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[MporHo3bl ot MB® aBnstoTca ogHuMmu n3 Haubosiee yumupyemMbix U nNpocMampueaemMbix 8

mupe. bonee TOrO,

pe3ysibrathl

NMPOrHO30B 68JIUArm Ha pPeweHuUsi, npnHMMaeMble

npaBUTENbCTBAMN, MHBECTOPAMMU N MPOYUMU aKTUBHBLIMW YHACTHUKAMN SKOHOMMUYECKUX CUCTEM
bonbWKMHCTBA CTpaH Mupa.

Kak nokaszanu onpocbl MB®, gormkHble nuua LeHTpanbHbiX 6aHKOB U dOMHAHCOBbLIX BEOOMCTB

OonbLINHCTBA CTpaH WUCNOJIb3YKD MPOrHO3bl

Hackonbko oHU docmoeepHbI?

lpo2Ho3bI Ha 2022 200

MB® pons cBepksm COOCTBEHHbLIX pPacyeETOB.

(1) om 19 (2) om 11 (3) om 31 Omnuyusi 3 om 1
anpensi 2022 | okmsibpsi 2022 | siHeapsi 2023
Mup 3,6 3,2 3,4 -0,2
CLLUA 3,7 1,6 2,0 -1,7
Kumau 4,4 3,2 3,0 -1,4
Poccus -8,5 -3,4 -2,2 6,3
[epmaHus 2,1 15 1,9 -0,2
lpo2Ho3bI Ha 2023 200
(1) om 19 (2) om 11 (3) 31 aHeaps
anpens 2022 | okmsibps 2022 2023 Omnuyus 3 om 1
Mup 3,6 2,7 2,9 -0,7
CLUA 2,3 1,0 1,4 -0,9
Kumau 51 4,4 5,2 0,1
Poccus -2,3 -2,3 0,3 2,6
[epmaHus 2,7 -0,3 0,1 -2,6




ArentctBo Bloomberg nposeno aHanu3 6onee 3200 nporHo3oB Ans  OonblWMHCTBA CTpaH Mupa,
onybnukoBaHHbIx 3a nepuog ¢ 1999-2019 rr. (mepuod do koeuda u CBO), nokasasBLIUN 3HAYUTEMbHbIE
pacxoXgeHuss c akTuyeckmmm 3HadeHusmu. Tonbko 6,1% cnyydasx OTKNOHeHWs He npesbiwaT 0,1
NPOUEHTHbIX NyHKTa. CpegHee 3Ha4YeHue OTKNOHEHUS OT MporHosa coctaBnser 2,0 NPOUEHTHbIX MyHKTa, Npw
9TOM AS19 CTpPaH C pa3BMTON 9KOHOMMKOM OHO cocTasnsano 1,3, a ans passmBaroLLMXca okono 2,1.

B 56% cny4vaax nporHo3bl MB® 3aHmxkanu poct BBI1 n, cootBeTCTBEHHO, 3aBbiwanu ero B 44% cny4yaes, HO
BaXXHbIN pakT 3akrntodaetcs B ToM, 4to ans CLUA MB® nepeoueHuBaeT pocT B 80% cnyyasx, a, K
npumMmepy, and Kutaa B 20%. (https:/mww.bloomberg.com/graphics/2019-imf-forecasts)
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https://www.bloomberg.com/graphics/2019-imf-forecasts

XpoHoso2usi npo2Ho308 no Poccuu

MB® (World Economic Outlook)

CpedHecpoYHbIl nNpo2HO3 baHka

Poccuu
19 anpensn 2022 29 anpens 2022
-8,5% (2022) -8,0%-10,0% (2022)
-2,3 (2023) 3,0%-0,0% (2023)

11 okmabps 2022
-3,4% (2022)
-2,3 (2023)

28 okmabps 2022
-3,0%-3,5% (2022)
-4,0%-1,0% (2023)

31 aHeapsn 2023
-2,2% (2022)
0,3% (2023)

??7?

https://www.imf.org/en/Publications/WEO/Issues/2022/04/19/
world-economic-outlook-april-2022
https://www.imf.org/en/Publications/WEO/Issues/2022/10/11/
world-economic-outlook-october-2022

https://cbr.ru/about_br/publ/ddkp/




Modenb BcemupHo20 6aHKa

Iyit+1 = Jar+1 T BGne+1 T Joi+1 T Ines1 T 9pe+1) + [K /Yl = (L=5)0

/

[GDP Growth] [TFP] [Human Cap] [Demographics] [Participation] MPK=1/mICOR [Investment]

UHeecmuuyuu, demozpachuyeckue rnokazamenu, eéHewHul oona u op.

https://www.worldbank.org/en/research/brief/L TGM



Global Economic Model

https://www.oxfordeconomics.com/service/subscription-
services/macro/global-economic-model/

The National Institute Global Econometric
Model (NiGEM) — nocniedcmeus Brexit,
mopeoeas eoliHbl CLUA u Kumasi u m.o.

