K4YPC

VUEBHHK
BIUPOE ()



H.B. KOBEJIEB
B.B. IEBATKOB
B.A. [TIOJIOBHUKOB

NMUTALIMOHHOE
MOJIEJIMPOBAHUE

YYEBHHUK

1100 obweti pedaxyueti 0-pa sxon. Hayk H.b. Kobeneea

BTOPOE U3JAHUE

PekomeHaoBaHo

B KayecTse y4ebHuka AffA CTyAeHToB

BBbICILINX y4EOHbIX 3aBejeHN, OOy4aloLUMXCH 10 HanpasneHnam
02.09.03.01, 2.09.04.01 «HHpopmaTrKa 1 BIYUCIUTEIBHAA TEXHNKa»
(ypoBru: 3, 4) (kBamucbuxaimm: «bakanasp», «<Marncip»),

5.38.03.05, 5.38.04.05 «busnec-ungopmarmka»

(ypoBuu: 3, 4) (kBanugukaium: «6axKanasp», «MarncTp»)

Mocksa
KVYPC
2021



VIK 519.86(075.8) @3 N3naHue He NognexvT MapK1poBke
BBK 86473 Ne 436-03 | B cootseTcTBMM ¢ 1. 1 4. 4 CT. 11

K55

PeneH3eHTH:
C.A. Baacoeé — XaHI. TexH. HayK, CT. Hay4d. COTP., HAUaMbHUKOTIEIa HAHOTEXHONOTHI U uH(Op-
MaLMOHHBIX TexHosoru# [Ipesunuyma PAH;
C. 4. lllenobaes — n-p TexXH. HayK, npodeccop, NOMOIUHHUK TIpeaceJateNs CeTHOM manatsl Tynb-
CKOli 0b1acTu

Kobenes H.B.,
K55 HMmurauvonsoe mMomenuposanue: yue6HuK / H.B. KoGenes, B.B. [eparxos,
B.A. TTonoBHUKOB, — 2-€ u3x. — Mocksa: KYPC, 2021. — 352 c.

ISBN 978-5-907228-65-8

Hacrosmias paboTta BBOIUT NOHSTHS OOLIEH TeOPHH HMHUTALIIOHHOTO MOJEIMPOBAHMS
M TpefiHasHayeHa MPeX/IE BCEro IS CIEeLMaTNCTOB LIMPOKOIo CIIEKTPa OTpaciei X03si-
CTBa, HE SBIAIONUXCS IPOrPaMMUCTaMU WJIM MaTeMaTHKaMU, HO XeJIaloLUX IPUMEHUTE
CaMyI0 COBPEMEHHYIO TEXHOJIOTHIO HMUTALIMOHHOTO YIIPABICHUSI CBOMMU 00beKTaMH. D1a
paboTa TakxKe OyIeT MOJIE3HOI JUIsi CHCTEMOTEXHUKOB, MaTEMATHKOB, IIPOTPAMMUCTOB U
CTYEHTOB-0aKaJlaBpOB 5KOHOMUKH, B TOM 4ucie B Hanpaiennu 080500 «busHec-un-
(opmaTHKa», KeIAIOUMX TTOIPOGHEE U3YUUTh CUCTEMHBII TOIXOH MPY MOCTPOEHUH UMH-
TAaUUOHHBIX MOJETIEH.

