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MOHATUNHBIA AHANU3
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B cmamve onuceigaiomcs: nowamutinble MOOeIU, KOMopbvle CMpOSmMcst HA NePEUHbIX
MEHMAnbHbIX abcmpakyust uoeHmugukayuu, 060obueruu u accoyuayuu. B npoyecce
NOHAMUIHO20 AHANU3A CIMPOUMCA NOHAMULHASL MOOelb NpeOMemHol 0b1acmu, co-
cmoawas u3 NOHAMUUHOU CIMPYKMYPbL U COOEPHCAHUA 8X00AWUX 8 Hee nouamu. [1o-
HAMUUHASA CMPYKIMYPA onpeoensiem Kaxcooe noHamue Kax pesyivmam o600uenus
unu accoyuayuu opyeux nouamuil. Cooepxcanue NOHAMULU 3a0aAemcs nepeducau-
MBIMU UTU PA3PEUUMBIMU MHOJICECIBAMU cywHocmell npeomemnoii oonacmu. Oc-
HOGHbIM OMIUYUEM NOHAMUUHOU MOOENU OMm OPYyeUx MoOenell 3HAHUTL S6IAemCst OMm-
K3 OM ONUCAHUS ACCOYUAYUU NOHAMUIL 8 8UOE 83aUMOCEA3U. B nOHAMuUtiHOU Modenu
accoyuayuy A6IOME MAKUMU Hce NOHAMUAMU, KAK U 0000WeHUs, Ymo no360sem
06paszosvieams U3 accoyuayuil Hosvle nonamus. Bece smo denaem nonamuiinyio mo-
0elb CeManHmuiecku UH8APUAHMHOL, M.e. He 3a8UCAWUL 8 CBO€ll UHMepnpemayuu om
3HaHull u3 npeomemuot ooracmu. Ewe oonum omauuuem nonamuiinvix mooeneii s16-
JAEMCS. MHO2OACHEKMHOe 8bipadicerue noHAmuil. [ 060CHO8AHUSA NPEVTOHCEHHO20
nooxooa paspabomana (popmanvras meopus nousmuil. Cemanmuueckas 4acmo meo-
puu (361K NOHAMULL) 060CHOBbIBAEM MEeMOJOI02UI0 NOHAMUIHO20 AHANU3A, A CUH-
MaKcuueckas ee 4acmv (UCHUCIEHUe NOHAMUIL) — MEXHOI02UI) NOHAMULHO20 MOOe-
auposanust. JJoKazaHo, ymo s3blK NOHAMULL PA3peuiuM, NOIOH U HENPOMUBOPEUUS, 6
Mo 6peMa KK UcHucieHue NOHAMUIL paspeuumo 1 Henpomueopestso Ha CHeMmHbIX
MOOeNsX, a NOIHO — MOALKO HA KOHEeUHbIX Mooensax. Hcnonvzosanue nOHAMUHO20
AHANU3a NO3B0NAEM YIYHUUMb BbIPASUMETbHOCHIb U HALTAOHOCb NPEOCMABIeHUS.
3HAHUL, A UCNONb306aHUe NOHAMUUHbIL MOOenell — Nogblcums Ippexmusnocms u
HAO0eNCHOCMb UX 06pabomxu.

KirodeBble ci10Ba: MCHTAIBHBIC a0CTPAKIIMU, MMOHATHE, KOHICHT, MOHATUI-
HBIM aHaian3, MOHSATHHHASA MOJEIb, S3bIK ITOHATHM, WCUYHCIICHUC MOHITHH,
0a3a 3HaHMI1, BEIBOJI HA 3HAHUSX, HHTEJUIEKTyaJIbHAS CUCTEMA.

1. BeedeHue

Hepemennsle mpoOiaeMbl B 00acTH MPEACTABICHUS W 00pa-
OOTKM 3HAHWU 3aTPyIHSIIOT d(PPEKTUBHYIO peaTH3aIli0 COBPEMCH-
HBIX 0a3 3HAHUH M UHTEIUICKTYaTbHBIX HHOOPMAIIMOHHBIX CHCTEM Ha
WX OCHOBE. B yacTHOCTH, M3BIICUCHUE 3HAHUH JI0 CUX TIOP HE ABISACTCS
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TIOJTHOCTBIO pelieHHOU 3amauei [16], popmsel IpeacTaBIeHNs 3HAHUI
c1a00 aJanTUPOBaHBI K MCUXUYCCKUM H TICUXOJIOTUIECKHUM OCOOCH-
HOCTSM 4esioBeka [5, c. 31], 00paboTka 3HaHUH 3aHUMAET JJIUTEIEHOES
BpEMS M IIOJBEP’KEHA BOSHUKHOBEHUIO CKPBITHIX IpOTHBOpeuni [12].

[IpuurHa Takux mpobIeM 3aKITI0YAETCS B TOM, YTO IIPH MOAEIH-
POBaHHUHU YEIOBEYECKOTO MBIIUICHHUS 0 CUX TOP UCIIOIB3YIOTCS Tpa-
JTUIAH, 3aUMCTBOBAaHHBIE W3 JIOTHKH, T/Ie HE YYUTHIBAIOTCS TaKHe
CBOWCTBa YEIIOBCUECKOTO MBIIUICHNS, KaAK O0ObEKTUBHOCTH (OTKPHI-
TOCTh K HOBOMY 3HAaHHIO, 3aMEHA YCTAPEBIIIETO 3HAHMS HOBBIM), CYyO'b-
EKTUBHOCTh (TICPECTpOiKa MBIIIUICHUS NI PEHICHUS KOHKPETHBIX
MIPUKIATHBIX 3a/1a4), PedIICKCUBHOCTL (CaMOOpTraHU3aIlis Mo3HaBa-
TEIHHON AESITETBHOCTH), MPOAYKTUBHOCTD (ITOCTOSIHHAS TeHEpaIus
HOBOTO 3HaHuA) [1].

HekoTopeie u3 cymecTByOmuX NpodiIeM yaanoch U30exkarth ¢
MOMOIIBIO MOHATUUHOTO aHaNW3a U MOHSITUMHOTO MOJACIUPOBAHUS.
Moienu Ha3bIBAOTCS MOHATHHHBIMY, YTOOBI OTIIMYATh UX OT KOHIICTI-
TyaJlbHBIX MOZeJiel. B KOHIenTyaabHBIX MOJEIIX 3aal0TCA TIOHATHUS
Y pa3UYHbIE B3AUMOCBS3H (OTHOIIICHHUS) MEXITY HAMHU.

Hampumep, B TaKuX KOHIIENTYAIBHBIX MOJIETISIX, KAK JIOTHYECKHE,
MPOAYKIIMOHHBIE, IECKPUIIIMOHHBIE, TpaMMaTH4Ieckue, (GppeiiMoBEIe,
00BEKTHO-OPUCHTUPOBAHHBIC, CEMaHTHUSCKUE ceTH, U T.1. [11, ¢. 31],
OTHOIIICHUSI MEXy CYIIHOCTSMHU IMPEIMETHOW OOJAcCTH OIpenes-
I0TCA KaK MPeIUKaThl, KOTOPhIe WHTEPIPETUPYIOTCS KaK IMEPBUYHBIC
CEMaHTHYEeCKHe KaTeTOPUH MPEIMETHBIX 3HAHUH U HE HCTIOJIb3YIOTCS
JUI 00pa3oBaHUs APYTUX MOHATHHA. A €CIM Takhe TOHSTHS BCE XKe
TpeOyeTcss 00pa3oBaTh, TO BHIPA3UTEIBHBIC BO3MOXKHOCTH JIOTHYE-
CKOTO S13bIKa KOHIENTYaJIBHON MOJIEI HEOOXOTUMO TIOBBICHUTH JI0 JIO-
ruku Broporo nopsaka [10, c. 375]. Tlocaeanee mopoxxaaeT Hepas3pe-
IIIMBIE TIPOOJIEMBI — B TEOPETUYECKOM IIJIaHE, W HEMpPEOJ0TNMbIe
TPYAHOCTH — B TIPUKIIATHOM.

HawnbGonee Omm3koil Kk TOHATHIHON Momenn sBiseTcss ER-
MOJIETTb, T/Ie a0CTPAKIUSIMH KOHIENTYaIbHOTO POCKTHUPOBAHHUS SIB-
JISTFOTCS KIIACCU(UKAIMS, arperanus u obodmenue [4, c. 41], koTopeie
WCTIONB3YIOTCS ISl KiIaccu(UKAIMKU MPUMHUTUBHBIX OOBEKTOB M I10-
CTPOEHHS U3 HUX CIIOKHBIX KJ1accoB. [[ist 3a1aHrst B3aUMOCBS3H Kilac-
COB UCTIOJIB3yeTCS a0CTPaKIIMs arperalin, KOTopas He TOPOXKAaeT HU
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00beKTa, HU KJlacca, a pacCMaTpUBAETCs] KaK CeMaHTHUYeCKas KaTero-
pus, TOCPENCTBOM KOTOPOH MPOU3BOIUTCS HHTEPIIPETALIUSA MOJEIH.

B nonsTHiIHON MOJenu OTHOWIEHUS MEXIY MOHATHUSAMHU SIBIS-
10TCS1 OOBIYHBIMH MOHITUSAMH [ 15], HOHSATHITHASI MOAETH CTPOUTCS ITY-
TeM yKa3aHus abCTpakUuii, UCIIOIb30BAHHBIX AJIs1 00pa30BaHUs MOHS-
THHA, a TaKKe TEPEUNCIICHHS CYITHOCTEH MpEeaMETHOW 00JacTH, UM
npuHaaiexanmx. Kaxioe noHsTue onuceiBatoTCsl B OAHOM WU He-
CKOJIBKMX aCIEKTaX, YTO MTO3BOJISET yUECTh MHOTOBAPHAHTHOCTD U U3-
MEHYHMBOCTh MPEAMETHBIX 3HAHUM.

2. lMoHssMmus u KoHyenmabI

IlonsiTHE — 3TO BHI MBICTTH, KOTOpPasi COOTHOCUTCS C OTIpeieIicH-
HBIM Ha0OpOM YHHKAIBHBIX MPEACTaBICHUN (CYITHOCTEH) BHYTpPEH-
HET'0 WM BHEITHETO MUpa YesioBeKa (MPEeAMETHONW 00IacTH).

[TonsTHe (anrn. notion) — 3To MpocTas uies, MHEHUE, PEICTaB-
JICHWE WM TOHMMaHWe 4ero-inbo; MOHATHUHBINA (aHrI. notional) —
3TO TUMOTETHYECKUH, BooOpakaemsiii [ 14, ¢. 607]. IlousTie cOOTHO-
CUTCSI C MPEACTaBICHUSAMHU U3 MPEIMETHON 00NacTH — CYIIHOCTSAMU
(amrm. entities). B cBoro odepens koHIenT (aHTI. concept) — 3TO 00-
mee moHsATHe, abcrpaktHas uaes [14, c. 171]. Takum o6pa3om, B OT-
JUYUE OT KOHLENTa, MOHATHE He OOBEKTHUBHO, a CYOBEKTHBHO IO
OIIpEICIICHHUIO.

KoHuenT cocTouT U3 3k3eMIUISIPOB (aHIIL. instances), Kax bl 9K-
3eMIUISIP XapaKTepHU3yeTCsl COBOKYITHOCTHIO CBOMCTB (aHTJ. proper-
ties), a cBOMCTBAa MOT'YT OBITH onpeneiacHHbIME (aHTI. defining) u He-
onpenencHapIMA (aHTI. nondefining) [11, c. 38].

[onsaTust popmupyroTes (onpeaensoTcs) B npouecce abcTparu-
pOBaHMS TYTEM BHINIOJIHCHUS MEHTAJBHBIX OINEpanuid Haj CYITHO-
ctsiMu. Kaskjoe moHsTHE HMEET UMs, KOTOpOoe 0003HavYaeT HEKOTOPBIH
Ha0Oop CYIIHOCTEH M3 IPEeIMETHOM 00IacTH.

CymecTByeT Tpu BHUA MOHATHA U MOPOXKJAIONINX X MEHTANb-
HBIX aOCTpakiuii (OTBIICUCHUH ): TIOHATHA-3HAKU (aOCTpaKIus HIICH-
TU(QUKAIMY, OTOKAECTBICHHSA), HMOHATHA-0000meHNs (abCcTpakuus
0000IICHHS) U TOHATHSI-ACCONUAINY (A0CTPAKIUS aCCOIUAIINH ).
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2.1. UAEHTHUDOUKALIUA

[loHsATHA-3HAKK — 3TO Pe3yIbTAT MBICIEHHOTO 0TOOpa YHUKAIb-
HBIX TPEICTAaBICHUN W3 NPEAMETHOW O0JIACTH W TPHUCBOCHHUS WM
nmeH. [lorsTra-30aKH HOpMUPYIOTCS [T (GUKCALNN ONPEEICHHOTO
COCTOSIHHSI OPTaHOB YyBCTB MJIH DJIEMEHTapHBIX NpeacTaBneHuit. [Ipu
(opMHPOBaHNH TIOHATHSA-3HAKA CYIIHOCTH MBICJIEHHO 3aMEHSEeTCS
3HAKOM (MMEHEM), B pe3yJIbTaTe Yero MEX/y CYIIHOCTSIMH 1 3HAKaMH
YCTaHaBIUBAETCS B3aUMHO OJIHO3HaYHOE cooTBeTcTBHE. [IpoTuBOIMIO-
JIO’KHOU abcTpakiueit s HACHTU(DUKAIINH SBISCTCS a0CTPAKITUS HH-
TepHpeTanus, Ipyu KOTOPOI MOHITHE-3HAK COTIOCTABIISIETCS C HEKOTO-
POl YHHKaJIBFHON CYIIHOCTBIO M3 MPEAMETHON 00IacTy.

Ipumep 1. IloHATHA-3HAKK

[Ipumepamu MOHATHII-3HAKOB MOTYT CITY>KUTH ITOHATHSI, 0003HA-
YeHHBIC TAKMMH 3HAKaMH (CIIOBaMH) Kak 3eneHbld, Jmuaasrii, [lep-
BEIH, Peniko, MHoro u T.11. ¢

2.2. ObOBL[EHUE

ITonsaTne-o60061meHne 00pazyercs Mpu 00bETMHEHUH CYIITHOCTEH
00001aeMpIX MOHATHI (00BEeIUHEHNE MHOXKECTB CYIIHOCTEH). AO-
CTPAKITHsT 0000IIECHHS MCTIONB3YETCS TakKe JUIsl 00pa3oBaHUS JacT-
HOTO BHJIa TIOHATHUSA-0000IIEHUS — IOHATHUS-THIIA, PECTABIISIONIETO
coboii 00001IeHne (TUMU3AHI0) TOHATHH-3HakoB. O000meHne (Tu-
MU3alns) UIMEET 0OpaTHYIO aOCTPAKIINIO, HA3bIBACMYIO CIICIHATN3a-
el (KOHKpETU3aInue).

Ipumep 2. [oaATHI-00001TICHISA

[Ipumepom noHATHA-00001IeHNS SBIIsLEeTCS MOHATHE JlepeBo, Ko-
TOpoe 00BeNUHICT JIepeBbs pa3nuuHbIX nopoa: bepesa, byk, [luxra,
CocHna, Tomons u T.11. B cBoto ouepennr bepesa sBisercs crienuanmsa-
uei noHsaTHA-0000menus epeBo. ¢

TTonATHSA-000011IEHUS OOBEAUHSIOT ITOHATUS, CXO0KHE B KAKOM-
60 CMBICTIE, @ TO BpeMsI KaK MOHSTHS-THITBI UCTIOIB3YIOTCS ISl 00B-
€AMHEHHUS] OJHOPOTHBIX CYIITHOCTEH.

Ipumep 3. IloHATHA-TUTIBI

[Monstue-Tun LiBeT MokeT OBITH 00Pa30BaHO MYTEM THUIH3AINH
TaKuX NOHATUIM-3HaKOB Kak KpacHblit, OpaHxeBbli, U T.1., @ HTOHITHE-
3HaKk KpacHblil siBIIgeTCS KOHKpEeTU3aluen noustus-runa [{ger. ¢
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2.3. ACCOLTHALIUA

ITonsTne-acconmanmsi 00pa3yeTcst MPU COSTUHEHUHU CYIITHOCTCH
ACCOLIMUPYEMBIX TIOHATHH, KOTJa Kaxaas CYIIHOCTb MOHSTHI-aCcCco-
[UAIH BKIIOYAeT B ce0s IO OJHOM CYITHOCTH aCCOIUUPYEMBIX II0-
HATUH (TIOAMHOXECTBO JICKapTOBAa IIPOU3BEICHHUS MHOXKECTB CYIIIHO-
cteit). He Bce koMOMHAIMM CYIIHOCTEH acCOLMUPOBAHHBIX MOHSATHHA
MOTYT OBITH CYITHOCTSIMU TTOHSITHS-ACCOIIUAIUH.

YacTHBIM CiTydaeM aOCTPaKITUH aCCOITHAITUH SBIISICTCS a0CTpaK-
LM arperanysi, Ipyu KOTOPOi 00pa30BEIBAEMOMY MOHATHIO-arperary
MIPUHAJIEKAT BCE KOMOMHAIINHU CYITHOCTEH arperupyeMbIX MOHSATHHA
(mosTHOE IEKapTOBO MPOU3BEJCHNE MHOXKECTB CYIIHOCTEH). ACCOLH-
arus (arperaius) UMeeT 00paTHYI0 abCTPAKITHIO, HA3bIBACMYIO HHTH-
BHJyau3aIien (JIeKOMITO3UIHEeH).

IIpumep 4. [TorsTHI-accoruaum

IIpumepom moHSATHS-acconmanuu sBiseTcs moHsTHe llorona,
KOTOpOE COEMHAET Takue NMoHATUA Kak Mecto, [lata, Temnepatypa,
Bnaxnocts, Betep, O6maunocts u 1.11. CymHOCThIO ToHATHS [loroga
MOXeT ObITh «T. MockBa, 15 mapra 2021 r., 8°C, 45 %, 3 m/c, O6-
Ja4HoO, ...». ¢

3. MoHsMuliHbIU aHau3

TloHATHIHBIA aHAINW3 COCTOUT B BBISBICHUU MOHSATHH U MX a0-
CTPAKITNH, KOTOPhIE HEOOXOMUMBI U TOCTATOYHBI JIJISI ONHUCAHHUS 3a-
JTAHHOH TpEeMETHOM 007aCTH U pelliaeMbIX B HEH 3a/1ad.

AOcTpakiuuu uaeHTH(PHUKANY, aCCONMAIMU U 000OIIEHUS, UC-
MOJIL3YEMbIC TIPU MOHATUHHOM aHAJIN3€e, PACCMATPUBAIOTCS KaK MBIC-
JIATEIHHBIC OTIePaITii, HEOOXOUMBIE U IOCTATOYHBIC IS BBIICIICHUS
Y TIPEBpAITCHUS B TTOHITHS UMEIOIIIUXCS IPEACTABICHUN M3 ONTUCHIBA-
MO peIMETHOM 00JIacTH.

OcHOBHas IeJb TOHSATUHHOTO aHau3a — MHOTOBAapHAHTHAS
CTPYKTYpH3aI¥sl IPEeIMETHON 00JIACTH B BUJIC €€ IOHATUIHON CTPYK-

TYpHIL.

3.1. [IPOBJIEMHBIE OBJIACTHU

HpO6J’ICMBI OAHO3HAYHOI'0O M HCIPOTUBOPCUMUBOI'O0 OIMUCAHUA
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KOHIIENITOB, CBS3aHHBIX C U3MEHYHNBOCTHIO HAOOpa CBOWCTB Y DK3EM-
TUISIPOB, TIPUBENH K TOSIBIICHUIO abTEPHATHBHBIX TEOPUH KOHIICTITY-
anpHOTO MoJtenupoBanus [ 11, c. 39]. YUacTh Takux Teopuii 6a3upyercs
Ha BEPOSATHOCTHOM IOJIXOJIE, TPH KOTOPOM HA0OP CBOMCTB pacIimpsi-
€TCSl U UX TOSIBIIEHUE Y DK3EMIUISIPOB KOHIIENTA UMEET BEPOSITHOCT-
HyI0 Tpupoay. Jpyrue Teopuu paslieisioT CBOMCTBA SK3EMILISIPOB
KOHIIENTa Ha THITWYHBIE, IPUCYIIIHE BCEM DK3EMIUISIpaM KOHIIENTa, H
ATUIMUYHBIC, KOTOPBIC MOTYT TOSIBIIATHCS JIUIIb Y HEKOTOPBIX YK3EM-
IJISIPOB.

