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n3Hec-MH(GOpPMaTHKa» — peleH3MPYEeMBIA
<< BMemmcuunﬂnﬁapﬂblﬁ HAy4HBbIN >KypHal,
BoInyckaeMblii ¢ 2007 rona HaumoHanbHBIM
HCCIIeN0BATEIbCKUM YHUBEPCUTETOM «BbICIIast 1mkosna
skoHomMuku» (HUY BIID). AnMuHHCTpupoBaHUE

JKypHaia ocCyllecTBisieTcsl Bhiciieli kool OuzHeca
HWY BIIIB. XKypHa BbITycKaeTcs €XKeKBapTaJIbHO.

Muccust XypHaia — pa3BuTue Ou3Hec-uHMoOpMaTu-
KU KaK HOBOI 00j1acT MH(MOPMALMOHHBIX TEXHOJIO-
Ui 1 MEHeIKMeHTa. 2KypHasl OCYIIECTBIISIET paclpo-
CTpaHeHHME MOCICIHUX pa3paboTOK TEXHOJOTUYECKOTro
M METOAOJIOTMYECKOro XapakTepa, CIIOCOOCTBYET pa3-
BUTUIO COOTBETCTBYIOLIMX KOMIIETEHIINI, a TAKXKE 00¢e-
CIIEYMBAET BO3MOXHOCTU ISl AMCKYCCHUIl B 00JIaCTU
MPUMEHEHUS] COBPEMEHHBIX MHMOOPMALIMOHHO-TEX-
HOJIOTUYECKMX DPEelLleHMi B OU3HECE, MEHEIKMEHTE U
SKOHOMUKE.

ZKypHa ImyGauKyeT cTaTby IO CJISIYyIOIIEe TeMaTH-
Ke: MOJEIMPOBAHUE COLMAIbHBIX U KOHOMMUYECKUX
cucrteM, LudpoBas TpaHchopMalusa OU3Heca, yrpaB-
JIeHHe MHHOBALMSIMM, MHMOPMALIMOHHBIE CUCTEMbI U
L1pPOBbIE TEXHOJIOIMU B OU3HECe, aHaIU3 JaHHBIX U
CHCTEeMBI OM3HEC-MHTE/UIEKTa, MATEMAaTUIECKIE METO-
OBl ¥ aJITOPUTMBI OM3HeC-MHMOOPMATUKU, MOOCINPO-
BaHUE U aHAJIN3 OU3HEC-IIPOLIECCOB, MOAAEPKKA IIPU-
HSITHS YIIPaBJICHIECKUX PEIICHUIA.

B cooTBeTcTBMM ¢ peleHMeM Tpe3uauyma Beiciieit
arTecTallMOHHOM KoMmuccun Poccuiickoit Meneparmm
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PYEMBIX HAYYHBIX XKYPHAJIOB, B KOTOPBIX TOJKHbBI ObITb
OIyOJMKOBAaHbBl OCHOBHBIE HAayYHbIE PE3YyJbTaThbl IWC-

cepranMii Ha COMCKaHME YYCHBIX CTEIeHEH HOKTopa
W KaHaupata Hayk. 2KypHan «busHec-MH(pOpMaTHKa»
BKIo4YeH B IlepeyeHb pelieH3MpyeMbIX HAydHbIX M31a-
HUI, B KOTOPHIX JOJDKHBI OBITH OITyOIMKOBAaHBI OCHOB-
HbIe HayJdHBIE Pe3y/IbTaThl JUCCEepTAIlii Ha COMCKaHUe
VUEHBIX CTerneHel kaHmumata u goktopa Hayk (Ilepe-
yeHb BAK) mo criemyiommmM HaydHBIM CIICIIHAIBHO-
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YUCJICHHBIE METOIBI ¥ KOMITJIEKCHI IIPOrpaMM (TeXHHMYE-
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¥ Tiporiecchl (Texamaeckue Haykn); 08.00.05 — DxoHo-
MUKa ¥ YIIpaBJIeHUe HApOIHBIM XO3SIHCTBOM (110 OTpac-
JISIM U c(pepaM AesITeTbHOCTH ) (SKOHOMUYECKNE HAyKH);
08.00.13 — MareMaTndecKue U1 THCTPYMEHTAJIbLHbIE Me-
TOIBI 9KOHOMUKM (3KOHOMHMYECKIE HAYKH).
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AHHOTaIMA

B nmaHHOI cTaTbe MpeAcTaBlieH MOAXOHN K MOIEIUPOBAHUIO MUIPALMOHHBIX U JeMorpaduyueckKux
MpolieccoB ¢ ucnosb3oBanueM rmiatrhopmel FLAME GPU, npenHazHaueHHOI IJ1s1 KpYITHOMACIITaOHOTO
areHT-OpUEHTUPOBAHHOTO MOJEIMPOBaHUs. JaHHBIA MOAXON OCHOBAaH Ha paHee TMpeNIoXKEeHHOM
UMUTAlMOHHOW MOJeNU B3aUMOIEHCTBUS NBYX COOOIIECTB: MUIPAHTOB U KOPEHHBIX XUTEJeH,
peasn3oBaHHOU B cucteMe Anylogic. Takasg Mopenb MMeaa OTHOCUTENbHO Malyl0 pPa3MEPHOCTb
JMUCKPETHOTO TPOCTPAHCTBA AJISI CYIIECTBOBAHUS MOMYJISIIUI U AeTEPMUHUPOBAHHYIO CUCTEMY IPUHSATUS
pelleHMit Kaxaoro areHTa. Bmecre ¢ TeM, HaluuMe MHOXECTBEHHBIX B3aUMOAECHCTBUI MEX Ty areHTaMU1
U TIEPEXOJIOB MEXKIY UX COCTOSTHUSIMU 00YCIIaBIMBAET BHICOKYIO BEIUUCIUTEIBbHYIO CI0KHOCTD MTOJA00HOI
monenu. Ucnmons3oBanne FLAME GPU no3Bonuiio cyiiecTBeHHO pacIliipUTh BO3MOXHOCTH IMTPOBEICHUS
YUCJIEHHBIX 3KCIIEPUMEHTOB, TJaBHBIM 00pa3oM, 3a CuUeT pachapajjeJuBaHus BbIUMCIUTEIbHBIX
MPOIIECCOB Ha YPOBHE KaXXJIOro areHTa U 3aHMMaeMoro MM pecypca, a TakXke peaau3aliu MeXaHu3Ma
MHOXECTBEHHbIX BbIUMCIEHUI Kilacca MoHTe-Kapno. B pesynbTare ucciaenoBaHbl 3aBUCUMOCTHU
KJIIOUEBBIX XapaKTepUCTUK pacCMaTPUBAEMOU CUCTEMBI (B YACTHOCTH, OOILIell YMCIEeHHOCTY HaceJeHus,
JIOJIA MATPAHTOB, KOJIMYECTBA ACCUMWJIMPOBAHHBIX MUTPAHTOB, TeMNOB pocta BBII u ap.) oT Haubonee
BaXKHBIX IMapaMeTpoOB MoJeau (HampuMep, OO0 HOBBIX MUTPAHTOB, TOCYIAapCTBEHHBIX PACXOAOB Ha
WHTETpalNIo, TIEPUOJUIHOCTUA CO3MAaHUs HOBBIX pabouyux MecT U np.). [IpengoxXeHHbIN MOIX0M MOXET
OBITb UCITOJb30BaH 151 pa3pabOTKN CUCTEM TOJAECPXKKU MPUHSITHS pellleHUI Mo MJIaHWPOBaHUIO HaiiMa
HOBBIX COTPYIHUKOB Ha OCHOBE ITPOTHO3HOM TMHAMUKYU MUTPAIITMOHHBIX U IeMOTpadUIeCKUX IMTPOIIECCOB.
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BBenenue

HacCTos1Iee BpeMsi MHOTME KOMMAaHWU U opra-
HU3ALWU CTAJIKUBAIOTCS C JAeDULUUTOM Tpy-
JIOBBIX PECYpCOB, HEOOXOAUMOCTBhIO  (hop-

MUpOBaHMS TIJlaHA HaiiMa HOBBIX COTPYAHMKOB Ha

JIOJITOCPOYHYIO TMEPCHEKTHUBY C YYETOM MPOTHO3UPY-

eMOil IWHAMUKM MUIPAILMOHHBIX M JeMorpacduye-

CKMX MPOLECCOB. B ycnoBUSIX yXynllleHUs] BHYTpeHHe

JeMorpacuyeckoil CUTyallM, MHOTHWE MpPeanpUusTUS

BBIHYXKIIEHBI T€PEOPUEHTUPOBATLCS Ha TIPUBJIEYEHUE

MuUTrpaHToB. OQHAKO, M3-3a HAIMIMS MHOXECTBA TIpe-

MSATCTBUIM, OOYCJIOBJIEHHBIX HEIOCTATOUYHBIM YPOBHEM

BJIAJICHUST MECTHBIM SI3bIKOM, OTCYTCTBMEM TPEOYeMOTO

YPOBHS KBATM(UKALUU U Psiia IPYTrUX (haKTOpoB, BO3-

HUKAIOT €CTECTBEHHbIE OIPAHMYEHUS] B MPUBJICYECHUN

BHEIIIHe# paboueil CUJIbI, KOTOpPhIE MOTYT OBITh Ipe-

OJI0JIEHBI TOJIBKO 3a CUET IPOLECCOB AaCCUMWISLIMUA U

WHTErpaliy, peajin3yeMbIX B CBOIO OUEPEb B YCIOBUSIX

(UHAHCOBOU MOAAEPXKKU CO CTOPOHBI TOCYAPCTBA.

PaspaboTka cucteM MoOAAep:KKA MPUHATHS TI0 Tjia-
HUPOBAaHWIO HaliMa HOBBIX COTPYIHUKOB M CO3IAHUIO
HOBBIX pabOYMX MECT MOXKET OBITh OCHOBaHA Ha MMU-
TALIMOHHBIX MOJIEIISIX, YYUTHIBAIOIINX ITPOTHO3HYIO TH-
HaMMKy pbIHKA TPYIOBBIX pecypcoB. Tak, Hampumep, B
YCIIOBUSIX PACIIPOCTPAHEHUST SIMUACMUI, TOCYIapCTBOM
MOTYT OBbITh BBEIEHBI OTPaHUYEHUS HAa IPUTOK BHEIITHEN
paboueii CYITBL, TPUBOISINNE K AeUITUTY TPYAOBBIX pe-
CypCOB B OTPACIISIX SKOHOMUKHU, OpHEHTUPOBAHHEBIX Ha
murpantoB. C ApYroii CTOPOHBI, PA3BUTHE BBICOKOTEX-
HOJIOTMYHBIX TMPEANPUITAN 0O0YC/IaBIMBacT HEOOXO-
JIVMOCTb CO3JaHMSI HOBBIX pabO4YMX MECT, ITpUBJIEKa-
TEJIbHBIX IJISI BEICOKOKBATM(PUIIMPOBAHHOTO MECTHOTO
HacesneHust. [1pu 3TOM, KIIIOYEBBIM BOIIPOCOM ISl OM3-
Heca M TocyIapCcTBa SBJISeTCs 0beceueHre palioHallb-
HOTO COCYIIIECTBOBAHMUS IBYX B3aUMOJEHCTBYIOIINX CO-
00I1IeCTB: MUTPAHTOB M KOPEHHEBIX KUTEICH.

B pesyibraTe, akTyamu3upyeTcsI 3amada UCCaeI0BaHIS
1 TIPOTHO3WPOBAHUS MMIPALMOHHBIX U JeMorpadu-
YEeCKMX IMPOLECCOB C UCMOJb30BaHUEM METOJ0B MMMU-
TallMOHHOTO MoneaupoBaHus. [TogoOHBEIE METOIbI, B

! https://flamegpu.com/

YACTHOCTH, areHT-OpUEHTUPOBaHHbIN noaxon (AOM),
TO3BOJISIIOT TOCTPOUTD U MCCIIEN0BATh MOBeACHUE LU -
POBOT'O COODIIIECTBA, COCTOSIIIETO U3 aTEHTOB CO CBOMMU
WHIVBUAYATBHBIMU MPABWJIAMU MTOBEACHUS.

Cpeau U3BECTHBIX areHT-OPMEHTUPOBAHHBIX MOJIE-
JIel TUCKPETHOTO TUTa (T.€., C IMCKPETHBIM MPOCTPaH-
CTBOM CYIIIECTBOBAHMSI areHTOB) MOXHO BBIIEIUTH
XopouIo u3BecTHyto «CaxapHyto Mojelsib» (Sugarscape
model) [1], KkoTopas TToJay4YnIIa IUPOKOE pacIpocTpa-
HEHUE B KaueCTBE WHCTPYMEHTA aHaIu3a IMpUBJIEKa-
TEJIbHOCTU JIOKAJIbHBIX YYaCTKOB C pecypcaMu («yc-
JIOBHBIM caxapoMm») Jisg areHToB. CiemyeT OTMETUTh
MOJIEeJIb «KOYEBHUKOB U 3emiienamnes» [2, 3], B KOTO-
POl OIHM areHThI («yCIOBHBIE 3eMJIeTallILbl») CO31al0T
pecypcesl, a Apyrue YHUYTOXKAIOT X C LIEJIBIO pacluype-
HUS JIMIHOTO IIPOCTPAHCTBA («YCIIOBHEIC KOUCBHUKN» ).
Takke, XOpOUIO M3BECTHBHI MOIEIW Cerperanuyd Ha-
cenenus knacca lemnmunra [4, 5], Mogenu IBUKEHUS
aHcaMOJ1sT 6eCTTMIIOTHBIX TPAHCIIOPTHBIX CPEACTB [6, 7],
MOJIeJIM MUTPALIMOHHBIX U IeMorpaduiecKrx Mmpolec-
coB [8—10] u mp.

Cpen MHCTPYMEHTOB WMUTAIIMOHHOTO MOJAETNPO-
BaHWsI, TTO3BOJISIIOIINX peann3oBaTb AOM ob1ero Ha-
3HaueHus1, MOXHO BelaenuTh NetLogo, AnyLogic [11], a
TaKXXe CUCTEMBI, TIpeTHa3HAUYCHHBIE TSI CYTIepKOMITBIO-
TepHOro areHTHoro moaeaupoBanusi Repast HPC [12],
MASS CUDA [13, 14], FLAME GPU [15—18] u np.

B 11estoM, 0OJBIIMHCTBO MTOAOOHBIX CUCTEM pa3/inya-
JOTCSI CITOCOOOM MPOTPaMMHOI pealn3alliid areHTOB:
JIM0O C UCITOIb30BAaHUEM TOJIBKO OIHOTO LIEHTPaJIbHO-
ro nporeccopa CPU (manpumep, NetLogo, AnyLogic),
MO0 HAa OCHOBE MYJIBTUKIACTEPHOI apXUTEKTYphl Ha
ocHoBe cemeiictBa CPU (Repast HPC) u metogos MPI
(Message Passing Interface), 1, HaKOHell, HA OCHOBE
rpadpuueckux mpoieccopoB GPU (Graphics Processing
Unit) [19]. Cpeau gaHHBIX miaT@opM ciaeayeT Bblae-
mmth, FLAME GPU 2!, kortopas xapakTrepu3yeTcst
psmoM TipeumylecTB. aHHas 1uiatdopma SIBISETCS
CBOOOJHBIM TIPOTPAMMHBIM OOECITIEYeHHUEM C OTKPHI-
TBHIM MCXOITHBIM KOIOM, MOIACPXUBAET BO3MOXHOCTD



BU3yaJIM3alluy MOJIEIU C UCTIOJIb30BAHUEM TTPOTPaMM--
Hoit oubnumorekn OpenGL [20]. Kpome Toro, oHa no-
3BOJISIET OCYIIECTBIISIT MHOXKECTBCHHBIN 3aITyCK aH-
camb6is1 momeneit [21—24], kak Ha TIepCOHAJbHOM
kommbiotepe (ITK) ¢ mcmons3oBanmnem Visual Studio
C++, Tak ¥ Noj, yrpaBjJIeHUEM OIEepallMOHHOI CHUCTe-
MBI Linux Ha CynepKOMMBIOTEPHBIX CUCTEMaX KJac-
ca NVIDIA CUDA? (nanpumep, NVIDIA QUADRO
RTX, NVIDIA Tesla u T.1.). B pesynsrare odbecreuyunBa-
eTcs THOKMIT moaxon K pazpadorke AOM Ha OOBIIHBIX
I1K u mpoBeIeHNIO BEIUNCINTEIBHBIX KCIIEPUMEHTOB
Ha xnactepax GPU.

IMnatdopma FLAME GPU ucnonb3oBanach s pas-
pabOTKM areHTHBIX MOJIEJIEl B Pa3IMYHbBIX 00JACTSIX —
OT 6uonornu 10 9KOHOMUKHU. Hackobko U3BECTHO aB-
TOpaM JAHHOI CTaTbU, HA MOMEHT €€ HaluCcaHus TiaT-
dopma FLAME GPU npumeHsiiace njist MoAaeIMpoBa-
HUS MUTPALIMOHHBIX MTPOLIECCOB JIMIIb B ABYX paboTax
[25, 26]. dpyrue HambGoJiee GIM3KKME pabOThI — MOJE-
JIMPOBaHWE MTOBEACHUS areHTOB B «CaXapHO» MOJENH,
OoInucaHHOH Bhile [27]. MoaennpoBaHue MUTPALIMOH -
HBIX MPOLECCOB MPEACTABISIET JOTIOJTHUTEIbHYIO TEX-
HUYECKYIO CJIOXXHOCTb B CBSI3U C HEOOXOAMMOCTBIO A1 -
HaMUYECKHU CO3/1aBaTh arTeHTOB-MUTPAHTOB B MIpoliecce
CUMYJISIIIAM.

JaHHast paboTa HalleJieHa Ha pa3padOTKy areHT-OpU-
€HTUPOBAHHOM MOJIEJU TIOMYJISIUOHHON ITUHAMUKU
IBYX B3aMMOICHCTBYIOIINX COOOIIECTB: KOPEHHBIX
XKUTEJIEH U MUTPAHTOB C MPOrpaMMHOM peav3alen
B CHCTEME CYIIEpPKOMITBIOTEPHOTO MMUTAIIMOHHOTO MO-
nenupoBaHuss FLAME GPU. Tlpennaraemblii moaxon
MMO3BOJIMJI OCYILIECTBUTh CEPUI0 BapUAlIMOHHBIX 3KC-
IIEpUMEHTOB U BEISIBUTH BaXKHEIC 3aBUCUMOCTH B TMHA-
MUK HUCCIIeAYyeMbIX MUTPALlMOHHBIX U AeMorpaduye-
CKHUX MIpolieccax.

1. O0mee onmucanue MoaeIn

PaccmarpuBaercss MCKyCCTBEHHAsl COLIMATIbHO-3KO-
HOMMYECKasl CUCTeMa, COCTOsIas U3 KOPEHHOIO M
BHEIITHETO HACeJICHUsI, B3aMMOIEHCTBYIONIETO IPYT C
JIPYrOM IIOCPEACTBOM KaK JIMYHBIX KOHTAKTOB THIIA
«areHT-areHT», TaK U C IIOMOLIbIO IIepeJadyr CooOIe-
Huil. B momoOHOI cucTeMe areHTaMM SIBJISIIOTCSI Kak
MHAMBUAYYMbI (KOPEHHbBIE XKUTEJIM U MUTPAHThI), TaK
pecypchl, KOTOPHIE 00J1a1al0T «CITIOCOOHOCTBIO» OIICHU -
BaTh OJIVKAMIIMX aT€HTOB U OTIIPABJISATh UM UHMOPMa-
LU0 O CBOEM COCTOSSHMHM M COOTBETCTBUM MHTEpecam
areHToB. B maHHOM ciyyae, BBICOKOTEXHOJOTMYHBIC

2 https://developer.nvidia.com/

pecypchl B OOJIbINEI CTENIEHU COOTBETCTBYIOT KOPEH-
HBIM XUATEJISIM, a HI3KOTEXHOJIOTUYHBIC — MUTPAHTaM.

Takum obOpa3zom, BaxkHOI OCOOEHHOCTBHIO peaan3a-
LIMM UMUTAMOHHOM MOJIENU B3aMMOMAEUCTBUSI COO0-
1IECTB MUTPAaHTOB U KOpeHHBIX xuteneit Bo FLAME
GPU, gaBnsieTcsl MexaHU3M HETpepbIBHOT0 0OMeHa Co-
OOIICHNSIMU MEXKITy aTeHTaMH U PECYpPCaMM.

Kak um paHee, MHOroyacTM4Hble B3aMMOMNEHCTBUS
areHTOB MOJEIUPYIOTCS B IBYMEPHOM IHUCKPETHOM
MPOCTPAHCTBE C OTHOCUTEJILHO HEOOJIbIION pa3Mep-
Hoctbio 100 X 100 u BMecTuMocThio He 6osiee 10 000
areHToB. Ilpu sToMm peanuszanus moxeau Bo FLAME
GPU HamnpasieHa B OOblIEii CTEIIEHW Ha MOBBIIIE-
HUe BpeMeHHOI 3(P(EKTUBHOCTU MOIEIN B YCIOBUSIX
BBITIOJIHEHUSI MHOXECTBEHHBIX PacUyeTOB C MCIOIb30-
BaHUeM MeToa0B Kilacca MoHTe-Kapio. PasMepHocTh
JIMCKPETHOTO TPOCTPAHCTBA, OIPAaHUYMBAIOIIETO Kak
KOJIMIECTBO MMEIOIINXCS pabOouYMX MECT, TaK M JHC-
JICHHOCTh CBSI3aHHBIX C HUMM areHTOB, MOXET OBITh
CYIIECTBEHHO YBeJWYeHa IIpaKTUYECKU Oe3 II0Teph
BpeMeHHOU 3(pDEKTUBHOCTU, TJaBHBIM 00Opa3oM, 3a
cueT pacrnapasuleIMBaHusl BBIYMCIMTENbHBIX IIpoOLie-
nyp («byHKUUIA YpOBHSI areHTOB») Ha TpaduyecKux
mpoueccopax (GPU). B momo6HOM AMCKPETHOM IIpO-
CTPAHCTBE areHT MOXET 3aHMMATh TOJBKO ONHY S4eii-
Ky C pab0o4YMM MECTOM UJIY 0€3 Hero B KaXIblii MOMEHT
BpeMeHU. BmecTe ¢ TeM, CIOXHOCTb NapaulebHOMN
peanuszauuy paccMaTpuBaeMoOil MOJEIN U OTCYTCTBUE
aBTOMATUYECKOU cMHXpoHU3aluu areHToB Bo FLAME
GPU, 0o6ycnaBIMBaOT HEOOXOAMMOCTD JOIOJIHUTEIb-
HOTO KOHTPOJISI JAHHOTO IpaBUJIa U YCTPaHEHUS BO3-
MOXKHBIX KOJUTU3UI B clTydyae HEOOXOAUMOCTH.

Kak u paHee, B Mojenun obecriedyMBaeTcsl Co3naHue
«BbICOKOMEXHONOCUMHBIX» U <HU3KOMEXHOAOSUUHbBIX» Pa-
00YMX MECT, Ha KOTOpHIC HalleJICHBI KOPEHHBIC KUTE-
JIM 1 MUTPAHTBI, COOTBETCTBeHHO. Oba Thia padoumx
MECT 00eCITeUMBaIOT 3aHMMAIOIIUX X areHTOB-UHIM-
BUIYYMOB MpUpAIICHUEM YPOBHSI JTUYHOTO Komdop-
Ta. BMecTe ¢ TeM, Ha ypoBeHb JJUUHOTO KoMpopTa KO-
PEHHOIO HAaCEeJIEHUsI HETaTUBHO BJIMSIET COCEACTBO C
areHTaMM-MUTpaHTaMH, 9TO OOYCIIaBIMBACTCS MMEIO-
LIMMUCS KYJBTYPHBIMUA PA3IMYMIMU U TICUXOJIOTUYE-
CKMMU OCOOEHHOCTSIMU ar¢HTOB.

Bce pabGoume Mecta (QoOpMUPYIOTCS LIEHTPaIU30-
BaHHO M PaBHOMEPHO CIIyYalHBEIM OOpa3oM BO BCeX
CBOOOIHBIX STYEHKAX AUCKPETHOIO IIPOCTPAHCTBA C
pa3HbIMU BEPOSITHOCTSIMM, 3aJaHHBIMU [JIsI «BBICOKO-
TE€XHOJOTUYHBIX» U «HU3KOTEXHOJOTMYHBIX» Pabo4mx



MECT, COOTBETCTBEHHO. HecMOTps1 Ha TO, UTO TaHHBIN
MOAXO[, SBJISIeTCS HauboJiee 3aTpaTHBIM IJisl Tocyaap-
CTBa, OH MOXET IMOMOYb 130eXaTh AeULIMTa PaboYnX
MECT, UTO OCOOEHHO BaXKHO IPU BBICOKUX TEMIIaX MU-
rpauuu. K Tomy Xe, 0ojbliiee KOITUYECTBO paBHOMED-
HO pacripeJeeHHbIX paboYrX MECT, IMO3BOJISIET CYIIe-
CTBEHHO YBEJIMYUTh KOJINUYECTBO B3aMMHbBIX KOHTAKTOB
MEXIy KOPEHHbIMU XUTENSIMU U MUTPAHTOB, YTO I10-
JIOXKUTEIBHO BJIMSIET HA YPOBEHb BJaJEHUS MECTHBIM
SI3bIKOM, BO3MOXHOCTb TIOJIyYEHUSI peJIeBAaHTHOTO
MECTHOTO 00pa30BaHUS U T.J., YTO CIOCOOCTBYET CHU-
JKEHMIO BpeMeHH, TpeOyeMOoro Ha aCCUMMIISILIVIO U UH-
TerpaLuio.

Bxkian «BBICOKOTEXHOJOTMYHBIX» W «HU3KOTEXHO-
JIOTUIHBIX» pab0OYMX MECT, 3aHSATBIX, KaK IIPaBUIIO,
KOPEHHBIMU KUTEISIMU U MUTPAHTaMU, B SKOHOMMU-
yeckuil poct (BBII) u rocynapctBeHHbIe TpaHC(EPTHI
(I'T) paznuueH. OtHowmenue BBII Ha egununy Tpy-
IOBBIX PECYPCOB B <«BBICOKOTEXHOJIOTMYHEBIX» OTpac-
JISIX 5KOHOMMKU, 3HAUUTEJbHO BBIIIIE 10 CPABHEHMIO C
«HU3KOTEXHOJIOTUYHBIMI». [1pu 3TOM, cCO3maHNe «HU3-
KOTEXHOJIOTUYHBIX» paboYrX MecT o0ycIaBIMBaeT 10-
TIOJTHUTE/IBbHEIE TOCYOAapCTBEHHBIC PAaCXOIbl, KOTOPHIE
TakKe YBEJIMUMBAIOTCS C POCTOM KOJIMUYECTBA «Oe3pa-
OOTHBIX» ar€HTOB.

B Momenu obecrieunBaeTCs IIPUTOK MUTPAHTOB C T10-
cheayolei «Tpancdopmalreii» MpruObIBAIOIINX areH-
TOB B KOPEHHBIX KUTEJICH 110 NCTCUCHUIO CPOKA HE00-
xonuMoro Ha accumusiiuio (1—30 net). UMMmurpaius
00yCIIOBJIeHa B OCHOBHOM «TPaBUTAIIMOHHBIM 3 eK-
ToM» [10], 3amaromyM yCUIMBAIOIIYIO OOpaTHYIO CBSI3b
MEXIY KOJIMIECTBOM MMEIOIINXCS HeaCCUMITHPOBaH-
HBIX MUATPAHTOB U MHTEHCUBHOCTBIO IMPUTOKA HOBBIX.
IIpu 3TOM, B MOIEIN HOJISI HOBBIX MMMHIPAHTOB (OT
qyrcia yxKe UMEIOIINXCs), KaK M 3aTpaThl Ha 00pa3oBa-
HUEe ¥ MHTETPAIINIO SIBIISIOTCS KITIOUEBBIMU YITPABIISIIO-
IIUMU T1TapaMeTpaMu. I1oaToMy, MUTpalIMOHHBIN MIPO-
11ecc B MOJ00HOI CUCTEME, MOKHO pacCMaTpUBaTh Kak
«YIIPABJISIEMBbI» U «KOHTPOJUPYEMBbINi» CO CTOPOHBI
JIMLa TPUHUMAIOLIETo pelleHus (Tocya1apcTBa).

Ha xaxnom 1iare Mmoneiy areHTaMu peaanu3yeTcs Mo-
HCK OJIKaiIIero paboyero Mecra, COOTBETCTBYIOIIETO
ero tuiy. Bmecte ¢ TeM, 0COOEHHOCTBIO TEXHUYECKOI
peamu3aunu momenu Bo FLAME GPU sasnsieTca 00-
PaTHBIA TMOPSNOK pealu3alud JTAaHHOU MpOLEIYpHI,
T.€., PECYypChl OTOMpAIOT ceOe Harbosiee MOAXOASIIUX
areHToB, U, B CJIyyae MOJOXUTEIbHOTO MCX0/1a, Ha3Ha-
YalOT UM CBOM KOOPIWHATHI B KAUECTBE IIC/ICBBIX sTUe-
€K, OTHOBPEMEHHO OJIOKUPYS TOCTYIT BCEM OCTaIbHBIM
arcHTaM.

Takxe areHTbI-KOPEHHBIE XUTEJIM W areHTbI-MU-
TPAaHTHI OCYIIECTBIISIOT IIOMCK HanboJIee MOAXOISIIIEeTO
napTHepa 1151 Opaka U poxKAeHUs JeTei (T.e., ¢ y4eTOM
ero Bo3pacTa, ceMeiHoro craryca u 1ip.). Eciu ypoBeHb
JIMIHOTO KoM@dopTa areHTa HIDKe 3aJaHHOTO ITOPOTO-
BOTO YPOBHSI, OH HUIIET paboTYy, €CJIU BBIIIC U OH ITOKa
HE UMEET CEMEWHBIX CBSI3EU, TO OCYIIECTBIISIETCS T10-
HCK TIapTHepa 11 Opaka M pOXICHUS AeTeil (KOHEIHO
MPU YCJIOBUM MOIXOASIIEro Bo3pacTa M MPOUYMX XapaK-
TEPUCTUK).

Hrak, Bce areHTbI-MHAMBUAYYMbI MOTYT HAXOIUTCS B
CTallMOHAPHOM COCTOSTHUM, COCTOSIHUY TIOUCKa pabo-
4Yero MecTa, COCTOSIHMU IOMUCKA MapTHEpa, COCTOSTHUU
TOTOBHOCTH UMETH JETeH U T.lI. ATEHTBI-MUTPAHThI MO-
TYT TaK:Ke TIEPEUTH B COCTOSTHIE aCCUMUJISIIIAN TI0 MC-
TEYEHUIO HEKOTOPOro CPOKa, SIBJISIIOLIEIOCSI SHIOTCH-
HOI1 XapaKTepUCTUKOU Momeu. I1pu 3ToM, KOpeHHBIE
KUTEJIU XapaKTepU3yIoTcs 00jiee BBICOKUMM 3HAYEHM -
SIMUA TIOPOTOBBIX XapaKTEPUCTUK (B YaCTHOCTH, MUHU-
MaJIbHbI YpOBEHb JUYHOIO KoMdopTa), 00yCI0BIU-
BaIOIMX MX II€PEX0] B HOBbIE COCTOSIHUSI, HAIIPUMED,
COCTOSIHME TIOMCKa paboyero Mecra, CTallMOHapHOE
COCTOSIHUE, POXAEHUE AETE U [Ip.

dopmasibHast TOCTAHOBKA 3a1a4M U JeTaIU3MPOBaH-
HOe OITMCaHMe MOMICIBHEIX 3aBUCHUMOCTeN (0e3 ydeTa
a¢deKkTa aACCUMIISILIMU U MHTETpalliy) TIPEACTaBICHbI
B pabote [8].

2. IlporpamMMHas peanu3anus

OCHOBHBIE BBIUMCIIMTEIBHEIC TPOLIEAYPH U (HYyHK-
OUYA MOPeIOKCHHOM MMUTAIMOHHOW MOIEIU IIpen-
cTaBJieHbl B mabauye 1 c y4éToM YCJIOBHOM IOCje-
OBAaTeJIbHOCTH WX WUCHOJHeHUS. OYyHKINK TUIIa
FLAMEGPU_STEP_FUNCTION peann3yroTcs
B KaXIbIii MOIEIBbHEII MOMEHT BpeMEHM Ha YpOBHE
meHTpanpHOro mpoueccopa (CPU), ¢dyHkoum kiac-
ca FLAMEGPU_AGENT_FUNCTION nocnemno-
BaTeJIbHO BBITIONHSIIOTCSI B pEeXWMeE ITapauIeIbHBIX
BBIYMCJICHUI C MCITOJIb30BaHUEM IpacHIEeCKMX IIPO-
eccopoB (GPUs). I1pu aToM, Gojiee BbICOKas MPOU3-
BOIUTEILHOCTh B CPABHEHUH C TPAAUIIMOHHBIM CITOCO-
0OM pealM3alliid areHT-OPUEHTHPOBAHHBIX MOMECNICH
JIOCTUTACTCST 3a CYET pacliapajijieIMBaHUs JIOTUKHU pa-
0OOTBI KaXXKIOTO arcHTa, 0OMEHHMBAIOIINXCS APYT C IPY-
TOM COOOIIEHUSIMM C YYETOM MX MPOCTPAaHCTBEHHOTO
PacITOIOKEeHUS.

B mabauye 1 mon maHHBIMU <«IIO areHTaM» TMOHUMa-
JOTCSI XapaKTePUCTHKKM areHTOB-KOPEHHBIX SKUTEICH M
areHTOB-MUIPAHTOB (HAIpUMeEp, I0JI, BO3pacT, ceMei-
HBII CTAaTyC, TUII areHTa U T. 1I.), a <TaHHbIE IT0 pecypcam»
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Tabauya 1.
OcHoOBHBIE BBIYHC/IMTEIbHbIE MPOLIETYPbI
U (DYHKIIMM MMUTAIIMOHHOI MoJeH
BxoaHble BbixoaHbie
Ha3BaHue (yHKLUK HasHa4enue CO0BLIEHNS COBILIEHUA
FLAMEGPU_INIT_FUNCTION NHuumann3auns moaenu. ®opMupoBaHie HaqabHbIX Her Her
(init_function) nonyNALMIA KOPEHHBIX XIUTENERA, MUATPAHTOB W PABO4UX MECT.
Mpn6bITINE HOBbIX AreHTOB-MIrPAHTOB, POX/EHINE HOBbIX areHTOB
FLAMEGPU_STEP_FUNCTION (KOPEHHbIX XMTENeit 11 MUTPaHTOB) Y CEMEIHBbIX Nap Her Her
(BasicQutput) (C 6oMbLUEI BEPOSTHOCTBIO) 1 OIMHO4HbIX AreHTOB
(C MeHbLLE BEPOSITHOCTbH).
FLAMEGPU_STEP_FUNCTION OugHKa (1.e. c60p) pe3ynbTaToB BbIYUCIEHNIA MO aHCAMOIO Her Her
(AgentUpdate) AreHTOB B KX/IbIil MOMEHT BPEMEHN.
Eel_)(:?thgnZlthi_o?;|T_COND|T|0N MpoBepka BbINOMHEHUS KpUTEPWS OCTAHOBA MOAENN. Het Her
FLAMEGPU AGENT FUNCTION MpoBepka 11 yCTpaHeHne NOTEHLMANbHbIX KONAU3NIA, TlatHsie
- v 006YC/OBIEHHBIX CMy4alHbIM NOMAJAHNEM areHTOB B OJHY Her
(check_all_agents, MsgArray2D, MsgNone) EIiKY MCKDETHOTO MDOCTDAHCTRA 110 areHTam
FLAMEGPU_AGENT_FUNCTION Co3aaHue HoBbIX paboynx MECT Ha OCHOBE IMEHOLLIEACS! Her [laHHble
(workplaces_creation, MsgNone, MsgNone) |  nonynsium pecypcos. BbifbiTue pabounx MecT. 1o pecypcam
PacnpoctpaHeHue nHdopmaLin areHTam 06 VMErLLnXCS
FLAMEGPU_AGENT_FUNCTION JlaHHble [laHHble
(update_cell, MsgArray2D, MsgArray2D) gfngglax (pado4x mecrex). lpoBepka «3aHATOGTH~ pecypca N0 areHTam o pecypcam
PacnpocTpaHeHie nHchopmaum Apyrum areHTam (KOpeHHbIM
FLAMEGPU_AGENT_FUNCTION KUTENSM 11 MUArPAHTAM) 00 UMEIOLLIMXCS areHTax (co JlaHHble [laHHble
(check_cell, MsgArray2D, MsgArray2D) CBOWMIA XapaKTepUCTIKaMU) 11 3aHUMAEMbIX UM PECYPCaX. 10 pecypcam Mo areHTam
OnpeneneHue TNa pecypea, 3aHMMaeMoro areHTOM.
OLEHKa YacTOTbI KOHTAKTOB TUMA «argHT-areHT» (B pamkax
FLAMEGPU_AGENT_FUNCTION 8-knetoro «MypoBa coceAcTBa») Ans OLEHKM (nepecyeTa) [laHHble [laHHbie
(agent_to_agent_contacts, MsgArray2D, YPOBHS BNaZIEHNS MECTHBIM A3bIKOM Y MUTPAHTOB, U YPOBHSA 10 areHTam N0 areHTam
MsgNone) TINYHOTO KOMAOPTA Y KOPEHHbIX XIUTENEIA, CHIKAIOLLErocs
NPy KOHTAKTE C MUTPaHTaMIA.
FLAMEGPU_AGENT_FUNCTION DyHKLWS noncka 6nvxaiiLLiero napTHepa, COOTBETCTBYHOLLETO TlatHsie TaHbie
(looking_for_partner, MsgArray2D, 3a/jaHHbIM KpuTepUaM (Hanpumep, noA, BO3PacT, CeMeiiHbII 0 areHTa 10 areHTam
MsgArray2D) cTaryc uT.n.).
FLAMEGPU_AGENT_FUNCTION ®ukcaums 6paka ¢ areHToM, OTNPaByBLLNM COOBLLEHNE JlaHHble Her
(get_married, MsgArray2D, MsgNone) Ha OCHOBE YHWKaNbHOrO uaeHTudukaropa (ID). Mo areHTam
OyYHKLKS NONCKA areHTa, Hanbonee 6NM3K0 PACMONOKEHHOMO
Ztﬁ&fﬁeﬁgr—/;\gsiwc—gmcggy D K KK0MY pabo4emy MeCTy 11 HaXOAALIEMCS B COCTOAHMM [laHHble [laHHble
Ms Ar?a_ZDj » MSgArTayel, noucka paboTsl. HasHaueHue LIeNEBOIA 1HEiKI C PECYPCOM Mo areHTam no pecypcam
gArray 0TOOPAHHOMY areHty.
FLAMEGPU_AGENT_FUNCTION 06HOBNEHIE COCTORHUS KXO0r0 areHTa, B 3aBUCUMOCTH
(update_agent_ 0T 3HA4eHWIA Ero XapakTepUCTUK (HanpUMep, YPOBHS NMYHOTO Her Her
state, MsgNone, MsgNong) komdopTa, BO3pacTa, CEMEIAHOro cTatyca U T.4.).
FLAMEGPU_AGENT_FUNCTION TpaH3aKLms NePEMELLIEHNS areHTa B AUCKPETHOM MPOCTPAHCTBE TlatHsie
(moving_trasaction, MsgArray2D, C LIENbto 3aHsTUsS paboyero MecTa, Ha 0CHOBE [JaHHbIX O LIe1eBOA Her

MsgNone)

A4eiKe, NepeaHHbIX COOTBETCTBYIOLAM PECYPCOM.

N0 pecypcam

11




MPEeACTABIISIIOT COOOM XapakTepuCTUKU pabouyux MecT
(Hampumep, TUII pecypca, «3aHsIT/CBOOOIEH» U T.0.).

Pa3paboTanHast IMUTALIMOHHAST MOJEITb TTOMIC DKM -
BaeT IBa OCHOBHEIX CII0CO0Aa BBHITTOJTHEHUS BBEIYMCIIU-
TEJIbHBIX IIPOLIETYP:

¢ OIMHOYHBIN pacyeT, BBIMOJHSIEMBIA ISl OXHOTO
BBIOPAHHOTO ClieHapys ¢ GUKCUPOBAHHBIMM 3HaYe-
HMSIMU YTIPABJISIONIMX MTapaMeTPOB U BU3Yyau3alueit
COCTOSIHUSI ar€HTOB C MCIIOJb30BaHUEM OMOIMOTEK
Open GL [20];

¢ MHOXECTBEHHbIC BBIYMCICHUSI, pealu3yeMble C
HCIO0JIb30BaHKEeM MeToa Kiacca MoHTe-Kapio [21—
24] 3a cueT napayuIeIbHOTO 3aIycka UMUTAIIMOHHOMN
MOJIEIM B PEXMME TaK Ha3bIBa€MOTO <«aHCAMOJIS».
JaHHbBIN MOIXOJ MO3BOJISIET BApbUPOBATh 3HAYEHU-
SIMU YTIPABJISIIONINX TTapaMETPOB B 3alaHHbBIX IMAara-
30HaX, B YaCTHOCTH, C UCIIOJIb30BaHWEM paBHOMEP-
HOTO, HOPMAJILHOTO U Ap. GYHKIUI pacrpeaeaeHus
CO CBOMMMU XapaKTepUCTUKAMM.

Busyanuzauusa cocrosinuit areHtoB Bo FLAME
GPU BoinonHsieTcs ¢ ucnoiab3zoBaHueM Open GL u,
B YaCTHOCTH, MpeAcTaBisieT coOOil pelleTKy 3amaH-
HOM pa3MepHOCTH, B T4eKaxX KOTOPOM pa3MeIaroTCs
AreHTbl: MUTPAHTBl U KOPEHHBIE XXUTEJIU, U PECYPCHI:
BBICOKOTEXHOJIOTMYHbIE U HU3KOTEXHOJOTMUYHbIE pa-
06oune Mecta. Takxke, UMEIOTCS CBOOOAHbBIE KJIETKM,
HE COEPXKUIIME PECYPCOB U areHToB. [1pu aToM, eciu
areHT TPYAOCIIOCOOHOIO BO3pacTa 3aHUMAET KJIETKY,
He UMelolIyl0 paboyero Mecra, T0o, OH cuuTaeTcs 0e3-

pabOTHBIM U YPOBEHb €ro JUYHOTo KoMdbopTta Oyner
MOCTENEeHHO CHUXaThcsa. OTMETUM, YTO BU3yaau3a-
LIUSI COCTOSIHUIA ar€HTOB U UX AUHAMUKA, T.€. lepeMe-
IIEHUE B HOBbIE KJIETKU TUCKPETHOTO MPOCTPAHCTBA
peanusyercsl B KaXIblii MOMEHT MOJEIbHOTO Bpe-
MeHU. [logoOHBIA MOAXOM, MO3BOJSIET KauyeCTBEHHO
OLIEHUTh Pa3BUTHE MOMYJSIIUN C YYETOM WHIUBUIY-
aJpHOTO BBIOOpa areHTaMu HauOoJiee TMPEANOUYTH-
TEJIbHBIX PA0OUYMX MECT, a TaKXKe U3YYUThb 3(PHEKTHI
cerperauuu u 1ip.

3. PesyabTatnl
YHUCJICHHBIX OKCNIEPUMEHTOB

Bce pacueThl MpOBOAMIMCH HAa CYIIEPKOMIIbIOTEpE
FORSITE DSWS PRO Ha 6aze QUADRO RTX 6000
Ha BpemMeHHOM uHTepBasie 80 net. OOlee KOJTMIECTBO
areHToB-pecypcoB B Moaeau puxkcupoBaHo (10 000) u
OrpaHUYEHO Pa3MEPHOCTHIO 3aJaHHOTO MHUCKPETHOTO
mpoctpanctBa (100 X 100). KosuyecTBo areHTOB-KO-
PEHHBIX XXKHUTEJIE 1 MUTPAHTOB MEHSIETCS B AMAIIA30HE
ot 0 mo 10 000, u sBAsIETCS PE3yaBTATOM UMMUTALIMOH-
HOTO 3KCIIepMMEHTa. 3HAYeHMS OCHOBHBIX Iapame-
TPOB MOJIEJIN MIPEACTABICHEI B mabauye 2.

Ha puc. 1—4 npencraBiieHbI YaCTOTHEIC THATPAMMBbI
IJISI HauboJsiee BaXKHBIX XapaKTEPUCTUK MCCIAEAYEMOM
CUCTEMBbI, TOJYYEHHBIE C MCIOJb30BAHMEM METOJa
kiacca MoHte-Kapio, arperupoBaHHOTO C IIpemJio-
JKEHHOI ar€HTHOI MOJIEJIbIO TIOCPEACTBOM €€ yIpaBJs-
FOIIMX TTapaMeTPOB U 1IeIeBhIX (DYHKIIMOHAIOB.

Tabauuya 2.
OcHoBHbIE MapaMeTpPbl MOJIEIH
HaumenoBaHue napameTpa MunumanbHoe 3Hayenue | MakcumanbHoe 3HaueHue
Jl0Nn51 HOBbIX MUTPAHTOB (0T YUCIIEHHOCTM YXKE UMEHLLIMXCS) 0,1 05
Jlons rocyaapcTBeHHbIX pacxoaos Ha 06pa3oBaHue B BBIT Ha fyLuy HaceneHus 0,1 05
Bpemst X13HM BbICOKOTEXHONMOTUYHBIX PaBo4nx MecT 5 15
Bpemst XU3HM HU3KOTEXHOMOMMYHbBIX PABO4MX MECT 5 15
Meproan4HOCTb (HOPMUPOBAHIS HOBbIX PAB04MX MECT 5 15
[pOA0MKUTENBHOCTb XI3HW KOPEHHbIX XIUTENEN 70 90
[pOA0MKUTENBHOCTb XIU3HI MUTPAHTOB 60 80
MuHUManbHbIiA BO3PACT BCTYNIEHUS B OpaK 1 pOXAEHUS [IETEN KOPEHHBIX XUTENEI 18 30
MUHUManbHbIA BO3PACT BCTYNNEHUS B Opak 1 poX/aeHs AeTelt MrPaHToB 18 30
MUHIMATbHbIA YPOBEHb NIMYHOMO KOMEOPTA KOPEHHbIX XXUTENEl 3 10
MUHIMAnNbHbIA YPOBEHb NMYHOMO KOMKOPTa MTPAHTOB 3 10
[eHCOHHbIA BO3pacT 60 75
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Pue. 1. HacToTHas auarpamMma Ans YUCIEHHOCTM NONYNSLMY. Puc. 3. HactotHas auarpamma ans nonm
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Puc. 2. HactotHas gnarpamma 47151 CpEAHEro BDEMEHH,
TDEBYEMOro Ha ACCUMUTISILNIO U MHTEr DALV,

OTMETHM, YTO B XOJI€ BBIITOJIHEHUS YMUCIICHHBIX 9KCIIe-
PYMEHTOB OBbLIM IPOBEIECHBI MHOXECTBCHHBIC IIPOTOHbI
mozenu (6onee 1000) 1 oroOpaHbl HaMbOJIEE pa3IUYaIO-
IIMecs 10 OLIEHMBAEMBIM XapaKTePUCTUKAM CIIEHAPHH,
BU3YAIM3UPOBaHHbBIC Ha puc. 1—4.

