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CAMOOBYYAIOIIAACA PEKOMEHJATEJIBHASA CUCTEMA
BAHKOBCKHUX TPOAYKTOB C YYETOM AHOMAJIBHOI'O
INOBEJEHMSA KIMEHTOB U MAKPO3KOHOMMNYECKOI'O

KOHTEKCTA

Ackepos 3ayp XaHaxMeq0BUY
aCIMPaHT
WHCTUTYT MHTEIUIEKTYaJIbHbIX KHOCPHETUUECKUX CUCTEM,
HannoHanbHbINM HCCIIEN0BATENBCKAN SACPHBIA YHUBEPCUTET « MU DN »,
(HAAY MUDN)

Poccus, MockBa

Aunnomayun. B cmamve paccmampusaemcs camoodyuarouancs pekomeHoa-
menvHas cucmema OAHKOBCKUX NPOOYKMO8, OPUESHMUPOBAHHAS HA NePCOHAIUZAYUIO
PeKOMEeHOayUll 8 YCI0BUAX AHOMAILHO20 KIUEHMCKO20 NO8EOeHUsl U UBMEHAIOUe20C s
MAKpOIKOHOMUYECcKo20 Kowmekcma. IIpednazaemulii nooxo0 obweounsiem content-
based u collaborative komnonenmot ¢ acenmom enybokoeo obyuenuss ¢ nookpene-
HUeM, aHcamoesol oemeKyuelt AHOMAIUL U KOHMEKCMHOU KOPPEKMUPOBKOU Umo2o-
8020 PEKOMEHOAMENbHO20 CKOPA. IKCNEPUMEHMATIbHbLE UCCIe008AHUS HA CUHMEMU-
yecKkom Habope OAHHbIX NOOMBEPHCOAIOM NOBbILUEHUE KAUeCB8a PeKOMEeHOAYUl, CHU-
JHceHue 00U PUCKOBAHHBIX NPEOTIOHNCEHUN U YCMOUYUBOCNb MOOENU 8 KPUSUCHBIX CYe-
Hapusix.

Knrwouesnie cnoea: pexomenoamenvhule cucmemol, 0AHKOBCKUE NPOOYKMbL, 00)-
yenue ¢ nookpenienuem, Dueling DQN, oemexyus anomanuii, MakposKxoHoMuueckuil
KOHMEeKCM, NepCoHAIU3AYUS

BBenenue. [[ns OGaHkOBCKOM cdepbl 3ajada pPEeKOMEHJIAINUN CYIIECTBEHHO
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CJIOXKHEe, YeM 11 O0JIbIIMHCTBA IIUGPOBBIX cepBUCOB. Hapsamy ¢ HEOOXOIUMOCTHIO
MOBBIIICHUS PEJIEBAHTHOCTU MPOAYKTOBBIX MPEUIOKEHUN TpeOyeTcs Y4UThIBAThH
PUCK-TIPOGMITH KIMEHTa, BO3MOXKHOCTh aHOMAJBHOTO TOBEACHUS, PETYISTOPHBIC
OrpaHUYCHUS U BIMSIHUE MaKpO3KOHOMHYEeCKoU cpebl. Kinaccnyeckue content-based
u collaborative moxxoaer GOpMHUPYIOT TOJIE3HYIO OCHOBY IS TIEPCOHATM3AIINH, OJ1-
HAKO caMH 110 ce0e OHU HEIOCTATOYHO YYBCTBUTEIHHBI K PE3KUM U3MEHEHHSM PHIHOY-
HOM KOHBIOHKTYPBI 1 HETUITMYHBIM NTATTEpPHAM TpaH3aKIIMOHHOM aKTUBHOCTH [ 1; 2; 8].
BcnenctBue aToro pekomMeHaanus, KOppeKTHast B CTAOMIIBHBIX YCIOBHIX, MOXKET OKa-
3aThCsl HEONTUMAJILHON WIIH JIaXK€ PUCKOBAHHOM B KPU3UCHBIN TIEPHUO/I.

[lepcrieKTUBHBIM HAIIPaBICHUEM PEIICHUS TAHHOM MPOOIIEMBI SIBIISIETCS TPUME-
HEHHE 00YUYEHHUS C TIOJIKPETUICHUEM, KOTOPOE MO3BOJISIET aIalITUPOBATh CTPATETUIO Pe-
KOMEHJAIMii Ha OCHOBE 00paTHOM CBsI3M OT cpeabl [3—6; 9]. Bmecte ¢ TeM miis GaH-
KOBCKOTO TPUMEHEHHUS HEIOCTATOYHO JIUITh MaKCUMHU3HPOBATh OTKIWK KIIMCHTA,
HEOOXOJIMMO YUUTHIBATH OE30MACHOCTH, JOJTOCPOUYHYIO IIEHHOCTh CErMEHTa U MpH-
3HAKW aHOMaJILHOCTHU. LleNb cTaThbu COCTOUT B U3JI0KEHUU MOJIEIIA CaMO00yUatolencs
TUOPUIHON PEKOMEHIaTeIbHOM CUCTEMBI, pa3pab0TaHHONW HAa OCHOBE JAUCCEPTAI[MOH-
HOTO UCCJICIOBAHUS, U B aHAJIM3€ PE3yJIbTATOB €€ SKCIIEPUMEHTAILHON TTPOBEPKH.

Marepuansbl u metoasbl. [Ipennaraemasi apXuTeKTypa BKIIOYAET TPU B3aUMO-
CBsI3aHHBIX KoMIoHeHTa. Content-based Mo yJib pacCYMTHIBAET CXOICTBO MEX Ty IPO-
¢dwuieM knueHTa W arpubyramu GaHkoBCKHMX mpoayktoB. Collaborative moayse uc-
MOJIb3YET KJIACTEPHBIC MPEANOUYTCHHUSI CETMEHTOB KIIMEHTCKOM 0a3bl. Tpetuil komro-
HEHT mnpejcTaBisieT cooort RL-arenta, KoTopsiil BEIOMpaeT OHY U3 YEThIpEX cTpaTe-
TUil: cTaHJapTHAS PEKOMEHAAIs, KOHCEPBATUBHAS PEKOMEHIAITNS, PEKOMEHIAIUS C
MPEAYNIPSKICHUEM O PUCKAX M OTKa3 OT peKoMeHaanuu. VIToroBelii ckop dhopMupy-
eTCs KaK B3BEIICHHAss KOMOMHAIIUS TPeX KOMIOHEHTOB ¢ ko3¢ dumuentamu 0,3; 0,3;
0,4 1 nanee KOPPEKTUPYETCS MO MAKPOIKOHOMHUYECKOMY CIICHAPHUIO U YPOBHIO aHO-
MaJLHOCTH KJIMCHTA.

