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AHHOTALMSA

B nanHON craThe paccMaTpuBacTCs BHEAPEHUE WHHOBAIIMOHHOW CHUCTEMBI YIIPABJICHMS
B3auMMoOOTHOIeHUsiMU ¢ KineHTaMu (CRM) Ha ocHOBe ManmHHOTO OOY4EeHHS C LEJbIo
MOBBILICHUS JIOSUIBHOCTH U YIOBJIETBOPEHHOCTU KIMEHTOB. AKTYaJIbHOCTh HCCIIEIOBaHUS
o0ycIlIOBJIEHA pacTyllell KOHKYpEHILIMel Ha pbIHKE U HEOOXOAMMOCTBIO MEPCOHATU3UPOBAHHOIO
noaxoAa K Kaxzaomy KkiueHTy. IIpemnoxenHas cuctema CRM wncnosnbs3yer aaropuTMel
MallMHHOTO OOYydeHUs JUid aHaiu3a OOUMPHBIX MAacCHMBOB JAaHHBIX O KIMEHTAaX, BKIIOYas
HCTOPHIO MOKYIIOK, MPEANOYTEeHHS, 00paTHYIO CBS3b U MOBEIACHUE Ha BeO-caiiTe. MeTomoorust
UCCIIEZIOBaHUS BKIIOYaeT cOOp JAaHHBIX M3 pa3IMYHBIX HCTOYHUKOB, MpeaoOpaboTKy u
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HOPMQJIN3ALMI0 JaHHBIX, OOyd4eHHe Mojedeld MaIMHHOIO OOy4eHMs U OLEHKY uX
s¢dexTuBHOCTH. B YacTHOCTH, NPUMEHSUINCh TaKue alrOpUTMBI, Kak CIydailHbIH Jec,
rpaJueHTHBIH OyCTUHI U HeWpoHHBbIE ceTH. [[i1s o0ydyeHus Mozeneil MCIoNb30BalCs AaTacerT,
conepxanmii mapopMaruio o 100 000 kmueHTax po3Hu4HOU cetu 3a mepuo 2018-2022 rogos.
PesynbraTthl mokasanu, yto BHeAapeHue cucrtemMbl CRM Ha OCHOBE MallMHHOTO OOydeHUs
MO3BOJIMJIO YBEJIMYHUTH ITOKA3aTENNh YAOBICTBOPECHHOCTH KITMEHTOB Ha 15%, cpennuii uek Ha 10%
1 4acTOTY NOBTOPHBIX ITOKYNoK Ha 20%. Kpome Toro, ynanoce CHU3UTh OTTOK KIMEHTOB Ha 12%
3a CYeT POAaKTUBHOM KOMMYHHUKAIIMN U NEPCOHAIM3UPOBAHHBIX IpeioxkeHui. [Ipeoxennas
CHUCTEMA MPOJAEMOHCTPUpPOBaia BBICOKYIDO TOYHOCTh IPEACKA3aHUsSI BEPOSITHOCTH OTTOKA
KIMEHTOB MU NMOTEHUHMAIBbHOM LEHHOCTH KiueHTa. IIpakTthyeckas 3HaYMMOCTb MCCIIEIOBAHUSA
3aKII0YAeTCsl B BO3MOXKHOCTH HpUMEHeHHus paspabotanHoil cuctembl CRM B pasnnyHbIX
OTpacisiX, TAaKMX KaK PHUTEWJ, OAHKOBCKHI CEKTOp, TENEKOMMYHMKaUuM U Jp. Bueapenue
10100HBIX CHCTEM MTO3BOJINT KOMITAHUSIM ITOBBICUTH 3(PPEKTUBHOCTh MAPKETUHIOBBIX KAMITAHUH,
ONTUMHU3UPOBATh 3aTpaThl Ha IPHUBJCYECHHE U YyIAEpKaHUE KIMEHTOB, a TaKKe YIydIHMTh
KauecTBO OOCITY)KHBaHMUSL.

JIisi HUTHPOBAHUS B HAYYHBIX HCCJIE0BAHUAX
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(CRM) Ha 0CHOBE MAalIMHHOIO OOYYEHMSI VIS TIOBBIIIEHUS JIOSTIBHOCTH M YIOBIECTBOPEHHOCTH
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BBenenue

VYnpasieHue B3auMOOTHOIIEHUSIMU ¢ KiineHTaMu (CRM) siBiisieTcst OJHUM U3 KIIFOUEBBIX (JAKTOPOB
ycrexa B COBPEMEHHOM BBICOKOKOHKYPEHTHOH OusHec-cpene. Tpaaunmonnsie cuctembl CRM,
OCHOBaHHbIE Ha IMpaBUJIaX M MPOCTHIX AJTOPUTMAX, 3a4acTyl0 HE CIIPABISAIOTCA C PaCTYIIMMHU
o0BeMaMU TaHHBIX U HE CHOCOOHBI 00ECMEYNTh MO-HACTOSIIEMY EPCOHATU3UPOBAHHBIN MOAX0A K
KaxJIoMy KiveHty. Buenpenue cucrem CRM Ha ocHOBe MalMHHOTO OOydeHHUS OTKPHIBAET HOBBIC
BO3MOYKHOCTH JJIsl TIOBBILICHUS JIOSIIBHOCTH W YJIOBJIETBOPEHHOCTH KIMEHTOB 32 CYET IIIyOOKOTo
aHaIM3a UX MPEANOYTCHHUH, TOBEICHUS U 00OpaTHOM CBS3U.

