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PABPABOTKACUCTEMbBI CE'MEHTAIINU PBIHKA C UCITIOJIb3OBAHUEM
BIGDATAJISA HOBBIINEHUSA 9®@PEKTUBHOCTHU ITEPCOHAJIM3UPOBAHHOI'O
MAPKETHUHI'A

AHHoOTANUS

B nanHOM niccnenoBanny 060CcHOBaH BRIOOp cTek TexHomoruit Big Data (Apache Spark, Parquet, Kafka,
MLflow) s obecrniedeHuss MacIITaOUPyeMOCTH U BOCIIpou3BoauMocTh. [peokeHa rudbpuanas iasamoaa-
ApXHUTEKTYpa, NOAJCPKUBAIOIIAs KaK MAKETHYIO, TaK U TIOTOKOBYIO0 00paboTKy coObiThil. Ha cuHTeTHYECKOM
Jaracete, UMUTUPYIOIIEM IOBEICHHE MT0JIb30BaTeNe CTPUMUHIOBOM IJ1aT(hOPMBbI, IPOBEACHBI SKCIIEPUMEHTHI
[0 CErMEHTalMu ¢ ucnonb3oBanueM MeronoB K-Means 1 DBSCAN. IlocTpoeHbl KOMIUIEKCHBIE TPU3HAKU,
BKutovaromue RFM-meTprkuy, noBegeHuecKre U TeMIOpalibHbIe XapakTepucTuku. KauecTBo kitactepuzanuu
OIICHEHO C WCIONbh30BaHMEM METpHK cumydta u Kammucku-Xapabaca. Pesynprarom — sBisieTcs
(YHKIMOHUPYIOUIMHA TPOTOTHI, KOTOPBIA aBTOMAaTH3HPYET JTalbl OT IpHeMa CBIPBIX COOBITHH [0
(hopMUPOBaHUS HHTEPIPETUPYEMBIX CETMEHTOB C PEKOMEHJAIMSIMU TI0 MX HCIOJB30BAaHUIO B
MNEPCOHATIU3UPOBAHHLIX MAPKECTUHI'OBBIX KaMIIAHUAX. HpaKTI/I‘-ICCKaSI 3HAYUMOCTDb pa6OTLI 3aKJII0YacTCA B
JIEMOHCTPAIINH TTOIXO0/1a, TO3BOJISIONIETO CHIU3UTHh CTOMMOCTH KoHTakTa u oBeIcUTh CTR/CVR 3a cuer Gonee
TOYHOI'O TapreTUpOBaHUA.

KawueBsle caoBa: Big Data, cermeHranust pblHKa, [EPCOHAIM3UPOBAHHBIA  MAapKETHHT,
kinacrepuzauusa, RFM-ananus.

Beenenne. L{udposas tpanchopmamusi MapKeTHHTa OOYCIOBWIJIA TIEPEXOJl OT MAacCCOBBIX
KOMMYHHUKAIMH K THIIEPIEPCOHAIN3ALUH, YTO TpeOyeT IITy00KOro MOHUMaHMs MOBEIEHHS KaXKI0Tro
notpedurens. B mpenpiaymeit padore [1] Obu mpoBeaeH 0030p 0COOCHHOCTEH, TEXHOJOTHUH M
BBI30BOB TIpU TIOCTPOCHHWU HHTEJIEKTYaJbHBIX CHCTEM CErMEHTalMM Ha ocHoBe Big Data.
Omnpenenensl KitOUeBble MPoOIeMbl: padoTa ¢ BHICOKOCKOPOCTHBIMM MTOTOKaMHU JaHHBIX (velocity),
obecrnieueHrne KoH(pUIASHIMATLHOCTH (Veracity), MacmTaOupyeMoCTh alropuTMoB (volume) u
HEOOXOAUMOCTh 00paboTKM pasHopoaHou wuHGopmanuu (variety). OaHako paHHEEe Halie
HCCIIeIOBaHKE HE 3aTparuBajio BOIPOCH MPAKTUYECKOMN pean3alim.

AKTyalTbHOCTBh PabOTHI 00yCIIOBIIEHA MTOTPEOHOCTHIO OU3HECA, B TOM YHCIIC MAJIBIX M CPETHUX
NPEINPUATHHA, CTPEMSIIUXCS HUCIOIb30BATh TEXHOJOTHMHM OOJBIIMX JAHHBIX, B THPAKUPYEMBIX U
OSKOHOMHYHBIX apXHTEKTYpHBIX pemieHusx. Llenpro  wWcciaenoBaHus — SBISIETCS  CO3JAaHHE
BOCIIPOU3BOMMOT0 IPOTOTHIIA NMAaTUIaliHA MHTEJIEKTYalIbHOI CerMeHTalluM, OT IprUeMa JJaHHBIX 10
TeHEpallii CETMEHTOB, C OTKPBITHIM KOJOM H YETKOH METOJOJIOTHEH, YTO COCTaBISET HAYYHYIO
HOBM3HY. [IpakTHueckass 3HAUMMOCTh 3aKJIOYAeTCs B CHID)KEHUHM OIEpPAl[MOHHBIX 3aTpar Ha
MapKETHHT 3a CYET aBTOMATHU3alMU CETMEHTAIINU W TOBBIICHUN 3()(PEKTUBHOCTH KaMITaHUI depe3
TOYHOE TapreTMpOBaHUE, YTO B MEpCHeKTUBE BeaeT K pocTy koHBepcuu (CVR) u kinmkabenbHOCTH
(CTR).

ITocTtaHOBKO#H 3a7auu ABIsIETCAPa3pabOTKa ApXUTEKTYPhI M pealn3alus MPOTOTUIIA CUCTEMBI,
KOTOpasi Ha OCHOBE ITOTOKOBBIX M HAKOIUICHHBIX IMOJB30BATEIbCKUX TaHHBIX B MacmiTadax,
XapaKkTepHBIX JJIs1 KpynHOW 1udpooit mnatdopmsl (anamoruuno Netflix, Spotify), aBromaruuecku
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BBIJIEJISIET YCTOMYMBbIE TOBEIEHYECKUE CETMEHTHI /JIs ITOCIIEAYIOIEH TepCOHANIN3AMY KOHTEHTA U
PEKIaMHBIX KOMMYHUKALIUH.

