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PACNPEAENEHHOE UMUTALUUMOHHOE MOAENNPOBAHUE
CUCTEMBbI TENNTOCHABXEHUA 30AHUX B CPEE VISSIM

A.A. bacanaes

B craTthe paccMaTpuBaeTCs MOIXO0] K IIOCTPOSHHUIO PACIpeeICHHON UMHUTAIIMOHHON
MOJIETU LIEHTPATU30BaHHOW CUCTEMBI TEIIOCHAOXKEHHUS 3aHUi C UCT0JIb30BaHeM DBM
B cpelie HMUTALMOHHOTO MoAenupoBanus VisSim. IIpeacTaBieHHbIH NOAX01 OCHOBAH Ha
pa3zeNeHnn MOJAETHM Ha B3aMMOCBS3aHHBIC MOJCHCTEMBI, MOACIUPOBAHHE KOTOPBIX MO-
JKET MPOU3BOAUTECS HA y3/1aX BBIUUCIUTEIBHON CETH OJHOBpeMeHHO. [IpemioxkeHsl cro-
COOBI CHHXPOHM3ALIMH TTOJICHCTEM, MOJTYUYCHHBIX B PE3yJbTaTe pa3AeieHHs NCXOTHON MO-
neny. OnucaHbl MPEUMYIECTBA M HEJOCTATKU IPEUIOKEHHBIX CHOCOO0B CHHXPOHM3A-
. [IpencraBieHHbIe pe3yabTaThl MOJCTUPOBAHNS CUCTEM TEIUIOCHAOXKEHMS C Pas3iand-
HBIM YHCJIOM IOTpeOnTeNel NOATBEPXKIAIOT, YTO CKOPOCTh pacdyera MOJENH ¢ OOIbIINM
KOJINYECTBOM 3JIEMEHTAPHBIX BBIYMCIHUTEIBHBIX OJIOKOB M HETMHEHHBIX ypaBHEHUH yBe-
JUYUBACTCA NP pa3esIeHIH e¢ Ha B3aUMOCBSA3aHHBIE TIOACHCTEMBI.

Kniouegvie cnosa: pacnpedenennvie bl4uUcieHUs, UMUMAYUOHHOE MOOEIUPOSaHuUe,
cucmema YyeHmpanu3o8anHo20 meniocuabcenus, VisSim.

Beenenue

CeroaHst Ans ynpaBjieHUs! OOJIBIIMMU CIIOKHBIMH CHCTEMaMH BCE Yallle WCHONb3YIOTCS UMHUTALU-
OHHbIE MOoJieNH. Takue MOJeNu 3a4acTyl0 MPEACTABIAIOT COO0M CIOXKHBIE CUCTEMBI HEJTMHEWHBIX YpaB-
HEHUH ¢ OOJBIIMM KOJMYECTBOM HEW3BECTHBIX, AJISI HAXOKACHUS KOTOPHIX TpeOyeTcsi BBHIMOJIHECHHE
Oonpmioro o0beMa BbrauciieHUH. [Ipyu 3TOM BBIYHMCINTENBHBIX MOIIHOCTEH MpoLeccopa U ONepaTuBHON
namsTi oTAeNdbHBIX OBM yke HemoctaTouHO [uist obecriedeHus npoiecca pacdera. [loatomy st perie-
HUSI TAKUX CHCTEM CTaHOBSITCA Bce 0oiee aKTyalbHBIMHU pa3paboTKa U MPUMEHEHHE METOJIOB pacipee-
JICHHBIX M NapaJUleNbHbIX BeIYKciIeHui. [Ipu 3ToM pa3BHBalOTCS MpPeUMYIIECTBEHHO /1Ba HANPaBICHUS
pacnpeneneHHOr0 MMHTAMOHHOTO MOAETUPOBAHUS:

1. Pazpabotka pemateneil cucTeM HETWHEHHBIX YpaBHEHHH, MO3BOJIAIOIIMX PACIpPEIEIUTh CaM
MIPOLIECC PELIECHUS] €AUHON CIIOKHOM CUCTEMBI ypaBHeHUH Mexay OBM. Ilpu pazsutum 3T0oro Hampas-
JICHUSl HapsLy ¢ MaTeMaTU4eCKMMH METOJaMU aKTHBHO MPUMEHSIOTCS METOJbl HapajuleIbHOro Mpo-
rPaMMHPOBAHUS.

