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B craThe Ha OCHOBaHUM PE3YJIBTATOB aHAIM3a ACIICKTOB MH(MOPMAIMOHHOTO B3aMMOJICHCTBHS MEKIY
MPEJNPUITHAMU Ha PA3IMYHBIX ATalaX >KU3HEHHOTO MUK U3eUs cHhOPMYTHPOBAHBI IPOCKTHBIC AJlb-
TEPHATHBBI KOMIIOHCHTOB ITU(PPOBOr0O Macnopra usaenus. Paspaborana oHTOJIOrHYECKast MOJICIb ITUPPO-
BOTO TACTIOPTA U3CIIHS JJIs MPHOOPOCTPOUTEIBHOM OTPACIH C UCIIOIH30BAHUEM CTAHIAPTHBIX 3JICMCHTOB
MeTaMoienelt — 00bEKTOB, OTHOIICHUH U (DYHKIIUH.

B npomecce pazpabotku chopMHpOBaHBI IIEPESIHH MPOSKTHO-TIPOM3BOICTBCHHBIX MPOIICTYP B COOTBET-
CTBHH C 3TallaMH XU3HCHHOTO ITHKJIA U3EIIHS, a TAK)KE aTPUOYTHI U KIIACCH TaHHBIX MPEIMETHOM 00IacTH.
OmnrcaHbl aTpUOYTH U CBOMCTBA KJIACCOB (IIOIKIIACCOB) M OTPAaHMYCHHS HA UX 3HAYCHHUS U THITHI JaHHBIX.
OmnpeneneHbl HHPOPMAIHOHHBIE 00BEKTHI OHTOJIOTHICCKOH MOJIENH, BKITFOYAIOIIEH Bce BO3MOXKHBIC BapH-
AHTHI OMTUCAHNH KOMIIOHEHTOB, 0000IIEHHBIX IS PHOOPOCTPOUTENbHOM oTpacnu. Kiraccudukamnms tep-
MHUHOB TPEIMETHON 00JaCTH MPeNCTaBlIcHA HEPAPXUUCCKUMHE CBA3SMHU COTJIACHO MPUHIUITY HACIIE0Ba-
HUS 00BEKTHO-OPUCHTUPOBAHHOTO 0 1X01a. Kitacchl Moiesu omnpeiesieHbl MHOKECTBAMH TSPMUHOB TIPEJI-
METHO# 00J1aCTH C UCTIOB30BaHUEM CUCTEMBI Protégé.

Pa3paboTanHast OHTOIOTUYECKAs MOJICIb COACPIKUT MOJHYIO CTPYKTYPY JaHHBIX O pa3padaTbiBaeMOM
Ha TPEANPUATHH U3MICIUU C COOTBETCTBYIOIIMMH MPOLEAYPaMH JJIsl OTpaciiu mpudopoctpoeHus. [lepe-
4eHb (DOPMHUPYEMBIX ONMKCAHHI KOMIIOHCHTOB IU(PPOBOTO MACIOpTa Ha KOHKPETHOM MPEANPHUITHN OTMpe-
JIEIIIeT BOZMOKHBIC BAPHUAHTHI COJIEPIKAHUS IPOCKTHBIX pelIeHNH. B kadecTBe mpuMepa peann3anii mpH-
BEJICH JICMOHCTPHPYIOIIIH alTOPUTM UCIIONB30BaHHS MPEI0KEHHONW OHTOJIOTHYECKOW MOJICTH Ha TIpe-
MPUATHH, BHEAPSIOMIEM HU(GPOBOHM MACIOPT W3ICTUS s YIpPaBICHHUS BHYTPCHHUMH MPOIECCAMH
OpTaHU3AINH IPOU3BOJCTBA C BHITOJHEHUEM BCEX ATAIIOB JKU3HEHHOTO [IUKJIA W3S,

[omryueHHast MOJIEITE MOXKET OBITH TIepeIaHa JII000OMY APYTOMY MPEIIPUSATHIO U OTPACIIH B paMKaXx pe-
anu3anuu nHGHOPMAIIMOHHBIX CTPYKTYP B3aUMOICHCTBUS MPH BHIMOJHEHHH MPOSKTHBIX PadoT.

Knroueswvie cnosa: onmonozust, yudposoii nacnopm, npubopocmpoerue, HCUsHeHHbIl YUK U30eus.

CoBpeMeHHas paJuodJIEKTpOHHAas amnmapa-
Typa SIBJISIETCSA PE3YJIbTaTOM CIIOKHOTO HAyKO-

BHEJPSAIOTCS WIH YK€ BHEAPEHBI U SKCILUTYaTUpy-
FOTCAL.