The National Institute of Economic and Social

Research, UK
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lNMpou3eodcmeeHHble hyHKkyuu CES (kanuman,
obuee Kosmuyecmeo ompabomaHHbIX 4acos,
mexHu4YecKuuU rpozapecc, 3ampamsbil He¢bmu

https://www.niesr.ac.uk/national-institute-global-econometric-model-nigem,
https://www.niesr.ac.uk/publications/economic-costs-russia-ukraine-conflict



OueHka nocnedcmeuu mopaoesou
80UHbLI MeXOy cmpaHamMu
HATO u Poccueu

L{eump uccnedoeaHul 3KOHOMUKU U
nonumuku (Centre for Economic
Policy Research, 1700 eedywjux

3KOHOMUCMOE Mupa u3 6osnee YeMm
330 yuypexderull @ 30 cmpaHax)

Global Trade Analysis Project (GTAP)
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I. Ombapzo Ha umropm u3
Poccuu; ambapeo Ha akcriopm
8 Poccutro

. Kumau npucoeduHsemcs K
ambapao Cor3HUKOB8

. Poccusi makxe e8o0um
ambapeo

https://voxeu.org/article/potential-economic-
effects-allied-trade-embargo-russia



CoraacoBaHHBIVI HA0OP MOAeAeN AAsI CUTYalIIOHHBIX IIEHTPOB

3apy0Oexunsle CLI opranos rocyaapcrsentoi Baactu (¢ 1960-x rr.):

1) Curyanjuonnas komnara beaoro aoma (White House Situation Room), 1961 1. 2) CrpaTternyecknii mHpOpMalMOHHO-
omnepaTuBHBIN IeHTp - (Strategic Information and Operations Center), B mrad-ksapTupe ®bP, 1998 r. 3) CuTyanmoHHBII LIEHTP
ynpapaeHus 1o obecnedennio 6esonacuoctu repputopun crpanbl BM® CIIA (Homeland Security Coordination Center), 2002 r.

H.J. Nabyua n ap. «CutyanmoHHbIe IIeHTpbl. ONbIT, COCTOSTHNE , TEHASHIIIN Pa3BUTIS»:

C 1986 1. - maesa cosganus u 1epsblii onbIT. I[IpomcxognT mosTamHeIN HpOILecC MX MHTeTrpaliui B CUCTEMY pacHpeeAeHHbIX
CUTYaIIMOHHBIX LIEHTPOB, pabOTAaIOIMMX IO €AVMHOMY perlaMeHTy B3alMOAENCTBUS, (POPMUPYEMYIO B COOTBETCTBUI C YKa3oM
ITpesuaenra PO or 25 mroas 2013 r. No 648. OcnHoBHast mean: Co3gaHue cucCTeMBbl paclipeleAeHHBIX CUTYallVIOHHBIX IIeHTPOB
Poccun, kypupyemsix @CO Poccun u ciocobcTByommx 111dpposoit TpaHcpopMaly TocyAapCTBeHHOTO YIIpaBAeHNs.

Ogana 13 3agaua: OobeanHenne cymjectsyiomyx CL B eanHyIO cuctemy.

IlpoGaemspr: 1) oTcyTcTBMe COraacoBaHHOTO HabOopa MoJeaAell, aATOPUTMOB, METOJOB pelleHMs 3ajayd ITPOTHO3MPOBAHMS,
TeKyIllero IIAaHMpPOBaHMUA (OTPacAeBOTO M TepPPUTOPUAABHOIO), CTPaTerM4eckoro IIAaHUMPOBaHMUS, YHpaBA€HM:, KaK AAs
deaepaabHOTO, Tak U A4 PerMOHaAbBHOTO YpOBHeli; 2) 6e30I1acHOCTh, CBA3aHHAs C MCII0Ab30BaHEM CTOPOHHETO IPOrpaMMHOIO
obecrieueHns1 («BpOKAeHHBIe» ITPOTPaMMHBIe «3aKAaAKU» U «IIpuoOpeTeHHbIe»). [TocaeacTBIs MOTYT ITpuBeCT K 3HAYMTEABHOMY

Y y1iepOy.

J




MAGH PpaGoT NO MOAEPHU3ALUU AEUCTBYIOLLUX
M CO3AQHUIO HOBbIX CUTYALLUOHHBIX LLEHTPOB

CUTYALLMOHHbIE LLEHTPbI
chbeAepaAbHbIX OPFrAHOB FOCYAQPCTBEHHOMW BAQCTMH

*I10 MaTepuaaaM A.T.H., mnpodeccopa, HJ. Uabuna



Benropoacsan obnacrs PecnyGrises Kapenun

Baguumpcran 06nacTs  ApXaEnBCKaS OBNACTE Kpacnamapcm kpan "“"““”5""""' PecnyBnmka Mopaomws

e~

_ Kanmywnrpanceas ofnacts  Bonrorpagcxan obmacts _ Yamyprekss PecnyGnnia
e — ek s

