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n3Hec-uH(pOpMaTUKa» — PELHEH3UPYEMBI MEXIMCIUTLIIMHAPHBIN
<< BHayl{Hbm KypHas, Bblmyckaembiii ¢ 2007 roma HamuoHanbHBIM
HCCIeI0BaTEeIbCKUM YHUBEPCUTETOM «BhICIIIast 11KoJ1a 9KOHOMUKU»
(HWY BIIY). AnMuHHCTpHUpOBaHWE XKypHaja OCYIICCTBIsIETCS Bricmieit

koo 6usdHeca HMUY BIID. XKypHan BbImycKaeTcsl eXeKBapTalbHO, HA pycC-
CKOM U aHTJIMMCKOM SI3bIKAX.

Muccusi XypHajla — pa3BuTUe OM3HeC-UHMOPMATUKU KaK HOBOU 00jacTu
UH(POPMALIMOHHBIX TEXHOJOTUM W MeHeAXMeHTa. ZKypHaa OCyIIeCTBIsIET
pacnpocTpaHEHUE MOCIEIHUX Pa3pabOTOK TEXHOJOTMYECKOTO M METONOJIOTU-
YEeCKOro xapakTepa, COCOOCTBYET pa3BUTHUIO COOTBETCTBYIOIIMX KOMIETEHIIUM,
a Takxe oOecreyrMBaeT BO3MOXHOCTU [JJIsI AUCKYCCUM B 00JaCTU MPUMEHEHUS
COBPEMEHHBIX UH(POPMAIITMOHHO-TEXHOJIOTUYECKUX PEeIIeHUI B OU3Hece, MEHEe -
KMEHTE U 9KOHOMUKE.

XKypHan myGiauKyeT CTaThM MO CIEAYIONIe TeMaTuKe: MOACIMPOBAHUE COLIM-
aJIbHBIX M SKOHOMUWYECKUX CUCTEM, M@ poBas TpaHchopMalns OM3Heca, yIpaB-
JIeHUe WHHOBalUSIMU, MH(POPMALIMOHHBIE CUCTEMbl U IHUMDPOBbIE TEXHOJIOTUU
B OM3Hece, aHAJIW3 JAaHHBIX U CUCTEMBI OM3HEC-MHTEJICKTa, MaTeMaTHICCKHeE
METONBl W aJTOPUTMBI OM3HEeC-WHGOPMATHUKMA, MOACIMPOBAHWE W aHaIU3
OM3HEeC-TPOLIECCOB, MOAAePXKKa MPUHATUS YIIPaBIeHUSCKUX PELICHU.

XKypHan «busHec-uHpopmaTuKa» BKJIIOYEH B IlepeyeHb pelieH3UpPYyeMbIX
HaYYHBIX U3IaHUI, B KOTOPBIX JOJXKHBI ObITh OMTyOJIMKOBaHbl OCHOBHBIE HAYyYHbIE
pe3yIbTaThl JUCCEPTALMi HA COUCKAHME YUCHBIX CTETeHEe KaHAuaaTa U TOKTopa
Hayk (ITepeuenp BAK).

Kypnan Bxoaut B 06a3bl Scopus, Web of Science Emerging Sources Citation Index
(WoS ESCI), Russian Science Citation Index na mrardopme Web of Science (RSCI),
EBSCO.

)KypHan pacnpoCcTpaHACTCA KakK B IICYaTHOM BUIC, TaK U B SHCKTpOHHOﬁ (bOpMC.
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AHHOTAIMA

B mpouecce nMnopTo3aMelieHUs BhICIIME YYeOHBIE YUPEXKIECHUS CTATKMBAIOTCS C PSIOM TPYIHO-
CTel TP TIepeXolie OT MPENMYIIECTBEHHOTO UCIOJIb30BaHUsI MHOCTPAHHOTO ITPOTPaMMHOTO oOecIieue-
Hust (ITO) K oTeueCcTBEHHBIM aHAIOraM, a UMEHHO — C OTCYTCTBUEM HEOOXOAMMOIO I10JIb30BATEILCKOTO
OITbITA MCIIOJIb30BAHUS OTEUECTBEHHBIX HU(POBBIX PEIIeHUI, HECOOXOAMMOCTBIO TIEpeHOCa JaHHBIX U3
OIIHMX CHUCTEM B ipyrue U T.I1. CI0KHOCTH IePEX0THOTO IMepHo/Ia TOPOXKIAIOT COITPOTUBIIEHHE TTPOLIECCY
urpoBoil TpaHchopmaruu. CucteMaTU3aLus UCCIEIOBAHMI 110 BompocaM ummopTo3amelieHus I10
B By3ax BBbISIBWIA TPUM OCHOBHBIC TeMbI: IIPOOJIEMbl M PUCKM Iepexona Ha oredectBeHHoe I10, uccie-
JTOBaHWE BO3MOXKHOCTH ITOJTHOLIEHHOTO Mepexona Ha oTedyecTBeHHOe 10 1 peKoMeHIallny 10 BEIOOPY
POCCUICKUX peleHuii. 1le1bio HacTOSIIIEro KCCIeA0BAHMS SIBIISLIOCH BhIsSIBIeHUE (DaKTOPOB, BIMSIOLIMX
Ha MPUHSATHE UMIIOPTO3aMEILEHUS IIPOIPaMMHBIX IIPOIYKTOB B By3aX. B cTaThe mpemioxeHa CTPYKTyp-
HasT MOJICJTb BBIIEJICHUST JeTEPMUHAHT YCIIeITHOro nMmItopTo3amMeiienus 10, paspadoTtaHHast Ha OCHOBE
IOAX0A0B Teopur AUMGY3UM MHHOBALIMIA K MOJE/IM IIPUHSTUSI TEXHOIOIMA. Moenb peaau3oBaHa ¢ 1c-
MOJIb30BaHUEM MPOrpaMMHOro Ipoaykra SmartPLS Ha maHHBIX aHKeTUpPOBaHMS MpernoaaBaTeieil U co-
TPYAHUKOB ¥YPaIbCKOTO TOCYIAPCTBEHHOTO SKOHOMUYECKOTO YHUBEPCUTETA. Pe3yIbTaThl NCCIeIOBaHUS
[MOKA3bIBAIOT, YTO OTHOILEHUE K MIPUHATUIO uMIiopTo3ameltuenus: I10 HanpsiMyio 3aBUCUT OT JTUYHOCT-
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HBIX XapaKTepUCTHUK I0JIb30BaTe/Iell 1 MTHHOBAIIMOHHBIX XapakrepucTuk I10. I[Ipu aToM Hanbosee Bax-

HBIMHM JETCPMMHAHTAMM, BJIUAIOIMIMMU Ha IMOJOXHUTCJIBHOC OTHOINCHUE K IIEPEXOAY Ha OTCUECTBCHHOC

HO, ABJIAIOTCA BOBJICYCHHOCTb U CaMOS(b(bCKTI/IBHOCTb TOJIb30BaTENEH. KpOMe TOI'0, ITOJIOXKUTEJIbHOC

OTHOIIIEHNE K HEOOXOAMMOCTHA UMITOPTO3aMEeIIeHUS CITOCOOCTBYET MHAVBUAYAIBHOMY IIPUHSITHIO TIepe-

xona Ha poccuiickoe 1O ¥ TpU3HAHWIO UMITOPTO3aMEIICHMST KaK SKOHOMIWYECKOM TTOJIMTUKA CTPaHEL.
TeopeTuyeckast 1IeHHOCTb UCCAEAOBAHUS COCTOUT B MPEMIOKEHUM OPUTMHAIBHOI MOAEIU BbIACICHUS
IEeTePMUHAHT YCIIEITHOTO MMITOPTO3aMEIeHHsI IIPOrpaMMHOT0 00eCTIeYeHNsI, pa3rpaHNIMBAIONIEH NH-

JUBUIYyaIbHOE MIPUHATHE U OOLIECTBEHHOE MpU3HaHKe nMnopro3amenieHus [10. BriBoabl nccienopa-
HUSI MOTYT OBITh IMOJIE3HBI PYKOBOACTBY BY30B MY TUTAHUPOBAHUN Y YTOYHEHUU MEPOITPUSATHI 11O CTpa-

TEr'Mu UMITOPTO3aMECIICHMA.

KioueBbie ci10Ba: UMIIOPTO3aMeEIlIEHUE TTPOTPaMMHOI0 00ecTieueHUsI, TEXHOJOTUUECKEe MHHOBALIMH,
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BBenenue

KoHIenmmn TeXHOJIOTIIeCKOro pa3BuTust Poc-

cuu, npuHgToit 20 mas 2023 1. moguepKUBaeTcs,

yto K 2030 romy mojsi OTe4eCTBEHHOI BBICOKO-
TEXHOJIOTUYHOI MPOAYKIHU, B TOM YUCJIE TEJIEKOMMY-
HUKAIMOHHOM TEXHUKW U MPOrpaMMHOro obecrede-
HUsI, B 00ILIeM 00beMe MOTPeOIeHUST JOXKHA COCTABUTD
He MeHee 75%. PeiaTh mpo6iieMy MMIIOPTOHE3aBUCH-
MOCTH CJIeyeT 4epe3 pacuiMpeHue pa3paboToK coO0-
CTBEHHBIX TEXHOJIOTU 111 00ECTIeUEHUSI JOJITOCPOYHOMN
KOHKYPEHTOCITIOCOOHOCTH, a TakXkKe 4Yepe3 MOArOTOBKY
KBUTM(ULIMPOBAHHBIX  CMELMATUCTOB,  BIAACIOIINX
HaBBIKaMU paboThI ¢ poccuiickum I10.

B 2022 rony MUHUCTEpCTBOM HayK{ U BBICILIETO 00-
pasoBaHus Poccuiickoit Denepanvy B 151X opra-
Hu3au 3PGhEeKTUBHOTO Tiepexoga 00pa3oBaTeIbHBIX
OpraHU3alMil BBICIIETO OOpa30BaHUSI Ha TpeuMyIle-
CTBEHHOE UCITOJIb30BaHUE OTEUECTBEHHOTO ITPOTrpaMM-
Horo obecnieueHrs B 2022—2024 rr. 611 pa3padboTaHbI
W yTBEpKAEHbI MeToauueckre pekomeHgauuu [1]. Ha
caiite MuHuUcTepcTBa co3aaH pasaen «Mmmnopro3ame-
menue UT B cdhepe Hayku U BhICIIEro 00pa3oBaHUS»,
Ilie PacoOXKEeHbl PEECTPhI alIapaTHOTO o0ecreYeHUs
¥ IIPOTPaMMHBIX PEIIeHUH 71 00pa30BaTe/IbHBIX U Ha-
YUYHBIX OpraHu3anuii [2].

IIpouecc 1udpoBoii TpaHchopmalid By30B 3alTy-
LLIEH, HO UCCIIEOBATEIM OTMEUYAIOT HAIMYME CJIOXKHO-

cTeit 1 6apbepoB MpH IIepeBoae YIEOHOIo IMpoliecca Ha
OTe4eCTBEHHOE TTporpaMMHoe obecrieueHue [3—8]. ITo
MmHeHuio B.A. bypnsiosa [3, 4] npoGiema UMITIOPTO-
3aMeIIeHUS MPOrPAMMHBIX TTPOIYKTOB, MCIOJB3YEMBIX
MPU pean3aly 00pa3oBaTeIbHbIX ITPOrpaMM, MHOTO-
MepHa U GopMHUpYyeTCs CIEOyIOIeld MepapXueil Iom-
MmpooJIeM, Cpedr KOTOPBIX — YaCTUIHOE OTCYTCTBHE
poccuiickux aHajgoroB 10O, mpoGieMbl (hrMHaAaHCHPOBa-
HUS Tepexoja By3a Ha HOBbIE IPOTrpaMMHBIC MPOMYK-
TBI, OTCYTCTBHE CTUMYJIOB Yy PYKOBOOMTEEH U MPEIIO-
JaBatresieil By30B, HCOOXOOMMOCTh pa3pabOTKI HOBOTO
METOIMYECKOro obecrneyeHus1 yaebHoro mnpoiiecca. Mc-
cjemoBaHue [5] MOIMOJHSIET 3TOT CIIMCOK OTCYTCTBHUEM
HEOOXOMMMBIX BPEMEHHBIX M KAIPOBBIX PECYPCOB LIS
nepeBona M T-uHDpacTpyKTypsl By3a Ha POCCHIICKOE
I10, a Takke HexXelaHUWEM BO3PACTHBIX TperojaBare-
JIel MepeyIrBaThCs, YTO YCYTyouIsieTcs: IeUToM Mo-
noneix TiperiogaBarenceii UT-mucommmH. Tlpobiema
COIIPOTHBIICHUS TIperogaBaTelIei By3a 3aMeICHUIO 3a-
py6exHoro 1O oreyecTBeHHBIMU pa3paboTKaMu OTMe-
YyeHa 1 B pabote [6].

ABTOpHI cTateli [3—9] mpemiararoT peKoMeHIalU 0
HMBEJIMPOBAHUIO MPOOJIEM, CBA3aHHBIX C MMIIOPTO3a-
MelleHUEM ITPOrPaMMHbIX IIPOAYKTOB B By3ax. OqHAKO,
HACKOJIbKO HaM U3BECTHO, B HACTOSIIIINI MOMEHT OTCYT-
CTBYIOT UCCJIEIOBaHUS, BKIIOYAIOIINE CTATUCTUIECKUIA
aHaJIM3 JEeTEePMUHAHT MPUHITUS HEOOXOAUMOCTU MM-
MOPTO3aMEIleHNs TIPENoaaBaTe/iIMU U COTPYAHUKAMU



00pa3oBaTeIbHbIX OPraHU3alMil IJIsl YCIEUIHOTO MOJ-
HOLIEHHOTO Tepexoaa Ha poccuiickoe T10.

Llenbio cTaThy SIBJISIETCSI MHOTOMEPHBII CTATUCTHYE-
CKUit aHaIN3 (haKTOPOB, BIMSIOLINX HA IIPUHSITUE HEOO-
XOIMMOCTH Nepexoia Ha poccuiickoe I1O corpynHuka-
MM aIMMHUCTPATUBHOIO U y4eOHO-BCIIOMOIraTeIbHOIO
CEKTOpPOB M MPOheccOpCKO-TIPEITonaBaTeIbcKUM CO-
CTaBOM BY3a B YCJIOBUSIX JOCTVKEHUST TEXHOJIOTMYECKO-
TO CyBepeHUTeTa.

1. MartepuaJjisl 1 METOIBI

1.1. TeopeTnueckasi 0CHOBA MCCJIEIOBAHUS

PaccMoTpuM uMmnoprto3amelieHue B cdepe odpa-
30BaHMUA KaK «IIPOIECC Pa3BUTHS M IMPOHUKHOBCHMUS
B IIMPOKYIO MTPAKTUKY HOBOBBeneHUit» [10], apyrumu
CJI0BaMM — Kak IpoLiecC BOBJICUEHMS TIperoaaBaTeseit
W COTPYOIHUKOB By3a B IPUHSATHE TEXHOJIOTUYECKOM
vuHHOBauuu. B uccnenoBanuu [11] aBTOpbl yKa3biBa-
0T, YTO CYILUECTBYET IBa TPAAULMOHHBIX MOAXONA K
HCCIIeIOBAaHUIO (DAKTOPOB, BIUSIONINX Ha IPUHSITHC U
BHEApPEHNE HOBBIX TEXHOJIOTUI B NESITEIbHOCTb Opra-
Huzauwuii. [1epBoIii momxom onMpaeTcs Ha TEOPUIO dug-
¢y3uu unnosayuii [12—13], BTopoii — Ha Modeab npums-
mus mexnoaoeuil [14—15].

Teopust dugpgpysuu unHoayuii OOBSICHSIET, KaKUM
00pa3oM HOBEIE IMPOAYKTHI, TEXHOJIOTUM, MPAKTUKH,
WIeu W T.O. PacIpOCTPaHSIIOTCS Cpelu IOoTpeOuTe-
JIEW, U ONpEenensieT MHHOBALUIO KaK UAEI0, IEUCTBUE
WU OOBEKT, KOTOPbIE BOCTIPUHUMAIOTCS YWieHaMU CO-
LMAJIbHOM CHCTEeMbl (OpraHM3alMu, MOCeJIeHUsI, 00-
IIeCTBa U TIp.) B KayecTBe HOBBHIX [12—13]. B pamkax
3TON Teopuu TpobiaeMa pacIpoOCTPaHEHUS] U TIPUHS-
TUSI TEXHOJIOTMYECKOW WHHOBAIlMM paccMaTpuBaeT-
Cs C YIETOM OCOOCHHOCTEH BHEIPSIEMOI TEXHOJIOTHH.
B pa6Gore [13] B. Pomxepc u P. Arapsana-Pomxepc
MOSICHUJIN, YTO OIIpeleSIeHHbIE XapaKTepUCTUKU WH-
HOBAllM MOTYT CITOCOOCTBOBATh WJIM IIPEIISITCTBO-
BaTh €€ BHEAPEHUIO Pa3JIMYHBIMU IOJIb30BaTEIIMU, U
c(OpPMYIUPOBAIH MISATh KIIFOYEBBIX (DAKTOPOB, BIUSIIO-
X Ha BOCTIPUSITUS MTHHOBAIIUW:

4 OTHOCUTECJIBHOE€ IIPEUMYLISCTBO MWHHOBALMU Hal
HCITIOJIB3YEMBIMU PAHEEC TEXHOJIOTUAMMU

¢ COBMECTMMOCTh HMHHOBAalUA C WCIOJB3YeMbIMU
paHee TeXHOJIOTUSIMMU;

4 BOCIIpUMHUMAaeMasi CJIOKHOCTb BHEAPEHUS U UCITOJIb-
30BaHUsI NHHOBAIIUU,

¢ JOCTYIIHOCTb WHHOBAUUUW IS OHpO6OBaHI/IH n
TECTUPOBAHUA 10 MOMEHTA €€ pa3BCPThLIBAHU A,

¢ HaOJomaemMble pe3yjabTaTbl UCIIOJIb30BaHUA WHHO-
BallMiA KOJIJIETAMMU.

I'. Myp u U. Benbacar [16], onupasics Ha Uaeun Te-
opuu 1uddy3ru THHOBAIIWIA, TIPEIIOXKIUIN OIIPOCHUK
IIJIST OLIEHKW BOCTIPUSITHSI TIOJIB30BATEIIMU MHHOBAIIWIA
B cpepe UT. UMu BoIsIBICHBI HanbosIee BaxKHBIE ITPEJI-
rmojiaraeMble (haKTOPHI, BIUSIONINE Ha pelIeHUE TT0JThb-
30BaTeIIsI IPUHATH U UCTIOIb30BaTh U T-mHHOBALIMM, a
WMEHHO:

¢ J100POBOJILHOCTh HcToNb3oBaHUS U T-uHHOBaLIMY;

¢ OTHOCHTEJIbHOE TMpPEUMYILECTBO HOBoil WT-uH-
HOBAIIUH;

¢ COBMECTUMOCTD C CYILIECTBYIOIIEH IPAKTUKOM;
¢ mpocToTa ucrnojb3oBaHust U T-nuHHOBaLUK;

¢ BO3MOXHOCTH onipoboBath MU T-nHHOBaIMIO 10 HAYa-
Jla BHEIPEHUS;

4 CTCIleHb HATJIITHOCTH PE3yIbTATOB MCITOB30BAHUS
WUT-uHHOBaLMN.

Taxum obpa3zoM, nocaenoBarean Teopuu auddy3un
nHHOBaIMii D. Pomkepca BKIIIOYAIOT B paCCMOTPEHHUE
XapaKTepUCTUKU BHenpsieMoil TexHosnoruu [17], B TO
BpeMsl KaK CTOPOHHUKU MOdeau NPUHSAMUsL MeXHOA0UL,
pa3paboTaHHOI1 Ha OCHOBE TEOPUil 0OOCHOBAHHOTO Jeii-
CTBMSI U 3aIIaHUpOBaHHOTO noBeneHus M. Aiizena [18],
paccMaTpUBaOT TIPOOIIEMY BHEIPEHUsS WHHOBAIIUU C
TOYKH 3PEHMS OTAEIBbHOrO IMoJsib3oBates. Ocodoe BHU-
MaHHE B TEOPUHU TMPUHITUS TEXHOJOTUI yIenasIeTcsl OT-
HOIIIEHUIO TIOJIB30BaTe ST K TEXHOJIOTUM M, B YACTHOCTH,
K ero HaMepeHWIO BHEAPUTh HOBOBBeIcHUE. Momelb
TIPUHATHST TEXHOJIOTWIA OBLIa BIIEpBBIC ITpPeICTaBJIcHA
®_J1. IsBucom [14] u mozxe nepecmorpera @.J1. IsBu-
com, P.I1. barouuu u I1.P. Yopuoy [15].

Mopgenb MNPUHATAS TEXHOJOTUIA YYMTHIBAET, 4YTO
dakTnueckoe moBeneHUe (TIPUHITUIEC WHIUBUIOM TEX-
HOJIOTUI1) OOYCJIOBJIEHO TTOBEIEHUYECKUM HaMepeHU-
€M, KOTOpOe B CBOIO OYepeb HAXOMUTCS IO, BIMSHM-
€M CYOBEKTUBHBIX HOPM M COLIMANIbHBIX YCTaHOBOK. B
KavyecTBe WITIOCTPAIlMA IIPUBEAEM KOHIIETITYaTbHYIO
MoJe/Ib TNPUHATHS WH(MOPMALMOHHBIX TEXHOJIOIHIA,
MpemIoXKeHHyo B ctatbe B. Benkatema u np. [19] u
YCOBEpIIICHCTBOBaHHYIO B pabore [20] (puc. I).

Mopnenb IIPpUHATHA TEXHOJIOTUI OIIpCaAcCIACT CICOY-
IOIME OCHOBHLIC (l)aKTOpBI, BJIMAIOIINE HA BOCIIpUA-
THUE T10JIb30BATEISIMU HOBBIX TEXHOJIOTUIA:

4 BOCIIpUHMMaeMasl MOJE3HOCTb — MHAUBUIAYATIbHAs
oXMnaaeMas 1oJjb3a OT IPUMCHCHN A HOBOBBCACHU !
yeM O0OJblie BOCIIpMHUMACMasd IOJE3HOCTb, TCM
JICTYEC MTOJIB30BATC/Ib MPUMET MHHOBALINIO,

¢ BOCIIpUHMMaeMasi TIIPOCTOTA WUCIOJb30BaHUS —

MHIUBUAYaJbHAadA OXuUaaeMad IMpoCToTa MCIOJIb30-
BaHUS HOBOBBCIOCHMUA: €CIIM TCXHOJIOTUS ABJISICTCA



MH,D,VIBVI,D,yaJ'IbeIe nposasieHuns

(Hanpumep, coumansHoe BansHue,
BOCMPWHUMaEMas NoNesHoOCTb, BOCNPUHUMaeMas
MPOCTOTa UCTOMNbL30BAHUS U T.N.)

MNoBepeHyeckme MpuHaTue
HaMepeHus MHCI)OpMaLI.VIOHVHbIX
TEXHONOrnN

Puc. 1. KoHugnTyanbHas MOAENb NPUHATUS MH(OPMALMOHHbIX TexHonoruii [19, 20].

MPOCTOM B OCBOEHUM, TO MOJIb30BATEIb IIPUMET €€
ObICTpee, ecnu Xe MHTep(eic TEXHOJOTUM CIOX-
HBII M HEYTOOHBIN, TO U OTHOIIEHUE IMOJIb30BaTE-
JIeil K HOBOBBEICHUIO OYIET COOTBETCTBEHHBIM;

¢ BHEIIHWE TIepeMEHHBIC, TakKMe KaK COLMaJIbHOE
BIIMSTHUE, SIBJISTIOTCSI BaKHBIM (DaKTOpOM, OIIpeie-
JISTIOIIMM OTHOIIIEHWE TTOJIb30BaTelIsl K MHHOBAIIWH.

1.2. /Iu3aiin uccaeaoBaHus

00630p mccienoBanuii [12—16] MO3BOJIMIT BEISIBUTH
ONpeAensone AeTepMUHAHTBI YCIENIHOTO BHeIpe-
HUS VUHHOBALIMOHHBIX MPOAYKTOB. [ mocTpoeHust
MOJIEJIN 3TU (PaKTOPHI OBLTU KJIaCCU(PUIIMPOBAHBI HAMU
U 00bEIMHEHBI B cleaytole KOHCTPYKTHI: (1) «JInu-
HOCTHBIE XapaKTepUCTUKU TOJb30BaTeNst», (2) «MH-
HOBAlIMOHHBIE XapaKTEePUCTUKU poccuiickoro I1O».
B kauecTBe MpoMeXyTOUHON 3aBUCUMOM TTIepeMeHHOMI
Mojenu OyleT BBICTYIAaTh KOHCTPYKT «OTHOIIEHUE K
TIPUHSITUIO HEOOXOAMMOCTH TIepexoia Ha PoCcuiicKoe
I[10». Konuent mpuHstus poccuiickoro ITO Oymer
paccMoOTpeH KaK CMMOWMO3 WHIAWBUIYATHHOTO TPUHS-
TSI U WCIIOTh30BaHUSI MHHOBAIIMY TIOJIb30BATEIEM B
y4eOHOM TIPOlIecCe U OCO3HAHMST BAXKHOCTU UMITOPTO-
3amernieHus [10 g cTUMyTMpOBaHUS HALIMOHATBHBIX
9KOHOMUYECKUX nHTepecoB. [1pu dopmupoBanuu nu-
3aliHa McCCIeNOBaHUS HAMU TaKXe YYUTHIBAUCH pe-
3yJIbTaThl paboTHI [21], TOCBSIIEHHO! AeTEpPMUHAHTAM
YCITeITHO# UMM POBOIi TpaHC(HOPMALIUH.

1.3. IlepeMenHble UCCIET0BAHUS

1.3.1. JInuHOCTHBIE XaPAKTEPHCTHKH
NoJIb30BaTeNs

KoncTpykT «JIMIHOCTHBIC XapaKTepUCTUKHU TIOTB30-
BaTesIs» BKIIIOUACT B Ce0ST YEeTHIpE TTIepeMeHHbBIC, KOTO-
pBIe OBLIY BEIIEJICHEI HA OCHOBE aHAIM3a UCCIICIOBAHUIA
[12—16], a umenHo: (1) «3HaHuUs1», (2) «MHIUBUOYaIb-

Hasl ”HHOBAIIMOHHASI BOCIIPUUMYMBOCTh», (3) «Camo-
3¢ deKkTUBHOCTb» U (4) «BoBieueHHOCTh». Huxke mosic-
HHM BbIOOD 3TUX IEPEMEHHBIX.

3HaHUA OTHOCSATCS K HAKOIJICHHOMY OIIBITY, CBSI-
3aHHOMY C TIPUMEHEHUEM TEXHOJIOTUM WJIU TIPOIYKTA.
3HaHMS TTO3BOJISIIOT OLICHUTh OTHOCUTEILHOE TIPEUMY-
IIeCTBO MHHOBAIIMI ITO CPaBHEHUIO C MCITOIb3YeMbIMU
TEXHOJIOTUSIMU, BOCIPUHMMAEMYIO CJIOXHOCTh BHeE-
IPEHUST MHHOBAIIMM U COBMECTUMOCTb MHHOBAILIMU C
WCIIOJIb3YEMBIMU TEXHOJIOTUSIMUA — KJTIOYeBbIe (DaKTO-
pBI TIpUHATUSI UHHOBALUi, 3asBleHHbIe D. Pomxep-
coM [12]. OH yTBepxknan, 4yTo yeM ObICTpee MOIb30Ba-
TeJb OCO3HAET, KAKUM 00pa3oM MCIIOJIb30BaTh HOBYIO
TEXHOJIOTHIO, TeM OBICTpee OHa OymeT BHeapeHa. Ciie-
JIOBaTeJbHO, Mbl MOXEM YTBEpPKIaTh, UTO 3HAHUS SIB-
JISIIOTCSI OMHOM M3 T€X OCHOBHBIX MHINBUIYAIbHBIX Xa-
paKTepUCTHK, KOTOpas BaXKHa IJIs HAYaJIbHOTO 3Taria
rpoliecca MPUHSITUS MHHOBALIMH.

WNuauBuayajbHasgd MHHOBALMOHHAS BOCIPUMMYHMBOCTD
NposiBsieTcs B OAOOpPEHMM IT0Jb30BaTeleM HOBBIX
TexHosioruii. [Toab3oBaTe ¢ BHICOKUM YPOBHEM MH-
JUBUAYaJTbHOW WHHOBALIMOHHOW BOCHPUHUMYMBOCTU
CKJIOHHBI IPUHUMATh U UCIIOJb30BaTh HOBBIE TEXHO-
JIOTWY paHbIIIe, 9eM 3TO CIealoT ocTaiabHble [12]. MH-
NUBUAyaJdbHasi WHHOBAlIMOHHAs BOCHPUMMYMBOCTh
BIMSICT HA JOOPOBOJIBLHOCTD IPUMECHEHMST MHHOBAITUIA
Ha UHAUBUAYaJbHOM YPOBHE, SIBJISIIOLLYIOCS OTHUM U3
(aKTOpOB YCNENIHOTO BHEIPEHUSI MHHOBALIMIA, chop-
MyiaupoBaHHbIX I. Mypom u WM. BenbGacatom [16].
CoracHoO MoJeIM PpaclIpoOCTpaHEHUs] WMHHOBALMI
3. Pomxepca [12], HOBaTOpEl U paHHUE TOCIEHOBA-
TeJU SIBISIIOTCSA JIMYHOCTSIMM C BBICOKOW MHHOBAILV-
OHHOI BOCIIPUMMUYMBOCTBIO 1 C OOJIbIION BEPOSITHO-
CThIO OynyT MHOOPMUPOBATh OKPYXKAIOIIMX O HOBBIX
TEXHOJIOTUSIX. MOXHO cKa3aTb, YTO HOBATOPCTBO —
5TO XapaKTepUCTUKA MMMOHEPOB B IIPUMEHEHUH HOBBIX
TEXHOJIOTUIA, Ha KOTOPBIX BIOCJIECICTBUU PaBHSIOTCS
OKpYXKaroIue.



Camoa(eKTHBHOCTD O3HAYAET yOEKIECHUE UyeIoBeKa
B TOM, YTO OH CIIOCOOEH YCIICIITHO PEIMTh KOHKPETHYIO
3amadyy. B KOHTeKcTe Halrero mccienoBaHUS caMO3(d-
(EKTUBHOCTb — 3TO CYOBEKTUBHASI YBEPEHHOCTD ITOJTh-
30BaTelIsT B TOM, UTO IUTISI HETO POCCUIICKHE TIPOTPaMM-
HbI€ MPOAYKTHI JETKU B OCBOGHUU M MCIOJb30BAHUU.
VBepeHHOCTh B caM03(p(GEKTUBHOCTA TIPU OCBOCHUM
HOBOTO ITPOTPAMMHOTO MTPOIYKTa KOPPEIUPYET C TAKUM
GaKkTOpOM KakK «IIpPOCTOTA MCITOIh30BaHMUS MH(MOPMa-
LIMOHHBIX TEXHOJIOTUIA» [16].

BoBjieueHHOCTh O3HAYaeT MHTEPEC K IPUOOPETEHUIO
HOBOTO HaBbIKa, a TAKXX€ COOTHOCUTCSI C BOCIIPUSITH-
€M ILIEHHOCTH, 3HAaUMMOCTH U BaKHOCTU KOHKPETHOM
TexHojoruu. C y4eToM IIejieil HaIllero MCCIeIOBaHUS
OIIpEIIeINM BOBJICYCHHOCTD KaK 3aMTHTEPECOBAHHOCTD 1
MOTHUBAIHIO K aKTUBHOMY MCITOJIb30BAHUIO HOBEIX ITPO-
IrpaMMHBIX MPOAYKTOB. BbICOKasi BOBJIEYEHHOCTb Ha-
MpapjicHa Ha MOJyYeHUe 3HAHWI U HaBBIKOB, CBSI3aH-
HBIX ¢ UT-TipogyKTamMu, M CTUMYJIHPYET NPUHATHAE U
MMpUMeHEHNEe HOBBIX TEXHOJIOTUI B pabote. BopmeueH-
HBII TI0JIb30BaTENh TOOPOBOJIBHO MIPUMET pellleHre 00
HCIIOIb30BaHUM poccuiickoro 1O, uro cornacHo uc-
caemoBaHuio [16] xapakTepusyeT BBICOKYIO CTENEHB
TIPUHSITUAS TEXHOJIOTHU.

1.3.2. THHOBaMOHHBIE XaPAKTEPUCTHKH
poccuiickoro I1O

Konctpykr «MHHOBaLlMOHHBIE XapaKTepUCTUKU
poccuiickoro I1O» cocront u3 AByx mepeMeHHBIX: (1)
«OTHOCUTENbHOE TpeuMyllecTBOo poccuiickoro I1O»
u (2) «TexHonornyeckass ”THHOBAIIMOHHOCTh POCCHUIA-
ckoro ITO».

OTHOCHTEIbHOE TNPENMYIIECTBO SIBJISIETCS KpuUTe-
pueM ISl CpaBHEHUs] WHHOBALIMM W TPAIUIIMOHHOTO
npoaykra win texHojsoruu [12, 16]. Yem yBepeHHee
MOJIb30BaTEIb OCO3HAET OTHOCUTENIbHbIE MPEUMYIIe-
CTBa MHHOBALIMii, TeM 3¢GEeKTUBHEE TTPOXOIUT MPO-
necc ux npunsaTtusa [12, 16]. IlpencraBieHue o TOM,
YTO POCCHUICKOE IMPOrpaMMHOE 00eCIICUeHIE OKAXKET-
cs1 6osee PYHKIMOHAIBHBIM, YIOOHBIM, HAAEXKHBIM U
MPEeBOCXOMSIIMM paHee UCIOIb3yeMOe MPOrpaMMHOE
obecrieyeHue, SIBISIeTCS OTHOCUTEbHBIM MPEerMYIIe-
ctBoM. UeM BbIlIE YPOBEHb OTHOCUTEIBHOTO IPEU-
mymiectBa 10, TeM BBIIIE €r0 YPOBEHb IIPU3HAHUS U
TIPUHSITHUSA.

TexHoJ0rH4eCKYl0 HHHOBAIMOHHOCTh MOXHO WH-
TEPIPEeTUPOBATh KaK HEOOXOMMMOE YCJIOBHUE TPOIIeC-
ca MPUHSTUS UHHOBALIMOHHBIX peleHuii [12]. Hosas
TEXHOJIOTHUSI 1O OIPEIeICHUIO JHOKHA ObITh OPUIM-
HaJIbHOM U OTJIMYATBLCSI OT CYLIECTBYIOLIUX TEXHOJIO-

ruii [12]. 1151 Toro, 4ToOkI ITporpaMMHOE o0ecIieueHue
CYMTAJIOCh HOBAaTOPCKMM, €T0 TEXHOJorndeckKas WH-
HOBALIMOHHOCTh JOJKHA OBITh JOCTATOYHO BBICOKOW
U, KpOMe TOTO, BOCIIpUHUMAaeMOii moTpeduteaeM [22].

1.3.3. OrHomenne K HEO0X0AUMOCTH
nepexona Ha poccuiickoe I10

CornacHo uccnenoanusiM @.J1. [IaBuca u ap. [14],
IIPEUTOKUBIITM MOIECIb IIPUHSITUSA TEXHOJIOTHH, (pak-
TUYEeCKOe MPUHATHE (MCITOJIb30BaHME) TEXHOIOTUI
BBI3BAaHO HaMepeHueM (KeJlaHUWEeM) IPUMEHSITh UX IS
penieHus 3aaa4. B KOHTEKCTe Halllero McciaeIoBaHMs
ITOJIOXKUTEIbHOE OTHOIIIEHNE K HEOOXOTMMOCTH TIepe-
xona Ha poccuiickoe ITO o3HayaeT HaMepeHUe eTro Uc-
MOJIb30BaTh.

®.J1. IsBuc u ap. [14] yka3biBaiu, 4TO MOBEIECH-
YEeCKME HAMEPEHUA U YOEXKIEHUs BIUAIOT Ha IPUHS-
THE TEXHOJIOTMI KaK OTIEIbHBIMU TOJb30BATEISIMU,
TaK ¥ BCEMU WIEHaMU opraHusanuu. B Hamewm uccie-
JIOBaHWM OTHOIIIEHWE K HEOOXOMMMOCTH Tepexona Ha
poccuiickoe TIporpaMMHOe obecrieueHue OymeT pac-
CMOTPEHO KaK TMepeMeHHasl, OMocpenyloias MHINBU-
NyalbHOE TPUHSITUE U MPU3HAHUE UMIIOpTO3aMelle-
HUS KaK 9KOHOMMWYECKOU MOJUTUKU CTPAHBI.

1.3.4. NuauBuayabHOE IPUHSATHE
nepexoaa Ha poccuiickoe ITO
¥ PU3HAHNE UMIIOPTO3aMeIeHUsI
KaK 9KOHOMHYECKO# MOJUTHKH CTPAHbI

IIpenmnonaraercs, 4YTo AJ1s1 TOTO, YTOOBI KOHKpPETHAasI
TEXHOJIOTHS OblTa MIPUHSATAa, HEOOXOINMO, YTOOBI OHA
AMelTa OTpene/IcHHYIO IIEHHOCTh W TTPEUMYIIIECTBO T10
CPaBHEHMUIO C TPAAULMOHHBIMU TeXHOMorusIMu. [lpu-
HSTUE WHHOBALIMY B 3aBUCMMOCTH OT MaciluTaba Bo3-
JIEWCTBUSI, UMEET JBE COCTaBJISIOIIME: MPUHSITUE WH-
IWBUOYATbHOW LIEHHOCTH WHHOBAIUM W TIpU3HAHWE
LIEHHOCTY MHHOBALIMU )11 OOILECTBA.

IMIpunuMas 1ieHHOCTh poccutickoro 1O Ha uHAU-
BUIyaJIbHOM YpPOBHE, ITOJB30BaTeIb TOTOB MCIOJB30-
BaTh €ro IJIST TUYHBIX IeJIeil 1 MHTeTPHUPOBaTh B 00Opa-
30BaTejIbHbIA IPOLIECC.

IIpu3HaBasi LIEeHHOCTh MHHOBALIMU [Jis1 OOILECTBA,
MOJIb30BaTEAb CYUTAET, YTO MojayyaTejaeM Ojara Mpu
HCIIOJIb30BaHUM HOBATOPCKOM TEXHOJIOTUU OYIET SIB-
JISITbCSL IIMpPOKasi OOILEeCTBEHHOCTb. B Haiem wuc-
clleNOBaHUM MpPU3HAHUE LIEHHOCTU WHHOBALIMU [JIs
o0lIecTBa 0O3HAYaeT OCO3HAHME BaKHOCTU MMIIOPTO-
zaMmeneHus I1O pist cTUMyIMpoBaHUS HALIMOHATBHBIX
SKOHOMMWYECKUX MHTepecoB Poccun.



Taxum o0pa3oM, B KauecTBe 3aBUCUMBIX IIepEeMEH-
HBIX MOJIe I OyIeM paccMaTpuBaTh KOHCTPYKThI «H-
JUBUIYAJILHOE TPUHSTUE MEPEXOAA HAa POCCUMCKOE
I1O» u «IIpu3HaHne UMITOPTO3aMEIIeHMS KaK 9KOHO-
MUYECKOU MOJIUTUKYU CTPaHbI».

1.4. Tunore3sl Hcciien0OBaHUS

B pamkax mccienoBaHusT MBI TIPEIITONIaraeM, UTo MH-
IIMBUIyaJbHbIE XapaKTePUCTUKHU IOJIb30BATEIIsI U MHHO-
BaLlMOHHbIE XapaKTepUCTUKU poccuiickoro I1O dop-
MHPYIOT OTHOIIEHWE K HEOOXOOMMOCTH TIepexoma Ha
poccuiickoe I1O, KoTopoe B CBOIO Oouepelb BIMSET Ha
MpUHSTHE (KaK MTHINBUIYAIBHOE, TAK U IIPU3HAHYE 1ICH-
HOCTU MHHOBALIMU ISl 00111ecTBa) poccuiickoro I10.

Ha ocHoBaHuM aHanmu3a MccleAOBaHUII HAMU BbI-
JABUTAIOTCA CIICAYIOIIMUEC TUITOTE3bI.

HI1: 3naHue, uHIMBUOyajlbHasi WHHOBALIMOHHAS
BOCIIPMUMYUBOCTb, caMO3(p(PEKTUBHOCTb U BOBJIEUEH-
HOCTb OKAa3bIBAIOT MOJIOXUTEIbHOE BO3ICHCTBHE Ha
JIMYHOCTHBIE XapaKTepUCTUKU TTOJb30BaTeNIsl, ONpee-
JISIIOIIME €ro OTHOIIEHUE K HEOOXOAMMOCTH Tiepexoaa
Ha poccuiickoe IT10.

H2: OtHocutenbHOE NPEUMYILIECTBO POCCHUICKOIO
1O m TexHOIOTMYECKOE IPEUMYIIIECTBO POCCUIICKOTO
I10 oka3bIBaIOT MONOKUTENBHOE BO3IEHCTBYE HA MHHO-
BalMOHHBIE Xapakrepuctuku 10, ornpenensmoonme or-
HOIILIEHME MOJIb30BaTesl K uMrnopTo3amelieHuto I10.

3HaHune

MHaoveuayanbHas
WMHHOBALIMOHHaA

T T T 7

H1
BOCMPUMMUYMBOCTb 3 JInyHOCTHBIE
XapaKTepuUCTUKM
CamoaddekTmBHOCTL
BoeneueHHocTb
( )
OTHocuTenbHoe
npevMyLLecTBo
poceutickoro 1O ) H2 NHHOBaLMOHHbIE
XapaKTepuUCTUKM
) poccuiickoro MO
TexHonornyeckoe
npevMyLLecTBo
poccuiickoro MO
. J

Jﬂ H4
Ji‘

H3: JInyHOCTHBIE XapaKTEpPUCTUKU TIOJIb30BaTess 1
MHHOBaIIMOHHBIE XapakTepucTuku 1O oka3bIBaroOT IM0-
JIOXXKUTETbHOE BO3EHCTBYE Ha OTHOLIIEHHE TI0JIb30BaTe-
JIsl K He0OXOAUMMOCTH Tepexoaa Ha poccuiickoe IT10.

Kaxk ykasbiBajioch paHee, IMOJIOXUTEIHHOE OTHOIIIe-
HUE K HEOOXOAMUMOCTU Tepexona Ha poccuiickoe 1O
O3HayaeT HaMepeHue (KeJlaHWe) ero UCToIb30BaTh. by-
JIeM MCITOJIb30BaTh 3TO YTBEPXKICHUE MPU (HOPMYIIUPO-
Banuu runorte3 H4 u HS.

H4: XKenanue noab3oBaTenss KCIIONIb30BaTh POCCUIA-
ckoe ITO TTONOXUTENTBHO BIMSET Ha MHAVNBUOYATBHOE
TIPUHSITHE.

HS5: 2XKenanue moab30Bartelisi UCMOJIb30BaTh POCCUIA-
ckoe 1O 1moI0XUTeTbHO BIMSIET Ha IIPU3HAHUE IIEHHO-
CTHU 3TOM MHHOBAIIUM JJIT OOIIIECTBA.

Ha pucynxe 2 npuBeneHa KOHILENTyalbHasi MOAEb
HCCIICIOBaHMS.

1.5. MeronoJiorug uccjieI0BaHus

Hns nzydeHUs (paKTOPOB, BIMSIONINX Ha TIPUHSITHE
HEOOXOIMMOCTH Tepexona Ha poccuiickoe 10, Hamu
OblIa cocTaBlieHa aHKeTa. Bormpockl KOHCTPYKTOB BbI-
CTPOEHBI Ha OCHOBE CITMCKa BOIIPOCOB, KOTOPHIE ObIIN
MpPEeIIOXEHbl B MCCIEIOBAaHMM, IMOCBSIILIEHHOM IIpO-
oneMaM TIpUHATUS UM@pPoBOIl TpaHchopmauuu [21].
AHKeTa COCTOUT M3 28 BOIPOCOB, OTHOCSILIMXCS K
OCHOBHBIM IITKajaM: JIMIHOCTHBIC XapaKTepUCTUKU

WHpveupyansHoe
NpUHATWE nepexoga
Ha poccuiickoe NO

OTHouweHune
K HEOBXOAMMOCTH
nepexopa
Ha poccuiickoe MO

NpusHaHne
LieHHOCTM nepexona
Ha poccuiickoe MO

nns obwecTsa

Puc. 2. KoHuenTyanbHas Mofesb UCCne0BaHms.



ToJyib3oBaTeNsd TipeacraBneHbsl 10 Bompocamu; 8 BO-
MIPOCOB CYXKaT ISl MPeaCTaBIeHNS WHHOBAIIMOHHBIX
xapaktepuctuk poccuiickoro I10O; 4 Bompoca, 3arpa-
TMBAlOT OTHOIIEHWE K HEOOXOOWMOCTH Ilepexoia Ha
poccuiickoe I10; 3 Bompoca HYXHBI IJis TOTO, YTOOBI
OXapaKTepu30BaTh MHAUBUIAYATbHOE TIPUHATHE TIepe-
xoma Ha poccuiickoe 1O u 3 Bompoca HeoOXOIMMBI
IUIST OIIEHKM TIPU3HAHUS IICHHOCTHU IIepexoma Ha poc-
cutickoe ITO mig obectBa. B 006CcykaeHUM BOIPOCOB
aHKeTbl MPUHUMAJIN yJacTHe COTPYIHMKM COLIMOJIO-
TUYECKON JTabopaTopuM U Kadeapbl 5KOHOMUYECKOM
TEOPMM U TIPUKJIATHON COIIMOJOTUM YPaAIbCKOTO TO-
CyIapCTBEHHOI'O 3KOHOMUYECKOTO YHHBepcuTeTa. OT-
BETHI Ha BCE BOIIPOCHI PAHXKMPOBAINCH 110 5-0aUThHOM
wikane Jlafikepta (I — MUHUMaJIbHOE 3HAYeHUE, 5 —
MakcuMasibHoe). OrepaloHanu3anus MepeMeHHbIX
uccaenoBaHus nipeactasieHa B Ilpusoxcenuu 1.

J1st IOATBEPXKIEHUSI TEOPETUYECKOM MOAEIU MC-
CJIeIOBAaHMS M TTIOCTPOCHUS CTPYKTYPHOI MOAEIIN IIPK-
MEHHUM METOI MOICIMPOBAHMS CTPYKTYPHBIMU YpaB-
HeHmsiMHu (structural equation modeling, SEM) Ha
OCHOBE aHaJIN3a YAaCTUYHBIX HAMMEHBIINX KBAaIpaTOB
(partial fewest squares, PLS) ¢ ucnosib3oBaHuem mpo-
rpaMMHoro npoaykrta SmartPLS [23].

Mogens ¢ nmpumeHeHueMm nonxoga PLS-SEM co-
CTOUT M3 ABYX noamoneneit: (1) uepapxuueckas mooens
u3mepenull OTIpeNensieT OTHOLIEHMSI MEXHy JaTeHT-
HBIMM TIEPEMEHHBIMU (TUMOTETUIECKUMU KOHCTPYK-
TaMM) U HAOTIOMAaeMbIMU TIepeMEHHBIMU, (2) Modensb
CMPYKMYPHbIX YPasHeHull OTIpeNesIsieT HaJlndue TpH-
YMHHO-CJICICTBEHHBIX CBSA3EM MEXIY KOHCTPYKTAMM.

s TecTMpOBaHMST HMEePapXUIeCKOil MOAEIN W3-
MEpPEeHUI MPOBOAUTCS aHAIM3 HAACXKHOCTU U CoTJja-
coBaHHOoCcTH MIKaja. OIlleHKa IPUTOAHOCTH MOIEIU
CTPYKTYPHBIX YPaBHEHMI TTOAPA3yMEBAET OIICHKY ITy-
TeBBIX KO3(P(PUIINECHTOB U UX 3HAYUMOCTH.

Henpro monxona PLS-SEM gBnsieTcs BblneaeHUE
MaKCUMAaJIbHOW NO0JM OOBSICHEHHOI oOllel aucriep-
CHW 3aBUCHUMBIX JIATEHTHBIX ITEPEMEHHBIX B MO
PLS. Meton PLS nosBojseT ucciaenoBaTh MPUYMH-
HO-CJICICTBEHHBIC CBSI3U B YCJIOBUSIX BHIOOPKM MAJIOTO
WIN CPEIHEro pa3Mepa M IPU 3TOM HE TPeOyeT IOITy-
IIEeHUsI 0 HOPMAJIBHOM pacIIpeleIcHUN BRIOOPOYHBIX
JaHHBIX [24—26].

2. Pe3ynbsraThbl
SMIUPHUYECKOTO UCCIIETOBAHMS

B uccnenoBanuu mnpuHsio ydactue 112 mpernoma-
Batesieil U COTPYAHUKOB agMUHKMCTPATUBHOIO U y4elh-

HO-BCIIOMOTATEeIbHOTO CEKTOPOB YPaJIbCKOTO TOCY-
JAPCTBEHHOTO SKOHOMUYECKOTO yHUBepcuteta. Ompoc
OBLT MpOBeEH ¢ sTHBaps no (espaib 2024 roaa.

Pe3ynbraThl YaCTOTHOI'O aHAIU3a IJIs1 U3YYEHUS CO-
LMAJIbHO-IeMOrpaduuecKrxX XapaKTeEpPUCTUK PECITOH-
JICHTOB OIpOca MpeACTaBIeHbI B mabauye 1.

Hawu6onbiast monst pecrioHaeHToB (35,7%) npuHa-
JIEXUT Bo3pacTHOM rpymire 36—49 net. 72,3% pecrnoH-
JIECHTOB — XeHIIMHbI. CerMeHT PeCIOHIEHTOB U3 IIPO-
(beccopcko-IpenoaaBaTeIbcKOro COCTaBa COCTaBUJI
6osee 66% OMPOIICHHBIX.

Kak 0pU10 yKa3zaHO paHee, NBYXSTalHBIA aHAJIN-
tnueckuit moaxon PLS-SEM cocrout u3 cieayiomumx
9TaroB: OlIEHKA MepapXU4YeCKO MoIeaud U3MepeHUi
(Ha 3TOM 3Tarne OLEHMBAIOTCS 0OOCHOBAaHHOCTh U Ha-
JIESKHOCTh BRIOPaHHBIX MOKa3aTesieit) 1 OlleHKa CTPYK-
TYPHOUI MOOEIIN.

Tabauya 1.
ConuansHo-nemorpaguyeckue
XAPAKTEPUCTHKH PECIIOHACHTOB

CouvanbHo-gemMorpatuyeckne rpynnbl

18-35 nert 23,2%
3649 net 35,7%
Bospact
50-64 net 30,4%
65 neT v cTapLue 10,7%
JKeHckuin 72,3%
Mon
Myxckoit 21,7%
3aseayoLLnit kKachepoi, 5 369
PYKOBOANTENb UHCTUTYTA R
JlomKHOCTb Mpenopasarens 66,96%
COTPYAHVK aAMUHICTPATUBHOTO 27 68%
11 y4e6HO-BCNOMOraTesIbHOr0 CEKTOPOB oo
Bcero otBeToB 112

2.1. OueHKa uepapxu4eckoii
MOJIeJI M3MepeHuit

Ha nepBoMm 3Tame MoaeavMpoBaHUsS HEOOXOIUMO
MPOBECTU BepU(MUKALMIO CTPYKTYPbl JAMArHOCTUYE-
CKOTO MHCTPYMEHTApHS.

JI71s1 TIpOoBEpKU HANEXKHOCTU OBLTN TTPOaHATN3UPO-
BaHbI (DAKTOPHBIE HATPY3KU KaXI0M 13 BKIIIOUECHHBIX B
aHaJIN3 TIepeMEeHHBIX (mabauya 2).
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Tabauya 2.

ITpoBepka HaAEKHOCTH MEPEMEHHBIX MOJIEH

KoHBepreHTHas
dakTopHas
Mepemennas p SEhL AL
Harpyska (average variance
extracted, AVE)
3Hahue

91 3Hat0, KaKMMN POCCUACKMM NPOrPaMMHbIMU NPOAYKTAMI MOXHO 3aMeHIUTb MHOCTPaHHoe 10, 0.853

11CNONb3YEMOg Cernac Npu peanuaaunin AUCUNNIuH ’

$1 XOpoLLO 0CBEAOMAEH 0 NAtocax 1 MuHycax poccuiickoro M0 — aHanore 3apy6exHoro M0, 0.863 0.740
1CMONb3YEMOro Ceiiyac npy peann3awimn AUCLUMNINH ’ '

1 Mory pacckasarb ApyruM 0 BO3MOXHOCTAX poccuidckoro 10 — aHanore uHocTpanHoro M0, 0.864

1CNONb3YEMOr0 Ceiiyac npu peann3auim AUCLUnInH ’

WuausupyanbHas MHHOBALWOHHAS BOCNPUUMHUBOCTD

06bI4HO 5 HA4MHAKD 1CMONb30BATb NHHOBALIMOHHbIE TEXHONOMN PaHbLLE BCEX 0,844

91 CKNOHeH 0GHOBNSTb YCTPONCTBA NO MEPE NOSBNEHNS HOBbIX TEXHOMOMIA 11 BbIXOA HOBbIX MOZENe 0,853 0.729
$1 CKMOHEH MHKDOPMUPOBATH OKPYXXAIOLLIX 06 YCTPOCTBAX, CO3AaHHBIX C UCMONb30BAHIEM 0.864

11 HHOBALIOHHbIX TEXHONOriA :

Camo3adhthekTMBHOCTD

1 iymato, YT0 MHe BYZIET Nerve 00y4nTbCS U Ha4aTb UCMONb30BaTh He3Hakomoe 10, Yem apyrim 0,770

1 mymato, 4T0 CMOry 0BNaAeTh HaBblkaMin paboTkl ¢ poccuiickum M0 3a OTHOCUTENBHO KOPOTKOE BPEMS 0,937 0773
$1yBEPEH B CBOWX HaBblkax padoThl ¢ 10 1 aymato, YTO Y MeHst He BOHIIKHET CIOXHOCTel npi paboTe 0.921

¢ pocchiickim M0 '

BoBne4yeHHOCTb
1 OTKPBIT K MCnonb3oBaHmMo poccuiickoro M0 — aHanory 3apy6exHoro 10, Ucnonb3yemoro ceityac 1000 0.749
npy peann3auii aAUCLUNNNH ’ '
OTHocuTEnbHOE npeumyLiecTBo poccuiickoro M0

Poccuiickoe M0, BeposTHO, MeeT 6onee LWUPOKME BO3MOXHOCTH, 4eM UHOCTpaHHoe 110, ncnonbayemoe 0.910

celfyac npu peann3aLyun AMCLUMNANH :

cnonb3osaHie poccuiickoro M0 6ynet 6onee KOMAOPTHLIM, Y4eM MHOCTPaHHOrO M0, ncnonbayemoro 0.934

Ceifyac npu peann3auyui AMCUMNNH ’ 0781
Poceniickoe M0 6onee HAAEXHO N0 CPABHEHUIO G MHOCTPaHHBIM M0, MCMONb3yeMbIM Ceiivac npi pean13auum 0.900 ’
JVCLMNIMH :

(06y4eHue HaBblkam paboTkl ¢ poccuiickum MO Bonee akTyanbHO, YeM 00y4eHie paboTe ¢ MHOCTPaHHbIM 0.782

M0, ncnonb3yembIM Ceitdac npu peann3auin AUCLUINH ’

TexHonornyeckas MHHOBaLMOHHOCTbL poccuickoro M0

A nymato, 410 poccuiickoe M0 c03aAaHO ¢ MCMONb30BAHNEM NHHOBALMOHHbIX TEXHONOMIA 0,874

Poccuiickoe M0 9BNSIETCS MHHOBALMOHHbIM 0,941

Poccuitckie nporpamMMHbIle MPOLYKThl OPUTMHANBHbI, KDEATUBHBI U HOBbI 0,915 0,836
Poccuiickie nporpaMMHbIle NPOAYKThI 3aMETHO OTIMHALOTCS B NyHLLYH0 CTOPOHY OT MHOCTPpaHHoro 10, 0.927

NCNONb3YEMOro Ceivac npu peanuaunmi aUCLUnnH :

OTHOwEHME K He06XoaUMOCTH nepexoaa Ha poccuickoe M0

91 NO3UTUBHO OTHOLLYCb K MCMONb30BaHMK0 poccuiickoro 10 0,872
Y MeHs! He BbI3bIBAET 3aTPy/IHEHNIA padoTa ¢ poccuiickum MO 0,822 0,725
§1 aKTMBHO BBICTYNAt0 32 MCMONb30BaHME poceuiickoro M0 B y4ebHOM npouecce 0,860
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MepemeHHas

KoHBepreHTHas
BaNMAHOCTb

(average variance
extracted, AVE)

dakTopHas
Harpyska

WuansnpayanbHoe npuusTHe

nepexofa Ha poccuickoe 10

$1 roTOB K cnonb3osanuio poceuiickoro M0 B y4e6HOM npougcce 0,909
ECnn BO3HUKHET HE0OX0AMMOCTb, 51 BY[1y UCMONb30BaTh poccuiickoe M0 B y4ebHOM npoLiecce 0,849 0,729
$1 npoaoMmKy 1cnonb3oBartb poccuiickoe M0 B ByayLlem 0,837

Mpu3Hanne ueHHocTH nepexopa Ha poccuiickoe M0 ans obwecTsa
Poccuiickoe MO [0MKHO aKTUBHO UCNONb30BATHCS B HALLEM 0OLLECTBE 0,958
Poccuiickoe M0 0MKHO NCN0b30BATHCA OPraHN3aUMsaMIA PasnnyHbix CEp AEATenbHOCTH 0,968 0,836
Ham HeobxoauMo NOCTENEHHO HapaLLMBaTb MCMONb30BaHWe poccuiickoro M0 0,931

DakTopHbBIEe HATrpy3KM TOKAa3bIBAIOT, HACKOJIBKO
3HAYUTEJIbHO KaXIblil IepeMeHHasl BJIUseT Ha (hakTop.
B momenu mpeamouTuTeNnbHB (DaKTOPHBIE HArpy3Ku
6o01ee0,7[27], bakTOpHBIC HATPY3KU, UMEIOLIME 3HAUC-
Hue 6onee 0,4 canTAIOTCS TPUEMIIEMBIM PE3YTHTATOM.
OtMeTnM, 4TO (haKTOPHBIE HATPY3KHU BCEX IEPEMEHHBIX
MOJIeJIY MPEBHIIAIOT PeKOMeHI0BaHHOe 3HayeHue 0,7.