B nanHoI1 paboTe He paccMaTpUBAaIOTCS BOIIPOCH! MPOrPAMMHPOBAHHA MMUTALIMOHHBIX
MoJeJIEl ¥ He TIPUBOIATCS IPUMEPHI IIOCTPOSHUS MOJIENEH U3 pa3InIHbBIX OTpaciieii esi-
TeJqbHOCTU. B yueOHuUKe onuchBaeTcs equHbINA (0OIIHIT) CTI0cO0 TOCTPOEHUST UMHTALIK -
OHHBIX Mofieneil, 6a3upyrolUiica Ha CEUMAIBHO Pa3pabOTAHHOM SA3bIKE TOJIH30BATENS
(AATI), nepapxuyeckoii rpaduyeckoii cxeMe MOAENM U3 TUIIOBBIX SJIEMEHTAPHEIX 6JI0KOB
(TOb) u npakTHYeckH He TpebyoIwuil nporpaMMupoBanusd. Takoi noaxom AsageTcs
YHUBEPCAIBHBIM Y MOXeT OBITh pealM30BaH B JIIOOOM U3 HONY/ISPHBIX S3HIKOB MOIEIIH-
posanma (GPSS, Any Logic, Pilgrim u .11.). IlpuMepom npaktudeckoit peanusanuu SATI
aBysercs cpena MozenupoBanus GPSS Studio, ocHOBHBIE BO3MOXHOCTH W MHCTPYMEH-
TaJbHBIE CPEJICTBA KOTOPOU OIIUCHIBAIOTCS B 3aKJIIOUUTEJIbHOIM IJ1aBe.

YAK 519.86(075.8)

BBK B6473
KGPC BReting
ISBN 978-5-907228-65-8 © Kobenes H.b., iesitxos B.B.,
ITonoBHukoB B.A.,2020
© KVYPC, 2020

OpuruHan-MakeT moarotosieH B Msnarennctae «KYPC»

TToxmucano B mevars 02.02.2021.
Dopmar 70x100/16. bymara odcernas. lapunurypa Newton.
Tevars uudposas. Yo ney. 1. 22,0, Jom. Tiupax 100 ak3. 3axa3 Ne 926.

TK 695699-990751-120319
000 HszaarensctBo «KYPC»
127273, Mockga, yi. OnoHeuxkas, 1. 17A, odpuc 104.

Ten.: (495) 203-57-83.
E-mail; kursizdat@gmail.com  http://www.kursizdat.ru



CONEP;KAHUE

MNpeancnoBue. 3
BeegeHne 6
FABA 1
NMPOBNEMbI Y OCHOBbI UMUTALVNOHHOIO MOAENNPOBAHWUA CNOXKHbIX
9KOHOMUYECKUX OBBEKTOB N NMPOLIECCOB 12
1.1. Y10 Takoe obLlas TEOPUS UMUTALMOHHOIO MOAENUPOBaHUA 12
1.2. Kak pa6oraeT MMUTaLUMOHHaR MOZenb 13
1.3. UMutaumoHHOe MofennpoBaHmne — Cnocob NCCIEOBaHVA U YIIPABIEHUA CIOXKHbLIMA
3KOHOMMYECKUMN OB beKkTamMu 15
1.3.1. TIoHATME NUMUTALIMOHHOW MOJENN U €€ 0COBEHHOCTU 16
1.4. OcCHOBHbIE NOHATUSA, NPUMEHAEMbIe NPU MMUTALMOHHOM MOAENUPOBaHNN 19
14.1. Cucrema 20
1.4.2. CNOXHOCTb CUCTEMEI 24
1.43. YnpaeneHue cucremamu 27
1.44. HapexHocTb U 3GPeKTUBHOCTL CUCTEM 33
1.4.5. CamoopraHusauma cncrem 35
1.5. OcHOBbI NOCTPOEHMA UMUTALMOHHBIX MOAenein 36
1.5.1. AKCMOMaTUKa CUCTEMHOIO Moaxoaa 38
1.5.2. Qopmanusaums NOHATUA «CUCTeMa» 41
1.6. MNpuHUMN HarNARHOCTU NPY NOCTPOEHUU MOAEN U OLIEHKE Pe3y/IbTaToB MOAENINPOBAHNA ....... 44

1.7.
1.8.
1.9.

