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A.M.Anucos

CBOWMCTBA BPEMEHH"

Abstract. After having read the majority of publications on the problem of
time, which are numerous, we acquire a grievous feeling that it is being mis-
treated. The issues discussed are often other than time itself but quite different
phenomena although related to it in certain ways. Here we intend to focus
discussion right on the phenomenon of time as it is without substituting it by
other problems no matter how important they are. Eight fundamental proper-
ties of time are being considered in this paper.

ITocTanoBKka npobiieMbl

[To npouTeHnu nopapnsfooLero 6OJbLIMHCTBA U3 MHOMOUHUCIEHHbBIX
CTaTell M KHHT, MOCBILIEHHbIX NpobiieMe BpeMeHH, BOZHUKAET HerpH-
ATHOE OWYLEHHE, YTO Hac BBeIM B 3abayxaeHue. Peub 3auactyio
BEJETCS HE O BPEMEHH KaK TaKOBOM, a O IBJEHUAX HUHOTrO poJia, XOTS U
MMEIOILMX KakKoe-TO OTHOLIeHHEe K (EHOMEHY TeMIOpPabHOCTH.
[TuyT «Bpemsi», a B J1€HCTBUTENBLHOCTH FOBOPSAT O MEPHOJAMUYECKHX
npoleccax, yacax, BO3pacTe, MaTeMaTHYECKUX CTPYKTypax (KOToOpbie
0€3 JO/HKHBIX OCHOBaHHH OOBABIAIOT MOJE/ISMH BPEMEHH), BbICKA3bl-
BAHHMAX O BPEMEHHM, NIPOLIEYpPaX H3MEPEHHs BPEMEHH H T.1' . Mbl HaMe-
peHbl 31ech 00CY»kaaTh UMeHHO npobieMy BpeMeHH caMy no cebe, He
NMOJAMEHSS €€ BONPOCAMU XOTS M BaXXHBIMH, HO IPYTHMH.

PaMku paboTbl 3aCTaBJAKOT NPUHATH Cleaylollee yTeepxkaeHue 6e3
JAanbHedwero obcykneHus. Bpems u npoctpaHcTBO GyneM cuuTaThb
dbenomeHaMu obvexmusnvimu. UHbIMH crioBamMH, BpeMs H NpPOCTpaH-
CTBO [IOJIAaratoTCid CYIHECTBYIOIUMMH M B OTCYTCTBHE TO3HAIOIIETO
cyobekTa. TeM camMbIM 3a ckoOkamu octaetcs KaHT, 3K3UCTEHLIMATTU3M,
BOMpPOCHI MCHUXOJOTMH BpeMeHH M MHoroe yto euwe. [Ipobnema npo-
CTPAHCTBA He CTaBUTCA. J[0CTaTOYHO YCIOBHUTBLCA, YTO Mbl CIOCOOHBI
OTJIMYaThb BELIW, HaxoAsuecs: B 0ObEKTUBHOM MPOCTPAHCTBE, OT 00b-
€KTOB BHE MPOCTPAHCTBEHHBIX, TAKUX, HallpuMep, KaK uucia. MoxHO
MOJIYYHUTh OTBET Ha BOMPOC O TOM, B KAKOM MECTE HaXOJIHUTCS YEJIOBEK
WK re NpOXOJUT rpo30BOH (POHT, HO HE Ha BOMPOC, e HaXOAUTCA
YKCII0 YeThIpeE.

" Crares noarotosneHa npu nojaepskke PCH®, npoext Ne 01-03-00300.
" Nonpobuee cM.: Anucos A.M. Bpems u xomneiotep. Hereomerpuueckuii o6pas
BpemeHu. M., 1991.



IlepBoe cBolicTBO

Tenepr no cyiectsy. IlepBoe u npocTreiiiee cBOiiCTBO BpeMeHH
— 3TO €ro CmocoOHOCThL ynopadouusamov. Mup 0e3 BpeMeHH — 3TO
MepBO3/JaHHbIA XaocC, B KOTOPOM HET HU «paHblue», HU «nozke». Ho
KaK TOJIbKO OKa3bIBA€TCA, YTO HEKOTOPBIA X CIAYUWICA paHblie (Wu
Mo3Xe), 4YeM HEKOTOpbIA y, nosBaAeTcs BpeMmsA. B manbHediiem, He
Tepsis OOLIHOCTH, Oy1eM MCNob30BaTh TOJbKO OTHOLLEHHE «paHblle,
yeM», MOCKOAbKY /11 JIKOOBbIX X K ) X paHblle y TOrJa U TOJbKO Toraa,
Korja y nosxe, 4eMm x. YTo o3HavaeT TepMHH «ynopsaouuBaTe»? B
JIOrMKO-MAaTEMATHUYECKON JIMTESPpATYPE CMPOUM YACMUYHBIM NOPAOKOM
Ha3bIBAIOT aHTHUPE(PIEKCUBHOE U TPAH3UTHBHOE OTHOLIEHHE.

Eciy HeoOXOAMMO YUYHTHIBATb, YTO X MOXET MPOHUCXOAUTh OJHO-
BPEMEHHO C J, TO B KAa4€CTBE OCHOBHOIO TEMIIOPA1bHOIO OTHOLUEHMSA
MOJKHO B3ATb OTHOLLUEHHE «X PaHbLUE, YEM ), UK OJHOBPEMEHHO C V».
B 3TOM cnyyae OTHOlLLIEHHE CTAHOBUTCH pedI€KCUBHBLIM, TPAH3UTHUB-
HbIM M aHTUCHMMETPHUEBIM -- TOKE YaCTHYHbIHA NMOPAI0K, HO HeCmpo-
eui. Kakoe oTHOLUeHHE Mopsaka (CTPOroe WiIW He CTpPOroe) B3sTh 3a
OCHOBY — [1€JIO0 BKyca. A MnpeinouuTard CTporoe OTHOUIEHUE MOopsKa,
JIOMOJIHEHHOE OT[e/IbHbIM OTHOLUEHHEM OJAHOBPEMEHHOCTH, KOTOpPOE
YAOBJIETBOPSAET CBOWCTBAM pe(IeKCHUBHOCTH, TPAH3UTHBHOCTH U CHM-
METPpHYHOCTH, T.C. SABAACTCA OTHOLIECHHEM HJKBHBAJICHTHOCTH.

Ho npu n11060M noaxoje 4acTHYHBbIA TOPSAOK 3TO BCE K€ HMEHHO
MOpsAAOK, B OTJMYHE OT MHOTHX CTPYKTYpPHPOBaHHbIX 0Opa3oBaHMIA,
nopsaka He odpasyrolux. A BpeMs yrnopsI04YMBaeT — BOT YTO BaXHO.
[ToaToMy €ciaM Kakyro-TO CTPYKTYpY MpPMU3bIBAlOT CUMTATb MOJIENH-
pyrolleH TeMIopaibHOE OTHOLUEHHE «paHbsllie, YeM», TO OHa oOs3aHa
ObITb CTPYKTYpPOH MO KpalHeH Mepe HacTHUYHOro nopszka. BosamoxHo,
KOMY-TO YK€ CTaJI0 CKYYHO: 3a4eM TaK NOoApOOHO O TaKUX MPOCThIX
Bellax? 3areM, UYTO, K COXaJCHHUIO, JIOAH CKJIOHHBI HE 3aMedaTh J1axKe
OUEBH/IHbIX CJIEJICTBHI H3 MPUHATHIX MOJOXEHHH. BecbMa wmmpokoe
pacnpocTpaHEHHEe MOAVUMiIa KOHLEMNLMS Tak Ha3biBAEMOro MHQOJI0TrU-
4ECKOTO BPEMEHH, XapaKTepHCTHYECKHM CBOMCTBOM KOTOpPOTO OOBSB-
7AeHa UMKIUYHOCTH . Mudonoruyeckre ccObITHA HE NPOCTO CIAEAYIOT
OJHO 3a JAPYIUM, a NMOBTOPSKTCA BHOBb U BHOBb. B HekoTOphIX MHUdax
TBOPEHHE MHpa MPOUCXOAUT HeoAHOKpaTHO. IIpu 3tom OykBaibHO
BOCIIPOM3BOAUTCS MOCIEA0BATENLHOCTD MUPOBBIX COOBITHH, BILIOTH 40
ouepeaHOH rubenu mupa. M.Onuane paznvyaeT B CBA3M ¢ 9TUM OeCKO-
HEYHOE LMKJIHYECKOE BpeMs (psaa coObITUF MOBTOPsAETCS OECKOHEUHOE
YHUCJIO pa3) M OrPaHUMYEHHOE LUMKIMYECKCe BpeMs (4YMCJIO MOBTOPOB
KOHEYHO: Halpumep, 30J0TOH BEK MOXKET BO3BPATUTBLCA, HO JIMLUb

2 Cwm.. Hanp.: Dauaoe M. KocMoc vctopus. M., 1987,
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OIHAXKIbI)’. [TapagokcanbHbIM 0Opa3oM, UMKIIMYECKOE BPEMS, TOMUMO
MH(OB, BCTPEYaeTCsi B COBPEMEHHBIX (H3HUECKMX TeopHsax. Tak, B
1949 r. K.I'énenp nosmyuyun KOCMOJIOTMYECKYIO MOJENb, B KOTOPOii
HEKOTOpPbIC BPEMEHHOMOAOOHbIE TMHUM OKa3aJIHCh 3aMKHYTBIMH .

Bce 310 oyeHb yBnekaTenbHO, ONHAKO LieHa NPUHATHA KOHLIENLMH
UMK/IHYECKOr0 BPEMEHH — OTKAa3 OT OTHOLUEHHUA «paHbllie, YeM» Kak
MOPSAKOBOr0 OTHOWEHHUA. [IpUMUPHTL Waen uMkiIa ¥ nopsaka Joru-
YECKH HEBO3MOXHO. JIMOO BpeMs Kak UMK, MO0 BpeMs Kak nopsok,
HO He TO W apyroe BmecTe. Ecau Bpemst u3zoOpa3uTh OpH MOMOILLH

3aMKHYTOH JIMHMM, KaK Ha pHUCYHKe, TO CKa3aTb, B

Kakoe M3 coObITUH a, b, ¢ mpou3ouIO paHblie, /"\
Henb3s B npuHudne. Ecau o coObiTHAX M3BECTHO

JAWB TO, YTO OJHO MpoM3olLIo B 3 yaca, Apyroe B aé C
9, a TpeTbe B 12 4acoB, HO HEM3BECTHO, MPOU3OLLITH \ i

7M1 OHU B OAUH W TOT K€ JA€Hb, HUYETO O BPEMEHOU
MOCAE10BATENLHOCTH 3TUX COOBITUM ckazaTb HeBO3MOXHO. [lpobrema
B TOM, MOXHO JI1 BOOOLIE UCMOIL30BATH MO CYTH MPOCTPAHCTBEHHYIO
CTPYKTYPY — JIMHHUIO — 111 MOJAE/UpOBaHUs BpemeHu. Ha Haiu B3rsga,
3TO MOXHO JAe/aTh TOJbKO TOrAa, Korja TOYKH JIMHUHM YMOPSA0YEHbI
(nonmycTUM, Kak Ha OTpe3ke WIM HHTepBaie mnpsamoi). Ho Toukwu
OKPYXKHOCTH YK€ HE yNopsAJ0YeHbl, TaK KaK AJ1 HUX HE BbINOJHSAIOTCS
MPHUBEJEHHbIE AKCUOMbBI YaCTUYHOIO NOpsAAKA. Y IOMAHYTbIN pe3ybTar
K.I'énens npuxoautcs OLEHUBATb KaK MaTeMaTHYECKUH apredakr,
OTKpBbITBIA B TFeOMETPUYECKOW TeopuM, 0e3 AO/KHBIX OCHOBaHWH
OTOXAECTBIIAIOLIEH JIMHUIO U BPEMS.

TyT Mbl CTaskuBaeMcsi ¢ JOCTATOYHO pacNpOCTPAHEHHON CHUTya-
uveil. CHavana npeajaraercs rjoxo NpUrHaHHas K peajibHOCTH Marte-
MaTHYecKasi TEOPUS, UCIOb3YIOLlas, OJHAKO, YCTOSIBLUUECS TEPMHHbI
B HECBOMCTBEHHOM WM 3HA4€HHWH, 3aT€M MOpPS YEPHHJI TPOJIUBAIOTCA
MO MOBOAY MHHUMOM r1yOHHbI 3TOM TEOPUH, KOTOpas, AeCKaTb 3acTaB-
JS€T Hac MOCTUYbL BCKO MApalOKCATLHOCTL MPUBbIYHBIX (PEHOMEHOB.
Bce 3T0 HeMeaIeHHO Hcue3aeT, KaK TOJbKO OCO3Haellb, YTO pasrajka
3aKJII0YAEeTC MUMEHHO B HETPaAMLUHOHHOM TNPHUINMCBIBAHWK 3HAYEHHWH
TepMUHaM.

Cka3zaHHOe KacaeTcsi He TOJIbKO MaTeMaTHM4eCKUX TEOpHUH, HO W
KOHLEMLUH, OrpaHU4YMBAIOLUIUXCS MCMOJBb30BAHUEM E€CTECTBEHHOIO
s3bika. Eciu MMeroTcs mpeTeH3uu Ha Hay4YHOCTb, M0JIb30BaThCAd HM
Haao0 ¢ 0coboil ocTopoXKHOCTHIO. Jlaxke ecin ucciaenyellb MUdbl, He
HY>XHO HacjeaoBaTb MUdonoruyeckuid ctuab. MHaue, kak B paccmar-

* Tam xe. C. 107.
* Goédel K. An Example of a New Type of Cosmological Solutions of Einstein’s
Equations of Gravitation // Reviews of Modern Physics. 1949, Vol. XXI.
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pHBAEMOM cllyuae, MpeTeHAYLas Ha Hay HOCTh KOHUENUUA MHoJI0-
FMYECKOTO LIMKJIMYECKOTO BpEeMEHM caMa npespaitaercs B Mu@. Ecan
H300pa3uTh OECKOHEYHOE UHMKIMUECKOe «BPEMA» U ero OrpaHU4YeHHbIH
aHanor psiiamu ..., a, b,c,a, b, c, ... vna, b, ¢, a, b, c COOTBETCTBEHHO,
TO HArjasigHO BHUIHO, YTO 3TH UWKIWYECKHE UENOYKH COOBITHH He
SIBJIAIOTCSA YNOPAAOYEHHBIMH U MMOTOMY HE MOT'YT ObITb MOJE/IAMH Bpe-
MeHH (MeX Iy NMpoUuM, pal a, b, ¢ y>ke yrnopsaoueH!).

Urak, epemsa aubo ynopsoovusaem, 1ubo 8oobwe He cywyecmayem.
Mpbi 6e3 kcnebaHuit BeIOMpaeM MEpBYIO albTEPHATUBY, XOPOLLIO cOrja-
CYIOLLYKOCSI HE TOJIBKO C HAalUMMH WHTYMTHMBHBIMH NPEACTABACHHAMHU O
BPEMEHH, HO M C aHa/lu30M BPEMEHH B MHOIOBEKOBOH (uaocodekoi
TpaauUUH, NMOKoJedaTb KOTOPYIO MOIHbIE (HU3MUYECKUE TEOPHH HE B
COCTOSIHUH 110 TOM MPOCTOH MNPUUMHE, YTO MOBECTBYIOT OHHU BOBCE HE O
BPEMEHH, KaK YK€ Obl/10 CKa3aHO B CAMOM HauyaJe.

BTopoe cBoiicTBO

Ho ur¢ ynopsinounBaet Bpems? HamnpauirBaeTrcs OTBET — COOBITHSA.
A yto Takoe cobObiTHe? Byrzer nu coObltem, HanmprvMep, BCIBILIKA
ceeta? B dusznke 370 M OyneT npuMepoM cobbiTHs. (OO0O3HAUYUM €ro
OykBOH a. OQHAKO BCIbIIIKK CBETA MPOUCXOAAT MHOIOKPATHO, TaK YTO
MOSB/ASETCA 3anpelleHHbli psia BUAA ..., a, d, d, d,... . UTobbl cnactu
CHTYaLMIO, B MAaTEMAaTH3UPOBAHHBIX HaYKaX YMOPSA04YHBAIOT HE COObI-
THS KaK T2KOBble€, a CAMH MOMEHTbI BpeMEHH. B kauecTBE MOMEHTOB
0OBIYHO OepeTcss MHOXKECTBO NEHCTBUTENbABIX YUCE, & €CTECTBEHHBIH
NOpsSAOK «MEHBLIE, YEM» Ha 4HUCAAX OTOXKIAECTBJAETCA C OTHOLIEHHEM
«paHblue, yem». TakuM 06pazom, ecsiM BCTbILIKA CBETA d NPOU30ULIA B
MOMEHT t = 2 W BCMbIlIKAa @ B MOMEHT t' = 4, TO nepBas B [EpEUHE
BCMBILLIKA MPOMW30Iil/la paHblie, yeM BTOpas, nockosbky 2 < 4. Tako#
NnoAXoA ACMYCTHM, HO OH HaK/aJblBaeT HE3PHUMbIE I'PaHHULIbI Ha BO3-
MO>XHOCTH aJ€KBATHOI'O MOCTUXKEHHS BPEMEHH.

JIpyroii noaxo/l OCHOBAH Ha YrNopsJ0HeHHH caMux coObITHH. Pea-
JM30BaTh €ro ropa3ao cioxHee. YTo paHblie, poXaeHHE HIH CMEPTh?
— Poxnenue, HanpawmuBaercs orBer. OnHako cMepThb JIbBa Toncroro
MpPOU30LLIA paHblile, YEM PO’KAEHHE UMTAIOLUEr0o cerlyac 3TH CTPOKH.
Camu no cebe aKkThl pOXKAEHHSA U CMEPTH HUYEM B CMbICJIE€ BO3MOXKHO-
CTH HUX YMOPSAAOUYHUTb HE OTJIHUYAIOTCA OT BCIbIIIEK CBETAa U MadcHUH
tesa. Ho BOT ecnn npuaath cOOBITUAM YHMKAJIbHBIE, UHAUBUAYAIHU3H-
pOBaHHbIE YepThl... Torana BpeMeHHOH mopanok Bpoae Obl BOZHUKAET
caM coboii poxxaenue FO.lle3aps, npoHU301LI0 paHblle, YeEM POXKAEHHE
JIbBa Toncrtoro, a poxxaeHue JIbBa TosacTOro paHblle, U€EM €ro CMEPTh,
— noaoOHble UEMOYKH MOKHO CTPOUTb B HEOTPAHHYEHHOM KOJIMYECTBE.
C 3TOH TOYKM 3peHUs U (¢U3UYECKHE COOBITUS TOMKE YHHKAJIbLHBI:



BCMIbILLIKA CBETaA MpPH B3PbIBE MEpBOH aTOMHOW OOMOBI, npowusolua
paHbllie, Ye€M BCIbILIKA OT B3pbIBa MEPBOH BOAOpOAHOHN GOMOBI W T.M.
Bce »xe nmpuxoauTcs MpU3HaTh, YTO JIETKOCTh BBICTPaWBaHHUS BO Bpe-
MEHHM YHHMKaIbHbIX COOBITUH JHLIb KaXKYLHAsACA. Mbl UMeeM B BUIY He
T€ TPYAHOCTH, C KOTOPBIMH CTaJIKHBAKOTCH MCTOPWKH, MbITAKOLIHECH
AaTupoBaTbh coObiTHd. [lepen Hamu Bcraet Gonee dyHAaMeHTAILHbIH
JIOTMYECKUI BOMPOC: KaKWEe COOBITUS ClelyeT Ha3blBaTh YHHKaJIb-
HbIMM, HHIWBUAYyaIH3upoBaHHbIMU? Ha camoM nene nepes Hamu ogHa
U3 (OPMYJMPOBOK CTapod NpoGaeMbl MPHUHLMUIIOB WHAWBUIYALIMH, B
MOMCKAX KOTOPBIX HEMAO ObLIO CIOMAHO KOMUHA ellle cXonacTaMu’.

OTBeT cHOBa Kak Obl JIGKHUT Ha MOBEPXHOCTH. SIBlIEHHE YHHUKAILHO,
€CJIM OHO OTJIMYaeTcs OT BCEX APYTHX fABJCHMI, 32 UCKIIOUCHHEM cebs
camoro. [Ipocto u AcHO (ecny NpeanosokKUTh, YUTO HAM U3BECTHO, UYTO
Takoe paBeHCTBO). [IpoGnema B TOM, 4TO AaHHOMY OTMpeAe/IEHHIO
yIOBJETBOPSAIOT U abcTpakTHble 00beKThI, Te e Yucaa. Yucno 4 yHu-
KaJbHO, HEMOBTOPUMO WM WHAUBHUAYAJIBHO B PSAAY MPOUUX yuces, ubo
OHO OT BCE€X HUX OTiMvaeTcs. YTo xe Toraa, mpaBOMepHb! BbICKa3bIBa-
HUS THIa «—4 paHblue, yeM 4»? HexenarenbHocTs moaoOHbIX Mpea-
no)XeHud ouyeBuaHa. YucrioBas MHAMBUAYATBLHOCTH, MO Npeobianaro-
LLIMM COBPEMEHHBIM [PEACTABIEHUSAM, HOCUT BHEBPEMEHHOH Xapak-
Tep’. Ho eciiv Mbl MOPEKOMEHIYeM B KadecTBE COObITHI GpaTh TOJIbKO
TaKue, KOTOpble BCTYMAOT MeX 1y COOOH B TEMMOpaibHble OTHOLLIEHUS,
TO HaJULO NOPOYHbIA Kpyr: 4ToObl OOpa3oOBBLIBaTH TeEMIIOpasibHbIE
LUEeNnoYKH, Mbl TpeOyeM YHHUKaIbHOCTH UX 3BEHbEB, a YTOObI BBIOpATH
HY>)XHbl€ 3BEHbS, MMPEANOJaracM Hajlu4yde dTHX caMbIX Lenouek. Pazo-
pBaTh MOPOYHbBIH KPYr MO3BOJMUT OOpallleHHe K peaibHOMY MPOCTpPaH-
CTBY, 00OpallaTbCs C KOTOPBIM, M0 BbILIE BBEAEHHOMY AOMYIIEHHIO, Mbl
ymeeM. McnpaBuM nepsoHavajibHOe onpeaeseHue. Hazoeem saBneHue
VHUKQTbHBIM WU UHOUBUOYATUIUPOSAHHBIM (001aAal0lIMM UHAUBUIY-
ATbHOCTBIO), €CJIM OHO, BO-NIEPBBIX, OTJIMYAETCA OT BCEX APYruX sBie-
HUH, 3a UCKJIIOYEHHEM ceOs caMoro, W, BO-BTOpBIX, pacriojlaraercs B
o0bexkTHUBHOM mpocTpaHcTBe. [locneaHee o3HayaeT, B HaCTHOCTH, YTO
Takue ABJEHHS B MPUHLMIE MOTYyT ObIThb HaOaOdaeMbl (B OTJMYHE OT
MoObIX abCTpaKUWH, KOTOPbl€ Mbl OTHBIHE JIMILIAEM YHUKAJIbHOCTH M
HENMOBTOPUMOCTH B HallleM CMbICIIE).

OAHAaKO HE KaX/[0€ YHUKAJbHOE BJEHHE CJIEAYET Ha3biBaTh COOBI-
THeM. Cobblmue — 3TO TakOe NMPOCTPAHCTBEHHO JIOKATU30BAaHHOE SBJjIe-
HUe, B KOTOPOM HET «PaHbllie» U «I1035Ke», UHBIMH CJIOBaMH, KOTOpOe
HEe UMeeT MPOTXKEHHOCTH BO BpeMeHHU. [loaTomy Heobxoaumo paznu-

’ [MoapoBHOCTM M COBPEMEHHbI B3rnsn Ha mpoGneMy cM. B KkH.. Paccen b.
Yenoseyeckoe nmo3HaHue. Kues, 1997.
® He Bce ¢ 3TUM coracHbl. MHTYMIMOHUCTHI, HATIpUMEP.
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4yaTh COOBITHS U MOCIEN0BATE.IbHOCTU COOBITHI — npoyeccor. 'MOKOCTD
€CTeCTBEHHOIr0 f3biKa TO3BOJIAET MNPUHHMAThL TIPEIOKEHHA THMNa
«CoObITHE g Ha4yanoch TOTAa-TO M 3aKOHYHIOCH TOraa-to». Ho nydue
cka3ath «[lpouecc g Havancs Toraa-To M 3aKOHYMIICA TOraa-To». Benb
€CJIM B ABJIEHUM Mbl pazjiMuacM €ro Ha4yajao BO BPEMEHHM U €ro KOHell,
TO peyb MIET KaK MUHMUMYM O JIBYX COOBITHSIX — COObLITHSX Hadaia W
KOHLIA 7TOro siBjieHusi. Takoe siBjleHHE OyaeT He coObITHEM, a MpoLec-
coMm. Jlpyroi Bompoc, 4To He Haao adCOMOTU3UPOBATE MTOHATHE COObI-
Tusi. TO, 4YTO B OIHOM OTHOLISHHH BbICTYMAET Kak COObITHE, B APYTOM
OTHOLUIEHUH MOYKET OKa3aTbCs MpoueccoM. Bece 3aBUCHT OT NMPUHATOrO
Macuitaba paccMoTpeHHs. Boictpen «ABpOpbI» MOKHO CUMTaATb COObI-
THEM, a MOXKHO M MpoueccoM (BOCIUIaMEHEHUE [0poxa, pacluupeHue
MOPOXOBBIX I'a30B, BOZHUKHOBEHUE 3BYKOBOM BOJIHBI U T.4.). C 10ruye-
CKOW TOYKH 3pEHHS BCE K€ KaKHe-TO COOBITMS JOJIKHbl OKa3aTbCs
Janee He JIeJIMMbIMU B TEMIIOpPaJibHOM OTHOLIEHWH CYIIHOCTSMH, HO
YTO KOHKPETHO OepeTcst B KauecTBE TaKUX CYUIHOCTEH — AUKTYETCs He
JIOTMKOH, & OCOOEHHOCTAMHU M3y4aeMor npeaMeTHon obnactu. duzu-
YecKMe Mpouecchl MOryT 3aHUMaThb Mejbyahllue H0.TM CEeKYHIbl, B
rpaXxaaHCKOH MCTOPHH MpOoLeCcchl MOTpedyoT, KAK MUHUMYM, MUHYT, B
reoJIOTUYECKHUX TMpoleccax cyeT uaeT Ha roael... Orcroga U cobbi-
THAMH B KOKIOM CJlyyae OKaXXyTcsl BJIEHUS pa3IMUHOIO TUIMA.

Tenepr BCe rOTOBO A8 YKa3zaHUS Ha BTOpoe pyHIaMeHTa.1bHOe
CBOHICTBO BpeMEHH: 8 OMHOUEHUE «PAHbIUE, HEM» 6CMYNAIOM YHU-
KAIbHble UHOUBUOYATUIUPOCcaHHble coObimua. []ocne10BaTe/IbHOCTH
TaKUX COOLITHH Takke YHUKaTbHbl U UHAMBUAYATU3UPOBaHbI M 0Opa-
3YIOT UCMOPUIO0 COOTBETCTBYHOLIEN 00/1aCTH peaTbHOCTH.

31ech Mbl CTATKMBAEMCSl C TIEPBLIM BaXHbIM c.1e0Ccmeuem BTOPOro
CBOMCTBA BPEMEHH — 8pevs U UCHIOpuUsi Hepa3pbl8HO ceazanbl. Ecau
€CTb BpEMdA, 3HAYUT CYLUSCTBYIOT U HHAMBUAYAIUW3UPOBAHHBIE COObI-
THUS U TOCT1€J0BaTEIbHOCTH TaKHX COOBITHH, T.e. uctopus. M Haobo-
pOT, WCTOPHUS pa3BepThIBAETS B [MOCAEIOBATEILHOCTH YHHKAIbHbIX
COOBITHH, a TOC/IeJHUE YNOPAA0UYE€Hbl OTHOLIEHHUEM «pPaHbLIE, YEM» —
nosipnsieTca BpeMs. Kaxabll MOHMMAET, 4TO HEBO3MOXXHaA HCTOpHA,
npoTeKarolias BHE BPEMEHH, HO JajleKO HE BCE OCO3HAKT, YTO YMOT-
peOcHUE TEPMHUHA «BPEMS» B KOHTEKCTAax, UCKIIOYAKILHMX UCTOpHYe-
CKMUHM B3IJsi1 HA JEHCTBUTEIbLHOCTD, BEIET K MOJAMEHE: TPaAULIMOHHOE,
YCTOSIBIIEECS 3HAUEHHUE ITOrO TEPMHUHA 3aMeHsieTes ApyrumM. He nyudiue
7MW B34Tb Apyroe cioBo? CKa:KyT B OTBET - a YTO ITO 3a yCTOsBLIEeCs
3HAYECHHE, B YE€M OHO COCTOMT? BbiTb MOXET, HampOTHUB, HUKAKOIO
YCTOMYHBOTO TOHATHA BPEMEHU HE CYLIECTBOBAlO M HE CYLIECTBYET
(pa3Be uayLuas y»xe MHOTHE BeKa MojieMHKa no npodneMe BpeMEHH He
TOMY CBHUJETENbCTBO?), MU MOTOMY KaXIblH BOJIEH BKJIaAbIBaThb B 3TO
MOHATHE KAKOE YIOAHO coaep)kaHue. — PazymeeTcs, ae10 He B clioBax,
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u mobOod TEPMHH MOXKHO HCIMONB30BaTh Kak 3abnaropaccyaurtcs. Tep-
MHH MOXET ObITh O/IUH, a MOHATHS pasHble. Tak BOT, KOJIb CKOPO pedb
HIET HE O CJIOBE, a O MOHATHH, TO Y MOHATUS BPEMEHH BCE XKE €CTh, MO
KpaiiHel Mepe, TpU yCTOMUMBBIX acriekTa (B 3TOM paboTe OHM MOSBIIA-
IOTCA 1o HoMmepaMH 1, 3 U 4 CBOWCTB BpeMeHH), C KOTOPbIMU ObLIM
COTJIACHBI HE TOJIBKO MPAKTHYECKH BCE MBICMTENM TMPOLIJIOro’, HO M
He oOpeMeHEeHHbIE HayuyHbIMH NpoOieMaMu JTIOAM, B TOM YHCJe HaLIH
coBpeMeHHUKH. OO 0OAHOM M3 3THX acMeKTOB yXKe I1llJ1a peub. COOBITHUS
MPOUCXOJAT HUJIK PAaHbLUE, MK MO3XKE, HIH OAHOBPEMEHHO C IPYTHMH
COOBITUSIMH.

Tperbe ¢BOHCTBO

CnenyrouMii HEeU3MEHHBIH aCMeKT MOHATHS BPEMEHH CBS3aH C pas-
JEJIEHUEM COOBITUH Ha npouitsie, Hacmosiyue u 6yoywue. [lonuepk-
HEM, YTO HU B OJHOH (PU3UHECKOH TeOpuH, MpEeTEHAYIOUEH Ha CTaTyC
TEOPUH BPEMEHH, HET HH MPOLUJIOro, HU HACTOSLLEro, HU OyayIuero.
CkazaHHoe TpeOyeT mosicHeHWUH. TpaauLIMOHHO BCerja CUYUTAIOCh U
CUMTAETCA, YTO CYLIECTBYIOT TOJbKO COOBITHS HacToslero. CodbiTus
MPOLIOTO MO-HACTOSALLEMY YXKE HE CYLIECTBYIOT, a COObITUS OyayLIero
ewe He cywecTByroT. DOpMYJUPOBATH 3TY MBICIbL MO-Pa3HOMY, HO
cyth Obna oaHa. Kak nucan T.I'oG6c¢, «...TOMBKO HacToslliee UMeeT
ObITHE B MpUpOAE, Mpoluealiee uMeeT ObITHE JIMLIb B NaMATH, a Oyay-
Liiee He UMeET HUKAKOTo ObITHS» . Bee xe HanMLo GaKT J0CTOBEPHBIX
paccka3oB O MPOLIIOM U BbICKa3bIBaHUH, MPABWIBHO MPEACKa3blBalO-
wux Oyayuiee, KOTopble He ObUTH Obl TAKOBBIMH, €CTH Obl HE OCHOBbI-
BajTMChb Ha peasibHO# nouBe. Ha 3Ty cropoHy mnpobsiemMbl yka3biBaeT
bnaxxeHHbi Apryctun: «HM B caMoM aerie, kak MOIIY, HalIlpUMep, Mpo-
POKH, KOTOpble NMpeacka3biBasid Oyayluee, BUAETh 3TO Oyayluee, eciu
Obl OHO He cyulecTBOBa10? Beap Toro, 4to He cyllecTBYET, U BUAETH
Henb3d. M onaTh, Te, KOTOpbIE pacCKa3biBalOT HaM O MpOoLUEAUIEM, HE
MOrM Obl paccka3zaTbh O HEM, Kak O JE€HCTBHUTEIbHO CYLIECTBOBABIUEM,
ecny Obl OHO B AYLIE WX HE MPEACTAB/ISIOCH TAKOBbIM; KaK >X€ OHO
Mor;io Obl mpeaHa3Ha4aTbcsi UM, €cid Obl BOBCE HE CYLIECTBOBAIO?
HMrak, HapoOHO nosnararte, 4TO U npolueailee, U Oyayuiee BpeMs TakxkKe
CYLUECTBYIOT, XOTS HEMOCTHXHMBIM /11 Hac 06pa3zom»”.

[Tostyyaercs, 4TO Ha BONpPOC, CYLIECTBYIOT JIM Npoluioe U Oyayuiee
B OObEKTUBHOM peasibHOCTH, Mbl FOTOBBI AaTh KaK OTPULIATENIbHBIH, TaK

7 Hckmouenust 6ud. DeaTsl, Harpumep. Ho 3T0 MMEHHO MCKTIOUEHHS!, MOPAXKABLINE
CBOEH MapanoKCalbHOCTBIO.

® I'o66¢c T. Jlepnadan, uau Mmatepusi, GopMa M BIacTh TOCYAAPCTBA LIEPKOBHOIO W
rpaxaaHckoro. // U36p. npoussenenus: B 2 1. M., 1964. T. 2. C. 62.

° Ucnosens braxenHoro Arryctina. M., 1914, C. 320-321.
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U YTBEPAUTEJIbHbIH OTBET, UTO NPOTHBOpeuYrBO. Bhixoa u3 npoTuBope-
YMsl 3aKJIIOHAeTCs B pa3/e/ieHHH ObITHS Ha 00,1aCTH, CylIECTBYIOUIHE B
pa3HbiX cMbiciaax. [lpoweniee U Oyayuee 0oObEKTUBHO CYLIECTBYIOT,
HaJU4YeCTBYIOT B ObITUM, HO He TaK, Kak Hacrtosaulee. OQHAKO ITH
CMbIC/IbI OCTaBaJIMCh HEMOCTHXUMbBIMH, YTO NMPHUBOAMIIO UCC/IE10BaTeE-
7€l K cyObeKTHBU3ALMU BpeMeHH. [060c¢, roBops 0 NpollsioM, cchblia-
eTcs Ha namsTh, He Halas /14 Oyayulero naxke CyObeKTUBHOTO YCJo-
BHs CYLLECTBOBAHUS, ABIYCTHH YBUAMT OCHOBaHHE Oyayllero B vas-
HUSIX M HaJex/JaX , HO 3a [IBe C MOJOBHUHCH ThICA4YH NeT 00CY)KIEHHUH
HUKTO HE CMOI HaWTW peuieHUs npodbrembl. B Takoi cuTyauuu
HepeaKO MbITAlOTCS 37TMMHUHUPOBATH caM Hey00HbIH Bompoc. Tak u
MpOU3OLJIC B paccMmaTpuBaeMoM ciydae. bbeiio oObsBiaeHo, 4To BCe
COOBITHUS CYLUECTBYIOT B OJJHOM M TOM e cMmbicie. Paznenenue coObl-
TUH Ha npouwlble, Hacrosuide U OyayllUe Bceuelo CYObEeKTUBHO.
CywectroBats B 1000 roay, & 2000 uau B 3000 — 3TO 0OAHO U TO Xe U
HUKAKOH pa3HHLbl B ObITHH 3TUX COOBITMH HeT. Sl nuwy 3TH CTPOKH B
2000 roay ¥ MHe 7HLIb MHMICH, YTO s HaxOXycb B HactosiweM. Krto-
TO, BO3MOKHO, NMpoyTeT uX B N-oMm roay (npuuem 2000 < N), koTopbIi
Oyner Hactoswum ans Hero, toraa kak 2000 roa okaxercs B npo-
utoM. Bce 3aBUCHUT OT cyOBEKTHBHOrO BbIOOpa TOYKH OTCHETA, a B
Ka4yecTBe TaKOBOH MOXKHO OpaTb MPOMU3BOJbHBbIH MOMEHT BpPEMEHH.
OTHOCHTEILHO COOBITMH 3TONO0 MOMEHTA, B3SITOrO 3a «HACTOALLWI»,
Oosice paHHMe coObITHS OyayT «npouwsibiIMW», Oojiee MOo3aHUE —
«Oyaywnmiy. Ho kak TOnbKO Mbl BO3bMEM JIpPYrod MOMEHT, KapTHHa
M3MEHUTCS U OTHOCHTE/bHO HEro BBICTPOSTCA CBOM «IIPOLJIOE» H
«Oynywee». B nmoakpenieHue 3TOM KapTHHBI CCbUIAlOTCS Ha COBpe-
MEHHYI ¢HM3UMKY W CHpaBe/IUBO CChLIAKOTCH, MexJy npouuMm. B
coctaBe (PU3MYECKUX TEOpUH BpPEMEHU AEHCTBUTEIbHO HET MOHSATHUH
NpoLJIoro, HacToswero M Oy, 1yuero. 1o npocto Gakr U TyT HHYEro
He noaesaacuib. C OObIM (U3MUECKHM COObITMEM MOXKHO CBA3aTh
JIMILIb MOMEGHT BPEMEHH, KOr/la OHO MPOMU3OLLTO, WM YKa3aTb, KaKHe
COOBbITHA MPOU3OLLIM paHbLI€ WK NPOU3OHIYT MO3KE JAHHOIrO CoObI-
Ths. Bonpoc, kakue coObITHA NMPOUCXOAAT B MOMEHT TENEPbL WK CEM-
yac, Kakue B aDCOMIOTHOM MPOLIOM, a kakue B abcosoTHOM Oyay-
LieM, JIMOO OeCCMBICIEHHBIH, .TMO0 CYOBEKTUBHDIM.

A ecilM He corjauaTbes C TeM, YTO Bce COOBbITUS MUPOBOIO YHMU-
Bepcyma ((puU3Hyeckve B TOM YHCJIE) CYLIECTBYHOT B OJWHAKOBOM
cMbicsie? MOXHO M HAWTH 0ObEKTUBHOE OCHOBAHME IS TAaKOH MO3H-
uuMu? Mbl nipeanaraem cieayroliMi OTBET Ha NMOCTABJIEHHBIE BOMPOCHI.
Kaxaoe coObiTHe nMpoucxoaMT, cly4daeTcd ¢ KaKUMH-TO OOBbEKTaMHU.
OcTaBUM B CTOpPOHE COOBITUS MCUXHUYECKOrO psila U COCPeaOoTOUUMCS

' Tam xe. C. 334-335.
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Ha 0OBeKTaX, pacnoaraloluXcs B pealbHOM NpocTpaHcTBe. JII0GOI
TaKoOh O00BbEKT 06/1a1a€T HEKOTOPLIMH CBOMCTBAMM M BCTYMAET B HEKO-
TOpbI€ OTHOLICHHUA C ApyruMu oObekTamMH. Ha s3blke COBpeMeHHOiA
JIOTMKM CBOWCTBAa M OTHOWIEHMS OOBEKTOB HAa3bIBAIOT MpeAUKATaMH.
Beenem cnenytowmyro aberpakumnto. C KakabiM 0OBEKTOM X B KaXK/blil
MOMEHT BPEMEHHM ! Oy/1eM CBA3bIBaTh COBOKYITHOCTb BCEX €r'0 Mpe/u-
kaTtoB. B 4ectp I'.JIeliOHMUA Ha30BeM TaKyl COBOKYNMHOCTb .1eiOHuU-
yuaHom x B MOMEHT /. Hanpumep, NMpUMEHHUTENbHO K KOHKPETHOMY
4eJOBEKY B JlaHHOE€ MIHOBEHHWE B €ro jeidbHULMAaH NonaayT ero pocr,
BEC, YPOBEHb OOpa3’0BAHHOCTH, COCTOSHHME 310pPOBbA MO BCEM Mapa-
METpaM, €ro OTHOLUEHUS C APYTUMH JIIOAbMH U C MPHHATHIMH 3aKO-
HaMHM M T.A. U T.A. YK€ HU3 3TOro fnpumepa BUAHO, YTO MOHATHE JIEHO-
HULMAHAa KpalHHE HE KOHCTPYKTMBHO. Y Hac HeT crnocoba ucueprbl-
BAlOLLEro MNepeyvyucieHns TMpeauKaToB peajbHbIX 00BbekToB. bonee
TOroO, HET Jaxke oOliero crnocoba ornpeaeneHus, BHOCHTb WM HET
HEKOTOPbIH KOHKPETHbIH npeaukar B JedOHUUMaH. CkaxeM, OyaeT iu
MPeAHKaTOM CBOWCTBO «X HAaXOAMUTCHA B 4 CBETOBBIX IOJax OT 3BE3/bl
Anbda LlentaBpan? A oTHouieHue «x mobuT y»? He 6ynem 3abbiBath,
4YTO BBEJECHA MMEHHO abCTpakuusi, MPUTOM OYEHB BBICOKOIO YPOBHS.
Takue abcTpakunu BooOllle CBOMCTBEHHbI Hayke. [laxke B maTeMaTHKe
(TouHeHieH U3 Hayk!) Mbl HAXOAUM MOAOOHOTO poAa HEKOHCTPYKTHB-
Hble MOHATHs. Hampumep, B TEOPHH MHOXECTB C aKCHOMOH BbIOOpa
JOKa3bIBAETCS, UTO KOHTUHYYM JEHCTBUTE/IbHBIX YHCEST MOXKHO BITOJTHE
ynopaao4utb. Ho 0 cUX mop HUKTO He Hauen (M Bpsa JIM HanAeT)
KOHKPETHBIH TpPUMEpP YMOPAJOYEHMS, CYLIECTBOBAHHE KOTOPOro
yTBepkaaercs. [lomydaercs, 4TO OHO CyLUECTBYET AHIUb B aOCTpaKLUH
abcTpakuMi (NOCKOAbKY M MOHATHE AEHCTBUTEJIBHOINO YMC/A, U MOHA-
THE NOpsJKa 3TO TOXKe abCTpaKLUH).

VYTOYHHUTH TIOHATHE JeHOHMLIMAHA MOXHO CIIEAYIOIUHM O00pa3oM.
[TockoJIbKY 3TO MOHATHE MpearnosaraeT OrnepupoBaHUE HEKUMH abcerT-
PAKTHLIMU COBOKYMHOCTSAMH, PE30OHHO AJI1 €ro YTOYHEHHUsS BOCIIOJIb30-
BATHLCS aMnapaToM TEOPUH MHOXKECTB, KaK pa3 MPHUCMOCOOJEHHBIM 1S
onucaHus Takoro poaa obvektoB. Ho 3mech ecTb onHO dopManbHOE
3arpynHeHHe. CoOOCTBEHHO TEOPETHUKO-MHOXECTBEHHbBIE COBOKYTTHOCTH
BO BPEMEHH HE MEHSAIOTCSH, NO3TOMY NMPUMEHEHHE UeH JeHOHHLMaHa K
00BbEKTAM TEOPUM MHOXECTB JIMILIEHO cMbiciaa. Hanpumep, uro Moxer
JaTb NpUMeHeHHe 06opoTa «IeHOHHUIMAaH MyCTOro MHOXeCTBa»? 3Ha-
4YUT, HEOOXOIHUM HECTAHAPTHBIN NOAXOA,.

B craHaapTHOW TEOpUM MHOXECTB NMPHUHUMAETCS MPHHLMI 9KC-
MEeHCUOHATbHOCMU, COTJIACHO KOTOPOMY JBa MHOXECTBA MJIM Kjacca
CUMTAIOTCS PABHBIMH, €CJTH OHM COCTOAT M3 OJHHUX H TEX XKE dNEeMEH-
ToB. B nanHol pabote 6yaeT nocTpoeHa TeOpHs MHOXKECTB, B KOTOPOH
Mbl MOJYYHM BO3MOXHOCTb pa3/M4aTh COBOKYMHOCTH, cocToswue (B
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HEKOTOPOM HEKJIACCHYECKOM CMbIC/IE CJI0Ba «COCTOATL») H3 OJHHAKO-
BbIX 3JIEM2HTOB. B cTaHmapTHOM cliyyae MHOXECTBa, MpeACTaB/IsO-
ILIM€ CBOMCTBA U OTHOLUEHHSA, MOAYUHAROTCA MNPHHLHMITY OKCTEHCHO-
HA/TbHOCTH, TaK YTO TaKHE CBOWCTBA M OTHOLLEHUS OyaeM Ha3bIBATh
IKCMEHCUOHATbHbIMU. B TIPOTHBOMONIOXKHOCTh 3TOMY HAa30BEM CBOW-
CTBO WJIM OTHOlIEHUE P unmeHcuoHatbHbLM, €CNU B paMKax COOTRETCT-
BYIOILEH TEOPHH MHOXECTB 10MycKaeTcs cyllecTBoBaHHe' ' Takoro Q,
4yTo U3 yTBepxAeHUS «P U Q COCTOAT U3 OIHHUX M TEX XKE IJIEMEHTOBY
He caeayeT yTeepxaeHHue «P = Q.

Ewe B 20-30 ronsr @penkens ¥ MocTOBCKHI BBEIH B paccMOTpe-
HHE TEOPUH MHOMECTB, B KOTOPbIX MPHHIMIT 3KCTEHCHOHATIBHOCTH HE
BBIMOJIHAJICS B MOJHOM oObeMe. Peub HaeT o Tak Ha3bIBAEMbIX TEOPHSX
MHOXECTB C amomavu WIH npasieveHmamu. ATOMbl HE COAEpKaT
HHUKAKHX 3JI€MEHTOB, OAHAKO OTJIMYAKOTCS APYT OT ApYyra v OT NYCTOro
MHOXecTBa. [1o3TOMy, eciau a — aTtoM, TO BEpPHO yTBep:KIeHHe VX(XEa
> x€®). ONHaKO TakKKe BEPHO, YTO @ # &, BOMPEKH MPUHLIUMY IKC-
TEHCUOHA/IbHOCTH. T€OpPMM MHOXECTB ¢ aTOMaMH MEePBOHA4AJIbHO
npeaHa3Ha4yaJUCE A8 NOCTPOEHHSA MojeneH, B KOTOPLIX He BbIMOIHSA-
eTcs akcMoMa BbIGopa'". BrocsencTBHH 1718 JOCTHXKEHHMA 3TOH LU
Hay4YWJIMCh 00XOAUThCs 0€3 aTOMOB, OJHAKO, HAa Halll B3r/s1, TEOPUH
MHOXECTB C NMpaIeMEHTaMK MPEeACTaBIiOT HE TOMbKO YUCTO TEXHH-
YECKHUH MHTEPEC, HO U BaXKHb! 1714 UI0codUH.

PaccMOTpUM aKCHOMATHYECKYIO TEOPHIO MHOXECTB C aTOMamH
ZFA, xotopas cTpouTcsi Ha 0a3ze TeopuH MHoxkecTB llepmeno—Dpen-
kenas ZF.

Jlo6aBuUM K S13bIKY NMEPBOMNOPAIKOBOIO HCHUUCIEHHS MPEAHUKATOB C
pPaBEHCTBOM CHMBOJ OMHApPHOTIO OTHOLLEHHS € W ABE WHAWBHUIAHBIX
KOHCTaHTbl & U A. YcaoBUMcS BMecTO GopMyJT BHAA —(X € Y) MUCATh
xgy. AkcroMamu ZFA Oyayt cieaytolide yTBEPKAEHHS.

1. Akcuoma nvcmozo MmHoxcecmsa:

Vx(x g &).

2. AKCUOMA MHOMCECBA AMOMOG:

Ux(x € A > x# D& Vy(y ¢ x)).

bynemM Ha3zbIBaTh 371€MEHTbl U3 A amovamu, a MHOMCECMEAMU —
OOBEKTBI, HE SABISIOLIMECS aTOMaMH, TO €CTb X — aTOM, €CJIH H TOJIbKO
€ciiu X € A, U X — MHOXECTBO, €CJIH U TOJIBKO €CJIU X € A.

3. Axcitoma 3KCMEHCUOHAIbHOCIIU 0151 MHONCECTIE:

(VxgA)Vyed)(x =y < Vz(z € X <> Z € Y)).

" To ecth mpeanonoxenue o CYUIECTBOBAHMM 00beKTA ¢ TpeOyeMEIMHU CBORCTBAMH HE

_ IPUBOIMT K NPOTUBOPEUHIO.

** ToapoGuee cM.: Hex T. Teopus aiHoxecTB M MeToa dopeunra. M., 1973: O xe. O6
akcuoMe Bbidbopa // CripaBoyHas xHura ro maremaruudeckoi noruke. Y.II. Teopus
MHOXecTB. M., 1982,
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4. Axcuoma napwi:
VxVydzVu(u e ze>u=xvu=y).
5. Axcuoma cymmbl wiu 00veOuHenuA:
Vx(JyeA)Vz(z e y > Fu(u € x & z € u)).
6. Akcuoma cmenenu:
Vx3dyVz(z e y & z C X),

7. Akcuoma deckoHeunocmu:

Ix(J € x & Vy(y € x > yuU {y} € X)),

8. Cxema axkcuom noOCMaHo8KU:

VXx(Vu(u € x —» 3!zF(u, 2)) »
(BygA)Vz(z € y <> Ju(u € x & F(u, 2)))),

rae F(u, z) — mobas dopmyna, He coaeprkalllas NEPEMEHHYIO Y
csoboaHo.

9. Cxema axcuom 8vi0e.1eHU HOOMHON ECMEA:

Vx(IyeA)Vz(z € y >z € x & F(2)),

rae F(z) — npousBonbHas dopMysna, B KOTOPYIO y HE BXOAMT
cB0OOIHO.

10. Akcuoma pezyasprocmu:

Vx(3z(z € X) » y(y € x &y N x =),

Ha sTom cnncok akciom Teopuun ZFA 3asepiuen’”. OTMETHM, 4TO
HH B OJHOH U3 aKCHOM He TpeboBaiach HEMyCcTOTa MHOXECTBA aTOMOB
A. Tloatomy, nodaeus k ZFA dopmyny A = &, Mbl 0AyYUM OOBIUHYIO
Teoputo ZF, 4To BOBCce He BXOAMT B Haliu njadbl. Ho He npuseaet jin
K MPOTUBOPEUHIO HernycToTa MHOXkecTBa A7 Oka3sbiBaeTcs, HET. bonee
TOro, ObL10 MOKa3aHo, YTO cUcTeMa akcuoM (ZFA + «4 — BeckoHeuHoe
MHOXXECTBO») HENMpPOTUBOpEUUBa OTHOCUTENBHO ZF W ocraHercs
HENpOTHBOPEUMBOH rocse 100aBneHHs akcHombl Bbibopa'’. Ham ne
noHagoOUTcs akcuoma BbiGopa. bosiee TOro, Kak Mbl YBUAWM W3 Jajlb-
Heluiero, oHa OyaeT HaM MellaTh.

Pacuinpum s3bik Teopun ZFA, 100aBUMB K HEMY MHIMBUAHbIE KOH-
crantol IT 1 O, a Takke OAHOMECTHbIH (YHKUMOHAMbHBIH CUMBOI f.
[Toctpoum B 3TOM Aa3bike TeopHto ZFAI, akcuoMamu KOTOpOH sBjIA-
IOTCA  Bbille CHOPMYJUPOBaHHbIE akcuoMbl 1—10 W creagyroulune
akcuombl 11-14, koropble, B OTAMYME OT MpeabLAyLWX, He OyayT
HUMETDb CTieLMa/IbHbIX Ha3BaHWH (B pe3yabTate Teopust ZFA Oyaet noa-
teopueit Teopuu ZFAI).

11.TTu O = 4.
12 IO =0.
13. 3x3dy(x e [T & y € O).

' On HeckoNbKO OTIMYAETCS OT chnucka. npuseideHHoro B kuure T.Hexa 1973 r.,
O/IHAKO ITH OT/IMYUS HE CYILECTBEHHI.
" Hex T. Teopus MHOXECTB M MeToa popcunra. M., 1973. C.125.
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Yepes © 0003HAUUM MHOXKECTBO ®\{&J} (T.€. ® - 3TO MHOYKECTBO
MOJI0KUTENbHBIX Uebix yncen). [onoxkum Do =pr {O" n € o }.

14. (Vxel)(f(x) = D) & (Vxell)(Fnew )(f(x) < O).
®@akt. Teopus ZFAI HenpotuBopeunra otHocutesbHo ZF .

Tenepb Bce roTOBO 47151 BBEAEHUS BAKHOTO OMNPELEEHUS UHIMEH-
CUOHAILHCU NPUHAOICHCHOCHIU €.

Xey ©prX € f(y).

CoaeprkaTenbHO 3aMUCh BUAA @ € ¥ 03HAYAET, YTO /11 HEKOTOPOrO
n > | nocenoBaTelbHOCTh MHAUBUIOB a = (ay, ..., a,) = O" HaxoauTcs
B MHTEHCHOHAJIbHOM OTHOWEHUH # € T, Tak 4TO MOXKHO HCMOJIb30BaTh
MPUBBIYHYO 3anuch r(ay, ..., a,). Jlanee Hac OyaeT UHTepecoBaTh CBA3b
MEX1Y OTHOUIEHHWEM I' U OOBEKTOM a; € ¢ (111 BCeX @ € ¥ ¥ BCEX 1 B
MHTEpBase oT | 10 n).

ns kaxxnoro a € O onpeaenum reuonuyuan o (L{a)):

L(a) =ps {r € 11| Ja(BicoNacr & o € a)}.

HMubiMu crioBamu, (o) €cTh MHOXECTBO BCEX OTHOLIEHHUH, B KOTO-
pPbIX YYacTBYE€T WHAMBHA O. PaccMOTpUM MHOMXECTBO BCEX JCHOHU-
uMaHoB L =p¢ {x | (3aeO)(x = L(a))} u mHoxkecTBO LC =p¢ {X | X —
kapauHan & (dyel) |y| = x}. Kaxkabii anement L(a) & L 6yaem cuu-
TaTb TeM HabOPOM MpEeAHUKATOB, KOTOPBIA onpeaensieT MecTo oObekTa
O Ha wWKasie BpeMeHH. OT 4yero 3aBUCHT 310 MecTo? — OT Mougnocmu
COOTBETCTBYIOLIErO JIeOHMLMaHA. OOBEKT O HAXOJAMUTCS B MOMEHTE
«Tenepb», €CJIM 3Ta MOLIHOCTL MakCcUMasibHa, T.e. ecau (VBeO)(|L(B))
< |L(a)]). Ho kak otnuuuthk npourioe ot Oyayuero? Pe3oHHbIH OTBET
3AK/TH0HAETCS B TOM, YTO COOBITHS naxke Onwxkaiuiero ¢yayuiero seayr
0oJiee MpU3pavHOE CYIIIECTBOBAHUE, YEM CCTaBUBIIHE CiieAbl COOBITHS
OTAAQJIEHHOTO Mpo1L1oro. Pea1u30BaTh 3Ty MbIC/Ib MOXKHO MO-pa3HOMY.
Hanpumep. npocreiiuiee peuieHHe COCTOMT B MPHHATHH MOCTY.J1aTa o
KOHEYHOCTH J1eHOHMUMAHOB OyayLIMX HHAWBHAOB MU OECKOHEYHOCTH
NeHOHULUMaHOB MpoUIIbIX Bewled. bonee paaukaibHOe pelieHWe
COCTOMT B NnOCTYyJIMpoBaHWH Ha L.C Takorc OTHOWIEHHUS MEX1Y Kapau-
HaJ1aM¥Y JIEHOHHULIMAHOB, KOTOPOE YAOBIETBOPSET KAKKM-THO0 aKCHO-
MaM BPEMEHHOTrO Mops,aKa.

TakuMm o6pa3zoMm, ObITHE COOBITHI NMPOILIOTro W OyaywWero oT/iHya-
eTcs OT ObITUSI COOBITHUI HACTOSLIErO MOCTOJBKY, MOCKOJbKY KOJHYE-
CTBO MPEAHKATOB, JJOKATU30BAHHBIX B PEASIbHOM MPOCTPAHCTBE 00BEK-

s Jlokazare:16¢TBO HecnoxHo. CM.: Awucos A.M. TlpeacraBsiieHHe WHTEHCHOHAIBLHbIX
OTHOLUCHHA B TEOPDUM MHOXECTB C aToMaMH // Tpyabl HAyYHO-KCCAEA0BATEIBLCKOTO
cemuHapa Jloruueckoro ueHtpa Mucturtyta ¢unocobun PAH 1997 M., 1998. C.
27-34.
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TOB MpPOLIOro H OyAyliero, MeHblle, 4eM KOJMYECTBO MPEAHKATOB
00BbeKTOB HacTosLlero. Konuuecmeennoe paziuvue paznoepemMeHHbIx
NeibHuyuano8, obycnoenusawuiee paszoenenue cobvimuii Ha npo-
uible, Hacmoawue u 6yoyujue, 6yaer TpeTbuM QyHIaMeHTAIbLHBIM
cBoiicTBOM Bpemenu. B Toi unu uHolt dopme naHHoe cBOHCTBO Bpe-
MEHH 3HAKOMO KaK MCTOPHKAaM, TaK WM HccienoBaTensM, paspadarsi-
BalOWUM cueHapuu Oyayuiero. [lpeactaBuTe/in TOUHOrO €CTECTBO3HA-
HHUS C 3TUM CBOMCTBOM HE CTaJIKMBAIOTCA, MO3ITOMY HX TEOPUM Bpe-
MEHH HE alcKBaTHBbI.

YerBEpTOE CBOIICTBO

OcTaBliMicst TpPaaHLMOHHBIH acMeKT [OHATHS BPEMEHH MOXKHO
BbIpa3UTb ABYMS CJIOBaMHU: epemsa meuém. [ OBOpAT elie, UYTO 8pems
uoem. VInu (B HECKOIBbKO UMHOM CMBbICJIE, HO MO CYTH TOM Ke 3HaUE€HHH)
uoem gpems. TeueHue, X0 BPEMEHU COCTOUT B TOM, YTO COOBITHUS
Oyayuiero cmanogsamcsi COObITHAMU HACTOSLLEro, COObLITHS HACTOS-
IEero — COOBITUAMM MPOLLIOro, a coObITHS MPOULIOr0 — COOBITUSAMHU
eute Oonee aanekoro npouuioro. Teuenue spemenu — 4eTBepTOE €ro0
HeoTbemjemoe, ¢yHIaMeHTa/lbHOe cBoOHcTBO. HMcnons3ys ciosa
«TE€YeHHe BPEMEHHW» U «CTAHOBJIEHUE» KAaK CUHOHWMBI, OTMETHUM TOT
dakT, 4TO CyUIeCTBOBAaHHE TEUEHMs] BPEMEHH WM CTAHOBIEHUS —
HEOCTIOPUMOE CBU/ETENbCTBO WHAMBHUAYAIBHOIO OMbITA KAXKAOTO M3
Hac. [1ocko.bky ¢usiocodbl U yueHble TOXeE JIHOAH, OHU TaKXKe UMEIOT
3TOT OMNBIT MOCTHXeHUs BpeMeHW. Ho OHM XOTAT Bce BbIpa3uTh Ha
A3blke Teopuid. Jlanplile HaUMHAETCS MMOUMCTHHE AETEKTHBHAs UCTOpPHS.
Kak To/bko nosiBasaack oyepeaHas TEOpPHUs BpeMeHU (MM MpOCTpaH-
CTBA U BPEMEHH, WUJIU MPOCTPAHCTBA-BpEMEHH) OOHapyKUBaAIOCh, YTO B
TEOPETUUYECKOH KOHCTPYKLMH BpeMs He TedeT, HUKyJa He WIET, OHO
CcTabUIbHO, HEU3MEHHO W HEMOABWXHO. B ueM >xe cOCTOUT npecTyrJie-
HHE, KOJIb CKOpPO pedb MaeT o aeTektuse? B ToM, 4TO B yrogay Teopuu
)KEPTBYIOT CBUJETE/IbCTBAMU OTbITA W MIPH 3TOM MPHUUCISIOT cebs K
narepto NOOOPHUKOB IMMUPHYECKOro MeToAa. He Bce BUHOBHb! B 3TOM
npectyrieHud. Jlpeeuuit rpek [lapmenun, no-BMAMMOMY, MepBbIH
MbIC/IUTENb, OTBEPriIMHA T€YEHUE BPEMEHH, YECTHO 3asBMJI, YTO KEpT-
BYeT YYBCTBEHHbIM OIBITOM B MOJb3y TEOPETHYECKHUX PACCYKIAECHHH.
Ewe oauH vecTHbli uenosek, dpaHuy3ckuil dunocod AHpu beprcon,
MOCTYNWJ1 HA00OPOT K MPOBO3rjacki Oeccuiue HayKH B €€ MOMbITKAaX
NnocTH4Yb (PEHOMEH TEKyUIero BpeMeHH. brakeHHbIH ABrycTHH BUAEI
npobsieMy sicHee BCEX, HO PELLEHUS He Hallesl U TaKXKE YECTHO B 3TOM
npU3HaJcs.

Camo coboM, UMeeTCs B BUIY JIOTHYECKOE MPECTYIVIEHUE U UHTEN-
nexTyanbHas yecTHocTb. Ho oT 3toro He nerde. Beap moau Bee eule

17



BepAT Hayke. A HayKa FOBOPWT, UTO BpeMst HE TedeT U He uaeT. Ho MblI-
TO 3HaeM, 4To uaer. M >xuBeM U AEHCTBYEM B COOTBETCTBHUM C 3TUM
3HaHUWeM. A KOrZa HaM HaroOMHHAIOT, YTC M0 HAayKe 3TO HE TaK, CMy-
ILIEHHO corjaliaeMcs: Aa, 1a, KoHeudHo... He Ttoponurtech corna-
LAThCA. A TO TMOJYUUTCS Tak, KaK MOAYUYHIOCH C I'eJIMOUEHTPHUECKOI
cucteMoi. Bece Buaenu, kak cosiHLE BCXOJIHUT U 3aXOAHT U BEPHUIIH I/1a-
3aM CBOMM. 3aTeM Teopus OOBACHWIIA, UTO BEPUTL He ciaeayeT. He
BEPUTb JAKE CTAJIO OHO BpeMsa MOJHbIM. 'enepb, O€3 TMUIHErO HIyMa,
npapjia, AaH 3aJAHUM X01: BCe [€J0 B CUCTeMe OTcyera; HaxOAsaCh Ha
COJIHLE, YBHUAMM, KaK 3€M/Is BpalllaeTcs BOKPYr CBETHJIa, HAXO4SCh Ha
3emile, BUAHUM, KaK CO/IHLIE KPYTUTCS BOKpPYr Hac. Bornpoc o Tom, urto
BOKPYT Hero BpallaeTcs, TepsieT OCTPOTy, U Teopus llTonemes B npuH-
LMIe HUYYTh HE XYyxe, a ObITh MOXET, B KAKHX-TO acTiekTax (Beab Mbl-
TO Ha 3emile, a He Ha cojHue!) nayume, yeM Teopus KonepHuxka.
Kopoue rosops, Mbl npej1araeM NMpUHUMI «Bepb I1azaM cBouMy. Eciau
TEOpHS HE COracyercs ¢ YyBCTBEHHBIM OIBITOM, TEM XY>X€ AJd Teo-
puH. TeM MHOIUM, KTO, IPUKPbIBAsACh aBTOPUTETOM TGUHOTO €CTECTBO-
3HAaHMUSA, JULIAET BpeMsA OJHOH U3 €ro HeoTbeMIeMbIX PyHIAaMEHTAlb-
HbIX 4epT, Mopa UECTHO CO3HATHCS B TOM, YTO UX TEOPUH — BOBCE HE
TEOPUH BpeMeHH. BbITh MOXKET, 3TO O4EeHE XOpOLUHE M MOJe3HbIe Teo-
puu. Ho onu e npo ano.

A1 Ob11 6b1 He npaB, eciu Obl OHKW MMES/M OMBIT BOCMIPHUATHS Teue-
HUS BPEMEHH, a JpYrHe CTOJIb )K€ MHOTOYMCIIEHHBIE 4eIOBEUECKHE
cyuecTtsa ero He uMmenu. Ho yero Het, toro Her. M ecnu teopus npe-
BpalllaeT 3TOT OMbIT B MAacCOBYIO TaJUTIOIHHALIMIO, KOOBI HE HMEro-
Y0 OTHOLUEHHS K pPeajbHOMY BpEMEHH, TO CepbeiHbie COMHEHMUS
JOJDKHbI BO3HMKHYTb UMEHHO B OTHOLUEHHHU TakoH Teopuu. Caenaem
0JHO YTO4YHeHMe. WHIMBUAYaTbHbIH 4YBCTBEHHBIH OMBIT CTPYKTYPHU-
poBaH. Mp1 ofnanaem crnocoOGHOCTbIO pa3ndyaTh, KaKH€ €ro 4acTH
OTHOCATCA K BHENIHEMY MHpYV. a Kakue K BHYVTpeHHeMY. Tak, YHHUBep-
CaJIbHO 3HAKOMOE YyBCTBO O0JM Mbl OTHOCHM UMEHHC K cebe, a He K
OKpY>karolleH peanpHOCTH. McnbiThiBass 4yBCTBO 601U, Mbl HUKOIAa He
CKa)keM, 4TO OOJIMT Ta Belllb, KoTopas Obl1a npuuuHoi 6omu. Co Bpe-
MEHEM cicKHee. Mbl HepeaKo Ucrofb3yeM (Gpa3bl THIIA «BpeMs WAET
TaK MEIJCHHO», «BpeMf TMOMYanoCh BCKayb» W T.aL., aneiMpys
HMEHHO K caMHUM cede, K CBOEMY BOCHPUATHIO BPEMEHH B TOT WM
UHOH nepuol. Ho npu 3TomM oTaaeM oT4eT B TOM, YTO 3@ 3TUMH CYOb-
€KTUBHBIMH ABJIEHHUAMU CKpbIBaeTCs OOBEKTUBHOE CTAHOBIEHWE: Kak
Obl pa3IM4YHO HU BOCMPUHUMAJIOCH BpeMsi B 3aBUCUMOCTH OT COCTOS-
HHUs CyObeKTa, HEM3MEHHbIM OcTaeTcs (PakT BOCTIPUATHS TEUEHUS Bpe-
MEHH Kak (peHOMEeHa BHelUHel pearibHOCTH. Mbl MOXKEM CyOBEKTHBHO
YCKOPUTb MJIM 3aMeIJIHTh XOJl BPEMEHH, U 0e301HO0YHO OTHOCHM 3TO
k cebe. Ho ctoab sxe 6e301unbouno Haul cnbiT pUKcUpyeT Ge3ocTaHo-
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BOYHOCTb T€UYEHUS 0OBEKTHBHOIO BPEME€HH, BHCIIHEIO MO OTHOLUEHHUIO

K MUpY HalllMX nepexupaHuil. Ecnu v Bo3HWKaeT 4yBCTBO, UTO BpeMs
OCTAHOBHJIOCH, TO JIMIb HA MTHOBEHHUE.

IIstToe cBOMCTBO

Takum 0Opa3oM, HHAUBUAYAIbHBIH OMBIT KAXIOIO U3 HAC C HECO-
MHEHHOCTBIKO CBHJETE/ILCTBYET O TOM, YTO T€YEHHE BpPEMEHHU — (EHO-
MEH OOBEKTHBHBIN, TOTAa KaK YCKOPEHHE /M 3aMe/UIeHHE TeUYeHHs
BpEMEHH — cdepa CyObeKTUBHBIX nepeskuBaHUd. Ho Mbl BoBce He
cobupaeMcs BBOAMTb YCKOpPEHHE WIM 3aMeVIeHHE BpeMEeHH B repe-
YeHb €ro OOBEKTHBHbIX CBOHCTB. Takoe pellleHHe NPOAHKTOBAHO
co0OpaKeHHSAMH He TOJILKO OMBITHOrO, HO M JIOTHYECKOro MOpsiaKa.
Kak onpenenurs, 3amennunoch BpeMs WUIW HeT? OueBHIHO, HEOOXO-
MM 3TAJIOH JUI CpaBHEHHA. 3aMEIJIUI0Ch WIM YCKOPHIOCH IO OTHO-
leHHIO K 4YeMy? He ckaxewbs Bedb, YTO MO OTHOLUEHHIO K CaMOMY
cebe — 310 Obl1O Ob1 abcypaHo. OcTaeTcs 0aHAa BO3MOXKHOCTb: BpeMs
MU3MEHHUJIO CBOH XO/ MO OTHOLUEHHIO K KAKOMY-TO JPYrOMY BpeMeHH. B
3TOM CJly4ae BpeMs OKasblBAETCS HE YHHBEpPCa/IbHbIM. BMecTo yHHBED-
canbHOro, €AUHOro A7 Bced BceneHHOM BpeMEHU MPUXOAHUTCS TOBO-
puUTh 00 OTAENbHbBIX, JOKAJTbHbIX BpEMEHaX.

3aech Mbl MOKHAaeM cdepy YCTOMUMBBIX MPEACTABICHUHN O Bpe-
MEHH U BCTymaem B 00JacTh TUIOTE3 M MNpeanooKeHUH, NpuHuMae-
MbIX OZHUMH MW OTBEpPraeMblX JpyrMMH wucciaenosarensimu. CyTb,
KOHEYHO, HE B 3TUX Pa3/MUMAX KAaK TaKOBBIX, a B TOM, Kakue apry-
MEHTBI TMPUBOAATCA B 3alUTY HU3OpaHHOH MO3MLHMH. YHHBEPCAIbHO
BpeMsl WM HeT? s MmblcauTenel npouuioro ¢amoro 3Toro BOIpoca
He cyuiecTBoBas10. [TonpasymMeBanock kak camo coOoil pazymerouieecs,
yro BpeMs YHUBepcanbHOo. CerogHs nosiokeHWe HHoe. llony4wmna
LLIHPOKOE pacrnpocTpaHEHHE KOHLUEMNUMS JTOKaNbHbIX BPEMEH, COrJIaCcHO
KOTOpOH ecTb BpeMs (HU3HUECKOE, XMMHYECKOE, KOCMOJIOFHYECKOE,
reosioryyeckoe, OMOIOrHYECKOe, COLMaIbHOE (4 HE MPETEHAYIO Ha
MOJIHBIA TNEepeUeHb, Belb JIErKO M300PECcTH elle KakHe YroJHO pa3Ho-
BHAHOCTH BpPEeMEH), U BCE 3TH BpeMeHa 00beKTHBHBI. OCHOBHOM apry-
MEHT — [IOJDKHBI )K€ TEMIMOpaJIbHbIE MPOLIECCHl UMETh OCOOEHHOCTH
MPOTEKAHUS NMPUMEHHUTENBbHO K Pa3HYHBIM BHaM H YCJIOBUSIM JBHXKE-
HUs MaTepuH. BriTh MoxeT, Tak. Ho B 4eM 3akimouatorcsa 3TH 0coOeH-
HOCTH, KakHe (PYHIaMEHTAJIbHblE CBOMCTBA BPEMEHW UMM 3aTparvba-
torca? BpazyMuTenbHbIX OTBETOB HET, 3a HCK/IIOYEHHEM OJHOIO:
NUIWYT O TOM, YTO BpeMs MO-pa3HOMY /UIMTCS B 3aBUCHMOCTH OT BHAA
pPEaIbHOCTH WU YCIOBHHA ABHXKEHMS.

Otkyna B3ssnach 3ta KoHuenuus? [IpuopureT TyT NMpHHALIEKUT
coBpeMeHHOH du3uke. MMeHHO ¢u3MkM BBenHM B 00OpPOT HIEHD
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NoKa/ibHbIX BpeMEH. CaMoe ApKOE M M3BECTHOE €€ MMpOosiB/IEHHE — TakK
Ha3bIBaeMbIA «rnapaaokc OJiIM3HELOB» B TEOPHH OTHOCHTEJILHOCTH.
Ecau oauH W3 O1M3HEUOB OT1NpaBiseTcs B IMyTELECTBUE C OKOJIO CBe-
TOBOH CKOPOCTBK), @ APYroil ocraercs Ha 3eMJjie, TO BCTPETUBLLUKCS,
OHU OOHapy»kaT, 4YTO MyTeLIeCTBOBABLUMH OIU3HELL OKAXKETCS MOJIOXKE
cBoero Opara-pomocena. BrwiBoa: BpeMs NyTelleCTBEHHUKA TEKJIO
MHaye, YeM BpeMs ocTaBaBilerocsi Ha 3emiie. BoT BaM M ABa J10Kasb-
HbIX BpeMeHHU. TOMBKO OCTaeTcst BONMPOC: 3a4€M UCIO1b30BATh TEPMHH
«Bpemsa»? He mydiie v nmpocTo ckazaTh. YTO MpoUEcChl Ha Kopabie
MyTELIECTBEHHWKA LIAW METEHHEE, YEM aHaJOTHYHbIE MPOLECCHl Ha
3em1e? Ho toraa He ToT nponaranauctckui 3¢ dekrt. Koro yauBuuib
TE€M, YTO OJHH W Te€ e MO THUIY MPOLEeCcChl MOFYT 3aHHMaTb pa3HoOe
BpPeMsl, MOTYT YCKOPATbCS WIIM 3aMennsThes. Ecau nmoHu3uTh TeMmnepa-
Typy Tejla, TO MPOLECChl XXHM3HEAESITEIbHOCTH 3aMeAsIAT CBOH X0, M
Hao0OPOT, C MOBbILIEHWEM TeMIlepaTypbl BCE aHATIOMHUYHBIE MPOLECCHI
yckopsaTcs. CTpOMUTb MOXHO ObICTpPO, a MOKHO M He Toponsick. Ho
TeMreparypa U AOJrOCTPOH — SIBJIEHHUA He MeHee OOBEKTHBHBIE, YEM
du3MHecKkoe sABJIEHUE 3aMelE€HHs XOJa YacoB Ha JABMXKYLIEMCS C
yckopeHHeM kopabse. Ctaino ObiTh, HapIAY ¢ GUIMUYECKHUM JTOKaTbHbBIM
BpEMEHEM €CTb BpeMs OuosiorMueckoe M coudanbHoe. [lpouecc pac-
najga yHMBSpCaIbHOIO BpEMEHH, YTO Ha3bIBAETCH, MOLLE.

[Tpeasuxy Bonpoc: Bel 0Tka3biBaeTech CBA3bIBATH X0 BPEMEHH C
TEMIIaMH 1TPOTEKaHUs MaTepHalbHbIX MPOLIECCOB — B 4YE€M K€ Torjaa
3aK/ovaeTca TedyeHue BpemeHu? Teuenue gpemenu — 3TO MeEPexol
coObITHH NambHero Oynviiero B cobbiTUa Oonee Gsinskoro 6yayuiero,
coObITHI Onvkaiero Oyayiiero B coObITUst HACTOALUErO, COOBLITHH
HACTOALLEr0 — B COOBITHUA OJM3KOro MpoLLIOro, COObITHH MPOUINOro —
B elle Oosiee nanekoe npouwioe. TOABKO ¢ ITUM MEPEXOAOM H MOXHO
CBSI3bIBATb CTAHOBJEHHE BO EPEMEHM, @ BOBCE HE C M3MEPEHUEM MpO-
JOJDKUTENILHOCTH TEX WK HWHBIX JIOKaJIbHbIX npoueccoB. OCHOBHOE,
YTO TYT HY’KHO MOHATH, — YINOMSHYTbIH NEPEXO] HE 3aHUMAEET BPEMEHH
B TOM CMbICJI€, YTO €I'0 AJIMTEJIbHOCTh MPUHUMIHAIBHO HEBO3MOXKHO
M3MEPHTD 110 KaKUM-THOO yacaM. Teuenue gpemenu npomexkaem He 680
spemenu. Bce npoyeccel npomexkarom 60 épemenu, 3d UCKIHOUYEHUEM
cavoeo épemenu. BoT B ueM cyTb. Teslo UesoBeKa COCTOUT M3 aTOMOB,
HO 3TO TeNo — He atoM. Tak M co BpeMeHeM. M3 aTomMapHbIX BpeMeH-
HbIX TEPEXOJOB CJaraercs BpeMs, HO [UIMTEIbHOCTHL H3MEPSEMOro
BPEMEHH HE €CTb CyMMa JUIMTEJbHOCTEN aKTOB aTOMapHbIX NEPEXO/I0B.
[Tono6HO TOMy Kak JHMHHUS crnaraetcs U3 TOUEK, HO JITHHA JIMHWH He
€CTh CYMMa JUTMH COCTaBAAIOILMX €€ De3pa3MepHbIX TOUEK.

B wuTore He BMIHO [OCTaTOYHBIX OCHOBAHWHI 11 BBEAEHMS
JIOKallbHbIX. BpeMEH. He HYXHO yMHOXaTs CylHOCTH 0e3 HeoOXOoaH-
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MocTH. ECTb 0iHO, ennHoe U obluee Bpems Mupa. Yuusepcaasnocme —
nsaToe GpyHAAMeHTAIbHOE CBOHCTBO BPEMEHH.

[HlecToO€E CBOICTBO

B uem cocTouT aTomapHsblil BpeMeHHO# nepexon? JIn6Go B notepe,
Mo B NMPUOOPETEHHH TpPEAUKATOB HaXOISLIEHCA B MOTOKE BPEMEHH
Belbio. Ecin 0ObekT BO BpeMeHH MpHONKAETCS K HACTOSILEMY MIH
CTAHOBUTCS HACTOALUMM, €ro HaCbILIEHHOCTh MpeauKaTamMHu BoO3pac-
TaeT. B MOMEHT HacTofwero — 10 Haubonbuliero 3HayeHus. B nanb-
He#llleM, MO Mepe yXoJa B MpOLLIOe, MPOUCXOIHUT TOJILKO Ge3BO3BpaT-
Hasg yTpaTa paHee UMEBLUMXCA npeaukartoB. [lepexoasiuuit B npouuioe
O0OBEKT OCTaBJIAET CJiebl B HACTOSIIEM, HO CJIEA — ITO HE Cam OODBEKT,
ero ocraBuBlMKi. [1o ciienam coObITUI HCTOPHKH BOCCO3AAIOT KAPTHHY
MPOLIOro, HO 3Ta KapTUHA 3aBEJOMO HerojHa, TaK Kak Mo cjieay oob-
€KTHBHO BO3MOXXHO BOCCTaHOBHUTB TOJIbKO 4YacTb MPEAMKATOB HCUe3-
HYBIUMX Beuledd v coObITHH. M Yem ganblie B MpoOLIZIOM HaxoauTCs
coObITHE, TeM CKyaHee 3Ta yacTb. OTCIOa, KCTAaTH rOBOPS, BbITEKAET,
YTO PacipoCTpPaHEHHOE MpeACTaBieHHEe O HEU3MEHHOCTH MPOLLIOro
HECOCTOATENbHO. [Ipowioe mensiemcs, MOCKONbKY Cliedbl OAHAX/bl
ObIBLIEr0 MOCTENEHHO, C Ka){/IbiM TAKTOM BPEMEHH, TEPSHOTCS, UCYe-
3atoT. Eciiu ke crieabl Ucuesiu MoJIHOCTBIO, TO MOJHOCTbLIO PacTBOPH-
J0Cb BO BpeMeHH U coObITHE. A coObITHS Oyaylilero Jaxe cjleJoB He
UMEIOT, U OMUCHIBATh HUX, KaK NpaBuj0, ObIBAET TpyAHee, UeM COObITUS
ylieIIero npouioro .

Tenepb Mbl FOTOBBI YKa3aTh Ha mecToe pyHIaMeHTaIbHOE CBOIi-
CTBO BpeMEHH — ero Heobpamumocms. HeBOZMOXKHO BEpHYTbCS B
npouuioe, U OAHaXIbl ObiBlIEe HUKOrAa He noBTopuTcst. OCHOBAHUH
JUIS TOrO BbIBOJA /1Ba: BO-MEPBbIX, KAK YXKE€ MOBOPUIOCH, BPEMEHHOM
NOpsAAOK HajaraeT 3arpeT Ha MEeTJIM BO BPEMEHH; BO-BTODbIX, HE/b3s
MonacTb B MUp COOBITHH, KOTOPBIX YK€ HET, KOTOPbIE MO-HACTOSALLEMY
HE CYLLECTBYIOT B TOM CMbICJIE, YTO OHH YTPATH/HW HaCTb CBOUX MPEIH-
kaToB. BO3MeCTHUTD 3Ty yTpaTy Heslb3si HUKOMM 00pa3oM. B npoTHBHOM
ciyyae HUKaKOHW yTpaThl NpocTo He Obino. JledcTBUTENBHO, €Ccnu Obl
uMmesach 00bEKTHBHAS BO3MOXKHOCTh BOCMOJHHUTH JeHOHHULUMAHBI 00Bb-
€KTOB MPOLUJIOro A0 JieHOHUIIMAHA HACTOALIEro, TO 3TO 03HaYano Obl,
YTO HUKAKOH MOTEPU MPEUKATOB MO CYTH HE NPOU30LLIO.

[lpencrtaBum cebe, 4TO HHUKAKUX OOBEKTHBHBIX CJIEIOB, YKa3bl-
Batownx Ha poautenei Kacnapa ["ay3zepa, He ocTanock. 3HaYUT, HUKa-
KHUMH MbICJIMMBIMH CNOCOOAMU HeJb3si nMomnacTb B TOT MOMEHT Bpe-

' EcTh MCKITIOUEHHS. Hanpumep, eciiv MMEIOTCS TOJILKO JaHHBIE O TEKYLUHUX MapameT-
pax OpOMWTHI 3aMylUIEHHOT0 CIYTHHUKA, TO Jlerye npeackasars Oyayulyto TPAaeKTOPHIO
€ro NnoJIeTa, YeM CKa3aTb, OTKYAA U KOrJa OH Obln 3aryLieH.
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MEHH, rae Takue cieqbl ecTb. B MoMmeHT poxxkaenus K .['aysepa, 6esyc-
JIOBHO, MPUCYTCTBOBA/1a €ro MaTb. Ho He npaBuibHO U HAaUBHO Mpea-
CTaBJATh cede 3Ty CleHy TakuMm oOpa3oM, OyATO Mbl CBUAETE/M [1aH-
HOro COOEITHS W CNOCOOHBI HIEHTH(PULHPOEATL pOXEHUUY. JlaHHOe
cobbiTHE B aOCOJIIOTHOM MNPOLIJIOM W HEKOPPEKTHO JlaxKe MBICAEHHO
BOCIPOM3EOAMTb €ro B KauyecTBE MPOUCXOAALLErO B HACTOALLEM, €CIIH
Mbl TIpeTeHAYEM Ha OOBLEKTHMBHOCTbL OMHCAHHUA. MOXHO NMpPH MOMOLIH
BOOOpa)KeHHs BOCCO31aTb KAPTHHY MpPOLUTOro, HO 3To OyaeTr Bcero
avub cy6LeKTHBHbBIHA 104 Haule# GaHTazuu. ITo OYIET YTO-TO HOBOE,
a He H3o0Opa)keHHe TOro, 4to Korga-to Cbino. Jobasass Kk coObITHIO
MPOLIOro HEJOCTAarOLIKe MPeAUKaThl B3aMeH UCHe3HYBLIHX Oe3 ciena,
Mbl JEHCTBYEM HE KaK UCTOPUKHM, OMUChIBAIOLLIME pealbHO ObiBllee, a
KaK XYJIO0XHHKH, TBOPLbI HOBOro. HaM MCoKeT JIULLb Ka3aTbCA, YTO Mbl
BCE MpaBWIbHO NOMHUM. B dantacTHueckom pomane P.lllekan rnas-
Hblii repod Bo3Bpaiuaercs H3 HMckaxeHHoro Mwupa Ha 3emmo. Ero
[JIOXKYT COMHEHMS, B TOT JIM MHUP OH BEpPHYJCS, OH TLUETHO MIUET
JeTaji, KOTOpPble TMO3BOJAMIM Obl OTJIMYWUTHL MPOULTYIO 3eM/I0 OT
HblHeWwHeH. Ho Bce ObI10 3HAKOMO M MPHUBBIYHO: AYObI-FUFaHThI I10-
MPEeKHEMY MEPEKOYEBbIBAIM KaXAbl ro/l Ha IOr, COTHLE IUIbLIO MO
HeOY B COMNPOBOXAEHWHM TEMHOrO CITyTHHKA, OTEL MNac KpPbICHHbIE
ctaza... Y repoii noctenenro ycrokausaercst' . Mintosus BO3Bpaule-
HUs nosiHas. Ho noruueckye cOMHEHHUS HEYCTPaHHUMBI. ..

CeasMoe CBOMCTBO

[lepeifineM Kk caeaytolievy CyLIECTBEHHOMY CBOMCTBY BPEMEHH.
Hanuuue 3toro cBoiicTBa MOCTENEHHO HAaXOOWUT MNpU3HAHHUE Oaxe B
JajieKod OT TMOMJMHHBIX MpoOJieM TEMMOPalIbHOCTH cdepe TOYHOro
€CTECTBO3HaHHA. Pedyp Maer o Tom, 4TO MMeeTCs HEyCTpaHUMas Heor-
peNeIEeHHOCTh B OTHOLIEHHH COOBLITUH, KOTOpble MOTYT CIIYYUTHCS B
MOMEHTBI, MOCJIEIYIOLME 32 HEKOTOPbIM HMCXOAHbIM MOMEHTOM Bpe-
meHd. Jlarinac nonaran, 4to ecnu ISl MPOH3BOJILHOTO MOMEHTA Bpe-
MEHU H3BECTHBI BCE MO.10KEHHS U CKOPOCTHU YACTHL, TO BCE MpPOLLIbIE
U Oyaylire BpeMeHa OTKPOKTCS /I8 BCECTOPOHHEro ONMUCaHUS, M
JIMLb OrPaHUYEHHOCTh YEJ0BEYECKHX MO3HABATEbHbBIX CIIOCOOHOCTEH
3TOMY MpenstcTeyeT. HblHe cuMTtatoT, uto MaieHiine OOBEKTHBHO
00yC/IOB/IEHHbIE HETOUHOCTH B OMHCAHHUM MOJOXEHWH W CKOpOCTEH
YaCTHL MAaTEpPUH B MOMEHT BpPEMEHH ! MPHUBOAAT K BO3pacTaroiliei
norepe UHHOPMALMK O TOM, 4TO CAYUHUTCS B MOCTEAYHOLIHE MOMEHTDI.

‘" [llexau P. Pacckaswi, nosectu. M, 1968, C.325-326.
'* Moapo6Ho deHOMeH HEOGPATHMOCTH pacCMOTpeH HaMW B pabote: Awucos A.M.

HanpasienHocTs ¥ 00patuMocTs BpeMeHu // Jloruueckue uccne10Banus. Boin.6. —
M.: POCCII3H, 1999. C.195-217.
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B aHTpornHOM u3MepeHHH Ta ke camas npobiieMa BO3HHKAET B MHOTO-
BEKOBOM MnojemMuke (aTaJuCTOB U CTOPOHHUKOB HOEH YeJIOBEYECKOH
cBo0oabl. M x0T Bce MpU3HAIOT COKPBITOCTh Oyaylllero, MHOrHe rnoJia-
raroT, YTO 3Ta COKPBITOCTb €CTb JIMLIb pe3y/bTaT Hallero He3HaHH,
TOrJa Kak B JeHCTBUTE/IbHOCTH Oyayliee npeaonpeaeaeHo.

