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06 ObY4EHWUN CTYAEHTOB HANPABJIEHUA «bU3HEC-UHOOPMATUKA>
MOJENNPOBAHWUKO CUCTEM

HAYMOB B. H.
00KMOp BOEHHbIX HAYK

Cankr-Metepbypr (Poccus)

OpasoBaTeAbHbIE CTAHAAPTBI BbICIIEro Mpodec-

CMOHAABHOTO 00pa30BAHMSI TPETHETO MOKOAEHMS

IPEABSIBASIIOT TPeOOBaHMS K YPOBHIO 00pa3oBaH-
HOCTH, OIIPEAEASIIOT OOLIEKYABTYPHBIE U TPOdECCHOHAAD-
Hble KOMIIeTeHLMH, obecreunBaolie BO3MOKHOCTb BbI-
IyCKHMKA PaboTaTh B COBPEMEHHOM MHQPOPMALMOHHOM
obuectBe. Tak, K KOMIIETEHLMSIM, KOTOPbIE OIPeAEAEHBI
CTAaHAAPTAMM TI0 HAMPABAEHUI0 «OU3Hec-MHbOpMATUKa»
OTHOCSITCS: CIIOCOOHOCTD MCIIOAB30BATH AASL PELIeHNMs 3a-
Aa4 COBpeMEHHbIe TEXHIYECKUE CPEACTBa UM MHPOpMALIU-
OHHBIE TEXHOAOTMI; CIOCOOHOCTb IPUMEHSTb METOABL Ma-
TEMATMYEeCKOT0 aHAAU3A 1 MOAEAMPOBAHIS, TEOPETUYECKO-
IO ¥ 9KCIIEPUMEHTAABHOTO HCCAEAOBAHMS CUCTEM; HAAMYME
HaBBIKOB PabOTbI C KOMIIBIOTEPOM KaK CPEACTBOM YIIpaBAe-
Hust nHQOpMaLyeit u Ap. BBITyCKHUK AOAXEH 3HATb METO-
AOAOTHIO TIOCTPOEHNUST MOAEAEN CAOXKHBIX CUCTEM, BAAAETD
Teopueil CUCTEM M METOAAMY CUCTEMHOTO aHAAM3d, METO-
AAMI CTATUCTUYECKOTO aHAAM3A Y POTHO3MPOBAHMS CAY-
YaJIHbIX IPOLIECCOB. AaHHbIe KOMITETEHLMY HATTPABAEHBI HA
(GopMMpOBaHue y BBITYCKHMKA MaTeMaTUIeCKOil 1 MHPOP-
MAaLIOHHOM KYABTYPBI.

C yeAbto GOpMUPOBAHMS AQHHBIX KOMIIETEHLUII He-
00XOAMMO OTIPeAEAUTD TPeOOBAHMS K CO3AABAEMbIM MOAE-
ASIM 1 K CPEACTBAM MX IIOCTPOEHMUSI, COAEPIKaHME YUeOHBIX
AVCLIUIIAMH, TIPEAHA3HAYEHHBIX AASL UX GOPMUPOBAHMSL

Tpe6oBaHMs K MOAEASIM I CPEACTBAM HX IOCTPOe-
Hust. [Ipy paccMOTpeHMM TPUKAAAHBIX 33Aa4 MOAEAMPO-
BAaHMSI S9KOHOMUYECKUX, XO3SI/ICTBEHHBIX CUCTEM, OM3HEC-
MPOLIECCOB CTAAKMBAIOTCS C IPOOAEMOIT MX Pa3MEpPHOCTH.
B peaAbHOIT CUTYaLMyt MOAEAMPYEMBIE CUCTEMBI SIBASIOTCS
CAOXXHBIMU U AOAXKHBI MCCAEAOBATBCS METOAAMIL CHICTEM-
HOTO aHaAl3a, KOTOPble OCHOBBIBAIOTCSI HA ABYX IIOCAEAO-
BATEABHBIX MPOLIECCaX: AEKOMITO3ULIMY HA MOACUCTEMBI C
LIEABIO MX QHAAM32 U TIOCAEAYIOLElT KOMIIO3ULIMM TIOAYYeH-
HBIX pe3yAbTaToB. CAAOBATEABHO, OCHOBHBIMM IPUHLUIIA-
MM MOAEAVPOBAHMS CAOXKHBIX CUCTEM SIBASIIOTCSL:

+ OpMHUMI pelleHNs CAOXKHBIX MPOOAEM MyTeM MX
pasbueHnst Ha MHOXXECTBO MEHBILIMX He3aBUCH-
MBIX 3324, AETKUX AASI IOHMMAHUS M MOAEAMPO-
BaHMS;

+ OpMHUMIT MepapXMYeCKOTrO YIOPSAOYMBAHUS —
IPMHLMUIT OPTaHMBALMM COCTABHBIX YacTeil Ipo-
OAeMBI B MepapXuyecKkyie APeBOBUAHbIE CTPYKTY-
PBL C AODAaBAEHIEM HOBBIX A€TaA€ll Ha KaXKAOM
YPOBHE MepapXuu.

