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PE®EPAT

bakanaBpcrka kBamidikariiina po6ota ckinagaerses 31 110 cTOpiHOK, MICTUTB
21 pucyHkiB, 2 1oAaTku, mocuiaeTbes Ha 30 mkepen Ta Mae 1 Tabiuirio.

MeToro A0CTiAKEHHS € CTBOPEHHS €(PEKTUBHOT MOZIEII IPOrHO3YBaHHS BIATOKY
KJIIE€HTIB 13 MOAAJIBIINM (OPMYBAHHSIM PEKOMEHAAIN I MIABUIICHHS PIBHA iX
yTpumaHHs. OO’€KTOM JOOCHIDKEHHS BHUCTyNae 0a3a JaHUX KIIEHTIB OaHKy, IIO
BKJIIOYA€ $IK aKTUBHMX, TaK 1 BTpadeHHX KopucTyBauiB. [IpemmeroM € mporiec
po3poOKHM, HaBYaHHS Ta Bajifarlii Mojell Ha OCHOBI aJTrOPUTMIB MAIIMHHOTO
HaBYaHHS.

VY po6oTi mochiJOBHO peasizoBaHO MIATOTOBKY JaHUX, aHali3 Ta MOPIBHSHHA
32 JOMOMOTOI0 METPUK TOYHOCTI. Tako IPOBEIECHO aHall3 BAXKIMBOCTI O3HAK 3
METOI0 BUSIBICHHS KJIIOUOBUX (PAaKTOPIB BIATOKY KIEHTIB. MeTOmOJIOTIUHY OCHOBY
JOCIIPKEHHSI CTAHOBJIATh CTATUCTUYHUI aHaji3, aJlfOPUTMH MAlIMHHOTO HAaBYaHHS,
KpOC-BaJliJallisl Ta TECTyBaHHS.

VY pesynbTari CTBOPEHO MpOrpamMHe 3a0€3NEYeHHs], 110 J03BOJSE 3 BUCOKOIO
TOYHICTIO TepeadadaTu HWMOBIPHICTh BIATOKY KJI€HTIB OaHky. OpepkaHO 1HCaWTH
1010 MOBEAIHKOBUX YHMHHHUKIB, SIKI CIIPUYMHSIOTH BTPATy KIIIE€HTIB, Ta PO3POOICHO
NPAaKTHYHI PEKOMEHJAIll Jid TMOKpAIIeHHs KIIEHTChbKOro yTpuMaHHs. HoBuzHa
poOOTH TONsSITaE y BUKOPHCTaHHI cydacHUX ML-migxomiB A BHpINICHHS 3ajadi
IPOrHO3YBaHHS B KOHTEKCTI OAHKIBCHKOI cepu.

Kito4oBi cnoBa: mporpamHe pillleHHs, MAallMHHE HABYAHHS, NMPOTHO3YBAHHS,

aHa13 JaHUX, BIATIK KJI1€HTIB.



AHOTANIIA

bakanaBpceka kBamidikamiiiHa pobota mae oOcsr 142 ctopiHOK, MicTuTh 21
PUCYHOK, 2 IOAaTKH, MOoCHIAaeThes Ha 60 mkepen Ta BKiovae 1 Tabmuito.

Meta poGoTu mosArae B po3poOIl IPOrpaMHOrO PIIIEHHS 3 BUKOPUCTAHHSAM
HMITYYHOTO 1HTENEKTY JJIsi MPOTHO3YBAaHHS BIATOKY KIIEHTIB OaHKy 3 MOMAJBIIUM
aHaJIi30M Ta TMONIYKOM CTHMYIIOIOUUX TPOMO3MINN il iX JTOBrOTPHUBAJIOTO
yrpuManHs. OO'€eKTOM JOCHITKeHHS BHUCTymae Oa3a JaHUX KIIIEHTIB OaHKy, IO
MICTUTH 1H(GOPMAIIIIO SIK TIPO MOTOYHUX KIIIEHTIB, TaK 1 PO THX, SKI BXKE MPUTTUHUAIN
KOPUCTYBaHHS 0aHKIBCHBKUMU MOCITYTaMHU.

[IpeameToM pgochmigkeHHST € po3poOKa, HaBYaHHS Ta Baifaiis MOl
MPOTHO3YBaHHS BIATOKY KJIIE€HTIB OaHKY Ha OCHOBI METOAIB MAaIIMHHOTO HaBYaHHS.
[leit mporec BKJIOYA€E Taki KJIIOYOBI €Tamd, SK MIATOTOBKA JIaHMX, 110 OXOTUIIOE
OYMINEHHA Ta HOpMamizamiro BXigHOi iH(opmamii. Jlami BimOyBaeThcsi moOymoBa
MOJIeTIl Yepe3 aHajii3 alrOpUTMIB MAIIMHHOTO HaBYaHHS, BUOIp ONTHUMAalIbHOTO Ta
Moro peanizamito. HeoOXiAHOI0O CKIAJAOBOIO € OIIHKAa MOJENl 3 BUKOPUCTAHHSIM
METPHK JIJIsl OIIHKH SKOCTI MPOTHO3YBaHHS. 3aBEPIIYETHCS MPEAMET JIOCITIHKEHHS
aHaII30M Ba)JIMBOCTI O3HAK JJIS BUSIBICHHS KJIIOUOBUX (PAKTOPIB, IO BILIMBAIOTH HA
BIJTIK KJIICHTIB.