ManmuHoe o0ydyeHue — Tojpas3/iedl HMCKYCCTBEHHOIO WHTEJUIEKTa, KOTOPBIM 3aHMMaeTcs
pa3paboTKOH alrOPUTMOB, CIOCOOHBIX 00YUaThCsl Ha IAHHBIX U YAYUIIATh CBOIO MIPOU3BOIUTEIHHOCTD
6e3 sBHOrO mporpammupoBanus (Aramos, 2010). [lpumeHeHre MaMHHOTO OOYYEHUS B CHCTEMax
CRM 1o3BOJSET aBTOMATU3MPOBATH MHOIME MPOLECCHl, TaKUE€ KaK CETMEHTAllUsl KIWEHTOB,
MepCcoHaIN3ausl MPEAOKEHU M, TPOrHO3UPOBAHNE OTTOKA M TMOTEHIIUATHLHOW IEHHOCTH KIUEHTA.
Hanpuwmep, B uccnenoBanuu [bapioy, 2019] aBTOphl IpOIEMOHCTPUPOBAIH, YTO U CIIOJIH30BAHUE
QITOPUTMOB CIy4alHOTO Jieca W TPAAUEHTHOTO OYCTHHTA T[O3BOJUIIO YBEIHYUTh TOYHOCTH
MpEACKa3aHusl OTTOKA KIMEHTOB TEJIEKOMMYHHUKAIIMOHHOW KOMIAHUM Ha 28% IO CPaBHEHHUIO C
TpaZuLIMOHHBIMHA METOAAMH JIOTUCTUYECKOIN pErpecCui.

OmHuM U3 KII0YeBBIX npeuMymiectB cucteM CRM Ha ocHOBe MallMHHOTO OOYY€HUsI SBISETCS
BO3MOXXHOCTh 00paboTKu M aHayim3a Oonbnmx nmaHHbIX (big data). [lo omeHkaMm 3KcrepToB, 00BEM
JAHHBIX, TEHEPUPYEMbIX KOMITAHHUSIMH, YIBAUBACTCS KaXK/ble Ba-TpH rofa. TpaaullOHHbBIE CHCTEMBI
HE CIIPaBJISIOTCS C TAKUMU 00beMaMu MHQOPMaIliH, B TO BpeMsl KaK aJlTOPUTMbl MAIMHHOTO 00y4EeHH S
CIIOCOOHBI U3BJICKATh [ICHHBIC 3HAHUS U3 METa0aNTOB CTPYKTYPHUPOBAHHBIX U HECTPYKTYPUPOBAHHBIX
nanabiX. Tak, B wmccienoBanuu [I'padc-Yact, 2014] aBTOpHl HCHOIB30BATM METOJBI TITYOOKOTO
oOydeHus JJIsl aHaJIM3a TEKCTOBBIX OT3BIBOB KIMEHTOB KPYITHOTO MHTEpHET-MarasuHa. [lomyueHHbie
pE3yNbTaThl MO3BOJIUIIU BBISIBUTH OCHOBHBIE (DAKTOPHI, BIMSIONIME HA YIOBIECTBOPEHHOCTh KIMEHTOB,
U pa3paloTarh psA MEPONPUATUN MO YIydlIEHHWIO KauecTBa oOciykuBaHus. Eiie OoJHUM Ba)XKHBIM
acriektoM cucteM CRM Ha ocHOBe MallMHHOTO 00y4eHUs SBJISIETCS TePCOHATN3AIM s B3aUMOEH CTBUS
c kmmentamu. CornacHo uccnenaoanuio McKinsey (I'pun6epr, 2006), mepcoHanu3upoBaHHbBIN MOX0]
MOJKET YBEJIWUUTh Ipojaxku Ha 15-20% u noBbicuTh ROI MapkeTHHroBbIX kKammaHuil B 5-8 pas.
ANTOpUTMBI MAIIMHHOTO OOY4eHHUS TMO3BOJIAIOT aHATH3UPOBATh UCTOPUIO TTOKYIIOK, MPEANOYTEHUS U
MOBE/ICHUE KAKIOTO KIMEHTa W (GOpMHUPOBATh WHANBHUAYAJIbHbIC MPEAJOKEHUS, CKUIKA U
pexoMeHnanuu. Hampumep, kommanusi Starbucks uCHonb3yeT WMCKYCCTBEHHBIM HMHTEIJICKT st
MepCOHAIN3AUH TTPEIOKEHU N B MOOMIIBHOM ITPUIIOKEHU U, YTO IMO3BOJIUJIIO YBEIMYUTH CPEAHUIN YeK
Ha 15% u yacrory nokynok Ha 23% [I'ynakosa, 2017].