[Ipu nNOHATUHHOM MOJCIUPOBAHUY TTPOOJIEMBI, BOSHUKIITUE TIPH
OTMCAaHUM KOHIIETITOB, PEIIAIOTCS HA OCHOBE BBHIICIICHUS B TIPEIMET-
HO# obnacTu mpobiaeMHbIX objacteit [1]. [lockonbKy TOHSITHE TIpET-
TI0JIaraeT CyObEKTUBHOE OTPaKEHUE MPEIMETHON 00IacTH, TO HE00-
XOJIUMO MPETyCMOTPETH BO3MOKHOCTh HECKOJIBKUX alTbTEPHATUBHBIX
OIMKCaHUI OJTHOTO W TOTO K€ MOHSTHUS, B KAKIOW MpobIeMHON 001a-
CTH T0-CBOEMY. OTO MO3BOJUT B IMOCJICAYIONIEM O0bEKTHBHPOBATH
TIOHATHE B €T0 KOJUIEKTHBHOM (KOHIIETITyaJIbHOM) (hopMe.

IIpob6meMuas 061acTh — 3TO MpeAMETHAS 00JIaCTh, pacCMaTpUBa-
eMasi B HEKOTOPOM Y3KOM CMBICIIE (aCIIEKTe), C TOUKU 3PEHUST HEKOTO-
poli aKTUBHOM MPOOJIEMBI, BCSIKHIA pa3 0 HHOMY CTPYKTYpUPYIOILEH
aHAIM3UPYEMYIO TIPEIMETHYIO 0071acTh. OJTHO M TO XKe MOHATHE B pa3-
HBIX acTeKTax (B pa3HbIX MPOOIEMHBIX 00JaCTIX) MOXKET UMETh Pa3-
HBIE OIPEJICIICHUS U OIIICaHuUs, a 00001IIeHIe OJHOMMEHHBIX TTOHSATHIA
Y3 Pa3NAYHBIX MPOOJIEMHBIX 00JIACTEe MOXKET paccMaTpHUBaThbCA Kak
KOHIIETT MPEeIMETHON 00JIacTH.

IIpumep 5. Konuenr

Konnent [TpoTHBOIMOIOKHOCTH SBISCTCS 0000IICHUEM ITOHSITHIA
[IpotuBononoxuocTh B acnektax Cset, Kpacorta u T.1., KOTOpEIE, B
CBOIO OYepeNb, ABISIOTCS MOHATHAMH-ACCOIHUAIMSIMI, COEIHHSIIO-
IIAMH TIOHSTHS, CYIIIHOCTH KOTOPBIX MPOTHBOIOJIOXKHBI B KAKOM-TO
cMBbIcTe (accommanys 1mo KoHTpacTty). s monarus [IpotuBomonox-
HOCTh B acrnekre CBer 3710 cymuocTH «Spkuii, Hespkuit», «dpkuii,
Tyckablity, «Tyckibiid, CunbHbIHY, «Buaumeiil, HeBuaumsiit», u T.1.
Jns nmousitus [IpotuBononoxkHocTy B acnekte Kpacora »To cymiHo-
ctu «Kpacussiii, Hekpacusblit»y, «Kpacubiii, Ypomiussiity, «Ilpe-
KpacHblil, HekpacuBblii» U T.J. 4
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3.2. IOHATHHUHAA CTPYKTYPA

Pe3ynpraTroM NOHATHMHOIO aHajau3a SBISECTCA MOHATHITHAS
CTPYKTypa IpeaIMeTHOM 00acT. B MOHATHITHOM CTPYKTYype Iepeduc-
JISTFOTCS aCTIEKTHl U UMEeHa MOHATHH, a TaKkkKe CIIoco0bl abcTparnpoBa-
HUS ¥ HA0OPBI TIOHATUH, UCIIOJIL30BAHHBIC JIJIST UX 00pa30BaHusl.

[TonsTHs, HCIIONE30BaHHBIC NIl 00pa30BaHMS APYTUX IMOHSITHH,
HA3BIBAIOTCS aTpUOyTaMu, a caMO TMOHATHE, pacCMaTpUBacMoe Kak
MIOHSTHE, SBJISIETCS aCCOIMAINEeN CBOMX aTpUOYTOB.

K obmmum aTpuOyTam MOHATHI OTHOCHTCS TMOHATHE-THAN MMs
(MMS TTIOHATHS ), TIOHATHS-TUTT ACTIEKT (MMl TIpOOJIEMHOM 00J1acTH), a
TaKke MOHSITHEe-TUN AOcTpakius (crnoco0d oO0pa3oBaHUS MOHATHS),
COCTOSIIUI U3 MOHATHI-3HaKOB 3Hak, Tum, O0o61ieHue u Accorua-
st YacTHbIC aTpUOYTHI TOHATHUS WU MPOCTO aTPUOYTHI — 3TO MOHS-
THSI, HEOOXOAMMBIC I ero 00pa3oBaHus (a0CTParupoOBaHWS).

IlonsaTuiiHas CTpyKTypa COCTOMT M3 cXeM moHsaTuil. Cxema 1o-
HATHASA — 3TO YHOPSAIOUYCHHBIN HabOp aTpuOyTOB, TEPBBIC TPH Diie-
MEHTa KOTOPOT'O — O0IIKE aTPUOYThI, OCTAILHBIC — YaCTHBIC ATPUOYTHI
TTOHSTHSL.

IIpumep 6. [lousaTuitHas quarpamma

Ha puc. 1 mokaszan ¢pparMeHT MOHATHHHON AHarpaMMbl HEKOTO-
poit mpeaMeTHON obnacTh. JlmarpaMma COCTOHUT M3 T€OMETPHIECKIX
¢buryp, BHyTpH KOTOPHIX yKa3aHbl MMEHA TOHSATHH M WX aCIeKTHI.
OKpY>XHOCTH UCTIOIB3YFOTCS IS 3a]JaHHs TIOHSATHIH-3HAKOB, OBAJIBI —
MTOHSTUH-THITOB, POMOBI — TOHATUH-aCCOIMAIINMN, a TIPSIMOYTOJIBHUKH
— mOHATUH-0000meHnid. CTpellku Ha JuarpaMMme COCIMHSIIOT TOHS-
TUH-aTPUOYTHI C 00Pa30BHIBAEMBIMI UMHU TIOHATHUSMHU.

W3 nuarpaMMbl MOTYT OBITh TIOJYYEHBI CXEMBI IOHATHH, BXOMIS-
II¥€ B €€ TIOHATHIHYIO CTPYKTYPY:

— Paspsan: Tunuzanus, 1, 2, 3;

— PaGounii: Acconmanus, [Ipodeccust, Pazpsin;

— Nuxenep: Accouunanus, Cneunansuocts, ®UO;

— PykoBoautens: Accouuanus, Muxenep, bpurana;

— Cotpynuuk: O6o6menne, Umkenep, Pabounit;

— Yyactauk: Accormarnus, CorpynHuK, bpurana,

TJIe UMs TIOHATHUS OTJICJICHO OT JIPYTHX aTpuOYTOB ABOETOYHEM, a ac-
NeKT noHsATud He ykaszad. [lonstus-tunsl CrnenuaisHocTh, OUO,
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[Ipodeccus, bpuraga Ha muarpamMMe He ONpeAesICHbI, KaKk U HE yKa-

3aHBI ACIIEKTHI TOHATHH. ¢

Hnxenep

|

/ PyxoBoaurens / CoTpyaHHK
O 3HAK
O mun

[] accounarus
bpurama YuacTHHK / D obobuenue

Puc. 1. Dpacmenm nowsamuiinou ouazpammol

Cremyer 3aMeTUTh, YTO 10 ONPEACIICHUIO a0CTPaKIINi Ha TTOHS-
TUIUHOW nrarpaMmme:

— K KOXIOMY IMOHITHIO-OOO0OIIEHNIO W TOHSATHIO-THUIY MOXET
UATH TOJIBKO OJHA CTPEJIKa OT KaKAOTo 0000I1aeMoro (TUNu3upye-
MOT0) TTOHSITHUS;

— K K&KAOMY MOHATHIO-aCCOLUAIN MOKET UATH OlHa U OoJjee
CTPEJIOK OT Ka)KAOTO aCCOIUUPYEMOT0 OHSATHS.

Crpenka, uaymas oT 06001maemMoro (THIU3UPYEMOT0) TTOHITHS
U TOHATHIO-0000IICHNIO (TIOHATHIO-THITY) MOXET HHTEPIPETHUPO-
BaThCs KaK B3aUMOCBS3b THITA «WieH-rpynmay (anrit. [sMemeberOf),
a OT aCCOLMUPYEMOT0 TIOHATHSI K TIOHATHIO-aCCOIMAIINY — KaK B3au-
MOCBSI3b THIa «4acTh-Lenoe» (anri. IsPartOf).

4. [ToHssmutiHoe modesiupogaHue
TlonsTuitnasg MoeNb COCTOUT U3 MMOHATUIHON CTPYKTYPHBI U OTIH-

CaHMM CYIIHOCTEH €€ MOHSITHH, BBIMOJHEHHBIX C HCIOJIb30BAHHEM
CPECTB MEPEUUCIICHUS U Pa3PEILICHNUS MHOKECTB.
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4.1. IOHATHHHAA MOJEJIb

B coBpeMeHHBIX HH()OPMAITMOHHBIX CHCTEMaX MOHATHITHAS MO-
JIeNb TIpeIMETHON 00J1acTH MOKET OBITh peaTn30BaHa C UCIOIB30Ba-
HUEM CHCTEMBI yIIPaBICHUS 0a3aMH TAHHBIX PEIIIMOHHOTO THIIA.

B xauecTBe MOHATHII-3HAKOB HCITOJIL3YIOTCS 3HAYCHHS TIPOCTHIX
TUTIOB JJAHHBIX, 2 CAMHU IPOCTHIC THITHI JAHHBIX PACCMATPUBAIOTCS KaK
BCTPOEHHBIC MMOHSTUS-THITHI, HApUMep, OuT Bit, enoe yucio Integer,
YHUCIIO ¢ TUIaBaroreit 3amsroi Float, mara u Bpems DateTime, cumBoa
Char, crpoka Varchar, nBonunsie qanusie Binary u .4. [6, ¢. 51].

Crnernmdudeckue s MPEeaAMETHOW 00JIacTH MOHATHSA-THITH CO-
3IAIOTCS TIYTEM OTPAaHUYCHUS MPOCTHIX THIIOB JAHHBIX M Peallu3y-
I0TCS B BHJIE TaOIHIl 0a3bl JAHHBIX, B KOTOPBIX MEPEUUCIISIOTCS CYIII-
HOCTH TIOHSTHSI-TUTIA, WIX B BUJE (DOPMYII, 33/IAI0NTNX pa3peIlaroniie
MIPOIIE IYPHI TSI MHOXKECTBA CYIITHOCTEH MOHATHSA-THIIA [6, C. 268].

ITonsaTHe-acconManuu peaTu3yoTcs B BUaE TaOiuIl 0a3pl TaH-
HBIX (aHTdI. tables), coeqUHAIONTUX B OJTHOM 3aITMCH CYIITHOCTH acco-
IIUUPOBAHHBIX TIOHATHH, @ TOHATUA-0000IICHNUS IPEACTABISIFOTCS KaK
3ampocsl (aHrJ. queries) WM TpeAcTaBlieHHs (BUpPTyasbHBIE Tald-
JINIIBI, QHTIL. VIEWs), 00bEIHHSIOIINE 3aMCH U3 TaOIHIl 0000IIaeMbIX
rousTuit [6, c. 180, 188, 228].

[onsTHA-acconMaIiy IO CBOEH peanu3aiy OJU3KU K THITaM OT-
HomreHwH (aHTi. relation types), a MOHATHA-000OIIEHUS — K THUIIAM
cymHocTel (aHri. entity types) [11, c. 41, 59].

[ToHsATHS TOMUMO JCKITAPATHBHBIX MOTYT MMETh MPOIEAYPHBIC
OIKCaHUs U Pean30BBIBATHCS, HANIPUMED, B BHIE npoueayp (hyHK-
1uil) Ha s3bIKe 0a3bl JaHHBIX. [IpolieaypHble cpeacTBa MO3BOISIOT re-
HEpHUPOBATh TAONHUIIBI TIOHATHA, a TaK)Ke MMPeoOpPa3OBHIBATH CYIIIHO-
CTH-apTYMEHTHI B CYITHOCTH-PE3YNIBTATHI [0, c. 335].

s orcnesxxuBaHus M 00pabOTKU COOBITHIA, BO3HUKAIOIIHUX B I10-
HATUIHON Mojenu (Co3laHue, N3MEHEHUE U YAaJeHHe CYIIHOCTEH),
MOXET UCTOIb30BaThCA MEXaHU3M TPUITEPOB [6, ¢. 226].

IMpumep 7. JInarpamma 6a3pl JaHHBIX

®parMeHT auarpaMMmbl 0a3bl JaHHBIX C MOHATUWHON MOEIBIO
MpeICTaBIeHa Ha PUC. 2, TJe TIOKa3aHbl Ta0IHIBI TpeX MOHSATHHA: No-
tion, Attribute u Icon, a Takxe KIrO4eBbIE TOJIS, XpaHSIIUE IEPBUY-
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HBIE KJIFOYM 3amucei (aHri. primary keys), U cBsI3W Mexmy Tabiu-
1IaMU, peaIM30BaHHBIC B BHUJIE TOJCH ¢ BHENIHMMHU KIFOYaMH (aHTII.
foreign keys) [6, p. 163].

Icon
=GC= 2| Entity -
J Icon
| Tite
Image
N Attribute
B Entity
I o
Notion :ll Tf;:_ =
| Entity =0, | Attribute
—C J Icon T; 4‘ Notion
| Tite

_I Abstraction
J Aspect

Puc. 2. ©paecmenm ouacpammol 6a3vl OaHHbBIX

Kaxxnas 3amuce B Tabnauuax MOHATHHHON MOJENH MPEACTaBISACT
c000i#1 CYyIITHOCTh, UMEIONIYIO CIIEIYIOIINe 001ue mois (00Iue aTpu-
OyTol): Entity — yHuKaneHbIH upeHTH(UKATOp cymHOCTH, Tittle —
HaWMEHOBaHWE CYUTHOCTH (JIEKOpaTUBHOE M), [con — MKOHKA CyIII-
HOCTH (YHUKaJIBbHBIN HIeHTH()HUKATOP N300pakeHus B Tadymie Icon).
[Tons Tittle m Icon mcomB3yIOTCS 7151 OTOOPAKEHHS CYIITHOCTEH B MH-
Tepdeiice moIL30BaTEIIS.

Ta6mmua Notion uMeeT yacTHbie aTpuOyTHI Abstraction u Aspect,
KOTOpPbIE MPEACTABISAIOTCS MOJSIMH BCTPOCHHBIX THIIOB JAHHBIX C
CYITHOCTSIMH COOTBETCTBYIOIINX MOHITUN-TUIIOB: B 1osie Abstraction
3aMyChIBaeTCA OJUH U3 CHMBOJIOB, 0003HAYAIOMNX aOCTPAKITHIO TTO-
HATHA: uaeHTuGukanws — C, tunmzanys — 1, accoruarws — A 1 0000-
menue — G, a B onst Aspect — CTpoka UIMEHH acnekTa (puc. 3).

Tabmuua Icon uMeet yacTHBIN aTpuOyT Image, KOTOpPBIA ABIS-
€TCs BCTPOCHHBIM THIIOM JBOMYHBIX TAHHBIX U COACPIKHUT U300paxe-
HHE UKOHKH (puc. 4).

10
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E ritity I Izon I Title: I .-’-'-.bstractiu:nni Aszpect I
G1000000060 63000000054 Attribute & Cornrman
£1000000061 63000000020 Maotion & Cornmmah
E1000000062 63000000018 Model & Comman
£1000000063 630000000158 lcon & Cornrmah
B1000000064 63000000021 Abstraction & Comman
G1000000065 63000000034 Aspect & Cornrman

Puc. 3. Dpaemenm mabruyer nonsmus Notion

E ntity I lzon I Title | Image I
63000000018 63000000018 Model 0=42403605000000...
63000000019 63000000019 lcon 0=42403605000000...
63000000020 63000000020 Waotion 0=42403605000000...

E30000000271 63000000021 Abstract 04240 3605000000...
63000000022 63000000022 Abstraction  Ox42403605000000...
E3000000023 63000000023 Tag 0x42403605000000...

Puc. 4. Dpaecmenm mabruyvt nousmus Icon

Tabmuua Attribute mepedncisieT yacTHbIE aTpUOYTHI MOHATHHA H
MMeeT JBa YacTHBRIX aTpuOyTa Attribute m Notion. Kaxmas 3anuce B
Tabnuie Attribute omUCHIBAE€T COOTBETCTBYIOIIME TIOJIE B TaOIHITAX
TIOHATHUH, B TOM YHUCJIC U TIOJIST caMoit TabuItel Attribute (puc. 5). ¢

E ity I lzan Title | Attribute | M atior I
EO00O0O00Z | E3000000020  Motion £1000000087 61000000050
BO00000004 | 63000000023  Adribute  B1000000061  £1000000080
BO0000000T | 63000000021 Abstract  B1000000064 1000000061
BO00O0000Z | 63000000034 Aszpect 61000000085 61000000081
BO00O0O0S 63000000013 Image 61000000045 61000000083

Puc. 5. @pacmenm mabruysr nonsmusa Attribute

s yHuKanbHOW MACHTH()UKANK CYITHOCTEH HOHATUHHON MO-
JIeNI KITFOYEBBIE OISl COCTOST M3 JABYX YacTel: mepBas 4yacTh — 3TO
HOMED 3alMCU CYLTHOCTH B TaOJMLle MOHATHUS, a BTOPas 4acTb — 3TO
HOMED 3aIlUCH IOHATHUA KaK CYIIIHOCTH B TaOJIHIIE IOHITUH.

11
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IMpumep 8. YHUKATHHBINA HACHTUDUKATOP CYIITHOCTH

[lycTh yHUKANBHBIM UACHTU(GUKATOPOM HUKOHKH «[loHsATHE) SIB-
nsiercs gucio 63000000020. 13 ananu3za uneHTHGUKATOPA CIIETYET,
YTO MKOHKA KaK CYITHOCTh uMeeT Homep 20 B Tabiuie nkoHOK Icon
(puc. 4), a UKOHKa Kak oHATHE Icon mMeeT HOMep 63 B TabmuIlE TT0-
Hatuit Notion (puc. 3). ¢

Crenmyer oOpaTHTh BHMaHHE HA TO, YTO B IOHATHHHON MOJICITH
MOHSTHE CaMO SIBIIICTCS TMOHITHEM M OIHCHIBACTCS TEMH XK€ CPel-
CTBaMH, YTO U JIPyTHe TTOHSATHS.

4.2. BABA 3HAHUH

[NonsaTnitHas 6a3a 3HaHUI — 3TO 06a3a JaHHBIX, COAEpIKaIIas Mo-
HATHHHYIO MOJIEIIb, 8 TAK)KE MEXaHNU3M BBIBOJIA, O3BOJIAIONINHA 00pa-
0aTpIBaTh MPEIMETHBIC 3HAHUSI.