€MKOTO TIpoliecca pa3paboTKH H3Ienuid, Tpeoy-
IOIIET0 XPaHEHHs W aHAIN3a MacCHBHBIX 00be-
MOB JaHHBIX O KaKIOM dTare pa3pabOTKU |
arcusnennoeo yuxaa uzoenus (KLU mist obecne-
YEHUS BBICOKOTO KaueCcTBa U HaISKHOCTH UTOTO-
BOW mponmykuuu. OpraHu3aius XpaHCHUs HH-
dbopmMarun 0 pazpabaThIBAEMOM 3JIEKTPOHHOM
U3JICTTMHA BO3MOJKHA 32 CUET BHEAPEHHs [H(pPo-
BOT'0 TIaCMIOPTA, MPEACTABIISIOIETO COOOH CITOK-
HYI0O CHUCTEMYy MaTeMaTudeckux mojenen [1].
CeromHsi BHEOpEHHE IUPPOBOTO MACIOpTA
HEOOXOMMO UTd YHA(GUKAIMK U CTaHAapTH3a-
IIUH TIPOIETYp MPEACTaBICHUS HHYOpMAUU 00
U3JICTMK Ha CaMOM TPEIIPHUITHHN, a TAKKE IS
obecreyeHus] B3auMOJICUCTBHS OTACIOB TMPEI-
TPUATHS HE3aBUCHMO OT TOTO, KAKUE CHCTEMEI
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CyliecTByoIMe MOAX0Abl K 00eCHeUeHnIo
apromaruzauuu stanoB JKIIM u opranuszammu
B3aUMOJICHCTBHS MEXKIY OTICTIaMH MPEATIPUSITHS
HaIleJICHbI Ha pelIeHue MpooIeMbl HHTETPUPOBa-
HUS JaHHBIX MEXIY CHUCTeMaMH MpPOEKTUPOBa-
HUS, HO HE O0ECIICUMBAIOT MOAICPKKY dPdek-
TUBHOTO B3aMMOJICHCTBUS PA3IHMYHBIX TIPEATPHUS-
TUI 0e3 TPUBSI3KM K OINpPEICIICHHBIM CHCTEMaM
npoektupoBanusa. Tak, B pabote [2] mpemnara-
eTcs MPEeJICTaBUTh Pa3pabOTKy CIOKHOTO TEXHH-
9YeCKOT0 MPOEKTa KaK OT/IENBHBIH MPOIIEeCC ¢ MPH-
MEHEHHEM BCIIOMOTaTeJIbHBIX MPOTrPaMMHBIX WH-
CTpYMEHTOB U cpell. JlaHHBIA MOIXOA JOJKEH
COKpATUTh KU3HEHHBIH IUKI pa3paOOTKU U CHH-
3UTh 3a CYET ATOTO PACXOJbI, HO Il BBEICHUS
BCIIOMOTATENbHBIX CUCTEM MOTpedyeTcs AOMOI-
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HHUTCIBHOE COTJIACOBAHHUE HCIONB3yeMbIX HH-
CTPYMEHTOB, YTO YyBENIWYMBACT HArpy3Ky Ha
ctapre npoekTa. B cratbe [3] npennoxkeH moaxoxn
K MHTETPalud MEKIYy MHCTPYMEHTAMH CHCTEM-
HOT'O TIPOSKTHPOBAHHSA € TOMOIIBIO IIpeodpa3oBa-
HUS CTPYKTYpHl JAQHHBIX Ha MpPUMEpe HHCTPY-
MEHTa MOJIENIC-OPUCHTUPOBAHHON —CHCTEMHOMN
nmkeHepun  PolarSys  Capella u  PLM-
wiatpopmbl T-FLEX DOCs. CeroaHs Ha peIHKE
HE CYIIECTBYET ONTHUMAIBLHOTO PEUICHUS B BUIE
ennHON MH()OPMAIIMOHHOW CHCTEMBI JUIS TIPOCK-
TUPOBAHUS W Pa3paOOTKH CIOKHBIX OOBEKTOB
IpUOOPOCTPOUTENHHONW OTpACiv, KOTOpas IOJI-
JIepaKUBaia ObI CBS3b MEKITY MOJIXOIOM MOJICIIH-
poBaHUS OOBEKTOB CHCTEMHOH HHXEHEPHU U
KOHIICTIIIEH YIIPaBICHUs >KU3HCHHBIM I[HKJIOM
NPOAYKTa, a TaKXkKe IpelocTaBisuia Obl euHOe
MIPOCTPAHCTBO JUIS PAOOTHI C MOJHON MU(pPOBOH
MOJIENIBIO M3/eNusl 0e3 HCIONB30BaHUsS CTOPOH-
HHUX PECypcoB B BHUne BcrmomorarensHoro [10,
XpaHWIHIIA JAaHHBIX (CIIPaBOYHWKOB), BpPEMEH-
HBIX 3arpaT. [IpemToXeHHBI aBTOpaMU METOJ
MPUMEHUM K KOHKPETHBIM CpelaM IPOSKTUPOBA-
HIS, YTO HE OTPAKaeT MOJHOTO ITOKPBITHSI BCEX
CHCTEM aBTOMATHU3MPOBAHHOTO MIPOCKTHPOBAHUSL.
B GousbIIMHCTBE CilydaeB B MPOLECCE UCTION-
HEHHS JOTOBOPOB 3aKa3UMKOB MPEATIPHUATHE pa-
OoraeT He 000COOICHHO, a COTPYIHUYAS C JIPY-
TUMH TPSANPUATHIMHA, OTHOBPEMEHHO BBITION-
Hisl paboTel Ha pasnuuHelx dTamax KLU,
MO3TOMY MOXXHO CTOJNKHYTHCSI C KOH(IMKTOM
B3aUMOICUCTBHS Pa3IMYHBIX CHCTEM MPOCKTHU-
pOBaHMS U CTPYKTYPHl JAHHBIX Ha OTACIBHBIX
npeanpuatusix. UYTtoObl u30exaTh 3TOro, Ha
JTane 3aKJII0YeHUs I0OTOBOPOB HEOOXOANMO CO-
IJIACOBBIBATH CTPYKTYPHI JaHHBIX IIPH B3aWMO-
JIEHCTBUH C APYTHMH TPEHNPUSATHIMHU, a ITO
MPUBOIUT K YBEITUYECHUIO CPOKOB COTIIACOBAHMS
U MoAnvucaHus JOroOBOPOB. )1_]'[5[ HCKIIFOYCHU A
JIMIIHUX BPEMCHHBIX 3aTpaT Ha COIrjlaCOBAaHUEC
CTPYKTYpHl JaHHBIX W HCIOJB3YEMBIX CHCTEM
MPOEKTUPOBAHUS TPeOyeTCs YHU(PHUIIMPOBAHHAS
CTPYKTypa AaHHBIX 00 3JIEKTPOHHOM U3AEIIHHU CO
CKBO3HBIM (DUKCHPOBaHUEM U3MCHEHHI Ha KaXkK-
qom stane KLU [4]. B HacTosiem uccliieoBa-
HUH TIPEACTABICHEI PE3YNIbTAThl Pa3paboTKu OH-
TOJIOTHYECKOI MOETH HU(PPOBOTO NACIIOPTA U3-
JeTHs TS IPUOOPOCTPOUTENBHOM OTPACIIH.

