1.

3a3Ha4yMMoO, IO SIKUIO KaTeropii XapakTepusyrTbesl OJIM3bKAMH
3HAYEHHSAMU WOE e CBIXYMTH MPO Te, IO B HUX PO3MOALI edoT-
HUX 1 IOTAIICHUX KPEJHUTIB MPAKTHIHO OJXHAKOBH i, BIIIIOBIIHO, KO-
Ha 3 IIUX KaTeropiif OkpeMo He Hece JJ0JJaTKOBOTO CMHCJIOBOTO HAaBaH-
T@XEHHS 3 OTISAy Ha Kiacu@ikamiiHy 3aaTHiCTh Monaeni. Tomy nmo-
IUTBHAM € 00’ €IHaHHS TaKWX KaTeropiid 3 METOI0 MOCWICHHS Pi3HMII
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3HA4CHb BAaromocTi o3Haku (1) MbK cycinHiMu Kareropisimu. Bapro
3ayBaXHTH, O 11 Kareropis He € CyCiHBOK 10 *KOAHOI iHIoT. Tomy
nani He Oepemo i 10 yBaru mix 9ac BHKOHAHHS MPOLEAYPH 00°€x-
HaHHSI CYCIIHIX KaTeropii.

Tabnuys 1
MOKA3HMKH WOE TA IV HA OCHOBI KBAHTILIIB
o } ~ y
= | 2 | el ez| af
5 35 258 8| §%| _ A
g | £EE | 254 2:| 2B 2| € = =
1 2667,9 148 53 95 0,057 | 0,086 | -0,417 | 0,012
2 5106,7 147 62 85 0,067 | 0,077 | -0,149 | 0,002
3 8348,1 146 54 92 0,058 | 0,084 | 0,366 | 0,009
4 12 521,2 149 62 87 0,067 | 0,079 | 0,172 | 0,002
5 18 072,0 147 69 78 0,074 | 0,071 | 0,044 0,001
6 26 768,8 148 75 73 0,080 | 0,066 | 0,194 | 0,003
7 38554,0 149 86 63 0,092 | 0,057 | 0,478 | 0,017
8 56 422,8 147 96 51 0,103 | 0,046 | 0,799 | 0,045
9 95 929,0 147 | 107 40 0,115 | 0,036 | 1,151 | 0,090
10 (1303000,0| 147 | 115 32 0,123 | 0,029 | 1,446 | 0,136
11 NULL 558 153 405 0,164 | 0,368 | -0,807 | 0,164
Cyma 2033 | 932 | 1101 1 1 0,481
3BiBum 3Hagennss WOE,, i=110, 3 Tabn. | Ha puc. 2, MOXHa I1O-

MITUTH, [0 31 30UIBIICHHSM HOMeEpY Kareropii BimOyBaeThCcs 3poc-
TaHHS 3HAYEHHS BarOMOCTI O3HAKH.

V nireparypi [1, 2] 3ycTpidaroThcs peKOMeHIalil moa0 peai3artii
nponeaypu o0’ €IHAHHSA CYCITHIX KaTeropid 3 ONM3bKUMH 3HAYCHH S-
mMu WOE 3a paxyHOK MOCWJIEHHS JIHIHHOI 3aleKHOCTI BaroMocTi
o3naku (1) Bim HOMepa kareropii i. 3 puc. 2 MOMITHO, IO TepI 5 Ka-
TCropil MaKTh HEAOCTATHBO BUPAKCHY TEHICHLII. 3a 10IOMOro
00’ €e1HaHHS NEPIINX TPHOX, a TAKOK 4 15 Kareropii, 6yio OTPUMAHO
OiHHIHT 3MiHHOT 3 K = 7. TIpu npomy koedirieHT JeTepMiHaii anpox-
cumytodoi npsamoi 36iubmeno 3 0,916 s 10 xareropiii 3 Tadbm. 1 mo
0,996 a1 00’ ennanux 7 KaTeropiI”d, 0 CBITYUTH MPO MOCUJICHHS ITi-
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HiltHO1 3anexnocTi WOE Bin HOMepa kareropii

HaHHS 300pakeHo Ha pHucC. 3.