Cpena oOyuenus areara (popmann3oBaHa KaKk MAapKOBCKUHN MPOIECC TPUHITHUS
pelIeHnid, COCTOSIHUE KOTOPOTr0 BKIIFOYAET MOBEICHUECKUE XapaKTePUCTUKN KITUEHTA,

ero KJactep, MaKpOIKOHOMHUUECKHUH crieHapuii u anomaly_score. J{is anmpokcumariyu
5
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cTpareruu ucnojn3yercs apxurekrypa Dueling DQN, gomonHeHHas MexaHU3MaMu
NoisyNet u Prioritized Experience Replay. ®yukiins Bo3HarpakacHusi KMEET MHOTO-
KOMITOHEHTHBIN XapakTep M OOBbEAUHSICT HEMEJICHHYIO PEaKINI0 KIMEHTa Ha PEKO-
MEHJAIUI0, PUCK-CKOPPEKTUPOBAHHYIO OLIEHKY, JOJITOCPOUYHYIO [IEHHOCTh CErMEHTA U
HOPMAaTHBHOE COOTBETCTBHE pemieHus [3—6]. Takas mocTaHOBKa IMTEPEBOANT 3a7a9y pe-
KOMEHJIAINHA M3 TUIOCKOCTH CTaTHYECKOTO PAHXKUPOBAHUS B TUIOCKOCTH MOCIEAO0BA-
TEJIHHOTO aJIAlITUBHOTO YIIPABICHUS.

KonTyp nerekiuu anoMaimii mocTpoeH Kak ancamoOibs MmetosoB Isolation Forest,
One-Class SVM, AutoEncoder u Local Outlier Factor [7; 8]. Hopmanu3oBaHHbIe
CKOPBI OTJIEIBHBIX MOJIEJICH arperupyrOTCsl B UHTETPATIbHBIN MTOKa3aTeb, KOTOPHIH 3a-
TEM JIONOJIHACTCS CIICIHAIN3UPOBaHHBIME JeTekTopamu fraud-narrepHoB. BakHoit
O0COOEHHOCTBIO MPEIOKEHHOTO MOIX0/Ia SIBISIETCA HE M30JMPOBAHHOE MCIIOJIh30Ba-
HUE aHTU(PPOA-aHATUTHKH, a €€ HeTIOCPEACTBECHHAS HHTETPAIIHSI B PEKOMEH1aTeIbHBIH
MEXaHH3M: TIpy pocTe anomaly Score cucreMa CHUKAeT JOIMyCTHMBIN PUCK PEKOMEH-
JyEMBIX MPOJYKTOB, a TPU KPUTUUECKUX 3HAYCHUSX MOKET OTKA3aThCs OT BBIJJAUH pe-
KOMCH/IAITNH.

DKCnepUMEeHTAIbHBIE MCCIICIOBAHUS TIPOBEJIEHBI Ha CHHTETUYECKOM Habope
naHHbIX, BKIoyaronieM S 000 knuentoB, 108 742 tpaH3akiuu v kaTajior u3 12 O6an-
KOBCKHX MPOIYKTOB. B Mojien reHepamnuu BOCIIPOU3BOAATCS IISITh TUIIOB KJIMEHTOB,
CE30HHBIC W TMOBEJCHUCCKUE MATTEPHBI, a TakXke cieHapuu normal, crisis u growth.
JIiss  OIIGHKM KadecTBa MCIHONb30BaMCh MeTpuku Precision@K, Recall@K,
NDCG@K, MAP@K, MRR, HitRate@K, Coverage, Diversity u Novelty.

Pe3yabtarbl ucciaenoBanms. Kiacrepuzanus KIMEHTCKOM 0a3bl mokasaia
HaWITydImi pe3ysbraT it Metoaa K-means npu K = 5: 3nauenne Silhouette Score
coctaBuiio 0,412, a yrcTOTa KJI1acTEPOB MO IMpeodiiaatonieMy TUITY KJIMEHTa HaXOa1-
nach B auanaszone 82-91 %. DT1o moATBepKaaeT aJeKBaTHOCTb BEIOPAHHOTO MpPU3HA-
KOBOTO IIPOCTpPAaHCTBA M obecrmeunBaeT KoppekTHyio padoty collaborative-
KOMITOHEHTA.

AHcam0ieBas IeTeKIMs aHOMAJIMM MpeB3o1ia Bce oauHOouYHbIe MeToibl: AUC-

ROC cocrasun 0,932, AUC-PR —0,512, F1-mepa — 0,585. ITo AUC-ROC ancam61b
6
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OKazaJici Jydllle CUJIbHEHIIEro WHIAMBUIYAIbHOTO MeToja Ha 2,9 MpOLEHTHOIO
nyHnkTa. Hau6omnee Beicokuii recall obut monyuen mist velocity fraud (0,934), uro oco-
OCHHO Ba)KHO JjIs1 OAHKOBCKHX CIICHAPUEB peatbHOTr0 BpeMeHu. CpaBHEHHE apXUTEK-
Typ areHra nokasaino, uro Dueling DQN mnpeBocxoaut 6a3osbiiit DQN Ha 14,8 % mo
cpemHeit Harpazae u cxoaurtes Ha 17,2 % Owictpee, a NoisyNet Dueling DQN momo:n-
HUTENBHO yiryumiaet reward eme Ha 4,2 %. Mcione3oBanue Prioritized Experience Re-
play obecnieunBaeT npupoct kadectsa Ha 9,8 % U yCKOpeHHe cxoauMocTu Ha 14,5 %.

OCHOBHOM SKCTIEPUMEHT TTOATBEPIMI MPEUMYIIIECTBO TIPEIJIOKEHHOTO THOPHU/I-
HOTO PEKOMEHJATeNs Haj Jy4yiuM 06a3oBbiM noaxogom ContextAware. Ilpu K = 5
3HaueHus Precision@5 yseanuniucs ¢ 0,498 10 0,623, NDCG@5 — ¢ 0,534 10 0,687,
MAP@5 — ¢ 0,478 mo 0,631, MRR — ¢ 0,645 no 0,789, HitRate@5 — ¢ 0,812 nmo
0,912. Tem caMbIM OTHOCUTEIBHBINA MPUPOCT IO KIIOYEBHIM METPUKAM COCTaBUI OT
12,3 10 32,0 %. CpenHee BpeMsl OTBETA CUCTEMBI PABHO 8,7 MC, 4YTO 3HAYNUTEIBHO HUXKE
YCTaHOBJICHHOTO orpannyeHus 100 Mc 1 MO3BOJISIET paCCMaTpPUBATh MOJAENb KaK IIPU-
TOJIHYIO JUISl PAKTHYECKOTO MPUMEHEHHUS.

Oco0oe 3HaYeHHEe UMEIOT PEe3yNbTaThl B HECTAOWIBbHOU cpene. B kpuszncHom
Makpo3koHoMuYeckoM ciieHapuu cHmkeHne NDCG @S5 y npeniokeHHON MOJCIH CO-
ctaBuio 9,6 %, Torna kak y ContextAware — 18,8 %. Jlons puCKOBaHHBIX PEKOMECH-
nanuii Obuta cokparnieHa Ha 75 %: ¢ 0,12 go 0,03. Ilpu yBenuueHUn ypoBHS aHOMAaJIb-
HOCTH KJIUEHTA MOJIMTUKA CUCTEMBI MOCIIEA0BATEILHO CMEIIAETCSl B CTOPOHY KOHCEp-
BAaTUBHBIX PEIICHUH M OTKA30B OT PEKOMEHIAITMHU; CPEIHHA PUCK PEKOMEHIYEMBIX
npoayktoB cHmxkaercs ¢ 0,42 no 0,06. CumynupoBanHoe A/B-tecTupoBanue mokasaio
npupoct CTR na 28,1 % npu cratuctuaeckoit 3Haunmoctu P <0,001, uro moareep-
KIaeT MPAKTHUCCKYIO Pe3yJbTaTUBHOCTD MOIX0/1A.

