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Per. Ne 325/2020 IIpeagmer. Mcmosb3oBaHue UMGPOBBIX [IBOMHUKOB [MAJISI  YIIPABIEHUS
[Tonyuyena 01.06.2020 MHHOBALMOHHO-MHIYCTPUaIbHBIMM KJIACTEPAMM U UX B3aMMOIECTBMUS.
[Tonyuena B Lenn. Ilpennoxkuth Momeab CO3AHMUS ¥ OTIAAKM LMUGPOBOTO IBOMHMUKA
IOpabOTaHHOM BUJIE MEXKKJIACTEPHOTO B3aVMOIECTBUS.

15.06.2020 Metoposiorust. Vicrnosb3oBaHbl 0OllIleHayYHbIEe METOIbI. I1pou3BeneHbl BbIOOD
Opo6pena 29.06.2020 ¥ KOPPEKTMPOBKAa TapaMeTpoB 1M(PpOBOro ABOMHNKA, TOCTPOEHME U OTIaaKa
HocTyrHa oHJIaiH €ro MOJeJH, a TaKsKe aJITOPUTMa UMUTAIIIOHHOTO MOZEIMPOBAHMS.

30.08.2023 Pesynbrarpl. B KauecTBe Hambosiee BaKHBIX HAIpaBJIEHUM MEKKJIACTEPHOTO

B3aMMOJIEVICTBYSI MPEIJIOKEHBI SKOHOMUKO-(PMHAHCOBOE, MHGOPMAIIMOHHOE U
CrenyuaabHOCTh: 5.2.4  JIOTUCTMUYECKOe, a B KaueCTBE OCHOBHOM XapaKTePUCTUKU YCIEITHOCTH
B3aMMOZENCTBUSI — €CTECTBEHHbIV MPUPOCT HACETIEHMS.

VIK 332.142.2 BoiBogpbl. Vcrionb3oBaHue G poBOro ABOMHMKA MEXaHM3Ma MEKKIACTEPHOTO
JEL: C63, E17, O21, B3aMMOZIENCTBUSI [O3BOMUT U36eskaTb HeOOOCHOBAHHBIX YIPaBIeHUYECKUX
036 pemenuii. st TTpuBOKCKOrO ¢emepaJbHOrO OKpyra CIpaBedJjiB BBIBOI O

" CTarbsl IOArOTOBJIEHA 110 MaTepyaaM xypHana «Dunance! n kpegut». 2020. T. 26. Bo. 7.
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TOM, YTO YBeJINYEHNE I/IHBeCTI/ILU/Iﬁ B OCHOBHOJ1 KaluTasl He BcCerga InpmBOOUT K

KitioueBsbie ciioBa: POCTY UMCJIEHHOCTM HacesieHMs. HacesieHue MHTepecyeT Ipeskie BCEro pocCT
uM(poOBOI TBOMHUK, €ro [JOXOmOB. OTO HeoOXOOMMO YUYMTHIBaTb IpU TepepacrpeneaeHnn
MEXKKJIaCTEPHOE MHBECTULIMOHHBIX Y YeJIOBEUECKUX PECYPCOB.

B3aMMOZENCTBIE

© Wsparennckuit jom ®DVMTHAHCBI n KPEIWT, 2020

s purupoBanus: Sumu C.H., Tpudonos 10.B., Komenes E.B. Otiagka imdpoBoro gBoiHMKa
MeXaHM3Ma SKOHOMUKO-(DUHAHCOBOTO, MH(GOPMAIMOHHOTO ¥ JIOTMCTUYECKOTO MEKKIACTEPHOTO
B3auMopencTBus // @uHaHcoBast aHaIUTUKA: pobseMbl 1 perterust. — 2023. - T. 16, Ne 3. — C. 301 - 320.
https://doi.org/10.24891/fa.16.3.301

B Hacrosiiiee Bpemsi TEXHOJOTMM IIPOrPaMMMPOBAHMSI M MCKYCCTBEHHOTO WMHTEJJIEKTa
IIPOYHO BOIIJIM B pas3/iMuHble chepbl KU3HeIeITeJbHOCTH 1 pasBUTHUs obiectsa. OgHum
13 TaKUX HampaBjIeHUi SBJSETCS IpUMeHeHMue ILM(POBbIX IBOWHMKOB B IPOM3BOLCTBE.
OTO MO3BOJIIET KOPPEKTMPOBATh pas/iMuHbIe IapamMeTpbl MOMEJM CJIOKHOIO M3Oesus
B peXXuUMe peajbHOTO BpeMeHM M He mpuberatb B 3TOM Cjydae K paboTe C peabHbIM
ONBITHBIM OOpasnoM usmenus. Tak, K IpuMepy, IMOCTYIAIOT B IPOEKTUPOBAHUU U
MIPOM3BOACTBE aBTOMOOMJIEN.

[Tomo6HbIe Momen HUEGPOBBIX MBOMHMKOB HAYMHAIOT MPUMEHSATh B APYTUX OTPACIISX,
HarpuMep, B (PUHAHCOBOM ¥ WMHBECTUIIMOHHOM aHaim3e. OmHAKO MCIOJb30BaHME
MGPOBBIX IBOVMHUKOB JaeT TaKKe IIMPOKME BO3MOYKHOCTM M [JI MPOYMX OTpacsIei.
3nech MbI TOBOPMM 00 YITpaBJIEHMM MHHOBAIMOHHO-UMHAYCTPUAIbHBIMU KiaacTepavu [1],
a Takke 00 mx B3aummomencTBuyu. OnTMMM3aumsl MOJOOHBIX ITPOIECCOB, OE3YCJIOBHO,
MTO3BOJIUT Pa3BMBATbHCS KjacTepam O6ojiee 3Gh(PEKTMBHO C COLMAIbHOM, SKOHOMUUECKOM U
TEXHUYECKOM TOUEK 3PEHMS.

Ha coBpeMeHHBIX KOHKYPEHTHBIX PpbIHKAaxX IIpM MAaCCOBOM IIPOM3BOACTBE HOBO
MPONYKLIMYU IIM(PPOBbIE TEXHOJOTUM B IIPOU3BOACTBE PACCMATPUBAIOTCS KaK BO3MOYXXHOCTD
o1 OOCTVDKeHUs1 Oosnee BbicOkoM mnpousBoauTenbHocTu [2]. TlogobHble umMdpoBbie
TEXHOJIOTUM TIO3BOJIIIOT MHTErpMpoOBaTh B3aMMOCBSI3aHHbIE KOMIIOHEHTBI BHYTPU
MPOU3BOACTB [3], UTO [esiaeT BO3MOXKHBIM AMCTAHILMOHHBIM KOHTPOJIb, MOHUTOPUHT U
yIIpaBJIeH)Ee YCTPOMCTBAMM Uepe3 CEeTEBYIO MHQPPACTPYKTYpPY, a 3HAUUT, O0OecIieuMBaeT
Oojiee HANEXHYIO MHTErpalyio ¥ TepeHOC MHaHHbIX (U3MUeckoro o6beKkTa Ha
BUPTYaJIbHbIN MUp [3, 4].

[TonyueHnsle 6osbiiiie o6beMbl HaHHBIX (Big Data) o6pabaTbiBaroTCs, aHAIM3UPYIOTCS
" OILIEHMBAIOTCSI C TIOMOIIIBIO aJITOPUTMOB MMUTAIIMOHHOTO MOJE/IMPOBAHMS U IJIOOAJIbHOM
ONTMMM3ALY, YTOObI MMETh BO3MOKHOCTD CHEJIaThb MX JOCTYIHBIMMU JIST TJIAHMPOBAHMS
B PeXKMMe peasibHOTO BpemMeHn [5].