I. PesympTar 00’€n-

1.400 A

WOE=0.204i-0.825
0.900 R2=0916

-0.100

-0.600 -

9 10

Puc. 2. 3nauenns WOE; , i :LTO

1.5
1.3 -
WOE = 0.296i- 0.658
L1 - R2= 0996

0.9

0.5 -
0.3
0.1
-0.1 -

WOE,

-0.5

Puc. 3. 3nauenns WOE; , i =1,7, mmicis npoBeieHHs 00’ € THAHHS KAaTEropii
3 OJIM3bKMMU 3HAYEHHSIMHU BaroMOCTI O3HAKHU

[Noxa3Huku e(heKTHBHOCTI CKOPUHTOBUX MOJIENEH 3a p3HHUX Bapi-
aHTiB OIHHIHTY (B TOMy 9HCIIl W MICIs 00 €HAHHS KaTeropii) MoxHa
nobayut B Tabi. 2, 1€ YKPYIHEHHs KaTeropii Npu 3MEHLICHHI 110-
Ka3HUKa lH(I)OpMaLIII/IHOI 3HAYYLIOCTI IPUBENO 10 3POCTaHHs Koedili-

enra JIxuHi (6).
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Tabnuys 2

3HAYEHHSI KOE®IINIEHTY J>KHUHI TA IH(DOPMAIHI/IHOI 3HAYYHIOCTI
3A PI3BHUX BAPIAHTIB PEAJII3ALIT BIHHIHI'Y

&
E
Kinpkicts =
xateropiit, k+1* 8 11 51 101 151 201 301 ‘E
@8
Koegutienr 1 759 | 0,723 | 0,725 | 0,727 | 0,730 | 0,734 | 0,718 | 0,702
Joxuwi, Gini
lngopmautiina | o477 | 0481 | 0,595 | 0,702 | 0,776 | 0,896 | 1,03 | —
3HAUyICTh, |V

*mig «+1» MaeTeest Ha yBa3i kateropis 3i 3HaueHHsMu NULL

OpnHak, MOe Tak OyTH, IO KOXKHA 3 MEPIIMX I’ SITH KaTeropii Ha
pHC. 2 XapaKTepH3YEThCSl HAATO yCEPEAHEHUMH 3HAYCHHSIMH €JIeMEeH-
TiB, 3 SKHX BOHa CKJIamaeTbcs. ToMmy 1 MbK co0Or0 IIi KaTteropii Mo-
XKYTh MaTu OJM3bKi XapaKkTepPUCTHKH. AJie IpU IIbOMY B KOXHIl KaTe-
ropii MOXyTh ICHYBaTH CBOI1 3aKOHOMIPHOCTI PO3MOALUTY Ae(ONTHHX 1
HQIIHHUX TO3WYAILHUKIB. TOMY JOIUIBHO MEPEBIPUTH aJCKBATHICTH
MOJIENi 1 IpY pO30UTTI MOBHOI MHOYHMHU 3HA4€Hb 3MIHHOT Ha OUIbIITY
KUTBKICTB TPyI. BinmoBimHO, y XO/1 MPOBEICHHS E€KCIIEPUMEHTY aHa-
JIOTIYHUM YMHOM 3HAH[CHO MEXI KaTeropiﬁ opu k=50, 100, 150,
200, 300. lns Beix BapiaHTis KaTeropI/I3au11 Oy noOynosani CKOp HH-
roBi Mozerni Ta Oyllo MPOBEAEHO OINHKY iX TOYHOCTI Ha TECTOBIi BU-
Oipui 3a monomororo koediuienty J[xuHi (6). PesynpraTu PO3paxyHKy
koediienra JxuHI Ta MOKa3HMKA IHPOpMaUiHHOI 3HAYYHIOCTI MPH
BCIX BiTIOpaHux K mpeacTaBiieHO TakoXk y Tabi. 2

3 tabi. 2 BUIHO, IO B pe3yJbTari 06’enHaHH>1 KaTeropiﬁ 10 BOCh-
MH 6yJ10 ojiep)kaHo iH(opMamiifHy 3Haqy1111cn> smianoi 1V = 0,477,
IO € HAiMCHIIMM 3HAYCHHSM 3-TIOMDK IHIIMX BapiaHTIB Kareropusa-
wii. [Torpu 3meHmeHHs iHGOpMaiifHOT 3HAYYIOCTI, JaHe YKPYITHEeH-
HSl KaTeropiil Mpu3BeNO /10 3pOCTaHHS TOYHOCTI Kinacuikaropa. Ta-
KO 3HaueHHs iH(opmauiinoi 3Hauymocti |V 3a pBHUX BapiaHTIB
po30utTss Ha Kateropii (Mpu BCiX BiMIOpaHMX BapiaHTaX KUIbKOCTI
rpymn K) rpagiuso 3BeneHo Ha puc. 4.

