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BBEJIEHUE

Mertogudyeckue  pEeKOMEHJALUMU  COAEpXKAaT IepedyeHb TeM C  BOIOpocaMu Ul
CaMOCTOSITENIFHOW ~ MpOpa0OTKH, TepedeHb JIabOpaTOpHBIX  paboOT C  BOOpocaMu  JUis
CaMOCTOSITENIbHON IIPOPaOOTKHU.

Meroanudeckue ykazaHusl OCBAIIECHBI KypCy «VH)KeHEepHbIE KEHChI: OT IIPAaKTUYECKUX 3a/1a4
K MHHOBAllMOHHBIM pemeHusM». OnHoi u3 cnoxHenmux 3agad B UT-oTpacnu sBisercs ceronss
OpraHu3aiysl B3auMOJCHCTBUS HWH(GOPMAIMOHHBIX CHUCTEM, WCIOJIB3YIOUIMXCS MPU CO3AAHUU U
9KCIUTyaTallud KPYIHBIX IMPOMBIIUIEHHBIX OOBEKTOB (HE(PTAHBIX IUIATHOPM, 3JIEKTPOCTAHIIMM,
XUMHUYECKHX IMPOU3BOJACTB, (DapMaleBTUUECKUX NPEANPHUATHS U T.I.). B HX KU3HEHHOM IIHKIIE
3aHATO MHOXECTBO OpPraHMU3ALMN: NPOEKTUPOBIIMKH, CTPOUTENH, IMOCTABIIMKH O0OpYyIOBaHUS,
CIy’)KOBl JKCIUTyaTallkd W T. 1., KakJas HUX KOTOPHIX OOBIYHO HCIHOJB3YyeT CBOM Habop
KOMITbIOTEPHBIX CUCTEM M CBOM (DOPMAThI JAHHBIX.

ITo nmanneiM NIST (HaumonanbHbBII MHCTUTYT cTaHfaptuzauuu U TexHonoruit CHIA),
pelieHre npodieM B3aMMOAECHUCTBUS Pa3HOPOAHBIX KOMIIBIOTEPHBIX CHUCTEM IOMOXET WHIYCTPUU
KPYIHBIX KamUTaIbHbIX NpoekToB TOJdbKO B CIIA skoHoMuts 10 16 Mapa. 1ol B TOA.
Bo3MOXXHOCTR [OCTynma W aHanu3a s IIOJIHBIX JIaHHBIX JKM3HEHHOIO LHMKJIA CII0)KHOTO
WH)KEHEPHOTO O00BEKTa CTaja CeroJHs 00s3aTelbHBIM ycIoBHEM 3()()EKTUBHOTO YIPABICHHS €TO0
IIPOEKTUPOBAHUEM M OKCIUIyaTalueil. OTy 3ajady Has3bplBalOT IO-Pa3sHOMY: CO3JaHHE E€AMHOIO
UH(POPMALIMOHHOTO MTPOCTPAHCTBA KU3HEHHOTO LIUKJIA, CO3/IaHIe HU(PPOBON MOJEIH H T. TI.

bonpmmHCTBO pa3paboTUYNKOB MHXCHEPHBIX UH(POPMALIMOHHBIX CUCTEM
(CAD/CAM/CAE/PLM) ucCnonbp3ylOT KJIacCHYECKHE OOBEKTHBIC MOJEIHM JAaHHBIX M Oojiee WU
MEHee CTaHJapTHBIE PEISALMOHHbIE 0a3bl JaHHBIX, OJTHAKO MHOT'OJIETHUE MOMBITKH UX 00bEANHEHUS
Ha enuHOW miardgopme mMmoka 4Yro He yaamuch. OT4acTH MPUYMHY TAKOTO MPOBaJla MOYKHO
0OHapyKUTh B OCHOBAX KJIACCUUYECKON PEISILIMOHHON TEOPUU MOACIUPOBAHUS JAHHBIX — B )KECTKHX
TpaHUIAX MEXIy CYIIHOCTAMH, aTpuOyramu u CBsi3AMHU. [lpu oObeAMHEHHMH MHOXKECTBA
PENSLUOHHBIX 0a3 JMaHHBIX OT Pa3HbIX NPOM3BOJUTENEH, Ja el M NpUHAUIekKAIUX Pa3HbIM
X0351€BaM, BBISICHSIETCS, YTO BCE OHU MIPUHUMAIIN Pa3Hble pEIICHUs PU MOJEITUPOBAHUN OCHOBHBIX
HNOHATUI TpeAMeTHONW ob6iacTh. 3ayacTyro OJHO M TO K€ MH)KEHEpHOE IMOHSATHE B OJHON Oasze
JIAHHBIX OYZET COOTBETCTBOBATH UMEHH TAOJIMIIBI, B IPYTOM 0aze — COACPKAHUIO SUYEHKH TaOJIUIIbI,
a B TpeTbel — UMEHHU CTOJIONA TaOIUIIBI.

Kpome Toro, mH)XeHepHbIE [aHHBIE COJIEp)KaT KpalHE pPa3HOPOJHYI0 HH(popMaluo 00
OJTHUX U TeX ke 00beKTaX, B OTINYNE OT «YIPaBICHYECKUX» MU (PMHAHCOBBIX JAaHHBIX. JlaHHBIE O
Pa3HBIX y3J1ax U MOJCUCTEMAX MPOMBIIIIEHHOT0 00beKTa (TpyOOIpoBoIax, 31EKTpOOoOOpyI0BaHNUH,
CTPOUTENIBHBIX KOHCTPYKLUHMSAX M T.I.) HUMEIOT NPUHLMINAIBHO PA3NIMYHYIO CTPYKTYpYy, a B
HENPEepPhIBHOM MPOU3BOACTBE (HE(PTEXMMHMsSI, HJIEKTPOCTAHLIMM U T.O.) CYIIECTBYIOT COTHHU
MOJICHCTEM U THICSYU Tpynn obopynoBaHus. JJaHHBIE 0 Hacoce B MHXKEHEPHBIX MH(POPMAIIMOHHBIX
cucTeMax BKIOYaroT cBeAcHus u3 cucteM ERP um EAM, cucrem PLM, CAIIP, a Ttaxke
MH(POPMALIHIO O €r0 MPOEKTHBIX TEXHOJIOTHYECKUX PexHMax, 3D-KOMIIOHOBKE, HCTOPUU 3aMEPOB C
€ro JaT4YMKOB, UHTEPAKTUBHBIE PYKOBOJCTBA 10 MOHTaXy U OOCIY)KMBAaHHMIO U MHOTOE€ JPYroe.
Hacoc umeer ¢yHKIMOHANBHBIA KOA B MpPOEKTHOM JokymeHTanmuu B cucremax CAIIP u
npuobperaer B EAM cepuiiHblii HOMep, Oyay4yu YCTaHOBJIEHHBIM Ha 00bekTe. MHkeHepHas
uHpopmanus ¢opmupyercss B Karajore mnpousBoautens, B CAIIP 11 TeruioTeXHHUYECKUX U
DIIEKTPUYECKUX  CIEHUANbHOCTEH, B CHCTEMaxX IMPOEKTHOIO  yIpaBJieHMs, YIOpaBIECHUS
cTpoutenbeTBoM (4D-npoekTupoBanus), U T.11.

Ecnu xaxayro u3 MHXXEHEPHBIX CYIIHOCTEW ONMUCHIBATh PENISIIMOHHON TaOIUIeH, TO Yucio
TaOJMUI pa3HOH CTPYKTYphl COCTAaBUT HECKOJIBKO ThICSU. [IpM 3TOM BO3HHKAIOT NPOOJIEeMbI
ObICTpOICCTBUSL TIpH  (popMyIMpOBaHWU OOIIEro 3ampoca K HECKOJbKMM 0a3aM JaHHBIX, B
KOTOPBIX, KaK OTMEUYEHO BBIIIE, MOTJH OBbITh NPHUHATH MPUHIMIIKMAIBHO pa3Hble PELICHHs 10
noBoJy OOBEKTOB M aTpUOyTOB MPEIMETHOM O0JIaCTH, WU IO MOBOAY OTPa)KEHUS H3MEHEHUS
00BEKTOB BO BPEMEHHU.



Pemenne mnpoGiieM WHTETrpallid HMHXEHEPHBIX JaHHBIX OKa3aloch Tropas3lo ynoOHee
OpPraHU30BBIBATh B PAMKaX CEMAaHTUYECKOTO MOIX0/a K MOJCIMPOBAHHIO TaHHBIX. B paMkax 3Toro
noaxona WHPOpPMALUs TNPEAOCTABISETCS B BHUIEC COBOKYMHOCTH CBS3aHHBIX OTHOLICHHUSMH
cyOBeKTOB W 00BEKTOB (rpada), a He B BHUJC NPUBBIYHBIX Ta0Onui. Pacmupsercs cdepa
UCTIOJIb30BaHUS ISl HHOKEHEPHBIX JTAHHBIX HauboJiee pacpoCcTpaHEHHOTO TAKOTO MPEICTABICHHUS —
crangapta RDF (Resource Description Framework).

3710 1aéT BO3MOXKHOCTH 3(P(EKTUBHO "CKIAABIBaTh" B OAHY CTPYKTYPY JaHHBIE M3 Pa3HBIX
UCTOYHUKOB. ['padoBas cTpykTypa Hambojee yHA0OHA JUIsi TIPEACTABICHUS Pa3HOPOIHOH
WH)XEHEPHOW MHPOpMaLnH, TPeOYyIOIIEeH MOCTOSIHHOTO PAa3BUTHS U YCIOKHEHHUS MOJIETTH TaHHBIX Ha
NPOTSDKEHUH BCETO JKU3HEHHOTO Iukia. HWHpopmanms B CeMaHTHYECKOW QopMe JIeTKo
MOTIONTHSACTCS M PacUIMpseTCs NpPU TOSBICHUU HOBBIX HMCTOYHUKOB, 0€3 HEOO0XOAWMOCTH
byHIaMEeHTAILHOW MepepabOTKH CUCTEMbI XpaHEHUs, KaK B ciydae 0a3 naHHbIX. CeMaHTHUYECKHE
CTaHJAPTHl MOAJEPKUBAIOT TMOKKME M paciiupsieMble HHPOPMALMOHHBIE MOIETH, T.€. MO3BOJISIOT
O00BEIUHATH 10 MEpe HEOOXOAMMOCTH W HHXCHEPHYIO, © HOPMATHBHYIO, U T€OrpaHuuecKyto, U
¢uHaHCOBYIO WHpOpMaIMi0, 0€3 OCTAaHOBOK Ha TepepadOoTKy WH(OPMAIMOHHOW MOJETH IPHU
KaXIoM pacmupeHur. Dopmbl 1 00bEMBI 00pabaTHIBAEMBIX JTAHHBIX MOTYT YTOYHSTHCS IO MEpe
pa3BuTHs TpeOOBaHUH K HHPOPMAIIUN U POCTA MOHUMAHUS MOTPEOHOCTEH YIaCTHHUKOB KHU3HEHHOTO
IUKIIA.

1. HEJb U 3AJJAYU U3YUYEHU S JUCIIUITJIMHBbI

[lenpt0 OCBOCHHMS IUCHMIUIMHBI «VHXEHEpPHBIE KEWCHI: OT MPAKTHYECKUX 3aJad K
WHHOBALIMOHHBIM PEIICHUsIM» SBJIsieTCA (opMUpOBaHUe HabOpa Mpo(ecCHOHATBHBIX KOMITETEHIIUM
Oynymiero Oakanaspa 1o HampasiieHuto moaArotoBku 43.03.03 'octuHMYHOE A€T0

3ajaun OCBOCHUS NUCIMUILIMHBI: U3yY€HUE METOI0JIOTHU TPOCKTUPOBAHUS WHHOBAIIMOHHBIX
pelleHui, MOJy4eHHe HABBIKOB MPUMEHEHUS MHHOBALMOHHBIX MPAKTUK B 00JACTH WHKEHEPHBIX
pelieHui MpakTUYECKUX 3a/1a4 Npo(heCcCUOHaTbHOMN ACSITEIHHOCTH.

2. TEMbI CAMOCTOSITEJIBHON PABOThHI

Ne Tembl HaumMeHoBaHue TeM THCUUILIAHBI, UX KPATKOE COJIEpKAHUE O6bem
4acoB

2 ceMecTp

Pa3nes 1. KonnenryajabHble 0CHOBBI pa3pa00TKH HHHOBALIMOHHOIO

NPOAYKTA

1 Tema 1. KoHuenTyanbHble 1 HTHPOPMAIIMOHHBIE MOJIENTN 10
WHHOBAIIMOHHBIX ITPOEKTOB

2 Tema 2. OHTONIOTMYECKHE MOJIENTH MH(POPMALTMOHHBIX CUCTEM 10

Pa3nen 2. UHcTpyMeHTA/IbHBIE CPEeACTBA NPOEKTHPOBAHUS
HHHOBALMOHHBIX HHKEHEPHBIX peleHui

5 Tema 5. UndpacTpykTypa NpoeKTUPOBAHUS MHHOBAIIMOHHBIX 10
WH)KEHEPHBIX pelIeHui
6 Tema 6. IHCTpyMEHTaIBHOE 0OECIIEYeHNE OHTOIOTHIECKOTO 15

MOACIINPOBAHUA I/IH(I)OpMaLII/IOHHBIX CUCTEM

Hroro 3a 2 cemectp 45

Hroro 45




3. TEXHOJIOTUYECKAS KAPTA CAMOCTOSATEJIbHOM PABOTHI

OBYYAIOUIEI'OCA
Uroroseiii | CpencrBa | OObeM 4acoB, B TOM YHCIIC
. B MPOIYKT 5
Jis S )30t
peani3yeMpIx JEATEILHOCTH gil\:gg;om ;T/IXHOHOF CpC g;glgf;ma;é Bcero
KOMIIETCHIIMH CTYACHTOB paboThI OIICHKH NpernoaBar
enem
2 cemecTp
VK-3 ITonroroBka k | Koncnekr | CobGeceno | 1,08 0,12 1,2
JCKIUSIM BaHUE
VK-3 CamocrostrensH | Korcnexkr | Cobeceno | 32,94 3,66 36,6
o¢  W3y4cHHE BaHUE
JIUTEPATYphl IO
Temam 1,2,5,6
YK-3 [logroroBka k | MumuBuay | Otyer 6,485 0,72 7,2
MPAKTUYCCKUM | ATBHOE MUChbMEHH
paboram 3a1aHHe BIN
Wroro 3a 2 cemectp 40,5 45 45
Htoro 40,5 45 45
4. PEKOMEHJIALMU AJIs1 CAMOIIOATI'OTOBKHA
4.1 TloaroroBka K JekuusiM. CaMoCTosITeJIbHOE H3YUYeHH e JTUTEPATYPHI
bazoBblit ypoBeHb
Tema 1. KonnenryaiabHble 1 HHPOPMANMOHHBIE MO HHHOBAIIMOHHBIX MPOEKTOB
1. Mopnenu HHHOBAIMOHHBIX TPOEKTOB
2. VIHHOBaIMOHHBIE TEXHOJIOTHUH JJICKTPOHHON KOMMEPITUU
3. ApXUTEKTypa MHTEJUIEKTYyalIbHbIX CEPBUCOB
Tema 2. OHTONIOrHYeCKHE MOAeIH HHPOPMAIMOHHBIX CHCTEM
4. ®opmanuzanusa TpeOOBaHUI K MHHOBAIIMOHHOMY MPOAYKTY
5. Cpenctsa pa3pabOTKi HHHOBAIMOHHBIX PEIICHUN
6. TexHonoruu oOGpabOTKU 3HAHUH
7. OHTOJIOTHYECKHE MOJICITH HHHOBAITMOHHBIX TTPOIYKTOB
Tema S. UndpacTpyKkTypa NpOEeKTHPOBAHNA HHHOBALMOHHBIX HHKEHEPHBIX PelIeHHH
8. Hamparnenus pa3BUTHS MHHOBAIIMOHHBIX TEXHOJIOTHN
9. TlpoexTupoBaHUE MHHOBAIIMOHHBIX HHKEHEPHBIX PELICHUI
10. CrarmapTu3anusi HH)KEHEPHOTO TPOCSKTa
Tema 6. MHHcTpyMeHTalbHOe oO0ecnedyeHHe  OHTOJOTMYECKOr0  MOJEJHMPOBAHHS