Lndposeie goiHMku (Digital Twin, DT) — 2To ogHa M3 KOHIEMNIMIA IIJIAHUPOBAHMS
M ONTHMMM3alMM TPOU3BOACTBA C OOJBIIMM IMOTEHIMAJIOM BO MHOI'MX OOJIACTSIX
MPOMBIIIIEHHOCTY [6]. DTO KOMIIBIOTEPHBIM aHaJor paccMaTpuBaemMon (u3nuueckon
cuctembl. LI poBoit IBOMHMK MOXKET MCITOIb30BaThCs IJIT MUMUTAIMK pabOThl peaibHOro
00beKTa B pasHbIX Leasax. [IpyM 3TOM CHUHXPOHM3UPYIOTCSI Ppas/iMYHbIe IaHHBIE,
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MOCTYyIMAalIMe OT Hero B peXMMe peajbHOTO BpEMEHM, YTO CIOCOOCTBYET
OCYIIIECTBJIEHMIO BbIOOpA ONMTMMAJIBHOTO BO3IEMCTBUS HA PeabHbI OOBEKT U MO3BOJISIET
MOBBICUTD 3(PGEKTMBHOCTD MTPOU3BOACTBA MPOAYKIMM, a CJIeN0BATebHO, 1 3G(MEKTUBHOCTD
IesiTeJIbHOCTM CaMOro IIPOM3BOACTBEHHOrO npeanpusdatus [2, 3, 7.

BriepBble ymnommHaHue TexHOJIOTMM LMGpoBOro ABouHmKa mpousonio B 2002 r. Otor
TepMuH BBesl Mainkin ['puB3 (Michael Grieves) B 1iensix oTpacjeBOM ITpe3eHTaluun
yIipaBjaeHMus] >KM3HeHHbIM IMkjaom Tpopykra (PLM). LudpoBoit OBOMHUMK B CBOEM
MepBOHAYAJbHOM BHUJIE€ OINMCHIBICS KaK UudpoBoe WHMPOPMALMOHHOE OTpaskeHue
dbusnyeckoro oOBEKTa, CO3MAHHOE KaK eAuHOoe IeJloé ¥ CBSI3aHHOE C MCXOOHBIM
dusnueckum 06beKTOM. lludpoBOIi OBOMHMK TO/KEH ONTMMAJIbHO BKJIIOUAThb BCIO
MHGOPMAIIMIO O peaJlbHOM OOBEKTe, YTO BO3MOXXHO TOJIBKO IIPM €ro TIIATeIbHOM
usydeHun [8].

B 2012 r. mosBuioch MOApo6HOEe ompedeeHne: <«Iu@poBoi IBOMHMUK IIpeACTaBJIIeT
co60i MHTerpuMpoBaHHOE MYJAbTU(DMU3MUECKOEe, MacIITabHOe, BepPOSITHOCTHOE
MOZEIMPOBaHMe CJIOXKHOTO MPOAYKTAa M MCIIOJb3yeT AaHHble O (PM3MYEeCKOM MOJIen,
MOCTYIAIOIIMe C Pas/JMUHbIX JAaTUMKOB, UTOOBI OTPasUTh peaibHOe COCTOSIHUE
dbusmueckon mogenn» [6].

CoBpeMeHHbIII YPOBE€Hb PasBUTUS TEXHUKM M TEXHOJIOTUI TIO3BOJISIET MOIEeIMPOBaTh
1M@POBbIe MOIENM HE TOJIBKO OTAEJbHBbIX IPOMAYKTOB IIPOM3BOIACTBA, HO M IIEJIbIX
TEeXHOJIOTMYECKMX IporieccoB. [lepBbie mMomen HMGPOBBIX ABOMHUKOB IOSIBUINCH B
aPOKOCMMYECKOM OTpaciyM B BUIE TEXHOJOTMUYECKUX [OOpoxkHbIXx kapT NASA [6].
KiroueBbiM aniemeHTOM GyHKIMOHMpoBauus DT sBisieTcst mpemocTaBiieHue pasiMyHOM
nHdopmanmyu 06 oobekTe B coryiacoBaHHOM ¢dopmare. LlydpoBbie ABOMHUKY BKJIIOUYAIOT
B ce0s He TOJbKO JJaHHbIe, HO M aJITOPUTMbI, KOTOpbIe OMMUCHIBAIOT (PYHKIIMOHMPOBaHME
MCXOOHOTO OOBEeKTa ¥ ONpeAessiioT [OEeUCTBUSI BCEM CUCTEMbI HAa OCHOBE 3TUX
06paboTaHHbIX JAHHBIX [5, 7, 9].

B Tepmunonorun mpomsBoxpcTtBa [10] mmeercs cienmyioliee ompenesieHue LudPOBOro
nBoHuKa: «DT cocTouT u3 BUPTYaJIbHOTO OTOOpakeHMsI MPOU3BOACTBEHHOM CUCTEMBI,
KOTOpasi MOKeT paboTaTh NP Pa3IMYHbIX 3a7auax MOLEIMPOBAaHMS U XapaKTepusyeTcs
CUHXPOHM3AIMeN MeXKIY BUPTYaJIbHOM U PeasbHOM cucTeMaMy O6jaromapsi CUMTHIBAHUIO
OAHHbIX M UX OOpabOTKOM WHTEJUIEKTYaJbHbIMM MaTeMaTUMYeCKMMM MOIEeIsIMU B
peanbHOM BpeMenn». «KiroueBast posib DT B Mpou3BOACTBEHHBIX CUCTEMAX 3aKJIIOYAETCS
B MCIIO/Tb30BaHMUM 3TUX BO3MOYKHOCTEN )15 IPOrHO3MPOBAHUS M ONTUMM3ALUY TTOBeHeHNs
MTPOU3BOACTBEHHONM CUCTEMbI Ha Ka)KIOM 3Tame ee >KM3HeHHoro uukaa» [3]. Ilpu stom
B OT/IEJIbHBIX OTPAC/ISIX CYIIECTBYIOT Pa3/IMUHble IIOHMMAHUS CYyTU IM(PPOBBIX JTBONHMUKOB
[6, 7, 11].

[IprmeHeHnne UMGPOBbIX OBOVHMKOB Ha TIPAKTMKE TECHO CBSI3aHO C TEXHOJIOTUSIMU
MpOrpaMMMPOBAHMS 1 MCKYCCTBEHHOTO MHTeJIekTa. OOHUM 13 METOA0B MCKYCCTBEHHOTO
MHTEJIJIEKTa SIBJISETCSI MMUTAIMOHHOe MmopenupoBaHme. K Haubosee MOIIHBIM
aJITOPUTMaM MMUTALMOHHOTO MOJE/JIMPOBAaHNSI MOKHO OTHECTU:
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5) renetuueckuit arroputm (genetic algorithm);
6) MMUTALMOHHBIN OT>XUT (simulated annealing);
7) Touck 110 11absiony (pattern search);

8) mypaBbMHbIN ajaropuTM (ant algorithm).

Hanbompiimii mpakTM4YeCcKuii MHTepeC MPeaCTaB/IsieT aJITOPUTM MMUTAIIMOHHOTO OTKUTA
B CUJTY psifia ero MpeuMyIiecCTB.

1. MeTon oTskura mo3BoJjisieT u306ekaTh «JIOBYIIKM» B JIOKAJbHBIX 3KCTpPEMyMax
ONTUMMU3UPYEMON GYHKIIMK U TTPOSOJIKUTH IMOMCK II06aIbHOTO 3KCTpemyma [12].

2. ke B YCJIOBMSIX HEXBAaTKM BbIYMCIUTENIbHBIX MOILIHOCTEN [JJIs1 HaXOXAEeHMS
[7106a/IbHOTO 3KCTPEMyMa METOf, OT>KMra, Kak IIPaBWIO, BbILAeT HEIJIOXOe pellleHue,
TO €CTb OOVH U3 JIOKAJIbHBIX 5KCTPeMyMoOB [12].