B coBpemenHO# tuTepaType mo HuppoBOMY MAPKETHHTY CErMEHTAIMS pAaCCMaTPUBACTCS KaK
KJIIOYEBOM MexaHu3M rurneprepconanuzanuu. Kotnep, Kapramxaiiss u CetnayaH B KOHIIEHIUU
Marketing 5.0 akueHTHpyIOT niepexon K data-driven MapKeTHHTY, Iie IIEHHOCTh CO3JaeTCs 3a CUET
TOYHOTO TIOHMMaHHS TOTPEOHOCTEM M KOHTEKCTa KJIMEHTa Ha OCHOBe nmaHHbix u MU [2].
Cucremaruueckuii 0030p Gupta U coaBT. (PUKCHUPYET pPOCT MPUMEHEHHs] MALIIMHHOTO OOY4YEeHHS B
MapKeTHHTe (B TOM YHCIIE KIaCTePU3aIUH JJIsi CETMEHTUPOBAHMUSI ), OTHAKO MOTYEPKHUBACT 1e(ULIUT
BOCIIPOM3BOJMMBIX HH)KEHEPHBIX PEIICHUM, CBA3BIBAIOLIUX AJITOPUTMbI C OM3HEC-METPUKAMH U
mpoueccaMy NpUHATUA pemieHuid. Ha ypoBHE MeTONOB MPHUKIAIHBIE MCCIEIOBAaHUS IPEIararoT
paclIipeHus KIacCUYeCKUX MOBEAEHUECKUX MOJIENIel: HanpuMep, Rungruang u coaBT. 10Ka3bIBalOT
pazButue RFM-moaxoma anis ycTOMUMBOM KiacTepu3alMM KJIMEHTOB, a Rodrigues u coaBT.
cucreMatn3upyroT NLP-opreHTHpOBaHHOE CErMEHTUPOBAHUE HA OCHOBE TEKCTOBBIX U COOBITUHHBIX
JaHHBIX. [3]

C MH)XEHEpHO! TOYKU 3pEHUs, UCCIIENOBATENN OTHAEIbHO MOAYEPKUBAIOT POJIb MOTOKOBOM
00pabOTKK M ONEPaTUBHOTO MPUHATHS pemieHuii. Jabbar, Akhtar u Dani paccmarpuBaroT real-time
00paboTKy OONBIIMX JAaHHBIX KAaK OCHOBY «MOMEHTAJIILHOTO» MAapKETHHIa M OTMEYaroT, YTO
3aICpKKH ~ OOpabOTKM  TIOJIb30BATEIIBCKUX  COOBITMM  CHIKAOT 3(QeKT TapreTuHra W
nepcoHanu3zanuu. s MacmrabupyeMoil aHaIUTUKK U ITOCTPOEHMSI paclpe/IeICHHbIX MaNIUIaiiHOB
gacto wucnonb3dyercs Apache Spark; mpaktuueckoe pykoBoacTBO Damji M cOaBT. ONMUCHIBAaET
MOJIXOJIbI K 00pabOTKe OOJBIINX TAaHHBIX M TOCTpoeHUI0 ML-KOHTYpa B pacpeesieHHou cpene [4-
5].

OTtaenpHBIM MIIACT padOT CBSI3aH C BHEIPEHUEM MOJIENICH U YIIPABICHUEM KU3HEHHBIM IIUKJIOM.
Chen u coast. onmceiBatoT MLflow kak miatdopMy, MoanepkKUBaroOIlyl0 BOCHPOU3BOAMMOCTh
(tracking sKcriepMMEHTOB), BEpCHOHHPOBAaHUE apTe(haKTOB U PETUCTPALMIO MOJIENEH, YTO CHUXKAET
PHUCKH pa3pblBa MEX/1y UCCIIE0OBATEIbCKUM KOJIOM U 3KCILTyaTaluel; 3TH MPAaKTUKK 3aKPEIIEHbI U
B odwummanbHoil nokymentauuu MLflow [6-7]. Ins opkectpanmu 3amad (ETL, oOyuenue,
nepeoOyyeHre W IUTAHOBbIE IiepecdeTsl) ImMpoko npumensercs Apache Airflow. Ilpakruxo-
OPHEHTUPOBAHHbBIC UCCIIEIOBAaHMS HA PYCCKOM SI3bIKE TaKXKe MOJUYEPKHBAIOT, YTO OU3HEC-IIEHHOCTh
Big Data B MapKeTHUHI€ AOCTUIAaeTCs TOJIBKO NMPH HATMYMM CKBO3HOM apXUTEKTYphl MHTETpalUU
JAHHBIX, KOHTPOJIS KauecTBa U n3MepeHus dpdexra kammanwii [§].

Takum o006pa3oM, cymiecTByoIue pabOThl JETalbHO PACKPHIBAIOT OTIENIbHBIE aCHEKThI
(MeToJpl CerMeHTalluH, MOTOKOBYIO aHaMUTUKY, MLOps), HO pexe MpeAoCTaBISAIOT IENOCTHBIH,
BOCIPOU3BOJUMBIA MPOTOTUI «OT JAHHBIX JO CETMEHTOB», OPUEHTHPOBAHHBIA Ha MaclITaObl
KpynHOH 1udpoBoii TaTHOPMBI U YUYUTHIBAIOIINN KOH(DUIEHITUAIBHOCTD, HHTEPIPETUPYEMOCTh U
JKCIUTyaTallMOHHbIe orpannueHus [9]. Hayunas HoOBHM3HA HACTOSIICH palbOTHI 3aKIIOYAETCS B
MIPOEKTUPOBAHHUH U peain3aiuu oTKpeIToro end-t0-end mporoTuna nairiaiiHa UHTEIIEKTYalbHOM
CerMEHTAllMU: TMpPUEM TOTOKOBBIX M HAKOIUICHHBIX HaHHBIX, UX CTaHAAPTH3alUs U KOHTPOJb
KauecTBa, 00€3NMYMBaHUE HJICHTU(UKATOPOB HA PaHHHUX I3Tamax, (GpopMupoBaHHE MPU3HAKOB U
aBTOMATUYECKOE BBbIJEJICHHUE YCTOMYMBBIX [OBEJACHYECKUX CErMEHTOB C IOCIeaAyrolei
BU3yaJIM3aluel pe3yiabpTaToB B BeO-unTepdeiice. Takoil popmaT nenaet penieHne THpaXKUpyeMbIM U
MIPUTO/IHBIM IS MPAKTUYECKOTO BHEPEHUS IIPU OTPaHUYCHHBIX PECypcax, COXPaHssl OpUEHTALINIO
Ha MacmTadbl, XapaKTepHbIE [T KPYMHBIX UGPOBLIX MIaTHOpM.

Metoabl wucciaenoBanus. B ocHoBe paOOThl JEKUT KOMOMHAIMS WHXKEHEPHBIX U
AaHAJIMTUYECKMX METOJIOB, HANpAaBJICHHBIX HA CO3/laHHE BOCIPOM3BOAMMOro  MalIuIaiiHa
cerMeHTanuu. [lns uMUTanuM pealbHbIX YCIOBUH MCIONb30BaH CHHTETHUECKUH JaTacer,
TeHEPUPYIOLINI TOBeeHYeCKHe COOBITUS Tojb3oBareneil VoD-matdopmbl. ApXuTeKTypHOU
OCHOBOM BBIOpaHa ruOpuIHas JIMOaa-cxeMa, o0ecreurnBaronas Kak MaKkeTHYI0, TaK U TTOTOKOBYIO
00paboTky naHHbIX. [IpuMeHeHbI MeToAbl NpenoOpabOTKM JaHHBIX, BKJIIOYAs JEAYIUIMKALUIO,
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00paboTKy MPOIYCKOB M BBHIOPOCOB, a TAaKXKe MaclITaOMpOBaHME MPHU3HAKOB. s cermMeHTanuu
CpaBHMBAJIUCh anropuT™Mbl kiaactepusanuu K-Means 1 DBSCAN, kauecTBO KOTOPBIX OLIEHUBAIOCH
C TIOMOIIIBI0 BHYTPEHHUX MeTpHK (crmnydT, Kammacku—Xapabac, J[aBuc—bonaun). Busyanuzanus u
UHTEpIIpeTaIUs CErMEHTOB BBITIOJTHEHBI c HCIIOJIb30BAHUEM BeO-uHTEpdeiica,
B3auMoieiicTBytomiero ¢ 6skenaom depe3 REST APIL. Bce stanbl maiimuiaiiHa OpKeCTpUPOBAHBI C
nomomibio Apache Airflow, a skcnepumentsl 3aduxcupoBanbl B MLflow mist obecrnieuenus
BOCIIPOU3BOJUMOCTH.