Kax crnemyer u3 puc. [—4 MenuaHHbIe 3HaYEHUS MOJIE-
JUPyeMbIX TIOKa3aTeNieli MEIOT SIBHO BhIPAaXKEHHBIE 3HA-
4yeHusl. Takke OTMETUM YacTylo HabII0IaeMOCTb IPaHUY -
HBIX 3HAYeHU nokazareseit. [1pu aTom, mo-BUIMMOMY,
CYIIECTBYIOT CLIEHAPUU HEKOTOPOTO YIIy4IlIEHUsT TpeOy-
€MbIX 1IEJIeBbIX XapaKTEepPUCTUK (HAMpUMEp, CPETHEro
BpEMEHU, TpeObyeMOro Ha aCCUMWISILIAIO), OJHAKO OHU
TpeOyIOT OOJIBIINX TOCYIAPCTBEHHBIX PACXOA0B Ha 00pa-
30BaHNE, yBEJIMYEHUE YHCIIa pabOYMX MECT U T.1I.

W3 puc. 5 caenyet, 4To He HaOIIOAACTCS OTHO3HAY-
HOM 3aBUCHMOCTU JIOJIM HEACCUMUJIMPOBAHHBIX MU-
TPAaHTOB OT CPEIHEro BpeMeHU, TpeOyeMOoro Ha MX ac-

I I I
4000 6000 8000
061Lee KOnN4eCTBO aCCMMMNMPOBAHHBIX MUTPAHTOB

I
0 2000

Puc. 4. HactotHas auarpamma ans 06LLEro Konm4ecTsa
aCCYMMUNNPOBAHHbBIX MUTPAHTOB.

CUMWISILIAIO — JUIS CaMbIX YaCThIX 3HAYEHUI TIEPBOTO
nokaszatessi (0T 7 10 12 J1eT) BO3MOXHbBI pa3Hble 3HaUe-
Hug Broporo: ot 0 1o 0,55.

HaHHbIe, N300pakeHHbIe Ha puc. 6, TOKa3bIBAIOT MpakK-
TUYECKW JIMHEHHYIO 3aBUCUMOCTb YMCJICHHOCTH MOJIEITh-
HOU momynsuuu (OOILEro Yucia areHTOB-KOPEHHBIX
KUTeNel Y areHTOB-MUTPAHTOB) M OOIIETO KOJIMYEeCTBa
ACCUMWWIMPOBAHHBIX MUTPAHTOB.

Hanee, paccMaTpuBalOTCsl HaKOoJIee BaXKHbBIE TPYIIITHI
ClLIeHapVieB 2BOJIIOLIMOHHOTO PA3BUTHUST COOOIIECTB MU-
TPaHTOB 1 KOPEHHBIX KUTEJIEH:

4 CIICHapu1 MaJIOMHTEHCHUBHON Y HOPMAaJbHOM MUTpa-
1Iw;

¢ ClLIEHapUU UHTEHCUBHOU U CBEpXUHTEHCUBHOM MUTpa-
1107078

KoueBbie XapakTepuCcTUKY UCCIEAYEMbIX CLIeHapHUeB
MpENCTaBJIEHbI B mabdauye 3.
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Puc. 5. [1BymepHas 4acTotHas anarpamma Ans CPeaHero BPEMEHM,
TPEOYEMOro Ha acCUMUMSILIMIO W UHTErPALAKD 1 [JONIW HEACCUMMNMPOBAHHbBIX MITPAHTOB.

0
(06LLiee KONYECTBO ACCUMIMNPOBAHHbBIX MATPAHTOB o MPOrOHOB MOJIENM
- 10

HUCNIEHHOCTb NONYNALMN B KOHLIE CUMYNALNAN
T T T T T

T
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o

Puc. 6. [IBymMepHas 4acToTHast Auarpamma Anst YUCNEHHOCT MOAENHON NONy AL
11 06LLIEr0 KOMNYECTBA ACCUMMMMPOBAHHBIX MUTDAHTOB.



BU3HEC-UHOOPMATHUKA T. 16 Ne 1 — 2022

Tabauya 3.

I/ICCJIe,ZlyeMI)le ClICHApYH1 U MO €JIbHbIC TOMYIIICHUA

I'pynna cueHapues

Homep Cuenapus

[lonsl HOBbIX MUrPaHTOB

[lonsi roc. pacxofi0B Ha 06pa3oBaHue U MHTETpaLuio

CueHapnit 1 0,1 0,1

CLieHapun ManonHTEHCIBHOI U
(HOpManbHOIA) MUrpaumn Cugtiapuii 2 01 0.25
CueHapnii 3 0,1 05
CugHapui 4 0,2 01

CLEHapu MHTEHCUBHOIA ;
MMFpaLIM CueHapwit 5 0,2 0,25
CueHapuii 6 0,2 05
CueHapuit 7 0,3 0,1

CLeHapui CBEPXUHTEHCUBHON ;
MVFpaLIM CugeHapnin 8 0,3 0,25
CueHapuit 9 03 05

Ha puc. 7—10 npencraBieHa MoAe/IbHAs TMHAMUKA
KJIIOUEBBIX XapaKTePUCTUK paccMaTpMBAeMOil CHCTe-
MBI Ha MHTepBaje B 80 MOIEIbHBIX JIET, SIBJISIOIIASACS
pe3yJIBTaTOM IOBEIECHMS aHCaMOJIsI B3aMMOICHCTBYIO-
IIUX areHTOB — KOPEHHBIX XXKUTEIC U MUTPAHTOB.

W3 puc. 7—8 cnenyroT CIenyOIINiA BaXKHBI BBIBOI.
IIpu cymecTByOIMMX NaTTepHaX MOBEICHUS arcHTOB,
CYIIECTBEHHOTO YBEJIMYCHUSI YMCICHHOCTH ITOMYJISI-
LIMM MOXHO JOCTUYb TOJIBKO B YCJIOBUSIX MHTEHCUBHOM
W CBEPXMHTEHCUBHOI murpauuu. OgHako, IogoOHbIe
CLIEHapMH BBI30BYT CYIIECTBEHHBII POCT A0 MUTPAH-
TOB B YMCJICHHOCTH TOITYJISILIUU, YTO MOXKET IPUBECTH
K POCTY COIIMATBHON HANPSIKEHHOCTH.

Y1CNEHHOCTb areHToB

W3 puc. 9 crenyer, 4To HAMOOIBIINE TEMITBI POCTa
BBII M0oXHO JocTUYb MpU CLEHAPUSIX WHTEHCUBHOM
MUTpALIN, OTHAKO TTOCTCAYIOMNI 3a 3TUM JePUIIUT
pecypcoB IMIPUBOAUT K ITOCTEIIECHHOMY CHIDKEHUIO TeM-
ITOB 3KOHOMMYECKOI'O pOCTa.

W3 puc. 10 cnenyert, 4TO ClieHApUU MHTEHCUBHON U
CBEPXMHTEHCUBHOM MUIpAalUU OOYCIaBIMBAIOT CY-
LIECTBEHHBIN POCT TOCYIAPCTBEHHBIX PACXOA0B, B OC-
HOBHOM, CBSI3aHHBIN ¢ HEOOXOIMMOCTBIO YBEJTMUCHUS
pacxomoB Ha 00pa30oBaHKME U MHTErpaLiii0 MUTPAHTOB,
CO3IaHUsI COOTBETCTBYIOIIUX PabOYMX MECT, BHIILIATY
rnocoouii mo 6e3paboTHULIE U T. 1.
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CBEPXMHTEHCUBHONN N CueHapwit 1
MUrpaLmn CueHrapuit 2
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4000 marpagw . ===e=e-- CugHapnit 5
CugHapuii 6
2000 4 S L s CugHapuin 7
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MopenbHoe Bpems, rofbl

Puc. 7. MofienbHast AnHaminka YACHEHHOCTY NONYNaLuA.
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Puc. 8. MofienbHast MHamuka fionm HEACCMUNNPOBAHHBIX MIUTPAHTOB B NOMYNALNN.

Temnbl pocTa BB, %
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Pue. 9. MopenbHas auHamuka temnos pocta BBIT.

Temnbl pocTa rocyjapCTBEHHbIX PacxofioB, %
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3akioueHue

B manHOI1 cTaThe TIpeACTaBIeH HOBBIN ITOAXOI K MO-
IETUPOBAHNIO MUTPAIIMOHHBIX M IeMOTpaduIecKux
npoiieccoB ¢ ucnons3oBanueM FLAME GPU — miart-
opMBl, IpeagHa3HAYEHHOM ISl CYIIEPKOMIILIOTEPHOTO
areHT-OpMEHTUPOBAHHOIO MOAETUpoBaHUs. JlaHHas
maTdopma IMo3BOJIIEeT paciapajuleTuTh JJOTUKY (PYyHK-
UOHMPOBAHMUS WMMTAIIMOHHOW MOAENN Ha ypOBHE
KaXI0ro areHTa, o0ecre4uB CyIleCTBEHHOE MOBbILIE-
HUE BpeMeHHOU 3(P(PEeKTUBHOCTH COOTBETCTBYIOIINX
BBIYMCIMTEIbHBIX IPOLICAYD.

B pesynbraTe ¢ HCMONIb30BAaHUEM MCKYCCTBEHHBIX
JaHHBIX 1 METONOB Kiaacca MoHTe-Kapiio BbIITOJTHEHBI
HCCcIeI0BaHNUsS HauboJjiee BaXXHbBIX XapaKTepPUCTUK MO-
JIEJIN B3aUMOJEUCTBUS KOPEHHBIX XUTEJIEU U MUTPaH-
TOB: YMCJEHHOCTU IIOIYJISILMK, CPENHETO BPEMEHH,
TpeObyeMoro Ha acCUMWISLMIO, O HEaCCUMUIUPO-
BaHHBIX MUTPAHTOB B Momyasiuuud U Ap. OnpeneaeHbl
CclieHapuu, oOecleurBalolllee MOJOXKUTEIbHBINA BKJIa
B TEMITB 5KOHOMHYECKOTO M AeMOTpachIIeCcKOro pocTa.
IIpu aTOM, peanusaiiys MOTOOHBIX CIIEHapHUEB, OCHO-

BaHHBIX TPEMMYIIIECTBEHHO HAa WHTCHCHBHOM MHTpa-
WU, OOYCIABIMBAET HEOOXOAUMOCTH CYIIECTBEHHOTO
YBEJIMYEHUS TOCYTApCTBEHHBIX PACXOMOB Ha 0Opa3oBa-
HUE U MHTErpaLuio.

IIpennoxxeHHbI MOAXO0H MOXET OBbITh MCIIOJIb30BaH
IIJIST pa3pabOTKH CUCTEM ITOMIEPKKY IPUHSITUS pPelle-
HU MO MJIaHUPOBAHUIO HaliMa HOBBIX COTPYAHUKOB Ha
OCHOBE NPOTHO3HON TUHAMUKU MUTPALIMOHHBIX U Je-
MoTrpadUIeCKHUX ITPOLIECCOB.

HanbHeiue uccaeaoBaHusl OynyT HalpaBieHbl Ha
YCIIOXHEHNE W JSTAIN3AIIAI0 MOICIN B3aNMOICCTBUS
MHTPAHTOB M KOPEHHBIX KUTEJICH, TPpUMEHEHNE Me-
TOJOOB KJjacTtepuzauuu sl (GOpMUPOBAHUST pabOUYUX
MECT, uccliegqoBaHue 3(hGeKTOB cerperauuy u ap., ¢
ncrojgb3oBanneM FLAME GPU. m

Baaronapuoctu

HccnenoBaHue BBINOIHEHO MpU (DUHAHCOBOM MOMI-
nepxke Poccuiickoro doHga ¢pyHIaMEHTaNIbHBIX UC-
caenoBannit (PO®OU), B pamkax HaydHOro IpoOeKTa
Ne 18-51-14010.
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Abstract

This article presents an approach to modelling migration and demographic processes using a framework
designed for large-scale agent-based modelling — FLAME GPU. This approach is based on the previously
developed simulation model of interaction between two communities: migrants and natives that is implemented
in the AnyLogic simulation software. Despite a relatively simple configuration of the basic model, in particular,
low dimensionality of the discrete space representing the operating environment of the agent populations and
a deterministic decision-making system of each agent, the presence of multiple multiparticle interactions and
transitions between agent states determines a high computational complexity of such a model. The use of FLAME
GPU enables conducting extensive simulation experiments with the model, mainly due to the parallelisation of
computational processes at the level of each agent, as well as the implementation of the mechanism of multiple



computations using Monte Carlo techniques. The developed framework is used to study the impact of the most
important parameters of the model (e.g., rate of migration, governmental expenditures on integration, frequency of
new workplaces creation, etc.) on the key outputs of the modelled socio-economic system (in particular, population
size, share of migrants, number of assimilated migrants, GDP growth rate, etc.). The proposed approach can be
used to develop decision-making systems for planning hiring new employees based on the forecast dynamics of
migration and demographic processes.

Keywords: agent-based modelling, migration and demographic processes, population dynamics, large-scale modelling,
parallel computing on GPU, supercomputer modelling, decision support
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AuHoTanms

B paborte rcciemyoTcs 3Tambl Ipoliecca, BemyIiero K (GMHAaHCOBOMY KpaxXy KOMITAHWH, C MICTIOIb30BaHUEM
0aiicCOBCKOM CeTM B KauyeCTBe WHCTPYMEHTa MOIEIMPOBAaHMS, ITOCKOJBKY TaKOil ITOIXOH IIO3BOJISIET
BBISIBUTh TIPHMYMHHO-CJICICTBEHHBIC CBS3U B IIpodiiie dupMbl. Mcromb30BaHbI OOIIEIOCTYITHBIC TaHHBIC
0 (bpaHIy3CKMX, UTATBIHCKMX U POCCUICKUX (bUpMax, colepxallye MITbh BbIOOPOK, COOTBETCTBYIOLIMX
TIeproaaM OT OIHOTO rofa o IISATH JIET IO MOMeHTa HabmroneHus. [loydeHHBIe pe3yIbTaThl IIONTBEPKIAIOT,
YTO CYIIECTBYET pa3HMIIA MEXIY CTaIUSIMK TTPOIIecca, BEAYIIero K 0aHKPOTCTBY. It (hrpM, HaXOMSAIIUXCS B
HavaJie JUIMTeIbHOrO mpoiecca (3—5 neT mo aedonra), KiIodeBbIM (PaKTOpOM, ONIpeae/ISIOIINM JTUKBUIHOCTD,
SIBJISIETCSI KyMYJISITUBHAS MPUObUILHOCTD. [10 Mepe pa3BuTUsI mpoliecca, B CpeIHECpOYHO repcrekTuse (1—2
roma a0 aedoaTa) I 9KOHOMUK C OOJIBIICi HeOopeneIeHHOCTHIO Ha TIePBhIi TUTaH BBIXOMUT CITIOCOOHOCTD
00CITyX1BaTh 00s3aTeIbCTBA. DTOT (PAKTOP OTrpaHUIMBAECT BO3MOXKHOCTU TIOJIYYEHUs IIPUOBUIM, YTO
TIPUBOIUT K TaTbHEHIIIEMY Pa3BUTHIO ITpodieM. CyIiecTBYIOT TaKKe HaIIMOHAIBHBIE 0COOEHHOCTH, KOTOPHIE
00YyCJIOBJICHBI, BO-TICPBBIX, YPOBHEM 3KOHOMHYECKOTO Pa3BUTUS M, BO-BTOPBIX, HEOIIPEICICHHOCTHIO

5KOHOMUYECKOM TTOJIMTAKH.

KnoueBbie ¢ioBa: 6aHKPOTCTBO, IIpoliecc GMHAHCOBOIo Kpaxa, 6aiiecoBCKasl CeTh
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BBenenne

3ydeHue (UHAHCOBBIX KpaxoB SIBISIETCS
OIHMM M3 KJTIOYEBBIX BOIIPOCOB B OM3HEC-
uccienoBanusix. Ero MoxHO pasnenutb Ha
JIBa HampaBjeHus [1]: mepBoe — npenckaszaHue nedos-
TOB, BTOPOE — TEOPETUIECKUE U SMITUPUIECKIE UCCITe-
JIOBaHUS TIpoliecca, Beaylero K aedonry. M3ydenue
rpolecca Kpaxa TO3BOJISIET PACCMOTPETh MOBEIEHUE

HEYCIIEITHBIX (UPM B OoJiee ITUTETBHOM IePCITIEKTUBE
[2, 3], B TO BpeMs KaK MOJIeJIU TipeacKa3zaHus aedonta
yacTo (POKYyCHPYIOTCSI Ha (PMHAHCOBBIX IMOKa3aTeNlsIx
TOJBKO 33 ONWH WJIX HECKOJBKO JIET IO HACTYIUICHUS
npobjem [4, 5].

OCHOBHOI1 HEZOCTaTOK MoIeJie KPaTKOCPOUHOTO
MPOTHO3MPOBAHUS 3aKJIFOUAETCS B TOM, YTO 00513aTe/Ib-
CTBa KOMIIAHUM YACTO OBIBAIOT JUIMHHEE TOTO IepUo-
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J1a, B TeUeHHUE KOTOPOro puck aedosTa OLEHUBAETCS C
MpUEMIIEMOI TOYHOCTBIO [6]. TakM oGpa3oM, KoMIia-
HUIO CJIeIyeT aHaJIM3MPOBaTh B 00Jiee INTEIbHOM Iep-
cnektuBe. boiiee Toro, B To BpeMsl Kak OIHU (PUPMbI
C omnpeaeneHHbIM NpoduieM (PUHAHCOBBIX MOKa3aTe-
JIeH TepIIIT Kpax, APyrue ¢ TaKUM Ke TTpodmiIieM Mo-
TYT IIPEONOJIETh TPYAHOCTU U BEPHYTHCS K HOPMaJIbHOM
nesiTenibHOCTU. [1o3TOMy MHOTME aBTOPHI YTBEPXKIAIOT,
YTO CYLIECTBYIOT pa3WUHbIE TUMBI TPAEKTOPUA, KOTO-
pble MOTYT IPUBECTH WX HE IPUBECTU (PUPMY K Jie-
¢oaTy B 3aBUCMMOCTH OT €€ IPEAbICTOPUM 1 TEKYIIUX
Bo3MoxHocTel [1, 7-9].

Cy1ecTBOBaHNE PA3IMIHBIX BapHAHTOB ITPOIICCCOB
kpaxa ¢upmbl (firm failure process, FFP) moarBep:x-
JlaeTCsl MHOTUMU TEOPETUYECKUMU U 3MITMPUIECKUMU
nccnenoBaHussMu. OMHAaKO B HAYYHOM COOOIIECTBE HET
€IMHOTO MHEHUSI HE TOJBKO O TOYHOM OIIpEIeICHUHN
9TUX MPOLIECCOB, HO JaXe 0 KOJIMYECTBE MX BAPMAHTOB.
Hanpuwmep, B [10] nmpeacTaBaeHbl TpU TpacKTOpUr Gpu-
HaHCOBOTO Kpaxa ¢upM, B [8§] omucChIBAIOTCS 4YeThIpe
pa3IMYHBIX TUIIA IIPOLIECCOB, B [11] BeIIeIeHO ceMb TH-
noB FFP. DTu paznuuus o0bsICHSIIOTCS, BO-TIEPBBIX, UC-
MOJIb3yeMOI MeToJ0JIoTUel, HarpuMmep, padoThl [8] u
[10] ocHOBaHBI Ha Keiic-MeToze, a B [11] aHanu3upyoT-
Csl SMITUpUYECKIE TAHHBIE ¢ TTOMOIIBI0 CaMOOPTaHM-
3YIOIIMXCS KapT. Bo-BTOpHIX, aBTOPHI paccMaTpUBaIOT
npolece ¢ pa3HbIX cTopoH. ABTophl [10, 11] dokycu-
pyIoTCsT Ha (DMHAHCOBBIX pe3yibTaTax (3TOT MOAXOJ HC-
TIOJTB3YeTCS U BO MHOTMX IPYTHX paboTax, Halpumep,
[1, 2] m op.), B TO Bpems Kak [8] paccmMaTpuBaeT mpo-
onemy depes pu3My 3PHEKTUBHOCTH YIIPABICHUS.

B nanHoi1 pabote MbI hoKycupyeMcsl Ha ompeese-
HUU CIIeM(PUKN pa3TUIHBIX 3TarloB IIpoliecca Heyaa-
Yy (PUpPMBbI. DTOM LI COOTBETCTBYIOT TPU UCCIIeI0BA-
TeJIbCKUX BoIpoca (research questions, RQ):

¢ RQIl: KaK M3MEHSIOTCS TPUINMHHO-CJICICTBCHHBIC
CBSI3U MexXny (UHAHCOBBLIMM KO3(DDUIIMEHTAMU,
OIMMCHIBAIOIIMMHU COCTOSTHUE (PUPMEI, B pa3IMYHbIC
nepuonasl 10 aegoara?

¢ RQ2: cymecTBYIOT 1M pas3iIuyus B Ipoleccax
(rHaHCOBOroO Kpaxa (pupM, KOTOPbIE ONIPENEISTIOTCS
crnerUuKon cTpaHbl?

¢ RQ3: kaK cTereHb HEONpeaeIeHHOCTH 5KOHOMUYE-
CKOI MOJIMTUKY BIUSIET Ha Mpolecc Kpaxa (pupMbl?

Mbl ucnosib3yeM 0aileCOBCKYI0 CE€Th B KayecTBe
WHCTPYMEHTAa MOJEIMPOBAHUSI, TTOCKOJIbKY OHa IIO-
3BOJISIET BBISIBUTh MPUYMHHO-CJIEICTBEHHBIE CBSI3U B
npodune dpupmbl. MccaenoBaHue BBITIOJIHEHO Ha 00-
LIEAOCTYITHBIX JAHHBIX O (PPAHILY3CKUX, UTATbSIHCKUX
U POCCUNCKUX KOMIAHUSIX, TTPENCTABISIOMNX (hUHAH-

coBble KOX(DULIMEHTH (UPM 3a MEPUOJ OT OIHOTO
rojia 1o TISITH JIET OO AeoTa.

IMoyyeHHBIE pe3yabTaThl HOATBEPKAAIOT, UTO CYIIE-
CTBYeT pa3HMIIa MEXKIY CTAOUSIMU IIpoliecca, BEIyIIeTro
K 6ankpotctBy (RQ1). JIns ¢dupM B Havayie IJIUTENb-
Horo npouecca (3a 3—5 Jiet 10 MOMeHTa HaOII0AeHUST)
KYMYJISITUBHASI TIPUOBLIBHOCTD SIBJISIETCSI KITIOUECBBIM
dakTOpOM, OmpenessSIoIIM JUKBUIHOCTb. 3aTeM, 11O
Mepe pa3BUTHS MPOIECCca, B CPETHECPOUHOU MepCIieK-
tuBe (1—2 roma 70 MOMeHTa HAOIIOAEHUS ) IJIST KOHO-
MUK C GOJIbIIIEN HEOTIPEASIEHHOCThIO Ha TIEPBBI IIaH
BBIXOIOUT CIIOCOOHOCTH OOCIIYKMBAaTh 00S13aTC/IHCTBA.
DTOT (haKTOp OrpaHUUYMBAET BOZMOXKHOCTH TTOJTyYeHUS
MPUOBIIN, YTO MPUBOOUT K HAJbHEUIIEMY Pa3BUTHIO
¢akTopoB, Bemymux K 0aHKPOTCTBY. CyIIIeCTBYIOT TaK-
’K€ HallMOHaJbHble 0COOCHHOCTH, KOTOphIE OOYCIOB-
JICHBI, BO-TIEPBBIX, YPOBHEM pa3BUTUS SKOHOMUKU
(RQ2) 1, BO-BTOPHIX, HEONPEAEICHHOCTHIO SKOHOMM-
yeckoi moautuku (RQ3).

Cratbs opraHu3oBaHa cieayonum odbpazom. [locie
0030pa ucTouHUKOB, aHanu3upytowmux FFP, mpeacrap-
JICHbI OCHOBHBIE KOHIICIIIINY OaliecOBCKUX ceTeid. [la-
Jiee OIMcaHbl HAOOPHI TaHHBIX U OIEepaIliy MpeaIBapy-
TeJIbHOW 00pabOTKM, HEOOXOAMMBIE ISl MOATOTOBKU
MAaHHBIX K MOAEIMpPOBaHMIO. B 3akimrounTenpbHON Ya-
CTU aHAIM3UPYIOTCS MOJTYYEHHBIE CETEBbIE CTPYKTYPhI
1 00CYXIaloTCs TaTbHEUINe UCCIeqOBaHUS TSI pac-
IIUPEHUS IPEII0XKEHHOTO ITOAX0/a.

1. O630p JMTEpaTYpHI

IlepBbie ucciienoBaHus B 00JacTH IIPOTHO3MPOBA-
HUS 0aHKpOTCTB Havyanuch B 1930-x romax [12]. Otu
HCCJIEIOBAHMSI B OCHOBHOM (DOKYCHMPOBAJIMCh HA CpaB-
HEHUM WHIMBUIYaJIbHBIX IOKa3aTejed YCHCIIHBIX U
HEYCITeITHBIX (UPM, OJHAKO KOJUYECTBO IyOJIMKa-
LI OCTaBaJIOCh OTHOCHUTEIBbHO HebOonbmuM. [lepBas
MHOTrOMepHasi MOjieJIb ObljIa IIpeicTaBlIeHa AJTBTMaHOM
B 1968 . [13], KOTOPBI UCTIOIB30BAN AMCKPUMUHAHT-
HBII aHAJIN3 HAa OCHOBE ISITH (DMHAHCOBBIX KOG MULIM -
€HTOB. DTa MOJeNb, TAKXKe M3BECTHAsI KaK Z-MOJIelb,
OTKphLIa 3Py MHTEHCUBHBIX ucciegoBaHuii. Mccie-
JIOBaTeJId pa3paboTali MHOXECTBO MPOrHOCTUYECKUX
MojIeJielt, MCTIONIb3YS KaK CTAaTUCTUYECKUE METO/IBI, TaK
U MalIMHHOe 00ydyeHue. ClieayeT OTMETUTh, YTO MOJIE-
JIU, OCHOBAaHHBbIC Ha MAIlIMHHOM OOYYEHUHU, B 1ICJIOM
obecrieyrBaloT Oojiee BbICOKME mokaszatenu [14, 15];
OIHAKO Z-MOfe]b C HEKOTOPHIMU MOAU(DUKALIMSIMU
TaKXKe OCTaeTCsl aKTyalbHOI [4].

OO1ieit 0cOOEHHOCTBIO TPOTHO3HBIX MOJIEJIeil sSIB-
JISIeTCSl TO, YTO OHM paccMaTpUBAIOT MpobJieMy TMpo-



THO3UPOBAaHMSI OAHKPOTCTBA KaK 3agady OWHApHOM
kinaccudukanuu. [Ipyr 3ToM yame Bcero paccMaTpu-
BalOTCsl AJaHHbIC (PUHAHCOBOM OTYETHOCTU 3a HEOOJIb-
1I10€ KOJIMYECTBO MeproaoB 10 aedonra. GakTU4ecKu,
9TH MOJIEIN CTPOSITCS Ha KPOCC-CEKITMOHHBIX JaHHBIX;
KO3(ULIMEHTHI 3a pa3Hble NMEPUOIbl BPEMEHU YacTo
00BEAMHSIIOTCS B OJHY TOUKY HaOJI0AeHMS; TAKUM 00-
pa3oM, THIUBUAYaTIbHAS TUHAMUKA (DUPMBI HE YIUTBI-
BaeTcs. Takoit momxon UTHOPHUPYET TOT (DaKT, YTO KOM-
MaHUU MEHSIOTCS C TeYEHUEM BPEMEHU, YTO BbI3bIBAET
pasindHble MpobeMbl U orpanndenus [16]. [Tpodbuib
¢GUpMBI, U3MEPEHHBIII B MOMEHT BPEMEHH f, HE MOXET
OBITh CBEICH TOJIBKO K M3MEPEHUSIM B MOMEHT BpeMe-
HU ¢ — 1, HOCKOJIbKY e¢hoNT B OOJBIIUHCTBE CIyJyaeB
SIBJIICTCSL PE3YJIBTAaTOM IJIUTEILHOTO mporecca [9], a
TUCKPUMUHALMOHHAS CIIOCOOHOCTh KO3(D(MUIINEHTOB
HecTabuIbHA BO BpeMeHHU [17].

CyI1ecTBYIOT MOIEIIM, OCHOBAaHHEIC Ha HAOIOICHM -
SIX 332 ONIMH, JBa WJIM 0oJiee JIET 10 HeyJayd B MOMEHT
BpPEMEHU 7, KOTOpbIe, KaK CUMTAETCs, MOTYT MpeacKa-
3aTh COCTOSIHME B Toabl £ + 1, ¢ + 2 wnu gaxe ¢ + 10 [2,
18]. OnmHaKko, MOCKOJBKY OHM HE pacCMaTPUBAIOT Kpax
GbUpMBbI KaK MPoLeCC, OHU UMEIOT T€ XKe OrpaHUYEHUs],
YTO BhIIEJIEHHI [16].

B HeKOTOPBIX MPOrHOCTUYECKUX MCCIIEIOBAHUSIX KC-
MOJIB3YIOTCI METOBI, IO3BOJISTIONINE YUYUTHIBAaTh KakK
IUHAMYKY TIONYISIUUA GUpM, TaK U UX YHUKAJIbHBIC
XapaKTepUCTUKHU, HAIpUMEDP, ITaHeIbHAas PErpeccust
[19] nnu ananu3 BerkuBaeMocTu [20]. OnHako B LieJIoM
KOJIUUECTBO TaKMX pabOT B OOIIEM MOTOKE MCCAEHO0-
BaHWi 1O TIPOTHO3MPOBAHUIO (PMHAHCOBBIX MPOOIEM
CPaBHUTEJIBHO HEBEJIUKO.

1.1. IIpomnecc,
BeAyImii K aedoary hupmbl

Jx. ApmxenTtu [10] ObL, TTOXKayii, IEpBbIM, KTO Ha-
Yyaj U3ydaTh Ipolecc Kpaxa ¢pupMbl. OH BEIIETWAI TPU
MOJIEJIN CIIaa M 00HAPYKUJI, YTO pas3opsroIrecs Gup-
MBI He TepIIIT Kpax cpasy Iocie craga. Hekoropble u3
HUX MOT'YT OTKJIa[bIBaTh HACTYIUIEHWE OaHKPOTCTBA Ha
TOJIEI.

P. I’ ABenu [7] aMOupu4ecKU MPOBEPUIT 3TU BHIBOAbI
Ha OCHOBE M3Y4YeHHUS OTAEJBHBIX KeiicoB. [1o MHeHUIO
0001X aBTOPOB, CYIIECTBYIOT TpU Ipoliecca GUHAHCO-
BOIO Kpaxa:

¢ Bmesamnriii cmag (sudden decline), To ecTb
OBICTPBIN KpaX (pUPMbI. DTOT MpOLECC Heymayu
XapakTepeH I HeOONBbIINX WU KOHKYPEHTHO
HEOJIarOMOMYyYHBIX (PUPM, KOTOpBIE CIUIIKOM
CMeJIO TIEPEOPUEHTUPOBAJIM CBOIO CTPATETHIO.

¢ Ilocrenennsblil ynanok (gradual decline), T.e. Men-
JIEHHBI W TIOCTEIIEHHBI MPOLIECC, XapaKTEPHbIA
711 OIOPOKpATUYECKUX U IUIOXO YTPaBIIsSIEeMbIX
(bupM, KOTOpBIE HE MOTYT afalTUPOBATLCS K BHEII -
Hel cpene.

¢ 3arsxHoi ynagok (lingering decline). DtoT nporecc
XapakTepeH Uit (pupM, KOTOpbIe TIPUXOISIT B yria-
JIOK JI0O OBICTPO, JIMOO TIOCTEIIEHHO, HO OTKJIAJbI-
BalOT 0AHKPOTCTBO Ha HECKOJIBKO JIeT. Takue hprupMbl
rocJie crajaa 4acTto MpUoOpeTaroT KeCTKYIO LIEHTpa-
JIN30BAHHYIO CTPYKTYPY U JEMOHCTPUPYIOT CTpaTe-
TUYECKUI TapaJiNd U CHYDKEHUE aKTUBHOCTH.

OCHOBBIBasICh Ha 9TUX HCCIEA0BaHUsX, B [1] mo-
CTYJIUPYETCSI CYIIECTBOBAHUWE TPEX THUIIOB IMpoIllecca
Kpaxa:

¢ KpaTKOCPOYHBIII MpOoIecC, Koraa ITOTCHIIMAb-
HbI (PHAHCOBBIN COOIf MOXET ObITb OOHApPYKEH
He OoJiee yeM B TedyeHue | roga mociye mocienHein
OTYETHOCTHU;

¢ CpEIHECPOUYHBIN MPOIECC COOTBETCTBYET CHUTya-
1Y, KOTJa TIePBble CUTHAJIBI TTOTEHIIUATEHOTO COOST
MOTYT ObITh OOHApY>KeHbI 3a 2—3 roaa 10 nedoira;

¢ JIOJITOCPOYHBIN TPOLIECC, KOIJA MOTEHIMATIbHBIN
c00it MOXXeT ObITh OOHApYKeH 0oJiee YeM 3a 3 roma
1o nedoinra.

KpaTkocpoyHble Mpomecchl OOJBIIe MOIXOMAT IS
OIMCAHUSI CUTyallMu, Korga (pupMa ¢ XOpoUIMMHU I10-
KazaTeJSIMM BHE3aITHO TepnuT Kpax. CpeaHecpodyHbIe
W JOJITOCPOYHBIE TPOIECCH, B CBOIO OYepelb, MOTYT
OIMMCHLIBATh JBE CUTYaIlMX: (ppMa HUKOIIA He CTaHO-
BUTCSI TOCTATOYHO YCIIEHTHOM WX hrMpMa CTaHOBUTCS
XyXe TTOCTEIIeHHO, IIIAar 3a IIIaroM.

JUTIst SMOIMpPUYEecKOl MMPOBEPKM ITOTO TPEATIONOXKE-
Hus aBTOphl [1] mpoaHamusupoBanu 1234 obGaHKpoO-
TUBIIMXCS IPOX3BOICTBEHHBIX IIPEIIPUSITHS MAJIOTO U
cpelHero Ou3Heca U3 HeCKOJIbKUX EBponeiicKux cTpaH.
OHM TPUMEHWIM YeThIpe MeToja KJIacTepu3aluu K
BOCBMM Pa3JIMYHBIM HabopaM MepeMeHHBIX (TIpeacTaB-
JIEHHBIX B [4]) 3a mocaeaHue TISITh JIET 10 OaHKPOTCTBA.
Hx pe3ynbraThl MOATBEPXKIAIOT CYIIECTBOBAHUE TpPEX
TUTIOB ITPOIIECCOB OAHKPOTCTBA, Pa3TNYAIONTNXCS JIJTU -
TEJIbHOCTBIO U, CJICIOBATEIbHO, CKOPOCTbBIO CIIaja.

O00011as1 UX pPe3ynbTaThl, MOXHO OTMETUTH CIIeay-
fomee. 711 KpaTKOCPOUYHBIX IIPOIIECCOB PUCK HEyTauM
(failure risk, FR) Habmonaem Toibko B rog f — 1, a oT-
pulaTeIbHasl TOA0Basi MPUOBLIBHOCTD SIBJISIETCS HaW-
boJyiee BaXXHBIM WHAWKATOpOM. JIJIST CcpemHECPOUHBIX
MPOLECCOB PUCK HEyAauu MOXKET ObITb OOHApYXEeH B
roael t — 2 u t — 3. Ilpu 3TOoM Hanbosiee BaXXHbIM UH-
IUKATOPOM SIBJISIETCS TakKKe OTpHIIaTeIbHAasl TOIOBasI



PeHTabeNbHOCTh, @ BTOPBIM MO YPOBHIO 3HAYUMOCTU —
pa3Mep 3aeMHBIX cpeacTB. s dupM, BOBIEUEHHBIX B
JIOJITOCPOYHBII TTPOLIECC, TIEPBhIE CUTHAIBI MOTYT OBITh
O0OHapyXeHbI A0 f — 3, UHAWKATOpaMu CIyXaT rogoBast
U KyMYJSITUBHAsI PEHTA0EIbHOCTb U pa3Mep 3aeMHbIX
cpenctB. Otu dakTopsl BHOcAT Bkian B FR Takcke B
roabl t — 2 u t — 1. JIukBuaHOCTh Kak nokasatenb FR
BaKHA TOJIbKO JJISI TOCTAEIHUX CTAIUI CPETHECPOUHBIX
U AOJTOCPOYHBIX TPOLIECCOB.

OnHako TakoW B3I Ha Mpoliecchl (DMHAHCOBOTO
Kpaxa He SBIIsIeTCs eAMHCTBeHHBIM. Hampumep, B [8]
MPEACTABIEHO YEThIPE Pa3IWYHBIX Tpollecca, OObsIC-
HSIEMbIX yepe3 MpUu3My MeHemKMeHTa: (1) HeymauHbIit
CTapT M3-3a OTCYTCTBHS YIIPABJICHYECKOTO WIIM OTpaciIe-
BOTIO OIbITa, (2) PUCKOBAHHBIN POCT (PUPM C Upe3MEPHO
ONTUMUCTUYHBIM PYKOBOACTBOM, (3) HecOamaHCUPO-
BaHHBIN POCT, BRI3BAHHBIN OCJICIICHHEM PYKOBOICTBA,
u (4) amatuyHas 3penas dupma, yrpapisieMasi JIOIbMU
C HEIOCTaTKOM MOTHMBAIIUM U TIPUBEPXKEHHOCTH.

B cepuu pa6or [6, 9, 11] MogenupyoTcs pa3indHbie
MpOIeCChl Heynay (Takke Ha3bIBaeMble TPACKTOPHUSI-
MU U TIpopUISIMU) C TMOMOILIBIO CaMOOPraHU3YI0-
muxcs Kapt (self-organized maps — SOM) Koxone-
Ha. OcHOBHas unes npuMeHeHust SOM 1151 u3ydyeHus
WHOWBUIYAIBHBIX TpaeKTopuit cdupm mpocrta. [IycThb
Yy Hac ecTh MaHeJbHbIe JaHHbIe (HAOIIOAEHUS 32 00b-
€KTaMM, COOTBETCTBYIOILIME U3MEPEHUSIM, CASTaHHBIM
B pa3HbIe Mepuonsl BpeMeHn). Ecim Bce HaOMOmeHUS
KjnaccupuuupoBath ¢ romoipio SOM, Kak He3aBU-
CHMBbIE, TO MOXHO M3YyYUTh M3MEHEHMUE COCTOSHUS
TaHHOTO 00BeKTa BO BpeMeHu [21]. Hackonbko Ham
M3BECTHO, BIEPBbIE 3TOT MOAXOA ObLT MCIOJIb30BaH B
[22] nnst aHanu3a GUHAHCOBOTO COCTOSIHUS MCITAHCKUX
0aHKOB. ABTOp OTMETUJI, UTO 00yYeHHast Moaeab SOM
TPYIIIMPYET O0BEKTHl B COOTBETCTBUU C UX CXOICTBOM
(GUHAHCOBOTO COCTOSIHMS. TaKM 00pa3oM, HOBEIC Ha-
OyrofeHUsT OymyT TOMEIIEHBl B OIpEAeeHHYIO 30HY
(6aHKPOTHI UK HE OAHKPOTHI) B COOTBETCTBUU C aKTH-
BUPOBAaHHBEIMH HelipOHAaMU Ha KapTe. TakuM ob6pasom,
MOXHO HaOjrofaTh 3a 9BOJIOLMEN OaHKa, MCIIOIb3Yys
(UHaHCOBYIO MH(MOPMALIMIO 3a pa3HbIE TOIbI.

Bkpatiie mMetononoruto [6, 9, 11] MOXHO omucarth
CJeIyoIM 00pa3oM: Ha TIEPBOM 3Tarle BCe (PUPMBI
orobpaxatorcss Ha SOM, HabmoaeHUsT PUPMBI B pa3-
HbIE MOMEHTHI BPEMEHU CUUTAIOTCS HE3aBUCUMBIMU.
3areM CTpOSTCSI TpaeKTopuu (UpM, TpeacTaBIeHHbIE
CIIMCKOM HEHMPOHOB, KOTOPHIE COOTBETCTBYIOT HAOJIIO-
NIEHWSIM OJIHOW OpraHu3aluy B IOCJeI0BaTeJIbHbIC
MOMEHTHI BpeMeHu. Ha mocnemHem a3Tame TpaeKTo-
pYH TPYHIIUPYIOTCS B METa-KJIACChI, KOTOPHIE MOXKHO
paccMaTpuBaTh KakK MPOLECCHI, MPUBOISAIINE WU He

mpuBomsIIre K medonTy. Pe3ymrsraTel aBTOpOB MOI-
TBEPXKIAIOT, UTO OLIMOKA 00OO0IIEHUS, TOCTUTHYTAs C
nomombio SOM, ocraercst 6oyiee CTaOMIBLHOM ¢ Tede-
HUEM BpEMEHHM, YeM OINMOKa, TOCTUTHYTas C ITOMO-
B0 OOBIYHBIX MOJIEICH edoiTa (IMCKPUMUHAHTHBIN
aHaJIN3, JIOTUCTUYECKAs. PETPecCHs, MOIETb BBIKHMBA-
Husa Kokca, HeiipoHHBIC CETH M aHCaMOJIEBbIC METO-
nbl). OgHakKo, 4To 6oJiee BakHO B KOHTEKCTE HAIlleTo
00CYXIeHHsI, aBTOp pacCMaTpUBaeMOM METOIOJIOTUM
BBIIC/ISIET pa3HOE KOJIMYECTBO ITPOIIECCOB, KOTOPHIE
ITOKAa3bIBAIOT IIepeMelleHIe (GUPM MEXKITy peTHOHAMU C
pa3HoIi BEpOSTHOCTBIO Kpaxa: 1IecThb B padbore [9], ceMb
B [11], Bocems B [6]. DTO paznuumre MOXHO OOBSICHUTH
BIIUSTHUEM KCITOJIb3YEMBIX JTAHHBIX (KOHKPETHBIC TOIBI
W BPEeMEHHOM Jar g0 aedoita) U BIMSHAEM TEXHUKH
TPYIITMPOBKHN TPACKTOPHI. DTO MOXET OBITh HeCyIIe-
CTBEHHBIM C TOUKHU 3peHUS 3(PHEKTMBHOCTH MOJIECIIH,
MOCKOJIbKY OCHOBHOI LI€JIbIO 3TUX pa0OOT SIBISIETCS MO-
BBIIIICHNE TOYHOCTH IIPOTHO3MPOBAHMUS 3a CUCT ydeTa
npeapicTopuu hupmbl. OQHAKO, 1aXe €CIU 3TOT MO -
XOI YAy4IIaeT ITPOTHOCTUYECKHE BO3MOXHOCTH, OH
HeE TIO3BOJISIET aHAJIM3UPOBATh MPOIIECCH 0TKa3a, IT0-
CKOJIBKY OCHOBaH Ha MOJIEJIU «UePHOTO SIIUKA».

Takum o6pa3zoM, MOXHO cAeaaTh BbIBOJ, UTO CYIIIe-
CTBOBaHME Pa3IMYHbBIX POLIECCOB Kpaxa (UPMBI SIBJISI-
eTcs O0LIeNMPU3HAHHBIM (haKTOM, OTHAKO HET EAUHOTO
MHEHUSI OTHOCUTEJIbHO OTPEAEIEHUS ITUX MPOLIECCOB.
YTtoObl BHECTU BKJIAM B PEIIEHUE ITOU MPOOIEMbI, MbI
MpeajaraéM HCMoAb30BaTh METOJ MOJEIUPOBAHUS
MPUYUHHOCTU, a UMEHHO OailecoBckue ceTu. Takoii
TO/XOJ, TTO3BOJISIET BBISIBUTh IPUUYUHHO-CJIEICTBEHHBIE
CBSI3U MeXIy (PUHAHCOBBIMU KOG DUIIMEHTaMU B pa3-
JINYHbIE TIEPUOJBI A0 OAHKPOTCTBA, YTO MOXKET MpPO-
JIUTh CBET HA AUHAMUKY Pa3BUTUS DUPMBI.

1.2. BaiiecoBckue ceTn
1 MOJIEJINPOBAHUE
NPUYUHHO-CJICACTBECHHbBIX CBﬂ3eI7I

MHTYUTUBHO MPUYMHHO-CJICACTBEHHYIO CBSI3b MOXK-
HO OIpEAEIUTb KakK BJIMSHUE, TOCPEICTBOM KOTOPOTO
MPUYMHA CIIOCOOCTBYET BO3HMKHOBEHUIO CIICICTBUS,
MPpY 3TOM NPUYMHA YaCTUYHO OTBETCTBEHHA 3a CJIEM-
CTBUE, a CJIE[ICTBUE YACTUYHO 3aBUCHUT OT NMPUYUHBI
[23]. CnoxHbie cCUCTEMBI XapaKTEPU3YIOTCS HATMYUEM
MHOXeCTBa B3aMMOCBSI3aHHBIX acCIeKTOB. TakuM 006-
pa3oM, OIHOU U3 caMbIX OOJBIIUX MPOOJIEM SIBISETCS
W3BJIEYEHNE PUYNHHO-CIEICTBEHHBIX CBS3EH U3 OM-
MUPUYECKUX JAHHBIX Y IIOCTPOSHUE MOJIENICH CITIOXKHBIX
CUCTEM, TTO3BOJISIIOIIMX M3YyYaTh 3TH CBA3U.

IMonxon, ocHOBaHHEI Ha NeKIaApaTUBHOM IIPEACTAB-
neHuu [24], 6a3upyeTrcs Ha Kay3aJabHON MOJEIN, KOTO-



pas KomMpyeT 3HaHUS O TOM, KaK paboTaeT cHcTeMa.
st IpeACcTaBACHNUST IPUYMHHO-CJIEICTBEHHBIX CBSI3Ei
Kay3aJibHasi MOJIE/Ib UCII0JIb3yeT KOMOMHAIIMIO YpaBHE -
HUi U rpadukoB. MareMaTuyecKue ypaBHEHUSI, BbI-
paxarotiue GopMy IIPUINHHOCTH (HarIpuMep, JIMHEeH-
HYIO WM HEJIMHENHY0), SBIISIOTCS CUMMETPUYHBIMU
00beKTaMM, TI0O3TOMY OTHOLICHHUS ITEPEMEHHBIX MOTYT
ObITh MHBEPTUPOBAHLI C MIOMOIIbIO IPOCTHIX MAHUITY-
qmgumii. 1o 3Toi MpuYMHe YpaBHEHMS ITOTIOJTHSIOTCS
JarpaMMOii, KOTopas OIipeesisieT HarpaBJIeHUST TTIPU-
YUHHO-CJIeACTBeHHOro BiusHusa [25]. Takas monenb
MOXET OBbITh IOCTPOEHA BPYYHYIO Ha OCHOBE 3HAHUIA
9KCIIEPTOB WA aBTOMATUYECKHU C TTOMOIINBIO aJITOPUT-
MOB MaIlIMHHOTO 00y4ueHus [26].

