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TexH0J10rusl KOMILJIEKCHOI0 MOIACJINPOBAHUA
MUAEMHOJIOTHUYECKOH 00CTaHOBKH

B.H. Baayra'?, B.II. Ocunos!, T.B. Cusakosa'”

I ITIM um. M.B. Kenovuua PAH
? Poccutickuti sxonomuyeckutl ynusepcumem um. I'.B. Ilhexanosa

AnHoTanusa. CraTbs NOCBSIIEHA aKTyaJlbHEHIIEH Ha CETOAHSIIHUN JeHb
npobneme — snuaeMun kKopoHaBupycHo mHpekuu (COVID-19). B pabote
MpUBEAEH 0030p METOJOB MOJACIUPOBAHUS JJIsi MPOTHO3HPOBAHUS U OICHKHU
MOCJICICTBUI AMHUAEMHOJIOTHYECKOH 00cTaHOBKW. HayuHas HOBH3Ha pabOTHI
3aKJIIOYAETCSl B MCHOJB30BAHUM CPEACTB MOJIEPKKU MPUHATHUS PEIICHUMN s
ONEPaTUBHOMN OIEHKU CUTYallMW W MPOTHO3a €€ pa3BUTHs. JJIsi MOCTaBICHHOMN
3a/1auu MPEeAJIaraeTcsl UCMOIb30BaATh MYJIbTHATCHTHBIN MOX0] UMUTALMOHHOTO
MOJIETTUPOBAHUSI.

KiroueBble cji0Ba: mojajep)kka MNPUHATUS PELICHUM, SNUAEMHYECKas
CUTYyallUsl, CYINEpKOMIbIOTEPHOE MOAEIMPOBAHNE, COLMATbHO-2KOHOMUYECKHE
MIOCJIEACTBHSI, MATEMaTUYECKHE MOIEIN

Title Technology for comprehensive modeling
of the epidemiological situation

V.1 Baluta'?, V.P. Osipov!, T.V. Sivakova'?

I Keldysh Institute of Applied Mathematics (Russian Academy of Sciences)
2 Plekhanov Russian University of Economics

Abstract. The article is devoted to the most pressing problem today - the
epidemic of coronavirus infection (COVID-19). The paper provides an
overview of modeling methods for predicting and assessing the consequences
of the epidemiological situation. The scientific novelty of the work lies in the
use of decision support tools to quickly assess the situation and forecast its
development. For the task, it is proposed to use the multi-agent approach of
simulation.

Keywords: decision support, epidemic situation, supercomputer modeling,
socio-economic consequences, mathematical models
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1. BBeaenue

OxparuBmas mup napaemuss COVID-19 kocHynach HE TOJBKO CQepsl
31paBooxpaHeHus. E€ mocnencTBusi CerofHs MpOosIBISIOTCS B SKOHOMUYECKOH,
MOJIUTUYECKON, COIMATbHON cdepax >XKU3HM 00IIecTBa. DTO CBSI3aHO Kak C
O0COOEHHOCTSIMU caMOil HMHQEKIHH, TaKk M C XapakTepoM M MaciiTabom
IPUHUMABIIUXCS B ONEPATHBHOM MOPSAKE Mep pearupoBaHus. JIMTEIbHBIN
MHKYOAllMOHHBIA MEpPHOJI Pa3BUTHUsI BHpYyCa B OpPraHU3ME UEJIOBEKa, HaIUYue
cily4aeB OECCUMITOMHOTO MPOTEKaHUs1 OOJE3HU, OTCYTCTBUE Ha TEPBBIX MOpax
Wi HejocTtaroyHas 3((PEKTUBHOCTb CPEACTB BbIABICHHUS (HDAaKTOB HAIUUUS
3a007€BaHUsl Y KOHKPETHBIX JIMI[ CYIIECTBEHHO OCJOXXHUJIM CO3JaHue
3¢ dexTuBHBIX OappepoB Ha IMyTH pacnopocTpaHeHuss uHpeknuu. B
CJIOKUBILUXCSl YCIOBUSX OPraHbl yNpaBlIEHUsS COCPEAOTOUMIIMCH Ha CHHXKEHHUH
TEMIIOB pPACIPOCTPAHEHHUs] OOJIE3HM U CO3JAaHUM pe3epBa BPEMEHU Ha
MOOWMIIM3AIMI0 U TEPECTPOMKY CHCTEMBbI 37paBoOXpaHeHus mis e€ Oosee
3¢ (HEKTUBHOTO (GYyHKIIMOHUPOBAHUS B YCIOBUSAX CJIOKHOM
AMUIEMUOJIOTUYECKON ~ OOCTAaHOBKM, @  BONPOCHl  JIOJDKHOTO  yyeTa
COITYTCTBYIOIIMX COLIMAJIBHBIX U SKOHOMHUYECKUX MOCIEACTBUI ObLIM BPEMEHHO
OTOJBHHYTBHI Ha BTOPOM IUIaH. BBeJEHHBIE KapaHTUHHBIE MEPBI C H3O0JIALMEH
rpaXaaH, C OrpaHUYEHUEM (PYHKIMOHUPOBAHUSA WIM 3aKpbITUEM psla
OPEeINpUITUA JIJI1 YMEHBIIEHUS KOJMYECTBA MPSIMBIX KOHTAKTOB MEX]IY
JHOJbMHU TIO3BOJIWIIM JIMIIb HECKOJBKO CTIaAUTh TEMIIBI pOCTa 3a00J€BaEMOCTH,
OJIHAKO HE PEIMJIM 3aJauy JIOKaau3auuu oyaroB MHpekuu. CylecTBeHHbIMU
no00oYHBIMH 3(PeKTaMu MPEANPUHATHIX MEp CTaIX MOTEPS JAOXOIOB y YaCTH
rpaXkaaH, POCT HEJOBOJIBCTBA CPEIU HACEJICHUS U yIIepO SKOHOMUKE, OCOOCHHO
3aMETHBIM B CETMEHTaX MaJIOro U CpeHero OusHeca.

