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Abstract. The article presents ontologically systematized means of creating an intellectual environ-
ment for engineering interaction in the context of production system. The composition of ontological mod-
ules, which should be presented in an intelligent engineering interaction environment, is considered in the
form of targeted knowledge about tasks and methods for their solution within the framework of the modeled
domain. A method of decision support for the management of production systems is proposed, implemented
using modular and ontological technology in Petri nets and rules.
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BBEJIEHHUE

Pemenue 3tux v Ipyrux 3azad MOJCIMPOBAHMS U aHAJIU3a OPraHU3ALMOHHBIX MPOLIECCOB B
COBPEMEHHBIX YCIOBHAX MpPEINojaraeT HMCIO0Jb30BaHHE MHTEIPUPOBAHHOM Cpeabl MH)XKEHEPHOTrO
B3aUMO/JICHCTBUS C MCIIOJIb30BAHUEM JEKOMIIO3HUIIMM MPOLIECCOB OPTaHMU3ALIMOHHOTO U TE€XHOJIOIU-
yeckoro ympasieHus [1-2]. 1 npuMeHeHHs MHCTPYMEHTOB OHTOJIOTMH, MO3BOJISIOMIUX (HOPMHUPO-
BaTh IpE/IBAPUTENIbHbIE PEKOMEHIALUU JJIsi CUCTEMbI YIPABJIEHUS MPOEKTaMH, MO3BOJISET BBISB-
JSATh U YCTPAHATh HECOOTBETCTBUS M OIIMOKHM Ha CAMBIX PaHHUX ATallax ero peaju3arum.

OcoOblif HHTEpeC MPEACTABIAIOT 3a/1a4M, CBSI3aHHBIE C B3aUMOJICHCTBUEM MOJCUCTEM, CBA3b
KOTOPBIX (JOPMUPYET CHUCTEMY B IIEJIOM, a LEJIbIO HCCIEeI0BaHUs OyJeT pa3BUTHE CPEebl MHTEIUIEK-
TyalbHOTO HMHXkeHepHoro B3aumozeiictsus (IEEI), ucnonszyemoii npoussoacrtsom. [puuém IEEI
paccMaTpuBaeTCsl Kak CEMEMCTBO MHAMBUAYAIBHO BOCIPUHUMAEMBIX U B3aMMOCBS3aHHBIX IOJCH-
CTEM MNP NPUHATUHU PELICHUH.

IToncucremsl (MOLyNIN) COCTaBIISIIOT OCHOBY MHTETPUPOBAHHOM CpENbl MHIKEHEPHOI'O B3au-
MojencTBus [3].

OHTOJIOTHYeCKN CHCTEMATH3HMPOBAHHBIN MOAXOA A/ MHTEJIEKTYAJTbHOH MOJACPKKH
yHpaBJeHYeCKUX pelleHn i

OCHOBHBIE pEIIECHNUs, ONPEAEISIIOIINE NPEANPUITHE, Ha3bIBAIOTCA apXUTeKTypoil. Ho kommo-
HEHTBI, MOJYJIM, MECTa pa3MeIleHus (U pa3InyHble Ipyrue o0bEKThl) MPEANPUITUS HE TaK MPOCTO
OTIPEJICNIUTh - MO3TOMY HEOOXOAMMO MEPENUTH OT apXUTEKTYPHOI'O OMUCAHHS K OHTOJIOTHYECKOMY
[4-5].

OnHUM U3 OCHOBAaTeNel apXUTEKTYPHOTO MOJETUPOBAHUS IpeanpusTuii Obin [IxoH 3axmaH.
Onronoruyecku npeanpusitTue Zachman cocTOUT U3 CISIYIONIHMX 00BEKTOB:

1. AKTUBBI (KOMIUIEKTHI 3aI1aCOB) - CYIIIHOCTH M OTHOIIECHUS.

2. TexHonmornyeckue NOTOKU (IIOTOKHU MPOLIECCOB) - MpeoOpa3oBaHUs U YTO HA BXOJI€ / BBIXO-
e 9TUX MpeoOpa3oBaHHA.

3. PacnipenenutenbHble ceTu (pacnpelenuTenbHble CETH) - 3TO ONEPATUBHOE YIIPaBJIeHUE, J10-
TUCTUUYECKUE CETH, PYCIIOBBIE IIOTOKH.