CornacHo [27], NpUYMHHBIA BBIBOJL pacIlIUMpsIeT Mpe-
IUKTUBHOE MOACIMPOBaHME (KOTOPOE IIPeIACTaBIsI-
eT coboii oueHKy ycioBHoro pacmpeneiaenus p(Y|X)
nepeMeHHbIX Y ¥ X Ha OCHOBE CIydallHOI BBIOOPKM)
JI0 Kay3aJbHOIO MOJEIMPOBAHUS, TAE€ MOIEIb IOIXK-
Ha OBITh CITOCOOHA OLIEHUTDb YCJIOBHOE pacIpeneicHue
p(YX||M) npu manumynsaumu M.

Cy1iecTByeT HECKOJIBKO ITOAXOI0B K ITOCTPOCHMIO
TIPUYMHHO-CJICACTBEHHBIX MOJIENIeil, B YACTHOCTH MO-
JeTMpOBaHue CTPYKTYPHBIMU YpaBHEHUIMU (structural
equation modeling, SEM) wu O6aiiecoBckue ceTu
(Bayesian networks, BN). SEM [28] orpanudeH, BO-
MEePBBIX, TEM, YTO TPEOYET Al PUOPHBIX TUTIOTE3 O TIPH -
YMHHO-CJIEACTBEHHBIX CBS3SX B cUcTeMe. Bo-BTOpHIX,
OH JOITyCKAET TOJbKO JUHEMHbIE TUIBI CBsA3eH. [1oaTO-
My B HaIlleM HCCJICIOBAHUM MBI OyIeM HCIIOJIb30BaTh
OaliecOBCKME CETU, MOCKOJbKY OHU CBOOOMHBI OT 3TUX
HenocTaTkoB. CTpyKTypa CeTU M ee IapaMeTpbl MOTYT
OBITh M3BJICYCHBI U3 TAHHBIX, CBSI3M MEXIY IepeMeH-
HBIMU HOCSIT BEpOSITHOCTHBIN XapaKTep.

BaifecoBckass ceTh KOOUPYET COBMECTHOE pacIipe-
nenenune BepositHoctein [P(X) Habopa M3 m ciyyaii-
HBIX KaTerOpUajIbHbIX IIepeMeHHbIX, X = (X, ..., X ), B
BHUJIC HAIIPaBJICHHOTO allMKIndecKoro rpada (directed
acyclic graph, DAG) u HaGopa TabJu1l YCIOBHBIX BEPO-
saTHocTelt (conditional probability table, CPT). bonee
dopmaibHO, 310 mapa (G, P), tne G — DAG, Bepu-
HbI KOTOPOI'O COOTBETCTBYIOT ITIEPEMEHHbBIM B X, a IyTH
TIPE/ICTABIISTIOT MPSIMbIE 3aBUCUMOCTH MEXY TIepeMeH -
HbIMU, a P — Habop (yHKUUI, ONpeaessTIoNuX MoBe-
JeHUE Kaxa0i nmepeMeHHOoM B X C yUETOM €€ pOIHTe-
Jieii B rpade [27, 29].

Pasmep mosiHoi copmectHoit Tabauibl P(X) skcno-
HEHIUAJbHO 3aBUCUT OT Yucjia TIEPEMEHHBIX m. DTOT
pa3Mep MOXeT ObIThb COKpalleH Ojarojgapsi YCJIOBMIO
MapkoBa, KOTOpOe IJIaCUT, 4TO B 0aileCOBCKOI CEeTH

KaxJaas MepeMeHHasl YCJIOBHO He3aBHCUMa OT CBOMX
He-IMOTOMKOB M He-poauTesieil. Takum obpa3oM, mist
MHOXECTBA CJYJYalHbIX IepeMeHHbIX X B G MJIOTHOCTh
P(X) umeet BUI

P(X)=PX, ... X)= ﬁ P(X, | parents(X))),

rae parents(X)) 0003HaYaeT MHOXECTBO MEPEMEHHBIX
X c X, Takux, 4To B rpacde CyllecTBYeT aAyra oT y3ja j
K Y37y i.

HpyruMu ciioBaMu, Kaxablil y3en B rpade G, cooT-
BETCTBYIOIIMI TIEPEMEHHON, UMEET CBA3AHHYIO C HUM
CPT, koTopas npeacTapisieT BEPOSITHOCTb KaXKI0T'0 CO-
CTOSTHUS TIEPEeMEHHOM ¢ YUETOM COCTOSHHS €€ POmu-
Telieit B rpade. Takoit BUI MpencTaBiIeHUs MTO3BOJISIET
KOMITaKTHO OIMCATh CTPYKTYPY CJIOXHOIO pacrpese-
nenust [30]. C dopmanbHOI TOUKM 3peHus, OaiiecoB-
CKasl CeTh IIPEACTaBIIsIET cO00i 0a30BO€ COBMECTHOE
pacropeneseHue, BKIIOYAasd TaKWe BEPOSTHOCTHbIE
CBOICTBA, KaK YCJIOBHASI HE3aBUCUMOCTD MIEPEeMEHHBIX
npyr oT apyra. C ogHOI CTOPOHBI, 3TO 00JIee KOMITAKT-
HOE TIPEICTaBICHUE CJIOXHBIX MHOTOMEPHBIX pacripe-
nmenennit. C Opyroil CTOPOHEI, «XOpoIIas» CTPYKTypa
CeTH IOJDKHA COOTBETCTBOBATh NMPUYMHHOCTH, B TOM
CcMbICTe, uTo pedbpo X — Yuyacro npeamnonaraet, yto X
«SIBJISIETCS IPUYMHOM» Y, TIOCKOJIBKY 3HAYeHUS X U3 X
OMpeNEeNIIOT pacnpeneeHne 3HaueHnii Y [24, 25].

BaiiecoBckue ceTu UMEIOT MHOTO PEUMYILECTB [24].
Bo-miepBEIX, TaKOIl TUIT MPEICTaBICHUS MOXET OBITh
JIETKO MHTEePIpeTUpoBaH. Bo-BTOpHIX, TaKas CTPYKTY-
pa TO3BOJISIET OTBeYaTh Ha 3ampochl, T. €. BIUUCIATH
BEPOSTHOCTb OMHUX TMEPEeMEHHBIX MPY HATUYUM JTaH-
HBIX O IpYruX. B-TpeTbux, MOIEIN MOTYT OBITH IOCTPO-
€HBbI KaK 9KCIIePTOM, TaK U aBTOMAaTUYECKH ITyTeM 00y-
YeHMs Ha OCHOBE JaHHBIX. B HallleM rcciie1oBaHUY MBI
OyIeM MCIOoIb30BaTh MOCAENHUI TTONX0I — O0yUYeHUe
Ha OCHOBE JaHHBIX.

[Mporuecc moctpoeHust HGaitecOBCKUX ceTeil Ha OCHO-
BE JaHHBIX D BKIIIOYAET [IBa 3Tara: reHepauuio rpacda,
MPEJCTABISIONIETO ONTUMANIBHYIO CTPYKTYPY CeTH (00-
YUEHUE CTPYKTYPHI), U OTpPEJesIeHUE YCIOBHBIX BEPO-
STHOCTel (0OydyeHUe IapaMeTpoB). MHOIMe aBTOPHI
MPUMEHSIOT 0alieCOBCKUE CETU IS pellleHus 3a1ad B
pa3MYHBIX 00JIaCTsIX: HanpuMep, ousHec [31], axono-
rug [32], 3mpaBooxpaHeHue [33], IMarHoCcTHKa HEUc-
MpaBHOCTEN B MHXKEHEPHBIX cucTeMax [34] u MHOrMe
npyrue [35].

Crienyer TakXe OTMETUTh, YTO CYLIECTBYET pacllype-
HUE MoJeau 0alleCOBCKOI CeTH IS MaHeJbHbIX AaH-
HBIX, & UMEHHO IWHAMUYECKUEe 0aileCOBCKHUE CETH.
OpHako MUHaAMUYeCcKUe MOJEIW OCHOBAaHBbI Ha Tpel-



MOJIOXKEHWUH, UTO UCCIIEAYeMBbII IPOLIECC SIBJISIETCS CTa-
IIMOHAPHBIM, TO €CTh €ro IapaMeTPhl He MEHSIIOTCSI CO
BpemeHeM. CornacHo [1] U opyrum McciaeqoBaHUsM,
npoliecc 0aHKPOTCTBA (PUPMBI HE SIBJISIETCS CTallHO-
HapHbIM. [ToaTOMy B HallleM HUCCIeOBaHUU MbI TeHe-
pYpyeM CTPYKTYPHI CeTeil i1 pa3HbIX BpeMEHHBIX MH-
TEpBAJIOB HE3ABMCUMO JPYT OT Ipyra.

1.3. BoiBoa 1 00bACHEHHE
B 0aiieCOBCKHX CeTAX

BriBon (inference) — 310 mpolecc U3BaeuyeHus1 HOBOI
BEPOSITHOCTHOW MHGbOpMaUu U3 OaileCOBCKOW CETH.
OH BBIYKCIISIET COBMECTHBIE allOCTEPUOPHBIE BEPOSIT-
HOCTH TSI TTOMMHOXEeCTBA HEM3BECTHBIX TIEPEMEHHBIX C
Y4EeTOM J0Ka3aTeNbCTB, KOTOPBIMU SIBJISIIOTCSI 3HAYEHUS
U3BECTHBIX NMEPEMEHHBIX. Takoe BBIYUCIEHUE SIBIISIETCS
NP-nonHol 3amayeit, MoaToMy MpenioKeHbl KaK ajiro-
PUTMBI, peaTU3yIOlie TOYHOE BbIYUCIIEHUE, TaK U ajl-
TOPUTMBI 7151 TIPUOTUKEHHOTO BBIYMCIEHUSI, KOTOPHIE
MOTYT CXOJIUTHCSI MEMIJIEHHO U N1aXe He TOYHO, HO BO
MHOIMX CJIy4asix MOJIE3Hbl Ha MPAaKTUKE. DTa BO3MOX-
HOCTb MO3BOJISIET UCIOJIb30BaTh 0AlleCOBCKYIO CETh IJIsI
KOHTPOJIMPYEMOU KiIaccuuKaluu, UeJbl0 KOTOPOH
SIBJISIETCS] IPUCBOEHUE METOK PK3EMILISIPaM, OIAChIBae-
MBIM HAa0OpOM IPeIMKTUBHBIX IIepeMEHHbIX [36].

OnHako, B OTIMYKME OT MHOI'MX METOIOB MAallIMHHO-
ro o0y4yeHus1, 6aiieCOBCKasl CETh MOXKET MCIIOIb30BATh-
CsI He TOJIBKO JUTS TIpeICKa3aHusI, HO W JIJIST OOBSICHEHMSI
[37]. 3anaun oObsICHEHUST B 0alieCOBCKUX CETSIX MOXXHO
pasneanTh Ha TpM Kareropuw [38]:

¢ OOBSICHEHUE MOIEIU — MpeacTaBlIeHUE 3HAHUM O
CUCTEMCE,

¢ OOBSICHCHNE pAaCCYKICHUI — MPEICTaBICHIE BBIBE-
IIEHHBIX PE3YJIBTaTOB U IIpoliecca pacCyKICHUIA,

¢ OOBSICHEHUE J10Ka3aTeJabCTB, T.€. OIIPECACIICHUEC TOI'O,
Kakue 3HauyeHMs] HeHaOI0JaeMbIX TICPEMCHHBIX
OOBSCHSIIOT UMEIOLLIMECS] HAOIIOAEHUS.

ITockonbKy 1IeJIbI0 HACTOSIIIIETO MCCACIOBAHUS SIB-
JISIeTCS aHaIu3 CTPYKTYp 0ailleCOBCKUX ceTeit, KOTO-
pble MOAEIUPYIOT HGUPMBI B pa3HbIe MEPUOAbI BpeMe-
HU nepel (DMHAHCOBBEIM KPaxoM, OOBSICHEHHE MOICIIN
SIBJIgeTCS HanboJsiee BaXXHBIM BoripocoM. B [39] aBTopsl
MIPUBOISIT IPUMEPHI 00BICHEHU MOIEIN. DTH 00bsIC-
HEHMS MOTYT BKJIIOUATh CBOMCTBA Y3JI0B M X B3aUMHOE
BJIMSIHUE, KOTOPOE MOXET OBITh OTPUIIATEIbHBIM WIIN
MOJIOXUTENbHBIM. BiusiHue y3na A Ha y3en B sBisier-

! https://data.workdbank.org

CsI TIOJIOXKUTEIBbHBIM, KOTJIa 00JIce BHICOKME 3HAUCHUS
A JenalT 0osiee BEPOSITHBIMU BBICOKME 3HauyeHUs1 B.
OrnpeneieHrsl OTPULIATEIBHOIO BIMSIHUS M OTpMIIA-
TEJbHOM CBSI3U aHAJIOTMYHBI.

2. JlaHHbIE

IToCKOIBKY OMHUM M3 BOIIPOCOB HAIIIETO UCCIIEI0BA-
Hus siBisieTcs cpaBHenre FEFP nist pasHbIx cTpaH, mjs
aHaiM3a BBIOpaHbI (UPMBI TpeX cTpaHbl: PpaHLus,
Hranusa n Poccuiickast ®enepanusi.

J1st cpaBHEHMST 5KOHOMUK Ha MaKpOypOBHE MbI UC-
MOJIb3yeM BaJIoBOII BHyTpeHHU mpoaykT (BBII), me-
pecurTaHHbIl B goytapel 2017 roma mo maputety mo-
kynatesnbHo# criocooHocTH (ITI1C) u pazaeneHHbIN Ha
OOIITYI0 YMCIIEHHOCTh HACeIeHUSI .

Ha puc. 1mokazaHo n3MeHEHME 3TOTO IT0Ka3aTes 3a
BpeMmeHHo nHTepBan 2009—2019 rr. @panums umeeT
HauboJjiee cTaOUIbHYI0O SKOHOMUKY; OHA I€MOHCTPU-
pyeT nocrosiHHbI pocT BBIT Ha mymy HaceneHus B
TEYEHNE BCEro MCCIENAYyeMOro rnepuoja. DKOHOMUKA
Hranum Oonee HecrabwmiabHa; mocie 2010 roma Ha-
OJromancs craj, pocT BO30OHOBUWIICS ToJbko B 2015
roay. JBUKyIIei CUI0N UTATbIHCKON YKOHOMMKHU B
3HAYUTEIBLHON CTEIEHM SIBJISIIOTCSI MaJIbie Y CPEIHUE
MIPEeINPUITUS], MHOTHE M3 KOTOPBIX HAXOMSITCI B Ce-
MeliHOI coOcTBeHHOCTU. B MTanuu Takxke CyliecTBy-
eT 3HaYuTeJbHas TeHeBasi 5KOHOMUKA, KOTopas olle-
HuBaetrcd B 17% or BBII2. Ucxona u3 3THUX JaHHBIX,
MOXHO 0XHUJaTh, YTo Moaeab FFP nisa dpaHitysckux
¢upM OyaeT Oosiee CTAaOUIBHOM, YeM IJI UTaTIbsSH-
CKHUX, TIOCKOJIbKY OHU paboTaloT B OoJjiee IpeacKasye-
Moi1 cpeae. OTMETUM, 9TO COTJIIACHO KJIaCcCH(DUKAIINH
BcemupHoro 6aHka, o6e cTpaHbl OTHOCSITCS K TPYIIIe
DPa3BUTHIX CTPaH.

Poccuiickas @enepaius OTHOCUTCS K TPyIIe pas-
BUBAIOLINXCS CTPaH WU CTpaH C TIEPEXOAHON 3KO-
HOMMKOU. Poccuiickasi 5KOHOMUKA XapaKTepu3yeTcst
3HAUUTEJBHOM NTOJIEW TOCYNAPCTBEHHOIO CEKTOpa U B
3HAYUTEJbHOW CTETMEHU DPETYJIUPYETCs] HE PbIHKOM, a
MOMUTUYECKUMU pelieHussMu. CoueTaHue NaAeHus
1IeH Ha HedTb, MEXIYHAPOJHBIX CAHKIIMN U CTPYK-
TYpHBIX OTpaHWYEeHUI BBeprjio Poccuio B IiyOoKylo
peueccuto B 2015 roay, onHako B 2017 romy nameHue
BBII 66110 0CTaHOBJIEHO, MOCKOJBKY MHUPOBOM CITPOC
Ha HedTb BbIpoc. Hanuuue 511X pakTOpoB BEAET K BbI-
COKOMY POCTY 9KOHOMUYECKOI HeompeneaeHHOCTU. B

2 CIA (2021) The World Factbook. https://www.cia.gov/the-world-factbook/
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Puc. 1. N3menenme BBM no MNC
Ha fywy Hacenexust (gonnapbl GLLA).

TaKUX YCIOBUSIX MOXXHO OKUIIATh, UTO Moaeab FFP ms
poccuiickux (pupM OyaeT JOBOJBHO CHIIBHO MEHSIThCS
Ha pa3HBIX STallax.

JlaHHbIe, HEOOXOAMMBIE JJIsI MCCIASAOBAaHUS, OBLINA
rmostydeHsl U3 6a3el Bureau van Dijk Amadeus®. Oto-
OpaHbl (DUPMBI, OTHOCSIIIIMECS K MajJoMy U CpeaHe-
My Ou3Hecy, paborasime B 2009—2019 rr. (2020 rox
HMCKJIIOYEeH, YTOOBI M30eXaTh BIMSIHUSI IIOKOB, CBSI-
3aHHbIX ¢ maHmemueir COVID-19). Pazmep dupmbl
OIpeNeIsICs TT0 KOJTMYECTBY COTPYIHUKOB 32 TOCTe -
HUI1 JOCTYMHBIN rof, 3agaHbl orpaHn4YeHus min = 10,
max = 250. Orob6paHHble HUPM IS KAXKAOUW CTpaHbI
pa3MeueHbl COMIACHO CIICAYIOIIEMY ITPaBUITY:

¢ YcnemHsie Komnanuu (Class = 0), KOTOpble UMEIOT
craryc Active B rocjiemIHEM JOCTYITHOM TO.Y.

¢ Heycneninbie kommanuu (Class = 1), KOTOpble UMEIOT
onuH u3 cTatycoB: Active (default of payment), Active
(insolvency proceedings), Bankruptcy, Dissolved
(liquidation), and Dissolved.

Takum oOpazom, LI KaXION U3 pacCcMaTPUBAEMbIX
CTpaH IIOJYYEHO TMSIThb BBIOOPOK, COOTBETCTBYIOLLIMX
nepuony t — n, n = 1, ..., 5 10 HaGJWOAEHUS B roay f.
Kaxmoe HabmomeHHMe MMeeT METKY Kjlacca, KOTopas
yKa3bIBaeT Ha COCTOsSIHME (PUPMBI B KOHIIE MPOTHO3-
Horo nepuoaa f. ¢uHaHcoBblit kpax (Class = 1) unu
yeriemHas kommanust (Class = (). KonudectBo Ha-
OIONEHUI I KaXIOro BPEMEHHOTO MepHroaa mpe-
CTaBJIeHO B mabauuye I; B CKOOKaX yKa3aHO KOJIMYECTBO
¢upmMm, noteprneinx Heyaauy. Kak BugHo, Bce HAabopbl
JTAHHBIX SIBIISIIOTCS HeCOATaHCHUPOBAHHBIMU. 3HAYCHMUS
koadduimeHra nucbamaHca (imbalance ratio, 1B),
pPacCUMTAaHHOTO KaK OTHOIIEHWE YMCJia HaOIIoaeHUI
OTPUIIATEILHOTO KJIacca K YMCIIy HEYOAYHBIX KOMIIa-
HUI1, TaKKe TIpUBEACHBI B maobauye 1.

2.1. OTb0p nepeMeHHbIX

ITockonbKy 1e/Ibl0 pabOThl SIBASIETCSI MOCTPOCHUE
WHTEPIPETUPYEMBIX ITPUUMHHO-CJIEACTBEHHBIX MO-
neneil, HEOOXOAMMO COKPaTUTh KOJMUYECTBO Mepe-
MEHHBIX B ICXOTHOM HaOOpe JaHHBIX, OCTaBUB TOJb-
KO Te, KOTOphIe 00eCeunBalOT ONTUMAJILHBIN OajlaHC
MPOCTOTHI U MOJAHOTHI. [ToaTOMY MBI OyeM cliea0BaTh
noaxox [1], KoTopele NMpU aHaau3e mpoliecca OaH-
KPOTCTBA MCITOJIb30BAJIN YETHIPE ITIEPEeMEHHBIC, BKITIO-
YeHHBIX B Z"-MoJeJib AJIbTMaHa.

B pabGore, mpencraBisionieil IIepBOHAYAIBHYIO
Z-Monenb, AnbtMaH [13] paccmoTpen 22 TTOTeHIIMAb-

Tabauya 1.
XapakTepucTHKH HA00Pa JAHHBIX
-5 -4 -3 t-2 -1

Kon-8o thupm 48024 (1509) 47163 (1503) 44151 (1439) 41798 (1382) 39720 (1313)
®paHuns

1B 30,825 30,379 29,682 29,245 29,251

Kon-80 (hupm 55895 (5223) 56036 (5349) 56170 (5522) 56115 (5535) 55728 (5498)
Nranns

1B 9,702 9,476 9172 9,138 9,136

Kor-80 Govipm 44354 (1941) 43859 (2077) 43153 (2167) 43050 (2337) 42931 (2398)
P®

1B 21,851 20,117 18,914 17,421 16,903

3 Bureau van Dijk. Amadeus. https://amadeus.bvdinfo.com
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Tabauuya 2.

®uHaHcoBble KO3()HIHeHTbI MoAeN ATbTMaHA

Kareropus ‘ Koathchuument ®opmyna ‘ Mpumeyanus
(060pOTHbIA KanuTan oNpeensieTcs Kak pasHiLa Mexay TekyLMMU aKTUBaMu
1 TEKYLLAMIA 06513aTeNbCTBAMIA, MO3TOMY [AaHHbIA K03 MULMEHT SIBNSIETCS MEPOi
Working Capital / | YnCTbIX IMKBUAHBIX aKTUBOB (HUPMbI N0 OTHOLLIEHHO K 06LLiel KanuTanuaauuu [13].
JInKBUMAHOCTL WCTA
Total Assets Ponb NUKBUAHOCTI OCHOBAHA HA OPUANYECKUX COOOPAXEHUSX, MOCKOMbKY
HECNOCOBHOCTb BbINAATUTL HeNoraLLeHHbIi JONT SBNSETCS [OCTATO4HbIM YCIOBIEM
Ans Hayana ocuumManbHoro npowecca baHkpotcTsa [1].
KymynstusHast RETA Retained Earnings / | 310 Mepa kyMynsTBHOIA NPUOLINBHOCTY BO BPEMEHIA, KOTOPAS HEABHO BKITKOYAET
NpUObINLHOCTL Total Assets B ce0s Bo3pacT upmbl [13].
Earnings before y .
Tekyuast EBITTA Interest and Taxes / 370 NOKa3aTeNb UCTUHHON NPOU3BOANTENLHOCTI aKTUBOB (IMPMbI, a6CTPArNPOBaHHbIi
NPUOLIBHOCTL 0T NOBbIX HANOrOBbIX UMK (haKTOPOB NeBepuXa [13].
pu6 o Total Assets 6 (bakTopos nesepuika [13]
B nepBoHayansHoit Z-Mofienin 1enob3oBanach phiHo4Hast CTOMMOCTb COBCTBEHHOM
Book Value of Equity | kanutana, Ho 3TOT NOAXOA NPUMEHIM TObKO K MYGIMYHO TOPryembIM KOMNaHuam [4].
JleBepumk BVETL / Book Valug of Total | 3101 k03(hnLMEHT N3MEPSET CMOCOBHOCTb KOMNAHUK 06CYX1BaTh 0053aTeNbCTBA
Liabilities 3a C4eT COBCTBEHHOrO KanuTana, NOCKONbKY A0NOMHUTENbHbIA JONT NPK NPOYUX
PABHbIX YCIOBISX YBENNYMBAET BEPOSTHOCTb GaHkpoTCTBa [1].
JAcKnto4eH 13 NepecmMOTPEHHON Z"~MOAENN, MOCKOSbKY SBNSETCS NEPEMEHHON,
AkTnBHOCTD STA (excluded) Sales / Total Assets GYBCTBUTEbHO K 0TpacM [4],

HO BaXXHBIX (DMHAHCOBBIX KO3 GUIIMeHTa, KIaccudu-
IIMPOBAHHEIX ITO MSTHA CTAHAAPTHBIM KaTECTOPUSIM: JINK-
BUIHOCTb, TIPUOBUILHOCTh, JIEBEPUIK (CITOCOOHOCTH
00CITy>XMBaTh 0053aTeJbCTBA 3a CYET COOCTBEHHBIX
CPEACTB), IUIATEXXECIOCOOHOCTh M aKTUBHOCTD. TOJIbKO
SITh (PHAHCOBBIX KOI((PUIIMEHTOB OBUTN BKITIOUEHBI
B OKOHYATEJIbHYI NUCKPUMUHAHTHYIO Moaeib (ma-
6auya 2). bonee BBICOKME 3HAYCHUSI BCEX BEIOPAHHBIX
KO3(DULIMEHTOB COOTBETCTBYIOT 00Jiee HU3KOM BEpo-
SITHOCTU OAHKPOTCTBA.

[To3ke aBTOp OTMETWII, YTO OPUTHHAJIBLHAS MOIEIb
MPUMEHUMa TOJIbKO K IYOJIUYHO TOPTYeMbIM KOMIIa-
HUSIM, TIOCKOJIBKY BKIIIOYACT PBIHOYHYIO CTOMMOCTH
(marked value of equity) ¢pupmnr [40]. T1o sTOit Mpu-
YUHE B HOBOM BEpPCHUU MOICIN OH 3aMCHWJI PBIHOY-
HYI0 CTOMMOCTb KamnuTaja OanaHcoBoii (book value of
equity) croumoctbio (Z'-mMomens). Cremyrommm 3Ha-
YUTEJbHBIM YCOBEPUICHCTBOBAHUEM CTAJIO0 MCKIIIOYE-
Hue koadoduumenta «IIpomaxu / OOLIME aKTUBBI»,
TOCKOJIBKY €r0 3HAYeHWUE CHJIBHO 3aBHCUT OT OTPACIIH
(Z"-moneny).

Takum o6pazom, Mbl OyneM MCIOJb30BaThb YETHIPE
koadduimenta (WCTA, RETA, EBITTA u BVETL),
BKJIIOUCHHEBIE B Z"-Momenb. OMHUM U3 IIpeaBapUTEIIb-
HBIX YCJIOBUIA MOJIETMPOBAaHMSI Ha OCHOBE 0alieCOBCKOM

CEeTU SIBIISIETCSI OTCYTCTBME JIATEHTHBIX TEPEeMEHHBIX
(HeHAOMIOMaeMbIX TIEPEMEHHEBIX, BIMSIONINX Ha IIepe-
MeHHbIe ceTh). OCHOBBIBasICh HA MoOIEIU AJbTMaHa,
MOXHO C YBEpPEHHOCTBIO CUMTaTh, YTO 3TO YCIIOBHE
BBITIOJTHEHO Y JIATEHTHBIX (PaKTOPOB B SMITUPUUECKHX
JTaHHBIX HET.

B pabote [4] AnbT™MaH U COaBTOPBI MPOBEPUIIU -
(GeKTUBHOCTDb Z"-MOIEIN, WCIIONb3ys MEXIyHapOI-
HbIi HaboOp maHHBIX (Gojiee 2,6 MIH HaAOJIOAEHUIA
¢upm 13 31 cTpaHbl B 00yJarolieii BbIoopke). B miesiom
WX Pe3yJBTaThl MOATBEPKIAOT, YTO TOYHOCTH MOJICITh
JIOCTaTOYHO BBICOKA, HECMOTPS Ha ee mpocToTy. OmHa-
KO aBTOPHI CIIeJIaT HECKOJIBKO BaKHBIX YTOUYHECHUIA:

¢ K03(hGULMEHTHI MOAETY AOJIXKHBI OLIEHUBATHCS pa3-
JIETBHO TSI KaXKI0U BBIOOPKU,

¢ MOJe/ib, OCHOBaHHAs Ha JIOTMCTUYECKON perpeccuu,
IaeT JyJIIne pe3yJbTaThl, YeM BepcHs Ha OCHOBE
MHOXECTBEHHOTO TUCKPUMUHAHTHOIO aHaJI13a.

ITosToMy MBI OyneM HCIOJIB30BaTh JIOTUCTUYECKYIO
perpeccuio Kak 6a30ByI0 MOJIENb ISl BAJTUAAIIUY TIpe-
obpa3oBaHuii JaHHbIX. B mabauye 3 mipencraBieHbI
sHaueHnss ROC AUC, moiydeHHBIE ¢ TTOMOIIBIO TIPO-
uenypel  10-kpaTHOI Kpocc-BaaugallMM  JIOTUCTU-
yeckoit perpeccun (LR) mias maHHBIX, coaepxKallux
BBIIIEYKAa3aHHBIE 4YeThIpe Ipu3HaKa AJIbTMaHa (CM.
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3navenne metpukn ROC AUC (10-kpaTHas Kpocc-Bajiuaaims)

Tabauya 3.

[laHHble
@paHuus
Raw data LR 0,675(0,034) 0,686(0,034) 0,694(0,026) 0,705(0,024) 0,714(0,028)
LR 0,687(0,030) 0,696(0,029) 0,712(0,022) 0,723(0,019) 0,729(0,027)
Discretized data
BN 0,686(0,028) 0,697(0,028) 0,712(0,016) 0,726(0,015) 0,727(0,032)
Nranns
Raw data LR 0,695(0,039) 0,727(0,031) 0,744(0,026) 0,768(0,017) 0,802(0,012)
LR 0,716(0,027) 0,761(0,019) 0,777(0,015) 0,798(0,013) 0,826(0,009)
Discretized data
BN 0,717(0,028) 0,757(0,019) 0,776(0,013) 0,809(0,021) 0,833(0,015)
Poccuiickas ®epnepauust
Raw data LR 0,658(0,023) 0,675(0,021) 0,691(0,014) 0,711(0,014) 0,742(0,010)
LR 0,676(0,024) 0,683(0,018) 0,695(0,011) 0,731(0,021) 0,757(0,020)
Discretized data
BN 0,709(0,034) 0,740(0,038) 0,738(0,034) 0,743(0,030) 0,770(0,037)

cTpoky «Raw data» nia Kaxmoil cTpaHbl). OTMETHM,
YTO KAa4YeCTBO MPOTHO3MPOBAHUS CHIXAETCS IO Mepe
YBEJIMUEHMSI MHTEpBaia MeX1y HaOMIOACHUEM U OLICH-
KOI1, MOCKOJIBKY MOAXOJ KJIaCCU(UKALIMN UTHOPUPYET
M3MeHEHUs B pUpMe ¢ TedeHrneM BpeMeHu [16].

2.2 JTucKpeTusamus

Eme onHa mpobGiema NpuMeHeHUs 0ailecOBCKUX
ceTell CBSI3aHA C T€M, YTO KOHLEMUUS HEJIMHEHO
OaifecoBcKoli ceTu ObLia paspaboTaHa Ijid PadOThI
C OUCKPETHBIMM WIM KaTeropuaibHbIMU NaHHBIMMU.
CyllecTByeT TpU OOIIMX MOAXOJa K pPacCIIMPEeHUIO
0alleCOBCKOI CETH Ha HeIpepbiBHbIC JaHHbIE [41].
IlepBoIil 3aKiI04aeTcsl B MOACIMPOBAHMU YCIOBHOM
TUIOTHOCTU BEPOSITHOCTU HEINPEPHIBHBIX MEPEMEHHBIX
C MOMOIIIBIO TTapaMeTPUUECKUX pacIpenesieHUi, a 3a-
TeM B MEPEIPOCKTUPOBAHUM aJTOPUTMOB OOYUCHUS
ceTH Ha OCHOBe TapameTrpu3anuu [42]. Bropoii moxa-
XOJI 3aKJTI0YAeTCsI B UCITOJIb30BaHNM HellapaMeTpuIe-
CKMX pacIpeIelIeHnil, TAKMX KaK rayCCOBCKHE IIpO-
mecchl [43]. TpeTrit momxoma — IUCKPETU3ALINSI, TO €CTh
TpoIIeCcC, KOTOPHIA TIpeoOpa3yeT HENPEepPhIBHYIO Tepe-
MEHHYIO B KOHEYHOE YUCJIO UHTEPBAJIOB U CBS3bIBAET
C KaxkaIbIM MHTEPBAJIOM AUCKpeTHOe 3HaueHue [44, 45].

Tlonmxon x JUCKPETU3all B KOHTEKCTE OaliecOBCKUX
ceTeil MOXHO pasacJnTb Ha OBE 4YacCTu. BO—HCpBI)IX,

CYIIECTBYIOT QJTOPUTMBI, KOTOPBIE TUCKPETU3UPYIOT
aTpuOyTH Ha OCHOBE B3aMMO3aBUCUMOCTEI MEXKILy MeT-
KaMM KJIaCCOB Y 3HAYEHUSIMU aTpUOYTOB, HalpuMep
METOJI SHTPONUITHOTO OMHMHTA [46]. DTU aAITOPUTMBEI
OCHOBaHbI Ha MOAXoNe KJIacCU(UKALIMK JaHHBIX. OHU
HUCTIONB3YIOTCS JUISI AUCKPETH3AIlMM BCEX HEIpPephIB-
HBIX TIEpEeMEHHBIX Tepel, O0yIeHNEeM CTPYKTYPHI Oaiie-
coBckoii cetr. ClTeayromnii KJIacc aJlTOpUTMOB TPEOYeT,
YTOOBI CTPYKTYpa ceTu Obljla M3BeCcTHa 3apaHee [41, 45,
47]. BTr aIropuT™MBI HAUMHAIOT C HEKOTOPOIA ITpeaBapu-
TeJTbHOMN MOJUTUKY TUCKPETU3ALIUM, 3aTEM 3aITyCKaeTCs
JITOPUTM OOYYEHUsI CTPYKTYPbI IJIs1 OIpeneseHusl Jio-
KaJIbHO ONTUMAJIbHOM CTPYKTYpHI rpacda. 3aTeM MoJjiu-
THKa AUCKPETU3ALIMM OOHOBIISIETCS Ha OCHOBE OOYyYeH-
HOM CeTH, M TOT LIMKJI IIOBTOPSIETCST IO CXOMMMOCTH.

MBI IIPOBEIM CEPUI0 IKCIICPUMEHTOB U BBISICHUIIN,
YTO MpeABapUTeIbHAas IUCKPETU3aLus 10 MeToay [46]
MO3BOJISIET 00y4aTh CeTU C 0oJiee BBICOKOW METPUKOMN
kauectBa. B mabauye 3 npuBenensl olileHku ROC AUC
Jgoructuyeckoi perpeccuu (LR), monydeHHbIe HA AUC-
KPEeTU3MPOBAaHHBIX JAaHHBIX, KOTOPHIC MOATBEPXKIAIOT,
YTO BBIOPAHHBIA ITOAXOMA K AUCKPETU3ALUU YIydIlaeT
IIPOU3BOIUTEIIBHOCTD MOJICIIH.

st cripaBku, Ha puc. 21 3 OKa3aHO pacrpenesieHre
HeoOpaboTaHHBIX U AUCKPETU3UPOBAHHBIX JAHHBIX COOT-
BETCTBEHHO Habopa JaHHbIX 1Mo MTtanuu 3a nepuon ¢ — 1.
OTMeTUM, 4YTO CpedHWe 3HAYeHMS ITPeoOpa3’0BaHHBIX
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RETA: WCTA: EBITTA: BVETL:
1#=002 ¢=0,10 1=017 ¢ =026 1=005 o=0,11 1n=044 o=051
skew =-5,91 skew =—0,50 skew =-3,09 skew=1,73
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Puc. 2. Habop ganHbIx Wtanus £ — 1: pacnpeaeneHie ucxoaHbix (HEMpepbIBHbIX) aHHbIX.
RETA: WCTA: EBITTA: BVETL:
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TeopeTnyeckie KBaHTUN

Puc. 3. Habop aanHbix Wtanus {— 1: pacnpeeneHine AMCKPETU3MPOBAHHBIX JaHHbIX.

TeopeTn4eCcKie KBaHTUN




K03(pPUIIMEHTOB U3MEHUIINCh, TTOCKOJIEKY TEIIeph BMe-
CTO aOCOIOTHBIX 3HAYCHMI MBI UCITOJIB3YeM OIIpeaeie-
HUE MHTEPBAJIOB, Ha KOTOPbIE HAEIUTCS Kaxias repe-
MeHHas. /{151 MoaeIMpoBaHuUsI Ha OCHOBE 0aiieCOBCKOM
CeTU TaKoe Mpeodpa3oBaHue IIPUEMIIEMO, ITIOCKOJIBKY B
MOJIE/IM UCIOJIb3YIOTCS COBMECTHBIE BEpOSITHOCTU. Ko-
JIMYECTBO MHTEPBAJIOB, COIIacHO [46], onpenenserca Ha
OCHOBE COBMECTHOI'O PACIIpele/IeHUs] AMCKPETU3UPYE-
MOT0 IIPU3HAKa M 1IeJIEBOI EPEMEHHOIA.

3. DKCnepuMEHT U Pe3yJIbTaThbl

ITpouecc mocTpoeHus: 6alieCOBCKUX CEeTei MO AaH-
HBIM D BKJTIOYAeT JBa 3Talla; TeHeprupoBaHUE HaIpaB-
JIEHHOTO allMKJINYecKoro rpada G, MpeacTaBsiolero
ONTUMAJBHYIO CTPYKTYpy OaiiecoBckoil cetu (00y-
YeHHEe CTPYKTYPHI), a 3aTeM OIIpeacIieHre TaOIuIl yC-
JIOBHBIX BEpPOSATHOCTEH P g KaXmoro ysia rpada
(obyuyeHue nmapameTpoB). ISl Halllero ucclieqoBaHUs
HanboJiee BaXKHO U3YyIUTh CTPYKTYPY 0aiieCOBCKMX Ce-
Tei, COOTBETCTBYIOIIMX PA3IMIHBIM ITepUOIaM IO Jie-
¢donTta. OgHaKO MBI BHITIOJHUIM 00a 3Tara o0y4eHus,
Tak Kak CPT BaxkeH 1151 IpUYMHHOTO BBIBOAA U, Clie-
JIOBaTeJbHO, UCIOJb30BaHUSI MOJIEIM B KaUeCTBE MpPO-
THOCTMYECKOI'O MHCTPYMEHTA.

OOyueHUe CTPYKTYpbl 0OalieCOBCKMX ceTell MOXeT
OBITh CJIOXHBIM IO ABYM OCHOBHBIM INpuuuvHam: (1)
BBIBOJ, IPUUMHHOCTA U (2) CBEPX3KCIIOHCHIIMATIBLHOE
YHCIIO HAIlpaBJICHHBIX pedep, KOTOPBIE MOTYT CYIIe-
CTBOBaTh B HaOOpe HAaHHBIX. BOJBIIMHCTBO METOIOB
W3yYeHUS CTPYKTYPBI MOKHO OTHECTHU K OHOM U3 Cie-
IYIOIIUX KaTeropuii [24, 29]:
¢ 0o0ydeHHe CTPYKTYphl B MpoOlLiecCe pellleHUs 3a7auu

ONTUMM3ALIMU HEKOTOPOit MeTpuku score (G, D)

argmax score (G, D).
Geg

Jpyrumu ciioBamMu, 3agadya COCTOUT B TOM, UTOOBI
HAWATU HAWJIyY1IU OPUEHTUPOBAHHBIN allMKIINYECKUN
rpad B COOTBETCTBMM C HEKOTOPOI (DyHKIIMEH OLieH-
KM, KOTOpasi M3MEpsIeT €ro COOTBETCTBUE NaHHBIM.
IIupoko pacrpocTpaHEHHBIMU OLIEHKAMU SIBJISTIOT-
csa Metpuka baiteca-Iupuxne (BDeu), BaitecoBckuit
nHopmanroHHblii kputepuil (BIC), kotopwiil am-
npokcumupyeT BDeu, u nH(GopMallMOHHBIN KpUTEpUiA
Axauke (AIC).

¢ CeMENCTBO aJIrOpUTMOB 00y4YeHHMsI Ha OCHOBE Orpa-
HUYEHUIA, KOTOPbIE€ BBIIOJHSIOT CEPUI0 CTATUCTU-
YeCKMX TECTOB IS IOMCKAa B3aMMHO HE3aBUCH-
MBIX TIepeMeHHBIX U cTposIT DAG B COOTBETCTBUM C
3TUMM OTPaHUYCHUSIMU.

CornacHo [24], moaxoma Ha OCHOBE ONTUMM3ALIUU
METPUKU OIEHWBAET TOJHYI0 CTPYKTYpy CETU TIpO-
TUB HYJIEBOW TUIIOTE3bI O TOM, UTO CETh SIBJISIETCS TIy-
ctoit. TakuMm 0Opa3oM, OH UCIIOJIb3YeT OoJiee r100aTb-
HYIO TIEPCIIEKTHBY, YTO TIO3BOJISIET HANTU KOMITPOMUCC
MeXIy NPUOIKEHUSIMU B PAa3IMYHBIX YaCTSIX CETH.
ITosToMy MBI UCITOJIb3YEM aNTOPUTMbI HA OCHOBE OIl-
TUMM3ALUU METPUKMU.

151 OLIeHKU CTPYKTYPbI MbI UCITIOJIb3yeM MOKa3aTelb
BIC. IlycTb y Hac ecTb HaOOp CAy4YaliHBIX TIEPeMEHHBIX
D, S — olieHMBaeMas CTpyKTypa 0alieCOBCKOI CeTH,
a ®, — BekTop napameTpoB s S. Toroa

BIC =logP(D |S,®*>—%logN,

rae ©® — oueHka Og;
d — 91Ccio CBOOOIHBIX TAPAMETPOB B S

N — pa3zmep Habopa JaHHBIX.

IlepBblit uneH B ¢opMyJie TpeAcTaBasieT codoil J10-
rapudm IpaBaonoaodus, a BTopoi — mrtpad 3a ClI0X-
HOCTb.

BIC obnagaet ABymMs1 BaKHbBIMU CBOMCTBaMU, KOTO-
phIe MO3BOJISTIOT UCITOJIb30BaTh €r0 B KAYeCTBE YHUBEP-
canpHOM MeTpuku. Bo-mepBoix, BIC nHBapuaHteH K
9KBUBAJICHTHOCTH, T. €. OH JAaeT OOWHAKOBBIC OLICHKU
9KBUBAJICHTHBIM MoesiM. C poCTOM YHclIa TIepeMeH-
HBIX pacTeT M YHCIIO BO3MOXHBIX CETEBBIX CTPYKTYD.
Ot1o cBoiictBo BIC rapaHTupyer nmpucBoeHUE OqWHA-
KOBOTO 0ajuia SKBUBAJIEHTHBIM ceTssM. Bo-BTOpBIX,
BIC nokajibHO corjlacoBaH, €CJIM pa3Mep BbIOOPKU J10-
CTaTOYHO BEJIUK.

Cy1iecTByeT MHOXECTBO Pa3IMIHBIX IPOTPAaMMHBIX
MaKeToB, peaqu3ylIuX IUPOKUiA HAOOP METOI0B 00-
y4yeHMs1 0aileCOBCKUX ceTeil (Hampumep, cM. 0030p B
[29]). B naHHolt paboTe MCHoJb30Bajgach OMOIMOTEKA
Python ¢ OTKpBITBIM HMCXOAHBIM KOAOM pomegranate
[48], B KOoTOpOIi pealn30BaHO HECKOJBKO METOIOB Ha
OCHOBE METPMK, B YACTHOCTM TOYHBIA alroputMm A*
[49], ero «kamHas» Bepcus 1 anroput™ [50].

Ha nepBoM 3Tarie Mbl IpOTECTUPOBAJIM BCE aJITOPUT-
MBI B TTaKeTe pomegranate, YTOObI HATHU T, KOTOPBIE
IAIOT HAWJTydIIe pe3yIbTaThl Ha HauX maHHbBIX. Co-
IJIACHO TeCTaM, JIUIIHE Pe3yJIbTaThl IIOKa3aJ TOYHBIN
anroput™ A*. B mabauye 4 mpencTaBaeHbl MONYYEH-
Hble 3HaueHus1 BIC mns GaiiecoBckoit cetu. Mbl Tak-
Xe TpoTecTupoBaiM HauBHYI0 06alleCOBCKYI0 MOJEb
(Naive Bayes, NB), uToObl yOeaUTbCsI, UTO y4YeT Be-
POSITHOCTHBIX OTHOIIEHUI MEXIY MepeMEeHHbIMU I10-
BBIIIAET KauyecTBO MoaeaupoBaHusa. NB — sto mpo-
creiiiiast ¢popMa 6alieCOBCKOI CeTH, BHITEKAloIlas 13
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Tabauya 4.
BaiiecoBckuii ungopmanuonnbiii kpurepnii (BIC) mis 6aitecoBckoii cetn (BN)
W MOJIeJIM HAaWBHBII OaiiecoBckuii KnaccudukaTop (NB)
= e = s | =
®paHuns
NB —201163 -192 127 —-180 853 178759 -159 080
BN —171 651 —162 705 152 862 —147 833 -129372
Wranusa
NB -360 293 —375 556 —-380 321 -391 209 -394 780
BN -316 636 -332 979 —-324 984 —326 920 —329 246
Poccuiickas deaepaums
NB -199197 —249 535 —235613 —-240 508 —247 257
BN 167 615 —214 696 —204133 —206 716 —211 850

MPEIIOI0XEH!US O B3aMMHOU HE3aBUCUMOCTU 3K30-
TeHHBIX TICPEMEHHBIX. Pe3yiIbratel, IpeacTaBicHHEIC B
mabauye 4, NOATBEPXKIAIOT, YTO HaUBHas OaliecoBcKast
MOJIe/Ib YCTYIaeT MO TOYHOCTU 0aileCOBCKMM CETSM.
CoortsercrByloniue 3HayeHnss BIC npumepHo Ha 20%
XyXe, YeM TMOTyYeHHbIE 1T 0alieCOBCKUX CETEH.