CrneuranucTthl 3adBISAIOT O BBICOKOM YPOBHE YIpO3 MOSIBIEHHS HOBBIX
BUJIOB MOJOOHBIX MH(PEKUMOHHBIX OOJE€3HEH, MPUUEM C HEU3BECTHBIMM IIOKa
XapaKkTepUCTUKaMH MEPUOJOB HMHKYOalMu, MEXaHU3MOB paclpOCTPaHEHUS
BUPYCOB M TSDKECTHM 3a00JIeBaHUM, YTO aKTyaJIM3UPYET HEOOXOAMMOCTh
LEJICHAIIPaBICHHON  TNPEBEHTUBHOM  MpOpabOTKM  MEp  IOBBILICHUS
3¢ (HEKTUBHOCTH TOCYAAPCTBEHHOTO YIPABJIECHUS B  YCJIOBHUSX CIIOXKHOH
ANUIEMUOJIOTMUECKON  OOCTAHOBKHM, OOECHEYMBAIOIIUX B JUHAMHYECKHX
YCIOBUSIX  PAa3BUTHS OIUAEMMH HEOOXOAMMBIM ypOBEHb 0€30IacHOCTH
HACeJIeHUsI TMpPH MHUHUMH3AIUN 3IKOHOMHUYECKOro yiiepda U COLMAIbHBIX
U3JIEPIKEK.

B kadecTBe OJHOrO0 M3 BaXXHBIX HAMNpaBICHUN ATOH pPabOTBl MOXKHO
BBIICTIUTH Pa3pabOTKy Oojee COBEpPUICHHBIX CPEICTB MOJIACPKKU TMPUHSATHUS
pelIeHnil I ONEpaTUBHOM OLICHKM CHUTyallUM W IIPOTrHO3a €€ pa3BUTHA,
BKJIFOUYasi BBIPAOOTKY COOTBETCTBYIOIIEH CTpAaTerMu Ha OCHOBE OLICHKU YpOBHEH
3¢ (HEeKTUBHOCTU AJIBTEPHATUBHBIX BapUaHTOB pearupoBaHus. Co3gaHue TaKUX
CPEICTB CBSI3aHO CO CMEHOM TMapagurMbl TOJIXOJI0B K MOJEIHPOBAHUIO
AMUAEMUN B KOHTEKCTE pPAa3BUTUA IUIATMPOPMEHHBIX PEIIEHUN MOIACPKKU
OPUHATHUS PEIICHU OpraHaMy roCyJapCTBEHHOTO YIIPaBIEHUS.
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2. JBoJronus MOAX0A0B K MOAEJIMPOBAHUIO JNIHIeMH I

N3BecTHO, YTO MONBITKH MPUMEHEHUSI MAaTEMAaTUYECKOIro arrmapara s
OIIEHKM TMOCJEACTBUIA MW TMPOTHO3UPOBAHMS dBMNUAEMUNA HUMEIOT IIOYTH
TPEXBEKOBYIO  HcTOpHio. OmnucaHWe HBOJIOLMM 3TUX  MPEICTABICHUIN
NPUCYTCTBYET B psije pabor uccienosareneid. Tak, B yekiuu mpodeccopa
boesa b.B. [1] ormedyeHo, uTO mepBas MOJENIb pacyeTa SMHUAEMHIN Oblia
npemoxkena eue B cepenune XVIII Beka [{.bepnyiuin, B KOTOpO OH OLIEHHUBAJ
3¢ (HEeKTUBHOCTh MPOPUIAKTUYECKUX MPUBUBOK IMPOTUB HATYpPaJbHOM OCIIBI.
Crnenytoleid WM3BECTHOM MyOJMKAIIMEN CTald CTaTUCTUYECKHE TOKa3aTeNu
CMEpPTHOCTH HaCEJICHUs AHTIIMM OT SIHAEMUHM HATypallbHOM ocmbl Y.dDappa,
KOTOpPBIA HE MPOCTO O0OOIIMI, HO W MOCTPOHJI MPOTHOCTHYECKYIO MOJENb
snuaemun. Cratuctuueckuit mnoaxon Y.Dappa Owin pazsutr Jlx.bpaynim,
KOTOPBIM aHAIM3UPOBAJ 3aKOHOMEPHOCTH 3MHUAEMUOJIOTHYECKUX TTOKA3ATENEN C
MOMONIBI0 Pa3BUBABIIMXCS B TOT MEPHOJ METOAOB MAaTEMaTUYECKOU
cratuctuku. Kak ormeuaer b.boeB, aibTepHAaTUBY CTATUCTUYECKUM IOJX0J1aM
npeaioxun Enpko I1.JI., omyOimkoBaBmmii B 1889 r. cTaThio B M31aBaBIIeMCS B
C-IlerepOypre xypHaine «Bpau». Ero ananutudeckuit moaxoa ObUT pa3BUT B
Aunrnmumn B paborax Pocca m Xancona. boeB oTMeuaeT, 4To 3TH pa3pabOTKu
Hayala XX Beka CcHOpPMHUPOBAIM  OCHOBY  COBPEMEHHOW  TEOPHUH
MaTeMaTU4YECKOTO MOJEINPOBAHUSA AIUJIEMUH, BKJIFOYAst NIEpBbIC
NPOTHOCTUYECKWE  MOJEIM B  BHUAC  aHaIUTU4YECKuUX  dopMyn s
MPOTHO3UPOBAHUS KOHKPETHBIX BUJOB OoJie3HEU (KOpb, BETPSIHKA, MAJIApUS U
Ap.).

Heckonbko AOMOMHUTENBHBIX TPUMEPOB U3 UCTOPUU PA3BUTHSI METOIOB
MaTEMaTUYECKOr0 MOJEIMPOBAaHUS, KOTOPbIE BHECIH BKJIAJ B (hOPMUPOBAHME
COBPEMEHHOI'O0 YPOBHSI MOJICIIMPOBAHUS SMUACMUN MYTEM PEUICHUS HUHTETPO-
nudepeHnanbHbIX YpaBHEHUM, MPUBEIEHBI B [2]. ABTOpbI MOMUMO BKJIaja
Pocca u XajacoHa ynoMHHarOT 3Ha4YeHHE paboT XOMIPHCTIIa, KOTOPBIM
oOpaTuyl BHUMaHHE Ha POJIb BO3PACTHBIX MAPaMETPOB U MPEJI0KUT HECKOJIBKO
BUJIOB U PepeHInanbHbIX CHUCTEM, OIMCHIBAIOIIMX JTUHAMUKY Tepeaadyu
00JIe3HH Ha OCHOBE MOMCKA 0A30BBIX PEMPOIYKTUBHBIX YHCEN (TO €CTh CPETHETO
KOJIMYECTBA 3apPa3UBIIUXCS OT OJJHOTO OOJIBHOTO).