Jis  npoBeneHHA  AOCHIDKEHHS  3aCTOCOBYBAJIMCh — HACTYIHI  METOMM:
CTATUCTUYHHUIN aHami3 A JOCIIIKEHHS PO3IMOAUTY JaHUX, BUSBICHHS KOPEJAIIN 1
aHoMmasniii. BukopucToBYBaJOCH MAIIMHHE HAaBYaHHSA, 30KpeMa 3aCTOCYBAHHS
aITOpUTMIB Kiacuikaiii ajis1 moOy10BH MTPOTHO3HO1T Mojiesl. MeToau OIMiHKM MOJEl
BKJIIOUAJIM KPOC-BaJiJallil0 Ta TECTOBI BUOIPKM AJI OLIHKU 3JaTHOCTI MOJENl 10
y3araJlbHeHHSI.

PesynbpraramMmu po60oTH € po3poOiieHe MpOrpaMHE PIllICHHS ISl TPOTHO3YBaHHS
BIATOKY Kii€HTIB OaHky. ChopMOBaHO Ta HAaBYEHO MOJIENb 3 BUCOKOI TOYHICTIO
POrHO3YBaHHS. BU3HAUe€HO KIIFOYOBI YMHHUWKH, IO BIUIMBAIOTH HA BTPATy KIIEHTIB.

Po3pobneno pexomenpaiii s 0aHKy 1IOJI0 YTpUMaHHA KiieHTiB. HoBu3zHa pobortu



TIOJISITA€ y 3aCTOCYBaHHI CYYaCHHUX alITOPUTMIB MAIlTMHHOTO HABYAHHS JJIs1 BUPIIICHHS
3a/1a4l MPOrHO3yBaHHS Ta MOJAIBIIOI ONTUMI3AIlT O13HEC-TIPOIIECIB.
KirodoBi cj0Ba: mporpaMHe pilIeHHS, MAaITUHHE HABYAHHS, NMPOTHO3YBAHHS,

aHaII3 JaHUX.



ABSTRACT

The Bachelor's qualification work consists of 110 pages, includes 9 figures, 1
appendix, refers to 7 sources, and contains 1 table.

The objective of the work is to develop a software solution using artificial
intelligence for predicting bank customer churn, with subsequent analysis and the
search for stimulating offers for their long-term retention.

The object of research is the bank's customer database, which contains
information about both current clients and those who have already stopped using
banking services. The subject of research is the development, training, and validation
of a bank customer churn prediction model based on machine learning methods. This
process includes key stages such as data preparation, covering the cleaning and
normalization of input information. Model building follows through the analysis of
machine learning algorithms, selecting the optimal one, and its implementation. An
essential component is model evaluation using metrics to assess the quality of
prediction. The subject of research concludes with the analysis of feature importance
to identify key factors influencing customer churn.

The following methods were used for the research: statistical analysis to study
data distribution and identify correlations and anomalies. Machine learning was
utilized, specifically the application of classification algorithms to build a predictive
model. Model evaluation methods included cross-validation and test samples to assess
the model's generalization capability.

The results of the work include a developed software solution for predicting
bank customer churn. A model with high prediction accuracy has been formed and
trained. Key factors influencing customer loss have been identified.
Recommendations for the bank regarding customer retention have been developed.
The novelty of the work lies in the application of modern machine learning algorithms
to solve the prediction problem and further optimize business processes.

Keywords: software solution, machine learning, prediction, data analysis.
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INEPEJIIK YMOBHHUX CKOPOYEHb

I13 — IIporpamue 3a0e3meYeHHS;

ML — Machine learning

I — [ tyunuit inTenekt (Moeni Ha 6a3i MAIIMHHOTO HABYaHHS),

MH - Mamunane HaBuyanHs (Machine Learning), BHKOPHCTOBYETHCS SK
anbTepHATHUBHA yKpaiHChbKa abpeBiaTypa

SVM — Support Vector Machines

PCA — Principal Component Analysis

t-SNE — t-Distributed Stochastic Neighbor Embedding

ABC — Abstract Base Class

API — Application Programming Interface

SGD — Stochastic Gradient Descent

KNN — k-Nearest Neighbors

SMOTE — Synthetic Minority Over-sampling Technique

RFE — Recursive Feature Elimination

CSV — Comma Separated Values

ROC AUC — Area Under the Receiver Operating Characteristic Curve

TN — True Negative

FP — False Positive
FN — False Negative

TP — True Positive



BCTYII

YTpuMaHHS KIII€HTIB BBAXKAETHCS KUTTEBO BAKIUBUM ISl OyIIb-IKOTO O13HECY.
[TporHo3yBaHHsI BiITOKY Ja€ 3MOTY KOMIIAHISIM BXXHBATH 3aXOMiB JJIS YTPUMaHHS
KJIIEHTIB, 110, CBOEI0 YEPror0, MPU3BOJAUTH A0 30UIbIIEHHSA MPUOYTKY Ta 3MII[HEHHS
PUHKOBUX TO3ULINA. Y Il poOOTI 30CEpEeKEHO yBary Ha 3acTOCYBaHHI Cy4acHHUX
METO/1B MAIIMHHOTO HaBYaHHS JIJIsl MPOTHO3YBaHHS BIATOKY KIIIEHTIB OaHKY.

