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AHHOTAINA

Bsedenue. B nocnenHee BpeMsi MCIO/Ib30BaHIE HEYETKO JIOTUKI MIVIPOKO
peanu3syeTcs Py pellieHNN PasINIHbIX 3a/jad SKOHOMIYECKIX NCCTIe[0Ba-
HMIL, BK/II0Yasl TEOPETUYECKNI AHA/INS PAa3BUTHA PECYPCHON 3aBUICUMOCTH
SKOHOMIVIKV], Vi3yJeHVe THHOBAIMOHHBIX IIPOIIECCOB B SKOHOMIKE PECYPCHOTO
Tuma. Lenv. AHanm3 3aBUCUMOCTY IPOMBIIIIEHHOTO 3/IEKTPONOTpe6eH st
OT Pas/IYHbIX COLVATbHO-9KOHOMIYECKIX (PaKTOPOB METOIOM HEYETKOTO
MOJENMPOBaHMs. DTOT METOR, 0COOEHHO XOPOIIO MOAXOANUT IS MOJE/N-
POBaHNA IVIOXO OIPee/IeHHBIX CYICTEM, B KOTOPBIX CYIIECTBYeT 3HAUNTENb-
Hasl HeOIIpefelleHHOCTb OTHOCHUTETbHO IIPUPOJBI M IMaNla30Ha K/TI0UEBBIX
BXOJHBIX IIe€peMEHHBIX ¥ OCHOBHBIX B3aVIMOCBsA3€I MeX/y HUMIL. Takoit cu-
CTeMOII ABJIAETCA 9KOHOMMKA Poccyy B epyoy; Ha/lo)KeHHBIX Ha Hee CaHK-
LVIT CO CTOPOHBI HE[PY>KECTBEHHBIX TOCYRApCTB. Mamepuanvi u memoobi.
B pabore npumeHsIICh METOIbI HEYETKOTO MOAEIMPOBAHYIS M MALIVHHOTO
06y4ens1. [l oT6opa IPeRUKTOPOB U AJIs1 CPAaBHUTEIBHOTO aHAJIM3A VIC-
II0/Ib30BAJICSI AITOPUTM CITy4aifHOTO 7eca. Pesynmvmamot. Pe3ynbrarsl He-
YeTKOr0 MOJIeTVPOBAHMS CPAaBHMBAIVCD C Pe3yAbTaTaMM, OTyYeHHbIMNI
IIpY MOJIeNVMPOBAHNI aHA/IM3UPYEMOI 3aBUCYMOCTH C IIOMOIIIBI0O MHOXKe-
CTBEHHOII perpeccyy 1 Ipy IPYIMEHEeHNI METOfIa CITyYaifHOT O J1eCa, UCTIONb-
3YIOIETO PeTPeCcCHOHHbIE IePeBbA PeleHN I K NCCIefyeMbIM faHHbIM. [To-
Ka3aHO, YTO MOJIeMMPOBAHNME JCCENYeMON 3aBUCHMOCTH IIOCPEACTBOM
He4yeTKOJ MOJENV B YCTIOBUAX HEOIpeNielIeHHOCTY ABMAeTcA Oonee afiek-
BATHBIM 110 CPAaBHEHMIO C MOJE/TVPOBAaHIEM aHA/IN3MPYEMOI 3aBUCYMOCTH
C IOMOIIBIO PErPeCCUOHHBIX METOZIOB (BK/II0YAsA METOJ, CTy4aliHOTO JIeca).
Buvi600vt. PaspaboranHas HedeTKast cucTeMa (CrcTeMa HEYETKOTO JIOTYe-
CKOTO BBIBOJIa) MOXKET MCIIOIb30BaThCA 1A MICC/IeOBAHYIA BIVAHNA U3Me-
HeHWs1 TI060ro BXOZHOro (hakTopa miv KoMOuHaym GakTopoB Ha M3MeHe-
Hyie IIPOMBILIIEHHOTO 371eKTpOorIoTpe6ieHyst. C IIOMOIIbIO HEYETKO CCTEMBI
MO>KHO BBISICHITbD, HACKOTIBKO M3MEHWTCS IIPOMBIIIIEHHOE 3/IEKTPONIOTPe6-
JIeHMe TIpY pa3MeleHN IIPOV3BOICTBEHHbBIX MOITHOCTEN B OIpe/ie/IeHHBIX
PervioHax, Wiy IPOaHaIN3MPOBATh 11e/IeCO00PASHOCTD TAKOTO PasMeLeHIs,
CBSI3aHHOTO C Ha/IM4/eM TPYHOBBIX pecypcoB. MOXXHO TaKXXe MCCIeJOBATh
M3MeHEeHVIe IIPOMBIIIEHHOTO 3IeKTPOIIOTPeOIeHNS IPU M3MEHEHNIL YIC-
JIEHHOCTY 3aHATHIX, CBA3aHHOM C OTTOKOM TPY/IOBBIX PECypPCOB.
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Abstract

Introduction. Recently, the fuzzy logic method has been widely implemented in
solving various problems of economic research, including theoretical analysis
of the economy and its resource dependence, the study of innovative processes
in a resource-type economy. Purpose. The purpose of the research is to analyze
the dependence of industrial power consumption from various social economic
factors with the fuzzy modeling method. This method is particularly well suited
for modeling ill-defined systems with the significant uncertainty about the nature
and range of key input variables and the underlying relationships between them.
This system could be illustrated by the economy of modern Russia at the time
of sanctions imposed by unfriendly states. Materials and methods. The work refers
to fuzzy modeling and machine learning methods. A random forest algorithm
was used to select predictors and for comparative analysis. Results. The results
of fuzzy modeling were compared with the results obtained by modeling the
analyzed relationship with multiple regression, and with the results obtained by
applying the random forest method with regression decision trees to the data
under study. Fuzzy logic-based modeling of the above-described dependence in
the context of uncertainty is shown to be more adequate compared to regression-
based modeling (including the random forest method). Conclusion. The proposed
fuzzy system (fuzzy inference system) can be used to study the influence of
changes in any input factor or their combination on changes in industrial power
consumption. The fuzzy system could reveal how much various production
locations could change industrial electricity consumption or analyze the feasibility
of alocation in terms of access to labor resources. It is also possible to study how
much the number of employees associated with the outflow of labor resources
could change industrial electricity consumption.
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BBEJEHWUE

B nocnenHee BpeMsA MHCTPYMEHTapuil He-
9YeTKOJ JIOTMKM BCe Yallle MICIIO/Ib3yeTCA B 9KO-
HOMMYECKUX UCCIENOBAHUAX, B YaCTHOCTY JIJIA
MOJIePOBaHMsA U IPOTHO3MPOBAHUS 3KOHO-
MMYecKux mnporeccoB. IIpumenenne ammapara
HEeYeTKOJ IOTMKY HIMPOKO peann3yeTcs Ipu pe-
IIEHNM Pa3/INYHbIX 3a7lad S5KOHOMMUYECKUX JC-
C/IelOBaHMII, BK/IIOYasA TEOPETUYECKUI aHaIu3
Pa3BUTHA PECYPCHOI 3aBUCMOCTY 9KOHOMUKI,
M3y4eHle VIHHOBALVIOHHBIX IIPOLIECCOB B 3KO-
HOMIMKE PECYPCHOTO TUIIA ¥ IIOCTPOEHME pas3/iny-
HBIX IIPOTHO30B 9KOHOMUYECKOTO pasBuTus [1].
Ita Teopus MO3BOIsAET OOBETUHUTD KOTNYECT-
BEHHbIE U KaYeCTBEHHbIE CBOJICTBA 0OBEKTA MO-
IeNpOBaHNs, a TAKXKe IIOIyYUTDb pelleHye pas-
JIMYHBIX CMEXKHBIX 3a/1ay HA OCHOBE OHOI 6a3bl
3HaHUII ¥ 00y4eHNsI HeYeTKMX MOJIesIelt, 4To JlaeT
BO3MO>KHOCTb ITOBBICUTH TOYHOCTD U JOCTOBEP-
HOCTb Pe3y/IbTaTOB.

B sxoHOMIKe, KaK U B /1100071 IPYTOii COIN-
QIbHOIT HayKe, HeM30e)KHbI OIIeHOYHBIE CYK/IeHVS
OTHOCUTE/IbHO MeTofia. Hanpumep, oiHO 13 Takmx
CY>KJI€eHMII 3aK/II0YA€TCA B TOM, YTO HEOK/IacCH-
9JecKye MOJIE/IN PallYiOHa/IbHOTO MOTYT a/IeKBaTHO
OIIVICBIBATh 9KOHOMMKY, HO HY>KAIOTCS B [IOTIO/I-
HUTENbHBIX Moaudukanusax. Takum obpasom,
MOXXHO YTBEpPKJaTh, YTO 9KOHOMMYECKas IT0Be-
IoeH4ecKas MOJe/lb, OTKPbITas Ji/I1 HEOPTOJOK-
CaJIbHBIX ITOJIXO/IOB, Oy/IeT IVIOJJOTBOPHOM B TeX
CITy4asix, KOT/Ia MOJe/NpyeMble ABJIEHUS OIlpe-
IeNSI0TCA KaK HeveTkue. TpaguunoHHO dop-
MaJibHble (HO HEeSIBHO — U BepOanbHbIe) 9KOHO-
MIYECK€ MOJEIN VICIO/Ib3YIOT KIACCUYECKYIO
MaTeMaTVKY, OCHOBaHHYIO Ha OMIHapHOII JIOTHKe.
B pamkax a1oit popManbHOI CTPYKTYpPhI 97IEMEHT
760 IPUHAISKUT OIpeie/IeHHOMY MHO>KECTBY,
60 HeT. TpeTbert BO3MOXXHOCTY He CYIIIeCTBYeT.
Ho oHa mosBnsercs npy Haauuuy pasMbITON
CBSA3M 97IEMEHTA C MHOXKECTBOM, 4TO ¥ peansy-
€TCsl B paMKaX HeUeTKO IOTUKHA.

Oco0eHHO aKTyalTbHBIM SABJISIETCS IIPYIMEHe-
HJI€ METO/I0B HEYETKOJ JIOTUKM, HapsA4y C MaIllVH-

HBIM 00y4eHeM, B 9KOHOMeTpuKe. Tpagnumon-
Hble 9KOHOMETPUYeCKIie MO OOBIYHO TIpef-
I10JIaTaloT, YTO B3aVMOCBA3U MEX/Y 3aBUCHMbIMU
Yl He3aBUICUMbBIMMY IIePeMEHHBIMU ABJIAITCA JIN-
HelHbIMU. B peanbHOCTM MHOTME 3 OCHOBHBIX
B3aVIMOOTHOILLIEHNII MEX/y 3/IeMEHTaMI 9KOHO-
MMYECKOJ CUCTEMBI, BEPOATHO, ABJIAITCA HETN-
HellHbIMU. B HacTos1Iee BpeMsa METO/bI OLJ€HKI
IIapaMeTPOB HEIMHEIHBbIX 5KOHOMETPUUECKUX
MoJieJIeN JOCTaTOYHO XOPoLIO pa3BuUThL. [loaToMy
MEeTO/IbI HeYeTKOJI IOTMKM ¥ MAIIMHHOTO 00Yy4e-
HUS MOTYT JOIONIHATD ¥ YTOYHATD Pe3y/IbTaThl,
IIOTy4€HHbIE 9KOHOMETPUYECKMMU METOJAMMU.
Kpowme Toro, cinenyer umMeTb B BUJy, YTO T€Ope-
TUYeCKMe KOHIIENIINN, AeKale B OCHOBE dM-
NVPUYECKUX MOJIETIEN, YacTO IIOXO OIpefie/IeHbl
Y MO>KET BOSHUKHYTD HEOIIPEMIEIEHHOCTb B OTHO-
IIIeHNM TOYHOT'O 3HaUeHMs U [A1Malta3oHa KiIoJe-
BBIX BXO/IHBIX IIepeMeHHbIX. B aToM cimy4ae nc-
IMO/Ib30BaHMe HEYETKON JIOTMKM UM MallMHHOTO
o0yueHMs Oyger 6osiee MPeAIIOYTUTE/TbHBIM.