Pe3ysabTaThl U 00CyKIeHHE

Hnst 5pGPEeKTUBHOTO XpaHEHHS CTPYKTYPHUPOBAHHBIX W HECTPYKTYPUPOBAHHBIX JAHHBIX
UCIOJIb3YIOTCS pPa3IMYHbIe PElICHUsl, KOTOPbIE OTHOCSTCS K TPETheMY 3Tally U BKIIOYAIOT B ceOs:
NoSQL-6a3s1 manubix (MongoDB, Cassandra, Redis) — mo3BoJSIFOT XpaHUTH OOJBIIHE OOBEMBI
JTaHHBIX B yAOOHOM Qopmare, obecrieunBas BHICOKYIO CKOPOCTb UTEHHS U 3alUCH; PEISILIMOHHBIC
6a3p1 manHbIX (PostgreSQL, MySQL, Microsoft SQL Server) — uCHonb3yroTcs Ui XpaHEHUS
CTPYKTYpPUPOBAHHBIX IaHHBIX, €CJIM CHCTeMa TpeOyeT CTPOTUX CBA3EH Mex 1y TabIuaMu; 006JIauHbIe
xpanmwmma (AWS S3, Google Cloud Storage, Azure Blob Storage) — macmrabupyembie U
0TKa30yCTOMUYMBEIEC pelIeHUs, 00ecreunBaroIIre 6e30MacHoe XpaHeHNe JaHHbBIX U OBICTPBIN T0CTyI
u3 moboit Toukn mmpa; Data Lake m Data Warehouse (Amazon Redshift, Google BigQuery,
Snowflake) — wucmosp3yroTCst A1 XpaHEHUs OOJBIIMX MACCHBOB JaHHBIX, MOATOTOBKH HX K
aHAJMTHKE ¥ MAIIMHHOMY OOy4eHuio. BbiOop XpaHmiMia 3aBUCUT OT THNA JAaHHBIX, TpeOyemoit
CKOPOCTH 00pabOTKH 1 MacIiTadba MpoeKTa.

JUist TpOTOTUIMPOBAHUS UCTIONB3YETCSl CHHTETHUECKUH JaTaceT, KOTOPBIH UMHUTHPYET JIOTH
noBeqieHUs Tosib3oBaTene Ha VoD-mmardgopme (Video on Demand). Takoif BEIOOp MO3BOJISIET
n30exaTh 3THYECKUX U IOPUAMUECKUX PUCKOB, CBA3aHHBIX ¢ 00pabOTKOI MepCOHATbHBIX JaHHBIX, U
OJIHOBPEMEHHO 00ECIeUrBAET MOJIHYI0 BOCIPOU3BOAUMOCTh IKCIIEPUMEHTA: JIF000H UCClieIoBaTEIh
MO’KET MOBTOPHUTH 3aIyCK, HE CTAJIKUBAsACh C OTPAHUYEHUSMHU JJOCTYIA K PEJIEBAHTHBIM JAHHBIM.
BHyTpu Habopa NaHHBIX MOJIECTUPYIOTCS KIFOYEBBIE CYIIHOCTH, XapaKTEpHbIe sl HU(POBBIX
1aT¢opM: IOTOK COOBITHI MOIb30BaTeNel (HapruMep, BOCIIPOU3BEICHHE, 11ay3a, TOUCK, KITUKH 110
OaHHepaM M TMIOKyIKa MOJAMUCKM), TaOiuma TpaH3akuuid ¢ ¢akraMu Iulatexeil, npoduib
M0JIb30BaTENsl, KOTOPbI (popMupyeTcss Ha OCHOBE arperMpoBaHUsl aKTUBHOCTH 33 MCTOPUYECKHUN
MIEPUO/I, a TAKXKE CIIPABOYHHUK KOHTEHTA C METaIaHHBIMU BUI€0 (KAHP, [UIUTEIBHOCTD, TOJl PEJIH3a),
HEOO0XOAMMBIMU JJIs1 HHTEPIIPETAILH TOTPeOUTENbCKUX HHTepecoB [10].

Ha cnenyromem srane peanusyercst npeaoOpaboTka U KOHTPOJIb KaueCcTBa JaHHBIX, IOTOMY
YTO JaXe CHHTETUYECKHE JIOTM JIOJKHBI MMUTHPOBATh PEAMCTHUYHBIE HCKaKEHHSJIaHHBIX, C
KOTOPBIMH CTaJKHBaeTcss Om3Hec. Ha ATOM mrare BBIIONHSETCS ACTYTUIHKAIMS COOBITHH, YTOOBI
yOpaTh MOBTOPHBIE 3aIIUCH M CHU3UTh UCKaKEHUs NP pacuéTe METpUK MoBeAeHus. [IponymeHHble
3Ha4YeHUs1 00pabaTHIBAIOTCS MO TUITY TIPU3HAKOB: KaTETOPUAITLHBIE ITOJIS 3AITOJTHSIOTCS HEHTPaTbHBIM
3Ha4eHHEM Bpojae unknown, a YUCIOBBIE — YCTOWYMBBIMHU OLIEHKAMH, HallpUMep MEIHaHOH (B
MPAaKTHYECKNX KeWcax JTO CHIDKAeT BIMSHUE EIWHUYHBIX aHoManui). [l ¢uHaHCOBBIX
nokaszaTesiel  JONMOJHHUTEIbHO TpUMEHseTcs 00paboTka BBIOPOCOB, IOCKOJBKY — PacXojbl
MOJTb30BaTENIe YacTO MMEIOT TSDKENBIE XBOCTBI, B MPOTOTHUIIE HCITONB3YETCs TOIXOJ Ha OCHOBE
MexkBapTibHoro pasmaxa (IQR), kotopeiii xopomo pabGortaer 0e3 NpeANnoNoXeHuil o
HOPMaJIbHOCTHU PaCIIpe/IeICHHUS.

