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CucteMHaa AnHammnKa, System dynamics

Moaxoa UMUTAUMOHHOIO MOAETMPOBAHNA NPeasoKeH U pa3paboTaH B
KoHUe 1950-x rogos amepuKaHcKkum npodeccopom [xeem Poppectepom
(Jay Forrester) n3 Macca4yycetckoro TexHonorm4yeckoro nHctutyta (MIT) Ha
6a3e Komnsiekca naeu n3 Teopun ynpasaeHusa, Teopumn nHGopmaumm u
KNOEpPHETUKM, a TaKKe Teopumn ynpasaeHmna opraHmsaymamu. B 1958 r.
pa3paboTaH cneumanbHbIM A3bIK NporpammmposaHmns DYNAMO (DYNAmic

MOdels).

CUCTEMHO-AMHaMUYECKMe MOAEeN NpeanoiaratoT BbICOKU YpOBEHb
abcTpakuum (ctpaternueckmnm) nccnegyembix o6vektToB. CucTeMHasnA
ANHAMUKa aBnaeTca aGPeKTUBHbIM METOA0OM UCCneaoBaHMA
OpPraHU3aLMOHHbIX CUCTEM: aHA/IN3 PbIHKA, YIPaBJ/IEHNE MPOEKTaMMU,
ynpasBaeHue Ueno4yKkamum noctaBoK

MOLHbIN MHCTPYMEHT ANA NOAAEPHKKN NPUHATUA PeLLIEHNI NpuU
CTPAaTErMYECKOM aHaNMN3E N A0NTOCPOYHOM MAAHUPOBAHUM



[Tapagnrmbl UMMUTALMOHHOTO MoaennpoBaHMA |
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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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CucTtemMHan AMHAMKMKa — r/1aBHbIM MOCTYAAT

* [NaBHbIK NOCTYNAT CUCTEMHOWN ANHAMUKM «CTPYKTYpa CUCTEMDI
onpeaensaer noseaeHue», g He sBHeWHuUe so30elicmausa Ha cucmemy.

* Ba)kHoe cneactsue: rybuHHbIE NPUYUHBI BONbLWMHCTBA Npobaem, B
KOTOpble NOMNaAaeT yrnpassisiemas CN0XKHAA CUCTEMA, KOPEHATCA HE B
«HebnaronpuATHbLIX» BHELWHUX YC/I0BUAX, @ B cneundPuKe CTPYKTYypbl
CUCTEMDI.

Xomsakos, CucmemHsbilU aHanu3, 2008
Hy»*XHO NpUy4YnTHCA CMOTPETb Ha OCHOBHbIE CTPYKTYPbI, @ HE Ha CObObITUA
Senge, The Fifth Discipline, 1990, CeHee, [Tamas ducyunauHa, 1999

[Mpu NnocTpoeHnn moaesiem OCHOBHOE BHUMAaHMWE yaenaeTca BbISBAEHUIO
CTPYKTYPbI cUCcTEMbI. MHAMBUAYANbHbIE 0OBEKTbI HE pacCMaTPUBAOTCS, A
JINLLb NX KOZIMYEeCTBa U arpermpoBaHHble NoKa3aTenun.



Ilnarpammoil

CucteMHaa AMHaAMUKA npeanaraeTt ase rpapuyeckne HoTaumu:
NPUYNHHO-CNeacTBeHHasa anarpamma (causal loop diagram) u
noTtoKoBsaa agnarpamma (stock and flow diagram)



[] PUHNHHO-CNedCTBEHHAA ANATPaAMMa --
MOTHBaAUWNA

* MbI cTpagaem oT GyHAAMEHTAIbHOTO HECOBMNAAEHUSA MEXAY NPUPOAOH
PEaNbHOCTU B CNIOXKHbIX CUCTEMAX U MPUBBLIYHBIM A1 HAC CNOCOHB0OM MbICAUTL 06
3TOM peasibHOCTU. N nepBbIM LLIArom K YCTPAHEHUIO 3TOFO0 HECOBMNAAEHMA AONKHO
6bITb 0CO3HAHME TOrO, YTO MPUUYUHDBI U CNEACTBUA Pa3beaUHEHDbI B NPOCTPAHCTBE
N BpeMEeHM.

* Mbl npeacTaBasem M1p MHENHbIM, HO PeanbHOCTb UMKAUYHA. B 3TOM 0HO 13
FMaBHbIX OrPaHNYEHUM HaLllen CNOCOOHOCTU MbICIUTb CUCTEMHO.