_ MypManckan o6nacTs Pecrmynuna Kpuim CTaBPONONLCKMA KPR Mepsciwi kpait
— S——

Nuanieyxan o6nacTs Nexoacxan obnacrs Huweropoacxan obnacTs

Praanckan oSnacre Camapcxan ofinacre
Cmonencrsn oBnacTe Caparosczar ofnacre
TamBonckan obnacTe YNbAHOBCKAR 0BNACT
Taepcxan obnecs B cu cospans: - 30
van obnac CU cosnaloTcs UNu MOAEPHUIUPYIOTCA — 24 B cyGurekTax PP CLL MHTEHCUMBHO CO3AQIOTCH,
_ Mnanupyerca cospanue CL - 31 HOPAQUMBAETCA UX MHCDOPMALMOHHAN KOMNOHEeHTA
- Pewenne o cosganum CL| He npuHsaTo - 8

*I10 MaTepmuaaam A.T.H., npodeccopa, HW. Uabuna



CuryaniOHHBIN IIEHTP
IOMU PAH

Kommnbiorepneie (i poseie, BUpTYyaabHBIE) MOAEAN
9KOHOMMKU U o0mecTBa B IIDMU PAH

d DxoHOMeTpuKa, HeIpOHHBIE CeTU
d Brraucammele Mogeau oOmiero paBHOBECUS

4 AI‘EHT-OPI/IQHTI/IPOBaHHHe MOJAeAn




Komnbiorepubie Mmogeau LIDMU PAH

ArenTtHast moaeab Poccun
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Crparerus passutus Kys6acca 2035

MIY (Keust B.A, MK. Aaimvypasos MK, Hosuxosa U.B.m ap.) g ‘
[IOMI1 PAH (Makapos B./., baxtusun A.P., Esgoxumos A.C. u ap.) =Y

CxemarnuecKkuil npUMeEp B3aUMOICHCTBHS I'OCYAaPCTBEHHBIX YUPEKICHHHN €
ragabiM CL I'ybepraropa Kemeposckoii obnactu

I'yGepratop
Kemeposckoii
obracTn
1:::::;:1“:”:1?’083:::: CK I'maBroro
npeanpustuamu KO G & ynpasiaenus MBJ] KO

CK* I'masnoro IaBHBI BHIYHCITHTE B HBIH CK Munucrepcrsa
ynpasiaenns MUC KO '$ ~ kommeke CIT* <:| pyaa KO
I'yGepnaropa Kemeposckoit
. S

CK MunmucrtepcTsa & @ CK Munucrepcrsa
HIPUPOJIHBIX PECYPCOB

¢uuancos Kysbacca {} {} u axonorui Kysbacca

CK Jlenapramenra
CK /lenapramenta FAeTag
HKOHOMHUECKOTO
obpazosanus KO
pazsutua KO

* CLL - cuTyatutoHHeT HeHTP: \j

**CK — curyamioHHas KOMHATA;



[ Peanmsanus crparernyeckoro npuopurera ajisa Kysdoacca ]

HenicrByromas «KemepoBckas
CHCTEMA pacipeaeaeHHbIX
CUTYALMOHHBIX HEHTPOB»

é ['maBHEBIN ) fCL[ Ha 0a3e )
BBIYHUCIIUTEIIHHBIH MYHHIIUTIATATETOB B
KOTHUTHUBHBIHN [IEHTP KPYIHBIX TOPOIaX
Ha 6aze CI] KemepoBckoii obactu
\ l'yoepnatropa KO & \.— 19 00beKTOB Yy

é Curyarnmonnbie komHaThl (CK)/ )
ABTOMAaTU3UPOBAHHBIX CUCTEM
s YIPaBJICHUS PEANPUATUAMU 7
- 00BEKTOB™, pa3MEIIICHHBIX B

\  yupexzaenwsx r. KemepoBo. )

*Obwee xonuuecmeo ACYII/CK/CL/KL]
Modicem Oblmb YEEIUUEHO C YHEemOM
passumust Kyzbacca
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Makapos B.A., Ksunt B.A., baxtusun AP,
Cymko E./., Maxapos C.B., Haymos B.H.