3 puc. 4 BUIHO, 10 30UTHIIEHHS KUTbKOCTI KaTeropid MO3UTHUBHO
BIUIMBAE Ha 3arainbHuUi mokasHuk IV mis Bciel BubOipku. JlocsrHeHHS
MaKCUMAaJIbHOTO TOKa3HHKa |V Moxe OyTH 1 3a yMOBH HaiOUIHIIIOTO
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MOXJIMBOTO 3Ha4eHHsS K, pu sIKOMY KUIBKICTh HaJIHHUX 1 HEHATIHHIX
YTOA y KOKHiii KaTeropi'i He nopiBHIOE Hymo. OmHAaK 31 30UTbIICHHIM
KUIBKOCTI KaTeropii, Aesiki 3 HUX CTAIOTh 3aMaJIMMHU JJISl BiTOOpaKeH-
Hsl AKOTCH 3HAdyHIOT IH(OpMALil PO MO3MIANBHAKIB, BITHECCHHX 0
Takux kKareropiil. Tomy iHpOpMalliiiHy 3HAYyIICTH IV moxHa po3r-
TSAATA SIK MPOMDKHUHM TOKa3HUK e(DeKTUBHOCTI OIHHIHTY, TOI SIK OC-
HOBHHM KPHUTEPIEM TMPOIIECY MOnepeanboi o0poOku naHux i moOymo-
BH CKOPHHT'OBOT MOJIENI € SIKICTh KJIacudikaropa.

1.1

1
0.9 4
0.8 1

VE o7

1V=0.00% + 0.479
0.6 1
0.5 -

0.4 T T T T T T 1
0 50 100 150 200 250 300 350

Puc. 4. 3anexHICTb BEIWYUHY TOKa3HuKa [V
B1J KUIBKOCTI1 KaTeropiid 3MIHHOL

v pesyanaTi NPOBEJCHUX eKcnepHMeHTiB 3 TOOY10BY CKOPUHT O BUX
MOJICIeH 13 PIBHUMY BapiaHTaMu peazauii GIHHIHIY OyJio OTpUMaHO
PS4 BUCHOBKIB, sIKi yTOYHIOIOTh ab0 3aIepedyroTh Ti M IHILI pEKOMEH-
Jarlil BITOMHUX YISHUX YU JOCTITHUIIBKUX IPYI B 00J1aCTI CKOPHUHTY:

1) moxa3HuK iHPOpMaMifHOT 3HAYYIIOCTI HE BIUIMBAE HA TOYHICTH
MOJIeN, a, OT)Ke, He MOBHHEH CIYI'yBaTH KpPUTEPiEM e(EKTHBHOCTI
OiHHIHTY (HaWBUIIA TOYHICTh Kiacugikatopa Oyma gocsIrHyra 3a
k =200 (Gini = 0,734 Ta IV = 0,896), Toai sk HaliBUIlE 3HAYEHHS iH-
dopwmartiiinoi 3uauymocti (Gini = 0,718 ta IV = 1,03) Binmosinaio
Bapianty nojairy K = 300);

2) KOKHA Kareropii Mo)ke MICTUTH MeHIe 5 % BHUOIPKU, OCKUIbKU
3a k = 200 Oys0 qocsrHyTa HaMBHUINA TOYHICT MOJET (KOJM B cepe-
HbOMY KO>KHa Kateropis mictuna 0ym3bko 10 enemenTis, ado 1 % Bin
BUOIPKH);
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3) mouineHO 3aiCHIOBATH 00’ €IHAHHS CYCIIHIX KaTeropii 3 61m3sb-
KUMH 3Ha4eHHIMHU WOEi UL [OCWIEHHS JIHIAHOI 3aJIeKHOCTI Ba-
romocti o3Haku (1) BiX HOMepy Kateropii, aixe TaKUM YHHOM BJa-
€TbCSl MIIBUIIMTH TOYHICTh Kiacuikamii moneni (30UTBIIMTH KOe-
hiient  JDKkuHI), He3BaXAOMM HA 3MCHIICHHA  H(OpMALIHHOT
3HauymocTi V.