Opna n3 1eneit JaHHO CTaTby — IPOJEMOH-
CTPUPOBaTh, YTO OINMCAHHbIE TPOOIEMBI B 9KO-
HOMEeTPUKe MOXXHO 3P (DEKTUBHO peliath C mo-
MOIIBIO ITPOLEYPhI MOJIETMPOBAHM A HAa OCHOBE
HEYeTKOI IOTUKIU. ITOT METOJ, 0COOEHHO XOPOIIIO
IIOAXOJUT [/ OLIEHKU IIJIOXO OIPefle/IeHHbIX CU-
CTeM, B KOTOPBIX CYLIECTBYET 3HaYMTeIbHas He-
OIIPefe/IEHHOCTb OTHOCUTE/IBHO IIPUPOJIBI U I~
I1a30Ha K/IF0YEBbIX BXOJHBIX [IEPEMEHHBIX Y OCHOB-
HBIX B3aIMOCBs3€il MeXly HMMU. TaKoii cucre-
MOV AIBJIAE€TCA SKOHOMMKA COBpeMeHHOoI Poccun
B I1€PYOJ, HAJIOXKEHHDBIX HAa Hee CAaHKLMII CO CTO-
POHBI HEJIPY>KECTBEHHbBIX IrOCyfapcTB. C HEKOTO-
PO oJ1el YCIIOBHOCTY IIPYMEHEHN e METO/ja He-
YETKOI1 JIOTVKY [/ MOJE/IVPOBaHA B3aIMOCBS-
3ell MEeXXJy IIepEMEHHBIMI MOXXHO CYUTATh OJHUM
113 METOJJOB HellapaMeTPUYeCcKOl OLI€HKN perpec-
CUOHHBIX 3aBUCUMOCTEIT.

B naHHOII cTaThe paccMOTpeHHBIE TPOOTIEMBbI
pelIalTCs Ha IpuUMepe MOCTPOEHM S HEYEeTKOM
CHICTEMBI, MOZEIMPYIOLEN 3aBMCMOCTD ITPOMBIIII-
JIEHHOTO 3/IEKTPOIOTPeOIEHNs] OT PasINMYHbIX
COIVIAJIPHO-9KOHOMIYECKIX (paKkTopoB. Pesyb-

' Ecnu oTBnedncs or aKTa, YTO MbI OIIEPUPYEM HE€ CTOXACTUIYCCKMMMU, 4 HCUCTKVMU II€PEMEHHbIMIL.
!
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TaThl HEYETKOTO MOJIEMPOBAHMS CPAaBHUBAKOTCS
C pe3y/bTaTaMy, OTy4YeHHBIMI IIPY MOJIETTNPO-
BaHMY aHAIV3VMPYEMOI 3aBUCYMOCTY C IOMOIIBIO
MHO>KeCTBEHHOJI PErpeccuit, i € pe3y/ibTaTaMi,
IIO/Ty9eHHBIMY NPV IPYIMEHEHVI MeTOfIa CITyJari-
HOTO JIeca, VICIIO/Ib3YIOIIeTO PerpecCOHHBIE Jie-
PeBbs pelIeHN ], K MCCIelyeMbIM JaHHBIM. Paspa-
OoTaHHas HeyeTKas CucTeMa (CucreMa He4eTKOTO
JIOTMYECKOTO BHIBOJIA) MOYKET MCIIOTb30BATHCA /IS
V3Y4YeHV BIVISTHVS MI3MEHeH Vs JTI000T0 BXOHOTO
¢dakropa wm KoMbuHaI MM GaKTOPOB Ha M3Me-
HeHIe TIPOMBILIIEHHOTO 37IeKTPONOTpebIenHus,
YTO U AB/IAETCA TIABHOI 1I€/IbI0 MCCIETOBAHMS.
[Tpu aToM paboyasi TMIIOTe3a HACTOSILEN CTaTh!U
3aKJII0YaeTCs B YTBEPIKeHNM, YTO MOJIe/IPOBa-
HYe MCCTIeAyeMOll 3aBUCHMOCTY IOCPENCTBOM
He4yeTKOJ MOJIe/IU B YCTIOBMSX HeOIIpefe/IeHHO-
CTH SIB/IsIETCs OOJIee afleKBaTHBIM 110 CPaBHEHMIO
C MOZIeMPOBaHMEeM aHAINM3VPYEMOIl 3aBYCMO-
CTU C TIOMOIIIBIO PETPECCMOHHBIX METO/IOB (BKITIO-
Jasi MeTOJ| CITy4aifTHOTO JIeca).

Bei6op o6bekTa mccnenoBanms 00ycnoBieH
TeM, YTO 3JIEKTPOIHEPreTUKa SIBJISAETCS 0CO00I
OTPaC/Ibi0 POMBILIIEHHOCTH, OTIpefesIolei
pa3BUTIE TEPPUTOPUIL CTPAHBI, OCYIL[ECTB/ISIEMOE,
B YaCTHOCTH, cormacHO CTpaTernn mpoCcTPaHCT-
BeHHOTO pasButusa Poccuiickoit @epepanyn. bes
3/IEKTPOIHEPTUN B COBPEMEHHOM MUpPe HEBO3-
MO>KHO CyIIeCTBOBaHMe IPOMBIIIIEHHOTO IIPO-
u3BozicTBa. Ee eyt npuBOANT K yBeTMYEHIO
IIOTEPb B 9KOHOMIKE, POCTY Tapu(OB, CHYKEHUIO
VHBECTUI[MIOHHO TIPUB/IEKATeIbHOCTU TEPPUTO-
pUIi i1 pasMeleHNsl Ha HUX HOBBIX IPOMBIIII-
JIEHHBIX 0OBEKTOB.

B JaHHOM MCCIeOBaHUY peannsyeTcs TpeX-
aTanHas nponenypa. Ha nmepsom aramne nponcxo-
IUT OTOOP SMIIMPUIECKUX TaHHBIX (PaKTOPOB),
B HaMOOJIbIIIell CTeNIeHN CBSI3aHHBIX C 3/IEKTPO-
notpebsIeHNeM, C IOMOLIBIO A/ITOPUTMA CTy4aii-
Horo sieca. Ha BTOpoM a3Tame CUMHTe3MpPYIOTCS
HevyeTKye IpaBuIa U3 OTOOPaHHBIX SMIIMpPUYe-
CKVIX JJaHHBIX C IOMOIIBIO CYOTPaKTMBHOI KyIa-
crepusauuy. Ha TpeTpem 3Tame HPOMCXORUT
HACTPOJIKa IapaMeTPOB HEYETKON MOJeN I10-
Cpe[iCTBOM afIalITUBHBIX HEPOHHBIX CeTell He-
yeTkoro BbiBofia (ANFIS-anroputm) [2; 3]. bo-
Jiee OApPOOHO Ipoliefypa OIMCaHa B pasfere
«MeTopyKa 1 TaHHbIE».
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OB30OP JINTEPATYPbI

KpaTtkuit 0630p ucTopuy BOSHUMKHOBEHWsI
HeJeTKO1 JIOTMKY IIpefcTaByieH B crarbe [4]. Ilo-
Ka3aHo, 4TO IIMPOKOe IpUMeHeHNe HedeTKas
JIOTVIKA HAaXOJUT B CTIEAYIONNX 06/IaCTSIX 9KOHO-
MUYECKVX VCC/IEOBAHMIL: TIPY OLleHKe Pa3BUTH
OTpacyelt 9KOHOMUKM, B CTPaXOBAHUM, TIPK TIOf-
Ilep>KKe IPUHSATHS PelieHNn, MOJie/IPOBaHNN
9KOHOMMKM PETMOHOB 1 CTPaH, IPOrHO3MPOBa-
HVM U T. /I. B yKasaHHOI paboTe fenaeTcs BHIBO,
YTO MHO>KECTBO 9KOHOMIYECKIX MCCIeOBAHNMIA,
VICITOIB3YIOIMX IIPEUMYIecTBa HEYEeTKOI JI0-
TVIKY, CBUJIETENIBCTBYET O €€ IIPUMEHMMOCTH ISl
VI3YYeHMsI CAMBIX Pa3lIMYHbBIX ACIIEKTOB 9KOHO-
MIYECKOTO PasBUTHA.

Heuverkast 10rnKa B KOHTEKCTE 9KOHOMIYe-
CKMX JICCTIEOBAHMII MCIIONb3YeTCsI BO MHOTUX
paborax. Hanpumep, B craTbe [5] npencraBnen
HOBBIIT CIIOCO0 M3MepeHNsT KOHBEPTeHIUY Bpe-
MEHHBIX PALOB C IPUMEHEHNEeM MeTo/a HedeT-
Kol1 Kknacrepusauyy C-cpeguux. Heuyetkas rpym-
IMPOBKA TaHHBIX flaeT OoJiee SICHOe pefCTaBIe-
HIle O TOM, YTO Pa3HMI[Aa B pe3yabTarax Oymer
CXOJIUTHCS B TPYIIIAX.

B paborte [6] paccMaTpuBaeTcs UCIOIb30Ba-
HIle HEYETKOTO MOJENMPOBAaHUs B KOHTEKCTe
9KOHOMETPUYECKOTO aHalM3a KakK BPeMEeHHbIX
PSI/IOB, TaK M IEPEKPECTHBIX JAHHBIX U [JEMOH-
CTPUPYETCsI IIOTyTIapaMeTpIyecKas MeTOO0/IOTHS
UAEeHTUDUKALNN M OLEHKY MO/, OCHOBaHHAs
Ha aITOPUTMe HedeTKolt Knacrepusarym C-cpef-
HUX 1 nogxope Takaru — Cyreno [7] x Mmogenu-
POBaHMIO HEYETKMX CUCTEM. JTa METOHOIOTH
VICK/TIOUNTE/IBHO TMOKa 1 obecIieurBaeT yIoOHbII
MeTof;, PabOTHI C HeNMMHENHBIMI MOJeTISIMU 60Ib-
IIMX pasMepHOCTeil. B 9TOM OTHOLIeHMHM OHa
VIMeeT sIBHbIe TeOPeTHYeCcKye [IPEVMYILeCTBa IIe-
pen HemapaMeTpU4ecKo ALEpPHON perpeccueit.
O6Hapy>keHO, YTO ITY MPEVMYIECTBA TaKXKe CO-
XPAHSIOTCS AMIVPUYECKN C TOUKY 3PEHMsI COTvIa-
CUs B psifie 9KOHOMUYECKUX IPIUTOXKEHMIL.

Cratbs [8] mocBsiiieHa MPOrHO3MPOBAHNUIO
CIIpoca Ha BO3AYIIHBI TpaHcnopt. Obiee KO-
JINYEeCTBO MACCAKMPOB UCIONB3YeTCsI B KauecTBe
nokasatesns cripoca. OfHaKO BpeMeHHbIe PsfIbI
KOJIYeCTBa aBUANACCAKUPOB OOBIYHO VMMEIOT
CTIO)KHOE [IOBefIeHNe 113-3a X HEPaBHOMEPHOCTI,
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BBICOKOJI BOJIATV/IBHOCTY M Ce30HHOCTU. B pa-
6ote [8] mpeparaeTcst HOBBIN, TMOPUITHBIN TTOJI-
XOJI, COYETAIOIVI aHA/IM3 CUHTY/ISIPHOTO CIIeKTpa
(SSA), cucremy He4eTKOTO BBIBOZIa Ha OCHOBE
agantuBHON cetn (ANFIS) u yrIydiIeHHYIO OII-
tumusanno (IPSO) st KpaTKOCPOYHOTO IMPO-
THO3MPOBAHM S TACCAKMPOINIOTOKA. Airoput™M SSA
VICTIO/Ib3YeTCs /IS BBIABJICHMSI TEHIEHIVI 1 Ce-
30HHOCTM CIIpOCa Ha BO3JYIIHble IEPeBO3KM,
a TEXHOJIOTMY MICKYCCTBEHHOTO MHTEIIEKTA, BKITIO-
vasg ANFIS n IPSO, npumeHso0Tcs st 60pbObI
C €er0 HepaBHOMEPHOCTBIO U BOMATV/IBHOCTBIO.
[annble 06 aBuanaccaxxupax ['oHkoHra cobnpa-
I0TCS IS CO3[JaHVs Y IPOBEPKU MOJEN IIPO-
THO3MPOBaHVI. OMIMPIYECcKe Pe3y/IbTaThl ICHO
yKa3bIBaIOT Ha OTPOMHBIN IIOTEHIIATT, KOTOPBIM
obrafaeT IpepIaraeMblii IOAXO0/, K IIPOTHO3MPO-
BaHIIO CIIPOCA Ha BO3JYIIHBIN TPAHCIIOPT, U €T0
MO>KHO PacCMaTpMBaTh KaK >KM3HECIIOCOOHYIO
aJIbTepHATUBY.

