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Tema 6. HazHayeHue n BuAbI
A3bIKOB MoAennpoBaHuUs




COOEPXAHUE

KntoyeBble NOHATUSA
Y4eOHbIN MaTepman
Bonpockl Ana camMonpoBepPKU
PekomeHoyemasa nutepartypa
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KINKOYEBbIE NMOHATUA

¢ A3bIKM UMUTALUMOHHOIO MOAENNPOBAHUSA

¢ [NpeaMeTHO-OpPUEHTUPOBAHHbIE NAKETbl UMUTALMOHHOIO
MOAENMPOBaHNS

¢ YHuBepcanbHble nNakeTbl UMUTALLMOHHOIO MOAENNPOBAHUA




YYEBHbIN MATEPUAN

OCHOBHbIE 3a4a4un Nnekunmn

¢ Pa3Butne nmmtaymoHHoro MoAEeNMNpoBaHUA.

¢ [atb knaccudmkaumo NporpamMMHbIX CPEACTB
MMUTaLUOHHOIO MOAENTMPOBaHUS.

¢ OB30p COBPEMEHHOIO COCTOAHMNST UMUTALIMOHHOIO
MOOENMNPOBAHUS.




YYEBHbIN MATEPUAN

PasButne nMmtaumoHHOro MoaennpoBaHnNAd Ha4aJjioCb B

1955 . CHavana NMMUTALMOHHbIE Moaenu
paspabartbiBann Ha YHUBEPCASlbHbIX A3blkax Tuna
FORTRAN, 3atem npoBoaAUNA UMUTALMNOHHbIE

9KCMEPUMEHTbI NYTEM CIly4auHOro U3MEHEHUSA BXOOHbIX
NEPEMEHHbLIX W CcTaTU4eckon 06paboTkM BbIXOOHbLIX
NepPEMEHHbIX.

B 60-x rogax nosgBMnnuCb W CTanun pas3BuBaTbCH
cneunannanpoBaHHble S3bIKU NUMUTaLMOHHOTIO
moaenupoBaHna GPSS, SIMSCRIPT, GASP, SIMULA. Ux
NMPUMEHEHNE MNO3BOSINMNO YNPOCTUTL MPOLECC UMUTaLUK
CUCTEMBI.




YYEBHbIN MATEPUAN

C 1987 rogma crtanu paspabartbiBaTb MMUTALMOHHbLIE
cpenbl, cogepxalime nHTepgenc HenporpammmpytoLlero
nonb3oBaTens, BXOAHble W BbIXOOHblIE aHaNM3aTopbl,

BO3MOXHOCTb aHMMauuM npoLecca WMUTALMOHHOIO
MOAenMpoBaHus.

K 2000 r. Ha pblHKe npegnaranocb bonee 50 npoaykToB

NUMUTALMOHHOIO MOAENMPOBAHUS, Takux Kak Arena,
AutoMod, Extend.




YYEBHbIN MATEPUAN

Knaccugukauma nporpamMmmHbIX CPeacTB
MMUTALMOHHOIO MoaenmpoBaHug

McTtopunyeckn naketbl WUMUTALUMOHHOIO MOAENUPOBAHUS
pasgenunMcb Ha  ABa  OCHOBHbIX — TuNa:.  S3bIKU
UMumMayuoHHo20 MOOerupoeaHusi 7 npeomMemHo-
OpUEHMUPOBAaHHbIE rpoepamMmbl MOOENNPOBAHUS.

A3bIKU  UMUMAaUUOHHO20  MOOefiupoeaHuUsi No  CBOEu
npupoae YHuUBEpcarnbHbl, pa3paboTka Mogenn 34ecb
nogpasymeBaeTr HanucaHne kKoga. B uenom  oHM
npencTasnsoT ONOCTaTO4YHO rmokune BO3MOXXHOCTMU
MOOeNnnpoBaHUA, HO YacTo TPYAHbI B UCMOSIb30BaHUN.




