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AHHoTauums. MpefcTaBneHbl pe3ynbTaThl UCCed0BaHUA, LieNbio KOTopbIX bbina pa3paboTka
MeTo[a NPOrHO3MPOBaHNA OTTOKa KIIMEHTOB KOMMepYecKoro 6aHKa Ha 0CHoBe MpUMeHeHWs
Mogenei MalMHHOro o6yyeHWa (B TOM YucTie MYBOKUX UCKYCCTBEHHBIX HEMPOHHBIX ceTeld)
ONA 06paboTKM KNMEHTCKUX OaHHbIX, a TaKXe co3AaHue NporpaMMHbIX MHCTPYMEHTOB,
peanusyioLLnX yKa3aHHbIM MeTod. 06beKTOM UcCieoBaHMA ABNAETCA KOMMepYecKuii 6aHK,
anpeOMeToM UccreloBaHNA — ero feATeNlbHocTh B B2C-cerMeHTe, BRIT0YaloLLad KOMMepYecKoe
B3aMMofencTBMe BM3Heca U YacTHbIX NUL. AKTyaslbHOCTb BblI6paHHOro HanpaBieHus
nccriefoBaHUM onpefenAeTcA akTMBMU3aL el aeATeNbHOCTU 6aHKOB B chepe BHeapeHUsA
LMPOBLIX CEPBUCOB MO COKPALLIEHUI0 HEOMEePaLMOHHbIX PAacX00B, CBA3aHHbIX, B YaCTHOCTY,
C YOep*KaHUeM KITMEeHTOB, TaK KaK 3aTpaTbl Ha NpUBJieYeHUe HOBbIX KJIMEHTOB 3HaYUTENIbHO
BblLLe, YeM Ha COXpaHeHUe yiKe uMeloLmxcaA. HayuyHylo HOBU3HY pe3ynsTaToB UCCiedoBaHUiA
CocTaBnAeT pa3paboTaHHbI METO NPOrHO3MPOBaHNA 0TTOKA KITMEHTOB KOMMepYecKoro 6aHKa,
a TaKMe anropuTM, NMoJIoMKeHHbI B 0OCHOBY NPOrpaMMHOro obecrneyeHus, peanmsyloLero
npeasoXeHHbIM MeToq. B ocHoBe NpeanioreHHoM aHcambeBoii Moeny NporHo3MpoBaHusA
JIEMUT TPU anropuTMa KnaccuouKkaumm: k-cpegHux, cry4amHblin 1eC MU MHOTOCTOMHBIN
nepcenTpoH. [1nA arperaumy BeIXo40B OTAeNbHbIX Moeselt NpeasoreHo UCMoNb30BaThb
obyyaeMoe JepeBo CUCTEM HeyeTKoro BeiBoda Tuna MampaaHu. ObyyeHne aHcambrieBoit
Mo[e/1 BbIMoJIHAETCA B [1Ba 3Tana: CHavasla 0by4aloTcs nepeyvncieHHble TpU KnaccuduraTopa,
anoToM, Ha OCHOBE NoJTy4YaeMbIX Ha UX BbIX0Aax AaHHbIX, 06yYaeTcA JepeBo CUCTEM HEYETKOro
BblBoAa. AHcaMb6nieBadA Mofesb B NpefIOKEeHHOM MeTode peannsyeT CTaTUYeCKUiA BapuaHT
MPOrHo3a, pe3ynbTaThl KOTOPOro UCMONb3Y0TCA B AUHAMUYECKOM NPOrHo3e, BbiNoIHAEMOM
B [IBYX BapMaHTax — Ha 0CHOBE PeKyppeHTHOro MeToja HauMeHbLUNX KBaApPaToB U Ha OCHOBE
CBEpPTOYHOM HepoHHo ceTu. MpoBeaeHHbIE MoesIbHbIE SKCMePUMEHTbI Ha CUHTETUYECKOM
Habope AOaHHbIX, B3ATbIX ¢ caiTa Kaggle, nokasanu, 4yto aHcaMbrieBas Mofesnb UMeeT bornee
BbICOKOE KayecTBO BMHapHOM KnaccudmKaLumm, 4eM Karaasa Moesb B 0TOeIbHOCTH.

KnioueBble cnioBa: aHcambrneBble Moenn MallMHHOIro O6y‘-ieHl/IF|, NMPOrH03MpoBaHMe OTTOKA KIIMEHTOB,
[epeBbA HEYETKOr 0 BbiBOAA
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Abstract. The results of research are presented, the purpose of which was to develop
a method for predicting the outflow of clients of a commercial bank based on the use of
machine learning models (including deep artificial neural networks) for processing client
data, as well as the creation of software tools that implement this method. The object of the
study is a commercial bank, and the subject of the study is its activities in the B2C segment,
which includes commercial interaction between businesses and individuals. The relevance
of the chosen area of research is determined by the increased activity of banks in the field
of introducing digital services to reduce non-operating costs associated, in particular, with
retaining clients, since the costs of attracting new ones are much higher than maintaining
existing clients. The scientific novelty of the research results is the developed method for
predicting the outflow of commercial bank clients, as well as the algorithm underlying the
software that implements the proposed method. The proposed ensemble forecasting model is
based on three classification algorithms: k-means, random forest and multilayer perceptron.
To aggregate the outputs of individual models, it is proposed to use a learning tree of fuzzy
inference systems of the Mamdani type. Training of the ensemble model is carried out in two
stages: first, the listed three classifiers are trained, and then, based on the data obtained
from their outputs, a tree of fuzzy inference systems is trained. The ensemble model in the
proposed method implements a static version of the forecast, the results of which are used in
a dynamic forecast performed in two versions — based on the recurrent least squares method
and based on a convolutional neural network. Model experiments carried out on a synthetic
dataset taken from the Kaggle website showed that the ensemble model has a higher quality
of binary classification than each model individually.
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BesepeHue

udpoBu3aius Bcex cep nesTenbHO-
CTH YEJIOBEUECKOTo 00111eCcTBa IPUBO-
JUT K HEOOXOIUMOCTH TPUMEHEHUS
MHHOBAIIMOHHBIX MOAX00B, COBEPIIEHCTBO-
BaHUA UHCTPYMCHTAJIBHBIX CPCACTB IIPU pC-
anu3ay OU3HEC-TMPOILIECCOB B PA3IUYHBIX
npeaMeTHBIX obnacTsx [1]. OcoGeHHO sSpKo

3TO MPOSBIIAETCS B OAHKOBCKOU cepe, re
BHEJIPEHUE Pa3HOOOPA3HBIX U YAOOHBIX TSI
noTpeOuTeNs HOBBIX MPOJYKTOB U CEPBU-
COB Ha OCHOBE COBPEMEHHBIX MH(OpMAIIH-
OHHBIX TEXHOJIOTUH SBJISETCS HEOOXOAUMBIM
yCIIOBHEM BBDKMBAHMS B arpeCCUBHON KOH-
KYPEHTHOM cpefe.

AKXTyalnbHBIM HalpaBjieHueM U(poBU3a-
111 OAHKOBCKOH C(ephl SIBISETCS MOIEPHU-
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