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AHHOMayus

Moaxon K MHOroareHTHOMY MOAE/IMPOBAHUKD, OCHOBAHHbLIM Ha OHTO/IOTUAX,
npeanonaraeT peaans3aunto MoaeIMpyoLLEen CUCTEMbI NOCPEeACTBOM CO34aHUA OHTO-
normn. NMprmepom LLeNOCTHOM peannsauumm Takoro noaxoaa K areHTHOMYy MOAeNmpo-
BaHWO AaBnAeTca ctaHaapT IEEE 1516 Standard for Modeling and Simulation High Level
Architecture. JaHHaA paboTa nocBsALLEHa pacnpeaeNeHHOM MHOroareHTHOM moaenu-
pyloLWen cucteme, NpegHasHa4YeHHOW ANA MOAE/IMPOBAHUA C/IOXKHbIX pagmnoTexHU4Ye-
CKMx cuctem (0cobeHHO PaaMONOKALUMOHHbBIX CTaHLKI), €€ aKTyaNbHOCTb 0OYyC/1I0B/IEHA
HEeobX0AMMOCTbIO 3aMeHbl YAaCTU HATYPHbIX UCMbITAHUA UMUTALMOHHBIMWU SKCNEpU-
MmeHTamun. MoTtmBauua nepexoda Ha ctaHAapT IEEE 1516 ana «TaxKenon» MHoroareHT-
HOM MOAEeNNpYyoLEN CUCTEMbI, KDOME NPOYEero, CocTouT B obecneyeHnn macwtabupy-
€MOCTU, OTKPbITOCTU U MHOTOKPATHOrO NMOBTOPHOrO MCMNO/Ib30BaHUA Pa3paboTaHHbIX
areHTHbIX MOAEeNEeN, YTO COBEPLUEHHO NOTMYHO AeNaTb HAa OCHOBE CYLLEeCTBYIOLLErO XO-
powo npopaboTaHHOro 1 anpobupoBaHHOrO CTaHAapPTa, YCTaHaBAMBAOLWLEro NpaBuaa
B3aMMOAENCTBUA moaenien n pa3paboTkm NporpamMmHbIX MHTepdelicos. B ctaTbe npu-
BeAeHbl 0bLmMe NPUHLMNbI MOCTPOEHUS U aPXUTEKTYPa MoAennpyowen cuctemol. MNo-
Ka3aHbl OCHOBHble TPeboBaHUA K areHTam, UX POJib U MECTO B KOMMJIEKCHOM MoAenu-
pyloLLen cmcteme, ocoboe mMecto cpean areHToB 3aHMMaeT MMUTaTop GpoHO-LEeNneBo
ob6cTaHOBKKU. O6CyKAaeTca TakKe BO3MOXKHOCTb COBMELLLEHMA ABYX CXEM MMUTALMOH-
HOro MOAENUPOBAHUA: AUCKPETHO-COObITUMHOM M NoWwaroson. jeno B Tom, Y4To nolia-
roBas cxema o6n1agaeT TakKMMM MPENMYLLECTBAMM, KaK MPOCTOTA U HArNAAHOCTb, B HEN

y,EI,O6HO moaennpoBaTtb aaropuTmebl 06pa6OTKM, COCTaBHblI€ HYaCTUN pagnoTexHn4eCKnx
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cuctem. OgHaKo B HEeM HEBO3MOKHO peannsosatb UCTUHHYHO aBTOHOMHOCTb N QCUH-
XPOHHOCTb areHTOoB. CoBmelueHune ABYyX CXem moaennpoBaHnNA NO3BOIAET O6'be£I,MHMTb
X AOCTOUHCTBA.

Knrouesbie cnosa: MHo2o0a2eHMHoe MoOenuposaHuUe, UMUmMayuoHHoe Mooenu-
posaHue, OUCKpemHo-cobbimuliHoe mooenuposaHue, OHMosa02uu, paduomexHu4ye-
CKUe cucmembl, 3020PU30HMHbIe Paoduo0KAYUOHHbIe CMAHYUU.

BBEOEHUE

AreHTHOe MoAenMpoBaHUe — 3T0 MeTo4 MMUTAaLMOHHOIO MOAENIMPOBAHMA NO-
CpeAcTBOM MHoroareHTHbix cuctem (MAC), cocTosaWwmMX U3 aBTOHOMHbIX UHTENNEKTY-
anbHbix areHToB (MA) [1]. OcHOBHOW MOTMBaAUMEN NPUMEHEHMA areHTHOro MoAEeNNPO-
BaHMA ABNAETCA NOTeHLUMaNbHaa BO3MOXHOCTb eCTeCTBEHHOro otobparkeHua B Mo-
AEeNbHOM MUpe aBTOHOMHbIX 06beKToB (Cy6bEKTOB) peanbHOro mupa (obnaaatoLmx
KUHTENNEKTOM», «BONEen», uenenonaraHnem u T. n). 3ametum, 41o MAC KOHEYHO Xe
MOTyT 6bITb HE TONIbKO MOAENbHOI0 Ha3HayYeHua [2] (nockonbky M3HavyanbHO MA u oc-
HOBaHHble Ha HMX MAC chopmMpoOBaNMCb KaK HanpaBaeHNEe UCKYCCTBEHHOIO UHTEN-
NIEKTa, U UX NPAKTMYECKaA 3HAYMMOCTb bblsia 0bycnoBneHa noTpebHOCTAMM CO34aHUA
CUCTEM C BbICOKOM CTENeHbl0 aBTOHOMHOCTU GYHKUMOHMPOBAHUA), HO B AAHHOW pa-
6oTe Takme MAC He 3aTparmsatoTcs.