AaHHbIE TOAOXKEHNS OTIPEAEASIIOT CAEAYIOLIME TPeOO-
BaHMS K MOAEASIM CAOXXHBIX COLMAABHO-9KOHOMUYECKUX
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cucTeM, MHPOPMALMOHHBIX CUCTEM M CPEACTBAM, UX pea-
AVBYIOLVM:

1. Tak KaK BHYTPMKOMIIOHEHTHAsI CBSI3b B CUCTEME
OOBIYHO CHADbHEE, YeM CBS3b MEXAY KOMIIOHEHTAMM, TO €€
MOAEAb AOAXKHA OODBEAVHSTb paHee CO3AQHHBIE MOAEAU
nopcucTeM. C 11eAbi0 0003pUMOCTIE MOAEAY YMCAO TTOACH-
CTeM U CBsI3€il B MOAEAV Ha KOKAOM YPOBHE AOAXKHO OBITH
HEBEAVMKO, OAHAKO 00lijee YICAO TIOACUCTEM BEAMKO. DTO
OTpeAEAsieT MePAPXIYECKYI0 CTPYKTYPY MOAeAU. VIcmoAb-
3yeMble MIHCTPYMEHTAABHBIE CPEACTBA AOAXKHBI 00eCIIeYnTD
TIOCTPOEHME TAKOI MepapXUNL.

2. Vlepapxmueckasi CTPYKTYpa MOAEAV OIpPEAEASIeT
HE00OXOAMMOCTD TPEABAPUTEABHOTO OMMCAHNS MOAEAM Ha
s3bIKe IPOMEXYTOuHOI dopmaansarmu. Takum obpasom,
MOAEADb CHUCTEMbl AOAXKHA COAEPXKaTb HEKOTOPOE YMCAO
B3aMMOCBSI3aHHbIX NPEACTABAEHMIL, KaXAOe 13 KOTOPBIX
AAEKBATHO OTPAXAeT TOABKO HEKOTOPBIIl aCleKT IMOBeAe-
HUSL AV CTPYKTYpBI CUCTEMbL. AaHHbIE aCIeKTbI AOAXHBI
OTpaXaTb KOHLIENTYAAbHBIN, MaTeMaTuueckmii 1 ¢usu-
YeCKMil YPOBHM MOAEAMPOBaHUs, HAAUYME CTATUYECKOI
Y AMHAMMYECKOJ COCTaBASIOIIEN MoAeAu. Kaxpoe Takoe
TNPEACTABAEHME AOAXKHO PAaCCMATPMBATDCS HA CBOEM SI3BIKE
dopmaausanuy. CpeacTBa ITOCTPOEHUS MOAEAU AOAXHBI
T03BOASITH MICTIOAB30BATb PA3AMYHbIE S3bIKM, B TOM UICAE U
rpaduyeckie. ITO COOTBETCTBYET ONPEAEAEHNI0 CAOXKHOI
CHCTEMbI, KaK CUCTEMBI, AASI OTMCAHUsI KOTOPOil HEAOCTa-
TOYHO OAHOTO sI3bIKa pOpMaAM3ALMNL.

3. MHOTOMOAEABHOCTD CUCTEMBI ONIpeAEAsiET Heo0-
XOAMMOCTb OIIPEAEAEHNS STATIOB XM3HEHHOTO LIMKAA MOAE-
AV, HAUMHASI C 9Tala MAQHUPOBAHUS U MPOEKTUPOBAHUS U
3aBeplliasi ATAOM TeCTMPOBAHMS U BepUDMKALIMM MOAEAN.
DTO 00CTOATEABCTBO ONMpeAeAsieT HeOOXOAMMOCTb pac-
CMOTpETb MOAEAD KaK IIPOEKT U TIPY COBAQHIU MOAEAM VIC-
II0Ab30BATh TEOPUIO U CPEACTBA YIIPABAEHUS IIPOEKTAMH,
B yactHocTu CASE-Texnoaoruio u CASE-cpeactBa.

4. BXOAHBI€E V1 BBIXOAHBIE [TeDEMEHHBIE AOAXKHBI OBITh
B 001eM cAyyae BeKTOpHbIMU. C YYETOM CAYHAITHOCTY MO-
AEAVPYEMBIX MPOLIECCOB BXOA M BBIXOA MOAEAM IPEACTaB-
ASIIOT €000i1 CUCTeMbl (BEKTOPBI) CAYHAiHBIX BeAMYMH. B
COCTaB MOAEAV AOAXHBI OBITb BKAIOYEHbI CUCTEMbl YpaB-
HeHuit (aaredpanyeckue u puddepenimasbhbie). CpeacTsa
MIOCTPOEHMST MOAEAV AOAXHBI COAEPKATh BBIYMCAUTEABHBIE
KOMIIOHEHTBI, [I03BOASIOLIJIe aBTOMATI31POBATh BBIYMICAE-
HUL, pelllaTh CUCTeMbl YpaBHEHMII, COAEPXKALIMX XapaKTe-
PUCTUKM CAYHAIHBIX BEAVYMH.

5. BpeMs AOAXKHO BXOAMUTDB B COCTaB AKOOJ COLM-
AABHO-9KOHOMMYECKOIT MOAEAM B KaueCTBe HEe3aBUCHMOI
nepeMeHHOI1. Bce MOAEAM AOAXKHBI OBITh AMHAMMYECKIMMU
C AVCKDETHBIM, CBSI3aHHBIM C COOBITMAMY MAM C HeIpe-
PBIBHBIM BpeMEHEM, YTO COOTBETCTBYET PasAMYHBIM Tapa-
AUTMaM MOAEAMpOBaHMs. MoaeAb AOAXKHA aHAAU3MPOBATD
YCTOYMBBIE Y HEYCTONYMBBIE COCTOSHUS SKOHOMUYECKOI
cucteMbl. CpeACTBa MOAEAVPOBAHMS AOAXKHBI ObITb MHTe-
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TPUPOBAHHBIMU U BKAKYATh B CBOEM COCTaBE HECKOABKO
HapaAUTM.