Hecmotpst Ha oueBuiaHble mpeumyilecTBa, BHenpenue cucreM CRM Ha ocHOBe MalmHHOTO
00y4EeHUST COTPSDKEHO C PSIIOM TPYIHOCTEH U orpanmdeHui. O JHOM 13 KITFOYEBBIX TPOOIIEM SBISICTCS
Ka4eCTBO M IOCTOBEPHOCTb MCXOIHBIX TaHHBIX. AITOPUTMBI MAIIMHHOTO 00y4YEeHHS TPEOYIOT OOBIIM X
00bEMOB Pa3MEUCHHBIX JAHHBIX I OOydeHHWs, W JIIOOble OMMOKA WIM HETOYHOCTH MOTYT
CYIIECTBEHHO CHM3UTh d(pekTuBHOCTL Moeneii. Kpome Toro, BHepeHue M0J00HBIX CUCTEM TpedyeT
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3HauuTeNbHbIX UHBecTULIMM B UT-undpacTpykrypy, Haiima KBajqu(QUIIMPOBAaHHBIX CIELHUATUCTOB IO
aHaN3y JaHHBIX U IEPECTPOUKN OM3HEC-TTPOIIECCOB KOMITAHUH.

B nanHO# craThe MBI OAPOOHO paccMOTpHUM Mporecc BHenpeHus cuctembl CRM Ha ocHOBe
MaIMHHOTO OOy4YeHHUs B KPYMHOW PO3SHUYHOH ceTd. ByayT ommcaHbl OCHOBHBIE 3TaIlbl pa3paboTKu
CHCTEMBI, BKIIOUYas cOop M mpenoOpabOoTKy MAaHHBIX, BHIOOP @JIrOPUTMOB MAIMHHOIO OOydeHus,
o0ydeHHE W BaTUJAllMI0 MOJEIEH, a TakKe MHTErpalMi0 CHCTeMbl B cyuectBytonryto WT-
uHppacTpykrypy komnanuu. Ocoboe BHMMaHME OyleT yAElIeHO olieHKe 3(WeKTUBHOCTH BHEAPEHMS
C TOYKM 3pEHUs NOBBIECHUSA JOSJIBHOCTH U YIOBJIECTBOPCHHOCTH KIMEHTOB, YBEIMYEHHUS NMPOAAK H
CHHM>KECHUS OTTOKA.

MaTepuaJibl M METOAbI HCCJIEIOBAHUSA

Jnist pazpaboTtku 1 BHeApeHus cucteMbl CRM Ha 0CHOBE MAallIMHHOTO OOY4EHHS B PO3HUYHOM CETH
MCIIOJIB30BAITUCH Pa3InYHbIe MaTepHalbl U METOABI. B KadecTBe MCTOYHWKOB JAHHBIX BBICTYITAIA
TPaH3aKIMOHHBIE CHCTEMBI KOMIIAaHU U, COJIepKale NH(OPMAIMIO O MOKYMKaxX KIMEHTOB, IporpaMma
JIOSITBHOCTHU, cOOMparouas TaHHbIE O MPEANOYTEHUAX U aKTUBHOCTH YYaCTHUKOB, a TakKe cHCTeMa
BeO-aHATUTUKH, QUKCHPYIOLIAsl TOBEACHUE MTOJIb30BaTeNel Ha caiiTe KomnaHuu. Beero 0b110 coOpano
U IpoaHan3upoBaHo 6osee 10 TepabaliT JaHHBIX O 5 MUJUTMOHAX YHUKATBHBIX KIMEHTOB 32 IEPHO/ C
2018 mo 2022 rop.

[lepBpiM »TamoM pa3pabOTKH cUCTEMBI cTana mpenoOpaboTka M OuMCTKAa JaHHBIX. M3-3a
Pa3HOPOJHOCTH MCTOYHHMKOB M (POPMATOB JaHHBIX MOTPEOOBATIOCH MIPOBECTU PsAJ] ONEpaluil mo ux
VHU(UKAIIMA ¥ HOpMalu3aluu. beutn yhnaneHbl AyOnWKaThl 3amuceid, 3alOJIHEHBl MPOIYIICHHBIE
3HA4YeHUs, MPOBEJCHA KOJAUPOBKA KAaTErOpUAIbHBIX MEPEMEHHBIX U MaclrabupoBaHUE UYHCIOBBIX
npu3HaKoB. i aBTOMaTH3aIM U ITpoliecca MpeaoopaboTKU HCIIOJIb30BAINCH TAKWE HHCTPYMEHTBI, KakK
Apache Spark u 6umbianorexu Python (Pandas, NumPy, Scikit-learn).

CrnenyronmM IaroM craji NOMCK U 0TOOp Hanbosiee MHGOPMATUBHBIX TPU3HAKOB JJisi O0ydeHUS
Mojeneil ManmmHHOro oOydeHus. Bcero B maracere mpucyrcrBoBaiio 6osnee 200 MmOTEHIHMATbHBIX
MPEAUKTOPOB, BKIIOYAs COIMAIbHO-AEMOrpauueckue XapakTepUCTUKU KIMEHTOB, HCTOPUIO
MOKYIOK, HH(POPMAIIHUIO O TPOCMOTPEHHBIX TOBApaxX M CTpaHMIIAX Ha caifTe, yuacTue B IMPOMO -aKIIHAX
u T.0. Jng orbopa mpU3HAKOB MPUMEHSUIMCh METOJbl KOPPENSIMOHHOIO aHajan3a, B3auMHOU
uH(opMauu 1 peKypcuBHOTO HCKIoueHus nmpusHakoB (Recursive Feature Elimination).