O6paboTka 3HaHWH MOapa3yMeBacT HAIMIUE GOPM IIPEACTABIIC-
HUS 3HAHUA ¥ METOJIOB MaHUITYJTUPOBAHUS UMU C IIETHI0 UMHUTAIUH
paccyxaeHuii denoBeka. OOBIYHO JUIS TPECTABICHUS 3HAHUHN HC-
MoJB3YyI0TCS (PakThl (Cy>KaeHHUs), a 11 00pabOTKH 3HAaHUK — MpaBHiIa
BBIBO/IA, TIO3BOJISIIOLINE HA OCHOBE MMEIOMINXCS (DaKTOB BBHIMOTHSATD
YMO3aKJIIOUEHHsI ¥ IOJIy4aTh HOBBIE yTBepkAeH!s (PpakThr) 06 mMero-
IITUXCSI FUTK BHOBB BRIBOAMMBIX (hakTax [5, c. 49].

4.2.1 ®AKTBI

B nonsituitHo# 6a3e 3HaHUH (akTaMu SBISIOTCS HCTHHHBIMU BBI-
CKa3pIBAaHUAMU C Jorumdeckum cBszkamu U (A), WA (v), HE (—),
KpPYTJIBIMH CKOOKaMH W ABYMS BHUIAMH 3JE€MEHTAPHBIX BBIPAKEHHIA:
OJTHOMECTHBIMU TPEJUKATAMH MPUHAICKHOCTH CYIIHOCTH X TOHS-
tuto N Buna N(X), a Taxke oTHOIIeHusMu Buaa X[N] + Y, rone X[N] —
(YHKTOp, BO3BpALIAIONINIA CYIIIHOCTh OHATUSA-aTprOyTa N I CyII-
HOCTH X, + — 3HAK OTHOILUCHHMS, JOIMYCTHMOTO MEXIY CYIIHOCTSIMH
X[N] u Y (paBHO =, Gospiie >, u T.11.). @yHKTOp X[N] BO3BpaImaeT
CHETMAIFHYIO0 CYIIHOCTD € (IyCTOE TIOHSTHE), €CIHA CYUTHOCTh X HE
nMeet atpudyra N.

YHHBepcalTbHOE OTHOILICHHEM PaBEHCTBA CYIIHOCTEH Oonpeness-
€TCs peKypCHBHO: JIBE CYIIIHOCTH PaBHBI TOTIA U TOJIBKO TOT1a, KOTAA
3HA4YeHUs (CYIIHOCTH) aTpuOyTOB 3THX CYHIHOCTEH paBHHL [pyrue

12



Cucmemubvlil aHAIU3

OTHOIIIEHUSI MOTYT OBITh YHACJIEIOBaHBI OT BCTPOSHHBIX THUIIOB JaH-
HBIX, HCIIOJIb3YEMBIX B MIOHATHIHON MOJCITH.

Ipumep 9. daxter

Jns monsaTuiiHON Monenu, AuarpaMMa KOTOpPOM MOKa3aHa Ha
puc. 1, MOTYT OBITh BBIPAXKEHBI CIeAyIOMNe (HaKTHI:

— Pa3psan(2) — 2 ecTh CyITHOCTD MMOHATHSA-THIIA Pa3psn;

— Pabounii(X) — X ecTh CyIIHOCTh HOHSTHsI-accorauu Pado-
YU WK, eciu KpaTko, X — Pabounii;

— X[Pa3psan] = 3 — Pabouwnit X umeer Pa3psin, paBabiii 3. ¢

4.2.2 [IPABUJIA BbIBO/]A

B nousTuiiHoO#i Mozenu cxembl MOHATHM 3aJal0T MpaBUia BbI-
BOJIa, a TIOHATHIHASI CTPYKTypa paccMaTpuBaeTcsl Kak (hopManbHas
TEOpHs MPEAMETHON 007aCcTH, KOTOpask COXPaHIET UCTHHHOCTh BCEX
BBIBOJUMEIX B HEU CJIEICTBUI.

W3 cxembl MOHATHA-0000IICHNS CIeAyeT MPaBWIO BBIBOZA, CO-
TJIACHO KOTOPOMY CYIITHOCTh X TPHUHAIUICKHUT MOHATHIO N TOTna |
TOJIEKO TOT/Ia, KOTJa 3Ta CYIIHOCTh MPUHAUICKUT XOTS OBl OJTHOMY
MOHSITHIO-aTPUOYTY TOHITHS .

W3 cxembl OHATHSA-aCCOIMAIINY CIIEAYET MPaBUIIO BHIBOJIA, CO-
TJIACHO KOTOPOMY €CJTH CYITHOCTh X TIPUHAUICKHUT MOHATHIO IV, TO aT-
puOyTHI CyITHOCTH X ABJISIOTCS aTpUOyTaMu MOHATHS V.

IMpumep 10. [IpaBuna BeIBOIA

[lonsTuiiHas CTPyKTypa, AMarpaMMa KOTOpPOH IIOKa3aHa Ha
puc. 1, mopoxaaeT cienyrolye IpaBuia BEIBoA (HO HE BCe):

— VX Corpynauk(X) <> Umxenep(X) v Pabounii(X);

— VX Yaactauk(X) — Cotpynauk{X} A bpuraga{X},
rae V — KBaHTOP BCEOOITHOCTH; — («—) — UMILTHKAIHS (ABYXCTOPOH-
Hssl uMIDTaKammst ); N{X} — mpeaukaT HaJIu9Iusl y CYITHOCTH X aTpu-
oyta N, N{X} <> — X[N] = €; € — mycras CyIHOCTb. ¢

[Ipu BBIBOZIC Ha 3HAHUSIX TPEOyeTCsS YCTAHOBUTH WM OIPOBEPT-
HYTh HEKOTOPBIH (PaKT IMyTeM MOWCKA CYIIHOCTEH, YIOBICTBOPSIO-
IIUX 33JaHHBIM yCIIOBHSIM. B 3TOM cily4ae mpaBuia, CIEIYIONINE U3
CXEMBI TIOHATHSI-0000IICHSI, 3a/1al0T TOHATHS, MoAJIeKamue oopa-
00TKe, a MpaBwUIIa, CIEAYIONINE U3 CXEMBI MTOHITHA-ACCOIIUAIIIH, TT03-
BOJISIFOT YCTAaHOBUTh HAJIMYUE aTPUOYTOB y CYIIHOCTEH 3TOTO MOHS-
THUS ¥ U3BJICYD 3HAYCHUS aTPUOYTOB, €CIIA 3TO HEOOXOIUMO.

13
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4.2.3 3AIIPOCHI

Jlns mowmcka B 6a3e 3HAHWH CYITHOCTEH, YIOBIETBOPSIONINX 3a-
JAHHBIM YCJIOBUSIMH, HCIIONB3YIOTCS 3aIPOCHI.

IMpumep 11. 3ampoc k 6aze 3HAHMIA

PaccmoTpum 0a3y 3HaHMI C MOHATHIHON CTPYKTYpOH, n3o0pa-
*eHHOM Ha puc. 1. V3 pucyHka BUIHO, YTO B MOHATHIHON MOJEIH
OTIpeesICHBI CIeTYIOUIIe TPEANKATh 1 (YYHKTOPHI:

— Nmxenep(X), X[CnenumansaocTs |, X[ OUO];

— Pa6ounii(Y), YJOUO], Y[IIpodeccus], Y[Pa3psin];

— PykoBomurens(Z), Z[Umxenep), Z[ bpuranal;

— Corpynuuk(V), V[Uuxenep], V[Pabouwnii];

— Yaactauk(W), W[Corpynuuk], W|bpurana],
rne Crnenuansaocts, PUO, [Ipodeccus, Pazpsn u bpuraga ssnsiorcs
MOHATHUSMU-THIIAMH, 33JaHHBIMHU TIEPEYHCICHUEM IPHHAICKAIINX
WM CYITHOCTEH, KaK, HalpuMep, 3TO CAENAHO IS MOHATHA-THIa Pa3-
pam.

Craenyer oOpatuth BHMMaHue Ha (yHKTOpHI V[WHXKeHep] u
V[Pabountii]| moustusi-o606menust Corpyauuk. Ecnu V' — cymHoCTh
nousitust Unxenep, 1o V[Umxenep] =V, B IpPOTUBHOM cCiyyae
V[Amxkenep] = €. AHaIOTHYHO BeaeT ce0s 1 pyHkTop V[Pabouwmii].

Hcnonb3ys ”MeHa CYIIHOCTEN U UX NIEPEMEHHBIE, a TAKXKe Mepe-
YHCIIEHHBIE BBIIIE MPEAUKATHL M (DYHKTOPHI, MOKHO (JOPMYITHPOBATH
3aIpocsl K 0a3e 3HaHUH, HanpuMep, Takoit: «KTo u3 yuacTHUKOB Opu-
razel B He sBsieTcst pabounM ¢ TpeTbuM paspsaaom?». Ha si3bike dop-
MaJIbHOM JIOTHKH 3TOT 3ampoc OyeT UMETh BhIpasKeHHE

Vuactauk(X) A X[bpurana] = B A VY (X[CoTpynauk] = Y A
A Pabounii(Y) A — Y[Pazpsn] = 3),

B KOTOPOM X SIBJISIETCSI CBOOOTHOM ITEPEMEHHOM, a ¥ — CBSI3aHHOM. ¢

4.2.4 IIPOLE/]YPHBIE 3HAHUA

JlexnapaTuBHBIC 3HAHHS B TIOHATUIHON 0a3e 3HAHUU MPEICTaB-
JIIOTCS MOHATUSAMU U PUHAIJICKAITUMEI UM CYIIHOCTAMU. [{71s1 ipen-
CTaBJICHUS TIPOIEAYPHBIX 3HAHUH MPETyCMOTPEHBI MPOLEIYyPHl H
(hyHKIIMH, KOTOpBIE, KaK W BCE B MOHATHHHBIX MOJIECTAX, SBIISIOTCS
CYIITHOCTH COOTBETCTBYIOITNX ITOHSATHH.

14
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bes orpannuenns 00IIHOCTY ONIepallusiMu, 4epe3 KOTOphIE BIpa-
YKAIOTCS MPOIEAYPHBIC 3HAHUS, SBIISIOTCS ONICPAIMU CO3JaHHS, N3Me-
HEHUS W YAAJCHUs CYyITHOCTEH. JI7Is MOBBIMICHUsT YPOBHS MPOLEIYP-
HOTO sI3bIKA JI0 YHHBEPCAIBHBIX S3BIKOB IPOTPAaMMHUPOBAHHS
MpeIycMaTpuBaeTCa OIepanys TNPUCBAUBAHUS, a TAK)KE YCJIOBHBIC
OTIepPaTOPHI ¥ OTIEPATOPHI IIUKIIOB. Y CIIOBHS y 3TUX OTIEPaTOPOB BBIPaA-
YKAIoTCs B BHJE (aKTOB, BHIMOJIHUMOCTh KOTOPBIX TpoBepsieTcs. B
CBOIO OYepeIb PEe3yNIbTaT BBIMOJHEHUS 3alpoca MOXET OBITh MPH-
CBOCH BHYTpPEHHEH MepeMEHHON /s AalibHelIel 00paboTKu U3BIe-
YEHHBIX 3HAHUMU.

PaccmoTpuM mporienypHBIN SI3BIK TIOHATHUWHON 0a3bl 3HAHWH
(amrm. knowledge language). BcTpoeHHBIMU THITAMH TaHHBIX ATOTO
sI3bIKa SABJSIOTCS O0aiTel Byte, cumBonbl Char, HaTypanbHBIC YHCIIA
Number, 1ienbie yncna Integer, uncia ¢ aBatonieit 3amsroit Float co
BCTPOEHHBIMU OllepaniusaMu B cTuie s3bika C [8].

B s1361k m0o0aBieH BCTpOCHHBIH THIT NaHHBIX DateTime, a Takke
CTPOKOBBIN String v MTBOWYIHBIA Binary THIIBI ¢ TBYMECTHBIMHE OITepa-
UMY KOHKaTEHAITUH = (IBOMHOM OOpaTHBIN armocTpod, aHTII. grave
accent) ¥ MPUCBAaWBaHMA C KOHKaTeHaIeH =, CyIHOCTSAMH TOCTIe -
HUX JIBYX THIIOB SIBIITFOTCS MOCIIEAOBATEIILHOCTA CHMBOJIOB U 0alTOB
KOHEYHOH JUIMHBL, Kak Hanpumep: "ctpoka”, 0x12DE3A. CymHocTtn
nousitusi-Tuna DateTime — 310 jpara u/uiaum BpeMs, 3aKIFOYCHHBIC B
aroctpodsl, Harmpumep: '29.05.2021 14:32:56', '14:32:56'.

Jns mpencraBneHuss TPOLETYypHBIX 3HAHUN B SA3BIK BBEACH
BCTPOCHHBIN THUIT JaHHBIX Program, CyliHOCTH KOTOPOro — MOCen0-
BaTEIbHOCTH KOMaH/I HEKOTOPOIl BUPTYaIbHON MAIIUHBI, TEHEpUpPYE-
MBI€ JIIMOJa-BRIpasKEHUAMH B CTUIIE si3bIKa Java (X) — Y, roe X — ap-
TYMEHTBI (MOTYT OTCYTCTBOBaTh), a Y — omeparop Tena (yHKIHH
(porteTypei).

EnuHCTBEHHON BCTPOEHHON MOHATUWHONW KOHCTAHTOW SIBJISIETCA
mycToe MoHATHE ' ' (ABOWHON amocTpod) C ABYMECTHBIMHU OII€paIi-
SIMH OOBETUHCHHS C TTYCTHIM MTOHATHEM 77 M PUCBAUBAHUS C 00HE U~
HEHHUEM C ITyCTHIM NOHITHEM ?7= B cTUiE si3bIka CH.

Jlorudeckas 4acTh si3bIKa CTaHIAApTHAS:

— ==, |=— OTHOIIIEHHUS PaBEHCTBA M HEPABEHCTBA;

— >, <, >=, <= — OTHOLIECHU NOPsJIKa,

-1, &&, | | - noruaeckue cszku HE, Y, NJIN.
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s pacriapanienuBaHus BEIYUCICHHUS UCTIOIB3YIOTCS OTIepaIiy
MOCIIE0BATEIEHOTO U MTAPAICIHHOTO BEIYUCICHUS:

—-X, 7Y, ..., Z—1nocnegoBarenbHoe Beuncicuue X, Y, ..., Z;

—X:Y: ... Z—napamnensHoe Beluucienue X, Y, ..., Z.

Jns ymaydmieHus: BRIPa3UTEIBHOCTH S3bIKA W TIOBBIIIEHHUS KOM-
MAaKTHOCTH MPOTPaMM PaCIIMPEH COCTaB TePHAPHBIX OIEpaIIHi:

—X?Y:Z-ycrnoBHoe BeIUUCIICHHE (€U X, TO Y, nHave Z);

— X~ 7Y :Z—1uxn (nmoka X, BBIYUCIATH Y, MOTOM Z);

—X!Y:Z— OnokupoBka X 1Moka BEIYHUCIACTCS Y, IOTOM Z;

— X' Y:Z—nouck B X BXOKJIeHUH Y U 3aMeHa Z.

TlonsTuitnpie onepaiuu sA3bIKa:

— oTiepanuy adCTPAKITHIL:

N:[N1:X1, ..., ND: XD] — co3nanue MOHATHSI-aCCOIHUAIINN C
nmeneM N u atpudytamu Xj c umenamu Nj (=1, 2, ..., D),

N:{N1:X1, ..., ND: XD} — co3nanue NOHATUSA-0000IICHUS C
nmeneM N u atpubytamu Xj c umenamu Nj (j=1, 2, ..., D);

— olepanuy NHTEHCHOHANA!

X[] — uncmo atpuOyTOB OHITHS X,

X[Y] — noctyn k atpuOyTy Y CYIIHOCTH X,

[X]Y — noctyn k atpubyTty Y monsarus X,

[1X — nonsitue cyuHocTH X;

— Omnepalyy YKCTEHCHOHANIA:

X{} —9muCIIO CYyITHOCTEH IMOHATHUS X,

X{Y} — mocTym K CyImHOCTH Y TIOHSITHS X,

{X}Y — co3nanue cyntHOCTH X TIOHSTHS Y,

{}X — ynanenue cymHocTH X;

— IpOLEeAYpHBIE ONEPALHH:

X() — BBITIOTIHEHUE MTPOLEAYPHI X,

X(Y) — BommonHeHne GyHKIUA X C apTyMEHTaMH Y,

(X)Y — zammpoc X co cBoOOHOI TIEpeMeHHOH Y,

()X — oOHOBIICHHE CYIITHOCTH X;

— omnepanuy OTHOLICHHH:

X =" Y —noHsTrue X BKIIOUEHO B MOHATHE Y (omepanws in),

X =?Y—nonsrue X ectb noHsATHE Y (Omeparus is),

X =: Y — nonsATHe X Kak MoHsATHE Y (oTrepartus as),

X ="Y - nousarue X moxoxxe Ha mousAtue Y (omeparms like);

— oTieparyy MPUCBaNBaHUS:
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X =Y — nipucBanBaHue CyurHoCTH X CyIIHOCTH Y,

X | |= Y — npucBauBanue ¢ oovenuHerneM X u Y,

X &&= Y — npucBauBaHue ¢ nepeceyeHneM X u Y,

X =Y — npucBauBaHue ¢ UCKIIOUYECHUEM Y U3 X,

X ::= Y — npucBanBaHue ¢ KJIOHUpoBaHueM Y B X.

OrepaTopsl sSI3bIKA:

— omeparys IpUCBaUBaHUs U TOUKa C 3aITOM;

— COCTaBHOI OIIEpaTOp — OMEPaTOPhl B PUIYPHBIX CKOOKAX;

— goto — orepaTop Iepexoa;

— switch — onepaTop BeIOOpa;

— if-then-else — ycoBHBIHN omtepaTop;

—while, do, for — omepaTops IUKIIOB;

— try-catch, throw — oniepaTopb! HCKITIOUCHUIA;

— begin, commit, rollback — oneparops! Tpanzaknwuii [6, c. 753].

OCOo0EHHOCTBIO IPOCTPAHCTBA UMEH SI3bIKA SBJISIETCS HHTEPIpe-
Tanus BCeX MEPEeMEHHBIX Kak MoHsATHH. Jlrobas mepeMeHHas — 3TO
MaccuB cylHocTel. Eciiu B MaccuBe OJIMH 3JIEMEHT, TO IIEpEeMEHHas!
SIBIISIETCS. CYLTHOCTBIO, HO OJJHOBPEMEHHO U IIOHSTHEM C OJIHOM IpHU-
HaJJiexalien eMy CyIHOCTbIO.

Mpumep 12. [Ipouenypa

PaccmoTpum npumep mpouenypsl, KOTOpas MOBBILIAET pa3psabl
pabouum — yuacTHukam Opuransl B (cMm. mpumep 11).

/! Onpexnenenne QpyHKIMN TOBBILICHUS pa3psiaa

[Tosemmenne = (Pa3psm) — Pazpsan <3 ?1:0;

/I Co3nanue MHAEKCHOW IEpPEeMEHHON U €€ MHULIHATN3ALHS

Nnpnexc = 0;

// OTKpBITHE TPaH3aKIIHU ¢ UMeHEM Pa3psibt

begin Pazpsiner;

// 3ampoc cyIHOCTEeH JIOKATBHOTO MOHATHS Paboune

Paboune = (Yuactank(X) ="' && X[bpuraga] ==

&& Pabounii(X[Corpymauk]) !="")X;
// Lyko1 o cymHocTsIM nouatus Padouwne
while (Munexe < Pabouwne{})

{

17



Ynpasnenue 6onvuuumu cucmemamu. Boinycxk 70

// Co3ganue TOKaIbHOU cymHOCTH Pabounii

Pa6ouwmii = Pabouwne {Tanexc};

// YBemmuenne atpudyta Pa3psa cymHoctr Pabouni
Pa6ouwmii| Pa3psin] += [loBeimenne(Padoumii| Pa3psin));
// Tlpuparmenne WHIEKCA CYITHOCTH OHITH Paboune
Nunexc = Unnekc + 1;

}

// OOHOBIIEHNE N3MEHECHHBIX CYITHOCTEH
()Paboume;

// 'YcnenHoe 3aBepIleHre TPaH3aKIuu
commit Pa3psier; ¢

CrnenyeT oOpaTuTh BHUMaHUE HA TO, YTO B IPOrpaMMax orepa-
TOPBI CO3/IAI0T TOJBKO JIOKaJIbHBIE TIepeMeHHbIe. OHaKO CBS3b C 0a-
3011 3HaHUIT cOXpaHsAeTCsl U BCEX U3BJICUCHHBIX U3 HEE CYLTHOCTEH.
Jli1st BHECeHMsI M3MEHEHHI B 0a3y 3HAHWH IMOCJIe N3MCHEHMSI CYIITHO-
CTeH NCTIONB3yeTCs OIepaTop OOHOBICHHS.