* ,ﬂ,l’IFI CUCTEMHOTO MbILUJIEHMNA ABNAETCA aKCUMOMOM TO, UTO BCAKOE B/IAHUE eCTb
oAHOBPEMEHHO U NPUYnNHa, N pe3ysbTar.

* Pa3BmnBas CUCTEMHOE MblILW/IEHME, Mbl OTOpacbiBaem nNpeanoaoKeHune, Yto BCceraa
€CTb KTO-TO, Ha KOM Ne}XUT OTBETCTBEHHOCTb. /3 KoHLUenuum obpaTHOM CBA3U
BbITEKAET, YTO KaXKAbIN HECET YaCTb OTBETCTBEHHOCTU 3a Npobaembl,
co3/1aBaemMble CUCTEMOMWN.

Senge, The Fifth Discipline, 1990, CeHze, [Tamas oucuurnauHa, 1999



CUCTEMHbBIM MPUHUWM KPYroBoU NMPUYMHHOCTA

ABNAETCA OCHOBOM MPUYMUHHO-CNEACTBEHHbIX AMarpamm.

Any effect becomes a causative factor for future effects, influencing
them in a manner particularly subtle, variable, flexible, and of an

endless number of possibilities
von Forester, etc. 1953



[TPNYMHHO-CNeaACTBEHHAA AMarpamma |

* [lpUYNHHO-CNeACcTBEHHAA AMarpaMma — MeTo ], KaYeCTBEHHOIO
aHa/In3a C/I0XKHbIX cuctem. NoCcTpoeHHaa Mmoae/sib CUCTEMbI MO3BONAET
BbIABMUTb NOABAEHNE NPobaeMbl, pa3ButTne npobaembl, HAMETUTb
BapUaHTbl PELLUEHUA.

* [MpnymMHHO-cneacTBeHHas anarpamma (causal loop diagram) —ato
rpapuyecKas HoTauMAa CUCTEMHOW AMHAMMUKU, NPeaCcTaBAAOLLLAA
NMPUYNHHO-CNEeACTBEHHbIE CBA3U CUCTEMbI U rNobanbHble BANAHUA
OlHMX NAapPaMeTPOB Ha ApYyrne Bo BPEMEHM C MOMOLLbIO LUK/IOB
obpaTHOM CBA3MU



[ToYMHHO-CcneacTBeHHaAa Anarpamma l|

* [IPUYMHHO-CIeACTBEHHbIE ANATPAMMbI COCTOAT U3 KNOYEBbLIX
nepemMeHHbIX, onpeaenaomx noBeaeHne CUCTEMbI, U CBA3EN MeXKay
HUMMU. NepemeHHble 0603HaYatoTCA TEKCTOBbIMU UAEHTUPUKATOPAMMU,
CBAI3M MeXay nepeMeHHbIMM 0603HAYalTCs CTPEeNKaMM OT MPUYMHbI K
cneacteuto. CBA3M MeXay NepeMeHHbIMU UMEIOT NONAPHOCTb
(nonoxkntenbHaa uau oTpmuaTenbHas)

* Ha A3blKE CUCTEMHOIO MbILLJIEHNA BCE CUCTEMbI OMUCLIBAOTCA C MOMOLLbIO
31EMEHTOB CUCTEMHOTO MbILLNIEHMA: YCUANBalOLWAa obpaTHaa cBA3b
(4eTHOe uncno oTpuLaTesibHbIX CBA3EN), ypaBHOBeLWUBaOLW,aa obpaTHan
CBA3b (HEYETHOE YNC/I0 OTPMULLATE/IbHbIX CBA3EN) U 3a[4EePHKKHU

Senge, The Fifth Discipline, 1990, CeHee, [lamas ducyunauHa, 1999



[To4MHHO-CcneacTBeHHaAa anarpamma |l

Echu B cucteme nmeetca yeunmsarww,an (reinforcing) obpatHasa cBAasb
MeX Yy HEKMMU 3/IeMeHTaMM, TO cUcTeMa 0653aTeNIbHO byaeTt BecTu
ceba nam no TMNy 3KCNOHEeHUMANbHOIO 3aTyXaHWUs, UK NO TUNY
3KCNOHEHLUMaNbHOro pocta. llpu amom cosepuweHHO 8ce PasHo,
Kakumu byodym sHewHue 8o30elicmaus, UHUyuupyrouwjue 0aHHYHO
obpamHyto cea3b. Cucmemy 8 amou cumyauyuu 00CMamoYHO AUWb