Hpyrve npuaepxuBarTCs MPSMO MPOTHBOMOJOXKHOH MO3ULIMH,
KOTOPYIO Ha HallleM f3bIKE MOYKHO BBIPAa3UTh TakK: ceAbMbIM ¢yHaa-
MEHTAJbHbIM CBOHCTBOM BPEMEHH AABJIACTCH HEQUKCUPOBAHHOCMDb
Oyoyuwieco. Bo3MOXHBI albTepHAaTUBHbBIE CLIEHAPHH Pa3BUTHS COOBITHIA
Oyaywero. [lpy 3TOM U3 MHOXeCTBa TaKMX CLIEHapHEB peaTu3yeTcs
TOJIBKO KaKOH-TO OAMH. EC/KM B MpOLUIOM CIYYMIIOCH TO, YTO CIIy4YH-
70Ch, TO B OyAylleM ellle HUUYEro He CIYUYWJIOCh U JIMIb OJHOMY U3
BO3MOYKHBIX BapHaHTOB elle MPeACTOMT npousoitu. BapuaruenocTtsb
Oyaywero (HO He Hacrosuwero ¥ mpouutoro!), rpadguuecky npeacra-
BHM CJIeAYIOLIHM 00pa3oM.

Kak BHOHO W3 pHcyHKa, BpeMs BeTBHTCS B Oyayuiee OT MOMEHTaA
HacTosiulero, H3o0pa)keHHOro KpyroM Haubonblled  MUIOLIAAH.
MOMEeHTBI MPOLUJIOTO BMECTe C MOMEHTOM HacTosllero oopasyroT nps-
MyK JuHuto. bosnee Toro, ecau ot

nmoboro MOMEHTa aBWrathes k Oosee c?o"
paHHUM, TO Kaxablil pa3 Oyaem mnomay- OO o,
yaTh JWMHUIO Oe3 BeTBIeHWH: BpemMs 00 () Qoo
JAWHEHRHO B HaMpaBjEHHWU TPOLLIOro. =
[Ipouuioe He HMeeT ajabTEpHATHB, UYTO 0o
3aKpEMIEHO B H3BECTHOM BBLICTpajaH- oo

HOM MCTOpHMKaMHu Te3UCe: HCTOpHUS HeE

3HaeT COCaraTe/lbHOro HakjiOHeHHs. JIMilb B OTHOLUEHWH Oyayluero
YMECTHO 0O0CY)XKA€HHE BO3MOXHbBIX aJIbTEPHAaTHBHBIX CLEHAPHEB.
[Tepexoa B mpoluioe oO3HayaeT norepro npeadkaros. Ilepexon w3
OyayLIero — He TO/IbKO NpUoOpeTEHHe NpeIHKaTOB, HO U BbIOOp ONHOM
U3 JOCTYIHBIX Ha JJaHHOM LJare CTAaHOBJICHHUS albTEPHATHB.

C dopManbHOR TOYKM 3peHHs CTPYKTypa BPEMEHHOro Mopsaka
Terepb OnpeaenseTcs CAeayOHMHU aKCHOMaMH.

1. Vx—(xRx).

2. VxVyVz(xRy & yRz —> xRz).

[Monoxum xjy <=>pr xRy v yRx vx =y.

3. Vx(x|h) (Bce MOMEHTBI CBSI3aHBI C HACTOSILLMM h).

4. VxVyVz(yRx & zRx — y|z) (JIuHeAHOCTB B MPOLLIIOE).

5. Vx(hRx — Fy—(x]y)) (byayiuee BeTBHUTCS).

OcTaercss 100aBUTh, 4TO akcMoMaM 1-5 [OMKHO TMOAYUHATHCA
MHOXeCTBO KapauHaioB JedbHuuranos LC, T.e. h € LC u oTHOlLIeHHE
R Tatoke 3agaHo Ha LC. MoXHO BBOAUTH JOMOJIHHTE/IbHBIE aKCHOMBI
BpeMeHHOro nopsaka. CkaxeM, akcuomy o0 OTCYTCTBMM Hauana Bpe-
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meHH. LleHa 3a 310 — 0oTKa3 o1 akcHoMmbl Bridopa AC. Benp ripu Hasu-
uui AC KapauHaibl TMHEHHO YNOPSAAOUYEHbI (M TOTAa npoliai BeTBIe-
Hue Oyayiluero) ¥ HeT OeCKOHEHHO YObIBa:OUIMX MOC/ISA0BATEIbHOCTEN
KapAUHAIOB (YTO CTABUT KpecT Ha BPEMEHM, HE UMEIOLLEM Hauaja).
Onnako 0e3 AC, cornmacHo pesyabraty T.Hexa, «ans smoBoro
YaCTHYHO YMOPAJ0YEHHOIO MHOMKECTBA CYLIECTBYET MOJE/]b TEOPHUU
MHOXECTB, B KOTOPOH €CThb MHOMXECTBO KapHHaIoB, n3omopdHoe
JJAHHOMY YaCTWYHO YMOPSAOUYEHHOMY MHOXECTBY» . YTO HaM M Tpe-
oBasiock.

BocsMoe cBOMCTBO

[TpuBeI€HHBIA PUCYHOK U aKCHOMbl BPEMEHHOIO 110psiaKa JAE€MOH-
CTPHPYIOT €lle OHH XapaKTCpPHbIH NPU3HAK BPEMEHHU, O KOTOPOM CKa-
)eM KopoTko™ . HacTosiieMy, moka OHO CyLIECTBYET (CKOJIb Obl MUMO-
JIETHBIM HH ObLIO 3TO CYLIECTBOBAHUE), COOTBETCTBYET C80€ NPOULIOE
U ceoe Oyaywee. Koraga Hacroswee yiiaer B Npoilsioe, OJIUH U3
MOMEHTOB BO3MOXKHOrO Oyayluero craHer Hactosunm. Bpems u3me-
HUTCS KaK B OTHOLUEHWH COCTABJIAIOLIMX €r0 cOObITHIT U UX MpearKar-
HbIX XapaKTEpPHUCTHK, TaK U, BOZMOXHO, B OTHOLUEHUHW JeTajiel cBOeH
CTPYKTYPbl (Hanpumep, MOXeT YMEHbIUHWTBCS WJIH YBEIUUHUTHLCS KOJIM-
4yecTBO Oyayuiux anbTepHaTus). Bcio cTpykTypy, BMECTe ¢ TEKYLUMM
HACTOALLUMM U COOTBETCTBYHLUMMH €MY JIMHEHHBIM MPOULILIM H BET-
BALUMMCS OYayIUHM, Mbl Ha3BATH MEMAHACHOAUM WK MeHIAMOMCH-
moxz. C 3TOH CTOPOHbI meueHue epemeHdu COCTOUT B Mepexojae OT
OJHOTO METAMOMEHTA K JAPYrOMY METAMOMEHTY, MPHUHYEM Ha KaXI0M
lare CTaHOBJAEHMSA CYLUECTBYET TOJIbKO OJAMH METAMOMEHT, €IMHCT-
BEHHOE METAHACTOALLEE. KBHYTPU» KOTOPOro €CTb JHMHEHHO YyNopsaao-
YEHHbIE MOMEHTbHI MPOULLIOrO, BbIACJEHHbIH YHHUKATbHBIH MOMEHT
HACTOSILLEI0 W BETBSLUMECS MOMEHTbl Oyayulero. Takum oOpa3zom,
BOCbMOH (YHIAMEHTAAbHONH OCO0EHHOCTBIO BPEMEHH SIBJISIETCH
ero .MeMmaMOMEeHMHAA CMPYKMypa.

Bce coopysxeHue HanoMuHaeT MeT/y, APEBKO KOTOPOH COCTaB/IsET
npourioe, BeHWK — Oyaylluee, a HacTosillee CBA3bLIEAST TO H JpYroe.
MeTadopuueckoe cpaBHEHHE BPEMEHU CO CTPEJIOH, CTaBlIee NPHBbIU-
HbIM, OTHbIHE yCcTape.10. B cesi3u ¢ 3THM MeTadopy O cTpesie BpeMeHH
cieayeT 3aMeHUTh MeTadopoii 0 MeT/1e BpEMEHH.

" CnipaBo4Hes KHHMra no mareMmatrvueckoi joruke: B 4-u uactsx. — Y. II. Teopus
MHOxecTB. — M. Hayka, 1982. C. 59.

** MoapoGuee cM. B ki, Antucos A.M. Bpems v koMribiotep. Hercomerpuucckuii oopas
BpeMeHu. M., 1991 ..

24



Jak/Il0ueHue

BoceMb nepeuncieHHbIX CBOUCTB BpEMEHH OHO3ZHAYHO BbIIEISIOT
deHOMEeH TeMMOpaNbHOCTH Cpeau BCeX Apyrux sBjieHuUH. Bce 3tH
CBOWCTBA HEOOXOJMMBbI [JIsl XapaKTepu3alluh BPEMEHH, HO, BeCbMa
BO3MOXXHO, HEJOCTATOUYHbI, © ¥ BPEMEHH €CTb elle Kakue-To (yHaa-
MEHTaJIbHblE NMPU3HAKH.

B 3aki1roueHue MocTaBUM BOMPOC: nouem)y 6006we cyujecmeyem
Qenomen epemenu? Benb MHOrouyMciieHHble TEOPUM YHUBEpCYMa
BIOJIHE 06x0a51TCs 6€3 NOATMHHOrO BpeMeHH, 10BOJLCTBYSCh €ro cyp-
poratamH, H J€ErKO NMpeAcTaBUTb cebe MHUp, B KOTOPOM BpPEMEHH HET.
Ho B peanbHOCTH Hall MUp Bceweno TeMnopaseH, U Bce 6e3 Uckitoue-
HHS HaXOASAUIHECH B MMPOCTPAHCTBE BEUIH 3aXBa4Y€Hbl MOTOKOM CTaHOB-
nenus. [No-Buaumomy, Hatuyue epemeru 00yCl1061€HO YHUBEPCANLHOU
Hexeamkou pecypcoé cywecmeosarus. OAUH W3 YHHBEpCalbHbIX
pecypcoB — 0ObEKTUBHOE NMPOCTPAHCTBO, BMeCTUIMLLE Belueld. OnHako
MecTa BceMm He xBaTaeT. OOBEKTOB B MUpe ropaszao OoJibliie, 4eM Cno-
coOHO BMeCTHTb B ce0st mpocTpaHcTBO. EciM Ha MecTo rutaHeThl 3emis
OyaeT npereHaA0BaTh KOCMHUYECKOE TEJIO0 COM3MEPUMOM UM OGonbuieh
Macchbl, MpH JIOOOBOM CTOJKHOBEHHH 3eMJisl MEepecTaHeT aKTyajbHO
CYLIECTBOBAaTh KaK IUlaHeTa, HO OyJdeT CyulecTBOBaTb B TMMPOLIJIOM.
JiuHo3aBpaM HET MecTa B HaCTOALUEM — BCE MECTa MX BO3MOXHOrO
oOUTaHMUs 3aHsAThl Oojiee npeycnesBatoliuMu BUaaMH. Kak 31O HH
MeyaabHO, TMPEeXHHUE MOKOJEHHUS JIIOAEH BbIHYXK/JAEHbl ObUIM YHTH B
npoiuioe, 4YToObl 0CBOOOAUTL MECTO HOBBIM MoKoJeHHuaMm. M Tak Bo
BCEM.



M.H.bekaHHumsH.IHU

NCUHUCJTIEHUA YACTUYHBLIX IIPEJUAKATOB
XAO BAHA U UX PACHIUPEHUA,
JOINYCKAKOUWHWE UTEPALTHIKO UMITVIMKALNUHU

Abstract. Hao Wang [10] suggested two extensions of predicate calculus
permitting partially defined predicates. He formulated twc calculi of partial
predicates PP and EP. Interpretation of implication of these calculi depends
on the relations between all possible values of its parts. Therefore, the notion
of a formula is restricted in PP and EP as implication is not iterating in them.
A.Rose [9] constructed an independent system of axioms for propositional
fragment cof PP with finite number of axioms and proved its completeness by
means of a syntactic criterion of provability in it. NM.Ermolaeva [4] has
done the same for propositional fragment of EP applying semantical criterion
of the validity. In the present article we give the Rose style proof of complete-
ness of the propositional fragment of EP introducing a syntactic criterion of
provability in it, and on the ground of a modified relational semantics we
formulate extensions of PP and EP permitting iteration of implication.

BBeaenue

IIpu viccaenoBaHUM pa3iUyHbIX BEpCHHA UCUMCIEHUS NMPEIUKATOB H
TEOPUH MHOXECTB OOBbIYHO OrpaHUMUMBAIOTCA PACCMOTPEHHEM [0J-
HOCTBbIO OMPEAe/IEHHbIX MpeaIdKaToOB U MHokecTB. [lns Toro 4robwl
eCTEeCTBEHHbIM 00pazom 0000LMTE TaKOK M01X0, HEKOTOPbIE JIOTHKH
CUMTAIOT Leeco00pa3HbIM MPUBICHYEHHE K PACCMOTPEHHIO YaCTHUYHO
onpeneneHHbIX MpeIUKaTOB U MHOXeCTE. B pasHble nepuoabl cBoeH
JAeSTeNIbHOCTH TakoH 0000ueHHbIN noaxoa paspadarbiBasiv T.CkyJem,
I".beman, [1.bourap, B.Akkepman, K.lllrorre, @.Dutu, C.Oedepman u
ap. (ccbiikM Ha X padoTbl MoxkHO HaWTH B [10] ¢ [8]). CxoxuMu cno-
codaMH OHU CTPEMHIHCH 0€3 MCMOAb30BAHHA THUIOBEIX OFPaHUYEHHUH
YCTPaHUT aHTHHOMHH JJIOTUKH U TEOPHUU MHOXKECTB U B 3TOM Harlpas-
JIEHUM JIOCTHIJIM onpeaeneHHblX ycnexoB. Ho HecMoTpa Ha o6uwHOCTH
lleJId, OHM MPHUUIM K CYLUECTBEHHO PaJU4HbIM MOCTPOEHUSIM. ITO
CBUIETENLCTBYET, YTO 1O KOHLA €llle He BbIACHEHO, K&K cleayeT Tpak-
TOBaThb TaKyl OOOOLIEHHYIC TOYKY 3peHus Ha Joruky. OIUH U3 allb-
TEpHATHUBHBIX M0,1X0,10B ObL1 npeanoxeH Xao Banom B [10].

Hcuuci1eHUs 4acTAYHBIX NnpeIuKarToB Xao Bana

Aagpasum wvcunucieHUs 4HaCTUHUHBIX MpeadkaToB Xao Bana PP
COLEPXKHT JIOTUYECKHE CBS3KHU IS OTPHUAHUA, KOHLIOHKLHUH, OU3b-
FOHKUMHY M UMIUVIMKAUUHK: —, A, V H —>, KBAHTOPbl BCEOOLIHOCTH H
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CYLUECTBOBAHHUA: V U 3, HeOrpaHUUYEHHble MHOXKECTBA: MHAMBHIHBIX
nepemeHHbIX (Ind), n-apHbix QyHkuHoHaNbHBIX 3HakoB (Fun; n>0), n-
apHbIX npeaukatHbix OykB (Prl; n>0). OH MoxkeT Takke comepkathb
KOHKPETHbIE ()YHKLIMOHAJIbHBIE M [IPEIMKATHBIE 3HAKH.

Tepmbr (Trm) u atomapHble dopmynbl (Atm) onpeaenstorcs
obbryHO. Dopmysbl (Frm) obpasyroT HauMeHbLIee MHOXKECTBO TaKOE,
uto AtmcFrm u ecnu xelnd, a A u B ~ He coaepxaiune 3Haka —»
dopmynbl, T0o —A, AAB, AVB, A—>B, VxA(x), 3xA(x)eFrm. 3ame-
THUM, 4TO, COIJIaCHO 3TOMY OMpeJesieHHIO, HH B OAHOH dopMylie He
JOITyCKAETCs UTepaLUsi 3HaKa —.

Humepnpemayus PP. Moaenpto UCUUCIIEHUS YaCTUYHBIX NpeanKa-
ToB Xao Bana PP ssnsercs napa (D, V), rne D — ntoboe Hemycroe
MHO>XE€CTBO MHAMBHUIAOB, a V — O3HauyuBawuias ¢yHkuus U3 Prl B
{t,u,f}, Takas, yro ecnu P" — nporno3uuroHansHas nepemeHHas (n=0),
V(P")=t wiu u wim f, a ecnu P" — n-apHas npeaukarHas Gyksa (n>0),
V(P")=(R, S), rae (R,S) ectb napa, takas, uto RNS=J u R,ScD", rae
D" — n-kpatHoe aekapToBO rpousBeneHue D Ha cebs.

Ecnu 3apana moxnens a1 PP, TO ¢ MOMOILBIO HHAYKLHUH IO CTpoe-
HUIO QOpMY Mbl CMOXKEM OMNpee/IuTh 3HaueHue JIo0oh dopMysibl A
NpU JaHHOM COMOCTABIE€HUU CBOOOIHBIM WHIAMBUAHBIM MEPEMEHHBIM
X1,...,Xy HOPMYJbI A 3JIEMEHTOB a;,...,a, U3 D.

Ecnu P — npono3uuroHanbHas nepemeHHas, To V(P) yxe 3agaHo
moaenbto. V(P (X,,...,X,))=t MpH [aHHOM COMOCTAaBJIEHHH CBOOOAHBIM
WHAMBUIHBIM MEPEMEHHBIM Xi,...,X, dopmyisl P'(x;, ...,X;) 37/eMEHTOB
a;,...,a,eD, ecnu n-xa (ay,...,a,)€Q, V(P'(xy,..., x,))=f, ecin (ay,...,
a,)€S, B npotuBHOM ciayuae,V(P'(xy,...,x,))=u.

OueHka $hopMyJ1, B KOTOpbl€ BXOAAT TOJBKO 3HaKU: —, A U V, OCY-
IIECTBASACTCS  COrJlacHO  Tpex3HauyHbiM Tabnuuam  Jlykacesuua:
V(=A)=t, eciu V(A)=f; V(—A)=f, ecnu V(A)=t; B npOTUBHOM cilyuae,
V(—1A)=u.

V(AAB)=min(V(A),V(B)) u V(AvB)=max(V(A),V(B)), npeano-
naaras, uro t>u>f.

KBaHTOopel V M 3 TpakTyroTcs Kak OOOOIIEHHS CBA3OK A H V:
V(VyA(Xy,...,X,,y)=t MpPH COMNOCTaBIEHHH CBOOOAHBIM HHIAHMBHUIHBIM
NMEePEMEHHbIM Xi,...,X, Gopmybl VYyA(Xi,...,Xy,y) 3JE€MEHTOB ay,...,a,
u3z D, eciu npu Tom ke conocrasiieHHd V(A(X;, ...,XY))=t, Koraa
3HayeHueM y saBiserca nwoboi aneMeHT b u3z D; V(VyA(x,,... . X,y)=f
MPU COMOCTABJAEHHH CBOOOIHBIM HMHAWBHAHBIM MEPEMEHHBIM Xji,...,Xn
dopmyasl VYA(Xy,...,Xp,Y) DJIEMEHTOB ay,...,a, U3 D, eciiu npu ToM xe
conoctaBiieHUH V(A(Xy,..., Xp,y))=f, korga 3HayeHUeM Yy sBISETCH
XoTs Obl oauH 231eMeHT b w3 D; B nOpoTUBHOM ciyuae,
V(A(Xy,...,X,y))=u. OueHka dopmyn Buaa IyA(x,...,Xy) NPOH3BO-
JAUTCS IBOMUCTBEHHBIM 00pazoM.
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HMmmuidkauus saeasercs csa3kon 0onee Bbicokoro yposHs. [loatomy
Xao Ban onpenenseTt He HCTUHHOCTb Gopmysibl BUAa A—B B Moaeny,
a ee 00LLEe3HAYUMOCTb MO OTHOLIEHHUIO K MHOXECTBY O3HaYHWBaHHH.

®opmyna suaa A—B obuiesHaunma B PP Torjaa v TONbKO TOrjaa,
Korjaa jajisi BCAKOro o3HauyMBaHua V, BCakui pas, koraga V(A)=t, To u
V(B)=t.

OTMeTHM, 4TO HHM OAHA He coaepXkallas 3Haka —» (GopMmyna He
sBSeTCs OOLIE3HAYUMOM.

Axcuomer PP uMmeror Bu1 A—B, rae A u B — takue GeckBaHTOp-
Hble HOPMYJIbI, UTO As BCAKOro o3HauusaHus V, ecau V(A)=t, To u
V(B)=t.

IIpasuaa evigeooa PP.

IIpasiia oOas eeedenusi keaumopos: U3 A—B(y) cieayer A—»
—VxB(x); w3 A—>B(s) cieayer A—>»3IxB(x); uz B(y)—>A caeayer
IxB(x)—>A ¥ u3 B(s)>A cineayer VxB(x)—>A, rae A.BeFrm, x,
yelnd, seTrm v y He BXOAMT cBOOOAHO B A.

IIpasvia ons cokpawernus cmopon —:. U3 AAAAB—C cneayer
AAB—C; uz3 A—>BvBVvC cneayer A->BVC, rae A,B,CeFrm;

IIpasvaa oas npomackusanus keawmopos. nycth AB,C,.DeFrm,
xelnd u x He BxoauTt cBoboaHo B B, a CxD o3HauaeT, 4TO 3aMeHa
noadopmyviabl C Ha D uauw D Ha C u3 HUkecaeayrowero cnucka ¢op-
My B T0Oy10 TeopeMy PP BHOBb JaeT HaM Teopemy PP:

A Vx—-A(X) 2 —3xA(x), Ix—-AX) » = VXA(X),

Vx(A(x)AB) = VXA(x)AB, 3x(A(x)AB) = 3xA(X)AB,
Vx(A(x)vB) » VxA(x)v B, Ix(A(x)v B) ~ IxA(x)Vv B.

Xao Ban B [10] nokazan uro PP gBjisieTCsl KOPPEKTHBIM U MOJIHBIM
(T.e. A—>B saBaserca teopemoit PP Toraa M TOJMLKO TOraa, Koraa asis
Bcsikoro V, eciu V(A)=t, To V(B)=t). OH Takke yCTaHOBHUJI, UTO Ceue-
HUE SIBASETCS AOMYCTUMBIM mpaBuioM PP W vccieaoBan OTHOLIEHWE
PP ¢ xnaccuueckon norukod. Kpome toro, Xao Ban noctpoun asb-
TepHaTHBHOE MO OTHOLUEHHI K PP ucuucienne EP, koTopoe OTinua-
ercqd oT PP nuiub ToAKOBaHHEM UMMIMKauuu: V(A—B)=t B EP toraa
M TOJIbKO TOTrJa, KOrja Ajs BCAKOro o3HayuBaHusa V, 2ciau V(A)=t, To
V(B)=t u ecau V(A)=u, To V(B)=f.

S3bIK, WHTepnperauus (¢ TOABKO YTC YKa3aHHBIM €AWHCTBEHHbIM
OTJIMYKMEM) W NpaBuia BbiBo1a Ans EP Te xe camble, uTo U 414 PP, a
OrpaHu4MuTE/NbHOE YcI0BUE akCHOM EP COOTBETCTBYET HHTEPNpPETALIUU
3HaKa — k EP.

B [3] u [2] Obl10 mokazaHoO, YTO &HAIOTM WHTEPMOJISILMOHHON

TeopeMbl Kpeiira cnpaseanuBsl A1 UCYHUCIEHUH YaCTUUYHBIX MpeanUKa-
ToB Xao Bana PP u EP.
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IIponosnunonaabHbie GparMenTsl HeuucaeHuii PP u EP

[Tpono3nunoHanbHele HparMeHTbl HCUHCIIEHHH YaCTHUYHBIX [PEIH-
kaToB Xao Bana PP w EP B panpHeiilieM COOTBETCTBEHHO OynaeM
o6o3Ha4aTh uyepes PPg u EPs. OueBUIHO, YTO aTOMapHBIMH (opMmy-
JlaMH B HUX OyJyT TOJIbKO MPOMO3ULIMOHA/IbHBIE TIEPEMEHHBIE.

A.Poy3 chopMyHpoBan HE3aBUCHUMYIO M HOTHYIO CUCTEMY aKCHOM

s PPg, KoTopas CONEpXHUT HIDKeCHeaAyIoure akcuombl Al-Al12 u
npaBuia BbiBoga R1-R4;

Al. P>PvQ,

A2. PvQ->QvP,

A3. PAQ-P,

A4. PAQ—->QAP,

A7. PA(QVR)—>(PAQ)V(PAR),

A9. (—ﬂPv—Q) ——>ﬁ(P/\Q)

Al2. (PA=P)—>Q.

RI. U3 A—>C u B->C cienyer AvB—C;

R2. U3 A—>B u A—>C crenyetr A—>BAC;

R3. U3 A—»B u B—C cnenyer A—>C, rne AB,C - He conep-

Kauiue 3Haka —> GopMyJbl.

R4. Ilycte P — npono3uuuoHanbHas MepeMeHHas, BXxoasluas B

dopmyny A, popmyna B — He conepkut 3Haka —, a C nonyyaercs

u3 A B pe3ynbTaTe 3aMeHbl Bcex BXxoxkaeHUu P B A Ha B; Ttorna us

A caenyer C.

A.Poy3 ycTaHOBUJI Takxe HeoOXOAUMOE W JOCTaTOYHOE YCJOBUE
nokazyeMoctu dhopmyi B PPg, ¢ ero noMousto Aokasan nojsiHoty PPgs u
chopMyTHpOBan HE3aBUCHMYIO U MOJHYIO CHUCTEMY aKCHOM Ul TOH
BEPCHUM MpOMNo3ULMOHanbHOro ¢dparmMenta PP, xoTopas B KayecTBe
UCXO/IHBIX JTJOTMYECKHUX CBA30K COAEPIKHUT JIHLLIb — U Vv (cM. [9]).

H.M.Epmonaesa B [4] uccienoBasia BCce BO3MOXHBIE [TIPOINO3H-
LLMOHaIbHbIE MCUUCTIeHUs Thna Xao BaHa, nmonyyvaroiuyecs npyv Bapbu-
pOBaHUM aKCHOMbI A12 U A7 COOTBETCTBYIOIIMX JIOTHK BBEJa 0cOOble
obo3Hauenus: L; cornagaer ¢ PP (T.€. ¢ Npono3uuruoHaIbHBIM ¢par-
mMeHToM PP), L;; nony4aetcs u3 L;, ecnu B Heit A12 OGyner 3ameHeHa
Oosee cnaboit akcuomoi Al12'. PA—P—->Qv—Q. Ilpu 3TOM, OHa xapak-
TepusyeT Lj; Kak ¢pparMeHT Tpex3HauHoH JIoruku JlykaceBuua. Xors
Ha caMOM AeJe, JOTUKY L; MOXHO TOYHEE ONMCaTh, KaK MpOIMoO3HLHO-
HaJIbHBIH (parMeHT ajbTepHAaTUBHOIO UcuucieHus Xao Bana EP, T.e.
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kak EPg. Jloruka L;;; neoiictBeHHa Kk L; (k PPg) u nony4aercs u3 L,
ecny B Hell Al2 Oyaet 3aMelieHa HOBOM akcHoMoi: P--Qv—Q. A L,
ABIASETCA NOruKkor ge Moprana U nosyvaercs u3 L; OmyckaHHeM
akcuoMbl Al2. B [4] Tawke yka3blBaeTcsi CEMAHTHUUYECKUI KpUTEpHU
UCTUHHOCTH OJHOMUMITIHKATHBHBIX GOPMYJ U € €ro MOMOUIbIO A0Ka-
3bIBa€TCA TeopeMa nojaHoTwl 11 Ly (=EPy). Huke Mel npuBeneM apy-
roe 10Ka3aTeJbCTBO 3TOH T€OpeMbl, HCMOJIb3YIOLIEE CUHTAKCHUYECKHUMH
KpuUTepul aokaszyemocTdH dopmya B EPs. Ilo cBoeMy xapaktepy OHO,
Ha Hall B3rasja, Oavxke K crnocody, koTopeld A.Poy3 Hcnone3oBal a4
YCTAHOB/IEHHSA NO.THOThI PPy.

3ameuyanue. ABTOpY OblIO W3BECTHO, u4TO B [4] wHccaeayrores
Npofio3MUHOHAbHbIe J0rMkU Tuna Xao BaHa, HO, K coXaleHHIo,
coaepkaHue 3To# padoThl 10 MocjieHero BpEMEHH /18 Hero ocraBa-
JIOCh HEU3BECTHBIM. JIMLIb 3TUM ciieayeT 0OBACHUTD, YTO HU B [3] U HU
B [2], rae onucbkiBaeTca cuctema akcMoM aas EPg u jaercs Habpocok
J0KazaTeabLcTBa nonHoThl EPg, He ynoMuHaercs pabora [4], B koTOpo#
3TH (PaKTbl ObLIM YCTAHOBJIEHbI 3HAUUTENLHO paHbLUE.

B [4] taxke paccmarpuBaroTcs ki1accuyeckad .1oruka K (oHa
nosayyaercs npucoeadHeHuemM P—-Qv—Q k akcuomam Lj;) U nNpoTUBO-
peuuBas joruka L, (B KOTOpo# BepHbl Bce POpPMYIbI); OMHUCHIBAETCS
TOuYHas MoJejb JOruku Ly, 1anee, M0 BKJIIOYEHHUIO YNOPAAO4YHBAIOTCS
BCE MepeyrCIeHHbIe BbILIE JIOTHKHU:

Lyvcly Lyc Ly, LycLy, LicK, Ly cK, KcL,,

M 10Ka3bIBAETCS MHTEPECHBIH PaKT O TOM, YTO MEXAY KOKAbIMH ABYMs
COCEHHWMHU JIOTHKaAMH 3TOr0 CMUCKA HET MPOMEXKYTOUYHbIX JIOTHK.

B [5] B.K.®uuu nokasasi, utro L; (=PPs) ecTb 0,JHOUMIJIHKATHB-
Hbid dparvieHT Tpex3HauHoi Joruku JlyxaceBuya , a B [1] mpeaso-
XeHo npenukatHoe pacuiupedue Ly (SEPg) v yCTaHOBIIEHO, YTO OHO B
HEKOTOPOM CMbICJI€ 3KBHBATEHTHO CEKBEHUHMAJILHOMY MCUHCIEHHIO
L. Knusa (cp. [1] u [7]).

KoHeuHble KOHBIOHKUHMH (IM3BIOHKUHHM) MPOU3BOJIbHBIX HOPMY.T B
nanbHeimem Oyaem o6o3HadaTh vepe3 [lim (Lie). IlycTs A n B
KOHEUYHble KOHBIOHKUMHU (AM3bIOHKUMHK) HopMy. bynem roBopuTs, 4TO
B aBiaseTcs noAKOHBIOHKUMeH (MOAAM3BIOHKUMENH) A, €C/IM KaxIablH
KOHBIOHKTUBHBIN (IM3BIOHKTUBHBIN) ufieH dopmynbsl B Takke aBas-
€TCSl KOHBIOHKTHUBHBIM (IM3BbIOHKTHBHBIM) UeHOM hOpMYJIbl A.

OTMETUM HEKOTOpbIE OYeBUIHbIE OCOOEHHOCTH UCHYUCTEHUH PP U
EP5'.

(1) Ecnu A — koHeuHas KOHBIOHKUMA Gopmya v B sBasercs

NOAKOHbIOHKLIMEH A, TO thopmyna A—B nokazyema B EPg;

(2) Ecniu B — koHeuHas auzbioHkuug dopmya v A sBisgeTcs

noaausbroHkuued B. To dopmyna A—B nokazyema B EPs;
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(3) Ecnn dopmynel: Aj—>A, Ay—>As,.. Ay DA, J0Kazyembl B
EPg, To dopmyna A;— A, Takoke gokazyema B EPg;

(4) Ecnu dpopmynsl: A>B;, A—>B,,...,A—>B, nokasyemnl B EPg,
to dopmyna A—B,; AB; A...AB, Takke nokazyema B EPg;

(5) Ecau dopmynsr: A1—>B, A;—B,...,A,—>B nokazyemsi B EPg,
to dopMyna A VA, v...vA,—B Taoke nokazyema B EPg.
OTMETHM elle HEKOTOpble JIETKO YCTaHaBIHBaeMbie OCOOEHHOCTH
ucuucneuut PPs u EPs. Ilycts B C" o603Hauaer KOHBIOHKTUBHYIO
HopmasibHyto hopmy (KH®) dopmynel C, a C° — TU3BIOHKTUBHYIO
HopMaibHYO GopMmy (JAHD) dopmyasl C, Toraa

(6) ®opmyaa Buaa A—B gokaszyema B PPg (B EPg) TOraa v ToJbKO
torga, korga A°—B° nokazyema B PPg (B EPg) Toraa u TOJIbKO
toraa, koraa A°—B’ nokazyema B PPs (8 EPs) Torna v Tojbko
Toraa, koraa A*—B° gokaszyema B PP (8 EPs).

(7) Ecau dopmynbl A U B He conepkat 3Haka —, TO 3aMeHa A Ha
B unu B Ha A B mo0yio teopeMy PPg fonycTHMa TOraa M TOJbKO
toraa, korga B PPs pokasyemsl popmynsi: A—B, B>A, -A —
(8)Dopmyna suaa A—B nokazyema B EPg Toraa v TosbKo TOraa,
koraa B PPs nokasyemsl popMmysibi: A—>B u —B — —A [4].

U3 (7) u (8) cpa3y cnenyer

(9)3aMeHa He coaepxkauux 3Haka — dopmyn A Ha B unu BHa A B
moOyto TeopeMy EPg pgomycTtuma TOrJa M TOJILKO TOrAa, Koraa B
EPs nokasyemsbl dopmyasl: A—>B u BoA.

Kpurepun noxaszyemoctu popmy. B PPs v EPs

MycTb YiemCi ecTb JTHO dopmyint A, 24Dy — AHD dopmyinsl B,

[T..Er — KH® dopmynsl B u nycts aas kaxaoro i<m X Fy
MOJy4aeTcs U3 ) y.,Dy BIYEPKUBAHHEM T€X KOHBIOHKTHBHBIX UJIEHOB
u3z kaxaoro Dy (k<n), koTopblie SBASIOTCS TaKK€ KOHBIOHKTHBHBIMH
yneHamu C;.

Cunmaxcuueckuit kpumeputi ookazyemocmu gpopmyn 6 PPg. bynem
roBOpuTh, 4YTO (opmyna A—B yooBIETBOPAET CHHTAKCHUYECKOMY
KpUTEPULO JIoKazyeMocTH dopmyn B PPg, eciu U1 KaXI0ro Takoro
AM3BIOHKTHBHOTO uneHa C; JHD ....C; dopMynsbl A, KOTOpbIH B Kaye-
CTBE KOHBIOHKTHBHBIX Y/€HOB HE COAEPKUT HHM OAHOHW MpPOIO3HLIHO-
HanbHOW MepeMeHHOW BMeCTe C €€ OTPULIAHMEM, CYLUECTBYET TaKOH
AU3BIOHKTUBHBIN wieH Dy JH® >,..D, dopmyasl B, uto Dy aBnserca
noakoustoHkuuen C; (kpumepuii Poysa).

Cemanmuueckuti kpumeputi ooxkazyemocmu popmyr ¢ EPg. Jlns
toro ytobbl C;—>2 . Fi Obl1a oOuie3HauuMoi, HeoOX0AUMO U 10CTa-
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TouHO, uTOoObl V(2 ynFix) #f 114 Besikoro o3xauuBanvs V (kpumepuii
Epyonaesoir).

Cunmaxcuveckuti kpumepuu ooxazyemocmu opmyn ¢ EPg. bynem
FOBOPHThb, 4YTO ¢GopMyna A—>B y10BASTBOpSET CHHTAKCHYECKOMY
KPHUTEPHIO 10Ka3yeMOoCTH popMya B EPg, €ClM a) KaKAbliH AH3BIOHK-
TuBHbIA WieH C; JJH® 2.,.,C dopMyabl A, KOTOPbIH B KaUeCTBE KOHD-
FOHKTOB HE€ COAEP>KMT HHM OAHY MNPONO3MUHOHATBHYIO MEPEMEHHYIO
BMECTE C €€ OTPHLAHHEM, YAOBJIETBOPAET KpuTeputo Poyza ans PPg, n
6) nns kamaoro Au3bloHKTHBHOrO unena C; JTH® 2.;..C; dopmynsl A,
KOTOPbIH B KaueCTBE KOHBIOHKTHUBHBIX YJIEHOB COAEPHUT MO KpaHHeH
Mepe OJHY MPOMNO3MLHOHATIEHYIO MEPEMEHHYIO BMECTE C €€ OTpulia-
HHEM, KaXkblH KOHBIOHKTHUBHbIN wieH E, KH® dopmynsl B aBnsercs
KJ1JaCCUYECKOHW TaBTOJIOTHEH (T.€. COAEPXKUT HEKOTOPYIO MPOMO3ULIMO-
Ha/IbHYKO MEPEMEHHYIO BMECTE C €€ OTPHULIAHHEM) WM B KAyeCTBE
AHU3BIOHKTUBHOIO YJIEHA COLEPXHUT XOTH Obl OJMH KOHBIOHKTHUBHbIN
YjeH, BXOJSLUHI B yKa3aHHbIH AU3BIOHKTUBHBIA uieH C; JHD > ..C;
dbopmyibl A.

Jlemma 1. Ecru gopmyra A—B ne yoosremeopsem cunmaxcuueckomy
kpumepuro ookazyemocmu opmya 6 EPs, mo gopmyra A— B ne
obweznavuma.

HokazarenabcTBo. [Ipeanonoxum, 4To ycioBHE JIEMMBI BbIMOJIHSA-
erca. Torpa cylecTBYeT Takoe YMUCJIO 1<m, YTO a) €C/IM JAU3bIOHKTHB-
Heid uneH C; TH® 2;.,C; hopMysbl A B KayecTBE KOHBIOHKTOB He
COJAEPXKUT HH OAHOH MPOINO3ULHMOHAJILHOA MEPEMEHHOH BMECTE C €€
OTPULIAHHUEM, TO HHU /I Kakoro k<n Au3blOHKTHUBHBIA uieH Dy JTH®
2Dk opMmynel B He sBiasercs nmoakoHbroHkuver C;, unu 6) eciau
au3bloHKTUBHBIN uned C; JJHD 2,.C; dopMysbl A B Ka4eCTBE KOHb-
IOHKTOB COJAEPXKHUT 110 KpaudHed Mepe OAHY NpOonoO3ULMOHATBbHYIO
NepeMEeHHYD BMECTE C €€ OTPHULIAHWEM, TO CYLUECTBYET YHUCJIO I<S
TaKO€, 4TC KOHBLIOHKTUBHbIY wieH E, KH® [, E, ¢opmyas B He
ABNSIETCA KJIAaCCHUYECKOW TaBTOJIOTHEH (T.€. HE COAEPKHUT HHU OJHOM
NPONO3MUKMOHAIBHON NMepeMEHHONH BMeCTe C €€ OTPULIAHUEM ), a TaKXKe
HU OJIUH IH3bIOHKTUBHBINA e E, KH® [],E, dopmynsl B B TO xe
BpeMs He SBJISAETCA KOHBbIOHKTHUBHBIM UeHOM C;.

PaccmoTpuMm cnyudail a). Onpepenum Vi crieayroiium obpasom:
nyctb Vo(P)=t n1s Bcsako# npono3MUHOHAIBLHOH nepeMeHHoi P, BXo-
naweit B C; 6e3 3Haka orpuuaHus. [lycts, nanee, Vo(Q)=f nng Bcsakoi
NMPONO3MUHOHAIbHON nepeMeHHOH Q, BxoJsiuleit B C; CO 3HaAKOM OTpH-
uanus, u nycte Vo(R)=u ans Bcex Takux npono3uUHOHATBHbBIX Mepe-
MEHHBbIX R, KOTOpble fBAAIOTCA KOHBIOHKTaMH Dy, HO He SABISHOTCA
KOHBIOHKTaMH C;. OcTajlbHble MNPOMO3MUMOHAJIbHBIE MEPEMEHHbBIE
MOTYT NPUHHUMATH JItOOble 3HAYEHHS.
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OueBuaHo, uto B TakoM ciyuae V(i C)=Vo(C)=t, a nas Bcs-
koro k<n Vo(Dy)#t u, cnenorarensHo, Vo(2iDy) #t.

B cay4dae 6) mbl 3agaaum Vg cnenyronm o6paszoM: nycts Vo(P)=u
JUIS BCAKOH TMpOMNO3HUMOHAILHONW mepemeHHO#i P, Bxoaswmeinn B C;.
Vo(Q)=f nns Bcakod Npono3uLMOHATIBHON nepeMeHHoR Q, BXoasLLeH
B E; 6e3 3Haka oTrpuuanug, U, HakoHel, mycTb Vo(R)=t nnsg Bcex npo-
MO3MLMOHAJIBHBIX NMepeMeHHbIX R, Bxoasdiuen B E, co 3HakoM otpHLa-
HUs. OCTaJIbHBIM NEPEMEHHBIM MOXKHO MPUAATh JOOBIE 3HAUECHUA.

B TakoM ciydae Mbl Jierko yoeaumes, uto Vo(Cy=u, Vo(I]E))=
=Vo(E)=f, Vo(2icCi)=u i, BO3MOXHO, t, B 3aBUCHMOCTH OT TOTO,
KaKHe 3Ha4Y€HHs TMOoJIy4aT NMpH 03Ha4HBaHUH Vi oTyiHUHBIE OT C; AU3b-
toukTuBHbIE wieHsl C, JJHD 3..,C; bopmyasl A (t<m, tz1).

Jlemma 2. Ecnu dopmyna A—B y10BAeTBOPSAET CHHTAKCHUECKOMY
KPUTEPHIO JoKa3zyemMocTH popmyn B EPg, To A— B nokasyema B EPs.

JokazareancTBo. [lycth A—B yn0BI€TBOpAET YCIOBHIO JIEMMBI.
B TakoM cinyyae Mbl Oy1€eM UMETh BCETO JBE€ BO3MOXKHOCTH:

a). JusbtonktuBHeiil uned C; JHD 2 ,C; dopmyasr A He coaep-
XKHUT HU OJITHOH MPONO3ULIMOHATILHONH NMepeMEHHON BMECTE C €€ OTpULa-
HUEM M CYILECTBYET AU3bIOHKTHBHBIN 4neH Dy JTHD >, Dy dopmyiibl
B, senstouMiics noakonbloHkuuer ¢opmyabsl A. Ho toraa, cornacho
cBoiicTBy (1), B EPg nokazyema Ci—>Dy, oTkyna B cwty cBoicTBa (2)
cneayet, uro Ci— 2, ..Dy Takxke nokazyema B EPs.

6). JusblonkTuBHbIH wien C; THD 2;.,C; dopmynbl A comepxur
HEKOTOPYIO MPOMNO3HIHOHAILHYIO NEpeMEHHYIO P BmecTe ¢ ee oTpHua-
HueM —P u kaxabiii kKOHbIOHKTHBHBIN uleH E; KOH [, E; dopmysl
B saBnsercs nubo0 KjaccH4YeCKOH TaBTOJOTUEH (T.e. COAEPXKHUT HEKOTO-
pYIO MPOMO3HULIMOHAILHYIO NepeMeHHYlo () BMEcTe ¢ e€ OTpHLAaHUEM
—Q), nmu6o koubroHkTHBHbIN uieH E; KOH [1.E. B kauectBe nu3b-
IOHKTa colep>XUT G, SBIAAIOLIMHCA B TO )K€ BPEMS KOHBIOHKTOM [IH3b-
tOHKTHBHOrO wieHa C; JH® 2;..C; dopmysl A.

B nepsom ciyuae, cornacHo cBoiicTry (1), B EPs nokasyeMa ¢op-
myia Ci—>Pv—P. Kpome Toro, B cuiy akcuomel Al2’ Mbl HMeeM
PA—P—>Qv—Q, a cornacho csoiicty (2) B EPg nokaszyema dopmyia
Qv—Q—E, U3 stux dopmyn, ucnonaszys CBOMCTBO (3), Mbl cpa3sy
BoiBeaeM dopmyny C—E,.

Bo Bropom cnyuae kowbioHkTHBHBIH uneH E; KOH [[.E, ¢dop-
MYJibl B XOTb U HE ABISIETCA KJIACCHUYECKON TaBTONIOTHUEN, HO COAEPIKHUT
HEKOTOPBIH AU3IBIOHKTUBHBIA WieH G, ABJIAIOMMNACI TAaKXKE KOHBIOHK-
ToM au3blOHKTHBHOro uneHa C; JH® >,..C; dopmynsl A. Onste
cornacHo (1) mbi cHavana BeisoauM B EPg dopmyny Ci—G. 3atem, B
cuny cBoicrBa (2) ycraHaBnuBaeM faokasyeMocTb G—E, B EPgs u ¢
nomouisto (3) ybesxnaemes, uto B EPg Taioke nokasyema Ci—E..
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B 0o0oux ciayyasx Mbl MoKasaiu, 4to mas Jodoro r<s B EPg noka-
syema C,—E, Ho Torma cornacHo cpoiictey (4) B EPs Takke noKa-
syeMa ¢opmyna Ci—[l.E; u, cnenosarensto, Ci-»2 4Dy, B cuty
cBOWCTBA (6).

Mbe1 paccmoTpenn 06e BO3MOKHOCTH a) W O) BBIMOJIHEHHS KpUTe-
pus nokaszyemMocTH dopmyn B EPg ¥ yCTAHOBUIIH, YTO B KOXIOH U3 HHUX
s noboro i<m B EPg nokasyemsl Bce opMyinbl BUaa Ci—2, .,.Dy, HO
Toraa, cornacHo csolcTBY (5), B EPs Tarkke aokazyeMa Qopmy.a
Zi<mCi"):Zk<nDk-

Teopema 1. [Iponosuyuonanvroe ucuucienue EPg asnaemca noanvim
(Epmonacsa, 1973).

Joka3aTeibCTBO MMPAMO C.I€AYET M3 KCHTPAno3WUUU JemMmbl | U U3
JIEMMbI 2.

Pacuminpenne ucuHcIeHHE YaCTHYHBIX NPEAHKATOB
Xao BaHna

Kak Tonbko Ml nonsitaeMcs 00001WHUTL NOHATHE HOPMYJIbI, 10MY-
CTHUB UTepaluio 3Haka — B ¢popmynax PP v EP, cpa3sy >ke BO3ZHUKHYT
TPYAHOCTH TpH oueHke ¢GopMyi, coaepxauiux 0osnee OJHOrO BXOX-
neHus 3Haka —. Kak yxe Ob10 ormMeudeHo, B McuucneHusax Xao Bana
UCTUHHOCTb dopmyabl BUaa A—B 3aBHCUT HE OT TOro, KakHe KOH-
KpPETHbIE 3HAYEHHUS NPUHUMaIOT A U B npy 1aHHOM O3Ha4YMBaHUH, a OT
Onpene/ieHHOro OTHOLLIEHUS MEXAYy COBOKYINHOCTAMH 3Ha4eHHuil A u B.
Ecaun popmyny suaa P—(Q-—P) Mbl Bce :ke CMOXKEM pasyMHO OLEHHTD
kak (PAQ)—P, TOo 00s3aTenbHO CTOJIKHEMCS € TPYAHOCTbIO MpH
oueHke (popmysibt (—P—P)—>P, Tak kak ans kaxaoro 3aaaHHOro
3HayeHus P Mbl HE cymeeM omnpeaensTb KOHKPETHOE 3HAYEHHE aHTeLe-
neHta —P—P 310l dopMynbl (Mbl CMOXKEM YCTAaHOBHTDL JIMLLIB TO, YTO
aHTeueAeHT 3Toil dopmyibl He obwe3Hauum; cm.[10]). DTUM U oTau-
yaeTcs UMMIMKauds BaHa oT MMMIMKaLMiA Tpex3HauyHbIX JIOTHK, CKa-
xeM, Jlyracesuua unv Knunu. Iloatomy HecMOTps HA TO 0OCTOATEMb-
CTBO, uTO PP aBnsiercs ¢parMeHTOM Tpex3HauHoH Jsioruku Jlykace-
BHYa (O 4YeM YMOMHHAJIOCH BbllIE, CM. [5]), MOC/IEAHIOW HE CAeayeT
CUMTaTb pacluiMpeHueM PPg, coxpaHsolMM cBoeoOpazre HMIUIMKAUWH
Bana, Tak kak B Tpex3HauHOW joruke JlykaceBuuya 3Hauye€eHUE HUMILIH-
KalMK 3aBHCHT OT KOHKPETHbIX 3HaUY€HWIl ee aHTelUeneHTa W KOHCEeK-
BEHTA, a HEe OT COBOKYIHOCTH WX 3HAYEHHUH.

Ecau mbl xoTuM Tak pacuuputs PP u EP, uToObl UTEepauu1s 3HaKa
— Obula B HMX JOMYCTHMA, Mbl 00s3aHbl COXPAHUTEL BbILUIEYKA3aHHOE
CBOMCTBO UMIIMKaUuU Xao Bana.
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3TO MOXHO, HarNpHUMeEp, OCYLIECTBHTb C MOMOILUBIO PEIALHOHHOMN
CEMAHTHKH (MOIMMHULHMPOBAHHOM T TPEX3HAYHOTO CyYas)'.

Mel Moxkem crieayrownM o6pa3omM MOCTPOUThL paciuupeHus PP* u
EP* ncuncaenuit Xao Bana PP u EP. [lonstne popmynwi PP* (EP*)
onpenenseTcs odbIYHO (C HTepaUMsIMH 3HaKa —), a OuUeHKa dopmys
OCYUIECTBJISIETCA B clieAytoueld peasuMOHHON CeMaHTHKE.

PP*(EP*)-bpeiim sBnserca ynopsnoueHHo# tpoiikoit Fr=(H, R,
D), rne HzJ, RCHxH, npuueM R pedaekcHBHO W TpaH3uTHBHO B H,
D — dyHkuus obnacreit, onpeaeneHHas Ha H, takas, 4yTo A/is BCAKOro
v uz H, D(v)#J u ecnu (w,v)eR, to D(w)cD(v), w,veH. Ilycts,
nanee, Prl — MHOXecTBO Bcex npeaukaTHbix OykB. PP*(EP*)-moaenb
ecte napa (Fr, V), rne Fr — PP*(EP*)-dpeiim, a V — yacTuyHas
dyHkuus u3 PrixH B {tu,f}, Takas, yro ecau P — npono3unuoHansHas
nepemeHHas, V(P,w)=t uau u unu f, a echu P — n-apHas npeaukaTtHas
o6ykBa, To V(P,w)=(Q,S), rae (Q,S) ecTh napa, takas, uro QNS=J u
Q.Sc[D(w)]", rne [D(w)]" —~ n-kpaTHOe aeKapTOBO MPOU3BEAECHHE
D(w) Ha cebs. Tenepb Npu CONOCTABAEHUN NEPEMEHHBIM Xi,...,.X, dJIe-
MEHTOB a,,....a, W3 U=UD(v), veH, V(P(x,,...X,),W)=t, ecnu
(ay,...,2,)€Q, V(P(xy,....x,),w)=f, ecnu (a,,..,a,)€S, B NPOTHUBHOM
cayuae, V(P'(x,, ...,x,),w)=u. YcjoBus OUeHKH 1t —, A, VvV, V U 3
Ttakue xe, kak B PP u EP. Hakoneu, V(A—>B,w)=t B PP*, ecnu nans
BCAKOro v, Takoro, uro (w,v)eR, ecau V(A,v)=t, To V(B,v)=t. A nas
EP*, xpoMme Toro, TpebyeTcs BbINOIHEHHE ycioBUs: ecad V(A,w)=u,
to V(B,v)#f. B nporuBHoM ciydyae V(A—B,w)=f B PP*, cooTBETCT-
BeHHO B EP*.

Jlerko MoxHO nokasatb, 4to PP* (EP*) sBiaseTcd KOHCEpPBATHB-
HbiM paciuupeHueM PP (EP) B crnenywoiem cMbicae: gopmyna A
obwe3Hauyruma B PP Torga W ToJIbKO Toraa, koraa A oOuie3Hayuma B
knacce gperimo PP* (EP¥).

CB#3b € JIHCTEMHYECKOH JIOrHKOU

B [6] 6bu10 chopMynupoBaHOo TaOAUYHOE HCHMCICHHE YAaCTHYHO
MHTEPNPETHPYEMOH 3MHUCTEMHUYECKOH MoaanbHOM yioruku E4. Jloruka

E4 vHTepecHa 1 TeM, 4TO B HEH MOXKHO OCYLLECTBHTh NMEpPEBObI Pop-
myn PP*u EP*.

Ha nocnennnx cmupHoBckux utenusx, B mac 2001 r., H.H.HenefiBona coobuimnn
aBTOPY, YTO OH paHee MCClEe]0Ba] BO3MOXKHOCTH PAaCIUMPEHUsS HCHHMCICHUA YacTHY-
HbIX NpeaUKaToB Xao Baua, qonyckatolme UTEpaLio UMILIHKALHMK, 63 UCIob30-
BaHMs pensuroHHOM cymantHku. K coxanenuio, sta pabota 1is aBTOpa OCTaeTCs
HENOCTYITHOM.
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Andasut E4 otinuaercia ot andasura PP* u EP* nuuib TeM, 4TO
BMECTO MMIUIMKaLUMH BaHa - OH COAepHUT dNMUCTEMUUYECKHHA MOdallb-
HbIM onepaTop 3HaHUA [ (UMTAETCA: «U3BECMHO, YO »).

[Tonsitue gopmyasl E4 obbiuHoe. @peiimbl U Moaenu E4 cosna-
AarwT ¢ PP*- u EP*-dpeiivaMi U MOJE/ISMH, A YCJIOBUS UCTHHHOCTH
aast =, A, VvV, V U 3 B E4 COOTBETCTBEHHO COBIMA,1al0T C YCJIOBUIMH HUX
HcTUHHOCTH B PP* u EP*. Hakoneu, V(L A,w)=t B E4, eciu V(A,v)=t
JU1s BCSIKOTO Vv, Takoro, 4to (w,v)eR. B npotuBHOM ciyyae (T.e. ecnu
CylLIecTBYyeT Takou v, uro (w,v)eR u V(A,v)=t), V(CA,w)=f.

3amMeTuM, 4to B E4 00ile3HaUMMON He SBJSETCSI HU OJHA TakKas
dbopMyna. koTopas He coaepxuT [.

Tenepws cnenyrowuM oOpa3zomM omnpejieiuM (YHKUIUIO T, COOTBET-
CTBEHHO T', nepesoaa Qopmys PP*, cootBercTtBeHHO EP* B E4:

T(A) = A, eciium A He COAEpPKUT 3HaKa —»;

T(A—B) = =Ut(A)vdr(B),

YYUTBIBasA CBOKCTBO (9), COOTBETCTBEHHO OyneM UMETH

T'(A) = 1(A), eciu A He COOEPIKUT 3HAKa —>;

T(A-B) = t(A->B)A1(--B—>—A).

Hcro:1b3ys npaBuna nocrpoenus tadbauu ans E4 (cM.[6]), MoxkHO
nokasaTh, YTO CIIpaBed/IUBa cieayroulas

Teopema 2. Qopwuyna A obiyeznavuma 6 Kiacce (hpeumos PP*, coom-
gemcmegenno EP*, moeoa u moavko moeda, xoeoa 1(A), coomaemcm-
eenHo T'(A), ookazyema ¢ E4.

Mpbi MOXeM paclLUpuTh UcuucieHue PP*, He npuOerHyB K Tumo-
BbIM OrpPAHUYEHUSIM, [OIMyCKas [MOABJIEHHE MPOMO3ULIMOHAIbHBIX H
npeauKaTHbIX OYKB Ha MecTax CBSi3aHHEIX MEPEMEHHBbIX U pa3pelias
nosiBjIEeHHE GopMyJ1 Ha MecTax cBOOOAHBIX nepeMeHHbIX. Ho ocHOBHas
3aJava NpH NPUBJIEYEHHUH K PACCMOTPEHUID YaCTUYHO OINpEae/IeHHbIX
NpeaUKaTOB M MHOXKECTB 3aK/IK04YaeTcs B BbIACHEHHU TOro, criocobHa
AW Takas Joruka 0e3 MopoKIeHUS aHTAHOMHUK CNpPaBUTLCA C TEMHU
npobsieMaMHu, A1 pelIeHUs] KOTOPbIX U ObUIO MEPBOHAYAJIBLHO MOCTPO-
€HO pacllUPEHHOE KJIACCUYEeCKOE UCYHUCIIEHWE MNpEeAHMKaToOB, Cpasy ke
OTBEPrHyTO€ U3-3a €ro MpOTUBOPEUYUBOCTH.
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J1.B.3aiiueB

TEOPUA PEJIEBAHTHOI'O CJIEAOBAHUA 11I:
KOMBHUHATOPHASA CEMAHTHKA TE

Abstract. /rn [1] and [2] the background for pure theory of relevant entailment
was built: ideological considerations were axiomatized and supplied with
algebraic semantics. [n this paper [ will prove the adequacy for both
relational and combinatory semantics of TE.

|

Hanomaum, 4to npeacrasnger coboi anrebpanyeckas cTpykTypa
TE. 2710 rpynnoua; <D, N, U,—, °>, rae

1. <D, N, U,—> — peluetka [leMopraHa;

2. a°(b'uc)=(a°b)U(ac) — pewieToyHas ynopsao4eHHOCTb;

3. a°b=c&asb—rc — pe3nnyanbHOCTD;

4. cBoiicTBa © :

4.1. a°a=a;

4.2.(a°b)°c = a°(b°c);

4.3. (a°b)°c = b°(a°c);

4.4. a°b = (a°b)°b;

5.a°%b=c < a°-cs—b & b°—cs—a.

Pensuvonnas moaens TE — 310 uerBepka R=<K, R, *, >, rae
K2, RcK?, *: KoK, FcKkx{4}.

Onpeaenenus:

Df.1. R’abed iff 3x (Rabx u Rxcd)

Df.2. R’a(bc)d iff Ix (Raxd u Rbex).

Mogaens Ha OCHOBE [MpPHBEAEHHBIX OfpeaeNeHHil yIOBIETBOPAET
CEMaHTHYECKHM MOCTY/1aTaM:;

r.1. Raaa;

r.2. Rabc= R*abbc;

r.3. R’abed = R’a(bc)d;

r.4. R’abed = R’b(ac)d;

r.5. Rabc = Rac*b*;

r.6. a**=a,

Yci10BHs HCTHHHOCTH Gopmy.i:

()  af—A < HeBepHO, uTO a* fA;

(&) afkd&B < akdualB;

(V) afAvB < afA unu a [B;

(=) afd—>B < Vb,ceK ((RabcubfA) = cEB).
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®opmyna A—>B uctunHa B Moaenu R (R k4 B) iff us A cneayer B
iff vaeK(a k4 = a kB).

dopmyna A obwe3HauuMa iff A ucTuHHa Bo Bcsikoid monenu (VR
R fA).

II

AZIeKBaTHOCTb [TOCTPOCHHON CEMAHTHKH [POJEMOHCTPHPOBATH
AOCTAaTOYHO JIerko. HemporuBopeuuBocTh nonyyaeTcs TPUBUANIBHBIM
crnocoboM. Meroa doka3aTeNbCcTBa MOJHOTHI TakKe MPeACTaBfeT
coboii koMOMHaUMIO 10Ka3aTenbCTBa IS MEPBOYPOBHEBOH pejieBaHT-
HOM JIOTMKH C A0Ka3aTe1bCTBOM TOH ke MeTaTeopeMbl 14 cucTembl T.

Cxema paccyxaeHHil 10CTaTOYHO CTAHIAPTHA M1 FEHKHHOBCKOFO
AoKa3aTenbcTBa. JlOoMyCTHB 00LIe3HAYMMOCTh NMPOHU3BOJILHOM HMILIH-
kaTuBHOM dopMmysnsl FC —D u HepokasyemocTs ()’ dopmynst C —D,
nosiy4yaem W3 Broporo ponyuenus C {D. s nepexoaa K cieayio-
IIEMY LUAry B paccy>XACHHAX TpeOyercd Tak Ha3zbiBaemas Jlemma pac-
mupenns (aHanor Jlemmbl JluHpenbayma), nossonsiowas yreep-
XKAaTb, YTO OAHOAJIEMEHTHOE MHOXKECTBO {C} MOXKET ObiTh paclLIMPEHO
N0 TaKkoro MHoxectsa a, 4yto C €a u D ¢a. Tenepb 10CTaTOYHO 3a4aTh
KaHOHHYECKYIO OLEHKY B TepMUHax npuHamiexHocth: C €a < ak.C,
4yToObl NepeiTH Kk yTBepxkaeHuto 3 a (a f.C & aq D). (ng obocHoBa-
HHUS 3TOro nepexona norpedyerca Jlemma o cymecTBOBaHHH KaHO-
nH4eckoii moaean.) Takum obpazom, C 4 D, 4To NPOTHBOPEYHUT BTO-
pomy nomnyiueHHto. CneaoBarenbHO, €CIH MPOU3BOIbHAS UMILTHKATHB-
Had popmyna obuie3HayuMa B peAyLIMPOBAHHON PENILHOHHON ceMaH-
THke cuctembl TE, To oHa TE-noka3syema.

Hrak, nycte a — TE-Teopus, ecnu ¥ TONBKO €C/IH 3TO MHOKECTBO
3aMKHYTO OTHOcuTelbHO m.p. U &,. TE-teopus ssagerca npocroi,
€CJIM BbINOJIHAETCS cieaytoluee ycaosue: A v B ea => 4 ceaunu B €a.
Chopmynupyem BakHyro 1is peneBaHTHOH noruku Jlemmy pacuin-
peHHs:

Ecau CH D, mo cywygecmsyem maxas npocmas meopus a, umo C €a
uD ¢a.

[Ipexxae yeM onpeneauTb, YTO 3HAYMUT “GopMysia HE BbIBOAHMA H3
MHOXxecTBa ¢opmyn”, norpedyercs naTh onpeaeseHHE OTHOLIEHHS
BbIBOAUMOCTH,

[yctp Ay,..., A, GOpMYIbI, MPUHALIEKALLHE MHOXECTBY A, a By,...,
B,, dopmynbl u3 mHoxectsa I'. Torna umeer Mecto A | I, eciin u
TOJIbKO €C/IH CYLLECTBYIOT A, As,..., Aw W13 A U By, By,..., B3z I

' Nance BMeCTO “HEBBIBOAMMO™ ByET UCTIONB30BATLCH 3HAK OOPATHOH BLIBOAMMOCTH ] ™.

39



TakHe, 4To A &...&A,, I- B,v..vB;. Ina caydas, korna I' ogHosne-
MEHTHOE MHOXeCTBO {D}, Oy/1eT BEPHO: eCcIH A l— [, T0A I-D.

[Tycte Ao, Ay,..., Ax — cnucok dopmyn sizbika TE. ITockonbky A
MOXeT ObITh JHOObIM, B TOM 4YMCiie H OeCKOHEYHBIM, MpHUIETCS pac-
CMOTPETH [TOCJIEA0BATE/IBHOCTE MHOXKECTB Ag, Ay,..., Ax. JlaainM HHIYK-
THBHOE ONpeae/ICHUE.

d.0. ITycTb AO-{ [, 1 Ag= A u I'y={B}. Onpenenum Ay, 1 [y
yepez A, u [y

d.l. Eciu A, W {444} |- [h, TO Api= Ay U L=y U{da ). To
eCcTb A+ OTBEPraeTcs.

d.2. Ecmu Ay ' {Apy 3 Tay 10 Apr= An Uidan} 4 Tpo=T". To
ecTb A+ IPUHUMAECTCH.,

d3. a=Upew Ap U d=Uhey [ ).

Takum oOpaszom, Bce dopmysabl U3 d He BbIBOAMMBI M3 a. [lpen-
CTaBJSETCA MMPAaBOMEPHON UHTYUTHUBHASI TPAKTOBKA, COTNIACHO KOTOPOH
a CoIepXKHUT Bce (POpMyJibl, OLIEHUBaeMble KaK HCTHUHHBIE (MpHemJie-
mble), a d — noxHble (oTOpackiBaeMmbie) opmyssl. Mrak, noctpoeHa
TeOpHUs a Takas, 4yTo BbInojHsercs A ca u D ed. OcraeTcs nokasars,
yto 2 00J1a1a€T BCEMH YKa3aHHBIMH B JIEMME YEepPTaMH.

1. Tlokakem, yTo a -i d.

JlomycTUM NMPOTHBHOE. JTO 03HAYAET, YTO

(1) cywectByetr n>0 u A, I—l",,, HO TIpH 3TOM IO OMNpPEAEIEHHIO
BbIBOJA Ai-,-T L.

(2) mycTb A, oTOpOLIEHA U N=1. — AOMYIIEHHE

(3) At U {4} FTiy --nod.1. u3(2)

(4) A= Ai-l H Fi= ri-, U{A,} -nod.l. u3 (3)

(5) AT - w3 (1), (2)

(6) At FTii U {4} -u35,6

(7) cyuiecTByeT KOHBIOHKUMS B; un nausbloHkuus C; u3
3neMeHTHOB A U [j.; cooTBeTCTBEHHO TakHe, uTo B;&.4; |— C,. -u33
10 Orp. BbIBOJAHMOCTH

(8) B, FC1vA; - u3 (6), (4) no onp. BEIBOAUMOCTH

(9) B, FCy - 13 (7), (8) Ha ocHoBanvu BoiBOAMMCOCTH FDE

(10) A4 |-1";.1 - u3 (9) no onp. BIBOAUMOCTH

(11) nmockonbky (10) nporuBopeudt (1), cienoBaresbHO, He
BEPHO oM. (2), TakuM obpazom,

(12) A,, 10>KHO OBITH PUHATO U N=]

(13) Ay WA} 4 Ty - u3 (12) mo d 2.

(14) Aiz Ai-l (o {A,} H .—‘iz Fi_l — U3 (13) no d.2.

(15) Ho, Tak kak A; | I'j, uMeeT MecTo A W {A4;} I— I'i.q, utO
npotusope4ur (13).
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CnepoBarenbHO, 06€ BOBMOXHOCTH pacCMOTPEHbI H A0Ka3aHO, YTO
a—{ d.

2. Tlo noctpoenuto BbiBOAA Beskas (popMyJia NMPUHALIEKUT a HITH
d. Ecin npeanosiokuTh NMPOTHBHOE, NOMYCTHB CyLIECTBOBAHUE HEKO-
Topo# opmyinbl o0Le# ais a U d, TO cpa3y e nony4vyaem a |- d, yto
NPOTHBOPEUMT 1.

3. AcauB ed. CnegoBarensHo, no 2 B ¢a.

Tenepb nokaxem, 4to a — npocras (6) reopus (4, 5).

4. Ilycts Fcawu |-F —D. Torga a i—D M Dea. 6o B npoTUBHOM
cnyuyae ecnim Ded, 1o a }-d, yto nporusopeuut 1. CiegosarenbHO, a
3aMKHYTa OTHOCHUTEJILHO —>.

5. Ilycts Bea u Cea, Ho npu 3Tom B&C ¢a. Toraa B&C d u,
nockonbky B, C |-B&C, MMEET MECTO a } d, 4yTO ONATH MPOTUBOPEUHT
1. Takum obpa3oM, a 3aMKHYTO OTHOCHUTEJIbHO BBEJEHHUS KOHBbIOHKLUH.

6. Ilyctrb Bv C €a, Ho B ¢a v C ¢a. Torna B, C d. Cneposa-
tenbHo, Bv C |-B v C, TO ecTb a |v- d, 4TO y>Ke B KOTOpbIN pa3 NpoTHU-
BopeuuT |. Takum obpazom, a — npocras.

3TUM 3aBeplIaeTcs A0Ka3aTeabCcTBO JIeMMbI paclIMpeHUs.

KaHoHuueckas MogaenbHas cTpyktypa R, — 310 Tpoiika <K, R,
*>, rae K. -Henyctoe MHoxecTBO npocThix TE-teopuii, R.abe < VA
VB (A > Bca u A €b) > B ¢, a *. onpenensiercs cleAyOLUM
obpa3oM: a*.= {4: -4 ¢a}.

[TokaxkeM, uTo UMeeT MecTO YTBepKaenue I

Kanonuueckan mooenvnasa cmpykmypa R, ecmb OeucmeumenbHO
peoyyuposannan peasyuonnas mooeavnan cmpykmypa TE.

PaccMOTpUM ceMaHTHUYeCKHE NOCTyJaTbl, KOTOpbIM R¢ aomkHa
YAOBJETBOPATD.

= rl.Ilyctb A 5B €an A €a, 10 CBOHNCTBY 3aMKHYTOCTH TE€OPHUI
OTHOCHTEJIbHO BBEJEHHUS KOHBIOHKLIMH, 3TO O3Ha4aeT, 4yto A & (A4
—B) €a. [lockonbky dopmyna (4 & (4 —»B)) - B — asnsercs Teope-
moit TE, no cBoicTBy TeopHi ObITh 3aMKHYTBIMH OTHOCHUTEIILHO M.P.
Oynet umeTh MecTo B €a u, cnegosarenbHo, R aaa.

= r.2. [lycts R.abec. TpebGyeTcs nokasaTb, 4TO CyleCTBYET MpoO-
cTas Teopus X, uto Rcabx u Rexbe.

Jns Havyana HeoOXOAMMO MNPOAEMOHCTPUPOBATb, YTO MOXHO
MOCTPOUTh TaKO€ MHOXECTBO X, KOTOpoe OYyIEeT yAOBJIETBOPATb Ofpe-
aeneHuto npoctoit teopuu. Hrak, nycts x= {C: 3B (B —»C €a u
B €b). TTokaxkem, uto 310 Teopus. [lycts Cy, C; €x. Torna 3B,, B, (B,
—C, €a, B, —»C, ca, B, €b u B, €b. Ilockonbky ¢opmyna ((B,
—C)&(B; > Cy)) = ((B,&B;) »( Ci& () siensetcsa teopemoil TE, a
a — Teopus (TO eCTb 3aMKHYyTas oTHocuTenabHo &, U m.p.), (B, &B,)
—(C,&C,) €a. 1o onpeneneHu0 X W Ha OCHOBAHHMH TOro, Yrto b —
TEOpHsi, aHaIOrM4HbIM 06pazoM nonyvaem C;&C, Xx. Ilycth Teneps
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C, ex u [C; ->C,. Torna 3B, (B, »C; €a u B, €b. lockonbky HB,
—C,) >(B, =(3)), 6yaer umers Mecto B, -, €a. B cBowo ouepens,
Tak kak B; €b u no onpenenenuio x, umeer mecto C, €X. Takum obpa-
30M, X — TeopH.

Hns peMOHCTpauMu TOro, 4To X — rpocras Teopus, Tpebyertcs
A0Ka3aTb crneuHanbHyo Jlemmy npocrorbl (Priming LLemma). Jloka-
3aTeNbLCTBO KOTOPOi B CBOKO odepeab onupaetcs Ha Jlemmy pacunpe-
Husa vau Jlemmy Hopna. 310 craHaapTHsIH MOMEHT B obecneyeHuu
CEMAHTHYECKON MOJHOTBLI 14 peneBaHTHbIX noruk. [lostomy 3aecs
JOCTATOYHO OTPAHHYHMTBLCSA TO1bKO POPMYIHUPOBKAMH.

Hrak, Jlemma Hlopua rnacur, uto amboe Henycmoe 4acmuyHo-
YHOPAOOYEHHOE MHOICECMBO, 8 KOMOPOM KANCOAA Yenv umeem 6epx-
HIOIO 2PAHUYY, COOEPIHCUM MAKCUMATLHBIU J1EMEHM.

Hcnonp3ys 3T1o yTBepkASHHME, JIErKO MOJYUYHMTb A0Ka3aTe/lbCTBO
Jlemmbl npoctoThl. [lycms a' u x’ nekomopwie meopuu, u d - npocmas
meopus. Tozoa, ecau umeem rrecmo Ra’x’d, mo cywecmayem npocmas
meopus X, 018 komopou eepHo X’C x u Ra’xd.

Teneps MOKHO MpPOAEMOHCTPUPOBATHL, YTO OyAYT HMETb MECTO
R.abx v R xbec. R abx nonyyaercs HenocpeacTBEHHO U3 onpeneseH s
x. JIna Rixbe nponyctum, uto 4 B ex u A €b. Ilo cnpeaenenuro x
Haiaercs Takas dopmyna A, uto A (A 5B) cau A €b. Ilo akcuome
COKpallleHHS U 3aMKHYTOCTH a OTHOCHTEJbHO M.p. nonydyaem 4 —B
ca. HakoHeu, nockoneky umeer mecto Rabe, noctonsky (4 B €au
A €b) =B ec. ]Ipa pa3a npuMeHAs UCKIHOUYEHHE UMIIITMKALUHHU, NMOTY-
yaem B ec, 4TO M 3aBepluaeT /10Ka3aTeNbCTBO.

Ins noctynaros r.3 v r.4 10Kka3aTeNbCTBO CTPOMUTCS AHATTOFHYHBIM,
BeCbMa HW3CLUPEHHbIM, HO TEM HE MeHee - 6narogapsi MHOTOYHC/IEH-
HbIM HCC/I€JOBaHUAM B 001acTH peneBaHTHOH JIOTHKH — YK€ PYTHH-
HbiM crocoboM. Tlpu 3ToM Kcnonb3yroTes akCHOMbI cyPdHUKCHOR U
npedHKCHOH TPAH3UTUBHOCTH

JBa nocaeaHux nocTynara HyXHbl 115 BepUOHKALUK HETaTHBHbIX
akcioM. Criyyail ¢ r.6 TPHBHAJIEH U HE OTIMYAETCH OT aHAJIOMHYHOrO
MOMEHTA B 10Ka3aTe/bCTBE MOJHOThI 1M 11epBOYPOBHEBOI peNeBaHT-
HOH IOrukH. B KauecTBe WITIOCTPALMHH PACCMOTPHM 1.5,

= r.5. lano R.abc, 10 ecTb (B —>—4 €a u —B €b) =>4 c.
[lycte A —»B €a, A €c* u B ¢b*.. I3 nepBoro gonviueHus rno Teo-
peMe KJIACCHYECKOH KOHTPano3WMUMH H Ha OCHOBAHWMA MPOCTOTHI a
noaydaem --B —>—-A4 ca. [JonyuweHuve B ¢b*, paBHocuiabHO —B €b.
Bce 310 BMecTe ¢ onpeaenennem R.abe naet —4 €c¢, 10 ectb — 4 c¢*,
4TO MPOTHBOPEUYHT TPETbEMY [IONYLUEHHIO. CnegoBarensHo, R.ac* b* ..

JTO 3aBepluaeT JOKa3aTeNbCTBA YTBEPAIEHHUS O TOM, YTO KaHOHH-
4yecKas MOJAE/IbHAs CTPYKTYpa R, €CTb AEHCTBHUTENBHO PeAYUMPOBAHHAS
pejsuHOHHas MoaenbHas ctpyktypa TE.
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Cnenyrowii wiar B J0Ka3aTelbCTBE CEMAHTHYECKOH MOJHOTHI
COCTOMT B AeMOHcTpauuH Yr1eepxaeHnus II o Tom,

UTO KAHOHUYECKAA MOOENb, OYEeHKA HA KOMOpOil 3a0ana 8 mepmu-
HAX NPUHAONEICHOCMU (POPMYT NPOCMbIM MEOPUAM, eCMb OeliCMEU-
menbHO pedyyuposanHas perayuoHHas mooers TE.

OnpenenuM k. 18 MPOH3BOJIBHOH QopMysbl cleayowum o0pa-
30M: a4 <> 4 €a. Jloka3aTenbCTBO YTBEPXKIESHHS CBOAMTCS K AOKa-
3are/bCTBY JIeMMBI 0 CYylIeCTBOBAHHH KAHOHHYECKOH MOJe/IH.

B cBolo ouepenb, n10Ka3aTeabCTBO JieMMbl BeJeTCS METOAOM BO3-
BPaTHOH WHIYKLUMM MO KOJUYECTBY CBA30K B dopmyne 4. boabuimH-
CTBO CJy4acB TPUBHAJIbLHO M HE OT/IMYAETCA OT aHAJIOTHYHbIX 1A Nep-
BOYPOBHEBOH JIOrMKH. PaccMOTpUM JHLLIB CUTYaALHIO, Koraa A ecTb B
—C. Tpebyerca npoaemoHcTpupoBats, uto B —C €a <& Va, b
(Reabe u B €b) =C €c).

=: [lycte B &> C €a, R.abe u B €b. o onpeaenenuro kaHoHH4e-
CKOrO OTHOLUEeHUSA A0CTHXUMOCTH (B -C €a u B €b) =C €c. Cne-
jgosaresnsHo, C €c.

<: Jlomyctum, yto Va, b ((R:abe u B €b) =C c). Boibepem
Takue b* u ¢’, yTo6b1 yTBepKNEHHE 0 C €€ NaBATO HCKOMOE 3aKITIOHeE-
Hue B »C ea. [lycto b" ={D: |B 5D}, ac’ ={C:3D (D »>Cecawu
D €b*}. Cuumem keantopsl no b* u ¢’. Torna umeem R.ab’c’ u B
eb”’) =C ec’. Ilpu 31oM no onpeneneHuio ¢’ 6yaeT UMETL MECTO HE
Tosbko B €b”, Ho n (B >C €a u B eb’) = C ec”, 1o ects Rab’c”.
Mpumenns m.p., nonyyaem C ec’. Ho no onpenenenuto b* u ¢* 6yner
Takxe BepHO B; »C €a u |B —B,. [lo akchoMe TPaH3UTHBHOCTH U
m.p. nony4aem HB; -C) —»( B —»C). Ilockonbky a — Teopus, 10 B
—C €a, yto U TpeboBanoch noayynTb. CBOICTBO ObITH MPOCTHIMH
Teopuamu 115 b’ u ¢’ sBnseTca cneacTBHeM neMMblI paclMpPEHHS, O
KOTOPOii H1/1a peyb Bbillie. DTHUM 3aBEpLUAETCA J0Ka3aTeNbCTBO JIEMMb!
H, CIeIoBaTeNbHO, yTBepxaeHus 1.

Tenepb BepHeMcs K HallleMy HUCXOAHOMY npeanooxeHuio. Ilycts
C -I D, to ectb -| C —>D. Torga no JlemMe pacliMpeHHs CYLIECTBYET
Takas npoctas Teopus a, yto C €a u D ¢a. [lo Jlemme o cywecTsoBa-
HUM KaHOHMYeCcKO# MozeaH 3To o3HauaeT, uyro J a (af.C & ad . D).
Takum o6pa3zom, 4 C =D, uto npoTHBOpeYHT AomyiieHHto. Cnenosa-
tensHo, VAT ( TE fA” => TE |47).

I

KombusatopHas cemaHtuka TE cTtpouTca no aHanoOrH4HOMY
npuHuMny. Mozens C =<K, o, #, |=>, rne K =0, #: K = K, |} c K x{A4},
a ®— 6uHapHas onepauus Ha K.

[TpuHHUMaIOTCS C/IeYIOLLHE ONpPENEIEHH:
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DF.1. (aeB) ey=0 iff 36(cef3=0 u 6ey=3)

DF.2. ae(Bey)=5iff 30(aeB=56uye=0).

CemaHTHUYeCKHe TMOCTYJIaThl, KOTOpPbIM YyaoBiaeTBopseTr C, cie-
AYIOLLHE:

c.l. cea=a;

c.2. oo B=y = (aef3) e P=y;

c.3. (ouefl) ey=0 = ae (Bey)=d;

c.4. (aef) ey=0 = Be(awy)=J;

c.5. a0 B=y = aey=p"

c.6. a™=a.’

YcaoBHSA HCTHHHOCTH Gpopmy.a:

(—) a|f—A4 <> HeBepHO, uTo O* kA;

(&) o|fA&B < o4 u afB;

(V) a|fAVB < o kA nan o B

(=) afd—>B < VByeK ((aB=y u B|t4) = y[rB).

dopmyna A—B ucrudna 8 mogenu C (C |t4—>B) iff 3 A cneayer
B iff Vae K(a|t4 = a|:B).

®opmyiia A obuezHaunma iff A ucTuHHa Bo Beakoi moaenu (VC
C |-A).

[lokaxem, uTo KOMOHHaTOPHAs ceMaHTHKa aaekBaTHa cucteme TE.
[TockonbKy YCJIOBHMS MNPUNUCbIBAHWA 3HA4YeHUH M MOCTYJaTbl s
OTpyUaHHUA B 00eHX (peIsiUMOHHONM U KOMOWMHATOPHOM) ceMaHTHKax
OJMHAKOBbI, PaCCMOTPHUM TOJILKO CEMAHTHKH MO3UTUBHOrO parMeHTa
TE. /Ina noxkaszaTte1bCTBa CEMAHTHUYECKON a1I€KBATHOCTH KOMOMWHATOp-
HOM CEMaHTUKH MNOKaXeM, YFO MHOXECTBO O0Ule3HAYUMBbIX B HEH
dbopmyst coBnagaeTr ¢ MHOXeCTBOM (popmyil, oOlle3HayYUMbIX B pelisi-
UMOHHOH ceMaHTHke. [[ng 3Toro HeoOXOAHWMO A0KazaTb CJEAYHOLLYIO
Teopemy:

MT 1. VA (VC C |t4 < YRR kA4). rae C (R') ecTb no3uTHs-
Has MOJEb.

JEMMA 1. VAVYR3IC (C [F4 =R EA)

Jloka3zareabcTBO.

I. TlokaxxeM, 4TO NO KWKAOW PpeIALUMOHHON MOJe/aH MOXHO
MOCTPOUTL KOMOHHATOPHYIO.

Mycts <K, R, B> - nosurusHas pensuuoHHas Mojesb. 3anaium
onepauuio ¢ Ha noaMHoxkecTBax K: ae B={c: Jaea3be[3 Rabc}, rae
o, B K. Ilycts Teneps K — MHOXECTBO Takux MOAMHOKeCTB K. uTo
VaeK VBeK JyeK ap=y.

[TokaxeM, yTo monyuuBwascsa napa <K, &> neficTBUTENLHO €CTh
KOMOHWHATOpHas Moje/ibHas CTPYKTYpa.

, .
- Jlanee O6yneM nucatb ab BMecTo a® b
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1. MuoxectBo K He nycto B cuny r.l. Raaa. 9To o3Hauaer, 4to
JaKe B BbIpOXKAEHHOM cnyudae, koraa K={a}, K=K.

2. Onepauus @ SABJISETCS BCIOAY ONMpPEaEIeHHON U OJJTHO3HAYHOM Ha
mMHoxecTBe K 1o ycnoBuio 3ananus MHoxecrtsa K.

3. [1apa <K, &> ynoBnerBopsier nocrynaram c.l.- ¢.4.

c.1.TTo r.1. v onpeaeneHuo @ o o=a.

c.2.a B=y

= y={c: Jaea Fbe3 Rabc} [ro omp. @]

= y={c: Jaea Jbe[3 3x€0 (Rabx u Rxb¢)} [nor.2. u Df.1.]

= y={c: 3x€0 3beP Rxbc} u 8={x: Jaca Jbef Rabx} [no
Ofp. ® W ycil. UcT. &]

= y=0B u 6=a [no onp. o]

= (ap) B=y [mo DF.1.]

AHaJOrM4YHO /0Ka3bIBAOTCA W OCTalbHbIE MOCTYJaThl. TakuM
obpaszoM, napa <K, €> nelcTBUTENLHO €CTh KOMOMHATOPHA MOJEb-
Has CTPYKTypa.

3apaaum otHouleHue |- < K x{4} cTraHaapTHBIM 0Gpa3zoM.

Yc/i0BHSI HCTHHHOCTH QopMY.I:

(&) o|t4&B < a4 naEB;

(V) ajtAvB < o kA nm o EB;

(=)  alfd>B < VByeK ((aB=y u Bl4) = yB).

dopmysa A—B nctunHa B moaenu C (C |tF4—B) iff uz A cnenyer
B iff VaeK (a|tA = a|tB).

[I. Teneps TpebyeTcs nokasats, uto C ' |F A—>B = R F A->B.

[lycts C |- 4B, 10 ectbVaeK (|4 = a|tB), HO He BEpPHO, YTO
Rk A—>B. Tlocneanee JacK (afd & a 4B)’. Ina uckmoueHns
MMIUIMKALMK M TOJyYeHHUs TMPOTHBOpEUHs HeoOXOAMMO, BO-NEPBBIX,
a kA = a k4, a Bo-BTOpPBIX, &L|FB = a EB, TO ecTh HaJl0 10Ka3aTh

YTBEPXKIEHHUE 1. VA4 (a|:4 < akA).

JIOKaxeM 3TO yTBEpXKJIE€HWE MEeTOAOM BO3BpaTHOH MaTeMaThue-
CKOM MHAYKLMH 10 YKUCTY CBA30K B opmyie A.

I. IMTyctb A ectb B&C.

1.1.

+1. a|:B&C
2. aftBualC [mo yen. uer.]
3.afBuakC [mo uHa. o]
4. akB&C [no yen. uer.]
1.2.
+1. a EB&C
2.afBuakC [mo yer. uer.]

* 3nmech M Janee 3anuch a 4 B o3HauaeT “He BEpHO, 4To a EBY.
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AHajicrMyHo s cny4as (2), korga A ecte Bv(

3.al:B ualC (no uxA. mon.]
4. a|-B&C [mo ycn. ucr.]

-

3. Ilycts A ectb B—>C.
3.1.

+1. a|:B—>C

+2. Rabc & b B

abc.

abc.

3. VB,yeK ((ap=y u B|;B) = y|C) [no yca. uct. u3 1]

4. ((0p=y n BItB) = YI0) [Vu. 2 pasa v3 3]
5.bEB [&wu. u3 2]

6. B|:B [mo una. gon. u3 5]

7. Jaea Jbe Rabc [&u. u3 2 W IB. 2 paza]

8. ap=y [mo onp. eu3 7]

9. aB=y &B|:B [&B. u3 6,8]

10. y|+C [=u. 13 4, 9]

11. ¢ C [mo uHa. pon. uz 10]

12. Vb,ceK ((Rabc u b -B) => ¢ FC) [=>B.13 11, VB. 2 pa3a b,c -
or.]

13.afB—>C [mo yeit. ucr. uz 12]

14. a|B—>C => a }jB—>C [=B. u3 13]
BL2-
+1.aEB—>C

+2. ap=y &B|B
3. Vb,ceK ((Rabc ub EB) = ¢ FC) [mo yca. uct. u3 1]

4. (Rabc u b EB) = c FO) [Vu. 2 pa3za u3 3]
5.B|B [&u. u3 2]

6. ap=y [&n. uz 2]

7.bEB [no uHA. mom. u3 5]
8. Jaca 3dbeP Rabce [0 onp. @ u3 6]

9. Rabce [3u. 2 pa3a, a, b - alic. orp. u3 §]
10. Rabc u b B [&B. 13 7, 9]
11.ckC [=u u3 10, 4]

12. y|-C [no wuAa. gom. u3 11]

13. VB,yeK ((aB=y u B|tB) = 7|:C) [=>B. u3 12,¥B. 2 pa3a B,y -
or.]

14. a|-B—C [0 ycn. ucT. u3 13]

15. akB—»>C => a|:B—>C [=8. u3 14],

4YTO W 3aBEPLIAET J0KA3aTE/IbCTBO Y TBepxkiaeHus 1.

Hrak, pomyctus

+1. VaeK (a|:4 = al-B)

+2. JaeK (a k4 & a4 B), nonyuaem
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3. a4 = altB [Vu. u3 1]

4.af4A & aiB [3T., a - abc. orp u3 2]
5.afA [&u. n3 4]

6.a4B [&u. u3 4]

7.af4 = a4 [13 Y1B. 1.]

8. afrA [=Hu. 13 7,5]

9. alB [=u. u3 3,8]

10. a|tB = a kB [u3 YTB. 1.]

11.akB [=u. u3 10,9]

12. -3aeK (af4d & a4B) [-B.u36.11]
13.R"FA—>B [mo yei. uct. u3 12], uto u Tpebosa-

JIOCb JOKa3aTh.

Takum o6pazom, Jlemma 1. nokaszaHa.

JEMMA 2. VAVY C'3R" (R A= C"|:4)

loxa3arebCTBO.