3agaua pa3paGoTKu OHTOJIOTUH
Hu(poBoOro nacmopra

O06001IeHre TaHHBIX 00 AJIEKTPOHHOM OIIH-
CaHWU M3JCIHsI BO3MOXKHO 3a CUET HMOAPOOHOI
(hopManuzauy MyTeM TOCTPOCHUS KOHIEHTY-
aNbHOM cXeMbl — OHTONIOTHH. OHTONOTHS HU(D-

POBOTO TAcIoOpTa 3JIEKTPOHHOT'O OIMCAHUS W3-
JIEJIAS COJIEPXKUT JaHHbIe 00 u3menuu (B BUIE
MH(OPMAIIMOHHBIX 00BEKTOB IM(POBOro Tac-
MOPTa) U MPOEKTHO-TIPONU3BOJICTBEHHBIX MPOIIe-
Jypax, BeIMOJHseMbIX Ha dtamax KU [5].

[IpoexTrpoBaHne OHTOJIOTHU TPENNONATAET
MIEPBOHAYATBHOE OIpPEACTICHUE e MPEeIMETHOM
00acTH, TSPMHUHOB W KIIACCOB, MAacIITabOB U
TpaHHMIl, OPTaHH3aALUI0 HEPAPXHU TEPMHHOB,
dbopMupoBaHre aTpUOYTOB W CBOWCTB TEpMHU-
HOB, omnpejeenue 3HadyeHuil. [loctpoennas on-
TOJIOTHYECKass MOZETb OyZeT MaKCHMAaJIbHO
MOJTHO W JTOCTOBEPHO BOCIPOHM3BOAMTH KITFOUE-
BBIC ACIEKTHl PACCMATPUBACMON MPEAMETHOM
00nacTH — BJIEKTPOHHBIE OOBEKTHI IMHU(PPOBOTO
MacropTa HW3IENUsl, HCHONB3yS CTaHTapTHEIC
3JIEMEHTBl MeTaMoeeld — KJIacChl, aTpuOyThI,
OTHOIIICHHUS U T.1. [6-9].

®dopmManbHas MOJENb OHTOJOTMU OIUCHIBA-
ercs BeipakenueM O = <T, A, R>, rne T — MHO-
JKECTBO TEPMHHOB IPEIMETHOW 0OJACTH OHTO-
norud; A — MHOXKECTBO aTpUOYTOB KOHKPETHOTO
TEPMHUHA, OMKCHIBAIOIINX KIIACCHI OHTOJIOTHUH;
R — MHOXECTBO OTHOIIICHUH MEXITy TEPMHUHAMH.

Omnmcanrie MHOJKECTB aTpHOYTOB M OTHOIIIE-
HUH MEXIY TepMHHAMHU U KJIACCAaMH BO3MOYKHO
BBEJICHUEM JIONOJHUTEIBHBIX KopTexed: O =
= <T, Rt, R>, rae Rt — oTHOIIEHHE «POI—BHUI»
Mexy TepMuHaMu B A = < Na, Tp, V>, rie Na —
HauMEHOBaHUE aTpuOyTa, Tp — THII aTpuOyTa,
V — 3HadyeHue aTpudyTa.

TaxuM 00pa3oM, B HACTOSAIIEH CTaThe OHTO-
norust O — 3TO0 KOPTEIK, COCTOAIIUN U3 MHOXKE-
crBa kiaccoB (T), mHOkecTBa atpuOyToB (A),
MaTpHIbl conoctapienuit (P), MaTpuisl cMexK-
noctu (R) u 3agannsiii B Buge O = <T, A, P, R>,
rae T=(t1, ta, ..., th) — MHOXeECTBO N KJIACCOB OH-
TOJIOTHH, ONPEICISIONUX MPOSKTHO-IIPOU3BO/I-
CTBEHHBIC TIPOLIEAYPHI 1 HH(POPMALTHOHHEIE 00B-
ekThl Ha Beex atanax JKIU; A = (ay, a, ..., 8p) —
MHOXXECTBO P  aTpHUOyTOB, OMNHCHIBAIOIINX
KJIaCChl OHTOJIOTMH B CHUCTEMaX YIIPaBJICHUS,
P — marpuna comoctaBneHuid aTpuOyTOB Kiac-
caM OHTOJIOTHH; R — MaTpuIla CMEXXHOCTH, OIIH-
CBIBAIOIIAs B3aMMOCBSI3H MEXKIY KIIaCCaMH.

Takoe mpe[CTaBICHHE MOICTA MO3BOJISCT
copmupoBats rpad 6azosoit ortomoruu [10, 11],
BEpUIMHAMH KOTOPOT'0 ABJIAIOTCA JJIEMEHTBI
MHOXeCTB T u A, a pebpamu — P u R, uto maer
BO3MO)KHOCTB HCITONB30BaTh A (HOpMHPOBa-
HUS OHTOJIOTHH METOJIbl TEOpUH TpadoB.

@opMHpPOBaHIE MHOKECTBA KJIACCOB
OHTOJIOTMH M MATPHULIbI CMEKHOCTH

ITpu ananu3e npegMeTHON 001aCTH AT Kax-
noro stana XU 6summ chopMynupoBaHsl 11e-
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PEYHHU IPOEKTHO-TIPOU3BOJCTBEHHBIX [IPOLEAYD,
KOTOpBI€ BBIIOJIHSIOTCA COTPYIHUKAMHU Ipen-
MpUATHS B XOlIe IPOEKTHOH paboThl. Pe3ynbra-
TOM BBITIOJIHEHUS KaXKJOW TaKOM MPOLeAypHI 5B-
JroTess manHele 00 m3menuu. [lom maHHBIMEU
B HacTosled paboTe MOHUMAIOTCS KOHCTPYK-
TOpCKasg MPOrpaMMHAas WJIH TEeXHOJOTHYecKas
JIEKTPOHHAs JOKYMEHTALs], B TOM YHUCIIE UHAas
TEXHUYECKasl JTOKyMEHTalUsl B BUAE [IPOU3BOA-

CTBEHHBIX JKYpHAJIOB 3aMEYaHUH, NPOU3BOI-
CTBEHHBIX JKypPHAJIOB 3aBOJICKUX HOMEpPOB H3/Ie-
JIUSL U €70 COCTABHBIX YacCTe, )KypHaJIOB MPeIb-
SIBJICHUS. TPOAYKIHUHU B 0Omoel MexHUu4ecko2o
xkonmpoisn (OTK) u mpouee.