YYEBHbIN MATEPUAN

[lbeOMemHo-opuUeHmMuUpPoB8aHHbIe nakemal
uMumauyUuoHHo20 MOOesuUpPoB8aHUs CcrnyxaT ONA pelleHuns
cneymanbHbIX 3agady4, TakMX Kak moaenupoBaHue paboThbl
NPON3BOACTBEHHbLIX CUCTEM, MEAULMHCKUX YYpexaeHun,
LLEHTPOB BbIMNOMHEHUSA 3aKa30B.




YYEBHbIN MATEPUAN

BoamoXHOCTM nporpamMm UMUTALUOHHOTO
MOAOENNpoOBaHUSA

[Mpn BbIOOPE MNPOrpamMMHbIX CPEeACcTB MMUTALMOHHOIO
MOOENUPOBAHUSA CreAyeT YYuTbiBaTb BCE BO3MOXXHOCTMU,
npegocTaBnsgemMble UMW, KOTOpbleé MOXHO OObEAWHUTb B
crnenyoLye rpynnbi:

¢ OCHOBHbIE XapaKTEPUCTUKW;

¢ COBMECTMMOE obopygoBaHue 7 nporpaMmmMmHoe
obecneyveHue;

¢ aHumauus;

¢ cpeacrtBa NoOnNyyYeHMss U obOpaboTKM  CTAaTUCTUYECKUX
OAHHBIX;

$ yCIyru, npeaocTaBnseMble 3aKka3dmkamMmn m ﬂ,OKyMeHT%JMﬂ'DC



YYEBHbIN MATEPUAN

lMpeamMeTHO-OpUEHTUPOBaHHbIE NaKeTbl
MMUTALUUMOHHOIo moaenupoBaHus

[1akeThbl MMUTAUUNOHHOIO MoaernnnpoBaHUA a4
NpPon3BOACTBEHHbIX CUCTEM.

¢ Auto-mod [AutoSimulation, 1999a];
¢ AutoSched AP [AutoSimulations, 1999Db];
¢ Extend + Manufacturing [imagine, 19973a];
¢ Arena Packaging edition [Systems, 1999
b];

ProModel [PROMODEL, 1999b];

QUEST [Deneb, 1998];

Taylor Enterprise Dynamics [F&H, 19 @Eﬁ;@c

WITNESS [I anner 1998b1 e
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YYEBHbIN MATEPUAN

[TlakeTbl UMUTALMOHHOIO MOAENNPOBaHUA ONA CETEN
CBA3MN.

¢ COMNET IlI [CACI,1999];
¢ |IT DecisionGuru [MIL 3,1999, a];

¢ OPENET Modeler [MIL 3, 1999, b].




YYEBHbIN MATEPUAN

[TakeTbl  MMWUTAUMOHHOIO  MOAENUPOBaHWUS  ANS
MOOENMNPOBAHMS  MNPOLIECCOB  MOAEPHM3aAUUU U
00Cny>XNBaHUS:

¢ Arena Business Edition [Systens, 1999d];

¢ Extend + BPR [Imagine, 1998];

¢ ProcessModel [ProcessModel, 1998];

¢ ServiceModel [PRO-Model, 1999c];

¢+ SIMPROCESS [CACI, 1998].
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YYEBHbIN MATEPUAN

[MakeTbl NMUTALUMOHHOIO MOAEeNnMpPoBaHNS ans
MEANLMHCKNX YYPEXOEHNN.

Med-Model [PROMODEL, 1999al].

[TakeTbl UMUTALMOHHOIO MOAENUPOBAHUSA ANS LIEHTPOB
00paboTKM 3aKa30B.

Arena Call Center Edition [Systems, 1999a].
[TakeTbl Ans aHMMauun (CaMoOCTOATENLHOW).

Proof Animation [Wolverine, 1996].