He3Ha4yumesibHo NoOMoOsIKHyMo.
Xomsakos, CucmemHobiUu aHanu3, 2008



[To4MHHO-CcneacTBeHHaa anarpamma |V

Ecnam oTKNUK KOHTYpPA O6paTHOl\/JI CBA3UN Ha nNepemeHHOEe nameHeHue BbICTyMNaeT NpoTuBs
NnepBoOHAYa/IbHOINo BO3IMYLWEHNUA, TO KOHTYP ABNAETCA OTpULaTe/IbHbIM UNN LeNeHaNnpPaB/1IEHHbIM.

CudopeHKo, CucmemHaa OuHamuka, 1998

YpaBHOBeLwunBawLwyo uam ctabunusmpytowyto (balancing) obpatHyto cBA3b Mbl Haxoaum
Be3/Je, rae Ha/InYyecTByeT NoBeJleHNEe, OPUEHTUPOBAHHOE HA AOCTUXKEHMUE LENN.

Senge, The Fifth Discipline, 1990, CeHee, [Tamas ducyunauHa, 1999

CuctemHbI npuHUMN 0bpaTHOU cBA3M:

All purposeful behavior may be considered to require negative feed-back. If a goal is to be
attained, some signals from the goal are necessary at some time to direct the behavior.

N. Wiener, Cybernetics: or control and communication in the animal and the machine, 1948



[TpnYmMHHO-cneacTBEHHaA Anarpamma V

MHorme npoueccbl 0bpaTHOM CBA3M paboTaloT C 3aAepKKaMM, TaK YTO
nocneacTema AeUCTBUN NPOABAAKOTCA TONIbKO MNOCTEMNEHHO.

Senge, The Fifth Discipline, 1990, CeHee, [1Tamas ducuyunauHa, 1999

3ana3gbliBaHMA B LMKAaX 0O6paTHOM CBA3M OKa3bIBalOT pellatollee
B/INAHME Ha NoBeAeHue cuctembl. YacTo OHM NPUBOAAT K
BO3HUKHOBEHWUIO KosebaHui. ... [poaonKutenbHOCTb 3ana3abiBaHNA —
OYEeHb MOLLUHbIN pblyar BO3AeMNCTBMA Ha CUCTEMY... Ja/IEKO He Bcerga
BE/INYMHY 3ana3ablBaHUA MOXHO JIEFKO USMEHMUTb.

1. Meodoys, A3byka cucmemHo20 mbiwneHus, 2008



[Tpoumep. Moaenb bacca
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[To4MHHO-CcNneacTBeHHaAa Anarpamma Vi

[MTpUYMHHO-CNeaCcTBEHHAA AMAarpamma He MMEEeT CEMaHTUKMN,
AOCTAaTOYHOWN A9 UMUTALUU



ﬂQ
[loTOKOBaA AMarpamma | @

.ﬂ.e.
MoTokoBaa anarpamma (stock and flow diagram) — meTtoa KonnyecTBEHHOro aHasM3a CIOXKHbIX
CUCTEM Ha OCHOBE UMUTALMOHHOIO MOAENNPOBAHUA

OCHOBHble KOMMOHEHTbI MOTOKOBOM ANarpammbil:

* Hakonutenb, 3anac, yposHeBaa nepemeHHas, stock. XapaktepusyeT Hakon/eHHble 3Ha4YeHNA
NepemMeHHOMN CUCTEMbI B TEKYLLMI MOMEHT BpemMeHU. MI3meHAeTcA BO BPEMEHU TO/IbKO B
pe3synbraTe paboTbl BXOAALMX U BbIXOAALLMX NOTOKOB. BbiparkaeTca B eAnHMLAX pasmepHocm
Mmozenn (YUCNEeHHOCTb N0AEN, NUTPbI, DBaHKOBCKAsA Ha/JIMYHOCTb, TOBAaPbl, 3HAHUA..