Jusa kaxmoro stana KU 6butu chopmupo-
BaHbl Tapbl «IaHHBIE 00 H3AETUU—IIPOEKTHO-
MPOU3BOJICTBEHHAs Tporemypay (tadin. 1). Cie-
IyeT 3aMETUTh, YTO NEPEYHH IPOU3BOICTBEH-

Tabnuya 1
IIpoekTHBIC AJIbTEPHATUBBI KOMIIOHEHTOB HU(POBOI0 NACHOPTA HU3AEIUA
B OTpac/in HpﬂﬁopOCTPOEHPIﬂ
Table 1
Design alternatives for digital passport components in the instrument-making industry
Iran KA IIpoeKTHO-IPON3BOACTBEHHAS NPOIeypa Dopmupyemblii HHPOPMALHOHHBII 00bEKT
3akmouenue | PaccmorpeHue u cornacoBaHue 3asBKH Ha paspa- | O0bekT «/lokyMeHT» Bua «3asBKa Ha pa3padoTKy»,;
JIOroBOpa 0OTKY MJIU IOCTABKY HPOAYKIIHU «3asBKa HAa OCTABKY IPOLYKIIUI
TloxroroBka, peructpanus ¥ noanucanue goro- | O6bexT «JJokymeHT» BHaa «/loroBop ¢ 3aKa34uKOM)
BOpA C 3aKa34YMKOM
PerucTpanys u momcanye J0roBOpoB O0bexT «J{okymMeHT» BHIa «/I0roBOp C COMCIIOIHUTETIEM»
C COUCHOJIHUTEIISIMU
Pazpaborka PazpaboTka, coriilacoBaHue 1 yTBEp)KICHHE O0bekT «JJokyMeHT» BHIa «YHHGHIHPOBAHHOE 331aHHE;
YKPYHHEHHOTO rpaduka padbot 00bekT «M3nenuey» Buaa «Kommiekey
VYnpasieHue akTyaau3anuei JaHHbIX O6bekt «M3aenue» Buna «Jleranby;
0 nokynHbIX Komiuiektyomux u3aenusx (IIKW) | o6bekt «CAD-JIokyMeHT» Buaa «MOJIellb IeTalIny
PazpaboTka 1 H3MEHEeHHe TaHHBIX ITeYaTHOU Oo6bexT «M3nenmue» Buna «Jeranb»; «COOpoyHas eIHHIAY;
TUIaThI 00bekT «CAD-/TokyMeHT» Buaa «MOJeIb IeTany;
«Mopenb cOOpoUHOi eMHUIBIY; «UepTeK ...»; 00BEKT
«loxymeHT» BuIa «Cxema ...»; «[lepedeHb JIeMEHTOBY;
«Criennpukanusd»
PazpaboTka u u3meHeHue KOHCTpyKImuU npudopa | Oobext «M3nenue» Buna «Jleranb»; «COOpoUHas eqUHULIAY;
«Kowmmekr»; 00bekT « CAD-/lokymenT» Buna «Monemnb
neramny; «MoJenb cOOpOYHOH eqUHHIBDY; «HepTex ...»;
00bekT «/IokymenT» Buna «llacnopm»; «Tabnuua
npoBepoky; «Crenudukanusy; «BeroMocTs ...»;
«Texuuueckue ycnous»; «IIporpamMmma u meronuka
UCTIBITAaHUNY; «AHCTPYKIMS ... »
Paspabotka u m3menenne I10 nmpubdopa Oo6bexT «M3nemme» Buna «KommoneHT»; «KoMmekey;
«Tekct nporpaMmeDy; «Crienudukanus
Pa3paboTka 1 M3MEeHeHNe FKCIUTyaTallHOHHOM O6BekT «JlokymenT» Buna «Ilacopm»; «®opmynsap»;
JIOKyMEHTalluH «MHCTpYKIUA ...»; «PyKOBOACTBO MO YKCILTyaTallUM»;
«O1uKeTKa»; «BegomocTs ...»; «Karanor usnenus»;
«Crermpukanmsny
CormnacoBanue, yTBepxieHHe U cada koMmiuiekra| O0pektsl « CAD-JlokyMeHT»; «JloKyMeHT»
paboueii KOHCTPYKTOPCKOH TOKyMEHTaluH
B apXHB
IToaroroska PazpaboTka 1 n3MEHEHNE TEXHUYECKOMH O0wexT «M3nenue» Buna «Jleransy; «COOpoyHas eqUMHULIAY;
IPOU3BOJCTBA | JOKYMEHTAllUH Ha U3ZeIIHe «TexHomoruueckast ocHacTKay; «Crenudukanusy»; o0beKT
«CAD-JlokymMeHT» BuAa «YIPaBISIOIIAs IPOrpaMMa;
«Mogens nerammy; «Mopens cOOpOTHOH eMHHIBI»;
«Heprex ...»; 00bekT «JloxymenTa» Buna «Kapra
Texmporeccay; « TexHomornueckass HHCTpYKIus»; « THIIOBOH
TEXHOJIOTMYECKHUi mpomeccy
3amuck 3aMeuaHuil U peneHuid npu nposeneHnu | O0bekT «3ameyanue» Bujia «3aMe4aHue oT
TEXHOJIOTHYECKOH MOJTOTOBKU MIPOU3BOJCTBA TEXHOJIOTMYECKOT0 OTAeNa; «3aMeuaHue OT CIyxKObI
¥ IIpYU IUIAaHUPOBAHHH 3aKYTIOK CHA0XKEHHUS»
IloaroroBka M perucTpars J0roBopa Ha Ho- O0BbexT «/{okyMeHT» BHIa «/]0roBOp ¢ MOCTABIIKOMY
craBky ITKW u MaTepuaio
DUKCHPOBAHUE U PETUCTPAIMS MOCTYIUICHHS O0BekT «JlokymeHT» Bujia «PekiIaMalioHHbIH aKT;
naptuu [1IKU, MatepranoB u npogyKiuu 00BEKT «DK3EMILISP W3S
MEX3aBOJICKON KOOTepalun
dopmupoBaHHe POU3BOICTBEHHOTO IIAHA «YHH(UIIPOBAHHOE 33TaHUE)
W3TOTOBJICHHS MPOLYKIIHU
IIpoussoxctso | IIposepka ITKH, maTepnanoB 1 NpomyKIUK OO6BeKT «DK3EeMILTAp M3/1eUs»; 00beKT «JJoKyMeHT» Buia
MEXK3aBOJICKOH KOOIIEpAIUH TIPH BEIIAYe CO «PeKIaMaIiOHHbIN aKT»
CKJIaJa
DHUKCUPOBAHKE COCTABOB U3rOTABIMBAEMBIX OOBEKT «IK3EMILISP U3ICTUN
CcOOPOYHBIX €TUHHUIT
3anmch 3aMevYaHuil ¥ pemeHnii B mporecce npo- | O0beKT «3aMevanne» BHa «3aMedaHue OT IPOU3BOJICTBA»
M3BOJICTBA AETANICH M COOPOUHBIX SIHHMI U3Jie-
s
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HBIX MPOLEAYP 3aBUCAT TONbKO OT dTana KLU,
yIpaBlieHHE KOTOPHIM PEaTn3yeTcsl Ha OTIEINb-
HOM TIPEANPUATHH.