1.10. [pAmas 1 obpaTHaA 3a4aun UMUTALMOHHOTO MOAENNPOBAHNA CITOXKHBIX 06bEKTOB
Bonpoctbl u 3agaHna

MpuHUKUN ceTeBOW CTPYKTYpPbI

MpuHuMn pa36aBneHns 1 KOHUEHTpaLUmMmn

anIHLWII'I BHeEUIHEro AononHeHmsa

“ TNABA 2

YHUBEPCAJIbHbIE UMUTALMOHHBIE MOLOENW

2.1,

23.

OcobeHHoCTH NOCTROEHNA N Ppeanni3aunmn yHUBEPCaNbHbIX AMUTALIMOHHDLIX Mop,enelh .........
2.2. TlNocnepoBatenbHOCTb U OCHOBHbIE 3Tanbl MOCTPOEHUA N peanm3auuun yHMBepcaanoﬁl

MMUTaLMOHHOM Moaenu

Cop,epx(aTeanoe onucaHne n CTpykKTypusauus obbekra MoaennpoBaHna

2.3.1. CopepxaTtenbHoe onucaHue obvekTa

2.3.2. OQopmuposaHue npefBapuTenbHoin obpasHol mogenn obbekTa

2.33. Onucanue o6pasHoit mogenu

2.3.4. [locraHoBKa 3334y MMUTALIMOHHOTO MOAENIMPOBaHNWA,
bopmMupoBaHNe NpefBapuUTEnbHON CTPYKTYPbl 06bekTa, uenei
“ KpUTEPUEB UX JBOCTUKEHWNA

70

2.35. (Dopmanvlaaum ¥ OnucaHne NOCTaHOBKW 3ajaun Ha A3blKe NONb30BaTesNA, NOCTPOeHNe

CTPYKTypbi MMUTALMOHHOW MOZENN, HaXoOXAeHNE N BblaeneHne ToYeK n3mepeHnna 3HAYeHUN

Lenesbix GYHKUMIA (NoKasaTteneit) v NoAroToBKa NCXOAHbIX AaHHbIX

75

2.3.6. Otnagka v KOppeKkTnposka Mogenu, HanmcaHHon
Ha fA3blKe Nosb3oBaresd, C NPUMEHEHNEM YHUBEPCANTbHON MMUTaLMOHHOM
mogenu (YUM)

77

349



2.3.7. TNpoBegeHne UMATALMOHHbIX SKCNEPUMEHTOB, aHaN3 PE3yNbTatos U BbIGOP

Haunyuwen cxembl GYHKLIMOHNPOBAHUA OBBEKTA MO MMUTAUMOHHOMN MOLENMMN «.....ecemveamesennsmemsnsssssssossssssss 78
2.3.8. BueppeHue nonyyeHHbIX pe3ynbTaToB B NPAKTUKY

JleATenbHOCTU O6beKTa 78

2.4. OcHOBbI CO38aHMA A3bIKAa NONb30BaTeNA ANA NOCTPOEHUA YHNBEPCanbHbIX

MMUTALMOHHBIX Mogenei 78
2.4.1. O6was cxeMa A3bika NONb3oBaTess 78
2.4.2. YHuBepcanbHbliA TUNOBOW 3N1eMeHTapHbIN 610K — T35 (Mogenb K-1) 79
2.43. OcHosHble T3b kateropuii K2 u K3 (mogenu K-2 un K-3) 83
244, bBubnnoTeka TMMOBbIX 3IeMEHTapHbIX 6/10KOB 103
2.4.5. Tvnosble Mogeny HEKOTOPbIX OB HEKTOB

Kateropuu K5 (mogenu K-5) MM
2.4.6. TlpuMep NocTpoeHUs TUMOBOK MOAENN 3neMeHTapHoro npennpuaTtusa (TM3MM)