MBI TakKe MpPOBEPUIM IPOU3BOAUTEIBHOCTD Kilac-
cudUKaTopa, MOCTPOCHHOIO HAa OCHOBE HaMIEHHOM
baiiecoBckoii cetu [36]. YuuThiBasi, 4YTO JaHHBIE SIB-
JISIOTCS HecOaIaHCUPOBAHHBIMU, MBI HCIIOJIB30BaJIN
HACTPOIKY ITOpOora IPUHSTUSL PELICHUS, BBOIAS pa3-
JIMYHBIE IITpadbl 3a OIIMOKM HEMPaBUJIbHOM KJIACCH-
¢ukauuu [51]. Tak, nisg HaOMIOAEHUS X MpeAcKa3aH-
Hasl MeTKa KJjiacca y(x) =1 Torma v ToJIbKO TOra, Koraa
P(x) > ¢. 3mech P(x) — 3TO BbIBOJ 0aileCOBCKOI CETH,
KOTIa M3BECTHEHI BCe TIepeMeHHBIe, KpoMme Class. [Topor
! BHIYUCIISIETCS KaK

1= ClO/(ClO + COI)’

e C,-,- — CTOMMOCTD TIpeAcKa3aHMUs Kjacca i, KOraa
WCTUHHBIM KJIACCOM sIBJIsieTcs j. Mbl 3agaiu C10 =1lmu
C,, = IB, rne IB — xoadduument qucbananca odyya-
I0111eT0 Habopa JaHHBIX (cM. mabauyy 1).

B maéauye 3 npencrasnenst 3HaueHust ROC AUC,
MOJydeHHbIe ¢ MoMoIIblo 10-KpaTHOM IlepeKpecT-
HOM BalIupgalMu KiaccudpukaTopa Ha OCHOBe Oaiie-
coBckoli cetu (ctpoku «Discretized data / BN»). Kak
MBI BUIUM, TTPOU3BOAUTEIBHOCTb TAKOTO KitacCuu-
KaTropa, Kak MUHUMYM, COTIOCTaBUMa C JIOTUCTHYE-
CKOM perpeccueil Ik Bcex HabopoB JaHHBIX U TIpe-
BOCXOJMUT €€ B OOJIBIIMHCTBE CIy4yaeB, OCOOEHHO IS

9KOHOMUK C BBICOKOI HeormnpeaeaeHHocTbIo (Poccus
u Uranus).

4. O6cyxKneHne

CeTteBble CTPYKTYPHI, MPeACTaBIeHHbIC Ha puc. 4—0,
MO3BOJISIIOT CHEJIaTh HEKOTOPhIE BaXKHbIE BBIBOABI 00
0COOEHHOCTSIX Pa3IMUHBIX CTaIMii TIpoliecca, Beayle-
ro Kk puHaHcoBoMy Kpaxy dbupmsl. [1lepemennast Class,
obo3Havawouast cocrossHue ¢upMbl (0 1719 yCIeIIHbIX
¢upm u 1 17151 0aHKPOTOB), HAXOAUTCS B KOPHE TpadoB.
DTO MOXHO JIETKO UHTEPTIPETUPOBATH CIIEAYIOITUM 00-
pazoM. CocTosiHre (DUPMBI SIBJISIETCS IEPBOIIPUINHOM,
omnpenensionieil 3HaueHus1 e¢ (PUHAHCOBBIX K03 du-
LIMEHTOB. DTO COTJacyeTcs ¢ 3a/avyeil mporHo3upoBa-
HUS Kpaxa, KOrJaa COCTOSTHUE (hUPMBbI BEIUUCIISIETCS TI0
3HaYEeHUSIM (DMHAHCOBBIX KO(MDDULIMEHTOB.

Kak cnemyet u3 puc. 4—5, mia pa3BUTHIX 9KOHOMMK
(Utamust, @paHums) paHHHE CTaIWHU TOJITOCPOYHOTO
npouecca (t — 5, t — 4) copnanatot. B nepuon ¢ — 5 Ky-
MYJIITUBHAsI MPUOBUIBHOCTD TMOJIOXKUTEIbHO BIMSET Ha
pa3HUILy MEXIY aKTMBaMM 1 00s13aTeIbCTBAMMU, T. €. Ha
JieBepuK (0TMeTUM, uTo ynucautesb BVETL — ato pas-
HMIIA MEXITY COBOKYITHBIMU aKTUBAMU U COBOKYITHBIMU
obs3arenpcTBamMu). O6a hakTopa 3aTeM OIIPEACIISIOT Te-
KYIIYIO JINKBUAHOCTD U TEKYIIYIO TPUOBUTBHOCTh (hUp-
Mbl. OTMETUM TaKXKe, UYTO JTUKBUIHOCTb U TEKYILIasl PEH-
TabeJIbHOCTh YCJIIOBHO He3aBUCHMBI. OIHAKO, HAYMHAS
¢ mepuona ¢ — 4 TeKymas IMPUOBLTEHOCTb CTAHOBUTCS
(hakTOpOM, BIUSIOIINM Ha TUKBUIHOCTD.

st 6osee npenckasyemoii a9KoHoMuku (PpaHiiust)
MOJIIe/Ib HE MEHsIETCs B repuoanl 1 — 4, t — 3 u t — 2.
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7-1 1-2 7-3 -4 t-5

KymynatueHas KymynarusHas
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NPUObINBLHOCTL

KymynarusHas
NPUGLINBHOCTb

KymynatueHas
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Tekyuas Tekylas
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Puc. 4. ®paHuus: baitecosckie ceti AN pasnnyHbIX NepUoaoB Ao aedonta.
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3a rox 1o GUHAHCOBOTO Kpaxa ceTeBasi CTPYKTypa IJist
DpaHLIMU MEHSIETCSI U CTAHOBUTCS TTOXOXEW Ha Tepu-
on t — 5. B 11e1oM MOXHO clejiaTh BBIBO, YTO KyMy-
JISTUBHASI TPUOBLUIb SIBJISIETCS KITIOYEBBIM (PaKTOpOM
ycnexa (ppaHIy3cKux pupm.

Mogenb, TpencTaBiIsIOmas IIPOIECC KPaTKOCPOU-
HOTo OaHKPOTCTBA UTABIHCKUX pupM (f —2 u t — 1),
MEHsIeTcsl 0ojiee pamuKajibHO. KilloueBbIM (hakKToOpoM
SIBJISIETCST pa3HUIIA MEXY aKTUBAMU 1 00sI3aTeIbCTRA-
MM (JIeBEepMIK), KOTOpas OIpeaesieT CIOCOOHOCThb
(GUPMBI TeHEPUPOBATh TIPUOBLLIL U JTUKBUIHOCTh. OT-
METUM TaKKe, YTO 3HAYCHUSI IMKBUIHOCTH YCIIOBHO HE
3aBUCAT OT KYMYJISITABHOU U TOMOBOW MPUOBUIBHOCTH
Ha 3Tux 9ranax. OueBUIHO, 3TO CBSI3aHO C MOBBIIICH-
HOU HEOMNpeJeIeHHOCThIO B UTATbSIHCKONH SKOHOMUKE.
®@upMbI, HE CTTIOCOOHBIE BBITIOJHUThL 00513aTeIbCTBA 32
CYEeT COOCTBEHHBIX aKTUBOB, HE MOTYT OBICTPO UCITpa-
BUTh CUTYallMlO, YBEJIUYMB ITPOU3BOAUTEIIBEHOCTh 3a
CYET 3aeMHBIX PECYpPCOB.

s pocCHiCKMX KOMITAHMU KITIOYeBBIMU (PaKTo-
paMM SIBJITIOTCSL JIEBEPUIK W KyMYJISITUBHAsI TIpU-
ObUTLHOCTBL. Takke OTMETMM, YTO B JAHHOM Ciydae
JIMKBUTHOCTH 3aBHCUT OT BCEX pacCMaTPUBAEMBIX IIC-
peMeHHbIX (Kpome Tepuona ¢t — 2). B uenom npouecc
MOXHO OIUCaTh cieayloluM obpa3oM. B cpeaHe- u
JIOJITOCPOYHOM nepuonax (f — 3 u t — 4) KyMyJIsITUBHAS
MPUOBLILHOCTh OKa3blBaeT IOJOXUTEIbHOE BIIVSHUE
Ha TOIOBYIO PEHTA0CIBHOCTh. DTO MOXHO OOBSICHUTH
TeM, yTo KoaddbuuueHT RETA HessBHO oTpaxaeT BO3-
pact ¢upmbl [13] 1 ee cmocOOGHOCTh CTAOMIBLHO IeHe-
pupoBath NpuObUIb. HakorieHHas mpuoObLIb Takxke
00yCJIaBIMBaeT KOJIMYECTBO MPUBICUYEHHBIX BHEITHUX
pecypcoB. B To ke Bpems Tekyllass peHTa0eIbHOCTh
U JIEBEPUIK YCIOBHO HE3aBMCUMBI, OJHAKO OHM CO-
BMECTHO IOJIHOCTbIO ONPEAE/SAIOT JUKBUIHOCTb. YC-
JIOBHYIO HE3aBHCUMOCTb TEKYIIEH NPUOBLIBHOCTH U
CITOCOOHOCTH BBHITIOJIHATDH 00513aTeIbCTBA 32 CUYET COO0-
CTBEHHBIX PECYPCOB MOXHO OOBSICHUTH TE€M, YTO Ha
JAHHBIX 3TaIlaX MBI pacCMaTpUBaeM JOCTATOYHO IJTH-
TEJIbHBIN MpolLIecC, Pe3yabTaTbl KOTOPOTo OyIyT olie-
HUBaTbcs 4epe3 3—4 roma. O4eBMAHO, YTO Ha ITOT
rpoliecc OoJiblliee BIMSHUE OKa3bIBAaIOT yIIpaBJIeHYE-
CKMe€ pellleHus], OCHOBaHHbIE Ha (pTHAHCOBBIX MMOKa3a-
TeJIAX, KOTOPBIE OTPaXKaloT JOJTOCPOUYHBIC TCHACHIINT
(KyMyJISITUBHASI TIPUOBLILHOCTD), YeM KPaTKOCPOUYHbBIE
pe3yabTaThI (TeKylast IpUObLIBHOCTD).

Ha srarme t — 2 neBepuIK CTAHOBUTCS KIIFOYEBBIM
¢dakTopoM. DTO 03HAYAET, UTO CITOCOOHOCTD MpPUBJIE-
KaTb PECYpPCHI MTO3BOJISIET OTCTAIOIIMM (UpMaM yBe-
JINYUTH TPUOBLIBHOCTD U IMTOBBICUTh JUKBUIHOCTD U
n30exaTh (DpMHAHCOBBLIX cOoeB yepe3 2 roga. B rog

t — | KyMynsITUBHas TIPUOBUIBHOCTh CTAHOBUTCS
MPUYMHHBIM (PAaKTOPOM, OMPEACISIONINM JIEBEPUIK.
DTO MOXHO OOBSICHHUTH T€M, UTO IOTCHIIMAJBbHBIC
KpPEeAUTOPHI OLIEHUBAIOT OOIIME PE3yabTaThl AesTeb-
HOCTH (UPMBI B TOJITOCPOYHON IEPCIEKTUBE, UTO
MOXET OTpaHUYUTh JOCTYIMTHOCTb 3a€MHBIX PECYPCOB.
TonoBas peHTabeabHOCTh OOYCJIOBJIEHA CIOCOOHO-
CThIO T€HEPUPOBATh NPUOBLIb B JOJTOCPOYHOM mep-
CIIEKTHUBE M OOCTYXUBATh HOJT. JIeBepumIK 1 TogoBast
pPEHTAa0EIbHOCTh OIPEACNSIOT TeKylllee 3HayeHUue
JIMKBUOHOCTH, KOTOpasi Ha JaHHOM 3TaIl¢ SIBIISICTCS
OCHOBHBIM MOKa3aTeJeM MOTeHLMaTbHBIX (PMHAHCO-
BBIX HeyOad.

OCHOBHOI BBIBOI W3 MPEACTABICHHBIX PE3YJIETATOB
3aKJII0YaeTCs B TOM, YTO B3aUMHOE BIMsSIHUE (DAKTOPOB,
OIPEIEISIONNX COCTOSTHUE (DUPMBI, MEHSIETCSI C Teue-
HueMm BpemeHu (RQ1). B uenom, mis ¢hupMm B Havae
ITUTEIIEHOTO TIPOIIecca, KOTOPBIA MOXKET MPUBECTH K
Kpaxy, KyMYJSITUBHas NPUOBLILHOCTDb SIBJISIETCSI KJIIO-
YeBEIM (haKTOPOM, OIPEICISIOMNM IPYIHe METPHKH,
TakKue KakK JMKBUAHOCTb M JICBEPUIX. 3aTeM, IO Mepe
pa3BUTHSI TIpOlIeCca, B CPETHECPOUYHOM TEPCIIEKTUBE,
CTeMEeHb CaMOIOCTATOYHOCTU, M3MepsieMasl JIEBEPUI-
JKeM, BBIXOAWT Ha TIEPBBIN TUIaH, OCOOCHHO TSI 9KOHO-
MUK ¢ OoJiee BBICOKOI HeompeneaeHHoCTho. Ha aTnx
9Tarax HU3KUE 3HAYCHUS 3TUX (paKTOPOB OrpaHUINBA-
IOT BO3MOXHOCTH MOJTy4SHUST IPUOLIU. DTO IPUBOIUT
K JaJIBHEHIIIEMy pa3BUTHUIO TIpoliecca, BeAyIlero K (pu-
HaHCOBOMY Kpaxy.

Kpome Toro, cyiiecTByeT HallMOHAIbHAsI Crieludu-
Ka, OOyCJIOBJICHHAs, BO-IIEPBBIX, YPOBHEM pa3BUTHS
9KoHOMUKH (R(Q2) ®, BO-BTOPHIX, HEOIIpEeACICHHO-
CThlIO 3KOHOMMYECKON MoJuTuku (RQ3). Dra cnel-
nbUKa MPOSIBISETCS KaK B U3MEHEHUM MPUYMHHO-
CJICICTBEHHBIX CBsI3eil MeXmy (haKTopaMM Ha pa3HBIX
aTarax npoiecca Kpaxa GpUpMbI, TaK U B CKOPOCTHU CMe-
HbI Mofeneit. Hanbonee ycToituuBbIl HAOOp Mozenei
nosydeH st @paHLuu, Uit KOTOPOii XapaKTepHa Hau-
MEHbllIasi HeompeaeaeHHocTh. st Poccuu, maiist Koto-
POii XapakTepeH MaKCUMAaJIbHbIA POCT 9KOHOMUYECKOM
HeompeneJeHHOCTH 3a nocjaeaHue 10 jet, Moaeau Me-
HSIOTCS Yallle ¥ paguKalibHee.

TaknM 00pa3oM, TOIyYeHHBIC MOJICIN IIPOIUBAIOT
CBET Ha CreuIM@UKY pa3IMIHBIX 3TAIIOB Ipoliecca, Be-
Iymero K (puHaHcoBoMy Kpaxy. Hackombko Ham m3-
BECTHO, IaHHasl paboTa SIBJISIETCS IePBOM IOIBITKOM
ananu3a FFP Ha ocHoBe GaliecoBckux cereil. OmHaKo
Hallle UCCJIeOBaHNEe B €T0 HbIHEIIHEM BUIE UMEeT He-
KOTOpEIE OTpaHMYCHMS. B 9acTHOCTH, MOXHO OTMe-
TUTD CIIEAYIOLIEE:



¢ Ucnonb3yemass  BbIOOpKa  CONEPXKUT  KpoOcCC-
CEKLIMOHHbIE TaHHbIE 32 pa3JIMYHBIE TTEPUOBI Bpe-
MEHHM, IIpeAlIecTBYOIe (DUHAHCOBBIM IIPOOJIe-
MaM. DTO IIO3BOJISIET HaM BEHIIBUTH Pa3Indus B
NPUYNHHO-CJIEACTBEHHBIX CBsI3sIXx Ha 3Tanax FFP;
HO HEBO3MOXHO MpPOCIEIUTb 3BOJIOLMIO KOH-
KpeTHBIX (pupM. It perreHnss Takoir mpooaeMbl
HeoOXOIUMBI IaHeJIbHbIe JaHHbICe. AHalu3 IaH-
HBIX, COJEpXalluX IOcCeqoBaTeIbHbIe IEePUOALI
JIJISl YCTIEITHBIX M MPOBAJBLHBIX (UPM, MOXET IaTh
06onee TOAPOOHYIO WMHMOPMALMIO O TPUYMHHO-
CJIEICTBEHHBIX CBA3SX B Ipoliecce Kpaxa (pUPMBbI.
OnHako pelleHMe BTOM 3agauu TpeOyeT ApPyroro
MHCTPYMEHTa, KOTOPBIM MOXET CTaTh AMHAMUYe-
cKas OaliecoBCKasl CeTh.

¢ AHamusupyeMble (haKTOpbl OTrpaHUYEHBI TOJIBKO
YeThIpbMSI  (DUHAHCOBBIMU KO3 duiimeHTamu,
MpeICTaBIeHHBIMU B Z" -Momenn AnbTMaHa. MBI
TMPUHSUIA 3TO OTPaHUYEHUE, UCXOAS U3 TpeOOBaHU I
MPOCTOTHI MOJEIU ¥ BO3MOXHOCTH €€ NaJIbHernIen
WHTEpNpeTalru. DTO MO3BOJUIIO ClEJaTh BaXHbIE
BBIBOJIBI O BHYTPEHHEN AUHAMUKE (hUpMbl. OgHAKO
B NAJIbHEMIINX UCCIEIOBAHUSIX CIIUCOK (PUHAHCO-
BbIX KOO(PUILIMEHTOB MOXET ObITh PacCIIMpPeH s
moJydeHus1 0ojiee CIOXHBIX W JeTATbHBIX MOJIE-
Jieit. Takke He0OXOAUMO M3YUUTh BIUSTHUE IPYTUX
rapaMeTpoB, HaripuMep, KOPIIOPAaTUBHOTO yIpPaB-
JieHus U (paKTOPOB BHEITHEH CPEIbI.

Crenymoumuii BOIpocC, MpeacTaBIsSIOIINI TpaKTuie-
CKMI MHTEPEC — 3TO OIIPEIACICHUE TEKYIIECH CTaauu
npoliecca aHaIu3upyeMoit pupmMbl. Ita MHGOPMALIUS
MOXET OBbITh IOJIE3HA IJIsI NMPOTHOCTUYECKUX MOJe-
JIeil, KoTopble OyAyT pacCUMTHIBaTb BEPOSITHOCTD Jie-
¢doTa 119 HECKOABKUX OYIYIIMX MEPUOAOB. DTOT BO-
MPOC TaKKe SABISETCS TEMOM OyIyIIUX UCCISTOBaHUIA.

3akiouenue

OcHoOBHas LIeJIb Halllei paboThl — MPOAEMOHCTPUPO-
BaTh, UYTO OalleCOBCKUE CETU MOTYT CYKUTh HaI€KHBIM
WHCTPYMEHTOM JUISI aHaJln3a OWHAMUKA (PUPM U W3-
y4eHus Tpoliecca GUHAHCOBOTO Kpaxa dhupmbl. Harmm
pe3y/IbTaThl, C OTHOKW CTOPOHBI, ITOAYEPKUBAIOT CIIEII-
UbUKY 3TanoB Mpoliecca 0aHKPOTCTBA MJis pa3HBIX
9KOHOMUK. C Opyroif CTOPOHBI, OHU TO3BOJISTIOT HaM
CTPOUTH MPOTHOCTUYCCKIE MOIEIN, IIPEBOCXOISIINE
Z" -monenb AJlbTMaHa, UCTIOJIb3YS T XKe IIepeMeHHBIE.
Hackonbko HaM H3BEeCTHO, IpeACTaBl€HHasi padoTa
SIBJISIETCSl TIEPBOI, MCHOb3YIOLIel OailecCOBCKUE CEeTU
st aHanu3a FFP, moaTromy MHOTrMe BOIIPOCH! OCTAJIUCh
3a paMKaMM Hallero ucciienoBaHus. Bo3aMokHbie 00-
JIACTU MCCJIENIOBaHMSI BKJIIOYAIOT:

¢ ITocTpoeHue Mozeeil Ha MaHEIbHBIX JAHHBIX, O -
CHIBAIOIINX TUHAMUKY MHOXECTBa (DUPM.

¢ Pacmmpenue yncia aHaIM3UPYeMbIX IIPU3HAKOB.
¢ MonenpoBaHue Crielu(pUKNI OTpaciIeil.

. Onpez[eneHI/Ie CTaauMU Impouecca ajid MporHo3nponBa-
HHWA HCYyOA4YU B I[OJ'[I‘OCpO‘IHOfI TICPCIICKTUBC.

Bce 310 OTKpHIBaeT OOLIMPHOE T10JIE IS HOBBIX MC-
CJIENOBAHUI, KOTOPBIE, B CBETE MOJTYYEHHBIX PE3YJIbTA-
TOB, TPEICTABISIOTCH MEPCHEKTUBHBIMU, IMOCKOJIbKY
MOTEHIMATIbHO MOTYT BHECTHU 3HAUYMTEJIbHbIM BKJaJ B
TEOPETUYECKUIA U SMIIMPUYECCKUANA aHAIM3 IIpolecca
Kpaxa hGupmbl. B

baarogapnocTu

PabGoTa BbITIOJIHEHA B pamMKax mpoekTa «Pa3paborka
KOJIMIECTBEHHBIX METOIOB IIPOTHO3MPOBAaHUS OaH-
KPOTCTB», IMOAACPKAHHOIO IPAHTOM BBICIIECH IIKOJIbI
ousHeca HUY BIID.
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Abstract

This work analyses the firm failure process stages using the Bayesian network as a modelling tool because it allows
us to identify causal relationships in the firm profile. We use publicly available data on French, Italian and Russian firms
containing five samples corresponding to periods from one to five years before observation. Our results confirm that
there is a difference between the stages of the failure process. For firms at the beginning of a lengthy process (3—5 years
before observation), cumulative profitability is the key that determines liquidity. Then, as the process develops, leverage
comes to the fore in the medium term (1—2 years before observation) for economies with more uncertainty. This factor
limits the opportunities for making a profit, leading to further development of the failure. There are also national
specifics that are caused, firstly, by the level of economic development and, secondly, economic policy uncertainty.
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AHHOTaIMA

B nocaegnue 10 netr HaOmomaeTcsl B3pBIBHOW poOCT 00beMOB MH(MOpPMALIMM, pa3MellaeMbiX B
CeTH WHTEpPHET U LMGPOBOIl SKOHOMUKHU, (GOpMHpOBaHWE OGMUIIMAIBHBIX 0a3 MAHHBIX Pa3IUIHBIX
roCyIapCTBEHHBbIX OpraHoB BjacTh. Hanuuume OosblIoON WHGMOPMAILMOHHONW 0a3bl, OTKPBITON s
HCCIICIOBaHMSI, CIIOCOOCTBYET Pa3BUTHIO HOBBIX METOMOB M IIOAXONOB K PEIICHUIO aHATUTUICCKUX
3amayd. ITocTpoeHWe cucTeM YIIpaBICHUS W TONACPXKKHA MPUHSTHS PEIIeHN Ha OCHOBE MCIIOJIb30BAHUS
00BbEAMHEHHBIX B €IWHOE 1IeJIoe Pa3pO3HEHHBIX OTKPBITHIX MCTOYHUKOB JAHHBIX MO3BOJISIET KOHEUYHBIM
TIOJIH30BaTEIISIM IIPUHUMATh Hanbouee 3¢ (GeKTUBHEIC pelleHNs. IMEHHO TaKO# IMOAXO SIBIIIETCS OCHOBOM
IUIST pocTa OM3Heca KOMITAaHWA W TIOBBITIICHUS] YPOBHS 3PEJIOCTH YIIPABICHUECKON MesTETbHOCTH Ha BCEX
YPOBHSIX, aJIbTEPHATUBHI €MY Ha JaHHBI MOMEHT HeT. TakKoii moaxoa, B KOHEYHOM UTOTe, CO3/1aeT YCIOBUS
IUIST TaJbHEMIIero pocTa SKOHOMHKHM B IIeJioM. B pabote mpemraraercss MHGOPMAIIMOHHO-JIOTHMYECKAsT
MOJIEJIb  IKCIIPECC-aHAIM3a COOTBETCTBUSI COLUAIbHO-9KOHOMUUYECKOTO COCTOSIHUSI TIPEANPUSITUS
HOPMATMBHBIM TPeOOBAHUSIM CO CTOPOHBI KOHTPOJBHBIX M HaA30PHBIX OPraHOB Ha OCHOBE OTKPBITOI
obuienoctymnHoi nHopmauuu. BeIBobI, cieJlaHHbIE HA OCHOBE IMPOBEIEHHOT0 3KCIpecC-aHaiu3a, Cayxar
000CHOBaHUEM [JIs1 IPUHSATHUSI PELIEHUs O HEOOXOAMMOCTU 0oJiee NeTaJbHOTO, YIIyOJEHHOrO aHalIu3a
COCTOSTHUSI OTAEIBHBIX TTPEANPUATHI.

KnroueBsie ciioBa: QKCIIpECC-aHaJIu3, VIH(l)OpMaHHOHHO-JTOFI/I‘{CCKaH MOJEJIb, COCTOAHUE NPEAINIPUATHUA, HOPMATUBHBIC

TpeOOBaHUsI, KOHTPOJbHbIE U HAI30PHBIE OPTaHbl, OTKPHIThIE UCTOYHUKY UH(MOOPMALIH, OOILIEAOCTYITHbIE TaHHbIE,
CTPYKTYPUPOBAHHBIE U HECTPYKTYPUPOBAaHHbBIE TaHHBIC

IMuTupoBanue: bornanosa T.K., 2Kykosa JI.B. MH(popMalimoHHO-JIOTHMYeCKasi MOJeJIb SKCIIPECC-aHaan3a COOTBETCTBHUS

COCTOSIHUSI ITPEATIPUSITHS, YIOBJIETBOPSIIOLLIEr0 HOPMAaTHBaM U PerlaMeHTaM, Ha OCHOBE OOLLEIOCTYITHbIX JaHHbIX //
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BBenenue

pabote nmnpemiaraercss MHGOPMALUMOHHO-JIOTHU-

YyecKass MOIe/Ib SKCIPECcC-aHaan3a COOTBETCTBUS

COITMAIBHO-9KOHOMUYECKOTO COCTOSTHUST TIpeI-
MPUSTASI HOPMATUBHBIM TPEOOBaHUSIM CO CTOPOHBI KOH-
TPOJLHBIX ¥ HAN30PHBIX OPTaHOB Ha OCHOBE OOIIECIO-
ctynHoit nHbopmaiu. MHbopmaiimoHHo-10r1myecKast
MOJIeJTb TIOCTPOEHA Ha OCHOBE TPEUTOKEHHOM KOHIIETT-
LMY, OTHOM M3 BaXKHBIX OCOOCHHOCTE KOTOPO SIBIISI-
€TCsl TO, YTO KOHUETIIUS YUUTHIBACT JIIOObIE TPeOOBAHUS
Pa3HBIX PETYIISITOPOB, KaK KOJIMUYECTBEHHBIX, TAK 1 Kave-
CTBEHHBIX, TIPEITBSIBIISIEMBIX K SKOHOMUUYECKM O0bEKTaM
Pa3HBIX TUTIOB (TIPEATIPUSITUSIM, OPraHU3ALMSIM, 00pa30-
BaTeJIbHBIM YUpexkIeHUsIM U T. 11.) [1]. st pa3HbIX TUTIOB
TIPENPUATUI U TPEOOBAHUI, TIPEABSBIISIEMBIX K HUM CO
CTOPOHBI PEryJsiTopa, HEOOXOAUMO Ha OCHOBE OOIIIEN0-
CTyITHOI MH(bopMany (HopMUPOBaTh pa3HbIe HAOOPHI
KOMIIOHEHT, B pe3yJIbTaTe arperupoBaHUsI KOTOPBIX C
TIOMOIIIBIO Pa3pabOTaHHON TAOJIUIIEI IIOMCKA PACCUUTBI-
BaeTCs 3HaUEHNE MHTETPaJIbHOTO ITOKAa3aTesl, SIBJISTIOIIe-
rocsi OCHOBOM 3Kcmpecc-aHaiu3a. Kaxmas KoMIoHeHTa
XapaKTepU3yeT pa3IMYHbIE aCTICKThI eI TeIbHOCTH TIPe-
TIPUSITUS: 9KOHOMUYECKHE, COLIMATbHbIE, (PMHAHCOBHIE,
TEXHUYECKUE U T. TI., U OLIEHWBACTCSI B COOTBETCTBUU C
MeTOIaMU1 MaIlIMHHOTO O0YYeHMsI, MaTeMaTUIECKOM CTa-
TUCTUKU U SKOHOMETPUKH [2, 3].

s mpoBeneHsI 3KCIpecc-aHaau3a COCTOSHUS Tpe-
TIPUSATUST UCTIONB3YeTC KaK CTPYKTYpPUPOBaHHAsI, TaK U
HECTPYKTypupoBaHHas nuHdopmauus. Hectpykrypupo-
BaHHasi MH(MOPMAIKS TIPEIBAPUTETHLHO CTPYKTYpHPYET-
¢Sl C UCITOJIb30BaHUEM PA3IMYHBIX METOIOB 00pabOTKU
TEKCTOBOI MHMOpMaLmu [4—6].

JIluHaMuKa OKpyXKalolleil cpeabl BO3pacTaeT, CTa-
OMIBHOCTH BHEIITHEN CPelbl CHIKASTCS, IIPU 3TOM Tpe-
GoBaHUS K OBICTPOMY pearMpoOBaHMIO Ha KPU3HCHI pa-
cryT. KommuectBo nHMOpMALINKT, KOTOPYIO HEOOXOTMMO
00paboTaTh M1 NPUHSATHUS TOTO WIM MHOTO PEIleHUs],
TIOCJICIOBATEIIEHO YBEIMUMBACTCS, OMHOBPEMEHHO YXKe-
cToYaroTcs TpeOOBaHUS K KaUeCTBY, 0€30IaCHOCTH U aK-
TyaJIbHOCTH 3TOI MH(POPMAIINH.

OnIHOBPEMEHHOE HCIIONIb30BaHUE CTPYKTYPHUPOBAaH-
HBIX U HECTPYKTYPUPOBAHHBIX CTAaTUCTMYECKMX OAH-
HBIX ITO3BOJISIET MOJIYYUTh 00JIee TOUHYIO KAYeCTBEHHYIO
OIICHKY 00BeKTa MCCIEAOBAHUS C YIYETOM M3MEHEHUM,
KOTODBIE ellie He OTpaXkeHbl B OPUIINATBHOM CTATUCTHU -
YECKOW OTYETHOCTH, TIPEJOCTABISIEMON C OIpe/e/ieH-
HOW MepUOINYHOCTBIO M HEM30EKHBIM 3aI1a3IbIBAHUEM.

Pe3synbpraToM MpoBeeHHOTO 3KCIpecc-aHaIu3a IBJIsi-

€TCA OLI€HKAa COOTBETCTBUA COLIMAJIbHO-O9KOHOMMNYECKO-
IO COCTOAHUA NPEANPUATUA HOPMATUBHBIM Tpe6OBa—

HUSIM CO CTOPOHBI peryisitopa. BeIBoabl, cienaHHbIE Ha
OCHOBE ITPOBEICHHOTO 3KCITpeCcC-aHalIn3a, CIIyxKaT 000-
CHOBaHWEM IUTS TIPUHSTHUS PEIICHUSI O HEOOXOTMMOCTH
boJjiee meTanbHOTO, YIIYOJEHHOTO aHaIM3a OTACTbHBIX
NPEAIIPUSTUHIA.

Cpenu HaydHBIX paOOT TMOCIEOHUX JIET, TTOCBSIICH-
HBIX Pa3IMYHBIM KOHOMMYECKMM M MaTeMaTUIeCKUM
WCCIeOBAaHUSIM, BCE Yallle NIeIaeTcsl aKleHT Ha Tpu-
MEHEHNE COBPEMEHHBIX IIU(PPOBBIX TEXHOJIOTMI 00pa-
OOTKM OONBIINX O0BEMOB CTPYKTYPUPOBAHHBIX, CJTA00-
CTPYKTYPUPOBAHHBIX U HECTPYKTYPHUPOBAHHBIX TaHHBIX
W3 OTKPBITHIX UICTOYHUKOB CETH MHTEPHET, METOIOB Ma-
IIWHHOTO OOY4YeHUs] M MCKYCCTBEHHOIO WHTEJUIEKTa B
MOJENSIX TTOAAEPKKU MTPUHATUS petneHuit [7—10].

Wcnonb3oBaHWe WHHOBALIMOHHBIX LIM(MPOBBIX BO3-
MOXKHOCTe# cOopa 1 aHaIM3a OOIIeIOCTYITHOM MHMOp-
Mallu U3 CEeTH MHTEPHET IMO3BOJISIET JOIOIHUTEIHHO
aHAJIU3MPOBATh XapaKTePUCTUKHY KauyecTBa paboThl pa3-
JIMYHBIX TIPEANPHUATHIA U APYTMX OOBEKTOB MCCIIENOBa~
Hus1. [1ogoOHBIN aHAMN3 HA OTKPHITHIX JAHHBIX MOXHO
IIPOBOIUTE IIPY ITOMOIITY BCITOMOTATeIEHOTO HE3aBUCH -
MOT'O MHCTPYMEHTAPUSI OLICHKY COCTOSIHUSI OOBEKTA UC-
CJIeMOBaHMSI, CO3IaHHOTO Ha OCHOBE aHaIM3a OOJIBIINX
00BEMOB CTPYKTYPHPOBAHHBIX, CIA00CTPYKTYPHUPOBAH-
HBIX M HECTPYKTYPMPOBAHHEIX JAHHBIX W3 OTKPBITHIX
HWCTOYHUKOB CETU MHTEPHET, U CPABHUBATH PE3YJIbTAThI C
o(pUIMATEHON METOAMKOM MCCAeAOBAHUS TT0 BHYTPEH-
HUM WIN OUITAATEHBIM CTATUCTUYCCKIM JTaHHBIM.

KoHTpobHBIC MEpBI, IPUHSITEIC HA OCHOBE OMUIIN-
ATbHOM CTATHCTHUECKON WHGOPMAIIUKA, MOTYT TOCTY-
MaTh ¢ OOMBIINM 3alla3IbIBaHUEM, BEIb MEXITy OKOHYA-
HHEM OTYETHOTO IepHoaa U Iepenayeit oUuImaIbHbIX
CTAaTUCTUIECKUX JAHHBIX O COCTOSTHUM O0OBEKTa B Opra-
HBI TOCYIapCTBEHHO BIACTH MOXET ITPOXOIUTH OT 3 10
8 MecsI11IeB, UTO 3aTPYAHSIET ONIEPATUBHOE pearupoBaHyie
B (hopc-MaXKOPHBIX CUTYaIIHUSIX.

B HayyHBIX wuCCIenOBaHUSIX MHOTMMHU aBTOpPaMU
MpeJIaraloTCs  pa3InIHBle SKOHOMMKO-MaTeMaTHue-
cKMe Mojesu, Oazupyloliuecss Ha OUILIMAIbHOM CTa-
TUCTHYEeCKOI nH(popmauuu [11]. BolbIIMHCTBO U3 HUX
MPEICTABISIIOT CO00M 3KOHOMETPUYECKHE MOIEIU WIN
MOIEeJN, WCIOJB3YIOIIe METOOb MAIIMHHOTO 00yde-
Hus1. Kak mpaBuiio, nMeronecss CTaTUCTHIECKIE JaH-
Hble pa30MBAIOTCS Ha IPyMIbl (AemMorpaduyeckue, co-
LIMaJIbHbIe, (DPUHAHCOBBIC W T.JI.), PAHXKUPYIOTCS, WIN
KaKMM-TO 00pa3oM OOBEIMHSIOTCS B €IMHbIA MHTE-
TpajJbHBI TIOKa3aTellb, a (akropaMm IPUCBAMBAIOTCS
Beca. 3a4acTylo pe3y/IBTaTOM IOI0OHOI0 UCC/ISIOBAHUS
CTAaHOBUTCS WHTETPAJIbHBIN TOKa3aTeab (Koadduim-
€HT), KOTOPBI yI0oOeH TIpY COMOCTABIICHNN OOBEKTOB.



ITomoOHBIE WHCTPYMEHTHI B 3HAYWUTEIBHON CTETICHU
OIMMPAIOTCS Ha BHYTPEHHYE JaHHBIC WJI HAa MMEIOIIYIO-
Csl CTaTUCTUYECKYIO 0asy [12].

Hcnosb3oBaHue pe3y/IibTaToB aHaIM3a CTPYKTYPHPO-
BaHHBIX ¥ HECTPYKTYPHPOBAHHBIX JAHHBIX U3 OTKPHITHIX
WCTOYHUKOB CETH MHTEPHET SIBJISIETCSI HanboJee IoJI-
HBIM U Pa3HOCTOPOHHUM CITOCOOOM JUTS TIOJTHOLIEHHOTO
BCECTOPOHHETO aHaJM3a COCTOSIHUS 3KOHOMUYECKOTO
00BEKTa UCCIEAOBAHMS. DTO MO3BOJISIET MOJIYyYaTh 00b-
€KTMBHYIO MH(GOPMALIMIO O TEKYILEH CUTyall1, He IO/ -
BEPTHYTYIO IIPOMEXYTOUYHOI 06pabOTKE U MOIYYEHHYIO
Ha OCHOBAaHMY aHaJIM3a 0OJIbIIIOr0 KOJIMIECTBA Pa3HOO-
Opa3HbBIX aKTYaJIbHBIX JaHHBIX, KOTOPBIC XPAHSTCS B OT-
KPBITOM JOCTYIIE B JIFOOBIX UCTOYHUKAX CETH UHTEPHET.
IIpy HeOOXOOMMOCTH pPe3yJIbTaThl aHAIM3a BHEITHHUX
JAHHBIX MOTYT OBITh COOTHECEHBI C pe3yJIETaTaMM aHa-
JIOTMYHOM aHAJIMTUYECKON NesITeTbHOCTH, TPOBEACH-
HOIl Ha OCHOBE UCITOJIb30BaHMSI BHYTPEHHUX JaHHBIX.
Taxoke pe3yJIbraThl aHAIM3a IT0 OTKPHITHIM O0IIEI0CTYII-
HbIM MICTOYHHUKAM MOTYT JOMIOIHSATH O(DULIMATIbHBIE WIK
BHYTPEHHHUE JAaHHbIE B HEKOTOPHIX aCIIeKTaX HesITeIb-
HOCTH 00BEKTa MCCIIeIOBaHMS.

[TperMyIIEeCTBO MCITONB30BAHUST OTKPBITHIX JAHHBIX —
3TO BO3MOXHOCTb MOJTy4aTh MH(MOPMALIMIO C JTI000 Te-
PUOAMYHOCTBIO (HE MPUBSI3BIBASCH K PETYISIPHOCTH 00-
HOBJICHUSA, O(ULIMATIEHO ITyOJIMKYeMOI CTaTUCTUIECKOM
OTYCTHOCTH), PACIIUPITh W IIPOBEPATH COOTBETCTBHUE
(hakTUYECKOrO COIMATbHO-3KOHOMUYECKOTO COCTOSTHUS
00BbEKTa MCCIEA0BaHMS O(ULIMATBHBIM JaHHbBIM.

1. Knaccundukanyus HCTOYHHKOB
001IeT0CTYHO# HH(OPMAIIUH

Bcs  obmienoctynHast uHGopMaLus MOXKET ObITh
MpeICcTaBjieHa B BUE JaHHBIX pa3jIMYHOro Tvmna. B Ha-
CTOsIIIee BpeMsl BCE CYILUECTBYIOILIME NAHHBIE MOXHO
pa3menTh Ha:

1) CTpyKTypUpOBaHHBIE;

2) cn1aboCTpyKTYypHUpOBaHHbIE;
3) KBa3UCTPYKTYpHUpPOBaHHbIE;
4) HECTPYKTYpUPOBaHHEIE.

K cTpyKkTyprpOBaHHBIM JaHHBIM OTHOCSITCSI TAHHbIE,
KOTOpbI€ YIOPSIOYEHbI OMNpeNeJeHHbIM CIIOCOOOM,
MMEIOT 3aIaHHYI0 CTPYKTYpY, U OMHCHIBAIOT KOHKPET-
HYIO TIpEIMETHYI0 00J1acTh. B COBOKYIMTHOCTH 3TO MO3BO-
JISIeT TIPOBOJIUTD JOCTOBEPHBII U ITTyOOKUI aHAIU3 3TUX
nmaHHBIX. Yalie Bcero Takast MTH(OpMaLKs IpeacTaBiIcHa
B BUE TaOIUII.

K cmabocTpyKTyprpoBaHHBIM JaHHBIM MOXKHO OT-
HECTH Te JaHHEIE, KOTOPBIE HEe COOTBETCTBYIOT YETKOM
CTPYKType Tabsu1l U oTHoleHui B B/, Ho pu 3ToM co-

Jiepkatr B cebe CreluaibHble pa3rpaHUIUTEN (TEeTH),
KOTOpbIE TO3BOJSIIOT CEMAaHTUYECKU pa3lelisiTb BeCh
00beM MaHHBIX. B KauecTBe mpruMepa MOXHO MTPUBECTU
XML-10KyMEHTHI.

K KBa3uCTpyKTYpHpPOBaHHBIM HTAHHBIM OTHOCSITCS
JIaHHbIE C HEYCTOMYMBBIM (hopMaToOM, TpeOylolIre st
cBoeli 00paboTKM crheluualibHbIMA WHCTPYMEHTAMU
OOJIBIINX BpeMEeHHBIX 3aTpaT. [IprMepoM TaKMX TaHHBIX
MOXET CIIy>XUTb CTpaHUIIA CaiTa.

K HecTpyKkTypupOBaHHBIM JaHHBIM MOXHO OTHECTU
JIaHHbIe, KOTOPbIE HE MMEIOT OMpeaeeHHOH (GOpMBbI U
He SIBIITIOTCSI CTPOTo 3abMKCUPOBaHHBIMU. B Hacrosi-
LW MOMEHT Takoi hopMaT JaHHBIX SIBJISIETCS TIPE00-
JIaJalolMM B CBSI3U C pa3BUTUEM MH(pOpPMaATU3aALIMKU Ha-
cestenust, npuMepHO 80% Bceil MMEIOIIECs Ha TaHHbINA
MOMEHT MHGbOPMAIIHN, SIBISIOTCS HEeCTPYKTypUPOBaH-
Hoii. [IpuMepoM TakMX HaHHBIX SIBJISIOTCS M300pake-
HUsI, BUEO, ayAnuo U TeKCToBasi MHPOpMaLUs U3 COLMU-
AJTBHBIX CETEH.

JlaHHbIe B 3aBUCMMOCTHM OT MX THUIIa TPeOYIOT CBOMX
METOIIOB NMpeaoopadboTKu U 006paboTKU. BONbIIMHCTBO
METOIIOB MaTeMaTUUICCKOM CTATUCTUKY U S9KOHOMETPH-
KU OCHOBAaHBI Ha aHaJIn3e CTPYKTYPUPOBAHHOM UHMOP-
Mauuu. MeToapl MallMHHOTO OOYy4eHUs, HeMpOHHbIC
CETH TIO3BOJIAIOT AHAJIM3UPOBATh CJIA0OCTPYKTYPUPO-
BaHHEIC, KBa3UCTPYKTYPUPOBAHHBIE M HECTPYKTYPH-
pOBaHHbIE JAHHBIE, BBIAC/SIS B HUX 3aKOHOMEPHOCTH.
Taxoke npy MPOBEACHUM PA3IUYHBIX IIPOLIEAYP HpPEao-
OpabOTKM 3TU JaHHBIE MOTYT OBITh CBEICHBI K CTPYKTY-
PUPOBAHHBIM U BKITIOUEHHI B KJIACCUIECKIE MaTeMaTH-
YeCKKe MOJIEIN.

Ecnu HecTpyKTypupoBaHHbBIE JaHHbIE MTPEACTABICHbBI
TEKCTOM, TO MpeABapuTeSbHas UX 00paboTKa ¢ MOMO-
IIBI0 METOIOB BEKTOPU3AIIMHY U KJTacCU(UKAIIUH TTO3BO-
JISIET IPUBECTU UX K CTPYKTYPUPOBAHHOMY BUTY.

Nudopmarusa wig dopmupoBaHus 0a3bl UCCIeI0Ba-
HUS TSI TIPOBEJCHUST SKCIIPECC-aHan3a MOXET ObITh
MOJTyYeHa M3 Pa3IMYHbIX UCTOYHUKOB, OTIUYAIOLIXCS
CTaTyCcOM, 4acTOTON OOHOBIIEHMSI U CTEIMEHBIO TOCTO-
BEPHOCTH ITpenocTaBisieMoit uHbopmauuu. B mabauye 1
TIpeNCcTaBieHa KiacCuMUKalus UCTOYHUKOB OOIIEemo-
CTYMHOU MHGMOPMAIIUK C YYETOM CTETICHU HaIeKHOCTU
HUCTOYHUKA.

IIpemtoxkeHHas B JAaHHOM CTaTbe WHMOOPMALIMOH-
HO-JIOTMYECKAs: MOJeb IIOCTPOSHHUSI MHTErPaJbHOIO
rmokasatejisl IJIsl 3KCIpPecc-aHaju3a COOTBETCTBUSI CO-
LIMAJIbHO-3KOHOMUYECKOTO COCTOSIHUST TIPEIITPUSITHUS
HOPMAaTUBHBIM TPEOOBAHUSM CO CTOPOHBI KOHTPOJIBHBIX
M HAI30PHBIX OPraHoOB, 0a3UpPyeTCsl Ha KOHIIENTYalIbHOM
MOJIE/IN IKCIIPECC-aHaIn3a U3JIoXKeHHOH B [1]. OTinun-
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Tabauya 1.