B pabore [9] ncnonpsyercs KoHIENIMs He-
YeTKOJI JIOTMKM I OIIpefeNeHNs YPOBHSA KO-
HOMMYECKOTO pa3BUTIsA M000¥1 cTpaHbl. Heyerkas
JIOTMIKA — V[Jea/IbHbII MTHCTPYMEHT /I pelleH s
PAaCIUIBIBYATHIX, IVIOXO CTPYKTYPUPOBAHHBIX U He-
OIIpefie/IeHHBIX CIjeHapyueB, KOTOpPble MO>KHO
BCTPETUTD KaK B cepe OM3Heca, TaK 1 B 9KOHO-
MIIKe. ITO OCHOBHAsI IPMYVHA, II0 KOTOPOJI B yKa-
3aHHOM JICCTIEJOBaHUY UCIIO/Ib3yeTCs HedeTKas
noruka. [IpyMeHsI0TCS NATh BXOHBIX IlepeMeH-
HBIX, 2 IMEHHO: YVICJIEHHOCTDb HaCeleHNs, Bajlo-
BOJI BHyTpeHHUI mpoAykT (BBII), ypoBeHs 6e3-
paboTuIbI, YPOBEeHb MHQIALNY, TEMIIBI POCTa
IIPOMBIIIJIEHHOTO NPON3BOJACTBA. [lomydeHHbIi
9KOHOMIYECKUI YPOBEHb CPAaBHUBAETCS C PaHee
VICHIO/Ib30BAaHHBIM METOJIOM CPaBHUTETBHOTO aHa-
nmn3a. OTMernm, 4To B paborte [9] HedeTKmit 10Tn-
JeCKMiT BBIXOJ] OCYILeCTBILA/ICA 6€3 00ydeH s 9KC-
IIepMMEeHTa/IbHO BBIOOPKY rtocpepctBoM ANFIS-
anropuT™Ma 1 6e3 000CHOBAHHOTO BBIOOPA JAHHBIX.

B craTpe [10] Ha OCHOBe M3BECTHBIX OA30BbIX
IIOIXO[I0B paspaboTaHa mponenypa Gpopmanmusa-
LU aHa/M3a aJbTePHATVB HAa OCHOBE IIPEuMY-
1I[eCTBEHHO Ka4eCTBEHHOI ICXOLHO MHpOpMa-
uuu. B pesynprare BbIsABI€HA NPUOPUTETHOCTD
AvBepcuUKaLY IePBIYHBIX SHEPTOHOCHUTEIEN
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U1 obecriedeH s TI0/Ie3HO SHeprueil IoTpedu-
tenteit SImana. Takum BEIOOPOM SHEPTOHOCUTENA,
COIVIACHO IIPOBEIEHHOMY MOZIETBHOMY 9KCIIepPU-
MEHTY, 0Ka3a/IoCh IIPeIIOYTeHe aTOMHOJ SHep-
ruy. BxrroyeHre MeTozia HEYeTKMX MHOXKECTB
B MOJ]€/IbHO-METO[JYeCKII alapaT MHOTOKPU-
TepUATBHOTO BEIOOPA BO3MOYKHO ¥ B OTHOILIEHUI
KOMOVHVPOBaHHBIX BapuaHTOB. Pe3ynbrarsl pa-
00TBI MOTYT OBITH MICIIOTIb30BAHBI PV TIOATOTOBKE
KOMIUIEKCHBIX CTPAaTernil ¥ CXeM pasMelleHNs
OTpac/Iy CHelMaTN3aluy 1 ee 9HepreTUIecKo
MHQPPACTPYKTYPHI /I YAA/ICHHBIX aPKTUYECKIX
TEPPUTOPUIL.

Mopenb He4eTKO IIPUBJIEKaTe/TbHOCTY BbI-
xopa Ha peiHOK (FAME) paspaboTtaHa Jijis peliie-
HYIS TPOOIeMBI IPUHATUS PELIeHNII 110 BEIBOAY
IIPOAYKTa Ha a/IbTepHaTNBHbIe poiHKN [11]. FAME —
3TO MOJie/Ib BBIOOPA BBIXOJa Ha PBIHOK, CIIeIIN-
aJIbHO pa3paboTaHHas IS CUTYaLuil, KOT/ia VH-
dbopmanys sSB/IsAETCA OrpaHUYeHHON U (Mn) He-
OIHO3HAYHOI U CYLeCTBYeT BBICOKMIT YPOBEHD
HeollpefenieHHOCTH. Takum o6pazoMm, MoOzenb
FAME npepcrasisieT co00¥ IPOCTOI B peann3sa-
LUV MTHCTPYMEHT, KOTOPBIiI O iep>KuBaeT 060c-
HOBAHHBIIT TIOJIXO]] K PelIeHNsAM O BbIOOpe PhIHKA.
B Mopen ucIonb3yoTcsi MHEeHMs 9KCIIEPTOB OT-
HOCUTE/IBHO YeThIpex (PaKTOpoB: 1) cOOTBETCTBIE
MapKeTVHTOBOTO KOMIUTIEKCa (GUPMBI Ha KaXKIOM
PBIHKE; 2) COOTBETCTBYE MAPKETMHIOBOTO KOMII-
JIeKCa OCHOBHOTO KOHKYPEHTa Ha Ka>KIOM PBIHKE;
3) sKOJIOTMYeCKIe YC/TOBYA Ha KKJOM PbIHKE;
4) cTparernyeckas B&KHOCTb K&K/IOTO PbIHKA /1S
bupmBbL.

[IpuMeHeHMe aITOpUTMa MOJIE/V IIPOBOANTCS
II/IS1 pellieHNs1 BhIOOpa pPbIHKA HeOOJIbILON Oorap-
ckoit BuHogenpHu [11]. [IpocroTa ncnonp3osa-
HJIS aKTYaJIbHA YIS MAJIBIX U CPEHMX KOMITQHWUA,
IIOCKOJIBKY 11 BBIITOJTHEH ST Q/ITOPUTMUYECKUX
PacyeToB JOCTATOYHO 3JIEKTPOHHOI TaO/INIIBI.

HekoTopble Ba>KHBIE TOJIUTUKO-9KOHOMMYE-
CKJie CLieHapuy, BK/IIOYAIOLIVie OVCK U 9KCIUTY-
aTanuio HeTU ¥ ra3a B 9KOHOMIYECKON 30He
Kunpa, 66Ut cMozenpoBaHbl U MCCIe0OBaHbI
C TIOMOIIBI0 NOAXOASINX HEYeTKNX KOTHUTB-
HBIX KapT B pabote [12]. Bo B3anMocBs3aHHOI
AVHAMVIKe OBUIV IIPVHATHI BO BHUMaHVE Pas3nd-
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Hble Ba)KHbIe IMTHAMIYeCKue ImapaMeTpbl, OTpa-
aromye nHrepecsl Peciybnyku Kump, a Taxke
MHTEPeChl Tpeueckoit obumubl. PaspaboranHas
cHcTeMa MOYKeT ObITh MCIIOTb30BaHA TSI ICCTIENO-
BaHVISI BIVSHNUSA M3MEHEHUs TI000T0 mapaMerpa
WIX KOMOMHAIMYU MapaMeTPOB Ha POCT U CTa-
OVMIBPHOCTb OCTa/IbHBIX ITapaMeTpoB. boimu pea-
JIM30BaHbI, PACCMOTPEHBI U OL[eHEeHbI Pa3INIHbIe
CLIeHapyVl BO3/eICTBI A HA SKOHOMMKY, IOTIUTUKY
"l BOEHHO€E BMEIIIaTeTbCTBO.

Teopust He4eTKMX MHOYXECTB 0Ka3aIach I10-
JIE3HOVI V1 B IPOTHO3MPOBAHUU CTOMMOCTHM CTPa-
XOBBIX YOBITKOB [13]. MeTobl HEYeTKO JIOTMKI
VICHO/IB3YIOTCS TAKXKe JJIA TOAJIeP>KKI ITpoljecca
IPVHATHS YIIPAaBIeHYECKNX PellleHNil B IPOU3-
BOJICTBEHHOM MEHE[PKMEHTe VI ITOBBIIIEHNS YIIPaB-
JISIEMOCTM TIPOM3BOJICTBEHHBIX IIPOIeccOB [14].
ABTOpBI IPUBEIEHHOII MYO/IVIKALUN Je/Al0T CTe-
Iyt BbIBOA: «I IpyMeHeHre MeToia HeYeTKO
JIOTYIKY TIPEIIO/IaraeT yay4lleHye KOJIMYeCTBEeH-
HOTO MHGOPMALVIOHHOTO 060CHOBaHMSI MOHM-
TOPUMHTA M KOHTPOJISI PUCKOB, YTO NPUBOJUT
K QaHAJINTUIECKU OIIpefle/IeHHbIM MPUOPUTETAM
/IS TIapaMeTPOB, BK/IIOYEHHBIX B aHAJINU3, U Jie-
naeT uX MHPOPMATUBHBIMHU 1 TIOIE3HBIMMU» [14].
OtMmeTnM, 4TO IpoLefypa HEYETKOTO MHOTOKPY-
TEePUAIbHOTO BBIOOPA IVPOKO VICIIOIb3YeTCsI IPU
otieHKe 3(pPeKTMBHOCTM MHBECTUIIVIOHHBIX IIPO-
€KTOB BBIOOPA IIPOJIYKTOBBIX ¥ IIPOM3BOJCTBEH-
HBIX nporpamm [15-17]. B untupyemsbix paborax
METO[] HeYeTKIX MHOXKECTB BK/TIOYEH B MOJIETTBHO-
METOAVYECKUII alllapaT MHOTOKPUTEPUATbHOTO
BbIOOpa B OTHOLIEHUY KOMOMHMPOBAaHHBIX Ba-
PUAHTOB Pa3IMYHBIX IPOTPAMM.

V13 0630pa muTepaTypbl CIefyeT, YTO VICIIO/b-
30BaHle HEYETKOI JIOTUKY B HACTOsIIee BpeMs
IIVPOKO PACIIPOCTPAHEHO B Pa3/IMYHBIX 00/TACTAX
9KOHOMMYECKUX uccnenoBannit. Ho paboTsl B 06-
JIACTU CUHTEe3a HEYeTKOI JTOTUKY, aalTUBHbBIX
HeJPOHHBIX CeTeil ¥ MALIVHHOTO O0y4eHUs M-
NMPUYECKIX IAHHBIX JIJIS PellleHNsI 3aj1ad, CBsI3aH-
HBIX C B3aMMOB/IMSHMEM COI[MATbHO-9KOHOMMU-
4eCKuX (PaKTOPOB, MPAKTUYECKN OTCYTCTBYIOT.
B aToM cocrouT HayuHas HOBM3HA M aKTyaJlb-
HOCTbD I[€/TV HACTOSIIETO UCCIE[OBAHAS.