2. Pa3pabotka MeTomoB MOAM(MUKALIME MOJEINCH, HaNpaBleHHAs HA U3MEHEHHWE CTPYKTYpPHI U Ia-
paMeTpoB MOAEIH TaKUM 00pa3oM, YTOOBI €€ ObUIO BO3MOYKHO PACCUUTHIBATH MapaljiebHO Ha HECKOJIb-
kux DBM wiu sapax mpoieccopa.

B pamkax mepBoro HampaBlieHHS! aKTyaJIbHBIMU U TIEPCIIEKTUBHBIMU 33Jja4aMU SIBJISIFOTCS pa3paboT-
Ka ¥ COBEpIICHCTBOBAaHHME METOJOB pacliapayieIMBaHusl HESABHBIX pellaTesield, UCIIOIb3yeMBIX IS pe-
IICHHUS] CUCTEM HEJMHEHHBIX U quddepeHunansHbx ypaBHenui [1, 2]. Opnako Takue peuiaTeny 3agac-
TyI0 paspabaTbIBarOTCs JUIsl y3KocnenuanuzupoBanaoro 110, koTopoe npegHa3HadYeHo B OCHOBHOM IS
MCCIIEIOBATENbCKUX 3329 U 3a4acTyI0 He 00J1aaeT yA0OHBIMU HHCTPYMEHTaMU MOCTPOCHUSI UMHUTAIH-
OHHBIX MOjelNiell B BHJIE OJIOK-CXeM W CTaHJapTH30BaHHBIMH cpeacTBamu compstkerns co SCADA-
cuctemamu. HanpoTuB, B HanboJiee pactpocTpaneHHbIX cpenax (VisSim, Matlab Simulink), ssnsromux-
Csl TUTIOBBIMHU PEIICHUSMH JJI1 UIMUTAIMOHHOTO MOJISIMPOBAHUS, BCE €IIe OTCYTCTBYIOT MHCTPYMEHTHI,
MO3BOJISIONINE pacTapaIeuTh MPOLECC PEIICHUS CUCTEMBl YPaBHEHUI MOJIENIN, COCTABIICHHON B BHJIE
MIOJIb30BATENIbCKOM OJOK-cXeMbl. BBHUly 3TOr0, 1OCTaTOuHOE BHHMaHHE YAENSeTCd U BTOPOMY HaIpaB-
JICHHIO.

[Ipu Monudukanuu Moneneil Hanbojee pacIpoOCTPaHEHHBIMU METOJIAMH PacTIpeleICHHUs BBIYHCIIE-
HUH SIBIIAIOTCSA DKBHUBAJEHTUPOBAHUE M Pa3lelcHNE Ha MOACHCTEMBI. DTH METOJIbI MOJYYWIN PA3BUTHE
TIPU MOJEIMPOBAHUH ANIEKTPHUECKUX cXeM U cerelt [3]. OmHaKko XOTs SKBUBAJIEHTUPOBAHHUE U TTO3BOJIS-
€T paccuuTaTh OIpeeICHHbIC 3HAYMMbIE NapaMeTPhl CUCTEMBI, B O0IIEM CIy4ae OHO HE OTpa)kaeT pe-
AIBHYIO CTPYKTYPY CUCTEMBI, 1 IPUMEHEHHUE €ro JUI ONIPEACIICHHBIX CUCTEM MIPOCTO HEBO3MOXKHO.

Merton pa3neneHuss Ha TOJACUCTEMBI HE 3aBUCHT OT pelIaTessi, UCIOIb3yeMOro TOM MM WHOU cpe-
Joil MmosienupoBanud. 110CKONbKY MOACHCTEMBI MOIETHPYIOTCA B OTACIBHBIX Mpolieccax, TO pacnapali-
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JISIMBaHUE CAaMOT0 TIPOIlecca PelIeHUs yKe He SBISETCS CTONIb HeoOXoauMbIM. Kpome Toro, 3ToT MeTos
MEHEE 3aBUCUM OT CTPYKTYPbl CUCTEMBI 10 CPABHEHUIO C SKBUBAJIEHTUPOBAHUEM.

