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Om pedxoanreauu

Hakouerr, sTo 3namenaresibuoe cobbiTue mpou3ontio. Brepsoie B Poccun
C 9TOr0 HOMEpPA HAYAJI M31aBAThCsI CIIENUAIN3UPOBAHHBIN YKy PHAJI 110 JIOTU-
ke! U mycrb 1oKa TOJIBLKO JIBa HOMEPa B I'OJl — HadaJIo 10J10KeH0. s Beex,
KTO 2KJaJI 9TOTO MOMEHTA, MOSIBUJIACH PEATbHAS BOZMOXKHOCTD MOTPY3UTHCS
B YJIUBUTEJbHBI MUD JIOTUKH, KOTOPBI B OTJIMYKME OT BCEX JPYIMX HAYK,
GecrrpecTanHo pedJieKCupysi, CTaBUT BCE C OOJILINUM HAIPAXKEHUEM OJIIH
U TOT XKe Bompoc: «HUto ecTb jormka?s Kakas-To HEMOCTHKUMAsS TallHA
CKPBIBAETCA B HEJAPaX JIOTUIECKOTO YHUBEPCYMA, U 9T TAHA, IPOSBJIAACH
B pa3JINIHBIX 9 heKTax, KaxKIblil pa3 yKasbIBaeT Ha HEUTO IPUHIINITHATIHLHO
HOBOE, TpebyIolee IepPeoCMbICICHUS cTaTyca camoit joruku. Heynusureib-
HO, 4TO JIormka BBI3BIBAET CTPACTHYIO IPUBSI3aHHOCTH M IOKJIOHEHHE y €€
[IPUBEPKEHIIEB, TOPHKOE OTTOPXKEHUE U TOPOil IiyDOKoe pa3ovuapoBaHUe y
OBIBIIX aJIENITOB U MUCTUIECKUN CTPaxX y OCTAJIbHBIX.

IIyThb K 3TOMY KypHAJIy OBLI JOJIUM U HENPOCTHhIM. Tosibko B 1993 1.,
Ostarofapst yCHJINSIM BBIIAIOIIETOCS OTeIeCTBeHHOro Joruka B.A. CMupHo-
Ba (1931-1996), npeo/10/1eB OrPOMHBIE TPYIHOCTH, YJIAJI0Ch 3AIlyCTUTD €7Ke-
roguuk «Jlormaeckne nccaenopanusay. C 1993 mo 2014 rr. 6110 n3mano 20
BBIILYCKOB, B KOTOPBIX Tak:Ke IIyOJIMKOBAINCh MHOTHE U3BECTHBIE 3apy0erk-
wbie jioruku. Boimyck 10 comepakut dbubmorpaduio n3aanubix crareit ¢ 1 mo
10 BBIIyCK, & BbILycK 20 — 6ubsmorpaduio ¢ 11 o 20 Beimyck (Ha pyccKoM
U AHIVINACKOM sI3bIKaX).

Termrepp B mcTopum poCCUiCKOM JIOTUKM HadaTa HOBasd CTPAHUIA, U OHA
HECOMHEHHO TMPUOJIN3UT HAC K MCKOMOI TaifHe.



TpaduyuorHasn so2uxa
Traditional Logic

YIK 161.1
B.K. ®uHH

O HeapucTroreJieBCKOM CTpOEeHNUN IOHSITUM

Punn Bukrop KoncranTuHOBUY

CeKTOp MHTEIEKTYAJILHBIX HHMOPMAIIMOHHBIX CUCTEM,

OtesreHne Hay9IHBIX UCCJIEIOBAHUIT 110 pobsieMaM HHMOOPMATHKH,
Bceepoccniickuit nucTuTyT HaydHON U TexHUYecKoi uHdopmarmn PAH.
Poccusa, 125190, Mocksa, A-190, yu. Ycuesuua, 1. 20.

e-mail: finn@viniti.ru

B cratpe paccmarpuBaeTcs CTpOEHHE MOHSTHI, OTJIMYHOE OT APUCTOTEJIEBCKON TpaJu-
M1, OCHOBAHHOW Ha OHTOJIOTMU «Bellb—CBoiicTBay. HeapucroreneBckoe crpoeHne moOHsI-
THI aHAIM3UPYETCS Ha mpuMepe nporeaypubix mousaTtuit JICM-meTona aBroMaTndeckoro
[TOPOZK/IEHUs TUIIOTE3. 1151 IPOIe Iy pHBIX IOHATHI IPeIaraeTcs yTOYHEHNEe U PACIINpe-
une rpeyrosbauka I'. @pere. s nponeaypHbIx monstuii tpeyroiasHuk . @pere, o6pazo-
BaHHBIH HHTEHCHOHAJIOM (COAEPIKAHUEM ), SKCTEHCUOHAIOM (06BEMOM ), JIOIOJIHSIETCST IIPO-
[I€/IyPHBIM BBIParKeHHEM, [Ipe00pa3yIoNINM UCXOIHbIE TaHHbIE TOCPEICTBOM HHTEHCHOHA-
Jla B 9KCTEHCHOHAJI. B craThbe IpUBOAUTCS IPUMED HApYIIEHHSI TaK Ha3bIBAEMOI'O «3aKOHA
00paTHOTO COOTHOIIEHUsI> O0beMa U cojepkanus nousarus s nouaruit JICM-merona
aBTOMATHYECKOI0 HOpOXkKJAeHus runores. PopMmyaupyorcss 0coOOEHHOCTH HEAPUCTOTEIEB-
CKOI'O CTPOEHMSI IOHSITUH KaK CPEJICTB OPraHU3allui 3HAHUN, a He «(OPMBI MBIIIICHA».
Ha mpumepe noustuii, npeacrasistonux JICM-paccykaenns, 1eMOHCTPUPYETCS OTJIN-
qre UX CTPOEHHUs OT IOHMMAHUA IOHATUN B apUCTOTEJIEBCKON Tpamunuu. B crarpe 06-
CY2K/IaeTCs TaK»>Ke [IpobiieMa Ipeodbpa30BaHms U1l B TOUHO XapaKTepU3yeMble TOHITHS.

Karouesvie ca06a: apucToTesIeBCKasi TPaJUIMsl HOHITHI, SKCTeHCHOHa (06beM), HHTeH-
cuonaut (comepzkannue), naaykrusabie Metoast [1.C. Mumwia, JICM-paccyxaenuns, mpore-
JIypHBIE TTOHsTHUsI, TpeyrojbHuk ['. Ppere

1 Bsepnenue

B [15] 9. Kaccupep BbIcKa3aJ HJIeI0 0 TOM, 9TO APUCTOTEIEBCKAs KOHIIEII-
LIS HOHATUN IIOPOXKIEHA €0 OHTOJIOTHEH <«Belllb—CBONCTBO». DTa OHTOJIO-
rus, mo mHeHno 9. Kaccupepa, onpemennia apucTOTeIeBCKYIO TPaIUIIAIO
B XapaKTepU3aIluu MOHITHNH MOCPEICTBOM «COJIEPXKAHUS» U «00beMay, rie
[IOJ1, CoflepXKaHneM U 00beMOM IMOHUMAIOTCS COBOKYITHOCTDH CYIECTBEHHBIX
IIPU3HAKOB U MHOXKECTBO OOBEKTOB, IMU 00JIaTAIOIINX, COOTBETCTBEHHO.

Jlormgeckne nccaepoBaunsi. 2015. 21(1):9-48 / Logical Investigations. 2015. 21(1):9-48
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Ara Tpaaunus Oblia yrouHeHa u passuTa jorukamu lop-Posis [4, 16].

ApucrorejieBcKasi TPaIMIUs TOHUMAaHUs [TOHITHI, KoTOpasi ObLIa IIPe/l-
craBiieHa B y4eOHUKaX TPaJUIMOHHON dhopMaibHOii soruku [41], ocHoBana
Ha JIOMYIIEHUSIX, (POPMYIUPYEMBIX HUXKE.

1. Ilousarre ectb dpopMa MBIIIJICHUSI.

2. TlorsiTme 0bpa30BaHO COmEpXKAHNEM 1 0OBEMOM, TIe MO CoaepkKa-
HUEM U 00'b€MOM IIOHUMAETCSI COBOKYITHOCTD CYIIECTBEHHBIX IIPU3HAKOB U
MHOXKECTBO OOBEKTOB, MU 00J1aJAI0INX, COOTBETCTBEHHO.

J13. Umeer mecto 3aKOH 0OpATHOTO COOTHOIIEHUsS COJIEPKAHUS U 0Obe-
Ma: pacIIupeHne Co/ep:KaHus 100aBJIEHNEM HOBLIX IPU3HAKOB yMEHBIIIAET
o6beM, a jobaB/ieHne HOBbIX 0O'bEKTOB 00e/IHsIeT (YMEHBIIAET) CojlepIKaHue
[41].

CieslyeT 3aMEeTUTD, YTO OCHOBHBIM ¥ IIIPOKO 00CY 2K 1aeMbIM THIIOM IIOHSI-
THI B aPUCTOTEIEBCKON TPAIUIINN SIBJIAETCA UX CTPOeHne «poa—Buy. [Ipu-
MepaMU TaKUX OHSITHIl SIBJISIFOTCSI OCTE€HCUBHBIE [TOHSATHUSI, IPEJICTABJISIO-
e JaHHbIe HEerocpeacTBeHHoro Bocupustus [46]. Onenka 3HaHuil, npej-
CTaBUMBIX IIOCPEJICTBOM OCTEHCHUBHBIX ITOHSITHI, €CTECTBEHHBIM 00pa30M Xa-
pPaKTEPU3yeTCsi ADUCTOTEIEBCKOIT TeOpueil NCTHHBI (Teopreil COOTBETCTBHS ).

He Tosibko common sense 3HaHUEe, HO U 3HAHUE B HAYKAX O YEJIOBEKE U
obImecTBe BecbMa 9acTo (a, MOXKET ObITh, IPEUMYINECTBEHHO) HCHOIb3YIOT
B PACCyKJIEHUSX U aKTaX KOMMYHUKAIIMA UM, & HE XOPOIIO OIMpEeIesIH-
Mble UM Xopomio xapakrepusyemble noHsiTust [30]. TlosTomy BO3HHKaer
€CTECTBEHHOE CTPEMJIEHHE PACCMOTPETH CTPOEHUE TOYHO XapPaKTePU3yEeMbIX
uJiedi, IpeJICTaBUMBIX KaK HOHsITHsI, B pe3ysbrare npeobpaszoBanus (yTod-
HeHust) srux uieit [30].

[IpumepoMm yToumenus n (pOPMAJIU3AINNA TOHITHI B apUCTOTETEBCKOM
TPAJIUIUN ABJISETCS TeOpUsi (DOPMAJIbHBIX ITOHSITUN, UCIIOIB3YOIIAsT ajred-
pandeckue pemterku [50, 47, 44].

2 HeapucroTrejieBckoe CTPpOEHUE MPOIEyPHBIX TTOHATUN

Pazsurne uneit 1 MeToMOB HayUHOTrO HalmpaBenus ucciaenoBannit «ckyc-
crBenHbIil naTesIeKT> (M) mopoauio sHeobxoamMocTsb hopMaIn3annm Kak
IpeJicTaBaeHus 3HaHUH /11 6a3 pakToB u 0a3 3HAHUN, TAK U aBTOMATU3U-
poBaHHBIX paccyxaenuit [19, 48, 31]. B cuity Toro, 4To riiaBHBIM HPOYKTOM
WU siiisitoTcst MHTEJIIEKTYaIbHBIE CUCTEMBI, cojiepKariue 0a3bl (haKTOB U
6as3bl 3HAHWI, IPEICTABICHNE 3HAHUN MOCPEICTBOM (DOPMAIBHBIX SI3BIKOB
CTaJIO aKTYaJbHOl MPOGJIEMON JIOPMKU HHTEJIEKTYAJIbHBIX cucTeM [43, 8].
B uccnemoBanusx B pamkax N Buiaeasiior Tpu Buga 3HAHUNR — JIEKjIa-
paTHBHBIE, IPOIlE/yPHBIE U KOHIenTyaJdbHble [32]. Jeknaparusable 3HaHUS
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HCITOJIb3YIOTCS JIjIsI ONUCaHus (DAKTOB U 3HAHWI B Oazax HakToB m Oaszax
3HaHMI cOoOTBeTCTBEHHO. PaKThl IPeICTaBUMbBI IOCPEICTBOM ATOMAaPHBLIX
BBICKA3bIBAHUI 1 X OTPUNIAHUN, a 3HAHUA IPEeJCTaBUMBbI IIOCPEICTBOM BbI-
CKa3bIBaHUI ¢ KBaHTOpaMu V 1 3, KOMOMHAIINI aTOMapHBIX BHICKA3bIBAHMIA,
O6pa3OBaHHbIX ITPOIIO3UITNOHAJBHBIMUA JIOTUYIECKUMU CBA3KaMM, a TaKzKe I10-
CPEeACTBOM 3aJaHus IPOLELyp s IpeodpasoBaHusl JaHHBIX. IIponemyp-
HbI€ SHaHUSA ABJIAIOTCA CPECTBOM DeaIn3alluil aJIr'OPUTMOB, IIPUMEHAEMbIX
B Pemrarese 3a1a4 nHTEIIEKTYaIbHBIX CUCTEM. DTH 3HAHUS UCIIOJIb3YIOTCS
JIJISI OCYIIECTBJICHUsI CTPATEruii pelleHusl 3aJa9, COCTOAIIMX M3 KOMOWHA-
i PA3JINIHBIX BUJOB PACCY?KICHUN (B TOM YHCJE WHIYKIWN, aHAJOTHUH,
ab/yKIMU U JIJLyKIUK) ¥ BbIYUCJICHUIA.

JleknapaTuBHLIMU 3HAHUAMU SBJIAIOTCA CUCTEMbI YTBEPzKJICHHIl, XapaK-
TepHU3YIONIe MPeJIMEeTHYI0 00JacTh U HCIOJb3YeMyIO CTPYKTYDPY JaHHBIX
(nampumep, OYJIEBCKYIO).

KonnenryaapHpiM 3HaHNEM JJIsI MHTEUIEKTYAJbHBIX CHCTEM SABJIACTCS
MHOZKECTBO YTBEpzK/ICHUII U oIpe/ie/IeHIii OHSATHIA, BEIPazKaloMUX IPUHIIN-
bl co3/1atust 9TUX cucreM |31, 32|. D10 3HaHUE SB/IsACTCI METATEOPETH e~
CKHM, KOTOPBIM PYKOBOJCTBYIOTCSI CO3JIaTe/IM NHTEICKTYaJIbHBIX CUCTEM.

B macrosiimeit cratbe Hac O6yIeT HHTEPECOBATH B OCHOBHOM ITPOIIEIYPHOE
3HaHWE, NUCHOJIb3yeMOe B MHTEJJIEKTYaJbHBIX CHCTEMaX, TaK KaK OHO BbI-
pPa3UMO IIOCPEICTBOM MPOIEYyPHBIX MOHATUMN, NMEIOINX HeapucTo-
TeJIEeBCKOe CTpoeHue. B cBdA3M ¢ 9TUM pacCMOTPUM MPOIEYPHBIE TTOHSI-
THSI, TPUMEHsIeMbIe TIPU (POPMAJIU3AINN U yCUJICHUN UHIYKTUBHBIX METOIOB

J.C. Muyus [21].

Nnen H.C. Mumis o6 MHAYKTHUBHBIX BBIBOJIAX, CHOPMY/JINPOBAHHBIE B
BHUJIE TATH MPABUJ — CXOJICTBA, PAa3JINYUs, CXOICTBA-Pa3IUUIN, OCTATKOB
U COIYTCTBYIONMX u3MeHenuii [21], 6buin dopmanuzosansl B JICM-merose
ABTOMATHYIECKOT0 TopozK ierus runores [31, 1, 36]. Huzke pacemorpum dop-
MaJIN3aIUIo U yCUJICHUE MHIYKTUBHOI'O METO/Ia CXOJCTBA.

Nunykrusabie metonst [1.C. Muutst dopmasusyores cpegacrsamu JICM-
MeTojla aBTOMAaTH4eckoro nopoxjaenus runores (JICM-merox AIIT) |1,
31, 36|, KOTOpBIiil sIBJISIETCSI METOJOIOrUEli U ANIAPATOM IOJJIEPIKKHA Ha-
VIHBIX HMCCJIEIOBAHUII, OCYIIECTB/ISIEMBbIX B UHTEJIEKTYAJbHBIX CHCTEMaX.
JCM-meroy, uMeeT ceMb 0Opa3yOIMIUX €ro KOMIIOHEHT — YCJIOBHUS HPUMe-
uumoctH, JICM-paccyKaeHust, npejcraBjieHne 3HAHUNA B BUJIE OTKPBITHIX
kBasuakcnomarndeckux reopuii (KAT), meraTeopernaeckue ucciie1oBanust
JCM-paccyx/enuit (B ToM 4duciae ux JeyKTuBHas nmuranus [1]) u mpo-
HeJlypHasi CeMaHTHKAa, PACIIO3HABAHME SMIIMPUIECKUX 3aKOHOMEPHOCTEN B
6aszax daxTos [34], opranu3anus WHIYKTUBHBIX IPOIE/LYDP [IOCPEICTBOM ajl-
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redpamvecKux PerieToK, NHTE/IEKTya/IbHbIE CUCTEMBI, PeaIN3YIONHe Iepe-
qncjieHHbie KoMrmoneHTsl JICM-meroma ATIT.

Cdopmynupyem rerrepb JSM-L — s13bIK Kak JJ1sT IpeCTaBJIeHNsT CXOACTBA
dakToB (ero meckpunruBHas GYHKIWsI), TAK U JJIs U3BJICUCHUS U3 JTAHHBIX
OTHOIIICHUST «IIPUUUHBI-CJIC/ICTBUAAY, 8 TAKXKe IJIsT IPUMICHIBAHUS CTeIe-
HU [IPABJIONOI00KST OPOXKAAEMBIM IHIIOTe3aM (apryMeHTaTHBHAs (DYHKIIUST

JSM-L).
JSM-L

X;Z;V (6bITh MOXKeT, C HU?KHUMU UHJIEKCAME) — [IepEeMEHHbIE JIJIst 00b-
€KTOB U MOJ00BEKTOB — 9TO IIepeMEHHBIE copTa 1;

Y, U, W (6bITb MOXKET, ¢ HUKHUMH HHJIEKCAME) — [epeMeHHbIe st 3~
bexkToB (MHOXKECTB CBONCTB) — 9TO II€PEMEHHbIE COPTa 2;

Q,Q1,Q2,... — KOHCTAHTHI (MHOXKECTBA CBOICTB), SIBJISIIONIIECS 3HAUE-
Husgmu nepemenubix Y, U, W u T.11.;

n,m,l,k,r, s (6bITh MOXKET, ¢ HIKHUMW UHJIEKCAMI) — [epeMeHHbIe, 3Ha-
YEHUSIMU KOTOPBIX SIBJISIOTCs HaTypaJibable uncia (n € N)) — 310 nepemen-
HBIE COpTa 3;

— (momosiHenue, pazHocTh), N, U — oneparuu ajredpbl MHOKECTB;

= — IpeIrKaT PaBEeHCTBa JJis TepMOB cOpToB 1, 2, 3;

>, < — IpeauKaThl JIjIs TEPMOB COPTa 3;

C, C — npeJKaThl BKJIIOUYEHHsI JJisi MHOXKECTB (00bEKTOB, OJ00BEKTOB
U CBOICTB);

X =1 Y — npenuxar «o0bekT X mMeeT MHOXKECTBO CBOMCTB Y »;

V =9 W — mpengukat «V ectb mpuumaa Ws;

-, &, V,— — Jlorn4ecKue CBsI3KU JIBY3HAYHON JIOTUKU;

Jy — J-oueparopsl Poccepa—Tropkerra [49], rne 7 = (v,n) wm v =
(r,n),ve{l,-1,0},n e N;al, —1,0, 7 — TUIBI HCTUHHOCTHBIX 3HAYCHNUIT
«akTIIecKass UCTUHAY, «(DAKTHIECKAs JIOKDbY, «(HaKTHIECKOe MPOTHBO-
peune» U <«HEOIPEJEJEHHOCTh» COOTBETCTBEHHO; & (V,N) — UCTUHHOCTHOE
3HAYEHWE, TJIe N — CTEMeHb PaBIONOI00NST TUTIOTES, BBIPAXKATOIIAS THCIIO
OPUMEHEHUI MPaBUJI IPABONOI0OHOIO BbIBOJA (MH/IYKIIUM U AHAJIOTUH);
(T,m) — MHOXKECTBO UCTUHHOCTHBIX 3HAYEHUI, OIPEJIEJISIEMbIX PEKYDPPEHT-
ubiM obpazom: (7,n) = {(1,n+1),(—=1,n+1),(0,n+ 1)} U (1,n + 1);

V, 3 — KBaAHTOPBI BCEOOITHOCTU U CYIIECTBOBAHUsI (COOTBETCTBEHHO JIJIsi
[epEeMEeHHBIX COPTOB 1, 2; 3).

Tepmbr u dpopmysibr JSM-L onpesesisiroTest craHIapTHBIM 00pa3oM, HO ¢
CYIITECTBEHHBIM 00aBienneM (popMyJI 1 TEPMOB U KBAHTOPOB 1O KOPTEXKAM
«IlepeMEHHOM JJIHHBL» [25].
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[Ipu momcke M MOPOXKICHUN SMIINPUIECKUX 3aBUCUMOCTell B 6a3ax dak-
ToB (B®) Tpebyercst yCcTaHOBUTH CXOJICTBO WM pasimdne (hakToB Ha KO-
HEYHOM, HO 3apaHee HeOIIpeJIe/IeHHOM MHOXKECTBe IIPUMEPOB. UHCII0 TaKUX
IPUMEPOB k, CJIe/IOBATE/ILHO, sIBJISAETCS IepeMeHHON Besmannoit (k nasbiBa-
eTCsl TapaMeTPOM SMIUPUIECKON HHIYKIUH). DTO OOCTOSITENHCTBO BBI3bI-
BaeT pacCIIUpeHHe s3bIKa JIOIMKHU IPeJuKaToB 1279 mopsiika MOCPeICTBOM
BBeJleHnsT (POPMYJI «IIePEMEHHON JUIMHBI U KBAHTOPOB 110 KOopTexkam» [25].
JSM-L saBisiercs sI3pIKOM €1a00ii JIOrnKN Hpeankaros 225 nopsiika [5], B
KOTOPOM BBIPA3UMO TPAH3UTUBHOE 3aMBIKAHUE.

JSM-L sBiisiercst J-onpeaeuMbIM SI3bIKOM O€CKOHEUHO-3HATHOM JIOTUKHU
€ KOHEYHBIM YHCJIOM THIIOB HCTHHHOCTHBIX 3Hadenuil [2] (1, —1,0,7), KoTo-
PBIM COOTBETCTBYET YeTbIpeX3HauHast JOruKa aprymenranuu [35].

B [10] 6b110 yeranossieno, uro ucxoanble npeaukarsl JJCM-merona AT
IJIsT KOHEYHBIX MOJeseil BhIPA3UMbI B JIOTHUKE Hpenukaros 1992 mopsinka,
HO JIjIsI MOJIeJIell TPOU3BOJILHON MOIITHOCTH OHM BBIPA3UMBI B SI3BIKE CJIa00i
JIOTHKH TpeuKaToB 292 nopsizika (B sI3bIKe ¢ KBAHTOPAMU 10 KOPTEXKAM ).

Qopmynamu  «mepemenHoil JyimHbl»  JSM-L ¢ KBaHTOpamMm 10O KOp-
TeXaM  aBJdioTCsa  popmyabl  Buma  Jk3IXp3dX: ... 33X, 13Yp... 3V 4
k—1 k k
(... &OJl;(X = Y)&...), Thn---NTp, =T, ‘vl(X = X,), ,vl(Y =Y), a
1= 1= 1=
T;, T — Tepmbr’.
PaccmarpuBaemast sepcust JICM-meroma AT ocHoBama Ha mporie 1y pHOMH
cemanTuke PrSem c¢ GyseBckoii crpykTypoii naHubix [36].

Hycrs UM u UP — pexonuele MHOXKECTBA 0GBEKTOB U CBOICTB COOT-
BETCTBEHHO, a BB; = <2U(i),®,U(i),—,ﬂ,U> — 6ynesnl anrebper (i = 1,2),
obpazyrtorue crpykrypy maHubix JICM-meroma AIIL. Ipenukarer X =1 Y
u X =9 Y OIpenessioTcst IOCPEICTBOM OTOOPaXKEHUN: =>;: UM s oU®
Vi, tne i = 1,2, a Vi, = {{v,n)|(v € 1,-1,0)&(n € N)} U {(7,n)|n € N},
rae N — MHOXKeCTBO HaTypasbHBIX dnces, a 1, —1,0, 7 — TUIIBl HCTHHHOCT-
HBIX 3HAYEHUIT; (I, n) — UCTUHHOCTHBIE 3HAYEHMUSI, [JIe 1L — UX CTEIeHb [IPaB-
JIOIOI00M ST, BBIPAXKAIONIAS YHUCJIO MPUMEHEHUIl MPaBU/ MPABIOINOI00HOTO
BBIBOMA (ILILB.)2.

Vin — MHOXKeCTBO BHYTPEHHMX ((DaKTUIECKNX) MCTUHHOCTHBIX 3HATE-
uuit B cmbiciie /[.A. BouBapa.

"Ycnonbzosanne MEOrOTOMMS (...) IBPHCTHYECKH YIOGHO IS HPEACTABICHHS (HOp-
MYJI C KBAHTOPAMH II0 KOPTEXKaM.

2Yewm GostbIe 1, TEM MEHBIIE CTENEHD IPaBIONO00NsT THIIOTE3 ¢ MCTHHHOCTHBIM 3Ha-
genueM U = (v, n), tae n > 0.
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[TocpencrBom t u f 0603HAYNM BHEIIHUE UCTUHHOCTHBIE 3HAUEHUSI JIBY-
3HAYHOI JIOTMKU «UCTHHA» U «JIOXKb» COOTBETCTBEHHO. Ve, = {t, f} — MHO-
JKeCTBO BHEIIHUX MCTHMHHOCTHBIX 3HadeHuil B cmbicsie J[.A. Bousapa [6].

Qopmyner T1 =1 To u Ty =9 To, tne T1 u Ty — Tepmbl, Oynem Ha-
3bIBATH BHYTPEHHUMH, TaK KaK WX UCTUHHOCTHBIC 3HAYECHUSA ITPUHAIICKAT
MHOYXKECTBY Vip,.

t, ecmv[C=;Q]=r
[, ecm v[C =; Q] #

C, () — COOTBETCTBYIOIINE KOHCTAHTHI.

Jo(C =; Q) = , Tjie v — (DYHKIUS OLEHKH, a

N

Onpenenum Takxke oneparop J, )@ = Z,\_T}OJ(V@S@, e v € {1,—-1,0}, =
— «PAaBEHCTBO TIO OTPEIETICHUIO.

Gopmynst Jp(T1 = Ta), J7n)(T1 =5 T2) (j = 1,2), mocTpoenmsie mo-
CPEJICTBOM TEPMOB OyJieBbIX ajredbp By u By u orHomenuit < wim >, OyjieMm
Ha3bIBATh BHEITHUMU (DOPMYIIAMH.

Obitee orpejiesieHne BHEMTHUX (DOPMYJI CTPOUTCST MHIYKTUBHO C UCIIOJIb-
30BaHMEM JIOTHYECKUX CBA30K —, &, V, — u kBauTopoB V, 3. Ve, = {t, f}
ecTb 00J1aCTh 3HAYEHUI BHEITHUX (POPMY.I.

ITepBast kommonenTa JICM-meroma AT xapakTepusyer ycjaoBHsSI ero
npuMeHIMOCTH. OHM COCTOSIT B CJIETYIONIEM:

1) BO3MOXKHOCTDH (hDOPMAIM30BATH CXOJICTBO (hAKTOB;

2) cymecrBoBanue B 6ase dakros (B®) kak nosurunsubix daxtos ((+)-
dakroB), Tak u HeraruBHbIX hakToB ((—)-hakToB);

3) cymiecrBoBanue B B® B HEsBHOM BH/Ie KaK MO3UTUBHBIX IpudnH, ((+)-
IPUYKH), TAK U HEraTUBHBIX npuunH ((—)-npuunn) usydaembix 3¢h-
¢dexToB.

st mopoxkiennst (4)-puanH NPUMEHSIOTCS TPABUIIA TPAB/IOI0I00HOTO
BbiBOsIa 19 poga (1m.m.B.-1). Ouun siasitorest popmasmsanyeiil u ycujieHu-
eM M3BEeCTHBIX HMHJYKTHUBHBIX MerojioB (kanoHoB) JI.C. Musuis [21], umen
KOTOpBIX panee gpopmyauposan 1. Tepiuenb.

Qopmasmzanust WHAYKTUBHBIX mpoteayp B JICM-merone AIIT ocHoBa-
Ha Ha TpeX NPUHINIAX — IPUHIUIIE aJeKBATHOCTH IIPEJAMETHONR 061acTh 1
nHyKTuBHBIX porieayp (I11), npunnune cxoncrsa (I12) u npunimne cun-
Te3a W B3aUMOJICHCTBHUS MIO3HABATEIBHBIX MIPONELYD (MHILYKIMN, AHAJIOTHN
u abnykiwn [36]) (II3).

IT1. IIpenBapurenbHO PACIIO3HAETCS U XApPAKTEPHU3YETCsl OJHA U3 TPEX
BO3MOXKHBIX TIPEJMETHBIX objiacteil (Mozeeit):
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W1 — muOXKecTBO citydaitHbix cobbituii («Mup 1»); W2 — muoxKecTBO
GdaKkTOB, COJIEPKAIINX HAIIPABJIEHHBIE TTO3UTUBHBIE U HETATUBHBIC BJIMSTHUS
(merepmunaryst nuzydaembix adexron) («Mup 2» ); W3 — muO)KecTBO bak-
TOB, CojieprKalliee KaK HAIIPABJICHHbBIC BIUSHUS (JI€TEPMUHAIINY M3y YAeMbIX
abdekToB), Tak u caydaiiHble (QJIYKTYAIUK, BJIUSIOININE HA PE3YJIbTUPYIO-
it adbdekr («Mup 3»).

IT12. CxoxcrBo hakToB Bieder HaaM4dHe (OTCYTCTBHE) H3YTIAeMOrO -
deKTa 1 ero NOBTOPSIEMOCTb.

I13. JICM-paccyxkeHne 00pa3s0BaHO TPEMsi MPOIEAYPAMUA — TOPOKIe-
HreM (=£)-upuunH usydaeMbix 3GdeKTOB MOCPeJICTBOM [IPABUI UHLYKTHB-
HOT'O BBIBOJIa MUJJIEBCKOT'O THIIA, TIOPOXKJIEHUEM TMIIOTE€3 OTHOCUTEIBHO Ha-
JIMYIUS U OTCYTCTBUSA 3(PDEKTOB MOCPEICTBOM aHAJIOTHH, UCIIOIL3YIOMIEi
(+)-npuumnber (972 MpOoIEIypa SBJISETCT WHAYKTUBHBIM 00OOII[eHUEM )
U, HAKOHEIl, 3aBEPIIEHUEM PACCyKIeHUs MPUHATHEM TUIIOTE3, UCIOIb3Y0-
M abayKinio — o0bscHeHne HadaabHoro cocroganus Bd.

Samernm, uro JICM-meron AIIl' peanusyer cuHTE3 IMO3HABATEIBHBIX
[IPOTIE/IYP, COOTBETCTBYIOIINI TO3HABATEILHOMY IPOIECCY — AHAJIU3 JIaH-
HBIX (MHJLYKIWs) -+ [IpeJicKasanne (aHAJIOrHsl) + IPUHSITHE TUIIOTE3 [OCPe/I-
CTBOM 00bsiCHEeHUsT (a0JIyKITHs).

Taxum obpazom, JICM-MmeTom ucob3yeT Tpyu BUAA SHAHUN — JAeKjIapa-
tuBHOe (onucanue (GhakTOB U TUIOTES), TPOIELypHOe (IIpaBUa BBIBOJA) U
KoOHIlenTyaJbHoe — npuHnuibsl JJCM-meroma.

[Tepeoe npasuo uuayKTHBHOrO BBIBOjA JI.C. Mujiis, Ha3BaHHOE UM Me-
Togom cxozcrBa |21, dopmanusyercs B JICM-si3bIke mOCpeICTBOM TIpein-
KaTOB TIO3UTHBHOTO 1 HerarusHoro cxoncrsa Mt (V,W) u M, (V, W) co-
orBercrBenHo |36, Ilepsoe npasuiio npuseaeno B [Ipuioxkenun|.

OrnpeiesieHne MO3UTUBHOIO IpeIruKaTa CXOICTBA M(j L(V, W) comepxkur
[sITh 00sI3aTETbHBIX KOMIIOHEHT, KOTOPhIE COOTBETCTBYIOT YCJIOBHUSIM IIPH-
merumocTu JICM-merona AIIT u npunmunam I11 — T13. 9rumu Komonen-
TaMu ABJIIOTCs: (DY) — 9K3UCTEHIMAIbHBIE yesioBus (cymecTBoBanue (+)-
u (—)-mpumepos?)); (CX) — yemosue cxonctsa (o)-npumepos (o € +, —);
(93) — smnupuyuecKast 3aBUCHMOCTD, IPEJICTABIISAIONIAsT IPUIHHHOE BBIHY K-
nenve (forcing) uzygaemoro addekra; (YU) — ycsioBue ucuepibBaeMocTu
MHO2KECTBA CXOJHBIX IIPUMEPOB, KOTOPBIE SBJISIOTCH «POIUTEISIMU» TUIIO-
Te3 0 (0)-npuunHax (OHO rapaHTUPYeT MAKCUMAJIbHOCTBH I'DYIIIUPOBKH
STUX MPUMEPOB); kK — HUKHsIsI TPAHUIA UIHCIa PACCMATPUBAEMBIX (CXOJI-
ueIx) npumepos (k > 2)4.

SHpI/IMepaMI/I SIBJISIIOTCS (PAKTBI ¥ THIIOTE3bI (Pe3y/IbTaThl IPeCKa3aHuUil).
Mapamerp k MoxxHO YBeJIMYUBATH B XOJ€ NPENPOIECCHHTA.
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[TpuBenem coorBeTcTByIONIE TOAMOPMYJIBI IS M;“ LV, W), tne «a» —
MMs METOJIa CXOJCTBA®, N — IapaMeTp, HPeJCTABJISIONIHI THC/I0 TPIMEHe-
HU TpaBuU mpasronoaobHoro Beieoga JICM-paccyxnennii.

OV (Juny(Z1 =1 U)& .. &(J(1,0) (Zk =1 Uk)),

(CX) (Zl N---NZ = V)&_'(V = @),

(33)T u (YUN) VXYY (Jan)(X =1 V)&V C X)) = (W C V)&

(W £ 0)&( V(X = Z0)))), me (VH) ecrn (Y (X = Z)).

OupenenuM npeauKaT M;’ (V. W, k), 3aBucsiuit or napameTpos k u n,
r7e N BbIpaXKaeT YUCJIO IPUMEHEHHH HIpaBUil IIPaBIOI0I00HOrO BBIBOIA.
N IIPeJICTaBJIsIeT CTEIEeHb IPaBIOIOI00Us OPOXKIAEMbIX TUIIOTE3 C MCTHH-
HOCTHBIMU 3HAYEHUSAMU U = (V,n) U MHOKECTBOM BO3MOYKHBIX MCTHHHOCT-
HbIx sHavennit (7,n), rae v € {1,—1,0})S. Tipeuxar M, (V, W, k) ¢ napa-
METPOM 7l COOTBETCTBYET MTE€PATUBHOMY IIPOIECCY HOPOXKICHUS IUIIOTES
JCM-meromom AIIT.

st mpencrapienns: 1 popMaIn3aliil HTePATHBHON POy Phl HCIOJIb-

3yercst oneparop J(, )¢ = A\T}0J<,,7Z->g0, roe v € {1,—1,0}.
7=

OripejiesiuM  Telepb MO3UTUBHBIA [PEIUKAT CXOJCTBA M; LV, W), no-
CPeJICTBOM KoToporo gropmasmsyercs 1lepBoe mpaBmIio NHIyKTUBHOI'O BbI-
Boza J1.C. Muwna [21].

M (VW) = 3RM, (V. W ),

M, (V\W,k) = 3Z1... 2,301 ... Us(Jan)(Z1 =1 U)&... &
(J(l,n)(Zk =1 Up)&(Z1N---NZp =V)&(V = @)&VXVY((J(LM (X =1

&V C X)) = (WCY)&(W = Q)&(i\Z(X =7;)))&(k > 2)).

Taxum 06pa3oM, CTPOCHHE OIIPEJIC/ICHIS Mj o (V, W) npencraBumo cite-
JYIOIIAM 00pa3oM:

M} (V,W) = 3k3Z;...32,30; ... 30,[(Y)T&(CX)& (I3 (V))&
(k > 2)], tne ((33)1(YU)) — smnupuyeckas 3aKOHOMEPHOCTh, BbIPAsKa-
Iommast oTHoImenne «npuanta Vocnencrsust Wy u cozeprkanias ycJoBue uc-
vyepnbiBaemoctn (Y1) cxonubix (+4)-npumMepos.

Bamernum, 4To QOpPMysa, ONPENEIIONas MPEIuKaT M;f LV, W), sB-
nsiercst ero mHTeHcmoHasmoMm Int(M[, (V,W)), a ummekc «a» — ero
umerneM. OTHOCUTETHHO 3aJIaHHON OyJIeBCKOW CTPYKTYPhl JaHHBIX 5; =
(2U<i),@,U(i),—,ﬂ,U), rie i = 1,2, sxcrencnonanom Ext(M, (V,W)) ss-
asercs {(V,W)|M,,(V,W)} — wmuoxecrso map (C,Q), BBIIOIHSIONMIX
npeaukaT M (;'7“ (V. W), KOTODBIil SIB/ISIETCS MHTEHCHOHAJIOM <.

571.C. Mt HCIIONb3yeT TEPMUH «agreements.
63ameruM, ITO weM GOJIBIIE 7, TEM MEHDIIE CTEIEeHb IIPABIOIOLOGUS TUIIOTES.
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TakuM 06pa3oM, CTPOCHHEM IOHATUS HPeAUKaTa [O3UTUBHOIO CXOJCTBA
quist Tlepsoro mpasmia umgykrusHoro seisoga J.C. Musuis Gyzer Tpe-
yroasHuk I'. ®@pere [39]:

o

M, (V, W) (VW) M, (v, W)}

Puc. 1.

Urak, cTpoeHHeM IOHATHS [HO3UTHBHOIO IPEMKATA CXOJICTBA SIBJISETCS
rpoiika (a™, Int(M, (V,W)), Ext(M,,(V,W))). O6parure BHEMamIEC Ha
Tor dbakt, aro Ext(M,,(V,W)), apnsiomuiicst amamorom mien «oobem mo-
HATHs», eCcTh bunapuoe orHouwenue R = {(V,W)|M[, (V,W)}. Do o6-
CTOSITEIbCTBO XapaKTePU3yeT OJUH U3 aCIIEKTOB HEAPUCTOTEIEBCKOTO CTPO-
eHHsI [IOHATHsI, NOO HE COOTBETCTBYET ApPUCTOTEIEBCKON OHTOJIOIUNH «BEIlb—
cBOficTBOY .

3ameuyanume 1-2. PaccMmorpuMm mporeaypy  YIPOIMEHWS IOHATHS
M}, (V,W) mocpencrsom samenst Int(M,,(V,W)), samamnoro coor-
BETCTBYIOIUM  OIIPEJIeJIeHIEM, HA MHOYKECTBO IIPU3HAKOB (CBOMHCTB)

Simp (M, (V,W)) = (9Y)*,(CX), (33T (VN)), k > 2, cocrosimero u3 k-
BUCTEHIIMOHATHLHOTO YCJIOBUsI, CXOJCTBA, SMIUPUIECKON 3aBUCHMOCTH C
YCJIOBHEM HCYEPIBIBAEMOCTH, HUXKHEH T'DAHMIBI YUCIa CXOTHBIX (4)-
[IPUMEPOB.

Torjma B cOOTBETCTBUU C apUCTOTENEBCKON TpaJuiineil co/iepKaHueM
IOHSTUS M(j‘ L(V,W) Gymer MHOXKECTBO yKa3aHHBIX IPHU3HAKOB (OJHAKO
obbemoM Oyser GuHapHOe OTHOIEHne R).

Hnsa yrounenust [lepBoro nmpasuia uagyktuBHoro BeiBoga J.C. Muis
BBEJIeM TIOHsTHE OTPUIATebHOTO Ipeankarta cxonactsa M, (V, W), koro-
poe coorBeTcTByeT ycaoBusiM npumerumocta JICM-meroma AT — cyme-
crBoBanuio (+)- u (—)-npumepos uzydaemoro 3¢hdeKra u CymnecTBOBAHUIO
(4)- u (—)-5MOUPUIECKUX 3aBUCHMOCTEl THUIA «IPHINHA—CIICICTBIECY.

Ma_,n(‘/v W) = ElkMa_,n(Vvv w, k)) rae

73aMeTI/1M7 aro . Kaccupep B [15] OTMedaeT, 4YTO CYyIIEeCTBOBAHUE OTHOLIEHUI He
coryacyeTrcda ¢ apACTOTEJIEBCKOU Tpaauliuei.
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Ma_’n(V, W, k) = dZ;...37Z, U, ... HUk(J(,l’n)(Zl =1 Ul)& L&
J(—l,n)(Zk‘ =1 Uk)&(Zl N---NZ, = V)&—'(V = @)&VXVY((J(_Ln)(X =1

Y)W V) = (V € X)8e( V(X = Z0))elk > 2)).
Hos Int (M, (V, W)) n Ext(M,,,(V, W)) nmeerca Tpeyronpiux I'. Opere

[ EEE— ]

Mg (V, W) {(ViW) Mo (V, W)}

Puc. 2.

Paccmorpum — amasormano  Simp (M, (V, W) Simp(M,,(V,W)) =
(DY), (CX), (337 (YN)), k > 2.

Simp(Mg ,(V,W)), tne o € {+,—}, ecrb 3amena (ymporienue)
Int(Mg,(V,W)) cormacHo apuCTOTENEBCKOfi TPa/IMIIH XapaKTePU3AII
HOHATUM.

Simp(M ,(V,W)) apismiorcs MUHUMATBLHBIME TIPEINKATAME, DeaJi-
3YIOIUMH TIPAB/IONOI00HEIC AMILIMATHBHBIE BBIBOILLS. DTU IPENKATH J10-
[yCKAIOT YCHJIEHHsI, KOTOpbIe IOPOXKJIAIOT Oosiee mHpopMaTuBHbe (=£)-
runoTessl 0 (+)-IPUYUHAX B CHILY YCJIOXKHEHUsI CPEJICTB M3BJIeUEeHHs OTHO-
IIEHUs «ITPUINHA—CJIEICTBUEY, TPEJICTABUMBIE TIpeauKaToM V. =9 W. U3
onpenenennit Mg, (V,W) cnenyer, uro Ha ocHOBaHME 0030pa IPUMEPOB
¢ npeaukaroM X =1 Y mocpezcTtBoM pacrosnaBanus nx cxoicrsa (CX)
u obHapyzKeHusi smnupudeckoii 3apucumoctu (I3)7, riae o € {4, —}, no-
poxKIaeTcst Tunoresa o (+)-upuanHax, BbIpasuMasi IOCPEICTBOM IIPEINKATA
V =9 W. D7a runoresa siBjsieTcsi pe3yabTATOM aMILTHATHBHOTO BBIBOJIA.

Cdopmyupyem nekoropoe ycuienue npeukaros M7 o(V, W), nasbiBae-
MO€e 3alPeTOM HAa KOHTPOPUMEDPHI:

(b)+ VXYY ((V C X)&W CY)) — (J(l,n)(X =1Y)V J(T,n)(X =1Y))),
O) " VXYY ((V Cc X)&(W CY)) — (J(fl,n)(X =1 Y)\/J(T’n)(X =1Y))).

VYenosue (b)1 oznauaer, 4To mopoxkiaeMasi OCPEICTBEOM HPABH/IA TIPaB-
noniogiobroro BRIBOMA (MHAyKIwn) THnoTesa Jii ,41)(C =2 Q) Ha mare
npumenenust JICM-paccyxxneaust m + 1 TakoBa, 4YTO HEBEPHO Kak

8BeiBos HaskBaeTCs aMmmaTuBHBIM B cMbicae U.C. Ilupca, ecim ero pesysbTar He
COZIEP?KUTCS B TOCBLIKAaX.
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J(,l,n)(X =1 Y)&(V C X)&(W CY), rak u J(Oyn)(X =1 V)&V C X)&
(WCY).

Amnanoruunoe yciosue umeer mecto st (b)~.

[IpeaukaThl, yeunennsie ocpeactsoM (b)™ u (b)~, onpenensiores ciey-
IOIUM 00Pa30oM:

MG (VW) = M (VW& (V. W),

My, ,(V,W) = M, (V,W)&(b)~ (V,W).

Unpekcer a2, (ab)?, tae o € {+, —}, apisrorcs umenamu M7 — npennka-
toB: IT = {a™, (ab)*}, I~ = {a~, (ab)~ }. Chopmymupyenm mpasuia mpasio-
10/I06HOTO BBIBOJIA 11€pBOro poja (I.1.B.-1), dopManusyionie u ycuinsa-
forre nHAyKTuBHbe MeToab! J1.C. Muist [36] fyist npeukaToB ¢ nMeHaMu
r,y,tnex €M nyel:

(I)?’ ) J(Tﬁn)(V =92 W), M;r,n(V, W)&—'M;n(v, W) 7
m' J<1,n+1>(V =2 W)
0=, JanlV 52 W) MEn (VW )EMyn (VW)
’ Jcinany (V=2 W)
vV, W)

(I)(()l.,y) oy (V =2 W), M (V,W)&-M,, 7
Jon+1y(V =2 W)
Jirm)(V =2 W), M;r,n(vv W)&-M, ., (V, W)
J<m+1>(V =2 W)

(I)(Tw,y)

3ameuanue 2-2. Ilapamerp n m omepatopel J, ), Jirn), Tae v €
{1,—-1,0}, B onpeiesierun M-1peiMKaTOB BHIPAXKAIOT UTEPATUBHOCTH MPO-
Hecca MOPOXKIEHUSl THIIOTE3 JI0 COCTOSAHHUA CTAOWIM3aIlud, KOIJa HOBBIE
IUIIOTE3bI GOJIbIIE He BOZHUKAIOT. VICTUHHOCTHBIE 3HAYEHUsI STUX THIIOTE3
v = (v,n), rue n € N, orpakaroT UTepaTUBHOCTb UX MOPOXKJIEHUSI, KOTOPOE
SIBJII€TCs] KOHCTPYKTUBHBIM (yCTaHaBIMBaeTCss ¢xoucTBo npuMepos (CX)
U HaJIM9IMe SMIMPUIECKON 3aBUCHMOCTH <«IIpHYnHA—cseacTBre» (93)7, rie
oe{+, -}

KoHCTPYKTUBHBII TIPOIECC MOPOXKJIEHHS TUIIOTE3 O MPUIMHAX U THIIOTe3
0 TpejcKazanuK u3ydaeMbix 3hdeKToB B 6aze (PaKTOB MHTE/IEKTYATbHBIX
CHCTEM OCYIIECTBJISETCS TOCPEJICTBOM B3aNMOJIEHCTBUS TPEX MO3HABATE b
HBIX MIPOIEJLYD — UHAYKIUHU (TIOPOXKJICHNE TUIIOTE3 O IPUYNHAX ), AHAJIOTUH
(npezckazanue nzydaeMbix 3bdexToB) u abyKiuun (IPUHITHE TUIOTe3 [0
CPeJICTBOM OObSICHEHNUST HAYAIBLHOTO COCTOsTHUsT 6a3bl hakTos). Takum obpa-
goMm, JICM-paccyxkenne, yTOIHSAIONEE U YCUTHBAIONIEE NHYKTHBHBIE Me-
ropl J1.C. Mujiis, siBisiercss CHHTE€30M UH/LYKIUH, AHAJOTUN 1 a0y KIIUH.

BzaumogeiicTBue MHAYKIMA U aHAJIOTUU 00pa3yer KOHCTPYKTHUBHBIN
MPOILIECC MOPOXKJIEHUsI TUIOTe3 (IpOoleAypHOe NpeobpasoBaHue 3HAHMUI),
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a abJyKIMsl 3aBepIiaeT TOT MpoIecc. BBIBOJL 10 aHAJOTUHU SIBJISETCS MH-
JAYKTABHBIM OBOOIIIEHMEM I0CPEJCTBOM IOJYUYEHHBIX Trurore3 o (4)-
npuduHax (CBsi3b MHIYKIMK 1 axajgorun ormevas [1. Feprmess [12]).

OnpejieinM HUZKE BBIBOJ 10 AHAJOIMH — IPaBUIa IPaBIONOI00HOIO
BeIBOsIa 22%° pona (ma.B.-2) (36, w. I]). Il.m.B.-2 mcmob3yer mpeauKaTe!
119 (V, W), oupenensiensie mxe. 11%(V, W) = 119(V, W, k), tne o € {+, -},
a k — mapamerp, BbIPAXKAMOIIUI IHUCIIO MOPOXKIEHHBIX TUIIOTE3, MPEICTaB-
mernbix dbopmynamu J ) (Xi =2 Vi), J_10)(Xi =2 Vi), xoTOpBIE BIA-
10TCst oA OPMyIaMu ﬁg(V, Wk),i=1,... k.

Ipemukar 11 (V, W, k) Beipazkaer ycioBme Takoe, 9t0 oGbeKT V co-
JIepKUT 1no3uTuBHbIE npuauHbl ((+)-npuansbl) Xi, ..., Xj sl MHOXKECTB
cBOMCTB Y7, . .., Yi COOTBETCTBEHHO, & MHOXKeCTBO cBoiicTB W, mipescTaBiisi-
folee u3yvdaeMblii apdexT, moKpbIBaeTcst MHOKeCTBaMU Y7, . . ., Yi. Cremo-
Bareapno, W =Y, U---UY.

Bropoim yciosueM, conepxarmumest B 1T (V, W), asisercs yciosue Ta-
Koe, 94T0 V He CONEPXKUT HU OTPHIATEJbHLIX NPUYUH Z, HU Z TaKHUX, 9TO
J(O’n)(Z =9 U) qyist siioboro Hemycroro noamuoxkectsa U MHOXKecTBa W

~ k

(LY = MEU(U € WIEU # 0) » ~3Z(J1m(Z =2 U)V
Jon)(Z =2 U))&(Z C V)))).

1L, (V, W) oupezessiercss aHAJIOTHIHBIM 06pPa30M.

Hpemukarer O (V, W) u 117 (V, W) onpeessiorest cie Iy oM 06paszoM:

IV, W) = 3X1313X03Yo(Ju (X1 =2 YD&J1n(X2 =2
Y2)n(Y1 MYy = 0)&(Xy € V)&(Xy C V)&(Y1 C© W)&(Ye € W)V

(VW) = (I (V, W) V TL, (V, W) V TV, W)).

VIMeroT MeCTO yTBEpPIKIEHHS:

VYW (L (V, W) — ~(IL, (V, W),

YVYW ((II5(V, W) — ~(I1 (V. W)), tae o € {+,—}.

IIpaBnia mpaBonog00HOrO BEIBOA JIJIS AHAJIOTUH — ILILB.-2 — dhopMy-
JIIPYIOTCSI CJIEJLYIOIIUM 00pPa30M:

(H)+ J(Tyn)(V =1 W),HI(V, W) ’
J<17n+1>(v =1 W)
Iy (V=1 W)L (V, W)
() J—1n)(V =1 W) ’
a1y Jirmy(V =1 W), I, (V, W) ’
J<0,n+1>(V =1 W)
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Jrny (V=1 W), I (V, W)
Jirnpy(V =1 W)

(1

Qopmynsr  J1 ) (X =2 Y;) ucnompsyoTcs s TpeCTaBIICHU
cxojcrBa  (4)-npumepos nocpegcrBom  yesosust (CX) wu3  onpejesienust
M&n)(‘/, W) (ananorudaso st M(;,n)(V, W)). IlosTomy ciieicTBYS I1.11.B.-2
Jane1)(V =1 W) mueror cxonctso ¢ (+)-npuvepamu u3 nmerormetics Ga-
3bl IIPUMEPOB (OHA SIBJIsIeTCsl paciupenueM 6a3bl GaKTOB). DTO CXOJCTBO
¢ (+)-upumepamu u3 6a3bl IPUMEPOB BBIPA3UMO [OCPEJICTBOM (4 )-rumore3
Jan)(Xi =2 Y;) (Tounee, ux peanmsanuit mocpeictTsoM koucTanT C; u Q;
B J(Ln)(CZ =9 Qz); rmet=1,..., k)

Taxum o6pasom, J(q p41)(V =1 W) anamoruden (+)-npumepam, mpei-
craBJIeHHBIM nocpeicTBoM X =1 Y. CiiesoBaresbHO, ILILB.-2 €CTh BBIBO/,
o a”Hajoruu (anajgorunanoe umeer Mecto u st [I2(V, W), rne o € {—,0}).

Samevanne 3-2. B ([1, w1 2, c. 240-286]) umeer mecro Teopema 00
06paTUMOCTH PABUJI IPABJIONOI0OHOTO BbIBOAA (IL.ILB.~1 1 1.11.B.-2):

() VWYW (Jq gy (V. =2 W) (M;n(V,W)&ﬁMy_’n(V,W)&
J(T,n) (V =2 W)))v

(**) VVVW(J@,,H_U(V =1 W) 4 (HTJ{(V, W)&J(m)(v =1 W)))

AHaﬂOFI/IquIe YTBEpXKJACHUA HMMEIOT MECTO HAJId THUIIOB MCTHUHHOCTHBIX
snadennii —1 (dakrudeckas 10xkb), 0 (pakrudeckoe mporuBopedne) u T
(HEOIIPE/IETIEHHOCTD ).

