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CTpyKTypa y4edbHOM ANCUNNINHDI

MazaucmpaHmel 04HO20 omOesneHUA:

* JleKuumn — Kaxkayto Hegento

* JlabopaTtopHble 3aHATUA + YNpaBaaemMble camocToAaTe/ibHble paboTtbl (YCP) — oaHO 3aHATME B ABE Hedenu
* CeMmMHapCKMe 3aHATUA — OQHO 3aHATUE B ABe Heaenu

Cpedcmea mekyuwie2co KOHMpo-A:
* YCP (Bcero 3)

® H€O6XO,£I,I/IMO CAENaTb OTHET C yCTHOﬁ 3aU.LMTOlz Ha na6opaToprlx 3aHATUNAX

* WUccnepoBaTtenbCKUM NPOEKT
* HeobxoAMMO BbICTYNMUTb C AOKNaAaMMN HA CEMUHAPCKNX 3aHATUAX B OKTAOpe (nocTaHOBKa 3aaa4n) n aekabpe (peannsaums)

dopma npomexcymoyHoli ammecmayuu: IK3amMeH

PacnucaHue 3aHamudl: aya,. 408 04HO U ANCTAHLMOHHO



Moaenb n moaennpoBaHme

Mopagenb — maTtepunasibHbi NN MbICTEHHO NPeAcTaBAAEeMbIN OObEKT, KOTOPbIN B
npoLecce nccneaoBaHmA 3amellaeT 06beKT-opurMHan (cuctema, npouecc,
ABJIEHME), COXPaHAA HEKOmMopble CBOMCTBA/XapaKTEPUCTUKN 0ObeKTa OpUrMHana,
Ba*KHble ANA AaHHOro uccneaoBanma. Moaenb asnsetca npubauxeHHbIM

npeocmassneHuem obbeKTa-opurmHana.

I”

“... all models are wrong, but some are usefu
Box, 1979, Box and Draper, 1987

MogaenuposaHue (modeling) — 310 npouecc nocTpoeHna mogenu n NpoBeaeHNs
NccneaoBaHUM Ha MOAENN C Ues1bio U3y4YUumb HEKOTOpPble CBOMCTBA 0ObeKTa-

opuUrnHana.

Ob6beKT-OopUrMHan B ganbHenwem byaem Ha3biBaTb 06bEeKTOM moaeNIMpoOBaHUA.



OB6BbEKT MOAENNPOBAHUA

Ob6bekKT MmoaeinpoBaHUNA PaCCMaTpPMNBAETCA KaK CUCTEMaA (COBOKyI'IHOCTb
B3aMMOCBA3aHHbIX 31€MEHTOB, BblAeNeHHbIX U3 Cpefbl U B3aUMOLENCTBYIOLLMX C OKPYKatoLwen

cpeaon KaK uenoe ana JOCTUXKEHUA NOCTaBNEHHOM u,enm).

B MMMTAaUMOHHOW MOAENN YYNTLIBAOTCA CBOMCTBA U NOBeAEHMUE
OTAE/NbHbIX 9/1EMEHTOB CUCTEMbI, B3AUMOCBA3U MEKAY 3IEMEHTAMM,
B3aMMOAENCTBUE 3/IEMEHTOB C OKPY*KatoLLen cpeaomn.



MMUTaUMOHHAA moaens |

MMUTaUMOHHAA Mmoaenb ABNAETCA 8bIM0sHAEeMOU MOAENbIO B BUAE
KOMMNbIOTEPHOM Nporpammbl. Bbl 8binos1HAEME NMUTALMOHHYIO
MOJeNb U OHa CTPOUT U3SMEHEHMA COCTOSAHUIN 0ObEeKTa MOAENNPOBAHMA

BO BPEMEHW, N03B0/1AA BOCMPOU3BOAUTL NPOLECChI
GYHKLUMOHNPOBAHUA 0ObEKTA MOAENNPOBAHMNA B PA3HbIX YCOBUAX.



MMUTaumoHHaa moaens |l

MMUTALMOHHYIO MOAENb MOMKHO PAaCCMATPMBATb KaK MHCTPYMEHT
npeobpa3oBaHMA BXOAHbIX MAPaMeTPOB B BbIXOAHble NapamMeTpbl
obbekTa moaennposaHus. lNpeobpasoBaHMe OCYLLECTBAAETCA C
MOMOLLbIO aZATOPUTMA, KOTOPbIM MOXHO MHTEPNPETUPOBATL KakK
GYHKLUUIO, ABHbIM BN, KOTOPOUN HEN3BECTEH.