METOZMKA U JAHHBDIE

I pelienns MOCTaBI€HHOM 3ajaul B CTa-
The VICIO/Ib30BA/ICS TIO/IXOJ, Ha OCHOBE HEYeTKO
JIOTUKM, TeOpeTUYeCKe OCHOBBI KOTOPOTO pas-
paboTtansl P. bennmanom u JI. 3ame [18].

OO6BEeKTHOI YaCThI0 HEYETKON IOTVKH SIBJISI-
I0TCsI HeYeTKVe MHOJKECTBa, C IIOMOIIbI0 KOTO-
PBIX OIVCBIBAETCSI HEOTIPEIEeHHOCTD 1 HeverT-
KOCTb [19]. DopMabHO HEYETKOE MHOXKECTBO A
Ha YHMBEPCAIbHOM MHOXeCTBe X ONMCBIBAeTCs
YIOPSAZOYEHHOI mapoit <pa(x), x>, Te X sBs-
eTCs1 97IEMEeHTOM HOCKTe/IA VICXOTHOTO MHOXKe-
ctBa X, a Ha(x) — cTemeHbI0 IPUHAMIEKHOCTY,
KOTOpasi CTAaBUT C TIOMOIIbI0 QYHKI[MU [TPUHAL-
JIEXXHOCTM B COOTBETCTBYE KQKOMY 113 9JIeMeH-
TOB X € X HEKOTOpOE [eVCTBUTEbHOE YMCIIO
u3 uHTepBana [0, 1].

BaxxHeri1ien 4acTbi0 HEYETKOTO MOJENNPO-
BaHSI SIB/ISIETCS AllIIPOKCUMALIVS 3aBUCUMOCTH
«BXOJ — BBIXOJ]» B pe3y/IbTaTe IOTMYECKNX OIle-
paLuil HaJj HeYeTKUMI MHOXKeCTBaMy. JTa arl-
IPOKCUMAIVS SIBJISIETCS] HEYETKUM JTOTUYECKUM
BbIBOJIOM. CrCTeMa HeYeTKOTO JIOTMYECKOTO BbI-
BOJIa BK/IIOYAeT B ce0s1 TaKyie 9/IeMeHTHI, Kak ¢as-
3udukaTop, HedeTKas 6aza 3HaAHWI, QYHKLMA
IPUHAJIOKHOCTH, MAlllIHa HEYETKOTO BBIBOJA
u fedassnudukarop. boree mogpobHO 0 KaXKIOM
U3 IPUBEJEHHBIX 3/IEMEHTOB CUCTEMbl HedeT-
KOTO JIOTMYEeCKOTO BHIBOZIa MOYKHO Y3HATh 13 pa-
60TbI [19].

B Hairem mcceoBaHUM IPOEKTUPYETCS He-
yerkas cucrema CyreHo [7]. Oco6eHHOCTBIO He-
YeTKOTO JIOT14ecKoro BbiBofia CyreHo sIBJIsIeTCsI
TO, YTO 3aK/TI0YeHsI TpaBI B 6ase 3HaHMI CyreHO
3aJIal0TCs He HeYeTKVMMM TepMaMy', a IMHEeHO
byHKIMeT OT BXOJHBIX [TepeMeHHbIX (IpeyK-
TOpOB). VIHBIMU C/TOBaMy,

d, ijo+2bﬁxv (1)
i1

Tie d; — 3aK/I0YeHue j-ro IpaBuia, bj,...,bn —
JIe/ICTBUTENbHbIE YNCIIA, Xi...X, — STIEMEHTHI BeK-
TOpPa BXO/IHBIX [T€EPEMEHHBIX.

! TepmoM HasbIBaeTCs M0G0 7IEMEHT TEPM — MHOYXKECTBA, T. €. MHOXKECTBA BCEX BO3MOXKHBIX 3HAYEHUIT TMHTBH-
CTUYECKOJI IIEPEMEHHOI — IIEPEMEHHOI, 3HAYEHUAMM KOTOPOJ MOTYT ABJIATHCA C/I0BA WM MIX COYETAHMA.
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[Ipy mpoeKTMpOBaHUM STOV HEYETKOM CU-
CTeMbI Ha IIepBOM 3Talle HabOp SMIIMPUIECKUX
JaHHBIX pasfie/sieTcs Ha OOydYarollyo U TecTo-
BYIO BBIOOPKM VI IIPOMICXOAUT CUMHTE3 HEYEeTKUX
IpaBuI U3 o0ydaromieil BBIOOPKY IOCPEACTBOM
cyOTpakTuBHOI K1acTepusayy. Ha Bropom srare
IIPOM3BOJIUTCSA HACTPOJIKA IIapaMeTPOB HEYETKOI
cucreMbl ¢ nomoubio ANFIS-anroput™a u ymyd-
IIeHJe HeYeTKOol Mojenu ¢ nomombio ANFIS-
00y4eHNs COOTBETCTBYIOLell BBIOOPKI. AJJalITVB-
Hasi CICTeMa Hellpo-HeueTKoro BbiBoga (ANFIS) -
3TO TUII MICKyCCTBEHHOTO MHTE/IIEKTA, KOTOPDIN
codeTaeT B cebe MpenMyIecTBa KaK HeJIPOHHBIX
ceTeit, TaK U cucreM HeueTkolt noruku. ANFIS crio-
COOHA YUUTbCS VI IPYHMMATD PellleHVIs Ha OCHOBE
INAHHBIX, KaK HEIpOHHasA CeTb, IPU 3TOM OHa
MO>KeT 00pabaThIBaTh HETOYHbIE VIV HEIIOJTHbIE
IaHHBIE, KaK CiCTeMa HEeYETKO IOTUKU. DTO fie-
naeT ANFIS vjieanbHbIM i1 TPUIOXKEHUIA, Ije
IaHHbIE IIOCTOAHHO MEHAITCA WM He BCerfa
TOYHBI, [/l HECTPYKTYPUPOBaHHbBIX BPEMEHHBIX
pAnoB u T.A. ANFIS — MOIIHbBI MHCTPYMEHT,
KOTOPBI MOYKET IOMOYb B ITOBBIILIEHNY TOYHO-
CTV IIPOTHO30B, C/IeTTAHHBIX MOJIE/IAAMY MCKYCCT-
BeHHOTO MHTeIeKTa. Kpome toro, ANFIS criocobHa
COKpAaTUThb BpeMs, HeoOXouMoe i 00ydeHus
Mofiefniell MCKYCCTBEHHOTO MHTennekra. ANFIS-
AITOPUTM TakoKe 3 deKTuBeH npu ob6paboTke
He/IMHEHBIX JaHHBIX, KOTOpble YacTO BCTpeva-
I0TCS B pea/IbHbIX IPWIOKeHUAX. [laHHbII a/nro-
PUTM peanusyeT CUCTEMY HEYETKOTO BbIBOZA
CyreHo B Bufie IATUCIOHON HEPOHHON CeTU
IPSMOTO paclpOCTpaHeHMs curHama. PaccunTsl-
BAOTCS1 OIIVOKY MOZIe/IVPOBaHMsI Ha OOydJaroLei
Y TECTOBOJI BBIOOPKAX JI0 U ITOC/Ie O0ydeHMs Ipu
OIITYIMa/IBHOM KO/IMYeCTBe UTepaLuil O0ydeHN 1.

KomnmuecTBo BXOIHBIX ITepeMeHHbIX (ITPenK-
TOPOB) B He4eTKOII cucreMe CyreHO He JTOJIKHO
IPEBBIIIATh KOJIMYECTBO HACTpayBaeMbIX I1apa-
METPOB 3TOJ cucTeMbl. HacTpanBaembiMu mapa-
MeTpaMy SIBJIAIOTCA KO3 UIMEHTDI B 3aK/TI0Ye-
HSIX IIPaBIJT HeYeTKO 6as3bl 3HaHMiA by,. . .,bj B (1)
VI TapaMeTpb! QYHKIVIT IPUHAIKHOCTY TEPMOB
BXO/IHbIX IIepeMEHHDIX X...X,. Ko/mdecTBo mapa-

MeTpOB QYHKIMII IPUHAIESKHOCTY OIIpefes-

ercs ux BuoM. Harpumep, i rayccoBoit QpyHK-

—(u—b)’

UM OPUHALIEKHOCTH  W(U) = eXp| —————
c

KO/IM4Y€CTBO HACTpaBa€MbIX ITapaME€TPOB paBHO

ABYM: KOOpAiMHAaTe MakcuMyMa b u xoapduu-
eHTy KOHIIeHTpauuu c. Vcxoms u3 ckazaHHOTO
KOJINYECTBO BXOMHBIX IepeMEHHBIX OIpefesis-
eTcsl pa3MepoM obyuvarolieil BBIOOPKM SMIIVPU-
YecKVX JaHHbIX. Eciu pasmep 310l BBIOGOpKY He-
JIOCTaTOYHO OOJIBIION, TO KOJIMYECTBO BXOIHBIX
IlepeMeHHBIX C/IeflyeT OTPaHNYMBATh, YYNTHIBAS
CTelleHb Ba)XHOCT! UX BIVMSAHUA Ha BBIXOJHYIO
IepeMeHHYI0'.

Jist 060cHOBaHMsI BBIOOpa HamboIee BAYKHBIX
B KOHTEKCTe UX BIMSAHUA Ha 97IEKTPOINIoTpedie-
HIIe TIPeAVKTOPOB B IAHHOJ CTaTbe MPYMEHSICS
QJITOPUTM CITy4aifHOTO JIeca, MCTIOJIb3YIOLINIl pe-
rpeccuoHHbIe iepeBbs petrernii [20]. Kpome Toro,
MEeTO/] CTTyYallHOTO Jieca MIPYIMEHS/ICS HaMU JIs
IpeJiCKa3aTe/TbHBIX 1ie/ell K MICXOHBIM JJAHHBIM.

Crry4ailHBbII J1eC — 3TO METOJ KOJUIEKTVBHOTO
MAIIVHHOTO 00y4eHIs1, KOTOPBII TeHepUPYeT MHO-
YKECTBO JIepeBbeB IOCPENCTBOM MTEPaTUBHON
cermeHTaryy [21]. OH npuMeHsieTcs Kak K 3aja-
yaM Kr1accuuKanym, Tak ¥ K perpecCOHHbBIM
3agavyam. [Ipy sagavax KraccuuKanyy B KaXXgoM
y37e JepeBa HaXOJAUTCS eTo NPUHAIEKHOCTD
K K1Iaccy (B 3aBUCMMOCTM OT TOTO, KaKUX 9JIe-
MEHTOB OOJIbIlIe ITOTIAJI0 B 9TOT y3eI), a IPU 3a-
flayax perpeccuy — IPUHALIEXKHOCTD K 11e/1eBOIi
(YHKIMM COOTBETCTBEHHO. JTa IpoIieaypa 3a-
K/TI0YaeTCsl BO B3SATUM OOJIBIIOTO KOMNYECTBA
06y4Jaromyx BbIOOPOK 13 TeHEPaTbHOI COBOKYII-
HOCTY, TIOCTPOEHUN IPefiCKa3aTeTbHOI MOZen
II0 K@X/]0¥1 BBIOOPKE M yCpeHEHUY ITO/Ty9eHHbIX
Pe3y/IbTaToB.