3akiouenue. PazpaboTranHast Ha OCHOBE JUCCEPTAIIMOHHOTO UCCIIEIOBAHUS Ca-
MOOOy4Jaromiascss peKOMEeHIaTeIbHass CUCTEMa O0bEAMHICT THOPUTHBIC METOIBI PEKO-
MEHJAIMH, 00y4YeHHUE C TIOJIKPEIICHUEM, ACTCKIINIO aHOMAJIMKA U KOHTEKCTHYIO ajar-
TallUI0 B €IMHOM KOHTYp€ NMPpUHATUA peniennid. [lomyueHnbie pe3yabTaThl CBHICTEIh-
CTBYIOT O TOM, 4TO MHTerpamnus RL-moaxoaa ¢ aHTHaHOMaIbHOW aHAIMTUKOW TI03BO-

JI€T  OJHOBPCMCHHO IIOBBICUTHL TOYHOCTD peKOMeHﬂaHHﬁ, COKpaTuTh HOOJIO
7
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PUCKOBAHHBIX MPEAJIOKEHUN U 00€CeYnTh YCTOMUYUBOCTh CUCTEMBI B YCIOBUAX (PU-
HAHCOBOM HecTaOMIbHOCTH. [lepCreKTUBBI JATbHEUIINX UCCIIEJOBAaHUM CBSI3aHBI C I1e-
PEHOCOM MOJIENIM Ha peabHbie 0AaHKOBCKHE TAHHBIE, PA3BUTHEM OOBSICHUMOCTH PEKO-

MEHJAIui 1 IpUMEeHeHHeM GeepaTUBHOTO O0yUEHUS.
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Poccus, MockBa

Annomayun. Paccmampusaemcs 08yxXypoenesas cxema ademoHOMHOU HA8U2a-
Yuu asmomooOuns npu Omcymcmeuu CUSHAN08 2100ANIbHbIX HABULAYUOHHBIX CHYMHU-
K08bIX cucmem. JlokanvHas mpaekmopus hopmupyemcs uHepyuaibHo-000Mempuye-
CKUM KOHMYPOM Ha baze pacuiupenno2o ¢gurvmpa Kaimana c oyenusanuem opetighos
UMY, macuwmaba ooomempuu u 8pemeHHo2o coguea nomokos oanuvix. Ha eepxnem
Vpo8He npumeHsemcsi 0OHO2UNOME3H0e CONOCMAGIeHUe C OOPOICHLIM 2pagom u
Pose2-xoppexyusi cpeocmeamu GTSAM/ISAM?2. Tokaszano, umo kapmozpaghuueckuil
Prior ¢ anuzomponnotl Kosapuayueil ymenvuiaem nonepeynslil Opeuq u nosviuiaem
CO2ACOBAHHOCIb MPAEKMOPUU C OOPONHCHOU CEMBbIO.

Knrwoueswie cnosa: asmonomuas nasueayus, aemomoouns, omcymcmeue I HCC,
UHepYUaIbLHO-00OMempuieckas cucmema, map matching, gaxkmopuwiii epagh

Hanéxnas nokanuzaiusi aBToMOOWIIS siBisieTcst 0a30Boi PyHKIIMEH 7151 CUCTEM
MTOMOIIY BOAUTENIO U BBICOKOABTOMATU3UPOBAHHOTO ABMKEHMS. OTHAKO B TOHHEISX,
KPBITHIX MapKOBKAX M MHBIX 30HAX dKPAHUPOBAHMS YCTOMUYMBOE CITyTHHKOBOE pellie-
HUE HEJOCTYIHO. B 3TUX yCJIOBUSX JIOKAIbHOE CYMCIICHUE MTYyTH O JJAHHBIM UHEPITHU-
aJIbHOTO U3MEPUTEIBHOIO0 MOAYJSL U KOJECHON OJIOMETPUM OCTAETCS OCHOBHBIM HE-

IMPECPLIBHBIM HCTOYHHUKOM I/IH(i)OpMaL[I/II/I O JABHXXCHHU. Bmecte ¢ Tem aBTOHOMHAas
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OJIOMETPUS HEU30EKHO HAKAIUIMBAET OLIMOKY, a JUIsl aBTOMOOMIISI OCOOEHHO ONacCHbBI
IIONIEPEYHOE CMELIEHUE U TIOTEPsI COITIACOBAHHOCTHU C JOPOXKHOM ceThro. PaccmaTpu-
BaeMbIi MOAX0/1 pa3BUBAET Pe3yIbTaThl, IOTYUYCHHBIE B paboTe aBTOpa [1].

Jlig aBTOMOOMIIBHOM TIaT(GOpMBI BaXKHO pa3lesiaTh ABa YpOBHS 3ajauu: JIo-
KaJbHBI KOHTYP JOJDKEH 00eCreurBaTh HEMPEPBHIBHOCTH JIBIKEHUS, a KapTorpadu-
YeCKHUH CJI0U — CAEepKUBATh JOJITOBpEeMEHHbIH peiid. [loaTomy B cTaThe paccMaTpu-
BAETCS MHKEHEPHO BOCIIPOU3BOIMMBIN KOHTYP KapTorpaduuecKku OrpaHUu4E€HHOM KOp-
PEKIIMU JIOKAJIbHOM TpaeKTOpHH, a He MoHas riobanbHas jJokanuzanus. [Ipu sTom B
KayeCTBE METOJUYECKONW OCHOBBI UCIIOJIB3YIOTCS MIPEICTABICHUS O JOKAJIbHOM (DUIIb-
TPaIMOHHOM M TpadoBOM OlICHHBAaHUH, pa3BUTHIE B paborax [3—6].

JlokajIbHbINA KOHTYP OLlCHUBAHHUS.

HuxHUi ypOBEHB CXEMBI IIOCTPOEH KaK MHEPLUAIbHO-OJOMETPUUECKUNA KOH-
Typ ¢ pacmrpeHHbM ¢punbTpoM Kanmana [2]. B cocTosiHuM 0THOBPEMEHHO OLICHUBA-
FOTCS MOJIOKEHUE, CKOPOCTh, OPUEHTALIHSI, CMEILIEHUS THPOCKOIIOB U aKCEJIEPOMETPOB,
MacIITaOHBIA KO3()(PUIIMEHT 0OIOMETPUHN U NTapaMETP BPEMEHHOTO CIIBUra MEXy IO-
TOKaMHU JIaHHBIX. TaKOo€ pacIIMpEeHHE ITO3BOJIAET YYHUTBHIBATH CHUCTEMATHYECKUE
OIIUOKH, KOTOPBIE B 0OBIYHOM (DUIIBTPAIIMK HEPEAKO OCTatOTCs BHE Mojienu. [1pu mpo-
THO3€ UCTONB3yI0TCs u3Mepenus UMY, a Ha mare koppeknun — ckopocth mo CAN
UM OJOMETPUYECKUM HMMITYJIbCaM M JOMOJIHUTEIIbHbIE KUHEMAaTHYECKUE OTPaHUye-
HUS.

Jlnst HazeMHOM maThOpMbl OCOOEHHO MOJIE3HBI HETOJIOHOMHBIE CBSI3U, 33]1a10-
M€ MAJIOCTh MONEPEYHOM CKOPOCTH B KOPIYCHOM CHCTEME KOOpAMHAT. JomnosgHu-
TeTbHBIM MexaHu3MoM siBiisieTcs ZUPT — HyneBbie 0OHOBJICHHSI CKOPOCTH Ha OCTa-
HOBKaX. COBMECTHOE MPUMEHEHHE STUX MEXaHW3MOB HE YCTpaHseT Jpeild MoJHo-
CTBIO, HO 3aMETHO YJIy4YIIAeT Ka4eCTBO BXOAHOM JIOKAJIILHOW TPACKTOPUU I ITOCIIE-
Ayromie kapTorpaguueckoil KOppeKIuu.