Cesepo-3anaanpii MacTuryT
Ynopasaenus PAHXul'C

B Aovops

AreHT-opueHTHposarHan mogens Cankr-MNMerepbypra

2028 ron

| MPooOMKUTE CUMYNALMIO |

Bona posonbMbix, %

ool
S L

Ofecne4YeHHOCTL
Mecramw 8 OOY , %

Mapamerpsl euiGpansoro MO
Hassanne

LeNTpanuiuiil paion
MO AsopuoRmil oxpyr

HUCNeHHOCTE HaceneHnsa

220,327
8648

[ MogpobHee ]

| Nporos: 0 Moy Bpesoc: 14.00 NPOToI: BOeMK OCT -0t e Jal Hara:

22.11.2008 17:20:00

=

“YHCNOHMHOCTE HACeneMnn, ven. 4,843,774

77.299

97.132

FAMHAMIES YHCASHHOCTII HACRNEHNR
OTHOCHTENBNO BaJ0BOro roaa

> w w =0 &0 100
e LA VT O TH HACR e

ANNaMiKa CTPYRTYPLI HACeNONIA
N0 CCMOBNLIM BOIPACTHMIM FPYRNAM, %
ino

o |

0 1" &0 a0 10¢
- MONes TRY A0CNOOOOMOND BONDACT &

- TPy ATOCONOr0 BOXDCTS

o Crapws TOYA00T0CON0N0 BO3CTS

Wasew 00 %
om &0 So 80

cosioe 100

cy T P 1.483
“ xoagPp a v
oa ' 3
P bl rpynAKp ™Mo
Ea2 ripyninepoaon
omao do 100
@ 1o ofecneesnvoCcTs MacTaMm & J0Y
Nammrn: | . . ' B

OgHo M3 BaKHeNMIINMX HaIlpaBA€HUII MCIOAb30BaHUS MOAeA — CTaThb paOoumm mHcTpyMeHToM CTpartermnn
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COIIMaAbHO-DKOHOMMIYECKOTI'O Pa3BUTIA CaHKT-HeTep6ypra.



Makapos B./., Keunat B./., Illamaxos B.A., baxtusun
AP, Cymko EA., bypuamna M.A. Arenr-
OpPMEHTHPOBaHHbIE MOAeAN KaK MHCTPYMEHT alpoOanumu
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ArentHas Mmogeab «/MHTeaaexTyaabHast Poccmm»
Xaugarpsia H.K., Kysuenjosa O.M., Akunammu A.IL, I'puropses I1.B.
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IndpoBoit ABOMHIK COLVIaAbHO-
HKOHOMMYIECKOM CIICTEeMBbI
Poccim  mam  MCKyCCTBEHHOeE
0o01ecTB0 Ha 0a3e areHTHOTIO

YxpynHeHHasi cxeMa paOOThI geMOorpadpuaecKo areHT-

OpMEeHTVPOBAHHON MOAeAV — V(P POBOIO ABOMTHVIKA
POCCUIICKOIO O0IIecTBa

ImoaxoJaa.
Ka>kaplil areHT-4eA0BeK  sIBASIeTCSI

E)KSeMHA}IpOM COOTBeTCTBYIOILIQTO 3\ f \
Mimipaamsaumsa Mojean Pacuer mara(oB) MOAEABHOM CHMYASIIMM

HporpaMMHoro Kzaacca €O CBOMMMU _\'CT&HOBK-’I craprouoro COCTONHME | 3 1eeimeen e engen oo ampms am ops cmonsmm sns-am spn-am B 7 g o . g e S s e e SO S P A 0408 S0 A0 -~
3HaYEHUIMI Ha6opa 1 7 @ CMmepTHOCTD @ Poxaaemoctn
XapaKTepUCTHUK: Cunrsieanye uHdopymat 13 Y 1a1eHH1e ATCHTOR 13 MOAGH B h dopMupoBaHite Koa1eKIi

e 104 Dasbl AQHHBIX PO AreHTOB-KeHIMH (epTHABHOTO

! ~ J ¢ BO3PACTA, KOTOPHIE XOTe N OBl
BO3pacT;

e BruncaeHste CTpyKTypht
THUII ITOCEAEHM I (FOpOA, cer) ; HCKYCCTBEHHOTO 001ecTsa
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TepMuHaABHEBIN AOCTYII K CYIIEPKOMIIBIOTEpaM
/lomonocoB-2 (MI'Y)

Maeunniii nyTh-2 (Kurari)

MCII PAH
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Q Cpoemmaaucrt PAH u MIY paspaboraan TexXHOAOTUIO IIOAAEPKKU areHT—opmeHTMpOBaHHoro
MoaeAupoBaHUs AAs cynepkoMibiorepoB — STARS (Supercomputer Technology for Agent-oRiented
Simulation), nospoasomas »¢¢eKTUBHO MacIITadupoBaTh MOAeAM OIMChIBaeMOro kaacca Ao 107
areHTOB.

QO Texnoaorust Oblaa HpUMeHeHa HpPU peaau3allMy KpPyITHOMAcIITaOHOM areHTHO! MoJeAu CTpaH
EBpasun, muMuTHpyIOIeil OCHOBHBIE ITPOLIECCHI ABMXKEHM: HaceAeHMU: DTUX CTPaH UM UMX SKOHOMMKM, a
TakXXe NOCAeACTBUS peaAu3aliuy KPYHHBIX MHQPaCTPYKTYPHBIX IPOEKTOB KaK pe3yabTaTa AeViCTBUI
MHO>KeCTBa CaMOCTOSITeAbHBIX areHTOB.