Omnepanus 1ocTyna K aTpuOyTy MO3BOJSET MU3BIEKATh U M3MeE-
HSTh HE TOJIKO YaCTHBIC aTPUOYTHI CYITHOCTH X TI0 UX HOMEpaM WK
MMEHaM, HO U 001Iue aTpruOyTHI 110 UX UMEHAM, HallpuMep, HauMEHO-
Banue cymuocT X[ Title], ee ukonky X[Icon] (cM. mpumep 7).

OpnnHako M3MEHeHHe HAaNMEHOBAaHUM M NKOHOK HHUKaK HE CKa3bl-
BaeTcsl Ha 00pabOTKy 3HAHWH, TaK KaK ONEpalyy HaJ CYIIHOCTSIMH
OCYIIECTBIISIFOTCS. C MCIOIB30BAHNEM YHHUKAIBHBIX WACHTHU(UKATO-
poB Entity (cm. mpumep 8). Ecnut 17151 obecnieueHnst neocTHOCTH 00-
paboTku 3HaHMU TpeOyercs 3aUKCHPOBATH HAWUMEHOBAHUS WU
WKOHKHU CYITHOCTEH, TO MPUMEHSIETCS MEXaHU3M TPaH3aKIIUH.

OYHKINY Ha MPOLEIYPHOM SI3BIKE MOTYT HCIIONB30BATHCS IS
BBIYHCIICHUS BUPTYAIbHBIX aTpHOyTOB MOHSATHH MO 3HAYEHHSIM APY-
THUX aTpUOYTOB.

Tax mns BcTpoeHHOTo NoHsATUsA-TUMA DateTime npemycMarpupa-
I0TCSl TaKue BUpTyanbHble aTpuOyThl Kak Date, Year, Month, Day,
Time, Hour, Minute, Second, Millisecond, Now, a 1151 HIOHSATHSI-TUIIA
String (Binary) — BupTyanpHbIl aTpuOyT miuHB Length, a Taxke at-
puOyT TIpeoOpa3oBaHusI CTPOKH (IBOMYHBIX JaHHBIX) B moHATHe Char
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(Byte), B cocTaB KOTOPOTO BKIFOUAIOTCSI CUMBOJIBI CTPOKH (OaHThI
JBOWYHBIX JAaHHBIX). OOpaTHOE peoOpa3oBaHue B CTPOKY (B IBOUY-
HBIC JIaHHbIE) peann3oBansl y noHsTusa-tuna Char (Byte) BupTyanb-
HBIM aTpulyToM String (Binary).

Jis 3amaHus cTaHIApTHBIX (PYHKIMHA MOMKET HMCIIOJIb30BATHCS
creLualIbHOE MOHsTHe-accoranus Function, Hanpumep, co ciieayro-
LIMM UHTEHCHOHAJIOM:

Argumentl: Notion, ..., Argument16: Notion;

Arguments: Number;

Code: Program;

Name: String;

Return: Notion;

Text: String,

COTJIACHO KOTOPOMY CYIIHOCTh moHATHs Function coctouT M3 moHs-
Tuii-aprymeHToB Argumentl, ..., Argumentl6, ux HE0OXOIUMOTO
yrcia Arguments, ucrionusiemoro koga Code, umenn gpyakuuu Name,
BO3BpalaeMoro noHsTus Return u Texcra yHKINU Ha IPOLIESYPHOM
a3bIke Text.

5. dopmanbHas meopusi

[Ipenpiayas 4acTh CTaTbU ObLIA MOCBSINEHA PA3bSICHEHUIO OC-
HOBHBIX MOHITUH U MEXaHU3MOB MOHATHUMHOIO aHAIN3a U MOHSATUH-
HOT'O MOJICTTUPOBAHMUS, & TAKKE ONMHUCAHUIO peann3aiuy 0a3bl 3HAHUH,
B OCHOBE KOTOPOM JIEKUT MOHATUHHAS Mojiesib. PaccMOTpuM Tenepb
(hopMabHYIO CTOPOHY MOHATHHHOTO aHAN3a U MOHITUHHOTO MOJe-
JTUPOBAHUS — TEOPHIO MTOHITHH.

CrnemyeT 3aMeTUTh, YTO WHBIX OOJiee OOIIUX BHIPA3UTEIBHBIX
CPEICTB i QopMau3aluil IpeIMETHON 001acTH, KpoMe Kak ee
OINMKCaHUs B BUJIC TIOHATUIHON MOJEIH, HE CYIIECTBYET. ITO 00BsIC-
HSIETCSl TE€M, YTO MOHSATHIHOE MBIIUICHHAE SBISETCS MPEAETHHO 00-
IIMM ¥ €AMHCTBEHHBIM MEXaHH3MOM PAIlMOHATIHHOTO TO3HAHUS OKPY-
YKAIOMIET0 MHUpPA, a TIOHATHITHOE MOJICTHPOBAHNE — CYObEKTHBHOM U, B
KOHEYHOM c4YeTe, 00BeKTUBHOU (popMOl (hukcanuu pe3yabTaToB Io-
HATUWHOTO MBIILICHUS.

O4YeBHTHO, YTO TIPEIMETHAS O0JIACTh SIBJIACTCS CEMaHTHUECKUM
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00BEKTOM TEOpUH TTOHATHH, a TOHATUHHAS MOJCIIb — €¢ CHHTaKCHIe-
CKUM 00BeKkTOM. Teopust MoHITUN OyAET MOTHOH, eCITH Kaxaas pe/l-
MeTHas 001acTh MMEET CBOKO MOHATHUHYIO MOJIENb, ¥ KaX/1asl MOHS-
TUHHAsT MOJENIh HMMEET CBOI0 NPEIMETHYIO 00JIaCTh, BO3MOXKHO
BOOOpakaeMy¥o.

ITo aroit npuunHe OyaeM pa3nnyaTh CEMAaHTHYCCKHE U CHHTaK-
CHYCCKHE TTOHITHIHBIC MOJIEITH, a TakKe UX Teopun. CeMaHTHUECKHE
MOHSITUHHBIC MOJIEIH ONHINEM (pOopMambHOU TeopHel, Ha3bIBaeMOM
SI3BIKOM TIOHSITHH, @ CHHTAKCHUECKUE IOHSATHIHHBIC MOJIETH (hOpMaITH-
3yeM B paMKax aKCUOMAaTUYECKON TEOpUHU, Ha3bIBACMOU HCUHCICHUEM
TIOHSTHH.

5.1. OBLIIUE OIIPEJEJIEHNUA

Teopus MoHSATUN HACIETyeTCsl OT TEOPUU MHOXKECTB [7], KOTO-
pasi, B CBOIO OYepe/Ih, BKIIOYACT B ce0s JIOTUKY TepBoro mopsika [ 10,
c. 41].

Onpedenenue 1. AndaBur

Andaut (2 — 3TO KOHEUHOE YIOPAJOYCHHOE MHOKECTBO O€3 o-
BTOPCHUS 3JIEMEHTOB, COCTOsIIee U3 U(pp 1 OYKB. ¢

Onpeoenenue 2. ms

WM (cTpoka) — 3TO KOHEYHOE YIOPSA0YEHHOE MHOKECTBO C TI0-
BTOPECHHUEM DJIEMEHTOB, MIPUHAICKAITNX ajadaButy (2.

Onpedenenue 3. MHOXeCTBa

Ilycts A1, A2, B, Dc u Dac — umeHa, Toraa:

—{B, A2, A1, Dc, Dac} — Heynops104eHHOE MHOKECTBO O€3 Io-
BTOPCHUS 3JICMEHTOB;

—(B, A2, A1, A1, Dc, Dc, Dac) — neynopsiioueHHOe MHOKECTBO
C TIOBTOPEHHNEM 3JIEMEHTOB;

— (B, 42, A1, Dc, A1, Dac, Dc) — ynopsimodeHHOE MHOKECTBO C
MTOBTOPEHUEM DJIEMEHTOB;

—[A1, A1, A2, B, Dac, Dc, Dc] — ynopsiioueHHOE MHOKECTBO C
MTOBTOPCHHUEM U TIEPEUHCIICHUEM DJIEMEHTOB B JICKCUKOTPaPHIECKOM
TIOpsIIKE, 3a7aBacMoM ajihaBUTOM (;

—Efg: {B, A2, A1, Dc, Dac} — WMEHOBaHHOE MHOXECTBO, TJIC
Efg — M MHOXKECTBa;

— {X| Y} — MHOXeECTBO, 3aJlaHHOE TIOPOXKAAIOIICH MPOIEAYPOH,
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rie X — KOHCTPYKTOP 3JIEMEHTOB, @ Y — yCJIOBHE BKIIIOUEHUS DIIEMEHTa
B MHOKECTBO. ¢

Onpeodenenue 4. Ilpobnemusie obmacTu

Ilycth A — KOHEUHOE MHOXKECTBO UMEH MPOOJIEMHBIX 00JIacTeH,
A:{4jlj=1,2,..}, roe uMsa Aj Taxke HA3BIBACTCA aCIICKTOM Tpe-
METHOM 00J1aCTH WU TIPOCTO aCIIeKTOM (aHTJI. aspect).

Onpedenenue 5. AGCTpaKIu

[TycTs B — MHOECTBO BHIOB MOHATHH (a0CTpaKUUi, NCHIOIB3Y-
eMBIX I X obpasomanus), B : {C, T, 4, G}, rne C o603HaYaET 10-
HsATUE-3HAK (aOcTpakuus uaeHTudukamnuu, airi. identification, com-
prehension), 7 — moHsATHE-TUNT (aOCTPAKIAS THIH3AINM, AaHTIL.
typification), A — MOHATHE-aCCOIUAIINIO (AOCTPAKITUS aCCOIHAITIH,
aHTJI. association) u G — moHATHE-00001TIeHUE (abcTpakius 00o01Ie-
HUS, aHIJ1. generalization).

Onpeodenenue 6. DopMaabHOE TTOHSATHE

®dopmalbHOE TIOHSATHE WX MPOCTO TOHSATHE — 3TO MHOMXECTBO
N: (b, 1, E), y xoTOpOTO:

— N — ums ioastusa, N = aec;

— a — UM actiekTa, a = Aspect(N) € A4;

— ¢ — umi koHuenTa, ¢ = Concept(N);

— b —abctpakuus, b = Abs(N) € B;

— I —wnrencuonan, [ = Int(N)=[lj|j=1,2, ..., D];

— Ij — atpubyr, Ij = Atr(N, j),j =1, 2, ..., D;

— D — crenienb, D = Degree(N);

— E —okcrencuonan, E = Ext(N)={Ej |j=1, 2, ..., P};

— Ej — cymiHocTs, Ej = Ent(N, j), j=1,2, ..., P;

— P—o00beM, P = Scope(N);

—§—cxema, S = Schema(N) = (b, I),
T7ie 3HaK = 0003Ha4YaeT PaBEeHCTBO YHCEN, CTPOK I MHOXKECTB COOT-
BETCTBEHHO; * — pa3JeNINTeNlb acleKTa W KOHIENTa; € — OTHOIIEHHE
MIPUHAIEKHOCTH DJIEMEHTa MHOXKECTBY. ¢

Onpedenenue 7. PaBeHCTBO MOHITHIA

ITonstue N1 : (Bl, 11, E1) u nonstue N2 : (B2, 12, E2) paBHBI
TOTJIa ¥ TOJIbKO Toraa, korna Bl =B2, [1 =12, E1 =FE2. ¢

N3 onpenenenust 7 cieayer, YTo MPOBEPKY MOHATHI Ha paBEH-
CTBO CJIEAyeT MPOU3BOIUTH 0€3 ydeTa UMEH MOHITHH (C TOYHOCTHIO
JI0 IMCH TIOHATHH).
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Onpedenenue 8. IlonsTritnas Monennb

Iyets M : {Nj : (Bj, Ij, Ej)|j=1, 2, ..., P} — MHOXeCTBO TOHSI-
TUH TpeMETHOH obmacTu R, Torga M — MOHATHIAHAS MOJIENb MPEI-
MeTHOU obnactu R momuoctu P, a S : {Schema(Nj) |j=1,2, ..., P} —
€e MOHATUIHAs CTPYKTypa. ¢

5.2. CEMAHTHYECKAA TEOPHUA ITOHATHH

B cemaHnTHYeCcKOl TeopuM MOHATUN U3y4arOTCs MOHSITHUS U OIle-
paru Hax HUMU. CeMaHTHYECKas TEOPHS CTPOUTCA Kak (hopMabHBII
SI3BIK, TIPEAHA3HAUCHHBIN U TEPBUYHOTO OMHMCAHUS MPEIMETHBIX
obmacTeil B mporiecce MOHATUHHOTO aHaIu3a. Pe3yibTaToM OHSITHIA-
HOTO aHaJIN3a SIBJISICTCS] MMEHOBAHUE MOHITUI U BBHIPAXKEHUE CIIOCO-
00B X 00pa30BaHUsI ITyTEM 3aJJaHHsI OTICPAINI HaJ| TIOHSITHSIMHU.

5.2.1 OIIEPALINN HAJl IOHATHAMU

Onpeodenenue 9. Unentuduxarms

CpoOogHas mepemeHHass N 00O3HAauYaeT MOHATHE-3HAK
N:(C,(N), {N}), KOTOpO€ WUMEET WHTCHCHOHAI M SKCTEHCHOHAI,
onpejaensieMble UMEeHEM N. ¢

Onpedenenue 10. O60061ICHNE

O6o6menne moHATHH N : {Nl,..,ND} — »23T0 TOHATHE
N: (G, LE)y=®N, N1, ..,ND) takoe, 4uro [=[Nl,...,ND],
E=Ext(N1) U ... U Ext(ND), rne D — cTerieHb TOHATUS-0000IICHHUS,
D > 1; @ — oneparust 06001eHNS; \J — 00BETMHEHUE MHOXKECTB, ¢

Onpedenenue 11. Acconmanus

Accommarus noustaid N : (N1, ..., ND) ¢ CelIeKTopoM G — 3TO
MOHSITHE N:(4,1, Ey=®(N, N1, ..., ND, o) TakKoe, 4TO
I=[N1, ..., ND], E c Ext(N1) x ... x Ext(ND), rine D — crenieHb IOHS-
TUs-accormaryu, D > 1; ® — oneparus acconuaniuu, C — OTHOIICHUE
HECTPOTOTO BKIIOUCHHSI MHOXECTB, X — JIEKAPTOBO MPOU3BEICHUE
MHOJKECTB, G — UMsI MHOYKECTBa £. ¢

Ormeparust 0000IICHHS HE 3aBUCUT OT TOPSJIKA OTIEPAHIOB U UX
MMOBTOPEHHUS, TaK KaK OTEpPaH/Ibl 3aal0TCs HEYIOPAA0YCHHBIM MHO-
KECTBOM 0€3 IIOBTOPEHHUS SJICMEHTOB, a OIepallysi aCCOIUAIUH 3aBH-
CHUT OT TIOBTOPEHUS OIEPAHIOB, TaK KaK ONepaHAbl 00pa3yroT HEYITO-
PAIOYCHHOE MHOXXECTBO C TIOBTOPEHHEM  3JEMEHTOB  (CM.
ompenencHue 3).

22



Cucmemubvlil aHAIU3

WHTEeHCHOHANBI TOHATHIA SABJSIOTCS MHOXXECTBAMHU C ITOBTOpE-
HHUEM 2JIEMEHTOB, KOTOPBIE IEPEUNCIICHBI B IEKCUKOTpaduIeckoM Ho-
psaake. [locmenHee HEOOXOMMMO JUIS TOBBIMICHUS 3(PPEKTUBHOCTH
CPaBHEHHUS TOHATHM MpH MPaKTHUYECKOW peaau3alii MOHATUHHON
Mozenu (CM. oripeaenieHue 7).

Hcmonp30BaHne WMEHH JKCTEHCHOHANA (CeleKTopa) HeoOxo-
MO TIOTOMY, YTO MOTYT CYIIECTBOBATh TOHATHS, 3aJaHHBIE HA O~
HOM M TOM K€ MHOXECTBE aTpHOYTOB, HO C pa3HBIMHU SKCTCHCHUOHA-
namu. B aTOM cnydae cenekTop mo3BoIsIeT pa3nnvaTth (CpaBHUBATH)
TaKWe MOHITHS W PACCMATPUBACTCA KaK HEKOTOPOE XapaKTepUCTHYIC-
CKO€ yCIIOBHE BKJIFOYEHHUS CYIIIHOCTEN U3 JEKapTOBOTO MPOU3BEACHHUS
aTpruOyTOB B SKCTEHCHUOHAN MOHSTHS.

5.2.2 @OPMYJIbI

Onpedenenue 12. Dopmyna

®dopmylia Ha A3BbIKE MOHIATUH 3a/1a€TCs CAETYIOIIUMU PEKYPCUB-
HBIMH TIPaBIJIAMHU:

— cBoOOTHAs IepeMeHHas N (ums) sBisieTcs Popmynoit N,

—ecmu F1, ..., FD — dopmynsl, a N — ums, to SN, F1, ..., FD) —
hopmyuna;

—ecmu F1, ..., FD — dopmyibl, N — UMS B G — CEIEKTOP (MMsI), TO
(N, F1, ..., FD, 6) — bopmyna. ¢

IMpumep 13. Dopmymsr

YacTe NOHATHI NOHATUITHON TuarpaMMbl Ha puc. | BeIpaxxaroTcs
cleAyomuMe GopMyIaMu:

— axeMeHTapHble Gopmydsl —3T0 1, 2, 3;

— hopmyna noustust Pazpsag — @(Pazpsin, 1, 2, 3);

— dopmyna nousatus Umxenep — ®@(Umxenep, F1, F2, Umxke-
Hephl), Tae F1 u F2 — dhopMyItbl, BeIpakaromue noHatus Crienuanb-
HocTh U ®UO, a HKeHepsl — celneKkTop, KOTOPBI HMEHYeT (Xapak-
TEpU3yeT) SKCTEHCHOHAN NoHsATHs UHKeHep;

— ¢opmyna noustusi Corpynuuk — S(Cotpynuuk, F3, F4), rae
F3 u F4 — hopmyisl, BeIpaxkaromne nouatus Mmkenep un Paboumii. ¢

5.2.3 OTHOLLIEHUE SKBHUBAJIEHTHOCTH

Onpedenenue 13. IKBUBAIICHTHOCTh
JBe dopmynsr F1 u F2 SKBHUBAJICHTHBI, €CIH OHU BBIPAXKAIOT
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OJ[HO U TO K€ IIOHSITHE. ¢

W3 onpenenenunit 10, 11, 12 u 13 HEmoCpeACTBEHHO CIEIYET TO,
YTO B CEMAaHTUYECKOM TEOPUH MOHSATUHN CIIPABEIUBHI CICTYIOIIHE K-
BUBAJICHTHOCTH:

O, ..., Fj, ..., Fj, ..) & ®WN, ..., Fj, ...); (1)
O, ...,Fj,....Fk,..) > ®N, ..., Fk, ...,Fj,..);  (2)
OW, ..., Fj, .., Fk, ..., 0) < N, ..., Fk, ..., Fj, ..., ), (3)

rne N — ums, Fj u Fk — GopMyiel, ¢ — CENEeKTOp, <> — OTHOIICHHUE
SKBHUBAJICHTHOCTH (POPMYIL.