CospaBasi MHOXKECTBO JIepeBbEeB pelIeHN],
MEeTOJ] CTPEMUTCS IOBBICUTD IJeHHOCTb K/IaCCH-
¢dbukanyu (cHU3UTH guctepcuio). CKOpoCTh Mo-
JIy4eHUsI TOYHOTO pe3y/IbTaTa BO3pacTaeT C yBe-
NMYeHVeM KOM4ecTBa iepeBbeB. KopHeBoii y3en
OIIpefeAeTcsl CIyYaliHbIM 00pa3oM, YTO SIBJIAETCS

! VIMeHHO 3TOT CTy4ait, Kak Oy/eT II0Ka3aHO HIDKeE, PeIN3YeTCsl B JAHHOM VICC/IefOBAHMI, TaK KaK pasMep BBIOOPKI

OonpenensaeTcsa KOIM4IeCTBOM PETVIOHOB Poccumn.
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OCHOBHBIM OT/IMYMEM A/ITOPUTMA iepeBa pelle-
HUIL OT aITOPUTMa CIIy4aliHOro seca. B amro-
PUTME CITy4aliHOTO JIeca KaXXI0e epeBO CTPOUTCA
C JICIIO/Ib30BaHMeM oOyyarouleil OyTcTpen-Bbl-
6opkn' u3 umemnIerocsi Habopa gaHHbix. Kop-
penAnuA MeXIy [epeBbAMM He IOIYyCKaeTCs.
Mertop, ciy4aitHOTO j1eca BbIOVMpaeT IS IpeficKa-
3aHUA JIePeBO PeLIeHNI C TyYLIUM Pe3y/IbTaTOM
13 MHO>KECTBA JlepeBbeB, KOTOPble pabOTa0T He-
3aBJCVIMO APYT OT JIPyTa, T. €. BBIOMpaeTcs Iepeso,
HabpaBillee HaubOIbIIee KOMNYECTBO TOTIOCOB
(majority vote). IlonmyyeHHBIe Ha OCHOBe OOy4eH-
HBIX [IePEBbEB IIPE/ICKA3aHIA 3aTEM YCPEIHAOTC.

Vcnionbsys Mopienb Cy4aiHOIO /1eca B KOH-
TEKCTe IAHHOJ CTaTbhy, MOXKHO IIPEOJ0JIETh OTpa-
HUYEeHUs TPaJULIVOHHBIX JTMHENHBIX MOJerneil,
BBIABUTD HE/VHENHbIE 3aBUCUMOCTY, OLIEHUTD
BaXHOCTb IIEPEMEHHBIX U cHOpMUPOBATD HosTee
IIOJIHOE TIOHMMAaHMe CI0XKHBIX B3aMIMOCBs3€N
MEXJy 3/eKTPOIIOTpeO/IeHeM U OCTaIbHBIMU
COIVIATIbHO-9KOHOMMYecKuMM (pakropamu. Pan-
KPS B&XKHOCTb IIepEMEHHBIX, MOYKHO ITO/Ty4NThb
IpeficTaBeHNe O PaKTOPax, KOTOPbIe OKa3bIBAIOT
HayboJIblllee BIVSHNE Ha 3/IEKTPONIOTpebIeH e,
Ba)XKHOCTb TepeMEHHBIX BbIUUCIAETCS KaK Cpel-
Hee CHIDKeHMe MHTeKca [KuHy 714 3afad Kiac-
cuduKanyy May Kak cpefiHee 3HaYeHMe CyMMBI
KBaJ[paTOB OCTATKOB /11 PETPECCUOHHBIX 3a/1a4.

Kak oTMe4anoch, METOZ HEYETKOTO MO/ -
POBaHVsI 0COOEHHO XOPOILO IIOAXOANT /IS OLIEHKI
IIOXO OIIPEJieTIEHHBIX CUCTEM, KAKOBOJ SB/IAETCS
9KOHOMMKa Poccuy B iepmos; HaTo>KeHHbBIX Ha Hee
JKECTKMX CaHKIMI, a UMeHHO ¢ 2022 T. 10 TeKy-
i MoMeHT. K coskanenuio, opuianpHble TaH-
Hble Poccrara 3a 2023 1. 110 MHTEpeCyIM Hac
noKasaTessiM (B YaCTHOCTH, 3neKTpobananc PD)
orcyTcTByIOT. [ToaTtomy mHpoOpMaIMOHHO OC-
HOBOJI VMICC/IENOBaHNsA SABIAETCSA OdULIMaNbHASA
cratucTuka Poccrara 3a 2022 r. B pasgpese 77 pe-
rnoHoB P®. VIMeHHO /1J151 3TOTO 41C/Ia PeTIOHOB
VIMEIOTCS NOAXOAALLME /1A aHa/ln3a IPOCTpaH-
CTBEHHbIE CTaTUCTUYeCKMe HaHHbIe. IIpu aTom
CTaTUCTUYECKIE JaHHbIe 110 TIoMeHCKOoIT 06macTu
paccMaTpUBAINCh OTAE/IBHO OT JAHHBIX 110 XaHTbI-

Mamncuitckomy u fmano-HenenxoMmy aBTOHOM-
HBIM OKpyraM. Takum o6pa3om, pasmep BEIOOPKH
paBHsICs 77 HabMoAeHUsAM. BeixomHoI 3aB1CH-
MOJI IIepeMEHHOJ CTajo 3JIeKTPOIOTpedIeHme
B IPOMBIIIUIEHHOM CEKTOpPe IIPON3BOACTBA (MITH
kBt-4), BKTI04aomeM B ce6s1 JOOBIUY ITO/Te3HBIX
MICKOTIaeMbIX, 06pabaTbIBaroliee MPOU3BOJICTBO,
obecriedeHne 9NIEKTPUYECKOI SHeprue, Tra3oM
¥ TapoM; KOHJMI[MOHMPOBaHMe BO3/yXa; BOJO-
cHab>KeHNe; BOI0OOTBefeHIe, OpraHu3aIio coopa
Y YTWIN3AIUY OTXOJOB, IeSATeIbHOCTD I10 JINK-
BUJJALIVV 3aTPSI3HEHMII U CEKTOP CTPOUTENbCTBA.
CHMCOK MCCTIeRyeMBIX COIVAIbHO-9KOHOMU-
4ecKux (GakTopoB (IIPeUKTOPOB) IpeCTaBIeH
B Ta671. 1. BbI6OpP pakTOPOB OCYILeCTBIA/ICA B CO-
orBercTBUM ¢ Mozienbio STIRPAT (stochastic im-
pacts by regression on population, affluence and
technology)’. O6patum BHUMaHe, YTO CPefy BO3-
MOXXHBIX OYEeBUHBIX (PaKTOPOB, BIVIIOINX Ha
37IEKTPOIIOTpeD/IeH e, IPUCYTCTBYET MOKa3aTe/b
OTIIPaBKM IPY30B XKeTe3HOLOPOXKHBIM TPAHCIIOP-
TOM OOIIIETO ITOIb30BaHVISA. ITO CBSI3aHO C TeM, YTO,
no panHbiM noprana «V/HPoTIK»?, HaunHas
€ 2022 1. 06'beAMHEHHbIE 9HEPTreTIYeCKIIe CUCTEMBI
(O3C) Bocroka 1 Cubupy BBIUTPBIBAIOT 32 CYET
pocTa 3KCHOpPTa B a3MaTCKOM HAIIPaBIeHUM,
B I]€7IOM ITepeopyeHTaIV SKOHOMMKM Ha BocTok
Y pocTa MOTpebNeHNs Ha >Kele3HOZOPOKHOM
TPAHCIIOPTE U B HOOBIBAOLIE}] TPOMBIIUIEHHOCTH
(+2%). ITpn atom 1oxxHbBIe OIC MOIEPIKUBAIOT
CIIPOC Ha 9/IEKTPOIHEPIUIO, PACTYLIUII 32 CYET
YCUJIEHUS TyPUCTIYECKOTO IT0TOKa. B TO ke Bpems
O3C Cpenneit Bomru (-0,2 % motpebienus 3a nep-
Bble 8 MecsinieB rozia) u CeBepo-3anazna (-0,8 %)
omyTr 3p¢eKT yxona 3amagHbIX KOMIaHWI
u3 Poccum 1 OTCyTCTBUSA 9KCIIOPTA 3NIEKTPOIHEp-
v B crpanbl EC. TakuM 06pa3oM, okasaTesnb OT-
IIPaBKJ IPY30B Ke/Ie3HOIOPOKHBIM TPAaHCIIOPTOM
06111eT0 I0/Tb30BaHIS JO/DKEH CYIIeCTBEHHO BIIN-
ATh Ha IPOMBIIIJIECHHOE 3eKTPONOTpebIeHue.
Kpome Toro, I0CKOIbKY B ITPOMBILIIEHHBIN CEK-
TOP BKJIIOYEH CEKTOP CTPOUTENbCTBA, B CIMCOK
IIPeINKTOPOB JOOAB/IEH II0Ka3aTe/ b BBOJA B IeVi-
cTBUe XXnabix 1oMoB Ha 1000 yenoBeK Hace/IeHMs.

' ByTcTpel 3aK/I04aeTcs B MHOTOKPaTHOM M3BJI€YeHIN BBIOOPOK 13 OZHOro 0bydaolerocsi Habopa JaHHBIX.

? Boree nogpo6HO 0 Mopenu 1 Bbibope HakTOpOB CM. B crathe [22].

* Kosanes A. Cankuyu u poccuiickas anekrposHepreruka // ViugoTIK. 19.09.2022. URL: https:/itek.ru/analyt-
ics/sankcii-i-rossijskaya-elektroenergetika/ (zara obpamennst: 21.02.2022).
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[l cpaBHeHVA pe3y/bTaToOB HEYETKOTO MOJE/IN-

POBaHVISI 1 MHO>KECTBEHHOJ Perpecci BCe JaHHbIe

norapuMupoBanuch (HaTypaTbHBII TOTApUPM).
Ta6n. 1. Cmcox nccnenyeMbIx NPeaIKTOPOB

Table 1. A list of analyzed predictors

(IpeEMKTOPOB) [IA MCCTIERYeMOl BBIOOPKM JJaH-
HbIX (77 HabIIOeHniT) JO/HKHO OBITh paBHBIM
IIATH.

Ta6m. 2. CreneHb BaKHOCTY NIPEAVIKTOPOB
Table 2. Predictors’priority

IIpepukTop En. nsm. IIpepukTop %IncMSE
O6beM NPOMBINITIEHHOTO MPOM3BOAiCTBA  MiH py6.  O6beM MPOMBIIITIEHHOTO POU3BoficTBAa 19,51
MHBecTuIIMM B OCHOBHO KaIMTaI Py6 MHBecTUIIMM B OCHOBHO KaIMTaI 1522
Ha [yIly Hace/leHUs ) Ha IylLIy Hace/leHus ’
Y1 CIeHHOCTD 3aHATBIX Tric. wen.  YucneHHOCTD 3aHATHIX 11,93
PacnionaraeMble foXofbl Ha OyLIy Py6. Pacrionaraemsie JOXOIbI Ha AYLIY 230
HaceJleHN (B Mec.) HaceJIeHN ’
YpoBeHs ypbaHMU3aLuy pernoHa % YpoBeHb ypbaHU3aL My permoHa 8,03
Terc.
BeipaboTka a/eKTposHeprum KBT-u/4er. BeipaboTka a/eKTposHeprum 2,23
OtnpasiieHne rpy3oB >Kene3HOLOPOXKHBIM MotH T OtnpaBrneHue Tpy30B XKene3HOTOPO>KHbIM 591
TPAHCIIOPTOM OOIIIETO ITO/Ib30BAHNS TPAHCIIOPTOM OOIIETO MMO/Tb30BAHMS ’
BBog B feifcTBME XMIIBIX JOMOB Kb. o BBog B feifcTBIME XMIIBIX JOMOB 0.70
. >

Ha 1000 yenoBeK Hace/leHUA

Ha 1000 yenmoBek Hace/leHUA

Hcmounux: coctaBneHo ABTOPOM.

Ucmounux: pacdeTbl aBTOpA.

Crnemyet 00paTuTh BHUMaHME Ha TO, YTO Cpent
IIPEeANKTOPOB B TabJI. 1 OTCYTCTBYeET ITOKa3aTeNb
BAJIOBOTO perroHanbHoro npopykra (BPII), nan-
HbIe 110 KOTOPOMY CO BTOpPOro KBapTana 2022 1.
He nyonmkyroTcs Poccratom'. Ho, Ha Har B3rap,
6onee MHPOPMATUBHBIM B 9TOM KOHTEKCTE SIB-
NseTcs MOoKasaTeab 06beMa IIPOMBILIIIEHHOTO
IPOM3BOJCTBA.