Eciu Bocnosib3oBarhest skBuBajgentHoctsMu (*) u (**) uz 3ameua-
HuA 3-2 U CIeIaTh COOTBETCTBYIONIAE 3aMeHbl B npepukarax M (V, W)
u M, (V,W), tne n > 2, npeaukartos =1 na npemuxarst 174, rie
o € {+,—}, To moayunM mpoIEeAypPHbIE BbIPAXKEHUSI [M;n(V, W] u
(M, (V, W),

OTH NPONEAYPHBIE BbIPaXKEHHUsI NPEJICTABIAIOT CXeMbl peajusanuii M-
IIPEJINKATOB, KOTOPBIE IIPEBPAIAIOTCS B BBIYUCIUTEBHBIE TTPOIETYPHI T10-
CPEJICTBOM INPHMEHEHUs] aJIlOPUTMOB YCTAHOBJIEHUsT cxojicTBa (+)-pakTos
(mpu n = 0) u (£)-upumepos (upu (n > 0)) [14].

Bawmensist B upeaukarax 117 (V, W) Bxozasmiue B HUX NPEINKATH =9 Ha CO-
orBercTByIomue M-IpeuKaThl, COIJIACHO YTBEPKJIEHUIO (*) MOJIy UM PO~
neypuble Buipaxkenust [I119(V, W)).

Bynem nazweBarh TakToMm JICM-paccyXIeHus mocjieoBaTebHOE MpH-
MeHeHUe ILILB.-1 (uuaykiwn) u n.ans.-2 (anasorun). Torma pexypcubHas
nporeaypa JICM-paccyzxkaenus vHa drane | (10 npumenenns: abyKTHBHOTO
[PUHSITHS TUIOTE3) UMeeT CJIe/YIONIYI0 KOHCTPYKTHBHYIO HHTEPIIPETAIIUIO:
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M (V,W) &M, (V, W)
J<1,1>(V =2 W)
[ (X, V)]
J(lyg) (X =1 Y)
(Mo (V,W)]&[=M, o (V,W)]
J<1’3> (V =2 W)
I3 (X, Y)]
J(174> (X =1 Y)

Takr 1:

TakT 2:

[Mfin(v? W)]&[_‘M?;n(vv W)]
J<1,2n,1>(V =9 W)
I3 (X, V)]
J<172n> (X =1 Y)

k]

rie n — Takt crabunnzanun JICM-paccyxaeHust.

Ananoruuno dopMmyaupyercss KOHCTPYKTHBHAsI HHTEpPIpeTalns JIJIs
wi.B.-1 (I)? u m..s.-2 (I1)? coorsercrBenHo, rae o € —,0, 7.

KoucrpykTuBuzanueit wHTeHCHOHA a Int MpoIeypHOro MNOHATHS
Prconcept Gymem HasbBaTh cpejcTBa peasmsanuu Int Takme, 9TO MX pe-
3yabTaToOM Oyser 3kcreHcuoHan Ext mist Prconcept. Drumu cpeacrsamu
KOHCTpyKTHBH3anun Int semsmiorcs M, (V,W)] u [M,,(V,W)].

Tax xax sxcrencuonamamu M (V,W) u M, (V,W) sssiorcs
{(V, W) M, (V, W)} u {(V,W)|M,,,(V,W)} coorsercrpenno, rue = € IT,
y € I, o [M},(V.W))(Qr_) = Ext(M,, (V. W), [M,,(V.W)|(Q,_,) =
Ext(M,,,(V,W)), rae F_; — muoxkecTBo puMepos Jiq ,_1y(C =1 Q) un
Ji—1n-1)(C =1 Q) coorsercrrenno, o € {+,—}; a Ext(M], (V,W)) =
{(V. WM, (V. W)}, Ext(M,, (V, W) = {{V, W) | M, (V,IW)}.

Hamomunm, uro n — sakmounTtenbusiii Takt JTCM-paccyxienns®.

KoncrpykTususzanueii mporeypHbIX TOHATHH M;: Z(V,W)m M, (V, W)
Oy/lyT COOTBETCTBEHHO IPOIE/LYyPHBIE  BBIPAXKEHUS [M;f ZV,W)] u
(M, (V,W)]. Ilostromy ecrecTsenno jonomuth tpeyronbuuku I'. Opere,
npeobpa3oBaB UX B Y4ETHIPEXyroJibHUKE Ha Puc. 3.

9CooTHOIIEHE TPOIELYPHBIX BHIPAYKEHHH, HHTEHCHOHAIOB ¥ SKCTEHCHOHAJIOB COOT-
BercTByeT umee A. Hepya o TOM, 9TO J€HOTAT UMEHU €CTh 3HaUYeHne pyHKunn F, 3aBucs-
el OT CMBICTIA UMEHU: X, iy — MMEHA, UX Int sIBJSIFOTCS CMBICJIOM, & COOTBETCTBYIOIIUE
POIIEY PHBIE BBIPAKEHUs ABIAIOTCA pyHKImamu [42].



O HeapHuCTOTEJIeBCKOM CTPOEHHHU IIOHSITHI 23

M, (V,W) {V, W) M. (V, W)}
(M. (V,W)]
Y
M, (VW) {(V. W) M, . (V,W)}
My (V,W)]
Puc. 3.

Taxum obpasom, npegukarst M, (V, W) u M, (V, W) cranossTcs pea-
JIN3YEMBIMH [OCPEICTBOM IIPOLE/LY PHBIX BBIPAsKEHUIA.

AHaJIOTIYHO MOI'YT OBITH IOCTPOEHBI COOTBETCTBYIOIINE YETHIPEXYTOJIb-
Huku Ui upeaukaros 1IS(V, W), tne o € +,—,0,7, y KOTOpBIX Oy/IyT
We(TI5(V, W) = T3V, W), Bxt(T5(V, 1)) = {(V, W)[TI5(V, W)} u mpo-
neypuble Boipakenust [119(V, W)], siBiistiomuecst ©X KOHCTPYKTUBH3AIUCH.

Ecou II(V, W) conepxkar npeaukarbl X =-9 Y, MOPOXKJIEHHBIE TOJIHKO
onmoit crparerueit JJCM-paccyxuenus Stry, s 3aJamHbIX M; LV, W)
u M, (V,W) [36, 27|, To mx mvenem Oyzer mapa (z,y). Torma momy«mm
COOTBEeTCTBYIOMME Tpeyroabuuku 1. dpere u UX KOHCTPYKTUBU3AIMHA — Ye-

TBIPEXYTOJIbHUKH Ha Puc. 4.
(,y)

I7.(V, W) (VWL (V, W)}

[T (V, W)

Puc. 4.
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3ameuanue 4-2. Paccmorpennbnie Tpeyrosbauku 1. dpere m cooTBeT-
CTBYIOIE YETHIPEXYTOJbHUKHU SIBJISIOTCS OPUEHTHPOBAHHBIMU TpadaMu ¢
OJTHUM TIOMedeHHBIM pebpoMm mexk 1y Int u Ext, koropoe npecrasiser KOH-
CTPYKTUBHOE TIOPOXKIEHNE IKCTEHCUOHATA TIOCPEICTBOM TIPOIETYPHBIX BbI-
paXKeHu COOTBETCTBYIOIINX NHTEHCHOHAJIOB.

3ameuanune 5-2. Eciu npeobpa3oBaTh WHTEHCHOHAJBI M -TIpeuKaToB
[OCPEJICTBOM WX YIIPOIIeHWs], BBelst mpusHaku (arpubyrsl) — (DY),
(CX), (93) u (YU), k, TO COOTBETCTBYIOIINE YETHIPEXYTOJbHUKY, JIAIIEH-
Hble KOHCTPYKTHBU3AIUHU (IIPOIE/yPHBIX BBIPAYKEHMUIT), peobpasyioTcs B
rpeyrosbHuKE 1. @pere. OpHaKo B 3THX TPEYroJbHUKax Int mpejcras-
JIEH MHOZKECTBOM TMPU3HAKOB, a HE OMHUCAHUEM, COMEPKAIINM BO3MOXKHOCTH
9 PEKTUBHON KOHCTPYKTUBU3AINH JIJIsT IOPOKAeHnst Ext. Bes Takoii KoH-
CTPYKTUBU3AINNA HEBO3MOYKHA PEAJIN3AIs HPOIeyPHBIX ITOHSITHA.

[Monsitre npasononobHoro BeiBoga 19%° posa (m.u.B.-1), peasmsyroire-
ro gopMaH3aIy U yCUJIEHUsT WHAYKTUBHBIX MeTo/0B BhiBoja JI.C. Mu-
JIsI, TIPEJICTABUMO IIOCPEJICTBOM CHHTe3a TonaTuit M T-npennkaros u M~ -
MPEUKATOB, KOTOPBIE COOTBETCTBYIOT ycjoBusM mpumenumoctu JICM-
meroga AIIT — cymecrBoBanuio (+)- u (—)-daxros.

[T.u.B.-1 (popmasmzaruu unaykrusabx Merog0B J1.C. Mus) B JJCM-
metore ATIT coorsercTBytor wernipe mpasmia seoga (1), (I)7, (I)° u
(I)™. Kaxnoe u3 srux npasui (I)7 sBisiercsi mporelypHbIM IIOHSITHEM,
00pa3s0BaHHBIM CHHTE30M COOTBETCTBYIOIMX M-IpeauKaToB U MX OTPUIA-
uuit. [TosTomy paccMmarpusaioTes Takxke Int u Ext orpunanuit M- u M-
npemkaros: M, (V, W) u =M, (V,W).

Takum 06pazoM, BOSHUKAIOT OPUEHTUPOBAHHBIE Ipadbl, KOTOPbIE ITOCPE -
CTBOM CHHTe3a TOHATHN M-TpeUKATOB W WX OTPUIAHUH IPEICTABIAIOT
[POIIEyPHBIE MTOHATHS TIPABUJI WHyKTUBHOTO BBIBOJIA.

Nmenamu stux nonsaruit Oynyr x&—y, -x&y, &y n —x&—y coorser-
crsenno gy npasua (1), (1), (9, u (I)7,, KoTopbie MOpOXKIAIOT I'H-
notressl ¢ onenkamu (1,n+ 1), (=1,n+ 1), (0,n+ 1) u (1,n+ 1).

Ha Puc. 5 mpejicraBiieHo TOHSITHE, COOTBETCTBYIOIIEE TTPABUITY (I);{’y7 WH-
TEHCHOHATIOM KoTOporo sisisiercsa M, (V, W)&-M,, (V, W), a skcrencuo-
nagom — {(V, W)|M,}F, (V,W)&-M,,,(V,W)}.

Beeniem obosznauenust, ucroib3yemble B Puc. 5.

Int(M;) = MJr 2V, W)

Ext(M) = <v WML (V1))

M, (V. W),
Ext(- J) = {(V, W)=M, . (V, W)},
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[~M, ] = [~M,,(V,W)],

Int (M &—M,) = Int(MF, (V, W)&-M,,(V, V),
Ext(M; &M, ) = Ext(M;, (V,W)&-M,,,(V,W)),
[MF&[~M, ] = [M}, (V, W) &M, (V,W)].

x&—y

(M &M, ]

Puc. 5.

AHAaJIOTUYIHO PEJICTABIISIIOTCsT TOHATHS ¢ uMeHamu —x&y, &y u ~x&—y
ans a1 (1), (I)gyy u (I)7, coorercrsento.

Takum  obpaszom, wna Pumc. 5 wuzobpaxken cuHTE3  MNOHATHI
M, (V,W)&~M,,,(V,W), obpasyiomux ()}~ mrs crparermm  JICM-
paccyxkaenuit Stry , |36, 27).

3ameuanue 6-2. Adnpom nporeaypubix moHsTuii M-mipeaukaros OymayT
OpUEeHTHpOBaHHbIE I'padbl BUIA, IpeacTaBaeHHoro na Puc. 6:
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M

Puc. 6.

AHAJIOTUYHO WpEICTaBUMBbI siipa [l  I[IPOLEAYPHBIX monaTuin II-
NPEANKATOB, BBIPAXKAIOIINX BBIBOJIBI 10 AHAJIOTUH.

Takum obpasoMm, TpeyroabHuku I'. dpere sSIBIAIOTCS siApaMU IPOLELYP-
HBIX HHOHSATHIA.

3 Hapymenue «3akoHa» 0OpPaTHOrO COOTHOIIIEHUs obbeMa
U co/iepKaHus TMOHATHUM’

TepMUHBI «<MIHTEHCUOHAJI» U «9KCTEHCHOHAJI» OBbLIN BBEJIEHBI B KOMMEHTAPHU-
ax K nepesojty kuurn P. Kapuana «3nadenue n nHeo6xonnMocTs» |7] BMecTo
«obbeMay U «COJEPKaHHUA» IOHATUIl COOTBETCTBEHHO.

s nponeypHbix noHsiTuil (Kak OyjeT MoKa3aHO HUXKE) paCIIUpeHue
MHTEHCHOHAJIa MOYKET He IOPOXKIATh YMEHbBINEHHs SKCTEHCHOHAJA. 3aKOH
7Ke 00pPaTHOI'O COOTHOINEHHS! MHTEHCUOHAJIA M SKCTEHCHOHAsa TpeOyeT Ta-
KOI'O yMEHbIIeHNs 9KCTeHCHoHasa [41], aro Beer/ia yTBEpK/IAI0Ch B Kypcax
TpaJMIMOHHOI (apucroTeneBckoii) soruku [41, 11].

Pacemorpum dparment mpomnemypuoit cemantuku JICM-meromza AIID
36, 27| PrSem = (Bi,By,=1, MJ,(V,W), My, (V,W), My (V,W),

ab,n
Mg, (V,W)), tne By = B; = <2U(i),®,U(i),—,ﬁ,U> — OyJeBbl anredphl,
1=1,2.

Mycts UM = {A,B,C,D,G,K,L,M,N,P,Q,S}, U® = {l,p,q,m, g}

Omnpenenum X =1 Y u X =9 W, 3a1aB MHOYKECTBO 3JIEMEHTAPHBIX BbI-
ckaspBanuii ¢ J-omeparopoM g u A1 COOTBETCTBEHHO, 00Pa3yIOIIUX JIHa-
IPAMMYy MOJIEJIH.

Paju ynobersa samucu nogmuozkecrsa U u U? Gynem npeacrasisits
ciaosamu B andasure UMD U UP) | nonaras npu srom KOMMYTaTUBHOCTD B
cioBax — AB = BA u pq = qp. Takum o6paszom, ABPQ = {A, B, P,Q}.

[Monoxkum Ttemepp 2y = {J<170>(ABPQ =1 pq), J<170>(ABMN =1
pql), J<,170>(CNSP =1 mg), J<,1’0>(CNDG =1 mg), J<7,0>(ABL =1
P2), Jr oy (CNMK =1 mg)}, Ay = {Ju1)(AB =2 pq),Ji_11)(CN =
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mg)}, Q = {J(1’2>(ABL =1 pq),J<,172>(CNMK =1 mg)}, Ay =
{70 (AB =2 pq), J7.0)(CN =2 mg)}.

3ameuanue 1-3. MmuoxkecTBO  3JIEMEHTAPHBIX  BBICKA3bIBAHUM
Ag U Q9 U Ay U Q «agBiasgercds HEOPOTHBOPEYUBBLIM, TaK Kak
Jroy(ABL =1 pq) un J;0(CNMK =1 mg) He mnpotusope-
qar J 9 (ABL =1 pq), Ji_19(CNMK =1 mg) cooTBeTcTBeH-
v Jro(ABL =1 pg) u Jron(CNMK =1 mg), Tak Xak
(r,1) ={(1,2),(-1,2),(0,2)} U (7, 2).

Taxum obpazoM, guarpaMmoi Mogenu sapiasgerca I' = Ag U Qg U Ay U Q.

Ext(M,o(V,W)) = {{V.W)IM/o(V,W)} = {(AB,pq)},

Ext(M, o(V,W)) = {(V,W)[M;o(V,W)} = {(CN,mg)},
(M o(V.W)) = My o(V,W), Int(M, o(V,W)) = M, (V.W),
Int (=M o(V,W)) = =M o(V,W).

U3 oupenenenuit M5, (V,W) u M, ,,(V,W) cremyer, aro M;’O(AB,pq) =
tu M, o(AB,pq) = f, rne t u f — NCTHHHOCTHbBIE 3HAYEHHs J[BY3HATHOI
JIOTUKH.

PaccMoTpuM yeioeue sanpeta Ha Konrprpumepst b (V, W) u b (AB, pq):

b*(AB,pq) = ((AB C ABPQ)&(pg € pq)) — (Ju0(ABPQ =1
p) V Jeo(ABPQ =1 pa)&((AB € ABMN)&(pg C pal) —
(J(1,00(ABMN =1 pql) V J(7.0)(ABPQ =1 pg)) = t.

Tax xax My (V,W) = MF (V,W)&(D)*(V, W), ro My ((AB,pq) = t.
W Ext(M}; o(V, W) = {{AB, pa)}.

TakumM oGpaszoMm, Ext(MJO(V, wW)) = Ext(M;bp(V, W)) = {(AB,pq)},
HO UX HMHTEHCHOHAJIDI Int(MIO(V, W)) u Int(M;z’O(V, W)) me skBuU-

BaJIGHTHBI, TaK Kak UCTUHHBI yTeepkienus: YVVW (ME (VW) —
M, (V,W)), =WVYW (M, (VW) — M (V, W), tae M, (VW) &

M (V,W)& ()™ (V, W).

CieoBarenbio, nponeaypubie mousitusa My, (V,W) u M(;z,n(V, W)
MMEeIOT HEIKBUBAJEHTHbIE WHTEHCUOHAJIBI, HO PAaBHBbIE YKCTEHCHO-
HAJbL. DTO O3HAYAET HAPYIIEHHE «3aKOHA» OOPATHOIO COOTHOIICHUS IKC-
Tercronasa u uaTencHonana [41]: =(Int (M, (V, W)) < Int(MiAAV, wW))),
Ho Ext(M,,(V,W)) = Ext(M(;gm(V, W)).

AHaJIOrMYHO yCTAHOBUM HAPYIIEHHE 9TOTO «3aKOHA» JIsl HPOIELy PHBIX
HOHSITHI [IPABUJI WH/YKTHBHOIO BBIBOJA (I.IL.B.-1).

Paccmorpum  1m.11.B. (I);‘b@ u (I)f, mma npenmkaros M(;Z@(V, w),

My, (VW) u M, (V,W), M, ,(V,W) coorsercrsento.
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TaK KakK [Mjn(V W)&[-M,,,(V,IW)Q, = {(V,IW)|MS,(V,IW)&
an(ViW)} = Ext(MJ(V,W)&=M(V,W)), 1o Ext(M,(V,W)&
aO(V W)) = Af, rue Al = {Ju1y(AB =2 pq)} nomydeno mpume-

mennem (1), Qo.

Ho Takxe Ext(M} (V,W)&-M, o(VIW)) = AT, rne A momyue-

HO TIpUMEHEeHHueM (I)+ba K Qo. Ouesmmno, aro M, (V,W)&-M,,(V,W)
u M;m(v W)&=M,, ,(V,W) He SKBUBAJeHTHBI, & CIIeJIOBATE/IBHO,

Int(M;,(V,W)&=M,,,(V,W)) u Int(Mabn(V WH&—-M ab, (V. W)) pas-
JIMYHDL.

Tax kak ma.s.-1 (I)f, n (I):b,a HMEIOT OJTMH U TOT ¥Ke 9KcTencnonar Af

0 1 11.11.B.-2 (npasuna Besoga no ananorm) (11, u (IN)F, | mueor pasnoie

ab,a
sxcrencuonanst U = {Ji 9 (ABL =1 pq)}'°, a ux unrencuonansi (mpe-
muxarer 1L, (V, W) u HZ‘b +(V,W)) me skpupasenTrbl. UT00BI yCcTAaHOBUTDH
9TO, JOCTATOYHO CPABHHUTDH UX IPOIE/LyPHBbIE BBIPAXKEHUS, OPOXKIAIOIIIE
npenukatel X =9 Y.

[Tomo6HBIe OITPOBEPTAIOITIE TPUMEDPHI «3aKOHA» 00PATHOTO COOTHOIICHUST
SKCTEHCHOHAJIA, U WHTEHCHOHAJIA MOXKHO HOCTPOUTH U IS JIDYTUX CTpAaTe-
ruit JICM-meroma AIIDL, comeprkalliux WHIYKTHUBHBIE METOJbI Pa3IUIUs W
cxozcTBa—pasanans [27].

3ameuanue 2-3. O6paruM BHUMaHUE HA COXPAHEHUE HAPYIIEHUS «3aK0-
Ha» 0OPATHOTO COOTHOINEHUS SKCTEHCUOHAIA U HHTEHCUOHAJIA U JJIsl YIIPO-
menus monsTHi, Korga Int(M,, (V, W)) samensiercss Ha MHOXKECTBO IIPH-
suaxos Simp(M,F, (V, W)) = {(9Y)+, (CX),93%(YU), k > 2}. Ananorny-
noe umeer mecro u s Int(M,, (V, W)).

PaccmarpuBaembrit adpdexkT 00ycaoBaeH TeM, 9TO UHTEHCHOHAJ OIPEIe-
JISIET TIPOTIE/IyPY, TPEJICTABICHHYIO PEKYPCUBHBIM MIPOIEYPHBIM BbIpaKe-
HUEM, a OHO NOpOXKjaeT dkcreHcuonas. CoBrajieHne »Ke SKCTEHCHOHAJIOB
JUUIsT PA3JIUIHBIX HWHTEHCHOHAJIOB BO3MOYKHO M3-3a OCODEHHOCTEH MCXOIHBIX
JTAHHBIX TPOTIEYP — MHOXKeCTBa (1.

B [27] ormeuasnock, uTo B onpejeenusi M-npeuKaToOB BXOJUT PEIU-
kar X =1 Y Takoii, 94To =1: U oU® Vin, te Vi, = {{v,n)|(v €
{1,-1,0)&(n € N)} U {(r,n)|n € N}, a mmoxecrsa UV u U sasa-

bl. Eciin He dbukcupoBaTh 3T MHOXKeCTBa B omnpejeieruun X =1 Y, TO
MHTEHCHOHAJIBI M -IIpeInKaToB HA3bIBAIOTCsI aGCTPAKTHBIMU (Mym o6Iu-
MH) MHTE€HCHOHaJIaMu. Eciu ke dukcnpoBaHb UD u U?| 10 unrencu-
oHaJIbl M-TIpeINKATOB HA3BIBAIOTCS KOHKPETHBIMHU M PeaIu3alusiMu

ab,a u

10 A pasloruunbIe paccyskeHust MoryT ObITh caenansl u s Q7 u (1), u (I)
II.II.B.-2.
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MHTEHCHOHAJIOB. AHAJIOTMYIHO OIIpeIesIsioTcst abcTpakTHbIe (1im obue)
9KCTEHCUOHAIIbI. DK3EMIISP TOHTUs 00pa30BaH TPOHKOI (MMsl, KOH-
KPETHBII NHTEHCUOHAJI, KOHKPETHbBII SKCTeHCI/IOHaJI>.

Cdopmynupyem Tenepb BaxKHbIH Te3uc: aGCTPAKTHBINA MHTEHCHOHAJ
MOHSATUS] PABHOCHUJIEH 3HAHUIO BCEX BO3MOXKHBIX €r0 KOHKPETHBIX
9KCTEHCHOHAJIOB.

Takum 06pa3oM, UMEIOTCst abCTPAKTHBIE U KOHKPETHBIE TPEyTOJLHUKH
I. @pere n YeTHIPEXYTOJBHUKK JIJIsI [IPOIE/YPHBIX HOHATHIA, & mapa KOH-
kpeTHbX Int 1 Ext 1y1s1 HEKOTOPOro MMeHM IpeJICTABISIOT SK3eMILIAD 110
HSITHSI, eMy COOTBETCTBYOIHi. CMBICIOM 2Ke IPOIIE [y PHBIX IOHATHIT ecTe-
CTBEHHO CYMTATh MHTEHCHOHAJ M €ro KOHCTPYKTHBHU3AIMIO. B paccmor-
penHoM Bime ciaydae sto Int(MF, (V,W)) u [M, (V,W)]. Bamernm, 1o
(M., (V,W)] mopoxmaer Ext(M}F, (V,W)).

4 XapaKTtepu3aliusd NOHATHUIN C HEapUCTOTEJIEBCKIM
CTPOEHUEM

B macrostiiem paszesie paciiupuM 3HAHASA O MPUPOIE MHOHSITHH C Heapu-
croresieBCKUM cTpoerneM. CHadaja MepedncanM HEKOTOPbIe BUIbI TAKUX
IMOHATHUIA.

1. IIpocTbIM TIPUMEPOM SIBJIAIOTCS MTOHSTHSA, BBOJUMbBIE WHIYKTUBHBIMUI
OlpeJIeJIEHUSIMIA — HAIIPUMED, TOHSITHE (DOPMYJIBI B A3BIKAX UCUUCTIE-
HUII MaTeMaTU4eCKON JIOTUKH.

2. BaxapiMu mpuMepaMu TIPOIEIYPHBIX ITOHSITHH sIBJASIOTCS PA3JIMIHBIC
YTOUHEHUsI WU ajropuTMa — Hampumep, mamuabl A. Toiopunra,
mammusbl D. [Tocra n HopMasibhbie agropurMbl A.A. Mapkosa [17].

3. Ilpumepom HepoIe Iy PHBIX MOHATUI C HEAPUCTOTEJIEBCKUM CTPOEHU-
€M SBJISIIOTCS HesIBHBIE OIPEJIeIeHUs MOHATHA MHOXKECTBa B Pa3Iny-
HBIX aKCHOMATHYECKUX CHCTEMax Teopuu MHOxKecTB [40)].

4. JleTtaJbHO pacCMaTPUBAEMBIMU MIPOIEYPHBIMU TTOHATUIMY B JTAHHON
crarbe siBisitorcst mousatust JICM-meroma AIIl: M-upemukarsr, 1I-
[peIMKATBI, TPAaBIIA IPABIONOI0OHOT0 BbIBOAA (IL.IL.B.-1 — JIsi WH-
JYKIUK ¥ ILILB.-2 — st anagorun), JICM-paccyxkienue.

Obi1ieit xapakTepusaiueil Bcex 3TUX IPUMEPOB TOHSITHIT SIBJISETCS TO, ITO
OHU — CPEACTBAa OpPraHU3aIuu 3HAHW, a He popMa MBIIIJIEHUST KaK
s10 yrBepxkaaercs B [11]. Chopmymupyem ocobennocTu monsTuii ¢ Heapu-
CTOTEJIEBCKUM CTpOeHuEeM. TaKOBBIMU SBJISIOTCS:
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(1) smpo nousitust — Tpeyroiabauk [ Ppere;

(2) KOHCTpYKTHUBU3AIUS TOHATHUS (JJIsT IIPOIE/LyPHBIX TOHITHUI) — YeThl-
PEeXyTOJIbHUK, KOTOPDIil €CTh paclInpenne siapa;

(3) cunTe3 noHATHII — OOpa30BaHUE HOHATHUSI 3 HEKOTOPHIX KOMIIOHEHT;

(4) ocHoBaHUe MOHSITHSI — MHOYKECTBO YTBEDXK/ICHUIT, XapaKTePU3yOIINX
€ro 3KCTEeHCHOHAJ;

(5) yuopsimoueHre pesIeBAHTHBIX MOHSATHI 110 WX JIOTWYECKON cuite (st
MHTEHCHOHAJIOB) U 110 OTHOIIEHUIO BKJIIOUCHUS (J1/Is1 9KCTCHCUOHAJIOB);

(6) KOHTAKTBI TIOHSITHUIT — [IepeveHb IOHSITHIH, UCIOJIb3YOIIUX JTAHHOE [0~
HaTe (IpeJCTaBUMBIX B HEKOTOpoM Tezaypyce [20] mimm orTONOrHME

[18]);

(7) pasBuTHE MOHSATHS 3a CIET €0 KOHTAKTOB M PACIIMPEHUST SKCTEHCHO-
HaJta (Jy1si OTKPBITHIX [MOHATHI, H3MEHsIEMbIX [TOCPEJCTBOM OOy YeHUsT

Ha rpuMepax 'l

PaccMOTpEM  0OCOOEHHOCTH CTPOEHUS HEAPHCTOTEJICBCKUX IOHATHUIl Ha
upumepe nousituii JICM-merona AIIT [1, 36, 27].

Ocobennocrn (1) m (2) mnpeicraBIeHbl SAPAMU  OHATHHA — HH-
rencuonamamu  Int(M,, (V,W)), Int(=Mj,(V,W)), Int(M,,(V,W)),
Int(=M,,(V,W)); Int(II5(V,W)), tne ¢ € {+,—,0,7}, a Takme coor-
BETCTBYIONUMU TPOIEyPHBIMU BBIPAYKEHUSIME [Ma‘; LV, W), [V, W)
u T.JI.

Oty sipa npeacTaBuMbl Tpeyroabiukamu . @pere, a BX KOHCTPYKTHBHU-
3aIUU — COOTBETCTBYOIIMMHI YEThIPEXYTOJbHUKAMHU.

Corutacuo [42]| skcrencuonas ectb 3HaveHne QYHKIUN, 3aaHHOM MHTEH-
cuonasioM. Jljist mporeypHbIX HOHATHI 9Ta 3aBucuMocth Ext or Int pe-
AM3YETCSA TIOCPEJICTBOM MPOIEAYPHBIX BBIPAKEHUIl, PACHIMPSIONIAX TPe-
yropuuk I'. @pere 10 geTbpexyroibunka, B qacraocra: (M (V, W)|Q, =
{(V, W) M, (V,W)}, rae Q,, — npeJicTaB/ieHue TO3NTHBHBIX TPUMEPOB Ha
n-om takre JICM-paccyxkenuii (puMepsl sIBJISIIOTCS peajn3anusiMu pop-
MyTTBL J( ) (X =1 Y)).

(3) Cunre3 HOHATHI €CTh BaxKHOE IPOSIBJIEHHE TIPOJLYKTUBHOIO MbIIILIE-
Hust [9).

Y PazsuTie IOHATHIT METOIONOMMHECKH MOYKET GBITH OXapAKTEPU30BAHO KAK PE3YJIbTaT
pocTa 3HAHUS B CMBICJIE 9BOIONUOHHON snucremosiorun K.P. Tlonnepa [24].
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B JICM-meroune AIIl' umerorcs Tpu cunrTesa noHATuii. IlepBbiM cuHTe-
30M sBJISETCS 0Opa30BaHue IPaBUJIA UHIYKTHUBHOIO BBIBOJA IIOCPEICTBOM
npemkaros M (V,W) u M, (V,W) (derpipe uX BO3MOXKHBIE KOMOMHa-
mun — (I)7,, tne 0 € {+,—,0,7}). DT0T cunres mmocTpupyerca na Puc.
5. Bropeim cunTe30M siByisiercst obpasoBanue takta JICM-paccyxkennst mmo-
cpezcTBoM KoMOuHanuu npasui 1°%° pozga (wnykimn) u npasmi 22 pona
(anasornn), KOTOpble 06pa3y0T UTEPATUBHBII [IPOIECC JI0 €ro cTabuiIn3a-
AW, DTOT CUHTE3 O0bEeUHSIET I1.11.B.-1 U I1.I1.B.-2, POPMYINpYyEMbIE ITOCPE]I-
CTBOM IIPEIUKATOB Mj LV W), M, LV, W) u II7(V, W), cooTBeTCTBEHHO
(c €{+,—,0,7}).

Haxkomnen, umeercsas Tpermii cunres — 3zapepmenue JICM-paccyzkaenus
[IOCPEICTBOM IPUHSATHAS IOPOXKICHHBIX HIOTE3 IpPUMEHEHneM abayKImn
[26, 45, 36]'2.

Cxema abaykrusaoro npunstust rurnore3 4.C. ITupca

D — muO)ecTBO (hakTOB
H — MHOXKeCTBO I'HIIOTE3
E(H, D) — upenukar «H obbsicusitor D»

Besikast runioresa h, h € H, saBasercs IpaBIomnog00HOM’.

B ACM-paccyxnennn sta unes H.C. Ilupca dbopmasnuzyercs: mocpei-
CTBOM ILILB.-1 (MHIYKIMH), TOPOXK JAr0MuX runoressl o (+)-upuunuax Ho
(omm mpesncrasiensl npegukaramMun Vo=-9 W), n m.m.B.-2 (anajorun), mo-
POXKJIAIONINX [PeJICKa3aHust (OHU MpeJcTaBIeHbl npeukaramu X =1 Y).
A6 yKTHUBHOE Ke MPUHSTHE TUIOTE3 OCHOBAHO HA MOJIHONW WM YaCTHIHOMN
BBLIIIOJIHIMOCTH aKCHOM Kay3asbHoi monaorsl AKITH u AKII() | xapaxre-
PUBYIOIIUX [IPEJIMETHYIO 00JIACTD — MOJIEJIb, COOTBETCTBYIONLYIO YCJIOBUSAM
npumenumoctu JICM-meroma ATIL™:

AKIM VXYY IV (J1,00(X =1 Y) = In(Jan(V =2 V)&V C X)&
(V #0))),

AKHO) VXYY IV (J 100 (X =1 Y) = In(J_ 1 (V =2 V)&V C X)&
(V#0))).

AKIIH) ppipakaer ciieiyiommee yrBepzKIeHne: s BCSIKOTO O3UTHBHO-
ro dakra (n = 0), npeacrasumoro dbopmyioit Ji o (X =1 Y), maitner-
cst runiore3a JICM-paccy»k/ieHnsi, TOpOXKICHHAS Ha IIare U MpeJICTaBuMAast
bopmynoit Jiy ny (V =2 Y) (n > 0) Taxas, aro (V C X)&=(V = 0).

Hocpencrsom AKITH u AKII() dopmanmsyercss akt npuHSTHS TUIO-
re3 H = Hy U Ho, rie H] — MHOXkKecTBO Tunores o (+)-npuunnax, a Hy —

120npenenenne abuaykum, dpopmamusyomee naeo 9.C. Iupca o ToM, 9T0 abryKIHs
€CTh CPEeJICTBO MPUHSITUS TOPOXKICHHBIX TUTIOTES, COMEpKuATCA B [36, =. 1].
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MHO2KECTBO T'HIIOTE3-1Ipe/ICKa3annii. TakuM 06pa3oM, KOHCTPYKTUBHO yTOY-
usiercst cxema 4.C. Tlupca u npemukar E(Hi, ), rae Q¢ — MHOXKeCTBO
HUCXOTHBIX (DAKTOB, MIPEJICTABUMBIX IIOCPEICTBOM Ipegukara X =1 Y.

(4) Ocnoanuem nousitusi JICM-paccy K ienusi, a cieoBaTebHO, HOHSI-
Tuit M-1peIuKaToB ¥ MpaBUil MPaBIONOA00HOT0 BBIBOJA I.IL.B.-1 (MHIYK-
[UU) U ILILB.-2 (AHAJOIUH) SIBJISIIOTCSL CTPYKTypa JAHHBIX (OyJeBbl aj-
re6pel B) u B2) m pacCMOTpEHHBIE BBIIE AKCHOMBI Kay3asbHON ITOJIHO-
o1 AKIT(H u AKII(). Ux coenunenne o6pasyer KBasHAKCHOMATHUECKIE
teopun (KAT), cocrosiiie u3 mpore/ypHbIX aKCHOM, aKCHOM OKOHYAHUST
JCM-paccyxenus, akcuom AKII?, akcuom OysieBbIx ajirebp U IpaBU
seisosia (1)?, (II)? (o0 € {+,—}) u upaBmw1 BBIBOJA JBY3HAUHON JIOIHKH
[36, . 11, § 3.

KAT 7 = (%, E/, M), rjie — X ecTb OTKPBITOE MHOXKECTBO aKCUOM, COJIED-
KAIIee IePeUUCICHHDIC BBIIIE AKCHOMBI, Y — OTKPBITOE MHOKECTBO (hak-
TOB U MOPOXKJIAEMBIX THUIIOTE3. 3aMETUM, YTO X JIAIIb YACTUIHO XapaKTe-

’ S ’
pusyer npeaMeTHyIo O6JIaCTI), ax = U E’n €CTb O6’])€,ZLI/IH6HI/IG COCTOAHNU
n=1

/
[IpeIMeTHOR obnacTn X, S — HOMED IIOCJEIHEr0 COCTOSIHUS IIPe/IMETHOIN
obJracTu JIist IPOBOAUMOIO HUCC/IEIOBAHUSI.
[IponenypHble aKCHOMBI MIPEJICTABSIOT I1.11.B.-1 U II.I1.B.-2, HAI[pUMED:

A YVYW (Jry (V' =2 W)EMF, &M, (V < W)) —
Jams1y(V =2 W)),

ASD VXYY (T (X =1 V&AL (X,Y)) = J (g (X =2 Y)).

Axcrombl OyseBbix anrebp B u Bo, mporieaypHble aKCHOMBI U AKCHOMBI
okoruanusi JICM-paccyx)aeHuii oOpa3yoT aKCHOMATHIECKYIO TEOPUIO, KO-
TOpas OCyIIeCTBIgeT AeaAyKTuBHyo nMmuramuio JICM-paccyxkaennmii
3]

B [3] ycranoBI€HA HEIPOTHBOPEUYNBOCTD ITON AKCHOMATHIECKOi Teopu,
obpazyrorneit geaykrusayo nmuTtanuio JJICM-paccy»kiennii, a Tak»Ke e TruH-
CTBEHHOCTH €€ MOJE/JM U OBPATUMOCTH MPABUJ PABJIONOS0OHOIO BBHIBO-
ga 1LILB.-1 u 1minB.-2. Takum obpaszom, nonsrus JCM-meroma AIIL —
M-tipeiukarsl, [I-ipeiukaTsl, MpaBuja MPaBIONOJ0OHOTO BBIBOJIA W CAMO
JICM-paccyzkieHne IMEIT KOPPEKTHOE OCHOBAHWE, MPEJICTAaBJIeHHOE B Me-
TaTeopeTHyecKnx mocrpoennsx. Ommako jgobasiaenne AKII?) moxer mo-
pPOXKJATh HPOTUBOPEYUBYIO TEOPHUIO, 4TO TPeOyeT IMPUMEHEHUS POIe-
JIyp PaCIO3HABAHUS TPOTUBOPEUNBOCTHU W BBIYUCIEHUsT (DYHKIIMOHAIOB, BbI-
pazKarIlux CTelleHb IIPOTUBOPEYNBOCTU MHO2KECTB IMOPO2KAECHHBIX I'IIIOTE3,
9TO HEOOXOIUMO MPU PACITO3HABAHUHU SMIMPUIECKUX 3aKOHOMEDHOCTEH B
6azax GakTOB MHTEILICKTYAIbHBIX cucreM [34, 13, 36, 4. II|.
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SaMeTnM, UTO TPOIEAYPHBIE aKCHOMbI xapakrepmsyior M- u Il-
IPEMKATH 1 IPABIIIa MPABIoNoIo0Horo Beisoja, a AKII(?) xapakrepusy-
FOT IPEIMETHYIO 00JIACTD, YTOUHsISI U (POPMAaJIU3Ysl YCJIOBUST IPUMEHUMOCTH
JCM-paccy:xaeaunii. AkcrnoMbl ke B u By XapaKTepu3yioT Kak IIPeIMeT-
HYI0 00JIaCcTh, TaK W BBIpa3uTeIbHBbIE cpeacTBa st M- u Il-npegukaros.

(5) HOpemmkaror M, (V,W) u M, (V,W), a TaixKe uX OTpPHIAHHS
CPaBHUMBI KaK II0 JIOTUYECKOW CHUJie, TaK U IO OTHOIIEHUIO BKJIIOYEHUS
MHOXKECTB MOPOXKIAEMbIX TUIOTe3. ECTeCTBEHHO, UTO YIOPSIOYEHHUE 10
OTHOIIIEHUIO BBIBOJMMOCTH INPUMEHMMO K WHTEHCHOHAJIAM, & OTHOIIEHHEe
BKJIIOUEHUS MPUMEHUMO K SKCTeHCHOoHasiaM. [losTromy mmeroTcs jBa TH-
na ajrebpamveckux pemerok — pemierku Int u pemerku Ext [27]. B
[27] paccmorpenbl pereTky, MOPOXKIAeMble MPEJINKATAMI METOJOB CXOJI-
CTBA, Pa3/IMIMs, CXOJCTBA—PA3JIMIMs C BO3MOXKHBIM JI00ABJIEHUEM YCJIO-
BUil 3aIpeTa Ha KOHTPIIPUMEDBI. YCTAHOBJIEHO, UTO STU PEIIETKU SBJIAIOT-
cs qucTpubyruBHbIMEU. TakuM 06pa3oM, paBuIa IPaBIOIIOI00HOTO BHIBOIA
IL.1L.B.- 1 (711 MELyKITU#) TIPE/ICTAaBUMBI IPOU3BEICHUSIMI COOTBETCTBYIOIINX
PEIIEeTOK.

Takum obpazom, M-1peIuKaTbl U COOTBETCTBYIOIIUE UM IPABUJIA Bbl-
BOJ/Ia YHOPSIJIOYEHbI KaK CHCTEMBI IOHATUM, YTO JejlaeT BO3MOXKHBIM
UX CPaBHEHWE U CUCTEMATU3UPOBAHHOE NpuMeHeHue B crparerusix JICM-
paccyxkaennii. Intepecen Takxke TOT (HaKT, UYTO PEIIETKU WHTEHCUOHAJIOB
U PEIIETKH SKCTEHCHOHAJOB HE SIBJISIOTCS M30MOP@HBIMHU (9TO Xapak-
TEPHO JIJIsI IIPOLE/LYPHBIX MOHSTHIA).

(6) KoHTakThl MOHSTHI HE SIBJSIIOTCS OCOOEHHOCTBIO TOJIBKO MPOIIEIYP-
HBIX IIOHATUI. DTU KOHTAKTHI IIpeJcTaBuMbl B Te3aypycax [20]. KonrakTs
BO3HUKAIOT [IJIsi TOHSITHI JIIOOBIX BUJIOB, KAK OCTE€HCUBHBIX, TaK U JIUAC-
KYPCUBHBIX, KOTOPBIMHU SIBJISIFOTCSI IIPOIIE/IyPHBIE TTOHSITUS SI3bIKOB HAYKHU
7 TexHoJorni. JIMCKypCUBHBIMU MOHATHUSIMU ABJISIIOTCS HMOHSITUS, BHIPA3U-
Mbl€e IIOCPEJICTBOM CUCTEMATUYECKUX TEPMUHOJOTUN U UCIOJIb3yeMble B pa-
[IMOHAJIBHBIX pacCykKIeHnsaX. Pazymeercs, 9To Bce MOHSATUS, BhIparkKeHHBIE
B A3bIKAX HAyKW, JTUCKYPCUBHBI. BO3MOXKHBIMU CPEICTBAMHU IIPEJICTABICHUS
KOHTAKTOB IOHSATUI ABJIAIOTCA COBPEMEHHbLIE KOMIIBIOTEPHbIE OHTOJIOI'UU
[18], mocpecTBOM KOTOPBIX peasmu3yeM MH(MOPMAIMOHHBIN MOUCK 3HAHUIA.

Buyrpennnmu kontaktamu nousaruit JICM-merona AIID ssistioTest ymo-
MSHYTBIE BBIIIE TPU CUHTE3a, & BHEITHUMU KOHTAKTAMU SIBJIAIOTCS IIOHATUE
CXOJICTBA, MOHATHE WHTEJIEKTYATBHOM CUCTEMBbI, TIOHSITHE TIPOIETyPhI (aJ-
ropuTMa), NOHATHE MHJYKIUU, AHAJIOTUU U abJlyKIUU, OTKPBHITOH TeopuH,
JIeJlyKTUBHOI UMUTAINH, (hajibcuUKAINN ITOPOXKIAeMbIX KAH/UIATOB B I'U-
[IOTE3bI, MMOHATUE UCTUHHOCTHOTO 3HAYECHUS, MOHSITHE MHOTO3HAYHON JIOTU-
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Ki. YICHO, 9TO TOJIHBIA IepevueHb BOZMOXKHBIX KOHTAKTOB IMOHATHUIN sTBJIsI-
€TCsl TBOPUYECKUM aKTOM C TIOCJIEYIONUMA KOPPEKITASIMH.

(7) BaxHoii 0COGEHHOCTBIO HayUYHBIX MOHSATHUI SIBJISIETCS UX DPa3BUTHE
— IOSBJIEHUE HA WX OCHOBE HOBBIX HHTEHCUOHAJOB M COOTBETCTBYIOIIUX
pacimpenuii skcrencuonasios. Pazsuruem nousruii JICM-meroma AIIT sas-
JISIeTCsl BBEJIEHWE MOHSATHs IMOUpudeckoir 3akoHomepHoctu (D3K)
[34, 36, 4. II]. DMumupuuecKoil 3aKOHOMEPHOCTBIO SIBJISIETCSI HEKOTOPAsI Pery-
JISPHOCTD, COXPAHSIONMASICH B IIOCIEI0BATE/HLHOCTIX BJIOXKEHHBIX 0a3 dak-
TOB. DTO COXpPAHEHHUE PETYIIPHOCTH XapPaKTEPU3IYETCsI COXPAHEHNEM UCTUH-
HOCTHBIX 3Ha4YeHUiT rumnore3 (Tounee, NX TUIOM — «1», «—1»: dakTuaeckne
«UCTUHA» U «JI0¥Kb» ) M CTEIEHbIO HEIIPOTUBOPEUNBOCTH PA3JIMIHBIX MACCU-
BOB T'HIIOTE3 IPU JAHHOM paciiupeHnn. Ecin creneHb TPOTHBOPEUYNBOCTH
ectb 0, TO OOHApYKEH SMIIMPUIECKUIN 3aKOH, €CJIU CTEIEeHb [IPOTUBOPE-
qupocTr < 0,2, To OOHAPYKEHA IMIUPUYIEcKasl TeHAeHIus [34].

Obnapyxkenabie 3K MOMOTHAIOT MHOXKECTBO aKCUOM Y, KBA3MAKCHOMAa-
THIECKOI Teopuu, sIBJIsiioNielicst ocHoBarueM mouaTuii JICM-meroma ATIT,
YTO O3HAYAET PA3BUTHUE ITUX MOHSTUH HOCPEJICTBOM HOBOrO noHsitus J3K.

DTOT MPOIECC B TOYHOCTU COOTBETCTBYET CXEM€ POCTa 3HAHUSI B DBOJIIO-
nuonHo# smucremosiornn K.P. Ilommepa: P1 — TT — EE — P2, rme P1 —
upobsiema, TT — npobuasi Teopusi, EE — ee mpoepka u Koppekiusi, a
P2 — noBas Bosuukias npobiema [24]. B JICM-merone TT coorsercrByer
KAT, EE — ee koppexknusi, a P2 — obuapy:kenne 93K (kak 3aK/I09uTe b
ublii akt knowledge discovery), nobasisiemoe k KAT (pacumpenue X)), 1ro
O3HAYAET MOSIBJIEHNE HOBOH MPOBIEMBI U ee MCIIOJIb30BAHNE JJIsT ONEHKY 110~
poxiaeMbIx runores [36, €. ).

Eme omun acnekt B pazsuruu mousTuil JJCM-merona AIID cBszan ¢ us-
MEHEHUEM JIECKPUIITUBHON M apryMeHTaTUBHON (QyHKIHA sizbika JSM-L,
UCIIOJIB3YEMOTO IS IIPEJICTABJIEHUs] JIEKJIAPDATUBHBIX 3HAHUI U MPOIEIYD.

[TepBbiM U3MEHEHMEM TIPABUI BBIBOJIA, J1Jist MHYKIMHA (IL.I1.B.-1) siBjIsieTCst
BBelenne npeaukaTos g ooparnoro JJCM-merona AIIL, B koTopom npuo-
pureToM siJisieTcst cXoAcTBO 3P dekToB (Y), a He CXOICTBO UX HOCUTE el
(X), xkoropsle npejcraBuMbl npegukarom X =1 Y [13].

BropbiM u3MeHeHMEM WPaBUJI BBIBOJA SBJISETCS CUTYAIMOHHOE pac-
mupenne JICM-merona AIIT' mocpencreom unpemukaros P(X,Y,S) u
R((V, Sl),W) — «X obmamaer Y B curyanuu S» u «(V, S’} €CTb IPUYH-
ma W, e S' C S [38].

IlepBast u Bropas Bepcusi uamenennii JJCM-meTo/1a IpUMeHUMbBI IPU WH-
TEJIIEKTYAJIbHOM aHAJU3€ CONUOJOIMICCKUX JAHHBIX.
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Tperbum nzmenennem nouaruii JICM-merona AIID sBiisieTcst Tak Ha3bI-
BaembIii 00001menubrit JJCM-MmeTon, B KoTopoM M-1IpeInKaThl CXOJCTBA 3a-
menstiorest Ha upeguxar T'(V, X, W) — «V — npuuauna W npu orcyrcTBum
TOPMO30B U3 MHOX)KecTBa X'» [33].

YerBepThiM n3MeHEeHHEM TpaBuUJ BbiBoja siBisercs JICM-meros ¢ oTHO-
meHneM nopsijka Ha M-npeaukarax [28] (Ha MX MHTEHCHOHAJAX), UTO CO-
orBercTByeT opranuzanuu JICM-mporieayp mocpeicTBoM AUCTPUOYTUBHBIX
perieTok [27]. Dra Bepcust JJCM-meTona Gosiee ajileKBaTHa €ro peasn3aliin
[IOCPEJICTBOM YIIOPSJOYEHHOI CUCTEMBI €ro IMOHATU.

PaccMmoTpenHoOe HeapuCTOTEIEBCKOe CTPOEHIE TIOHATHI (Ha IpuMepe mo-
asaruit JJCM-meroma ATITY) cBsi3aHOo ¢ XapaKTePHBIMEU OCOOEHHOCTSIMU [IPO-
1eJIyP, KOTOPbIE OHU BBIPAXKAIOT.

1. I/IHTGHCI/IOHa.HbI 9TUX HNOHATHUI U UX SKCTEHCHUOHAJBI CBSI3aHBLI KOH-
CTPYKTUBHOI QYHKIIMOHAJILHON 3aBUCUMOCTDBIO, HPEICTABAMON B
KOHCTPYKTUBHU3AIIUU AdIpa HOHSITUI.

2. IlpaBuia BbIBOJIA II.I.B.-1 ¥ IL.I.B.-2 ABJIAIOTCA aMILJIUATUBHBIMU,
IOPOXKIAIOIIMU HOBOE 3HAHUE.

3. DTy mpaBWJia UMEIOT IPEIPACIOoXKeHrne K (pajbcuduKanum pe-
3yJITATOB, UTO COIJIACYETCs ¢ KpUTEpHeM JeMapkanuu [29].

4. Tloustus JCM-MeToa, IpeacTaBIAONIe [IPaBUIa BLIBOJIA, I1.IL.B.-1
U II.I1.B.-2, IMEIOT B Pe3yJIbTaTe BbIBOJA I'MIIOTE3bl TAKUE, YTO OHH 00-
JIAJIAI0T UCTUHHOCTHBIMY 3HAYEHUSIMEU U = (V,N), KOTOPbIE SBJISAIOT-
CsI OIEHKAMU BBICKA3BIBAHUI WJIN IOCPEICTBOM TEOPUHM COOTBETCTBHS
win Teopun KorepertHoctu [23]. Ilepsasi Teopust nCTUHBI IPUMEHHMA,
K IL.II.B.-2, TaK KaK BO3MOXKHA MPAMas BePUPUKAIN JIA [IPETIKATA
X =1 Y, Teopus ke KOrepeHTHOCTU NMPUMEHUMA K II.I1.B.-1, TaK Kak
rUIoTe3bl 0 (4 )-npuanHax, IpeIcTaBIeHHbIE TOCPEJICTBOM IIpeInKaTa
V =9 W, umeror Uib KOCBEHHYO ITPOBEPKY [TOCPEICTBOM IIPUHSITUS
TUIIOTE3, MTOPOXKIEHHBIX II.11.B.-2.

5. BzammogeiicrBue 1.1.B.-1 ¥ ILILB.-2 OCYIIECTBJISIETCSI PEKYPCUB-
HOUM TIPOIeypoil MOCPEJCTBOM CHHTE3a IIPEeIUKATOB M; LV, W),
M, ,,(V,W) (u wx orpunaunnit) n npemuxaros 7 (V,W), rae o €
{+,—,0,7}. [Ipuuem sTa mporerypa peajnsyer oJHOBPEMEHHO apry-
MEHTAIUIO [IPU TIOPOKICHUN TUTIOTe3 ¢ TpejukaTom V =9 W (s
n.m.B.-1) u ¢ npegukarom X =1 Y (st m.i.B.-2). PaxTsl U3 MCXOJI-
Horo MuoxKecTBa ) (s X =1 Y) u pe3ysbrarhl 1.11.B.-2 SBJISIIOTCS
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apryMeHTaMu JJIsT TOPOXKIEHUS THIIOTE3 OCPEJICTBOM II.II.B.-1, a pe-
3yJILTATHI 11.11.B.- 1 SIBJISTIOTCST apryMeHTaMU JIJIsl TIOPOYKIEHUS TUIIOTES
ITIOCPEJICTBOM II.I1.B.-2.

3amevanue 1-4. TUIbI HICTUHHOCTHBIX 3HAYEHHUI HOPOXKIAEMBIX THIIO-
te3 B JICM-paccyxaernn 1, —1, 0, 7 sABISIOTCS NCTHHHOCTHBIMY 3HAYCHU-
(4)

AMI 9eTBIPEX3HATHON JIOTUKN apryMeHTanuu A, , ¢ JIByMs BbIIEICHHBIME
?
HCTHHHOCTHBIME 3HaUeHUsIME «1» 1 «—1» [35].

5 O mpeobpa3zoBaHUU UAEi B IMOHATUMA

B [30] obcyxmanach mpobsema peodpasoBaHust HESCHBIX HJIM ILJIOXO Xa-
paKTepuU3yeMbIX HJIeil B XOPOIIIO XapaKTePU3yeMble TOHSTHS, YTOUHSIOIIIE
MHTEHINH, KOTOPbIE 0/[Pa3yMEBAIOTCH B 9TUX UJedX. Bpliie ObLn yroms-
HYTBHI U3BECTHBIE CIyYan YTOUHEHUS UJIel aJrOpUTMa U MHOXKECTBa. B aTom
pasjesie OYAyT YIOMSIHYTBI yTOYHEHUS WJeli, MpeobpasyeMbIX B HOHSITHS
JCM-metoma ATIT.