Onpeodenenue 14. Kanonndeckas ¢popma

®dopMyra HaXOAUTCS B KAHOHUYECKOU opMe, eclTi oHa Mpeo0d-
pa3oBaHa ¢ TIOMOIIBIO PKBUBAJICHTHOCTEH BHa (1) — ymaneHue ium-
HUX TTOAGOPMYIL, ¥ SKBHBAICHTHOCTEH BHia (2) 1 (3) — mepecTaHOBKH
o opMyII B IEKCUKOTpapUIecKOM MOPSIKE. ¢

YrBep:knenue 1. PapeHCTBO MOHSATHI

[TonsTHS paBHBI TOTAA U TOJILKO TOT/A, KOTJa HX KAHOHUYECKHE
(hOpMBI paBHBI C TOYHOCTHIO /IO UMEH TTOHSITHIA.

Joxa3arenabcTBo. ITycts moustus N1 u N2 paBHBI (ompenere-
Hue 7). Torga oHM MOTYT OBITh BRIpaXKEHBI SKBUBAJICHTHBIMU (OpMY-
namu (ompenencHue 12), kKaHOHUYECKUE (DOPMBI KOTOPBIX PaBHBI C
TOYHOCTBIO JT0 UMEH MOHATHIA (onpenencHus 7 u 14).

Bepno u obpatroe. [lycts F'1 u F2 — kanHoHn4Yeckue GOpMBbl, paB-
HBIE C TOYHOCTBIO 10 IMEH MOHATHNA. DTH (DOPMBI SBISAIOTCS SKBUBA-
neHTHBEIME (hopmynamu (onpeneneuus 7 u 14). CiiemoBaTebHO, BBI-
pakaeMbIe UMM TTOHATHUS paBHBI (ompenencaue 13).

VY1BepxacHue 1 MO3BOJSAET BBIIBUTh U YIAIUTh U3 MOHATUAHON
MOJIeTTH paBHbIe OoHATHA. CrieyeT 0OpaTUTh BHUMaHUE HA UTHOPH-
pOBaHHME WMEH TOHSATHI MPH MX CPAaBHEHUH, KPOME MMCH MOHSATHH-
3HAKOB — TEPBUYHBIX MOHATHH TIpenMeTHON oOmactu. Ilocrmemnee
03HAuaeT, YTO TIOHATHUS CPABHUBAIOTCS CTPYKTYPHO, T.€. IO TOPSAKY
WX 00pa30BaHUs U3 APYTHX HOHATHI U C YIETOM HCTOIB3yEeMbIX IS
3TOTO a0CTPaKIHH.

Onpeodenenue 15. [lpuBenecHaas MoIeTh

[lonsTuiiHass MojeNlb Ha3bIBACTCS TMPHUBEICHHOW, €CIM BCE €€
(hopMyIIBI HAXOIATCS B KAHOHUYECKOW (hopMe W B Momaenu HEeT (op-
MyJI paBHBIX TTOHATHH. ¢

24



Cucmemubvlil aHAIU3

OueBuaHO, MOZCIH B MPUBEIACHHOW (OpME DKBHBAIICHTHA HC-
XOQHOU MOHITHHHON MOJEIH.

IIpumep 14. [IpuBeneHHas MoaeIb

[lycTh moHATHITHAS MOCIb 33]]aHa CIIEIYOIIUMU (OPMYITaMH:;

®4, C, (B, D, C, 0), C);

S, &Y, X, D, 9), C);

@, C, ®(Y, D, C, 0)),
rzie cBOOOIHBIC IepeMeHHbIe 0003HaYaI0T IEPBUYHBIE (HE PacKpbIBa-
eMbIe) OHATHS PEAMETHOH 001acTH.

Ucnone3zys ompepenenuss 13 u 14 HaxoguM KaHOHWYECKHE
dhopmeI dTHX HOopMyIT:

®4, ®B, C, D, o), O);

SV, ®(, D, X, 9), C);

DX, ®(Y, C, D, 0), C).

W3 ytBepxkaenus 1 cnenyet, uto noustua 4 u X pasasl. OcTas-
nsieM Gopmyity HoHSATHS A U yaaisieM QopMyny MmoHsSTUS X, a Bce

BXOXJICHUSI UMEHU X 3aMeHsieM UMeHEM A. B utore numMeem npuBeieH-
HYIO MOJCITb:

®(4, ®(B, C, D, 0), C);
S, (Y, D, 4, 0), C). ¢

3ameTuM, 9T0 CBOOOIHBIE TIEpEMEHHBIE YHUKATBHBI H BBIPAKAIOT
0 OTIPEeNIEHUI0 9 pa3INYHbIE TTOHITHS.

5.2.4 CEMAHTUYECKAA PA3PELLTUMOCTD

BaxasiM cBoMCTBOM JIt000# (DOpMaANBHON TEOpHH SBISETCS €€
paspermumocTs (anri. decidability), 3akirodaroniasicss B BO3MOKHOCTH
OTIPEACITUTh, TPUHAJICKUT JIM TSOPUU HEKOTOpask opMyIia Ui HET.

Jli1s TokasaTenbCcTBa pa3pelmMOCTH CEMAaHTHUECKOM TEOPHH T10-
HATUI ocTpouM (OPMANBHYIO TPAMMATHKY, MTOPOKIAIOIIYIO (hop-
MYJTBI SI3BIKA TOHATHH (CM. ompenencHue 12).

Onpedenenue 16. DopmanbHasi rpaMMaTHKA

dopmMaibHas rpaMMaTHKa S3bIKa TOHSATHH — 3TO MHOXECTBO
G:(V, W, P, F), y KOTOpOro:

-V:WN,oj,®,8,(),;|j=1,2,..) — TepMUHATLHBIN anpaBUT
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TrpaMMaTHKH;

— W: (F, L) — HeTepMuHaNIbHbIHN andaBuT, T1ie HETEPMUHATBHBIN
cumBon F o3Hauaet «[lepBas popmya criuckay, a HETepMUHAIBHBIH
cumBon L — «[locneansist popmyina criuckay;

—P:{F=Nj, F= ®WNj; F; L), F= ®(Nj; F; L; oj), L = F;L,
L = F} — IpoIyKIny TpaMMAaTHKH;

— F — HavyanbHBIN HETEPMUHAIIbHBIA CUMBOIL, F' € W,
rae Nj — MOHATUHHBIEC IEPEMEHHBIE, gj — CEJIEKTOPEI, ; — pa3AeIUTEIb
(hopMyIT B CIMCKE, => — pa3JIeUTEIh NMPABBIX U JEBBIX YacTeH Mpo-
IYKIIHIA, a TAK)KE 3HAK TPaMMaTHYECKOTO BEIBOJIA. ¢

SI3BIK, TTOPOXKACHHBIA TPaMMAaTUKOW W3 ONpeiesicHus 16, sBiis-
eTcsi 0ECKOHEYHBIM KOHTEKCTHO-CBOOOTHBIM (DOPMANBHBIM SI3BIKOM
[9,c. 11].

IIpumep 15. ['pammaTHUeCKuil BBIBOA

BriBenem opmyinel u3 nmpumepa 13 B mycToM acrekte, Korjaa
pa3aenuTeNb ¢ HEe UCTIONB3YETCS Al IOCTPOCHUSI UMEH OHSITHUM.

N3 navansHOTO cCMMBOJIA F' 1 ipoAykuuu F' = Nj nojiydaem Tep-
MUHAJbHbIE TIOHSATHS:

F=N=>1,F=>N=2F=N=3.

Hanee BoiBenem dhopmyny @©(Paspsn, 1, 2, 3):

F=®Nj; F; L) = ®@WNj; F; F; L)y = ®\Nj; F, F; F) =

= ®@(Pazpsn, F; F; F) = ©(Pazpan, 1; F; F) =

= ®@(Pazpsn, 1; 2; F) = ®(Paspsn, 1; 2; 3).

AHaJIOTHYHO BBIBOAATCS Apyrue Gopmysbsl. ¢

Jns rpamMmMaTHKY U3 ompenerieHus 16 cymecTByeT 2hdheKTHBHAS
MpOLEAYpPa, C MOMOIIBIO KOTOPOH MOXHO MPOBEPUTH, MPUHAJIEKUT
1 Gopmynia sI3BIKY, IOPOKAAEMOMY ITOM rpaMMaTUKOM, WK HeT [9,
c. 21]. OnHako, BEIBOOUMOCTb (POPMYIIBI SI3bIKA MOHSATHHA OKa3bIBa-
€Tcs HEJJOCTaTOYHOM 1151 [IPOBEPKU NIPUHAAJIEKHOCTH 3TON (POpMyIibl
CEMaHTHUYECKOU TEOPHH.

Kaxnoe ¢popmanbHOE OHATHE, BEIPAXKEHHOE Ha SI3bIKE CEMAHTH-
YeCKOH TeOprH, JOJHKHO HUMETh HHTEPIPETalIO B IPEIMETHOHN 00a-
ctu. B 001acTi NOHATUIHOTO MBIIIJICHUS HEIOTTY CTUMBI TOHSTHS, KO-
TOpBIE MPSAMO HJIM KOCBEHHO OIPENEINIOTCS uepe3 caMux cels, a
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TaKkke€ HE HMEIOINe NPUHAIISKANMX MM cymmHocTed. CremoBa-
TEJIHHO, MOHATHS C MYCTHIM YKCTCHCHOHAIOM M MOHSATHS, BHIPAKCH-
HBIC Yepe3 caMuX ceOsl, He IMEIOT MHTEPIPETAINY B TFOO0H MpeIMeT-
HOW oOsactu. /[ cemMaHTHYeCKOW TEOpHHM 3TO O3HAYAeT, YTO B
(hopMynax si3pIKa MOHATHUN HE JOJDKHO OBITH MOHATUHHBIX ITUKJIOB, a
TaKKe HE TOJDKHO OBITH (POPMYJ IMyCTHIX MOHATHN (TTOHATHH C IMy-
CTBIM SKCTCHCHOHAJIOM).

Onpedenenue 17. Pa3pemiuMocTh TEOPUH MOHITAN

®dopmanibHas Teopus MOHSATHH pa3penIuMa, €Clid CyMECTBYET
a¢ heKkTUBHAS MPOLIEAYpa, PACTIO3HAIOIINE TOHATUITHBIE MOJIEIH C T10-
HATUIHBIMYU [UKJIAMHU U ITyCTHIMU TOHATHSIMH.

Y1Bep:kaenne 2. CeMaHTHUCCKAs pa3pelTiMOCTh

SI3BIK TOHATUM pa3pernm.

HoxazarenbcrBo. [lycte M — ceManTHUeCKasi NOHATUHHAS MO-
nens, M : {Fj|j=1,2, .., P}, rae Fj — dopmyna, Bepaxkaromas mo-
HATHE ¢ UMeHeM Nj, P — MOIITHOCTb MOJICIIH.

PaccmoTpum pacriozHaBanue (popMyIT MOJIENH Ha ITyCTOTY BBIpa-
KaeMbIX UMM ToHATHH. U3 ompenenenns 9 ciemyer, 4TO TOHATHS-
3HAaKW HE IMycThl. O0pa3oBaHKre MOHATHI-0000IICHHA TaKXKe HE TIPH-
BOJIMT K ONPEJICIICHUIO ITyCTHIX TIOHSATHH, €CIIN 00001aeMbIe TIOHSITHS
He nycThl (onpenenenue 10). OmxHako npu 00pa30BaHUM ITOHITHIA-AC-
colMaIuii BO3MOXKHO TMOSIBIICHUE ITyCThIX MOHSATHH, €CITH MMCHOBAH-
HBIN DKCTEHCHOHAT 00pa3yeMoro MOHITHHA MmycT (ompeneneHue 11).
OpHako MOSBICHHWE TAaKUX MOHATHH B MpoIlecce MOHATUHHOTO aHa-
JU3a CYUTAECTCA HEBO3MO)KHBIM, TaK KaK MOHSTHS C ITyCTBHIM SKCTEH-
CHUOHAJIOM He MOTYT MbIcTuTCs. Clle1oBaTeIbHO, (DOPMYIIBI SI3bIKA ITO-
HSATHUI HE BBIPAXKAIOT ITyCTHIX MOHATHH.

Jis HaxOKJeHHsI TOHATUHHBIX IUKJIOB B MOJIEIH TPUMEHHM
CIIEMYIONTYIO TpoIeaypy. B Hadane ynamsrorcst Bce popmymsl uz M,
KOTOpBIE BBIPAKAIOT PaBHBIE TOHATHS (CM. yTBepKaeHue 1).

g xaxmoro ocrtaBmierocs moHATHS Nj, BRIpaXXEHHOTO (HOpMy-
noit Fj, umiercs BXOXKICHUE 3TOro moHATUS B ¢opmyny Fj. Ecmm
BXOKJCHHME HAWJICHO, TO TOHATUIHBIN IIUKJI OOHAPYKEH U MPOLEeaypa
3aBepIraercs. B mpoTUBHOM ciiydae MOHSATHE Nj WINETCS B JAPYTUX
dhopmynax Fk, mMeHa MMOHATHI KOTOPBIX Nk BcTpedaroTcs B popmyire
Fj. Ecii Bce popMyIIbI TPOCMOTPEHBI U UMSI TIOHATHSA Nj HEe 00HApy-
JKEHO, TO IOHATUHHBIE IIUKIBI C TOHATHEM Nj.
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Ecnu Bce MOHATHA POCMOTPEHBI U MOHATHIHBIE ITUKIBI HE 00-
HapyKeHbI, TO MpoleaAypa 3aBepiraetcs. Yuciao moHaTuil P, kak u
JUTUHBI (OpMYJ MOJIesi KoHeuHbl. CliefioBaTenbHO, HaleHa 3 dek-
THUBHAs TPOIICIypa ONPEACICHUS ITUKIOB B TOHATUHHBIX MOJCIISX.

B utore paspemnmocTs s3bIKa MOHSATUN IOKa3aHa. ¢

HHTepnpeTHPYyEeMOCTb MTOHATHIHBIA MOACIIA MOYKET OBITh TAK)Ke
MIPOBEPEHA 10 MOHATHWHOW TUarpaMMe MpeAMETHOW obOiactu (cM.
puc. 1). B atom ciiydae Ha AuarpaMmMe, paccMaTprUBaeMoil Kak OpUCH-
TUPOBaHHBIN Tpad), HE JODKHO OBITH ITUKIIOB.

CrnenyeT oOpaTUT BHHMaHHE Ha TO, YTO Pa3pelIMMOCTh S3bIKA
MOHSTUN B TEOPUH MOHSATHH — 3TO TO K€ CaMOe, YTO PETryJISPHOCTD
MHOKECTBA B TEOPUU MHOXKECTB (CM. aKkCHOMY OCHOBaHwms [7, ¢. 17]).

5.2.5 HEIIPOTUBOPEYHUBOCTH U IIOJIHOTA

Jpyrumu BaXKHBIMH CBOMCTBOM JTIF000# opMabHOM TEOPUH SB-
JIIETCS €€ HeMPOTHBOPEUMBOCTD (aHTII. consistent) u oJHOTA (AHTIL.
completeness). [l mokasareiapcTBa MOTHOTHI U HEMPOTHBOPEUUBO-
CTH CHHTaKCHYECKOW TEOPHH MOHATHH HaM MOTpeOyeTcsl yTBepiKIe-
HHE O MMOJTHOTE U HEIIPOTHBOPEUHBOCTH CEMAaHTUUECKOH TEOPHHU.

[IpotuBopeunem (anri. contradiction) B Teopuu NOHATHI OyneM
Ha3bIBaTh CUTYAIIHIO, TIPX KOTOPOU OTHA M Ta K€ CYITHOCTh MBICITUTCS
(ommchIBaeTCs) Kak MpHHAIEKAINAS, TaK U HE MPUHAIJIEKAas of-
HOMY M TOMY € ITOHSTHIO B OJTHO M TO e Bpems. CiemnyeT 3aMeTHTb,
YTO JIOTHYECKOE MPOTHBOPEUHE SIBIISICTCA YaCTHBIM CIIydaeM IOHS-
TUHHOTO. B JIOTHKE MPOTHBOPEUNEM HA3BIBAETCS CUTYAIUs, MPH KO-
TOpPOI HEKOTOPOE BBICKA3BIBAHUE MPUHAJICKUT KaK MHOXKECTBY HC-
TUHHBIX BBICKa3bIBaHUH, TaK U MHOXECTBY JIO)KHBIX.

Y1Bep:kaenue 3. CemMaHTHUCCKasT HEIPOTHBOPEUUBOCTH

SI3BIK TOHATHUI HENPOTUBOPEUUB.

Joxa3aTeabCcTBO. SI3BIK MOHATHI HEMPOTUBOPEUYUB 1O CBOEMY
MMOCTPOCHUIO, TAK KaK HET HUKAKWUX BBIPA3UTEIBHBIX CPEJCTB ISl BHI-
pakeHHs IPOTUBOPEUNHi, HET HU OHOTO CIIOco0a yKa3aTh HelpuHaI-
JIEKHOCTh KaKOH-THOO0 CYITHOCTH KaKOMY-JTHOO0 MOHSTHIO, HET OTlepa-
MU OTPULIAHUSA. DTO CIY>KUT OCHOBAaHWEM JUISI YTBEPXKACHUS O
HEMPOTHUBOPEYNBOCTH SI3bIKA TIOHATHIL. ¢

BrIBOI 0 CeMaHTHUYECKOH MONHOTE 000N TEOPUH MOXKHO CJie-
JIATh TOJILKO OTHOCUTENIEHO KJIAcCa MOJICIICH, ISl ONTUCaHUS KOTOPBIX
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Teopusi mpenHazHadeHa. CeMaHTHUYeCKas TEOpHWs MOHATHN ITOJHA,
eci mobas mpeaMeTHast 00JIaCTh MOKET OBITh OMUCAaHA B ATOH TEO-
puH, T.€. UMEET OMUCHIBAIONIYIO ¢ (OPMYITY Ha SI3BIKE MOHSTUH.

YrBep:knenue 4. CemanTHueCcKas NOJIHOTA

SI3BIK TIOHATUM SIBISIETCS TIOJTHOM TEOpHUEH.

HoxkazareabcTBo. [lycTs mMeercs mpeaMeTHast 00JIacTh € MPH-
HaJJIeKAIUMH €l  MHOXXECTBOM TIEPBUYHBIX TOHATHII-3HAKOB
C={cl,c2,...}. Bynem cuutarb MHO)eCTBO C pa3pelIuMbIM, TaK
KaK OHO KaK-TO BBIJICJICHO B MPEAMETHOW OOJIACTH U MPEIBSIBICHO B
MPOIIECCE MOHITHHHOTO aHAIH3A.

Kaxk mokazano B yTBepacHUH 1 1 Moka3zaHO Ha mpuMepe 14 BbI-
BOAMMEIE B CEMAHTUIECKON TEOPUH TTOHATHS CPABHUMBI C TOYHOCTBIO
70 IMEH TIOHATHI-3HaKOB. Mcronb3ys npoueaypy reHepanuy THIIOB
Y3 TEOPUU TUIIOB [2] oNpeAeIuM MHOXKECTBO CYIIIHOCTEH mpeIMETHOM
o0nactu £ Ha OCHOBE MEPBUYHBIX MOHATHI-3HaKOB C TakK:

—eciu peC, TO @ — CYIIHOCTH (BbIIEICHUE);

— €CJIM (¢ — CYIITHOCTh, TO {(} — CYIIHOCTH (TPYIIITHPOBKA);

— €CJIM @ ¥ \J — CYIITHOCTH, TO (P*\J — CYIITHOCTH (COCTUHCHIE).

MHoxecTBO £ ABNSETCS CUETHBIM U COJAEPKHUT BCE MBICIUMBIE
CYIIHOCTH MPEIMETHON 00JIACTH, T.K. €My IPUHAJICKAT BCE CTPOKU
KoHewHOU mimuHbl {cl, c2, ..., clecl, clec2, ..., c2°cl, c2+c2, ...,
cleclecl, cleclec2, ..., clec2ecl, ...} co BceMu BapHaHTaMH Tpa-
BHJILHO PAacCTaBJICHHBIX CKOOOK, ITO-Pa3HOMY CTPYKTYpPHUPYIOIIUX HC-
XOJHYIO CTpOKyY. Tak kak MHOkecTBO C pa3penInmMo, TO pa3perriMbIM
OyIeT M MHOXKECTBO E.