JInst BUpIIIEHHS I[HOTO 3aBJAaHHS MPOBOJUTHCA aHaNI3 €(PEKTUBHOCTI PI3HHMX
aNTOPUTMIB Kilacu(ikallii, BKJIIOYHO 3 JIOTICTUYHOIO PETpeci€ro, JepeBaMH pIllIeHb,
BUIAJIKOBUM JIICOM, TpajiieHTHUM OycTuHroMm Ta SVM. Mertoro nochipkeHHs €
BU3HAUEHHS ONTUMAJbHOTO aJNropuUTMy Kiacu@ikailii, 37aTHOTO0 3 MaKCHMaJbHOIO
TOYHICTIO MPOTHO3YBAaTH BIATIK KJIIEHTIB Ha OCHOBI HAasBHUX JaHUX TPO IXHIO
MOBEAIHKY Ta B3aEMOJIit0 3 0aHKOM. OUiKy€eThCs, 10 Pe3yJIbTaTH AOCITIKEHHS JaayTh
3MOTYy pO3pOOUTH CHCTEMY PAaHHBOTO MOIMEPEIKEHHS, SKa J03BOJIUTH OAHKY BYACHO
BKMBATU 3aXO/1B JIJIs1 YTPUMaHHS KJII€HTIB.

[IpenmeToM nocmipkeHHS € po3poOka e€(EeKTUBHOI MOJENi, sIka J03BOJUTH
BUSBISITU KIIIEHTIB 3 BHCOKOIO WMOBIPHICTIO BiATOKY. ETanmu mocmimkeHHs
BKJIFOUAIOTh 30ip JaHWUX 3 PI3HUX JDKEpeNl, OYMINCHHS JaHWUX BiJ TOMHIIOK 1
MPOIyCKiB, (OpMyBaHHS HaBUaJbHUX 1 TECTOBHX BHOIPOK, a TaKoX BiAOIp Ta
CTBOPEHHSl peleBaHTHUX oO3Hak. Jlami BigOyBaeTbcs BHOIp Ta HaJalITyBaHHS
aNropuTMiB, 110 TmepeAdadae TMOPIBHAHHS €QEKTUBHOCTI PI3HUX AJITOPUTMIB
MAIIMHHOTO HAaBYaHHS Ta HAJAIITYBAHHS TiNepriapameTpiB MO IS TOCSTHEHHS
ONTUMANFHOI TOYHOCTI. SIKICTh MoOJENed OIIHIOETbCS 3a JOMOMOTOK METPHUK
TOYHOCTI Ta LUISIXOM aHaji3y BaXJIUBOCTI O3HAK g PO3yMiHHSA (aKTOpiB, IIO
BINTMBAIOTh Ha BIATIK KiieHTIB. HapemTi, po3po0iseThcs cucTeMa paHHBOTO
HOTIEPEIKEHHS, sIKa aBTOMAaTUYHO 1IEHTU(IKY€E KIIIEHTIB 3 BACOKUM PU3UKOM BIITOKY.

[IpakTdHa 3HAYYNIICTh OTPUMAHUX PE3YJIbTATIB TMOJIATAE B TOMY, IO
po3polOiieHa MoOACIh MOXKE OyTH BHUKOPHUCTAaHa ISl IUIbOBOT MAapKETHHTOBOL

OPOMO3UIlli KIi€HTaM, SIKI MalTh BHCOKY WMOBIPHICTh BIATOKY, TUM CaMUM



3MCHIIIYIOYM MApKETHHTOBI BHUTpaTH Ta 30UTbIIYyI0YM €(EeKTUBHICTh KaMIIaHIM.
TeopeTnyHa 3HAYYLIICTh MOJIATAE B 3aCTOCYBAHHI METOJIIB MAIIMHHOTO HABYAHHS ISl
BUpIIEHHsT Oi3HEC-3aBJlaHb Ta BUBYEHHI BIUIMBY PI3HUX THUIIIB JaHUX Ha TOYHICTH
nporHo3yBaHHs. Pesynprar MOXyTh OyTH ampoOOBaHI HUISIXOM MyOIiKalli B

HAyKOBOMY YypHaJll, IHI€KCOBAHOMY B MIXKHApOAHUX HAYKOMETPUYHHUX 0a3zax JaHUX.