1. ITepBeiM mpuMepoM TTpeobpasoBanust ujieit MeTo0B (KAHOHOB) WHIYK-
THUBHOT'O BBIBOJIA CXOJICTBA, PA3IUUUs, CXOICTBA—PA3JIMINs, OCTATKOB U CO-
[yTCTBYIOIUX u3MeHeHuil [21] siByistercst ux dopmasinzalys 10CpeICTBOM
M-npenukaros u II-npenukaros [29]. Dra dopmanusanusi, Kak ObLIO MTOKa-
3aHO BBIIIE, UCIOJIB3YeT KOHCTPYKTUBU3AIUIO sIIEP COOTBETCTBYOIINX I10-
uaTuii M-npennkaros u m.11.B.-1 (17131 Becex BapuanTo Metonos [1.C. Muwis
[29]). TIpumep crpoenus nousitus 1.11.8.-1 (1) npencrasien na Puc.5. Kpo-
M€ TOr'0, UCIOJIb3YyeTCs KOHCTPYKTUBHU3aIus sijiep noustuil [I-npegukaros
U IL.IL.B.-2, TJIe KOHCTPYKTUBU3AIMS COOTBETCTBYIOIINX si/Iep MOHATUHN TIpejI-
crasiena Ha Puc.4. (x,y) — ums [I-upenukaros.

Hexnaparusnbie akcnombl VVYW (J(7 ) (V' =1 W)&IIG(V,W)) —
i1y (V =1 W)),

1,ecin o = +

—1,eciu 0 = —
e v =

0,ecom 0 =0

T,eclid 0 = T,

BBIPAXKAIOT UH/YKTUBHBIE 0DODIEHUS [TOCPEICTBOM THIOTE3, TOJIYIEHHBIX
[IOCPE/ICTBOM ILILB.-1, ncnosb3yomux npeaukar V =9 W (V — npuunna

2. BropbiM npuMepoM peobpa3oBaHus UACH B MOHATHUE sBJsSETCS HOop-
MaJsu3alus ablyKIuu KaK CPeJICTBa IPUHATHS TUIOTE3, OPOXKJIEHHDBIX I10-
CpeICTBOM ILILB-1 (MHIYKIMK) U 11.1.B-2 (aHAJIOIMH, KOTOPasl sIBJISAETCST MH-
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JIYKTUBHBIM 0000miennem). Takoe nmpeobpasoBamue niaen adaykimn dhopma-
qu3yer u yrounsier 1o uaeto 4.C. Iupca (|36, 1. IJ).

3. B [36] u [37| npencrasieno yrounenne mpobaeMbl HHYKIMU TTOCPE/T-
CTBOM BB€JCHMSA ITIOHATUA <(eCTeCTBeHHOHaquOI>‘I IIpO6.HeMbI NHAYKIIUN», KO-
TOpoe peau3dyercsa ucrnosb3opanueMm JICM-paccykmennit Kak CHHTe3a WH-
JIYKIUH, aHajgoruu u abayxiuu |36).

4. YerBepThIM HPUMEPOM PEOOPA30BAHUSA UJIEU B MOHATHE sIBJISETCS
XapaKTepu3aIus OTKPLITOH TEOPUH KaK KBA3UAKCHOMATHYIECKON Teopuu
(KAT) 7 = (X,% %), tme ¥ u ¥ — OTKPBITBIE MHOKECTBA AKCHOM I
¢daKTOB U I'MIoTE3 COOTBETCTBEHHO, a YR — MHOXKECTBO IPABUJI IIPABJIOIIO-
JIOOHOTO U JIOCTOBEPHOTO BBIBOJA. IIpejicTaBiienne n opranu3aiiusi 3HaHU
nocpesicrBoMm KAT ssisiercst omgaoit u3 kommonenT JJCM-merona AT, mpu-
MEHSIEMOTO B WHTEJIIEKTYAJIbHBIX cucTeMax. OTKPBITOCTD YK€ MHOXKECTB )
1 Y co318eT BO3MOKHOCTH MAIIMHHOIO OOYUCHHS B ABTOMATHICCKOM HJII
MHTEPAKTUBHOM PEKUMAX ITUX KOMITBIOTEPHBIX CHCTEM.

Taxum obpaszom, KAT siisiercs BOSMOXKHBIM yTouHEeHHEM (U 11peobpa3o-
BaHUEM) UJEU «OTKPBITON SMIIMPUIECKOIl TeOPUN» B MOHSTHE «KBA3UAKCH-
OMATHUYECKON TeOpUU» IJIsi MHTEJLIEKTYAJIbHBIX CHCTEM.

5. IIsaTbiM IpEMEPOM TPeodpa30oBaHusd UJIEH B HOHSATHE SIBISETCS YTOU-
HEHMEe U XapaKTepusallhsi WJeH «3MIMPUIecKoil 3akoHoMepHocTH» (D3K)
[34, 36, qa. II|. Mmess 93K cBsizana ¢ pacriosHaBaHHEM PEryJsipHOCTEH Ha
HOCJIEI0BATEIHLHOCTSIX PACIITUPSIIONIUXCS MHOYKECTB (DAKTOB, KOTOPBIE BhIPa-
3MMBI [IOCPEJICTBOM CYIIECTBEHHBIX [APAMETPOB B SI3bIKAX MPEJICTABICHUSI
3HaHUN.

Qopmasmzarus 93K B JICM-merome ATIT cocTonT Kak B yCTAHOBJIEHUN
CTeleHU TPOTUBOPEUMBOCTI MHOXKECTB I'MIIOTE3 B PACIIUPSIEMbIX UX ITOCTIE-
JIOBATEJILHOCTSIX, TAK U PACIO3HABAHUN COXPAHEHUS TUIIOB UCTHHHOCTHBIX
3HAYEHUI MOPOXKIAEMBIX TUIIOTE3. DTHU JBA YCJOBUsI YTOUHSIIOT U (opMa-
JIM3YIOT SBJIEHUE PErYJISIPHOCTH, CYIIECTBEHHOCTD YKe IIapaMeTPOB yCTaHAB-
JIMBAETCsI TI0CPEICTBOM abuyKimn (Tounee: abjyKTUBHON cxoumoctu [36]).

[Tocpencreom A(p) u 2(p) 0603HAYAIOTCS MHOYKECTBA MUIIOTE3, TPEJICTa~
BUMBIE TTOCpeacTBOM mpemaukaroB V =9 W u X =1 Y coorBercTBenHO,
rge p — Homep pacmmpenus 0asbl dpakToB. CTelneHb IPOTHBOPEYUBOCTH
MHOXKeCTB TopoxgaeMbix runore3 A(p), A(q) u Q(p), Q(q) oupenensier-
cs1 mocpencTBoM yuKnnonaaos f7(p,q) u F?(p,q) cooTBeTCTBEHHO, TJe
oe{+,—,0} f7(p,q) =0u F?(p,q) = 0 xapakTepu3yoT IMIAPUIECKUIL
3akoH, a f7(p,q) < 0,2u F?(p,q) < 0,2 — 9IMOUPUIECKYIO TEHIECHIIAIO
[34].
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VciioBre coxpaHeHHs WCTHHHOCTHBIX 3HAYEHUI IIPEJICTABUMO IIOCDE]I-
CTBOM yTBEpK/JICHUSI:

WIWIImpra(p < D&(an(V =2 W) € AHp) —
(J,my(V =2 W) € A*(q))), rie AT (p) C A(p).

Amnamornano dbopmynupyores yreepxkaenus m1ias AT (p), a maa Q7(p),
rne o € {+7 _}7 J(l,n) (X =1 Y) € Q+(p)7 J(—l,n)(X =1 Y) € Q_(p).

OTU yTBEPK/IEHUs TOMOJTHSIOT KBa3HAKCHOMATUYECKYIO TEOPHUIO, SIBJIs-
OIIYIOCsT OCHOBaHueM TporeypHbix nousituit JICM-meroma AIIL, 6ymyun
CPEJICTBOM UX PA3BUTUS.

6. lecToiM mpuMepoM TpeoOpa3oBaHus UICH B MOHATHE SBJIAETCS OMIpPe-
nenerne dopMmaabHbix nouaTuii |50, 47, 44|. PaccmarpuBaiorcsi KOHTEK-
cTbI, KoTopble ectb Tpoiiku (G, M, I), rne G u M — muoxecrsa, I C G X M,
(G — MHOXKECTBO 00bEKTOB, M — MHOKeCTBO aTpuOyToB. Toraa MOHATIEM
sssiercs napa (A, B), tne AC Gu BC M, A" = {m|(m € M)&Vy((g €
A) D gIm)}, B = {g|(g € G)&Ym((m € M) > gIm)}, A = B, B' = A.

A — obbem (sxcrencronast) popMasbHOIO HOHATH, a B — ero comepxka-
Hie (MHTEHCHOHAIT).

B [47] cpeacrBamu Teopun hopMasbHBIX MOHITHI BIPAYKAIOTCSI AHAJIOTH
M-tpeaukaroB u I[I-npemukaros JJCM-meroma s popMaIn3aiun COOT-
BETCTBYIOIIUX IPOIEAYP UHIYKIUU U AHAJOTUU JJisl MIO3UTUBHBIX U HEra-
TUBHBIX IpuMepoB. PaKTUUECKN 3TO O3HAYAET HEKOTOPOe pa3BUTHE Pop-
MaJbHBIX noHsATH. CoBpeMeHHasi Teopusi (DOPMAJIBHBIX MOHATUAN STBJISIETCS
dopMmanm3almeit apucTOTEIeBCKON TpaanIul, OCHOBAHHONW Ha OHTOJIOIUN
«Belb—CBOiicTBOY» [15].

Chnenyer obparuTh BHUMaHUE Ha HPOCTOTY CTPOEHHS IOHATHI B apu-
CTOTEJIEBCKOU TPAJUIUU, ITO COOTBETCTBYET OHTOJIOTUU «BEIb—CBOWCTBOY,
0TO0OpazkaeMoil B CTPOCHUH MOHSATHI TOCPEICTBOM 3aaHHOTO oObema (MHO-
JKeCTBa OOBEKTOB) U MHOYKECTBa [IPU3HAKOB (aTprOyTOB, CBOCTB), XapakK-
TEPUIYIONTNX JIEMEHTHI 00beMa. [109TOMYy BO3MOXKHBIM yTOYHEHUEM HJICH
SABJISIETCH TPEOOPA3OBAHNUE €€ B TOHSTUE C APUCTOTEIEBCKIM CTPOECHUEM, KO-
TOpOe 3aTeM Tpeodpa3yeTcs B MOHATHE ¢ HEAPUCTOTEIECBCKUM CTPOCHUEM,
HAIIPUMED, [TOCPEJICTBOM KOHCTPYKTUBUBAIMY siJIpa MOHATHS, TO €CTh, Pac-
mpenns Tpeyroibauka . @pere 10 COOTBETCTBYIONIETO I€THIPEXYTOTHHU-
K&, Peasin3yIoIIero Mpoleaypbl HOPOXKIEHUA KOHKPETHOI'O SKCTEHCUOHAJIA
[OCPEICTBOM MHTEHCUOHAJIA.

[Tonobuble npeobpazoBanusi XapaKTEPHBI JJIs JUCKYPCUBHBIX MOHATHI,
€C/IN 3aJIaH A3BIK MPEJICTABICHUST 3HAHUN U CHOPMYIUPOBAHBI IIPOTIE/LY PBI
[OPOXKJIEHUS SKCTEHCHOHAJIA [TOCPEJICTBOM UHTEHCHOHAJIA. DTO O3HAYAET OT-
ser na Bonpoc U.C. ITupca [22]: Kax caenars namm nnen sicusiMu? [Ipeo6-
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paszoBaHue WJieil B MOHSITUS SBJISIETCSI IIPOIECCOM OPraHU3auy 3HAHUMN ¢
ucnosb3oBarneM Mupa 3 K.P. ITonmepa [23].

Takum obOpa3om, JOIyINEHUs, HA KOTOPBIX OCHOBAaHA APUCTOTE/IEBCKAs
TPAJIUIKs TIOHUMAHUsI [TOHSITUI, He aJeKBATHBI IPAKTUKE HAYIHOI'O MCCIe-
JIOBAHUSL: MIOHSATHsI He sABJIsTIOTCs (hopMoit Mbiiierust (onposepzkenne JI1),
TaK KaK OHM — CPEJICTBA OPTaHU3aIlNK 3HAHUIN, HHTEHCHOHAJDI (COJeprKa-
HUsl) JUCKYPCUBHBIX TIOHSITUI UMEIOT OPraHU3alUio, OTIIMIHYIO OT 3a/aHusT
MHOYKeCTBa IPU3HAKOB (onposepxkenue JI2); 3akoH 06paTHOIO COOTHOIIE-
HUsi cojiep:kanust 1 obbema (JI3) He umeer Mecra st IPOIE/LYyPHBIX TTOHSI-
Tuii (310 6bLIO IpoIeMoHCTPUpOoBaHO Jyist oHsTuil JICM-merona AIIL).

Kpome Toro, 9KCTeHCHOHAJIBI TOHSITHI MOI'YT BbIPAyKaTh OTHOIIEHUS, &
He CHHTY/IAPHBIC 00beKThl (1 M-npeKaTos 910 oTHONenus R, R, a
Juist 1.1.B.-1 — oTHOmenus R} N -R,, —-RInN R, RN R, RN -R,,
rje «—» — oneparus JOIMOJHEHUsT ajaredpbl MHOXKECTB).

Opranuszanus 3HAHAN y TOHATHN C HEAPUCTOTEJEBCKUM CTPOEHUEM, Kak
ObLIO MTOKA3aHO BBIIIE, UMEEeT HETPUBUAJIBHYIO PEAU3AIIIO, BKIIIOYAIOILYIO
SIZIPO TIOHSAITUSI, €0 KOHCTPYKTUBU3AIMIO, U cPepy MOHATHUs, 00pa30BaH-
HYIO OCHOBaHMEM MOHSITHSA, YIIOPSIOYEHNEM MHOXKEeCTBa TOHSATHSI, CBSI3aH-
HBIX C SIZIPOM PACCMaTPUBAEMOTO MOHSITHUS, €r0 KOHTAKTBI U CPEJICTBa pas-
BUTUsI TOHATHIA. [[OHATHSI ¢ HEAPUCTOTEJEBCKUM CTPOEHHEM IITHPOKO pac-
npocTpaHenbl B cdepe HAyKu, MeJUIUHBl 1 YIIPABJICHUS.

V3y4enne cTpoenust MOHATUI, KaK JUCKYPCUBHBIX, TAK U OCTEHCUBHBIX,
SIBJISIETCST HEOOXOJIMMBIM JIJIsl CO3JIaHMsI CPEJICTB TIPEJICTABIEHUST 3HAHUN 1
dopmysupoBanusi Teopuil (B TOM YHCIE OTKPBITBIX) B HayKax O YeJOBEKe
1 0OIIeCTBE, KOTOPBIE HYKJIAIOTCSI B IPUMEHEHUN TOYHBIX PACCyKIeHUNA 1
Pa3BUTUH SKCIIEPUMEHTAIbHBIX MCCIIEI0BAHMI.

B 3akimouenme 3aMeTuM, UTO CHUHTE3 IMOHSTH, YCTAHOBJIIEHHE WX OCHO-
BaHUIi, ylopsijiouenne HOHsITHI, obpasytolnee ux cucremy [27|, BolsBieHue
KOHTAKTOB IOHATHUHN, pa3BUTHE MMOHATUN 1, HAKOHEI], Tpeobpa3oBaHue HesIC-
HBIX UJI€fi B TOYHO XapaKTepU3yeMble MOHSITUS SIBJSIOTCS HEOOXOTUMbBIMEI
CpeJCTBaMHU 3BOJIOIUN PAIlMOHAJIBHOIO 3HAHUSI.
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on the example of procedural concepts of the JSM-method of automatic hypotheses
generation. For procedural concepts a refinement and a widening of G. Frege’s triangle
are proposed. For the procedural concepts Frege’s triangle formed by intension (content),
extension (scope) is supplemented with the procedural proposition which transforms the
initial data by means of the intension into the extension. In the paper is also given an
example of the violation of the so called “law of the inverse relation” between the scope
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generation. Formulated are the specialties of the construction of non-aristotelian concepts
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s aByx cucrem cmutornctuku (DyHIAMEHTATBHON M TPAJUIUOHHON) MPE/IATaioT-
Cs HECTAHJAPTHBIE MEPEBOJbI B WCUUCIEHUE NPEIUKATOB. JaHHBIE TIEePEeBObI TO3BOJIsI-
IOT TPAKTOBATH TU CHJJIOTUCTUYECKHE TEOPUU KaK JIOTMKHM aHTHOOBLEMOB CyO'bEKTOB U
MIpEINKATOB KATErOPUIECKUX BhICKa3biBaHmit. CoryiacHO mepBOMY mepeBoiy, SaP o3Ha-
4Jaer, uTo aHTHOObEM TepMHUHa S BKJIIOYaeTcs B aHTHoObeM TepMuna P, SeP o3nadaer,
49TO aHTHOObEMBI TePMHUHOB S u P He comepkar obmmx sjeMeHToB, SiP o3HawYaer, 9To
mepecevenne anTnoObLeMoB S u P HemycTto, SoP o3HadaeT, 9TO aHTHOOBEM TepMHuHA S
He BKJIIOYaeTCs B aHTHOObeM TepMuHa P. BTopoit mepeBoj st 1000 CUJLIIOrHCTHYE-
ckoit bopMysibl A COIEPKUT JHONOJHUATEIBHYIO IPEANIOCHUIKY O HEIyCTOTe aHTHOOHEMOB
TEpMUHOB, BXoamux B A. JIokazaHo, 9TO 3TH HEepeBO/Ibl TOIPYKAIOT yKa3aHHbIE CHILIO-
PUCTUKHU B KJIACCUYECKOE UCUUCJIEHUE NIPEUKATOB.

Karouesvie €a06a: CUILUIOTHCTHKA, WCUHCIIEHUE IIPEIUKATOB, IOIDYXKAIONasi Olepalns,
00 bEMBI U1 AaHTHOOBEMBI TEPMUHOB

OOGBITHO CHJJIOTHCTUKY TPAKTYIOT KaK TEOPHUIO ITPABUJIBHBIX PACCYKIEHUH,
OCHOBAHHYIO Ha OTHOIEHUSX MEXKJy 00beMaMu OOIMUX TEPMHUHOB, BBICTY-
Iamomux B POJIX Cy6”beKTOB 1 IpeJnKaTOB KaTCrOPUICCKUX BBbICKa3bIBaHUIA.
Cunnorucrudeckue TeOpUU, KakK MPABUIIO, CTPOSITCS B sI3bIKE, COIEPIKAIIEM
YeThIpe CUJIJIOTUCTUIECKAE KOHCTAHTHL: @, 1, €, 0, KaXKJiasl U3 KOTOPBIX (DUK-
CHpYeT HEKOTOPOE OTHOIIEHNE MEXK Ty 00beMOM CyObheKTa 1 00beMOM IIPe -
KaTa COOTBETCTBYIOIIEr0 BBICKA3bIBaHUs. Tak, B pyHIAMEHTAIbHON CHILIO-
TUCTUKE KOHCTAHTA ¢ PACCMATPUBAETCSI B KAUECTBE 3HAKA OTHOIIEHNST BKJTIO-
yeHust oObeMa CyObekTa B 06beM MpeanKaTa, KOHCTAHTA i KaK 3HAK OTHO-
nIeHns COBMECTHMOCTH TEPMHNHOB BbICKAa3bIBaHUA II0O 0613eMy (HeHyCTOTbI
nepeceveHrsi 0ObEMOB), KOHCTAHTA € IIPEJICTABJISET OTHOIIECHUE HECOBME-
CTUMOCTH, a O — OTHONIICHNE HEBKJIIOYCHUAI. B APYIrux CUJIJIOTUCTUICCKUX
TEOPUSIX MOTYT HAKJIAIBIBATHCS JIOTIOTHUTETHHBIE OTPAHIYEHUsT HA TyCTO-
TY WIX HEIyCTOTYy 00beMOB TEPMUHOB. B 4acTHOCTH, B TPAIUITUOHHON CUJI-
JIOTUCTHKE MPUHUMAETCS MCXOTHAS TPEITOCHITKA O HEITyCTOTe BCEX ODIIMX
TEPMUHOB, T.e. IIPU PEIIEHUN BOIPOCAa, SIBJISIETCS JIM HEKOTOpasi popMyJia

Jlormgeckue nccaepoBauusi. 2015. 21(1):49-59 / Logical Investigations. 2015. 21(1):49-59
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3aKOHOM 9TOI TEOPHH, MCXOJAT N3 MPEIIOTIOKEHHsI, ITO BCE TEPMUHBI, CO-
JiepzKaluecst B Heil, pelpe3eHTHPYIOT HEIlyCThle MHOXKECTBA.

Jaunas wMHTEpIpeTanus KaTeropuyecKuX BBICKA3BIBAHUNA B @yndamen-
MaALHOT CUALOZUCTIUKE HAXOAUT CBOE aJIeKBATHOE OTPAXKEHHE B IIHPOKO
M3BECTHOM II€PEBOJIE * CHIUIOIUCTUYECKUX (DOPMYJI B SI3BIK KJIACCHYCCKOTO
OJIHOMECTHOIO MCUUCIICHUS] IPEJINKATOB:

SaP* =Vz(Sz O Px), SeP* =Vx(Sz D —Px),
SiP* = 3z(Sx A Px), SoP* = Jx(Sx AN —Px),
(mA)* = —A*, (AVB)* = A*VB",

riae V ecTb 6I/IHapHaH IPONO3UNUOHAJIbHAA CBA3KaA.

Kiracc 3akoHoB 1to3uTuBHOTO (hparmMenTa QyHIAMEHTATBHON CUJLJIOTHCTH-
ku popMmauzyeT akcuomarudeckas cucrema ®C, koTopas AeyKTUBHO K-
BUBAJICHTHA ucancyieHnio, npeoxennomy Jxx. [ledepaconom |10, p. 144].
Cxemamu akcrnoM ®C sBIISIIOTCS:

@®D0. CxeMbl aKCHOM KJIACCHIECKOI'O UCUHMCJIEHNsT BHICKA3BIBAHMIA,
®1. (MaP N SaM) D SaP, ®d5. SiP D SiS,

D2. (MeP N SaM) D SeP, ®6. SoP D SiS,

®D3. SeP D PeS, D7. SiP =—-SeP,

D4. Sas, D8. SoP = —SaP,

a €JMHCTBEHHBIM IIPABUJIOM BBIBOJIA — Modus pomens.

Hokaszano [5, c. 18-27|, uro mepeBoj, * norpyzkaer cuuioructuky ®C B
KJIACCUYECKOEe MCYUUCJIEHUE IIPEJIMKATOB.

[HozuTuBHBIN dparMenT mpaduyuonnot custoeucmuKky MOPMaTN3yeTCs
U3BECTHBIM akcuoMarndeckum ucaucsenuneM 4. Jlykacesuua [4]. Hemxykrus-
HO PKBUBAJICHTHAS €My CUCTEMA TOJIyIaeTCs 38 CUeT JOOABJICHUS K CUCTEME
®C nosoit cxemsl akcuoM SaP O SiP (cxemsr akcnom @5 u @6 cranossT-
sl [IPH 9TOM WM3JIUIITHUMH).

B.A. CmupHOB |7] peitoKui1 nHy0 aKCHOMATH3AIIIO CUILTOrHCTUKY JIy-
kaceBuda. [loctpoennoe um ucunciaenne C4 COMEPKUT CACAYIONIIE CUILIO-
TUCTUIECKNE CXEMBI aKCHOM:

Al. (MaP N SaM) D SaP,
A2. (MeP A SaM) D SeP,
A3. SeP D PeS,
A4. SaP D SiP,

A5. SiP D Sa$,
A6. SiS,

AT7. SiP = -SeP,
A8. SoP = —~SaP.
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Cunnorucruka C4 morpyzkaercs B KJIACCHIECKOe OJHOMECTHOE MCIHCIIC-
HUE IPEIUKATOB IOCPeACcTBOM nepesoaa ©, npemtoxennoro M.H. Bexkanu-
mswm u JL.U. Muemmumsuinn [1]:

O(A) = 3xSiz A ... ANFzSpz) D A%,

rae Si,..., S, — BCe CUJIOIMCTHUYECKHE TEPMUHBLI B cocTaBe (POpPMYJIbl A.
IlepeBos © kak pa3 u BeIparkaeT IPUHAMAEMYO B TPAIUIIMOHHON CHJLIOIH-
CTHUKE IIPEIIOCBIIKY O HEIyCTOTE ODIINX TEPMUHOB.

NsBecTHO, 9TO JJIsST HEKOTOPBIX CHUCTEM IMMO3UTHUBHON CUJIIOTUCTHKHU CY-
[ECTBYIOT HEIKBUBAJIEHTHBIE JIPYT JPYTY aIeKBATHDBIE TIEPEBOIBI B KJIACCHU-
YeCKOe OJJHOMECTHOEe UCUYHUC/IeHue rnpeankaTor. OJIHAKO BCe paccMaTpuBae-
MbIe OOBITHO MTEPEBOJIbI KATErOPUIECKUX BbicKasbiBanuit SalP, SeP, SiP u
S0P SABJSIOTCS cMaHIGpMHLLMU B CJIEJIYIONEM CMBICIE: OHU MPEJICTABJISI-
0T coboit OyseBbl KoMOnHAIMKT (HOPMYJT SI3bIKA JIOTUKH MPEIUKATOB, IPHU-
9eM OIHOM M3 00s13aTe/IbHBIX COCTABJIAIONINX JJsI IepeBoda SalP siBjsieTcs
dbopmymna Yz (Sz D Px), miusa nepesoga SeP — dopmyna Vo (Sz O —Px),
st mepesogia SiP — dopmyna Jz(Sz A Pz), mius nepesoga SoP — dopmy-
aa Jz(Sx A —~Pz). IpyrumMmu coCTABISIONMMA STUX [I€PEBOIOB MOI'YT ObITH
dopmysibl TunoB 3xSx u Jr—ST, COOTBETCTBYIONINE YTBEPKIEHUSIM O HEITY-
CTOTE U O HEYHUBEPCAJBHOCTH TEPMUHOB.

Hastee MbI Ipe/IIOZKIM HECTaHIAPTHBIE (B YKA3AHHOM CMBICTIE) I€PEBO/IH,
[OTPY>KAOIINE B UCUUC/IEHNE TTPEUKATOB [TO3UTUBHBIE (DparMeHThHI DyH 1A~
MEHTAJIbHOW M TPAJIMIIMOHHON CUJIJIOTUCTHK.

s cucrembl dyHmameHTa pHON cryutoructuku @C ajleKBaTHBIM STBJIsI-
€TCs CAeAYIOIMNNA HeCTaHIaPTHBIN I1epeBO/y ®.

SaP® =Vx(Px D Sz), SeP® =Vx(Sxz V Pzx),
SiP® = Jz(=Sx A =Pxz), SoP® = Jz(Px A —Sx),
(mA)® =A%, (AVB)® = A®VB®.

CorjtacHO JTaHHOMY IIEPEBOY, KOHCTAHTa @ PacCMATPHUBAETCA KaK 3HAK
OTHOIIIEHUsT BKJIIOYeHUs 00beMa IpeauKara B 00beM CyObeKTa, KOHCTaHTa
0 — Kak 3HaK OTCyTCTBHSA OObEMHOI'0 BKJIIOYEHHSI IIPEIUKATa B CyObeKT, KOH-
CTaHTa € — KaK 3HAK YHUBEPCAJBbHOCTU 00beInHeHns 00beMOB CyObeKTa 1
[peIuKaTa, KOHCTAHTa { — KaK 3HAK HEYyHHBEPCAJIHHOCTH TAKOI'O O0be uHe-
HUA.

Bwmecre ¢ TeM, 3TOT mepeBo MO3BOJIsIET MHTEPIIPETHPOBATEH CUJIIOTUCTH-
YeCKHe KOHCTAHTBI HE TOJIBKO KaK 3HAKU OTHOIICHUN MeXKIy 0bsemamu
cyObeKTa U MpeguKaTa, HO U KaK 3HAKHM OIPEJIeIeHHBIX OTHOIIEHUI MeXK Ty
UX aHmMuo6semMaml.
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ITockosbky dopmyna Vo (Pz O Sz) S5KBHBAJCHTHA B KJIACCHIECKON JIO-
ruke npeukaTos dbopmyse Vo (—Sx D —Px), ©-nepeson SaP yTBepKiaer,
9TO aHTHOODbEM CyObeKkTa BKJIIOUAETCS B aHTHOObeM mpeankara. Popmysra
Vz(Sz V Px) sksuBasentaa dhopmyste Va(—Sz D ——Px), a cieJoBaTeIbHo,
SeP B COOTBETCTBUH C NIEPEBOJIOM & TPAKTYeTCs KaK yTBepPXKJICHHIe O HeCOB-
MecTuMOcTH aHTHOObeMOB S u P (Bcé, uro BXoauT B aHTHOObEM S, HE BXO-
aut B antuobbem P). ©-nepesoy SiP comepKuT nHPOPMAIHMIO O COBMECTH-
MOCTH aHTHOOBeMOB S u P (Hemycrore nepecevdennst aHTHOOHEMOB CyObeKTa
u 1pejauKarta), a nepesoy SoP skeubasiented dopmyie Jx(—Sz A ——Pzx),
TO €CTh KOHCTAaHTa O MOHUMAETCS 3/IeCh KaK 3HAK OTCYTCTBUS BKJIIOYEHUS
aHTHOObEMA S B aHTHOObEM P.

Taxum o6paszoM, nepesos & 3a1aeT CTaHIapPTHYIO TPAKTOBKY CHJLIOIUCTH-
YeCKUX KOHCTAHT a, i, €, 0, HO He IIPUMEHUTEJIbHO K OObeMaM CyObeKTOB 1
[IPEJIUKATOB COOTBETCTBYIOIINX KATErOPUIECKUX BBICKA3bIBAHUIL, & IpUMe-
HUTEJIHLHO K UX aHTHOObemMam!

st obocHOBaHUs Te3WCa O TOM, 4TO (PYHIAMEHTAJIbHAST CUJIJIOTUCTUKA
MO2KET PaCCMATPUBATHCS KAK JIOTMKA aHTUOOHEMOB CyOHEKTOB U IIPeIHKa-
TOB BBICKa3bIBaHUIl (B yKa3aHHOM BBIIIE CMBICJIE), HEOOXOIUMO JIOKA3aTh,
gro nepesos; € norpyxaer cucremy ®C B KaccuIecKoe HCUUCIEHUE Mpe-
JINKATOB.

Jlannoe yTBep2KieHrEe MOXKHO 0DOCHOBATH CPEJICTBAMHU MCUHUCJIEHUS IPe-
JIMKATOB, CJIMYas HepeBoabl * 1 © U UCIOb3ys HPABUIIO HOJCTAHOBKH BMe-
CTO NPEJIUKATHBIX CUMBOJIOB U IIPABUJIO SKBUBAJEHTHOI 3amMeHbI. MbI ke
Oy/ZeM BeCTH JI0KA3aTeJIbCTBO, OCTABASICh «BHYTPU» CHUJIJIOTUCTUKUA U OIIH-
pasich Ha Pe3yJIbTAThI, M3JI0KEHHDbIE B MaJjion3BecTHoit pabore .M. 'ann-
sgana u B.M. Mapkuna [3|. B Heii 6buM HOCTPOEHBI CHCTEMbI, MCXOJHBI-
MW KOHCTAHTaMU KOTOPBIX, HAPSLY C @ U O, SIBJISIIOTCSI HE ¢ W €, a HOBBIE,
HECTAH/IAPTHBIE KOHCTAHTBI «MCYEPIIBIBAEMOCTH» (U) M «HEHCUEPIIBIBAEMO-
cru» (j) upexmerHoit obiactu obbeMamu cyGbeKTa U npeukaTa. B si3bike
910l custorucTuku momumo SaP u SoP uMmeroTcst Be HOBBIX PA3HOBUJIHO-
CTH 3JIeMeHTapHbIX dopmyia — SuP u SjP. SuP Moxer ObIThH IIPOYATAHA
Tak: «Beakuit o6bexT ects S mim Py, a SjP — kak: «Hekuit 00bekT He ecTb
uu S, Hu P». BeickasbiBaHUs TTOJ00HBIX TUIIOB BIIEPBbIE ObLIN UCCIIEI0BAHBI
A. JTe Moprasnowm [9].

[TepBoe ucuncseHNe CUITIOTUCTUIECKOTO TUIIA, B SI3bIKE C KOHCTAHTAMU @,
u, J, 0 — cucrema PV — Kpome KJIACCHIECKUX TABTOJIOTUN U IpaBuiia modus
PONENns COIEPAKUT aKCHOMBI CJIEIYIONTUX THUIIOB:

V1. (MaP A SaM) > SaP, V5. SjP > S8,
Y2. (MaP A SuM) D SuP, ¥Y6. SoP D PjP,
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¥3. SuP D PulsS, Y7.SjP = -SuP,
VY4. SaS, V8. SoP = —~SaP.

Ncuucnenne @Y Tax ke, Kak u cucrema GyHIAMEHTAILHON CUJLIOTUCTH-
ku DC, apysieTcs mojgcucTeMoit 06001eHHoi dyHIaMeHTAILHON CHIIOTU-
crukn OPC, koropasi IOCTPOEHA U [IPOAHAJIN3UPOBaHa B pabotre [6] u co-
JEPKUT B KAI€CTBE NCXOAHBIX CUIIOTUCTUIECKHE KOHCTAHTHI @, 1, €, 0, U, j.

s cucrempl @Y B 3] npeyozken ciieayonmil aleKBaTHbIH 1epesos ©
B f3BIK KJIACCUIECKOTO MCUYUCTICHUS MIPEINKATOB:

SaP® =Vx(Px D Sz), SuP® =Vz(Sz V Pzx),
SjP® = Jz(~Sz A =Pxz), SoP® = Jz(Sx A —Px),
(mA)® = A9, (AVB)® = A®VB©.

®yuxuus © norpyzxkaer cucremy @Y B ucuuc/ienne npejukaTos (1oapoo-
HOE JOKa3aTeJIbCTBO COJIepKUTCA B quinioMuoi pabore 1.1, lanusana, ono
aHaJIOTUYHO JI0KA3aTesbCTBY Horpyxkaemoctu @C B ucuduciienne mpenKa-
TOB TIOCPEJICTBOM IIepeBojia *, mpejcraBieHHoMy B [5, ¢. 18-27]).

Custorncruku @C u @Y nazsanbl B [3]| seprasvrvimu. CMBICT 3TOTO
OTHOIIIEHUsI COCTOUT B cjeayiomeM. Ecim B ji060it Teopeme cuctembr @C
3aMeHUTb Bce mojdopMmysibl Bujga SaP uwa PaS, noadopmynsr Buga SoP
Ha PoS, nondopmyrsl Buga SeP wa SuP, a moadgopMmysisl Bujga SiP Ha
Sj P, To nosiyueHHasi (hopmysia okaxkercs jjokazyemoit B @Y. Ilpu obparHoit
zamene moadopMyst B 1000 Teopeme cuctembl @Y MbI 1oty auM (hopMyILy,
nokasyemyio B @C.

B 6071ee TouHBIX TepMUHAX, HECOOXOIUMO PACCMOTPETH JIBA IIEPEBOA: TIe-
peBoj, 1 U3 MHOXKecTBa (popmydt cucrembl PC B MHOXKECTBO (POPMYJT CHCTE-
Mbl @Y u mepeBos o U3 MHOXKeCTBa (popMmys cucrembl @Y B MHOXKECTBO
dopmyir cucrembr DC:

71(SaP) = PasS, T2(SaP) = PasS,

71(SoP) = PoS, T2(SoP) = PoS,

71(SeP) = SuP, To(SuP) = SeP,

11(SiP) = SjP, T2(SjP) = SiP,

T1(=A4) = ~n(A), 72(2A) = —ma(A),
Tl(AVB =7'1(A)V7'1(B), TQ(AVB) ZTQ(A)VTQ(B).

Hecnoxmo mokazarh, 9To Ti-mepeBos, joboit akcuombl PC gokasyem B
DY, a rakxke 10, uro ecyn 71 (A D B) u 71 (A) sBistiorest reopemamu DY
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to u 71(B) nokaszyema B @Y. CrenosarenbHo, st j06oii dopmysbr A
si3bika PC Bepro: ecim A nokasyema B DC, 1o 71(A) nokaszyema B DY.

AHaOTUYHBIM 06pPa30M JIEMOHCTPUPYETCsI CIIPABEIUBOCTD CJIETYIOIIErO
yTBEPXKIeHnsT: JJis1 J1E000# popMysibl A si3pika @Y BepHO: ecyim A JT0Ka3y-
ema B @Y, 1o 175(A) nokazyema B PC.

Kpowme Toro, nnayknueit mo jymne gpopmyasl A s3bika @C MOXKHO JI0-
kazarhb, 910 T2(71(A4)) = A. A unaykuumeit no jymue dbopmysbl A sA3bIKA
DY MokHO JI0Ka3aTh, 410 T1(12A) = A. [losromy dbopmyna A = 7o(71(A))
siBjisieTcst TeopeMoit @C st J1000it A si3bIKA 3TOU CHCTEMBI, & (POPMYJIa
A = 11(12(A)) aBasercst Teopemoit @Y st moboit A ee s3bIKa.

Bce ckazannoe BBINE, COTIACHO M3BECTHOMY KPUTEPHIO TOTPYKAEMOCTH
OJIHOI'O MCYNCJIeHUs B Apyroe, npejyioxkenHomy B.A. CmupHosbiM (8, c. 159,
o3HavaeT, 9To 71 norpyxaer cucremy @C B DY, a 79 MOrpyKaeT CUCTEMY
DY B PC.

Terepb MbI B COCTOSTHUE JIOKA3aTh METATEOPEMY O HOTDYKAEMOCTH (DYH-
JaMeHTaIbHON cusorucTukn @C B nCInCIeHNe TPEUKATOB TIOCPEICTBOM
HecTaHJAPTHOTO Hepesoja ©:

TEOPEMA 1. @ynxuyusa © noepyoicaem cucmemy DPC 6 waaccuneckoe 00-
HOMECTVHOE UCHUCAEHUE NPEIUKAMOS.

JIOKABATEJIbLCTBO. Bplme 6bL10 OTMEYEHO, UTO TE€PEeBOJ 7] HOTrpy’Kaer
cutoructuky ®C B @Y, a nepesos © — cucremy @Y B Kiaccudeckoe
ucuucaenue npegukaroB. Orciona ciemyer, aro ®C norpyKaercsi B UCIUC-
JIeHUe IPeJIMKATOB HocpeacTBoM KoMuozuimn dynkmumit © u 7. To ecTb s
sr060it popmyiibl A sisbika PC BepHo: A mokasyema B @C, ecii 1 TOJIBKO
ecin hopmyia 7 (A)® okazyema B UCUUCIEHUHN TIPEIUKATOB.

[Mokaxkem nanee, uto 71 (A)® = A® nia moboit hopmynbr A sapika @C.
Paccyzkienne BeJileM BO3BPATHON MH/YKIMEH MO YUCy HTPONO3UIINOHAIb-
HBIX CBA30K B opmyste A. JlomycTum, uro s mo6oit popmyssl B ¢ MeHb-
muM, dem y A, KosmuecTBoM cBaA30K Bepno: T1(B)® = B®. Ocymectsum
pa300p IeCTH CIydaeB B 3aBUCUMOCTH OT BuJa opMysbl A.

(1) A ectb SaP.
71(SaP)® = PaS® = Vx(Px D Sz) = SaP®.

(2) A ectb SiP.

(SiP)® = SjP® = Jx(=Sz A ~Px) = SiP®.
(3) A ectb SeP.

71(SeP)® = SuP® = Vz(Sz V Pz) = SeP®.

(4) A ectb SoP.
71(SoP)® = PoS® = Jx(Px A —Sx) = SoP®.

1
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(5) A ecrb —B. Cornacuo onpesenenusim bynkiuit 71 u @, 7(—B)® =
(—=71(B))® = =(11(B))®. HockonbKy B COIEPKUT MEHbIIE CBA30K, YeM A,
10 MHAYKTHBHOMY jomnyiiennio umeem: 71(B)® = B®. Torga —1(B)® =
-B®. A no onpenenennto gyuxnun €, -B® = (=B)®. Takum obpazom,
71(=B)® = (=B)®.

(6) A ectb BVC'. Cornacno onpenenenusm dyuxmuit 71 u @, 7 (BVC)® =
(m(B)vn(C))® = 1 (B)?vr(C)®. Tockonbky B u C cojep:kaT MeHb-
e CBsI30K, YeM A, 10 MHJyKTHBHOMY jomymienuio umeem: 71(B)® = B®
u 7 (C)° = C%®. Torma 71(B)°Vr(C)® = B®VC®. A no onpejesenuto
bynknmu ©; B¥vC® = (BVC)®. Takum obpaszom, 11 (BVC)® = (BVC)®.

Urak, npousBosibHasi Gopmysna A pokasyema B cucreme PC, eciau u
Tosibko ecim 71(A)® J0KazyeMa B UCYUCICHUN NPEIUKATOB, U IPH 3TOM
11(A)® = A®. Orcrona ciepyer, uro s joboit dpopmyiab A aspika ®C
BepHO: A nokaszyema B ®@C, ecin 1 TobKo ecan dopmyna A® mokasyema B
HCYUC/IeHU peuKaToB. ubiMu ciioBamu, © ecThb nepeBojl, Torpy zKaroruil
®C B KJIACCHYECKOE OJIHOMECTHOE UCIUCIEHUE TIPEIUKATOR. O

IIpenoxkum Terrepb HECTAHAAPTHBINA ITepeBoa A B MCYMCIIEHNE IIPeIuKa-
TOB JjIsl JPYTrOil CUJIJIOTUCTUYIECKON TEOPWH — CHUJJIOTUCTHKHU JIyKaceBuda
(CI/ICTeMbI C4), KOoTOpas (popMaIu3yeT MO3UTUBHBIN (bparMeHT TPaIuI[HOH-
HOIl CUJIJIOTUCTUKU:

A(A) = (3z=S1z A ... ATz=S,z) D A%,

rjie S, ..., Sp — BCE CUJIJIOTHCTHYECKUE TEPMUHBI B popmyse A.

[TepeBox A mosBoJisier ncroskoBbIBaTh cucreMy C4 Kak JIOTUKY aHTH-
00beMOB CYOBEKTOB U IPEIUKATOB KATErOPUIECKNX BBICKA3BIBAHUI B TOM
JKe CaMOM KJIIoue, 9TO U IepeBoJ] © IpUMeHuTeabHo K cuiutoructuke ®C.
HeiicTeurensno, A onpesensercs depe3 €, KOTOPBIl HHTEPIPETUPYET CHII-
JIOTECTUIECKIE KOHCTAHTBI KaK 3HAKU OTHOINEHWIT MEXK]Iy aHTHOObheMaMu
TEPMUHOB KATETOPUIECKUX BLICKA3BIBAHUHN, 8 9K3UCTEHITUAILHBIN TpeduKe
A(A) — bopmyna Fz—S12 A ... A xS, 2 — BbIpazkaer NpeochIIKY O HElLy-
CTOTE aHTHOOBEMOB BCEX TEPMHUHOB CUJIJIOTHCTHIECKONH hopMyJibl A.

Jlns mokasarenbeTBa ajiekBaTHOCTH mepeBosia A cuytoructuke Jlykace-
BHYA PACCMOTPHUM JPyroe UCUUC/ICHUE CUJIJIOTHCTUIECKOTO TUIIA B A3BIKE C
UCXOJIHBIMU KOHCTAHTAMU a, U, j, 0, chopmysupoBarHoe B padore [3]. Mc-
qucyienre C4Y HapsLy ¢ KIACCUIeCKUMU TABTOTOTUSIMI U IIPABUIOM Modus
POMENS COMEPIKUT aKCHOMBI CJIEIYIOIIIX TUIIOB:

JI1. (MaP A SaM) > SaP,  JI5. SjP S Sas,
JI2. (MaP A SubM) D SuP, JI6. S35,
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JI3. SuP D PusS, JI7. SjP = -SuP,
JI4. SaP D SjP, JI8. SoP = —SaP.

Ncuncnenne C4Y, kak u C4, spjsieTcst nmojcucreMoii 0000IIeHHON Tpa-
qurmontoit cuytornctukn OC4, comepxKateil B Ka9eCTBe MCXOTHBIX CHJI-
JIOTUCTUYECKUe KOHCTAHTHL a, i, e, 0, u, j [6].

Cucrembr C4 u C4Y aBagioTcs 3€pKAJTBHBIMEI, TO €CTh MIEPEBOJT T1 II0-
rpyxkaet cucremy C4 B C4Y, a  norpyxaer cucremy C4¥Y B C4. Kpome
Toro, cutoructuka C4Y morpyxKaercs B KJIACCHIECKOE OHOMECTHOE HC-
YUCJIEHNE MTPEIMKATOB MOCPEJCTBOM CJIEIYIOIIEro mepeBoia =:

E(A) = (Fz=S1z A ... ANTz=Spx) D A9,

rae Si, ..., S, — BCe CHJUIOTUCTHYECKNE TePMUHBI B cocTaBe (hopmyssl A.
JlokazaTeabCTBO OCyIecTB/IeHO B nuiiomuoit pabore N.U. lanusaumna, ono
OCHOBAHO Ha METOJIE, MCIOJIB30BAHHOM B |2, ¢. 93-95| mpu nokasaresbcTBe
IOTPYy2KaAEMOCTU CUCTEMbI C4 B HCYHCJ/IEHUE IIPpeJIUKaTOB IIOCPEJICTBOM IIC-
peBojia ©.

OTH Pe3yIbTATHI MO3BOJIAIOT 0DOCHOBATH CIIPABEJINBOCTD CJIEIYIOIIErO
MeTayTBEPK ICHUS:

TEOPEMA 2. Qyuxuyua A noepyocaem cucmemy C4 6 xaaccudeckoe odno-
MECTMHOE UCHUCAEHUE NPEIUKAMOE.

JIOKABATEJIBLCTBO. Ilockonbky 71 morpyxkaer cuuioructuky C4 B C4Y,
a nepeBoj; = — cucreMy C4V B KJIaCCHIECKOE UCIHUCIEHUE TIPEUKATOB, 10~
crosbky C4 morpy»kaercst B UCIUCJIEHNE TIPEIUKATOB IIOCPEICTBOM KOMITO-
sunuu GyHKuuid = 1 7. To ecrb s ar060it hopmyiasl A craHgapTHOIO
CHJIOTUCTHYECKOTO si3bika BepHO: A jokaszyema B C4, eciii U TOJIBKO eC/in
dopmyna E(71(A)) mokazyeMa B HCUUCICHUN IPEIUKATOB.

Cormacuo ompegenennto =, Z(71(A)) = (Jz-S1z A ... A Jz=Spz) D
71(A)®, rie Si, ..., Sy, — BCe CHUIOTUCTHYECKHE TEPMUHBI B cocTaBe (hOpMy-
Jsiet 71 (A). Tlpu okazarebeTBe NpeblLy el MeTaTeopeMbl ObLIO TIOKA3aHO,
aro 71(A)® = A® aya moboit hopmyssl A crangaprHoro asbika. [losTomy
E(11(A)) = (Fz-S1z A ... AJz=S,z) D A®. Ho, 1o onpejiesiennio nepesojia
A, A(A) = (Fz=S12 A ... A Jz=Spz) D A% rie S, ..., S, — Bce cuLIoru-
cTUYecKre TepMHUHbI B coctase (opmysibl A. Heciioxkuo yoeuTbess B TOM,
YTO MHOXKECTBA CUJLUIOIUCTUIECKUX TEPMHUHOB B coctae dopmyn A u 71 (A)
coBrasaor st soboit popmynst A. ITosromy =Z(71(A)) = A(A), To ectb A
npeJIcTaB/IsseT coO0i KOMIO3UIIUIO TEPEBOJIOB = 1 T7.

13 ckazaHHOIO BBIINIE BBHITEKAET, YTO Jis J000i dhopmybl A crangapr-
HOT'O CHUJIIOTUCTUYECKOTO sI3bIKa BepHO: A nokazyema B C4, ecjin U TOJIBKO
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ecin dopmyna A(A) nokasyema B UCYMCIIEHUU NIpeaukaToB. Takum obpa-
3oM, A ecTb nepesox, norpyzxkamomuii C4 B KJIaCCHIECKOe OIHOMECTHOE UC-
qucJjieHue npeuKaToB. g

I/IT&K, MBI IIOKa3aJIl, 9TO JAB€ IMMUPOKO U3BECTHLBIEC CUCTEMBI TTO3UTHUBHOMN
CUJIJIOTUCTUKHU — (byH,ZLaMeHTaJH)HaH n TpaJulIuOHHAasA — MOI'YT OBITH HCTOJI-
KOBaHBI HE TOJIbBKO KaK <«JIOTUKH O6'beMOB>>, HO U KaK <«JIOPUKH aHTHOObe-
MOB» Cy6’beKTOB 1 IIpeuKaTOB KaTeropnuieCKnx BbICKa3bIBaAHU. HO,HO6HO€
HNCTOJIKOBaHMe, OIIMpaloIieecda Ha HeCTaHJapTHBIC IIePeBOAbI CUJIJIOTUCTIIEe-
CKHX (bOpMYJI B SI3BIK KJIACCUYECKOI JIOTUKU npeanKaTOoB, MO2KET OBbITH OoCy-
IIECTBJIEHO U JJISA APYTUX CUCTEM MO3UTUBHOA CUJIJIOTUCTUKU.
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B. 1. IIAJIAK

CuHTaKcnviecKass MHTEPIPeTansa KaTeropuiaecKmx
aTpuOyTUBHBIX BbICKA3bIBAHUI

ITanak Baagumup VBanosuy

Cekrop noruku, Uucruryr dbunocopun PAH.

Poccus, 119991, Mocksa, yi. Bosixonka, 14, ctpoenue 5.
e-mail: shalack@gmail.com

B crarbe mpesytozken HOBBI Bu, MOJesiel 1jIs KATETOPUIECKUX ATPUOYTUBHBIX BBICKA-
3BIBAHUI. DTU MOJIEJIM MOTYT OBITh HA3BAHBI CUHTAKCHYECKUMU, MTOCKOJIBKY CyOhEKTY U
IIpeTNKaTy BBICKa3bIBAHUI COMOCTABISIOTCA HE SKCTEHCUOHAJIBI, & CHHTAKCHYIEeCKIe OIpe-
JIeJIEHNST, TTOCPEICTBOM KOTOPBIX 9TH TEPMUHBI BBOJSITCs B yroTpebienue. [locrpoennsie
MOJEIN CBOOOIHBI OT OHTOJIOTUYECKUX JoMyeHuii. CBs3b MEXK Ly CyObEeKTOM U IIPeIuKa-
TOM WHTEPIPETUPYETCS He B TEPMUHAX TEOPETUKO-MHOYKECTBEHHBIX OTHOIIEHUN MEXKIy
9KCTEHCUOHAJIAMHU, & B TEPMUHAX JIOTUIECKNX OTHOIIEHUI MKy JeUHUEHCAME OIIpe-
nenennii. JlokazaHbl TeOpeMbl HEIIPOTUBOPEIUBOCTH U IOJTHOTHI (DyHIAMEHTAJIBHON CHJI-
JIOTUCTAKY OTHOCHUTEHHO CHHTAKCHIECKIX MOJeJIeit.

Kamouesvie caosa: aTpubyTHBHOE BBICKA3bIBAHUE, CUJIOTUCTHKA, OIIPEJIEIEHNE, TIOHATHE,
AHAJIMTUIHOCTD, MOJEJIb

CobeiTust pybeka XIX-XX BB., cBsa3aHHBIE C OpObJEMAMU OCHOBa-
HUW MaTeMaTHKH, U3MEHWJIN OCHOBHOW Tpenji pa3putus Joruku. Opere-
PaccenmoBekuii moixo Hava I CBOO MOOEIHYIO TOCTYIIb. Bompockr, TucKyTu-
pyeMble paHee B paMKaX TPaIUIIMOHHON JIOTUKY, OTOILIN Ha JAJIbHUN [IJIaH,
XOTsl JIAJIEKO He Ha, BCE U3 HUX OBLIM IOJIyYeHBI IIPUEMJIeMble OTBeThI. VH-
TepupeTanusa anI/I6yTI/IBHbIX BbICKA3bIBAHUN B TepMHHaX OJHOMECTHOI'O 1C-
YUCJICHUS TIPEJIUKATOB U €r0 MoJIe el ObLIa IPU3HaHA Y/I0BJI€TBOPUTEIHHOM
" B OIIPpEJCJIEHHOM CMBICJIE «3aKpbIBaJla» TPAJUIUOHHYIO JIOTUKY KaK CaMO-
CTOSTEJIbHYIO 00JIACTb MCCJIeIOBaHMii. Bompekn 3ToMy JIOrHKH-(PUIOCOPBI
IIPOIOIZKAIOT 00PAIIATHCS K IIpobIeMaTuKe TPaIuIuoHHON Joruku. Kaxk Hn
CTPaHHO, HO Jla’Ke B TAKOH HCCJIEIOBAHHON BJIOJIb U IONEPEK 00JIaCTU eIre
MOYXKHO ODHAPYKHUTb MHOT'O WHTEPECHOTO.

Obpatumcst K MOJIEISIM IIPOCTBIX MO3UTUBHBIX KATErOPUYECKUX aTpudy-
TUBHBIX BBICKA3BIBAHUI W HAIIOMHUM WX CTAHJIAPTHYIO WHTEPIPETAINIO.

Jlormyeckue nccaepoBauusi. 2015. 21(1):60-78 / Logical Investigations. 2015. 21(1):60-78
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1 HdseIK

ONPEAEJEHUE 1. Mcxommble CHMBOJIBI sI3bIKA,

1. S, P, M,Q,R,N,... — cUMBOJIBbI ODIIINX UMEH;

2. a,e,t,0 — CUJUIOTUCTUYECKNE KOHCTAHTHI.