Haubounee 3HaunMblii 3Tan B pa3BUTUH TEOPUH MOJEITUPOBAHUS UIEMUN
CBSI3aH C TMOSIBJIEHUEM 3JIEKTPOHHO-BBIYMCIUTEIBHBIX MAaIllMH, MO3BOJUBIINX
CO3/1aBaTh MOJIETU 3HAUUTEIHHO OOJIee CIOKHBIE, YEM paHee.

Oco0oe Baumanue B 0030pe boesa b.B. yneneno monenu, pazpabotaHHoi
akagemukom O.B. baposHom u mnpodeccopom JI.A. PBaueBbiM. Mmu Oblia
pazpaboTaHa HOBas  METOJOJIOTHUS  MAaTeMaTUYECKOTr0  MOJEIHUPOBAHUS
amuAeMul, Oa3upyromascs Ha METOJ¢ HAyYHOW aHAJOTUU B OTOOpaKCHHH
AMUAEMUYECKOTO TMpoIlecca, B paMKax KOTOPOTO «IEPEHOC» BO30yIUTENei
HHPEeKI OoT OOJBHBIX K 3JIOPOBBIM MPEIJIarajoch OMHUCHIBATH C MOMOIIBIO
YpaBHEHUN MaTeMaTUyecKou (PU3UKH, OMUCHIBAIOLIUX «IIepEeHOC» Marepuu [3].
ABTOpPBI UCIHOJIB30BAIA CIIOKUBIIMECS MOAXObI SMUAECMUOJIOIOB K ONMHCAHUIO
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TEMIIOB PACTPOCTPAHCHHUS HHQPEKIMA MEXIy KOHTAKTHPYIOUUMHU JIOIbMHU,
JIOTIOJTHUB €€ ONHMCAaHWEM MUTIpaluu caMux Hocutened uHbpekuuu. Ilepsas
YacTh OIMCHIBAET JIMHAMHKY IepeAadyd Bo30ynutened HHQPEKIUH BHYTPH
nonysiuuu  SEIR-moznensio  Kepmaka-MakkeHIprKa, BTOpas - YYUTHIBAET
JWHAMHUKY TEPPUTOPUAIIBHOTO NEPEMEUIEHUsS WHAWBUIOB, ONUPABIIYIOCS Ha
SKCIIEpUMEHTAJIbHBIC JaHHble. BbIBeleHHas WMH CcUCTEMa HEJIUHEWHBIX
UHTETpOo-TuPdepeHIIMATIBHBIX  YPaBHEHUH B  YaCTHBIX IPOU3BOJHBIX C
COOTBETCTBYIOIIMMHU HA4YaJlbHBIMU M TPAHUYHBIMU YCIOBUSAMH HMENa TOT Ke
BHUJl, YTO W YyPABHEHUS TUAPOJUHAMHUKUA. A 5TO MO3BOJHIO HCIOJIb30BAThH
JIOCTaTOYHO XOpOIIO pa3paboTaHHBIE K TOMY BPEMEHH M anpoOMpPOBAHHBIE
YUCJIEHHbIE METOJbl MNpH HX pemieHun Ha OBM. B TedeHuwe MIMTENBHOTO
BPEMEHU YIOMSHYTas MOJeNb OblJla OCHOBHOM TMpU MPOTHO3UPOBAHUU
JUHAMUKHA PAcCIpOCTpaHEHUs TpuUMIa B cTpaHe. TeM HE MEHee, MOCKOJbKY
MHOTHE HSMIUPUYECKUE KOIPPUUIHUEHTHI MOJEIH OBbUIM OTKAIMOPOBAHBI IO
JaHHBIM O MHUTPALMOHHBIX MOTOKax HaceneHws, nocie pacnaga CCCP ona
yTpaThia CBOIO aJIEKBaTHOCTb.

TeM He MeHee, «ANUAEMHUOJIOTUYECKAs YacTh» MOJIENN, OCHOBAHHAs Ha
Kiaccuueckor nonyysinnoHHon SEIR-monenn Kepmaka-MakkeHpuka, JIEKHAT B
OCHOBE 1 OOJIBIIIMHCTBA COBPEMEHHBIX M01x010B. HaumenoBanue SEIR-Monenu
CBA3aHO C MCIOJIb3yeMbIMH B HEHl 0a30BbIMU NapamMeTpaMH — IOCPEACTBOM
CUCTEMbI HHTErpo-AuddepeHIuaIbHbIX YpPaBHEHUN OMKMCHIBACTCS MPOIIECC
JWHAMUKA B MOMNYJSALMHM CIEAYIOIIUMX Tpynn HUHAUBUAOB [4]: S — mons
BOCIIPUUMYMBBIX UHIUBUIOB, E — 710J11 MHAUBUIOB B MHKYOAIIMOHHOM TIEPUOIE,
I — nons nHPEKIMOHHBIX OOJMBHBIX, R — 10715 UMMYHHBIX WHIUBUIOB.