I. IlokaxxeM, 4T0 Mo kaxa0H KOMOHWHATOPHOH MOJAETH MOXHO
MOCTPOUTD PEIALUMOHHYIO.

IMycrs <K, o, |&> — nosurusHas komOunatopHas moaens. [lycts K
ects K. Onpeaenum otHouienue goctwxumoctd R cnenyrownm obpa-
30M: Rabe <aeb=c.

[TokaxeM, uto nonyuusiuascs napa <K, R> neficTBuUTENBHO €CTh
peIsIUMOHHAs MOJe/IbHas CTPYKTypa.

1. MuoxecTtBo K He mycTo B cuiy He mycrotsi K.

2. [lapa <K, R> ynosierBopsier nocryaaram r.1.- r.4.

r.1. Ilo c.1. o a=a.. Ilo onpenenennio R 310 paBHocwibHo Raaa.
r.2. Rabe

= o B=y [mo onp. R]

— 30 (o #f3=0 u 0 ¢3=0) [mo c.2. u DF.1]

= Rabx u Rxbe¢ [31.0 - abc¢. orp., mo onp. R |
— 3x (Rabx u Rxbc) [3B.]

= R*abbc [mo Df.1.]

AHaTOTMYHO [0Ka3blBAIOTCS W OCTAIbHbIE MOCTYJaThl. [aKum
obpasom, napa <K, R> nelicTBUTENbHO €CTh pensUMOHHAs MOAE/bHas
CTPYKTYpa.

3agagum otHoweHue F CKx{4} cranaapTHbIM 06pa3oM.

Yc/10BHS HCTHHHOCTH Qopmy.r:

(&) af4A&B < afk4AuakB;

(V) akAVB <> a kA win a EB;

(=) ak4—>B < Vb,ceK ((Rabec ubkA) => cEB).

dopmyna A—B uctunHa B Mmogenu R (R k4—B) iff us A cnenyer B
iff VaeK(a k4 = a EB).

I1. Teneps TpebyeTcs nokasats, uto R A—>B = C'|- A—>B.
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J11s Toro onAtb NoTpedyeTCa 10Ka3aTh
YTBEPKIAEHHE 1. VA4 (a|t4 < a fA).
PaccMoTpuM TosibkO ciy4qal, koraa 4 ectb B-——C.

1.
+1. a|fB—>C
+2. Rabe & b B

3. VByeK ((aB=Y np
((aB=y v B|:B) = y|:C)
b |-B
‘B
Rabc

ap=y
9. afi=y &B|-B
10. y|:C
11. ¢ |-C

4,
5.
6.
7.
8.

:B) = y|-C)

[ro yci. ucT. u3 1]
[VH. 2 paza u3 3|
[&u. u3 2]

[mo uHO. gon. u3 5]
[&u. u3 2 |

[no onp. R u3 7]
[&B. U3 6 8]

[

[no WHJ. non u3 10]

12. Vb,ceK ((Rabe u b B) == ¢ FC) [=B.u3 11, ¥B. 2 pa3a b,c -

abc. or.]
13.a-B—>C
14. o fB>C = aFB>C

2.
+1. afB—>C
+2. af=y &B|-B

. (Rabc u bEB) => ¢ -0)
BB
. ap=y
.bEB
. Rabc
10. Rabc u b B
11. ckC
12. y|C

OO\]O\&II-&L»J

[no ycn. uet. u3 12]
[=B. u3 13]

. Vb,eeK ((Rabc u b FB) = ¢ FC) [no ycn. uct. u3 1]

[Vu. 2 paza u3 3]
[&u. u3 2]

[&H. u3 2]

[Mmo uHA. gon. U3 5]
[mo onp. R u3 6]
[&B. u3 7, 8]

[=u. uz 10, 4]

[mo uHA. aom. u3 11]

13. VB,yeK ((aB=y u B|:B) => y|-C) [=>B. u3 12,B. 2 pa3a B.y -

abc. or.]
14. a|\B—>C
15, akB—>C = a|tB—>C

HUrak, nonyctus VaeK (a

k4 = aEB) u JaeK (a

[mo ycn. uct. u3 13]
[=>B. u3 14].

L4 & od|B),

JIETKO MOTy4aeM NPOTUBOpeEYHe, UCNOJIb3Ys Y TBepKaeHH e 1.
Takum obpazomM, JleMma 2. qokazaHa.

Bosspawasce k aokaszatenbcrsy MT

1., CHa4daJila OCYLUECTBUM
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IMpeanonoxkum, uto V C" C " [t4, Ho He BepHo, uto VR™ R’ kA, TO
ects 3R" R'JA. [To Jlemme 1. VR'3 C* (C |4 = R" kA4). Uckmiouus
KBaHTOpbI OOLIHOCTH M CyluecTBoBaHua (C - abc. orp.), nonyyaem C
'|f4 = R’ EA, 4to no modus ponens ¢ ucnonb3oBanuem C *[t4 naet
R’ EA. B cBolo ouepenb, HCKIIOYEHHE KBAHTOpa CYLUECTBOBAHHSA OaeT
R’ A4, 4TO BEAET K IPOTHROPEUHIO.

JloKa3aTe1bCTBO METaTEOPEMbBI B APYTYIO CTOPOHY OCYLIECTBIIAETCS
aHaJIOTHYHO C UCNOJib30BaHUeM JleMMbi 2.

Taxum obpazom, MT 1. nokazana. CnenoBarenbHo, al€KBaTHOCTh
pensaunoHHod cemaHTHku TE Bneuer ajgekBaTHOCTH KOMOWHATOPHO#M
CEMaHTHKH JTOI CUCTEMBI.
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10.B.UBaeB

KBASUMATPUYHASA JIOTUKA - OCHOBA
TEOPUU ®PAKTUHYECKUX (PU3UYECKHUX)
MOJIAJBHOCTER

Abstract. Quasi-matrix logic is based on generalisation of classical logic
principles: bivalency (propositions take values from the domain {t (truth),
(falsity)}); consistency (a proposition can not have both the values); excluded
middle (a proposition necessarily has some of these values), identity (in a
complex proposition, a system of propositions, an argument one and the same
proposition has one and the same value frcm the domain {t, f}); matrix
principle — logical connectives are defined by matrices. As a result of
generalisation we have quasi-matrix logic principles: the principle of
fourvalency (propositions take values from the domain {t", t°, f°, f'}),
consistency: can not have more than one value from {t", t, £, {'}; the
principle of excluded fifth: identity (in a complex proposition, a system of
propositions, an argument one and the same proposition has one and the same
value from the domain {t", ¢, £, £'}); the guasi-matrix principle (logical terms
are interpreted as quasi-functions). Quasi-matrix logic is « logic of factual
modalities.

KBasumarpuua — 310 MuoxkectBo (Q,G,qf},...,af), rne Q u G —
HemycTbie MHOXecTBa, Q < G; qf),...,qf; — kBazHYHKLIHH.

Ecau dyHkuued Ha3biBaeTCs COOTBETCTBHE, B CHIY KOTOPOTO
onpeaeaeHHbIH O0bEKT M3 HEKOTOPOrO MHOXXECTBA COOTHOCHTCH €
onpeaeNeHHbIM OOBEKTOM H3 TOTO >X€ W.IM APYroro MHOXECTBA, TO
KBa3UYHKLMUSA — 3TO COOTBETCTBHE, B CHTY KOTOPOTO HEKOTOPhiH 00b-
EKT W3 ONpeAe/IEHHOro MOJAMHOXKECTBA HEKOTOPOro MHOXECTBA COOT-
HOCHTCS C HEKOTOPbIM O0OBEKTOM M3 OMpeaeNeHHOre MOAMHOMXECTBA
TOrO Y€ WK APYroro MHOXECTBA.

IIpuvepur.
Oynxuns: {(a,d), (b,K), (c.k)}.

" Uccnenosaunue noaaepxato PI'H®, rpaut 00-03-00319.
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KBasudyukums: {(a,d) v, (a,k), (c,m)} = {{(a,d), (c,m)} v, {(a,k),
(c,m)}}.

KBa3H¢)yHKuﬁﬂ:{v4 ((a,k), (a,n), (c,k), (c, n)), (d,1)} = {v4 [{(ak),
(d,n}, {(a,n), (dn)}, {(ck), (d1)}, {(c, n), (d1)}]}

Vy W V4 — JABYX- M YETbIPEXMECTHIE METAS3bIKOBbIE CTPOrHE AU3b-
FOHKIIMK. byaeM cuuTaTh, YTO IU3BIOHKLUMA MOXET ObITb BBIPOXKIEH-
HOH, TO €CTb YaCTHbIM cliydaeM KBa3U(yHKUHUH sABseTcs (PyHKUHS.
Toraa yacTHbIM CiiyyaeM KBa3MMaTpPHLIbI ABJISETCS MATpHLA.

B o0wem cnyyae oObEKT, K KOTOPOMY TMpHUMeHSETCS KBa3sH(yHK-
uus, He onpeneneH. He onpeneneHo Takxke 3HayeHHEe KBa3H(YHKLHH.
VYkazana nauiub rogobsiacts obnacty onpeaeneHus KBasH(YHKLHH, B
KOTOPOM 3TOT 00bEeKT coAepXHTCS, U noaobnacTs 061acTH 3HaYEHHH, B
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KOTOPOH CONEPXKUTCS OOBEeKT, SBIAIOWMNACS 3HAYEHHEM KBa3M-
QYHKLHH.

Heonpenenennocts MoxeT ObITh MOzZHaBaTeIbHOH. DTOT ciayuai
UMEET MECTO, ec/ii OOBEKTUBHO COOTBETCTBHE sBIsETCS GYHKLHO-
HaJIbHbIM, HO OHO MCCJIEOBATE/IO HE MOJHOCTBHIO M3BeCTHO. Hanpu-
Mep, MpHU MEPEeBOAE BbIPAKEHHUS OJHOrO A3bika Ha APYrOW B CJI0Bape
YKa3bIBalOTCSl TPH CJIOBA, COOTBETCTBYIOUIHE repeBoaumomy. Haubo-
Jee aleKBATHO B JAHHOM KOHTEKCTe MepeBOAUMOMY CI0BY COOTBETCT-
BYeT OAHO M3 TpexX, HO TMepeBOAYMKY HE H3BECTHO, Kakoe. Takue
CUTyallMH BO3HUKAIOT U MPU dBTOMATHYECKOM MepeBO/IL.

JApyroi nNpHYHHOH HEONpeaeIeHHOCTH SBJSETCs HeoMpeaeeH-
HOCTb caMOH peaslbHOCTH. Hanpumep, npH riiaHMpOBaHUN MOXKET BO3-
HUKHYTb HEOOXOJAMMOCTb YHYECTb CJEAYHIYI CUTyauuro. M3BecTHbI
npeaesibl H3MEHEHHs KOJIMYeCTBa Chipbf, KOTOPOE OYy,;1eT MPOU3BEAEHO
B C/IeyloLueM roay. /KeCTKOH e CBA3U MeXy OnpenesieHHbIM KO.IH-
4eCTBOM [POU3BOAUMOrO ChIpbS M KOJMYECTBOM MPOH3BOAUMOMN Mpo-
AYKUHH, JaXe MPU U3BECTHbIX KoJuyecTBax paboueit cuibl, odopy10-
BaHHS U T. 1., HET.

Ha npumepax (6e3 onpeneneHuit) kBazudyHKLUNH BBEIU B HaAYUHbIH
obopot X. Paitxenbax (H. Reichenbach) (1932, 1935, 1936), 3. 3aBap-
ckur (Z. Zavarski) (1936), @. TI'ousec (F. Gonseth) (1938, 1941), H.
Pewep (N.Rescher) (1962, 16564, 1965, 1969).

Pewep paccMmaTtpHBaeT MaTepUalbHYO HMIJIMKALMIO U 1aeT ¢e
onpejenerue:

(t,f) He sABnsercs 3HayeHWeM, 3TO BEHIPAXKEHHE O3Ha4yaeT “‘To JH
MCTHHA, TO JIU JIOXKb ', TO €CTh B 3aBUCUMOCTH OT KOHKPETHOIO conaep-
’KaHUS BbICKA3bIBAHUM HMIUTUKALMA B 3THX CilyuyasX MOXeT ObiTb Kak
UCTUHHOM, TaK W JOXHOH. OcTasibHble CBS3KH OMpeaestoTcs oObiy-
HbIM 00pazoMm.

Ou4eBHIHO, YTO HE BCE TABTOJOTMH KJIACCHUYECKOM JIOTHUKM BbICKa-
3bIBAHMNA BUMaa ADB npuHMMaOT 3HaueHud t MPU BCEX 3HAUECHHSIX
COCTaBJISIKOLLUX.

Peluep BBOAUT MOHATUE KBA3UTABTOJOTHU. DTO PopMyJia, KOTOpOS
NMpUHUMaeT TOJIbKO 3Ha4eHus t wiau (t,f) Ecau noeectw mo noruye-
CKOro KOHULa npenjioxeHue Peulepa, TO cjeayeT NpPHU3HATh KBa3HUTaB-
TOJIOTHMEN 1TEPEMEHHYIO P.
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Hanee Pewep Bcren 3a [onszecom (HO HezaBHCHMO) “ucripaBasier”
orpee/ieHUs TPeX3HauHOH JIorukH JlykaceBuuya:

A A B
172 (1/2,0) 1/2

He3aBucHMO OT 3THX M, BO3MOXHO, APYrHX aBTOPOB S MPHILE K
CXOQHBIM COOOPaKEHHUSIM B KOHLIE HIECTHAECATHIX — Hayalle CEMHIeCs-
TbIX FOJOB MpH pa3paboTke MoAalibHOH JOTMKH. MHe npeacrasis-
JI0Ch HEYIOBJIETBOPUTE/IBHBIM CYLIECTBOBABLIEE TOTAA MOJIOMKEHHUE J€E]
B MOJAJILHOM Jiorvke. belio pa3zpaboTaHo MHOro “jJorHyeckMx cuc-
TEM”, HO He OblI0 U3BECTHO, KaKHE MOJajlbHbIe MOHATHSA B HUX Mpel-
CTaBJjieHbl. Jlaxke He ObIIO M3BECTHO, JIOTMYECKHE WU (haKTHUECKHE
(pu3uyeckre) MoaaIbHbIE MOHATUS HEOOXOAUMOCTH, BO3MOXKHOCTH U
T. A. UMM onpeaenstorcs. M y>x koHeuHo He 1uia peub 0 THMax $hakTu-
4eCKHUX MoAaibHOCTEN. He Obin1o U3BECTHO, MOTYT JIH 3TH “JIOTHYECKHE
CHCTEMBI” HCIOJB30BATLCS A8 HMCCIAENOBaHWS paccykaeHui. Pas-
MBILLJIEHHUS HaJ C/IOXKHBIUUMCSA MOJIOXKEHWEM J1eJ1 B 0071aCTH MOJalb-
HOM JIOTHKH MPHUBEJH K TOMY, YTO 1 BbIAEIHI B COBPEMEHHBIX HCCJIE-
JOBAHHAX M0 JIOTHKE JBa HanpaBJIEHUs: COOCTBEHHO JIOTUKY W Mojpa-
aHHe JIoruke. CoOCTBEHHO JIOTHKa UMEET CBOMUM MNMpPeaAMETOM (HOPMBI
Mmbiciiell. Oty noruky X. Kappu HasbiBaeT ¢unocodckoit 1orukoii.
[lonpaxaHue JIOrHKe — 3TO HEKOTOpas CHUCTeMa, Hanpumep anrebpau-
4yecKas, KoTopas B KAaKOM-TO OTHOLUEHMH cXxoaHa ¢ dunocodckon
JIOTHKOHM (MOXeET ObITh CXO/IHA TOJIbKO B OTHOLIEHWH HEKOTOPbIX 3Hay-
koB). /lanee noa norukoi s 6yay UMeTh B BUAY COBPEMEHHYIO JIOTUKY
B cMblcie punocodcekoit noruku Kappu.

Kak B moboii apyroit Hayke, B JIOTMKE MOXHO BbIJEIWTb [IBE CTY-
NeHW Ppa3BUTHA — ODMIIMPUYECKYIO H TeopeTrHdeckyro. OaHHM U3
CBOHCTB TEOPHUHU ABJISAETCS €€ CMOCOOHOCTh OOBACHATH ABJCHHUA. Takum
CBOMCTBOM oOnanaer, Ha MOH B3rJsfd, MOsS KOHLEMUMS JIOTMHECKHX
MOJAJILHOCTEM, OCHOBbI KOTOpOH mnpenctaBieHbl B [4 U 5]. Teopus
(haKTUYeCKUX MOJAJIbHOCTEM, KOTOpask MOXKET OCHOBBLIBATbHCA HA KBa-
3UMaTPUYHON JIOTHKE, HAXOAUTCS B CTaHH pa3paboTKH.

PazpaboTky KBa3HMMaTpU4HOH JIOTHKH i HadaJl C MMOCTPOEHHS CHC-
TE€Mbl, KOTOPYIO Ha3BaJl MUHUMaJIbHOH MOJaIbHOM JIOTHKOH.

MuuumMaabHag MoAaJbHAafA JOTHKA — Sy (CHUMBOIBI s3bIKa: [,
0, -, D.) UzBectHo yTBepxaeHue 5. JlykaceBHua 0 HEBO3ZMOXXHOCTH
orpeneseHuss MOJalbHBIX onepatopoB ‘“‘HeobxoaumMo” () W “Bo3-
MOXKHO” (0) B TepMHHAX “MCTHHA” U “NIOXDb°. DTO YTBEPXKAECHHE ABJISA-
€TCS BEPHBLIM JIMILIb B CJIy4Yae UCTONIKOBAHHs YKa3aHHbIX OTEpPaTopoB B
kauecTBe GyHKUMH. [IpH HCTONIKOBAaHMM HX B KayecTBe KBa3U(yHKUHMH
onpene/ieHUE B YKa3aHHbIX TEPMHUHAX BO3MOXKHO.
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Paccmorpum ¢opmyny CA. Tlycte A uMeeT 3HaueHHe f (J1I0XKb).
Torna ¢opmyna A Toxe MMeeT 3HaueHue f, Tak KaK HeCyLIEeCTBYIO-
liee MOJOXKEHHE e/ Heb3s CUMUTaTh HeOOXOAMMBIM (JIOTHUECKH HWIIH
daxktruueckn). Takum o0OpazoM, ronyveHa ogHa CTpoka TabaULbL:

(]
ff

[Tycrs dpopmyna A umeeT 3HadeHue t (McTHHA). Kakoe 3HaueHue B
3TOM ciy4ae umeeT gopmyna [JA? 3Hayedue He onpeleneHo. Dopmya
[JA uMeeT To M 3Ha4YeHHe t, TO i1 3HaueHHe f. D1y cuTyaumio obo3Ha-
yum Tak: t/f. Paccyxaas aHAIOrMYHO, yCTaHaBJIMBAEM, YTO IpPH 3Haue-
Huu f popmynsl A 3HaueHne gopmyasl CA HeonpeneneHo. Onpenene-
HHUS 3HAKOB OTPHLIAHUA W UMIUIMKALMK 0ObluHbIe. BhigeneHHoe 3Haye-
HHe — L.

[TpHuHUbINBl NOCTPOEHHUs] KJIACCHYECKON JIOTUKH BbICKa3blBaHWH H
JIOTHKH Spin:

[TpUHUMABI KTACCHYECKOH JIOTHKH [TpuHLHNbI
KBa3UMaTPHYHOM
JIOTHKH Spin

(1) npyHUMN ABYX3HAa4YHOCTH — BBICKA- NPUHUMIN ABYX-
3bIBAHHA MPHUHHUMAIOT 3HAYeHsA W3 00/MacTH | |3HAYHOCTH
{t. f}

(2) NpUHLMN HENPOTHBOPEYHS (BbiCKa- NpUHUKN
3bIBAHHE HE MOXKET HMETH 00a 3HAYEHHU ) HEMPOTHBOPEYHS

(3) NpHHUHMI HCKIOYEHHOrO TPETHLErO NPHUHLND
(BbicKa3biBaHHe 0043aTeNbHO MPHHUMEET | | HCKIHOYEHHOro
3HaYe€HHe U3 yKa3aHHOH 00nacTH) TDETbEro

(4) npUHUMN TOXJECTEBA: B CJIOXKHOM NPHHLHI
BbICKa3bIBAHHH, CHCTEME BbICKAa3bIBaHHH, | |TOXKAECTBA
apryMeHTaluMu OJHO W TO K€ BbICKa3blBa-

HHE NPUHUMAET OHO MU TO ’K€ 3HAYEHHE M3
obaactu [t.f}

(5) npuHUMN 00YCIOBIEHHOCTH HCTHH- NMPUHLUKN
HOCTHOT'O 3HauY€HHs CJIOXHOrO BbICKa3biBa- | | KBA3HMATPHYHOCTH
HUS MCTHHHOCTHBIMH 3HAYEHHAMHU COCTaB-| |(JIOrHYecKHe TEPMHHbI
JASKOIUKMX €ro MPOCTbIX BbiCKa3biBaHUH (B| |HMHTEpNpeTHpYIOTCS
NPONO3UIIMOHAIBHON JIOTHKE I3TOT MPHH-| | NOCPEACTBOM
UMM BBICTYMAET B KayecTBe MNPUHUMWNA| | KBa3HMaTpHL)
MATPUYHOCTH -~ JIOTHYECKHE TEPMHHBI
OnpeaensitoTcs MNOoCpPeaCcTBOM MaTpHL, B
JIOTHKE MNPEeAUKATOB OH Bbipa)kaeTcs B
HHTEpNpeTauuyd JIOTHYECKUX  TEPMHHOB
nocpeaACcTBOM QYHKLIHIK).
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CeMaHTHYECKH NMOCTPOEHHOM CHCTEME aIEKBATHO HCYHCIIEHHE Spin,
KOTOPO€ SABJISETCA PACIIMPEHHEM KJIACCHUYECKOrO MCUHCIEHHA BbiCKa-
3biBaHui (KMIB) 3a cuer noGaBneHHs ABYX HOBBIX CXEM aKCHOM:
OADA, AD0A. Ucuucnenue S,,;, aBnserca 6onee GenHoi cHcTeMOIl,
YeM OCHOBHas mojaanbHas sioruka 1. JlykaceBuua, Tak kak dopmyina
OA=—0—A B Heii He JOKa3yeMa.

JU1s  noka3zatesnibcTBa METaTeOpeMbl O CEMAHTHUYECKOH MOJIHOTe
HCUHUCIEHHS BBOAMTCA TMOHATHE AJNLTEPHATUBHOH HWHTEPNPETALMH.
AnbTepHaTHBHasg UHTepnpeTauus — 310 dyHkuus || ||.

Onpeoenenue arbmepHaueHOU UHMeEPNpeMayuu.

Ecau P — nponosnunonansHas nepemenHas, To ||P|| € {t, f}.

Ecnu ||Al| m ||B|| onpeaenesl,

10 |[-All =t Al =1

IASB]| =t < [|A]] = funn B = t;

IA]l = £=>[IDA| = f;

IAl =t =>[IOAl| € {t, f};

1Al =t = [|0A] =t;

1Al == [I0A] € {t, f}.

dopMysia BBINMOJIHMUMA, €CIH M TOJBKO €CJAM OHa HMCTHHHA MNpH
HEeKOTOpOH ajbTepHaTHUBHOH HHTeprnpeTaunu. Gopmya obiesHaunma,
€C/IM M TOJBKO €C/HM OHAa HCTHHHA MPH KDKAOH anibTepHaTUBHOM
UHTepnpeTauud. B kaueccTBe MeTaTeopeMbl O CEMAHTHYECKOH MoJi-
HOTEe J10Ka3aHO YTBEPXK/EHHE: CYILECTBYET aJibTEpHATUBHAs HHTEpIIpe-
Tauus || |le, Npu KoTOpO# Kaxaas dopmyaa U3z © sBiaseTcs HCTHHHOM.
(® — MakCHMaJIbLHOE COBMECTHUMOE C Sy, MHOXKECTBO (hopMyIi.)

qublpeX3Ha‘lele KBA3HMATPHYHbLIC JIOTHYIE€CKHE CHCTEMbI

3uauenus t", t°, {°, {' noHMMaroTcs Tak: BbICKa3biBaHHE, TPHHH-
Maloillee 3HadeHHe t", OMUCHIBAET MOJIOKEHUE e, KOTOpoe HMeeT
MECTO B AEHCTBHTENBHOCTH 4 KOTOPOE OJHO3HAYHO JETEPMHUHHPOBAHO
KaKMMU-THB0 0O6CTOATENbCTBAMH; BbICKa3blBaHHE, NMPHHUMAlOLLEE 3HA-
yeHue t°, OMUCHIBAET MOJIOKEHHE €I, KOTOPOE HMEeT MEeCTO B AeHCT-
BUTEJbHOCTH U KOTOPOE HE NETEPMHHHUPOBAHO OJHO3HAYHO TEMH WU
MHBIMH OOCTOATE/IbCTBAMHU, BbICKA3bIBAHHE, NMPHHUMAIOLEE 3HAYEHHE
f°, OnNMCHIBACT MOJIOKEHHE 1€/, KOTOPOrO HET B ACHCTBUTEIHLHOCTH H
OTCYTCTBHE KOTOPOrO HE [CTEPMUHHPOBAHO OAHO3HAYHO TEMH HIIH
MHBIMH OOCTOSTENbCTBAMM; BbICKA3biBAHHE, MPHHUMAalOILlEEe 3HA4YEeHHE
f', OmUCHIBAET MOSOXKEHHE J€JI, KOTOPOEe He MMEET MEeCTa B JCHCTBH-
TETLHOCTH M OTCYTCTBHE KOTOPOrO OJHO3HAYHO AETEPMHHHUPOBAHO
KaKMMH-THO0 06CTOATEILCTBAMM.

Yerbipex3HauHas KBa3MMaTpU4YHas JIOTMKa OCHOBaHa Ha Clelyo-
ieM 0000IEHHH NPHHUHIOB KJIACCHYECKOH JIOTHKH.
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[ IpUHUMIIBI KJIACCUYECKON JIOTUKH

[puHuMnoi

KBa3HMMaTPHYHOM
JIOTUKH
(1) npUuHUMN ABYX3HAYHOCTH — BbICKA- NPUHLUI
3bIBAHHSA TPUHUMAIOT 3HA4Y€HA M3 00JIaCTH | | YEThIPEX3HAYHOCTH:
{t, f} (1", £, 1)
(2) NpUHLUMN HeNpOTUBOpeuus (BbICKa- NPUHLMI
3bIBAHUE HE MOXKET UMETb 00a 3HAUEHUS ) HENIDOTUBOpEYHS: He

MOKET UMeTh OoJiee
OJHOTI'0 3HAYEHUS U3

{t" £, f, f}

(3) NpUMHLMO MUCKIHOYEHHOrO TPEThLEro
(BbICKa3biBaHHE 00s3aTeNbHO MPHHHUMAET
3Ha4YE€HHE M3 YKa3aHHOH 00JacTH)

NPUHLMI
UCKJIKOUEHHOr O NATOrQ

(4) MPUHLUUIN TOXAECTBA: B CJOXKHOM
BLICKA3blBAHWH, CHCTEME BbICKA3bIBAHHUH,
apryMeHTallMi OJHO W TO K€ BbICKAa3blBa-
HHE MPUHHUMAET OJHO U TO K€ 3HAUYEHHUE U3
obnactu {t,f}

[IPUHLHUIT
TOXACCTBA: OJHO U TO
KE 3Ha4YCHUC H3

oOsactu
{tnS tc, fc, f‘}

(5) npuHUMI 00YC/IOBIEHHOCTH HCTHH-
HOCTHOTO 3HA4Y€HUs CJO0XKHOTO BbICKa3bIBa-
HUS MUCTHHHOCTHBIMH 3HAYEHHSIMH COCTOB-
JAIOUIMX €ro MpOoCThIX BbiCKa3blBaHUH (B
NPONO3ULMOHAILHON JIOTUKE 3TOT TMNpPHH-
UMM BBICTYNAET B KaueCTBE IIPUHLIMIIA MaT-

NpUHLMN
KBa3SUMATpUYHOCTH
(Jloruyeckue TEPMHUHBI
UHTEPIPETHPYIOTCS
MOCpPeACTBOM
KBa3zUMaTpHii)

PUYHOCTH — JIOTHYECKHUE TCPMHHbI Onpeac-
JIAKO.TCA TIOCPEACTBOM MATPHULL, B JIOTHKE
[IPpeAUKaTOB OH BbIpaXKa€TCi B HHTECPIIpE-
TaluruH JOTHHECKHUX TECPMHUHOB MOCPECACTBCM

byHKUMRA).

Jloruyeckue TepMHUHBI T€ K€, UTO U B Spip.

OHpCI{CHCHHH JIOTHHECKKX TEPMHHOB!

a b c
—A A 0A DA 0A DA 0A OA
" f ¢ t t " t ¢
t £ f t £ t f ¢ f
f ¢ f £ £ £ f f f
£ t© f t £ ¢ f t" f
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g h i
DA OA 0A OA OA 90A

t t tn tn tc tc
ff ¢ f t f ¢t
f f f f £ f
£ ¢ £ t f t
B B
) t" t f f () o ¢t ¢ f f
t" " ¢ f f t" " ¢ f f
At t" t°f f A €ttt £ f
ffot" " " " ffot" " " "
f£t" ¢ t ¢ " ¢ ¢t
B »
Ho ¢t f f
t" " ¢ f f
Attt f
fot" ¢ ¢ t
et ¢ ¢

3Hakd t ¥ f COOTBETCTBEHHO MOHHUMAIOTCSA KaK COKpALUEHHs i
BhIpakeHu# t"/ t° m £/ 1.

Ha ocHoBe nmnpHBeneHHBIX OfNpeAeeHUd CTPOATCS JIOTHYECKHe
CHUCTEMBI

Sa’, Sa, Sa”, Sb", Sb, Sb”, Sc’, Sc¢, Sc¢*, Sd’, Sd, Sd*, Se’, Se, Se”,
Sf°, Sf, Sf*, Sg', Sg, Sg*, Sh™, Sh, Sh’, Si", Si, Si*. Manas 6yksa B
Ha3BaHHUU CUCTEMblI COOTBETCTBYET CMOCOOy OnpeesieHus MOAAJIbHBIX
TEPMUHOB, 3HAKH +, - © OTCYTCTBHE 3THX 3HAKOB COOTBETCTBYKOT CIIO-
coby ornpeneneHUs UMIUIMKaUWU. BblaeneHHbIMH 3HAYEHUSIMH SBIIS-
tores t" m t'.

[IpuBeaeHHbIE OMNpene/ieHUsi JIOTHYECKUX TEPMHHOB BBEJIEHbI Ha
OCHOBE CJIeIYIOLIUX COOOpa)kKeHHUH.

[Tycts nana popmyna OCA. Ilpu 3HaveHuu t noadopmyibl A, 3Ha-
yeHue [JA, kak yxxe ObL10 cKa3aHO, He OMNpeaesieHO, TO €CTh CUTyalus,
OMUCbIBaeMasi BbICKa3bIBAaHUEM A, HMEET MECTO B JEHCTBUTEILHOCTH,
HO OHa J€TEepMHHHUPOBAHA, HAaNpUMEpP, OJTHO3HAYHO WJIM XK€ HE OLHO-
3HauHO. B nepBoM ciydae dopMmyne JJA crnenyeT npunucars 3HaYEHHE
t, a Bo BTopoM f. To ecTb B nepBoM ciTyuae BbICKa3bIBaHHE A OLEHHUBA-
€TCs KaK MCTUHHOE W (haKTH4YeCKH HeoOXxoaumMoe, B HalI€H TEPMHUHOJIO-
MM uUMeeT 3HaudeHHe t". Kakoe 3HaueHHe B 3TOM cilyyae MPUHHUMAET
dopmyna OOA? Ecau nosioxkeHHue €1, OMUChIBAEMOE BbICKA3bIBAHHEM
A, OHO3HAYHO TEPMHUHUPOBAHO KaKUMH-THOO 0OCTOATENBCTBAMH, TO
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ITH NOC/IEAHHE TOXKE MOTYT ObITb AETEPMHHHUPOBAHBI WIH HE [IETEPMH-
HUPOBAHbI KAKWMH-TO HHBIMH oOcTosTenbcTBaMHU. To ecthb dopmyna
OA toxe nosyuaer oueHky t" (wid t°) U T. O. Takde cHTyauHdH UMEIOT
MECTO KakK B CYObEKTHBHOM. Tak M B 0ObEKTHBHOM ACHCTBUTEILHOCTH.

Buatr oaHo3HayHOHN M HEOQHO3HAYHOH AETEpPMHHAUMH B OHOJOrHH
paccmoTtpensl B.1O. Usnesrim B [ 1, 2].

dopmanuzauMed CEMaHTHYECKH 3aJaHHbIX CUCTEM SBJAIOTCA
HCYHCIIEHHS, COAEpXKAallde B KayecTBe OOLIEH YACTH BCE CXEMBI
aKCHOM KJIACCHYECKOrOo HUCYHCIIEHHS BbICKA3bIBaHWH, npaBuio modus
ponens, a TAKXKe CAECAYOLIHE CXEMbl AKCHOM:

DADA; —[-A>0A; CAS-0-A; ~0ADO(ASB); OBSI(ADOB);
OB>0(ADB); 0--A0(ASB); (ASB)S(CASOB).

Hcuncnenue, npeacrasisiowee cobod pacliMpeHde Kjiaccuuye-
CKOro MCHYHUCJEHHUS BbICKA3bIBAHHUH 3a CUET MOCJIeAHUX BOCHBMH CXEM
aKkcHoOM, obo3Haetcs OykBoi S. CoOTBETCTBYIOLIHE HCUHHUCIIEHHS, 000-
3Ha4aeMbl€ TaK )K€, KaK H CEMAHTHYECKH 3a1aHHbIE CHCTEMBI, CTPOATCS
MyTEM PACLUMPEHHS] HUCYMUCIIEHHUSA S MOCPEeICTBOM CJEAYIOLIHX CXEM
AKCHOM.

Sa”: [J(ADB)>)(0ADR).

Sa: O0(ASB):>(0ASOB); O0(ADB)>(0ADOB);
O(ASB)(0AD(0-B>(—AD—B))).

Sa": [J(ADB)>(CASOB); O(ADB)>(0ADOB).

Sb: O(ASB)S)(CASCB); DASTOA; 00ADSOA; OASODA;
CADO0A; OCADOA; 0OA=OA.

Sh: O(ASB)->(0ASOB); O(ASB)>(0ASOB);
O(ADB):>(CAD(0—-BD(—-AD—B))) UADIDA; 0UADOA; CADO0A;
OADO0A; OCADTA; COATOA.

Sb": O(ASB)D(DASLIB); O(ADB)D(0ASOB); OADO0A;
OOADOA; OADOLA; DADTIOA; D0ADUA; 00ADOA.

Hcuucnenus Sc, Sd, Se, Sf, Sg , Sh™, Si' cogepxar cxemy
akcuom C(ADB)D)D(0ADIB).

HUcuucnenns Sc, Sd, Se, Sf, Sg, Sh, Si coaepxart cxembl aKCHOM
O(ADB)-(UAS(IB); O(ADB)D(CADOB);
O(ADB)=(0AD(0—-BD(—~A>—B))).

Hcuucnenns Sc’, Sd’, Se’, Sf', Sg’, Sh™, Si’ comepxat cxemsl
akcnom C(ADB)D(DADOB); O(ADB)D(YADOB);.
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Hcuucnenus, B 0003HaYEHHUH KOTOpPbIX HMECTCA OJdHA H Ta XE

Masias OykBa, Hanpumep ucumcienus Sc¢’, Se, Sc’, oTMualoTcs TONBKO
MHO)KECTBAMH CXEM aKCHOM

{I(ADB)>(OASOB)}, {0(ASB)>(DASOB); O(ASB)>(CASOB);
O0(ASB)>(0AS(0—B>(—A>—B)))}, {0(ASB)>(0ASOB);
O(ADB)D(CADOB)}.

OcTtanbHble OOMONHUTEBHBIE CXEMbl AKCHOM 3THX HCUHCIAEHHH
OQHH H TC XKC€.

anBeﬂeM ITH NOCJICAHHEC NONOIHUTC/IbHBIE CXEMblI AKCHOM.

Ucuucnenns Sc, Sc, Sc'. DADOOA; 00AD0A; O0ASTA;
OAD0A.

Hcuucnenus Sd, Sd, Sd*. 0A", rue A" — MOJAJIM3UPOBAHHAasA
dopmyna. Ucuucnenns Se, Se, Se’. 00A; 0-0A; —0ADO0A;
OAD0-0A; OUAD(ADOA); OC0AD(CADA); AD(0-ADOCA);
—AD(0ADOA).

Hcuucnenus Sf, Sf, Sf'. O00AD(ADOA); OCAD(CADA);
AS(0—AST0A); ~AS(OASTIOA).

HUcumcnenns Sg , Sg, Sg'. AD(—OJAD00A); —AD(OADOTA);
J0OAD(ADOA); DOAD(OADA).

Ucuucnenns Sh™ , Sh, Sh’. DASOOA; 00AD0A; TADIOA;
00ADOA.

HUcuucnenus Si', Si, Si'. 00A; 0—0A; —0AD00A; DAS0—-0A.

IIJ'IH AOKA3aTeAbCTBA CEMaHTHUYECKOH MOJIHOTHI KAoKO0ro U3 HCYHYUC-
neHuit Sb’, Sc¢, Sd, Sd, Se” (ceMaHTHKH 3THX HCHHUCIICHUH ABIIOTCA
MaTPUYHBIMH) Jl0Ka3aHa ciaeayiowas gemma. Ilycrs a,,...,a, — Bce pa3-
JIM4HbIE NepeMeHHble, Bxoasuue B dopmyny D, a by,...,b, — nctuHHO-
CTHbI€ 3HaYeHHA 3THX nepeMeHHbIX. [lycTh A; ecTb Da., a; A O—a;, —0a;
HIH —a; A Oa; B 3aBUCHMOCTH OT TOro, ecTb i1 b; t°, ¢, £ unu £ mycTs
D" ects OD, D A 0D, —OD uiu —D A OD B 3aBHCHMOCTH OT TOrO,
npuiumaer au D 3uauenue ", t°, f, f* npu 3HaueHusx by,...,b, nepe-
MEHHBIX ay,...,3,. 10raa

Ay, A= D"

(= - 3nak ciaenoBanHud.) Jloka3zaTenbCTBO MPOBEAEHO METOAOM BO3-
BpaTHOI MaTeMaTHYeCKOH HHAYKLHH.

CeMaHTHKH OCTANBHBIX UCYMC/ICHUH ABNAOTCA (COOCTBEHHO) KBa-
3UMaTpUuHbIMU. TIpH 10Ka3aTenbCTBE METATEOPEM O CEMAHTHYECKOH
MOJHOTE ITHX MCHHUCICHHIH HCMO/B3YIOTCS MOHSATHS A1bTEPHATHBHBIX
uHrepnpnperauuii. ChopmynupyemM 3TO NOHATHE IS CHCTEMBbI Sa”.
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AnbTepHATUBHAA WHTEprperauus — 370 QyHkuus || ||, onpeaensemas
CJIEYIOLL UM 00pa3oM. |

Ecnu P — npono3suunonansHas nepemenHas, 1o ||P|| € {t", t, {, {'}.

Ecnu |A|| u ||B|| onpeaenenst, To ||-A| = 1" < ||A]| = [|[-A] = ¢
< Al =5 I-Al = < A =t |-A] = £ < [JA] = t5

|ADE| = £ < (Al = € w Bl =) un (Al =t u B = ), nau
(JAl =t u |[B]| = f); [ADB| = f < ||A|| = t" u [B| = f' ecan uau (|A]| =
" u Bl = %), uan (JA|| =1 u ||B| =f), 10 ||ADB| =1 eciu ||A| = f
nnm |B|| =1t", to ||ADB| =1t"; ecau unu ||A|| = ||B|| =t, uan (A= u
IBJf =), uau [|A]| = B =f, To [[ASB| e{t’, t');

Al = t" = ||DA] € {t", t°}; ecan unu ||A|| =, unn ||A]| = {°, wau
Al =1, 1o [|CA| € {f, f};

Al = f = [|[CA]| € {f. f'}; ecau nnm |A|| = (", uaum ||A]| = %, uam
IAll =, ro I0A]| {1, t°}.

B kauecTBe MeTareopeMbl O CEMAHTHYEKOH MOJTHOTE JOKAa3bIBACTCA
YTBBEPXKIEHHUE: MHOXMCECMEO hopmyn A, cosmecmumoe ¢ ucyucieHuem,
6b1no.aHUMO. MHOXeCTBO GopMyn A paclidpsieTcs 10 MaKCMMalbHOIO
COBMECTHUMOTO ¢ HCuucaeHdeM MHoxecTBa ¢opmyn ®. Broaurcs
byHKkuMA || ||o Takas, 4TO A5 NPOU3BOJILHON (GOpMYJIbl A BEpPHO:
|Allo =t"<= Ac®uJAc®; |Allg=t"<=>Ac®u 0-AcO; ||Allg=f <
—-A€® u —0A€®; |Alle = f <& —Ae® u 0Ac®. Unaykumei no
YHUCJIY BXOXKAEHHMI JIOrMYEeCKMX TEPMHHOB B GOpPMYJNy J0Ka3blBaeTcs,
4yTo (PYHKLMS ||A |o ABNSETCS alIbTEPHATUBHONW MUHTEpIipeTaLHUe,

OuyeBnaHo, uro dyHKuMs ||Alle NMpUNUCHIBAET BbIAEJCHHOE 3Haue-
‘HHE KaxxaoHn dopmyrie u3 A,

S, — KBazMMaTpH4yHas Tpex3HadHas Joruka. (S3bik coaepxur
Te k€ CMMBONBI.) BBOAATCA 3HaYeHHUs n, C, 1, KOTOPbIE COOTBETCTBEHHO
YUTAIOTCS “He00X0AMMO”, “‘ciiyyalHO”, “HeBo3MOxHO”. TlonoxkeHue
A€ He0OXOAHMMO, €C/IU U TOJIbKO €CJIM OHO O 1HO3HAYHO JETEPMUHHUPO-
BAaHO KaKUMH-THOO OOCTOSTENbLCTBAMHU; [MOJIOKEHUE €1 CllydyanHo,
€CJIH U TCJIBKO €CJIM HH OHO, HU €r0 OTCYTCTBUE HE JIETEPMHUHUPOBAHO
OAHO3HAYHO KAaKUMH-THOO 0OCTOATENBLCTBAMU; MOJIOKEHHUE €] HEBO3-
MO>HO, €CJIM U TOJILKO €CJIM €ro OTCYTCTBHE OJHO3HAYHO J€TEPMUHH-
pPOBAHO KAKUMHU-THO0 obOcToATENbcTBAMU. DAKTUUYECKH 3/1€Ch H BbilliE
OLEHKH NOJIOKEHHI [1en i nepeHowy Ha BbiCKadbisaHHUA. K coxasne-
HUIO, MHE HE YJal0Ch MM0100paTh COOTBETCTBYIOUIMX MOAXOASUIHX
TEPMUHOE 15 OLIEHKH BbICKA3bIBAHHUH.

Jloruka S, ocHoBaHa Ha cieaylrolMX OOOOLIEHUAX MNPHHLIMIIOB
KJIaCCUYECKOH TOTMKH:
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[TprHUMNIBI KTACCUUECKOH JTOTMKH [TpuHUMIIBI KBa3M-
MaTPHU4YHOM JIOTHUKH S,

(1) mpvHUMN  OBYX3HAYHOCTH - NPUHUMI
BbICKa3blBaHMs NPUHUMAIOT 3HAYEHS M3 | | TPEX3HAYHOCTH: u3
obnactu {t, f} objactu {n, ¢, 1}

(2) OpUHUMI ~ HEMPOTHBOPEYMS MIPUHLIKI
(BbICKa3bIBAHHE HE MOXET UMeThb o0a| | HEMPOTHBOpEYMS: He
3HAYEHHS) MOXET HUMeTb  Oonee

OJHOTO 3HAYEHHSA U3 U3
obnactu {n, c, 1}

(3) MPUHLKIT UCKJIFOYEHHOTO
TPEThero (BbICKa3blBaHWE 00s3aTeNIbHO
MPUHUMAET 3HAYEHHE U3 YKa3aHHOM
00nacTH)

MPUHLIATL
MCKJIFOYEHHOI 0
YETBEPTOro

(4) NPUHUKMI TOXK/JECTBA: B CJIOXKHOM
BbICKA3bIBAHWH, CHUCTEME BbICKa3biBa-
HUH, apryMeHTaUuMH OJHO W TO IKe
BbICKQ3bIBAHUE TPHHUMAET OJHO U TO
e 3HadyeHue U3 obnactu {t,f}

NPUHUKWI TOXKAECTBA!
NPUHUMAET OJIHO U TO XKeE
3Ha4YeHHUe U3 odnacTu {n,
c,1}

(5) npuHuMn  oOYCNOBJAEHHOCTH TIPUHLIUIT
UCTUHHOCTHOTO  3HAYEHMUsl  CJIOXKHOIO KBa3UMATPUUHOCTH
BbICKA3bIBAHWS UCTUHHOCTHbIMHM 3Haue-| |(JOrHYecKHe  TEePMHHBbI
HUSMH COCTaBJIIOLIMX €ro MpOCTbIX | | UHTEPNPETHPYIOTCH
BbICKA3bIBAHUK (B MPOMO3ULUOHAIBHOM MOCPeACTBOM
JIOTMKE 3TOT TMPHUHUMIT BBICTYMaeT B KBa3uMaTpuLl)
KQ4eCcTBE TMPUHLUMIA MATPUYHOCTH —

JIOTUYMECKHE TEPMHHBI OMNpEac/IAOTCA
MOCPEeACTBOM MAaTpHll, B JIOTHKE Mpeau-
KaTOB OH BblpakaeTCsd B UHTEPIpETauHlH
JIOTHYECKUX TEPMHUHOB TOCPEACTBOM
DYHKUMH).
OnpeneneHus JOrMYECKUX TEPMHUHOB!
B
A —A DA QA D n ¢ i
n i n n n n c i
c ¢ i n A ¢ nnjc c
i n i i i n n n

n|c MOHUMAETCH KakK “TO JM m, TO 11 ¢”. BriaeneHHoe 3HaYeHue — n.
COOTBETCTBYIOLLIEE HCYHUCIEHUE BKJIIOYAET BCE CXEMbl AKCHOM
KHWB, B koTopbix MeTacumBoiibl A, B, C 0003HayaroT MOJaIM3MpOBAH-
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Hble ¢popmysibl, modus ponens, npaBuJjio Iexesist, Bce CXeMbl AKCHOM
ucuMcaeHus Sc’, JononHuTeNbHbIe Mo oTHoweHuio k KUB, a Taioke
cxeMmbl: JADOA; —A D--0A; -0AD—A; ADCA.

AJsibTepHATUBHAs WHTeprnpeTauus — 370 GyHkums || ||, onpenense-
Mas cliey OLWHnM 00pa3oM.

Ecau P — npono3uumoHansHas nepemeHHas, 10 ||P|| € {n, c, 1}.

Ecnau ||A|| u ||B|| onpeaenenst, 10 ||-A|| =n < ||A]| =1; ||-Al| = c <
Al = c; ||-All = i < [|A]| = n;
ecnu ||A|l = 1 wu ||B|| = n, to ||ADB|| = n; ecau ||A]| = ||B]| = ¢, TO

IADBJ| € {n, c}; ecan [|Al| = c u |Bf| =i, To [ADB|| = ¢; ||A]| =n ||B]| =i
< ||ADB| =1

[CA]l = n < ||A]| = n; ecid ||Al| = cunun [|Al| =1, To [|[JA| € 1;

[CA]| =1 < ||A]| = 1; ecau ||A|| = n uau ||A]| = ¢, To [|[CA]|| = n.

MeTtaTcopema 0 ceMaHTH4ecKOH MoJjiHOTe OpPMYAHpPYeTCs W J0Ka-
3bIBAa€TCA TAK K€, KaK U B MPe AUECTBYIOLLEM ClTyyae.

HekoTopble 0CO0EHHOCTH ITOH JIOrHYECKOH CUCTEMBL.

Bo-nepBbIx, B HeH UMeeT vecTo nmpasuJio I'exens.

Bo-BTOpbIX, BCE NpOM3BOAHbIE MMpaBMIa BbIBOJA KJIACCHUECKOro
MCUMCJIEHHS BbICKAa3bIBaHUH, SBAASACH MpaBWJIaMHU BbIBOAA JaHHOTO
MCUMUCJIEHHKA, PUMEHHMbl B BbIBOAE JIMIUb K MOJAAIHU3UPOBAHHBIM
dopmynam. Hekortopble (Mo «paiiHeli Mepe HEKOTOpbIe) MpsiMbie Mpa-
BWJ1a BbIBCJA HAaTYpPaJbHOINO HCUYHUCIEHHUS BbICKa3biBAaHHH MPUMEHHUMBbI
M K HEMOJAJIM3UPOBAHHbIM (OpMyJiaM, Hanpumep, npaswio: AvB, —A
= B. Takne HenpAMble npasiiia, Kak NpaBUJI0 AeAYKUKH

I,A=B

I'=> ASB
U npuBeaeHus Kk adbcypay
ILA=>B;I,A=>-B

I = -—-A

HE TMPUMEHHMbl K HEMOJATIH3UPOBaHHbIM (OpPMYJIaM B BBIBOJE.
OnHako NpUMEHUMbIM K J11006IM (hopMysam B BIBOJE sIBIIIETCS 0C1a0-
JIEHHOE NPUBWIO NPUBECOEHUA K abCYpOy

INA=>B;I,A=>-B

MOXHO BbISIBUTb 3aBUCHMOCTH MEXKIY UCUHUCICHUSMHU. Spin BKIIIO-
yaetcs (M0 MHOXXECTBY T€OPEM) B KaXKJ0€ W3 MPHUBEASHHBLIX HUCYHCIIe-
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HHH, KpoMe S,. S BKJIIOYAECTCA B KOXKAOE H3 UCUHCIEHHI, KpoMe Sqin M
S,. OTHM W HeKOTOpble Apyrue OTHOLUEHUA MEXAY HCYHCICHUSIMH
MO>KHO MPeACTaBUTb HArJSAHO.

Sa’ iy
Sh
i ~|SH|
SO
Smm e 1 Si E>
Se—[Se 8
Sc Sc Sc S,
Sd’ Sd| Bd
St Sf| Sf'
4 Sg B y

Crtpenka obo3HauaeT BKIIOUYEHHE (MO0 MHOXECTBY TEOPEM) HCUMC-
JIeHUs Spiy B KOKA0E M3 HCUUCICHHH, HAaXOASLIMXCA B OBaje, WM
BKJIFOYEHHE KaXKA0ro U3 UCUMCIIEHWH, HAXOASALLUMUXCS B OBaJIE WIH Nps-
MOYTOJIbHHUKE, B COOTBETCTBYIOLLEE EMY UCUHHUCIIEHHE, HAXOAALLErocs B
OBaJle WIH NpPSAMOYrOjbHUE, HAIPUMEP, UCUUCAEHHE Sa™ BKIIIOYAETCS B
ucuucnenus Sb’, Sc’, Sd’, Se’, Sf’, Sg’, Sh™, Si’; a Si, — B Se; Sc'— B
Sc u T. a. JIBoiiHas cTpefka yKa3blBaeT, 4TO UcHHCIeHHe Sc’ umeerT
HauboJbLIEe KOJMYECTBO TEOPEM, OOLIIMX C HCHHIIEHHEM S,

Omkpbimbirm  A618€MCA BONPOC O BO03MOMNCHOCMU HOCMPOEHUS
aneebpauyeckux u peIsyuoHHbIX CEMAHMUK O19 NPUBEOEHHBIX CUCINEM.
Hcyucnenue S He umeem u k6azumMampuiHOU CeManMuKu.

JINTEPATYPA

1. Henes B.FO. “HeobxoauMocCTh”, “CiiydyalfHOCTDL”, “BO3MOXHOCTL” B OHOJI0-
ruv u ux ¢unocodpckue 0606wwenus // Kareropun. @unocodekmii xKypHan.
1997, Ne 2.

63



oo

. Hanes 5. FO. Kareropuu HE€oOXOAMMOCTH, CAYYAHHOCTU U BO3MOXKHOCTH:

UX CMBICJT M METOA0JIOTHYECKas POJIb B HAYHHOM Mo3HaHUU // dusnocodus u
obuiecteo. 1997, No 3.

. Heaes B. FO., Henes [O. B. TlpoOnema nocTpoeHUs TeOpHUH (HaKTHUECKHUX

MoJaiibHOCTEeH // Jlornueckue ucciaeaoBaHua. Buim. 7. M., 2000.

. Henee FO. B. MopaiibHas noruka. M., 1991,
. Henes FO. B. ConepxaresibHas CeMaHTHKa MOJAILHOM noruku. M., 1985,
. Henree FD. B. KsasudyHkunoHanbHas soruka // HTH, cep. 2. HUudopm.

MPOUECCH U CUCTEMBI. 1992, Neo 6.

. Ugnes FD. B. Tabiauubl UCTUHHOCTU 19 MOJAJIbHONU Jioruku. // BecTH.

Mock. yH-ta. Cep. @unocodis. 1973, Ne 6.

. Kapneuko A. C. MHoro3HauHsie Jjoruku. M., 1997.
. @Qunn B. K. O HEKOTOpPbIX XapaKTepPUCTUYECKUX MCTUHHOCTHBIX Tabyivuax

KJIACCUYECKOM JIOTUKH M Tpex3HauyHo# noruku S. Jlykaceswua // Uccneno-
BaHUA JIOTHYECKUX cucTeM. M., 1970,

10. Rescher N. Many-valued logic. N.Y., 1969.



A.C.Kapnenko

INOJACTPYKTYPHBIE JIOT UKU:
T'NJBbBEPTOBCKHUU NOAXOO"

Abstract. There analogies of substructural logics in Gilbert'’s form are
considered. The main emphasys is made on Ltukasiewicz’s infinite valued logic
L., and logic RM. Since some Gilbert'’s substructural logics are extensions of
classical logic then the problem of explication of the notion of “substructural
logics” arises.

Tepmun "nmoactpykrypHbie sioruku" (substructural logics) Obin
npenaoxeH K.JlomeHoMm Bo Bpems npoeeaeHus B 1990 r. B TroOuHreHe
"CeMHMHapa MO €CTECTBEHHbIM $3bIKOBbIM CHCTEMaM', MO HTOram
koToporo Obu1 onybiukoBaH cObopHuk pador [19]. B camoM koHLe
NMpouIoro BeKa MosiBWIach Takxke MoHorpadus ['.Pectanna [29],
NOCBSALLEHHAA 3TOH TEME.

[ToncTpyKTypHbIMH  OOBIYHO  Ha3blBalOT TaKHE  JIOTMYECKHE
CHUCTEMBI, CEKBEHUHalbHass (OpMYJHpPOBKA KOTOPBLIX MOJy4YaeTcs U3
reHueHoBckuX ucuMcieHui (cM. [2]) LK (knaccuueckoi soruku) v LJ
(MHTYMLIMOHUCTCKOM JIOTMKH) 3a CuYeT 3JMMHUHAUMHU U OrpaHUYeHHd
pa3/MYHBbIX CTPYKTYPHBIX MMpaBUI: YTOHYEHHS, COKpAlLEHHUs W fepe-
CTaHOBKM. Jloruueckue cUCTeMbI, MOAyUYeHHble MOJOOHBIM 0Opa3oM U3
ucurcnenus LK, OyaeM Ha3blBaTh K1accuyeckumu NOOCMpPYKmMypHuIMU
nozuxkavu, a noay4veHHole U3z LI — ummyuyuonucmcexkumu noocmpyx-
mypHeimu  pocukavu. OIHAKO OTMETHUM, YTO MpPH PAacCMOTPEHHH
NOACTPYKTYPHBIX JIOTHK MOJET TakKe YYHTbIBaTbcid 'CTpyKTypa'
aHTelleleHTa W cykueaeHta. Kpome orpaHM4eHUH Ha CTPYKTYpHBIC
npaBuja B MOCjelHee BpeMs TaKXKe pacCMaTpUBAKOTCS pasiM4yHble
OrpaHHYeHHUs Ha OlNepaluOHHble MpaBUa, HapyUMep, Ha MpaBwia 1
OTpHULIAHUA.

Ha camom paene, MOACTPYKTYpHblE€ JOTMKH OTKPbIBAJIMCh U MEpe-
OTKpbIBAIUCL B TeueHWe nociaeaHux 70 et (M JAaxe paHblie,
HarpuMep, TpeX3HayHas Joruka Jlykacesuua, nocrtpoeHHas B 1920 r.,
KOTOpas sABJsA€TCS JOrMKOW 0e3 COKpalleHHs) U CaMbIM H3BECTHBIM
[PUMEPOM 34eCh ABIAECTCA UHTYMLUHMOHHUCTCKAsA Joruka. LJ otinyaercs
ot LK TeMm, 4TO CcyKueAeHThl CeKBEHUMH MepBOHl MOIYT COCTOSATHL HE
6onee, ueM M3 oaHol ¢opmynbl. C apyroi cTOpoHsl, M3 TrHabOEp-
TOBCKOTO MCHYMCJIEHHs Kjaccuveckod JIorukd TV MHTYMUMOHMCTCKas

" PaBora BbInojaHeHa npu nopaepxke PITH®, rpautsl Ne 01-03-00403 u Ne 99-03-
19706.

3. Jloruueckue uccaejiosanus. Bour. § 65



norvka H nosywaercs 3aMeHON 3akOoHa CHATHS JIBOWHOIO OTpULIAHUS
——p — p 3akoHoM /[lyHca Ckota —p — (p = @ [ 7, c. 94]. Unu 3a
cyeT oTOpachiBaHHA M3 akcuHoMartu3aldd TV 3aKOHA MCKIKOYEHHOrO
TpeTbero p v —p [30, p. 313].

Tenepp oTvMETHM, 4YTO aHajOraMu CTPYKTYPHBIX TpaBHII
YTOHYEHHS, COKpPAUIEHHs 1 MEepPeCTAHCBKU SBISIOTCA CIEAYOLIHE

dbopmyJb:

K. (p—>(q—p) (YTOHYEHMUE)
W.ip->p>q9)—>pP->q (cokpaieHye)
C po>@—=>rn)->@->@p-or) (nepectaHoOBKa)

OTae/ibHbIMH HaNpaB/A€HUAMU B OOJACTH MOJACTPYKTYPHBIX JIOTHK
apnarorcs BCI- u BCK-noruku (cMm. [28]); peneBaHTHblE JOTrMKH
(orukn 6e3 yrtonuenus) [9], [14], [15]; pasnuuHble HCYHCIEHUS
Jlambeka, KOTOpbIE ABIAIOTCS JIOTHKaMH 0€3 YTOHYeHHs, COKpaLlEeHHs
U nepectaHoBkH. B [25] cTtpoutcs nonnoe (full) ucuucnenue Jlambeka
— MO CYILECTBY HHTYHLHOHHUCTCKOE HCUHUC/IEHHE 0e3 CTPYKTYPHbIX
NpaBH/, KOTOPOE aBTOP paccMaTpUBAET Kak Haubosee PpyHIaMeHTATb-
HOEe M3 BCEX MONCTPYKTYPHBIX JIOTHK, KOTOpO€, K TOMY e, WIrpaeT
BaXKHYIO POJIb B TEOPETUUYECKHX MPUTOKEHHUSX KOMIEIOTEPHOH HAYKH.
B 1987 r. nosBunace noruyeckas cuctema roj Ha3BaHueMm 'JTMHeHHas
noruka" [20], UMMIMKaTUBHBIA (parMEeHT KOTOPOH TNpeacTaBiseT
coboit BCI-noruky, T.e. noruky 6e3 yToH4YeHHUs U cokpalueHusa. Kpome
OOBbIUHBIX Omnepaudi NuHelHas noruka cHaOkeHa pa3TUYHBIMH 1pY-
rumMu onepauusMu. OHa Halujga LWHUPOKOE TPUMEHEHME B KOMIBIOTED-
HbIX Haykax. 3a YAUBUTEILHO KOPOTKOE BpeMs 0Opa3oBasioch HOBOE
Hanpasieuue [31]).

3aMeTHM, 4YTO BCE BbIlli€ Ha3BAHHBLIS HAMpaBIE€HUS OTHOCATCH K
cthepe HHTYHUHOHUCTCKUX NMOACTPYKTYPHBIX JIOMHK, KOTOPbIE H3YUYEHbI
HaMHOro TliaTejbHee, YeM KjlacCH4eCKHe MOACTPYKTYPHBIE JOTHKH.
HMMeHHO nepBOMY KJ1acCy JIOTHK MOCBSILICHA BBOIHAS cTaThs [loiueHa k [19].

HekoTopble NpUMepbl KJIACCHUYECKHX [MMOACTPYKTYPHBIX JIOTHUK
(6eckoneuHo3HauHas noruka Jlykacesuua L, [24] v rioruka RM {14])
OTMMUCBHIBAKITCA MaTpU4HbIM criocobom B [29, ch. 8], HO coBepleHHO He
obcyxnaertcs, kak 3TH Jorukd nonyyatrores U3 LK. Kak crenyer u3
pabotel B.H.I'pniunna [4], snumunauus npasuia cokpalueHus U3 LK
He nmaeT L., a Ha caMoM gene oka3anock, UTO caMH CeKBeHLMaslbHble
dopmynupoBk L., 1 RM uype3BbluallHO CJI0XHBI (CM., COOTBETCT-
BeHHO, pabotsl [13] 1 [16]). Oanako npobaema nocTpoeHus Joruk k.
U RM kak NOACTPYKTYPHbIX CPAaBHUTEBHO JIETKO pelUaeTCs, €C/IU Mbl
nepernaeM K riibOEpTOBCKUM HCUHCIEHUSIM.
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O6paTMM BHMMaHHe, YTO UEJbIM HafpaBJeHHEM B 00JacTH
MOACTPYKTYPHBIX JIOTUK ABAANOTCA '"Noruku 0e3 cokpaiuexus” [27].
Ewe Xao Ban B 1962 r. B pabore "Ha nyTH K MexaHH4eCKOH MaTeMa-
THke" [12] BbIABHHYJ THMOTE3y O TOM, YTO paspeliumbie GparMeHThl
MCUUCIEHUS TMPEAMKATOB MOXKHO ¢opManu3oBaTh 0e3 NpuBiieYeHHs
npaBua cokpalleHus. [lepBas pabora B 3TOM HapaBjiieHHWH MOSABHIACH
Toabko B 1971 r. u npuHaanexur B.A.CmupHoBy (cM. [10, ra. 5]). Cm.
Taroke [23]. OaHum U3 Haubonee MHTEPECHBIX MPHUMEPOB NOTHK 0e3
COKpalleHHUs ABJIAKOTCA MHOIO3HauyHble JIOTMKM JlykaceBWYa, Kak
KOHeuHble, TaK U DeckoHeunoznauHas. CBONUCTBA UX CTOJIb HEOOBIUHBI,
UYTO M3YYEHHE ITHUX JIOTHK K KOHLY XX BeKa CTaq0 HCKIHOUYHTEIbHO
MHTEHCHBHbIM, 4YTO OOBSCHSETCS, B MEPBOM CJyuae, UX CBA3LIO C TEO-
pueil npocTbiX yucesn (cM. [6]) U, BO BTOpPOM ciiyyae, Ux rny0oKow CBs-
3bl0 ¢ (QyHAAMEHTaIbHbIMU areOpauyecKUMU CTPYKTYypaMH COBep-
LIEHHO pa3/iIMyHON npUpoasl (cM. [18]).

Tenepr nokaxkeM, 4TO ruabOepToBckoe HcuucieHue L.
MoJy4YaeTcs M3 aKCHOMaTH3aluuu kiaccuvyeckod noruku TV 3a cuer
TMMUHALMK akcHoMbl cokpaleHus W: (p — (p — q)) — (p — ).
Oka3sbiBaeTcd, Haut paboThl B 00JaCTH NOCTPOEHHUS OyNEBBIX PELUETOK
MUMTUIMKATHBHBIX JIOTHK HMEIOT CaMO€ Hernocpe/CTBEHHOE OTHOIleHHe
K KJ1acCHYECKHM TMOACTPYKTYPHbIM JIOTHKaM THAbOEPTOBCKOrO THIA
(em. [5] m [22)).

PaccMmoTpuMm crneayrouiye UMIiHkaTUBHbIE GOPMYIIbI:
I. p->p
B. (q>1) > ((p=>q) = (p—>1)
C.p>@>MN—>@>p->1)
Wp—>0@>9)>@F—>9
Ki(p2>q->0—>((pP—09)
X;(p—>((g—>q)—»p)—>(p—>q9 —>aq) —(q—>p)—>D)
N.f—-p.

[Tpasuna BeiBoAa: modus ponens ¥ MOJACTaHOBKA.

3ametuM, uyto K,; ectb orpaHduende K 3a cueT NOACTAHOBKH B
MOCJEIHIO p —> ¢ BMECTO p U ¥ BMECTO (.

TEOPEMA 1. IBCWK ,X,N ecth wHezaqsucumas axkcuoMaTu3auus
KJaCCHYECKOH nporo3uiiioHaaibHOM Joruku TV [5].

TEOPEMA 2. TV 06e3 3akoHa cokpaweHus W ecTb OeckoHeu-
Ho3HauHas Joruka Jlykacesuua L. [5].

[Tpu sTom IBCW ecThb UMIMIMKATHBHBIA (parMeHT perieBaHTHOH
noruku R, IBCWK; — uMnaukaTHBHbIIR GparMeHT HHTYMLUHOHUCTCKOMH
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noruku H. Ho IBCK;X; He sABasercs UMIUIMKAaTUBHBIM (parMeHTOM
L... [ToaToMy 3aMeHuM X, Ha Xj:

((((p—>q)>q)>p)>1)=>(((q=p)—>P)—>q)>1)—>1).

Hauupas ¢ 1995 r. npeanpuHUManACb HaCTOHYMBBLIE NOMBITKH
nokazatbh HeszaBUcUMOCTb axcuombl I ot akcuom BCWK, X, uau
HaoOopoT, pAokazaTth BbIBoAMMOCTL I u3 akcuom BCWKX;.
[lockonbky Bompoc ocTaBajici OTKPbITbIM, TO BMECTO aKCHOMBbI Xj
Obl1a B3sSTa akcHoMa Xy

(p—=p)—> (((((p—q)—q)->p)=>1)=>(((((q—=P)—>Pp)—>q)>1)—1)).

B utore, IBCWK,;X4N ectb He3aBUcuMas akcuoMaTtuzauus TV,
IBCWK, X, — umnaukatuBhbii pparment TV, IBCK, X, — umnauxa-
TuBHbIM (parmeHT L. bonee toro, IBCWX, ecTb MMNAMKaTHBHbBIN
dparmeHT RM, B TO Bpems kak IBCWX, TakOBbIM HE ABJIFETCA.

3amMeTuM, 4TO TOJbKO B 3ToM roay B.E.Komenmantckum [8] ¢
nomoulpto mnpyeepa Otter Obina A0kazaHa BbIBOAMMOCTE 1 M3
BCWK,X;. [IpyBeaeM peKOHCTPYKLIMIO 3TOFO 10Ka3aTe/IbCTBA.

[TycTh kaxkablii mgokaszanHbI Te3uc OyneT .MMEeTE CBOH HOMEp H
Mpe/ILLeCTBYIOUIYIO CTPOKY JI0Ka3aTe/bCcTBa, KOTOpas COCTOMT U3 JABYX
yacTel, pasaesieHHbIX 3Be30ukod *. CnaeBa CTOMT (GopMmyna (MIH ee
HOMeED), B KOTOpYK MpOU3BeJeHa MOJACTAHOBKA W KOTOpas sBJAETCS
Gosbluedt nocbiiko. CnpaBa yKa3sblBAETCA MeEHbLUAsg TMOCbUIKA,
KOTOpas TakXe MOXeT ObIThb MojJdyudeHa 3a Cc4yeT TMOACTAHOBKH.
PesynbTar npumeHeHus modus ponens YyKa3blBaeTCs [MMOCPEACTBOM
THpe, 3aTeM YKa3biBaeTcss HOMep (OpMyJibl, MOCIE 4YEro BCA CTPOKa
3aKaHYMBAETCS 3aMATOH, a 1oKazaHHas GopMyna TOYKOH.

TEOPEMA 3. B, C, W. K,. X5 |- L
(q—>1)—>{(p—>q —>(p—>1).
(p>(@—>1)—>(@Q-—>((p->1).
p>C—>9)>0@—>9)
(poq > T—>(p—>q).
. ((((p—>9)—>q)—>p)—1)>(((((q—p)—>p) >q)—1)—1).
3pp—>q,q9p—>q*4r/p—>q-6,
6.(p > q) »>(p—Qq).
2p/p—q,q/p.r/q*6-7.
p—=>(p—>9q —q).
3 p/(((p = p) = p)>p)—>q * 5 a/p, r/q -8,
8. (((p = p) > p)—>p)>9)—>9
2p/q—r,gp—>qrp—>r*x1-09

——

wn kW N

~J
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9. (0> 9 > ((q>1) > (p—>1)).
99/(p—>q) —>q*7-10,
0.9 > g —>1)> (-1
8.qp—->p*qp, rp-11,
1l.p—p.

B 3akntoyeHnue xotenoch Obl BEPHYTLCA K MOHUMAHHIO TOTO, UTO
TaKoe "MoACTpyKTypHble Joruku" Co3maeTcs BrieyaTiieHHe, uTo aobas
MOJACTPYKTYPHAs JIOTHKA €CTh CyuyecmeeHHoe OrpaHUUYEHHE KlacCHYec-
koi. O1HaKko ruAbOEPTOBCKHE aKCHOMATH3ALIMH HEKOTOPBIX MOACTPYK-
TYPHBIX JIOTHK MOXHO MpPEACTaBUTh KaK pacllMpeHHe KIacCHUYECKOM.
DTO MMeeT MEeCTO, HamnpuMmep, MUl UIMPOKOrO KNacca MHOTO3HAYHbIX
noruk [l], B ToM uucne ans noruk JlykaceBuua; A/ pesIEBAHTHOM
noruku R [26]. Ha To, uto uHTyMUMOHHKCTCKas norvka H ecTh paciuu-
penue knaccudeckor TV, ykasviBaer K.I'énens [21]. [1pu 3Tom [Enens
onupaeTcs Ha pesyabtaT ['nusenko 1929 r. (ecMm. [3]) o neperoae H B
TV. VIMeHHO TeopHs MepeBOAOB U MOrPYXKEHUH OJHHUX JIOTMYECKHUX
cucteM B apyrue (11], xoropas ceituac OypHO pa3BuBaercsi (CM.,
Hanpumep, [17]), MOXET CyLIECTBEHHO MPOSCHUTL MPUHLIMIIBI B3aUMO-
OTHOLIEHUS pPa3lUYHbIX JIOTMYECKHX CHCTEM M BBISCHHTH, 4YTO Ha
CaMOM Jiej1€ NPeACTaBASOT cOO0H MOACTPYKTYPHbBIE JIOTHUKH.
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JI..I1.MakcumoBa

HESIBHAS OIPEAE.TUMOCTD
B IAPAHEINNPOTUBOPEUUBLIX PACIHIMPEHUSX
MHUHUMAJBHOMN .IOTUKH'

Abstract. The family E(J) of extensions of Johansson's mimimal logic J can be
divided into two disjoint parts: paraconsistent logics and superintuitionistic
logics. We apply the results and methods found in our study of super-
intuitionistic logics to paraconsistent logics. We obtain the full description of
paraconsistent extensions of the logic JE' containing J, which have the
interpolation property CIP or the projective Beth property PBP. In addition,
we find some necessary condition for a logic in E(J) to have PBP or CIP.

1. BBeaeHue

Teopua napaHenpoTHBOPEUUBOCTH, EO3HHUKWAA B 70-e roasl H
HaxoauBLlascs B pyciae untepecoB B.A.CmupHoBa [l], ocobeHHO
aKTUBHO pa3BHMBAETCsS B HacTosilee BpeMs. [eOpvH, OCHOBAHHBIE Ha
NMapaHenpOTHBOPEUYUBLIX JTOrMKaX, MOTYT COJepXkKaTh B cebe NpoTHUBO-
peude W TpH 3TOM He 0043aTeJbHO COBMAAaTh C MHOXECTBOM BCEX
dbopmy.

Mol paccmarpuBaeM cemedcteo PC(J) napaHenpoTHBOpeuMBBIX
pacliupeHHd MHHUMabHOH siorukd J MoxaHcoHa w uccienyem npo-
OieMy OonucaHUs JIOTUK W3 3TOro ceMeiciBa, 00/1aJalolUuX MPOEKTHUB-
HbIM cBOHcTBOM berta [2] UM HHTepNOJSLUMOHHBIM CBOHCTBOM.

Cemeticto E(J) Bcex noruk, cojaepxauwiux J. BkjwouaeT B ceds
cemelcTBe E(Int) cynepuHTY dUHMOHUCTCKHX JIOTHK, YbA TEOPHSA JOCTa-
TOYHO XOpoio H3ydeHa. [lapaHenpoTuBCpeuuBble JOTHMKH U3 E(J) —
3TO B TOYHOCTH JIOTHKH, He BXoaslire B E(Int).

B [3] Obln HaiigeH MNOJAHBIA CNHMCOK CYNEPHHTYHWLIHOHHUCTCKHX
JIOTHK C MPOEeKTHBHBIM cBOHcTBOM beta PBP: ux okazasioce 16, BKito-
yasi MPOTHBOPEUHUBYIO JIOTHKY; BOCEMb M3 HHUX 0071anat0T MHTEpPIO.1s-
uHoHHbIM cBOoMcTBOM CIP. Kpome Toro, oba cBoicTBa OKa3aluch pas-
pellMMbIMU Ha KJiacce CYMepUHTYHUHOHWUCTCKHUX JIOTHK [4, 5]. DTo
03HAYyaeT, YTO CYILIECTBYET & ITOPHTM, KOTOPbIH 1Sl 1HOOOro KOHEY-
HOr0 MHOYKECTBA AX CXEM aKCHOM pacrno3HaeT, 001afaeT JH HYXHbIM
CBOHCTBOM JIOrHka Int+A4x, nojsydyeHHas N00OaB/IEHHEM HOBBLIX CXEM
AKCHOM K aKCMOMaM HHTYMIIHOHHCTCKOM sioruku Int. AnajmoruuHbie
pe3y/bTaThl JOKa3aHbl B [6] AJI1 MO3WUTHBHLIX JIOTHK, COAEpIKALIMX
MO3UTHBHBLIM (PparMeHT MHTYULHMOHHUCTCKOM JIOTMKH. bojiee TO4HO,

' Pabota BbllToaHeHa npu noaaepxke PTH®, rpaut 00-03-00108

72



CYLIECTBYIOT B TOYHOCTH CEMb [MO3UTHUBHbIX NOrHMK ¢ PBP, u3 Hux
yeTbipe JOruku umeroT CIP; oba coiictea PBP u CIP pazpeiwumsl Ha
KJ1acCe MO3UTHUBHbLIX JIOTHK.

Ha nepBbil B3rnsa MOXeT nokasaTbesi, YTO pa3speliiMOCTb CBOM-
CTBa JIErKO CJEYET U3 KOHEYHOCTH YHMC/a JOTHK, 00/1afatotmx 3TUM
CBOWCTBOM. Ha camoM aene 3To naneko He Tak, MOTOMY 4TO OJHA U Ta
»Ke JIOrMKa A0MycKaeT OECKOHEYHO MHOro akcHoMaTH3auuid. M3BecTHoO,
uTO B 0OLIEM ciiyqae npodjeMa aKCHOMATH3allMH Hepa3peunMa.

Mbl npumMeHuM pesynbTathbl ctateid [3,6] ans AokasaresbeTBa clie-
OYIOLUX YTBEPXKAECHHUM:

I. CylecTByIOT B TOUHOCTH LECThb NapaHeNpOTUBOPEUHBBIX MO3H-
TUBHO aKCHOMAaTH3UPYEMbIX pacuIMpeHHuit oruku J ¢ PBP, U3 vux tpu
NOTUKHU 001aAat0T HHTEPMNOJIALIMOHHBIM CBOHCTBOM.

2. Jloruka J+.L umeeT TOYHO wWECTb MapaHEeNnpPOTHBOPEUYUBLIX pac-
wupeHui ¢ PBP, uz nux tpu umetor CIP.

3. Eciu noruka L w3 E(J) umeer CIP unu PBP, Tto 00e sorukwu
L+1 u L+Int o6nagaroT Tem xe CBOHCTBOM.

4. Ina moobix soruk L w3z E(J+1) u L' u3 E(Int), ux nepeceueHue
umeeT PBP (unu CIP) Toraa u Tonbko toraa, korjaa ode JOrMKu MMEKoT
PBP (cootBercTtBeHHo CIP).

5. IlpoexkTuBHOE CBOUCTBO bera W HUHTEpNONSLMUOHHOE CBOWCTBO
pa3peuiMiMbl B CEMEHCTBE MO3UTUBHO aKCUOMATU3UPYEMBbIX pacliupe-
HUH JIOTUKU ] U B cemeicTBe BceX paclIMPEeHHH napaHenpoTHBOPEYH-
BOH Jloruku J+(Lv (L = A)).

2. Onpeaesenus

[lycte P — cnucok nepemeHHbix. YUepes A(P) oboszHavaem ¢op-
MYJy, BCE MepeMeHHble KOTOpoH BxoasaT B P. ['oBopUM, 4TO ucuucie-
HUe L oOnanaer mpoexmuenwiv ceoicmeom bema PBP, ecau ang
noboit dopmyabl A(P,Q,x) u3 BbIBOAMMOCTH B L hopmyiibl

AP.Qx)&AP,Q'y) = (x =)
cneayet BbiBoAuMocTh A(P,Q,x) = (x < B(P)) ans noaxoasuiei gpop-
myibl B(P) (3aecy P,Q,Q' - momnapHO He repeceKaroluecs CrHCKH
rnepeMeHHbIX, He co/lepxkKallle NepeMeHHbIX X U V); ceoiicmeo bema BP
onpejenseTcs Kak 4acTHbIM cnyyait PBP npu nyctom Q. ®opmyna
B(P) Ha3blBaeTcs A6HbIM OnpeoeeHuem x 6 L.

Cnenys [7], moxHo BeisecTH PBP u3 unmepnoasayuonnoco ceou-
cmea CIP, onpezaeneHHoro cielytomdm obpasom (rae cnucku P,.QO.R
MoMNapHO He MnepeceKaroTes):

CIP. Ecnu A(P,Q) = B(P,R) BbiBOAMMA B L, TO CyulecTByeT Takas
popmyna C(P), uto obe dopmynst A(P,Q) = C(P) v C(P) = B(P,R)
BbIBOAUMbBI B L.
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[To aHanmoruu ¢ [8] MOXKHO 10Ka3aTh, YTO BCE MO3HTUBHBIE JTOMUKH,
paccMaTpHBaeMbi€ B JAHHOW CTaTbe, U BCE pACLWIAPEHHsA JOTMKH J
obnapatot ceorictBoM bera EP.

OTMeTuM, 4TO npHBeNeHHblIe Bbille ¢OPMYIUPOBKH CBOHCTB berta
U UHTEpINOJISLUHOHHOIO CBOMCTBA MPEAMNO.1arar0T, YTO A3bIK COAEPIKUT
Nno KpalHe#ll Mepe 0aHY MPOMO3MLIMOHAILHYIO KOHCTaHTy. B camom
Jeje, BO BCEX pACCMATPUBACMbIX B CTaTb€ HCUMUCIEHHAX BbIBOAWMBI
bopmybl x&y = (x <> y) M (¢ = q) = (r = r). IloaTOMY U3 cnpaBea-
mBoctd BP unn CIP B kakoM-aub0 McUMCIEHUHU ClIeayeT CYLIeCTBO-
BaHHe QOpPMYJIbl B, HE UMEIOILIEH MEPEMEHHBIX.

[Toa .10euxoti Mbl MOHKMMAaeM J1H000€ MHOXKECTBO GopMYJ1 1aHHOrO
(hMKCHPOBAHHOIO #A3blKa, 3aMKHYTO€ OTHOCHTEJIbHO MpaBWJ MOACTA-
HOBKH H rnodus ponens: A, A=B/B. Ecau L - noruka, To yepes E(L)
0003Ha4YaeM MHOXKECTBO JIOTMK TOTO XK€ f3blKa, uTO M L, coaepKallmnx
JaHHYO J1OruKy L.

Ecnu L — noruka u Ax — MHOXeCTBO (popmy, To yepe3 L+A4x obo-
3Ha4YaeM HauMEHbLLIYIO JIOTHKY, coaepxKaluyr LUAX, TO ecTb 3amblKa-
HUE YKa3aHHOTro 00beAHHEHKS OTHOCHTE/LHO ABYX MPaBUI BBIBOA.

Teopueii, ocnosanHol wa aocuke L, wiu L-meopueit Ha3blBaeM
MHOXeCTBO (OpMYJ1 B s3bike JIOTHKH L., 3aMKHYTO€ OTHOCHTEIbHO
npasuia modus ponens. JIOrMky WM TEOPHIO Ha3bIRBAEM HENpOMuUBO-
peuusoil, ¢CM OHa He COBIA;1a€T ¢ MHOXECTBOM BceX popMyJ1. JIoruky
L HasbiBaeM napanenpomueopequgol, €C/iU CYWECTBYET HENPOTHUBO-
peuuBas L-Teopus, codepxkaillas OJHOBPEMEHHO HEKOTOPYIO (opMy.y
B v ee oTpyuanuve —B.

3. [IozHTHBHbBIE JJOTHKH

CHayasna pacCMOTpHM NO3UTHUBHBIA PparmeHT PJ MHHMMaIbHOH
JIOTHKH J.

DopMyJibl O3UTUBHOM JIOTUKU CTPOSTCH M3 MPONO3ULIMOHAIbHBIX
MepeMeHHbIX C MOMOLIbIO KOHBHOHKLHWH, JH3bIOHKUHHA H HMIUTHKALIKH.
[ns ynoGcTBa Mbi TakKe BKJIIOYAEM B YMCIO JIOMHUECKHX CHMBOJIOB
MPONo3ULHOHaNbHYI0 KOHCTAaHTY T ("uctrHa"). MopmyJibl paccMaTpH-
BAEMOr0 si3blKa Ha3bIBA€M MO3UTUBHbIMU. MHOXECTBO BCEX MO3HTHB-
HbIX opMy oOo03HauaeM uepes PF.

AKCHOMATHKA MO3MTUBHOIO HCUYMCIEHHS MOXET ObiTh HaWaeHa,
Hanpumep, B [9]. Mbl gobaeasem T B KayecTBe JIOMOJIHMTENLHOM
aKCHOMbI M 0003HayaeM 3TO MCYHMC/EHME, a TaKXKe 3aJaBacMyr0 HM
noruky, 4epe3 PJ. B [6] Obuia qokaszaHa

Teopema 1. B wnoowcecmee E(PJ) ecex pacwupenuii ro2uxu PJ cywe-
CMEYIOM 6 MOYHOCMU CeMb NO3UMUBHBIX 102UK C NPOKMUSHBIM CE0U-
cmeom bema, a uvenno
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(1) PJ,
(2) PI+(p=q) vig=p),

(3) PJ+ puvip=y),

(4) Pl+p,

(5) PI+pvp=(q=r) (r=y)),
(6) PJ+ pvip=qvig=r)),

(7) PI+ pvUp=>q)viq=r).

[lepsvie yemvipe nozuxu obnadarom, a ocmarvhbie He 061a0aOM
UHMEPNONAYUOHHBIM CEOUICIMBOM.

Kpome Toro, B [6] ycTaHOBAeHa pa3pelIMMOCTb MPOEKTHBHOTO
csoiicTBa bera Ha wiacce E(PJ). Pa3pewinMocts MHTEPNOAALUMOHHOIO
CBOMCTBa Obl1a OTMeUeHa B [4].

B pabotax [3]-[6] ucnonab3oBanuce, npeuMyLIIECTBEHHO, aireGpau-
yeckue metoasl. B [2] Obln HailneH anreGpanueckuil 3KBUBATIEHT MpO-
€KTHBHOro cBoiicTBa bera — cBoiicTBO SES cUnbHON COPBEKTUBHOCTH
3MUMOP(U3IMOB COOTBETCTBYIOLLEr0 MHOroobpasus aarebp. PaBHo-
CWJIbHOCTb MHTEPMOSALUMH U aMalbraMMpyeMocT Obljia yCTaHOBJIEHA
paHee B [4].

OrtmeTumMm, uyTo joruka (4) cosnanaer ¢ MHOXecTBoM PF Bcex nosu-
TUBHBIX GOpPMYJ, TO €CTb SIBIAETCA MPOTUBOpeunBOi. UTo Kacaetcs
OCTa/IbHbIX JIOTHUK, TO OHH MOTYT ObITh OXapaKTepH30BaHbI C MOMOUIBIO
MOAXOAALUMX KiaccoB wwKanl Kpunke, TO ecTb YaCTUYHO YMNOPSAOUYEH-
HbIX MHOXeCTB. [Ipu 3TOM O3HauMBaHUs GOPMYJT YAOBIETBOPSIOT TEM
e YCJIOBUSAM, YTO WU B HWHTYMIMOHUCTCKUX Mogensx Kpunke, a
UMEHHO:

K1) (x=pux<y) > yl=p,

K2) (x = A&B) < (x|= A u x |= B);

K3) (x = AvB) & (x =Aumxl= B);

K4) (x = A=B) <> (HeBepHO x |= 4 wnu x |= B);
K5) x =T mis Beex x.

Jloruka PJ xapakTepu3syeTrcs BCEMH YacTUYHO YMOPSAAOUEHHBIMH
LIKajJaMH, joruka (2) — KjI1accoM JHHEHHO YMOPAJOYEHHBIX LIKai,
noruka (3) — oaHo3neMeHTHoH wwikanoil. Jloruka (5) mosHa OTHOCH-
TEJIbHO KJj1aca LIKal, YIOBJIETBOPSAIOLIMNX YCIOBHIO:

(x<y u x<z) = (y<z Unu z5y);
noruka (6) xapakTepu3yeTcs IIKajJlaMd, He COAEpXawuMHu Lenei
JJTUHbI TPH, a JIoruka (7) — OAHOHN ABYX3JIEMEHTHOMN LIETIBIO.
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4. MuaumanabHan jgorinka MoxaHcoHa # ee pacmivpeHnst

MuHuMaibHas 1oruka MoxancoHa [10] Tak e, KaK U UHTYMLMO-
HUCTCKAs, COMEPYKHUT BCE AKCHOMBI MO3UTHBHOW J0OTHKM. OaHaKo
MWHUMAaJEHas JOTMKa OTJIMUaeTcsi OT WHTYULIMOHHCTCKOH TeM, 4TO B
nocjieqHeH NpOTHBOpeUUE UMTUTHLIHPYeET Jito0yto dopmyJy.

MuHuManbHas Jorvka Moxker ObiThb cOpMy.IHpOBaHa B S3bIKE,
KOTOpPbIA B [OTMOJHEHHE K CBA3KAM MO3UTHBHOW JIOTMKH COJEPKHT,
B3aME€H OTpPULAHMS, MPONO3ULMOHANBHYO KoHcTaHTy L ("abeypa')
[11]. B a1OM cnyyae oTpyMLaHHEe B MHUHUMAaJIbHOM JIOTMKE paccMaTpH-
BaeTCs Kak cokpalueHue: —4= 4 = L. KoHctaHTa L B MHUHUMabHOH
JIOTUKE, B OTJIMYHUE OT MHTYHUMOHHUCTCKOH M KJIACCHYECKOH JIOIHK, HE
06s13aTe IbHO UHTEPIIPETUPYETCS KaK "0Xb".

[Ipn Tako# GopMyTUpOBKE MHHHMAILHOE MCUMUCIICHHE J UMeeT Te
K€ aKCMOMbI Y MpaBHIa BbIBOAA, YTO U MO3UTHBHOE Ucuuciaenue PJ, a
UHTYMLIMOHUCTCKOE HUCYHCieHHe Int coaepKHUT [OMOJHHUTENbHYIO
akcuomy L => p, To ecTb Int = J+(L= p).

s mobor noruku L ob6o3znHauuMm LL=L+L. MHOXecTBO Bcex
dhopMyJ1 ykazaHHOro A3blka 00o3HauaeM yepes F.