PE3Y/IbTATbl UCCJIEAOBAHUA
N UX ObCY)XXOAEHUE

Kak oTMe4anoch, KOIM4ecTBO BXOIHBIX IIe-
PEMEHHBIX IIPY HEYETKOM MOJENMPOBAHNM OIIpe-
fensieTcss pasMepoM oOydaromeil BBIOOPKY 9M-
N pUYecKuX JaHHbIX. [Ipy HemocTaToYyHO 60/TB-
IIOM pasMepe BBIOOPKM KOINYECTBO BXOJHBIX
IIepEMEHHBIX C/IeflyeT OTPaHNYNBATh, YUUTHIBAA
CTelleHb BAXXHOCTU MX BIMAHNUA HAa BBIXOLHYIO
nepeMeHHY10. TecToBble pe3y/IbTaThl HEUETKOTO
MOJIe/IMPOBAaHMA NOKA3a/Iy, YTO MAaKCYMa/lIbHO
BO3MO>KHO€ KOTMYECTBO BXOJHbIX II€pEMEHHbIX

Takum ob6paszom, mma oTbOpa yKa3aHHOTO
KOJIMYeCTBa IPEJVIKTOPOB HEOOXOAMMO IIPOBECT
PaHXXMpOBaHNUe UX OOIIEero KOIM4ecTsa 1o CTe-
IIeHV BaXKHOCTU. Pe3ynbraThbl JaHHO IPOLEAyPbI
IIpVBefieHb! B Ta0I. 2.

[ oTO6Opa MpefKTOPOB IPUMEHSIICS a/Iro-
PUTM CIIy4aifHOTO JI€Ca, MCIIOIb3YIOIINI perpec-
CHMOHHBIE JIepeBbs° B KaUeCTBE CTPOUTEIbHBIX 6710~
KOB. [I/1s1 3TOr0 BeCch pa3Mep BBIOOPKM JaHHBIX
CITy4aliHBIM 00Pa3oM paszesisIcs Ha 00yJarollyIo
JacTh (48 HabTIOIeHNIT) U TECTOBYIO YacTh (29 Ha-
Omromennit). TecToBas 9acTh BBIOOPKM MCIIOTIb-
30Ba/Iach IS ONpee/ieHns KayecTBa MpefcKa-
3aHUI IIyTeM HAXOXXIEHUsA CPeJHEro Ksajpara
OIINMOKM, YTO HEOOXOAMMO ISl TeCTUPOBAHUSA
CTEIIeHM BaXXHOCTY IlepeMeHHbIX. [I/14 mocrpoe-
HMA KaX[JOro ysja perpecCMOHHOTO JepeBa
IIPYIMEHAIOCh IATb NPeJUKTOpoB. HYucno co-
3naBaeMbIx fepeBbeB paBHO 500. KommuectBo
IIOBTOPEHUII aITOPUTMaA IIPU PasHBIX 00ydYaro-
MXCs BBIOOPKaxX paBHAIOCH 100, ¥ pe3ynbTaTh
YCPeRHANNCD.

! TTokasaTesb OTIIPABKY IPY30B >KENIE3HOJOPOXKHBIM TPAHCIIOPTOM OOIIErO IOIb30BAHMS TAKXKe He MyONMKyeTcs

¢ nepporo Kpaprana 2023 r.

? BBIYMCTIEHIsT TI0 QITOPUTMY CIIY9aifHOTO JIeca IIPOBOAIINCE B makere R.
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ITokasarenp BaxxHocTu IncMSE ocHOBaH
Ha CpefHeM CHIVDKEHMY TOYHOCTH NpeCcKa3aHmil
(Ha OCHOBaHUM CYMMBI KBaJpaTOB OCTaTKOB)
Ha OCTaBUINXCS JAHHBIX IIPU MCK/TIOYEHNM COOT-
BETCTBYIOLLEN ITEPEMEHHOI U3 YMC/Ia ICCTIENYEMbIX
IpeayKTOpoB. VTaK, 110 JaHHBIM Ta0/I. 2 MOXKHO
CHenaTh BBIBOJ], YTO HambojIee BaXKHBIMU JIJ1S1 He-
YeTKOTO MOJIe/MPOBAHNUSA ABJAIOTCA IATh (Pak-
TOPOB: 00bEM IPOMBIITIEHHOTO IIPOV3BOJICTBA,
VIHBECTULIVIV B OCHOBHOJI KaIlMTasI Ha LIy Hace-
JIeHUs1, YMICTIEHHOCTD 3aHATBIX, YPOBEHb YpOaHU-
3aIlMy1 pETMOHA VI OTIIPaBJIeHVIe IPY30B JKe/Ie3HO-
JIOPOXKHBIM TPAHCIIOPTOM OOIIIETO IO/Ib30BAHYIA.
CaMble BayKHbIE, YTO OYEBU/IHO, IBa ITEePBBIX (pak-
topa. [Tokasarenb BBIpabOTKM 3TIEKTPOIHEPIUA
Yl pacIioaraeMble JOXO bl Ha YLy Hace/IeHMs —
HecyllecTBeHHbIe (aKTOPBI, YTO COITIACYeTCs
¢ pesynbratamu pabotsr [22]. HecymecrBeHHBIM
IIOKa3aTe/leM OKa3ajcs TaKXKe BBOJ| B IeVICTBME
>XKuibix foMoB Ha 1000 yesmoBeK Hace/leH.

[Ipy mpoeKTMpPOBaHMYM HEYETKON CUCTEMBI
CyreHo Bcsl BBIOOpKA SMIMPUYECKUX JIAHHBIX
IenmnTcs Ha obydaroylo (48 HabmoeHmit) 1 Te-
cToBYIO (29 HabMIONeHNIT), KaK U IIpU peannsa-
LIV aJITOPUTMA CIIy4aliHOTO Jeca. Jlayee mpouc-
XOMIUT CMHTE3 HeYeTKIX MPaBII U3 0OyJaroIei
BBIOOPKI IIOCPE/ICTBOM CYOTPaKTUBHOI K/1acTe-
pu3aLny, MPeACTABISIoNIe co00i OBICTPBIN O]
HOIIPOXOIHBIN QITOPUTM OLIEHKV KO/INYecTBa

JaHHbBIe M LEHTPBI KITACTEPOB

K/IaCTEPOB U IIEHTPOB K/IaCTEPOB B HabOpe aH-
HbIX. CyOTpaKTMBHasA KJIacTepusalys paccMmar-
pUBaeT KOXAYI0 TOUYKY JAHHBIX KaK IOTEHIVa/Ib-
HBII LIEHTP KJIaCTepa, OIpeferasA MOTEHIAN TOUKI
JaHHBIX KaK (PYHKIMIO ee PacCTOSHMIL 10 BCeX
APYIUX TOYeK HaHHbIX [23]. Touka JaHHBIX MMeeT
BBICOKOE ITOTE€HIIMA/IbHOE 3HAYEHMeE, €CTIN Y Hee
MHOTrO cocefieii. CaMblii BBICOKII ITOTEHIAIT BbI-
Oupaercs B KauecTBe IIeHTpa KIacTepa, a 3aTeM
MMOTEHI[MA/T KaXKIOM TOYKM JaHHBIX OOHOBIIA-
etcs. [Ipoliecc onpefenennsa HOBBIX K/IacTePOB
¥ OOHOBJIEHVISI TOTEHIIMA/IOB TIOBTOPSIETCS IO TeX
IIOP, ITOKA OCTaBIIMIICA MOTEHLIMA/T BCeX TOYEK
JAHHBIX He YIIafleT HVbKe HEKOTOPOI JO/IU ITOTEH-
1[MaJIa IIepBOro LieHTpa Kiaacrepa. [Tocne momyuye-
HIISI BCEX IIeHTPOB K/IaCTePOB B pe3y/bTaTe Cyo-
TPaKTUBHON KIacTepU3alui LIeHTPbl KIacTepoB
ONITVMMU3UPYIOTCA C IOMOILBIO HEYETKUX CPEZICTB.
[Tpu peanmsanuu sTON KIacTepusaluy He0H6Xo-
AVIMO 3a/1aTh PajjMyChl KIACTEPOB U3 [Jalla30Ha
[0, 1], onipenernstomye, HA KAKOM MaKCUMaTbHOM
PacCTOSAHUYM MOTYT HaXO[AMUTbCS €r0 3/71€MEHTHI.
J1s1 mpoeKTrpoBaHuA HedeTKoI cucteMbl CyreHo
C TpeMsI HeYeTKMMU IIPaBUIaMy BBIOpaH pa3Mep
K1acTepa, paBHbiii 0,7. [TpuMep pesynbraTa cy6-
TPAaKTMBHON KIacTepU3aluu A1 3aBUCUMOCTHU
3NIeKTPONOTPeOIeHNsI OT OTIIPABIEHNUA TPY30B
YKeTIe3HOIOPOXKHBIM TPAHCIIOPTOM Ha 00ydJalo-
1ieit BBIOOpKe JaHHBIX IPUBe/eH Ha puc. 1.

T T T

5,0 .

4,5 I - ® T
Y . .
£ 40 1 = . " 1 Mcmounuk: pacdeTsl aBTOpA.
\'qg) -/;/' - I o
=3 . . Puc. 1. Pe3ynprat cyOTpakTHBHOI
g 357 . 1 xmacrepusanuu g 3aBUCUMOCTU
céq . 37IEKTPONIOTPEO/IeHN A OT OTIIPAB/ICHNA
52 30k ) ok . | TPY30B >Ke/Ie3HOJJOPOXKHBIM TPAHCIIOPTOM
Ol . Ha obyuJaroleil BHIOOpKe JaHHbBIX

25 . ) Fig. 1. Subtractive clustering for

’ = Tlauubie the dependence of power consumption
% Lentpsr wracrepos | | {rom the rail transported goods
2,0 ' . . \ on the training data set
1,5 1,6 1,7 1,8 1,9 2,0

OTnpasiieHne rpy30B >KeIe3HOLOPO>KHBIM TPAHCIIOPTOM
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PesynpraToM CyOTpaKTMBHOJ KIacTepu3arym
SIBJISIETCS CUHTE3 TPeX HeYeTKUX ITPaBuI U3 00y-
qajo1el BBIOOpKy. CIeayIOIIVM 3TalloM BBICTY-
IIaeT reHepUpOBaHMe HEYeTKOI CUCTEMBI THUIIA
CyreHo (FIS), koTopas paccMaTpuBaeTcs Kak Mc-
XofiHaA HedyeTKas cucrema A ANFIS-o6yueHns.
Heuerkme mpaBmia sKCTparupyrorcs 9TOW CU-
CTeMOJ1 CTIeYIONIM 06pa3oM: CHadasIa olpese-
JISIFOTCST TTOCBUIKY HEYETKMX IIPaBWUJI, 3aT€M BBI-
YUCTIIOTCS 3aKTI0YeHNs TpaBil. Takum o6pasom,
TeHepMPYeTCs CYICTeMa HeYeTKOTO BBIBOJIA C TPEMS
IpaBWIaMI, KOTOPbIe IIOKPBIBAIOT BCIO IIPEIMET-
Hy!o o61acTb. HacTpanBaeMbpiMy mapaMeTpamu
IIOJTy9eHHOJ CUCTEMBI, Kak OTMeYajIoCh, ABJIA-
10TCs KO3 GUIMEHTH! B 3aK/ITIOYEHUSAX MTPaBUTT
HeJeTKOII 6a3bl 3HAHUI U ITapaMeTpbl GYHKINIA
IPUHAJIOKHOCTY TEPMOB BXOIHBIX II€peMeH-
HbIX. Ko/mtyecTBo aTUX IapaMeTpoB paBHO 46, T. €.
MeHblIle KO/IMYecTBa HaOMIofieHnI B 0OydJarolei
BbIOOpKe (paBHOTO 48), 4TO ABJIAETCA HEOOXO-
AVMBIM ycnoByeM. A oOydaromieil BEIOOpKM
HaXOZIMTCS BBIXO[JHOE 3HAYEeHMe, KOTOPOe CpaB-
HYBAETCs CO 3HAa4YeHNEM 9JIeKTPONOTpebIeHNs
Ha paccMaTpuBaeMoii Boibopke. CpeHekBapa-
TiyHasa omnbka (RMSE) npy 3TOM CpaBHEHUM
pasHa 0,199'.