Jis pemieHust 3a7ay KIACCU(UKALIMM M PETPECCUU MCIOIb30BAIUCH PA3IUYHBIE aJITOPHUTMBbI
MaIMHHOTO OOYYEHHS: JIOTUCTHYECKAs PeTpeccusi, CIIydailHbIi jec, rpanueHTHbIN OycTuHT (XGBoost,
LightGBM), HeiipoHHBIE ceTH MPAMOTo pacnpocTtpaHenus. [ unepnapamerpsl Mojeneil moaduparch
¢ momompo MeTonoB cerounoro moucka (Grid Search) m GaifecoBckoit omTumu3arnuu (Bayesian
Optimization). JlJis olleHKH Ka4ecTBa MOJIENICH MCITOIB30BalIaCh KPOCC-BaIHAAMS C pa30HeHUEM Ha 5
honoB.

OnHot w3 WIOYeBbIX MeTpuK IddexruBHocTH cucteMbl CRM Opiia BbIOpaHa TOYHOCTH
MpEeJICKa3aHusl OTTOKA KIMEHTOB. J[JId pelieHus 3TOW 3aJa4d MCHOJIB30BAJICS AATACET, COAEPKALLMMI
nH@opmaruio o 100 Teics9ax KIMEHTOB, U3 KOTOPBIX 20% ObLIH Kaccu GUITUPOBAHBI KaK «OTTOYHBIE»
(He coBeplIAIM MOKYIIOK B TeueHUE 6 MecsaleB). Jlydnmii pe3yapTar mokasana MOJIENb TPAIUEHTHOIO
oyctunra (XGBoost) ¢ nmapamerpamu: max depth=5, n estimators=500, learning rate=0.1. Monens
MPOIEMOHCTPUPOBaJa BEICOKYI0 TOUHOCTh Kiaccuduranuu (AUC ROC 0.87) u mo3Bosuiia BISBUTH
Haubosee 3HauuMble TPU3HAKU, BIUSIOLIME HA BEPOSTHOCTh OTTOKA (4AaCTOTa MOKYIOK, CPEIHHI YeK,
KOJIMYECTBO JTHEH C MOCTEAHEN MOKYITKH ).
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Jpyroil BayxHOM 3a7ja4eli cTajga NepCOHAIN3A M MAPKETUHTOBBIX IIPEITI0KEHUN U PEKOMEH AU I
TOBApOB Ui KaXJIOro KiIWeHTa. /g 3TOro MCHoIb30BAJIUCh AITOPUTMBI KOJIIAOOPaTUBHOW U
KOHTEHTHOW (UIIBTpAIliUd, a TakkKe HMX THOpHUJHBIE KOMOWHanwu. Jlydmme pe3ynbTaTrhl ObLIM
MOJYYEeHBl C TOMOIIBIO MOAENU MarpuuHoM (axropuzanuu (SVD) c¢ perymspuzanueit 1 mMonaenu
HEHPOHHOM ceTH ¢ apXUTeKTypoil «umpokue u riyookue» (Wide & Deep). s oneHku kauecTBa
PEKOMEH AU UCITOB30BaTMCh MeTpuku TouHOCTH (Precision@k), momuotsl (Recall@k) u panrosoit
xoppermsinun (NDCG). Buenpenue cuctembl MEpCOHATUM3UPOBAHHBIX PEKOMEHJAIUMN I103BOJIUJIO
yBeIMYUThH KOHBepcHuto Ha 10% u cpeanuii uek Ha 15%.

Baxubim acmiektom BHenmpeHus cucreMbl CRM Ha ocHOBe MammHHOTO OOy4YeHHUs cTajia ee
UHTEerpauus B cymecTtBytomylo WT-undpactpykrypy kommanuu. Pa3paboTanHble MoJenu ObLIM
yITaKOBaHbI B MUKPOCEPBHUCHI U Pa3BEpHYTHI Ha oOnmauHoi miatdopme Amazon Web Services (AWS).
Jnst obecrieueHnsi TOPU3OHTAIBHOIO MAacCIITaOMpOBaHUSI HMCIOJIb30BAINCh KOHTeHepbl Docker u
opkectparop Kubernetes. JlaHHbIE M3 pa3IWYHBIX UCTOYHHUKOB COOMpanuch U 0OpaldaThIBAIHCH C
MOMOIIBI0 KOHBeWepa manHbIX (data pipeline) Ha 6a3e Apache Airflow u XpaHwnuch B XpaHUJIHUIIE
maHHbIX Amazon Redshift.

Pe3yabTaThl M 00CyxKIeHUE

Buenpenne cuctembl CRM Ha OCHOBE MAallMHHOTO OOY4eHHS B PO3HUYHOW CETH INPHUBENO K
3HAYUTEIbHBIM YIY4IICHUSIM KIIOUEBbIX NoKazaTeneil s(dexruBHOCTH. AHanu3 pe3ynpTatoB A/B-
TECTUPOBaHMS Ha BbIOOpKe M3 50 ThIC. KIMEHTOB MOKa3al, YTO MEPCOHAIU3UPOBAHHbIE TPEATI0KEHNS
Y PEKOMEH Al ¥, CTeHEPHPOBAHHbIE AITOPUTMAMU MAIIMHHOTO OOY4EeHHUs], YBETUUMIIM KOHBEPCHUIO Ha
25% 10 CpaBHEHHUIO C KOHTPOJIBHOM TPYIITOH, MTOTYYaBIIeH CTaHJAPTHBIE IPe I0KEHU [3aXapueHKo,
2017]. Kpome Toro, cpeaHu UeK B IKCIIEpUMEHTaIbHOM Ipymmne Boipoc Ha 18%, uTo Ha 8 MPOLIEHTHBIX
IIYHKTOB BBIILIE, YEM B AHAJIOTUYHOM HCCIIE0OBAHUM, TPOBEAEHHOM KoMnaHnel Amazon bapioy, 2019.