Q Tecruposanue ObLAO MPOBEAEHO Ha Pa3AUYHBIX CyllepKOMIIbIOTepax (/lOMOHOCOB, HO B TOM 4ucCAe U
COBMECTHO CO criennaauctamMu HammmonaapHOro cynepkoMIiploTepHoOro 1eHrpa r. I'vanwkoy (Kurain) Ha
OAHOM U3 CaMBbIX OBICTPBIX CYIEPKOMITBIOTEPOB MUpa — « MAeYIHBIN My Th-2»).
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IIlectoe cosemjanue pabGouert rpymmbl crpaH BPUMKC mo ma@oOpManmoHHO-
KOMMYHUKaIMOHHBIM TexHoaorussMm (MKT) u BBICOKOITIPOM3BOAUTEABHBIM
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Pacrniopsixenne IIpasureancrsa Poccniickon @eaepanmm ot 22.10.2021 r. Ne 2998-p
CTPATETMMYECKOE HAIIPAB/AEHUE
B 0O0aacTy P poBoN TpaHcpOoOpMaL TOCyAapPCTBEHHOIO YIIpaBaeHsI

ITpoexT #1 — co3zaHNe eaVHOM aBTOMATU3VPOBAHHOM CUCTeMBI cOOpa, 0OpabOTKM U aHaAM3a
AQHHBIX OTpacAell 9 KOHOMUKI U COLMAAbHOM CephI

Ilean mpoexTa: oDecriedeHyie OpTraHOB I'OCYAapCTBEHHON BAacTu MH(pOpMalyel O COCTOSHUN
oTpacael 9KOHOMUKI U COLIaAbHOV cpepbl B peKIMe pealdbHOIO BpeMeHN

Asmomamusayus. cbopa omuemHocmu 1no COUUAALHO-IKOHOMUUECKUM NOKASAMEASIM 6 OMPACAX
IKOHOMUKU U COUUAALHOU cepe, co3datitie UHPOPMAUUOHHOU CUCTIeMbL, CHOCOOHOT NPOBOOUML AHAAUS
8 pexume pearbHoz0 Gpemeru Mno NOCMYynarouum mnoKa3ameAsm, UHPOPMUPOsAMb 0 NPOOAEMHDBLX
CUMYAUULX, a MaxKxie ynpasaimo IKOHOMUKOU HA 0CHO6e OUHAMUUECKOL ONMUMUSAUUOHHOL MOJeAU
mexompacae6ozo baratrica (k 2030 z.)

Poccrar:

O Tabamupbl pecypcoB U MCHOAB30BaHUS TOBapoB M ycayr 3a 2019 r. (= 60 orpacaeit u
IIPOAYKTOB), gaTa myOaukanuu 25.01.2022 1.

O basosple TaOamipl «3arTparbl-BeIIycK» 3a 2016 r. (= 100 orpacaeilr M IPOAYKTOB), Aara
nyoaykanyu 30.01.2020 r., reproAMIHOCTD pa3 B 5 A€T 3a roAbl, OKaHYMBalomuecs Ha 1 u 6.

biopo skoHOMMU4Yeckoro anaausa (CIIIA):

Q Exeroansiit MOD 3a nnepuog ¢ 1997-2021 rr. (= 195 orpacaein )
O ITpornosueit MOB ga: 2031 r.
Q AJas nekoTopeix nepnoaos (k mpumepy, 2007 n 2015 rr.) — 405 orpacaent




O Ocoboe 3HaueHme mumeeT paspabOTKa perrMoHaAbHBIX MeEXKOTpPacAeBBIX
O0aaaHCOB, MeTOAO0AOTMYECKM ¥ MHQPOPMAILIVIOHHO COBMECTUMBIX C
Me>KOTpacAeBbIM 0alaHCOM CTPaHBI.

O [leaecooOpasHa «permoHaAmM3alvsl» HaIMOHAABHOTO 0OasaHca  AAas
KOHCTPYMpOBaHMsA  MH(QPOpMaLMOHHOM  Oa3bl  perrMOHaABHBIX U
Me>KpPerOHaAbHBIX MEXXOTPacAeBbIX MOAeAell

O BaxxHO paccumThiBaTh IIOKa3aTeAM OTKPBITOCTM BSKOHOMUKMU peryvoHa
(pacueT KO3 PUIEHTOB BBO3a, BEIBO3a, TOBApOOOMEHA)

MaTtpuiisl puHAHCOBBIX ITIOTOKOB

(1) aHaau3 conmaabHO-DKOHOMUYECKMX ITPOLIeCCOB, B TOM YHUCAe:

%* OLleHKa IIOCAeACTBUII CTPYKTYPHOI IIepecTpOVKM U AuBepcu(UKaLMy DKOHOMMYECKMX CUCTeM, a TakxkKe
OILIeHKa BO3MOXKHOCTEN U ITOCAeACTBUI MMIIOPTO3aMeIleHMsT;