WcTouHnk XapaktepucTuka lMpumep UcToYHMKA Tun 06HoBNEHNE AAHHBIX
UHhopMaumm MCTOYHMKA MHCDOPMALIMK MHhopMaLmm MHhopMaumm Ha UCTOYHMKE
CaitTbl (heepanbHOro 1 pernoHanbHbIX
0 OpraHoB CTatuCcTIKIA, CainTbl MINHUCTEPCTB rosstat.gov.ru
huumanbHble ;
reHepaTopb 11 BEZIOMCTB, NYGNMKYHOLLME N0 NONOXKEHNIO zakupki.gov.ru CTDyKTYpUpOBaHHblE Kak npasuno, nepuoan4HoCTb
W arperaTops| 0 PACKPbITUM UHEOPMALIM TEMATUYECKNE fssp.gov.ru JaHHbIE, 06HoBNeHNs 1 pa3 B kBapTan,
[AHHBIX [JaHHble, JOCTOBEPHOCTb KOTOPbIX cpr.ru NN pexe.
MOATBEPK/AAETCS COOTBETCTBYHOLLIM OPraHoM weiom.ru
rOCY1apCTBEHHO BNACT.
CaifTs! Caittbl npennpmmmvm, OpraHu3aupnii Bcex goopm
W CTaHIIL COOCTBEHHOCTH, CailThl NNOLLIAZOK, Ha KOTOPbIX technqmoscow.ru
B COL, CETX OHM OﬁleHHbI pasMeLLaTh HPOPMALKI umconf.ru Boe Tl aHHbIX. MocTosHHOE
06beKTOB 0 CBOEII AEATENBHOCTW. [10CTOBEPHOCTL tinkoff.ru 06HOBIEHNE.
WCCAB0BAHMS MH(OPMALNK, KaK NPABUMO, MOATBEPXKAAETCA 57.mskobr.ru
TONbKO CaMUM OGLEKTOM MCCNES0BaHNS.
CaiiTbl OpraHu3auui, sanylarougmxcn COMACHO yTBEpKEHHOI
HeoduumansHble HEATEIIbHOCTLIO, CBASaHHOW C OGbEKTaMM . [penMyLLECTBEHHO METOANKE OOHOBNIEHNE MOXET
reHeparopbl MCCNEAOBAHUS 1 MYDIUKYIOLLYE AaHKbIE 0 clan.ru CTPYKTYPUPOBAHHbIE MPOBOAMTLCS KaK C 3a7aHHOM
JaHHbIX HUX B OTKPbITBIX UCTO4HUKAX. [LOCTOBEPHOCTL hse.ru/rims JaHHbIE, EDUOMHHOGTbH0, TaK 1 Ha
06€CNEYMBAETCS BHYTPEHHIM MOHUTOPUHIOM 1 HOCTOSHHOI oéHose
KOHTPONEM MHZhopMaLmK. '
Poccuiickue 11 Mex ayHapoaHble arperarops bankodrom.ru Oéu:gg ;(?;V?TBCJ;BHVIG
HeodhuumanbHble | faHHbIX, 00bI4HO NPEOCTABNSHOLLNE UX ANSt banki ru. MpenmyLLeCTBEHHO  NEPUOMMSHOCTHIO
arperatopsbl MPOBEAEHNS HAY4YHbIX U UHBIX UCCNIEA0BAHNIA. avtost ét. W CTPYKTYPUPOBaHHbIE Co0TBETCTBYOU e|7|y
JaHHbIX [l0CTOBEPHOCTb 06ECMIEYMBAETCS BHYTPEHHIM dataworldbank org JaHHble. EUOM4HOCTH OBHOBTEHU
MOHUTOPUHIOM.
0(hNLMANbHbIX [aHHBIX.
Poccuiickue 11 MexayHapoaHble CaiTbl
;I:Séi;ﬂgrfnwme 3KCMEPTHbIX OPraHN3aLuii, PeRTUHIOBbIX (06HOBNEHME NPOBOANTCS
areHTCTB, NEPCOHANBHBIE CTPAHULb! raexpert.ru COrNacHO BHYTPEHHUM
NCTOYHMKN ; Bce Tunbl AaHHbIX.
SKCTEDTHbIX NPU3HAHHBIX 3KCMEPTOB. ,D,OCTOBSDH(V)CTb ra-national.ru npaBuiam MCTOYHIKA
- JaHHbIX 00eCne4nBaeTCS penyTavuei NHopMaLNY.
JKkcnepra.
HeoduumansHble | CTpaHmubl B COLMAnbHbIX CETAX, 6110y, [penmyLLECTBEHHO
00LLeOCTyMHbIE | KOMMEHTAPWUW MO KOHTEHTOM, CTPaHNLbI moneyzz.ru HECTPYKTYPUPOBAHHbIE NN MocTostHHOE
HTEPHET- HeouLManbHbIX CO0BLLECTB.[J0CTOBEPHOCTb pedsovet.su ab0CTPYKTYPUPOBaHHbIE 06HOBNEHNE.
NCTOYHMKN [JaHHbIX, KaK NPaBWo, He NOANEXIT MPOBEPKE. [JaHHble.

TeJIbHOU 0COOEHHOCTHIO TIPEIJIOXKEHHON KOHLIETITYallb-
HOI Moneu sSBISIeTCs TO, YTO B KauyeCcTBE OTIPaBHOM
TOYKH aBTOpAMM ITIpejIaracTcsl yIUTHIBaTh TPEOOBAHUS
KOHTPOJIMPYIOLINUX OPTaHOB, B TO BpeMsI KaK B OOJIbIIIMH-
CTBE POCCUMCKHUX 1 3apyOeKHBIX MCCIICTOBAHMIT OLICHKA
COCTOSIHMSI OOBEKTa HCCIAEIOBAHUS OCYILECTBISETCS
HUCXOS U3 TPeOOBAHUI, IPEABIBISICMBIX K OOBEKTY €T0
BJIaieSIblIaMM WJIM MHBecTopaMM. Ellle omHO mpeumy-
IIECTBO KOHIENTYaJTbHON MO — 3TO MCIOJb30Ba-
HHUE OOIIENOCTYITHBIX NAHHBIX, TO €CTh BO3MOXHOCTh
MOJIy9aTh MHGOPMAIIUIO B JII000I MOMEHT BpeMEHU, He
MPUBS3BIBAsICH K TeprogaM OOHOBJIEHUs OPULIMAIBHO

MyOJIMKYeMOI CTaTUCTAUYECKO OTYETHOCTU, U BO3MOX-
HOCTb MPOBEPSITH COOTBETCTBUE (DAKTUUECKOTO COCTO-
STHUST 00BEKTA MUCCIICTOBAHNST O(UIINATLHEIM TaHHBIM.
IIpennaraemass MH@OPMALIMOHHO-JIOTUYECKAsT MOJCIb
MpeaCTaBJIsIeT co00l 00beAMHEHUE AJIrOPUTMa pacye-
Ta OTAENbHBIX KOMIIOHEHT MHTErpaJibHOTO MOKa3aTes
C TIpYUMEHEeHNEM MaTeMaTU4YeCKUX, SKOHOMETPUUECKUX
M CTAaTUCTUYECKUX METOMIOB, XapaKTEPUCTHUK BXOIHOI
W BBIXOAHOW MH(pOPMALIMM Ha KaXXIOM 3Tare, h, coo-
CTBEHHO, aJITOpUTMA pacueTa 3HaueHUiIl THTETPaIbHOTO
rokasateJisl ¢ TIOMOILbIO JIOTHYECKOH (PYHKIIMM Ha OC-
HOBE Ta0JIUIIBI TTOUCKA.
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2. KoMnoHeHTbI HHTErpajJbHOro noKka3areJisa
N METObI UX OLICHKHN

HWHTterpanbHblii  MOKa3aTedb IIPEACTABISIET COOOM
TMOKMIT MHCTPYMEHTapUil 3KCIIpecc-aHaar3a Ha OCHO-
Be OOIIEAOCTYIHbBIX CTPYKTYPUPOBAHHBIX U HECTPYK-
TYPUPOBAHHBIX AAHHBIX. AJITOPUTM MOCTPOEHUSI WH-
TETPAJIbHOTO T10KA3aTeJisi OCHOBAaH Ha arperMpoBaHUU
OTIEJIbHBIX 3HAYEHUI KaXI0i KOMIIOHEHThI U3 Habopa
C MpUMEHeHWeM Tabauibl norcka. Kaxnas KoMnoHeH-
Ta OLIEHMBAETCSl C MCIOJb30BAHUEM MAaTeMaTUYECKUX,
5KOHOMETPUYECKUX U CTATUCTUYECKUX METOMIOB, TAKUX
KaK: JIOTUCTUYECKAsl PErPeCCUOHHAs MOME/b, METOJbI
KJTacTepU3ally U TPYIIIUPOBKU, METOABI TEMATAUECKO-
TO MOJICJIMPOBAHUS U T.1.

Tubxuit tHCTpYyMEHTapUil SKCIIpecC-aHaIu3a s Ipu-
HATUST YIIPaBIEHYECKUX pelleHUiA, pa3pabOTaHHbIA Ha
OCHOBE KOHLENTYaJIbHOM MOJIEIU, TIpeACTaBIsieT CO00M
MOC/IeA0BaTEeIbHOCTD 13 MSTU 3TAIlOB, HAYMHAsI OT TpeOo-
BaHW CO CTOPOHBI KOHTPOJIBbHBIX M HAA30PHBIX OPTaHOB,
Pa3pabOTKU 1 OLIEHKU Habopa KOMITOHEHT, XapaKTepU3y-
01X OOBEKT UCCAENOBaHUs, UX arperupoBaHue B eIu-
HbI MHTETpaJIbHbIM MOKa3aTe/lb Ha OCHOBE TaOIULIbI TTO-
MCKa, Y 3aKaHYMBasi MOHUTOPMHIOM U PaHXXUPOBAHUEM
00BEKTOB MCCIEIOBAHMS 110 pe3yJIkTaTaM pacueTos [1].

B 3aBucHMOCTH OT TUIIa 00bEKTa UCCAeI0BAaHMS (ITPO-
MBIIIEHHOE TIpeANpusiThe, 0aHKOBCKAsi OpraHu3alusl,
00pa3oBaTebHOE YUYPEXKIECHUE U T.I1.), UCXOIS U3 Tpe-
OOBaHUIA Pa3IMIHBIX PETYISATOPOB, POPMUPYETCS MHepe-
YeHb MCTOYHMKOB JAaHHBIX IJIST TIPOBEICHMS SKCIIPECC-
aHaJIM3a: CalThl OOBEKTOB UCCICIOBAHMS, HOBOCTHEIE
WCTOYHUKHU, 3JIEKTPOHHBIE TUIOLLIAIKA WJIU arperatopbl
nHdoOpMalK, caliThl TOCYIapCTBEHHBIX OPraHOB BJla-
cty 1 T.0. Ha ocHOoBe uHMopMaluy U3 3TUX UCTOYHU-
KOB co3naetrcsl 6a3a JaHHBIX UccienoBaHus. [MOKoCTh
MpeAJIaraéMoro B CTaTbe MHCTPYMEHTapusl 00yCIOBIIe-
Ha TeM, YTO TepedeHb HEOOXOMUMBIX IS IIPOBEACHUS
BKCIIpecc-aHaIN3a KOMIIOHEHT MOXET OBITh JOTIOJTHEH
B 3aBHUCHUMOCTH OT THIIA OOBEKTa HCCICIOBAaHMS, OT
MPEAbSBISIEMbIX K 00bEKTY MCCIICIOBAHUS YACTO MEHSI-
IOILMXCSI TPEOOBAHUIA CO CTOPOHBI KOHTPOJIbHBIX M HAll-
30pHBIX OPTraHOB M POCTa YKcja UCTOYHUKOB OOIIEn0-
CTyMHOM UH(pOPMaLIUU.

B mabauye 2 mpuBeneH mepedyeHb BEIIEISIEMBIX aBTO-
paMu BO3MOXKHBIX KOMITOHEHT, OTHOCSIIIIMXCST K YETHI-
peM 610KaM TUIIOB BXOAHOM MH(OpMaLIMHU JIS pacdyeTa
KOMIIOHEHT, TUTIOB IIE€peMEHHBIX PACCUMTAHHOI'O 3HAUe-
HUS KaXI0i KOMIIOHEHTHI (B COOTBETCTBUU C METPUKA-
MU, nipemtoxkeHHbiMu Pobeprom C. Kamanom u J13ii-
Buaom I1. HopToHOM), 1 METOIOB OLIEHKW 3HAYeHUIA
KOMITIOHEHT [13].

151 oLlleHUBaHUSI KOMIIOHEHT MHTErpaJbHOIO IMOKa-
3aTeNisl Ha OCHOBE MH(OpMaLMK 00 00BEKTaX UCCIIENO0-
BaHMS 13 0a3bl JAHHBIX IPUMEHSIIOTCS Pa3IMUHbIE Me-
TOAbI OLIEHUBAHUSI.

2.1. KomnonenTa 1.
BeposaTHOCTD (PHHAHCOBOTO HEOJIATONMOTYYHS

[IpencraBisgeT co60it BepOSITHOCTD HACTYILICHUS He-
0JIaTOITOIYIHOTO (PUHAHCOBOTO COCTOSTHUS OOBEKTa
uccaenoBaHus (0aHKPOTCTBO, OT3bIB TULIEH3UHU 1O (hU-
HAHCOBBIM TpUYMHaM). [IJIs1 oLleHMBaHUS 3TO Bepo-
SITHOCTU IIPUMEHSIETCSI perpecCUOHHAasl JOTHCTUIeCKast
MOJIEe/Th Ha OCHOBE TAHHBIX (DMHAHCOBOI OTYETHOCTH,
a TakKe roKa3aTesieil UX BOJIATUIILHOCTH: CTaHAapTHO-
IO OTKJIOHEHUWS W JUCIIEPCUU, TaHHBIX MaKpOIKOHO-
MMYECKUX MEePEeMEHHBIX, JAHHBIX O TOCYAapCTBEHHBIX
3aKyIIKax B Ka4eCTBE MOCTABIIMKa WX MOKyIartesis. B
0o0IIIeM BHIE JIOTHCTHYECKAs PErpeCCMOHHAsT MOICThb
npuHuMaet Bua [1]:

P(Y =1]x, m,v)z—1 —
+e

z=p +Zﬁixi +Z7/jm_,' +z(pkvk, rie:

P(Y =1|x, m, v) — ycloBHas BEPOATHOCTH HeGIArOMo-
JIy4HOTO (PMHAHCOBOTO COCTOSIHUS OOBEKTA MCCIIEN0-
BAHUS;

B, — KOHCTaHTa,;

X, — TIepEMEHHBIE, XapaKTepu3yloue pUHaHCOBOE CO-
CTOSTHUE 0OBEKTA UCCIENOBAHNS,

m, — TIEPEMEHHbIC, XapaKTePU3YIOLINEe BHEIIHIOI IO
OTHOIIIEHUIO K 00BEKTY MUCCIIENOBAHUS cpemy (Makpo-
5KOHOMUYECKHUE (PaKTOPHI);

V, — HCKOJMYCCTBCHHBIC ITOKA3aTC/IM ACATCIbHOCTH

00BbEKTA UCCIEeIOBAHUSI;

B Vi 0~ KO3 PULIMEHTHI PErpecCrum, KOTOPbIE JOTXK-
HbI ObITh OLICHEHHBI.

2.2. KomnonenTtsi 2 u 3.
Cratyc o0beKTa HeclieI0BAHUS
M0 MACIITA0Y ¥ IPUHAJIEKHOCTH
K AHOMAJIHOM rpyInie

[Mpencrasnsger cob0il pe3yIbTaThl KJIacTepU3auu 1o
ONpPEACICHUIO NPUHALIEKHOCTH OOBEKTa MCCIIEI0Ba-
HUS K OMTHOMY U3 KJIACCOB. DT KOMITOHEHTHI TTO3BOJIS-
0T Y9eCTh OCOOCHHOCTH BCEX OOBEKTOB MCCIICIOBAHUS
JMTAHHOTO THIIA 10 MPH3HAKAM MECTOITOJIOXEHMS, Mac-
mTaba, BUAA AEATENbHOCT M T.II. Ilpyu 3TOM y4YUTHI-
BaeTcsl crnienuduKa IMOTy4eHHOro KijacTtepa OObeKTOB,
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Tabauuya 2.

KomnoHeHTbI HHTErpajJbHOro noka3areJid M METOAbl X OLICHKH

KomnoHeHTbI

Tun ncxogHomn
MHChopMaLmMmu

Tun nepemeHHOM
paccyuTaHHOro 3Havexus
KOMMOHEHTbI

MeToa OuEHKN

XapaktepucTvka (pMHaHCOBOro COCTOAHUS 06bEKTa CCeJ0BaHus

1 BepoaTHOCTb (h1HAHCOBOTO HEBRAarononyins

CTPYKTYPUPOBaHHas

KaTteropuanbHag,
nopsnkosas

JIOTUCTU4ECKAA
PerpeccroHHas mofiesb

CraTycHas MEHTUYHOCTb 06bEKTa HCCei0BaHUs

2 | Craryc 06beKTa 1ccneaoBaHus no MactuTady CTPYKTYpPUPOBaHHas! KareropuarnbHas KNacTepHbIil aHann3
Craryc 06bekTa MCCe0BaHNA N0 NPUHAANEXHOCTY y
3 . CTPYKTYPUPOBAHHASs! KaTeropuanbHas KNacTepHbIi aHanu3
K aHOManbHOW rpynne pyKTYPUD P p
XapakTepucTvka BHeWHeR MHDOPMALMOHHOI cpefibl
MeauiiHas akTMBHOCTb OTHOCUTENBHO 0ObEKTA .
4 UCCNBA0BAHAS KOMMYECTBEHHAS CEMaHTUYEeCKNI aHanu3
CnaboCTPYKTYPUPOBAHHBIE,
MonoxwuTenbHas TOHaNbHOCTb YNOMUHAHIIA KBA3WCTPYKTYPUPOBaHHbIE y
5 00 00bEKTE UCCNEA0BAHIS B UHTEPHET-UCTOYHNKAX 11 HECTPYKTYPUPOBaHHbIE KONMHECTBEHHAS CEMaHTIHECKiIN aranin3
LaHHble
6 HeraTneHast TOHaNbHOCTb YNOMUHAHNIA 06 06beKTe KOTUYECTREHHAS CEMAHTUNECKY aHATMS

NCCNeaoBaHNs B UHTEPHET-UCTOYHUKAX

HopmatuBHble Tpe6oBaHuA K COCTOAHMIO 06bEKTA HCCNe0BaHUs

CootBeTcTBYE TPEOOBAHINAM rOCY/APCTBEHHBIX

7 CTPYKTYPUPOBaHHas

OpraHos

CTATUCTUYECKNI
1 NIHAEKCHbIV aHann3

OuHapHas
MK KaTeropuanbHas

YTO TIO3BOJISIET 00JIee OOBEKTUBHO OLIEHUTh COCTOSTHUE
TIPENITPUSITUSI OTHOCUTETbHO OOBEKTOB U3 €T0 Kilacca.

AJITOPUTMBI KJIACTEPU3ALINY TIONPA3IEISIOTCS Ha JBa
THIIA:

1. Mepapxuuyeckrie MEeTO/IbI.

2. Hemepapximaeckrie METOMIEI.

Meronbl MepapXWMYecKoil KiacTepu3aliyd OBIBAOT
IBYX BUIOB [ 14, 15]:

1. ArmomepatBHBIE (00BEIUHSIIOIINE).

B aT10if KaTeropu METOIOB IIPOUCXOOUT OOBEIIHE-
HHE MCXOMHBIX OOBEKTOB M YMEHBIICHUE KOJIMUYECTBA
KiactepoB [ 16]. Takoi moaxo1 OCyIIECTBISETCS «CHU3Y -
BBEpPX». CO3[aHME HEOOJBIINX KJIACTEPOB U OObEANHE-
HUE UX B 00Jiee KpYITHBIE.

2. JIuBU3UBHbBIE (pa3beIUHSIIOLINE).

I[J'[H AJITOPUTMOB TUBU3WBHOTI'O BUJIa XapaKTCPHO Ha-
YaJIbHOE YCJIOBUE HAJTMYMA OAHOTI'O KJ1acTepa. OTOT U3Ha-
YaJIbHBIN KJ1acTep AEIUTC Ha OoJjiee MeJIKre KJIaCTEPhI.

Pazbenunsiiomye AJITOPUTMbI pa6OTaIOT «CBCPXY-BHU3».

HemocTaTtkoM 3THX METOIOB SBIISICTCS BEIYMCIINTEIhb-
Hasl CJI0KHOCTD Ha JaHHBIX OOJIBIION pa3sMepHOCTH. J1ITst
HepapxXuIecKrX METOIOB KJIaCTepU3allMy XapaKTepHOM
0COOEHHOCTBIO SIBJISIETCSI TO, YTO HAOJIOIEHUSI, TIOIaB-
e OMHAXIBI B KJacTep, IIPHU TaIbHEUIIIeM 00beaHe-
HUY (pa3beANHEHN) OOBEKTOB HE MOTYT IIEPEMECTUTh-
cs1 B APYTO KJacTtep, B OTIMYME OT HEMEPAPXUUECKHUX
METOIOB.

OcCHOBHasl OTJIMYMTENIbHAS HAes HeHepapXU4ecKUxX
METOJIOB KJIACTEpU3aLMK — OIpeAeeHUue LeHTpa Kila-
cTepa M TPYIIIHPOBKA BCeX 0OBEKTOB, HAXOMSIIIMXCS Ha
PAcCTOSTHUM OT LIEHTpa KJlacTepa B Tpeesiax 3aqaHHOTO
noporoBoro 3HaueHus [14, 15]. K rpymnme MeToaoB He-
HepapxXuIecKoil KiacTepu3allid OTHOCSATCS aJITOPUTMBI
ceMelicTBa k-means (k-cpenHee) [16].

Jyi1 naHHBIX GOJIBIION Pa3MEPHOCTU C HEU3BECTHBIM
yucioM KitacTepoB npemiaraercs meton BIRCH (aByx-
1IaroBasi Wiv IBYXCTyTeHuYaTast KJlacTepu3aliusi), OCHO-
BaHHbBII Ha MeTojie k-means. JIByxcTyneHvaTasi Kiacte-

47




pusanus He TpeOyeT 3aJaHusl KOJIWYECTBa KJIACTEPOB,
TaK Kak Ha IepBOM IIare OIpenessieTcsl ONTUMalbHOe
KOJIMYECTBO KJIACTEPOB, a 3aTeM YXKe IPOMCXOINT pa3-
OveHue Ha OJHOPOAHBbIE IpyImbl. JJaHHBIA METOn Mo-
3BOJISICT aHAJIM3UPOBATh OOJBIINE O0OBEMBI KaK KOJI-
YECTBEHHBIX, TaK U KauyeCTBEHHBIX JaHHBIX, XOPOIIIO
pabotaet rpu HeOOJIbIIMX 00beMaX MaMSITH.

KadecTBO MOJIy9eHHOI KjlacTepu3allii MOXET OBITh
OLIEHEHO C TIOMOILbIO CUITY3THOM Mepbl Sil [17]:

o b(x,,¢c,)—a(x;,c.)
Sll:NcheCz 5 :

s« max (a(x;,¢, ).b(x,.¢,))

rue:
Sil— ob111ee 3HaYEHME CHITYITHOI MEPHI KJIaCTepU3alluU
BCEX JAHHBIX;
N — ofl111ee KoJIMUeCTBO 0OBEKTOB B BEIOOPKE;
C — MHOXECTBO BCEX KJIAaCTEPOB;
¢, — k-blii xactep Ha MHOXeCTBE C;
X, — i-blil 00BEKT, i€ [1, N];
1

a(xi’ck ) Z_Zx,eck

lex|
CpeiHee PacCTOSHME OT OObEKTa X, € ¢, 10 IPYruX
00BEKTOB X, 13 3TOTO Ky1acTepa ¢, (KOMMaKTHOCTB);

x-x -

|¢,| — KommuecTBO 06BEKTOB B KIIaCTepeE ¢, ;

1

ijec,

o]
CpeliHee pacCTOsIHUE OT OOBEKTa X, € ¢, 10 OOBEKTOB X,
U3 pyroro knacrepa ¢,: k# [, k, [ [1, C].

b(xf’ck ) = minc,eC \¢y

xi—xj” —

CunysTHast Mepa Si/ MpUHUMAaET 3HAYEHUS Ha OTPE3Ke
ot —1 o +1, mpu 3TOM:

1 — Bce HAGMIOAEHUST PACIIONOXEHEI TOUHO B IIEHTPAX
HX KJIaCTEPOB;

-1 — Bce HabMOAEHUST PACTIONOXKEHBI B LIEHTPAX HEKO-
TOPBIX APYTUX KJIACTEPOB;

0 — HabMIOAEHUS PACIIOIOXEHBI B CPETHEM Ha PaBHBIX
pacCTOSIHMSIX OT LIEHTpa MX KiIacTepa W IIeHTpa OJr-
>KaWIIero KjaacTepa.

2.3. Komnonentsi 4, 5 1 6.

MenuiiHasi AKTUBHOCTD
OTHOCHUTEJIBbHO 00bEKTA UCCIeIOBAHNS,
MOJIOKHUTENbHAS] U HErATHUBHAS TOHAJIBHOCTh
YIIOMMHAHHUI 00 00bEKTe UCCIeI0OBAHNS
B MHTEPHET-HCTOYHHKAX

OlieHKa 3TUX KOMIIOHEHT IIPEICTaBIIsSIeT cO00i1 aHa-
JIU3 HECTPYKTYPUPOBAHHBIX WJIU CJIabOCTPYKTYpPUPO-
BaHHBIX JAHHBIX, IPEUMYIIECTBEHHO TEKCTOBEIX. JIJIst
MPOBEIEeHUSI CEMaHTUYECKOTO aHAIM3a 10 OLIEHKE 3Ha-

YeHUI KOMIIOHEHT, XapaKTepU3YIOIINX MEINMHYIO aK-
THUBHOCTh ¥ TOHAJIBHOCTh YITOMIMHAHUM OTHOCUTEILHO
00BEKTa MCCIeAOBAHMSI, TPeOyeTCsl IpeaBapuTeIbHAS
Mmpeao0paboTKa 3TUX JaHHBIX, TEXHWUECKas W JIMHT-
BUCTUYECKAsA OYMCTKA JAaHHBIX, COCTaBJICHHE CIIOBaps
YIOTPEOJISIEMBIX CJIOB B TEKCTaX.

ToHaATBHOCTL — 3TO 3MOIMOHAILHOE OTHOIICHHE
aBTOpa K HEKOTOPOMY OOBEKTY, BBIPAKEHHOE B TEKCTE
[18, 19]. OguH U3 cnocoboB ornpeaeaeHUs] TOHATbHO-
CTHU — TTOMCK 3MOILIMOHAIBHOM COCTABIISIONICH B TEKCTE
o paHee c(hOPMUPOBAHHBIM TOHAJIBHBIM CJIOBapsIM C
NpUMEHEHUEM aHajiu3a JUHrBUCTUKU. [IpuMmeHeHMe
TOTOBBIX CJIOBapeil K OYMILEHHBIM TEKCTOBBIM JaH-
HbIM ITO3BOJISIET KJIacCU(PULMPOBATh TEKCTOBBIC €IM-
HULBI (IPEIIOXEHNUs, CJIOBA) HA TPU KATErOPUMU: aM-
OMBaJICHTHOE, IIOJIOXKUTEIbHOE 1 OTpHULIaTeIbHOE. [
CEeMaHTUYECKOTO aHajiM3a MEOUWHON aKTUBHOCTH,
KaTeropu3allMi TEKCTa W IPUMEHECHUS METOIOB Ma-
IIITHHOTO O0YYeHUS TPpeOyeTCST BEKTOPU3AIIAS TEKCTA.

BekTopuzamust — 310 mmporiecc KOHBEPTaIlM! TeKCTO-
BBIX TOKYMEHTOB B UMCJIOBOI BeKTOp. BEIOOp MeToma
BEKTOPHM3allMH, KaK IIPaBUJIO, 3aBUCUT OT KOHKPETHO-
TO CJydJasi, YCIOBUIA, MMEIOIINXCI allapaTHBIX U TeX-
HoJlormyeckux cpeactB. [locTosiHHOE TOsIBJeHWE HO-
BBIX METOJIOB W aJIrOPUMTMOB, YJIYYIIAIOIIMX KaueCTBO
BEKTOPM3allMM M CKOPOCTh OOpPabOTKM, ITO3BOJISIET
BHEAPSITH IIPoIiecC 00pabOTKM €CTEeCTBEHHOTO SI3bIKa B
MOJIEJIb.

B Hacrosiiuii MOMEHT HauboJiee MOMmyJIsIpeH peatu-
30BaHHBI/I BO MHOTUX CTATUCTUYECKHMX TMAaKeTax ajro-
putMm Bag-of-Words («merok cioB»). «MeIIoK CIoB»
TIPE/ICTABIISIET CO00I BEKTOPHOE TpEICTaBIeHUE He-
YIOPSIIOUYEHHOTO HAabopa CJIOB B BEKTOP Pa3MEpPHOCTH
n [20—23]. CxeMaTUYHO aJITOPUTM MOXET OBITh Mpe.-
CTaBJIEH CIEAYIOINM 00pa3oM.

Becb TekCcT MOXHO MpeacTaBUTh Kak Habop o6pado-
TaHHBIX CJIOB, TO €CTh OTAEJIbHBIX TEPMOB ( ,j), KOTOpEIE
C TIOMOIIIbIO JAaHHOIO AJITOPUTMA IEPEBOISITCS B YUC-
JIOBBIE JaHHBIE U3 TIPOCTPAaHCTBa R,

B:words— R”,

),

B (‘some text in the Internet’) = (W, , W,,, ..., W, ,
rae:

1, — TepM j;

W, — BEeC TepMa j B IOKYMEHTE; BEC JIOKYMEHTOB HOPMH-
PYIOT TakK, 4ToObI O < w; <1, mnaVi;

1 — KOJUYECTBO TEPMOB B IIPOCTPAHCTBE.

JIOKyMEHT B TaKOM cJIydae 3aga€Tcsl CIeIyIoLM 00-
paszom:



d=w,w, .., w“,l),

rue:
d — BEKTOp TOKYMEHTA;

|VI — KOJIMYECTBO YHUKAJIbHBIX TCPMOB B JOKYMCHTC.

Bec T€pMa MOKHO 3aJaTb HECKOJIbKMMU BapyuaHTaMU:

1. BunapHbsIiM 0Opa3om:
Lt ed
ot ed

2. Ilo KkonMYeCTBY BXOXIECHUI TepMa:
w=n,
[Je 7, — KOJIMYECTBO BXOXKICHUI TepMa B IOKYMEHT.

3. Yacrora repma (Term Frequency, TF):

n.
W, =1f (t,d) = ——
k=1 1y
Tae:

tf — yacToTa TepMa;

n, — KOJIMYECTBO BXOXKIEHUI TEPMA B IOKYMEHT,
14
‘k:‘l 1, — KOJIMYECTBO TEPMOB B JOKYMEHTE.

4. YacTtora TepMa — obpaTHas yactoTta JokymeHra (Term

Frequency — Inverse Document Frequency, TF—IDF).
IIpencrasieHne B BUAC IBYX TAPAMETPOB: W, = if-idf,,
rae {f, — 9TO OTHOILICHHE YKC/a TEPMOB f, B JOKY-
MEHTe dj K 00IIIeMy YMCITy TEPMOB B 3TOM IOKYMEHTE,
a idf, — 4ucio, o6paTHOE KOJIMYECTBY JTOKYMEHTOB, B
KOTOpOM BCTpeyaercs TepMm 7. Takum oGpasom, yem
yalle CJIOBO BCTPEYAeTCsl B 3TOM JOKYMEHTE, HO pexe
BCTpeUaeTcs BOOOIIEe BO BCeX JOKYMEHTAX, TEM OOJIbIIIE

BEC 3TOro TepMa B JaHHOM JIOKYMEHTE:!
ni

(f (1.d) = —p—

k=1Fk

idf (t,d) = logﬂ
d)=
d; =4[
re:
d. S t,— KOJINYeCTBO JOKYMEHTOB, B KOTOPBIX BCTpeYa-
ercst 13
|D| — KOnMYecTBO JOKYMEHTOB B KOPITyCe.

Tor/:[a BC€C CUUTACTCA CIICAYIOIIUM 06pa30M:
w,= o~ idftt, d, D) = if (1, d) - idf (1, ).

ITocne BEKTOPpU3AlIUN MMPUMCHAIOTCA aITOPUTMbI CC-
MaHTMYCCKOIo aHajiM3a TCEKCTa AJId OIPCACICHUA TO-
HaJIbHOCTH, ITTAaBHBIX TEM, MEIUWNHON aKTUBHOCTH U T.1I.

st pacyera 3HaUY€HUIN KOMITOHEHT MPUMEHSIOTCS
METOIbI CTATUCTUKU JIJIsI 000011IeHUSI HH(MOPMAaIUU 00

00BeKTe UCCIIeOBaHYSI, HATTPUMED, C TIOMOIIBIO TIPSI-
MOTO TT0/ICYeTa BCTPEYAEMOCTH MOJTOKUTENbHBIX U OT-
PpULIATETIBHBIX CJIOB OMpeNesieTcsl 001Iasi TOHAJbHOCTh
TeKCTa.

2.4. Kommnonenra 7.

CooTBeTcTBHE TPEOOBAHUAM
TOCYIapCTBEHHBIX OPTaHOB

DTa KOMITIOHEHTA OIpeaeseTcs Kak OMHApHbIA U1
MOPSIIKOBBINM MOKA3aTeNIb, PACCUYMTAHHBIN C TOMOILBIO
MHAEKCOB U CTaTUCTUYECKMX IokazaTeseil. OH mpen-
CTaBJIsIeT CcOOOI OLIEHKY KOJMYEeCTBAa HapylIeHUil B
NeSITeIbHOCTU O0BbEKTa MCCAEN0BAHKSI, B Cllyyae eciiu
3aaHbl HOPMAaTUBHBIE U TOPOTOBbIE 3HAYEHUSI CO CTO-
POHbI KOHTPOJIbHBIX WJIM HaA30pPHBIX TOCYyIapCTBEH-
HBIX OPTaHOB BJIACTH.

KoHcomuaupoBaHHBIM — MPEACTABICHUEM BBIIICH3-
JIOXKEHHOTO SIBJIIETCS  MH(MOPMAIIMOHHO-JIOTHUECKasT
MOJeJb 3KCIIPecc-aHaIN3a COOTBETCTBHSI COLIMABHO-
SKOHOMMYECKOTO COCTOSIHMSI OOBEKTa MCCIICIOBAHUS
TpeOOBAaHUSIM KOHTPOJBHBIX M HAI30pHBIX OPraHOB
(puc. 1). Ha puc. 1 stan 3, aBAsIIOIIMIACS KJTIOUEBBIM B
aJIrOpUTMeE pacyeTa MHTErpaJbHOIO IMoKa3aTesIs, oKa-
3aH B oO11eM Buae. Jetanuzaius atana 3 nHgopmaum-
OHHO-JIOTMYECKOW MOJENN TpeicTaBieHa Ha puc. 2. B
paMKax 3TOro dTana IPOU3BOAUTCS OLIEHUBAHUE KOM-
IOHEHT MHTErPaJIbHOIO MOKa3aTe/Isl U pacueT 3HauUCHUIA
CaMOT0 MHTErpajJibHOTO TOKa3aTelisl B 3aBUCUMOCTU OT
3HAYCHU KaXKI0¥ KOMITOHEHTHI M3 Habopa.

Jna mpeoOpa3oBaHus 3HAYEHUIT KOMIIOHEHT, Xapak-
TEPUBYIOIIUX MENUITHYI0O aKTUBHOCTh (KOMIIOHEHTA 4),
TOHAJILHOCTh YIIOMUHAHUS 00 00BEKTE UCCICIOBAHNS B
MHTEPHET-UCTOYHMKAX (KOMIIOHEHTBI 5 1 6) U COOTBET-
CTBUE TPEOOBAHUSM TOCyIapCTBEHHBIX OPraHoB (KOM-
TIOHEHTA 7) TIpeJIaraeTcsl MCI0Ib30BaTh MEXKBAPTIITb-
HbIi pa3Max /QR o BLIOOpKE pa3mepa #. 31Iech:

F (x) — BbIOOpOUHas (DYHKIIMSA PaCIIpeeICHUS,
IOR= Q,— Q,,tme Q,=0,75; 0, =0,25.

[pemwroxernHass WH(GOPMATMOHHO-JIOTHYECKAsT MO-
JIesb ObLIa arpoOrpoBaHa Ha 6a3e JaHHBIX TPYIITBI IIPO-
MBIIJIEHHBIX TIPEINPUATHI 1 IPENIIPUSATUIA (PUHAHCO-
BOIi chepsl.

Bbru1 nmpoBeneH aKcnpecc-aHaau3 COOTBETCTBUS TO-
TpeGHOCTH B (uHaHCOBOW momomu it 506 mpo-
MBIIIJICHHBIX TIPEATPUATHI, 3apeTUCTPUPOBAHHEIX B T.
MockBe, 1 11e1eco00pa3HOCTH ee OKa3aHus Ijis ene-
paJbHBIX U PETHOHAJILHBIX OPTaHOB BJIACTH. DKCIpecc-
aHaJIM3 TIPOBOMJICS Ha OCHOBE OTKPBITHIX JAHHBIX 32
2016, 2017 n 2018 rr. [Toay4yeHHBIE pe3yabTaThl COOT-
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OI'IDG)ZLGJ'IEHVIB KOHTPOJIbHbIM

NN HaZ30PHbIM OPraHoM Lienei, CUCTEMA MOHNTOPUHIA
3a/1a4 1 06beKTa UCCNef0BaHNs

A7 IHEDOPMALOHHOTO
06eCneyeHus NOALEPXKKI
NPUHATUS PELUEHKS TN,

KOHTPOSMPYHOLLMX
COOTBETCTBYE
COLMANLHO — SKOHOMUYECKOTO
] i COCTOAHYS TPEBOBAHUAM !
i i Haz30pHbIX OPraHoB !
1 1 1 _
' | AHQNN3 HOPMATUBHbIX JOKYMEHTOB: | ! | | OKcnpecc-aranu3 coorBeTCTBAS
: : : COLMANbHO-3KOHOMUYECKOTO
. * (DefieparbHbIe U PETMOHAMbHbIE . : COCTOSHS NpeanpuaTUs
| 3aKOHbI, . ! HOPMATUBHbIM TPEGOBAHUAM
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BETCTBOBAIM (haKTUYECKUM HAHHBIM Ha CJICHTYIOUINI
ToJl 0 Ha3HAYeHWUH CYOCUINI M JIbIOT CO CTOPOHBI TTpa-
BUTENbCTBA I. MOCKBHI [24].

IIpennoxeHHass KOHIENTyaJdbHasl MOICIb IIPOBE-
IEeHUST 3KCIIpecc-aHaan3a COOTBETCTBUSI COIIMABHO-
SKOHOMUYECKOTO COCTOSTHUSI OOBEKTa MCCIICTOBAHUS
3asIBJICHHBIM TPeOOBaHMSIM CO CTOPOHBI KOHTPOJIbHBIX
¥ HAJ30PHBIX OPTaHOB ObUIAa alIpOoOMpPOBaHA IS OLICH-
KH COLMAIBHO-5KOHOMHUYECKOTO COCTOSTHUS KOMMeEp-
yecKkoro 0aHka. KOHTpOJIbHBIM OpraHoM B JaHHOM
ciyvae spisgercss LIb P® — Hang3opHBIi opraH B 0aH-
KOBcKoii cdepe. B coorBeTcTBUM ¢ TpeboBaHusMu 11b
P® o HamexxHOCTM OaHKA OBUIM ITOJTYYCHBI 3HAYCHMUS
YeThIpeX KOMITOHEHT WHTETpalbHOTO ITOKa3aTellss U
DPaCcCUMTAHO €ro 3HayeHMe s Kaxaoro 6anka. Ilpo-
THOCTHUYECKAass CIIOCOOHOCTb TIOCTPOSHHOW MOICIHN
ObLIA TTIOATBEPKICHA MX (DAKTMIESCKIM COCTOSTHIEM Ha
mapt 2020 rona [1].

3akioueHue

B craTtbe npemioxkeHa MHOOPMAITMOHHO-JIOTMIeCKast
MOJIENTb KCIIPECC-aHaIN3a COOTBETCTBUS COLIMATBHO-
SKOHOMUYECKOTO COCTOSIHUSI OOBbEKTa TpeOOBaHUSIM
CO CTOPOHBI KOHTPOJIBHBIX M HaI30PHBIX OPraHOB, C

HCIOJIb30BAHMEM OTKPBITBHIX OOIIEIOCTYIIHBIX JdaH-
HbIX. [IpemnoxeHHass MH(GOPMALMOHHO-JIOTUYECKAs
MoOIeNnb 0a3upyeTcs Ha KOHICIIIAM WCIOJB30BaHMUS
WHTETPAJTHOTO TIOKa3aTellss Uil 9KCIpecc-aHaau3a
COOTBETCTBHSI COIIMATIbHO-3KOHOMHNYECKOTO COCTOSI-
HUSI 00bEKTa HE3aBUCHUMO OT €ro TUIla TpeOOBAHUSIM,
MPEIbSIBIISIEMBIM K HEMY KOHTPOJBEHBIMU M HAI30PHEI -
MM OpraHaMMu.

Jana knaccudukauus THGOPMALMOHHBIX UCTOUHU-
KOB M METONOB UX 00paOOTKM B 3aBUCHUMOCTH OT THIIA
JTAaHHBIX.

IIpemioxeH aJropuT™M pacuyeTa BbIACISIEMBIX aBTO-
paMM BO3MOXHBIX KOMIIOHEHT, OTHOCSIIIMXCS K 4e-
TBEIpeM OJI0OKaM TUIIOB BXOTHOM MHMOpMAIIUM, TUIIOB
MepEMEHHbBIX PACCUUTAHHOIO 3HAYEHUST KAXIO KOM-
IOHEHTHI (B COOTBETCTBUM C METPUKAMU, IIPEIUIOKECH-
HbiMu Pobeptom C. Karmanom u Jaiisunom I1. Hop-
TOHOM), ¥ METOJOB OIICHKH 3HaUYCHUII KOMITOHEHT.

Pa3zpaboranHass KoOHIeENTyajlbHas MoOIEIb Obllia
anpoOupoBaHa s TPOBENEHMST IKCIpecc-aHaIu3a
COOTBETCTBUSI COIMATbHO-3KOHOMUYECKOTO COCTOSI-
HUS OBYX Pa3HBIX TUIIOB OOBEKTOB IIPEIBSIBICHHBIM K
HUM TpeOOBaHUSM CO CTOPOHBI HAI30PHBIX OPraHOB Ha
BBIOOpKax 13 506 MPOMBINIJIEHHBIX TPEINpUSITAI [24]
u 111 6aHkoB [1]. m
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Abstract

The last 10 years have witnessed an explosive growth in the volume of information posted on the Internet and the
digital economy, as well as the formation of official databases of various public authorities. The availability of a large
information base open for research has facilitated the development of new methods and approaches to solving analytical
problems. Building management and decision-making support systems based on the use of united disparate open data
sources allows end users to make the most effective decisions. This is the approach that underpins business growth
and managerial maturity at all levels — there is no alternative. Such an approach ultimately creates the conditions for
further growth of the economy as a whole. This paper proposes the information and logical model of express analysis
of compliance of socio-economic condition of the enterprise with the regulatory requirements of the control and
supervisory authorities on the basis of open, publicly available information. The conclusions drawn on the basis of
express analysis serve as a basis for deciding on the need for a more detailed, in-depth analysis of the state of individual
enterprises.
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AHHOTaNMA

CerogHs AMCTPUOBLIOTOPHI 00eCHeYnBaOT QYHKIMOHUPOBAHNE BCEell LIEMMOUKU CO3MaHUsI CTOUMOCTH
B MY3BIKAJbHOW WHAYCTPUM. BOJBIIMHCTBO aBTOPOB M3yyaeT BJIWSIHUE TEXHOJIOTWi, CTPUMHUHIA U
aBTOPCKOTO IIpaBa B KOHTEKCTe LM(PPOBU3ALUMU, B TO BpeMsl KaK pOJU IUCTPUOBIOTOPOB IMOCBSIIECHO
BCEr0 HECKOJIbKO MccienoBaHuii. Mcxons M3 3Toro, B craThe MpesiokeHa METOMOJIOTHS MO aHAIU3Y
pONIU AUCTPUOBIOTOPOB, C MOMOIIBIO KOTOPOI BBISIBJIEHBI OINEpallMOHHBIE MPOLIECCHl U U3MEHEHMS C
HUMM CBSI3aHHBIE B pe3yJibTaTe HU(MPOBU3ALIMU, a TAKXKe Oapbepbl U MEPOMPUSITHS 110 UX MTPEOAOJICHUIO.
C moMouIblo PETPOCIEKTUBHOIO Kelc-MCcCaeA0BaHUsI, OCHOBAHHOTO Ha WHTEPBBIO C TeHEpaJbHBIM
IUPEKTOPOM, B CTAaThe aHAJIM3UPYETCSI OIBIT POCCUMCKON KOMIIAHMU B O0JaCTU MY3BIKAJIbHOM
mucTpubyimu Bromal6. B crathe ommcaHbl LieiM TpaHCOpMaluM OW3HEC-MOIECIU, OpaiiBephl,
MPEANPUHSITEIC IIard W MX pe3yiabTaThl. B paGoTe BBISBICHO YETHIPE OCOOCHHOCTH LU(PPOBU3ALIAN
IJIST TUCTPUOYLMU MY3BIKM: OUCTPUOBIOTOPHI SIBJISIOTCS CKOpEee TEXHOJOTMYECKMMM KOMIIAaHMSIMHU,
YeM MY3BIKaJIbHBIMU; OUCTPUOBIOLMS ITOJIaraeTCsd Ha LMOPOBBIE MHCTPYMEHTHI IUIS YIIPABJICHUS U
MapKeTHHTa; BO3HUKAET OOJIbIIIE BO3MOXHOCTEH IJIST BBIXOHA Ha 3apyOeKHBIC PHIHKM, HO KOMITAHUSIM
MIPUXOIUTCS CO3JaBaTh MHHOBAILIMM HOBBIC JJISI 3TUX PHIHKOB; OTUCTPUOBIOTOPHI (DYHKUIMOHUPYIOT Ha
IepeceYeHN IPAaBOBBIX M TEXHOJIOTMYECKUX AacCIIeKTOB. KcciemoBaHMe OCHOBBIBACTCS Ha TEOPUM
U3y4YeHUsT DU poBoil TpaHchopMalnu 6usHec-Moaeleil. [1ogoOHBII ITOAX0M MOXKET OBITH UCIIOJIB30BaH
ISl WCClelOoBaHUsI KOMIAHU B MY3bIKaJbHONW M APYIMX KpPEaTUBHBIX WHIYCTPUSX, MPOBEIECHUS
CEMHMHApOB C MPeACTaBUTEIIMU phIHKA. PaboTa mpeacTaBiIseT IeHHOCTD I CIEIHAINCTOB-IIPAKTHKOB
Ha pa3BUBAIOIINXCS MY3bIKAJIBHBIX pBIHKAX, HalpuMep, B bpasuinuu, ApreHTnHe 1 MeKcrKe, 6aromapst
0030py TOAXONOB K YIIPaBJICHHMIO B 00JIaCTM HUMPOBU3ALMK U ITOCICACTBUU TpaHCGhHOPMALIUU IS
THCTPUOBIOTOPOB.