Ilamee aHAIOTMYHO HAXOJUTCA BBIXOTHOE 3Ha-
YyeHue HedyeTKOoM cucreMbl FIS Ha TeCTOBOIL BbI-
60pKe, TaK)Xe CpaBHMBaeMOe CO 3HaUYeHIeM Po-
MBIILIIEHHOTO 97IEKTPOTIOTPeOIeH I Ha 3TOVI BbI-
6opke. CpegHeKBafipaTU4YHas OMIMOKa IpK Ta-
KoM cpaBHeHuu paBHa 1,079. Kak Bupno, RMSE
Ha TECTOBOJI BBIOOPKE HAMHOTO BbIIIIE aHATIOTU Y-
HOJI ommOKyM Ha obyyaromeit Beibopke. Ha puc. 2
IIPEZICTaBTIeHO CPaBHEHVIE BBIXO/IHDIX IaHHBIX He-
YETKON CUCTEMBI 1 37IeKTponoTpedmerust (MCXo-
HbIe IaHHbIE) Ha TeCTOBOI BbIOOpKe. OTMETUM, YTO
BCe YKa3aHHbIe OLIVOKM 11 CPaBHEHVSI IPVBEJeHbI
JUIS1 CUCTEMBI HeYeTKOTO BBIBOJA 6e3 00yueHmsl.

Jns ynydmieHnsa npousBOAUTEIBHOCT He-
4eTKoI cucTeMbl FIS cieiyeT ee ONTMMU3NPOBATDh
¢ nomopio anroput™ma ANFIS. IIpu HacTpoiike
napamerpoB FIS ncnonpayercs rubpupgHoe 00y-
YeHue, KOTya Ipy KaX/0V UTepaluy IapaMeTpbl
GYHKUIMIT TPUHAUIESKHOCTY Y TOTIMHOMBI CyTeHO
HacTpauBaloTcs B [Ba sTana. Ha nepBom sTamne
IPOMCXOMIAT HACTPONKa K03(pPUIMeHTOB momm-
HOMOB IlepBoro nopsjka CyreHo 110 MeToAy Hau-
Menbiux kBagparoB (MHK). Ha Bropom aTame
OCTaTOYHAs HeBsA3Ka MepefjaeTcs C BBIXOJa CeTU
Ha BXOJBI, T. €. Pealn3yeTcsi MeTOf 0OpaTHOTO
pacnpoCcTpaHeHUs OUIOKIA.

6 . T x .

5t

x Ucmounux: pacdeTbl aBTOpA.

IIpumeuanue: Ha ocu abcumce
{ TOKa3aHbI MHAEKCHI K&KJO0T0
peruona PO.

Puc. 2. CpaBHeHMe BbIXOHBIX
TaHHBIX HEYETKOI CUCTEMBI

U 3/IEKTPOTIOTPeOIEHN ST
(McxomHble JaHHBIE)

Ha TeCTOBOI BBIOOpKe

Fig. 2. Comparison of fuzzy system

output data and power consumption
(initial data) on the test sample:
the abscissa shows the indices of each

: region in the Russian Federation
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! Kpome abCOMIOTHBIX CpefHeKBaApaTnIHbIX ommnbok (RMSE) ais obydarolieil 1 TeCTOBOI BBIOOPOK AJISI CHCTEMBI
HEYeTKOTO BBIBOZA 6e3 00yUeHMs, IPOBOAMIICS pacyeT OTHOCUTENBHOI CpefHell KBaPaTNIHOI IPOLIEHTHOI OIIMOKy
(RMSPE). CooTHoOLIeHVIe MeX[y a0COMIOTHBIMM Y1 OTHOCUTEIBHBIMY OIIMOKaMM IIPY 3TOM IIPAKTIYECKY He ISMEHIOCh.
IToCKONBKY OCHOBHOJI METPUKOII B MCIIONb30BAHNI HEYETKOI JIOTVMKM sIBJIsieTcs: pacdeT RMSE, B fanbHeitmem OyneMm

CJ/IeloBaTh 3TOM JIOTUKE.
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CHayvasia UCIIO/Ib3yeTCs OTHOCUTETBHO KOPOT-
Kuii nepuoy, obydenus (20 urepanuit) 6e3 mpu-
MeHEHUA JAHHDIX IIPOBEPKM, a 3aTEM I1O/TyYeHHasA
Mofienb FIS ¢ o6y4yeHreM poBepAeTcs Ha OCHOBE
JIaHHBIX TeCTOBOJ BbI6OpKU. [TocTenenHo yBemm-
41Bas KOMNYECTBO UTepaLnii, MOKHO JOOUTbCS
MMHMMA/IbHOTO PACXOXK/IEHMA MEXK/TY BHIXOHBIM
3HayeHMeM OOy4eHHOJ HedeTKoii cucTeMbl FIS
Ha TeCTOBOJI BBIOOpPKe M 3HaYeHMeM IPOMBbIII-
JIEHHOTO 37IEKTPOIIOTpeO/IeH s Ha Heil JKe.

CpaBHeHMe BBIXO/JHOTO 3HAa4Y€HV s HEYETKOM
cucteMbl FIS mocne o6y4eHNs 1 HACTPOIKM Ma-
paMeTpoB Ha TeCTOBOJI BEIOOPKE CO 3HAUEHMEM
IIPOMBIIIJIEHHOTO 37IEKTPOIIOTPeO/IeHNS Ha 3TOM
Ke BBIOOpKe NIPUBOANT K CpefiHeKBagpaTIIHON
oubke, paBHoit 0,491. KonmnuecTBo utepanmit
obyueHus mpu 3ToM paBHo 40. Kax BugHO, 11o-
nmydeHHas RMSE noce 06y4eHnsA yMEHbIINIACh
II0 CpPaBHEHNIO C aHAJOTMYHON OImMOKoN 6e3
oby4eHus. Pe3ynbTaThl IpuBefeHbl Ha puC. 3.

VHTepecHO CpaBHUTD pe3y/IbTaThl HEYETKOM
VIeHTUVKALY pa3pabOTaHHOI CHICTEMBI Helipo-
HEYETKOTO BBIBOJIA C pe3y/IbTaTaMy MHOYKECTBEH-
HOJI pETPecCcunt U ¢ pesyabTaTaMy IPUMEHEHN
METOJja C/Ty4aliHOIO Jieca, UCIIOIb3YIOLIETO pe-
IPECCMOHHBIE [I€PEBbS PELIEHUN NI IpefcKa-

3aTEe/IbHBIX MOJENIEN K UCCIeyeMbIM JJaHHBIM.
Ha puc. 4 nokasana guarpamMma COOTBETCTBUA
3/IeKTPONIOTpeOIeHNsI Ha TeCTOBOJ BBIOOpKe
U NIpeACKa3aHHbIX 3HAYEHMIT PacCCMaTpUBaeMON
MOJ e IpyU IPUMEHEHUN METOMA CIy4allHOTO
7eca K MCCIefAyeMbIM faHHbIM. Ha puarpamme
II0Ka3aH pa3dbpoc MpefcKa3aHHbIX 3HAYEHUIL OT
IPAMOJ IMHUY, COOTBETCTBYIOILEN MX IIOTTHOMY
COBIIQ/IEHNIO C PAKTUYECKVIMI 3HAUEHAMM 9JTeK-
TponoTpebnenns. [Ipu nocrpoernn crydaiHoro
7ieca MICTIO/Ib30Ba/IMCh TPY NPEAUKTOpa IPU pas-
OveHMyM 00y4aromMX JAaHHBIX /I IIOCTPOESHMS
nepeBbeB U 50 perpecCuOHHBIX iepeBbeB. AJIro-
pUTM BbIOOPa 00yJalolIell ¥ TECTOBOJ BBIOOPOK
OBUI TOT 5Ke CaMblif, YTO ¥ IIPY HEYEeTKOM MO/ -
poBanvy. CpeHeKBaJpaTyHas OIIOKa Ha TeCTO-
BOII BBIOOpKe cocTaBua 0,689, 4To BbIllIe aHATIO-
TYIYHOTO 3HAYeHMVsI OLIMOKY IIPY HEYeTKOI VJIeH-
tudukanyy. YncneHHOe 3HaYeHNe OIOKY ITpaK-
TUYECKN He MU3MEHAIOCH IIPY YBEIMYEHUI Y CHHI-
JKEHUU YMCTIa IePEeBbEeB U IIPY M3MEHEHUH YK CTIa
IPeAVKTOPOB ITpY pa3OyeHny 00y JaroI X JaHHbIX.

Jnsa cpaBHEHMA Pe3y/IbTaTOB HEYETKOIO MO-
HeNMPOBaHUA C Pe3y/IbTaTaMy MHOXXEeCTBEHHOM
perpeccuu ciefyeT HailTy OMMOKY IIPOTHO3a pe-
rpeccuy Ha TeCTOBOJ BBIOOPKe.

6 T T T T

5L

BrixopHble maHHbIE

Puc. 3. CpaBHeHMe BBIXOHBIX TaHHBIX
HevyeTKOI cucreMbl FIS 6e3 1 mmocie
00y4eHMsI C TOMOLIBIO AITOPUTMA
ANFIS y1 371eKTpOnOTpeOIeH s
(Mcxopuple JaHHBIE) HAa TECTOBOM
BBIOOpKE

Fig. 3. Comparison of the output data
% | of the fuzzy FIS system without and
after training using the ANFIS algorithm
| and power consumption (initial data)

—— VIcxomHble maHHBIE

% Vicxomnas FIS: RMSE = 1,0789
O Tlocne obyuenns FIS: RMSE = 0,491

on the test sample: 1) the abscissa axis
1 shows the indices of each region in
the Russian Federation; 2) the number

-2

0 5 10 15 20

Ucmounux: pacdeTbl aBTOpA.

of training iterations is 40

25 30

Ipumeuanus: 1) Ha ocu abcuMCcC MOKa3aHbI MHAEKCHI KAXXIAOTO pernoHa PD; 2) KOMM4YecTBO MTEpaLmit

o6y4eHnst paBHO 40.
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elektr_test

2,5

Ucmounux: pacdeTnl aBTOpA.

Puc. 4. [luarpaMMa COOTBETCTBU
3NEKTPONIOTPeOIEHN S HA TECTOBOIA
BoibOpKe (elektr_test) u mpemckasanmit
uccnepyemoit mogenu (yhat_rf) npu
IpUMeHeHNY MeTOfIa CITy4altHOTO jieca

Fig. 4. Correspondence diagram
of power consumption on the test
sample (elektr_test) and prediction
of the model under study (yhat_rf)
when applying the random forest
method: see explanation in the text

| | |
3,0 3,5 4,0

yhat_rf

MOI[eHI) MHO>KeCTBEHHOM perpeccnn 3amn-
CbIBA€TCA B BULIEC

y=b,+bx +bx, +bx,+b,x, +bx.,

I7ie TIepeMeHHasA Y — MPOMBIIIIEHHOE 37IeKTPO-
notpebeHne, X1, X, X3, X4, Xs — COOTBETCTBEHHO
00beM IIPOMBIIIJIEHHOTO IIPOM3BOJCTBA, IHBE-
CTUIIVI B OCHOBHOJI KallMTasI Ha IyIIly HaceleH N,
YJCIEHHOCTD 3aHATBIX, YPOBEHb ypOaHM3aIVN
U OTIIPaBKa TPY30B JKeJIe3HOJOPOXKHBIM TPaHC-
IOPTOM.