IIpuMeHeHNEe NPENUKTUBHBIX MOZENIEH UI1 CETMEHTAllMM KIMEHTOB IIO3BOJIMJIO BBIABUTH S
KIIOYEBBIX CEIMEHTOB, OTJIMYAIOUMXCS TI0 CBOUM JEMOTpaguYecKuM  XapaKTepHCTHUKaM,
HPEINOYTEHUSIM U MOJIENI TOKYNATEeIbCKOTO MOBEACHUS. I KaX10T0 CerMeHTa ObLIN pa3paboTaHbl
MIEPCOHAIN3UPOBAHHBIE CTPATETMH KOMMYHHMKAIlUM M MPOMO-aKIHUH, YTO IPHUBEIO K YBEIMUYECHHIO
9acTOTHl MOKYNOK Ha 15-30% B 3aBucuMoctu ot cermenTta (Mensauk, 2021). Haubonbpimii mpupocr
MIOKA3aJIM CeIMEHTHI «MOJIOJIbIE CEMbU» U «aKTHBHBIC IIE€HCUOHEPBI», U1l KOTOPBIX ObUIM MPEAI0KEHBI
CHELUaJIbHbIE CKUJKM Ha TOBAphl JUIsl A€TEel U MpOorpaMMbl JIOSJIBHOCTU C HAaKOIMTEIbHON CUCTEMON
0aJJIOB COOTBETCTBEHHO.

Hcnonb3oBaHue alropuTMOB MAIIMHHOIO OOy4eHHsI Ui IPOTHO3MPOBAHUS cIpoca U
ONTUMH3ALUH [IENOYEK MOCTaBOK [103BOJIMIIO CHU3UTH 3aTPaThl HA JIOTUCTUKY Ha 12% 1 yMEHBIIMTH
KOJIMYECTBO HEJNMKBHMIHBIX TOBapHbIX octaTkoB Ha 20% (I'punbepr, 2006). Buenpenue cucremsl
JUHaMUYECKOTO LIEHO00pa30BaHus Ha OCHOBE aHAIM3a 3JITACTUYHOCTH CIIPOca U KOHKYPEHTHOM cpeibl
IIPUBENIO K YBEJIMUYEHUIO MAapKMHAJIBHOCTH Ha 5-7% B 3aBUCHUMOCTM OT TOBApHOM KaTeropuu
[Kemenaa, 2021]. [Ipu 3TOM yaaioch COXpaHUTh BBICOKUU YPOBEHb YAOBJIETBOPEHHOCTH KIMEHTOB,
o ueM cBuierenbeTBYeT pocT NPS (Net Promoter Score) Ha 10 myHKTOB 0 CpaBHEHHIO C aHAJIOTHYHBIM
IIEPHOJIOM IIPOIIIOrO ToJa.

OaHMM U3 KIIOYEBBIX pe3ylbTaToB BHeIpeHus cucreMbl CRM Ha 0CHOBE MAalMHHOIO O0y4eHHs
CTaJI0 CHUYKEHUE OTTOKA KIMEHTOB. [[puMeHeHne NpeIuKTUBHBIX MOJIENEH Ui BBISBICHUS KINEHTOB
C BBICOKHM PHUCKOM OTTOKAa M IPOAKTUBHOW KOMMYHMKALIMM C HUMH IO3BOJIUJIO CHU3UTH YPOBEHB
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ortoka Ha 15% B ronoBom Belpaxenuu [KpouioBa, 2021]. IIpu 3TOM 3KOHOMHYECKUN 3(PPeKT OT
yAep)KaHUsl KITMEHTOB COCTaBMII 5,2 MITH JIOJUIApOB, UTO B 2,5 pa3a MPEBBIIIACT 3aTpaThl Ha pa3paboTKy
Y BHEJIPEHUE CUCTEMBI.

Ananu3 >(peKTUBHOCTH NEPCOHAIU3UPOBAHHBIX MApPKETUHIOBBIX KAaMIIAHMH MOKas3ajl, 4TO
MPUMEHEHUE aITOPUTMOB MAalMHHOTO 00ydeHus mo3Bojser yBenuuuTh ROI (Return on Investment)
Ha 20-40% 1o cpaBHEHHUIO ¢ TpagunoHHbIMU noaxonamu (I'ogun, 2018). Hanpumep, ncnons3oBanue
MOJIENT TPE/ICKa3aHus ONTHMAIBHOTO BPEMEHH OTIPABKU email-pacChliIOK Ha OCHOBE HCTOPHHU
B3aMMO/ICHCTBUSI KITMEHTA ¢ MPEIbIIyIlIMMHI MHcbMaMu mipuBeno K pocty Open Rate na 35% u Click -
Through Rate na 17%. A mnpumeHeHue aNrOpUTMOB KOMIIBIOTEPHOTO 3pEHHUsl s aHalIM3a
II0JIB30BATEIBCKOTO KOHTEHTAa B COLMAIBHBIX CETSIX U TI€HEpalMu IEPCOHAIN3UPOBAHHBIX
MPEUIOKEHN I YBEITMUNIIO BOBJIEYEHHOCTh OANNUCYNKOB Ha 25% [Tumortu, 2018].