CoBpeMeHHBIH 3Tan B pa3BUTHH MOJICIUPOBAHUS SIUJIEMUNA B OOJIbIICH
CTENEHU CBA3aH C OBICTPHIM MPOTPECCOM B OOJACTH KOMITBIOTEPHBIX
texHosorrii. (OO030p COBPEMEHHOTO COCTOSIHHS HaubOojee 3HAYUMBIX U
yOOTPeOUTENbHBIX  TMOAXOJ0B K  NPOTHO3MPOBAHUIO  MH(PEKIMOHHON
3a00JIeBa€MOCTH U Pa3BUTHUSA SMUAEMHUYECKOTO TpoIecca MPUBEIEH B CTaThe [5],
B KOTOPOU MPHUBEJIEHO ONMHMCAHKUE MOJX00B U JaHa UX KpaTKas XapaKTepUCTHKA.
B 4dacTHOCTH, pacCMOTPEHBI METOJIBI KJIACCHYECKOTO PErPECCUOHHOTO aHAJIN3A,
UCCIICIOBaHMsI BPEMEHHBIX pAJOB Ha Oa3e QuibTpanuu, OaileCOBCKHE U
HMCKYCCTBEHHBIE HEHMPOHHBIE CETH, PACCyKIECHUS HA OCHOBE IIPELEICHTOB, a
TaK)Ke MepPEUHCIICHbl COBPEMEHHbIC HAIIPABJICHUS pa3pabOTKH MaTEMAaTUYECKUX
MoJieNield  pacmpocTpaHeHusl 3a00jeBaHUs: KIACCUUYECKUE aHAIUTUYECKHE
MOJENH, JETEPMUHUPOBAHHBIE U CTOXACTUYECKHE METOJIbI, HOBBIE IMOAXOIBI
MMUTAIMOHHOTO MOJIEJIMPOBAHNs, BKJIFOUAsl CETEBBIE M ar€HTHBIE, PACCMOTPEH U
ONMHMCAHHBIA BBINIE OMOJOTMYECKUN TOJXOJ, BKJIIOYAIOIIMNA MOJIETUPOBAHKE
AMUAEMUYECKUX T[IOKa3aTelel ¢ MoMOoIIbl0 cucteM JauddepeHinanibHbIX
ypaBHEHUH. ABTOp OTMEYAE€T OrPAHUYEHHOCTh KAXKJIOIO0 M3 IMOAXOJI0B U
MOCTYJIUPYET 3¢ PEeKTUBHOCTH MPUMEHECHUS CMEIIaHHBIX TEXHUK
MPOTHO3UPOBAHUSA, OCHOBAHHBIX Ha COBMECTHOM HCIIOJIb30BAHUU PA3JIMYHBIX
METO/O0B.

71



AHann3 COBPEMEHHBIX MyOJMKAIMil HA TEMYy MOJCIMPOBAHUS SMUAESMUN
MOKa3bIBa€T, YTO HaWOOJiee YacTO HCIOJIb3yeMble MOJENU 0a3upyroTcs Ha
ONMCAaHUH PACCMATPUBAEMBIX B HUX IPOILIECCOB cHcTeMaMu HelWHENHbIX OY
Ha OCHOBE MNOMyJISUHOHHOW Mozaenu Kepmaka-MakkeHIpuka B pa3iIMyHBIX
Bapualusax. OTOT MOAXOJ CONPOBOXIAETCS 3aJaHUEM HEKOTOporo Habopa
HaYyaJIbHBIX YCIOBUM M OOJIBIIOTO YMCIIa MMapaMeTpoB, KOTOPHIE, KaK MPaBUIIO,
OMpeneNsoTcs BecbMa CyObeKTMBHO. Ha Haml B3risii, UMEHHO MOCIeaHee
O0OCTOSITENECTBO ~ MPHUBOJUT K CYIIECTBEHHOMY pPa3dopocy MOJy4aeMbIX
pPa3IMYHBIMM  MCCIIEOBATENSIMU  PE3YJIBTATOB, YTO CYIIECTBEHHO CHUKAET
IPOTHOCTHYECKYIO IIEHHOCTh TaKMX MOJesIel .

Uro kacaercst Ipyrux NOAXOJI0B, TO MOXKHO OTMETHTh, YTO KJIACCHYECKUE
MeTO/Ibl 00pabOTKH BpeMEHHBIX PsAAOB [6] 3 (EeKTUBHBI PU IPOTHO3UPOBAHUU
JTUHAMUKU UHQEKIHUN, UMEIONINX CE30HHBIA XapaKTep MpOsBICHUS, HAPUMED,
takux, kak OPBU, xorga ecth BO3MOXKHOCTH HCITOJIL30BaHMS OOJIBLIINX 00BEMOB
PETPOCIEKTUBHBIX ~ HMCTOPUYECKMX  JaHHBIX, HO  O€CHOJie3Hbl  MpHU
MPOTHO3MPOBAHUU XapaKTepa TNPOSBICHUS HOBBIX BHJIOB HHpEKIHA. A
npuoOpeTaroue B MOCIAEAHUE TOAbl OONBIIYIO MOMYJISIPHOCTh HEUPOCETEBBIE
noaxoael [7,8] HykmarTcs B OoibIux BblOOpkax s oOyuenuss MHC,
0COOEHHO BHJly YaCTO HaOIIOJAEMOM CUIIbHOMN «3allyMJIIEHHOCTHY» MOJYy4YaeMbIX
Ha TMPaKTUKE [JIaHHbIX, 4YTO JIeJaeT HX MAJONPUMEHUMBIMH Uil LeJel
OIIEpaTUBHOTO MPOTHO3UPOBAHUS MPU HEOOXOIUMOCTH BHIPAOOTKU pPELICHUH B
paHee He Ha0JII0IaBIINXCS CUTYaLIUSX.

Kpome Toro, KioueBbIM OOCTOATEILCTBOM, KOTOpPOE, IO HAaIleMy
MHEHHIO, O00yCJaBIMBaeT HEOOXOIMMOCTbh ITOMCKAa HOBBIX aJbTEPHATUBHBIX
HOJIXOJIOB K MOJICITMPOBAHUIO SMHUIEMHUOJIOTHYECKON 00CTaHOBKH, SIBISIETCS TO,
YTO BCE CYIIECTBYIOIIHNE HA CETOAHS METOJBI B CBOEM OCHOBE OPHUEHTHUPOBAHBI
PEUMYILIECTBEHHO Ha OMMCAHUE HUCKJIIOYHUTENIBHO 3MHUJIEMUYECKUX MPOLECCOB,
BHE UX B3aUMOOOYCIIOBJIEHHOCTH C U3HENEATEIbHOCThIO OOIIECTBA, YTO HE
MO3BOJISIET KCIOJNb30BATh UX JIJISl OLUEHKH MOCJIEICTBUNA PA3IMYHBIX BapUaHTOB
IPOTUBOAIUAEMUYECKUX MEPONPUATUA MpPU TNPUHATAU  YIOPABICHUYECKUX
pELIECHUN.

