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Kpeoumosanue uepaem 6adxcHyro ponv 6 uUHAHCOBOM Mupe HA NPOMANCEHUU MHO2UX jem. [anubli 6uo
@unancoeoli OesmeavbHOCMU CMAN NONYJAPHLIM 8 QuHancosom cekmope Pecnybauxu Taoocuxucman 6
nocreonee decamunemue. B cmamve paccmampugaromes Memoobl ROCMpoeHUs Mooeetll KpeOumno2o CKOpUHaa
8 MUPOBOIL NpaKmuke. IKCHepmbl U UCCeO08ameNU OAHHOU chepbl 8 OCHOBHOM NPUCBAUBAION THOOAM YUCLO08bIE
Oabl, U3geCcmHbvle KAK KpeoumHvie 6anivl 018 USMEPEHUs pUCKA U KpeOUmocnocoOHoCmu KiueHmos. Xoms
omom 6u0 (PUHAHCOBOU OesIMENbHOCTIU S8TAEMCS O0BOIbHO BbI2OOHbIM, 0OHAKO OH Hecem OO0abUlol puck,
KOmopbwlil 8 chepe cCyOH020 KpeOumosanus HA3bleaemcs: Kpeoumuvim puckom. Ilosmomy, npocnozuposanue
KpeoumHozo Oegoama Kiuenma sensiemcs Haubojee 6aNCHbIM ACNeKMOM 6 (DUHAHCOBOU OesmenbHOCU
opeanusayuii. B nociednue 200bl cmanu 4acmo UCnoab308ambCsi A10PUMMbl MAUWUHHO20 00YUeHUs 8 3a0auax
Kaaccuuxayuu kpeoumnozo degporma. Taxumu ancopummamu @AM TOSUCHMUYECKA pecpeccusl, K-
onuocanuux cocedeit (KNN), oepeso peuenuii (decision tree), cayuaiineni nec (Random Forest) u op.

Kanuosoxcaxo: xap3ouxii, 6axoouxuu Kap3ii, xas@u new@aps, aico0pummxou OMy3uliu MOWUHIL,
peapeccusu 102UCMUKIL, 0apaxmu Kapopxo

Kap3ouxii conxou 3uéd oap yaxoru mMoauasii Hakuiu myxum oopad. Hn Hamyou pavoausmu moauasi oap
daxconau oxup dap Oaxwiu monuau Yymxypuu Toyuxucmorn Huz mavmyn eawmaacm. /lap maxona oap bopau
VCYAX0U COXMAHU MOOEX0U baxoouxuu Kap3ii 0ap maypubau yaxomii cyxan mepasad. bapou myavau xapoaHu
xasgh 6a KobunuAMU KAp30UXUU MyWmMapueH, KOpUUHOCOH 64 MYyXaKKUKOHU COXa new a3z xama 6a o0amoH
xoaxou adaoiui meouxaro. I apuande Ku un HaMyou avoaUIMu MOIUABH Xele Poudaosap acm, ammo oH Xas@u
KanoH 0opao, Ku OHpo 0ap coxau Kap30uxii Xae@u Kpeoumii MEHOMAHO. A3 un py, newieyuu Kap3u Mywmapi
Yyanbau MyXummapur 0ap Qavoausmu MOoaUASUU MAWKUIOMX0 mebowad. [ap comxou oxup anrcopummxou
OMY3UULU MOWUHEL 0ap MYWKUIOMU MAacHUupomu newgaps bewmap ucmugooa mewasano. YyHun ancopummxo
pegpeccusiu aoeucmuxi, xamcosxou Hazouxmapur (KNN), oapaxmu xapop, yamearu macooyii ea zatipa
mebouwano.

Key words: lending, credit scoring, default risk, machine learning algorithms, logistic regression, decision
tree

Lending has played an important role in the financial world for recent years. This type of financial activity
has become popular in the financial sector of the Republic of Tajikistan in the last decade. The article discusses
methods for constructing credit scoring models in world practice. Experts and researchers in this field primarily
assign numerical scores to people, known as credit scores, to measure the risk and their creditworthiness.
Although this type of financial activity is quite profitable, it carries a large risk, which in the field of loan lending
is called credit risk. Therefore, forecasting a client's credit default is the most important aspect in the financial
activities of organizations. In recent years, machine learning algorithms have become frequently used in credit
default
classification problems. Such algorithms are logistic regression, k-nearest neighbors (KNN), decision tree,
random forest, etc.