4. OTBETCTBEHHOCTD / pa3pelieHue (Ha3HaYeHNe OTBETCTBEHHOCTH) - 3TO «OPTaHU3alusD.

5. L{ukJIbl CHHXpOHU3ALUH.
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6. MOTHBaLIMOHHBIE HAMEPEHHUS - LIEJIM U CPEJCTBA, KAKME HHCTPYMEHTHI IOMOTalOT JOCTUYb
KaKHX IEJIEH.

Bce 3Tu 00BEKTHI CBSI3aHBI APYr C JPYrOM IOCPEACTBOM IPABHI COOTBETCTBHS - KaK 3TO
npeanonaraercs B 1ISO 42010.

OcHOBBI 3HAHU OOJBIIMHCTBA MHTETPUPOBAHHBIX CHUCTEM MPOU3BOJCTBA COAEPIKAT KOH-
KpEeTHbIEC 3HAHUA U3 MpeIMeTHON obnacTu (mIpeaIMeTHbIe 3HaHUS) B paMKaxX OTIEJIbHBIX OHTOJIOTHU-
YEeCKUX MOJyJICH, KOTOpBIE MPEICTaBIECHbI KaK MPUMEPHI MOHATUI (KOHKPETHBIE OOBEKTHI) U OTHO-
LICHUST MEXAY HUMH - I[PUMEpPbl OTHOIICHWI WM OrpaHUYECHHUH, YKAa3aHHBIX O 3HAYCHUSIX
aTpuOyTOB IK3EMIUISAPOB MOHATHIA. KaXaplii OTAENBbHBIN OHTOJOTUYECKHI MOAY/h BBITOJHSET TO-
TOKOBBIM MOAYJIBHBIA CKPUNT U (HOPMHUPYETCS KaK HMepapXus IMOTOKOB ClIEHAPHEB MPOIECCOB, CO-
CTOSIILIMX U3 OIlepanuil.

CtpykTypa u cBoiicTBa 10001 CHCTEMbI MOTYT OBITh 3)()EKTUBHO UCCIIEJOBAHBI C UCIIOIB30-
BaHUEM CJIOBAPS] TEPMUHOB, UCIOJIB3YEMBIX ISl ONMMCAHUS XapaKTEPUCTHK OOBEKTOB U MPOLIECCOB,
OTHOCAILIUXCS K paCCMaTPUBAEMON CUCTEME, TOUHBIX U OJIHO3HAUHBIX OINPEAEIICHUI BCEX TEPMUHOB
B 3TOM CJIOBape W KIACCHU(UKAIMU JIOTHUYECKUX OTHOIICHHA MEXIy dTHMH TepMHHBI [6]. Habop
3TUX UHCTPYMEHTOB - 3TO OHTOJIOTHSI CUCTEMbI, OHa 00ECIEYNBACT CTPYKTYPHUPOBAHHYIO METOO-
JIOTHIO, OJaroiapst KOTOpO MOXKHO BH3yalbHO U 3((eKTuBHO pa3pabaTeiBaTh, MOIACPKUBATH U
(dbopManu3oBaTh UHTEIUIEKTYaIbHYIO Cpey MHTETPalUU JUIsl YIPABICHUS NaHHBIMH O MPOIYKTaX.
KoHcTpyKius MHTEUIEKTyalIbHOM cpelibl MHkeHepHoro B3aumoneinctBus (IEEI) pasznaraercs Ha
sTanbl. B To ke Bpems CyIlecTBYeT psiji 0COOEHHOCTEMH, OMpenesIoNINX XapakTep peaan3aniuu oT-
JENBHBIX 3TamnoB [7]. Otn (QyHKIUU BKIOYAOT B ceOsi: KOJJICKTUBHOE HCIIONB30BAHUE 3HAHHIA,
KOTOpO€ BKIIOYaeT B ce0si 0O0beAMHEHHE U PACHPOCTPAHEHHWE HWCTOYHUKOB 3HAHWMM MM pa3HBIX
YYaCTHUKOB M, CIIEOBATEIbHO, PELICHHE OPraHU3al[MOHHBIX BOIIPOCOB aIMUHUCTPUPOBAHUS U OII-
TUMHU3AIUA OM3HEC-TIPOLIECCOB, KOTOPHIE COSAMHSIIOT OTAENBHBIX Mojb3oBareneii. CocTaB UCTOYU-
HUKOB 3HaHUH ONpeAeIsieTCsl B MPUHIUIE, TIPH pa3padOTKe MPOEKTa MOTYT OBITh JOOAaBIEHBI KOH-
KpETHblE  HWCTOYHMKHM 3HAHUM, OCOOCHHO BHENIHME HUCTOYHUKM 3HaHWH. Ilockonbky
MHTEJJIEKTyallbHasi HH(OpPMaIlMOHHAS cpesia