Ha ocHoBe npuBeneHHOro 0030pa MOKHO KOHCTaTUPOBaTh, YTO, C OJHOU
CTOPOHBI, B HAYYHOU cpejie co37aH OOMMpHBIN (pyHAaMEHTaIbHBIA 3a7eN s
MOJICJIMPOBAHUS JIMHAMUKHM SIUAEMUOJIOTMUecKoll oOctaHoBku. C apyroi
CTOPOHBI, OMBIT 60psOBI ¢ mangemuert COVID-19 mokasai, 4To B YyCIOBHSX
MOJOOHBIX AMUAEMHUI OJHOTO «aKaJeMUYECKOTO» B3IJIsiAa Ha MpoOJeMy SIBHO
HesocTaTouHo. Heo0xomMo B KOMILIEKCE MOJAEIMPOBATh U MPOTHO3UPOBATH
BO3MOKHBIE COIIMAJbHBIE U SKOHOMHUYECKHE MOCIEACTBUS HE TOJIBKO CaMOM

I CobeTBenHO, MOMOOHBIM pa3dpoc CO CCHUIKAMM HA Pa3HbIE UCTOUYHMKU
HaOJIIoAJICd HAMU BOOYMIO B TEKYIIEM TOJly Ha HayajlbHOM 3Tare Pa3BUTHS
NaHJEMUU 10 Pa3JIMYHBIM HOBOCTHBIM NyOiukanusm B CMU.
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AMUACMHUHU, HO W TPEANPUHUMAEMBIX 3alIUTHBIX MEp, MPUYEM Ha YPOBHE,
MO3BOJISIONIEM HAXOJIUTh COATAHCUPOBAHHBIE YIIPABICHYECKUE PEIICHHUS.

HamoMHuM, 4TO TeMa HEOOXOAUMOCTH pa3pabOTKU W MPaKTUYECKOTO
CO3J]aHUsl NIPOrPAMMHO-aHATUTUYECKUX HHCTPYMEHTOB MOJIEPKKH MPUHSTHS
pelieHuil OpraHaMy TrOCYJapCTBEHHOTO YIIPABIEHHUS, B KOTOPBIX OOJIbIINE
00BEeMBI Pa3HOOOPA3HBIX MOHUTOPUHTOBBIX JIAHHBIX JOJIKHBI UCIIOJIb30BAThCS B
KauyecTBe MCXOMHOW wuHGOpPMAIMU JUIsl OICHKA M IPOTHOCTHYECKOTO
MOJICIMPOBAHUSI OOCTAHOBKM TIPU PANIMYHBIX CTPATETUAX YIPaBJICHUS,
00CyXTaeTcsi B HAyYHO-TIPAKTHYECKOM CO0O0IIecTBe JaocTaTouHo naBHo [9,10].
Tem He MeHee, mpoOiemMa 10 CHX TOpP OCTaeTCs OTKPBITOM, HEB3Upas Ha
HaJIMYKUE MPSMON MOTPEOHOCTH €€ pelieHus] B MHTEepEcax OCHAICHUS CUCTEMBI
CUTYallMOHHBIX LIEHTPOB OpPraHOB rocyaapctBeHHOM Biactu [11, 12]. Mexny
TeM, KaK CJEeIyeT W3 BBIIIECIPUBEACHHOTO 0030pa, MPEANOCHUTKH JIJIs €€
YCTEIIHOTO penieHuss (HOPMUPYIOTCS MHOKECTBOM Pa3IMYHBIX HAYYHBIX TPYIII
U KOJJICKTUBOB B pPaMKax OTACIBHBIX JOKAIbHBIX HAMpaBIECHUH B BHJC
pa3pabOTKU M COBEPIIICHCTBOBAHUS ITOAXOJ0B K MOJICTUPOBAHHUIO Pa3TUIHBIX
COIMAJIBHBIX, JKOHOMUYECKHX, OOIIECTBEHHBIX SBJICHWA W TIpoleccoB. B
MOCJICTHAE TOJbI WHTEHCHBHO Pa3BHBAIOTCS METOMBI PaOOTBI C OOIBIIMMH
MacCHBaMH JAaHHBIX, METOJIbI OOpaOOTKM 3allyMJICHHBIX JaHHBIX W T.II.
[ToaToMy pedb MOXKET HITH HE O HEJOCTaTKE HAy4HBIX pPa3paboTok, a o
croco0ax X KOMIUIEKCHOTO MPAaKTUYE€CKH 3HAYMMOTO TIPUMEHEHHUSI.