3. IIpu cpaBHeHuu agantuBHOro merona orkura (Adaptive Simulated Annealing, ASA)
M TeHeTUUEeCKUX aJITOPUTMOB MOJIyUeHO, YTO B OOJIBIIIMHCTBE 3a/1au MEeTOH, OTKUra He
MIPOUTPBIBAET T€HETMUECKMUM aJITOPUTMaM, @ BO MHOTMX U BbIMrpbiBaeT [13].

AJITOPUTM MMMUTALMOHHOTO OTKMUTa OTHOCUTCSI K BE€POSTHOCTHBIM METONAM peIleHus,
YTO TOApasyMeBaeT CIyUYaiHbIM BbIOOP OJHOTO WM HECKOJbKUX BO3MOSKHBIX peIleHui
BMECTO aHa/iM3a KaxkKAoro. JTO IO3BOJISET CYIIeCTBEHHO COKPaTUTb BPeMsI PacueToB.
OcHoBHas Mess UMUTALIMOHHOTO OTXKUTa 3aK/II0YAeTCsI B KOHTPOJIMPYEMOM OXJIaXKAEHUMA,
YTO TPUBOOUT B UTOTE K JKEJIAEMOM CTPYKType aHaaM3upyeMoil cucteMbl. Ecim marhb
BO3MOYXHOCTb QJITOPUTMY CJTyYalHO BbIOMPATh pellieHie, ONTUMAaIbHOe Ha KaKIOM Iliare
(’Ka[IHbIM AJITOPUTM), TO MOKHO IPOMYCTUTh XOM, He JIYUINI JIOKJIbHO, HO JAIOIINIA
B pe3yJibTaTe ONTUMaIbHOE pelleHNe.

CyIecTBYIOT pas/iMuHble OOIMe CXeMbl MeTOHa OTKMIra, Cpedy KOTOPhIX OOBIYHO
BBIIEJSIOT 60bIIMaHOBCKMIT oTskur [14, 15], omskur Koum (6bicTpeii omkur) [16, 17],
cBepxObicTpbiit OTKUT [18], anroputm Keuu o [19] u metonsl «tymienus» [20, 21].
B pa6ore A.C. Jlonatuna [12] nokasaHo, 4TO Bepcus aJIlOPUTMa CBEPXOBICTPOrO OTKUTa
CXOOUTCSI 3HAUUTEJbHO ObICTpee Apyrux MeTomoB. IIpm stom omskur Koim Ttakske
MPUBOAUT K HU3KUM 3HAYEHMSIM HEBS3KM TPU OOJBIIIOM UMCJIe BbI30BOB (QYHKIUM —
mopsiaka 50 000, uto 119 Halllero mccjaenoBaHus, 6e3yCJOBHO, TaKKe IpenCcTaB/seT
omnpenesIeHHbIN MTPAaKTUYECKUI MHTEpPeC.

OBOJTIONVST MHHOBALIMOHHO-UHAYCTPUAJIbHBIX KJIACTEPOB IPEAONPenessieTCs He TOJIbKO UX
CaMOCTOSITeIbHBIM Pa3sBUTHEM, HO U 3(G(EKTMBHBIM B3aMMOIEIICTBMEM KJIACTEPOB. 3IeCh
B KauecTBe Hambosiee Ba>KHBIX HaIpaBJeHUI TOJOOHOTO B3aMMOIENCTBUS CJIeOyeT
paccMaTpMBaTh TP UX BUA:

1) skoHOMMKO-(DMHAHCOBOE B3aMMOJIEICTBHE;

2) uHpopMaLMOHHOE B3aMMO/IEICTBIE;
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3) JIOTUCTUYECKOE B3aMMOJIEICTBIE.

[Ipesxkne Bcero 3TM TpM BUIA B3aMMOAEUCTBUS MHHOBAIMOHHO-MHIYCTPUATbHbBIX
KJIaCTEpPOB OIpeessIiOT IepPCNeKTMBHOCTh MHHOBALMOHHOTO pPa3BUTHUSI OOJIbIION
TEPPUTOPUM, HA KOTOPOM OHM paACIOOKeHbI. [lom TakMMM TEpPUTOPUSIMM MOKHO
noHuMarb denepanabHbie okpyra Poccun.

OcHoBHOM Haubosiee 3HAUMTESBHOM XaPAKTEPUCTUKOM YCIEUIHOCTU COLMATbHO-
SKOHOMMYECKOTO PasBUTUSI MHHOBAIMOHHO-MHAYCTPUAJIBHBIX KJIACTEPOB B paMKax
OmHOro ¢emepaJbHOrO OKpyra Mbl CUMTAE€M €CTEeCTBEHHbBI IMPUPOCT UMCIEHHOCTU
HaceJIeHUsI perMoHa, B KOTOPOM HaXOOUTCS TOT MJIM MHOM KjiacTep.

Hanee cienyeT OMpenenTbCs C TapaMeTpamMy, OT KOTOPbIX 3aBUCUT IIPUPOCT HaceIeHusl,
MOCJIe Yero MOXKHO TepeiTy K TIOCTPOEHMIO U OT/Iaike 1M(pPOBOro JBOMHMKA MeXaHU3Ma
MeXXKJIaCTepHOTO B3ammopeucTBusi. [Ipu sTOM BbBIOpaHHbBIE MMapaMeTphbl [TOJIKHbI
COOTBETCTBOBATh LM CO3MAHUSI KOMITBIOTEPHOU IM(POBOM MOmean IepeurcIeHHbIX
paHee TpeX BMIOB B3aMMOAENCTBUSA. A 3aTeM CJie[lyeT MOCTpOeHMe U OTIajka 11bpoBOro
IBOVHMKA YKa3aHHOTO B3aMMOZENCTBMS KaacTepoB (puc. 1).

Wcnonb3oBaHye moaxoma, INpeACcTaBJIeHHOTO Ha puc. I, TO3BOJIUT u30exkaThb
MpeKIeBPEMEHHbIX HEeOOOCHOBAHHBIX YIIPABJIEHUYECKUX peIlIeHui TOCYIapCTBEHHOIO
MaciTaba B OTHOLIEHUM HaJbHENIIero pasBUTUSI MHHOBAILMOHHO-MHIYCTPUAIbHbBIX
KJIAaCTEPOB, PACIIOJIOKEHHBIX HAa TEPPUTOPUM KOHKPETHOro demepaabHOro okpyra Poccun,
M, HAIpPOTMB, CMOIEJMPOBATh MeXaHM3M MEKKJIACTEPHOIO B3aMMOIENCTBUS Ha
KOMITbIOTEPE B BME COOTBETCTBYIOIIErO IM(POBOTO OBOVMHMKA. DTO IIO3BOJIUAT 3aTeM
OTJIAAUThb YKa3aHHbIM 1M(PPOBOM ITBOMHMUK TaK, UTOOBI TOJYUUTb OINTUMAJIbHOE
yIIpaBJI€EHUYECKOE pellleHMe B CMbIC/Ie IJI00aJIbHOM ONTMMM3AIMM, IOC/e Yero IIPUHSTH
€ro Ha IMPAKTUKE C BO3MOXHOCTBHIO IIJIAHMPOBAHUS ¥ KOPPEKTUPOBKM OymyIINMX
rOCYIapCTBEHHBIX pPEIIeHUI Ha KOMIIbIOTEpE C MOMOIIBIO YK€ OT/IaXKEeHHOTO I(POBOro
IBOJMHMKA.

B 1mensgx KOHKpeTM3auuy MOMOEIM PAacCMOTPUM YyKasaHHble Ha puc. 1 stambl 6ojee
IeTabHO.