Kaprorpaduyecku orpaHnyeHHasi KOppeKUusi.

BepxHuli ypoBEeHb HAUMHAETCS ¢ OJHOTUIIOTE3HOIO COMTOCTABIIEHUS JIOKAJIBHOM
TPAEKTOPHUH C TOPOXKHBIM Ipadom. Ha kaxkiom 1mare BOKpyT TeKyIie no3sl Gpopmu-

pyeTcs KOpOTKI/Iﬁ CIIMCOK KaHAWMAATOB, TJIXI KOTOPBIX BBIYHUCIIAIOTCA IIOIICPCUHOC
10
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OTKJIOHEHUE OT OCH CETMEHTA, COTJIACOBAHHOCTH HAINPABJICHUS IBUXEHUSA U HEMpe-
pPBIBHOCTh mepexona. M3 crmucka BbhIOMpaeTcsi €AMHCTBEHHash paboyasi TMIOTE3a;
OCTAJIbHBIE KaHIUAAThI COXPAHSAIOTCS TOJBKO JJIsI CPAaBHEHUS U IMAarHOCTUKH. Tem ca-
MBIM QJITOPUTM OCTAETCS OJJHOTUIIOTE3HBIM U YAOOHBIM ISl BOCIPOU3BOIMMOIO aHa-
m3a.

YTOoOBI UCKITIOUUTH AEpPraHble NEPEKITIOYEHUS MEXKY COCETHUMH CErMEHTaMH,
peLIEHNE AOTOHAETCS THCTEPE3UCOM, IOPOTOBBIMU MPABUIIAMU U KOHEUHBIM aBTOMA-
TOM AoBepus. Ecnu nydmias runore3a He IPOXOJUT MPOBEPKY MO PACCTOSIHUIO, YTIIO-
BOMY PaccoOrIaCOBaHUIO WJIM HENPEPBIBHOCTHU MEPEX0/1a, KapTa Ha ITOM IIIare OTKJIO-
HSETCA, U CUCTEMA MPOAOJDKAET JIBUKEHUE TOJIBKO IO JIOKAJIBbHON oxomeTpun. Ecnu
COBIIAJICHUE TIPU3HAHO JIOMYCTUMBIM, OHO TICPEBOUTCS B Prior-paxtop u nepenaéres
B Ipa)0BYIO ONITUMU3ALINIO.

['pacoBerii cioit peanmm3oBan kak P0se2-Tpad co CKOIB3SIIIMM OKHOM (PHKCHPO-
BaHHOU TNyOWHBI, mojiepkuBacMblii perrareiaem ISAM2 [4]. CocenHue COCTOSIHHS
CBSI3BIBAIOTCS (PAKTOpAMHU OTHOCHUTEIBHOIO MEpPEMEILEHUs, a KapTorpaduieckas UH-
dbopMartys BBOIUTCS depe3 Prior-gpaxrop ¢ aHU30TPOITHOM KoBapuaruei. [l aBTomo-
OWJIBHOTO CLIEHapusl KapTa MH(QOpPMaTHUBHEE 10 MOMEPEYHOMY OTKJIOHEHHUIO, YEM I10
MPOJIOJIbHOM KOOpAUHATE, IO3TOMY JAMCHEPCHs BIOJIb CETMEHTA 3aAa€TCs BhIIIE, YEM
nonepék Hero. PobacTHas 00paboTKa HEBSA30K MO3BOJIAET N30€KATh YPE3MEPHO KECT-
KOW MTPUBSA3KHU ITPU PEIKHUX JIOKHBIX COBIIAICHHUSIX.

Pe3yabTarhl Baguganum.

[TpoBepka pa3pabOTaHHOIO KOHTYpa BBIMOJIHAJIACH B PEXKUME BOCIPOU3BOIU-
MBIX O()JIaliH-TIPOTOHOB TI0 3apaHee MOJArOTOBJICHHBIM JaHHBIM. ba3oBbIit HabOp ciie-
HapUeB BKJIIOYAN MPSMOJIMHEHHBIM MapuIpyT, YYacTKH C MOBOPOTaMH, Mapaljiesib-
HBIMH JIOPOTaMH, HAKOILJICHHBIM Jpei(oM JIOKaIbHONW OJIOMETPUU U KPAaTKOBPEMEH-
HBIMHU BBIOpOCaMU BXOAHOW TpaeKTopuu. Takoil HabOp MO3BOJSET aHATM3UPOBATH HE
TOJIBKO CPEHIOI0 TOYHOCTh, HO M YCTOMYHMBOCTD aJrOPUTMa Ha T€OMETPUUECKH HEO/I-
HO3HAYHBIX yYaCTKaX.

JI71s1 O1IEHKH MCHOJIb30BAJIMCH CPEIHSS TUIAHOBAs OMIMOKA, MOMEPEYHOE OTKJIIO-

HCHHC OT I[OpO)KHOfI OCH, J0JId YCICHIHBIX COIIOCTaBJICHUM M 4YacTOTa CMECHBI
11
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aKTUBHOTO cerMeHTa. J{a’ke B KOHCEpBAaTUBHON OJHOTUIIOTE3HOM MOCTaHOBKE rpado-
Basi KOPPEKIMSI YMEHBIIAET CPEIHIOI IJIAHOBYIO OMIMOKY IMPUMEpPHO ¢ 5 10 2 M U
CTOJIb € 3aMETHO COKpPAIIAET XBOCTOBOE MOMEPEYHOE OTKIOHEHHE OT JOPOKHOM OCH
(Tabm. 1). 910 03HauaeT GoJiee yCTOMUMBOE yAepKaHUE TPACKTOPHUH B MIpejeliax mpa-
BUJIBHOTO JJOPOKHOT'O KOPUAOPA.

Tabmuua 1 — 3MeHeHue KITt04YeBbIX MOKa3aTeNe Ha CTPECCOBOM MapIIpyTe

Peskint Cpennss mjiaHoBasi olmoKka 95%0-Hasg AUCTAHIUA
OTHOCHTEJILHO 3TAJI0OHA, M 10 TOPOKHOI 0CH, M

ODOM ) ~5

FUSED =2 ~2

Bwmecre ¢ TeM peleHre umeeT YETKUE IPaHULIbl IPUMEHUMOCTH. Texkymas pea-
JIM3anys MPEIoNaraeT N3BECTHY0 Ha4albHYIO IIPUBSI3KY, OJUH aKTUBHBINA CETMEHT U
OTCYTCTBHE MOJHOLIEHHOTO I7100ambHOro noucka. OHa HE COAEPKUT IyJia THIOTE3,
ITIOBTOPHOM NPUBS3KH I1OCIIE TOTEPU TPEKA U pEKMMa HEU3BECTHOTO craprta. [loaTtomy
MOJIyYEHHBIE PE3YJIbTATHI CIIETYET TPAKTOBATH KAK MOJITBEPKACHUE pabOTOCIIOCOOHO-
cTH 0a30BOT0 MHKEHEPHOI'0 KOHTYpa.

3akio4eHue.