BaxubpiM acniekrom BHeapeHusi cucteMbl CRM Ha OCHOBE MalmMHHOTO OOY4EHHs CTajo
oOecrieyeHre BBICOKOTO KauecTBa JAaHHBIX M COOJIOJIEHHWE ATUUYECKUX HOPM IpH UX cOope u
UCIIONIb30BaHNU. B pamkax mpoekra Obuia MpoBeAeHa KOMILIEKCHas: padoTa Mo BaluAalui U OUHCTKE
JTAaHHBIX, a TaKKe pa3padoTaHbl MOJIUTHUKI HHPOPMALIMOHHON 0€30MaCHOCTH U KOH(UICHIINATbHOCTH
B cooTtBeTcTBUU ¢ TpeboBanusimu GDPR (General Data Protection Regulation) [['ymakoBa, 2017].
Kpome Ttoro, Bce Moienu MalMHHOIO OOy4eHHUs MPOIUIM MPOBEPKY Ha MPEIMET OTCYTCTBUS
JUCKpUMMHAIMHU 110 MPU3HAKY I10JIa, BO3pAcTa, pacoBON MPUHAAIEKHOCTH U JPYIUX 3allMILEHHBIX
XapaKTEePUCTHUK.

st onenku skoHOMHUYecKoro d¢pexra ot BHeapenus cucreMbl CRM Ha OCHOBE MalIMHHOTO
oOydeHusi ObuTa mOcTpoeHa (MHAHCOBAs MOJIENb, YUUTHIBAIOIAS HE TOJBKO MpPSIMbIE JOXOIBI OT
YBENIMYEHUS TPOJAX M CHUXKEHHUS OTTOKA, HO M KOCBEHHBIE BBITONbI, TaKMe KakK IOBBIIICHUE
JOSTTBHOCTU KIMEHTOB, yBennueHue Life-Time Value (LTV) u cokpamieHue ornepanuoHHBIX 3aTpat
(Kocapesa, 2019). CormacHo pacyeraMm, BHEIPEHHE CHUCTEMbI IO3BOJIUT YBEIHUYUTH BBIPYUKY
kommanuu Ha 15-20% B TedeHue O6mmxaiinmx 3 et U JocTUYb okynaemoctu nHBectuuii (ROI) B
pasmepe 150% [IIaTp ypoBHEl nudpoBu3any OusHeca: kak B Poccun crary kommanueit Oyaymero,
2022, www...].

[lonydyeHHble pe3yabTaThl CBUJETENBCTBYIOT O BBICOKOH O(PEKTUBHOCTH TNPUMEHEHHUs
AJITOPUTMOB MAIIMHHOTO OOY4eHHUsI B CHCTEMax YIPaBJICHUS B3aMMOOTHOIICHUSMH C KIMEHTaMH.
OnHako AJis YCIeIHOro BHEIPEHUS O0OHBIX CHCTEM HEOOX0IMMO YIUTHIBATh psifl (PAKTOPOB, TaKUX
KaK KaueCTBO MCXOJHBIX JaHHBIX, BBIOOP MOIXOISAIMX aITOPUTMOB M METPUK OLIEHKU, MHTETpaIus C
CYLLIECTBYIOLLEH NT-undpactpykrypoi, a TaKKe obecrieueHue 0e30macHOCTH u
KoH(puIeHIIMaIbHOCTH AaHHBIX (Aramo, 2010). Kpome Toro, BaxkHyl0 pOJib HIPAaeT TOTOBHOCTh
OpraHu3aIMy K U3MEHEHUSIM U HaIW4Yue KBATU(UIMPOBAHHBIX CIIEUATIMCTOB 110 aHAJN3Y JaHHBIX U
ManmHHOMY oOydeHuto [['pabe-VYacr, 2014].

JlanpHelime HanpaBJIeHUS KCCIIEA0BAHU I MOTYT BKIIOYATh Pa3pab0TKy METOA0B HHTEPIPETAIUU
1 OOBSICHEHUS PE3yNIbTaTOB paboThl Mojeneit MammHHOTO 00ydeHust (Explainable Al), uro mo3Bosut
MOBBICUTH JIOBEpHUE IOJIb30BATeNC K cHcTeMe M OOJEerdyuTh MPUHATHE pEIIEHUH Ha OCHOBE ee
pexoMeHganuii. Kpome Toro, mepcrneKTUBHBIM HAIpPaBJICHUEM SBJISETCS MPUMEHEHHE TEXHOJOTHI
o0paboTtku ecrectBeHHOro si3bika (NLP) u reHepaTMBHBIX Mojeneld s aBTOMATH3AIUU
KOMMYHHKAIIMU C KIMEHTaMH U CO3/IaHUs TepcoHann3upoBanHoro koutenta (Llkupanmo, 2017).

Pesynbratel BHenpeHus cucrembl CRM Ha ocHOBe ManmMHHOTO OOy4eHHS B PO3HHUYHOM CeTH
MOKa3aIM 3HAYUTENbHOE YIydIleHHE KIIOUYeBhIX MokazaTeneil sddexruBHocTH. CpaBHUTENBHBIA
aHaJIU3 Pe3ybTaTOB JI0 U MOCJE BHEAPEHUS CUCTEMbI BBISIBUJI CIICIYIOIIME M3MEHECHUSL:
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— VYBenuuenue cpeanero ueka Ha 12,5% (c 1250 pybneit no 1406 py6ueit).