Ceroans Bce 0OoJyiee aKTyaJIbHBIM CTAHOBHUTCS MaKpPOMOJCIMPOBAHUE CIOXKHBIX CHCTEM DHEPIo-
CHaOXEHMsI, U TETUIOCHAOKEHHS B YACTHOCTH KaK OJHOW W3 MmojcucTeM. PaccMOTpUM BO3MOKHOCTBH
MIPUMEHEHHUST METOJa pa3JelieHus] Ha TOACHCTEMbI Ha TIPUMEpPe UMUTAIIMOHHOW MOJEIH TeIuIocHa0ke-
HUS 3J1aHUH.

IIpuHIMI MOCTPOECHHSA pacnpeaeIeHHOH HMUTALMOHHON MOJe/ Il

Mogenp TeIIoCHAOXKEHNS 30aHUI MOXKET OBITh JOCTATOYHO OOJIBIION WIH OTHENbHBIE €€ OJIOKH
MOTYT OBITh JOCTATOYHO CJIOXHBIMH, HO B OOIIIEM ClTydae B CUCTEME €CTh UCTOYHHUKH, COSTUHUTEIILHBIC
AJIEMEHTHI (TPyOOIIPOBO/IBI, TPYOOIIPOBOIHEIE TPOWHUKY U T. [I.) U MOTpedbuTean. PaccMOTpuM IpUHITHIT
pa30OueHnss MOJEH, TMOCTPOSHHOW, HApUMep, B Cpeie MMUTAIMOHHOTO MOJeNupoBaHus VisSim co-
TJIACHO METOJIUKE, OMHUCaHHOM B [4, 5] (puc. 1).

HcxoaHas MoJeIb CHCTEMBI

Denutens Tpy6a 1 3panne 1
notoka 1

notoka 2 Tpy6a 2 HHe 2

[WcTounmk J=—p{ Tpy6a 7

— y3el KOMMYHHKaLUN
¢ MOJIeTTbI0 No2

Mogens moacucTeMsl No2
y3el

KOMMYHHKAITHH C . - -
_ A nb py6a 3naHne
mopaenbio Nel [ Boixoa ¢ aenutens notokoe 1 j=——pp{ Tpy6a 6 A “m.( Sy

Puc. 1. CTpyKTypHOe pa3feneHue UCXOAHON MoAenu Ha NoAcUCTEMbI

BriOupaeM TOUKY pa3ieieHus UCXOMHOM Mojenu Ha 2 JacTd. IIpu 3TOM Kakaas 4acTh CTaHET OT-
JIeTbHON MOJIETIbIO M OYZIET BBITIONHATHCS B OTJEIBLHOM TIpoliecce. B kaxmoit HOBOI MOJIeIH COOTBETCT-
BYIOIIIAsl HEOCTAOMIAS YacTh 3aMEHSIETCS y3JI0M KOMMYHUKalMU. B niepBoil Mosienu y3en KOMMyHHKa-
UM BBHITOTHAET (QYHKLIUIO MOTPEOUTENSI, BO BTOPOil MoJenu — (PyHKIHIO HCTOYHHMKA. PaccMoTpuM 3TH

Y3761 KOMMYHUKaIUH (pHcC. 2).
CBs131 MexKTy 0JI0KaMM B HCXOHOMH MojIeu

| P1, P2, T1 :
| HcTounuk, »| Ilorpedurenn, |
| Tpyoa, Tpyoa, |
: TpyGOnpoBOAHbIii G1,G2, T2 TPYOONpPOBOHBIN !
| TPOIHHK TPOHHHK :
| |