IIpenmnoxxenHas IByXypOBHEBAsl CX€Ma COUYETAET HEIPEPBIBHOCTD JIOKAJIBHOIO
MHEPLHAIBbHO-0IOMETPUYECKOTO OLIEHMBAaHUS U KapTOrpapuuecku OrpaHUYEHHYIO
rpadoBYI0 KOPPEKIIMIO, UTO TIO3BOJISIET cliep KUBaTh nonepeunslil npeiid 6e3 'HCC u
COXPAaHATh COTJIACOBAHHOCTH TPACKTOPHUU C JOPOKHOM CEThIO. JlaibHENIIIee pa3BUTHE
CBSI3aHO C IIEPEXO0JIOM K MHOTOTHUITOTE3HOMY COITOCTABIICHUIO U peaju3aluen MoBTOp-

HOM IIPUBSI3KU IIPU HEU3BECTHOM CTapTe.
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VIIK 314.1

COBPEMEHHBIE OCOBEHHOCTHU PACCEJIEHUS B
IMPUTPAHUYHBIX PETUOHAX POCCHUHU U KA3BAXCTAHA:
CPABHUTEJIbHBIN JTEMOTPA®UUYECKHNI AHAJIN3

Ko63aps Asnekceii FOpbeBuu
MarucTpaHT
Hay4yHblii pykoBoauTenb: I'ymeniok Jluaus I'ennagbeBHa,
KaHJUAaT reorpauyeckux HayK, JOUEHT
OI'AOY BO «bantuiickuii henepanbublii yauBepcuteT uMenn Mmmanyuna Kanray,

ropoxa Kannaunarpazn

Annomayus. B cmamve nposooumcs CpasHUmMeNbHbINU aHalu3 oemozpaguye-
CKOU cumyayuu 8 npueparuyHulx pecuonax Poccutickou @edepayuu u Pecnybonuxu Ka-
3AXCMAaH. Paccmampueaiomc;z KJItoYesble noKazamesiu. OUHAMUKA YUCTEHHOCMU Hace-
JI€HUsA, COOmHouterue ZOPOC)CKMX U celbCKux ofcumejzeﬁ, ecmecmeeHHoe ()6u9fC€Hu€,
MUCpaAyUOHHblE NPOUECCsvl U IMHUYEeCKas cmpyKnypd. Buisenaromes ocrnoguvie ouc-
nponopyuu u haxmopwvl, onpeoesarouue COBPEMEeHHYI0 CUCEMY paccenenus Ha npu-
2PAaHUYHbIX meppumopusx. [enaemcs 661600 0 pa3HOHANPABIEHHLIX MPEeHOax: ypoa-
HUsayuu u 0en0nyﬂﬂuuu GPOCCMIZCKMX PEeCUOHAX NPONIUB 8bICOKO20 €CMeCNn6EeHHO20
npuUpoCcma u CMewarHol mooenu paccenerus ¢ Kazaxcmane, umo ¢opmupyem cneyu-
cj)uttecmte 6613060l 0.5 mpaHcZcpaHuU4YHOoco compyéHuqecmea.

This article provides a comparative analysis of the demographic situation in the
border regions of the Russian Federation and the Republic of Kazakhstan. Key indica-
tors are examined: population dynamics, the urban-rural ratio, natural movement, mi-
gration processes, and ethnic structure. The main disparities and factors determining

the current settlement patterns in the border areas are identified. Conclusions are
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drawn regarding opposing trends: urbanization and depopulation in the Russian re-
gions versus high natural growth and a mixed settlement pattern in Kazakhstan, which
poses specific challenges for cross-border cooperation.

Knioueevie cnoea: cucmema paccenenus, npucpaHuinsvle pe2uoHvl, 0emozpa-
Qus, muepayus, ypoanusayus, Poccusa, Kazaxcman, smnuueckuil cocmag

Keywords: settlement system, border regions, demography, migration, urbani-
zation, Russia, Kazakhstan, ethnic composition

BBenenue

[Ipurpanuunsie peruonbl Poccun n Kazaxcrana npeactaBisitoT co00M yHUKaIb-
HBIM TIOJIUTOH JJI U3y4eHHsl JeMorpaduyecKux MpoIeccoB. BeICTymnas 30HOM akTHUB-
HBIX SKOHOMHYECKUX, KYJIbTYPHBIX U MUTPAIIUOHHBIX KOHTAKTOB, 3TH TEPPUTOPUH UC-
MBITHIBAIOT HA c€0€ BIMSAHNE KaK BHYTPEHHUX (COIMATbHO-I9KOHOMUYECKAs MOJIUTHKA,
ypOaHu3anus), Tak 1 BHEIIHUX (PAKTOPOB (TPAHCTpAHUYHAS MUTPALIHS], UCTOPUUECKHE
CBSI3N).

[lens manHOM pabOThl — BBIIBUTH COBPEMEHHBIE OCOOCHHOCTU W KIIFOUEBbHIE
pa3yinuusl B CUCTEMaxX PacCENICHHs] MPUTPAHUYHBIX PETMOHOB JIByX CTPaH Ha OCHOBE
aHanu3a reMorpaduueckux nokasaresnei 3a nociennue aecsrumierus (1989-2023 rr.).
Ocoboe BHUMaHHE YIEISETCS CPABHEHUIO YUCIEHHOCTH, CTPYKTYpPbl U JIBUKEHUS
HACEJICHMs, a TaK)K€ dTHUUYECKOMY COCTaBY KaK MapKepy HCTOPUUYECKON OONIHOCTH
TEPPUTOPHUI.

JlaHHbBIE U METOBI

NudopmarmonHoii 6a3oi MccieoBaHUs TOCIY XM AaHHbie DenepanbHOi
CITy»O0bI TOCy1apcTBeHHOU cTaTucTHKU (Pocctar) 1 bropo HalmoHanbHOM CTaTUCTUKA
ATEHTCTBa MO CTpaTerHuecKoMy IUIaHupoBaHUio U pedopmam Pecnybnuku Kazax-
CTaH. AHAJIU3 IPOBEACH MO CIECAYIOIINM IPUTPAHUYHBIM PETHOHAM:

— Poccus: Yensbunckas, Camapckasi, HoBocubupckasi, Omckas, Kypranckas,
Actpaxanckas, OpenOyprckast odnactu, Anraiickuii kpail, PecnyOnuka Anrait u ap.

— Kazaxcran: AxTioOuHcKasi, ATbeipayckas, 3amanHo-Kazaxcranckas, Kocrta-
Haiickas, CeBepo-Kazaxcranckas, [laBnomapckas, Bocrouno-Kazaxcranckas oGia-

CTH.
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Meto00THs BKJIIOYAET CPaBHUTEIBHO-TeOrpad)uuecKuii U CTaTUCTUYECKUUN
aHaJIN3 BPEMEHHBIX PSAJOB U CTPYKTYPHBIX JIMarpaMM.

Pe3yabTarsl n 00CyxkaeHne

1. JluHaMHKa YUCICHHOCTH HACEJICHUA: KOHTPACT MacIITadoB

CpaBHenue rpaMKoB TUHAMUKH YHCICHHOCTH BBISBISIET TJIABHOE Pa3IMYUE:
a0COIOTHOE JeMOrpauiIecKoe TOMUHUPOBAHUE POCCHICKUX pernoHoB. Hamboiee
HacesieHHbIe cyObekThl PO (YensOunckas m Camapckas 001acTH) MPEBBIMIAIOT 110
YHCIEHHOCTH 3 MJIH Y€JIOBEK, YTO OOYCIIOBJICHO MOIIHOM MPOMBIIUICHHON 0a30i1 U
BBICOKMM ypoBHeM ypOanuzanuu. B Kazaxcrane nuaepom siBiisercss AKTIOOMHCKas 00-
JIaCTh, HO €€ HACEJICHUE HE IOCTUTAET U | MIIH YEJIOBEK.