B cBOtO 04epesb, OCHOBAHHbIN Ha OHTONOMMAX NOAXOA K areHTHOMY MOAENNPO-
BaHuto (Ontology Driven Agent Based Approach, nan Multi-Agent Systems Based on
Ontologies) [3—6] npeanonaraeT peannsauuio MAC nocpeacTtBom CO34aHMUA OHTOJO-
rmin. OHTOoNOrMKM [7] NnpenoctaBnAloT popmanbHblie CpeacTBa ANA ONUCAaHUA KOHLen-
LM, KAaTEFOPUMN, CYLLLHOCTEN N UX CBOMCTB, @ TaK}Ke B3aUMOCBA3EN BHYTPU NpeaMeTHOMN
0621acT; Kpome TOro, OHTO/IOMMM MO3BOJIAKOT OMUCHIBATL JIOTMKY B3aMMOLENCTBUA
cywHocTen. Pa3paboTaHbl pa3/IyHbie A3bIKM ONUCAHUA OHTONOMMN, Hanpumep, Web
Ontology Language (OWL); oHTONOrMM, Bblpa*KeHHble Ha 3TUX A3blKax, AOCTYMHbI ANA
MaLlIMHHON 0bpaboTkM [8]. Boobuie npakTUYECKME NPUNOKEHUSA OHTONOMMIM BECbMa
pa3HO0b6pa3Hbl, BOT HEKOTOPbIE BO3MOXHbIE CLLeHapuK (C ynopom Ha KopnopaTuBHbIEe
nHpopmaumoHHble cucTtembl) [9]:

1. ObecneyeHune AOCTYNHOCTN 3HAHMUN BHYTPU OpraHM3auun.

2. CuctemMbl KOHCONMAAUMM N aHANM3A AAHHDbIX.
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3. Cuctema nogaepKn NPUHATUA PeLUeHUN.

4. NporpammHoe obecneveHne, ynpaBasieMoe OHTOJ/IOTUEN.

Mpumepom nocnegHero NOAXo4a, a TaKKe LLeNOCTHOM peanns3aumnm OCHOBAH-
HOro Ha OHTOJIOrMAX NOAXO0AA K areHTHOMY MOoAe/IMpoBaHuIo asnaeTca ctaHaapT IEEE
1516 Standard for Modeling and Simulation (M&S) High Level Architecture (HLA) —
CTaHAAPT AaPXUTEKTYPbI BbICOKOTO YPOBHA A1 MOAENNPOBAHMA U umnuTaumm [10, 11].
B TepmunHonormum IEEE-1516 pacnpeaeneHHaa moaennpytowasa cMcTema, BbINOAHAO-
Waa MOAEeNbHbIN cueHapuii, umeHyeTtca degepaumen. Kaxkgaa degepaumsa O0MKHa
MMeTb CBOIO 06BbEKTHYIO moaenb Federation Object Model (FOM), 3agatouuyto onuca-
HME N B3aMMOCBSA3M KNacCoOB BCEX 0OBEKTOB, NOTEHLMANbHO BO3MOXKHbIX B AaHHOM ¢e-
aepaumn. FOM gonrkHa 6biTb AOKYMEHTUPOBaHA B COOTBETCTBUM € wabnoHom Object
Model Template (OMT), onucaHHbim cTaHaapTom |EEE-1516.2-2010. AHanorun4yHo,
Kaxkabin depepat AoMKEeH UMeTb CBOK 0O6beKTHYO moaenb Simulation object model
(SOM), nokymeHTUpoBaHHyto B cooTBeTcTBUM ¢ OMT HLA. FOM — onucbiBaeT Bce BO3-
MOXHble TUMbl AAHHbIX, KOTOPbIMMU MOTFYT 0bMeHMBaTbCA deaepaTbl B Npouecce Bbl-
nonHenua édeaepaummn. SOM onucbiBaeT TUMbl AaHHbIX, HeobxoaMmble (Ha npuem
n/vnu nepepavy) KoHKpeTHomy ¢pepepaTy. ObMeH AaHHbIMKU Mexay deaepaTamu
AonxeH bbiTb onpeaened B FOM. 91n FOM n SOM aBnArOTCA HE YEM UHbIM, KaK OHTO-
nornamm.