3 ypaxyBaHHSIM JaHUX BUCHOBKIB C()OPMOBAHO aJrOPHUTM MOOYH0-
BH CKOPHHI'OBOi MOJENi 3 NMPOBENEHHIM e(eKTHBHOI KaTreropusartii
KUIbKICHOT 3MIHHO1, SIKMI MOJIATAE Y BUKOHAHHI TaKUX KPOKIB:

1) 36ip iHdopmanii Ta popMyBaHHS HAYATHLHOT Ta TECTOBOT BUO IpOK;

2) 3a JOMOMOTOI0 KBAaHTWIB MPOBOJUTHCS MOAUI IMOSCHIOHYOT
3MiHHOI Ha K kateropiii (MOYMHAIOYH 3 HEBEIUKOI KUTbKOCTI, HAIPUK-
nan, k=10, mocTynoBO 30UIBLIYIOYM KUIBKICTh KaTeropiil 3ajeHO
Bl ocobmBocTeli BUOIpPKM), a 3a HAIBHOCTI NMPOIYIICHUX EJIeMEH-
TIB — 1X 00’ €HaHHs B okpemy K + 1 KaTeropuo

3) po3paxyHok 3HaueHb WOE 1151 K0>kHOT KaTeropi'l' ;

4) mobymoBa miHii TpeHay M1t K Kareropiil i 3HaXOKEHHs Mapy
CYCIIHIX KaTeropid, ski € HaWOUIbII BiIJaNCHUMH BiI TpeHmy (Ams
sxnx Bupas (WOE, —ag —b|+WOE,,, —a(g +1)-b|) nabysae HaiiGitb-
HIOTO 3HAYEHHS, e § — HOMEp IMEepIIoi 3 ABOX CYCIIHIX KaTeropiu,
a,b — mapamerpwu niHil TpeHay ai+b);

5) 0o0’enHaHHs Mapu KaTeropid, HalOUIbIN BifJaNeHUX BiI arnpok-
CHUMYIOYOro TpeHay, Ta obuucinenss 3xadennss WOE nust HoBOyTBO-
peHOI Kateropi;

6) 3aMiHa IOTOYHMX 3HAYCHH OOPAHOT MOACHIOKYOI 3MIHHOI Ha Bi-
I[HOBI,L[HI WOE B naBuanpHiil 1 TecTOBii BUOipKax (3a YMOBH, IO BCl
IHII BXiJHI 3MIHHI MOJENl IONEPEAHbO KaTCropU30BaHi Ta 3aMiHEHI
snaueHHssMu WOE, 3amumarourch He3MIHHUMHU YIIPOJIOBX BUKOHAHHS
AITOPUTMY);

7) no0ya0Ba CKOPMHIOBOI MOJENI Ta HAlAIITYBaHHsI il MapamMeTpis
Ha HavalbHIA BHOIPIL;

8) OIiHIOBaHHS Ha OCHOBI MOOYAOBAHOT MOJEN PU3HKY IedoJ-
Ty 3a KpeOuTaMH TeCTOBOI BHOIPKH Ta PO3PAXyHOK KOE(IllieHTy
xui (6);

9) sixmio 3HaveHHs KoedirieHTa JKUHI Bil TOTOYHOTO 00’ € HAHHS
KaTeropiil BUIIE 32 MAKCUMAJIBHO JIOCITHYTE MpH K, TO JlaHe 3HAYCHHS
30epiraeThCsl K MakKCHUMajibHE Ui K Ta 3IIMCHIOETHCSA TEPEXim 10
KpOKY 4, SIKIII0 HI — TO mepexin Ha Kpok 10 (a1 moyarkoBoi po30uB-
k1 Ha K kareropiii 30epiraeTbcsi MOTOYHE 3HAUCHHs JIKUHI SIK MaKc U-
MaibHe rpu K 3 mepexoaom 10 Kpoky 4);
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10) ckacyBaHHSI TIOTOYHOTO 00’ €/THAHHS KaTErOPiif;

11) 36itbmieHHss K (uuciio 30utbieHb K oOHMpaeThes iHIUBIMyaTb-
HO, 3aJIOKHO Bill THIy BHOIPKH) Ta MOBEPHEHHS HA KPOK 2; sKmo K
JOCST MaKCHUMAJILHOTO BCTAHOBJIEHOTO 3HAYEHHS, TO 3HIHCHIOETHCS
BUOIp TaKOTO BapiaHTy KaTeropusaiii Ta TMapameTpiB CKOPHUHTOBOI
MOJIeN, SKMM BIINOBITAE HaMBUILE 3HAUEHHS 3 YCIX MAaKCHUMaIbHUX
Joxuni o K.