HpyruM BaxXHBIM TIOKa3aTesieM, OlEHUBAIOIIUM
CTeTNeHb PENPEe3eHTATUBHOCTU MEPEMEHHBIX B paMKax
OTIEIbHBIX KOHCTPYKTOB, SIBIISIETCS KOHBEPTEHTHAs
BaJIMAHOCTb, U3MEpsieMasi MoKa3aTejaeM U3BJICUEHHON
cpenHeil nucniepcuu (average variance extracted, AVE).
B kavectBe KpuTepusi KOHBEPTEHTHOW BaJUAHOCTH
ncnonbiyercs 3HadyeHne AVE > 0,5, 9ro roBopuT o
TOM, YTO AMCHEPCUST, OOBSICHsIEMasl BKIIOYEHHBIMU B

Mozesb (hakTopamu, BhIIIIE, YEM OIIMOKA U3MEPEHMS.
DT0 3HAUYEHME OBLIO JOCTUTHYTO BO BCEX KOHCTPYKTAX
Monenu (mabauya 2).

Ha cnenyroiem stane OblUia IpoBeAeHa MPOBEpKa
BHYTPEHHE COTIaCOBAHHOCTU TIEPEMEHHBIX, 3alaH-
HBIX BOIPOCAMM aHKETBI, IJISI TOTO YTOOBI OIIPEICITUTh,
HACKOJIBKO XOPOILO KaXIbI OTAEJIbHBIA BOIIPOC OIM-
CBIBaeT MPU3HAK-KOHCTPYKT. Pe3yiabraThl IpOBepKU
BHYTPEHHE! COrIaCOBAHHOCTU MePEeMEHHBIX PUBEIC-
HBI B mabauye 3. Anbda KpoHbaxa n3mepsieT cTeleHb
COIJIACOBAaHHOCTU MEPEMEHHBIX, (POPMUPYIOIIUX Kaxk-
IIBIYA KOHCTPYKT. 3HAaYeHUE KOMITO3UTHOM HAIeKHOCTH
(rho_c) neMOHCTpUpPYET, B KaKOi CTeNeHU IepeMeH-
HBbIE KOHCTPYKTA SBJISIIOTCSI PEIIPE3eHTATUBHBIMM [IJIST
CBOEro KOHCTpYKTa. MOXHO ceaTh BBIBOM, UTO BHY-

Tabauya 3.

IIpoBepka BHyTpeHHEl COLTACOBAHHOCTH MOIEIN

KoHGTpyKT Anbtha Koathchuument Komno3sutHas
Kponbaxa HapexHocTu (rho_a) HapexHocTb (rho_c)
3HaHme 0,824 0,825 0,895
K avBMIyanbHas MHHOBALMOHHAS BOCNPUAMYMBOCTL 0,816 0,825 0,890
Camo3ththeKTUBHOCTb 0,853 0,900 0,910
OTHOCMTEeNbHOE MPEUMYLLECTBO poceuitckoro 10 0,905 0,911 0,934
TexHoNor4eckast MHHOBALMOHHOCTL poccuiickoro 10 0,934 0,935 0,953
OTHOLLEHME K HEOBXOAMMOCTY Nepexoaa Ha poccuiickoe M0 0,810 0,814 0,888
HavBuayanbHoe NpuHsTUE nepexoaa Ha poccuickoe M0 0,833 0,848 0,899
Mpu3HaHwe LieHHOCTY Nepexofa Ha poccuiickoe M0 ang obuiecTea 0,934 0,935 0,953
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TPEHHSISI COTJIACOBAHHOCTbH MOATBEPXKIEHA, TTOCKOIbKY
Bce 3HaueHus1 Anbdbl KpoHbaxa 1 KOMIMO3UTHON Ha-
nexxHocTu (rho_c) Boiie 0,8.

BrICOKMIT ypOBEHDb COIIACOBAHHOCTH IEMOHCTPHU-
pyeT 1 TOT (haKT, 4YTO ISl BCEX KOHCTPYKTOB MOICIIU
3HaYeHue KoahUulineHTa HaaexXHOCTH (#ho_a) JTeXUT
B TpaHUIax, 3agaHHbBIX Anbdoit KpoHbaxa 1 KomIto-
3UTHOM HAIEXXHOCTH (#10_c).

Hanee mist TIPOBEpPKU CTAaTUCTUUICCKON HE3aBHUCH-
MOCTH KOHCTPYKTOB MOIEJIV CJICIOBAJIO OIEHUTH UX
NUCKPUMMHAHTHYIO BaJuaHOCTb. OlleHKa Oblia Mpo-
BeneHa ¢ mpuMeHeHueM kputepuss HTMT (heterotrait-
monotrait ratio), CorracHO KOTOpOMY OIWH KOHCTPYKT
OTJIMYEH OT APYTrOro KOHCTPYKTA ¥ MOXKET OBITh BKIIIO-
YyeH B Monelb, eciu 3HaueHue HTMT mexny KoH-
CTPYKTaMHU MPEBBIIIAET IOPOrOBOe 3HAYEHUE, PAaBHOE
0,9 [27]. IIpoBepka 1moka3ajia 1OCTaTOYHYIO DUCKPH-

g5
BF 2  <«——0864
0.86.
BF3 <«
Knowledge
0502
BF_4
— ‘\084
BF 5 <——0853
0.864
BFG i
Ind_Innovat
BF_7
— ~ 7
BF_8 0937
19 Involvement
B9 <«
Self_efficacy
BF_10 <«—1.00

Involvement

IC_1 \

0.910

0.2 \0.93

IC_3 ~<——0.90 \
.4 /0. 2 0.953

Advantages_Rus_Software

IC_5
\o. 4
IC_6 ~~_ 2/
0.941
C7 <0915 Innovative_Characteristics
0.927
s < _

Tech_Innovation_Rus_Software

MHWHAHTHYIO BJIMIHOCTH KOHCTPYKTOB MOJEN: MaK-
cumanbHoe 3HaueHne HTMT cocrasuito 0,856.

Takum 006pa3oM, MOXHO YTBEPXKIATh, UTO UEPAPXU-
yeckasd MOJEdb U3MEPEHUM MMeeT aAeKBaTHBIA ypo-
BE€Hb KOHBEPI€HTHOM HAIEXHOCTHU, BHYTPEHHEU CO-
1aCOBAaHHOCTU U IUCKPUMUHAHTHOU BaJUIHOCTH.

2.2. OueHKa CTPYKTYPHO# MOJe/n

OlLIeHKY CTPYKTYpHOII MOIe/M HauMHAaeM C aHaJIu-
3a 3HauYeHUU KoadbduureHta UHOAIIUN TUCTIEPCUNA
(variance inflation factor, VIF) — meTpuku mj1s1 omeH-
KM KOJUIMHEAPHOCTH TEePEeMEHHBIX MOIeiIu. 3Haue-
Hue VIF > 5 cBumetenbCcTBYeT O BEICOKOM KOPPEIIInn
MeXay nepeMeHHbIMU [27]. MakcuMaibHOe 3HaYeHue
VIF monenu cocraBuio 3,865.

KoHburypauus cTpyKTypHOI Moaeau npeacTaBiie-
Ha Ha cxeMme (puc. 3).

0.606 PA_2
/ PA_3
7 Personal_Acceptance
SA_1
Acceptance_Transition_Rus_Software SA 2
SA_3

Social_Acceptance

Puc. 3. KoHturypauust CTpyKTypHOR MOJENN.
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Tabauya 4.

3Havenusd -K03(hGUIMEHTOB U Pe3YJIbTAThI IPOBEPKA TMIIOTE3

7 [ GRE] Bnusxue

Pewenune

S-K03(DULUEHT | 7-CTAaTUCTHKA | p-3HAYEHue

WHavBuayanbHas MHHOBALMOHHAS BOCIPUMMYUBOCTb —>

H JIMYHOCTHBIE XapaKTepuUCTUKIA NOMb30BaTENS 0,004 0,040 0,968 OTKNOHAETCA

H1 BoBne4YeHHOCTb —> JIMYHOCTHbIE XapAKTEPUCTIKM NOMb30BATENS 0,720 8,177 0,000 NPUHUMAETCH

H1 3HaH1e — JINYHOCTHbIE XapaKTEPUCTUKIA NONb30BATENS 0,113 1,327 0,184 OTK/OHSETCH

H1 Camo3htheKTMBHOCTb —> JTNYHOCTHbIE XapaKTEPUCTUKN 0313 9531 0.011 NDVMHUMAETCS
noNb30Barens ' ' ' p
OTHOCUTENbHOE NPenMYLLIECTBO poceuiickoro M0 —

H2 AHHOBALMOHHbIE XapaKTePUCTVKKM poccuiickoro 10 0435 30845 0,000 MIPMHINMAETCS
TexHonorn4eckast MHHOBALMOHHOCTL poccuiickoro M0 —

He \HHOBALMOHHbIE XapaKTepUCTUKKM poccuiickoro 10 U3 = Yl MIPMHINAETCS
JIN4HOCTHbIE XapaKTepUCTIKK Nonb3oBarens — OTHOLLEHWE

H3 K He06X0AMMOCTY Nepexoaa Ha poccuitckoe 10 0625 813 0,000 MpUHAMaeTCa
HHOBALMOHHbIE XapaKTepUCTUKIA poceuiickoro M0 —

H3 OTHOLLEHME K HEOBXOAUMOCTY Nepexoia Ha poceuiickoe M0 0,286 3,617 0,000 MpUHAMaeTCa
OTHoLLIeHe K HeobX0AUMOCTH Nepexoa Ha poceuitckoe M0 —

H4 HarBUaYyanbHOE NPUHSTUE NEpexoda Ha poccuiickoe M0 0.778 17.9% 0,000 MIPMHIINMAETCS
OTHOLLIEHe K He0bX0AUMOCTH Nepexoa Ha poccuitckoe M0 —

H5 Mpu3HaHue LEEHHOCTIN nepexoaa Ha poccuiickoe M0 ans obuiecTBa 0,602 8,180 0,000 MpUHAMaeTCa

AJIIEKBaTHOCTb CTPYKTYPHOII MOIEIH OLIEHUBACTCS
¢ TOMOLIBI0 KO3(hGhUILIMEHTOB neTepMuHanuu R2. Ha
pucynie 3 3HaueHUs KO3GhGhULMEHTOB R’ pUBENEHbBI B
Kpyrax, 0003HavYalomnX KOHCTPYKTH MOIEIIH.

AHaJIN3 B3aMMOCBSI3e MEXIy KOHCTPYKTAMH MO-
IIeJI BKIIIOYAeT MHTEPIIPETAInio 3-KO3DDUIINEHTOB 1
COOTBETCTBYIOIIMX UM 3HAUEHUH f~-CTaTUCTUK.

PesysbTaThl aHanIM3a CTPYKTYPHOI MOJEIN IIpUBe-
NieHbl B mabauuye 4.

OTMETUM KpUTEPUU, HEOOXOMMMBIE IJIsI aHaau3a
NaHHBIX mabauyst 4-
¢ BoICOKME p-3HaueHust (>0,05) CBUIETENBCTBYIOT O

TOM, YTO MCCJIEIOBATEIbCKAsI TUIIOTE3a OTKJIOHSIETCS;

¢ 3HaueHUsS  [3-KO3(POUIMEHTOB  IEMOHCTPUPYIOT
TECHOTY CBSI3U MEXTy KOHCTPYKTaMM.

3. Obcyxnenue

Wrak, aHanmu3upysl pe3yJbTaThl TECTUPOBAHMS TH-
MOTe3 ObUIM CAEJIaHbI CJIEAYIOINE BEIBOIbIL:

¢ OTKJIOHEHA MCClieIoBaTeIbCKas TMIOTe3a O BIUSHUU
YPOBHSI 3HAHWM Ha JIMIHOCTHBIC XapaKTECPUCTHKM,

BO3IEIICTBYIOIIME HAa OTHOIICHUE ITOJb30BaTEeNIsI K
HeoOXOIMMOCTH Tiepexona Ha poccuiickoe I10;

¢ OTKJIOHEHA HCClenoBaTeIbcKasl TUITOTe3a O BIIUS-
HUU WHIWBUIYATbHOW WHHOBALIMOHHOW BOCIpHU-
MMYUBOCTHA Ha JINYHOCTHBIE XapaKTEPUCTUKHU, BO3-
JNIENCTBYIOIIME Ha OTHOIIEHWE MOoJb30BaTelsl K
HEeoOXOIMMOCTH IIepexoaa Ha poccuiickoe I10;

¢ TIOATBEPKICHBI BCE OCTAJIbHBIC MCCIIENOBATEIIbCKIE
THUITOTE3HI.

JlomoJTHSIST BBIBOIBI O Pe3yJbTaTaX TeCTUPOBAHUS TH-
MOTE3 aHAIM30M 3HAYEHU 3-K03(DUIIMEHTOB MOXHO
YTBEPKIATh, CIeaylolee:

4 CYIIECTBYET 3HAUMMOE BJIMSIHME BOBJICYEHHOCTU U
caM033(eKTUBHOCTH Ha JIMYHOCTHEIC XapaKTepH-
CTUKH, BO3ICUCTBYIOIIME HAa OTHOILICHHUE IOJIb30-
BaTeliss K HCOOXOOMMOCTH TIepexoma Ha pOCCUICKOe
I10O, npu 3TOM 3Ha4YeHUE BIWSHUS BOBJICYCHHOCTH
(0,720) mpeBbIlIaeT 3HaAUYEHUE BIUSIHUSI CaMOd(d-
dextuBHoctu (0,313);

¢ CYIIECTBYET CTATUCTUYECKM 3HAYMMOE CPEIHEe IT0
CUJie BIIMSTHAE OTHOCUTETBHOTO MPEUMYIIECTBA POC-
cuiickoro ITO (0,495) u TexHONOTMYECKON WHHO-



BarmmoHHOCcTU poccuiickoro I1O (0,549) nHa uHHO-
BallMUOHHBIE XapaKTepPUCTUKMU poccuiickoro I10,
BO3JIECTBYIONIIE HA OTHOIIEHWE TOJIb30BaTeNsI K
HeoOXoaMMOCTH nepexoaa Ha poccuiickoe I10;

4 CpaBHUBAS CUJIy BIUSIHUSI JIMYHOCTHBIX XapakKTe-
puctuk mosb3oBaTes (0,625) U1 MHHOBALMOHHBIX
xapakTepucTuk poccuiickoro I1O (0,286) Ha Hame-
peHue wucnoyb3oBaTh poccuiickoe I1O, oTMeTUM
3aMEeTHOE€ MPEBBIIIEHUE 3HAYSHUS] CUJIbI BIUSTHUS
JIMYHOCTHBIX XapaKTePUCTHK;

¢ HaMepeHMe UCIoJIb30BaTh poccutiickoe 1O 3HaunmMo

BJIVSIET KaK Ha MHIVBUIYaJIbHOE TIPUHSTHE ITepexoa

Ha poccuiickoe 1O (0,778), Tak U Ha NpU3HAHUE

LIEHHOCTU Tiepexona Ha poccuiickoe 1O mis obire-

ctBa (0,602).

Taxkum o0pa3om, pe3ysibTaThl aHAIU3a CTPYKTYpPHOMI
MOJIEJIU TTO3BOJISIIOT YTBEPKAATh, YTO HAMOOJIbIIIEE B -
SIHME Ha HaMepeHUe UCIIOJIb30BaTh poccutickoe I10, a,
cJenoBaTesIbHO, U Ha TIpuHsTHE poccuiickoro ITO oka-
3bIBAIOT JIMYHOCTHBIC XapaKTepUCTUKM, a UMECHHO BO-
BJICYEHHOCTh M camMoa(pdeKTUBHOCTh. PaccmaTtpuBas
MEXaHU3MBbI PaOOTHI C COIPOTUBJICHUEM IIPX BHEOpe-
HUU TIpoeKTa o nMmIropTo3amerteHuio 110 B By3e, cire-
IyeT BO3IEMCTBOBATh Ha 3TU ABa (haKTOpa MOTHBALINHI
JUTSL yCOEITHOTO BHenpeHus poccuiickoro I10.

MOXHO yTBEpXAaTh, YTO IOKA3aTeJU JMYHOCTHBIX
XapaKTEPUCTUK II0JIb30BaTe/Iisi M MHHOBALIMOHHBIX
XapakTepucTuk poccuiickoro IO B COBOKYMHOCTHU
0OBSICHSIOT 68,5% nucrepcuu ToKasaTesiell OTHOIIe-
HUSI K HEOOXOAMMOCTHU Tepexofa Ha poccuiickoe 10
(R* = 0,685), Torna Kak rnokasaTeJy OTHOLIEHHs K He-
00XoIUMOCTH TIepexoaa Ha poccutiickoe 1O oObsicHSI-
o1 60,6% nucriepcuy mokasatelieil MHAMBUIYaIbHOTO
MpUHSATUS Tiepexona Ha poccuiickoe 10 (R* = 0,606)
u 36,2% nucrnepcuu IoKasaTeeil NMPU3HAHUS LIEH-
HOCTH Tiepexoma Ha poccuiickoe 1O mnsg obmiectsa
(R2=0,362).

3akinioueHue

Llesbto HACTOSIIIETO UCCIENOBAHUS SIBISIETCS BbIIE-
JIeHWe 3HaYUMBbIX (paKTOPOB, BJUSIOIIMX HA TIPUHSITHE
POCCUMCKHUX MPOrpaMMHBIX pellIeHUH B 00pa3oBaTe/ib-
HBIX OpraHusanusx. bazucom Momenu uccienoBaHUs
MOCHYXUJIM KOHLUENUUU Teopuu Aud@Py3uu MHHOBA-
LUK ¥ MOAEIM NIPUHATUS TeXHOJOTui. ISl MpoBepKu
TUIIOTE3 MCCIIeI0BAaHUS MCITOJIb30BAJICS METOI MOJIe-
JINPOBAHUS CTPYKTYPHBIMU YPAaBHEHUSIMU C TIPUMEHE-
HUEM pe3y/IbTaTOB aHKETUPOBAHUS IIpeTIofaBaTesieii u
COTPYIHUKOB By3a.

Pesynprathl nccienoBaHUSI MMEIOT TEOPETUIECKYIO
3HAYNMOCTh M TIePCIEKTUBY TaJIbHEHIIIETo IMpaKTHJe-
CKOTO TIpUMEHEHUS.

HccnenoBaHve OATBEPANIIO BHIBOIALI MOJCIN TTPU-
HSITHS TEXHOJIOTHH O BIMSTHUY TTIOBEIEHYECKUX HAaMepe-
HUI UCITOIb30BaTh MH(POPMAIIMOHHBIE TEXHOJIOTUN Ha
HX HEMOCPEACTBEHHOE Ucnojib3oBaHue. Hamu Obu1 mo-
JIy4eH CTaTUCTUYECKN 3HAYMMBIi1 pe3yJIbTaT, yTBEepKia-
OIIMIA, YTO OTHOIIICHUE K HEOOXOMMMOCTH IIepexoaa Ha
otevyecTBeHHOE [1O BBICTYMAaeT B KaUueCTBE OMOCPEAYIO-
mero ¢akropa MeX1y He3aBUCUMBIMUA W 3aBUCUMBIMU
MepeMeHHBIMU HUcciaenoBaHus. [IpoBeneHHBIN aHAIN3
corjacyeTcsl Takxke ¢ UACSIMU TTocaeIoBaTelNieil TeOpru
nvddy3ur MTHHOBALMI: Ha UHAWBUIYATbHOE ITPUHSITUE
WMIIOPTO3aMelIeHUS U TIPU3HAHUE IIEHHOCTH Tepexoa
Ha otedecTtBeHHOE [10 1151 00IIIECTBA BIUSIOT KaK JIMY-
HOCTHBIE XapaKTepUCTUKHU IT0JIb30BaTe/Is1, TaK U MHHO-
BallMOHHbBIE xapakTtepucTuku poccuiickoro I1O. Ilpu
9TOM TIOJIOXUTEIBPHOE OTHOIICHHE K HEOOXOIMMOCTH
MMITOPTO3aMEIIICHUST OINMOCPEAyeT BIUSHUE HAa WHIU-
BUIyaJIbHOE TIPUHSITHE B OOJIBIICH Mepe, YeM Ha IpH-
3HAHWE IIEHHOCTU IIepexoma Ha poccuiickoe 10 mis
o01ecTBa. DTO CBUIETEIBCTBYET O TOM, UTO CYILIECTBY-
10T JOMOJHUTEIbHbBIE HEYYTeHHbIE B MOEIU (PaKTOPHI,
BIIUSTIONIME HA TIPU3HAHNE UMIIOPTO3aMEIIeHUS B Kaue-
cTBe 0a30BOTO MPHUOPUTETA PA3BUTHSI POCCUICKOI KO-
HOMMKH.

PesynbraThl MccaemoBaHUSI MMEIOT TPAKTUIECKYIO
3HaunMOCTh. CucteMaTtn3anus (pakTOpOB, BIUSIONINX
Ha yCHelIHbIi repexod Ha oteuecTBeHHOe [1O B yupex-
JIEHHUSIX BEICIIETO OOpa30BaHMS B YCIOBHUSIX TEXHOJO-
TMYECKOIr0 CYBEpEHUTETA, ITO3BOJIUT PYKOBOACTBY By3a
OCO3HAHHO IUIAHUPOBATh M YTOYHSITh MEPOIIPUSITUS 110
CTpaTeruy MMITOPTO3aMeIleHNs.

OTMeTuM, 4TO UCCIEeNOBAaHUE MMEET PSIfi OTpaHUYe-
HU. Bo-niepBbIX, OHO MPOBEIEHO HA OTHOCUTEILHO He-
0OJTBILION BBIOOPKE U MOXKET UMETh OLIMOKY Perpe3eH-
TaTUBHOCTU. BO-BTOPBIX, HA OTBETHI PECTIOHAEHTOB MOT
BIMATHb 3(PPEKT COLMANTbHOM XKeNnaTeJIbHOCTU, 3aKJTI0-
YaIOIMUICS B TOM, YTO OIpallMBaeMbleé MOTJIA CO3Ha-
TEJIbHO WM HEOCO3HAHHO BHIOMPATh COLMATBHO OJIO-
OpsieMble OTBETbl U MPEYBEJINYUBATH WU, HA0OOPOT,
MPEYMEHBIIIATh CBOE COIache C HEOOXOMMMOCTBIO UM~
MOPTO3aMEIEHUS.

B nocnenyrommx uccnenoBaHUsIX CIEAYET yYeCThb Psi
JPYIUX BaXKHBIX (haKTOPOB, BIMSIOIIMX HA MPUHSITHE
ummopro3amemieHuss I10. Ham mpencrasnsieTcs, 4to
OydeT MHTePECHBIM MIPOBECTU MOTOOHBIE UCCIIETOBAHUS
B OpraHu3auMsIX pas3IUYHBIX OTpaclieil POCCUICKOM
9KOHOMHUKU KaK B KOMMEPUYECKUX KOMITAaHUSIX, TaK U B
TOCYIapCTBEHHBIX CTPYKTypax. M
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ITlpunoxncenue 1.
Onepanponaau3anus nepeMeHHbIX UCCAEI0BAHUS
MNepemeHHas ‘ Hanm. ‘ Bonpocb!
KoHeTpyKT 1. JIN4HOCTHBIE XapaKTepUCTMKN NONb30BaTenNs
BF 1 91 3Hat0, KaKMMW POCCUACKMM NPOrPaMMHbBIMU NPOAYKTAMI MOXHO 3aMeHIUTb MHOCTPaHHoe (10,
- 1CNONb3YEMOg Ceyac Npu peanuaauui AUCLMNIuH
Suaute BF 2 51 xopoLLo 0CcBeOMNEH 0 MNtcax U MUHycax poccuiickoro M0 — aHanore 3apy6exHoro M0,
- 1CNONb3YEMOr0 Ceiiyac npy peann3auimi AUCLUMInH
BF 3 Sl mory pacckasatb pyruM 0 BO3MOXHOCTSX poccuiickoro M0 — aHanore uHocTpanHoro M0,
- 1CNONb3YEMOr0 Ceiiyac npu peann3auim AUCLUnInH
BF_5 | OBbl4HO 51 HAYMHAKD NCNONb30BATb MHHOBALIMOHHBIE TEXHONOTUI PaHbLLIE BCEX
HavBuayansHas p ; ;
VHHOBALIMOHHAS BF_6 | S cknoHeH 06HOBNATL YCTPOIACTBA MO Mepe NOSIBNEHWS HOBbIX TEXHONOTWIA 1 BbIXOAA HOBbIX MOAENEI
BOCMPUAMYMBOCTD BF 7 §1 CKNOHeH MHKHOPMMPOBATbL OKPYXAMOLLIX 00 YCTPOHCTBAX, CO3aHHbIX C UCMOMb30BAHNEM MHHOBALIMOHHbIX
- TEXHOMOrNN
BF_8 | & mymato, 4to MHe ByaeT nerde 00y4uThCs 11 Ha4aTb UCMONb30BATh He3HakoMoe paHee 10, Yem apyrim
BF_9 | &1 aymato, 410 CMOrY 0BNaEThb HaBblkaMu paboThl ¢ poccuiickim M0 3a OTHOCUTENBHO KOPOTKOE BpEMS
Camo3htheKTMBHOCTb - Aymaro, y A p p P p
BF 10 51 yBepeH B CBOWX HaBblkax paboTbl ¢ 10 1, aymato, YT0 y MEHS! He BOSHUKHET CIOXHOCTEN Npu paboTe
- ¢ poccuitckim M0
BOB/IEYEHHOCTS BF_11 $1 OTKPBIT K MCNONb30BaHUK poccuiickoro M0 — aHanory 3apy6exHoro M0, Mcnonb3yemoro cenyac
npy peann3auin aUCLUMNINH
KoHcTpyKT 2. IHHOBaUMOHHbIE XapaKTepucTMku poccuiickoro N0
c 1 Poccuitckoe M0, BEpOSTHO, MMEET 60M1ee LIMPOKME BO3MOXHOCTH, Yem MHoCTpaHHoe M0, ucnonb3yemoe
- ceifyac npu peann3aLyi AMCLMNANH
C 2 Ncnonb3osaHue poccuiickoro M0 Bynet 6onee KOMAOPTHLIM, YeM MHOCTPaHHOrO M0, ucnonbayemoro
OtHocuTensHoe = ceyac npu peanuaaumin AUCLUNAMH
NpenMyLLecTBO - -
poceuiickoro M0 c 3 Poccuitckoe M0 60n1ee HAZEXHO N0 CPABHEHMIO C MHOCTPAHHBIM 10, UCTIONL3YEMbIM CEit4ac Npy peanuaaumm
- JVCUMNANH
C 4 06y4eHne HaBbikam paboTbl ¢ poccuiickum 10 Gonee akTyanbHo, 4em 00y4eHne pabate ¢ nHOCTPaHHbIM M0,
- 11CNONb3YEMbIM Ceivac Npu peanuaauni AUCUNANIuH
IC_5 A aymato, 410 poccuiickoe M0 c03aAaHO ¢ MCMONb30BAHNEM NHHOBALMOHHbIX TEXHONOMIA
TexHomorMYeckas IC_6 | Poccuiickoe M0 ABNAETCA MHHOBALMOHHLIM
WHHOBALIOHHOCTL IC_7 | Poccuiickue NporpammHble npoayKThl OPUrMHaMbHI, KDEaTUBHbI U HOBHI
poccuiickoro M0 -
c 8 Poccuitckie nporpaMMHble NPOAYKTbI 3aMETHO OTIIMHAKOTCS B NYHLLYHO CTOPOHY OT MHOCTPaHHoro 10,

1UCTIONb3YEMOr0 Ceitvac Mpy peanu3aunia AUCUMNIMH

KoHeTpykT 3. OTHOLWEHME K HE06XOAMMOCTH Nepexoaa Ha poccuiickoe M0

OTHOLWeHNE
K Heo6X0/MMOCTY Nepexofia
Ha poccuiickoe M0

AT_1 $1 NO3NTIBHO OTHOLLYCh K MCNONb30BaHNKD poccuiickoro M0
AT_2 | Y MeHs He BbI3blBAET 3aTpyaHEHMiA paboTa ¢ poccuiickum M0
AT_3 | 9 aKTMBHO BbICTYNato 3a UCnonb3oBaHue poccuitckoro M0 B y4e6HOM npouecce

KoHeTpykT 4. iHavBMAYanbHoe NPpUHATHE nepexofa Ha poccuiickoe M0

WHavsnayanbHoe
MPUHATIG

PA_1 9 roToB K MCcnonb3oBaHmMto paccuiickoro M0 B y4e6HOM NpoLiecce
PA_2 | Ecnm BO3HMKHET HEOOX0AMMOCTb, 5 By Mcnonb3oBark poccuiickoe M0 B y4e6HOM npoLecce
PA_3 | 4 npomomky ucnonb3osarb poccuiickoe M0 B GyayLiem

KoHcTpykT 5. Mpu3Hanue ueHHocTH nepexopa Ha poccuisckoe M0 ansa o6wectsa

[p13HaHme LiEHHOCTY
nepexofia Ha poccuiickoe
M0 ans obuiecTa

SA_1 Poccuitckoe MO DOMKHO aKTUBHO 1CMONb30BATHCS B HalLEM 06LLIECTBE
SA_2 | Poccuiickoe MO A0MKHO 1CNONb30BATHCS OPraHn3aLMsaMi pasnnyHbix cdep AeaTeNbHOCTH
SA_3 | Ham Heobxoaumo NocTeneHHo HapaLwyBaTb MCMonb3oBaHue poccuiickoro M0
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Abstract

In the process of import substitution, higher educational institutions face several challenges in
transitioning from the predominant use of foreign software to domestic alternatives. These challenges
include a lack of user experience with domestic digital solutions, difficulty in transferring data between
systems and other issues. The difficulties associated with the transition period create resistance to the
digital transformation process. Research on import substitution in universities has identified three main
themes: the challenges and risks associated with switching to domestic software, exploring the feasibility of
a complete transition to Russian software and providing recommendations for selecting Russian solutions.
This study aims to identify the factors that influence the adoption of import substitution software products in
higher education. The article proposes a structural model to identify the factors that contribute to successful
software import substitution. The model is based on the theories of innovation diffusion and technology
adoption, and it was developed using SmartPLS software. The model is based on data collected from a
survey of professors and staff at the Ural State University of Economics. The results of the study indicate
that the attitude towards adopting import substitution software depends on several factors, including the
personal characteristics and innovative features of the software. The most significant determinants of a
positive attitude towards transitioning to domestic software include user involvement and self-efficacy.
In addition, a positive perception of the need for import substitution can influence individual acceptance
of transitioning to Russian software and recognizing import substitution as an economic policy of the
country. The theoretical significance of the study lies in its proposal of an original model for identifying the
determinants of successful software import substitution that differentiates between individual acceptance
and public recognition of software import substitution. The findings of the study could be useful to university
management in planning and implementing measures for an import substitution strategy.

Keywords: software import substitution, technological innovations, resistance to innovations, theoretical
approaches to technology acceptance, diffusion of innovations theory, structural equation modeling
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AHHOTALMA

KoHTpdakTyaapbHOe 00BICHEHNE — 3TO TeHepalus IS 3aJaHHOTO SK3eMITIIpa MHOXECTBA O0BEK-
TOB, KOTOpbIE IIPUHAIIEXAT K IPOTUBOIIOIOXHOMY KJIACCy, HO HAXOISTCS B IPOCTPAHCTBE MPU3HAKOB
MaKCHMaJIbHO OJIM3KO K OObsicHsIeMOMY (akTyany. M3BeCTHbIe aJfOPUTMBI, pellalolliue 3Ty 3agady,
KakK MpaBUIO0, OCHOBAaHbI Ha CIIOXHBIX MOIEJSX, TPEOYIOLIUX OOJIBIIOro 00beMa O0yJaloImuX JaHHBIX
W 3HAYMTEIbHBIX BEIYUCIMTEIbHBIX 3aTpaT. B MaHHOI cTaThe MpeiaraeTcs MeTod, KOTOPBIA BKITIOYAET
nBa 3Tarna. Ha mepBoM aTarie Ha OCHOBE IPOCTBIX CTATUCTUIECKMX MOJeNell (rayccoBcKast KoIyJia, To-
cienoBaTelbHas MOJEIb HA OCHOBE YCJIOBHBIX pacIipelesieHuii, 0aiieCoBCKast CeTh U [Ip.) TeHEPUpPYyeT-
Csl CUHTETUYECKOEe MHOXECTBO IOTEHIMATbHBIX KOHTP(MAKTYaIOB, HA BTOPOM — IIPOM3BOIUTCSI OTOOD
00BEKTOB, YIOBJIETBOPSIONINX OTPAHUYECHUSIM TIPaBIOIIOA00MSI, OJIM30CTH, pa3HOOOpasus U T.u. Takas
opraHM3alys MO3BOJISIET CIeIaTh MPOLIECC MPO3PayHbIM, YIIPaBIsieMbIM 1 IIOBTOPHO MCIIOJB30BaTh MO-
eIV TeHepalny. DKCIIEpUMEHTH Ha TpeX CBOOOTHO pacIpoCTpaHsIeMBIX HaOOpax JaHHBIX TTOKAa3au,
YTO MIPEIJIOKECHHBIN METO TI03BOJISIET JOOUTHCSI Pe3YIbTaTOB, KAK MUHIMYM, CPABHUMEBIX C M3BECTHBIMU
aJITOPUTMaMM KOHTP(hAKTYTbHBIX OOBSICHEHUI, a B PSIIE CIIy4aeB UX MPEBOCXOIUT, OCOOEHHO HAa MaJTbIX
Habopax naHHbIX. Hanboiee 3(p(eKTUBHOM MOIEINbIO TeHEepalluy TIPU STOM SIBJISIETCS OalieCOBCKas CETh.

Kmouesbie ciioBa: KOHTphaKTyaJIbHbIE OObSICHEHUS, TeHEPALIMsl CHHTETUIECKUX TaHHBIX, MOACIMPOBAaHHE
MYJIBTUMOIAJTBHBIX pacrpeneieHnil, 0aiilecoBCKas CeTh, KPEAUTHBIM CKOPUHT

IMurupoBanue: 3enenkoB K0.A., Jlamkesuy E.B. KonTpdakTyanbHbie 00bSICHEHUSI HA OCHOBE TeHEepalluu
CUHTETUYECKUX NaHHbIX // buzHec-nuHdopmatuka. 2024. T. 18. Ne 3. C. 24—40.
DOI: 10.17323/2587-814X.2024.3.24.40
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BBenenue

TOCIIEAHNE TOMBI CTPEMUTEIBLHO PacTeT WHTE-
pec K MHTEPIPETUPYEMOMY HCKYCCTBEHHOMY
uHTesuiekTy (explainable Al, XAl), uro mpo-

JTUKTOBAHO PACIIVPSIONIAMCST UCITOIb30BaHUEM aJITO-

PUTMOB MAaIIMHHOTO OOYYeHUS B pa3INIHBIX 00Jia-

CTSX YeJoBeuecKoil nestenbHocTH [1, 2]. bonee Toro,

MHOIME HallMOHAJbHbIE U MEXIyHapOIHbIE PEryJisi-

TOpBI TPEOYIOT 00ECHEYUTh MPO3PAaYHOCTh PEIISHUIA,

OCHOBaHHBIX Ha anroputMmax. B yactHocTh, OOt

pernmamenT EC 1o 3ammute nanHbsix (GDPR) mpenyc-

MAaTpHWBaeT IIPaBO TpaXIaH 3alpallriBaTh «ComepKa-

TeJbHYI0 MHOOPMAIIUIO O 3aIeICTBOBAHHOM JIOTUKE, a

TaKKe O 3HAYCHUU U TIPEATIONATaeMBIX ITOCTICICTBUSIX»>

aBTOMATU3MPOBAaHHBIX pEIIeHUI!, a KpeIUTHOE 3aKO-

HomatenbcTBO CIIIA TpeOyeT mpenocTaBisiTh MOTpe-

OUTEeISIM OOOCHOBAaHUS HEOJATONPUSITHBIX PEIICHUIA

[3]. LenTpanbHeiii 6aHK P® Takke ciemyer peko-

MeHmauusasM ODCP no ucnonb3oBanuio Al?, corsacHo

KOTOPBIM MOJENH NOIKHBI OBITh ITPO3payHbl U MHTEP-

MPEeTUPYEMBI TSI OTPaHUYEHUST MOEJIbHBIX PUCKOB 1

obecrieyeHrs BO3MOXHOCTU HE3aBUCHUMOI BHEIIIHEH,

BHYTPEHHEH U PETYJISITOPHOM IIPOBEPKMU.

MeTtonnl XAl MOXHO pa3fenuTh Ha ABe IPYIIbI [4].
[lepBas BKIII0YaeT MOAEIH, TSI KOTOPBIX MHTEPIIPETU-
pyemocth (interpretability) siBiasieTcst 6a30BBIM CBOI-
CTBOM (HAmpuMep, OepeBO pelleHU WU JIMHEeHHas
perpeccust). Ko BTOpoii TpyImme OTHOCATCS METOIBI,
paccMaTpUBaIOIINEe MOICIh KaK YepHBIN SIIUK. B oT-
JIMYKEe OT MOZAEJICeH IIepBOIi TPYIIIBEI, OHU He 001amafoT
CBO¥ICTBAMM, KOTOPBIE 00€CIICUYMBAIOT OCMBICIICHHYIO
WHTEPIIPETAIINIO, TTIO3TOMY HEOOXOOUMO TIPEATIPUHM-
MaTh JOTIOJTHUTEIbHEIC NeCTBUS IJIs OOBSICHEHUS JIO-
TUKU IPUHSATUS pelieHus moctdakTyM (explainability).
Bo BTOpOIi IpymIe, B CBOIO o4epeb, MOXKHO BbIIEIUTD
METOIbl OObSICHEHUSI MOJIETU, OO bSICHEHUS JIOKAJIHHO-
ro pe3yjbTaTa U MHCIIEKIIUU YepHOoro siuka [5].

B naHHoO#1 paboTe paccMaTpMBAIOTCSI METOIbI KOH-
TpdakryanbHoro oobsicHeHust [5—8]. KonTpdakry-
anpHOe oOBsicHeHUe (counterfactual explanation, CE)
MO3BOJIAET Il 3aJaHHOIO SK3eMIUIsIpa HAWTU MHO-
JKECTBO 00BbEKTOB, KOTOPhIE MPUHAIJIEXKAT K IIPOTUBO-
MOJIOXKHOMY KJIACCY, HO HAXOMSTCS B IIPOCTPAHCTBE
MPU3HAKOB MaKCUMAaJIbHO OJIM3KO K OOBICHIEMO-

! General Data Protection Regulation (https://gdpr-info.eu)
2 Recommendation of the Council on Artificial Intelligence

My 3K3eMIUISIpy. B KauecTBe mpmmepa B JIMTEpaType
OOBIYHO TIPUBOAUTCS 3a€MILIMK, KOTOPOMY OBLIO OTKa-
3aHO B KpeIuTe Ha OCHOBAaHWU PEIIEHUS aJlfTOPUTMA,
HCToIb3yeMoro B 0anke. 3agaueit CE sBisieTcs TeHe-
paius 1151 JaHHOTO 3aeMII1Ka TaKoro npoduJs, 4ro-
OBI eT0 3asiBKa ObLIa 0mMoOpeHa (HampuMep, YMEHbIIIe-
HUe CyMMBI 3aripalimBaeMoro kpeaurta). O4eBUIHBIM
OrpaHUWYEHMEM TIPU 3TOM SIBJISIETCS peaau3yeMOCTb
MpeUTaraeMbIX N3MEHEHUI, MO3TOMY O0SI3aTeIbHBIM
rnapamMeTpoM, MUHUMM3UPYEMbIM B 3agadyaXx TaKOIo
pona, SIBISIETCS pacCTOSTHHE MEXIy 0Opa3IioM M KOH-
Tpdakryanom. I3 naHHOTro mpumMepa cienyeT, 4To, Co-
IJIAaCHO MpUBeAeHHOM Bbllle Knaccudukaunu, CE or-
HOCHUTCSI K TPYIIE JOKAJBHBIX METOHOB OOBSICHCHMUS
MOCT(aKTyM, TMOCKOJBKY OOBSICHSIET pelleHue 00y-
YEeHHOM MOJEIIM, TPAKTYeMOM KaK YePHBINA SIINK, OIS
KOHKPETHOTO0 00paslia.

CrenyeT OTMETUTh, YTO B PYCCKOM SI3bIKE€ HET
YCTOSIBIIIETOCSI COOTBETCTBUSI aHIJIMKMCKOMY Tep-
MuHy “counterfactual”. B bBosbwioit poccuiickoi
sHuukioneauu (BPY)? MoxHO BCTpeTuTh Kak
«KOHTP(AKTYATBHBIN», TaK U «KOHTP(PAKTHICCKUIN».
Mpbl BeIOpai MEPBBI BapMaHT, MOCKOJbKY OH HC-
MOJIb30BaH B IepeBoie KHuru [9]*, BIepBble, Ha-
CKOJILKO HaM W3BECTHO, MPEICTaBUBIIEM 3Ty KOH-
LIETIIIMI0O Ha PycCKOM s3biKe. KpoMe Toro, Ha Har
B3IJISII, TIPU MCIOJIb30BAaHUM TaKOU (DOPMBI IPOCIIE-
>XKMBAETCS CBSI3b C MOJIEJIbIO MOTEHIIMAIBbHOTO PE3Yb-
tata Jl. PyOuHa, KoTopass mpOTUBOINOCTABISIET Aeii-
CTBUTEIbHO Tpouciueaiee cooniTue (factual) m ero
anpTepHaTUBY (counterfactual).

B dunocodum kKoHTpdakTyan omnpenensercss Kak
YCIIOBHOE YTBEPKIECHUE, aHTELEACHT (TPEealIecTBy0-
1ee COOBITHE, TIOMOTralollee IMOHSATh HacTosIIee) KO-
TOPOTO JIOXKEH, 2 KOHCEKBEHT (CJIEJICTBUE) OMUCHIBAET,
KaKUM ObLT OBl MUD, €C/IM Obl aHTELIEACHT UMEN MECTO
(oTBeT Ha Bompoc «4To-eciam»). CormacHo bPD, koH-
TpaKTyaJIlbHOE MBIILJIEHWE — BUI MBIIIUIEHUST, XapaK-
TEPUIYIOIIUICS CKIIOHHOCTBIO YEJIOBEKa MPEACTABISATD
BO3MOXHbIE MHBIE BADUAHTHI y3Ke MPOU3OIIEAIINX CO-
OBITUIA, T.€. pa3MBbIIIITIEHUE BOMIPEKU (haKTaM.

B 10 BpeMs Kak OOJBIIMHCTBO MeTomoB XAl Ha-
IIpaBJICHBI Ha TTOJIyYeHUE OTBETOB Ha BOIIPOC «ITOYE-
My» [4], KOHTpdaKTyaJdbHble YTBEPXICHUS CIIyXaT
CPeICTBOM MHTEpIpeTalMy, YKa3biBas Ha TO, Kakue

(https://legalinstruments.oecd.org/en/instruments/OECD-LEGAL-0449)

3 https://bigenc.ru

4 Muipa I1. OGbICHMMBIE MOJIEIN NCKYCCTBEHHOTO MHTe/UTeKTa Ha Python. JIMK Ipecc, 2022.



U3MEHEHUS OTPEOYIOTCS TSl NOCTUKEHMUST XKeaaeMoi
1enu (MpeackasaHue), a He TIOMOTAIOT TTOHSITh, IMoYe-
My TEKYyIIasi CUTyalvsi UMeeT OTIpeNeIeHHbII TTPOTHO-
3upyemblii pedynbrar [8]. [TosToMy MHOTHME aBTODPBI
[5], xoHcTaTupyoT yto CE COOTBETCTBYET TPEThEMY
ypoBHIO Mojeselt mpuuuHHocTH Ilepna [10], KoTopsie
JIOJXHBI OTBEYATh Ha BOMIPOCHI, MpeanoJaratoiue pe-
TPOCIIEKTUBHbBIE PACCYXACHUS, HallpuMep, «KaKoBa
BEPOSITHOCTb COOBITUSI ) TIPU X, €CIU B NEUCTBUTEIb-
HocTy HaGmonatores x'u y'». [1pu atom CE Takke He
HaKJIalbIBaeT OTPAaHUYEHUI Ha CJIOXXHOCTb MOJIEIU U
He TpeOyeT pacKpbITUs MHMOpMaALIMKU 0 Moaeu [3].

OueBuaHo, uto Metoabl CE aBISIOTCS MOILHBIM
WHCTPYMEHTOM TIOANEPKKW TPUHATUS pELIeHUN B
pa3TUYHBIX 00JIACTSIX, HAIpUMep, B puHaHcax [11, 12]
n megunyHe [13]. K HacTosiieMy BpeMeHU yxKe M3-
BECTHO HECKOJIBKO necsITKOB aropuTMoB CE (cM. 06-
30pHI [5, 6, 8] u ap.). BONBLIMHCTBO U3 HUX OCHOBAHBI
Ha ONITUMM3AIINY HEKOTOPO 11eJIeBOM (DYHKIIMH, 1 3Ta
3a/1a4ya pelraeTcs Kaskablil pa3, Koraa Heo0XOIUMO BEI-
YHUCIINTh MHOXECTBO KOHTP(AKTYaJIOB IS 3a1aHHOTO
o0pasiia. DTo HaKJIaAbIBAET OTPAHUYEHUS Ha TTIPOU3BO-
IuTebHOCTh U Maciutadupyemocts CE [6]. BozMox-
HOM aJIbTepHATUBOM SIBJISIETCSI MCTIOJb30BaHUE METO-
JIOB, KOTOpbIE MO3BOJIIIOT MOJEIMPOBATh COBMECTHOE
pacrpeneieHre MPpU3HAKOB M3yYaeMbIX OObEeKTOB. B
9TOM CJIydae OMHOKPAaTHO OOy4YeHHas MOIEIb MOXET
TeHepUpPOBaTh KOHTP(MAKTYaJIbI 1151 pa3IMYHBIX 00pa3-
1IOB 03 3HAYUTEIbHBIX BBIYMCIUTEIbHBIX 3aTPaT.

OTMeTuM, YTO B TaKOI MOCTAHOBKE 33a4y MOXHO
paccMaTpuBaTh KakK TE€HEpalUi0 CUHTETUYECKUX Ta-
ONMMYHBIX JaHHBIX [14, 15]. s co3gaHns TaKuX MOJe-
Jiei UICTIONB3YIOTCS KaK CTATUCTUYECKUE METOBI — KO-
myJibl, 0alieCOBCKME CeTU, TaK U METOJbI MAITUHHOTO
00yueHMsT — BapuallMOHHbIE aBTOYHKOIEPHI, TeHepa-
TUBHBIE COCTSI3aTeNIbHbIE ceTu U T.A. [16]. Hekotopbie
HCCJIeIOBATEU TAKXXE aNanTUPYIOT 11 TOW LEIU Me-
TOABI OBEPCIMIUIMHIA, KOTOPbIE pa3paboTaHbl IS Te-
Hepaluu 00beKTOB MUHOPHOIO Kjacca B cllyyae He-
cOajJaHCUPOBaHHBIX JaHHBIX [17].

YyuteiBasg 3T OOCTOSITENILCTBA, B JAHHOW CTaThe
npenyaraercsa noaxon K CE, ocHOBaHHBIM Ha MpUH-
LMMax reHepauuyd CUHTETUUECKUX JaHHBIX, KOTOPbIi
BKJIIOYaeT ABa 3Tana. Ha mepBoM aTame reHepupyerT-
¢Sl MHOXXECTBO MOTEHUMAIbHBIX KOHTP(MAKTyaJloB, Ha
BTOPOM — TIPOM3BOAUTCS OTOOP Te€X U3 HUX, KOTOPHIC
YIOBJIETBOPSIIOT OTPAaHUUCHUSIM peaIn3yeMOCTU, OJIM-
30CTU, CTOUMOCTU U T.O. Taxkasi opraHu3alus Mmo3Bo-
nsgeT caenatb mnporecc CE mpo3payHbIM, yrpaBisie-
MBIM, TIOBTOPHO MCITOJIb30BaTh MOACIIM TeHEpallnu U,

TEM CaMbIM, 3HAYUTEIbHO COKPATUTH BBIYMCINTCIIb-
HBbIC 3aTpaThl.

Ocragiasicst 4acTb pabOThl OpraHM30BaHa CJIeIyIO-
wuM obpasom. Ilocyie 0630pa auTeparypsl, B pa3aeie
2 TIpelcTaBieH TIpeajiaraeMblii MeTon. B pasnenax 3 u 4
MpeACTaBICHbI pe3yJIbTaThl SKCIIEPMMEHTA 10 CpaBHE-
HUIO MPEIJI0XKEHHOTO METoa C IPYTMMU U3BECTHBIMU
metomamu CE. B 3akiioueHun o0CyXaaloTcsl orpaHu-
YeHUS TPEIIOKEHHOTO METOIa, a TaKKe TabHEHIIe
HaIpaBJICHUS UCCIICIOBAHMIA.

1. O630p JuTEPaTypDHI

1.1. I'enepamust KoHTpGaKTyaJI0B

CE 0a3supyeTcss Ha HECKOJbKUX HESBHBIX IPEIIO-
JIoxXeHusx [3]:

¢ pEeKOMEHyeMOe M3MEHEHNe 3HAYEHWIl MPU3HAKOB
OTHO3HAYHO pean3yeTcs B pealbHOM MUDE;

¢ pacripefiesieHre 3HaUYeHUI TPU3HAKOB MOXET OBITh
BOCCTAHOBJIEHO M3 AOCTYITHBIX OOYyYalolIuX AaH-
HBIX;

¢ TIpeiaracMble W3MEHEHUS WMEIOT OTHOIICHHE
TOJBKO K MPUHUMAEMOMY pEIICHHUIO U He 3aTparu-
BalOT OpyTHe 00JIaCTH;

¢ MOJeb YCTOIYMBa BO BpEMEHU, MOHOTOHHA 1 Orpa-
HIU4YeHa OMHApHBIMA UCXOJIAMH.

Kak yxe ormeuanoch Beime, CE sBIsIeTCST aKTHB-
HO pa3BHBampIIeiics objacThio mcciaenoBaHuii. CaMm
TePMMH «KOHTP(DaKTyaIbHOE O0bSICHEHNE» IIPUMEHU -
TelbHO K Al-crcTemam BriepBbIe MCITOJIb30BaH B [18],
OTHAKO PabOTHI, MCHOJB3YIOIINe aHAJOTUIHBIA TTOM-
XO[I, CTaJIU NOSBAAThLCS ¢ cepenrHbl 2010 rogos [5].

HamuMm dopManbHBIe ompenenacHusI. PaccmoTpuM
knaccupukarop h: X - Y oOyyeHHBINN Ha Habope
naHHeix D = {(x,, ), ..., x, y)}, x, e X, y, € Y,
X < R" — mNpocTpaHCTBO MNPU3HAaKoB, Y —
MIPOCTPAHCTBO METOK KiaccoB. OOBIYHO MoOJIaraeTcst
Y = {0, 1} HO Bce TmpemIaracMbple OIPEHCICHHUS
Jlerko o0oO1IalTcs M Ha cliydail MHOTIOKJ1acCOBOM
Kinaccubukauuu. Kaxiablii 9K3eMIUIAp X, — 3TO
BEKTOP m Nap NPU3HAKOB, X, = {(aj, v,.j)}:;l, r1e a,— 910
MpU3HaK (aTpudyT), a v, — €T0 3Ha4YeHUEe U3 JOMEHA
a. ATpuOyTBI MOTYT OBITh KaK KaTeTOpUAIbHBIMU,
MMOPSIIKOBBIMM, TaK U HEIIPEPHIBHBIMMU.

Omnpenenenne 1. Ecau xnaccudukatop 4 Ipucsa-
HUBAaEeT METKY y = A(Xx) 3K3eMILIIpPY X, KOHTpDaKTya b-
HBIM OOBSICHEHUEM X SIBIISIETCST DK3eMILISIp X TaKoii,
YTO MeTKa X OTVIMYHA OT Y, T.€. A(x") %y, TIpU 9TOM pa3-
JIMYUe MEXIY X U X MUHUMaJIbHO. KOHIIeTIMsST MMHU -



MaJIbHOTO Pa3jindusl 31eCh He YTOUHSIETCS, IIOCKOJIBKY
OHa 3aBUCHUT OT KOHTEKCTA pellaeMoi 3a1aun 1 OymeT
paccMOTpeHa O3 IHee.

Ompenenenne 2. KoHTpdakryanipHas Momeib
(counterfactual explainer) — 310 GyHKUMA f,, KOTO-
pasg nng Habopa JaHHBIX D, Kinaccudukartopa h u
9K3eMILIsApa X Bo3ppamaer Habop C = f,(h, D, x) u3
| < k pmomycTMMBIX KOHTpP(aKTyaJbHBLIX IIPUMEPOB
C = {x, ..., x}}, Tae k — KOIMYECTBO HEOOXOIMMBIX
KOHTp(aKTyasoB.

XapakTepUCTUKN, KOTOpbIE TO3BOJISIOT OLIEHUTD
Ka4yeCTBO aJITOPUTMa TeHepallui KOHTP(aKTyaIoB:

1. BanunHocts (validity) usMepsieTcst OTHOIIEHUEM
yuciaa KOHTPpGhaKTyaJloB, KOTOpbIe UMEIOT TpeOyeMyto
METKY KJjacca, K OOIIeMy YMCIy CTeHEPUPOBAHHBIX
00bekToB [11]:

v=ICl/IC|,

rae C, — MHOXECTBO BAJIMAHBIX KOHTP(HAKTYaloB, Cre-
HEPUPOBAHHBIX MOJIEIBIO f,;

C — MHOXECTBO NPMMEPOB, Cre€HEPUPOBAHHBIX f,,
CccC

BanumHocTh creHeprpOBaHHOIO MPUMEpa OIpele-
JiIeTCsl MPU ITOMOILM IPEAMKTUBHOW MOIEIN A, s
BaJIMIHOTO TIpUMeEpPa TOJDKHO BBITIONHSTBCS YCIIOBHE
h(x’) # h(x). Kak cienyeT u3 ompeneieHus, MakCH-
MaJIbHO¢ 3HA4YeHWE BaIMOTHOCTH V = 1, 3HaYeHMS
MeHbIIIe | CUTHAJU3UPYIOT O HEJOCTAaTOYHOM 3¢ dheK-
TUBHOCTH MOJIEJIN.