[axxe ecnu 66l GYHKUMA N Bblna N3BECTHA, TO OKa3anacb 6bl O4EHb
CNOXHOM, NOCKO/IbKY HaM BCe e NPUXOANTCA BbINO/IHATb a/ITOPUTM, 3

He NPOCTO NOACTABAATL YMC/IA B HEKYIO pOopmyny.
A.M. Jloy, B.[l. KenemoH, 2004



MMmunTaumoHHaa moaens

BbinosHeHWe nmutaumMoHHoON mogenn (simulation) HasbiBaeTca Takke
NMPOroHOM, SKCNEPUMEHTOM, UMUTALUNEN.

Simulation means driving a model of a system with suitable inputs and
observing the corresponding outputs

Bratley, Fox, Schrange, 1987

MMUTaUMOHHbIE MOoAeNN He cnocobHbl POpMMPOBATL CBOE COOCTBEHHOE
peLieHne B TOM BMAE, B KAKOM 3TO MMEET MECTO B MaTEMATUYECKUX MOAENAX
C aHAIMTUYECKMM pelleHnem. 1na nonyyeHus Heobxoammonm MHPopmaumnm
I Pe3y/IbTaTOB HEOHXOAMMO BbINOAHATbL MMUTALMOHHbIE MOAENN, A HE
peLwaTb MOAENN.

LlleHHoOH, 1975



MMUTaUMOHHOE MmoadeIMpoBaHme |

MmutaumoHHoe moaenmpoBaHue (simulation modeling) — aTo npouecc
NOCTPOEHUSA UMUTALMOHHOM MOAeNn PeasibHOMN CUCTEMbI M NMOCTAaHOBKM
3KCMNEePUMEHTOB Ha 3TOM MOAEeNU C Uenbto

nnbo noHaAMs noBegeHmne ob6bLEKTa MOAENNPOBAHUS,

nmbo oyeHuUMs (B pamKax orpaHU4YeHMI, HaKklaablBaeMblX KpUTEPUEM
NI COBOKYMHOCTbIO KpUTEPUEB) Pa3/IMYHbIE CTpaTerny,
obecneumnBaroLime PyHKLUMOHNPOBAHME AAaHHOIO 06 beKTa
MOJENNPOBAHUA.

LlleHHOH, 1975



MMUTaunMoHHOe moadenmpoBaHue ||

MMUTaLMOHHOE MOoAennpoBaHUe — 3TO He Teopus, a Memo0oo0s102USA
peweHusa npobaem. UMUTauMOHHOE MoaeNnpPOoBaHNE ABAAETCA TO/IbKO
OAHUM U3 HECKONIbKUX UMEIOLLLUXCA B PACMOPSMNKEHUN CUCTEMHOTO
aHa/IMTUKa METOA0B pelleHua npobaem.

LlleHHoH, 1975



Llenecoobpa3zHoctb M

e [1oporo nam HEBO3MOXKHO 3KCMNEPUMEHTUPOBATL C 0O BEKTOM
MOJ,eNMPOBaHUA

* He pa3paboTaHbl MaTeMaTUYeCKUX moaenein Ana obbekTa moaeMpoBaHumS
(Hanpumep, coumanbHblie CUCTEMbI, SKOHOMUYECKUE CUCTEMDI)

* He pa3paboTaHbl MeToAbl peLlleHna MaTeMaTUYECKOM Moaenm
* MeToabl peLeHNss MaTEMATUYECKON MOAENN COXKHbI N TPYA0EMKHU

* HeobxoAMMO CbIMUTMPOBATb NOBeAeHUe 06BbEeKTa MOAE/IMPOBAHNA BO
BpemMeHMU

* IMUTALNOHHOE MOAENNPOBAHME MOXKHO UCMOAb30BaTb A/ CO3AaHUA
nenoBbix Urp. UM1UTaumMoHHble Urpbl MOMOratoT 0byyaTb NPUHATUIO
peweHnn B besonacHom cpee, OTTa4MBalOT HaBbIKW YNpaBaAeHUaA



[Tapaaurmbl MMUTALMOHHOIO MOAEeNNPoOBaHUA |

B MUMUTAUNOHHOM MOAeNNpPpOBaHUN K HACTOALWLEMY MOMEHTY
CNOXKUNNCDL TPU CaMOCTOATE/IbHbIE NMapaanUrmbl:

CUCTEeMHaA AnHamMuKa (system dynamics),
AUCKPETHO-cobbiTnitHoe moaennpoBaHue (discrete event modeling),

areHTHoe moaenupoBaHue (agent based modeling)

|/|MI/ITaLI,l/IOHHOe mopgeanposaHne, ocCHopaHHoe Ha HNCA1eEHHOM peLleHNU
MaTeMaTU4YeCKUX MO,EI,GI'IEVI, He PaCCMaTpUnBaeTCA B paMKaxX ANCLUUMNJTUHDI



[Tapagnrmbl UMUTALMOHHOTO moaennposaHmA |

[Mapagnrmbl COOTBETCTBYIOT PAa3HbIM YPOBHAM abCTpaKLUUK NpK
CO34aHNN UMUTALUMNOHHOWN MOAENN:

* BbICOKUI (CTpaTernyeckui)
* cpeHUNIN (TaKTUYEeCKUM)

* HU3KUWN (OonepaTUBHbLIN)

310 0bycnaBnmMBaeT NPUMEHEHUE TOro UM MHOTO NOAX0Aa NPU
nccnefoBaHMM CUCTEM.



[Tapagnurmbel UMUTaUMOHHOTo moaennposaHma

BbiCOKUA ypOBEHb
abcTpakumu
(meHbWwe peTanen,
MaKpOypOBEHb,
cTpaTern4yeckmm
YPOBEHb)

CpeaHui ypoBeHb
abcrpakyum

(cpepaHAan AeTanbHOCTD,
MEe30ypPOBEHb,
TaKTUYECKUMN YPOBEHD)

HU3KMKN ypoBeHb
abcTpakumum
(bonbwie petanen,
MWUKPOYPOBEHD,
onepaTUBHbIN

yposeHb) ¥
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CuctemHasa AMHAMMKA U areHTHoe moaennpoBsaHume

B mogenax onepupytoT KONYecTBamm
06BEKTOB U arpernpoBaHHbIMK
nokasartenamu. Moagenunpyrortcs
npo6siembl ynpaBaeHusa ¢
OpraHu3aumm, pbiIHOYHOTO
paBHOBECUS, COLMANbHO-
9KOHOMMYECKOTO PasBUTUA rOPOAOB,
9KONOrMYecKkmne npouecchbl

dusnyeckoe nepemelieHne He
dHa/IM3NPYETCA. NOTOKM BMmecTO
MHOUBUNAYA/IbHbIX CBOMCTB 06bEKTOB
moaennpoBaHnA

The AnyLogic Company, 2016
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[Tapagnrmbsl UMMUTAUMOHHOTO moaenmnpoBaHua |V

[NaBHbIN MNOCTYNAT CUCTEMHOU AUHAMUKUN « CTPYKTYpa CUCTEMDI
m onpeaenset noseaeHue.

MoaennpoBaHue B CUCTEMHOMN AMHAaMUKE ABNSeTCS MOAE/IMPOBaHNEM
< «CBepXy BHU3»: OT CTPYKTYPbl CUCTEMbI K €e NoBeAeHUIo

B areHTHOM moaenupoBaHUKM Npasuaa NOBeAEHUA MHOTUX
He3aBUCUMbIX areHToB POPMUPYIOT NOBEAEHMNE CUCTEMDI.

AreHTHOEe MoAEeNNpPOBaHUE ABASETCA MOAE/IMPOBAHNEM KCHU3Y
BBEPX»: OT NOBEAEHUA areHTOB K NOBEAEHUIO CUCTEMDbI




[Tpouecc moaennpoBaHusa (simulation lifecycle)

1. CopepKaTenbHaa NOCTaHOBKA 3adauM (onucaHmne nccaegyemom CUCTeMbl) — popmynmnposka
Lenn MofennpoBaHunsa; GopmynnpoBKa BONPOCOB O NOBEAEHUN CUCTEMbI, MHTEPECYIOLLME 3aKa3UNKa;
YCTAHOBJ/IEHWE TPaHUL, CUCTEMbBI, ONpeaeNieHne cpeabl, OrpaHUYeHn, Kputepmnes 3GPEeKTUBHOCTU CUCTEMBI.