[Tycts L — mpouseoabHag noruka, cojepxkawas J, u I' — mobas L-
teopust. Eciu I' coaepxut £ u —B n1s vekotopoit opmyast B, To I’
coaepxuT L, tak kak ¢dopmyia B =((B=1)=>_1) seisoauma B J. Ecau
I" comepxut L. To I' cogepxkut takke —L (= L=_1). [loatomy noruka
L sBnsercs mapaHenpoOTHBOPEUYMBOM TOrAa M TOJBKO Torja, Koraa
noruka L HenporuBopeuura. B vacTHOCTH, ;10rUKa, coaepxawas L,
napaHenpoTUBOPEYMBA B TOM H TOJbKO B TOM CJlly4dae, Korja OHa
HEMPOTHBOPEUMBA.

Ilpeanoxenne 2. Jlocuxka, codepxcawyan J, agasemcs naparnenpomu-
80peUUBOILL, eC.1U U MO.IbKO ecU OHA He codepicum Int.

HokazareancTrBo. Ecniu Jiorhka L cogepxur Int, To noruka
L+L, conepKUT TaKKe U MepeMEeHHYIO p, a 3HA4YMUT, COBMNANAET C MHO-
xecTBOM Bcex (opMmyia. [TooToMy Takas noruka He sfBjsgeTcs napaHe-
npotuBopeuMBoi. HanpoTue, nokaxeM, uto mobas noruka L, coaep-
kawas J v He coaepaxkatuas Int, napaHenpoTHBopeduBa. B camoM aeie,
paccMoTpuM Jloruky Li=I+1. Ota L-reopus coaep>XUT OIHOBpeE-
MeHHO (opmynsl L U —L. Eciy oHa HenpoTHBOpeuusa, To L napane-
npoTUBOpeunBa, Ecnun xxe L+L gBasercs npoTHUBOPEUHUBOH, TO COIEp-
KUT nepeMeHHyto p. Toraa 1o TeopemMe 0 AeAyKLHH, CrIpaBe/IMBOHN BO
BCEX paCLUMPEHHSX JIOMMKH J, monyyaem, 4to L coaspxkuT ¢opmyiy
(L= p).

3aMeTHM, 4YTO 415 J1H000r0 KOHEUYHO aKCHOMAaTH3HUPYEMOIO pacllu-
peuust L toruku J cBOMCTBO nmapaHenpoTUBOPEUYMBOCTH JIEFKO MpPOBE-

76



pAETCA, TaKk KaK OHO PaBHOCH/IBHO TOXIECTBEHHOH MCTHHHOCTHU BCEX

aAKCHOM HCYMCIeHUS L B JBYX3JIEMEHTHOH MMIUTHKATHBHOMN pelieTke

[9], ecnn koHcTaHTa L uHTepnpeTupyetes kak 1 ("nctunHa").
Crenyrouine yTBepx»/aeHHs 10Ka3aHbl B [6].

IIpeanoxenne 3. [Tycme L — nozumusnas nocuxa uz E(PJ). Ecau L
umeem PBP uau CIP, mo J+L obaradaem mem dice ceoiicmeom.

B yacTHocTH, cama noruka J umeer CIP.

Ipennoxenue 4. Ecau L uz E(J) umeem CIP (unu PBP), mo creoyrwo-
wue noeuxku marce umerom CIP (coomsemcmeenno PBP):

L+1, L+(L=p), L+Lv(L=p).

Orcropa cneayert, yto joruku J+1 u JE'=J+1v(L=p) obnagaror
MHTEPMOJIALIMOHHBIM CBOWCTBOM.

OtMerum, yto ecnu L w3 E(J) umeer CIP, To uHTepnonsuT ¢op-
Myidbl (A=>B) B LL coBmagaer ¢ HHTEPHOJSHTOM (QOPMYJIbI
((A&L)=B) B L. Ilycts L umeer PBP u dopmyna A(P,Q,x)&A(P,Q"y)
= (x < y) BbiBoguMa B LL. Toraa ¢gopmyna
(A(P,Q,x) &1)&(A(P,Q"y) &1) = (x < y) BeiBoauMa B L, u Tpebye-
MO€ SIBHOE onpeneseHde O x B L1 coBmamaer ¢ siBHBIM onpenesne-
HueM, cyulecTByolMM B L ana nocnenaHet dhopmynsl. UHTEpnofisHTBI
U sBHbl€ omnpenejieHUs B norukax L+(Ll=p) u L+L1v(Ll=p) Tarke
3¢ deKTUBHO BBIYUCIAIOTCS MO WHTEPIIONSHTAM M SIBHBIM OIlpenelie-
HUAM U1 noaxoaswux gopmysn us L.

Jlio6oit noruke L uz E(J) coorBercTBYeT ee nosumuguwiil ¢pae-
menm PL, cocTosiuiuid u3 Bcex MO3MTHBHbIX PopMyn, Bxoasuiux B L.
Xopouwo u3BecTtHO, 4yTo PJ=PInt. Kpome TOro, HeTpyaHO nokasarb, 4YTO
U1 NF000ro MHOMKECTBa Ax MO3HTHBHBIX (OPMYJ1 CMPaBEIMBO PaBEHCTBO:
P(J+Ax) = P(JL+A4x) = PJ+A4x. bonee Toro, P(Int+A4x) = PInt+A4x [12].

MoxeTr  cAyuuTbcs, YTO  CYNMEPUHTYMLUMOHMUCTCKAss  JIOTHKa
MO3UTUBHO akcuoMmarusupyema Haa Int u obnapaetr wuHTEp-
MOJIALIHOHHBIM CBOMCTBOM, a €€ MO3UTUBHbIA (PparMEeHT HE UMEET AaXKe
NpOeKTUBHOrOo cBoiicTBa bera ([6]. [Ind nNO3UTHBHO akKkcHOMa-
TH3UPYEMBIX PaCIUIMpPEHHH JOrMKM J CUTyalus WHasd, KaK MoKa3blBaeT
cienyrouias

Teopema 5 [6]. Eciu Ax — MHOJMCECMBO NO3UMUBHBIX POPMYA, MO
creoylouue yCao6us IK8USANCHMHbL.

(1) J+Ax umeem CIP (coomeemcmeenrno PBP),

(2) JL+Ax umeem CIP (coomeemcmeenno PBP),

(3) nosumuenas nocuxa PJ+Ax wumeem CIP (coomeemcmeenno
PBP).
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[IpoTnBopeunsas noruka F=J+p, koHeuHo, obnanaer cBOHCTBaAMH
CIP u PBP. OctanbHble MO3UTHBHO aKCHOMATH3HPYEMbIE paclIMpeHHs
nordk J u JL g4BAfOTCS rnapaHenpoTHBOpeudBbIMH. Kpome Toro,
mobas Joruka L, conepxatuas JL, MOxeT ObITe akCMOMaTW3HpPOBaHa
nobaeneHueM K JL MO3UTUBHBIX GOPMYJ AOCTATOYHO 3aMEHHUTH L Ha
T B akcuomax noruku L. [Tostomy u3 Teopem 1 W 5 HenmocpeaCcTBEHHO
BLITEKAOT HMKechaeaytowne Teopembl 6(1) u 7(1). PesyasTarhl o
pa3peluMocTH, CPOpMYyIMpOBaHHbIE B Teopemax 6(2) u 7(2), cpasy
BbITeKalOT U3 paspewnmocty cBoHcTB CIP u PBP B E(PJ) u Teopemsi 5
C YUYETOM DA3PELIMMOCTH CBOHCTBA NMapaHenpoTHBOPEYHUBOCTH B E(J).

Teopema 6. (1) Ceweiicmso E(J) cooepxcum mouno wecmv napa-
HENPOMUGOPEYUBLIX NOIUMUBHO AKCUOMAMUIUDYEMBIX TOCUK C NPOEK-
MusHblM c80licmeom bema. u3 nHux 6 mouHocmu mpu obradarom
UHMEDPNOIAYUOHHBIM CBOUCMEOM.

(2) Cywecmeyem anecopumm, KOmopeiti no 10001 KOHeYHOU Cuc-
meme AX no3umusHbIX Gopmya pacnoHaem, A8.15emcs au 102uka J+Ax
napanenpomugopesugoi n102uxkov ¢ PBP vau CIP.

Teopema 7. (1) Jlocuxa JL umeem mouno wecms napanenpomugope-
YUBBLIX PACUUPERUN C NPOEKMUBHBIM C80LicmEoM bema, uz Hux 8 mou-
Hocmu mpu 061a0arm uHme pnoIAYUOHHEIM CEOUCMBOM.

(2) Cywgecmeyem anzopumm, Komopei no 10001 KOHEYHOU Cuc-
meme Ax ¢hopmyn pacnosnaem, sensemcs au aocuxa JL+Ax napane-
npomugopevugou 102uxou ¢ PBP uwu CIP

AKcHOMaTHU3aLUs JIOTUK, YKa3aHHbIX B TeopeMax 6(1) u 7(1), cpasy
Haxoautca U3 nyHKTOB (1)~+3) u (5)«7) reopemn! 1. CeMaHTHUYECKYIO
XapakTepH3aUuUIo0 3THUX JIOTHK JIEFKO MNOAYYUTb M3 NPHUBEAEHHOrO B
naparpade 3 CEMaHTHYECKOro ONMUCaHHA MO3WTHBHBIX JOrWKk ¢ PBP,
MOJAb3YSICh  CJCAYIOUIMM [PAaBUIOM. XapaKTepHu3alus TMO3MTHBHO
akcuoMatusupyemoit noruxky B E(J) ¢ nomoueto wkan Kpunke nosy-
yaeTcs M3 XapaKTepH3alWH ee MO3MTHBHOro ¢parMeHTa (ecjM Takas
cyulecTByer) 0e3 nobaeneHus kakux-nubo ycraosuit. UYto kacaetcs
joruk u3 E(J L), To Heobxoaumo 100aBUTH YCIOBUE: X =1 nns BCex x.

5. Pacuiupenus joruku JE'

B atom naparpade mbl paccmorpuM Gonee noapoOHO ceMelcTBO
pacuuperuit norukd JE' = J+1Lv(L=>p). 310 ceMelicTBO U3y4anoch B
[13]. B yacTHOCTH, TaM noka3aHo, uTo Bce Joruku u3 E(JE') u Tonbko
OHH TPEACTaBUMBl KaK MepecevyeHus noixoasiux noruk m3z E(JL) u
E(Int). bonee touno, kaxaoi noruke L u3 E(JE') cTaBaTca B cooTBeT-
cTBue ABa HanapHuka L'=L_. u L"=L+Int. Torna umeer mMectTo paBeH-
ctBo L=L'nL".
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[l uccnenoBaHMs 3TOro ceMeHcTBa Mbl MPUMEHHM CllEAYHOLLEE
YTBEPXK/IEHHE, N0Ka3aHHOE B [6]:

Teopema 8. Ilycmv L cooepacum J_L, a L' cooepacum Int. Tozoa nepe-
cevenue LNL' umeem CIP (coomeemcmeenno PBP) 6 mom u moavko 6

mom cayyae, ecau obe noeuxu L u L' umerom CIP (coomeemcmeenno
PBP).

OtmeTtuM, yto ecau L u L' umerot CIP u dpopmyna (4= B) Bepha B
LAL', To ee untepnonsHTom B LNL' 6yner dopmyna (L=>C)&(C'vL),
rae C v C'— HHTePNOAAHTbI 3TOH dopMyJbl B L 1 L' cooTBeTCTBEHHO.

' O6patHo, myctb snoruka LNL' umeer CIP. Toraa untepnoasur
dopMmynbl (A=>B) B L coBnajaer ¢ HHTEPNOJAHTOM (HOPMYJIbI
(A&L=B) B noruke LNL', a uHTEpnonsHT Takoi xe dopmysnsl B L'
COBMajaeT ¢ MHTEPNOASHTOM dopMyibl (A=>BvL) B LNL'.

Hanee, nyctb 06e noruku L u L' umeror PBP u dpopmyna

AP,Q.x)&AP,Q"y) = (x =)

BoiBoauMa B LNL'. Torna 3ta dopmyna npuHannexur kak L, tak u L.
[Tonyuaem BbiBOAMMOCTL B LML’ hopmybl

AP,QO,x) => (x © (L=>B(P))&(B'(P)v.l)),
rae B(P) u B'(P) — sBHble onpeneneHus B L u L' coOTBETCTBEHHO.
OOpatHo, myctb Jgordka LML wumeer PBP. Ecau dopmyna
AP,Qx)&A(P,Q"y) = (x < y) BbiBOAKMA B L, TO ABHbLIM omnpeaene-
HHeM ang x B L Oyaer sBHoe onpeaeneHue B LNL', cyuectsyrouee
s dopmynsl (A(P,Q,x) &1L)&(A(P,Q'y) &1) = (x < y). Ecan xe
dopmyna A(P,Qx)&A(P,Q"y) = (x <& y) BeiBoauma B L', To sBHBIM
ornpenesneHueM B L' Oyner siBHoe onpeaeneHue, cyulectsytouee B LML
ans opmyibl
(A(P.Ox) &(x & xVL)&(A(P.Q'Y) &Y © yvL)) = (x & ).

M3BECTHO, YTO HUKAKOE TMepeceYeHHe ABYX HECPaBHHUMbIX MO3M-
TUBHBIX WM CYNMEPUHTYULMOHUCTCKUX JIorHKk He umeeT HU CIP, nu
PBP. Takum o6pazom, TeopeMa § NoA4EpKUBAET €11€ OJTHO HHTEPECHOE
otnrure ceMeiictBa E(J) ot E(PJ) u E(Int).

13 teopembl 8 cpa3y BbiTekaeT

Caeacrue 9. Jlocuxa L, cooepacawan JE'=J+1Lv(L=p), umeem CIP
(PBP) 6 mom u moavko 8 mom ciayyae, ecau obe nocuxu L+1 u
L+(L=p) umerom CIP (coomeemcmeenno PBP).

HanomHuM, 4To cornacHo [3] cyluecTBYIOT 1IECTHAALATL CYMEPHH-
TYMUMOHHCTCKUX foruk ¢ PBP, u3 Hux Bocemb umeror CIP. Yka3zan-
Hble CBOMCTBA pa3pelluMbl Ha KJ1acce CYNEePUHTYHLIMOHHCTCKHX JIOTHK
[4]. NapaHenpoTuBopeunssie Jorukk W3 E(JE') nmonyyarorca kak Bce-
BO3MOXHBIE TEPECEHYeHHsl MapaHENpOTHBOPEYMBBLIX  pacClUUpPEeHHH
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aoruk u3 E(JL) ¢ cynepMHTyMUHOHUCTCKUMHU JIorMKamu. [Tostomy u3
TEOpEMBI 7 creayer

Teopema 10. (1) Cywecmsyrom ¢ mounocmu 96=6-15 napanenpomu-
gopeuussry pacwupenui nocuku JE'=J+1v(1=p), ofaaoarwwux npo-
ekmugHuiM cgeoticmeom bema, uz Hux 8 mounocmu 24=3-8 nocuk
umeiom CIP.

(2) Oywyecmeyem ancopumm, komopweiii no 110601 KOHEYHOU Cuc-
meme Ax ¢gpopmyn pacnosnaem, seasemca au ao2uxa JE'+Ax napane-
npomugopeuugou ro2uxou ¢ PBP unu CIP

B [13] C.I1.OauHUOB HasbiBaeT cobcmeeHHO napaHenpomugopeyu-
evivu norvuku U3 E(J), He Bxoasuye Hu B E(Int) Hu B E(JL). Mcxons u3
teopeM 10 u 7, HeTpyaHo nocuutark B E(JE') unucno cobecTBeHHO napa-
HENpPOTUBOPEYHUBbLIX JIOTHK, 00najaroliMX MPOEKTUBHBIM CBOHCTBOM
bera WM HHTEPNOJSIUHMOHHBIM CBOHCTBOM, U 10Ka3aTh CYLIECTBOBAHUE
COOTBETCTBYIOLLMX paspellalouiuX aaroputMoB. OnQHako onucaHue
noruk ¢ PBP unu CIP Bo Bcem cemeiictee E(J) ocraercs HepelueHHOM
npobsemoil. HeusBecTHO, KOHEYHO WM DECKOHEYHO YHCJIO JIOTMK M3
E(J), obnanaromux yka3aHHbIMH CBOHWCTBAMH, W pa3pellUMBbl JH 3TH
cBoiictBa B cemenctBe E(J). [lobapum, uTo Teopema 10 BmecTe ¢ npen-
noxxkenueMm 4 paror ynoOHeie HeOOXOAWMBIE YCIOBMS TOro, 4TOOBI
noruka L w3 E(J) obnanana ceoiicteamu CIP nau PBP.
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B.M.Mapkuu

MHTEHCUOHAJIbHASI CEMAHTHUKA
TPAAUIUOHHON CUJIJIOTUCTUKHA"

Abstract. We present a formal realization of Leibnitz' idea of intensional
interpretation of the traditional syllogistic. We set out an intensional semantics
and prove that it is adequate to Lukasiewicz' syllogistic. The core idea of this
semantics is fo associate with each term of a categorical statement not a set of
individuals but a concept considered as a non-empty and non-contradictory
set of positive or negative characters and to treat syllogistic constants as
denoting intensional relations between concepts. According to this approach,
‘Every S is P’ means that S contains all characters from P, ‘Some S is P
means that S and P don't contain contrary characters (positive and negative).

B Tpa iMUMOHHOH U B COBpEMEHHOMH JOrMKe LIMPOKOe pacnpocTpa-
HEHHE 110.1y4HIa Hayulas OT APHUCTOTENS H OTHET/IMBO BbipaykeHHas
CX0J1aCcTaMU TPAKTOBKA CH/IJIOTUCTUKH Kak TEOPHH, KOTOpas ucciieayer
CBS3M, BO3HUKaKOWHE B chepe 00beMHbIX OTHOLIEHUH MexXay O0IHMHU
TepMHHaMH. CHIIOTUCTHYECKHE KOHCTaHThl OOBIYHO B CBSI3U C 3THUM
paccMaTpUBAOTCA KaK Bbipa)carolllMe IKCTEHCHOHAIbHbIE OTHOLUIEHHS
MEXIAY [ABYMS MHOkKeCTBaMu (oObeMamu IIOHATHH). KOHCTaHTa a
pENpe3eHTUPYET OTHOLLIEHHE TEOPETHUKO-MHOXECTBEHHOIO BKIKOUYEHHS
Kjacca B KJ1aCC, KOHCTAHTa i — HaJlvuve OOMIMX 3NEMEHTOB Y /BYX
KJ1aCCOB U T.11.

OaHako B UCTOPHUHM JTOFHKU CKJIAABIBA.ICS HHOH — aJIbTEpHATHUBHbBINA
3KCTEHCHCHAJIBHOMY — MOJAXOA K UHTEPNpPeTaLMH CMbICJIOB KaTE€ropu-
YECKHX CY’KIEHHH, KOTOpble COCTaBJSIOT NpPeAMET HCCJIeAOBaHUS B
CHJIJIOTMCTHYECKHUX Teopusix. CyTb 3TOro noaxoda 3akjioyaercs B
TPaKTOBKE CyOBEKTa W Mpe1udKaTa BbICKA3bIBAHUS KAK TMOHSTHHHBIX
KOHCTPYKLIMH M HX aHa1M3a C TOYKH 3PEHHUS COOePIKAMEIbHbIX, a HE
OOBEMHBIX XapaKTePHUCTHK. CHIITIOTHCTHYECKHE KOHCTAHTBI MPH 3TOM
paccMaTpHBarOTCS KaK 3HAKM OTHOWIEHWH MeXAYy MOHATHAMH no
COAEPIKAHUIO.

[lo-Bu1uMOMYy, BriepBble MAes WHTEHCHOHAJILHOW HMHTEprpeTauruy
CUJUTOTUCTHKH B OTYET.IMBOM BMJE Oblia BbickazaHa [ .JleHOHHLEeM,
KOTOPBbIA MpSAMO MNPOTHBOMOCTABIA ‘“‘coAepIKaTeNbHYIO TpPaKTOBKY
KaTErOpHYECKHX CYKAEHUH “00BbEMHOM”, ¢XOacCTHUYECKOM.

PaGota BbinosHeHa npu noaaepxkre PTH®, rpant Ne 00-03-00273.

ABTOpP BBIpAXaE€T MpU3HaTenbHOCTh Npod. Bnaaumupy CotupeBy (Codus) 3a TO,
YTO OH TMpPUBJIEK €ro BHMMaHHE K JEHOHHMUEBCKMM HIEAM HHTEHCHOHANBHON
MUHTEPTIPETALMH CHIIOTHCTHKH.
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“CX0NaCTHKH TOBOPAT MHaue, UMes B BUIY HE MOHATHA, a MpH-
Mepbl, ABJSAIOUIHECH OObEKTaMH OOLUMX MOHATHH, — nucan JleiOuuw,
BbISIBJIAS CYThb PasjM4UA MEXAY 3TUMHU MOAX0JaMU, — MO3ITOMY OHHU
rOBOPAT, 4TO [MOHATHE| MeTassia WMpe [MOHATHA] 30710Ta, HOO OHO
COAEPKHUT Oosble BHIOB, YeM 30J0TO... Ho 1 mpeanouurtaro opueHTH-
poBaThcsa Ha OOLLME MOHATHSA, T.€. UACH U UX KOMOUHALIMH, MIOTOMY YTO
OHH HE 3aBUCAT OT CYLUECTBOBAHUS HMHAMBHAYAIbHbLIX MpPEIMETOB.
[Toatomy s yTBepkaatro, uto [noHsTHe] 3050Ta 6GoOMblie [MOHATHA]
meTtanna, ubo aad [NMoHATHs] 3070Ta HEOOXOAWMMO OGOJbLIEE YMUCIIO
KOMITOHEHTOB, 4Ye€M 15 [noHaTUsA| MeTanna...” [3, 1.3, ¢. S18].

B tpakTtaTe “HoBble OnbITHl 0 YesioBeweCcKoM pasyMeHun’” JleHOHUL
MOCTaBUA 3amadyy OOOCHOBAHUS TPAaAMUMOHHOM CHJIJIOTMCTUKM Ha
OCHOBE WHTEHCUOHANBbHON HWHTEpPNpETAUUU KATErOpUYECKUX CYxKe-
HUM: «/leAcTBUTENBbHO, TOBOpA: "Beakuil uerogex ecmv dcusommuoe”, s
XO04y 3THUM CKa3aTb, YTO BCE JIKOJM HAXOASTCH B YHUC/IE BCEX XKHUBOTHBDIX,
HO OJIHOBPEMEHHO S UMEKO B BHY, YTO HJes KUBOTHOIO BK/IHOUYEHA B
uaer yenoseka. JKMBOTHOE cOAEpKUT OoJblile HHAUBHIOB, YEM YeEJIO-
BEK, HO YEJOBEK COAEPXUT Oonblie uaed uau 6osblie GopmaibHbIX
onpenesieHHH. JKUBOTHOE CONEPNKHUT OOJIbLLIE IKIEMIUISIPOB, HEIOBEK —
OoJblue cTeneHeld peanbHOCTH; Y MepBOro 6oabIIMH 00bEM, Y BTOPOro
Ooabluee coneprkanue. [loaToMy Mbl BlipaBe cka3aTb, YTO BCE YYEHHE O
CHJIJIOTH3ME MOXHO /10Ka3aTb Ha OCHOBAHWM YueHHUs de continente et
contento (0 coaepKalleM U COAECPKHUMOM), KOTOpOE OTIIMYHO OT yde-
HHUS O LEJIOM U 4YacTH...» [3, T.2, c. S501-502].

[TonbiTka pelueHuss naHHOW 3agaud Oblna MPEANnpUHATA CaMHUM
JleiiOHuieM B page paboT, cpean KOTOpbIX 0co0o BbiaessieTcs padoTa
“eMeHTBI UCHUCEeHUs”, natupoBanHas 1679 r. [3, 1.3, ¢.514-522].

Nnes UHTEHCHOHABHON WHTEPNpeTaluuH CUITIOTHCTHYECKHX TEO-
puii BbICKa3blBaliach W JIOPTMKAMH MOCJEIyIOWMUX NMokosneHun. Tak, y
H.A. BacunbeBa MoMHMO OCHOBHOrO, LIMPOKO HM3BECTHOTO BapHaHTa
“BooOpakaeMOH, HeapuCTOTeNeBOH JIOPTMKM® HMeeTcs Habpocok
JNeIYKTUBHONW CHUCTEMBI CH/UIOTHCTHYECKOTO THIIA C CYXACHHUAMH TPeEX
Pa3IMYHbIX KA4eCTB — YTBEPAMTE/IbHBIMHU, OTPHUATE/bHbIMH W
UHAUGDGEPEHTHBIMY, A€ € KAKAbIM OOLLMM TEPMHHOM CBA3bIBAETCH
COBOKYIMHOCTb MOJIOXKHUTEbHbIX U OTPHLATENbHbBIX MPU3HAKOB (coaep-
’KaHWe TMOHATHA), a CaMH CYXXIEeHHUS (UKCHPYIOT pa3HyHbIE THIIbI
OTHOLUEHHH MeXy COAEepPXKaHUAMH MOHATHH [ 1, c.87-88]".

B naHHo# paboTe s mocTtaparoch Moka3aTb, HYTO MOCTaBI€HHas
Jle#iGHULIEM 3adaya MOCTPOEHUS CU/UIOTUCTUKH KaK TEOPHUM, B OCHOBE

39

! CospemenHas ¢opmaibHas PEKOHCTPYKUMA “JOrvku MoHatHii” H.A. Bacunbesa
npeaioxxeHa B [2]. PaspaboraHHble A7 PEWEHHUS YKA3aHHOW 3amavyd METOAbI
CYLLECTBEHHBIM 00Pa30M UCHOL3YIOTCA M B HACTOSLIEH CTATHE.
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KOTOpOH J€XaT OTHOWEHHS MEXIY MOHITUSIMH N0 COJEP’KAHHIO,
MOJKeT ObITh YCIEIIHO pellieHa CPeaCTBaMH COBPEMEHHON JNOrHKU. C
3TOH Ueablo O0yaeT chopMysiMpoBaHa ceMaHTHUKa, Oa3UCHBIE KOHCTPYK-
LUMU KOTOPOH MMEIOT HHTEHCHOHAIBbHYIO NPUPOaY, Y 10Ka3aHa ee aje-
KBAaTHOCTL LUMPOKO M3BECTHOH cHaNOrucTuuyeckod cucteme A.Jlvka-
ceBHYa [4], dopManu3yiOWEeH MO3UTUBHLIH (PparMeHT TPaaHLIMOHHOM
CHUJIJIOTMCTHKH.

A3bIK 3TOH CHCTEMbBI CO/IEPKHUT OECKOHEUHbIH CIMCOK OOUIHX Tep-
MUHOB P, P, P ... (R KauecTBE METAMEPEMEHHBIX MO OOUIMM TePMHU-
Ham OyaeM HCroJb30BaTh B JaibHeHweMm Oykebl &, P, M, O, 1),
MCXO/JHbIEC CHUIOTUCTHYECKHE KOHCTaHThl a (1715 OOLLeyTBEp IUTENb-
HbIX) W 1 (/11 YaCTHOYTBEPAMTEbHbIX CY>KIEHHH), MPONO3UMLUHOHAIb-
Hble CBA3KHU. CHIIIIOTMCTHUECKUMH (POPMYJIaMU SBJISHOTCS BbIPAXKEHHUS
BHMAOB Sas’ U SiP. a Takxke Ux OyJeBbl KOMOMHALIMH.

AKCUOMaMU CHINOIUCTHKM JIvkaceBHYa ABISIOTCS KJIACCHUYECKHE
TaBTOJIOTHH U (POPMY.JIbI CJIE,1YIOLLHUX THIOB:

Al. (MaP & SaM) o Sal’, A2. (MaP & MiS) D SiP,
A3. SaS, Ad. SiS.

CHATOrUCTUYECKHE KOHCTAHThI e (/11 0OeOTpHLATEIbHBIX) H O
(A1 4acTHOOTPHUATEIBHbIX CY)KAEHWIT) BBOAATCH MOCPEACTBOM
orpeneeHUH:

D1. SeP =Df —1SiP, D2. SoP =Df —SaP.

EauHcTBEeHHOE Nnpasnuja0 BbIBOJAa B CHCTEME — modus ponens.
[ToHaTHs j10Ka3aTenIbLCTBA U TCOPEMbI OOBI4HbIE.

B naibHeHuem MPpH [00KAa3aTCJ/IbCTBC 1MOJHOTBI CH/IJIOTHCTHKH
HyKaCCBH‘ia HaM l'IOHaIIO6HT(;H CJI€AYHOUIUE TCOPEMBI 3TOW CUCTEMBI:

T1. —(SaP & SeP),

T2. (MeP & SaM) o SeP
T3. (MeP & SiM) o —Sar,
T4. (MaP & SiM) > —Se?”,
TS. —PeS D SiP.

Mnesa vHTEHCHOHAJIBHOH CEMaHTHKM U1 CHU UIOTUCTHKM Jlykace-
BHYa COCTOMT B caeayromeM. OOWHUM CUINOrHCTHYECKUM TEPMUHAM B
KayeCTBE 3HAYECHHM COMOCTAaBISAIOTCA HE MHOXKECTBA MpPEIMETOB, He
00beMbl MOHATHH, @ COBOKYMHOCTH, BKIOYalolUe B cebs MOI0MKH-
T€JbHbIE H OTPHLIATEJIbHBIE MPU3HAKH, T.e. COAEpXKAHHUA MOHATHH (B
MPUHATOH B TPagULMOHHOW JOrvke TpakToBKe). CHITOTMCTHYECKHE
KOHCTaHTb! a, i, €, 0 PENPE3EHTHUPYIOT TENEPb ONpeleeHHbIE OTHOLLE-
HHUSI MEXKIY COAEPKAHUAMM MOHATUH. Bbicka3zbiBaHHUS TUMa a HUHTEp-
NMPETHPYIOTCA KaK YTBEP/KAEHHUS O TOM, YTO COJAepKaHHE UX MpeauKara
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COCTaBJIIET YacTh COJAEpKaHUs UX CyObekTa. BbIckasbiBaHUS THMA i
BbIPAXXAOT MbICIb 00 OTCYTCTBHU B COAEPXKAHHUAX MX TEPMHHOB MpO-
THBOpPEYALlUX NMPHU3HAKOB: IOJIOXKHUTENBHOIO (YKa3bIBAaIOLLErO Ha MpH-
CYWIHOCTb HEKOTOPOTO CBOMCTBA) U OTPHULIATENBHOIO (yKa3blBalOLIEro
Ha OTCYTCTBUE AAHHOIO CBOMCTBA). BbICKa3bIBaHUS TUMOB € W 0, KakK
OOBIYHO, paccMaTpUBAIOTCA KaK MPOTUBOpEYAlIME BbICKa3bIBAHUAM
THIIOB i U @, COOTBETCTBEHHO.

Jta uaed MOoxeT ObIThb peajii30BaHa clieayrouwuM obpaszom. Pac-
CMOTPHUM MHOXECTBO umepanoé L = {p,, ~p;, p2, ~p2, ...}. Jlurepasl,
He COoAepKalluMe CHUMBOJIA “~", MPEACTaBIISIIOT NOJIOMCUMEIbHbIE NPU-
3HAaKU, a COAepiKalllie NAaHHbIK CUMBOJN — ompuyamebHblie NPUSHAKU.
B nanbHefilueM ¢ Lenbio ynpoLeHus CUMBOIMKK OyAeM UCTIONb30BaTh
B KayeCTBE METAMEPEMEHHBIX MO MOJIOXKHTEbHBIM JIMTEPAsiaM MaJble
OykBbl S, p, m, ¢, t, ipuueM Manas OykBa MNpeACTaBiASeT JUTepas C
UHJIEKCOM j (T.e. MUTEpall p;) TOrAa U TOJbKO TOrAa, KOraa CoOOTBETCT-
Bytowiass Oonbuias OykBa rmpeacTaBaseT OOLIME TEPMHMH C TEM JKe
UHJEKCOM (T.€. TEpMHUH P)).

[Tonssmuem (paccMaTpUBaeMbIM B aCMEKTE €ro0 MHTCHCHOHAJILHOM
XapPaKTePUCTUKK — COAEP>KaHHUS) HA30BEM NPOU3BOJBHOE HEMYCTOE U
HeNpoOTHBOPEeYHBOE noaMHoxecTBo L, T.e. MHOXkecTBO o < L, yaosne-
TBOPSAOLIEE CINEAYIOLLHNM YCIIOBHAM:

(1) az;
(i1) He CyLIECTBYET p,, TAKOIO YTO P, € L U ~P, € QL.
[Tyctb M — MHOXeCTBO Bcex NoHATHH. Onpenenum Ha M onepa-

LU0 *, KOTOpas Ka)kKJA0MY MOHSTHIO O CONOCTABIISET HPOMUEONOIONC-
Hoe €My MOHATHE o*:

pEA* D ~p e U ~p et p e .

JaHHas onepauus 3aMellaeT KaKAblH MOJ0XKHTENbHBIN JIMTEPAT Ha
OTpULATEbHBIN IUTEpPaA C TEM K€ MHAEKCOM, a KaXKAblH OTPHLIATE/Ib-
HBI — Ha COOTBETCTBYIOMIME mMonoxwurensHbld. Hanpumep, {p;, ~p»,
ps}* = {~pi, P2 ~ps}.

HecnoxHo mnokaszath, 4to onepauus * obnanaer cieayroLUMU
CBOMCTBaAMH:

(@) ana* =9, (b) o** = q, ) acpB=>a*cpB*

Onpenenum unmepnpemupyrowyro @yukyuio d, CONoCTaBsIOLLYO
KaX10My 00OlleMy TEPMHHY B KauecTBE 3HaYEHHS HEKOTOPOE (MHTEH-
CHOHAJIbHO TPAaKTyeMOe) NOHATHE:!

d(P)eM.

3agaauM MOHATHE 3Hauumocmu GOPMYJIbl A3blKa MO3ZUTHBHOH CHJI-
NOTUCTHKHM TIpH uHTepripetauuu d (BeipaxkeHue “d |= A” ynTaeTcsa Kak
“bopmya 4 3HaUMMa MPU UHTEppeTaurH oOKX TepMUuHOB d™
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(vl)d [= SaF, et.e. d(P) c d(9),
(v2)d |= SiP, ere. d(P)* ~ d(S) = 2.

VYcnoBUsS 3HAYHUMOCTH CJTOXKHBIX POPMYJT OOBIYHBIE.

Cunnoructuueckas gopvyna A HasblBaeTcs 00we3HaUUMOil, e.T.e.
d |= 4 npu 11060% HHTEprpeTaLry ob1uxY. TepMHUHOB d.

IlepelinemM K O0Ka3aTelLCTBY aa€KBAaTHOCTHU CHINOTMCTHKM Jlyka-
CeBHYa JAHHOW MHTEHCHOHA. 1bHOW CEMaHTHKe.

HecnoxHO yCTaHOBUTB, 4TO KaXkaas aKCMOMa CHIJIOTMCTHUKHU Jlyka-
ceBUua o0LIe3HauYUMa, a NpaBUIo modus ponens COXpaHseT oblle3Ha-
yuMocTb dopmy.1. OTcioaa cieayeT YTBepxKAEHHE O CEMaHTHYECKOM
HEMPOTUBOPEYHUBOCTH ITOH CUCTEMBI!

MeTtaTteopema 1. Bcaxas meopema curiocucmuxu Jlykacesuua se.1s-
emcst 06uie3HaUUMOU GOpPMYI0U.

ObpaTHoe yTBEp)KIeHHEe (MeTaTeopeMa O CEMaHTHYECKOH mnoJ-
HOTE) A0Ka3bIBAETCA METOAOM XEHKHHA.

MuoxecTBo hopmy.a I' HasbiBaeTcs Henpomusopeuusoim, €.T.€. He
Hangerca popmya B, B,, ..., B, Takux, uto dopmyia —(B, & B, & ... &
B,) 6blna Hbl TeOpEMOU CUIIOTHCTHKH JlyKkaceBHua.

MHoxecTBO popMyn A HasbIBaeTCA MAKCUMATbHBIM, €.T.€. OHO
HEMPOTHUBOPEYUBO U A14 11000 dopMynbl A BepHO, 4TO A € A WM
-4 € A

MakcHmanbHOEe MHOXKECTBO A 061aaeT piaoM BaXKHbIX CBOUCTR:

(m1) A coaepxHT BCe TEOPEMbI CUCTEMBI,

(m2) A 3aMKHYTO OTHOCUTEILHO modus pcnens,
(m3) —4eA, eT.e. AgA,

(m4) A&BeA, ete. AcAu EBeA,

(m5) AvB=A, eTe. AcA unu BeA,

(m6) ADBeA, e.T.e. Az A unu BeA.

CranaapTHbIM criocoboM aokasbiBaeTcs Jlemma 1 o ToM, uTo npo-
M3BOJILHOE HENPOTHBOPEYHMBOE MHOXECTBO CHIIOTMCTHYECKHUX Qop-
My I' MOxeT ObITh paclIMpeHO 1O MAaKCUMAJIbHOTO MHOXKECTBA A.

C KaXaIbIM MAKCUMaJIbHBIM MHOXECTBOM A CBS3bIBAECTCH KAHOHU-
YecKoe Npunucvi@aHue 3HauYceHUH oOlMM TepMUHAM — (QYHKUHS dg,
onpenenaseMas CieayroLuM o6pa3om:

du(Q) = {: QaT € A} U {~1: QeT € A}

(HanmOMHHM, 4TO ! €CTb MOJIOXKUTEIbHBIH JUTEpal, UMEIOILIHHA TOT Xe

MHJEKC, YTO U OOLUKH TepMHUH, NpeCTaB/IseMbIi MeTanepeMeHHOM T).
[Ipexxne Bcero, HEOOXOAMMO MOKa3aTh, UTO dp ABIAETCA MOHATHEM,

T.€. o0nanaet cBOMCTBaMH (1) HEIMYCTOTHI H (ii) HEMPOTHBOPEUHBOCTH.
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(1) da(Q) = ©.

l.QaQg € A A3, (ml),
2.q € dx(Q) 1, onp. da;
3.da(Q) = I 2,

(ii) He cyulecTBYeT ¢ Takoro, uTo ¢ € da(Q) u ~t € da(Q).
1.1t e da(Q) u ~t € dA(Q) JOMYLIEHHE;
2.0aT e AuQel € A 1, onp. da;
3.0a7 & Qe € A 2, (m4);

4, —(Qal & Qel) € A T1, (ml);
5.0aT & QeT ¢ A 4, (m3);

[TpotuBopeune 3 u 5.

Jlanee, MHAYKUHEH MO AMMHE CH/UTOTHCTHUYeCKOHW (opMyiibl 4
JOKa3bIBACTCA OCHOBHAA JICMMaA:

Jdemma 2. [lia  npousBoibHO20 MAKCUMAIBHO2O MHOodcecmsa A u
npouseoavHoli popmyavt A gepro: A € A, eem.e. dy |= A.

bazuc MHAYKUMH COAEPKUT ABA Ciyyasl.

I. A ectb SaP.
IlokaxkeM cHauana, 4yto SaP € A7=7d, |= SaP.
[.SaP € A AOTMYILEHHE;
2.t € da(P) JOMYLLEHHUE;
3.PaT € A 2, onp. da;
4. (PaT & SaP)> SaT € A Al, (ml),
5.8aT € A 4,3,1, (m4), (m2);
6.1 € du(S) 5, onp. da;
7. ~t € dp(P) JOIYyLIEHHE;
8. PeT € A 7, onip. dy;
9.(PeT & SaP)> Sel € A T2, (ml);
10. SeT € A 9,8,1, (m4), (m2);
11, ~t € da(S) 10, onp. da;
12. dA(P) < da(S) 2-6,7-11, onp. dp 1 C;
13.dy |= SaP 12, (v1).
HokaxeM aanee, uto du [= SaP?=7 SaP € A.
1. dy|= SaP JONYLIEHHE;
2. da(P) = da(S) L, (vI);
3.PaP € A Al, (ml),
4. p € da(P) 3, onp. dp;
Sp € dA(S) 254,
6.5aP € A 5, onp. da.
I1. 4 ecTs SiP.

JlokaxkeM cHauasa, uyto SiP € A?7=7d, |= SiP.
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1.SIP € A JorylieHue;

2.t € da(P)* NOTYLIEHHUE,

3. ~t € diy(P) 2, onp. *,

4. PeT € A 7, onp. da;
S.(Pel & SiP) > —Sal € A T3, (ml);

6. =Sal = A 4,1,5, (m4), (m2);
7.5aT ¢ A 6, (m3).

8.1 ¢ da(S) 7, onp. dy;

9. ~t e dy(P)* JONYLUEHHE;

10. 1 € da(P) 9, onp. *;

11. PaT € A 10, onp. da;

12. (PaT & SiP) o —SeT € A T4, (ml);

13. =SeT € A 11,1,12, (m4), (m2);
14. Sel ¢ A 13, (m3);

15.~t ¢ dA(S) ]4, onp. dA;

16. dy(P)Y* M dp(S) =2 2-8.9-15, omp. dp;

17

. dy = SiP

16, (v2).

Hokaxem nanee, uto dy |[= SiP?7=7 SiP € A.

1. dy |= SiP JOMYLUEHHE;
2.da(PY* N dp(S) = 1, (v2);
3.5a5 € A A3, (ml);
4.5 € da(5) 3, onp. dy;
5.5 ¢ da(F)* 2,4;

6. ~s ¢ da(P) 5, omp. *;

7. PeS ¢ A 6, onp. da;
8. —-PeSe A 7, (m3);

9. —PeSDSiP e A TS, (ml);
10. SiP e A 9,8, (m2).

JoKa3aTenbCcTBO MHAYKTHBHOIO Mepexoaa TPUBHAIbHO: OHO OCHO-
BBIBAETCS HA KJJACCHUYECKOW CEMAaHTHUKE MPONO3ULMOHAIbHBIX CBA30K M
corcTtBax (ml)-m6) MakcumanbHOoro MHoxecTra. Jlemma 2
JI0Ka3aHa.

Tenepp MOXHO 000CHOBaTH CINpPaBeLIMBOCTE METATEOPEMBI O
MOJIHOTE:

MertaTteopema 2. Beakas obwesnavuman popmyia agiaemcs meope-
Mmou cunrocucmuxu Jlykacesuua.

Paccmorpum npoussosibHYIO 00ule3HavuuMyo dopmyay A. lomyc-
THM, 4YTO OHa HeJoKa3dyema B cusutoructuke Jlykacesuua. Torma dop-
myi1a ——A4 Takxke He OyaeT teopemoii 3tol cucteMmel, OTcroaa, Mo
OIpeaesIEeHHIO HENPOTHBOPEUKBOIO MHOXECTBA, C/IeAYET, YTO TAKOBbIM
aBasietcs {--4}. OHo, cornacro JlemMe 1, MOxxeT ObITE pacLIMPEHO 0
MaKCHUMaslbHoro mHoxectsa A. B cuny Jlemmsl 2, dy |= —4. 3Hauwr,
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caMa ¢opmyna 4 NpH KAHOHUYECKOM TPUITUCLIBAHUM HE SBASETCS 3Ha-
YHMOM, YTO IMPOTHBOPEYUT HUCXOIHOMY MPEANOIOKEHHIO O ee obLue-
3HaYMMOCTH. MeTaTeopema nokazaHa.

Beiie yxxe OTMEHajsoch, YTO HWCTOPUYECKH TNepBas MOMbITKA
UHTEpIpEeTAaLHUH CUIIJIOFMCTUKHA KaK NEAYKTUBHOW CHCTEMbI, OCHOBaH-
HOW Ha OTHOLIEHHAX MEXIy MOHATUAMH MO COAEpXKaHHIO, NMpPUHae-
xana I'.JlefiGHuiry. 3aBEpIMM CTaTbiO PACCMOTPEHHEM BOIPOCA O TOM,
HACKOJIBKO TMpeJIOKEHHass HaMM CEMaHTHKa COOTBETCTBYET JeHOHHU-
LUEBCKUM UAEAM.

[Ipexxne Bcero 3amerum, uro JlelOuuu TpakTyeT MOHATHE, B
MHTEHCHOHAILHOM acMeKTe, HMEHHO KaK COBOKYMHOCTb (HUJIU )K€ KOHb-
FOHKLHIO) TpH3HaKoB. TpebGoBaHWe HeEMycTOTbl 3TOH COBOKYMHOCTH
HACTOJIbKO OYEBHUIHO, YTO HE TPEOYET CrieLiHaibHOrO YIIOMUHAHHUS.

Heckonbko cnokHee oOCTOMUT A€0 ¢ OTPUUATEIbHBIMH TNPHU3HA-
KaMu U TpeOOBaHWEM HEMPOTHBOPEUYUBOCTH COAEPHaHUN MOHATUH. B
pabore “DnemMeHTbl wcuuciaeHus” [3, 1.3, c.514-522], rae Haubonee
noapoOHbIM 00pa3oM ¢dhopMyaHpyeTCs HHTEHCHOHAbHAs CEMaHTHKa
CUJIJIOTUCTHKH, peuyHd o0 OTpHLATeNbHbIX MPU3HaKaX He MAET BooOule.
OpHako B apyrux paborax Toro e nepuoja JleibHuu paccMatpuBaet
MOHATHA, COAEpIKallle OTpHLATENbHbIE NIPU3HAKH. bosiee Toro, y Hero
MO>XHO OOHapy»XHTb aHajor BBEACHHON HaMHU onepauuH *, COMocTas-
JAolied MPOU3BOJILHOMY TMMOHSTHIO TPOTHUBOTMONIOKHOE TMOHATHE 3a
CYET 3aMEHbI MOJIOKUTEIbHBIX MPU3HAKOB HA COOTBETCTBYIOLLIUE OTPH-
LiaTesbHble, a OTPULIATEbHBIX — Ha MosokuTenbHble: «Ecnu ... Oyner
OTPULATLCA 3TOT TEPMUH —‘y4YeHbIH He-yMHbIH, He-CrpaBeIsUBbIN,
. OYEBMJHO MOJYUHUTCH ‘‘CrpaBe/IMBBIN, YMHbIA He-ydeHbid™» [3, T.3,
c.537]. SlBHas dopMmynMpoBKa MpPUHLMMNA HENPOTHBOPEYHUBOCTH
coaepxanus moHaTHs y JleiibHHLIa OTCYTCTBYET, XOTS BCE MMOHSATHSA,
MPUBOJAMMbIE UM B KauyecTBE MPUMEPOB, ITOMY TpeOOBAHHIO y1OBIiE-
TBOPSIOT.

JlefiOHMULIEBCKAsl TPAaKTOBKA BbICKA3bIBAHWHW THUMA a B TOYHOCTH
COOTBETCTBYET yCJ10BHIO (V1) B c(hOpMY.IMPOBAHHOH HAMH CEMAHTHKE:!
“... BCAKOE€ HUCTHUHHOE OO0llleyTBEpAUTEIbHOE KATErOpUUECKOE MpPEeasio-
JKEHHE O3HayaeT He 4YTO MHOE, KaK HeKYO CBfi3b Npeaukara v cyOb-
€KTa..., UTO MpPeJUKaT HAXOAUTCA B CYObEKTE, MU COACPIKUTCS B CyOb-
ekre...” [3, T.3, c.516]; “... orctona Mbl MOXEM 3HaTb, SABJIAETCA JIH
MCTHHHBIM HEKOTOpOe OOLIeYTBEPAUTENIbHOE MpeanoxkeHue. Beab B
HeM T[OHATHE cyObekTa, B3jATOE abOCONIIOTHO M HEOMPEAESEHHO |
BOOOILIE paccMaTpUBaeMoe camo Mo cede B LIEJIOM, BCEraa COACPKHUT
noHaTve npeauvkara” [3, 1.3, ¢.520].

Bonee noOonbITeH BOMPOC 0 COOTBETCTBUH CEMAHTHYECKOTO YCJIO-
Bua (v2) nelOHHMLUEBCKOH TPaKTOBKE BbICKa3blBaHMW Tvma i. “... B
yacmnoymeepoumeibHom npeonodxcenuu, — nvwer JleWbuuu, — Her
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HEOOX0AUMMOCTH, UYTOObI MpeauKaT MPUCYTCTBOBAI E CYOBEKTE, ... HO
JOCTATOYHO MpeAUKaTy COLepXkaTbCad B KAKOM-TO BMAE CYOBEKTa, T.€.
umoObl NOHAMUE KAKO20-K10 BUOA CYObeKmMa COO0ePHCAIO NOHSMUE
npeoukama...” [3, 1.3, c¢.521]. 3ameTum, 4yTo 8u0, no JleOHULY, — 3TO
fosiee Ooratoe no CoAep/KAHHUIO TMOHTHE, pe3ynbTaT A00aBEHUS
HOBOT'O IPU3HAKa MM HECKOJbKHX MPH3IHAKOB K COAEPKAHHUIO UCXOI-
HOT'O MOHSATHS.

Hrak, cornacHo JleiiOHK1y, BbicKa3blBaHHE THUMA i MCTUHHO, €.T.€. K
COAEPHKAHHIO ero CcyObeKTd MOXHO A00aBUTh MPU3HAKH TaK, YTO B
MOJIYYEHHYK COBOKYMHOCTbL OyAeT BK/IIOYATBLCS CONEp)KaHWE Mpeau-
KaTa; MHbIMH CIOBaMH, cyOvexkm u npeduxam umerwdm odwuti euo. B
Hallel CeMaHTHKE JaHHOE€ YC/IOBUE UCTUHHOCTU MOXKET ObiTb Bbipa-
YKEHO clleayrounM obpaszoM

(v2)d|=SiP,eTe. JaeM (d(S)caud(P) < o)

[TponeMoHcTpUpyeM pasHOCHILHOCTb B HalleH CeMaHTHKE YCJIOo-
BUM (V2) 1 (V2").

[Toka:kem chHauana, yro JaeM (diS)ca u d(P) < o) BiaeyeT
d(P)*~d(S) = . JlonycTuM, 4TO HAMAETCS TOHATHE O, TAKOE, UTO
d(S)ca nd(P)ca, adP)*nd(S) = . IlocaeaHee o3HayaeT cylie-
CTBOBAHHE JIMTEpATIA, KOTOPbLIK coaepkurcs Kak B d(P)*, Tak u B d(9).
[TycTb 3TO noaoKuTeAbHbIH JuTepan p, (ciay4dail ¢ oTpuuLATEeN]bHBIM
auTepanom aHanorudeH): p, € d(P)* u p, € d(S). Ilo onpenenenuro *
cneayet, uto ~p, € d(P). U3 ucxoaHoro gonylueHus: rosaydyaeM, 4TO
MOHATHE O COAEPAKHUT P, U ~));, OTHOBPEMEHHO, YTO HEBO3MOXHO B CUY
orpaHuuedus (i1).

Hokaxkem panee oOpaTHoe yTBepxaeHHe. ,JonycTHM, 4ToO
d(P)*nd(S)=<. Orcroga 1o onpeaeleHU0 *  BbITEKAeT, HYTO
d(P)ud(S) asasercs noHsTueM, npudem u d(.S), u d(P) — ero noaMHo-
xecTBa. CnenoBareabHo, JaeM [d(S) < o m d(P) < a].

Takum oOpaszoM, npeanoKeHHOe HaMH CeMaHTHYECKOe Orpene.ie-
HUE CH/UIOTHCTUYECKON KOHCTAHThI i 9KBMBA1€HTHO NeHOHULEBCKOMY
IPH TPaKTOBKE COAEP)KAHHUH TOHATHH KaK COBOKYMHOCTEH MOJIOKH-
TE/bHbIX W OTPULATEbHBIX TNPU3HAKOB M TMPHUHATHU NPUHLHANA HX
HENPOTHBOPEYHBOCTH.

[IpeanpuHsaTEIA  aHanU3 JIEHOHUUEBCKHMX TEKCTOB  [1O3BOJISET
YTBEPXK/AaTh, YTO 3TOT MBICMTE/b €CJAU U HE JaJT CUCTEMATHUYECKOTO U
CTPOroro peweHUs MOCTaBACHHOH WM npob/ieMbl WHTEHCHOHATbHOH
UHTEpPIpeTaluud TPaJAMLUHMOHHONW CHJUIOTMCTUKH, TO BIUIOTHYIO M0J0-
el K JaHHOMY pelIeHUIO; BO BCAKOM ciydae, ero paboTbl coaepixar
NMPaKTHYECKH BECh HEOOXOAMMBbIM MaTepHan A/ MOCTPOEHUs aECKBaT-
HOM /19 yKa3aHHOM JIOTMYECKON CUCTEMbI CEMAHTUKH, B KOTOPOU CHJI-
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JJOrMCTHYECKHE KOHCTAHTDbI TPAKTYKOTCA KaK 3HAKH OTHOUIEHHH MEXAY
MOHATHAMH 1O COACPKAHUIO.

I
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JI. . MuyeaiMuiBUIN

UCUYUCJEHHUS OTEPACBIBAEMbIX ®OPMY.JI
L1 HETPAJ(MIIMOHHBIX CUCTEM
NMO3UTHUBHON CUJIOTUCTUKH

Abstract. /n [4] and [1] the set of formulae rejected in the Lukasievwicz's
caluculus of positive syllogistic was axiomatized. In this article we construct

analogous adequate calculi op rejected formulae for the systems of positive
syllogistic of Slupecki [3], Shepherdson [7; the system B] and Smirnov [5].

A.Jlyracesuuem B 30-e roawr [1, 27], [4, 275]. E.Cnyneukum B
1946 r. [6,310] u B.A. CmupnoBbiM B 1981 1. [5] Obutv mocTpoeHbl
pasHble GOpMaibHble PEKOHCTPYKLHMH acCepTOPHUECKON MO3UTHUBHOM
CHJUTOTHCTHKH APHUCTOTENA (COOTBETCTBEHHO ODO3HA4YMM MX 4yepes L,
SI' v Sm). TllapanenbHo u3yyancsi MNO3UTHBHO-CUIIOTMCTHYECKHH
dbparMeHT HMCUMCIIEHHS KJIaCCOB, B KOTOPOM cy:kaeHus SaP u SeP
Bcien 3a D. bpeHtaHo 6e3 kKakuX-1MO0 OrpaHUUEHUH TOHUMAKOTCH Kak
ScP wu SNP=J. Dror dparmeHT Obl1  aKCHOMATH3WUPOBAH
Jbx. lledepaconom B 1955 1. B Buae cucremst B [7], [6, 310]. Hcuunc-
nenus SI, Sm, L u B mMoxHo chopmyaupoBats 1) B ¢AMHOM s3bIKE, B
KOTOpOM (popmysibl 0Opa3yroTest U3 atomoB Buaa SaP, SeP, SiP, SoP ¢
NOMOLUBK OOBIYHBIX MPONO3ULMOHATBHBIX CBA30K, 2) Ha 0a3ze kiaccu-
YECKOro HCuMcieHus BbickadbiBaHUi (PC), npuHMMas B kauecTse
AKCUOM 6C€ HACHIHbLE CIYYAL KIACCUYECKUX MABn102Utl, 3) ¢ OOLLUMHU
MCXOAHBbIMU MPAaBWJIaMU BbIROAA — MPABH.IOM ROOCMAHOBKY (MEepeEMEH-
HOrO TEPMHHA HA MECTO MEPEMEHHOIO TEPMMHA), MPABUIOM omoe.ie-
Hus anmeyeoeuma (modus ponens) U 4) co crneynanbHbIMH CH/UIOTH-
CTUYECKHMMH arcuomamu, KOTOpbie BbIOMpaKOTCs W3 CJIeAYIOLIEero Cru-
cka gopMyn:

1. SeP o PeS, 6. —( SaPa SeP),
2. —SaP = SoP, 7. SiP D SaS,

3. —SeP = SiP, 8. SaS,

4. MaPA SaM o SaP, 9. SiP o SiS,

5. MePA SaM o SeP, 10. SoP o Si1S§;

npyu 3ToM akcuomamu Sl saB.stores gopmyasl 1-6, akcuomamu Sm —
dopmynbl 1-6,7, akcuomamu L — dbopmynbsr 1-6,8 u akcuomamu B —
dopmyanl 1-5,8,9,10. B kaxxa10M U3 3THX MCUMCIEHHH MOHATUA JOKa-
3aTe/IbCTBA U BbIBOAA M3 MMIOTE3 ONpPEeAeA0TCA CTaHIapTHO.

Mzyuaa tekct "llepBo¥t aHanuTHkK", JlykaceBu4d 0OHapyxHJ, 4YTO
ApucToTesb A8 TOro, 4ToOhLl NokKas3aTb HEOOLE3HAYMMOCTb CUJLIOTH-
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CTHUYECKUX (OPM H OTBEPrHYTb HX, HHOTAA BMECTO OOBIUHbIX OMPOBEp-
ralouiMx MpUMEPOB, HUCMOJBL3YET OINpeAesIEeHHbI TOrHYecKHil nmpuem
oTOpacbIBaHHA, 3aK/IIOYAIOLINIACS B BbIBOAE HEOOIE3HAYMMOCTH OAHOH
dopmbl U3 HEOOLIE3HAYUMOCTH APYrUX (DOPM, MPHUMEHSS TIPH ITOM
Takoke (OopMbI, BEPHOCTb KOTOPbIX OblTa UM paHee AokaszaHa. Jlykace-
BHY 0000LLWIT apUCTOTENEBCKYO M0 A€AYKTHBHOTO OTOPAChIBAHHS
MPeJIoKHIT aKCHOMATU3UPOBAaTh MHOXECTBO HeoOLlEe3HAYUMbIX HopM
CHJUIOTHCTHUKH (TouHee, popMmy, He aokazyembix B L). C aroi uenpto
JlykaceBuu coBMecTHO co CnyneukuM MoCTpoui aKCHOMaTHUYECKYHO
CUCTeMy oTOpackiBaeMbIX (OpPMYJT € €MHCTBEHHOH akcHoMoit oTOpa-
CbIBaHUS

*11. PaM A SaM o SiP,

rae "*" aBaseTcs 3HaKOM OTOpacbiBaHUS, aHATIOTHYHBIM (pereBcKkomy
3HAKY YTBEPXACHUS, U CIAEAYIOUIMMHU NpaBriaMu oTOpacbiBaHUs: Npa-
BUJIO 0OpamHot noocmanogku (€Civ oTOpachlBaeTCA pe3y/ibTar MoA-
ctaHoBkH B hopmyiny F, To orOpachiBaeTcs W cama dopmyna F), npa-
BUJIO omoenenusi KoHcekeeHma, modus tollens (ecnu nokazyema FoG, a
G orOpacbiBaetcs, 10 otOpacbiraercs Takxke F) w npasuio Cayneyxoeo
(ecnu A 1 B — oTpuuaresibHble aToMbl, a D — JU3BIOHKLHAS aTOMOB, TO
ecnu otOpaceiBatorest ADD u BoD, To orbpackiBaetcs Tarke AAB
DD).

[lpy npuMeHeHuu npaBuna modus tollens onHa W3 MOCBUIOK
A0/KHa ObITh 10Ka3yemoi B L dopmysioi, T.e. oTOpacbiBaHMe (10Ka3a-
TENLCTBO OTOPACLIBAEMOCTH) MOXKET COAEP)KATh KAaK paHee OTOPOLLEH-
Hble, TAK M paHee J0Ka3aHHble GopMybl (A1 TOro, YTOOBI pa3au4aTh
ux, nepea orOpacbiBaeMbIMU GopMynamu OyaeM nucatb uHaeke "*").
[Mosromy Ha ucuucieHue otoOpacbiBaeMbix dopmyn Jlykacesnua—Ciy-
MELIKOTO MOX@HO CMOTPETh KaK Ha HEKOe pacliMpeHHe UcuuciieHus L
MyTeEM BBEJEHHS MOHATHH "HeraTMBHOro" J10Ka3aTesbCTBa, T.e. OTOpa-
CbIBaHUs, U oTOpachiBaeMoil GHopMysibl, Hapsay ¢ OObIYHBIMH TOHS-
THAMH "MO3UTUBHOrO" [OKa3aTenbCcTBA M A0KazyeMol dopmMysbl (3a
TaKMM paclIMpeHHeM COXPaHUM TO ke obo3Hauenue "L", HO B ciiyyasX,
KOrjaa HeoOXOAMMO OT/IMYMTL MEepBOHavYalIbHOE HcuMcienne L or ero
paclMpeHHs, Ui nocieaHero OyaeM MCnoss3oBaTh 00O03Ha4YeHHE
"*L"). bosiee TOYHO MOHATUE OTOPACHIBAHUS MOXKHO OMpPEAE/UTh Clle-
AyloUuMm obpa3om.

KoHeunas nocnenosarensHocts dopmyn Fy, ..., F,, rae F, u Heko-
TOopble (BO3MOXHO BCE€) APYTHe 4IEHblI 3TOM MOC/IeI0BaTe/IbHOCTH
MUMEIOT MHIAEKC *, Ha3biBaeTCs OTOpAcbIBAHHEM, €CJIH W TOJIbKO €Cl/IH
KaXXblH 4feH 3ToH nocienosarenbHocTH F; ynoBieTBopseT XoTs Obl
OJHOMY M3 CIEAYIOLIMX YCIIOBHH:

(1) F; He umeeT unaekca * u F; nokasyema B L;
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(2) F, umeet unpexc * u

(2.1) F; arnserca akcuoMol otOpacbiBaHms,

(2.2) nns Hekortoporo k < i Fy uMeeT uMHIeKC * W gBageTcs
pe3y/ibTaTOM HEKOTOPOI MOACTAHOBKH B I},

(2.3) nna nekoropeix k u l < i F, = F, o F,, F, He umeer
HHAEKCa U k) MMeeT HHaeKC *,

(2.4) F, umeer Bui A A B = D, rae A u B spaawoTcs
OTPHUATENbHBIMU aTOMaMH, a D — AW3BbIOHKIHKER NMPOH3BONIBHBIX aTO-
MOB, U 4718 HekoTOopbIX KU I <1 Fy,=A > D, F,=B > D wukak F,, Tak u
F| uMetoT uHnekc *.

OtOpacbkiBaHHe  siBAse™css  OTOpacbiBAHUEM €0 [MOCJIELHEH
bopMyibl.

JlykaceBHY4 MHOrOKpaTHO MOAYEPKHUEAET, 4TO B L mpHHUMAKOTCs
(10Ka3bIBAIOTCA) TOABKO oOle3HayuMble HOpMyJbi, T.€. GopMybl,
HCTHHHBIE U1 BCEX 3HAYEHHH, BCTPEYaAOUIUXCA B HUX MEPEMEHHbIX, a
B *L orGpacbiBatoTcst TObKO HeobuezHaunMble dGopmybl (ymeep-
HCOeHUus 0 Koppexmuocmu wucuucaeHuid L u *L), orkyma caeayer
YTBEPIKIEHHE O HECOEMECMUMOCMU METAITPeUKATOR 10Ka3yeMocTH' H
0oTOpackIBa€MOCTH:

{F:#Fy N{F.*F}=J

OaHako npM  J0Ka3aTelbCTBE YTBEPXKIACHHMH © KOPPEKTHOCTH
[1,§34] cH nonb3yercs nedAOHMUEBBIM TOHATHEM apHPMETHUECKOM
HUHTEPNPETALUH CHJUIOTUCTAYECKOTO f3blka (M COOTBETCTBYIOLIMM
MOHATHEM OOLLE3HAYMMOCTH), COTTACHO KOTOPOMY 3HAaUE€HUIAMH Mepe-
MEHHBIX TEPMHHOB SBJISIFOTCS Mapbl B3aWMHO MPOCThIX YMUCIE, a He
0OLlMe TEPMHHBI WIH KpYrH Dinepa (Mpou3BOJIbHbIE KJacChl MpeaMe-
TOB), Ha KOTOpbIE OH CCbLJIAETCA B CBS3U C OOCYXIEHUEM JIPYTrHX
npoOdJieM.

B [1, §33] Takke noka3aHO ymeepxcoeHue o OONOIHUMETbHOCMU
METATEOPETHUYECKUX MPEAMKATOB AOKA3yeMOCTH H OTOpachblBAEMOCTH:
mobas cwlordcTiyeckas (opmyna WK JoKazyeMa MM oTOpachl-
BaemMa B L, T.e.

{F #LF} () { F: *LF} = U,
rae U — MHOXECTBO BCeX CH/IOrMCTUYECKUX dopMyn. B nokazarenb-
CTBE MCMOOIb3YETCS CHIJIOTHCTUYECKAs BEpPCHUsi TEOPEMbl O KOHBIOHK-
THUBHOHW HOpMaJIbHOH dopMe. COrJIaCHO KOTOPOH Kark/1as CHJTOTMCTH-
yeckas Gopmyna 3dbdekTHBHBIM criocoOoM MoxeT ObIThb mnpeobpaso-
BaHA B PABHOCHJIbHYIO KOHDBIOHKLHIO HEKOTOPBIX AM3BIOHKLKH aTo-
MapHbIX Gopmy.1, U aasiee 4714 JIIOOOH TaKOH JH3BIOHKLIMHK Orpeaes-
eTcs Tawke 3¢ beKTHBHAA Mpolleypa HAXOXKIESHHS €€ JOKa3aTe/lbCTBa
unu otOpacwiBaHus B L. M3 yTBepkaeHUS O NOMOJHUTENBHOCTH CJle-

nymn

t
ﬂﬂﬂ MpeariKkaTa A0Ka3yeMOCTH UCTT01b3YEM CHMBUIT

94



AYOT noanoma vucuucieduit L w *L: ecau F — dopmyna, obuiesHauu-
Mas B apudmMeruyeckoit cemantuke Jlelibuuua, To #_ F, B npoTuBHOM
cnyuae, * | F. U3 sddextuBHOCTH O0OKa3aTenbCTBA YTBEPXKIACHUS O
JOTOJIHUTENBHOCTH COBMECTHO € YTBEPHKIEHUEM O KOPPEKTHOCTH Clie-
AYeT paszpeuumocms hpobiemvl obwesnauumocmu B JIEHOHULIEBOM
CMBICJIE.

bonee ectecTBeHHYIO JOrHYECKyrO CEMaHTHKY JIykaceBUY MHTYH-
TUBHO MOApa3yMeBasl, OJHAKO €€ SBHO HCIMOJIb30BAT TOALKO (PparMeH-
TapHO NMpH 00CY)KNEHUHM YacTHBIX Mpodem [1, ¢.155-157]. Cnyneuxui
B Oosiee paHHeil paborte (B Hel Joka3aHbl BCE MepeUyUCIeHHbIE pe3yJib-
TaTbl B KAYECTBE OTBETOB HA MoOcTasjieHHbIe JlykaceBHueM npobieMbl)
onupaeTcss UMEHHO Ha TaKyH) CEMaHTHUKY — Ha UHTEpNpeTaLuo CUILIo-
FMCTUYECKOTO sI3biKa, B KOTOPOIl 3HAUEHUSIMU TIEPEMEHHBIX SBJAIOTCA
HemycThle Kjacchl npeameTos {4, ¢.293-295].

B HacToseit pabore npeanaraiorcs conpspkeHHsle ¢ Sl, Sm u B
dopmaibHble aKCHOMATHUYECKHE CHCTEMbI OTOpackiBaeMbIX dopmyn
*Sl, *Sm u *B u ni1g HUX J0Ka3bIBalOTCA aHAIOTU BCeX ChOpMYHUpo-
BaHHBIX BbIlle MeTaTeopeMm 00 L u * L, npu 3Tom, Bo3Bpaluasch K noj-
xoay Cnyneuxoro, B KaueCTBE CEMaHTHYECKOH OCHOBBI OepyTcs MOHA-
TUS HWHTEprNpeTauuMyd C KjlaccaMu MpEAMETOB B KaueCTBE 3HAYEHUH
nepeMeHHbIX.

ook

YnopsanoueHHas napa (D, f) HassiBaetcs Sm-, L-, B-unmepnpema-
yuet, a ynopsaodyeHdas tpoiika (D, R, f) — Sl-unmepnpemayueu sa3vixa
NO3UTUBHON CHUJIJIOTMCTHKH, ecii D — npou3BOJIbHOE HEMYCTOE MHO-
xecTBO, R — OuHapHoe otHowenne Ha D (R < D x D), a f — o3Hauu-
Barolas GyHKUMS, oToOpaxaroulas MHOXECTBO TMEPEMEHHBIX TEPMHU-
HOB CHJUIOFMCTUYECKOrO A3bika 1) B MHOYKECTBO BCEX MOAMHOMXECTB
MHoxkecTtBa D (B ciiyyae Sm-, L-, B-uHTepripeTalinii) U 2) B MHOXECTBO
BCEX HEIMYyCThIX MOAMHOXECTB MHOXkecTBa D (B ciyuae L-uHTEpnpeTa-
uun). B 1ro6oit untepripetaunu [ kaxaoi cusitorucruueckon popmyie
MPUIHUCLIBAETCSA OJHO W3 ABYX MUCTHHHOCTHBIX 3HavyeHu# (M, JI), onpe-
JaefnseMoe WHAYKTHBHO MO MOCTPOEHUIO GOopMyJibl. basucHvivu NyHK-
mamu onpeaeseHus ABISIOTCA:

B L- u B-unrepnperauusx B Sm-UHTepnpeTaurax
I(SaP)=U e.1.e. {(S) c {(P), f(S) = @ n {(S) < {(P),
I1(SeP)=H e.1.e. f(S) Nf(P)=, {(S) Nf(P)=4,

[(SiP) =H e.1.e. f(S) Nf(P) #J, {(S) Nf(P) I,
I[(SoP)=H e.T.e. f(S)-f(P)#J, f(S)= unuf(S) - f{(P) = &;

B Sl-uHTEepnperaumax

95



f(S) = D u f(S) < f(P) u V(x€f(S) => Iy(yef(P) u xRy)),

f(S) N1(P) = @ uan V.V (xef(S) n yef(F) = ~xRy 1 ~yRx),
f(S) Nf(P) # D n 3,3,(xef(S) n yef(P) (xRy uin yRx)),

f(S) = @ uau f(S) - {(P) = & nnu 3,(xef(S) u ¥V, (yf(P) = xRy).

(MHAYKTHBHbBIE MYyHKTbl GOPMYJTHPYIOTCSA B COOTBETCTBMHM ¢ TabaMLUaMH
MCTHUHHOCTH [J1S MPONO3ULUMOHANIbHBIX CBSA30K). IToHsaTus (Sl-, Sm-, L-
1 B-) 00Lue3HauMMOCTH U BBINOTHUMOCKTH ONPEEsAIOTCS OOLIUHbIM
o6pazom’.

(I) Ymesepowcoenue o koppexkmnocmu: moéas dokazyemas 6 Sl, Sm,
L, B poprmyra coomsemcmeaenno seasemes: Sl-, Sm-, L-, B- obwyesna-
yyvou (JErko 10Ka3bIBae€TCs MHAYKLUMEH MO JJUHE A0Ka3aTeslbCTBa
dbopmy).

B nanbHellieM KOHBIOHKUHIO K (COOTBETCTBEHHO, MH3BIOHKLIMIO
D) cunnoructuueckux atoMoB (Mpocmyro KOHBIOHKYUIO, NPOCMVIO
ousvionkyuio) OyaemM paccMaTpUBaTh Kak MHOXECTBO BCEX €€ pas/ihu-
HbIX aTOMAPHBIX YJIEHOB M MNPUMEHSTh CCOTBETCTBYHOUIHE TEOPETHKO-
MHOKECTBEHHbIE TOHATHSI.

Amoym A Hazvieaemea BCS-evieo0uvbiv 13 npocmol KOHBIOHKYUU
K (cumBonunuecku, K#-A), ecau cyluecTByeT KOHeuyHas MOCiea0Ba-
TeJLHOCTL aTOMOB A, ..., A, Takas, 4To A = A, ¥ KOX/IblH 4JeH 3TOH
MoCJIEJ0BATENBHOCTH A, YOBIETBOPSET CAEAYIOLIEMY YCIOBUIO: 1) A;
e K, uamn cywectBytoT h U j<i Takue, yTo AyA A; = A; nonyuvaercs
NoACTaHOBKOW 2) W3 akcuoMbl 4 (Barbara), unu 3) u3 akcMoMbl 3
(Celarent), unu 4) cylecTtByeT j<iI Takoe, YTO Aj D A; nojy4aercs noa-
CTaHOBKOH M3 akCcHOMBI | (conversio simplex e - cy>xaeHus).

[poctas xoubroHkuMs K HazbiBaercss BCS-3aMkHyTO# (KOpPOTKO,
3aMkHyTOH), ecnu {A: K # - A} < K u, cnegopartensvHo, ecnvu K = {A:
K# - A}. M3 sTOro onpeaeneHUss HENOCPEACTBEHHO ciedyeT, uto K
siBAsieTcss BCS-3aMKHYTOM, €cii M TOJIBKO €Cly A/ JH00BIX NMepeMeH-
HbIX S, M 1 P Boinonustorest yenousi: 1) ecnu MaP, SaM € K, to SaP
€ K; 2) ecniu MeP, SaM € K, 10 SeP € K; 3) eciu SeP € K, To PeS € K.

(I1) B rascoom u3 ucvucienuit Sl, Sm, L, B 014 nwobou npocmoi
konvionkyuu K cywyecmeyem eouncmeenHas 0OKA3YeMO-IKEUBUIEHM-

? COKHOCT 6a3HCHBIX NpaBWJl HICTUHHOCTH B CeMaHTHKe S| — cyuiecTBeHHast 0cobeH-
HOCTb 3TOTC MCYMCICHHUA. B oTaMuMe oT Apyrux paccMarpuBaeMbIX HAMH CHIIOIH-
CTHYECKHX CHCTeM, i S| HEBO3MOXKHO HAlTH alc¢KBaTHYIO MHTEPIIPETALMIO CHILIO-
THCTHYECKHMX aTOMOB B HCUMCJIEHUM OAHOMECTHb'X NMPEAMKATOR MEpPBOro Iopsaka
(Pr'"), uupivu cioBamu, He cymecTByeT pyHKumu. norpyxaroweit Sl B PrtY). Jleno B
TOM, 4TO HEDKBUBAJIEHTHBIX B S| popMy ¢ n > | nepeMeHHbIMH TEpMHHAMU 00:1bLIE,
yeM HedKBUBAIEHTHBIX B Pr')) dopMyn ¢ n nepeMeHHBIMH 113 OHOMECTHBIX MPeaH-
KaToB U 0e3 CBOOOAHLIX MHAMBUAHLIX NepeMeHHbIx [2,¢.11-18]. [3,c.29-34].
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Has ell 3AMKHYMAs NPOCMAs KOHBbIOHKYUS, Komopyio 6y0em Ha3bleams
BCS-3aubikanuem K u 0603Hauath yepes K°.

"Boite BCS-BbIBOAUMBIM U3", "ObITb 3aMKHYTBIM", "OBITb 3aMbIKa-
HueM" aBnsoTCs 3GHEKTUBHO MPOBEPAEMbIMH MOHATHAMMH.
Hecosmecmumbimu amomamu Ha3blBAIOTCH:
B SI: 1) SaP u SeP, 2) SaP u SoP, 3) SeP u S1P;
B Sm: 1), 2), 3), 4) SeS u SaP, 5) SeS u SiP, 6) SeS u P1§,
7) SoS u SaP, 8) SoS u PaS, 9) SoS u SiP, 10) SoS u PiS;
BL: 1),2),3),11)SeS, 12) SoS;
BB: 2),3),5),6),12), 13) SeS u SoP
(rne S u P — npoH3BONBHbBIE MEPEMEHHDIE).
[Tpoctas konbvloHkuMs K HaspiBaetcs Sl-, Sm-, L-, B-npomusope-

yusoii, ecnu K coiep)kMT HECOBMECTHMbIE, COOTBETCTBEHHO, B S, B
Sm, B L, B B aToMBl.

(Il) Ocnoenas remma. Ipocmas konwvronxyus K (Sl-, Sm-, L-, B-)
8blnONHUMA, ecau u moavko ecau K ne sensemcs (coomeemcmeeHHo,
Sl-, Sm-, L-, B-) npomusopeuusoii.

[Ipsimas yacTh JleMMbl J0Ka3bIBA€TCH JIETKO: B KAKAOM M3 HalIUX
UCYHUCJIEHUWH N0Ka3yeMO OTpULIaHHE KOHBIOHKLHUH HECOBMECTHMBIX B
HEM aTOMOB, OTKyJa cjieAyeT A0Ka3yeMOCTh Takke M —K, a B cuiy
YTBEPXKAEHHUS O KOPPEKTHOCTH, HeBbiNoaHUMOCTh K, rae K — nporuso-
pe4HrBas Nnpocras KOHbIOHKLUHA.

O6paTHoe clieOBaHHE J0Ka3biBAETCA NOCTpoeHHeM Moaenu s K°
¢ HenpoTtuBope4yuBbIM K. CooTBeTcTByIOUIas MHTEPIPETALIMA Ofpee-
JiseTCs ClIeAYIOLHUM 00pa3oM.

[Tycts P = {Py, ..., P,} — cniHcok Bcex nepeMeHHbIX, 3aHUMaroLIUX
B K° 5k3uCcTEeHUMANBbHYIO nozuumnto’, F = {A,, ..., An} — CITHCOK Bcex i-
atomoB, a G = {B,, ..., B;} — cnncok Bcex 0-aToMoB, Bxoasanx B K°
[onoxum: D° ={0, 1, ..., n, n+1, ..., n+m}, ecnu onpenensercs Sl-,
Sm- wnu L-uHTepnperaums, u D’ ={0, n+1, ..., n+m, n+m+l}, ecnu
onpenenserca B-unrepnperauus.

Kaxxno# nepemenHo# P conoctaBUM HEKOTOPOE MHOXKECTBO

m (P) c D*:
1) ecnu Pe P,i—ee Homep B P, A, ..., Aj,, — BCE aTOMbI U3 CITUCKa
F, conepxaiyue nepeMerHyto P, a By, ..., By, — Bce aToMbI U3 cniu-

cka G, conepxaiuue P B kauectBe cyovekra, To m(P) = {i, ntj,,

ceey

[lycte K - 3amkHyTas NpocTas KOHBIOHKLMA, L-3K3HCTEHUMAIBbHYIO MO3HLIHIO
3anuMaloT B K Bce nepemenHsie, Becrpevaouuecs B K; Sl- 1 Sm-3k3ucTeHIMANBHYIO
NO3KMLHMIKD 3aHKMMalOT B K TOJIBKO MepeMEeHHbIE, COAEPKALUMECS B YTBEPAHTENbHBIX
atomax u3 K; u nakoHel, B-3k3ucTeHUMATBLHYIO NO3MLMIO 3aHHMaeT B K nepeMeHHas
P, ecau aas Hexotoporo S B K Bxoaut 1) SiP unu PiS, unu 2) SoP, unn 3) MaP ¢
takoit M, uto K conepxxut MiS, SiM uan MoS.

4. Toruucckue ucchcnosanus. Boin. 8 97



n+jy}, ecau onpeaensercs Sl-, Sm- unn L-untepripetaums, u m(P)
= {n=j;, .., ntj, ntm+ly, ..., n+m+ly}, ecim onpenenserca B-
UHTEpIpeTaLus;

2) ecaun Pg P, o m(P) = &, ecnu onpenensierca Sl-, Sm- wiu B-
HHTepnperauuns, u m(P) = {0}, ecnu onpexenserca L-untepnpera-

M.
[TonosxkuM, uro ans modoi nepemennoit P °(P)= m(P) U m(S,) u
... wm(S,), rae S;aP, ..., S;aP — Bce atomsl, Bxosiiuue B K ¢ P B kaue-

CTBe MpeauKara.

Onpenenaum R®: 1) ecnu SaPeK®, a i — Homep nepemenHoit P B P,
To s nrbdoro kef(s) kRei; 2) ecnu SiPekK, a k v i aBagioTca HoMe-
pamu S u P B cniucke P, To kR°1.

(D°,£°), (D°,R°,{°) sABAAKCTCS UCKOMBIMH HHTEPIPETALHAMM.

HUcnonb3ys AH3BIOHKTUBHYIO HOPMATbHYKO GOPMY CHIJIOIMCTHYE-
CKUX (OpMYJl, B KOTOPOH 3NTHMHUHUPOBAHbI BCE OTPHUL@HHUA HA OCHOBE
3aKOHOB KOHTPAAHUKTOPHOCTH (aKCHOMBI 2 U 3), U3 OCHOBHOH JIEMMbI
JIETKO MOHO BBIBECTH meopemsl HOAHOMbL JJ1 KaXK10TO M3 HCUMCIIe-
Huit SI; Sm, L, B; oanako mMbi Oyaem cnenoBath riaHy JlykaceBuya.

% %k sk

Hcuucnenus ordbpacsiBacMbix dopmy.l *Si, *Sm u *B Haacrpawu-
BAlOTCA B Pa3bACHEHHOM Bblili€ CMbIC/IE HAa COOTBETCTBYIOLIHME UCUHC-
nenus Sl, Sm u B. McxoaHsiMu npaBuiaMu BbIBOAa B MCUMCIEHHSX
*SI, *Sm u *B spastoTcs Te ke, uto B *L — oOpaTHast MojcTaHOBKA,
OTJEJIEHHE KOHCEKBEHTa W npaBuao ClyreuxKoro, OJHAKO Ha rnocle-
Hee B *B Hanaraercs oonoarumenvbHoe o’panuueHue: OTpUUATEbHbIE
atoMbl A U B ¥ npoctas ausvioHkuusa D takosbl, yTO eciu A unu B
uMeeT BUI SOP, To apyroit U3 HUX He ecTh HU 1) SeS, Hu 2) MeS unu
SeM c¢ Takoit nepemenHoit M, uto SaM €(D")°, Hu 3) MeN ¢ Takumu
M u N, yto SaM €(D’)" u SaN &(D")". rae D’ CWIIOrHCTHYECKOE
otpuuanue D*.

AKCHOMBI OTOpachiBaHUS:
*Sm:  *11. PaM A SaM > SiP,
*12. SaS o PiP:
*Sl: *13. (SaS A MaM A PaP) o (PaM A SaM o SiP),

! [lycte F - cunnoructuyeckas ¢opMmyna, He colepkalias OTIMYHBIX OT A H V
NpONoO3HUMOHANBHBIX CBA30K. DopMyny, koTOopas mosyvaetrcs uz F 3ameHoit B Hei
BCEX CUMBONIOB "A" U "V" cuMBONaMH "v" U "A", COOTBETCTBEHHO, M KaX10r0 aToMa
KOHTPAIUKTOPHBIM aTOMOM, OyneM Ha3blBaTh CHIIJOTHCTHYECKUM OTpuliaHWeM F u
obo3navats uepes F'. OueBnano. yto F’ pgokazvemo-3kBuBaneHTHa ¢dopmyne —F.
CunnorucTHyeckoe OTpPHUIIAHUE [IPOCTOM IU3IBICHKUMM (KOHBIOHKUHH) SBJSETCH

MPOCTOH KOHBIOHKUMEH (U3 BIOHKIINEH).
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*14. PaS o (SaS o PiP),
*15. (SaP A PaP) o (MaS A MaM o SaS);
*B:*16. (PiP A SiS) o (PaM A SaM O SiP),
*17. SiS o PiP
(noHsaTHs otOpackiBaHUs U oTOpackiBaeMoi OpPMYJIbl ONpPEAEAAIOTCS
TOYHO TakK, Kak B *L).

B nanbHelileM cylecTBEHHO UCNOJB3YIOTCA ClleyIoLue CBOMUCTBA
BCS-BriBOauMocTH (ripu 5ToM A U B — oTpuuarenbHbie aTombl, C —
aTtoMm, a K — npou3BosibHas rnpocras KOHbIOHKIHA):

(IV.1) K#:SeS, ecnu ¢ Tonbko ecnu 1) SeS € K, unu 2) MeS € K
v SeM e K ¢ takoii nepemenHoit M, uto K#:SaM, wiu 3) MeN € K
¢ TakuMu M u N, uto K#-SaM u K#-SaN;

(IV.2) AABAK #C, ecau u tonbko ecnu AAK#-C unn BA K #:C
(npu yrBepauTesibHOM C MpaByro 4acTh PABHOCHILHOCTH MOXKHO YCH-
auth g0 K #-C);

(IV.3) AABAK sBnsercs npoTUBOpPEYMBOMH, €CIH H TONBKO €CJ/IH
nporusopeunBoit asasgercs AAK v BAK (B cayuae B-npoTuBopeuu-
BOCTH A, B n K nomxHbI y10BIETBOPATH TaKOKe ClAEAYyIOLIEMY AOMNOJI-
HUTEILHOMY Ycl0BUIO: ecid A unu B umeer Bua SoP, to apyroit u3
HUX He ecTb HU 1) SeS, Hu 2) MeS unu SeM ¢ Takoit M, uto SaMe K°,
Hu 3) MeN ¢ takumu M u N, uto SaMe K® u SaNe K°).

(V) Vmesepowcoenue o koppexmnocmu. arobas ombpaceieaemasn 6 Sl,
6 Sm, ¢ L, 6 B ¢popmyna coomeemecmeenno ssisemcs Sl-, Sm-, L-, B-
onposepxcumon (10Ka3bIBA€TCA MUHAYKLHEH Mo AnuHE OTOpachiBaHHUs
dbopmyn).

JlokaxxeMm ToJIbKO KOppeKTHOCTh npasuia Cnyneukoro. ITycts A u
B — oTpuuarenbHbie atombl, D — IU3BIOHKIIHA aTOMOB, KOTOpbIE B Cl1y-
4yae HUCYHUCIIEHUs *B yaoBAeTBOPAIOT AOMNOJHHTEIBHOMY YCJIOBHIO, W
MpeAnoNI0XHM, YTO OMPOBEPKHUMbBIMU ABJISKOTCA:

(HADD wu (2) BoD;

TOrAa BbIMOJIHUMBI X oTpuuaHus (3) AAD™ u (4) BAD', Ho Torpa B
CHJ1y OCHOBHOH JiemMMBl (3) U (4) He ABAsAIOTCS NMPOTUBOPEUMBBLIMHU, a B
cuny (IV.3) He aBnserca npotuBopeunBoi Takxke (5) AABAD; nenonb-
3ysl OMATh OCHOBHYIO JIEMMY, 3aKjtouaeM, uto (5) BbIMOIHKUMA H, Cle-
AOBAaTEbHO, OMPOBEPKUMO €€ OTPHULIAHHE.

(6) AABDD.

N3 yTtBepkaeHuit o koppektHocTH (1) u (V) cieayer HecoBMeCTH-
MOCTb METaNnpeauKaToB J0Ka3yeMOCTH U OTOpachiBAEMOCTH U1l KaxK-
Joro u3 ucuuciaenui Sl, Sm, L, B:

{F: #F} N{F: #F}=C.

B kaxaom u3 ucumcienuit *Sl, *Sm, *L u *B MoxHO 06061yums
npaguiro Cayneyxkoeo cieayroumm obpasoM: eciu Ay, ..., A, — OTpH-
LaTeabHble aTOMbI, @ D — npou3Bo/ibHAasA AU3BIOHKLUA aTOMOB, TO
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ecau *A oD, ..., *A.2oD, mo *AA ... AA,DD,

MPH 3TOM, B CJIy4yae UCYHCIeHHA *B, ¢popmyasl A, ..., A,, D yaosie-
TBOPAIOT ,10MOJHUTEILHOMY O00O0OIIEHHOMY YCIOBHIO: IS KaXKa0ro
aroma A;(1<1 < n), ecnu A; umeet Bua SoP, To Hukako#i apyro#t atom
U3 Ai, ..., A, He ecTb HU 1) SeS, uu 2) MeS uau SeM c¢ Takoii nepe-
meHHOW M, uto SaMe(D)", nu 3) MeN ¢ TakumMu M u N, uro
SaMe(D)" u SaNe(D’')". KoppekrHocTh 060011eHHA [A0Ka3bIBAETCH
MHAYKUHE 1o n (n>2); B ciy4yae UCUHUCIEHUs *B ciejxyetr npuMeHuTh
cBoicTBO (I1V.2) ¢ yCHI€HHOV NpaBOH 4acTblO.