HH(OPMALMOHHBIX CHCTEM

11. Iokazarenu oueHKH F3PPEKTUBHOCTH HHHOBAIMOHHOTO PELICHHUS
12. MeTo/bl OIIeHKH SKOHOMUYECKOT0 3 ekTa BHEAPSHUS MPOCKTA

13. UHcTpyMeHTanbHOE oOecrieueHrue MOIETMPOBAHUS IIPOEKTA
14. Penaktop oHTONOTHI
15. SI3bIKM OHTOJIOTMYECKOTO MOJETUPOBAHHUS

IToBbIIIEHHBIN YPOBEHb

Tema 1. KonuenryajabHbie 1 HHGOPMALMOHHBbIE MOA eI HHHOBALMOHHBIX MPOEKTOB




1. KoHuentyaabHOE MOEIMPOBAHNE HHHOBALMOHHOIO IPOAYKTA
2. MudopmanroHHOE MOEIMPOBAHNE MHHOBAIIMOHHOTO NTPOJYKTa
3. OHTOJOTHYECKOE MOJCIMPOBAHIE HHHOBAIIMOHHOTO TIPOIYKTa
Tema 2. OHTOJIOrHYecKHEe MOIeJ 1M HHPOPMAMOHHBIX CHCTEM
4. 1lpyvHUUIIBI OHTOJIOTUYECKOTO MOIEIUPOBAHNUS HHXEHEPHOTO ITPOEKTA
5. ApPXUTEKTYpa OHTOJOTMYECKON MOJIeIM MHHOBAI[MOHHOIO IIPOIYKTa
6. Texnomoruu GOJBIINX JAHHBIX
7. Texuomoruu Data mining
Tema S. UHdpacTpyKTypa IPOEKTHPOBAHNA HHHOBAUMOHHBIX HHKEHEPHBIX pelleHui
8. ApXUTEKTypa IpOrpaMMHBIX KOMILJIEKCOB JJIsl HHKEHEPHOI'O IIPOEKTa
9. CranaapTsl IPOSKTUPOBAHUS IPOTPAMMHOI0 00ECIIEUECHUSI MHKEHEPHOTO MIPOSKTa
10. Crannaptsl pa3paboTKu IPOrpaMMHOT0 00eCIIeYeHHsI UHKEHEPHOT'O MIPOEKTa
11. Metobl pa3paObOTKH MHHOBALIMOHHOTO MTPOIYKTA
12. IlpumeHeHrne HHCTPYMEHTOB pa3pabOTKU HH)KEHEPHOTO IIPOEKTa
Tema 6. MHHcTpyMeHTanbHOe  oO0ecnedyeHHMe  OHTOJOTMYECKOr0  MOJeJMPOBAHMS
HH(OPMALMOHHBIX CHCTEM
13. MogenupoBaH#e CTPYKTYPbl HHKEHEPHOTO TIPOEKTa
14. O6BeKTHO-OPUEHTUPOBAHHOE MOJIEIMPOBAHUE UHKEHEPHOI'O PEIIEHUS
15. UHCcTpyMEHTBI MOIETUPOBAHUS MHXKEHEPHOTO ITPOEKTa

4.2 TloaAroToBKAa K NPaKTHYECKUM padoTam

ba30BbIi1 ypoBeHb

Tema 1. KonnenryanbHble 1 HHPOPMALMOHHBIE MO/1eJIM HHHOBALMOHHBIX MPOEKTOB

1. dopmanuzoBaHHBIE MOJIETH 3HAHUMA

2. MeTtonbl ACHTH(PUKALMKA U KIaCCH(PUKAIIMK O0BEKTOB.

3. Mojeny HHHOBAIIMOHHBIX TIPOCKTOB

4. VIHTeHCHOHAN U YKCTEHCHOHAT MOJAENH MPOeKTa
Tema 2. OHTOI0THYECKHME MOIeIH HH(POPMALMOHHBIX CHCTEM

5. Texuomoruu pa3pabOTKH OHTOJIOTHYECKONH MOJIEIH

6. JlexomMmo3uIus v UACHTHU(PUKAINS 00BEKTa MOJICITHPOBAHS

7. CTpyKTypa OHTOJIOTMYECKOIN MOJenu
Tema 3. OHTO/I0THS NIPEACTABJIEHUA JAHHBIX M 3HAHUI B UHHOBALIMOHHBIX PelIeHUu X

8. Meronbl npeAcTaBIeHUs JAHHBIX U 3HAHUH.

9. CrpykTypa npeaCcTaBICHHS TaHHBIX ¥ 3HAHHA.

10. Mopenu npeacTaBleHus JaHHBIX U 3HAHUH.

11. MenTanbHbIe UarpaMMBbl B paboTe co 3HaHUSMU
Tema 4. CeMaHTH4YeCcKOe MOJEJMPOBAHME JAHHBIX M 3HAHMH B TEXHOJOIMAX O0OJbIIMX
JAAHHBIX

12. ®opmanuzaius KOHIENTYyalbHON MOJEINH.

13. PensiiinoHHOE TIpeICTaBIICHUE JTAHHBIX.

14. CemaHTHYECKHE TEXHOJIOTHH.

15. CemaHnTHUYECKOE MOICTUPOBAHNE JAHHBIX U 3HAHUH B TEXHOJIOTHUSAX OOIBIINX JaHHBIX
Tema S. UndpacTpyKkTypa NPOEKTHPOBAHNA HHHOBALMOHHBIX HHKEHEPHBIX pelIeHui

16. TeXHOJIOTHH HAYYHBIX UCCIICIOBAHUH.

17. Metonudeckoe obecriedeHre HayuHbIX UCCIICIOBAHHIA.

18. UudpacTpykTypa IpOeKTUPOBAHUS NHHOBAIIMOHHBIX WHXEHEPHBIX PEIICHHIA
Tema 6. HHcTpyMeHTa/IbHOEe  o0ecliedyeHHE  OHTOJOTHYECKOr0  MOAEJUPOBAHMS
HHG(OPMALMOHHBIX CHCTEM

19. MarmHa J0r14ecKoro BeIBOA.

20. PegaxTop oHTosoruit Protégé.

21. IIporpamMHBIe TIPOXYKTHI Kitacca Triple store.



22. IIporpammuas peanuzanusi SPARQL-unrtepdetica
Tema 7. Texnonoruu RDF u OWL
23. Penaktopsl, BU3yallu3aTOPhl © HHCTPYMEHTHI JIOTHYECKOTO BHIBOJIA.
24. Texuonornn RDF/RDFS/OWL.
25. ®opmar npencrasinenus qaHasx RDF/XML
Tema 8. [IpuMeHeHre OHTOJIOTMYECKUX MO/IeJieid HHHOBAIMOHHBIX NIPOAYKTOB
26. Cucrembl OAJIEPKKU TPUHATHS PEILICHHA.
27. DKCIEPTHBIC CUCTEMBI.
28. ba3bl 3HaHMIA.
29. XpaHwnuina 3HaHUH.
30. Cuctembl OONBIINX JTAHHBIX.
I1oBBIIICHHBIN YPOBEHb

Tema 1. KonnenryaiabHble 1 HHPOPMANMOHHBIE MO/IeJIH HHHOBAIIMOHHBIX MPOEKTOB
1. Mogaeny faHHBIX ¥ 3HAHUHA
2. ANropuTMBI KJIAaCCH(PHUKAINU U KJIACTEPU3ALIHH.
3. MogenupoBaHue CEMaHTHUYECKUX CTPYKTYP
4. ®opmanuzaius JaHHBIX
Tema 2. OHTOJIOrHYecKHEe MOIe] 1M HHPOPMANMOHHBIX CHCTEM
5. TexHOMOTMU MPOESKTUPOBAHUS OHTOJIOTUUYECKON MOJIEIIN
6. JleKOMIO3MIIMS CI0KHON CUCTEMBI
7. CTpyKTypHBIH aHaI13 OHTOJIOTMYECKON MOJenn
Tema 3. OHTOIOrMA MPeICTABIEHUS JAHHBIX M 3HAHUI B MHHOBALIMOHHBIX PellIeHUusIX
8. Meronbl popMaM3avii JaHHBIX W 3HAHUH.
9. Anroputmbl 00paOOTKU JaHHBIX U 3HAHHM.
10. Monenu XxpaHeHHS TaHHBIX W 3HAHUH.
11. MeHTa/bHbBIE TEXHUKU JJI1 UHHOBAIIMOHHBIX MPOEKTOB
Tema 4. CeMaHTH4YeCKOe MOJeJMPOBAHME JAAHHBIX M 3HAHMNA B TEXHOJOIMAX O0OJbIIMX
JAAHHBIX
12. TexHOM0THS 00PaOOTKH OOJBITNX JAHHBIX.
13. IlpeacraBienne HepOpMaIM30BAHHBIX JTAHHBIX.
14. CemanTuueckuii aHaiu3 HHGOPMAITUH.
15. Mogenu big data
Tema S. UndpacTpykTypa NpoeKTHPOBAHUSI HHHOBAIIMOHHBIX HHKEHEPHBIX peleHui
16. TexHOJOTHH BU3yaTu3allii HHXEHEPHBIX PEIICHUN
17. Metomoiorust aHainu3a U CHHTE3a CJIOKHBIX CHCTEM
18. UndpacTpyKkTypa HHKEHEPHBIX pELIeHUI
Tema 6. HHcTpymMeHTa/IbHOe  o0ecriedeHHE  OHTOJOTHYECKOT0  MOJAeJTHPOBAHUS
HH(OPMAIMOHHBIX CHCTEM
19. Mammna Java.
20. PenaktopS oHTONOTUIH
21. Tpurrepbl ¥ COOBITHS B aITOPUTMH3AIIAN
22. TlporpaMmHasi peanu3anusi CIOXKHBIX alTOPUTMOB
Tema 7. Texnosoruu RDF u OWL
23. IHCTpYMEHTHI TOTUYECKOTO BHIBOJIA.
24. Texuomoruu OWL.
25. ®dopmar npeacTaBieHus JaHHBIX XML
Tema 8. [IpuMeHeHre OHTOJIOTMYECKUX MO/IeJIeil HHHOBALMOHHBIX NPOAYKTOB
26. VInTennekTyanbHble CEPBUCHI
27. baza 3HaHUI SKCIIEPTHOW CHCTEMBI.
28. MammmHa BbIBO/Ia SKCIIEPTHON CUCTEMBI.
29. Data mieHTpbI.
30. CemanTrueckuii ananus big data



4.3 T1oAroToBKA K BHINOJTHEHHIO CAMOCTOSITEIbHOM PadoThI

J1J1 BBIIOJTHEHUS] CAMOCTOSATEIbHOM paboThI CleyeT U3yYUTh TEOPETUUECKUIM MaTepHal.
5. TEOPETUYECKHWH MATEPHAJI

5.1 KOHHEIITYAJIbHBIE U UTHOOPMALIMOHHBIE MOJAEJIN THHOBAITMOHHBIX
ITPOEKTOB

JlonojaHUTENbHBIE IIPEUMyLIecTBa IMpu paboTe C CEMAaHTHMYECKUMM JAHHBIMU J1aéT
NPUMEHEHHE OHTOJIOTMYECKUX CTAaHAAPTOB, MO3BOJIIOMIMX HE MPOCTO MOIy4YaTh MH(OPMAIMIO U3
pasHbIX HCTOYHMKOB B OJHOM THMOKOM M pacuMpsieMoM ¢opmare, HO M OJIMHAKOBO €€
UHTEpIpeTUpoBaTh. IIpu  OHTONIOrMYECKOM MOJAEIMPOBAHUM JIAHHBIX B CEMaHTHUYECKOM
IpPEJCTAaBICHUN HUCHOJb3YIOTCS IOHATUS W  OTHOLICHHA M3 3apaHee  COIJIaCOBAaHHOIO
(ompenenéHHOro0 KAaKUM-TO CTaHAApTOM) CIMCKA IMOHATUH W OTHOIIEHWH, ONMCHIBAIOLIETO
HEKOTOPYIO IIPEAMETHYIO 001acTh HHKEHEPHOH cdepbl (MEXaHUKY, IEKTPUKY, TEIUIOTUAPABIIUKY,
CTpOUTENBCTBO, W T.N.). Hampumep, onumH pa3 BBoAsTCs moHATUsA "Hacoc", "naBineHue" wuiau
"mojkiroueHue'", U Janee yHUBEpCAJIbHbIE CCbUIKM Ha TAaKHE IMOHATUS CTAHAAPTHOIO CIOBaps-
Te3aypyca MHCIONb3YIOTCSI BCEMU CTOPOHAMU Ul ONMCAHUS OOBEKTOB, H3BJICKAEMBIX U3
Pa3HOOOpa3HBIX 0a3 JaHHBIX.

OnTONOrMY€ECKasi MOJIENb JIaHHBIX SBJIETCS COCTAaBHOM YacThIO CaMHUX JIAHHBIX — HMOHSTHUS
CTaHJApTHOIO ClIOBaps-Te3aypyca (Tak Ha3blBaeMble "CIpaBOUYHBbIE JAHHBIE") UCHOIB3YIOTCS IS
OIMCAHUS CMBICIIA U CIIOCOOOB MCIIOIb30BAHUS TaHHBIX IIPU 00pabOTKE UX KaK KOMIIBIOTEPAMHU, TaK
u moapMu. IIpu HEOOXOIMMOCTH YTOYHHUTH CMBICI IOJYYEHHBIX IAHHBIX MOXKHO W3 3apaHee
U3BECTHBIX HMCTOYHMKOB (OMOJIMOTEK CHPAaBOYHBIX [JAHHBIX) U C UCIOJIb30BAaHUEM TEX IKe
CTaHJAPTU3UPOBAHHBIX TEXHOJOTUI M MHCTPYMEHTOB, KOTOPbIE MCIIOJIB3YIOTCS [UId OOMeHa
JaHHBIMU

OcHOBaHHbIE HA OHTOJOIMYECKOM MOJEIMPOBAHUM HMHTErPALlIOHHBIE CEMaHTUYECKHE
MOJENU Ui HMHKEHEPHBIX OOBEKTOB pa3palaThIBAIOTCS Kak Ha OTPacieBOM, TaK W Ha
MEXIYHapOAHOM ypoBHE. COBpEMEHHBIE PEUICHHS 110 MOJAEIUPOBAHUIO JIaHHBIX JIETJIU B OCHOBY
HEUTpaJbHOW MO OTHOLIEHHWIO K OTJENbHBIM HMH)XEHEPHBIM CHCTEMaM MOJENN JTaHHBIX CTaHAapTa
ISO 15926 "Industrial automation systems and integration. Integration of life-cycle data for process
plants including oil and gas production facilities” (TOCT-P MCO 15926 "TIpomsbiinuieHHBIE
aBTOMATU3UPOBAaHHBIE CUCTEMBbl M WHTerpanus. VHTerpanus NaHHBIX JKU3HEHHOTO LMKJIA IS
nepepabaThIBAlONINX MPENNpUATHH, BKiIoYas He(TAHbIE M Ta30Bble IPOU3BOJCTBEHHBIE
IpeanpusaTus”).