3areM BBINOJHSAETCA MOCTpoeHue npu3HakoB (feature engineering) st cermenrtanuu. s
KaX/I0TO 00E3JIMYCHHOTO IOJIb30BaTeNs 32 (PMKCUPOBAHHBIN MCTOPHYECKUI MHTEPBAJ (HAIIpuUMep,
90 nHeit) popMHpyeTCst BEKTOP MPU3HAKOB, KOTOPBIN OTpa)xaeT KaK KIaCCUUYECKYI0 MAaPKETHUHIOBYIO
mozaenb RFM, tak m moBenmeHueckne ocoOeHHOCTH ToTpeOneHust koHTeHTa. [lomumo Recency,
Frequency u Monetary, 100aBisi0TCS XapaKTEPUCTUKN CECCHI U B3aMMOJEHCTBHM C TU1aT(OPMON:
CpeIHsisl JIMTENbHOCTh CECCUU, JI0JISI 3aBEPLIEHHBIX MPOCMOTPOB, pa3HOOOpa3ue UHTEPECOB yepe3
YHCII0 YHUKAJIBHBIX )KaHPOB, YaCTOTA UCIOJIH30BAHUS MTOMCKA U IPYTHE MaTTepHbI BOBICYEHHOCTH.
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OTnenpHO YyUHTBHIBAKOTCS BPEMEHHBIE 3aKOHOMEPHOCTH aKTMBHOCTH — HAaIlPUMEpP, CKIOHHOCTH K
IIPOCMOTpaM YTPOM HJIM BEYEPOM U paclpeziesieHne akTUBHOCTU 1O JHSAM Heaenu. YToObl pU3HaKu
OBUIM CONOCTaBUMBI U KOPPEKTHO paboTay B aJirTOpUTMaX KIACTEPU3ALUHI, OHU MACIITA0OHPYIOTCS C
IIOMOIIBIO CTaHaapTHON HopMau3anuu (StandardScaler)[11].

B nporortune cpaBHHMBarOTCsS 1Ba moaxoaa k cermeHrauuu. [lepeiii — K-Means, mupoko
WCIIOIB3YEMBIN TIEHTPOUIHBIM METOJl, KOTOPbI 3(P(EKTUBEH MPH JOCTATOYHO “KOMITAKTHBIX
KJIacTepax M XOpOIIO MacmTabupyercs Ha OOJBIIMX JaHHBIX, HO TpeOyeT 3apaHee 3a/JaTh YHCIIO
kiactepoB k [10]. Bropoit — DBSCAN, MJIOTHOCTHBI METOJ, KOTOPBIA CIOCOOECH HAaxOJIWUTh
KJIaCTephl TMPOU3BOJBHOM (OPMBI M BBIACIATH LIYMOBBIE TOYKH, HE TpeOys SIBHOTO 3a/JaHUs
KOJIMYECTBA KJIACTEPOB, OJHAKO OH YYyBCTBUTEJIECH K HACTPOWKE MapaMeTpoB IUIOTHOCTH (eps U
min_samples) [11]. B kadecTBe MepCHEKTHBHOTO HAMpaBJICHUS PACCMATPUBAETCS NMPUMEHEHHE
aBTOSHKOJIEpa ISl HEIWHEHHOTO CHIDKEHHS Pa3MEpPHOCTH IMepell KilacTepu3alfeil, 4To MOXKET
MIOBBICUTh KAayeCTBO CEIMEHTOB IIPU CJOXKHBIX, HEJIMHEHHBIX 3aBUCUMOCTIX B IOBEIECHUU
M0JIb30BaTENEH.

KauecTBO MOJy4YeHHBIX CErMEHTOB OLEHUBACTCSI C IIOMOLIBI0 BHYTPEHHHX METPUK
KJIACTepU3alliKi, KOTOPHIE TMO3BOJSIOT HU3MEPUTh KOMIIAKTHOCTH W Pa3AENUMOCTb TPy B
npu3HaKoBoM mpoctpanctee [12]. dus atoro npumensitores Silhouette Score, nnnexc Kanuncku—
Xapabaca u uHaekc J[[pBuca—bonanHa, MOCKONBKY OHH JAlOT B3aUMOJOIMONHSIONINE OLEHKU
CTPYKTYpHbI KinactepoB. [Ipu 3Tom noguépkuBaercs, 4To B IPUKIIAJHOM MAapKETUHI€ KJIacTepU3aLs
JIOJKHA MTOATBEPXKAATHCS HE TOIBKO MAaTeMAaTUYECKU, HO ¥ OM3HEC-3(PPEeKTOM, TOATOMY JabHEHIIas
pabota mpearnosaraeT MpoOBEPKY IMOJIE3HOCTH CErMEHTOB uepe3 A/B-3KCHEepUMEHTHI M U3MEpEeHHE
uplift mo CTR unu CVR npu nepcoHanuzanuu npeaioxKeHu s BbIACICHHBIX TPYIIIL.

Tabnuma 1 - O6ocHoBaHuE BIOOpa HHCTPYMEHTAPUS

3amava NuctpymenT O6ocHoBaHue BbIOOpa
SI3BIK Pvthon 3.9+ He-pakto crammapr s DataScience, ©Ooraras
IPOrpPaMMHUPOBAHHUS Y ' sKocHucTeMa OUOIINOTEK.
DTtanoHHble OMONMMOTEKH [JIs aHajdu3a B MaMSITH Ha
OO0paboTka JaHHBIX
(6710K) Pandas, NumPy omHoM y3ume. MHcmone3yrorcs Uil OTIAAKU U
MIPOTOTUITUPOBAHUS JIOTHKH.
Pacnipenenennass BeUMCIUTENbHAS TUIaTGOpMa TS
. ApacheSpark  3.x|06paboTku  Goipmux o00beMOB  JgaHHbIX. MLIib
O6pabotka BigData
(PySpark) MPEIOCTABIISIET MaciTabupyemMblie peann3anuun
QITOPUTMOB MAITUHHOTO OOYYEeHHUS.
Konmonounsrit ¢dopmar Parquet obecrednBaeT
Parquet na  S3-
ahdexTuBHOE CxKaTHe € BBIOOPKY CTONOIOB. S3-
XpaHunuiie COBMECTHUMOM
MPOTOKOJI — CTaHAApPT JUIsl OOJaYHBIX OOBEKTHBIX
(DataLake) XPAHWIHIIE :
(MinIO) xpanunuil. MinlO wucnone3yercss Wi JIOKAJIBHOTO
MIPOTOTUITUPOBAHUS.

. BricokonpousBoauTenbHas pacnpesieieHHas MOTOKOBas
IToToxoBBI .
ineestion ApacheKafka mwiarpopma. Hcnonb3yercss s mpueMa coObITHI B

£ peaTbHOM BPEMEHHU.
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[Mponomxkenue Tabmuibl 1

[To3Bonsier onuchIBaTh, IIAHUPOBATE U MOHUTOPHUTH
OpxkecrtpanusmnaiuiaitioB | Apache Airflow |ciio)kHbIE TTAaHTIIAHBI TaHHBIX B BUJIC HAITPaBICHHBIX
arismyeckux rpagos (DAG).