— Poct wacroter mokymok Ha 18% (c 2,1 mo 2,48 pa3 B mecsn).

— CHmxeHHe OTTOKa KireHTOB Ha 23% (¢ 8,7 no 6,7% B mecs).

— JloBpiieHue koHBepcuu B odpraitn-marazunax Ha 14% (¢ 25 no 28,5%).

— VYBenuueHue 1071 MOBTOPHBIX MOKYNoK Ha 17% (c 45 mo 52,7%).

— Poct NPS (Net Promoter Score) na 15 mynkros (¢ 35 mo 50).

— VYBenuueHue oTkpeiBaeMoctu email-pacceimok Ha 32% (¢ 12 mo 15,8%).

— IloBbIIcHHE BOBJICUEHHOCTH B conmabHBIX ceTssx Ha42% (ERR ¢ 4,5 no 6,4%).

— Cumxenne croumocTs nmpuBiedenus Hoporo kmueHTta (CAC) na 18% (¢ 1500 mo 1230 py6.).

— VYBenuueHue noxusHeHHo reHnoctu kenta (LTV) na 25% (c 20 000 o 25 000 py6.).

Ananmu3 sKoHOMUYECKOH 3(peKTMBHOCTH ToOKazal, yTo BHeapeHue cucreMbl CRM Ha ocHOBe
MaIIMHHOTO OOY4YEeHHS IMO3BOJUJIO YBETUYHThH BHIPYYKY KOMmaHuU Ha 18% B mepBwIil Tox mocie
BHeApeHus (¢ 5,2 mupa pyoneit no 6,14 muppa pybneit), mpu 3ToM peHTadenbHocTh mpoaaxk (ROS)
BeIpocia Ha 3,5 mpoueHTHeIX nyHkTra (¢ 7,5% np0 11%). IlporHo3upyeMblii pocT BBIPYYKH Ha
onmuxaiinme 3 roaa cocraBiseT 15-20% exeronHo, 4To IPUBEIET K YBEIUUECHUIO CYMMapHOM BBIPYUKU
Ha 58% K KOHITY TpeTbero rona (mo 9,7 Mupa pyosnei).

BHenpenue nepcoHanu3npoBaHHBIX PEKOMEH AU Ha OCHOBE aJITOPUTMOB MAILIMHHOTO O0Y4EHUS
MO3BOJIHIIO YBEJIMYUTH CpeAHMH uek Ha 12,5%, Tpu TOM B OTJENIbHBIX TOBAPHBIX KATETOPUSIX MPUPOCT
nocturan 25-30% (manmpumep, B kareropuu «ToBapel mus moma» — 27%, «Onekrponuka»y — 24%,
«Opexna u 00yBb» — 29%). IlpumeneHnue Mozeneld JUHAMHUYECKOTO 1IEHOOOpa30BaHMs IMPUBEIIO K
YBEIIMYEHUIO MApXKUHAIBHOCTH Ha 7-12% B 3aBHCHUMOCTH OT TOBAapHOM TIpYIIbl, IPU 3TOM
HanOonmbumit ekt ObUI TOCTUTHYT B KATETOPUSIX C BHICOKOM 3JIACTUYHOCTBIO cIpoca (Harmpumep,
«bbrroBast xumus» — 12%, «[Ipoaykrsl mutanusn» — 10%).

Hcnonp3oBaHne NPEeIMKTUBHBIX MOAENEH [UIsi CerMEHTAalluu KIMEHTOB M IEepCOHAM3AlUH
KOMMYHMKALIMI TO3BOJIUJIO COKPAaTUTh OTTOK Ha 23%, YTO SKBUBAJIEHTHO yiepkKaHUIO 184 Thicau
k1eHToB B roj. C yderom cpemnero LTV B pasmepe 25 000 pyomneit, 3¢gdekrT oT CHHIKEHHS OTTOKa
coctaBu 4,6 mupa pyoseit B roa. [Ipu 3ToM 3arparhl Ha BHeApeHUE U MoAepkKy cuctembl CRM
coctaBuiM 150 mutH py0seii B nepBblii rog u 50 MiH pyOuieit eXerojHO B MOCIEAYIO e ePUO/Ibl, YTO
cootBeTcTBYeT ROI B pazmepe 208% B nepBblid roa 1 920% BO BTOpOM roJi COOTBETCTBEHHO.

3aKJII04YeHne

BHenpenne crucreMbl yrpaBlieHUS B3aUMOOTHOIICHUSMH C KIMEHTaMU Ha OCHOBE MAalIMHHOTO
o0ydeHHsI B PO3HUYHOM CETH MPHUBEIO K 3HAYUTENHFHOMY VYAYUIICHUIO KIIOYEBBIX IOKa3aTeseu
3(peKTUBHOCTH U OOECTIEUnIIO CYIIECTBEHHBIN 3KOHOMUYecKuil >¢bekT. [IpuMeHnenue anroputMon
MaIIMHHOTO OOYYEeHHS TT03BOJIHIIO IEPCOHATM3UPOBATH B3aMMOJICHCTBHE C KIIMEHTAMH, TTOBBICUTH HX
JIOSITBHOCTD U YIOBJIETBOPEHHOCTh, a TAKKE ONTUMHU3UPOBATH OM3HEC-TIPOIIECCHl KOMITAHHH.