B Poccun sipko BbIpakeHa NOJIAPU3ALMS: MPOMBIIIJIEHHO PAa3BUTHIE PETHOHBI
MPUTATUBAIOT HacelieHue, Toraa Kak ciadopa3Buthie (Kypranckas o0iacTh) TepsSiOT
ero. B Kazaxcrane ¢ukcupyercsi ycTOMUMBEIi craj B ceBepHBIX obnacTsax (Cesepo-
Kazaxcranckas, Kocranaiickasi), 4To CBSI3aHO C OTTOKOM HaceleHUs U OJU30CThIO K

POCCHUICKOW I'paHULIE.
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Pucynok 1- I'padux nunamuku npurpannyHbix perioHoB Poccun u Kazaxcrana mo
YUCIIEHHOCTHU HacelieHus 3a nepuof ¢ 1989 mo 2025 r.
W cTOYHUK: COCTaBIEHO aBTOPOM Ha OCHOBE [5,6]
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2. YpOanu3anusi 1 CMeIAaHHASI MOJIeJIb PacCeIeHUs

Poccuiickue nmpurpaHuyHble perHOHbI IEMOHCTPUPYIOT KJIACCUYECKYIO MOJIETh
ypbOanu3zamuu ¢ npeodsaganuem ropojackoro Hacenenus (80% u Boiie B HoBocuoup-
ckoit u YensOunckoit obnactsix). Cenbckas MECTHOCTD 3/1€Ch BBITIOJIHAET MPEUMYIIIe-
CTBEHHO arpapHyio (pyHKIHIO U 4acTO CTPAAAET OT OTTOKA MOJIOJICHKHU.

B Kazaxcrane Habmonaercs 6osee coanancupoBaHHas kKapTuHa. B To BpeMms kak
AxTtroouHckas u [laBnogapckas obnactu ypOaHu3upoBanbl, 3anagHo-Kazaxcranckas
u CeBepo-Kazaxcranckas 00JacT COXPaHSAIOT 3HAUUTENIbHYIO JIOJIIO CEJIbCKOro Hace-
JeHUs. DTO CBUAETEIBCTBYET O KU3HECTIOCOOHOCTH arpapHOro ceKkropa u 0osee Mea-
JEHHBIX TeMmMax ypOaHU3aluu, YTO (POPMUPYET YCTOMUYMBYIO CMEIIAHHYI0 CHCTEMY
pacceseHus.

3. EcTecTBeHHOE IBHKEHHE: IeMOrpadpuiecKkiii KpU3uc NPpOTUB MPUPOCTA

Haunbosiee mokas3aTelbHBIM SIBIIIETCS CPAaBHEHHE KOA(PPUIIMEHTOB €CTECTBEH-
Horo npupocta (Tadnuua 1). Poccuiickue peruoHbl HAXOASATCA B COCTOSIHUM JIeMOTpa-
¢uyeckoro kpusuca: O0IBIIMHCTBO UMEIOT OTpHUIIaTeNbHbIE ToKa3zaTenu (10 -9 B Kyp-
raHckoi o0xnactu). MckiltoueHne COCTaBisIOT JUIIb TroMeHCcKas o0sacth u Pecry0-
JauKa AnTai, Te COXpaHsaeTcs HeOOIbIION NPUPOCT 3a cUeT OoJiee MOJIOI0M BO3pacT-
HOI CTPYKTYpPBI U BBICOKOTO YPOBHS POXKAAEMOCTH Y KOPEHHBIX HAPOAOB.

KazaxcTtan, HanmpoTuB, JTEMOHCTPUPYET YBEPEHHBIN €CTECTBEHHBIM MPHUPOCT,
O0COOEHHO B 3alaJHbIX peruoHax. ATbIpaycKas 00JacTh SBISETCS JUJIEPOM C IPUPO-
ctoMm 18 yenoBek Ha 1000 xuTeneit. To 0OBACHIETCA MOJIOJION CTPYKTYpOM HaceJe-
HUS, TPAAULIMOHHBIMU CEMENHBIMU LIEHHOCTSIMU U 00JIe€ BHICOKOW POXKAAEMOCTBIO.

Tabnuna 1 — CpaBHEHHE €CTECTBEHHOTO MIPUPOCTA B IPUTPAHUYHBIX
perunonax (2023 r.)

Twvn AMHaMUKK Poccwa Kasaxcran

TromeHckas obn, Pecn. | Ateipayckas (+18),

BbicOKMA npupocT
pUp Anaii (10 +5) AKTIOBMHCKaR (+15)

Kypranckas o6n. (-9),

_ _| KocraHalckan (=0),
Omckana obn., AnTaAckviA
CrarHauma / y6binb . Cesepo-KasaxcraHckan
KpaW (oTpvUaTensHele .
(oTpyuaTENBHBIA)

3HaJYeHuA)

17



XVI MexnyHaponHas Hay9HO-TIpaKTHIecKast KOH(epeHIHsI:
«HayuyHoe nmpoCTpaHCTBO: PE3yJIbTAaThl UCCIAEAOBAHUN U OTKPBITHI»

~ MIHHOBA

4. MurpanuoHHbie moToku: BekTop «Cesep — FOr»

MurpanuonHas KapTHHa IOJYEPKUBAET IKOHOMUYECKOE HEpAaBEHCTBO. Poccuii-
CKHE PETHOHBI C cuibHOM d3koHOMHKOM (HoBocubupckas, UensOunckas o0gacTu) BbI-
CTYIAIOT LIEHTpaMu NpUTsKeHus. OqHaKo 0CcOoObI MHTEPEC MPEACTABISAET TPAHCTPA-
HUYHBIA BEKTOp: ceBepHble o0nacTh Kazaxcrana (Kocranaiickas, CeBepo-Kazaxcran-
CKasl) SIBJISIOTCSI 30HAMH aKTHUBHOTO OTTOKA HACEJIEHUS, KOTOPOE HAIPaBJISIETCS B CO-
CE/IHHE POCCUMCKHIE PETUOHBI, Takue Kak OMckas oonacte 1 Anraiickuii kpail. OCHOB-
Has IPUYMHA — MOUCK padOoThI U 00JI€€ BBICOKOIO YPOBHS JKU3HU, UTO CO3/1A€T JEMO-
rpauyecKyro aCHMMETPHIO Ha PUTPAHUYbE.

5. DTHH4YecKas CTPYKTYPAa: aCHMMETPHUS HICHTHYHOCTH

OTHHUYECKHI COCTaB OTPAXAeT HCTOPUYECKOE HACIEAUE U COBPEMEHHBIE
TpeHbl. Poccuiickas cTOpoHa MOHOSTHUYHA: PYCCKUE COCTABIISAIOT a0COJIFOTHOE O0JIb-
IUHCTBO (10 94% B Anraiickom kpae). Kazaxu ABISIIOTCS 3aMETHBIM MEHBIIIMHCTBOM
JUIIb B PETHUOHAX, HETIOCPEICTBEHHO MPUMBIKAIOIINX K rpaHuLe (AcTpaxaHckas o0d1.
— 14,9%).