Oman 1 — e6vl60p U KOppeKMUPOBKA HeoOX00UMBIX napamempos uyugpoeozo
deoliHuxka. DbdEKTUBHOCTb MEXKJIACTEPHOIO B3aMMOAENMCTBUS JIyYIlle BCETO OTpa’kaeT
€CTeCTBEHHbIM TMpPUPOCT HacejeHuss (y) B aHWIM3UPYEMBIX PETMOHAX, B KOTOPBIX
pacITOIO’KeHbI COOTBETCTBYIOINIME MHHOBALMOHHO-MHAYCTPUAJIbHbIE KacTepbl. VIMeHHO
9TOT IIOKa3aTesib SIBJISIETCSl HamboJiee OINMpaBAAHHOM XapaKTePUCTUKOV OOpa3oBaHMs U
JaJbHeMIIIel BOJIIOLNM KIaCTepOB.

OpHako mPUPOCT HaceseHUsT HeOOXOAMO TTOCTaBUTh B 3aBUCUMOCTh OT TaKuX (PakTopoB
Mozenu uuppoBOro ABOVMHMKA, KOTOPbIE OTPaskayiv Obl B JOCTATOYHON Mepe HarpaBJieHNUsI
MEXKJIACTEPHOTO  B3aMMOMEMCTBUSI, K UMCIY KOTOPBIX OTHOCSATCSI 3KOHOMMKO-
dbuHaHCOBBIN, MHOOPMAIMOHHBIN ¥ JIOTMCTUUECKMUI BUIbI B3aumomenctsusi. K Takum
(bakTOopaM MbI OTHOCMM CpeAHe[yllieBble AeHeXHble A0XOObl HacejeHus (B Mecsir)
(x1), VHBECTMIIMM B OCHOBHOM KamuTaax (X;) M 9KCHOPT MMHYC UMIOPT (X3).
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[TepepacmipeeneHrie BeIMYMHBI JAHHBIX IIOKa3arejell CO CTOPOHbI TOCYJapCcTBa U
6u3Heca BHYTPM KOHKPETHOTO ¢elepaJbHOTO OKpyra MeXIy permMoHamu, TIje
HAXOISITCS KJIaCTepbl, COBEPIIIEHHO OUEBMIHO OTpakaeT MUX IKOHOMMUKO-(PMHAHCOBOE
B3aumopeiictBue. Kpome Toro, mepepacmpezesiieHe MHBECTUIMI B OCHOBHOM KaIlMTasl
€CTEeCTBEHHBIM 00pa30oM MPOUCXOOUT U3 MH(POPMAIIMOHHOTO B3aMMOIENCTBUS KIaCTEPOB.
K tomy ke, eciiu cpemHemylleBble MOXOObl HAaceJIEHMS B ONHOM pPErOHE BBIIIEe, YEM
B JIpyroM, TO 3TO TIpUMBENET K MUTPAlUM COOTBETCTBYIOIIEN paboueil CUJIbI U
VHTEJJIEKTYaJIbHOTO KamuTasa B JIMIe HeOOXOMMMBbIX CIelMaMCTOB MEXKAY PErvMoHaMM.
COOTBETCTBEHHO, 3TO TaKKe SIBJISIETCST CJIEACTBMEM MHGOPMAIIOHHOTO B3aMMOIEMCTBUS
KJIaCTEpPOB Mekay coboit. HakoHell, JOrUCTMYECKOe B3aMMOENCTBME KJIACTEPOB TaKKe
OTpakaeT IIPOLIeCChl MMUIpAalMM KamuTajga M KBaIM(PUIMPOBAHHBIX KaIpOB MEXKIY
COOTBETCTBYIOILIMMM pernoHamu (enepajibHOTO OKpyra, 4YTO, KPOMEe BCEro Ipouero,
HaXOOMUT OTpaykeHye U B ITOKa3aresie SKCIIOPTa MUHYC MMITOPT.

Takum o6pa3om, HaMM paccMaTpuBaeTcss QYHKIMS TPeX MePEMEHHbBIX y = f(x1, X2, X3) OIS
IJIAaHVMPOBaHUS Tlepepaciipenie/ieHNsl IlepeunCcIeHHbIX peCcypcoB CO CTOPOHBI TOCYHapCTBa
BO B3aMMOIENCTBUM C OM3HECOM B LEJSIX YBEJIMYEHUSI €CTEeCTBEHHOrO IIPUPOCTa
HaceneHus: denepasbHOro okpyra. OgHako 1O TIIpUYMHE TOTO, UTO MCXOMHbIE
CTAaTUCTUUECKME ITaHHbIE BCEX TpeX IEepPEeMEHHBbIX BBhIPAKEHbI B PYOJISIX MM OOJUIapax,
UX, MpPeXOe 4YeM MCIIOIb30BaTh, HEOOXOAMMO CKOPPEKTMPOBATh Ha COOTBETCTBYIOLLVE
TeMIIbl MHGASUMU [OJI1 TOro, 4uTOObl BCe MJaHHble ObUIM IIpeNCTaB/ieHbl B IlleHax
MOCJ/IeIHEr0 aHA/IM3UPYEeMOro roja.

Oman 2 — nocmpoenue u omnadka modenu uugppoeozo deoiiHuxka. B xauecTBe Takom
Mopenu OygeM MCIIOJb30BaTh MOIEeJb MHOXKECTBEHHOW HEeJMHENHON perpeccum
KaK Haubojiee NPUOIMKEHHON K OIMCAHUIO peasibHbIX IPOIIECCOB, IPOUCXOISIINX
B DJKOHOMMKE, B TOM UMCJIe ¥ [JI1 WMHHOBAaLMOHHO-MHIYCTPUAJIbHBIX KJIACTEPOB.
[IpakTnueckoy 3amaveil UCCaeNOBaHMS Ha JaHHOM 3Tare OymeT BbIOOp TaKOM perpeccuu,
KOTOpast OyzmeT HanboJslee KaYeCTBEHHOM 10 HEOOXOIMMBIM CTaTMCTUUECKMM IapameTpam,
a Takke He OygeT IMPOTMBOPEUYUTDH JIOTMKE, MOCKOJbKY Ha OCHOBAHUM pPEKOMEHIAIin
A. lamonapaHa [22] B mi000M aHanu3e HEOOXOOMMO PYKOBOLCTBOBAaTbCS 3APaBbIM
CMBICJIOM.

Oman 3 — omaadka anzopumma uMUMAayuoHHO20 ModenuposaHus. B KadyecTBe
aJITOPUTMAa MMUTAIIMOHHOIO OTKMUTra OyIeM MCI0JIb30BaTh OTKUT Ko, To eCTh ObICTPbIN
omkur. OgHaKko IJIsI JOCTVKEHUST TJI00aJIbHOTO SKCTpEMyMa PerpecCUOHHON (PyHKIIMM,
MOJTYYeHHOM Ha IJTare 2, yKa3aHHbI OTKUT CJIefyeT [OMOJHUTEIbHO OTIagUTb, YTO
MmofipasyMeBaeT KOPPEKTMPOBKY IMapaMeTPOB TeMIIepaTypbl OTXXUTA U OIpeAeseHne
BpeMeHM OCTAaHOBKM periaresisd. [Tomo6HyI0 OT/Iafiky HEOOXOOMMO ITPOU3BECTM OOMH pa3
Ha IIpuMMepe ITOJIYUYEHHOV PerpecCUMOHHON (PYHKIMM, TJI00aIbHbIA 3KCTPEMYM KOTOPOM
MOKHO HalTH aHAIUTUUYECKU. DTO MO3BOJIUT OTJIAAUTb JITOPUTM OTKUTA TaK, YTOObI OH
rapaHTUpPOBaJI C JOCTATOYHOM TOCTOBEPHOCTBIO NOCTMKEHME TI00aJbHOTO 3KCTpeMyMa
M He TpebOBaj TOCIENYIOIIEN OTJaAKM aJropuTMa B CJIy4yae TIOJyYeHUsS] HOBBIX
perpecCMOHHbBIX QYHKIIUIA.
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Takum 06pa3om, MbI MMOTy4aeM T'MOKYIO aanTMPOBAHHYIO MOJEIb M(PPOBOrO JBOVMHMKA
MexaHM3Ma MeXXKJIaCTEPHOTO B3aMMOMECTBYS.