3ameTnm, 4TO MOMMMO UNIN B Pa3BUTUE NOAXOLA K areHTHOMY MOAE/TMPOBAHMUIO,
OCHOBAHHOIO Ha OHTONOMUAX, BO3MOXKHO COBMECTHOe mcnosb3osaHne MAC, malnH-
HOro 06y4eHMA N OHTONIOTMI, B Pa3HbIX BapMaHTAX, BOT HEKOTOPbIE U3 HUX.

1. ABTOMaTMyecKoe (NocpeacTBOM MaLUMHHOTO 06y4YeHMA) cornacoBaHME OHTO-
NIOTUIM, HA OCHOBe KoTopbix GyHKUMoHMpYoT MAC (OCHOBaHHbIE HA Pa3HbIX OHTOJO-
rmax), ANs COBMecTHoM paboTbl Taknux MAC.

2. ABTOMaTM4yeckoe (NnocpeaCcTBOM MALLUMHHOMO 06y4YeHUA) n3BneyYeHne CyLyHo-
CTEN N NOCTPOEHME OHTONOIMIN, HA OCHOBE KOTOPbIX GYHKUMOHMpPYLOT MAC.

3. MAC KaK 4acCTb CMCTEMbI NPUHATUA PeELLEHUI, KOTOpPaA OCHOBaHa Ha rmbpuae
oHTONOrMM (PaKkToB, MPaABUA) U CTAaTUCTUYECKUX Mogenen (NoNYyYeHHbIX MeTogaMK Ma-

LUMHHOrO 0by4yeHus).
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AKTYANIbHOCTb MOAENTUPOBAHUA PAOUOTEXHUYECKUX CUCTEM

Mpu ocyLwecTBNeHMN KOMMNAEKCHOTO NPOEKTUPOBAHUA C/IOXKHbIX pagmMoTeXHUYe-
ckmx cuctem (PTC), B 4aCTHOCTM, PaAMONOKALMOHHbIX cTaHuui (P/1IC), TpebyeTtca pe-
WaTb 334341 BbibOpa M ONTUMMU3ALMMN NPOEKTHbIX MAPaMeTPOB, B T. Y. aHTEHHbIX CU-
cTem, NpMemo-nepeaatolLnx TPAKTOB, aIMOPUTMOB U YCTPOMCTB LndpoBoro Gopmmpo-
BaHMA M 06paboTKM cnrHanos, a Takxke PTC B uenom.

Mpu paspaboTke PTC aekameTtposoro (AKM) ananasoHa, TakMx Kak CUCTEMBbI KO-
poTkoBo/IHOBOM (KB) paanoceAsun u 3aropnsoHTHOM (3) paanonoKaumm, OCHOBaHHbIX
Ha cnocobHoCcTK KB MHOroKpaTHO OTpaXKaTbCs OT MOHOCPEPbI U 3eMHON NOBEPXHOCTHU
[12—-14], BaxkHenwel 3aga4en gna obecneyeHNAa KOPPEKTHOrO GYHKLUMOHMPOBAHUA Ta-
Kux PTC agnAaeTca agantauma K MOHochepHbIM YCNOBUAM, ANA Yero B cocTtaBe 3Tnx PTC
BKAtoYaeTcAa PTC yactoTtHoro obecneyenma (H0), coctoswas n3 annapaTtypbl pagno3oH-
AMPOBAHMA NOHOCPEPDLI M AHANIN3ATOPA 3arPy*KEHHOCTU paguoKaHana. [pu aTom BO3-
MO*KHa agantauua PTC KM amanasoHa no paboyer 4actoTe, MOWHOCTU U3/Ty4YEeHUS,
CKOPOCTU Nepegaum nHpopmauum (B 6onee NPoABUHYTbIX C/Ty4aAaX BO3MOXKHA KOMMEH-
cauma aMnNAMTYAHO-4aCTOTHOM XapaKTepuctnkm KB pagmokaHana [15, 16]). Takxke u
HaszemHan nHdpactpyktypa NMOHACC BKkAtoYaeT B cebAa cpeacTBa aBTOMaTUYECKON AU-
arHOCTUKKU COCTOAHMA MOHOCdepbl. AnnapaTtypa pPaano30HAMPOBAHUA MOHOCOEpSI,
KaK npaBunio, obecrneymBaeT AMArHOCTUKY B PEXMMAX BEPTUKA/IbHOIO 30HAMPOBaAHUA
M HAaKNOHHOIO 30HAMPOBaHUA MoHOocdepbl [17, 18]. B cnyyae 31 paanMoN0OKaUNOHHbIX
ctaHumin (PJ1C) oba3aTeNeH TaKKe pexMm BO3BPaTHO-HAKNOHHOMO 30HAMPOBaHMUA.