Mogeas Nel Moaean Ne2

I e e e e T ———————— S —
| V3e1 KOMMyHHKAIHH P1, P1, |
| P2, Xpanuaume P2, |
: P1,P2, T1 T1 JAAHHBIX T1 |
| » »|  nociaeaHero —> |
! HUcrounuk, c nponecea Horpedureis, :
: Tpyda, TIpuémo- e, l;ei::“ Tpuémo- MOAETHPOBANIHS Tpy6a, |
| | TPyGonpoBoambIii g;’ Xpamwme G1, | nepenatunk r(ap“;:m nepefaTINK Tpy6onpoBOHLIi :
| TPoiiHuK > G2 ‘ TPOIHHK
| T2 JIAHHBIX T2’ G1,G2, T2 P !
| MoC/IeIHero < [~ :
|

x |
| MO/1e/IMPOBAHUS |
: V3es1 KOMMYHHKALHE |

Puc. 2. CDyHKuuouaanoe pasgeneHue McXo4HOM MoAenu Ha noacucTeMbl
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W3navanpHO mMeeM MH()OPMALMOHHBIE CBSA3M MEXIY YacTIMH MOAEIH U3 6 MEpEeMEHHBIX. OJTO
TEMIIepaTyphbl, NIABJICHUS U PACXOJIbl B TIOAIONIEM U 00paTHOM TpyOOIPOBOIaX.

Jlyis mepBOM MOJENH y3eJl KOMMYHHUKAIIUU TPEACTaBIsIeT co0oil moTpedurens. Ha y3en koMMyHu-
KalliKM KaK Ha MOTpeOUTelsl MOJAeTCsl TEIJIOHOCUTENb C ONpeAeTeHHON TemnepaTtypoil 7’1 1 U3BECTHBIM
nepenaaoM aasieHuil Pl u P2. DTU naHHbIE NEPEeNaloTCs y3JI0M KOMMYHUKALKUU MIEPBOM MOJIETH B y3€Il
KOMMYHHKAIIMU BTOpOW Mojenu, HarpuMmep, depe3 JIBC ¢ ncnonb3oBanueM creka nportokona TCP/IP.
Bo BTOpOil MOaENN y3€n KOMMYHHMKAIMH SIBIIETCS UCTOYHUKOM C Y>K€ U3BECTHBIMH XapaKTePUCTHKAMHU
(npusATEIMU U3 TIepBoX MoAenu P1, P2 u T1), Ha OCHOBaHMH KOTOPBHIX BO BTOPON MOJENH MPOU3BOIUT-
cs pacder pacxonoB TerioHocuTens G1 u G2 u TemnepaTypsl TEIUIOHOCHTENS B BO3BpAIAIOIIEM TPY-
OorpoBose 72, UTO U XapakTepu3yeT BTOPYIO MOJENb Kak nmorpedutensd. B cBoio ouepens, paccuuTan-
HBIE MTApaMeTphl epelaloTcs Y310M KOMMYHUKALUK BTOPOH MOJENH B y3€JI KOMMYHHUKAIMU mepBoit. U
Ha OCHOBE MH(OPMALUK O BTOPOH MOJIENIN KaK O MOTPeOHUTENe MPOUCXOIUT NEPEcUeT HapaMeTpoB Tell-
JIOBOU CETH B IIEPBOI MOJENH.

bnok xpaHwnuina ZaHHBIX MPUMEHSETCS Ui XpaHEHUs JAaHHBIX, MOJYYEHHBIX B pe3yibTaTe Ipe-
JBIAYIIETo Ipolecca MoAeaupoBanusl. I10CKOIbKY 4acTH MOJENN 3aIlyCKAIOTCSl ACHHXPOHHO, 3TH OJIOKH
MO3BOJISIIOT JUIsI TIEPBOTO IlIara MOJENMPOBAHUA IOJYyYaTh IOCIEIHEE COCTOSHHUE COOTBETCTBYIOLIMX
MOJICUCTEM.

MaremaTHiyecku cuUcTeMa HETMHEHHBIX ypaBHEHUH Obula paszenena Ha 2 yacTtd. IIpu sTom mMonu-
(unmpoBanKuch Bce ypaBHEHHUS, B KOTOPBIX Y4acTBOBaM 6 MEepeMEHHBIX UCXOMHOM cBs3H. OcTanbHbIe
ypaBHEHUS ObUIH pa3/ieleHbl MEXKAY YaCTIMHU MOCIH.