PaccmorpuM 1mpolecc co3maHus M OTJIagkyu LMAPOBOro [OBOMHMKA MeXaHM3Ma
MEKKJIACTEpPHOTO B3auModeicTBusl Ha mnpumepe [IpuBossKCcKoro demepaabHOrO OKpyra
(I1DO0O).

CornacHo mepeuHio, yrBepskaeHHomy IIpaButenbctBom P®, B Poccum peiictByroT 25
IMMAJIOTHBIX MHHOBAIIMOHHBIX TEPPUTOPUAIBHBIX KJIACTEPOB IO permoHam Poccuiickon
®epeparvn. Torma 6ymem paccmarpuBaTh B [IDO Tosbko Te permoHbl (061acTv Mn
pecITyoIKM), B KOTOPBIX PaCIIOIOKEHbI KJIaCTepbl M3 TaHHOTO IepeuHs (mabn. 1).

Oman 1 — 6bl60p U KOppeKMupoeKa HeoOX00uMwblX napamempos Uugpoeozo
deoiliHuka. Vicronb3ys moxkasatenu «Craructuueckoro obospenusi» @DenepaabHON
CITY>KObI TOCYHAapCTBEHHOM CTAaTUCTUKU, CIPYINUPYeM HEOOXOAuMble [TaHHbIE O
€CTeCTBEHHOM IIPMPOCTe HaceJeHMus, CpeTHEeIYIIeBbIX AOXOHaX HaceyJeHus1 (B MecsIr),
MHBECTUIMSIX B OCHOBHOM KamuTas 1 06 akcropTe MuHyc mmmopt 3a 10 set ¢ 2009 no
2018 r. Ilpy 3TOM B 1eJASX CPaBHUMMOCTM [AHHBIX CKOPPEKTMpYeM I[OKasaTesu,
u3MepsieMble B PYyONISIX MM mosuiapaxX, Ha wuHGsuuio (ma6n. 2). Takum obpasom,
rojiyyaeM maHHble B 1ieHax 2018 r. B mab6n. 3.

Oman 2 — nocmpoeHue u omaadka modenu yupposozo 08oiiHuka. Vicroab3ys gaHHbIE
ma6n. 3, B mporpamMme Statistica mosiyueHbl OBe HauboJiee TOCTOBEpPHbIE MOMIEN
MHOXeCTBEHHOM HEJIMHEHOM perpeccun:

perpeccust 1: y=—290,198+0,36 x,+57,2291 x,— 33,0521 x,;

perpeccus 2:  y=15 283— 148 867 8811——35Jx_2.

X
[Tpu sTOM cama nporpamma Statistica orépocusia rnepeMeHHYIO x3 Kak He3HauMMYVIO.

O6e perpeccuy MOAYUMIACH JOCTATOYHO KaueCTBEHHBIMM, UTO W/UTIOCTPUPYIOT puc. 2 u 3.

KosdduimeHTs! qeTepMuHaIum Il perpeccuii MoayunInch MPUMEPHO OAMHAKOBBIMU, TO
2

ectb R'~0,62.

UYro6bl BBIOpaTh OKOHYATEJIbHO Hambosiee ameKBaTHYIO pPErpeccuio, IOCTPOMM UX
TpexmepHble Tpaduku B nmporpamme Matlab (puc. 4 u 5). Ilpu stom u3 mabn. 3 6epercs
OVAana3oH CpeIHeIyIIEBbIX [E€HEKHbIX [TOXONOB HaceyeHus (B MecCsl), KOTOPbIN
cocrtaBisier cermeHT [0; 37 914,6] py6. CoOTBeTCTBEHHO, [AMarna3oH MHBECTULIMA B
OCHOBHOJI KanuTas coctasisier cermeHT [0; 736 854,4] muH pyo.

Kak yske ykaspIBaJIOCh paHee, eC/iM CJefoBaTh pekomeHpanmsm A. lamopapaHa [22],
B JIIOOOM aHajau3e HeoO6XOOMMO PYKOBOACTBOBAThCS 3ApaBbIM CMBbICJOM. Toraa
HEeeCTeCTBEHHOM MpeCTaB/IIeTCsS CUTYallMs Ha puc. 5, rae Mpy MaKCUMaJbHOM IOXOIe
HaceJIeHUsI HaMOOJbIINIM TPUPOCT €ro UMCJIEHHOCTM OymeT Ipu Hyle MHBECTUIMIA B
ocHOBHOI KammTajn. Kak n3BecTHO, 6€3 MHBECTULIMI B OCHOBHOM KamMTal HEBO3MOXKHO
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pasBUTME MHHOBAIMOHHO-MHIYCTPUAIbHBIX KJIACTEPOB, YTO B CBOIO OYepelb IPUBEIET
K TaJeHNIO MPOM3BOACTBA M COKPAIIEHMIO AOXONOB HacejeHMs B TakoM Kkiacrepe. Ilo
9TOM NpUYMHE B [JaJibHelIleM He OygeM pacCcMaTpuBaTb perpeccuro 2, a CTaHeM
aHaJIM3MPOBaTh perpeccuio 1 Kak HauboJjiee JOCTOBEPHYIO.

Oman 3 — omaadka anzopumma umMumayuoHHozo modenuposaHus. Ecau
BHMMAaTeJIbHO IOCMOTpPeTb Ha puc. 4, TO BUIHO, YTO MPU MaKCUMaJIbHOM [IOXO[e
HacesieHust 37 914,6 py6. u HyJIeBbIX MHBECTULIMSIX B OCHOBHOM KamuTaj OymeT cambli
GOJIbIIION TIPUPOCT HAcCeJIeHUsI B CpelHEM Ha OOMH peruoH (MpaBasi yacTh Tpaduka).
Hanee eciu mNpM MaKCUMaJbHOM JOXO[e HacejeHMus] TIOCTEleHHO YBeIMUYMBaTh
MHBECTUIIMM [0 Makcumyma B 736 854,4 myH py6., TO IPUPOCT HaceJeHuUs Oymer
YMEHBIIIAThCST TTOUTH O HYJISI, a 3aTeM CHOBA YBEJIMYMBATHCS, ITOKA HEe JOCTUTHET HOBOTO
MakcMMyMa (JieBasi uyacTb Trpadwmka). Ho mpu 3rtom mnpupocT HaceseHMs] BCe pPaBHO
He JOCTUTHET II00aJIbHOTO MakCMMyMa (KaK Ha MpaBoy 4acTy rpaduka).

Takum 06pasoM, MMeeM 3afauy HaXOXKAeHMS] MaKCMMaJbHOIO 3HaueHus (QYHKUMM Yy Ha
3a[JaHHbIX CETMeHTax ee aprymeHToB: x,€[0,;37 914,6] u x,€[0,736 854,4]. B namem

clyyae OHa pellaeTcss aHAIATAYECKNU: MHBecTMUmMu x; = 0 M [OOXom HaceaeHus
X1max = 37 914,6 py6., TOrOA ymayx = 10 853,2 uer.