YkasaHHble TpeOOBaHUs OrPAHUYMBAIOT MPUMEHU-
MOCTb AASL MOAEAMPOBAHMSI CAOXKHBIX CUCTEM aHAAUTHYE-
CKIX MOAEAEN U ONPEAEASIIOT HEOOXOAMMOCTD MCIIOAb30-
BaHUs UMUTALMOHHOTO MOAEAMPOBAHMS, KAK METOAR «II0-
CAeAHET HAaAKABI». VIMeHHO moaToMmy B yyeOHuke «Mo-
AEAMPOBAHME CUCTEM» [5] TMPU PacCMOTPEHMM BOIPOCOB
MOAEAMPOBAHUsL CUCTEM, B OCHOBHOM, PacCMaTpMBAIOTCS
BOIPOCHI UMUTALMOHHOTO MOAEAMPOBAHMUS U, B YACTHOCTU
CTaTUCTUYECKOTO MOAeAMpoBaHus. Ha ero ocHoBe paspa-
OoTaHa yuyeOHas AMCLUIAMHA «MOAEAMpPOBAHUE CUCTEMY,
KOTOpasi OTHOCUTCS K AUCHUIIAMHAM OAOKA CIIEL[aAbHbIX
AVCLIMIIAH TOCYAQPCTBEHHOTO 00pa30BaTEABHOTO CTaH-
AApTa BBICIIETO MPO(ECcCHOHAABHOr0 00pa30BaHusI MO He-
CKOABKMM CIIeLiaAbHOCTSIM HampaBAeHus «VHdopmaTuka
U BBIYMCAUTEABHAS] TeXHMKa». B CTaHAApPT HampaBAeHUs
«busnec-unpopmaryka» BKAIOUEHA AMCUMIAMHA «V/IMuTa-
IIIOHHOE MOAEAVIPOBaHNEY.

CpaBHUTEABHBIIT aHAAN3 CHCTEM VMUTAIVIOHHOTO
MOAEAUpPOBaHUsA. AAsT peaAr3aliy MMUTALIOHHBIX MOAE-
Aell Ha DBM CylLIecTBYIOT CIeljiaAbHble S3BIKM VIMUTALIN-
OHHOTO MOAEAMPOBAHUS, TIPOTPAMMHBIE CUCTEMBI 1 CPEABI
MMUTALMOHHOTO MOAEAMPOBaHYMsl. MHOroo0Opasiue si3bIKOB
MMUTALMOHHOTO MOAEAMpPOBaHUs (ceilyac MX U3BECTHO
Ooree 500) M CHUCTEM MMUTALMOHHOTO MOAEAMPOBAHUS
(ux usBectHo 6oaee 200) BbI3BAHO MPUMEHEHMEM UMMU-
TALMOHHOTO MOAEAMPOBAHVs B Pa3AMYHBIX TPEAMETHBIX
00AaCTSIX, OpMeHTALMeil Ha OTPEAEAEHHBIN TUIT MOAEAEI,
UCIIOAB30BAHMEM PA3AUYHBIX CIIOCOOOB UMUTALIMYA U Pas-
AMYHBIX TUIIOB DBM [3].

Bo MHorux o6pasoBateAbHbIX yupexAeHmsax Poccuu
pu 00yYeHUM CTYAEHTOB MCIIOAB3YETCS CUCTEMA U SI3BIK
uMuTaoHHoro MopeanpoBanusi GPSS World. B mocaea-
Hee BpeMsI 3HAUMTEABHO YBEAUYMAOCH YMCAO IyOAMKALMIL
0 AaHHOI cucteMe (3, 4, 5, 6]. OHa mpepcTaBasieT coboit
KOMITAEKCHBII MOAEAMDYIOLIMII MHCTPYMEHT, OXBaTbl-
BAIOIMI 00AQCTM KaK AMCKPETHOTO, TaK 1 HEelpPephIBHOTO
KOMIThIOTEPHOTO MOAEAMPOBaHUsI, 00AAAQIOLINIT BBICOKUM
YPOBHEM MHTEPAKTUBHOCTM U CPEACTBAMMU BM3YaABHOTO
npepcTaBAeHuss uHpopmaiyu. CucTeMa MMUTALOHHOTO
moaeaupoBanust GPSS World cospana Ha ocHOBe si3bIKa
GPSS, KoTOpbIN BBEA B MMUTALIOHHOE MOAEAVPOBAHYE T1a-
PaAUrMy NMOTOKOBOTO, VAU CETEBOIO IMPOTPaMMUPOBAHMUSL.
B cooTrBeTcTBUMM C 3TON MAPAAUIMOI NOTOK CYIJHOCTEN
(TpaH3aKTOB) IPOABUIAETCS MO CTPYKTYPHON AMarpaMme,
HPEACTABASIIOLIEN cuCTeMy. TpaH3aKThl OXKMAAIOT B O4Yepe-
ASIX, KOHKYPUPYIOT 32 UCIIOAb30BaHIE PECYPCOB 1 OAOKOB,
OCYLIECTBASIIOIMX UX 00paboTKy (00OcAyXuBaHue), u, B
KOHLIe KOHLIOB, IOKMAQIOT cucTeMy. Hakamanpas cratucTu-
KY O TIOBEAEHVM TPaH3aKTOB, MOXKHO OLIEHUTb NTapaMeTpbl
MOAEAVPYEMOI CUCTEMBI.