[Ipu 3TOM TakuM crtocoOOM MOXKHO Pa3feUuTh MOJEIb Ha HECKOJIBKO YyacTed. OHAaKO B pe3yJbTaTe
TOTO, YTO MOZENHN OyIyT BHIIOJHATHCS B Pa3HBIX MPOLIECCAaX, UX HEOOXOAMMO CHHXPOHU3UpPOBaTh. Pac-
CMOTpPHUM 2 TMOJIX0/1a K YIPABICHHIO CHHXPOHU3AIUEH, KOTOPBIE MOTYT OBITh IPUMEHEHBI IPH UCIOJb-
30BaHMM METOJIA Pa3eieHUs] Ha OJCHCTEMBI.

CUHXPOHU3AIUS MPOLECCOB MOAETUPOBAHUS MOJACUCTEM

ITepBBIil MOAXO0M 3aKIIOYAETCS B TOM, YTO PacyeT BCEX YaCTEed MOJENM MPOBOJUTCA B PEATHLHOM
BPEMEHU C OJUHAKOBOH IJIUTENBHOCTHIO IIara MOAEIUpOBaHus. B 3ToM ciydae Ha KaXA0M IIare mpo-
HCXOJIUT Tepeaada pe3yabTaTOB MOJICTUPOBAHUS MEXKITY YaCTSIMHU, HO U3-32 OJIMHAKOBOU JIITUTCIILHOCTH
I1aroB KaXkKI0M MOJIEIH OOIIETr0 PaccoriiaCOBaHUs HE MPOUCXOIHUT.

OTMeTUM nperuMyLIecTBa JAHHOIO MOAX0AA:

— TIPOCTOTA pealn3annu (TOJIFKO HACTPOHKA MapaMeTPOB MPOEKTa B CPelie MOISIIMPOBAHUS ),

— HET 3aJIepKEeK MPU MOACIUPOBAHUH YACTEH CUCTEMBI U CUCTEMBI B LIEJIOM, CBSI3aHHBIX C OKUJa-
HHEM JAaHHBIX;

— BpeMs Iepeaadr JaHHBIX HE BIUACT HA BPeMs pacueTa MOJISIH.

HemocTatku 3T0T0 1M0AX0/1a 3aKIFOYAIOTCS B CIICIYIOIIEM:

— TIpu ox0O0pe AIUTEITHFHOCTH IIara MOAEITUPOBAaHUS HEOOXOAUMO YUUTHIBATH CTPYKTYPY MOJIEIH
Y KOJIMYECTBO 3JIEMEHTAPHBIX BEIYUCIIUTENBHBIX OJIOKOB;

— HeoOX0oaMMO MOAOUPATh BPEMEHHOW 3arac Iiara MOACITUPOBaHUS H3-32 BOZMOXKHOTO YyBEIHUe-
HUS JUIMTEIBHOCTH pacyeTa OTAEIbHOIO I1ara Ipy MNepexoJHbIX IpoLeccax;

— pacyer Ha KaXJOM Ilare MOJEJIe ¢ MaJlod pealbHOM JIUTENbHOCTBIO IIara pacTAruBaeTcs J0
BEJIMYMHBI ITI00aJILHOIO IIIara.

BTtopoii monxos 3aKIr09aeTcsi BO BBEJACHHUH TOJICUCTEMBI CHHXPOHH3AIIUN YaCTEH MOJIETH, KOTOpas
JIOJDKHA 00ECTIeUYHBATh OKUJAHKE Pe3yIbTaTOB MOJETHUPOBAHMS KaXKAOTO IIara BCeX JacTel mepen o0-
MEHOM JaHHBIMU MEXTy HUMHU U BBIYUCICHUEM CIICIYIOIIETO Imara.

[IpenmymiecTBa JaHHOTO MOIX0a — 3TO TO, YTO:

—  Kaxaas MOJIEJIb PACCUUTHIBAETCS B COOCTBEHHOM MOJIEITPHOM BPEMEHU;

— BBHUJY ATOTO NPU HATMYUHN CHHXPOHU3aTOpa HET HEOOXOAMMOCTH pacieTa U BBOJA BPEMEHHOTO
3arfaca;

— MpOoliecC CUHXPOHU3ALMH HE 3aBUCUT OT AJIUTEIBHOCTU pacueTa I1aroB 4acTel MOJeNu.