BBEJIEHUE

KpeauTHelii CKOPUHT — 3TO CTAaTHCTUYECKHI aHalu3, MPOBOJUMBIN KPEAUTOPaMU U (PUHAHCOBBIMHU
YUIPEXKACHUSIMHE IS OTIPEIEIICHUS] KPEAUTOCIIOCOOHOCTH KiMeHTa. KpeauTopsl UCTIONB3YIOT KPEAUTHBIN
CKOPHHT, JUIsS IPUHSATHUS PEIICHUS O MPEIOCTABICHUH KPEIUTA WM OTKA3€ B HEM.

CREDIT SCORING MODELS BASED ON
MACHINE LEARNING ALGORITHMS



Jlnst BBIYKMCIICHHS KPEAMTHOrO Oaia (CKopa) MpeXIe HCIOIb30BAIMCh TPAAUIMOHHBIC METO/IbI
MOZICYETa TI0 BECaM MePEeMEHHBIX, KOTOPBIE ONPEIeIUTICh TPAAUIIMOHHBIMY CTATHCTHIECKIMU METOIaMH.
[IpeacraBnenue 0 MOJETUPOBAHUH KPEIUTHOTO PUCKA M3MEHUIIUCH IO MEpPE POCTa KOJIMUECTBA KIMEHTOB,
KOTJa TPAJWIMOHHBIE METOABI HE MOTJM HAaXOIUTh B3aUMOCBS3HM IEPEMEHHBIX B IHHAMHUYECKOM
W3MEHEHUH XapaKkTepucThK. [103ToMy, MOSBHIICS CIIPOC HA CO3/JaHNE MOJIETIH MAIIMHHOTO 00yUYeHHUs B OTOH
oGmacti. OHAKO MHOTHE PETYIMPYIOIIHIE OPTaHbI MO-TIPEKXHEMY O4eHb OCTOPOKHO OTHOCATCS K IIEPEX0.Ty
Ha METOABl MAIIMHHOTO OO0y4eHus. Bo3MokHO, 4TO Ha 3TOM 3Tame TpaHCHOpPMALUH aJITOPUTMEI
MaImmHHOTO 00y4eHus Oy ayT paboTaTh BMECTE C TPAIUITMOHHBIMA METOIAMH.

JoBepue co CTOPOHBI PEryJMPYIOIIUX OPraHOB MOXET OBITh AOCTUTHYTO IOCJIE TOro, Kak OyAer
YCTAHOBJICHO, YTO AJTOPUTMBI MalIMHHOTO OOyYeHUs, Opocas BBI3OB MPUHATHIM B JaHHOH o0JacTu
MpaBHIaM, TaKkKe JAI0T OoJiee HAIEKHBIE Pe3yJbTaThl, YeM TPaJHLHOHHbIE MeTOIbl. bonee Toro, HOBbIE
METO/BI MHTEPIIPETAIIMY aJTOPUTMOB MAIIMHHOTO 00YUYEHHsI MOTYT IMIOMOYb CO3/aTh 0oJiee MPOo3pavHbIi
nporecc.

KpenuTtoBanue crano BaXHON YacThIO MIOBCETHEBHOM JKU3HHU KaK JJIsl OPTaHU3alMi, TaK U I YaCTHBIX
mur. C TIOCTOSHHO pPACTyIIed KOHKYpeHIMeH B ()MHAHCOBOM MHpPE M H3-32 OIPOMHOTO KOJHYECTBA
(PMHAHCOBBIX OrPaHWYEHHUH B CTPYKTYypE KpPEIUTOBaHHMs, B3SATHE IOJTOBOIO KpeIauWTa cTaylo Oojee WM
MeHee Hen30exHbIM [1]. dusnyeckue U@ 1Mo BceMy MHpPY 3aBHCST OT aKTHMBHOCTH B3SITHSI KPEIUTOB H
KPEIUTOBAHMS MO TaKMM MPUYMHAM, KaK MPEO0JIeHHE (MHAHCOBBIX OTPAaHWYEHHH IS JOCTIDKCHUS
KaKHUX-TO JINYHBIX TIEJCH.