OIPEAEJIEHUE 2. PopMyJibl

1. Ecim S u P — cumBostbt obmux umel, o SaP, SeP, SiP, SoP — dop-
MYJIBI.

2. Huuro apyroe ¢dpopmyioil He siBIASIETCS.

2 DKCTEHCHUOHAJbHBIE MOJEJIN

ONPEJEJEHUE 3. 9KcmencuoHarbHotl MoJeab1o JIJis IPOCTBIX KATErOpH-
YeCKUX aTpUOYTUBHBIX BbICKA3bIBaHUI OyeMm HasbBaTh mapy M = (D, @),
rie

1. D — HemycToe MHOXECTBO WHJIMBUIOB;

2. ¢ — dyHKIM, OIpeIeseHHAs HA MHOMKECTBE CHMBOJIOB OOIIIX
MMEH U COIIOCTABJISIIONIAs KAyK/IOMy N3 HUX HEKOTOPOE IIOJ[MHOXKe-
crBo p(P) C D.

B dynmamenrtansuoii cusutoructuke (OC) ucmunmnocms ampubymusro
BHICKA3BLBANUL 8 IKCMEHCUOHAALHOT Modeau VI omipesieisieTcst Caeay oM
obpa3zom:

E.1 M |= SaP <= ¢(S) C ¢(P)

Np(P)=10
E.3 M | SiP <= ¢(S)Np(P) # 0
\o(P) #0

Dopmyna A obule3nasuma, €CIM U TOTHKO €U OHA MCTUHHA B KayKION

E.2 M = SeP < ¢(95)

E.4 M = SoP < ¢(5)

mojtesim M.
Nmenno Takoro noHMMAaHWUS KATErOPUYECKUX ATPUOYTUBHBIX BBICKA3bI-
Bauuit npujepkuBaercs . I'miasbepr B padore |2, c. 73-80|. IIpu srom
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UHTEPECHO CJleJIaHHOE WM 3aMedanue «Hawe omkaonenue om Apucmo-
meas . . . Onpasovi8aemes NOMPeGHOCNAMU MAMEMAMUYECKUT NPUMEHEHUT
A02UKU, 20€ KAGCTND 68 OCHOBY APUCTNOMEALEO NOHUMAHUE OO Dbl HEyee-
coobpaszno» [2, c. 79].

O4eBH/IHO, YTO NPU TAKOH MHTEPIPETAIUN ATPUOYTUBHBIX BbICKA3bIBA-
uuit popmysasl Buga SaS OyayT 00WEe3HAMUMBMU U GHAAUMUYECKU TC-
TUHHBIMU. BbICKa3bIBaHUsT JPYIUX BUJIOB MOTYT ObITH UCTHHHBIME JIUIIb
B KOHKPETHBIX MOJEJISIX, 9TO COOTBETCTBYET UX amnupuyrocmu. st ycra-
HOBJIEHUsI 3HAYEHUsI TAKUX BBICKA3bIBAHWIT B KOHKDETHBIX MOJIEJIAX HEOO-
XOJIUMO 3HATH OObEMbI OONMX UMEH CyObeKTa U MpejuKaTa U UMETh BO3-
MOKHOCTH YCTaHOBUTBH XapaKTep OTHOIIECHUS MEXKIy HUMH. TeopeTmaecku
9TO BO3MOXKHO, HO K&K Ha IPAKTHUKE IIPUMEHUTH 9Ty TEOPHIO K BbICKA3bIBa-
Huo «Bce adu orcusommuvies uin «Bce Kenmaspur umMeom 4eso8eneckyio
200081y » 7

Kpome camux BbICKa3bIBaHUN HAC WHTEPECYeT U OTHOIIEHUE CJIeIOBAHMUSI
MeXK/ly HUMH. AKCHOMATU3UPOBATH €r0 MOXKHO Pa3HbIME cliocobamu. B Ha-
cTosIIee BpeMsl HanboJIee MOy ISPEH MOIX0/] ¢ HCIOIB30BaHuEeM JIOTHKHU BbI-
ckaspiBanuii. /[ 9TOro K MCXOIHBIM CUMBOJIAM sI3bIKa JI00ABJISIOT CBSI3KI
JIOTUKH BBICKA3LIBAHUI U PACIIUPSIOT OIPEIe/ICHIE TOHATHA (hOpMyJIbl. 3a-
TEeM NPUHUMAIOT BCE AKCHMOMBI U IIPABUJIA BBIBOJIA JIOTUKH BLICKA3BIBAHUI 1
JOOABIAIOT K HUM PsiJ CHENUAJbHBIX aKCHOM, OTHOCSIIUXCA K aTpUOyTHB-
HBIM BBICKa3bIBaHUsIM. [[OHSATHE BBIBOJA COOTBETCTBYET HOHSATHIO BHIBOJIA B
JIOTUKE BbICKa3bIBaHWH. Bce 9TO JI0CTATOYHO XOPOIIO OCBENIEHO B JIUTEPa-
type [1] u moromy He Tpebyer 1OAPOGHOIO U3JI0KEHUSI.

[Tpu Takom mojxoe Kiaacce obinesHaInMbix popmya @C MoxKeT ObITH aK-
CHOMATU3UPOBAH CJIELYIONIMM 0Opa3oM:

A.0 CxeMbl aKCHOM KJIACCUIECKOTO MCYUC/ICHHUS BbICKA3bIBAHUIA.
A.1 (MaP & SaM) D SaP

A.2 (MeP& SaM) D SeP

A.3 SeP D PeS

A.4 SaS

A.5 SiP D> SiS

A.6 SoP D SiS

A.7 SiP =-SeP
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A.8 SoP =-SaP

EuucTBeHHOE IIPABUIIO BBIBOLA — modus ponens.
JlokazaTesbCcTBO MOIHOTHI MOXKHO HafiTi B pabore |1, ¢. 66-76].

3HaKy OOIIEero MMEHH MOXKET OBITh IIOCTABJIEHO B COOTBETCTBHUE IIOHS-
THe. DTO HAILJIO OTParKeHWe B JIOTUYECKOH JUTeparype, KOria, rOBOPS O
cyObeKTe U IpeanKaTe aTpuOyTUBHOIO BBICKA3LIBAHUS, YIOTPEDIAIOT TEp-
MUH nowamue, a He obwee ums. C KaxKJIbIM IMOHSITHEM [TOMUMO 00'beMa MbI
CBSABLIBAEM COIEPXKAHME KaK HEKOTOPYIO COBOKYIIHOCTD IIPU3HAKOB, IOCPE-
CTBOM KOTOPBIX BbIJCJ/IZleM MBICJIMMbIC B IIOHATHUUN IIPpEIMETDHI. Bﬂaro,zgapﬂ
9TOMY MOSIBJISIETCS BO3MOXKHOCTb aHAJM3UPOBATEH CBA3b MEXKY CYyObEeKTOM
n 1npeankKaToM anI/I6yTI/IBHOFO BbICKa3blBaHUs HE TOJIBKO C TOYKH 3pEeHUd
0bBema TTOHSITHSI, HO U C TOUKHU 3PEHUS €r0 COJepHCaHUA, T.6. HHTeHCHOHA b
Ho. Ha sT0 obpaias sBauManue ere JIeiOmmir.

«/leticmseumenvho, 2060opsa:; ,,Bearxutll weaosex ecmbv srcusommoe’, s xowy
2MUM CKA3AMD, YMO 6CE A100U HATOOAMCA 6 YUCAE 6CET HCUBOMHBIL, HO
OOHOBDEMEHHO A UMEN 6 6UdY, WMo Udes HCUBOMHO20 SKANUEHA 6 UJer
yenogera. Husommnoe codepoicum bosvuwe UHOUBUI0E, YeM YEAOBEK, HO He-
aoeex codeporcum boavuwe udets Uy, GopmasvHur onpedeaeruti. 2usommoe
COOEPIHCUM, BOALULE IKZEMNAAPOS, UEAOBEK — boavlue cmeneHelt: PeasbHOo-
cmu; Y nepeozo boavwe 00sem, Yy 8mopo2o bosvwe codeporcarnue. Iloamomy
MDL BNPAGE CKAZAMDB, YMO 6CE YUEHUE O CUANORUSME MOHCHO J0KA3AMD HA
ocrosanuu ywerus de continente et contento (o codeporcawem u codeporcu-
MOM), KOTOPOE OMAUNHO OM YHeHUA 0 Yeaom u wacmus [6, T. 2, ¢. 501-502].

AmnaJiornynble MBICJIM MOXKHO BeTperuTh 1 y 1. Kanra, Korma o paccyx-
JIaeT O Pas/InIUK MeXK/1y aHAJTUTUIECKUMU U CHHTETUIECKUMHI Cy K IEHISIMHI
[4, c. 37-38, 132].

Crporoe yTouHEHHE WHTEHCUOHAJIBLHON WHTEPIPETAINA aTPUOYTUBHBIX
BbICKa3bIBaHUil Ob110 Jano B. Mapkunbim B paborax |1, 7, 8, 9].

3 HMHaTeHCMOHAJIBHBIE MOIEJIN

ONPEAEJEHUE 4. Hmencuonasbholi MOJIEJBIO s IPOCTBIX KaTeropu-
YeCKUX aTpUOyTUBHBLIX BLICKA3bIBAHUI OyneM Ha3biBaTh 4ueTBepKy I =

(L,1I, H,m), tne

1. L — memycToe MHOXKECTBO JINTEPAJIOB {p1,~ P1,D2,~ D2, .. }, UPEI-
CTaBJIAIOMINX ITOJIO2KUTEJIbHBIC 1 OTpUIlaTEe/IbHbIC ITPU3HAKHU. J_[I/ITepa.H
6e3 3HAKA «~» SIBJISIETCHA MOJIOKUTENHLHBIM IPU3HAKOM, & JINTEPAJT C
9TUM 3HAKOM — OTPHUIATEIHHBIM IIPU 3HAKOM;
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2. II — MHOXKECTBO BCEX HEIYCTBHIX MOJMHOMKECTB L (MHOXKECTBO COJEp-
JKaHUi BCeX MOHATHUI);

3. H — MHOXKEeCTBO BCeX HEIyCTHIX HEIPOTUBOPEYUBBIX ITOJMHOYXKECTB
L, T.e. He collepKaIUX OTHOBPEMEHHO P; U ~ P; JJIS HEKOTOPOTO 1%
(MHOKECTBO BCEX HEIPOTUBOPEYMBBIX COJEPXKAHUIN HOHSITHIA).

4., ™— d)yHKHI/IH, olpeaeJsicHHad Ha MHO2KECTBE CUMBOJIOB O6H.[I/IX HMEH 1
COITOCTAaBJIAION[As KazKIOMY U3 HUX HEKOTOPOE COJIepzKaHUe IOHATHE

7m(P) eIl

B dynpamentanbhoit cuorucruke (OC) snavumocms ampubymusHoLs
6HICKA3BIBANUT 6 UHMENCUOHAAHOT modeau 1 ompenensiercs cieLyommm
obpasoM:

I1 I = SaP < n(P) Cn(S) wm 7(S) ¢ H

1.2 1 SeP <= n(S)un(P)¢ H

U
I.3 1 SiP <= n(S)uUn(P)e H
\

1.4 I SoP <= n(P)\w(S)#0un(S)e H

Dopmyna A UHMEHCUOHAADHO 0OUEL3HAUUMG, €CTU U TOJHKO €CJIU OHA
3HAYMMA B KaXKJI0i nHTeHCcnoHaabHoi Moaeu I. Jlokazare/ibCTBO OJTHOTHI
MOXKHO Haiitu B pabore |1, c. 310-321].

Obparum BHEMaHWE Ha TO, 9T0 B. MapkuH roBopuT He 06 UCTUHHOCTHU
dopmysr B Moziesin, a 00 UX 3HAYUMOCTU. Fcim mpuiaepKuBaThCs KOppe-
CITOHJIEHTCKO# TEOPUU UCTUHHOCTHU, TO U3 3HAUYUMOCTH BBICKa3biBaHUst SiP
B UHTEHCUOHAJILHON MOJIEJIN BOBCE HE 005A3aTEIBHO CJIEJyeT €10 UCTUHHOCTD,
[TOCKOJIBKY 3HAYUMOCTD B JAHHOM CJIydae 03HAYAET BCErO JINIIThL COBMECTHYIO
HEIIPOTUBOPEYMBOCTD COJEPKAHUN HOHATHI S U P, 4TO SABJISIETCS BCErO
JIAIBb HEOOTOOUMBIM YCJIOBUEM HUCTUHHOCTU B KOPPECIIOHIEHTCKOM CMBIC-
sme. B To e Bpemsi MHTeHCHOHAIbHAS 3HAYMMOCTDH BBICKa3bIiBaHust SaP
SABJISETCH JOCMAMOUHYLM YCIIOBUEM €r0 UCTUHHOCTUA B KOPPECIOHIEHTCKOM
CMBIC/IE.

[TockosbKy 3HAYUMOCTH BBICKA3bIBAHUI B MHTEHCUOHAJBHBIX MOJIEJISAX
yCTaHABINBAETCs 0e3 obpalenust K o0beMaM HMOHATUM, OHU BCE SIBJIAIOT-
Cs AHAAUMUYECKUMU.

[Tpennoxennusie B. MapKuHbIM MHTEHCHOHAJBHBIE MOJICIN OYE€HbL WHTE-
PECHBI U BayKHBI C UCTOPUKO-PUIIOCOPCKOI TOUKU 3PEHUSA, IOCKOIbKY SBJIs-
IOTCS CTPOTHM yYTOYHEHUEM WJEH, BHICKA3AHHBIX B PA3HbBIE SIIOXM PA3HLIMU
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dumocodpamu. K coxkamennro, 3Tu MOJAEIN HE MOJYIUINA JTOJKHOTO OTKJIU-
Ka ¥ Pa3BUTHUsI B paboTax JIPYIUX JIOTUKOB. XOTEJI0Ch Obl IIOAIYEPKHYTh, 9YTO
NMEHHO pe3yﬂbTaTbI MapKI/IHa HOCJIy)KI/IHI/I TOJTIKOM JIJIg IIOCTPOCHUSA IIPEI-
JIaraeMbIX HUKE CUHTAKCUIECKUX MOJIEJIeH KaTerOpUIeCKIX aTpuOy THUBHBIX
BBbICKA3bIBAHUN.

Comep:kaHusl TOHSITHI, C IOMOINBIO KOTOPBIX yCTaHABJIUBAETCS CBSI3b
cyObeKTa W TPeIuKaTa BBICKA3BIBAHMI B MHTEHCHOHAJBHBIX MOJIE/IAX, HE
JIaHbl HaM OT Bora, a dBJISI0TCS UCKYCCTBEHHBIMU KOHCTPYKTaMU, TOCPE/I-
CTBOM KOTOPBIX MBI BBIJIEJIIEM U CBSI3bIBAEM C OOIIUM HMMEHEM MBICTUMBIE
COBOKYIHOCTU 00BbeKTOB. [Ipu 3TOM MBbICIUMBIE OOBEKTHI BOBCE HE JTOJIXK-
HBI 00J13/1aTh peasibHbIM cylnecTBoBaHmeM. [Ipocreiiimumvu npumepamu Ta-
KHAX MOHSATHI “ABJsioTca mousatus Kewmaepa, Ilezaca nmm Oaumnutickozo
602a. MBI MBICJTIM WX HUCKJIIOYUTEIHBHO WHTEHCUOHAJIBLHO IMOCPEICTBOM Ha-
6opa IpU3HAKOB, COCTABJISIIONINX cojepKanne monaTusi. Ho orkyma 6epyTcst
B COJIEPYKAHUU TOHSITUST 3TU TPU3HAKU ]

OTBer JIeXKAT Ha MMOBEPXHOCTH. DTOMY CJIYZKAT OIEPAIlUU OIPEeIe/IeHNUs.
Ecin BbIHECTH 38 CKOOKH MOTHBAILIMIO IPUHSITHS TOIO WJIXM MHOIO OLpeIesie-
HHsI, CaMa 3Ta, ollepalldsl sIBJISIeTCsS NCKIIOYNTEIbHO CUHTaKcudeckoi. [Tpu-
HsIB Ha YPOBHE sI3bIKa OIpelesieHne « deaosex — amo deyrozoe u becnepoe
olcuBOMHOEs, MBI Ha yPOBHE COIEpXKaHUsl CBSI3aJIM C OOIMM MMeHeM e-
JIOBEK JIBa IIOJIOXKUTEJIBHBIX Npu3HaKa sKusommoe, Jleynozoe u OOUH OT-
punareabHblii — He nokpoimuiti nepvamu. Ilocae sToro obieyTBepauTE /b
HOE BBICKasbIBanme «Bce aodu — scusommviey CTAHOBUTCA aHAJATAYCCKA
UCTUHHBIM. Jl0Ka3aTe/IbCTBO €ro aHAJIUTUIECKON MCTHHHOCTH MOXKET OBIThH
[IPOBEJIEHO UCKJIIOYUTEIHLHO CUHTAKCUYECKH, OIUPAsACH JIUIIb Ha OIPEesie-
HAsA OOMMX MMeH 6e3 KaKMX-JIM0O CCBIIOK Ha COAEepXKaHWsl MOHSTHI. DTO
HaOJIIOIeHNe U OBLIO MOJIOYKEHO B OCHOBY ITOCTPOEHUST CHHTAKCUIECKUX MO-
JeJieil KaTeropuiecKux arpuOyTUBHBIX BbICKA3BIBAHMIA.

Ob61eyTBEPAUTEILHOE BBICKA3bIBaHNE Sa P CHHTAKCUIECKH 3HAYUMO, €C-
JIX U TOJILKO €CJId U3 JedUHUEHCa OIpeIeIeHnsl CyObeKTa S MOXKHO JIe/Iy-
IUpoBaTh Je(OUHUEHC ONpeaeaeHns mpeankara P.

Ob6rmeorpuriaTe/ibHOE BhICKa3bIBaHUe SeP CHHTAKCHYIECKH 3HAUUMO, €C-
JIM ¥ TOJIBKO ecjin JieWHUEHCHI OlpeesieHnii cyobekra S u npenukarta P
HECOBMECTUMBI JIPYT C JIPYTOM.

YacTHOyTBEpIUTEIBHOE BRICKA3bIBAaHUE S P CHHTAKCUIECKU 3HATIMO, €C-
JIL ¥ TOJILKO ecjin jieUHUEHCHl Olpesesiennii cyobekra S u npenukara P
COBMECTUMBI JPYT C JIPYTOM.
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YacTHOOTpHIIATEIBHOE BBICKA3bIBAHUE S0P CHHTAKCHIECKH 3HAUNMO, €C-
JIX U TOJIBKO €CJIU JIe(PUHUEHC OlpeieseHusl CyObeKTa S COBMECTUM C OTPHU-
nmaHneM geUHUEHCA OIIpeIe/IeHnsT IpegukaTa P.

4 CuHTaKCUYeCKHe MOOEJIN

ONPEAEJIEHUE 5. Cunmaxcuyeckotll MOIENBIO sl MPOCTHIX aTpuOyTUB-
HBIX BBICKa3bIBaHUil OyjieM Ha3biBaTh nsarepky S = (L, C, F\F,§), tae

1. L — Herycroe MHOXKECTBO UCXOJHBIX CUMBOJIOB JIjIsi [IPEJICTABJICHIS
IpPU3HAKOB {p1, P2, ... };

2. C — wmHOXKeCTBO CBsi30K. IlycTh 3TO OyaerT HpUBBIYHBIL HAOOD
{A Vv, ~H

3. F' — MHOXKecTBO Bcex (POPMYJI JIOTUKU BBICKA3LIBAHUN B SI3BIKE C KC-
xoaubiMu cumBotamu L U C

4. = — oTHOIIIEHNe BBIBOJAMMOCTH Ha F', B KaduecTBe KOTOPOrO BO3bMEM
OTHOIIIEHNE BBIBOJIVUMOCTH KJIACCUYECKOI JIOTUKU BbICKA3bIBAHUI;

5. 0 — dyHKIUs, onpeseieHHasT Ha MHOYKECTBE CHUMBOJIOB OOIUX UMEH
U COMOCTABJISIONIAs KaXKIOMY U3 HUX HEKoTopyio ¢dopmyiy 0(P) € F
(nedunneHc siBHOTO Onpe/IeeHus 061ero uMenu P).

HamomuuM HEKOTOpBIE M3 CBOMCTB OTHOIIEHUSA BBIBOAUMOCTU KJTaCCHUYe-
CKOI1 JIOTUKH BBICKA3bIBAHUIA.

C.1AFA

C2T,4,B,A-C = I,B,AA}FC
C3T,AAAFC = T,A,AFC
C4T,A,AFC = T,A,B,AFC
C5TFA AAFB = I',AFB
C.6 T,A,B,A-C = [LAANB,AFC
C7T,ANB,A-C = T,A,B,AFC
C8THATFB = I'FAAB
COTFHAAB = I'tA
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C10THAAB — T+ B
C11 T, A~ AF B

B nocnenyiomem uznoxkeHnn (pakT CyIIeCTBOBAHUS JJIsl HEKOTOPOil ¢dop-
Mysibl A BeiBoguMocTr [' H AA ~ A Oymem obosHauaTs nocpeacteoMm I H f.

B dyupamenranbhoii cuiiorucruke (OC) snavumocms ampubymusnos
BHICKA3BIBAHUT 8 CUHMAKCUMECKOT, MOdest S ONIPEIETISIETCS CIE LY FOIIUM 00~
pasoM:

S.1 S k= SaP < §(S) F §(P)
S.2 Sk SeP < §(S),8(P) - f
S.3 S| SiP <= §(S),5(P) ¥ £
S.4 S = SoP <= §(S) ¥ 5(P)

Qopmyna A cunmarcunecky 00UEe3HAUME, €CTTA U TOJIBKO €CJIA OHA 3HA-
qrMa B KaXKJI0# CHHTAKCUIeCKO# Mojenn S.

ITokazkeM, UTO CHHTAKCUIECKNE MOJIETIN SIBISTIOTCS aJeKBATHBIMM IIJIsT
dyHIAMEHTAILHON CUIIOTUCTUKH.

TEOPEMA 1. Teopema nenpomusopewusocmu. Beaxas meopema @iym-
damenmanvroli CUAOUCTIUKY 3HAYUMG 6 Kaxcdol cunmaxcuveckol
MOOCAU.

JIOKA3ATEJILCTBO.

[Tycrs Ham gana cunTakcudaeckast mojens S = (L, C, F,F, §). [Iposepuwm,
YTO KayKJIast U3 aKCHoM (PYHIAMEHTAJTLHON CHIJIOTUCTUKY 3HAYNMA, B HEIl.

A.1 (MaP & SaM) D SaP

1. 6(M) Fo(P) - JIOIyIIEHIe
2.0(S)Fo(M) - JIOIIyIIeHIe
3. 0(S)Fo(P) -u3 1,2 m0 C5

A.2 (MeP & SaM) D> SeP

1. 6(M),6(P) F - JIOMYIIEHIEe
2.0(S)Fo(M ) - JIOIyIIEHIe
3.0(9),0(P) -u31,2m0 C.5

A.3 SeP D PeS
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1. 6(9),6(P)F £ - JOIyIIeHne
2.0(P),0(S)Ff -u3 1 no C.2

A.4 SaS
1. 6(S) F 4(S) -no C.1

A.5 SiP D 5iS
1. 6(9),6(P) ¥ £ - JIOIyIIeHne
2.6(5),0(S)Ff - JIONyIIIEHHe OT IIPOTHBHOIO
3.6(S)Ff -u3 2o C.3
4.0(5),0(P) £ -u3 3o C4
5. IPOTUBOPEYINE -1,4

A.6 SoP D SiS
1. §(S) ¥ 6(P) - JIOTIyIIeHre
2.0(5),6(S)+f - JIOIYIIEHNE OT HPOTUBHOIO
3. 6(9) -um3 2 1m0 C.3
4. 6(S)F AN~ A - u3 3 1o onpenenenuio f
5. A,~ AF o(P) - C.11
6. AN~ AF4(P) -u3 5 no C.6
7.0(5)Fo(P) -u3 4, 6 mo C.5
8. mpoTuBOpeUne -1, 7

A.7 SiP = —=SeP - nyHKTHI 2, 3 OupeJiesieHIsT 3HAYUMOCTA B CUHTAKCH-
YeCKOU MOJEeJN.

A.8 SoP = —SaP - nyukrsr 1, 4 ompejiesieHnst 3HAYUMOCTH B CUHTAKCH-
YeCKOW MOIEJIN.

Bce akcrnombl JIOMMKH BBICKA3LIBAHUI 3HAYMMBI B CHHTAKCUYECKOM MOJIe-
JI, & modus ponens CoOXpaHdeT ITO CBOMCTBO.
O

Teopemy o monHOTE (DYHIAMEHTAJIBHON CHJUIOIMCTUKU OTHOCUTEJHHO
CUHTAKCUIECKUX MOJIe/Iell TOKaXKeM METOIOM XEHKHHA.

O6braHBIM 06pa30M JII0DOE HEIPOTHBOPEUNBOE MHOXKECTBO (DOPMYJT MBI
MOYKEM PACIIMPUTH JI0 MakcuMaibHoro PC-menporuBopeunsoro A, oba-
JaroIlero cBoiicTBaMM:

M.1 A conepxur Bce Teopembl PC.
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M.2 A 3aMKHYTO OTHOCHTEJIBLHO Modus ponens.
M3 ~Ac A<= A¢A.

M4 A&ABe A<+ AcAuBecA.

M.5 AVBe A<= Ac Awm B € A.

M6 ADBeA<= A¢ AumB € A.

[TocKoBKY MJIsT HOKA3aTEIbCTBA TEOPEMBI TOJHOTHI HAM ITOHAI0OUTCS
paccMaTpUBaTh MAKCUMaJIbHO HEIIPOTHBOPEYNBbIE MHOXKECTBA, IIOJIY YeHHbIE
B pe3yJ/IbTaTe PACHINPEHUS KOHEIHBIX MHOXKECTB (hOPMYJI, IPUMEM, UTO MHO-
KECTBO MCXOMHBLIX CHMBOJIOB ODIIUX MMEH KOHETHO.

s makcumasibHO PC-HEIPOTHBOPEYNBOTO MHOXKeCcTBa A OIpeie/inM
KAHOHUYECKYI0 CHHTAKCUIECKYIO Mojesib SA = (L, C, F, -, 0A) ciemytontim
0bpasoM.

OIIPEAEJIEHUE 6.

1. L ©6ymer coOCTOATL ©3  CHMBOJIOB  OOIMUX  WMEH  SI3BIKA

{S,P,M,Q,R,N,...}.
2. C = {AV,~}.

3. F' — MHOXKecTBO Bcex (POPMYJI JIOTUKU BBICKA3LIBAHUN B SI3bIKE C HC-
xonubiMu cuMmBotamu L U C.

4. + — KJjaccu4yeckoe OTHOIIEHNE BBIBOJIUMOCTA Ha F'.

5. 0a ompenennm ciaemyomum obpasom. Ilycrs Qg = {T: QaT € A} U
{~T:Qel € A}. Ob6oznauum mOCPeACTBOM o 3IEMEHTAPHYIO
KOHDBIOHKINIO BceX 371eMeHTOB lg. ITockoabKy MBI OpaHMYIHIINCH
SIBBIKOM C KOHEYHBIM HAOOPOM CHMBOJIOB OOIIUX MMEH, 9Ta KOHbIOHK-
st koHedHa. Torza 0a(Q) = Qoa. D10 onpesesieHne B 3HAINTETLHON
creneHn onupaercs Ha uiaen B. MapkuHa [1Jisi KAHOHHYECKUX HHTEH-
CHOHAJILHLIX MOZEJIeI.

[Tockosbky 1 06010 00ITIero uMeHu S Harero sizbika dopmysa SasS
siBjistercst Teopemoit PC 1 mpuHAIEKAT KaxKIoMy MakcuMajbHoMy DC-
HEIpOTHBOpeInBOMYy MHOXKecTBY A, T.e. S € g, 10 dA(S) Beerma onpee-
JIEHA.

EnHcTBEHHBIM HETPUBUAJIBLHBIM IIMIATOM B JOKA3aTEILCTBE TEOPEMBI O
[IOJIHOTE SIBJISIETCS CJIEITYIONIAsT JTeMMA.
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JIEMMA 1. Jlaa npousdsosvrozo marcumasvhozo @C-Henpomusopenusozo
Mmroocecmea A u npouseosvrotli gopmyav, A eepro, wmo A € A <

Sh E A

JOKA3BATEJILCTBO.
PaccmoTpum 4yeTbipe 6a3MCHBIX CJIydasi.
I. A ectp SaP
Hokaxxem SaP € A = Sa = SaP

1. SaP € A - JOIIyIIEeHHE

2.T € Qp - JOIyIleHne

3. PaT € A - U3 2 10 OIpPEeIEeIeHNIO JA
4. (PaT & SaP) D> SaT - Al

5. 8aT € A -u3 1, 3,4 nm0 M.2, M4

6. T € Qg - U3 5 10 OUpPEIEIeHNIo JA
7.~Te€Qp - JIOMyTIEHNE

8. Pel € A - u3 7 1O OIPEIEIEHNAIO JA
9. (PeT & SaP) D SeT'" - A2

10. SeT € A -u3 1,8, 9mo M.2, M4

11. ~ T € Qg - u3 10 1o onpegeneHuio oA
12. 6A(S) oA (P) -u3 1, 2-6, 7-11 no C.8, C.9
13. Sp E SaP -u3 12 mo S.1

Hokaxem SA = SaP = SaP € A

1. SA E SaP - IOIyIeHne

2. 0A(S) Fda(P) -3 1moS.1

3.0aA(S)F £ - JIOIyTIIeHne

4. Qgp - Qpa -us 2

5. Qp C Qg -u3 3,4 m0 C.8, C.9

6. PaP € A -A4, M1

7. PeQp - u3 6 1o ompenenennto )p
8. P €Qg -u3 5, 7

9. SaP € A - u3 8 1o oupeeeHuio §2g
10. A(S) £ - IOIyIleHne

11. Qgp F £ - u3 10 o onpeenenuio da (S)
12. T € Qg, ~T € Qg - u3 11 jgna sekoroporo T

13. SaT € A, SelT € A - u3 12 o oupejenennio $dg
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14
15
16
17
18
19
20

© 0 3O Ot = W N+

4
5
6
7.
8
9.

10

11.

12

.(Sel’ D TeS)e A -A3 M1

.TeS € A -u3 14, M.2

. (TeS & SaT) D SeS € A - reopema ©C, M.1
. SeS €A -u3 13, 15, 16, M.2, M 4
. (SeS D SaP) € A - reopema ®C, M.1

. SaP € A - 17, 18, M.2

.SaP e A - u3 3-9, 10-19

II. A ectp SeP
Hokaxem SeP € A = Sp = SeP

.SeP e A - JIOIyIIIEHHE

. (SeP D PeS)e A -A3, M1

. PeSeA -u3 1,2, M.2

. SaS e A -A4, M1

.~S5€eQp - u3 3 1o omnpejaeaenuio {2p
.S e€eQg - u3 4 1o omupeaeaeHuio $dg
Qon, QpaEFSA ~S  -u35,6

. OA(S),0A(P) - £ - u3 7 1o onpejeseHuto oA, f
. SA = SeP -u3 8 1mo S.2

Hokaxxem Sp |= SeP = SeP € A

. SA E SeP - IOmyIleHne
. OA(S),0A(P) F 1 -u3 11mo S.2
OAS)FTA ~ T nm

IA(P)FETA ~ T nm

[0A(S)E T, 6A(P) b~ T] nim

[OA(S) F~T, 0A(P) - T - u3 2
OAS)FTA~T - JIOIyIICHHUE
QoA FTA~T - U3 4 10 OIpeJeIeHnIo J()
. T eQg, ~T € Qg - u3 5 10 oupeaeneHuio dgn
SaT € A - u3 6 1o ompejiesieHuio g
. SeT € A - u3 6 1o oupejeneHuio (g
(SeT' D TeS) e A - A3, M.1
.TeS € A “u3 8,9, M.2
(TeS & SaT) D> SeSe A -A2 M1

. SeS €A ~us 7,10, 11, M.2, M.4
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13

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

B.U. Ilanakx

. (SeS D SeP) € A - reopema ®C, M.1
SeP € A -u3 12, 13, M.2
IAN(P)ETA~T - JIOIyIIEHHE
QpaETA~T - u3 15 1o omnpenaenernio dq
TeQp, ~Tep - u3 16 1o onpegeneruio pa
PaT € A - u3 17 o onpenenenuio {)p
PeT € A - u3 17 no onpenenenuio )p
(PeT D TeP) e A -A3, M1
TeP € A -u3 19, 20, M.2
(TeP & PaT) D PeP e A - A2 M1
PeP e A - u3 18, 21, 22, M.2, M.4
(PeP D SeP) e A - reopema ®C, M.1
SeP € A - u3 23, 24, M.2
IAS)ET, A(P)F~T - JIOIyIIeHIe
QasHFT, Qap b~T - u3 26 110 oIpeneIeHnio oA
Teg, ~Tep - u3 27 1o onpegenernio Qas, Qap
SaTl € A - u3 28 10 omnpejeneHuio (g
PelT € A - u3 28 1o onpeaeneruio )p
(PeT D TeP) e A -A3, M1
(TeP D TeP)e A - u3 30, 31, M.2
(TeP & SaT) D SePe A -A2 M1
SeP € A ~u3 29, 32, 33, M.2, M.4
IAS)E~T, oA(P) T - JIOIyIIeHne
QasbE~T, Qap T - u3 35 10 OoIpeIeIeHnIo oA
~TeQg, TeEQp - u3 35 no onpegenennio Qas, Qap
SeT € A - w3 37 1o onpesenenuio (g
PaTl € A - u3 37 1o omnpejeneruio )p
(SeT D TeS) e A - A3, M.1
TeS € A - u3 38, 40, M.2
(TeS & PaT) D PeSe A -A2 M1
PeS € A - u3 39, 41, 42, M.2, M.4
(PeS D SeP) e A -A3, M1
SeP € A - u3 43, 44, M.2
SeP € A - u3 4-14, 15-25, 26-34, 27-45

III. A ects SiP

B cuny akcmombr SiP = —SeP, ycioBuil 3HAYNMOCTH B CHHTAKCH-

geckoil momesm S.2 m S.3, a Takxke cBoiicrBa M.3 makcumasibHbIX DPC-
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HEIIPOTUBOPEYNUBLIX MHO2KECTB ,IL&HHBIfI Cnyqaﬁ CBOOUTCA K CJy4dalo IJid

SeP.
IV. A ectp SoP

B cuny akcuomer SoP = —SaP, ycioBuii 3HaYMMOCTA B CHHTAKCH-
qeckoit momesm S.1 m S.4, a Takxke cBoiicrBa M.3 makcumasibHbIx PC-
HEIIPOTUBOPEYMBBIX MHOXKECTB JIAHHBIN CJIyvail CBOAUTCS K CJIyYaro JIjist

SaP.

Ocrasiuecst  ciaydam  Jijisi  JIOTUYECKUX — CBSI30K  PACCMATPUBAIOT-
¢ craHgaptHo Ha ocHoBe cBoiictB M.1-M.6 wmakcumasibabix  DPC-
HEIIPOTUBOPEYIMUBBIX MHOZKECTB.

O

TEOPEMA 2. Teopema o noanome. Ecau gopmysa A cunmarcuvecku
00We3HAUMA, MO 0K JOKA3YEME 8 PYHIAMENMAALHOT CUAAOLUCTIUKE.

JIOKA3ATEJ/JILCTBO.

HomnycruMm, dopmyna A 3HaUMMa BO BCEX CHHTAKCHIECKUX MOJIEJISIX, HO
He Jjokasyema. Torma dopmyna —A nenporusopeunsa. Muoxkecrso {—A}
MOXKeT OBITh PaCIIMpPeHo 10 MakcuMmaibHoro PC-menporusBopeunsoro A. B
KAHOHUYECKON CHHTaKCU4IeCKOl Mojenu Sao Oyjer umerb mMecto Sa | —A
U, CJIeJ0BATENbHO, SA F A, 9TO NPOTUBOPEUYUT JOIYIIEHUIO O 3HATMMOCTH
dopMyIbl A BO BCeX CHHTAKCHUIECKUX MOIEJISX.

O

5 3akJIIo4YnTeJIbHbIE 3aMeYaHus

I. B nacrosimeit pabore MBI pacCMOTPeN TPU BHUJIA UHTEPIIPETAINH ITPo-
CTBIX MO3UTHUBHBIX KATETOPUYECKUX aTPUOYyTHBHBIX BbICKa3biBaHmil. OTHO-
CUTEJIBHO KaXKJION U3 HUX MMeeT MECTO TeOpeMa, O TOJHOTE (PYHIAMEHTAb-
HOIi 4ucTOll nosuTuBHON cusutoructuku |1, c. 31-32, 66-76]. Jauubiii Bu
BBICKA3bIBAaHUHN U (QyHJIAMEHTaJIbHAST CUJJOTUCTUKA BBIOPAHBI 10 TOH IPU-
9UHEe, YTO OHU JIE?KAT B HAYAJIE IIEJIOT0 Pl sI3bIKOB ATPUOYTUBHDBIX BBICKA-
3BIBAHMUI U COOTBETCTBYIOIIUX UM JIOTHYECKUX CUCTEM CHJIJIOTHCTUIECKOIO
TUIIA.

DKCTeHCHOHAJIbHBIE MHTEPIIPETAIINH JIPYTUX CUCTEM YUCTON IMO3UTHUBHOMI
CUJIJIOTUCTUKU OTJIMYIAKOTCA JPYyTr OT Apyra YC/JIOBUAMM Ha IIYCTOTY WJ/IA
HEIIYCTOTY TEPMHUHOB B T€X UM WHBIX BHICKA3BIBAHUSX. DTH CUCTEMBI IIPE]I-
CTaBJIAOT I/ICTOpI/IKO—.HOI‘I/I‘—IeCKI/IfI nHTepec ¢ TOUYKMU 3PpEeHUA N3ydeHUd B3IJIA-
JIOB pa3HbIX Gpua0codOB, HO C JJOTMIECKON TOYKU 3PEHUsT OHU IIJIOXO 000CHO-
Banbl. Ha ux ¢one Bblmessiercs cucTreMa TPaJUuInOHHON CHIIIOrHCTURA |1,
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c. 32-34, 90-95], KoTopasi 10 KJIaccy TeOpeM COBIAJAET C YUCTON MO3UTUB-
Hol cusnoructukoii JIykacesuda u cucremoit C4 B.A. Cmuprosa. A meksat-
Hble CHHTAKCUYEeCKUE MOJIEJIN JIJTST TOU CUCTEMBI CUJIIOTUCTUKY TTOJTY YAI0TCS
BHIOJIHE ecTecTBeHHO. OTHUM U3 METOJIOJIOTHYECKNX TpeOOBaHuUil K onpeie-
JIEHUIO [IPEJIMKATHBIX KOHCTAHT SIBJISIETCsI HEIPOTUBOPEIUBOCTS |5, ¢. 15-18).
Ecnu B coorBeTcTBUN ¢ 9TUM TPeOOBAHUEM HAJIOXKUTH HA (DYHKITUIO § Orpa-
HUYCHHUE, YTOOBI OHA COTOCTABJIAIA OOIIUM UMEHAM JIUITh HEIIPOTUBOPEUHU-
Bble (DOPMYJIBbI, TO TOJIyUYE€HHbIE CHHTAKCUIECKUE MOJIETU OYIYT MOJIEJISIMU
TPaJUIIMOHHON CUJIJIOTUCTUKM.

II. IIpu mocTpoeHNH CHHTAKCHYIECKHX MOJE/Ieil Mbl JOILYCTHJIMA, YTO B
OIIpeJIeSIeHNSAX ODINX UMEH B KadeCTBe JIe(PUHUEHCOB UM MOTYT OBITH COIIO-
CTaBJIeHBI JIIOObIEe (POPMYJIbI JIOTUKN BBICKA3BIBAHUI, HO IIPH JI0KA3aTE/ILCTBE
TEeOPEMBI O ITOJIHOTE OKa3aJIOCh JOCTATOYHBIM OI'DaHUYINTLCA JIMIIL 3JIEMEH-
TapPHLIMA KOHBLIOHKIMSAME. B TO »Ke BpeMs OYEBUIHO, YTO CHHTAKCHIECKHE
MOJIeJIN MOI‘yT 6]:>ITB IIOCTPOEHBI HE TOJIBKO JIJIfd ITPOCTBIX KaTEeropuIeCKHuX
aTpuOyTUBHLIX BBICKA3LIBAHUI, HO U JJIsI BHICKA3LIBAHUI C OTPHUIATE/bHbI-
MM 1 CJIO2KHBIMU T€pMHUHaMMU. B CHUHTAKCUYECKOI MO/Ie/In USMEHEHUA 3aTPO-
HyT JIMIIb OlpeleeHne PYHKIME ¢, KOTOpasl CJAOKHBIM TepMUHAM Oyaer
COIIOCTABJISATH T€ WJIM WHbIE KOMOMHAIMH J1e(PUHUEHCOB, 3aBUCAIIE OT BUIA,
CJIO?KHOTO TEPMUHA, HO HE KOCHYTCS OIPEIeIeHNsI 3HAYNMOCTHA B MOJIEJIH.

Ecnu MbI monpobyeM moCTpOuTh JJTsi aTPUOYTUBHBIX BBICKA3BIBAHUI CO
CJIOXKHBIMI T€PMUHAMHI WHTEHCUOHAJILHYIO MOJIE/Ib, TO 9TO MOYKHO CAECIATD,
HO HOTpe6yeTCH BBECTU KaK MWHUMYM HeKOTOpyIO aﬂre6py CMBICJIOB, 9TO
VXYIUIAT THTYUTUBHYIO IPO3PAYHOCTh MHTEPIPETALINHN.

III. B 3aBucuMocTH OT pelraeMbIX 3aJad TapaMeTpPbl CHHTAKCHIECKOM
mvogemun S = (L,C, F,F,§) moryr BapbupoBarbcesi. Hampumep, Mbl MOXKeM
BapbUpOBaTh L, B3sIB BMECTO MPOCTOTO MHOYKECTBA MPU3HAKOB MHOXKECTBO
[PEIUKATHBIX CUMBOJIOB, IYTO0OBI (hOPMYJIUPOBATE OIIPEJIeIeHNS TIOHSITU He
B SI3bIKE JIOTUKHU BBICKA3BIBAHMUI, 8 B S3bIKE JIOTHKHU MPEUKATOB. [Ipn Heob-
XOJUMOCTH MbI MOXKEM M3MEHUTb MHOXKECTBO CBA30K (', U3BMEHUB Te€M Ca-
MBIM ¥ MHOYKECTBO hopmyst F.

OrTHolleHne BBIBOAMMOCTH b Tak»ke JIOIyCKaeT BapbupoBaHme. BmecTo
BBIBOJIIMOCTH B KJIACCUYIECKOH JIOTMKE MBI MOXKEM B3ATb BBIBOJUMOCTH B
MHTYUIUOHUCTCKON, peJeBaHTHOMN, ITapaHelIPOTUBOPEYNBON NI MOJAJILHOMN
Jgoruke. Koiab cKOpo ynmoMsHyTa MOJaIbHAas JOTUKa, HUYUTO He MEIIaeT I0-
CTPOUTL CHUHTAKCUYECKUE MOJENN JijId MOJAJBLHON CHUJIJIOTUCTUKU, HAIIpdA-
MYIO CBSI3aB M3BECTHBIE BUJIbI MOJIAJIBHOCTEN C MOJIAJIbHOCTSAME aTPUOYTUB-
HBIX BbICKA3bIBAHUI.
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IIpu omnpepeseHun CUHTAKCUYECKOH MOJEIN Mbl IPUHSJIA COIJIAIIECHUE
obosnauarh BuBoAUMOCTL I' H AA ~ A nocpencrsom I' F f, roe f upen-
CTABJISIET IPOTHBOPeUNe (JI0XKb, HEXKEJIATEJIbHYIO CUTYAINIO ). B pasinaHbx
JIOTUYECKHAX CHCTeMax OOHapysKeHHe IIPOTUBOPEUMS WM AHAJIOIHIHON CH-
Tyalyun MOYKeT IMOHUMAThCS Io-pasdHoMy. Hampumep, B cucreMe pejieBaHT-
HOI1 jioruku R ecThb Be pa3InvdHbIX KOHCTAHTDI JIJIsI IPEICTABICHUST JIXKH —
fu F, a B mapaHenpoTuBOPEYINBBIX JIOTHKAX IOJyUIEHHE ITPOTHBOPEYINs He
SIBJISIETCST KPUTUIECKUM.

IV. Oupenenennniii narepec iyt GpuaocodoB U JOTHKOB JIOJIKHO IIPEJI-
CTaBJIATH TO, 9TO CUHTAKCHYECKAs WHTEPIIPETAINs aTpUOyTUBHBIX BBICKA-
3bIBaHU CBO60/1H& OT OHTOJIOI'MTYECKUX ILOHyIHeHHfI. EC.HI/I MBI XOTUM OCMBIC-
JIEHHO PacCykJaTh O TPEYECKUX OOTrax, HeT HUKAKOW HEOOXOINMMOCTH TIPE/I-
noJjiaraTb, 9TO OHU CyHI€CTBYIOT B KaKOM-TO BbBIAYMaHHOM MUDE U CTPOUTH
CTOJIb YK€ BBIIYMAHHYIO 9KCTEHCUOHAILHYIO MOJIEIb. JlocTaTouHO MpUHSTD
IIOAXOAMAIINE OIIPEICJICHUS UCIIOJIb3yEeMbIX IIOHATUN U PacCyzKJaThb O HUX,
HUCKOJIbKO He 3a00TsCh 0 (paKTHIECKON IMIyCcTOTe O0HLEMOB ITHUX ITOHSITHI.
Bce sHaunMbie yTBep:KI€HUsT O TPEUECKUX DOrax W KEHTaBPAX MbI MOJIYIUM
HCKTIOUUTEIHHO Ha OCHOBE OMPEIC/IEHNUIT, KOTOPbIE UM JIAJIH.

Crpemienne Jijist KayKJI0# JIOPUYECKOH CUCTEMbI WA TEOPUH UMETh 3KC-
TEHCHOHAJIbHYIO MOJE/b OIPaBIAHO JIUIIb TPAIUINE, KOrga Hallld yTBEp-
JKJIEHUsT OTHOCUJIUCH JIMIb K Makpomupy — «Cokpam — wenosexs, «Bce
aebedu — beavier. B mporiecce mosHaHUsT B HAYYHBIM OOMXOM BBOIATCA ab-
CTpaKTHbBIE IIOHATUA U IIOHATHA, KOTOPbIEe HE UMEIOT fABHBLIX KOPDPEJIATOB B
peasibHOM Mupe. TpeboBaHMe MOCTPOEHUS JJIsT HIX 3KCTEHCHOHAJIBLHBIX MO-
Jlesieil sIBsSieTCsl OrpaHuYeHneM, KOTOPOE 3a4acTylO JIUIIb 3aTPYIHSIET Pa-
6ory. JocTaTo9HO BCIOMHUTDH MCTOPHIO BBEJICHUSI B HAYJIHDBINH OOUXO KOM-
IUIEKCHBIX 4nces. C HUMH CMUPWINCH JIMIIbL TOTIa, KOrJa UM ObLIa JaHa
HalvIgd/JHad TeOMeTpHuYIeCKasd HHTEPIIpeTallrd, XOTd IIPpaKTHYIeCKasd II0JIb3a
OT BKJIIOYEHUS UX B SI3bIK MATEMaTHKHU IIPOSIBUJIACH TOPa3I0 paHbIIIe.

Cunrakcuieckne MO aTPUOYyTUBHBIX BBICKA3BIBAHUI MTO3BOJISIIOT II0-
HOBOMY IOJOUTHU K ITOCTPOEHUIO HEKOTOPHIX JIOTUK, HAIIPUMED, JIOTUKU Olle-
HOK. B Jjiornke abCOMIOTHBIX OMEHOK J[06po m 340 paccMaTpuBaiOTCa KakK
MojIaJIbHbIe O1epaTopbl |3]. CMbIC UX ONpeessieTCs HesIBHO MOCPEICTBOM
MTOIXOSIIINX aKCHOM MOJAJIbHOI joruku. IlocTponTs ageKBaTHYIO U COIEP-
2KaTeJIbHO IMPUEMJIEMYIO SKCTEHCHOHAJIBHYIO MOJEb JIjIsl TaKUX JIOTUK J0-
BOJIBHO TPYJIHO. B TO Ke BpeMsi CHHTAKCUIECKIE MOJEJH JIJjIs JIOTHK abCco-
JIIOTHBIX OIIEHOK BIIOJIHE BO3MOKHBI.

V. Ecin BCIOMHUTL CeMaHTUYECKMA TPEYTOJILHUK 1 COOTHECTU €ro 3Jie-
MECHTBEI C SKCTGHCI/IOHa.J'H)HOfl, MHTEHCUOHAJbHOU U CUHTAKCUYECKON MOIeJIsd-
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MU CHJUIOTHMCTUKHU, TO OKaYKeTCs, YTO CUJUIOI'MCTUKA ODJIAIAeT YIUBUTE b
HBIM CBOMCTBOM — OHAa IIOJIHA HA yPOBHE 3HAUEHUN OOIIUX UMEH, ITOJIHA HA
YPOBHE UX CMBICJIOB U IIOJIHA Ha YPOBHE CHHTAKCHCA. DTO HEOOBITHOE CBOIi-

CTBO CHUJIJIOTUCTHUKH, KOTOPOE€ MO2KET OBITH HA3BAHO CEMUOMUYECKOT NOAHO-

moti, 3aCIy?KUBaeT OCMbBICJIEHNUSI.
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Usually the subject and predicate of the attributive proposition are interpreted
extensionally as some sets of individuals. Logical relations between subject and predicate
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them as some formulas of propositional logic. These formulas can be understood as
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PaccmarpuBaercs Kjacc Mporno3uIuoHaAJIBHBIX HOPMAJIBHBIX MOJAJIBHBIX JIOTUK. JIByMst
OCHOBHBIMH HOHATUSAMH, OTHOCAIIMMUCA K 3TOMY KJIACCY U HCCJIELyEMBIMHU B CTATbe, AB-
JIIOTCS (PUHHUTHAS AIMIPOKCUMUDPYEMOCTh M KOHCTaHTHBbIe opmysl. [Ipornosurmonasns-
Hasl HOpMaJIibHasl MOJAJIbHAS JIOTHMKA Ha3bIBAETCs (PMHUTHO aIllllPOKCUMUPYEMO, eC/I ee
MOYKHO 33JIaTh KaK MHOXKECTBO (POPMYJI, ICTUHHBIX B KOHEYHBIX IMKAJIAX U3 HEKOTOPOI
COBOKYIHOCTH. Bce «ecTecTBeHHBIE» HOpMAaJIbHBIE MOJAJIBHBIE JIOTUKH OKA3AJINCH (DUHUT-
HO anmpokcuMupyembiMu. B 60-e Toabl 6BLIO 3aMeYEHO, YTO B HEKOTOPBIX C/IydasX MPU
100aBIeHNN K aKCHMOMAaTHKe KOHCTAHTHOW aKCHOMBI COXpaHsieTCs moHoTa mo Kpumke
U TeM CaMbIM (PUHUTHAS ANIPOKCUMHUPYEMOCTb. 3aMeTHM ((POIBKIIOD), U9TO € HOMOIILIO
TeOpeMBI O JIeIYKIIUHU MOXKHO II0Ka3aTh, YTO 3/1€Ch B KAUeCTBE JIOTUKUA MOXKHO B34Th MUAHU-
MaJIbHYIO HOPMAJIBHYIO MOJAJIbHYIO Tpono3unnoHaabuyio jsoruky K. Ilom koncranTHOI
dopmyoit mornMaeTcsa popMysIa, IPU IMOCTPOEHUN KOTOPO HE HCIIOJIb3YIOTCS II€PEMEH-
HBIE, TO €CTh dJIeMeHTapHOI (POPMyIIOii sIBJIsIeTCsT TONIBKO KOoHCTaHTa L (J1oxb). (Bamernm,
9TO B C/Iy4ae OTCYTCTBHUS B siI3bIKE KOHCTAHTBI MOXKHO CUYNTATh KOHCTAHTHOM (hopMysIoit
Takyio (popMyJy, KOTOpas KBHBAJEHTHA JIIOOOMY CBOEMY IIOJICTAHOBOYHOMY IIPHUMEDY;
TakoBa, cKaxeM, dhopmysa p A —p.) OCHOBHBIM PE3yJILTATOM CTATHH SIBJSETCS OMPEIesIe-
Hre (DUHUTHO AMMTPOKCUMHUPYEMO HOPMAJIHHONW MO/IAJIbHON IIPOMO3UIIMOHATIBHON JIOTHKI
L n xoHCTAHTHO# (DOPMYJIBI ¢, TAKAX YTO PE3YJILTAT 00aBJIEHHS K L aKCHOMBI (¢ He SIBJISA-
eTcst (GUHUTHO AMMPOKCUMHUPYEMOi JTOrukoii. CTaThbsl 3aKaHIMBAETCS KPATKUM TEpeTHEM
OTKPBITHIX [TPODJIEM.

Kaouesvie caoea: HOpMaJIbHASA MOIAJIbHAA JIOTMKA, (DUHUTHAS AIIPOKCUMHUPYEMOCTb,
KOHCTaHTHAasi (POPMyJIa, TeopeMa O JIeyKIUK

'PaGora Bomonnena npum momuepxke PO®®DU, mpoexkrer  Ne13-06-00861 u
Ne14-06-00298.
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Ompenenennst n 0603HAYMEHNST MOYKHO CIUTATH CTAHIAPTHBIME, UX MOYKHO
HaiiT, Hanpumep, B [5] (9Ta KHEra CBOOOJHO PACIPOCTPAHSIETCS B UHTED-
Here 6e3 yBeJOMJIEHNs] aBTOPOB U [IPABOO0JIAIATeIIs).

[TocranoBka paccMaTpuBaeMoil 3aJa4u TaKOBa: 6cezda Al 000a6AEHUE K
GUHUMNHO ANNPOKCUMUPYEMOT, HOPMAALHOT, MOOIGALHOT NPONOSUUUOHAAD-
HOT A02UKE KOHCMAHMHOT AKCUOMBL NPuBodum % GUHUMHO ANNPOKCUMU-
pyemol A02UKe.

