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AHHOTAIUA

AKTyallbHOCTh ONTHUMH3AIUM CUCTEMHO-OOBEKTHBIX HMMHTAIMOHHBIX MOJEICH CBOIUTCS K
WCIIOJNIb30BAHUIO HMMHUTALMOHHOTO MOJETUPOBAHUS [Jisl PEHICHHUs] MPaKTUUYECKUX 3aJau.
OnTuMu3anusi aKTUBHO TIPUMEHSETCS B HMMHTAIIMOHHOM MOJEIMPOBAHUN I ITOCTPOCHUS
BBICOKOKAYECTBEHHBIX MoJienei. CyIecTBYIONMNE TEXHOJIOTHU ONTHMHU3AINH MOJCITUPYEMBIX
MIPOIIECCOB, BHEAPEHHBIE B IMPOTPaMMHBIE CPEJCTBA, MOCTOSHHO COBEPIICHCTBYIOTCS. Takum
00pazoM, TeMa pa3pabOTKH CHCTEM OINTHMHU3AINK OCTACTCS OTKPHITOW. B OCHOBE MPOBOIUMEBIX
WCCIICIOBAHUN JIGKUT CHCTEMHO-OOBEKTHBIN moaxon «Y3en-OyHKIug-O0beKT», alrOPUTMBI
COPTUPOBKM MACCHBOB, a TaKKe€ METOIbl ONTHUMHU3ALMK JUHEHHOro mporpamMmmupoBanus. B
paboTe paccMaTpuBaeTCs BOIPOC KIACCH(HUKAIMK 33Ja4d ONTUMHU3AIUU COTJIACHO OCHOBHBIM
JJIEMEHTaM, U3 KOTOPBIX COCTOUT WMHUTAIIMOHHAS CHCTEMHO-00BEKTHAs MOJIENb: Y3€el, (GYHKIIHO,
o0bekT (YDO). [IpuBeneHsl onucaHus U MPUMEPHI MOJIENIEH, B KOTOPBIX PACKPBIBAETCS CMBICT
MIOCTaBJICHHBIX 3aJa4. B 3aKIt04eHnu aBTOPHI MPUXOAT K BHIBOAY, UTO ONTUMU3ALUS CUCTEMHO-
OOBEKTHBIX MOJIEICH TOJDKHA IMPOBOJMUTHCS COTJIACHO TPEM OCHOBHBIM KOMIIOHEHTaM ITOIX0]1a
«Y3en-Oynknua-O0pexT». [anpHelmas KiracCu(UKAIUs METOOB ONTHMHU3AINHN  TOJDKHA
MIPOBOJIUTHCS B COOTBETCTBHUHU C BBIICTICHHBIMU KOMIIOHEHTAMU.

KaroueBsnie cioBa: «Y3en-Oynkiusa-O0beKT»; HMUTAITHOHHOE MOJACITUPOBAHKE; ONTHMH3AIIHS,
Mepa CUCTEMHOCTH.
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Abstract

The relevance of optimization of system-object simulation models is reduced to use of
simulation to solve practical problems. Optimization is actively used in simulation
modeling to build high-quality models. The existing technologies of optimization of
simulated processes, implemented in software, are constantly improving. Thus, the topic
of optimization systems development remains open. The basis of the research is the
system-object approach «Node-Function-Object», algorithms for sorting arrays, as well
as methods for optimizing linear programming. The problem of classification of
optimization problems is considered in accordance with the main elements of which the
simulation system-object model consists: a node, a function, an object (UFO).
Descriptions are given and examples of models in which the meaning of the tasks is
revealed. In conclusion, the authors conclude that the optimization of system-object
models should be carried out according to the three main components of the «Node-
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Function-Object» approach. Further classification of optimization methods should be
carried out in accordance with the selected components.

Keywords: «Node-Function-Object»; imitation modeling; optimization; systemic
measure.