2. KoHuenTtyanbHaA NOCTAaHOBKA 3a4auu — GOPMY/IMPOBKA MMUTALLMOHHOM Mmoaenu (s pamkax
KypCa paCCMaTpmnBaroTCA CUCTEMHO-ANHaMUNYECKHNE MOAE/TN U alreHTHblE MO,EI,eJ'IM)

3. Peanusauma MMUTaLMOHHOM MOAENM (B paMKax Kypca peKoMeHA0BaHO UCMoab30BaTh AnylLogic)

4. Bepudukauua n sanmpaumua. Bepmnounkauma -- npoBepkKa peanmnsaymnm: NpaBuUAbLHO n
NMMUTALUMOHHAA moaenb npeobpasoBaHa B KOMNbIOTEPHYIO Nporpammy. Bannagauma —
NpoOBEpPKa, ABAAETCA I UMUTALUMOHHAA MOAENb aleKBAaTHbIM NpeacTaBieHnem obbeKTa
MOAENNPOBAHUA ANA KOHKPETHbIX Lenen nccnegoBaHus.

5. JKcnepumeHTUpPOBaHUE U UHTepnpeTauna. AHa/IM3 BbIXOAHbIX AaHHbIX. AHANU3
4YyBCTBUTENIbHOCTU, OLLEHKA PUCKOB, onTuMn3sauma. UHTepnpetauma — NnOCTpoOeHmne BbiBOAOB
NO pe3ynbTaTamM 3KCNePUMEHTUPOBAHMUA

ITanbl TECHO CBA3aHbl Mexkay coboi. NMpouecc moaenuposBaHUA HY>KHO peasin3oBbIBaTb
UTEepPaLUOoHHO



[padunyeckoe npeacrtaBaeHME NPOLLECCa
MOAEeNNPOBaAHMUA

Tpuada «modenb-aa20pumm-npPocpamMmma»

Camapckuu, 1997
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CNOXHOCTU MMUTA HWNOHHOIO MoaenmMpoBaHNA

* Pa3paboTka UMUTALMOHHbIX MOAeNnen ABNAETCA 3aTPAaTHOM MO BPEMEHM,
0cobeHHO Ana pa3paboTKM HavyanbHOM moaenmn. HyXKHbl cneumanunucTbl ANS
Pa3paboTKM MMUTALMOHHbBIX MOAeNnen

e CNOXKHO NPOBEPUTHL COOTBETCTBME MOAEeNN peanbHoM cucteme (validation)
e CNIOXKHO OLEeHMBATb TOYHOCTb BbIYUC/IEHUI

¢ 3KCI'IepMN\eHTMpOBaHI/Ie C MN\MTaLI,l/IOHHOVI Mmoaenblo ABNIAETCA 3aTPATHbIM
Nno BpemMmeHUn n NamaTu

* CNOHOCTHM C UHTEpPNPETALMEN pe3y/ibTaToB

e Pe3ynbTaTbl UMMUTALMOHHOE MOAENNPOBaAHUA peaKo obobLatoTcs Ha
Knaccbl cuctem/3agay, B oTiM4mMe oT MaTeMaTUyeCcKoro MoaeImpoBaHus



Cncrtema MMUTAUMOHHOro moadenmnposaHna AnylLogic

MpoayKT poccmimckom KomnaHmm The AnyLogic Company (bbiswan XJ Technologies),
pa3paboTaH Ha ocHoBe nccnenosaHmm B CaHKT-IMeTepbyprckom NnoANTEXHUYECKOM
yHuBepcutete. [epsbin BbinycK B 2000 roay. AnylLogic HanmcaH Ha Java,
nogaepxmnsaetr OC Windows, Mac OS, Linux. B AnyLogic 6a30BbIimM A3bIKOM,
coBmeweHHbIM ¢ GUI-cpeaou pa3paboTkmn moaenen, asnaetca Java. Pazpabotumk
He NMULLIET NOJIHbIN KOA, @ NPOorpammumpyeT pparmeHTbl Koaa B CreumnanbHo
npeaycCMOTPEHHbIX MeCTax.

https://www.anylogic.ru/ Aghylogic

Anylogic nogaep»mnBaet 60/bLLIMHCTBO 3TaN0OB MMUTALMOHHOIO MOAE/IMPOBAHUA
Ha OCHOBE Pa3/INYHbIX NAapagnurm UMMTALMOHHOIO MOAENNPOBAHUSA: CUCTEMHASA
AVHAMWKA, ANCKPETHO-CObObITUIMHOE MOAENMPOBAHMNE, areHTHOE MOAENNPOBAHUE

AnylLogic no3sonAeT nHTerpauuto napaaurm (MHoronoaxogHoe MoaennpoBaHme,
MHOronoAxoAHble apXUTEKTYPbl moaenein)



https://www.anylogic.ru/

Br3yanbHOE NPOEKTUPOBaHME

BusyanbHoe npoeKkTupoBaHue ABAAETCA OCHOBHOMW Napaamnrmomn npu
pa3paboTke MMUTaLMOHHbIX moaenen B AnyLogic.