Mpwn 3TOoM OTPabOTKY M OTNAAKY HOBbIX Mogenen noHocpepbl U aNrOPUTMOB
aganTtauum Heobxo4AMMo NPon3BOAMUTb C YHETOM YC0BUM U PEXMMOB GYHKLMOHUPO-
BaHMA PTC, uto ocobeHHO akTyanbHo B cayyae 3 PJ1C. CnoxkHocTb camoit PTC, 60nb-
LLan BapMaTUBHOCTb U HeonpeaeneHHocTb poHo-ueneBoit ob6ctaHoBkM (PLLO) npumso-
OAT K HEBO3MOXHOCTU NPOU3BECTM aHA/IMTUYECKOe CPaBHEHNE BCEX BO3MOMXKHbIX Ba-
PUAHTOB APXUTEKTYPbI CUCTEMDI B LLE/IOM NO BCEM €€ NapameTpam u caenaTb ee 04HO-
3HaYHbIN PALMOHANbHbIM BbIOOP. TPAANLMOHHBIM BbIXOAOM B TakoM cuTyauum bbino
NpoBeAEHNE MHOXECTBA HaTYPHbIX UCNbITaHMN. OA4HAKO AOPOroBM3Ha, U Tem bonee
HEBO3MOXHOCTb NPOBEAEHUA HATYPHbIX UCMNbITAHUIN B pAde C/lly4YaeB 3aCTaBAAOT UC-

KaTb gpyrue pewweHua. Hambonee npucnocobaeHHbIMU ANA OUeHKM 3GDEKTUBHOCTH
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CNOXKHbIX cnctem 6e3 NnpoBeaeHNA HAaTYPHbIX UCMbITAHUIW ABAAIOTCA MOAENN UMUTALM-
OHHOro TMna. UmmtaumMoHHOe MoaennpoBaHMeE NCMNONb3YETCA KaK YHUBEPCA/IbHbIA Me-
TOA, ANA 06OCHOBAHUA pPeLIeHU B YCNOBUAX HEONPEAENEHHOCTM U ONA ydeTa TPYAHO
dopmanmsyembix pakTopos. [03TOMY MMUTALUMOHHOE MOAENNPOBAHNE NCNONb3YETCA
KaK A5 0TPpaboTKM HOBbIX METOA0B M aITOPUTMOB, TaK U AN1A NPOBEPKN AOCTUTHYTbIX
TAKTUKO-TEXHUYECKUX XapaKTepuUCTUK (TTX), To eCTb BO BTOPOM C/ly4ae BbICTYMNaEeT Kak
3Tan npeaBapuUTeNbHbIX UCMbITaHUW. U genaetca 3To NocpeAcTBOM UMUTALMKN Pa3inY-
HbIX BAPMaHTOB onepaTuBHOM, GOHO-LLeNEeBON, U reodU3nYecKom 06CTaHOBKK, B pas-
NINYHBIX pexumax pabotbl PJIC, npn HaAM4YMM UAN OTCYTCTBUM NOMEXOBOTO NPOTUBO-
OENCTBMA, C yYETOM CLIEHApMeEB OENCTBUM CUM U CPeaCTB B Nepnoabl MUMPHOTO Bpe-
MEHMU, B Nepmoabl ONepaTMBHOIO Pa3BepPTbIBaHMA, B Nepruoabl BegeHua 60eBbix aen-
ctemi [19-24]. B cnyyae PTC cBA3HOro HazHayeHMa byayT HY»KHbl HE BCE NEePeYnCeH-
Hble KOMMOHEHTbI MOAENUPYIOLEN CUCTEMbI, OAHAKO BOMPOCHI PAANOINEKTPOHHOMN
60pbbbl TakkKe TpebyoT 3a4aHNA CLEHAPMEB U MUMUTALLMM Pa3/INYHbBIX BapMaHTOB reo-
dn3nyeckom o6CTaHOBKMN.

APXUTEKTYPA MOZE/IUPYIOLLENA CUCTEMbI

C anropuTMMYECKOM M MNPOrpamMMHO-apPXUTEKTYPHOM TOYEK 3pPeHus cuctema
MMUTALMOHHOIO MOAENNPOBAHNA COCTOUT U3 AUCNeTYEpPa MOAENNPOBAHUSA (M APYrux
«CUCTEMHbIX» YacTel, TaKMX KaK BU3yasin3aTop M pedakTop 60eBbix CLEHapues), U
MMUTALMOHHbIX MOAENEel areHTHOro Tuna, NPeacTaBAAWMX CYLHOCTU Moaennpye-
MoI 0bnacTu, cpeam KoTopbix ocoboe mecto 3aHMmaeT umutaTop PLUO. yHKUMM Anc-
neTyepa MoOAEeNNPOBAHMA: YTEHME CLLEHAPMA, CO34aHHOM0 NONb30BaTeENEM U COAEpPrKa-
LLLEero apxXUTEKTYPY Uccneayemon KoHGuUrypaumm cun n cpeacTs; 3arpyska U MHMUMa-
NN3auma UMMTaUNMOHHbBIX mogenen (B Tom yncne umutatopa PLO); 3anycKk cueHapusa
Ha cYeT, ynpaBaeHUe UMUTALMOHHBIMW MOAENAMM B NPOLLEccCe MOAENUPOBaHUA U MO-
HUTOPUHT X043 €ro UCNONHEHMUA.