[Tnardopma i ynpaBieHUs KU3HEHHBIM LUKIOM

Tpexunr ML-
MLflow MalIMHHOTO OOy4YeHUs: JIOTUPOBAaHUE MapaMeTpoB,
AKCIIEPUMEHTOB .
KOZIa, METPHUK U apTe(akToB (Moaemneii).
. ObecnieunBaer BOCIIPOU3BOAUMOCTh Cpensl
Konreitnepuzamus Docker P A peAl

BBIIIOJIHCHUSA, U30JIUPYA BCE 3aBUCUMOCTH.

B pabote mpemioxeHa sMOma-apXUTEeKTypa, KoTopas oObenuHseT maketHyro (batch) u
IIOTOKOBYIO (Sstream) oOpaOoOTKy, 4TOOBl OJHOBPEMEHHO COXPAHATh TOYHOCTh HAa HMCTOPUYECKHX
TAHHBIX U 00ecreunBaTh MPUEMIIEMYIO 33aIePXKKY TIpU 0OHOBIIEHUH cerMeHTOB. Ha Bxoze (ingestion)
COOBITHS U3 UCTOYHUKOB — JIOT'OB IPUJIOKEHUH U TPaH3aKLIMOHHBIX 0a3 — moctynaioT B Apache
Kafka (Tomuk raw-events), 4To IMO3BOJISIET YCTOMYMBO MPHHUMATh MOTOK JAHHBIX W OTACIHTH
UCTOYHUKM OT mocieayromeid oOpaboTku. JIns NakeTHOM 3arpy3Ku MCTOPHMYECKUX JaHHbBIX
WCTIOJNB3YETCs TMPSIMOE pa3MelleHue B OOBEKTHOM XPAaHWJIMIINE, YTOOBI MOXKHO OBUIO OBICTPO
c(OpMHPOBATHPETPOCHIEKTUBY U HE MEPErpyKaTh NOTOKOBBIM KOHTYD.

Xpanwmmuiie oprann3oBano kak Data Lake ¢ pasneneauem 30H JaHHBIX. [I0TOKOBBIE COOBITHS
yepe3 Spark Structured Streaming 3amuceiBatoTcsi B “ropsiuyto” 30Hy (Hampumep, B dopmare
Parquet), a makeTHbIe JaHHBIE TTOCTYIAIOT B ChIpoi cioi. [locine ouncTku u oboramieHus: JaHHbIE
IIePEMEILAIOTCS B MOJITOTOBJICHHBIH ciioi (curated), KOTOPBIA CTAHOBUTCSI OCHOBHOM BUTPUHOM ISt
IIOCTPOEHUsI IpU3HAKOB. Takoe pa3sHECEeHHE CIIOEB IO3BOJISIET YNPAaBIATh Kaue€CTBOM JAHHBIX U
YMEHBILIATh BEPOSITHOCTh TOTO, YTO B MOZCIMPOBAHUE NONAAYT HEBAJIMIHBIE WM HEOAHOPOIHBIE
3aIHCH.

Hanee paboTaert cioit 00padotku u feature engineering. 1o pacniucanuto (uepe3 Airflow DAG)
3amyckaercst Spark-3aaya, KOTopasi arperupyer CoObITHS U3 OJITOTOBIEHHOTO CJI0SI 3@ BIOpaHHBIN
IIEPHOJ] U BBIYMCISAET BEKTOP NPHU3HAKOB IS KaXJ0ro mnois3oBatend. [lomydeHHbIE Npu3HaKH
coxpanswoTcs B feature store, peann3oBaHHBIM B BHjae Tabiuuil BHyTpu Toro ke Data Lake, uro
yIpOIIAeT BOCHPOM3BOAMMOCT W CHHXKAET CTOMMOCTh XpaHeHus. Ha cienyromem srtane
3aIyCKaeTcsi MOAEIMPOBaHNE: IEPUOINYECKU (HApUMEp, pa3 B HEIEIO WM MECSIl) BBIITOIHSIETCS
knactepuzanus (K-Means/DBSCAN) Haj akTyanbHOM MaTpuLiel IPU3HAKOB, a TUIIEpHIapaMeTpsl U
MeTpUKH KauyecTBa jorupytorcs B MLflow. O6yuennast Mmosienb U conocraBieHue user anon_id —
segment id coxpaHSIOTCS Kak apTe(akTbl, YTOOBI MOXKHO OBIJIO BOCCTAHOBHUTH TOYHYIO BEPCHUIO
CEerMEHTAIlM! U CPaBHUBATh PE3YJIbTAThl MEKIY UTEPALUIMHU.

Ha cnoe cepsunra npenmnonaraercs API-cepsuc (Hanpumep, Ha FastAPI), kotopslii 3arpysxaet
aKTyaJIbHYI0 MOJIEb M MAIIIUHT CETMEHTOB U MPEA0CTaBIISIET HHTEp(EC Il MOTyUYeHHs] CeTMEHTa
MOJIb30BaTENsl MO €ro uiaeHTH(UKaTtopy. Pe3ynbTaTbl CerMEHTAllMU TakKe BBITPYXKAIOTCS B
xpanwiuiie aHanutuku (Hanpumep, ClickHouse) kak atpulytr segment id B mnpoduisax
10JIb30BaTese, YTOObI aHATUTUKHN U MAPKETUHTOBbIE KOMaH 1bl MOTJI CTPOUTH OTYETHI U IPOBEPATH
s dexT nepcoHanuzanuu. OTAEIBHO NPETYCMOTPEH MOHUTOPHHI: OTCIEKHBAIOTCS IOKa3aTesn
KauecTBa JIaHHBIX (MOJIHOTA, AHOMAJIMK), BO3MOXKHBINA Jpeld mpu3HAKOB M NMPUKIAJAHbIE METPUKU,
TaKW€ Kak pa3Mepbl CETMEHTOB M HX AaKTUBHOCTb BO BpPEMEHHM, 4YTO BAXKHO M KOHTPOJA
CTaOUJILHOCTU CEerMEHTAIMH.

Bonpoc 06e3omacHOCTH yuYuTBIBaeTCS Ha paHHMX JTamnax MaiiulaifHa. Yjke Ha ingestion
BBITIOJHSIETCST 00€3IMUMBaHne — HUCXOAHBIN user id mpeoOpasyercs B user anon_id (Hampumep,
MOCPEJICTBOM XELIMPOBAHMA), a IOCTYM K JAaHHBIM HA YPOBHE XPAaHWIIUIIA OTPAHUYMBAETCS POJIIMU
(IAM/ACL). BuyTtpu pemieHus HCHOJNB3YIOTCS OTIEIbHBIC TEXHUYECKHE YUYCTHBIC 3alUCH IS
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OpKecTpaTopa, 00pabOTKM M CEpPBHHTA, YTOOBI MHUHHMH3UPOBATh PUCKH HECAHKIMOHUPOBAHHOTO
J0CTyTa U pa3fAeuTh MOJTHOMOYHUS 110 MPUHIUITY HAUMEHBIIUX MPUBUIICTUH.