YYEBHbIN MATEPUAN

YHMBepcan bHbI€ NakeTbl MMUTALUNOHHOTIO
MoAaerninpoBaHus

Cpean  yHuMBepcaribHbIX  MakeToB  MMWUTALMOHHOIO
MOLENNPOBaHNA XOPOLLO U3BECTHbI:
¢ AveSim [Pritsker O Reilly, 1999];
¢ GPSS/H [Henriksen and Crain, 1994,
Schriber, 1991] ;
¢ Micro Saint [(Micro, 1998] ;
¢ MODSIM lIl [Banks et al., 1996; CACI, 1997;
Matri, 1999] ;
Ses/ workbench [SES, 1998] ;
SIMPLE++ [Tecnomatrix, 1998] ;
SIMULS [Visual, 1999] ;
SLX [Henriksen, 1998] ;
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YYEBHbIN MATEPUAN

MogenupoBaHue U maTeMaTu4yeckue nakeThbl

Jlnua, 3anHTEPECOBAHHbIE B WMNTAaUNOHHOM
MoAEeNnNpoBaHnNNA, 4YacCToO NbITAOTCAH NCKAaTb
cooTBEeTCTBYHOLLUNE MHCTPYMEHTDI B NONYJIAPHbIX
MaTeMaTN4EeCKNX nporpamMmmMax.

Mathematica,
¢ Maple,
Mathcad,
MatLab,
Derive,
Scientific WorkPlace.




YYEBHbIN MATEPUAN

Buabl MMMTALMOHHOIO MOAENNPOBaAHUS

CmamuyHbie cucmemabl
OnucaTenbHbIN, HO HE «UMdPOBOMN» aHanu3
[Mpumep: MS Visio

Mamemamuyeckue cucmembl
Cuctembl ypaBHEHUN UM MaTeEMaTUYECKNX METOOO0B
[Mpumep: MS Excel, Queuing Theory, apyrue

CucmemHas ouHamuka (CL)
HakonuTtenu, noTokn U nx NpUYnNHHbLIE 3aBUCUMOCTH.
CTpyKTypa, Kak B3anmMoaencTeme obpaTHbIX CBS3EN
. Hpumep: iThink, Powersim, AnyLogic
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YYEBHbIN MATEPUAN

LuckpemHo-cobbimuuHoe mooenuposaHue (LC)

3asiBKKM (TpaH3akuum) un pecypcol. lnarpamma s 0nokos
(ovepenb, 3agepxka, obpaboTka u T.1.)
[Mpumep: Arena, AutoMod, AnyLogic

Az2eHmckoe mooenuposaHue (AM)
NnonsmayanbHble 06BLEKTLI CO CBOMMIN MpaBuiiaMu

nosegeHuns. Baanmogencreme: npamoe/vepes cpeny
[Mpumep: Swarm, AnyLogic

IAMynayus
MopgenupoBaHune paboTbl KOMIMBIOTEPHbLIX YCTPOUCTB U
nporpamMmm
[Mpumep: MatLab, LabView, VSim




YYEBHbIN MATEPUAN

OcHOBHbIe Noaxoabl B UMUTALMOHHOM

MOAenupoBaHun

Bbicokull ypoeeHb
abcmpakyuu
MeHbwe demanel
MaKpPO yposeHs
cmpameaudyeckul
YPOBeHbL]

CpedHull ypogeHsb
abcmpakyuu
[CpedHss
demansHocmes
Me30-yposeHb
makmudeckul
yposeHs]

Huskul ypogeHb
abcmpakyuu
[Bonbwe demaned
MUKPO ypOBeHb
onepamusHeIl
ypoeeHs]

(" AduckpemHo- )

Aepezamel, enobanbHble NPUYUHHbLIE 3a8ucumocmu, QuHamuka obpamHsbix cesizel ...

cobbimelHoe
modernuposaHue

(4c)

- 3aneku
(naccueHbie
obbexkmsl)

- [lomokoebie
duazpammsel ulunu
cemu

\c Pecypcsi e

AzeHmHoe
modenuposaHue
(AM)

- AKmusHble 06beKkmsb!