OTOT CTaHAApPT ONpENeNseT WH)XEHEPHYIO OHTOJIOTMI0 — OCHOBHBIE THIIBI OOBEKTOB U
OTHOILEHHUH, HCMONb3yeMbIX INPHU MPEACTABICHUU HHKEHEPHOW HHGPOPMALUH, YHOPSI0YHUBAET
TEPMHHOJIOTHIO, HCIHOJb3YeMYI0 JJsi €€ OpraHu3alud, a TaKkKe OINpelneiseT MNPUHIHUIBI
pacuIMpeHusl CTaHAAPTHON TEPMHHOJIOTUM Yepe3 MEeXaHM3M (elepupoBaHHBIX OMOIMOTEK
CIPaBOYHBIX JaHHBIX. CerofgHss MHOTME KpyIHbIE€ KOMIAHUHU YK€ MEepexXoAsIT Ha 3TOT CTaHAApT:
kommanuu-wieHnsl Norwegian Oil Industry Association, unensl koHcopuuyma FIATECH,
KpyIHEHIINe TOCTaBIIMKYM WH)XXMUHUPUHTOBOTO IPOTPAMMHOIO OOECIeYeHMs, a TakkKe TaKue
poccuiickue kopropanuu, kak 'K «Pocarom» 1 OAO «PocHedTb», U3y4atoT BO3MOXKHOCTH €TI0
MCIIOJIb30BaHUS.

Peanuzanus crannapra ISO 15926 B wactu nmpencraBieHMs], XpaHEHHs M 1OCTyIa K J1aHHBIM
OCHOBaHa Ha WCIOJIb30BAaHWH CEMAHTHMYECKUX cTaHaapToB KoHcopuuyma W3C: RDF, OWL u
SPARQL.

Hcnonb30BaHre ceMaHTHUECKUX U OHTOJIOTMYECKUX CTaHJAapTOB [TOMOTaeT HajJaJAuTh OOMEH
U COINOCTAaBJICHUE JIAaHHBIX, BBISIBICHHWE KOJUIM3MM M COIVIACOBaHME NpOTHBOpeuMid. lucrumimza
paboTHI ¢ JAHHBIMH TIPH TaKOW CTAaHIAPTHU3AINH, SIBISIETCS TOPa3a0 MEHEe OOPEMEHUTEIHHOM, YeM
OpU UHBIX TEXHOJIOTUYECKUX pEIIeHUsIX, MPEeAyCMaTPUBAIONUX YHU(DUKALUIO HPOTPaMMHBIX
CpelcTB U uHTepdeiicoB padboTel. [Ipu npenocTaBieHnn ceMaHTHYECKUX JTaHHBIX BO3MOXKEH BBIOOP



MEXJy COTJIACOBAHHOM «0OIIei» TepMUHOJOTHEH (OTpacieBOil OHTONOTHEH) M TPUBBIYHBIMHU
OTJENIbHBIM YYaCTHMKaM Ha0OpaMy IMOHATUH W ONUPAIOIIMMUCS Ha HUX (OpMaMU OTUYETHOCTH.
[Ipy >TOM B YacTH TEPMHUHOJOTHH, NPEANUCAHHON QenepalbHbIMH WM MYHUIUIATbHBIMU
HOpPMAaTHBaMH, KOHTPOJIb UCIOJb3YEMbIX TEPMUHOB MOXKET OBbITh ropas3o Ooiiee KECTKUM, 4eM B
4acTH, HE OXBAUYE€HHOH CTaHAAapTH3alUeil: KOHTPOJIb MOKHO OYIET OpraHU30BBIBATH HE TOJBKO
«TJ1a3aMu», HO U C UCIIOJIb30BaHUEM KOMIIBIOTEPOB.

B 4Wactm KOMMyHHKanMM MeXAy KOMIIBIOTEpAaMU CEMAHTUYECKUE U OHTOJIOIMYECKHE
JJAaHHbIE TNPUTOJHBI Ui 0OpaOOTKM MHCTPYMEHTAMH Pa3HOM CTENEeHM CI0KHOCTHU, OT LIMPOKO
pacrpoCTpaHEHHBIX 3JEKTPOHHBIX TaONHMIl [0 CHEHUATU3UPOBAHHBIX TI'e€OMH(POPMAIMOHHBIX
CUCTEM, CHUCTEM aBTOMAaTH3alUU IIPOEKTUPOBAHUSA MU CUCTEM MHBECTHLIIMOHHOIO IUIAHUPOBAHUS.
CeMaHTHYECKME JIaHHBIE C OHTOJOTMYECKOW PA3METKOM MOTYT T'OTOBUTBHCS  PpPa3HbBIMU
IporpaMMHbIMU  cpefcTBaMu. OTKpbITbIE (OopMaThl JaHHBIX H30aBJIAIOT OT HEOOXOAUMOCTH
MOJIb30BATHCS MPOTPAMMHBIM 00ECTIEYEHHUEM TOJIBKO OT OHOTO MOCTABIIHKA.

5.2 OHTOJIOI'MYECKHUE MOJAEJIM UHOOPMAIIMOHHBIX CUCTEM

[TonsiTHe «OHTONOTHS» OBLIO BBEICHO Kak TEpMUH (UIOCOPUH, W TMPUMEHSIIOCH B
pa3IMYHBIX 3HAUCHUSX. B chepe KOMIBIOTEPHBIX HAYK, OHTOJIOTHS SIBJISCTCS MOJICIIBIO OIHCAHUS
MHUpa, COCTOALIEr0 U3 Habopa THIIOB, CBOMCTB M B3auMmocBszeil. [loapazymeBaercs, uro
OHTOJIOTHYECKUE MOJICNU JJOJDKHBI OTHOCUTBCS K PEAIbHOMY MUPY.

B 1990 rogy Tom I'py6ep (Tom Gruber) BBen ciiepyrommii TepMUH: OHTOJOTHS — 3TO
omucanue (momoOHoe (opManbHON crenudUKanul MPOrpaMMbl) KOHLENITOB M B3aUMOCBS3EH,
KOTOpBIE MOTYT (DOPMasbHO CYIIECTBOBATH Ui OJAHOIO areHTa MM JUIs COOOIIECTBAa arcHTOB.
JlaHHOE OIpe/ie/ieHHEe COOTBETCTBYET IOHATHIO HCIOJIb30BAHUS OHTOJIOTHH KaK COBOKYITHOCTH
oTpeneNieHnii KOHLEeNToB, HO Oonee oOmee. Cmycts Tpu roga, Tom ['pybGep ormerwmi, dro
OHTOJIOTHU OOBIYHO MPUPABHHUBAIOTCS K TAKCOHOMHUYECKHM HEPAapXHsM KJIACCOB, OMPEICICHUSIM
KJIaCCOB, HO OHTOJIOIUAM HC OIpaHUYMUBAIOTCS JaHHBIMU (1)OpMaMI/I — OHHM TaKKC HC JIMMHUTHPOBAHbL
B KOHCEPBATHBHBIX OIPEICICHHUSIX, TO €CTh, ONPEICICHUIX B TPAJAUIIMOHHOM JIOTHYECKOM CMBICIIE,
«TE€PMHMHOJIOTHH 0€e3 100aBIeHMS 3HAHUI 0 MUPE».

OHTOJIOTUH COCTOST U3 CICAYIOLINX KOMNOHEHMOS:

OcoOu. Dx3eMIIsipbl WM OOBEKTHI. SIBISAIOTCS HUKHEYPOBHEBBIMH KOMIIOHEHTAMHU
OHTOJIOTUH,

Krnaccel. AOcTpakTHble Tpynmbl, KOJUIEKIIMM WM HAO0Opel O0O0BEKTOB. Moryt
NpPEJICTaBIATh COOON HAaOOpbI, KOJJIEKIHMH, KOHIIENTHI, NPOrpaMMHBIE KJACChI, THIIbI
00BEKTOB ¥ TOMY ITOA00HOE;

ATpuOyThl. ACHEKTBHI, CBOICTBAa, 0COOEHHOCTH, XapaKTEPUCTUKU WM TapaMeTphl,
KOTOpBIE MOXKET UMETh OOBEKT;

OtHowenusi. CBoiicTBa, Onarogaps KOTOPhIM KJIACChl 1 OCOOM MOTYT OBITh CBS3aHbI
MEXy COOOM;

OyHKUMOHATBHBIE BbIpakeHus. KoMruiekc cTpykTyp, c(OpMHpPOBAHHBIX U3
OITPEJICJICHHBIX OTHOLICHUM.

Orpanndenusi. @opManbHO YTBEP)KJIEHHOE ONHCAHUE TOrO, KAKUE YCJIOBHSI JTOJIKHBI
BBITIOJIHATHCS JJIs1 BXOJIHBIX TAHHBIX;

[IpaBuna. VYt1BepxaeHus B Qopme "ecnu-to" (IpenlIeCTBEHHUK-CIEACTBHE),
ONMKCHIBAET JIOTMUECKHE BbBIBOABI, KOTOpPbIE MOKHO M3BJI€Yb W3 YTBEPXKIEHHUS B
oTpeeieHHoN dhopme;

AxkcroMbl. YTBepkaeHHs (BKJIIOYas TMpaBWia) B JIOTHYECKOW Qopme, BMecTe
COCTaBIIAIOIIME OOIIME CBEACHHUS O TOM, UYTO OHTOJIOTHSl OMHCHIBAET B CBOEW oOiacTu
npuMeHeHMs. JlaHHOe onpezesieHne OTJIMYAeTCsl OT CTaHAAapTHOTO NMOHMMAHHUS "aKCHOMBI"
TeHEepPaTUBHON IpaMMaTHKH M (OPMAIbHOM JIOTUKHU, TaK KaK 37€Chb aKCHOMBI BKJIIOYAIOT B



ce0s1 HE TOJIbKO KOHCTAaTUPYIOIIME YTBEPKIACHUS, HO U TEOPHUIO, IIOJYyYEHHYIO U3
aKCUOMAaTHYECKUX YTBEPKICHUN;

CoObiTus. [lpencraBnsator co0oi M3MEHEHNs aTpUOYTOB WJIM OTHOLIEHUI.

I1o ypOBHIO YHUBEPCAIBbHOCTHU BBIACISIOT TP THUIIA OHTOJIOIUIA:

OHTONOTMM BEpXHEro YypoBHS (MeTaoHTOJOruMu). BHe 3aBUCHMMOCTH OT 3ajad
KOHKPETHOW NpeIMETHON 00JacTH, ONHMCHIBAIOT o0mue noHATus. llpumepom Takoi
onrtonorun ciyxut WordNet. JlaHHBIA THIT OTIUYACTCS HU3KHM YPOBHEM JCTAIBHOCTH,
HalpuMep, UMEIOTCA JIMIIb ONMCAaHUsI TEPMUHOB HA €CTECTBEHHOM $3bIKE. Takue ONnucaHus
HE MOTYT OBITh MOHATHI MAIIMHOMN, MEXy HUMHU 3a(DUKCUPOBAHBI TOJBKO CaMbl€ MPOCTHIE
OTHOILEHNS;

OnTonorun  mpeAMETHBIX obnacTeil. J[aHHBIH THUI  OHTOJIOTUM  OIHUCHIBACT
OTHOCHUTENIBHO OO0IIMe MOHSTHS s o0muX 3amad. B kakoi-To Mepe, JaHHBbIE OHTOJIOTUU
OTHOCSITCSI K OHTOJIOTHSIM BEPXHETO YPOBHS;

OnTonorun npunoxkeHud. ONUCHIBAIOT MOHATHS, 3aBUCALIME KaK OT MHPEIMETHOU
00JacTH, Tak U OT pelIaeMoii 3a/1auu.

KpOMG 9TOro, OHTOJIOTMH pPA3JIUYarOTCA 110 CTCIICHU BbIPA3UTCIBHOCTH. BBII{GJI?ICTC?[
CIIEIYIOIUN CIIEKTD:

- KOHTpoJupyeMsble ciioBap. [IpeacTaBisioT co6oii CIIMCOK TEPMHUHOB;

- Te3aypychl. CBsI3M MEXy TEPMUHAMH, TAKUE, KAK CAHOHUMBI,

- HepopmasibHast TakCOHOMUS. SIBHas wHWepapXus, HO OTCYTCTBYET CTPOroe
HacJieIoBaHUE. DK3EMIUISP MOJKIacca TaKOM OHTOJIOTHH HE 00s3aTeNbHO SIBIISIETCS TaKKe
DK3EMIUIIPOM CYTIepKIIacca;

- popmanbHas TakcoHomMs. B orinume oT HepOpManbHONW TAaKCOHOMHUH, 3/1€CH
MIPUCYTCTBYET CTPOrO€ HACIIEIOBAHUE;

- ¢peiimel. [IpencraBiasroT coboii onucaHne KJIacCOB M MX CBOWCTB;

OnucaHus KJIaccoB MOTYT OBITh MTPEICTABIIEHBI:

- C 3a/IaHHBIMHU OI'PAHUYEHUSIMU HA UX CBOMCTBA;

- C IPOCTBIMM JIOTUYECKUMHU WJIM MAaTEMaTUUYECKUMHU OIPaHUYEHUSIMU Ha CBOMCTBA U
OTHOILEHNS;

- CO CJIO’KHBIMH JIOTHYECKUMHU OTHOILICHUSIMHU.

B O6H.[€M CJIydac, OHTOJIOTUS OIMUCBIBACTCA CICAYIOIIHUM Ha60pOM JaHHBIX

O=<T,R,P>, 1)

rae 7 — Ha0op TEPMUHOB MPEIMETHON 00J1aCTH;

R — ceMaHTHYECKH 3HAYMMBIE OTHOIIECHHUS;

P — onpenenenune pyHKIUN HHTEPIIPETALIMH.

Pa3paboTka oHTONOTMK HauMWHAETCs C pa3pabOTKU Te3aypyca; OHTOJOTHUS SIBISETCS
dbopMaTbHOM TAKCOHOMHEH.

5.3 OHTOJIOT U NPEACTABJIEHUSA JAHHBIX U 3HAHUW B MTHHOBAILIMOHHBIX
PEIHIEHUAX

HedopmanbHo OHTONOTHS TpeacTaBiseT co00il HEKOTOpOE OMHMCaHWE B3IUIAJa Ha MUP
HpI/IMeHI/ITeHBHO K KOHerTHOI)'I O6HaCTI/I I/IHTepeCOB. 9TO OITMCAHUEC COCTOUT U3 TepMI/IHOB " HpaBI/IJ'I
MCIIONIb30BaHUs ATHX TEPMUHOB, OTPAaHUYMBAIOIINX UX 3HAYEHUS B paMKaX KOHKPETHOH 001acTu.

Ha ¢opmManbHOM ypOBHE OHTOJIOTHS - 3TO CHUCTEMa, COCTOSIIAs W3 HaOopa IMOHATHH H
Habopa yTBepKIeHUN 00 OSTUX TOHATHUSAX, HA OCHOBE KOTOPBIX MOJKHO OIHCHIBATH KIACCHI,
OTHOIICHUA, (bYHKHI/II/I 1 MHAWBU/BI.

OpHO W3 cambIX HM3BECTHBIX OIpeneieHuid oHTojoruu nan Tom ['pyOep, 3ByduT OHO
ciemyromumM 00pa3zom: OHTOJIOTHS - 9TO TOYHAsS CrienU(PUKaINI KOHIICTITYaTu3aIliH.