OmgHako 3TO IO3BOJISIET OTJIAAUTH QJITOPUTM MMUTAIMOHHOTO OTSKMUTa JJIS1 BBIITYKJIOTO
BHM3 IO x; rpadmka QyHKIMM y HA puc. 4. ITO HEOOXOOMMO IJISI TOTrO, UTOOBI IIpU
IaJIbHeNIIeM M3MEeHEeHU) YPaBHEHMST perpeccuu, HallpuMep, TPy BBEIEeHUM B HETO HOBBIX
aprymMeHToB X, B IIpoIlecce IIPMMEHEHMUs YK€ IIOJy4eHHOro LM(GPOBOro IBOVHMKA
MexXaHM3Ma MEKKJIACTEPHOI'O B3aMMOMAEMCTBUSI IOJy4YajoCh Obl HambOJIblllee 3HAUYEeHMe
byHKIIMM 106asbHOE, a He JioKajbHoe. [ljsi 3TOro mombupaeM IapaMeTpbl
TEMIIEPATYPHOTO PEXMMa M BpPEMEHM OCTAHOBKM peIaTessl ONbITHBIM ITYyTEM, MpPUYEM
TaK, YTOOBI MTOJIYUYMJIOCH PellleHye, KOTOPOe Mbl ITOTYYMI aHAIUTUUECKIA.

Ornagka umbpoBOro ABOMHMKA TpoBedeHa B mporpamme Matlab. [Ins sToro cHauvasa
cosmaetrcst M-dami-QyHKIMUS aHAJAM3UPYEeMOM perpeccuu. 3aTeM MCIOJIHSIETCS
mporpaMma C IOAOOpaHHBIMM TIapaMeTpaMyu TEMIIEPaTypPHOTO peXuMa ¥ BpeMeHU
OCTAaHOBKM pelllaTessi MMUTALMOHHOIO OTXKura. B pesynbraTe mosydaeTcsl 3HaYeHUeE
11e71eBOM QYHKINUA Ymax = 10 853 uet.

CambIM BasKHBIM pe3y/IbTaTOM JJIsI TTOJTYUYeHHOTO IY(GPOBOTrO ABOVMHMKA SIBJISIETCS] TO, YTO
yBeJIMueHre MHBECTULIMI B OCHOBHOM KammuTasa AajeKo He BcCerga MPUBOIUT K POCTY
YMCIEHHOCTU HacesieHus B pernoHax denepaabHoro okpyra. HaceneHne MHHOBaUMOHHO-
VHIYCTPUAJIbHBIX KJIACTEPOB MHTEpecyeT IIpesk[le BCEro pOCT ero cCpegHenyllieBbIX
IOXOMOB. ODTO HEOOXOOMMO YYMUTBIBATh IIpU TepepacipefeeHn MHBECTUIIMOHHBIX
M UeJIOBeUeCKMX PeCcypcoB B paMKax ofHoro denepasbHoro okpyra. KpaTkocpouHoe
COKpallleHyie MHBECTUIMI B OCHOBHO} KamyuTaa M OJHOBPEMEHHOE IOBbIIIEeHNE JOXONOB
HaceJIeHUSI B OT[IeJIbHO B3SITOM PervoHe OJHOro ¢efepasbHOrO OKpyra MOKET MpPUBECTU
K 6oJiee cepbe3HOMY IMPUPOCTY HAaceJieHMs B perMoHe MO0 CpaBHEHMIO C CUTyalyen, Koraa
HEJOCTATOK JTOXONOB HaceJeHMs] KOMIIEHCUPYETCSI TIPUPOCTOM MHBECTUIIMI B OCHOBHOM
KanuTal.
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Takum o6pa3om, OoJiee UYETKO CIUIAHMPOBAHHOE SKOHOMMUKO-(PUHAHCOBOE,
MHGOPMAIIMOHHOE U JIOTMCTMYECKOE B3aMMOIENCTBME MeXAY WHHOBAIMOHHO-
MHIYCTPUAIbHBIMM KJIACTEpPaMM B KOHKPETHOM (eiepaibHOM OKpyre, KOTOPOe OTPaykeHO
B IIOJIyUeHHOM IIM(GPOBOM [BOVHMKE, IIOMOMKET pelllaTh KaK TaKTM4yeckue, TaK U
CTpaTernyeckue 3agauy 3BOJIIOLNM KJIACTEPOB, pelllaeMble TOCYHApCTBOM M OM3HECOM B
COBMECTHOM B3aMMOJECTBUNA.

Chopmynupyem Hamubojiee BakHbIE MPAKTMUECKME BbIBOIbI, ITOJTYUYEHHbIE B Pe3yJibTare
MCCJIeqOBaHMsI.

Wcnonb3oBaHue UMGPPOBBIX MOBOMHMKOB [AaeT IIMPOKKME BO3MOXKHOCTU  JJISI
yIIpaBJIEHUSI MHHOBAIIMOHHO-MHIYCTPUAJIBHBIMM KJIacTeEpaMM U MX B3aUMOIENCTBUEM.
Ontummsauuss MOmOOHBIX IIPOIECCOB TO3BOJUT pa3BMBAThCSI KJacTepam Ooiiee
3 GEKTUBHO C COLMAIBHOM, SKOHOMMUYECKOM U TEXHUUECKOM TOUYEK 3PEHMSI.

B kavecTBe Hambosee BaKHBIX HANpPaBJIEHMI MEKK/IACTEPHOTO B3aMMOIENCTBUS
cenyeT paccMaTpuBaTh 3KOHOMMKO-(GMHAHCOBOE, MH(POPMAIMOHHOE U JIOTUCTUYECKOe
B3ammogencTeme. [Ipu 3TOM OCHOBHOUM Hambosiee 3HAYUTENBHOM XapaKTEPUCTUKOM
YCHEeITHOCTY MOAOOHOr0 B3aMMOAENCTBUSI B PaMKax OZHOTO ¢emepasibHOTO OKpyTa Mbl
CUMTAEM €eCTeCTBEHHBbIM TIPUPOCT HACeJeHMs] permoHa, B KOTOPOM HAaXOOUTCSI TOT
VIV IHOM KJIacTep.

[IprmeHenne uMGPOBbIX OBOVHMKOB HaA IIPAKTUKE TECHO CBSI3aHO C TEXHOJIOTUSIMU
NporpaMMMUPOBAHUS U MCKYCCTBEHHOro uHTesyiekta. OIDHMM U3 MeTOAOB
MCKYCCTBEHHOTO MHTEJVIEKTa SIBJSIETCSI MMUTALMOHHOe MogenupoBaHue. Hambonbiimi
MPaKTUYECKUM MHTEpeC MpencTaBisieT aJrOPUTM MMMUTALMOHHOTO OTXKMUIra B CWIY psia
ero nNpemmyIecTs.

Wcrnonb3oBanme 1M(PPOBOro ABOMHMKA MeXaHM3Ma MEKK/JIACTEPHOTO B3auMMOIENCTBUS
MO3BOJIUT M30eXKaThb IMpeXXIeBpeMeHHbIX HEeOOOCHOBAHHBIX YIIPaBJIEHUECKUX peIIeHUN
rOCYyZIapCTBEHHOTO MacIliTaba B OTHOIUIEHWM [OaJbHENIIEr0o PasBUTHMS WHHOBALMOHHO-
MHIOYCTPUAJbHBIX KJIaCTepOB, pAaCIOJIOXXEeHHBIX Ha TEPPUTOPUM KOHKPETHOTO
dbenmepanbHoro okpyra Poccum, u, HaANpoTuMB, CMOAEJMPOBATb MeXaHU3M
MEKK/IACTEePHOTO B3aMMOJEMCTBUSI HAa KOMIIbIOTepe B BHUAE COOTBETCTBYIOLIETO
11GpPOBOro ABOMHMKA. DTO IMO3BOJIUT 3aTeEM OTIAAUTb YKa3aHHbIN MGPOBON ABOVHUK
TakK, YTOObI MOJYYUTb ONTUMAJIbHOE YyIIpaB/ieHUeCKoe pellleH)e B CMbIC/e I[VI0OaTbHOM
ONTMMM3ALUY, TIOCIe YEro MPUHSTh €ro Ha IMPaKTUMKe C BO3MOXXHOCTBIO TIJIAHMPOBAHMS
" KOPPEKTUPOBKM OyIYIIUX TOCYIapPCTBEHHBIX PEIIEHMII HAa KOMITbIOTEpE C IIOMOIIIBIO YiKe
OTJIaKeHHOTO 1MGPOBOrO JBOMHMKA.