OnucaHHaa MHOroareHTHaa cuctema paboTtaeT NO AUCKPETHO-CObObITUIMHOMN
cxeme, ANA peanmnsauum KOTOpon NpPorpamMmMHO BeAeTca AMHAMMYECKas oyepedb 3a-
had («KaneHgapb» — B APYrux TepMUHax), ynpasasemas gucnetyepom MMUTALMOH-
Horo moaenunpoBanua (AMNM), KoTopbi onpeaenseT NOPSAOK Nepeaadn ynpasaeHus
MeXAY BblYUCANTENbHbIMKU B10KamK (areHTamm, YacTHbIMU MOAENAMM).
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CobbiITaMM oyvepean 3agady Moryt ObiTb Kak cobbituAa, oTHocAwmeca K PTC
(Hayano n KoHewl, U31y4YEHUA MMNYIbCA, KOHEL, NPUEMA CUFHaMa OT MMMyYAbCca U Ap.),
TaK 1 cobbITUA, oTHocAwmecs K PLIO (Hanpumep, pa3 B 2 CEKYHAbI MOXKeT bbITb 3anna-
HMPOBaHa NPOBEPKA COCTOAHUA LLENN, C BOSMOXKHOCTbIO U3MEHEHUA NOBEAEHMUSA LLeNn
N NepecyéTa eé TpaeKTopum NonéTta), paBHO Kak 1 cobbITUA APYrnx Moaenen.

AWM npepgHasHavyeH 419 OCyW,ecTB/IeHUA U MOHUTOPUHIA NpoLuecca MMUTaUu-
OHHOTO 3KCMepuMeHTa Ha OCHOBe 33a4aHHOro cueHapusa. QUM peanusyeT AUCKPETHO-
COObITUIHBIA BUA MMUTALLMOHHOTO MOAENMNPOBAHMA. B ANCKPETHO-COOBITMMHOM MO-
AeNnpoBaHnM GYHKUMOHMPOBAHUE CUCTEMbI NPEACTaBASETCA B BUAE XPOHO/AOrMye-
CKoM nocnepoBaTesibHOCTU cobbiTnii. CobbiTe NponucxoauT B onpeaenéHHbIN MOMEHT
MOAENbHOI0 BPEMEHU U 3HAMEHYET M3MEHEHUA COCTOAHMA CUCTEMBI. BXOAHbIMM AaH-
HbiMK ana AUM aBnseTca cueHapun UMMTALMOHHOIO 3KcnepumeHTa. B cueHapum co-
AepHUTCA MHGOPMALMA O MOAENNPYEMbIX OOBEKTAX, Cpebl, B KOTOPOM OHU Pacnono-
YKEHbl, U NapameTpbl NpoLecca NpoBeAeHNAa UMUTAaULMOHHOIro moaennposBanua. Cue-
Hapun UM bopmupyeTca Ha OCHOBE NAapaMeTpoB, 3a4aHHbIX NoAb3oBaTenem. B npo-
Lecce MoaenMpoBaHUA NPOUCXOAUT NOrMpoBaHMe (coxpaHeHue B Gpainabl) COCTOSHUN
CUCTEMbDI B LUENOM U aTpMbyTOB OTAE/bHbIX areHToB. [lony4yeHHble nor-pannbl ABNA-
l0TCA NpeaMeToOM Aa/ibHENLWEero PacCMOTPEHUA U aHanm3a. Mo pesyabTaTam moaenu-
pPOBaHMA oLEeHUBatOTCA BoeBble BO3MOXKHOCTU, 6boeBas 3pdeKTUBHOCTb, AeNaeTcs Bbl-
BOA, O AOCTUTHYTbIX TTX.

OCHOBHDbIE ATEHTbI («<4ACTHbIE MOE/IN»)

OHTONOrMYEeCKUIM Noaxod npeanonaraet npeXae BCero BblAeNieHUe MOHATUMN
(cywHocTeit) n nx ceoiicts (aTpnbyTOB); B 4AHHOM CNyYae BCE BblAe/IEHHbIE CYLLHOCTU
PacCMaTPUBAKOTCA TAKMKe KaK WMHTEeNNeKTyasibHble areHtbl. BbigeneHune cywHocten
MMeeT MHOro obLLero ¢ 3agayen 4eKOMNO3ULUKM NPU NPOEKTUPOBAHMUN aPXUTEKTYPDI
NPOrPamMmMHOM CUCTEMbI, Hanpumep, B Napaaurme 06 beKTHO-OPMEHTUPOBAHHOIO NpPo-
rpammupoBanma (O0IM), ogHaKko nmetoTca n oTanuma. OCHOBHbIE OTAIMYMA UCMNO/b3Ye-
MOT0 OHTOJIOFMYECKOro Noaxoaa (KOHKPETHO AarKe B pamKax TexHonornn HLA) ot OOMN
3aKN04a0TCA B CeayoLem:

o B OOl cywHOCTb paccmaTpMBaeTCA C pasHblX ToYeKk 3peHua, B HLA —
TONbKO C TOYKM 3peHnA ocobeHHocTen Npu MHGOPMaLLMOHHOM 0BMEHE;
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o B OOI cywHOCTN ONUCBIBAOTCA KaK AaHHbIMU, TaK U meTogamm, B HLA —
TO/IbKO AaHHbIMU;