Konuenrtyanuzanuss - 3TO CTPYKTypa pEaJbHOCTH, paccMaTpuBaeMasi HE3aBHCHUMO OT
CJI0Baps MPEIMETHOM 00JaCTH M KOHKPETHOM CUTYaIlUH.

Hanpumep, ecnmu Mbl paccMarpuBaeM IPOCTYIO MPEIMETHYIO 00JacTh, ONHCHIBAIOIIYIO
KyOUKHU Ha CTOJIe, TO KOHLENTYyaau3aluen sBiseTcss Habop BO3MOXKHBIX MOJIOXKEHUH KyOUKOB, a He
KOHKPETHOE UX PacION0kKEHUE B TEKYIIIUH MOMEHT BPEMEHHU.

bonee mozpHeil Monudukanueil omnpeneneHus ['pybGepa sBisieTcss Takoe OIpeneleHue:
Onronoruss — 910 (opmanpHas crenuHUKaKs COTJIacOBaHHON KoHUenTyanu3amuu. [lox
COIVIACOBAHHOM KOHLIENTyalIU3alUeH MOAPa3yMEBAETCs, YTO JAaHHAs KOHLENTyalu3alus HE €CThb
YaCTHOE MHEHUE, a SBJIICTCS OOIIEH /11 HEKOTOPOH TPYIIIIEI JIFOISH.

CdopmynupoBaHo elie JOCTATOYHO MHOIO Pa3HbIX ompeseneHuil oHtojoruu. Hampumep,
Hukona I'yapuno ompenensieT OHTOJOTHIO CleAyonmmM oopazom: OHTONOTHS - 3TO (GopMaabHas
TEOpUsl, OTPAHUYUBAIOIIAS BO3MOYKHBIE KOHLIENTyaaIn3aluy MUPA.

HekoTopele onpezneneHuss oTpaxkaroT CIOCOObI, KOTOPBIMU aBTOPBI CTPOST M HUCIIOJIB3YIOT
OHTOJNIOTMM, Hampumep: OHTOJOTHA - 3TO HMEPApPXUYECKH CTPYKTYPUPOBAHHOE MHOXKECTBO
TEPMUHOB, OIUCHIBAIOMIMX MPEIMETHYIO 00JacTh, KOTOPOE MOXKET OBITh HCIIOJIIB30BAHO Kak
UCXOJIHAs CTPYKTYypa Juist 0a3bl 3HaHUI.

Conep:xaHue OHTOJIOTHHI

OCHOBHBIMU KOMIIOHEHTaMH OHTOJIOTUU MOTYT SIBJISITHCS:

- KJ1acchl (I TIOHSTHS),

- OTHOILIEHUS (UM CBOMCTBA, aTPUOYTHI),

- pyskun,

- aKCHOMBI,

- OK3EMIUISIPBI (WM UHIUBUbI).

Knacchl uiay moHATHS UCHOJB3YIOTCA B MIMPOKOM cMbicie. [loHsTrueM MoxeT ObITh J1t00ast
CYIIHOCTh, O KOTOPOH MOXKET OBITh JaHa Kakas-mubo mHpopmarmsa. Kimaccel - 3T0 abcTpakTHBIC
IPYMIIbl, KOJUIEKIMU UM HAaOopbl 00bekTOB. OHUM MOTYT BKJIIOYATh B €€Os 3K3EMIUIAPHI, Jpyrue
KJIaCcChl, JINOO K€ COYeTaHusl U TOro, U Jipyroro. Kiaccel B OHTONOrMSX OOBIYHO OPraHU30BaHbI B
TAKCOHOMMIO - HEPAPXUUECKYIO KIAaCCU(PHUKALMIO IOHATUH [0 OTHOIIEHUIO BKItoueHus. Hanpumep,
kjaccsl MykunHa 1 JKeHuuHa siBisStoTCs oAKiIaccaMu kiacca YenoBek, KOTOPBIA B CBOIO OUepe/ib
BKJIIOUEH B Kjacc MIeKoNnuTaromue.

OTHoO1IEHUS TPEICTABISIFOT TUI B3aUMOAECUCTBUS MEXAY MOHIATHIMH NPEIMETHON 00IacTH.
@opMabHO N -apHbIE OTHOLIEHUS OMPEIENIAIOTCS KaK ITOJAMHOXKECTBO MPOU3BEICHHUS N MHOYKECTB:
R < Cl1 x C2 x ... x Cn. Ilpumep Omnapaoro otHomenus - otHomenune YACTb-IEJIOE.
OTHolIEHUS! TOXE MOTyT OBITh OpraHM30BaHbl B TAaKCOHOMHIO 110 BKJIIOYEHMIO; HANpUMep,
OTHOIIEHHUsI OBITh OTIOM JUIsi M OBITh MaTepblo JJIi Ha MHOXECTBE JIOJIeH cojepxkarcs B
OTHOIIEHUU OBITb POJUTENEM JUIsl, KOTOPOE€ B CBOIO O4Y€peAb COJCPKUTCS B OTHOLIEHHU
OBITH_IPEIKOM JJIS.

@YHKIUN - 3TO CHEUHAIBHBIN Cllydald OTHOLIEHUMN, B KOTOPBIX N -H 3JIEMEHT OTHOLIEHUS
OJTHO3HAYHO ompenensercs N-1 mpenmecTByomuMu  3iaeMeHTaMu.  DPopManbHO  (YHKIMU
ompeaensoTes cneayromum  obpazom: F: Cl x C2 x ... x Cn-1 -> Cn. Ilpumepamu
(YHKIMOHATIBHBIX OTHOLIEHHUH SBIISIOTCS OTHOIIEHUS OBITH MaTephIO JUISI HA MHOXKECTBE JIIOJIEH,
WIM 1IeHa TOJEp>KaHHOTO aBTOMOOWIIS, KOTOpas BBIYMCISETCS B 3aBUCUMOCTH OT MOJENU
aBTOMOOWJISL, 1aThl M3TOTOBIIEHUS U TIpodera.

AKCHOMBI UCTOJIB3YIOTCS, YTOOBI 3aMKcaTh BbICKa3bIBaHUs, KOTOpbIE Bcerja UCTUHHBI. OHU
MOTYT OBITh BKJIIOYEHBI B OHTOJOTHMIO JJIS Pa3HBIX IeJiei, Hampumep, Uil OIpeaesIeHUs
KOMIUIEKCHBIX OTpaHMYEHUl Ha 3HAa4YeHUs aTpUOyTOB, apryMEeHTbl OTHOLIEHWH, A MPOBEPKU
KOPPEKTHOCTH MH(POPMALINHU, ONTMCAHHOW B OHTOJIOIMH, WJIU JUIsl BBIBOJIa HOBOW MH(OPMALIUH.

B kauecTBe nmpumepa TOro, 4To B paMKax OHTOJIOTHM MOHUMAETCs MOJl aKCHOMaMHU, MOXHO
IPUBECTH CJEIyIolIee MOJ0KEHHE U ero (OpMaIbHYIO 3alUCh Ha A3bIKE HCUUCICHHS MPEIUKATOB
MEPBOIO MOPSAIKA:

PaboTHHK, ABISIOMIMNACS PyKOBOAUTENIEM POEKTA, pabOTaeT B IMPOEKTE.



BBogsarcs nepemennbie E (pabotHuk) u P (pykoBoaurtens mpoekra). Torma akcmoma
3aIMKChIBACTCS CIEYIOUIMM 00pa3oM:

Forall (E,P) Employee(E) and Head-Of-Project(E,P)

=> Works-At-Project(E,P)

Ileau co3maHus OHTOJIOTMH

B mnocnennue roasl pazpaboTka OHTOJOTHH - siBHOE (OpMaibHOE OMHCAHHE TEPMHUHOB
MPEIMETHOM O0JIACTH W OTHOIICHUH MEXKIy HUMHU - MEPEeXOJUT W3 MHUpa JadbopaTtopwii 1o
HCKYCCTBEHHOMY HHTEJUIEKTY Ha pabouue CTOJIbI SKCIEPTOB MO MHpeaMeTHbIM obnactsM. Bo
BcemupHor nayrmHe WWW onTonoruu crtamu OOBIYHBIM = siBIeHHEM. OHTOJOTHMH B CETH
BapbUPYIOTCS OT OOJIBIIMX TAKCOHOMHUM, KaTETOPU3UPYIOIMNX BeO-calThl (Kak Ha caiite Yahoo!), mo
KaTeropu3aluil MpoJaBaeMbIX TOBAPOB M HX XapaKTepUCTHK (Kak Ha caiite Amazon.com). Bo
MHOTUX JMCLUUIUIMHAX ceidac pa3pabaThIBalOTCS CTaHIAAPTHBIE OHTOJOTHH, KOTOpPbIE MOTYT
UCTIOJIB30BaThCSl IKCIEPTAaMH MO TPEAMETHBIM O0JacTAM JJisi COBMECTHOTO HCIIOJIb30BAaHHUS M
AHHOTHUPOBaHUS UH(OPMALIUU B CBOEH 00JI1aCTH.

Hanpuwmep, B 0061acT MEAMIMHBI CO3/1aHBI OOJNBIINE CTAaHAAPTHBIC, CTPYKTYPUPOBAHHBIE
cnoBapu, Takue kak SNOMED wu cemantuueckas cerb Cucrembl YHHUQHIMPOBAHHOTO
Menunuackoro S3pika  (Unified Medical Language System, UMLS). Taxke mOABISIOTCS
oOmmpHeie oOmienenesbie oHtonoruu. Hampumep, Ilporpamma OOH mno paszButuio (the United
Nations Development Program) u xommanuss Dun & Bradstreet OObeqMHMIM YCHIHS IS
pa3paboTtku ontonorun UNSPSC, kortopas mpenocraBisieT TEPMHUHOJOTHIO TOBApPOB U yCIyT
(unspsc.org).

OnTonorusi ompenenser OOMMN CIOBAph [UISL YYEHBIX, KOTOPHIM HY>XHO COBMECTHO
UCTIONB30BaTh ~ MHpOpPManWi0 B  mpeaMeTHoW  obOmactu. OnHa  BKIIIOYAeT  MalIMHHO-
UHTEpIpETHpYyEeMble (OPMYIUPOBKH OCHOBHBIX MOHATUN MPEAMETHON O0JIaCTH U OTHOIICHUS
MEXy HUMH.

[ToueMy BO3HHMKaeT MOTPeOHOCTH B pa3pabOTKe OHTONOTMU? BOT HEKOTOpBIE MPHUYUHBI,
KOTOpBIE HUXKE OYAYT pacCCMOTPEHBI TOAPOOHEE:

- JUIsl COBMECTHOTO HCIOJb30BAaHUS JIIOABMH WU TPOTPAMMHBIMU areHTamMH OOILero
MOHUMAHUS CTPYKTYpbI HHGOPMAITNH;

- JUI BO3MOXHOCTH ITOBTOPHOT'O UCIOJIb30BAHUS 3HAHUN B TIPEAMETHON 00J1acTH;

- JUTsl TOTO 4TOOBI clienaTh JOMYIIEHUs B IPEAMETHOI 001acTH SIBHBIMU;

- JUTsl OTAETICHUS 3HAHUH B MPEAMETHON 00JIacTH OT OTEePAaTUBHBIX 3HAHUI;

- JUTsl aHaJIn3a 3HaHUU B IpeIMETHON 00JIacTH.

CoBMecCTHOE HCIIOJIB30BAHKE JIIOJbMHU WJIM MPOTPAaMMHBIMU areHTaMH OOIIETO TMOHWMAaHUS
CTPYKTYpbl HH(GOpPMaIUU SBISETCS OJHOM M3 HauOosiee oOLIMX Lenel pazpaboTku oHToJorui. K
pUMeEpy, MyCTh HECKOJbKO pa3IMYHBIX BEO-CaTOB cojepkaT MH(OpMAIMIO 10 METUIMHE WIN
IPEIOCTaBIAIOT HMH(POPMALMIO O IJIATHBIX MEIUIMHCKUX YCIIyrax, OIUIauMBaeMbIX uepe3
Wntepner. Eciau 3Tu BeO-caiiThl COBMECTHO HCHOJIB3YIOT M MYOIMKYIOT OJHY M Ty ke 0a30BYIO
OHTOJIOTHIO TEPMHHOB, KOTOPBIMH OHHM BCE IOJb3YIOTCS, TO KOMIBIOTEPHbIE areHThl MOTYT
U3BIIEKaTh HMHQOPMAIMIO W3 JTUX pa3IMYHbIX CAaWTOB W HaKalIUBaTh €e€. ATEHTHl MOTYT
MCIIOJIb30BaTh HAKOIUIEHHYIO MH(OpMAIMIO JJii OTBETOB Ha 3allpoChl IMOJb30BaTeNIed WIH Kak
BXOJIHbIE JJAHHBIE JIJISl APYTUX MPUIIOKEHUH.

ObecnieueHre BO3MOKHOCTH MCTIONB30BaHUS 3HAHUN TTPEIMETHON 00JaCTH CTall0 OJHOU U3
JBIDKYIIMX CUJI HEJIABHErO BCILJIECKA B M3ydyeHUM OHTosioruil. Hampumep, nns mopaeneid MHOTHMX
pa3IMYHBIX NpPEeIMETHBIX obsacTeil HeobxoauMo chOopMyIHpOBaTH IOHATHE BPEMEHU. ITO
MIPE/ICTABJICHUE BKIIOYAET MOHATHE BPEMEHHBIX MHTEPBAIOB, MOMEHTOB BPEMEHH, OTHOCUTEIbHBIX
Mep BpeMeHU U T.J. Eciam onHa rpymnma y4deHbIX AETaJbHO pa3paboTaeT TaKyl OHTOJIOTHIO, TO
Jpyrue MOTYT MPOCTO MOBTOPHO MCIOJB30BATH €€ B CBOMX NpeAMETHBIX oOmactsax. Kpome Ttoro,
€CJIi HaM HYXHO CO3/aTh OOJBIIYI0 OHTOJIOTHIO, MBI MOXXEM HWHTETPUPOBATH HECKOJIBKO
CYIIECTBYIOIIMX OHTOJIOTH, OMMCHIBAIOIIMX YacTH OOJIBIION MpeaMeTHOH oOmacTh. MbI Takxke
MO>KE€M TIOBTOPHO MCIOJIb30BaTh OCHOBHYIO OHTOJIOTHIO, Takyto kKak UNSPSC, u pacmiputs ee s
OIKCAHMsI HHTEPECYIOIIEeH HAC MpeIMETHON 00JIacTH.



Co3naHue SBHBIX JOMYIIEHUH B MpPEIMETHOW 00JacTu, JIeXKalMX B OCHOBE pealn3allvy,
JIaeT BO3MOXHOCTb JIETKO H3MEHHUTH 3TH JIOMYIICHUS PH M3MEHEHUH HAIIUX 3HAHUH O MPEIMETHOM
obmactu. YKecTkoe KOAMPOBAaHUE TPEAMOIOKEHUI O MUPE Ha SI3BIKE TPOrPAMMHPOBAHUS IPUBOIUT
K TOMY, YTO 3TH IPEANOJOKEHHUS HE TOJIBKO CJIOXHO HAWTH M TOHATh, HO M TaKXE CII0XHO
U3MEHHUTb, 0COOEHHO HenmporpaMMmucTy. Kpome Toro, siBHbIE crienn(UKauy 3HaHUH B IPEAMETHON
00JTacTH TOJIE3HBI JUII HOBBIX IOJIb30BATENCi, KOTOpPBhIC IOJDKHBI Y3HATh 3HAYCHUS TCPMHHOB
PEeIMETHOM 00JIacTH.