CaMbIM BaKHBIM PE3YyJIbTaTOM [JIsI IIOJyYEHHOTO IM(pPOBOro ABOMHMKA MeXaHM3Ma
MEXXKJIAaCTepHOro B3aumomenctBusi B [IpuBomskckoM (emepasbHOM OKpyTe  SIBJSIETCS
TO, YTO YBeJMYEHMEe MHBECTUIMII B OCHOBHOM KalMTaJl Jajieko He Bcerma IIPUBOOUT
K pOCTy HaceJieHUs] B permoHax demepajibHOro okpyra. HaceneHue MHHOBAIMOHHO-
MHIYCTPUAIBHBIX KJIACTEPOB MHTEPECyeT IIpeKIe BCEro POCT €ro CpeaHemyIIeBbIX
IOXOMOB. DTO HEOOXOOMMO YUMUTHIBATh IIPU Ilepepacipene/ieHn WHBECTUIIMOHHBIX U
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YyeJIOBEUECKMX PEeCypCcoB B paMKaxX OOHOro deaepaJbHOro okpyra. KpaTkocpouHoe
COKpallleHMe MHBECTHUIMIA B OCHOBHOM KallMTasl M OJHOBPEMEHHOE IOBbILIeHEe JOXOI0B
HaceJIeHMsI B OTHEIbHO B3SITOM PETVOHE OMHOro ¢emepaibHOro OKpyra MOKET IMPUBECTU
K 60Jjiee cepbe3HOMY MPUPOCTY HacCeJeHUsI B PervoHe M0 CPaBHEHMIO C CUTyallMel, Korma
HEJOCTATOK JOXOHOB HaceJIeHMUs] KOMIIEHCUPYETCSI IIPUPOCTOM MHBECTULIMII B OCHOBHOM
KarmTaJl.

Ta6nuya 1
HHHOBaIMOHHbIE TEPPUTOPUAIbHbIE KiIacTephl o permoHam [1PO
Table 1
Regional innovation clusters by region of the Volga Federal District
Pervonsi HMHaHOBanIOHHBIE K/IACTEPbI
Hwuskeroponckas obnactb Hwuskeroponcknit MHAYCTpUAIbHbIM MTHHOBAIMOHHbIN KJIaCTep B 06J1aCTH
aBTOMOOUJIECTPOEHMS U HePTeXUMum
Pecny6mka MopmoBust dueprosddexkTrBHAS CBETOTEXHNUKA Y MHTEJUIEKTYaIbHbIe CUCTEMbI
VIIpaBJIeHNS OCBeleHeM
VibssHOBCKast 06J1aCTh Koncopumym «HayyHO-06pa30BaTe/IbHO-IIPOM3BOACTBEHHbI KJIacTep

«VIbSIHOBCK-AB1a»
S mepHO-MHHOBALMOHHbIN KacTep I. JIuMuTpoBrpasa

Camapckast 0671acTb VIHHOBAaIMOHHBIN TEPPUTOPUAIBHBIN a9POKOCMUYECKUIL KIacTep
[Tepmckuin kpait VIHHOBaUMOHHBIN TEPPUTOPUAIBHBI KJIaCTEP PAKETHOTO IBUraTelle CTPOEeHMUS
«Texuomnomnmnc «HoBbii1 3Be3mHbI»
@PoToHuKa
Yomyprckast Pecriybnvka YOMYPTCKMI MallHOCTPOUTENIbHBIN KIacTep
Pecny6nmka Tarapcran Kamckuil MHHOBAIIOHHBIN TePPUTOPUATIbHO-TTPOU3BOACTBEHHBIN KJIACTEp
Pecny6imka BamkoprocTan Hedrexummueckuil TeppUTOPUAIbHBIN KIacTep

Hcmounuk: Poccuiickas kinactepHast o6cepBaropust. URL: https://cluster.hse.ru

Source: The Russian Cluster Observatory data. URL: https://cluster.hse.ru (In Russ.)

Ta6nuya 2

T'ogoBbie Temmbl MHIATIMN (%)

Table 2

Annual inflation rates, percent point
Basmora 2010 2011 2012 2013 2014 2015 2016 2017 2018
Py6mp 8,78 6,1 6,58 6,45 11,36 12,91 5,38 2,52 4,27
Tlomnap CIIA 1,5 2,96 1,74 1,5 0,76 0,73 2,07 2,11 1,91

Hcmounuk: @enepanbHast crykba rocynapcrseHHon cratuctuku. URL: https:/www.gks.ru

Source: The Federal State Statistics Service of Russia data. URL: https://www.gks.ru (In Russ.)
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Ta6nuua 3
TaHHBIE JJIs1 IOCTPOEHMSI PerpecCUOHHO Moje/u B rieHax 2018 r.
Table 3
Data to build a regression model at 2018 values
Togm, CpeauenyiieBbie VuBecTuyun IkcropT muuyc  EcTecTBeHHBbIN
JIEHEeKHbIE TOXOIbI B OCHOBHOI1 MMIIOPT, MJIH MPUPOCT
HacesieHus (B Mecsn), pyd. KanuTtai, MiIH pyo.  pmomi CIIA HaceJIeHusI, YeJl.
X1 X2 X3 y
1. Hustcezopodckasa o6nacmeo
2009 26 646,5 364 200 323,8 -22 094
2010 27 399 293 805,4 67,1 -22 942
2011 28 948,2 356 2433 20979 -17 869
2012 32 204,6 389 268,9 1578,1 -13 890
2013 34 216,8 385 562,5 1676 -13 457
2014 35 548,8 364 555,9 2 051,8 -12 846
2015 34 663,1 257 909,3 886,4 -10714
2016 32 503,3 234 809,1 669,4 -11 420
2017 31967,1 254 493 4451 -13 556
2018 31 631 259 045,4 1216,8 -15917
2. Pecny6auka Mopdoeus
2009 17 624,5 60 431,5 -61,9 -4 896
2010 18 794,6 65 463,8 -28,1 -5211
2011 18 495,5 74 836 -17 -4414
2012 19 478,1 74 621,1 -74,4 -3 691
2013 20 234,8 76 059,2 17,5 -3 855
2014 20 460 70 326,3 93 -3434
2015 19 843,1 58 975,9 -2,2 -3 567
2016 19 000 56 500 30,3 -3457
2017 18 914,6 62 474,5 47,9 -4 008
2018 18 048 51 210,1 4473 -4 094
3. Yavanoeckasa o6nacme
2009 19 362 90 379 70,2 -5734
2010 21 503,8 76 465,4 117,4 -6 690
2011 22 223 99 259,3 30,2 -5101
2012 24 621,3 109 859,2 -21,9 -3 551
2013 25 858,6 107 972 -258,1 -3 523
2014 27 545,9 104 511,3 -14 -3 397
2015 25 522,8 101 496,5 -67,7 -3 734
2016 23 501,4 73 628,4 -15,3 -3997
2017 23980 95 728 -57 -4944
2018 22 846 811054 -2549 -5413
4. Camapckas o6aacmeo
2009 33 303,5 203 9689 3420,1 -10713
2010 34 014,9 226 028,2 5769,8 -11 809
2011 34 691,1 319 376,7 4168,6 -9 516
2012 37031 307 832,4 3291,7 -5 641
2013 37 254,5 371 560,7 4276,8 -6 594
2014 33115,6 381 970,5 5938,4 -5402
2015 30 293,5 336 533,9 3 585,7 -4 687
2016 28 315 274 4847 2 020,4 -4 277
2017 27 781,7 262 201,5 15944 -9 284
2018 27 507 259 1523 17237 -9 927
5. Ilepmckuii kpaii
2009 31714,1 249 400,2 1963,1 -4 511
2010 31 357 221 552,1 3157,9 -3153
2011 33153 215 208 5058,3 -1765
2012 34 336,2 238 700,8 6 059,8 1569
2013 36 360,1 267 302,7 5366 1584
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2014 36 281,4 236 130,4 5688,4 2070
2015 37117,7 244 438,1 5035 1383
2016 30 707,4 253 3624 3611,3 889
2017 29 701,3 264 639,6 2 9384 -2 946
2018 28 777 238 007,9 3180,2 -5224
6. Yomypmckasa Pecny6nuka
2009 20 042,8 76 615,2 -17 869
2010 20 968,3 72 199,6 1,5 622
2011 22 351,7 97 862,4 781,7 1495
2012 24 341 86 273,2 1184 3718
2013 26 318,5 101 725,9 452,6 21776
2014 27 052,4 114 264 342,2 2 651
2015 27 740,9 90 503,7 167,2 2 662
2016 25 5432 91 296,9 250,7 1822
2017 24 874,7 83 364,7 51,5 -258
2018 24 415 97 892,8 -57,9 -1670
7. Pecny6nuka Tamapcman
2009 28 782 497 040,8 8170,6 -1415
2010 30 792,5 521 763,6 11 221,9 -762
2011 31 867,1 620 525 14 488,8 3752
2012 35 592 700 725,8 15484,2 9023
2013 36 843,6 736 854,4 13 959,5 10 218
2014 379146 690 372,2 11 861,9 9732
2015 355136 695 2451 7 452,5 10 416
2016 35076,3 686 810,8 6 861 10 643
2017 33673 664 837,7 6 496,5 4 240
2018 33130 629 731 8 223,7 1 600
8. Pecny6auka Bawikopmocman