J1J1s KOHCTPpYHPOBaHUSI BCEX MBICITUMBIX IMMOHSATHIH 00pazyem Oy-
neaH B(E) — MHOKECTBO BCEX IMOJAMHOXKECTB MHOXkeCTB E. CyIiecTBo-
BaHHUe OyJicaHa CJEIyeT W3 aKCHOMBI CTCIICHU TEOPUU MHOXKECTB [7,
c. 17].

Kaxnprit snement B(E) sBiasgeTcs 0O0beIUHEHWEM KOHEYHOTO
YyHuclia 3JIEMEHTOB M3 MHOXKecTBa E. Tak kak pazpermiaroinasi mpoiie-
Iypa Ui DJICMEHTOB MHOXECTBa FE CYIIECTBYET, TO CYIIECTBYET H
paspernatomias nporeaypa Juis SJIEMEHTOB MHOKecTBa B(E), Tak Kak
00BeIMHEHUE KOHEYHOTO YMCIIa MHOXKECTB Pa3peIuMo.

Takum 06pazom, yIanock MoKa3aTh, YTO C IOMOIIBIO BIJIEICHUS
(mpeHTH(UKAIINN), COCAVMHCHHMS] W TPYNIHPOBKH (acCCOIMAIHH), a
TaKke 00beTMHECHISI (000OIICHIS ) CYIITHOCTEH MPEeAMETHON 00J1acTh
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MOTYT OBITh KOHCTPYKTHBHO TOCTPOEHBI BCE MBICIHMEBIE TOHSATHS.
OcTanoch TOIBKO BEIOPATh TE MOHATHS, KOTOPBIE HHTEPIPETHPYIOTCS
B MPEJAMETHOM 00JIACTH, U BKIIFOUUThH UX B MOHSATHIHYIO MOJEITH (a0-
CTpaKIHs OTPAHUYCHHMS, UTHOPUPOBAHUS, aHIIIL. restriction).

OueBuaHO, BEpHO U 00paTHOE. )15 IF060T0 MHOMKECTBA IMTOHATHI
M, BEIBEIEHHBIX B ceMaHTHUecKou Teopun u3 C, B B(E) comepxurcs
€ro TIPOTOTHIL. 4

AHaJOTHYHO JJOKAa3aTEeILCTBY YTBEPIKICHUS 4 BBIMIOJHEHO 000C-
HOBAaHHE TOJTHOTHI JIOTMKHU BHICKa3bIBAHUN 4epe3 (PyHKINOHAILHYIO
MOJIHOTY Jlornueckux omnepauuit [10, c. 18], T.e. myTeM gokazatemnb-
CTBa BO3MOKHOCTH BBIPA3HTH JI000E CI0KHOE BHICKA3bIBAHHUE U3 TIPO-
CTBIX C TTIOMOIIBIO JIOTHYECKUX CBSI30K.

JlokazaTensCcTBO yTBEepXKIeHUS 4 Takke OJNM3KO TEXHOJIOTHH
KOHIENTyaJIN3allud TPeIMETHBIX oOmacted [3, c¢.47], rme OCHOB-
HBIMH [IIaraM¥ KOHIIENITYAIBHOTO TIPOCKTUPOBAHHUS SBIISIOTCS:

1) BeigeneHne 0a3MCHBIX KOHLENTOB X (MACHTU(DHUKALINA);

2) moctpoenune Oyneana B(X) (cuHTE3 0000IICHMH);

3) moctpoenue nexkaprrana B(X x B(X)) (cuuTe3 accoruanuii);

4) BIETICHUE U3 OyJieaHa U AeKapTHaHa MHOYKECTBA KOHIICTITOB
X, IMCIOIIUX HWHTEPIPETANUIO B MPEAMETHOW 00iacTu (orpaHHYe-
HUE).

5) ecnu xoHIIENITOB X HEIOCTATOYHO, TO MIEPEXO/] Ha TIar 2.

B urore nmeem, 4TO IpeIMETOM TEOPHUH MTOHATHHN SBISFOTCS T10-
HATHUITHBIE MOJENH, BBIBOAMMEIE B 3TOM TEOpWH, a €€ OOBEKTOM —
mpenMeTHble 007acTH, paccMaTprUBaeMble KaK COBOKYITHOCTH MeEH-
TaJbHBIX MPEICTABICHUN U MEPapXUH MOHITHH, aOCTParupoOBaHHBIX
OT HUX.

5.3. CHHTAKCUYECKAS TEOPHUA ITOHATHH

CemaHTHuecKasi TEOpHUsS MOHATUNH OTBETCTBEHHA 3a MEPBUYHOE
OIKCaHUe MPEIMETHON 00JIACTH B BUJE €€ TOHSATUIHON CTPYKTYpHI,
BBIPOXKCHHOM Ha SI3bIKE MOHITHM.

CuHTaKCcHYeCKas TEOPHs MOHIATHHA, TakK)Ke Ha3bIBaeMasi HCUHCIIe-
HHUEM TIOHSATUM, MCIOJIb3YETCS JIJIsi BBIBOJIA MOHATHUHHBIX MOJIEIIEH,
BKJTFOYAIONINX B ceOS HE TONBKO MOHATHHHYIO CTPYKTYPY HpeIMeT-
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HO 00J1aCTH, HO M TIEPEUHCIICHUE CYIITHOCTEH U3 IKCTCHCHOHAJIOB I10-
HSTHH.

Ucuucnenue omnpenensercs andaBUTOM, aKCHOMaMH U IPaBH-
JIaMU BBIBOJIA.

5.3.1 AJIOABUT

AndaBUT UCYUCTICHUS TIOHSITUH COCTOUT U3 CICAYIOIINX CUMBO-
JIOB:

— UMEH TTOHATHH (aCIIEKTOB, CETIEKTOPOB), COCTOSIIINX U3 OYKB H
nudp (cMm. onpenenenue 2);

— pa3neNnuTenh UMEH * (TOYKa), OTHOIICHIE MMEHOBAHUA : (IBOC-
TOYHE), ONepaunu Hal MOHATHsIMH @ (00obmenne) u & (acconua-
1st);

— CHMBOJIBI JIOTHYECKOT'O BBIBOJA, JIOTUUYECKUE CBSI3KU M KBaH-
TOPHL: E, F, —, A, Vv, —, <>, V, 3 [10, c. 447];

— TIPEeIMKATHI, ONIEPAITUH ¥ OTHOIICHUSI HaJl MHOXeCTBaMU: J, €,
¢, - U N, X,cC,Dc,D <> =%[7,c.49];

— CKOOKH (KpyTible, KBapaTHbIE, YIIoBble, GurypHsie): (, ), [, 1,
(), {, } (cm. ompenencuue 3).

5.3.2 AKCHOMDbI

AKCHOMBI UCUNCIICHUS IOHITHI — 3TO aKCHOMBI JIOTUKH IIEPBOTO
nopsiaka [10, c. 62], akcuoMbl Teopur MHOXECTB [7, ¢. 15], a Takxke
CJIETYFOIINE YETHIPE AKCHOMBI.

Axcuoma 1. OrpanudeHue

Cymectsyet nycroe noustue € : (C, J, &), He paBHOE cebe U HEe
MIpUHAIJIeKAICe HHTCHCHOHATY M 9KCTCHCHOHAITY JIF000TO TTOHSTHS,

de: (C, D, D) VN (e e e ¢ Int(N) A e & Ext(N)).

Axcnoma 2. Unentudukanus
CymectByet nonsitue-3Hak N : (C, (N), {N}) Takoe, 4T0 €ro uH-
TEHCHOHAJ U SKCTEHCHOHAJ COCTOUT TOJIBKO U3 3TOTO ITOHATHS,

N (C, (N), {N}). &

Axcuoma 3. O0oOmIeHne
Jns mo6bix D > 1 monsatuit N : {N1, ..., ND} cymiecTByeT MOHs-
THe-0006menue ©(N, N1, ..., ND),

VN: {N1, ..., ND}
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AN : (G, [N, ..., ND], Ext(N1) U ... U Ext(ND)). ¢

Axcuoma 4. Accoruanys
Jns mio6w1x D > 1 monstrii N : (N1, ..., ND) u cenekropa G Cy-
MIECTBYET MoHsATHEe-acconuanus (N, N1, ..., ND, o):

VN:(NL, ..., ND)
AN : (4, [N, ..., ND],
{Ej: (EL, ..., ED) | EL€Ext(N1) A...A ED€EXt{(ND) A o(Ej)}),

rae o(Ej) — normdeckas dhopMmyna IMPHHAIISKHOCTH CYIIHOCTH FEj
9KCTEHCHOHATY MOHATHS-ACCOLUAIIH. ¢

IlycToe noHsATHE € UCTIONB3YyETCs Il 0003HAUYEHUS CYITHOCTEH,
OTCYTCTBYIOIIUX B MoJesn. O4eBUAHO, TAKOE OHITHE HE MOXKET UC-
TMOJIL30BAThCS MPH BBIBOJIE IPYTHX MOHITHH, T.K. 0003HAYAEMbIC M
CYIIHOCTH HCKJIIOYAIOTCA M3 paccMOTpeHus. Takxe MycToe MOHSATHE
HE paBHO caMoMy ce0e, T.K. TT0Jl HIMEHEM 3TOTO MOHSTHS MOTYT CKpbI-
BaThCs pa3HbIe CYIMIHOCTH. 110 CBOEH CyTH ITycTOe MOHATHE PeaTu3yeT
aOCTPAaKIINIO OTPaHUICHHUS.

Kak u B cemanTnueckoii Teopun, oneparnu @ u ® o003Ha4aIOT
000011IeHIEe U aCCOLUALINIO TIOHSTHH, & CEJIEKTOP G — ATO JIOTHYecKas
¢dopmyna co cBOOOJHBIM BXOXKICHUEM OJHOW MEPEMEHHOM, KOTOpas
WCTIONB3YeTCA JUIS Pa3peuieHus CyIIHOCTEH M3 IKCTEHCHOHAJIOB II0-
HATUH-aCCOLIMALIMM.

B03MOXXHOCTh TIOCTPOCHUS TOHITHIH-O00OIICHII ¢ TOMOIIBIO
aKCUOMBI 3 CIeAyeT U3 aKCMOMBI OOBEMHOCTH TEOPHUH MHOXECTB, a
MMOCTPOCHUE MOHSATHI-aCCOIUAINIA C TIOMOIILI0 aKCUOMEI 4 — U3 aK-
CUOMBI pazaenenus [7, c. 16].

5.3.3 IIPABUJIA BBIBOJ/[A

CuHTakcH4eckas MOJIeTh MPEIMETHONW 00JIACTH COCTOUT U3 TIO-
HATHH (onpenenenue §), KaKI0e U3 KOTOPHIX TOJHKHO OBITh BEIBEICHO
C MOMOIIBI0O AKCHOM HCUMCIICHMs] TOHATUM. McuncieHue NoHSTHH,
KaK ¥ TeOpHsI MHOKECTB, HAacJIeyeT MpaBuiIa BEIBOJA U3 JOTHKH TIEp-
BOTO TIOPSAJIKA: TIPABUIIO OTHeTeHuUs (modus ponens) U MpaBmiIo 0000-
menwus [10, c. 62].

Onpeodenenue 18. BeiBoj

BreiBox monstuitHo# mogenu M : {N1, ..., NL} — 310 ynopsuo-
yeHHOe MHOXKecTBO moHsAtu# (N1, ..., Nj, Nk, ..., NL) Takux, 9TO
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npeapiaymme mouatus N1, ..., Nj (6a3oBas MOIeIh) UCIIOIB3YIOTCS
JUTS. BEIBOJIA CIICAYIONIMX MOHATHH NK, ..., NL (HaciemyeMoi Moaeru)
C TIOMOIIBIO aKCHOM HCUYHUCIeHus moHstuii: &= (N1, ..., NL) — BeIBOJI
monxenu M; {N1, ..., Nj} F (N1, ..., NL) — BBIBOI HaclieyeMoil Mo-
nemu M w3 6azoBoit mogenu {N1, ..., Nj}, toe E (F) — cumBoa abco-
JITOTHOH (OTHOCHUTEIIBHOM ) BHIBOJUMOCTH.

ITpumep 16. BeiBoa mOHATHIHON MOIETH

BriBeniem pparmMeHT HOHATHHHO MOAENH U3 ipuMmepa 13:

-E1:(C [1], {1}), E2:(C,[2], {2}), E3:(C,[3], {3}) (ax-
croma 2);

—1,2,3 +Paspan : (G, [1, 2, 3], {1, 2, 3}) (axcuoma 3);

— ®UO, CnemumanpHocTh + Hmxenep : (4, [CrennanbHOCTD,
OUO], {X | Umxenepri(X)}) (axcroma 4).

B nmocnennem BoiBoze cesekTop MHKEHEpbl XapakTepu3yeT dKC-
TEHCHOHAJ MOHATHUS VIHXKEeHep MyTeM pa3pelieHus] COeTUHEHUS CyIL-
HocTtel oHaTuil CnenuansHocTh 1 U O, HanpumMep, Tak:

Nmxenepri(X) «» X[CrnennanbHOCTE | = MeTamurypr A

A X[®HO] = lBanos Ban 1BaHOBHY v

v X[CnemmanpHocTh| = [IporpaMmucT v

v X[®UO] = ITerpos Iletp [leTpoBuy,
rae X — cBoOoHas TepeMeHHast, 0003HavYaromas CyIHOCTb MTOHSATHS
Hmxenep.

Cenexrop MmxeHepsl BKIIOYAET B SKCTEHCHOHAN MoHATHA WH-
xeHep cymnoctu (Meramnypr, Banos VBan BanoBuu), (Ilporpam-
muct, *) u (*, [letpos Iletp IlerpoBuu), rae * — mpoOU3BOIBHBIE BXOXK-
nenus cymuocteit @O n CenmanbHOCT.

3ameTuM, YTO MpaBHJa BHIBOZA, MOJNyYeHHBIE M3 MOHATHIHHON
MOJIETIH, ABJISIOTCS MPaBUJIAMH BBIBOJIA B TIPEIMETHOM 00JIaCTH U UC-
MOJIB3YIOTCS IS TOCTPOSHUS PEAMETHON POpPMaIbHOM TEOPUH (CM.
npumep 10). 3mech ke UCIONIB3YIOTCS MPaBUiIa BEIBOJA MCUUCIICHUS
MOHATHH, C MOMOIIBIO0 KOTOPBIX CTPOUTCS cama IMOHATHHHAS MOJETb.

5.3.4 TUIIBI ¥ KJTIACCBI

Teopema 1. Tunuzanus
s mHOXecTBa moHsTui-3HakoB T : {Nj|j=1, ..., D} cyme-
cteyer moustue-tun 1 : (G, I, E) Ttakoe, uro [=[Nl, ..., ND],
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E={N1, ..., NDj}.

Joxka3zarenbcTBo. CylieCTBOBaHUE MOHATHI-3HAKOB CIEAYET U3
AKCHUOMBEI 2, a CYIIECTBOBAaHHE HCKOMOTO TIOHSATHSI-TUTIA — U3 AaKCUOMBI
3. ¢

TeopeMa | TIO3BOJIIET BHIBECTH BCE KOHEYHBIC MMOHSTHUS-THIIHI,
WCTIOJIb3YEMBIi Ha MIPaKTHKE, KAK-TO: YHCIIO C OTPaHMYCHHOW pa3psiJi-
HOCTBIO TIPEJICTABIICHHUS, CHMBOJI, CTPOKA U T.II.

OpHaKo B MCYMCIICHUH MOHATHIA CIpaBeJInBa U T€OpeMa, B KO-
TOpPO# JTOKAa3bIBACTCS CYIICCTBOBAHUE MOHATHS-KIacca — aOCTpaKT-
HOTO MOHATHSI-TUIIA CO CYSTHBIM 00BEMOM.

Teopema 2. Knaccubukamms

Jns mHOXKecTBa moHATHI-3HAKOB C: {Nj|j=1,2,...} cyme-
ctByeT nonsitue-kiace C: (G, I, E) takoe, uaro [ =[N1, N2, N3, ...],
E={N1, N2, N3, ...}.

Joka3zarenbcTBo. CylecTBOBaHHE CUYETHOTO YHUCIIA TIOHSATHI-
3HAKOB CIIEAYeT U3 aKCHOMBI 2 U aKCHOMBI OECKOHEUYHOCTH TEOPUH
MHOXeCTB [7, c. 16].

BriBenem cemetictBo nmoustuii-tunos {Cj | j =1, 2, ...}, CITOJIb-
3ysl MATEMATUYECKYI0 HHAYKIUIO H aKCUOMY 3, J00aBJIsIs [0 OJTHOMY
MOHSTHIO-3HAKY Ha KaXXJIOM IlIare:

(@®(Cj, Chk, NK) | C1=N1 Aj=k+1 Ak=1,2,...}.

B npenene (py WHAYKTUBHOM IMEPEX0/Ie) NOIyIaeM CYIIECTBO-
BaHHE UCKOMOTro noHATHs-Ki1acca C CYETHOrO 00beMa. ¢

5.3.5 AKTYAJIM3ALIMA MOJEJIEH

Teopema 3. Hacelienue u yceuenue

Jns mroboro monsTHsA-acconuanuu N : (4, [, E) cymecTByer
HacHIMIeHHOE (yCeUeHHOEe) ToHsITHe-accormarust Nx : (4, I, Ex) Ta-
koe, uto E < Ex (E 2 Ex).

Joka3zareabcTBO. M3 akcHOMEI 4 ClieTyeT, 4TO MOHATHE-aCCOIH-
aIusl MOXET OBITh BEIBEICHO C TEM K€ WHTCHCHOHAJIOM, HO C PaCIIH-
PEHHBIM (YCEUCHHBIM) SKCTEHCHOHAIOM, TIOCKOJIBKY SKCTEHCHOHA —
3TO JIF000€ MMOAMHOXKECTBO JI€KapTOBa MPOU3BEACHUS aTPHOYTOB I10-
HATHA. JIJIS 3TOrO ciydas CyHIECTBYET CENeKTOp GV O (G AY), Tae
0 (y) — normueckast popmysa, KOTopasi BEIOMpaeT HOBBIC (MCKIIOYACT
HUMEIOIIUeCs) CYIIHOCTH SKCTEeHCHOHana Ex. ¢
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W3 Teopemsr 3 cieayeT, 9To CYITHOCTE PEIMETHOM 00J1acTH SB-
JSieTCsl TIOJTHONPABHBIM MOHATHEM. [leiCTBUTENBHO, yceKasl SKCTEH-
CHOHAJI MOHATHSI 10 COCTOSHMSA, KOTJa B HEM OCTAaeTCsl BCETrO OJHA
CyIHOCTh Ex, nMeeM noHsATHe-CymHocTs Nx : (A4, I, {Ex}).

Teopema 3 mMo3BOJISET aKTyaTU3UPOBATH MOHATHHHYIO MOAEIH C
MTOMOIIBIO TAKHUX OMEpaInii, Kak yiajeHne U 100aBJIeHNe CYIIIHOCTEH
B OKCTCHCHOHAJIBI TOHITHH. KpoMe Toro, Teopema 3 mo3BosieT co3a-
BaTh HOBBIE MOHSATHS C TOMOIIBIO 3a[IPOCOB, BEIOMPAIOIIUX CYITHOCTH
U3 SKCTEHCHOHAIA OAHOTO MOHITUA-aCCOLUALNN [T BKJIIOYCHHS HX
B OKCTEHCHOHAJ MOI00HOTO MOHSTHSI.