- UHdusudyanbHbie
npasuna nosedeHus

- Mpamoe u HenpsaMoe
e3aumodedcmeue

- duHamuka cpedbl

——— —
i s

b /

B ocHoeHOM QUCKperHbie e

CucmemHas QuHaMukKka

(C4)
- Hakonumenu (azpezamsi)
- MNomoku

- Mpasuna (o6pamHeie ces3u)

HuHamuyeckue cucmemsb!
- [lepemeHHbIe COCMOSIHUS
- briok-cxemsl, anzebpo-dugpge-
peHyuanbHbIe ypagHeHus

¢m B ocriosrom HenpepbieHsie

—_— e e e e e



YYEBHbIN MATEPUAN

ViIMntaumoHHoe mogennpoBsaHmne B Poccumn cerogHs

anMeHFleMble Babl MUMUTAUMNOHHOIO MOoAeIinpoBaHUA

CucTeMHast [MpoueccHoe
AMHaMUKa JNCKPeTHO-
CcOObITMIHOE
MOJleNIMpoBaHue
AreHtHoe Tpyroe
Mop,enmpOBaHme (c A R
aHHble
TeXHOJSI0rmMn)
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YYEBHbIN MATEPUAN

Cdepbl NPUMEHEHUA UMUTALMOHHOTO
MOOEeNMpPoBaHUS

¢ NNpousBoacTeo
¢ MnaHupoBaHMe U cocTaBneHUs pacnucaHnm

¢ YnpaBneHue napkom TPaHCMNOPTHbIX CpeaAcTB U
nepeBO3KaMM

¢ TpaHCNOpTHbLIE CeTn
¢ YnpaBneHue uerno4ykamMmum noctaBoK

go Cknaabl U TepMUHanbI




YYEBHbIN MATEPUAN

N3yyeHue nporpamm IM B yHMBEpcHUTETaxX Mmupa
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BOMPOCHI A1A CAMOIPOBEPKW

¢ Vlctopua passntna nMMtauMoHHOro MoaennpoBaHus.

¢ Knaccmnopukauma nporpaMmMmHbIX CpeacTts UMUTALMOHHOIO
MoOenmpoBaHug.

¢ Bo3moxxHoCTu nporpamMm MMmMTaLMOHHOIO MOAENMPOBaHUS.

¢ [lpegmeTHO-OpUEHTNPOBAHHLIE NAKETbl UMUTALMOHHOIO
MoOenmpoBaHug.

¢ YHuBepcanbHble nakeTbl UMUTALMOHHOIO MOAENUPOBAHUA.
¢ OcHOBHbIe noaxodbl B UMUTALUMOHHOM MOOENUPOBAHUMN,
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PEKOMEHOYEMAA JIUTEPATYPA
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Mcnonb3oBaHue maTepuanoB npe3eHTaumum

Mcnonb3oBaHne gaHHOW Npe3eHTaunmn, MOXET OCYLLECTBIATLCS TOMbKO NpY YCNoBUK cobntogeHnsa TpeboBaHum 3akoHoB PO
00 aBTOPCKOM NpaBe U UHTENNEKTyanbHON COBCTBEHHOCTHN, a Takke C y4eToM TpeboBaHU HacTosLwero 3asBrneHuns.

Mpe3eHTaums aBnsgeTca cCOBCTBEHHOCTLIO aBTOPOB. Paspeluaetca pacnedartbiBaTb KONUIO NOOOM YacTu npeseHtaumm ang
FMIMYHOTO HEKOMMEPYECKOrO MCMONb30BaHUS, OAHAKO He AOMyCcKaeTCs pacnedyaTbiBaTb Kakyr-nnMbo 4YacTb npeseHTaumm C
nobon MHOW Lenbi MM no KakMm-nnbo npuyvHaMm BHOCUTb M3MEHeHWsa B Nobylo YacTb npeseHTauun. Vicnonb3oBaHue
nobon YacTnm npeseHTauunm B APYroM MNPOU3BEAEHUWN, KaK B MEYaTHOW, SMEKTPOHHOW, Tak WU MHOW hopme, a Takke
ncnonb3oBaHve nbon YacTu npeseHTaumMm B OpYron npeseHTauum NocpeacTBOM CChIfKM UMM UHbIM 0Bpa3om JonyckaeTcs
TONbKO Nocsne Nony4YeHns NMCbMEHHOrO Corflacust aBTopoB.
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