aCCMOTPUM TIPUMEp UCHOAb30BaHMA cucTeMbl GPSS

World aas pemrenus sapau Moaeanposauus. Ilyctb

HY)KHO JCCA€AOBATb HEIPEPBIBHYIO MapKOBCKYIO
1IeTlb, COCTOSIHMSI KOTOPOJI OMMUCHIBAIOT (pasbl CAYYaiTHOTO
npoiiecca. [Ipumep rpada MapKOBCKOI 1IeNy, COCTOSIIEN
U3 TPeX COCTOSIHMY, TIPEACTaBAEH Ha puc. 1.
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Puc. 1. pa¢ HenpepbIBHOI MapKOBCKOI Lienu

Cucrema pAuddepeHLarbHbIX ypaBHeHui1 Koamoro-
pOBa, OIMCBIBAIOLIAsl GYHKLIMOHMPOBAHME AQHHOI MapKOB-
CKOJ1 1IeTIN, UMEET BUA,:

(dPy (t
o)~ —0.1p,0)+0,28,1) +0.2R,()
dR (t)

= "0SRM+0IRL)+03RM). (1)

ITporpamMma, MOAEAMPYIOLIAS AQHHYIO LieTlb, MIMeeT BUA

GENERATE 10

TERMINATEL

*BafaHMe BHAYEHMII NapaMeTpoB*

lambdaOl equ 0.1

lambdalO equ 0.2

lambdal2 equ 0.3

lambda21l equ 0.5

lambda20 equ 0.2

*BaZaHMe HaYaNbHEIX BHAYEHMN NEepeMeH-
HBIX*

PO_equ 1

P1 equ O

P2_equ O

*Bapaune
YpaBHeHM*

PO_ integrate (-lambda01#P0_+lambdal0
#P1_+lambda20#P2_)

P1 integrate (-(lambdalO+lambdal2)#P
1 +lambda01#P0_+lambda21#P2 )

P2_ integrate (-(lambda20+lambda21)#P
2_+lambdal2#P1 )

start 1

dR, (t)
t

CHCTEMS! anbdepenumaneHLX

WcnoabpsoBanne cuctembl GPSS World mossoasier
paspabarbiBaTh UMUTAIMOHHBIE MOAEAM SKOHOMUYECKIUX,
XO3SIICTBEHHBIX, MHQPOPMALMOHHBIX U APYIMX CHUCTEM,
CBSI3AHHBIX C OOPAOOTKON MOTOKOB 3asIBOK, BBIIOAHATD
MAalllUHHbIE BKCHepI/IMeHTI)I C HUMMN. HeCMOTpH Ha HpO'
CTOTY pelleHuss PacCMOTPEHHOrO IpUMEpa, BUAHO, YTO
IPUBEAEHHAs [POrPAMMa M CPEACTBA €€ peaAMsyloljue,
B IIOAHOIT Mepe He 00AaAQI0T HI OAHMM 13 PaHee YKa3aHHBIX
TpeOOBaHMiT. B yacTHOCTM, HET BO3MOXXHOCTY TOCTPOUTD
MepPapXMYECKYI0 CTPYKTYPY, HEOOXOAMMO CO3AABaTh MPO-
rpaMMy B TEKCTOBOM BUAE 0e3 IOCTPOEHUs] BUBYAABHBIX
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cxeM 1 Ap. Takum 00pasoM, AASL IOCTPOEHUS MOAEAU CU-
CTeMBI HEOOXOAMMA CIIeLjaAbHAsl IOATOTOBKA IO s3bIKAM
MPOrpaMMMPOBaHMs. fI3bIK IPOrPaMMUPOBAHMS HE OTHO-
CUTCSI K YPOBHIO SI3bIKOB CBEPXBBICOKOI'O YPOBHSI, KOTOPBIIt
MO3KeT ObITh MCIIOAb30BaH, HE TOABKO CIIELMAAMCTAMU 110
MH(OPMALIOHHBIM TEXHOAOTUSAM, HO U MPAKTUKYIOLIMMY
SKOHOMMCTaMM. HeT MHTerpauuu ¢ ApyrMMu IpOrpaMM-
HBIMU TIpUAOXKeHMsIMY, B ToM uncae ¢ CASE-cpeacTBamy,
OTCYTCTBYET BCTPOEHHASI aHMMaLMs.