IlpuusaTne > HenenanpasieHHbIH Npolece - H“*;'l']m«"b-
petmeHuii NPHHATHS perieHui 4| KoppeKunH
Henoaslosanue
e enoiarawinero
MEXaAHH3MA : —
ApbHTpaK —> Hepapxusayuﬂ CeMaHTHYECKHX
v A aberpakumii

HenoaszoBaHHe OHTOIOTHYECKHX
aberpakumii

Puc. 1. OnTONMOTHYECKH CHCTEMATH3UPOBAHHBIHN MOIXO/T

JlpyruM Ba)kKHBIM TUIIOM 3HAaHUH, KOTOpble BaM HeoOxoaumo mpenacrasisaTh B IEEI, aBasercs
3HaHUE 0 33/1a4aX U METOJIaX WX PEIIeHHs B paMKaX MOJIEIIMPYEMOH MpeaAMETHONW 001acTH (METO b
U aNrOpUTMbI). DTU 3HAHMS XapaKTEPU3YIOT MPOOJIIEMHYIO0 00JIaCTh MHTEJUIEKTYalIbHONH CHCTEMBI.
OTOT BHJI 3HAHUN MOXKET OBITh KaK JEKIapaTUBHBIM, TaK U MpoLeaypHbIM. [1epBblil THI BKIIOUYaeT
B ce0sl 3HaHUS, OMKCHIBAIOIIME MTPOCTPAHCTBO pemaeMbix 3aaa4 IEEL B Tom uncne pasaenenue 3a-
Jlad Ha M0J3a/1a4 U COEAMHEHHE M03a4a4 C METOJaMU UX PELIEHUs, BTOPOE - 3HaHHE, MPECTaAB-
JSIFOTIIEE KaK METOJbI PEIICHUs 3a/1a4, Tak ¥ KOHKpeTHbIe anroputmbl [8]. [ToMumo 3Hanwmii, npen-
CTaBJICHHBIX B 0a3e 3HaHMi, mpakThuecku B oboM IEEI, HeoOxonumo mpeacTaBiaTh 3HAHUA,
ONHUCHIBAIOLIME (PArMEHT PEalbHOCTH (CUTyallMn), KOTOPBIM ONpeAesnseT KOHTEKCT U BXOJHBIE
naHHble s 3anad, pemaeMbix [EEL Takue 3HaHus, a Takke MpeAMETHBIC 3HAHUS OOBIYHO TMPE/I-
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CTaBIISIOTCS B BUJEC NPUMEPOB MOHATUNA M OTHOLICHUH M / WINM OTpaHUYCHHM, ONpeesieMbIX 3Ha-
YEHUSIMHU aTpUOYTOB 3K3eMIUIAPOB MOHATHI.Ha ocHOBE BbIlIeyKa3aHHBIX TPEOOBaHUN MpeaIaraeT-
Csl KOHIICTIIIUSI MHTETPUPOBAHHON MOJIENHN MPEICTABICHHS 3HAHHUMA, COCTOSIIIEH U3 OHTOJIOTHYECKUX
6s0k0B. OHTOJIOrMYECKast OJI0YHAsi MOJIENb OOBEANHACT pa3IMUYHbIE TOMOJIHUTENIbHBIE CPEACTBA U
METOBI MPEICTaBICHUS U 00PaOOTKU 3HAHUN CIIEAYIOMINUX MOJENIEH: OHTOJIOTHYECKOT0, CETEBOTO,
IIPOU3BO/ICTBEHHOI'0, UMIIEPATUBHOTO.