2. Bm3octs (proximity) — paccTossHe KOHTp(daKTy-
ajia OT 00BEKTA, AJIsI KOTOPOTO TEHEPUPYETCsl OObsICHE-
HUe. bm3ocTh MHOXECTBa KOHTP(AKTYaIOB OLIEHUBA-
€TCsI yepes cpeiHee 3HaueHue Ha 9ToM MHoxecTBe [19]:

1
P=—>Y dist (x,x).
| CV | X;E‘é

s nsaMepeHust pacctosHus dist(x”, x) 4Jalle BCero
L, L, v L, -
K\ 1/k

L= (Zi|xl,| ) U VX B3BellIeHHble KOMOMHaMu. Yem
MeHbIlIe 3HaYeHue P, TeM Oirke HalileHHbIe OOBbEKThI

ucrosbs3yrorest L, HOPMBI,

K 00BsICHSIEMOMY (pakTyaly.

3. Pa3zpexeHHOCTb (sparsity) — 3TO OLIEHKa TOro,
CKOJIBKO IIPU3HAKOB HYXKHO M3MEHUTb, YTOOBI TIepeii-
THU B KJ1acC KOHTpdakTyasioB. XKenateabHO, YTOObI KOH-
TpdakTyaabl UMeJI KaK MOXXKHO MEHbIIIe U3MEHEHMI B
CBOHUX XapaKTepUCTUKAX. DTO CBOMCTBO MO3BOJISICT I10-
JIyduTh Oojiee 3((EeKTUBHbBIC, TIOHSITHBIE YEJIOBEKY U
MHTEpIIpeTHpyeMble KOHTpdakTyanu3auum [18].

S=— S K(x).
P2
VX eC,
K(x") — xonuyectBO aTpubyTOB KOHTpdaKyTaaa x’,
3HaYeHHUE KOTOPBIX U3MEHSIETCS TI0 CPAaBHEHMIO C (pak-
Tyanom x. TakuMm oOGpa3om, MpearnouyTUTeIbHEE MOIe-

JIV C MEHBIIIMM 3HaUYeHUEM S.

4. PasHooOpasue (diversity). ITouck Ommxkanimx
TOYEK B COOTBETCTBHU ¢ (PYHKIIMEH PACCTOTHUS MOXKET
MPUBECTH K OYE€Hb IIOXOKUM KOHTP(hAKTyaIbHbIM KaH-
IUaaTaM ¢ HEeOOJBIIMMM Pa3InyusIMU MEXAY HUMU.
Pa3HooOpa3ue mompasymeBaeT, 4To IMpOIECcC reHepa-
MY KOHTP(MAKTYaJIOB JaeT pa3IndaonInecs o0bsICHe-
HUSI 11 OHOTO U TOI'O K€ 3K3EeMIUISIpa JaHHBIX. DTO
MPUBOIUT K TOMY, UTO OOBSICHEHHUSI CTAHOBSTCS OoJiee
WHTEPIIPETUPYEMBIMU 1 O0JIee TIOHSITHBIMU TS TTOJTh-
30BaTelsl. ABTOPH [19] B KadecTBe Mephl pa3HOOOpa-
3usl MpeIaraloT KMCIOJIb30BaTh CPedHee PacCTOSIHUE
MEXIY BCEMHM MapaMy BaJTUIHBIX KOHTP(HAKTYaJlOB:

1 k-lamk . ., W
D:|CV ; ZH z dist(x}, x;),

J=i+l

rae dist(x,, X;) — Mepa pacCTOSHHUs MEXILY IBYMs KOH-
TpdakTyanaMu x: u xj YewM BbIllIe pa3HOOOpa3ue, TeEM
apdexTuBHee anrroput™m CE.

5. IlpaBnonogodHocTh (plausibility). DTo cBONMCTBO
MOAYEPKUBAECT, YTO FeHepUpyeMble KOHTPGhAaKTyallbl
ITOJIKHBI OBITh JIETUTUMHBIMU, a IIPOLIECC TTOMCKA H0JI-
>KeH 00ecTieunBaTh JIOTHYECK 000CHOBAHHBIE PE3Ylhb-
TaThl. DTO O3HAYAeT, B YACTHOCTU, YTO HAMAEHHBIA
KOHTpGaKTyaJl HUKOIAa He IOJIKEH M3MEHSITh Heu3-
MEHSIEMbIE XapaKTepUCTUKHU, TaK1e KaK I0JI MM paca.
B muTtepaType BBIICISIOTCS TPU KaTETOPUHU IIPABIOIIO-
nobwus [20]:

4 COITACOBAaHHOCTb C JOMEHOM, KOTOpasi OrpaHUYM-

BaeT AMana3oH JOMYCTUMBIX 3HAYeHUII MPU3HAKOB
KOHTp(aKTyania;

4 COTIJIaCOBaHHOCTD paclpenejieHus TpeOyeT, YTOObI
BEPOSITHOCTA KOHKPETHBIX 3HAYCHUI NPU3HAKOB
KOHTpaKTyajla COOTBETCTBOBAIM (IMIIMpUUE-
CKOMY) paclpeleieHUI0 NaHHBIX. DTO CBOMCTBO
MOXET OBITb M3MeEpeHO [6] Kak cpemHee pac-
CTOSHHME IO k OMMKAMIIMX cocemeil, HaIpuMep,
JIOKanbHBIN KO3 duuueHT BEIOpocoB (local outlier
factor, LOF) [21], a Tak:Ke ¢ TOMOIIBIO SIAEPHBIX
dynkumit (kernel density estimation, KDE). B
MOCJIEIHEM CJIydae OIIEHMBAETCS TUIOTHOCTh pac-
npenejeHus Kaxaoro nmpusHaka Ha ocHoBe KDE,
a 3aTeM BBIYUCIISIETCS BEPOSTHOCTDH TPUHAJIEXK-
HOCTH COOTBETCTBYIOIIETO aTpudOyTa KOHTpGaK-



Tyajga 3TOMY pacripeneneHuo. JlaHHBIA mMoaxon
MMEET OYEBUIHbIE OIPAaHUYEHUSI — paccMaTpuUBa-
€TCSl KaXIblii MpU3HAK pa3lesibHO, U OH MpuMe-
HUM TOJILKO K HEeNpephIBHBIM aTprudyTaMm. Criocob
Ha OCHOBE OJIMXKaMIlIMX cocefeil TaKuX orpaHuye-
HUU HE UMEET;

4 COIIACOBAaHHOCTb C MPOTOTUIIOM BBIOHMPACT KOH-
TpaKTyalIbHbIC 9K3EMILISIPbI, KOTOPbIE TM00 HETIO-
CPEICTBEHHO IPUCYTCTBYIOT B HaboOpe IaHHBIX,
JINO0 ONU3KU K OOBSICHSIEMOMY OOBEKTY HAaHHBIX.
OTMETUM, YTO JTaHHOE CBOMCTBO OJIM3KO K OIpe-
JIeJleHUIo OJIM30CcTu (proximity), mpeacTaBJIeHHOMY
BBIIIIE.

B naHHoli paboTe Mbl OyaeM MCIOJb30BaTh U3Me-
peHue npaBaonoaodHocTH Ha ocHoBe 3HaueHus: LOF,
T.C.

U= i > LOF(x").

1
v | x'eC,

OtmeTtum, yto 3HadyeHus1 LOF TpynHo nHTepripeTn-
poBaTh BBUIY JOKaJbHOCTU MeToAa. 3HAYEHUS OKOJIO
1, TOBOPUT, UTO TOUKA BHYTPEHHSIsI, YeM BhIIIE 3HAYe-
Hue, TeM 00JIbIlie BEPOSITHOCTh TOTO, YTO OHA SIBJISIETCS
BbIOpocoM. Takum 00pa3oM, ¢ TOUKHU 3PEHUST OLIEHKU
anroputMa CE mpeanouyTuTeNbHbIMU SIBISIOTCS 3Ha-
yeHus, 0au3Kue K 1.

6. OcymecTBUMOCTH (actionability / feasibility). TTo-
HWCK HauboJiee OJM3KOro KOHTpdakTyana IIsl 9K3eM-
IJIsIpa TaHHBIX He 00s3aTeJIbHO TPUBOAUT K OCYIIe-
CTBUMOMY M3MEHEHMIO XapaKTeprucTUK. Bo3aMoXXHOCTD
U3MEHEeHUsI KOHKPETHOW TIepeMEeHHOI OMMUCHIBAETCS
OIHOM U3 TpeX KaTeropuii:

¢ U3MEHEHME IIPU3HAKA MOXET ObITh OCYIIECTBUMO
(actionable) M, COOTBETCTBEHHO, MPU3HAK H3ME-

HseM (mutable), Hampumep, OaHHBIE OyXTaJaTep-
cKoro 0ajiaHca;

¢ TIpM3HAK W3MEHsIeM, HO W3MEHEHHWE He OCYIle-
CTBUMO (HaAIpuMep, KPSIUTHBIN PEUTHHT);

¢ TIpU3HAK HeW3MeHsieM (HampuMep, MeCTO pPOXIe-
HUs).

OTMeTHM, YTO MOJIb30BaTEIb HE MOXET U3MEHUTh
3HAYCHUST TIEPEMEHHBIX IBYX ITOCICTHUX KaTETOPHIii,
OIHAKO 3TU 3HAYEHUSI MOTYT MEHSThCS B pe3yjabTare
BO3IEICTBUS HA UX TPEAKOB B MPUUMHHO-CJICICTBEH-
Hoit Monenu [20]. HekoTopble aBTOpHI TOJIaraloT, YTo
YIOBJETBOPEHUE TpeOOBaHUS OCYIIECTBUMOCTU aB-
TOMaTHYECKM TapaHTHUPYeT IPaBIONOIOOHOCTh KOH-
TpdakTyanbHOl pekoMeHgauuu [22], omHaKo, He-
CMOTpPSI Ha HEKOTOpOe TIepecedyeHue, 3TO pa3HbIe
koHuenuuu [20]. OcylecTBUMOCTh OTPaHNYMBAET Ha-
0Op IeiCTBUIT TeMU, YTO MOXHO BBIMIOJHUTH, MpPaB-
Jornomobue TpedyeT, YTOOBbl pe3yJbTUPYIOIIN KOH-
TpakTyas ObLUT peaATCTUIHEBIM.

ABTOpPBI 0030pHBIX cTaTeil [5—8] Mcnonab3yloT pas-
JnnyHble TakcoHomuu MeTonos CE. 3aech npennaraer-
cs Kinaccu(MKaLUs Ha OCHOBE apXUTEKTYPhI UCIIONb-
3yeMbIX Moneneit (puc. 1).

IlepBas rpymiia METOI0B OCHOBaHA Ha PEIIEHUU 3a-
a4y ONTUMM3AIMK, B KOTOPOM YacTh IEPEUMCIICH-
HBIX BHIIIC CBOMCTB pacCMaTpUBacTCsI Kak IiejieBast
¢byHKIIMSI, a OocTaBIIMECsS CBOMCTBA — KaK OrpaHHYe-
Husa. Hammpumep, B [18] B KauecTBe 1Ie7TH MCITOIB3YET-
cs paccrosiHue dist(x", X) ¢ orpaHMYEHUEM Ha METKY
KoHTpdakTyana A(x’) = y'. JlaHHas 3aga4a MOXKeT ObITh
npeodpazoBaHa B IMpo0iaeMy, ONMUChIBaeMyto audde-
peHLupyemMoii (pyHKLIMI 6e3 orpaHUYeHUII:

x" e arg min max A(h(x") —y*)? + dist(x", x).
x A

MeTogabl reHepauum

KOHTpdaKTyanos

MeTO,D,bI Ha OCHOBe
onTnMmnzaumn

MeTO,D,bI Ha OCHOBe
npoTOoTUMNOB

[eHepaTuBHbIE
MeToAbl

NTepaTuBHble MeTasspucTukm

Mopenu coemecTHoro
pacnpegeneHus

KaysanbHble
Mopnenu

Pue. 1. Knaccudukauns anroputMoB reHepaviiv KOHTpAakTyanos.



Ynen A(h(x") — y')?> obGecrieynBaeT COOTBETCTBHE
METKU KOHTpdaKTyaia XeJlaeMOMY KJIaccy.

ITonoOGHBIM momxod MOXeET OBITh paclliMpeH Tak,
YTOOBl BKJIIOYATh OTPAHUYCHUSI OCYIIECTBUMOCTH
(actionability), pa3pexxeHHOCTH (sparsity), coriaco-
BaHHOCTH pacrtpenenerus (data manifold closeness) n
Ip., Haripumep [6]:

2
Xx'e arg minmaxﬂ(h(x*) —y*) +dist (x*, x)+
X €A A
+g(x =x) +1(x" X).

VYcnoBue x* € A OrpaHUYUBAET CIIMCOK U3MEHSIEMBIX
aTpuOyTOB X  TEMU, U3MEHEHNE KOTOPBIX MOXET ObITh
ocyliecTBuMo, g(x" — x) — (yHkuus 1rpada 3a pas-
JINYKE MEXIY OPUTUHAIIBHBIM 5K3eMITISIPOM M KOHTP-
dbakryanom (Hampumep, L, L, Hopma), /(x; X) —
¢dyskumMg mTpada 3a OTKIOHEHUE OT MHOTOOOpa3us
TaHHBIX.

Astopnl MeTogoB CE, ocHOBaHHBIX Ha ONTUMU3A-
MY, (POKYCHUPYIOTCS MpPEXIe BCEro Ha OIpencsieHuu
1enaeBol (byHKIMM, BKJIOYalollell pas3iMyHbIE Me-
TPUKU JUISI TIEPEYMCIICHHBIX BbIIIE CBOMCTB, a 3aTeM
Ha BbIOOpE aJlrOpuTMa HaxXxoxXIeHus onTumyMa. Kak
MpaBUIO, TTPU 3TOM HEBO3MOXKHO TapaHTUPOBATh BbI-
MYKJIOCTh 1eneBoil pyHkuuu. YacTo MCHoab3yloTcs
UTEPALIMOHHBIC METOAbI PAa3INYHBIX MOPSIAKOB, TaKXKe
LIMPOKOE paCIpOCTpaHEeHNEe MOJyUUIN METa3BPUCTU-
KM (HampuMmep, reHeThYeckre aaroputMmbl). OmHako,
TaKoi noaxo TpedyeT peleHus 3a1a4y ONTUMU3aLUU
MpUY TeHepalu KOHTP(aKTyaloB sl KaXkJA0T0 HOBO-
r0 9K3eMILIsIpa JaHHbIX. [ToaToMy B [6] aBTOpaM Takux
paboT peKOMEHAYeTCS] IPUBOIUTD BPEMSI BBIYMCIIEHUN
KaK OJTHY U3 XapaKTepUCTUK aJITOPUTMA.

Bropas rpynmna MeTonoB ocHOBaHa Ha Toucke B D
MPOTOTUIIOB, KOTOPbIE OYIYyT WCIIOIb30BaHBI JUISI Te-
Hepauuu KoHTpdakTyanos [23]. KoHuenTyaibHO 3TOT
moaxo1 0JIM30K K METOIY PACCYXXIeHMs Ha OCHOBE ITpe-
ueneHtoB (Case Based Reasoning, CBR) [24], koTo-
pBIii BKJTIOYaeT yeThipe 1mara: (1) retrieve — u3BjiedeHUE
Kelica, MMEIOIIero OTHOIIIEHWEe K pellraeMoil IpoodJie-
Me, (2) reuse — cornocTaBjieHUe HaliAEHHOTO peLIeHUsI
¢ npobdyiemoii, (3) revise — TeCTUpOBaHUE PELIEHUST U
Mpy HEOOXOIUMOCTH €ro MnepecMoTp, (4) retain — co-
XpaHeHUE YCIIEIIHO afallTUPOBAHHOTO PEIIeHUSI.

B wactHOCcTH, B [25] mpenyioxkeH ajJropuTM, CO-
IJIACHO KOTOPOMY Habop JaHHBIX D paccMaTpuBa-
eTCcsl KaK MHOXecTBo map (x, x°), rae (x, x') — Hau-
0ojiee OIM3KUE OOBEKTHI, IISI KOTOPHIX A(x") # h(x).
Jnsa 3agaHHOro (axkTtyana Z HaXomsTCs OMvKanIImii
AK3eMIUISIp X, TIpUHaIeXalnii K TOMY Xe Kjac-
cy, h(z) = h(x). 3HayeHnsT aTpuOYTOB KOHTP(aK-

Tyana 7 WHULUUAIM3UPYIOTCA 3HAUYEHUSIMU U3 Z,
3aTeM W3MEHSIOTCS Te€ aTpUOyThl, KOTOPbIE pa3jiM-
YyaloTCSI B X ¥ X', TIOKa He OyleT HaiiieH TaKoil Z, 4To
h(Z") = h(x"). Ecnmu nanHoe ycioBre He JOCTUTHYTO, TO
HCIIOJb3yeTcs cienyiomas napa (x, x°). Maea 3akimo-
YaeTcsl B TOM, UTO 7' JTOJDKEH OTJIMYATHCS OT Z TaK Xe,
Kak X" OTJIMYAaeTcsI OT X.

Tpetbs rpynna meronoB CE (reHepaTUBHbBIE MOJE-
JIM) OCHOBaHA Ha MOJEIMPOBAHUU IPOLIECCa reHepa-
LIMM JaHHBIX. B 1aHHOI rpyIie MOXHO BBIIEIUTH 1Ba
TUIA MOAEJIE: MOJCIMPOBAHKE COBMECTHOI'O pacIipe-
neeHusl U Kay3ajibHble MOAE/IN.

Mogaenb coBMecTHoro pacnpeneieHusi P(X) o06-
yJaeTcs Ha OCHOBe HaOJoneHuit D U 3aTeM HUCIOJb-
3yeTcs JUIS MNoucka KoHTpdakTyanoB. B kauecTse
Takoi moneu B CE gaiie Bcero MCIOIb3yIOTCS Bapu-
allMOHHbIE aBTO3HKOAEephl (variational autoencoder,
VAE), KoTOpbIe COCTOSIT U3 IBYX YacTeil — BHKOAepa,
oToOpakaloliero pacrhpeneneHue IpusHakoB P(X)
B mipoctpadcTse R” B pacnpeaeieHUe TAaTeHTHBIX Iepe-
MeHHBIX P(Z) B IpOCTpaHCTBE MEHBIIEH pa3MEPHOCTH
ZcR (k < m), u nekoaepa, reHepUpyIoLlIero 3Haue-
HUE X', COOTBeTCTBYMoIIee Touke Z'B P(Z). [lonxon Ha
ocHoBe VAE OTKpBIBaeT MHTEPECHYIO TTEPCIIEKTUBY —
IIPOBOIUTH ITOMCK KOHTP(hAKTYAJIOB B JIATCHTHOM IIPO-
CTPaHCTBE, B YACTHOCTU, HEKOTOPbIE aBTOPHI UCIIOJIb-
3YIOT JUISl 9TOrO I'pafMeHTHBIH ciycK [26, 27], onHako,
Kak MmokasaHo B [28], 3T0 CBSI3aHO ¢ MOTeHLIMATbHBIMU
npobieMaMu.

ABTOpBl MeTof0B CE Ha ocHoBe VAE BBIHYXIEHBI
YUMUTHIBaTh II€PEUYUCIICHHBbIE BbIIEe TpeOOBaHUS K
reHepauny KOHTP(HaKTYaJIbHBIX O0bSICHEHUI, TO3TOMY
OHM BHOCSIT IOIIOJTHUTEIbHEIC OTPAaHNICHUS B MOZICIIh
JIaTeHTHBIX NipeAcTaBieHuil. Tak, B [29] apantupyetcs
TpamMIIMOHHAsE CXeMa, TpM KOTOpPOil  3IHKOIEp
HCITOJIB3YeTCsI TOJILKO IJIsl morcKa P(Z) 1 He y4yacTByeT
B TeHEpallMy MaHHBIX, ¥ BKJIIOYAIOT €ro B IIpOIIecC
reHepany. C ITOMOIIBIO SHKOAEPa HAXOMUTCST TOYKA
Z B JIAaTEHTHOM IIPOCTPAHCTBE, COOTBETCTBYIOIIAS
3aaHHOMY akTyaly X, KOHTpdaKTyal reHepupyeTcs
U3 TOYKH 7 = Z + 0, rme 0 — Majaoe BO3MYIIEHHUE. DTO
IOJDKHO obecrieunBaTh TpeboBaHue Onm3octu. Kpome
TOTO, aBTOPHI 3TOU PabOTHI KIACTEPU3YIOT JJaTEHTHOE
MPOCTPAHCTBO Ha OCHOBe ['aycCOBCKOI1 cMecH, UTOOBI
MOJIyYMTh YCIOBHOE pacmpeneienue P(Z|7), toe J —
MHOXECTBO HEM3MEHSIEMBIX IIPU3HAKOB.

ABTOpBI paboThl [28] mcmonn3yior Momenb VAE,
agaTrTUPOBAHHYIO JUIST TIOMCKA JIATCHTHBIX TepeMeH-
HBIX, KOppeJIUpOBaHHBIX ¢ MeTKamu Kiacca [30]. ITpu
9TOM JIATEHTHOE IIPOCTPAHCTBO pa3neiseTcsl Ha [Be
YacTH: OJHA MperTHa3HaYeHa UIST OOyIeHUSI IIpeaCcTaB-



JIEHUIi, MPEICKAa3bIBAIOIIUX METKU, a ApyTast — Uil 00-
YYEHUS OCTaJbHBIX JIATEHTHBIX MPENCTABICHUNI, He-
00XOMMMBIX ISl TeHepalluyi JTaHHBIX. DTO MO3BOJSIET
TeHepUpPOBaTh KOHTPGaKTyallbl, U3MEHSISI TOIBKO pe-
JIEBaHTHBIC JJaTeHTHBIE NMpu3Haku. CreHepupoBaHHbBIE
MpUMEpPHI 3aTeM (PUIBTPYIOTCS B COOTBETCTBUU C MPU-
YUHHO-CJIENCTBEHHBIMU OTPaHUYECHUSIMU (HAIIpUMep,
TOBBILIEHUE YPOBHSI OOpa30BaHMS 3aeMINMKA JOJXK-
HO COTIPOBOXIATHCSI COOTBETCTBYIOIIUM YBEIMUYEHUEM
€ro Bo3pacTa).

OtMetuM, uto noMuMo VAE MOryT McHoJib30BaTh-
cd U ApYTM€ MOJEIU COBMECTHOIO PACIpPENeIEHUSA
P(X), B 4aCTHOCTU, CTATUCTUYECKUE MOJIECIU, TaKHe
KaK KOIMyJIbl U 0aileCOBCKHME CETH, OOHAKO, 3TU TeX-
HUKM 3HAYUTETHHO pexe MpuMeHstoTes B 3agadax CE
(cM. 0030pHhI anropuT™MoB B [5, 8]). Kpome Toro, B He-
KOTOPBIX CIEM(MDUIESCKUX Cydasx, HallpuMep, B 3a1a-
Yax aHaJIM3a N300 pakeHU, MOTYT IIPUMEHSITHCS TeHe-
paTuBHBIE COCTsI3aTebHbIe ceTu [13].

Kay3anbHast Moieslb MOXET OBbITh IpencTaBieHa C
KaK OpMEeHTHMPOBAaHHBIN alMKIndeckuit rpagd (directed
acyclic graph, DAG), 4T0 103BOJISIET KOMITAKTHO 1 Ha-
IJISIMHO OTOOPAa3UTh CTPYKTYPY MCCIEIyeMOM CHUCTe-
Mbl [10]. CrocobHocTs DAG KoaupoBaTh MPUYMH-
HO-CJIEICTBEHHbIE CBSI3M OCHOBaHa Ha IrpachuyeckoM
KpuTepun d-paszdoueHus (d-separation), KOTOpoe CO-
OTBETCTBYET YCIIOBHOII HE3aBUCHMOCTH ITEPEMEHHBIX
B Habope JaHHBIX. JIpyrumMu cioBaMM, UIsI JTIIOOBIX
TpeX HelepeceKarlIuxcs MOAMHOXECTB IMepeMEeHHBIX
(X, Y, Z), ecniu BepmiiHBI X 11 Y yCIIOBHO HE3aBUCUMBI
MIpY HAJTWIUK Z B COBMECTHOM paclipefeieHu P, To
oHU OynyT d-pasnesnensl B rpade G (MapKoBckoe yc-
nosue): (X1lp V)| Z= (Xl V)| Z. Y3ne1 DAG cootseTt-
CTBYIOT IIEpeMEHHBIM, pebpa — CBI3SIM MEXIYy HUMH,
a HaIlpaBlIecHUE pebep — NPUIMHHO-CIICACTBEHHBIM
OTHOIICHUSIM.

DAG cooTBEeTCTBYET CTPYKTYpPHOI Moaean M:
M=(S,P), 8= {XJ = fJ (Xpﬂ(.i)’ U/)}j:l’
P,=P,x..xP,.

31ech S — CTPYKTYpHbIEC YpaBHEHMSI, 3a1al01IKe ITpa-
BIJIA TCHEPALIMH HAOTI0NacMbIX IEPEMEHHBIX X, B BUIIE
JIEeTePMUHUPOBAHHOM (DYHKIINY UX IIPEIKOB B Kay3aJIb-
HOU Monienun Xp S X\X/,. IIpenmnonoxeHue o B3aUMHOM
HE3aBUCUMOCTH IITYMOB Uj (momHas akropusaums P)
Toapa3yMeBaeT OTCYTCTBHE HeHaOIomaeMbIX KoH(pa-
VHIEPOB — CHYTBHIBAIOIINX ITEPEMEHHBIX, BIUSIONINX
Ha MPUYHMHY W CIIEACTBAE OTHOBpeMeHHO. OTMETHM,
YTO BO MHOTHX MCCJICAOBAHUSX IMOJIaracTcs, YTo IIyM

m
SIBJISIETCSl AIIUTUBHBIM, T.€. S = {Xj = f, (Xpa(j) + l]j)}j:l’

5TO MO3BOJISIET MOCTPOUTh 3(PDEKTUBHBIE AJITOPUTMBI
UIeHTU(PUKALIU MOJAEIU 110 TaHHBIM [31].

BaxxHBIM 31eMEHTOM Kay3aJbHOTO MOIEIUPOBAHUS
sBisieTcs anmnapat do-Beruuciaenuii (do-calculus) [10].
Hampumep, nHTepBEeHLIMS, T.€. IPUCBOCHUE TTOAMHO-
KeCTBy TepeMeHHbIX X, (K & |m|) 3Hauenuii @, omnu-
ChIBaeTCA ¢ MoMouIbio oneparopa do(X, = 0). Pacnipe-
JIeJIEHUEe OCTABIIMXCS TEPEMEHHBIX X , MOXET ObITh
nonyueHo u3 cuctemsl S~ ?| B kOTOPOI YpaBHEHNST
g X, 3aMEHEHbI COOTBETCTBYIOLIMMM 3HAYEHUAMU.
Taxkum 06pa3om, Kay3aabHasi MOAEJIb MOXET ObITh UC-
MOJIb30BaHa [JI1 HaxoXIeHUsS KoHTpdakrtyanos [20],
IIJIST 9K3eMIUIIpa X KOHTPGaKTyaa OIpeAeIsieTcs Kak
x =X(a)lx, rae a = do(X, = ), a € A, a — neiicTBue,
A — MHOXECTBO JOITYCTUMBIX JE€ICTBUIA.

KayzanbHble MOIe MOTYT ObITh BOCCTAHOBJIEHBI U3
Ha0IIomaeMbIX JaHHBIX WUIA IIOCTPOSHBI HA OCHOBE 3KC-
MepTHbIX 3HaHUi. OmnHako Moaeab M, oOydyeHHas Ha
TAHHBIX, MOXET ObITh HECOBEPIICHHOM, HANIpUMep, 13-
32 OrpaHUICHHOCTH BEIOOPKHU WJIH, UTO O0JIee BAXKHO, 13-
3a HETIPABWJIBHOM CITELM(UKAIINA MOIEIH (T.€. TIPUHSI-
THSI HEBEpHOI MapaMeTpUIeCcKOi (hOPMBI CTPYKTYPHBIX
ypaBHeHMit). C Ipyroit CTOPOHBI, XOTSI BO MHOTHX CITy4ya-
SIX OKCITEPTHBIC 3HAHMS TIO3BOJISTIOT TIOCTPOUTD IIPUINH-
HO-CJIEICTBEHHYIO MOJIeJTb, HO TIPENITOJIOKEHMS O BUIIE
CTPYKTYPHBIX YpaBHEHMI, KaK MpaBUJIO, HE TTOINAI0TCS
nposepke [32]. B pe3ynbTare KOHTpdaKTyanbHbIE 00BSIC-
HEeHUSI, BEIYMCIICHHEBIC HA OCHOBE HEBEPHO OIpeaesIcH-
HOW Kay3aJIbHOI MO/, MOTYT OKAa3aThCSI HETOUHBIMU
1 PEKOMEHIOBATh HEONITUMAJIbHBIE WJIU, UTO €IIe XYXe,
Hea(h(EeKTUBHBIC TCCTBYS.

YT0OBI TIPEOnONETh 3T OrpaHNYeHs, aBTOPHI [20]
MpeUIaraloT ABa BEPOSITHOCTHBIX IMOAXOJa K BBIOODY
OINTUMAJIbHBIX AEUCTBUI MPU OrpaHUYEHHOM 3HAHUU
IMPUYMHHO-CJICACTBEHHBIX CBsI3eil (HampuMmep, Korma
usBecteH ToJbko DAG). IlepBblii U3 HUX IPUMEHUM
K MOJIEJISIM C alIUTUBHBIM FAyCCOBCKUM IITYMOM U KC-
MOJIb3YeT 0aifleCOBCKOE YCpenHEHME ISl OLIEHKU KOH-
TpdakTyaTbHOTO pacmpenesieHus. Bo BTopom ciydae
HUCKJTIOYAIOTCS JIIOObIe TMPEATNONOXEHUS O CTPYKTYp-
HBIX YPaBHEHMUSIX, @ BMECTO 3TOTO BBIYUCIISETCS Cpel-
HU 3(pPeKT nefcTBUIT Ha 00BEKTHI, KOTOPBIE TTOXOXKU
Ha paccMaTpUBaeMBbIii (haKTyal.

1.2. I'enepanys CHHTETHYECKHX
TA0JIMYHBIX JTAHHBIX

T'eHepanusi CMHTETUYECKUX JaHHBIX (synthetic data
generation, SDQG) sBasieTcsl KIIIOYEBBIM 3JIEMEHTOM
pelleHusT HECKONIbKUX IMpoOJieM MAaIIMHHOTO o0yue-
HUS: aHOHMMU3ALIMU IaHHBIX, JOIOJHEHMWS MAaJIbIX



HaOOPOB JaHHBIX, BhIPABHMBAHUS KJIACCOB B CiIydyae
CWJILHOTO aucbanaHca u T.1. [ 14].

Omnpenenenue 3. Mozenb reHepaliii CAHTETUYECKUX
JNaHHBIX — 3TO MYHKUUSA g € G, KoTopasl i1 Habopa
HabIogaeMbIX 1aHHBIX D ~ P, Bo3BpaliaeT Habop JaH-
HbIX D’ =g(D, 0) 3amaHHOTO pa3Mepa, D~ IP’S, TakK 4To
BBITOJIHSIETCS YCJIOBUE IP’SzIP’, X # x, vx.eDn ij eD’.
3nech 0 — BEKTOp TUIIEPIIAPaMETPOB, OTIPENEISTIONINI
MOJIUTUKY TeHepaluy U G — CeMeliCTBO TeHepaTUBHBIX
byHKLIMIA.

MaremaTru4ecKu 3TO MOXKHO TIPEICTaBUTh KaK 3a/1a-
yy MUHUMM3alUuu pacctosiHust Kynboaka-Jleiibiepa:

0" =argmin > P(x,)logg(x,,0).
e i

Hcxonst U3 gaHHOTO oOIpedeseHusl, KIoueBoil Me-
TPUKOU 3 (GHEKTUBHOCTA TeHEPATUBHOM MOJAEIIN SIBJISI-
eTcs TouHocTh (fidelity) cooTBeTCTBUS pacmpenesIieHUS
CUHTETMYECKMX NAHHBIX P° 3MIIMPUYECKOMY pacIipe-
neneHuio P. Kpome 3TOro, MOTYT BBOIMTBCS MOTION-
HUTEeJIbHbIE MeTpuKU [33], Hampumep, pasHoobOpasue
(diversity) u oboOmeHue (generalization). CornacHo
TpeOOBaHUIO Pa3HOOOPA3UsI CHHTETUUECKUE IK3EMILIISI-
PBI TOJDKHBI OXBaTHIBATh BeCh MUAMa30H U3MeHEeHUI D.
CBolicTBO 000011IeHUST TPeOyeT, YTOObI CUHTETUYECKIE
IaHHBIC He OBUTM KOTIUSIMU peaIbHbIX HAOTIOMCHUIA.

B nmanHoM 0030pe MBI OrpaHMYMMCSI paccMOTpe-
HUEM TeHepallui CUHTETUYECKUX TaOJIMUYHBIX (KPOCC-
CEeKLIMOHHBIX) AaHHBIX (tSDG). MOXHO BBIIEIUTH
cienyone Kiaaccel MeTonoB tSDG:
¢ Mogenu paHaoOMHU3allMM, OCHOBaHHbIE Ha Iepe-

MEIINBAHUM, WHTEPIIOISLMUUA U TCOMETPUICCKOM

TpaHCHOPMAIIUK UCXOTHBIX TAaHHBIX U T00aBJICHUN

CJIyYalHOTO I1IyMa.
¢ BeposTHOCTHBIE aJITOPUTMBI, KOTOPbIE TEHEPUPYIOT

JaHHbIE Ha OCHOBE MHOTOMEPHOIO pacIpenesie-

HUS IP’S, MOJIETIMPYIOIIETO pealbHOe pacipencieHre

P. 3nech MOXHO BBIIEIUTH HECKOJIBKO IOIXOMOB, a

HWMEHHO:

0 MomeNIMpoBaHHE COBMECTHOIO pacIpeneICHMS
P, HarrpuMep, Ha ocHoOBe [‘ayccoBcKoli cMecu
wnu xormya [15];

¢ mocliemoBaTeIbHAS TeHepamus aTpruOyToB D Ha
OCHOBE YCIOBHBIX pacmpeneneHuit P(x, [D\{x,,
X 1)

¢ mopenupoBaHue P ¢ momolblo (dakTopusa-
MM Ha OCHOBE IpadMUeCcKOil BEpOSITHOCTHOM
Moaenu (bailecoBckoii cetn) [34].

¢ Mogenu, reHepupylollye AaHHbIE W3 JJATEHTHOTO
IIPOCTPAHCTBA MEHBIIICH Pa3MEPHOCTH.

¢ MopenupoBaHue COMIUIMPOBAHUSI HA OCHOBE TeHe-
paTUBHBIX cocTsi3aTenbHbIX ceTeit (GAN).

¢ Monenu, OoCHOBaHHbIE Ha alpUOPHO W3BECTHOM
Kay3aJbHOM CTPYKTYypE.

OTMeTUM, YTO TIOAXOM Ha OCHOBE MOJEJel YCIOB-
HBIX pacrpeie/IEHUI CUHTE3UPYET TIEPEMEHHBIE X, 110~
CJIeN0BATEbHO C TIOMOUIBIO PETPECCUOHHBIX MOEEH
x, =f(x, ..., X_,), KOTOpbIE MOTYT ObITb IIOCTPOEHBI KaK
mapaMeTpUdecKMHU (JTMHEWHAsT perpeccusi), Tak U He-
rmapaMeTpUYeCKMMM (IepeBO pelIeHUid) MeTomaMu
[35, 36]. TakuM oGpa3oM, YCIOBHBIE pacIpeneaecHUs
P(x, |D\{x1, «es X_;}), M3 KOTOPBIX OEPYTCS CUHTETHYE-
CKM€ 3HAYEHUs X, OTPENEIAIOTCs JUIsl KaXIO0M mepe-
MEHHOIA OTAEIbHO U 3aBUCAT OT aTPUOYTOB X, ..., X, |,
KOTOpbIE HAXOMSTCSI PaHbIIE B TMOCIENOBATEILHOCTH
cHHTe3a. 3HaUYeHUe caMOoil ITepBoOi MEPeMEHHOM B TO-
CJIeOBaTeJIbHOCTY TeHEPUPYETCSI HA OCHOBE €€ Mapru-
HAJIGHOTO pacrpeae/ieHuUS.

HetanbHblil aHamu3 metonoB tSDG mpeacTaBieH B
[14]. Pan my6awmkanwmii [16, 17] cpaBHMBAIOT HEKOTO-
pbI€ U3 PACCMOTPEHHBIX MTOIXOJ0B HA PeaTbHBIX HA0O-
pax naHHbIX. M3 mpencTaBieHHBIX Pe3yJIbTaTOB MOXHO
ceaTh BBIBO, YTO HE CYIIECTBYET JOMMHUPYIOIIETO
METOJIa ¥ Ka4eCTBO I'eHepallui 3aBUCUT OT KOHKPETHOI1
3a1a4un.

MOXHO TaKXKe OTMETHTh, YTO KOHLIETITYaJIbHO Me-
TOAbl CUHTETMYECKOW TeHepaluM AaHHBIX OJU3KU K
aJTOpUTMaM KOHTP(AKTYaJbHBIX OOBSICHCHWI: U Te,
" Apyrue 6a3upyroTcs Ha MOIEIMPOBAaHUU pacmpese-
JICHUsI HaOJI0daeMbIX NTaHHBIX, HO pa3jIMyaloTcs KO-
HeyHbIM pe3yibratoM. Eciu neas CE — HailTh 00b-
eKT MaKCHUMaJbHO OJM3KUN K HCCIAeAyeMOMY, HO C
MPOTUBOMNONOXHOU MeTKo# (cM. OmnpeneneHue 1), To
uenb tSDG — creHeprpoBaTh MHOXECTBO OOBEKTOB,
KOTOpbIE MpPUHAIJIeXaT pacIlpeiesieHuIo Hadaonae-
MbIX TaHHBIX (OnpenenaeHue 3). CoOOTBETCTBEHHO, OHU
06a3mpyroTCs Ha pa3HBIX METPUKaAX 3P (PEKTUBHOCTH.

2. Ilpennaraemslii MeTO.

Kak cregyer M3 mpencTaBiIeHHOTO BBIIIE 0030pa,
n3BecTHBIe anroput™Mbl CE 00amaloT HECKOJIBKMMU
OrpaHMYCHUSIMU. MeTombl, OCHOBaHHBIC Ha ONTUMM-
3allMH, TPEOYIOT HOBTOPHOTO MOCTPOSCHUS MO IIJIST
Kaxmoro ¢pakTyaja, IIOAXOIbl Ha OCHOBE IPOTOTHUIIOB
TpeOYIOT HAIN4YUS Tap «(pakTyaal — KOHTpdaKTyal» B
obyyaromeM Habope D, MoAXOAbl HA OCHOBE TeHepa-
TUBHBIX MOJIEJICi1 BBOAST IOIIOJTHUTEIIFHBIC OTpaHUYe-
HUSI B QJITOPUTM, UTO TaKXKE YCITOXKHSCT BEIYMCICHMSI.
B 10 ke Bpems1, KaK OTMEUYEHO BBIIIIe, METOIBI CUHTE-
THYECKOM TeHepalluy JaHHBIX KOHIICTITYaJTbHO OJTM3KU



K CE u oTmmyaioTcst JIMIIb Pe3yaIbTaTOM U METPUKAMU
€ro OLICHKM.

Wcxonst U3 3TUX COOOpaXeHWil, Mbl Ipernjaraem
JBYX3TAITHBI METOJ TeHepaluu KOHTPGhaKTYaIbHBIX
o0bsicHeHu 1 (puc. 2). Ha mepBoM 3Tare o0y4yaeTcs Mo-
nenb g(D, 6) reHepauu CUHTETUYECKUX NaHHbIX. Co-
mmacHo OmpeneneHuio 3, JaHHAs MOAETb IMYJIUPYET
SMITNPUIECKOE pacmpeneicHre [P peaJbHBIX TaHHBIX.
C moMoIIIbIO 3TOM MOAENU TSI JAaHHOTO (haKTyasa X re-
HEpUPYETCSI MHOXECTBO ITOTEHIIMAIBHBIX KOHTp(daK-
TyaJioB {x*}g.

Ha Bropom atamne ¢ rnomMonisio Moneiau otoopa s(R)
u3 {x"}g OTOMpPAETCss MHOXKECTBO {X'} , 37IEMEHTHI KOTO-
pOro yIOBJETBOPSIIOT OrpaHuueHusiM R. MHOXeCTBO
{x},, aBnsgerca pemenuem 3anaun CE. Monens ot6opa
MOKET BKIIIOYATH JIIOOBIE OTpaHWYCHUS, CHOPMYIIH-
poOBaHHBIC B BUAE HepaBeHCTB BuIa r(c) = m(c) < v(c),
re R. 3nech ¢ — TpeboBaHUe K pe3yabTaTy (Harpumep,
BaJIMIHOCTD, OMM30CThb, paspexeHHOCcTb M1t CE wimm
CTOMMOCTb peanu3anuu), m(c) — COOTBETCTBYIOLIASI Me-
TpUKa, v(c) — rpaHula TOMYCTUMBIX 3HaYeHUil. OT™Me-
THM, YTO B YMCJIO TPeOOBAHMI1 MOTYT OBITH TAKXKE BKITIO-
YeHbI OTpaHUYEHUST KOHKPETHOM TTPeIMETHOM O0JIaCTH.

IIpennoXeHHBIN TIOAXOA O0JIamaeT ClaeayloImuMT
MPEeNMYIIeCTBAMM:

¢ TeHepaTMBHAsI MOJIEb CTPOUTCS ONIUH Ppa3 U MO3BO-
JISIET BBIYUCIISATD KOHTPGhAKTYabI IS TIOOBIX HOBBIX
HaOJIIOIeHU i O3 TTOBTOPHOTO O0YYEHUS;

¢ pasmejicHHME IIpoliecca Ha IIBa 3Talla ITO3BOJISICT
WCITOIb30BaTh JOCTATOYHO IPOCTHIC, JIETKO HM3Me-
HsIEMBIE TIpaBUjIa 0TOOPA;

«-- %

[eHepaTusHan MoTeHumanbHble

D moaens g(D, 6)

OrpaHuyerus,
cneuuuiHbie ans
npenMeTHoi obnactu

koHTpdakTyans {x'},

Orpanunyenus CE:
npaBaonofobHoOCTL
6nm3ocTb
peanunayemMocTb
pa3pexXeHHOCTb
pasHoobpasue

¢ MOIeIb OTOOpa MOXET BKJIIOUATh HE TOJBKO Tpe-
6oBanus 3amau CE, HO M J100ble OorpaHUYeHUs,
cneungUuUHbIe IJ1 paccMaTpuBaeMol MpeaAMEeTHO
obyacTu.

3. DrcnepuMeHT

Jns TpoBepKW TPEIOKEHHOTO MeToda IIpekIe
BCEro HEOOXOAUMO yoeauThes, 4To MeToabl tSGD mo-
3BOJIIIOT TEHEPUPOBAaTh KOHTPGAKTyallbl, YIOBICT-
BOpSIOIME TPeOOBAaHMUSIM, IMEPEUMCICHHBIM B pasie-
e 1.1, a TakKe CPaBHUTH PE3yIbTaThl C M3BECTHBIMU
Metonamu CE.

Monenu reHepaimu g(D, 6), KoTopble OYIyT UCIIONb-
30BaHbl B BKCIIEpUMEHTE, TpEACTaBIeHbl B mabauue 1.
MBI 0TOOpany IIPOCTEHIINE CTATUCTUICCKUE MOJIEIH,
MOCKOJIbKY Hallla 3aaya — MpeIoXKUTh 3 (MeKTUBHBINA
METOII TeHepalluy KOHTP(MAKTYalIoB C HEOOIbILIMMU BbI-
YUCJIUTEIbHBIMU 3aTpaTamMu. K Takum MomessiM OTHO-
carcsa TayccoBckas xomyna (GC), mociemoBaTeIbHasT
HelmapaMeTpruIecKast MOJIeNTb Ha 0a3e YCIOBHBIX pacIipe-
nenenuii (CD) u 6aiiecoBckas cetb (BN), koTopast Moe-
JIMpyeT pacripenenieHue [P Kak Mpou3BeeHNe YCIOBHbIX
pacnpenenaeHuit (pakTopoB (mpru3HaKoB). 1151 cpaBHEHUS
MBI TaKKe BKJTIOUMIIN MOIEJIh, TEHEPUPYIOIIYIO JaHHBIC
Ha OCHOBE MaprMHAIBHBIX PacIpeieieHnii TTPU3HAKOB
(MD). Ee MoxXHO paccMaTpvBaTh KaK BBIPOXKICHHbIM
ciayyaii BN, B KoTopoM CBSI3UM MexXAy NpU3HAKaMy He
yuuThiBaloTCsI. Kak OTMeUanoch BBIIIE, TAKKAE TTPOCTHIC
MOJIEIM TPAKTUYECKU He ucroib3ytorcs B 3agayax CE,
OTHAKO MBI MpearojaraeM, 4yTo UX IMOTEHIMAl MOXET
OBITh UCTIOJIb30BaH 3HAUUTEILHO A(PPEKTUBHEE C TTIOMO-
IIBIO TIPeIIaracMoOro ABYX3TAITHOTO IOAXO0A.

== ====1

MhoxecTBo
KOHTpdakTyanos {Xx}

Mogenb ot6opa

S(R)

mmmmme o

Puc. 2. [1ByxatanHbiii METOZ reHepaLiv KOHTPAAKTYaNbHbIX 00bACHEHNIA.



Tabauya 1.

MeToapl reiepanyi CHHTETUYCCKHUX TA0JMYHBIX JAHHBIX

ID Tun mogenu Onucanue [ROETTT
GC CosmecTHoe pacnpenenexue [P [aycCcoBCKas Komyna [15]
CD YCroBHbIe pacnpe/eneHins ]P’(xi |D\xl.) HenapameTpuyeckuii MeTo / AEPEBO PeLLeHi [36]6
BN DakTopusaums P = H p(x,) BaiiecoscKast CeTh (347
MD MapriHanbHble pacripeeneHus X, CamMNNMHT Ha OCHOBE MaprIHAbHBIX PaCNPEAeNeHuin [38]¢
GAN [ny6okoe 06y4eHue ['eHepaTuBHas COCTA3ATENbHAA CETh [37]°

Kpome Toro, kak ciemyer m3 0030pa JUTEpaTyphl,
OOJIBIIMHCTBO MCCIIEAOBATEICH, HCIIOIB3YIOIINX Te-
HepatuBHBIe Moxenu st pemrenust 3agaun CE, doky-
CHPYIOTCS Ha CIIOXHBIX aJlTOpUTMaX, OCHOBAaHHBIX Ha
IITYOOKMX HEHPOHHBIX CETSIX, TTO3TOMY MBI TaKKe pac-
cmotpen GAN. Mbl TakKe HCClIeAoBaIu BO3MOX-
HocTb NTpuMeHeHUs VAE, HO B HallIMX 3KCHEpUMEHTaX
3TH MOJIEJIN HE TTO3BOJIVIIN JOOMTHCST YCTOMIMBOM TeHe-
pan {x*}g. Ckopee Bcero, 3T0 0ObSICHIETCS HeIOoCTa-
TOYHBIM 00BEMOM JAHHBIX IJ1 00ydYeHUst (mabauuya 2).

Mogens otoopa s(R) 3anaHa B BUe MpaBuja
R:h(x) £ h(x) AX'e {)7,, 1,5 -IQR(D)}/\ dist (x,x) —
— min Al{x'} | =k.

DTO 03HAYaeT, 4To I NaHHOTO X U3 CTeHEepUpo-
BaAaHHOTO MHOXECTBa {x*}g OynyT oTOMpaThCsl kK 9K3eM-
IUIIPOB, METKA KOTOPBIX A(x") He paBHa MeTKe A(x),
3HAYEHUsI aTpUOYTOB X* HAXOASTCS B AMAria3oHe Tpex
MEXKBapTWIbHBIX UHTEPBaIOB /QR(D) OTHOCUTEBLHO
CpenHero X, (rpaHuLa ThIOKH), U PACCTOSHUE MEXIY X
U X" MMHUMAJIbHO.

Tabauya 2 nipeacTaBisieT Tpu Habopa HaHHbBIX, WC-
MOJIb30BaHHBIX B 3KCIIEPUMEHTaxX, MX OOIIME XapakK-
TEPUCTUKU M KIacCU(PUKALUIO MPU3HAKOB C TOYKHU
3pEeHUsT OCYIIECTBUMOCTU M3MEHEeHUi (IpU3HaAK M3-
MEHSIEM, U3MEHEHUE He OCYIIeCTBUMO, TIPU3HAK HE
U3MeHsIeM). DTH OOIIEeNOCTYITHBIE HA0OpPBI MTaHHBIX
LIMPOKO MCIOJIB3YIOTCS B pabOTax 110 MalllMHHOMY 00-
YUYEHMIO U, B YACTHOCTH, MCCIICAOBAHUSIX, KACAIOIINX~

> https://sdv.dev

¢ https://www.synthpop.org.uk/

7 https://github.com/DataResponsibly/DataSynthesizer
8 https://github.com/vanderschaarlab/synthcity

° https://github.com/NextBrain-ai/nbsynthetic

ca CE. Ucnonb3oBaHne OTKPBITHIX HAOOPOB JaHHBIX
obecreunBaeT BOCIPOU3BOJUMOCTb PE3YJITATOB.

B mabauye 2 Taxxe npencraBiaeHbl pe3yabTaThl 00-
y4eHUs KiaccubUKaTopa /1, KOTOPbI UCIIOIb3YETCS B
npouecce HaxoxaeHuss CE: metpuka ROC AUC, mo-
JIydeHHasl ¢ TIOMoIIbio 10-KpaTHO# Kpocc-Baauaalluu
Y MOJIeJTb, TTOKa3aBIllasi HAWJTydIlIve pe3yabTaThl. B on-
HoMm ciaydyae 3To Random Forest (RF), B ocTaabHbIX
ciayqasix — CatBoost (CB).

OnHoit 13 HanboJiee TOMYISIPHBIX OUOINOTEK, pea-
Jusytonux metonsl CE, saBnsiercss DiCE13 [19], koTo-
pas moIAepXXuBaeT TpU crocoba rnmorvcka KOHTpGhakTy-
ajoB. [ToMuMo cirydaifHOTro MoucKa, 3TO ONTUMU3ALIUS
Ha OCHOBE T€HETHMYECKMX AJITOPUTMOB M METOI IOWC-
Ka Y Mocjenyolleil anantaliyuy NpoTOTUIIOB B 00y4a-
foniel Beioopke [23]. Mbl UCIOJB30BAIM 3TU MOJAEIHN
IUISI CPaBHUTEJIBHOM OIICHKM TIOJIYYEHHBIX Pe3yJibTa-
TOB. /1151 Kaxkgoro Habopa NaHHbIX 00yJYaaucCh BCE TPU
THATIA MOJIEJIei M BEIOMpanach Jrydmiasg. OTMETUM, UTO
MOAXON Ha OCHOBE MPOTOTUIIOB HE IMO3BOJIWI HAWTU
KOHTp(daKTyasIbl HU ISl OMHOTO Habopa maHHbBIX. OJe-
BUIHO, 3TO CBS3aHO C OTrpaHWYECHUEM, OTMEUYCHHBIM
BBIIIE: B D NOJKEH IPUCYTCTBOBATL Habop map (x, x°)
IUJIS1 IIMPOKOTO Ararna3oHa (hakTyasaoB.

JInst oLleHKM pe3yJIbTaTOB BBIYMCIEHUSI KOHTp(aK-
TyajloB OyIeM WCITOJIb30BaTh METPUKHU BaJUTHOCTU
(V), 6mmzoctr (P), pa3pexkeHHOCTH (S), pa3HOOOpa3ns
(D) u npaBnonono6ust (U), onucaHHbIe BbIlIe. YKa3a-
HUE MIPU3HAKOB, U3MEHEHUE KOTOPBIX BO3MOXHO, OCY-
IIECTBIISICTCST Ha YpOBHE Moeu reHepanuu g(D, 6).
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Tabauya 2.
Ha0ops! JaHHBIX
Mpu3Haku Knaccudmkatop ‘
D nXm Onucaunue
Heusmensem LETTETS N3mensem AL AUC
HE peanu3yemo 1/169)
German 0,79 700 ono6peHHbIx 1 300 3a610KMPOBAHHBIX
Credit' 1000 x 20 3 1 RF (0,03) | KpeawuTHbIX 3as1BOK
0,93 YpoBeHb 40X0/1a B 3aBUCMOCTI
1
Adult 48842 < 14 8 8 c8 (0,002) | oT AaHHbIX NEPEnMCI HaceneHms
Loan 0,76 29653 nnoxux 1 225694 0006peHHbIX
Default 253347 X 16 8 3 c8 (0,002) | 3asBOK Ha KpeauT

4. AHa/u3 pPe3yabTaToB
3KCIepruMeHTa

Paccmompum mpoliecC TpUMEHEHUS TpelIoXKeH-
HOro MeToja Ha mpuMepe Habopa maHHbIX German
Credit. 9ToT gatacet comepxxuT 3anucu o 1000 3asBKax
Ha KpeauT, 700 13 KOTOPBIX OBLTM OXOOpEHHI. B umc-
JIe aTpuOYTOB CyMMa M CPOK KpeauTa, a TAKKe IMoKa3a-
TeJIA COLIMAIBLHOTO ¥ (DMHAHCOBOTO TTOJIOXKCHMUS 3aeM-
muKa (KpeOIUTHBIM PEUTUHT, CPOK PabOTHI HA OTHOM
MecTe, OOJIs IIaTeXel Mo KPemouTy B OOIIEM ITOXOIe
3aeMIIMKa U T.1.). BoJbIIMHCTBO aTpuOYTOB SIBISIIOTCS
JIMOO KaTeropuaabHbIMU, JTUOO MOPSIKOBBIMM.

3anmaueii CE B maHHOM city4ae SIBJISIETCSI TeHepalus

KOHTp(I)aK'I'yaJ'[OB JJI4d 3aCMIIMKOB, KOTOPBIM ObLIO OT-
Ka3aHO B KpPEOUTE. AHanmm3 JAaHHbIX ITTOKa3bIBAC€T, YTO

U3MEHSIEMbIMU aTpUOyTaMu SIBJISIIOTCS laufzeit — Cpok
KpeauTa B Mecslax, hoehe — cymMMa KpenuTa u buerge —
HaJIM4Ke co3aeMIIMKa WU TTopyuuTesis. Bee octanbHbie
aTpuOyThl MO0 He M3MeHsIeMbl (I10J1, IPakKIaHCTBO),
JIOO HE MOTYT OBITh U3MEHEHBI IIPSIMBIM BO3IECTBHEM
(KpeIUTHBINA PEUTHHT).

IIponienypa BBIUMCIEHUI BBIIIOJHEHA B COOTBET-
CTBUM C METONIOM, TIpelCTaBiIeHHbIM Ha puc. 2. Ha
MepBOM 3Tare odydyeHa Moneab reHepauuu g(D, 0), ¢
MTOMOIIBIO KOTOPO IUTSI UcclienyeMoro ¢akTyaia re-
HepupyeTcst 200 CHMHTETHMYECKUX 3K3eMIUISIpoB. U3
9TOro Habopa OTOMPAIOTCS IK3EMIUISPHI B COOTBET-
CTBUM C TIPABWIOM, 3aJaHHBIM ypaBHeHUEM (1).

B mab6auye 3 ipencrasieH mpuMep JaHHBIX, CTCHE-
PUPOBAHHBIX [IJ11 OTKJIOHEHHOM 3asiBKU Ha cymMMy 2348
DM Ha cpok 36 mecsiieB. Kak ciemyer u3 npencraBieH-

Tabauya 3.