DT0 ompepeAsieT HEOOXOAMMOCTb BbIOOpa AAsL 00y-
YeHMs] CTYAEHTOB HAlpaBAeHUs «Ou3Hec-MH(OpMATUKa»
APYIMIX MHCTPYMEHTAABHBIX CPEACTB MOAEeAMpOBaHuAL. [Tpu
aHaAM3€e TaKMX CPEACTB YUMTBIBAAMCH pasHble 00CTOSI-
TEABCTBA, B TOM YMCA€ M BO3MOXHOCTD MX IIPUOOpETEHMs,
AOCTYITHOCTb, 1i€Ha, BO3MOXKHOCTb TTOAYY€HVsI KOHCYABTa-
Lmit u Ap. B pesyabrate mpoBeaeHHOTO aHaAM3a BbIOpaHa
CUCTEMA MMUTALMOHHOTO MOAeAmpoBaHusi AnyLogic [1],
KoTopas paspabotaHa B 1999 roay Poccuiickoit dupmoit XJ
Technologies (r. CaukT-TlerepOypr). 3a mpoleALe rOAbI
cUCTeMa IIOAYYMAA OOABIIOE PACTIPOCTPAHEHNE 1 TIOYASIP-
HOCTb. DTO OAHA M3 HEMHOTMX POCCHICKUX PaspabOTOK B
00AaCTY MMUTALMOHHOTO MOAEAMPOBAHMS, ITOAYYMBIINX
Ipu3HaHMeE 32 PYOEKOM.

3BIK U CHICTEMa MoAeAMpoBaHus AnyLogic pAokazaan

cBO10 3(h(EKTUBHOCTD NMPYU MOAEAVPOBAHUU CAOXK-

HbIx cuicteM. OCHOBHBIMU OA0KamMu MoAeAr AnyLogic
SBASIIOTCSL AKTUBHBIE OODBEKTBI, KOTOPbIE MO3BOASIOT MO-
AEAUPOBATh AI0ObIE OOBEKTBI PEAABHOTO MUPA. AKTUBHBII
OOBEKT SBASIETCS 9K3EMIIASIPOM KAacca. UToObI co3aaTh Mo-
Aeab AnyLogic, Hy)KHO CO3AQTh KAACChI aKTUBHBIX 00bEKTOB
(1AM uctioab30Batb 06beKTH O1bAMOTEK AnyLogic) u 3asaTh
X B3auMocBssu. AnyLogic mHTeprnperupyer rpaduyecku
CO3AaBaeMble KAACCHI aKTMBHbBIX OOBEKTOB B KAACCHI Java.
[T03TOMYy MOXKHO NOAB30BATbCS BCEMM IIPEMMYIIECTBAMMU
00bEKTHO-OPMEHTHPOBAHHOTO 11 BIU3YaABHOTO MOAEAMPOBA-
HISE: HACAEAOBAHMEM, TIOAVMOP(QU3MOM M T. A.

HacaepoBaHye MO3BOASIET 3HAUUTEABHO YIPOCTUTD
HpoLiecC paspaboTKU MOAeAeil. AKTUBHbIE 00BEKThI MOTYT
COAEPXXaTb BAOXKEHHBIE OODEKTRI, NPUYEM YPOBEHb BAO-
YKEHHOCTY HEeOTPaHUYEH, YTO MO3BOASIET IPOUBBOAUTD Ae-
KOMIIO3MLII0 MOAEAY HA AI000€ KOAMYECTBO YPOBHEN Ae-
taau3ayuy. C IMOMOIIbI0 VHKANCYASALIMM 00BEKTOB MOXKHO
CKDBITb AETAAU Pa3pabOTKU MOAEAMPYEMOTO 0ObEKTa.

AaHHas cucTeMa MOAEAVIPOBAHMSI YAOBAETBOpSET
BCeM paHee chopMyAMpPOBAHHBIM TpeboBanusaM. Eire opAHMM,
BOKHBIM €€ CBOJICTBOM, OIIPEAEASIOLINM LieAeCO00Pa3HOCTb
VICTIOAB30BAHVA AASL O0YUeHNs, SIBASIETCS TO, UTO B Hell pea-
AV30BAHBI OCHOBHBIE NMAPAAUTMBI MIMUTALIOHHOTO MOAEAV-
POBaHMSL: AMCKPETHO-COOBITUITHOE MOAEAMPOBAHME, KOTOPOe
peaansoBano B GPSS, cucremMHas AMHaMuKa, MHOTOQreHTHOE
MopeAarpoBaHue. CAEAOBATEABHO, TOAXOA K 00yYeHUI0 CTa-
HOBUTCS YHUGULMPOBAHHBIM TIPY M3yYEHUM Pa3AMYHBIX Ia-
paaurm. Kpome Toro, MHTErpupys AaHHbIE TTAPAAUTMbI MOXK-
HO 3HAUUTEABHO YBEAUUYUTD VX BO3MOXXHOCTIL.

PaccmoTpum mpuMep AMHaMMYecKoi Mopean Ao-
PeHCa, ICIOAB3YEMOIT AASL QHAAM32 AIHAMYKY TOPOAOB [2].
Taxas cucTeMa mMccaepOBaHMS AMHAMVKY FOPOAQ paccMa-
TPUBAET TP B3aMMOCBs3aHHbIE NTePEMEHHBIE: TPOAYKLIMS,
IPOM3BOAMMASI TOPOACKOII CUCTEMOJT; YMCAEHHOCTD Hace-
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AEHMS TOPOAQ; 3eMeAbHas peHTa (CTOMMOCTD XuAbs). Cu-
crema AnddepeHIaAbHBIX YPaBHEHUIT AASL €€ OIMCAHMS
VIMEET BUA:

X
a & (azy— a3x);

dy
E=cl(czx—c3y)—c4xz; )
dz
— =dyxy—d,z,
at y—dj
TAE @, C, d, — MOAOXUTEAbHbIE KO3 UIMEHTDI, Tapame-
TPbI MOAEAH;

@, — CKOPOCTb BOCCTAHOBAEHMS MPOAYKLMM Ha TO-
POACKOM PBIHKE;

4, — CIpoC MOTPeGHOM TOPOACKOV MPOAYKLMM Ha
ALY HACEAEHUS;

a,y — obuMIt CIIPOC XMTeAe Ha TOPOACKYIO ITPOAYK-

1110}

a, — x03QUIMENT, TOKa3bIBAMIIMI CKOPOCTD MO-
CTYNAEHUS IPOAYKLMY Ha TOPOACKOIL PBIHOK;

azx — 0b1IMiT 06beM IPOAYKLMY Ha TOPOACKOM PhIHKe;

¢, — CIIPOC Ha TPYA CO CTOPOHDBI GUPM Ha eAMHMITY
CBOEIT POAYKLUY;

¥ — ObImM1 CMpoC Ha TPYA Ha TOPOACKOM PhIHKe
TPYAQ AASL IPOUBBOACTBA IIPOAYKLIMY;

¢y — K03 ULMEHT, TOKa3bIBAIOMMIT TPEAAOKEHNE
TPYAQ Ha EAVIHMLY HACEAEHMS;

¢,y — obimee MPeAAOKeHMe TPYAQ HA TOPOACKOM PhIHKe;

€)% — €5y — U3OBITOK MAM HEAOCTATOK CIPOCA HA TPYA
Ha TOPOACKOM PBIHKE, B 3aBUCUMOCTH OT TpeOyeMoro 00b-
eMa IIPOU3BOACTBY;

¢, — Ko3aQQUIMeHT, yUUTHIBAIOLIMIT MUTPALIMIO Hace-
AEHMS C YYeTOM 130BITKA MAM HEAOCTATKA CIIPOCA Ha TPYA;

¢, — K03 QUIMeHT, yUnThIBAIOLIMIT MUTPALMIO Hace-
A€HVSI C YYEeTOM LieHbl Ha 3eMAIO (KBapTUPBbL);

d, — x03bdMIMeHT, yUNTHIBAIOLMIT M3MEHEeHYe PeH-
ThI Ha 3eMAIO (CTOMMOCTH Ha )XVABE), IPY U3MeHEHUY 00'b-
eMa IIPOAYKLIMM U YUCAEHHOCTU HACEACHVIS;

d, — CKOPOCTb M3MEHEHMsI PEHTbI, IIPUBEAEHHAS K

2
€AVHUIIE 1IeHBI,

ASl pellieHNs CYCTEeMBI YPaBHEHUI OYAeM MCIIOAB30-
BaTh IMAPAAUTMY cUCTeMHON avHamuku Ax. Qop-
pecrepa [7]. Tpu ee UCOAB30BAHUM AEAAETCS PSIA
PEATIOAOKEHUIT U AOMYyLIeHMIL. MopeAr CUCTeMHON AU-
HAMVKV aOCTParupyoTcss OT MHAMBMAYAABHBIX XapakTe-
PUCTHK U TIOBEAEHMIT 00BEKTOB CICTEMBI U AQKE OT CAMUX
MHAVBMAYAABHBIX 00BbEKTOB. B aTux MoaeAsix 00bIMHO ab-
CTParupyoTCs OT PUBMYECKIX XAPAKTEPUCTHK CPEADL, B KO-
TOPOI IIPOTEKAIOT MPOL[eCChl. Bce mepeMeHHbIe, AaKe ecAl
OHM XapaKTepU3YIOT AUCKPeTHble KOAUYECTBA, PacCMaTpPy-
BAIOTCSI KaK HENpephIBHbIE. 3A€Ch He BBIAEASTIOTCS OTAEADb-
Hble COOBITUS B CUCTEME, BCE TIPOLIECCHI PACCMATPUBAOTCS
NPOTEKALIMMHI B HETIpEePhIBHOM BpeMEHI.
B cucremHolt AMHAMMKe TIPEAAOKEHA CBOs rpadiye-
CKas HOTaLUs AASl IOCTPOEHMA CTPYKTYP MOTOKOBBIX AMa-
rpaMM. B MOAEASIX CUCTEMHOI AVHAaMMKV OCHOBHOJI MHTe-
pec MPeACTaBASIIOT HAKOIUTEAY HEKOTOPOTO COAEP’KMMOTO
U aHAAM3 U3MeHeHNsI X 00beMOB BO BpeMeH. Takoe mpea-
CTaBA€HMe TI03BOASIET TIOCTPOUTD MOAEAb B TEpMUHAX TM-
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APOAMHAMMKU. DAEMEHTAMM MOAEAM SBASIOTCA eMKOCTU
1 KAamaHbl. EMKocTM MexAy coboif cBsi3aHbl KaHaAaMiy,
a KAQITaHbl ONPEAEASIIOT CKOPOCTb MPOTeKaH!s MPOLIeCCOB
B AQHHBIX KaHAAQAX, YTO NT03BOASIET OMIUCATb GYHKLIMOHUPO-
BaHUE CUCTEMOI AU(PdEPEHIINAABHBIX AU UHTETPAABHBIX
YPaBHEHMII BUAQ:

% = xoa (t) — BeIxox (t);
3)

nit)= }(onn (s) —BeIx0A(S) )ds + n(ty),
t0

rae  n(t) — Texyiee COCTOSHME YMCAA OAHOTHUITHBIX 00b-
€KTOB B eMKOCTH;

n(t,) — HaYaAbHOE COCTOSHME YICAA OODBEKTOB B eM-
KOCTH.