* Motok, notokoBaa nepemeHHas, flow. PerynupyeT ckopocTb n3smeHeHnA HakonuTene.
YBENMUMBAET UM YMEHDBLUAET 3HAYEHWE NEPEMEHHO HaKOMUTENA. BbIPaKaeTca B eaMHMLaXx
Pa3sMepHOCTM MOAENN 33 eANHULY BPEMEHM

* [epemeHHble
* CBA3b
NoToKoBaA gunarpamma mogenupyet npoueccbl B BUAE NOTOKOB MeXXAy HaKkonutenamm
Bce KOMMNOHEHTbI NOTOKOBOW AMAarpaMmmbl UMEKOT YNCNOBbIE 3HAYEHUA
Anylogic
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[loTokoBas Anarpamma || @H;]
.ﬂ.e.

* C dopmanbHOM TOUKK 3peHNA NOTOKOBAA AMarpamma peannsyertcs B Buae
maTemaTtuyeckon moaenu (cuctema OfY nepsoro nopazka nau
anobdepeHUManbHO-MHTErPabHbIX YPaBHEHWN)

d(stock)
et inflow(t) — outflow(t)

NMoTokoBaa agnarpamma — rpadpuyeckas mogenb cucremol O1Y

* CUCTEMHO-AMHaMMYECKasa moaeb B BUAE NOTOKOBOM AMArpamMmMbl MOXKeT
ObITb peann3oBaHa MHCTPYMEHTAMM AN CXEMOTEXHUYECKOTO
MOAeNnpoBaHMA AnHammuyeckmx cnctem (Hanpumep, MATLAB Simulink) Ha
OoCHoOBe 6104HOro noaxoaa. OQHAKO TaKME UHCTPYMEHTbI He YyA0OHbI AN
aHaINTUKOB, TaK KaK OHW He NoaAepPHKUBAOT CMCTEMHOro obpasa
MbILWNEeHNA

bopuwes, AnylLogic



[loTOKOBaA Anarpamma aaa moaesim bacca
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[loTOKOBaA AMarpamma gna moaenmn bacca ll
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[loTOKOBaA Anarpamma gna moaenmn bacca Il
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[loTOKOBaA Anarpamma ana moaenmn bacca IV
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Puc. 2. TIpUMED CMCTEMHO-AWHAMWYECKOR AWarpaMMLl
«[IPOHMKHOBEHHE NPOIYKTA Ha PLIHKE»

CudopeHKo, KpacHocenbcKuli, busHec-uHgpopmamuka, 2009
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Moaenb bacca — peanmnsauma B AnyLogic

* [MogpobHaA MHCTPYKUUA NO peanm3aumm CUCTEMHO-ANMHAMMUYECKOWN MOAENN B
AnylLogic cm.
* CnpaBKa AnyLogic/YuyebHble nocobua/Aunddysua no baccy (CnctemHasa guHammKa)

* [lpezeHmayusa « MH020Mo00x00HOEe uMuMmayuoHHoe moodesnuposaHue 8 AnylLogic», cnalidsl
211—241, AnylLogic

* B.H. Muxatinos. UmumauyuoHHoe moodenuposaHue: y4ebHo-memoouyeckoe rnocobue. 2015.
JlabopamopHas paboma 2. MoodenuposaHue duHamuyeckux cucmem, cmp. 48—100.

 M.B. Kucenesa. UmumauyuoHHoe moodenuposaHue cucmem 8 cpede AnylLogic: yyebHo-
memoouyeckoe nocobue. 2009. /labopamopHaa paboma Ne 2, cmp. 39—61.

* [lononHUTEeNbHO pea/in30BdHbl yCOBEPLWLEHCTBOBaAHNA MOAENN

* MopaennpoBaHmMe NOBTOPHbIX MOKYMNOK (Mpoaax)

* MopaenupoBaHme LMKAUYHOCTM CNpoca

* MopaenupoBaHue cTpaTerMm PeKNamMmHoOM KamnaHum
* ONTUMMU3ALMA PEKNAMHOMN CTpaTernm



J1b 2. CnctemHo-anHammyeckaa moaenb bacca

e OcyLwecTBUTb Ba30BYyHO peannsaumto CUCTEMHO-ANHAMUYECKON MOAETU
bacca

* OcywecTBnUTb paCclLNPEHHYO peanmnsaumto
 MopgennpoBaHne NOBTOPHbIX NOKYNoK (bblukoBa B., ®opuHKo b.)
* MoaennpoBaHue UMKANYHOCTU cnpoca (boHaapuk W., Pyukan E.)
* MopgennpoBaHue cTpaTermm pekiamHon kamnaHmum (Kanyctun B., Jlerywes /[.)
* OnTumunsauma peknamuHon ctpatermm (Mykoseu, [1., Manbiwko B.)