[Ipexie 1em mnepeiiTu K pPeIIeHUI0, OTMETUM HECKOJIBKO O0CODeHHOCTEl
BBIPA3UTEILHOCTH KOHCTAHTHBIX (POPMY.I.

Hecmotpst Ha €BOIO, KaK KazKeTCst, TPOCTOTY (IIPABUJIO MOJACTAHOBKY UX HE
MeHsleT), KOHCTaHTHbIe (hOPMYJIbI BeiyT cebsi MOPOii JIOBOJILHO HEOXKUIAH-
mo. Tak, mpobeMbl IPUHAIE?KHOCTH KOHCTAHTHBIX (DOPMYJI HEKOTOPBIM
CTaHIAPTHBIM JIOTUKaM, TakuM, Kak, ckaxkem, K, K4, apisrorcs PSPACE-
HoJiHbIME (T.e. BecbMa CJIOXKHBIME), M. [4]. Ipyroii npumep: cBoificTBO ak-
CHOMATHU3MPYEMOCTU KOHCTaHTHOI dopmystoit Hax K u nanx K4, em. [1].

ITo HEKOTOpPOMY BapUAHTY TEOPEMBI O JIEIYKIIUU JIJIST MUHUMAJIBHON HOP-
MaJIbHOI npono3unuoHasbHoi jgoruku K, cm., Hanpumep, (2], jserko 3ame-
TuTh, 4To eciau K K (buHUTHO annpokcuMmupyemoii, pasymeercs, JIOIHKe)
J106aBUTH KOHCTAHTHYIO AKCHOMY (OHA 2Ke U CXeMa aKCHOM ), TO IOJIY IUBIIa-
sICsT JIOTMKA TOXKE OKAXKeTCsl (PUHUTHO AIIPOKCUMUPYEMOit. AHATOrUIHBII
dakT MOYKHO OTMETUTDH U JIJIsi UHBIX HOPMAJILHBIX POHO3UITNOHAIBHBIX JIO-
ruk. OQJHAKO 9TO He BCerja Tak, KAK YTBEPKIAET CJIeIyIOIIast

TEOPEMA 1. Cywecmsyrom makaa GUHUMHO anNPpOKCUMUPYEMAR HOP-
MAALHAA MOOAALHAA NPONOSUUUOHAALHAA Ao2uka L u xoncmanmmuan gop-
MYAQ, YO HOPMAAbHOE pacwuperue L amoti opmyrotli punummo annpox-
CUMUPYEMDIM HE ABAAECNCA.

JOKA3ATENBLCTBO. Ilycts L — joruka Beex mkani §, (n € w), cMm. puc. 1,
rjie BCe COOTHOIIEHUS] MEXKJly TOYKAMH (JJOCTHXKUMOCTB) yIKe n300parke-
HBI CTPEJIKAMU; B YaCTHOCTHU, OTCYTCTBYIOT TPAH3UTUBHOCTH U PedIIEKCUB-
HocTh. [lo cBoemy ompesesieHno 9Ta JIOTUKA (PUHUTHO AIITPOKCUMUPYEMA,
MTOCKOJIbKY 3a7IA€TCS MHOXKECTBOM KOHEUHBIX mKaj. O IHAKO MBI ceffaac 1mo-
kazkeM, 410 Jjioruka L@ (OCOLA-OO0L — O(OOOLA=COL)) dunurao
AIIIPOKCUMUDYEMOii He sBisiercs (mobasisieMast K L dopmymna Huzke 000-
3HavYaeTCs Kopoue — v — O, e, nmojaraem, uro vy = OOOL A -OOL).
B moctpoenun dopmynbr 7y — Oy mepemeHHble He OBLIN HMCIOJIH30BAHBI,
T.e. ara dopmyna koucrantHa (!). Takum obpasom, jnoruka L u dopmysia
v — Oy 1ai0T HAM OJTHO U3 BO3MOXKHBIX ITOJATBEPKIECHNN YTBEPKICHIS TEO-
peMbl 1; 0 HEKOTOPBIX JAPYTUX BapUAHTAX CM. 3amMedanue 1 Ha cTpanuie 82.
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N
A
bo by bo bp—2 b1 Ty
¢ c c Cr— Cp— c
0 1 e 2... o ... n—2 n—1 _otn
Puc. 1. §,

Ucnonb3yembie 0bo3HadeHus Jijist GOPMyJI, OMUCHIBAIOIINX TOUYKHA Fy (1O
JIE3HO MMeTb B BUIy a(paBUTHOE CXOJICTBO B 0DO3HAUEHHUSIX TOUEK U (POp-
My a — o, b— 3, ¢ —7):

a:DL7 ,8:<>C¥, 'Y:<><>Oé/\_‘<>047 /BOZ/BADav ﬁz-‘rl:/B/\OﬁZ

Bo Becex mkaiax §,, uCTUHHBLL GOPMYJIbI ([IPH PYTUHHON IIPOBEPKE OTMEYEH-
HOe asI(haBUTHOE CXOJICTBO MOYKET ITOMOYb):

AxB; = Bi = ~fi—1 A+ A =Bo,

Azy(p) =y ANOYAO(BADP) = O(y AO(B A Op)).

[Tokazkem, aro sioruke Ldy — O He npunaiekut popmyna —(yACBy).
Ucnonbsyem Geckoneunyio (1) mkany §,, CM. puc. 2, rjie BCe COOTHOIIIE-
HUsT MEXK/Ty TOYKAMU OISATb-TAKH y2Ke M300paykeHbl CTpesKaMu (IIKaIy o,
MOKHO MBICJIUTh KaK <«IIPEJIEIT» TIOCIEI0BATETLHOCTU IIKAT §0, $1, 32 - - - )-

Pyrunno nposepsiercs, aro dhopmyna —(y A OBy) onposepraercss B TOUKe
Co TIKaJBL §,,. OcTaercs 3aMeTUTh, UTO e€C/Id Kakas-Jnbo (opMy/ia ornpo-
BEPraeTcsd B §u,, TO B CHJIy OTCYTCTBHS TPAH3UTUBHOCTH OHA OIPOBEPraeTcs
U B HEKOTOPOIl ¥, LIPH JOCTATOYHO OOJIBIIOM 71, 1 < W.

Buaunt, mkanaa §, oraenser —(y A <Ofy) or L.

I[Tycrb Teneps § — HeKoTOpast MKaja ¢ KopHeM, oTessiorast —(y A <)
or L, u 3TO OT/HeIeHNe TPOUCXOIUT B TOYKE, CKAyKeM, T( IIPU HEKOTOPOil
OLICHKE.

Nrak,

zo =y A CBo.
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.a
A
bo by bo bp—1  1bn b1
C C C Cp— C C
.0 ,.1 Y 2 .. ® --- .’I’L]. ,eo_t Y n+l, |
Puc. 2. §,,

B uacTtHOCTH, B IIIKaJIe €CTh TOYKA Yo, TaKasl 4To Yo = Fp.
Ucrunnocts B mkajie § dopmyssl v — Oy maer zg = <&y, orkyaa

zo Y AOYAO(BA Bo).

Bocnosnbzyemest npunaiexkaeii L dpopmymnoit Axy(Bo):

zo E Y AOYANO(BA Bo) = Oy AO(B A OBo)).

ITonyaaem

2o = O(y A O(BAOp)),

9TO JaeT HEKOTOPYIO TOYKY I1, JOCTUXKUMYIO U3 T, TaKYyIO 9TO

1y AOBL

B wacrHOCTH, B IIKaJje eCcTh TOYKA Y1, Takas 4To Y1 = f1.

[ToBTOpPUB HEOrpaHUYEHHOE YUCIO Pa3 MPOBEACHHOE PACCYKJICHUE, yBe-
JIMYUBAsi KaXKJIbll pa3 UHJAEKCHI HA 1, MOJIyYUM, YTO B IIKaJE § JJId KaxK-
JIOT0 4, i € w, UMeeTcs Y;, Takas 910 y; = ;. B cuiy nupunagexuocrn L
dopMmysbl Ax(; Bce TOUKHU Y; PAIAIHBL.

Teopema mokazana. O

SAMEYAHUE 1. B nokazaresnbcrBe (B coorBercTBuu ¢ (HOPMYIUPOBKOIA)
TeOpeMbI IIpUBeIeHa ofHa Joruka L ¢ TpebyeMbiMu cBoiicTBaMu. JIerko 3a-
METHUTb, 9T0 L MOXKHO BapbUPOBATDH, MEHsIs TOIXOIANINM 00PA30M IIKAJIBI
Sn, Sw € TEM, YTOOBI OJIYYUIOCh KOHTUHYAJIBHOE CEMEICTBO JIOTHUK, JJIst KO-
TOPBIX YTBEPIKICHIE TEOPEMbI CITPABEINBO. AHAJIOTHIHO W TAPAJIIEIbHO,
MOYKHO OECKOHEYHO MEHSITH U L.
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Jpyrast BO3MOKHOCTb BapbUPOBAHMUS [OJIy9E€HHOTO Pe3YJIbTATa: M3 KOH-
TEKCTa MOHSATHO, YTO HOHATHE KOHCTAHTHO (hOPMYJIBI, HCIIOIB30BAHHOE BbI-
1€, OCHOBBIBAETCsI HA HAJINYUU B sI3bIKE JIOTUK KOHCTAHTBI L («JI0XKb» ), 0/1-
HAKO IIPH OTCYTCTBHU TON KOHCTAHTLI, HO NP OOBIMHOM JIIsi MOZAJIBHBIX
JIOTUK BbIGOpe HAbOpa JIOTMYECKUX CBS30K (ckaxkeM, A, =, 0, a ocTajbHbIe
BBOJIATCS 110 CTAHJIAPTHLIM COKPAIEHUIM) JOCTATOYHO OHPEIEINTH KOH-
CTaHTHYIO (POPMYyJIy, KaK (popMysy, JitoOo#l MOACTAHOBOUHBIN IPUMEpP KO-
TOPOii 9KBUBAJIEHTEH HCXOJHO, HAIPHMED, MOXKHO HCIIOIL30BATL P A —p
BMecTo L (cM. Kparkoe obcyxk/eHue B [3]); U3MEHEHUsI B JI0OKA3ATEILCTBE
HE3HAUNTE/IBHBI U CBOJSATCA K HEOOJIBIIOMY N3MEHEHUIO TEKCTA U IIPIMEHe-
HUIO TeOpEeMBI O 3aMeHe SKBHBaeHTHbIX B K.

AmHaJiorn paccCMOTPEHHOI'O BOIIPOCA, TaKHe, KaK IMOMCK KOHEYHO aKCHOMa-
THU3UPYEMOTro BapuanTa L, 3aMeHa CBOMCTBa (PUHUTHON alIPOKCUMUPYEMO-
CTHU Ha, CKaKeM, Pa3peninMoCThb, ITOJHOTY 110 Kpuike u T.J1. MOTYT OKa3aTh-
Cs1 JIOBOJIBHO TPYJAHBIMH 3aJa9aMU.
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We consider the class of propositional normal modal logics. The two main concepts related
to this class and analyzed in the paper are the finite model property and constant formula.
A propositional normal modal logic has the finite model property, if it can defined as the
set of formulas true in frames of some set. All “natural” propositional normal modal logics
turned out to have the finite model property. In the 60 years it has been observed that
in some cases adding to the axiomatics constant axiom remains Kripke completeness,
and hence the finite model property. Note (folklore) that using the deduction theorem it
can be shown that here as logic can take the minimal normal modal propositional logic
K. Under constant formula, the constraction of which does not use variables, that is,
the basic formula is the constant L (false). (Note that in the absence in language the
constant can be considered constant formula is a formula that is equivalent to any of
substitutional instant; that is, say, the formula p A =p.) The main result of the paper is
the definition of a normal modal propositional logic L and a constant formula ¢, such
that the result of adding to the logic L axiom ¢ does not have the finite model property.
The paper concludes with a short list of open problems.

Keywords: normal modal logic, finite model property, constant formula, deduction
theorem
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We study an expressive power of temporal operators used in such logics of branching time
as computational tree logic or alternating-time temporal logic. To do this we investigate
calculi in the first-order language enriched with the temporal operators used in such
logics. We show that the resulting languages are so powerful that many ‘natural’ calculi
in the languages are not Kripke complete; for example, if a calculus in such language is
correct with respect to the class of all serial linear Kripke frames (even just with constant
domains) then it is not Kripke complete. Some near questions are discussed.

Keywords: Kripke incompleteness, first-order logic, computational tree logic, alternating-
time temporal logic, recursive enumerability

1 Preliminaries

The subject under our consideration is an expressive power of temporal
modalities used in such logics as CTL*, CTL, LTL, ATL*, ATL, etc.,
see [1, 7, 9, 18]. Here we dwell on the modalities of CTL but the
argumentation below remains to be applicable for other logics, too (and
we shall show this).

All the logics mentioned above are defined via Kripke semantics, and are
Kripke complete by their definitions. It is known that they are decidable
and even that the corresponding decision problems are complete in such
classes as PSPACE (for LTL, see [21]), EXPTIME (for CTL and ATL,
see [11, 24]), and 2-EXPTIME (for CTL* and ATL*, see [12, 19, 23]).
As a corollary of their decidability, they have decidable axiomatizations.

!The work is supported by RFBR, projects 13-06-00861 and 14-06-00298.
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But note that some modalities of these logics are not first-order definable
(by means of appropriate first-order languages describing Kripke structures)
and ‘contain’ an expressive power that may be not seen if we consider propo-
sitional languages only. Therefore, to show some possibilities of the modal-
ities we add them to the first-order classical language and then propose
and discuss some facts concerning logics and classes of logics in resulting
languages.

Mathematical results presented here, in fact, follow from constructions
used to prove that some first-order logics defined by classes of Kripke frames
are not recursively enumerable. So the reader may see on this paper as a
discussion on just one of corollaries from such proofs.

2 Decidability and recursive enumerability

Here we just recall the notions of decidability and recursive enumerability.
Let U be some universal set (for our purposes it is sufficient U to be the set
of all formulas in a certain language) and let X be a subset of U. Then X
is called decidable if there exists an algorithm 2{ such that, for any x € U,

1, ifxeX,
Ae) = {o, ifr g X.

If X is not a decidable set then it is called undecidable. The set X is called
recursive enumerable if X = & or there exists an algorithm 2 such that
X ={2(n) : n € N}, i.e., there exists an algorithm enumerating elements
in X. Note also that X is recursively enumerable if and only if there exists
an algorithm %A such that, for any x € U,

_ something, if x € X,
Uz) = { not defined, if x & X,

i.e. X is the domain of the algorithm 2(. For more details see [8, 13, 20].

3 Calculi

Let us clarify what we mean by a calculus. Usually it is assumed that
calculus is defined by a set of axioms and a set of inference rules. Both sets
together, in fact, generate a set of derivable formulas. For our purposes it is
important to be sure that such generation can be realized as an algorithmic
procedure. Therefore we just add the following natural conditions: the set
of axioms and the set of inference rules must be recursively enumerable
and every inference rule must be realizable as an algorithm. The only
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property of calculi we are going to use is that the set of derivable formulas
is recursively enumerable; it is ensured by the conditions.

Note, by the way, that any calculus with finite set of axioms and finite
set of finitary inference rules, of course, satisfies both conditions above.

Below we sometimes equate a calculus to the set of all formulas derivable
in it.

4 Language under consideration

Let us fix a language £ containing a countable set of individual variables,
a countable set of predicate letters of any arity (for every m € IN, the lan-
guage contains a countable set of m-ary predicate letters), A (conjunction),
V (disjunction), — (implication), — (negation), quantifiers on individual
variables Vo and 3z (for every variable x), modalities AX, AF, EU, and
technical symbols (comma and parentheses). In other words, we enrich the
classical first-order language with the modalities of CTL. Formulas are
constructed in the usual way: if x1, ..., x,, are variables, P is m-ary pred-
icate letter then P(x1,...,2,,) is a formula; if ¢ and 1 are formulas and z
is a variable then (p A ), (¢ V), (¢ = V), ~p, Ve, Jx v, AXp, AFp,
and (pEU%) are formulas, too.

5 Kripke semantics

By a Kripke frame here we understand a triple § = (W, R, D) where W is
a non-empty set of states, R is a serial binary accessibility relation on W,
and D is a function associating with every state s its domain (i.e., some
non-empty set of individuals) such that D(s) C D(t) whenever sRt, for
any s,t € W. Kripke model on a frame § is a pair 9 = (§, [)where I is
an interpretation of predicate letters in the domains of states, i.e., if P is
n-ary predicate letter and s is a state then I(s, P) is an n-ary relation on
D(s).

An infinite sequence m = sg,S1,89,... is called path in a frame
§ = (W,R,D) if, for any k € IN, we have s € W and spRskr1. We
assume that m; denotes the k-th element of the path 7. We say that a path
7 starts from a state s if mg = s. Note that, because R is serial, for any
s € W, there is at least one path in § starting from s.

Let s be a state in a frame § = (W, R, D). A function « is called inter-
pretation of individual variables in s if a(z;) € D(w), for every individual
variable x;.
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Note that if s’ is accessible from s and « is an interpretation of individual
variables in s then « is an interpretation of individual variables in s’, too,
because in this case we have D(w) C D(w').

For any individual variable z, let us define the binary relation = on
interpretations: for interpretations o and 8 we put

aZpB = a(y)=pB(y), for any variable y such that y # z.

Let M = (F,I) be a model on a serial frame § = (W, R, D). We define
the truth relation ‘a formula ¢ is true at a state s € W in a model 9T under
an interpretation « of individual variables in s” inductively (by constructing
of ¢). We put

(M, s) E* P(x1,...,2m) = {a(z1),...,0(zn)) € I(s, P)

where P is m-ary predicate letter, 1, ..., x,, are individual variables. For
other formulas the relation is defined as follows:

M, 5) E* prApe = (M, s) = o1 and (M, s) = po;
M, s) E* o1V = (Ms) E* o1 or (M, s) = o3
(M, s) E* o1 = w2 = (Mys) F* o1 or (M, 5) = o3
(9, 5) =~ = (M, s) F* o3

(M, s) F* AXp; = for any path 7 starting from s the
relation (M, m1) =Y ¢y is true;

(M, s) E* AF ¢, = for any path 7 starting from s
there is some k£ € IN such that

(M, 71) = 013

(M, s) =* p1EUps = for some path = starting in s
and some k € IN such that
(M, 7)) = w2 and, for any j € N,
such that j < k the relation
(M, ;) =% 1 is true;

(M, s) = Vi = for any interpretation S such that
B2 aand (x;) € D(s) the relation
(M, s) =7 1 is true;
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(M, s) E~ Fzipr = there is an interpretation [ such
that 8 2 «, B(z;) € D(s), and
(Dﬁa 3) ):ﬁ P1-

As usual, a formula is said to be true in a model if it is true at any state
in it; a formula is said to be true in a frame if it is true in any model on
the frame; a formula is said to be true in a class of frames if it is true in
any frame in the class.

Let us define the logic QCTL as the set of formulas that are true in the
class of all (serial) Kripke frames.

6 Kripke completeness

We say that a set L of formulas is Kripke complete if there is a class of
Kripke frames such that L coincides with the set of all formulas that are
true in the class.

Note that if a set L is Kripke complete then it is closed, at least, under
modus ponens, generalization, and predicate substitution, i.e., L may be
viewed as a logic.

For example, QCTL is Kripke complete by its definition; any proper
subset of QCTL is not Kripke complete (if we do not restrict the language
and do not extend the class of frames, of course).

7 Logic QCTLIinCD

For some technical purposes we need to define a special extension of QCTL.
We call a frame linear if the reflexive and transitive closure of its accessi-
bility relation is linear. The frame (W, R, D) is said to be a frame with
constant domains if D(s) = D(t) whenever sRt, for any s,t € W. Define
QCTLIinCD as the set of formulas complete under the class of all linear
frames with constant domains.

8 Class of Kripke incomplete calculi

Here we just propose and prove a statement which reflects the topic of the
paper.

THEOREM 1. Let S be a calculus such that S C QCTLIinCD. Then S is
not Kripke complete.

PROOF. Let us denote by QCLy;, the classical theory of finite models.
In [15] it is proved that there is a translation E'mb such that, for any closed
classical first-order formula ¢,

¢ € QCLy;, <= FEmb(p) € QCTL.
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More exactly, it is shown that, for any closed classical first-order formula ¢,

¢ € QCLy;, = Emb(p) € QCTL;
¢ € QCLy;, = Emb(p) ¢ QCTLLnCD.

The second implication follows from the fact that if ¢ ¢ QCLy,, then
Emb(p) is refuted in a linear frame with constant domains (for details
see [15]).

Because QCLy;, is not recursively enumerable [6], from these two im-
plications it immediately follows that any set of formulas between QCTL
and QCTLIinCD is not recursively enumerable, too. Indeed, let L be
any set of formulas such that QCTL C L C QCTLIinCD. Let ¢ be a
closed first-order formula. If ¢ € QCLy;, then, by the first implication
Emb(¢) € QCTL, and hence, Emb(¢) € L; if ¢ ¢ QCLy;, then, by the
second implication, Emb(p) ¢ QCTL1linCD, and hence, Emb(yp) ¢ L.
Therefore,

¢ € QCLy;,, <= Emb(p) € L,

and, as a corollary, L is not recursively enumerable.

Suppose that S is Kripke complete. Then QCTL C S. To-
gether with the condition that § C QCTLLnCD it means that
QCTL C S € QCTLILnCD, and hence it is not recursively enumerable.
But this is impossible because S is a calculus. From the contradiction it
follows that S is not Kripke complete. The theorem is proved. O

9 Discussion

Now we have got a matter for our discussion: the theorem and its proof.
Both the theorem and the proof are quite short but we want to show some
hidden details.

9.1 Examples of Kripke incomplete calculi

First of all, we give an explanation how to apply the theorem. Suppose we
have some calculus S with a set of axioms A and a set of inference rules R.
Suppose also that we are able to check, for every ¢ € A, whether ¢ is true
in the class of all linear frames with constant domains and, for every rule
in R, whether the rule is admissible in the same class (note, by the way,
that there is no general procedure solving these tasks [15] but sometimes it
is not the case for particular calculi). Then, if for every axiom and every
rule the check is OK, then by the theorem we may conclude that S is not
Kripke complete.
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We give an example. Let A = CTL U QCL, where QCL is the classical
first-order logic, and let R be consisting of modus ponens, generalization,
and substitution. Then the calculus defined by A and R is not Kripke
complete.

If we extend the calculus with any formulas that are true in linear frames
with constant domains (for example, bounded width formulas, bounded
branching formulas, Barcan formula, etc.) and inference rules preserving
validity in all such frames (for example, necessitation rule for the modality
AX) then we again obtain a Kripke incomplete calculus.

9.2 Possibility of constructive proofs for the theorem

Note that the proof presented here is not constructive: to prove the theorem
we suppose it to be wrong and then obtain a contradiction. To give a
constructive proof we must construct a formula ¢ that is not derivable in
S but true in any Kripke frame for S.

Obviously, there is no such a formula for all calculi. Indeed, suppose
@ is not derivable in any calculus S such that S € QCTLIinCD but
v € QCTLIinCD. If we add ¢ to S as an extra axiom then we obtain
a calculus included into QCTLIinCD and containing ¢, that gives us a
contradiction.

Therefore, to get a constructive proof we need an effective procedure
finding, for any calculus S such that S C QCTLIinCD, a formula pg such
that g € QCTLLnCD but (g is not derivable in S. The problem is in
that the set of all such calculi (i.e., in fact, the set of inputs for the proce-
dure) is not effectively definable because it is not recursively enumerable.
Indeed, let S, = {¢}, for every formula ¢ (i.e., S, is a calculus with one ax-
iom and without inference rules). Then the set {S, : S, € QCTLIinCD}
coincides with the set {{¢} : ¢ € QCTLIinCD} and hence it is not re-
cursively enumerable. The same argumentation (with slight modifications)
works also for calculus containing QCL and closed under some ‘natural’
inference rules; we leave details to the reader.

Nevertheless, of course, there are constructive ways to prove nearly the
same theorem. Because any formula is constructed effectively, by the theo-
rem we have that for any calculus S such that S C QCTLIinCD there is
an algorithm constructing a formula g such that g € QCTLILinCD but
g is not derivable in S. Therefore, for any particular calculus S there is
a constructive proof of its Kripke incompleteness. Clearly, if S’ C S and
¢ is not derivable in S then ¢ is not derivable in S’, too. Hence, we may
replace QCTLIinCD in the theorem with any particular calculus and then
obtain a constructive proof. For example, instead of QCTLIinCD we may
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take a calculus containing QCL, CTL, linearity axiom, Barcan formula
and closed under substitution, modus ponens, generalization, and maybe
some other inference rules.

We did not try to obtain a constructive proof this way, and here we leave
the details of the question to the reader.

9.3 Extensions of the language

Note that CTL is a fragment of CTL* and, modulo some translation, it
is also a fragment of ATL and ATL*. It means that we can repeat our
argumentation for logics QCTL*, QATL, QATL" (the reader may define
them using corresponding Kripke semantics for CTL*, ATL, ATL"). But,
in fact, we do not need it: it is enough to use the theorem for calculi
in extended language. Let us understand L-fragment of a calculus (in a
language extending L) as a set consisting of all formulas derivable in the
calculus that are in £ (maybe, modulo a certain translation).

COROLLARY 1. Let S be a calculus in the language of QCTL*, QATL or
QATL* such that the L-fragment of S is a subset of QCTLIinCD. Then
S is mot Kripke complete.

Moreover, we may imagine a situation when we deal with some different
language allowing to express £ inside of it. Then the corollary is true, too.

9.4 Fragments of the language

Now let us turn to another ‘direction’, and put the following question: what
happens if we restrict L7

Due to S.Kripke [16], if we restrict £ with just unary predicate letters
then both the theorem and the corollary are still true; moreover, we propose
a hypothesis that sometimes even one unary letter is enough [3, 4]. As for
individual variables, we think that three ones are enough; maybe even
two [14]. But here we discuss the modalities, therefore we consider some
restrictions on their using.

In accordance with literature on CTL, we distinguish five ‘basic’ modal-
ities: AX, AG, AF, EU, and AU. Formally, the language £ already
contains AX, AF, and EU, therefore we define just AG and AU:
AGyp = ~E((¢ = 9)U~y), A(@Uy) = AFp A 2E(—~U(=¢ A —1))).
Note that we also may define five dual modalities (known as EX, EF,
EG, AR, and ER) but they are not essential for our purposes, and
we leave details to the reader [1, 9, 17]. Every subset of the set
{AX,AG,AF ,EU, AU} defines a certain fragment of QCTL, and we
consider such fragments.
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Let M be a subset of {AX, AG, AF, EU, AU}. For a set L of formulas,
define LM as a fragment of L where only modalities contained in M are
used. For example, QCTL[2 = QCL. In fact, in [15] it is proved that from
QCTL C L € QCTLIinCD, M # @, M # {AX}, and M # {AG} it
follows that L[M is not recursively enumerable. Hence, for such fragments
we may use the same argumentation as in the proof of the theorem. As a
result we obtain the following proposition.

PROPOSITION 1. Let M be a set of modalities allowing to express at least
one of the modalities AF, EU, AU or both AX and AG, let also S

be a calculus such that STM C QCTLIinCDJ[M:; then S is not Kripke
complete.

This proposition is stronger than the theorem. It shows that just one
temporal modality may be quite expressive. But note that the proposition
does not tell us anything about calculi in the language with AX only and
with AG only.

9.5 Effect of first-order conditions

To define Kripke semantics for £ we need the notion of path. Formally,
7 is a path in a frame (W, R, D) if 7 is a map from IN to W such that
w(n)Rm(n + 1), for every n € IN. Then, to define the truth relation for the
modalities, in fact, we use second-order quantifiers (on paths).

It is not the case for AX. It is possible to define the truth relation
for it using just R and first-order quantifiers (on states in W): AX is
true at a state s if ¢ is true at every state ¢ such that sRt. Together
with first-order definability of seriality and linearity it provides us with
embeddings of QCTL[{AX} and QCTLIinCD[{AX} into QCL, and
hence with a recursive axiomatization for each of them. Of course, it is
not so for any logic between QCTL[{AX } and QCTLIinCD[{A X} into
QCL but from the construction in [5] we obtain the following observation:
let a logic L be Kripke complete under some first-order definable class of
frames; then LI{AX} is recursively enumerable. Note that any recursively
enumerable logic has also a recursive axiomatization [10]. Note also that
we do not know whether the converse statement for the observation holds.

To define the truth relation for AG, in fact, we must define reflexive and
transitive closure of arbitrary accessibility relation R. It is not possible
to define it via R and equality if we use the first-order language only, but
note that if we deal with the modality AG without all others, then we may
‘forget’ about R and use its reflexive and transitive closure as a unique bi-
nary relation in a frame. In this case, we must just claim it to be reflexive
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and transitive. Then, we are again in the similar situation: there are em-
beddings of QCTL[{AG} and QCTLIinCD[{AG} into QCL, wherefore
these fragments (and some ones between them) are recursively axiomatiz-

able.

Of course, if we consider classes of frames allowing us to define other
modalities using first-order conditions only, then we obtain recursively ax-
iomatizable extensions of QCTL. For example, if a logic L is complete
under a class consisting of all frames (W, R, D) with the same finite W and
the same R on it then L is recursively axiomatizable.

9.6 Other classes

Our main conclusions and observations are based on the fact that any set
between QCTL and QCTLIinCD is not recursively enumerable. What
about logics outside the interval? In general, we do not know. But we show
some difficulties. To do this, consider an example.

Let QCTLfin be the logic complete under the class of all finite Kripke
frames. This logic is not included into QCTLIinCD but using argumen-
tation as in [22] we obtain that QCTLfin is not recursively enumerable
(and even QCTLfin[{AX} is not recursively enumerable). To prove the
theorem as above but with QCTLfin instead of QCTLIinCD we need an
algorithm embedding some non-enumerable problem into both QCTL and
QCTLfin, simultaneously. But we do not know whether such an algorithm
exists.

Let QCTLfinCD be the logic complete under the class of all finite
Kripke frames with constant domains. It is not recursively enumerable,
too. Moreover, it is possible to show that there is a translation ¢r such
that, for any closed classical first-order formula ¢,

¢ € QCTLfin <= tr(y) € QCTLfin
< tr(y) € QCTLfinCD,

and hence, any set of formulas between QCTLfin and QCTLfinCD is
not recursively enumerable (unfortunately, we do not know about any pub-
lications containing this fact, and cannot give a reference). It seems we
are successful and can extend the class of Kripke incomplete calculi. But
this is not so, again. Indeed, in this case, we just may propose that any
calculus such that QCTLfin C § C QCTLfinCD is not Kripke complete
but, clearly, there is no such calculus.
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9.7 Impossibility of ‘converse’ embeddings

In fact, our proof of the theorem is based on the fact that there exists an
embedding of QCL ;, into any theory between QCTL and QCTLIinCD.
The following natural question arises: is there an effective embedding of
QCTL or QCTLInCD into QCLy;,? The answer is ‘no’, and here we
give some argumentation.

Let us recall Post theorem, see [2]:

o a set X is decidable if and only if both X and X are recursively
enumerable,

where X is the complement of X. Clearly, for a logic L and a formula ¢,
we have that

e  is L-valid if and only if —¢ is not L-satisfiable;
e v is not L-satisfiable if and only if —p is L-valid.

Therefore, in terms of L-validity and L-satisfiability, Post theorem means
that

e L is decidable if and only if both L-validity problem and L-satisfiability
problem are recursively enumerable,

and hence, if L is undecidable then at least one of the problems is not
recursively enumerable.

The following statement is known as Church theorem, see [8, 13]: QCL
is not decidable. But because QCL is finitely axiomatizable, it is also
recursively enumerable. Therefore, using Post theorem, we may conclude
that

e QCL-validity problem is recursively enumerable;
o QCL-satisfiability problem is not recursively enumerable.

Note also that the set of all QCL y;,-satisfiable formulas is recursively enu-
merable: corresponding algorithm just tests for a given formula whether it
is true in models with one element, then whether it is true in models with
two elements, then whether it is true in models with three elements, and so
on; if the algorithm finds a model satisfying the formula then it stops with
the positive answer. Therefore, we may specify Trakhtenbrot theorem [6]:

e QCL;,-validity problem is not recursively enumerable;
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e QCL,;,-satisfiability problem is recursively enumerable.
Observe that for any closed classical first-order formula ¢,

v € QCL < ¢ e QCTL
< € QCTLIinCD.

Because QCL-satisfiability problem is not recursively enumerable, as a
corollary we obtain that L-satisfiability problem is not recursively enumer-
able, too, for any logic between QCTL and QCTLIinCD (of course, the
same is also true for any logic between QATL and QATLIinCD, etc.).

Let L be a logic between QCTL and QCTLILinCD. Suppose that there
exists an embedding of L into QCLy;,,, i.e., there exists an algorithm A
such that

p€L <= A(p) € QCLyy,,

for any formula ¢ in the language £. Then we immediately obtain that
QCLy;,-satisfiability problem is not recursively enumerable but it is not
so. The contradiction means that there is no such embedding. The same
argumentation allows us to conclude that there is no embedding of L into

QCL, too.
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B [4] B.I. I'yinBeHKO HOJIyYn/I pe3yJbTaT, KOTOPBIA B HACTOsIIEEe BPEMsl IPUHATO HA3BI-
BaTh TeopeMoil [7IMBEHKO M KOTOPBINl yCTAHABIMBAET KBUBAJIEHTHOCTb MEXKJY YTBED-
JKJIEHHEM O IIPUHAIEXKHOCTH (POPMYJIBI KJIACCUIECKON IIPOIIO3UIMOHAJIBHON JIOTUKE U
YTBEPK/I€HUEM O IPUHA/JIE?KHOCTH JBOWHOIO OTPULIAHUS 9TOH (DOPMYIIBI MHTY HITOHUCT-
CKOI TPONO3UIMOHAIBHOM Jioruke. Teopema [VIMBEHKO SIBIIsT€TCST BaXKHBIM JOCTHKEHHEM
B ODJIACTH HCCJIEJOBAHUI CBA3EHl MeXKJy JIOTMKAMH, IIPOBOJMMBIX C IIPUMEHEHUEM II0-
Ipy2KaloInx olepaluil. 37ech IpejaraeTcs o000IeHne TeopeMbl [JIMBEHKO 1 OIMUCHI-
BA€TCsl OCHOBAHHBIN Ha 3TOM OOOOIIEHUU CIIOCOO MOCTPOEHUs] AHAJIOTOB YTBEPIKIIEHUS,
SIBJISIIOIIETOCST HEKOTOPO# crermaabHoil ¢popmoit Teopemsl [nnBenko. B crarpe mcmoss-
30BaHbl IIOCTPOEHHBIE aBTOPOM IMOIJIOTUKH KJIACCHYECKOH NPOIO3UIMOHATIBLHON JIOTUKU,
13 KOTOPBIX TVIABHYIO POJIb UIPaeT JIoruka Int<, > (OHA sABISETCS TAKKe IOJIOTUKON
MHTYHUIMOHUCTCKON IIPONO3UIUOHAIbHON jtorukn). O6paienue K joruke Int<y o> M03-
BOJIMJIO IIPOBECTH Takoe 000bIeHe TeopeMbl [JIMBEHKO, KOTOPOe PaCIpOCTPAHSIETCS Ha
HEKOTOPBIN OBIMUPHBI (KOHTHHYAIHHO! MOIIHOCTH) KJIACC MOJJIOTUK NHTYHUIMOHUCTCKON
IIPOIIO3UIIMOHAJIBHOM JIOTUKH.

Karoueswie crosa: Teopema [TIMBEHKO, KiIaCCHYIECKAs IPOIO3UIIMOHAIbHAS JIOTUKA, HHTY-
NIMOHUCTCKAs! IIPOIIO3NIINOHAJIbHAS JIOTUKA, A3bIK L, L-ytoruka, ncuaucienne HInt <y o>,
ncuncienne GInt<y o>, L-moruka Int<y w>, INIMBEHKOBCKAs JIOTUKA,

S3bik L Bcex paccMaTpUBAEMbIX 371€Ch JIOTHK €CTh MPOIO3UIIUOHAIBHDII
SI3bIK, aJihaBUTY KOTOPOIO MPHHAJJIEXKAT B TOYHOCTH CJIEYIOIIME CHUM-
BoJibl: &, V, D (GuHApHBIE JIOMYECKHe CBsi3KU si3blka L), — (yHapHas
JIOTHYecKasl CBsi3Ka s3blka L), (,) (Texumueckme cuMBOJIBI si3blka L), pi,
D2, P3,. .. (IPONOBUIMOHANIbHBIE TIepeMeHHble si3bika L). Oupenesenne L-
opmysbl nayKTHBHO: (1) BCsIKas IPOIIO3UIMOHAIBHASL [IepEMEHHAST S3BIKA
L ectv L-dopmyina, (2) ecin A u B siBasiiorest L-popmynamu, to (A& B),
(AV B), (A D B) u (mA) ssusiiorcst L-dbopmysamu, (3) HUYTO HHOE He
apisiercst L-dopmyitoit. lomyckaem rnmpumenenne oObIIHBIX COTJIAIEHU 00
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oIycKaHuu CKoOOK B L-dopmynax m mcmosb3yeMm «dopMmysias KakK COKpa-
menne s «L-gopmyias. KBasusnemernrapuoit popmyiioit HazbiBaeMm Gop-
MYJIy, B KOTOPYIO HE BXOJUT HU OJjHA OWHApHAsl JIOTUIeCKasi CBI3Ka SI3bIKA
L. Hnuny dopmynsl A ompefessieM TPaIUIMOHHO KaK YHUCIO BCEX BXOXK-
nennii cumBosios &, V, D, - B A. HazoBem L-JIorukoii Hemycroe MHOXKe-
cTBO (bOPMYJI, 3aMKHYTOE OTHOCUTEJILHO IpaBuiia modus ponens B L (06o-
3HaYaeM 3TO NpaBuao depe3 M Pp) u OTHOCHTEIBHO TPABUJIA MOJCTAHOB-
ku hopMysbl B DOPMYILy BMECTO IPOIO3UIUOHATLHON EePEMEHHON s3bI-
ka L (obosnauaem 310 mnpasusio depe3 Subr). Hamomuum, uro M Py, ectb
MHOXKECTBO BCEX YIOPSIOYEHHBIX TPOEK, KaxKJias U3 KOTOPBIX HMeeT BH]L
< A,AD B,B >, tine A u B aBnsiorcst (popMysiamMu. YCIOBUMCSI, 9TO JIJIst
BCSIKO# ITPOITO3UITNOHAJIBHOM ITePEMEHHON ¢ si3blka L 1 Jjist BCAKIX POpPMYT
A u B S95(A) ecrb pesynbrar nojgcraHoBku dhopmyiabl B B dbopmyny A
BMecTO ¢. st npousBosibHbIX o u 3 u3 {0, 1, 2, ... w} 3amaaum ucduc-
nenne HI., g~ runsbepToBeKoro tuna u ucuuciaenune Hint., g~ ruanbep-
TOBCKOTO Tuna. #I3pik ncuncnenus HIl.q g~ ruib0epTOBCKOIO TUIIA U A3bIK
ucuncnennsg HInt., g~ ectb L. Axcmomamu ucuncnenns HI., g ABId-
FOTCsT BCE T€ W TOJIBKO Te (DOPMYJIbI, Kaykjiast U3 KOTOPBIX MMeeT XOTs ObI
OJIMH U3 CJeyiomux napenaanaru suaos (3mecs A, B u C' — dopmyisr): (I)
(ADB)D((BDC)D(ADC)),1I) Ad(AvB), (IIl) B> (AV B),
(IvV) (A D C) OD((BD>C)D((AvB)DC(C), (V) (A&B) O A, (VI
(A&B) > B, (VII) (C > A) D ((C > B) D (C D (A&B))), (VIII)
(A> (B> C)) ((A&B) 5 C), (IX) ((A&B) > C) > (A D (B > (),
(X) ((A > B) DA DA, XLo) =D D (D D A), tne D ecrp
dopmyia, KOTOpasi HE SBJISIETCS KBa3WUIJIEMEHTAPHON (HDOPMYJION JIMHBI

a, (XILB)(E D =(A D A)) D —E, tne E ectb dopmyia, KoTopast He siB-
JIfIeTCs KBa3uaIeMeHTapHoit opmynoit jmmnel < [ . Ucuncnenne HI1 ., g>
UMeeT eJMHCTBeHHoe npasujio — MPyp.

Axcnomanm ncuncienns HInt., g~ ABISIOTCH BCe Te U TOIBKO Te (op-
MyJIBI, KazKJas U3 KOTOpbIX mmeer xorst 661 oqun n3 Bujos (I)—(IX), nm
mmeer sug (XLa), mwin umeer sux (XII,5). Ucuncnenne HInt., g~ uMeer
equacTBenHoe npasuio — MPr. Bemoust B Hlco g~ (HI<q g>-BBIBO/IDBI)
u BeBOIBI B HlInt.sps (HInt.,3>-BBIBOIBI), & TakKKe JOKa3aTellb-
crBa B Hl o g> (HI., g>-nokazaresscrsa) u B HInt o s (HInt o gs-
JIOKA3aTeIbCTBA) CTPOATCST OOBIYHBIM /IS UCYUC/IEHUH TI'MIbOEPTOBCKOTO
Tuna obpaszom. Iyt 9TUX MCUYUC/IEHHWH CTAHIAPTHO ONPEJIESIOTCs TOHS-
THUsI JYIMHBI BBIBOJIA, JUIMHBI JIOKA3aTe/IbCTBA, JOKa3yeMoil (hopMyJIbl. YCi1o-
BUMCsI depe3 [, g> 0DO3HAYATH MHOXKECTBO BCeX (POPMYII, JOKa3yeMBbIX
B Hl o3>, a 4epe3 Int., 3> — MHOXKECTBO BceX (POPMYIJI, JOKa3yeMbIX
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B HInt.q g>. MoxKHO IokasaTh HuKecaeyonme yreepxaenns (A), (B) u
(B), mabiioHHbIe J0KA3aTEIbCTBA KOTOPBIX 3/1€Ch HE TIPUBOJISITCS.

(A) Hna Beskux x u y u3 {0,1,2, ... w} muOKecTBa [y ys U INtoy ys
ABJIAIOTCA L-JTOTUKAMU.

(B) I<0,0> ecTb KilaccudecKas MIPOLHO3UIHOHAIbHAS JIOTHKA B sI3bIKe L.

(B) Int<pop> €CTb MHTYHIHOHUCTCKAs I[IPONO3UINOHAIbHAS JIOTHKA B
si3pike L.

31ech «KIaccuIecKast MPOTIO3UIMOHATbHAS JIOTHKA, B sI3bIKe L» o3HAYIaeT
MHO2KECTBO BCEX KJIACCMYECKUX TABTOJIOIUIl B sI3bIKe L, a «UHTYUIIHOHUCT-
CKasl TIPOIO3UIIMOHAJIbHAST JIOTUKA B sI3bIKE L» 03HAYAET MHOXKECTBO BCEX
UHTYUAIIMOHUCTCKUX TABTOJIOTH B si3bIKe L. YCJIOBUMCS O TOM, 9TO JIJIsl BCSI-
Koro MHozkecTBa K dopmyi u Besaxoit popmyiet A sanucs «K Fyr_, o0 A>
ecTb coKpalenue Jjid «cymecTsyeT H I, g~-BbIBOJ U3 MHOKecTBa K dop-
Myl bopmysibl A», a 3anuch «K Fpras cap> A» ecTb COKpallleHue JJjIsl «Cy-
mectByeT HInt, g~-BbIBOJ n3 MHOXKecTBa K dopmyn dpopmymst A». Yeo-
BUMCS1 TAK2KE O TOM, 9TO JUIsl BCsiKoi hopmyatbl A zamuce «-pp_, 4o A» ectp
COKpamenue Jia «cymecTByeT H I, g~-T0Ka3aTeabcTBO HOPMysIsl Ay, a
3allUCh «I—Hjnt<aﬁ> A» ecrb cokpamenue Jyuis «cymecrsyer HInt.o g~-
JIOKa3aTeTLCTBO (hopMyasl As. Byaem momyckaTh nCIoabp30BaHme CHMBOJIA
Y 11t 0003HaYEHUsT KBAHTOPA OOIIHOCTH, CUMBOJIa 3 J1j1s1 0003HAYEHNS KBAH-
TOpa CyIeCTBOBAHUS, CHMBOJIa = JIJIsT 0O03HAYEHNST MaTEPUATBHOM MMILIH-
Karuu u cuMBoJia N J1j1st 0003HAYEHUsT MHOYKECTBA BCEX IEJIBIX ITOJIOYKUTEI b
HBIX YUCEJI.

JIEMMA 1. Iyecms M ecmwv s3amrnymoe omuocumenvho Subp, muoocecmso
popmya v H ecmv HI o g~ uau HInto, g~. Jra ecaxoeo uyenozo nono-
AHCUMENBHO20 HUCAA TV U ONA BCAKUT Popmys A1, ..., Ap: ecau 0ra ecarozo
UEN020 MONOHCUMEABHOR0 HUCAG T, Komopoe < n, gepno, uwmo A; € M,
uau A; ecmv arxcuoma ucwucaerus H, uau cyuecmsyem cmpozo merb-
WUE T NOAOAHCUMENLHVLE YUCAG Kk U I, OAA KOMOPHLT YNnopAadouernas mpotKa
< Ap, A, A; > ecmo npumenenue modus ponens 6 L, mo das ecaxot gop-
Mmyavt B u 0as scaxoti npono3uyuorasvhoti nepemennoti g aAsvika L

M Fp S7p(Ay).

CrepeoTuiiHoe WHIYKTUBHOE (MGTO;LOM BO3BPATHO MHIYKIIUA) JOKA3a-
TEJBCTBO JIEMMBI 1 3jiech He mpuBoauM. Hukeciiemytomue JeMMbl 2 U 3
MO>KHO JIETKO JIOKA3aTh, UCIOJIb3Ysl JIeMMy 1.

JIEMMA 2. [lycmo M ecmo 3amxnymoe omuocumenvho Suby, mMroocecmeo
popmya. Jas ecaxoti gopmyave A: ecau M Fhrni, . A, mo das eca-
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Kot popmyavt F u das 6caKxotl nponosutuoHasvHotl nepemennoti ¢ Asvika L
M I_Hlnt<w,w> SqF(A)

JIEMMA 3. [lycmo M ecmo 3amxnymoe omruocumenvho Suby, mroocecmeo
popmya. Jaa ecaxol dopmyave A: ecau M by, o A, mo das ecaxot
dopmyavt, F u 0asa 6caxoti nponosuyuonasvHotl nepemennott q aAvika L
M l_HI<w7w> SqF(A)

JIEMMA 4. Jlasa ecaxoti popmyant A: A ecmv K8a3usLeMEHMAPHAA HOPMY-
aa < A ecmov nponosuyuonasvras nepemennas azvka L uau Jy(y € N)Jq
(q ecmwv nponosuyuonanrvran nepemernan asvika L) 3oq ..oy (A ecmo
(a1 ... (ayq)...) u oy ecmov = das scaxozo i uz {1,...,y}).

Crepeornnaoe MHAYKTHBHOE (METOIOM BO3BPATHON MHIYKIMHU) JOKA3a-
TEJILCTBO JIEMMBI 4 3/1eCh He TTPUBOIUM.

Ham norpebyercs cekBenimasbaoe ucumcienne GIntc, .. Andasur
sI3bIKA, 9TOIO0 MCUUCJIEHUs] ecTh oObenunenue ajdaBuTa #A3bika L ¢ IByX-
9JIEMEHTHBIM MHOXKeCTBOM {4, —} cumBosio. Hemycroii mocsenosaresnpmo-
cThI0 OPMYIT Ha3bIBaeM CJI0BO B ajipasure ucuncienus GInt«, o>, nIMelo-
mee Bugt Aty .. 9 Ay, TJE N €CTh 1IeJI0€ MOJIOKUTEIbHOE Yncio, a Ay, ..., A,
SABJISTIOTCST (popmysiamu. Ilycroit mocsie10BaTeIbHOCTBIO (DOPMYJT Ha3bIBaeM
mycroe cjaoBo. Ha3zbiBaeM 7 1OCJIEIOBATEIBHOCTBIO (DOPMYII, €CJIM T €CThb
IIyCcTas IOCJIEIOBATEILHOCTL (DOPMYJI WJIM HEIyCTasl IOCJIEI0BATEIbHOCTD
dopmyi. Cexkseniueit Ha3bIBaeM cj10BO B ajidasute ucuuciaenud GInt <, o>,
UMeIoIee BUI T — p , TJAe ™ U p — mocjaenoBareabuoctu dhopmyit. s
BCSIKOT'O TI€JIOTO TOJIO2KUTETLHOTO YUCTIa 1 HA30BEM N-1IOCHLIOYHBIM CEKBEH-
UAJBHBIM IIPABUIOM JIFODOE HEIyCToe ITOAMHOXKEeCTBO n + 1-0ff jekapTo-
BOIl cTeneHn MHOXKeCcTBa Bcex cekBenrnuii. Haspiaem R cekBeHIMAIbHBIM
[IPaBUJIOM, €CJIX JIJIsT HEKOTOPOTO IEJIOr0 MOJIOXKUTEHLHOTO Yucjia n R ecThb
N-II0CBUIOYHOE ceKBeHImabHoe npasuio. HasoiBaem Il npumenenunem ce-
KBeHIAIbHOTO TpaBmwia R, ecim I1 € R. Yenosumcs, aro I' w A — Jmio-
Oble mocsenoBaTebHOCTH (bopmysr, A — Jirobast Takasl 1IOCJIeI0BATEILHOCTD
dopmyt, KoTopast siBjIsteTcsi GOPMYJION WK IIyCTON MOCJIEI0BATETbHOCTBIO
dopmys. MHOXkKecTBO BCeX OCHOBHBIX CeKBeHIiT ucuucienns GIntc, o>
€CTh MHOYKECTBO BCEX CEKBEHINH, KaxK/1as U3 KOTOPBhIX uMeeT Bum A — A,
riae A ectb bopmysia. MHoKecTBO Beex npasuit ucuuciaenus GInt«, o~ 18-
JISIETCST MHOYKECTBOM BCEX OIPEJIEISEMbIX HUXKE CEKBEHIIMAJbHBIX TPABHUJI
R1-R15. Onpenensist atu npasuia, npeimnoiaraeMm, ato A u B — mnpous-
BOJIbHBIE (DOPMYJIBI.

R1 ectb cexkBeHImabHOE IPABUIIO, KaXK/I0€ IIPUMEHEHIE KOTOPOrO NMeeT
Bl <I'gAgBgA — A, I'gBeAgA — A>,



104 B.M. Ilonos

R2 ecTb cexkBeHIMaIbHOE TPABUIO, KayK/I0€ IPUMEHEHNE KOTOPOTO NMeeT
Bl <AgAql' = A, Aql — A>,

R3 ecThb cekBeHIMAIBLHOE TPABUIIO, KazKI0€ IPUMEHEHNE KOTOPOTO NMEeT
Bug <I' = A, A" = A>,

R4 ecth cexkBeHIUAIBHOE IPABUIIIO, KAXK/I0€ IIPUMEHEHEe KOTOPOrO MMeeT
Bung <I' = A, T' = AgA>,

R5 ecTh cexkBeHIMAIBHOE MMPABUIIO, KAk 10€ IIPUMEHEHE KOTOPOI'0 MMeeT
Bl <A ' = A, A&BJ[' — A>,

R6 ecThb cekBeHIMAIBLHOE IPABUIIO, KarKI0€ IPUMEHEHNE KOTOPOTO NMeeT
Busl <Aol' = A, B&AJ — A>,

R7 ectb cexkBeHIMAIBHOE MPABUIIO, KAXK/10€ IIPUMEHEHIEe KOTOPOr'O MMeeT
ug <I' > A, I'=> B, I' —» A&B>,

RS ecrb cexkBeHIMAIBHOE MIPABUIIO, KAk 10€ IIPUMEHEHIE KOTOPOI0 MMeeT
Bl <A ' = A, B4l' = A, AV B4l — A>,

R9 ecTb cexkBeHIMAIBLHOE TPABUIIO, KazKI0€ IPUMEHEHNE KOTOPOTO NMeeT
Bupg <I' = A, I' = AjAV B>,

R10 ecTb cexBeHIMAIBHOE IPABUIIO, KAXKJI0€ IPUMEHEHNE KOTOPOTO MMe-
er g <I' = A, I' = AyBV A>,

R11 ecTb cexkBeHIMAIBHOE IIPABUIIO, KAXKJI0€ IPUMEHEHNE KOTOPOTO MMe-
er Bun <I' = A, ByA = A, AD Byl'gA = A>,

R12 ecTb cexkBeHIMaAIBLHOE MTPABUIIO, KayKI0€ MPUMEHEHNE KOTOPOr0 NMe-
er suy <A4s'— B, I' = AD B>,

R13 ecTb cexBeHIMAIBHOE IPABUIIO, KAXKJI0€ IPUMEHEHNE KOTOPOT'O MMe-
er Bun <I' = Q, —QsI' =>, rae Q) ectb dbopmyna, He ABIAIOMAACT KBa-
3U3IEMEHTAPHON (HOPMYJION,

R14 ectb cexkBeHIMAIBLHOE IPABUIO, KayKJI0€ IIPUMEHEHNE KOTOPOr'o UMe-
er B <Qo4l' =, I' = =Q>, rae Q) ectn dbopmyrna, He ABIAIOMAACT KBa-
3UdJIEMEHTAPHON (HPOPMYJIOi,

R15 ecTb cexkBeHIMaIbLHOE TPABUIIO, KAXKJI0€ MPUMEHEHNE KOTOPOrO NMe-
er Bug <I' = A, AqA = A, T'4A — A>.

HoxkazarenscrBa B GInt<y, > CTPOATCA OOBIYHBIM JJIfl CEKBEHIMAIbHBIX
UCYHCIIeHnT 06pa3oM — aHaJIOMMYHO TOMY, Kak crpostcst B [1]| apeBoBu-
HbIE BBIBOJIbI B ncuucaeHusax LK u LJ, 1 aHAJOTUIHO TOMY, KAK CTPOSTCS
B [2| mokasaTesbcTBa B CEKBEHIMAIBHBIX ucuuciaeHusx. Oupejesenne ce-
KBeHIH, JokasyeMoit B GInt, >, crangapTao. Vcnoabp3ysa meTonsl, pas-
paboranuble B [1], MOXKHO J10Ka3aTh ciejyoliee Y TBEPXK/IEHUE.