MopnynbHast oHTONIOTHYeCKast cucteMHast TexHoorust (MOST) onpeznensier MexaHU3M MTPOCK-
TUPOBaHU, (QYHKIIMOHUPOBAHUS U PAa3BUTUS MHTEIPUPOBAHHOM Cpebl MHKEHEPHOI'O B3aUMOJIEH-
CTBHS (CTaHAApTHAs BEPCHs, UEPAPXUUYECKHUI THIT) U3 TaK Ha3bIBAEMBIX JICKJIAPATUBHBIX OHTOJIOTH-
4ecKUX Moayiieil. B To jxe BpeMs craTHuecKkas CTpyKTypa paclpe/lelIeHHOW CETH OHTOJIOIMYECKHX
MOJTyJIeH OIpeNeNsieT «CTPATETHuIO» MPOLECCOB MPUHATUS PEIICHHH, a JMHAMUYECKUN MEXaHU3M
«00y4aroUMXx» MPOLIECCOB OMUCHIBACT «AJIBTEPHATUBY» ONEPALIMOHHBIM IPOLlEccaM B OHTOJIOTHYE-
ckux 6mokax (OB). Kak ¢popmansHOe ycTpoiicTBo, cetr [leTpu 1 Mozenb mpon3BOICTBA.

Bce cpenctBa npencraBieHus 1 00paOOTKU 3HAHUN MHTETPUPOBAHHON MOJENU 00beAMHEHBI
B pamkax ogHoro ONT OB onTonormdeckoro 61ouHoro gopmanm3ma. Takoi moaxom odecreyu-
BaeT BO3MOKHOCTh OOMEHA BCEMM CPE/ICTBAMHM MHTEIPUPOBAHHBIX MOJIesIel U, KaK CJIeJCTBUE, COB-
MECTHOE OIHMCaHKE JICKIAPATUBHBIX U MPOICTYPHBIX 3HaHU [9].

Ha ocHoBe uncciiezjoBaHuii, IpOBOJUMBIX B paMKaxX KOHLENTYaJIbHOTO MOJXO0/a, OHTOJIOTUS
OC moxer oTtoOpaxkarbesi B BUae CTpYKTypbl rpada. Torma mycts oHTONOrUst ONT - HEKOTOPBIH
rpad

ONT =<N, E>, (2) rue

N - y31bI oHTOJOTHY, E - E - oTHOIIEHUS Mexny y31amMu (OpUEHTUPOBAHHbIE TYTH).

Takum 00pa3oM, OmpenensieT CI0XKHOE ONUCAHUE IMOHATHM M OTHOLIEHUN HMUTHUPYEMOTO
IIPOrpaMMHOI0 O0eclieYeHusl B BUJE KJI1ACCOB OOBEKTOB M OTHOLICHUH, KOTOPbIE MHKAICYIUPYIOT
CEeMaHTHYECKHE CBOIMCTBA M OTPAaHWYCHUS HA MX aTPUOYTHI U apryMEHTHL. DTO ONpEAEIseT CeMaH-
TUYECKYI0 M (DYHKIIMOHAJIBHYIO CTPYKTYPY CETH, KOTOpasl MpPEeJCTaBISAEeTCS OTIACIbHBIM MOIYJIEM
MPEeIMETHBIX 3HAaHUW ¥ 3HAHUH O 3aja4e.

®opmansHoe onpenenerarne MOST =<N, S, F, a, b>), (3)
rae N - cnenmansHas cethb [lerpu.N =<P, T, I, O, M0)>, (4)
rae P = {pi/i= 1-n} - mHOKecTBO 00bekTOB moTOKa, T = {Ti /i = 1-m} - MHOKECTBO omeparuii
nepexona,l =P * T -> {0,1} - Bxoanas ¢pyukuus,O =T * PT ->| 0,1} - Beixoanas pynkuus,MO: P -
{0,1} - nauanpHas mapkupoBka; S = {si / i = 1-n}, S - HaOop HHPOPMALMOHHBIX IITEMEHTOB O0BEK-
Ta, MPEJCTaBICHHOTO TaOIHUIIaMU. S - 3TO Ha00p OTOOPAKEHUS IS «3arpy3Ku» SJIEMEHTOB B TIO3U-
uun oowekta;F: {fi /1 = 1-n}; F - Habop noruveckux dopmyna: P-> S - 310 Habop oToOpakeHUs
JUISL «3arpy3KH» 2JIEMEHTOB B mo3unuu o0bekta;b: T -> F - 310 oTOOpakeHue, ompeneistoniee
«HArpy3Ky» (GOpMYII JOrHYECKOTO epexoaa.