Otnenenue 3HaHUW MTPEIMETHOM 00JIACTH OT ONEPATUBHBIX 3HAHHM - ATO €Ie OJMH BapHAHT
o0IIero MPUMEHEHUsI OHTOJIOTUH. MBI MOKEM OmHcaTh 3aady KOH(PHUTYpUPOBAHHUS MPOIYKTa H3
€ro KOMIIOHCHTOB B COOTBETCTBUU C TpeOyeMo# criennduKkanueil 1 BHEIPUTH IPOrpamMmy, KOTopast
JIeNIaeT 3Ty KOH(UTYpalnio HE3aBUCUMOW OT MPOAYKTa U CaMUX KOMITOHEHTOB. [locie 3Toro mbl
MOXEM pa3paboTaTh OHTOJOTMIO KOMIIOHGHTOB M XapakTepucTuk OBM W NPUMEHUTH 3TOT
ITOPUTM JIs1 KOHPUTypHpOBaHUs HECTaHAApTHBIX DBM. MBI Takke MOXeM HCIOIb30BaTh TOT e
QITOPUTM JUIsI KOHPHUTYPUPOBAHUS JTU(PTOB, €CITH MBI IIPEIOCTABUM €My OHTOJIOTHIO KOMIIOHCHTOB
mudra.

AHanmu3 3HaHWUN B TIpeJMETHONW OO0JAacTH BO3MOXKEH, KOTJIa HMEETCs JCeKJIapaTUBHAs
CHeIII/I(l)I/IKaHI/Iﬂ TCPMHHOB. q)OpMaJ'IBHBH\/JI aHaJIN3 TCPMUHOB I-Ipe?:BI)I‘-IaI\/JIHO LHCHCH KaK IIPH IMOIBITKC
MOBTOPHOTO MCIOJIb30BaHUS CYIIECTBYIONIMNX OHTOJIOTHH, TaK M NP UX PACHIMPCHHU.

Yacto oHTONOrHMS MpeAMETHON 00acTH cama 1o cebe He sBiseTcs Ieabio. Pazpaborka
OHTOJIOTUH CPOJHH OIPENICIICHUIO0 Habopa JTaHHBIX U MX CTPYKTYPHI JJIsl MCIOJIb30BAHUS JAPYTHMHU
nporpamMmmamu. MeTOI[I)I pemicHusd 3aaa4, AOMCHHO-HC3aBHCHUMBIC IIPHUJIOKCHUA W IPOTpaMMHBIC
areHTHI UCTIOJB3YIOT B KAYECTBE JAHHBIX OHTOJIOTHH M 0a3bl 3HAHUH, IOCTPOCHHBIC HA OCHOBE ITHUX
OHTOJIOTHH.

5.4 THCTPYMEHTAJIBHOE OBECIIEYEHUE OHTOJIOI'MYECKOI'O
MOJAEJIMPOBAHUSA NTHOOPMALIMOHHbBIX CUCTEM

B nmpoexTupoBaHMM OHTOJIOTMII YCIOBHO MOHO BBIJIEIUTh JiBa HAIpaBIEHUA, [0
HEKOTOPOr0 BPEMEHHU Pa3BHUBABIIMXCS OTAEIBHO. IlepBoe CBS3aHO C NMPENCTABICHUEM OHTOJIOTHH
Kak (OpMaJbHOM CHUCTEMbI, OCHOBAaHHOW Ha MAaTeMaTH4YeCKH TOUHBIX akcuomax. Btopoe
HaIpaBJIEHUE Pa3BUBAIOCh B PaMKaxX KOMIIBIOTEPHOW JMHTBUCTUKU W KOTHUTHUBHOM Hayku. Tam
onrororss TIOHMMAJIACh KaK CHCTEMa aOCTPaKTHBIX TMOHSATHUH, CYIIECTBYIOIIMX TOJBKO B CO3HAHUH
YeJIoBeKa, KOTOpasi MOXKET ObITh BhIpak€HAa Ha €CTECTBEHHOM SI3bIKE (MJIM CPEACTBAMU KaKOW-TO
Jpyroil cucreMbl cUMBOJIOB). IIpu 3TOM OOBIYHO HE AenaeTcs MPEANONIOKEHUH O TOYHOCTH WU
HEIIPOTUBOPEYNBOCTH TAKOH CUCTEMBI.

Takum 06pazom, CyliecTBYeT J1Ba ajJbTEPHATUBHBIX MOJX0AA K CO3aHUIO U HCCIIEI0OBAHUIO
onronoruil. IlepBelii (opmanbHBI) OCHOBaH Ha JIOTMKE (TPEJUKAaTOB MEPBOro MOpsIKa,
JNECKPUNTUBHONW, MOAAIbHOM U T.M.). BTOopoil (NMHIBUCTHMYECKHiI) OCHOBaH Ha W3YyYEHUU
€CTECTBEHHOI'O s3blka (B YACTHOCTH, CEMAHTHKH) W TOCTPOCHUM OHTOJIOTMH Ha OOJBIINX
TEKCTOBBIX MAaCCUBAX, TaK HAa3bIBAEMBIX KOPITYCaX.

B mnacrosimiee Bpems JaHHbIE MOAXOIbl TECHO B3aUMOJAECUCTBYIOT. MAET ronec CBSI3EH,
MO3BOJISIOMINX KOMOMHHMPOBATh COOTBETCTBYIOLIME MeTOJbl. IToaToMy MHOrzIa OBIBAaeT CIOXKHO
OTJICIUTh JIEKCUYECKUE OHTOJIOTMHU C 3JIeMEHTaMU (OpMaibHBIX AKCHOMATUK OT JIOTMYECKUX
CUCTEM C BKJIFOUEHUSIMU JIMHTBUCTUYECKUX 3HAHUM.

HeszaBucnMo 0T pa3nuyHbIX MOJIXOJ0B MOXKHO BBIICINUTH 3 OCHOBHBIX IPUHIUIIA
KJIaccu(pUKaUU OHTOJIOTUA:

- 110 CTeneHu (HOPMaTbHOCTH;

- I10 HAIlOJIHEHUIO, COIEPKUMOMY;

- 110 LEJIU CO3JaHusl.

PaccMoTpuM cOOTBETCTBYIOIIME KIacCU(UKAILIUH 110 TTOPSKY.

Kaacenpukanus no crenenu gopmanbHoctu. "'Crekrp oHrosnorui'

OOBIUHO JIOIM M KOMITBIOTEPHBIE areHThl (IPOrpaMMbl) UMEIOT HEKOTOPOE IMpeJICTaBlICHHE
0 3HaYeHUSX TepMHUHOB. [IporpamMMmHbIE areHThl HHOT/AA MPEIOCTABISAIOT CHEU(PUKALNIO BXOTHBIX



N BBIXOJAHBIX JAaHHBIX, KOTOPBIC TAKXKE MOT'YT OBITh MCIIOJIB30BaHBI KaK creuynguKaLms rporpamMml. CXOIIHBIM
00pa3oM OHTOJIOTHH MOTYT OBITh MPUMEHEHBI, YTOOBI MTPEAOCTABUTh KOHKPETHYIO CHEIU(UKAITUIO
UMEH TEPMUHOB M 3HAUCHUU TEpMUHOB. B pamkax 3TOro moHuMaHus (TJ€ OHTOJOTHUS SIBISETCS
cneurdukanueil KOHUENTYaIbHOM MOJAEIM - «owenyamsaum) CYIIECTBYET IMPOCTOP JUIsl BapUalMi.
OTtaenbHBbIC BUIBI OHTOJIOTHIA MOTYT OBITh MPEICTABICHBI KAK TOUYKH HA CIIEKTPE B 3aBUCUMOCTHU OT
JeTalell uX pean3aluu.

Katanaori Ha ocHoege 1D

C
nogap TEPMIMHOE TESEYpFEbL

HethopMansHbie OTHoWeHKWE «Boelwe- Hiwe:s

TAKCOHOMIAK

PopMantHele
TAKCOHOMMIA

PopMantHele
FHIEMMNADEI
CBOMCTBA Ha OCHOBE
tipeEMOE
JrpaHuHeHMA Ha
3HaYEHMA

N3 bHIHKTHMEHBIE KNACChl,

{JBpaTHeIE CBOWCTEA
MNpoMsEONEHEIE NOMMHECKME

OrpaHK4eHKA

Puc. 2.1. Cnextp onrtonoruii. Kocas uepra pa3aenser CHUCTEMbI, MPEIOCTaBISIONINE
"4eIOBEKO-TIOHATHBIC" (BBIIIE YePThI) U "MAITMHO-TIOHATHBIE" (HU)KE YePThI) ONUCAHMS

Ha pucynke m3o0paxxeH Tak Ha3blBa€MbIH CIIEKTP OHTOJIOTHH IO CTENeHH (HOPMaIbHOCTU
IIPEJICTaBJICHUs], MCIIOIb30BAHUIO TEX WM HMHBIX CHUHTAKCHMUYECKHMX KOHCTpyKuui. Kaxpas Touka
COOTBETCTBYET HAJIWYHIO HEKOTOPBIX KIIOYEBBIX CTPYKTYp B OHTOJOTHH, OTJIMYAIOIIUX €€ OT
Ipyrux Touek Ha cnekrpe. Kocas yepra yclOBHO OTAENSET OHTOJOTHU OT JIPYIMX PECYPCOB,
MMEIOLINX OHTOJIOTHUECKUN XapakTep.

IlepBoii TOYKE Ha CIEKTPE COOTBETCTBYET KOHMIPOAUPYEMbBLIl C106apb, T.€. KOHEUHBIN
CIIMCOK TEPMHUHOB (MPOCTEHIIMM MPUMEPOM SBIISETCS KAaTajor Ha OCHOBE HACHTHU(DUKATOPOB).
Karanorn npezacraBisioT TOYHYIO (HE MHOTO3HA4yHYH0) HMHTepHpeTanuio TepMuHoB. Hampumep,
KX pa3, CChUIasiCh HA TEPMHUH '"MamuHa", Mbl OyJ€M HCIOJB30BaTh OJHO U TO K€ 3HAUEHUE
(cooTBeTcTBYIOIIEE HekoTopoMy ID B cioBape), BHE 3aBUCUMOCTH OT TOTO, O YeM HJET pedb B
KOHTEKCTE: 0 "CcTUpaibHOM MaruHe", "aBToMoOuse" uim "rocy1apcTBeHHON MamuHe".

Jlpyroii cneunduKkanuel OHTOJIOTUH MOXET OBITh 210ccapuil, TPEACTaBISAIOMUNA coO0i
CIIUCOK TEPMHUHOB C HUX 3HAUYCHHUSIMM. 3HAUEHHUS ONMCHIBAIOTCA B BUJE KOMMEHTApUEB Ha
€CTECTBEHHOM SI3bIKE. JTO JaeT 0oJjblle MHPOpPMAIUH, MOCKOJIBKY JIOJU MOTYT MPOYECTh TaKON
KOMMEHTapuil ¥ MMOHATh CMBICI TepMHUHA. IHTEeprpeTaliuu TEpPMUHOB MOTYT OBITh MHOT'O3HAUHBIMH.
['moccapuyu HEMPUTOJHBI 11 ABTOMAaTU4YECKOM 00pabOTKM MPOrpaMMHBIMHU areHTaMu, HO MOXHO,
KaK 1 paHee, IPUCBOUTH TepMuHaM ID.

Tezaypycet HecyT AOINOJIHUTENbHYIO CEMAHTUKY, OIpPENENsisi CBSI3U MEXAY TEPMHUHAMH.
OTHolIEHUS, CBOWCTBEHHBIE U1 TE3aypyCOB: CHHOHUMUS, uUepapxuieckoe OmHouleHue W
accouuanus. PaHHue nepapxum TepMHUHOB, nosiBuUBIIMecs B CeTH, ONpelnesuid TEePMUHBI yepe3
onepauuu 0000IIeHNss W yTouHeHHs. Yahoo, HampuMmep, BBela HEOOJBIIOE YHCIO KaTeropui
BEPXHETO YPOBHS, TaKWX, Kak " mpeameTsl oAexabl ". 3ateM " maThe " ompenernsioch Kak BU
(>keHCKOM) onexpl. SIBHas umepapxuss Yahoo HE COOTBETCTBOBaja B TOYHOCTU (OPMaTIbHBIM
cpoiictBaM uepapxuyeckoro otHomenus [IO/IKIIACC-KIJIACC. B Takux wuepapxusix MOKET



BCTPETUTHCS CUTYAIlHs, B KOTOPOU 3K3EMIUISIP KJIacca-MOTOMKA HE SBISETCS IK3EMILIIPOM Kilacca-
npeaka. Hampumep, oOmmas kareropust " nmpeaMeTsl oJIexk bl ' UMeeT MoaKaTeropuro " skeHckue
(koTopast mopKHA Oblia OBl OOJiee TOYHO HA3BIBATHCS " KEHCKUE MPEIMEeThl OJSKIbl "), a 3Ta
KaTeropusi, B CBOI0 O4Yepe/b, BKIIOUaeT moakaTeropuu " akceccyapsl ' W " miates ". SIcHO, 4TO
aKceccyapsl, HarpuMmep " Opoiu ", HE SABISAIOTCS MpEeIMETaMH OACKIbI. 3J1eCh HE BBIMOJIHAETCS
BaxkHoe cBoicTBO oTHOMIEHUs [1O/JKIIACC-KIJIACC - TpaH3UTUBHOCT.

Hanee cnepayer Touka ¢popmanvHblie maxcoHomuu. OTa PA3HOBUIHOCTb OHTOJIOIMM
BKI04YaeT Tounoe onpezencaue ornomenus [TOKIIACC-KIJIACC (o6o3navaemoro kak iSA ). B
TaKUX CHUCTEMaX CTPOTO COOJIIOIACTCS MPAH3UMUEHOCHb OTHOIICHHs ISA: ecnmu A sBiseTCS
MOJIKJIacCOM Kilacca B, To kaxniplii moakiacc kiacca A Takxke ABISETCS MOJKIAcCcOM Kiacca B.
Crporas mepapxusi KjJacCcOoB HEOOXOAMMa NPU HCIIOJIB30BAHUM HACIENOBAHUSA [UISI IPOLEAYPHI
JIOTUYECKOT0 BBIBOJIA.

Crnenyromasi TOYKa CHEKTpa - HAJIWYME€ B OHTOJOTMUYECKOW cHcTeMe (HopManbHOTO
ornomenuss DK3EMIUIAP-KIIACC  (o6o3nawaemoro kak islnstanceOf ). Hekoropsie
KJaccu(UKaUMM BKIIOYAIOT TOJBKO KMEHa KJAacCoB, APYTHe COAepkKaT Ha HIDKHEM YPOBHE
sk3eMIusIpsl (MHAUBUABI). s otHOmEeHUs DK3EMITJISIP-KIIACC BoInoyHSIETCS Tak Ha3bIBacMas
"HacaeyeMOCTh" BOJIb OTHOIICHHUS ISA: eciu A SIBISETCS IMOAKIACCOM Kjacca B, TO Kaxblit
9K3EMILIAp Kjacca A Takxke sIBIsieTcs dK3eMIuiipoM kiacca B. IlosTomy B mpuBeneHHOM BbIIIE
npumepe " Opomn " He MOryT ObITh IOMEIIEHBI B HEpapXUHU HMXKE " IpeaMeT OJexK/bl ", naxke B
MOJIKATETOPHIO " JKEHCKUE TIPEIMETHI OJICHK/IbI ", MIIH CTaTh K3EMIUISIPOM 3TOM KaTETOPUU.