YTBEPXKJEHUE. /{51 Bestkoit hopmyiisl A: — A ecTh cekBeHInsi, JoKa3ye-
mast B GInt<, .~ TOrJa U TOJIBKO Torna, Korjna A nokasyema B HInt .
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JIEMMA 5. ITyemos M ecmdb 3amxnymoe omuocumenvro Suby, muoocecmso
gopmyas. ¥n(n € N)VA; .. VA, (A1,..., Ay — dopmyaw) : Vi(i € Nui <
n)(A; € M, uru A; ecmo akcuoma ucwucaenus Hlcy, o, uru k3,1 €
Nuk,l < Z) < Ak,Al,Ai >c MPL) =M l_HInt<w,w> ——A,.

st oKazaTe/beTBa JIEMMBL 5 BOCIIOJIB3YEMCs CJIEJLYIOIIM [TPUHITAIIOM
BO3BPATHON UHYKIN:

Vn(n € N)(Ym(m € N u m < n)VA;...VAL(A1,...,An —
dbopmyner)(Vi(i € N ui < m)(A; € M, wim A; ecTb akcHOMa HCIHACIIE-
st HIy, o>, wmn 3k3l(k,l € N u k,l < i) < A, A, Ay >€ MPr) =
M FHIntey s " Am) = VAL VAL (AL, ..., Ay — dopmynsr) (Vi(i € N
ui < n)(4; € M, wm A; ectb axkcuoma ucuucyenust HIlo, >, nim
Hk‘gl(k,l € Nukl< ’L) < Ap, AL A; >€ MPL) = M FHInt<w,w>
-—A4,)) = Vn(n € N)(VA;...,VA,(A1,..., Ay — dopmyssr): Vi(i € N
ui < n)(4; € M, wm A; ectb axkcuoMma ucuucyenust HIlcy, >, nam
Hkﬂl(k,l eNnkl< Z) < Ak,Al,Ai >c MPL) =M l_HInt<w,w> ——A,.

U3 3T0ro npuHIMNa BHITEKAET, U4TO JIJIs JIOKA3aTeIbLCTBA JIEMMbL 5 JI0CTa~
TOYHO JIOKA3aTh WHLYKI[MOHHBII Iar:

Vn(n € N)(Ym(m € Num < n)VA;...VA,, (A1,..., An — dopmyisr)
(Vi(i € N mi <m)(A; € M, mmu A; ecrp akcnoma ucuncienns Hlcy, .,
nin E”{JE”(]{I,Z € Nu ]{,l < Z) < Ak,Al,Ai >c MPL) = M l_HInt<u,w>
——Ay,) = VAL VA, (A, ..., A, — dopmyasl) (Vi(i € N ui < n)(4; €
M, wm A; ectb akcuoma ucumcyienuss Hl w,w >, win JFk3l(k,l € N u
k1< Z) < Ap, Ay A >€ MPL> =M l_HITbt<w,w> _‘_‘An))~

JlokazkeM WHJLyKIIMOHHBIH IIar.

(1) u € N (nomymuenue).

(2) Vm(m € N um < u)VA; ... VA, (A1, ..., Ay — dopmymsr) (Vi(i €
N ui < m)(A; € M, wm A; ecrb akcnoma ucuaucienus HIlcy, s, win
szll(k:,l eNukl< ’L) < Ap, AL A >€ MPL) =M l_HInt<w,w> _|_\Am)
(momyienue).

(3) AY,..., A, — dopmyusl (nonyienue).

(4) Vi(i € N ui < u)(A, € M, wmm A} ectb akcuoma ncuncjeHust
HI. s, mmn 3k3(k,l € N n k,l < i) < A}, A, Al > MPp) (zomy-
IICHIE).

(5) Al, € M (monymenue).

(6) Al, ectb KBasmdIEeMeHTapHAsT (bOPMYJIa (JIOIMyIIeHne).

(7) Al, ecTb TponO3UIMOHANbHAS TIepeMeHHasi si3bika L wim Jy(y €
N)3q(g ecrp npomnosuruonaibHas mepeMenHas si3plka L) Jag ... oy (A,
ectb (o1 ...(ayq)...) U o ectb — jra Besikoro ¢ u3 {1,...,y}) (u3 (3)
u (6), o semme 4).
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OueBnno, 910 (8) /17151 BCSIKOM IPOIIO3UIMOHATBHO IIEPEMEHHOM ¢ 3BIKA
L v Beskux A u B: eciiu A € M u B ectb dbopmyna, o Sip(A) € M.

(9) Al, ecTh IPONIO3UIMOHATBHASL TIEPEMEHHast A3bIKa L (1omyrenne).

(10) =—A!, ectb dopmyaa (u3 (9), no oupemneseHuo HGOPMYJIBI).

IonsTHO, 9TO (11) SA/“ﬁﬁA&(A;) ectb — AL

(12) S4__gy (A1) € M (w3 (3), (8), (9) u (10)).

(13) =—Al € M (u3 (11) u (12)).

Cuumas jronyiienue (9), mosydaeM, 4To

(14) ecnin A!, ectb nponosuIoHaIbHAS IepeMeHHast s3blka L, To 7A€
M.

(15) Jy(y € N)3Jq (¢ ecTtb UPOMOBUIMOHAIBHAS [IEPEMEHHAS SI3BIKA
L) Jai...3ay(A4;, ectb (o1...(ayq)...) U ; €cTb — JUIsl BCAKOLO i U3
{1,...,y}) (mouymurenue).

[Iycrs (16) y € N, g ecrb NpONO3UIMOHAJIbHAS IEpEMEHHAas! f3bIKa L,
A, ectn (o ... (ag,q)...) u o ectb - s Besxoro i w3 {1, y}.

(17) =—q ectb dbopmyia (U3 TOro, 9TO ¢ €CTh IPONO3UIUOHATBHAS [Iepe-
menHast si3bika L (em. (16)), o onpesenennio hopMyIisr).

(18) (o;’1 . Sa’yq) > .)€ M (u3 (5) u (16)).

(19) S%g(a) ... (ayq)...) € M (m3 (3), (8), (16) u (17)).

B cBere yrBepxkennii (3), (16) u (17), sicao, uro

(20) S2-4(c) ... (a}yq)...) ectn (=(=(a] ... (gq)...))).

!/

(21) ==Al, € M (u3 (16), (19) u (20)).

Cummag nomymenne (15), mosydaeM, 910

(22) eci Jy(y € N)Jq(g ecTb nponosuIOHAIBHAS IEDEMEHHAST sI3bIKA,
L) 3aq...3ay (A, ectb (aq...(ayq)...) 1 ¢ €CcTb — JJIsT BCAKOTO | U3
{1,...,y}), 0o =—Al € M.

(23) =—Al, € M (u3 (7), (14) u (22)).

(24) M Fymic, .. —A, (13 (23) u Toro, aro M — MHOX«KeCTBO GOPMYI 1
—— A}, ectb dhopmyita, o onpegesenuio HInt <, ., — BbIBOJA U3 MHOXKECTBA
cbopmyst 1 coryantenus 06 UCIOIL30BAHUA = rnt ., - )-

Cummas nomymenune (6), mosydaeM, ITo

(25) ecrm Aj ecrs kBasmssmemenTapHas dopmymna, 10 M g, o
“ﬁA{u‘.

(26) A, me ecTh KBazmaIEeMeHTapHasi (hopmyda (JomyieHue).

Hawm norpebyercsi cirepyionias nojgjemma, 1.

I[TognEMMA 1. s Beakoit dopmyianl A: ecou A He ecTh KBasuUdIeMEH-
Tapnag dopmyna, To A D ~—A ects dopmyina, qokazyemas B HInt .y, .

B cBere yTBepkKeHUS SCHO, 4TO I JOKA3ATEIbCTBA IOJIEMMBbI 1 J10-
CTATOYHO JOKA3aTh, UTO JJIsI MPOU3BOIBHON (hOpMysibl A, He SIBJISIFOIIE-
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cs1 KBaswWaJIeMeHTapHO ¢opMyJtoii, cekBeriuss — A D ——A mokasyema B
Glnt<w7w>.

[TocTponm mytst IPOUBBOJILHON (POPMYIIBI A, He SIBJIAIONMIENCS KBa3U3JIe-
MeHTapHOi dopmyioit, JokazarenbcTBo B GInt., o~ cekBenmuun — A D

_|_\A.

A—A
—A A
A———A
—A DA

Wrak, mist mpon3Bo/IbHOM (hopMy/Ibl A, He sIBJISIOIIENHCS KBa3WJIEMEHTaP-
Hoit dopMmyioil, cexBeniua — A O -—A nokasyema B GInt<y, .
ITommemma 1 moxaszaHa.
Onwmpasich Ha nojjieMMy 1, onpejiesieHust U COrIalleHne 06 MCII0Ib30Ba-

Hu E g rnt,, oo 5 TOJTyHdaeM, ITO

(27) VA (A ects dopmyia) VI (I' ects muOKecTBO hopmyr) (
ecTb KBasmaysieMenTapaast popmyia, 10 I' Fpre_wws A D ——A)

(28) M Frmtwws A'u D == A'u (13 ycioBusi 1oKa3bIBaeMOi JIEMMBI 1
yrBepxenuii (3), (26) u (27)).

He tpynno ybemurbes B TOM, ITO

(29) VA(A ectb dopmyna) VB(B ecrs dhopmyna) VI'(I' ecrb muOMXKECTBO
(bOpMyI[) (A el’'nl l_HInt<w,w> ADB=T l_HInt<w,w> B)

(30) == A’u ectb dbopmyna (u3 (3), 10 onpeenenuio GOpMyJIbI).

(31) (A; eMuM FHInt<w,w> A; D) —|—\A;) = M FHInt<w,w> —|—|A;(I/IB
YCJIOBHST TOKA3bIBAEMOil leMMBbl 1 yTBepxkAenuit (3), (29) u (30)).

(32) M Frimtcwws A, (13 (5), (28) u (31)).

Cummas nomymenne (26), morydaeM, ITO

(33) ecm Al, me ectb kBasmdeMeHTapHast dopmyina, 10 M Frrpt_wws
——Al.

(34) M Frint wws A, (13 (25) u (33)).

Cunmas momymienue (5), HOIydaeM, 9To

(35) ecin A, € M, 10 M Frnt_wws AL

(36) A!, ectb akcnoma ucunciaennst HI1y, o~ (nomymenue).

[ToHATHO, YTO IIPU STOM JONYIIEHUU BEPHO, UTO

(37) A, ecrb akcuoma ucuucsenust HInt <y, ,~ wiu Haiiryres rakue dbop-
MyJibl, cKaxkeM, Fy u Fy, uro A, ects ((Fy D Fy) D Fy) D Fi.

(38) A!, ectb akcnoma ucuuciaenus HInto, > (gonymenne).

OuesBnnno, uro (39) Besikasi akcuoma ucunciaennst HInto, .~ ectb ¢op-
MyJIa, He SBJISIONAasacd KBa3U3JIeMEeHTaPHON (pOopMYyIIOii.

ecn A me
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(40) A, D ——A] ecrb dopmyna, pokasyemass B HIntcy > (13 (38) u
(39), mo motemme 1).

Ucnonbayst yreepxkuenus (38) u (40), a Takzxke HaJlesKalue ompesese-
HUS, JIETKO TIOKa3aTh, UTO

(41) == A!, ectb bopmyia, nokazyemas B HInt <y s .

Cumnmag nomymenne (38), moJrydaeM, ITO

(42) ecim A, ectb akcuoma ucuuciaenust HIntoy, > To Al ectsb dop-
Myna, JlokasyeMmast B HInt <, ..

(43) Haiinyrest rakue dopmyibl, ckaxem, Fi u Fy, ato Al ects ((F1 D
F>) D F1) D Fy (nouymenue).

IMocrpoum fokasarenberBo B GInt«, o~ cexsennun —r——(((Fy D Fz) D
F 1) D F 1).

F— R
(Fi D F2) D FigFi—2Fy
= (iDRBR)DFA)DHR
~(((F1 D F2) D F1) D F1)eF1—>
Fl,_‘(((Fl DF)DF)D Fl)_>
Fio—(((F1 D F2) D F1) D F)—F
~(FHMD>DFR)DF)DFR)—FR Dk P — F
)

(F1 D F2)D Fl,ﬁ(((F1 DF)DF)D Fl)_>F1
=(((Fy D F2) D F1) D F1)—>((F1 D F») D F1) D F1)
=(((F1 D F2) D F1) D F1)¢~(((F1 D F2) D F1) D F1)—>
=(((FL D F2) D F1) D F1)—

——=((F1 D F2) D F1) D Fy)

Urak, (44) cexsennuss ———(((F1 D Fy) D F1) D F]) Jokasyema B
GInt<y o>

(45) Ceksennusi =~ A, nokazyema B GInt<y, > (13 (43) u (44)).

Ucnonb3yst yreepxaenue (45), YTBEPYKIEHUE u tor dakt, yro A,
ectb bOpMyJIa, TOJIyIaeM, ITO

(46) ~—A!, ectb dbopmyina, nokazyemas B HInt <y s .

Cuumas jonymuienue (43), mosydaem, uro (47) ecsin Haiiyres Takue Gop-
myabl Fy u Fy, uro Al ects ((F1 D F2) D F1) D F1, to -—A! ecrb
dopmyina, noxkazyemas B HInt<y o> .

(48) ——A!, ecrb dopmyna, gokasyemass B HInt<y, o~ (13 (37), (42) n
(47)).

Omunpasich Ha ycsioBue JIOKa3blBaeMoii JieMMbl, yTBep:KieHue (48), omnpe-
JIeJIEHHsT U COLVIAIIEHIE 00 MCHOIB30BAHMT s, ., , HOMydaeM, uTo (49)
M FHinicy o A, . Canvas nomymienue (36), momydaem, 4To
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(50) ecmm A, ecrb akcmoma ucumcienus HIo, s, 10 M Frum_, .

Al
(51) 3k3i(k,l € N n k,l < u) < A}, A}, A}, >€ M P, (nonyienue).
Mycrs (52) kL€ N uk, 1 <u < A, Al Al > MPy.
fcno, aro (53) A} ects (A}, D A).
(54) k€ Nu k <u (u3 (52)).
(55)le Nul<u(u3(52)).

(56) A%, ... A}, — dopmyast u Vi(i € Nui < k)(A, € M, nmm A] ectb ak-
cuoma ucuncienust Hly, ., wm Ik3l(k,l € Nuk,l < i) < A}, A}, Al >¢
MPp) (u3 (3), (4) n (54)).

(67) Al,..., A} — dopmyast u Vi(i € N ui < I)(A, € M, nim A}
ectb akcnoma wucunciaenns Hl w,w >, wm Jk3Il(k,l € N u kI < i)
<AL AL AL >e MPr) (m3 (3), (4) n (55)).

(58) M Frintewws 7AY (13 (2), (54) n (56)).
(59) M FHintcwws A) (13 (2), (55) u (57)).
(60) M *Frimtcwws (A D AL) (u3 (53) 1 (59)).

OueBnHo, uTo (61) crpaBemIumBo XOTs ObI OJHO U3 CJIEAYIONIUX TPEX
yrBepxienuii: (a) uu A}, uu A/ He sIBJISIIOTCSI KBa3udaeMeHTapHbIME (hOp-
mynamu, (6) Al ectb kBasusreMentapHas opmyiia, (B) Aj ecrb KBasudIe-
MeHTapHast POPMYJIa.

(62) Hu A}, uu Al, ne siBiistioTcst KBasusieMeHTapHbIMEU hopMynamu (J10-
Iy IIeHue).

Hawm moTpebyetcs ciiemyrotiast mojieMma 2.

[ToaiEMMA 2. Hist Beskux dopmyn A u B: eciiu #u A, Hu B He SIBJISIIOTCST
KBasmdIeMenTapueiMu opmystamu, To -—(A D B) D (m—A D ~—B) ectb
dopmyina, noxkazyemas B HInt<y o> .

B cBete yTBep:KIEHUS SICHO, UTO JIJTsT JTOKA3ATEIHCTBA TOJIEMMBI 2 JI0-
CTATOYHO JIOKA3aTh, 9TO Jjisl IPOU3BOJIBHBIX dopmynr A u B, Hu onHa us
KOTODBIX HE sIBJIAETCS KBas3udjieMeHTapHoi dbopmyroit, — ——(A D B) D
(=—A D ——B) ecrb cekBenus, gokazyemast B GInty, o

[TocTpoum 15t TTpoU3BOIBHBIX (hopMmyT A u B, HU 0JilHA W3 KOTOPBIX HE
ABJIAETCS KBa3naJIeMeHTapHol (hopMyIIoii, JoKa3aTeabcTBo B GInt <, o~ ce-
kBernun — (A D B) D (-—=A D ——B).
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A—A B—B
AD ByA—DB

“ByAD ByA—

AD By ByA—

AD ByAy—~B—
Ay—B——(A D B)

—|—\(A D B),A,—\B—>

Ay=~(AD B)y—B—

—|B,—|—\ AD B)—>ﬂA
ADB)—
ADB)—
)
)

-—=(A D> B)———A D> =B
—-=(A D B) D> (——AD-B)

Nrak, j1jist Tpou3BOJIBHBIX (bopMya A u B, HU OJlHA U3 KOTOPBIX HE SIBJISI-
eTcst KBasmaIeMeHTapHoii opmyiioit, ceksernust — 7—(A D B) D (m—A D
—=B) gokasyema B GInt<y .

Ioremma 2 Jokazana.

(63) == (A}, D A,) D (-—A), D ——A;,) ectb dopmyra, ToKasyeMast B
Hlinto, > (13 (3), (56) u (62), mo nomremme 2).

Omunpasicy Ha yrBepxenus (58), (60) u (63), He TPY/HO 1OKA3aTh, YTO
(64) M l_HInt<w,w> ﬁﬁA;'

Cuumas nonyierue (62), mosydaeM, 410

(65) ecrm uu A}, Hn A), He sIBJISIIOTCS KBA3HIJIEMEHTAPHBIME (DOPMYJIaMu,
TO M FH[nt<w7w> _\—|A;.

(66) A, He ecTb KBasuUdTEMeHTapHAs PopMyIa, a A;, eCTh KBAa3HIJIEMEH-
TapHast (hopMyIia (JIOIyIIeHue).

(67) Al, ectb KBa3udIeMeHTapHast hbopmyrta (u3 (66)).

(68) A!, ecrb mpornosunuoHasIbHasi HepeMeHHas s3bika L uian JR(R €
N)3q(q ectb mponosuioHanbHasi epeMentasi a3bika L) Jayg ... o, (Al
ectb (aq...(apq)...) m a; ectb — jyuist Besikoro ¢ w3 {1,...,r}) (u3 (3)
u (67), o emme 4).

Pasymeercs, uro (69) ——Ay, = (A, D A4)), A, D A, u ~(A, D A;)
SBJISIOTCST (DOPMyITaMH.

(70) Al, ecTb IIPONO3UIMOHAIBHAS TIepeMeHHast f3bIka L (jomyienue).
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U3 ycsioBust 10Ka3bIBaeMOi JIeMMbI, JIeMMbl 2 1 yTBepK enuit (58), (60),
(69) u (70) BeITeKaroT HUKecaeayomue yreepxKaenust (71), (72), (73) u
(74).

(T1) M Fhntcy s S a5, (70A%).

(72) M Fprntee, sS4 (Arus A (mAY).

(73) M Fhinicyns SA a5, (m(A) D AY).

(T4) M Fhniey, s S ar 51 (~(A) D AL).

Ommpasics wa yrepxkaenus (3), (56), (70), (71), (72), (73) u (74) u uc-
0JIb3Ysl U3BECTHBIE CBOIICTBA IIPONIO3UIMOHAIBHOI TT0JICTAHOBKH, OTIPEIeIe-
Hue HOPMYJIbI U COIVIAIIEHHE 00 HCIIOJIb30BAHUM S, MMOJYy9IaeM, 9TO BePHbI
caenytomue yreepxiaenust (75), (76), (77) u (78).

(75) M Fitnt g 7S 415, (A7),

(76) M Fhintey oo =S 4 5a1) (AL,

(T7) M Fhntcs (5™ a5, (A7) D (4], D A7)

(78) M Frintcy s ——(S™ (a5, (A}) D (4] D AL)).

onsirno, uro (79) SAu a4 (A}), SA;ﬁ(ALDA&)(A’k), A, D A, n
—(A!, D Al) aBisorcss dbopMysaMu, HU OJHA M3 KOTOPBIX HE €CTh KBa-
3udjIeMeHTapHast (hbopMyIIa.

(80) (SN ar5a,(Ay) D (AL D AY) D (mmSMa s (Ay) O
——(A], D A!)) ecrb dopwmyia, nokasyemas B HInt <y, o> (13 (79), 10 nos-
JieMMe 2).

(81) == (S™u (4 5a1)(A}) D (AL D AY)) D (==8% (4 5a1)(4) D
——=(Al, D Al)) ecrb dopmyna, nokazyemas B HInt<y, ,~ (13 (79), 1o
noJiemMme 2).

Onmpasics na yreepxaenus (75), (76), (77), (78), (80) u (81), e Tpyano
[IOKa3aTh, 9TO BEPHLI yTBepKIeHus (82) u (83).

(82) M l_HInt<w,w> ﬁﬁ(AgL D) AL)

(83) M l_HI'nt<w,w> —\—\ﬂ(A:J D) A/u)

Ouesnano, uro (84) ———(A4), D Al) D (-—(A), D A4)) D ——Al) ecrb
axcuoMa ucuucaenus HInty, ..

Torga noustro, uro (85) ~——(A), D Al) D (——(A), D A]) D —=—=A))
ecTb dopmyia, Hokasyemas B HInty, .

Onmpasicy na yreepxaenus (82), (83) u (85), jerko nokasars, 4to (86)
M l_HInt<w,w> —|—|A;.

Cummag nomymenne (70), mosydaeM, ITO

(87) ecom A!, ecTb UPONO3UIMOHAJBHASI IlepeMeHHast s3blka L, To
M l_HInt<w,w> —|—\A;.
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(88) Ir(r € N)Jq(q ectp mponosunuoHasbHas HepeMeHHas s3bKa L)
Jog ... Ja (A, ectb (aq...(rq)...) U @; ecTb — Jyisi BCSIKOIO i U3
{1,...,r}) (momymenue).

[Tycrs (89) r ecTb 11€710€ MOJIOKUTEIBHOE TUCII0, ¢ €CTh TPOIO3UIMOHAI b
Hast IlepeMeHHas si3bika L, Al ectb (of ... (al.q)...), af ectb ..., al ecTb

U3 jlemMbl 2, yCI0BUs JIOKA3bIBAEMON JieMMbI 1 yTBepzKaenuii (58), (60),
(69) u (89) BbITeKaOT HEKecsemyomwe yreepxKaenus (90), (91), (92) u
(93).

(90) M Frint ey os S9qoq(mAY).

(91) M '_ant<w,w> Sq—\(qu)(ﬁﬁA/k)'

(92) M Fritnpnns $9goq(-(A, (0] (alq)..).

(93) M Fattnte 8% g ((Af D (0] (ahq) ).

Onmpasics Ha yrBepxkaenus (56), (89), (90), (91), (92) u (93) u ucrnossb-
3ysl U3BECTHBIE CBONWCTBA MPONO3UIMOHAIBHON [OJCTAHOBKHU, OIIPE/IeIeHIe
opmysbl u corsaienue 06 UCIOIB30BAHUU S, TIOJyYaeM, YTO BEPHBI CJie-
nytonue yreepxaennst (94), (95), (96) u (97).

(94) M FHinicy o ~5%q0q(AL)-

(95) M '_ant<w,w> _‘_‘Sqﬂ(QDQ)(A/k)'

(96) M Fritngnn ~(STg(A) 5 (0. (@h(a50)) ).

(97) M l_ant<w,w> _'_'(Sqﬁ(qu)<AIk) 2 (0/1 S (alr(_‘(qDQ))) )

Homsarno, uro (98) S454(AY), S (goq)(A%), (] ... (a(g5q))...) n
(o ... (an(=(g~q))) . ..) sBasirorcst opMmyIaMu, HI OJHA U3 KOTODPBIX HE
ecTh KBasmudjieMeHTapHasi (popMyJia.

(99) (ST, > a(4) > (ah...(ah(g5q)..)) > (87, >
q(AL)(AL) O (o) ...a5.(g5q))...)) ectb dopmyra, ToKasyemas B
Hinto, > (13 (98), no nogiemme 2).

(100) (ST ioq(dy) > (o). (@h((ao@))..)) O
(S () 5 o) (@h(~(q50))).) cern chopaya, so-
kazyemast B HInt<, ,~ (13 (98), no nogremwme 2).

Omnmpasics na yrepzkaenns (94), (95), (96), (97), (99) u (100), e Tpy/HO
[OKAa3aTh, YTO BEpHBI ciepyromue yreepxKaenus (101) u (102).

(101) M Fbitni . (0. (@ (450)) )

(102) M Fpppnin (0l (ah(~(g5a)) - ).

Ouesu Ho, 910 (103) (... (o (—(g59q)))---) D
(—=(af...(a(g5q))...) D ——Al) ecTb akcHOMa HCUUCIEHUS
HInt<yws. Torma nomsitno, uro (104) ——=(of...(a(=(g5q)))...) D
(—=(af ... (a(g5q))...) D ——A)) ecrp dopmyna, Jokasyemas B
HIntoy .
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Omunpasice Ha yrBepxkaenus (101), (102) u (104), He TpysHO HMOKa3aTh,
aro (105) M burnt_,, . 7AY).

Cuumas pomnyiienue (88), mosydaeM, 9To

(106) ecam Ir(r € N)3Jq(g ecTs nponO3UIMOHAIBHAST [IEPEMEHHAST SI3bI-
ka L) Jaq ... 3, (Al ectb (a1...(rq)...) 1 a; €cTb = JUIsl BCIKOTO § 13
{1,...,r}), 7o Mburnt_, . -—A).

(107) M b . ~—A, (w3 (68), (87) u (106)).

Cuumas sonyiienue (66), mosrydaem, 4To

(108) ecim Aj, He ecTh KBasmdaeMeHTapHast GopMyia, a Aj, eCcTb KBa3H-
sieMenTapHaast bopmyita, 10 M Fprpt_wws 7AL).

(109) A}, ectb KBasUdIEMenHTapHAs hopMyIIa (JOIMyIieHne).

(110) A}, ecTb mpomosunuoHAIbHAs IepeMeHHas s3bika L mam Ir(r €
N)3q (¢ ecrs mponosuImoHaIbHAs TIepeMenHast s3bika L) Jaq ... Joy (A,
ectb (o ...(0aprq)...) M a; ectb — st Besikoro @ u3 {1,...,r}) (u3 (3)
(109), o sremme 4).

(111) A), ecTb mpoIO3UNIOHATIbHAS IIepeMeHHas S3bIKa L (Iomyienme).

Bamernm, uro (112) =—=A}, n A, apisiorcst GopMyTaMi.

U3 nemmbl 2, yeioBust JOKa3biBaeMOil JieMMbl U yTBep:kaenuii (111) u
(112) BbITekaer ciejytoiee yreepxenue (113).

(113) M Fhipee, oo S ar (AY).

[Monsito, urto (114) SAZAL(—\—'A%) ectb ——A..

(115) M Frrnt_,, . 7A;, (13 (113) u (114)).

Cuumas gonymenue (111), nosxygaem, aro

(116) ecim A}, ecTb HPONO3MIMOHAJIbHAN IlepeMeHHas f3blka L, To
M FHlnt<w,w> _'_‘A;t.

(117) 3r(r € N)3q(q ecrp NpOHO3UIMOHAJILHAS IIEpEMEHHAsl sI3bIKa
L) 3oy ... 3oy (A) ectb (a1...(0nq)...) 1 o €cTb — JIst BCSKOLO 4 U3
{1,...,7}) (momyrmenue).

ITycrs (118) r ecTh Iesioe MOJIOXKHUTEIBHOE HHCIO, ¢ €CTh IIPONO3H-
IUOHAIbHAs IepeMenHas sizbika L, A) ectb (o) ...(anq)...) u o] ecrb
..., QL ecTb .

(119) M Frrntey s (0] ... (aq) .. .) (13 (58) u (117).

IToguepkueM, uaro (120) (of ... (ahq) . ..), g~ q u =(g~q) siBisroTCs POP-
MyiaaMu. 113 JgeMMBl 2, ycIoBHS JOKa3bIBAEMOIl JIEMMBI U YTBEDXKJICHUI
(118), (119) u (120) BBITeKaOT ciaeayomue yreepxiaenus (121) u (122).

(121) M Fpirarey oo 8%, q(-=(0) .. (0fg) ..)).
(122) M Frrinics e S9(quq)(7(] ... (dhg) ...
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[TonsiTHO, 9TO (123) S q(—(a) .. (ahq) .. .)) eCTh
(g 0)- ) H ST omy(m(ad - (ahg) ) ecm
—(aq - (e (~(g59))) - ).

(124) M Frrnt ey s =@ - (0(959)) ) 1

M FHntcy s (0] (0 (=(g5q))) .. .) (m3 (121), (122) u (123)).

OueBn/HO, 9TO (125) (o ... (o4 (—(g59q))) ) D
(= (... (ah(g5q))...) D ——Al) ecrb aKCHOMA MUCUUCIICHHS
HInt<y . Torma nomsitao, uro (126) ——=(cdf...(a(-(g-5q)))...) D
(—=(af ... () (g5q))...) D ——Al) ecrp dopmyna, Jokasyemas B
HiInt<y o>

Omunpasice Ha yrBepxkaenus (124), (125) u (126), He TpyaHO OKa3aTh,
qTO0 (127) M l_HInt<w,w> ﬂ—\A;L.

Cuumas sronymenue (117), nosgygaem, aro

(128) ecam Ir(r € N)3q(g ecTb HpoHO3NIMOHAIBHAST [TEPEMEHHAST A3bI-
ka L) Joy ... Jo (A} ectb (a1...(0pq)...) B @; ecTb — JyIst BCAKOLO § U3
{1, . ,’I”}, To M l_HInt<w,w> —\ﬂA;L.

(129) M Fpipnie,.,. ——A, (3 (110), (116) u (128).

Cummas pomymenne (109), momygaem, 9To

(130) ecmm A}, ecrb kBasmdmeMentapHas dopmyia, 10 M by, -
——Al.

(131) M Fppmi., .. ——A’, (u3 (61), (65), (108) m (130).

Cummag nomymenne (51), mosrydaeM, 410

(132) ecm 3k3l(k,l € N n k1 < u) < A}, A}, A, > MPp, 10
M l_HInt<w,w> _‘_‘A,u'

Onwupasich Ha yrBepxkaenus (1) u (4) u yaurbiBasi, 90 u < U, IOJIyYaeM,
91O

(133) A}, € M, wm A, ecrb akcuoma ucuuciaenuss HIntoy >, uin
Jk3(k,l € N u k,l <u) <A}, A}, A, > MPp.

(134) M Frrnt,, .~ ~A, (13 (35), (50), (132) u (133).

Teneps Jyist 10Ka3aTEIbCTBA HHLYKIIMOHHOTO IIAra OCTAeTCsl CHSATH J10-
nymenus (1), (2), (3) u (4) u npoBecTn Ha IEXKAIITEe 000OIICHUS.

NHayKIMOHHBI AT JOKa3aH.

JlemMma b mokazama.

chom:aya JIEMMY 5, JIETKO JOKa3aThb CJACAYIOIYIO JIEMMY 6.

JIEMMA 6. IlTycmov M ecmb samxnymoe omuocumervho Suby, muoocecmeo
popmya. s ecavoti gopmyane A: ecavw M g, o A, mo M Frre_, .-
_|_|A.
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JIEMMA 7. Jlas ecaxoti popmyavt A u das ecarozo mroocecmea I popmya:
ecru gy, oo A, mol by, o A

OueBuIHOE IPOCTOE TOKA3ATEBCTBO JIEMMBI 7 3/1€Ch HE IIPUBOIUM.

JIEMMA 8. Iycmov M ecmo 3amxmnymoe omuocumenvho Suby, MHoscecmeo
popmya. Jas ecaxoti popmyavt A: ecau M gy, o ~—A, mo M bFyp_,

A.

JoxkazkeM jeMmy 8.

(1) A ecrb dopmyna (somymenue).

(2) M Fyi.,,. =A (nomymienmue).

(3) A ectb KBasmdIEMeHTapHAsT (hOpMyJIa (JOIYIIEHNE).

(4) A ecrb uporosurnuoHasibHas nepeMeHHas si3bika L wim Jy(y €
N)3q(q ecrp mponosunuonasbHasi IepeMenHast s3pika L) Jag ... Jay(A
ectb (a1...(ayq)...) 1 o; ectb = s Besikoro ¢ u3 {1,...,y}) (u3 (1)
u (3), mo emme 4).

(5) A ecTb IpPONO3UIMOHAIBHAS IEPEMEHHAs S3bIKa L (JomyInenue).

OuesuHo, uro (6) = —A, A D A u —(A D A) saBiusitorcst popMysiamu.

() M Fprr,.. S4a54a(-—A) (13 ycnosus JoKasbBaeMoil JIeMMbI,
yrBepxkaennit (2), (5), (6) u semmsr 3).

(8) M Frre,.. S* (a54)(m—A) (13 ycnoBus J10Ka3LIBAEMON JEMMBI,
yrBepxkennit (2), (5), (6) u gemmsr 3).

IonsiTHO, 9TO BepHBI ciaeayiomme yreepxkaenus (9), (10) u (11).

(9) SAADA(ﬂ—\A> €CThb —M(A D) A) .

(10) SAﬁ(ADA)(—'—'A) €CTh —|—|—|(A D A)

(11) =—==(A D A) D (=—(A D A) D A) ecrb akCHOMa HCUUCJICHUS
HI<w7w>~

(12) M Fgr_, .. ~(AD A) (u3 (7) u (9)).

(13) M kg1, .~ (A D A) (u3 (8) u (10)).

(14) M Fur., .. (A D A) D (—(4 D A) D A) (u3 (11), no
onpeenennto HI ., ,~-BbiBoga GOPMyYIbI U3 MHOXKECTBA (HOPMYII).

HesaBucumo o1 10Ka3bIBa€MOIi JIEMMBbI HETPYHO yOEUThCs, ITO

(15) YA(A ectb dopmyna) VB(B ects dhopmyna) VI'(I' ecrb MmuO)KECTBO
CbOpMyII) (F l_HI<w,w> AuTl '_H_[<w7w> AD>DB=T l_HI<w,w> B)

Pasymeercs, uro (16) ==(A D A), ~——=(A D A), (A D A) D AuA
ABJIsTIOTCA popmystaMu, a M ecTh MHOXKECTBO (DOPMYJI.

U3 yreepxaenuit (12)—(16) BbiTekaer, 910

(A7) M Fur, .. A

Cuumas jronymienue (5), OydaeM, 4To
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(18) ecim A ecThb NPONO3UIMOHAJBHAS II€pEMeHHasi si3blKa L, To
Mbtyr.,.- A
(19) Jy(y € N)3q(q ecrp nponosnnmoHanbHas HepeMeHHas s3bIKa L)

Jag ... Jay(Aecrn(ag ... (ayq) ...) 1 oy ecTb — s Besikoro ¢ u3 {1,...,y})
(omymenme).

[Iycrs (20) ¢’ € N, q ecTh IPONO3UIMOHAIBHAS [IePEMEHHAs sI3bIKa L,
o ectb — s Bestkoro ¢ us {1,...,y'}), A ecrp (o ... (0}, q)...).

(21) M bpr, .. = ... (a),q)...) (13 (2) u (20)).

Bamernm, uro (22) g ecThb PONO3UIMOHAIBHAS [IEPEMEHHAs si3bIKa L, a
—=(af ... (a;,q) ...), @ D q, (g D q) aBasrorcs HOPMyTIaAMIL.

(23) M Fpr, .. STqog=() ... (o), q)...) (U3 ycrous jokasbiBaeMOit
JIeMMBI, yrBepzKaenuii (21) u (22) u gemmst 3).

(24) M Fhie, oo ST (gog(a] ... (ag,q) . ..) (U3 yenosna joxasbisac-
MOii sleMMBl, yTBepxkAeHnil (21) u (22) u semmbr 3).

ITonsiTHO, 9TO BEPHBI CieAyIone yrBepkaennst (25), (26) u (27).

(25) S9gog=() - (e, q) - . ) ectb = (o) ... (g, (g59)) - - -)-

(26) S9-(gogy(a] ... (o, q)...) ectb == (e ... (ag,(—(g59))) .. .).

27) ~=(aq .. (0, (=(g59))--) D (m=(ay... (o (g59))--) D A)
ecTb akcuoMa ncauciaenns HIl, .

(28) M Frry . ~(0f - (0 (a5)) ) (w3 (23) n (25)).

(29) M Frapor. ~(cf . (0 (~(a5))) - ) (5 (24) u (26)).

(30) M FHI<ww> (o) ... (o, (g59))) - ) D
(m(a} ... (a,(g59))...) D A) (us (27), no onpenenenmio Hlcyps —
BBIBO/Ia (DOPMYJIBI U3 MHOXKeCTBa (DOPMYII).

Paszymeercst, 9TO (31) (o) .. (g (=(959))) - - ),
—(ay ... (o (g59))--), (=(a)...(a,(g59))...) D A), A sasaa-
torest popmystamu, a M ecTb MHOKeCTBO (hOPMYIL.

U3 yrBepxxaennit (15) n (28)—(31) BbITekaer, 1TO

(32) M Fyi_,,.- A

Cuumas jonyiienue (19), mosmydaem, 9to

(33) ecoim Jy(y € N)3Jq(g ecTb mpoIO3UIMOHAIbHAS T€PEMEHHAST SI3bI-
ka L) Jai... 30y (A ectb (... (0yq)...) 1 o €CTb — JJIs BCSKOIO § 13
{1, ‘e ,y}), T0 M l_HI<w,w> A.

(34) M Fgr_,.» A (u3 (4), (18) u (33)).

Cuumas jronyiienue (3), HoydaeM, 4To

(35) ectm A ectn KBasmasnemenTapnas dopmyna, To M Fgr_, . A.

(36) A me ectb KBasudvIEMeHTapHAst (popMysia (JIoIyIIeHue).

Hawm morpebyercst ciie/yioniast mojemMma 3.
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I[ToayiEMMA 3. Hust Besskoit popmysiel A: eciu A He ecTb KBasuUdJIeMeEH-
tapHag dopmyna, To ~—A D A ects dopmyia, JokazyeMas B H Iy, .

B cBere YTBEPXKJIEHUS SICHO, UTO Jjis JOKA3aTEIbCTBA ITOJJIEMMBI 3
JIOCTATOYHO JI0Ka3aTh, YTO JIJIsS MTPOU3BOJIBHONW (POPMYJIBI A, He SIBJISIO-
Imielicst KBa3uaJeMeHTapHOl (opMyJtoii, cekpennust - —A — A mokasyema
B GI <w,w>-

[TocTponm j1j1st TpoU3BOILHON (HOPMYJIBI A, He SBJIAIONIEHCS KBa3UdJIe-
MeHTapHOil dhopMyJ10ii, goKazaTeabcTBO B Gl (> cekBenmum -~ A — A.

A—A
——A—A
———ADA

Urax, mast mpousBobHolt hopMyasl A, He SBAAONEHCS KBA3UIIEMEH-
TapHOil opmyoii, cekpenua 1A — A nokazyema B Gl .
[TogmemMma 3 mokazaHa.

Omnwmpasich Ha TOJJIEMMY 3, OIPEJIEJICHUST U COIJIAIeHHE 00 MCIOIb30Ba~
wun Egg_, o, TOJTydaeM, 9To

(37) VA(A ects dopmyra) VI'(I' ects muoxkecTBO bopmys) (ecau A me
ectb KBasudsiementapuas dopmyia, o I' g7, o 7—A D A).

(38) M Fgr.,, .. "mA D A (U3 yclI0OBHil IOKa3HIBAEMOI JIEMMBI U yTBEP-
xaenuit (1), (36) u (37)).

Pasymeercs, uro (39) A u == A ssisiorest popmynamu, a M ectb MHO-
2KeCTBO (DOPMY.I.

3 yreepxaennii (2), (15), (38) u (39) BbITeKaer, 4TO

(40) M tFhr_,,.» A.

Cuumas nomnyiierue (36), mosydaeM, 910

(41) ecrm A me ecTb KBasmdaeMenTapHas dopmyna, 1o My, . A.

(42) M Fgr_,,.. A (13 (35) u (41)).

Cummag nomymenns (1) u (2) u obobrmast, mosrydaeM, 410

(43) miist Besikoit hopmyiier A: ecou M FHIcy s A, TO M bFyp, o A

Jlemma 8 mokaszaHa.

JIEMMA 9. Ilycmv M ecmo samxHymoe omuocumensvro Subp mmooice-
cmeo gopmyn. Jaa ecaxol dopmyave A: ecavw M Frprpg_, . —A, mo
Mty .. A

JoxkazkeMm jeMmy 9.
(1) A ecrb dopmysia (momyrenue).
(2) M Frrmie, . " A (momymenue).
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Paszymeercs, aro (3) =—A ectb dopmyia, a M ecTb MHOKECTBO (GOPMYJIL.

(4) Ecu M Fyre,, . A, To M Fhr_, . 7 A (13 (3) u temmbr 7).

(5) Mbar,,. —A (13 (2) u (4)).

(6) Ecmu M Fgr., .. ——A, To M tFyr_, . A (U3 ycroBus IoKasbiBae-
MOt JieMMbI, yTBepzKIeHust (1) u jemmbl 8).

(7) Mbai.,.. A (s (5)u (6)).

Cuumas ponymenust (1) u (2) u 0606mias, mosgydaem, 9ro Jjis BCSKOI
dbopmynbr A: ecmn M Fgne.,, . 70A, 10 M Fgp_, . A

Jlemma 9 mokazana.

HCHO, 910 U3 JieMM 6 1 9 BbITEKaeT cjleJyroIgasl TeopeMa 1.

TEOPEMA 1. Ilyemov M ecmo 3amrnymoe omnocumesvho Subyr, mmooice-
cmeo gopmyan. nra ecaxot gopmyave A: M Fgr_, . A moeda u mosvko
mozda, xoeda M g, . "A.

YeaoBumcs, 910 it Beakux X 1 Y | IBJISIIONIAXCA MHOYXKeCTBaAMU (DOPMY.I,
X @Y ecrb HAMMEHbIIIEE MHOXKECTBO (DOPMYJI, B KOTOPOE BKJTFOUAIOTCST MHO-
»kectBa X U Y U KOTOpOe 3aMKHYTO oTHOoCcUTeibHO MP 1 Suby,. Ycmosumcest
Takxke, uro P ectb MuOxkecTBO Beex dopmyn Buga ((A D B) D A) D A,
rie A u B sBisitorest popmysiamu. Hade rosopst, ycsioBuMcsi, 9to P ectb
MHOXKECTBO BcexX 3aKOHOB [Iupca B sa3bike L.

JIEMMA  10. Jlasa ecaxot L-aceuxu L w dasa ecaxot dopmyave A:
Lty A mozda u mosvko moeda, xoeda A € LD P.

JIEMMA 11. /lasa ecaxoti L-nozuru L, exarouaroweti Int <y, o>, u das eca-
kot dopmyave A: Ltprni_,, ,» A mozda u moavko moeda, xoeda A € L.

J—.[EMMA 12 ]nt<070> &) P: I<07[)>.

[IpoBenenunie aBTopoMm nokazarenbcrBa JgiemM 10, 11 u 12 crangapTHBI
U 371eCb He HPUBOJASTCS (3aMETHM TOJIBKO, YTO JIOKA3ATeJbCTBO JleMMbl 11
[OCTPOEHO C UCIIOJIB30BAHUEM JIEMMBI 3).

TEOPEMA 2 (OBOBILIEHHASA TEOPEMA IVIMBEHKO). /Jlas ecaxol L-
no2uxu L, exmovarowets Int<y, >, v das scaroti gopmyave A: A€ LS P
mozda u moavko moezda, xozda ~—A € L.

JlokaxkeM Teopemy 2.

(1) Lo ecrn L-yoruka u Int<, ,~ C Lo (gomymenue).

(2) Ay ectb dopmyna (momytienue).

B cBere yrBepxkenus (1) sicao, urto (3) Ly ecTb 3aMKHYTOE OTHOCUTEIHHO
Suby, MHOXKECTBO (HOPMYII.

(4) s Besikoit hopmyast A: L Fpyp cw.ws A TOTIIA T TOJIBKO TOT/IA, KOTR
Lo Frmie, .~ 7 A (13 (3), no Teopeme 1).
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(5) Hinst Besikoit hopmyaier A: Lo Frr_, . A TOrma i TosbKo Toria, Koria
AeL&P (u3 (1), mo semme 10).

(6) dyst Besikoit popmyiibr A: Lo bt o> A Torjma M TOJIBKO TOIJA,
korga A € Ly (u3 (1), mo jgemme 11).

(7) Lo Frr,.. Ao Torma m tompko Torma, korma Lo Farne., .. ——Ag
(m3 (1) u (4)).

(8) Lo Far.,, .~ Ao Torma n Tonbko Torga, xorga Ag € Lo @ P (u3 (1) u
5)).

(9) =—Ap ecrb dhopmyia (u3 (1), mo onpenenenuo bOPMyYIIbI).

(10) Lo FH1nt.,, .~ Ao TOraa 1 TOMBKO TorMA, Korma ——Ag € Lo (u3
(6) u (9)).

(11) Ap € Lo @ P rorma u roabko Torja, korga ——Ag € Ly (u3 (7), (8)
u (10)).

Cumnmas monymmenus (1) u (2) u 0600m1as1, HorydaeM, ITO it BCIKONH L-
goruxu L, Brinogatomeit Int<, ., n 1 Beskoit popmynst A: A€ L@ P
TOrIa U TOJLKO Torda, korna ——A € L.

Teopema 2 mokasana.

N3 reopempr 2 m Toro, 4ro Int.po> ecThb L-jioruka, BK/IIOYaroNmast
Int<, o>, BBITEKAET yTBEpZK/JIeHHe, KOTOPOe Ha3blBaeM CTaHIapTH3UPOBAH-
HOIt OopMOit TeopeMbl [ IMBEHKO.

CranmaprusupoBannas GopMa TeopeMbl [JINBEHKO YTBEPKIAET, UTO JIJIst
Besakoit popmyiter A: A € Int<g o> @ P Torma un Tonapko Torpa, korga 7A€
Int<o0>-

Teopema ['musenko u3 [4|, nepedopmynupoBantas B TEpPMIUHOJIOIHH, HC-
[IOJTb3YyEeMOIl B HACTOsIIIE paboTe, TJIACUT, UTO st BCAKOH opMmysbr A :
A € I~ TOrma m TONBKO Torga, Korjga 7—A € Into>.

OueBuiHO, 9TO B cuily JeMMbl 12 Teopema [ JTHBEHKO SKBUBAJIEHTHA CTAH-
JTapTU3UPOBAHHON (hopMe 3TOil TeOpeMBI.

O6ob61enHast TeopeMa [JIMBEHKO OTKPBIBAET IMIUPOKUE BO3ZMOYKHOCTH JIJIsI
[IOCTPOEHUST AHAJIOI'OB YTBEPK/IEHUs, ABJISIONIETOCs CTaHIAPTU3UPOBAHHOM
dopwmoit Teopembr ['uBenko. leiicTBuTenbao, kKakyio 061 L-oruky L, BKiio-
qarontyio Int<, o>, Mbl HI B3sH, yTBepKaenne <«/lna Bcaxoit dopmysisr
A: A€ L®P rorma u Tosbko Torga, kKoraa ——A € Ly cayxur anaJo-
OM YTBEPK/JIEHUS, SIBJIAIONIErOCS CTAHIAPTU3UPOBAHHON (OPMOIT TeOpEMBI
I'muBenko.

Hazosem rimmBenkoBckoit jorukoit L-yioruky L, mjas KoTopoit BepHO, ITO
Jtst Bestkoit popmyiiel A @ A € LGP Torma u Toabko Torma, korma —A € L.

Chnenyst Tpajaunuu, Ha3bIBAEM CYIEPUHTYUIIMOHUCTCKON JIOTHKON L-
JIOTHKY, BKJIIOYaIoNLyto Int<o o> .
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HazoBeM MOJUHTYUIMOHUCTCKOl JIOTUKOI L-JIOTUKY, BKJIFOUAIOILYIOCS B
Int<,0>.

HTupoko m3BectHa gokasanHas B.A. fnkoseiM B [3] Teopema 0 KOHTH-
HYaJIbHOCTH MHOXKECTBa BCEX CYNEPUHTYUIIMOHUCTCKUX JIOTUK. MOXKHO J10-
Ka3aTh, YTO KOHTUHYAJIHHO MHOXKECTBO BCEX HMOAMHTYHUIIMOHUCTCKUX JIOTHK,
KasK/lasl U3 KOTOPBIX BKIIOYAET Nty o> .

Onwmpasich Ha 9TH «MOIIHOCTHBIE» PE3YJIbTAThI U ODODIIEHHYIO TEopeMy
['MBEHKO, TPUXO/UM K CJIEJLYIONIMM BBIBOIAM:

(1) Besikast L-jlormka U3 KOHTHHYAJbHOIO MHOXKECTBA BCeX L-JIOIHK,
BKTIOYAIONX Int<o o>, ABIAETCS TJIMBEHKOBCKOI JIOTHKOIA,

(2) Besikasi L-710ruka U3 KOHTUHYAJIBHOTO MHOYKECTBA BCEX MOJMHTYUII-
OHHCTCKUX JIOTHK, BKJIIOYAOMNX [Nt <y, >, ABISAETCH TTIMBEHKOBCKON JIOTH-
KOIi.

Bameuanue: qyst Beskux ¢ u y u3 {0,1,2,...,w} Int<y s~ ABIsETCS TO-
JUHTYHIIIOHUCTCKOI JIOTUKOI, BKodaomeit Int«, ,~. 113 aroro 3ameqa-
HUsI U CJIJIAHHOIO BBIIIE BbIBOJA (2) BBITEKAET, YTO JUIs BCAKUX T U Y U3
{0,1,2,...w} Int<yy> €CTb ININBEHKOBCKAsI JIOTUKA.
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We offer a generalization of the well-known Glivenko’s theorem on double-negation
translation. In “Sur quelques points de la Logique de M. Brouwer” V.I. Glivenko got
a result, which is now called Glivenko’s theorem and which establishes the equivalence
between a statement that a formula belongs to classical propositional logic and a
statement that a double-negation of this formula belongs to intuitionistic propositional
logic. Glivenko’s theorem is an important achievement in the field of research concerning
links between logics conducted using the embedding operation. Here we propose a
generalization of Glivenko’s theorem and describe a method which is based on this
generalization for constructing analogues of the statements that is some special form
of Glivenko’s theorem. In this paper we used author’s original sublogics of classical
propositional logic. In particular, logic Int<, .~ played a principal role (it is, also, a
sublogic of intuitionistic porpositional logic). The use of this logic made it possible to
give such a generalization of Glivenko’s theorem that covers some extensive (cardinality
of the continuum) class of sublogics of intuitionistic propositional logic.
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Penterkn 9eTbIpEX3HAYHbIX MOJaJIbHBIX JIOTHUK
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B craTtpe paccmarpuBaloTcs deThIpe PEIIETKH YeThIPEX3HAYHBIX MOJAJIBHBIX JIOTHK. B oc-
HOBE TIOCTPOEHMUSI JIEYKAT PA3JINIHbIe aarebpanvdecKne CTPYKTYPbl, KOTOPBIE 3aTeM T0C/Ie-
JOBATEJILHO PACIIUPSIOTCS SHI0OMOPdU3MaMu 1 KOHCTAHTHBIME (QyHKIuAMH. B mepBoM
CIlydae CTPOUTCsI PellleTKa PacIIipenuii GyieBoil anre6ps1 B2, 3aTeM CTPOMTCS PEIeTKa,
pacmmpenwuit anrebpor Jle Moprana DM4. B oboux ciiydastx BOSHUKAIOT pa3IuIHbIE MO-
JaJbHbIE JIOTUKU, CBOWCTBA KOTOPBIX OMUCBHIBAIOTCS M CPABHUBAIOTCS MeXK1y coboit. Or-
JIeJIBHO PACCMaTPUBAETCS PEIIETKA, IJIe IOSBJIAeTCS TeTPpaBajleHTHAS MOJAJIbHA JIOTUKA
TML. Hakoser, mepBbie JIBe PENTETKY «O0bEIUHSIIOTCS» U BBIUIEHSIETCST KJIACC OCHOBHBIX
MOJAJIbHBIX YeTBIPEX3HAYHBIX JIOTUK, cocTosmuit u3 L-momanbHoit cucremsl JIykaceBuya,
sorukn Cobounnbckoro V2 u jorukn uctunbl dhon Bpurra T . Ocoboro BHuMaHus 3a-
caykuBaer jgoruka Tr, Koropast pyHKIIMOHAILHO SKBUBAJIEHTHA JIOTUKE V 2, U 3aHUMAET
LEHTPAJIbHOE MeCTO B nocJeueil pemerke. OHa eJMHCTBEHHAS U3 BCEX PACCMOTPEHHBIX
YeTBhIPEX3HAYHBIX MOJIAJIBHBIX JIOI'HK, KOTOpas 00J1aaeT HHTEPIIOJISAIINOHHBIM CBOMCTBOM
Kpeiira, u kpome TOrO0, SIBISIETCS TPEKPACHBIM KAH/IUIATOM HA POJIb IPOIMIO3UIMOHATBLHOMN
JIOTUKU UCTUHBI. B 3aKJioUeHne B CTaThbe MIPE/ICTAB/IEHA €€ AKCHOMATU3AIMS.