* %k Xk

(V1) Jlobas ousvioukyusi amomoe D e kaxcoom uz paccmampugae-
muix ucuuwctenu Sl, Sm, L, B wiwu corazvieaemcs, wiu omopa-
CblBAEMCA.

Jloka3zaTenbCcTBO pa3o0bbev Ha YacTH.

(VI.1) D cocmoum moavro uz ymeepoumeivnuvix amomos. Toraa D
1) orbpacsiBaercs B Sl; 2) otOpackiBaetrcsd B Sm; 3) nokasyema B L,
ecnin D conepkut atombl Buaa SaS uau SiS, v orOpacwiBaema B L B
NMPOTUBHOM ciydae; 4) nokazyema B B, ecin D coaepxut atomMbl BHaa
SaS, unu atomel BUaa SiS v SaP (¢ ogHoV U TOM ke MnepeMeHHOM S), H
otbpachiBaeTcs B B B npoTHBRHOM cllyyae.

JlokazarenbcTBO. JIByWIieHHble AW3BIOHKLHMH, YAOBJIETBOPAIOLLHE
yKa3aHHbIM YC/IOBHSM, B Ka<[OM Cllydae OTOpachlBarOTCA, COOTBETCT-
BEHHO, C MOMOLLbIO CJIEAYIOLIMX OTOpackiBaeMblX GOpMY.JI:

B SIuSm: SiS, BL :SiP

8 B : S1S, SaP, Si1SvPaS, SiPvPaS, SaPvPaS.

Ecnau n-uneHHas au3bloHKUMS A v ... v A, v A, YA0OBJIETBOpPAET
yKa3aHHbIM YCJOBHMSM, TO KaxJas M3 CJIEAYIOLUX €€ [ABYY.JIEHHbIX
NOAAU3BKOHKLHH

AVA,, ..., AivVAL, Te. AiDAL, ..., ALLiDA,
TAKXKE YIOBJECTBOPSET yKa3aHHbIM YCJIOBHSIM M OHM OTOpachbiBaloTCH;
HO TOraa B Kaxaom ciaydae A;v ... v A, v A, orOpacbiBaercs ¢

MOMOILIBbIO COOTBETCTBYIOWEr0 000b1eHEoro npabuna Ciayneuxkoro (B
caydae *B cneayer yuects, 410 A, (=(A,)°) sBAseTCS OTPHLIATENbHbBIM
aTOMOM).

(VL2) D cocmoum moavko uz ompuyameivnvlx amomos. Torna
AU3bOHKLIMA D oTOpackiBaercs B KaXKAOM M3 HalWX McYHcIeHHH *Sl,
*Sm *L, *B. B camowm nene, nyctb D° no:tyuaercsa u3 D noacTaHOBKOH
S BMECTO BCeX APYrHX MPeMeHHbIX, Bxoadwux B D. MoxHo nokasars,

YyTo
#D°>SeSvSoSu *SeSv SoS
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B K&XIOM M3 HaWMX HcyucieHuid. Ho u3 atux dopmyn ¢ nomouibio
modus tollens u o6paTHol noacTaHoBKHM MosryyaeM otOpacsiBanue s D.

(V1.3) D cocmoum monvko uz ompuyamenonvix amomos u eOuHcm-
seHno20 ymeepoumeavnoco amoma C. Kaxaasg Takas JU3BIOHKLKS
JI0Ka3yeMO-2KBHBaJIEHTHA HEKOTOPOM uMIuiMkauMuu ADC, roe A —
BCS-3aMKkHyTass KOHBIOHKUHs YTBEPAMTENbHBIX aTOMOB (ecau D, ...,
Dy — Bce oTpuuaTenbHble aTOMbI, BXoadiHe B D, To A = (D'} A ... A
D".)%). ins nokasaTenbcTBa npucnocobumM metos Jlykacesuua, npume-
HAEMbIH MM B aHanoruyHo curyauuu [l, c.180-183]. PaccMoTpum
CJIyuaHu:

(1) Ce A;torna# A D C B kaxkaom u3 vcuucienuu S, Sm, L u B.
(2) Ce A:

(2.1) C nmeer Bua SaS; torna A > C 1) nokazyema B L; 2) noka-
3yema B B; 3) nokazyema B Sm, eciiu nepemenHas S Bcrpeuaercs B A, U
oTtOpachiBaeMa B Sm, B MPOTHBHOM ciyuae; 4) orOpackiBaema B Sl.
Hokaxxem (2.1) Tonpko B yacTH otOpackiBaHus. Sm: nycte B o C
noay4yaerca u3 A O C noacTaHOBKOU nepeMeHHoi P, oTiinuHoMH oT S,
BMECTO BCEX MEPEMEHHBIX, BXOJALIMX B A, Torna HauyuHas ¢ Gopmy
# PiIP > B u * PiP = SaS ¢ nomouubto modus tollens u o6paTtHoii noa-
CTaHOBKM oTOpackiBaeM A DC:

(a)#PIP>B

(b) # (B o SaS) o (PiP o SaS)((a), PC)

(c) * PiP o SaS

(d) * B> SaS ((b), (¢), modus tolleus)

(e) * A > SaS ((d), o6bpaTHas nmoacTaHOBKA).

Sl: mycte BOC nonyuaercs u3 ADC noacraHoBKaMu NEpeMEHHOMH
P, otnnuHO# OT S, BMeCcTO Bcex Takux nepeMeHHbix M, yto SaMeA u,
nanee, nepeMeHHo M, otnuyHol ot S U P, BMeCTO Bcex OCTaibHBIX
nepeMeHHbIX. JIerko nokasare, 4To

# SaP A PaP A MaS A MaM o B,
* SaP A PaP A MaS A MaM o SaS.

Onupasch Ha HUX MOXXHO oTOpocuTh A D C TOYHO TakK, Kak B Ipe-
AbIAYLLEM CilyYae.

(2.2) C umeet Bua SiS; Torna: A>C 1) nokasyema B L; 2) noka-
3yeMa B Sm, eciiu S BcTpevaeTcs B A, U orOpacbiBaeMa B Sm B mnpo-
TUBHOM cilyuae; 3) nqokaszyema B Sl, ecnid A coaepkut aToMm Buaa MaS
C HekoTOpbiM M, H oTOpackiBaeMa B Sl B MPOTMBHOM cCiyuac;
4) nokasyema B B, ecnu A cogepxkur aroMbl Buaa SiP, unu PiS, niu
MiP u MaS, unu PiM u MaS ¢ HekoTopoit nepemenHoit M, u otbpachl-
Baema B B B MpOTHUBHOM cilyyae.

JokasaTenbcTo (2.2) B yacTu orbpachiBaHusa. Sm: * ADC nonyya-
€TCA M3 COOTBETCTBYOLIEro noaciyyas (2.1) B cuily A0oKazyeMoH paB-
HocuabHocTH SiS=SaS. Jlanee, mycts BOC nonyyaeTcs noactaHoBKOM
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13 ADC nepeMeHHO# P(#£S) BMecTO Bcex nepeMeHHbIX, OTIHYHBIX OT S
(B cnyvae Sl) U nepemeHHO# S BMecTo Bcex Takux M, uto MaSe€A, u
nepeMeHHoil P (#S) BMecTO Bcex NEpeMEHHBbIX, OTIHYHBIX OT S.
Mo0KHO noKa3artk, 4YTO
e SIl:#SaPAPaP>>B, BB:#SaP A PiP > B,
* SaP A PaP o Si1S * SaP A P1P o Sis.

C nomouisto 3TUX hopMys MoxkHO oTOpocuTe ADC B Sl M B Tak,
KakK B MpeablAyUIHX Cay4asx.

(2.3) C umeer Bua SaP c paznuuHbiMu S 1 P. Torga ASC otbpachi-
BaeTCs B Ka)XKIIOM W3 pacCMaTpHBaeMbIX HCUHCIEHHH. B camom nene,
mycTts BoOC — pe3yabTar cienyromux noactaHorok B ADC: cnepBa Bece
Takde rnepeMeHHbie M, uto SaM € A, 3aMeHAIOTCS Ha S, a NMOTOM Bce
oT/IH4HbIEe T S U P nepemenHrie — HAa P. MkHO nokasaTb, 4TO

B Sl: # PaS A PaP A SaS OB
* PaS A PaP A SaS o SaP;
BSmulL: #PaS>B BB # PaS A P1P o B,
* PaS o SaP; * PaS A P1P o SaP;

B kaxiom noaciaydae ¢ nomolubto 3THX (opmyn orOpacbiBaeM
ADC Tak ke, KaK B MpeablayLIUX ciay4asx.

(2.4) C umeer Bua SiP. Torna A o C a) npokasyema B SI, Smu L,
ecnu A coaepkuT atoMbl BUaa 1) SaP, unu 2) PaS, wan 3) PiS, unu 4)
MaP u MaS, uau 5) MaP u SIM (uau MiS), unu 6) MiP (unu PiM) u
MaS, wnu 7) MaP, NaS 1 MiN (unu NiM) ans Hekotopbix M u N, u
orOpackiBaetea B Sl, Sm u L 8 npoTuBHOM ciydae; B) jJ0ka3yema B B,
eCnu A COJIEp)KUT aToMbl BUza 3), uian 5). Uua 6), UK 7) U3 yKa3aH-
HOro CIUCKa, U OTOpackIBaeTcd B MPOTHBHOM Cilydae.

OnaTh npHBeaeM TONbKO TY 4acTb [10Ka3aTeNbCTBA, KOTOpas Kaca-
erca otOpaceiBanus. [lycte BDC nonyudaercs w3 ADC noacraHoB-
KaMH: S BMECTO TakUX nepeMeHHbIX M, yto MaSeA, P BmecTo Takux
M, uto MaPe A u M BMecTO Bcex APYrUX MNEPEMEHHbIX, OTJIHYHBIX OT
S u P. MoHo noka3arb, 4TO

B SI: # SaS A PaP A MaM A SaM A PaM o B,

* SaS A PaP A MaM A SaM A PaM o S1P;

BSmu L: #5aM A PaM — B,

* 5aM A PaM o S1P;
B B: # SiS A PIP A PaM A SaM 5 B,
* SiS A PiP A PaM A SaM o SiP.

U3 3tux dopMys B KaxioM MOACIydYae MnojaydHaem OoTOpachiBaHHE
dopmysibl ADC Tak e, Kak B NMpeAblAyLIHX C/Tydasx.

(V1.4) D cocmoum u3z ompuyameivHbiX amomos u bOonee uyem
00H020 ymgepoumeavnbix amomos C, ..., Cy. Besikas Takas IH3bIOHK-
LMA 10Ka3VEMO-3KBUBAJIEHTHA CrleAytoller AU3bIOHKUMH UMIUIMKALIHA:

(ADCy) v... v (ADCy),
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rae A — onpenenseTcs Tak ke, Kak B npeablayluem ciy4dae. Ecnu xors
Obl nnst oaHoro i (1 <1 < k) ASC; nokazyema B KakoM-1HO0 U3 HCUHC-
nenuii S, Sm, L u B, 1o B cuny PC B TOM ke ucuucieHuu OyaeT noka-
3yemor U D. Ecnu ke ADC,; HegokaszyeMa HU U1 Kakoro i, Toraa B
cuny (VI.3) ADC, otOpacbiBaeMa Ans Kaxaoro i M, ¢jae10BaTeNbHO, B
cusy PC B ToM ke ucumciieHun orOpacbiBaeMbl
C'oA, .. .CDA".
B cayuae ucuucnenuir Sl, Sm u L ¢ noMouipio 0606uieHHoro npa-

Buna Cayneuxoro w3 3tux GopMyn nosyvaem, 4to oTtOpachiBaeTcs
TaKxke

CAA, L AC DA,

UTO 10KazyeMo-dkBUBaJIEHTHA D. B cnyuae ke ucuucnenus B B 3Toi
CUTYaUHH UMEIOTCS ABE pasHble BO3MOXKHOCTU. Ecnu s kakux-1moo i
uj (I<1, j<K) Ci umeer Bua SiS, a C; — sua SaP ¢ oanoii u Toit ke S,
T0 C' /A ...A C'yD A’ 1oKasyema M, cliefoBaTenbHO, aokasyema D. A
KOraa 3TO YCJIOBHE HE BBINOIHSAETCS, TaK Kak A" COCTOMT U3 OTpHLA-
TEJbHbIX aTOMOB, BbIMOJIHAETCA OrpaHU4MBAIOLIEe YCJIOBUE A/ NPH-
MEHEHHUS 00001eHHoro npasuna CRyneukoro U no 3ToMy npaBuily
3akstoyaeM, yto B B otOpackiBaercs Takke CiA... A C'yD A’ u, cie-
0BaTe/bHO, oTOpacbkiBaeTcs D.

(VII) YVmeepowcoenue o donoarnumenvnocmu: 1106as culiocucnuye-
ckas gopmyia 6 kaxcoom uz ucyucaenun Sl, Sm, L u B wiu dokazwisa-
emcs i omopacvléaemcs U, Takum obpazom,

{F: #F} U {F: #F} =U,
rae U — Bce MHOXKECTBO CH/JIOTHCTHUYECKUX (hOpMY.IL.

HokazatenbctBo. Ilycth DA ... A D, — noka3zyeMo-3kBUBaA/ICHTHAS
dopmyne F ee H.k.., B KOTOPO#H 3NMUMHUHHUPOBAHbI BCE OTPULIAHMSA
COrIacHO 3aKOHAaM KOHTpaaukTopHocTH (akcHomsbl 2 u 3). (VII) pocra-
TOYHO AOKa3aTb A1a Takux DA ... A D,. UMeloTca aBe BO3MOXKHOCTH:
1) nokaszyemsl Bce D; (1 < i < n); toraa, B cuny PC, nokasyema u Bcs
KOHbIOHKUMS DA ... A Dy, 2) HekoTopas D; He sBnsieTca 40Ka3zyeMoi;
toraa, nockonbky D, . D, npoctbie nu3btoHkuu4, B cuay (VI) orbpa-
cbiBaeTca D; u onsatb, B cuay PC, orOpacbiBaeTcs U BCS KOHBIOHKLHA
DA ... AD,.

N3 yTBepX)IOE€HHH O KOPEKTHOCTH W [OMOJHHUTE/NbHOCTH ClIeAYyeET
ROIHOMA KKIOTO 4IeHA Mmapbl CONMpsHKeHHbIX HcuucaeHuid (SI, *SI),
(Sm, *Sm), (L, *L) u (B. *B) orHocurensbHo Sl-, Sm-, L- u B-o0uue-
3HAYUMOCTH, COOTBETCTBEHHO, a TaKXKe pazpewumMocms 1N ITHX
MOHATHH 00LIE3HAYMMOCTH.
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H.M.Haropuurii

K BOIIPOCY O HEITPOTUBOPEYUUBOCTHU
KJIACCHUYECKOU ®OPMAJIBHOUN
APUOMETHKH"

Abstract. In this article a new proof of consistency of the classical formal
number theory is given. The proof is performed in the Kleene—Nelson style.

ITybnukyemas pabora TemaTH4yecKH CBsi3aHa ¢ JOKJaaamH [29] u
[30], mpouyMTaHHbIMM aBTOpPOM Ha KOHGbEpeHUMUAX, MOCBALEHHbIX
namatd B.A.CmupHoBa. U3naraembiii B Heli pe3ysibTaT, 110 CYTH Jea,
MOABOMUT MTOI aBTOPCKUM HCCJIE€IOBAHUSAM, HAYaBLIMMCS €Lle B XOI€
€ro y4actus B padoTe ceMHHapa M0 KJIMHUEBCKON peau3yeMOCTHOM
CEMaHTHKE, OpraHU30BaHHOro WM B BbruucaurtensHoM ueHtpe AH
CCCP Bo BTOpOi#i nonoBuHe 50-X rogo0B MPOLIOro CTOJETHS.

3HauuTeNbHAss YacTb BTOPOr0 M3 AaHHbIX MOKIANO0B MOCBSALLEHA
UCTOPHUH 3TOr0 CEMHHAapa, YYaCTHUKAMMU KOTOPOro ObUIM MOJY4YeHbI
3aMeyvaTeslbHble pe3y/ibTaThl U NMPOaHAIM3UPOBAHbI TPYAHEHIIHE, U 10
CHX [Op OCTaroLIMECs HepeweHHbIMU mpobnembl. UTo ke Kkacaercs
MEPBOro U3 HUX, OMyOJHKOBAHHOrO B MaTepUaiax KOHPEPEeHUHH KL
B BHJE KpPaTKWX TE3UCOB, TO JaHHas paboTa npeacTasiiseT cobok pac-
IUUpEHHYO ero Bepcuro. OCHOBOH A1 Hee MOCAY>KUJI MaTepual, B
CBOE BpeMs M3JaHHbIH HEOOJbLUUM THpaXXoM B BUae Opolutopbl [28],
CTaBLIEH HbIHE MPAKTUUECKH HENOCTYNMHOH. BBuAYy ckazaHHOro MHe
MpPeACTaBUIOCH LiesiecooOpa3HbIM OMyOaMKOBATh 3TOT MaTepHan MoB-
TOPHO, BHECS B HEro HEOOXOAHWMbIE MOMPABKH U U3MEHEHMS, a TaKKe
CHab/MUB OT/EeIbHbIE PACCYKACHHS NOMOJIHUTENLHON apryMeHTalMex.

1. Ilpobnema ycTaHOBIEHUS HEMPOTUBOPEUUBOCTHU apUDMETHKH, TO
€CTb “YUCTON” — HEAHATUTUUYECKON — TEOPUH YMCENl, OKa3zasrach B LIEH-
Tpe BHUMaHUS TUILOEPTOBCKOU meopuu Ookazamenbcms, — YacTo
Ha3bIBaEMOMN TakKXKe mMemamamemamukou, — ¢ MOMEHTa 3apOoKAECHHUS
3ToH Teopud. M xoTa BnocnenctBuu Onvxkallivi cotpyaHuk ['vmb-
6epta Il.bepHaiic BbiCKka3biBa71 MHEHHE, YTO «OKOHYATEbHbIH MPHIo-
BOp cyab0e TeOpHH [0Ka3aTe/SbCTB MOMET BBIHECTH JIMWIb PELIEHUE
3a/1a4u YCTAHOBJIEHUs HeNpoTuBOpeunBocTH awanuza» ([1], c. 13),
nepBoit no 3ambicay ['HabbepTa “npoBepky Ha HEMPOTHBOPEYHBOCTD
no/hkHa Oblna NpoHTH apugmemuka, «3T0 YACTENLLIEE, — MO €rO BbIpa-
YKEHHUIO, — U HaWBHellllee UTA YenoBeueckoro ayxa» ([2], c. 434).

" PaGota BBINOIHEHA npu YacTH4yHOM nompiepxke PO®HU, rpant Ne 01-06-80142.

105



B paccMmarpuBaeMoil cutyauuu @opmciavHas cucmema apudme-
THKY MbIcaunack [ uapdepTom Kak COeIHHEHHE 3aMUCaHHON Ha CreLH-
a/IbHO 18 3TOH ueu pa3spaboraHHOM gopmarsHoM “IOTUKO-apHdMe-
THYECKOM SI3bIKe’ BEPCUH He@OopMAanbHOU TEOPETUKO-MHOXKECTBEHHOMN
AKCUOMATHKH HATVPAIbHOIO psk4a, paHee MNOCTPOEHHOH B Tpyaax
Ileano n [denekuuna, ¢ “kiaccuyeckoi” apHCTOTEEBCKON JOrHKOH B
BUJIE KIACCUYECKO2O UCYUCTEeH A npeouxkamog. Kak U3BeCTHO, CylUecT-
BEHHOW 4EPTON 3TOH JIOTMKH SBASETCA Ha/M4Me B HEH Tak Ha3blBae-
MOrO 30KOHA UCKTIOYEHHO20 Nlpemve2o, YTO BJEYET 3a coboit momyc-
THUMOCTb J10Ka3aTeJIbCTB Memodom “‘om npomueHo20’ W, KaK CJeAcT-
BHE, HEKOHCTPYKTHBHOCTb MOHATHH Kak caMoW apHMETHKH, Tak H
Bcex OasupyrolMXxcs Ha Hell MaTeMaTHYEeCKHX TEOpPHA (M B MEPBYIO
ouepelb — MaTEMaTHUYECKOTO aHAIU3A).

HcTopudeckn Teopus OokazaTenbcTB pa3pabartbiBaiach [ Hiabbep-
TOM KakK CpeACTBO, HaUENEHHOE Ha MpeofosieHHe mpyonocmet, oOHa-
PY>XUBLUHXCS B TEOPETHKO-MHOKECTBEHHOH nporpamme KaHtopa yxe
Ha HauyaJbHOM 3Tarne ee peanu3auud. OCoOOCHHO TAXKENOE BIEYATIEHHE
Ha HEro, Kak ¥ Ha MHOTUX IPYTHX MaTeMaTHKOB, MPOH3BEJIO OTKPbITHE
B Hell Tak HasbiBaeMbIX “awniunomuir’” (“napadoxcoé”) TeOpHUH MHO-
KecTB', B 0coBeHHOCTH “mapamokca Paccena”. «llepen AMuUOM 3THX
napagoKCcoOB HAJO0 COTJIACUTBCS, — MHCAJl OH, — UTO MOJI0KEHHE, B KOTO-
pOM Mbl NpedbiBa€M ceHyac, Ha UIMTENbHOE BpPEMsA HEBBIHOCHUMO.
ITonymaiite: B MaTemaTHke, — 3TOM o0pa3iie HaAeXHOCTH 4 UCTHHHO-
CTH, — MOHSITHA U YMO3aK/IHOUYEHHS, KaK UX BCIKHI H3ydaeT, npenoaaer
¥ NPUMEHSAET, NPUBOIAT K HenenocTsaM. [j1e ke Toraa uckarb Haaex-
HOCTb M HMCTHHHOCTb, €CJIM /laXKe CaMO MaTeMaTHYeCKOe MbliIEHHE
naetr oceuky?» (|2], c. 438). Teopuu r0kaszatensctB [ uabbeprom
OTBOAMWIACK TaKXKe POJb MPOTHBOBECA TOM KpUTHKE, KOTOpoil bpayap ¢
6osiee OOILMX MO3ULMHA, HE OrpaHUYMBAACH OJHOW JHLB NpobiaeMoi
AHTUHOMMIH, NMOABEPT TEOPHIO MHOXKECTB B LIEJIOM.

AnbTepHaTHBHas nporpavma bpayspa, — ero uwmmyuyuonusm, —
npeioxkH.1a BO3BOAWTL MAaTEMAaTHKY Ha 0a3ze Tak Ha3bIBAEMBIX yMCHI-
BEHHbIX MamMeMamuyeckux nocmpoeruil, U bpayap ybeaurtenbHo noka-
3a1 [3], 4TO MpU PacCMOTPEHHM ITHX MOCIEAHHX TpeOyercs rnpume-
HATb 0COOYI0, UHMYUYUOHUCICKYIO, TIOTHKY, B KOTOPOMH, B 4aCTHOCTH,
HH ‘‘3aKOH HMCKJIKOYEHHOTO TpeThero”’, HH ‘“3aKOH CHATHSA JABOHHOIO
oTpuuaHus” Gosnee He MOTYyT MPETEHAOBATb HA POJIb YHUBEPCANbHbBIX
JOTUYECKHX MPHUHLIMIIOB.

Takum o6pa3oM, Teopus [10Ka3aTeNbCTB C CAMOr0 Havajla BO3HHKIIA
“Ha cTbhIKe” IBYX KOHOPOHTHPYIOLIMX KOHLIENLHHA, KaXaas U3 KOTOPbIX
noib3oBanack CBoei 0coboil Jorukoi, U 310 00ycaoBHIO NpobiieMy

' B CyMmHOCTH, NPAMBIX KOHTPAIMKTOPHBIX npomusopesuil, T. €. JOXCHbIX CYKACHHH.
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BhIOOpa JIOTMYECKHX CPEACTB, JOMYCTHMBIX B MATEMAaTHYECKHX pac-
CMOTpeHMsX. B camMom nene, BbickasbiBaHHE, OKa3aBIUEECS UCHMUHHBIM
B pamMKax OJHOM JIOTMKH, BMOJIHE MOIJIO OKAa3aTbCs JIOXMCHbLIM B PaMKax
apyroi. bonee Toro, Morno okazartbcs, UTO BbICKA3bIBAHHE, UCMUHHOE
B paMKax OOEHX JIOTHYECKHX CUCTEM, B A€HCTBUTENLHOCTH JOKA3bIBA-
€TCA B HHUX [10-pa3sHOMY, TaK 4YTO 00Ka3amenvCcmeo, TNpPHEMIIEMOE B
paMKax 00HOU U3 3TUX CUCTeM, OyaeT OTBepraThes B pamkax opyeoi, u
HaoOopoT. Brnocneacteuu, ¢ yrouneHueM B 1936 r. obuiero noHsaTHs
anropudma u ¢ Boixonom B ceeT pabothl C.K.Knunuu [4], coznasiueii
ONaronpHATHYIO MOYBY A1 pPa3paboTKH OCHOB KOHCMPYKMUBHOU
cemanmuxu, CHOPMUPOBAIOCH U €llie OHO CaMOCTOSATENbHOE HAMpPaB-
NIeHHe B OCHOBAaHHAX MATEMAaTUKH — MAPKOBCKUN KOHCMPYKMUBU3M,
TaK>Ke BBIJBHHYBIIHH CBOIO JIOTHYECKYIO KOHUEMLHIO, KOTOPYIO TOXE
HaJ1eXaslo “npuHATHL B pacuer’’,

[Ipu aHanH3e cToNb CIOXKHOrO BOMpPOCa, Kak BOMIPOC O HENPOMuso-
peuusocmu Kakon-nubo gopmanvroii TeOpUH (B TOM uucie U apud-
METHKH), 6€3yCIO0BHO, CJIElYET CaMbiM TILATENbHbIM O0Pa3OM YYMThI-
BaTb BC€ MOTYIIHE 3[€Cb BO3ZHUKHYTL MpobjiieMbl — B TOM 4HC/IE H
BOMPOC O COOTHOLUEHHUHU gopmanuzyemoli meopuu c ee gopmanusa-
yueii. OH He TaK NPOCT, KaK 3TO NPEACTaB/IsIOCh B MOMEHT 3apoiK/e-
HHS Teopuu OokasarenscTB. Hampumep, BUAMMO, MONpocTy He 3aMe-
ueHHoe ['unbpbepToM pacxokaeHue B A3bIKaX, Ha KOTOPBIX “roBopuiau’
0 HaTypanbHbIX yucnax [leaHo u JlenekuHa, ¢ OAHONH CTOPOHBI, U OH
caM — ¢ Apyroi, oBycnoBHIO Henoaxomy® bopManbHOH apHdMETHKH
(3HameHuTas Teopema I'€nenst 0 HEMOMHOTE), a 3HAYUT, U BOBHUKHOBE-
HUe ee HecmanOoapmubix Mopaened. TeM He MeHee, ruabOEpTOBCKHIA
NOAXOJA BOLUEN B “MaTeMaTHYECKYIO KIACCHKY”’, U Y HEro ectb CBOHU
pe3onsl (cMm. [31]). Cnenyer Taxke BHUMATEIbHO OTHOCHUTBCS H K
BOMPOCY O TOM, KaKHe€ JIOTHYECKWE CPEACTBA MOryT ObITb B ITOH
cuUTyauuu npumeHeHbl. EcrecTBeHHO mobuBaThbcs MX “HeHTpasibHO-
CTH”, TO €CTh MPUEMJIEMOCTH B paMKax Mo KpaiiHeH Mepe Tpex ynoms-
HYTbIX Bblllle KOHUeNnUuuid U T. n. K paccMOTpeHHIO 3TUX BONPOCOB Mbl
BEPHEMCS HECKOJIbKO MO3XKeE.

2. IlepBoe no BpeMeHH (1936 r.) noka3aTenbCTBO HEMPOTHBOPEUH-
BOCTH KJIacCHYecKOH ¢opManibHOIl apudMeTHkH Obu10 OmyO0aHMKOBaHO
yueHukoM ['mnsGepra I'.I'eHueHom [S]. Kak Mbl Teneps 3HaeMm (cM. [1],
c. 439), eMy npealiecTBoBasio Oosnee paHHee O0KA3aTeIbCTBO TOrO XK€
aBTOpa, KOTOPOE B CBOE BpeMs OblI0 HEOOOCHOBAHHO OTKJIOHEHO (OHO
Mo COXpPaHWBIIMMCS I'paHkam omyOiukoBaHo [6] nums B 1969 r.). C

2 I'nasbepT paccuMTHIBAN MONYHHTh NOAHYIO H HEnpoOmuéopeuugyo akCHOMAaTHKy He
TOJLKO apuMETHKHM, HO M BCEX IAPYTMX MAaTeMaTHYECKHX IHCLHMIUIMH, BKIHOHas
TEOPHIO MHOXECTB.
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TeX MOp MOSIBUJIOCH €Le OJHO 10Kas3aTe bcTBO ['eHueHa [7], a Takke
nokasareipctBa Jl.Kanbmapa [1; Tlpunoxenune V, § 1], B.Akkepmana
[1; [lpunoxenue V, § 2] (em. Taxoke [8]), I1.C.Hosukosa [9], K.1oTTe
[10, 11] w cpaBHMTEIBHO  MAaJOM3BECTHOE  J0Ka3aTeldbCTBO
M.H.Xnonosckoro [12], omy0iMKOBaHHOE MOCMEPTHO C KOMMEHTa-
pusmMu A.C.EceHnHa-BonbnuHa.

He Bmarasich B cpaBHEHHE 3THX /J10Ka3aTeJbCTB M B HX MOAPOOHbIH
pa30op, OTMETHUM JIMllb, YTO B OCHOBE KaXIOTO U3 HUX JIEKUT MOUCK
BbICKA3bIBAHUSA, HEGbIBOOUMO20 B paccMaTpiBaeMoi dhopMaibHOM cHc-
TeMe. Tem caMbiM CHCTEMA OKa3bIBAETCS HEMNPOTUBOPEUHUBON, HOO B
[IPOTUBOPEYUBOM CHUCTEME MOXKHO ObLIO Obl BEIBECTH .10000€ BbICKA3bI-
BaHHe. HeBsIBOAUMOCTD € MOJ0OPaHHOrO BbICKa3bIBaHHUS A0Ka3biBa-
STCsl MYTEM CJIOXKHOTO, UTEPUPOBAHHOrO NpeobOpa3oBaHHs Mpeanona-
raeMoro BbIBO/1a 3TOr0O BbICKA2bIBAHUS K HEKOEMY CTAaHAAPTHOMY BHIY,
npuyeM OOpBIB TMpouecca 3ITOro TMnpeodpazoBaHUS JAOKA3bIBAETCH
TpaHCHUHUTHON UHAYKUMUEH ;10 HEKOTOPOIo “OTHOCUTZIBHO HeDOIb-
IIOro” NopsiAKOBOro uucia. CreneHb KOHCTPYKTUBHOCTH MEPEUYHCIIEH-
HbIX [JOKAa3aTe/bCTB HE BCEr[a aHAIU3UPYETCH, U OT/JeJIbHbIE aBTOPbI
(cM. Hanp., [13], c. 295) neMOHCTPATUBHO CHMUTAIOT 3TOT BOMPOC «IIPO-
6s1eMo# CyObEKTUEHON TIPUPO,1bi».

Heckonbko OCOOHSKOM 110 OTHOUIEHHIO K YNOMAHYTBIM BbILIE
paboraem cTouT Oosee paHHsis (1933 r.) mybnukauus [€aens [14], B
KOTOpOH Knaccuyeckas apudMeTHKa “Torpy»kaercs” B MHTYMLIUOHHUCT-
CKYI0, TaK YTO €CJIH HeMpOoTUBOpPEYHBAa WHTYMLMOHHCTCKas apudme-
THKa, TO HEMPOTHUBOPEUYHBA U K1accHyeckas (oOpaTHoe TpuBHaibHO). K
3TOMY BpPEMEHM Kakoe-1MOO [10Ka3aTelbCTBO HENPOTHBOPEUHBOCTH
UHTYHUHOHUCTCKON apudMeTHKM OTCYTCTBOBAIO (OHO MOSABHIIOCH
aiwb B 1936 1. kak credcmeuve padotel 'eHueHa [5]). Ho nocne noss-
JeHUs TOHATUS peatuzyemoy Joruko-apubmernyeckot Gopmysl,
BBeaeHHoro Knuuu B yxke yrniomuHaBuierics paborte [4], . Heabcon
[15] nokasan, 4To BCsKas JOrMKo-apudMeTHUYeckas (opmyJia, BbIBO-
AUMas B uHmMyuyuoHucmckou GopManbHOU apudMeTHKe, peajiu3yemMa 1
yro dopmyvna (0=1), HampoTuB, He peasusyema (M, 3HA4YWUT, B 3TOH
apudMeTHKEe He BbIBOAMMA). JTO ObLIO NepBoe npavoe (He CChblalo-
iieecst Ha HENMpPOTHBOPEUYMBOCTb KJIACCHUYECKOH apUPMETHUYECKOH CHUC-
T€MbI) AOKA3aTeNbCTBO HEMNPOTHBOPEYKBOCTH HHTYUMLUHOHHCTCKOH
dbopmanbHOl apubMETHKH, U B COEMHEHHH C yxkKe YNOMAHYTOH pabo-
Toit [14] OHO AaBaso elle OAHO A0KA3aTeNbCTBO HENMPOTHBOPEUYHUBOCTH
KJ1accHueckoi dopMaibHOH apH(PMETHKH, MO CBOEMY CTHIIIO CYIUECT-
BEHHO OTJIMYAloLleeCs OT Mpe AIIEeCTBYOLIHX.

[TepBoe yTBepaeHHE TOJBKO YTO COOPMYJIUPOBAHHOH TEOPEMBI
HenbcoHa noka3biBaeTcs HHAYKLMEH “BIOb BBIBOJA (DOPMYJIbI” H HHU C
KaKoM TEeXHUKOM rnpeoOpa3osaHUs BBIBOJOB Aejla HE MMEET. AHalu3
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MPOBOJMMOrO NPH 3TOM PaCcCYXKJEHHS MOKA3bIBAET, YTO OHO ““HEMT-
pajibHO” B YMOMHHABUIEMCS BbIllle CMbic/le. ECTECTBEHHO MbITATHCS
A0Ka3aTh aranoz TeopeMmbl HenbcoHa yxe ans kiaccuueckoi hopMab-
HOM apudMeTHKH, HauieKaluM ob6pa3oM MoAM(ULIMPOBAB KJIMHHEB-
CKO€ OnpejesieHHe pealu3yeMoit GopMysbl, HO COXpPaHHUB MPH 3TOM
obe nepeuuceHHbIE BBILLE YEPThl JOKa3aTeabcTBa HenbcoHa.

3. C TeueHreM BpeMEHH, NpoLleaIIero nocie myoiankauund paboTol
Knunu [4], B siuTeparype nosiBuics uenblii psg mMoaudukauuii nep-
BOHAYalbHOr0 KJIMHMEBCKOrO onpedesieHUus. B onpeaeneHHOM OTHO-
LIEHHU WHTepecHa moaudukaums, coaepkawascs B padore H.A.llla-
HHHa [16]. B Helt Hapany ¢ cobcTBeHHO pearuzayusimu GHopMyil
QUrypupyroT, OyAy4H HeTKO OT[e/ieHbl OT HMX, 3anucu JTHX pea-
JM3aUMK . 3anuCH TpPEACTaBIfAOT COOOW HEKOTOPbIM CTaHJapTHBLIM
00pa3oM 3aKOAMPOBAHHYIO HHGOPMALIMIO O peanusyromux GopMyJbl
00bEKTax, U B MOJHOM COOTBETCTBUH C 3aMbic/ioM KIHHH OHU HeCyT B
cebe “MakcUMyM” HHbopMaUKH 06 3THX 00beKkTax, PaKTHUYECKH SABJIS-
ACh UX TéaesieBbIMM HOMepaMU. Takasi CTpyKTypa onpeleneHus peaiu-
3allMM €CTECTBEHHBIM 00Pa30oM MOABOAMT K MBIC/IH PACCMOTPETh U ApY-
rve ero BapuaHThl, Oeps, HarpuUMep, B KayecTBe 3anuceli peanyalyi He
UX réaenesbl HOMeEpa, a Kakyro-HUOyab HHYyl, “Oonee cnabyro”
HHbOpPMALIHIO.

B nopsake peanuzaumu 31oit uaed Hamu B paborax [17, 18] Oblno
BBEAEHO M PacCMOTPEHO MOHATHE 80CHOIHUMOU JIOTHKO-apUdMeTHYe-
CKOH opMybl, npeacTapistouiee coOOH apyroi “kKpaiHHWi™” BapHUaHT
KJIMHHUEBCKOI'O OMpEAEiCHUs,, B KOTOPOM MBI B 3aMucH 0OBEKTOB, BOC-
NONHAOUIMX (OpMYIIbl, BKIIOUMUIH “MUHUMYM” HHGOpPMaLIUU O HUX: B
Ka4yeCcTBEe 3alHUCH BOCIOJIHEHUS, BHE 3aBUCUMOCTH OT TOTr0, KAKOBO OHO
camo, Mbl Bceraa Opaiu ooun u mom e QPUKCUPOBAHHBIH OOBEKT —
JUIsl KOHKPETHOCTH, HaTypalibHOE YUCJIO HyJb (3a TOYHBIM Ollpeaese-
HUEM Mbl OTCbLTaeM uMuTaTens k pabore [18, n. 3]). B wacTHocTH, pac-
cMmaTpuBas 3To noHatue 6e3 kakoro 6b1 To HU ObLI0 OOpallleHus Kk Teo-
PETUKO-MHOXKECTBEHHBIM MPEICTaBIEHUSAM, HO TEM HE MEHeEE C amneln-
asuMent (mo-BUAMMOMY, HEYyCTpaHUMOM: cM. [18, Teop. 4.2]) k 3aKOHy
UCKJIIOUEHHOTO TPETLEro (TO €CThb B paMKaX KJIaCCHYECKOH JIOTMKH),
MBI JOKa3au aHajior TeopeMbl HenbcoHa ans xkraccuueckoit opMaib-
HOW apudmeTUKH. DTO JaBal0 Kraccuyecku CIpPaBeaIMBOE JOKa3a-
TebCTBO HEMPOTHBOPEUYMBOCTH KJaccHueckoil (opmanbHOH apudMe-
TUKU. Ho “HelTpanbHbIM” — M3-32 UCIMOb30BaHUSA 3aKOHA HCKJIIOYEH-
HOTI'O TPETHETO — OHO HE SBJIAIOCH.

* B ognom u3 nucem H.A . Lllanun coo6uiun MHe, 4To 5Ta Haes BOCxoauT k A.A.Map-
KOBY, KOTODBIM MPUMEHSLIT €€ B CBOMX Jekluax ewe B 1948 r.
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B 3ametke [19] Mbi BBEIH TaKyl0 MOIM(DHKALHIO MTOHATHS BOCMOJI-
HUMOH Joruko-apudMeTHyeckoil hopMysibl — MOHATHE KEA3UBOCHO.1-
HUMOU (DOPMYJIbl, — A/ KOTOPOH COOTBETCTBYIOLWMH aHAIOr TEOPEMbI
HenbcoHa MoxkeTr ObiThb n0Ka3aH “HEHTpajbHBIMKU® CpeACTBAMM, TO
€CTb CPEACTBAMH, [IPUEMJIEMBIMH B PaMKaXx BCEX TPEX YNOMWHABLIMXCH
BbILLI€ KOHLENMUMH — TEOPETHKO-MHOXKECTBEHHOH, HHTYULMOHUCTCKOH
M KOHCTPYKTHBHOH. DJTH CpencTBa HWKe OyIyT OXapaKTepH30BaHbI
AetanbHo. OHAKO yXe ceryac Mbl XoTeaH Obl NOAYEPKHYTh, UTO MpH-
BOJIMMblE HUXKE [10Ka3aTe/bCTBA YTBEPXKACHUH, cHOPMYTHPOBAHHBIX B
[19], Mbl CKJIOHHBI TpakTOBarhb B COJAEpPXAaTEJbHOM T[UJIAaHE, TO €CTb
JOKa3blBaTb UCMUHHOCMb YTBEPXKAEHUH, @ HE MX BbLIBOAHUMOCTb B
KaKUX-TUO0 HCUHUCIEHUSX (XOTS W 3TOT BapHaHT, O YEM IOBOPHTCA B
[19] B Hauane c. 27, HanpawuBaeTcs cav codoi). BeiaepxkaB Hauue
NI0Ka3aTe/IbCTBO B AyX€ MEepBOHAYaIbHOIO JoKa3aTe/bcTBa HesbcoHa
[15] ¥ npuHAB BO BHUMAHHE pPOJib, KOTOPYH) ChIFPajlo ITO MOC/E/IHEE B
MPSMOM YCTAHOBJIEHMH HENPOTUBOPEYHUBOCTH HHTYULMOHHUCTCKOM
dbopManbHOi apUdMETHKH, Mbl XOTeAH Obl OCNOPUTH PaCNpPOCTPaHEH-
HOoe MHeHHe, OyaTo «1t0d0e ,10Ka3aTeNbCTBO HEMPOTHBOPEYHUBOCTH ...
AUIIB CBOAMT BOIPOC O HENMPOTHUBOPEUYUBOCTH OJHOH TEOPUH K BO-
MpOCY O HEPOTHBOPEYUBOCTH ApYroi» (cM., Hanp., [20], cTond. 999).

4. Yrolbl caenath yteHue 3Tou paboThbl He 3aBUCALLIUM OT 3aMETKH
[19], Mbl MOBTOPUM NMpPHBEAEHHbIE TaM OMpPEACIECHHS.

4.1. Jloruko-apudMeTHHECKHI sI3bIK Mbl OyJ€M HCMOIb30BaTh B
TOM BMIE, Kak oH onucaH B [21]. byksamu S u T mbi Oynem obo3Ha-
4aTh MPOU3BOJIbHBIE MOCTOSHHBIE TEPMbI 3TOrO A3bIKAa. JHAYEHHUE TEpMa
T G6ynet oHo3Hauatecs nocpeactsom 3(T). Byksel P u Q 6yayr obo-
3Ha4yaTh MPOW3BOJbHbIE 3aMKHYTble HopMyJibl si3biKa. bykBoit x Oyaem
0003HauyaTh MPOU3BOJILHYIO MEPEMEHHYIO (UMCIOBYH)), 2 CHMMBOJIOM
R(x) — npou3BoibHYIO ¢GOpMYy, HE COAEpXKallyld [apaMeTpos,
OTJIMYHBIX OT X.

Hawmu onpeneneHus mpl 11a Gonblieid kpatkocTd Oyaem dopmy-
JAUPOBATH C UCIMOJIL30BAHUEM CIIEAYIOLMX COKPALLEHHHA:

a) 3HAKU A, U, ~, = U © O0yayT ob603HauaTb COOTBETCTBEHHO
JIOTMYECKHE COK03bl “U”, “unu”, “ne”, “ecau..., To...” ¥ ‘‘TOoraa v ToabKoO
Toraa, koraa ...”;

0) conepkaTenbHble KBAHTOPHbIE KOMIUIEKCHI OOUIHOCTH M CyLle-
CTBOBaHHUA Mbl OyneM o003HauaTh BbIpaK€HUSIMHU THNA (n), ..., (W) U
(Eu), ..., (Ew) cooTBeTCTBEHHO;

B) 3HaK =, Oyaer o6o3HauaTh OTHOLUEHHE TPapUHECKOrO paBeH-
cTBa cJioB (cM. [26, § 2.4]), a 3Hak =4 OyaeT cokpalueHHUeM i CIOB
“eCTb M0 ONpEeAEIEHHIO” .
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B kayectBe 0003HaueHMN ANA HATYpa/lbHBIX YHCEN Mbl Oynem
UCI0JIb30BATH MEPEMeHHbIE M, n U p. Mbl OyeM paccMaTpuBaTh Takke
napel HatypanbHbiX uucen (ITHY), yactuuHO pexkypcuBHble dyHKUMH
onHoro aprymenra (UP®1) n oaHy dukcrpoBaHHyo obliepekypcus-
Hyto pyHkuuo f OBYX apryMeHToB Takyt, 4to f(m,n)=0 Ttorma
TOJIbKO Toraa, koraa m=n. B kauectBe o6o3HaveHuit nis [THY, YPD1
1 ¢pyHkuuu f Mbl Oyaem ucnonb3oBath OykBbI U, v U W. [lepBbiit ¥ BTO-
poii unensr [THY w mbl OyneM o6o03HavaTh COOTBETCTBEHHO (W), U
(w),. 3anucek !w(n) 6yner o3Hauath, uto YPD®1 w onpeaeneHa B Touke
n. Beipaxenus (wellHY), (weYPD1) u (wef) OyayT cOOTBETCTBEHHO
o3HayaTtb, 4To W ecTb [THY, w ectb YPDI u w ecTs 1.

4.2. Ilepexons k onpeneneHUo KBa3UBOCMOMHHUMONH HOPMYJIbI, Mbl
UHAYKTHBHO OfpENEIUM /1Ba BCIIOMOraTe/lbHbIX OTHOLLEHHS — OWHap-
Hoe G u TepHapHoe Z. (Jln1% OpHEHTUPOBKH NMOJACKAXEM YHTATEIIO, YTO
G Oyner aHajlOroM KJIMHHMEBCKOrO OTHOLIEHHUS «OOBEKT W peajiu3yer
dopmyny P», a Z — aHa/i0roM 1aHUHCKOTO OTHOLUEHHUS «4MCJIO N €CTh
3anuch peanuzaudd w dopmyibl Py».) Onpenenenue G U Z Mbl HAYHEM
CO ciay4ast 3aMKHYTbIX ¢opmyi. OHO, C yYETOM oMpeaesieHus camoro
NMoHATU GopMyJibl, pacragaercs Ha ClieyIOLIHe CEMb MO/IC/1Y4aeB:

[Togcnyuait a) — anemenmapuasn gpopmyna:

G (w, (S=T)) =4 (wef) A (f(3(S), 3(T))=0),

Z(n,w, (S5=T)) =4 (n=50) A G (w, (S=T)).

[lopcnyuaih ©0) — koHwBIOHKYUS:

G(w, (P&Q)) =4 (wellHY) A

~ () ~ (G(u, P) A Z ((W)i, u, P)) A
~ (v) ~ (G(v, Q) A Z((W)., Vv, Q)),

Z (n, w, (P&Q)) =4 (n =z 0) A G (W, (P&Q)).

Iloncnyuah B) — umniauxayus:

G(w,(PD2Q)) =4(w € UPDI1) A

() [~ (u) ~(G(u, P) A Z (n, u, P))] >
(tw(n) A~ (v) ~ (G(v, Q) A Z (w(n), v, Q)))],

Z(nw, (PDQ)) =4 =x0)AG(w, (PDQ)).

[Toncayuail r) — sceobynocme:

G (w, VXR(X)) =4 (W € HPDI1) A

M[!w(n)A~u)~(G(u,R(m)AZ(w(n),u,R(n)))],

Z(n, w, VXR(X)) =4¢r (n =g 0) A G(w, VXR(x))

Ioacnyuait 1) — ompuyarue - Mbl, Kak 0OBIYHO, TPAKTYEM B IyXe
Kaunu [41:

G (w, IP) =4 G (w, (P > (0 = 0")),

Z (n,w, IP) =4 (n =4 0) AG (w, [P).
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[Moacaydanm €) U X) — OUBBIOHKYUIO U CYIYECMBEOBAHUE — Mbl
TpakTyeM, ciemxys unee ['énens [114]:
e)  G(w,(PvQ) =y G(w, [(IP&1Q)),
Z(n, w, (PvQ)) =4 (n = 0) A G(w,_(PVQ)).
%) G(w, 3x R(x)) =4 (G(w, Vx R(x)),
Z(n, w, 3x R(x) =4r (n = 0) A G(w, 3x R(x)).

Tenepb noHsTHE K8aA3UBOCNOAHUMOCH NS TIPOU3BOJBHON 3aMK-
HYTOH Nloruko-apudmerHueckoi dopmMyisl P (CHMBOIMYeCcKas 3anuch:
gP?) MBI BBEZIEM C TOMOLLBIO CEAYOLIErO ONpPeaeeHHS:

(1) gP =4 ~(w) ~G(W,P).

Cnyyail He3zaMkHyToH dopmyinbl F TpakTyercs oObIYHBIM 114
noaobHoro poaa cutyaumit odbpazom:

(2) G(w, F) =4 G(w, VAF),

Z(n,w,F)=4(n=,0) A G(w, F)
(3mecb V°F — 3ambikanne F 10 Bcem eé mapameTpam; BMOCI/IEACTBHH
(cM.7.4) Me1 yOeauMmces, 4TO MOPSAOK “CBA3bIBAHMS~ NapaMmeTpos ¢op-
MyJbl F 31€Cch HUKaKOH posd He Urpaer).

Yurarento 0bU10 Obl M0J€3HO CPABHUTL MO MyHKTaM NPHBEIECHHbIE
3[1eCb ONpPEIECHHUS ¢ COOTBETCTBYIOLIMMH onpeaeneHusmMu B [17] u
[16].

3ako4as 3TOT paszaesl, Mbl OTMETHM, UYTO 1S ITPOH3BOJIbHOM
dopmyJbl F

Z(n,w,F) ¢ (n=;0) AG(w, F),

U NOTOMY
4.2.1. J{1a moowix F, w nn

G(w, F) AZ(n, w, F) & (n =, 0) A G(w, F).

5. TlpuBeneHHbIe HAMHU OfpeaesieHUst OTHOWEHHH G U Z U CBOM-
CTBa g fpeACTaBNAIOT COOOH HEKOTOpBbIE MeKcmbl, KOTOpbl€ B Jallb-
HeHleM JODKHBI ObITh BOCIIPUHSATBI M MOHATHI uMuTatenem. [lpu stom,
€CTECTBEHHO, OH OyJIeT pYKOBOJCTBOBATbCA CBOMMH MPEACTABICHHUAMM
O CeMaHTHKe (B YaCTHOCTH, O TOM, CJIEAVET JH CUHUTATb UCTHHHBLIMH
TaKHe-TO ¥ TaKWe-TO BbICKA3bIBAHMA), a TAKKE O JOMYyCTHMbIX CMOCO-
Oax paccyKIeHHUH (TO ecTb daKTUUECKH O 3axkoHax .1o2uxku). EMy ecte-
CTBEHHO >KejaTbh, YTOOBI B 1IpOLECCE UYTCHHSI Y HErc He BO3HHKAIO
HeoOO3pHUMbIX M, Tem O0osiee, 3aMyTaHHbIX CUTYaUHMH, CrocoOHbIX
BbI3bIBaTb COMHeHUs. M1 aBTOp 0043aH UATH UMTATESIO HABCTPEYY.

B cBeTe cKa3aHHOrO Mbl TEPEUYMCIMM HHUKE pal Ooslee WU MeHee
CIIOXKHbBIX, @ TAK)KE HE CJIMILIKOM YAacTO BCTPEYAKLMXCA B MaTEMaTH-
yeckoMm 00HMXOoAe “HEHTpaNbHBIX AOCMYECKHUX 3aKOHOB, U KaX/bIH pa3,
MPUMEHsI UX, Mbl Oy/IeM OroBapuUBaTh 3TO CMELMATIbHONH CChIKOM.

4 BykBa g ynotpefiena 31ech B 4ecrs [énens.
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['oBops HKXKE O 8bickasbi6anusx, Mbl OyleM UMETb B BHIY BbICKa-
3bIBAHHS THMA TEX, KOTOpblE YyKe (PUrypUpOBain B OMNpeAeEHUAX
otHoweHud G W Z, a Taroke cBoiicTBa g. bonee TouHoe onpeneneHue
M0210 Obl ObITb CHOPMYIMPOBAHO, HO Mbl HAJEEMCS, YTO OHO UYHTA-
TEJI0 He MOHanoOMUTCA. [ yTOUHEHHS MO3HLIMMU MOJYEPKHEM, YTO B
HallKh 3aJa4yv He BXOAMT [OCTPOEHUE CHHTAKCHCA ‘‘MeTaa3bika”,
MOCKOJIbKY HaMm TpeOyeTcs 10Ka3aTh JMLIb HEOObIIOE YHCIO YTBEp-
KIIEHHH, W 4TO nepeyucieHHble Hamu B M. 4.1 a) — 4.1 6) noruueckue
3HaKH Mbl HCMOJb3YyEM JIHLIL “B cTeHOorpaduueckux uensx” (To ecTb
AJ1s1 COKpaLeHHH).

BONIbLIMHCTBO HUCMOB3YEMBIX HHXKE ““HEHTPalbHBIX” JIOTMYECKHUX
¢akTOoB HaBesHO (OpPMaTbHBIMH TMpaBWJIAMH HHTYHLIHOHUCTCKOM
JIOTUKU ¥ MaTE€MaTUKH, KaK OHHU OblIM BBeAeHbLI [edTHHromM B ero
pabotax [22, 23]. Co BpeMeHeM Ha MNepevMUc/ieHHble B 3THX paboTtax
npasu1a YCTAHOBMWJICSA B3FJIA/l JIMLIL KaK Ha HEKWE ucyucienus, 1is
KOTOPBIX SIKOObI HAA0 UCKAaTh HaAJ/IeXallylo ceMaHTHKY. Tako#l B3rasa
UMeEET NnojJ coOOH onpeaeseHHY0 MoYBy — OCOOEHHO C TeX Nop, Kak
Obl1a ysCHEHA BO3MOXHOCTb pa3fe/ibHO-MOC/IeN0BaTEIbHOIO H3JI0XKe-
HUA CUHTAKCUCAa U CEMAHTHUKH HCKYCCTBEHHBIX ((opManin3oBaHHbBIX)
A3bIKOB. OIHAKO MHTYUMLMOHHUCTCKAs JIOrMka copMUpOBanachk copazoo
paHvue 3TUX paboT, U 3TH MNOCJIEJHUE JHLLb Koouduyupyrom “3aBe-
JOMO HaJexHble” crnocodbbl paccyxaeHus nepoi. ColuneMcs Ha
camoro ['eiiTuHra, kotopnlid yxe B [22] nuwer: «MHTYHUHMOHUCTCKAs
MaTeMaTUKa MpeacTaBisieT coOOl MbICIUTENbHYI JESATENbHOCTb, U
1000 A3bIK, B TOM uucie U GOpMaM30BaHHbIH, €CTb TOJILKO M0/1C00-
HO€ CpeaCTBO A5 coobuleHui o Heil. PaspaboraTe cuctemy dopmy,
KoTOopas Obl1a Obl JKBHMBaJlE€HTHA HMHTYMLMOHUCTCKOH MaTeMaTHKe,
HEBO3MOXKHO B MpPHHUMIME, HOO BO3MOXHOCTH HAlLEro MBILUIEHHS He
MOTYT ObITb CBeI€Hbl K KOHEYHOMY HabOpy 3apaHee COCTaBJIEHHbIX
npasua». Brnocnencteun B [24] oH nucan eule Oonee OnpeaeseHHo:
«MHe aJlb, YTO MO€ UM M3BECTHO HbIHE TJIaBHbIM 00pa3oM B CBSA3H C
3TUMU paboTaMH... OHU OT (PyHAAMEHTAIbHBLIX WJEH OTBJIEKAIH BHHU-
MaHHe B CTOPOHY caMuX GOpMalIbHbIX CHCTEM).

Pazymeercss, Oyay4uu HWCTHMHHBIM MaTeMaTHKOM, ['€ATHHr cBen
YMCJIO UCXOIHBIX MpaBua (aKCMOM) U CrocOOOB YMO3AKIOUEHUH K
MUHUMYMY, O 4YeM OH nuuier B cBoeM nucbMe Ockapy bekkepy oT
23.07.1933 r. (cM. [25], ¢. 16). Kpome Toro, cucrema ero MCXOAHbIX
dbopManbHbIX MpPaBUA YCTPOEHA TakK, YTO CUCTEMA aKCHOM KJaccuue-
CKOM (apUCTOTENEBCKON) JOTUKH MONYYaETCs U3 HEE MPOCTbIM MPHUCOE-
JIUHEHHUEM 3aKOHA UCKJIKOUEHHOI'O TPETHETO.

Hano cka3aTb, 4TO B CBSI3U C MHTYMLUHOHW3MOM ObITYET Hemasoe
YHUCJI0 AOCAAHBLIX MUGOB U OAUH U3 HHUX COCTOMT, HAllpUMEP, B TOM,
uyto pabotsl [4] u [27] cyTb paboOTbl #0 HHTYHLIMOHUCTCKON CEMAHTHKE,
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Ha camom e aesne 3TH paboThl NpeACTaBIsIOT COOOH MOMbBITKY 00bsC-
HUTb WHTYMLHOHUCTCKYIO CEMAHTHKY UHMTATENO, HE 3HAKOMOMY C
UHTYHLUHOHHU3MOM.

Hcxoouble MpaBuia redTHHIOBCKOH cHCTEMBI, 0€3YCI0BHO, ObUIH
UHMYUYUOHUCHICKU HPUEMIeMbl YKe B CaMbli MOMEHT (POPMYJIUPOBKH
3TOM CHCTEMbl (MMEHHO 3TO ¥ MO3BOJWIO [eHTHHIY B34Tb UX B Kaue-
CTBe MCXOJHbIX). UX wenocpeocmeennas o0003puvocms nenaina Hx
0COOEHHO YyOeaUTEAbHbIMH. [IpHEMIEMOCTb HPOU360CHBIX (BbIBOAM-
MbIX) MPaBMJI TAKXKE€ MPH3HABANACh, HO YK€ HE B CWJIY MEpBOHayallb-
HOH MHTYVLHMH, a B CHIY HEKOEro paccyXIAeHUs (UHAYKUHEH no
MOCTPOEHHUIO BbIBOAA), U MO MEPE YCAOXHEHHUst BLIBOAA BbIBOAMMOE
npaBuJi0, BOOOLIE roBOps, CTAHOBWJIOCH BCE MEHEE 0003PUMbBIM.

[ToaBo/ts UToru ckazaHHovy, Mbl MPUXOAUM K BbIBOJY, YTO rapaH-
THPOBAHHOU “‘HeHTpabHOWH' ybeauTtenbHocTbiO OyayT obnanath pac-
CYXKJE€HHS, MPABUILHOCTb KOTOPbIX OOOCHOBBIBAETCH CCHIJIKAMH Ha
MCTHHHOCTbH TaKMX BbICKA3bIBAHUH, KOTOPbIE ABIAIOTCS “MOACTaHOBOUY-
HbIMU MpuMepaMu’ GOpMys, HMEIOLIHX 0003pHMbIe (B YAaCTHOCTH,
JIOCTaTOYHO KOPOTKHE) BbIBOIblI B COOTBETCTBYIOIIUX FEHTHHIOBCKHUX
(TO ecTb WHTYMLHOHHUCTCKMX) cucTemax. B kauvecTBe Takux dopmyin
MOKHO ObLI10 OBl OpaTh PopMynbl, hakmuuecku 6bi6e0CHHbIE B TTOAXO0-
AsAUIeM CUCTEMATHYECKOM Kypce MaTeMaTHueckoi JIOrMKH. Mbl no3so-
auM cebe ccbltaThesd Ha dyH1aMeHTanbHY0 MoHorpaduio C.K.Kiuuu
[21, uwacte Il]. Takue dopmyabl OyayT BbIBOAMMBI U Kilaccudecku
BBHY YK€ OTMeuaBlleHdcsa CBA3M Mexay MeHTHHIOBCKMMH H KJ1acCHYe-
CKMMH CHCTEMaMHM. DTO obecreyuBaeT KIacCu4eckylo npuemiemvocmy
MpPOBOAUMBIX paccykaeHul. ["apaHTHell KoHcmpyxkmueHoU UX npuem-
JleMocmu ABJISIETCA YKE YIIOMUHABLLIasACcs Boille TeopeMa HenbcoHa.

6 °. Pazfeny 7, B KOTOPOM Mbl JIOKaXKeM BaXkHbi€ /Ui AajbHENILEro
MOArOTOBHTE/IbHbIC YTBEPKIASHHUS, Mbl MPEANOLLIEM CNHUCOK GopmMyJ,
Ha HHTYMLHOHHCTCKYIO BbIBOAMMOCTb KOTOPBIX OyaeM B 3TOM pasjaene
cebiiatbes. s Kaxaoi M3 PopMys Mbl yKaKeM afipec €€ BbIBOA, a
TaK)Ke Te MecTa B paszjese 7, rae “rnoJCTaHOBOYHBIE MPHUMEPbI. 3THX
dbopmyn OyayT npuMeHsATbcA. Mbl Hazeemcs, 4TO 4YMdTaTelb HAHJET
dbopMyJibl 3TOr0 CMUCKA NPOCTbIMH U OO03PUMBIMH, YTO TAKOBbI XK€ H
dbaKkTHUYECKH HCIOJIb3yeMble “‘mpuMepbl” 3THX (POPMYJ M YTO YHCIIO
9TUX TNPUMEPOB HE CIMIUKOM BeIMKO. Mbl crneuHabHO obpawmaem
BHUMAHHUE Ha TO, YTO BBHIY 3aHATOCTH Yy HAC MOJ COAEpXKaTe/bHOE

> To ecTb pe3ynbTaTaMM MOACTAHOBKHM B 3TH (OPMY/Ibl HALIEKAMMUX BLICKA3bIBAHMUIA
BMECTO GVIrypHPYIOLIMX B HHX MEPEMEHHBIX.

® 3ToT paslen HOCHT CMPABOYHEIA XapakTep W [P MEPBOM 4YTeHHH (0COOEHHO
YHTATENEM, 3HAKOMBIM C HHTYMUHOHHUCTCKOH JIOTHKOM ) MOXET ObITb MPOMYLIEH.
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OTpHUAHHE 3HAKA ~ , KIIHHUEBCKUH 3HAK 3KBHBAJIEHTHOCTH ~ (cM. [21,
§ 26]) Mbl 3aMEHHM 3HaKOM =.

6.1. Ilpono3nuHoHaAbHbIE (OPMY.IbI:

6.1.1. 1 (A&B) = (17A&]B) [21, c. 105, d.*25].
“He#irpanbHo” HCTHHHBIE NOACTAHOBOUHbIE NPUMEPBI Oy YT UMETD
BU]

~~(QAB) & (~~a A~~f),

rae o u 3 — HEKOTOpbie BbICKa3biBaHMs. 3aMeHa IO 3THM JKBHBAJICHT-
HOCTSM MPOU3BOAMUTCSA MPH JOKAa3aTe/lbCTBE yTBepxkaAeHUH 7.2 — 7.4
(CM. COOTBETCTBYIOUIME CChUIKM B KBAAPATHBIX CKOOKAaX; CCHITKM MO
aHAJIOTHH, CMIELIHAJIbHO HE OTMEUYEHHbBIE, TAK)XKE YUUTHIBAIOTCA).
6.1.2. 1ka-B)=(11a =1 1B) [21,c. 110, .*60 ].
“HelTpasibHO” MCTHHHbIE MOACTAHOBOYHbIE MPUMEPHI B JAHHOM
ciy4yae OyayT UMEThb BH]

~~ (@ f) & (~~a—>~~f),

rne o U 8 — HeKoTopble Bbicka3dbiBaHHA. OAUH W3 TaKUX TPHUMEPOB
UCIOJIb3YETCA 71 3aMEHbI MPU A0KAa3aTeNbCTBE YTBEpKAeHHUS 7.3. (cM.
CCBUIKY).

6.13.111a=1A [21, c. 109, d.*49 b].
CootBeTrcTBytomie 310l (opmyne “HEHTpasibHO” HCTHHHBIE
BbICKA3bIBAHUSA UMEIOT BU[

~~ o~ ~ 0,

rae o« — HekoTtopoe Bbicka3zbiBaHHe. OHHU Ucnonb3yrorcs B 7.2 1 7.3 ans
CHSTHUS ABOMHOrO OTPULIAHMUA C BbICKA3biBaHWMNA BHAA gF, MOCKOJIbLKY
3TH nocjiefHHe HauuHawoTes [cM. 4 (1)] 3HakoM ~ . (CM. CCBUIKM B
KBaJAPAaTHBIX CKOOKaXx.)

6.14. (A&AB)>C=A>(B>C) [21,c.104, dd.*4 u *5].

CootBeTcTByrOlIME 3TOH (Qopmyne “HEHTpasbHO” HCTHHHBIE
BbICKa3bIBaHU OyIyT UMETH BHA

(@A B) >y a—> (B>
OnHO M3 HUX UCMOJB3YETCA AJIS 3aMEHBI B JOKA3aTebCTBE YTBEPIKIE-
HUs 7.3 (CM. CCBUIKY).

6.1.5. ITonp3ysace Teopemoii o aenykuuu [21, §§ 21 u 22], a Tarke
MpaBHIaMH BBEICHHUS U yIaJIEHHS KOHBIOHKUHH [TaM xe, § 23], MOXKHO
JIETKO BbIBECTH IKBUBAJIEHTHOCTD

ADB&C=(ADB)& (ADC().
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CootsercTBYtOLICE €H “HEHTpaJibHO MCTUHHOE BbICKA3bIBAHUE
MCIIOJIb3yETCs JUIA 3aMEHBbl B J10Ka3aTe/IbCTBE YTBEPXKICHUS 7.3 (CM.
CChUIKY ).

6.1.6. Mcnonbsys dopmyasi ¥63 [21, ¢. 109] u *30 [Tam xe, c.107],
JIETKO BBIBECTH IKBUBAJIEHTHOCTD

10A&B)=11(AvB).
CooTBeTCTBYIOLLIAA € “HEWTPAIbHO MCTHUHHAs 3KBUBAJIEHTHOCTb

~(~gP A~gQ) & ~~(gP U gQ)
MCIIOJIb3YETCS B J0KA3aTeIbCTBE YTBEPKACHUS 7.6 (CM. CCBUIKY).
Jlo6aBHM, 4TO Npeodpa3zoBaHUs, CBA3AHHBIE C KOMMYTATHBHOCTbIO
M aCCOUMAaTHUBHOCTbIO KOHBIOHKUMH, Mbl BEUIY UX TPUBHAIBHOCTH, KaK
NpaBu0, OrOBapUBaTh He OyieM.

6.2. [IpeaukartHbie popmy.bl:

6.2.1. Ix (A(x)&B) = 3xA(x)&B, rae x He sBaseTcs napamMeTpom
B. [21, c. 148, d.*91].
[ToacTaHOBOUYHbIE MPUMEPDI B JaHHOM cjly4ae OyayT UMETb BHA
(Ew)(ce (W) A B) <> (Ew)a(w) A B,
rae w He siBJsgeTCs napameTpoMm (3. Takoro pona “HeHTpaIbHO” HUCTHUH-
Hbl€ BbICKA3bIBAHUS MCMOJb3YIOTCS B 3KBUBAJICHTHBIX 3aMeHax, NMpoU3-
BOJAMMBIX B JOKazaTe/lbCTBax yTBepxacHvH 7.1 — 7.4, BKtoyas u pac-
CYKJI€HHUSl 10 aHATIOTUM (CM. CChUIKH).

6.2.2. |Vx |V(x)=]]13xA®x) [21,c. 151, Tabanua
Ieiitunra, 11, dd. ¢, v c;].
[ToacTaHOBOYHbIE MPUMEPLI B TAHHOM clly4ae Oy1yT UMETb BH]
~ (W) ~ Aw) & ~~ (Ew) a(w),
rae O{(W) -- HCKOTOPOC BbICKA3bIBAHHC, 3aBHUCAILCE OT NapaMeTpa w.

Takoro poaa 3KBUBaJIEHTHOCTH HCMO.Ib3YIOTCA B 3aMEHax, MpPOHM3-
BOAUMBIX TMpH JAokazaTenbcrBe yrBepkiaeHud 7.1 - 7.4 u 7.7 (cM.
CCBUIKH).

6.2.3. 1 1Vx |A(x)=Vx 1A®x) [21, ¢c. 151, Tabauua
["efiTuHra, dbd. a; u as].
[ToacraHoBOUHBIN NpUMeEp 3TOH GOPMYITbI
~~(n) ~ (u) ~ G(u,R(n)) & (n) ~ (u) ~ G(4,R(n))
MCTOJIb3YSTCs Ha NpeAnocyenHeM Liare 10Ka3aTeabcTra 7.4.
6.2.4. Vx(A(x) &B(x)) = VxA(x) &VxB(x) [21,c. 148, §.*87].
Mcno.ib3yeTcs OMMCAaHHBLIM BbIlIE CAOCOOOM Ha BTOPOM LIare
000CcHOBaHHs BbicKka3zbiBaHUs (14) B 1oKazaTeAbCTBE YTBEpXAeHUs 7.4.
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6.3. Jlornko-apupmernueckue Gpopmy.ibi:

6.3.1. Ha Bropom 1iare obocHoBaHus BbickasbiBaHus (10) B yTBep-
XKIEHUU 7.3 Mbl MO/ OBl COCIaTbCd HA MHTYULIMOHUCTCKYHO BbIBOIH-
MOCTb (hopMy bl

Vn (n=0 > F(n)) = F(0).

K coxanenutro, B [21] Takoro BbiBOga HeT. Mbl OCTaB/isieM €ro
YUTATENHO0 B KA4Y€CTBE JIEFKOTO yNpaXKHEHHUs. YKazaHue: BOCHOJIb3YH-
TE€Cb MHTYULIHOHUCTCKOW BBIBOJUMOCTBIO (POPMYJIbI

(m=n) o (F(m) = F(n)).

6.3.2. Ha 3axirouMTenpHOM 3Tane J0Ka3zaTelibCTBa YTBEPXKIEHUS
7.1 MOxHO ObLIQ Obl BOCMOJIb30BATHCA HHTYHLIMOHUCTCKOM BBIBOIUMO-
CTbIO HOpPMYJIbI 1] (m =n) 2> (m = n), KOTOpas MOXeT ObITh MOJy4YeHa
Ha OCHOBaHWHW ¢d. *158 u *49 ([21], cc.173 u 110). Onnako “Heii-
TpasibHas” MPUEMIIEMOCTb 3TOro Lara oblierM3BecTHa U caMma 1o cebe.

7. JlokaxceM Temnepb ps/l YTBEPXKACHUM, MPOJHUBAIOUIMX CBET Ha TO,
KaK HajJluyue CBOWCTBA g Yy KakoH-nubo joruko-apudpmMeTHyecKkon
dopMynbl F 3aBUCHT OT cTpoeHHs 3TONH QOpMYJIbI H OT HaJU4MUA CBOM-
CTBa g Y €€ COCTAaBHbIX YaCTeH, KOrja OHa He dJIeMEHTapHa.

7.1. Ilycme S u T — nocmosiunvie mepmul. Tocoa
g(S=T) © 3(S) =, 3(T).
B camoM aene,
gS8=T) ~W)~G(Ww,(S=T)) [4(D)]
© ~(w) ~(w € f) A (f(3(5),3(T)) = 0)) [4.2:2)]
>~ (W)~ ((w e ) AB(S) =4 3(T))) [4.1]
© ~~(Ew) ((w € f) A(3(S) =, 3(T))) [6.2.2]
(1) & ~~ ((Ew) (w € f) A (3(S) =4 3(T))) [6.2.1].
Ho (Ew)(wef) umeeT MecTo (B KauecTBe W Mbl MOXKEM B3ATh f), U
noToMy
gS=T) © ~~((S)=x3(T)) [6(1)]
> 3(S) =, 3(T) [6.3.2],
4TO U TpeOOBAIOCH 10KA3aTh.

7.2. IIycme P u Q — 3amxnymeie popmyaer. Tozoa

g(P&Q) > gP A gQ.
B camom pene,

gP&Q) © ~(w)~G(w, (P&Q)) [4(D)].
Ho ~(w) ~ {( wellHY) A
~ (u) ~ (G(u,P) A Z((W)s, u, P)) A
(2) ~ (v) ~ (G(v,Q) A Z((W)2, v, Q))} [4.2:0)].
Ho

~(W~(G(u,P)AZ((W)1,u,P)) > ~(W~(GUPIA((W)1 = 0)) [4.2.1]
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© ~~ (Eu) (G(u,P) A (W), =, 0))  [6.2.2]
& ~~ (Eu) (G (WP) A (W)= 0))  [6.2.1]
> ~~ (Eu) (G (WP) A ~~((W); =z 0))[6.1.1]
o~ ()~ (G WP)A (W)= 0))  [6.2.2]

(3) © gP A (W)= 0) [4(D)].
AHaJIOrMYHO N0JyYaeM, 4TO

(4) ~ (V) ~ (G (v,Q) A Z (W), v, Q) € (8QLA((W)2 =4 0).
[Toaromy

g(P&Q)  © (W)~ {(w [THY) A (W) = 0)

r((W)=g 0) A gP AgQ}  [(2),(3),(4)]
& ~~ (Ew) {( w e[THU) A (W), =, 0) A

((W)2=¢ 0) A gP A gQj} [6.2.2]
< ~~ {(Ew) ((w €lTHY) A (W), =4 0) A
(5) (W)2=¢ 0) A 3P A gQ} [6.2.1].

Ho (Ew) ((wellHY) A (W), =5 Q) A ((W); =& 0)) umeer mecto (B
KauecTBe W Mbl MOXkeM B3aTs napy (0,0) ), u notomy

g(P&Q) & ~~(gP AgQ) [(5)]
(—-)»~~gP/\~—qu [6.11]
<> gP A gQ [6.1.3],

yTC U TpeOOBANOCH A0Ka3aTh.

7.3. [lycme P u Q — 3amxrymste hopmynvr. Tocoa
g(P 2Q) & (gP > gQ).
B camom nene,

gP>DQ) ©~wW)~G(w,(PDQ)) [4(1)]
« ~ (W)~ {( welUPDI) A
(M)~ @)~ (G (u,P)AZ(nuP))—>
(6) 'w(n) A ~(v) ~(G(v,Q) A
Z(w(n),v,Q) 1} [4.2:8)].
Ho, aHanoruuxo (3), UMEIOT MECTO IKBUBAICHTHOCTH
(7 ~W~(GuP)AZ(nuP))e>gP A(n=4,0)

H
(8) ~ ()~ (G (v.Q) AZ (w,n),v,Q)) €>gQ A (W(n) = 0),

M NOTOMY

gP>Q) < ~(w)~{(weUPD1) A (n) [gP A (n =, 0)) >

(H9) Iw(n) A (w(n) =4 0) A gQ)]} [(6),(7).(8)]
0

(M[(gP A (n =g 0)) = (tw(n) A (W(n) =, 0) A gQ)]
© (n)[(n =4 0))>(gP>(!w(n) A (W(n) =, 0) A gQ)] [6.1.4]
©  [gPCwW(0) A (W(0) =4 0) A gQ)] [6.3.1]
(10) &  [(gP = (!w(0) A (W(0) =& 0))) A (gP — Q)]  [6.1.5],
1 notomy [(9), (10)]
g(P 2 Q) © ~(w) ~{(weliPD1) A (gP = (Iw(0) A (W(0) = 0)))
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A (gP — gQ)}
> ~~ (Ew) {(weUPD1) A (gP — (!w(0) A (W(0) =4 0)))

A (gP — gQ)} [6.2.2]
> ~~ {(Ew) [(WeUPD1) A (gP — (Iw(0) A (W(0) =, 0)))]
(11) A (gP — gQ)} [6.2.1]

Ho (Ew) {(weYPD1) A (gP — (!w(0) A (W(0) =, 0))] nmeeT mecTo
(B KauecTBE W Mbl MOXeEM B3aTb YPD1, onpeaeieHHYO B Hyie U NpH-
HUMAIOLLYIO TaM HyJIEBOE 3HAYEHHE), U OTOMY

g(P 2 Q) & ~~(gP - Q) [(11)]
> ~~ gP — ~~gQ [6.1.2]
< gP - 2Q [6.1.3],

HTO H Tpe6OBa.ﬂOCb A0Ka3aThb.

7.4. [Tycmoy VXR(X) - 3amxnymas popmyna. Toeoa
gVx R(x) & (n)gR(n).
B camowm nene,
gvVx R(x) > ~(w)~G(w, Vx R(x)) [4(1)]
> ~ (W) ~ {(WeUPDI) A
(12)
(m)[Iw(mA~(u)~(G(u,R(n))AZ(w(n),u,R(n)))]} [4.2:7)]
Ho, ananoruuHo (3), HMeeT MeCcTo 3KBUBAIEHTHOCTD
(13) ~(W~(G(u,R(n)) A Z(w(n),u, R(n))) > gR(n) A (W(n) =4 0)),
1 notomy [(12), (13)]
gVx R(x) © ~ (w) ~ {(welUPD1) A (n) [(*w(n) A (W(n) =, 0)]
A (n) gR(n)} [6.2.4]
> ~~ (Ew) {(welPD1) A (n) [(Iw(n) A (W(n) =, 0)]
A (n) gR(n)} [6.2.2]
© ~~{(Ew)((weUPD1) A (M)[(Iw(n) A ((W(n) =, 0)])
(14) A (n) gR(n)} 16.2.1].
Ho (Ew) ((weUP®d1) A (n) [(!w(n) A ((W(n) =5 0)]), umeeT mecTo (B
Ka4yeCTBE W Mbl MOXXEM B3ATb TOXKIECTBEHHO paBHYIO HYJIIO olluepe-
KYPCHUBHYIO QYHKLHIO), U NOTOMY

gVx R(x) €> ~~ (n) gR(n) [(14)]
> ~~(n) ~ (u) ~G (u,R(n) [4(1)]
<> (n) ~ (u) ~ G (u,R(n) [6.2.3]
<> (n) gR(n) [4(1)],

4TO U TpebOBaOCh JOKA3aTh.

7.5. [Iycmo P — 3AMKHYMas ¢opmyna. Tozoa

g IPe>~gP
B camom nene,
g [P & gP > (0=0Y) [4.2:1)]
< gP — g(0=0" [7.3]

© gP - (0=, 0" [7.1]
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Ho rpaduueckoe paBeHcTBO 0=y 0' MecTa He MMeeT (cm.00 3TOM Oosee
AeTanbHO, Hamp., [26, § 2, n.4]), u notoMy “ME€TOAOM MPHBEAEHHS K
HENENOCTH ~ MO, 1yvaeM
g-l P <> ~gP,
YTO M TpeOOBAIOCh A0Ka3aTh.
7.6. Illycmy P u Q — 3amxnymuie popmy.tol. Toeoa

g(Pv Q) & ~~(gPugQ).
B camoMm pene,

gPvQ) ogl(1P&lQ) [4(1), 4.2:¢)]
o g(lp&lQ) [7.5]
o ~@lPAaglQ) [7.2]
<~ (~gP A ~gQ) [7.5]
> ~~ (gP U gQ) [6.1.6],
4TO U TpeOOBAJIOCH AOKA3ATh.
7.7. [ycmy IXR(X) — 3avmruyman popmyna. Toeoa
gixR(x) «> ~~ (En)gR(n).
B camoM jaene,
gdxR(x) & g_] Vx | R(x) [4(1), 4.2:x)]
> ~g Vx_|R(x) [7.5]
< ~(n)g |R(n) [7.4]
<> ~(n) ~ gR(n) [7.4]
<> ~~ (En)gR(n) [6.2.2],

4TO ¥ TpedOBaAIOCh J0KA3aTh.

Takum obpazom:

a) Haruuue cpoiicTBa g y 37eMeHTapHOH 3aMKHYTOH (opMysibl
PaBHOCH/IbHO €€ UCTHMHHOCTH, — “HEHTPAJILHOM”, — TaK KakK pelueHHe
Bonpoca O rpadHYeCKOM PaBEHCTBE CJIOB HE OMNMUPAETCS HU Ha Teope-
THUKO-MHOXECTBEHHbIE MPEACTABIECHUS, HA Ha 3aKOH HCKIKOYEHHOTO
TPETHEro; CYILIECTBEHHYIO PO.ib 3/1€Ch, — PABHO KaK U B (QOPMUPOBAHHU
caMoro rnpeacTaBneHust o cioge, — vurpaet (cm. [26, § 2, m.nm. 2-4])
HPUHYUR ROJIHOU UHOYKYUU, TNPUEMIIEMBIA U C TEOPETHKO-MHOXKECT-
BEHHbIX MMO3UUUH, U B paMKaX WHTYMUMOHHUCTCKOH MPOrpaMMsbl, U C
TOUYKH 3PEHHST MAPKOBCKOIO KOHCTPYKTHBH3Ma.

0) CBOUCTBO g, KaK MOKa3bIBAIOT yTBEpxKAe€HUs 7.2-7.5, “npoHo-
CUTCA” uepe3 KOHBIOHKUMIO, UMIUIMKALMIO, OTPUUAHHE M KBAHTOP
BCEOOLLHOCTH.

B) Uepes AMRBIOHKUMIO M KBAHTOp CYLUECTBOBaHHA CBOHCTBO g

MPOHOCUTCS WL “‘C ABOHHBIM OTpUUAHUeM’ (yTBepKaeHus 7.6 u
7.7).

8. Tenepb Mbl nepeHaeM K YCTAHOBJCHHUIO OCHOBHOIO yTBEpKIe-
HUs JaHHOH paboThl. 4TO Beskas (opmyna, BbIBOAMMAA B Klaccuye-
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ckou HopMabHOH aprdMeTHKe (/15 KOHKPETHOCTH Mbl Oy1eM HMETb
neno ¢ gopmansHoii cuctemoit u3 ra. IV moHorpaduu [21]), kBasu-
BocrnioniiuMma. OT1croa, BBUAY Toro, uto dopmyna (0=0') He sBisercs
KBa3UBOCIMOJIHUMOH (CM. 7.1), Mbl CMOXeM cAenaTh BbIBO, YTO OHA He
BbIBOJMMA B pAacCMaTPUBACMOH CHCTEME. A 3TO, B CBOIO O4Yepesb,
MO3BOJIMT HAM KOHCTaTHPOBATb HEMPOTHBOPEYMBOCTD TOM MOCIeaHEH.

Mbl 10KakeM KBa3MBOCMOJHHMOCTh BCEX AaKCHOM CHCTEMBI H
MOKa)XeM, YTO MPUMEHEHHE €€ MPABHJI BbIBOJA BEAET OT KBA3HBOCMOJ-
HUMBIX (popMyJT k dopMyJiaM, Takxe 001aaar0IKMM ITHM CBOWCTBOM.

Ha4yHem ¢ umnvkauronHo#t rpynmsl (B [21] 310 nmocrtynarsl 1, ¢
lp)

8.1. Beakas ¢opmyna suoa (A D (B D A)), coe A u B — npous-
80JIbHblE (POPMYIbL, KBA3UBOCHOIHUMA.

B camom pnene, ecnu A u B — 3amkHyThIe dOpMYJIBI, TO, COMTACHO
7.3,

8(A D (B2A) © (gA - (2B - gA)),

M BbICKa3bIBaHHWE, CTOALIECE B MpPaBOW YaCTH STOH 3KBUBAJIEHTHOCTH,
“HeHTpasIbHO” UCTHUHHO KakK “INOJICTAHOBOYHBbIH NpUMeEpP” UHTYHLMOHH-
CTCKOM akcHOMbI. BocnoaHUMOCTh ke GopMyJibl 3TOro BUAa B cily4ae,
Koraa xots 0bl ogHa u3 popmya A, B He 3amkHyTa, obecneunBaeTcs —
Ha OCHOBE MpeAbIAYLLEro — yreepxkacHuem 7.4.

CoBepllEeHHO aHAJIOTMYHBIM PacCy>KJE€HHEM — CHOBa, C MPUMEHe-
HUeM 7.3 u 7.4 — noka3biBaeTcs
8.2. Beakas hopmyna euoa
(ADB)D(AD(B>2C)D(AD0))),
2oe A, B u C — npoussonbrbie popmynvi, KBA3UBOCNOTHUMA.

AHAJIOTHYHBIM K€ pacCy>XJeHHEM — Ha 3TOT pa3 ¢ NMPHUMEHEHUEM
7.3, 7.2 (o115 npoHECEeHUs g CKBO3b KOHBIOHKLHIO) U 7.4. — 1OKa3blBa-
IOTCS TEOPEMbl, KacaroUIMecss KOHBIOHKUMOHHOW FpYTMbl aKCMOM (B
[21] aTO mocTynatel 3, 4, U 4yp):

8.3 — 8.5 Jlio6wie popmyner credyrowux mpex 6u0os:
(A D> (B> A&B))), ((A&B) o A) u (A&B) D B) ksazusocnoanumer.

Ilepeiinem Tenepb K rpynmne akCMoM, CBA3aHHbIX C IU3BIOHKUHEH (B
[21] aTO mocTynatel S,, Sy U 6).

HMeroT MecTo yTBEpKAEHHUS

8.6 — 8.7 Jlrobwie chopmynei credyrowux 08yx 6u00s:
(AD(AvVvB)u(B>(AvB)), e AuB — npouzsorvuvie popmynei,
K68A3UBOCNOAHUMYI.

7 B [21] ¥ akcHOMBI, ¥ TIPaBUJIA BbIBO1A HA3LIBAKOTCSA MOCTYNATAMH.
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Kak u B 8.1, Mbl HauHeM cO cliyyas 3aMKHYTbIX (opmy:i, nocie
Yero ciayuai Gopmysi ¢ napaMeTpaMu MOXET ObITb PacCMOTPEH € PH-
BjeueHuem 7.4.

PaccMorpum dopmyay nepsoro suaa. Toraa

g(A D (A v B)) & (gA > g(AvB)) [7.3]
(1) < (gA = ~~(gA L' gB)) [7.6]
Ho “HeliTtpanbHO” UCTHHHBI BBICKA3bIBAHUSA
gA -» (gA L gB) [21,¢. 77,
[TocTynar 5a]
%
((gA U gB) - ~~ (gA U gB)) [21,¢c.109, ¢.*49a

I,

H MOTOMY MO “npaBUJly LenHoro 3akatodeHus” [21, c. 104, ¢*2] “Hel-

TPa/lbHO~ WCTHHHO BbICKa3blEaHUe (1), YTO H OCTaBaIOCh AOKA3ATh.
Cnyuyaii popmyibl BTOPOro TUNA TPAK1yeTCsA aHANOTHUYHO.
YuuTbiBass HAKONWBILMHCA Y YMTATENd ONBIT, Mbl MO3BOJIHIH cebe

HECKOJIbKO COKPaTUTb MPHUBOIUMYHO apryMEHTALHIO.

8.8. Jliobas opmyra euoa
(ADC)>((B 2C)o(AvB)D())),
20e A, B u C — npoussonbnbie hopmyabl, K8A3UEOCNOIHUMA.

CHoBa Mbl OrpaHHuuMcs ciay4daem 3aMkHyThIX A, B u C.

Hrak, cornacHo 7.3 u 7.6, uMeeT MecTO ““HelTpasibHas®™ JKBHBa-
JIEHTHOCTb

g(ADC)D((B o2CO)=((AvB)YDQ)))

«» ((8A - g0) = ((gB » gC) = (~~ (8A U gB) — g())),

npaBas 4acTb KOTOPOHM MOXeT ObITh Npeodpa3oBaHa cHavaaa B

((8A — gC) > ((gB = gC)—> (~~ (gA U gB)—> ~~g())), [6.1.3],

3aTEM B

((gA > gC) = ((gB = gC)»> ~~ (gA U gB)—> g(0)))  [6.1.2],
W HaKOHel!l B

(((gA = gO) A (gB = g0)—> ~~ ((gA L gB)—> g())  [6.1.4].
Ho “‘HeATpanbHO™ UCTHHHDBI BbICKa3biBaHMs

((8A > gC) A (gB — g()) = ((gA v gB)—> 2())) [21,¢.77,

nocrynar 6; 6.1.4.]

2

((gAwgB) > gC) > ~~ ((gAugB)—>gC) [21,c.109, ¢.*49a],
M [OTOMY MO “mpasuiy uenHoro 3akmodeHus” ([21, ¢.104, ¢.*2])
“HEUTpasIbHO” HCTHHHO BbICKa3blBaHUZ (2), 4YTO MW OCTaBAIOCH
JI0Ka3aThb.