KmoueBble ciioBa: nndposuszanus, 1udposast TpaHchopMaLys, My3bIKaabHast IUCTPUObIOLMS, Poccust, Keiic-ucclie[oBaH1e

IutupoBanue: AnteiHoB A. M. Lludposas TpaHchopMaiyis My3bIKaIbHBIX arperaTopoB U TUCTPUOBIOTOPOB Ha IpUMepe
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BBenenue

pOCITyIIMBaHNE MY3BIKM — OJHA M3 OCHOB-

HBIX TUGPOBBIX MpakKTUK B Poccnm m mupe

[1, 2]. LudpoBuzauus mpeamnojaraeT co3-
JaHV€ COBEPIIEHHO HOBBIX OM3HEC-Mojesei, MoJ-
HOCTBIO OIMpAIONIMXCS Ha MpUMEHeHUe IUMPOBBIX
TEXHOJIOTMI W aHaJu3 JaHHBIX IS CO3AaHUS MHHO-
BaLIMOHHBIX MPOAYKTOB U yciyT [3]. B my3biKanbHOI
WHIYCTPUM 3TO CBI3aHO C CEpPBUCAMM ITOTOKOBOM
nepegauyn My3blKM ([ajgee — CTPUMMHT cepBHUCHI). B
2019 1. MupoBasl BBIpyYKa OT MIpomax (PU3MIECKUX
konuii cocrasuna 4,4 mupn pomnn. CIIA, a Belpyuka
ot ctpumuHra — 11,4 mupn nonn. CIIA wim 50% ot
o0111eli BRIpYYKM oTpaciu [4].

V poccuiickoit My3bIKaJIbHO MHAYCTPUU ONTUMU-
CTUYHOE OyayIiee B KOHTEKCTE MUPOBBIX TCHACHITUIA.
Bocrounnie peiHkM, BKIo4ass Poccuio, xapakrepusy-
IOTCSI BEICOKMMH TeMIIaMHM POCTa, M 3TO IIPUBJICKACT
3anagHbeie pupMbel [5]. Poccuiickme cTpMMUHTOBBIE
cepBuUChl, pazpadbotaHHble AHaekcom u BKoHTakTe,
YCIEITHO KOHKYPHUPYIOT C 3amagHBIMHU IIaTdopma-
mu iTunes u Spotify u 3anumarot nouru 70% HaLu-
OHaJILHOTO phIHKA [2]. 87% poccHiICKUX CiTylaTeeit
MOJIB3YIOTCSI CTPUMHHTOBBIMY CEPBUCAMU, B TO BPeMsI
KaK CpeJHEeMHUPOBOE 3HAUEHUE TOKa3aTessl COCTaB-
nset 61% caymareneit [6]. Tlo momyasspHOCTU CTpU-
muHTa Poccust 0OTOHSIeT pa3BUTBIC CTpPaHBI, HAIIPH-
Mep, CIA (68%), Kanany (56%), BentukodpuraHuio
(56%) [7]. Poccuiickasg My3bIKalbHast WHIYCTPUS
YHUKaJAbHa Onarojaps akKTUBHOCTU ClylIaTeaend u
ycriexaM OTe4eCTBeHHBIX KOMIMaHUi, KOTOpbIe pa3pa-
0aThIBAIOT MY3bIKaJbHbBIE CEPBUCHI.

CTpUMUHTOBBIE TIIATGOPMBI HE MOTYT COTPYIHM-
YaTh CO BCEMM JIIOJIbMU, ITPOU3BOASIIMMU MY3BIKY T10
BceMy Mupy [8]. IucTpruObIOTOPHI arperupyoT U Mpe/-
CTaBJISIOT MpaBa OOJIBIIOrO YKcjia apTUCTOB, obecte-
yuBas (pyHKIMOHUPOBAHWE BCEU LIEMOYKM CO3MaHUS
croumoctu [9]. M3yyeHue BauUsSHUS UMOPOBU3AIAU
Ha poJib IUCTPUOBIOTOPOB JACT HAM IMpPeICTaBIEHUE O
TOM, KaK U3MEHWJIMCH ITPOIeCChl PYHKIIMOHUPOBAHUS
oTpaciu. B paboTe mocraBiieH CAEAYIOIIMI UCCIeN0-
BaTeJIbCKMIT BOTIpOC: KaK HUppoBas TpaHchopMaIus
MOBJIYsIIa Ha OM3HEC-MOJEIb U POJIb MY3bIKaJbHBIX
IUCTPUOBIOTOPOB B IIEIOYKE CO3MaHuUsI CTOouMOocTu? B
cTaThe Ha MpUMeEpPe POCCUIICKOM KoMmItaHnu Bromal6
omnpenefieHbl (QYHKIIMOHAJIBHBIE IIPOLIECCH, KOTO-
pble MOIBEPINCH TpaHCchOPMAIlNK, BO3HUKIINE Oa-
pbepHl U TIPUHSTHIE PEIIeHUs 10 UX IIPEOIOJICHHIO.
MeTomoorusT OCHOBBIBACTCSI Ha PETPOCIIEKTUBHOM
KeWc-KuccleqoBaHn KoMmnanuu Bromal6, kotopas

npeacrtasiasgeT npaBa 1000 KIMEHTOB MO BCeMy MUPY
U uMeeT OoJiee 25 JIeT onbITa pabOThl B MY3bIKAIbHOMU
IUCTpUOyIMu. B paMkax ucciaemoBaHUS MPOBEIACHO
WHTEPBBIO C TEHEPAJbHBIM AMPEKTOPOM KOMITaHUM.
B kadecTBe TeOpeTHMIECKON OCHOBBI HMCIIOIB3YETCS
CTPYKTypa OM3HEC-MOMAEI, MpeaIoXKeHHas: B paboTe
[10] nnsa aHanuza uudpoBuzauuu GUPM B KpeaTUB-
HBIX UHIYCTPUSIX.

InaBHBIM npaiiBepoM nmMdpoBuzanuu GUPMBI CTa-
JIM U3MEHEHUs BO BHelmHel cpeae. B Poccum orcyr-
CTBOBaJd MHCTPYMEHTHI IJIs1 YIpPaBJICHUS MY3bIKOM
Ha CTPUMUHTOBBIX IIaTHopmax, a JUCTPUOBIOTOPAM
MIPUXOAUIOCH MOKYIIaTh TOPOTOCTOSIIEe MPOTpaMM-
Hoe obOecrieyeHue y MHOCTpaHHBIX (upM. OpUeHTU-
pysCh Ha pa3BHTHEC OTPACIM Ha 3allagHBIX PBIHKAX,
KOMIIaHUS MPUCTyNUJIa K pa3paboTKe COOCTBEHHOM
IaThOpMBl JUTS YIIPaBJICHUS MY3BIKOW 10 ODUIIM-
aJbHOTO 3amycKa CTPMMMHIOBBIX CepBHCOB B Poc-
cun. Bromal6 cTaja ogHOW M3 NMEpPBBIX KOMIIAHUI,
KOTOpble Hayaiu MPEAOCTABISITh YCIYTW LU(PPOBOMA
NUCTPUOYLMU POCCUMCKMM apTUcTaM. PyKoBomcTBO
(GUPMBI pelINIO BBIACIUTh pa3pabOTKU B OTAEIbHYIO
kommnaHuio Heavenll, KkoTopasi 3aHMMaeTcsl OCTaB-
KaMy IIUGMPOBBIX UHCTPYMEHTOB IS TUCTPUOYIIMM.
Bromal6 cToONKHylTach ¢ KOHCEPBATM3MOM Cpeau
IMapTHEPOB, CBSI3aHHBIM C OTCYTCTBHEM HEOOXOAMMBIX
HaBBIKOB y apTUCTOB. Pa3BuBamrecs ppIHKU CTPU-
MUWHTOBBIX CEPBUCOB B JPYTMX CTPaHAX MPEICTABISLIN
co00M pacTymuii oTeHLMala, 1 00e KOMIAHUU CO-
CPeOTOYMIMCh Ha 3apyOexXHbIX pblHKax. B Hactos-
mee Bpems 90% xinuenToB Bromal6 — mexayHapom-
HbIC aPTUCTHI U JICHOJIBI.

Hccaenopanust mudpoBU3allii My3bIKATbHBIX ITHC-
TPUOBIOTOPOB MOXHO DPA3[IEJUTh MO HECKOJbKUM Te-
maM (maba. 1). TlepBasi rpyrmna paboT u3ydyaet BiAusIHUE
TEXHOJIOTUII Ha TIOAXOABI K MPOU3BOJCTBY, KaueCTBO
MPOAYKIIUU, (hOpMUpPYIOIIUECS PHIHKH, a TaKXKe TpakK-
TUKY mnoTpedsieHus. Heckonbko crtaTeil MOCBSIIEHO
ITOSIBJICHUIO HOBBIX ITOCPETHUKOB, KypaTOpOB, KOTO-
pble B 3HAYMTEIBHON CTENEHM TT0JIaraloTCsl Ha aHaln3
naHHbIX [11], a TakKe BHELITaTHBIX MEHEIXKEPOB U AU~
3aiiHepoB [12]. Bropas rpynma craTeil u3ydyaer BIMSI-
HUE CTPUMUHTOBBIX CEPBUCOB Ha OMBIT MTOTPEOUTEIIEN,
apTUCTOB U MPOMIOCEPOB B MY3BIKATLHOW WHIYCTPUM.
ABTOPBI UCCIEAYIOT OM3HEC-MOIE/IU 1 CTpaTernueCcKuii
MEHEKMEHT BEIYIIMX CTPUMHWHTOBBIX KOMIIAHUIA.
TpeTnst rpymiia crareid cBsI3aHa ¢ BOIIPOCaMU aBTOP-
CKOTO TIpaBa, Ille OCHOBHBIC TEMBbI OXBaTBbIBAIOT IPH-
YWHBI TUPATCTBA, HETATUBHOE BIMSHUE ITUpATCTBA Ha
apTHUCTOB, MOAXOIBI K 0OpL0OE C MUPATCTBOM, B T.U. Ha
HaIMOHAILHOM ypoBHe. Kak Mmoka3niBaloT OCHOBHBIE



HATpaBJIEHUs WCCIeNOBaHWM, pa3BUTHE LM(MPOBBIX
TEXHOJIOTU, PAaCIPOCTpaHECHNE CTPUMHUHIOBBIX Cep-
BHCOB ¥ BOIIPOCHI aBTOPCKOTO MpPaBa SIBJISTFOTCS KITI0Ue-
BBIMM TEHACHLMSIMU, KOTOPHEIE (hOPMUPYIOT OymyIree
MY3BIKaJIbHOM MHAYCTPUM.

B HayuHoii ntuTepaType HabIomaeTcs 00JbIION TPo-
0en B aHaIu3e poJiei MOCPEIHUKOB B MY3bIKaTbHOMN
WHIYCTPUU M UX U3BMEHEHUS B KOHTEKCTe [udpoBU3a-
vu. JIMIIb B HECKOJIBKUX CTAThsIX JIEIaeTCsl IMOIBITKA
U3y4uTh 3Ty Temy [9, 12, 19]. ABTOpHI cTpeMSITCS BbI-
SICHUTb, KaK BO3HUKAIOT MTOCPENHUKY, KAKWE POJIA OHU
BBITIOTHSTIOT, KaK Pa3BUBAIOTCS OM3HEC-MOJEIN ITUX
KOMTIaHW# B yCIOBUSIX IThpoBU3aniviu. B To ke Bpems
OTMEUaeTCs] HEeMOCTATOK WCCIEIOBAHUM, TOCBSIIICH-
HBIX U3YYEHUIO MY3BIKAIBHBIX MMOCPETHUKOB, paboTa-
IOIIMX Ha TIEPECeUYeHUU OU3HEC- U TEXHOJOTUYECKUX
acriekToB. J{laHHas paboTa npejaraeT CleAyIoLyIO T1-
MOTE3y: TUCTPUOBIOTOPOB CIEAYET pacCMaTpPUBaTh Kak
TEXHOJIOTUYECKHE, a HE MY3bIKaJIbHbIE KOMIIAHUM, YbsI
NIeSITeIbHOCTh CBI3aHA C 00Pa0OTKON OIPOMHBIX 00b-
€MOB JIaHHBIX 1 PEIIECHUEM I0PUINIECKUX BOITPOCOB.

[IpoBemeHHBI aHAJIN3 BOCHIOJHSIET WMEIONIHIA-
¢S TIpo0eNI M JaeT IpeacTaBlicHHMe O LMMPOBU3AIIAN
¢upmbl Bromal6, mocieacTBusix 3Toro mpoiecca s
Oou3Hec-Moae (GUPMBI X POJIM KOMITAHUM B IIETIOYKE
CO3IaHUsI CTOUMOCTH. JlaHHBIE TIOCIEACTBUS CBSI3aHbI
C BaXXHOCTBIO TEXHOJIOTMI B pabo4uMx Ipoleccax Co-
BPEMEHHBIX MY3BIKaJbHBIX TUCTPUOBIOTOPOB; HOBBI-
MM BO3MOXHOCTSIMM JUIS1 JIOKAJIbHBIX JUCTPUOBIOTOPOB
B CBSI3U C LIM(PPOBU3ALIKEIL; TTepeceyeHNEM MPaBOBbIX

1 TEXHOJIOTMYECKMX BOIPOCOB B padOTe AUCTPUOBLIO-
TOpOB. Pe3ynbratel cTaThi aKTyaJdbHBI IS CTpaH, Tae
HaO0JII0aeTCsI CTPEMUTENIBHOE pa3BUTUE PhIHKA CTPH-
MUHIOBBIX cepBUCOB: Mekcuka, bpasunusi, ApreHTH-
Ha [4, 7]. PaccmMoTpeHHbIe MPaKTUKU MPEACTaBJSIIOT
UHTEpeC IJis CTpaH, e HalUOHaJIbHble KOMITAHWUM
CTPEMSITCSI KOHKYPHUPOBATH € 3apyOesKHBIMU JINIECPAMM
Apple, Spotify u npyrumu brpmaMu, KOTOpble Mpeao-
CTaBJISIIOT My3bIKaJIbHBIE YCIyTH [4, 26]. 3apyOexxHbIe
KOMITAaHWH TaKXXe OpUEeHTUPOBaHBI Ha Poccuio, HO OT-
€4eCTBeHHbIC (DMPMBbI YCTAHABIMBAIOT KOHKYPEHIIUIO
Ha pbIHKE, TO3TOMY MX OITBIT MOXKET OBITh Mosie3eH [4].

1. Hudposuzanus
MY3bIKAJIbHOI HHIYCTPHH

B 31moxy BMHMJIOBBIX IIJIACTUHOK CIT€IIMAJbHBIC Ja-
OopaTopuM MPOM3BOJAWIN TUIACTUHKU, a TUCTPUOBIO-
TOpBI OTBevaiu 3a ux nponpaxy. Ilocie oOHapyXxeHUs
BO3MOXXHOCTH TTIOJIy4aTh 0oJiee BEICOKME TOXOIBI OHM
HavyaJiv BKJIaJbIBaTh COOCTBEHHBIE JEHBI'M B 1a00OPaTO-
pMH, KOTOPBIE MTO3KEe MPEBPATUIUCh B CTyIMU 3BYKO3a-
mvicu [12, 22]. Ctyauu oTBeyanu 3a TpOU3BOACTBO My-
3BIKH, a TUCTPUOBIOTOPHI HaYaId (hOPMUPOBATH PHIHOK
U MccienoBaTh aynutopuio [14]. Bto nmpuBeno K co3-
JIAHWIO OTBETCTBEHHBIX 3a perepTyap OTIAEIOB BHYTPU
JUCTPUOBIOTOPCKUX (PUPM, YTO MPUBJIEKJIO BHUMaHUE
crynmii [12]. CTynum pelmiIm TakKe 3aHIThCS aHaN-
30M CIIpoca U ayAUTOPUU, HECMOTPsI Ha OTCYTCTBUE
KaHaJIOB AUCTPUOYILIMU, U CO BpEMEHEM TPEeBPaTUIINCh
B KpPYITHBIC JICHOJIbI, KOTOpPbhIe HAXOOWIM HOBEIX ap-

Tabauya 1.

KnioueBbie TeMbl M U3y4aeMble aCNIEKThI,
BbISIBJICHHBIE B X0JI€ 0030pa JUTEPATYPhI

Tembl N3yyaemble acnekTbl Mpumepsbl cTaTen
, BrvsHue umdpoBbIX TEXHONOTWIA Ha MPON3BO/ACTBO My3bIKIA, NPOLBUKEHNE, ANCTPUOYLINIO,

BnusHue TexHonoruii wwepp p A y poa A p, yu [11,13-15]
MOTPEOUTENBCKME NPAKTUKIA, CTPYKTYPY OTPAC/N U OU3HEC-MOZENM apTUCTOB 1 NI 61108

Brusnue BnugHue CTpMMUHIOBBIX CEPBMCOB HA PacX0fbl Ha MY3bIKY Y HAaCENEHMs, MOBELEHIE CyLIATENeN, (8, 16-18]

CTPUMUHI-CEPBICOB LIer04Km CO3aH1s CTOUMOCTY B OTPAC/N, BU3HEC— U NPOU3BOACTBEHHbIE MPAKTUKNA '
MosiBNeHNe My3blKanbHbIX arperatopos

MocpeaHuKm y peratop [9,12,19]
Ponu nocpeHIKOB B KOHTEKCTE LMDPOBU3aLMA

Brsnec-acnekTel Bu3Hec-moaeni CTPUMIHTOBbIX CEPBUCOB, MNAT(OPM, OPUEHTUPOBAHHbIX HA MPOAKOCEPOB [20-22]

TEXHONOMiA MapTHepcTBa MeXAay apTucTamit 1 nnaropmamu
DeHOMEH N1PaTcTBa

Bonpock! aBTopckoro

npasa [NonnTika B 06N1aCTIA aBTOPCKIAX NPaB 11 X PEryNNPOBAHUE HA HALIMOHANbHOM YPOBHE [23-25]
Moaxoab! hupm K 60pbOe C MMPATCTBOM




TUCTOB U co3iaBaiu 3anucu [22]. IucTpuObOTOpHI, B
CBOIO OouYepellb, 3aHUMAJIUCh TUPAKUPOBAHUEM KOTIWIA
[12]. Tak, obGpa3oBajach LIEMOYKa CO3IaHUSI CTOUMO-
CTH JUTSI TIPOJIaXKN MY3BIKUA Ha (PU3MYECKUX HOCUTEIISIX
(cM. puc. I). IlogoOHas LiermovyKa MpocyliecTBOBaIa 10
Tex mop, noka B Havyajie 2010-X romoB He Havyajaach apa
uudposuzanuu [22].

LHwndpoBeie MHCTPYMEHTHI (HOYTOYKH W IIPOTPAMM-
HOe oOecreyeHue, TOTOBbIE MY3bIKAJIbHbBIE OTPHIBKH,
9JIECKTPOHHbIE WUHCTPYMEHTHI) TpaHCHOPMUPOBAIU
MPOU3BOJCTBO MY3bIK! W YAEUIEBWIN €r0 IJIs1 HE3aBU-
CUMBIX My3bIKaHTOB [11, 14, 20]. Co3maHue My3bIKU HE
TpebyeT OOJbLIMX MHBECTULUN, U JEHOJIbI Mepeopu-
EHTUPOBAIUCh Ha TIPEAOCTAaBICHUE MapKETUHTOBBIX
YCAYT I TIePCIeKTUBHBIX apTUCTOB, Ile MPOIYKTOM
SIBJISIETCSI MapKeTUHIOBasl enuHuIa (KOHTeHT + Map-
KeTuHroBas crparerusi) [7, 22]. Ilpu 3ToM My3bIKaHTbI
MOTYT CaMU BBITMIOJIHATh yHpaBieHYecKrue GYHKIIUU U
pa3BUBaThCS B IpodeCCHOHATbHBIX apTUCTOB 0e3 TPo-
JocepoB U jeitonos [12, 20].

CerogHs apTHCTHI MOJTY4aOT JOXOM HE OT MpOIax,
a MpU MOMOIIM JIMLIEH3UPOBAHUSI U Tepefayu IMpaB
Ha AUCTPUOYLIMIO CTPUMUHIOBBIM cepBucam [14, 18].
IlocpenHuk HEOOXOAMMBI, TOTOMY YTO OTHOLIEHUS

Value chain participant

[ Producer groups }
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Market research
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Pue. 1. Lleno4ka co3naHms CTOMMOCTHA
B My3bIKaNbHOI MHAYCTPIM A0 LmdbpoBu3aumm [9, 12].

MEXIYy CTPUMUHIOM W apTUCTAaMM XapaKTePHU3YIOTCS
acmMMeTpueil mHpOopMallMi, IIe OJHA CTOPOHA 00-
JNajaeT neperoBopHoii cuioii [8, 17]. CTpUMUHIOBLIE
CEepBUCHI MOTYT 3aXBaTUTh OOJBIIYIO IOJIO PHIHKA,
oKa3bIBasl AaBjieHue Ha mapTtHepos [9, 16]. Haiim on-
HOro IHUCTPUOBIOTOpA MO3BOJSIET MHOTMM apTHCTaM
COKpPaTHUTh OIIePallMOHHBIC U3ACPKKHU 32 CUCT ITUPUHBI
MY3BIKaJIbHOIO KaTajora U IpaB, KOTOPBIE OIPEIeIs -
10T neperoBopHyto cuiy [8]. CTpUMUHIOBBIE CEPBUCHI
TaKKe 3aMHTEPECOBAaHBI B ITUCTPHOBIOTOpPAX, TaK KaK
UM HEO0OXOIMMO 3aKJIH04aTh KOHTPAKTHI ¢ MUJUIMOHA-
MM BJIaJIeJIBIICB aBTOPCKUX IIpaB (PeKOPI-JIeHOIIBI MIIN
OT[e/IbHbIE UCIIONHUTENIN) BO BceM Mupe [8, 9, 17]. B
HacTos1ee BpeMsl AUCTPUOBIOTOPhI HAXOIATCS B LIEH-
Tpe ILIETIOUYKU CO3MaHUSI CTOMMOCTH, OOecIieunBasi ee
dyHKIIMOHUpOBaHue (CM. puc. 2).

YV aucTpubb0oTOpPOB OOJIbIIIE MEXAaHM3MOB BIUSIHUS
Ha pbIHOK. B TO BpeMs Kak 1ei0J1bl KOHLIEHTPUPYIOTCS
Ha TIePCIIEKTUBHBIX apTHUCTaX, IPUHOCIIINX ITPUOLLTD,
IUCTPUOBIOTOPHI CTAPAIOTCS OOCIYXUTh HauOOJbIlIEe
YUCJI0 apTUCTOB, YTOOBI MAKCUMU3UPOBATH 10X01 [14].
Bnaromapst mmpuHe KaTayora IUCTPUOBIOTOPHI ITO-
JIy4aloT OOJIbllle PHIHOYHOM BJIACTU C TOYKU 3PEHMUS
KOMMYHHMKAIIUY CO CTPUMHUHTOBEIMH cepBUcaMU. Tak,
IUCTPUOBIOTOPHI — €IWHCTBEHHas “My3bIKaJibHas”
CTOpPOHA, KOTOpas MOXET OrpaHUYUTh BIMSIHUE TeX-
HOJIOTUYECKUX KOMITaHWIA, HalpUMeEp, MPeaoCTaBIsis
SKCKJIIO3WUBHBIA KOHTEHT.

2. MeToanl

B naHHoOIT paboTe MCHONB3YeTCsI B KaueCTBE METO-
Jla MCCIIeNOBaHWs WCIIONB3YETCsl Kelic-ucclieoBaHre
II0 HECKOJbKMM TIpUYMHaM. Bo-TiepBbIX, Keiic-
HCCIeIOBaHUE MPEACTaBIIsIeT COO0 MHTEHCUBHOE W3-
yUeHHe OOHOM eNMHUIIBI C LeJbI0 MOHMMAaHUSI Oolree
IIMPOKOIo Kjacca aHajmornuHbix exunull [27]. Cocpe-
TOTOYCHWE BHUMAHMS Ha OJHOM OOBEKTe ITOBEIIIA-
€T OTHOPOTHOCTh IIPHU IIPOCKTUPOBAHWU Kelica, UTO
MO3BOJISIET clejJaTh 0OOCHOBAaHHBIE BBIBOIBI [28, 29].
IMon6op keiica myist ucciaenqoBaHUSI OCHOBaH Ha BhIOOpE
TUIIMYHOTO Kelica, KaK HanboJiee perpe3eHTaTUBHOTO
[30]. Beibop xommanuu Bromal6 ocHoBaH Ha OBYX
KPUTEPHUSIX: OMBIT PAaOOTHl KOMITAHUH B MY3BIKAJTbHOMN
WHAYCTPUM U UCITOJIb30BaHUE ITU(POBBIX TEXHOJIOTHIA.
®dupmMa ocHOBaHa 0oJjiee AeCITH JIeT Hasaa, a ee Co-
TPYIHUKHA UMEIOT OoJiee YeM 25-JICTHHI OITBIT paOOTHI
B My3bIKaJIbHOM MHAycTpyu [31]. Bromal6 odpuimans-
Ho adbdunuposaHa ¢ pupmoii Heavenl 1, kotopas npe-
JIOCTaBJIIeT MTHHOBAIIMOHHBIE LIU(PPOBBIC PEIICHMS ST
MY3bIKadbHbIX KoMTlaHui [32]. Keiic orpannunBaercs



Value chain participant Responsibilities

Producer groups / Creation of songs

Individual artists Management, etc. (no label)
A A
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Services
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abe Dealing with legal issues
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Puc. 2. Llenoyka co3gaHns CToumocTu
B My3blKanbHOI MHAYCTPIM Nocne Undhposusauun [9, 12].

JECSTUICTHUM IEPUOJOM C MOMEHTa O(UIUAIbLHOIO
3anycka iTunes B Poccuu B 2012 1.

B pabore mpuMeHseTCS TeopeTHYecKas CTPYKTypa
OM3HEeC-MOJeIN IS KOHCTPYMPOBAHUSI PaMOK Keiic-
uccnegoBanus [33]. Teopetuyeckas 6a3a obecrieunBa-
€T OCHOBY IIJIsT (hOPMYJIUPOBAHMUSI BOIIPOCOB M OTIpeIe-
JleHus npo6jeM [29]. B uccnemoBaHUM UCTIONb3YETCS
CTpYKTypa OU3Hec-Mojeu, pazpadoTanHas B [10] mis
aHanmM3a MudpPOBU3aLMU Ha KOPIIOPATUBHOM YPOBHE B
KpeaTUBHBIX MHAYCTpUSX. [JaHHasT CTpyKTypa BeIOpaHa
Onarogapst HECKOJIbKMM MperMyllecTBaM. Bo-miepBhIX,
oHa pa3paboTaHa Ha OCHOBe aHayim3a Oonee 70 orpe-
JeJeHWi M KOHLeNUuii OusHec-mMoaeun, chopMupo-
BaHHBIX B HAy4HOI JuTeparype. TakuMm obpa3oM, oHa
MPEACTaBIsIeT COOOM CHHTE3 MPEObIIYIINX HCCICIO-
BaHUI. Bo-BTOPBIX, MO/IEIb TIPOTECTUPOBAHA U AOpa-
6oTtaHa Ha 80 KOHKpETHBIX NpUMepax, a TaKxKe pac-
CMOTpEHA B XO/Ie TPEX CEMUHAPOB C IIPEICTABUTEIISIMU
KOMITaHUI B KpeaTMBHBIX WHAYCTPUSIX (CM. puc. 3).
busHec-Momeap 0XBaThiBae€T BCE KIIOUEBBIE ACIEKTHI,
WUTIOCTPUPYS, KakK hvupma Benet OusHec u Oyaet pabo-

TaTh B OyIyllleM, U CUMTAETCS] UACATbHBIM TUIIOM ISt
TJIAaHUPOBAaHUSI MHHOBaNMii |34, 35].

HaHHoe ucciaenoBaHue ¢GokycupyeTcs Ha GyHOaa-
MEHTaJIbHOE CJIOE, TaK KaK OH OTpakaeT OCHOBHBIC
MpoLECChl, MOJABEPKEHHbIE TpaHchopmanuu. daH-
HBII CJI0M TaKKe Ha3bIBalOT (PYHKIIMOHAJIBbHOM apXu-
TEKTYpOIi, ITOCKOJILKY OH OTpaskaeT OCHOBHBIC BUIEI
nearenbHocTH pupMmul [10]. UccnenoBanue choKy-
CUPOBAHO Ha TpeX OCHOBHBIX acleKkTax OM3Hec-Mo-
eI MTHHOBAIIMA ¥ KOMMEpPIIMAIN3alis IIPOIYKTa,
WHPpacTpyKTypa Ajasi NMPOU3BOACTBA U AUCTPUOY-
IIUH, YIIpaBJIeHNE B3aMOOTHOIIIEHUSIMU C KJIMCHTA-
Mu. Kelic-aHaiau3 MO3BOJIUT OTPA3UTh U3MEHEHUS B
9TUX aCMeKTax, MPOU30IleallIne B CIeACTBUE HUPPO-
BU3AIUU.

COop maHHBIX OCHOBAaH Ha MHTEPBBIO, UYTO ITO3BO-
JIWJIO TIOJYYMUTh TIyOOKMe 3HaHMSI O (DeHOMEHE U BbI-
SIBUTh Hambosee 3HaYMMble mpodiieMul [29]. Bece mH-
TepHeT-MaTeprajbl 0 KOMIAHWU MCITOJIb30BaHbl IS
(opmynupoBku O3KrpayHma wHTepBbIO ([Ipusosce-
Hue 1). IlpenyoxeHHbIt HAOOP BOIIPOCOB IJIs1 TIPOBE-
JIEHUS UHTEPBbIO HE UMEET XKECTKOW CTPYKTYpHI ([Ipu-
noxucerue 2). J1ns moaydeHUs peJieBaHTHBIX TaHHBIX He-
00XOIMMO MPOBECTU UHTEPBbIO C TOM-MEHEIKEpaMu,
MMpOopaboTaBIIMMU B KOMIIAHMU ITOCTaTOYHOE KOJU-
YeCTBO BPEMEHHU, TaK KaK Kelc SBISeTCS PeTpOCIeK-
TABHBIM. Y BCEX COTPYIHMKOB €CThb COIJIAIlICHUE O
HepasmiameHuu uHbopMaimu (NDA), Kotopoe mof-
pa3yMeBaeT Bce JaHHBIE 00 MCITOIb30BAaHUM TEXHOJIO-
ruii. [IpeononeHre naHHOro 6apbepa BO3MOXHO TMPHU
ITOMOIIY IIPOBEICHUS MHTEPBBIO C TeHEPATbHBIM IH-
pektopoM dupmbl. B TeueHune nocnenHux AecsTU JeT
OH MIPUHUMAJ KJTI0UeBBIE PEIICHMS 110 IIMMDPOBU3AITAN
KOMITaHUM.

WHTEepBbIO C reHepallbHbIM OUPEKTOPOM TO3BOJIH-
JIO OIIPEAENIUTh ApaiiBephl Mg TU(GPOBU3ALNN U pa3-
BUTHUS apXUTEKTypbl NpeanpusTus. OCHOBBIBAasICh Ha
WHTEPBBIO, MOTHBAILIMS MOXET OBITH pacCMOTpeHa B
KoHTekcTe Mopgenun OusHec-mMoTuBanu (Business
Motivation Model), paspaboTaHHOI opraHu3zaluei
Object Management Group (OMG). Drta cTpyKTypa
OXBaTBIBAET IIEJIM KOMITAHWM, OOBSICHSIET, KaK (hrpmMa
HaMepeHa UX JOCTUYb, PACCMATPUBAET BO3MOXHOCTH 1
YTPO3bI [J1s1 OM3HEca, ero CUJIbHbIE U CJlIa0ble CTOPOHBI.
Mogens yaensieT BHUMaHNEe BHEIIHEH Cpele, OXBaThl-
Bast mpaiiBepnl pa3sutus [36]. UccnemoBanue mHDOp-
Malli¥, COOpaHHOM B paMKaX MHTePBbIO, OCHOBAHO Ha
omnucaTesbHOM aHanu3e. I10CKoIbKY MPOBeneHO OIHO
WHTEPBBIO, TPUMEHEHNE KOOUPOBAHUSA COIPSIKEHO C
PUCKOM YIIYCTUTD BaXKHBIE TETaJIH.
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Puc. 3. CTpykTypa 6usnec-moaenu [10].

3. Onucanme Keiica

Bromal6 — mucTpuGblOTOPCKass KOMITAHMS, OCHO-
BanHast B 2010 . B MockBe. @Pupma TIpeACTaBISICT
npaBa 1000 kKJIMEeHTOB, JEHOI0B, apTUCTOB U JAPYIUX
JUCTPUOBIOTOPCKUX KOMITAHUM, a TaKXkKe 00J1e€ MU~
OHa MY3bIKaJIbHBIX 3anuceit. JlesiTeIbHOCTh KOMITAaHUU
MOXHO pa3leuTh Ha ABe rpynibl (cM. puc. 4). [lepBas
TpymIa — yCAyru IS MPOAIOCEPOB IO JUIIEH3UPOBa-
HUIO perepTyapa, YIpaBIeHUI0 aBTOPCKUMU MpaBaMH,
coopy posatu. KoMnaHusi Takke MOMOraeT ¢ Mapke-
TUHTOM PEJU30B, MPEAOCTABsIsI TMOKUE KOHTPAKTHI C
Ppa3IMYHBIMU MTakeTaMu yciIyr. Bropas rpymnma cBsizaHa

Group of services Music publishing

Customers + Authors
¢ Performers
¢ Producers
+ Labels
¢ Distributors
Services

¢ Administration of copyrights,
including adjacent rights

services, YouTube (cover versions or
user-generated content)

radios, TV, in public places

additional information)
¢ Consulting and marketing services

ads production collectives

¢ Collection of royalties from streaming

+ Tracking of plays at online and terrestrial

+ Handling of release details (artworks, title,

(pitching to playlists and TV, movie, games,

C ycJIyraMH IT0 JOCTaBKe JIMIIEH3WI OT UMEHU M3IaTe-
JIe TPOIIOCEPCKUM CTYAUSIM, CO3IAI0IIUM MY3bIKaTb-
HbIe TIPOAYKTHI (IMOJKACTBI, peKiaaMy U T.I.), (pusnde-
CKMe TpPOAYKThl (KOMMAKT-AUCKU U T.1I.), (POHOBBIC
MY3BbIKaJIbHBIE CEPBUCHI JJ15T OOIIeCTBEHHBIX MeCT [31].

KomnaHus pa3padoTana TeXHOJOTUUECKUIA MOAXOM
K IIpeIOCTaBJICHUIO YCIYT Ha OCHOBE IIM(MPOBOIL IIJIaT-
¢ opMBI WIS yIIpaBJIeHUS peIIepTyapoM U JIMIIEH3UPO-
BaHms. [lmardopMa mpemocraBisgeT MHGOPMAIINIO O
KaXJIo# clesike, He3aBUCUMO OT reorpaduu, B Gop-
MaTe JeTaIM3UPOBAHHOIO OTYETa, YTOOBI 00ECIIeUnTh
MPO3PaYyHOCTb aBTOPCKUX TpaB U pacnpeaeaeHust po-

Music licensing

Production studios
Theaters

Telecom operators

Radios

Film, game and companies

* & & o o

Delivering licenses for streaming

services, podcasts, online, NV and radio
advertising, online and live performances,
karaoke services, mass media products

Delivering licenses for retail audio
products (CDs and vinyls); audio
products for promotion; audio-visual
products (DVD, Blu-Ray); digital
memory devises; background music
services

Delivering licenses to play music
in public places

Puc. 4. Knioyesble ycnyru, npeaoctasnsemble Bromal6 [31].



SIITU. ApXWTEKTypa TIaThOpPMBbI TTO3BOJISIET YIpaB-
JIATh pernepTyapoM U MOTOKAaMU JAOXOA0B B HECKOJIb-
KUX CTpaHax He3aBMCUMO OT TuMa mpas. [Tnardopma
SIBJISIETCS SIAPOM OU3Hec-Monesu, obecrieurBas pabo-
Ty BCEX CEPBUCOB, HO TaK ObUIO He BCETA.

INepBoHavyanbHO ¢upma OblIa OCHOBaHa ISl TIPO-
JIOCUPOBAHMS perepTyapa apTUCTOB U IIpeIocTaBiie-
HUsI MapKeTUHTOBBIX YCIYL. M3MeHeHMsT B CTUMYyJax
KOMITIAaHWHM WITIOCTPUPYET CJeAyiolee 3asBIeHUE Te-
HEpAaJIbHOIO AUPEKTOPA: «... [IEPEOPUEHTALIMSI PhIHKA
C aJIbOOMOB Ha CHHIJIBI ObLIa O4YeBMAHA OoJjiee aecs-
TU JIET Ha3aj, ¥ IepBOHAYaIbHAs 1IeJIb KOMIIAHUU 3a-
KJIIo4ajach B IpOABMKeHMM cUHIIOB. Ho mepexom x
JIMIIEH3MOHHOM MOIENTN TUCTPUOYIINH, HaYaBIINIACS B
2012 1., TpebOBaJl OT MPOAIOCEPOB 3arpyKaTh My3bIKY 1
co0UpaTh POSUITH, Te MpobjieMa 3aKJII0Yanach B JOKY-
MEHTHUPOBAHUH MY3BIKI».

Bromal6 crana omHOM U3 MepBbIX KOMIIaHUi B Poc-
CHUU, KOTOpas MpeOCTaBuia JAHHBIE YCIYTY APTUCTaM.
Poccuiickue nucTpuObIOTOPbl BBIHYXIEHbI ObLIM MO-
KyIaTh JAOpOTOe TMporpaMMHOe obecriedeHre y MHO-
CTpaHHBIX KOMITaHMi. Bromal6 Havama coOCTBEHHYIO
pa3paboTKy mudpoBoit miatdopmer B 2010—2011 T
C 2012 r. pazpaboTka BeieTcs B paMKax A0YepHEil KOM-
nmanuu Heavenll (cM. puc. 5), KoTopast npeaocTaBisi-
eT 00IIyI0 6a3y JaHHBIX U IUIATGOPMY IS YIIPABICHUS
My3bIKOW. B HacTosiiee Bpemsi paboTa BCceX CepBUCOB
Bromal6 oGecrieunBaeTcst IaTGOpMOii.

Heavenl1 mpennaraeT mpomyKThl pa3id4YHbIM Y4acT-
HHUKAaM LIEITOYKH TTOCTaBOK, KOTOPHIE CO3MAI0T, JINIICH3U-
PVIOT WTA VICITOJTB3YIOT MY3BIKY B KOMMEPUECKUX HEJISIX
[32]. OCHOBHBIM MPOIYKTOM SIBIISIETCSI MYJIETU Teppu-
TOopUaibHas 0a3a JaHHbBIX, OOBEAVHSIONIAS PA3IUnYHbIC
BHIBI TIpaB Ha My3bIKAJIBHBIC IIPOM3BEACHMS, MacTep-3a-
MKMCH, PEIM3bI, ayIMOBU3YAJIbHbBIC IPOMYKTbI U TEKCTI
neced. KitoyeBble TeXHUYECKME KOMITIOHEHTBI CUCTEMbI

BKJIIO4aroT 63.3y JaHHBIX MY3bIKaJIbHbIX HpOI/I3BCI[eHI/II>JI,

JTOTIOJTHEHHYIO MHCTPYMEHTaMM IS UMIIOpTa/3KCIop-
Ta JAHHBIX B Pa3IMYHBIX (hopMaTax, MeIYIUIMKALMU 1
OYMCTKM, aBTOMAaTU3allui OOpabOTKM OTYETOB LIM(PPO-
BBIX IIOCTABIIMKOB YCIIYT, MACHTU(YKALIMY TPOCTYILBA-
HMIA. DTO ITO3BOJISIET OTIIPAB/IATH PEJIN3bI Ha TUIAT(hOPMBI,
OTCJICXKMBATh OTIIPABJICHHBIE MaTepHabl M YIIPABIAThH
pernepTryapoM, aBTOMATUYECKM PpaCHpEe/IsiTh POSUITH
cpeM Bcex IIpaBoobIaaaresieil, TOTOBUTh OTYETHI U TOKY-
MeHTauuo. KiloueBbIMU KIMEHTaMW KOMIIAHWUUW SIBJISI-
I0TCSI U31aTe/U U JICHOIIbI, CTPUMUHTOBBIE CEPBUCHI.

4. BeiBoanl

LndbpoBbie TEXHOJOTUU CUIHLHO U3MEHSIIOT OM3HEC-
MOJEIN KOMIIAHWIA B KPEAaTUBHBIX HHAYCTPUSIX, U
Bromal6 taxxe sBisieTcst npumepoM [34]. @upma cos-
JaBajach IS MPOABMXXEHUSI CUHIJIOB, HO IIPOLIECCHI
CO3[aHUS LIEHHOCTU U B3aMMOAEICTBUS C KJIMEHTAMU
TpaHC(POPMUPOBATIUCH I1OC/IE BHEAPEHUSI TUIATHOPMBI
IUISL YIIPABJIEHUS MY3BIKOM. DTU U3MEHEHMSI CUJIBHO
MOBJIUSIA Ha OM3HEC-MOofeb KoMmaHuu. Pupma me-
PEABUHYIACH BAOJb LIEMOYKY CO3AaHUs CTOUMOCTU OT
MPOJABVKEHUS K TUCTPUOYLIAH.

Jnst aHanu3za M3MEHEHMId B OM3HEC-MOAEIU pac-
CMaTpuBaeTCsl CIOW (PYHKIMOHABHOW apXUTEKTYPhI
B paMKaxX CTPYKTYpPHI OM3HEC-MOIEIN, IPEeACTaBICH-
Hoit B pabore [10] (puc. 3). U3meHeHUsa 3aTpOHYyIHN
BCe TpU KOMITOHEHTa cjiosl. Bromal6 co3maBajach ajist
IIPOABIKEHUSI CMHIJIOB, HO B CBSI3U C PacIIpOCTpaHe-
HHEM CTPUMHWHIOBBIX CEPBHCOB BBICIIEE PYKOBOACTBO
PEIINIO COCPEIOTOUNTRCS Ha JTUCTPUOYLMH. TaKum
00pa3oM, KJIIo4eBasl ycjyra IHOJHOCThIO M3MEHIIACK.
B Hacrosimiee BpeMst KOMITAaHMST PacIioiaraeTcesl mocie
MAapKEeTUHTOBBIX YCJIYT B IIETIOYKE CO3TAHMS CTOMMO-
ctu (puc. 2). Bmecro mapkeruHra Bromal6 3aHumMaert-
CsI My3BIKaJIbHOM TOKYMEHTAIINEH, INIICH3UPOBAaHUEM
U pacIIpeaeIeHUEeM POSUITH.

Key Shift from pay-per-sale Active internal Control over all Broma16 was the
developments to licensing development of rights and royalties first company to
in the period I digital solution is a problem for provide digital music
Forecasted digitafization producers distribution services
by management
-- - --------=--- ®o----------- ®-------- o----------- >
Date Mar. 2010 Feb. 2012 Sep. 2012 Dec. 2012
Fact Launch of Broma16 Technology group Announcement of Launch of iTunes
with focus on singles is separated into iTunes launch in Russia

promotion Heaven11

Puc. 5. XpoHONOTs C KHO4EBLIMIA COOLITUSMIA B X046 LM(POBU3aLIMN KOMMAHIN.



JInneH3un CcTamyM KITIOYEBBIM IPOAYKTOM B MY3BI-
KaJlbHOM WHAYCTPUM, IIOCKOJIbKY OHU OIPEAessIoT
CYMMBI CPE/ICTB, IIEPEXOISIINX OT (haHATOB K apTHCTAM
¥ JIeiibIaM 4epe3 CTPUMMMHIOBBIC CEPBUCH U OUCTPU-
ObloTOpoB. PaboTast HanpsiIMylo ¢ JMLUEH3USIMU, OUC-
TPUOBIOTOPHI MOJYYaloT 0o0Jjiee BBICOKHUE MOXOIbI M
0OJIBbIIYIO PHIHOYHYIO BIACTh. YTOOBI yCTAHOBUTD 3TOT
KOHTpOJIb, IUCTPUOBIOTOPHI IOJIKHBI OOCITY:KMBATh
MaKCHMAaJIbHOE YUCJIO KJIMEHTOB, ¥ IIU(POBBIE TEXHO-
JIOTUHM TTO3BOJISIIOT JOCTUYb 3TOM LIEJIHU.

IMnaTtdopma s ynpaBiaeHUs My3bIKOM ITO3BOJIMIIA
Bromal6 BbIiiTH Ha POCCHIICKUI PHIHOK MY3bIKAJIbHOM
JUCTpUOylMU B yuciie TnepBbix. MHDpacTpykTypHas
COCTaBJISIONIAs] CTAHOBUTCS KJIIOUEBOM B OM3HEC-MO-
JIenu B cBs13u ¢ umdposusanumeii [10]. Bce oTHOmEeHMs
C KJIMEHTaMU ObUIM aBTOMATU3UPOBAHBI Yepes3 ILUIaT-
dopmy. Ipynmna noTeHIMaIbHBIX KJIMEHTOB pacIlIupu-
JJach OT MCIIOJTHUTEJICH, BBIITYCKAIOIINUX CHUHIJIBI, 10
BCEX 3aMHTEPECOBAHHBIX CTOPOH, XeJIAIOIINX MPOIaTh
WIN KYIIUTh My3bIKaJIbHbIE JulleH3uu (puc. 4). Ceron-
Hs1 Bromal6 npeacrasisiet npasa 6ojee yeM 1000 kiu-
€HTOB, apTUCTOB U JICHOJIOB.

Mopeny 6usHec-mMotuBanuu  (OMG  Business
Motivation Model) mpumeHsieTcss I TOHWUMAaHUS
npeobpazoBaHuii 6u3Hec-moaenu Bromal6. Ilpu cos-
JAHUU KOMITAHUM MOTMBALMEN TeHEPaJbHOIO AUPEK-
TOpA SIBIISLIOCH TIPOJIBVDKEHUE CUHTJIOB U3-3a UX PACTY-
el momyasipHOCTU Ha pbiHKe. OOBSIBIEHUE O 3aITyCKe
iTunes BBI3BaJIO U3MEHEHUS B LENSIX (UPMBI. Y poc-
CHUICKMX apTUCTOB U JIEHOI0B HE OBIJIO MHCTPYMEHTA
JUTSI 3aTPY3KU MY3BIKYA HAa CTPUMUWHTOBBIE CEPBUCHI, OT-
CJIEXUBAHUS BCEX MOKYIMOK, cOOpa M pacrpeneneHust
postitu. TakuM obpa3oM, Lu@poBast TpaHchopMalns
MPaKTUK MOTPEOJIEHMST BBISIBUIIA TTPOOE B POCCUICKOM
MY3bIKaJIbHOM MHIYCTPUU.

OCHOBHBIM JIpaliBepPOM MOXKHO CUWTATH MOSIBIICHUE
HOBOI PBLIHOYHOW HMIIU Jjs1 LUGPOBO AUCTPUOY-
uun. IToHuMast 310, BhICLIEe PYKOBOACTBO KOMIAHUK
PEInIo CMECTUTH aKIIEHT C POJIX TIPOMOYTepa Ha POJib
nuctpudpoTopa. C 2011 . MotuBaumeir Bromal6 siB-
JIIeTCsl CO3IaHKue yIoOHOro LUMpPOBOro MHCTPYMEHTA
JUISL 3aTPY3KU MY3BbIKUA Ha CTPUMMHIOBBIE TIAT(MOPMBI.