Jlanee cpeau CTPYKTYPHBIX AJIEMEHTOB MOSBISIOTCS ¢/10mbl. 31eCh Kilacchl (MHOTAA UX
HA3BIBAIOT hpetimamu ) MOTYT UMETh MH(pOpPMaLUIO O ceolicmeax (cromax). Hampumep, kmacc "
peIMeT oKl "' MOKET UMETh cBOMcTBa " mena ", " caenan u3 ". CBoiicTBa OBIBAIOT OCOOCHHO
MOJIE3HBIMU, KOT/Ia OHU OIPE/IEICHbI Ha BEPXHHUX YPOBHIX UEPAPXHUH U HACIETYIOTCS MOJKIACCAMH.
Tax, B moTpeOuTeNnbcKol uepapXxuu Kiacc " mpoaykT " MOKET UMETh CBOMCTBO " 11eHa ", KOTOpoe
MOJIyYaT BCE €ro MOAKIACCHI.

bonbiiell  BpIpa3uTENbHOCTHIO O0ANAIOT OHTOJIOTHUH, BKJIIOYAIOIIME OrPAHUYEHUS Ha
o0nacTh 3HAYEHUN CBOWCTB. 3HAUEHHUs CBOMCTB OepyTcsl M3 HEKOTOPOTO MPeAoIpeneIeHHOro
MHOeCTBa (1IeJIble YUCIIa, CAMBOJIbHBIE KOHCTAHTHI) UM U3 MOAMHOKECTBA KOHIIETITOB OHTOJIOTUH
(MHOKECTBO  9SK3EMIUIIPOB  JAaHHOTO  KJlacca, MHOXKECTBO  KjaccoB). MOXHO  BBECTH
JIOTIOJTHUTEILHBIE OTPAHUYEHHS Ha TO, YTO MOXKET 3aroIHATh CBOMCTBO. Hanmpumep, nms cBoiictea "
caenaH u3 " kiacca " mpeIMeT OJexk Ikl "' 3HaYSHHS] MOT'YT OBITh OTPaHUYEHBI IK3EMILISIpaMH KJlacca
" marepuan ". Jlerko yBuAeTb NpOOJIEMBbI, KOTOpPblE MOTYT BO3HHUKHYTh B 3TOM Ccily4yae IpHU
MCIIOJIb30BaHUU HECTPOToil Takconomuu. Ecnu " nyxu " - motomoxk kiacca "' mpeameT oaex sl ", To
OH yHacJeIyeT CBOWCTBO " cliesian U3 " BMecTe ¢ OrpaHMYCHHEM Ha ero 3HadeHus ("' matepuan ).

B 1ienom ¢ He0OX0IMMOCTBIO OMHCHIBATH 00JIee CIOKHBIE (PaKThl BHIPA3UTEIbHBIE CPEICTBA
OHTOJIOTMM (KM €€ CTPyKTypa) ycloxkHsawoTcs. Hampumep, MoxkeT mnoTpeOoBaThCs 3aroJIHUTH
3HaUEHUE KaKOro-TMOO CBOWCTBA OSK3EMIUISIpA, HCIHONB3YS MaTeMaTH4YecKoe BBIPAKEHHUE,
OCHOBaHHO€ Ha 3HAYEHUAX JAPYTUX CBONCTB JAHHOTO SK3EMIUIAPA WIJIM 3HAYCHUSIX CBOMCTB JPYTHX
HK3eMILISIPOB. MHOTHE OHTOJOTHH TO3BOJISIOT OOBSBIATH JBa U Oojee Kiacca TU3BIOHKTUBHBIMU
(HemepeceKaromuMUcs). IJTO O3HA4YaeT, YTO Yy JIaHHBIX KJIACCOB HE CYIIECTBYET OOIIMX
HK3EMILISIPOB.

Hexotopsie s3pIKM OMUCaHUST OHTOJIOTHH TO3BOJISIOT J€iaTh MPOW3BOJIBHBIC JIOTHYECKHE
YTBEPKJICHHS O KOHLIETITAX - AKCUOMbL.

A3pikn onucanusa oHtoJorui, Takue kak CycL m Ontolingua, mo3BossitoT (UKCHUPOBATH
YTBEPXKACHHSI HA S3bIKE JIOTHUKHU MpeIuKaToB nmepBoro nopsaka (FOL).

Knaccupukauus mo e co3aaHus

B pamkax »Tol KinaccuUKAUMM BBIACTSAIOT 4 YpPOBHS: OHTOJIOTUS NPEICTABICHUSA,
OHTOJIOTHSI BEPXHETO YPOBHSI, OHTOJIOTHS TIPEIMETHON 00JIaCTH U TIPHUKJIAHAS OHTOJIOTHS.



OHTonornm KOHL|eNTyanusauus
I'lpe,EI,CTaBJ'IEHIAFl CbOpMEJ'IMBMOB npeictaBneHua
3HaHWW

NOBTOPHO UCNOoNb3YyeMaA B

OHTONnOrMMn pasHbIX NpeAMeTHbIX 06nacTsX

BEPXHEro YPOoBHS

NoOBTOPHO UCNONb3yeMaa EHYTPKU

OHnTonoruu npegMeTHbIX] oAHOWN NnpeameTHOW obnacth

obnacrtein

HET BOSMOXHOCTW NOBTOPHO

[MpuknagHble
ncnonb3oBaTh

OHTOJTOTHMKA

Puc. 2.2. Knaccudukanust OHTOJIOTHI 110 TSN CO3/IaHUS

OHTO/I0THS TPEACTABIEHUSA

Ilenp ee cosmanust - ommcarth OOJACTh NPEICTABJICHUS 3HAHWMA, CO31aTh S3bIK JUIS
cnenuduKaluy APYrux OHTOJOTHI Oosiee HM3KUX ypoBHEW. [Ipumep: omucanue MOHATUHN S3bIKA
OWL cpeacreamu RDF / RDFS. B nanHOM onucaHH# OMPEICIAIOTCS TaKUe MOHATHS, Kak "Kiacc",

nn nn nn

"oTHOmIEHHE", ""orpaHUYEHNE HA 3HaYeHUE cBoicTBa", ""moMeH", "auamna3on" u T.M.

rdfs:Resource
|
rdfs:Class rdf:Property
owl:Class owl:DeprecatedProperty
owl:DatatypeProperty

owl:Restriction

—— owl:AnnotationProperty

owl:DeprecatedClass owl:InverseFunctionalProperty
- owl:FunctionalProperty
owl:Thing
owl:Nothing owl:ObjectProperty
owl:Ontology
owl:SymmetricProperty
owl:DataRange
owl:AllDiferent owl:TransitiveProperty

Puc. 2.3. OnTonorust mpeacrasienus s si3bika OWL
OHTOJ1I0THSI BEPXHEr0 YPOBHA



Ee Ha3zHaueHue - B CO3/aHUM €IMHOM "paBUILHOU" OHTOJIOTHH, (UKCUPYIOIIEH 3HAHUS,
o0mue Uil HECKONbKMX IPEIMETHbIX 00JacTel, ¥ B MHOTOKPAaTHOM HCIIOJb30BaHUU JTaHHOH
oHTONOrMM. CyIIECTBYET HECKOJBKO KPYIHBIX OHTOJOTHMI BEPXHErO YPOBHS: cye, porcs, suvo,
onrosorus JIxona Cossl (J.Sowa) u gpyrue. Ho B 11€710M NMONBITKM CO34aTh OHTOJIOTUIO BEPXHETO
YPOBHS Ha BCE CIy4yau >KU3HU IIOKA HE MPUBEJIN K 0)KUJAEMBIM pe3yibTaTaM. MHOrue OHTOJIOTUN
BEPXHEr0 ypOBHS HOXOXH Apyr Ha apyra. OHM cojepkKaT OJHU U T€ K€ KOHLENTHI: CYLIHOCTb,
SIBJICHHE, TIPOLIECC, 0OBEKT, POJIb, IPOCTPAHCTBO, BPEMsl, MAaTEpHsi, COOBITHE, IEHCTBUE H T.II.

Entity

Subclass-Of
—

erysicl [<—— 2900 __ [

A ¥ A A

Object | | Process| |Quantity | [ Attribute | | Class | | Relation | | Proposition | | Graph | | GraphElement

Puc. 2.4. Bepxuuii ypoBeHnb uepapxuu onrosnoruu SUMO

OHTos10THS IPEIMETHOM 00/1aCTH

Jlpyroe Ha3BaHHe - OHTOJOTHS JoMeHa. HasHaueHue cxoke ¢ Ha3HAYEHHEM OHTOJIOTUU
BEPXHET0 YpOBHS, HO 00JacTh HWHTEpEca OTpaHWYeHa OJHOW TNpeIMETHOH oO0macThio (T.H.
JIOMEHOM), HampuMep, aBHAllUsi, MEAMIIMHA, KYyJIbTypa, NUCTAaHIMOHHOE oOydeHue, MHTepHET-
TexHoJoruu. OHTONOrHs NpeaIMeTHOW o6sacTd 00001IaeT NOHATHSA, HWCIOJB3YIOLIUECS B
HEKOTOPBIX 3a/Jayax JOMEHa, a0CTparupysch OT caMuX 3aaad (Tak, OHTOJOTHS aBTOMOOWIIEH
HE3aBUCHMa OT JIFOOBIX OCOOEHHOCTEW KOHKPETHBIX MapoK MamivH). Bo MHOTHX IHCIHMILTHHAX
ceifuac pa3pabaTbIBalOTCsl CTaHIAPTHBIE OHTOJIOTUH, KOTOPBIE MOTYT HCIOJIb30BAaThCs AKCIEPTAMU
10 TIPEIMETHBIM 00JacTsM ISl COBMECTHOTO WCIOJIB30BAHUS M aHHOTUPOBaHHMS WH(POpPMAINU B
cBoel 00J1acTH.

Hanpuwmep, B 006macTy MEAMIIMHBI CO3/IaHBI OONBIINE CTaHIAPTHBIC, CTPYKTYPUPOBAHHEIE
cmoBapu, takue kak SNOMED CT (Systematized Nomenclature of Medicine - Clinical Terms -
CHCTEMaTH3MpPOBaHHAs HOMEHKJIATypa MEIWIMHBI - KIMHWYecKas TtepmuHonorusi) u UMLS
(Unified Medical Language System - cemantuueckas cetb CucTeMbl YHUPHIIUPOBAHHOTO
Menuuunackoro f3pika). Takxke TOSABIAIOTCS OOIIMPHBIE OOIIEIeNieBble OHTOJOTHH. Tak,
nporpammMa OOH mno pasButuro (United Nations Development Program) u kommnaHus
Dun&Bradstreet o0benuuwm yewnus s pa3padorku  ontosmoruun  UNSPSC, kotopas
IPEOCTABIIAET TEPMUHOJIOTHIO TOBAPOB M YCIYT (WWW.UNSPSC.0rg).

IIpukaagHasi OHTOIOTUSA

Haznauenue Takoii OHTONOTMH B TOM, YTOOBI OINHKCAaTh KOHIIENITYaJbHYIO MOJEIb
KOHKPETHOW 3a7auyl WM MpHIIoKeHus. [[puKIiiaHbIe OHTOIOTHN OMUCHIBAIOT KOHIENTHI, KOTOPBIE
3aBHUCAT KaK OT OHTOJIOTMHM 3a/la4, TaK U OT OHTOJIOTUH IpeaMeTHol obiactu. [Ipumepom Moxer
CIIY’)KUTh OHTOJIOTHSI JUII aBTOMOOWIJIEH, CTPOUTENFHBIX MaTEPUAIOB, BHIYUCIHTEIHHON TEXHUKH.
Takue oOHTONOTMM cojepkaT Haubosee crenupuuHyo HHPopmauuio. [Ipumepsl: oHTONOTHH
npoektoB TOVE, Plinius. TOVE (Toronto Virtual Enterprise). Ilens mpoekTa - co3maHHe MOIEITH
JAHHBIX, KOTOpast JOJHKHA:

- o0ecnieuuTh OOMIIYI0 TEPMHUHOJOTHIO JUIA TPEAMETHOW OOJIaCTH, MPUIOKEHUS KOTOPOid
MOTYT COBMECTHO HMCIIOJIb30BaThCS U MIOHUMATHCS KKIbIM YH4aCTHUKOM OOLICHHUS;

- 1aThb TOYHOE W IO BO3MOYKHOCTH HENPOTHBOPEYHMBOE OTPE/ICICHUE 3HAYCHHS Ka)KIIOTO
TE€pPMHUHA Ha OCHOBE JIOTMKH MEPBOT0 MOPSIIKA;



- o0ecreynTh 3a/JlaHWe CEMAHTHKH C I[OMOIIbI0 MHOXECTBA aKCHOM, KOTOpPBIE
ABTOMATUYECKHU MO3BOJIAIOT MOJIy4aTh OTBET HA MHOKECTBO BOIIPOCOB O MPEIMETHON 00IacTH.

TOVE pomkHO 00€creynuTh TIOCTPOCHHWE WHTETPUPOBAHHON MOJEIH  HEKOTOPOU
MpeIMETHOM 00JIacTH, COCTOSIIEH U3 CIIEAYIOIIUX OHTOJIOTHUHU: ONEepalui, COCTOSIHUI U BPEeMEHH,
OpraHu3aluy, pecypcoB, IPOLYKTOB, CEPBUCA, IIPOU3BOJACTBA, LICHBI, KOJIMYECTBA.

Plinus. Llenpto mpoeKTa ABJISETCS MOJIYaBTOMATHUECKOE U36leUeHue 3HAHUL U3 TEKCTOB Ha
€CTECTBEHHOM $3bIKE, B YaCTHOCTH, JIMTEPATYPbl O MEXAHMYECKHX CBOMCTBaX KEPaMHYECKHX
MaTepuaioB. Tak Kak TEKCTbl OXBaTbIBAIOT IIMPOKHUI TUana3oH MOHATUH, TPeOyeTCs MHOXKECTBO
WHTETPUPOBAHHBIX OHTOJIOTMM JIJIi OXBaTa TaKUX IMOHATUN, KaK KepaMUYECKHE MaTepHalibl U UX
CBOIiCTBa, cmocoObl MX 00pabOTKH, paznuyHble e(eKThl MaTepualioB, HApUMEp, TaKue Kak
TpemHbl W Topbl. OHTOJOTHUS ONpeNeNsieT S3bIK, IPU TMOMOIIM KOTOPOTO BbIpAXKAETCA
CEMaHTHUYECKasl 4acTh CI0Bapsl.

Knaccupukauus OHTOJOTMH MO COXEPKUMOMY
CywHocTn, CobbiTha,

MpocTpaHcTeo, Bpems...

Obwwne
OHTONOMMN

CocTaBneHne pacnucaHui,
onpegenexue Lenen,
Knaccudmkaums

OHTOnornm
3apaq

MHoxecTBa NpeAMETOE: cKanbnenu,

[TpeameTHbIE e

OHTOITOTNK

Puc. 2.5. Knaccudukanus OHTOJIOTHII IO COAEPKUMOMY

JHannast kiiaccuuKalmsi O4eHb MOX0XKa Ha MPEBIIYIIYI0, HO 3/IeCh aKI[EHT CMellaeTcs Ha
peanbHOe COIEP)KUMOE OHTOJIOTUH, @ HE Ha aOCTPaKTHYIO 1Iellb, IPecIelyeMyl0 aBTOPaMHU.

Obuwue ommonocuu oNKUCHIBAIOT Haubosiee 0OIIME KOHLENTHI (IIPOCTPAHCTBO, BpeMs,
marepusi, 00BbEeKT, COOBITHE, AEUCTBUE U T.J.), KOTOpble HE3aBUCHMbI OT KOHKPETHOM MpPOOIeMbI
Wi obsiactu. B 3Ty Kateropuio rnomnaaarT U OHTOJIOTUU IPEJICTABICHUS, U OHTOJIOIHMH BEPXHETO
YPOBHSL.