[MepeiineM Tenepbp K akCHOMaM, CBA3AHHLIM C OTpHUaHWeM (B [21]
3TO nocryaatbl 7 v 8°; mocneaHuil crnieUHPHYEH L1 KIACCUHCCKOU
CHCTEMBbI ).
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[lepBblii M3 HHUX, MOCKOJILKY g MPOHOCHTCA CKBO3b OTPHLIAHHE
[7.5.], TpakTyeTcs coBepuieHHo aHanoruuHo 8.1, Tak yro

8.9. Besikas hopmyna euda (A D B) D (A D 1B) > 1A)),
20e A u B — npouzgonbuvie hopmynsl, xeazueocnornuma.

“HeHTpanbHO” HCTUHHO M COOTBETCTBYIOLIECE YTBEPKIAEHHE [1s
BTOpOro nocrynara. MMenHo,

8.10. Besxas popmyna euoa (1 1A D A) keasusocnomnuma.

HelcTBUTENBHO,
g((1TA 2 A) & (~~gA — gA).
Ho, xak oTmeuanoce B 6.1.3., nmpaBas 4acTb 3TOH 3KBHBAIEHTHOCTH
“HEHTpasIbHO” UCTHHHA, MOCKOJbLKY BbICKa3blBaHHE ZA HA4YHMHAETCA CO
3HaKa ~.

Htak, npono3MuHoHaNbHbIE aKCHOMbl CHCTEMbI PACCMOTPEHbDI.
[lepeitnem Tenepp K paccMOTPEHHIO KBAaHTOPHbIX akcHoM (B [21] 3To
nocrynatel [0 u 11).

Ilpexxae Bcero oTMeTuMm, 4to ans OOOro MOCTOAHHOro Tepma T
uMeeT Mecto rpaduueckoe paseHcTBo 3(3(T)) =, 3(T), U noromy
nobas noctosHHas nneMeHTapHas dopmyna (T= 3(T)) kBaszuBocnos-
Huma [7.1].

[Tokaxxkem Tenepsb, 4TO

8.11. Beakasa ¢popmyna euoa (Vx A(X) D A(T)) 20e A(x) — npous-
gonvnan popmyna, a T — npouzeonsuuiii mepm® | K6a3UBOCHOTHUMA.

Kak u B 8.1, n1octatouHO OrpaHHYUTBLCA ClyyaeM 3aMKHYTOM op-
MYJibl, U OOLIWH CTy4yal TpakTOBaTh Ha OCHOBE 7.4.
Hrak, nycts paccmartpuBaemas ¢dopmyna 3amkHyra. Torma T —
MOCTOSAHHBIN TEPM H
g(Vx A(x) D A(T)) & (gVx A(x) = gA(T)) [7.3]
<> ((n)gA(n) — gA(T)) [7.4]
Ho dopmyna ((T=3(T)) > (A(T) = A(3(T))) HHTYMUHOHHUCTCKH
BbIBOJIMMA, U MOTOMY BbICKa3bIBaHHE
g(T=3(T)) = (gA(T) & gA((T)),
a 3Hauut, U gA(T) <> gA(3(T)) “HeiitpainbH0” HcTHHHO. Creno.a-
TENbHO,
g(Vx A(x) D A(T)) « ((m)gA(n) —> gA((T)),
npyu4yemM npaBas 4acTb 3TOH 3KBUBAJEHTHOCTH MNPpPEACTaBISET cOOOH
“NMoACTaHOBOYHBbIH NPUMEP”’ HHTYMUHOHUCTCKHU BBIBOAWMOH (GOPMYJIbL.
Tem cambIM Hallle yTBEPKAEHHE NOKa3aHO.

¥ 3nech, a Takke B 8.12 N0mKHBI COBMOAATLCA YCAOBHA, 0OECMEUHBAIOMIME AOMYC-
THUMOCTb NOACTAaHOBKHK TepMa T BMecTo napamerpa X. bosee y1oOHbBI Takue BapHaHTbI
onepauui NoJACTaHOBKH, KOT/a 33 CHET HA/UIEKALUX EPEUMEHOBAHUHA NCPEMEHHBIX
B A(X) AonycTuMoif 0ka3biBACTCS 1N10ACTAHOBKA MH000ro TepMa.
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8.12. Bcaxas ¢popmyna suoa (A(T) D IxA(x)), ede A(X) — npous-
8o.1bHaA (hopmyaa, a T — npor360abHbIT MepM, KEA3UEOCNOIHUMA.

Kak v B npeabiayiux yTBEPKACHHUAX JAHHOTO MYHKTa, Mbl OMATH
OrpaHUYMMCS pacCMOTPEHHEM cilyuas 3aMKHYTOH dopmysibl. B stom
ciyyae

g(A(T) o IxA(x)) €& (gA(T) = ~~ (En)gA(n)) [7.3,7.7],

U [IOTOMY, CChIIasACh Ha ““HeHTpasibHYt0” HCTHHHOCTB BBICKa3blBaHUH

gA(T) - ~~ (En)gA(n) [21, nocTynar 11},

(En)gA(n) = ~~ (En)gA(n) [21, c. 109,d*49a]

U NpUMEHSsA “TipaBuIo LenHoro 3akmoueHus’ ([21, c. 104, d.*2]), mbl,
kKak B 8.8, Mo)keM 3aKJIIOUMTb, YTO paccvaTpHBaemas HamMu QopmyJa
NEUCTBUTETBLHO KBa3UBOCIOJHUMA.

Tem caMbIM MpoBepka HajlWyHs CBOKCTBA g Y BCEX JIOTHYECKMX
aKCUOM 3aKOHYEHa.

[lepeiineM Tenepw K NpoBepKe NMpaBHI BbIBOJA.

8.13. Ilpumenenue npasura modus ponens (B [21] 3To moctyaar
2) gedem om hopmyn, obaadarwux ceotucmeom g, K (opmy.ie, maxxce
obaadaroueti 3mMum C8OUCMBOM.

Jlerko BHAETb, UTO AOCTATOYHO — HA OCHOBaHUKM 7.4 — OrpaHu-
YUTHCS CIy4aeM 3aMKHYThIX (hopmyi.

Hrtak, nycte ¢popmynst A u B 3aMkHyTBHI, a Kpome Toro, A H
(A D B) obGnaparor CBOWCTBOM g, TO €CTb BbICKa3bIBAHHUS gA U
g(A D B) sBastorca uctuHHbiMM. Ho Ttorma B cuiy 7.3 UCTHHHO
gA — gB, a 3Hauut, u gB, yro u TpedoBa1och 10Ka3aTh.

8.14. Ob6a xeanmopneix npasuna bepnatica (B [21] 310 nocTtynarsl
9 u 12) 6eoym om ghopmynsi, obaradarweni coricmgom g, k popmye,
maxdice oO.1a0arouets 3MuM CGOUCMBOM.

HanomuuMm, 4to nepBoe U3 HUX (nocrynaat 9) pa3pelaer rnepexo-
auTh oT hopmyiibl (CDA(X)), rae C He conepKUT napameTpa X, K dop-
mysie (C 2 VxA(x)), a Bropoe — ot dopmyibl (A(x) = C), rae C cHoBa
He COJIEP)KUT NnapameTpa X, k popmye (IxA(x) D C).

Kak v paHee, BMecTo 00liero ciay4as AOCTAaTOYHO PacCMOTPETh
crieuuasibHbId — Cnydai, KorJda MochliKa MpaBuiia HE COAEPXKUT napa-
METPOB, OTJIMYHBIX OT X.

JIns  noka3arenbcTBa  Haulero YTEEpxeHUs ynobHee BCero
COCJaThCs HA UHTYHLIMOHUCTCKYIO BBIBOIMMOCTb OpMYJI

Vx(C D AX)) =(C D Vx A(x)) (21, c. 148, $.*95]

Vx(A(x) D C)=(3Fx Ax) o C) [21, c. 148, d.*96]

[To npeanosoXxeHHo, NOChIIKAa NEpPBOro Nnpasuia obnanaeT CBOM-
cTBoM g. Ho

g(C D A(x)) © gVx(C 2 A(X)) [4.2(2)]
< (M)g(C 2 A(n)) [7.4]
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<> (n) (gC — gA(n)) [7.3]

<> (gC > (n) gA(n)) [21, §.*95]
> (gC > gVxA(x)) [7.4]
> g(C 2 VxA(X)) [7.3],

U notomy g(C D VXA(x)) uMmeer Mecto. Tem caMbiM pazbop nepBoro
npaBujia 3aKOH4YEH. BTopoe mpaBuno TpakTyeTcs COBEpLUEHHO aHaJio-
F'MYHO Ha ocHOBe popmyssl [21, c. 148, $.*96].

Takum oOpazom, yreepxaeHue 8.14 qoka3aHo, H HaM Tenepb OCTa-
€TCH TMPOBEPUTH KBa3WBOCMOIHUMOCTb ApUMETHUCCKHX aKCHOM U
cxeMbl HHAYKUMU (B [21] 310 nocTyaaTsl 13-21).

HavyHewm co cxembl uuaykumu (nocrynar 13), koropas B [21] dury-
PHPYET B CJACAYIOLIEM “‘HE3aMKHYTOM” BHJE:

((A(0) & Vx(A(x) D A(x"))) D A(x)).

C yuetom 7.4 Mbl paccMOTpUM ciy4vail, koraa dopmyna A(x) He
MMeEeT MapaMeTpoB, OTIMYHbIX OT X. IlokaxkeM, 4TO B 3TOM cCiyuae
MMEET MECTO YTBEP)KACHHE

8.15. [Ina nwboii popmyrvr A(X) coomsemcmsyrowan eii cxema
UHOYKYUU K8A3UBOCHOTHUMA.

B camom nene,

g((A(0) & Vx(A(x) 2 A(x"))) D A(x))

< gVx((A(0) & Vx(A(x) D A(X"))) D A(X))

< (Mg((A(0) & VX(A(x) D A(x"))) D A(n)) [4.2(2)]

<> (0)((8A(0) A (n)(gA(n) = gA(n"))) —> gA(n))  [7.3,7.2,7.4]

<> ((gA(0) A (n)(gA(n) = gA(n"))) = (n)gA(n)) [21,c.148,0.%95].

Ho npaBas 4acTb 3TON 3KBHBAJIEHTHOCTH MpPEACTaBASAET cCOOOM, —
Kak BbIpa)keHHe OOLIEro MpUHIMMA MOJHOH MHAYKUWH A KOHKpeET-
HOro cBOWCTBa gA(X), “HeHTpanibHO’ MCTHHHOE BbICKa3blBaHHE [CM.
3aMedaHue a) B koHuUe pasgena 7). Takum oOpa3oMm, HHTepecytollas
Hac ¢opMysa OeHCTBUTEIbHO 001azaeT CBOWCTBOM g, 4TO U TpeboBa-
JI0Cb 10Ka3aTh.

Tenepb nepeiaem HeMnocpeaCcTBEHHO K akcHoMmaM [leaHo (Tak Mbl
Oynem Ha3blBaTh OcTaBlUMecd noctynaarel 14 — 21). B otnuuue ot npe-
AbIAYLHUX pacCMOTPEHUH Mbl OyJ1€eM UMETH 3l1€Ch €10 C KOHKPETHBIMHU
aKCMOMaMH, a He cXeMaMH akcUoM. B kaxaol w3 HUX ¢urypupyer
KOHKPETHOE€ OTHOLIEHHE =, KOTOpOE€ B OINpeJesieHUH CBOWCTBA g
MHTEPNpPETUPYETCA TMOCPEACTBOM TIpaUUECKOr0 PaBEHCTBA CJIOB =y
[eMm. n. 4.2.a) u yrBepxaeHue 7.1]. 3a “HeHTpasibHbIM’ M3/I0KEHHEM
Tpedytolllerocs 34ech Marepuala Mbl oTcbliaem udrtarens k ria. [ u Il
MoHorpaduu [26] (B CBI3U C BOMPOCOM O “HEUTpabLHOCTH MpHUMe-
HSi€MBIX 3[€Cb CPEJCTB ClEeUUalbHO oOpalllaéM BHMMaHHUE Ha MOC/el-
HUi ab3an Ha ctp. 18 IlpeaucnoBus; Bo 2-M M3AAHUM — 3TO MpPEAIO-
cnenHui ab3an Ha ctp. XLIII).
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AxkcuoMbl (noctynarbl) 14 u 17 ecTecTBEHHO paccMOTPETb OAHO-
BPEMEHHO.

8.16. Axcuomer 14((a'=b') > (a=b)) u 17((a=b) > (a'=b")) xea-
3ugocnoIHuMbl. (30eck a u b — 0ge konkpemmnvle nepemennuie.)
JIeACTBUTENIBHO,
g((a'=b')D(a=b)) «>gvaVvVb((a'=b')>D(a=Db)) [4.2(2)]
© (m(mg((m'=n") D (m=n)) [7.4]
<> (m)(n)(g(m'=n") = g(m =n)) [7.3]
<> (m)(n)((m'=,1n") > (m=,n)) [7.1].
AHaJIOrM4HoO,
g((a=b)o(a'=b")) « (m)n)(m=gn) — (m'=,n").
YTBepaaeHHe, cToslee B NPaBOM YacTh NEPBOH IKBUBAIEHTHOCTH,
npeacrassisier cobol 4yacTHbIM ciayudad Oonee obwero “HeWTpajbHO™
MCTHHHOTO BbicKasbiBaHui §17.5.1 w3 monorpaduu [26]°. Ilpapas
4acTb BTOPOH IKBUBAJIEHTHOCTH TPUBHAJIbHBIM 00pa3oM J0Ka3blBaeTCs
NpaBOH WH,1yKUHEH MO MOCTPOSHHUIO c/I0Ba (CM. TaM ke §9.5) ¢ yueTom
onpeaeneHus rpaduyeckoro paseHcTBa (rtam ke, §2.4). Tem cambiM
Haule YTBEPXAEHHE JOKA3aHO.

8.17. Axcuoma | (a'= 0) (noctynar 15) keazusocno.imuma.
B camom nerne,

g l@=0)  gval(a'=0) [4.2.(2)]
<> (n)g | (n'=0) [7.4]
<> (n) ~g(n'=0) [7.5]
<> (n) ~(n'=,0) [7.1].

Ho npaBas 4acTh 3TOH 3KBUBAIEHTHOCTH TPHBHAJIbHBIM 00pazoM
“HefiTpanbHO” WCTMHHA B cuny n. P.3 onpeaeneHus rpaduuyeckoro
paBeHcTBa (cM.[26, §2.4.]: nocnenHeit OykBoi cnosa n' sBasgercd ', a
nocienHei 6ykBoii ciioBa 0 asasieTcs oTnuyHas ot ' Oyksa 0.

8.18. Axcuoma ((a =b) D ((a =c) > (b = ¢))) (nocrynar 16) xeazu-
80CHONHUMA.
B camom nene,
g(a=b)D((a=c)>(b=c))
> gVaVbVe ((a=b)Dd((a=c)D(b=¢))) [4.2.(2)]
> (m)(n)(p) (m=n) > ((m=p)>D(n=p))) [7.4]
<> (m)(n)(p) (g(m =n) = (g(m =p) = g(n=p))) [7.3]
<> (m)(n)(p) ((m =g n) = (M =, p) = (n=¢p))) [7.1].
Ho nocnenHsist mpaBas 4acTb B 3TOM LUENH DKBHBAJIEHTHOCTEH npea-
cTaBiisieT cOOOH “HeHTpasbHO” MUCTUHHOE BbICKa3biBaHWME O TPAH3UTUB-
HOCTH rpadhHuyecKOoro paBeHCTBa NPUMEHHUTEIBHO K CJI0BaM CrelHalb-

° OHo vTBepxaaeT, 4To ans moboro c1osa R u3 rpaduueckoro pasencrsa cios PR
QR BeITekaeT rpagHyeckoe paBeHcTBO cioB P u Q.
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HOro BMAa — HaTypabHbIM YUCnaMm. OHO, KakK Jerko yOeIMThesa, MOKeET
ObITb 10Ka3aHO Ha ocHoBanuM mn.n. P.1-P.4 onpeneneHus rpaduye-
ckoro paeeHcTBa (cm. [26, §2.4]. Tem cambiM yTBepkaeHue 8.18
JIOKa3aHo.

KBa3uBOCIOAHUMOCTL OCTaBLUMXCS UYEThIPEX aKCHOM (TOCTYJIaTOB
18-21) TpuBManbHa, MOCKOJbKY aKCHOMBI 3TH MPEACTaBJAIOT cOOOMH
OMHCAHHE NMPaBUJI, MO KOTOPbIM BbIUMCIAECTCS 3HAUEHHE TepMa:

((at0)=a), ((a*+b") = (atb) '), ((a- 0)=0), ((a- b") = ((a - b)+a)).

[Tpu puKcHpPOBAHHBIX 3HAYEHHAX TMEPEMEHHBIX a W b 3Ha4YeHUA
TEPMOB, CTOALUMX B JIEBBIX YaCTAX PaBEHCTB, rpaduyeckyd paBHbl 3Ha-
YEHUSAM TEPMOB, CTOALIMX B MpaBbIX YacTax. [IpoBepka moxkeT ObITh
NpeaocTaBieHa YUTATEIO.

Tem caMbiM MBI okKasajii, 4Ytro

8.19. Knaccuueckasn gpopmarvnasn apugpmemura Henpomugopevusa,
YTO U ABJISAJIOCH LIEJIbIO JAHHOMN padoThl.

ABTOp BbIpaXkaeT cepAeqHy0 npusHareabHocTh B.A.CTenaHoBy 3a
pAA MOJIE3HbIX COBETOB U 3a OOJbLIYIO MOMOLLb, OKa3aHHYIO MpH noa-
FOTOBKE TEKCTA K MEeYaTH.

JIUTEPATYPA

1. N'unvbepm /1., bepuaiic I1. OcHoBaHUA MaTeMaTUkU. TeOopHs QOKa3aTebCTB
/Tlep. ¢ HeM. M.: Hayka, 1982.

2. l'unvbepm J. O 6eckoHeuHoM // T'unsbept /1. U3bpanusie Tpyasl. T. 1. M.:
®aktopuain, 1998. C. 431-448,.

3. Brouwer L.E.J. De onbetrouwbaarheid der logische principes // Tijdschrift
voor wijsbegeerte. 1908. V. 2. P, 152 - 158.

4. Kleene S.C.  On the interpretation of intuitionistic number theory // J.
Symb. Logic. 1945. V. 10. P. 109 - 124,

5. Gentzen G. Die Widerspruchsfreiheit der reinen Zahlentheorie // Math.
Ann. 1936. Bd 112, No 4. S. 493 - 565. (Pyc. nep. B c6.: Maremaruueckas
Teopus joruueckoro seioaa. M.: Hayka, 1967. C. 77 - 153).

. Gentzen G. The collected papers. Amsterdam: North Holland, 1969.

. Gentzen G. Neue Fassung des Widerspruchsfreiheitsbeweises fur die reine
Zahlentheorie // Forschungen sur Logik und sur Grundlegung der exakten
Wissenschaften. Neue Folge. 1939. H4. S. 19 - 44. (Pyc. nep. B ¢6.:
MareMaTtudeckas Teopus norudeckoro BeiBoaa. M.: Hayka, 1967. C. 154 -
190).

8. Ackermann W. Zur Widerspruchsfreiheit der Zahlentheorie // Math. Ann.

1940. Bd 117, No. S. 162 - 194.
9. Hosuxoe I1.C. On the consistency of certain logical calculus // Marem. ¢6.
1943.T. 12, Bwin. 54.C.231-261.
10. Schiitte K. Beweistheoretische Erfassung der unendlichen Induktion in
der Zahlentheorie // Math. Ann. 1951. Bd 122. S. 369 - 389.

~ N

127



11.
12.
13.
14.
15.
16.
17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

31.

Schiitte K. Beweistheorie. Springer-Verlag: Berlin - Gottingen - Heidel-
berg, 1960.

Xnooosckuu H.H. HoBoe 10Ka3aTeabCTBO HENPOTHBOPEUHUBOCTH apUdMe-
TUKH // Vcnexu mateM. Hayk. 1959, T. 16, ebin. 6. C. 105 - 140.
Menoenscon D.  BBeneHMe B MaTeMaTHUECKYHO JIOTHKY. 3-e w3a. / [lep. ¢
aHrn. M.: Hayka, 1984. 319 c.

Godel K. Zur intuitionistischen Arithmetik und Zahlentheorie // Ergeb-
nisse eines math. Koll. 1932 - 33, H. 4. PP. 40.

Nelson D. Recursive functions and intuitionistic number theory // Trans.
Amer. Math. Soc. 1947. V. 61. P. 307 - 36&.

Hlanun H A, O HEKOTOpbIX JIOTHUECKHX Mpobaemax apupMeTHkH. M.:

‘U3n-B0 AH CCCP, 1955 (Tp. mareM. un-ta AH CCCP. T. 53).

Hacopuoiit H M. O peanusyeMbIX U BOCMOJHHMMbIX JOTHKO-apudmMeTHye-
ckux ¢popmynax // JAH CCCP. 1964. T. 157, No 3. C. 529 - 531.
Hacopuniu H.M. OO0 oaHOM BapuaHTe OfpelesieHUsl pealu3yeMoi
aoruko-apupmeTudeckoit dopmyasl / HMccneaoBaHus Mo TEOPHH alro-
pudMoOB 1 MateMmaTHueckoit Joruke. 2. M.: MU3n-so BLI AH CCCP, 1976.
C.32-45.

Hazcoprwiti H M. OaHa KOHCTPYKTHBHAs MOJENb KJIaCCUHECKON dopMatb-
Hoit apudmeTtuku // JJAH. 1993. T.332, No 1. C. 26 - 28.

Tlhucko B.E.  HenportuBopeuuBocTs // MateM. DHumkn. T. 3. M.: CO,
1982, cronb. 998 - 999,

Knunu C.K. BseneHue B MeTaMateMatuky /Tlep. ¢ anrii. M.: MJ1, 1957.
Heyting A.  Die formalen Regeln der intuitionistischen Logik // Sitzungs-
berichte der preussischen Akademie der Wissenschaften. Physikalisch-
mathematische Klasse. 1930 S. 42 - 56.

Heyting A. Die formalen Regeln der intuitionistischen Mathematik. II, II1.
Ibid. S. 56 - 71, 158 - 169.

Heyting A. History of the foundations of mathematics // Nieuw Arch.
Wisk. Ser. 3. 1978. V. 26.P 1-21.

Troelstra A.S.  Arend Heyting and his contribution to intuitionism //
Nieuw Arch. Wisk. Ser. 3. 1981. V. 29. P. 1 - 21.

Mapkoe A.A., Hacopuwiii HM.  Teopus anropudmos. M.: Hayka, 1984.
432 ¢. (2-e u3a. M.: ®dazuc, 1996. 448 c.)

Kolmogoroff A N. Zur Deutung der intuitionistischen Logik // Math.
Zeitschr. 1932. Bd 35. S. 58 - 65.

Hazopreii HM. K Bonpocy 0 HENMpOTUBOPEUHUBOCTH kJiaccuueckoi ¢op-
ManbHoi apudmeTuku //CoollueHnss MO MpUkIagHOH MaTeMaTtuke. BLL
PAH. M., 1965. 25 c.

Hacopnwitt H-M. K BONpocy 0 HEMPOTHBOPEUHUBOCTH KJlacCHUECKOH apud-
MeTukH // MexnayHaponHas koH@epeHuua «CMHPHOBCKHE YTEHHs». M.,
1997. C. 20-22.

Hacopnwiit H M. PeanusyeMoCTHas ceMaHTHKa PaHHETO fepHoJa MapKoB-
CKOFO0 KOHCTPYKTUBHM3Ma (UcTOpUa U npobnemsl) // Jloruueckue uccaeno-
BaHHu4. Bein. 7. M., 2000. C. 61-71.

Hacopnwiu H.M. K pabotam no ocHoBaHusiM MateMaTHkd // [ unvbept .
H36pannseie Tpyasl. T. 1. M.: ®aktopuan, 1998. C.562-570.



H.H.HeneiiBoaa

O ®OPMAJIN3AIIMU HE®OPMAJIU3YEMOTI'O’

Abstract. Phenomenon of informalizability is studied from two points of view.
First of all, as a phenomenon of humanitarian thinking. Secondly it is treated

as one of the levels in the hierarchy of knowledge and skills following pr.
Beloselsky-Belozersky.

HCTOpH‘leCKaH H CoaepKaTe/JdbHAad MOCTAHOBKA 3a1a4H

B koHue 70-x ronoB 0oOMH M3 HOBOCHOUPCKHX JTOrMKoB - Hukonait
Bnaaumuposuu benskun — Hauwan menate A0KJIaAbl MOJ HECKONBKO
CTpaHHbIM, Ha MEePBbIH B3IJiAl, AeBU30M: «DopManuzauus HedopMaliu-
3yeMbIX MOHATHI). KaxeTcs, 4To 3TO Ha3BaHHE BHYTPEHHE MPOTHBO-
PEYMBO W HANIOMHMHAET HEAOOPON MaMATH JUANIEKTHYECKYIO «JIOTHKYY.
Ho Ha camom pene H. B. BenskuH npocto oOpaTH/ BHMMaHWE Ha
(eHOMEH, KOTOphIH Bce paBHO CYLIECTBYET B HalleM MHpe. Boiee
TOTO, OH IPHUJIOXKHJI K 3TOMY SIBJIEHUIO OJJHOBPEMEHHO M JOCTHIKEHHS
COBPEMEHHOH MATEMaTHUYECKOH JIOTMKH, U BhIpabOTaHHYIO COBETCKOM
MHTE/JIHMCHLIMEN CHCTEMY MHOTOYPOBHEBOIO MBILJIEHHS, HCMObL30-
BaBLUYIOCS KaK METOJ CaMO3alUMThl OT JKECTOYAHLIero MnpoMbIBaHMSA
MO3IOB.

CoBpeMeHHass Hayka NpOHM3aHa, roBops oOpa3aMH JaOCCKOM
dunocodun, Myxckor cunor ax. OHa CTPEMUTCH K MOPSAIKY, paLMo-
HaJIbHOCTH, ONPEAEIeHHOCTH, GOpMal3allid U HaBSI3bIBAET 3TO CBOE
cTpemiieHUe OOLECTRBY .

Ho, Kak W3BeCTHO, KOrja AH JOCTUraeT pacLBeTa, MOSBIAETCS UHb —
JKEHCKOE Hayajlo, COOTBETCTBYIOLUEE HEYMOPSAAOUEHHOCTH, UPPALHO-
HaJIbHOCTH, HEONPEAEIICHHOCTH, HE)OPMaTHU3yEeMOCTH.

Takum obpazoM, Hapsay C HCCIeIOBaHUAMH TOro, KaK MOPSIOK
MOJKET MOSBJATBECS U3 Xaoca, HeJlb3s UTHOPUPOBATh U pa3BUBarOLLUECH
Ha HaulWX rja3ax NpoLEecChl MOPOXACHHUS Xaoca U3 Nopsjaka, npespa-
IIEHUs] CJIOXKHBIX (POpPManM3MOB MpH MOMBITKE WX MPUMEHEHUS Ha
MpaKTUKE B HEYTO HedopManuzyemoe. Takoe peaibHO MPOUCXOAUT Ha
KaxJoM wary. BcnoMHure xots Obl, kak Bel Benete cebs co CoxHOM
KOMITBIOTEPHOM MpOrpaMMol, KOTOpas 6 npuHyune SBJISETCS YUCTO
($OpMaTbHBIM UHCTPYMEHTOM.

H.B.benskuH npoaHanyM3upoBan Mpexae BCEro CHUTyalHtO, BO3-
HUKLLYIO BOKpYr TeopeMbl ['€nens o HenonHote. OH oOpaTUil BHUMa-
HUE Ha TO, YTO KOHCTpYKUMsa ['€nens obnagaer yaMBUTENBHON yCTOM-

" PaGota BbInoIHeHa pH nogiepxke POOU, rpant Ne 98-06-80205.
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YHBOCTBHIO K MOAMGHUKALMAM Teopuit U Joruk. JIocTaTO4YHO BbIpa3u-
TenbHAas TEOPUS cama [OMOraeT onpoBeprarb cebs, caMa nomoraer
CTPOHTb YTBEPXKIAEHHE, C KOTOPbIM OHa HE MOXET CHNpPaBUThCS, He
MOXET HH J/10Ka3aTb, HU ONnpoBeprHyTb. COOTBETCTBEHHO, HHUKAKHE
MOMNBITKH MTPUMHTHBHOTO MOHUMAaHUs THMA

JTroboe ymeepxcoeHue aubo 0okazyemo, 1uO0 OnposepHCUMO, AUOO
Hepazpeuumo,

HUYEMY He NMoMoraroT. Eciau ke Mbl MnbiTaeMcs CTPOHTH LENYHO T0C-
JI€N0BAaTe/I5HOCTL TEOPUH, 10 MO0 caMu ee wieHbl JOJIKHBI [O-
poxaaTbes HedOpMaM30BaHHO, JHOO H 3Ta MOCAEAOBATEIbHOCTb
MIOMOYKET TOCTPOUTh HEpa3peliHMOe HHW B OJHOW M3 ee TeopHuH
YTBEPXKIACHHUE.

Hrak, naxke B MaTeMaTHke JOCTATOYHO CJIOXKHBIE MOHATHS HEBO3-
MOKHO ¢opManu3oBaTh. TeM He MeHee Mbl BOBCIO MOJIb3YyEMCS HX
dbopMaTH3ALHUAMH.

C ryMaHUTApHBIMH MOHATUAMH AeJI0 00CTOMT elle cioxHee. Pas-
BUTHE N'YMAHUTApPHbIX MOHATUM XapakTepH3yeTcs JBYMs BHELIHE Npo-
THBOPEUYHEBIMH TEHIEHLMAMHU: CTPEMJIEHHEM K KaHOHH3aUHH M HeoO-
XOAUMOCThIO nepecMoTpa. UMeHHO 3TH TeHAEHUHMHA B UX B3aHUMOCBSA3H
ynoBui benskux.

OcHoBHas ero uaes ciaenyrowas. ['ymaHUTapHOEe NOHATHE (HanNpH-
Mep, J000Bb, Apyxk0a, YECTh) pa3biACHAETCA Ha MpPEUEAeHTax H Mojy-
YyaeT HeABHOE alropuTMHUeckoe onpeneacHue. Ho nedarenu kynabTyphl
CMEeUHATU3UPYIOTCS Ha TOM, YTO KaXAbIH pa3, KOrja rtakoe onpenaene-
HHE CTAHOBUTCS TOYTH (UKCUPOBAHHBIM M OOLWIENPUHATBIM (KOTaa
BO3HHKaeT dopmanuzauus), MpUAYMbIBAKOT MpeUeIeHTbl, HE NOJXO0s-
lHe noja JaHHoe onpeneieHue. B yacTHocTH, OTHOWEHUA Pomeo u
JOKyAbeTThl ObUTH MpeleIeHTOM, He MOAXOAWBLUMM 1OA NouTH dop-
MaJIM30BaHHOE B TOT MOMEHT MOHATHE JIOOBH. DTO JOMYCKAeT yTOUHe-
HHE B pavKax COBPEMEHHOU TeopHUH anroputMos. B HeH nokazaHo
CYUIECTBOBAHHE TMPOAYKTUBHbIX MHOXKECTB, KOTOpbIE MO3BOJIAKOT MO
KaXJIOMy CBOEMY BbIYHCIAMOMY TPHOJHKEHUIO BbIJATh KOHTP-
MpUMeEpP, Ha KOTOPOM JaHHOE BBIMHUCIUMOE NPUOIHKEHHE oLHbaeTcs.
310 — Ta ’Ke CUTyauusi, KOTOPYIO C JIOTHYECKOM CTOpOHbI BhICBETHI K.
['€nensp.

Takum oOpazoM, ¢ Touxkd 3peHHs be/isikuHa B KaKAbIH JaHHBIH
MOMEHT B JAHHOMH KyJbType T'YMaHHUTapHOE MOHATHE UMeeT Gopmaliu-
3aUMI0, TO €CTb CHCTEMY TOYHbBIX MMPaBWJ, MO KOTOPOH MpoBepseTcs
nodoi npeueaeHt. Ho He 3ps B EBaHrenusx te, KTo cTporo ciierosai
MUCaHbIM MpPaBU.JIaM MW JIHLIb UM, HA3bIBAIOTCS KHWXKHHKaAMU W dapu-
CesIMH M XapakTepu3yroTcs orpuuarensHo. Kaxnaas ¢opmannzaums
cama NopoXkaaeTr NpeueneHT, BXOASIUMWHA B MIeabHOe MHOXKECTBO, HO
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He MOAXOAAMI noa Hee camy. bonee Toro, Takum csolicTBoM oGna-
JAaeT M KaXK[das BbIYMCIIHMAs TMOCIEAOBATENbHOCTh (Popmanu3zalimii.
3HQUMT, XOTS B HEKOTOPOM cMbicie (opmanuzauuu HedopMaiuzye-
MOTO MOHATHA MO benskuHy v cTpeMsTCcs K UAeasbHOMY Mpeaesny, HO
moOOoH peasibHbIM Mpeden cam cebs MOMOraeT OMpoOBEPrHYTh (TOYHO
TaK e, Kak J/ro0as HenpoTHBOpEHYWBas TEOPUSA caMa T[OMOTaeT
MOCTPOUTb MPUMEP HEPA3PELIUMOTO B HEd HCTUHHOTO YTBEPKACHUS ).

KoHeuHo ke, Ha pnaHHble acnekThl 00pallagochk BHUMAHUE B
COBpEMEHHOI Hayke U ¢HocoPpHH (B YACTHOCTH, B TAKMX TEUYEHHSAX,
KaK JEKOHCTPYKTHBH3M, MOCTMOAEpHHU3M, dannadbunusm.) Ho yposensn
MOJ€aeH, MOTPeOOBABIUMXCA /I MONYYEHHS XOTb KAKMX-TO TOUHBIX
pe3y/bTaTOB B JaHHOH 00JIaCTH, PE3KO KOHTPACTHPYET C Pa3rOBOPHBLIM
W B 3HAYUTEJILHOH CTENEeHH KOHQOPMUCTCKUM AYXOM [JAHHbIX HAMpaB-
nenuit. HeobxonnMo Bceraa MOMHHTbL, YTO HEraTHMBM3M - OJHAa H3
dopm koHpopMH3Ma, a 3naTtax - oaHa W3 Gopm unuctepcra. Eaun-
CTBEHHBIH CMOCOO MpPEOAOIeHHUS MyT, HAJIOXKEHHBIX MpeapaccyaKkaMu
obuiecTBa, 6€3 pazpylleHHss OCHOB 3TOro OOLUECTBA M BOCCO3AaHUS B
HalleM HOBOM MHpE TeX ke JHU00 ewe Oonee TynbIX Mpeapaccy/1KoB -
KUTb B oOllecrBe U ObITb ¢BOOOAHBIM OT OOlECTBa, KaK MoKa3asiu
KUTallckHe Myapeubl BpeMeH Benukoro Oe3BpemeHbs Mexay AHHa-
cTuaMu XaHb W TaH, Mexay KUTaHCKOH aHTHYHOCTHIO W KUTaHCKHM
Bo3poxxneHuem.

3a nocyieAHUe NATHAALATH JIET, npexae Bcero B Poccuu, nonyueHnbl
pe3y/bTaThbl, pa3BUTbl KOHCTPYKLUHH W METOAbI, KOTOpbI€ MO3BOJAIOT
FOBOPHTB O MOSABJIEHUH TEOPHH HEDOPMATU3YEMBIX MOHATHIA.

Teopus HedopMainu3zyeMbiX NMOHATHI BblpacTasia Ha 0a3e MHOTHX,
BHELLHE Bpa)A€OHbIX, HO Ha caMOM JeJie €UHbIX B CBOEH riyOuHe u
OecnomaaHoi pedekcuu NoaxogoB B COBPEMEHHON JIOTHKE W MaTe-
MaTHKEe, W OIUIOAOTBOPSJIMCh HAECSAMH KJIaCCHYECKOH W COBPEMEHHOMH
dbunocodum, BOCTOUHOrO M 3anagHoOro Mckyccrea. Tak 4to reorpadu-
4ECKOE MECTO MOABJIEHUS W BPEMS - MPOMEXYTOK MEXAy 3anaioM M
BocTtokoM M nepuoa 3aTsHKHbIX CMEH JMHACTHA U Oe3BpeMeHHUi B
BEJIMKOH eBpa3sHicKOH UMMEpHH - NoXKanyH, OblIM €AUHCTBEHHO BO3-
MOXXHbIMU. Hy>KHO ObUIO MOMHOCTHIO JIUILMUTL LENbI HAPOA B ABYX
MOKOJEHUSAX KOPHEH U WILIIO3UH (B TOM YHCAE M WUIIO3UH MO MOBOAY
CTAHJAPTHBIX METOJOB MPEOAONEHHs WIIIIO3HI), YTOObI OTpe3arTh ner-
KHe IMyTH MPAMbIX OTPUUAHUH U Onaroriaynocteil, Ha KOTOPbi€ HEW3-
O€XKHO CKaAThIBAIOTCS U KOHPOPMUCTBI, U JUCCHIEHTbI B O0Iee MATKOM
obuiectse. [loaTomy naHHas Teopusi ¢ camMOro Havasna CTaja MeXJIMcC-
UMIIMHApHOH #, Oojiee TOro, 6uIHYIICOeHa WCIONb30BaTh TPYAHbIE
METOJbl U PE3YJIbTaTbl U3 Pa3/JU4YHbIX AUCLUMIUIMH. B yacTHOCTH, OHa
MoJIb3YETCA anmnaparoM cleAytolHX HaykK:

1) Maremaruueckas JOrHKa, BKJIKOYas:
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a) Moaenu Kpunke u HEKJ1aCCHUYECKHUE JIOTHKH;

b) T'udpHaHbIEC JOrHYECKHE CUCTEMBI,

c) KOHCTpYKTHBH3M U MHTYHLIHOHH3M;

d) Teopus pekypcHii;

e) Teopusa nokazaTejbCTB.

2) MeToabl TEOPHUH CUCTEM.

3) JocTH:KEHHUS eBPONEHCKON NO3UTUBHON QHIOCODHH U CTPYKTYpa-
JIM3Ma 8MECTE C JOCTHXKEHUIMHU HHTYUTUBUCTCKUX HIKOJL.

4) Jlaocckas W 2neMeHThl Oyaauiickol  ¢dunocodpun. Kurahckui
METO/l Hay4HOIO M3JIOXKEHHS MaTepualla, ApKO MpeACTaB/IEHHbIH B
KJTaCCHYECKUX BOEHHbIX TPAKTaTax.

S) CospeMeHHas MHbOpMaTHKA, B MEPBYIO OYepelb METO/Abl OMHUCa-
HUS M aHaliu3a CJI0XKHbIX (GOpPMasbHbIX A3bIKOB, WX CEMAHTHKH H
CUHTAKCHUCA, METO1bl MOACSIUPOBAHUS CIIOXKHDBIX CHCTEM.

6) CoBpeveHHas TeOpHs TOYHOIO TBOPYECKOIrO MbILULIEHHS, B YACTHO-
CTHU, TEXHHYECKOTO TBOPYECTBA.

OIMH 3TOT CNUCOK MOKa3bIBaeT, MOYEMY T, KTO YYBCTBYHOT
JIOBYILKH, 3a/10’)K€HHbIE B MPHMUTUBHO MNOHUMAEMOH PAaLIMOHAIMCTHYE-
CKOW mnapagurMe COBPEMEHHOM HayKHW, TaK 4acTO CKaTbIBalOTCA K
nocTMoAepHU3MYy 1ub0 dannabunusmy. Hy HeT 31ech HapcKoro nyTH,
TaK >Ke, Kak U B Bompocax Bepbl. YTOObI NOCTPOUTE HACTOSLLYIO HAYY-
HY0 albTSPHATHUBY «MO3HUTHBHOMY» B3L.IAJY, HYKHO TMOJb30BaThCH
BLICLUIMMH JOCTUKEHUSMH CaMOro 3TOrO HalpaBJ/IeHMs, TakK e, Kak
A8 TOro, 4tobbl MOCTPOUThL réaeneBy GoOpMyay IS TEOPHH, HYIKHO
Mpo/e/1aTh CAOXKHYIO KOHCTPYKLUHIO Hal JAHHOH TEOpHEH.

KoMmnsrorepusaius u Hepopmaau3yemMocTb

Hanee, koMnbroTepr3anus Bcex cep 4ea0BEeUECKON AeaTeIbHOCTH
MPUBOAMT K (CAHILIKOM YacTO HEOCO3HAaHHOH) Qopmanu3auuu HU Tex
MOHSATUH, KOTOpble BCErAa TPAKTOBATMCH KaK He(OPMaIIbHBIE.

Drta cropoHa Obula BHepBble sipko noavepkHyrta Jx. Beihuen-
HayMoM.

Jx. BeidineHbaym — oauH M3 spuadiudx (HO OTHIOAb HE CaMbIX
MpeycreBLIUX) NPeACTaBUTe 1€l HanpaBJIeHHs!, U3BECTHOTO NOJ Ha3Ba-
HUEM UCK)CCMBEHHBIU UHMEITIEKM.

B cepeanne 60-x rogos ou cozaan nporpammy ELIZA (HazBaHHYyrO
no uMeHv repouHu nbechbl b. llloy «llurmanuon»), Koropas UMHUTH-
poBajia AHAIOr MEX1y MCHXOAHATMTUKOM W MauueHToM. OHa He nbl-
TajlaCh MOHATb Y€IOBEYECKUH A3bIK (UTO ObLIO B MPHHLMIE HEBO3-
MOYXHO HA TOM YpPOBHE pPa3BUTHS KOMIMEIOTEPOB M HH(MOPMATHKH), a
MPOCTO Ha OcHOBe GopMalbHbIX 3HAHHMH O CHHTakcuce ¢pa3 BO3Bpa-
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Laja Yel0BEKY ero COOCTBEHHbIE YTBEPXKAEHHS B BUJIE BOITPOCOB G0
3aMEYaHUi.

Hekotopbie M3 npaBun nepedopMyiupoBkH ObITH  BeCbMa
OCTPOYMHBI, HAalIpUMep, Ha YTBEPXKIAEHUS THIIA:

— HukTO MeHs He JTIOOHUT, —
MOT MOCJ/IEA0BaTh BOMPOC:
— Koro konkpetHo Bbl umeere B Buay?

OTa mporpamma nocayxuna 3h¢eKkTHbIM IKCNEPHUMEHTATbHBIM
ONMpPOBEPIKECHUEM TeCTa TbIOPUHIa: JIOAM BOCIPUHHUMANH MPOrpaMmy
Kak BIIOJIHE pa3yMHOro U 100poxenareabHoro cobeceHuKa.

CTonb TBOpYECKAst W KPUTHYECKU MbICIALIAS JTMYHOCTh, Kak Beii-
LieHOayM, He Morna ObiTh He LIOKMPOBAaHA TEM, YTO BOKPYT €ro Mnpo-
rpaMMbl, KoTopas Oblja HamojOBUHY LIYTKOH, HANoOJOBHHY OMpOBEp-
)KEHUEM TMOYTEHHOW M r1yOOoKOM runotesnl (ThIOpUHT, MOXaIYH, Mpo-
CTO MEPEOUEHUT MHTEJJIEKT CPEIHErO YeJ0BeKa), MOAHSIICH HEBEPOAT-
HBIH WIYM KaK BOKPYTI BEJIMKOIO JOCTHXEHHS UCKYCCTBEHHOI'O WHTEJ-
NeKTa. DTO HABEJIO €ro Ha MbIC/b MPOAHAIU3UPOBATH APYTHE «IOCTH-
KEHHA» HUCKYCCTBEHHOTrO HHTE/JIEKTa, 3HAMEHUThie K Hayary 70-x
rofoB, U BbIABUBLIASCS KapTHHa Obl1a MpPOCTO y)KaCHOH: BOWHCTBYIO-
€€ MO0JIy3HaHHUE, UTHOPUPYIOLIee BCE NOCTHXXEHHUS MHUPOBOH I'yMaHHU-
TApHOM U MATEMATHYECKON MbBICIU, MPUMUTHBHBIE MOAEIH, PEKIAMHU-
pyeMble KaK YHHUBEpPCAIbHbIH peluarefb 3aJa4, pasryJl arpecCUBHOM
caMOpeKJ1ambl ¥ npodaHaLmy.

Janee, KOMIBIOTEp CJIMILIKOM YacTO MCIONb3YeTCs Ajsl TOro,
4yTOOBI, HUCMOJIB3YS KOJOCCaTbHbIE JIOTMYECKHE H BbIYHUCIUTEbHBIC
pecypchl, MPOMIUTh KU3Hb TYMUKOBBIX U OTXKHUBLIMX Ce€0Sl CTPYKTYP.
H3BecTHO, 4TO cAMIIKOM OOMBLIME U JIETKOJOCTYMHbIE BbIYUCIUTEb-
Hble pecypchl OTHIOAb HE CTHUMYJHUPYHOT MOMCK HOBBIX PELUEHMH,
[ossnsercsa cobnazH npocTo KynuTh DOJbLIE MAaMATH WK DoJiee MoLL-
HBIH TMpOLECCOp M 3alyCTUTh, CKaXkeM, Cpa3y HECKOJIbKO W3BECTHbIX
METO/MOB.

W, HakOHel, KOMIBIOTEPbI MPUBEIM K MOSBIEHHUIO HOBOM LEH3YPbI
3HaHWH. JlaHHble, 3aKajbiBaeMble B 0a3bl, ajiee HaUMHAIOT BOCIIPU-
HUMAaTbCS KAK OKOHYATEIbHAsk UCTUHA, a HE 3aJI0)KEHHBIE B HUX — UCUe-
3al0T M3 UCIOJIb30BAHHUA.

[Toatomy I'. BeitueHOaym Hamucan ropbkyro KHUIY, FOBOPSLLYIO O
TOM, YTO Ha CaMOM JeJjie IPOUCXOAMT HE KOMIIbIOTEpHas peBOJIIOLHS, a
KOMIbIOTEPHAsi KOHTPPEBOJIIOLMS U B HayKe, U B 0OLECTBE.

Benp ntobas koMmIibroTepHas MporpamMma 3ao0/Ho siBasercs dpopma-
Au3alded MOHATUH, ¢ KOTOpbIMH OHa pabotaeT. Ho uenosek, 3a
UCKJIIOYEHHEM 3aKOHYEHHbIX XaKEepPOB WJIM CUCTEMHBIX aIMHHHUCTPATO-
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pOBl, MoHuvMacT €<, MbITadCh MNPUITHCATH el ueiu u paurMOHA/IbHOC

noeeeHHe. BO3MOXKHO, NpUIHCaHHBIE UM ITpOrpaMMe Li€JIH YaCTHYHO
M COBMAIalOT C LeJIIMH aBTOPOB [POFPaMMbl, HO HaBEPHSKA OHH
MOHUMAIUCH MO-pa3HOMY, Aa H ObIIM peaslM30BaHbl HECOBEPLIEHHO H C
ownbkamu. [TodTOMy noBeaeHue nporpaMmbl 4acTO BOCIPUHHUMAETCA
KaKk HEeYTO HenpejckazyeMoe, a caMH HWCIO/Ib30BaHHBIE MPOrpaMMOHN
conepxKareiibHble MOHATHUS OHa HauuHaeT 1e¢hOPMHUPOBATD.

M, HakoHel, KOMNbIOTEPL! 3acmasuiu Ajaed padbotath CO CIOX-
HbIMU dopvaiu3audsiMH, NpHYEeM OHH, KdK HAea/ibHbie OIOpOKpaThl,
cTporo crneaytoTr Oykee 3Tux dopmanuzaudid. M Tyt BeIIBHIOCH, YTO
JlaXke CI0XHble GopMasibHbIE MTOHATHS YEJIOBEK CKIOHEH MOHUMATh KAk
HedopmaneHble. Ha 3Ty ocoOeHHOCTH uenoBeka BrepBble OOpaTHI
BHMUMaHWe aBTOp NaHHOH paboTbl B cBOoeM 0030pe Mo aJropuTMHUe-
CKHUM f3bIKaM 1982 1.

bonee toro, Takyro 0COOCHHOCTh 4Ye0BEKA HE/b3S BbICOKOMEPHO
UrHOPHUPOBATb KaK HEJ0Pa3BUTOCTb. T0.1bKO MNpPHUHMMAs B pacuer
AKOObl OIHOOYHOE MOHHUMaHHE YeJJOBEKOM, MOXXHO JaTh TOHSTHE
owHOKU B sA3bIKE MporpamMmrypoBaHusa. Kputepuu ouinbkH B maTeMa-
TUYECKON hopMasiM3allid J10CTATOYHO SICHBI: JTMOO MpsAMOE MPOTHBO-
peure, NTHOO pacxokIeHHe ¢ WUCTHHHOCTEKO B CTAaHJAPTHOH MOJEIM.
Kputepun owmubku B Nporpamme TOXe€ [IpOCTbl: B Jy4dLIEM Ciayyae
BbIOAET HE TO, UTO HAJ0, a B TUIIMYHOM —- MIPOCTO «BHCHET». A BOT B
OMHUCAHHUHW AITOPUTMHYECKHX A3bIKOB OUYEHb TPYJHO CAENaTh TaAKYHO
owMOKy, KoTOopas npueena 651 K HEBBIYMCITMMOCTH HEKOTOPBIX KOHCT-
pykuui. [lo3ToMy, Kak HH MapajgoKcalbHO, €CTb NOHATHE OLIMOKH B
nporpaMme, HO A0 CUX NMOp B HHGOPMATHUKE MPAKTHYECKU HET MOHATHA
OWIMOKKM B TOM, Ha 4YeM Oa3upyroTCs MPOrpaMMbl: B OMpeae/ieHHH
AITOPUTMHUECKHUX H3bIKOB.

Oka3ajiochk, YTO MOJE/H, CO3/1aHHble A5 ONMUcaHua GopManirzauuii
HedbOpMaTM3yeMbIX TTOHATHH, JeHCTBYIOT W B [JaHHOM Clly4yae Kak
MHCTPYMEHT aHajiM3a METOJOB MOHUMAHKS CI0XKHBIX CUCTEM (dopma-
JIU30BAHHBIX MOHATUH peaibHbIMU JIFOABMH.

Te ke Mozaend MO3BOJNSIOT MPOACHHTL W (EHOMEH, OTKPbITbIH
COBPEMEHHOH MCHUXOJOTHeH: BOHOOOpa3HOe (POPMHPOBAHHE MOHATHH
y neteit. PebeHok, Bpoae Obl OBNaAeBUIMI, CKaxeM, MOHATHEM 00beMa,

' Tak Ha3sbIBacMble CHCTEMHBIE AIMHHMCTPATOPbl ABMISIOTCA PEIKHM THIOM MOEH,
KOTOpbIE MOIYT HHUCTO (OPManbHO pacCMaTEMBaTb HCKIOUHMTENBHO CHROXKHbBIE
CUTYaLUH, BO3HUKAIOWINE NPU paboTe COBPEMEHHbBIX CBEPXCIOXKHBIX M 3anyTaHHbIX
nporpaMMHbIX cHcTeM. OOBIYHOMY e HEJOBEKY KaXKETCs, 4TO NporpaMma BeaeT
ceGs MOYTH KaKk MHAMBHMAYYM (4alle BCEro yAMBHUTEIBHO 3JI0BpPEIHBIA, 0COOEHHO
€C/IM OHa CTpPeMUTCH ObITb APYKECTBEHHOH M OKpYXaeT ero Maccoi MeIBEXKbHX
ycayr; cMm. Microsoft Word, ¢ noMouiblo KOTOpPOro MOJArOTOBJIEH TEKCT NaHHOH
CTaTBH).
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3aTeM Kak OyaTo TepsieT ero, a 3aTeM BHOBb oBfajeBaeT. HyskHo nmom-
HUTb O HEhOPMAIM3YEMOCTH €C/IH HE CaMHMX [MOHATHH (OHM uacTo
MOYTH (HOPMATU30BAHBI, MOCKOJBLKY COBpeMeHHas (DU3MKa YTOUYHMIIA
MX, NIPEBPAaTHB B TEPMHHKI), TO UX ynoTpebjieHUs B €CTECTBEHHOM
SI3bIKE, KOTOPOE OCTAETCA COAEPIKATENBHBIM H YacTO NMPOTHUBOPEUALLHM
MPUMHTUBHO TMOHUMAEMOMY (opMaaH30BaHHOMY cMbIcty. [lo3Tomy
pebeHok, oBrageB GopMaiu3auued, BeaeT ceds He kak GHOKOMIMbIO-
Tep, a KaK OEHCTBHUTENbHO MBbICAILEE CYLIECTBO (BeAb TBOpPYECKHE
CNOCOOHOCTH Yy MHOXECTBa Jtofed OTIIMOAlOTCA JIMIE B OETCKHX
YUPEXACHUAX WIH B MJIAJUIMX KJIaccax WKOJbI, a OT ABYX AO MATH OHH
BCe eule TBopubl). OH OCO3HAET, YTO MOJIb30BAaTLCA TOYHBIM CMbICIOM
C/IoBa MOXHO He Bceraa. M, ectectBeHHO, pebeHKa yBiieKaeT MOMCK
UCKJIIOYEHHUH, W Bpole Obl OCBOEHHOE TOYHOE MOHATHE OTXOJMT Bpe-
MEHHO B TEHb, MOCKOJIbKY OHO HAYMHAET OCBAaUBATLCA Ha HOBOM
YPOBHE: KaK OJIHa U3 UNocTacel coaepxareIbHOro NoHATHS.

KomnbloTepHas aHanorus NpUBOAHUT K TOMY, YTO HauMHaeT Mpo-
CJIE)XHMBATbCS B3aUMOCBA3b Mexay dopManuzaudeil HedopMamuzye-
Moro M (yHaaMmeHtanbHOW ¢unocodckoit mpobreMoit COOTHOLIEHUS
BEpbl U COMHeHus. Cnernas Bepa COOTBETCTBYeT GopMaiu3alii, KOTO-
pas 1aeT BO3MOXHOCTb 4YEJOBEKY YCMEIIHO AeHCcTBOBaTb, KOrja HET
npobaemMbl Bbibopa uenei. [Ipu HeoOxoauMocTH BbiOOpa Leeit cienas
Bepa ObICTpO BedeT B TYNWK, U Heobxomumo coMHeHue. Hacrtosiias
peaurus (B OT/IMYHME OT TOTAJIMTAPHBIX CEKT) Jae€T MECTO U Bepe, U
COMHEHHIO.

IlocTyaaThl HedopMaIH3yeMOCTH

[To nepeurcAeHHBIM U MHOTUM APYTUM MPUUYMHAM Jaliblle HeJb3s
UrHOPHUPOBATh BOIMPOC O TOM, YTO ke Takoe dopmanuzauus HedopMma-
AN3YeMOro, Kak ¢ Heil paboTaTh W Kak He MOMnacTbCs B JOBYLUKH, IBHO
UMEIOLIMeCs] B TOHATHM, C CaMOro Hayajga COJAeprKailleM BHYTpEHHee
MPOTUBOPEYHE.

Cnenyloude NPUHLMIBLI €CTECTBEHHO MNPHHATL KaK [MOCTYJIAThI
TeOpHUH HeOopMaU3yeMbIX NOHATHIA,

1. TloHATHA MOryT ONHCHLIBATHCH JHIIb B HX B3aHMOCBH3H.
COBOKYMHOCTb B3aMMOCBSI3aHHBIX MOHATUH MOXET ObITh OMMCaHa Kak
curHatypa o (HasblBaeMas B T'YMaHUTApHBIX HUCCJEdOBaHUAX me3d-
ypycom)?.

CkaxceM, MOHATHA JOOBH WM PEBHOCTH TECHO B3aHMOCBS3aHbl U
MpUHAIEKAT OHOMY U TOMY XKe Te3aypycy.

2 aHublit NOCTyNaT HE TNPUHUMAICH DBelskMHBIM, HO N@BHO YK€ HCMOJb30BANCH
(uacto HesBHO) B paboTtax Tapckoro, Kapxara, ButreHwreina v ap.
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2. O6beM NOHSITHA SIBJIsie1Cs] MPOH3BO/IHbIM OT €I'0 COAEpPKaAHHSA
H B3aHMOCBSI3€li C IPYIrHMH MOHATHAMH

Hanpumep, nepecmaTpuBas NMOHATHE PEBHOCTH, Mbl TEM CaMbIM
M3MeHsSEM TTOHUMaHHUe N100BH
3. /N8 ryMAaHHTAPHBIX NOHATHHA H HX 00bEeMBbI, H HX B3aHMO-
CBSI3H BCE BpeMsl MEHSIIOTCHA, HX HeJb3d OJAHOIHAYHO 3aHK-
CHpPOBATh.

Tem He MeHee, MOXKHO 3aMETHTb, YTO B3aUMOCBS3M HAMHOIO CTa-

OunbHee 0OBbEMOB. B yacTHOCTH, UTO PEBHOCTb — OTPHIIATE/IbHOE YYyB-
CTBO, B3aUMOCBSA3aHHOE C J1I0OOBBIO, MOXKHO YTBEPXKJaTh MOYTH BCeraa
(BrpoueM, XO3IMH rapeMa Mpu cilyyae CMepTe/ibHO PEBHOBaJI CBOUX
OJAJIMCOK, U HE UYBCTBYS JIIOOBU K HUM).
4. Hmeercst omepaTop AHArOHAJIH3allHH, BbIAAKOIIHHA Mo J1000H
3¢PeKTHBHO 3aJaHHOH MOC/J€A0BATEJbHOCTH YTOYHEHHH pac-
CMaTpHBaeMbIX NOHSITHI HOBOe YTOUHeHHe, He COBNajaloulee HH ¢
O/IHHM H3 4JIEHOB I0CJIe0BATEIbHOCTH .

Tak ke Jierko NpoWUTIOC TPUPOBaTh A4HHOE IOJIOKEHHUE, KaK Mpe-
AblayUIve, yke He yaaerca. OHO fABASETCS MEPBbIM LLAMOM Ha IMyTH K
TOYHOW MaTeMaruyeckod Teopuu. Takas Teopus Bceraa ABJSETCA
dbopmannzalureil BBICOKOTO YDOBHS, OHa BBOAMT MJcasibHbIE MOHATHA,
NpsAMO HE HWHTEepPNpeTUpyeMbie B HENCCPEACTBEHHO TOHUMaeMOH
peasbHOCTH, HO MO3BOJIAOLLKE CAEIAaTh TMIAHTCKHE CKAaYKH B PacCyiK-
aeHHsx o0 3TOM peaslbHOCTM M HAMHOIO YBEAHYHUTb CHIy CTPOTHX
apryMeHToB. «B >H3HHU» MpPOCTO HET OECKOHEYHOM CHCTEMBI YTOUHE-
HUH, peal>sHO BOCMPUHHMMAaeMbIX OJHHUM U TeM Xe 4yeroBekoMm. Bor
31€Chb U HY>KHbl TaKHE pa3fie/ibl, KAk TEOPHS aJITOPUTMOB U MaTEMaTH-
yeckasl JIOrMKa, MOCKOJbKY OHH MO3BOJISKIT YBHMAEThb, UYTO OMHCAHHas
BbILLE CUTVaLUS CIJIOWb M Psi10M MOSBIAETCA B MAaTEMAaTHYECKHUX TEO-
pUsIX, 3aHMMaIOLIUXCS BONPOCAMH OMNPEAEIUMOCTH CIIOKHBIX [TOHATHH.
Ona nonyuunia Ha3BaHUE NPCIYKMUSHOCM.

Jaxe moHATHE UCTUHHOCTH GOPMYJBl HAa CTaHAAPTHOM cUCTEME
LIeJIbIX YMCEN MPOAYKTUBHO, .1100as nocje10BaTe/IbHOCTL TEOPHH, TIpe-
TeHAYIOWMX Ha NpUOMKEHUEe K HEMY, caMa MO3BOJIAET MOCTPOMTD
NPUMEP HCTHUHHOIO BbICKa3biBaHHS, HE JOKa3yeMOoro HH B OJHOH M3
3TUX TEOPHH.

5. HMMeeTcs1i omepaTop ajl>TePHATHBb], BbIJAKIIHA N0 KaXKI0H
nape yrouHeHH# Qo ¢, rae @, pacuiupsieT Oy, HOBO¢ YTOUHEHHE @2,
pacuupsionee (o, HO HeCOBMECTHMOE ¢ ;.

? ITosxanyii, BiepBbie 3TOT NPHHLIMIT ABHO chopMyuposan KapHar.

* H.B.Beaskuu

> A oToro y bensikuHa He 6b1/10, IOCKOMLKY OH MEPBOHAYATBEHO He paccMaTpUBal 1axe
OTpHLAHHE.
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B 'KW3HM Takue CUTyalMM BCTpEHalOTCs CIUIOINL W PAAOM, HO JUIS
MaTEMaTUKOB OOJIbLIMM CIOPTPH30M ObIIO MX MOSBJIEHHE U B camoii
TOYHOW M3 Hayk. HeeBrinaoBa reomerpus Bbi3Bajia MPOCTO LIOK Y
00sblIEH YacTH He TONbKO MONMyoOpa3zoBaHHOM MyOJMKH, HO W MNpPO-
dbeccronanos. Cnenyrouie akCHOMaTUYECKHE TEOPUH H HOBbIE YHCJIO-
BbIE€ CUCTEMBI TAKOIO LIOKa He BbI3biBaIM, noka JI. 3. 5. bpayap B 1908
r. He onybsnkoBan ¢GUIOCOPCKYIO IHCCEPTALUMIO C BbI3BIBAIOUIMM
Ha3zBaHHEM «O HEeAOCTOBEPHOCTH JIOTMYECKUX MPUHUHUIOBY». B Heit oH
0OpYLIMICA HE MPOCTO HA 3aKOH MCKJIKOYEHHOTO TPEThEro®, OH BbICKa-
3a/1C MMPOTHB MOMBITOK (OPMASM30BaTh MAaTEMATUKY H JIOTHKY, 3asi-
BUB, YTO OHH MOAMEHAIOT MOHATUA. OH BBLICTYNHJ MPOTHB CaMOM HJIEH
NOTHYECKUX 3HAYEHHH, MOCKO/IIbKY HaM HY>XHa He UCTUHHOCTL ¢op-
MYJIbl, @ IOCTPOEHHE, coaepxalleecs B ee 000CHOBAHHH.

bpayap He 6b11 HU dannabunuctom, HU nocTMoaepHUCTOM. OH He
BbILIYYMUBAJl B KAPHABAJILHOM JyX€ TO, 4YTO yxKe ObLIO clIe1aHo, a cepb-
€3HeHILMM 0Opa3oM repecMOTpesl Bce 3TO ¢ HOBOM TOYKH 3peHHUs.
IlpaBaa, v ypoBeHb ero obpa3oBaHusl, U Kpyro3op ObL1 MOUIMpE, YEM Y
MHOTHX MOJHbIX unocodoB. OH HauMHan HE KaK MaTeMaTHK, a Kak
dunocod, BEIUKOICIHO 3HAT KMTAHCKYIO U MHAMHCKYIO QHIIOCODHIO,
a B MaTeMaTHKe MOATBEPAMJ CBOKO KBaTUHUKALHIO MEPBOKIIACCHEH-
LIUMH pe3yJibTaTaMH.

Bpaysp 1LIOKMpOBas MHOrMX MaTE€MaTHKOB, KOTOpPbIE HE MOTIJIH
OTIEeNaTbcs OT cyeBepHH, Oepywux Hauyano ot [ludaropa u nogkpen-
N9eMbIX NPUMUTHUBHO MOHATHIMU TekcTaMH [LnaToHa, ¥ Mo3TOMY MoJTy-
YHUBILIMX B COBPEMEHHOH Quiocoduu IUCKpeauTupytoulee riaybokoro
MbICIHTENS uWMS naamonuzm. VIM Kkazanoch, 4YTo MaTeMaTu4ecKue
MOHATUS CYLIECTBYIOT, €C/IM HE B HallleM MUpE, TO B MUpe DoJliee BbICO-
Koro nopsiaka, dosnee peanbHoM, yeM Hawl. OHU Aep3aiu BTalHe CUM-
Tatb, kKak [Tudarop, uto bor ects Uucno. Eue 6osiee miokupoBano Ux
noseneHre bpayspa B kauecTBe penakTopa aBTOPUTETHEHILIEro mare-
MaTH4yeckoro >xypHaia. OH 3asBjisdj, 4TO Hekas paboTa He HMeeT
HUKAKOro CMbICJIA, MOC/e Yero oObeKTUBHO pa3dupall €e JOCTOMHCTBA

® TIpuHATH CYLICCTBOBAHME APYTHX NOTHYCCKUX 3HAYEHUH, KPOME MCTHHBI U JIAKH, Kak
3TO Mpeanoxun pycckud noruk H. A, Bacunbes, matrematuku U ¢uiocodsl ObiH
roroBbl, Tem Oosiee, 4YTO M caM ApHUCTOTEIb OroBapyBajl CHIILHBIA 3aKOH
UCKITIOYEHHOI O TPETHETO
Jhob6oe avickazviganue aubo ucmunno, AU60O NOHCHO
MHOXECTBOM YC/IOBHH, U CaM JEMOHCTPUPOBAJ Cllyyau, KOTAa 3aKOH HENPUMEHHM.
bonee toro, koraa [Ix. Bbyab co3man OyneBy anrebpy W mnokasai, 4TO IJist
NPEACTABIEHUS JIOTHKHW J0OCTAaTOYHO TMO/Ab30BATLCS BCEro ABYMS 3HAUCHUSAMH, ITO
OblJI0O HEKOTOPBIM HIOKOM.
OpurunansHas apucroresieBa GopMyITHpOBKa 3aKOHA UCKIIOYEHHOTO TPETLErO
Ymeepxcoenue u e2o ompuyanue ne mocym 6bims 00HOBPEMEHHO TOHCHbI,
OCTaeTCs CrpaBeauBoi U B UHTYULIMOHUCTCKOM MOTHKe, co3aaHHOi bpayspom.
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MU HENOCTaTKH C TOYKHU 3peHHS OOLLIEeNpPUHATOH, KJIaCCMYECKOHW Mmare-
MaTHUKH.

[TpyHUKMNHANBHO BbICTYNa1 NPOTUB dopManuszatiuu, bpaysp Tem He
MeHee noasepkuban ['mnbdepra B camble KPUTHUECKHE MHHYTBI, KOT/1a
NPUMHUTHBHO MOHATas Teopema ['€nenst o HEMoJHOTE Ka3ajgacb MHUPO-
BOMY Hay4HOMY cooOuuiecTBY kpaxoM nporpammbsl [ wisbepra popma-
Ju3aludH M 000CHOBaHUS MaTeMaTHKHU. bpaysp nocrapun nepea cBOMM
yueHHKOM A. ['elTHHIrOM 3agady GopMannu3oBaTh HHTYHULUHOHHCTCKYHO
JIOTUKY. A KOT/[a Y MHTYHLMOHHUCTOB HAQYAJIUCh PAaCXOKACHHA, OH He
CTa1 KI€HMHUTh YKJIOHUCTOB U PEBU3UOHHKUCTOB, a CIIOKOHHO 3asABHII:
TToCKONBKY UHMYUYUOHUCHIBL 2080PSAM HA HeDOPMATUIOBAHHOM A3bIKE,
MeHCOY HUMU HEU30EHCHO OO0IHCHBL ObLIU NOABUMBCA DACXOHCOEHUS 80
83271510aX.

[lo 3tum npuuMHam bpayspa MOKHO CUYHTaTb HAECHHBIM OTLIOM
TEOPHH HEDOPMATH3YEMbIX MOHATHI .

6. Hmeroresa abCo/1l0THO OOIIENPH3HAHHDbIE COOTHOLIEHHS MEXKNY
NOHATHAMM (MpHOU3MbI), HO OHH — caMble OecnoJie3sHble H3 BcCex
COOTHOLIEHHH.

B camoM gene, TprOM3MOM SBJISETCH, CKaXXEM, OMHCAHHE PEBHOCTH
KaK OTPULIATEJIBHOIO YYBCTBa K OOBEKTY ACHCTBHTEILHOIO HJIM MpEn-
10J1araeMoro yBieueHus grobumMoro (Jiiodumoit). M3 storo onpeneine-
HM4, BIOJIHE MOYTEHHOrO 15t KaKOro-aubo HayuHOro TpakTaTa, HHKa-
KHX MO3HWTHUBHBIX BbIBOJOB HE cAesiaellb. 3aTO MPUHLMIbI (NIPHHAL1e-
»Kalie NMPOTHBOMOJIOKHbBIM KY/1bTypaM JIKOOOBHBIX OTHOLUEHHH):

Ecnau mot — oorcueum, 3apedsxcy noOOHKA, NOCA2arwWe20 Ha MEok

aobumyro!
Ecau mer — ceemckuii uenogex, e 0au yyecmey pegHocmu
NPOS8UMbCA HAPYXHCY!
MO3UTUBHBI, /1alOT KOHKPETHYK CTpaTervi0 MOBEAEHHA B COOTBETCT-
BYIOLLIEH CUTYaLMH, HO MOJIHOCTbIO HECOBMECTHMBI JPYT C IPYTOM.

M nocaeaHui noctynar ViKe NPakKTHUYECKH CIAEAYET U3 CaMOH LEH
TeOpHH — (POpManU3aluH HEDOPMATHU3YEMBIX MTOHATHH.

7. B Kaxablii JaHHbIH MOMEHT AJisl JAHHOH KOHKPETHOH UeJH
B3aMMOOTHOIIIEHHUS] TOHSATHH ONMHCBLIBATCH KaK KI1Accu4ecKan
dpopmasibHaAnA TEOPHH.

Dta TeOpHUsS Ha3bIBAETCA UHOCMACHIO CUCTEMbl HEQOPMATH3YEMbIX
MOHATHH.

Ha ocHoBe 3THX MOCTYJIaTOB ObUIM MOCTPOEHBl MaTEMaTHYECKHE
MOJEIH CUCTEM HePOPMATU3YEMBIX MOHATHH.

" Bpayap BoBce He Obll MIEambHON MMYHOCTBIO. OH HAa CBOMX JNEKUMSX HE Teprel
BOMPOCOB CTYAeHTOB. OH MO/ IepXHMBAJl HAUKCTOB, MOKa T€ HE OKKYMHPOBAJM
INonnanauio. Tem Gonee xapakTepHa ero MO3ULMS B BONPOCAxX HayKH.

138



OTa TeOpHa NPOLLTA MPOBEPKY, B YaCTHOCTH, pedieKCHed, caMo-
MPUMEHUMOCTBIO, UY€r0 He BBIAEPKHUBAET HU OIHA TEOPUS HHU3KOro
YPOBHS.

CkaxxeM, nNpeanonoeHWe, YTO KaxKgas WIIOCTACh OIMCHIBAETCS
TECOPHEHN, NMPUMEHAIOWIEH KIaCCHUYECKYIO JIOTHKY, ObLIO 00OCHOBAHO
BHYTPH CaMOH TeOpUH HedOPMaNHU3yeMbIX MOHATHH.

Teopusa HedopManuzyeMbIX NMOHATHH MO3BONMAA AaTh MOAXOAbI K
PELIEHHUIO MHOTMX 3aAay, CBA3aHHbIX C HECOOTBETCTBHMEM MNOHATHUI B
sI3bIKaX TMPOrpaMMHUPOBaHHUA. BbIsBHIMCH CKpbIThle MPOTHBOPEYHs B
TOM, YTO Ha3blBAOT CTPYKTYPHBIM MpOrpaMMupoBaHueM. B yactHocTw,
LUHMKIHYECKHE KOHCTPYKUHMH U QYHKLIMH BLICOKMX YPOBHEH NMpoTHBOpE-
yar apyr apyry. Jdasee, BbISCHHAOCH, YTO KOHCTPYKUHWH, TPaIHLIHOHHO
TPAKTYEMBbI€ KaK €J1¢ TEPNHUMBbIE, OT KOTOPbIX XOTeN0Ch Obl H30ABUTHCA,
Aa BOT MO4YEMY-TO He yAaeTcs, HalpuMep, ornepaTopbl Mepexoja, Ha
CaMOM [IeJle€ NMPOCTO MJIOXO COBMECTHUMB! C KOHCTPYKUHSAMH 0OLienpH-
HATOrO CTPYKTYPHOro nporpammupoBaHus. X Haio MCnosib30BaTh Kak
CPeNCTBa YNpaB/ieHUs TIOOATBHBIMY, @ HE JIOKaJIbHBIMHU OfepauMsIMHu,
M €CJIH YK HCIO0J1b30BaTh, TO TOJbKO HX, HHTEHCHUBHO H B MOAXOAALLEM
KOHTEKCTE.

Takum oOpa3oM, yHUBEpCcanbHas CUCTEMa — Ta, KOTOPasi COeAUHAET
HEOCTATKH HECKOJIBKMX CIeUHaIM3UpOBaHHbIX. B naHHOM ciyyae
MMOCTAaCH Ha aJITOPUTMHUUYECKOM YPOBHE HE MPOTHBOpeHaT ApYr ApYry
NPSMO, HO CHJIBHO MELUAKOT, a Ha JIOTHHECKOM YPOBHE HAaUWHAIOTCH W
npsiMble NMPOTHBOpeYHd. HenpsMbie — KOHUENTyaIbHbIE — MPOTUBOPE-
YHUA CTAIM CTPALLIHbIM BparomM OOJbLIMX MPOrpaMMHBIX CHCTEM, TeM
OoJiee cTpallHbIM, YTO pekiaMHO-bUpPMEHHAas cHcTeMa JOKYMEHTHPO-
BaHUS BCAYECKHM 3aTYLUEBbIBAE€T MX, a HayKa B GOJbIIMHCTBE C/y4aes
MPOCTO MIHOPHUPYET, XOTS MpPeAyNpeKIeHHUs MOABIAINCh HEOAHO-
KpaTHO, U KaK pa3 B HauOosiee cepbe3HbIX U rMy0OoKkux paboTtax.

TyT yx poxoauub OO0 TOro, 4yTto nopa Obl MoaaBaTh B CyA Ha
dupMbl THOO «yUeHbIX» (B JaHHOM ciiyyae TouHee ObL1o Obl cka3aTb —
LIAMaHOB, OCBALIAIOLIMX CBOMMH [accaMH HEYTO, 3a YTO UM 3aruia-
THUH), MEPEeUUCSIOIMX JIMLL JAOCTOMHCTBA CHUCTeMbl 0e3 yka3aHHs
PaBHOLIEHHBIX UM OrPaHHYEHHH U HEOOCTATKOB. Beab deucmeumenvho
xopowas cucmema 00AHCHA Obimb CREYUATUIUPOBAHHOU, OONHNCHA, KAK
YoKe U3eCMHO 6 meopuu, umems U 0OCMOUHCMBA, U HeOOCMAMKU.

Cucrems! dopmanuzauui Hedopmanu3lyeMbIX MOHATHH MO3BOJISIOT
BbIPA3UTh W ellle OJHY BaXXHEHIIYIO CTOPOHY 3HaHHs, BNEPBblE 3aTPO-
HYTYIO B UHTYMLUMOHUCTKOH MaremaTuke. [Tockonbky He3HaHHE Bce-
00BbEMJTIOLIE U HEUCTPEOUMO, MOPOKOD OAMH M3 CaMbIX MOILHBIX BHUIOB
3HaHUSA — 3HaHWe O He3HaHHU. KoHkpeTHble KjlacCHUeCKHe TEOPHU He
MO3BOJIAIOT 3TOrO MCHOJIb30BaTh, a BOT B MX CHUCTEMAX MOCTYJIHpOBa-
HUE U UCMOJb30BAHHE HE3HAHMS BMOJHE BO3MOXHO.
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WU, nHakoHel, Teopus HehopmanuzyemblX TOHATHH MO3BOJMIA
BbIpa3UTb U 00OCHOBAThH IN100aIbHbBIE YTBE[OKACHHS (HanpuMep, 4Tto A
coaepykaTesibHO cieayeT w3 B B TOM cMmbicrie, 4TO NpUHAB npu dopma-
nU3auMH A. Mbl BBIHYXX/JEHbl NpUHUMaThL ¥ B Bo n3bexaHue pacnazna
CUCTEMbBI MOHATUHN), 34eCh OHA MHTEHCHBHO MMOJIb3YETCS HEKJIaccHue-
CKOH JIOFTHUKOH.

HeckobKO ¢J10B
0 MHOIOVPOBHEBOM KPHUTHYECKOM MbIHIL.ICHUH

KoHneuHo ke, B c1oBax Co/mKeHUlbIHA, 003bIBaBLIETO HHTEINUT€H-
LUK «OOpa30BaHUIMHOW», MHOIO TOpPbKOH MpaBibl, 0CODEHHO ec/H
Oparb Haubo1ee NOJUTHYECKH aKTUBHYIO €€ 4acTb, TOpYaLlylO Ha BULY
y cpeacTB MaccoBoi uHdbopmauuu. [Ins ycnexa B MOJIMTUKE JMOO B
COBPEMEHHOM PYCCKOM «J€/I0OBOM MUpE» HENb3s UMETL B MO3ry 0osee
JBYX M3BHJIMH, O/lHA M3 KOTOPBLIX HalpanjieHa Ha TO, KaK H3BJIEYb
OblcTpyto M OavKaWILYIO BblIOAy A8 cebd, a BTOpas — Kak Co31aTh
CBOM UMHIK Y OJIMXKHErO CBOETO, T. €., MPOLIE rOBOPA, KakK €ro HaayTh.
Mbi paccMaTpuBaeM ApYryr 4acTb HMHTE/IMMEHLMH, KOTOpas He CTa-
BWJa ycrnex B KayecTBE BbIClIEH JKMU3HEHHOH LEHHOCTH M KOTOpas
MO3TOMY CTOJIb @HTUMATHYHA KaJIbBUHHUCTCKH MBIC/IALLEH YacTH 3anaj-
HbIX UACOJIOTOB W HX pYCCKKMM noarosnockam. Haxoascs noa xecto-
YyaWlllMM TIPeccOM TOTaJWTapHOro oOluecTBa, OHa BbIHYXKJ1eHa Oblia
OTCTauBaTL MPaBO Ha BHYTPEHHIO cBOOOAY M BblpaboTajia cHCTEMY,
JAAOULY0 UMMYHATET OT MponaraHabl M peki1ampl. Ho sta cuctema
BpeaHa /14 Kapbepbl, MOCKOIbKY 000 ycnex B HaweM oOliecTse
3UKIETCA 1pex/ae BCEro Ha camopeksamMe, a He Ha peallbHbIX AOCTH-
JKEHHUAX, 4To OecroiaaHo BCKpbIBAeTCA Npy OaMKaHLIEM B3Idle, W
ocTtaercst MO0 UMHHYHO 3aKpbiBaTh Ha 3TO IUia3a (caMoyOMHCTBO
Ayuid), 1Mo OTXOAWTL B CTOPOHY M BHOBE OCTaBaTbCs BO BHYTPEHHEH
IMUrpalury, BcnomMuHas ciiora KoHdyuus:

Ecau 2ocydapcmeo xopowo ycmpoeHo, chiblOHO He Oblmb Go2amblv u
suamusiv. Ecau 2ocyoapemeo naoxo yempoeno, cmvloHo bvime Ooca-
IbIM U 3HATNHBIM.

[TepBbIM vacmuyno TOKazan HOBBIH MeTO MbllieHUs Jk.Opyann
B cBoed kHUre «1984». Ho 114 Hero, kak a1 4eJIOEEKA C THUIIUYHO
AHIJIOCAKCOHCKUM CKJIalOM YMa, COOTBETCTBYIOLUUM CHIIE SH, ITO
OblIO TOJNBKO W3BpalleHHEM, HACaXJaeMbIM KOMMYHHcTaMHu. Ero
KHUra cbirpaja 61aropoHyr pojib UMMYHH3ALHHU aHIJIOCAKCOHCKOTO
MHpa OT KIeHd KOMMYHHU3MA, ¢ KOTOPbIMH 3aurpbiBajia 3HAYMUTENbHAS
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HacTb «MPOSPECCUBHOU UHMeENIUCeHYUU», CTAaHOBUBIUEHCS B cjyyae
noGebl TOTATHTAPHBIX UACH NEPBON X KepTBOI®,

Ho oH mokaszan KapvKaTypHYIO CTOPOHY ABOEMbIC/IHS, HE YBUAEB
3a 3TUM LIEJIOH CUCTEMbBI MHO20YPOBHEE020 MbLULIEHUS, NO3BOJIAIOLLEH,
KaK MOKa3bIBA€T OMNbIT, 3aLUUTUTh PALUOHAIBHOCTL B aOCOIOTHO
aHTUPa3yMHOM OOLUECTBE, 3ALUMTHUTh IYOOKYIO HPPALIMOHAIBHOCTD OT
3KCMAHCHH TMPUMHUTHBHO TMOHUMAEMOH pPalMOHATBLHOCTH M 3aLUMTHUTb
JIMYHOCTb OT arpecCHMBHBIX MHPOPMALIHOHHBIX BO3ACHCTBUI (pekiiama,
nponaraHiaa U Jgaxxe HEJ103BOJIEHHbIC CKPBIThIC HH(bOpMaLlHOHHble BO3-
JEUCTBUS, NTPUMEHSBIIMECS, B YACTHOCTH, B MpeABbIOOPHONH KaMMaHWH
b. H. Enxbumna 1996 r.). Ora cuctema Becbma Tsxkeno GopmynupyeTcs
u 0Oojlee YCMEWHO TMepelaeTcs HEMOCPeACTBEHHO OT YyuuTens K
YUYEHHKY.

OTa cUCTeMa COOTBETCTBYET MHTYMLIMOHUCTCKON JIOTMKE 1O
YPOBHIO B KjiaccUbHUKaUMH 3HAHUH U yMeHHH. COOTBETCTBEHHO, OHa
HaXOJUTCAd Ha MPOMEXYTOUYHOM YPOBHEe Mexay cdepoill merona, Ha
KOTOPYIO CTAHOBATCS Jy4dlllH€ MPeACTABUTENH TPAAHLIMOHHOIO palito-
Hanu3ma (M Ha KOTOPOH, KaK MoKas3an rOpbKUH OIMbIT TOTAJIUTaAPHBIX
PEXUMOB, OHH OECCHJIbHBI C TOYKHU 3PEHHS WHTEJIEKTYaibHON CcaMo-
3alUThl) U cepoi 0ao. Hactosias penurus, obecneunBatouias CBs3b
yejloBeKa €O cepol a0, Takxke [oKazaja CBOK YCMEUHOCTb Kak
CPEACTBO [AYyXOBHOW CaMO3alllMThl, HO 37€Cbh Mbl JeJlaeM YIop Ha
pPaLMOHAILHBIX METOAAX.

MHoroypoBHeBoe (OTHIOAb He  ABYXYpPOBHEBOe!) KPHUTHYECKOE
MBbILUIEHHE COCTOMT, B YaCTHOCTH, B TOM, YTO NOHUMAETCH U OrpaHH-
YEHHOCTb NMPUMEHsieMON dopMau3auum, U HeU30EeXKHOCTb €€ UCMOJIb-
30BaHUs. Ha HenocTaTku nNpuUMEHseMbIX METOJOB, Ha HX MOOOYHbIE
3qu)eKTbl OTHKOJb HE 3aKpBIBAKOTCA IJla3a, a BbICHIHH MUI0Ta>@K COCTOUT

® U3 wucropuM BcsveckM CTApaloTCs HE M3BAEKaTh YPOKOB M Gnaroriynocts
Hensieunma. B 1997 r. B MockBe cocTosiiics 3HaMeHaTenbHbIA Cyae6HbIR Tpolece
AxyHuH-/IBOPKHH, Ha KOTOPOM ObIBUIMH «IPOTPECCHBHBIN» CBAILEHHUK-AUCCHACHT
NpuU3Bal K OTBETY aBTOpa KHWIM, TMOBECTBYIOUWIEH O METOdax pacrio3HaBaHMA
TOTaIMTApHBIX CEKT. ECTeCTBEHHO, npoepeccusnas unmennuzenyus (1 poccuiickas, u
IMUTPaAHTCKasA, B YaCTHOCTH, napmwxkckoe «HoBoe pycckoe c¢10Bo»), BCTajla rpyabio
Ha CTOPOHY SIKyHHHA M JHilb €ro COOCTBEHHBIE rpyOeHiINe OWMOKH M HEMPUIIMYHbBIE
JNENCTBUS MOMELIANU eMy 0Ka3aThCs MOpasibHbIM NnobeauTenem npoiecca. OHU aaxe
HE B3TASHYJIM B KOpPOTEHbKY Opoiutopy JIBopkuHa M He yOeauinch B TOM, 4TO
pellialoluMil BOMpPOC, K KOTOpPOMY OHa MOABOAMT B 0Oecene € 4ENOBEKOM, 4bH
yOexaACHHUS MPOBEPAOTCH HA TOTATHTAPHOCTD:
— HazoBute Tpu Bewd, KoTophle Bam He HpaBATCS B pyKOBOAUTesx Batuer
OOLIMHBI, B €€ JEATEALHOCTH JHO0 B yUeHUH?
OueBUAHO, YTO OTCYTCTBME COMHEHHH — NepBblii IPU3HAK TOTATUTAPHOCTH.
Ecnu, He nmaii bor, olHa M3 TOTaqWTapHBIX CEKT, KOTOpble 3ammiuan [.SkyHuH,
NPHAET K BJACTH, MEPBbIM JENOM OHA PACHPABUTCH C «IIPOrPECCHBHON» WHTEIIH-
FEHLHKEHN, U paHblIe BCEro CO CBOMMH 3alLIUTHHUKAMH.
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B TOM, UTCObl UCHOIBL308aME 3MU HEOOCIMAMKU KAK OOCMOUNHCMEA.
KoHeuHO, 3TO BO3MOXXHO JiMlib B JaHHOM KOHTEKCTE W /I HaHHOH
uenu. Ho oTHIOAb He Bceraa 3To nenaercd JiMllb Ha KOPOTKOE BpeMst.

Hanpumep, ecnu Hapoa He BBIHOCUT MOpsSAKa, MOHUMAEMOro Mo-
HEMELIKH JHOO MO-aHIJIOCAKCOHCKH, TO HYXHO MbITaThCS HE HaBS3aTh
€My 3TH MOPAAKH, & UCMOIb30BaTh UHHLUHATHBHOCTb H NPEANPHUMUH-
BOCTb Hapona. Tak caenanu B Uranuu, u cTpaHa pe3ko nouwia Bnepesn.

B uyacTHOCTH, B COBETCKOE BpeMs 4TO-IMDO pazyMHoe W aod0poe
MOXHO OBblJIO, KaK MpaBWI0. CAENaTh, JHLIb OMNUpaichb Ha IUIOXYHO
paboTy W OWMOKH rocylapCcTBEHHON OIHOpOKpPaTHYECKOH CHCTEMBI,
MOCKOJIbKY CHUCTEMa 3aKOHOB M MHCTPYKUMI Oblnia MpH3BaHa MpenoT-
BpPaTUTb BCe Xopoulee, Aabbl rocyaapcTBO MOJNYYHJIO KaK MOXHO
60nbllle NPUMHTHBHO MOHHMAaEMOM BBIFOb!”.

[Tockonbky ntobas dopMmanuzauus vMeeT HEAOCTAaTKH, MHOTrO-
YPOBHEBOE MBbILLIEHUE OCOOEHHO HEOOXOAMMO TIpH [PHUMEHEHHUH
COBPEMEHHbIX MaTemMaTHyeckuX U ¢opmasibHbIX MeTonoB. Hanpumep,
HY>KHO TMOHHUMATb, YTO pe3y.1bmam meCchuposaHus HA camvom oeie
HUYe20 He onpeodensem Kak pa3z ONs Camvlx uHmepecHeix cryuaes. Bo-
MepBbIX, TYT HE BBLITIOJHAETCS 0a30BO€ TPEDOBAHHE TEOPHUH H3MEPEHUH
— OJHOPOAHOCTb LIKaJbl, TAK YTO JAXe CKMa/bIBaTh OaNIbl HEJib3s, He
ropops yxe o 0Oonee ciOxHbIX JeHcTBMAX. Bo-BTOphIX, uepecuyp
YMHBI# 4E€I10BEK MOXET 3aMETHTb B TECTOBBIX BOTpPOCax W 3aJaHUAX
HEO/IHO3HAYHOCTH, KOTOPbIe He 3aMeyaly ABTOpbl, THOO MPOCTO HANTH
HOBOe pelueHue. B cBoe BpeMs MHOrOYPOBHEBOE MbILLITIEHUE OecTsLe
ObLJIO MPO/IEMOHCTPHUPOBAHO WieHaMH >XIOpH MockoBckoH maTeMarTu-
YeCKOH OJIMMIHA/bI, MOCTABUBLUMMH BBICILIMHA Oajsl YYaCTHHUKY, He
pELIMBLIEMY 3a1a4vy, NOCKOJbKY OH 3aMETUJ1, YTO PELUEHHUE U3 AaHHBIX
B LUKOJIC aKCUOM reOMEeTPHH He cieayeT (Tam Haao OLulo BOCMOb30-
BaTbCS OYECBUAHBIM (DAKTOM, 4TO MpsAMasi, 1epecekaroulas OgHy U3 CTO-
pPOH TpeyrojibHUKa, Mepecekaer U ApPYryr; HO 3TO AEHCTBHTENBHO
akcuoMa, 3a0biTas EBKkIHOOM M choOpMyaupoBaHHast (paHLy3CKHUM
reomeTpoMm [lamiem). DTUM KIOpH a0 NyTEBKY B XH3Hb OJHOMY M3
BbIAAIOLHUXCS POCCUHCKUX MATEMAaTHKOB.