Onronornyeckuii OJOK - OHTOJOTHYECKAs CTPYKTypa KOHIENTYAIbHBIX THUIIOB MpPEAMETHON
obmactu (PR), cneunduyeckas nis HEKOTOPHIX KOHIENTYaJbHBIX OTHOUIEHUH U JIEKCHYECKHUX
cpeactB. CucreMHass MHTETpaIisl yKa3aHHBIX OHTOJOTMU (JMHTBHUCTHYECKAas M TpeAMeTHas 00-
JacTh) BMecTe ¢ 0a30il (akTOB M NpaBHJIaMH BbIBOJA JJisi paccMarpuBaemoro PR mperncrasisier
co0oif 0a3y 3HaHMIA, a rpaMMaTHYECKHI mporieccop GOpMUPYET CTPYKTYpPHBIE €IUHUIBI COOTBET-
crBytonx uepapxuil.IEEI cocrout u3 cneayromux OJ0KOB yrpaBieHHs: - OJOK ylpaBieHUs UH-
dbopmarueit Ha PEANPHUATHH; - OJOK anmapaTHO-TEXHUYECKOW 0a3bl U CPENICTB CBS3U; - OJIOK, CH-
creMa U mnporpammHoe obecnieuenue CYBJl; - 010Kk mnporpaMMHBIX HPOAYKTOB, KOTOpBIE
ABTOMATH3MPYIOT yIpaBlieHHEe WHPOPMAIMOHHBIMA TIPOIIECCaMH; ; - OJIOK, 00ECTIeYMBAIOIINH TTpa-
BUJIA MCIIOJIB30BaHMS M Pa3pabOTKU MPOTpaMMHBIX MpoaykToB; - WT-oTnen u mpemocTaBieHue
yCiIyr; - OJIOK Toib30Barenel mporpaMMHBIX MpoaykToB.DopmansHo Mozens ONT OB moxer
OBITH PENPE3EHTATUBHON OCTaBIISAA €AMHOE LIEJI0E.
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3AKJIIOYEHUE

B otnuune oT M3BECTHBIX METONOB aHaIM3a M (hOpMaiu3aluu MMPOU3BOJICTBEHHBIX CHUCTEM,
rZie CTaparoTcs u30erarh SIBHBIX OHTOJIOTHYECKUX JOMYIIEHUH ¥ MHOTONPOOIEMHBIX (OpPM BBIpa-
KEHUSI TIPUKJIAJHBIX 3HAHUHN, pa3paOOTaHHBIA MOIXO/] MO3BOJSET BBECTU U HCIIOIH30BaTh OHTOJIO-
TMYECKUE CpeJNICTBa, Oazupyromuecs Ha popMaIbHOM ammapare, OTpaxaroleM Hanbosee yCTOHIH-
BbIE MEXaHU3Mbl MPOOJIEMHOTO U MOHSITHUMHOIO OCMBICICHUS NEHCTBUTENBHOCTH. [Ipu sTOoM ¢
nomoupto MOST TEXHOJIOTUH CTPOATCS KOHLENTYaJIbHbIE MHOI'OACIIEKTHBIE OIMCAHUS IPEeIMET-
HOI 00J1acTH B BUJE MTPaBWJI, KOTOPbIE U3BIIEKAIOTCS U3 JIEKJIAPATUBHBIX MOIYJIEH.

B pesynbrate npubamkeHus: METO0B (hOpMaIM3aluy MPUKIATHBIX 3HAHUN K TIOCTAHOBKE H
PELICHUIO CTOSIINX MPUKIAIHBIX 3a/1a4 ClIeyeT 0KHU/IaTh MOBBIIEHUE KauecTBa U 3(PPEKTUBHOCTH
(bopMaTEHOTO MOJETUPOBAHMS MPOU3BOICTBEHHBIX MPOIECCOB U ONTHMHU3ALUU MPHHATHUS pellie-
HUU 10 UX YIPABJICHHUIO.
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