5.3.6 PABEHCTBO CVII[HOCTEH

Onpedenenue 19. PaBeHCTBO cylHOCTEH

CymHoctr X 1 Y paBHBI, €CITU U TOJIBKO €CJIA PaBHBI CYIIIHOCTH
ux aTpudyToB, X =Y <> Vj (X [j] = YTj]). ¢

s obecniedyeHrsI BBHITTOJIHUIMOCTH OTpeaesieHus 19 ¥ MmoBkIIIe-
HUS O PEKTUBHOCTH PeaIN3aIy OHATHHHBIX MOJIEIIEH:

— MHTCHCUOHAJIBI TIOHATUH OTCOPTUPOBAHKI B JICKCUKOTpadmue-
CKOM mopsizike (omnpenaeneHue 6);

— IS OTCYTCTBYIOILIETO aTpUOyTa y CYIIHOCTH (DYHKTOP BO3Bpa-
IIaeT MyCcToe MoHsATHe (onpeaeieHne 22);

— IIyCTOE TIOHITHE HE paBHO camoMy cebe (akcroma 1).

Onpedenenue 2(. ImeHa CyntHOCTEH

Ilycte X — cymHoCcTh HekoTOporo nousTHs. Torma Name(X) —
(hYHKTOP, BO3BPAIAIOIIHIA UMS CYIIHOCTH X, ONIPEeIsIeMbIil peKyp-
CUBHO:

— ecnu X — CYITHOCTh NMOHATHS-3HAKA, TIOHSATHSA-TUTIA WIN TTOHS-
THs-KI1acca, To Name(X) = X;

—eciau X — CYIITHOCTh ~ MOHATHSA-acconmanuu, TO Name(X)=
{Name(X[1])e...*Name(X[D])}, tne D = Degree(N) — creneHb MOHS-
THUS CYITHOCTH;

— eclid X — CYIIIHOCTh TOHSATHA-00001IeHusl, TO UM X paBHO
WMEHHU CYNIHOCTH TIOHSATHS-3HAKA, TOHATHUS-THITA WA OHSATHSI-ACCO-
IUAIU, KOTOPOMY IPHHAIICKUT X. ¢

N3 onpenenenns 20 BUAHO, YTO UM CYITHOCTH 33aJ1a€TCS aTpHU-
OyTamMH TOHSTHSI-aCCOIMALNU WIIA TIOHSITHSA-3HAKa, MMOCKOJBKY WH-
TEHCUOHAJ TIOHATUSA-0000IIEHUS HE ONUCKHIBACT CTPYKTYPY IMOHSATHS,
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a 3a71aeT JINITHF MHOYKECTBO 00001IaeMbIX MTOHATHH (akcuoma 3).

Mpumep 17. Uma cyuHOCTH

MMeHeM HEKOTOPOi CYIIHOCTH MOHATHSA-ACCOLIUAIMH Y YaCTHUK
(cm. puc. 1) moxer ObiTh {B*{Metamnypre3+/Banos lBan Bano-
BHUY}}, e B umsa cymuocti monstus-tuia bpuraga, Meramnypr —
ums cylHocTH nouatusi-runa IIpodeccus, 3 — UMs CyIIHOCTH TOHS-
tusi-tuna Pa3psa, sanoB Ban MBaHOBHWY — MMSI CYIIHOCTH TOHS-
tus-tuna ®UO. B cBoro ouepens {Metamrypre3+lBanos Ban WBa-
HOBHY} — MM$ CYLIHOCTU NOHsTHA-acconmanuu Pabouwnii. [Topsimox
MIEPEYUCIICHUS UMEH — KaK B MHTEHCHOHAJaX COOTBETCTBYIOIINX I10-
HATUI-accoLMalni. ¢

W3 akcuomsl 4 cienyer, 4To CyLIECTBYIOT IIOHSATHA C OJUHAKO-
BbIM MHTEHCHOHAJIOM U Pa3JIMYHBIMHU SKCTCHCHOHANaMu. Toraa y Ta-
KHX MTOHATUHA MOTYT OBITH paBHBIE CYITHOCTH.

Teopema 4. PaBeHCTBO cymHOCTEH

CyIHOCTH paBHBI TOTAA U TOJIBKO TOT1a, KOT1a OHU UMEIOT OIH-
HaKOBbIC UIMEHA,

X1 =X2 & Name(X1) = Name(X2).

HoxazarenbcTBo. 13 onpenenenns 20 cnemyeT, 4TO IMEHA CYTII-
HOCTEH COCTOSIT U3 MMEH MOHITUH-3HAKOB, KOTOPbIe YHUKAIBbHBI (aK-
croma 2) U MOTYyT OBITh TIPOHYMEPOBAaHEI, a OJarogaps MUCIOJIb30Ba-
HUIO pa3JIeNIUTeNII UMEH U (PUTYypHBIX CKOOOK HEOJIHO3HAYHOCTEH B
CTPYKTYPUPOBAHHH COCTABHBIX UMECH HE BO3HHUKACT.

Torga u3 onpeaenenus 19, akcuom 3 u 4 cienyer, 4To UMEHA
CYITHOCTEH MOKHO CpAaBHUBATh, & PaBHbIE CYITHOCTH UMEIOT OJUHA-
KOBble UMeHa. BepHOo 1 00paTHOE: eciii CYyITHOCTH UMEIOT OJNHAKO-
BBIE IMEHA, TO OHU PaBHBL. 4

Teopema 4 mo3BoiseTr peanu3oBath d(H(HEKTHBHBIN TOUCK PaB-
HBIX CyIIHOCTEH B 0a3e 3HaHWM. [ Takoro mowcka JOCTaTOYHO
CPaBHHUTh MMEHA CYITHOCTEH 0e3 jocTyma K ux arpudyram. boiee
TOTO, €CJTM IPOHYMEPOBATh MOHITHSA-3HAKH MTPEIMETHON 00I1acTH, TO
CpaBHEHHE HMEH CBOJWTCS K CpPaBHEHHUIO IOCIE0BaTEIbHOCTEH
HATYpaJIbHBIX YUCEII, pa3JelIeHHBIX TOYKaMU U CTPYKTYPHPOBAHHBIX
(UrypHBIMH CKOOKaMHU.

IIpumep 18. CpaBHeHNE UMEH

IlycTh NMOHATUSA-3HAKKW HEKOTOPOW MPEAMETHOW 001acTH — 3TO
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Abc, 12,3, 0x2359AD, 73, 15.05.2021. IIporyMepyeM UX B JTEKCHKO-
rpaduyeckom mopsake: 0x2359AD ~ 1, 12,3 ~2, 15.05.2021 ~ 3,
73 ~4, Abc ~ 5, Tne ~ — oTHomIeHHe cooTBeTCTBUsL. [lycTh Takxke 00-
pa30oBaHbBI TOHATHS C CYITHOCTSMH, UMEHA KOTOPBIX M UX YHCIOBBIC
OKBHUBAJICHTHI TaKHE:

73 ~4,

{15.05.2021+0x2359AD} ~ {31},

{15.05.2021+0x2359AD*73} ~ {3+1+4},

{Abc*{12,3415.05.2021}} ~ {52{23}},

{Abc*0x2359AD*{12,3+73}} ~ {51{2+4}}.

Torma cymmoct {3+1} m {31} paBHBI, CymHOCTH {314}
OompItie cymHOCTH {3¢1}, a cymHocTH {5°{25}} 1 {5¢1¢{2+4}} He-
CpPaBHUMBI T.K. CYIITHOCTE {2°3} HE cpaBHUMA C CYITHOCTHIO 1.

B npukiiaqHOM M1aHe OTHOIIIEHUE PABEHCTBA CYIIIHOCTEH IPOBE-
pSAETCS CpaBHEHHEM YHCIOBBIX HICHTH()DHKATOPOB CYITHOCTEH (CM.
npumep 8) U, ecnu UACHTU(UKATOPHI HE PABHBI, TO CPABHECHHEM UX
HMIMEH.

5.3.7 CHTHATYPA MOJEJIH

CenexTopsl, HCIOIb3yeMble B UCYHUCICHUW TOHSATHH, OTIINYa-
FOTCSL OT CEJIEKTOPOB Si3bIKa MOHATUH. B s13b1Ke MOHATHI CENEKTOPHI —
9TO MMEHA TIOJMHOXECTB (ompenencHue 11), a B HCUHUCIICHUH TTOHS-
THH — 3TO JIoTHYecKue PopMyisl (akcuoma 4).

Curnarypa MOHATUHHOW MOJETN — 3TO MHOXKECTBO TIPEIUKATOB,
()YHKTOPOB ¥ OTHOIICHHI, KOTOPBIC HCIIOJIB3YIOTCS B JIOTUYECKHX
(dhopMynax Juisi BRIpaXEHUsI SKCTEHCUOHAJIOB, a TaKKe B 3ampocax K
Oaze 3Hanwmit (cM. mpumep 11).

Onpedenenue 21. llpennkatol

IIycts N — monstue. Torma N(X) — npeaukaT MpUHAICKHOCTH
cymHocTy X skcteHcnoHay noHstust N, N(X) <> X € Ext(N). ¢

Onpedenenue 22. DyHKTOPBI

Ilycte X — cymHocTh. Torna X[j] — pyHKTOp, BO3BpAIIAIOIIHIA
CYIITHOCTH (3HaYeHHUe) j-To aTpudyTa CYITHOCTH X WIIH ITyCTOE TTOHS-
THE €, €CJIH Y CYIITHOCTH X HET aTpuOyTa ¢ HOMEPOM (UMEHEM) j. 4

N3 npakTHuecKknx cooOpakeHUi MOMUMO (JYHKTOPOB, M3BJICKA-
FOIIUX 3HAYCHUS IPOCTHIX TUTIOB JTAHHBIX WK HICHTHU(PHUKATOPHI CYIII-
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HOCTEH aTpuOyTOB MOHATHS, MOT'YT HCIIOJIH30BAThHCS U Apyrue QpyHK-
TOPHI, O0IIKE /IS BCEX MOHITUMN, HapuMep: (YHKTOPHI HAUMEHOBa-
uus Title(X), uxonku Icon(X) (cm. mpumep 7), umenu Name(X), ac-
niekta Aspect(X), konuenra Concept(X), uncna arpudytoB Degree(X)
1 T.1. (CM. otipeziesieHue 6).

IIpu co3zmanny UCTOPUIECKUX 0a3 3HAHUI OTpaKEHNE BPEMCHH B
TTOHATUIHOW MOJIEITH MOXKET OBITh peaTu30BaHO JOOABICHHUEM OOIINX
(h)yHKTOPOB BpPEMEHU, BO3BPAIIAIONINX BpeMs nosBieHus Descent(X)
1 ucue3HoBeHUs Ascent(X) cymuocTH X.

Onpedenenue 23. OTHOIICHUS

OTHOIIEHNS TTOHATHHHONW MOJIEIH — 3TO OTHOIICHHUSI PAaBCHCTBA
= U nopsiaKa <, 3a/laHHbIC HA MHOKECTBE HATYPAILHBIX YHCEIL. ¢

OcHoBaHHEM JUTsI BKIIIOUYEHHS B CUTHATYPY TOHATHHHOW MOJCITH
TOJIBKO JIBYX OTHOIIICHUH M WX JOCTATOYHOCTH JIJISl Pa3peIICHUS DKC-
TEHCUOHAJIOB MOHATUN HETIOCPEJCTBEHHO CIIEAYET U3 TEOPEMBI 4, T/Ie
CPaBHEHHUE CYIIHOCTEH CBEJICHO K CPABHCHHUIO MOCIIEI0BATEIIEHOCTEH
HATYpaIbHBIX YUCEN — B TEOPETUIECCKOM IIJIaHE, U CPABHCHHUIO 3HAYe-
HUI BCTPOCHHBIX THUTIOB JaHHBIX, KOTOPBIC KOJUPYIOTCSI TEMH JKe TI0-
CJICZIOBATEIHLHOCTSMU HATYPATbHBIX YUCEIl, — B IPUKIIATHOM TLIaHE.

OnHako, U3-3a HATUYHS PUTYPHBIX CKOOOK CYIITHOCTH OKa3aJINCh
YHOPSA0OYCHHBIME TOJBKO YacTHYHO (cM. mpumep 18). Ho u wacTuu-
Hasl YIOPSIIOYEHHOCTh — JOCTATOYHO CHJILHOE CBOHCTBO, MOBBIIIAO-
mee 3¢pheKTHBHOCTh 00pabOTKH 3HAHUH.

B utore nmeem, 4To CUTHATYpa MOHATHIHHOM MOJICTTH COCTOUT U3
OJTHOMECTHBIX TIPEINKATOB, OJTHOMECTHBIX ()YHKTOPOB, & TAKXKE OTHO-
IIICHUH paBEHCTBA U MOPS/IKA, 33JaHHBIX Ha MHOXECTBE HATYPaIbHBIX
quCel.

W3BecTHO, 4TO OJHOMECTHOE HMCUWCIICHUU MPEIUKATOB (aHII.
pure monadic predicate calculus) mmMeeT MHOTO TTOJIC3HBIX CBOKCTB,
JIETArOIINX €T0 TMTOX0XKMM Ha MCYUCIICHNE BhICKa3bIBanuii [10, c. 24].
Ho Hannuvie pyHKTOPOB U OTHONICHUI B CUTHATYpE MOJEIH HE 03~
BOJISIET CJIENIaTh 3aKJIFOUEHUE O TOM, YTO B UCUUCICHUH TOHSATHIH JIO-
rudeckue GopMyIbl SBISIOTCA (POPMyTaMHu OJHOMECTHOTO HCUYHCIIE-
HUS TIPEUKATOB.

Teopema 5. OqHOMECTHOE UCUHCIICHUE TIPETUKATOB

Jlormyeckue GOpPMYIIBI, HCTIOIB3YEMbIE B UCUUCIICHHN TTOHATUH
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JUTS BBIPQ)KEHUS SKCTEHCHOHAIIOB, SIBISIFOTCS (hOpMyTIaMH OTHOMECT-
HOT'0 UCYHUCIICHHUS TIPEAUKATOB.

Hoxa3zaTenabcTBo. Bee Bxoxkaenus noadopmyn y(X, Y) ¢ pyHk-
TOpaMH M OTHOLLICHHUSMH B JIOTHYECKYIO (POPMYITY (0 MOTYT UMETh CJIe-
Tyrorui B (cM. ipumep 11):

X=Y, X[jl+Y; X=+Y[kl; X[+ Y[k,
rae X u Y — cymuocty moHsaTHi, X[j] u Y[k] — dyHKTOpHI, BO3Bpama-
IOUINI 3HaYEHHE j-T0 aTprlyTa CyIHOCTH X U k-ro aTpudyTa CyLIHO-
CTH Y; + — OTHOLLECHHS MEKAY CYITHOCTSIMHU.

Tak xak ¢popMmyna ¢ UCHONb3YeTCs AJIsl pa3pelleHNs] IKCTEHCHO-
HaJa MOHATHA, TO HE MEHee YeM OJIHa IlepeMeHHast u3 IBYX B Y(X, Y)
SIBJISICTCS] CBSI3aHHOHN. be3 moTepu oOmHOCTH BeIOEpEM B ¢ mmoadop-
mynny QY y(X, Y), rne QO — cBsa3piBarommii kBautop mis Y. [lycts P —
CBOOOIHBII NpeANKAaTHBIN CUMBOJL, HE BXOJSIINHI B GOpMyny @, U ¢ —
¢dopmyna, moyueHHas u3 ¢ 3ameHor Bxoxxaenuid QY y(X, Y) npenu-
katoM P(X). Torma dopmynsl ¢ u ¢ A VX P(X) <> QY y(X, Y) sxBu-
BaJICHTHEI.

IIponenaB aHamOTHYHBIE MOACTAHOBKU IS BCEX BXOXKICHHH
y(X, Y) B ¢ u nobaBuB npeaukatsl P(X) B CUTHATYpy MOJACIIH, TTOJTY-
guM Qopmymy ¢, HE COASPKALIYIO BXOKACHUH (YHKTOPOB U OTHOILIE-
HUH, a COCTaBIECHHYIO TOJIBKO U3 OAHOMECTHBIX MpeauKaToB. UTo Tpe-
00BaJoCh JI0Ka3aTh.

CrnenyeT 3aMeTUTh, YTO B OJJHOMECTHOM HCUHCIECHUH TpeanKa-
TOB HET OTPaHWYECHHWH Ha MOUIHOCTH CUTHATYpHl Mojaenu. OmHaKo
cama CHUTHaTypa 3HaYUTEIHHO OTPaHUINBAET BRIPA3UTEIHHOCTH JIOTH-
YeCcKOTo s3bIKa (aHrI. expressivity of logic).

JJis KOHIeNTyanbHBIX MOJEINEH Takke ObUIH IPeNpPUHSTHI MO-
MBITKYA OTPAaHUYHUTD BBIPA3UTEIbHOCTD JIOTHUECKOTO SI3bIKA ITyTEM HC-
MOJIb30BAaHUS JAECKPUIITHOHHBIX JIOTHK. J|eCKPHUIIIMOHHBIE JIOTHKH
CTPOSITCSI Ha OAHOMECTHBIX IpenuKaTax NPUHAAIEKHOCTH DK3EM-
IIsipa KOHIENTY M ABYMECTHBIX TpEAMKaTax poyield (OTHOIIEHHI
MEXIY IK3EMIUIIPaMH).

s cBeneHus] AECKPUNLIUOHHON JIOTUKHA K OJHOMECTHOMY HC-
YHUCJICHUIO NPEAMKATOB HCIONb30BAaHUE POJIEH OrpaHWYCHO KOH-
crpykmusiMu VR.C u 3R.C, KOTOpBIe CBOAAT MPUMCHEHHE JBYMECT-
HBIX TIPEJUKATOB JUIA pa3pelieHus MHOXECTB D3K3EMIUIAPOB K
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OJTHOMECTHBIM, CBSI3BIBasl BTOPYIO TIEPEMEHHYIO POJU R 3K3eMILIs-
pamu koHuenra C [13, c. 50, 150]:

VR.C={a|Vb R(a, b) —> C(b)};

JR.C = {a[3b R(a, b) A C(b)}.

DTO TMO3BOJWIO MOOUTHCS Pa3pemruMOCTH (HOPMYT U OTHOCH-
TEJIEHO HEBBICOKOW BBIYHCIUTENLHON CIIOKHOCTH PEIICHUS OCHOB-
HBIX 32124 MPEJICTABJICHUS 1 00pabOTKY 3HAHHUU B JCCKPHUITIIUOHHBIX
JIOTUKAX.

B MoHATHITHBIX MOJIENSIX YAJIOCH ele 0oJiee MOHU3UTh BhIPa3u-
TEIHHOCTh JIOTUYECKOTO s3bIKa. OTCYTCTBHE B SI3BIKE JBYMECTHBIX
MIPEAMETHBIX ITPEAUKATOB (POJICH) TIO3BOJISET HAIEATHCS Ha OOJIBIITYIO
3¢ GexTHBHOCTL 00pabOTKM 3HAHUH B (hOpMaTN3Me TOHATHHHBIX MO-
JieTieH 1o CPaBHEHHIO C MOJIEJISIMU JIECKPUTIIIHOHHBIX JIOTHK.

5.3.8 [IPUBEJJEHHA MOJ/I[EJIb

IIpuBeneHHast MOHATHHHAS MOJIETHh HE COAEPKHUT PABHBIX MOHS-
THi (onpenencaue 15).

Teopema 6. [IpuBeneHHast MOIENb

s 11000#i MOHATUITHOM MOAETH CYILIECTBYET SKBUBATICHTHAS el
MPHUBEICHHAS TIOHATHITHAS MOJIEb.

JoxazaTenbcTBo. J[1s ceMaHTHYECKOM TEOpPUHU CYIIECTBYET
TporieIypa MPUBEICHUS MMOHATHHHBIX Mozenel (cM. pumep 14). B
OTJIIMYHE OT CEMAaHTHYECKON TeOpHUH B NCUYHUCICHUH ITOHITHI CpaBHe-
HUIO TIOJUICKAT HE YHHKAILHBIC UMEHA CEJICKTOPOB, a JIOTUYCCKUE
(hopMyIIBI, X BEIpaXarolue.