3. HoBasi napaaurmMa Mo/1eJ;IMpOBaHMSs

[lo Hamemy MHEHHMIO, B KadecTBE 0a30BOr0 IMOAXOAAa IpPU TaKOU
MIOCTAaHOBKE BOINpOCAa TPEACTABIACT WHTEpPEC YINOMHUHABIIMICA  BBIIIE
MYJIBTHATCHTHBIM TOAXOJ HMHTALMOHHOTO MOJCIMPOBAHUSA, PEAN3yeMblid B
KOHIICTII[UM areHTHO-OpUEeHTUPOBaHHBIX moaenei (AOM) [13]. IlocpenctBom
MYJBTHAr€HTHBIX MOJENIe BO3MOXHO HMMHUTHPOBAHHME TOBEACHUS OOJBIINX
COLIMATIbHO-O)KOHOMUYECKUX WM JPYTUX BHUJIOB CHCTEM Ha OCHOBE
PEKOHCTPYKIMU UX BHYTPEHHEU CTPYKTYpBbI, @ TAKXKE CTPYKTYpPbl U MOBEACHUS
BKJIFOUEHHBIX B HUX Oosiee Menkux axkrtopoB. [lo cyru, auHammka
XapaKTEPUCTUK DJTUX CHUCTEM IMPOSIBIAETCA 4Yepe3 pe3ynbTar JeHCTBUS
COBOKYITHOCTH CaMOCTOSTEIbHBIX akTOpoB. AOM MO3BOJISAIOT CMOJEIMPOBAThH
CUCTEMY, HauboJee NPUOIMKEHHYIO K peabHOCTU. VI3BECTHO, UTO IPUMEHEHNE
MYJIBTareHTHBIX MOJXOAOB B Ppa3pa0d0TKe HMUTAIMOHHBIX MOJENEH XOpOIIo
3apeKOMEHIOBaj0 cedsi B 3aJavyax, B KOTOPBIX WHAMBHUAyaJIbHOE IOBEICHUE
00BEKTOB SABIISETCS CYIIECTBEHHBIM, OMPENEISIONINM AMHAMUKY BCEl CUCTEMBI.
(Hampumep, aBTOpHI ¢ yCrexoM MPUMEHSUIA 3TOT MOAXOJ JUIsl pEeLIeHUs 3a1ad
MOJICJIMPOBAHUS JAMHAMUKH TPAHCIOPTHOW 3arpy3Kd TOPOICKOM TOPOKHO-
YIIMYHOM CETH).

B curyanum  aHanmuza = SNMAEMMYECKHX  IIPOLECCOB  OOJIBIIUM
JOCTOMHCTBOM ~MYJBTHAr€HTHOIO MOJEJIUPOBAHMS SIBISIETCSI BO3MOXKHOCTh
IPOBEJCHUS IMPOTHOCTMYECKUX MCCIEAOBAaHUM I OLIEHKM BIIMSHUS Ha
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COCTOSIHUE COLIMAJIbHO-3KOHOMUYECKOW CUCTEMbl M €€ 3JIEMEHTOB Pa3JIMYHbIX
BApUMAHTOB HW3MEHEHHs BHEWIHEH cpeabl (B paccMaTpUBAaEMOM Cilyyae —
NOSIBJICHUSI yTPO3bl MH(QUIMPOBAHUSA) MPU OAHOBPEMEHHOM PACCMOTPEHHUH
U3MEHEHUS yCIOBUU (DYHKIIMOHMPOBAHUS areHTOB (HampuUMep, BBOJA KaKUX-TO
OTPaHUYUTENIbHBIX MEp).

Ecnu mogxonuts k GopMyIUpoOBaHUIO 3ajauu Oojiee JeTaabHO, TO IS
MOJICIIMPOBAHUS PACIPOCTPAHCHHUST HWHQPEKIUHN, TepealommXxcsl BO3IYIIHO-
KaleJabHbIM IyTeM, K KoTopoi oTHocutTcss 1 COVID-19, nHeobxoaumo mpexe
BCEr0 MOCTPOUTHh MOJIEIb, UMUTHUPYIOLIYI0O BCE BO3MOXHBIE KOMMYHHKAIIUH
monen. Jltogu BcTpewaroTcs noMa, Ha paboTe, Ha YIUWIlE, B TPAaHCIOPTE, B
JIPYTUX OOIIECTBEHHBIX MECTaX, MPU ITOM KOHTAKT MOXKET OBITh TECHBIM WJIU
MHUMOJICTHBIM, YTO CKa3bIBa€TCA Ha BO3MOXKHOCTH TMepefayn WHOEKIuu.
Heobxoaumo  y4yuThiBaTh, dYTO camMa BEPOSTHOCTh TaKUX KOHTAKTOB
MpEeONPEIeNICTC MHOKECTBOM MapaMmeTpoB. JItoau AeNsITCS MO TeHACPHBIM
MpU3HAKaM, MO BO3PACTHBIM KaTETOPHUSM, MO COIMAJIBLHOMY IOJIOKEHHIO, IO
YPOBHSIM J0X0Aa, MO MNpo(eCCHOHAIBHON MPUHAJICKHOCTH, IO MECTy U
YCJIOBUSIM TIPOKUBAHUSI, TIO COCTOSTHUIO 3/I0POBbs, M T.JO. Kaxaplii 4deroBek
OJIHOBPEMEHHO MOKET BBICTYIATh B Pa3HBIX POJSX B Pa3IMYHBIX COLMyMax (B
CEMbE, B TPYJOBOM KOJUIEKTHBE, B OOIIECTBEHHOM TPAHCHOPTE, B TOPTrOBOM
TOYKE, B JIPY>KECKOM 3aCTOJIbE U T.11.). B 3aBucUMOCTH OT 11000T0 U3 Ha3BaHHBIX
(GaKTOpPOB YENIOBEK C KAaKOW-TO BEPOSITHOCTHIO MOXKET OKa3aThCsS B KOHKPETHOE
BpEMsI B TOM UJIM UHOM MECTE.