MHOroypoBHeBOE MbILLIJICHUE 3aCTaBjsieT JAUCCHAEHTa J0OUTh
cBoto PoauHy Oo.iblue, 4eM KBAaCHOrO MarpyvoTa U HE CKaTbIBATLCS Ha
MO3HLMH THMA «YK PYCCKMX-TO A He Gymy zawmars!» ® umn «Kak
cnaaocTHO OTYH3HY HEHaBUAeTb» (MPH 3TOM, KOHEYHO JXKe, IpOCTHas
KPUTHKA HEJOCTATKOB CBOEH CTpaHbl, HE [alOLHX €l UCIOJIb30BaThb €€

® MoxeT ObITh, CTOJIb Bpa1eOHA1 BCEMy PasyMEOMY M JOOPOMY CHCTEMa 3aKOHOB
Obla CBS33aHA C AHTUXPUCTHAHCKOH MPUPOA0H KOMMYHHM3Ma Kak HU3BpPAlLlEHHS HICH
[lapcTBa Boxbero, 0CHOBaHHOIO He Ha TOOBH, a Ha (K.1aCCOBOM) HEHABUCTH.

1% Cnopa 01HOro M3 KPYNHEMIIUX POCCHHCKMX «TIPABO3AMMTHUKOBY BO BPEMS MICPBOii
YEYEHCKO W BOIHBL, KO1a eMYy HalOMHHIIK O FTEHOUMAE PYCCKOro HaceeHMs HeyHH.
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NPUPOAHBIE TOCTOMHCTBA, HE cMsruaeTcs). OHO yAep>KHBAeT uenoBeka
OT OryJIbHOI'O pa3pyliCHUsA Tpanuuuﬁ, [MOCKOJIBLKY HMX KaKylllasd Hepa-
3YMHOCTb CJIHIHKOM YacTO ABJIAETCH NpensiTCTBUEM K TOMY, YTOOBbI
MPUMUTHBHO MOHWMAaeMas BbIroJa He MOAMEHHIa coOOo Moab3y, a
HeMeUIEHHbIH ycreX — CTaOUIbHOCTD.

MHoroypoBHeBoe MblllIeHHe BrepBble B MHPOBOH JHUTEpaType
ObUIO YETKO MPOAEMOHCTPHUPOBAHO B KHHMre Exkiesnacra. Koneuno
XK€, 3TO OTHIOb HE ONMTUMHUCTH4YecKas cdepa pasyma. 3a 3allUllieH-
HOCTb ¥ COXpaHE€HHE PAalMOHAILHOCTH YEJIOBEK pacrjauyhBaeTcs riy-
6OKMM oulyllleHHeM yLepOHOCTH pauroHanbHoctH' . CoBpemMeHHas
HayKa €ule HE NoAHs/1aCb A0 TaKHUX BBLICOT, TA€ MOXHO ObIJ1IO OBl
MOCTHYb pallMOHAJIbHBIMK METO/IaMH 4YacTh cdepbl Ayxa (WM Jao, Kak
Mbl ee Ha3biBaem). Tem He MeHee, nocie bpayspa HacTyruieHWe Ha
HOBYIO cdepy pauMOHAILHOCTH TNPEACTaBAsSETCS  HEeU30eXXHbIM
HanpasJIeHUEM pa3BUTHs HaykH. Jlpyroe eno, ycreer 1M OHa 3aHATbCA
STUM B TEUYEHHE >KU3HU AAaHHOW LUMBUIH3AUMUM, WIH XK€ 3aJ10)KEHHbIE
ceMeHa MPOoPACTYT YxKe MocJie €€ Kpaxa U HOBbIX TeMHBIX BEKOB.

"' Tpapna, eute ray6xe oH MOHMMAET yUEPOHOCTL HU3KOYPOBHEBOTO NPHMHTHBHOTO
MppalHOHAIM3Ma, KOTOPbIH HE MPOCTO He 06ecrnevrHBacT 3aMThI, Kak cepa meToaa
pa3syma, a npsiMo TOJIKAET YesioBeka B 0OBATHS TOH CYLLIHOCTH, YTO B TPAXHLMOHHBIX
penMrusax BeicTynaer noa umeHem KHs3g mupa cero.



C.A.llaBJyioB

KOMBUHHUPOBAHHBIE JIOTUKHA B.A.CMHAPHOBA
U JIOTUKA C OTIIEPATOPAMUVI
UCTUHHOCTHU U JOKHOCTU"

Abstract. There are two stages in V.A.Smirnov's constructing of combined
calculi of propositions and events. In [5] a number of two-level combined
calculi are constructed where external level of propositions corresponding to
an abstract part of logic is varied as well as their internal level corresponding
to ontological presuppositions. At the same time the event terms p differ from
propositions Gp and acts of assertion are not iterated.

In his later work [6] V.A.Smirnov points out that an act of assertion itself
is an event and the question of iteration arises. Referring to ideas laying in the
grounds of von Wright's logic TL in [7] V.A.Smirnov proposes the generalized
combined logic of propositions and events.

V.A.Smirnov compares the language of combined logic of propositions
and events OCM with the language of von Wrights logic of truth TL and shows
that for each T-sentence corresponding formula of OCM can be constructed
and vice versa.

Since von Wright's logics of truth are similar to the logic with operators of
truth and falsehood [3.4] (these are compared in [4]) it is interesting to
compare the last one with combined logic of prcpositions and events.

V.A.Smirnov formulates a number of combined calculi and logic of truth
TL in sequent form. It is formulating the logic with operaiors of truth and
falsehood Fl.4 also in sequent form.

Mcxons w3 ABOSKOWM WHTEprpeTaluyd Nporo3UUHOHANIbHOW JIOTUKH —
CEHTEHLIHaIbHOH U coObITHItHON, B.A.CMHPHOB NMOCTPOUIT Psil KOMOM-
HUPOBAHHbIX UCUHCIIEHUH NpeaioxeHHH U cobbiTui [5, 6]. [locTpoeH-
Hble JIOTUKH SBJAKOTCS OBYXYPOBHEBBIMH, BKJIIOUAIOUIMMH BHELUHUH
ypOBEHb A/ TNPEnJ0XKeHHH, COOTBETCTBYIOLIMHA aOCTPaKTHOW 4acTH
JIOTUKH, W BHYTPEHHMH, COOTBETCTBYIOLIHH OHTOJIOIMYECKHM TNpel-
MOCbIJIKAM.

YeTkoe paznvyeHue ABYX YpoBHeH joruku B.A.CMHUpHOB HaxoauT
y H.A.BacunbeBa, B padoTax KOTOpPOrO METAJOrMKa OTAENSAETCH OT
IMIMUPHUUECKOHN JTOrHKH [1].

B.A.CMHpPHOB HCXOAMT TaKxKe W3 (PEreBCKOro pasjiHveHus
YTBEPAUTEIIBHOTO  yrnoTpeOseHUs TMNpeLIOoKEHHH 0T HEYTBEpIH-
TEJIbHOrO.

" Pa6ota BeIronHeHa 1npu noaxepxke PFH®, rpant Ne 99-03-00120.
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1. /iBa yTana nocTpoeHMns ABYXYpPOBHEBLIX
KOMOHHHPOBAHHBIX HCYHCIEHH

B noctpoennn B.A.CmupHOBbIM KOMOMHHPOBaHHBIX HCUMCIICHHH
BbICKa3bIBaHWH W COOBLITUII MOXHO BblAeNMUTH ABa 3Tana. Ha nepsom
sTane B paboTe [5] MOCTPOEHO HECKONBKO WCUMCIECHHH, B KOTOPbIX
BapbUpyeTCs KakK BHEIWIHMA YpPOBEHb [UIS BbICKAa3blBaHUHM, Tak H
BHYTPEHHUH YpOBEHb, MPUHATHEM AJIS KaXAOro B OTAEIBHOCTH Kak
KJTaCCHYECKOM, TaK U Her1accHUuecKoH jioruk. [lpu 3ToM pasnuvarorces
M HE CMELUMBAIOTCA COOBITUIHBIE TEPMbl @ W BbICKa3biBaHUs Ba. AKThI
YTBEPXAEHUSI HE UTEPUPYHOTCS.

B nocaenyrouie pabore [6], kOTOpas MOXET pacCMaTpUBATLCS Kak
BTOpPOM 3Tan NOCTPOEHUA KOMOMHHUPOBAHHbIX UcuUceHUH, B.A.CMup-
HOB OTMEYAET, YTO aKT YTBEPKIAEHUS CaM SIBJSETCA COObITHEM, U BO3-
HUKAET BOMPOC O €ro UTEpaLMH.

B.A.CMHUpHOB npenjaraeT pa3jivdyarh /iBa akTa: akT MPeAUKaALUUH —
CHUHTE3 CBOWMCTB (WM OTHOLUEHUH) C OOBEKTAMH M aKT YTBEPKICHHUS —
aKT COOTHECEHHUS MBICIIUMOTO CO/IEPXKAHUS C PEATBHOCTBIO.

AKTbI NpeAMKALMHU 3aMTMChIBAIOTCS KaK BbIpAXKEHHUS BHA:

P(a), R(ay, ... a,), KOTOpBIE ONUCHIBAIOT HEKOTOPbIE MOJOXKEHHS Ae,
COOBITHS U ABJISIIOTCS COOBITUHHBIMU TEPMAMM,

AKTbI YTBEP)K/I€HUS 3aMKUCHIBAIOTCS KaK BbIPAXKEHHs BUAA!

OP(a), BR(a,, ..., a,), KOTOpbIE SABAAOTCA NPEATOKEHUIMH UIIH BbICKa-
3bIBAaHUAMM. COOBITHHHbBIE TEPMbI H BbICKA3bIBAHUS HE CMELIMBAIOTCA.

[lpuBeneM s3bik OJHOTO M3 KOMOWHHUPOBAHHBIX HCUHUC/IEHUH
MpeanoxeH i U cobbITHM, a nMeHHo CM '

AndaBuTt

P> 9, P1» q1 ... MepeMeHHble, npoderatoiye no coObITUAM
yKazarteiib aKkTa yTBEpKAECHHS

N, U, D, ~ BHYTPEHHHE JIOTHUYECKHUE 3HAKHU

&, v, =, - BHELLIHUE JIOTMYECKUE 3HAKU

IIpaBnaa oOpa3zoBanus
1) coObiTUliHbIE TEepeMeHHbIE CYTh TEPMBI.
2) eciv a, b — TepMbl, To (a N b), (a U b), (a D b), ~a CyTh TEPMBI.
3) ecnu a ectb TepM, TO Ba ecTh Gopmya.
4) ecnn a, B ectb hopmyna, To (a0 & B), (a0 v B), (a— B), —a cyThb

dhopMybI.

OTMeTHUM, UYTO BbIpaxkeHus 6p — p, Op M Bq He ecTb HU TepMbl, HU
dhopMyJibl, OHM HE SBISAIOTCS MNPaBHUIBHO MOCTPOEHHBIMH BbIpaXKe-
HUsiMH. To ecTh He paspeliaeTcs CMEIIMBATL TEPMbl U BbICKa3bIBaHHUSI.

l3IICCb yﬂOTpC6IUHOTCH CUMBOJIBI  A3bIKa CM, coriaaCcoBaHHbLIC € CHUMBOJIAMH
NOCACAYIOILIETO PACHIUPEHUA ITOIO A3bIKa.
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CBd3Ka 3KBUBAJIEHTHOCTH ONpeaeseTcd CTAHAAPTHO:
(o= PB) =4 (a—> B) & (B> )
CxeMbl aKCHOM

B0. CxeMbl aKCHOM KJIACCHYSCKOIro MpPONO3HUHOHATILHOIO HCUYHCIIe-
HHUS.

Bl. 8(anb)= Ba & 6b

B2. B8(auwb)= Bavbb

B3. 8~(amb)= 6~av O~b

B4. 6~(aw b)= 6~a & 6~b

BS. O~~a = 0Oa
IIpaBn.1o BbiBOAA — modus ponens.

Cucrema CM seasiercs '10rMkoil ae MopraHa ¢ BHelIHEN Kjac-
CHYECKOH JIOTUKO# [5].

B cucteme CM u B apyrux ucuucneHusx [5] HeT urepauuu akta
yTBepxaeHusa. ONHAaKO aKT VTBEP)KAEHHS, B CBOK O4Yepeldb, MOXKET
paccMaTpuBaTbcs kak coObiTue, noatoMy B.A.CMHpHOB npenioxun
paciuipeHie CM, B KOTOPDOM TaKO€ pacCMOTpeHHe Oblio Obl
BO3MOJKHbIM.

BTopbiM 3TanoM mnocTpoeHUss KOMOWHHUPOBAHHOW JIOTMKHM CTallo
takoe ee 0000uieHHe B.A.CMHPHOBBIM, KOTOpPOE€ BKIIKOYAET B
paccCMOTpeHHE HTepaLidi0 aKkTa YTBEpXJIeHus. AKT YTBepKIEeHHS
paccMaTpUBATbCS UM Kak COOBITHE.

Ccbl1asicb Ha HJEH, MTOJIOXKEHHbIE B OCHOBAHHE JTIOI'MKU UCTUHBI TL
[7] don Bpurra, B.A.CmupHoB npeanaraer o606LeHHYI0 KOMOMHHUPO-
BaHHYO JIOTHKY NpeasiokeHuil u cobbituit OCM.

[IpaBura obpazosanus tepMoB U dopmya s3sika OCM 3apatores
ceayrowmm odbpazom:

K andasuty CM nobasnsitoTcs CUMBOIBI KBaAPATHBIX CKOOOK | |,
pPOJib KOTOPBIX COCTOMT B npeodOpa3oBaHWd (GOpPMYJl, 3aKIFOUYCHHBIX B
HUX, B COOLITUHHbIE TEPMBI.

K npasunam obpazosanus CM pobapisieM cieayrouiee rnpaBmilo:
5) ecnu a ecTh popmyaa, To [] ecTh TepM.

Hanee k cucreme akcuom CM no6aBiisicsM aKCHOMY

Bla] = a.

Takum 06pa3oM K psay KOMOMHHPOBAHHBIX JOTHK U3 [S5] nobapns-
eTcs ellle oaHa".

310 06061eHHe komOUHKpoBaHHOH JorHKH B.A.CMupHOB nposen
B pabote [6], omybnukoBaHHOH B cOOpPHHKE, MOCBsALEHHOM IV-my

2 HOBTOMy aBTOpaM, MpoBOASALLIMM COIOCTABJICHHC C KOMGHHHPOBHHHBIMH JIOrUKaMH,
CICAYET YKA3LIBATH, C KaKo¥ U3 HUX NPOBOAMTCA COMOCTABJICHHE HJIM KdKad H3 HHUX
HCITOJIL3YCTCA.
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CoBeTcko-DHUHCKOMY KONJIOKBHYMY MO JIOTMKe. B 3Toi craThe OH
CpaBHHBAET A3bIK 000OIEHHON KOMOUHHUPOBAHHOM JIOTUKH TpENJIOXKe-
HUH U coObiTHii OCM c s3bikoM Noruku uctulel TL, paccMoTpeHHOIH
don Bpurrom B pabore [7], omy6inkoBanHoi B HoMepe “Synthese”,
nocBALIeHHOM 3-My CoBeTcko-OUHCKOMY KOJUTOKBUYMY 10 JIOTHKE.

3
IlpuBenemM GopMynHpoBKy s3bika JIOrHKK UCTHHBI TL

1) Tlepemennas unM GYHKUMOHAIBHO-UCTUHHOCTHAS KOMOMHALIMSA
NMEPEMEHHBIX, TpeaBapsieMbie CHUMBOJOM 71, ecTb aToMapHoe
T-npennoxeHue.

2) Ecnu o nepemeHHas, To 7o ecTb aToMapHoe 7-npeanosKeHue.

3) Ecniu o  ecTb  ¢YHKUHOHAJIbHO-UCTHHHOCTHas  koMOHHauus
NMepEMEHHBIX, TO Tl €cTh aTOMapHoe 7-npensokeHue.

4) Ecnn o ectb QyHKUHOHATBHO-UCTHHHOCTHAA KOMOMHALIUS aTOMap-
HbIX 7-NpeanokeHun U (MJIM) NnepeMeHHbIX, To 70 eCTh aToMapHoe
T-npeanoxxeHue.

5) ®DyHKUHOHAILHO-UCTUHHOCTHA KOMOWHalUMs aTOMapHbiX 7-fipeji-
JIOXKeHHUH €CTb MOJIEKYJIIpHOE T-npeasioKeHHE.

6) AtomapHOoe WM MOJeKyJspHOoe T-mpeasiokeHue ecTb 7-rnpeaso-
XKEHHE.

AKCHOMBI

A0 Bce taBtrosiorun PL (kiaccuyeckoil Mporno3HUHOHAILHOM JIOTHMKH),
KOr/Ja BMECTO [EPEMEHHbIX CTOAT T-NpeasioNEHUS.

Al Ip > ~T~p

A2 Ip <> T~~p

A3 Tp&q) o I(p) & 1(q)

A4 T~(p & q) < T(~p) v T(~q)

AS I~Tp & ~1p

IIpaBuaa BbIBOJA

R1.TloacranoBka PL- unu TL-dbopmyn BMecTo nepeMeHHbIX B JOKa-
3yemble GOpPMYIIbl.

R2.Modus ponens

R3.11paBuno UCTHHBI: eciii o — TeopeMa, To 70 — Teopema.

Onepatop uctuHbl 1 jorukd uctuHbl TL uHHTepnpeTHpyeTcs
B.A.CMHpHOBBIM KakK aKT yTBep>KaeHHs 0.

B.A.CMHpPHOB T1OKa3bIBa€T, YTO MO KaXAOMY 7-NpeaIOKEHHUIO
MOXHO mnocTpouts Gopmyny sa3pika OCM, u obparHo. Hanpumep
T-npepnoxennto 7(p — 1(p)) cootBerctByeT hopmyna O([(p = [Op])],
a dopmyne Ip —» T~T~p cooTBeTcTBYET hopMyna Bp — [—6~p].

OTMeTHM, 4YTO OCTaeTcs BOMPOC O COOTBETCTBHU GdopMyn, He
ABAAoMXCS T-npeanoxeHusmu, gopmynam sizbika OCM.

" B 370# pOpMyIMPOBKE UCTIPABIIEH PALL ONEUATOK, UMErolMxcs B paboTtax [6] u [7].
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Hns noruku ne MopraHa B.A.CMUPHOB BBOJAMUT YETbIPEX3HAUHYO
UHTEPNPETALMIO C MUCTHHHOCTHbIMU 3HauyeHusamHu 1, 0, M (Heorpene-
J€HHOCTL), W (abcypa) [6].

Teopemoit CM u OCM seasercs cneaytoulas TeTpajeMma:

T1.1 (Bp&—6~p)v(0~p&—Op)v(—6p&—6-p)v(Bp& B~p)

AHajloruyHnas 3Toi TeopeMe TeTpajieMma JI0Ka3yema B 10TMKE HCTHHbI
T"L ¢on Bpurra [2]. OTMeTuM, uTO nocse jJoruku McTUHbl TL ¢oH
BpUIT MOCTpOMII CepHIO JIOTHK UCTUHBE B [2] W B psaae npyrux pador.

AHnanoruyHas T1.1 TeTpaleMMa HMeeT MECTO H B HCYUCIIEHHH
MpeIUKaTOB UCTHHHOCTH W JIOKHOCTH, OMyOJMKOBAaHHOM B COOpHHKE
Te3ucoB 2-ro0 CoBeTcKO-DUHCKOro KOIOKBHYMa MO JIOTUKe [3].

B [3] uveercs Takxke akcroMa |[p = p (re | eCTb CUMBOJI OlepaTopa
MCTUHHOCTM), aHasiorMuHas akcuome 0[a] = a OCM.

B cBsi3u ¢ TeM, 4TO JOTMKH UCTHHBI POH BpHrra HMEIOT CXOICTBO C
JIOTUKOH ¢ orepaTtopaMu UCTHHHOCTH M aoxkHOCTH FL4, (conocrabiie-
HUE 3TUX JIOTMK MpoBeAeHO B [4]), MpeacTaB/seT UHTEPEC CPABHUTD
MOC/IeIHIOK) ¢ KOMOHHUPOBAHHbIMH JIOTHKaAMH TMPELI0KEHUH U COOBITHIA.

OTMeTHM, 4TO BbIpa3WTe.1bHble BO3MCKHOCTH si3bika FL4 wmupe,
yeM s3bika OCM.

2. CekBeHuH:IbHasi GopMy. THPOBKA
JIOrMKH € OllepaToOpaMH UCTHHHOCTH U JIOKHOCTH

Pan kOMOMHMpOBaHHBIX HCUYMUCIEHUH MW JIOTHKY WCTHHbI TL
B.A.CMupHOB GOpMYyIHpYET Takke M B CEKBEHUMAIBbHOW Qopme.
[TooToMy HMeeT cMbica cHOpMYJIHpPOBATE U JIOTHKY C OMNepaTopamu
MCTUHHOCTH U JIO)KHOCTH FL4 B cekBeHUUaTbHOM opme.

OTMeTHM, UTO JIOTMKA C OMEepaTopaMH HWCTHHHOCTH M JIOKHOCTH
FL4 Moker paccmaTpuBaTbC  Kak — ABYyXypoBHeBad. B ee
dbOpMYTHPOBKE HCMONb3YIOTCa MeTanepeMeHHble A, B ans nng
(nepebiii yposens) U P, Py nna T.F.-dopmyn (BTOpoit yposeHs). [Lis
T.F.-bopMyn wumeeT MecTo Knaccuueckas Jiordka. Ornepartopel
UCTUHHOCTH MW JIOXKHOCTH O0OO3HAYMM CHMBOJIAMH | U —, HCXOAHYIO
uMrTMkanMio Imp?,

K oObluHBIM MpaBWIaM 111 KJIaCCHUYECKUX CBA30K AobaBisem
CAeAyHoLUKE JTOrMyeckrue (PUrypbl 3aKJIFOYEHHS:

I'>AP P,I' > A

TF—A, P P,T - A

* Ucxoanas umniamkauus ucuncnenus FL4 B [4] o6o3HavaeTcs kak —>.
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I > -A,|B A, T>A |B,T—>A

I'>A, |(A Imp B) (AImp B),I" > A
'>A A, TH>A -B A, -B, T > A
I' > A, —(A Imp B) —(AImpB),I' > A

OTMETHUM, YTO Cpeau NOMJIOTHMK JIOTMKHM C OfepaTtopamMd WCTHH-
HocTH U NoxkHocTy FL4 uMeroTcs nmoacTpykrypHbie Joruku. TakoBo#
ABISeTCA Tpex3HayHas nojanordka FL3N, xortopas, Oyayuu dyHk-
LIHOHAJIbHO JKBWBAJIEHTHOW Tpex3HayHOW joruke JlykaceBuua, sBJIS-
eTcs Iorukoi 6e3 cokpaleHus.

B 3akroueHHe OTMETHM, YTO UMEETCH 3HAUYUTEIbHOE CXOJCTBO M
napajijiejy B noaxoaax U GopMyaupoBkax KOMOMHUPOBAHHOIO HCUYHC-
nenus OCM B.A.CmupHOBa ¢ JIOrHKO# ¢ onepaTopaMu HCTUHHOCTH H
noxxHoctH FL4, nogobHO TOMy, Kak 3TO MMEET MEeCTO B OTHOLUEHHH
JIOrUK UCTHHBI dhoH Bpurra.
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E.M.Ilonos

HOI'PY)KEHUE HVHTYULUUOHUCTCKOT O
[MPOTIO3HULIMOHAJTIBHOIQ UCYUC.TEHU S
B Er'O MO3UTHUBHBIN ®PATMEHT"

Abstract. A rranslation from the calculus Int which is axiomatisation of the
intuitionistic propositional logic 1o the calculus Int” which is axiomatisation of
the positive jragment of Int is constructed.

SI3siku L v L — nponosuuMoHanbHbie A3bIKH Hax ai(aBHTOM
PU{&, v, D, f,), ( } u andasuTtom PU{&, v, D, ), ( } , cooTBeTCT-
BEHHO. 31€Ch P ecThb cyeTHO-O0eCKOHEUHOEe MHOXKECTBO {p),pP2.Ds,...}
BCEX MPOMO3ULMOHANBHBIX NepeMeHHsIX s3bikoB L u L) &, v, D, —
NBYXMECTHbIE JIorHueckue cesizku sA3bikoR L u L', f - HonbmecTHas
Jorudeckas cBsazka a3bika L, ), U ( — TeXHHYeCKHEe CUMBOJIbI ( CKOOKH)
a3bikoB L 1 L7, @opmysbt s3bika L (L-bopMmysibl ) U dopMysibl A3bika
L (L"-dopMyabl) CTpOSTCS CTaHAAPTHO, MPUHUMAETCS coratleHne o0
ONMyCKaHWUM BHEWHHX cKobok B L-popmynax u B L -popmynax. Oye-
BUIHO, 4TO Bcsikas L' -dbopmyna senserca L-dopmynoit, a Beskas L-
dopMmyna, He cogeprallan BxoxaeHui f, asnsercs L' -popMyJioi.

Hcuuncnenus Int v Int” — ucurcnenus ruibOEpTOBCKOrO TUMNA Haa
a3pikaMu L v L, coorsetcTeenno. JIns Beakux L-popmyn A, B u C
HWkecneaywuie L-gopmynrl a) — 1) ABAIIOTCS aKCHOMaMH HCYMCIIe-
Hus Int:

a) AD(BoA)

b) (AD(B2C)2((ADB)2(ADC))
¢) AoD(BDA&B))

d) (A&B)DA

¢) (A&B)oB

) (ADC)((BoC)((AvB)2C))
g) AD(AvVB)

k) Bo(AvB)

) foA.

Hukakiue npyrue L-popmysibl He ABJISIOTCA aKCHOMAMHM HCUUCIIE-
HUsA Int.

" Pa6oTa BbIIONHEHA npwu noaaepxke rpaHtos PIH® Ne 99-03-19706 u PO®H Ne 00-
06-80037.
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Bce akcnombl McurcneHus Int, HU O/1HA U3 KOTOPBIX HE COAEPIKMUT
BXOXKIAEHUH f, ABNAIOTCA akcMOMaMH HcuucneHHus Int’. Hukakue apy-
rue Int"-hopmynbl He ABIAIOTCA akcHOMamu HcuMcienus Int”. [pasuno
a, aof / B, rae o U B — nepemenHsle no L-popMynam (cooTBeTCT-
BEHHO, nepeMenHble N0 L -hopMynam) ecTb ¢AMHCTBEHHOE MPABHIO
HCYMCIEHHs Int (cOoOTBeTCTBEHHO, McuMciaeHHs Int’) M Ha3biBaeTcs
MpaBHJIOM OTJAE/JIEHHS HCYHCAEHUs Int (COOTBETCTBEHHO, NPaBHIIOM
oTaeneHus ucurciaenus Int’). JlokasarenbcTBo B Mcuucienuu Int (Int-
[I0KA3aTeNbCTBA) M I0Ka3aTenbcTBa B ucuuciaennu Int” (Int’-gokasa-
TEJIbCTBA) CTPOATCS CTAaHIAapTHO, AJMHA Int-gokas3aTenbcrBa M AJMHA
Int'-10Ka3aTeNBLCTRA ONPEAEAAIOTCA OOBIMHO (HAMMEHbINAS AJIMHA 3THX
aokazatesnbecTB paBHa 1). [lns Beskoi L-dbopmynsi (L -popmysnbl) A
3anuch Int — A (COOTBETCTBEHHO , - Int” — A) 03Hayaer, 4TO Cyllle-
cTBYeT Int-moKa3zaTenbCTBO (COOTBETCTBEHHO, Int -q0Ka3aTenbcTBO) L-
dopmyibl (COOTBETCTBEHHO, L -hopmyiibl) A.

OnpenenuM casur Ca kKak Takoe oToOpa)xeHHue MHOXKeCTBa Bcex L-
dhopMy1 B 3TO MHOXKECTBO, YTO BBIMOJHAIOTCS CJIEAYIOLHE YCIIOBUS:

Ca(f) = 1,

Ca(p) = pint (rre i€{1, 2, 3,...1),
Ca(ASB) = Ca(A)>Ca(B),
Ca(A&B) = Ca(A)&Ca(B),
Ca(AvB) = Ca(A)Ca(B).

Jns Bcakoit L-dbopmynsl A mnocpeactsoM Prop(A) ob6o3Haunm
MHOX€ECTBO BCE€X BXOAAUIMX B A MNpPOMO3HWUMOHAILHBIX MEPEMEHHbIX
sisbika L. Onpegenum otobOpakeHHe & MHOXKECTBA BCEX HEITyCThIX
MOJAMHOXECTB MHOXECTBA BCEX MPOMO3HLUMOHAILHBIX TEPEMEHHbBIX
s3bika L BO MHOXeCTBO Bcex L -popMyn cnenytomum o6pa3om:

1) &({A}) = A, eciu A ecTb NMpoNoO3UUHOHAJIbHAS TEepeMEeHHas

s3bika L,

2) &(K)= (&(K {p;})&p;) ecnu K ecTb Gonee vem O/IHOD/IEMEHT-
HOE MHOJKECTBO MpPOMNO3ULHOHAIBLHBIX MEpPeMEHHbIX A3bika L,
pjeK ¥ j>1 ans BcsAkoOH NMpONMO3MUMOHANILHOW MEPEMEHHOH P;
s3bika L7, npunannexauei Muoxectsy K—{p;}

IMocpenctBom <B/C>[A], rne A, u C — L-dopmyibl, a B ectb npo-
Mo3HLIMOHANbHAS TiepeMeHHas s3bika L unu f, o0o3Hauum pesynbTar
noacranosku C Bmecto B B A. SlcHo, uto ecnu A, B u C — L-dop-
myabl, To <B/C>[A] ectb L- (popmyna aecnu A — L-gpopmynau C —L'-
dopmyna, To <f/C>[A] ectb L"-popmyna.

Teopema 1 (0 norpyxeH1H UCUUCIEHHS Int B UCUHUCIEHHE Int").

Jins Bcakod L - popmynibl A BepHO cienytouee: Int— A toraa u
TOAbKO Toraa, koraa Int'— <f/&(Prop (Ca (A)){pi})> [Ca (A)]
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B noxazarenbcTBe 3TOH TEOPEMbI HCNOJB30BAHBI CJI€AYHOLLIHE
HETbIPC JTE€MMHEI.

Jlemma 1. JIns Bcsakux L-dbopmyn A u B u Bcskoit nponosuuuo-
HaJIbHOM TepeMeHHOM P, a3bika L BepHO caenytoulee: ecau Intl— A, 1o
Int— <p;/B> [A].

JleMma | nokaszaHa BO3BpaTHOM MHAYKUMEHR no asivHe Int-jokasa-
TenbcTBa L-hopmy.aer A.

Jlemma 2. JIns Beakoit L-dpopMynbl A BepHO cnenviouee: Int— A
TOraa M ToJbKO Toraa, koraa Int— Ca(A).

JlemMma 2 gokazaHa Ha OCHOBE JIEMMBI |.

Jlemma 3. [Insa Bcsakol I -popMyabl A M BCAKOrO KOHEYHOTO MHO-
XecTBa M MpoONo3HIMOHAILHBIX NEPEeMEHHbIX si3blka | BEepHO cClie-
aywotiee: ecnu Int— A, to Int’ — <f/&(Prop(A)u {p; }'\wM)> [A].

JlemMa 3 noka3zaHa BO3BpAaTHOH WHAYXUHeH 1o AnuHe Int-gokaza-
TesbcTBa L-QopMynsl A, MpH 3TOM HUCMOJIb30BaHA Cleayrowas Moji-
1eMMma.

IMonsnemma. {nsa Beskoit L'-dopMysbl A M BCAKOrO KOHEYHOTO
MHOX€ECTBA M MNpONO3ULIMOHAIBHBIX TIEPEMEHHBIX fA3blka L BepHO
caenyroitee: Int’|— &(Prop(A)UM)DA.

JTa noajseMMma J0KazaHa BO3BPATHOM MHAVKLHEH M0 MOCTPOCHHIO
L -hopmyabt A.

Jlemma 4. J{ns Bcakod L-popmynbl A M BCAKOrO KOHEYHOTO MHO-
XecTBa M Npono3MUMOHANBHBIX TNEPEMEHHBIX fA3blka L BepHO clie-
ayrouiee:

Int— <p, /> [<t/&(Prop(Ca(A))wip;}WM> [Ca (A)]]>Ca(A)
u
Int— Cn(A)> <p, /t> [<t/&(Prop(Ca(A)){p, }uM>[Ca (A)]] .

Jlemma 4 nokaszaHa BO3BpaTHOM HMHIYKUMEH MO 10CTpoeHuto L -
dbopMybl A.

Jns nckazarteapcTBa TeopeMbl | JOCTaTOUHO NOKA3aTh ClleAyloulHe
yTBepxaAerUs Y1 u V2.

V¥1. [inga Bcakolt L - popmynst A BepHO cieaytoies: eciu Int—A,
To Int” |— <f/&(Prop(Ca(A)){p:})> [Ca(A)].

Y2. na Besko L - dopmynst A BepHO cneayrouiee: eciu
Int | —<t/&(Prop(Ca(A))u{p:})> [Ca(A)], To Int—A.

Jloka3aTeabCTBO yTBEPXKASHHUA Y1,

HonycruM, uto (1) Int—A . Toraa, ucnoas3ys nemmy 1, nomay-
yaeM, yto (2) Intk—Ca(A). U3 (2) u nemmsl 3 (nonaras, uto M mycro)
noayuaem, uto Int’ —<t/&(Prop(Ca(A))v {p,})> [Ca(A)].
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YTBepxkaeHue Y1 goka3zaHo.

JlokazaTenbcTBO yTBEpHKAEHUS V2.

Homyctum, uto (1) Int"—<f/&(Prop(Ca(A))u {p:})> [Ca(A)].

M3 (1) corlacHo naHHBIM Bblllle ONpeaeIeHUIM MCUMCIIEHHH Int U
Int” nonyuaem, uro (2) Int—<f/&(Prop(Ca(A))u{p:})> [Ca(A)].

M3 (2) u nemmer 1 nomywaem, uro (3) Int— <p, />
[<f/&(Prop(Ca(A)){p:}wM> [Ca (A)]].

M3 (3) v nemmbl 4 (nonaras, uro M mycTo) no onpenenequto Int-

J0Ka3aTesibcTBa nosrydaem, 4to (4) Int |—Cn(A). U3 (4) u nemmsbl 2
nony4yaem, yto Int [ —A.

YTBepxaeHue Y2 a10Ka3zaHo.
Teopema 1 nokasaHa.
Hcnonb3ys Teopemy 1, nerko gokasars, 4to Ucuuciaenue Int” apns-

€TCA MO3UTUBHBIM (PParMEHTOM HCUYHCIeHHs Int B cMbICie cleayrolleit
TEOPEMBI.

Teopema 2. Jlns Bcakoi L'-dopmynasl A BepHO creaymoLiee:
Int"—A Torza u Tonbko Toraa, koraa Int—A.

JIns nokaszatenscTBa 3TOH TeOpeMbl NOCTATOYHO OOKa3aTh clie-
AyOouMe yTBepXaeHusa Y3 u V4.

V3. Jlna Besakoit L™-dopmynbl A BepHoO cienyrouee: eciu Int'—A,
To Int|—A.

V4. Ins Beakon L'-bopmynsl A BepHO cneayrowee: eciu Int—A,
To Int'—A.

CnpaBe1IMBOCTb YTBEPXKAEHHUA Y3 OUYE€BUIHA B CHUITY ONpeaesIeHUH
ucumcnenuit Int u Int”,

JlokazaTenbCcTBO YTBEPKACHUS Y4 npeaBapsioT ieMMbl S U 6.

Jdemma 5. JIng Bcakux L™-popmyn A u B 1 Bcakoii nponosuimo-
HALHOM TMepeMeHHOM P; A3bika L BepHO cienyouwee: ecnu Int' —A,
To Int'— <p/B>[A].

Jlemma 5 10ka3aHa BO3BpaTHOM MHAyKLMe# no aiuHe Int™-gokasa-
TenbcTBa L -popmynsl A..

Jlemma 6. JIna scakoit L'-dopmynsl A BepHo crenytouee: Int F—A
TOr/Aa ¥ TOAbKO Toraa, koraa Int' —Ca(A).

JleMMa 6 noka3aHa Ha OCHOBE JIEMMBI 3.

Jloxa3aTenbCcTBO yTBEPKACHUS Y4,

Jomyctum, uto (1) A ectb L'-dopmyna u (2) Intt—A. Uz (2) u
Teopembl 1 nonywaem, uto (3) Int'— <f/&(Prop(Ca(A))vip:})>
[Ca(A)].

3 (1) nonyuyaem, uro (4) f He Bxoaut B A. 13 (4) no onpeaeneHuto
onepatopa Ca noaydaem, uto (5) f He Bxoaut B Ca(A). M3 (5) no
onpeaeaeHHIo omneparopa < > NOJy4aeM, YTO (6)
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<f/&(Prop(Ca(A))wip:})> [Ca(A)] ects Ca(A). U3 (3) u (6) nony-
yaeM, 4to (7) Int'—Ca(A). U3 (7) u neMmbl 6 nonydaem, uto Int —A.
Vr1eepxaeHue V4 nokazaHo.
Teopema 2 noka3aHa.
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M.H.Pn16axkoB

NEPEYUCJIUMOCTb MOJAJBHBIX
NMPEAUKATHBIX JIOTHK U YCJIOBHS OEPBLIBA
BO3PACTAIOILIUX UENIER

Abstract. The question about recursive enumerability of modal predicate
logics defined by non first-order definable classes of Kripke frames is
considered. It is proved that logics of classes of frames without infinite
ascending chains are not recursively enumerable.

H3zBecTHO, 4TO BOMBIIMHCTBO CTAHOAPTHBIX MPOMO3ULIMOHAIBLHBIX
JIOTHK paspeliuMbl [3], T.e. Aad KaxaoH TakoW JIOTMKH CYLIECTBYET
>ddexTHBHAA npoueaypa, KOTopas 1o BCskoi GopMysie AaeT oTBET Ha
BOMPOC O TOM, BEPHO JIM, YTO 3Ta (PopMysa MPUHAJIEIKUT JaHHOMU
noruke. HepaspeiMmpiX Npono3uiHOHAIbHBIX JTOTHK, BOZHHUKIIHUX [0
HEKOTOPBIM €CTECTBEHHBIM MPHUYHHAM, U3BECTHO HE TaK Y>K U MHOTO; K
TaKOBbIM OTHOCSITCS, HallpuMep, peJieBaHTHble JOrUkH [5]. B npenu-
KaTHOM CJly4yae CHUTyallUsi pe3KO MEHSIETCA — [lake Kjlacchuyeckas
JIOTMKa MPEAUKATOB Hepa3pellnuMa, XOTS W ABJISETCS MEPEYUCTHMOM,
T.€. CyllecTByeT 3(deKkTHBHOE mnepeuncieHre Bcex ee TeopeM. Kaxk
CIEAACTBHE, HEpa3pellMMbl U BCE MOJaJIbHble NPEIUKAaTHbIE JIOTHKH,
coAepXkalllME KIIACCHYECKYIO JIOTHKY MPeAHKaTOB B KAayecTBE CBOEro
6e3moaanbHoro ¢gparmenta. bonee Toro, u3 pesyasratoB C. Kpunke
[1] cnenyer, uro B OOJILIIMHCTBE CJyyaeB /I HEpPa3peLIMMOCTH
MOJQJIbHOM NMpEeaUKaTHOH JIOTMKH JOCTAaTOYHO, YTOOBI €€ A3bIK coaep-
KaJl BCEro JIMIb JBE OJHOMECTHBIE TMpeIUKaTHblE OYKBBI, B TO BpEMs
KaK Kjaccuyeckas JIOTHKa OJHOMECTHBIX MNPEAUKATOB paspeluuma.
Jloruka OAHOMECTHBIX NPEIUKATOB TECHO CBA3aHa C CHJUIOTMCTHKOM
Apucrotens, U ynoMmsHytoe HabmoaeHue C. Kpunke oryacTtd omnpas-
AbIBA€T TPYAHOCTH, BO3HHUKAIOLLIHME MPH BBEJCHUH B CHJUIOTHCTHKY
MOJAJILHOCTEH.

3aMeTHM, UTO BCE JIOTHKH, KOTOpble MOTryT ObITh 3aJaHbl B BUIE
MUCYHCTIEHHH (T.€. B BUAE ACIYKTUBHON CHUCTEMBI C PEKYPCHBHO mepe-
YUCJIUMBIM, HarpuMep, KOHEYHbIM, HAOOpOM aKCHOM H IpaBuJI
BbIBOZA), ABJISAIOTCA MEPEUUCTIUMBIMH, T.€. VISt KAXKIAOH TaKOMH JIOTHKH
cyulecTByeT 3(deKTHBHAas npoueaypa, BbIIMChIBalOLlasg [10CI€10Ba-
TeJILHO BCE ee TeopeMbl. [leficTBUTENIbHO, HMES KOHEUHYIO (HJIH Jaxe
PEKYPCHUBHO MEPEUHUCINUMYIO) aKCHOMATHKY, Mbl MOXEM IIOCJIe10Ba-

" PaGota BbimonHeHa npu noaaepxkke Ponaa MuHobpasosanus P®, rpant Ne E00-
1.0-175.
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TeJbHO NepedupaTh BCe BBIBOABI, B pe3y/bTaTe Yero paHo WM MO3/HO
nobepemcs 10 BCAKOM GopMyibl, KOTOpas BbIBOJAMMA B JAHHOM HC-
YUCJIEHUH.

BrojiHeE €CTeCTBEHHbIM MPEACTABIACTCS OMNPENC.IaTb JIOTHUKH He
CUHTAaKCHYECKH — B BUAEC UCUUC/IEHUH, a CEMAHTUYECKH, T.€. KaK MHO-
’kecTBa (JOPMYJI, BEPHBIX C TOUKH 3PE€HUs HEKOTOPOH ceMaHTHKH. Tak,
HarnpuMep, Kiaccuyeckyro joruky npeaukaror QCl mMoxxHo onpene-
JIMTb KaK MHO>KECTBO TOXIASCTBEHHO MCTHHHBIX (DOpMYJ, MHHUMAasIb-
HYI0 HOPMAaJIbHYXO MOJAJIbHYKO NMpeauKaTHYyo noruky QK — kak MHoO-
kecTBO ()OpPMyJ, BepHBIX BO BceX Likajnax Kpumnke, MHTYULHMOHMUCT-
CKYIO TMpOMO3ULUMOHABbHYIO JIOTHKY Int— kak MHoxecTBO dopmyn,
BEPHbIX BO BCEX WHTYMUHMOHUCTCKHMX Mogensx Kpunke, u T.1. Hac
OynyT HHTEpecOBaTh JOrMKH (B MEpPBYIO O4yepeab, MOAalbHble Mpeau-
KaTHbIE), KOTOpPbIE OMPEAENAAOTCS HMEHHO CEMAHTHUYECKH.

B [2] noka3aHo, 4TO ec.1u MojaibHas NMpeadKaTHas JOoTuKa 3ajaa-
€TCA KaK MHOXecCTBO ¢opmyJ, 3HaAUMMBLIX B Kiacce wikan Kpunke,
OTHOLUEHHE JOCTHXKUMOCTH B KOTOPbIX OIMUCHIBAETCS MEPBONOPSIAKO-
BOH GopMyJI0OH, TO OHA MOrpyXkaeTcs B KIACCHUYECKYH JIOTUKY Npeau-
KaTOB. D710, B YACTHOCTH, BJIeYET, YTO TaKas JIOTUKA SBJISETCS mepe-
YUCITUMOIL.

CoxpaHHUTCS JM MEepeyucIUMOCTb, €CJIM paccMaTpyUBaTbh MOJallb-
Hble MNpeJUKaTHbIE JIOTHKH, ONpe/e/eHHsle Kilaccamu wkan Kpunke,
OTHOLLIEHHE JOCTHXXUMOCTH B KOTOpbIX HE OMNHCBIBAETCA HU OJHOM
dopmyoil nepsoro nopaaka? B mpono3vlHOHAIBLHOM cliydyae K JIOTH-
KaM, KJ1acChbl LIKal KOTOPbIX HE OMHCHIBAKOTCA MNEPBOMNOPSIAKOBBIMU
dbopMynamu, oTHOCATCA, HaripuMep, Jordka ['egens—Jleba GL, noruka
["xeropurka Grz, noruka Makkuncu KM u gpyrue. Bece 3Tv noruku
KOHEYHO AKCHOMAaTU3UpyeMbl, GUHUTHO annpoKCUMUPYEMbI U paspe-
wHUMbl [3]. 3aKOHOMEPEH BOMPOC O TOM, KaKOBa airopMuTMHuYeckas
CJIOKHOCTb MOJaJIbHBIX MpeIMKaTHbIX JOoruk kiaccos wkan GL, Grz,
KM u apvrux nogoOHbIX JOTHK.

Bornpoc 0 nepeurcIMMOCTH JIOTHK KJIAacCOB LKA, He OMNpelesu-
MbIX NEPBOHOPALKOBO, MOTHBHPOBAH OTYACTH €LLE€ U TEM, YTO B Mare-
MaTHKe J0BOJIbHO YacTO HPUXOJMUTCS TOBOPUTH O BMOJIHE €CTECTBEH-
HbIX CBOWCTBaX, KOTOpPbl€ HEBO3MOXHO OMUCaTh CPEeACTBAMH fA3bIKA
NepBOro Nopsaka.

Tak, Hanpumep, OJHUM H3 CBOWCTB, KOTOpbIM 00J1ajatOT CTaH-
AapTHble MOJaJlbHbIE TPOMNO3ULIMOHANbHLIE JTOTHKH, SBASETCS QUHUT-
Hasi anmnpoOKCUMHUPYEMOCTb: joruka L Ha3biBaeTcd (UHMTHO anmnpok-
CUMHUpPYEMOMH, €ec/id OHa TMOJIHA OTHOCHTEJbHO HEKOTOPOro Kjacca
KOHEYHbIx wKan Kpunke. 3aMeTuM, 4TO CBOMCTBO KOHEYHOCTH HeE
onuchiBaeTcs HUKakod ¢opmysnoit nepsoro nopsiaka. Tem He MeHee,
(GhUHUTHAS anMmpOKCUMMUPYEMOCTb WUIrpaeT Ba)KHYIO PO.1b B MOJAJIbHbIX
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H IpYrUX HEKJIAaCCHUYECKHX JIoTHKax. Tak, HanpuMmep, u3secTHo [3], uto
€CJIH NPOMO3HWUHOHAIbHASA JIOTHKA L (UHUTHO anmpoKCHMHUpyema u
KOHEYHO aKCHOMAaTU3HpyeMa, TO OHa pa3pelurMa.

Ilpu nepexonae OT MPOMNO3HUHOHANIBHOTO $3blKa K MPEAHKATHOMY
CBOMCTBO KOHEYHOCTH MOJENEH J1a)ke B KJIACCHUECKOM Cllyyae MpPHBO-
OWT K «OTPHLATE/bHBIMY Pe3y/bTaTaM, CBA3AHHBIM C BO3MOXXHOCTbIO
3¢ (exTUBHOrO OMMCaHMUA JIOTMK Takux Mojenei. CHavana 3ameTum,
YTO TpeOOBaHWEe KOHEUHOCTH Mojenel MPEAMKATHOrO A3blKa BO3HU-
KaeT BIIOJIHE €CTECTBEHHO: MOCKOJbKY B >XM3HH Mbl CTajKHUBaeMmcs
JIULLIL C KOHEYHbIM YMCJIOM MPEAMETOB, TO Pa3yMHO paccMaTpUBaThb
JIOTHKK MOJIENIEN ¢ KOHEYHBbIMH MpEeAMETHbIMU obnacTaMu. Oka3zbiBa-
€TCA, UYTO KJaCCHYecKas MNpPeIMKaTHAs JIOTMKA KOHEYHbIX oOjnacTeif
QCly, B cuny u3BecTHOW TeopeMbl TpaxTeHOpPOTa HE TOJNLKO HE pas-
pelinMa, HO JaXKe He ABIdeTCs nepedyncauMor (rpaBaa, TeopeMa
TpaxTteHOpoTa He pacnpocTpaHIeTCcs Ha JOTHKY OJAHOMECTHbIX IIpeau-
kaTtoB). COOTBETCTBEHHO, HEMEPEUUCTIUMbl H MOJA/IbHLIE JIOIMKH
KOHEeUHbIX obiacTe.

[ToMMMO KOHEYHOCTH €CcTb M ApPYrde €eCTECTBEHHbIE YCIOBHS,
KOTOPbIE€ HEJIb3s 3aMucaTh C MOMOLIBIO NMepBonopsaakoBbix Gopmya. K
HUM OTHOCHTCS, HaripUMep, 4YacTo UCMOob3yeMas B pa3HyHbIX obiac-
TAX MaTeMaTHKH oOlepalis TPaH3UTUBHOro (MHoraa pedeKCHBHO-
TPaH3UTUBHOTO) 3aMblkaHUS OWHapHbIX OTHOWEHHUH. Tak, B TeopuH
rpadoB 3Ta onepauMds UCMOIb3YETCH IPH OMUCAHUM MYTEH M3 OJHUX
BeplUMH rpada B Apyrue, B computer science OHa CBSi3aHa C 3alUK/IU-
BaHWEM nporpamMm MW T.4. B [6] noka3aHo, 4To MoaanbHas npeavkaTHas
noruvka wkan Kpurnke, f3bIK KOTOPOH COAEPKUT ABE MOJATILHOCTH —
COOTBETCTBYIOLLYIO OTHOLIEHHIO AOCTHXXHMOCTH MEXAY MUpaMH H
COOTBETCTBYIOULYIO pedhIeKCHBHO-TPAH3UTHBHOMY 3aMbIKaHHUIO 3TOrO
OTHOLUEHHUs — sIBAAETCH Henepedyucaumoi. OnsTh BNOJIHE €CTECTBEH-
HOe, HO He omnpeleMMoe MepBOMNOPAAKOBO YCIIOBUE, HAK/1aAblBAEMOE
Ha CEMaHTHKY, MPUBOAMT K HEMEepeYHUCIMMOCTH MHOXXECTBA BEPHBIX C
TOYKH 3PEHUS ITOM CEMaHTUKH PopMyI.

Mbl paccMOTpUM ellle OAHO YCJIOBHE — YCJIOBHE OOpblBa BO3pac-
TarolMx tenei. B mxanax Kpunke oHO BO3HHUKAET, KOraa pedb HAET O
peSIALMOHHONW CEMAaHTHKE JIOTUK [0Ka3yeMOCTH, HanpuMep, TakuX, Kak
nporno3duroHaibHble Jorukn GL unu Grz. HanoMHuM onpeaeneHus
stux Joruk. Ilycts Cl— kiaccuyeckas JOrvka BbICKasblBaHWi. [lns
MHOKECTB MOJaJIbHbIX MPOMO3ULMOHAIILHLIX dopmya 2| U X, uepes
2, @ X, 0603HauUMM HaMMeHblllee MHOXKECTBO, coAepkauiee 2 U 2, U
3aMKHYTOE€ OTHOCHUTEJBHO TpaBuia modus ponens, NpaBuia NOJACTa-
HOBKM M npasuna [emens. Bmecro X ® {¢} Oyaem nucate 2O @.
Torna
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GL = Cl@lp->9q)-> Cp—->Ug) @ AUp—p)—> Op;
Grz = Cl1®@J(p-q)->Op->0¢)@ 0P —> Op) > p) > p,

rae p U ¢ — MNpONoO3ULMUOHANIbHBIE NepeMeHHble. Kakayio M3 3THX
JOTMK MOJXHO ONpPEAe/IMTb KaK MHOXeCTBO (OpMyJ, 3HAYUMBIX B
HEKOTOpOM kjacce ka1 Kpunke, 415 KOTOpEIX MOMHMO MPOYHX (rep-
BONIOPSIKOBO OMNpeAEJUMbIX) YCIOBHIA BBIMOJHEHO U yCIIOBUE OOpbIBA
BO3pacTaroWmx uerned (cM. [3]). Mbl paccMOTpUM npeaukaTHbie BapH-
aHThl 3THX JIOTHK, T.€. KOrJa MOJAabHbI A3bIK OOOralieH npeaukKar-
HbIMH OYKBaMH U KBAHTOpaMH MO MpeAMETHbIM MEPEMEHHDIM.

[TepefineM Kk TouHbIM omnpeaeseHuaM. O603HauuM uyepes ML
MOJAbHbIM NMPEAUKATHBIA 23bIK, COAEPXKALUIAA CYETHOE YMCIIO UHIU-
BUAHBIX MEPEMEHHBIX, CHETHOE YMCJIO N-MECTHbIX MpEeAHKaTHbIX OYKB
JUIS1 BCAKOrO HaTYpPaJbHOTO 1, JIOTHYECKHE CBA3KH A, Vv, —>, |, [, kBaH-
TOPbl BCEOOLIHOCTH T0 WHAMBUIAHBIM TMEPEMEHHBbIM, CKOOKM W 3ams-
Tyro. POpPMYJIbI B 3TOM s3blKe CTPOSATCA 0ObIYHbIM oOpa3oMm. B nane-
HeHweM npH 3anucu M L-bopmyn Mbl 6yaeM UCNONb30BaTh U APYyrue
CBA3KH M KBAHTOPbI, ONpeae.1is UX Kak ODbIYHblE COKpALLEHUsI OCHOR-
HblX, @& HUMEHHO: —@=@¢—>1, pwv=(@->w)A(v—>0Q@),
Ax @==Vx =@, Co=-U-p,0p=pAle.

[kanon Kpunke Oynem HasbiBaTe napy F =(W,R), rne W-
HEIMyCTOEe MHOXKECTBO, a R — OMHApHOE OTHOLIEHWE Ha W. DjeMeHTbI
MHO)KecTBa W OyneM Ha3blBaTb MHUpaMM, a OTHOLIeHHE R — OTHOLle-
HUEeM J0CcTHRMUMOCTH. Moae.1b Kpunke npeacraBiaser coboi ueTBepky
M=W,R, D, D), rne (W, R) — wikana, D — dyHKuust, CONOCTaBJIfIOILASA
KaXX10My MHpY w € W HenycTtoe MHOXeCTBO D(w), Ha3bIBaeMoe Mpe/i-
METHOM o0JsiacThlO  3TOro  Mupa, [pH4YeM ecid wiRw,, TO
D(w,) € D(w,), [ — uHTEepnipeTallvs npearKkaTHbiX OYKB B MHUpPax MHO-
xectBa W, T.e. GyHKUMA, CONOCTABAIOWIAs KaXKA0H H-MECTHOH Mpe-
JMKATHOH OykBe P U KaKaoMy MHPY W HEKOTOPOE n-MECTHOE OTHOLLIe-
Hue /(P,w) Ha MHOXKecTBe D(w).

[TycTh 0 — HHTepnpeTaLys NMPeAMETHBIX NMEPEMEHHBIX B MOoaeU M,
T.€. YHKIIHS, COMOCTAB/IAOLAA KKIO0H npenmeﬂiou MepEeMEeHHOH X
a3pika M L HekoTOpbIil 37eMeHT oux) € U{D(w):we W}, Onpene-
UM OTHOUIEHHE 3HauumocTu M L-dopmya B Mupax Moaenu M npu
MUHTEpNpeTaluu o, NpU 3TOM eciau dopmysia ¢ 3Ha4YUMa B MHpE W
Mozeld M npu uHTeprpeTauuu o, To Oyaem nucath (M,w) = ¢fal:

(M,w) ¥ L[a] Bcerna;

(M,w) E P(x, ..., x,)la] = ecau
a(x)) € D(w), ..., a(x,) € D(w), TO
<(1()C1), IR a(xn)> € I(P,W),
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1}

] (Mw) E @la] u (Mw) = ylal;
Mw) = Vv o] (Mw) E pla] unu (M,w) = yla];
MwyEp—o>yla] = Mw)#¥E o] wm (Mw) = ya];
]

Mw) EVx gla] = (M,w) = ¢[B] nas Bcako# uHTEpnpe-
Tauuu {3, coBnajatouieit ¢ o Ha Bcex

NEPEMEHHbBIX, KpoMe, ObITb MOXKET, X;

Mw) Elpla] = (MWw)E= @la] ans Bcskoro Mupa w'
TaKoro, Uto wRw'.

Ecau x,, ..., x, — cnMcok Bcex CBOOOAHBIX MEPEMEHHBIX GOPMYIIbl (@,
alx) =ap,...,olx,)=a, may,...,a, € D(w), To BMecTto 00603HaYEHHUSA
(M,w) = ¢la] 6ynem ucnonb3oBaTh 0003HAUEHHE

Mw) = ¢lay, ..., a,]. Popmyny ¢ cuutaeM 3HauUMMOH B MHpe W
Mojend M, eciv oHa 3HauMMa B 3TOM MUpE MPU BCIKOH MHTepIripeTa-
UMK o TaKOH, 4TO ox) € D(w) anst Bcsikod cBOOOAHOH MepeMeHHOM x
dopmyabl @. ['oBopum, uto dbopmyna ¢ 3HauuMa B Moaenu M, eciu
OHa 3HAaY¥Ma B KaXKJIOM MHpe 3TOH MOJe/IM; FOBOPHUM, UTO (¢ 3HaUMMa B
wkane F, ecny ¢ 3HaudMa BO BCAKOU MoOJIe/TH, Onpe/iesIeHHON Ha 3TOoM
LIKase.

[lycte C— wiacc mkan Kpunke, OTHOLi€HHE HOCTHIKHMOCTH B
KOTOpbIX UppedIeKCUBHO, TPAH3UTHBHO W YIOBJIETBOPSAET YCJIOBHIO
oOpbIBa BO3pacTalOIMX LieneH, T.e. HUKakas wkana F = (W, R) kiacca
C He coaepxHUT OeckoHeuHbIX wHerned Buaa wy Rw, Rwy; R ... Ob6o-
3HauuM depes QGL™™ noruky wiacca C, T.e. MHOXxecTBO M L-hop-
MYyJl, 3Ha4UMbIX BO BceX wKaiax U3 C. B npono3nuMoHaibHOM cilyuae
norukoit kiacca C aBnsercs noruka ['egens—Jledba GL. Cpasy otme-
TUM, UYTO B TNPUBEJCHHBIX HWXKE paccyXaeHusx BmecTo kjacca C
MO>KHO pacCMaTpUBaTh HEKOTOPbIE ECTECTBEHHbIE €T0 MOAK/IacChl; TaK,
HafnpuMep, MOX@XHO OrpaHUYMBaThL IIMPHUHY [IKal WM paccMaTpHBaTh
noaksiaccebl C, COCTOSIIME M3 LIKAT WMHPHUHbI |, WHPHUHBI 2, LIMPHHBI 3
M T.0. B 3TOM cMbIc/ie HaUMMEHbLIMM €CTECTBEHHbIM MOAK/IACCOM
knacca C sBAfeTCH KiacC WIKajd WHUPHHBL 1, COCTOSAWMHA M3 BCeX
AUHEHHBIX wkal kiacca C. B npono3uuuoHanpHOM ciiyydae 3TOT Kjiacc
onpenenset goruky GLLin, koTopas 1eayKTUBHO MOXXeT ObITh 3a7aHa
nobasneHneM k akcuomatuke GL akcuombl TMHEHHOCTH:

GLLin = GL® O(0p > ¢)v(O'qg - p).

MoanbHyIo NpeauKaTHYIO JIOTHKY THHEeHHbIX wikan ki1acca C 06o3Ha-
yum yepe3 QGLLin™".

PaccmoTpum kinace C*, cocrosiuuit w3 wkan Kpunke, oTHOIIEHHE
JOCTHXXMMOCTH B KOTOPbIX pedieKCHBHO, TPAH3UTHUBHO, aHTHCHMMET-
PUYHO W Y/IOBJIETBOPSET YCIOBHIO OOpbIBA BO3PAaCTAIOLIMX UEMCH:
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IIKadbl HE JO/DKHBI coaeprkaTh OECKOHEZYHO BO3pACTAIOLLMX LETIEH,
COCTOALMX M3 Pa3IMYHbIX ToveK. MoaaJIbHYIO MpeauKaTHYIO JIOTHKY
knacca C* 0bo3nauum yepes QGrz“”. B nponosuuuoHanisHoM ciyyvae
wiacc C'* onpenenser noruxy [keropunka Grz. Uepes QS4.3Grz*”
0003Ha4YMM MOJQIbHYIO MPEIMKATHYIO JIOTHKY KJIacCa BCEX JIMHEHHbIX
wka1 U3 C*. B npono3HuMoHanbHOM Clyyae KJacC .IMHENHBIX LKA
C* onpeaensieT JOTHKY

S4.3Grz = Grz® J((Op —» Tg) v O(Cg — Op).

Hawa uens coctouT B TOM, 4TOOB! JOKa3aTh CIIpaBeIMBOCTb Clie-
AYOLLEro YTBEPK/JI€HHS.

Teopema 1. Jlocuxu QGL”, QGLLin’*", QGrz*", QS4.3Gzr*”

Henepeyuciumbl,

Ina nokazaresbcTBa HEHEPEUHUCAUMOCTH 3THX JIOTHK JOCTATOUYHO
MOTPY3UTE B KXY U3 HUX HEKOTOPOE HENEepPeYHUCIUMOE MHOKECTBO.
B KayecTBe TaKOro MHOXeCTBAa BO3bMEM KJACCHYECKYIO JIOTHKY
koHeuHblX obnacteit QCl;,. byaem cuurars, uto dopmysbl 3TOH
JIOTHKH CTPOATCS B s3blke L. KOTOPBIH OTAHYAETCA OT OMpeaeNeHHOro
Bbllle A3bika ML numb Tem, 4TO HE CO,1ep)HUT cumBona [, T.e. L —
3TO OOBIYHBIH A3bIK JIOTHKH NPEAUKATOB.

Mb! noctporM norpyxenue noruku QClg, B noruky QGL™™, T.e.
onuuweM 3PdEKTUBHO BbIUKHCIUMYIO (GYHKLUMIO f, COMOCTAaBJISIIOLLYIO
kaxnon L-popmyne ¢ HekoTopyto M L-bopmyny fl¢p) U ya0BAETBO-
PAIOLLYIO CJIEAYIOLIEMY YCIOBHIO:

pe QCl;,, < flyp) e QGL™".

Ota xe ¢QyHkuua Oyaer 3aoaHo mnorpyskeHuem QCl;, u B noruky
QGLLin™". He6onbuas Monudukauus GpyHkuuu f riozponser oboc-
HOBaTb CMPaBEATUBOCTb TEOPEMbI | M A8 APYrUX ABYX JIOTHK, HO 3Ty
YyacThb J0KA3aTeIbCTBA Mbl OITYCKA€M, MOCKOJbKY OHO HE COJIEPIKMT
MPUHLMITHAILHO HOBOH WM, HO TpeOyeT HEKOTOPBbIX TOMOJIHUTE b-
HBIX TEXHHYECKHUX BbIKJIAI0K

Jns nanbHeHIuUX paccy<aeHHi 3adUKCHpYeM HEKOTOPYH MpOM3-
BOJIbHYIO 3aMKHYTYI0 L-dopmyny .

[lepBoe, YTO HaM HY>KHO cle€aTh, — 3TO HAay4YMTbCS OMUCHIBAThH
yCAOBHE KOHEYHOCTH NpeAMeTHbIX obnacrei. Kak oTMeuasnoch Bbliie,
YCJIOBHE KOHEYHOCTH He ABJISETCA NePBONOPSAAKOBO orpeaeaumbiM. Ho
B soruke QGL’" uMeercs B HEKOTOPOM BHJE W HEMEPBONOPSAAKOBOE
YCJOBHE — YCIOBHE 0OpbIBA BO3PACTAOWIKX LIETEH, KOTOPOMY ya0BIIE-
TBOPSAIOT BCE LUKAAbI DTOH JIOTMKH. BOCrosib3yeMcsi 3THM YCIIOBHEM,
4ytoObl OMMCaTh MNOAXOAALIMM 00pa3OM KOHEYHOCTb TMpeIMETHBIX
obnactei.
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[lycts E — HekoTopas OuHapHas rnpeaukatHas O6ykBa s3bika ML,
He Bxoaswas B ¢. O603HaYHM

Eq = O[VxE(xx)AVxVy (E(x,y) = E(,x)) A
A VxVyVz (E(x,y) ~ E(y,z) = E(x,2))]

M HWKe BMecTo £(x,y) Oyaem nucath x =~ y. BbINOJHUMOCTb B HEKOTO-
poM mupe w dopMyibl Eq 03HayaeT, YTo npeaMeTHbie 0061acTH MUpa w
H JOCTH)XHUMBIX U3 W MHPOB pa36nBa}0Tc;1 Ha KJ1aCCbl 3KBHUBAJICHTHO-
CTH NO OTHOLUEHHIO ~. 3afHileM HEKOTOPbIE YCJIOBHUA, BLITTOJIHCHHE
KOTOpPbIX 6yﬂe’l‘ O3Ha4aTb, YTO 3THU KJIACChl YNOPAAOYE€HbI TaK K€, KakK
yIOpSAOYEHbl  HATypaJibHble YMCAA C MOMOUIBKO  OTHOLUEHHS
«MeHblie». [lycts Q — yHapHad, a G U S — OMHapHble NpPEAUKATHbIE
OykBbI, He BxoAsMe B GopMyny @. CMbICI, KOTOPbIA Mbl XOTHM BJIO-
KUTb B OykBbl G U S, clieayoumi:

G(x,y) <& «x MeHblle )»;
S(x,y) < «ycnaeayer 3ax».

bykBa () noHagoOuUTCst HaM AJ19 TOro, YToObl «MOMEYaTh» MUPbI HHIH-
BHMJaMH; CUHMTaeM, 4yto MHUp w moaenu M = (W, R, D,I) «nomeuyeH»
uHAUBHAOM a € W, ecin (M,w) = Q[a]. To, kakyr ponb OyayT urpartb
3TH «METKH», CTAHET ICHO YyTh HHXKE.

OnuieM ycnoBue 6€CKOHEYHOCTH NpeAMETHON 00nacTH:

Vx3dy G(x,y) A VxVyVz (G(x,y) A G(y,z) —> G(x,2)) A (1)
A YxYy (G(x,y) > —G(y,x)).

3anuileM yCJIOBHE JIMHEHHOW yNOpsAAOYEHHOCTH KJIaCCOB DKBHBAJICHT-
HocTH no G

OVxVy [~(x = y) «> (G(x,y) v G(y,x))]. (2)

BoinonHeHue cnenyroinero ycioBus OyAeT rapaHTHpPOBaTh, YTO OTHO-
ieHHe G MEeXIy BCAKMMM ABYMS MHAMBUIAMH COXPAHSETCA B MocCje-
AYHOLIHUX MUpaAX:

O'VxVy [(G(x.y) = OG(x,y)) A (=G(x,y) —> O=G(x,))]. (3)
Onuwem S:
O°VxVy [S(x,p) < (G(xy) A Vz —~(G(x,2) A G(z,p))]. (4)

Cnenyrowas ¢opmyna O3HAYaeT CYLIECTBOBAHWE «HYJIS», KOTOPbIH
OyneT onpenesisaTh HaMMeHbLIHNHA N0 G KJ1aCC 3KBUBAJIEHTHOCTH!

Ix O'Vy —S(yx). (5)

6. Jloruucckue uecnenosanws. B, 8 161



OqepenHoe YCJIOBHE, KOTOPOC HaM HOHaﬂO6HTC${, COCTOUT B TOM, UTO
A1 BCAKOI'O 3J1ICMECHTA CYWECTBYCT HCIMOCPEACTBEHHO Cﬂeﬂy}OLLIHﬁ 3a
HUM 1o G H A1 BCAKOI O 3J1€MEHTA, OT/IMYHOI'O OT HAMMEHBLLUIETO MO G,
CYLIECTBYET €TI0 HCl’IOCpeﬂCTBeHHbIﬁ NpeNUECTBEHHHK I10 G:

C'Vx3y S(x,y) A 07 Vx By Gly,x) = Ty S(v.x)). (6)

BeinosiHeHue dopmyn (1)—(6) 03Ha4asT, YTO KJ1acChl 3KBHUBAICHT-
HOCTH NO OTHOLUEHUIKD & OKa3blBAKOTCA JTMHEHHO YMOPSIAOYEHHBIMU C
nomowbo G, NpHYeM 3TO YIOPSAAOUYEHHE OUYEHb MOX0XKE HAa ynopsnao-
YeHHE HaTYpPATbHbIX YMCES MO OTHOLUEHHIO «MEHbLIE» C TOW JHLIb
pa3HULEH, YTO MOTYyUYMBLIEECS YINOPAAOUYEHHE MOKA MOMKET COAEPKAThb
OeckoHeyHO YObIBaOLUME LEMOYKH., ITOT HEIOCTATOK MOXHO HCMpa-
BUTb C MOMOUILIO ) U TOro (Dakra, 4yTo wikajbl ki1acca C He coaep» ar
OeckOHEYHO BO3pACTAIOILUHMX LIETe.

3anviLeM ycloBUe, COCTOSLIEE B TOM, KaXAblii MUP, JOCTHXKUMbIH
U3 JaHHOTO, OKA3ICs «[OMEYEH» HEKOTO[bIM UHIAUBUIOM:

C3x Q). (7)

HyCTb., KpoOME€ TOro, «ME€TKa» AJI1 KaX10ro Mupa €AHHCTBCHHA C

TOYHOCTBH) JO 3KBHBAJICHTHOCTH; COOTBETCTBYHOLIEEC YCJIOBHE BbITJIA-
AHUT Tak:

IVxVy [(Q0) A QO) = x =) A (x =y A Qlx) > QO))]. (8)

Cnenywiuee ycnosue OyneT rapaHTHpOBaTb, YTO «METKU» He MOBTO-
pAIOTCS IBa pa3a B OAHOH Leroyke MHUpOB!

OVx (Q(x) = O=Q(x)). (%)

Tenepb cornacyeM nopsiaok clieI0BaHUS «METOK» ¢ nopsakom G. [as
3TOrO 3amHUIEM TAKOE YCJIOBHE!

CVxVy [Q(x) > (0Q0) © Gy.x))]. (10)

HakoHeu, norpeOyeM, uTOObl KaXAbIH HMHAMBHI AAHHOrO MHpA

SIBJIASICS. «METKOM» 11 HEKOTOPOro MUpa, JOCTHXKUMOI'O U3 JaHHOTO.
3TOro MOHO A0CTHYb C MOMOLUBIO CeAy OLeH GOopMyIbL:

Vx 0QO(x). (11)

O6o03HaunM uepe3 A4 koHbOHKUHMIO QopMyna (1)-(11). HerpyaHo
BUAETh, UTO KOHBIOHKTHBHbIE YeHbl (7)—(11) atoit dopmyabl obecrie-
YHUBAKOT OTCYTCTBUE OECKOHEUHO yObIBaloLUUX Mo G Lered B AHHEHHOM
yNOpAJOYEHUHU KJIACCOB 3KBHMBAJIEHTHOCTH MO =, TMOJY4YeHHOM Onaro-
aapss KOHBIOHKTHBHBIM 4jieHaMm (1)—(6). [lelcTBUTENbHO, MYCTh
(W, R) € C. Toraa Hanuuhe GeckoHeyHO YyObiBawoleh mo G LieNoukH
UHIUBUIOB ... G a3 G a; G a; B npeaMeTHOH obaacTH MUpa w MOJeTH
M=(W,R, D, I), B KOTOPOM BbINOHSIETCA A, 03HA4Yano Obl AOCTHIKH-
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MOCTb M3 W OCECKOHEYHO BO3pacTalOllel  LEMOYKH  MHpOB
wRwi Rw,RwsR ..., rae wy = Q[a;]. A nocnegHero He MOXeT ObITh
B CHJ1y ornpeneneHus kiacca C.

Hrak, cnipaBeavBO ciielytolilee yTBEPKIAEHHE.

IIpennoxenne 1. Ecru ghopmyra Eq A A evinoanuma 6 mupe w mooenu
M =W, R, D, I), onpedenennoii Ha wikare xiacca C, mo MHOXCecmego
D(w) pazbusaemcs ¢ nomMowplo ~ Ha JUHETIHO YNOPAOOYEHHOE C
nomowto G cemeiicmso K1acco8 IKEUSANEHMHOCMU, U30MOPPHOE
MHOJICECMBY HAMYPATbHBIX YUCE] C OMHOWEHUEM «MEHbULE .

HaM Ba)xHO TO, YTO MHOKECTBO MOJyYalOLLUXCH 32 CYET BbINOJIHE-
HUA (QOpMYynbl A KJIaccOB 3KBHUBAIEHTHOCTH OONajgaeT Cleay oliuM
CBOMCTBOM: YHCJ10 KJ1aCCOB 9KBUBA/IEHTHOCTH, MpeallecTByoluee no G
HEKOTOPOMY (PMKCHpOBaHHOMY kiaccy, koHeyHo. Bot, mo cyTH, u
KOHeuHble 00/1acTH.

[lycte x — vHOMBHAHAs nepeMeHHas, He BCTpevarollascs B (.
3aMeHHMM B @ Kaxaywo noadopmyny Buaa Yy i Ha noadopmyny Buaa
Vy(G(,x) vy =x—> ) 4 nony4uBuytocs Gopmyay o603HauHM uepes
@*(x). PaccmoTpuMm dopMyny Vx @*(x). Jlerko mnoHATH, 4YTO e€ciu
npeamMeTHas obacTb HEKOTOPOTro Mupa pa3buTa Ha 00HO31eMeHmHbLE
KJlacCbl 3KBHMBAJTEHTHOCTH TaK, Kak Toro TpeOyeT BbIMNoJHEHHUE ¢op-
MyJbl A, TO CrpaBeAJMBOCTb B 3TOM MHpE YCJIOBHSA, 3aMHCAHHOrO B
BUae dopMmyabl Vx ¢*(x) o3Hayaet, yTo dopMysa ¢ BepHa BO BCAKOH
KOHEYHOM KJIaCCHYECKOH MO/EIIH,

Octanoch 1006aBUTH YCJI0BHE, BbIMOJHEHHE KOTOPOro MO3BOJIAJIO
Obl cyMTaTh yKa3aHHble Kj1acChl OJHO3IEMEHTHBIMH. [1yCcTh 3/1€eMEHTBI
KaXJA0ro M3 TaKUX KJIaccoB OyayT HepasadyuMbl 1 (GOpMYIbi
Vx @*(x). J1na 3TOro 40oCTaTo4HO OMMcaTh TOT (akT, YTO Kaxkiaas rnpe-
AvKaTHas OykBa, BXoAsllas B ¢, YAOB/IETBOPAET aKCHOMaM paBEHCTBaA,
rae BMECTO paBEHCTBAa HCMOJb3YeTCs CUMBOJ =~. O003HauuM uepe3
Ax(¢@) yHHBepcalbHOE 3aMblKaHUEe KOHBIOHKLMHM BCEX TAKHX aKCHOM H
MOJOXKHUM

Ap) = Egn A A Ax(@) > Vx @*(x).

Ipeanoxenne 2. s scaxoii L-gpopmynwvt @ cnpaseoausa credyrowas
IKEUBANEHMHOCMb.!

pe QCl;,, < flp) e QGL™".

HMoka3zareabcTBo. [lycte ¢ ¢ QCl;,. Toraa ¢ onposepraercs B
HEKOTOPOM KJ1aCCHUYECKOM MOJe/H ¢ KOHEUHOH NpeaAMETHON 06.1aCThblIO.
MoseM cuuTaTh, UTO MpeaMeTHas 00J1aCTb 3TOM MOAETH COCTOMT U3
HaTypaibHbiX uydcen oT 0 po n. PaccmoTrpum wkany F =<(W,R), rae
W=Nu {0}, a R- orHowueHune «bonpuie» Ha N, goonpeaeneHHoe Ha
W cneayromum obpazom: wRn ans Beskoro n € N, 3ametum, uto B F
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HeT GeCKOHEUHO BO3pacTaloliuX uernei, nostomy F & C. Onpeaenum
Ha F momens M={(W,R, D,I]) cienyromuum oOpaszom. [{ns Bcakoro
w € W nonoxum D(w) = N, a uHTepnperauuto / 3aajMM Tak, 4ToObI
st Besikux m, 1 € N v w € W Oblid BbINOJIHEHBI ClIEAYIOUINE YCIOBUS:

Mw)y=m=n & m=n,
(Mw) &= Rlmn] < m<n;
Mw) = S[m,p] < n=m+1;
(M.w) = Q[n] <> w=an,

KpoMe TOro, npeauKaTHbie OyKBbl, BXOAAILHE B ¢, B MUpe (O Ha 3Je-
meHTax 0, ..., n MPOUHTEPNpPETHPYEM TOUHO TaK K€, KaK OHHU OblIH
NMPOUHTEPNPETHPOBAHbI B MOJENIH, Ornposepratouien dopmyny ¢. B
OCTaJIbHOM MoJesib M npouseosbHa. He cocTtaBnsgeT Tpyaa NpoBEPUTD,
uro (M,0) = EgAAAAx(¢) u (M,w) ¥ ¢o*n]. CaepoBaresnbHo,
(M,0) # flo), T.e. lp) ¢ QGL™™.

[Iycte tenepy dopmyna Eg A A A Ax(@) = Vx ¢*(x) onposepra-
eTcs B MUp€ w HekoTopoi monenu M = (W, R, D, I), onpeneieHHON Ha
wkane knacca C. ITokaxeM, 410 B 3TOM cnyyae opMmya ¢ onposep-
raeTcsi B HEKOTOPO# KIaCcCHUecKOH MOMENH ¢ KOHEYHOH MpeameTHoM
00,1aCThIO.

Tak kak B w cnpaseaniussl dopmyibl Eg 1 A, To B cuity chopmy-
JMPOBAHHOIO Bblllle MpeaoKEeHUs MHOXKeCTBO [(w) pa3duBaercs ¢
NOMOULIBIO = Ha JUHEHHO YNOpsAAO4YeHHOe ¢ nomouwbtd G CeMENWCTBO
KJIaCCOB 3KBUBAJICHTHOCTH, U30MOP(HOE MHOMXECTBY HATYpPabHbIX
4yMCesl C OTHOIUECHHEM «MeHblue». BribepeM M3 Kaxioro kjacca mno
OAHOMY 3JIEMEHTY, MOJIy4YUM OCIEA0BATENbHOCTD do, A1, da, ... TAKYIO,
4YTO JUIS BCSKOrO HATypajbHOrO YMCAA K BBIMOJHAETCS OTHOLUEHHE
(M,w) = Slay, ai-1]. Tlycts P — m-MecTHas npeauvkarHas OykBa, BXO-
nsawas B ¢. [Tockonbky (M,w) = Ax(@), TO

(Mw) = Plaiy, ..., ain] < Flbiy, ..., bin],

rae (M,w) = a, = b, ans Beskoron € N,

[Tockonbky B MHpe W Monend M onposepraercs Gopmyia
Vx @*(x), to (M,w) ¥ @*[c] ans Hekotoporo c¢ € D(w). HcHo, 4TO
(Mw)E c~a, nns Hekoroporo n € N W 4ro B 3TOM cCilyyae
(M,w) ¥ ¢*a,]. llycts U= {ay, ..., a,} n mycTe [ —-— orpaHu4yeHue
UHTepripeTauuu / Ha obnacte U. Tlapa (U, I;) B 3TOM ciydae SBIS€TCS
Kjlaccudeckoil Moxenbto GesmomanbHore ¢parMeHTa ssbika ML

HUuaykumeid no noctpoeHuto nmoadopMyibt YAyy, ..., vk) GOpPMynbl @
HECJIOKHO J0Ka3aTb, YTO U1 JArObIX by, ..., b, Takux, 4TO 1S BCS-
koro i € {0, ...,n} crnpaBenmBo oTHolieHue (M,w) = a; = b;, umeet

MECTO 3KBHBAJICHTHOCTDb
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(Mw) & y*a, bi, ... ,bi] < (U, 1) E ai, ..., aid,

rae y*(x) nojsyvaercd U3 i C MOMOIIbIO TOro Xe npeobpa3oBaHus, ¢
MOMOUIBIO KOTOPOro ¢*(x) nmonyuaercs u3 . B 4acTHOCTH, nmostydaem,
uto (U, I)) ¥ ¢, a B CHITy KOHEYHOCTH MHOXkecTBa U 3aKkIio4aeM, UTo
Q€& QClﬁ,,. d

W13 npennoxenns 2 teopemsl TpaxTeHOpOTa O HEMepeUHCIUMOCTH
noruku QClyg, BLITEKAET crieytolLLee YTBEPKIEHHUE.

CaeanctBue 1. Jlocuka QGL™ nenepeuucnuma.

Ecnv  npoaHanu3upoBaTh [0OKa3aTeAbCTBO MPEASONKEHUS 2, TO
MOXHO CJI€JIaTh BbIBOJ O TOM, YTO aHaJOrHYHOE YTBEp)KAeHHE Oyaer
CTpaBeUIMBO, €CJAM BMECTO JOTHkH Bcero kiacca C paccMaTpuBaTh
JIOTHKY HEKOTOporo ero noawiacca (', coaepxkauiero Xots Obl 0aHY
WKany ¢ 6eckoHEeYHO YOBIBAIOLEH LEMOYKOH MHUPOB, JOCTHXXHUMOH M3
HEKOTOPOro MHpa, WIM LKAy CO CKOJb YrOAHO JUIMHHBIMM KOHEY-
HBIMH LIEMAMH MHPOB, AOCTHWXKHUMBIMU M3 HEKOTOpOoro mupa. To xe
KacaeTcs U JIOTUK aHaJIOTMYHO YCTPOEHHBIX nojkiaccoB kiacca C*.

3adgukcupyem npousBosbHbIH Ki1acc ' takoro Buaa. O603HAYMM
uepe3 L(C") noruky knacca C', 1.e. MHOXecTBO M L-popmyi, 3Hauu-
MbIX BO BCEX LIKajax 3TOro Kjacca.

3ameuanmne 1. /locuxa L(C") Henepeuucauma.

Tenepp oOpatumca Kk yTBepxkaeHUro Teopembl 1. IlpuHumas Bo
BHUMaHUe TOT akT, uto Jiorhka QCl sBnseTcs mnepeurcIMMON,
3aK/II04YaeM, YTO CIpaBe/IMBO ClEAYIOLIEE YTBEPIKAEHHUE.

Caeacrue 2. Jlocuxu QGL**", QGLLin*", QGrz**”, QS4.3Gzr’*” ne
ceooamcs pexypcusro k QCIL

OTMeTHM, UTO CINpaBeyIMBO TakXKe W cieayoulee oboOLEeHHe
CleacTBUs 2.

3ameuanmne 2. Jlocuxa L(C') ne ceooumcs pexypcusro k QCL

PaccMoTpuM MopalibHble MPEAUKATHbIE JIOTMKH, KOTOpPbIE fBJIA-
t0TCA npeaukaTHbiMU BapuaHtamu jordk GL, GLLin, Grz, S4.3Grz,
HO OMpe/e/sAIOTC HE CEMaHTUUECKH, a akcuoMaTuyeckl. BreaeM ciie-
aywoulee o6o3HauyeHue: a1s MHoxectB M L-dopmyn X u 2, yepes
2 @ X, o603HaUMM HaMMeHblilee MHOXECTBO (QOpMyJ, coaeprkallee
2} U X, 1 3aMKHYTO€ OTHOCHTEJNIbHO MpaBuia modus ponens, NpaBuia
MOJICTAHOBKH, MpaBwia o6oOuieHuss U npaBuna ['enens. bynem cum-
TaTth, 4To A3bIK JOruk GL, GLLin, Grz, S4.3Grz aBsnagercs nponosu-
LUHOHAIbHBIM pparMeHTOM s3bika M L. [Tycts

QGL = QCl1® GL; QGLLin = QCI1® GLLin;
QGrz = QCl® Grz; QS4.3Grz = QCl1 @ S4.3Grz.
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3aMeTuM, 4TO eciu Bce TeopeMbl Joruky QGL 3HauuMbl B Heko-
Topol uikane Kpunke F, TO OTHOUIEHHE [IOCTHXXHMOCTH B 3TOH LlIKase
UppedIEKCUBHO, TPAH3UTHBHO M YIOBJETBOPAET YCJIOBHIO OOpbIBa
Bo3pacTarolux ueneu, 1.e. £ € C. C Apyrod CTOpOHbI, ACHO, YTO €CJIH
F e C, 1o B F 3Haunmbl Bce dopmyabl Jorukd QGL. Takum obpazom,
kiace wkan norukd QGL cosnagaetr ¢ C. Paccyknad aHalOrHUYHbIM
obpa3zoM, HETPYAHO TMOHAThL, uTO Kiacc wkan Joruku QGLLin cosna-
JaeT cO MHOXKECTBOM BCeX JIMHeHHbIX Likall kiaacca €, kiacc ukast
goruku QGrz — ¢ ki1accom C* a wiacc wkan Joruku QS4.3Grz —
CO MHOXECTBOM BCeX JIMHelHbIX WwKal kiacca C*. [TockonbKy JOrMKky
QGL, QGLLin, QGrz, QS4.3Grz nepe4yucinumbi, TO B CUIY CHEJaH-
HOro HabJIloeHHsl, Kacalolerocs KjiacCoB LIKa/l 3THX JIOTHK, a TaKXKe
B CHJIY T€OpeMbl |, mosvyaer, YTo 3TH JIOFMKH He nosiHbl no Kpunke.

CaencrBue 3. Jlocuxu QGL, QGLLIin, QGrz, QS4.3Grz ne noanst no
Kpunke.

Boo6iue roBops, cnpaseasuBo W cieayroulee, Oosee obuiee,
YTBEp)KAEHHE, Kacarollleecs HenoaHOoThl no Kpunke ueabix Kiaccos
MOJabHbBIX MPEeIUKATHBIX JTOTHK.

3ameuanue 3. Ilycmv pexvpcusno axcuomamuzupyemas ao2uxa L
maroea, uymo QGL < L < QGLLin wwu QGrz - L < QS4.3Grz.
Tocoa L ne noana no Kpunxe.

HenonHnota no Kpunke npeavkaTHoro BapuaHTa joruky [enens—
Jleba paHee Oblia nokazaHa B [4], rae noapoOHO 00CYXAaTCA 3TO U
HeKoTopble Apyrye cBoiicTBa Joruku QGL.