Jlorudeckue (GOpMyIIbI B MCUMCIICHUU TIOHATUH BBIPAXKAIOTCS B
OJTHOMECTHOM HCYHCIICHHH PETUKATOB (Teopema 5), KOTopoe pa3pe-
mumo [10, ¢. 221]. Otcroma ciaeayeT U pa3peurnMOCcTh MPOOIIEMbI K-
BHUBAJICHTHOCTH JIOTHYECKHX (DOPMYNI ¢ OJHOMECTHBIMH TpEIHKa-
TaMH.

JeiicTBUTENBHO, 10KA3aTEIbCTBO Pa3pelIMMOCTH (HOpMYI B OJI-
HOMECTHOM HMCYHCIICHUU MPEAUKATOB CBOJIUTCS K TMPOBEPKE BBHITION-
HUMOCTH (POPMYITBI HA KOHEYHOM MHOYKE€CTBE TOUEK 00J1acTH OTpee-
JICHUSL.

[IpuMeHNB aHAJOTHYHYIO MPOLEAYpY A ABYX (HOpMyI, 3a1aH-
HBIX Ha OOIEM MHOXXECTBE IPEAMKATOB, MOXHO CIIENIaTh BBIBOJ 00
SKBHUBAJICHTHOCTH (DOPMYII, €CJIM OHH BBITIOJTHHMBI Ha OJTHOM W TOM
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KC IIOAMHOKCCTBEC TOUYCK obracTu OIIPEACIICHUA U TOJIBKO Ha HEM.

CJ'ICI[OB&TCJ'II)HO, CYHICCTBYCT pouecaypa NpuBCACHUA TTOHSITUI-
HBIX MOI[GJIeﬁ M B CHHTaKCHUYECKOM TCOpHH. ¢

I[HH YMCHBUICHUA M30BITOYHOCTH JAaHHBIX, XpaHUMBIX B Oaze
3H3HPII>1, " YCTpaHCHUA IMOTCHINAJIBHBIX HeOHHOSHaqHOCTCﬁ, CBs3aH-
HBIX C MMEHOBAHHUEM OJTHOT'O U TOI'O IMOHATHUA Pa3HBIMU UMCHAM, IIpU
MMOHATUIHOM MOACIIUPOBAHUN HCIIOJIB3YIOTCA TOJIBKO IPUBEIACHHBIC
MOACIIN.

5.3.9 CHHTAKCHYECKAA PA3PELLIUMOCTD

Hcuncienne MOHATHI pa3peinmMo, eIl CyIecTByeT (D PeKTrB-
Has MPOLEAypa pacro3HaBaHus (POPMYNT UCUUCIICHUS, COJCPIKAIIUX
MOHSITUHHBIC ITUKJIIBI U IyCTHIE MOHATHS (omnpeaencHue 17).

Teopema 7. CuHTaKCHUYECKasl Pa3pelINMOCTh

Hcuucienne NoHATUNA pa3peliumo.

JokazarenbcTBo. POpMyIIBl, MOPOXKIAEMBIE UCUHCICHUEM TI0-
HATHUI, OTIINYaeTcs OT POPMYII S3bIKa TIOHSATHI TOJIBKO CEIEKTOPaMH,
KOTOpBIC B WCYHCICHHU TMOHATUH SIBISIFOTCS JIOTUYECKUMH (HOPMY-
namu (akcuoma 4), a Ha SI3bIKe IOHATUH — IMEHAMU MHOXKECTB (Oompe-
nenenue 11).

OTcrofa crneayeT, 9TO B UICUMCIICHUN TTOHATHN HAIMYHe B TTOHS-
TUIHOW MOJIENH ITUKIIOB MIPOBEPSETCA TOM K€ MpoIeaypoil, KoTopas
HCIIONIB3YETCSI M B CEMAHTHYECKON TEOPUH (YTBEPKIACHUE 2).

Tenepsb ocTanaock A0Ka3aTh Pa3peluMOCTh B UCUHCICHUN TTOHS-
TUH MPOOJIEMBI ITyCTOTHI SKCTCHCHOHANA. PaHee moka3aHo, 4To SI3bIK
MOHSTUN paspemuM (yTBepkaeHue 7). CliejoBaTebHO, 10Ka3aTeIh-
CTBO Pa3pemmMOCTH MUCUUCIICHUSI TIOHATUH CBOJIUTCS K JOKa3aTeib-
CTBY BBITIOJTHUMOCTH JIOTHIEeCcKuX ¢dopmyir (anri. satisfiability), uc-
MOJIB3YEMBIX JIJISI BRIPAYKEHHS SKCTEHCHOHAJIOB.

Jlorudeckue hOpMyIIbI, HCITOE3YEMbIC B HCUUCICHUY TTOHSTHHA,
MPUHAJUICKAT OTHOMECTHOMY HCUUCIICHUIO MPEANKATOB (TeopeMa 5),
KOTOpO€ pa3pelIrMMo Ha cueTHbIX Mojemnsx [10, c. 221]. Oro no3so-
JISIeT IPOBEPUTH CEIEKTOP Ha BHITIOTHUMOCTH IPOIIE Iy PO, aHATIOT 1Y -
HOH TIporieype U3 JOKa3aTeahCTBA TeopeMbl 6. B 3TOM cirydae BHI-
MOJTHUMOCTh CEJIEKTOpa XOTS OBl B OJHOW TOYKE TapaHTUPYET
HEMYCTOTY COOTBETCTBYIOILIETO MOHSATHSL.

B urore pa3penmMocTh UCUUCTICHUSI IOHITHI JOKa3aHa,
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5.3.10 HE[IPOTHBOPEYHUBOCTb U [10JIHOTA

Teopema 8. CuHTaKCHUECKasI HETIPOTHBOPECUUBOCTH

Hcuncnenne MoHATHH HEMPOTHBOPEUMBO HA KOHEYHBIX U CUET-
HBIX MOJIEIIAX.

Jloka3zaTeabcTBO. S3bIK TOHATUI HEMPOTHBOPEUUB (YTBEPK/IE-
Hue 3). UToObl 10Ka3aTh HEITPOTUBOPSYUBOCTH UCUHCIICHHS TIOHSATHH,
JIOCTATOYHO J0Ka3aTh HEMPOTHBOPEUYNBOCTH TECOPUU MHOXKECTB, (op-
MYJIbI KOTOPOU Ha S3bIKE OJHOMECTHOTO UCUUCIICHHS TPETNKATOB HC-
MOJIB3YETCS I BRIPAKEHUSI SKCTEHCHOHAJIOB TIOHATHI (Teopema 5).
JlokazaHo, 9TO Teopusl HATypaJIbHBIX YHCENl HEMpOTHBOpedrBa [7,
c.27]. Torna u ucyucieHUE MOHATUN HEIPOTHUBOPEUUBO HA KOHEU-
HBIX U CUCTHBIX MOJICIISIX. 4

Teopema 9. CuHTakcHUYecKas MOJIHOTA

Wcuncnenne NOHATHI ABISETCS TOJTHBIM HAa KOHEYHBIX MOZETISX.

JoxkazarenbcTBo. CeMaHTHUECKAs TEOPHS MTOTHA (YTBEPIKIEHUE
4). YtoOB! moKa3aTh IOJHOTY HCUYHMCICHHUS MOHITHH OTHOCHTEIHLHO
CEMaHTHYECKOU TEOPHH, TOCTATOYHO JIOKA3aTh MIOJTHOTY TEOPUU MHO-
KECTB, KOTOPAsl HCIIOJIb3YETCSI B UCUMCIICHUH TIOHSATHH JIJISl BRIpaXe-
HUS 3KCTEHCHOHAJOB. [1oTHOTa TeopHst MHOKECTB JIOKa3aHa TOJIBKO
JUTE KOHEYHBIX MOJIEJICH, a Ha CUETHBIX MOJETSX TEOPHUS MHOXECTB
CYIIIECTBEHHO HeromHa [7, ¢. 27]. CiiemoBaTeIbHO, HA CICTHBIX MOJIC-
JISTX HETMOJTHBIM OYAeT W MCYUCIICHUE TIOHSATHHA.

6. 3aknroyeHue

[IpuHIHUITHATBHBIM OTIMYHEM PACCMOTPEHHOTO MOAX0/a K aHa-
JU3Y U MOJAETHPOBAHUIO MPEIMETHBIX 00JacTel, MPEACTaBICHUIO U
00paboTKe 3HAHWK SBIISETCS HMCIOIL30BAaHUE TIOMHMO (GopMaIbHOU
JIOTUKU €Ie OJTHOTO CEeMaHTHYeCKOTO HWHBapHaHTa — (hOpManbHOM
Teopuu MOHATUH. PopMabHas JIOTHKa OCHOBaHA Ha TPEX JIOTHIECKHUX
cesaskax (HE, U, MJIN), koTopble HCMOMB3YIOTCS ATl MOCTPOCHHS
(hopMabHBIX BBICKA3BIBAaHUH, a OpMalibHAs TCOPHs MOHATHI — Ha
TpeX MEHTAIbHBIX a0CTpakiusax (UACHTU(UKAIUS, aCcCOIHAIMS,
0000111eHHE), KOTOPBIE UCITONIB3YIOTCS IJIS MTOCTPOCHUS (hOPMaITbHBIX
MIOHATHUH.

CeMaHTHYECKUMU CpencTBaMu (popMaabHOW TEOPHH TTOHSATHH,
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JENAIOTUMH €€ MHBAPUAHTHON MPEAMETHBIM 00JIacTsIM, SIBIISIFOTCS:

— UMEHOBaHUE CYITHOCTEH MPEAMETHOM 00JIACTH TPU UACHTU(DH-
Kalluy ¥ 00pa30BaHUE MEPBUYHBIX CEMAHTUICCKUX KATETOPHI;

— 00bEeIMHEHHNE B KAKOM-TTHOO CMBICIIC CYIITHOCTEH MPEAMETHOM
obnactu pu 0600IICHAH;

— COCIMHCHHE CYITHOCTEHW MpPEeIMETHON 00JIaCTH IPH accollra-
LM TaK, YTO CMBICI TAKOTO COEAMHEHHS 3aKTI0UaETCs B CO3aHUH CO-
CTaBHBIX (YKPYIMHEHHBIX ) CYIIIHOCTEIH;

— TepeyHucieHre CyITHOCTEe! MpeaMeTHOM 0bacTu mpu 060011e-
HUU U aCCOIMAINY B CMBICIIC OTPAHUYCHUS CYIIICCTBOBAHUS ITOX0XKUX
CYIIHOCTEH.

AHanu3 ¥ MOAENUPOBaHUE Ha3BaHBI MOHATUHHBIMHU, YTOOBI OT-
JUYATH WX OT KOHIENTYAIBHOTO aHAlIN3a U KOHIENTYaIbHOTO MOIe-
nmupoBanus. [lonsTre oTiimuaercs oT koHienTa. Konmnenr — 3to abd-
CTPaKTHOC OOBCKTHBHOE TIOHATHE, a MOHATHE — KOHKPETHBIH
CyOBeKTHUBHBIN KOHIENT. [0 3TOM MpUYUHE CYIIECTBYET MHOXKECTBO
(hopMabHBIX MOHATHUN, UMEIONIINX OJHO M TO K€ MM, HO pa3HbIe
CTPYKTYPY H COJAEpIKAHUE B PA3IMYHBIX acleKTax (MpoOIeMHBIX 00-
JIacTAX). B 9TOM cilydae KOHIIENT MOXKET OBITh OTIPEEIICH Kak 0000-
IICHUE OJTHOMMEHHBIX TIOHSATHH B Pa3IMYHBIX aCTICKTaX.

®dopmaibHas TEOpHsl MOHATUN COCTOWT W3 sI3bIKA MOHATHH (ce-
MaHTHYCCKas TCOPUS) U UCUUCIICHUS MTOHITHH (CUHTaKCHYEeCKas Te€O-
pusi). SI3BIK MOHATUN MCTIONB3YEeTCs ISl OMUCAHUS MPEIMETHBIX 00-
JlacTeii B mpouecce MNOHATUWHOrO  aHanu3a. Pe3ynbratoM
MOHSATUHHOTO aHAllW3a SBJSIETCA TIOHATHIHAS CTPYKTypa, CoAepKa-
asi UHTEHCUOHANBI MOHITHH (MHOXECTBAa MOHSATHH, UCIOJIH30BaH-
HBIX JUIsl UX a0CTparupoBaHus), HO 0€3 JIeTaIbHOTO OIMMCAHUS YKCTCH-
CHUOHAJIOB TMOHATHA (MHOXECTB CYIIHOCTEH, MPUHAIISKAITIX
nmoHsTUsAM). CeMaHTHYeCcKasi Teopus MOHITUN OKa3anach pa3pemiu-
MOM, HETIPOTUBOPEUNBOM U TTOJTHOM.

Hcuncnenne NoHATUN UCTIOIB3YETCS AJI HOHITUIMHOIO MOJEIIN-
poBanus. Pe3ynbraToM MOHATUHHOTO MOACITUPOBAHUS SIBIISICTCS TIO-
HATUWHAS MOJIEb, COCTOSAIIAS U3 MOHATUHHOU CTPYKTYPBI, Y KOTOPOI
AKCTEHCHOHABI IOHSATHI BBIPAXKEHBI B BUIC (POPMYITBI OTHOMECTHOTO
VCYHCTICHUS TIPEUKATOB C OTHOIICHUSMH PAaBEHCTBA M MOpPsSAKAa Ha
MHOJKECTBE HaTypaJbHBIX yucell. CHHTaKCHYecKas TEOpHs MOHATHHA
0Ka3zajach pa3peliuMoi 1 HEMPOTUBOPEUUBOM HA CUETHBIX U MOJHOM
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Ha KOHEYHBIX MOJIENIAX. brarojapsi MOHMKEHUIO BBIPA3UTEILHOCTH
JIOTUYECKOTO S3bIKa, UCIOJIB3YEMOTO B MCUUCIICHUU TOHITHHA, CHU-
JKE€HAa BBIYUCIIUTENBHAS CIIOXKHOCTH 33/1ad MpPEJCTaBIICHUS U 00pa-
OOTKY 3HAHUII 110 CPABHEHUIO JIECKPHUITIIMOHHBIMU JIOTUKAMHU.
®dopmanpHas TEOPHs MOHATHH SABISETCS (opMaabHOU TeopHeH
MOHSATHHHBIX MOJIEJEH, a caMH MOHSATHBIE MOJIENU — (hOpMaTbHBIMH
TEOPHSIMU IPEJMETHBIX 00J1acTei. DTO MO3BOISET pacCMATPUBATH O~
HSATUIHYIO MOJICITb KaK OPMY MPEICTABICHHUS 3HAHUH O TIPEMETHOM
00J1acTH, a TAKXKE OCYIIECTBIISATH BBIBOJ MPEAMETHBIX 3HAHHIA.

OCHOBHasl TPYTHOCTh HCITOJIb30BaHUS TOHATUHHBIX MOJIEJICH BH-
JITCS B HEOOXOJIUMOCTH HCIIONB30BaHHUS HOBOW METOJIOJIOTHH aHa-
JU3a ¥ MOJETHPOBAHUS MPEJAMETHBIX 00NacTeil, a TakkKe HOBOW TeX-
HOJIOTUH TIPENCTaBIeHUS U 00paboTku 3HaHWU. OIHAKO BBICOKAS
3¢ (HEeKTUBHOCTD U BHIPA3UTEIILHOCTD PEATN3yEeMbIX MOJIENICH 3HAHUH,
WX JICTKasl aKTyaJu3alus U aJantaiys, He MPUBOIAIIAsS K BOSHUKHO-
BEHHUIO CKPBITHIX MPOTUBOPEYHI, TTO3BOJISIOT HAJCITHCS HA IITHPOKOE
BHEJIPCHUE TOHSITUHHOTO MOJICITMUPOBAHUS B TPAKTHKY CO3JaHUS W
WCTIOJIb30BaHHS COBPEMEHHBIX HMHTEIUICKTYalbHBIX WH(OPMAIHOH-
HBIX CUCTEM.

CrnenyroniyM 1raroM B UCCIeIOBaHUH (JOPMATBHON TEOPUH TIO-
HATUI BUAUTCS pa3padoTka 3()(hEKTUBHBIX aIrOPUTMOB BBITIOJHCHHS
3aMpocoB K MOHATUHHOW 0a3e 3HAHMI W MOJYYCHHE OIICHOK WX BBI-
YUCIUTENbHON CIOKHOCTH. OJTHAKO yXkKe ceiiuac MOKHO CKa3aTh, YTO
BpeMs BBITIOJTHEHUS 3arpoca OyIeT HMETh XOPOITYIO TTOJIWMHOMHUAITb-
HYIO OIICHKY, T.K. TIOMCK CYIIIHOCTH IO €€ UACHTU(PHUKATOPY B TAOIUIIE
TIOHSITHSL C YUCJIOM 3aITUCEH 7 OCYIIECTBIISETCS 32 BPEMS C aCUMIITO-
TUYECKOU OIIEHKOM 7 [6, ¢. 667], a B ciiyuae UCIIOIb30BaHUS UHACKCA
— TO 3a BpeMsl C aCUMIITOTUYECKOH OlleHKo# log n [6, ¢. 601], rae log
— norapudmudeckast GyHKITUS.

Eie oHUM HanpaBlieHHE pa3BUTHS TOHATUITHOTO aHATH3a U TI0-
HSATHWHOTO MOJICTTUPOBAHUSI BUIMTCS pa3padOTKa METOJIOB U CPEJICTB
0o0y4YeHUS MOHATUIHBIX MOJIECICH Ha OCHOBE BOCIIPHUATHS OKPYKar0-
IIeT0 MUpa B BUJE MOCTYMAIOIIETO MOTOKA HECTPYKTYPUPOBAHHBIX
naHHbIX. [ToHSITUIHAS MOJICINTB MTO3BOJIET CTPYKTYPHPOBATH 3TOT I10-
TOK, BBIJICIISISI B HEM CYIIIHOCTH M3BECTHBIX M HEU3BECTHBIX TIOHSITHH.
HaiineHHble HEM3BECTHBIE CYIITHOCTA MOTYT HCIIONB30BATHCS JIJIS M3-
MEHEHUS MIOHATHHHON MOJIENN IyTeM ITOTIOTHEHHS SKCTCHCUOHAIIOB
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CYILIECTBYIOIINX TTOHATHI WK MyTeM 00pa3oBaHus HOBBIX. K 3TOMY
HaTPaBJICHUIO OTHOCUTCS M OOJNBIIION Ki1ace 3a1a4 M0 Pacro3HABAHUIO
o0pa3oB.
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THE NOTIONAL ANALISYS AND NOTIONAL MODELLING

Valeriy Vykhovanets, Institute of Control Sciences of RAS, Mos-
cow, Dr. Sc., associative professor (valery@vykhovanets.ru).

Abstract: The article describes notional models that are based on primary mental
abstractions: identification, generalization and association. In the process of the no-
tional analysis, a notional model is constructed, which consists of a notional structure
and contents of its notions. The notional structure defines each notion as the result of
generalization or association of the other notions. The content of the notion is de-
scribed by enumerable and solvable set consisting of subject domain entities. The
main difference between the notional model and the other knowledge models is the
refusal to describe the association of the notions in the form of a relationship. In the
notional model, the association are the same notion as the generalization, which
makes it possible to form the other notions from the associations. All this makes the
notional model semantically invariant, i.e. independent in its interpretation from the
knowledge of the subject domain. Another difference between notional and conceptual
models is the multi-aspect expression of the notions. In order to prove the proposed
approach to the representation and processing of knowledge, a formal theory of no-
tions is given. The semantic part of the theory (notional language) proves the meth-
odology of the notional analysis, and its syntactic part (notional calculus) proves the
technology of notional modeling. It is proved that the notional language is decidable,
complete and consistent, while the notional calculus is decidable and consistent on
countable models, but complete only on finite models. The use of the notional analysis
improves the expressiveness and clarity of knowledge representation, and the use of
the notional models increases the efficiency and reliability of knowledge processing.

Keywords: primary mental abstractions, notion, concept, notional analysis,
notional model, language of notions, notion calculus, knowledge base,
knowledge inference, intelligent system.
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