B kauectBe 6a30B0oil MO HEOOXOIUMO BHIOpATh HOPMAJBHBIN PEKUM
KU3ZHEAEATECIbHOCTA COLIMYMAa, MJII YEro HUMEET CMBICI BOCIOJIb30BAThCS
U3BECTHBIM (PAKTOM «THIIOBOTO pacmopsiika». B cTaTUCTUYECKH 3HAYMMOM
OOJBIIMHCTBE KaK/IbI YEJIOBEK BBICTPAUBAET CBOM JEHBb IO ONPEIEICHHOMY
pactopsiiky, Oyap TO paOOTHUK TPEANPHUATHS, KOTOPBIA YTPOM JOJIKEH
pUOBITH HAa PAOOTY K ONPEACIICHHOMY BPEMEHH, UCITONIB3YsI KaKOW-TO MapIIpyT
B OOIIIECTBEHHOM TPAHCIIOPTE, a 3aTEM BEUYEPOM BEPHYTHCS JOMOM, BO3MOMKHO,
0 JIPYroMy MapuipyTy, €ClIi €CTh MOTPEeOHOCTh Kyna-Tudo 3aiTh (CropT3al,
MarasvH) WM 3TO MaMa-I0MOXO03siKa, KOTopas JO/DKHA cOOpaTh W MPOBOJNTH
JIeTel B IIKOJIY WUJIM CaJMK U 3a0paTh UX MOCie CMEHbl. OTKJIOHEHUS OT TUIOBOM
CXEMBbl TaKXe HUMEIOT O0oJiee-MeHee CTAaTUCTUYECKH 3HAYMMBIM XapakTep,
UMEIOIIUIA  CE30HHbIE KoJieOaHWs, — TPOUEHT 3a00JIEBIIMX, MPOIEHT
KOMaHJIMPOBAHHBIX, MPOIEHT OTHYCKHUKOB W T.N. 3HAYEHHUS XapaKTEPHBIX
BEJIMYMH, ONPEACNIAIONINX 3TU COOTHOIICHUS, N3HAYaIbHO MOTYT OBITh 3aJJaHbI
HAa OCHOBAaHHUU HKCIEPTHBIX OLIEHOK. OJHAKO B MPOIECCE OTIAAKH MOJEIH
UCXOJIHbIE OILIEHKM MOTYT OTKOppeKTHUpoBaHbl. Koppekuuss 3HadYeHHi
CTATUCTUYECKM 3HAYMMBIX IMapaMeTpoB oO0mIel Mojenu (QyHKIUOHUPOBAHUS
COIMyMa T1eJIeCO00pa3HO MPOBOJANUTH IIyTEM YCTAHOBJIEHHUS COTJIACOBAHHOCTH CO
MHO>XECTBOM JIOCTYIMHBIX (PaKTHUECKUX JAHHBIX: M0 0a3aM JaHHBIX MMAaCIIOPTHBIX
crosioB, 3AI'CoB, y4yeTa YHCIEHHOCTH IIKOJBHUKOB M T.Il. — B YAaCTU COCTaBa
HACEeJICHUSI Ha M3Y4aeMOU TePPUTOPHUH; 10 TAHHBIM CHCTEM BHJICOHAOIIOACHUS,

74



BaJTUaTOPOB B OOIIECTBEHHOM TPAHCIOPTE, PETUCTPAIlMM TpaH3aKIUi Ha
Kaccax TOPTOBbIX TOYEK, JAMHAMHUKE TMPUBSI3KKM MOOWIbHBIX TeIePOHOB K
COTOBBIM BBIIIKAM — B YaCTH aKTUBHOCTHU UX MEPEMEUIEHUN; IO PETUCTPALUH
npyuemMa B TOJUKJIMHHMKAX, OWJIETOB B TPAHCIOPTHBIX Yy3idaxX (a’pomopr,
KEJE3HOJOPOKHBIN WJIM aBTOBOK3aJ) — B YAaCTH MPOIEHTHBIX OTKIOHEHUU OT
TUIOBOTO pachopsiika, U Tak jajgee. B COBpeMEHHOM MHUpE TOCTPOCHUS
nrdpoBoro odIecTBa TakkMe BO3MOXKHOCTH MOCTOSIHHO pacimupsroTcsa. M dem
mupe OyeT Kpyr MPHUBJICKAeMbIX (DAKTUYECKUX TaHHBIX MPSMBIX U KOCBEHHBIX
CUCTEM HM3MEPEHUH, MCTOIB3YEMbIX JJIsl KaTUOPOBKH MMHTAIIMOHHON MOJIETH,
TeM BblIe Oyner oOecneynBaThCid YPOBEHb €€ JOCTOBEPHOCTH W,
COOTBETCTBEHHO, IMPOTHOCTUYECKAN M HCCIEAOBATEIBCKUN IMOTECHUUAI TaKOU
Momenud. Ilpm  pgomosHEeHMM — ATOM  MOJENM  JAPYTMMH  aKTOpaMu
KU3ZHENICITEIIbHOCTH O0IIeCTBA — CYOBEKTaMH SKOHOMHUYECKUX, COIUATBHBIX,
OOI1IECTBEHHBIX OTHOIIICHHM, TECHO CBS3aHHBIMH C JJIEMEHTAPHBIMU aKTOPaMHU-
JIOJIbMU — BO3MOKHO IOCTPOEHHE MOJEIM OOIIeCcTBa, KOPPEIUPOBAHHOM C
peanbHOM KapTUHOM ku3HU. Takas MoJeNb Npu KOPPEKIIMOHHOM YTOUHEHUU €&
TEeKYIIUX TapaMeTpoB 3a CYET IMEPMAHEHTHO HAKAIJIMBAEMBIX PA3HOPOIHBIX
JAHHBIX MOKET CIY>KUTh LIEJIAM aHalii3a CHUTyallud B peajbHOM MacliTade
BPEMEHH, YTO IMO3BOJISIET HCMOJB30BaTh €€ JJIsi MCCJIEAOBaHUS BO3MOXKHOTO
U3MEHEHUs] 0O0CTaHOBKM NpH TpaHC(HOpMALMU BHEUIHUX YCIOBUM (MH(EKIUH,
MOTOAHBIE AHOMAJMM, JIKOHOMHYECKHE IIIOKH), a TaKXKe NPUMEHSTh JUIs
MPOTHOCTUYECKOTO  H3YyYEHHUS  MOCIEACTBHM  pealu3alru  Pa3iInyHbIX
YIPaBIECHYECKUX PEIICHU.