TaxuM o0pa3oM, JaHHbIE 00 U3JCIUH MpPEa-
CTaBJIAIOTCA Kak WH(POPMAIMOHHBIE OOBEKTHI,
BUJBI KOTOPBIX OMNpPENeSIOTCA JKCIUTyaTupye-
MbeiMH Ha npeanpustun CAIIP, ¢ Bo3MoOXxHO-
CTBIO UCTIONIF30BATH, OITUCHIBATH M XPAHUTH AaH-
HbIE C KXo peBu3nen nokymenta. Comepxa-
TEJNIFHOW YacThI0 HWH(POPMAIMOHHBIX OOBEKTOB
SIBIISTIOTCS (haJTbl KOHCTPYKTOPCKOW U TEXHOJIO-
TUYECKON TOKyMEHTAIlUH, a PEKBU3UTHON — aT-
puOYTHI, onpenaessieMble BUAOM HUCIOIb3yEMbIX
cpencts 10 u cucrem (CO/, ERP, PDM, MES
i QMS) cootBetcTBeHHO [12]. OHNM H3 CTIO-
co0O0B CO37IaHMS TaKOU CTPYKTYPHI SABJISIETCS TI0-
CTPOCHHME OHTOJIOTUYECKON MOozenu nmudpoBoro
nacnopra uzaenus. Kak u pasnmuunsie b1, onro-
JIOTHS, HECOMHEHHO, SBIIIETCSI OCHOBOH MHOTHX
MPUIIOKEHHH, CTIEU(PUUHBIX A MPEeIMETHON
obnactu [10]. B mocieqHue gecaTUIIETUS pacTeT
NpU3HAHWE HEOOXOMMMOCTH CO3IAHHS SBHOI
crelu(UKaIMK TOTO, KaK 3HAHUS B IPEIMETHON
obnacTi (QOpPMHPYIOTCS, XpaHATCS W Iepena-
10Tcst. OHTOJIOTHS OpeNeNsIeTcs KaK CXeMaTHd-
Hasi CTPYKTYpa, UCTIONb3yeMas Jisi OOMEHa 3Ha-
HUSIMH MEXIy TOJIb30BaTeNsIMU U IporpaMma-
MU [13]. Bonee ¢hopMalbHO OHTOJIOTHS OTIpeIe-
JsieTcs Kak crieugUKaIys clIoBaps TEPMUHOB U
aTpuOyToB, cBs3pBatomux ux [11]. Cnenosa-
TENFHO, OHTOJIOTHH TIO3BOJISIIOT — BBIPAXKaTh
CJIOKHBIC B3aUMOOTHOIICHUA BHYTPU NPEAMET-
HOW 00JacT, a YCTaHOBIIEHHWE OTHOIICHUH
MEXIY TEpMUHAMHU TIOHATH KOHIICTIT HE TOJBKO
TI0 €T0 aTpuOyTaM, HO U IO TIOJIOKEHUIO OTHOCH-
TEJIbHO OCTAJIbHON OHTOJIOTHH.

HeobxoauMpIM Imarom mporecca IpOeKTH-
pOBaHHsI OHTOJIOTHHU SIBIIETCS (POPMHUPOBAHUIEC
MHO)KECTBA KJIACCOB MPEAMETHOH o00iacTw,
KIacCU(HKAIMI KOTOPBIX MOXET OBITH Ipel-
CTaBJICHA HEPAPXUICCKUMU CBS3SIMU, UCTIONB3YS
MIPUHIIMIT HACIIEIOBAHUS 00BEKTHO-OPHEHTHPO-
BaHHOTO moxxozaa (puc. 1). Kitaccer oHTONMOTHN
OTIPENENAIOTCS MHOKECTBAMH TEPMHUHOB TPEI-
METHOH oOnacTu B Tporecce (GpopMHpoBaHUS
MIOJMHOKECTB 0a30BOI OHTOJIOTUH C UCIONB30-
BaHHMEM CHUCTEMEI Protége.