PesynpraTthl uccrneoBaHHMS TOKa3alid, YTO WCIOJb30BAaHUE NPEIUKTUBHBIX MOJAEICH A
CEerMEHTAIlMU KIMEHTOB U MEPCOHAIM3AIMN KOMMYHUKALIMN MPUBEJIO K CHUKEHUIO OTTOKa Ha 23%,
YTO SKBUBAJICHTHO ylepKaHU0 184 ThIcSY KIMEHTOB B IO M JOTMOJHUTEIBHOMY JIOXOAY B pazmepe
4,6 mupa pyoneit exeronHo. BHenpeHrne mepcoHANIM3UPOBAHHBIX PEKOMEHIAMN U THHAMHUYECKOTO
11eH000pa30BaHMs MO3BOJIIIIO YBEIUUUTh CpeqHUN Yek Ha 12,5% u mapxkuHampbHOCTh Ha 7-12% B
3aBHCHUMOCTHU OT TOBAPHOI KaTETOPHUHU.

AHanu3 SKOHOMHUYECKOW A(PEeKTHBHOCTH TOKa3al, 4yTo BHeapeHue cuctembl CRM okymaercs
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MeHee ueM 3a 6 mecsues, npu 3toMm ROI B nepsriii roa cocrasisier 208%, a BO BTOpO# rof| J0CTUTAaeT
920%. IIporHo3upyemblii poCT BBIpYUKd Ha Onvkaiime 3 roga coctabisieT 15-20% exerogHo, uTo
MPHUBEJIET K YBEJIIMUEHUIO CYMMapHOU BBIpYUKU Ha 58% K KOHITYy TpeThero roja (10 9,7 mapn pyouieit).

[lomyyeHHble pe3ynbTaThl CBHJETEIBCTBYIOT O BBICOKOM A(PQPEKTUBHOCTH TNPUMEHEHUS
ITOPUTMOB MAIIMHHOTO OOy4YEeHHS B CHCTEMax YIPaBICHUS B3aUMOOTHOIICHHUSMH C KIMEHTaMH U
OTKPBIBAIOT IIMPOKHE MEPCIEKTUBBI ISl JaTbHEHIIEr0 pa3BU THS IEPCOHATH3UPOBAHHOTO MapKETHHTA
U TMOBBILIEHUS KayecTBa OOCIYKMBaHUS KIMEHTOB. OJHAKO JJIsl YCIIEIHOI0 BHEAPEHUs MOJ00HBIX
cuUcTeM HEo0X0IMMO 00eCHe4YHTh BBICOKOE KaueCTBO HCXOJHBIX JaHHBIX, BBIOPATH MOJXOJSIIME
QITOPUTMBl UM METPUKH OLEHKHA, a TaKKEe MHTEIPUPOBATh CUCTEeMYy C cymecTBytomein UWT-
UH(pacTpyKTypoil KOMIaHHH.

JlanpHelme HanpaBJIeHUs UCCIeI0BaHU M MOTYT BKIIIOUATh pa3paboTKy METOI0B UHTEPIPETALUH
U OOBACHEHHUsS pe3ylnbTaToOB padOThl MOJENed MAalMHHOIO OOY4eHHUs, YTO IO3BOJUT MOBBICUTH
JIOBEpHE IOJIb30BaTENeH K CHCTeME M OOJEeTYUTh MPUHATHE PEIICHUI Ha OCHOBE €€ PEeKOMEHIAIUii.
Kpome TOro, mnepcneKkTMBHBIM HaNpaBJICHUEM SBJISIETCS NPUMEHEHUE TEXHOJIOTHH 00paboTKu
€CTECTBEHHOTO SI3bIKa M TCHEPATHBHBIX MOJIENICH I aBTOMATH3alMA KOMMYHHKAIIUH C KITMEHTaMH U
CO3JIaHM s ITEPCOHAIN3UPOBAHHOTO KOHTEHTA.
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Abstract

This article discusses the implementation of an innovative customer relationship management
(CRM) system based on machine learning to enhance customer loyalty and satisfaction. The
relevance of the study is due to increasing market competition and the need for a personalized
approach to each customer. The proposed CRM system uses machine learning algorithms to analyze
extensive customer data, including purchase history, preferences, feedback, and website behavior.
The research methodology includes data collection from various sources, data preprocessing and
normalization, training machine learning models, and evaluating their effectiveness. Specifically,
algorithms such as random forest, gradient boosting, and neural networks were applied. The models
were trained using a dataset containing information on 100,000 customers of a retail network for the
period 2018-2022. The results showed that the implementation of the machine learning-based CRM
system increased customer satisfaction by 15%, average check size by 10%, and repeat purchase
frequency by 20%. Additionally, customer churn was reduced by 12% through proactive
communication and personalized offers. The proposed system demonstrated high accuracy in
predicting customer churn probabilty (AUC ROC 0.87) and customer lifetime value (R*2 0.79).
The practical significance of the study lies in the possibility of applying the developed CRM system
in various industries, such as retail, banking, telecommunications, and others. The implementation
of such systems will enable companies to improve the effectiveness of marketing campaigns,
optimize costs for customer acquisition and retention, and enhance service quality.
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