JU1 SKCIIepUMEHTaIbHON IPOBEPKU UCIOIb3YETCSl CHHTETUUECKH CTEHEPUPOBAHHBIH JaTaceT,
nmutupyronui noseaeHue 50 000 monp3oBaTeseii U 0koyIo 5 MITH coObITHiA 3a 90 nHel. ['eHepanus
JAHHBIX 3aKJIaJIbIBAET PEATUCTUYHBIE 3aKOHOMEPHOCTH: CECCHOHHOCTb, IPEANIOUTEHUS 110 J)KaHpam U
CBSI3b aKTUBHOCTU C MOHETH3AIMei. DKCIIEPUMEHTHI BHIIOIHSUIUCH B JIOKAJIbHOM OKpY»)eHHH: Spark
B standalone-pexxume (npaiiBep u aa Bopkepa o 4 I'b RAM), Kaftka Bepcun 3.x u Python 3.9, a
taoke OmOimotekn pyspark 3.3.0, pandas u scikit-learn. Ilocne mpenoOpaOOTKu U TOCTPOCHUS
npu3HakoB (12 mpu3HakoB) Obula mpoBeneHa kimactepusauums: mausi K-Means 4mcio Kiactepos
BBIOPAaHO paBHBIM 5 Ha OCHOBE MeTona “NOKTS W MeTpuku cmirydta, a DBSCAN HacTpoeH ¢
napamerpamu eps = 0.5 1 min_samples = 10.

Ha pucynke 1 mpencraBiena riaBHas cTpaHulla uMHTepdelica, Tie MOJIb30BaTElb MOXKET
BBINOJIHUTH CIenyromue onepanuu: 3arpy3uth CSV-daiiin ¢ ucXomHBIMH JaHHBIMH, BBIOpaTh
anroput™ knactepuszanuu (K-Means wiun DBSCAN), HacTpouTh rumneprnapaMmerpbl BHIOPaHHOTO
anropuTtMa (KoJuuecTBo KiactepoB i K-Means wim mapamerpsl eps u min_samples s
DBSCAN), a Tak)xe HHUIIMHPOBATH MPOIIECC CErMEHTAIIMK Ha)XaThueM KHOIKH 3amycka. aTepdeiic
B3auMoJIeicTByeT ¢ O3keHa-cepBucoM depe3 REST API, ormpaBnss 3amauy Ha 0OpaboOTKy B
pacnpeieieHHYO Cpeay.

Deploy

Hactpoiiku

cemmemmnn il UHTennekTyanbHas cucTemMa cermeHTaLum
K-Means v prHKa c3
:

2 10 CucteMa cerMeHTaLum Nonb3osartenei Ha ocHose Big Data gns nepcoHanu3upoBaHHoOro UMGpPoOBOro MapkeTUHra

3arpysute CSV daiin ¢ faHHbLIMKM NONb30BaTENE M 3aNyCTUTE CerMEeHTaLMIO ANs aHanu3a.

3arpy3ka AaHHbIX

3arpyauTe CSV (aiin ¢ AaHHLIMM NONL30BaTENEN

D d drop file here
rag and drop file here Browse files

= VIHCTPYKLMS MO MCMONb30BaHMIO:

Pucynoxk 1 - I'maBHast cTpaHuIia NpoTOTHIIA CUCTEMbI CETMEHTALIMU PhIHKA (3arpy3Ka JaHHBIX
Y IapaMeTpbl CEerMEHTAallUN ).

Jliia obecrnieueHUs] KOPPEKTHON pabOThl CUCTEMBI U MPEIOTBpAIICHUs OIMIMOOK IMPH 3arpys3ke
JAHHBIX, UHTEepdeic BKIIOYaeT pa3aesl TeXHUYecKoi nokyMmeHTanuu. Ha pucynke 2 mpejacraBiieH
OJIOK MHCTPYKITHA, KOTOPBIH COAEPIKUT TpeOOBaHUS K (hopMaTy BXOIHBIX JAHHBIX, BKITFOYAs CITHCOK
o0s13aTeNbHBIX TONed (Hampumep, user id, timestamp, event type, amount), omucaHue THUIIOB
JTaHHBIX U mpuMepsl 3anoiaHeHus: CSV-gdaiina. IToT paszen npeaHa3HadeH A CaMOCTOSATEIbHON
MOJITOTOBKH JJAHHBIX MOJIb30BATEISIMH U YIIPOIIEHUS HHTETPallMU C CUCTEMOH.
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Deploy

" -

. 3arpyauTe CSV dailn ¢ faKHsIMK Nonb30BaTENEH ®
HacTtpovku

cermMeHTauuu Drag and drop file here

Browse files
AnropuTM knactepusagun (2

K-Means ~

=] MHCTPYKLMA NO UCMONB30BAHMIO:

Konuyectso Knactepos @

5 . MNogrotosste CSV daiin ¢ faHHbBIMK NONb30OBaTeNENR
— .

. Maiin fOoMKeH COREPHaTh KONOHKY user_id U YACTIOBLIE MPU3HAKA
2 18
. 3arpysuTe (ain c NOMOLLbI0 KHOMKMK BbILLE
. HacTpoitTe napaMeTpbl cermMeHTaumu B 60K0BON NaHenu

. Haxmute "3anyctuTh cerMeHTauuio”

f< T B U R

. NpoCcMOTPUTE pe3ynsTaTl U BU3Yann3aLum
MpumMep cTpykTypbi CSV:
user_id,age,total_events,total_spent,n_transactions,avg_event_value

user_001,25,150,250.50,5,1.67
user_002,35,80,128.00,3,1.50

Pucynok 2 - brnok MHCTpYKIHit U ipuMep CTPyKTypsl BxonHoro CSV-gaiina B
MOJIb30BATENILCKOM HHTEp(elice MPOTOTHIIA.

Tabnmuma 2 - ApXUTEKTypHBIE KOMITOHCHTBI M JTambl pPa0OThl CHCTEMbl WHTEIUICKTYyaIbHON
CErMEHTALUHU

Oran/KoMrnoHeHT Ha3nauenue B cucreme KiroueBble mponieccsl
[ToroxoBslit mpuem yepes Kafka,
. [Tpuem naHHBIX U3 nakeTHas 3arpyska B S3
C6op nannbix (Ingestion) P g Py ’
BHEITHUX UCTOYHHUKOB o0e3nMuuBaHue
UICHTU(PUKATOPOB
Opranu3zanus 30HUpOBaHUE (ChIPHIE,
Xpanenue (DatalLake) CTPYKTYPHUPOBAaHHOTO OYMILIEHHBIE, TPU3HAKH ), pOopMaT
XpaHWIMILA Parquet, ynpaBnenue noctynom
Ounctka, AeTyINKaLns,
O6paboTka ITonroroBka naHHBIX arperanys, pacdeT MpU3HAKOB
(ETL/FeatureEngineering) JUISL aHAJIA3a (RFM, nosenenyeckue,
TEMIOPaJIbHbIE)
Knacrepuzanus (K-
MonenupoBanue (ML [Toctpoenue n Means/DBSCAN), Banuaarus,
Pipeline) oOyueHue Moesei JIOTUPOBAHUE HKCIIEPUMEHTOB B
MLflow
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[Tponomkenue TabuuIb 2