% U3yYeHNe  IIOTPeOMTEeABCKUX  IIpeAIIOUTeHMI,  yPOBHA  3aHITOCTH, 1po0AeM  HepaBeHCTBa,
IIPOM3BOAVTEABHOCTY, BO3MOXKHOCTEV YCTpaHEeHIs AUCIIPOIIOPIINI Ha PhIHKE TPYAa;

% oueHka 3(QQPeKTUBHOCTM WHBECTUIIUI, TOCPAacXOA0B U CHUCTEMBI HaAOIOOOAOXEHNs, I10CAeACTBUIL
IepepacipeseaeHns (pMHAHCOBBIX PeCYPCOB, TOPTOBBIX AM1COAAaHCOB;

% IIOVMICK BO3MOXKHOCTEN A5 DKOHOMIYECKOIO pocTa I Ap.;

(2) obocHOBaHMe yIIpaBAeHYeCKMX Mep, HallpaBAE€HHBIX Ha pellleHle DKOAOTUYecKUX IpodaeM u OOppOy c

M3MEHEeHIEeM KAMMAaTa, B TOM 4H1CA€:

% OIleHKa IIOCAeACTBMII M3MEHEeHMs YPOBHs BBIOPOCOB B 3aBUCUMOCTM OT MOAUQPUKALUN CTPYKTYpPBI
DKOHOMIKV, TEXHOAOIMYECKON TpaHcdpopMalmy IIPOU3BOACTBA U Ap.;

% U3y4eHUe IIOCAeACTBUI M3MeHeHIs KAuMaTta AAs COLMaAbHOI U DKOHOMIYecKoi cdep;

(3) u3yueHMe HBOAIOINHU COIMIaAbHO-DKOHOMUYECKMX CUCTEM ITyTeM COIIOCTaBAeHMUs MaTPUL], COCTaBA€HHBIX AAsd

Pa3HBIX BpeMEeHHBIX [IePUOAOB.



OO0HO u3 3Hako8bIx cobbimuti 2022 200a 8 IT mupe — 3anyck ChatGPT, Generative Pre-
trained Transformer (paspabomka OpenAl) 30 Hos6ps 2022 a.: https://chat.openai.com

» 175 mnpd. napamempos
» PaspabomaH c ucriornib3o8aHuUeM Memooo8 0by4yeHuUs ¢ ydumeriem U ¢
rMOOKperiyieHUem
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12 System;

g System.Collections.Generic;

iple example of an ABM that defines an agent class “aAgent”

"Model this example, the agents are created with a

e List<Agent> agents;
= Random rnd;

(int numagents)

= new List<Agent>();

rnd = new Random();

= {int i = 8; 1 ¢ numAgents; i++)

Agent a = new Agent(i};
agents.Add(a);

)

int randomIndex = rnd.Next(®, agents.Count);
Agent selectedAgent = agents[randomIndex];

a2




Systes;

System.Collections.Gemeric)
more comple wie f saaent-ba i

tID(
Wealth { 3
¢ en ¢ f aaents with different 3 rs «
" - o’ £ ey ve List<Agent> Neighbors {
mo - I,".,""" I npex

id)
) mi x ABM re )
atinc ! oiv quire

Z 1D « ig;
Wealth -
igents, and tf teraction rtween them

Nelghbors = ListeAgent>(};

(Agent reciplient, i sessage)

recipient.ReceiveMessage(

» message);

(Agent sender, g message)
le writeline(
Agent & = Agent(1);
agents. Aad(o);

ID, message, sender.ID);

£ ;0 ¢ mongents; i+s)
Agent & « agents[i];

T nuslieighbors = mad Next(., mesigents / )}

ListdAgent> agents,
§ ¢ nusbeighbors;

Random rnd;
jee)

Agent b « agemts{rnd Next(?, oumAgents)];
(a !« b &8 la.Neighbors.Coetains(d))

o Meighbors . Add(b) ;

O

randosindex = rad Next(, agents. Count);

Agent selecteadgent » agents{rendomindex);

This example includes a class ~Agent™ that has a list of neighbors, and a method

*SendMessage™ to send a message to one of its neighbors. The model class *Model®

_ number of agents and random|
neightorindex = rad Next{!, selectedAgent . Nelghbors.Count);
Agent selectecheighbs

TR

Yy CO

selectedApent . SendMes

= selectedigent  Neighbors [neighborimsex];
age(selecteciieighbor,

nnects them as neighbors. Each time step, one agent is
randomly selected, performs its behavior and sends a message to one of its neighbors.
L




Systena;
. Systenm.Collections.Generlc;

‘mesa’

List<PersonAgent> population;
Random rnd;

(int numAgents)

population = List<Personigents>();
md = Randoa( ) ;

t 1 =0 1 < numAgents; i++)

PersonAgent a = PersonAgent(1);
a.Gender = rnd.Next(:, == & ?
population.Add(a);




Systen;
Systen.Collections.Generic;
Systen.Threading;

1 IsAlive {

can you make parallel version of it?