J B OOl paccmaTpmBaeTcs Kak BHYTPEHHWE CBOWMCTBA CYLWHOCTWU, TaK M
BHewHMe, B HLA — TONbKO BHELLHUE;

J B OOl npegnonaraetca, 4to OOBLEKTbI B3aMMOAEMNCTBYIOT Henocpea-
CTBEHHO (XOTA 3TO 3aBMCUT OT 60/1ee KOHKPETHON NapaAurMbl U MHOTO Yero elle), B
HLA OHM MOryT B3aMMOA4ENCTBOBATb TO/IbKO NOCPEeACTBOM Bbl30Ba COOTBETCTBYHOLLMX
cny*6 Run-Time Infrastructure (RTI) — nporpammHon cpeabl, obecneuynBatoLas Bbl-
nonHeHue cepsmncos HLA n cornacosaHHyto paboTy peaepatos B coctaBe peaepaymu.

®dusnyeckn Bce oHTONOMMM peannsytotca B popmate OMT, Kak H6bI10 CKaszaHO
BbILLE; 34ECb e NPMBEAEM UX CI0OBECHbIE ONUCAHUA.

Kak y»ke 6b110 CKa3aHo, BaXKHENLWNM areHTom Hawen MAC aBnseTca uMuUTaTop
®dUO. Mpu nmutaumm OLO npomncxoant GopmMuUpoBaHME TPAEKTOPUN Lienen pasind-
HbIX TMNOB. PaccmaTpumBatoTca Bo3ayLLHble U HagBOAHble Luenn. Bo3aywHbie uenu ge-
NATCA Ha ABa OCHOBHbIX K/acca — bannncTtnyeckue n asapoauHammyeckue. Mpu moae-
IMPOBAHMWN HAABOAHbIX Lesie HE0BXO04MMO TaKKe MMEeTb MOZe/Ib BOTHEHWIA BOAHOM
NOBEPXHOCTMU.

Opyrumum areHTammn moryT 6biTb KOHKpeTHble PTC (Hanpumep, PJIC KOHKpeTHOro
BMAA) UM NX COCTaBHbIE YaCTW, a TaKXKe UX OKpyKeHue. Hanpumep, moaennposaHune
pabotbl P/IC npoucxoamt nyTem MOAENMPOBAHMA YNpPaBAEHUA pexnumamu paboTbl
P/1C, npeobpa3oBaHUi1 CUTHANOB B BbIXOAHbIX TPAKTaX M Nepeaatolmx aHTeHHax, npe-
06pa3oBaHNIM CUTHANOB B MPUEMHbIX aHTEHHAX U BXOAHbIX TPaKTax, NepBUYHOM, BTO-
PUYHOM M BO3MOMKHO (B cnyyae paboTbl B cOCTaBe rpynnuMpoBOK) TPETUUYHON 06paboTKM
pPagMoNoKauMOHHOM MHPOopMaunm. MoaennpytoTca TaKKe NOTepPU NPM pacnpocTpaHe-
HMW CUTHANa B cpeae, pacceaHne Ha uenax u apyrue acnektol ®LO; B cnyvae ¢ PTC
OKM pguana3oHa TaKk)Ke MOBblWeEHHOe BHMMaHWe yaenaeTca y4éTy MHOroayy4yeBoro
pacnpocTpaHeHMa PaanoBoH [24], pacceAHMAa Ha MOHOCHEPHbIX HEOAHOPOAHOCTAX,
nHTEepdepeHUMOHHbIM 3 PeKTaM, a TaKKe OTCYTCTBUIO NPOXOXKAEHMNA PaSMOCUTHAA B
onpeaeneHHbIX ycnosuax. Takke Moaennpyetca NorMka paboTtbl 6/10Ka agantaumu
PTC K reodpusmyeckoin obctaHoBKe (610K aganTaumm He ob6A3aTENbHO MOXKET UMETb
oTAenbHoe NpeacTaBaeHme, MHOr4a ero yaobHee peannsoBaTb BHYTpM 6/10K0B ynpas-

neHusa pexkumamu PTC).
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B Tak Ha3biBaeMbl KHY/1EBO MOMEHT BPEMEHU» NPOU3BOAMUTCA UHULMANU3A-
umA BCcex 06beKTOB MMUTALMOHHOIO MmoaenmpoBaHua. OgHUM n3 0b6a3aTeNbHbIX pe-
3yNbTaToB PaboTbl METOAOB MHULMANU3AUMK AOKHO ObITb BpemMs CAeaytoLero Bbl-
30Ba MOZAE/NIN Ha pacyeT (NepBbii 3an/IaHMPOBAHHbIA NPUEM CUTHaNA). OTO Bpems 3a-
NUCbIBAETCA B 04epedb CUCTEMHbIX COODLLLEHWUA.