13 3fIeMeHTapHbIX 6/TOKOB 112

2.4.7. Tlpumepbl NOCTPOEHWUA TUNOBOIN MOJENN CJIOXKHOTO NPEATIPUATUSA U3 dNIEMEHTaPHbBIX 6/10KOB......... 119
24.8. JBpyrve npyumepbi TUNOBbIX UMWTALMOHHbBIX MOJENEN NPOU3BOACTBEHHDIX NPERNPUATUIA 1 UX

noapasgeneHnii Ha sisbike nonb3oBatensa AAI 126
2.49. TpumeHenue FIAM B CALS-TexHonornaAx 135
2.5. OcHOBHble NpUHLMMbLI Co3aaHna cncremsl YUM 137
2.5.1. OyHKUMOHMpOBaHWe cucrembl YUM 139
2.5.2. O6wan mogenb TUMNOBOro fiemeHTapHoro 6noka (T36) 140
Bonpocet 1 3apanuna 147
MmaBa 3
OTKPbITAA CUICTEMA UMUTALIMOHHOTO MOAENUPOBAHMNA U UMUTALUOHHbBINA
KOMMNEKC (MKM) 148
3.1. O6wan cxema OTKPLITOro NMUTAUUCHHOIO MOAENUPOBAHUA 148
3.2. Crpyktypa nporpammHoro komnnexca (cumynatopa) KM 152
Bonpocb! 1 3afaHua 156
TnaBa 4
CNELUANIbHBIE MATEMATUYECKUE CXEMBbI, NTPUMEHAEMbDIE NPU UMUTALJUOHHOM
MOAENNPOBAHUA 157
4.1. NmnTaLMOHHOE MOAENUPOBAHNE CUCTEM MacCoBOro 06y XuBaHus 157
4.1.1. CycTembl MacCcoBOTO 0BCNYKUBaHWUA 157
4.1.2. Bonpocbl GpopMMpoBaHUA CTyuaiiHbIX MOTOKOB COGLITUI 165
4.1.3. Mopgenupyiowme anropuTmbi 169
4.14. Mopenupoganue ogHoKaHanbHon CMO 170
4.1.5. MogennposaHue MHOTOKaHanbHon CMO 173
4.2. WmnTaumoHHOe MofileNupoBaHue B paMKax arperaTusHoON MaTeMaTUUECKON CXEMBI ... 174
. 4.2.1. BsefeHue B arperaTusHble mogen 174
Bonpocol v 3apanuna 181
FnaBa 5
3BPUCTUMECKUE UMUTALIMOHHDIE MOAENN B NTPAKTUMECKUX 3ARAYAX
PACNPEOQENEHUA PECYPCOB U PASMELUEHNA OB BEKTOB 182
5.1. UeneBble GyHKLUM U KpUTEPUK, NCTIONb3yEMBIE MPU UMUTALIMOHHOM MOAENIMPOBAHUM ............ 182
5.1.1.  VMUTaLMOHHbIE MOJENN ¢ MHOTOKPUTEPUANbHBIMU LIENEBbIMA GYHKLUAMY pacrnpegeneHns
pecypcos 183
5.1.2. UMUTaUMOHHbIE MOLENYN C MHOTOKPUTEPUANbHBIMY LienesbiMn GyHKUMAMM
N1aHUPOBaHMA 06BEMOB NPOV3BOACTBA NPOAYKUWM, TOBAPOB WM YCITyr 188

350



5.1.3. WMMTaUMOHHAA MOAENb C MHOTOKpUTEpUaNnbHbIMUA LENEBbIMUA GYRKUMAMYU TEPPUTOPUARBbHONO

pasmelleHns o6bekToB

5.14. (pymep NIaHMpoBaHUs PasBUTUA 1 PA3MELLEHIA NPEANPUATAI C TPUMEHEHNEM 3BM...............
Bonpocs! 1 3agaHns

masa 6
YNPABNEHUE TMOBANbHbBIMU CUCTEMAMU C XAOTUUMECKUMUN OAKTOPAMMU....coveinveeisnnns 215

6.1.
6.2.
6.3.
6.4.
6.5.

6.6.

6.7.