VYnpasnenue [TnanupoBanue 3a1a4d B Airflow,
Opkectparnus (Orchestration) BBITIOJIHEHUEM MOHUTOPUHT BBITIOJIHEHUS,
MalTIaiHOB 00paboTka omuooK
[Ipenocrasienue REST API (FastAPI), Boirpy3ka
CepuHr (Serving) pe3yabTaToB TSt CErMEHTOB B  AQHAJIUTUYECKHUE
BHEIITHUX CHUCTEM xpanmmima (ClickHouse)
Koutpons paboTsl OTtcnexxruBaHUE METPUK JAHHBIX,
MonwuTtopunr (Monitoring) CHUCTEMBbl M KauecTBa npeiida MIPU3HAKOB,|
JTAHHBIX npousBoauTebHOCTH API

C ToukM 3peHHS pealM3aliy, CHCTeMa pa3padarThiBalach Kak HAa0Op CIa0OCBSI3aHHBIX
MoyJiei, B3auMoieiicTBytomux uepes3 ouepenu nanubix (Katka) u obmee xpanunuie (Data Lake).
OcHOBHOW MaWIUIaiiH peain30BaH B BUJE HampaBlieHHOro arukiandeckoro rpada (DAG) B Apache
Airflow, koTopslii KOOpAUHUpPYET BbIoNHeHHEe Spark-3agay myis oOpaOOTKH JAaHHBIX, 00y4YeHUS
Mojienielt u oOHOBIIeHUsT apTedakToB. i o0ecnieueHrs: BOCIIPOU3BOIUMOCTH BCE ITaIlbl, BKIIOYAs
WHXEHEePUIO MPU3HAKOB U 00yueHue mozenel, norupyrwtcs B MLflow ¢ ¢ukcanuelr napamerpos,
Koja U MeTpuk. BebG-unrepdeiic (onucanHplii Ha pucyHkax 1-2) mpezacrasiisieT coO0i OTIEIbHOE
KIIMEHTCKOE MPHIIOKEHHE, KOTOpoe B3auMoeiicTByeT ¢ Ookenom yepe3 REST API, unkancynupys
CIIO)KHOCTh PAacCIpe/ieJICHHbIX BBIYMCIEHUN M MPEAOCTaBIsIsl IOJb30BATEN0 IPOCTOM crocod
YIPaBJIEHUS MPOLECCOM CETMEHTALNH.

BeiBoabl. B pabore pazpaboraH u anmpoOHpoBaH BOCIPOM3BOJMMBIM MPOTOTHUI HailrmiaiiHa
MHTEJUIEKTyallbHOW CerMEHTAalluM IoJib30BaTene ans mudpoBoi miaardopMmel kimacca VoD,
pean3yomuii MOJHBIA UK — OT T€Hepali CHHTETUYECKHUX JIOTOB JI0 BbIAAUYM CETMEHTOB B BUJIE
apreakTOB M NPUTOAHBIX JUIs JajbHEWIIed mepcoHalM3aluu JaHHBIX. lcmonb3oBaHue
CUHTETHYECKOTO JaTaceTa, HMHUTHUPYIOIIETrOo TIOBEJACHHE JIEeCATKOB ThICSY IOJIb30BaTeNel u
MWIJIHOHBl COOBITMM 32 MCTOPUYECKHUH TEpHOA, TO3BOJIMIO OJHOBPEMEHHO OOECleYHuTh
IOPUANYECKYI0O U 3THYECKYI0 KOPPEKTHOCTh HCCIENOBaHHUS M 3a(pUKCHpPOBATh IHOBTOPSIEMOCTh
pE3yJIbTaTOB MPU OJJMHAKOBBIX HACTPOMKAX OKPYKEHHS U IapamMeTpax MOJEIEH.

[Tokazano, uro komOuHHpoBaHHe RFM-Tipru3HaKoB ¢ MOBEIEHYECKUMHU U TEMIOPAIbHBIMU
XapakTepucTukamMu (opMupyer Oosiee cojepiaTelbHble M HHTEPHPETUPYEMbIE CEIMEHTHI, YeM
WCIOJIb30BaHNUE TOJIBKO TPAH3aKLIMOHHBIX IOKa3areneil. B pamkax mnpoToTuna BBINOIHEHO
cpaBHenue kinactepuzanun K-Means 1 DBSCAN; nogo6paHHble mapamMeTpsl JeMOHCTPUPYIOT, YTO
LEHTPOUIHbIE METOAbl yIOOHBI JJIi MacIITaOMPOBAaHUS U PETYJSPHOrO Mepecyéra CerMeHTOB, a
TUIOTHOCTHBIE — TOJI€3HBI JJIs BBISIBICHUS “IIyMa’ M HETUITUYHOTO MIOBEICHUS, XOTsI TpeOyIoT Ooiee
aKKypaTHOM HacTpoMku. [IpemyiokeHa MeTOOMKAa OLEHKHM KadecTBa CErMEHTAllMH, KOTopas He
orpann4muBaeTcs BHyTpeHHHMMH MeTpukamu (Silhouette, Calinski—Harabasz, Davies—Bouldin), a
dhopMupyeT OCHOBY ISl TIepexoJia K MPUKIAHON BaymMaanuu 4yepe3 omsznec-apdexkr — uplift mo
CTR/CVR B A/B-3KcriepuMEHTax, 4TO OCOOEHHO BaXHO Ui MAapKETHHIOBBIX CHCTEM, TJe
“KpacuBbI€ KJIACTEPBI” HE BCETJa PABHBI KOMMEPYECKON [IEHHOCTH.

O6ocHOBaH BBIOOD JIAMO1a-apXUTEKTYPhl KaK KOMIIPOMHUCCA MEX]Ty TOUHOCTBIO U 33J€PIKKOM:
MOTOKOBBII KOHTYp oOecnednBaeT YCTOWYUBBIM MpUEM COOBITHI M aKTyalu3allio JAaHHBIX, a
MAKeTHBIH — CTaOWJIbHBIA TepecuéT MPHU3HAKOB M CETMEHTOB Ha MCTOPUYECKOH BBIOOpKE.
[Ipumenenne cBszku Katka + SparkStructuredStreaming + Datalake (Parquet m 30oHHMpoOBaHme
naHHblx) + opkectpanus (Airflow) + norupoBanme skcnepumentoB (MLflow) obGecnieunBaer
MacIITabupyeMOCTh, OTKa30yCTOMUMBOCTh U MPO3PAYHOCTh SKCIEPUMEHTOB, a TaKXKe CcOo37aéT

137



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ne2 (34) 2026

OCHOBY JUIi TI€PEHOCA pEIICHUs U3 JIOKAJBHOTO OKpPY)KEHHUS B paclpeneléHHBIA Kiactep 0e3
U3MEHEHHS METOJNOJIOTUH. JIONOJHUTENIBHO IOATBEPXKACHA IPAKTHYECKas IPUMEHHMOCTh
MPOTOTHIA Yepe3 MOIb30BATENLCKUN BeO-uHTEp(delic, TO3BOISIOMMUI 3arpy>KaTh JaHHBIC, 33aBaTh
napaMeTpbpl CerMEHTallMd W IOoJy4aTb pe3yibTaTel B (opme, yIOOHOH A aHATUTHYECKOIO
HCIIOJIb30BAHMS.