Yes, | can help you create a parallel version of a demographic agent-based model (A

C#. There are several ways to make an ABEM parallel, depending on the specific requirements
of the model and the hardware

[s1]

vailable

to make an ABM parallel is to use multi-threading, which allows you to run

multiple threads in parallel on a single machine. In C#, you can use the ~ System.Threading

namespace to create and manage threads. Here

s

s an example of how you might use multi-

List<PersonAgent> population;
L Random rnd;

threading to make the previous demographic A

(int numAgents)

population = List<Personagent>();
md = Randoa( ) ;

(int 1 = & 1 < numAgents; 1++)
PersonAgent a = PersonAgent(i);

a.Gender = rnd.Next(Z, 1) == 2 ?
population.Add(a);

(int nunThreads)

int chunkSize = population.Count / numThreads;
List<List<PersonAgent>> chunks =
(int £ = 0; 1 < numThreads; 1++)

List<List<Personagent>>();

nt startIndex = {1 * chunkSize;
L endIndex = startIndex + chunkSize -
(4 == nusThreads - 1)




. System;
. Systen.Collections.Generic;
4 Systea.Threading;

int I0 { get; set; }

int Age { H i}

string Gender { H HE
bool IsAlive { get; }
string Location { H S J

can you add procedure that realize migration method in this code?

Yes, | can help you add a migration methed to the demographic agent-based medel (ABM)

S ]

n C#. Migration can be modeled in many ways in an ABM, depending on the specifics of the

problem and the available data. Here is an example of how you might add a migration 0
method to the previous ABM that randomly selects an agent and moves it to a different

Listcstring> locations = Listestring {

»
i . locations.Remove(Location);
ocation: ( &
int rendomIndex = rnd.Next(:, locations.Count);

Location = locations|randomIndex);

List<PersonAgent> population;
Random rnd;

(int numAgents)

population = (= List<PersonAgent>();
md = Randon( );

ti=0; 1< numigents; 1++)
PersonAgent a = PersonAgent(1i);

a.Gender = rnd.Next(:, == 4
population.Add(a);




Syxtem;
Sywtam_Collsctioes.Gereric;

This is a simple example of an agent-based model that simulates a population of agents that

grow older over time. The ~Agent™ class has properties for age and whether the agent is
alive, as well as methods for growing older, giving birth, and migrating. The ~ Population®

class has a list of agents and a method for “ticking” the simulation, which updates the

nts' ages and handles death, birth, and migration

i)

il

1]

A

Mote that this is just a skeleton of the code, and you would need to add more complexity to

the model such as probability of death, birth, migration or other factors that could influence
the population. It's important to understand that a Agent based model is a complex topic Listorgents tgests {
and would require a lot of research, testing and development to make it work properly. ias aton)
Agents » Listchgeerta();

( Lw g L ¢ondoeg dee)

{
Agmort s Ade(, Aget{i}):

{ L w5 L ¢ Ageets.Count; 14+)

Agerrt sgest = Agerrta(i);
apeert _GronDldert) ;
{1 agent_Alive)




0

(int £ = 5; 1 < Agents.Count; f++)

xample of probability within this code? Agent Bgent: = Agentafi];
agent.GrowOlder();
(lagent.Aldve)

can you realize

M

Sure, here is an example of how you might implement probability of death, birth, and

migration within the ~Population™ class's “Tick™ method:

uble deathProbability = :
(agent.Age > ") deathProbability 3
* (agent.Age > ") deathProbability = H
© (agent.Age > ©0) deathProbability = - 2
£ ( Random( ) .NextDouble() < deathProbability)

agent.Alive =

’

In this example, I've added code to calculate the probability of death, birth, and migration double birthProbability = 0.0
L . * (agent.Age > 88 agent.Age < ) birthProbability =
based on the agent's age. The death probability increases as the agent gets older, while the ¢ (e Random().NextDouble() < birthProbability)

birth probability increases when the agent is between the ages of 20 and 30, and the
agent.GiveBirth();

migration probability increases when the agent is between the ages of 20 and 40. The

Random.NextDouble method is used to generate a random number between 0 and 1, and

this number is compared to the probability to determine whether the event should occur. O ey, = Ny (/1
* (agent.Age > 88 agent.Age < -7) migrationProbabili

It's important to note that the probabilities defined here are just examples and may not ' Random( ) .NextDouble() < migrationProbability)

reflect realistic values. Also, you may want to incorporate additional factors, such as gender agent.Migration();

and health status, that influence these probabilities.




z can you realize parallel version of the whole model?

Certainly, here's an example of how you might implement a parallel version of the
demographic agent-based model using the ~Parallel® class from the

*System.Threading.Tasks™ namespace:

In this example, I've used the *Parallel.ForEach® method to parallelize the loop that
processes each agent in the population. This method divides the work of the loop across
multiple threads, allowing the agents to be processed concurrently. This can lead to a

significant performance improvement, especially when dealing with large populations.