IIpumep reHepupyeMbIX JAHHBIX (ATPHOYTHI OOBICHEHDI B TEKCTE)

‘ laufzeit hoehe buerge ‘ MeTka knacca
daktyan 36 2384 1 0
8 1956 1 1
KoHTpdhakTyansl 14 2234 2 1
26 4276 3 1

10 South German Credit. UCI Machine Learning Repository. 2019. https://doi.org/10.24432/C5X89F.

1 Becker,B., Kohavi,R. Adult. UCI Machine Learning Repository. 1996. https://doi.org/10.24432/C5XW20.
12 L oan Default Dataset. https://www.kaggle.com/datasets/nikhil1e9/loan-default/data

13 http://interpret.ml/DiCE/index.html



HBIX JaHHBIX, KPEAWUT IS JAHHOTO 3aeMIIMKA MOXET
OBITH OOOpPEH MPU CHIKEHUU CpoKa N0 8§ MecsleB U
cyMbl 10 1956 mMapok. Ecnu 3aeMIIUK TpencTaBUT BTO-
poe OTBETCTBEHHOE JIII0, KOTOpoe OYyIeT yJacTBOBaTh
B morauieHuu Kpeauta (buerge = 2), TO CyMMa MOXET
ObITh yBenuueHa 1o 2234 DM cpokom Ha 14 mecsiieB.
ITpu Hanuyuu nopyuyutens (buerge = 3) KpeauT MOXET
coctaButh 4276 DM Ha cpok 26 mecsueB. Takum 06-
pa3oM, axe TpY MPeACcTaBIeHHBIX KOHTpGaKTyana Mmo-

3BOJISTIOT ONMCATh CUTYallUIO JJIsI KOHKPETHOTO 3aeM-
IIUKA U TIPEAJIOKUTh eMy AeHCTBUSI, KOTOPbIE ITOMOTYT
IOOUTBHCS MTOCTABIEHHOM LIEIH.

Tabauya 4 npencrapisieT cpeIHUe 3HAYEHUS U CTaH-
JapTHBIE OTKJIOHEHMS METPWK KadecTBa IJISI paccMa-
TPUBAEMbIX METOIOB, PACCYMTAHHBIE TI0 BCEM TPEM Ha-
0opaM NaHHBIX, a puc. 3 — pacnpeaeseHuss METPUK IO
nataceTaMm. JIydilve 3HaYeHMsSI METPUK B mabauye 4 Bbl-
JIEJIEHO XUPHBIM IIPUDTOM.

Tabauya 4.
CpenHue 3HaYeHHS U CTAHAAPTHbIE OTKJIOHEHHUS
METPHK Ka4eCcTBa Mojieieii 1o TpeM HaGopaM JaHHbIX
Mopenb vV P S D U
BN 1,000 (0,000) 1,230 (0,805) 3,790 (1,251) 1,310 (0,340) 2,053 (0,855)
CD 1,000 (0,000) 1,400 (1,155) 3,303 (1,036) 1,135 (0,228) 2,128 (0,836)
DiCE 0,869 (0,273) 3,138 (1,519) 1,962 (0,556) 1,159 (0,206) 2,797 (0,734)
GAN 0,966 (0,186) 1,984 (1,045) 4,190 (1,640) 1,285 (0,372) 2,298 (0,742)
GC 0,967 (0,183) 1,333 (0,851) 3,887 (1,521) 1,284 (0,402) 2,089 (0,828)
MD 1,000 (0,000) 3,198 (2,094) 4,177 (1,506) 1,314 (0,299) 2,851 (0,760)

Puc. 3. MeTpuki kKa4ecTBa paccmarpiBaeMblx Moeselt No Habopam AaHHbIX.



OTMeTnM, YTO 10 OOJBIIMHCTBY METPHMK (BawI-
HOCTb, OJIU30CTh U MPABAOIION00UE) JTyUIle PE3YIbTAThI
JEMOHCTPUPYET MONEIb Ha OCHOBE 0aileCOBCKOW CETH
(BN), reHepupymomias BEIOOPKA Ha OCHOBE YCIIOBHBIX
pacripeneieHuii TIPU3HAKOB, T.€. C YUETOM 3aBUCHMO-
creit Mexny HUMU. Eciivi ydecTb, 4To 1o pasHooOpas3uio
3Ta MOJENb JINIIbL HEMHOTUM ycTyraer MD, To BeIOOp
BN mna CE npencraBnsieTcsi BecbMa OOOCHOBAHHBIM.
Bricokoe pa3zHooOpasue KOHTpGaKTyanaoB, TeHepupye-
MbIX M D, 00bsICHSIETCSI TEM, YTO 3Ta MOJE/Ib paccMaTpu-
BaeT TOJIFKO MapTMHAJIBHBIC paCIIpeIe/IeHIS TIPU3HAKOB
¥ HE YIUTHIBAET CBA3M MEXKITY HUMU. DTa MOIEITb JOJKHA
XOPOIIIO pabOTaTh B ClIydae HEKOPPEIMPOBAHHBIX TTPH-
3HAKOB, HO MOXET ITOPOXKIATh ITPOOIeMBI, KOTIa TaKue
KOPPEJISIIIAN TIPUCYTCTBYIOT (CM. pacripeneieHue D st
Habopa maHHbIx Loan Default Ha puc. 3). Hanpotus, BN
B CJTyJae TaKMX JaHHBIX ITOKA3bIBACT JIYUIINE PE3YTBTAThI
10 pa3HOOOPA3UIO CPENU BCEX MOMIEICH.

B Hammx skcnepuMeHTax camas CJIOoXHasl MOJIeib
GAN ycrynumna ApyruM MOJIEINISIM, BO3MOXHO, TOTOMY,
YTO OBLIO HEMOCTATOYHO JAHHBIX TSI O0yYEHUsI, XOTSI
aBTOPBI UCMOJIL30BAaHHO HaMM peanu3anuu [37] noa-
YEepPKUBAIOT, YTO OHA OPUEHTHPOBaHA MMEHHO Ha Ma-
Jible oOy4Jaronre BbIOOpKU. PucyHok 3 TOKa3bIBAET, UTO
¢ Bo3pacTaHueM BbIOOpKM pesynbTaThl GAN yiayulila-
IOTCS, HO HE MPEBOCXOMMIT APYTUE MOIIEIIN.

Mertombl, pa3padboTaHHBIE HETIOCPEICTBEHHO IIJIS pe-
mweHus 3anayu CE (DiCE), cranu iydinumu no MeTpu-
Ke pa3pexkeHHOCTH (maba. 4), HO pucyHok 3 TIOKa3bIBa-
€T, 94TO 3TO TOCTUTHYTO 3a CUET BHICOKMX PE3YJIbTATOB
Ha camoM OoipiioM Habope maHHBIX (Loan Default).

Ha MeHpIIMX JaHHBIX 9TOT METOJ YCTYIAeT OoJee Ipo-
cTteiM MonenisiM, B yactTHoct GC u BN. Kpowme Toro,
cienyet oTMeTuTh, uTo DiCE Ha Bcex Habopax TaHHbIX
HE HAXOOUT TpedyeMoe KOIMIECTBO KOHTP(MAKTyalIoB
(V'<'1) u B 9TOM CMBICTIE SIB/ISIETCSI HAMXYIILIMM U3 pac-
CMOTPEHHBIX METOIOB.

3akJ/oueHue

Taxum 00pa3oM, MOXHO CIIEJIaTh BbIBOI, YTO MPELJIO-
SKEHHBII METOI, TTOMCKa KOHTP(aKTyaJloB Ha OCHOBE Te-
Hepallid CUHTETHMYECKUX TAHHBIX TO3BOJISICT TOOMTHCS
pe3y/IbTaToOB, KAK MMHUMYM, CPAaBHUMBIX CO «CTaHIAPT-
HbeiMu» MeTonamu CE, a B psine cityyaeB X IIPEBOCXOIUT,
0COOEHHO Ha MaJIbIX Habopax JaHHbIX. COIIacCHO HAILIMM
pe3ysbTaTaM, HanboJjiee OUEBUIHBIM BBIOOPOM IIPU 3TOM
SIBJISIETCSl MOJE/Ib TeHepallud Ha OCHOBE 0aiieCOBCKOI
CETH, KOTOpas YUUTHIBACT CBSI3U MEXKITY aTpUOYTaMH.

DTOT pe3yabTaT OTKPBIBACT HOBBIE BO3MOXKHBIC Ha-
npaBJieHUs UccaenoBaHuil. baiiecoBckas ceTh SIBIsIET-
Cs CTATUCTUYECKON MOJIEJIbIO, ITOCKOJIbKY CTPOUTCS Ha
accolalmsIX, U3MEPSEMbIX C TIOMOIIbIO KOPPEISLIUIA.
ITosToMy mpenacTaBiaseT MHTEpEC M3ydyeHHE Kay3aib-
HBIX MOJEJIEl, KOTOPhIE OTpaXkaroT MPUYMHHO-CJIEI-
CTBEHHBIE CBSI31 B HA0OpE TaHHbIX.

[Ipu 3TOM ClleayeT OTMETUTD, YTO, HACKOJBKO HaM
M3BECTHO, HalpaBJIeHUE, CBSI3aHHOE C MCITOJIb30Ba-
HUEM Kay3aJdbHbIX Mogeneit mist CE, TobKo HauMHaeT
uccnenoBatbes [20], a pabOThI, MOCBIIIEHHBIE UX TTPU-
MEHEHUIO JIJISI TeHepallii CUHTETUIECKMX JaHHBIX, OT-
CYTCTBYIOT. B
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Abstract

A counterfactual explanation is the generation for a particular sample of a set of instances that belong
to the opposite class but are as close as possible in the feature space to the factual being explained.
Existing algorithms that solve this problem are usually based on complicated models that require a large
amount of training data and significant computational cost. We suggest here a method that involves two
stages. First, a synthetic set of potential counterfactuals is generated based on simple statistical models
(Gaussian copula, sequential model based on conditional distributions, Bayesian network, etc.), and
second, instances satisfying constraints on probability, proximity, diversity, etc. are selected. Such an



approach enables us to make the process transparent, manageable and to reuse the generative models.
Experiments on three public datasets have demonstrated that the proposed method provides results at
least comparable to known algorithms of counterfactual explanations, and superior to them in some
cases, especially on low-sized datasets. The most effective generation model is a Bayesian network in
this case.

Keywords: counterfactual explanations, synthetic data generation, multimodal distribution modelling, Bayesian
network, credit scoring
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AHHOTaIMA

Bce Oobllle KOMMaHWI TOJ BO3AEHCTBHEM CTPEMUTEIBHOTO Pa3BUTHUS TEXHOJOTHI (KOHIECIIIVS
Hunyctpus 4.0/5.0) oxBaTbiBaroT mpoliecchl MdpoBoii TpaHchopmaiuu. BHenpeHne nHbopMaimoH-
HBIX CHCTEM 00eCIIeUrBaET BO3MOXHOCTD HAKOIICHHS OOJIBIIOrO 00beMa JAaHHBIX O IeSITCIFHOCTU KOM-
mannu. MccaenoBanne Takoil MHGOPMAIIMK pacIIMpsieT BO3MOXKHOCTA NMpuMeHeHusT data-driven rmom-
XoJia K yIpaBJIeHNIO Ou3Hec-mpolieccaMu (business process management, BPM). O6paboTka u nusydeHue
MTAHHBIX U3 XYPHAJIOB COOBITUN C ITOMOIIBIO METOIOB MHTEIIICKTYAIbHOTO aHAIM3a IIPOILIECCOB ITO3BO-
JISET CTPOUTHh HU(PPOBBIE MOIEIN OM3HEC-TIPOLIECCOB, KOTOPHIE OKA3BIBAIOTCS IOJIE3HBIM UCTOYHHKOM
CBEIICHUI MPU MIPOBEACHUM padOT M0 aHAJIM3Y, MOIEIMPOBAHUIO M PEMHKMHUPUHTY B paMKax IMpoILecc-
Horo Toaxoma. B Hacroseil pabore pa3padaTeIBacTCs METOI MOCTPOSHHUS MOAEIN OM3Hec-IIpoliecca
Ha OCHOBE CKPBITOI1 MAPKOBCKOM MOJEIN C YIETOM OTpaHMYECHUI, HaJlaraeMbIX MMPEeAMETHOMN 00JIaCThIO.
[IpuMeHeHUe CKpPBITOIf MapKOBCKOM MOMAEJIM MO3BOJISET MCIOJb30BaTh almapaT TeOpUU BepOSTHOCTEH
¥ MaTeMaTUYeCKOM CTAaTHUCTUKU ISl aHAJIM3a OM3HEC-IIPOIIECCOB, a TAKKEe PEIlaTh 3amadd KIacCH(pM-
Kaluu U Kjactepusdaluuu. B craTbe onuchiBaloTcsl BO3MOXKXHOCTU data-driven moaxona K yrnpaBieHUIO
Ou3Hec-IpolieccaMd U JEMOHCTPUPYIOTCS MPHUMEPhl MPaKTUIECKOro IIPUMEHEHUsI MeToda s pellle-
HUsI OU3HEC-3a1a4: TOCTPOeHUE Tpada 3aBUCHMOCTEM, KOTOPHIN MOXKET OBITh HCITOIb30BaH IIJIST BBISIBJIC-
HUS PacXOXIECHUA MeXIy (paKTUIECKUM U OKMIAEMbIM MCIIOJIHEHHEM, a TAKKe CIIOCO0 MpeacKa3aHusI
ncxona Ou3Hec-mpolecca Ha OCHOBE MOCIeI0BaTeIbHOCTH HA0I0HaeMbIX COOBITUIA.

KmoueBbie cioBa: 013HeC-IIPOLIECCHI, CKPBIThIE MAPKOBCKHE MONIENIN, MHTEUIEKTYaIbHBIN aHaIn3 IIPOLIeCCOB,
OM3Hec-aHaNIu3, TIpeacKa3aHne, Kinaccudukanus, data-driven rmoaxon, MHGOPMAMOHHBIE CUCTEMBI, SKypHAJIbI
COOBITUI

IMurupoBanue: Bapuyxos A.1O. CkpbiTast MapKoOBCKasi MOJENb: METO IIOCTPOSHMS MOIEIN OU3Hec-mporecca //
Busnec-mHpopMmaTuka. 2024. T. 18. Ne 3. C. 41-55. DOI: 10.17323/2587-814X.2024.3.41.55
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BBenenue

a3BUTHE BO3MOXHOCTEN COBPEMEHHBIX WHGOP-

MAaIIMOHHBIX TEXHOJIOTMI CTUMYJIUPYET IIpea-

MIPUSITUST Pa3TAIHBIX cep ITepeBOIUTH CBOU OM3-
HeC-TIPOLIECCH U3 «aHAJIOrOBOI» (hOPMBI B LIM(MPOBYIO.
CyIIecTByeT 1 TIOCTOSTHHO COBEPIIICHCTBYETCST MHOXKE-
CTBO METOMNOJIOTHIA M METONMK, KOTOPBIC ITO3BOJISIOT
BBITIOJIHATh MOJAEIMPOBAHUE, MPOBOAUTh PEUHKUHM-
PUMHT, KOHTPOJIMPOBATh M OTCICXKHWBATh OU3HEC-TIPO-
necchl [1]. JIOBOJIBHO 4acTO MOAEIMPOBAHME BBITION-
HSIETCSI «BPYYHYIO» C IPUBJICYCHEM COOTBETCTBYIOIINX
OM3HEC-aHAJINTUKOB U «BHYTPEHHUX» 3KCITEPTOB, KOTO-
pble 00J1aMafoT CITEHMATBHBIMA 3HAHUSIMU O MOJIEIIH-
pyeMBbIX sBIeHUSIX. [Ipu 3TOM Ha MpakTHKe Ipolecc
MOZIEJTMPOBAHNST W PEUHXXKMHHUPHUHTA OW3HEC-TIPOIIEC-
COB OKa3bIBaeTCAd HETPUBUAIBLHOU 3amadeil maxe s
ONBITHBLIX cnienranuctoB [2]. Tak, Hanmpumep, UMEIOT
MECTO HUCKaXeHUsI, OOyCJIOBJIEHHbIE CYOBEKTUBHBIMU
dakTOpaMu, COOCTBEHHBIM ITOJIOXKEHUEM B CTPYKTYpE
OpraHM3allMi ¥ JPYTMMU TUIIMYHBIMM IIPOOJIEMaMMU,
XapaKTepHBIMU JIJIS1 TAKOTO MOAX0Aa K MOAEIMPOBAHUIO:
Hnaeanu3alyeil, BRIOOPOM HEBEpPHOTO YPOBHS aOCTpaK-
LI WJIK HECIIOCOOHOCTBIO aIeKBaTHO BOCTIPOM3BOIUTD
HabOmonaemoe B3aumoseiictaue [3]. B pesynbrare noiy-
YeHHAasT MOJIENIb MOXET OTpaXkaTh TOJIEKO YacTh IPOVIC-
XOISIIEH «peaIbHOCTH», OKa3hIBAaeTCSI HEIOCTATOUYHO
(YHKIIMOHAIBHON 1, B KOHEYHOM cueTe, OymeT obJia-
JaTh BeCbMa OTpaHMIEHHOU IIEHHOCTEIO.

BHenpenue aBTOMaTM3MpPOBaHHBIX MH(MOPMAIIMOH-
HBIX CHCTEM Pa3JIMYHOTO Kiacca U (yHKIIMOHAIbHO-
ctu (ERP, CRM, ECM u npouue) NpUBOAUT K COMYT-

WcnonHerune &
MoHruTopuHr

CTBYIOIIIEMY HAKOTUIEHUIO B LM(MPOBBIX XpaHUIUIIAX
00JIbLIOr0 00beMa MOJIE3HbIX CBEIEHUI O OesITeIbHO-
ctu npeanpusatus [4]. O0paboTka M MOCIEAYIOUINIA
aHaJM3 JaHHBIX, HAKOIUIEHHBIX B MH(POPMALIMOHHBIX
cHCTeMax IPeaNpusTUsi, 00eCIeYMBaeT BO3MOXHOCTh
npuMmeHeHus data-driven mogxona. B Hacrosiee Bpe-
MsI BEIyTCs MCCIICAOBaHUS B 00JIACTU UHTEJUICKTYalb-
HOTO aHaJIn3a MpoLeccoB [5, 6], cozmanus LUGpPOBHIX
JIBOMHUKOB [7], MPEeAUKTUBHON U TPECKPUIITUBHOM
aHamuTuku [8, 9], poOOTU3MPOBAHHOI aBTOMAaTH3a-
uu npoieccon [10], a TakKe TTpoBoIITCs pabOTHI MO
MPaKTUYECKOMY BHEAPEHUIO PE3y/IbTaTOB 3TUX UCCIIC-
JIOBaHMIA B pa3IMYHBIX oTpacisax [11, 12].

1. IIpumenenne data-driven moaxona
K yIpaBJeHHI0 OM3HeC-NMpoLeccamu

ITpoueccHbIlf MOAXOM MO3BOJISIET MPEACTABUThL Op-
raHU3aluIo B BUIE COBOKYITHOCTH B3aMMOCBSI3aHHBIX
OM3HEC-TPOLIECCOB, KaXIblii U3 KOTOPBIX pacCMaTpH-
BaeTCs KaK LIEHHBIN aKTUB, 00eCIIeYBaIOINIiA TTIOCTaB-
KY ITPOIYKTOB M YCJIYT KOMITAHUY KOHEUHBIM MOTPEOM-
TexsiM. MeTomoJIoTYsI ynpaBjieHusl OM3HeC-npoueccamMmu
(business process management, BPM) omnpenensier
>KU3HEHHBIN IIUKJI YIpaBJIeHWs, KOTOPBI, Kak Tpa-
BWJIO, COCTOUT U3 CJAEAYIOLIUX OCHOBHBIX 3TAIlOB: aHa-
JI3a, MOJAETVMPOBAHUSI, WCIIOJHEHUSI, MOHUTOPWHTA,
ONTUMU3ALIUM U peunHXuHUpuHTa. st opmynmpo-
BaHUST BOBMOXHOCTEM 1 KOHTEKCTa TpuMeHeHusT data-
driven momxona B pamkax BPM MoXHO moCTpouTh
0000IIIeHHBIN XKU3HEHHBIM UK YIIpaBJIeHUs, TTOKa-
3aHHBIN Ha pucyHke 1.

exxdatrirol |

<--------

Puc. 1. 0606LLEHHbIA XU3HEHHII LKA BPM.



Kak BugHO U3 pucynka I, Monenu MpoLeccoB SIBJs-
FOTCSI UICTOYHUKOM UH(pOpMAIIMY MPU TPOBEJCHUY aHa-
JIM3a ¥ ONITUMM3ALINH, OKA3bIBAIOT ITOAACPKKY Ha 3TaIe
BHEIPeHNSI MHOOPMALIMOHHBIX CUCTEM M CIIOCOOCTBY-
0T peaqu3auuy (YHKIUNA YIIpaBieHUs W KOHTPOJIS.
HaxkoruteHHble B MHGOPMALMOHHBIX CHCTEMax JaH-
HbIe MOTYT OBITH WCIIOJB30BaHbI JJIs1 CO3JaHUS UG-
POBBIX MOZEJIE, KOTOPBIE ITO3BOJIAT JIydllle ITOHUMATh
peaslbHBIE OM3HEC-TIPOLIECCH OpraHm3anuu. [Ipume-
HeHMe data-driven moaxoja OTKPBIBAET BO3MOXHOCTH
YCTaHOBJIEHUSI TECHOW B3aMMOCBSI3U MEXIY PeaslbHbI-
MM TIpOLIECCaMU U UX MIPEACTABIEHUEM B BUAE MOJENICHA.
Cpen MHOXECTBA BapHMaHTOB IIPUMEHEHUS MOXHO
BBIICJIUTh HECKOJIPKO OCHOBHBIX: OOHApYXKeHUE MOJIe-
JIEM, TIPOBEpKa COOTBETCTBUS, OLIEHKA IOKA3aTeIeu u
YCOBEpIIEHCTBOBaHUE Tpolecca. st obOHapyxkeHus
MOJeJIei UCCIIEAYIOTCS JaHHbIE U3 XypPHAJIOB COOBITUIA
WH(OPMAIIMOHHBIX CUCTEM M C TIOMOIIBIO CITCIINAITb-
HBIX METOIOB MHTEIUICKTYyaJIbHOTO aHaju3a IIPOM3BO-
JIUTCS TIOCTPOSHUE MOJEeii 0e3 MpUBIeYeHUST KaKoii-
b0 anpuopHoi uHpopMauuu. [TojydeHHbIE TaKUM
obpa3oM momenu «AS-IS» Moryr OBITh UCIOJIb30Ba-
HBI B JAJIBHEHIIINX paboTax MpY IIPOBEACHNUN aHAIN3a,
MOIEIUPOBAaHMS M peMHXMHUPUHTA. CTOUT OTMETUTD,
YTO 3Tall MIOCTPOSHMUS SABJISIETCS KpaifHe BaXKHBIM, I10-
CKOJIbKY 00ecIieuyrBaeT CBOET0 po/ia «BXOIHYIO» TOUKY
JUIST BCEX OCTAJIbHBIX 3a/1ay, MPUMEHSIOIUX OOHapy-
>KeHHble IU(ppoBbIe Moaeau. s MpoBepKU COOTBET-
CTBUSI WCIIOJIB3YIOTCSI pPaHEee ITOCTPOSHHASI 3TaJIOHHAS
MOJIEIb OM3HEC-TIpoLIECcCa U JAHHBIE M3 XXypHajla CO-
OBITHIi, KOTOPbIE CPAaBHUBAIOTCSI MEXXIY COOOI C LIe/IbIO
ofpenesieHus] CTeTIeHU COOTBETCTBUS. Takas mpoBep-
Ka OKa3bIBAeTCS MOJIC3HOM MJIST KOHTPOJIS COOTIONCHMST

HaKJIaIbIBAEMBbIX IIPABUJI M OIPAaHMUYCHMI, BBISIBICHUS
pacxoXaeHuit Mexiy (akTUIeCKUM U OXXKUIAEMbIM HC-
MOJIHEHHWEM, TTOMCKA TIPUYMH OTKJIOHEHUSI 1 TaK Jajee.
Eciam nipyHSTh BO BHMMaHWE HAJIMIME B JAHHBIX Bpe-
MEHHOU KOMITOHEHTBI, TO C TIOMOIIBIO MOZENEH MOXHO
MPOBOIUTh M3MEpPEeHUE TMoKa3aTeleil MpoUu3BOIUTEb-
HOCTM OM3Hec-Tpollecca, OOHAPYKUBATh <«y3KUE Me-
CTa», OLICHUBAaTh YPOBEHb CEPBUCHOIO OOCITY>KMBaHMS
U Tak ganee. Tak, HarpyUMep, BApUAHTHBIN aHAINU3 M0-
3BOJIAT OOHAPYKUTH PA3INUMS B TIOTOKE YIIPABIICHUS 1
TI0KA3aTeJISIX IIPOU3BOIUTEIBHOCTH MEXKITY Pa3IMUHBIMU
noApasaesieHUsIMU opraHu3anuu. Kpome uccienoBaHust
MOTOKa YIPaBJAEHUSI, MOXXHO PaCIIMPUTh MOJEb ITyTeEM
BKJTIOYEHUST OPTaHM3AIIMOHHOM COCTaBISIIOIIEH, YTO I10-
3BOJIUT YYUTBHIBaTh MHPOPMALIMIO 00 yJaCTHUKAX IPO-
11ecca 1 MX B3auMocBs3s1X. TakuM 00pa3oM MpUMeHEHNe
data-driven Imomxoma MO3BOJISIET TOBBICUTH KAa4eCTBO U
3¢ GEeKTUBHOCTD YITpaBlIieHUsT OM3HEC-TTPOLIECCAMU.

2. ITocranoBka 3amxauymn
JIJIS1 IOCTPOEHNUS MOJIeJIN OM3HeC-Tporecca

Ecnu 6usHec-mpoliecc MOXHO MPEACTaBUTh B BUIE
MOJEJIU, TO KOHKPETHBIN OTHEJIbHBINA Cy4yail, peaiv-
3yEeMBI B paMKax 3TOM MOAEIM, MOXHO OMNKUCATh KaK
ee IK3EeMILISIp. DK3eMIUISIp OM3Hec-Ipoliecca JOJIKeH
XapaKTepU30BaThCS HEKOTOPHIM HAOOpOM U3 MOcie-
TIOBaTEIbHBIX WIIM TTApaJUICIbHBIX TeUCTBUI (IeATeIb-
HOCTei1) ¢ BOBMOXHOCTBIO ONpeNeIeHUST TOopsaKa UX
cienoBaHus. Pa3Hble 3K3eMIUISIPBI JOJKHBI OBITh pa3-
JIMYMMBI MEXTy COOO0I XOT$1 Obl TOPSIAKOM CJIEI0BAHUST
cobbiTuit. B mabauye 1 npencrasieH npumep dpar-
MEHTa XypHaja COObITUI, MOJy4eHHOTo U3 MHGhOopMa-
LIMOHHOM CUCTEMBI.

Tabauya 1.
®parMenT KypHajIa cOObITHI
ID 3k3emnnspa ID CobbiTuA BpemeHHas meTka CobbiTHe CoTpyaHuk
1001 24837 24.08.2023 13:20 MocTynnenune 3anpoca BaHoB A.
1001 25123 25.08.2023 11:05 MpoBepka Hann4ns Metposa .
1001 26001 26.08.2023 09:15 OTnpaska cyera BaHoB A.
1001 26560 27.08.2023 16:07 OTrpy3ka ToBapa Cwmopos B.
1002 24842 24.08.2023 14:27 MocTynnexue 3anpoca BaHoB A.
1002 24859 24.08.2023 16:20 MpoBepka Hanu4us Metposa W.
1002 24892 24.08.2023 17:40 (07Ka3 B nocraske Cobones b.




ITonpasymeBaeTcs, YTO BCe HJaHHBIE B XXypHaJie OT-
HOCSITCSI K ONHOMY aHaJIU3UpPyeMOMYy OM3HEC-TIpO-
meccy. Kaxmast ctpoka B TaGnuIle CONEPKUT CIIEHy-
o1me 006s3aTeNbHble aTpuOyThl: «ID 3K3eMIuispar,
«CobbITHEe» U «BpemMeHHass MeTKa». MHOXeCTBO CTPOK
C OIWHAKOBBIM 3HauyeHueM arpubyta «ID 3K3em-
TUIsIpa» TIPEACTABISIIOT COOBITHSI, KOTOpbIE CBSI3aHbI
C OOHUM DBK3eMIUIIpoM OM3Hec-mpolecca. ATpudyT
«Co0ObITHE» CONEPXUT Ha3BaHHE COOBITHS, KOTOpOE
MOXHO CBSI3aThb C HEKOTODPBIM NEUCTBUEM (HESTEb-
HOCTbI0). ATpuOyT «BpemeHHass MeTKa» MCIIOJb3yeT-
¢Sl JUTSl XPOHOJIOTUYECKOTO YIOPSITOYMBAHUS COOBITUI
B paMKax OJHOTO 3K3eMIuisipa. 2KypHayl GU3Hec-Ipo-
mecca MOXeT COIepKaTb W IPYTHe TOIOJTHUTEIbHBIC
atpubyThl («CoTpyoHHMK», «CTOMMOCTE», «KimeHT»,
«Oduc» 1 Tak naiee), KOTOPbIE MOTYT OBITh MOJIE3HbI
JUISI MOHUTOpUHIAa Ou3Hec-Ipoliecca ¢ MPUMEHEHU-
eM MalmuHHoro obydenus [13]. s KpaTKOCTH 3amu-
cu OyneM KCIOoJIb30BaTh MYJIbTUMHOXECTBO, KOTOPOE
OyZeT COCTOSITb U3 XPOHOJOTUYECKU YIOPSIOUEHHbIX
W CTPYIIMPOBAHHBIX MOCIEI0BAaTEILHOCTE COOBITUI
coracHoO XypHajy ousHec-Tipouecca. Hampumep, nis
JAHHBIX, IPUBEICHHbBIX B mabauye 1, MOXHO 3arucarb
MYJIBTUMHOXECTBO:

L={<aabac7d>n’<a,b>8>ma"-}7 (1)

rme L — MyJTbTUMHOXECTBO, B KOTOPOM KaXKIBIi 3JIe-
MEHT COIEPXMUT YIOPSAOYEHHYIO IOC/Ien0BaTe b-
HOCTb COOBITUI: a — cobbiTue «[locTymieHue 3ampo-
ca», b — cooniTue «IIpoBepka HanMuuUsI», ¢ — COOBITHE
«OrnpaBka cueTa», d — cobbiThe «OTrpy3Ka ToBapa»,
e — cobniTe «OTKa3 B MIOCTaBKe»; # U M — KOJUYE-
CTBO pa3, KOTOPBIC BCTpeYaAIach JaHHAS YIIOPSIOUYCH-
HasI TI0CJICIOBATEeIBHOCTD B 3KypHAJIe.

Takum ob6paszoM, TpeOyeTcsi pa3paboTaTh METOL,
MOCTPOCHMST MOIEIN OM3HEeC-TIpoliecca Ha OCHOBE
MMOCTYITAIOIINX BXOIHBIX JAHHBIX B BUIE MYJBTUMHO-
xKectBa L.

3. AHa;IM3 METOI0B MOCTPOEHHS
Mozed Ou3Hec-Tmpolecca

«Aavgha-uckameav». SIBnsETCS NOBOJBLHO MPOCTHIM
W OIHWUM W3 TIEPBBIX METOIOB, KOTOPHINA ITO3BOJISI-
eT BOCcO3IaTh MOJeNb OU3Hec-Mpollecca U3 UMEo-
1erocsi Habopa MocJie0BaTeIbHbIX COOBITUI B BUIIE
Workflow-net (yacTHblii ciyuaii cetu [Metpn) [14]. dns
9TOrO aJTOPUTM CKaHMPYET KypHal B IIOMCKAX OIlpe-
IeJICHHOTO Habopa MaTTEePHOB: MOCIEA0BATEIIHHOCTH,
XOR pazgenenus u AND pasgenenunss. Ha ocHoBe

3TOr0 3alMChIBACTCS MATPHULA «OTIEYAaTKOB», I103BO-
JISTIONIAsT PacIo3HATh UMEIOIITHECS] OTHOIICHUSI MEXIY
cooprTusiMu. [1o 3Toit MaTpuIie, ¢ y4eTOM IIPABWII BbI-
BOIA, CTPOUTCS KOHeUHast Moneinb. Cpeny orpaHmye-
HUH «aJibda-ncKareisi» MOXKHO OTMETUTD: CIIOKHOCTH
npyu oOpabOTKe 3allyMJIEHHBIX NAHHBIX, HEBO3MOX-
HOCTb PacIo3HaTh IIUKJIBI IJTMHOMW 1 My 2 1iara, mpo-
OJIEMBI C JIOKAJIbHBIMU 3aBUCHUMOCTSIMU.

«Depucmuneckuil uckamens». B ornmaun ot «anbda-
HCKaTelIss» TIPUMEHSIET MOS0 MOACYeTa JacTOT IOSIB-
JIEHWST COOBITHI W BOCIIPOM3BOIUT MOJIEIb TTpoliecca B
BUAE MPUYMHHO-clieacTBeHHOoM ceTu (Causal net) [15,
16]. B Hayaje pacCUMTHIBAIOTCSI METPUKH, KOTOPEIE
OLIEHMBAIOT KOJIMYECTBO CBSI3EH MIPSIMOTO ClIeI0OBaHMS
MEXIy KaxI0i Mapoil COOBITUI 1 U3MEPSIOT CTeNeHb
ux 3aBucuMocTu. [1pu momoiiu narrepHoB (Mocaeno-
BatenbHOCTH, XOR, AND u nukna), onupamoimxcs Ha
paccuyuTaHHBIC METPUKH, CTPOUTCS Tpad 3aBUCUMOCTHU
(Dependency graph). Ilouck cimstHU U pa3neiacHui
B rpade 3aBUCMMOCTE MOXKET BBITIOJHSITHCS CKOJIb3-
SIIITAM OKHOM TI0 XXYPHAJTy COOBITHI C 3aMaHHBIM pa3-
MEpOM WJIM Ha OCHOBE PEIICHMS ONTUMM3AIMOHHON
3a/1a4d, B KOTOPOW 1ieaeBoi (hyHKIIUEH SIBISIeTCS CTe-
MEeHb COOTBETCTBUS MOJEIN HAOIIOAaeMOMY KypHAITY.
ITonyuenHas moxaesb mpoiiecca B Bune Causal net Mmo-
XeT OBITh MpeoOpa3oBaHa K APYTUM TPeOyeMbIM HO-
tauusim (BPMN, UML, EPC, WF-net u Tak ganee).
DTOT MeTO MeHee BOCIIPUMMYMB K 3aIllyMJIEHHOCTH B
JMAHHBIX U YCTPaHsIeT MHOTUE HEIOCTaTKU «ajibda-uc-
KaTteJisi», OIHAKO UMEET MPOoOJIeMbI ¢ 00pabOTKOM He-
JIOKaJIbHBIX 3aBUCUMOCTE 1 0OHApYXEeHUEM OyOIupy-
IOIINUX COOBITHIA, a TAKXKe TPeOYyeT pydHOM HACTPONKM
YPOBHEM ITOPOTa OTCEUCHUSI.

«Hckameav na ocnoee obaacmeil». bazupyercss Ha
IMPUMEHEHUHN TEOPUH PETMOHOB M CTPOUTCS Ha JIOITY-
IIEHUH, YTO MOJICIM COCTOSTHUM MOTYT OBITh IIPe00-
pazoBanbl B cetd Iletpu [17]. CymecTByeT HECKOILKO
IMOIXOIOB pean3alliy 3TOro Metona. I1epBolii moaxon
3aKJII09AeTCs B ONpeaeIeHIN 00JIacT KaK MHOXKECTBA
TaKUX COCTOSIHWIA, YTO NEWCTBUS B MOMAEIU COCTOSI-
HUI U Nepexoa0B corjaacyeTcs ¢ JaHHOW obiacthio. B
3TOM CJIydae BCe COOBITHSI MOXKHO pa3leuTh Ha «BXO-
ISIIIe», «UCXONSIIe» U «BHYTPEHHME» IT0 OTHOIIE-
HUIO K naHHO# obnactu. Ilocie pazneneHust odnacreit
10 3TUM TpaBWJIaM Kaxaasi 00JacTb MOXET ObITh CO-
MoCTaBJieHa ¢ ompeaeeHHON mo3ulueil B cetu Ile-
Tpu. BTopoit mogxon mpuMeHseT CIelMaaIbHO 3amIaH-
HYIO SI3BIKOBYIO MOIEIb BMECTO CUCTEMBbI COCTOSTHUIA
u niepexonoB [18]. OcHOBHas umes MOAX0ma 3aKIova-
€TCs B TOM, YTO yaajieHue P Io3ULUK He NPUBOIUT K



yIAJEHUIO JI000T0 MOBEIEHYECKOro MaTTepHa, OgHa-
KO I00aBjeHWE HOBOW MO3UIMM MOXET NPHUBECTH K
YCTPAaHEHUIO HEKOTOPBIX BO3MOXHBIX BAPUAHTOB I10-
Benenusa. K 1ocToMHCTBAM MOXKHO OTHECTH BO3MOX-
HOCTh 00pabaThIBaTh 00JIee KOMITJICKCHBIE CTPYKTYPHI
MoToKa yrpasieHus. Ciraboii CTOPOHOI 3TOro MeTona
SIBJISIETCSI HECIIOCOOHOCTh OOHApY:KMBaTh HEKOTOPEIE
THITBI KOHCTPYKIIMI TIpoliecca, MpoOJIeMbl ¢ TOUHO-
CThbIO U 00001IaI0IEH CITOCOOHOCTBIO, a TAKXKE CI0XK-
HOCTb €0 MPaKTUYECKOM pealn3alivii.

«Unodykxmuenvuii uckameav». COCTOUT W3 TpeX pe-
KYPCUBHO BBITIOTHSIEMBIX 111arOB; TTIOCTPOCHUE OPUEH-
TUPOBAHHOTO Tpada, MOUCK cpe3a U pasieiieHue 3a-
nuceit xypHaia [19]. B kauecTBe MCXOOHBIX NaHHBIX
METOI MCHOJIb3YeT MpPeaBapuTEIbHO ITONTOTOBJIECH-
HbII XypHan coObiTuii. Ha mepBoMm 111are meTon mpe-
00pa3yeT gJaHHbIe B OPMEHTUPOBAHHBIN Tpad, B KOTO-
POM KaXIBIi y3€JI COOTBETCTBYET OTHOMY COOBITHIO, a
IyTv (DOPMUPYIOT Mepexonbl MexXny coObITusMu. [lo-
CJIE 3TOTO BBHIIOJHSIETCS TOMBITKA OOHAPYXKUTH MecTa
BO3MOXHEBIX cpe30B. Eciu MecTa Takux cpe3oB OOHa-
PYKUBAIOTCS, TO aJITOPUTM 0O0pa3yeT oIlepaTop cpesa
W CeTMEHTH pasneiiecHusa. Ha ocHoBe oOHapy:KeHHBIX
CEerMEHTOB TIPOU3BOMUTCSI JEKOMIIO3ULINS XKypHaya
Ha OoJjiee MeJIKHe COCTaBJISoIIMe. 3aTeM MPOUCXOIUT
peKypcuBHasi 0o0paboTKa KaXIOro MOJyYEHHOTO Ta-
KUM 00pa3oM (parMeHTa 10 oOHapyxXeHHs1 6a30BOTo
ciyvasi: (parMeHT CONEpPXKUT TOJIbKO OIHO COOBITHE.
Ecnu B miponiecce peKypCMBHOTO CITycKa BCTpeuyaeTcs
¢dparMeHT, KOTOPBIi He CBOAUTCS K 0a30BOMY CIydalo
U TIPY 3TOM HE UMEET JOIMYCTUMBIX MECT IUISI Cpe3a, TO
MIPUMEHSIETCST TIPOIIeCC «IIpoBajMBaHus». bazoBas pe-
aJM3alys METoIa UMeJIa CJIOXKHOCTH ¢ OOHApYKEHHEM
LIMKIJIOB (DMKCHUPOBAHHON JUTMHBI, 00pabOTKOM peaKIX
COOBITUI M OTPaHUYEHU, CBSI3aHHBIX C PEKYPCUBHOM
puponoi rmoctpoeHus. OgHAKO HalbHElIIee pa3Bu-
THE METOoa TIO3BOJIMJIO TIPEOIOIETh TIEPBUYHBIC HEIO-
CTaTKu, 00ECIIeYMIIO BO3MOXHOCTh MaCIITaOMpOBAHMS
U IPUMEHEHUS pacIipee/ieHHbIX BbrauciaeHuit [20].

[IpencraBieHHEBIC BEINIE METONBI ITO3BOJISIOT TIO-
CTPOUTH MOZIEJTb OM3HEC-TIpOollecca Pa3TMIHBIMU CITO-
cobaMM, OOHAKO MHTEepeC IIPEeNCTaBiIsIeT HCCIENOo-
BaHWE BO3MOXKHOCTU ITOCTPOCHUS MOIEIN, KOTOpas
OCHOBAaHa Ha OlieHKe BeposiTHOCTel. B kauecTBe ocHO-
BbI MOKHO ObLJIO ObI pacCMOTpPETH Liellb MapKoBa, HO,
YYUTBIBAsl XapakTep W IPUPOLY MCXOOHBIX TaHHBIX,
0osiee TIpUEeMJIEMbIM OyIeT IPeaIoIoKeHUe, YTo 3a-
(uKcupoBaHHbIE B XXypHaJjie COOBITHUS SIBJISIIOTCS TOJIb-
KO BHEILHUM IIPOSIBJIEHHMEM HEKOTOPOIO CKPHITOrO OT
HabJIomares npouecca. s MogenupoBaHusl TAKOTO

MIPEIITOI0XECHUS MOXHO PACCMOTPETh CKPHITYIO Map-
KOBCKYI0 Mofeib (magee — CMM) mepBoro mopsiaka.
M3BecTHO, YTO TaKKWE MOIEIU CO CKPBITBIMM COCTOSI-
HUAMU 3(PDOEKTUBHO MPUMEHSIOTCS ISl 3a1a4 obpa-
OOTKM TEeKCTa Ha €CTEeCTBEHHBIX si3bIkax [21], maeH-
TU(UKAIUU XKecToB [22], pacro3dHaBaHus peun [23],
ouonHdopmaruke [24] u apyrux cdepax. Mcxona us
CBEICHNI, KOTOPBIC TIPEICTABICHBI B IIPOAHAIN3UPO-
BaHHBIX MCTOYHWKAX, MOXHO OXHWAATh, 4TO IpUME-
HeHue CMM a7 aHanu3a OM3Hec-Mpoliecca cliejiaeT
BO3MOXHBIM HE TOJIbKO MTOCTPOEHUE MOIeI OM3HeC-
mpoliecca, HO ¥ MO3BOJIUT pelllaTh 3amavy Kiaccudu-
KAl Y BBITIOTHSTD KJIACTEPU3AIINIO TAaHHBIX.

4. IIpennaraemslii MeTo
NOCTPOEHUS MOAEIH

CMM obnamaet MHOECTBOM CKPBITBIX
cocrosHuii § = {s,, s,, 8,, ..., S,}. Kaxmoe ckpriroe
COCTOSTHUE MOXET OBITh CBSI3aHO C HEKOTOPBIMU
JIPYTUMM CKPBITBIMU COCTOSTHUSIMM. CXeMaTUYHOe
TIpeACTaBJIeHNE MOIEIN TI0OKa3aHO Ha pucyHke 2.

Puc. 2. CxematnyHoe npeacrasnedne CMM.

B naHHoI1 paboTe paccMaTpuBaeTCsl TOTHOCBSI3HASI
CTpyKTypHas opranusauus CMM, ripu KOTOpoit Kax-
J0€ CKPBITOE COCTOSHME S, CBA3AHO CO BCEMM OTJIMY-
HBIMU OT HETO CKPBITBIMU COCTOSTHUSIMU, a TaKKe ¢ ca-
MUM co00¥i. [ToMHUMO CKPBITBIX COCTOSTHUI OTpeaeeH
KOHEYHBIN aj(aBUT MHOXECTBA HAOII0JaeMbIX COObI-
™l V={v,v,, v,, ..., v,} M K&XI0€ CKPHITOE COCTOSIHUE
BOCIIPOM3BOIUT COOBITHSI U3 TAaHHOTO MHOXecTBa V.
B mr0001i OTIeTbHEI MOMEHT BpEMEHH f MOZEIIh HAX0-
IATCSI B OMHOM U3 CKPBITBIX COCTOSTHHIA.

ViigeS1<t<T )

CMM coBepiIaet nepexoabl MexXIy CKPBITBIMUA CO-
crosHUSIMA. Tak, B MOMEHT BpPEMEHHM f, HaXOmsCh B



CKPBITOM COCTOSIHUM ¢,, MOJIEJIb TIEPENIET B APYTOE CO-
CTOSTHUE C OIpPEICIEHHOM BEPOSITHOCTHIO U B MOMEHT
BpeMeHH ¢ + 1 OyaeT HaxOZUThCS B CKPBITOM COCTOSI-
HMU ¢,,, € S. B naHHoii paboTe paccMaTpUBaKOTCA TOJIb-
KO JUCKPETHBIE MOMEHTBHI BPEMEHH, IIPU 3TOM TEKY-
IIIee COCTOSTHHME W 1ICTIOYKA BBITIOJIHEHHBIX TIEPEXOI0B
MEXIy HUMHU SIBJISIIOTCS HEBUAMMBIMU IJi1 HaOJoma-
tend. Haxonscb B HEKOTOPOM CKPBITOM COCTOSIHUM g,
MO/IE/Tb BOCIIPOM3BOIUT COOBITHUE 0, € V, KOTOPOE BUIHO
BHEIIHEMY HaOmongaTeno. Yepema mepexonoB MeEXIY
COCTOSTHUSIMU 1 BOCIIPOM3BEIEHHBIMU MU COOBITUSIMU
B pe3yabTaTe opMUpPYET ITOCIeN0BaTEIEHOCTL HAOIIO-
nenuit O = {o,, 0,, 0,, ..., 0,}. CXeMaTUYHOE NPECTaBIE-
Hue padotel CMM mnoka3zaHo Ha pucyuke 3.

\] \ \

0, 0, 0, o,

-

Pue. 3. CxematiyHoe npeactasneHie padotsl CMM.

IMockonbKy B HmaHHOI paboTe paccMaTpUBaeTCs
CMM mnepBoro mopsmka, TO COTIaCHO MapKOBCKOMY
CBOIICTBY OyIeM IoJiaraTh, YTO BEpOSATHOCTH IIepexoaa
M3 OIHOTO COCTOSTHUSI B IPYTO€ OIPENesieTCs] TOJIBKO
MPEIBITYIIIIM COCTOSTHIEM MOJIEIIH:

P(qf :s,*|q1 :s,,s qzzsm,"'sqr,] :S/.) =
=P(q,=slq,,=s5,) 3)

Bropoe nonyuieHue OyaeT 3aKi104aThCcs B TOM, YTO
BEPOATHOCTb MPOM3BECTU HAOMIOIaeMOE COOBITHE 0,
3aBUCUT TOJIBKO OT COCTOSIHUS, B KOTOPOM HaXOJIUTCS
MOJIeJIb B IUCKPETHBIII MOMEHT BPEMEHMU ¢ U HE 3aBU-
CHT OT IPYTUX COCTOSTHUM M HAOIIOTAEMBIX COOBITHIA:

P(ot =v.1q,=5,,...4,=5,0,=V, ...,0, =vj):
=P(0,=v,lg,=s,)- 4)
OmpenenM HavyalbHOE paclpelneieHre M0 CKpPbI-
TBIM COCTOSTHUSIM MOIENH, KOTOPOE 3alaeT BEpPOsT-

HOCTb TOTO, YTO MOICJIb Ha IICPBOM LIare 6YI[CT Haxo-
JUTBCA B HEKOTOPOM COCTOSAHUM:

ﬂ:{fri}il, 7, =P(q, :s,.),zililﬂizl. (5)

OrnpenenuM pacripelieieHUe BEpOSITHOCTEH mepe-
XO/la MEXIY CKPBITBIMUA COCTOSTHUSIMUA KaK MaTpUILy
A= (al.j), rae

. . N
a[j=P(q1=Sj|qt71=S[),lﬁl,‘]SN’ z]gy:l (6)

Pacnipenenennie BeposSITHOCTE ITOSIBIIEHUST COOBI-
TUU TIPU HAXOXIEHWU MOMAEIU B HEKOTOPOM CKPBITOM
COCTOSIHUM ONPENEMM Kak Matpuuy B = (b,), rie

b, =P(o=v,q =5,),1<i<N,I<k<M,

M

zkzlb[k =1. (7)

Hcxoast M3 BBIIIEOMMCAHHOIO CKPBHITYIO MapKOB-
CKYI0 MOJIEJTb 6 OIpeaeuM Kak

0=(S,V,A, B, ). (8)

[Ipenmnonoxum, 4To MpeAcTaBIeH UCXOMHBIN XKyp-
HaJI ¥ BBITNIOJIHEHA MTpeaBapUTeIbHAasI MIOArOTOBKA TaH-
HbIX. [1ycTh 3amaHO MyJTBTUMHOXKECTBO

L={<ae>’, <a,b,c,e>’,<a,cb,e>,
<a,d,e>",<ad,de> <addde>,
<a,b,c,d,e>,<ab,d,c,e>,<a,cb,de>,
<a,c,d,be>,<a,d,cb,e>,<adb,ce>,

<e,b,c,m>",<e,c,b,m>"}. 9)

MynbTUMHOXECTBO L COAEPXUT MOBTOPSIOLIME-
Cs1 HECKOJIBKO pa3 3JIEMEHTBI, KOTOphIE IIPEeACTaBIsI-
IOT OTAEJbHBIE 3K3eMILUISIPhl OM3HEC-IIpoliecca, BbI-
IMOJIHEHHOTO B pa3HOe BpeMsi. MOXHO 3aMETUTh, YTO
HEKOTOpPHIE 3JIEMEHTHI MYJIBTUMHOXECTBA (HaIIpuMep,
<a,b,c,e> u <a,c,b,e>) comepxar MOYTU OJUHAKO-
Bble IIOCJIEIOBATEIbBHOCTU COOBITUIA 32 TEM MCKIIIO-
YEeHUEM, UTO TOPSIOK, B KOTOPOM CJICAYIOT COOBITHS
«b» 1 «c», mepecTaBieH MecTaMu. Buaumast mepecra-
HOBKa B MYJIbTUMHOXECTBE MOXKET BCTpeYaThCs M3-3a
TOTO, YTO 3apeTUCTPUPOBAHHBIC COOBITUS ITONMANAIOT
B MCXOIHEIN XYpHaJ YIIOPSIIOYeHHBIMU IT0 BpEMEH-
HOI METKE, OHAKO B PEaJIbHOCTU IPEICTaBISIOT CO-
00ii IMapajUie/IbHO MCIIOJIHSIEeMbIe MOAMPOLECChl O13-
Hec-Tiporiecca. [IpuMep Takoi CUTyallUM MOKa3aH Ha
pucynke 4.

Puc. 4. NapannenbHo UCNONHAEMbIE MOAMPOLECChI.



B cBs13u ¢ TeM, uTO Takue COOBITUSI BCEerma BCTpe-
Ya[oTCs MOMAapHO M CIEAYIOT IPYT 3a IPYroM (XOTh U B
pa3HOM IIOPSIIKE), a TAKXKE YUUTBIBASI XapaKTep Moje-
JIMPYeMOI TIpeAMETHOM 00IacTH, OyIeM moJiaraThb, 9TO
MOJ0OHbIE MEPECTaBIEHHbIE MECTaMU COOBITHSI 0Opa-
3YIOT JIOTMYECKHU SAMHYIO OIlepalinio OM3Hec-Ipolecca.
TakmMm 00pa3oM, CXOTHBIC IOITAPHBIC IEPECTAHOBKH
COOBITUIA, KOTOPHIE TI0 CBOEMY TOBEIEHUIO 00pa3yioT
Jornyeckyto onepanuio «<AND» duzHec-npolecca, 0y-
€M OTHOCHUTDH K OMHOMY U TOMY X€ CKPBITOMY COCTO-
sHUI0 Mojes . OObIYHO OM3HEC-MPOLIECC UMEET OTHO
¢dUKCMpPOBaHHOE CTAaPTOBOE COOBITHE, B KOTOPOM Ha-
YUHAETCS ero McIojaHeHrne. POUHATBLHBIX COOBITUMA Y
OU3HeC-Tpolecca MOXET ObITh HECKOJIBKO B CUJTy He-
00XOIMMOCTH TIPEACTABICHUS Pa3INIHBIX PE3YIbTaTOB
ero 3aBepiieHus. Kaxmnoe Takoe ¢prHaIBHOE COOBITHE
SIBJIAETCSL JIOTUYECKU 3aBEepIIAOIIMM M II03TOMY He
IOJDXKHO OBITh pa3fesIMMO Ha HECKOJIBKO IMapajijIeIbHO
HCTIOJTHSIEMBIX TIOATIpolieccoB. Eciiv mapasuieabHo uc-
MOJTHSIEMbIE TIONMPOLIECCHl HE HAXOMSATCS B CTAPTOBOM
Wi (QUHAIBHOM COOBITHSIX, TO CIIEAYeT IIPEAIIONO-
KUTh, UTO CYILIECTBYET HEKOE COOBITHE, TTOC/IE KOTOPO-
IO TIPOMCXOIUT Pa3BeTBICHUE UCIIOJTHEHNSI, PaBHO KaK
W COOBITHE, COCIMHSIONIES ITapauIeIbHOE WCITOTHE-
Hue. TakuM obpaszoM, joruueckas omnepanus «<AND»
OM3Hec-IIpoliecca JOJIKHA HAXOIUTHCS MEXKIY HEKOTO-
PBIM HayaJIbHBIM U KOHEYHBIM COOBITHEM B HabOJTIOIae-
MO ITOC/Ie0BaTeIbHOCTU COOBITUI. JIJ1s1 onpeneieHus
TPYIIII COOBITHIA, KOTOPBIE (hOPMUPYIOT MHOXKECTBO JIO-
rudyeckux omnepauuit «<AND» 6usHec-1ipouecca BbiOe-
peM YHUKaJbHBIE 3JIEMEHTHI 110 TipaBuity (10) u3 Mynb-
TUMHOXecTBa L:

(0()=5,0G+1)=S,,0(i+2)=
=8,0(i+3)=35,):

FSET =
3(8(1)=S,,6(+1)=S,,0(+2) =

=5,,0(/+3)=S5,)

Vo,0el :|o|>4, |8]>4,

1<i<lo], 1<1<]8]. (10)

Unenamu MHOXecTBa FSET IBASIOTCS yIIOPSIOYEH-
HbIE MOCAeI0BaTEIbHOCTH COOBITUM, KaXIast U3 KOTO-
PBIX YIOBJIETBOPSIET CAEAYIOIIMM YCIOBUSIM:

¢ II0JIy4eHa M3 BXOISIIMX B MCXOOHOE MYJIbTUMHO-
KecTBa L 3J1eMEHTOB;

¢ TI0CJIEIOBATEILHOCTD COAEPXKUT MIUHUMYM YEThIpEe
WIYIIUX 10 MIOPSIAKY COOBITHS;

4 CYLIECTBYET Apyrasi YeTBepKa C TaKMUM K€ Ha4dajb-

HBIM COOBITUEM S, U KOHEYHBIM COOBITUEM S, B
KOTOpOW COOBITHA S, U S, TIEPECTAaBIEHBI MECTAMMU.

I paccMaTpuBaeMoro MyJabTHUMHOXecTBa U3 (9)
oynet copMupoBaHo MHOXecTBO FSET, cocrosiiee
U3 CIEAYIONIMX JIEMEHTOB:

FSET(L)={(a.b,c.e),(a,c.b.e).(a,b,c.d),
(b.c.d.e),(a.b.d.c),(b.d,c.e),(ac,b,d),(c,b.d.e),
(a,c,a’,b),(c,d,b,e),(a,d,c,b),(d, c, b,e),

(a,d,b,c),(d,b,c,e),(e,b, c,m),(e,c, b,m) oo (11)

Kaxnplii anemeHT MHOXecTBa FSET mpencrasis-
eT c0o00il MUHUMAJIPHO IOITYCTUMYIO YacTh BO3MOXK-
HOIl mepectaHoBKU. Tak, Hampumep, Mg oOpa3oBa-
HuUs torndeckoit onepanuu «<AND», cocTaBieHHON 13
TIBYX MapaJijieIbHO BBITIOJTHSIEMBIX TTOATIPOLIECCOB «b» 1
«C», KOTOpast HAYMHACTCS TTOCIIe COOBITHS «a» M 3aKaH-
YUBACTCSI COOBITUEM «e», HEOOXOOUMO, YTOOBI MHO-
xecTBo FSET comepkano obe 4acTM TaKoOil IepecTa-
HOBKH (a, b, ¢, e) u (a, c, b, €). DIeMeHTbl MHOXECTBa
(a,b,d,c)u(a,d, b, c) Takxe 00pa3yloOT MUHUMAJBbHYIO
Jiormaeckyio oneparuio «<AND». OgHako u3 (9) MoxX-
HO 3aMETUTh, YTO DJIEMEHTHI «b» U «d» SIBIISIIOTCS Ya-
CThIO OoJiblIeH Torndyeckol onepaun «<AND», koTo-
past BKJII0UaeT TakXKe U COObITUE «c». Takum obpas3oM,
HEOOXOIMMO OIIPENEUTh IIPOLIEAYPY HapallnBaHUS
0osiee JIMHHBIX Jlorhueckux onepaiuii «<AND», co-
CTOSIIIUX U3 0a30BbIX MUHUMAJIbHBIX YacTeil. J1ist aToit
LIeJTN 3aJafuM MHOXKECTBA CTaApTOBBIX, ITIEPECTAHOBOY-
HBIX U KOHEYHBIX COOBITHIA:

FS={0o(1):0eFSET). (12)
PS={0(2):0eFSET). (13)
ES={0(4):0eFSET}\ PS. (14)

151 HapalIuBaHWs MaKCHMAaJIbHO BO3MOXHOI ITepe-
CTaHOBKM MOOYEPETHO BO3bMEM KaXKIIOe CTApTOBOE CO-
ObITHE U3 MHOXecTBa FS 1 epedupasi MHOXECTBO 3Jie-
MmeHTOB FSET Oynem no0aBisiTh KaXkable BCTPEUYCHHBIS
IIepeCTaHOBOYHBIE CUMBOJIBI BO BTOPOIT M TPEThEi T10-
3ULIMU, TTIOKA He JoiIeM 0 3JIeMeHTa, KOTOPhIi conep-
KHUT KOHEYHOE COOBITHE M3 ES B ITOCIeTHII TTO3UIINN.
IIpouienypa HapalMBaHus MoKa3aHa B aucmuree 1.