JleneHne KJIACCOB OHTOJIOTHH ITH(POBOTO
MacTopTa Ha MOJKIACCH MO3BOISIET KOHKPETH-
3UPOBAaTh BUIBI XPAHUMBIX U 00pabaThIBAEMBIX
MaHHBIX O pa3pabaThIBAEMOM H3IEIUU M TIPO-
EKTHO-TIPOU3BOJICTBEHHBIX MPOLEAYypax B COOT-
BETCTBUHU C JITAllaMH >KU3HCHHOI'O HHUKIA (CM.
http://www.swsys.ru/uploaded/image/2021-4/
2021-4-dop/13.jpg).

Ha nanHOM 3Tarme nmpoeKTHPOBAHUS OHTOJIO-
ru (pOpMUPYETCST MaTPUIa CMEKHOCTH C yde-
TOM BHIOB OTHOIIEHHHA MEXIy Kiaccamu R:
R=|ryl, rae

1, ecnkmnacesl t; 1 t; cBsI3aHbl MEX/Y COOON

_ JOTHOLICHHUAMH,
ij 0, ecmukmaccel t, u t j HC CBSI3aHBI MEXIY
000l OTHOIIICHUSIMH,

i, j=1n.

OTtHomeHne «popMupYeTCs» 00pa3yeT napsl
«MH(OPMALMOHHBIN  00BEKT—TIPOEKTHO-TIPOU3-
BOJICTBCHHASI TIPOLIEAYPay, SBILIOIINECS KOMIIO-
HeHTaMH [udpoBoro macmopra. OTHOIICHHUE
«OTIMCBHIBAETCS» 3a/1aCT CBA3U MEXITY 00bEKTaMH
«M3penune» nim o0beKTaMH « IK3EMILISIP» U CO-
OTBETCTBYIOIIMMU UM OO0BEKTaMH «J[oOKyMeHT
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Fig. 1. Classification of multiple classes of top-level digital passport
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wum  «CAD-/lokyment». OTHOLIEHHE «CO-
CTOWT U3» 33JaeT CBA3b PA3INYHBIX BUAOB 00B-
exToB «l3nmenue» mim 00BeKTOB «DK3EMILIAP»
MexIy coboi. OTHOILIEHHE «CCBhUIAETCS Ha»
YCTaHaBIUBAET B3aHMOCBSA3M MEXIy OOBEK-
TaMH.

®opMHupOBaHNEe MHOKECTBA ATPUOYTOB
OHTOJIOTMH M MATPHLIbI CONOCTABJICHHIA

Ha cnenyromem stane mpoeKTUPOBAHUS OH-
TOJIOTHYECKOH Momenn HIH(POBOrO IACIIOpTa

OTIPENENAIOTCS aTPUOYTHI W CBOWCTBA KIIACCOB
(TIOAKITACCOB) M OTPaHUYCHUS HA WX 3HAUCHUS U
THUIBI JAHHBIX. ATPHOYTH MOTYT OBITH CIPYIIIIH-
poBaHsbI 10 BHAaM cucteM (tabm. 2). Takum 06-
Pa3oM, KI1acChl OHTOJIOTHH OMTUCHIBAIOTCS ITEPE-
HSMH aTpUOyTOB, GOPMHUPYEMBIMH CPEICTBAMHU
C5/1, ERP, PDM, MES, QMS.

JlokanbHble TpeOOBaHMS MPEANPUATHHA K CO-
JIepKaHUI0 TM(POBBIX IACHOPTOB  HM3IEIUI
OTIPENEIAIOT IIePEUCHD OMUCAHUI KOMIIOHCHTOB
(hopMupyeMbIX IUOPOBBIX MACTIOPTOB, TIO3BOJISSL
HE HCIIOJIF30BATh BECh IEPEUeHb, MPEIyCMOT-

Tabauya 2
Ilepeyenb aTpUOYTOB B OHTOJIOrHYECKOI MO/ HM(PPOBOro NACHOPTA
Table 2
The list of attributes in the ontological model of a digital passport
HaumeHoBaHue aTpudyTa Bua cucremsl ATtpudyTt B cucreme Protégé