Onmonoz2us, opueHmMupo8anHas Ha 3a0ayy - 3TO OHTOJIOTHS, UCIOJIb3yeMasi KOHKPETHOU
NPUKJIAJHON MPOrpaMMo M coeprkallias TEPMHUHBI, KOTOPbIE MCIIONB3YIOTCS MpH pa3padbotke 10,
BBITMOJHSIONIET0 KOHKPETHYIO 3a1auy. OHa oTpakaeT cnelupuKy MPUIIOKEHUs, HO MOXKET TaKKe
coJiepKaTh HEKOTOpble OOIIHMe TEpMHUHBI (HampuMmep, B TIpapUuecKoM peaakTope OyayT u
cnenuguyecKkrue TEPMUHBI - MAJIUTPA, TUI 3AIUBKH, HAJIO)KEHUE CI0€B U T.J., U 00IIUe - COXPAHUTD
U 3arpy3uth (aitn). 3aaaum, KOTOPHIM MOXET OBbITh MOCBAILIEHA OHTOJIOTUS,, MOTYT OBITH CaMbIMHU
pa3HOOOpPa3HBIMU: COCTABIIEHUS pAaClMCAHUS, ONpEJEIeHNUEe LeJe, IUarHOCTHKa, MpoJaxa,
paspabotka IIO, mnocrtpoenue knaccudukauuu. Ilpu 3TOM ommonocusa 3adauu WCTONB3YET
CHeHMallM3alii0 TEPMUHOB, TPEJICTABICHHBIX B OHTOJIOTHSIX BEpXHEro YypoBHS (0Ouux
OHMOJIO2USIX).

Ilpeomemnaa onmonozus (W oHmMono02us npeomenoag ) OIMChIBAET pealibHbIe MPEIMETHI,
y4YacTBYIOIIME B Kakoi-mubo paedrenbHOCcTH (mpou3BoJcTBe). Hampumep, 310 MoOXkeT OBITh
OHTOJIOTHS BCEX YacTeil 1 KOMIIOHEHTOB CaMOJIETOB ompeneraeHHoN Mapku (Boeing) u cBegenus o6
UX MOCTaBIIHKaX, XapaKTEPUCTUKAX, CIIOCO0e COETUHEHHS IPYT C IPYTOM U T.II.

OnTostoruM I  00pa0OTKM TEKCTOB Ha ecTecTBeHHOM s3bIke. Jlekcnueckue
OHTOJIOTUH

Jlns Toro 4toObl MPUMEHUTH OHTOJIOTHIO JUIS aBTOMAaTHYEeCKOH 0OpaOOTKH TEKCTOB, B
YaCTHOCTH, JUIsl pelIeHUs 3aJa4 WH()OPMALMOHHOIO MOMCKA, HEOOXOJUMO TMOHATHUSM OHTOJIOTHH



COTOCTaBUTH HAOOP S3BIKOBBIX BBIPAKEHUH (CJIOB M CJIOBOCOYETAHMI ), KOTOPBIMU MOHSITHS MOTYT
BBIPAXKATHCS B TEKCTE.

[Tpouienypa comocTaBieHUS MOHSATHI OHTOJOTHH M SI3BIKOBBIX BBIPAKEHUN MOXKET OBITh
OCYIIIECTBIICHA Pa3IMYHBIMU CIIOCOOAMHU.

Bo-nepBbIx, OHTOJIOTHSI MOXKET OBITH C/IEaHa 3apaHee, IyTeM JIOTHUECKOH Kilaccudukanuu,
a 3aTeM K ee AJIEeMEHTaM MOTYT ObITh MPUIIUCAHBI A3BIKOBBIE eAMHULIBI. Tak, Hanpumep, Jyr Jlenat
(Doug Lenat), pykoBoAHWTENs W3BECTHOTO MpoeKTa B oOiactu mpencraBienus 3HaHuii Cyc, B
paMKax KOTOpOro mpejamnojaraioch ¢GopMain3oBaTh 3HaHUA 3IPaBOr0 CMbICIa (common sense) u
UCTIOJIb30BaTh MX, B YaCTHOCTH, Ui OOpaOOTKM TEKCTOB HAa €CTECTBEHHOM S3BIKE, CUMTAET, YTO
y4eT 3HaUYCHUM CJIIOB MOXKET TOJIbKO 3amyTtath ("words are often red herrings"), 4To 3HaueHus ciIoB
JeNST MHUpP HEOJHO3HAYHO, a JIMHUM JEJCHUS MPOUCXOASAT M3 CaMbIX pPa3IUYHBIX IPUYMH:
UCTOPUYECKHX, (PU3UOIOTMYECKUX U T.I1.

[Ipennaraercss co3naBaTh OHTOJIOTHIO IIyTEM JIOTMYECKOTO aHaiin3a, 'cBepXy-BHU3". [lpu
9TOM HMEHAa BBOJMMBIX NOHATUN (KENaTeIbHO) JOJDKHBI OTpa)kaTb T€ MPU3HAKH, KOTOPHIE
3aJI0)KEHbl B OCHOBY JelieHus. B pesynpTaTe mosiydaroTcs HMEHA HOHSITHUH JOCTaTOYHO
rPOMO3JIKME, HEECTECTBEHHbIE, C HHUMU TPYAHO ONEpPUPOBaTh Kak pa3zpaboTdyMkaMm, TaK U
BO3MO>KHBIM I10JIb30BaTEIISIM.

Hpyras mpobiema Takoro IMOAXO0Ja: TMPUIUCHIBAs S3bIKOBBIE BBIPAKECHUS JIOTHUECKU
000CHOBAHHOH CUCTEME MOHATHH, MBI IIOJy4aeM, YTO OJJHO U TO K€ CJIOBO MOXKET COOTBETCTBOBATh
CJIMIIKOM OOJBIIOMY KOJHYECTBY TaKMX "MpPaBUIbHBIX" MOHATHI B 3aBUCUMOCTU OT KOHTEKCTa, a
3HAYMT, BO3HUKAET U3JIUIIHSAS MHOTO3HAYHOCTh JIGKCHUYECKOUW €IMHUIIBI.

Kpome Toro, Torna kak HeOOIbIIME OHTOJIOTMH MOTYT OBITh MOCTPOEHBI METOJIOM CBEPXY-
BHU3, pa3pabOTKa MOJPOOHBIX OHTOJOTHH IS PealbHBIX MPUJIOKEHHUH - 3ajadya HETPUBUAIBHAS.
bonee Toro, BO MHOTrMX NpPEIMETHBIX OONACTSIX 3HAHWE, HY)XHOE IJs PaCHpOCTpPaHEHUS U
WHTETPAllK, COJACPKUTCS B OCHOBHOM B TeKcTaX. M3-3a BHYTPEHHUX CBOICTB YEJIOBEUECKOTO
A3bIKa HEMPOCTOM 3aJauyeil sABISAETCA CBA3aTh 3HAHMS, COJAEpIAIIMECST B TEKCTax, C OHTOJIOTHSIMH,
Jake eciy ObI OblIa ITOCTPOSHA MOAPOOHAS] OHTOJIOTHUS TIPEIMETHON 00JIaCTH.

HekoTopsle HMCCIIeI0BaTeNM, TaKiHe KaK M3BECTHBI OpuTaHCKHil nmuHrBHCT Mopuk Buikc,
CUMTAIOT, YTO "HECMOTpPS Ha TO, YTO BCE aBTOPHI CTAaTE€ld MO OHTOJIOTHSM TOIYEPKHUBAIOT, UTO
MOHSTHUSL  SBISIOTCA KUPHUYMKAMHU JIFOOOH OHTOJIOTMH, MbI MaHUNYJIUPYEM MOHSATUSMU
MOCPEACTBOM cJIOB. BO BCceX OHTOJOrHSX, KOTOPHIE M3BECTHBI, CIIOBA HCIOJIB3YIOTCA Ui TOTO,
4TOOBl MPEACTaBIATh MOHATHUS. CIeI0BaTENbHO, TO MHOXECTBO SIBJICHHH B MHpE, KOTOpBIE HE
BepOAIM30BaHbl, HE MOTYT OBITh CMOJEIUPOBaHbl. MBI MOXXEM ONHCaTh 3TO SIBJIICHHE Kak
OnTonoruyeckyto runorezy Cenupa-Yopda, TO €CTh TO, YTO HE ONMUCHIBAETCS CIIOBAMHU, HE MOKET
OBITH OTPAKEHO B OHTOJIOTUH:".

Bropoe HampaBiieHue, KoTopoe 00bIYHO 00CYKIAeTCsl, - 9TO YCTAHOBJICHHWE COOTBETCTBUM
MEXJy HepapXUYeCKUMH JiIeKcuueckuMu pecypcamu thma WordNet 1 HEKOTOpPOH OHTOJIOTHEH.
WordNet-pecypcsl  ONMUCBHIBAIOT  JICKCMYECKWE  OTHOIIECHHS  MEXKIY 3HAUYEHHSIMH  CJIOB,
IIPEJICTABICHHBIE B BUJE OTAEIbHBIX €IUHUI] B HMEPAPXUUECKON ceTu - cuncemos. OTHOLIECHUS
MEXIY JEeKCUYECKUMHU €IWHUIIAMU B 3HAYUTETHHOM Mepe OTpa)kaloT OTHOIIEHUS OOBEKTOB
BHEIIHET0 MHpA, MIOATOMY TaKM€ PECYPCHl YaCTO pacCMaTpUBAIOTCA KaK OCOObIM BHJ OHTOJOTHH -
JleKcudecKue WIH JUHGUCIUYECKUe OHMOTIO2UU.

['maBHOW XapaKTEPUCTUKON TUHTBUCTUYECKUX OHTOJOTHH ABISETCA TO, YTO OHU MPUBA3AHbI
K 3HaueHusM ("are bound to the semantics") sI3bIKOBBIX BBIpaXEHHH (CJIOB, UMEHHBIX TPYIM U T.IL.).
JIMHTBHCTUYECKHE OHTOJIOTHH OXBATBHIBAIOT OOJIBIIMHCTBO CJIOB SI3bIKA M OJTHOBPEMEHHO HMEIOT
OHTOJIOTMYECKYIO CTPYKTYPY, MPOSBISIONIYIOCS B OTHOIICHHUSIX MEXIy HOHATHsAMU. [losTomy
JUHTBUCTUYECKUE OHTOJIOTHH MOTYT PaCCMaTPUBATHCS KaK OCOOBIN BUJI JISKCHIECKOM 0a3bl TAHHBIX
¥ 0COOBII THUIT OHTOJIOTHH.

JIMHTBUCTUYECKHAE OHTOJIOTHH OTJIMYAIOTCS OT (OPMANTBHBIX OHTOJIOTHMH TIO CTENEHHU
dopmanmzaruu. [loaTomy mpenmonaraercs, 4YTO pa3pabOTYMKU TAaKOTO pPoJa PECypCcoB
pa3palaThIBalOT MEPAPXUIO JIEKCUYECKUX 3HAUEHUH €CTECTBEHHOTO S3bIKa, a NI 0oJiee CTPOroro



OMHCAaHUS 3HAHUH O MHUpPEe HEOOXOJUMO COIMOCTABUTh TaKUE PECypchl C KaKUMH-THOO
(dbopManbHBIMU OHTOJIOTHSIMH.

Tak, comepaHWeM OJHOTO M3 TPOEKTOB SIBJISETCS YCTAHOBIICHHE OTHOIIECHUH MEXIy
WordNet u EuroWordNet, ¢ omgHoii croponsl, u popmanbHoii onToiorueii SUMO - Standardized
Upper Merged Ontology - ¢ apyroii. [IpoekT cOCTOUT B TOM, YTOOBI YCTaHOBHTH COOTBETCTBHUC
Mexay cuHceramu WordNet W MOHATHSIMH OHTOJIOTHH, TIPH KOTOpPOM Kaxabld cuHceT WordNet
au00 HAMPSMYIO COIMOCTABJSIETCS C TOHSATHEM OHTOJOTHH, JIMOO SIBISETCS THIIOHUMOM JIS
HEKOTOPOTO MOHATHS WU SK3EMIUISIPOM (3JIEMEHTOM) MOHSATHUSL OHTOJIOTHH.

YuactHuku apyroro npoekra - OntoWordNet - cuurtaroT, 4T0 HEJOCTATOYHO MPOBECTH
dbopmanibHyI0 CcKIIeiKy pecypca Ttuna WordNet u ¢opManbHONH OHTOJIOTHH: HEOO0XO0auMa
3HAYUTEIbHAS PECTPYKTYpH3alUs HMCXOIHOTO JIEKCHYECKOTO pecypca. AHaloruyHas padora
npoBoauTcs u B mpoekte Cyc.

Tpetnii myTe - mTONBITATbCA pa3padOTaTh E€OUHBIA pecypc, B KOTOPOM ObUTH  ObI
cOamaHCcUpoBaHbl 00€ 4YacTHU: CHUCTEMa IOHSATUH M CHUCTEMa JIEKCUYECKUX 3HAYeHU#, - 4YTO
3aKJII0YAETCS B PA3yMHOM Da3JeleHUU STHX EAMHHUI[ B CO3JaBa€MOM pEcypce M aKKypaTHOM
omHcaHuu uX B3auMocBsized. [lonmpiTka Takoro moaxona peanusyercs B oHtonorusx MikroKosmos
u OntoSem.

5.5 TEXHOJIOTMH RDF U OWL. PEJAKTOPBI OHTOJIOT Ui

[Ipu co3nanuu OHTONOIMM (KaK M IpPU MPOEKTHUPOBAHUM MPOTPAMMHOIO 0OECIIEUEHUS WIN
HalMCaHUM  JIEKTPOHHOIO  JOKYMEHTa)  LeJIeco00pa3HO  IOJb30BaTbCid  MOIXOAALIMMHU
MHCTpYMEHTaMU. byzneMm Ha3blBaTh MHCTPYMEHTAIBHBIE NPOSpAMMHbIE CPeOCcmeéd, CO3JIaHHBIE
CHelMaNbHO M HPOSKTHUPOBAHUSA, DPEJAKTHUPOBAHUS W aHAJIW3a OHTOJIOTUH, peAaKTOpaMu
OHTOJIOTHH.

OcHoBHast @yukyus TOOOr0 pelakropa OHTOJIOTMH COCTOUT B TOJJEP)KKE Ipolecca
Gopmanuzayuu 3nHanuli M TIPEICTABICHUH OHTOJOTHH KakK cneyughuxayuu (TOYHOTO W TIOJHOTO
OTIMCAHUA).

B GonpmiMHCTBE CBOEM COBPEMEHHBIE PEAAKTOPHI OHTOJIOIMM IMPENOCTaBIAIOT CpelcTBa "
kooupoeanus " (B cMmbicie "onucaHusa") GopMalbHOM MOJENM B TOM WIKM MHOM Buje. Hekotopsie
JAIOT  JIOTIOJIHUTEIbHBIE BO3MOXKHOCTH IO aHAJIU3y OHTOJIOTMM, HCIIOJIB3YIOT MEXaHU3M
JIOTUYECKOI0 BBIBOJIA.

B sto0if yactu OynyT onucansl Haubosee o0IKe XapaKTePUCTUKN PEJaKTOPOB U MPOBEIEH
UX CpaBHUTENbHBIN ananuz. [lonpobHo paccMaTpuBaeTcs penaktop Protege.