KazaxcTaHckas cTopoHa JEMOHCTPUPYET ABONCTBEHHOCTH:

— 3anaanHbie peruonbl (ATeipayckasi, AKTIOOUHCKAs1) TOMOT€HHBI, C IOMUHUPO-
BaHKMEM Ka3axoB (0onee 80-90%);

— Cesepnble u Boctounble perronsl (CKO, BKO, Kocranaiickas) coxpaHsitoT
BBICOKYIO JIOJIO pycckoro Hacenenus (10 45-50%), uTo siBIseTCS HACIEAUEM COBET-
CKOM 3MIOXH U CO3/AAET 3/1€Ch YHUKAIbHYIO OUIIOJISIPHYIO 3THUYECKYIO CTPYKTYPY.

BriBoabI

[IpoBeneHHbIN aHAIN3 TIO3BOJISIET CAEIIATH CJIEYOLIUE BEIBOABI O COBPEMEHHOM
COCTOSIHUM CHCTEMbI PAacCelIeHUs] Ha MpUrpaHUdHbIX TeppuTopusix Poccum u Kazax-
CTaHa:

1. JIBa pa3HbIx Mmupa. Poccuiickne npurpaHuyHbIE PETMOHBI TPEACTABISIOT CO-
00l MHIYCTPUATIBLHO-TOPOACKHAE LEHTPhI C BHICOKUM JEMOrpapuUyecKuM MOTEHIIHA-
JIOM, HO CTaJIKMBAIOUIMECS ¢ MPOOJIEMOIl TEeNnOomy siiiuK U3-3a HU3KOM POKIAeMOCTH.
KazaxcTaHnckue pernoHbl, HapOTUB, 00JaAAIOT MOJIOABIM HACEJIEHHUEM U BBICOKUM

CCTCCTBCHHBIM ITPUPOCTOM, HO OTIIMYAOTCA MEHBIIIEH INIOTHOCTHIO U AKOHOMHYECKOM
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MOIIbIO, YTO IIPOBOLIUPYET MI/IFpaHI/IOHHI:Jﬁ OTTOK.
Ta6JIHHa 2- HaHI/IOHaJIBHOFO COCTaBa HACCJICHUA IIPUT'PAHUYIHBIX PCTHUOHOB Poccun u

Kazaxcrana (2025 r.) ICTOYHHK: COCTAaBJICHO aBTOPOM Ha OCHOBE [5,6]

Poccua
Kz |Hawmenosanwe FlELI,I-'lEIHE.ﬂbH bIH COCTAE

1|AcTpaxanckan ofnacts Pycckme [57%)  |Kazaxw [14.9%) (Tatapwm|[5%) Mpouwe [23,1%)
Z|Bonrorpaackas obnacm Pycckwe (B2%)  [Hazaxw [1.5%) [Mposwe (16,5%)

3|CapaToeckar oBnacTe Pycckne (B9,7%) [Hazaxw [2,9%)  [Tatepw|1,7%) |Npouwe [5,7%)
a|Camapcran ofnacte Pycckue [B9,6%) [Tatapm [3,18%) [Yyeawwm [1,5%) |Npouwne [5,7%)
5|Openbyprockar obnacTe Pycckne [79,2%) [Tatapm [6,7%)  |Kazaxu [6%) Mpouswxe [8,1%)
&|YenrBuHckrar ofnacTs Pycckne (B3,8%) [Tatzpm [5,3%)  |[Bawwkwpw (4,8%) |Npouwe [6,1%)
7|Hypranckar ofnacm Pycckwe [92,1%) [Tatapm [2%) Haaaxu [1,5%) |[Npouwe [4,4%)
E|Tiomencran obnacme Pycckne [69,2%) [Tatapm [7%) YepauHue [4%) [Nposwe [19,8%)
o|Omckan ofnacte Pycckme [B5,8%) |Kazaxw [45%) YipauHue [2,7%|Npoune [7,5%)

10|HoeocHBuporan obnacTo Pycckne (93,1%) |Hemuym [1,23) Mpou=wxe [5,7%)

11|AnTaHCKHA KpaH Pycckde [94%)  [Hemuw [23) YepauHue [1,5%|Npousme [2,5%)

12|Pecnyfanka Antai Pycckue [52%)  |AnTaduo [34%) (Hazaxu [63%) Mposwe [B3)

Hazaxcrau
Nz |Hanwmexoeaume " Hauosanoumicocas

1|AToipayckaa ofnacre tiazaxu [52,5%) Pyocme [5,2%) MpoHme [2,3%)
Z|3anagno-Kazaxcranokan obnacre  |Hasaxwd [75,3%) Pyccrme (19, 2%) YRpamMHUp [1,5%) |Npoqwe [3%)
3|axTiofiMckan ofnacrs kazaxu (B2, B3] Pycceme [11,3%) YRpaMHUD [2,5%) |Npoqwe [3,4%)
A|Hocranancuaa ofinacs Pyccume [40,9%)  |Kazaxd (40, 7H) YHpaMHUD [E,2%) |Npoqwe [10,2%)
S|Cesepo-Kazaxcranokan ofinacs Pyockme [42,5%)  [KazaxwM [35%) YRpauHUN [43) NMpodwme [11,3%)
§|Maenogapoyan obnacs kazaxu [52,3%) Pyccrme [35,4%) YRpaMHUD [4,2%)  |Npoqwe (B, 1%)
7|Bocroqno-HazaxcraHokan obnacrs  |Hasaxw [60,5%) Pyccrme [35%) Tarapw [1,2%] Npoqme [2,3%)

2. MurpauroHHbIi MasTHUK. [ TaBHBIM BBI30BOM JIsl ceBepHbIX oOnacteit Ka-
3axCTaHa SIBJISIETCA yCTOMYMBBIN MUTPAMOHHBIN OTTOK B Poccutio, yTo ycyryoiser ux
JETOMYJIALUI0 U TpeOyeT 0COOBIX MEP COLMATBHO-I)KOHOMUYECKOTO CTUMYJIMPOBAHMUS.

3. Kynerypnsbiit MocT. Bricokas gomnst pycckoro Hacenenus B CeBepaom Kazax-
CTaHE M Ka3aXCKOTr0 — B MPUTPaHUYHBIX peruoHax Poccun Gpopmupyer npouHslii co-
LUOKYJBTYPHBIA (DyHIaMEHT JJIsl ABYCTOPOHHHUX OTHOILIEHUH, HO OJIHOBPEMEHHO Tpe-
OyeT B3BEIICHHON HAIMOHATBLHON MOJUTHKH.

4. Touku pocra. s cTabuin3anuu CUTyalM HEOOXOJUMbI COBMECTHBIE WH-
bpacTpyKTypHBIE IPOEKTHI, PA3BUTUE MAJIOr0 U CPEAHETO OU3HECA B CEIbCKOW MECT-
HOCTH ¥ TIOJIJIEPKKA TPAHCTPAHUYHBIX IKOHOMUYECKUX KJIACTEPOB, CIIOCOOHBIX yIep-
JKUBaTbh HACEIICHHUE.