BBE/IEHUE

NMuTanmoHHOE MOJEIMPOBAHUE MOKET OBITh NMPUMEHEHO IS PELIEHUs 3aJad onTuMu3auuu. B
ocHoBe nosnoxxkeHuit COMII3 [4, ¢. 106] AeKUT OPUTHHAIBHBIA CUCTEMHO-O0BEKTHBIN MOIX0 «Y3el-
Oyukus-O0bexT. CreaoBareabHO, CUCTEMHO-O0BEKTHBIE MOJICTH MOTYT OBITh ONTUMHU3UPOBAHBI TIO
TpeM IMpHU3HAKaM: C TOYKH 3PEHHs LEJIOCTHOCTH CHCTeM U MoAcUcTeM (y3/10Bas ONTHMU3ALINA);
3G GEKTUBHOCTH PAOOTHI METO/AA OTACIBHO B3SATOro o00BekTa ((YHKIHMOHAJIbHAS ONTHUMM3AIINSA);
ONTHMAaJbHble 3HAUCHUS KOJIMYECTBEHHBIX IMOKa3aTeeil CBONCTB OOBEKTOB (OOBEKTHAsI ONTHMH3AIMS).
Hanee npuBeneHa 6ojee moapoOHas Kiaccu(UKAIMs IPUBEICHHBIX BbIIIE PU3HAKOB.

Y3/I0BAA OIITUMHU3AIIHA

V3510BOM oONTUMM3aLMENd HA3bIBACTCS W3MEHEHUE COIpPSIKEHUs JABYX Y3JI0B ITOTOKOBBIMH
oObekTamu. ['oBOps Mpo Ciiydail y3710BOM ONTHUMHU3AIMU, HEOOXOIUMO 3aJIeHCTBOBATH TEPMHH MEpPHI
CUCTEMHOCTH, KOTOPbII BBOAUTCS JUISI OLUEHKH COOTBETCTBHUS MOJICUCTEM TpPeOOBAHMSIM HAJICUCTEMbI

[5, c. 1814].
mez ysen 2 csRse 4

cerRze 1

yzen 1

Ry,

/

Xt ceRse 2 csRze 5
yzen 2

Puc. 1. Ilpumep y310BOI ONITUMHU3ALUT
Fig. 1. An example of a nodal optimization

[IpencraBum crnenyrommii mpumep B cpeie umurtanuonHoro wmogaenupoanuss UFOModeler
[6, c. 31365]. Hanmpumep, cBs3b 2 MEXIY y3J0M 1 M y3710M 2 ABISETCS HE B IIOJHOM MEpE KOPPEKTHOH, TO
€CTh B KOHTEKCTE paccMaTpUBA€MOM TMOJCHUCTEMbl HajJU4Me CBA3M 2 HE OOeCHedyuBaeT BbICOKHM
KodpuuueHT cucteMHocTd. Heobxoaumo HalTH Tako# y3en 3, KOTOPBI NPH COeIMHEHUHU €T0 € y3JI0M 1
yepes CBsI3b 3 CMOXKET MOBBICUTH KO3(PPHUIIMEHT CUCTEMHOCTH, MPUOIN3UB €ro K equHuie (puc. 1).

Takum 00pa3oM, CTPYKTypa paccMaTpuUBaeMON MOJCHCTEMbl MOJENIN CTaHET ONTHMHM3HPOBAHA C
TOUYKH 3PEHHUS B3aUMOCBS3H Y3JI0B.

OYHKIIHOHA/IbHAA OIITUMHU3ALTUA

@OyHKIMOHANbHAS ONTUMU3AIMs — BBHIOOpOUYHAs 3aMeHa MeToja OO0BeKTa (parMeHTOM Koja,
pelIaoIMM AaHAIOTHYHYIO 3anady. O((EeKTUBHOCTh WM3MEHEHHs ajJropurMa OyJeM OLEHHBAaTh I10
CKOPOCTH, TpeOyeMOoll Ha UCIIOTHEHHE METO/Ia.

Hanpumep, y3en 1 copTupyeT MaccMB U3 OJUHAKOBOTO KOJIMYECTBA AJIEMEHTOB M HCIOJIb3YET
METOJl «I1y3bIPbKOBOW COPTUPOBKM» [2, c. 320] ero aJiropuTMHUYECKasi CKOPOCTb B CPEJHEM COCTaBIISIET
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«O(n2)», W3BECTHO, 4YTO, METOJ «OBICTpOW COPTHUPOBKM» [3, c. 643] muMeeT cpenHIO CKOPOCTb

coptupoBku «O(n log n)».

Hcnons3zyem cpeny wumutannonHoro wmozenupoBanus UFOModeler.

Onumiem AJITOPUTMBI

COPTUPOBOK Ha CHEIHAIbHO pa3pabOTaHHOM SI3bIKE CPE/bl B y3jaX C MMEHAMU allTOPUTMOB, IPU 3TOM B
KaueCcTBE BXOJHBIX JAHHBIX 3aJaJUM MAcCHB C OJIMHAKOBOM Pa3MEpPHOCTBHIO M3 THICAYU DJIEMEHTOB

(puc. 2).