B pesynbrare Tmpoueayphl HapallMBaHUS OymeT
chopMHUPOBAHO MYJIBTUMHOXECTBO, KOTOpPOE COIep-
SKUT 3JIEMEHTBI C BBIIEICHHBIMI HayaJIbHbIM 1 KOHEY -
HbBIM COCTOSIHUSIMU, a TAKXKE MHOXKECTBOM IEPECTAaHO-
BOYHBIX COOBITUI Mexny Humu. st npumepa us (9)
copMHpyeTCsT MYJIbTUMHOXECTBO



Input: FS: Start events
Input: £S: End events
Input: FSET: Set of data

Output: FPERM: Multiset of augmented permutations

ACCPERM « ACCPERM U a(2) U 0(3)

FPERM «— FPERM U (SS, ACCPERM, 0(4))

1. FPERM «— &

2. for each start event SS in FS do

3. ACCPERM « &

4, for each element o in FSET do

5. if o(1) = SS or ACCPERM]| > 0 then
6.

7. if ACCPERM]| > 0 and o(4) € ES then
8.

9. ACCPERM « &

Jluctunr 1. Tpoueaypa HapaLLyBanms.

FPRM (L)={<e,{b,c},m>,<aib,c},e>>,
<afb,c,d},e>*,<bic,d},e>*,<cib,d},e>2,
<d,{b,c},e>). (15)
KpaTHoCTh  37€MEHTOB B  MYJIBTMMHOXECTBE
FPERM otpaxaeT 4acToTy, ¢ KOTOpPOil JaHHAasI mepe-
CTaHOBKa ObLIa BCTpeUeHAa B MCXOMHBIX TaHHBIX. Jo-
MMyCTUM, YTO B WCXOOHBIX JAHHBIX MPUCYTCTBOBAaJA
Ipymia CoObITUI «b», «», «d», KOTOpas 00pa30BLIBA-
eT jorndeckyioo omnepanuio «AND» OuszHec-mpoiec-
ca. Torma KpaTHOCTh TaKOMW T'PYIIIBI C OMUHAKOBBIMU
HaJaJIbHBIM ¥ KOHCYHBIMH COOBITUSIMU TOJDKHA OBITH
paBHoIi mecT. [Ipearroa0Xmm, 9To B 3TOM IpyIIIIe OT-
CYTCTBYET OIWH B3JIEMEHT, Hampumep (a, ¢, b, d, e). B
9TOM CJlyyae Tpylna COOBITMI HOJIDKHA pacragaThCs
Ha nBe jjorndyeckue onepaunu «<AND» dhopMmupytolime
MmapaJijieIbHBIe ITOAIIPOIECCHI: TIepBasi TPyIna COObI-
TUI HAYMHAETCS C COOBITUSA «b» M BKIIIOYAET «C» U «d»,
BTOpasi HAYMHAETCS C COOBITHUS «d» U BKIIFOUAET «C» U «
b». Bo3aMoXHa TakkKe CUTyallvsl ¢ TIoTepeil HEKOTOPBIX
JAHHBIX B TIPOLIECCE BBITPY3KU UM UX MPeIBaApUTEb-
HOI1 00paboTKM. 7151 yyeTa 3TUX CUTYaLlMii BBEAEM Me-
TPUKY KOHTPOJIS:
MinLimit(0) =|0(2)|!~¢, 0€ FPERM, £20.  (16)
Mertpuka (16) MoO3BOJSIET paccUyUTaTh HEOOXOIM-
MO€ KOJMYECTBO OTMHAKOBBIX 3JIEMEHTOB C YIETOM
BO3MOXHOCTH KOPPEKTUPOBKI Ha HEIOCTAIOIINE WITH
npomnasmue gaHHble. ChopMupyeM MHOXKECTBO YHU-
KaJIbHBIX TPYII COOBITHI, 00pa3yolInX JOTHYECKUE
onepauuu «AND», myTeM BKIIOYEHHUSI B HETO TOJIbKO
3JIEMEHTOB KPaTHOCTh KOTOPBIX HE MEHEe 3alaHHOTO
npenena:

LPERM = {0 : Z [s = 0} > MinLimit(o)},

se€ FPERM

o e FPERM. (17)

B TTOJIYYUBIIMMCA MHOXECTBE KPOME Hapalll€HHBIX
QJICMCHTOB COACPXKATCA TAKXKC 4aCTU 60HLIH€I71 nepe-
CTaHOBKMU. ,D,JIH NCKIIIOUYCHU A HOD,O6H]>IX JIUIITHUX 3JIC-
MCHTOB BLIITOJIHUM ITPOBEPKY:

ANDGROUP :{a :366(2) =

= {0(1)}u0(2)A5(3):0(3)}, 0,6 LPERM.  (18)

Takum o6pazom MHOxXecTBO ANDGROUP OGyner
colepKaTh TOJBKO HEOOXOAUMBIE TPYMIIbI COOBITUIA,
KOTOpbIE TIPEJICTABIISIOT MapayijieIbHbIe UCTIOHSIEMbIE
MOANpOoLIeCcCh Ou3Hec-Tpouecca. s nmpumepa us3 (9)
MOJIyYUM CIeAaytolye Jorundeckue onepauuu «<AND»:

ANDGROUP(L) =

={(elb.chm), (@ b.che), (@, bed)o)}.  (19)

M3 (8) cnenyer, uto mis onpeneneHus CMM tpe-
OyeTcs 3amaTh MHOXECTBA CKPBITBIX COCTOSTHUU U CO-
OBITHII, a TaKXe OIpPEeNeIUTbh MaTPUIIbl IIEPEeXOI0B,
SMUCCUM U BEKTOP BEPOSITHOCTEN, XapaKTepU3YIOIIUA
BBIOOP HAYaJIBLHOTO COCTOSIHMS. 1T TIPOM3BOJIBHO-
ro Ou3Hec-Tpoliecca HUKaKUe M3 3TUX IapaMeTpoB
MOIE/U 3apaHee He M3BECTHBI, MOCKOJbKY MMEETCS
TOJIbKO HabJogaemMasl mociaeaoBaTeIbHOCTb COOBITUM,
KOTOpasi mojlydyeHa M3 UCXOOHbIX JaHHbIX. Takum 00-
pa3oMm, Tpebdyercsl cHopMymMpoBaTh METOMH, IT03BO-
JISIIOIIUM HAWTU MapaMeTphbl, €CJIU M3BECTHA TOJIbKO
MOCJe10BaTeIbHOCTh HAOJI0AAEMbIX COOBITUIA OU3-
Hec-Tipoliecca. JlanHas npo6aeMa 6buia chopMyanupo-



BaHa B pabote JI. PabuHepa u siBisieTcsl OGHOMI U3 Tpex
6a30BBIX TTpodJeM npu padore CMM u ogHOBpeMeH-
HO caMoii cioxHoM u3 Hux [25]. CoXHOCTb 00ycaaB-
JINBAETCS OTCYTCTBMEM W3BECTHBIX aHAJIUTHYECKUX
CIIOCOOOB pellleHUs 3alauyu, IMO3BOJISIONIMX OIpee-
JINTh TIapaMeTphl MOACIMU IJIs JIF0OOH KOHEUYHOM Mo-
canegoBaresibHOCTH O. CylIecTBYIOT HECKOJIBKO IMOIX0-
IIOB €€ peIlleHUs IyTeM CBeICHMS IMPOOIeMbI K 3amade
ONITUMU3AIINK JUIST TIOMCKA TaKUX IapaMeTpPOB MOJEC-
T 6, O3BOJISIOIINX MAaKCUMU3UPOBATh BEPOSITHOCTH
P (O] 0). OnH¥M M3 TaKMX IOIXONOB SIBIISIETCS allro-
put™M bayma—Benua, KoTopblii IBAsIETCSI pA3HOBUIHO-
cteio EM (expectation-maximization) anropurma Imo-
MCKa OLICHOK HauOOoJIbIIIero npapnonogoous. B obiem
BHUJIE 3TOT aJITOPUTM COCTOUT M3 IBYX maroB (E-mmara
1 M-Iara), TO3BOJISIIOIINX WTEPATUBHO BHITTOTHSATH
rnepecyeT napaMmeTpoB 6 U nmocaeaoBaTeIbHO MPUOJIU-
JKaTbhCS K JIOKATbHO MAaKCUMAaJIbHOI OLIEHKE IMPU OIlpe-
neaeHHoM O.

OmHako Kjaccuyeckas peajud3alus ajJropuTma
bayma—Benua He yuyMThIBaeT OCOOEHHOCTU Mpe-
METHOM objlactTu M creunduky (GyHKIIMOHUPOBaA-
HuUs 6usHec-mnpoueccoB. [Toatomy B maHHOIT pabote
npenjiaraeTcsl JopaboTaHHas IJisl MPUMEHEeHMUS K pac-
CMaTpuBaeMoi 3a1aye MOAUMUKAIIUS AITOPUTMA.

OnpenenuM MHOXKECTBO HaOJI0JaeMbIX COOBITUI V'
MOJIEJIU KaK paBHOE MHOXECTBY YHUKAJIbHBIX COOBITHIA
Ou3Hec-TIpoliecca U3 MyJbTUMHOXeCTBa L:

v=U{ow, 1<i<lo|}. (20)
oel
ITockonbky Kaxablii amemMeHT B (18) mpeacrasnsier
co0oii onepanuio Jjoruyeckoro «<AND» u mo0as yHu-
KaJbHas TpyImna MepecTaHOBOUYHBIX COOBITUI MTOJIKHA
OBITh OTHECEHA K OTHOMY CKPBITOMY COCTOSTHUIO MOJIe-
JI, 3aJaIMM MHOXECTBO CKPBITBIX COCTOSTHUIA:

(21)
(22)

SPU ={0(2) : o€ ANDGROUP}.
SOU =V \ | J8,vbe SPU.

§={i:1<i<|soul+|sPul}. (23)

HrtepaTuBHas npupoaa peaau3almm KIacCuuecKoro
anroputMa bayma—Benua moryckaeT 3agaHue MaTPUIL
A ¥ B pou3BONIbHBIMU BeIMYMHAMU TI€PE] HAYaJIOM
€ro paboThl, TTIOCKOJILKY B Ipollecce OOHOBJIEHUS Ma-
paMeTpoB OyIeT TOCTUTHYTa CXOAMMOCTh K ONTHMaJIb-
HbIM 3HaYyeHMsIM. OJHAKO M3BECTHO, YTO Pa3JIUYHbIC
CTPYKTYphI opranusanuu CMM (3progmyeckasi, 1¢Bo-
MPaBOCTOPOHHSIS, Tapalljie/ibHasl JIeBO-IIPaBOCTOPOH-

HSISI U TaK Jajiee) MOTYT OKa3blBaTh BIMSIHUE HA XapaK-
TEp ee MOBEACHUS U ToJydaeMble pe3yabraThl. [1ycTh
Kaxaoe coObITHe U3 MHOXeCTBa V' TIpoHyMepoBaHO MO
HOPSAIKY HaTypalbHBIM uncioM v, oT 1 1o [V]. Onpene-
JIUM MaTpulibl A 1 B cienyiommuM oopa3om:

=i, 1<i,j<|S|.

sl

(24)
1:vie{l<i<|SOU|} AV =
=v,€SOU |Vi#j b#b,

b=11. . - _
i |0|.Vle{|SOU|<lS|S|}/\Vk—
=v.e0|Vizjb#b,VoeSPU

0 : uHaye. 25)

Hns 3amaHusl HadaJIbHOTO pacIipeie]IeHus OymeM
roJiaraTh, 4TO CTapTOBOE COOBITHME OM3HEC-TIpoliecca
€IMHCTBEHHO U [T HETO OTPENENIEHO v, = 1:

B l:ii=v,

i

0:izv,. (26)
Eciu B MyIbTUMHOXECTBE L CYIIECTBYIOT 2JIEMEHTHI,
KOTOpBIE CONEepPKAT Pa3TMIHBIE CTAPTOBBIE COOBITHS, TO
BCeraa BOBMOXHO IT00aBUTh B HAYaJO0 BCEX JICMEHTOB
MYJIbTUMHOXKECTBA HOBOE CYyppOraTHOE COOBITHE, YTO-
OBl IEpPEeNTH K €AUHCTBEHHOCTH CTAPTOBOTO COOBITUSI.

st cHIDKeHHMST KOJIMYECTBA OIEpalMii M YIIpOIIe-
HMSI pacyeToB IIPUMEHSIETCS] METOI TIPSIMOTO M 00paTHO-
TO TIPOX0JIa, KOTOPBI OCHOBAH Ha IIPUHLIMIIAX JMHAMU-
yeckoro mporpamMmmupoBanust. [1pu atom dopmupyercs
MaTpuiia IPOMEXYTOYHBIX 3HAYEHUI, MTO3BOJISIONIAS HAa
KaXXIOM IIIare OLIEHUBATh BEPOSTHOCTD IIYTEM CYMMUPO-
BaHUSI BBIYMCJICHUI, MPOU3BEICHHBIX Ha IMPEIbIIyIIMX
IIarax, rMoCcpeaCcTBOM BCTIOMOTATeTbHBIX (DYHKITHIA:

a,(i)=P(0,,0,,0,,...,0,,9, = 5,|0). (27)

B.(i)=P(o,,,,0,.,,0, ,,....,0,|q, =5,0). (28)

B ximaccuueckoii peanuzanum (27) u (28) He yIUTHI-
BalOTCSI OCOOEHHOCTH MOJIEININ, CBSI3AHHBIE CO CITEIIM-
¢ukoit paccmaTpuBaeMoit 3agaun. Heobxoagumo mpu-
HSITH B pacueT OrpaHNYEeHUS, KOTOPhIe HaaraloTcs Ha
MepexoJbl MEXIY CKPBITBIMU COCTOSIHUSIMU, COOTHE-
CeHHBIMM C omepanusiMu JIormaeckoro «AND». s
9TOrO OIpEeAeIUM BCIIOMOraTejbHble YHKIIUU CIeTy-
IOLIMM 00pa3oM:



p(i)={v |b, >0, 1£k£|V|}. (29)
lo(i)|-1
HFW (i) = ()] x H [0,,€ () ]:T >1+|g()
0:T<t+|p®). (30)

®ynkmst (30) 3amaeT OLIeHKY, KOTopast OyIeT UCITONb-
30BaThCsl 151 BHIOOpa HanboJsiee MOAXOASIIEro CKPhITOro
COCTOSTHUSI TIPY BBIYMCIICHUH @ U 3. JI715T TAKOTO COCTOSI-
HUs 3HaYeHre pyHKIMY (30) OyneM MaKCUMaTbHBIM:

HFW ™ =argmax HFW (i). (31)
1<i<N
Torma Oymem UMeTb:
a,(i)=mb(0,)). (32)
N
b (0,,) e, i), :(j=HFW ™ A
i=1
a,, ()= 14 ro, ePSrog PS)V(OM ¢ PS)
b,(0.,) (a0, €PS. (33)

Taxkoe omnpeneneHue (33) MO3BOJSIET OrPaHUYUTH
MPOCTPAHCTBO MEPEXOIOB MEXIY CKPBITBIMU COCTOSI-
HUSIMU MOJIEJIN, KOTOPBIE CONEPKAT TPYITITY COOBITHIA,
obpazyrouux ornepauuto Jorunyeckoro «<AND». TToxo-
KM 00pa3oM OnpeaeiuM:

o] -1

HBW, (i) - ()] ]_0[ [0, 0(i)]:1~|p(i)| 2 0
i (34)
0 :1—|p@)| <0
HBW ™ =argmax HBW (i). (35)
I<i<N
Br(i)=1. (36)
N . .
> B..(ab(o,.,): (i = HBW, ™A
j=1
) no,e PSno,  ¢PS)v(o, ¢ PS)
/j,(l): t 1 ) t
B ()b (0,,)a, :0,€ PS
0:0 € PSno,, PSni+HBW™  (37)

[TockonbKy amst Ou3Hec-mpoliecca (pUHATBHOE COObI-
THE O3HAYaeT ero MoJIHOe 3aBepIIeHE U HEBO3MOXXHOCTD
repexo/ia B JII0ObIe APYTUE COCTOSTHUSI, & TAKXKE JUISI COOT-
BercTBus (7), OymeM moJjiaraTh, 9YTO TaKMe CKPBITBIE CO-

CTOSIHMSI TOJDKHbI IIEPEXOIUTh CaMU B ce0s1 00pa3ysl MmeT-
mmo. OnpeaenuM £ 1 y clieayrolM odopa3oM:

a,(a;b;(o,,,)B,,,(J)
2 1<r<T-1
EG.j) = >, 2.4 Dab0,)B,.,()
1 :t=Tni=j na, (i)>0. (38)
B0
L (39)
Y @ ()BG)

YuuteiBasi, 4To 0OHOBIEHNE KOA(PPUILIMEHTOB 10K~
HO BBITIOJTHSITBCS TI0 BCEM 3JIEeMEHTaM MYJIbTUMHOXKE-
cTBa L Oynem UCIOJIb30BaTh:

” ZasLZl] yl (l)

b= ZUELZ;[": = Vk] 7, ()
) ZOEL Zj:]yf (l)

WUrepatuBHoe BeinonHeHue E u M 11aros ajroputma

(40)

(41)

BBITIOJIHACTCA OO €ro CXOoaAnMOCTH, MO0 OO AOCTUKE-
HUA 3aaHHOTIO ITPEACIbHOTO KOJINYECTBa HOBTOpCHI/IfI.

5. BapnaHTbl NpUMeHEHUs] METOA
JUIS pellieHus1 Ou3Hec-3a1a4

5.1. IIpeacka3anue ucxoaa Ou3HeC-Mponecca
¥ MIOMCK OTKJIOHEHHIA

JlomycTuM, WMeEeTCSI MHOXECTBO 3K3eMILISIPOB
OusHec-Ipoliecca, KOTOpbIe pa3AesieHbl I0 HEKO-
TOPOIl XapaKTEepUCTUKE Ha HECKOJIbKO HeIepeceKa-
ouwxes rpynn G, G,, G, ..., G,. Hanpumep, B pam-
Kax OwusHec-mpollecca <«Mpofaxa ToBapa», MOXHO
MPOBECTU pa3dMeHME ero SK3EMIUISIPOB MO HCXOIY
caenku. B aToM ciiyyae Moryt OBITH C(HOpPMHpPOBa-
HBI CJICOYIOIINE TPYMITBI: «OTKA3INCh OT TTOKYITKN»,
«OTJIOXKMJIN TOKYIIKY» M <«YCIIEIITHO COBEPIIWIIN I10-
KynKy». Kaxmass Takast rpymia COOTBETCTBYET CBOE-
My MyJTBTUMHOXECTBY L, L,, L., ..., L,. IToctpouM 1o
BBILLIEONTMCAHHOMY TpeyiaraeMoMy MeTtoay N CKpbI-
TBHIX MapKOBCKHX MOJEJICH, WCIIOIb3YySI 3TU MYJIb-
TUMHOXECTBA B KauyecTBe oOyuaroiieili BeIOOpKH. B
pesynbrate Kaxmomy L OyIeT COOTBETCTBOBaTh O .
Bocnonb3yemMcsi  alropuTMoM  MpSIMOTO-00paTHOTO
IIpoXoaa u orpenesnm (42):



S

.(OI)ZaH(i)al.j c1<t<T.

i=l1

(42)

[l HOBOTO 3K3eMILIApa Ou3Hec-npouecca O npu
oMoy rmoctpoeHHbIXx CMM MOXHO mpencka3aTh ero
MPUHAIIEXKHOCTh K OIHOM U3 paHee ChopMUPOBAHHBIX
rpynn. Ipynna G, i KoTopoil Hambosiee BBICOKA
ouenka P (O, | 0,), Oynet uenepoii:

N
F(OX)=argmaxP(0X|0)=argmaXZaT(i). (43)
0 0 =

B pesynbraTe sk3emmuisip O, ¢ Haubonblueil Bepo-
SITHOCTbIO OyHEeT MMETh MCXOIl, KOTOPBIA COOTBET-
creyer rpymme G . Takoe npenckasaHUe MOXET ObITh
ITOJTYy4EHO W IUIST He3aBePIICHHBIX SK3EMILIIPOB OM3-
Hec-TIpoliecca, TO eCTh ISl TeX CaydaeB, KOTaa MMe-
€TCsl TOJIbKO YacThb nocienosaTeasHocTy O . Obnanas
BO3MOXHOCTBIO TIOJIYYEHHMSI TaKO OIIEHKU, MOXHO
pelllaTh pa3JIM4yHbIe IpakTUYecKue 3amadu. Harpu-
Mep, IS OGU3Hec-TIpoliecca MPOoJakKd ToBapa MOXKHO
IIPOBECTH aHAJIN3 CIEJIOK, KOTOPEIC HAXOISITCS Ha He-
KOTOPOM IIPOMEXYTOUHOM 3TaIle, IJisd MPOTHO3UPO-
BaHUS BO3MOXHOTO Mcxona. Eciau Oyner onpeneneHa
BBICOKAsI BEPOSITHOCTb HEXEJIATeIbHOTO MCX0Ia, TO
IIJIS TAKMX CIEJIOK MOXKHO BBIpaO0OTaTh KOPPEKTUPYIO-
e Mephl BO3IEUCTBHSI, HAIIpaBJIeHHBIC Ha WCITPaB-
JICHWE TpacKTOpUM OBIKeHUS. Kpome 3TOTO, MMes
Ha BXOJE «3TaJOHHYIO» MOIEeJIb OM3Hec-IIpoliecca 1
JaHHBIE M3 COOTBETCTBYIOIIETO KYpHaja COOBITUIA
MOXHO, TIOJIYIUB OLIEHKY MPUHAIICKHOCTH KaxXIok
MOCJIeNOBAaTEIbHOCTU, BBISIBISATh NOE€BUAHTHBIC 32K-
3eMIUISIPHI C IEJIBI0 TaJlbHEHIIero aHaIn3a MIpUIruH 1
MIPUHSTHS YIIPaBIeHISCKUX PEIICHUH.

5.2. TIpeacraBienune GuzHec-mpouecca
B BHJIe rpada 3aBUCHMOCTEI

[Ipenmonoxum, 4TO I HEKOTOPOIO IIpoliecca,
cobpaH 1 00paboTaH XypHaad COOBITMIi, HA OCHOBE
KOTOPOro c(hopMUpPOBAHO MYJIbTUMHOXECTBO L:

L={<a,z>",<a,e,b,c,z>, <a,e,c,b,z>°,
5 5 5
<a,b,c,d,z>,<a,b,d,c,7>",<a,c,b,d, 7>,
5 5 5
<a,c,d,b,z>",<a,d,c,b,z7>",<a,d,b,c,z7>,

<a,l,z>",<a,ll,7> ,<a,ll1,7>}. (44)

Ecniu nocrpoute CMM 111 MyJIbTMMHOXECTBa
(44) mo BbIIIEONTUCAHHOMY TpeAJiaraeMoOMy METO.NY,
TO MOJIYYUM CJIeyIolIKe MaTpULbl A U B:

0 0 051 014 0,27 0,08
005 0 0 0 05
- 0 0 067 0 0 033
0 1 0 0 0 0 [
0 0 0 0 03 07
0 0 0 0 0 1
1 0 0 0 000
0 05 05 0 000
B 0 033 033 033 0 0 0
0 0 0 0 100
0 0 0 0 010
0 0 0 0 0 01

IlonaraeM, 4TO CKpBITbIE COCTOSIHUS, IJIsI KOTO-
pbiX a, > 0 1 KOTOpbIE CONEPKAT HECKOJIBKO COOBITHI
B MaTpuile B, COOTHOCSTCS ¢ OIepalueil TOTMIeCKOro
«AND», a umeriue ToJbKO OJHO COOBITHE 00pa3yIoT
uuki. [TocTpoeHHBI rpad 3aBUCUMOCTEN 11 MYJib-
TUMHOXeCTBa (44) moKa3aH Ha pucyHke 3.

Pue. 5. Tpadh 3aBucumMocTeit 61U3Hec-npoLecca.

I1pu HeoOXomMMOCTH JaHHBIM rpad 3aBUCUMOCTEit
MOXET OBITh IPeoOpa30BaH B APYTUe MPEACTABICHUS:
BPMN, cetu Iletpu, Casual Net u Tak manee. [Tomy-
YeHHBIA rpad 3aBUCUMOCTE MOXKET OBITh MCIIOJIb-
30BaH [OJis McCleAoBaHUSI (DaKTMYECKOrO MCIIOJIHE-
HUsI OU3HEC-TIpollecca, IIPOBEACHMS CPAaBHUTEIBHOTO
aHaJIM3a BApMAHTOB pealn3allii MEXKIY Pa3TnIHbIMU
CTPYKTYPHBIMHM MOAPA3IACACHUSIMU, IOMCKA OTKJIO-
HEHWI W BEHISIBJICHUSA WX MpWIMH. EcM DOTTOTHUTH
MOJeJIb TAaHHBIMU U3 XXypHajla COOBITUI O BpeMEHU
BBITIOJTHEHUST 6Aa30BEBIX OIEpalii, TO MOXKHO PaCcCUM-
TaTh pa3IMYHbIe M0Ka3aTejau IMPOU3BOAUTEIHLHOCTU



(BpeMst 00pabOTKU U TIPOCTOSI, MPOAOIKUTETLHOCTh
" 3(pPekTrBHOE BpeMs OIHOTO IIUMKJIA U TaK Jajiee).
Kpome Toro, B XypHajlax COOBITUII MOXET COAEP-
XaThCsa MHMOpPMANUsg 00 yJyacTHHKaX, ITOHECEHHBIX
3aTpaTax 4 MCIIOJIb3yeMbIX pecypcax, KoTopasi o3BO-
JINT PaCIIVPUTL MOMAENb IJIS aHajn3a APYTUX aclek-
TOB OM3HEC-Tpoliecca.

3akioueHue

Data-driven moagxom He SIBISIETCS aJlbTEPHATUBOI
TPaAULIMOHHOMY MOJAEINPOBAHUIO C MCMHOJIb30BaHU-
€M aHAJIUTUKOB U CHELMAJUCTOB B MPEeAMETHON 00-
nmactu. OgHAKO NMPUMEHEHHME MaHHOTO IToaxoda II0-
3BOJISIET YJIYYLIUTh Ka4yeCTBO MPOBOAUMOrO aHaIn3a,
MOJEIUPOBAHUSI, IPOEKTUPOBAHUS M PEUHXKXUHM-
pUHTa OM3HEC-TIPOIIECCOB 3a CUET MCCICIOBAHMS Pe-
aJIbHBIX JTaHHBIX, KOTOPbIE HAKOIJIeHbl B MH(pOpMa-
LIMOHHBIX cucTeMax Tmpeanpusatus. OOHapyxXeHue
HEOYECBHUIHBIX CBSI3ei, a TakKXke BO3MOXHOCTH Oec-
MPUCTPACTHOTO aHAIU3a, BHE 3aBUCUMOCTH OT CyOb-
€KTMBHOI TOUKM 3pEHUS YYaCTHUKOB Ipoliecca, CIo-
COOCTBYET MMHHMMM3AIIMM BEPOSITHOCTU ITOSIBIICHUS
MCKaXEeHU U olMOOUYHBIX BbIBOAOB. ITocTpoeHHast
MOJIeJIb MOXET MPUMEHSThCS IJII KOHTPOJISI Hall UC-
MMOJIHEHMEM KOHKPETHBIX 3K3eMIUISIPOB OM3HEC-TIPO-
1ecca, BBISIBJIEHUS OTKJIOHEHWM WM HETUINUYHOTO

MOBENIEHUsI, a TAKXKe 00eCTIeUUT MOJANEPKKY BHEApE-
HUS KJII0YEBBIX NToka3zatenei apdexktuBHoctu (KPI),
KaK Ha YPOBHE OTIEJIbHBIX UCIIOJHUTEIIEH, TaK U 11
LIeJTBIX TIONIPa3IeIeHUA.

B oTyiamyt oT ApyTHX OIIMCAHHBIX B pab0Te aJITOPUT-
MOB, IIpeIJIaracMblil METOL OCHOBBIBACTCS Ha CKPBITOM
MapKOBCKOU MoJe/u, KOTopasi MO3BOJISIET UCIOJIb30-
BaTh amrapar TEOpPMHU BEpPOSTHOCTEH M MaTeMaThuye-
CKOU cTaTUCTHKU. B yacTHOCTH, TPOIeMOHCTPUPOBAH
Croco0 MOyYeHUs OLIEHKM OyIyIIero ucxoma Ou3Hec-
Ipoliecca, KOTOPBIH IeIaeT BO3MOXKHBIM PeaTM3aIInio
YIPEeXIA0IIeTro yIpaBIeHYECKOro BO3AEHCTBUS C 1ie-
JIBI0 KOPPEKTUPOBKM OXHIaeMOTo pesynprara. Ilo-
MUMO 3Toro, mpy nomowii CMM, MOXXHO BBITIOJHSTh
KJIaCTepHU3AIINIO SK3EMIUISIPOB OM3HEC-IIpolIecca U pe-
1IaTh 3aa4y KJacCUdUKALUU.

K BBISIBIEHHBIM HEIOCTaTKaM OTHOCSITCSI: OTCYT-
CTBUE TrapaHTUPOBAHHOIO IOSIBJIEHMSI BCEX COOBITHUIA,
obpasylolux Jorudyeckywo omnepauuio «AND» (mipu
KCIOJIb30BAHMU MOJEIM B KadyecTBE IeHeparopa), a
TakXKe Y3KWii TOPM3OHT ydyeTa 3aBUCHMOCTei (M3-3a
JIOIYIIEHUS TIEPBOTO MOPSIIKA).

B kavectBe HarpaBieHUs] pa3BUTHSI METOMA IieJie-
CO00pa3HO PAcCMOTPETb MHOTOYPOBHEBYIO MepapXu-
YeCKYI0 OpraHU3allMIo MOJIEIN, BHEAPEeHe aHcaMbJie-
BbIX METOJOB MAallMHHOTO OOYYEHWSI U MPUMEHEHUE
CMM 6onee BBICOKOTO Mopsiaka. i
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Abstract

More and more companies are influenced by the rapid development of technology (Industry 4.0/5.0
concept), are embracing digital transformation processes. The introduction of information systems
makes it possible to accumulate a large amount of data about the company’s activities. Study of
such information expands the opportunities for applying a data-driven approach to business process
management (BPM). Processing and studying data from event logs using process mining methods
make it possible to build digital models of business processes which turn out to be a useful source
of information when carrying out analysis, modeling and reengineering within the framework of the
process approach. In this paper, we develop a method for building a business process model based on
a hidden Markov model, taking into account the restrictions imposed by the subject arca. The use of a
hidden Markov model allows us to use the apparatus of probability theory and mathematical statistics
to analyze business processes, as well as to solve classification and clustering problems. This article
describes the capabilities of a data-driven approach to business process management and demonstrates
examples of the practical application of the method to solve business challenges: drawing a dependency
graph that can be used to identify discrepancies between actual and expected execution, as well as a
method for predicting the outcome of a business process based on the sequence of observed events.

Keywords: business processes, hidden Markov models, process mining, business analysis, prediction, classification,
data-driven approach, information systems, event logs
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AHHOTALIMSA

B paGore paccMOTpeH ajlrOpUTM AJisl JOJATOCPOYHOTO MHBECTUPOBAHUS, ITO3BOJISIIOIINI HAXOAUTD OI1-
TUMaJIbHbIE PELIEHMS B IIPOCTPAHCTBE MEHbIlE pa3MepHOCTH. CHIDKEHHE Pa3sMEPHOCTH OOCTHIAeTCs
MyTeM NPUMEHEHUST METOMA INIABHBIX KOMIIOHEHT WJIM SIAEPHOTO METOAA TJIaBHBIX KOMIOHEHT. [Tonbop
BECOB TSI TOPTeIsT OCYIIECTBISIETCS ¢ TTOMOINBIO MeToga MapKoBulia. B KauecTBe THIiepIiapaMeTpoB
JUTSL MOZIEJIA PACCMOTPEHBI pa3Mep OKHa, apaMeTp CrJIaXUBaHUS, IIEPUOJ peOdalaHCUPOBKHU U 10J1s1 00b-
SICHEHHOI IUCIIEPCUU B METOAAX YMEHBILIEHUS pa3MepHOCTH. [1pencTaBieHHbII aJITOPUTM COIEPKUT Pe-
TYJISpU3alIMI0 BECOB C yYETOM KOMMCCHUU 3a TepebasaHCupoBKy moptdesns. [Tlonbop rurneprnapamMeTpoB
OCYIIECTBIIICTCS Ha OCHOBE Ko3ddummeHTa MapTrHa, 9TO IMO3BOJISIET YIUTHIBATh MAKCUMAJIBHYIO TIPO-
caKy U1l pacCMaTpUBaeMbIX alropuTMOB. ITokazaHo, 4TO NPeMIOKEHHBII AJITOPUTM, ONTUMU3UPOBAH-
HbI Ha maHHBIX ¢ 1990 o 2016 roa, criocobeH 06eceynTh 60Jiee BHICOKYIO JOXOAHOCTh Y 3HAYEHHE KO-
acddummenta [lapna, yem 6eHumapk S&P 500 B mepuox ¢ 2017 mo 2022 ron. DTO CBUAETENLCTBYET O TOM,
YTO C ITIOMOIIIbIO KOPPEKTUPOBKHU BECOB B IMOPTQEIe MOXHO YIYyYIIUTh IPOU3BOAUTEIBHOCTD AJIFOPUTMA.
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BBenenue

HacTosIiee BpeMsl OMHUM W3 HauboJjiee 3aMeT-

HBIX TJI00AJIbHBIX TPEHIOB SIBJISIETCS IUHAMMY-

HOe pa3BUTHE (PMHAHCOBBIX PHIHKOB. B TepBbie
nBa necsatuaeTrs XXI Beka ppIHOYHAS KallUTaTU3aLIusT
yBeauuuiaach 6ojiee yem B Tpu pasa [1]. Ilpu stom B
CIIIA tonbko 3a nepuoa ¢ 2017 mo 2021 roa Koau4ecTBo
KJIMEHTCKUX MHBECTULIMOHHBIX CYETOB B TPEX KPYITHE-
mmx Opokepckux ¢dupmax Charles Schwab, Fidelity
Investments 1 Robinhood yBenuuusioch mouTd BABOE
[2]. CTpemieHue YaCTHBIX MHBECTOPOB aKTUBHO MCKATh
MEePCIIEKTUBHBIC NHBECTUIIMOHHBIC BO3SMOXHOCTH CTH-
MYJIIPOBAJIO MHTEpeC UCcaemoBaTelIei K ITOMCKY OITH -
MaJIbHOTO MHBECTUIIMOHHOTO TIOPTQEIS C 1IeTbI0 MaK-
CUMM3ALMU MPUOBLIN TIpU yueTe (GUHAHCOBOTO PUCKA.

3HaYUTENIbHBIN MPOrpecc B 00JIaCTU ONTUMM3ALIMKI
nopTdess ObUl JOCTUTHYT C IOSBIEHUEM MOPTGhETb-
Hoil teopun Mapkosuna [3]. Knaccuueckas 3ana-
Yya oNTUMHU3ALMK MapKoBHUIla 3aKJII04YaeTcsl B TOMCKeE
TAaKOTo paclipeieeHus OoJieil aKTUBOB B IOpTdee,
KOTOPO€ MUHUMU3UPYET PUCK IMPpU (PUKCUPOBAHHOM
YPOBHE OXHIaeMoOll HOXOMHOCTU. B Goyee oOIeM
BUJIE TOMCK ONTUMAJIbHOTO pacIipele/ieHus] aKTUBOB
IIPOUCXOIUT MPU 3adaHHOM KoddduiueHre GasaHca
MeXIy MUHUMHU3alMe pucka 1 MaKCUMU3aluei 1o-
XOTHOCTHU. JJaHHBII KO3(DDULIMEHT COOTBETCTBYET CTe-
MEeHU HENPUSITUS PUCKA KHBECTOPOM.

AJTOPUTM TIOMCKAa ONTUMAJIBHOTO pacIIpeleICHUS
JoJieli akTUBOB B mopTdene mis 3anaum MapkoBula
OCHOBAH Ha OLIEHKE CpeIHEeil TOXOAHOCTU aKIIMi U UX
MAaTpHUIIbl KOBapHUalliii Ha UICTOPUYECKUX TaHHBIX. Of-
HAKO JTaHHBIN aJTOPUTM MMEET PO OrpaHWICHUI, B
YaCTHOCTU, OH TMPEANOIAraeT, YTO UCTOPUIECKHE 3Ha-
YeHUST TOXOMHOCTU M PUCKU aKIMI COXPaHSIIOT CBOE
pacnpeneneHue B OyayleM, YTO He BCEra CIIpaBeIIn -
BO [4]. [Tomumo aToro, nuBepcudukannss MapkoBula
ysI3BMMa K BBIOpOCaM U3-3a HEYCTOMUMBOCTU CPETHUX
JOXOOHOCTeM akuuii [5]. B maTpulie KoBapuauuii no-
XOTHOCTEH, UCIIOJIB3YEeMOM IS OIIEHKM PHCKA, TaKXKe
MOTYT BO3HUKATh BEIOPOCHI.

OaHUM 13 cIOCOOOB pellieHUs] yKa3aHHBIX ITPo0JIeM,
paccMaTpuMBaeMbIX B JIUTEpAType, SIBISIOTCS METOIBI
YMEHBIIECHMS pa3MepHOCTH, TAKKE KaK aHAJIN3 TJIABHBIX
koMrioHeHT (PCA) u sinepHblil aHaIu3 T1aBHBIX KOM-
noHeHT (KernelPCA). JlaHHbIE METOIBI TOMOTAIOT YCO-
BEpIICHCTBOBATh aJIrTOpUTM MapKOBHIIA ITyTEM yCTpa-
HEHUS BLIOPOCOB B MaTpUIle KOBapHAaIUii Y BBIIEICHMS
KOMIIOHEHT, Ha KOTOpPbIe CTOMT OPUEHTUPOBAThCS TIPU
coope noptdenss. PCA nomoraer BuIIEIUTh Haubosee
BaXHBIC HAIIPABJICHUS B IIPOCTPAHCTBE JAaHHBIX (TJIaB-

HbIe KOMIIOHEHTHI), KOTOPBIE OOBSICHSIIOT HAMOOJIBIITYIO
nomo nucnepcuu. [1pu moHUXeHUn pa3MepHOCTH BbI-
OpoChl UMEIOT MEHbIIIee BIMSHUE Ha INIAaBHbIE KOMITO-
HeHThI, Tak Kak PCA y4uThIBaeT 00lLLy10 UBMEHYUBOCTh
MAHHBIX. DTU TTOOXOMBI MOMOTAIOT CHHW3WUTH BIIMSTHUE
IIyMa B ITaHHBIX ¥ YIYYIINTh KAYECTBO ONTHUMMU3AINN
nopTdenst, Kak, HanpuMmep, B padorax [6, 7]. [Ipume-
poM ucnonb3oBaHust Kernel PCA k 3apaue MapkoBuiia
sIBJIsIeTCs padora [§].

B pabote paccmoTpeHa o600uIeHHas 3agaya Map-
KOBHWIIA, YIUTHIBAIOIIAsT KOMUCCHIO, KOTOPYIO TIJIATUT
WHBECTOP 3a MepedaJIaHCUPOBKY MOPTQEIs, U IPeIjio-
KEH JITOPUTM [UISI PELIEHUS 3TOM ONITUMU3ALIMOHHOMN
3agavu. JlaHHBIN alrOpUTM TpeABapuUTEIbHO 00paba-
THIBAET JaHHBIE O JOXOAHOCTH aKTUBOB, OUMIIAS UX OT
myma, 3ateM (opmupyeT mopTdenb, UCMOIb3YsT IKC-
IMOHCHIIMAJIBHO CIJIaXXKCHHBIC 3HAYCHUS ITOXOTHOCTHU
aKlWii, 1 ONTUMU3UPYET JIMHEHHYIO KOMOMHALIMIO PU-
CKa 1 TOXOAHOCTH C YY€TOM KOMUCCUU.

JIist Toro 4roObl 00ONTHU OrpaHUYEHMs] KJjlaccuue-
CKOTO peIleHMS IS 3agaur MapkoBuila, B pabote
paccMOTpPEHBI YETHIPE BapHAalluy IIPEIIOXKEHHOTO ajl-
ropurmMa: 6e3 repexoia B MpOCTPAaHCTBO MEHBIIICH pa3-
MEPHOCTHU, nepexo ¢ ucnoiab3doBaHneM PCA, a Takxke
Mepexoibl ¢ MOJIMHOMUAIBHBIM M TayCCOBCKUM SIapa-
mu KernelPCA.

B yKa3aHHBIX BBIIIEC paboTaX ICTOPUICCKUI BpeMEH-
HOM TOPU3OHT IJIS1 OIIPEICIICHUS OXKMIAeMOU TOXOIHO-
CTHU I MaTPULIbl KOBapUAITUHY OIIPENEISIOTCS SIMITUPUYE-
ckuM obpa3oM. B padotax [9—17] paccMoTpeH moaxon K
MPEeICKa3aHUI0 OXXMIAEMbBIX ITOXOTHOCTEH M MaTpPUIIBI
KOBapHalliy C TTOMOIIIbIO0 METOIOB MAIIMHHOTO 00y4e-
Hud U cratuctudeckux mopeneit tuna GARCH. B nan-
HoIi paboTe WISl ONTUMMU3ALIMU PpabOoThI aJiropuTMa Map-
KOBHIIA MpeaiaraeTcsl ONTUMU3ALIMs TUIIepIIapaMeTPOB
MOJAEIN U OMNpelesieHUs] ONTUMAJIbHOIO MopTders
10 MICTOPWYECKUM JaHHBIM: YacTOTa CMEHBI TOpTde-
JIs1, pa3Mepa OKHa, KOJTMIECTBO OTOMPAeMBIX KOMITAHMIA
IJIST DajbHeIeil paboTel M IapaMeTp YMCEHbBIICHUS
pasmepHocTu B KernelPCA u Kernel PCA.

BBuny Gosblloro yuciaa rureprapaMeTpoB B ajl-
TOPUTME TPaAULIMOHHBIE METOJBI Moabdopa mapame-
TpOB, — ceTouHbIl mouck (GridSearch) u ciay4aiHbIA
monck (RandomSearch), — MOTyT He IPUBECTH K OII-
TUMaJIbHBIM pe3yibTaTaM. IloaToMy B maHHOIT padoTe
IS CpaBHEHMS TaKXKe MCIIOJIb3yeTCsl MeTo OaliecoB-
CKOM ONTHMMM3AllMM, OCHOBAaHHBI Ha rayCCOBCKMX
npoueccax [18]. MeTona 6aliecOBCKOI ONITUMU3ALIUU —
9TO AJITOPUTM JJISI HAXOXIEHUS ONTUMAIbHBIX 3HA-
YeHU IMapaMeTpoB (YHKIIUM, KOTIA TOCTYITHA TOIb-



KO oTrpaHMYeHHast nHdopMaius o (pyHKIIUU U ee Mo~
BeneHnu. CyTh MeTOIA 3aKJIIOYACTCS B UTEPATUBHOMU
IMOCJIEIOBATSILHOCTH BBEIOOpA CIIEIYIOIINX ITPOOHBIX
TOYEK, OCHOBBIBASICh Ha BEpPOSITHOCTHOM MOIEIH,
KOTOpas aIlmpoKCUMUPYEeT HEU3BECTHYIO (DYHKIIUIO.
MeTon 1o3BosIET HAaXOAUTh ONTUMAaJIbHOE pellleHre
C UCIIO0JIb30BAaHUEM OTHOCUTEbHO HEOOJIBbIIOr0 YMC-
Jla UTepaluii, TOCKOJbKY aJITOPUTM aKTUBHO aJalTH -
pyeTcs K H(opMalu, NoJTy4YeHHON U3 MPeablAyIINX
utepauuit. B KoHTekcTe paccMaTpuBaeMOl 3agayu
ONTUMU3UPYEMON (PYHKIIMEH OT BECOB MOPTdeEs IB-
JsieTcsl MHAekKe MapTuHa, BBeIeHHBII B padore [19].
Takum o6pa3om, st KaXIOW U3 YeThIpeX Bapualui
aJropuT™Ma MOAOOp ITapaMeTPOB IPOBOTUTCS IBYMS
croco6aMM: C TIOMOIIIBIO CTYYaifHOTO TTOMCKa I10 CEeT-
Ke 1 0alieCOBCKOM ONTUMM3AlINN.

ObydeHne TPeMIOXKEHHBIX alTOPUTMOB OBLIO MPO-
BEIEHO Ha JaHHBIX JOXOMHOCTH 0K0JI0 300 akiuii B rie-
puon ¢ 1990 o 2016 rox. dist oueHKY 3G HEeKTUBHOCTI
KaXXIOM U3 BOCKMH ITOIYICHHBIX BapHAIIHi aJITOPUTMA
B paboTe MPOBEICHO CpaBHECHUE Pa3TNYHBIX METPHUK
JTOXOIHOCTH TIOJYYMBIIMXCS MOPTdeneit u cpaBHEHHE
noptdeneit c uHaekcoM S&P 500. [laHHBIN MHAEKC SIB-
JISETCS KJIAaCCHYECKMM OeHYMapKOM TSI pa3padaThbi-
BaeMbIX aJITOPUTMOB, MOCKOJIbKY CUMTAETCS JYYIIUM
WHAUKATOPOM aKIMii KOMIaHUit ¢ OOJIbIIION KamuTa-
Jmzaumeii [20] u oTpaxkaeT oblee COCTOSHUE IKOHO-
muku CIIA [21, 22]. B pa6ore [23] moka3aHo, 4TO Beca
B KJIACCMYECKOM aJIrTOpuTMe MapKoBHIIa TaKXKe CBSI3a-
HBI C TAaHHBIM OEHUYMapKOM.

Pesynbrathl ncciaenoBaHus MOKA3bIBAIOT, YTO HAM-
6onee 3(POEKTUBHBIM AJTOPUTMOM SIBJISIETCSI Bapua-
LYs, UCITOJIb3yonias rayccoBckoe sapo B KernelPCA
W TIomoOpaHHasI ¢ TTOMOIIBIO 6alieCOBCKOI ONTHUMMU-
3aumu. [TopTdenb, oNTUMU3NPOBAHHBIN C ITOMOIIBIO
JAHHOTO MeToda, MMeeT HamboJjee BBEICOKYIO TOXOI-
HOCTb U KoadduimeHt Ilapna, Bo MHOTOM 3a CYeT
HauMEHBIIIEe TpOocamKd B TICPUON BCIBIIIKK ITaH-
gemuu COVID-19, u B To Xe BpeMs 1€MOHCTPUPYET
HauboJsee BHICOKYIO BOJIATUILHOCTh IO CPAaBHEHUIO C
OoCTaJlbHBIMM BapuanusMu. Kpome Toro, rnokasaHo,
yrto 3a 2017—2022 rr. Bce NpenioKeHHbIe aJrOPUTMbI
MOKa3bIBaIOT JOXOMHOCTD Bhille nHAeKkca S&P 500.

PabGota umMmeer cienyollyo CTpyKTypy: pasaen 1 co-
JEPKUT TTOCTAHOBKY ONTMMU3ALIMOHHON 3a1auu, B pa3-
nelie 2 IpeACTaBIeHO OIMCaHUE AJITOPUTMA IS PELIeHYS
JAHHOI 3a1a4M 1 €T0 Bapyalldii, B pazaesie 3 IpUBeIeHbI
METPMKH TSI CPABHEHUS BapHaLIMiA aJITOPUTMA, pasaen 4
OITMCHIBACT MCIIOJIb3YeMbIC MaHHBIEC, AaHATIN3 PE3y/IbTaTOB
HCCIICIOBAHMS TIPEACTABJICH B pa3merie S.

1. ITocTtanoBka
ONTUMHU3ALMOHHOM 3a7a4YM

PaccMoTpuM Monens duHaHCOBOTO phlHKa ¢ N aK-
THBaMM (aKIIUSIMM), HOXOTHOCTH KOTOPBIX SIBIISIIOT-
o CTyJaifiHBIMU BeJIMYUHAMU 7, [ = 1, ..., N . Bektop
OXMITAeMbIX JOXOTHOCTEM aKIWil OymeM 0003HadYaTh
KaK [ = (Er],...,ErN )T, a MaTpully KOBapualuii 10XO/1-
HOCTEM aKUUN KaK

2= (cov(rr)) oy

W3 nmaHHBIX aKTUBOB MHBECTOp (OpMUpPYET IMOPT-
Gbenb ¢ ponmamu akuuii w, > 0, i = 1, ..., N, toe ycio-
BU€ W, > (0 COOTBETCTBYET OTCYTCTBMIO BO3MOXHOCTH
KOpOTKMX mpopax. [lycTb @ — cTeneHb HENpUsITUS
pucka MHBecTopoM. Torma mpeobpa3zoBaHHas 3agavya
OoNTUMMU3al MapKoBHIla IJIsI JAHHOTO WHBECTOpA
MIMeEET BUJI:

mWin %WTZTV—aﬁTW

s.t. 1TTw=1,

Vo=
ol

w (1)

CornacHo [24], nanHas 3aga4a 3KBUBaJICHTHA KJlac-
cuyeckoi 3amaye MapkoBulla, B KOTOPOU OTCYTCTBY-
eT KOO(PPUIMEHT @, C TOYHOCTHIO 10 (PUKCUPOBAHHBIX
MapaMeTpoB: B KJacCUMYECKOM 3amaue (bUKCUPYETCS
mapaMeTp OXWAaeMOi MOXOMHOCTH, a B Ipeodpa3o-
BaHHOU — KO2(@ULIMEHT OanaHca MeXaAy MUHUMU-
3alMeil pUCcKa W MaKCUMU3allUM TOXOXHOCTU. B pac-
cMmaTpuBaeMoM anroputme a = 0,05 ogHako B o0LIeM
ciay4ae 3TOT IapaMeTp MOXHO WM3MEHSThb, OOJIBIIE
OIMPasiCh HA MUHUMM3AIIMIO PUCKa IIPU MEHBIINX @ 1
Ha MaKCUMM3AIIMIO JOXOIHOCTHU MPU OOJIBIIIMX.

B naHHoi#1 paboTe Mbl paccMOTpUM 60Jiee 0011y 3a-
JIavdy ONTUMU3alnK MapKoBHIIa, B KOTOPOi1 100aBie-
Ha KOMHUCCHUS A 3a nepedanmaHcupoBKy nopTdens. Ta-
KM o0pa3oM, eciu P — mepuon CMeHbI moptdens, a
Wp — pacrpeneieHMe BECOB aKlMi B IIPEAbIAYILINMA 11e-
pUOI BpeMEHU, TO 3a1aya onTumMu3aiuu (1) mpuHuma-

eT BUJL
2
min lww-aw—i”w-w
w2 pIT "
s.t. 1"w=1,
w>0. ()

BekTop pacripeeneHust BECOB B MOMEHT BpemeHH 0
TosiaraeM w, = 0.



2. Onucange aaroputMa
2.1. ITpuHIMN paGoTHI AArOpUTMA

Ha Bxonm onTMMM3aliMOHHOIO ajJropuTMa I10AaioT-
Cs TaHHBIE O CTOMMOCTH aKIIWii 3a OMpeaeIcHHBIN TTe-
puon BpeMeHU. Pe3yabraToM pabOTHI alropuTMa SIB-
JIAIOTCSL BECa W, — J0JIM COOTBETCTBYIOIINX aKTUBOB B
noptdene MHBECTOPa, KOTOPBIE TIepeOaTaHCUPYIOTCS C
OIpeNieICHHOM YaCcTOTOM, KOTOpas TIepenaeTcs B ajiro-
PUTM B Ka4eCTBE IrMIIeprapaMerpa.

PabGora anroputMma, rpeAacTaBIeHHOTO HIKE, YCIOB-
HO COCTOUT M3 ABYX YaCTeil: ITogdopa TAreprapaMeTpoB
opTderst ¥ BHIOOpa ONTUMATbHBIX BECOB, COOTBETCTBY-
IOIIMX 3TUM TuIlepnapameTpaM. M3 runeprnapaMeTpoB
MPOU3BOIUTCSA IOAOOP IMapaMeTPOB MPeaoOPadOTKH
JAHHBIX (9acToTa CMEHBI MopTdens, dakrop pa3Mepa
OKHAa, KOJIMYECTBO OTOMpPAeMbIX KOMITAHWI U HaiTb-
Helilleil paboThl) U MapaMeTPOB YMEHBIIEHUS pa3Mep-
HOCTH (I0JIs1 OOBSICHEHHOM TUCIICPCUN Y TUTIepIIapaMe-
TpHl siaep B KernelPCA).

[TonGop BecOB OCyIIECTBISIETCS C TTOMOIIIBIO METOA
fit Ha oOyualolleM JaTaceTe aklMii 3a omnpeaeseHHbIN
MePUO BPEMEHHU U BKIIIOYAET CICAYIOLINE TAIIbI.

@uiabTpamua daHHbIX. Ha mepBoM sTame mpoucxo-
IUT GUIBTpaALs JAaHHBIX, ITOCJIe KOTOPO I aHaJI-
3a OCTAIOTCS HAOTIONEHUS TOIBKO B paMKax 3aJaHHOTO
BPEMEHHOTO OKHa.

Pasmep okHa ompenensieTcst nBymsl rumeprapame-
TpaMu: period_change portfolio — ieprom CMEHBI TIOPT-
denst, u size_of window_rank — daxTop pazmepa OKHa.
Pa3Mep okHa BbIpaxkaeTcst Kak IIpoM3BeIeHNEe YKa3aH-
HBIX TapameTpoB. Takas (yHKUMOHAJIbHAs 3aBHCHU-
MOCTb IT03BOJISIET BAPbUPOBATh Pa3Mep OKHA BMeECTeE C
U3MEHEeHUEM TIeproa CMEHBI TTOpTders.

OObIYHO haKTOp pa3Mepa OKHA MPUHUMAET 3Hade-
HUS OT IBYX JO ISTH, YTO COOTBETCTBYET OKHY IpH-
MepHO 2—5 TiepronoB cMeHbI TTopTdens. Hampumep,
JUISL aHaJT3a TOAOBOU OeThl akTuBa B pabote [25] uc-
TOJTB3YETCST OKHO pa3MepoM 5 JIeT, a B pabote [26] misa
OLICHKM TapaMeTpOB CMeHBI TopTdensa Kaxabie 250
ITHE# UCIIONIb3YeTCs CKOIb3sIIee OKHO pa3mepoM 1000
nHeii. [TpuMeHeHre OKOHHON (UIBTPAIIMY TTO3BOJISIET
YUMUTHIBATh ONMKalilyde, HauboJiee aKTyaJlbHblE DaH-
HBIE, IIPU 9TOM MCKJII0Yasl yCTapeBIIIe.

Bo16op akumii 171 popmuposanns noprdensa. Ha nan-
HOM 3Tamfe OLEHUBAETCS MPUOBUIBHOCTh aKIUN I
BKJIIOUEHUS B MOpTdenb Hanbosiee TOXOAHbBIX U3 HUX.