[TonnepxxuBaemble pegakTopoM hopmanu3Mbl U popMaThl NPeCTaBICHUS

[lon ¢hopmanuzmom mnoHuMaercs TeopeTHUECKHUU Oas3ucC, JEKalluil B OCHOBE CHocoba
IPEJICTaBICHNUs] OHTOJOrMYeckux 3HaHuil. [Ipumepamu ¢opmMann3MOB MOTYT CIYKUTh JIOTHKA
npeaukatoB (First Order Logic - FOL), oeckpunmusnas noeuxa, ¢petimosvie mooeru (Frames),
KOHIEeNTyanbHble rpapsl U T.m. DopmanusM, HCIONb3YyEMbIl PEAAKTOPOM, MOXKET HE TOJBKO
CYIIECTBEHHO BIUATh Ha BHYTPEHHUE CTPYKTYpbl JaHHBIX, HO U ONpeaeisaTh Qopmar
MIPEJICTaBICHUSI UJTU J1aXKe M0JIb30BaTeIbCKUI HHTEpPeEiic.

@opmam TPEACTABICHUS OHTOJOTHM 3aJaeT BHJ XpaHEHHs U CIOCO0 mepenayu
oHTONOrMYeckux onucanuit. Ilox QopmaTamu moApazymMeBarOTCS SI3BIKM  MPEACTaBICHUS
ouronoruii: RDF, OWL, KIF, SCL.

Takum oOpazom, HekoTOpast popmanbHas Monaens npencrasiusercs B Gopmanmmsme FOL u
MOXeET OBITh BeIpaXkeHa cpeacTBaMu si3bika KIF.

Penakropel oHTONMOTMN OOBIUHO MOJAEPKUBAIOT padOTy C HECKOJIBKUMHU (hOpMaTU3MaMu U
dopmaTramMu MpencTaBlIeHUs,, HO YacTO TOJIBKO OJIUH (popmanus3M sBisercs "poaHbiM” (native) Juis
JAHHOTO PelaKTopa.

DYHKIMOHAIBHOCTh PEJAKTOPA OHTOJIOTUI

BaxkHoil xapakTepuCTUKON sBIsSeTcsl (YHKIMOHAIBHOCTh pPENaKTopa, T.€. MHOXECTBO
CLICHApUEB €r0 UCMOJIb30BaHUS.

bazoBblit HaOop pyHKIMI 0OecrieunBaeT:



paboTy ¢ oHUM WK OOJIee TPOCKTAMHU:

COXpaHEHHe MPOEKTa B HY)KHOM (hopmam3Me u popmate (3KCTIOpT);

OTKPBITHE NIPOEKTA;

UMIIOPT U3 BHEHIHEro Gopmara;

pEelaKTUPOBAaHHE METAJAAHHBIX MpOoeKTa (B LIMPOKOM CMBICIE: OT HACTPOUKH (opm
pEeIaKTUPOBAHUS U MPEACTABICHUS TaHHBIX J0 NOJACPKKUA BEPCHUI TPOEKTA);

pemakTHpoBaHUE OHTOJOTMH. Habop BO3MOMKHBIX NEHUCTBUN OOBIYHO BKIIIOUAET CO3AHUE,
pelaKTUpOBaHUE, yIaJeHUE MOHSATUH, OTHOIICHHWH, aKCMOM U MPOYUX CTPYKTYpPHBIX 3JIEMEHTOB
OHTOJIOI'MH, PEIAKTUPOBAHUE TAKCOHOMMUHU.

K nonomHuTeNnsHbIM BO3MOXKHOCTAM PEAAKTOPOB OTHOCST MOJAECPKKY SI3bIKA 3aIIPOCOB (A5
[IOMCKAa HETPUBUAIbHBIX YTBEP)KJIEHUM), aHAIM3 LEJOCTHOCTH, HCIOJIb30BAaHUE MEXaHU3Ma
JIOTUYECKOT0 BBIBOJA, TMOIAEPKKY MHOIOIOJIB30BATEIBCKOTO PEXMMA, MOANCPXKKY YAaIeHHOIO
nocryna yepe3 MHTepHeT.

Crno>xHble HHCTPYMEHTAJIbHBIE CPE/ICTBA

OTH cpeacTBa HYXKHBI [l TOrOo, 4YTOOBI HE TOJBKO BBOJWTH M PENAKTUPOBATH
OHTOJIOTHYECKYI0 HH(OpPMAINIO, HO M aHAIW3HPOBATh €€, BBINOJIHSS TUIUYHBIC ONEpallid HaJ
OHTOJIOTHSIMH, HAaIlpUMeEp:

evipasnueanue (alignment) OHTOJIOTUH - YCTAHOBKA PA3IMYHOTO BU/Ia COOTBETCTBUN MEXITY
JIBYMsI OHTOJIOTHSIMH TSI TOTO, YTOOBI OHU MOTJIM HCIIOJIb30BaTh HH(POPMALIUIO JAPYT IPYTa;

omoopaycenue (mapping) OIHON OHTOJOTMHM Ha JAPYTYIO - HAXOXKACHHE CEMaHTUYECKUX
CBsA3€M MeX 1y OJJOOHBIMH 3JIEMEHTAMHU Pa3HbIX OHTOJIOTUIA;

00vedunenue (merging) OHTOJIOTUH - Olepalysi, KOTOpas Mo ABYM OHTOJIOTHSIM T€HEPUPYET
TPETHIO, OOBEIMHSIONTYI0 HH(POPMAIIHIO U3 IEPBHIX JBYX.

OcHOBHBIE peJJaKTOPbI OHTOJIOTUI

Ontolingua

Kpome cobcTBEeHHO pejakTopa OHTOJIOTUM, 3Ta CUCTEMA COJIEPIKHT:

cereBoil komnoneHT Webster, mpeqHa3HAuYCHHBIH [T OTIPE/ICICHUS KOHIICTTOB;

cepBep, obecreunBaroImuil 1ocTyn K oHTojorusam Ontolingua mo mporokory OKBC (Open
Knowledge Base Connectivity);

Chimaera - uHCTpyMeHTapuii A1l aHAIKU3a U 00 BETMHEHUS OHTOJOTHIA.

Protege

310 cBOOOAHO pacmpocTpaHseMas Java-mporpamma, MpeJHa3HaueHHas JUIs MOCTPOEHUS
(co3manusi, pelaKTUPOBAHMS U TTPOCMOTPA) OHTOJIOTHIN TOW WJIM MHOW MPUKIAaTHON obOmactu. OHa
BKJIIOUAET PENAKTOP OHTOJIOTMH, TII03BOJISIONIMM IPOEKTUPOBATh OHTOJIOTHMH, pa3BOpaduBasi
UEPAPXUUECKYI0 CTPYKTYpy aOCTpakTHBIX M KOHKPETHBIX KJaccoB M cioToB. Ha ocHoBe
chopMHpOBaHHOM OHTOJNIOTMU Protege mo3BosseT reHepupoBaTh (POPMBI MONYUEHUS 3HAHUN IS
BBEJICHUS SK3EMIUISIPOB KJIACCOB U MOJIKJIACCOB.

JIaHHBI MHCTPYMEHT NOJJAEp)KUBaeT ucnonb3oBanue s3pika OWL  u  mosBonser
reHepupoBatb HTML-10KkyMeHTBl, oToOpaxkaromue CTpyKTypy oOHTojoruil. Ilockonbky OH
UCTIONB3YyeT PpeiMOBYIO MoOdensb npedcmasnenus snanuii OKBC, 3T0 m03BOISIET aAaTUPOBATh €TI0
U JUIA PeJaKTHPOBAHUS MOJIETIeH TpeAMETHBIX obnactel, mpencrasineHnbix He B OWL, a B apyrux
dopmarax ( UML, XML, SHOE, DAML+OIL, RDF / RDFS wu t.n.). IlogpoOHee 006 3TOoM
penaktope OyJIeT paccka3aHo Jajiee B 3TOH JIEKIIHHU.

DOE

DOE (Differential Ontology Editor) - mpocroit pemakTop, KOTOpBIA TO3BOJISIET
MOJIb30BATENI0 CO3/aBaTh OHTOJIOTUHU. [Ipolecc crenuduKanuu OHTOJOTHH COCTOMT M3 Tpex
JTAroB.

Ha mnepBom 5Tame mnosib30BaTenb CTPOUT TAKCOHOMHUIO TOHATUNH W OTHOUIEHWM, SIBHBIM
0o0pa3oM ouepuuBas MO3UILHI0 KaXJ0ro 3jeMeHTa (IOHSTHE) B MepapXuu. 3aTeM I0JIb30BaTelb
yKa3bIBaeT, B YeM CHEIU(HKa MOHATUS OTHOCHTEIBHO €ro "poautend"', ¥ B Ye€M 3TO TOHITHE
Mo00HO WX OTIAWYHO OT ero "OpatheB". lomb30BaTeNlh MOXKET TaKkKe MPUOABUTH CHHOHUMBI H
SHIMKJIONEANYECKOE ONPENEICHNE Ha HECKOJIBKUX S3bIKAX JIJIS1 BCEX MOHATHMH.



Ha BTOpoM »JTame 1Be TAaKCOHOMHHU pPAacCMATPHUBAIOTCS C pPa3HbIX TOYEK 3pPCHHUS.
[Tonb30BaTenb MOKET PACIIMPUTH UX HOBBIMU OOBEKTAMU WJIM JOOaBUTH OTPaHUUYEHUSI HAa 00J1acTH
OTHOULIEHHUM.

Ha tperbem 3Tarne oHTONOTHS MOXKET OBITH MepeBe/ieHa Ha SI3bIK MPECTABICHUS 3HAHUH.

OntoEdit

OntoEdit - wuHCTpyMEHTaJbHOE CPEICTBO, OOECIEYHMBAIOIIEE MPOCMOTpP, IPOBEPKY H
Mo KAy onTojgorud. OHO moaaepKUBaeT sA3bIku npenactasiaeHust ontoiorun OlL u RDFS, a
TaK)ke BHYTPEHHHH s13bIK TpeactaBienus 3Hanuii OXML, ocnoBannbiii Ha XML. Kak u Protege,
3TO aBTOHOMHOE Java-TIpUiI0KEeHNe, HO €ro KOJbl 3aKphIThl. CBOOOAHO pacrpocTpaHsiemas Bepcus
OntoEdit Free orpannuena 50 konnentamu, S0 oTHOmeHUAMHU U S0 SK3EMIUIIPAMH.

OilEd

OilEd - aBTOHOMHBIII TpadUYECKUIl PEIAKTOP OHTOJOIHH, pa3pabOTaHHBIH B paMKax
npoekra On-To-Knowledge. On cBoO0aHO pacmpocTpaHsieTcs mo odmienoctynHoi umen3un GPL.
NHcTpymMeHT wucmonb3yeT s mpencraBienus oHtojoruid si3eik OIL. B OilEd otcyrcrByer
HOJIEPKKA HK3EMIUISIPOB KIIACCOB.

WebOnto

WebOnto npencrasisier coboii Java-ammuier ¥ pa3paboTaH i MPOCMOTPA, CO3JIAHUS U
pelakTHUpOBaHUS OHTOJOTHH. /[ MoAenupoBaHHsS OHTOJNIOTHM OH wHcmonb3yeT si3pik OCML
(Operational Conceptual Modeling Language). Iloms30BaTenb MOXKET CO371aBaTh pPa3IdYHbIC
CTPYKTYpbI, B TOM 4YHCII€ KJIacChl CO MHOXKECTBEHHBIM HacliejoBaHHeM. MHCTpyMEeHT uMmeeT psij
MOJIE3HBIX OCOOCHHOCTEH: MPOCMOTP OTHOIIEHHIA, KJIACCOB W TPABWJ, BO3MOXKHA COBMECTHAs
paboTa HaJl OHTOJIOTHEN HECKOJIbKUX MOJB30BaTENECH.

ODE, WebODE

ODE (Ontological Design Environment) B3auMOJCHCTBYET C MOJb30BATCISAIMH Ha
KOHIICTITyaJbHOM YpOBHE, OO0ecreYnBaeT WX Ha0OpOM TaOiHIl JUIs 3armoJHEHUS (KOHIENTOB,
aTpuOyTOB, OTHOILICHUI) U aBTOMAaTWYeCKH reHepupyer kon Ha s3bikax LOOM, Ontolingua u F-
Logic. JlaHHBIN HHCTPYMEHT TOJIYYUI CBOE pa3BuTHE B penakTope ontojoruii WebODE, kotopsiii
unterpupyer Bce cepBuckl ODE B eanHylo apXuUTEKTypy, COXpaHSsi CBOM OHTOJOTUU B
pensauuonHon bJI.

6. YY4EBHO-METOJUYECKOE U ”THOOPMALIMOHHOE OBECIIEYEHUE
JUCUMUIIIAHBI

6.1. IlepeyeHb OCHOBHOI M JONOJHUTEJbLHON JUTEPATYPbI, HEOOXOAUMOI 115
OCBOCHUS TUCHMILIMHBI

6.1.1. [lepevyeHb OCHOBHOI JTUTEPATYPHI

bapeimea A.B., banaun K.B., T'omos P.C., Ilepenepsiee M.M. MunoBamuu: YyebHoe
noco6ue / [Tox obu1. pen. a.5.H., mpod. A.B. BapeieBoit. — 2-e u3a. — M.: M3natenbcko-Topropas
koprnopauus «Jlamkos u K », 2018.

6.1.2. IlepeyeHb AONMOTHUTEILHOMH JIUTEPATYPHI
NunoBanmonnpii MeHemkMeHT : kypc jaekumid / FO.H. Kymakos, T.C. Memepsikosa ;
M-Bo obpazoBanus u Hayku Pocc.denepann, Mock. roc. yu-T. — Mocksa: MI'CY, 2019.

6.2. [lepeyeHb yUeOHO-METOAMYECKOT0 00ecedeHUsI CAMOCTOSITEILHOMH PadoThI
o0yuyaruuxcst Mo JUCHHUIINHE

1. Meronnueckne yKa3aHWsS TIO  BBIMOJHEHUIO MPAKTHUYECKUX pPabOT MO AWCIUIUIMHE
«H)keHepHbIE KEUCHI: OT MMPAKTUYECKHUX 3a7a4 K MHHOBALMOHHBIM PELICHUSIM).

2. MeTtoauveckre pPEKOMEHIAIMKM IS CTYJACHTOB 110 OpraHU3alldd CaMOCTOSTCIIBHON
paboTel mo nucruiuinHe «VHXeHepHbIe KEHCBhI: OT MPAaKTHYECKUX 3a7a4 K WHHOBAIIMOHHBIM
pELIECHUSIM.



6.3. [lepeuens pecypcoB HH(POPMAIHOHHO-TEJIEKOMMYHUKAIMOHHO# ceTu UHTepHeT,
HEe00XO0AUMBIX JIs1 OCBOCHMS U CLUIITTHHBI

HNuTepHer-pecypcesl:

1. https://www.tks.ru/ - poccuiickuii TaMOKEHHBIH HH()OPMAIIMOHHBII TOPTAJL.

2. http://www.ved.gov.ru/ - mopTan BHEIIHEIKOHOMHYECKOH HHPOPMAIIHH.

DJIeKTPOHHBIC OUOTHMOTEYHBIC CHCTEMBI:

3. http://biblioclub.ru/ - Yausepcurerckas oubimoreka ONLINE.

4. http://www.iprbookshop.ru/ - DiekTponnas OubIMOTEYHAS CHCTEMA.

5. https://elibrary.ru — nayunast anexTpoHHas OnbIMoTEKA

[IpodeccuonanpHbIe 0a3bl JAHHBIX

6. http://www.customs.ru — opunmansHbii caiit denepanbHOIl TAMOXKEHHO# Ci1y:K0b1 PD
7. http://economy.gov.ru - odurmanbHbiii calT MUHUCTEPCTBA SIKOHOMHUYECKOTO PA3BHUTHSI.
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