CobbiTna NA «dpoHoueneBas 06cTaHOBKa» BO3HMKAIOT HE3aBUCUMO OT CObbITUI
06BEKTOB MMUTALMOHHOIO MmoaennpoBaHua PTC n moryT ycTaHaBAMBATbCA HA BpeMeEH-
HOM WKane o4yepeam cobbITU B 1I0OON MOMEHT.

Bo3moKHa peanmsaunm nowaroBoM Cxembl MMUTALMOHHOIO MOAENMPOBAHUA
BHYTPW YacTHbIX moaenei (areHToB) AMCKPETHO-cobbITUIMHOM cxembl [25]. Brarogapsa
TAaKOMYy peLleHU0 MMeeTCA BO3MOXHOCTb NMPOMOAENPOBATb OTAE/bHO B3ATYHO Le-
no4Ky 6,10K0B, He 3aTparneaa ®PLLO n gpyrue PTC. MowaroBasa cxema ob61aaaeT TakKumm
NPenMyLLLECTBAMM, KaK NPOCTOTA U HArNAAHOCTb, B Hel ya0bHO moaennpoBsaTb anro-
pUTMbl 06paboTKK, cocTaBHble YacTn PTC, n aaxke HeKoTopble HecnoXHble Buabl PTC.
OpHaKo B HEM HEBO3MOXKHO peasin3oBaTb MCTUHHYH aBTOHOMHOCTb M aCMHXPOHHOCTb
MNA. Takum obpa3om, peanmsoBaHa noagepiKa AByX CXeM MMUTALMOHHOIo Moaenu-
POBaHUA: ANCKPETHO-COOLITUMHOM M MowWaroBon; GyHKUMOHMPYIOT ABa AMcCreTyepa:
BbICOKOYPOBHEBbIN AMUCKPETHO-COObITUNHBIA U HU3KOYPOBHEBbLIM MOWaroBblin. Auc-
KPEeTHO-COObITUIMHbBIN AMcneTyep B3aMMOAENCTBYET C NOLWIAroBbIM KaxKAblM pa3, Koraa
paccyMTbiBaeT ovepeaHOM CoObITUIHDIN 60K [25].

PEANIU3ALIUA MAC HA OCHOBE CTAHAAPTA HLA

Kak npasuno, depepaumsa cocTouT M3 ogHOro ynpasnawouwero ¢egeparta (Beay-
wero) u degepartos VA (Begombix).
Ynpasnstowmin pegepat ocyLLEeCTBAAET yNpaBAeHMe BCEM NPOLLECCOM PYHKLMOHU-
poBaHua deaepaumm:
® pasgaeT UCXOAHble AaHHble Bcem Be4oMbIM deaepatam;
e nepeBoauT degepaumto U3 04HOro COCTOAHUSA B ApYyroe.
Begomble pegepatol:
® MONYYalT UCXOAHbIE AAHHDbIE;
® OCYLECTBASAT MHULMANN3ALMIO M COODLLAOT BCEM OCTa/IbHbIM desepaTam
HeobxoaAuMble UM CBEAEHMA O HaYa/IbHOM COCTOSIHUM 3K3EeMMNIAPOB 0ObEK-
ToB UA;
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® BbINOJIHAIOT NOLLAroBoe BbIMNO/HEHNE B COOTBETCTBUM C TEKYLLMM COCTOA-
HMem peaepaunu;
e o0b6MmeHMBaeTcA pe3y/ibTaTaMK BbINOJIHEHUA C APYrMMK BegAoMbiMKN deaepa-
Tamu.
Heckonbko WA moryT HaxoguTbca B ogHOM pegepate, MOTMBAMM FPyNnNMPOBaHMA
NA no pegepatam moryT 6b6iTb MMHMMK3ALUMA 0OMeHa AaHHbIMU MeXxay deaepaTtamm —
TOoraa Heckosibko MA moryT 6biTb 06beanHeHbl B oguH degepat (Man, HaNnpoTuB, ecnu
BaXXHO Pa3rPaHMYUTb 30Hbl OTBETCTBEHHOCTM Pa3HbIX COMCMONHUTENEN-Pa3PabOTYMKOB
MNA, BO3MOXKHO pasgeneHue Ha pasHble deaepaTbl AarKe ceMaHTUYeckn eamHoro UA);
XOTA KOHEYHO TMNUYHA cMTyaumsa, koraa MA npeactasneH otaenbHbiM deaepaTom.
Ynpasnstowmin degepat cornacyet BbiNOJHEHME ypaBasemblx penepaTtos, Bblaa-
Bas B ABHOM BMAEe KOMaHAY Ha BbINOJIHEHME OYepeaHOro Wwara BbinonHeHns. Cornacosa-
Hue obecneymnBaeTca TeM, YTO KaxK bl U3 ynpasBaaembix peaepaTtoB HE3aBUCUMMO OT ApY-
rmx coobuwaet Ynpasnatowemy penepaty O 3aBepLlUEHMN BbIMNOJHEHUA (M CBA3AHHDBIX C
HMM 0OMEHOB AaHHbIMM) Ha YKa3aHHOM ware. Mpn 3ToM KOMaHAa Ha BbINOHEHWE Cne-
AYIOLWEero wara BbINOAHEeHMA BblAaeTca ynpasaaowmm deaepaToMm TONbKO Nocae Toro,
Kak NpuaeT noaTBepKAeHWe oT Bcex pesepaToB-y4aCTHMKOB.