HenocTtatkn 3TOr0 1M101X0/1a 3aKJIF0YAIOTCS B TOM, YTO:

— MOJEIb YCIOKHIETCS TOMOTHUTEIFHBIME 0JI0OKAaMHU CHHXPOHH3AITUY;

— BpeMs pacdeTa MOJCIIN 3aBUCHUT OT BPEMEHH Mepeadun JaHHBIX;
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—  YacTH MOJENH C MaJIOW AJTUTEIBHOCTHIO IIara MOJACITUPOBAHUS IPOCTAUBAIOT B OXKUIAHUHN TaKTa
CHUHXPOHH3ALUH.

CTOUT OTMETHUTB, YTO 00a MOJIX0/1a SBISIIOTCS )KU3HECTIOCOOHBIMU U B Pa3iIMYHBIX CUTyalusIX odec-
MEYNBAIOT TpeOyeMble MapaMeTphl CHHXPOHU3AINH pacdeTa.

PesynbTaThl MoAeTHPOBAHNS

OnwucanHblil moaxo ObLT MccieoBaH Ha 0a3e Monmenu cucreMbl TemtocHatkenuss PIEOY BITO
«tOxHO-Ypanbckuii TocynapcTBeHHbINH yHuBepcure» (HMY) [5]. B xone skcnepuMeHTaIbsHOro Moje-
nupoBanus Ha OBM c¢ ucnone3oBanueMm 2 saep ¢ yactorout 2,3 I'T'n nponeccopa AMD A10-4600M mpu
pa3OMeHNH CTaTHYECKOW MOJIENH, IMOCTPOSHHOHW B cpene VisSim, Ha 2 TMOACHUCTEMBI C MPUMEHEHHUEM
MOJICCTEMBI CHHXPOHH3AIIUK OBLIN MOJYYEHBI Pe3ybTaThl, IPEJCTABICHHBIC B Ta0MUIle 1 Ha Tpaduke
(puc. 3). Monynp cuaxpoHu3anuu B Mojenu nojcucteMsl Ne 1 cocrout u3 400 31eMEeHTapHBIX BBIUUC-
JTUTENBHBIX OJIOKOB. MOMYIIb CHHXpOHM3AIMH B Mozenu nojicucteMbl Ne 2 — u3 120 GiiokoB. B tabmure
4rciao OJIOKOB B MOJICHCTEMax YKazaHO 0e3 yueTa OJIOKOB MOAYJIEH CHHXpOHH3alMU. B xoje Kaxmoro
sKcnepuMenTa 0bu10 npousseaeHo 10000 maros mogenuposanus. s yBennyeHns: KOITUUECTBA OJIOKOB
B 3KCIIEPUMEHTAX CHUCTEMa AONOJHAIACH OAHOTUIIHBIMH IPYyIIIaMH OOBEKTOB, COCTOSIINX U3 MOTpeOu-
TeneH, TpyOoIpOBOIOB U TPYOOIIPOBOIHEIX TPOWHUKOB.

Pesyn bTaTbl MOgennpoBaHuUsa

(byHK till/z)?a?mHHx Bmfgﬁﬁ;ﬂﬂ Yucno 6;10K0B Yucno 6nokoB Bpewms
6J12]>Kog B HCXOMTHOI HCXOJIHOI B IIOJICHCTEME B TIOAICHCTEME BBITIOJTHEHUS
CHCTeMe CHCTOMbL. No 1 No 2 MIpY pa3/IeNIeHNUH, C
2500 14,7 1300 1200 83,4
5000 58,7 2600 2400 98,5
7500 207,2 3800 3700 133,4
10000 583,0 5000 5000 143,7
12500 1229,8 6200 6300 3144

CornacHo rpaduky (puc. 3), BpeMs pacyeTa UCXOJHOH MOJEIH C YBEINYCHHUEM KOINYeCTBa OJIOKOB
BO3pacTaeT ObICTpee, 4YeM BpeMsl pacueTa MOAEIH, Pa3AesIeHHON Ha MOJCUCTEMBI. DTO CBSI3aHO HE TOJIb-
KO C TeM, YTO Ka)kJas MOJICHCTEMa PAaCCUUTHIBAETCS B OTACIBFHOM IPOIIECCE, HO U C TEM, UYTO B KaXKIOU
MOJICCTEME MEHBIIIE M 3JICMEHTAPHBIX BEIYUCIUTEIBHBIX OJIOKOB, M pEeIIacMbIX Ha KKIOM IIare MoJe-
JUPOBAHUS YPaBHEHHH.
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(38001 3700)