[paduueckas mopeAb aaHHOI cuctembl AuddepeH-
LIMAABHBIX YPaBHEHMIT B HOTALMAX, OAMBKMX K HOTALMSIM
CUCTEMHOI AVVHAMUKY, TIpUBeA€eHa Ha puc. 2. Ha puc. 3 mpu-
BeAEHBI pe3yAbTaThl MoAeAnpoBanus. Iloayyentsie daso-
Bble TIOPTPETHI OMNMCHIBAIOT M3MEHEHME ABYX MEPEMEHHBIX
MOA€AM (YMCAEHHOCTHM HaceAeHMs 1 00beMa IPOAYKLMN)
AASL PQ3AMYHbIX 3HAYEHMIT TAPAMETPOB MOAEAL.

Main azy

c3y
c2x

a2y_a3x

/13 pUCYHKOB BUAHO, YTO PaBHOBECHE MOXET ObITh
YCTOYMBBIM VIAM HEYCTOMYMBBIM. B np1BeAeHHOM npuMe-
p€e YCTOMYMBOCTb PaBHOBECKSI O3HAYAEeT PABEHCTBO HYAIO
YMCAEHHOCTY HACeAEHMS, a TaKkKe OTCYTCTBUE BBINYCKa
npoaykuyn. [opoa npekpaijaer cBoe cyuiectBoBaHue. He-
YCTOIMYMBOCTD CBUAETEABCTBYET O KOACOQHMSAX 3HAYEHUI
HepeMeHHbBIX OTHOCUTEABHO TOUKHU paBHOBecus. [Tpoucxo-
AUT MSTKas MOTepsl YCToituMBoCTY. [Ipu aTOM Impotiecc He
SIBASIETCSI TIEPUOAUYECKUM. TPaeKTopusi «HaMaTbIBAETCS»
xaoTndecky. CyllecTBYeT «CTPaHHbIN aTTpakTop». [ToaTo-
My TPYAHO NIPOTHO3MPOBATh OYAVILMe 3HAYEHUs TepeMeH-
HBIX cucTeMbl. [paduyeckuit aHaAM3 APYTUX HEPEMEHHBIX
OIpeAeAsieT AMHAMUKY UX M3MeHeHMs. TOIoAOTHsT pUCYH-
KOB He 3aBUCUT OT HaYaAbHBIX YCAOBHIA, @ 3aBUCUT TOABKO
OT IIapaMeTPOB CHCTEMBI YPaBHEHUIL.

[TpocToTa pelueHNss AQHHOTO MpUMEPA MOKA3bIBAET
Ha BBICOKMI1 YPOBEHDb $3bIKA M CUCTEMbI MMUTALIOHHOTO
MOAEAMPOBAHYsI, YTO CYILECTBEHHO IOBBIIIAET MPOU3BO-
AUTEABHOCTb TPYAQ IIPU MOAEAMPOBAHUM. JTO TO3BOASET
CBECTH pa3paboTKy MMUTALIMOHHOM MOAEAU K IOCTPOEHIIO
ee BM3YaAbHON OAOK-CXeMBbI (MaTeMaTH4eCKON CXEMBI).
K coxaAeHMI0 TaKOI TOAXOA TI03BOASIET PEAAM30BATb TOAD-

clxz Main
YpasHeHus:

chxz= 4"z
x_3y=c2x-c3y
ay=c3*y

2x =2
a2y_a3x=a2y-a3x
a3x=a3*
azy=ad'y
d(z)/dt=d1*x*y -

caxz 927

c2x_c3y

Puc. 2. paduueckoe npepcraBneHne mogenv JlopeHua

Puc. 3. Pe3ynb'ra'rb| NMMNTALNOHHOIo moaennpoBaHunsa
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KO TpOCTelIne CTPYKTYPbL. I1py yCAOKHEHUM AOTVIKU MO-
AEAU CTPYKTYPHBIE AMArpaMMbl HEOOXOAMMO AOMOAHSTDH
IpeAAOKEHMSAMM SI3bIKA IIPOrPAMMUPOBAHI Java.

AaHHast MOAEADb OTHOCUTCS K KAACCY MOAEAEI C 00-
parHbiMU CBst3AMU. CKOPOCTb MBMEHEHUs AAS KaXKAOM
IlepeMeHHOI! 3aBUCUT OT 3HAYEHMUIT APYTUX HepeMEHHBIX.
K 1oA00HbBIM crcTeMaM OTHOCATCS TAKKe MOAEAN AOTKHM —
BoabTeppa (MOA€AM «XMILIHUK-XXEPTBA»), OMMCHIBAIOLINE
KOHKYPEHLMIO, KAACCOBYI0 H0OpBOY, AaHUEeCTEPCKIEe MOAe-
AM, OTIVCHIBAIOLIIE AUHAMUKY CPEAHNUX U AD., KOTOPBIE MO-
T'YT ObITb MCCAEAOBAHBI QHAAOTUYHO.