Csoicrea ysna
Naparaerp

Orscarise ysna
R Comdl

Mpadusecrini o0pas ysna

I Sraveruee
Haumerosarsie ysna

Jarpyaure U3 Patina
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= for J:=%5i+1l to n—-1 do
begin
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firse, i integers:
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Cryvre nowm Pprocedure qUIiCkSost (VAr =as array of integex. firss, last integex) :
var £, 1, mid, count integer;
Nossayea X am x in
Nosiaueay &7 L:mfirsc;
l:=lasc;
Wipsesa 8 mid:emas{(£41) div 2]; (s
Buicota 105 repeat
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B auses begin
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=as(f)-=mas(l]:
=as(l] i=counc;

inc(g);
decil):

end.
until

if first<l then gquicksort (A, first, 1l):;
if f<last then quicksort A, £, last):

end;

begin

seclengthia,

n;

Qquicksort (A, firsc, lasct)

se=cbhbjiprop

end

*sbusy’, 100 3 PTNPOREa amerena

Puc. 2. TlporpaMMHBIi KOJ y3/10BBIX METOA0B COPTUPOBOK

Fig. 2. Code nodal methods sorts

L)

[IpuBeneM Ha BBIIOJHEHUE MOJEINb, COCTOSUIYIO U3 IBYX Y3JIOB, HHIANKATOPHBIE MOJIOCHI OTPAYKAIOT
MIPOLIECC BBINOJIHEHUS COPTUPOBKH JIByMS pa3HbIMU aJIrOpUTMaMHu (puc. 3).
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T Mogenb copTUpOBKKH

OB0zHaYEHHA
’ I Huzkan sarpyska
I Cpeansn sarpyska
3anycTiTe MNayza Mpogomwkute | OTnagka OCTaHoEMTE CoxpaHuTe I Eoicokan sarpyska
5] coprupoeru Nuarparama Mporpardraa CocToAHue Mor K.oHzone Tpapu, MapareTpel

yaen 1 yzen 2

Haimioune: Iuanauie

Puc. 3. BeimonHeHne COpTUPOBKH MacCHBOB
Fig. 3. Perform array sorting

[TosnHOCTBIO 3amoJIHEHHAs KpacHas I10JI0Ca O3HA4aeT 3aBEpIICHHE IpoLEecca COPTUPOBKHU. Takum
o0Opa3oM, QpyHKIHMOHAIbHAS ONTUMHU3ALUS OyJIET OCYIIECTBIATHCS UYepe3 3aMEHy METO0Jla «I1y3bIpbKOBOM
COPTUPOBKM» Ha METOJ «OBICTPOM COPTUPOBKMU», YTO CYIIECTBEHHO MOBBICUT CKOPOCTH BBIIOJIHEHHS
IIOCTaBJICHHOW IIepe1 y3JI0M 3a/1auH.

OB'BEKTHAA OIITUMHU3ALIUA

OObeKTHAsI ONTUMU3ALNS — TTOTYYSHHE ONTUMATBHBIX 3HAYCHUN BBIXOTHBIX JAaHHBIX (MM CBOHCTB
o0bekTa). Takyro OoNTUMHU3ANMIO eIle MOKHO Ha3BaTh pecypcHou. Kak mpaBwiio, B 3TOM cily4ae Ham
HE0OXOMMO BOCIOJB30BAThCS CIEIUATBHBIM Y3JIOM, COJEPXKAlUM METO/A, KOTOpBIH mpeolOpa3yer
BXOJHBIC TTAPaMETPHI ISl TIOJTYYCHHS ONTHUMAJILHOTO 3HAYEHUS MCKOMBIX CBOMCTB 00BEeKTOB. [lo100HbBIE
3a/1a4ud OMUCHIBAIOTCA B MAaTEMaTUUYECKOM AUCIMILUIMHE JTMHEHHOE porpammupoBanue [1, c. 120].