YtoObl TpuaaTh OONBIIMI Bec Haubojiee akTyalb-
HBIM ITaHHBIM, IPUMEHSIETCS 9KCIIOHEHIIMAIbHOE CIJIa-
xxuBaHue ¢ mapamerpoMm a € (0, 1). B anropurme mapa-

METp SKCIIOHCHIIMAIBHOTO CITIAXKWBAHUS TPUHUMAET
3HaueHue a = 0,99. Ecau npumeHeHre ¢pUabTpauuu Ha
TIpeNBIIyIIeM 3Tare SKBUBAJICHTHO YMHOXCHUIO BCEX
HaOJItoaeHuii B OKHe Ha 1, a 3a ero npeaenamu Ha 0, TO
SKCIIOHEHIIMAIBHOE CIIIAXMBAHNE MOXKHO TIPEICTABUTh
KaK YMHOXEHHe TOXOIHOCTe Ha a®, Tae Af TIpeacTaB-
JI1eT cO0OI KOJTMYECTBO TOPTOBBIX THEM, IPOIIESIIINX C
paccMaTpuBaeMoil 1aThl 0 TeKylluero MomeHTa. Takoi
noaxon obecriedyrBaeT 0ojiee BHICOKMI BeC HEAABHUM
TAHHBIM, COXPAHSST BIMSHUE MPEIBITYIINUX TIEPHUOIOB C
YMEHBIIAIOIINMCSI BECOM IO Mepe YIaJIeHMs B ITPOILIIOE.

s orbopa akuuii, BKIIOYAeMBbIX B TOPTdEb, TTpo-
BOJIMTCS BIYMCIEHNE B3BELICHHON CpeaHeit TOXOIHO-
CTH IIJI KaXKIOU aKIINU C UCITOIb30BaHNEM SKCITOHEH -
LIMaJIbHO CIVIAXXEHHBIX BecoB. PacyeT ocylecTBisieTcs
no ¢hopmyIie:

.

St
- 1=7-T+1 1

r, =2,

T T

S
t=1-T+1

roe T — BeIuYMHa OKHa,
r, — IOXOOHOCTb aKIINMN i B MOMEHT 1.

ITocye BRIUMCIEHUS B3BEIIEHHBIX CPEIHUX NOXOM-
HOCTEI aKUMU COPTUPYIOTCS B MOPSAIKE YOBIBAHUS U
BBIOUPAIOTCS 1_fop companies JIydlIMX aKIIMA KOMIIa-
HU 1151 BKITIOUYeHUsI B mopTdens. KommuecTBo oTOMpa-
€MBbIX aKLUI ABJISAETCA TUIIEPIIapaMeTPOM aJIrOpUTMa.

‘YMeHbllleHHe pa3MepHOCTH. [[aHHBIA 3Tam mpume-
HsIeTCS TOJIBKO ISl Bapuanuii anroputma ¢ PCA unu
KernelPCA. Kak yxke OBIJIO OTMEYEHO, 3TH METOJIbI
TMO3BOJISIIOT  YCOBEPILIEHCTBOBATh aJropuT™M Mapko-
BHUIIa C TIOMOIIBIO YCTpaHEHHUS BBIOPOCOB B MAaTpHUIIC
KOBapHalldii ¥ BbIAEJEHUS KOMIIOHEHT, Ha KOTOphIe
BITOCJIEACTBUU OPUEHTUPYETCS aJITOPUTM MpU PopMuU-
poOBaHUU TTOPTQES.

[Ipn IpuMeHEHUM 3TUX METOIOB CHIDKECHUS pas-
MEPHOCTH, TIEpBOHAYAILHO OTNIPEAEISAETCSI KOJIMYECTBO
KOMIIOHEHT, BKITIOYA€MBIX B MOZEJb. DTO KOJIMIECTBO
OTpelesIIeTCS C Y4eTOM OOBSICHEHHOI IUCIepcuu
nepBeiMu 1, 2, ..., n_top _companies KOMIOHEHTaMU
Ha OCHOBE THUIIepHapaMmeTpa var_ratio, OTBEUYAIOIIEeTO
3a J0J10 00BSICHEHHOI aucriepcuu. Joast oObsICHEH-
HOM JIHCIIepCUM I d KOMIIOHEHT — 3TO BeJIWYMHA
0, paBHas OTHOLIEHMIO CYMMbI KBaIpaTtoB OTKJIOHE-
HU HAOIIOMaeMbIX TaHHBIX OT MX MIPOCKIINY Ha TJIaB-
HbIe KOMITOHEHTBI, K BBIOOPOYHOI OUCIIEpCUU AaH-
HBIX. BoIblmast octaTouHast gucrepcust yKas3bpiBaeT Ha
TO, YTO TJIaBHbIe KOMITOHEHTBHI HE OOBSICHSIOT 3Ha-
YUTEJBHYI0 YacTh W3MEHYMBOCTH HAHHBIX, 9TO MO-
KeT CBUIETEIbCTBOBATh O HAJIMYUM JTOTIOTHUTETLHBIX



(akTOpoB, HEYUTEHHBIX B MoAeau. KolnyecTBO KOM-
IOHEHT d ompenessgeTcss KaK 4UCIO, MPU KOTOPOM
0,> var_ratio, "o 0, < var_ratio.

3aTeM METOOY YMEHBIIEHUS Pa3MEPHOCTU Iepe-
JaeTcs HaWIeHHOE YMCIIO KOMIIOHEHT M THIlepIiapa-
METpBI, TTOCJIC Yero OH 00ydJaeTcsi Ha TPEHUPOBOYHBIX
JAHHBIX, YTO TO3BOJIIET CHU3UTh Pa3MEpPHOCTH JaH-
HbIX, COXPaHSIsI KJII0UYEBbIE XapaKTEPUCTUKK U OUMILIAS
X OT BIOPOCOB.

Cpenu runiepnapametpoB KernelPCA otmeTnm:

¢ kernel — Tun simpa: B aJITOPUTME pacCMaTPUBAIUCh
TOJIBKO TayCCOBCKOE SIApO «rbf»:

e
- =\_¢

k( X, y) = Ta
¥ TTOJIMHOMUAJIBHOE SIIPO «poly»:

~T = q
(x y+ c)
k(X,y)=—"+——;
(27)="—
¢ kerneldegree — cTenieHb MOJMHOMUAIBHOTO siipa (g B
dbopmyie MOTMHOMUATIBHOTO SIAPA);

¢ kernelgamma — mapaMeTp Maciraba (y B opmymax
BBILIE);

¢ kernelcoefl) — KOHCTaHTa TTOJIMTHOMUAILHOTO sTIpa (¢
B hopMyJie TOTMHOMMATBLHOTO SIIpa).

ITonoop noneii akuuii B noprdene. ITocie bopmupo-
BaHUs1 HabOpa aKLIKii [Jis1 BKIIOYEHUSI B ITOPThEb, al-
TOPUTM OIIpee/IsIeT UX Beca.

AJITOPUTM pelaet 3aaavy (2), B KOTOpoit mocjieaHee
claraemMoe SIBJIIeTCS MO CYyTU Peryysipu3alieil BeCOB.
IMapameTp A, oTBeUarONIMit 32 KOMUCCUIO TIPU TIepeda-
JJAHCHPOBKE NOPTdEJsI, B paboTe MPUHAT paBHLIM 1%.

[ToMruMoO 3TOro, €caM MCHOJB3YIOTCS METOMBI
YMEHBILIEHUS] Pa3MEPHOCTU, TO MIJIsI PELleHUs 3afa-
Yy HEeOOXOOMMO IEePEeTH M3 JaTEeHTHOrO IMPOCTPaH-
CTBa B MCXOIHOE IyTEM obpaTHOTO IpeoOpa3oBaHUST
w=g¢ ( ) [TooxXUM 7 — BEKTOP CPETHUX ITOXOTHO-
CTel B JIATEHTHOM mpocTpaHcTBe, C — BBIOOpPOYHAS
MaTpulia KOBapualMii B JIATEHTHOM IIPOCTPAHCTBE.
Torma nmpeobpa3oBaHHas 3agaya ONTUMU3ALIUMUA TPU-
MET BHII;

o Leelcnte) o7 ) e )
s.t. g (W) =1
¢ (W) =0. 3)

B cnyuae ¢ PCA oGpatHoe mpeobGpa3oBaHUe OCY-
LLIECTBJISIETCS HOCPEACTBOM TOMHOXEHHS BECOB Ha Ma-

TPHUILy KOMIIOHEHT: ¢~ (Wq ) = QWq . ITonyyaercs 3amaua
KBaJIpaTUYHOTO MPOrpaMMUPOBaHUsI, KOTOpasi XOpo-
110 pelaeTcs ¢ MOMOIIbIO makeTa cvxpy [27].

B metone KernelPCA BekTop ¢~ ( ) B UCXOIHOM
MPOCTPAHCTBE HAXOAUTCS MOCPEACTBOM MOUCKA MpU-
OJIM3UTENBHOTO MPOOOpa3a BEKTOpa W, pelleHHeM
3alayd MMUHUMU3ALMU ¢ ToMolnbio Ridge-perpec-
cun [28]:

2

(2)-

JlaHHas 3aga4a He SBJISIETCS 3a1ayeli KBaApaTUYHO-
ro IPOrpaMMUPOBaHUS, U TIO3TOMY DELIAETCS MEHEe
TOYHO C IIOMOIIIbIO OMOJIMOTEKH scipy.optimize [29].

0 (_.) _ .
w ) =argmin
¢ 4 7eR?

Ob6patHOe Npeodbpa3oBaHUE BECOB W= ¢~ ( ) npo-
HUCXOAUT Mo (hopMysaaM BBIIIE BMECTE C OTCEUCHUEM
BECOB I10 IOPOrOBOMY 3HAYEHUIO: eciu w, < freshold,
To w, = 0. [loporoBoe 3HayeHHE YCTAHOBIEHO TIOPAI-
Ka 107, 4To6BI OTCEKaTh CIMIIKOM MaJeHbKUE Beca,
KOTOpPBIE B pealbHOCTH HEBO3MOXKHO ITOJIYYUTh, TaK
KaK HE0OXOIMMO IMOKYIIATh IIeJIble KOJIMYECTBA JIOTOB
aKIWN.

Onenka aoxomHoctu mnoprdensa. Ilocie oOyuyeHuUs
aJTOpUTMa Ha TPCHUPOBOYHOM JATACETe MBI MOXKEM
cobpath mMopTdeab, WCIOJNb3Ysl IOJydeHHBIE Beca,
U OLICHUTH €Tr0 paboTy Ha TecToBOM maracere. OmHa-
KO TopTdeb C MOCTOSSHHBIMU BECaMU ITOKa3bIBAaeT
cebs XyxXe, TaK KaK pacIpeiesieHue TOXOAHOCTel aK-
LI MEeHsIeTCsI co BpeMeHeM. [1oaToMy TTeproamdecKu
HeoOXoauMo IepebasiaHCUpOBaTh MOPTdenb: yepes
period_change_portfolio TOPTOBBIX THEU aJTOPUTM O0-
y4yaeTcsl Ha TPEHUPOBOYHBIX TAHHBIX U YK€ U3BECTHOMI
€My TeCTOBOI yacTu maHHBIX. [Ieprox cMeHbI mopTde-
Jisl B aJITOPUTME BHIOMPAJICS TOBOJIBHO IJTUTEIIBHBIM:
OH MOT BapbUpPOBAThCS OT TPEX—YETHIPEX MECSIIEB IO
HECKOJIBKHX JIET. DTO CBSI3aHO C TeM, YTO MeTom Map-
KOBHMIIA HETJIOXO paboTaeT Ha OOJIbIIUX IMTPOMEXYTKaX
BpEeMEHHU C penKoil cMeHoil mopTdens. Hampumep, B
[30] mopTdenu ¢ MUHMMAaTbHBIM PUCKOM, T.€. KJIaCCU-
yeckue rnoptdenn MapKoBuila, MOABEPrajnuch pebda-
JIaHCUpOBKe 2—3 pa3a B roj.

71 OLIeHKU TOXOMHOCTU IOPTdess UCIOb3yeTCs
MeTox predict, KOTOPBIII IPUHUMAET Ha BXOI OOyJEH-
HbI aITOPUTM U TECTOBBIN JaraceT. Pe3yabratom pa-
0O0TBI MeTOIA SIBJISICTCS maTachpeiiM ¢ MHAEKCOM — Bpe-
MEHEM U KOJIOHKOW — pacCUYUTaHHBIM 1oxonoM. ITocie
3TOr0 BO3MOXHA BU3yJIM3aLUs DE3YJIbTaTOB B BUIE
BPEMEHHOTO psiia JOXOAHOCTe MmopTdens, a Takxke
pacyeT SKOHOMMYECKUX IOKa3aTesiell IOCpPEICTBOM
METO/1a Score.



2.2. Ilon0op runepnapamMeTpon

B paGote paccMOTpeHO 4YeThbipe BapuallMd MCXOMI-
HOTO aJITOpUTMa: 0e3 mepexoaa B MPOCTPAHCTBO MEHb-
1Ieii pa3MepHOCTH, TIepexol ¢ Ucrojb3oBanueM PCA
u KernelPCA ¢ moaMHOMUAIbHBIM U TayCCOBCKUM
sapoM. B KaxaoM M3 METOOOB MPOBOAMJICS IOAOOP
napaMeTpoB ABYMsI CIIOCOOAMU: C TTOMOIIbIO CIIydaii-
HOTO TIoMcKa Io ceTtke RandomizedSearchCV [31] n
OaliecoBCcKO# onTUMU3alMu. Takum oOpa3oM, MOJy-
YIJIOCHh BOCEMb aJITOPUTMOB C Pa3IMIHBIMI HaOOpaMu
TUIIepIIapaMeTpoB.

B paccmaTpuBaeMBIX CIIOCO0aX HAXOXKICHUS OITH-
MaJIbHBIX BECOB IPOM3BOAMJCS IOA0OD CICIYIOIIUX
TUTIepIIapaMeTpPOB:

¢ B MeToze, KOTOPbIli He BKJIIOYAET Iepexod B Mpo-
CTPAaHCTBO MEHBIIIEH Pa3MEPHOCTH, ITPOBOIMIICS
TOJILKO BBIOOp TUIIEpIapamMeTpoB IMpeaoopadboTKu
MaTPUILIBI JOXOAHOCTEN. DTU MapaMeTphl BKIIIOYAIOT
epuon cMeHBI OpTdeis (B MPOMEXYTKE OT TpeX
MecCsLEeB A0 ABYX C MOJIOBUHOM JIeT), (haKTop pa3-
Mepa okHa (0T 2 10 5) ¥ KOJIMYECTBO TOM-KOMITaHU,
OTOMpPaEeMBbIX HA OCHOBE X CpeIHEH TOXOMHOCTH (OT
50 oo 200);

¢ B MeTone PCA, moMuMo BBILIIEHA3BaHHBIX TTapame-
TpoOB, Obljla MoAO0OpaHa TakXKe M0JsI 00bICHEHHOM
muctiepcun (ot 80% mo 95%);

¢ B KernelPCA ¢ MoOJMHOMUAIBHBIM SIAPOM OBLIN
nomo0paHbl TUIIEpPIAapaMeTphl, YKa3aHHBIC BBHIIIIE,
IUTIOC TTapaMeTphl MOJMHOMMAILHOTO SiApa — CTe-
neHb (0T 2 1o 4), cBobomHbIi wieH (oT 0,5 mo 1) u
napameTp nopsaka (ot 0,02 go 0,04).

¢ B Meroge KernelPCA ¢ TaycCOBCKUM  SIIpOM,
MMOMMMO TIapaMeTpOB IPeaoOpadOTKU MAaTPUIIbI
JIOXOMHOCTEH 1 JOJIN OOBICHUMOM AUCIIEPCUH, OBLIT
nomobpan mapamerp mopsaka (ot 0,001 mo 0,1).
CTouT Takxke OTMETUTh, YTO COIJIACHO CcTaThe [§],
rmoptdenp, chHOPMUPOBAHHBII C TOMOIIBIO IIpe-
oopazoBaHust KernelPCA ¢ raycCoBCKUM SIIpOM,
SIBIISIETCST 00JIee PUCKOBAHHBIM, TIO3TOMY IUBEPCH-
(upoBaTh PUCK B JTaHHOM Cjiyyae ObUIO PEIIeHO
MEHBIIIe: KOJTMYEeCTBO /_fop _companies TIO MOXOTHO-
CTH OBIJIO ONTUMU3UPOBAHO B IMana3oHe ot 5 no 30
(mng tbf u Bayes rbf).

3. MeTpuku cpaBueHusi noprdenei

151 cpaBHEHMSI METOIOB ONITUMU3aLuy opTdeeit
B paboTe pacCMOTPEHBI HECKOJIBKO METPHK.

Joxonnoctb noprdens (portfolio value). OTHoLIEHHE
TeKyILIeH LeHbI TOPTdess K HaYaIbHOI!:

V, (1) :ﬁ(nfﬁ).

CpeaneronoBasi 10X0aHOCTh moptdens (average rate
of return, AR). CpenHsiss UTHBECTUIIMOHHAS TIPUOBLID,
rmosiyyaeMast 3a rofi. DTOT IMOKa3aTeslb MUCIOJb3yeTCs
IUISI CPaBHEHUS JTOXOIHOCTH Pa3IMYHBIX WHBECTHULI-
OHHBIX UHCTPpYMeHTOB. [lycTh L — cyMMapHbIN CPOK
MHBECTULIMIA B Togax, 7 —CyMMapHOe YKCJI0 TOPTOBBIX
mqueit. Torma cpeaqHeromoByIO JOXOTHOCTh MOXHO BBI-
YUCITUTH CIICAYIOIINM 00Pa3oM:

AR, =(V, (T))% -1,

Cronmoctb noj puckom (value at risk, VaR) moprde-
Jis1 ypoBHs . OOpaTHBI BEIOOPOYHBIN Q-KBAaHTWIIb 10-
XOIHOCTEM TTOpTdesi, BBIYMCISIEMbII TIO (hopMyJie:

VaR, (a) =-q, [ZT er

IIpemuss moprdenss 3a puck (U30bITOYHAS JTOXOI-
HOCTB). BBIUTpPHIII OT AepKaHUS TOPTGheEs o CpaBHe-
HUIO C 0€3pUCKOBBIM aKTUBOM. JIsi MUHBECTULIMOHHO-
ro noprdesnst P ¢ BecaMy aKTUBOB W, , OTHOCHTEJIBHOI
OXOIHOCTBIO 7, 1 6e3p1CKOBOM MPOILIEHTHOI CTaBKOM
rf,BmMoment =1, ..., T

1 L —m7—
=L (7o)
Tt:l

CranpaprHoe oTKioHeHue moptdens. BoidbopouHoe
CTaHAAPTHOE OTKJIOHEHUE W30BITOYHOU TOXOOHOCTH,
BBIUMCIIIEMOE T10 (hopMyIIe:

1 T 2

0 =5 S ).

t=1

Koadpummument Illapna (Sharpe ratio). OtHoIICHNE
MMPEMUU 3a PUCK K CTAHTAPTHOMY OTKJIOHEHUWIO TTOPT-
dens:

u
ShR,=—L.
Op
OrtHocurenpHas npocanka (relative drawdown). Ot-
HOCUTEJIbHASI pa3HWIlAa MaKCUMaJbHOW 1IEHBI IMOPT-
(besist 1O HACTOSIIErO0 MOMEHTA U TEKYIIEH ero LeHBHI.
®opmanbHo, eciu V,, (f) — oTHoLIeHHEe LeHbl TOpTdhe-
JIsl B MOMEHT f K HaYaJIbHOM, TO

Vo (1)
RD,(1)=1-—2""__
max ¥ (7)

Koaddunuent Mapruna (Martin Ratio, Ulcer perfor-
mance index, UPI) [10]. OtHomIeHMEe N30BITOYHOI 10~



XOTHOCTH TTOPT(eIIs K CpeaAHEKBaIpaTUIHON OTHOCH -
TeJLHOM IpocanIKe:

M

— .
\RD;

Koadduimentr MapTtrHa ucnonb3yercs AJis moado-
pa rureprnapamMeTpoB Ha 3Tare BaJuaaluu.

PF, =

4. OnucaHue JaHHBIX

st TipoBeieHMsT WCCIeIOBaHMS WCITOIb30BATMCh
JaHHbIE, MOJYYEeHHbIE U3 06a3bl Yahoo C MCIOJIb30Ba-
HUeM 0ubnnoTteku yfinance [32]. B nepeyeHb aHaIU3M-
pPYEMBIX aKTMBOB OBUIM BKJIFOUCHBI aKIIMM KOMITAHUIA,
pxomsamux B mHAeKe S&P 500, a takxke 500 ciaydaitHO
OTOOpPaHHBIX aKIIUI 13 6a3bl NaHHBIX Yahoo. TakuM 00-
pa3oM, BBIOOp aKTUBOB OOECIEUMBAET HE3aBUCHMOCTD
BECOB, ITOJIyYEHHBIX B pe3yJbTaTe padOThl alropuTMa,
OT BECOB, IIOCTPOCHHBIX TOJIbKO Ha OCHOBE OeHUYMAapKa.
ChopMupoBaHHBII JaTaceT BKIIIOYACT THEBHYIO IITHA-
MUKy ctoumocTu o 1000 axiusm 3a mepuon ¢ 1990 no
2022 rom.

[anee Obula TpoBeneHa MNpeABapuTeabHas (OUIb-
TpaLMs TaHHbBIX, UCKIIIOYAloIlasl aklMu, Tae 0ojiee 4yeM
B 10% HabnoneHUid OTCYTCTBOBaaM 3HadyeHus. Jljst
OCTaJIbHBIX HAONIONEHMI, L€ OTCYICTBOBAIM 3Haye-
HUSI, JIOXOJHOCTh ObLIA OTpenesieHa KaK cpeaHee 3Ha-
YeHWe 3a BeCh IPEIbIAYIINI UCTOPUYECKUI TIepHO.
Taxke U3 paccMOTpeHMST ObUIM MCKIIOYEHBI aKLIUU C
BBICOKOI BOJIATUJIbHOCTBIO, CTOUMOCTh KOTOPBIX U3Me-
HsIIach 00JIee YeM B IBa pasa o CPaBHEHUIO C IIPEIbIIY-
LM JTHEM XOTsI ObI OJIVH pa3.

Ilocne mpoBengHHOI (UIBTpalMKU ObLTIO OTOOpPaHO
300 akiuii, MpeACTABIISIOIINX pa3InIHbIe ceKTOphl. Cpe-
I HUX oKa3aauch KoMmaHuu u3 M T-cexropa, Takue Kak
Apple 1 Microsoft, n3 ¢pmHancoBoit cpepbr — JPMorgan

Chase u Citigroup, a TakKe TpeICTaBUTEIN MeIUIMH-
cKkoit orpaciu, Bkmoudass Johnson & Johnson u Pfizer.
Kpome Toro, B CcoK BOIIIM KOMITAHUM M3 CEKTOpa
notpedbureabckux ToBapoB: PepsiCo, The Coca-Cola
Company, McDonald’s, Procter & Gamble u Walmart.

IMosyueHHbIe TaHHbBIE OBUIM pa3e/ieHbl Ha 1Ba IIEPU-
ona: odyyaronmii (1990—2016 rr.) u TectoBbiid (2017—
2022 rr.). Jnsg mombopa rumeprnapaMeTpoB HCHOJb-
30BaJIaCh KPOCC-BaJIMOALNST UISI BPEMEHHBIX PSIIOB.
MeTonuKa Takoil Kpocc-BaMAAIINY TIPEITOIaraeT pas3-
JIeJIeHKe JAHHBIX Ha OJIOKM, MAYILKME I10C/IeI0BaTE b
HO mo BpeMeHHM. OOydyeHMEe MOAETU MPOUCXOIUT Ha
BCeX IMpPEIbIayIIUX OJ0KaX JaHHBIX, a IIPOBEpKa — Ha
nocaenywoiieM (puc. I). JaHHBIA Tpoliecc MOBTOPSI-
€TCST HECKOJIBKO pa3 M MOXKET OBbITh peai30BaH METO-
oM TimeSeriesSplit ui3 sklearn [33].

5. Pe3yabTathl

KoHpurypauum mogoOpaHHBIX TUIEpPIIapaMeTpOB
IIJIT BCeX METOIOB MpeacTaBlieHbl ¢ mabauye 1. Ctout
OTMETUTh, YTO y OOJIBIIIMHCTBA METOIOB ONTUMAJIbHBIIA
TeproJ CMEHBI TTOPTdENST COCTABUII IIPUMEPHO TIOJITO-
ma (180 mmeif), 9TO MOXET YKa3bIBaTh Ha IJIOOAIBHYIO
ONTUMAJILHOCTh JaHHOTO BPEMEHHOro UHTepBaia. MH-
TEPECHO OTMETUTh, YTO IJIsl SIACPHBIX Moeiel hakTop
MaciiTaba sapa IpUOIM3UTEeTbHO OJUHAKOB U COCTaB-
sstet okoso 0,04.

Ilocne mpoBeneHus1 TpouLeccoB Ioadopa rurepna-
paMeTpOB C MCITOJIb30BaHMEM 0aiieCOBCKOI ONTUMM3a-
MM U METOIa TOUCKA T10 CIYYaHOU CETKE IUIS YEThI-
pex MeToNoB ObLIa BIUKCAEHA JOXOAHOCTh Ha TECTOBOM
BbIOOpKE. I'padpuku noxogHOCTE Ha TeCTOBOM Habope
JIAaHHBIX JIJ151 BCEX BOCHbMU aJITOPUTMOB 1 6230BOT0 OEHY -
Mapka S&P 500 npuBeneHsI Ha puc. 2, a TaKKe TOCTYII-
HbI Ha nHTepakTuBHOM HTML-rpacuke [34].

( Train Test ]
( Train Test ]
( Train Test ]
[ =)

Puc. 1. Busyanusaums kpocc-sanuaaunn TimeSeriesSplit w3 sklearn.



Tabauya 1.

Houoﬁpaﬂﬂme runepnapamMeTpbl 1 BCEX 8 AJropuTrmMoB

=]
: | s
= =3 8
g ol £
£ g g E g o
3 & g e s g -
S | | = — = = o
| 'g (=% S [-T) [-T] [-T] (L]
@ = 2 ~ = < £ £
N 1) | ) T [T (1) (1]
(7] o = = - - - =~
be3 onTumusayuu 3,20 190 97 - - - - -
PCA 490 192 150 0,935 - - - -
Poly KPCA 2,10 249 86 0,86 poly 0,04 4 0,77
rbf 490 170 27 0,91 rbf 0,04 - -
Bayes 479 190 100 - - - - -
Bayes PCA 3,45 189 7 0,891 - - - -
Bayes Poly KPCA 3,37 190 66 0,921 poly 0,034 2 0,844
Bayes rbf 2,44 188 17 0,764 rbf 0,044 - -

IToMuMo TpadukoB, ObUIM pacCUMTaHbl SKOHOMMU-
yeckue MokaszaTenu u3 pasaena 3. [ns kaxnoro us
noptdenst u S&P 500 onn npencTaBieHbl B mabauye 2.

PesynbraThl MCCeIOBaHUS ITOKA3BIBAIOT, YTO HAM-
oosnee 3(h(HEKTUBHBIM aJITOPUTMOM SIBJISIETCSI Me-
ton Bayes rbf, Mcrnonb3yoniuii raycCoOBCKOe SApO B
KernelPCA, nomoGpaHHBII ¢ TOMOIIBIO 0aiieCOBCKOM

[loxogHocTb
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0,5

2018 2019 2020

ontuMu3zanuu. [Toprdenb, oNTUMU3NPOBAHHBIN C TIO-
MOILIbIO JAHHOT'O METO/Ia, B TIepro (heBpaist — arnpess
2020 r., cBA3aHHOTO C MEPBOIl BCIBIIIKON MaHAEMUN
COVID-19, uMeeT HamMeHblylo Tpocanky 28,5%,
YTO Ha 5 M.I. HUXKe ypoBHs nmpocanku S&P 500. Jan-
HOe HaOJIoJeHUe MOATBEPXKIaeT pe3ybTaT UCCIen0-
BaHUs [8], IEeMOHCTPUPYIOLIETO, YTO aJTOPUTMBI C Ta-

be3s ontumuzaunii
PCA

Poly KPCA

rbf

Bayers

Bayers PCA
Bayers Poly KPCA
Bayers rbf
NHpeke S&P 500

2021 2022 [lata (roabl)

Puc. 2. 3Ha4eHns 4OXOAHOCTM HA TECTOBOM AataceTe Ans Bcex 8 anroputmos 1 S&P 500.



Tabauya 2.

DKOHOMHYECKHE NMOKa3aTe/ld Ha TecTe 11 Beex 8 anroputvos u S&P 500

S&P bes Poly Bayes Bayes Poly Bayes
500 | ontwmmsaumn | ' CA KPCA rhf Bayes PCA KPCA b
Mpocpur 1,09 11 113 1,09 1,09 11 11 1,09 115
thakTop
m"‘m“““e” 041 057 065 046 063 058 053 045 085
apna
m"‘“"h“““e“ 026 105 19 071 147 111 1,09 054 364
apTvHa
foposas 10,87% 18,75% 1811% | 129% | 17.17% | 1871% | 16,54% 13,01% 26,98%
NOXOQHOCTb
foposas 20,26% 28,14% 2397% | 225% | 27.71% | 27.83% | 26,08% 23,13% 28,51%
BONATUNBbHOCTb
5% VaR 1,935% 2,815% 24% | 2113% | 2715% | 2817% | 2442% 2.151% 2,897%
Makcumanshas 33.92% 44.41% 38.04% | 4351% | 37.03% | 4299% | 4329% 34,1% 28.27%
npocapgka
‘é‘g",‘:i“g 545% 54.2% 553% | 536% | 536% | 541% | 54.1% 53 4% 54.0%

YCCOBCKUM SIIPOM TIOKA3bIBAIOT JIYYIIIME PE3YJIbTaThl
Ha pBIHKE KPU3MCHBIX cUTyaluii. B To e Bpems aj-
TOPUTMEI C TayCCOBCKUM siipoM rbf u Bayes rbf nemon-
CTPUPYIOT HanboJiee BHICOKYIO BOJATUIBLHOCTH (27,7 %
u 28,5% COOTBETCTBEHHO). DTOT PE3YJIbTaT 00YCIOB-
JIEeH OTpaHUYEeHHBIM YMCJIOM paCCMaTPUBAaEMBbIX aKIIiA
M, cleIoBaTeJIbHO, MEHbIIEeH TuBepcudUKaLNeii pr-
cKa moptdend.

HaumeHbiylo BOJaTWJIBHOCTh, TIOMUMO WHIEKCA
S&P 500, moka3zanu moprgeand ¢ MoJUHOMUATIBHBIM
sapom Poly KPCA n Bayes Poly KPCA:22,5% u 23,1%
COOTBETCTBEHHO. DTO CBUAETEILCTBYET O CIIOCOOHO-
CTU MOJMHOMHUANBHOTO sapa 3(PPeKTUBHO (PUIBLTPO-
Bath 11yMbl. Kpome Toro, naHHble mopTdenn XapakTe-
pU3yIOTCS HavydimmMuy 3HadeHussMu 5% VaR (okoino
2,1%), yto HeMHOro Oosbliilie 3HaYeHus At S&P 500.
OnHaKo CpeIHEeroNoBble 3HAYEHUST TOXOMHOCTU ITHX
ropTdereit omHI U3 caMbIX HU3KUX — 12,9% u 13,0%.

IToptdpenn PCA u Bayes PCA, ocHOBaHHbIE Ha Me-
TOJIE TJIABHBIX KOMITOHEHT, TTOKA3aJId CPEIHUE PEe3yIb-
TaThI 1I0 PUCKY W JOXOTHOCTH. DTO CBUIACTEILCTBYET O
TOM, YTO JaXe TaKue KIaCCUYECKUe aJrOpPUTMbI C 10-
MMOJTHUTEJIBHOM ONTUMM3aIE IPeB30IIIN OeHIMAap-
KU 110 OOJIBIIIMHCTBY METPUK.

B To ke Bpems pe3ynbTaThl MCCIACIOBAHUS HE I10-
3BOJISTIOT YCTAHOBUTD, YTO OalieCOBCKAsT OIITUMU3ALIST

WK CIyYalHBIN MOuUCK 1o ceTke 6ojiee 3(pdeKTUBHBI
Mpu 0TOOpE TureprnapamMeTpoB.

Xorsa S&P 500 xapaktepusyercss HaUMEHBIIUM
PHUCKOM, €r0 JOXOMHOCTh TaKXKe HM3Ka, YTO OTpa3U-
JIOCh Ha IOKaszaTesIsIX OTHOLIeHU. Takum obpa3om,
MOCTPOEHHBIE MOPT(ENH, XOTh U 60jiee BOJATUIIb-
Hbl, yeM S&P 500, mokasbIBalOT Jydlline pe3yJibTa-
TBI TI0 OCTAJIBHBEIM METPWKaM, IEMOHCTPUDPYS, UTO
oInTvMajbHas InepebajaHCUPOBKa MOPTOEIST MOXET
00eCIeuYnTh NOMOJIHUTENbHYIO TOXOOHOCTh 3a CYeT
pHucKa.

YToObl MpUBECTU TMOJydeHHbIE HAMU TMOPTdean B
COOTBETCTBUE C YpoBHeM pucka S&P, T.e. cpenHero-
IIOBOM BOJIATWJIBHOCTBIO MHIeKca S&P paccmorpum
pe3yabTaThl anroputMa Bayes rbf B ciydae, eciii yacTb
JIEHeT BKJIAIbIBACTCS B JAHHBIN aJITOPUTM, a OCTaBIIIA-
sicsl — B OE3pUCKOBBI aKTUB (mabauya 3). 3aMeTUM,
yTo ecau 50% karnuTaja BKIaAbIBAETC B JIYYIIUiA aj-
roput™M, a 50% B Ge3pUCKOBEIN aKTUB, TO JOXOTHOCTh
W PUCK TTOPTeIIs JTydIlle TI0 CPaBHEHUIO ¢ MHIECKCOM
S&P. Eecii orpaHU4IUTD PUCK PUCKOM, COOTBETCTBY-
IOIIUM MHIAEKCY, TO CPEIHETrOmoBasl HTOXOTHOCTb BbI-
pacret ¢ 10,9% no 19,9%. CooTBeTCTBEHHO, paccMma-
TPUBAEMBIN aJITOPUTM Ha TMPOTSKEHWU IJIATEIBHOTO
Meproja BpEMEHU U MOoIy4aTh JOXOAHOCTD Bbile S&P
IIpY TOM Xe YPOBHE pHCKa.



Tabauya 3.

Cpasunenue Jiyuymero ajroputva u S&P 500

S&P Bayes S&P-risk Bayes | 0% Bayes 50% Bayes | 75% Bayes | 90% Bayes
500 rbf rbf rbf rbf rbf rbf
fonoBas A0X0[HOCTL 10,87% 26,98% 19,93% 2,61% 14,8% 20,89% 24,54%
FonoBas BONaTUNLHOCTb 20,26% 28,51% 20,26% 0,0% 14,26% 21,38% 25,66%
Koathchuuymenr LLlapna 0,41 0,85 0,85 0,0 0,85 0,85 0,85
Jakiouenne OTMETHTD, YTO PUCK MOPThEeit MOKHO PEeTyINPOBaTh

B pabore Obln1 MCcCaenOBaH aJrOpPUTM JOJTOCPOY-
HOTO MHBECTUPOBAaHMSI, OCHOBAaHHBIN Ha pEIICHUH 3a-
mayn MapKoBHUIla ¢ TIpeaBapUTEIbHBIM TIEPEXOIOM B
MPOCTPAHCTBO MEHBIIEH Pa3MEPHOCTH IIPU ITOMOIIN
Pa3IMIHBIX BapUaii MeTOAA TJIABHBIX KOMITOHEHT.

INepuoauueckas nepedaaHcupoBKa MOPTdEs mo-
3BOJISIET THOKO pearnpoBaTh Ha U3MEHEHUS Ha PBIHKE,
YTO MOATBEPKAAET CpaBHMMAsI ¢ GeHIMAPKOM IIpoca-
Ka HEKOTOPBIX MOJIeJIeil, HECMOTPsI Ha 00Jjiee BEICOKMIA
rnmokasaresb pucka. OgHako nepebajaHCUPOBKa IMOPT-
e MpoBOAMIIACH HE CIIMIIIKOM 4YacTO, YTOObI METO/,
MapkoBwulia cMOT IToKa3aTh ce0s1 Ha JJOCTaTOYHO OO0JTb-
LIKX IIPOMEXYTKax BpeMeHU. HakoHell, onTuMu3aius
koadduimeHTa MapTuHa Npyu nomdope rumeprapa-
METPOB ITOKa3bIBACT BEICOKYIO JOXOTHOCTH ITOPTheei
U HE CJIMILKOM PE3KYIO IIPOCAIKYy.

IToMuMoO 3TOTO, OBLIM MOJYUYEHBI MOPTGhETH, MOKa-

3pIBalolIMe 00Jiee NJOXOIHbIE TPAeKTOpPUU, YeM OeHY-
MapkK, OJJHAaKO HEMHOro 6ojee puckoBaHHble. BaxxHo

MOCpeACTBOM KoadduiimeHTa risk aversion, 4To mo3Bo-
JISIET MoA0UpaTh MOPTdEU, UCXOAI U3 MPEATOYTeHUI
MHBECTOpa OTHOCUTEJIbHO pucKa. PMCK MOXHO pery-
JIMPOBaTh U C MOMOIIbIO BbIOMPAEMBIX METOJOB: Me-
Tox ¢ samepHbIM PCA ¢ TTOJTMHOMUATBHBIM SIAPOM O -
OupaeT MeHee PUCKOBAHHBI, HO U MEHEE JNOXOMHbIN
noptdenb, B TO BpeMsi KaKk MeTold 0e3 YMEHbIIEHUS
Pa3MEPHOCTU MO3BOJISIET OOJIbIIIE PUCKOBATh, HO U MPU
5TOM OOJIbIIe TOTY4YaTh. 30JI0TOI CepeIrHON B 3TOM
IUIEMME MOXET 0Ka3aThCs MPOCTON METOJ TJaBHBIX
KOMIIOHEHT, KOTOPBIN IMO3BOJISIET COOM0AaTh OanaHc
MEXIY PUCKOM M JOXOJHOCTbIO. OTMETUM TaKXke, YTO
JIVYITAMU 3KOHOMMYECKUMH TTOKa3aTeISIMM 00JIagacT
JITOPUTM, UCITOJIb3YIOLIUN SNEPHBIA aHAIN3 TJIABHBIX
KOMIIOHEHT C TayCCOBCKUM SIAPOM B OCHOBHOM 32 CUET
HE3HAYUTEJIbHOU MpPOCaIKW B MaHAEMUWHBIN MEpUOL
B CPaBHEHUU C APYIrUMU anroputMamu. MoxHo cae-
JIaTh BBIBOII, UTO B KpU3UCHBIE MOMEHTHI HanboJee 3¢-
(EeKTUBHO TIPUMEHEHHE TayCCOBCKOTO sipa K JT0XOM-
HOCTSIM aKIIMiA B KauecTBe Mepexofa B MPOCTPAHCTBO
MEHbIIIEH pa3MepHOCTH. B
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Abstract

The article introduces a long-term investment algorithm that identifies optimal solutions in lower
dimensional spaces constructed through principal component analysis or kernel principal component
analysis. Portfolio weights optimization is carried out using the Markowitz method. Hyperparameters of the
model include window size, smoothing parameter, rebalancing period and the fraction of explained variance
in dimensionality reduction methods. The algorithm presented incorporates weights regularization taking
into account portfolio rebalancing transaction costs. Hyperparameters’ selection is based on the Martin
coefficient, which allows us to consider the maximum drawdown for the suggested algorithms. The results
demonstrate that the proposed algorithm, trained from 1990 to 2016, shows higher returns and Sharpe
ratios compared to the S&P 500 benchmark from 2017 to 2022. This indicates that weights optimization can
improve the algorithm’s performance through rebalancing.
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AHHOTALIMA

Heob6xoaumocTh noBbieHUs 3¢ (GEKTUBHOCTU COBPEMEHHBIX CETEBBIX MIPEANPUATUI HA OCHOBE TEX-
HOJIOTU# 1IU(POBHIX TIaTGOPM, ITBOHMHUKOB U HUTENM OOYCIIOBIMBAET aKTyaJbHOCTh BHEIPEHUS B IIPO-
W3BOJCTBEHHYIO MPAKTUKY TMHAMUYECKUX MHOTOAr€HTHBIX TEXHOJOTUIl. APXUTEKTYpHas CJIOXHOCTh
cyliecTByIomux MHoroareHTHoIX cucteM (MAC) m HemocTaTOUHOCTh HaydHBIX paboT B 00jacTH 000-
CHOBaHMSI METOIIOB M CPEACTB MX CO3MaHMSI OOYCIOBIMBACT IIE/Ib MCCICAOBAHUS IO Pa3pabOTKe KOM-
IUIEKCHOM TEXHOJOTHH TIpoekTupoBaHuss MAC, KoTopas 3aTparmBajia Obl BCe YPOBHU apXUTEKTYpPHI U
IMO3BOJIsIa OBl agalTUPOBATh THIIOBBIC M HAWIYYINNE IPOSKTHBIC pellleHusa. B cratbe mpoBemeH aHa-
JIN3 BO3MOXKXHOCTE! MpUMEHEHUs IN(MPOBBIX TBOMHUKOB M HUTEH IIPHW CO3TAHWU CETEBBIX IPEITIPUSI-
THI ¥ IIPEIIOKEHBI METONBI UX pealn3anuu ¢ nmomolnsio MAC. Pa3paboTaHa TeXHOJIOTHS IIPOSKTUPO-
BaHuss MAC B coOTBETCTBUU ¢ apxuTeKTypHbiMU (peiimBopkamu ITRA (Industrial Internet Reference
Architecture) 1 RAMI (Reference Architectural Model Industrie 4.0), koTopast TO3BOJISIET OCYIIECTBIISITh
B3aMOCBsI3aHHOe (POpMUpOBaHKME U OTOOPaXKEHME PEe3yIbTaTOB MPOEKTUPOBAHUST MEXIY Pa3TNIHBIMU
YPOBHSIMU apXUTeKTyphl. Ha O13Hec-ypoBHe npeaiaraeTcst Meton (popMUpoBaHUs OM3HEC-TpeOOBaHUI K
MAC Ha ocHOBe BbIOOpa U aganTaluy OU3HeCc-MoJesiel U TpUKIaaHbIX clieHapueB. Ha ypoBHe mocTpo-
€HUs TIPOM3BOACTBEHHBIX U OM3HEC-TIPOIIECCOB MpencTaBieH MeToa GopMUupoBaHUs DYHKIIMOHATBHBIX
TpeboBaHuii K MAC, pacKphIBalOlIMi Iepexoa OT CETH LIEHHOCTEN K CTPYKTypaM IPOU3BOACTBEHHBIX
u 6usHec-TpolnieccoB. Ha ypoBHe yHKIIMOHATIBLHOTO ITPOCKTUPOBAHMSI MHOTOAreHTHON CUCTEMBI CeTe-
BOTO MPEINPUSATUS IIPEACTABISIETCS METOI (OPMUPOBAHUS OCHOBHBIX ITPOEKTHBIX PEIIEHUH C IMO3UILINU
peanu3aliy Pa3InYHbIX KATETOPHUI CEPBUCOB C IIOMOIIBI0 AMIMUHUCTPATUBHBIX 000JI0UEK aKTUBOB M UX
cnennanu3anuy. Ha ypoBHe mpoeKTHpoBaHUS TeXHOJoTnIecKoi peanu3anu MAC npenjiaraeTcss MeTon
peanu3aliy IPorpaMMHEIX areHTOB C TIOMOIIBI0O MUKPOCEPBUCHOM OpraHW3alMy IIPOrpaMMHOTO 00¢-


https://bijournal.hse.ru/en/2024--3%20Vol%2018/966031972.html 
https://orcid.org/0000-0002-2983-8232
https://orcid.org/0000-0001-8939-2087
https://orcid.org/0000-0002-0433-9701

crneueHus. [IpencraBieHHass METOIMKA agallTallMd TUIIOBBIX M HAMJIYYIIUX MOJIEIEI IPOCKTUPOBAHMS
MHOTOAreHTHBIX CUCTEM TTO3BOJISIET OCYIIECTBIISITh BEIOOP M3 OMOIMOTEK TUIIOBBIX MOEIICH 1 6a3 3HAaHUI
MpeLeNeHTOB aneKBaTHBIX MPOEKTHBIX PEIICHUI IS MOocaeayIolei TopaboTK!, YTO AaeT BO3MOXHOCTh
YCKOPUTh M TIOBBICUTH Ka4eCTBO IIpoliecca MpoeKTupoBaHus. BHenpeHne pa3paboTaHHOIN TeXHOJIOTUH
MMPOEKTUPOBAHUSI MHOTOAT€HTHBIX CCTEM MO3BOJIUT MOBLICUTH aJalITUBHOCTh CETEBBIX TIPEATIPUITUI K
MTMHAMWYECKU U3MEHSIEMbIM MOTPEOHOCTSIM OM3Heca ¢ YUeTOM MHTEPECOB M BO3MOXHOCTEH BCeX 3auH-
TepeCOBaHHBIX CTOPOH.

KioueBbie cjioBa: MHOrOareHTHbIE CUCTEMBI, IM(MPOBBIC HUTH, IIM(MPOBBIE IBOMHUKM, CETEBOE MPEANIPUSITHE,
aIMUHKUCTpATUBHAs 000JI0YKA aKTHBOB, OHTOJIOIUS IIPOEKTa, MUKPOCEPBUCHAsI apXUTEKTypa

Iurnposanue: TenbHoB 10.®D., Kazakos B.A., Jlanunos A.B. IIpoekTrpoBaHre MHOTOar¢eHTHOM CCTEMBI CETEBOTO

npennpustust // busnec-ungopmatuka. 2024. T. 18. Ne 3. C. 70—86. DOI: 10.17323/2587-814X.2024.3.70.86

BBenenune

JISl TPOM3BOJACTBA MHHOBALIMOHHBIX TPOAYK-

TOB M YCJIYI IOA KOHKPETHBIE MOTPeOHOCTU

3aKa34YMKOB MOI'YT CO30aBaThCsl TUHAMUYECKH
0o0pa3yeMble TMOKUE CETeBbIe UM pacIipeiesieHHbIE B
WUHnTepHeT-cpene npeanpusiTusi, Tpeoylolue BHeIpe-
HUSI HOBBIX CMCTEM VIIPaBJICHMS HA OCHOBE IIPUMEHEe-
HUsI COBPEMEHHBIX LIMMPOBBIX M MHTEICKTYaIbHBIX
TexHoJioruii. B pe3yibraTe co3maHus TakKuxX Mpearpu-
SITU JOJKEH COKPATUTBCS XKM3HEHHBIN IIUKJT BBIITY-
CKaeMoil TIpOAYKIIMM M OKa3bIBaeMbBIX YCIYT KaK Ha
CTaguy BBIBEIEHHUS Ha PHIHOK, TaK M Ha CTaauM IPO-
M3BOJCTBA, oOecreunBasi BbICOKOE KayecTBO W afar-
TUBHOCTh KOH(UTYypaly MPOAYKTOB JJIS1 Pa3IMYHbIX
KaTeropuii rorpedureneii [1].

Co3znaHue CeTeBbIX UM BUPTYIbHBIX TPEAIPUSTUI
Ha OCHOBE COBPEMEHHBIX IMDPOBBIX TIATHOPM, C OJI-
HO¥1 CTOPOHBI, IIPUBOINT K ITOBHIIIICHUIO YPOBHSI MHTE-
rpalLyy M KOOIEpaluy B3aUMOIECTBYIOIINX B PAMKAaX
00111elt ceTeBOI CTPYKTYpPHBI NpeAnpusTuii [2], a ¢ npy-
TO¥ CTOPOHBI, TOPOXAACT HOBEIC 3aHaul (popMUpPOBa-
HUSI MEXAaHU3MOB KOOPDIMHALIMY YYACTHUKOB CETEBBIX
MPEeaIpUsITHii, 0TOOpa HaJEXHBIX MapTHEPOB, Opra-
HU3alMU COBMECTHOTIO BIaICHUS U OTIpeaeIeHUs MpaB
WCITOIb30BaHUSI JTAHHBIX, HEPEIIEHHOCTh KOTOPHIX
MOXET TIPUBECTU K ITOTEPE TOBEPHST MOTCHIIMATIBHBIX
YYaCTHUMKOB CETEBOIO TMPEANPUSITUS K BO3MOXHOCTHU
OCYILIECTBJICHUS] COBMECTHOM JESITEIbHOCTU B paMKax
o011Ieit ceTeBOI CTPYKTYpHI [3]. Perrenue 3amayd co3na-
HUSI CETEBBIX MPEINPUSATUII B IIPOMBIIIUIEHHOCTH YC-
JIOXHSIETCSI BCJIEACTBUE, KaK MPaBUJIO, OOIBIIOTO YKC-
Jla KOOTIEPATUBHBIX CBSI3€M, BRICOKOU PECYpCOEMKOCTHU
¥ OOJIBIIINX MHBECTUIIMOHHBIX [IUKJIOB.

BHenpeHre TEeXHOMOTMii MPOMBILIJIEHHOTO WHTEpP-
HeTa Bellel, UU(PPOBbIX IBOMHUKOB U HUTEH B Mpak-
TUKY LM(POBOI TpaHC(HOPMALIUU MPEINPUSTUI HA OC-
HOBE KOHLIEMLUW WHIYCTPUU UYETBEPTOIO IMOKOJIEHMS
co3aeT 0ObeKTUBHbBIE TIPEANTOCHUIKY JIJIs1 TIOBBIIIEHMS
9(GEKTUBHOCTU YIIpaBJIEHUsI CETEBBIMU B3aUMOJIEH-
CTBUSIMU MPEATNPUSITUIN, OCYILECTBISIIOIINX COBMECT-
HYIO JESITeJIbHOCTb 3a CYET CO3MaHUsI COBPEMEHHBIX
mudposbix cucteM [4—7]. Ilpu 3TOM B OCHOBe LIM(D-
POBBIX TBOMHUKOB M HUTEM JIexaT 1 pOBbIC MOACIIH,
KOTOpbIE€ MPEACTABSIOT CUCTEMbl MAaTEMATUYECKUX U
KOMIIBIOTEPHBIX MojeJieli, TTO3BOJISIONIMX OTOOpaKaTh
MHOOPMAIIMOHHOE COCTOSIHKE, TTPOTHO3UPOBAaTh MOBE-
JIEHUEe MOJIEJIMPYEMBbIX OOBEKTOB B peaIbHOM MaciTade
BpeMeHM, (DOPMUPOBATh MPUHUMAEMbIE PELLIEHUSI.

OmHrM W3 IOEeHCTBEHHBIX IOOXOMOB K peaam3a-
LMY TICPEUMCIICHHBIX TEXHOJIOTUIA SIBJISICTCS CO30aHME
IU(PPOBBIX CHUCTEM YIIPaBICHMS ITPOM3BOACTBEHHEI-
MM W OU3HEC-TIPOIIeCCaMK CETEBOTO TIPEAIIPUSITUS Ha
OCHOBE TIPUMEHEHUSI MHOTOAT¢HTHBIX TEXHOJIOTHUMA —
MHoroareHTHbIX cucteM (MAC) cereBoro mpemmnpu-
satus. B padotax [8, 9] paspaboTaHbl KOMITBIOTEPHBIE
MOJIEJI Ha OCHOBE MPUMEHEHUSI METOJOB areHTHOTO U
MHUCKPETHO-COOBITUAHOTO MOJAEIUPOBAHUS, KOTOPhIE
BCTPaMBaIOTCS B CTPYKTYPY LIM(PPOBBIX IBONHUKOB LIS
ONTUMMU3ALIUM ITPOU3BOJICTBEHHBIX ITPOLIECCOB Ha pa3-
JIMYHBIX 3Tanax XKU3HEHHOTo 1UKIIa. JIJIs TOBBIIeHUST
3¢ GEKTUBHOCTH TTPUMEHEHHUS KOMITBIOTEPHBIX MOJIE-
JIel MPOU3BOJICTBEHHBIX U OM3HEC-MPOLIECCOB HEOO-
XOIMO O0ECIIeUNBATh X B3aUMOICUCTBIE C CUCTEMa-
MM OIIEPAaTUBHOTO cOOpa JAaHHBIX C TTIOMOIIILIO CPEICTB
mmpoMblnieHHoro mHTepHeTa Beme (I11oT), a Takke
WX WHTETPALINY C IPYTUMU UHTEIICKTYaIbHBIMH TEX-



HOJIOTUSIMU, 6a3UPYIOLIMMUCS Ha IIpaBUjiaX IPUHITHUS
pelleHuii, aHaiu3e OOJbIIUX 00bEMOB JAaHHBIX U Ma-
IMHHOM obyueHuu [10—13].

ApxutekTypHas cliockHocTb MAC o00ycioBinBa-
€T LeJib UCCIEeN0BaHus 10 pa3pabOTKe KOMIUIEKCHOM
TEXHOJIOTUU TIPOSKTUPOBAHUS TPOTPAMMHON peayn-
321U, KOTOpas 3aTparuBaiia Obl BCE YPOBHU apXUTEK-
TYPBI CETEBOrO NMPEAIIPUATUA B COOTBETCTBUU C apXu-
TekTypHbIMU (ppeiiMBopkamu [TRA u RAMI [14, 15]
¥ TIPpUMEHEHNE MHOTOOOPAa3HbIX MHCTPYMEHTOB TOM-
JNEPXKU TIPUHSITUSI PEIIEHUN B KOMITBIOTEPHBIX MO-
JIeJIsIX areHToB. B cylecTBylomux padoTax mo mpoek-
TUPOBAaHUIO MHOTOAreHTHOW peanu3anuu uhpOBBIX
CHCTEM B OCHOBHOM paccMmaTpuBaeTcsi GyHKIIMOHATb-
HBII ypOBeHb MpoeKTUpoBaHus [16—19] u mpakTuye-
CKU He paccMarpuBaetcsl mpoektupoBaHue MAC Ha
JIPYTUX YPOBHSIX aDXUTEKTYPBHI.

B crathe pemaroTcs 3amayv MpPOBENEHUS aHAIU-
3a BO3MOXHOCTEH HIM(PPOBBIX TBOWHMKOB M LUDPO-
BBIX HUTEH IS CO3MaHMUsI CETEBbIX MPEANIPUITHM, UX
peaqu3aluu ¢ MTOMOIIbIO MHOTOAr€HTHOW CHUCTEMbl U
pa3paboTKu TexHonornu TpoektrupoBanuss MAC Ha
YPOBHSIX (DOPMUPOBAHUS OM3HEC U TTOJIh30BATEIbCKUX
TpeboBaHUl, (YHKIMOHAIBHOTO MPOECKTUPOBAHUS
W pealn3allid C B3aUMHBIM OTOOpaXeHUEM MEXIY
YPOBHSIMU TIOJTy4aeMBbIX pe3yabpTaToB. OCOOEHHOCTHIO
npeaiaraéMoil TeXHOJOTUM SIBJSIETCS YBSI3Ka 3TaIloB
npoektupoBanuss MAC myTeM mOCIeI0BaTeIbHOTO
OTOOpakeHMsI TIPOEKTHBIX CYIIHOCTel (KaTeropuii)
MEXIY YPOBHSIMU apXUTEKTYphl 1 afarTalluyd MpoeKT-
HBIX PEIIEHUIA Ha OCHOBE OMOJIMOTEK TUIOBBIX MPO-
eKTHBIX peIIeHU W 0a3 3HAHWU HAWIYYIINX IIperie-
JIEHTOB UCIob30BaHus [20—22].