Takum oOpa3om, aemorpapuyeckas CUTyalluss Ha POCCHUHCKO-Ka3aXxCTaHCKOM
MPUTPAHUYBE XAPAKTEPUIYETCs TIIyOOKOW aCUMMETpHEH, KOTopasi MOXKET CTaTh Kak
MCTOYHUKOM IMPOOJIEM, TaK U 30HOH B3aMMOBBITOHOTO COTPYHIUUECTBA IPU pean3a-

MU cOaIaHCUPOBAHHON PETMOHANIBHOW MOJIUTHKHU.
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Abstract. The article addresses the problem of declining efficiency in memoriz-
ing mathematical formulas, definitions, and algorithms amid the growing volume of
educational information and rising standards for educational outcomes. The pedagog-
ical and cognitive-psychological rationale for using mnemotechniques as a tool for
developing mediated, associative memory and reducing cognitive load is substantiated.
A stage-by-stage model for forming mnemonic skills in schoolchildren is presented,
illustrated with specific educational examples. Special attention is given to the integra-
tion of artificial intelligence into the mnemonic creation process: the structure of ef-
fective prompts, advantages, risks, and the necessity of mandatory pedagogical mod-
eration are analyzed. A key principle for successful implementation is formulated: un-
derstanding the mathematical essence — mnemonic encoding — automation of repro-
duction.

Keywords: mnemotechniques, mathematics education, cognitive load, mediated

memory, dual coding theory, artificial intelligence, meta-subject competencies,
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differentiated instruction

The modern educational environment is characterized by a steady increase in the
volume of educational information and higher standards for student preparation. In
mathematics education, this objectively manifests as difficulties among schoolchildren
in recalling formulas, definitions, and algorithms. Practical observations indicate that
these difficulties are often caused not by a lack of conceptual understanding, but by
insufficiently developed mnemotechnical skills. This actualizes the task of researching
and integrating pedagogically sound mnemonic techniques into the educational pro-
cess, aimed at developing associative memory, reducing cognitive load, and improving
the quality of mathematical preparation.

Mnemotechniques represent a system of methods and strategies designed to en-
hance the efficiency of memorizing, retaining, and retrieving information by creating
stable associative links between new material and existing mental images, knowledge,
or structures [10]. Their foundation lies in the principle of mediated memorization:
instead of mechanical repetition, information is encoded into a format that is easy to
perceive and retrieve (visual images, rhymes, acronyms, spatial loci, narrative chains,
or kinesthetic anchors). This allows abstract or logically complex material to be trans-
lated into a format accessible to visual and associative memory.

From the perspective of cognitive psychology, the effectiveness of mnemonic
strategies is explained by A. Paivio’s dual coding theory, which states that information
presented simultaneously in verbal and visual forms is stored more firmly and retrieved
faster. Moreover, the use of mnemonics reduces the load on working memory, freeing
cognitive resources for logical reasoning and problem-solving rather than for retaining
isolated rule components [6].

In educational practice, mnemotechniques do not replace the understanding of
the mathematical essence of a phenomenon, but rather serve a supportive function: they
help consolidate the “technical” elements of content (tables, formulas, criteria, algo-
rithms), allowing students to focus on applying knowledge in new situations. When
used correctly, mnemotechniques contribute not only to memory development but also

to the formation of meta-subject competencies, such as the ability to structure
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information, create symbolic models, and manage one’s own learning process.

Integrating mnemotechniques into mathematics lessons is most effective when
following a stage-by-stage skill formation model [3]:

1. Demonstration of ready-made mnemonics — the teacher presents memory aids
and explains their mechanism.

2. Joint analysis — breaking down the structure, highlighting key elements, dis-
cussing associative links.

3. Guided construction — the teacher provides a template; students select associ-
ations and rhymes.

4. Independent creation — students develop mnemonics for new material without
relying on templates.

5. Peer teaching — exchanging original memory aids in pairs or groups, evaluat-
ing their effectiveness.

Practical effectiveness is confirmed by specific techniques that account for stu-
dents’ dominant perceptual channels. For example, when solving equations, the «=»
sign can be encoded as a «customs checkpoint at a border, » where crossing requires
«exchanging documentsy» (changing the sign of the term). Kinesthetic activation of the
process (a role-playing game with cards, where students physically move from one part
of the equation to the other) allows schoolchildren to internalize the rule «variables to
the left, numbers to the right, change the sign when crossing» at a bodily level. To
memorize geometric concepts, vivid analogical images are used: «a bisector is a rat
that runs along corners and divides them in half,» «a median is a monkey with sharp
eyes that jJumps exactly to the midpoint of the opposite side,» «an altitude is like a cat
arching its back to connect the vertex and the opposite side at a right angle» [8]. Rules
for operations with common fractions are illustrated using visual schemes, which stu-
dents later independently transform into rules for subtraction, multiplication, and divi-
sion.

Such approaches help reduce mathematical anxiety, support differentiated in-
struction, and accelerate knowledge retrieval under time constraints (tests, OGE/EGE

exams).
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Modern Al platforms (GigaChat, YandexGPT, LearnFast Al, etc.) open new
possibilities for personalizing and scaling mnemotechniques. A key digital skill be-
comes teaching students how to formulate effective prompts according to a clear struc-
ture: [memorization object] + [age/grade] + [style] + [mnemonic type].

For example, a successful prompt looks like this: «Create a rhyming memory aid
for the rectangle area formula S = a x b. Grade level: 5th grade. Style: playful, with
animals. » Unlike vague formulations (e.g., «Make a mnemonic for sine»), this struc-
ture guarantees relevance, age-appropriate style, and pedagogical applicability.

Advantages of using Al:

1. High-speed generation of multiple options, saving teachers’ preparation time;

2. Personalization to students’ interests and dominant perceptual channels;

3. Format variability (rhyme, acronym, story, visual image);

4. Creativity stimulus: imperfect or unexpected Al outputs become material for
critical analysis and refinement;

5. Support for differentiation: easy creation of simplified and advanced versions
of the same mnemonic;

6. Increased student motivation through interaction with an interactive digital
tool.

Risks and limitations:

1. Lack of pedagogical context: Al does not account for class specifics, lesson
pace, or preparation levels, requiring mandatory teacher moderation;

2. Risk of superficial memorization: a bright but meaningless association may
reinforce the form without understanding the mathematical essence;

3. Inaccuracies and “hallucinations”: Al may distort formulas, mix up terms, or
suggest incorrect associations, necessitating expert verification;

4. Technological dependence and ethical/access issues: not all students have de-
vices or internet access outside school; data privacy policies must be observed,;

5. Linguistic nuances: automatically generated Russian rhymes sometimes suf-
fer from inaccurate rhythm or unnatural phrasing.

Thus, Al serves not as a replacement for students’ cognitive work, but as a
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support tool requiring methodological oversight and pedagogical interpretation.

Integrating mnemonic techniques into mathematics education represents a ped-
agogically sound tool for developing mediated memory, enabling reduced cognitive
load and improved retention of formulas, algorithms, and definitions. The greatest ed-
ucational effect is achieved by adhering to the key principle of successful implementa-
tion: understanding the mathematical essence first, followed by mnemonic encoding,
then automation of retrieval.

The stage-by-stage development of the skill — from working with ready-made
memory aids to students independently constructing mnemonics — develops not only
memory but also meta-subject competencies. In the context of education digitalization,
a promising direction lies in the competent combination of traditional mnemonic tech-
niques with Al platforms, while preserving the teacher’s leading role as a methodolog-
ical moderator. Mnemotechniques do not replace deep mastery of the material but serve
as an effective support mechanism for the free, conscious, and confident application of

mathematical knowledge in practice.
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