It's important to note that parallelizing the code can be tricky, and you need to be careful
when working with shared data. In this case, the Agents list is shared among all parallel
tasks, and you may need to use locks or other synchronization mechanisms to ensure that

the agents are updated correctly.

Also, it's important to test your parallel version of the model and compare it with the
sequential version, taking into account the hardware you are running it on and the size of
your population. In some cases, parallelization may not be the best solution, due to the

overhead of managing threads.

Syatee. Threading . Taaks

Listoigent> Agents {

t e

( adam)

istcAgent>();

3 1 < xiveg 14e)

Agerrt s Acdai Ageat( }):

Parallal. Forfach{Agents, sgent =

{

agert GrowOldert ) ;
{lagent Aliw)

{

{

» SesthProtebdlity =

agent Age > ) demthProbetdlity »

agert Agw > ) swathProbebdlity =

agent. Agw > ) SswthProbabdlity » -
Rarcbn( ) . NextDasilel) ¢ desthProbabiliity)

agert Alive »

» birthProbebility »
agent Agw > BA sgent Mg < ) BirthProbebility »

Rarctm( ) . NextDablef ) < birthProbablitty)

apent Givellirth();

» migratioeProbebility » ;
agent Age > A spent . ige © ) migruticeProbabliity =

Ranccm( ) . MextOouhle() ¢ sigratiseProbebility)

apeet Sgration();




) Copy code

te Cplex cplex;
0

cplex = new Cplex();

INumVar[] x = cplex.NumVarArray(2, ©, Double.MaxValue);

e v cplex.AddMinimize(cplex.ScalProd(x, new

// Define constraints

cplex.AddEq(cplex.Sum(x), 168);
cplex.AddLe(cplex.Diff (x[8], x[1]),

cplex.AddLe(cplex.Diff(x[1], x[2]),

cplex.Solve();

+ cplex.GetStatus());

Console.WriteLine(
+ cplex.0ObjValue);

Console.WriteLine(
double[] sol = cplex.Get




g ilog.cplex;

te Cplex cplex;

rivate int numSectors;

° (int numSectors)
elp eate e comple ble general e GE) mode cplex = new Cplex();
Sseee < S IIORE E mbue would this.numSectors = numSectors;
ion variables
olex CGE mode s B nber ol oaitonsand INumVar[ ][] x = new INumVar[numSectors][];
d e equire e of optimization libraries such as for (int 1 = 8; i < numSectors; it++)
o L= A~ a < < L= Za < & {

x[1i] = cplex.NumVarArray(numSectors,

// Define obj

I0bjective obj = cplex.AddMinimize();

for (int 1 = 8; i < numSectors; it++)

{

for (int j =

, Double.MaxValue);

0 Copy code




ChatGPT

» [eHepupyem kKa4yecmeeHHbIU KOO, KOMmOphbIU MOXHO UCrofib308ame Oaxe 6e3
usMeHeHuUU (mo4yHo 6e3 npobriem 6 eude rpuroXeHul K OUrIOMHbIM U
ouccepmayuoHHbIM pabomam)

* [locmpoeHue KapKkaca mooesnu 0ris rnocredyroueu dopabomku

* [lony4yeHue akmyarbHoU uHgopmauuu ob acbghekmusHoM criocobe peanusayuu
rpo2paMmMHO20 Kooa, Ucrosib3oeaHuu ryduwux bubnuomek

. Eb/cmpaﬂ peasiuzayusda mpusuarlribHbIX onepauud

Ckopee ecezo cnedyrwwue peanusayuu (nubo ChatGPT nub60 KOHKYypeHmbI)
yepe3 200-08a MO2ym cepbLe3HO CKoppekmupoeamsb |T pbIHOK

* Mooenb ChatGPT — 175 mnpd. napamempos

* Mooenb Switch Transformer — 1600 mpd. napamempos
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ITPUMEHEHUE 9KOHOMMKO-
MATEMATMYECKUX METOJIOB U MOJIE/IEN
OIITUMAJ/IBHOTO INTAHPOBAHUSA
B [11®POBOVI 9KOHOMUKE BYIVIIIETO

B. JI. Makapog, A. P. Baxtuaus, E. JI. JlornHoB

ITPVMMEHEHUE 9KOHOMMKO-
MATEMATUYECKUX

MAKAPOB BAJIEPUIA JIEOHUOBUY
akademuk PAH

0. ¢.-M. H,, npotpeccop

Yueruk /1. B. Karmopoeuya, cosemckull U poccuticKutl 3KOHOMUCM u
mamemamuk. Akademux AH CCCP u PAH (1990, unex-KxoppecnoHdeHm
c19792.).

JAupexmop LleHmpansHo20 3K0 K020 UHCMU-
myma PAH (1 985 201 7). [lexaH 3K0HOMUYecKo20 (pakymmema [ocy-
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