XOTsl KpeIMTOBAaHME BBITOJHO KakK JUIi KPEAUTOPOB M IIONy4aTeled W CUUTACTCS BAXKHBIM JUIS
(hMHAHCOBOW OpraHW3aIMHi, OHAa HeceT B cebe ompeaencHHble pUcku [3]. DTOT THUI pHCKa TPEACTaBIsAET
c000#1 HECIOCOOHOCTh KJIMEHTA BHIIIIAYMBATh KPEIUT B Ha3HAUEHHOE BpPEMs, KOTOpPOE OBLIO MPHHSTO
pellIeHHeM MEXIy KpEeOUTOPOM M 3aeMIMUKOM B TeUeHHE BO3HHKHOBEHHS KpeIuTa U HMEHYETCs
KPEIUTHBIM pHcKoM [1].

KpenuTHbIii pUCK, KaKk U3BECTHO, BBI3HIBACT CEPhE3HBIC OMACEHHs Cpelu (PHHAHCOBBIX MHCTHTYTOB,
MOCKOJIBKY 3TO MOJKET HPHBECTH K CHTYaIlH, M3BECTHOW Kak Ae(ONT MO KPEOUTy, KOTOPBI MOMKET
OKazaTbcsi cepbe3HbIM [4]. Jlake mpu OmpesieiecHHOM pHCKe, (PMHAHCOBBIC WHCTHTYTBI 1O BCEMY MHUPY
paccMaTpUBAIOT NEATEILHOCTh KPEIUTOBAHMS KaK OCHOBHYIO BO3MOKHOCTB JUISl TTOJYYEHHs TPHOBUTN 1
HEO0OXOAMMBIM 15l OecrepeOoiHOro (YHKIIMOHUPOBaHUs UX Ou3Heca [5].

1.ANropuUTMBI MAIIUHHOTO 00YUYEeHUsI

Ha mpoTsbkeHMu mMocieaHero AECSTUIIETHS] aITOPUTMBl MAIIMHHOTO OOYYEHHS! WCTIONB3YIOTCS IS
pacuera W MPOTHO3UPOBAHHUS KPEIUTHOTO PUCKA MYTEM OIEHKH MUCTOPUYECKUX JAHHBIX O (DU3UUECKUX
nunax. B naHHOM cTaThe paccMaTpuBaeTcs HanboIee YacTo UCIIONb3yeMBbIE allTOPUTMBI MOJISTUPOBAHUS U
MPOTHO3UPOBAHUS OIICHKU PUCKA, B KOTOPBIX UCIIOJIL3YIOTCSI MAIIMHBI aITOPUTMBI 00yUYECHHSI.

1.1. JIocucmuueckasn pezpeccus

Jloructryeckas perpeccusi - OJMH U3 CaMbIX MOMYJSIPHBIX CTaTHCTUYECKUX METOJIOB CPEAU JIPYTUX B
(MHAHCOBOM MHpE Ui MOJEIH OLEHKH KPEAUTHOro pucka. OCHOBHBIE CHIIbHBIE CTOPOHBI MOJEIHN
JIOTHCTHYECKON PErpeccCHH 3aKJII0YaloTCsl B €€ MPOCTOM MOHHUMAaHHUH, BBICOKOW MPOU3BOAWUTEIBHOCTU U
npocrote peanusaiuu [8]. Bonee Toro, norucTuueckas perpeccusi MpeBOCXOAUT JIMHEHHYIO PErpeccuio,
MOCKOJIBKY MPEOJI0JIeBaET MHOXKECTBO MPOOJIEM, TaKUX KaK JIMHEHHas perpeccus-pe3yibTaT perpeccuu
MOXeT OBITh OTPUIATEIHHBIM WM OOJIBIIMM YeM 3HaueHHe 1, 4T0 HEBO3MOXKHO JUIS BEPOSTHOCTH.

Jloructuueckasi perpeccusi pemaeT 3Ty npodiemMy, oOecrieunBas HeNpepbIBHBII Arana3oH oueHokK ot 0
10 1 u coxpaHeHue BbIBOIa orpaHndeHo 3HadeHusiMu ot 0 10 1 [9].