BcAa AMHaMKMKa moaenu AonXKHa bbiTb BbIHECEHA B BU3Ya/ibHblie GOpMblI
ONUcaHuA, a Koz Ha Java Ao/1KeH ObITb OCTaBAEH ANA BbIYUC/IEHUN, HE
MMEIOLLIUX BPEMEHHOMN CEMAHTUKMK

A. bopwes, 2013

What is AnyLogic Simulation Software?
https://www.youtube.com/watch?v=9e0F4VtgoaQ



https://www.youtube.com/watch?v=9e0F4VtgoaQ

OB bEKTHO-OPUEHTUPOBAHHbIN NOAXOA

AnylLogic ocHOBaH Ha 06 beKTHO-OPUEeHTUPOBAHHOM Noaxoae K
CTPYKTYPHOMY NpeAcTaBAeHUI0 CUCTEM, 3/1IeMeHTax cTaHaapTa UML,
3/1eMeHTax A3blKa NporpammmnpoBaHmAa Java.

cm. OcHosbl Java gna AnylLogic, npeseHTtaymna « MHoronoaxogHoe
NMMUTaUMOHHOEe moaennposaHue B AnyLogic», cnanabl 309—322, Anylogic

BO3MOXHOCTb CO34aHMA Java-annaeTos M Java-npuaoxKeHumn.



[Tognepxka [ NC

* [TMC ncnonb3yoTca AN ONUCAHUA cpeabl B areHTHbIX MOAeNAX
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bubnanotekn ana onmncaHmna npeameTHbIX obnacten

Material Handling Library (bnbanoreka nponsBoacTBEHHbIX CUCTEM)
MOAENNPOBAHNE MaTEPUA/IbHbIX MOTOKOB Ha NPeaAnpUATUN

Rail Library (xkenesHopgopo)xHaa 6ubnunoreka) mogenmposaHue TPAHCMOPTHbIX
CUCTEM

Pedestrian Library (newexoaHaa 6mbanoreKka) mosenmposaHune newwexoaHbix
NOTOKOB (MeTpo, CTaAMOH, My3el 1 ap.)

Road Traffic Library (6ubnamnoreka popo>XHOro asu»KeHuna) moaenmpoBaHue
TPaHCNOPTHbIX MOTOKOB C y4eTOM MHANBUAYA/IbHOIO NOBEAEHUA KarKaoro
BOAUTENA

Fluid Library (6ubnnoreka mogennposaHua NOTOKOB) MoaeNpoBaHme
NPOLLECCOB NEPEBO3KM U XPAHEHUSA CbINMyYNX MaTEPMANOB, XKNUOKOCTEN M ra3a

Process Modeling Library (6ubanoteka moaenuposaHumnsa npoLeccos)
MoAennpoBaHMe BU3HeC-NPOLECCcOB, KOTOPbIE MOXHO NPeACTaBuTbL B BUE
nocsenoBaTeNbHOCTM onepaumit

https://www.anylogic.ru/features/libraries/road-traffic-library/



https://www.anylogic.ru/features/libraries/road-traffic-library/

ObnayvyHble BblYUCAEHUA

* AnylLogic Cloud — Beb-cepsuc ana pa3paboTku u
3KCNEPUMEHTUPOBAHMA C UMUTALMOHHbIMU MOAENAMM

* MMUTALMOHHbIE 3KCMEPUMEHTbI C HECKOJIbKMMW MPOrOHamMM
BbIMOJIHAIOTCA bbicTpee n 3pPeKTUBHEeE

https://www.anylogic.ru/features/cloud/

9/5/2024 CrcTeMHas AMHaMUKa M areHTHoe MoAe/IMpPoBaHue
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https://www.anylogic.ru/features/cloud/

NHTerpauma ¢ nnatdopmamm ana M, MO

* Mnatdopma Bonsai ot Microsoft
* Mhatdpopma H20.ai
* Mhatpopma Pathmind

*nap.

https://www.anvlogic.ru/features/artificial-intellisence/

9/5/2024 CrcTeMHas AMHaMUKa M areHTHoe MoAe/IMpPoBaHue
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https://www.anylogic.ru/features/artificial-intelligence/