HOMED 3a3BKH Co1 request_number
BUJI H3/ICIHS CB/1, ERP, PDM product_type
HOMeEp JI0roBOpa (JIOMOJIHEHHs K IOTOBOPY) CH/1, ERP, PDM contract_number
HaMMEHOBAHUE 3aKa3unKa CH, ERP, PDM custumer name
PEKBU3HTHI 3aKa34MKa CO/1, ERP, PDM customer_bank _data
HAauMEHOBAHHNE COMCIIOJIHUTEIS CH, ERP, PDM CO-contractor name
PEKBH3UTHI COMCIIOIHHUTEIISI CH/1, ERP, PDM co-contractor bank data
HAMMEHOBAHHE MOCTABINUKA CO/1, ERP, PDM supplier_name
PEKBH3UTHI IIOCTABIIHKA CH/1, ERP, PDM supplier_bank data
HoMep rpaduxa ERP, PDM task_number
00bem pabor ERP, PDM scope_of_tasks
J1ata Hadasa pabor ERP, PDM start_of tasks
J1aTa OKOHYaHus paboT ERP, PDM end_of tasks
0003HaUEHNE CH/1, ERP, PDM object_number
HAaUMEHOBAHUE COJ1, ERP, PDM object_name
[IPE/ICTABIICHHE PDM product_view
Bepeus PDM version
COCTOSTHHE PDM state
HauMEHOBaHHE U3rOTOBUTEIS ERP, PDM, MES executor name
rabapuThl U3/eNust PDM product_size
Macca M3JIeNust PDM product_mass
OTrpaHUYMTEbHBIN MPU3HAK PDM remark_state
BHJT JIOKYMEHTA PDM document_type
BHJT MOJIENTH PDM model_type
[epBUYHAs IPUMEHAEMOCTh PDM first_used_number
dhopmar PDM document_format
KOJIMYECTBO JINCTOB JIOKYMEHTA PDM document_pages
JMTepa PDM used _type
HOMEp pelIeHus] PDM number_of solution
JIaTa YTBEPIK/IEHHS PELIEHHs] PDM date_of solution
pOJIb JIHIA PDM workflow_role_name
D.1.0. muma PDM user_name
J1aTa MOJITHUCAHUs PDM signature_date
HOMEp 3aMeYaHus PDM, QOMS comment_number
CoJiep)KaHNe 3aMeYaHusl CHJ1, PDM, QMS comment_description
MpeJUIaraeMoe pelieHne COJ1, PDM, QMS decision_description
HIeHTHOUKAIIMOHHBI HOMEP CH/1, PDM, MES, QMS sample_number
MIPU3HAK KauecTBa ERP, PDM, MES quality_type
HOMEDp CKIIaja ERP, PDM, MES stogare_number
HOMep Iiexa ERP, PDM, MES plant_number
M3TOTOBHTENb IK3EMILIIPA ERP, PDM, MES executor hame
pe3ybTaT Oomepariu MES operation_result
pe3yNIbTaT KOHTPOJISI KayecTBa MES quality result
KOJIMIECTBO IK3EMILISIPOB PDM, MES sample_quantity
MPUYUHA HECOOTBETCTBHUS KAUueCTBa ERP, PDM, MES, QMS quality reason
Jlata OTrPY3KH ERP, PDM execution_date
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PEHHBIN OHTOJIOTHYECKON MoJenbo. Dopmupy-
eTcs MaTpHuIla COMOCTABICHUI aTpHOyTOB Kitac-
cam oHTojoruu P:
P=[pyl, rre
<t,a; > ecin aTpuoyT a; onnchIBaeT

Kimacc t;,
p; =
<0,0 >, ecntu arpubyr a j HE OTIMCBIBAET
Kiacce t;,
i=Ln,j=1p

Camu miepeynn (HopMHUPYEMBIX ONMHUCAHUN
KOMITOHEHTOB ITM(POBBIX MMACIIOPTOB Ha IIpen-
TOPUATHAX OMPEACISIFOT MHOXKECTBO aTpUOYTOB,
OTIMCHIBAIOIINX TOT MJIM MHOH KJIACC OHTOJIOTHH.
OHH COOTBETCTBYIOT BHJIaM CHCTEM YIIpaBlle-
HUSI, CPENICTBAMH KOTOPBIX MOXET OBITh pealu-
30BaHoO ympasieHue Ha dranax K.

OHTOJIOrHYecKass MOeJIb
HuGpoOBOro NACHOPTA U3AETUS

Onrojnoruyueckass Mopenb LU(poBoro mac-
nopra ((pparMeHT pHUBe/IeH Ha PUCYHKE 2) SIBJIS-
eTcd pe3ynbTaToM (OPMYIHPOBAHHUS CIIHCKA

paspaboTaHHast MOZIeJb, 0000IIeHHAs T 00.1a-
CTH TIpHOOPOCTPOEHUS, BKIIIOUAeT B ceds Bce
BO3MOXKHBIC BAPHAHTHI OMUCAHUIN KOMIIOHCHTOB
¢ ucronk3oBanneM cpeacts COJ1, ERP, PDM,
MES, QMS. Bosnee TOro, OHTOJIOTHS COINCPKHT
MOJIHYIO CTPYKTYpPY JaHHBIX O pa3padarbiBac-
MOM H3JICTUM C COOTBETCTBYIOIIMMHU MPOIEHY-
paMu 11l TpUOOPOCTPOCHUSL.

OHTONOTHSI TIpEACTaBICHAa KOPTEXEeM, 3JIe-
MEHTaMH KOTOPOTO SBIISIOTCS MHOXECTBA KJIac-
COB W aTpUOYTOB KJIACCOB OHTOJIOTHH, a TAKXKE
MAaTPHIILI pacipeeNieHHs M CMEKHOCTH. J[aHHas
MOJIEITh SIBIISICTCS 0a30BOM OHTONOTHEH IH(PO-
BOT'0 TACIIOPTa M3JCNHUsS, €€ MOXKHO HCIONB30-
BaTh s (OPMHUPOBAHMS COIEpKaHUs mudpo-
BOTO IIacIIOpTa M3IEIHUS U TeHEepallud MPOCKT-
HBIX PEIICHUH TOCPEACTBOM  BBIOJTHEHHSI
oTiepaIiy U3BJICYCHUS CyO-OHTOJIOTHH.

IIpumep peanusanumn

B kadecTBe mpmMepa peanm3alldll HACTOS-
IIell OHTOJIOTHYECKOI MOAETH pacCMaTPHBACTCSI
MPEANPHUATHE, ACATSILHOCTh KOTOPOTO HAIpaB-
JieHa Ha pa3paboTKy W TMOCTAaBKY H3IENUI MpH-