Keywords: MmomabHbIE JIOTUKH, PEIIETKU JIOTUK, Oy/teBa aarebpa, aiarebpa /le Moprana,
3HI0MOP(MPU3MBI, 3aMKHYTbIE KJIACChl (DYHKIM, OyIeBbl KacKabl, Joruka 1Tr

1 Bsenenue

4. JlykaceBud B cepequHe MPOIIJIOTO BEKa CIe/aj CJIEIyIONiee 3asB/IcHHUE:
«4 croro Ha TOW TOYKE 3pEHHSsI, YTO B JIOOOH MOIAIbHON JIOTUKE JIOJI2K-
HO OBITH COXPaHEHO KJIACCHYECKOe UCUYHUC/eHue mpeyioxKennii. Jlo cux mop
9TO MCYHUCJIEHUE MTPOAEMOHCTPUPOBAJIO CBOIO HAJIEXKHOCTD M ITOJIE3HOCTD, U
OHO HE JIOJDKHO OBITH OTBEPrHYTO 6e3 JIOCTATOYHO BECKUX OCHOBaHW» |2,
c. 233]. B pesynbrare, JlykaceBud 0TKa3bIBae€TCsI OT CBOE 3HAMEHUTOMN Tpex-
3HAYHOM Jioruku L3 U ee MOIAIbHOTO BAPUAHTA U CTPOUT UETHIPEX3HATHY O
L-momambayio cucremy [23]1, K KoTopoit MBI ee BepHeMCs.

OmHako Ha caMOM Jiejle BCe Hadaoch ¢ Kiaccumdeckoit kauru K. JIbio-
uca u K. JIsurdopua (22|, r/e oupepessirorest U UCCIeAYIOTC MOJIAIbHbIE
cucrembl S1-S5, ucnonb3ys rJIaBHBIM 00pa3oM 4-3Ha9HbIE MATPHUILI. 3/16Ch

1O dbumocodeknx ocHOBAHMSIX STHX JIOTHK M WX MOJAJIBHBIX CBOMCTBaxX cM. [8].

Jlormgeckne nccaenoBanusi. 2015. 21(1):122-137 / Logical Investigations. 2015. 21(1):122-137
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OBLIO BBIAEJCHO MATH IPYIII YeTHIPEX3HATHBIX MATPHUIL, KOTOPbIE pa3/inda-
JINCH JIMIIb OIpeJe/ieHneM onepaTropa HeobxomgumocTu [1, B To Bpemsi Kak
HEMOJA/IbHAs 9aCTh MPEJCTABJISIET CODOI He 9TO MHOE, KAK UeThIPeX3HAU-
HYIO KJlaccu4aeckyio Jjoruky Cy.

2 Yernlpex3HadHad KJjaccudeckas Jjoruka Cy
[ycrs MY ecTh "eTHIPEX3HAUHAS JIOTHYECKAS MATDHUIIA

<M, —,V,A\, {1} >,

rie M = {1,a,b,0}. 9ra Marpuna mosydeHa MOCPEICTBOM HPSIMOTO PO~
M3BEJCHUST MaTPUITHI smg‘ (U151 KJTacCHYIecKoil MPOIIO3UIIMOHAIBHON JIOTU-
ku Cy) camy Ha cebs, T.e. sz = 93?20 X E)ﬁg, rJie MATPpUYHBIE OIEePAIIu
-, —, V, A OIIPeessIoTcs CAeyIonuM 06pa3oM:

T | ox =11 a b 0

110 111 a b 0

al| b a |1 1 b 0

a 1 a 1 a

0 01 1 1
Vil a b 0 All a b 0
171 1 1 1 111 a b O
1 a 1 a ala a 0 0
b1 b 0 b 0
01 a b 0 00 0 0 O

Ob6parum BHUMaHUE, 9TO 3/1eCb M — YaCTUYIHO yHOPSIJIOYEHHOE MHOYKE-
crBo: 0 < b, a <1 (ro ectb b 1 a HecpaBHUMDI).

XOPpOoIIo U3BECTHO, UYTO MATPHUIIA 93?40 SIBJISIETCS XaPAKTEPUCTUICCKON J1j1st
C,. Jloruky ¢ COOTBETCTBYIOMIMMU JIOTHIECKUMU CBSI3KAME ODO3HATHUM I10-
cpeacrtBoM Cy. Ee anrebpandeckuM 3KBUBAJIEHTOM SIBJISIETCSH YI€THIPEXIJIC-
MeHTHas Oysesa anrebpa B2 = B x B (B — aByxsjieMenTHast GyseBa aji-
re6pa).

3 Duaomopdu3mMbI

3aMeTuM, 4TO uMeeTcss Bcero 256 yHapHBIX YeThIPEX3HAYHBIX OIIEPaTOpPOB,
KOTOpBIMIU MOXKHO pacmupuTb Cy. BbuLto ObI 2KejlaTelbHO MMeTh KaKOIi-
TO KPUTEPHil JJIT UX BBIOOpA C IEJIBIO ITOCTPOEHUsT HanboJiee NHTEPECHBIX



124 A.C. Kapnenxko

MOJIQJIbHBIX YeThIPEX3HAYHbIX JIorUK. B 1966 1. 9. Jlemmon (cm. [10]) BbI-
neJisier 15 yHapHBIX omiepaTropos, KoTopbie mobasistorcs K Cy. Bee atu 15
IPYIII MATPHI HA3BIBAIOTCSI PETYJISIPHBIME, [TOCKOJIbKY OHU BEPUMDUIUDPYIOT
Momaseayto akcrnomy K: O(p D 1) D (Op D Oi)2.

O1HAKO MMeeTCs OIHO OYeHb BakKHOe U BecbMa 3 deKTuBHOE OrpaHmye-
HUe Ha BBIOOD 9THX OIIEPATOPOB, peiozkerHoe B padore H.M. Epmosaesoii
u A.A. Myunuka |7]. Eme B crarse |6, c. 229] onn obpaTuin BHUMAHHE HA
TO, YTO MOJAJIbHBIE OIEPATOPBI, & TAKyKe BPEMEHHBIE OIEPATOPHI B Dsijie
MOJIQJIbHBIX (BPEMEHHBIX) JIOTUK U COOTBETCTBYIOMIMX aJireGp BbIPAXKaITCs
C TIOMOIIBIO SHIAOMOPMU3MOB B JUCTPUOYTUBHBIX PeIIeTKaX.

DynpaMeHTAIbHYIO POIb B JajbHeiinieM OyayT UrparTb OJHOMECTHbIE
dbyukIMY g, €1 U ez, 3a7aBaeMble TAOJIMIHO:

z | g(x) | ei(x) | ea(x)
1 1 1 1
a b 0 1
a 1 0
0 0 0 0

B 6yseBoii anrebpe B2 5tu DyHKIMI SBISIOTCS SHIOMOPGMU3MAME:

flevy)=f(@)V fy), flxry) = fz)A fly),
f(ox) ==f(2), f(1) =1, £(0) =0, f(z7) = (f(2))7,?

rje f Moxker ObITh JH000# U3 dbyHKIUit g, €1 u ey. B 7] ormeuaercst, uro
BMecTe ¢ eg(x) = x (ToxKzuecTBeHHOl (yHKIMeil) g, €1 U ea 06pa3yoT MO-
Hou1, ( Beex suyoMopdusmos B2, Eciu Hapsay ¢ sH10MOphU3MAME B3SITh
TakxKe KoHCTaHTHble (yHKIMU a(r) = a, b(z) = b, 1(x) u 0(z) = 0, To
BMECTe C g, €] U €y OHH 00pa3yioT MoHou P Beex sHpoMopdusmos B? xax
JUCTPUOYTUBHON PeIeTKy, KOTOPhbIe MOT'YT He coxpaHaTh O u 1.

OcHoBHOI1 pe3yJbTaT crarbu 7] cocTouT B Onucanuu Beex hyHKIMOHAT b
HO 3aMKHYTBIX KJjaccoB Ha M, T.e. dynkuunii uz Py (P4 ecTh Kjacc Bcex

2B sroit paGore JIEMMOH Tak:Ke OLHCHLIBAET JBYyX3JieMeHTHbIe Mojiesn Kpunke mjisa

BCex 15 YeThIpeX3HAYHBIX MOJAJIBHBIX JIOTUK, sBJsonmxca pacmmpenueM Cy (c. 121).
3

- z,upu o =1
xr =
-z, upu o = 0.
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JeTblpex3HadHbIX dyHKIWmit oruku [Tocra [6]), comepxkarux 6yiebl hyHK-
mun V, A u . [IpuBoaurcs pererka 3TUX KJIACCOB U JJjIsi MUHUMAJIbHBIX

pacmmpenuii oupeesaeHbl COOTBETCTBYIONIAE YeThIPEeX3HauYHble MOJAJIbHBIC

JIOFI/IKI/I4 .

4 Pemerka pacmupennii 6yneBoii anre6pnr B2

O6osuauum uepes (f1, fo, ..., fr) OYHKIHMOHAIBHO 3aMKHYTBIA Kjacc, 110-
poxkaemblii byaxmusvu (f1, fo, ..., fi) 13 Py n nojoxum

B?=(V,A,m); Py=(V,A\,~,9); Pr=(V,A el);
Py = (V,A,m,e2);  Paypy= (V,A,0ya) = (V,A,—,b);
Py = (V, A, ye1,a,b);  Puo = (V, A, 7, e2,a,b);
Py = (V, A,y e1,e2) = To.

B [7] mokazano, uro Py = (V,A,,e1,e2,a,b) u 94T0 BCE 3aMKHYTBHIE
(bynxmmonapHo) pacimpenns B2 BuIICaHb! Bhime. PermeTka 3THX KJac-
coB ykazana Ha puc. 1 (cm. [7, c. 301]):

Puc. 1.

‘B cBsI3M C IIOCTPOEHHEM PEITEeTOK 3aMKHYTHIX ((byHKIMOHAIBHO) KJIACCOB KOHEY-
HO3HAYHBIX (yHKIMA obparum BHMManue Ha pabory H.E. Tomosoit [4], rae crponTes
U3SIIHAST CEMUIJIEMEHTHASI PEeIleTKa pPaCIIMpeHnii Tpex3HadHo# cyraboit jsoruku Kimau
«€CTeCTBEHHBIMU» MMIHKanmamu. CM. Takxke [5).
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O6paTuM BHEMAaHHE Ha TO, YTO BCe MUHEMAJbHBIC paciupenus B2 —
P,, Pi, P», Py, (n0orukn mepBoro ypoBH:) (pyHKIHOHAJBHO SKBHBAJIEHT-
HBI MOJAJIBLHBEIM Jjlorukam: Py, — joruke Cobounnbckoro V2, P u P —
sgoruke Cobounnabckoro K4, KoTopyio, 9T00bI OTJIUYIUTH OT JIBIOUCOBCKOI
MozabHol cucrembl K4, 6yiem obosnauars nocpencrsom K4(S), u Py, —
L-monmanbuoit cucreme JlykaceBmua, ynoMstHyToil Hamu BbIme. PaccmoTpum
9THU MOJAJILHDBIE JIOTUKHU TI0 OTACIBHOCTH, & 3aTEM OIPEIE/IIMCS ¢ CUCTEMOiT
Pis.

Mopanbuas Jsioruka Cobounabckoro V2 ecthb pacmiupenune S5 mocpei-
CcTBOM (POPMYJIBI:

O v O(¢ — ) v O(p — =) [25,¢. 305,

r7le MOJIAJIbHBIN ortepaTop [ ompejiessieTcs CJIe/Iy oM 00pa3oM:

01l =1;0e=0b=00=0.

Moia/IbHBIH OIlepaTop ¢ TAKUMU CBOMCTBAME HA30BEM <«CTAHIAPTHBIM».
XapakTepucTrndeckoii maTpurieit 11st V2 co cBsiskamu —, — u [ kak pas
siysieTcst Marpuna «rpymmst [II» w3 [22, c. 493].

Mopasnbnas soruka Cobounubckoro K4(S) [26] ecrs pacmmnpenne S4.4
nocpegcreoM dopmynbt (00 — OOY), tae S4.4 ects S4 + O(p —
(O0p — Oy)), u momanbbiil oneparop [ onpesensiercs: ciemyrommm 06-
pasom:

1 =1;0a=0;0b=05;00 = 0.

B [27] 6bu10 J0Ka3aHO, YTO MaTpHIA CO CBA3KaMu —, — u ] (Marpuma
«rpynnst [I» u3 [22, c. 493|) siBiisiercst XapaKTepPUCTUIECKOI 7151 MOJIAILHOI
aoruku K4(S).

Obmmenpunasitas akcuoMarusanusi L-MomasbHO#l cucrembl JlykaceBuda
npescrasiena B 1, ¢. 160]:

1. Knaccuueckast nponosuriuonasibaast jioruka Co.
2. O(p = ¢) = (Op — Ov),
3. Uy = ¢,

4. Op — (v — Ov),
rie oreparop [ ompesessteTcs: cieyonuM o0pa3om:

01 = Oa = a;0b =00 = 0.
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Bo Bcex paccMOTpeHHBIX cHCTeMax IBa IpaBUJia BbIBOLA: modus ponens
u nipaBuio [€ners.

Nnrepecna mpobieMa akCHOMaTH3AIMNA HEIOCPEJICTBeHHO cucrem Py =
(\/,/\,—',g), P = (vaa_'ael)a P, = (\/7/\7_'762) u Py = (\/7/\7_'70’) =
(V, A, =, b). K pemennto s1o mpobiemsr it Py BepHEMCSI B KOHIIE CTATBI.

PaccMmoTrpuM Tenepb JIOTUKU BTOPOTO YPOBHS: Pupi, Pue u Pra. /IBe j10-
TUKH, ABJIAIOIIHECA COOTBETCTBEHHO DaCHIMpPpEHUEM L—MO,[[aJH;HOfI CUCTEMBI
JlykaceBr1a 3HI0MOPMUIMAME €] U €2, HOBJISIOTCS BIIEPBLIE.

Orrocuresnbro Pjg B [7] uinib yKas3bBaeTcst, 4T0 9TOT Kiacce (OyHKIWHA co-
OTBETCTBYET IIpe;onHomMy” B Py kinaccy dyukimii Th1, COXPAHSIONTIX {1,0}
(cm. [6]). okazano, uro kiacc Ty nopoxkgaercs 6asucom {V, A, -, e1,es},
a taxoke {V,A,—,g,er}(k = 1,2), To ectb pasen Pj2.9 Ommako samermwu,
gro u3 Teopembl B.K. @uuna [3| o dyHKIMOHAIBHBIX CBOCTBAX MHOIO-
sHavHBIX Jioruk JIykacesuda L, ciemyer, aro Ly o cBouMm dyHKIIMOHAIB-
HBIM CBOMCTBaM COOTBETCTBYyeT KJjaccy f6sonckoro Tpp. Takum obpasom,
pacmupenne Po GyHKIIMOHAIBHO SKBUBAJEHTHO U€THIPEX3HAYTHON JIOTHKE
JIykaceBmua L.

Bce i paccy»kieHus onupaeTcst Ha JIOBOJBHO-TAKU TPOMO3JIKHE PE3YJIb-
TaThl. BoJlee HemoOCpeICTBEHHO 9TO BBIMJISIUT cjeayomuM oopasom. IlycTs
0<b<a<l,Toecrs M nuueiino ynopsinodeno. [TokazkeM 4TO KJiacchl
{V,A\,myer,ee} m {U,N, =, 1, Jo, J, Jo} dDyHKIMOHATIBEHO SKBUBAJICHTHBI,
rae x Uy = max(z,y), x Ny = min(x,y) u Ji-byHkiuu BoipazuMbl B Pjo
CJIEIYIONINM 00pPa3oM:

Ji(x) = e1(x) A ea(x),
Ja(x) = —ei(z) A ex(x),
Jo(z) = e1(z) A —ea(x),
Jo(z) = —e1(z) A —es(a).

Temepn, ucnonb3ys J;-pyHKIum, MOKHO BBIpa3uThb £ U y:

zUy = (2 Ay)V(Jo(x) Ay)V (@A Jo(y))V (Jo(z) AY)V (@ ATp(y))V I1 (2)V J1(y),
rNy =—(-zU-y).

SCucrema F byHKumMil HA3BIBAETCS Npednoanotl B Py, ecim F pejcraBiisier He 10J-
HyIO cucTeMy, HO jobasyienue K F jo6oit dyukuum f rtakoit, uro f € P, u f ¢ F
npeobpasyer F' B mommyo cucremy. [logpobHO 0 (DyHKIIMOHAIBHBIX CBOMCTBaX KOHEU-
HOBHAYHBIXJIOTUK cM. [9, 1. 7].

53910 Takke o3HaUaET, 4TO «ayras Ha puc. 1 or B? K Pio MPaBUIbLHO IOKA3BIBAET, YTO
Kitacc Pi2 CONEPKUT IHAOMOPPU3M ¢.
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Taxum obpazom, Kiaacesl {V, A, 7, er,eat u {U,N, =, J1, Ja, Jp, Jo} dyHK-
[MOHAJILHO SKBUBAJEHTHBI. (CTaeTcss TOJTBKO 3aMETUTb, YTO KJIACC
{U,n, =, J1, Ja, I, Jo} siBasiercst 6asucom Jyist YeTbipex3HadHoii jsoruku JIy-
kacesnda Ly (cm. |9, c. 125]).

Yro Kacaercs camoro Kjiacca Py, To ero pyHKIINOHAJIbHAS ITOJTHOTA CJIe-
JyeT M3 TOTO, 9TO, KaK yKe TOBOPUJIOCH, Kiaacc Ty mpeamnosion B Py, u 5ToT
KJ1acc obstajiaer ceoiictsoM coxparnernus 0 u 1. Ilosromy nobasiienue K sTomy
KJtaccy PYHKIUA a win b, He 00/1a1al0IMNX STUM CBOMCTBOM, 00€CII€INBAET
dYHKIMOHAJIBHYIO ITOTHOTY Pj.

5 UYersipex3nauHag jioruka Besnana By

B [1] u [2] H. Besmanom 6bla peiiozkena «oJe3Hast YeThIpeX3HadHas JIO-
ruka» (OyzemM 0603HaYATEH ee mocpencTBoM By), KoTopasi co BpeMeHeM BbI-
3BaJia HEOOBIUANHBIN WHTEpec, OCOOEHHO CPeIn CIIEIUAJINCTOB B 00JacTH
MHMOPMATHKY U MCKYCCTBEHHOTO MHTEJIEKTa. Jlormaeckumu cBsizkamu By
SIBJISTFOTCST V, A U ~, TJIe OTPUIIAHUE ~ OMPEJETISIETCs CJIEYIONTIM 00pa3oM:
~1=0~a=a;,~b=b~0=1.

Autrebpsl, cooTBeTCTBYOMIME JIoruKe bemnama By, cranu HaseBaTHCS pe-
merkayu Jle Moprana’ u o6osnagarses nocpeacrsom DM 4. Triarensronmy
usyuennio By nocssiimena crarbs (8], rje mpeicTaBieHo 3JIeraHTHOE CeKBEH-
[uabHOE MCYHC/IeHne st By, ero B3anMOOTHOIIEHNE C TOJ00HBIMI UCIUC-
JieHusiMu it Tpex3nadnoit jgoruku Komuan Kg n s kinaccuveckoil joru-
ku Co. [taBHBIN pe3yabTaT 3aK/II09aeTCs B CJIEAYIOMIEM: KAACC PEULENOK
Ze Mopeana asasemcsa anzebpauveckum npumepom By; TOUHO Tak xKe, Kak
KJ1acc OyseBbIX ajurebp sipisercs anrebpanueckum npumepom Co.8

Yerbipex3nadnast joruka bennana By okazajgach odeHb MOJIE3HON B Ka-
gecTBe Oaszuca st apyrux Jjoruk. OcoOeHHO MHTEPECHBI ee PaCIIupeHwsT
CTaHJAPTHBIM MOJIATBHBIM omepaTopoM [ (cM. Bbimie joruky V2) u cBs3-
koif mMIunKanun®. OIHAKO BHAYAJIE OIIUIIEM GYHKITNOHATIBHO 3aMKHYThHIE
KJtaccel Ha M, comepxkarnme GyHKIUN V, A 1 ~, 1 pACCMOTPUM PACIITAPEHUST
pemerku e Moprana DM4.

"Pemerkoii e Moprama HasbiBaercs aucrpubyTusHas pemerka < A,V,A > ¢ ome-
parueit ~, npudeM ~ (X Vy) =~ xA ~ y; ~ ( Ay) =~ xV ~ y; ~~ z = z. Onepanus
~ Ha3bIBaeTcsd ompuyaruem e Mopeana. Pemerka /Ie Moprana ¢ 1 u 0 HasbiBaeTcsa
aarebpoit le Moprana, npudem a Vb =1;a Ab=0.

8Cm. Taxxe [24].

9Cm. gernipexsmaunyio soruky B.M. Iomosa Par [3], koTopas mpencrasiser coGoii
pacmupenne By coorBercTByoneit nMiinkaiueil. 371eCh J1aeTCsl CEKBEHIUAJIbHAST U THJIb-
Geprosckast akcnomaTusanust Par. B [24] uccienyercs anreGpandecknii SKBUBaJEHT JIO-
ruku Par, KoTopbiit Ha3bIBaeTCs «UMILTUKATUBHON asrebpoit /le Mopramas.
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6 Pemmerka pacmupenunii DM4

Kak u panee, obozuaanm depes (f1, f2, ..., fr) GyHKINOHATIBHO 3aMKHY ThHIi
KJIACC, OPOXKTaeMbIil byHKIUAMUA f1, fo, ..., fr u3 Py 1 mojgoxum:

DM4 = (V,A\,~); Py=(V,N\,~,9);
Peie, = (VA ~ye1) = (VA ~, e2) = Pa;
P, = (V,\,~,a); Py=(V,\,~,b);
Py = (V,\,~,e1,e2,a); Pgp = (V,A\,~,e1,e2,b);
Pl = (V,A\,~,a,b)'.
[MokaxkeMm, uro (V, A, ~,e1,e2,a,b) = (V,\, -, e1,e2,a,b) = Py:

g(z) = (bAe(x))V(aAex(r)) (em. [7, c. 302]),

DMA4

Puc. 2.

Buauasie mokaxkem, 4ro jioruku co cBsskamu (V, A, =, g) u (V, A, ~,g)
GYyHKIMOHAIBLHO SKBUBAJICHTHBL:

~(x) =g~ (@) u ~ (2) = g (2).

03 1ech Py, uTobbl oTamunTs ee 0T Py, Ha puc. 1.
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ITosTomy mmeem Py Kak B pelIeTKe Ha puc. 1, Tak U B pelIeTKe Ha puc. 2.
B nanbheitimem sioruky co cesizkamu (V, A, 7, g) GyjeM 0603HaAUATH TTOCPE/I-
crBoMm Tr.

B 10l pemerke ocobblii MHTEpEC NPeACTAB/sSIeT JIOMMKA CO CBsI3Ka-
mu (V, A, ~,e1,e2), KOTOpasi ecTb He YTO HHOE KaK JA02UKG UCTNUHDL
I". dou Bpurra [4], o6oznagaemas nocpegcrsom T"LM (8 panbueiimenm T7).
IToxpo6mo 06 ee cBoiicTBax U akCHOMATH3ANNA CM. B [21]. 3aMeTnM TOIBKO,
9TO B HEil 9SHJIOMOP(MU3MBI €1 U €3 B3aUMOBBIPA3UMbI:

1) =~ (ea(~ @) 1t ex(a) =t~ (ea(~ ).

7 TerpaBasieHTHass mojajibHas Jjoruka TIML

B npusesnenHoil BhIIIE pemieTke He HAILIOCh MECTa, JIJIs MOJIAIbHOM JIOTUKH
TML, xoropast npusJjiekjia K cebe 00JIbIIOe BHUMAaHUE, OCOOEHHO CO CTO-
poubl anredpanctoB. CTPOUTCsT OHA AHAJOTUIHO TOMY, KaK ObLIa MOJIyIeHA
Moja/ibHas joruka V2. B mepBom citydae, OyseBa ajirebpa pacIIupsieTcs
CTaHIAPTHBIM MOJIAJBHBIM orepaTopoM [, a BO BTOPOM — 3TUM Ke oliepa-
TopoM pacmmupsierca ajiarebpa e Moprana.

Buepssie sioruka By, pacimupennast 5TuM MOJIAJIbHBIM OIIEPATOPOM, U3Y-
Jasiach B [5], rye 6bl1 TakzKe peJcTaBiIeH ee agrebpanvdecKuii SKBUBaJICHT
C TeopeMoil IpeIcTaBIeHusI. 31eCh OTMEYIAETCsI, 9TO ajaredpa moao0Hoi J1o-
PUKU BO3HUKJIA €Ille TIPU [TepBOHAYabHOM mombiTke [. Moiicuiia HaiiTu Ko-
POTKYIO CUCTEMY aKCHUOM JIIsi TPEXIJIEMEeHTHBIX ajirebp Jlykacesuya.

CuenuajabHO U3y9YeHUIO TaKOil Joruky mox HazBanueM TIML (tetmvalent
modal logic) n ux anrebpam (T'M A) nocesiiiena obcrosiTesibHast craTbst [9]
(cm. Takzke [7]). 3mech ormeuaercs, uro T M A nepBoHaYaIbHO M3Y9AINCH
A. MoHTeiipo mpu ncCaeI0BAaHUN TPEX3JIeMeHTHBIX aireop JlykaceBmya.

B [9] npuBopuTes uzsimpas akcnomarusanust 7'M A, kK akcnomaM ajirebphbl
Jle Moprana m106aBJIAOTCI CJIEAYIONIUE ABE aKCUOMBIL:

(TM1) OzA ~ z =0,

(TM2) ~Oz Az =~z Az

31ech Ke NpeJCTaBJIEHO CEKBEHIMaJbHOoe wucauciaeHue Jjoruku TML
(c. 496).

Bamerum, uro jgoruku Tr u T asnsaiorca pacmmpenuem TML, T.e. de-
pes onepanun Tr (uepes oneparun T”) Boipasum mMomanbHb onepatop .
TTokaxkem 3T0:

1) Ox =z A g(z),

2) Oz = e1(z) A ea(z).
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Temepp MBI MOYXKeM IPEICTABUTDL €Ille OJHYy perneTKy pacimupennit DM4,
HCIIOJIb3Ysl Ha 9TOT Pa3 TOJbKO SHIOMOPGU3MBI U MOJAJIBLHBLIN OIepaTop
Ca:

To1

DMA4

Puc. 3.

Baecy knace P ects (V, A, ~,[0), KOTOpBI B TOYHOCTU COOTBETCTBYET
siorugeckumM oreparusm jioruku TML.

8 OcHoBHax pemieTKa 9eTbIpeX3HavYHbIX MOJdAJIbHBIX JIOTHUK

Harma 3agatia — 1mo BO3MOKHOCTH OOBLEIUHUTD B €IUHYIO PEIIeTKY JIOTUKH,
[IpeICTaBAEHHDbIE KaaccaMn PYHKIUN Ha puc. 1 u Ha puc. 2. [Iycts D ectb
jqucrpubyrusHas pemerka D = (V,A), KoTopas Ha puc. 4 pacHmpsiercst
cJIeBa ONepanusgMu — U @, b, a clipaBa OIEpPAIUsIMHI ~ U €1, €9:

Py

To1

B2 DM4

Puc. 4.
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Obparnm BHEMaHFe Ha NEHTPAJBHBIH Pl — 3T0 pacmmupenns Py, Py
u Py, koropble (QyHKIIMOHAJBHO 3KBUBAJIEHTHBI CJIEYIONIUM MOJIAJIbHBIM
sgorukam: L-momasibro#t cucreme Jlykacesmdua, Jjioruke Tr u joruke o
Bpurra T”. 9Tu Mmoganbuble Jorukn HazoseM dyHaMenTaabasMu. Ocoboe
MECTO 3JIeCh II0 MpaBy 3aHUMAaeT Joruka Tr.

9 DBynesa ckJieiika

Opnrako umeercss 60jiee €CTECTBEHHBIN IyTh OO0bEIUHEHUS] ITUX JBYX pe-
meTok B omaay. O6paTuM BHUMaHWE Ha TO, UTO MPU MEPECETEHNN KJIACCOB
dbynximit 06enx pemerox COBIAJAIOT TOJLKO JBa Kiacca — Py u Py, Ta-
KUM 00pa3oM, 00beIMHEHNE JIBYX PEIIeTOK ITPOMCXOIUT CJIeLyIonuM obpa-
30M: BEPIIUHA PEIIETKU Ha PUC. 2 «CKJIEUBAETCS» C BEPIIUHON PEITeTKH HA
puc. 1, To ecTb «cKjaeuBaloTcs» JiBa Kaacca Py, a Kiacc Py apjsgerca Tem
«CTEpyKHEM», KOTOPBI CBsi3bIBaeT 00e perierku. B urore numeem 16-Tu 3J1e-
MEHTHYIO PENIeTKY, KOTOpas SBJIACTCA PE3yIbTaTOM <«CKJIEHKHU» JIBYX S-MHU
9JIEMEHTHBIX OyJIeBBIX penteToK. [losyuennas perrerka 3ac/y>KuBaeT CIelu-
aJIbHOT'O MCCJIEJIOBAHUS, ITO MOXKET IOCTYKUTh OCHOBAHUEM JIjIsi BBEJICHUS
HOBOT'O KJIacca ajreOpanvecKux CTPYKTYD.

B cBsizu ¢ 3TuM obparuMm BHUMaHUE Ha ajrebpamdecKue CTPYKTYPbI O/
HasBaHUeM «OyJIeBbl KacKaJibl», BBejeHHble JI. Dcakua B [16]. Bynes kac-
KaJ — 910 anredpa lefirmara, m3omopdHas KacKaJIHOMY COEINHEHHUIO Oy-
JIEBBIX DeIIeTOK. B 3ToM coequHeHUM HAUOOJIBINUI 3JIEMEHT IPEIIIeCTBY-
iotieit OysieBoil perieTku B; siBJIsIeTCsl HAUMEHDBIIIUM JIEMEHTOM TIOCIIE Y TO-
et 6yaeBoit peretrku B; 1. BysieBbl Kacka bl IBASIOTCS aareOpantiecKuMu
MOJIEJISIMA UHTYHUITHOHUCTCKOM jornku H, B KOTOpOit BepeH crabblil 3aKOH
[Tupca wP, To ectb dpopmysa

(g=p) V=9 =p =0

B [8] upezcrasiieno jpa npumMepa OyIeBbIX KACKaJIOB (COeJIMHEHUE JIBYX
8-MU 3JIEMEHTHBIX OYJIEBBIX DEIIETOK ), 3JIeMEHTAMU KAayKJIO0 U3 KOTOPBIX
ABJISIIOTCS UMILJIUKATUBHBIE JIOTUKU.

B cBsi3u ¢ BbIIecKka3aHHBIM BO3HUKAET BOIIPOC 00 aredpanveckoil CTpyK-
Type Haleit OyJIeBoil «CKJICHKUy», U ajaredOpandecKuM IPUMEPOM KaKOU JIo-
IPUKHU 3Ta «CKJIEHKay sIBJISTETCsI?

10 MoganbHaga jgoruka Tr

Ocobennocts Jjioruku Tr y»ke B TOM, UTO OHa €JUHCTBEHHAs] U3 BCEX pac-
CMOTPEHHBIX YeTBhIPEX3HAUHBIX JIOIHK, KOTOPas 00/1a/[aeT MHTEPIIOJIAIINOH-
ubIM cBolicTBoM Kpeiira. Kpome Toro, ona sBjseTcss NpeKpPacHBIM KaHIU-
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JaTOM Ha POJIb HpOHOSHH,HOH&JIbHOfI JIOTUKH UCTUHBL. Bee 3Tt BOIIPOCHI MbI

paccCMOTpUM B CJIG,HYIOH_IGI'?'I CcTaTbe, a 3J1eChb IIpeACTaBUM aKCHUOMaTU3aIIUIO

Tr, rae MomaabHbI onepaTop [ ecTh sugoMmopdusM g:

1. Knaccuueckast mpomosunuoHa bHast jjoruka Co.
2. O(p =) < (Op — Oy).
3. Uy < O

4. OOy < .

[IpaBuna BeiBO#a: modus ponens u nmpaBuio ['€mess.
HokazaTeabcTBO OJHOTHI Joruky Tr o Kpunke, a Tak:Ke JI0Ka3aTe/b-

CTBO ajIredpam<IecKoil MOJTHOTHI Oy Iy T IIPEJICTABICHBI B CJIEIYIONIEH cTaThe.
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In this paper four lattices of four-valued modal logics are considered. Different algebraic
structures are the basis for construction, then these structures are gradually extended by
the endomorphisms and constant functions. In the first case, the lattice of extensions of
Boolean algebra B? is formed, then the lattice of extensions of De Morgan algebra DM 4
is constructed. In both cases the different modal logics appear, the properties of which
are described and compared. The lattice with tetravalent modal logic TML is considered
individually. Finally, the first two lattices are joined and the class of basic four-valued
modal logics is singled out. This class consists of L-modal system of Lukasiewicz, logic
V2 of Sobochiriski and von Wright’s truth-logic T”'. Special attention should be paid
to the logic Tr, which is functionally equivalent to the logic V2 and occupies a central
place in the final lattice. This logic is the only of the above-considered logics which has
the Craig’s interpolation property, and besides is an excellent candidate for the role of
propositional logic of truth. In conclusion its axiomatization is presented.

Keywords: modal logics, lattices of logics, Boolean algebra, De Morgan algebra,
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In [6] the definition of natural implication was introduced. One of the criteria for natural
implication is the normality of logical matrix [2, p. 134], a condition sufficient for
verification of modus ponens. In this paper two definitions of modus ponens are regarded:
in the designation-preserving sense and in the tautologousness-preserving sense. These
formulations are considered as applied to two-valued and three-valued cases. In two-
valued case these formulations are equivalent. But in case of three-valued logic we have
another situation: they are not equivalent, but the first formulation entails the second,
the reverse is not the case. According to that fact, the definition of natural implication
is transformed and truth tables for extended class of natural implications are presented.

Keywords: three-valued logic, natural implication, modus ponens principle

1 Introduction

In paper [6] (see also |7]) we introduced the definition of natural implication,
which defines the class of 28 implications with some useful properties.
Among them there are the implications of best-known three-valued logics.

One of the criteria for natural implication is the normality of logical
matrix |2, p. 134], a condition sufficient for verification of modus ponens. In
other words an implication should be required to preserve the designated
value. In this paper we consider the weakening of that condition and
extended class of natural implications will be regarded.

2 Two formulations of modus ponens

In [5, p. 70] N. Rescher pointed out the necessity “to distiguish between two
ways in which a modus ponens principle can be operative in a system of
many-valued logic”. There are two different formulations:

!The paper is supported by Russian Foundation for Humanities, project Ne 13-06-
00147a.

Jlorngeckne nccaepoBannsi. 2015. 21(1):138-143 / Logical Investigations. 2015. 21(1):138-143
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(i) a stronger condition: whenever p and p — ¢ are both designated
truth-values, then ¢ must also be a designated value;

(ii) a weaker condition: whenever p and p — ¢ are both tautologies, then
q must also be a tautology.

We would like to stress the distinction between these two formulations and
give it in symbolic form. Let us define some related notions and notations.

DEFINITION 1. The language L_, is a propositional language with the
following alphabet: p, q,r, ... — propositional variables; — — binary logical
connective; (,) — technical symbols.

DEFINITION 2. A definition of L_,-formula is as usual:
(1) if A is propositional variable, then A is L_,-formula;
(2) if A and B are L_,-formulas, then A — B is L_,-formula;

(3) nothing else is L_,-formula.

DEFINITION 3. A logical matrix is a structure 9 =< V, F, D >, where V'
is the set of truth-values, F' is a set of functions on V called basic functions,
and D is a set of designated values, D is a subset of V.

DEFINITION 4. A valuation v of an arbitrary L_,-formula A in 9N
(symbolically — |A|™) is defined as usual: [p|™* € V, if p is a propositional
variable; if A and B are L_,-formulas, and — is basic function in 9, then
|A = B =]AR" — B2

DEFINITION 5. An arbitrary L_,-formula A is a tautologie in 9 iff |A|™* €
D for every valuation v in 9.

Let’s formulate two versions of modus ponens:
(i) stronger: YVMW[(|AP € D& |A — B[ € D) = (|B|™ € D)J;
(ii) weaker: YO [Vu(|A|™" € D) & VYv(|A — B|™* € D) = Vo(|B|" € D).

2.1 Modus ponens: two-valued and three-valued cases

Let Ms be a two-valued logical matrix

My =< {1,0}, —, {1} > .3

2For the clarity we use the same symbols both for language functor (propositional
connective) and corresponding matrix function.
3 is defined through the usual two-valued truth table.



140 N.E. Tomova

It can be seen that in two-valued case modus ponens principle in form (i)
and in form (ii) are equivalent.

But in case of three-valued logic we have another situation: (i) and (ii)
are not equivalent, but (i) entails (ii), the reverse is not the case.

Thus consider for instance the three-valued logical matrix

M3 =< {17 1/27 0}: — {17 1/2} >,
where — is defined by the folowing truth-table:

— |1 12 0
1 {1 1 0
|1 1 12
01 1 1

It can be easily seen that modus ponens in form (i) is not valid in the
matrix 3. That is, for some A and B there is valuation v such that |A|, =
1/2,|A — B|, =1/2 and |B|, = 0.

Although modus ponens is not “normal” in the matrix M3, it is a
tautologousness-preserving rule of inference.

THEOREM 1. Modus ponens in form (ii) is hold in the matriz 9Ms, that is

Vo(|Al, € {1,1/2}) &Vu(|A — B|, € {1,1/2}) = Vu(|B|, € {1, 1/2}).

PRrOOF.

1.  Let theorem does not hold — assumption

2. Yu(|Al|, € {1,1/2}) and Vv(J]A — B, € {1,1/2})

and Jv(|B|, ¢ {1,1/2}) — from 1

3. WYu(|4], € {1,1/2}) — from 2

4. WYv(|A — B|, € {1,1/2}) — from 2

5. FJu(|Bly ¢ {1,12}) — from 2

6. |Bly=0 — from 5, elim. of
quantifiers

7. |Aly € {1,1/2} — from 3, elim. of
quantifier

Then we have two cases:
Case 1.
8 |Aly=1 — from 7



Natural Implication and Modus Ponens Principle 141

9. |A|ly = |Bly =0 — from 8, 6,
definition of —
10. |A— B|y =0 — from 9, def. 4
11. Fv(|A — Bl, ¢ {1,1/2}) — from 10
12.  Assumption (1) is incorrect — from 11, 4
Case 2.
13. |Aly =1/2 — from 7

14. Let’s define the following valuation v” :

" _ U/(p),if U/(p> = {170}
e = {1,if v (p) = 1.

Then two lemmas on v’ and v” valuations take palace.
LEMMA 1. VA :if |A|, = 1/2, then |A|,» = 1.
LEMMA 2. VA : if |A|, =0, then |A[,» = 0.

These short lemmas can be proved by induction on the structure of
formula A.

Let’s continue our proof of theorem:

15. |A]yr =1 — from 13 by lemma 1
16. |B|,» =0 — from 6 by lemma 2
17. |Alyr = |Blyr =0 — from 15, 16, definition of —
18. |[A— Bl =0 — from 17, definition 4
19. Fw(|A — Bly ¢ {1,1/2}) — from 18
20. Assumption (1) is incorrect — from 19, 4
Thus the theorem is proved. O

So we have considered two nonequivalent versions of modus ponens in
terms of logical matrix 9Ms.

3 Natural implication: extended class
Let’s recall the definition of natural implication, which was introduced in [7]:

DEFINITION 6. Implication is called natural if it satisfies the following
criteria:
(1) C-extending, i.e. restrictions to the subset {0,1} of V3 coincide with
the classical implication.
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(2) If p— q € D and p € D, then ¢ € D, i.e. matrices for implication
need to be normal in the sense of Lukasiewicz-Tarski (they verify the
modus ponens) [2, p. 134].

(3) Let p < g, then p - g€ D.
(4) p — q € V3, in other cases.

Under the definition 6 there are 6 implications when D = {1} and 24
implications when D = {1,1/2}.

So, according to previously reviewed two versions of modus ponens
principle we can transform our definition of natural implication and weaken
the condition of normality, i.e. condition (2) can be replaced by modus
ponens principle in form (ii).

As the result, we obtain a new update definition of natural implication
and respectively extended class of implications, which satisfy that
transformed criteria.

Thus, there are 8 implications when D = {1}:

- |1 12 0 = |1 12 0
1|11 a O 1|1 0
2|1 1 b 21 1 ¢
0O]1 1 1 O]1 1 1

where a € {0,1/2}, b € {0,1/2,1} and ¢ € {1,0}.
When D = {1,1/2} the class of natural implications is expanded
significantly. In this case there are 72 implications:

— |1 12 0
111 b 0
2la a b
01 1

where a € {1,1/2} and b € {0, 1/2,1}.

So, the extended class of natural implications consists of 80 implications,
which defined by 72 truth tables mentioned above. (Note that 8 truth tables
with D = {1} are included in the list of truth tables with D = {1,1/2}.)

The fact that modus ponens principle in form (ii) holds in the matrices
with the natural implications, defined by the foregoing truth tabeles, can
be proved the same way (with some modifications) as in section 2.1.%

“The proof is required for the implications, for which modus ponens in form (i) is not
hold.
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So, as the result of the trasformation of the definition of natural
implication in terms of tautologousness-preserving property of modus
ponens, we have 44 new truth tables for natural implications, which are
not appeared while using the unchanged definition.

More examples of three-valued implication, which satisfy only the weak
formulation of modus ponens can be found in papers [4, 3|. In both cases
the implications verify all tautologies of classical propositional logic. The
complete list of truth tables for such implications can be found in |1, p. 64,
80-81]. Our extended class of natural implications is different in that not
all implications verify all tautologies of classical propositional logic.

It is of interest to continiue our investigations of functional properties of
three-valued logics (q.v. [7]) and consider the extensions of regular Kleene’s
logics by these new implications. It is expected that in our classification of
three-valued logics will appear some new basic systems.®
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According to some philosophers we can distinguish two trends in dealing with (especially
natural) language. One of them is older and uses explications that simplify the richness
of the language, so that the result of its efforts is an artificial image of language not
corresponding to its real shape. The more recent trend tries to capture all the richness
of the language together with all its irregularities and is represented mainly by Quine’s
and later Wittgenstein’s philosophy. The older trend (I call it analytic group, AG, here)
is sometimes criticized as being somehow obsolete while the more recent trend (called
here Q-W group, Q-W, here) is then evaluated as more promising (more ‘progressive’).
I try to show that AG is incomparable with Q-W because both try to answer distinct
questions, solve distinct problems. (A comparison could be realized on the higher level
of evaluating the choice of problems itself, which is another topic.)

Keywords: sense, meaning, reference, denotation, explication, abstraction

1 Motivation

A characteristic (together with an implicit evaluation) of the two approaches
that will be dealt with in this article can be found in |2, p. 240]. (My
translation from Czech:)

“Tractatus is ‘...a document of far-reaching simplifications of talking about
‘language’, so common among the pioneer generation of analysts. A happy
juggling with the words ‘language’, ‘sentence’, ‘thinking’ or ‘meaning’, not
very much taking into account their current (actual) sense and motivated
largely by the endeavor to let the results of these ‘analyses’ fit in (by
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means of analogously stultifying treating the words ‘possible’; ‘necessary’
or ‘only’) is to certain extent characteristic of a part of analytic philosophy
up to now.” (Wittgenstein’s transient years are) ‘a story of waking up from
this blissful insanity.” Instead of a perfectly fitting in system of ‘language’
Wittgenstein ‘turned to an incoherent and chaotic landscape of language full
of irregularities. ..”

True, both trends I want to analyze are characterized in this quotation,
but this characteristic is surely not ‘objective’, emotionally neutral: it tries
to evaluate both approaches and to show that one of them is passe while
the other is ‘waking up’ from ‘blissful insanity’.

One of the key notions enabling the author to write such an evaluation
is the notion of simplification. I will show that the author’s standpoint is
based on a very essential misunderstanding.

2 Frege’s legacy

In his [10] and articles about nineties, especially in [11] Frege recognized
that understanding expressions of a given language has to be explained.
He proposed his ’semantic triangle’, i.e. the scheme where between the
expression and its reference (denotation) there is inserted an abstract object
called Sinn (sense, we will use also meaning). The idea was sound: without
something like Frege’s sense one could not explain why some series of sounds
or letters can denote an object, a property, a relation etc. and why distinct
expressions can denote one and the same object.

Remember: to explain a fact we have to introduce some abstract notion(s)
which explicate (in Carnap’s sense) some intuitively understood idea.

Frege was underestimated and ignored by his contemporaries but the
development of (not only mathematical) logic, analytic philosophy and
logical analysis of (natural) language in 20th century is unthinkable
without him. Even the original Warsaw-Lemberg school has been influenced
(Ajdukiewicz) and the nominalists from the Vienna Circle had to admit that
idea of semantics was attractive [4].

3 The golden age of semantics

Frege did not define his sense, he just characterized it as the mode of
presentation (see [12, p. 57]), which suggests an important role of the sense
but which cannot replace a definition / explication. Therefore Frege himself
met a problem with semantics of some subordinate sentences (and tried to
solve it, unfortunately accepting contextualism), and in [4] had to solve the
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same problem. This circumstance has led however to a kind of blossoming
semantics. David Kaplan writes in his [14, p. 13]:

“During the Golden Age of Pure Semantics we were developing a nice
homogenous theory, with language, meanings, and entities of the world
each properly segregated and related one to another in rather smooth and
comfortable ways. This development probably came to its peak in Carnap’s
Meaning and Necessity (from 1947). ... There is great beauty and power in
this theory”.

According to Kaplan there were some gaps in this beautiful theory.
Kaplan speaks about proper names, demonstratives, quantification into
intensional contexts, but we can add some important points:

Carnap himself recognized that his ‘method of intensions and extensions’
cannot solve some semantic problems (‘indirect contexts’ — [11], who reacted
by ‘reference shift’ and became a contextualist).

Thus Carnap can be said to have discovered the phenomenon of
hyperintensionality (described by [8]). Here we can see the inspiration for
Alonzo Church, who began to look for a finer criterion of equivalence of
expressions than Carnap’s intensional isomorphism: see 7|, where Church
defines synonymous isomorphism, and Anderson’s 1] appraisal of Church’s
role.

(Church’s results can be used when procedural semantics is discovered as
a tool of solving problems of contemporary analyses.)

4 Analytic theories of language

The development of the analytic theories of language continued in various
directions:

Montague’s influential school of logical analysis of natural language,
based on lambda calculus and presenting particular analyses of a fragment
of English. Montague’s abstraction works with translations from English
to intensional logic and using the standard process of interpreting. See
Montague (1970), (1974), [13].

Systems using the idea of possible worlds helped modal logic understand
modalities and add to C. I. Lewis—like axioms semantic making it possible
to define also empirical modalities due to Kripke’s accessibility relations.
See [15], [16].

20th century is full of outstanding philosophers and logicians offering their
contributions to solving problems first formulated by Frege. We find here so
many great names of philosophers and logicians who continued working at
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least partially on the Frege’s legacy (Hintikka, Marcus, D. Lewis, Kaplan,
not to forget B. Russell essentially inspired by Frege, Woleriski, Partee,
Schiffer etc. etc.).

This fact can be explained: The problems that were gradually discovered
when the Frege’s work was finally appraised gave birth to further problems.
The endeavor to closer characterize Frege’s idea of Sinn led to always new
sub-problems.

An important attempt in this respect had it that intensions (as PW-
intensions) could play this role. This step evoked new problems: the
mathematical expressions would not possess meaning? Or: what is denoted
by empirical expressions? In what sense can we speak with Cresswell about
‘structured meaning’? Is meaning dependent on context?

Among the names of the 'wise (wo)men’ working in the 20th century
on solving the problems of meaning of the NL expressions one name must
be certainly adduced: Pavel Tichy, who founded a semantic system as a
hyperintensional system generated by a top-down approach.

Here we adduce Tichy’s characteristic of explication because we should
be aware of the fact that we do not claim “Meaning is ...” but rather “The
optimum explication of meaning is ...”. The quotation will also contribute
to our main task: showing that the evaluation of the situation concerning
the notions of analyzing language, as quoted at the outset of this paper,
is based on an essential misunderstanding. The following quotation can be
found in [19, p. 194-195].

“The purpose of theoretical explication is to represent intuitions in terms
of rigorously defined entities. It is to Frege that we owe the insight that
the mathematical notion of function is a universal medium of explication
not just in mathematics but in general. To explicate a system of intuitive,
pretheoretical notions is to assign to them, as surrogates, members of
the functional hierarchy over a definite objectual base. Relations between
the intuitive notions are then represented by the mathematically rigorous
relationships between the functional surrogates”.

Tichy’s characteristic of explication is a concretization of what Carnap
said about explication in his [5]. It is clear that every explication has to use
abstractions and is therefore a kind of simplification. We will return to this
point below.
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5 Two kinds of criticism

Whenever some shortcomings or simply not solved problems were detected
in the work of analytic philosophers/logicians two kinds of reaction could
have been expected:

2)

Collegial: A way of removing the shortcomings is proposed so that the
explanatory character of the text were preserved.

Ezamples:

Being dissatisfied by Frege’s definition of concept Church redefines
concept in [6]. His proposal preserves the realistic character of concept
and makes it possible to continue Frege’s logical treatment of concepts
and of the relation between sense and denotation.

See Church’s reaction(s) to Carnap’s intensional isomorphism.

When Tichy detects that Frege’s ‘reference shift’ is untenable he
defines suppositions de re and de dicto and modifies Frege’s semantic
triangle.

Hostile: The purpose itself of the criticized text is made dubious.
Ezamples:

Two examples are sufficient here because they essentially influenced
the way in which an illusion arose according to which the analytic
endeavor to explain some logical puzzles connected with superficial use
of language is obsolete and should be replaced by a faithful description
of the real use of language.

The first example is the well-known Quine’s criticism [17] of Carnap’s
attempt at defining semantics of natural language in [4]. According
to Quine Carnap’s proposal is a simplification. His attempt to
define the triple meaning, analyticity, synonymy necessarily breaks
down because meaning is an obscure notion and language behaves
holistically.

Holistic behavior means: “the distinction between the linguistic and
the empirical factor (that makes it possible to distinguish between
analytic and synthetic sentences) is not significantly traceable into
the statements of science taken one to one” [17, 42].

Quine’s critique was not oriented as a rectification of Carnap’s
attempt, unlike Church’s critique: it resulted in turning down
Carnap’s project of explicating semantic notions. Quine replaces this
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project by a pragmatic description of the way language actually
behaves (see [18]).

Instead of the 'obscure’ notion of meaning in the spirit of Frege’s Sinn
a behaviorist generalization stimulus meaning is leaving semantics
and becomes a naturalistic causal notion. It seems that while Carnap
simplifies reality Quine describes it using empirical methods.

The second example is also famous. Wittgenstein’s Tractatus was
a great attempt at explicating some notions used to explain the
way in which language corresponds to the world. This time it was
Wittgenstein himself who began to speak about heavy errors in this
remarkable book and to abandon any attempt to use abstractions
that should explicate used notions to find deep regularities helping to
explain linguistic behavior from the viewpoint of its underlying logic.
Instead we find now collections of witty observations of particular
"linguistic games’, full of interesting ideas and stimuli.

Summarizing, in the light of Quine’s refusing analytic methods
and later Wittgenstein’s shift towards describing ’language games’
an impression arose that the analytic approach to studying and
analyzing language, which tried to ezplain some facts connected with
using language and relevant from the viewpoint of logic, explicated
therefore some more or less unclear notions and used frequently
abstraction, is too artificial, and simplifies the complicated world of
language use, whereas the philosophers inspired by Quine and the
later Wittgenstein, who do not explain the above mentioned facts but
describe the way a language is used and for whom generalization is a
sufficient kind of abstraction, represent a more "progressive’ form of
doing philosophical analyses because they do not need to simplify the
complicated reality of language use.

6 Comments and summarization
A. Abstraction

Reality — including the reality of language use is of course complex
and chaotic. We can become aware of some features of this reality when
using a somehow systematic description and taking into account some
generalizations. A more systematic way of detecting some features that are
interesting from some relevant viewpoint consists however in abstracting
something from something and explicating the notions that arose due to
abstracting.
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When we want to explain some phenomenon then multiple abstractions
and so multiple simplifications are necessary.

Imagine how such a successful science as physic would develop if it did
not systematically use abstraction. It would be probably a boring discipline
describing physical phenomena known to everybody.

Nobody will probably criticize physic although it demonstrably simplifies
reality. Everybody knows or at least guesses that there would be in practice
no physic if simplifications were forbidden. Logical analysis of language is
not as 'popular’ as physic, so people are tolerated when they comply that it
contains so many abstract objects and so simplifications — see the quotation
at the outset of this article.

As an illustration of the role of (simplifying) abstraction we adduce a
quotation from Tichy |20, p. 183-184|, where Tichy answers the question,
when Gallileo did mathematics discovering the law of gravity:

“while plotting the values of the function against its arguments Gallileo was
not doing mathematics. He was just taking down what was dictated to him
by nature. ...But Gallileo not only identified the free-fall function. He also
noted that there is a quite a straightforward way of calculating the values of
the function from its arguments. Given an argument, all one needs to do is
multiply it by two, divide the result by 9,7, and then take a square root. It
was when he made this second discovery, a discovery concerning a complex
involving functions and numbers, that he was doing mathematics”.

By the way, the simplification given by this calculation is clear: no object
will obey the result because the resistance of the given environment has
been abstracted from. ..

Thus abstracting we always simplify but this does not mean that we
negate complexity. We can show that as ’simplifying’ analysts we know
that, necessarily, we simplify but that we know very well that this necessary
simplification leads after all to acquisition of new knowledge. In [9] we write:

“The way we understand the enterprise of logical analysis of (natural)
language, it is neither eliminative nor reductive, but selective. The analysis
selects particular features of language, leaving all the remaining untouched
and unscathed. We obviously acknowledge the pragmatic categories of (act
of) assertion, language acquisition, communication, speaker’s intention, etc.
And we acknowledge no less the full range of pragmatic paraphernalia that
keep natural language lubricated and running, including non-verbal winks
and nods, hints and clues. But while they exist in their own right, they are
immaterial to the project of, ideally, isolating all and only logically salient
features of (natural) language. So we blot out what is in effect the vast bulk
of natural language in order to zoom in on the remaining fragment and blow
it, as it were, with a view to studying it in more detail”.
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B. Philosophy

We have suggested the goal of our analytic studies concerning the logical
character of some abstract complexes underlying natural language and
enabling us to explain the fact that we can clarify the meaning of NL
expressions and the deep character of logical laws explained in terms of
those complexes. This is in my opinion the task to be gradually fulfilled
by our studies and we are convinced that we do something what can be
classified with philosophical studies, since it transcends the immediate level
of observed facts. Let us speak about the analytic group (AG).