ITpoBepenHblit aHaAM3 cucTeMbl AnyLogic mokasbl-
BaeT 9 (HeKTUBHOCTD 1 1]eAeCO0OPA3HOCTD ee IPUMeEHEHNsI
IpyU pelleHun 3apad 00ydeHus. [lepBblil ONBIT UCIIOAB-
30BaHUSI AQHHOI CUCTEMbI B 00pa3oBaTeAbHOM IIpOLiECCe
MI0Ka3aA HAAMYME BBICOKOIO JMHTepeca K Hell CO CTOPOHbI
CTYAEHTOB. DTO OOYCAOBAEHO, B TOM UYUCAE CAEAYIOLIMMY
00CTOATEABCTBAMMU:

+ B cucreMe peaAnsoBaH BUBYAABHBIA TOAXOA K
MOAEAMPOBAaHUIO. AAS CO3AQHMS MPOCTBIX CUCTEM AO-
CTAaTOYHO UCIIOAB30BATb METOA «IIEPEHECTU U BCTABUTbY»
(drag&drop). [ToAyueHHasi BU3yaAbHasi MOAEADb SIBASIETCS
MOAEADBIO CHCTEMbI Ha SI3bIKE BU3YaABHOTO MOAEAMPOBAHIIL
Taxoit cTUADB Pa3pabOTKY IPOrpaMM MO3BOASIET PELIATh 3a-
AQull MOAEAMPOBAHISI HE TOABKO TeM, KTO PO(eCCHOHaAD-
HO TOTOBUTCS [0 MH(MOPMALMOHHBIM HANPABAEHISIM, HO 1
ADPYTVM KaTeropusm o0y4aeMbIM.

+ Vmenowuiicst «ABWKOK» II03BOASIET U3MEHSTb
MaclTab BpeMeHM IPU MOAEAMPOBAHMM, UCIOAB30BATh
peaAbHOe U BUPTYaAbHOE BpeMs. JTO MO3BOASIET PeaAb-
HO OLIEHMBATb BPEMEHHbIE 3aTPAThl AU MACIITAOMPOBATH
«MEAAEHHbBIE» U «OBICTPbIE» IIPOLIECCHI.

+ Cucrema COAEPXUT CPEACTBA AASI TIPOBEAEHUs
MIOAb30BATEAbCKUX SKCIIEPYMEHTOB, B TOM YMCAE ONTUMMU-
3aLIMOHHbIX KCIIEPUMEHTOB, YTO MI03BOASIET YMCAEHHO pe-
LIUTh 33AQ4¥ MIOMCKA ONTUMAABHOTO peltenys. Takum 06-
pasoM, B CUCTeMe COBMEILEHbI CPEACTBA MOAEAUPOBAHNUS
CO CPEACTBAMY TOAAEPKKY IPUHSATUS PeLIeHNUIA.

+ Cucrema nuMeeT BCTPOEHHBIE CPEACTBA AHMMA-
LiMH, TO3BOASIIOLIME TIOBBICUTD CTETEHDb AOBEPUS K PE3YAb-
TaTaM MMUTALMOHHOTO MOAEAUPOBAHNSL.

+ Cucrema XopouIo AOKYMeHTHpoBaHa. Best AOKy-
MeHTALMsI COCTaBA€HA HA PYCCKOM $I3bIKe (K COXKAAEHMIO,
Kpome 61bAroTexkn GpyHKLMIL Ha Java). VimMeetcs 6oabiioe
4IMCAO TPUMEPOB. VIMeeTcst BO3MOXHOCTb 0OpaTUThCS B
dupmy XJ Technologies 3a KoHCyAbTaLMEI.

BbIBObl

ITpoBeA€HHBIN CPABHUTEABHDI aHAAM3 ABYX CUCTEM
VMMTALIOHHOTO MOAEAMPOBAHUS CBUAETEABCTBYET 00
OAVIHAKOBOJ TOYHOCTY PE3YAbTATOB MMUTALMOHHOTO MO-
AeAVpoBaHus. [103TOMYy MOXKHO CA€AATD BBIBOA O LIEAECO0-
OpasHOCTM AaAbHelilero BHeApeHust cucteMsl AnyLogic
B IPOL]ECC S9KOHOMMYECKOTO 00pasoBaHys B CBSISM C CO3-
AaHMeM MHPOPMaLMOHHOrO 001ecTBa, POPMUPOBAHMEM
eAMHOro mHdopmanuyoHHoro npocrpaHctsa. Caepyer oT-
METUTDb, YTO €CAU MCCAEAYETCS CUCTEMA OAHOBPEMEHHBIX
YPaBHEHMI1, TO ee pellleHne BO3MOXXHO TOABKO IIOCA€ IIO-
Ay4eHMs TIpUBeAEHHON popmbl. [ToaToMy paccMoTpeHHOe
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CPeACTBO He HY)XKHO pacCMaTpyuBaTb KakK «IaHaleio». Ee
HY)XHO M3Yy4aTb COBMECTHO C U3Yy4YeHMEeM APYIUX CPEACTB,
B TOM uncAe u ctatuctudeckum makerom STATISTICA, xo-
TOPDII1 O3BOASIET PELIUTb AMHEHbIe CUCTEMbI OAHOBpE-
MEHHDIX YPaBHEHUIL. u
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