KomnaHusi cTofKHyaaCch ¢ HEKOTOPBIMU OapbepaMu
I pa3BuTUsl O6usHeca. PoccuiickuM AuCTpUOBIOTO-
paM TPUIJIOCH 3aKyIlaTh MPOrpaMMHOE oOecIieueHue
JUJIs1 yIIPABJICHUST MY3bIKOM Y MHOCTPAHHBIX KOMIIAHUIA.
®@upMBI HE MOIJHA TO3BOJUTH CeOE¢ MOPOTOCTOSIINE
3apybexHble 1M@poBble pemreHus. Bromal6 ssis-
JlaCh MOJIOAOM KOMIAHMEM, YTO JaBajio r'MOKOCTb IS
CTPAaTeTUYECKOIr0 pa3BUTHUS. ToI-MeHeIXepbl UMEIN

Oosiee 15 et onbiTa pabOTHI B OTPACIU U NPEABUACIU
JIBVXKEHUE K MOTpeOieHUI0 HU(pPOBOI MY3bIKHU €llie 10
00baBIeHM 0 3ammycke i Tunes. AHaIM3Upyst My3bIKasb-
HYIO MHIYCTPUIO B 3allaJHbIX CTpaHax, BBICIIEE PYyKO-
BOJICTBO DEIIWJIO HayaThb COOCTBEHHYIO pPa3pabOTKy
atopMel 1 yrpasiaeHus: My3bikoi. Korna Apple
o0bsiBUIIa 0 3amycke iTunes B Poccuu, pa3paboTka yxe
Obuta BhiAeneHa B koMnaHuio Heavenll. YcmemHbiit
MPOTHO3 Pa3BUTHUS OTPacid M aKTHUBHAs pa3paboTKa
1aT(opMbl MO3BOJAUIN 00eMM (rpMaM oOKa3aTbCs
B UMCJie TIEPBbIX KOMMaHMI Ha pbiHKe: Bromal6 kak
IUCTpUObIOTOP My3bIKM U Heavenl 1 kak TexHosornye-
CKMI mpoBaiiaep Aisi My3bIKaJbHBIX JUCTPUOBIOTOPOB.

Elte onHuM Gapbepom 1151 Ou3Heca KOMITAaHUU CTajl
KOHCepBaTU3M KIMEHTOB (apTUCTOB M JieiidoB). [lo
CJI0OBaM TeHEePAJTBHOTO IUPEKTOPA: «... TCXHOJIOTHUECKH
Bromal6 Moria mpemocTaBUTh CETOAHSIIHUN Habop
YCJIyT BOCEMb JIET Ha3all, HO apTUCThl HEe ObLIU TOTOBBI
WCIOJIb30BaTh MaaTGopMy IS YIIPaBAEHUS] MY3bIKOI.
Jaxe cerogHss HEKOTOpHBIE apTHUCTBI ITBITAIOTCS CBSI-
3aThcs ¢ Bromal6, 4ToOBI IPOBEPUTH CTATYC JOCTABKU
MY3BIK Ha CTPUMHWHTOBEIC CEPBUCHI, XOTSI OHM MOTYT
clesaTh 3TO Ha IIaTPopMe».

OT apTUCTOB TpPeOYIOTCS HAaBBIKU MCIIOJIb30BaHUS
npodeCcCUOHAIbHOTO TMPOTrpaMMHOTO obecIieueHusl,
m1aTdopM, pelIeHUi MO YIPaBACHUIO KOHTEHTOM MU
0azamu maHHBIX. KoMIaHus UCIIOIb30Bajla HECKOJIBKO
MOJIXO0J0B K pelIeHnIo 3To# npoobieMbl. [TepBblit — 00-
pa3oBaTe/ibHbIC YCIYTU JJIsI KIMEHTOB, OOBSICHSIOLINE,
KaK perucTpupoBaTh MecHU B 0ase JaHHBIX, YIpaB-
JIITh KOHTEHTOM, MCIOJb30BaTh COOpaHHBIC NaHHbIE
B KOMMEpUYECKUX Lesx. Bropoit — cMenieHue Goky-
ca Ha BHelIHUe phIHKU. [10 c10BaM reHepalbHOIO AM-
peKTopa: «B Hactosiiee Bpems 0ojiee 90% KIMEHTOB
Bromal6 — mexayHapoaHble apTHCTBI U JIeiOJbl». B
Hayvaze 2010-X Tog0B pEIHKM CTPUMMHIOBBIX CEPBUCOB
BO3HMKaJIM BO MHOTMX CTpaHax. biaromapst pbIHOY-
HOM KOHBIOHKTYpe 00€ KOMITAaHMU JOOUJIUCH yCIieXa B
MeXIyHapoaHOM MacliuTabe. B HacTosiee Bpemsi KoM-
nmaHuu uMerT oducel B AMcrepaame (Bromal6) u dy-
o6aunHe (Heavenll).

5. O6cyxkneHue

BHeriHee pa3BuTHe OTpaciyv CTUMYJIMPOBAIO TPAHC-
dopmanmio Bromal6, 4yTo XapakTepHO ISl KpeaTHB-
HbeIX uHAyctpuil [34, 37]. Bo3MOXHOCTb 3arpy3ku
My3bIKHM B iTunes omnpenennia HEOOXOAMMOCTb B LU(-
POBOM pellleHUHU 7151 cOopa U pacrpeaeeHrs pOsiITH.
Cripoc Ha HOBBIX MTOCPEIHUKOB YacTO CBsI3aH C UG-



poBu3zaiueit [35]. PazBuTue nmporpaMMHOro obdecrneyve-
HUSI IJIST YIIPaBJICHUsT My3bIKOI TTOKa3bIBaeT PACTYILYIO
BaXXHOCTb MH(pacTpykTypsl [38]. Bromal6 mpencra-
BWiIa IIaTQOPMY [JIs YCTpAHEHUsI 3TOr0 pasphiBa.
DT0 TIpUBENIO K TpaHC(OpMalMKM BCeX KOMITOHEHTOB B
(YHKIIMOHAJIBHOM CJI0€ OM3HEC-MOJENIH, UTO CJIeIyeT
OIIBITY APYTUX (PMPM B KpeaTUBHBIX MHIYCTpHUsxX [39].
Kak mpaBuio, KOMOAaHUM Yallle SKCIEPUMEHTUPYIOT
¢ OU3HEC-MONESIMU, YTOOBI MOCTPOUTH OoJiee TMOKUE
W aJalTHBHBIE MOICIU C Pa3IMYHBIMA MTOTOKAMM JIO-
xom0B [35, 37, 40, 41]. B cinyyae Bromal6, skcrepu-
MEHTOB He Ha0/I01an0Ch. Y KOMIAHUM Majio OIbITa
TECTUPOBAHUS Pa3IMYHBIX MOJNENe, TaK KaKk OHa CO-
cpemoTouniIach Ha KOHKPETHOM pa3phiBe B OTpaciiu,
HO TaTgopMa MO3BoNMIa KOMMNaHUM IuddepeHun-
poBaTh HAOOPHI YCIIYT, Te THOKOCTh JAaeT BOBMOXHOCTh
MpUBJIeYb HOBBIX KJIUEHTOB [37, 40].

HccnenoBaHue BBISIBUJIO HECKOJIBKO 0OapbepoB ISt
TpaHchopMaumu OusHec-monenu. Poccuiickum nuc-
TPUOBIOTOPAM MPUXOAUIOCH MOKYIATh JOPOTOCTOSILIEE
MpOTrpaMMHOe OOecredeHue y WMHOCTPAHHBIX (upm.
Bricokue 3arpar Ha MT vacTto cuMTaloTcsi OCHOBHBIM
6apeepoM it nudposusaunu [39, 41]. IporHos me-
pexoja K Lu(GpoBOMY MOTPeOJIECHUIO MY3bIKU U CBOEB-
peMeHHasi BHYTPEHHsI pa3paboTka rmiaTdhopMbl MO-
3Bomuiii  Bromal6 ycmemHo TpaHc(OpMUpPOBATHCS,
HO OOBIYHO TPYAHO TpeACcKa3aTh BpeMsi, HEOOXOaMMoe
IJIs1 pagvKalibHOM TiepecTpoliiku [34]. BHyTpeHHSss pa3-
paboTKa He SIBISETCS PACTIPOCTPAHEHHBIM TOIXOIOM.
TexHomornyeckue ImapTHepcTBa Oojiee TUMUYHBL IS
JaHHoro cekrtopa [37, 42]. CoOcTBeHHbIE TTPOEKTHI Ya-
CTO CTAJIKMBAIOTCS CO 3HAYUTEIbHBIMU BPEMEHHBIMU U
(¢UHAHCOBBIMU 3aTpaTaMu. JlaHHBINA Kelic MIITIOCTPU-
pyeT BaxHbIe IPEMMYIIIECTBA BHYTPEHHEH pa3paboTKu,
TakK Kak 3TO IO3BOJWJIO KOMITAHMM BBIMTU Ha HOBBIE
TEXHOJIOTMYECKUE DPBIHKM, TOCTaB/IsIsl aHAJIOTMYHbIE
yeayrn apyrum pupmam. Heavenll mpeacraBuia co-
BEPIIIEHHO HOBYIO TEXHOJIOTUIO, TJIe OTCYTCTBUE aHAJIO-
TUYHBIX PEIIEHUI 1 KOHKYPEHTOB MTO3BOJIWIIO YCTIEIITHO
BBIATU Ha pbIHOK. Takuve nmpuMepsl BCTPEYatoTCsl peiko.
OOBIYHO TEXHOJIOTMYECKUE KOMIAHUM 3aXBaThIBAIOT
KpeaTWBHBIE PHIHKM M KOHTPOJIUPYIOT MHQPPACTPYKTY-
Py U1l paclipoCTpaHeHusI, a He Hao0opoT [38, 41].

Bropoii 6aprep, CBI3aHHBIA C KOHCEPBATU3MOM B
LIETTOYKE CO3TaHUSI CTOMMOCTH, BCTPEUYaeTCs He TaK ya-
CTO, MOCKOJIbKY KJIMEHThI IPUBBIKJIN OBICTPO pearnupo-
BaTh Ha HOBbIE TexHoyoruu [36, 42, 43]. Bromal6 mpe-
JIOCTaBJIsIeT 0Opa3oBaTe/IbHbIE YCIYTH KJIMEHTaM, HO B
KPaTKOCPOYHOM TMEPCITIEKTUBE OHW MOTYT OKAa3aThCs
OeCroJie3HbIMU M3-3a PaHHEM CTaIuKu Pa3BUTHUSI PhIH-

Ka u oTcyTcTBUs cripoca [35]. PupMbl MOTYT cocpe-
JIOTOYMTHCST Ha 3apyOEXXHBIX PbIHKAX, I Jierye HalTu
MapTHEPOB UM 3alyCTUTh LHU(PPOBLIE MPoeKTHI [37, 40].
Bromal6 npuaepxuBaiach aHAJIOTUIHOTO TIOJXO/A.

Pesynbratel Keiic-mcciaemoBaHUsI B OCHOBHOM CJIe-
nytot Teopun. LHudpoBuzanuus, o0ycaoBiaeHHas! BHELI-
HUM pPa3BUTUEM OTPACIU, CTUMYJUPOBaja U3MEHEHUS
B (DYHKLIMOHAJBHOM cjioe Om3Hec-Mozaenn. Bromal6
W3MEHWJIA CBOM KJTIOUEBOM IMPOAYKT M COCPEHOTOUM-
Jlach Ha pacIpoCTpaHEHUU MY3bIKM, a He Ha MPOJIBU-
JKEHUU MY3bIKU, KaK IUIAHMPOBAJI0Ch BHavajie. Pupma
CTOJIKHYAach ¢ Beicokumu M T-3aTpatamu n3-3a He0O-
XOIMMOCTH 3aKyIaTh 3apyOexkHOoe MporpaMMHoOe 00e-
crieyeHue. [IpobieMa npeonosieHa 3a CUET BHYTPEH-
Hell pa3pabOTKM, YTO HE SIBJISICTCS TUIMUIHBIM ITyTEM.
DTO MO3BONIWIO CO31aTh HOBYIO Kommnanuio Heavenll
M BBIATY Ha TEXHOJOTWYECKWEe PBIHKH. s perreHus
po6yieMbl KOHCEPBATA3MAa B LIEMIOYKE CO3JAHUS CTO-
MMOCTH pa3paboTaHbl 0Opa3oBaTeIbHBIC YCIYTH, OpTa-
HU30BaH BBIXOJ Ha 3apyOeKHBIC PHIHKHU, UYTO SBJISIETCS
LIIXPOKO paCIpOCTPAHEHHOM IIPAKTUKOM.

PaccMatrpuBasi onbIT My3bIKQJIbHON AUCTPUOBIOTOP-
cKoii koMnanuu Bromal6, MOXHO ciefiaTh HECKOJIBKO
BbIBOAOB O BJIWSIHUM LMOPOBU3ALMM HA OM3HEC-MO-
Jesib GUPMbI U POJIb KOMIAHUM B LIETIOUKE CO3JaHUS
CTOMMOCTH.

BoiBoa 1: My3biKaibHbIE TUCTPUOBIOTOPHI — TEXHO-
JIOTUIECKME KOMIIAaHWHM, a He My3bIKaJIbHBIC KOMIIa-
HUU.

HudpoBbie TEXHONOTUHY CTATA BAXHOW MH(MPACTPYK-
TypHOU 4YacThlo OM3Hec-Mojesieidi ¢hbupM B KpeaTUB-
HbIX nHaycTpusx [10]. KiroueBast nis 6u3Hec-Moaean
Bromal6 rurargopma paspadorana pupmoit Heavenll,
KOTOpAasl TIOCTaBIISICT IIPOAYKTHI U IJIST APYTUX JUCTPH-
obtoTopoB. Takum obOpa3zom, Heavenll siBastercst oc-
HOBHOI KOMITaHMEHN IJisi OUCTPUObIOTOPCKOM POJIHU,
TTOCKOJIbKY OHa TEXHOJIOTHYEeCKU obecTieunBaeT (PyHK-
LIMOHUPOBAHUE LIETIOYKU CO3AaHusI cTouMocTh. [lnd-
pOBM3AIIMS SIBISIETCS] MPUIMHOM PacTyIero 3HaYeHUs
HUT-momHoCTel B IMTOCPETHUICCKNX KOMIIAHMSIX, TIIE
TEXHOJIOTUYEeCKHUE (PUPMbI MOTYT YCITEIITHO BBITIOJHATh
nocpeaHudeckue ponu [22, 41]. Tak, n1ucTpuObIOTOPOB
CETOIHS MOXHO pacCMaTpUBaTh KaK TEXHOJIOTMUECKHE
KOMIIaHWM, a He My3bIKaJbHble KoMTNaHuu. OmHaKo
MHHOBALMU TPeOyIOT 3KCIEePTU3bl B BbIOpaHHOU 00-
JIACTHM, YTOOBI OIPEACNIUTh IMPABUILHBI MOMEHT IS
3aITycKa HOBOTO pellleHNs, OLICHUTh CIIPOC M TICPCITEeK-
TUBBI ero BHeapeHus. IludpoBuzauusi criocodCTBYET
MOSIBJIECHUIO HOBBIX PHIHKOB, OCHOBaHHBIX Ha coyeTa-
HUU OTPACIICBBIX U TEXHOJOTMUECKMX 3HaHMi1. Hampu-



Mep, B BBIOpaHHOM ciiyyae (prpma co3jiajia HOBBII MO-
CPeIHUYECKMI «CI0i» KOMITaHUA, TPEAO0CTaBIISIIOIIMX
TEXHOJIOTUYECKUE YCIIYTU TUCTPUOBIOTOPAM.

BoiBoga 2: IucTpuOyLns My3bIKM CETOMHS OCHOBBI-
BaeTcsl Ha LM(POBBIX MHCTPYMEHTAX ISl YIIPABICHUS
¥ MapKeTHHTA.

C Tex mop Kak My3bIKa cTajla Hu(poBoil, KOMOaHUU
BBIHYX/IEHbI HCIIOJIb30BaTh LUGMPOBbIE WHCTPYMEH-
THI IJISI PACIIPOCTPaHEHUS M COMYTCTBYIOIIMX YCIyT. B
Bromal6 Bce KOMMYHMKALIMM, METOAbI YIIPABIECHUS U
CTaTUCTUKA MepeHeceHbl Ha LUGbPOBYIO MIaThOpMY.
ApPTHUCTHI MOTYT COOMpPATh JaHHBIC TI0 OTPOMHOMY KO-
JIMYECTBY METPUK (JacTOTa ITPOITYCKOB KOMITO3UIINH,
YUCJIO COXpPAHEHUI KOMITO3ULIMU W MP.) IJIs1 OLEHKU
npousBoguteabHocTH [18]. Jleiibabl pa3pabaThiBa-
IOT MapKEeTUHTOBBIC CTPATeTMH, OCHOBAaHHbBIC Ha JaH-
HBIX [17, 20], 9TO co3maeT MOMOJHUTEIBHOE JaBJICHIE
Ha nipousBoauTeneit [13]. ApTUCTBI JOJKHBI UCTIOJb-
30BaThb MHCTPYMEHTHI 1IM(PPOBOro MapKeTWHra, pas-
BUBATh COIMAJIBHBIC CETH, aHAJIM3MUPOBATh JTAHHEBIC U
METPUKHU, cOOpaHHBIE W TMOICYMTaHHBIe Bromal6, a
TakXe pa3BUBaTh CIeUUUUECKUIT HETBOPUYECKUI Ha-
0op HaBBIKOB. JlaHHBIMA TpeHA Ha3bIBAeTCs MEPEX0IOM
OT «MY3BIKaHTa-XyIOXKHHNKA» K «My3bIKaHTY-TIPEATIPH-
HuMaremo» [14]. OgHaKo 3TO aKTyaJlbHO TOJBKO ISt
HE3aBUCHMBIX MY3BbIKAHTOB, KOTJa KPYITHBIE apTUCTHI
mnepenalT 3T 00s3aHHOCTH Jeitbnam [16]. Ycmer-
HOCTb MapKETUHTA B JAHHOM Cy4yae 3aBUCUT OT 00b-
eMa pecypcoB (BpeMEeHM, IeHET), KOTOPBI apTUCT WIN
JIEOJI TOTOBBI BIIOKUTb.

BoiBoz 3: JIokajibHbBIE TTOCPEIHUKHA TTOIYIAIOT OOJIb-
111€ BO3MOXHOCTEU 1151 BbIXOJA Ha BHEIIHWE PHIHKU,
HO UM TIPUXOAUTCS BHEAPSITh MHHOBALIMM, HOBBIE IS
9TUX PHIHKOB.

LudpoBuzanus MpuUBOAUT K TJ00aIU3alUu Kpea-
TUBHBIX WHOYCTPHWI, W MECTHBIM KOMIIAHMSM Jierde
YCHOEUIHO BBIXOAWTh Ha MEXTyHapoJaHble PhIHKU [37,
40]. B mpencrasiaeHHOM Kevice n Bromal6, u Heavenl 1
BHEAPWIM WHHOBAIIUM U MPOIYKTHI HOBBIC IJISI 3apy-
OCXXHBIX PBIHKOB, UTO IO3BOJIMJIO BHIATU Ha JaHHBIC
pbiHKU. [lmatdopma nis ynpasieHUs My3bIKOi U 6a-
301 IaHHBIX BCEX TECEH CTajla MHHOBALUEW [T POC-
cuiickoro peiHka B 2012 1. 3amyck iTunes B Poccun
npousomena B KoHue 2012 ., a perucrpainus Komra-
Huu Heavenll — B Hauvane roma. IlpenocraBnsis yciy-
M HU¢pPOBOI TUCTPUOYLIMM POCCUMCKHIM apTHUCTaM B
yycjie MepBbIX KoMIaHui, Bromal6 BeisiBuIa pacty-
W CITPOC B APYTUX CTPaHaX U OCYIIECTBUJIA ITOITBITKY
BBINTU Ha maHHbIe peIHKU. Ho miartgopma Obuta Tak-
K€ MHHOBAIIMOHHOM M IIJIST 3apyOeXKHBIX PBIHKOB, I

TOJIbKO 3ap0oXKIaJIUCb CTPMMHHIOBBLIC CCPBHCLHI. Jlo-
KaJIbHBIC MOCPCAHUKHN MOIYT IIOJYYMTb 0oJibIlIe BO3-
MOXHOCTEI 11 BbIXOAa Ha 3aPY6e)KHI>Ie PBIHKH, HO
JJIA UX pe€ain3alilun HeoOXOAMMbI MHHOBALIMOHHBIE pe-
HICHUA.

BoiBog 4: My3biKabHbIE JUCTPUOBIOTOPLI pA0OTAIOT
Ha KOMITJICKCHOM ITIepecedeHNH MPAaBOBBIX U TEXHOJIO-
TMYECKUX aCIIEKTOB.

OcHOBHOI Mpo6aeMOii 111 JUCTPUOYLIUU SIBISIETCS
JTOKYMEHTUPOBAaHME MY3BbIKM, TaK KaK MHOTOYHMCIICH-
HbI€ aBTOPHI CO CMEXHBIMM ITpaBaMU MOTYT CO31aBaTh
IECHIO, BOCITIPOM3BOIMMYIO B pa3HBIX MCTOYHHMKAX KaK
B LM(MPOBOM, TaK U B u3nueckoM Bune. M3-3a oTcyr-
CTBUSI €IMHOTO PEECTpa BCEX MEeCEH C aBTOPaMU U MPOJia-
XamMu (TIPOCIYIIMBAHUSIMU) CJIOXKHO KOHTPOJIMPOBATH
aBTOPCKME TIpaBa Ha IM(POBON KOHTEHT. Jluctpu-
OBIOTOPBI BBIHYXKIIEHBI MCKaTh BBILICIIEPEYMCICHHBIX
npoGyieM. OupMBbl 00sI3aHBI BECTU PEECTP BCEX MeECeH
CO BCEMM IMpaBooOIamaTeSIIMA U UACHTU(GUIUPOBATH
BCE TIPOCITYINIVMBAHMS W TIPOJAXU JJIST KaKION TEeCHMU.
KoMmanuyu [OMKHBI PErylsipHO OOHOBJISATb  3TOT
peecTp JUTS ThICSIY TIECEH, YTOOBI PACTIPENENISITh POSITH.
Bromal6 aBroMatusupoBajia OOJIBIIMHCTBO 3THX IPO-
llecCoB Mpu MoMouu HudpoBoi MmiIatGopMbl LI
yIpaBJieHUsT My3bIKOM. B TO ke BpeMst AMCTPUOBIOTOPBI
JIOJIKHBI KOHTPOJIMPOBATh aBTOPCKUE TpaBa KJIMEHTOB
U 3aIIUIIATh WX, TUIATUTh HAJIOTU C JOXOAOB U POSUITH,
YUUTBIBAasE MECTHBIE HAJIOTOBBbIE CUCTEMbI. YacTo muc-
TPUOBIOTOPHI UCIIOIb3YIOT LIM(MPOBLIE TEXHOJOTUM LTS
pelleHus mpobjieM, CBSI3aHHbIX C L(POBOIA AUCTPUOY-
LIMEN Y 3aKOHOAATEJIbCTBOM, a HE MY3bIKOM, U paboTaloT
Ha TIepecevyeHn M STUX aCTlIEKTOB.

ITonBoast UTOT, MOXHO CKa3aTh, UYTO IMITOTE3a UCCIe-
IOBaHUSI MOATBepAuachk. JUCTpUOBIOTOPHI Ipeno-
CTaBJISIIOT MY3bIKaHTaM LU(POBbIE MHCTPYMEHThI IS
YIpaBIIEHUSI MY3BIKON M €€ TPOIBMIKEHUSI, MTOCKOJIb-
Ky noTpebjeHre My3bIKM Mepeluio B HudpoBoit ¢op-
MaT. DTO MO3BOJISIET pacCcMaTpUBaThb TUCTPUOBIOTO-
POB KaK TeXHOJIOrM4Yeckue KoMmnaHuu. B To ke Bpems
MHACTPUOBIOTOPAM MPUXOIUTCSI UMETh IEJIO C OTPOMHBIMU
00beMaMM JaHHBIX W HOPUAMYECKHMMHU BOIPOCAMU,
YTOOBI IIPEIOCTABIISATH KIIMEHTAM Ka4eCTBEHHBIE YCITYTH.

3akiouenue

B maHHOI cTaThe BBISIBISIIOTCS YIIPaBICHYECKUE
MPaKTUKKU JJIsSI KOPIOPAaTUBHOM IMGpOBU3aLIMU Ha
IIpUMeEPE POCCUICKOTO My3bIKaJIbHOTO JUCTPUOBIOTOPA
Bromal6. Crumynupyemasi MU3MEHEHMSIMU BHEIIHEW
cpenbl, BHYTPeHHSISI TpaHCHOPMAaLMS CTOJIKHYJIACh C



BBICOKMMU 3aTpaTaMu Ha 3apy0OeXkHbIe TTPOJAYKTHI U He-
XBaTKOIl HABBIKOB Y ITAPTHEPOB B IIETIOUKE CO3TAHUS
crouMocTu. 715 mpeonoeHus 3TUX bapbepoB HEOOXO-
JMa BHYTPEHH:IS pa3paboTka HUMPOBOro penieHus 3a
cueT npusiedeHuss U T-cennanncToB, mepeopreHTa-
1IMST Ha HOBBIC TEXHOJIOTMYECKUE U 3apyOeXKHbIC PHIH-
KU, TIpeJocTaBjieHre 00pa3oBaTelbHBIX YCIYL. B xoxe
WCCIIEIOBAaHMS BBIJICJIEHBI Y€ThIPe OCHOBHBIX TTOCTIE -
cTBUS UMPPOBOI TpaHchOpMaLMK IJIsI OM3HEC-MOJIE-
JI1 (pYpMBI U €€ POJIU B LIEMTOYKE CO3JaHUsI CTOUMOCTH:

¢ (upMmy HYXHO paccMaTpuBaTh KaK TEXHOJOTHUYE-
CKYIO KOMITAaHUIO, & HE KaK MYy3bIKaJIbHYIO;

¢ pacrpocTpaHeHHe My3BIKM B 3HAYWTEIBLHOM CTe-
MEeHW 3aBUCUT OT LMMPOBBIX MHCTPYMEHTOB [IJIST
YIpaBICHUS U MAapKETUHTA;

4 JIOKAJIbHbIE KOMIIAHUU I10JYy4YaloT OoJsiblIe BO3-
MOXXHOCTEM IUIST BBIXOJA HA BHEIIHUE PBIHKH, HO
UM IIPUXOJUTCA BHEAPATH HOBBIC JIs1 9TUX PbIHKOB
MHHOBaIUU;

¢ MY3BIKaJIbHBIC TUCTPUOBIOTOPHI PabOTAIOT HAa KOM-
TUIEKCHOM ITIepeCceYeHU TEXHOJOTUUECKUX M 3aKO-
HOJATEILHBIX BOIIPOCOB.

B HacrosilieM ucclieqoBaHUM MIPUMEHSETCS a Teo-
peThdecKasi CTPYKTypa OM3HeC-MOAENTH TSI U3YYeHUST
mr(POoBU3ALINT MY3BIKAJIBHBIX TUCTPUOYTOPOB, KOTO-
pasi He O4YeHb pacIpoCTpaHeHa Cpeay UCCIeIOBaTeIel,
ocobeHHo B Poccuu. JlaHHas cTaThsl OXBaTbIBA€T MO-
THBALNIO 3aMHTEPECOBAHHBIX CTOPOH K TpaHChopMa-
UK OU3HEC-MOIEIN, BaKHBIE ApaiiBepbl U Oapbephl,
CWIbHBIE CTOPOHBI M YIrpo3bl i O6uzHeca Bromal6.
AHAJIOTUIHEIN ITOAX0J MOXET OBITh MCIIOJIB30BaH IS
CPaBHUTEJIBHOTO aHaIM3a IHMPoBOii TpaHCHOpMaIIUM
Ha KOPIIOPAaTUBHOM YPOBHE B APYTUX KPEATUBHBIX UH-
TYCTPUSIX.

[IpencraBiaeHbl TPaKTUKW YIpaBICHUS IIH(GPOBOM
TpaHcdopMaleil, MpUMeHsIeMble OIHOM U3 CaMbIX
WHHOBALMOHHBIX KOMIAHU MY3bIKaJbHOU! AUCTPpUOY-
uu B Poccun. TTocKoJibKy ucclieqoBaHE TTPOBEAEHO
Ha OCHOBE TEOPETUYECKOM CTPYKTYyphl OM3HEC-Moje-
JIK, Gapbephl, C KOTOPBIMU CTOJKHYJACh KOMITAHUS, U

JEHACTBUS, TIPEAIIPUHSTHIE ISl UX MPEOJOJEHUS, pac-
CMOTpPEHBI B KOHTEKCTE MpeAbIAyIero onbita. CTarhs
WUTIOCTPUPYET U3MEHEHUS B MOTUBALIMU U LIEJISAX hUp-
MBI pYKOBOJICTBOM JIJIsT IIEPEOPUEHTALIMHA Ha HOBYIO PhI-
HOYHYIO HUIIY HU(GPOBBIX AUCTPUOBLIOTOPOB. [1porHos
Pa3BUTHS OTPACIU M aKTUBHAST BHYTPSHHSIS pa3paboTKa
I POBOI TIaTGOPMBI TTO3BOJIMIINA 3aXBaTUTh TaHHYIO
HUIITY ¥ BEIATH Ha 3apyOeKHBIC pEIHKA. My3BIKaIbHEIE
JIACTPUOBIOTOPHI HAa pa3BUBAIOLIMXCSI PhIHKAX M (DUPMBI
B IPYTMIX KPEaTUBHBIX MHAYCTPUSX MOTYT agalTUPOBATh
HEKOTOPbIC U3 YKa3aHHBIX MPAKTUK.

PesynbraThl MccieqoBaHUS MOTYT OBITH MOJIE3HBI IS
MEHEIXEPOB MO LHU(POBU3ALNN B KPEATUBHBIX UHIY-
crpusix. CaeslaHHBIC BBIBOIBI aKTyaIbHbI IS PHIHKOB,
IJIe CTPUMHUHTOBEIC CEPBUCHI (DOPMUPYIOTCS B TaHHBIMN
MOMEHT. Tak, pe3yJbTaThl aKTyaJabHbI AJIs1 KOMITAHUI B
cTpaHax JlatuHckoii AMepuke, Hanpumep bpasunun,
AprentnHe, Mekcuke [7, 26]. PaccMOTpeHHBIN OMBIT
MOXET OBITh MHTEpEeCeH a3naTcKuM ctpaHaM (FOxHas
Kopes, Kurtait, AnoHust), KOTOpble CTPEMSITCS pa3Bu-
BaTh HAIIMOHAJIbHBIC KOMIITAHMM U HaBSI3BIBaTh KOH-
KypeHIIMIO 3amagHbiM ¢dupmam, Apple, Spotify. Dt
KOMITAaHUHM OPMEHTHUPOBaHBI Poccuio, HO OTeuecTBEeH-
Hble GUPMBI TTOKA3BIBAIOT, UTO Y HUX €CTh TOCTATOUYHBIE
MPEerMYILIEeCTBA IJIsI KOHKYpeHIUH [4].

HccnenoBaHue uMeeT HECKOJbKO OTpaHUYeHU. Bo-
MepBbIX, paboTa OCHOBaHA HAa €AMHUYHOM Kelice, 4To
HE MO3BOJISIET CAEJaTh BbIBOAbI, OXBATHIBAIOIIME BCE
acnekTsl orpaciu. McciaemoBaTenn MOTYT HWCIOJIb30-
BaTh CXOXXYI0 TEOPETUUYECKYIO MOJEb JLJIS TIPOBENCHUS
HECKOJIbKMX KeC-1CCie10BaHUM U BbISIBIEHUS CBSI3EM
W pa3Inuuii MEXIy KOMIAHUSIMM, YTO MO3BOJIUT JIy4-
1lI€ MOHSITh pa3BUTUE OTpacau. Bropoe orpaHuyeHue
BO3HUKAET M3-3a HEBO3MOXHOCTU MPOBEAEHUS TIJy-
OMHHBIX UHTEPBbIO C COTPYAHMKAMU KOMITAHUI U3-3a
cornaueHuit o HepasriameHUU. YToObl CMSITYUTD 3TOT
Oapbep, JaTbHENIINE UCCAEA0BAHUSI MOTYT UCTIOAb30-
BaTb CXOXKYIO TEOPETUUYECKYIO MOJIEb 1JIS TIPOBEICHMUS
CEeMHUHApOB C IPEACTaBUTEISIMU OTPACIU U YIIyOIeH-
HOroO U3y4yeHUs UBMEHEHUI, BbI3BAHHBIX LIM(PPOBU3a-
Huei. |
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Abstract

Currently distributors ensure the operation of the whole value chain in the music industry, while most researchers
focus on technological, streaming and copyright impact in light of digitalization. This paper tries to understand the
influence of digitalization on business models and the role of music distributors in a value chain. Research identifies
operational processes that were changed due to digitalization, barriers that arose, and actions taken to overcome them on
the corporate level. Through retrospective case study based on an interview with the CEO, the experience of the Russian
music distribution company Broma16 is analyzed. This paper describes the goals of business model transformation, drivers,
performed activities and their results. The research derives four consequences of digitalization for the firm’s business



model and role in a value chain: the firm can be considered as a technological company rather than a music company.
Distribution relies on digital instruments for management and marketing. Local intermediaries get more opportunities to
enter foreign markets, but they have to perform innovations in these markets. Music distributors operate at the complicated
intersection of copyright and technological aspects. The research applies a general theoretical framework for the study of
digital transformation of business models. A similar approach can be used to do research on companies in music and other
creative industries, and to conduct workshops with industry representatives. The paper provides value for practitioners in
emerging music markets, for example, Brazil, Argentina and Mexico, due to the presentation of management practices
towards digitalization and the consequences of transformation for the distribution role.
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Abstract

Sales and marketing is the indispensable department of an organization which leads to the generation
of revenue and building customer relationship. Marketing is the process of finding the potential customers
and sales is the process of converting those potential customers into real customers. Hence, it is imperative
that marketing and sales go hand in hand. Developing marketing strategies needs proper market research
which can cover the relevant pointers like demographics, culture, spending power, income and many more.
The process of segmentation, targeting and positioning (STP) is carried out to develop marketing and sales
strategies. STP is done by collection of the marketing intelligence. For this process, surveys are also used but
data mining has far more effective and better results so far. Organizations tend to take risk because of the
importance and relevance of the marketing and sales department. Most of the budget in the organizations
is allocated for marketing and promotional activities. For making data-driven and accurate decisions, data
mining is used in various fields to extract valuable information and patterns. This paper discusses the use of
the data mining concept on marketing. This paper aims to analyze marketing data with k-means data mining
clustering techniques and to find the relationship between marketing and k-means data mining clustering
techniques.
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Introduction

arketing is a value creation process according

to Philip Kotler [1]. It is all about what you

deliver to your customer. People consider
marketing and sales as the same but both are different and
have their own relevance and impact in the organization.
Marketing is the process of finding the potential
customer and sales is the process of converting those
potential customers into real customers [2]. The concept
of marketing can be explained using different marketing
concepts. First, there is a production concept, which
explains that supply will create the demand. Second, the
sales concept emphasis on selling the product by hook or
by crook. Third, the product concept gives importance
to product innovation and differentiation. Fourth, the
marketing concept, which believes in catering to the
needs of the customer as customer, is king for them.
Lastly, the societal marketing concept focuses on the
customer aswell as society and the environment. It totally
depends upon the organization to decide which concept
it wants to follow. Whenever anyone considers marketing
strategies, marketing mix is used. According to Philip
Kotler, marketing mix comprises four components i.e.,
product, price, place and promotion [1].

Data mining is a process of extracting knowledge from
large amounts of data. It is a technique to find trends,
patterns, correlations, anomalies in databases which
can be helpful to make accurate future decisions. It is
also known as knowledge discovery in databases (KDD)
results. Data mining helps experts to understand the
data and leads to better and data driven decisions. Data
mining is an intersection of three fields: databases,
artificial intelligence and machine learning. The steps
of data mining includes data cleansing (for the removal
of noisy and inconsistent data), data integration (to
combine data from multiple sources for efficient data
processing), data selection (to select and retrieve the
relevant data for analysis), data transformation (to
transform the collected data into a desirable form for
further data processing), data mining (a technique
applied on data for various pattern matching methods),
pattern evolution (to determine important patterns
which represent knowledge and data insights) and
knowledge presentation (this is done by various
visualization methods for knowledge representation
pictorially or graphically). The various applications of
data mining include market basket analysis (association
mining). Market basket analysis is the method to
discover relations or correlations among the set of data
items. Classification analyzes a training set of objects
with known labels and tries to form a model for each

class based on the features in the data. Regression
is to predict values of some missing data or to build a
model for some attributes using other attributes of the
data. Time Series Analysis analyzes time series data to
find certain regularities and interestingness in data.
Clustering is used to identify clusters embedded in the
data. The task of clustering is to find clusters for which
intra-cluster similarity is high and inter-cluster similarity
is low. Outlier analysis is used to find outliers in the data,
namely detect data which are very far away from average
behavior of the data [3].

This paper focuses on the importance of data mining
approaches, specifically clustering, for formalizing
the marketing strategies by understanding customer
needs and spending behavior. The paper highlights the
importance of visualization tools to understand the
important relationships between various parameters in
the dataset. It shows that how a pair-plot can be helpful
in identifying clusters and the silhouette score for
deciding the k value for k-means clustering method.

The rest of the paper is organized as follows: Section 1
presents the motivation and research rationale of the
study. Section 2 describes numerous existing models
and related work using various clustering methods.
Section 3 presents the research design and methodology
followed for this work. Section 4 describes the results
and discussions. The last Section concludes the paper
with future recommendations.

1. Motivation and research rationale

This study aims to work on the transaction dataset
of a store which is taken from an internet source [4]
for making clusters of customers depending upon
their income and spending score. This will lead to
segmentation, targeting and positioning (STP) of the
customers and their behavior patterns will help us to
develop sustainable marketing strategies. Nowadays,
everything is connected to the customer with the help of
the Internet of things. You just need space to store data
to perform analysis to keep track of the customers. This
study can help organizations to gain new customers and
maintain loyal customers. The main contributions of
this paper are summarized as follows:

¢ to perform market segmentation of the customers
depending upon their spending using unsupervised
machine learning;

¢ to perform STP;

¢ to know the target customer and develop marketing
strategies.



2. Existing models
with literature review

Association rule mining is a data-mining concept which
is used to optimize the patterns associated with dynamic
behaviors of transactions made by customers when
purchasing some specific products. The insights generated
from this technique can be used by the retailing business
for making data-driven decision-making. Using this
algorithm, the frequent transactions made by the customers
have been analyzed using the support and confidence of
the customers in buying associated items. The analysis
conducted by Association rule mining model can best be
used in managing product placement on the shelves in
the supermarket [5—7].The study was conducted in order
to make a market basket analysis by using association
rules. The data used in the study was the sales data of a
supermarket from the Vancouver Island University website.
Data was analyzed in the Weka tool where the dataset
contained 225 different products for analysis [8].

The study focused on small and medium enterprises
(SMEs), where customer behavior was analyzed from
the perspective of SMEs. The model proposed the
integration of customer relationship management
(CRM) and the data mining techniques to provide
effective rules and new patterns for better decision-
making. The model suggested that as the era of big data
is unwinding itself, the data mining application may
enhance accuracy of rules and patterns, all of which
can further help the enterprises to improve customers’
satisfaction and loyalty, reduce customer churn and
so on. The suggested models can also help SMEs to
classify the priority customer groups and offer them
better facilities and ranges to retain them. The suggested
models can help the enterprises to further improve their
market share, position in the market and maintain a
positive development process [9—11].

The model incorporated a new graphical display for
clustering techniques. In this model, each cluster is
represented by a silhouette. The silhouette is based on the
comparison of its tightness and separation. This silhouette
showed which objects lie well within their cluster and
which ones are merely somewhere in between clusters.
The whole clustering is displayed by combining the
silhouettes into a single plot. The average silhouette width
provides an evaluation of clustering validity and may help
to select an ‘appropriate’ number of clusters [12—13].

Classification of aquifer vulnerability using k-means
cluster analysis uses the application of the cluster analysis
in ground vulnerability assessment using the k-means
technique. In this study, a clustering technique is used

because it removes some of the subjectivity associated with
the indexing method. It creates a vulnerability map that
does not rely on fixed weights and ratings and provides
a more objective representation of the system’s physical
characteristics. The model was applied to an aquifer
in Iran and compared with the standard DRASTIC
approach using the water quality parameters nitrate,
chloride and total dissolved solids (TDS) as surrogate
indicators of aquifer vulnerability. The model having
clustering techniques outperformed the other methods
[14—16].

The paper discovered the segments of organic food
consumers in Lebanon by using a market segmentation
based on lifestyle and attitude variables to generate
appropriate marketing strategies for each market
segment [17]. Market basket analysis (MBA) is a very
powerful data mining technique which provides various
types of information, like buying behavior of the
customer, likes, dislikes, etc. to the retailer, all of which
can help the retailer perform correct decision-making.
It can be used in various fields, such as marketing,
management, bioinformatics, the education field and
many more. MBA is a very useful technique to find out
interesting patterns from a large amount of data which
can automatically track any type of changes in facts from
previous data [18—20].

The authors used a k-means clustering algorithm
to identify the customer segmentation in a supervised
manner. The methodology could understand the complex
relationships existing in the data attributes [21]. The
authors analyzed the data of an e-commerce portal to
understand the requirements of the customers so as to
provide them better services in the future. A k-means
clustering algorithm was used to analyze the data,
considering customer segmentation as an important aspect
of it [22—23]. The authors analyzed data of three online
food chains and applied various clustering algorithms on
the same. Though there is no fixed model of a particular
algorithm which could show best results, k-means
clustering has shown promising results on the data [24].
The authors suggested how customer segmentation can
be implemented and can be useful to understand the
customers. Customer segmentation can be a stepping-
stone for identifying future prospective customers
and specific marketing strategies can be formulated
considering the customer segment [25]. The authors
have stressed the use of machine learning algorithms for
customer segmentation, since it can enhance productivity
and profitability of an organization. K-means clustering
was used for the study and it has shown very promising
results for customer segmentation [26].



3. Research design
and methodology
(data collection method)

A. Sampling method. Secondary data, mall customer
segmentation dataset from an internet source [4].

B. Sample size. The dataset which is used for the
analysis contains people’s purchasing attributes in the
Malls. This dataset has five features — customerlD,
age, gender, credit score and income. There are data for
about 200 transactions used for data analysis.

C. Research rationale. To devise a comprehensive
model that can be used to classify customers based
on spending score and annual income for developing
appropriate marketing strategies.

D. Tools used. R Studio [27], Weka [28], MS Excel
[29].

R Studio and Weka are freeware which are used for data
analytics. These tools are mostly used for data analytics
in the field of industry as well as academia. MS Excel is a
sub-tool of Microsoft Office, which is generally used for
data preparation and preprocessing.

E. Clustering algorithms used. The A-means
clustering algorithm [24] is based on the Euclidian

CustomerlD Gender

distance to figure out k clusters in the data. The clusters
are homogeneous within them and represent similar
types of data. K-means clustering is most suitable to
handle big and hyper spherical data. It is best suited for
market segmentation, social network analytics, image
segmentation and so on.

4. Results and discussion

The dataset is preprocessed and cleansed in Excel [29]
by using descriptive statistics. The dataset is balanced
as the distribution of males and females are almost the
same. The distribution of data is checked in Weka [28]
and pair plots are generated to show the same.

From the pair plot in Fig. 1, we found that the last row
is insightful since it gives an indication of hidden clusters
in the data. There is cluster formation between the
Spending score (1—100) vs. CustomerID, the Spending
score vs. Age and the Spending score (1—100) vs. Annual
income (in thousands of US dollars).

The joint-plots, distributions, correlation matrix,
silhouette coefficient and k-means clusters are generated
in R-Studio [27] by using its libraries. The joint-plot of
spending score and age as shown in Fig. 2a shows that
there are two bright core areas where density is very high.

Annual
income (k$)

Age Spending

score (1-100)

Plot Matrix

Spending score (1-100)

Annual income (k$)

Age

Gender

CustomerID

Fig. 1. Pair-plot of variables representing a pairwise relationship among
CustomerID, Age, Annual Income (in thousands of US dollars) and Spending Score (1-100).



There are two different spending habits in different age
groups represented in the plot.

The joint-plot of the spending score and annual
income as shown in Fig. 2b shows that there is one area
where density is very high i.e., in the middle. The other
four areas show different patterns for the user. This may
be possible because of the different purchasing power of
the customers and their different spending habits. The
five groups from the observations include Low income
& High spending habits, Low income & Low spending
habits, Moderate income & Moderate spending habits,
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Fig. 2a. Joint plots for describing
(Spending score and Age) distributions on the same plot.
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Fig 2b. Joint plots for describing
(Spending score and Annual income) distributions on the same plot.
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Fig 2c. Joint plots for describing
(Annual income and Age) distributions on the same plot.

High income & High spending habits and High income
& Low spending habits. Joint-plot of Annual income
and Age as shown in Fig. 2c and Fig. 3 shows that the
people in mid-30s have roughly a mean income of $80
000. If we compare the yearly income of more than $100
000, we find that males have more than $100 000 income
in their early 30s and in the case of females it’s around
mid-40s. Perhaps, this is due to the disparity in pay.

The average value of the spending score of females is
slightly more than that of the males. Notice the bulge of
the graph in Fig. 3, which shows the mean value. Figure 4
shows the Annual income of Males and Females. Thus,
the average income of females (Female = 0) is less than
that of males (Male = 1).
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Fig. 3. Annual income (in thousands of USD) vs. Gender.
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Fig. 4. Box-plot for Spending score (1-100) vs. Gender.

The distribution of the data showed that most of the
people are less than 45 years of age. For most of the
customers, the spending score centers between 40 and 60.
Annual income and gender have a positive correlation.
There is a positive correlation between annual income
and the spending score as shown in Fig. 5.

Customer Segmentation with k-means using the
Silhouette Score. The Silhouette coefficient in k-means
clustering is calculated using the mean intra-cluster
distance “a” and the mean nearest-cluster distance “b”
for each sample. The Silhouette coefficient for a sample
is (b — a) / max (a, b) where b is the distance between a
sample and the nearest cluster that the sample is not a part

CustomerID

Gender

Age

Annual income (k$)

0.98

Spending score (1-100)

CustomerlD
Gender

of. Note that the Silhouette coefficient is only defined if
the number of labels is 2 < n_labels < (n_samples — 1).
Trying to find clusters based on features like Annual
income & Spending score. Since the Silhouette score is
maximum for kK = 5, it is a good idea to cluster the data
into five subgroups.

The Silhouette coefficient has helped us to decide
on the number of clusters to be taken for the study.
In k-means clustering, selecting the value of k is of
utmost importance. By using the Silhouette coefficient,
selecting the value k£ has become very clear and simple.
From the plot in Fig. 6 there are five clusters: cluster A,
cluster B, cluster C, cluster D and cluster E. Customers
of the cluster E are misers as they have more purchasing
power but they have a lower spending score. Customers
of the cluster A, cluster B and cluster C are easy to
handle. The customers of cluster D groups are a threat
to the organization because they have less income but
a larger spending score. They can be defaulters in the
future. Therefore, by using k-means clustering and the
Silhouette coefficient, customer classifications can be
easily visualized. Hence, the marketing teams can easily
identify potential customers.