2009 29 927,6 259 180,6 3271,5 2 305
2010 30 390,3 238 457,6 7 754,9 2 686
2011 31 009,2 297 102,9 8499,9 1374
2012 32 245,2 3511174 9 300,7 5617
2013 34 085,1 377 093,5 9 156,6 5895
2014 33 046,9 363 157,3 10 279,8 6 949
2015 314932 356 778,5 5629,3 5089
2016 30 082,1 385 843,1 5292,3 3298
2017 29 603,3 272 034,6 2 679,4 -1072
2018 28 645 267 868,1 2 650,2 -3429

Hcmounuk: aBTOpCcKast pa3paboTka

Source: Authoring

Pucynok 1

DTanbl CO30aHUS U OTVIAZKU HM(PPOBOro ABOMHMKA MeXaHM3Ma MEXK/IACTePHOT0 B3aMMOJEeCTBUS

Figure 1
Steps of development of the digital twin of the inter-cluster cooperation mechanism

BbI160p H KOPPEKTHPOBKA [TocTpoeHHe U OTIa/Ka OTajKa aropuTMa
HeOOXOHMBIX ITapaMeTPOB CTAaTHCTHYECKOH MOJEITH HMHTAIHOHHOTO
nU(POBOro JBOHHHKA mu(POBOro IBOHHHKA MOJIETHPOBAHHS IBOIHHUKA
(CTaTHCTHYECKUX JJAHHBIX) (perpeccHOHOMH MOJIENH) (MMHTAIIHOHHOTO OT)KHUTA)
Oram 1 Oran 2 Oran 3

Hcmounux: aBTOpCcKas paspaboTka

Source: Authoring
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Pucynok 2

Perpeccus 1 gnsa Bocbmu peruonosB IIpuBosKRcKoro deaepasbHOTO OKpyTa € KJacTepamu

Figure 2

Regression 1 for the eight regions of the Volga Federal District with clusters

Regression Summary for Dependent Variable: Vard (Total sta)

R= 78713919 R?= 61958810 Adjusted R?= 57203661

F(3,24)=13.030 p<,00003 Std Error of estimate: 20879

b* Std_Err. b Std Ermr. t(24) p-value

N=28 of b* of b
Intercept ! -290,198  7065,780  -0,04107| 0,967579
Var2 | 2,60885 1,033753 0,036 0,014 2,52367, 0.018644
SQRVZ2 | -2.04652 1141272 -33.052 18,432 -1,79313 0,085555
SQRV1 0.23914  0.236933 57,229 56,701 1.00932] 0,322889

Hcmounuk: aBTOpcKas pa3paboTka

Source: Authoring

Pucynok 3

Perpeccus 2 pns BocbMmu peruoHoB IIpuBo/RCcKoro deaepasbHOTO OKpyTa € KJacTepamu

Figure 3

Regression 2 for the eight regions of the Volga Federal District with clusters

Regression Summary for Dependent Variable: Vard (Total sta)

R= 78749368 R?= 62014630 Adjusted R?= 57266459

F(3,24)=13,061 p< 00003 Std Error of estimate: 2086.3

b* Std Ermr. b Std Err. t(24) p-value

N=28 | ofb* of b
Intercept | | 15283 9929 1,63917)  0,136845
Var2 | 2,73627| 1.100996 ] 0 248526/ 0,020309
SQRV2 -2,18245  1,222732 -35 20, -1,78489 0,086925
1A -0,25502  0.248224  -148867881 144901692 -1,02737 0,314489

Hcmounuk: aBTOpcKas pa3paboTka

Source: Authoring
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Pucynok 4
I'padmk perpeccuu 1 nyisa BocbMu pernoHos IIpuBoskcKoro ¢emepa/ibHOT0 OKpyTa ¢ KjIacTepamu

Figure 4
Regression plot 1 for the eight regions of the Volga Federal District with clusters

y =- 290,198 + 0,036 x, + 57,229 sqrt(x,) - 33,052 sqrt(x,)
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Hcmounux: aBTopcKast paspaboTka
Source: Authoring
Pucynok 5
I'paduk perpeccun 2 1y BocbMu peruoHoB IIpuBosIKCKOro (heepaibHOTO OKpyra € KjacTepamu
Figure 5
Regression plot 2 for the eight regions of the Volga Federal District with clusters
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Nudopmanusa o KOHQIMKTEe MHTEPECOB

MpbI, aBTOpbI [AHHONM CTaTbM, CO BCEii OTBETCTBEHHOCTHIO 3asBjsieM O YaCTUYHOM U
MTOJTHOM OTCYTCTBMM (DAaKTMUYECKOTO MJIM TIOTEHLIMATIBHOTO KOHGIMKTA MHTEPECOB C KaKOM
6bI TO HY OBLJIO TPETbEN CTOPOHOM, KOTOPbIN MOKET BO3SHUKHYTb BCIEACTBME TyOIMKaImn
OaHHOM cTaTbu. Hacrosiiee 3asiBjieHMe OTHOCUTCS K TIPOBENEHMIO HAyUYHOM pPabOThI,
cbopy M 0O6pabOTKe MAaHHBIX, HAIMMCAHUIO M TIOATOTOBKE CTAThy, MPUHSATUIO PELIEHUS O
MyOIMKaIMM PYKOIUCHA.
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Abstract

Subject. This article deals with the issues related to the use of digital twins in
order to manage innovation and industrial clusters and the liaison between
them.

Objectives. The article aims to develop a digital twin model of inter-cluster
cooperation within a Federal district of Russia. The Volga (Privolzhsky)
Federal District is considered a case study.

Methods. For the study, we used a multiple non-linear regression method and
a fast simulated annealing (FSA).

Results. The article offers and describes a designed digital twin model of inter-
cluster cooperation mechanism.

Conclusions. When reallocating investment and human resources within one
federal district, the interests of the population of innovation and industrial
clusters should be taken into account, as only just an increase in fixed
investment does not always lead to the growth of the region's population. The
use of the digital twin model of inter-cluster cooperation mechanism will help
avoid premature unreasonable management decisions of the public-policy level
regarding the further development of innovation-industrial clusters.
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