B morucTHdeckoll perpeccuu UCIONb3yeTcsl JIOTHCTHYECKass (YHKIHS, KOTOpas OmIpenesseTcs Mo
crenytomeit Gopmyie.

JInst OATOHKM MOJENM K Habopy HE3aBHCHUMBIX IEPEMEHHBIX HCIIOJBb3YeTCs METOJ]l HAaMMEHBIINX
KBaJpaTOB WM METOJ] MAaKCHMallbHOTO MpaBaomnoaodus. B pe3yibpraTe OIEHKH HEU3BECTHBIX
KO3((UIMEHTOB pPErpeccMy BBIOMpAeTCs ONTUMaNbHAas MOJENb JUIA BBIYHCICHHS BEPOSTHOCTH.
Jloructryeckas QyHKIUS CTPOUT S-POPMEHHBIH rpaduK BEPOSITHOCTH C IMAITa30HOM 3HAYCHU



1.2. /lepeso pewenuii (Decision tree)

OJ¥H U3 CaMbIX TOMYJISPHBIX METOIOB KJIACCH(HKAIIMU UCTIOIb3yEeMblii B 00IaCTH KPEAUTHOTO CKOPHHTA
M3BECTCH KaK JICPEBO PEIICHHUH, COCTOSIIIEr0 U3 HECKOJIbKHUX BETBEH, KOPHEBBIX Y3JI0B U JIMCTOBBIX Y3JIOB.
Kak cnemayer w3 Ha3BaHHWs, METOJHMKA T€HEPUPYET CTPYKTYPY IMOXOXKYIO HA JEPEBO, KIACCHPUIHPYSI
9K3EMIUIPHI W C HCIOJb30BAaHHEM PEKYPCHBHOTO anroputMma pasmenenus (recursive partitioning
algorithm) [9].

Kaxplit JTMCTOBO# y3€ B JiepeBe MPEICTaBIICT METKY Kilacca M BCE BETBH B JICPEBE MPEICTABIISIOT
PE3yNIbTaThl TECTA, ITH TECThI MPEICTABICHBI BHYTPEHHUMH Y3JIaMH sl XapakTepucTuk [8].

JlepeBbsi pEIICHWH MOTYT OBITh HCIOJNB30BAaHBI KaK JUIA  PErpeCCHOHHBIX, TaK W IS
KI1accu(UKAMOHHBIX TpoOsieM. KiaccupukannoHHbie IepeBbs MpeAHa3HAYCHBI IS TPOTHO3UPOBAHUS
KAYECTBEHHBIX 3aBUCHUMBIX TEPEMEHHBIX. B KIaCCU(DUKAIMOHHBIX IEPEBBIX PEUICHHUH MPOTHO3UPYETCS
KaKk Kaxaoe HaOJfoJIcHHe OTHOCHTCS K HamboJiee YacTOW BCTPEYaeMOCTH Kiacca HaOJoIeHUI
npenHa3HaueHHbIX i 00yuenus[10].

1.3. Cayuainwuii nec (Random forest)

Knaccuduxarust anropuTMOM CITydaifHOTO Jieca IMPeCTaBIIeT COOOW alrOpUTM KOTOPBIH coOupaer
JIepeBbsl PCIICHUH WCIOJb3Ysl CIy4ailHble ITOJMHOKECTBA XapaKTEPUCTUK W BbIOMpas Hauboee
MOBTOPSIOIINECS BETBH MEXIy HHMHU IS KiIacCHQUKAIWHM. DTOT aNroOpUTM Jydlre paboTaer Uit
npenoTBpaieHus ceepxnoaronku(overfitting) u ysenuuuBaer oOuyto akkyparHocts Mozaenu [10]. Bun
MOCTPOCHHUS MOJISITH CIIy4ailHOTO Jieca MPUBOIMTCS Ha PUCYHKE 3.