1. AHa;M3 BO3MOXKHOCTEl MPUMEHEHHS
IU(POBLIX IBOMHUKOB 1 HHU(POBBIX HUTEIH
JUISl CO3/IAHHUS CETEBbIX MPeanpHUsITHiA
HA OCHOBE MHOTOAT€HTHOI TEXHOJIOTUN

Texnonorus udposbix nBoiiHUKoB (LIJ1) Haxomut
IIIPOKOE TIPUMEHEHNE B IIPOMBITIUICHHOCTH 1 TI03BO-
JISIET YOpaBIsITh aKTUBaMHU IpeanpusTus (IIpomyKTa-
MU, 000pyIOBaHUEM, JTIOOBIMU PECYpCaMU) Ha Pa3HBIX
aTanax ux cyuectsoBaHus. I1pu stom LI He Tonabko
OTPAXXAIOT TEKYIIEe COCTOSTHUE aKTUBOB, HO U TT03BO-
JISSIOT C MOMOIIbI0 Habopa Mpolenyp MOAEIUpPOBaTh,
MPOTHO3UPOBATh U (POPMUPOBATH PEIICHUS IO ONTHU-
muzanuu ux nosefaeHus. C 31oil Touku 3peHus LI
MPEICTaBISIOT CO0OM WMHTErpUMPOBAHHYIO CHUCTEMY
JNAHHBIX, MOJIeJIEl U UHCTPYMEHTOB aHaiu3a U op-
MUPOBaHUS PEIIeHU, TPUMEHSICMBbIX Ha IIPOTSKEHUH

BCEro >KM3HEHHOTO IIUKJIa pa3INYHbIX aKTUBOB [8, 23].

B cBsI3u ¢ HEOOXOOMMOCTBIO OTCJIECXKUBAHUSI U
yIpaBJIeHUSI TIOBeICHNEM He TOJIBKO OTAEIbHBIX aKTH -
BOB, HO Y TMHAMHWYECKHUX IIPOIIECCOB, B KOTOPBIX OHU
YYacTBYIOT, OOBEKTMBHO BO3HHMKAET IIOTPEOHOCTH B
peaymzanuy 00Jiee CI0XHBIX IPOMU3BOACTBEHHBIX TEX-
HOJIOTWIT Ha OCHOBe HU(pPOBU3ALINM, KOTOPEIC HAII-
JI OTpaxkeHue B KoHUeniuu uudposbix Hutei (LIH).
Konuenuus IIH npeamnonaraet npuMeHeHUE COBpe-
MEHHBIX WHCTPYMEHTOB MOJAEJIMPOBAHMUSI U YyMpaB-
JIEHUsI, KOTOPbIE CBS3BIBAIOT MPOLECCHl XU3HEHHOTO
LIMKJIa B3aMMOCBSI3aHHBIX aKTMBOB M IMO3BOJISIIOT I10-
BBICUTb TEXHOJIOTUYHOCTDH, BO3MOXHOCTb KOHTPOJISI U
YCTOMYMBOCTh TPOM3BOACTBEHHBIX cucTem [24]. LIH
B 3KOHOMMYECKOM CMBICJIE pealu3yeT yIpaBIeHUE
LIETIOYKOM CO3MaHMUSI CTOMMOCTH. B apXuTeKTypHOM
dpeitmBopke RAMI [15] IIH cBsI3bIBaeTcs ¢ B3auMO-
MEeUCTBYIOIIMMH aKTUBaMHU: TIPOU3BOACTBEHHBIMH IIe-
IMOYKAaMM ¥ IETTOIKAMU ITOCTABOK.

Hcnonb3zoBanue LIJ] 1 LIH obecrieunBaoT riOKOCTh
¥ amanTuPyeMOCTb, HEOOXOOUMBIE ST OBICTPOM pa3-
pabOTKM U BHEAPEHUS MPOAYKIINU TIPU OTHOBPEMEH-
HOM CHIDKCHUM PUCKOB. Tak, MaHHEIC, TOJYyYCHHBIC
W3 CYIIECTBYIOIINX WU TPOEKTUPYEMEIX ITPON3BOI-
CTBEHHBIX CHCTEM MOTYT Jiedb B OCHOBY YCOBEpILIEH-
CTBOBaHHBIX MOJIEJIC, KOTOPBIE TTO3BOJIAT BHITTOIHATH
MPOTHO3MPOBAaHNE KaK Ha YPOBHE KOMIIOHEHTOB, TakK
U Ha YpOBHE aKTHBa B 1IeJIOM. ApXUBUpPOBaHUE UG-
POBBIX OINMCAHUN AKTUBOB IMO3BOJIIET 3HAYUTEIBHO
00JIerYuTh JII000€ HEOOXOAUMOE B OyIyIlIeM Iepernpo-
€KTHPpOBaHME IIPOU3BOICTBEHHOU cucTeMbl. COBOKYII-
Hoctb LIJ] u IIH cocraBnsioT undpoByio cucteMy st
KOHKPETHOM ITPOM3BOICTBEHHON CHUCTEMbBI WJIM BCETO
CETEBOTO MPEPUSITHUS.

Enunasg nnagopmanuonnas monens LI n ITH mo-
XKeT OBITh MpeICTaBlieHa C ITOMOIIBI0 ITPOrPaMMHO-
ro obecIeyeHUsI ¢ OTKPBITHIM MCXOTHBIM KOIOM, KO-
TOPOE TIO3BOJISICT BHEAPSITh HU(PPOBBIE TEXHOJIOTUN B
CJIOXHBIE TTPOEKTHI [25]. Takoli BapuaHT oOecrneynBa-
et BHeapeHue L] v [IH He ToabKOo B MpOoeKThl LUdpO-
BU3AllUM OTHEIbHBIX MPEANPUITUIL, HO U B CO3IaHUE
CETeBBIX MPENNPUITUIA 32 CUET MUHTEerpaluy pasaiud-
HBIX TIPOrPaMMHBIX CUCTEM Ha OCHOBE €AMHOU LIMdPo-
Boit matdopmbl. C momoisto TexHonoruit LI un 1ITH
obecrnieyrBaeTcs nepeaaya MHGOPMALUMU OT OTICIb-
HBIX 3BEHBEB LIEMOYKU CO3JAaHUSI CTOUMOCTU B TPO-
HU3BOJCTBEHHYIO CUCTEMY CETEBOTrO IPEATIPUSITHUS, UYTO
MMO3BOJISIET OTCJIEXXWBATh COOTBETCTBHE TPEOOBAHUSIM
¥ BIMUSIHUE TIOJIYYCHHBIX PE3yJbTaToOB Ha 3(PpdDeKTHB-
HOCTB BCETO CETEBOTO MPEANTpUATH [26].



JuHamunueckas npupona texHosoruid LI v LIH ne-
JIaeT €CTECTBEHHBIM ITPMMEHEHNE MHOTOAareHTHBIX CH-
cTeM [J1s1 opraHu3auuu B3aumoaeiictsus LI/ B pamkax
LIH, npu 3ToM uHCTpyMeHTOM peanusauuu LI sBisi-
10TCs mporpamMMHbIe areHThl, a [IH — MAC B uenowm.
Bormpochl peanuzaiiiy MpoU3BOICTBEHHBIX CUCTEM C
TMOMOIBIO TEXHOJIOTUNA MHOTOAareHTHOTO B3aMMOIEH-
CTBUSI JOCTAaTOYHO XOPOIIIO TEOPETUUECKU ITpopabdoTa-
Hbl [9, 10, 13, 16, 17, 27].

CoBpeMeHHOEe pa3BUTHE KOHLEeNUUH LUdpoBoit
WHAYCTPUM YETBEPTOTrO IMOKOJIEHUs, KOTOPOE IpUBE-
JIO K HOBBIM apXuTeKTypam opraHuzainuu L1 B Bume
aIMUHUCTPATUBHBIX O00JIOYEK aKTUBOB, (YHKIIMO-
HUPYIOIIMX Ha ob1mx nudpoBbIX miardopmax, mpe-
JIOCTaBJIsIET BO3MOXHOCTh pa3BuTusi MAC Ha HOBOI
TEXHOJIOTUYECKON OCHOBE, MPEXKE BCETO C UCIOIb30-
BaHWEM MUKPOCEPBUCHOW pealu3allud MEXaHU3MOB
ucrnosHeHus GpyHKuuii areHtos [18, 19, 28].

B nepeuncieHHbIX paboTax OCHOBHOM YIIOp Ae/IaeT-
cs Ha QyHKuMoHanbHOU peanu3auuu MAC misa cos-
JaHUS HUGPOBBIX U CETEBBIX MPEAIPUITUI U B MEHb-
LIei CTENEeHM IMOCBSILEHbI BOIIPOCAM TEXHOJIOIUM UX
MpOeKTUpOBaHus. BMecTe ¢ TeM, mOCTpoeH e MHOTO-
areHTHBIX CHUCTEM B3aUMOIEHCTBUS YYACTHUKOB Ce-
TEBOTO MPEAIIPUITHS IeIacT aKTyaJbHBIMU BOIIPOCHI
co3gaHus TeXHoJloruu TpoektupoBanuss MAC, yuu-
THIBAIOIIEH YPOBEHb CIIOXKHOCTH CO3[IaBacMBbIX CeTe-
BbIX IpennpusTuii. PaHee pa3paGoTaHHBIE TEXHOJIO-
rum TpoektupoBaHusi MAC, Hampumep, Takue, Kak
ASEME [29], RTMIAS [30], X-Machine [31] u ap.,
HOCSIT JIOKAJIbHBII XapakTep NPUMEHEHMS, OCHOBaHbI
Ha KOMIIOHEHTHOI TEXHOJIOTMU OOBEKTHO-OPUEHTH-
POBaHHOTO IIPOEKTUPOBAHUSI, B HEKOTOPBIX CIIydasix
HCIOJIb3YIOT OHTOJIOTUHM JIJIsI Pa3pabOTKU B3aMOJCH-
CTBUSI ar€HTOB, HO IS TAKMX CJIOXHBIX CHCTEM, KakK
CEeTeBbIC MPEINPUSTHS, SIBJISTFOTCSI MAJIOIIPUTOIHBIMMU.

C TOYKM 3peHUs] TPUMEHEHUS] KOHLIENMUUU WHAY-
CTPUU YETBEPTOro IMOKOJEHUS TMpoeKThupoBaHue MAC
CETEeBOro MPEAINpPUATUSI CBOAUTCS K MPOESKTUPOBAHUIO
aIMUHUCTPATUBHBIX 000JI04eK aKTUBOB (AQ), KOTOphIe
COOTBETCTBYIOT areHTaM, peaju3yIolIUM aKTUBHBIA M
MPOAKTUBHBIN pexkxuM (pyHKIIMOHUpoBaHus [21, 28, 32],
a TakXke MPOEKTUPOBAHUIO CLIEHAPWEB MX B3auUMOIEH-
cTBUS B pamkax eauHbix LIH mocpenctBom obmeHa co-
obmeHussMu Mexay AO B COOTBETCTBUM C TIPOTOKOJIAMU,
ycraHoBieHHBIMA FIPA [33]. OTmmauTenbHO# ocobeH-
HOCTBIO peaym3anmy AO Ha TIPUHILIMIIAX MHOTOareHTHOM
TEXHOJIOTUN SIBJISIETCS BO3MOXHOCTH IPUMEHEHUs 0a3
3HAHWI 711 BEIPAOOTKU pelieHNit 1 MEXaHU3MOB MU~
TallMOHHOTO MOJEJMPOBAHUS M MAIIMHHOTO OOy4YEeHMSI
JIJIS aHAJIM3a Y UHTEPIpEeTaliy COOBITHIA.

Jna peanu3allid  IPOTPaMMHBIX areHTOB U HX
B3aMMOJEMCTBUS HeoOXOoAMMO pa3paboTaTb Habop
¢GyHKLIMOHANBHBIX cepBrUcoB AO, a maa uudpoBoii
IaTOpPMBI, OOCITY:KMBAIOIIE MHOXECTBO B3aMMO-
neiictBytonx AO, — Habop MHPPACTPYKTYPHBIX cep-
BHCOB, KOTOpBIC OOECIICUMBAIOT CO3MaHUE W PETH-
crpaunio AO U uX 1Mojb30BaTesieil, KOMMEPUYECKYIO U
WH(POPMALIMOHHYIO 0€30IaCHOCTh MCIOJB30BAaHUS U
pSI IpYTUX (DYHKIIWIA.

C ydyetoM cnoxHocTu nporuecca co3nanust MAC ce-
TEBOTO TIPSATIPUSATHUSI B CTaTbe IpEIIaraeTcs TeXHO-
JIOTUSI TIPOEKTUPOBAHUS, KOTOpasi 6a3upyeTcsl Ha I10-
CJIeIOBAaTEJIbHOM YTOUHEHUH ITPOEKTHBIX PEIICHU 110
YPOBHSIM apXUTEKTYPHl CETEBOTO MPEIIPUSITUAS B CO-
otBeTcTBUM ¢ (ppeiimBopkamu IIRA u RAMI [14, 15]
C WCTIOJIb30BaHMEM METOIUKHM amalTalliy THITOBBIX U
HaWJIyYIIMX MOJeJiel TPOeKTUPOBaHUS.

2. DTanbl TEXHOJIOTHHM MPOEKTHPOBAHUS
MAC ceTeBoro npeanpusTus

Ortarnbl npoekTupoBaHus MAC ceTeBOro mpeamnpusi-
THSI XOPOLLIO OMPENESIIOTCSI TOYKAMU 3PEHUST Ha apXU-
TEKTYpy CUCTEMbI B COOTBETCTBUM C (PpeiiMBOpPKOM
IIRA [14]:
¢ OM3Hec-MoIeNMpoBaHWe — TOYKAa 3peHMsT OU3Heca

(Business Viewpoint);

4 TIOCTpOEHUE TPOU3BOACTBEHHBIX M OW3HEC-TIPO-
1IECCOB — ToO4YKa 3peHus ucnoyb3oBaHus (Usage
Viewpoint);

¢ (dyHKuMoHanbHOE poeKkTupoBaHue MAC — pyHK-
IMoHabHasI Touka 3peHus (Functional Viewpoint);

¢ IIPOEKTUPOBAHUE TEXHOJIOIUM pean3ali — TOYKa
3peHus peanusdauuu (Implementation Viewpoint).

[lepeuncieHHble TOYKM 3pEHUS] Ha apXUTEKTYPY
W YPOBHU apXWUTEKTYPHI SIBISIIOTCS B3aMMOCBSI3aH-
HBIMU: KaXKIbIil TIOCTIEAYIOIINI YPOBEHDb apXUTEKTYPbI
KOHKPETU3UPYET TPEObIOYIINil YPOBEHb apXUTEKTY-
DBl Ha CBOEM CITeLIM(MDUIECKOM SI3bIKE W TTOATBEPXKAAET
BO3MOXHOCTb peajin3aii chopMyTMPOBAaHHBIX BhIIIE
TpeboBaHUA. OCOOEHHOCTHIO MpeIIaraeMoi TEXHOJIO-
run npoekTupoBaHusa MAC sgBisieTcs mocaenoBaTeIb-
Hasl IEKOMTIO3UIINS 1 IETATU3allsl TIPOEKTHBIX pellie-
HUIl U WUTepallMOHHOE MOBTOPEHUE 3TAIOB B Ciyyae
BO3HUKHOBEHMUSI HEOOXOIMMOCTH.

Hab6op ucnosib3yeMbix B peaiaraeMoi TeXHOJIOTUU
npoekTupoBaHusa MAC cylHocTeil HnudpoBoii cucre-
MBI Ha pa3IMUYHBIX YPOBHSX apxXxUTeKTypHI IIRA, a Tak-
K€ MHCTPYMEHTOB NPOEKTUPOBAHUSI IIPEACTaBICH B
mabauye 1.



Tabauya 1.

CymHoCTH ¥ MHCTPYMEHTbI poekTupoBanus MAC
Ha pa3juYHBIX YPOBHAX apXuTeKTypHOoro ¢peiimsopka IIRA

YpoBHu apxutekTypbl MAC ceTesoro npeanpuaTus
CywHocTtb
bu3sHec-ypoBeHb YpoBeHb Ucnonb30BaHus ®YHKUNOHANbHBIIA YPOBEHD YpoBeHb peanu3saumu
NHTepdbeitc (MpaHnyHbIiA knace) | KnneHTckoe npunoxetne
Cybbekt Yy4acTHuk, Ponb Ponb ncnonxutens
ArenT cyobekTa (AQ) CocTaBHOI MMKPOCEPBHC
AreHT 06bekTa (AQ) CoCTaBHOIA MUKPOCEPBMC
06bexT AkTiB MpoaykT, Pecypc
Knacc cyLiHocTeil basa faHHbIX
Onepauws (meTop, cepeuc) Mukpocepsic
DyHKLNS AKTUBHOCTb/ [lesiTeNbHOCTb lpougecc
Knacc cyuiHocTei PeecTp MMKpOCepBICoB
WHCTpyMeHTLI MOJENnUpoBaHUsA U NPOEKTUPOBAHUA
) i [Juarpamma aestensHoctit (UML); | UML auarpaMmbl: UML guarpammbl:
%ﬁ enu B%br;fmﬁg EB(L(L:G?:IIT(E?(TFI\I;I)L) BPMN fnarpamma; nocnea0BaTeNIbHOCTY; KOMMOHEHTOB;
Mogenb ucnonb3osanus (1IRA) KNaccoB; COCTOSAHMI pa3BEPTLIBAHMS

ITox yyacTHUKOM CeTM LIEHHOCTU (CETEeBOTO Ipel-
NpusITHs) OyaeM TMTOHUMATD JIIOObIe TIPEAPUITUS UIU
opraHM3alliM, yJacTBYIOIIUME B IIEMOYKE CO3daHUs
LIEHHOCTH B KaYeCTBE CYOBEKTOB.

Ilon ponbio OyaeM moHUMAThH Crien(pUUIeCKUii clie-
Hapuil TIOBENEHUSI, KOTOPBIA BBITIOJHSIET YYaCTHUK
CeTH IIEHHOCTH B IIPOM3BOIACTBEHHBIX WU OU3HEC-
npolieccax. IlpryeM oauH U TOT Xe YyYaCTHUK MOXET
WUTPpaTh Pa3HbI€ POJU B OJHOM U TOM XK€ IPOoIIEcce, Ha-
npuMep, MPeanpusThe MOXET ObITh MOCTaBIIUKOM
000pyd0BaHUS U MPOBAAEpPOM CEPBUCOB, a MPeaNpu-
SITUE-3KCIUTyaTaHT MOXET ObITh TaKXKe ONepaTopoM
YacTHOM o0JjlauHO# MHGPACTPYKTYphl. Poiu Ha ypoB-
HE HCITOJIb30BAaHMS MOTYT OBITh YTOYHEHBI 1O YPOBHS
KOHKPETHBIX UCTIOTHUTEICH.

Ha ¢byHKIMOHAIBHOM YPOBHE POJb BBIMOJHSIET-
CS1 HEMOCPEACTBEHHO JIMOO aKTOpOM (OpTaHU3allOH-
HOU enUHUILIEN), MO0 MPOTPAMMHBIM ar€HTOM-CyOb-
ekToM. B mepBoM ciydae st cyobekTa NOIXKEeH ObITh
co3gaH MHTepdeiic, peaaTn3yeMblii B BUIE KIMEHTCKO-
ro TIPUJIOXKEHUS, Yepe3 KOTOPOe OH B3aMMOAEIICTBYET
¢ MAC. Bo BTopoMm ciydae ajs1 cyObeKTa co3maeTcs
LIJI, xoTophlii aBTOMaTU3UPYET Pl (YHKILMI aKTo-
pa, Mo CyTH, 3aMeHsIsl ero. B aToM OTHOIlIEHUM Mpe.-
Jlaraetcs Ha (byHKUIMOHAIBHOM YPOBHE MPENCTaBIISITh
I cyonekTa TaK xke, Kak u LIJI aktuBa, — B Bume AO,
KOTOpasi peain3yeTcsl COCTaBHEIM MMKPOCEPBUCOM B

TOM CMBICJIE, YTO COCTABHOM MNPOTPaMMHbLIA KOMIIO-
HEHT BKJIIOYAET PEECTP CEPBUCOB, COOTBETCTBYIOLIMUX
OTAENbHBIM PYHKUMSIM [34].

Ilox akTMBOM CETEBOTO TIPEANPUSITUSI B COOTBET-
CTBUM C apXUTEKTypHBIM (ppeiimBopkomM RAMI Gynem
TMMOHUMATh JIIOObIe (PU3NYEeCKIE WA ITPOTpaMMHEBIE 00b-
€KTbI (IIPOIYKTHI — U3ICIINS, YCIYTH WIM UX KOMITOHEH-
ThI, X PECYpChbl — OTIEJIbHbIE YCTPOICTBa, 000PYIOBa-
HUE, MPOW3BOICTBEHHBIC JIMHUM, MPOU3BOJICTBEHHbBIC
cucteMsbl) [15], kotopblie npenctasisitorcst AO [33]. AO
00BEKTOB (MPOAYKTOB WA PECypCOB), Mpeaaraercs
peaIM30BBIBATh C IMOMOIIBI0 MUKPOCEPBUCOB [35, 36].
B cayyae ecnu kakas-nm0o 4yacTb uMHMoOpMmamuu o0
aKTHBaxX He TpeOyeT aKTUBHOIO YIIPABICHUS, TO OHA
TEXHOJOTUYECKU PeaIn3yeTcsl B BUIC JIOKAJILHOM s
MUKpOCEpBHCa MAaCCUBHOM 0a3bl JaHHBIX WJIM OOLLIEH
IS HECKOJIBKUX MUKPOCEPBUCOB 0a3bl TaHHBIX.

ITom aKTUBHOCTBHIO CETEBOTO MPEIIIPHUATHS C TOU-
KA 3peHus Ou3Heca OymeM IOHUMAaTb HEKOTOPYIO
byHKIIMIO, KOTOpasi IPOM3BOIMUT MOTOKU MaTepUaIhb-
HBIX LICHHOCTE!, MH(pOpMAIIUM 1 CTOUMOCTH (3aTpar).
Kaxnast akTUBHOCTh A€TaIU3UPYETCS B BUIE IPOLIEC-
ca, BhINOJHsIeMoro ¢ nmomMoiipio MAC, KOTopbhlii co-
CTOUT M3 OTHENBHEIX Olepannii. BEIIBIeHHBIE omepa-
LIMU 3aJal0TCSI B KQUECTBE JIEMEHTOB CTPYKTYphl AO,
KOTOpbIE cchltatoTcs uepe3 API-uHTepdeiic Ha peanu-
3allMI0 B BUe MUKpocepBuca. [1pu 3ToM MeTaomnuca-



HHUE oIlepaluy KakK KJIacC CYITHOCTEH ITOMEIaeTcs B
peectp cepBucos [21, 34].

g MmonenupoBanus 1 npoektupoBanus MAC uc-
MOJIb3yeTCS KOMOMHALMST Pa3IMYHbIX NHCTPYMEHTOB.
B cratbe mius mpencTaBieHHS CKBO3HOTO IIpHMMepa
npoiiecca npoektupoBaHusi MAC B KayecTBE KOM-
TUIEKCHOTO WHCTPYMEHTAa WCIOJIb3YeTCsl OOBbEKTHO-
OpPUEHTUPOBAHHLIN I3bIK MoaenupoBaHust UML.

PaccMoTpuM 3Tanbl TEXHOJIOTUM MPOEKTUPOBAHUS
MAC ceTteBOro NpeanpusThs, COOTBETCTBYIOLINE TOY -
kam 3peHus IIRA, 6osee netaabHO.

busnec-modeauposanue. Touka 3penus 6usneca (Busi-
ness Viewpoint) ornpenensieT CTpaTerMio CO3JaHUSI U
(yHkimonupoBanus cereBoro mnpennpusitus. C 3Toi
MO3UIIMYU Ha 3Tane OU3HEeC-MOAEIMPOBAHUS OTIPENEsi-
I0TCSI 3aMHTEPECOBAHHbBIE CTOPOHBI U MX BUIEHNE (DYyHK-
LIMOHUPOBAHUS TIPEATIPUSITUSI B YCIOBUSIX TPUMEHE-
HUS 00IIMX LIUMPOBBIX MIaTHOpM, a TakKe LIEHHOCTH
" e M pOBU3AIAY TIPOM3BOACTBEHHBIX U OU3HEC-
npoieccoB. Ha aToM atamne (popMupyroTcst Ou3Hec-Tpe-
0OBaHMS K TTPOESKTUPYEMOIl MHOTOAreHTHOU CHCTEME.
Bax#eiinyio poib Ha 3TOM 3Tare UrpaeT MoCcTpoeHue
OusHec-Mopeneil QYHKIMOHUPOBAHUS CETEBBIX Mpea-
MPUSATHN, KOHKPETU3UPYEMBIX B OM3HEC-CLEHAPUSIX
[21, 37]. B xayecTBe HOTALIMM OINMCAHUs OU3HEC-MOIe-
JIel IIMPOKO UCTONIb3yeTcsl (PpeiiMBOpPK CeTeil 1IeHHO-
ctu Cankr-Tannena [38]. C mo3uLiMyM MHOTOAreHTHOM
peanu3aliuy BaxHellee 3HAUeHUE MPUOOpeTaeT Me-
TO[I OTIPENIEIEHNSI OCHOBHBIX aKTUBHOCTEW U MX aKTO-
POB, MONAEPXKUBAEMBIX B TAJIbHEUIIEM TPOTPAMMHBIMU
areHTamMu M ux TporieccamMu. OCHOBHBIE aKTMBHOCTH
ceTeil LIeHHOCTM MOXHO OTpaXaTh C MOMOIIbIO dua-
rpaMM BapuaHTOB ucnojib3oBaHuss UML.

IIpouecc Gu3Hec-MOAEIUPOBAHUS HAYMHAETCS CO
SWOT-ananu3a npenjaraeMoil opraHu3aluyu CeTeBO-
TO TIPEANPUSITUSI, KOTOPBIN BBISIBIISIET TOCTOMHCTBA U
HEI0CTaTKU LU(POBU3AIMY C TTO3UILIMKA MCIIOJIb30Ba-
HUST BHYTPEHHUX PECYPCOB, a TAKKE BOBMOXHOCTEH 1
YTPO3 C MO3ULIUU BIUSTHUS BHEIIHEN cpefibl. B pe3yib-
tate SWOT ananu3za onpenensieTcsi BUIeHUE KOMITa-
HUU, OCHOBHbIE (hOpMUPYyEMbIE LIEHHOCTU U CTPOUTCS
nepeBo Lenei. s neneit popmupyrorcss Habophl Me-
POTIPUSITUI TIO UX JOCTUKEHUIO, BKITIOYAIOIIUX B TOM
YUCJIE CO3JaHME HOBOM WJIM HACTPOMKY CYIIECTBYIO-
el TPOrpaMMHO-TEXHUYECKOM TIIIaT(hOPMBI.

Bri6op O6uM3HEec-Moneseil 1 COOTBETCTBYIOIIMX TTPU-
KJIaOHBIX CIICHAPHEB pean3allii OCYIIECTBISICTCS TI0
MeTonMKe, onucaHHou B [22, 39]. B coorBeTcTBUM C
3TOI METOIMKOMU B 3aBUCHMOCTH OT THTIa OU3HEC-MOJIe-
gy (MoIe/ib NPUMEHEHUS! MPOMbBIIUIEHHOIO MHTEPHE-

Ta, MOJIEJIb IIPEAOCTABICHUS YCIIYT B LIETIOYKE CO3IaHUS
CTOMMOCTH, MOJIEJIM JOBEPEHHOIO AOCTYMA K JaHHBIM)
U THIIa OM3HeC-Mpoliecca (IIPOLECCH YIIPABICHUS K13~
HEHHBIM LIMKJIOM CO3IaHUS MPOAYKIIUU, YIIPABICHUS
XU3HEHHBIM IIUKJIOM IIPOM3BOICTBEHHON CHCTEMBI,
VIpaBIIeHUST LIETIOYKaMU TTOCTaBOK, YIIPaBJICHUS cep-
BUCHBIM OOCITy>KMBaHWEM aKTHBOB) BBIOMPAIOTCS TIPU-
KJIagHBIC CIIEHAPUY pea3allid CEeTEBOTO IPEIITpHsI-
s (AnantusBHas padbprka, CeTb coO30aHUSI CTOUMOCTU
«MHHOBaIMoOHHasT pa3paboTka mpoaykTa», CeTh CO3-
naHust croumoctu «IIpou3BoACTBO, yIpaBisieMoe 3a-
Kazom», CrieHapuii, OCHOBaHHBI Ha LIEHHOCTH U JIp.).
Bbi6op NpuKIamHOIO ClieHapUs peajn3alliid CETEBOIO
MPEAIIPUSITHUS OCYILIECTBIISIETCS HA OCHOBE Oa3bl 3HAHMIA
TUIIOBBIX 11A0JIOHOB CLIEHApUEB, YIIOPSAOYEHHOM C 110~
MOILIbIO OHTOJIOTMH LU(PPOBOI TpaHCHOpMALIUY, U TT0-
CJIEAYIOILIEro aHaIn3a CeTeBbIX 3 PEKTOB.

BriOpaHHBIN TIPUKIIagHON CLEHAPUM TIPEeACTaBIsI-
eTCsS B BUIIE MOIECIN CETH IICHHOCTU M amalTHPYETCS
K YCIIOBUSIM (bYHKIIMOHUPOBAHUS KOHKPETHOTO TIpe-
npusTus. B Mojenn ceTu LeHHOCTEN B MEPBYIO Ove-
pelb oIpeaessieTcsl COCTaB YYaCTHUKOB MPeaNpUsITUS
U UX poju (rOJJOBHOE MPEANnpUsITUE, CYyONOIPSIAUNKH,
MpoBaiiaepbl QYHKINOHAJIBHBIX CEPBUCOB, OIEPaTOPhI
1aTOPMBI, pPa3pabOTUMKK TMPOrpaMMHOr0O obecrie-
YeHUsI, CHCTEMHbIE MHTEIpaToOphl U Ap.). BolmoaHeHue
aKTUBHOCTEN YYaCTHUKAMHU CETEBOTO IPEANIPUSTUS
B COOTBETCTBMU C MX POJIIMU MOXHO MPEICTaBUTH B
BUIIC IMarpaMMbl BapHaHTOB MCIIOJIb30BaHMS. [Ipu-
Mep AuarpaMMbl BApHAaHTOB MCIIOJb30BaHUS IS IIPH-
KJIaTHOTO CIICHapHsi, OCHOBaHHOTO Ha IIeHHOoCTH [40],
IIpeaCcTaBJIcH Ha pucyuke 1.

Tlocmpoenue npoussodcmeenHvix U OusHec-npouyec-
C08 8 COOMBEMCMBUU C MOUYKOU 3PeHUs HA UCHOAb30-
eanue cucmemot (Usage Viewpoint). Ha maHHOM 3Tarre
onpeneNsioTcss (PyHKIIMOHAbHbIE TPEOOBAaHUS K Op-
TaHU3allMA TTPOU3BOJICTBEHHBIX U OU3HEC-TIPOLIECCOB
B YaCTU KOHKPETU3allMd YYACTHUKOB CETEBBIX MpEm-
MPUSITUM, UX POJIEN B pa3IUYHbIX aKTUBHOCTSIX (IIPO-
1eccax). Ilpu 5TOM aKTUBHOCTHU OMPENESIOTCS C MO0~
3ULIAN YCIIOBUI MHUIIMALIUM, pabOYEro MoToKa 3a1ady,
rnosxydaeMbiX 3¢ (eKToB U OTpaHWYEHU Ha UCTIOJTHE-
HUeE MTPOLIECCOB, MPUYEM JJIs 3aa4 HA3HAYAIOTCSI POJIU
ucrionHureneii [37, 40].

Ilepexon OoT Momenu CeTU LIEHHOCTEH K MOMAEsIM
MPOU3BOJCTBEHHBIX 1 OM3HEC-TIPOIIECCOB OCYIIIECTBIISI-
€TCS1 B COOTBETCTBUMU CO CJICAYIOLINM METOAOM: KaXIO0-
My TIOTOKY IIEHHOCTEl M COIPOBOXKIAIOIIMM HMH(DOP-
MAaIIMOHHBIM 1 (DMHAHCOBBIM ITOTOKAM COOTBETCTBYIOT
IIPOM3BOICTBEHHBIC WM OM3HEC-IIPOIIECCHI, KOTOPHIC



MNpoussoaunTens

OkcnnyaTtaHT
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YcTaHoBKa
060pyaoBaHns

WuTerpauus
060pygoBaHns

MOTYT OBITh TIPOMOICIMPOBAHBI B BUIE IUATPAMMBI
aktuBHocTeld uau BPMN nmarpaMmbl, oTpaxaroluei
i 3aKpeIUIeHUe PoJieii YYaCTHUKOB IIPOLIECCOB 3a BbI-

OnepaTop
naTPpopMbl

IMOJTHEHNEM KOHKPETHBIX orepaiuii (cepBucoB). B pe-
3yJabTaTe TTOCTPOSHMSI AMATPAMM aKTUBHOCTH (hOpPMU-
pytoTrcd (QYHKIMOHATBbHBIE TPeOOBaHUS K Oymyliemy
COCTaBy IPOTPAMMHBIX ar€HTOB, PEaJM3YIONINX BbIIe-
JIEHHBIE POJIU, U COCTaBYy OMNeEpalnii (CEpBUCOB) COOT-

Mposaiipep = BeTCTBYMOLINX AO.

cepsncos Dynxyuonanvhoe npoekmuposanue MAC, oTtpaxa-

Wuterpaums (anamTvi)
MPOrPaMHbIX omee (GYHKIMOHAIBHYIO TOUYKY 3pCHUS Ha apXu-
CepBNCOB i tekTypy cucteMbl (Functional Viewpoint). Ha stom

_

Puc. 1. TipuMep Anarpammbl BApUAHTOB UCMNONb30BAHMS
QNS NPUKNAAHOTO CLEHAPKS, 0CHOBAHHOMO Ha LieHHoCT (VBS).

C60p AaHHbIX
no pa6ore
060pyaoBaHNs

[TpunaTune

9Tare mpeacTaBiIsieTcs: MeTon (POPMUPOBAHUSI OCHOB-
HBIX MPOEKTHBIX pelleHuit mo noctpoeHuto MAC ce-
TEBOTO MPEANPUSITUS C TO3ULUU peaTu3aluu pas-
JIMYHBIX KaTerOopuii cepBUCOB ¢ moMollubio AO n ux
CrieliMaNn3alny: B3aUMOACHCTBUS C BHEIIHUMU OU3-
Hec-ceppucamu (ERP, MES, PLM wu np.); mpuio-
xeHuii (Application) — (YHKIIMOHAIBHBIX CEPBUCOB

peLleHms
no pa6ore LUGPOBBIX CHUCTEM; CHUCTEMHBIX cepBUCOB (System
060pyA0BaHNS Management) — cepBHUCOB ILIAT(OPMBI; CEPBUCOB UH-

Terpalliy ¢ aKTUBaMU — (PU3MYECKUMM yCTPOMCTBa-
M, ripomyktamu (Control); cepBICOB KOMMYHUKAITUN
KOMITOHEHTOB LIM(MPOBOI cUCTeMEI (maba. 2) [14, 34].

Tabauya 2.

IlonypoBuu dyHkuuonaapHoro yposus ¢peiitmopka IIRA

MoayposHu
(hYHKLMOHANbHOIO YPOBHS

Onucanue

YpoBeHb OM3Heca
(BUSINESS DOMAIN)

Cepaucbl M0 06MEHY MH(OPMALWEN C BHELLHAMI NPUTIOXEHNAMIA PASTIYHbBIX MH(DOPMALMOHHBIX CCTEM:
ERP, CRM, PLM, MES, HRM u gip.

YpoBeHb NPUROXEHII

OYHKUMOHAMHBIE CEPBUCHI, BbINOMHSOLLNE (YHKLIAM NO MOHUTOPIHTY, ANArHOCTUKE, MPOTHO3UPOBAHIO,

(APPLICATION DOMAIN) COrNacoBaHI0, OMTUMU3ALNK, 0BECTIEYEHINHO, YNIPABNEHMIO MPOM3BOACTBEHHBIMM 11 BU3HEC-NPOLIECCAMN
OnepaLyoHHbIi ypoBEHb 061LLne MHADPACTPYKTYPHBIE CEPBUCHI YNPABNEHMS MPOrPAMMHOI CACTEMOIA (MNaTthopMOIt): pa3BepTbiBaHUS,
(SYSTEM MANAGEMENT HACTPOWMKIA, MOHWTOPWHIA, NArHOCTUKM 11 0BHOBMEHWS 66 KOMMOHEHTOB, @ TAKKe OPKECTPALMIA N0 KOOPAMHALN
DOMAIN) PaboTbl PA3NN4HbIX KOMMOHEHTOB CUCTEMb

HhopMaLmMOHHbIiA YPOBEHb
(INFORMATION DOMAIN)

Cepauchl CO0Pa, 04NCTKIA, CUHTAKCUYECKUX W CEMAHTUYECKMX MPeodpa3oBaHutii, HAKONMEHNA U BbIAAYM JAHHbIX
NSt (YHKLVOHAMbHBIX KOMMOHEHTOB.

BcnomoratenbHble CepBuCh! YNpaBeHIs AaHHbIMU: 006CneyeHs 6e30MacHOCTY JaHHbIX, KOHTPONA JOCTYNa

K JaHHbIM 11 yNpaBReHNs NpaBamiA Ha aHHble, Pe3epBHOT0 KONMPOBAHWS 1 BOCCTAHOBNEHISA U fip.

CepBiCbl, peaninayioLLne YHUBEPCabHbIE METOZb! aHaNN3a [aHHbIX, B T.4. METOAbI aHann3a G0bLUNX AaHHbIX,
MaLLMHHOrO 0BY4EHNS, UIMUTALMOHHOM0 MOJENUPOBAHWS, U3BNEYEHNIN 3HAHMIA

YpoBeHb KOMMYHUKAL|WTA

PaccmarpuBaeTcs Mexy cepBucamit (KOMNOHEHTaMu) Ha BCeX NOAYPOBHAX

YpoBeHb ynpasneHus
(CONTROL DOMAIN)

CepBicbl B3aUMOEACTBINE NPOrPAMMHbIX KOMMOHEHTOB ¢ (DU3NHECKMU YCTPOACTBAMIA (aKTUBAMN):
C6OP [jaHHbIX C NOMOLLbIO aTYUKOB OT (DU3UHECKUX YCTPOICTB, MOHUTOPUHT PABOThl 1 UCTIONHEHME
YMPaBNSIOLAX KOMaH Ha DN3NHECKIX YCTPOICTBAX.

DU3NYECKNe CUCTEMbI

®u3n4eckue YCTPOACTBA: YacTu 060pya0BaHNS, 060PYL0BAHIE, NPON3BOACTBEHHbIE TMHMN, NPOU3BOACTBEHHbIE
cuctembl (habpukm), ceTesble npeanpustus (Connection World)
MporpaMmMHble Cpe/acTBa: BUBNMOTEKI NPOrPaMMHbIX CPEACTB, 6a3bl 3HAHMIA, OHTONOTW, PEMO3UTOPUA




C (yHKIIMOHAIBHOM TOYKU 3pEHMSI B COOTBETCTBUH
C KOHIETIMEH TIUIaThOpMbl WHIYCTPUU YETBEPTOTO
TTOKOJICHWSI KaXKIbIii KOMIIOHEHT CETEBOTO ITPEIIIpH-
SITUS TpeacTaBiseT aktuB U ero AO [41, 42]. CtpykTy-
pa AO BKIIO9aeT HaOOpP CBOMCTB (property), oreparuii
(operation) U coObITHII (event), KOTOpPble MOTYT OBITh
TaKXKe pasHeceHbI 1o moamomnesiaM (submodel) [42].
IIpu sToM nHbOpMaoHHas yacTh (maccuBHas) AO B
BUIIe HAOOpa CBOMCTB MO3BOJISIET OTPAXaTh JMHAMMYEC-
CKYI0 MTH(DOPMALIMOHHYIO MOJIE/Ib aKTHUBA, a OTIepalliOH-
Hasl (aKTUBHAST) YaCTh — OCYIIECTBIISITh B3aMOICCTBHE
¢ aktiBaMu, IpyruMu AO M BHEITHUMMU TTPUTIOKEHUS -
MM, WCIIOJIHATH (PYHKIMOHAJIBHEIE CEPBUCH. B cooT-
BETCTBUM C BUIaMU aKTUBOB IIPOrPaAMMHBIE ar€HThI, KO-
TOpBIE TpencTaBiIsiorcss AQ, pas3nelsIroTcsl Ha areHTOB
MPOAYKTOB U areHTOB pecypcoB (obopynoBaHust) [43].
Iudposas mmatdopma MoxKeT OBITh mpeacTaBieHa AO
¢ HabOPOM CHCTEMHBIX CEPBUCOB, AKTOPOM JIJIs1 KOTOPOI
SIBJISIETCSI OTlepaTop (amMUHUCTpaTop) rmiatdopmer. LIJT
CyObEKTOB YIpPaBJIECHUS TTPOU3BOACTBEHHON CUCTEMON
TaKXe TPeICTaBISTIOTCs areHTaMu — AQ.

AO Kak mporpaMMHbIE areHTbl XOpOLIO TpeAcTaB-
JITIOTCSL KJIacCaMM B 0OBEKTHO-OPUEHTUPOBAHHOM T1a-
panurme. BzaumoneicTBUe MpPOrpaMMHBIX areHTOB B
MpolIecce BBIMTOTHEHMS OTACIbLHBIX aKTUBHOCTEH C ITO-
OaBjeHUEM HEOOXOAMMBIX WHTEP(hENCHBIX KIacCOB
(Boundary) 1 Kj1accoB-CyIIHOCTEM, CBSI3aHHBIX ¢ 0a30ii

O

AHanuTuk AHanus gaHHbIX

}--

BbINonHNTL aHann3
060CHOBaTL peLueHne

AreHT aHannTvika

060cCHOBaTH peLueHne

BbInonHUTL aHann3

nmaHHbIX (Entity), oToOpakaeTcs B BUIE AMarpaMMEI I10-
caemoBaTesbHOCcTel (Sequence Diagram). Ha pucynke 2
MpencTaBiaeH (hparMeHT quarpaMMbl MOCIIEAOBATETbHO-
CTel, oTpaxarollei mpoiiecc GopMUPOBAHUS PEKOMEH-
AL 110 paboTe 000PYIOBAaHUS B COOTBETCTBUY C ITPH-
KJIAJIHBIM CIIeHapueM, OCHOBaHHBIM Ha IIEHHOCTH.

B naHHOM ciyyae B posiu areHTa cyobeKTa BhICTYIa-
€T areHT aHAJIUTUKA, a B POJIM areHTa O0ObEKTa — areHT
000pyIOBaHUS M KaK KOHSUHBIN ITPOIYKT IIJIST IIPOU3BO-
IATENST 00OPYIOBaHUS, M KaK pecypc — ISl TIPEeaIpy-
SATUS-OKCIUIyaTaHTa. 3aIycK IIPOLIEcca OCYILIECTBISET-
s yepe3 TPaHMYHBIN KJIACC — KITMEHTCKOE MPUJIoKeHNE
«Ananu3 maHHbIx» (Boundary), a 3anuch nmonydyeHHOM
PEKOMEHIALIUK B JIOKAJIbHYIO 6a3y TaHHBIX Yepe3 KJIACC
cymHoctei «Pekomenpaiun» (Entity).

Ha cdopmupoBaHHoii auarpamme kjiaccoB AQO
«ATEHT aHAIUTUKA» peaTn3yeT (OYHKIIMH ITPOrpaMMHOTO
areHTta ypoBHS (pyHK1moHasibHOro nomeHa (Functional
Domain). CepBuc (onepaiusi) «BbIMOJTHUTh MPOTHO3»
C TIOMOIIIBIO OTHOTO M3 METOIOB MAIIIMHHOTO O0y4YeHMSI,
HarpuMmep, HEUPOHHOM CETH, BHITIONHSET TIPOTHO3UPO-
BaHUE HeWCIpaBHOCTEN, a cepBuc «ChopMupoBarh pe-
KOMEH/IALIMIO» C TIOMOIIIbI0 HA0Opa MPaBWII /WU UMU-
TAllMOHHOW MOJEIM HAa OCHOBE METOJOB areHTHOTO U
JUCKPETHO-COOBITUITHOTO MOJEIMPOBAHNUS, PEATU30-
BaHHOW, HanpumMep, B cucteme AnyLogic [9].

Q

1
AreHT o6|opy,qosava PekoMenpaumm
1

[oAroToBUTH HAGOP AAHHBIX

[ToaroToBUTH HAGOP AAHHBIX

BbinonuuTb
MporHo3

CchopmmpoBsatb
pekoMeHALMI0

CoxpaHuTb peKOMeHaaumio

Y

T
1

1
CoXxpaHuTb pefomeu,qaumo

-
1
1
1

Puc. 2. DparmeHT uarpammbl N0CNeL0BaTeNIbHOCTEN
Ans npouecca HOpMIUPOBAHNS PeKOMEHAALWIA N0 paboTe 060pyN0BaHIS.



AO <«AreHT 00OpyIOBaHUSI» SIBJISIETCS IPOrpPamMM-
HBIM areHTOM, KOTOpBIii coOOMpaeT MJaHHBIE B UCTOPU-
YecKuit Habop MaHHBIX VIS TIPOTHO3UPOBAHMUS COCTO-
SIHUSI M OOHOBJISIET COCTOSIHME akThBa. B aTOM cMbIcie
AO BbInoHseT yHKIMU ypoBHs yrpasieHus (Control
Domain). MHbopMalioHHbIe CepBUCHI IO TTpeodpa3o-
BaHUAM (POpPMATOB NaHHBIX, MPOBEPKE OE30MaCHOCTU
IOCTyIa U JIp., CBSI3aHHBIC C BBITTOJTHECHHEM CEPBHCOB
«AHam3 qaHHBIX» N «COXPaHUTb PEeKOMEHIAINI», BbI-
3BIBAIOTCSI BHYTPU 3TUX CEPBUCOB. AHAJIOTMYHO CEPBHUC
koMMmyHuKauuu AO «AreHT aHaIUTHKa» U AO «ATeHT
000opynoBaHUs» BbI3bIBaeTCSl BHYTpU cepBuca «Iloaro-
TOBUTb HAOOP JaHHBIX».

Ilpoexmupoeanue  mexnono2uueckoii  pearuzayuu
(Implementation Viewpoint). Touka 3peHust Ha peain3a-
o UGPOBON CUCTEMBI OTpaxaeT (huU3Mveckoe TMo-
CTPOEHUE CHUCTEMBI W3 CO3[aBa€MbIX KOMITOHEHTOB.
YuuThiBass aBTOHOMHOCTb OCHOBHBIX KOMIIOHEHTOB —
MPOTrPaMMHBIX areHTOB, WX PaCMpeleIeHHOCTb B BbI-
YUCIUTENBHONU CETH, HEOOXONMMOCTh HE3aBUCUMOTO
obpaleHus1 K MHGPaCcTpYKTYpHBIM cepBMCaM oOILei
1MdpoBoit MIaTOOPMbI, HAUTUYME JTOKATbHbBIX 0a3 JaH-

i AHanuTuk

v

HBIX B COCTaBe KOMITOHEHTOB, MpeUIaracTcs peaan3o-
BbiBaTb MAC Ha OCHOBE TEXHOJOTMM MUKPOCEPBUCOB
B 00J1a4HOM cpefie KoHTeitHepu3auu. [Ipu aToM MoryT
HCIIOJIB30BAThCSl APXUTEKTYPHBIC ITA0JI0OHBI, KOTOPBIC
SIBJISTIOTCS TIpUMEpaMU M CIIPAaBOYHBIMHM MaTepHhajlaMUi
JIJIS KOHLIENTyaau3aluuu pealbHbIX apxutekTyp I1oT.

IIpuMeHeHe MUKPOCEPBUCOB MpelaraeTcs ocy-
IIECTBJIATH Ha ABYX YPOBHSIX: Ha ypoBHe AO B BUE CO-
CTaBHBIX MMKPOCEPBUCOB U Ha YPOBHE MUKPOCEPBUC-
HOI peanu3auuu orepaluii (cepBucoB, MeTonoB) AQO.
Bo BTrOpoM cirydae omneparvs B mHGOPMAIIMOHHOM Ya-
ctu AO cBs3aHa uyepe3 API unTtepdeiic ¢ MUKpocepBU-
COM, KOTOpBIIi XpaHUTCSl B BbIACICHHOI OUOIMOTEKE
AQO, opraHn30BaHHOI C MOMOIILIO peecTpa CepBUCOB
(Registry) [34].

WHuTerpanys 1 pa3BepThiBaHUE MUKPOCEPBUCOB OCY-
ILIECTBJISICTCSI HAa TEXHOJOTMYECKOM T1aThopMe yIipaB-
JICHWSI KOHTEHMHEpHBIMM MHUKpocepBHcamMu. I[Ipumep
JMarpamMMbl pa3BepTHIBAHUS BCETO TTPOrpaMMHOTO 00e-
crieyeHusT LUMPPOBOIl MHOTOareHTHOW CUCTEMBI ISt
npoirecca (OPMUPOBAHUS PEKOMEHIAIMI 10 paboTe
000pynoBaHUs MPeACTaB/eH Ha pucyHke 3.

Knunent KoHTeliHep

KoHTeliHep

o)

$ AHanm3 faHHbIX

y-
$ AreHT_aHanuTtmka @

$ AreHT_060pynoBaHus

T 9

@ KoHTeiHep @
$ AreHT_nnargopmbl
KoHTeliHep N KoHTeiinep
®)
$ AreHT_npoussopuTens Z AreHT_akcnnyaTtaHTa

<

©

Knuent

Knuent

$ DopMIUPOBaHIE_peLLEHIS

$ [puHATME_peLueHns

Pe

MpownssoamnTens '

.T

' OkcnnyaTaHT

Puc. 3. Onarpamma pa3ssepTbiBaHus MAC.



B xauecTBe apxuTeKTypHOro I1abjioHa peajiu3aluu
CETEBOTO MPEIPUATHS B KOHIIETIIY [1pOoMBITIUIEHHO-
ro Unurepuera (IIRA) npenmaraercs ncob30BaTh I1a-
6sioH LIJI B KauecTBe MPOMEXYTOUHOTO MPOrPaMMHOTO
cjost (MeXay TpWIOXEeHUeM U (U3NYECKUM MUPOM)
[14]. B aTOM 111aGJ0HE TOApa3yMeBaeTCsl MOCTPOEHUE
TMPOMBIIIUIEHHBIX MPUJIOXeHUi Ha ocHoBe LI/, koTo-
pbIE B CBOIO OY€pellb PeasIu3yIOTCs HA OCHOBE TUIIOBBIX
cepBucos 1iardopmsl [1oT.

3. MeToauka aganranuu
MojieJieii MPOEKTUPOBAHUS MHOTOATE€HTHOM
CHCTEMbI CETEBOI0 MpeanpusATHS

B ocHoBe TexHonornu npoektupoanuss MAC mipen-
JIaraeTcsl MCIIOJIb30BaTh METONNKY adalTallii MOICIICI
(11a610HOB) TIPOEKTUPOBAHUS. JIJIT 3TOr0 OpraHM3yIoT-
cs1 6a3bl 3HaHMI (OMOIMOTEKM) MOEIel MPOEeKTUPOBa-
HUSI, KOTOPbIE CUCTEMATU3UPYIOTCSI B COOTBETCTBUU C
HabopoM cjioBapeii (OHTOJOTHIA).

B T'ocymapctBeHHOM craHmapte «CTpykTypa Imd-
poBoii padbpuxkm» [20] 1M1a6I0HBI TIPOSKTUPOBAHUS 3a-
JaloTcs B OMOJIMOTEeKaxX KJIacCOB aKTUBOB IM(poOBOit
Gabpurku, a TakxKe OIpeAessieTcss Habop coBapeii, B
COOTBETCTBUM C KOTOPBIMHU CTPOSITCS KJIACCHI aKTUBOB.
B marepuanax npoekra «Ilmardopma Uumycrpus 4.0»
[21] mMomenu (11aGIOHBI) TTPOSKTUPOBAHUS IIPEICTAB-
JISIIOTCsl B OMOMoTeKe (yHKLIMOHATBHBIX 0JI0KOB. B pa-
0ote [22] ObUIO MPEMTOXKEHO UCIONIb30BaTh HE TOJIBLKO
TUIIOBBIE MOJIEIIM TTPUKIIATHBIX ClIeHApHEB 13 0a3bI 3HA-
HUI, HO TaK:Ke HaKaIUTUBATh MOJIE/IH IPELIEICHTOB, OT-
HOCSIIIXCS K BBITIOJTHECHHBIM MPOEKTaM, M UCIIOIb30-
BaTh UEPAPXMIO OHTOJIOTHI IJISI OpraHU3allMK JOCTYIIa
K 9TUM MOJIEJISIM.

B nmaHHOI1 paboTe MoOmxoa K MCIOJIb30BAaHUIO IIIa-
6moHoB mpoekTupoBaHuss MAC pa3BuBaeTcsl C TOY-
KU 3pEHUs] UX TIPUMEHEHUs Ha BCEX dTarax TEXHOJO-
MU MPOEeKTUPOBaHUs. MeTonuka agantauuu Mozesnei
MPOEKTUPOBAHUSI MHOTOare HTHOM CUCTEMBI CBOIUTCS K
BBIOOpKE U3 OMONMOTEK TUIMOBBIX MOJEE U 0a3 3Ha-
HUI TIPELIEICHTOB afeKBaTHBIX MOJIENICH 1 X TIOCTIey-
fo1eit nopabotke (puc. 4).

Jist oTpaxkeHuUsl TEKYIIETO COCTOSIHUSI MPOEKTa CO3-
nanust MAC opraHusyeTcsl perno3uTopurii mpoekTa, Ko-
TOPBII (PUKCHUPYET COCTOSTHUE MPOEKTA MOCIE KaXIOTO
orana. [1pu 3TOM TakKe OCyIEeCTBISIETCS] YTOYHEHUE 1
pa3BUTHE OHTOJIOTUU MPOEKTA.

OpraHu3zaiys NpoeKTa Ha CTaauy UHULIMUPOBAHNS
HaYMHAETCS C OTpeeieHsI OHTOJIOTUM CETEBOTO TIPe-
MPUSTHUS U BEIOOPA COOTBETCTBYIONINX CJIOBapeil U3 Ha-
0opa OHTOJIOTHIA, KOTOPBIE MOTYT OBITh PEAIM30BaHBI

pPa3IMYHBIMUA OpraHaMM CTAHOAPTH3aLMH, KOHCOPIIM-
yMaMU U MCCJIEAOBATEIbCKUMU MPOEKTaMU, W BKIIIO-
YaloIIMMKU OHTOJIOTUN BEPXHETO YPOBHSI, ITPOOJIEMHBIE
OHTOJIOTUM M OHTOJIOTMU TIpeaAMETHOI oOjacTtu. BrI-
OpaHHbIE OHTOJIOTMU (POPMUPYIOT MPOTOTUIT OHTOJIO-
MU mpoekTa (ceTeBoro mpenrpusTtust). Kpome toro,
IO Mepe peaJn3aliMi MPoeKTa K CYIIECTBYIOIIEH OH-
TOJIOTUM 4Yepe3 CChUIKM MOMAKIIOUYAIOTCS U OHTOJIOTUU
BHEIITHUX YIaCTHUKOB CETeBOTro IpemmpusTus. Heoo-
XOIUMBIM YCJIOBUEM UX O0bEIUHEHUS SIBJISIETCS] BhIPaB-
HUBaHKWE BHEILIHUX OHTOJIOTUI C OHTOJIOTHEN MpOeKTa
(CeTeBOro MPEIIPUSITHS).

PasButue penos3utopusi 1 MeTaJaHHBIX OHTOJIOTUU
B MOCJIEAYIONIEM TIpeArosaraeT BEpCUOHMPOBAHME HE
TOJIbKO JaHHBIX (peau3yeTcsl «CHUMOK» IapaMeTpOB
MOJIeJIE CUCTEMBI 10 COCTOSSHUIO Ha HEKOTOPBI MO-
MEHT BPEeMEHHU), HO M OHTOJIOTUM CETEBOTO IIPEIIIPHSI-
Tus. Takoll BapMaHT MO3BOJIIET UCITONIb30BaTh BCE Ha-
KOTUIEHHBIE B UCTOPUYECKOM TEPCIIEKTUBE JAHHBIE IS
pa3BUTHUS IMPOEKTA II0 CO3MAHUIO M (DYHKIIMOHUPOBA-
HUIO CETEeBOro MpeanpusTusi. MeXaHUu3Mbl, peanu3y-
I0IMe€ BEPCUMOHUPOBAHUE, BbIPABHUBAHWE W Pa3BUTHE
OHTOJIOTMi1, UX CBA3bIBAHUE APYr C APYIOM, IOJIKHBI
OBbITh peajn30BaHbl KaK CaMOCTOSITEJIbHbIE CEPBUCHI B
paMKax IIaThOpPMBI, TTOIAEePKUBAIOIIe DYHKIIMOHM-
POBaHKWE MHOTOAr€HTHOM CUCTEMBI.