BucHoOBKHU

Y cTarTi NpoBeaeHO JOCIPKEHHS 0COOIMBOCTEH NPOLECY MOALTY
KUILKICHHX 3MIHHHX CKOPHHIOBHX MoJieneii Ha kareropii. Ilpn rpomy
aKLCHTOBAHO YBAry Ha 3HAXOJUKCHHI ONTHMAIBHOIO YHCIA KaTeropii
JUISl KOXKHOT 3MIHHOT Ta MOOY/I0BU KiIacu}ikamiiiHOT MOJielT, B OCHOBY
AKO1 TIOKJIaJIEHO IHCTPYMEHTapiii HEHPOHHUX MEPEX MEepCEenTPOHHOTO
THITY.

Byno BcTaHoBieHO, IO 3a/a4a 3HAXOJHKEHHS ONTUMAIbHOI KUThb-
KOCTI KaTeropiii He HAJICKHUTH J0 KJIacy 3ajad JIHI{HOTO MpOorpamy-
BaHHSI. HpOBe)IeHi eKCTICPUMEHTH 3aCBITYMIM, IO MOKa3HUK H(Op-
MarliiiHoi 3HadymocTi IV He € rONOBHMM KPHTEPiEM e(EeKTHBHOTO
TMOJUTy 3MIHHOT Ha KaTeropii. ¥ cTarti 3ampornoHOBaHO BUKOPHCTAHHS
koedimienty J[)KuHI SIK OCHOBHOTO MOKa3HUKA OI[IHKK MOBHOTH e(eK-
Ty KaTeropus3arlii.

VY pamMkax 3ampOrOHOBAHOTO METOAOJIOTIYHOTO MiNXOTy A0 KaTe-
ropusailii BXiTHHX JaHWUX OYJI0O TIPOBEICHE CKCIIEPUMEHTAIbHE J0CITi-
IDKEHHS 3aJIEKHOCTI TOYHOCTI CKOpI/IHl"OBO'l' MOJIEIT Bill CrIOcO0y Kare-
ropusaiii, WO HAAWIO MOXIMBICTE CHOPMYIOBATH PO3LIMPECHUH
nepestiK peKOMeH,Z[aI_III/I JUI IpoTECy OiHHIHTY:

1) KiTbKiCTh HAmIMHMX 1 HEHAAIHWUX yroJ y KaTeropii He MaroTh
)lopiBHIOBaTI/I 0;

2) po3Mip 1 KUIbKICTh KaTeropii 1yt 3MiHHOI 3asexars Bix ii oco-
OJMMBOCTEW 1 HE MOXKYTh OYTH UITKO BCTaHOBIICHI 0€3 TPOBEICHHS OK-
PEMOT0 EKCTIEPUMEHTAIIHHOTO JIOCIIIKESHHS,

3) cycinHi kareropii 3 6ym3bkumu 3HaueHHsIM WOE Maroth 00’ €11-
HYBaTHUCh;

4) Bel npomyuieHi y 0asi AaHMX €ICMEHTH aHAN30BAHOI 3MIHHOI
JOTUTLHO 00’ €THATH B OKPEMY KaTeropiro;

5) 3HWKEHHS MOKa3HHMKa HPOPMAIHHOT 3HAYYIIOCTI Micas 00’ €x-
HaHHs Kateropii 3 Ommspkumu 3HaueHHsMu WOE ne BucTynae iHnu-
KaTOpPOM TIOTIPIIEHHST AKOCTI Kilacupikaropa;
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6) OIIHIOBAHHS KOCTI OIHHIHT'Y TOIUTLHO 3/1IICHIOBATH Yyepe3 MoKas3-
HUKH TOYHOCTI CKOPUHTOBOI MO/IeM1 (HanpuKiIad, KoediieHT JxuHi).

Takum ynHOM, Yy NaHii poOOTi OyB pO3MIMpPEHH CIMCOK PEKOMEH-
Jarii mpoBeAeHHS e(pEeKTUBHOTO OIHHIHTY, SIK BaXIMBOTO €Taly 00-
pPOOKM BXIIHUX JaHMX EKOHOMIKO-MaTeMaTHUYHHMX MOJeENel OILHIO-
BaHHS KPEIUTOCTIPOMOKHOCTI MO3UYATLHUKIB KOMEPIIHHUX OaHKIB.
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