Conclusion

Nowadays, it is very crucial to identify your potential
customers in order to have a more data driven strategy
to target customers. From the above data analysis, it is

concluded that the distribution of males and females
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Fig. 5. Correlation matrix to show the correlation among variables such as customeriD,
Gender, Age, Annual income, Spending score.
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Fig. 6. K-means clusters for customer classification.

is nearly same. The pair-plot helps us to explain the
permutation of the attributes, which helps in pattern,
or cluster identification. With the help of the joint-
plot between the spending score and annual income,
purchasing capacity as well as spending habits of the
customers can be analyzed. It is observed from the
k-means clustering that customers can be classified
into five groups such as “Low income & High spending
habits,” “Low income & Low spending habits,”
“Moderate income & Moderate spending habits,” “High
income & High spending habits” and “High income &
Low spending habits.” The box-plot for Spending score
and Gender shows that the mean Spending scores of
females are slightly more than that of the males whereas
the violin plot shows that the average income of females
is less than that of males. In this data, the majority of
the people are less than 45 years of age and most of the
customers, spending score centers between 40 and 60.
Annual income and gender have positive correlation.
There is a positive correlation annual income and
spending score. The segmentation of the customers
is done by a k-means algorithm. The value of the k is
decided by the Silhouette score. We tried to find clusters
based on features like Annual income & Spending score.
The algorithm divided the data into five subgroups from
which one could formulate marketing strategies in order
to sell their products to the target audience.

In this study, the following problems have been
resolved:

¢ to perform STP;

¢ to know the target customer and develop marketing
strategies;

¢ to solve this problem, the dataset of a retail store was
taken and we performed exploratory data analysis by
using data visualization using various plots starting
from the pair plot to the k-means plot.

The pair plot explains the relationships and patterns,
which act as a stepping-stone for further analysis. There
is cluster formation between Spending score (1-100)
vs. CustomerID, Spending score vs. Age and Spending
score (1-100) vs. Annual income (in thousands of USD)
and these attributes were taken up for the study using
joint plots. The joint-plot of Spending score and Annual
income shows that there is one area where density is
very high i.e., in the middle. The other four areas show
different patterns for customers. This may be because of
the different purchasing capacity of the customers and
their different spending habits. The five groups from the
observations includes Low income & High spending
habits, Low income & Low spending habits, Moderate
income & Moderate spending habits, High income &
High spending habits and High income & Low spending
habits.

The data visualization between Spending score and
Annual income was presented. To know the accurate
number of clusters, the Silhouette coefficient was used
and its value came out to be five in this dataset, i.e. five
clusters were considered for this study. Customers in
cluster E have an annual income but they are spending
very less from their income because their spending score
is very low. This is a very important segment because they
have the moneyto pay. Alot of marketing and promotional
activities are required to influence this segment (group).
A market basket analysis should be done to know the
pattern associated with the purchase of goods. This can
help us to know the better product placement of the
product on the aisle. Marketing should be done in such
a way that the consumers relate the product with their
lifestyle; this will boost sales. A discount and offer can
help the store to get more revenue. Customers who are
in cluster A, cluster B and cluster C clusters have nearly
the same annual income and spending score. These
customers do not need more marketing and promotional
activities. They can be tackled by the salesmen directly.
Customers in cluster D are the ones who rely on the
credit card because their annual income is very much less
than their spending score. These customers have higher
chances of becoming defaulters because their income is
low but they are spendthrifts. The difference of outcomes
in comparison with other competitive approaches and
solutions is that our solutions are accurate because they
have scientific and mathematical backup. The solution
proposed in this paper is based on logic and data, not on



gut feeling and experiences. The solutions are safer and
more reliable than traditional methods of STP. These
solutions can be applicable to SMEs and small business
persons with low investment and help them to use their
hard-earned money in a justified way. In this paper, an
algorithm divided the data into five subgroups which
could be used to formulate marketing strategies in order
to sell products to the target audience. IT systems can
be developed for the SMEs and small business for the
management of the sales and marketing of the business

so that they can allocate their limited resources and
budget for maximum benefits. Data scientists have a
crucial role in this field because it is very important to
understand the data of a particular organization. The
exponential generation of the data and the growth of
artificial intelligence has given an opportunity to data
scientists and marketing tycoons so they can come
together and build an IT system at affordable rates which
will enhance the business process. m
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AHHOTaIMA

JlemapTaMeHTBl MpoJaxk M MapKeTUHra SIBJISIIOTCS He3aMEHUMBIMU  TOApa3leeHUsIMUA  OpTaHU3alluu,
o0ecrneynBaloIMMU TTOJTYyYeHHME 10X01a U TTOMIEePXKKY B3aMMOOTHOIIIEHUH ¢ KJIMeHTaMu. MapKeTUHT TIpeAcTaBiseT
coboii mpolece MoMcKa MOTEHIUAbHBIX KJIMEHTOB, a MPOJaXW — 3TO TPOLIECC MpeBpallleHUsT MOTeHLMATIbHBIX
KJIMEHTOB B peaibHbIX. [103TOMY B3auMozeiicTBre noapasnejeHnii MapKeTUHTa U Mpoaax IMpeAcTaBiseTcsl KpaitHe
BaXXHBIM. Pa3paboTka MapKeTUHIOBBIX CTpaTeruii TpeOyeT COOTBETCTBYIOIIETO UCCIEA0BAHUS PIHKA, KOTOPOE MOXET
OXBaTbhIBaTh Takue (pakTophbl KaK aeMorpadusi, KyJbTypa, MoKynaTejlbHasl CIIOCOOHOCTb, TOXOI M MHOTO€ Japyroe.
Pa3zpaboTka MapKeTHHIOBBIX CTpaTeruili M CTpaTervii Mpojax cBsi3aHa C MPOLECCOM CerMeHTAallMM, TapreTUHTra
U MO3ULIMOHMpPOBaHUs (segmentation, targeting and positioning, STP). Ilpouecc STP peanusyercst ryrem cbopa
MapKeTUHroBoi uH(popMauuu. JIJjist 3TOro Takxke UCIOIb3YIOTCS OMIPOCHI, HO MHTEJUJIEKTYalIbHbIM aHAJIM3 JaHHBIX B
Hacrosilee BpeMsl gaeT ropasno 6osee 3(peKTUBHbIE U Jydllde pe3ybTaTbl. OpraHu3alyy CKJIOHHBI MPUHUMATh
ornpeneeHHbIe pUCKY BBUIY BAXKHOCTU U aKTYaJIbHOCTH TTOIpa3AesIeHU MapKeTUHTa U pofak. 3HaUUTeJIbHasl 4YacTh
OlomkeTa B OpraHM3alusX BbIAEISIETCS Ha MapKETUHTOBBIE U peKJIaMHble MepomnpusTus. st TpUHSATUST TOUYHBIX
pelieHuit, OCHOBaHHBIX Ha TAHHBIX, UHTEJIJIEKTYaIbHbIN aHAJIM3 JaHHBIX UCITOIb3YeTCS B pa3JIMUHBIX 00JaCTSIX TSI
W3BJIEUEHUS LIEHHO MH(OpMaIMK U MOoucKa 3aKoHOMepHocTei. B naHHO# crathe 00CyXXmaeTcs UCIOJIb30BaHUE
KOHIIETIIIMM UHTEJUIEKTYaJIbHOTO aHaIM3a JaHHBIX B MapkeTuHre. Lleab ctaTbu — rpoaHaan3upoBaTh MApKETUHTOBBIE
TIaHHBIE ¢ TIPUMEHEHUEM MeToa k-CpeIHUX IJIsT KJIIACTePU3alliuy, a TAKXKe HAUTH B3aUMOCBSI3b MEXIY MapKETHHIOM
¥ METOIAMH KJIACTepU3allii Ha OCHOBE kK-CpEIHUX.

KioueBbie cj10Ba: MapKeTUHT, METO kK-CpeTHUX, KJIacTepU3allusi, CPeCTBAa MHTEJUIEKTYaIbHOTO aHaIM3a JaHHbIX, METO/IbI
WHTEJJIEKTYaJIbHOTO aHaIn3a JaHHBIX
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Abstract

Environmental pollution has caused governments to be concerned about energy saving and the reduction
of environmental pollution. Some researchers have presented resource allocation models as multi-objective
linear programming (MOLP) in order to pay more attention to energy saving and environmental pollution
reduction. Energy saving affects both desirable and undesirable outputs. In this paper, we argue for the
inapplicability of the existing models for reducing the undesirable outputs through energy saving. The purpose
of this paper is to design a model based on data envelopment analysis (DEA) that would result in reduced
pollution through energy saving. Moreover, since an undesirable output is considered as a function of the
total desirable outputs, if necessary, the changes should be applied to the total desirable outputs and there is
no need to reduce each desirable output individually. Finally, the model proposed based on goal programming
(GP) is used in 20 different regions in China. The results produced by this model indicate that the reduction
proportion of total environmental pollution emissions per energy saving was larger than the reduction
proportion of total desirable outputs.
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Introduction

ne of the outputs of industrial development is

environmental pollution. Carbon dioxide gas

accounts for about 60 percent of all greenhouse
gases, and about 81 percent of all greenhouse gas emissions
come from fossil fuel consumption. Fossil fuels, on the
one hand, are the most important sources of energy for
cities, while being the main source of pollution. Iran is
one of the highest carbon emission-intensive countries in
the world. Total CO, emissions in 1990 were 201.8 million
metric tons (MMT), which has increased rapidly at an
average annual rate of 5.7% to 372 MMT by 2003 [1].

The amount of particulate matters in the atmosphere
is one of the most important indicators of air pollution.
Aerosols have a great impact on the climate and human
environment. Tropospheric aerosols, known as particu-
late matter, have an adverse effect on human health [2].
One of the atmospheric pollutants, sulfur dioxide, caus-
es acid rain and many other adverse environmental ef-
fects and health hazards [3].

The main reason for the increasing CO, emissions in
industries is high levels of energy consumption. Based
on reports from the International Energy Agency [4],
the global industrial sector is responsible for about 40%
of total energy consumption in the world. Due to the
raised awareness about environmental issues and tech-
nological advancements that help reduce environmental
damage, there has been a decline in CO, emissions from
industries in developed countries; however, such emis-
sions are greatly increasing in developing countries [5].

Data envelopment analysis (DEA) is novel area of study;,
as well as a necessary mathematical tool for evaluating
the relative efficiency of a set of homogenous decision-
making units (DMU). This method has attracted a lot of
attention in various fields of management sciences [6].
DEA, which is a non-parametric method, has had many
applications in solving the problem of resource allocation
when all DM Us are under the control of a single central-
ized decision maker (DM). There is no prior functional
form in DEA, and there is no need for the many assump-
tions that emerge by using statistical methods for function
estimation. At the same time, DEA produces good results
when used in resource allocation [5, 7]. Many papers have

been presented based on DEA for allocating resources to
a set of DM Us in which the purpose of the DM has been
to minimize the total input consumption or to maximize
the total output production of all DM Us instead of con-
sidering each one individually and set separate targets for
each DMU. Centralized resource allocation was present-
ed by [8] for the first time, which sought radical reduc-
tion in the total consumption of every input by all units.
In [7], the authors designed a multi-objective model for
resource allocation to find the maximum amount of pro-
duction. They defined a transformation possibility set for
each DMU with two assumptions; the first one was to as-
sume that the unit’s efficiency stays constant during the
planning period, and the other assumption was that each
unit could have a proportional scaling of changes in in-
puts and outputs. Later, [9] considered one of the models
presented by [8] and modified it to adjust the inefficient
units. The study [10] extended a simplified model of [8].
This model recognized more efficient units and was much
simpler to execute than the previous models. The special
characteristic of this model was that the centralized DM
did not necessarily need to keep the original number of
DMUs fixed. For other extensions of the model proposed
by [8], one can refer to [11, 12]. Other proposed models
for centralized resource allocation can be found in [13—
15]. The study [14] proposed two ideas: one idea maxi-
mized the total efficiency, while the other one simultane-
ously maximized the output production and minimized
the input consumption. In this method, the new efficien-
cy of all DMUs becomes equal to one after production
design; this efficiency improvement is not logical and fea-
sible in practice. On the other hand, there is no guarantee
that the inputs (outputs) will decrease (increase) signifi-
cantly. Also, there is no logical connection between these
changes and they may not be fair. In [16], the authors
extended a method that implemented the demand and
supply changes in a centralized decision-making envi-
ronment under a predictable assumption. The study [17]
presented a DEA model for centralized resource alloca-
tion with the assumption of adjustable and non-adjusta-
ble inputs and transferable and non-transferable outputs.
Then, he analyzed the structural efficiency of the model
using the structural efficiency analysis presented by [18].
The study [19] combined energy consumption reduction



through resource allocation with DEA models with un-
desirable outputs, and proposed a multi-objective model
for resource allocation under energy saving constraints.
Since energy saving decreases both the desirable and un-
desirable outputs, the aim of their model was to make the
reduction proportion of the desirable outputs would be
less than the reduction proportion of the harmful outputs.
This way, recommendations can be made regarding en-
ergy and environmental policies toward saving energy and
reducing air pollution. They also studied the classification
of natural resources in China and used an input-oriented
slacks-based model for measuring the efficiency of prov-
inces [20]; then, they proposed a DEA-based approach
for allocating the total natural resources. Unlike conven-
tional DEA models, it seems necessary to consider both
desirable and undesirable outputs in environmental per-
formance evaluation [21].

Many of the findings of DEA studies have been used
for environmental performance measurement. The study
[22] focused on the analysis of optimal energy allocation
and environmental performance of China’s three major
urban agglomerations. In particular, that study first used a
fixed-input DEA model to obtain the optimal allocation
of energy input. Then, an evaluation model based on the
optimal allocation of energy input was proposed to evalu-
ate the environmental performance. In [23], the research-
ers constructed an evaluation indicator system based on
three stages, namely economic production, wastewater
treatment, and human health, and used the undesirable
three-stage dynamic data envelopment analysis model to
empirically evaluate the total efficiency, stage efficiency,
and the efficiency of various indicators.

Goal Programming (GP) is a developed form of Linear
Programming. GP tries to achieve several goals simulta-
neously and allows deviation from the goal. Therefore,
it has flexibility in decision-making processes. The main
approach of GP is to allocate a special target value to each
objective function and then look for a solution that would
minimize unwanted deviations from the intended goals
[24]. GP was used as a method for solving multi-objective
problems with the aim of minimizing unwanted devia-
tions from the set goals. There exist two main algorithms
for solving a GP problem: the weighted sum model and
the lexicographic model. The studies [25, 26] proposed
using GP for MCDEA models. The difficulty in solving
a multi-objective problem is finding a solution that would
optimize all the objectives simultaneously [27]. Since
there is no such solution in most cases, a non-dominated
solution set is needed. Paper [25] proposed using the lexi-
cographic model to solve GP problems and allocating pri-
ority to the objective functions of MCDEA.

In [26] was proposed the weighted goal programming
method (GPDEA). The studies [28, 29] addressed the
connections between multi-objective problems and
DEA. Furthermore, there have been some models that
maximized the efficiency of all DMUs simultaneously
(e.g., [30—33]). Industrial production is always associ-
ated with energy consumption and greenhouse gas emis-
sion (the most important is CO, emission). As energy
consumption decreases, the desirable output will also
decrease, but when industrial estates are required by
governments to reduce and control pollution, if energy
storage does not lead to a reduction in environmen-
tal pollution, the model is not valid in the eyes of the
central manager. In the centralized resource allocation
model proposed by [19], we show that undesirable out-
put changes become zero by saving energy. In this paper,
we modify their model so that with a reduction in energy
consumption, a significant reduction in CO, emission
is achieved, and show that if the centralized DM con-
siders boundaries for changes in the inputs and outputs,
the model may be infeasible, since choosing suitably and
feasibly will be a difficult task for the centralized DM.
Therefore, the model is modified through GP in a way
that makes it feasible.

On the other hand, the reduction of individual desir-
able outputs due to reductions in the undesirable outputs
has the weakness that some undesirable outputs may
have been out of the acceptable standard range. In such
cases, some undesirable outputs may be reduced without
any reduction in the desirable outputs.

What this paper proposes is that since an undesirable
output is considered to be a function of the total desir-
able outputs, if necessary, the changes should be applied
to the total desirable outputs. According to the above-
mentioned, the innovations of this research are:

+ Rectifying the infeasibility of the allocation model in
cases where unsuitable boundaries are selected for the
input/output changes, which are assigned by the DM.

¢ Modifying the pre-presented model and eliminating
the weakness of the respective model in reducing the
undesirable outputs.

¢ Presenting a new model that does not require the
reduction of each and every desirable output in the
units (production industries) in order to save energy
and reduce pollution, since there could be a case
where in a given region, some units have a large
amount of undesirable outputs due to performance
weaknesses, in which case the reduction of a portion
of undesirable outputs in the entirety of units may not
require a reduction of desirable outputs in all units.



Therestofthe paperisorganizedasfollows: Insection 1
(Theoretical background), an introduction is provided
to the conventional DEA model and the centralized re-
source allocation models, as well as the method of us-
ing GP to solve multi-objective problems. This section
also discusses the defects of the previously mentioned
model. In section 2 (Proposed model), we present
our proposed model for centralized resource alloca-
tion with the aim of energy saving and reducing envi-
ronmental pollution emissions. The advantages to the
model are also included in this section. The applica-
tion of GP in the proposed resource allocation model
is illustrated through a numerical example in section
3 (Numerical example). Finally, some conclusions and
remarks are provided.

1. Theoretical background

Data envelopment analysis (DEA) is a powerful tool
for evaluating the relative efficiency of a set of DMUSs
that consume multiple inputs to produce multiple out-
puts. Suppose there are # DMUSs that are in need of
evaluation, and each one consumes m different inputs
to produce s different outputs. Suppose X = (xlj, X, )T
and Y= (y,, ...y, )T X>0,Y >0 are the mput and out-
put vectors respectlvely The production possibility set

T'is defined as:
= {(x, y)| y can be produced from x}. (1)

In [34] is defined the following PPS using the constant
returns to scale (CRS) assumption.

Tecr = { lex <x,

Z/ly >y, 4,20, j=1,. }

Rm+5

(2)

The input-oriented model for evaluating DMU,
o € {1, ..., n} under the assumption of CRS can be
achieved by solving the following ratio programing
problem [34].

max":l—a (3)

s.t. r=l <1

Here ¢ > 0 is a non-Archimedean element defined to
be smaller than any positive real number.

GP provides the means for attempting to achieve
several objectives simultaneously. Many researchers,
including [28, 29, 35], have investigated the relation-
ships between DEA and MOP. Several methods have
been developed to solve multi-objective problems (see:
[36—38]), one of which is Goal programming [24, 39].

1.1. Resource
allocation models

In recent years, various applications of DEA have
been seen in most countries around the world for the
purposes of evaluating the performance of organizations
and other common activities in different areas. In the
context of planning and resource allocation, a num-
ber of optimization techniques have been introduced,
such as multi-objective programming. The purpose of
a central unit is to design a reasonable resource alloca-
tion mechanism that can bring the greatest benefits for
the central organization [7, 40, 41]. In many real-world
scenarios, all of the DM Us may be under the influence
of a central decision maker who can supervise the re-
source consumption of these units. The main purpose of
resource allocation is to allocate resources in such a way
that the general goals of the organization are achieved as
far as possible. Unlike conventional DEA models, [42]
considered undesirable factors as an important factor
in efficiency evaluation. The studies [43—45] suggested
an alternative approach in environmental technology in
which the desirable outputs increased while the undesir-
able outputs decreased. The study [19] considered both
desirable and undesirable outputs in their evaluation, as
there are undesirable outputs in the production process.
Their model helped the DM allocate future resources
while taking energy saving into account. They combined
the energy consumption reduction targets with resource
allocation and proposed a multi-objective programming
model that not only reduced the undesirable outputs but
also decreased the desirable outputs in order to improve
the undesirable output production.

They defined the transformation possibility set as fol-
lows:

X, —Ax;
Fo=1 yi —Ayf Ayf 26,f, Ay] <537 (4)
y;—Ay;

A’xi' .
5, =maxy—=li=1,..,m.
X



Their model, based on the CRS assumption, is formu-
lated as follows:

m n Ax
max AX =) —" (5)

i=1 /:leij

j=1
s.t.
AyS268y5 j=1,...n (5-1)
b b . _

Ay; <06y, J= 1, .., n (5-2)
Ax, <6,x;, j=1,..,n, (5-3)
Yi=AYF<YEA,, j=1,..,n, (5-4)
Vi=AY; YA =1, 0 (5-5)
X, =Ax; 2 XA, j=1,..,n, (5-6)
A; <Ayi < B, ey 1, (5-7)
=ZAy_;’ <M. (5-8)

J=1

Where the vectors

X, -AX,
YE-AYs R
RN
and the matrices X, Y*, Y’ are defined as follows:
X= [xl,xz,...,xn] e R™",
yeé— [yl YV, J R

Yo=[ eyl J€ R,
X>0,7>0, Y >0.

AX; represents the saving amount of inputs in DM U
any Ayg Ay” denote the reduction amounts of de51rable
and unde51rable outputs in DM UJ respectively. }3 (trans-
formation possibility set) represents the capacity of input
and output changes for DM U] [Aj, Bj] indicates the capac-
ity of desirable output changes, and M is the maximum
emission reduction, which is determined by the DM.

2. Proposed model:
resource allocation models based
on goal programming
In Model (5), independent of what the value of 5;
(positive or zero) is in the optimal solution, in the con-

straints (5-2) and (5-8), ij” = 0 is true. It has also al-
ready been established that ij” = () is true in constraint
(5-5). Therefore, in all constraints, ij” =0(¢=1,...,n)
is a solution, and since it does not exist in the objective
function, then ij” = ( is always true, which indicates a
defect in Model (5). Let us also assume that the manager
considers the following goals:

A <Ax,<B, C, <AV <D,
ZAy >M, A, B e R,
C,,D, eR,, MeR.

IfAj, Bj, Cj, Dj, Mforj =1,..., n are not chosen pro-
perly, Model (5) will be infeasible. In this paper, this
model is modified using GP in a way that it becomes
feasible and ij” > () is obtained.

Therefore, we define 1*; as follows.

x; —Ax;
b b
Fo=3| yi=Ayi || Avf 26,y], Ay, 26,y7¢,  (6)
v =y

Ax, |
5, =max{—L|i=1,...m.
X

And assuming that the production possibility set re-
mains unchanged in each step,

x>ZZx )V <z/1/y/,

T= (x,y%y”)eRZ"g”'” A , (1)
y >Z/”t V0, 4,20,j=1,..
Jj=1
=33 Ay Y @)
£ 2 -

Now, the resource allocation model is presented using
GP as follows:

min  Z, =) (n,+n)+ Y (p;+p)+1L,
J=1 J=l
min  Z, =AY?, (9)
min  Z, =AX.
s.t.
x; —AXx; >Z X, J on, i=1,.,m, (9-1)
J’j _Ayg Z [yr[s - a o N, r= ]’ ) Sla (9_2)

yi. =AMy le:ﬂﬂyﬁ,, j=l,.,n p=1,..s, (9-3)
=1



Ax; <6,x;, j=1,...,n, i=1,..,m, (9-4)
Aygzoys, j=1,..,n r=1,..s, (9-5)
Ayy 28y, j=1,..n p=1,..5s, (9-6)
Ay$2C,—nj, j=1,..,n, (9-7)
Ay$ <D, +n j=1,.. n, (9-8)
Ax; 2 A, —pj, j=1,..,n, (9-9)
AX;< B,—p:, j=1,..,n (9-10)
S Ay =ML, 9-11)
=
AYS<yE j=1,...n, (9-12)
2,20, j=1,..,n, [=1,..,p,

J

where AY?® and AX are as defined in equation (8), and
n,n;e Ry, p.,ple Ry, LeR:, Ax= [Ax,, AX,, ... AX, ],
Ay§ —[Ay],-,Ayz,-, AV LAY =[ A A

Constraints (9-1) — (9-3) in model (9) indicate that
the reduced outputs and inputs belong to the PPS.
Constraints (9-4) — (9-6) ensure that the changed
output and input values for each DMU belong to its
own transformation possibility set. In constraints
(9-7) and (9-8), if the management’s expectation for
Ayg to fall within the 1nterval of C D, is unattainable,
the deviation variables n n W111 modlfy it and make
the problem feasible. ThlS is also true for constraints
(9-9) — (9-11).

The optimal values of this model can be obtained in
two steps. The first step is to obtain the minimum of the
total deviation variables for the goal considered by the
central manager, which is considered as the first prior-
ity for the problem to be feasible, and then obtain the
optimal solution to this model using the lexicographic
method. The second step is to obtain the weighted sum
of the two next objective functions in order to mini-
mize the desirable output reduction and maximize en-
ergy saving in the optimal solution obtained from the
first step.

Theorem. ij” > 0 is true for all j = 1,..., n that have a
positive Ax..

Proof: Since x> 0 and Ax, > 0 in constraint (9-4),
g9,> 0 is true. On the other hand, based on constraint (9-

6) and the fact that yj_” >0and g9, > 0, we arrive at ij” > 0.

On the other hand, since an undesirable output is
a function of the total desirable outputs, if necessary,
the required changes shall be applied to the totality of
the desirable outputs. Therefore, reducing individual
desirable outputs is not logical, as some of the unde-

sirable outputs may have been out of the acceptable
standard range. For example, the carbon monoxide gas
produced in industrial plants in a geographical region
would cause pollution in that region. However, reduced
pollution may be achieved by a reduction in any one of
the factories, so all factories are not necessarily forced
to reduce their emissions. In this regard, the transfor-
mation possibility set defined in this paper will, in ad-
dition to energy saving, reduce the undesirable outputs
following a minimum reduction in the total desirable
outputs. Therefore, the set F is defined as a transfor-
mation possibility set for the total inputs and outputs
as follows:

Z(x,- —Ax
=

D —Ay9)
Jj=1

Saza 3,
Jj= j=
Z}Ma =3 Z}yﬁj
j= j=

, (10)

> -y
j=1
Ax,
6, = max —7
Xy
o = min 5/
J

Now, by considering a tradeoff of reductions in the
desirable and undesirable outputs and using GP, the
centralized resource allocation model is presented as

follows:
min  Z =) (n+m)+Y.(py+p)+L,  (11)
j=1 j=1
min  Z, =AY*
max  Z;=AX,
s.t.
Z(XU AXU)>ZZ Xirs i=1 ’ -y m, (11_1)
Jj=1 1=l
zcy qu)<zz /yr/a - 7"':s1) (11_2)
Jj=1 j=1 1=1
Z(y,,,—Ay,,,)>zz Dap=1,..5 (11-3)
Jj=11=1
Ax; <6,x;, j=1,.,n, i=1,..,m, (11-4)
DAYE=S Y v r=1, .., (11-5)
. j=1
2 A, =83y,, p=1 (11-6)
Jj=1 Jj=1
6<6,j=1,..,n, (11-7)
AVE2 A, -n, j=1,..,n (11-8)



Ay$ <B +nl j=1,..,n, (11-9)

Ax; 2C,—pl j=1,..,n, (11-10)

Ax, <D +p’, j=1,..,n, (11-10)
YA =ML, (11-12)
Jj=1

X;=Ax; 20, yj —Ay; 20, (11-13)

yi=Ayi =0, j=1,..n,

Ay 20, j= 1,..,n I=1,..p.

Constraints (11-1) — (11-3) in model (8) indicate that
the total reduced outputs and inputs belong to the PPS.
That is to say,

n

Z(xj—ij)

=

D (E-Ay9) |eT
j=1

PN
j=1

and constraints (11-4) — (11-7) indicate that

n

2. (x, —Ax)

=l

D=0 | e F.
Jj=1

In other words, it is guaranteed that the total changed
values of inputs and outputs belong to the transforma-
tion possibility set for all inputs and outputs. Constraints
(11-8) — (11-12) are conditions set by the central man-
ager. The model above is converted to a model under
variable returns to scale (VRS) assumption by add-

ing Z/Ij, =1. The optimal values of model (11) can be
=1
obtained through prioritization.

Lemma 1. Models (9) and (11) are always feasible re-
gardless of the goals set by the manager.

Proof: In Model (9), by choosing Vj,VI 4,=0,
= b — b = 1 — L 1 —
% =087 =y AF =5 m = A, 1 =5 b= G

pj2 =0,L=M, 5,- = (.2 we have a feasible solution to the
model. Similarly, Model (11) is also feasible.

Lemma 2. If the first objective function receives a pos-
itive value in optimality, it means that the goals set by the
manager are unreachable and deviation variables play an
important role in the feasibility.

For the computational comparison of models (5)
and (11), the conditions considered for changes in
the inputs and outputs can be discarded, because in
each problem, depending on the opinion of the cen-
tral manager, these conditions may or may not apply.
When the conditions imposed by the central manag-
er are set aside in both models (constraints (5-7) and
(5-8) in model (5), and constraints (11-8) and (11-13),
then in model (11), we will have only the second and
third objective functions, which are equivalent to both
objective functions in model (5). As can be seen in the
calculations Tablel, model (11) has less computational
volume than model (5).

Tablel.
Comparison of the constraints
of model (5) and model (11)

M(OS[;EI of g:l:ln;thrggnts N(I$ g fl of tml:ln;thrg:nts
(5-1) s,%xn (11-1) m
(5-2) s, Xn (11-2) 5
(5-3) mxn (11-3) s,
(5-4) s,%xn (11-4) (mXn)
(5-5) 5,Xn (11-5) 5
(5-6) mXn (11-6) s,

(11-7) n
Total:  (2s,+2s,+2m)xn| Total. 25+ 2s,+ mn+m +n

Even if the conditions imposed by the central man-
ager are considered the same in each model, for model
(5) to be always feasible, the first objective function of
model (11) must be added to model (5), in which case
since the model is solved by lexicography’s prioritization
method, the computational volume in both cases will be
doubled, which again makes model (11) computation-
ally eco-nomical, especially when the number of units
is significant.

Advantages of model (11) compared with model (5):

1. While in model (5), Ay® = 0 is obtained along with
the reduction of energy, model (11) was changed so that
Ay® can receive a positive value (these have been prov-
en at the beginning of part 2 and the theorem). That is,
model (11) can reduce environmental pollution by re-
ducing energy consumption, while model (5) cannot.



2. Even if the parameters are chosen inappropriately,
the proposed model (11) is always feasible (due to the
existence of deviation variables, while these variables do
not exist in model (5)).

3. Since the undesirable outputs may not be within the
acceptable standard range, Model (11) is not forced to
reduce each desirable output individually. Thus, the re-
quired changes are applied to the totality of the desirable
outputs and inputs.

4. The number of constraints is significantly reduced
in model (11).

3. Numerical example

In this section, we apply Models (9) and (11) to a nu-
merical example for the purposes of analysis. 7able I ex-
hibits a simple data set for six DMUs that produce two
outputs using one input (desirable and undesirable),
which are under the supervision of a central manage-
ment. We solve Model (9) and Model (11) under CRS
and VRS assumptions by lexicography’s prioritization

By solving the model (9), the optimal value obtained
for the first objective function is Z" = 3.16; this means
that the deviation variables have played an important
role in making the problem feasible, and if we did not
consider the problem as a GP, then it would be infeasi-
ble. Table 3 shows the reduced values of inputs and out-
puts, as well as the reduction proportion of each one.
In general, the reduction proportion of inputs is 0.19,
the reduction proportion of desirable outputs is 0.38,
and the reduction proportion of undesirable outputs is
0.75, which shows that overall, the reduction proportion
of undesirable outputs is larger than the reduction pro-
portion of desirable outputs. Table 4 presents the values
allocated to the inputs and outputs (desirable and unde-
sirable) after energy saving and reducing environmental
pollutions for the purposes of providing recommenda-
tions to the central decision maker. Furthermore, the
amount of reduction and the reduction proportion of
inputs and outputs under VRS assumption model (9) are
shown in Table 5.

method. The first objective function is considered as Table 2.
the first priority for the problem to be feasible. In other Input and output data
words, Z" > 0 means that the deviation variable makes for illustrating the proposed models
the problem feasible, and if we had not considered the
problem as GP, then it would be infeasible. The second Unit X yE yb
step is to obtain the sum of the next two weighted ob- A 300 200 200
jective functions in order to minimize desirable output
reduction and maximize input saving in the optimal B 420 3.00 710
solution, which is obtained from the first step. 7able 2 C 2.70 4.00 5.00
shows the input and output data for the 6 DMUs. The D 500 6.00 450
following Tables 3 and 4 provide the results of solving the . 600 400 500
model (9) using Gams software under CRS assumption
and entering the parameters as Aj =0, Bj = 0.6xj, ¢, = 0, F 3.80 2.00 5.00
D =03y", M= 0‘8; . Total 24.7 21 256
Table 3.
Reduction amounts of inputs and outputs
under CRS assumption in model (9)
Reduction proportion
Unit Ax Ay?® Ay®
x y¢ y'

A 0.90 0.60 1.30 0.30 0.30 0.65

B 1.05 0.90 6.05 0.25 0.30 0.01

C 0.00 2.20 410 0.00 0.55 0.82

D 0.00 2.66 2.83 0.00 0.44 0.62

E 1.80 1.20 0.60 0.30 0.30 0.30

F 114 0.60 4.30 0.30 0.30 0.86

Total 4.89 8.16 19.18 0.19 0.38 0.75
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Table 4.
Allocated values for inputs and outputs
under CRS assumption in model (9)
Unit X —Ax yE— Ay® yb _ Ay"
A 2.10 1.40 0.70
B 3.15 210 1.05
C 2.70 1.80 0.90
D 5.00 3.33 1.66
E 420 2.80 1.40
F 2.66 1.40 0.70
Table 5.
Reduction amounts of inputs and outputs
with VRS assumption model (9)
Reduction proportion
Unit Ax Ay* Ay®
x yé y'
A 0.00 0.00 0.00 0.00 0.00 0.00
B 1.05 0.90 510 0.25 0.30 0.72
C 0.00 0.00 0.00 0.00 0.00 0.00
D 0.00 1.80 1.68 0.00 0.30 0.37
E 0.00 0.00 0.00 0.30 0.00 0.00
F 0.80 0.42 3.00 0.21 0.21 0.60
Total 1.85 312 9.78 0.07 0.14 0.38
Table 6.
Reduction amounts of inputs and outputs
under CRS assumption in model (5)
Unit Ax Ay® Ay*
A 0.90 0.60 0
B 1.26 0.90 0
C 0.00 0.00 0
D 0.00 0.00 0
E 1.80 1.20 0
F 1.14 0.60 0
Total 5.10 3.30 0

As can be observed, in some DM USs, the reduction pro-
portion of desirable outputs exceeds the proportion that
was considered, and the reduction proportion of undesir-
able outputs is less than the lower bound that was set. This
is due to the existence of deviation variables that make the
problem feasible. To compare model (9) with model (5),
the results obtained by placing the above parameters in

model (5) are given in Table 6 (we even set the conditions
for Ax to be the same conditions for both models). As can
be seen from the results of 7able 6, the amount of reduc-
tion in the undesirable outputs for each unit is zero. This
is the weakness of the respective model, which does not
allow the reduction of undesirable outputs by reducing
the desirable outputs and desirable outputs of the model.
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Table 7.

Reduction amounts of inputs and outputs
with CRS assumption model (11)

Reduction proportion

Unit Ax Ay* Ay’
x i y'
A 1.80 0.60 2.00 0.60 0.30 1.00
B 0.85 0.90 710 0.20 0.30 1.00
C 0.00 1.20 5.00 0.00 0.30 1.00
D 0.00 1.80 415 0.00 0.30 0.92
E 0.00 1.20 0.00 0.00 0.30 0.00
F 0.00 0.60 0.00 0.00 0.30 0.00
Total 2.65 6.30 18.25 0.10 0.30 0.71

Table 8.

Results of Allocated value
for inputs and outputs
with CRS assumption model (11)

Unit X —Ax yE—Ay® yh—Ay®
A 1.20 1.40 0.00
B 3.35 210 0.00
C 2.70 2.80 0.00
D 5.00 420 0.35
E 6.00 2.80 2.00
F 3.80 1.40 5.00

By solving Model (11), the optimal value obtained
for the first objective function is Z'= 2.23. In general,
the reduction proportion of inputs is 0.10, the reduction
proportion of desirable outputs is 0.30, and the reduc-
tion proportion of undesirable outputs is 0.71 (according
to Table 7).

Table 8 provides the values allocated to the inputs and
outputs (desirable and undesirable) after energy saving
and reducing environmental pollution by considering a
tradeoff of reductions in the inputs and outputs. Now we
analyze our model through a real example of 20 Chinese
regions. The values regarding China’s total fossil fuel en-
ergy consumption (i.e., raw coal, clean coal, briquettes,
coke, coke oven gas, crude oil, gasoline, kerosene, fuel
oil, diesel oil, refinery gas, liquefied petroleum gas and
natural gas), non-fossil fuel consumption, CO, emis-
sions and regional GDP were collected from [46]. These

values are listed in Table 9.

As can be observed in Table 10, Model (11) has
changed a number of inputs and outputs, not necessar-
ily all of them. In general, for a 0.44 reduction in total
energy consumption and a 0.04 reduction in non-fossil
fuel consumption, we will have a 0.62 reduction in en-
vironmental pollution, whereas the desirable outputs
are reduced by 0.30. These results provide important in-
formation to the decision maker, namely to reduce CO,
emission by about 0.62 through saving energy in fossil
fuel energy consumption by 0.44 and saving energy in
Non-fossil fuel energy consumption by 0.04. This re-
duces the desirable output (GDP) by 0.30.

Conclusion

Controlling the pollution from manufacturing in-
dustries in developed and developing countries has be-
come a common concern among researchers and gov-
ernments. The use of DEA-based models as a powerful
tool in problems of pollution reduction and energy con-
sumption has attracted the attention of researchers. This
also relates to the allocation of resources in organiza-
tions that have a central decision maker, such as the
Ministry of Health, the Ministry of Education, and the
World Health Organization, which are able to imple-
ment policies for their subdivisions. In these systems,
the central manager is interested in evaluating all units
individually at the same time, so that total input con-
sumption is minimized or total desirable output produc-
tion is maximized, or to achieve two or more goals as
multi-objective functions. When energy consumption is
reduced, it will affect both the desirable and undesira-
ble outputs. Regarding environmental pollution control
policies, if energy storage does not lead to a reduction in
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Table 9.

The data set are compiled from 30 regions of China in 2005 [51]

Total fossil fuel Non-fossil fuel

GDP (billion RMB

€O, emissions

Unit Energy consumption consumption at 2005) Z
(million tce) (million tce) (million tce) (million tone)
1 95.2 2.6 697.0 110.5
2 42 0.5 390.6 99.3
3 1975 37 1001.2 507.1
4 123.1 1.8 4231 3071
5 9.4 1.2 390.5 266.5
6 146.9 43 804.7 334.2
7 59.6 3.8 362.0 162.7
8 80.3 2.7 551.4 172.2
9 80.7 14 924.8 179.7
10 169.0 2.1 1859.9 425.0
11 120.3 141 13418 254.4
12 65.2 1.0 535.0 162.7
13 61.6 10.3 655.5 133.4
14 429 815 405.7 104.1
15 236.1 2.6 1836.7 579.3
16 146.3 3.0 1058.7 337.2
17 98.5 1.3 659.0 197.2
18 91.1 10.9 659.6 191.6
19 177.7 195 2255.7 352.8
20 49.8 8.5 398.4 1121
Total 2139.4 108.8 17211.3 4989.1

environmental pollution, this indicates that the model
has a weakness and needs to be modified. A model had
already been proposed that did not reduce environ-
mental pollution by reducing energy consumption, and
hence, we modified the model to reduce environmen-
tal pollution. Depending on the decision of the central
manager to adopt a policy based on energy saving and
reduced environmental pollution emissions, in this pa-
per we developed two new general centralized resource
allocation models that the manager can choose from.
The first model is modified such that Ay’ can receive a
positive value and become feasible. The second model
is defined based on the idea that the required changes
should be applied to the totality of the desirable outputs.

It is not logical to reduce individual desirable outputs, as
the reduction of undesirable outputs may not be within
the acceptable standard range. In each of the presented
models, the undesirable outputs are changed by a larger
proportion than the desirable outputs. We added goal
programming to the problem so as to prevent the in-
feasibility of the problem. We also analyzed our model
through a real example of 20 Chinese regions. The re-
sults showed that the proposed methods significantly re-
duced the CO, emissions compared with the competing
model. These models can be effective in preventing en-
ergy waste and protecting the environment. The second
EU (European Union) clean air outlook report looks at
the prospects for EU member states’ air quality up to
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Table 10.

Results of Allocated value for inputs and outputs with model (11)

Allocation value

GDP (billion RMB
at 2005)

Non-fossil fuel
consumption

Total fossil fuel
Energy consumption

Reduction proportion

CO, emissions

(million tce) (millontce) | (milliontce) | (Milion tone)
1 2 1.04 490 0.00 0.59 0.60 0.30 1.00
2 16 035 270 0.00 0.60 029 0.30 1,00
3 79 148 700 0.00 0.60 0.60 0.30 1.00
4 49 180 300 0.00 0.60 0.00 0.30 1,00
5 39 0.48 270 0.00 0.60 0.60 0.30 1.00
6 59 430 560 059 0.59 0.00 029 1.00
7 24 380 250 0.00 0.60 0.00 0.30 1.00
8 3 270 390 0.00 0.59 0.00 0.30 1.00
g 32 140 650 0.00 059 0.00 0.30 1.00
10 68 210 130 0.00 059 0.00 0.30 1.00
1 48 141 940 0.00 059 0.00 0.29 1.00
12 % 10 370 0.00 059 0.00 0.30 1.00
13 25 103 655.5 0.00 0.60 0.00 0.30 0.69
14 17 350 460 104.1 0.60 0.00 029 0.00
15 190 260 280 5793 0.20 0.00 0.30 0.00
16 59 3.00 130 3372 0.60 0.00 0.30 0.00
17 39 11.30 740 1972 0.59 0.00 0.30 0.00
18 36 10.90 460 1916 0.60 0.00 0.30 0.00
19 7 1950 1600 352.8 0.62 0.00 0.30 0.00
20 20 8.50 280 1121 0.60 0.00 0.30 0.00
Total 0.44 0.04 0.30 0.60

2050. According to the European Commission targets,
by 2030, the amount of greenhouse gases in EU member
states will be reduced by 55% compared with 1990 [47].
To achieve this target, manufacturing industries in the
EU must purchase permits to produce a certain amount
of greenhouse gases. Any industrial unit that produces
less harmful gas than its allowed amount can sell its re-
maining permits to other units and benefit from it. Any
plant that produces more harmful gas than its allowed
amount will have to buy more permits. In other words,
there is a trade-off between industrial units. Therefore,

the authors suggest the model presented in this paper to
reduce pollution in industrial units under the supervi-
sion of the EU. The total amount of permits issued can
be considered as the amount obtained after reallocation
for environmental pollution in model (11). This means
that the allowable amount of pollution considered for all
industrial units should be equal to the allocated amount
of undesirable outputs from model (11), and the same
number of permits should be issued. Furthermore, the
proposed models are applicable to any similar system to
reduce pollution and save energy. B
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AHHOTANMA

B Hacrosiee BpeMsl ypoBeHb 3arpsi3HEHMsT OKpYXKalollleil cpebl 3acTaBisieT MPaBUTEIbCTBA 3ayMbIBAThCS
00 sHeprocOepexXeHNN M COKpAIeHWM HEeraTUBHOTO BIWSHUS Ha Mpupomy. HekoTopbIMu ucciemoBatensiMu
pa3paboTaHbl MOIENN pacIpenesieHus peCypcoB B BUIe MHOTOLIEJIEBOTO JIMHEHHOTO MPOrPaMMUPOBAHUS, YTOOBI
yIeNsATh OOJbllle BHUMAaHUSI dHEProcOEepexeHUI0 M CHUXEHUIO 3arpsi3HEHUsl oKpyXarwoleil cpenbl. B To ke
BpeMsi sHeprocoepexxeHre NMPUBOAUT KaK K XelaeMbIM, TaK U K HeXeJaTeJbHbIM pe3yibraTaM. st CHUXeHus
HexenaTeJbHBIX Pe3yJIbTaTOB IHEeprocoepexxeHus B JTaHHOU CTaThe Mbl IPUBOAUM apryMEHThI, TOATBEPXXAAIOLINE
HENPUMEHNUMOCTD CYIIECTBYIOIINX Moaeneil. Llepio cTaThu siBisieTcsl pa3paboTKa MOJEIN, OCHOBAaHHOM Ha aHAJIN3€
cpennl dyHkmoHnpoBanus (data envelopment analysis, DEA), kotopast mpuBenra 661 K CHIDKEHUIO 3aTPSI3HEHUS
3a CYeT 9KOHOMUM dHeprun. bonee TOro, MOCKONIBKY HEXeNaTeNbHBIM Pe3ylbTaT paccMaTpuBaeTcsl Kak MyHKIIUS
O0IIMX >KeJTaeMbIX DPe3ylbTaToB, TpeOyeMble M3MEHEHUs AOJKHBI ObITh HampaBieHbl Ha OOIIMe XeJaeMble
pe3yabpTathl, 6€3 HEOOXOAMMOCTY YMEHBIIEHUST KaXI0To U3 XeJlaeMbIX pe3yJIbTaToB B OTAEIbHOCTU. B pesynbraTte
MpeUIoKeHHas MOJIe/ib, OCHOBaHHAs Ha 1IeJIeBOM MporpaMMupoBaHuu (goal programming, GP), ucnonbs3yercs B
NBAAUATUA Pa3IUYHbIX pernoHax Kutas. Pe3ynbTaTel, OJydeHHbIE C TOMOIIBIO MOIEIU, MOKA3bIBAIOT, UTO IO
COKpAIIlEeHUsT OOIINX BHIOPOCOB 3arpsI3HSIONINX BEIIECTB B OKPYXAIOIIYI0 CPENy B COOTHOIIEHUU C SKOHOMUEH
SHepruu ObUIa OOMbIIIE, YEM 10 COKPAIIEHUST OOIINX KeJTaeMbIX Pe3yIbTaTOB.

KunroueBbie ciioBa: pacripenesieHue pecypcoB, aHaIu3 cpelibl GDYHKIIMOHUPOBAHHUSI, SHEProcOepexXeHue, 3arpss3sHeHIe
OKPYXKAaIOILEN CPEIbl, KeIAEMBbIil PE3YJIBTAT, HEXEIaTeIbHBIIA pe3y/IbTaT

IMurupoBanue: Madadi S., Hosseinzadeh Lotfi F., Fallah Jelodar M., Rostamy-Malkhalifeh M. Centralized resource
allocation based on energy saving and environmental pollution reduction using data envelopment analysis models // Business
Informatics. 2022. Vol. 16. No. 1. P. 83—100. DOI: 10.17323/2587-814X.2022.1.83.100
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