3AK/THOYEHUE

OHTONOrMKN MOTYT BbITb UCMONB30BaHbI NP NPOEKTUPOBAHUM U Pa3paboTKe CNoX-
HbIX pacrnpeaeneHHbIX AeLeHTPaAN30BaAHHbIX MPOrPaMMHbIX CUCTEM, COCTOALLUX U3 aBTO-
HOMHbIX MHTENNEKTYa/IbHbIX NPOrPaMMHbIX CYLLHOCTEN — ANA 3a4aHUA AapPXUTEKTYPbI U
COCTaBa AeuUeHTPaIM30BaHHOM NPOrPaMMHOMN CUCTEMDbI, @ TaKXKe onpeaeneHua Bcex ac-
NEeKTOB B3aMMOAENCTBMA aBTOHOMHbIX MPOrPaMMHbIX CYLLLHOCTEN. YaCTHbIM Cay4Yaem Ta-
KOW cuctembl ABnseTca pacnpegeneHHaa MAC moaenbHOro HasHavyeHus.

B paboTte npeactaBneHbl NpuHUMNbI U apxuTekTypa MAC, npegHa3Ha4YeHHOW Ans
pacnpeaeneHHoro moaenmposaHuna cnoXHbix PTC (B yactHocTh, PJ1C), n peannsoBaHHOM
no texHonorun HLA, Bonnouiatowen nogxod K areHTHOMY MOAENNPOBaHUID, OCHOBAH-
HbI Ha OHTONOrMAX. MoTuBaumMa nepexoaa Ha HLA ans «taxkenoi» MAC coctouT B obec-

NneyeHMM macliTabmpyemocTn, OTKPbITOCTU U MHOFOKPATHOIO NMOBTOPHOIO MUCNO/1b30Ba-
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HWA pa3paboTaHHbIX areHTHbIX MoAeNiel, N NOFTMYHO 3TO AeslaTb Ha OCHOBE CYLLECTBYIO-
ero xopowo npopaboTaHHOro M anpobMpPOBAHHOrO CTaHAAPTa, YCTaHABAMBAKOLWLErO
npaBwu/sa B3anMoaeNCTBUA Modenen n pa3paboTKu NporpamMmmHbIX MHTepdENCOB.

B nnaHax ganbHenwmx pabot — peannsauma Hoso MAC mogenuposaHua PTC, 6a-
3UPYIOLLENCA HA TeX YKe NPUHUMMAX, HO yXKe y4ebHOro HasHavyeHua, No3ToOMy peanunso-
BAaHHOM He Ha OCHoBe «TsxKenon» HLA, a Ha ocHoBe ropasgo 6osee «1erkoBeCHOro»
dpermBopKa OntologySim [26].
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Abstract

The ontology-based approach to multi-agent modeling involves the implemen-
tation of a modeling system through the creation of ontologies. An example of a holistic
implementation of an ontology-based approach to agent-based modeling is the IEEE
1516 Standard for Modeling and Simulation High Level Architecture. The work is de-
voted to a multi-agent modeling system designed for modeling complex radio engi-
neering systems (especially radar systems), its relevance is due to the need to replace
part of the field tests of radio engineering systems with simulation experiments. The
motivation for switching to the IEEE 1516 standard for a "heavy" multi-agent modeling
system, among other things, is to ensure scalability, openness and multiple reuse of
the developed agent models, which is completely logical to do based on the existing
well-developed and proven standard that establishes rules for the interaction of mod-
els and the development of software interfaces. The general principles of construction
and architecture of the modeling system are given. The basic requirements for the
main modeling agents, their role and place in the complex modeling system are shown,
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a special place among which is occupied by the simulator of the background-target en-
vironment. The possibility of combining two simulation schemes is also discussed: dis-
crete-event and step-by-step. The fact is that the step-by-step scheme has advantages
such as simplicity and clarity, it is convenient to model processing algorithms, compo-
nents of radio engineering systems. However, it is impossible to implement true au-
tonomy and asynchrony of agents in it. Combining two modeling schemes allows you
to combine their advantages.

Keywords: multi-agent modeling, simulation, discrete event modeling, ontolo-
gies, radio-technical systems, over-the-horizon radars.
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