Now a following question can emerge:

Can we ascribe philosophical character to studies that are worked out in
the spirit of Quine and, e.g., the later Wittgenstein (Q-W)?

There are two possibilities:

I. The work of the Q-W group is essentially a not philosophical work.
In this case it is impossible to compare the Q-W group with AG, let
alone to claim that the former is somehow more progressive than the
latter.

II. The Q-W group is also a philosophically oriented group. Then it is
clear that the kind of philosophy applied by it is essentially distinct
from that applied by AG. Then, of course, the comparison of both
groups is impossible as well.

Ad I.:

Quine applied philosophy when he criticized Carnap, viz. by using holistic
objection. Building up his positive theory of language he created an
interesting theory in his [18|. I think however that his theory is based on
experience and is restricted to describing phenomena. As a smart description
using more generalization than other kinds of abstraction it could be hardly
called ezplication. An empirical description — even be it as good as Quine’s
— is in my opinion not yet a philosophical analysis. As for Wittgenstein, let
him speak:

“Philosophy simply puts everything before us, and neither explains nor
deduces anything — Since everything lies open to view there is nothing to
explain. For what is hidden, for example, is of no interest to us” [21].

This can be interpreted as either a denial of philosophy or a formulation
of philosophy incompatible with the philosophical background of AG.



152 P. Materna

Ad II1.:

Well, it would be rather laborious to characterize the philosophy that
underlies the views shared by the members of the Q-W group. It will be
probably better to mention some points where AG will always dissent with
the Q-W people.

The main such point consists in willingness to assume that abstract
complexes definable within an explication should be taken seriously: while
the members of AG are happy with such complexes the Q-W people warn
us against abstract ‘commitments’.

By defending the use of abstract complexes (like abstract procedures)
members of AG not necessarily speak about ‘existence’ because if to exist
means to be principally spatio-temporally localizable then abstract objects
do not exist, as our great Platonist Bernard Bolzano explicitly stated in his
[3, p. 224].

Therefore AG people are convinced that explaining some phenomena
whose necessary character is admitted (albeit reluctantly) even by the Q-
W people can be realized only taking in abstract surrogates for not very
clear intuitions. They oppose the inclination to sell this necessity for the
necessity of norms, which we can observe in some formulations typical for
the members of Q-W. Therewith is connected the well-known reluctance to
admit necessities even in logic, as we can read in [17].

The notion of necessity (to be explained by means of using abstract
complexes in explications) makes it possible to distinguish empirical
(contingent) knowledge from non-empirical knowledge. The borderline is
definite (definable) for AG while the Quinean relativization thereof lives in
the followers of Q-W. Thus the AG people warn us against the inclination to
accept something like ‘absolute empiri(ci)sm’, according to which all what
can be said about, e.g., language can be said within empirical study pursued,
e.g., by linguistic semantics.

Suggesting these differences between AG and Q-W we can state that the
problems which have to be solved by AG are distinct from the problems to
be solved by Q-W. In this sense we can say that the quotation from Beran’s
book claims nonsense: it tries to compare (and even evaluate) incomparable
disciplines.

There is a level on which we perhaps could compare, and maybe that
the author of that quotation had in mind this higher level, namely the
level where we want to compare and evaluate the choice itself: would you
prefer to choose AG, or Q-W? To consider this problem means to compare
two comparable approaches if we assume that we want to solve the same
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problems, and claim that one of these choices is better than the other.
Yet I tried to show that AG and Q-W actually solve distinct problems.
Thus we can say nothing rational to this second interpretation of Beran’s
‘Conclusion’.
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B craTbe mpenmaraercst HOBBIM TOAX0 K (POPMATU3AIUN PACCYK/IEHNI HA OCHOBE ITy0-
JIMYHBIX OObSIBJICHMIA.

B mepsoit vacTu onucbiBaeTcs vesi HOBOM SKCIIUKAINN TyOJIMIHBIX OObSIBIEHAN HA OC-
HOBE SHTHMEMUYIECKONH MMIUIMKAIUY, TOAPOOHO n3sioxkeHnoi B [1]. Bropas gacts mocss-
mnieHa 0030py PA3/IMYHBIX CUTYAIMI PACCyKIEHHIl Ha OCHOBE IIyOJIMYHBIX OObABJIEHUIA.
OTrajKuBasich 0T MOAUMUIIMPOBAHHON BepCuM Auajora «JleTn ¢ rpssHBIMU JTUIAME», S
BBIJIEJISIO YEThIPEe TUIA TAKUX cuTyanuii. B Tperbeit yacru BBogurcs: cucrema PADME
(Public Announcements Dialogue Modelling Engine — cpencTso MoJempoBaHus ua-
JIora ¢ IyGJIMYHBIME OObSIBJIEHUSsIMHA), [IPEICTABIISIONIAs CO00H PAa3HOBUIHOCTH CUCTEMBI
CcyOOPAMHATHOTO BBIBOIA. B mocseueit 1eTBepTOil YacT PACCMATPUBAIOTCS JATbHEHIIINE
HaIIPaBJIEHNs] PA3BUTUS UCCJIEJOBAHUIL.

Kmouesvie caoga: mybImIHbIE OObSIB/IEHUS], SHTUMEMATHIECKAsT UMILTUKAIINS, CyOOp/In-
HATHBIN BBIBO/T,

1 Bsegenue

B npegpiaymeit crarbe |1] 6bl1a mpeiokeHa ujiesi HOBOro moaxoja K Gpop-
MaJIn3aIuy PACCyKIeHNI HA OCHOBE IyO/IMIHBIX 00bsBennit. Tpaauiinon-
HO B Jioruke my6inanbix oobssiennit (PAL) nmybinanoe o0bsiBIeHEe BbIDa-
JKaeTCsl ¢ IIOMOIIBIo oneparopa [A] B, nedopMmasibHo oHHMaeMoro Kak “B
UCTUHHO mocsie (mpaBanBoro) obbsiBaeHuss A”. YCI0OBHO TaKyi0 TPAKTOBKY
MOKHO Ha3BaTh “HanpasjeHHoil B Oymymee’ (forward): B Hell sKcrumu-
pyeTcs 1epexoj| OT IyOJIMIHOrO 00bIBJIEHUs, IPOU3OIIEIIIEr0 B KAKOH-TO
MOMEHT B ITPOILJIOM, K HICTUHHOMY Ha 3TOM OCHOBAHUU B KAKOW-TO CJEIYIO-
muii MOMEHT yTBepzKaeHnio. [Ipn 9ToM arent ocyrnecTsiseT (MM BOCCTa-
HABJIMBAET, BBIYUCIISIET) ITOT Tepexo/l. pyrumu ciioBamu, mybanaHoe 00b-
sIBJIEHIE KaK Obl JIEK/IApUPYET BO3MOXKHOCTH TAKOI'O IEPeX0a, (DaKTUIECKH

! Pa6ora gacTuuno mogmepxana PTH®. ['parr Ne 13-03-00461.

Jlormgeckne nccaepoBaunsi. 2015. 21(1):155-166 / Logical Investigations. 2015. 21(1):155-166
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MoJIpa3yMeBasl HAJIWYIne JIOTHIEeCKOTO CICTOBAHNUS MEXKJY BBICKA3LIBAHMUSI-
Mu A u B, Ha 9TO yKa3bplBaeT CTAHJIAPTHOE yCJIOBHE UCTHHHOCTU (HOPMYJT
C OIIEPATOPOM ITYOJUIHOIO OObAB/IEHUSA B CEMAHTUKE BO3MOXKHBIX MUPOB —
ecsim A UCTUHHO B IPOM3BOJILHOM Mupe Mojesnu M, To B uctunno B «yce-
YeHHOI» Mopesm M, OPpAaHMYEHHON TEMU MUPAME, B KOTOPBIX UCTUHHO A.
[Ipeanonaraercs, 9To panMoOHAILHBIH areHT 3HAET BCe CIeJCcTBus A u, cite-
JIOBATEJIBHO, MOXKET OCYIIECTBUTH TaKOH Tepexon. B pesymbrare mosyda-
OITASICST PEKOHCTPYKITAST PACCyKJICHUI Ha OCHOBAHUU MYOJUIHBIX OObSIB-
JIeHUl TpesicTaBysIeT coOOi TOC/IEIOBATENBHOCTD MyOIUIHBIX 00bsABICHU
AareHTOB, & TMPOIECC TEPEXO0/Ia OCTACTCSI He IKCIIUITUNPOBAHHBIM STBHO.

B ocroBe HOBOTO m071X0/18 K (DOPMATUIAINN TAKUX PACCYKICHUN JIEKUT
ujiesl IPUHIUIINAIBHO UHOW TPAKTOBKH OIIEPATOPa IyOJUIHOrO OObsIBIIE-
HUA, KOTOPYIO MOXKHO YCJIOBHO O603Han/ITb KaK <«HaIlpaBJIEHHOCTHL B IIPO-
nwioe» (backward). Bo-mepBbix, npeanosaraercst, 9ro mybandHoe 00bsiBIe-
HUE BCerjia JeaeTcsd Ha KAKOM-TO ocHOBaHUU. VM MOTYT OBITH IPEIbIIyIIee
nyomaHoe 00 baBIeHne, PaKTOMDUKCUPYIONINE BHICKA3bIBAHNSA, OCHOBAHHDIE
Ha JaHHBIX OIIbITa, NJIXM BbICKa3bIBaHM, O6yC.HOBJIeHHbIe 3HaHUAMU ar'eHTa.
B sTom cmbicite mybamanoe obbsienne A/B MOXKHO TPaKTOBATH KaK Xa-
PAKTEPUCTUKY TEKYIIEro COCTOSHUSI 3HAHUI 00beKTa — “00bsiBiaeHo A na
ocHoBaHuu B” — arenTty GbLIO U3BECTHO (B 9ACTHOCTHU, MOIJIO OBITH OObsIB-
JICHO paHee), 4T0 B mMeer MecTo, U OH MPHIIET K BBIBOAY, 4TO A.

Bo-Bropbix, npeiaraercs hopMasibHast SKCITMKAIIAST HOBOTO OTIEPATOPA
Hy6JII/ILIHOFO O6’])HB.H€HI/IH II0 aHAJOTUU C TaK Ha3bIBAEMOU YHTUMEMIUECKOI
uMILIIKaIpeii. B camom Jieste, ecsim HEKTO Ha ONPEIEIeHHOM (U3BECTHOM
HaM) OCHOBaHuM B 3asBiisier, uTo A, 9T0 MOXKeT O3Ha4aTh, 4TO Jnbo A
HETIOCPEICTBEHHO cyieyeT n3 B, mubo nMeeTcst MOTOTHUTEThbHA HHPOPMa-
st (nponyiennasi mocelika C'), Koropasi B couerannu ¢ B Bieder A. B no-
CTIETHEM CJIyUae areHTy MPEeICTONT (PaKTHIECKN BOCCTAHOBUTE SHTHMEMY —
BBIYUC/IATE IPONYIIEHHYIO TOChUIKY C'. DT HedOpMaJIbHbIE COODPaXKEHUST
ObLIN 3apUKCUPOBAHBI B IIPEIBIIYIIEH CTATHE B BUIE IEPBOHAYMAIBLHOIO Ba-
pHUAHTA OIpeJIeJIeHUs] OIIePATOPa NYOIIMIHOIO 00bABIIEHUS:

A/B &pp3C(C A ((CAB) = A)).

Jastee ObLT PACCMOTPEH IIPUMED, IIPEJICTABJISIIONIUI YIIPOIIEHHYO BEPCUIO
n3zBectHOro juaJiora «Muddy childrens. B craTbe on 6611 HazBaH «Y Bac BCs
crimHa 6eJiasty, 9TO MPEJIIOJIAraeT OTChLI K M3BECTHBIM (DEHOMEHAM PYCCKO-
SI3BIYHON KyJIBTYPBI. BoJiee mHTEpHAIMOHAIBHOE (U «TOBODSIIIee» ) HA3BaHUE
morio Ob1 661Th «Muddy Teachers», mockobKy OyKBaabHO B WILIIOCTPATUB-
HOM JIMAJIOTe PEeYb IJIa O MPENoIaBaTeNdX, MCIAIKABIINX CIUHY MEJIOM.
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MonenupoBanue mpeImnoaraio «CMEIIaHHYI0» TOC/IeI0BaTEeIbHOCTD YITOPSI-
JIOYEHHBIX ITyOJINYHBIX O0bsIBIEHUI U BhICKa3bIiBaHuii. Jlymaercs, 4To Takoe
[IpEJICTABJICHUE JAHHOTO WJIX MOAO00HOTO €My JMAJIoTa, SIBJISIETCS HE BIIOJIHE
KOPPEKTHBIM — IIpaBUIbHEE OBbLIO OBl pa3IndaTb HEIIOCPEICTBEHHO IMa-
JIOT' KaK II0CJIEI0BATEIBHOCTD IIyOJINYHBIX 00bABIJIEHNN U COOTBETCTBYIONUX
UM PacCyzKIeHUil, KOTOpbIe, BO-IIEPBBIX, OCYIIECTBIISIOTCS Ha OCHOBE OTHUX
00bsIBJICHUI, &, BO-BTOPBIX, JIEJIAIOT BO3MOXKHBIMU TOC/IEAYIONNE 00 bABIIE-
Hus. Kpome Toro, Moge TmpoBaJICs TOIBKO OJINH BAPUAHT PA3BUTHST COOBITHIT
B 9TO#l CUTyaINH, U MOy YUBIIAsICT PEKOHCTPYKITUS CKOPEe CJIYKUJIa UJLITIO-
cTpanueili OCHOBHOW WJIeW W BO3MOXKHOCTE HOBOT'O OlepaTopa.

Bce st coobpaxkennsi dakTudeckn OOyCJOBIUBAIOT COJIEPXKAHUE U
CTPYKTYPY JaHHO# cTaThu. B ciemyroneM pasese Ha OCHOBAHUHT OoJiee 1Mo-
apobHoro paccmorpenust auajora «Muddy teachers» m BO3MOXKHBIX JIMHUI
Pa3BUTHUsI CIOXKETA JEeIAeTCsd IOIBITKA TPEIBAPUTEIHLHON CHCTEMATU3AIII
Pa3IUYHBIX CJIy4aeB IyOJHMYHBIX 00bsBiIeHUil. B TperbeMm paszeie crarbu
YTOYHSIETCS OIpeeieHue OIepaTopa MyOJINIHOIO O0bIBICHUS TaK, ITOOLI
OHO TOJIXOJMJIO K 60JI€€ MUPOKOMY MHOXKECTBY aHAJIU3UPYEMBIX PaCCy K Ie-
HUM, U 3aKJIaIbIBAIOTCS OCHOBBI OOIIETro O/IX0/1a K MOJIEJIMPOBAHUIO TTOI00-
HBIX JUAJIOT0OB IOCPEICTBOM (POPMAJIHLHON CHCTEMBI, IIPEIITOIaraiomieil sKc-
IJINKaIIUIO He TOJILKO O6MeHa O6’])$[BJI€HI/I?IIVII/I, HO M1 JiexKallluX B UX OCHOBE
paccyXaeHunii. B 3akiouenne MoABOIATCA UTOIMM M HAMEYAIOTCH IIePCIeK-
TUBBI JIAJbHENUIINX UCCJIEIOBAHUNA.

2 Tunbl ny6anvYHbIX 00bsiBJIeHuiT B KoHTekcTe Muddy
Teachers

Muddy Teachers. Ouucanne

[Tocne neknuu Ha Kadeapy (JIOIMKH), Tje IPUCYTCTBYET TOJBKO OJUH
JeJIoBeK (3aBeyronuii Kadeapoil) BO3BpalaloTcs 1Ba npenojasaresis (o u
B). BaBemyroniuii, MOCMOTPEB HA HUX C PA3HBIX CTOPOH, JIeJIaeT IIyOaImaHoe
00'bsIBJIEHIE
1. 0:  “Ilo kpaiineili Mmepe y OJIHOI'O U3 BaC CIIMHA B MeJy .
Jlajee cOOBITHSI MOT'YT Pa3BUBATHCS 110 HECKOJBbKHM  CIICHAPUSM.
Crenapuit a. [locmorpes Ha [ W yBUIEB, 9TO €ro CIIHHA YHUCTasl, Ipe-
[IO/IaBaTEb (v OObSIBIISIET
2. a: “Mosg cuuna B Mesy’ .
ITociie aToro (3, naxe He TJIAAd Ha (v, OObLABIISET
3. B: “Torma mos crunHa — 9ucTast .

Nmenno sTor crienapuil ObLT BBHIOPAH JJIsi MJLIIOCTPAIMA BO3MOXKHOCTE
HOBOT'O OIIpejie/ieHusi. AKIIEHT TIpU 3TOM OBLI ClleJIaH Ha OObsiBjieHUn [3.
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[Ipeanomnaranock, 4ro ycibimas obbssiaenue « : p/(p V q), OH, B COOTBET-
CTBUH C IIPUBEICHHBLIM BLIIIE OIPEIEICHUEM, IIOHSI — CYIIECTBYET IJOIIOJI-
HUTeIbHasT mHPOPMAIINsI, TO3BOJIAIONAs OT pV g nepeiitu K p. lanee, 3HasI,
910 —¢ A (p V ¢) BIedYeT p, OH BOCCTAHOBHJI SHTUMEMY U TIOJIyUUT OCHO-
BaHUE YyTBEP2KJAaThb, YTO IPOIIYIIIEHHAsd IIOCBLIIKa BE€PpHa, TO €CTb €ro CIIn-
HA — YHUCTasi. YCJOBUMCH HOJOOHYIO CUTYAIMIO IIYOJIMIHOrO OObSABJICHUS,
OCHOBAaHHOT'O HA BOCCTAHOBJIEHUN PACCYZKJIEHUs C TPOIYIIEHHON TOChLIKOM,
HAa3bIBATh JAJIEE IHMUMEMULECKOT.

Crour 06paTuTh BHUMAHUE, UTO CUTYAIUS IHTUMEMUIECKOIO OObsiBIe-
HUs BO3HUKAET TOJILKO IPHU IIepexojie K TpeThbeMy mary auajora. lIpeab-
AyIIye perjnKy, IPOU3HeCEeHHbIE IPYIUMU JIHCTBYIONUMY JINIIAMU, THTEP-
[IPETUPOBAJIUCH HE KAK IIyO/JIMIHbIE OObABJIEHN, & KAK HEKOTOPAas IPUBHE-
cennasi nadopmarus. Cresys TeKJIapUPOBAHHOMY BBIIIE TPUHITUITY, TOCTa~
paeMcsl IPEeJCTABUTD BCIO IOC/IEI0BATE/ILHOCTD MaroB 1-3 Kak cepuio myo-
JIMYHBIX O0bSIBJIEHU.

Hecomuerno, ocobbiM cTarycoM obJsiagaeT mepBoe MybandHoe 0ObsIBIIe-
Hue. Bo-1epBhIX, ¢ HENrO HAYMHAELTCSI JIMAJIOT, OHO 3a/[a€T UCXOJIHBIE TTOCHLI-
KU JJIsI TIOCTIEIYIOIIUX PACCYZKIEHU, a BO-BTOPBIX, €My He MPEJIeCTBYeT
HUKAKOTO O0bsIBICHUS. YTO Ke CIYKAT OCHOBAHUEM JIJIsl TIEPBOTO IyO I~
Horo obobasienns! [Ipeacrasisercss, 9TO TaKUX OCHOBAHUN MOXKET OBITDH
HECKOJIbKO. D10 (1) sjaHHBIE OPraHoB 4YyBCTB (TO, YTO IEPBBIA yYacTHUK
JIAJIoTa, HEMMOCPECTBEHHO BOCIPHHAMAET) 1 (2) HEKOTOPBIE HCXOIHBIE 3HA-
HUsi areHTa. KpoMe TOro, 04eBH/IHO, UTO areHT MOXKET yTBEPXKIaTh (00bsiB-
JISITH) HEYTO, OJIyYeHHOe U3 ucTOYHUKOB (1) 1 (2) Ha OCHOBe paccy K IeHuil.
Ckaxewm, ecin
(1) s BEXKY, 9TO Ha CTOJIE JIEZKAT OMJIETBHI K 9K3aMEHY,

(2) 3HAaIO, 9TO B SIIUKE CTOJA €CTh KOHBEPT C 3a/Ia9aMHt, & KJII0Y OT SAIIUKa
tosbKo y Hacru, Ho

(1) wme Buxky Hu Hactu Ha pabouem MecTe, HU ee NAJIbTO Ha BEIIAJIKE,

s MOTY CHeJaTh o0bsiBaeHne: “Y Hac eCcTb OMJIETHI, a 3a1a49i IPUILTCS pac-
medarath’. Ha manroMm sTarre He Oy/ieM HCKATh (POPMATHHON SKCILTUKAIIT
IJId 9TUX pa&HI/I‘{I/Iﬁ (XOTﬂ B HEKOTODPLIX CJ/Iy4dasdX pa3/IMYCHHEe 3HaHUuA U
JTAHHBIX HAOJIIOICHUST MOYKET ObITh BeCbMa CYIIECTBEHHBIM). B curyanmnu
UCXOJIHOTO OO'bSIBJIEHUsI €10 OCHOBAHUE JIJIsl JIDYTUX yIACTHUKOB OKAa3bIBa-
eTCsT HeJOCTYIHBIM, M TaKOe 00bsIBIIEHIE OYIeT JAJIbINe TPAKTOBATHCI KaK
oObsiBiieHne 6e3 060cHOBaHUs (WM O0bsIBJIIEHUE C HYJEBBIM OCHOBAHUEM ),
TO €CTh Kak JIeKJIapallnsi.

Ha BTopowMm mrare paccMaTpuBaeMoro JUajIora areHT (« TAaKKe J1e1aeT 00b-
SBJICHUE, 3asIBJIsis ‘‘MOsI CITUHA, B MeJTy” . XOJI ero PacCyKIeHUit OCyIeCTBIIsI-
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eTcsl IMEHHO II0 TOH cxeMe, KOTOPYIO IIOCJIe er0 COOTBETCTBYIOMIEr0 00bsAB-
JIEHHSI TIPEJICTOUT BOCCTAHOBHUTH Iperogasaresio 3. To ecTb Ha OCHOBAHUU
HCXOJIHOTO OO'bSIBJIEHUSI C IIyCTHIM OCHOBAHHEM U BU3YaJbHBIX JAHHBIX (OH
BUJIUT, 9TO Y [3 CIIMHA YUCTasl) (v CHAYAJIA IPUXOJUT K BBIBOJLY, UTO €r0 CIIIHA
B MeJly, a MOTOM u 00bsBjIsieT 06 3ToM. CTOUT OTMETHUTH, YTO B PACCYK-
JEHUSAX (¢ XOTS ¥ UCIOJIL3YETCsI UCXOAHOE OObsIBJIEHUE, HO COBCEM HE Tak,
KakK B paccyxKjieHnn . @ He BOCCTAHABIUBAET SHTUMEMBI, OH UCIIOJIb3YeT B
Ka4YeCTBe MTOCBLIOK HCXOAHO OODbSBIECHHOE IU3bIOHKTUBHOE YTBEPKIACHHUE W
JIaHHBIE CBOMX OPraHOB YyBCTB — OH IIPOCTO BHJWT, YTO Y [ CIIMHA YUCTasI.
CoOTBeTCTBEHHO, TPEJIOZKEHHOE BBIIIIE OIIPEIEJICHIE OIePaTOpPa, Iy TUIHO-
ro OObsIBJEHUsI B 9TOU CUTyalluyd He paboTaeT M HYXKIAETCA B KOPPEKTHU-
poBke. 3adukcupyeM 3a 9TOH cuUTyalneil Ha3BaHUE 00BAGACHUE HA 0CHOBE
6v1600a.

Ha Tperpem 1mmare mperoiaBaresb 3, BOCCTAHOBUB XOJ PACCYKICHUN (v,
B CBOIO O4Yepejib JiesiaeT OObSBIEHUE O COCTOSIHUM €0 CIUHBI. Bo3HUKa-
€T BOIIPOC, IeJIeCO0OPA3HO JIU PACCMATPUBATD 3TO TPEThE O0bsIBICHNE KAK
oObsiBIIeHNe Ha OCHOBaHUM (OJIMKAMIIero) mpeblLynero o0bsBIeH sl UK
(Bcex) mpepiaynmx o0bsBaeHnit? MHe mpejcTaBisieTcs, YT0 yMHOKEHHIE
cyIrHOCTel U B 9TOM ciy4ae neonpasaanuo. Gakruuecku nundopmaliysd, Ha
KOTOPYIO OIUPAJICH (v B IPEJIIIECTBYIONEM OObSIBICHUH, y2Ke ObLIa UM UC-
[IOJIb30BaHA JJIsI 9TOTO 00bsIBJIeHNs. MOYXKHO CKa3aTh, UYTO OHA B HEM B OIIpe-
JIEJIEHHOM CMBICJIE COJIEPXKUTCA. TakuMm 0Opa3oM, paccMaTpuBas KaXKjoe
ocJIe Iy IoIee o0bsIBJIEHIE HA OCHOBE TOJIBKO HEIIOCPEJICTBEHHO IIPEJIBLITY-
IIIET0, MBI MOYKEM OBITH yBEPEHBI, YTO HE YIYCTHIN BaXKHON MHQOPMAIIHH.
EnuncrBennasa cyiiecTBenHasi OrOBOPKa KacaeTCsl HESIBHOW INPEIIOCHLIKH,
JIezKaleil B OCHOBE TaKOI'o 10/1x0/1a. Mbl HCXO/IUM U3 TOTO, YTO KaXK/IbIil cJie-
JYIOIIUi YIACTHUK JINAJIOTa 005132 TEIbHO TIepe OObIBICHUEM YIUTHIBACT U
aHaJU3UPyeT BCe CKa3aHHOe paHee. ByJieM cYUTATh Y/IOBJIETBOPSIONINI Ta-
KOIi [IPE/IIIOCHIJIKE JIUAJIOT BIIOJIHE “MUPAHIU3UPOBAHHBIM (0T aHIJIMHCKOTO
to mirandize — 3aunTaTh NPU apecTe MpaBa B COOTBETCTBUU C TAK HA3BIBAEC-
MbIM Miranda warning, HaYMHAIOIUMCSI CO CJIOB “BbI mMeeTe 1paBo XpaHUTD
Mojiaanue. Beé, uTo BbI ckaxkeTe, MOXKeT U OyJ1eT UCIIOIb30BAHO IIPOTUB BaC
B cyae”).

Nrak, anayms mepsoro cruenapus ‘Muddy Teachers” mozBoiisier npepcra-
BHUTB JUAJIOI KAK IOCJIEI0OBATEIBHOCTD TPEX MyOJIMIHBIX 00bsIBJIEHUN U CO-
OTBETCTBEHHO JIBYX TEPEXOJIOB, 00ECIIETMBAIOIIINX BTOPOE U TPEThE OObIB-
Jienne. B pesyibTare BBISIBJIEHBI TPU BaXKHBIX TUIA MyOJUIHBIX OObsIBIIE-
HUAM — ucrodHoe 0bsasiehue Ha OCHOBE ITyCcTON mHMOpMaIuu, 065A6AHUE
Ha 0cHo6e 6618004 N IHMuUMemuteckoe obsasaerue. Ecau Tenepb 06paTuTh-
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Cs K JAPYTOMY CIEHAPHUIO PA3BUTUSA COOBITHIl, MOXKHO OOHAPYKUTH APYTHUe
BO3MOXKHBIE CUTYAIIMN OObABICHMUIA.

Cuenapuit . Curyarusi TpexHsist, Y « CIOUHA B Mejy, y [ — ducras.
IIycTs Teneps 5 HaduHaeT NEPBBIM M, YBUJEB, UTO CIUHA (v B MEJIy, 3asiB-
JIsieT
2. B: 4 me 3Halo0, Ipsi3HAS JIX Y MEHsI CIIMHA .

ITocne sroro «, maxe He Tysifisg Ha [, OObABISIET

3. a: “Torma Mos cimHa — ucIadkana’.

BazxHoe oriimtine 3T0ro crieHapust COCTOUT B TOM, UTO, BO-IIEPBBIX, (3 00bsiB-
JISTET O CBOEM HE3HAHUU, &, BO-BTOPBIX, (v HA OCHOBAHUU TAKOI'O OO'bSIBIEHUSI
0 HE3HAHUU JIEJIAET CBOE BIIOJIHE KOHKPETHOE 3asBJICHUE, TO €CTh IPUXO/UT
K OIpEeJIeJIEHHOMY 3HAHUIO!

Paccmorpum Gostee 110poOHO (MHTEJIEKTYaJbHBII) [Iepexo/], OCyIIeCTB-
JseMbIil 8 mepen ero 3agpienueM. OH 3HaeT, YTO y OJHOIO M3 HUX CIIH-
Ha B MeJy, U BHUIUT, 9TO CIWHA (¢ HCIAYKaHA. DTOW WHMOPMAIUKA SIBHO
HE JIOCTATOYHO, YTOOBI CJIEJIATh OIPEJIEEHHBII BBIBOJ, O HAJMYUNA WU OT-
CyTCTBUHU MeJjia Ha cobcTBeHHOM crimHe. VMeHHO 06 3TOM M 0ObsIBIIsIET [3.
OdeHb yCJIOBHO 9Ty CHUTYAIMIO TOXKE MOXKHO YIIOJOOUTDH IIPOIEILype BOCCTa~
HOBJIEHUSI CUJIJIOTUCTUIECKON HTUMEMBI, KOTJ[a, BOCCTAHOBUB SHTUMEMY B
IPaBUJILHBIN CUJIJIOTH3M, Mbl yOEXKIaeMCsI, YTO MPOIYIeHHAs OChIIKA He
COOTBETCTBYET JEHCTBUTEILHOCTU. B 9TOM Cjiydae HMPUHSITO CIATATH SHTH-
MeMy HeKOppeKTHOi. JpyruMu cjaoBaMu, 8 XOPOIIO 3HAET, KAKOH ITOCHLIKH
eMy He XBaTaeT [JIsi TOro, 9TOObI yTBEpXK/IaTh, UYTO €ro CIIMHA B MEJy, HO
COOTBETCTBYIOIEe YTBEPIKJICHUE He SB/ISIeTC UCTUHHBIM — YTBEPKIAeMOe
[TOJIOYKEHUE JIe]I He COOTBETCTBYET JICHCTBUTEIBHOCTH.

Nnmenno stuM u oOycjoByieHa crienuduKka TpeThbeil pasHOBUIHOCTU IIy0-
JITIHOTO 00bsiBIeHUsT — OObsIBJICHUs O He3HAHUU. Ecin Terepb 00paTuThCst
KO BTOPOMY IIE€PEXO/TY, KOTOPBIil OCYIIECTBIISIET (¢, TO HEOOXOUMO IPU3HATD,
YTO OH WIMEET JIeJI0 C MPEIIECTBYIONMNM O0bABICHAEM THIA (HEU3BECTHO
A)/B. Cpa3y ke umeer cMbICI 0600IIUTD JaHHbIi ciry4daii. /lejio B ToM, 4To
B CIIEHAPUU (v Ha BTOPOM IlIare yIacTHUK Jauajora yrBepxkaai “Mos coum-
Ha B Mety’. C TaKuM 2Ke YCIIeXOM OH MOI' ITPUOETrHyTh K 00Jiee 9K30TUIHOM
dopmynupoBke, 3agBuB ‘¢ 3Hai0, B MeJly y MeHs crnuHa win Her . Jlerko
3aMETHTb, 9TO areHT [ mpuiea Obl, UCIOJIb3ysl 9TO OODLSIBJIEHHE, K TOMY
2Ke BBIBOJY. TakuM 00pa30oM, Mbl CTAJIKHBAEMCsI ¢ U€TBEPTOl Pa3HOBUIIHO-
CTBIO IyOIMIHBIX OOBIABICHUNA — C 00BA6AeHUAMY O (He)3narnuu. JLasa ux
SKCILTMKAIUU TPeOyeTCsi B MIEPBYIO OUepe/b BbIOPATH UMEIOIIUICS B JIOTHKE
WA TIPEJIOKUTD HOBBIN CIIOCOD BBIparKeHHUsI YTBEPXKIeHU 00 OTCyTCTBUH
(HaIMYUN) 3HAHUSL.
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WNrak, anaan3 cuTyaruil, CBA3aHHLIX ¢ MIyOJIHIHBIMUA OO bIBJICHUSIMHE, 1103~
BOJIMJI BBIJIEINATD 4 CUTYaIlun:

1. ucxomHoe 0ObsIBIIEHHUE;

2. 0ObsIBJIEHEE Ha OCHOBE BBIBO/IA;
3. HTUMEMHUIECKOE 00bsIBIICHUE;
4. obbsiBiieHUE O (HE)3HAHUM.

3 PADME — cucrema mMoaeJMpoOBaHUS JTAAJIOTA C
nyOJINYIHBIMUA OObABIIEHUSMU

[TpunnMmasi BO BHUMaHUe BCe CKa3aHHOE Bblllle (M BpeMeHHO 3abbiBasi O CU-
Tyarusix o0bsiBIeHns O (He)3HAHWN ), IPEJICTABIISIeTCs 11e71eCO00Pa3HbIM pa-
JIMKAJTFHO U3MEHUTh HAMEUYEHHBIN B MPONLIOH cTaThe MoAxoJ K (hopMaJsiu-
3allU PACCYKIEHUI Ha OCHOBE IyOJMYHBIX OObSIBJICHUN. 3a1aiM SI3BIK
Az=p|t|ANA| AV A|-A| A/A Bkiouenne B s3bIK KOHCTAHTHI ¢
00yCIOBIIEHO HEOOXOUMOCTBIO OTJIMIUTH OObSIBJIEHNE HA OCHOBE MCXO/IHDBIX
JIAHHBIX OT OObSBJIEHUS] HA OCHOBE IPEIIECTBYIONUX OObABICHUN 1 Oy1eT
TEXHUYIECKI 00OCHOBAHO JAJIEe.

Hwmxke Oymer mnpemioxkeH IepBBIl BaApUAHT CUCTEMBI MOICIUPOBAHUST
nquajiora ¢ mybuamaneiMu o0bsaBiaennsyMu PADME (Public Announcements
Dialogue Modelling Engine), mocrpoenHoii 1o anasioruu ¢ cucremamu cy6op-
quHAaTHOrO HarTypaJsbHoro BeiBoja (Fitch-style natural deduction). duasmor
[PEICTABISIETCS KAK [TOCIe0BATETLHOCTD MArOB-00bSIBICHNN, T7Ie KarXKI0e
O0'bSIBIICHHE JI€JIA€TCH HA OCHOBAHUU ITPABUJI BBEJICHUS ITYOJIMIHBIX 00bAB-
Jennit. B ¢Boio ouepesib BOBMOXKHOCTD IPUMEHEHUS STUX IPABUJI 00YCIOB-
JIEHA TIOCTPOEHUEM BCIIOMOTATEIbHBIX BBIBOJOB C UCIOJIH30BAHUEM IIPABUJIA
UCKJTIOUEHUs] IyOJTMIHBIX 00'bsIBJICHHIT HA OCHOBE CTaHJAPTHBIX ITPABUJI Ha~
TypaJIbHOTO BBIBOmA. [losiyaaercst, 9To omeparop myOJmIHOTO 00bIBICHUST
BBOJIUTCSI HE TIOCPEJICTBOM SIBHOT'O OIPEJEJICHUS, a8 UePe3 CUCTEMbl IPABUII
BBEJICHUS / UCKJTIOUEHUsT IIyOJIUIHBIX 00bsBJICHNUIA.

Ha mepBoM 1m1are 3aa10TCsI NCXOTHBIE TAHHBIE B BHUE TOCTIEIOBATETHHO-
CTH MHOXKECTB 01, 02,..., O, PEIITUBU3UPOBAHHBIX OTHOCHTEILHO yUacT-
HHUKOB JH1aJiora. I/IHTyI/ITI/IBHO noApa3yMeBaeTCsd, 9TO Ka}K,ZLbII';I yY49aCTHUK Ha
KaXKJIOM IIare JINajiora MOXKET HUCIOJIb30BaTh JOCTYIHYIO eMy nHdopMa-
nuto. B mamem nmpumepe Muddy Teachers mgjst Tpex y4acTHUKOB JiHaJjiora
ACXOaHAsA UH(MOPMAIS MOXKET OBITh MPeICTaBIeHa CIEIYIONNM 00pa30M:

61 = {p,—q}, 02 = {—q}, 93 = {p}-
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B npunnume mpearaeMoe MOIEIMPOBAHNE JTHAJIOTA C ITyOJTHIHBIMEA 00b-
SABJIEHUSIME IIPEJIIOJIaraeT pasjimdeHne JIByX TUIIOB IOCBLIOK: IOCBLIKY, WH-
TepnpeTI/IpyeMbIe KaK NCTUHHbIE€ BBICKa3bIBaHWA, 1 JOITOJTHUTEJIbHBIE ITIOCHILJI-
KA — JONYINeHUs, KOTOPbIe YYACTHHUK JUAJIOra MOXKET IPUHUMATHL CaM B
[IPOTIeCcce BCIIOMOTATENIbHBIX paccy:kieHnit. COOTBETCTBEHHO, TOCHIIKHI IEP-
BOI'O THIIA MOTYT IPEICTABJIATH COOON MCXOIHBIE JaHHbIE, MH(OPMAIIUIO,
KOTOPOI 00/1a/1aeT yYACTHUK JTUAJIOTa, U O0DbIBICHHYIO MHMOPMAINIO, KO-
TOpasi CTAHOBUTCS JIOCTYITHOM BeeM ydacTHuKaM. Haumem ¢ hpopMyInpOBKHI
JBYX IIPABUJI BBEJIEHUS ITOCHLIOK.

IlepBoe TpaBMIO MO3BOJSIET OTKPLIBATH HOBBINM BBIBOJ HA OCHOBAHUN
MMeEIOIIEICs B PACIOPSXKEHUH areHTa MCXOIHON MH(OPMAIIIN.

r.1

Bropoe mnpaBmiio BBeieHHsI IIO3BOJIZET BHOCHTb B BBIBOJ, ITOCBHLIKI
Ha OCHOBE paHee CIeJaHHBLIX OObSBJICHHI: eciau ObLIO 0O0bsABIeHO A Ha
KaKOM-JIN0O OCHOBaHUHU, A MOXKeT OLITh UCIOJIB30BAHO B KAUECTBE [TOCHLIKH
BO BCIIOMOIr'aTe€JIbHOM BBLIBOJEC.

r.2
1 | A/B
2 A
3

Brenenne nmyOuaHbIX 00bABIEHUH B OCHOBHOHN BBIBO/I OCYIIIECTBJISIETCS B
COOTBETCTBHAU C ABYMs NPABUJIAMU BBEICHUS.

ITepBoe u3 Hux (HpaBI/LHO 7".3) COOTBETCTBYET CUTYAIIUSIM UCXOTHOTO 00b-
ABJIEHUs. U OObABJIEHUS Ha OCHOBE BbIBOJA. COOTBETCTBEHHO, OHO IIPEJIIIO-
JaraeT JiBa CJIydas:

1. BenomorareabHbIil BHIBOJ, HOCTPOEH Ha OCHOBE TOJLKO MCXOIHOM MH-
dbopmaryu (B BBIBOJIE UCHOIB30BAIOCH IPABUIIO 7.1 U HE UCIIOIB30Ba-
JIOCH TIPABHJIO 7.2);

2. Bcromorare/ibHBIM BBIBO/I IIOCTPOCH C UCIIOJIb3OBaHUEM ITPEAbIAYyIIUX
00bsIBJIEHNIT, HO HE HOCHT SHTUMEMHYIECKOrO XapakTepa (B BBIBOJIE
00513 TeJIbHO UCIOIBL30BAJIOCH IPABUIIO T.2).
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7.3

= W N

B/t |

€CJIN B BBIBO/IC B He OBLJIO UCIIOJIB30BAHO IpaBnJIO r.2. B IPOTUBHOM CJIy4dae:

1 | A/F
2
X -
4 A
)
6 B
7 | B/A
Crenyiommee n TOCTeHEE MPABUIO — TPABUIO BBEJEHUS OMEPATOPA

MyOJIUIHOTO OODBSIBJIEHHS Ha OCHOBE SHTHUMEMHUYIECKOTO PaCCyXKICHUST —
CBSI3QHO C [IPUHSITHEM JIOIYIIEHUsT ([IOMEYAeTCsl 3HAKOM - ), IO3BOJISIOIIETO
BOCCTAHOBUTH BCIIOMOTATEJbHBIA BBIBOJ, JIEXKAINWII B OCHOBE KaKOT'O-TO
MIPEJIBIIYINEro MyOInIHOTO OOSIBIICHMUSI.

r.4 L AP
2
3| [+]c
4 F
5
6 A
7T |C/A

PaccmorpuMm, kak MoOKeT OBITH PEKOHCTPYHPOBAH TIPUMEp JTHAJIOTa
Muddy Teachers, crienapuii .
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1 01,02, 03

2 1|p rl,1; p€ &

3 P R, 2

4 pVyq VI, 3

5 (pVa)/t r3,2 —4

6 2| pVg 12,5

7 g rl,1; —q € 99

8 pVyq R, 6

9 —q R, 7

10 P VE, 8,9
11 | p/(pVQq) r3,6 — 10

12 3{pVvg r2/11

13 + g assumption

14 pVq R, 12

15 —q R, 13
16 P VE, 14, 15
17 | —q/p r4,12 — 16

Nrak, maru 5, 11 u 17 upegcraBisior coboii MOCIEI0BATEIBHOCTD IyD-
JIMIHBIX O00bSIBIEHNM, (DOPMUPYIOIIYIO JTHAJIOT. TPU BCIIOMOTaTeIbHBIX BhI-
BOJIa ODECIIEYUBAIOT BO3MOXKHOCTH BKJIIOYUTL B 3Ty IOCJIEI0OBATEIBHOCTD
COOTBETCTBYIOITHUE IIyOJIUIHbIE 00bIBICHUSI.

4 HanpasieHusi JajJbHEUIINX KUCCJIeIOBaHUI

1. Ilpemnoxennsiit Boime BapuanT cucrembl PADME gasnsiercst cko-
pee HaOPOCKOM, TPEOYIOMNM CYIIECTBEHHONW T0PabOTKU, YTOUHEHUSI
1 aJIeKBATHDLIX OITPEeJICICHIIA.

2. Boime Gbuta BbLaeseHa crenuasbHas CUTYAIUs 006AGAEHUA HA OC-
Hoee (he)3nanus, He Hameanas hOpMaIbLHON SKCITMKAIMU. PaMkn
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JIAHHOW CTAThbU 3aCTABJISIOT OMPAHUYUTHCH TOJBKO TEM BapUAHTOM
PADME, B KOTOpOM «BHYTPEHHS JIOTUKA» BCIIOMOTATEIbHBIX BBIBO-
JIOB SIBJISIETCSI KJIACCUIECKO. EcTecTBEeHHO, BBIpa3uTeIbHBIE BOZMOXK-
HOCTHU KJIACCUYIECKOH JIOTUKU HE HPEIOCTABJISIOT CPEJCTB st Hop-
MaJIn3aIuu yTBEPKIACHUN O 3HAHUU UJIU €r0 OTCYTCTBUU. B mepcrek-
THUBE JJIs 9TUX IieJIell MOXKeT OBbITh MUCIOJIb30BAHA OJIHA U3 CTaHIAPT-
HBIX [IPOIOIMOHAJBHBIX CUCTEM SIUCTEMUYIECKON JOTUKHN U KaKOoe-
TO UHOE UCYUCJIEHUE.

2. Paznuuenne «BHeITHEN JIOTHKU» [TOCTPOEHUST JUAJIOTA, XapPAKTEPU3Y-
eMmoit mpaBujiaMu r.1-1.2, U «BHyTpeHHEN JIOTUKU» TTOCTPOEHUS BCITO-
MOTaTeJIbHBIX BBIBOJOB OTKPBIBAET MHTEPECHBIE TIEPCIIEKTUBLI JIJTS Ba-
PbUPOBaHUS [IPABUJI «BHYTPEHHET0» BbIBOIA. Kpome oueBuHON HEOD-
XOJIUMOCTHU PabOTaTh C YTBEPXKICHUAMHI O COCTOSHUN 3HAHUN areHTa,
JIETKO YBU/JIETH OCHOBAaHUS JJIsl UCIIOJIb30BAHMS IIPU ITIOCTPOEHUU BCIIO-
MOTaTeJIbHBIX BBIBOJOB PEJIEBAHTHON MU MapaHeIPOTUBOPEINBOIl JI0-
IUKHU U T.II.
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This contribution zeroes in providing a formal tool for modelling reasoning with public
announcements.

In Section 1 I briefly delineate the idea of a new approach to public announcement
interpretation via enthymematic implication presented in [1]. Section 2 contains a
preliminary review of different cases representing reasoning with public announcements.
Starting out from famous Muddy Children example I distinguish four types of such
cases: initial announcement, ‘derived’ announcement, ‘enthymematic’ announcement,
and ’knowledge state’ announcement. In Section 3, a system PADME (that is Public
Announcements Dialogue Modelling Engine) is introduced as a kind of Fitch-style
natural deduction derivation allowing to construct ‘completely Merandized’ dialogue
as a sequence of public announcements on the ground of supplementary subordinate
derivations. Finally, in Section 4, future lines of work are observed.

Keywords: public announcemens, enthymematic implication, Fitch-style natural
deduction
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Leibniz set a problem of the Universal characteristic, but he is extremely focused on
the mathematical explanation instead of metasymbolic consideration of the method.
The symbols of a metascience are energy maximums and minimums. Creation of a block
matrix (by means of the left tensor square) allowed to reveal macrolevel. The alphabet
of educational metasymbols solves a problem of polystructural integration of knowledge
naturally through their comparison. The genetic table has 4 blocks of the designated
and anti-designated pairs of metasymbols which are based on the universal language.
Universal language unites various sciences and eras, considering everything from the
point of view of Eternity, allowing to expect new results.

Keywords: universal characteristic, maximums and minimums, metasymbols, Universal
language

My intention was to promote
philosophy approach to a science form. . .
T.1. Oyzerman. Metaphilosophy

Great Leibniz considered improvement of invention art as a whole as
his main, prime target. He set a problem of the Universal characteristic.
However to set a problem and to solve it are absolutely different things. As
a twist of fate, in article “New method for maximums and minimums...”
(the italics are mine — K.B).

Primary elements form four symbols of a metascience as energy
maximums and minimums:

A — a maximum, A — Adenin of genic code and Artist psychological
type — we will designate as a sign A;

V — a minimum, C' — Cytosine and Power psychological type — we will
designate as a reversed sign V;

N — a weak maximum, g — the Guanine and Media psychological type —
we will designate as a sign n;

Jlormgeckne nccaepoBaunsi. 2015. 21(1):167-169 / Logical Investigations. 2015. 21(1):167-169
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U — a weak minimum, Uracyl and Scientist psychological type — a sign
u.

Four primary elements of the ancients: air N is the cut sign of fire
A, water U is the cut sign of the earth V. The alphabet of educational
metasymbols solves a problem of polystructural integration of knowledge
naturally through their comparison. Unlike the scanner, we see through
a brain and consequently we find in the right tensor square “Petukhov’s
constellation”. Transition to the left tensor square allowed to condense
constellation into a monolithic block [1|. The genetic table has 4 blocks
of the designated and anti-designated pairs of metasymbols which are
based on the universal language:

Gene-blocks and Pairs
*n *A nn An | nA AA
Vn wun | VA uA
*V *u nv AV | nu Au
VV uV | Vu uu

The idea of positionality goes back to Ibn Arabi’s concentric circles |2,
p. 65-73] that were implemented a century later in the Ramon Llull’s
machine that admired Leibniz.

The author used the diagram of genetic code-pair (macrolevel,
microlevel) as an example code — to pair (microlevel, macrolevel). Douglas
Hofstadter proved the necessity to transit from molecular microlevel to
anthropomorphical macrolevel — from molecules to characters [6, p. 235].

The block matrix has 4 “psychological suits”: { *n media, @ *A artists,
® *V power, & *u scientists. It adequately describes the genesis and the
mechanism of paradigm change during scientific revolutions [5]. Small shift
prepares big shift.

During polysemic reduction big dominants of macrolevel have the priority
(with small letters of non-dominants any letters of microlevel have the
priority). The designated values are the codes that generate more than
one amino acid, and non-designated values are the codes that generate
the unique amino acid, providing the higher stability. The designation is
provided by vowels, and antidesignation is provided by consonants. Thus
classification of the designated and anti-designated pairs for the first time
was received through the genetics. Metasymbols generated new result in
logic [4].

Leibniz’s idea was amazing because he knew neither genetics, nor Jung’s
psychological types. Only achievements of a modern science allowed to solve
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the problem of the Universal characteristic set by him. Not occasionally
vulgar materialism considered genetics and cybernetics as the main enemies.
Like N. Wiener Author considers Leibnitz his scientific patron. Change
of scientific eras occurs through gross (dozen of dozens) years (almost
according to H. Wells). Three “Critics” by Kant were published in gross of
years after Leibniz’s birth (1646 + 144 = 1790). An essence of Copernican
revolution of great Kant against visibility is that thinking is above
sensual consciousness. He emphasizes basic need of shift from specific
implementation. In the Soviet philosophy his doctrine was, as a rule,
underestimated [3, p. 28|.

The general concept takes from the specific one its image and soul mates
are recognized in an attire of various sciences, as projections of the general
concepts. The invisible soul should be wearing a figure-tailored suit that
reveals it, like the invisible man who walks through the city. In a triad —
Leibniz’s thesis, Kants’s antithesis and metasynthesis — the Author picks up
the scientific torch with “Symbols of universal language...” in 2 grosses of
years after Leibniz’s death (1716 + 288 = 2004). Universal language unites
various sciences and eras, considering everything from the point of view of
Eternity, allowing to expect new results.
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K csedernuro aemopos

e Kypuan <«Jloeuueckue uccaedosarusy» TPUHAMAET K MTYOJIUKAIMH PYKO-
[IUCH, COJIepIKalliie W3JI0KEHNe OPWIHHAJIBHBIX PEe3YJIBTaTOB U3 Pa3JInIHBIX
objacTeil COBPEMEHHOI JIOTWKHU, paHee He IIyOJUKOBABIIAECS W HE IpeJi-
CTaBjleHHble K IyOJuKanumu B Jpyrux usfaHusx. (PyGpuku >KypHama cMm.
http://iph.ras.ru/page48601066.htm)

e Perrtenne o myO/IMKAIMN TEKCTa ITPUHUMAETCS IJIABHBIM PEJAKTOPOM C YIETOM
MHEHUS PEJIKOJIJIETUU U OIEHKH PeIeH3eHTOB. Perenne o mybauKanum TpuHIMa-
eTcsl B T€YEHUE JIBYX MECHAIEB C MOMEHTA IIPEJOCTABJIEHUS PYKOIIUCH.

e [l1aTa 3a omybauKOBaHME PYKOMUCEH HE B3MMAETCS.

e Pykomnuch j10/2kHa OBITH IIPEJICTAaBIeHa B SJIEKTPOHHOM BHjie U O(OpMJIEHA B
dopmare BTEX 2: (o cornmacoBanuio ¢ peaxosuterneii — B MS Word ¢ ob6s3a-
TesibHBIM TipegocTasienueM pdf-daiina). Ipu noxroroske pykonucu B BTEX 2¢
HEOOXOIMMO WCIIOIB30BaTh CTwib li.sty. CruieBoit daiian pa3mernen B mpaBmiiax
IpeocTaBiieHns pykonuceit: http://iph.ras.ru/page48601066.htm

e OGbeM pykomucu He JHOJKeH npesbimarh 24 ¢rp. (60 Thic. 3HAKOB), BKJIOYAs
CCBUTKH, IPUMEYaHUs], CITUCOK JINTEPATYPHI, aHHOTAITHIO.

° HpHI\leanI/IH, CHOCKH K TEKCTY CTaTbH JI€J/Ial0TCs IIOCTPaAHUYIHO C UCIIOJIb30OBaHU-
€M CKBO3HOMI HyMepaluun.

e ITomumo ocHOBHOIO TEKCTa, PYKOIIUCH [J0JI2KHa BKJIIOYAaTb B cebst cjieyromue
00s13aTe/IbHbIE 9JIEMEHThI Ha, PYCCKOM 1 AHIVIMICKOM SI3BIKAaX:

1) cBenennst 06 aBrope(ax):
- damusnsi, UM U OTIECTBO aBTOPA;
- MecTO paboThI;
- TOJHBIA aspec MecTa paboThl (BKJIIOUAsi HHIEKC, CTPaHy, TOPOL);
- aJpec JIEKTPOHHOI IIOYTHI ABTOPA.

2) Ha3BaHWE CTATBHU;

3) amnorarus (or 100 mo 200 cioB);

4) kmoveBsle ciioBa (5-7 CJI0B/CI0BOCOUETAHMIA);
5) CHHCOK JITEPaTyPHI.

e [{urupoBaHHasi TUTEPATYPA IOMEIIAETCSI B KOHIIE CTAThU OOIIUM CIIMCKOM B aJi-
daBuTHOM TIOpsIIKE U ODOPMIISIETCST CTPOTO B COOTBETCTBUY € TpaBUIaMu. Pyko-
[ICH HA PYCCKOM $I3bIKE 00sI3aTeILHO JTOJIKHBI COEPXKATL 068G 8APUAHMA NPEO-
CMABACHUA CNUCKG AUMEPATYPDL:

1) cumcok, o3arnapseHHbIl «JIureparypa» U BBIIOJHEHHBIH B COOTBETCTBUU C
rpeboBanusiMu 'OCTa.

2) crimcok, o3ariasiennbiii «References» u BbIIOJHEHHDIH B COOTBETCTBUU C TpPe-
GoBaHUAMU MEXKIyHAPOJAHBIX Oubiunorpaduueckux 6a3 JaHHbIX (Scopus u ap.).
(IIpaBuia opopmiienus ureparypbl cM. http://iph.ras.ru/page48601066.htm)
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logicalinvestigations@gmail.com
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