PazpaboTtaTh NpUHIUNUATIBHYIO APXUTEKTYPYy U KIIOYEBBIE CyOMOeNu
TaKoW KOMILJIEKCHOM MOJIeJN 00IIecTBa, CO3/aTh U alpoOUpOBaATh AJITOPUTMBbI
MOJICIMPOBAaHUSI U KaJIMOPOBKH TapamMeTpOB MOJEIM BIIOJIHE IO CHJIaM
ONBITHOMY HayYHOMY KOJUIEKTUBY, OJJHAKO PEAIM30BaTh €€ MOJHOMACIITA0OHYIO
BEpCUIO IS  MPAKTUYECKOrO  HCMHOJIb30BaHUs ~ 0€3  MOJKIIOYEHUS
aIMUHUCTPATUBHBIX MEXaHM3MOB HEBO3MOXHO [13]. A HMEHHO, MOMHMO
pa3pabOTKM MaTEMaTHYECKOTO W MPOTPAMMHO-MHCTPYMEHTAJILHOTO arapara
MOJICTUPOBAHUSI HEOOXOAMMO OOECHEYNTh CO3JaHUE OTICIBLHON CHUCTEMBI
MOJTHOKPOBHOTO HANOJIHEHUSI CO3JaHHON KOMIUIEKCHOW wmoxaenu [14], u eé
COCTaBHBIX YACT€l peallbHbIMM JAHHBIMH B TMOCTOSSHHOM pexume. Jlis
MOBBIIICHUST YPOBHS aJIEKBATHOCTH KOMIUIEKCHOM MOJENH 1eIecoo0pa3Ho
NPUMEHEHUE METOJIOB KOTHUTHBHOTO MOJEJIHMPOBAHUS M  TEXHOJIOTHI
MCKYCCTBEHHOT'O MHTEJUICKTA.

Bo3sBpamasce Kk BOIIpocy 0 HOBOM MapaJurMe MOJCIUPOBAHUS SIHUIEMUI
MMEET CMBICI TMOJYEPKHYTh YK€ MMEIOIIMUECS YCIOBUA M TOCTOSHHO
HapalMBacMble BO3MOKHOCTH ISl €€ YCIEIHOW peanu3auuu. B umucie 3Tux
YCJIIOBUHM U BO3MOXHOCTEMN:

e O00OCHOBaHHBIE TEOPETUYECKM U amnpoOMPOBAHHbIE TPU PEHICHUU

Pa3JIMYHBIX 33724 METO/bl MYJIbTHAT€HTHOIO MOJICTUPOBAHUS CIIOKHBIX

CUCTEM,;
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® DpAa3BUTHIE  TEXHOJOTMU  BBICOKOIIPOMU3BOAMTENIBHBIX  BBIYHUCIICHUH,
TEXHOJIOTUH O0JIAYHOTO XPAHEHUS JAHHBIX, TEXHOJIOTMHU JUCTAHIIMOHHBIX
KOMMYHUKAIIMI U YAAJIEHHOTO JTOCTYIIA;

® pa3BepHyTass cereBas MHPPACTPyKTypa B3aUMOJCHCTBUS OpPraHOB
rOCy/IapCTBEHHOTO yIpaBieHus U chopMmynupoBaHHas MOTPEOHOCTH B
0TOOHBIX MIATGOPMEHHBIX PEIICHUSX;

® MHTEHCUBHOE BHEJpEHHE LU(POBBIX TEXHOJOTUN BO BCE c(ephl KU3HU

OOIIIECTBA, E€CTECTBEHHBIM 00pa3oM CHOCOOCTBYIOIEE MPOU3BOACTBY

OTPOMHOI0 KOJIMYECTBA (PAKTOJIOTHYECKUX JAHHBIX, KOTOPHIE MOTYT OBIThH

WCIIOJIB30BaHbl ISl KaIHMOpPOBKM MOJENIed B YCIOBUAX TOBCEIHEBHOM

KU3ZHEIEATEeIbHOCTH.

B kadecTBe 0JIHOTO U3 BO3MOXKHBIX BAPUAHTOB MPAKTHUYECKOU peann3alnuu
[peaJIaraeMoro Moaxo/1a MOKHO MPEAJIOKUTH cileayrolryto cxemy. CoOCTBEHHO
KOMILJIEKCHAsI MOZIEJIb COIIMYMAa M PacYETHBIA anmapar JUisl €r0 UMUTAlMOHHOTO
MOJICTTUPOBAaHUS Ha 0a3e BHICOKOMPOU3BOJUTENBHBIX BHIYMCIUTEIBHBIX CUCTEM
MOKET pa3padaThIBaTHCS TPYMION CIECIUATMCTOB MPUKIAIHBIX aKaJEMUICCKUX
UHCTUTYTOB. C y4eTOM MMEIOLIErocs OIbITa, KaK HaM MpPEICTaBIsAETCS, B
KauecTBe 0A30BBIX OpraHU3alUi I (POPMUPOBAHUS TAKOTO KOJUIEKTHBA MOTYT
BeicTymuTh [IOMM PAH u UIIM wm. M.B. Kengeima PAH. Ilockonbky
pazpabarbpiBaeMyl0 MOJENIb HEOOXOAWMO aJanTHUPOBaTh [JIsi MPUMEHEHUS B
KauecTBe OJIHOTO M3 IIaTGOpMEHHBIX pemieHuil CucTembl pacrpeiesieHHbIX
CUTYalIMOHHBIX LIEHTPOB OPraHOB T'OCYIAapCTBEHHOI'O YIPABJICHMS, B KOMaHIY
pa3pabOTYMKOB 11e71eCO00pPa3HO BKIIOUMTH Takke crneruanuctoB ULl 1Y PAH
u UITY PAH. Buenpsemas mojenb B KQUYECTBE OJHOTO M3 DJIIEMEHTOB CHCTEMBI
NOAJIEP)KKM  yIpaBi€HUs JOJDKHA OBbITh JOBEAEHA JO0 YPOBHS OTAENIBbHBIX
MYHULIMIIAJbHBIX ~ OOpa3oBaHui. VIMEHHO Ha 93TOM  YPOBHE JOJKHO
MIPOU3BOIUTHCS HAMIOJIHEHHE MOJIETH (DAKTUYECKUMU JTAHHBIMU, TIEPBOHAYAIIEHO
IyTEM D3KCHEPTHBIX OLEHOK, a B IOCIEAYIOIIEM WX KOPPEKTUPOBKOM H
MOCTOSTHHOW ~ KaJTMOPOBKOM €  TIOMOIIBI0O MEXaHU3MOB HCKYCCTBEHHOTO
WHTEUIEKTa W 00pabOoTKU OOJBIIMX OOBEMOB PA3HOPOJHBIX JIAHHBIX
MOJKTI0YaeMbIX UH(OOPMAITMOHHBIX CUCTEM U 0a3 JIaHHBIX.
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