Bonpocol v 3aganva

NoHaTue rnobanbHOCTU U NOKANbHOCTA CUCTEM

215

216

XaoTuyeckue $pakropbl B cucteme

221

Cnocobel 60pbOb! ¢ xaoTnyeckumy GakTopamm B rnobanbHbIX cUcTemMax

3ﬂeM6HTapHaﬂ Teopus ynpasneHua rnobanbHbIMKU CUCTEMaMu TPETLETO KNACCQA woevseernriaasessarens :

OueHka banaHca cun rocyfapcTs MYpa € yYeToM SeACTBYIOLMNX TailHbIX ¥ OWNBOYHbIX

XaoTUYECKNX GaKTopoB

MmutaymoHHasn MoAentb yNpasieHns NPOMbILNEHHbIM 06befuHeHEM C yYeToM AeNCTBNS
XaoTuueckux GakTopos

MMutauuoHHas mogens Giopxketa Poccum

Fnasa 7

CPEOA VMUTALIMOHHOIO MOAEIMPOBAHUA GPSS STUDIO

7.1.
7.2.

7.3.

7.4,
7.5.
7.6.

7.7.

OCHOBHbIe BO3MOXHOCTU U WHCTPYMEHTaNbHble CPeacTBa Cpebl MOABMUPOBAHUA .....vevssnen

CocTaB v CTPYKTYpa Cpefibt MOAeMPOBaHNs

7.2.1. TocTaHoBKa 3aaun UcciegoBaHua 1 Gopmaninsalua cucTembl
7.2.2. PaspaboTtka Mofenu u ee oTnagka

7.2.3. Pa3pabotka UMUTALMOHHOIO NPANOXEHWUA
7.2.4. Noproroska 1 3afycK 3KCMEPUMEHTOB B UMUTALMOHHOM NPUIOKEHNN

7.2.5. Ananu3 pesynpbTaToB DKCNEPUMEHTOB U BbIpaboTka pekomeHaaumnn
7.2.6. TloHATUE «MPOEKT» MMUTALMOHHOTO NCCNEROBAHNA N ero CTPYKTypa

258

3anyck cpefibl U AEPEBO MPOEKTa

259

7.3.1. Co3paHue npoexTa i OKHO «TeKylnii NPoeKT

260

7.3.2. Co3panve mopenmu

260

7.3.3. CrpykTypa gepeBa npoekra

261

7.3.4. Qaiinbl NpoekTa

263

264

Pabouas obnacTb fOKYMEHTORB
MNaHenb MHCTPYMEHTOB rNaBHOro OKHa

265

[paduuecknit pepakTop CTPYKTYPHBIX CXEM

269

76.1.  [InA yero Hy:kHa CTPYKTypHas cxema mogenu?

269

7.6.2. OCHOBHbIE 3/1eMeHTbI CTPYKTYPHOM CXembl MOAENK

270

7.6.3. Wepapxunyeckoe rnocrpoeHmne CTpyKTypPHON CXembl

271

7.64. KomnozutHbit T36

273

76.5. 3nemeHTapHbii T3b

275

7.6.6. 3apjaHve CBOWCTB ANA INEMEHTaPHbIX ¥ KOMITO3UTHBIX BIIOKOB

275

7.6.7. T3b ¢ gaHHbIMK

278

7.6.8. bubtnnmoteky T3 € TMNOBLIMU peleHNsMA

280

7.6.9. 3apaduve ceasen 8 T35

281

7.6.10. YcranoBnexue cBaA3n mexay 126

281

282

7.6.11. Topaune knaBuiLK pegakTopa cxem
7.6.12. Hagnucun u pucyHKM Ha cxeme

283

7.6.13. ABTOMaTUYeCKas reHepaunsa Mofenen n3 CTPYKTYpHOW Cxembi
7.6.14. Obuwe pekoMerpgaumn no paspaboTke 1 0GOPMNEHNIO CXEM

285
286

TekcToBbIN pepakTop ans paspabotku GPSS-mogenen

7.7.1. Bbi30B TEKCTOBOro peflakropa

287
287

351



7.8.

7.9.

7.10.

7.11.
7.12.
7.13.
7.14.