2.Habop oannbvix u 66100p nepemennvix

His moctpoeHus: Mojeneil KpeOUuTHOrO0 CKOPHUHTa HEoO0XOIMM HaOOp HCTOPHUYECKHX HaHHBIX II0
HanOoJiee 3HAUYMMBIM MEPEMEHHBIM ISl POrHO3UPOBAHUS KPEAUTHOTO Jiedora KiIMeHTa. Bo MHOTHX
M3y4YECHHBIX HCCIEIOBAaHUSAX HAMOOJee YacTO BCTPEYAEMBIMH XapaKTEPUCTUKAMU KIHMEHTOB SIBIISFOTCS
BO3PACT KJIMEHTa, TOJ, CEMEHHOE TIIOJIOKEHHEe, BUJ JEATCIBHOCTH, 00pa3oBaHHMe, THUIl KpPEIWTa,
COOCTBEHHOCTB KMJIbsl, KOJIMYECTBO JETEH, LeNb KPeAuTa, CyMMa KpeIuTa, BUJ 3aJ0Ta, JUTUTEIBHOCTD
KpeauTa.

JUst IpaKTHYeCcKOTo MPOBEACHHS SMITMPUYECKOT0 aHAIN3a UCTIONB3YIOTCS HECKOJIBKO HAOOPOB TaHHBIX
KOTOpBIE TOCTYMHBI B 001ieM foctyme. K aum otHocstest UC Irvine Machine Learning repository (UCI -
ML) — pemosuropuii MamMHHOTO OOYyYEHHS KOTOPBIA COAEPKHUT pPas3IdvHble HAOOPHI TAHHBIX LIS
MPOBEIEHHS aHAJIN3a C HCIIOIb30BAHUEM aJITOPUTMOB MAIIMHHOTO 00yueHus. J{Jisl KpeqUTHOTO CKOpUHTa
UCIIONB3YeTCs IBa HAOOPa JaHHBIX M3 IAHHOTO PENO3UTOPHS, HAOOP TaHHBIX ABCTPAIMHCKOTO KPEIUTHOTO
ckopunra (Australian credit dataset) [11] u HaGop maHHBIX KpemuTHOTO ckopuHra I'epmanuu (German
credit dataset) [12].

Habop nmaHHBIX ABCTPanIMiiCKOTO KPEIUTHOTO CKOpPUHTa MMeeT 14 XapakTepucTHK KineHToB u 690
HaOmroneHnidt. Habop maHHBIX KpeautHOro ckopunra ['epmanum Bkmowaer 20 xapakrtepuctuk u 1000
HaOmoieHnid. 3aBUCHMas TIEpeMEeHHasi PENICTABIAET CO00il OMHApHOE pelieHue, SBISETCS JU KIHUEHT
KpEeIUTOCIIOCOOHBIM WK HeT. O0a Habopa JaHHBIX UIMEIOT O0IINE XapaKTEPUCTHUKH, TAKHE KaK, KPEAUTHBIH
OaJut, 1esb KpeauTa, HHPOPMALHIO KITHEeHTa (JT0JKHOCTh, BO3PACT, IJIUTEIbHOCTh KPEAUTA | T.1.).

Ha mpumepe maHHBIX 1O KpeauTam ['epMaHWM nanee OMKMCHIBACTCS MEPEMEHHBIE, KOTOPBIE OBLIN
BBIOpaHbl s aHanu3a. OpuruHanbHbI HaObop maHHbBIX cozepxur 1000 wHaGmomenuit ¢ 20
KOJIMYECTBEHHBIMH M KadeCTBEHHBIMH MEPEMEHHBIMH KOTOpBIE OBUTM IMOATOTOBJIEHBI HpodeccopoM
Xoddmanom. B atom Habope TaHHBIX KaX]10€ HAOIIOICHHIE IPEICTABIISET KIIMEHTa, KOTOPBIA B3SUT KPEIHUT
B Oanke. Kaxkplil KIIMEeHT KiaccuUIMpyeTcs: Kak XOPOLIN MITH TJIOX0# PUCK KpEeauTa B 3aBUCHMOCTH OT
Habopa XapaKTepUCTUK KIIMEHTA.

[MpencraBisembliit HAOOP TAHHBIX HE ITOJTOTOBIEH VIS TIOCTPOCHHS MOJISITH ¥ €T0 HEBO3MOKHO MOHSTH
0e3 mpenBapuTeNbHONH 00pabOTKH, Tak Kak HaOOp JAaHHBIX MPEICTABISACTCS B BUJE CIOKHOM CHCTEMBI
Kateropuii 1 cuMBoJIoB. COOTBETCTBEHHO HEOOXOIMMO HamucaTh KoJ nporpammbl Ha Python mwim R s
TOT0, YTOOBI MOCTPOUTH YUTAEMBIH (aiii B BUe TaOINIBI U COXPAHUTD B Buze Qaiiia *.csv. [loctpoeHHbIN
Ha0OP JaHHBIX COJICP)KUT OCHOBHBIE XapaKTEPUCTHKN KINEHTA, KOTOPBIC MPUBOISTCS B Tabme 1.