10000
(50001 5000)

12500
(62001 6300)

KomnnuecTBo GII0KOB HCXOIHOH MOJENH
(xonnuecTBO GOKOB B moAcucTeMax Nel i Ne2 COOTBETCTBEHHO)

Puc. 3. Pe3ynbTaTthl MogenvpoBaHus
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3aMeTuM, 9TO AJII UCXOMHBIX CHCTEM ¢ KonmdecTBoM 0110koB 2500 1 5000 pazOueHne Ha MoJICHUC-
TEMBbI HEIEJIECO00Pa3HO, MOCKOJBKY B ATHX CIIydasx Ha KaKIOM Illare MOJICIUPOBAHMS BpeMs 0OMEHa
JTAHHBIMHU MEX]TY TIOJICUCTEMaMU OOJIbIIIe BpEMEHU pacueTa KaKI0H MOJACHUCTEMBL.

3akaoueHune

TakuMm 00pa3om, MPEICTABICHHBIH MOAXO0J K PaclpeAeCHUIO BBIYUCICHUIN O3BOJISICT MOBBIIIATh
CKOPOCTh YMCJICHHOTO MOJICIUPOBAHUS OONBIINX CUCTEM 3a CYET MOCTPOCHUS B3aMMOCBSI3aHHBIX CHC-
T€M HEJTUHEHHBIX YpaBHEHHUW, Pe3yNbTaThl CUHXPOHU3UPOBAHHOI'O PEIICHUSI KOTOPBIX 3KBHUBAJICHTHBI
PELIEHHUIO CUCTEMbl YPABHEHUM B UCXOIHOW MOJIETH.

[IpyMeHeHre OMMCAHHOTO IMOAXO/a MO3BOJIIET CTPOUTH HOBBIC MOJICIM M MOAUDUIIUPOBATEH YKE
CYIIECTBYIOIIUE TaK, 9YTOOBI MX OBLIO BOZMOXKHO MHTETPHUPOBATH B CHCTEMBI YIIPABICHHS, KOTOPBIE TPe-
OYIOT BBICOKYIO CKOPOCTh BBIUHCIICHUH TTapaMETPOB.

CTouT TakX)e OTMETUThH TO, YTO CXOAUMOCTh pacdeTa y KakJOW IMOJCHUCTEMBI B OTACIBHOCTH JTyd-
11e, YeM Y UCXOJHOHN CHCTEMBI, BBHIy OOIBIIET0 YMCiIa YpaBHEHUH B UCXOMHOM cucTteMe. OTHAKO M3-3a
PacXOXACHUS PE3yJbTaTOB BEIUUCICHUHN B MPEJENax OJHOIO 1Iara CXOAUMOCTh B3aUMOCBSI3aHHOTO pac-
yeTa MOJEJICH HECKOJBKUX IMOJCHCTEM MOXKET OKa3aThCs XY)KE, UeM y HUCXOTHOUW cucTeMbl. [loaTomy
JAHHBIN BOMIPOC TPeOYyeT NOMOTHUTEIHHBIX NCCIIEJOBAHUH.
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DISTRIBUTED SIMULATION MODELING
OF DISTRICT HEAT SUPPLY SYSTEM IN VISSIM

A.A. Basalaev, South Ural State University, Chelyabinsk, Russian Federation,
sasha-basalaesv@mail.ru

This paper describes an approach to constructing distributed simulation model of dis-
trict heat supply system using a computer in VisSim simulation environment. The approach
is based on division a model into interconnected subsystems, simulation of which can be
processed by area network nodes simultaneously. Ways to synchronize model subsystems
obtained by the division of initial system are supposed. Advantages and disadvantages of
these ways are described. The presented results of simulation of district heat supply systems
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with different number of consumers confirm that calculation speed of a model with large
number of basic computational units and nonlinear equations increases in case of the divi-
sion this model into interconnected subsystems.

Keywords: distributed computing, simulation modeling, district heat supply system,
VisSim.
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