Bonpocbi 1 3agaHus

7.7.2. OcHoBHble GYHKUMN TEeKCTOBOrO pefakTopa

7.7.3.  OcHOBHble KomaHAbl Npu paboTte
C TEKCTOM MoAenu

7.7.4. [ononHutenbHble pekoMeHaunmn no paspaboTke TeKCTOB Moaened
Otnapka GPSS-mopenen
7.8.1.  MNpuHuunb otnagkn GPSS-mogenei

7.8.2. Obwwme ceeeHus ob otnaguuke GPSS Studio

3anycK MOAENMpPOBaHNA U CTaHASPTHLIN OTYET

7.9.1. 3anycKk sKCnepumeHTa C MOAENbIO 1 NONYYEHNE CTaHAAPTHOrO oTyeta GPSS
7.9.2. CTaHBapTHLIA OTUET ANA aHanu3a pPe3ynbTaToB 3KCNepUMeHTa

7.9.3. U3mMeHeHMe MMeH B CTaHJAaPTHOM OTyeTe U coxpaneHue ero B MS Excel
MocTpoeHre MMUTaLMOHHOTO NpKoxeHua B GPSS Studio
7.10.1. O6uwme cBeaeHus o pegakTope ¢opm

7.10.2. Obujme npuHLUMNLI KOHCTPYWPOBaHUA ¢OPM BBOAA M BapyaLMn JaHHbIX
7.10.3. TpVHUMNBE KOHCTPYWpPOBaHUA GOPMbl BbIBOAA PE3YNbTaTOB MOAENNPOBAHUA.cuuuucmreeresssssssarrsssssassons
7.10.4. TpUHUMNB KOHCTPYWPOBaHWUA GOPMbE

NNaHUPOBAHWA SKCNEPUMEHTOB

7.10.5. MpuHumnbl GopmmpoBaHus 6a3 AaHHbIX U GYHKUMOHaNbHaA CTPYKTYPA PEAakTopa GOPM.. .

7.10.6. Co3gaHue daiina AnA KOHCTPYNPOBaHA GopM

7.10.7. Hauano koHcTpyupoBanua Gbopm
7.10.8. UaeHTndUKAUUA NMEH B NPUNOXKEHUN

KoHcTpykTop dopmbl «BBOA UCXOAHDBIX AaHHbBIX»
KoHcTpykTop dopmbi «[luHamMunKa Xofla skcnepumeHTa»
KoHCTpYKTOp GOPM NaHNpoBaHUA 3KCMEPUMEHTOB C MOAENbIO
3anyck 1 UCNoNb30BaHNE UMUTALIMOHHOTO NPUIOXKEHNA
7.14.1. Hauano paboTbl C UMUTALNOHHBIM NPUSIOXKEHUEM

7.14.2. 3anyck OgUHOUYHDIX IKCMEPUMEHTOB U CEPUA SKCNEPUMEHTOB

7.14.3. AHanu3 pe3ynbTaToB MOJENMPOBaHNA
7.14.4. DopmnpoBaHue BUPTYyarnbHOro ot4eTa

327

MNpunoxenwue 1

ﬂporpaMMprEMble BONPOCH! ANA CaMONOAroTOBKW NO BBEAEHWNIO B 06Ll.|,y}0 Teopuio
UMNTAUNOHHOIO MOAENNPOBaHNA U YHUBEPCANIbHBIM UMUTALMOHHDIM MOBENAM.....ceceieercennnines

MNpunoxexne 2

I'IporpaMMMpyeMble BOI'IpOCbIﬂHﬂ CaMOMOAIroTOBKY N0 UMUTAUNOHHOMY MOAENNPOBaHUo
cnUcTem MmaccoBoro O6Cﬂy)KI/|BElHI/!$I

MpunoxeHne 3

Bubnuorpapunuecknit cnucok

WcKyccTBEHHBIE XaoTudeckne GpakTopbl CUCTEM

330

331

340

345
348