Kaxnmprif mocnemyomuii  3Tal  IPOSKTUPOBAHUS
MHOTOAreHTHOI CUCTeMbI (hOpMUPYET Ha BBIXOJE Ha-
0Op BXOIHBIX MapaMeTPOB IS (DOPMUPOBAHHUS CIIEIY-
JOIIEeTO 3Tara, B paMKaxX KOTOPOTO 3TH BXOMHBIE TTapa-
METPBI CIy>KaT OCHOBOM 111 0TOOpa HOBBIX MOZENIEH U3
01OIMOTEKU TUIOBBLIX Mogeieit. ITo ypoBHSAM Tunm3a-
LM MOJIeJieil, KOTOpbIe XpaHSTCS B OMOIMOTEeKE TUIIO-
BbIX Mojesieil (11abjJOHOB MPOEKTUPOBAHMS), MOAEIU
MOTYT OBITH KaK JOCTATOYHO a0CTPAKTHBIMM, BHICOKO-
YPOBHEBBIMH, TaK M CIIEHM(UIHBIMU I KOHKPETHOM
MpeaMeTHOI 001acTu.

OTIMYNUTETEHON 0COOEHHOCTBIO TpeIaraeMoil Me-
TONMKM afanTaluy Mopeneil nmpoektupoBaHusi MAC
CETEBOTO TIPEIOIIPUSTHS SBISCTCS TIPUMEHEHUE Hapsi-
JIy ¢ OMOJIMOTEKOI TUITOBBIX MoJieei (11abJIOHOB TIPO-
E€KTUPOBaHMs) TaKKe W 0a3bl 3HAHWI, HaAIlpaBICHHOW
Ha coxpaHeHHe C(POpMHpPOBAHHEIX WM alpOOMpPOBaH-
HBIX CTPYKTYp M OIMCAHUN peabHbIX OM3HEC-MOoje-
Jieil, Ou3Hec-clieHapueB, MPOMU3BOACTBEHHBIX U OU3-
HeC-TIPOIIECCOB, IMpOorpaMMHBIX areHToB (AO), HabopoB
cepBUCOB (Moeel MpeLieIeHTOB).

Monenu npeleaeHTOB MPeACTaBIISIOTCS KaK OIuca-
HMS KEICOB, KOTOPBIE XPAHITCS B CHCTEME C TIPUBSI3KOM
K OIIMCAHWIO HaYaJIbHBIX YCIIOBUI (TpeOOBaHMIT), a TaK-
K€ pe3yyIbTaToB PabOTHI CETEBOTO IPEAIIPHSITHS, Kade-
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Puc. 4. Metoavka aganTaumn wa6noHoB npoektupoBarus MAC.

CTBEHHBIX XapaKTEePUCTHUK BHIMYIICHHBIX M3ICIMi (TIpO-
IYKTOB) ¥ TIOJIYYEHHOTO 3KOHOMHYECKOTO 3(ddeKra.
Takum 06pa3oM Npu NOMCKe NOIXOMSAIINX MOJENE OT-
OMpalOTCsl HE TOJILKO TUIIOBBIE MojeN (11a0JI0HBI TTPO-
€KTUPOBAHUSI OIpPENeJIEHHOTO THUIIAa), HO M aaalTUpO-
BaHHbIE, peajlbHbie MOAEIU C YYETOM CTENEHU OJIM30CTU
(MakCHMMaJIbHOTO 3HauyeHus1 Moaodusi S) COOTBETCTBY-
IOLIMX XapaKTePUCTUK Mozeneit M, € M n nmerommxcs
BXOIHBIX 1 TPeOYEMBIX BBIXOIHBIX ITapaMETPOB, OIIpesie-
JISTIOLLKX TIPOOIeMHYIo cutyarmio C™ [44]:

" w, -sim(f% fM
S(C*, M) =max Z’:l ! - i Jy) ,TIe

W
Jj=1 J

i=1,N, rne N — oOliiee 41CI0 MOAEJIEH, UMEIOIIUXCS B
OubnmoTeKe U 6a3e 3HaHUIA MPELIeNEHTOB;

j=LCR, rne CR — nOCTOSTHHOE YMCJIO CPAaBHMBAaEMBbIX
3JIEMEHTOB OMNKCaHuUs (CBOMCTB, OTHOLLIEHUI);

fy_ M _ j_e CBOICTBO (OTHOLIEHWE), OMUCHIBAIOLLIEE i-I0
MOJIENb;



fl,B" — J-€ CBOWCTBO (OTHOIIIEHNE), OMMCHIBAIOIIEEe Ha-

60p TpeOyeMBIX BXOTHBIX WJIM BEIXOTHBIX ITapaMETPOB;
W,— BEC j-To CBOMCTBa (OTHOILLIEHUS);
sim — (yHKUMS oInpeaeeHus Togooust ijX, fijM .

ITocne 3aBeplieHMs mpouecca NPOEKTUPOBAHUS
MHOTOAreHTHOM CHCTeMBbl Pe3yJIbTaThl MPOEKTUPOBA-
HUSI, OTPAXKEHHBIE B PETIO3UTOPUM, UCTIOTb3YETCS TSI
BBIMIOJIHEHMST CJEeAyIolInX sTanoB co3gaHust MAC:
MPOrpaMMHOM peanu3aliiu, TECTUPOBaHUS U BHEIpe-
Hus1. Pe3ysbTat npoiiecca mpoeKTUPOBaHUST TAKXKe 3a-
HOCUTCS B 6a3y 3HAHUIM TIPELICACHTOB JIJISl TIOCIIEAYIO-
IIIETO MCTIOJIb30BAHUSI B IPYTHMX MTPOEKTaX.

3aKkiouenue

B pesynpTate MpOBENEHHOTO WUCCIEAOBAHUS MOX-
HO caenath BbIBOA, 4TO NpuMeHeHrne MAC B mojHOM
Mepe obecrieyrBaeT co3naHue 3(PHEKTUBHBIX CETEBBIX
MPEANpPUSITAIA Ha OCHOBE peaau3aliiy IIPUHILIMIIOB UH-
JYCTPUM YETBEPTOTO MTOKOJIEHUS Y UCTIOJIb30BAHUS TEX-
Hojormii LT u 1IH, obecneunBaromux c6op nuHdbop-
Malluy, MOJEJIUPOBaHUE U TUIAHUPOBAHUE MOBEIEHMS
aKTUBOB, OPTaHU3ALIUIO U KOHTPOJIb UCTIOJTHEHUS TPO-
U3BOJCTBEHHBIX U OM3HEC-TIPOIIECCOB.

[Ipemnaraembie METOIBI U TEXHOJIOTHS TTPOSKTUPOBA-
Husg MAC B COOTBETCTBUU C apXUTEKTYPHBIMU (hperiM-
Bopkamu IIRA 1 RAMI oGecnieunBatoT Ha OU3HEC-YpOB-
HE U YPOBHE WCIOJb30BaHMS MOCTPOEHUE OCHOBHBIX
MPUKJIAIHBIX clieHapueB mpuMmeHeHuss MAC u poneit
aKTOPOB-areHToB, (POPMUPOBAHUE CTPYKTYP MPOU3BOMI-
CTBEHHBIX U OM3HEC-MPOIIECCOB; Ha (PYHKIIMOHATIBHOM
YPOBHE — TOCTpOEHUE HaOOp (bYHKIMOHATBHBIX KOM-
MoHeHToB B BUae AO 1 Morenelt X B3auMOIEHCTBYS B
ob1ieM nH()OPMAIMOHHOM TIPOCTPAHCTBE; HA TEXHOJO-
TMYECKOM YPOBHE peajTu3aliiy — afanTaliio madjIoHOB
MUKPOCEPBUCHOM peayn3aliii K KOHKPETHBIM YCIIOBU-
SIM TTIOCTPOEHUSI CETEBOTO MPEATIPUSITHSI.

OTIMYUTEILHOM OCOOEHHOCTHIO  pa3pabOTaHHOMI
TEXHOJIOTUM IPOEKTUPOBAHUS SIBIISIETCSI B3aMMOCBSI-

3aHHOE IIPeCTaBICHIE BCEX UCITOIb3yeMBIX KATeTOpUiA
(cymrHocTei) Ha pa3IMIHBIX YPOBHSIX ApPXUTCKTYpHI,
YTO TTO3BOJISIET OCYIIECTBIISITH COTJIACOBAHHBIN TEPEXO
MEXIIy TanaMu IpoektrpoBanust MAC.

KoMmriekcHBINM  XapakTep mpemaraeMoii TeXHO-
gorum TipoektupoBaHus MAC  B3anMOACHCTBUS
YYAaCTHUKOB CETEBOIO TMPEINPUSATUS OOYCIOBIMBACT
opranuzauuio 3¢pGEeKTUBHOTO YYaCTHSI BCeX 3aUHTEpe-
COBaHHBIX CTOPOH B CO3MaHUU CETEBOTO MPEITIPUSITHS,
OPUEHTUPOBAHHOTO Ha peajM3alldio OM3Hec-cTpaTe-
TUU C YYETOM afaITalliy TUITOBBIX M HAMJTYYIITUX MO-
Iejeil TPUKIATHBIX CIIeHApHeB, (PYHKIIMOHAIBHBIX
KOMIIOHEHTOB Y MUKPOCEPBHCHBIX CTPYKTYp C HC-
MoJab30BaHUEM OMOJMOTEK 1Ia0J0OHOB, 0a3 3HAHUN U
oHtosoruit. [locnemoBareibHOE OTOOpaXKeHUE PE3YJlb-
TaTOB MIPOEKTUPOBAHUS MEXAY Pa3IMYHBIMU YPOBHS -
MM apXUTEKTYPHI B PEITIO3UTOPHH IIPOEKTA ITO3BOJISICT B
ITOJTHOM Mepe peaTn30BbIBaTh (OYHKIIMOHAIbHBIC 1 HE-
(GYHKIIMOHAIBHEIE TPEOOBAHUS C YIETOM MMEIOIIIXCST
WH(MOPMAIIMOHHO-BRIYUCIUTEILHBIX PECYPCOB.

IIpemtoxeHHass MeTOAMKA amanTalMu MoJeieil
MPOCKTUPOBAHKMSI MHOTOareHTHOM CHCTEMBI CETEBO-
ro MPEANPUSITUS Pa3BUBAET MOAXOM K aganTalluy Iia-
610H0B MAC 13 OMOIMOTEK TUIOBBIX IPOEKTHBIX
peleHnit 1 6a3 3HAHWI HAVJTYYIIUX TTPeLieIeHTOB 1C-
MOJIb30BaHMS HA BCEX TAIaX TEXHOJOTUU ITPOEKTUPO-
BaHUs.

I[IpuMeHeHUe MpeacTaBleHHON B CTaThe TEXHOJIO-
run npoektupoBaHuss MAC ceTeBOro MpearpusiTus
OyneT cnocoOCTBOBATh MOBBIIIEHUIO YPOBHSI KauyecTBa
U HameXXHOCTU (DYHKIIMOHUPOBAHUS CETEBOIO Ipeid-
MPUSATUS, agallTUBHOCTU K AWHAMUYECKU WM3MEHse-
MBIM ITOTPEOHOCTSIM OM3HECAa M BO3MOXKHOCTSIM BCEX
3aMHTEePECOBAHHBIX CTOPOH. B
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Abstract

The necessity to enhance the efficiency of modern network enterprises based on digital platform technologies,
Digital Twins, and Digital Threads determines the relevance of implementing dynamic multi-agent technologies
in production practice. The architectural complexity of existing multi-agent systems (MAS) and the lack of
scientific research in the field of justifying methods and tools for their creation motivate the goal of this study
to develop a comprehensive MAS design technology. This technology should encompass all architectural levels
and allow for the adaptation of reference and best design practices. This article analyzes the possibilities of
applying Digital Twins and Digital Threads in the creation of network enterprises and proposes methods for
their implementation using MAS. A design technology for MAS has been developed in accordance with the
IIRA (Industrial Internet Reference Architecture) and RAMI (Reference Architectural Model Industrie 4.0)
architectural frameworks, which enables the interconnected formation and display of design results across various
architectural levels. At the business level, a method is proposed for formulating business requirements for MAS
based on the selection and adaptation of business models and application scenarios. At the level of constructing
manufacturing and business processes, a method for formulating functional requirements for MAS is presented,
revealing the transition from value networks to manufacturing and business process structures. At the level of
functional design of the network enterprise’s multi-agent system, a method is proposed for forming key design
solutions from the perspective of implementing various service categories using AAS (Asset Administrative Shells)
and their specialization. At the technological implementation design level of MAS, a method for implementing
software agents using a microservice software organization is proposed. The method presented for adapting
reference and best MAS design models allows for the selection of appropriate design solutions from libraries
of reference models and knowledge bases for subsequent refinement. This accelerates and improves the quality
of the design process. The implementation of the developed technology for designing multi-agent systems will
increase the adaptability of network enterprises to dynamically changing business needs, taking into account the
interests and capabilities of all stakeholders.

Keywords: multi-agent systems, digital threads, digital twins, network enterprise, asset administrative shell, project
ontology, microservice architecture
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Abstract

Purchases made on online platforms have heavily incorporated artificial intelligence (Al) to shape
consumer purchasing behavior. To investigate re-purchase intentions, this study combines Al, social
media engagement, conversion rate optimization, brand experience and brand preference. A survey was
conducted with a questionnaire sent to 355 people who had at least once purchased or used services
offered online from any site associated with aviation. The questionnaire was analyzed using structural
equation modeling. Utilizing Amos V.22, the study hypotheses were assessed. The empirical results show
that social media engagement, brand experience, brand preference and conversion rate optimization
were all impacted by Al. Conversion rate optimization and social media interaction also have an impact
on brand preference and experience. Re-purchase intention is influenced by brand preference and brand
experience. Additionally, the association between Al and re-purchase intention was mediated by social
media engagement, brand experience, conversion rate optimization and brand preference. The study
will support airline companies in developing Al and creating more effective branding and marketing
campaigns to increase customer intention to re-purchase. This study discovered that the use of Al in
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marketing significantly improved brand preference, which subsequently affected consumers’ desire to

make additional purchases. Furthermore, to improve long-term commercial performance and brand
attractiveness, the airline should focus brand-building efforts on Al. Thus, the airline ought to make
greater investments in Al and booking service technology, both to draw in new business and to strengthen

existing ones.
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Introduction

very facet of our real lives — both individually and

collectively — has been impacted by technology,

including both the real and virtual worlds [1].
Among its most crucial concerns was the various
methods for increasing public awareness. According
to predictions made by [2], the economic impact of
artificial intelligence (AI) would increase from $20.82
billion in 2020 to $15 trillion in 2030.

One of the most significant technical advancements
is Al, whose applications have completely transformed
a wide range of societal fields [3, 4]. Al technologies are
described as “natural genetic predisposition genetic in-
heritance or learned skills that form the essence of in-
dividual personalities” [5]. Al technologies rely on pre-
defined computer programs, algorithms, and function
similarly to the human mind in making decisions [6, 7].

Businesses may improve the customer experience by
identifying innovation, developing strategies and identi-
fying long-term solutions through business automation
that leverages Al. Critical decisions can also be made
with Al in a corporate environment that is surprisingly
competitive and unstable [2].

According to [8], Al chatbot content recommenda-
tions are now a part of marketing Al activities. They also
help to boost customer engagement on social media plat-
forms, give online users a personalized experience and
increase the likelihood that suggested goods and services
will be purchased [2, 9]. For instance, Amazon is lead-
ing the way in utilizing Al technology and extending its
use beyond object recognition, language understanding
and conversation to include search and suggestion. This
increases the conversion rate toward product purchases

by personalizing and refining the recommendations of re-
lated and complementary products in real-time [10]. Al-
driven digital businesses are attempting to interact with
clients on social media in an effort to build, maintain and
nurture enduring client relationship [11]. As a result, it is
important to recognize the growing significance of online
shopping. By 2025, the worldwide e-commerce market
is expected to reach $1.2 trillion, growing at a rate three
times faster than traditional commerce [12]. Marketers
use customer engagement to get customers’ attention by
providing them with valuable knowledge [13]. Through
their customer experience, marketers want to keep their
goods or services at the front of consumers’ minds. So-
cial networking is one of the best platforms for connect-
ing with customers. Customers should be able to use so-
cial media to interact with businesses [ 14]. Clients that are
happy with the goods and services will write content for
social media platforms. Companies may alter their cur-
rent goods and services in response to negative customer
feedback on social media [15]. These days, it’s common-
place to see creative marketing. Marketers can expedite
intelligent marketing by utilizing AI [9]. In order to boost
the rate of conversion (from user to customer), businesses
can also track customer opinions on social media and uti-
lize that data to tailor marketing initiatives for each indi-
vidual customer [16].

Social media consumer conversion is a continuous
process rather than a one-time occurrence. The asso-
ciation between conversion rate and customer purchase
intentions is not well understood [9]. Businesses are
utilizing Al to forecast customer behavior as more and
more consumers make purchases online. With a major
influence on consumer decision-making, Al has been a
crucial part of the digital transformation. Al technolo-



gies can be leveraged to entice consumers to make excit-
ing new purchases [17].

Al technology has the potential to enhance user ex-
periences in interactive environments and foster faster
response times for products and services [18].

According to [19], intelligent service bots have be-
come increasingly prevalent in gauging customer expe-
riences with products and services in recent times. One
of the primary motivations for implementing Al is to en-
hance customer experience, as Al technologies are be-
coming a more significant aspect of our daily lives and
form the foundation for novel value propositions and
unique consumer experiences. Delivering improved
customer experiences is therefore essential for strength-
ening the bond between consumers and brands as well as
for promoting brand distinctiveness [20].

Thus, businesses employ hardware, software, networks
and Al for a range of objectives, including improving cus-
tomer experience and fostering continuous harmoniza-
tion and collaboration among stakeholders [21]. Based
on whether the Al offers the services that customers have
asked for, the consumer experience will differ. Accord-
ing to [22], customers felt more intellectual and sensory
experiences when Al offered the services, and vice versa,
when humans supplied the services, customers felt more
emotional experiences. Even though Al and human ser-
vices differ in how they are experienced, Al services are
crucial to giving clients an enjoyable journey [23].

If customers receive the proper experience from the
company, they feel content and joyful thanks to Al pro-
cedures [24]. A pleasant customer experience will cre-
ate positive value for the company in terms of brand
preference, helping companies achieve excellence and
competitive advantage [25]. Research on how Al affects
brands is scarce and dispersed, despite the significance
of Al for consumer-brand connections. While improve-
ments in technology may save customers time and effort
during transactions, errors and a lack of human support
can still generate dissatisfaction [20]. Therefore, it’s still
unknown how Al will affect branding.

Most marketers lack a strong knowledge of Al and
how it may assist both organizations and consumers, de-
spite expanding research in this field [26]. A road map for
effective Al initiatives is necessary, according to compre-
hensive Al frameworks and empirical research, particu-
larly in the area of digital marketing [27]. Furthermore,
the literature that has already been written has not looked
at Al in the setting of interactive marketing, where sellers
and buyers work together to impact marketing choices
that encourage active consumer participation, commu-

nication and interaction [18]. Accordingly, the real value
of Al is not in the technology per se, but rather in the
way it is applied to build robust, interactive buyer-seller
interactions that are based on generating value together
and keeping commitments [28]. There are few studies as-
sessing how Al and digital innovations affect social me-
dia customer involvement. More investigation into the
ways Al-powered marketing tools affect consumer views,
opinions, and actions is advised by [29].

1. Literature review
and hypothesis development

1.1. Artificial intelligence

Nowadays, online platforms are used for the majority
of the shopping process. When it comes to buying things
online, trust and client awareness are crucial factors.
Organizations are working to get the most out of the en-
hanced trust and intent that customers have toward spe-
cific products and services as a result of the experience
that Al has given them [30]. Studying client habits, pur-
chasing patterns, behaviors and choices are only a few of
the activities and functions where Al in marketing has
been demonstrated to be widely applied [7]. Personal-
izing advertising messaging [31] in addition to tailoring
items and other offerings to fit client demands and man-
aging and altering prices in real-time in response to cus-
tomer demand, rivals and supply chains [32].

Al provides virtual experiences to customers who are
sitting in the right places, helping them make a final pur-
chase decision. Because Al is a cutting-edge technol-
ogy that selects the best choice from a range of options
provided with a variety of facts through exchange and
combinations, it saves customers money [7]. Al-pow-
ered augmented reality applications let consumers view
things in new ways and facilitate enhanced decision-
making [33]. Businesses have integrated most Al-ena-
bled technology to offer clients the best and most cus-
tomized solutions [34].

Thanks to Al’s cutting-edge technologies, customers
can easily understand their purchase preferences. Previ-
ous research [30, 35, 36] indicates that Al aims to devel-
op software with human-like problem-solving capabilities
that enhances ability to make decisions about purchase
intention. Studies show that people who visit websites
with the integration of Al feel more confident when mak-
ing judgments about what to buy, which lowers the risk
[37].Al is a lightweight technology that helps consumers
make informed purchasing decisions. Because consumers
are more interested in Al’s promise and capabilities, they
are using it widely [30]. AI’s ability to manage the massive



amount of relevant, high-quality data that consumers may
access, and that is tied to their purchase activities, deter-
mines both its usefulness and efficacy [38, 39].

Because Al is an advanced technology, customers of-
ten discover the best virtual experience when they make
purchases from online retailers. Customers’ virtual expe-
rience is important whenever it concerns their purchasing
intentions, and studies have indicated that positive virtual
experiences affect consumers’ intentions to purchase [33].

1.2. Artificial intelligence
and social media engagement

Engaging customers and building customer loyalty is
critical for providers who value face-to-face communi-
cation with consumers. Few studies have examined cus-
tomer engagement from a technological perspective,
even though several social and technological factors
have been demonstrated to support customer engage-
ment [40]. Research [40, 41] suggests that Al can en-
hance moral consumer behavior. Businesses that use Al
may change the social media buying experience to give
shoppers a social media platform experience, as Al has
greatly changed consumer behavior [42].

By using Al to forecast consumer behavior and in-
teract with customers on social media platforms, these
businesses may increase the effectiveness of their online
marketing campaigns and use it to make more analyti-
cal judgments [2, 17]. For instance, Al closes the gap be-
tween companies and customers by gathering and eval-
uating data about goods and services [43]. This changes
the online buying experience. Al also offers solutions for
a range of problems pertaining to social networking. For
instance, evaluating the vast volume of data produced by
social media platforms may cause stress for sales staff [2].

To address these issues, businesses utilizing AI may
employ a range of Al-based methods for predictive
analysis in marketing [9]. The use of Al in social media
platforms is one of the outside variables that is believed
to motivate consumers to engage with these platforms
more. For instance, users can join any community of in-
terest on e-commerce platforms like Facebook, Taobao
and Etsy. From there, they can engage with other users,
follow other buyers and sellers who share their interests,
look up information about products and/or share their
own related buying experiences [12]. According to [27],
there is a connection across Al and dynamic marketing
when real-time technologies are utilized to build per-
sonalized, response-focused relationships between buy-
ers and sellers. If businesses provide several options for
evaluating the qualities of their products or services, in-

tegrating Al increases the likelihood that customers will
engage on social media platforms [44]. Thus, it can be
assumed that:

H1: Al has a positive effect on social media engage-
ment.

1.3. Artificial intelligence
and conversion rate optimization

Al has been used in purchasing procedures to give
customers more dependable, individualized services
[10]. Wang and Lei [18] claim that artificial intelligence
Al technology can manage interactions between con-
sumers and goods or services as well as quickly respond-
ing to client demands in interactive environments. As
part of Al marketing efforts, chatbots, content features
and buyer sales recognition are artificially becoming au-
tonomous [8].

Online social networking platforms give businesses the
ability to interact with a wide variety of customers and
customize their products to meet their needs [45]. To im-
prove digital marketers’ ability to use Al to raise visitor
conversion rates, it is crucial to study the buying habits
of customers on social networking sites [9]. Businesses
on social networking platforms also use Al to entice con-
sumers and win them over as devoted customers [2]. In
order to elevate the rate of conversion (from user to cus-
tomer), businesses can also track consumer behavior on
social media and use that data to craft customized pro-
motional campaigns for each individual customer [9, 16].
Al encompasses more than just conversation, language
comprehension and object identification; it also includes
consumer recommendation and research. This increases
the rate at which products are purchased by improving
the suggestion of related and complementary products in
a more customized and real-time manner [10].

The relationship between the client and the business
may be strengthened by Al-based social media initiatives
that increase consumer involvement, feedback, and con-
version [15]. Al could encourage people to buy goods and
services by improving their interaction with social media
adverts [2]. Because Al on social networking platforms
allows users to examine items or services through the plat-
form, it also encourages prospective consumers to buy a
certain product or service. Companies can utilize Al to
differentiate their goods or services from competitors’ of-
ferings and entice consumers to purchase them. The [46]
have reported that prior research has furnished empirical
proof of the affirmative correlation between social net-
working sites and consumer conversion rate. Thus, it can
be assumed that:



H2: Al has a positive effect on conversion rate opti-
mization.

1.4. Social media engagement
and brand experience

According to [47], there are two types of consumer en-
gagement: uncontrolled (word-of-mouth) and controlled
(corporate-sponsored). By sharing knowledge with oth-
ers, such as through sharing across online platforms, con-
sumers can contribute to the improvement of customer
experiences with brands [14]. Satisfactory brand buying
experiences can be facilitated by customer engagement
[48, 49]. According to research by [20], mobile applica-
tions for customer interaction have a favorable impact
on customer equity and increase the likelihood that cur-
rent consumers will make another purchase. A variety of
studies [50—52] have also investigated the connection be-
tween brand experiences and customer engagement, con-
cluding that there is a substantial impact from consumer
involvement. Based on the explanation provided by [51]
regarding how customer engagement functions as a me-
diator to enhance the brand experience and encourage re-
peat purchases, thus, it can be assumed that:

H3: Social media engagement has a positive effect on
brand experience.

1.5. Conversion rate optimization
and brand experience

Interaction with customers is important to every busi-
ness. The shopping experience for customers in a virtual
environment is mediated by technology. With the intro-
duction of augmented reality, mixed reality and virtual
reality technology, a new environment integrating virtual
and physical elements at various levels has emerged. The
customer experience environment is changing into new
kinds of hybrid experiences as a result of the growth of
mobile and wearable devices as well as highly dynamic
physical-virtual interactions [9, 53]. Since shoppers of
these businesses are more likely to express their favorable
experiences with the brand in question, marketers must
engage customers and offer a unique social media expe-
rience. This is because the most satisfied customers are
those who are more involved on social media [2, 11].

72% of businesses prioritize improving the custom-
er experience and appealing to customers throughout
the buying process is a marketing trend. Businesses are
concentrating on offering value-added ideas to create
the greatest possible customer experiences in the digi-
tal age [53].

The consumer experience is being drastically changed
by emerging technologies including the Internet of Things
(IoT), chatbots, bots, augmented reality (AR), virtual re-
ality (VR), mixed reality (MR) and virtual assistants,
which are usually powered by Al. Concerns about privacy
for clients who would rather buy goods and services on-
line and through social media are crucial when trying to
find a consistent way to incorporate the client experience.
Instead, marketers must comprehend how digital tech-
nologies affect the customer experiences [54].

The cognitive component ingrained in the customer’s
relation with the brand is satisfaction. Positive remarks
affect other users’ cognitive processes [55]. Key clients
may be drawn to interactive involvement and end up giv-
ing products or services favorable reviews [56]. Different
client categories will likely require different approaches to
customer interaction; after all, in the digital age, consum-
er engagement is essential [57]. For marketers to compre-
hend customer segmentation, they must create strong so-
cial media analytics. These analyses’ findings show how
marketers may use social media platforms to sway con-
sumers and raise conversion rates, which in turn have a
big impact on customer happiness. For businesses to in-
crease sales, it is essential to comprehend users’ attitudes
regarding digital media [58]. Thus, it can be assumed that:

H4: Conversion rate optimization has a positive effect
on brand experience.

1.6. Brand experience
and brand preference

According to [50, 59], brand experience is defined as
“the consumer’s subjective responses (sensations, feel-
ings and perceptions) and behavioral responses elicit-
ed by brand-related stimuli that are part of the brand’s
design, identity, packaging, communications and sur-
rounding environment.” Four categories can be used to
categorize brand experience: sensory, intellectual, emo-
tional and behavioral. The stimulation that a brand pro-
vides through the senses of sight, sound, smell, taste and
touch is known as the sensory brand experience [60]. The
emotions evoked by a brand are known as the emotion-
al brand experience. According to [61], behavioral brand
experience encompasses actual experiences, behaviors
and brand interactions, whereas intellectual brand ex-
periences refer to a company’s capacity to elicit thought
from consumers.

Perceptions of brand qualities by consumers influ-
ence their preferences, which in turn affect their in-
tent and brand selections. As a result, according to [62],
brand preference is a pattern of behavior that represents
customers’ views about the brand. Customers like a spe-



cific brand whenever they have positive thoughts regard-
ing it, and their perceptions of a brand’s features impact
their preferences, which in turn determine their inten-
tions and selection of brands [20].

Brand experience has an impact on brand loyalty and
affection, according to [59].

Positive brand experiences help customers form
strong bonds with brands and grow to love them [63].
Brand experience has an impact on brand preferences,
according to [20]. The notion of brand experience was
validated by [64], who found that brand experience is a
key indicator of brand preference. It has been noted that
brand preference and memorable brand experiences are
related. A memorable brand experience positively influ-
ences brand preference, which then positively impacts
usage intentions, word-of-mouth and readiness to pay
more, according to the findings of a study conducted by
[65]. Therefore, it can be assumed that:

H5: Brand experience has a positive effect on brand
preference.

1.7. Brand preference
and re-purchase intention

When comparing a company’s products to those of
other companies, consumers’ preferences toward certain
products determine their brand preference. In terms of
capturing customers’ hearts so they will re-purchase the
company’s brand, it can be said that this preference for a
brand is the first phase of branding [66].

Re-purchase intention is the consumer’s plan to carry
out the behavioral act of purchasing a brand again [67,
68]. It is the process by which clients choose to re-pur-
chase services or goods from the same company [69]. This
probably happens because customers can buy the same
thing again. Re-purchase intentions, according to [70],
refers to a customer’s willingness to make additional pur-
chases from the same merchant or supplier, whereas re-
purchases are, in theory, actual actions. According to Sul-
livan and Kim [71], reactionary intention to re-purchase
can be understood as a consumer’s wish to reevaluate the
brand in light of their present circumstances. The inten-
tion to re-purchase is of particular relevance to marketers
since it may result from the influence of prior purchases.
Re-purchase intention is likely to be lower if consumers’
perceptions of price, experience, brand and fulfillment
differ from what they paid and received [70].

Customers are more likely to repeat purchases when
they have a preferred brand. Only when consumers
feel positive about a brand will they choose to re-pur-
chase it and replicate their experience [23]. Addition-
ally, research indicates that customers’ decisions to buy

a product are influenced by their information process-
ing, which is reflected in their choice of a brand [70].
According to [62], re-purchase intention was positive-
ly impacted by brand preference. The [66] claim that a
product’s identity as a brand and preference are respon-
sible for its resurgence in popularity. Research from Ho
& Chow [20] has shown that brand preference affects
consumers’ likelihood to make more purchases. Ac-
cording to [64], brand preference and re-purchase in-
tentions were positively correlated statistically. The [65]
investigation confirmed that brand preference affects re-
purchase intentions. Thus, it can be assumed that:

He6: Brand preference has a positive effect on re-pur-
chase intentions.

1.8. Brand experience
and re-purchase intentions

Consumer brand experience precedes actual pur-
chase because favorable brand experiences have a posi-
tive and significant impact on consumer purchase inten-
tions, and prior experiences become memorable during
brand purchase [72, 73]. The positive feelings that con-
sumers have for a brand can impact their intention to
make a purchase if they are feeling good about it [74].
This suggests that consumers’ behavioral intentions may
grow as a result of their brand experience. According to
[62], a favorable brand experience can affect the pro-
pensity to re-purchase. According to [70], the re-pur-
chase intention is positively impacted by brand experi-
ence. Therefore, it can be assumed that:

H?7: Brand experience has a positive effect on re-pur-
chase intentions.

2. Methodology
2.1. Procedures and respondents

Data was gathered from Jordanian users of the inter-
net who have at least once made a purchase or used ser-
vices available online from any website relevant to avia-
tion. An additional eight weeks were added to the data
gathering period.

The data was gathered using convenience sampling,
which is a non-random sampling technique [75]. Based
on their actual usage of the web services for the websites
of the aviation companies, the study’s respondents were
selected. A non-probability sampling design was used in
this investigation, meaning that there are no odds associ-
ated with any member of the study population being se-
lected as a sample subject [76]. The questionnaire was
created in English, therefore with the assistance of two
multilingual specialists, we translated it first into Arabic



before translating it back into English. The individuals
who participated were informed that they might opt out
of the study at any moment and that participation in it
was entirely optional. Pens were used by the participants
to rate the questions. The participants’ answers to the
surveys were gathered directly. A survey was disregarded
and the next one was chosen if it was not completed cor-
rectly. Surveys filled out by participants who had no prior
e-commerce experience were disqualified. An amount of
800 questionnaires together with cover letters were given
out, and 387 respondents brought the completed forms
back. Thirty-two questionnaires were eliminated due
to incomplete information. In the end, 355 replies were
considered for study. 44.4% of respondents responded.

2.2. Measures

A five-point Likert scale, with 1 denoting “strongly
disagree” and 5 denoting “strongly agree,” was used to
rate each scale item.

Artificial Intelligence: [2, 45] produced a 6-item scale
that we used to gauge technological advancements in Al.
“Multiple types of data about customers, such as sales,
purchases, or demographic and behavioral data,” was
the sample item.

Social Media Engagement: An instrument consisting
of five items was created by [2, 14] to gauge consumer
participation on social media. “Using social network-
ing websites sparks my curiosity about brands” was the
sample item.

Conversion Rate Optimization: Utilizing a 4-item
scale created by [2, 46], conversion rate optimization
was examined. “I am influenced to buy products and
services by web-based promotions and messages on so-
cial networking sites” was the sample item.

Brand Experience: We used a 5-item measure that
was created by [20, 24]. The sample item was, “the ex-
perience of using AI”.

Brand Preference: A 5-item scale created by [20, 77]
was used to measure brand preference. The sample item
was, “preferred brand over any other brand.”

Re-purchase Intention: We used a 4-item measure
that was created by [2, 20]. To gauge technological ad-
vancements in Al. To gauge the re-purchase intentions
of the consumer. “I plan to keep using the site that I fre-
quently use for booking flights” was the sample item.

2.3. Reliability and validity

Factor analysis, average variance extracted (AVE) and
composite reliability (CR) are computed using AMOS.
One method for condensing a large range of variables

into a smaller number of factors is a confirmatory factor
analysis. Using this method, all variables’ highest com-
mon variance is extracted, and the results are combined
into a single score. Confirmatory factor analysis also
known as a CFA, was carried out to examine the mul-
tiple-item measures’ discriminant validity, convergent
validity and reliability. According to [78] recommenda-
tion, the analysis’s findings supported each measuring
scale’s convergent validity. The theoretical constructs
appear to have convergent validity, as indicated by the
statistically significant (p < 0.05) factor loadings of 0.60
to 0.90 for all indicators in their respective constructs,
as presented in 7able 1 [79]. Furthermore, every con-
struct’s average variance extracted (AVE) is greater than
the minimal value of 0.5 that is advised [80]. The aver-
age variance extracted (AVE) results were used to evalu-
ate the discriminant validity. According to the results of
Table 1, the square roots of AVE are greater than cor-
relations, which suggests that the discriminant validity
is satisfactory [80]. The [81] suggested using composite
reliability (CR) to assess the dependability of the meas-
ures. Table 1 shows the discriminant and convergent va-
lidity as well as the reliability across all reflection meas-
ures based on CR values that are over the 0.70 threshold.

Cronbach’s alpha is calculated using the average cor-
relations between the concept-measuring items. The in-
ternal consistency reliability increases with Cronbach’s
alpha’s proximity to 1 [76]. The Cronbach’s coefficient
is employed to assess the reliability of each concept. It is
a metric for assessing a multi-item scale’s internal con-
sistency. According to the SPSS results, all alpha co-
efficient values are higher than 0.7, indicating that the
measuring scales’ reliability is sufficient [82].

3. Results
3.1. Descriptive statistics

The mean, standard deviations, and correlation ma-
trix are the primary descriptive statistics that were uti-
lized to characterize the study constructs. The study
model constructs’ mean scores ranged from 3.46 to
3.80, as shown in Table 2. Furthermore, the correlations
showed that the research variables had a strong link and
ranged from 3.46 to 3.80.

3.2. Research model and hypotheses

The links between the constructs were estimated by
the application of structural equation modeling (SEM).
Amos V.22 was used to calculate SEM estimates. Re-
garding the proposed connections, the path that leads
from Al to Social Media Engagement has a coefficient
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Table 1.

Loading
Construct | ltems tactor tvalue | CR | AVE o
Al 0.719
Al2 0.868 15.523
Artificial Al3 0.892 15.833
; 0.881 | 0.557 | 0.898
Intelligence | pg | 0668 | 11.994
Al5 0.633 11.345
Al6 0.654 11.739
SME1 | 0.777
SME2 | 0.803 14.679
Social
Media SME3 | 0.716 13.066 | 0.850 | 0.532 | 0.858
Engagement
SME4 | 063 11.32
SME5 | 0.71 13.013
CRO1 0.813
Conversion CR0O2 0.82 16.009
Rate 0.856 | 0.598 | 0.855
Optimization | CRO3 | 0.724 13.986
CRO4 0.732 14171
BE1 0.603
BE2 0.735 10.932
Brand
Experience BE3 0.876 12.181 | 0.861 | 0.557 | 0.852
BE 4 0.822 11.766
BE5 0.663 10.159
BR1 0.814
BR2 0.726 14.915
Brand
Preference BR3 0.816 1739 | 0.897 | 0.635 | 0.897
BR4 0.792 14.723
BR5 0.833 17.783
RI1 0.773
Re-nurchase RI2 0.788 15.291
lnteﬂtion 0.827 | 0.546 | 0.930
RI3 0.698 13.308
R4 0.691 13.145

of 0.449 (p < 0.01) regarding the linkages. Therefore,
the positive correlation implies that H1 is validated.
Furthermore, the results confirm hypothesis H2 by
demonstrating that the relationship among Al and
Conversion Rate Optimization (8 = 0.305, p > 0.01)
follows the expected direction. Furthermore, the find-
ings demonstrate that Brand Experience is positively
and significantly impacted by Social Media Engage-
ment (5= 0.317, t = 5.519, p < 0.01) and positively and
significantly impacted by Conversion Rate Optimiza-
tion (8= 0.346, t=5.592, p < 0.01). As a result, theories
H3 and H4 are validated. Additionally, according to the
findings, Brand Experience significantly and favora-
bly influences Brand Preference (5 = 0.684, t = 9.419,
p <0.01). Re-purchase Intention is favorably correlat-
ed with both Brand Preference and Brand Experience,
supporting hypotheses H6 and H7.

3.3. Mediating test

5000 bootstrap samples were chosen, with a 95%
confidence level. According to the study model, there
are four ways that indirect impacts can manifest.

¢ HS8 Al — Social Media Engagement — Brand Experi-
ence — e-purchase Intention

¢ H9 Al — ocial Media Engagement — Brand Experi-
ence — Brand Preference — Re-purchase Intention

¢ HI0 Al — Conversion Rate Optimization — Brand
Experience — Re-purchase Intention

¢ HI1 Al — Conversion Rate Optimization — Brand Expe-
rience — Brand Preference — Re-purchase Intention

The product of the route coefficients between Al and
Re-purchase Intention was used to determine the indi-
rect effect of Al on Re-purchase Intentions. Significant
indirect effects of AI on Re-purchase Intentions were
discovered from the study model for the four paths. To
be more precise, there is an indirect effect by means
of Conversion Rate Optimization and Brand Experi-
ence (8 = 0.020, p < 0.01), Social Media Engagement
and Brand Experience (5 = 0.027, p < 0.01), and Social
Media Engagement, Brand Experience and Brand Pref-
erence (= 0.068, p < 0.01). Lastly, there is an indirect
effect through Conversion Rate Optimization, Brand
Experience and Brand Preference (3 = 0.050, p < 0.01).
Therefore, the influence of Al on Re-purchase In-
tentions was mediated by Social Media Engagement,
Brand Experience, Brand Preference and Conversion
Rate Optimization.

Bootstrap approaches were used to evaluate the indi-
rect effect of Al on Re-purchase Intention.



Table 2.
Means, standard deviations, and correlations for the study variables

Study variables Mean Std. dev 1 2 3 4 5 6
Artificial Intelligence 3.80 0.665 0.746
Social Media Engagement 3.53 0.7115 0.315* 0.729
Conversion Rate Optimization 3.46 0.833 0.225* 0.313 0.773
Brand Experience 3.83 0.687 0.282* 0.307* 0.366* 0.746
Brand Preference 3.56 0.709 0.282* 0.411* 0.433" 0.611* 0.796
Re-purchase Intention 3.65 0.657 0.335* 0.392* 0.333* 0.620* 0.754* 0.740

Notes: *p < 0.01; square root of AVE is on the diagonal

Social Media

Engagement
B=0.449 999

Atrtifical
Intelligence

Conversion Rate
Optimization

Brand
Preference

Brand
Experience

Re-purchase
Intention

Fig. 1. Structural model with parameter estimates [2, 9, 51].

4. Discussion

The [45] reported that the results showed how Al tech-
nology affects social media participation. This implies
that in order for businesses to remain competitive in the
present business environment, they have used social me-
dia campaigns to transform their offline operations into
online ones and generate website traffic that eventu-
ally converts into actual customers. Businesses that use
Al technology have a good correlation with social media
user engagement [83]. This result supports the hypoth-
esis that social media integration of Al could enable mar-
keters to interact with prospective clients to promote the
products and services they offer [84]. The study discov-
ered an effect on businesses’ adoption of Al to raise con-
version rates. This lends credence to the idea that social
networking sites might boost a business’s amount of sales.
Social media marketing powered by Al may increase con-
sumer feedback and engagement as well as the customer-

business relationship’s conversion rate. Al improves user
engagement with social media marketing, which encour-
ages users to buy goods or services. This outcome is in line
with the findings of [2, 85].

Customer conversion rates have been shown to af-
fect the brand experience. Businesses may better under-
stand client segmentation and increase conversion rates
on online platforms with the help of social media ana-
Iytics. Social media marketers can tailor their commer-
cial practices and professional activities by leveraging Al
technologies to learn customer attitudes. To provide a
positive experience and increase sales volume; this out-
come is in line with [2, 85].

According to [70], this study demonstrated the rela-
tionship between social media engagement and brand
experience, indicating that consumers who are more ac-
tive in social networks are more likely to interact with
the brand. Our results align with earlier studies that have
demonstrated positive consumer evaluations of goods
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Table 3.
Path analysis for the constructs of the study
Relation Coefficients t-value* Support/ nonsupport
Artificial Intelligence Social Media Engagement 0.449 7.108* Support
Artificial Intelligence Conversion Rate Optimization 0.305 4.998* Support
Path Social Media Engagement Brand Experience 0.317 5.159* Support
Conversion Rate Optimization Brand Experience 0.346 5.592* Support
Brand Experience Brand Preference 0.684 9.419* Support
Brand Experience Re-purchase Intention 0.204 3.405* Support
Brand Preference Re-purchase Intention 0.754 10.597* Support
Explained variance proportion R? of Conversion Rate Optimization 0.093
Explained variance proportion R? of Social Media Engagement 0.202
Explained variance proportion R? of Brand Experience 0.251
Explained variance proportion R? of Brand Preference 0.467
Explained variance proportion R? of Re-purchase Intention 0.82

Notes: *p < 0.01

and services on social networking platforms are given by
those who are happy with their purchases [2].

Consistent with earlier research [20, 62, 70], the re-
sults show that brand experience influences brand choice
and that a favorable brand experience can boost consum-
er-based brand preference. As a result, customers’ brand
preference may be increased by a favorable brand experi-
ence. Consumers mostly base their brand choice on their
experiences. Customers are more inclined to like a brand
when they have had numerous positive interactions with
it. According to an earlier study [62], consumers will ex-

hibit positive behavioral intentions when they perceive
a high degree of brand experience. This highlights the
significance of an unforgettable brand experience in the
context of consumer behavior.

As previously said in the literature, brand experience
aids in encapsulating a brand’s behavioral, emotional,
social, pragmatic, sensory, intellectual and lifestyle ele-
ments [70]. The consumer will develop preferences and
make judgments about what to buy through this interac-
tive experience [74, 86].

Table 4.
Indirect effects of SCC on NPP through KS and IC
95% Bootstrap Cl
Indirect effect B D
Lower limit Upper limit
Al — SME — BE — RI 0.027 0.011 0.069 0.003
Al — SME — BE — BR —RI 0.068 0.032 0.132 0.001
Al — CRO — BE — Rl 0.020 0.008 0.047 0.003
Al— CRO — BE —BR —RI 0.050 0.020 0.105 0.001

(Al) Artificial Intelligence; (SME) Social Media Engagement; (CRO) Conversion Rate Optimization; (BR) Brand Experience; (RI) Re-purchase Intention.



The findings indicate that the re-purchase intention
is significantly influenced by brand preference and brand
experience. Because consumer preferences and brand ex-
periences are sustainable ideas that represent unreasona-
ble elements related to the customer who engages with the
brand and goes over the limits of rational assumptions,
this means that if customers like the product and have a
stimulating interaction with it, they are more likely to in-
tend to re-purchase it. Customers will thus have a strong
desire to buy without using reason [70].

The findings showed that the impact of Al on the
intention to re-purchase is mediated by brand experi-
ence. The findings further indicate that the impact of
Al on intention to re-purchase was mediated by brand
preference. This is understandable given that Al offers
a novel consumer experience that increases brand pref-
erence, customer satisfaction and product re-purchas-
es [20].

The findings showed that the impact of Al on brand
experience and propensity to re-purchase is mediated by
social media engagement and conversion rate optimiza-
tion. The majority of the research on social networking
sites engagement has been on online brand communities
and social media [51]. This demonstrates how crucial
consumer engagement with Al technology is to brand
marketing. Using Al technology for marketing brands
necessitates higher social media engagement since it
makes it easier for brand marketers to convey their ex-
periences to consumers, which leads to the formation of
positive brand experiences and re-purchase intentions
[51]. Using Al, marketers can also raise visitor conver-
sion rates [9]. Organizations on social networking sites
also employ Al as a technique to entice consumers and
win them over as devoted customers [2].

5. Theoretical implications

According to this study, businesses may assess the rel-
ative value of each element of their products and services
and how it affects customer satisfaction on social me-
dia platforms by utilizing Al-enabled solutions. The ris-
ing use of social media platforms has resulted in a huge
increase in consumer interaction, suggesting that social
media sites are becoming a new marketplace for estab-
lishing relationships with customers to sell products and
services. According to [45], Al tracks and analyzes user
habits on social media platforms. Technology is playing
a bigger role in customer engagement. To improve con-
sumers’ re-purchase intention, Al and consumer behav-
ior should be taken into account while implementing a
customer engagement plan.

According to this study, Al can improve social me-
dia platforms’ capacity to attract new clients for Airline
companies. Acknowledge the importance of Al, which
efficiently manages data processing for specialized ser-
vices through automation. Studies on customer contact
on social media platforms and Al-powered automated
business responses are still in their early stages. Howev-
er, there is a gap in the way companies use real-time data
to offer personalized customer service when interacting
with clients [2].

Because Al can successfully generate brand pref-
erence and purchasing commitment, this study vali-
dates AI’s overall effectiveness. As a result, by offering
a thorough framework that clarifies the connections be-
tween Al and branding, our research adds to the body of
knowledge on marketing and branding. This study’s dis-
cussions will be beneficial to marketing academics who
wish to apply this approach to other domains.

The study validates the impact of Al marketing meth-
ods on brand experience and preference, as well as the
correlation among brand preference and re-purchase
intention. A few studies have been conducted on Al
preference for brands. By elucidating the function of
Al in customer interactions within the setting of airline
services, this study seeks to close this knowledge gap.
By showing the predictive power of Al marketing tech-
niques on brand preference, this work advances the field
of service research and offers researchers with an interest
in deploying Al to customer decision-making and be-
havior valuable information. Furthermore, the partial
mediation arrangement of brand experience between Al
marketing tactics and brand preference shows how these
strategies predict brand preference and re-purchase in-
tentions in airlines both directly and indirectly via brand
encounters [20].

6. Practical implications

There are various implications of this study for ac-
ademics and professionals. First, social media plat-
forms are gradually being used by customers in Jordan.
These days, the majority of consumers would rather
buy goods and services via the Internet and on social
networking platforms than leave the comfort of their
homes. Additionally, social media and online chan-
nels let companies boost sales. Companies may easily
keep an eye on what their clients are doing on social
media [10]. As a result, they implement efficient com-
munication strategies that aid in raising the conversion
rate. According to [2], organizations must deal directly
with their clients to ascertain their requirements and



expectations. Although it is essential to businesses,
customer involvement on social media is insufficient
to help them. Managers will benefit from the current
research’s understanding of the technological context
and its effects on behavior and society. Third, incor-
porating social media platforms facilitates the analy-
sis of client feedback and the conversion of those re-
sponses into actual sales [1]. Social media networks
with Al capabilities can assist executives in forecasting
customer behavior patterns within the aviation sector.
The suggested structure enables managers to influence
consumers on social media platforms, hence increas-
ing sales capacity. This report encourages managers to
increase social networking conversion rates by utilizing
the newest digital technology.

Fourth, companies may boost sales and develop
a computerized digital system that assesses and ana-
lyzes the social media user experience by integrating
Al into their social media marketing campaigns. So-
cial media sites are a useful tool for marketing goods
and services internationally. The study’s findings also
demonstrate that after returning customers get used
to online buying, they alter their decision-making
processes [2]. Therefore, by providing vouchers for
savings and promotions and cultivating customer
re-purchase behaviors, airlines may entice frequent
travelers.

Fifth, this study discovered that the use of Al in
marketing significantly improved brand preference,
which subsequently turn affected consumers’ desire to
make additional purchases. According to these find-
ings, Al marketing initiatives should be seen as a vital
instrument for enhancing the brand image in addition
to being a means of improving the consumer experi-
ence [20]. To improve long-term commercial perfor-
mance and brand attractiveness, the airline should
focus brand-building efforts on Al. Thus, the airline
ought to make greater investments in Al and booking
service technology, both to draw in new business and to
strengthen existing ones.

An airline that is reluctant to use Al may need to
reevaluate its investment strategies because the first-
mover advantage is still quite significant. Since this
study shows how consumers appreciate Al activities af-
ter realizing their values, verification of Al campaigns
is a crucial sign of the return on investment. Therefore,
managers must make sure Al can provide accurate, de-
pendable and efficient airline-related services. Manag-
ers can use Al to send clients tailored marketing com-
munications about services and goods at the right time.

In order to meet customer requests, Al assistants and
agents should be designed with the capacity to provide
knowledgeable customer support and guidance. Air-
lines’ practitioners can also consider improving the Al
interface.

7. Limitations
and future research

This study has several limitations.

First, the 355 valid samples were obtained by online
questionnaires from individuals who had made trav-
el reservations through websites, suggesting that our
knowledge of Al brand interactions may be restricted.

Secondly, a cross-sectional approach was em-
ployed to gather data from the participants. A longi-
tudinal study might be pertinent to evaluate the sug-
gested model to investigate consumers’ intention to
re-purchase because habits are amassed over time. To
increase validity, future research might employ a big-
ger sample size.

Third, the study’s focus is on the airline business.
The results could apply to other businesses or philos-
ophies, even if they are probably most helpful in the
context of airlines. This study could be repeated in the
future and expanded to include different sectors or na-
tions. This study is quantitative in style; future research
may use mixed or qualitative methodologies.

Lastly, producing a response rate that is higher than
44.4%.

To generalize these findings, researchers can also
analyze consumer behavior across national borders
and industry sectors through cross-cultural studies.

Conclusion

The study explores the mediating role of social me-
dia engagement, conversion rate optimization, brand
experience and brand preference in the relationship
between Al and re-purchase intentions. It also empiri-
cally evaluates a model for the implementation of Al in
re-purchase intentions and its role in improving con-
version rate optimization. The study discovered that
through social media interaction, brand experience,
brand preference and conversion rate optimization,
Al significantly influences re-purchase intentions in-
directly. In a similar vein, it has been discovered that
social media interaction and conversion rate optimiza-
tion significantly affect brand experience. Additionally,
the re-purchase intention is significantly impacted by
brand experience. m
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AHHOTALMA

INokynku, coBeplllacMble Ha OHJIAMH-TUIaTOpMaxX, B 3HAYUTEJILHOM CTEIIEHU OCHOBAaHbI Ha MCKYC-
crBeHHOM mHTesutekTe (M), KoTophiit hopMupyeT MOKyHaTelIbcKOe ITOBeAecHNe MoTpedbuTeneii. s
U3y4eHUsT HaMePEHUI TTOBTOPHBIX ITOKYIIOK B JaHHOM MCCJIeIOBAaHUM MCIIOJB30BaHbI JaHHBIe 00 U,
BOBJICYEHHOCTU B COLIMAJIbHBIE CETH, ONTUMMU3ALUMU KOd(hdULIMEeHTa KOHBEPCUHM, OMBITE UCIIOJbh30Ba-
HUS OpeHIa U TIpeIIouTeHnsIX OpeHaa. BeIm mpoBeneH onpoc ¢ MMOMOIIBIO aHKETHI, pa30ciaHHO#i 355
pecroHIeHTaM, KOTOPBIE XOTs OBl pa3 MOKYITATN WU TTOIb30BAIMCh YCIYTaMU, TTpealaracMbIMKA OHJIAH
Ha J1I000M caiiTe, CBSI3aHHOM C aBUauMeid. ['mmore3bl UcciaenoBaHus ObLIM MPOaHAIM3UPOBAHBI C UC-
mojb3oBaHueM Amos V.22. DMIMpHUIecKre pe3yabTaThl MOKa3bIBaoT, uTo MM TOBIMST HA BOBJICUYCH-
HOCTh B COLIMAJIBHBIE CETH, BOCIIPHUSATHE OpeHIa, MPEAITOYTeHNUS K OpeHIY ¥ ONTUMA3ALMI0 KO3GhOUIIN-
eHTa KoHBepcuu. OnTuMusanys KoadduimeHTa KOHBepCUU U B3aUMOIEHCTBIE C COLIMAIbHBIMU CETSIMU
TaKKe BIMSIOT Ha MPEOITOYTEHUS M OITBIT MCIIOJB30BaHM OpeHaa, KOTOphIe, B CBOIO O4epelb, BIUSIOT
Ha HaMepeHHEe COBEPLUUTH IMOBTOPHYIO MOKYIKY. KpoMe Toro, cBsizb MeXIy UCKYCCTBEHHBIM MHTEJIIEK-
TOM M HaMepeHMEM TMOBTOPHOI MOKYITKM 00YCIOBJIECHA BOBJICYEHHOCTBIO B COLIMAIbLHBIE CETU, OIBITOM
paboThl ¢ OpeHa0M, onTUMHU3alet KoahduliMeHTa KOHBEPCUH U TIpearnodyTeHusiMu OpeHaa. Pesynbra-
Thl UCCJIEAOBAHUSI MOTYT MTOMOYb aBUaKOMMaHUsIM B pa3pabotke MU u cozmanum 6osee apheKTUBHBIX
KaMITaHWI 110 OPEeHIUHTY U MApKETUHTY, YTOOBI MIOBLICUTD XXeJIaHWe KJIMEHTOB COBEPIIATh ITOBTOPHBIE
MOKynKu. McciienoBaHne TakKe IMOKa3ajo, YTO MCIojb3oBanne M B MapKeTHHTe 3HAYUTEILHO YITyd-
LIWJIO TIPEANOUTEHUSI OpeHaa, UTO BIIOCJIEACTBUHU TTOBIUSIIO HA XelaHue MoTpeduTeseil coBepluaTh 10-
MOJIHUTENIbHBIE TOKYNKU. Kpome Toro, Ijisg yaydiieHUs JOJTOCPOYHBIX KOMMEpPUECKMX IoKa3aTeseid
W MIPUBJICKATEIBHOCTU OpeH/Ia aBUaKOMIIAaHWSIM PEKOMEHIIYETCS COCPEIOTOUYNTh YCWIIUS TI0 CO3IaHUIO
openna Ha MU u, Takum o6pa3zoM, yBeanuuTh UHBecTULIUU B UM 1 TexHOoI0rMu OpoHUpOBaHUSI, KaK I
MPUBJIEUEHUST HOBBIX KIIMEHTOB, TaK U JUIST yAepKaHUS CYLIEeCTBYIOIINX.
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