IlepcnexTuBbl nanbHeIIel pabOTHl CBSI3aHBI C MEPEXOJOM OT CHUHTETMUYECKMX JaHHBIX K
peambHBIM  TOTOKaM MpH  CTPOroM  coOnrogeHuM  TpeOoBaHMK  KOH(PHICHIMATHLHOCTH
(oOe3nmuunBaHKe, KOHTPOJIb JOCTyIa, pErjJaMeHThl 00pabOTKHM), a TakKe C IOCTAHOBKOM H
npoBefeHueM A/B-TecToB i mpoBepkd OusHec-TuroTe3 W u3MmepeHus uplift. OraensHbIME
HalpaBJICHUSAMHU SBISIIOTCA Pa3BUTHE MEXaHW3Ma JIMHAMUYECKOTO OOHOBJIEHHS CErMEHTOB Ha
MIOTOKOBBIX COOBITUAX (B cTopoHy Kappa-nojaxona/oHnaiiH-oOHOBIIEHHI), UCCIEI0OBAaHUE METOIOB
CHIJKEHMsI Pa3MEpPHOCTH (BKJIIOYAsi aBTORHKOJIEPHI) Ul MOBBILICHNS KauecTBa KJIACTEpU3aLUU Ha
BBICOKOPa3MEPHBIX TNPU3HAKOBBIX IPOCTPAHCTBAX W BHEIPEHHWE MOHHUTOpPHHTA Jpeida
IIPU3HAKOB/CETMEHTOB Ul TOJAJCpXKaHUA CTaOWIBHOCTH CerMEeHTaluuu BO BpeMeHu. Pabora
npeacTaBisier coOoi 3akoHdeHHoe I[T-pemenne B obOnactm wHkeHepuu HaHHBIX W MLOps,
J€MOHCTPHPYIOILEe MOAX0 K HOCTPOSCHHUIO MacIITabUpyeMoro, BOCIIPOU3BOAUMOTr0 U O€3011aCHOTr0
nalIuIaifHa 11 UHTEUIEKTYaJIbHOM CerMeHTaluy O0obInX JaHHbIX. [IpeqnoxkeHHast apXxuTekrypa u
TEXHOJIOTUYECKUN CTEK MOTYT ObITh aJaTUPOBAHbI JJIs PEIICHHUs aHAJOTHMYHBIX 3a1ad B APYTUX
MPEIMETHBIX 001aCTSX.
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HEPCOHAJIJAHABIPBIIFAH MAPKETHHI'TIH TUIMALIT'TH APTTBIPY YHIIH BIG
DATA HETT3IHJAE HAPBIKTbI CE'MEHTTEY KYUECIH 93IPJIEY

Tyiiin

By makana mepcoHanuzanmsiIaHFaH MapkeTWHr yiniH Big Data-ra HerizmenreH TYTBHIHYUIBUTAPIBI
CErMEHTTEY JKYHECiHIH KalTajaHaThIH MPOTOTHUIIH )00ajiay MEH iCKe achIpybl yChiHaAbl. JKyiieHi a3ipiey
MocesieJiepiHe alAbIHFBl IOy YMBICBIH JKaJFacThlpa OTBHIPBIN, OYJ 3epTTey TKIpHOETiK HHKEHEpPIIK
acrnekTiiepre Oaca Hazap aymapansl. Big Data crekin (Apache Spark, Kafka, Parquet, MLflow) Tannmay
HETI3JeNIN, NapTHAIBIK JKOHE AarblHIBIK OHJEY[Il KOJJAWTBIH THOPHATI JIIMOJA-COyJIeT YCHIHBUIFaH.
Minesnemenepai nmxenepiey RFM-MeTpukanapbia, MiHe3-KYJIBIKTBIK KOHE YaKBITTBHIK YITUIEpAl KAMTHIBL.
AFBIHJIBIK TUIAT(QOPMA/IAFEl Al IaTaHyIIbl OPEKETiH UMUTAIUAJIANTHIH CHHTETUKAJIBIK ISPEKTEp KUHAFBIHIA
xyprizinren skcriepumentrepae K-Means xone DBSCAN kimactepriey anroputmiaepi CaibICTHIPBUIIH,
HOTHXECiHJIe CHTYdT koHe Kannncku-Xapabac Metprkanapsl OolibiHIIa K-Means TyCiHIipiMIl cerMEeHTTep i
Oepmi. [lporoTum nepexTepai KaObLIIay MEH CaKTay/laH MOJIENIbICY )KOHE CETMEHTTEPII KbI3MET eTyre ACHiHT1
TOJIBIK KOHBeHepni KaMTamachl3 ereli. [IpakTHKajablK MAaHBI3ABUIBIFEl TYTBHIHYIIBIHBI TapTy KYHBIH
tomenaeTyre koHe CTR men CVR-meiH oneyerTi ecyiHe OKeNETiH HbICaHAJIAydbIH IONJIITIH apTThIpyFa
OarpITTaNFac MacmTabupyemi Tocinnai kepceryae. Kaiitananynbl KamMTaMachl3 €Ty YIIiH KOJA ITE€H dAicHama
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TOJIBIK allIbIIT KGpCGTiJ’II‘eH.

Kinrrik ce3nep: Big Data, HapbIKTBI CErMEHTTEY, NMEpCOHATN3AIMSIIAHFAaH MapKEeTHHT, KiIacTepiey,
RFM-rannay
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DEVELOPMENT OF A BIG DATA-BASED MARKET SEGMENTATION SYSTEM TO
IMPROVE THE EFFECTIVENESS OF PERSONALIZED MARKETING

Abstract

The article presents the design and initial implementation of a reproducible prototype for a Big Data-
driven customer segmentation system aimed at personalized marketing. Building upon a prior review of system
development challenges, this work focuses on the practical engineering aspects. It justifies the selection of the
Big Data stack (Apache Spark, Kafka, Parquet, MLflow) and proposes a hybrid lambda architecture supporting
both batch and stream processing. Feature engineering incorporates RFM metrics, behavioral, and temporal
patterns. Experiments on a synthetic dataset simulating user behavior on a streaming platform compare K-
Means and DBSCAN clustering algorithms, with K-Means yielding more interpretable segments based on
silhouette and Calinski-Harabasz scores. The prototype provides a complete pipeline from data ingestion and
storage to modeling and segment serving. The practical significance lies in demonstrating a scalable approach
to reduce customer acquisition cost and improve targeting precision, leading to potential increases in CTR and
CVR. The code and methodology are fully disclosed to ensure reproducibility.

Keywords: Big Data, market segmentation, personalized marketing, clustering, RFM analysis
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