Jns mpumepa mpHuBeAEeM pelIeHHe 3ajadyu depe3 co3aanue mojaenu B cpeae UFOModeler.
[IpennpustTie monydaeT MPHUOBLIL OT MPOU3BOJCTBA IBYX H3ACNUN, MPUOBLTL OT MPOJAKU OIHOTO
m3enus 1 cocTaBiiieT COPOK MATh y.€., NPHUOBUIL OT MPOJAXH OJIHOTO H3JENUs 2 COCTaBIsET
BOCEMBJECAT Y.€., CBSI3b «OOIIMHA pecypc 1» CONEpKUT KOIMUECTBEHHBIN MapamMeTp paBHBIA YeThIpecTa
€IMHUI, a CBA3b «OOUIMI pecypc 2» COIEpKUT KOJMYECTBEHHBIN IapaMeTp paBHbIM dYeTbIpecTa
naTeaecaT enunuil. Oba pecypca OAHOBPEMEHHO SBIISIOTCS COCTABISIONIMMHU 7Sl IBYX Pa3HbIX WU3IEIHI.
B xakom konmuecTBe HEOOXOIMMO BBITYCTUTh U3MIENHi 1 1 u3aenuii 2, 9T00bI OTYYUTh MAaKCUMATHHYIO
puoOBLIL (puc. 4).
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Puc. 4. CucteMHO-00BEKTHAS MOACITH MTPOU3BOJICTBEHHOTO MIPEATIPUSTHS
Fig. 4. System-object model of production enterprise

N3HauanbHO MOAEINb MOCTPOEHA TaK, YTO U3JETIHS ABYX BHJIOB OYIyT BBIYCKAThCS OAHOBPEMEHHO
JI0 TEX IOp, I10Ka XBAaTaeT PeCypCcOB HA IIPOU3BOJCTBO €11 OJHON €IUHUIIBI IPOAYKLIHN KaX10r0 BUAA.
C noMomIBI0 y371a «CHUMIUIEKC-METOA» HalJeM pelIeHHe IOCTaBICHHOW 3aJaud JUId HaxOXIEHUs
MaKCUMaJIbHOW MpUOBUIH, IPH 3TOM MOJIENIb IPUMET CIEIYyIOUuil BU (pHc. 5).
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Puc. 5. MonudunmpoBaHHas CHCTEMHO-00BEKTHAS MOJICTH

Fig. 5. Modified system-object model

AJNTOPUTM y371a «CUMIUIEKC-METO» OCYIIECTBUT HAXOXKICHUE ONTUMAIBHOTO KOJIMYECTBA U3ETHI
JBYX BHUJIOB C YYETOM CYIIECTBYIOIIUX pecypcoB. B maHHOi 3amaue u3aenuii mepBoro Bujga HE0OX0UMO
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BBIYCTUTh B KOJHMYECTBE [BAALATH YEThIpEX MITyK, a BTOPOr0 — YETBIPHAIIATU IITYK, HPU ITOM
ONITHMANIbHBIC 3HAYEHUs OyayT 3amvcaHbl B CBOWCTBO OOBEKTa «HEOOX KONBO» M m3fenus 1 u
nznenust 2. OOBbeKTHAs ONTUMHU3AIMS MOJEIH MPUBEA K YBEIUYCHUIO TPUOBUIM MPEANPUATHS 1O ABYX
TBICSY JIBECTH Y.€.

Takum 00pazoM, NPUMEHEHHE MONOJHHUTENBHBIX Y3JIOBBIX OOBEKTOB M IepepacrpesieieHue
PECypCOB € MOMOIIBIO CUMILIEKC METOJa MOBJIHSIO Ha YBEIHUYCHHE NMPHOBUIM, YTO SBISIIOCH LENCBON
¢byHKMe 331241 00BEKTHON ONTHMH3ALINY.

3AK/IOYEHUE

s kaxaoro KoMrnoHeHTa noaxosa «Y3en-OyHkuua-O0beKT» NpUMEHSETCs ClielualbHbI METO/
ONTHMU3AIMHA B CHCTEMHO-OOBEKTHBIX MOACHAX. [IpuMeHeHHe ONTUMU3ALUU TO3BOJIIET COCTABHUTH
0ojee TOYHYIO MOJENb C TOYKM 3PEHHS CHCTEMHOCTH, Ooijiee OBICTPOJCIHCTBYIONIYI0 MOJENh C
(YHKIIMOHATTLHOW TOYKH 3PEHHUS, a TAKXKE MPOBECTU OOBEKTHYIO ONTHMHU3AIMIO C LEIbIO TOBBIIICHUS
3¢ (HeKTUBHOCTHU MPOIECCOB, IPEICTABICHHBIX B MOJICIIH.

bnacooapnocmu. Hccnedosanust vlnonnensl npu ouHancosoti nooodepaicke npoekmos Poccutickoeo
gonoa gynoamenmanvuvix uccreoosanuti Ne Ne 18-07-00355, 19-07-00290, 19-07-00111.
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