TEPMHHOB, UX aTpuOyTOB W cBOMCTB. IIpu aToM | OopocTpomrtenbHOl  oTpacmu. [Ipeampusrie
owl:Thing
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DESIGN_AND_PRODUCTION
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e | sy moveL e
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Fig. 2. An ontological model of a product digital passport
for the instrument-making industry (fragment)
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BHE/psieT HU(PPOBON MACIOPT U3ACTHSA JUIS
yIIpaBlieHHUS BHYTPEHHIMH MPOIIECCAMU OpPTraHH-
3alliu MPOU3BOJICTBA C BHITIOJHEHHUEM BCEX 3Ta-
noB JKIII: 3akoueHne JOroBOPOB, pa3paboTKa,
MOATOTOBKA K IIPOM3BOIACTBY, IMPOU3BOICTBO,
nepesaya B 3KCILTyaTalluIo, IOCTaBKa U3/IEIHs, B
TOM YHCJIE PEMOHT U yTuiuzauus. Pa3paboran-
Hasl OHTOJIOTHYECKAass MOJENb OTPACIH MOXKET
OBITH UCIIONB30BaHA KaK B MOJHOM BHUJE, TaK H
BBIOOPOYHO, 3aJeiCTBOBAB OTJENIbHBIC aTpPHU-
OyTBI, KJIACCHI ¥ JaHHBbIC 0a3bl 3HaHUH. J[71s op-
TaHM3AIlMH  JJIEKTPOHHOTO  B3aMMOJICHCTBUS
BHeapstorcs cuctema Windchill PLM (Product
Lifecycle Management) u KopmoparuBHasi HH-
(dopmarmonnas cucrema «[amaktuka ERP».
DTanbl KU3HEHHOTO IMKIIA U MepeueHb CHUCTEM
OTIpesIeTIeHbl B paMKaX TpeOOBaHUH, PEIbsIBIISA-
eMBIX K COIepKaHUI0 HU(PPOBOTO MaCIOpTa U3-
Jeusl.

AHanu3 TpeOOBaHWHN BBHITIONHACTCS HA OC-
HOBE HM3BECTHBIX METOJOB (POPMUPOBAHHS DKC-
MepTHBIX omeHok [14, 15], pesympraTom mpu-
MEHEHHsI KOTOPBIX sBisieTcss (opMupoBaHue
nepeyHei MHPOPMAIMOHHBIX O00BEKTOB U IPO-
eKTHO-IIPON3BOJICTBEHHEIX TPOLIEAYD, YIIPABIIS-
eMBIX CpelCcTBaMH IMQpoBoro mnacmopra. s
OTpeIeNICHUs. CTPYKTYpHI IIU(POoBOro macrnopra
AIIEKTPOHHOTO OMICAHMS U3ACTHS Ha TPEATIPUs-
THUU HCTIOJIB3YETCS METOJ M3BJICUCHHS JaHHBIX

M3 OHTOJIOTHYECKON MOJICSTH Ha OCHOBE MEPEUHs
HHPOPMAITOHHBIX 00BEKTOB [16], KOTOPBIH (o-
KYyCHPYETCsl Ha W3BICUCHHUU Cy0O-OHTOJIOTHH W3
0a30BOM M 3aMeHe OHTOJIOrui B oOmake. Mc-
MOJIL3YS 3TOT MOJAXOJ, MPEIIPUATHE H3BJICKACT
OHTOJIOTHIO Ha OCHOBE TepedHs HH(OPMAIUOH-
HBIX OOBEKTOB M MPOCKTHO-TIPOM3BOICTBEHHBIX
MPOIEAYP, TOTYYCHHBIX TIPH aHAIHM3E SKCIIEePT-
HBIX OLIEHOK.

3akioueHue

Heo6xoauMo OTMETHTH, YTO ObLIa MOCTPO-
€Ha OHTOJIOTHYECKas MOJENb IS IUPPOBOTO
nacrnopra 3JIEKTPOHHOTO H3JCNUS, KaKIOMY
00BEKTY yKa3aHHBIX UH(POPMAIIMOHHBIX CHCTEM
MIOCTaBJICHBI B COOTBETCTBHE JJIEMEHT OHTOJIO-
TUH, CBSI3W MEXIy WH()OPMAIIMOHHBIMH OOBEK-
TaMH, YTO MO3BOIHIIO CHOPMUPOBATH CTPYKTYPY
MPEICTABJICHHs JaHHBIX 00 M3rOTaBIUBAEMBIX
npeAnpusTHeM Hu3aenusx. [lonydeHHas CTpyk-
Typa MOXKET OBITh IepeliaHa JIIo0oMYy IPyromMy
MPSANPHUATHIO U OTPACIU B paMKaX peau3alum
MH()OPMAIIMOHHBIX CTPYKTYP B3aHMOACHCTBHS
[P BBITIOJTHEHHH MIPOEKTHBIX padort. [IpuBenen
MpUMeEp, AEMOHCTPHPYIOIINH AITOPUTM PeaI-
3aIM1 TIPEIOKEHHOH OHTOJIOTHYECKOH MOJeIH
Ha MPEANPHUSITAH PUOOPOCTPOUTEIBHON OT-
pacnu.
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Abstract. The paper formulates design alternatives for a product digital passport components in the
instrument-making industry based on the results of the analysis of the information interaction between en-
terprises at various stages of an electronic product life cycle. An ontological model of the knowledge data-
base of an electronic product digital passport for the instrument-making industry has been developed based
on the metamodels standard elements — objects, relations and functions.

The development process involved forming the lists of design and production procedures in accordance
with electronic product life cycle stages, as well as attributes and data classes of the subject area. The paper
describes the properties and attributes of classes (subclasses) and restrictions on their values and data types,
determines information objects of the ontological model, which includes all possible options for describing
components generalized for the instrument-making industry. The classification of the subject area terms is
represented by hierarchical relationships according to the principle of inheritance of the object-oriented
approach. Model classes are defined by sets of subject area terms using the Protégé system.

The developed ontological model contains the complete data structure of the product being developed
at the enterprise with the corresponding procedures for the instrument-making industry. The list of gener-
ated descriptions of the digital passport components at a particular enterprise determines the possible op-
tions for the content of design solutions. As a utilization example, there is a demonstrating algorithm for
introducing the proposed ontological model to an enterprise in the instrument-making industry, which im-
plements an electronic product digital passport to manage the internal processes of organizing production
with the utilization of all stages of an electronic product life cycle.

The resulting structure can be transferred to any other enterprise and industry, as part of the implemen-
tation of information structures of interaction when performing design work.

Keywords: ontology, digital passport, electronic product, product life cycle.
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