JInst co3maHdss W BHEAPCHUS MOJENIH HCIOJB3YIOTCS HamboJiee paclupOCTpaHEHHbIE MPOTPAMMHBIC
oOecnieuenust OusHec-penieHuil, Takue kak SPSS, SAS, STATISTICA Ha ocHOBE TOJB30BaTEIBLCKUX
uHTepdeiicoB. B mocnenHee BpeMs TakKe CTaIW MOMYJISIPHBI MPOrpaMMHbBIE 00ECTIeUYeHHs KaK yCITyrd
(Software as a Service), Takue kak Tableau, SAP, Oracle Bl u npyrue. Ho a7st caMOCTOSTENEHOTO CO3/IaHUS



MOJieTIell KPEAUTHOTO CKOPWHTa M TOCIEAYIOIIEro €ro BHEAPEHUS B CHCTEMBbI (DMHAHCOBBIX CEKTOPOB
HanbOoJIee YaCTO UCTIOJIB3YEMBIMHU SI3bIKAMHU TIPOrPaMMHUpOBaHus siBisttotcst Python u R.
3AKJIIOYEHUE

B nanHO¥ cTaThe pacCMOTPEHBI MEPCHEKTHUBBI MCIIOIB30BaHUS aIrOPUTMOB MAIIMHHOTO OOyYEHUS IS
IIOCTPOEHUSI MOJIENH KPEIUTHOTO CKOpHHra B Ta/)KUKHMCTaHE Ha OCHOBE aHaJM3a HCCIIEOBaHUMH,
MIPOBEICHHBIX B MIOCTIEIHNE OB, bBITO ompeneneHo, 4To Hauboee YacTo UCIIOJIb3YEMBIMA aJlTOPUTMaMHU
MAaIIMHHOTO 00yYEHUS IS IIOCTPOCHUS MOJISNICH KPEAUTHOTO CKOPHHTa B MHUPOBOM MPAKTHKE SBISIFOTCS
MOJIETH PETPECCHOHHOTO XapakTepa M MOJENEH, MOCTPOCHHBIX Ha OCHOBE JPEBOBHUIHBIX aJTOPHUTMOB.
[IpuBoauTCs MHGOPMAIIHS O TOTUCTUISCKON PErPECCHH, ATOPUTMa JAepeBa PEIICHUI U CITy9ailHOTO Jeca.
Bbu10 BBISBIICHO, UTO LIS IIOCTPOEHHS MOJETH HEOOXOJUMBI HAOOPBI HCTOPHYECKUX JaHHBIX (PUHAHCOBBIX
UHCTUTYTOB. [IpWBOIUTCS TpHMep HWCIONB30BaHHSA JBYX HAOOPOB NaHHBIX-IaHHBIE ABCTPAIHHCKOTO
KPEIUTHOTO CKOpUHTa M Habop AaHHBIX KpenuToB [ 'epmannn. O6a Habopa JaHHBIX UMEIOT CPaBHUTEIBHO
OJIMHAKOBBIE XapaKTEPUCTUKHU KIMEHTOB AJI AaHAJIU34, YTO CBUAETEILCTBYET O TOM, UTO CYILECTBYIOT TAKHE
XapaKTePUCTUKU KIMEHTOB, KOTOPHIC SBIISIOTCS 0a30BBIMHU JUIS TOCTPOCHUS KPETUTHOTO CKOPUHTA.

CrnemyeT OTMETHTB, YTO JJs BHEAPEHUS KPEIUTHOTO CKOPUHTa B (DMHAHCOBBIX YUPEKICHUSIX
PecniyOnuku TamxukucTaH HEOOXOIUMO H3YYUTh MHUPOBOHM ONBIT BHEIPEHUS CPEACTB IMOCTPOCHUS
MoJelel KpeAUTHOIO CKOPHHTa
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