PaspieieHne MICXOHBIX TaHHBIX Ha 00yJalo-
II[YIO ¥ TECTOBYIO BBIOOPKJ ITPOM3BOAMIOCH aHa-
JIOTMYHO CPaBHUTE/IbHOMY aHAJIN3Y, OCYILeCTB-
JIeHHOMY paHee. BekTop mapaMeTpoB MOAENN
perpeccuy onpenessIcsa Ha o0ydarolieil BBIOOpPKe.
B pesynbrare upeHTH)UKAIVIV ITOTyYeHHAS MO-
IieTb MeeT BUJL

y=0,234+0,987x,+0,891x, +
+ 0,678x, +0,489x, +0,245x..

CpenHekBaipaTU4Hast OLUIMOKA Ha TECTOBO
BbIOOpKe cocTaBysieT 1,245, T. e. AB/IsIETCS BBILIE
aHayormvHoro 3Hayenusi RMSE nns upentudn-
Kalluy MEeTOJaMM HEeYeTKON JIOTMKM U Caydai-
HOTO s1eca. KoHeYHO, MbI 0CO3HaeM, YTO 3HaYeHMe
OLIVOKY JIJIsI MHO>KECTBEHHOI perpeccum He COB-
CEM KOPPEKTHOE, TaK KaK MICXO[HAA MOJeNb pe-

64

4,5

Tpeccuu TO/DKHA COfIEPIKaTh CIaraeMble, OTpaka-
IOI1[Vie IIPOCTPAHCTBEHHYI0 aBTOKOPPEIALINIO, KaK
II0Ka3aHo B pabote [22]. Tem He MeHee 3TO He yMa-
JisIeT MIPEeUMYIeCTBAa METO/ja HEeYeTKO TOTUKI
1 UAeHTU UKLV SKOHOMUYECKUX MOJIe/elt
B YC/TOBMSIX HEOIIPe/e/IeHHOCTI.

Kak ormeuanoce, paspaboTaHHass HeYeTKas
cucreMa (CuCTeMa HEYETKOIO JIOTMYECKOTO BbI-
BOJIa) MOXKET VICIIO/Ib30BaThCA JI/IS ICCTIENOBAHSA
B/IMSIHYSL M3MEHEHMs TI000T0 BXOIHOTO (akTopa
VI KOMOVHAIIMY TaKuX GaKTOPOB Ha M3MEHe-
HII€ TPOMBIIIIEHHOTO 3/IEKTPOIIOTPEOIEH IS, T. €.
IIIS CLEHAPHOTO MPOTHO3MPOBAHMS Pa3TMIHbBIX
cuTyauuit. X0Ts Hallel 3a/jadeil He ABJIAIOCH IIPOo-
BefleHMe MOJOOHBIX IIPOTHO30B, CIefyeT OTMe-
TUTb UX BO3MOXXHOCTM. C IIOMOIIbI0 HEYETKON
CUCTEMBI MOYKHO BBISICHUTb, HACKOJIBKO MSMEHUTCA
IIPOMBIIIJIEHHOE 3/IEKTPOTIOTPeOIEHE TIPU Pa3-
MeIIeHNI IPOM3BOJCTBEHHBIX MOII[HOCTE B OTIpe-
JIe/IEHHDBIX PETMOHAX, WM IIPOAHATU3UPOBATD I1€e-
71eCO0OPA3HOCTD TAKOTO PasMeIlleHNs, CBI3AHHOTO
C HA/IM4Y¥eM TPYAOBbIX pecypcoB. MOXKHO TakKe
MICCTIENOBATD M3MeHeH Ve IPOMBIIITIEHHOTO 9/IEKT-
pOTOTpebIeHNsT IPY M3MEHEHUN YMCTIEHHOCTH
3aHSATHIX, CB3AHHOM C OTTOKOM TPYJOBBIX pe-
CYPCOB, 1 T. i.

B kavyecTBe mpumMepa pacCMOTPUM, Ha CKOJTBKO
IIPOLIEHTOB M3MEHUTCS /IEKTPOIIOTPedIeH e pe-
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TMOHOB, 06cmykuBaembix O9C Bocroka, mpu ns-
MeHeHUY 06'beMa IPOMBIIIEHHOTO IIPOV3BOJCTBA
B HUX Ha 1 %. Tepputopus o6cnyxmusanns O9C
Bocroka BK/IIo4aeT B ce0s IeBATb permoHoB: Pec-
my6muky Caxa (Axyrws), Kamuatcknii, [Tpumop-
ckuit n XabapoBckuit Kpas, AMypckyto, Mara-
maHckyio 1 CaxanmHckyo obmactu, EBperickyto
AaBTOHOMHYIO 0671acTh ¥ YyKOTCKMIT aBTOHOMHBII
OKPYT. DTH perroHbl 00TaTa0T 3HAYNTE/IbHBIM
IOTEHIAIOM POCTa MOTpeO/IeHNA 3MeKTPO-
SHEpINM, YTO CBA3aHO C pa3pabOTKOI Ha X Tep-
PUTOPUU MECTOPOXK/IEHUI IIBETHBIX META//IOB,
Hed TV U rasa.

[Tpn usmMeHeHNM 00BeMa IIPOMBIIIEHHOTO
IIPOM3BOJICTBA B 3TUX AEBATY peruMoHax Ha 1%
(B OCHOBHOM 3a CYeT [JOObIBAIOIEll U1 B MEHbIIIEH
cTeneHy 06pabaThIBaOLIell TPOMBIIITIEHHOCTH)
BBIXOJJHOE 3Ha4YeHMe ITPOMBIIUIEHHOTO 3/IeKTPO-
HoTpe6/IeH N B He4eTKO CICTeMe Iocie oOyde-
HIIS BCell BBIOOpKy 3MeHnTcs Ha 3,3 %. [Ipu ox-
HOBPEMEHHOM YBe/IMYEeHUM MHBECTULIMI B pac-
CMaTpyBaeMble PETMOHBI POCT 37IEKTPOIOTped-
JIeHMSI MOXKeT OBITD 60J1ee 3HaUMTeNbHBIM. B Ka-
JecTBe CIIPaBKM OTMETUM, 4TO, I10 IAHHBIM IIOp-
tana «/IHPoTIK»!, MuHMCTEPCTBO SHEPTETUKNI
Poccun mporHosupyeT cpeiHerofoBoii TeMIl pocTa
anexrponorpedbnerns B OIC Bocroka 5,20 %.
ITockonbKy BCe permMoHbl NMPOVH/IEKCHPOBAHBI,
MO>KHO TPOTHO3MPOBATh M3MEHEHVEe BHIXOJHOTO
3HaYeHMs IPOMBIIUIEHHOTO 3/IeKTponoTpebde-
HYA TIPU KOMMYECTBEHHOM VI3MEHEHUY TI000TOo
13 IIPeIUKTOPOB He TONIbKO B 1[€/IOM II0 CTPaHe,
HO ¥ B K&)KJIOM OT/I€/IbHOM PeTVOHe.

3AKNMTIOYEHUE

B manHOII cTaThe C ITOMOIIBIO MEeTO/Ia HeYeT-
KOTO MOJIe/IPOBaHVA MICC/IEOBaHa 3aBUCHMOCTD
IPOMBIILITIEHHOTO 3/IEKTPOIIOTPeOIeH NS OT pas-
JIVYHBIX COL[MAIbHO-39KOHOMMYECKUX (PaKTOPOB.
Vcnonb3oBaHye HEYETKOM JIOTUKY OCOOEHHO XO-
POLLIO NOAXOAT /L1 MOJ€/IMPOBaHVA IJIOXO OIIpe-
IETIEHHBIX CUCTEM, B KOTOPBIX CYLIECTBYET 3Ha-
YU Te/IbHas HEONPENe/IEHHOCTh OTHOCUTEIbHO

IPUPOJBI Y AMANla30Ha KITI0OYEeBbIX BXO/[HBIX IIe-
PEMEHHBIX ¥ OCHOBHBIX B3alIMOCBS3ell MEXIY
HuMM. Takoil cucreMoil SB/ISETCS SKOHOMMKA
coBpeMeHHOI Poccun — B nepnoj; HaJl0>KEHHBIX
Ha Hee CAaHKIIMIT CO CTOPOHBI HeJ[PY>KeCTBEHHBIX
rocygapcTB. C HEKOTOPOIL JoJIell YCIIOBHOCTU
METOJ{ HeUeTKOJ JIOTVUKY JIsI MOJeMPOBaHMA
B3aVIMOCBSI3€ll MEXIy ITepeMEHHBIMY MO>KHO CUVI-
TaTb OJHVUM )3 METOLOB HellapaMeTpu4ecKoil
OLIEHKJ PerpecCUOHHBIX yPaBHEHMI.

Pe3y/pTaThl HEYETKOTO MOJIETMPOBAHMIS CPaB-
HYBAJIVCh C Pe3yIbTaTaMM, ITOTyYeHHbIMI TIPU
MOJIeTIIPOBAHNY aHAIM3UPYEMOTI 3aBUCUMOCTI
C TIOMOIIBI0 MHO>KECTBEHHO PErPeccht, 1 C pe-
3y/IbTaTaMy, MOTyYeHHBIMY IIPY NPUMEHEeHUN
MeTOfja CTy4alfHOTO JIeca, VICIIOJIb3YIOIIETO perpec-
CUIOHHBIE JIePeBbsI PEIeHNI K MCC/IeyeMbIM IaH-
HbIM. [Toka3zaHo, 4TO MOzieMpOBaHe VICCIIeye-
MOJ1 3aBUCYIMOCTY ITOCPECTBOM HEYeTKOI MO/
B YC/IOBUSAX HEOIpefle/IeHHOCTH SBJIsieTcs Ooree
aJleKBaTHBIM II0 CPAaBHEHNIO C €€ MOZe/IVIPOBaHNEM
C TIOMOIIBIO PEIPECCHOHHBIX METOIOB (BK/TI0YAs
MeTOJ] CIIy4alfHoro jeca). TeM caMbIM MOATBEp-
XJleHa pabodas IMIoTes3a CTaTbi O IpeuMylie-
CTBE HEYEeTKOTO MOJEMMPOBAHI TIepeq JPyTuMu
MeTOJJaMJ, B TOM 4YMCJIe SKOHOMETPUYECKIMY,
B YC/IOBUSAX HEOIPeeIeHHOCTH.

PaspaboTaHHas HeyeTKas cucrema (cucrema
HEYeTKOTO JIOTMYEeCKOTO BBIBOZIA) MO>KET MCIIO/Ib-
30BaThbCS /1A VICCIEOBAHVIA BIMSAHMS M3MeEHe-
HUA TI060T0 BXOZHOTO aKkTopa W KOMOMHa-
1y (pakTOpOB Ha M3MEHEeHe IPOMBIIIJIEHHOTO
anextponorpedbnenns. C MOMOIIbIO HEYETKOM
CHCTEMBI MOXXHO BBIACHUTH, HACKOJIBKO VI3Me-
HUTCS IPOMBILIJIEHHOE 3/IEKTPOIIOTpedIeHyIe Py
pasMelleHNy NPOV3BOJCTBEHHBIX MOIIHOCTe
B OIIpefie/IeHHBIX PEerMoHax, WV IPOaHAIM3U-
POBaTh 11e/1eCO00Pa3HOCTb TAKOTO pa3MelleH,
CBSI3aHHOTO C Ha/IN4lieM TPYAOBBIX PeCypcoB.
Kpome TOro, MOXXHO McCnefoBaTh M3MEHEHe
IIPOMBIIIJIEHHOTO 9/IeKTPONIOTPeOIeH NS B CUTY-
auyy M3MEHEeHMs YMC/IEeHHOCTY 3aHATBIX, KOTO-
poe CBsA3aHO, HAIpMMep, C OTTOKOM TPYHOBBIX
Pecypcos, 1 T. .

! Mumnanepeo >KfieT eXerofHOro pocra moTpebdmenus sHeprum B Poccyn Ha 2% // VingoTIK. 06.12.2023. URL:
https://itek.ru/news/minenergo-zhdet-ezhegodnogo-rosta-potrebleniya-energii-v-rossii-na-2/ (mata obpamenns: 16.02.2024).
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