OTMETHUM, YTO B HEKOTOPBbIX CJIY4YasX pacCMaTpUBaKOT LUKaJbI
Kpunke ¢ nmocToSHHBIMM 0ONACTAMU, T.2. NMPH ONPEAECTIEHHH CEMaH-
THkH Kpurke orpaHH4MBaOTCsl TAKUMH MOJEISIMH Ha LIKajiax, B KOTO-
PbIX WHAMBHIHblE OOJACTH BCEX MHPOB MOZEIU cOBManaroT. B atom
ciyuae TeopeMa | Bce paBHO OCTAHETCA CMpPaBeIMBOM — JIOTHKH COOT-
BETCTBYIOLUMX KJIACCOB LLIKA.1 OMATh OKa3hiBatOTCH HEMEPEUHCIHMbIMH.
VcnoBye MOCTOSHCTBA Mpe/IMEeTHbIX oOsacTed OnuchIBaeTcs Gopmy-
ot BF = Vx [JP(x) —» OVx P(x): npu (UKCUPOBAHHOW (GyHKUMH D
3Ta  dopmysaa  cnpaBegyMBa B Kaxjaod  moaenu  Kpunke
M= (W,R, D, I), onpeaenenHoii Ha wkane £ = (W, R), poBHO B TOM
ciyyae, Korja Asisl BCSIKUX MHPOB W; U Wy TAKUX, UYTO W Rw,, BBIMOJIHSA-
eTrca ycnoBue D(w;) = D(w,). IlpuHUMas BO BHMMaHHE CKa3aHHOE,
MO>KHO, B YaCTHOCTH, OOOCHOBaTh CAEAYIOLLEE YTBEPKAEHHUE: JIOTHKH
QGL @ BF, QGLLin @ BF, QGrz @ BF, QS4.3Grz © BF He no:Hsbl
no Kpunke.
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K.(b.CamoxBa.10B

K BOIPOCY O IPUPOJIE BPEMEHU'

Abstract. Kant’s claim that time is the form of inner sense is well-known. The
following question is discussed: what is (if is) the form of time?

B M3BECTHOM KaHTOBCKOM CMbIC/E, BpeMs — OJIHO U3 YCJIOBHH BO3-
MOXXHOCTH (anpuopHas ¢opma) onsima. Ho uMmeeT 1u CMbIC] TOBOPHUTD
00 yCIOBHAX BO3MOXKHOCTH epemeHu’?

[IpensiaraeTcs HekoTOpasi apryMeHTalMs B MOJIb3y [MOJIOXKHTENb-
HOI0 OTBETA Ha 3TOT BOMPOC.

1. O6BABNEHHBIH BONPOC HEBO3MOMHO JOKHBIM 0Opa3oM KOHKpe-
TU3HPOBATh W MOSACHUTD, €CJH MPEABAPUTEIbHO HE YKA3aTh HEKOTOPbIE
MUCXOJHbIE YCTAHOBKHM, B paMKax KOTOPbIX MpEeArnoJaraercs BECTH
nanbHeilllee odbCcyxaeHue.

CornacHo k. Yurpoy, «cyrybo ¢yHaaMeHTanpHas Mo OTHOLLE-
HUIO K HaM TMpUpPOJA BPEMEHH OUEBHIHA, KAK TOJIBKO Mbl OCO3HaEM,
YTO HALUM CYX/JIE€HHS O BPEMEHH U COOBITHUAX BO BPEMEHH CaMH Cylue-
CTBYIOT ‘EO’ BPEMEHH, TOTa KaK HaLLUK CYXACHHS O NPOCTPAHCTBE, MO-
BUAMMOMY, HE OTHOCATCS B KaKOM-JIMOO SICHOM CMBbIC/I€ K MECTY B IpO-
cTtpaHcTBe» [1, ¢. 11]. DTH c/10Ba noacka3bIBAKOT UAEK), YTO HE CIENYET
nyTaTh JBE BELIW — BPEMS g/leuiHee U BpeMS gHympenisee. BHyTpeHHee
BPEMS 0CO3HAEMCs, TOT1a Kak BHELIHEE BpeMS — meuém, 0aumcs, Wi,
Jyullle CKa3aTb, OKKYRUpyenics TEM WIW HWHBIM aKTOM OCO3HaHus. Ecnu
s cefiuac OCO3Halo, 4To 5 XkKBY OoJiee 63 JieT (BHYTpeHHEE BpeMs ), 3TO
COBCEM HE 3HAYMT, YTO CaMO 3TO OCO3HAHHE JIMTCA BOT yxke Oonee 63
neT (BHelHee BpeMs). Miu, ecan MHe noHaaoOuach ceKyHaa (BHeELL-
Hee BpeM:), 4ToObl cO0Opa3uTh, KAKOBA CyMMa 4Mcea 2 U 3, TO 3TO He
3HAYMT, YTO COOTBETCTBYIOLIEE PAaBEHCTBO 2 + 3 = 5 camMO OKKYNHpO-
BaJI0 3Ty CEKYHAY — OHO BooOLlEe 6He (BHYTPEHHETO WJM BHELLHETO)
BpeMeHH. MHbIMM C/ll0BaMM. BHELIHEE BpeMs — 3TO XapaKTEpHUCTHKa
8CAKO20 CKma OCO3HaHUS, TOrJa KaKk BHYTpPEHHEE BpPEMs — 3TO Bcerja
4acTb h0oOX005iuje20 OCO3HaBaeMoro ccoepxcanus. CleNyeT TakKe
3aMETHUTb. YTO MPUMEHHUTEILHO K BPEMEHH pa3rpaHUYEHUE HewHee —
6HympeHree He COBMNAJaeT ¢ pasrpaHUyYeHHEM @u3uueckoe—ncuxo-
J102u4ecKoe.

[lepBas ucxonHas yCTAaHOBKA COCTOMT B TOM, UTOObI BIpeib UMETb
J€10 mo/ibkO C BHYTPEHHHUM BpPEMEHEM, TaK Kak BCE paBHO BCSAKHH

" PaGota nopaepxasa PITH®.
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OCMBIC/IEHHBIH pa3roBOp 0 BHELIHEM BPEMEHH agmoMamuyecku 1e1aeT
€ro (BHELIHee BpPEMs) HEKOeH pa3HOBMIHOCTBIO BHYTPEHHETO.

BTopas ucxonHas ycTaHOBKA — CUHMTaTh, YTO BCAKOE OCO3HABAEMOE
coaep)xaHue, ueM Obl OHO HH ObLJIO, BCerJa MOXHO MPEACTaBHTb B
BHAC KOHEYHOH MOJEIM KOHEYHOH CHUIHATYpbl, T.€. B BUAE HEKOTOPO#
KOHEYHON COBOKYMHOCTH MPEIMETOB BHUMAHHS U KOHEYHOH COBOKYII-
HOCTH OCO3HaBaeMbIX CBA3EH MeX 1y HUMH.

2. T'oBOps, YTO MPOCTPAHCTBO M BpPeMs — YCJIOBUS BO3MOKHOCTH
onbitTa, KaHT odeBHAHBbIM 00Opa3oMm Mojapa3yMeBaeT, 4YTO €lE OAHO
yCJIOBHE BO3MOXHOCTH OMbITAa — 3TO YYBCTBEHHOCTb (CMOCOOHOCTD
olywats). Bo Bc&M octanbHoM TepmuHonorus KaHra 3gech He BroJiHe
olHO3HayHa. [103TOMYy KaHTOBCKOE YacTHOE 3asBJEHHME, YTO BpPEeMs —
OJIHO M3 YCJIOBUH BO3MOXXHOCTH OMbITA, MOXXHO YTOYHSATH NO-pa3HOMY.
BoT oaHO u3 npocTeHIInX (B pamMKax yKa3aHHbIX MCXOJHBIX YCTaHO-
BOK) BO3MOXXHBIX YTOYHEHHUH.

[Iycte L — a3b1k nepBoro nopsnaka (¢ paBeHCTBOM) B CUTHaType o,
colepsKalled OAMH OJHOMECTHbIN MpPEeAWKATHBI CUMBOJ § W OJUH
ABYMECTHBIN npeaukatHeiii cumBos P. [lyctb m — kyacc Bcex Mogae-
new a3bika L. [Ing Becakon Moaenu M € m obo3zHauum yepes Uy HocH-
tesb M, yepes Sy — aeHorat B M anis S, uepe3 Py — aeHotat B M ans
P. Ilyctb k — noaknacc kiacca m takoi, uto k = {K | K € m, Uk —
NpPOM3BOJIbHOE KOHEYHOE MHOXKECTBO 00BEKTOB BHUMAaHHs, Sy — 0/HO-
MECTHOE OTHOLIeHHe Ha Uy, 0OcOo3HaBaeMoe KaK «MMEeTb XOTA Obl OJIHO
4YyBCTBEHHO BOCIPUHHUMAEMOE KauecTBO», Py — ABYMECTHOE OTHOLIE-
HUe Ha Uk, oco3HaBaeMoe Kak «He OoJjiee mo3aHui, yem»}. Kiacc k
Ha30BEM KJ1aCCOM YYBCMBEHHO-MEMNOPAIbHBIX COOCPHCAHUU COZHAHUS
6 cueHamype o.

O6o3Hauum 4yepe3z Th(k) u Ha3oBEM saemenmapuoil meopueli
Kj1acca K MHOXKECTBO BCeX MPEeASIOKEHUI CUTHATYPhI G, BbIMOJIHUMBIX
Ha k. Ecnu nns Besikoro MHoKecTBa A mpeafioxkeHuit f3bika L o6o3Ha-
yaTh 4epe3 mM(A) Kjacc BCeX MOJEJNEH 3TOro MHOXECTBa, TO, Oue-
BuaHo, k < m(Th(k)). MHbIMHU croBaMM, KJlacC YYBCTBEHHO-TEMIIO-
pasibHbIX CONEP>KaHUH CO3HAHMS B CUTHAType O HE aKCHOMaTH3HPYEM.
Tem He MeHee, ero 3JIeMEHTAapHas Teopus SABJSETCS, pa3yMeeTcs,
aKCUOMaTHU4YeCKOH cucTeMoil. bosee TOro, HHTYMTUBHO (MHTPOCIIEK-
TUBHO) BBITJIIAWUT ONpPaBAaHHbIM MPEAINOI0XKHUTb, UTO OHA — KOHEUYHO
akCHOMaTH3WpyeMa, MpHUYEM e€ aKCHUOMaTuKa —  CJIEAYHOLIHE TpH
NpeI0KEHUS:

(1) Vxy (Sx & Sy — xPy v yPx);
(2) Vxyz (xPy & yPz — xPz);
(3) Vxy (xPy — Sy).
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Takun obpaszom, npeanonaraercs, uro Th(k) = T, rae T — MHoxe-
CTBO BCEX MPEATOXKEHUH (B CHTHAType O), BbIBOLHMbIX B MEPBOMNOPA -
KOBOM Jioruke u3 akcuom (1). (2), (3).

[lepBas akcuoMa roBopur, yto JKOObIE «UYBCTBEHHBIE» OOBEKTHI
BHUMaHH$ BCErda TEMINOPAJILHO CPaBHUMDI.

Bropas akcuoma roBopuT, 4TO TEMMOpalbHOE OTHOLUEHHE «HE
Gosiee MO3AHMH, UeM» BCEraa TPaH3HUTHBHO .

TpeTbs akcMoMa roBOpHT, UTO A/ AKOObIX ABYX 0OBEKTOB BHHMa-
HUSL X U )} B JOOOM YYBCTBEHHO-TEMIIOPAIBHOM COJIEPKAHUH, €CIIH
O0OBEKT BHUMAHMUS X HAXOAUTCS B OTHOWEHWH «He Oojee MO3aHUH,
ueM» ¢ OOBEKTOM Y, TO ¥ — «HYBCTBEHHbIH» 00BEKT. 3aMeTUM, 4uTO OJa-
rojaps 3TOH aKCHOME€ MOXKHO FOBOPHUTb O HanpaB/I€HHOCTH BpPEMEHH
(HaripaBieHHOCTH P B pamkax Teopuu T

Tenepb MOXXHO NpHAaTh HEKOTOPBIA TOUHBIH CMBIC/T KAHTOBCKOMY
VTBEPKIEHHIO, HTO BpeMS — YCJIOBUE BO3MOKHOCTH OI1bITa.

[lycTe 3anuch T |[— (p) ( He T |— (p)) roBOpUT, YTO MpeT0XKEHHUE
p a3bika L. conepkutca (He comepxkutes) B T, WM, 4TO 3KBUBAIEHTHO,
P BBIBOAMMO (HE BbIBOAMMO) M0 MPaBHJIAM KJIACCUYECKOH MepBOnopsa-

" Yyrarens. BEPOSATHO, CHOPOCHT. MOYEMY HE YKA3aHbl aKCHOMBL TOBOPAIIME O
PePACKCUBHOCMU W GHMUCIUMMEMPUYHOCMY OTHOIIEHUS «He Oonee MO3AHUH, Yem»,
¥ NOYEMY BMECTO akKCHOMBI (3) He yKkazaHa 6o1ee cuapHas akcuoma vy (vPy — Sx &
S$y).  Orser npocT: peeKCHBHOCTb. AHTUCHMMETPUYHOCTL M Takas akcHoma
BBIMO/THSAKOTCS He Bceraa.

Ped1eKCHBHOCTL HE BBLIMOTHAETCS B TOM, HampuMep. Cjydae. €CciId B
0CO3HABACMOM COLEPMAHUU HAXOAUTCH Takod 00BLEKT BHUMAHMSA, KaK UCMUHHOCHb
(MoHWMaevas MNaTOHUCTCKM) paBeHcTsa 2+3 = 5. Moo yreepxaars, uto 9Ta
UCTUHHOCTL He ©Oonee Mo31H4%, YeM OHa caMa, 3Ha4yuno Obl yTBEpXk1aTh
O€CCMbICIEHHOCTh: MIaTOHUCTCKAS HCTHHHOCTb BOOOLLE 6HeEpereHHOot OOBEKT.

A €CJIM, CKaXEM. B OCO3HABAEMOM COJCpXaHUM HaXOAATCH 1Ba TakuXx oObeKTa
BHHUMaHHS, KaK BCIIbIUKA (MTPH BEIOUECHHH E104FOH IMPASHAbI) 3€AEHOH TaMITOUKH U
BCMbIIKA PAAOM  PACIIOJIOKEHHOW KpAacHOH JaMIO4MKM, TO HeE BbINOJIHAETCA
AHTHCUMMETPHUHOCTL, OTH ABa COOBITUS POUCXOAAT HE MOBKE APYr APYra. HO, TeEM
HE MEHEEC, OHH — paziuyHbie 00BEKTHl BHUMAHUS.

Wano3us, 4to oTHolueHWe «He 6o1ee NO3AHUHA, Y4eM» ABAKETCA YaCTHYHBIM HIIK
Jaxe NHUHEHHBIM nopsAokoAM. Bbl3biBaeTcad 0€30T4€THONM NpHBLIMKOW paccMarpyBath
3TO OTHOLIEHWE TOJAbKO HAa TakMX HIACATM3UPOBAHHLIX O0BEKTAX BHUMAHMUA, Kak
«MTHOBEHHSY.

Ycnosue Vay (xPy — Sx & Sy) He BbINO.IHACTCA TOrda, HapuUMeEp. Koria B

0CO3HaBAEMOM COJEPXKAHWK HAXOIATCS Takue cneurduueckue 0ObEeKThl BHUMAHHS.
KaK A W MOs BuYepaliHss Murpeb b, U60 B TCM-TO M COCTOMT WX crieunduka (Ha
MOBEPXHOCTHBIN B3rs/l, Napa 0KkcaibHas), YToO [UIS HUX CNIpaBe,UIMBO YTBEPXKIEHHE:
APb & — 5a & Sb. koTOpOE SABAASTCS KOHTPNPUMEPOM A5 ITOTC YCIOBHSA.
[lycts V — npouzBonbHasi NEpPBOMNOPAIKOBAsS aKCHOMATHYECKas CHMCTEMa B A3bIKe,
cojepxkauleM Ccpeld CBOMX CHIHATYPHbIX CHMBOJIOB JABYMECTHbIM [peIMKATHbIN
cuMBoa R. T'oBopsT, uto R Hanpasner ¢ pavkax V. ecan 'V He oCcTaéTcs HEM3MEHHOH
NPy 3aMeHe Cpa3y BO BCEX MPEITOKEHUAX CHCTEMBl V KaXAO0FC BXOXIEHHS TPOHKH
CUMBOJIOB xRy Ha BXOXAE€HHE TPOHKH CUMBOJOD VRY, U Ha060poT.

2
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KOBOH JIOTMKH M3 akcHoM (1), (2), (3). B nauane pazagena ynomsHyTo,
4uTo KaHT noHATHE OMbiTa TECHO YBA3LIBAET C MOHATHEM YYBCTBEHHO-
CTH. Y4uTbIBass 3TO OOCTOATENbCTBO, YCJIOBUMCS TOBOPHUTb, YTO
803MONCHOCMb Onbima 0e3ycloeHa, eciv U Tojbko eciu T — (3x Sx)
wii T |— (3x —Sx).

Kak nerko Buaers, Ha camom nene He T |— (3x Sx) m ne T |— (3x
~$x). CTano ObITb, BBIBOA: BOBMOXKHOCTH onbiTa 1e GesyciopHa. Yo,
MO-BUAMMOMY, HE PACXOANUTCS C COOTBETCTBYIOLUMMU TekcTamu KaHTa.

[anee, Bcakoe npensoxkeHue ¢ s3bika L HazoBéM yciosuewm
803moorcHocmu onvima, eciu: He T |— (3x Sx); ve T |— (Ix —Sx); T —
(3x Sx — ¢q); q He conepxuUT cUMBoONA §; ¢ He ABIAETCS HHU TaBTOMO-
ruei, HU npotuBopeureM. Kpome Toro, /1 BCAKOro yCJIOBHs BO3MOXK-
HOCTH OIbITA § Mbl TOBOPHM, YTO OHO — 8peMs, €CJIN  COAECPIKUT BXO-
XKIAEHHS NPEeIUKATHOrO CUMBOJA P, ¥ 3TH BXOX/IEHUS CYLLIECTBEHHbI.

OCHOBBIBasiICh HA 3THX OMNpEAEEHHUSX, JIETKO JOKA3amb, UTO Npel-
70XeHue 3xy xPy — ycrnoBHe BO3MOXKHOCTH OMbITa, H OHO — BpEMS.

3. Ecau cornacuthcs ¢ TeM, UTO NpHUBEAEHHbIE pPACCYXKIEHHS
BJISIFOTCS  MPUEMJIEMBIM  YTOYHEHHMEM KAHTOBCKOIO HampaBfeHUs
MBIC/IM, TO TOTJa B 3TOM >KE€ pYCJIe HaXOAUTCH ClleAytollas ayaibHas
apryMeHTauus,

Yc/I0BUMCS TOBOPHUTb, UTO 603MOMCHOCHbL 8pemeHU 0e3VC/08Hd,
ecnu U Tonbko ecau T |— (3xy xPy) unu T |— (3xy — xPy). Torpa oue-
BU/IHO, YTO BO3MOXKHOCTb BpeMEHHU He Oe3yC/IOBHA.

Ianee, Bcsikoe npeasiokeHue g sa3bika L OyaeM Ha3biBaTh ycioguem
B803MOJCHOCIU 8peMeHU TOTIA, KOr/1a: BO3MOXXHOCTb BpEMEHH He 6e3-
ycnoBHa; T |— (Ixy xPy — q); q He coepXUT cuMBoaa P; g He ABId-
€TCS HU TaBTOJIOTHEH, HU npoTuBopeureMm. Kpome Toro, a8 BCSKOro
YCJIOBHSI BO3MO>KHOCTH BPEMEHH § MbI TOBOPHM, YTO OHO — ONbIM, €CITH
g COIEPXUT BXOKIECHHUSA NPEAUKATHOrO CUMBOJIA 8, U 3TH BXOXKIECHUS
CYLIECTBEHHDI.

OcHOBBIBasAiCh Ha 3TUX ONpee/eHUsX, JIETKO 00Ka3amy, YTO Mpe-
JIOXKEHHUE 3X $X — yCnoBHE BOZMOXXHOCTH BPEMEHH, U OHO — OIIbIT.

JIUTEPATYPA

Yumpoy [[oc. EcrectBenHas dunocodus spemenun. M.: [Iporpecc, 1964.



E.A.Cunopenko

TEOPEMA AEAYKLIUU JJISI HEKJTACCHYECKHUX
UCYHUCJEHUM: 1BA TTIOAXOJA

Abstract. /t is defines such the notion of the normalised standard inference
from hyporthesis that the deduction theorem in general form being relevant for
every arbitrary caiculus, including the empty one. This is reached without any
change the notions of inference. The deduction theorem itself consist
conditions of its adaptation.

1. JIoruvyeckuii 8bIBOA H TeopeMa ey KIHH

B ofiuem ciydae TeopeMa AeAyKUMM — 3TO MeTaTEOpPETUYECKOe
yTBEpP)KACHHE O (POpMaATLHON JOrUYECKOk TEOPHUH T, B COOTBETCTBUM C
KOTOpPbIM CYLIECTBOBAHHUE B 1 J102uyecko2o 6vi6ooda GhopMynbsl B u3
Ha3blBaeMbIX runoresamu dopmya A;, A,,... A, (CHMBOIHMYECKH:
A, Asy ...y A, B ) o3Hauvaer, uto B 1 cyuiectByeT (BO3MOXHO, MpH
HEKOTOPbIX OrpaHUYEHHAX) Takke BbIBOA Aj, Aa,..., Ay A,—>B, rae
«—» ¢urypupyrowmas B s3bike 7 wmnaukaudg. OOblMHO Teopema
neaykuuy GopMyIHPYeTCa KaK YTBEPKIACHHE O MPaBOMEPHOCTH nepe-
X0/la OT E€PHOTO B TEOPHU VTBEPKIeHHUs BHUaa [, AF-B K BepHOMY B
3TOM e TeopHH yTBepKaeHHo [ —A—B.

Ota TeopeMa Ce3 BCAKHX OMpaHUYEHHMI MUMEET CUIY AJIsl UCUMCIIe-
HUMH KJIaCCUYECKOM JIOFHKH M BoOOLIE AMs JIH0ObIX NPOMNO3ULHOHAb-
HBIX MCUMCJIEHUH, B KOTOPBIX JOKa3yeMbl [Ba JIOTHYECKUX MPUHLHMMNA:
3aKOH ymeepotcoeHus Koucekgenma A->.B —>A W Tak Ha3bIBa€MbIH
3AKOH CaMoOucmpubymusHoCmu UMNIUKCYUY

(A—>.BE -5(C)—>.A—>B -».A-C.

[IpyueM B TakHX MCUHMC.IEHUSX TeopeMa OEAYKLMH MOXKET MNpHMe-
HATBCA K YTBepxaeHuwo A,;,A4;,...,A, -A,—B CHOBa W CHOBa, BIUIOTh
JIO MOJTYUYSHHS YTBEPHKIACHUS

—A,—> . A,>...>.A,; >. >.A,—B.

B ecTecTBEHHBIX pacCyxA€HUSX TEOPEME JA€AYKLKH COOTBETCTBYET
M3BECTHBIM M 4YacTo rpuMeHseMbli criocob 000CHOBaHHA HCTUHHOCTH
YCJIOBHBbIX BbICKa3biBaHWH BUaa “Eciu 4, To B”. Takoe BbicKa3bIBaHHE
CUMTAETCA UCTUHHBIM, KOT/Id YAAETCs YCTaHOBHUTL BbIBOJAHUMOCTL MPEI-
JOXKEeHUs1 B W3 npeasioxkeHuss 4 U HEKOTOPOH COBOKYITHOCTH MpesIo-
»KeHUN [, UICTUHHOCTH KOTOPBIX TMpearno.1araercs ycTaHoBjleHHOH. [lo
CYLLECTBY 37€Ch HEABHO HCIONIB3YETCS MEPEXO] OT BEPHOTO B HEKOTO-
poit He oOsi3aresbHO GukcHpoBaHHOMN Teopuu I, A B, rae I' cocTout
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U3 YTBEPHKACHMH, CUATAIOLMXCA UCTUHHBIMH, K [ A4 —>B u ganee k
A—>B. JIcHO 1103TOMY, 4TO JIOrHYecKas TeOpHs, OMUChIBAIOLIAs TOT HIIH
MHOW BUA MMIUIMKALMH (CJIeIOBAHUS, YCIOBHON CBA3H), JO/KHA B TOM
WJIK UHOM CMbICJIE YIOBJIETBOPATH TEOpEMeE JIENYKIIHH.

JI1a HeKacCHUYeCKUX, HanpuMep, AJs peIeBaHTHBIX HCUHUCIIEHHH, B
KOTOpBIX 3aKOH YTBEPXKAECHHA KOHCEKBEHTA HE MPUHUMAETCS, HAXOXK-
JACHHE NoAXoAsLEer (POPMYTUPOBKH TEOPEMbI NeAYKLIHH SBISETCS yiKE
ONpENETECHHON NMPOOIEMOHN.

M3BeCTHO, UTO MHOTHE YTBEPXKJAECHUS O BHIBOJUMOCTSAX MOTYT OBITh
chopMynupoBaHbl (M JOKa3aHbl) 0€3 CChUIOK Ha (UKCHPOBAHHYIO
JIOTHKY. 11 3TOro 40CTaTOYHO ONMUPATLCA JHIIb HA CAMO OTPEACICHHE
BbIBOJA. BMecTe ¢ TeM Takoe onpenesneHne MoxeT ObITb pPa3/iMYHbIM.
OT 3TOro, ecrecTBeHHO, OYAYT pa3JUUYHBIMM M KJIACCHI MPHEMJIEMBIX
YTBEP)KAEHUI O BBIBOJAMMOCTH BHAa /B, a Takxke KJacChbl MpaBMI,
MO3BOJIAIOLLMX MEepexoa OT OAHUX YTBEP)KIAEHHUH Takoro Tumna K Apy-
rum. K nocrienHum OTHOCHUTCS M TeopeMa AeAyKLMH, MO3BOJsAIOLIAs
nepexoag ot I, A—B k I'—A—>B.

Ecnu, ckaxeMm, onpeneneHue BbiBOAa 3anpellaer GUKTHBHOE
MCIOb30BAHHWE TUINOTE3, Aeas HerpaBoMepHbIM nepexoa oT /' —B  «k
I',A—B, TO B 4MCJIO NpPUEMJIEMBIX YTBEPXKAEHHH O BBIBOAUMOCTH,
MojyyaeMbiX ¢ MOMOLUBIO TEOPEMbI AEAYKLHH, HE MomnaayT (MpH eLue
HEKOTOPBIX  OYEBHIHBIX OrpaHUYEHHUSIX) TaKHUE XapaKTepU3yeMmble
OOBIYHO KaK MapaJoKcaibHble YTBEPXKACHHS, KaK:

—A—>.B—>A u 4 »>.—4 —> B.

OnpeneneHune BbIBOAA U NpUHUMaeMas (QOpPMYJIHPOBKA TEOPEMBI
aenaykiuu (a GopMySTHPOBKH MOCieHEH TakKe MOryT ObITb pasivy-
HbIMU TMPU OAWUHAKOBOM OINPEAEICHUH BbIBOJA) 3a4ar0T pa3JIMYHbIE
KJacchbl YTBEPXJAEHHUH O BBIBOAUMOCTH. B 3TO# cUTyauMu Teopema
AeIyKLUHH, COXpaHsis Ha3BaHHE, BBICTYNMaeT B KauecTBe HE OOBbIYHOM
MeTaTeopeMbl HCUHC/IeHUS, GUKCHUPYIOLIECH, YTO TMpH CYLIECTBOBAHHH
BoiBoga [, A-B B HUCUMCIIEHMH MOKET ObITb MOCTPOEH BbIBOA [
+—A—B, HO B KauecTBe MpaBWia MOCTPOCHUS BBIBOJA, pa3pellalolero
NepeXoaAUTh OT NMEPBOr0 U3 YKa3aHHbBIX BBIBOJAOB KO BTOpoMy. [Toatomy
npaBwibHee ObUIO Obl B 3THX CiyyasiX FTOBOPHTh HE O TEOPEME, a O
npuHuune aeaykuud. C Apyroil cTopoHsl, ynotpebiaseMoe Ha3BaHHE
cpa3y AenaeT SACHbIM, O YeM UAET peub, & KOHTEKCT MOKa3bIBAET, HMEEM
JIX MBI JI€J10 C TEOPEMOM HIIH K€ C MPaBUIIOM.

2. /IBa moaxoAa K afanTaludH TeopeMbl Je1y KIHH
K KOHKPETHBIM HCYHCIEHUAM

HyCTb NpHU HEKOTOPOM ONpeaACJICEHHH BbIBOJAA U3 I'MIIOTE3 1A abcrt-
paKTHOﬁ JIOTH4YECKOM TCOpPHUH T OKa3bIBACTCA, UTO B 3TOM TCOPHUH HMEECT
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cuny I, A+-B, HO He sBaseT1ca BepHbIM i —A—B. MHbiMu ciosamu,
TeopeMa AAYKUHH BIPAMYKO 0€3 HEKOTOPBIX JOTMOJHHTEIbHbIX YCJI0-
BUH, OTpaHHYEHHUH H OTOBOPOK CHJIbI He UMeeT. MeloTCsa aBa NpUHLIM-
MUaTbHBIX MYTH, HA KOTOPBIX MOXHO JOCTHYb YCJIOBHA, MPH KOTOPOM
I', A+ B rapaHtupyet BepHoc1b [ —A—B.

['pybo roeops, oauH Haubojlee HAcTO HCMOJAB3YEMBbIX NYyTeH
COCTOMT B TOM, 4TOOBI TaK M3MEHUTb MOHATHE BbIBCAA B 7, YTOOBI
I' A=B oka3sbiBasioch B 7 BEPHBIM TOJbBKO MPH rapaHTHUPOBAHHOMN Bep-
HOCTH B I yTBepxaeHus ' —A—B.

Jpyroif myTe CBA3aH ¢ U3MEHEHHEM YCIIOBUU NPUMEHHUMOCTH TEO-
peMbl AeAyKUMH. B 3TOM BTOpOM ciydae /718 BEPHOCTH TEOpPEMBI
JEOYKUMH HYyXHa He TOJbKO CMNpPaBed]UBOCTbL B 1 YTBEpPXKIECHUS
I', A+=B, HO U BbINOJHEHHUE NPH BbIBOJE B U3 /"1 A HEKOTOpbIX 10110J1-
HUTEJIbHBIX YCJIOBUH, HAIpUMep, 3aBUCUMCCTH B 0T 4.

OTOT NOAXOA HAaXOIHUT CB0€ MIEO0JIOrMYeckoe M CoAepIKaTesbHoe
00OCHOBaHHME B TOM, UYTO CYLIECTBYET HEKOTOPOE He3aBHCHUMOE OT
JIOTHYECKOH TEOPHH H MCIO/Ib3YyeMOEe B MpPAKTHKE MOBCEAHEBHBIX pac-
CY>KI€HHH T[OHMMAHHWE BbIBOJAA W3 TUIOTE3, KOTOpOE paspellaeT
MCNOJIb30BATh TMIIOTE3bl, X KOHBIOHKUMWH K npdsuino MP ans noayde-
HUS BbIBOJOB, OMKPAACh WM JaXke HE OMUpasch Ha Kakue-1udo J0mnos-
HUTEJIbHBIE JIOTHYECKHE CpPeACTBA. ITO MOHUMAHHE BbIROA 3KCTUTMLH-
pyeTcs MPHBOAUMbBIM HHXKE OllpeesieHHeM BbIBOAA, KOTOPOE Mbl Ha3bl-
BaeM CTaHIL@PTHBIM.

pyroe ofocHOBaHHE CBSI3aHO C TEM, YTO HW3MEHEHHS B MOHATHH
BbIBOJA, CBfA3aHHble C MOTPeOHOCTBIO CHOPMYJIHPOBATH TEOPEMY
A€OYKUHMH /19 TOH WJIH UHOM HEKJIACCHYECKOM CUCTEMbI, @ TAKHE H3Me-
HEHWs BCerja HamnpabJjieHbl B CTOPOHY OrpaHMYE€HUH Ha CTaHIapTHbIN
BbIBOJ, HE JO/DKHbI CyXaTb kjacca TeX CJIeACTBHH W3 IMMOTE3, KOTO-
pble MOTYT ObITb I10JIy4YeHbl B paMKaX TON K€ CUCTEMbI B COOTBETCTBHUH
CO CTaHJapTHbIM NOHUMaHHUEM BBIBOAA.

ApPryMeHTHpPOBaTh TaKylO MO3MLMIO JOBOJBHO NMPOCTO. YKE B paM-
Kax NycTOkK TEOPHH CTAHOAPTHOE OMpEIE/ICHHE BbIBOJAA Jae€T BO3MOX-
HOCTb MOJy4yaTb IUMPOKHMH K1TacC CAEACTBHUH M3 rumnote3. AcHO, yTo
Ob1710 Obl CTPAHHO, BOOPYXHUELIMCh HEKOTOPOH JIOTHYESCKOW TEOpHEH,
MoJy4aTh I10CJ€ 3TOro CAE€ACTBUA MEHbBLIE, YEM 3TO MOXHO J€/1aThb B
ee OoTcyTCTBHM. KpoMe TOoro, teopeMa aelyKUuH MO CaMOMY CBOEMY
CMbICJIY MO3BOJISIET MOJYHaTh TOJILKO T€ YTBEPKAECHHSA O BbIBOAMMOCTH,
KOTOpble MOTYT ObITh Mony4eHbl U 0e3 Hee. HemoHATHO 3aueM HY»XHO
OblJ10 Obl HCNOJB30BaTh TaKylO TEOPEMY, €CIH A5 €€ POPMYITHUPOBKH
MPULLJIOCH Obl COKPATHTh KJIACC MPUEMJIIEMBIX 10 3TOrO YTBEPK/AEHUH O
BbIBOAHMOCTH.

D1. Cmandoapmnuim no2vveckum 6v18000M BbICKA3bIBAHUA (op-
mynet) B us runorez I' = {4,, ..., A,} (n =2 0) B Teopuu (McHUCNEeHUH) T
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Ha3bIBAETCA KOHEUHas MOC/e10BaTe/IbHOCTL BbICKa3blBaHUI (Popmyn)
By, ..., B, (m>1) takas, 4To MOC/jEeAHUH Y/ieH MOCIEIOBATENLHOCTH
B,, cosnagaer ¢ B, u ans Besakoro B; (1< i < m) BbINoNHSETCS OQHO U3
cleayrolMx yciaoBui: (a) B; ectb oaHa U3 noceinok U3 I uau (6) B,
€CTb TeOpeMa TEOpUH (HcUHCaeHus) T, uiH (B) B, noayvaeTca U3 ABYX
MPpeALIECTBYIOIUMX YIEHOB TIOC/IEA0BaTEAbHOCTH MO mnpaBuny MP
(modus ponens);, wnHu (r) B, npeacraBasier co6ol KOHBIOHKLMIO ABYX
MPEeALIEeCTBYOLMX YJIEHOB TMOCJe10BaTe/IbHOCTH (M0 MpaBUIy alb-
FOHKLUMH: RA).

CnenaHHag B onpeneseHHH CChl/IKa He Ha aKCHOMBI, @ Ha TEOPEMBI
TEOPHU MO3BOJISIET OFPAHUUNTBLCS TOJALKO ABYMS MpaBHiaMH BbIBOJA —
MP v npaBuIOM aAbIOHKLMH, HE MCMOAb3YSA, B YAaCTHOCTH, MpaBHia
MOACTAHOBKH M BOOOLUE HUKAKUX MPaBUI BbIBOAA OT MOCHIIOK A k C,
1S KOTOPBIX B TEOPHH He uMeeT cuiabl A¥—>C. DTo No3Bo/AET Ham He
3a00TUTbCA O TOM, KaKOro poaa MOryT ObiTh cleflaHbl PaclIHPEHHS
NPOMNO3ULMOHABbHBIX UCHUCIEHHH, /1 KOTOPbIX ONpeaeseTcs BbIBOA
1 GopMyUpyeTcsa Teopema aeayKUuH.

3. Hopmaau3oBaHHbIi BBIBOJ

[Ton HopManM30BaHHBIM BBIBOJOM, CTPOrO€ ONpeae/ieHHe KOTOPOro
aaeTcs HWxe, OyaemM moHUMars BoiBoA B u3 [, obecneydBarolIMi TOT
K€ KJ1acC c/eACTBUH U3 [ UTO M CTAaHAApPTHBIH BLIBOA, HO 3amnpeluaro-
WHHA PUKTHBHOE UCTOJB30BAHHE TMITOTE3 U YIOBJIETBOPAIOWIMHA HEKO-
TOpbIM OrpaHU4YEHUSIM Ha NpUMeHeHue npaBuna MP, koTopoe onpene-
JISIeTCS KaK HOPMaJIM30BaHHOE.

D2. byaem rosopuTs, YTO ucnoavzosanue npasura MP B nocaeno-
BaTe/JbHOCTH BbIBOIa B, ..., B, dopmyasl B u3 runote3 /' B teopuu 1T’
AB11€MCA HOPMATUIOBAHHBIM, €CJIU U TOJBKO €CJIM U1 KAXAO0r0 4/eHa
rnociea0BaTebHOCTH B, (i £ m), MONY4EHHOro M3 ABYX NpeAllecT-
BYIOLUMX 4JIEHOB MOCJeaoBaTe/IbHOCTH B, u B, no npasuny MP,
BbITIO/THEHBI C/IEAYIOLUHE YCAOBHA:

(a) ecin By — 6onbluas noceiika MP, T.e. umeer BUA B;—B;, TO
OHa MpeaLIeCcTBYET B MOC/€A0BaTeIbHOCTH BbIBO1a MEHBLLIEH MOCBUIKE By ;

(b) Mexxay 4neHamMu MoOc/eI0BaTENbHOCTH BbiBOAAa B, u B;(T.e.
MEXYy MeHbLUel MOCbIIKON U 3aKi1toueHreM MP) He HaxOoAUTCS HUKa-
KOW Apyroi uneH nociegoearensHocTH By (12 k >17), ecnu Toavko By
He rnony4aercs no MP ¢ To# xe Masioi NocbUIKoH By ;

(C) MeHblIAA MOCbUIKA B; HE 3aBUCHUT HHM OT KakOH U3 THIOTES,
KOTOpas npeawecTByeT Ooablueit nocbuike B;— B,

Bcs cyTh orpaHuueHMil 3akitouyaeTcs, KOHEUHO, B YCJIOBHH (a),
TpeOyIollUeM YIIOPAI04eHHOCTH nockliok MP. Hapyuenre TpeboBaHus
(a) Oe3 HapylieHHs (C) BO3MOXHO TOJILKO B Cjiyyae, Korjaa npeauecT-
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BYIOLIas OoblIe MeHbLlas Nochulka ABIseTCa TeopeMoi. Yciaosue (b)
BBOAMUTCS, YTOObI OJOKUPOBATE BO3MOXHOCTb OOOHTH HEKOTOPBIM
obpa3zom cmbicn TpeboBaHHS (), BBIMOIHUE €r0 YUCTO HOPMAbHO.

Kak 310 MoxeT ObITh caeJ1aHO, Mbl MOYKEM YBHIETH H3 C/IEAYIOLLHMX
NPHUMEPOB:

No 1 Ne 2

1.4 —>A (meop.) 1.A—>C (cunom.)

2. A (eunom.) 2. A (cunom.)

3. A—>B (eunom.) 3.C— Cv B (meop.)
4.4(1,2, MP) 4.C(1,2, MP)

5.B (3,4, MP) 5.Cv B(3,4, MP)

HcnonezoBanue MP B 000uX NMpPUBEAEHHbIX BbIBOJAaX, XOTSd OHO W
YIOBJIETBOPSAET YC/IOBHIO (a). HE sBAsieTCs HOpMaiu3oBaHHbBIM. M B
TOM, W B Apyrom ciayuasx war (4) nocae mara (3) NnpMBOAMUT K Hapy-
weHuto (b). Oba 3TUX BbIBO1a HapyularoT, oueBUOHO, U (c). Ha (5)
umiary MP npMMeHEHO K MOChL1KaM, TOJIbKO MEHbLUAS U3 KOTOPBIX 3aBH-
CHUT OT TMIOTEe3, MpeaulecTBYOWUX Oonbluel noceuike. Ycaosue (b)
MOXET ObIThb HapviieHO U Oce3 HapyweHus (¢). Takum HapyuieHHeEM
OyadeT, B 4aCTHOCTH, 3allMChb CHayvasia 0HOI napel rnocbl1ok MP, notom
APYroH HEZaBUCHUMOHM OT HHX, & 3aTeM 3allMCb pe3yJIbTaTOB NPHMEHE-
HUs MP k Tod u aApyroil. He aBasercs HapyuweHueM (b) BK/JIrOUYEHHE
MEX1y MeHbLIEH MOCHIIKON K 3aKitoueHkeM pesyabrata MP npu Toi
K€ MeHbUECH nocblike. bosbiline MOCbUTKM MOTYT ObITh Pa3/JHUYHBIMH,
HO BO3MOYKHA W OJlHA M Ta ke Dosibluast Nnochbijika, TaK UTO NOBTOPEHUE
OJHOIO CJIeACTBUS NMpuMeHeHUss MP Bo3MckHO. Ipyroe aesno, 4to oba
HOBTOPAIOLUMXCS UJ€HA JOJKHBI ObITh B 13JIbHEHLIIEM KCIIOIb30BaHbI B
BbiBOJe. Takum oOpa3zoM, He HapyliatowuMm TpedoBaHue (b) OyayT,
HanpuMep, CAeayLMHe BbIBO,1bl:

Ne 3 No 4

1.4 —>A (meop.) 1. CC—B (eunom.)

2. A—>8 (cunom.) 2. A—>C (eunom.)

3. A(eunom.) 3. A (cunom.)

4. 41,2, MP) 4.C(1,2, MP)

5.B (3,4, MP) 5.C(1,2, MP)

6. AB (4,5, RA) 6. CC (3,4, RA)
7.B (1,6, MP)

[TpuMepbl BBIBOJIOB, KOTOPbIE YJIOBIETBOPSIOT YC10BHIO (b), HO He ().
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No 5 No 6

1. C—. A —>B(cunom.) 1.A—>B—A(cunom.)
2. C—>A (eunom.) 2. A—>B(eunom.)

3. C (eunom.) 3.A4(1, 2, MP)

4. A—->B (1,3, MP) 4. B (2,3, MP)

5.4 (2,3, MP)

6. B (4,5, MP)

BeiBoa Ne 5 napyuwaeT TpeboBaHue (c), Tak kak war (6) aenaercs,
Koraa manas nocbiika 4 (5) 3aBUCHUT OT r'WmoTes, MpealecTBYOLNX
Oonbluel noceuike 4 —>B (4).

BeiBog Ne6 takoke He yJOBIETBOPSET YCIOBHIO (C), TaK KaK Masas
nocbka MP  (war (3)) 3aBucuT ot wara (1), npeauecTByOWEro
Honbluel nockisIke.

Ham notpebyercs ewle oqHO npeaBapuTesibHOE ONpeac/ieHHe.

D3. bynem roBoputhb, uto urer B; nocredosamenvHOCMuU 6bi800aA
B, ..., B, 3asucum om unena nocireoosamenvnHocmu B, UCKIIIOUU-
TeAbHO B ciyyasax: (1) B, cornagaer ¢ By, T.e. Ka&XAbIH WieH MOCe10-
BaTEJbHOCTU 3aBUCUT OT cebs camoro, wiH (2) B aBaseTcss OJHUM U3
4JIEHOB [1OCJIE0BATENILHOCTH, U3 KOTOPbIX B, NONYyYEHO MO OJHOMY M3
npasus BbIBOJA, WK (3) B; 3aBUcHUT OT Bj, U B; 3aBUCHUT OT By (0THO-
IIEHHUE 3aBUCUMOCTH MPAHIUINMUBHO).

Y CcTaHOBUTH, OT KaKUX 4JIEHOB MOCJE€A0BaTeNbLHOCTH B, ..., B,
3aBMCHUT TOT WJIM UHOH €€ 4iieH B;, O4eBHIHO MOXXHO B pe3yjbTaTe ciie-
AyIolied npocTou npoueaypbl. CHavana oTMeHaroTCs TE LIark BbiBOAA,
Ha OCHOBAHUH KOTOPbIX B, MOJy4Y€HO HEMOCPEeACTBEHHO. EC/M TakoBbIe
MMEIOTCA (2 OHUM MOTYT OTCYTCTBOBaTh, KOrJa B; BKJIFOYEHO B MOCJIEI0-
BaTEJbHOCTb KaK T€OpeMa WM MOCbUIKA W 3aBUCHUT TOJBKO OT cebs
camMoro), TO OTMEYaloTCs [OC/eA0oBaTe/IbHO, MMOKAa npoueaypa He
3aKOHYHTCA, Ward, Ha OCHOBAHMHU KOTOPBIX IMOJIYYEHbI YK€ OTMEYECH-
Hbl€ 4ieHbl MOCJIEAOBATEIbHOCTU. B; 3aBUCHUT TOJIBKO OT TE€X 4YJIEHOB
N0CJ1e10BaTEbHOCTH, KOTOPbIE OKAXXYTCS OTMEYEHHBIMH.

BBenem LeHTpasbHOE A1 BCeX AalbHEUIUUX pacCyXAE€HUH MOHs-
TUE HOPMATUZOBAHHOZO 8bl800Q.

D4. Hopmanu3oBaHHbIM JIOTMYECKHM BBIBOJOM BBbICKa3bIBaHHS
(dbopmynbl) B u3 nocbuiok (runores) I = {4,, ..., A,} (n = 0) B Teopun
(ucuyucnenun) 7 Ha3bIBa€TCSt KOHEUHAsl MOCJIE€A0BATENbHOCTb BbICKA3bI-
BaHW# (popmyn) B, ..., B, , (m > 1), KoTOpas ABAAETCA CIMAHOAPMHbIM
BeiBoAOM [ =B B cuny D1 u yaoeneTBopser ciieAyrollMM ABYM
YCJIOBUSIM:
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(1) IpaBunno MP (modus ponens) UCMONb3YeTCA TOJBKO B HOpMA-
auzoeanHom BUAe (onpeaeneHue D2).

(2) ©opmyna B,, 3asucum OT KaxIO0T0 4JieHa Moc.1e10BaTe 1IbHOCTH
B,, ..., B, (onpeaenexue D3).

Onpeaenende D4 HecMoTps Ha ero otiuyus oT D1 He u3MeHseT
KJacca CJIGACTBHM, MOJlydaeMbIX M3 Te€X K€ TMnoTes. YciaoBue (2) He
MOKET OI'PAHUYUTH YHKCAA CAEJCTBHH, KOTOPbIE MOXHO [MOJy4aTb B
CcoOTBEeTCTBUH ¢ DI, Tak Kak 3anpeliaer JUlib SBHOE BK/IKOYEHHE B
NOCJIeJOBATEBHOCThL TeX GopMyJ1, 0€3 KOTOPBIX MPH OJTYUEHHH Cled-
CTBUH MOXHO 0OOHTHChb. He orpaHuuMBaeT kjiacca BO3MOXHbIX cllel-
cTBUH MW ycijoBue (1). /leficTBUTENbHO, MyCTb Mbl MMEEM BbIBOA B
cmbicie DI1. WM nycTh mnociegoBaTtelLHOCTb BbIBOAA WMEET BHA
B, ..., By JlormycTuM, 4TO B BBIBOJE HMEET MECTO HEHOPMATIM3OBAHHOE
ucnonbzoBanue MP. [TocblkH, K KOTOPbIM ObL10 MPUMEHEHO MPABHUIIO,
0003HauuM Kak B, —B; u B, CoOTBeTCTBEHHO, 3aKIOUECHHEM OyaeT B,

HauHeMm ¢ TpeCoBanus Hopmanu3zoBaHHOCTH MP, koTopoe 0003Ha-
yeHo Kak (b). OOpaTuMcs, ecM TaKoBbie UMEIOTCH, K MEPBOMY B Bbli-
Boae HapyuweHHto (b). IIpy TakoM Hapyll€HHH MeXIy MeHbLueH no-
CbUIKOH B, W 3awitoueHHeM B; CTOAT 0JHA MM HECKOIbKO dhopMyn
NoCJaeJ0BaTeIbHOCTH By, ..., By,, KaK1as U3 KOTOPBIX MOJyueHa Ha
MUHBIX OCHOBAHHUAX, YeM MpHMeHeHHe MP°, MeHblIeH MOCBLIIKOH KOTO-
poro sBaserca B, HopmaiuzoBaHHOCTL npuMeHeHus MP oTHocH-
TebHO (b) aOocTHraeTcs 3a cueT MepecTAHOBKH BCEX MEPEUMCICHHbIX
dopMyn By, ..., Bin B TOM e nopaake cpasy Benen 3a B,. [locae atoro
OCYLIECTEJSAIOTCS HEOOXOAMMble U3MEHEHHS B aHanu3e (B HyMepauuu
L1aroB Bb(BOAA, B 3aMMMCH OCHOBAaHHM 114 Kakaoro wara). Iocne stux
npeoOpazoBaHUii MOC/IeI0BATEIBHOCTh OCTAHETCS BHIBO10M B cMbicie D1,

[Tocne ycrpaHeHus B BbIBOJAE BceX HapylueHUH vcioeus (b) nepe-
X0OHUM K TpeboBaHuio (a). Ecnu (a) HapyweHo Oe3 HapyuieHHs (), TO
MeHbLIas MOCbUIKA B, mpeicTaBiseT cobHON B 3TOM Clyyae Teopemy.
YT10o0bI YCTPaHUThL HEHOPMAJ(M30BAHHOCTE, HAJI0 MOCTEBUTb 3TY XK€ TeO-
peMmy nocne Soaeiied rnocel1kd B;—B; nepen 3awiodenueM B, lllar
B, ecnu OH Terepb HE HYXXEH B BbiBOJe, YCTpPaHUTh. OCYLIECTBUTH
HeOOXOAKMbIE U3MECHEHHUS B aHAJIU3E.

Teneps paccMaTpuBaeM Hapyll€HHUS, CBS3aHHbie C TpeOOBaHHEM
(¢c). Ecnu Takue HapyuwieHHs ecTb, OOpaTUMCS K [€PBOMY W3 HHX.
[Tyctb B, 3aBUCHT OT HEKOTOPOH TMMOTE3bl (MM TMIIOTE3), KOTOpbie
npeawecTByOT B, — B;.

BrinuiueM Bce Te 4€HBl MOC/A€I0BaTE/ILHOCTH, OT KOTOPbIX 3aBH-
CHUT B;, B NMOpsIAKE MX BXOXKI(EHUS, KOHYAA CaMOH Ma/10H MOCBUIKOH 5.
[TonyuuBluMiics B pe3yabTare TaKoOHW IpoLeaypbl CIUCOK GOopMYyI
BICTIOYMM B CTapyr0 MOC/ENOBATEIbLHOCTh Ha MECTO Masod MOCBIIKH,
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eC/Ti oHa Oblia Hibke OONblIeH, W BKIIOYMM cpasy nocie Gonblueii B
NPOTHBHOM cryuae'. B npeoBpa3oBaHHOM MOCe10BATENLHOCTH yaa-
JUM T¢€ MMOBTOPSAKOLIUECS YJICHDI, YCTPAHCHHUE KOTOPbLIX HE BJICHET Ha-
PYUIEHHUS HOPMaIU3ALMH, U OCYLLIECTBUM HEOOXOAUMbIE U3MEHEHHUS B
aHanuse. [ToctynuM aHasiornyHbiM 06pa3oM Co BCeMH APYTHMH Hapy-
LIAKOWKUMH (C) HEHOPMAJM30BAHHBIMU MpUMeHeHUsMU MP. B pe3yib-
TaTe MOJYYUM HOPMAJIMU30BaHHBIM BBIBOJ C TEMH K€ TMIIOTE3aMH W
3aKJIFOYEHHUEM, YTO U UCXOAHbIH BbIBOA.

VYka3aB npoueaypy HOpMaiu3alWH BbIBOLOB, Mbl (haKTHYECKH
J0Ka3anu Cclenyrlyl0 YHHUBEpCalibHYK i J1000ro McHHUCIeHUs
MeTaTteopeMy:

MT1. B nro6oii Teopun T knaccebl c€ACTBUH U3 JaHHBIX TMIOTES,
nony4aemolie B cui1y D1, a Takke B cuay D4, B TOMHOCTH COBNAAarorT.

Ot1o ynosnetrsopstowee MT1 tpeboraHue dhopMyIMpOBaIOCh Kak
YCJI0OBHUE OMNpee/ieHUss HOPMalu30BaHHOIO JOrM4Yeckoro Bbisoaa. Pasz-
nuure Mexay D1 u D4 coctour B TOM, 4TO HE BCsiIKas KOHEYHas
rnocneaoBatesbHOCTL B, ..., B,, KoTOpas saBnsercs BbiBOJAOM B U3 [’ B
cMmbliciie D1, sBageTcs HOpMaiM30BaHHbIM BbIBOAOM B U3 /' B cMbICiiE
D4. [1pu 3TOM BCSIKHMIH HOpMaM30BaHHbIA BbIBOA ABJISETCA BHIBOJAOM B
COOTBETCTBUU ¢ D1, U BCaKkuH BbiBOA B 13 I B cMbicie D1 MoxeT ObIThb
HOPMaJsIM30BaH.

DS. IlycTte nocneaoBarenbHOCTh B, ..., B, €CTb HOPMAJIM30BaHHbIH
BbIBOA Gopmysibl B U3 runore3 /' B HekoTopow Teopun 7. U nyctb 4,
..., A, €CTb Bce Te u/ieHbl MOC/IeJ0BATE/IbHOCTH, HE 00S3aTeIbHO pa3iiu-
Yaroudecs, KoTopble B YKa3aHHOM MOPAIKE BXOIAT B HEE B KA4E€CTBE
runores U3 uuciaa /. M, HakoHel, nycTb [, — CIIUCOK TEX MOCHLIOK W3
I’, KOTOpblE HE UCMOJIb30BAINCHL B BbIBOJAE BOOOUIE. Mbl UMEEM, TAKUM
oOpa3om, aBa cnucka nocwinok I, U A4,,..., A,, KOTOpbIE B CBOEH COBO-
KYMHOCTH HCYEPIbIBAIOT BECh CIUCOK [ U rae /, MOXKET ObITb MyCTbIM.
Boipaxkenue Fa,iA,,...,A,,I——B OyaeM Ha3blBaTb HOPMATUIOBAHHOU
3anuceio yTBepXKaeHus I B ans HopManu30BaHHOrO BbiBOAA B U3 [,
umeroulero Bua B, ..., B,,. 3anuch iA,..... A, B ykasbiBaeT Ha TO, 4TO
CYLLECTBYET HOPMa/IU30BaHHBIM BbLIBOA TaKOH, UTO BCE OOO3HAYEHHbIE
rUroTe3bl BXOAAT B [OCJIEAOBATEIbHOCTh 3TOr0 HOPMAlTU30BAHHOTO
BbiBOJa. HakoHetl, oObluHas 3anuck (6e3 cTpenku) 4,,..., 4, =B roso-
PHUT TOMBLKO O TOM, UYTO U3 YKa3aHHBIX MOCBUIOK MOXXHO BbIBECTH B, HO
OHa He YTBEp KJaeT, YTO 3aMKUCh BbIBOJA HOPMaJIM30BaHa.

3aMETHM, YTO YUCJI0 Pa3IMUHBIX HOPMATM30BAHHBIX BbIBOAOB B U3
runote3 I” B Teopuu T MoxxeT ObITh J0ocTaToyHO OoabLIMM. Bmecte ¢

! Cama Manas nocslnka B; B 3TOM C/lydae OCTAETCsl MOKa Ha MecTe. MoxHo 1m Oyzer ec
BLIYEPKHYTh, 3@BHCUT OT TOr0, HE TMOBIEYET JIM TAKOE BLIYEPKUBAHHUE HECOOT-
BETCTBUIA ¢ OTpeae/ieHEM HOPMalM30BaHHOrO BbIBOA M BbIBO1a BOOGUIE.
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TEM KaXXAOMY HOPMaTU3CBaHHCMY BbIBOLY COOTBETCTBYET Bcerja
TOJIbKO CAHA (¢ TOYHOCTBIO A0 MOpsAKa NOChUIOK B { ,) HOpMaM30BaH-
Hasl 3aliChb 3TOTO BbIBOJA.

[IpunaToe onpeaeneHHe HOPMAJIWM30BAHHOIO BbIBOJAA H HHKE
c(OopMyJiMpOBaHHAsi Ha €ro OCHOBE TeopeMa AE€NYKUMH H3HayalbHO
pEIATUBU3UPOBAHBI OTHOCHUTEIBHO MCUMC/EHHH. B ToM cMbicie, 4To
Py OJIMHAKOBLIX MO HopMe (POPMYIUPOBKAX OHH MUMEIOT Pa3IUUHBIN
CMbIC/T B 3aBUCUMOCTH OT TOT'0, KAKUM $BJISETCA UCUMCIIEHUE, PUTYPH-
pytlouiee B onpee/ieHUAX KaKk Hekasi abcrpakTHas Teopus 7.

D6. byaem Ha3ebiBath aajiee DT-TeOpHaMH TaKUE 3aMKHYTbIE OTHO-
CUTEsIbHO NpaBuaa MP U npaBuia NoaACTaHOBKH JIOTHYECKHE CUCTEMBI,
r€ UMEKT CHIY YEThIPE CACAYIOLUMX MPMHLUMIIA:

(1) A —>A (3axon peghaexcusnocmu)
(2) A 5B -.C—>A ->.C—B (3akoH c1ab0ii mpax3umueHOCmu)

(3) (4 —»B) —B, rae A—-mTeopema T (npuHyun ymeepicoeHus
C1e0CMBiLs meopembl).

(4) AB ->C—>.4 —.B—C (3axon sxcnopmayuu).

HmeeT CHJ1y clicayrollan TecopemMa.:

MT2. (Teopema oeoyxyuu ons DT—meopunr). Ecrii nocieaoBaresib-
HOCTb By,..., B, €cTb HOpMA.1IM30BaHHbIH BbIBOA (hOpMYbl B U3 runores
" B HekcTopon DT—teopur T, u {Fo},iA,,...,A,, —B ecTtb COOTBETCT-
BYIOLLAs 3TOMY BbIBOAY HOPMAaJIMU30BaHHas 3alUCh yTBepxaeHus [+ B,
TO B T UMEET CHU.TY BCAKOE YTBEPKIEHHUE:

(TANA,..., Ay =A; ... =>4, —>B (I <i<n).

A1 onyckaro 3aech 0Ka3aTeabCTBA TEOpEM. AHAJIOTMYHOIO poja
TeopeMbl J0Ka3aHbl B [l], U MX JQ0Ka3aTe/lbCTBA JIETKO MOFYT ObIThb
ajanTUpOBaHbI U1 TEOPEM, 31€Ch NNPHUBOAUMBIX.

4. ®opMy.IHPOBKH TeOpeMbl A€y KUHMH 1151 HCHYHCIeHHH,
He aBasomuxcs DT-teopusiMu

YeTeipe onpenenstowmx DT-meopuu NpUHLMIIA BbIOpaHbI, €CTECT-
BEHHO, HE ciydaWHO. Tpem nepBbiM B 110O0H TeOpHH, BKJIOYAS ITyC-
TYI0, COOTBETCTBYIOT BepHbie 110 D4 yTBepxkKaeHHs Buaa: vA,...., A,-— B
TaKHe, YTO TMPUMEHEHHE K HUM TeOopeMbl (NPHHUMNA) AeAYKLMH
M03BOJIMJI0 Obl 3TH cCaMble [IPUHLIMIBI NMCAYUYHTh. YeTBepThiii NpHUHLMI
MOXXHO 10Ka3aTb B JIIOOOH TEOpHH, rae NeHCTBYIOT 3aKOHbI yAaJIeHUsl
KOHBbIOHKUMK AB—>A4 u AB—B.

Ecav nepea Hamu CTOMT Tenmepb 3azada OTbICKATb MOAXOASALLYIO
GOpMYIHPOBKY TEOpeMbl NEAYKLUMH AN TEOPHH, B KOTOPOH HeT
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oaHOro u3 npuHuMmnos (1)—(4), y Hac Bcerna ecTh B pacriopsi>KeHUM ABE
BO3MOYKHOCTH.

MOKHO MOCTYNHUTL Tak, KaK MbI CIOEIa€M 3TO HHXKE, H MPOCTO
3aMpEeTUTL NPUMEHEHHE TEOPEMbl AEAYKUMHU K TMMOTE3E, MOCIE MOsB-
JIEHHA KOTOPOH B BBIBOJE UCIOIB30BAJIOCH MPABUIIO 8 bIOHKLMH.

Ho MOXHO 3anpeTuTb HUCMOJb30BaTh B BBIBOJE MPABUIO adbHOHK-
UMM K (opMynaM, 3aBUCHMBIM OT rurnote3. Toraa B GopMy/MpoBke
TEOPEMBI I€1yKIIMH BBEJEHHUE COOTBETCTBYIOLIETO OTPaHUUEHHUS JIUILIA-
€TCA CMbIC/A, HOO BBIBOJAOB, MO HErO MOANagalolMX, MPOCTO HE OKa-
xetca. Takum oOpa3om, NepBbli, T.€. MPUHATHIA 3/1€Ch MOAXOM, JErKO
TpaHCHOPMHUPOBATH ISl KAXKIOH TOrMUYECKON CHCTEMbI BO BTOPOH.

B pamMkax KOHKpPETHbIX MPUMEPOB CKa3aHHOE MOKHO MPOMJIIIOCT-
pupoBaTh cienyrouum obpasom. [1pu nepsom noaxoae B 1060H pese-
BAHTHOH CHUCTeMe, Tle HE MMEET CWJIbl 3aKOH 9KCHOpmayuu, Mbl MpH
BepHOCTH A,BH—AB He MoOXeM B CUJly OTOBOPEHHOIO OrpaHUYEHHS
nonyuuth YA, B—AB, Ho Tonbko A, Bil-AB. WHaue roBops, MOxeM
BbIBECTH M3 TMIIOTE3 UX KOHBIOHKLIMIO, HO HE MOXXEM BOCIIOJIb30BaThCs
TEOPEMOH NeIyKLMH, TaK KaK YKa3aHHYIO KOHBIOHKLMIO HEJb3s MOJTy-
4YUTh O€3 MCHMOJb30BaHUs MMpaBUIa aAbIOHKUUH, 4TO OsIokHMpyeT o0e
TUNOTE3bl AJ1S AEAYKUHH.

ITpu BTOpOM noaxo/e Mbi BBIHYXAEHbI Oy/1eM NPU3HATb HEBEPHBIM
y>ke caM BbiBOA A, BH—AB. Ecnu >xe Mbl He TpUHMMaeM BOOOLLE HHKa-
KOH (UKCHUPOBAHHOM JIOTMKH, UMes, TaK CKa3aTb, MYCTYHO TEOPHIO HIH
TEOPHIO, B KOTOPOH €CTh TOJBKO MpaBuiao MP, To B HEH IpH 3TOM BTO-
poM nojaxoje, OyAy4u nocieaoBaTeIbHbIM, HElb3sd ObUI1O Obl CUMTATH
BepHbIM HU A—>B, AHB, uu paxe AHA. Uro Beirasaeno Obl
JIOBOJIbHO-TAKH CTpaHHbIM. Takum oOpa3oM, yBEpEHHOCTb B MpPEHUMY-
11eCTBE MEPBOro MOAX0/a, UCKIIIOYAIOLIEro H3MEHEHHE KJlacca CJIECT-
BHH, He KaxkeTcst 0€30CHOBATEILHOM.

HenpuMeHUMOCTb TeopeMbl (MPUHLUMNA) AEAYKUHMH K YTBEpKIE-
HUKO [, AB He nomkHa ObITH aPrYMEHTOM MPOTUB TIPUHATHS 3TOrO
yTBEpXKAEHUS] KaK BEPHOrO, TaK KakK TaKas HENMPUMEHHMOCTb MOXKET
ObITb CJIEACTBHEM OINpeaeSeHHOW TPaKTOBKM HWMIUIMKauud. Bnosnne
BO3MOHO, 4TO /. A B He no3sojsger cyuTaTh BepHbIM [ H—A—>B nas
HeoOXOMUMOH pesieBaHTHOW HMMIUIMKALMHM, HO TO3BOJIAET CYMTATh
TakoOBbIM Kak [ HADB, Tak aaxe u I —A—=B nns 06bI1MHOMN yC/IOBHOM
CBA3KMU. SICHO, UTO BCE TpU 3TH MMILTMKALUH MOTYT (pUrypHpoBaThk B
s3biKe OJHOM TeopuH, Tak 4to I, A B BO BceX ciy4asx NPULIIOCH Obl
CUMTATh BEPHBIM HECMOTPS Ha TO, YTO TEOpEMA AEAYKLMH HMEET CUITY
TOMBKO JJI1 OJHOH U3 3TUX UMIUIMKALIUN.

BMecTe ¢ TeM MOAxoA, MPH KOTOPOM MEHSIETCd KJIacC BEPHBIX
yTBEPXK/EHUI O BHIBOAMUMOCTSX, MO-BUAMMOMY, MOXKET OKa3aThCs FJI0-
JOTBOPHBIM, Koraa Ha 6a3e Teopems! A€IyKUHUH K BBOAUMOTO Orpese-
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JIEHUS BbIBOJA 331at0TCSH CMBICA H B3AUMOOTHOLUEHHS JIOTHYECKUX CBS-
30K, KBAHTOPOB, MOJAIbHOCTESH U T.I1. HEKOTOPOTO HOBOro A3blka. Bos-
MOXXHO, 3TO YKaXKET Ha HEKOTOpbleé OCHOBAHHMSA M TMEPCMNEKTHBLI IS
MOCTPOEHHS (PopManU3yIoLLEei 3TOT HOBbIF A3bIK TEOPHH [3].

MBI nokazany kak MOXHO nepedopMy.THPOBaTh TEOpEMY AelyKLHH
I711 CHCTEM, B KOTOPbIX HE MMEET CUJIbl OJUH M3 YeThbipeX XapaKTepH-
cTUUeckux ans DT-meopuit npuHUMnoB (|1 )}~(4), a MMEHHO 3aKOH 3KC-
nopTaLuy. 3aMeTHUM BMECTE C TE€M, YTO 3aMpeT MPHMEHITb MPUHLHII
NeYyKLUUH K THIOTEe3€e, Mocse NosABAeHHUs KOTOPOH B Moc/ie10BaTeIbHO-
CTH HOPM&IM3OBAHHOIO BbIBOAA HCMOJb30BAIOCHh MPABUIO aIbHOHK-
U1K, He JAe/laeT TeopeMy AeIyKUMH HEBEPHOH [/ MCUMCIIeHUH, rie
3aKOH JKCHOpTAalMWH No0KasyeM. [leso B TOM, YTO UMEHHO OH (3TOT
3aKOH), Oyay4H BKJIIOUEH B [0C/I€IOBATEIbHOCTb BbIBO1d, W MO3BOJISET
B 3TOM cJiy4ae 000HTHCh Oe3 1cnosib30BaHUs NMPaBU/ia a IbIOHKLHH,

ITponemoncTpupyeM Tenepb, kKak MOXKHO cHOPMYIHUPOBATH TEO-
peMy JdeAYKUWH 1718 HCUYHUC/IEHWH, B KOTOPbIX BblIEJI€HHbIE HaMH
MPUHLHITBI IPUCYTCTBYIOT WJIHA K€ OTCYTCTBYIOT B JIKOObBIX COUETAHUSAX.
Haina teopema neaykuuu Oyjiet, TakuM oOpa3oM, BepHOH 418 Tro6oro
NIPOU3BOJIbHO U30PAHHOIO UCUUCIIEHUS OT ITYCTOrO 10 TPUBHATBHOTO.

[Iycte nocnenoBatenbHocTh Bj,..., B,, €CTb HOpPMalW30BaHHbIM
BbIBOJ B cMblcsie D4 popMynbl B u3 runote3 I B HEKOTOpOi Teopuu T.
byaeM rosopuTs, 4to dopMysia NOCAEA0BATEILHOCTH, HaX0AA1AsACs Ha
are B; W sBaSIOWAsACA THNOTE30H, O.10KkUposana 0.1 OedyKyuu, eClIU U
TOJIBKO €CJ/IM UMEET MECTO MO KpalHeH Mepe OIHO U3 CJIeAYHOLUUX .70-
KUPYOWUX YCI108UU:

(bll) B, sBnsercs nepBoi no cYeTy CHNOTE30M, BXOAAUIEl B nocJe-
JOBATEJbHOCTb, U HE MCIOJIL30BaHA B BbLIBOJAE B KayeCTBE MEHbLUCH
MOCBIJIKH;

(bl2) nocne wara B; B BbIBOJE K 3aBUCALIMM OT TUIoTe3 GopMy.iaM
Ob110 MPUMEHEHO MPABUJIO aABIOHKLIMY RA

(bl3) nocne wara B; uMeeT MecTo 3akirodeHHe no AP npu ToM, 4To
B KaueCTBE MaJIOH NMOCBHUIKH BHICTYMAET TEOpeMa TEOPHUU, a B KAYECTBE
Oonbuieil — 3aBucslas OT runores hopmyna;

(bl4) mocne wara B; uMeeT MecTo 3aKiItoUeHHe 110 MP, B Ka4ecTBe
MaJIOH MOCBUIKH KOTOPOTrO BbICTYMaeT 3aBUcALLAs OT rHiiote3 gopmy:ia
A, a 6osblIeH NOCHUIKOM CITY»UT UWIeH MOCeI0BaTeNbHOCTH, Mpellie-
CTBYIOLUHMH BCEM TEM I'MIIOTE3aM, OT KOTOPBIX 3@BUCHT A.

[lycts nocnenosatenbHocTh By,..., B, ecTb HOpMalU30BaHHBIHN
BbIBOA (hopMysibl B U3 runote3 /' B HEKOTCPO#H Teopum T. Beiaenum B
3TOM MOC/1€10BATEJIbHOCTH LLuar By, Ha KOTCPOM HaXxOAMTCS THIOTE3a C
HaUMEHBLIKM HHIEKCOM, KOTOpas He OJ0KHMpOBaHa Ul AEAYyKUHH.
[Iycte Teneps A4,,..., A, €CTb 3Ce€ Te YjleHBl MOCAEIOBATENLHOCTH, HE
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0043aTebHO Pa3/IHYAIOILHECS, KOTOpble B YKa3aHHOM MOPSAKE BXOAAT
B HEE B KAUECTBE FMIIOTE3, HAUMHAY C 1Iara B, BKJIIOUYUTEJBHO.

Ilycts nanee I, — cnucok Bcex TeX (OJ0KHPOBAHHBIX) THUIIOTE3 M3
I, xoTopble OblIM HUCTOJIL30BAHBI B BbIBOAE 10 wiara B,. U, HakoHel,
mycTb [, — CIIMCOK TeX MOCBUIOK W3 [, KOTOpble HE UCTIOIb30BAIUCH B
BbIBOJIE BOOOILIE.

Msi umeeM, TakuM oOpa3oM, TpU cnucka runotes [y, I, u Ay,..., Ap,
KOTOpbI€ B CBOEH COBOKYIMHOCTH MCYEPIBbIBAIOT BECh CIHUCOK [ M KaX-
JABbIA U3 KOTOPBIX B KOHKPETHOM Ciy4yae MOXET ObITh IMyCThIM.

Buipaxenue {I,}, Iy, T4,...., 4,-B 6yneM Ha3bIBaTh HOPMATH3O0-
BaHHOM 3anucero yTBepxaeHus [ =B 1mas HOpManU30BaHHOIO BbIBOAA
B w3 I, umerowero Bua B, ..., B, . Cnucok [, OyaeM OmMycKarTs.
3anuch VA,,..., A, —B B otnuuue ot 3amucu I, TA4,,..., A,—B FOBOPUT
o nycrote I, W, 3HAYUT, O TOM, UYTO HH OJHA W3 TMOCBLUJIOK HE
6710KMpOBaHa /1% BbIBOAA. B cBOKO ouepeas, 3amuck I, THB rosopwr,
4YTO BCE UCMOJIL30BAHHBIE B BBIBOJE MMNOTE3bl (MPH AAHHOM MOCTpPOE-
HUM BbIBOJA) OJI0KMpOBaHbI s AeAyKLUKMHU. HakoHel, oObiuHbIe 3aHCH
Iy, Ap,...,A,F-B u Ay,..., A,;F- B rOBOpAT O TOM, YTO M3 YKa3aHHBIX
TUMOTE3 MOXKHO BBIBECTU B, HO He YTBEP)KIAETCH, UTO 3aMHCh BHIBOAA
HOpMaJsIM30BaHa.

3aMETUM €LIe pa3, YTO YHC/IO Pa3IMuHbIX HOPMAJIU30BAHHBIX BbIBO-
noB B w3 runorte3 I B Teopun T MOxeT ObITh JOCTATOYHO OOJIBbUIMM.
MHBIMH cJlOBaMHU, OHO M TO K€ 3aK/Il0YeHHE U3 JAHHBIX TMMOTE3 MO-
KeT OBbITb MOJyuYeHO pa3IMYHbIMH MyTIMH. BmecTte ¢ Tem kaxaomy
HOPMaJIM30BAHHOMY BBIBOJY COOTBETCTBYET BCerja TOJbKO OAHa (C
TOYHOCTBIO 0 MOpPAAKA NOCbUIOK B [ U I',) HOpMaTM30BaHHas 3arMCh.

Teopema aenykuuu BbIFISOUT CIEAYIOLUM 00pa3oM:

MT3. (Vuugepcatvnas meopema 0edykyuu’). Ecau nocjie oBaresib-
HOCThb B,,..., B,, €CTb HOPMAIM30BRaHHbIA BbIBOA GOPMYJIbI B U3 rMIIOTE3
I B HexOTOpOM TeopuH I, U T A,,..., A, B (n 2 1) ecTb cOOTBETCT-
BYHOWA 3TOMY BbIBOAY HOPMAaJM30BaHHAsA 3aMUChb YTBEPXKAECHUA
I'=B, 10 BT HMeeT CUIY YTBEPXKIACHUE:

2 CrouT BO M36ekaHHe HEJOpPa3yMeHHii TOBTOPHTD, YTO pedb MAET 06 MCUHCICHHAX,
3aMKHYTBIX OTHOCUTEIbHO MP. YHUBEPCANbHOCTh 00ECTIEUHBAETCA B ONIPEACACHHOM
Mepe TeM, uto B D1 1 B D2 ¢urypupyloT ccbinku Ha TeopeMbl T, a HE Ha aKCHOMBI,
TaK KakK B MOC/EIHEM Cydae, OrpaHM4MUBasCh B BLIBOAC YKa3aHHBIMH MPABUIIAMH, Mbl
yTpartuiau Obl BO3MOXHOCTb FOBOPHTb 00 HCHHCIEHHSX, B KOTOPbIX WCXOIHBIMH
MpaBU/IaMH BBIBOJA ABIAIOTCH KaKHe-HUOYAb OTIHYHBIE OT CTAHAApPTHBIX. MeI
MOXEM, HanpuMep, NpeacTaBUTh Cebe HCHUCIEHHE C MNpPaBMIOM BbIBOAA, pa3pe-
watouiM mnepexoq or 4 »>B k C -4 —».C 5B 1npu OTCYTCTBHH B HCUHUCICHUH
CaMoOro MpUHUMNA TpaH3UTHBHOCTH A =B —.C 54 —.C —»B . HaM Her HeoOXxo-
JIMMOCTH BKJIIOYATb CCHUIKM Ha TAKOro poja lpaBuia B ONpPEAC/IEHHE BbIBOJA, TAK
KaK MbI BCEr1a MOXXEM HCI0/1b30BaTh CPa3y HYXHYIO TEOpEMY.
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LA difb=Ai >~ A, —>B (1 <i < n).

PaccMOTpUM HeKOTOpble XapakTepHble oOcoOeHHocTH MT3. B
YaCTHOCTH. KaKoBa pOJb MOPUHATBIX HaMH OJIOKHUPYIOUIMX OrpaHu-
YEeHUH.

[lepeoe Ga0kHpyrOUWIEe OrpaHUUYEHHE, MO CYLUECTBY, HMEET CMBICI
TOJIBKO [IJI51 TeX TEOPHH, B KOTOPBIX OTCYTCTBYET 3aKOH pedieKCUBHO-
ctu. B aTtom CJy4a€ BLIBO, COCTOﬂLIlHﬁ H3 OAHOI'o0 mara

1. B (eunom )

HE JaeT BO3MOXHOCTH BOCMOJIb30BaThCs TeopeMoi neavkuuu. Ecinu ke
B 7 BEpHO t—B— B, TO TaKyl0 BO3MOXHOCTE OTKPbIBAET BbIBO:

1. B —B (meopema) 2. B (cuncm.) 3. B (1, 2, MP).

SICHO MO3TOMY, YTO B Cily4yae IIyCTOTbl TEOPHH YTBEPK/ISHUE BUAA
T4,-4,—>..—>. A, >B

SIBJIIETCA 3aBeJOMO HeBepHbIM. B mycToii Teopun Moryt ObiTh Bep-
HbIMHW HCKJIIOYHUTEBbHO BbIPAKEHUS BUAA:
Ai=>..->4, B, T4,,..., 4, B
U Te, KOTOpbie MOJYHAITC K3 HHUX MO TeopeMe JEeAYKUHMH BIUIOTH JO
YTBEPHKACHHUS
A;—>... > A4,>BFA4,>....—>. A4, >B.

Tak 4TO MOXHO ObLIO OBl CKa3aTh, UTO B MYCTOM TEOpPHUU MepBas B
BbIBOAE MOCHIJIKA Bceraa OnoxkdpoBaHa 14 BbiBoaa. OTkaz ot OJ0KH-
pytowero ycnosus (bll) nenaet reopeMy neayKUMH BEPHOM TOMLKO 115
Te€X TEOpUH, KOTOpbIE COAEpPKAT NMPUHLUMN pedIeKCUBHOCTH. Hanuuue
MOCJIEAHET O, €CTECTBEHHO, HE WCK/IKOYAET, YTO MEpBas B MOCICAOBa-
TE€AbHOCTH BbIBOAA TUMOTE3a MOXKET ObIThb OJOKMPOEaHA MO HMHBLIM
OCHOBaHHUSM.

bnokupyroulee orpanuyerime (bl2), cBszaHHOe C MpaBUIOM a]1b-
FOHKLMM RA, yxe Obulo HamMm paccMoTpeno. OHO 3ampeluano npume-
HATb TEOpeMy JeAYKUHH K THroTe3aM HOpMalW30BaHHOIO BbIBOAA,
€CJIM Moc/ie UX MOSIBJIEHHS B 10CJI€J0BaTE/bHOCTH BbIROJA HCIOJB30-
Basloch R4. Hano ckasaTe, YTO MMEHHO Takoe 3anpelleHue, CBA3aHHOE,
KaK 3TO SCHO, C OPUEHTALMEH Ha peeBaHTHYI) JIOTHKY, I/le He HUMEeT
CHJIBI 3aKOH DJKCIOpTAaUHH, MO3BOAIOLWIMHA nepexoauts oT AB—C k
A—.B—C, npueeno Kk uaee HJIIOKUPYIOLIMX OrpaHHHeHHii BooOlLe.

Ob6patuvcsa k Oaokupytouiemy orpaHudeHuto (bl3). OHo wuckito-
4aeT NPUMEHEHHE MPUHLIMMNA JedyKUMH K ranotese Buaa Ar—>C, rae 4
TEOpeEMa TEOPHUH, B KOTOPOH OCYLUeCTBseTCs BbIBOA, ecaud C rosBis-
€TCA B BbIBOJE€ Ha OCHOBAHWH 3TOM THUMoTe3bl B KayecTBe OosblueH
noceliik MP. TakuM obpa3om, B TEOpPHUH, B KOTOPOH AJis TeopeMbl A7
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HE uMeeT Cuabl npuHuun (Ar—>C) —>C, He OyaeT BepHbIM YTBep-
XKACHHUE:
T4r ->O+-C.

B teopuu, B kotopoit (A7—>C)—C ectb TeopeMma, orpaHuueHue (3)
CWIbl HE HUMEET, TaK KAaK €ro Mo)xHo obo#TtH, nonyuas C 3a cuer
MCMOJIb30BaHHA 3TOM Teopembi U Nocbulkd (A—>C). Takum obpazom,
npy otkasze ot orpaHvyeHus (bl3) reopema neaykuuu BepHa qis Bcex
TEX TEOPHH, I'I€ BEpHA yKa3aHHas TeopeMa.

brnokupyrowmee orpanuuende (bl4) umeer cmbicn ans Teopwuid, B
KOTOPbIX HET c/1aboro NpuHUKMIA TPAH3UTHBHOCTH:

A—->B—>.C—>A—->.C-B.
OOpaTuMcs K BBIBOAY:

1. A > B (eunom.) 4.4(2,3, MP)
2. C > A (eunom.) 5.B(1,4, MP)
3. C (eunom.)

HopmanuzoBaHHOH 3anMchblo 3TOro BbiBoa Oyaer:

A—B,C— A, CTHB.

Mbi He MOXEM MOCTaBHTb cTpesky “17 Hu nepea OJHOW M3 UIo-
Te3, TaK Kak yxe nocnennsas u3z uux C B cuny (bl4) 6nokuposana nns
JeNYyKLHH, TOCKOJIbKY B BbIBOJE MOCJE Hee CTOUT GopMyna A, aBisio-
uasgcs Majiod noceuikoit MP, a Oosnblieild ero MNoOCbIJIKOH ABJfAeTCH
dopmyna A—B, koropas npeawectByeT runorezaM C—A u C, oT
KOTOPbIX TOJBKO U 3aBUCHUT MaJiasi NMOChblika. TO ke caMoe NPOUCXOIUT
M B TOM cllyyae, Korga Ha mecte miara (1) cTouT HekoTopas Teopema
teopud. Ilycts, Hanpumep, B umeer Bun A v B,u A - A v B ecTb T€O-
pema. Toraa HOpMaTU30BAHHOM 3aMUCKIO BLIBOAA OyeT:

C—A,C-Av B, u yreepxaenne TC—A, CHAv B no-npexHemy
OyneT HeBEpHBIM.

Orpanuuenue (bl4), Takum obOpa3om OJIOKMpYET BO3MOXKHOCTH
npeoGpasoparh yTBepxiaeHne Buma [I,vAHB B YTBEPXKIEHHE
I'VC—>A,C—B, eciu B TeOpUM HET YKa3aHHOrO 3aKOHa TpaH-
3UTUBHOCTH. B Oonee oOwem cmbicne (bl4) nenaer HEBO3ZMOXKHBIM
nepexon ot I, A—B u A—A « I, AB. VlHaue roBops, 3TO orpaHuye-
HUE He TMO3BOJISEeT BK/IOYATh B MOC/AEA0BATE/IbHOCTh BbIBOAA BMECTO
TMMNOTE3bl HEKOTOPbIH CAMOCTOATENbHBIN €€ BbIBO/L.

COBOKYMHOCTb OrpaHHY€HHH, OJOKHPYIOLIMX NPHMEHEHHE MpHH-
uMna AeAyKUWH, NpuBOAMT K Tomy, uto MT3, B ornnune ot MT?2,
chopMyaupoBaHHOM A DT-Teopuid, CTAHOBUTCS YHUBEPCAIBLHOM TEO-
peMOH neNyKUHH, TaK KakK MO3BOJIET B pe3y/ibTaTe €€ NMPHUMEHEHHA
noJiy4yaTh TOJILKO T€ YTBEPXK/JCHHUS BUA B, KOTOPbIM COOTBETCTBYIOT
TeopeMbl TOH TEOpHUH, B KOTOPOH OCyllecTBifeTcs BbIBOA. B mycroi
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TEOPUH CMHCOK TaKWX YTBEp)KIAeHHH Oyner mycT. HamomHuMm, 4To B
MyCTOH TeopuHW Bceraa Oyaer BepHbIM BCSAKOES YTBepkIeHUE BHAA (M
TOJIbKO TaKOTO BH,1a):

Ay —>As > . > A,—>B, T4, 4, ..., A, =B (n > 0).

MT4. (Teopema aoexeammocmu). YTeepxaenue I —=A4A—>B BepHO
BO BCAKOH Te€opuM T, €CIIM H TOJBLKO €CJIM CYLLEeCTBYET HOPMAJIH30BaH-
Has nocJsieloBaTelbHOCT G BbIBOAA B U3 MOCBUIOK /7 U A, KOTOpOWH
COOTBETCTEYET HOPMA/IHW30BaHHOE YTBEPXK €HHE T4+ B.

S. ITocTanoBKka npod.1eMbl

3acny>xMBaeT BHHMaHHs BOMPOC O Kjaccax pa3OUeHul yHUBepcyma
NPONO3HLIMOHAIBHBIX HCUYHUCIEHUH M, CJIE0BATE/IbHO, O HEKOTOPOTro
poja WX KJacCUUKaLHH B 3aBUCUMOCTH OT NPUHUMaeMod GopMyn-
POBKM T€OPEMBI A€AYKUWH. U3 BbILLIEU3I0KEHHOTO BUAHO, YTO MpH
HOPMaM30BaHHOM BbIBOJE M Ha3BaHHbIX YCIOBUAX, OJIOKUPYIOLLHUX
TeopeMy JeayKLHH, HACIO TAKMX KJ1AacCOB DYAET 3aBEOMO KOHEYHbIM.
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H.I1.CkBopuos

TEOPEMA O ITIOJIHOTE AJ1s1 CEMAHTHUKHA
NPONMO3UIHOHAJIBHOI'O ®PAI'MEHTA
O/IHOH CUCTEMbBI AKKEPMAHA'

Abstract. W. Ackermann [1,2] constructed a logical system with unrestricted
comprehension principle. Here the propositional fragment of this logical sys-
tem is considered. This logic is a weakening of the classical logic based on an
informal interpretation of the implication as derivability in an unspecified
deductive system. A Kripke-style semantics for this propositional logic is pro-
posed and completeness theorem is proved.

B.AkkepmaH [1, 2] mocTpous HenpoTHBOPEYMBYIO JIOTHMUYECKYHO
CHCTEMY C HEOrpaHHYEHHBIM MPHUHLIMIIOM CBEPTHIBAHUS (TO €CTb CO
cXeMOH akcuoM y € X (x) <> ¢(y), rae ¢(x) — Mpou3BONbHAasA
dopMyna, a X @(x) — cOOTBETCTBYIOLIMI el Tepm-“abGcTpakT”). OHa
6a3upyeTcs Ha oOmnpeneleHHOM OcC/abieHUH KJIaCCHYECKOH JIOTHKH,
YCTPaHSIOIUEM H3BECTHbIE TEOPETHKO-MHOXKECTBEHHbIE MapagoKChl.
[lpu 3TOM OocHOBHas cneuuduka akcuoMm u3 [l] mposiBseTCs yxke Ha
YPOBHE MPOMO3ULUOHAIBHOIO pparMeHTa CUCTEMbI — [TO3TOMY WMEHHO
€ro paccMoTpeHueM (B ¢dopme, paBHOCHILHOMN UcuucieHuo A’ u3 [3])
Mbl 3l1eCb U OorpaHu4uMcsa. AkkepMaH B [l] mosicHseT BbIOOp CBOHX
aKCHOM HEKOTOPBIMH UHTYHTHBHBIMH COOOpPaXK€HUSAIMH, OCHOBAaHHbIMH
Ha TMOHUMAaHHUM HUMIUVIMKAUMK (Q—\) Kak BBIBOAUMOCTH Y W3 @ B
HEKOTOPOH 0 KOHLIA He YTOUHseMoil popManbHON cucTteme. [IpH aTOM
peLIaOUM SBSETCS NPUHUMUITHATILHOE pasfuueHre QGopMybl @
(mMOHMMaeMo# Kak “UCTUHHOCTBL @) U Ap = (T—>@), NoOHUMaeMON Kak
“nokazyeMocTb” @ (TO €cThb BbIBOAUMOCTBL U3 “UcTuHBI” T). OmHako,
MOCKOJIbKY MOTHBALMs B [1] orpaHuyeHa ypoBHEM “HaBOAALLMX COOO-
paxkeHHUH”’, BOBMOXKEH BOMPOC, HENb3s U J100aBUTb KAKUE-TO HOBBIE
aKCHOMbI, HEe Hapylias MPUEMJIEMOCTH C TOH XK€ IBPHCTHYECKOH TOUYKH
3peHHs.

He npereHays Ha TO, 4TOObl OTBETHUTb 3€Ch Ha 3TOT BOMNPOC (CBA-
3aHHBbII ¢ BO3MOXKHOM TpakTOoBKOH duiocodpckux uaer U coobpaxe-
HM, JIeKallUX B OCHOBE TMOCTPOEHHOH AKKEPMaHOM CUCTEMBbI), MpPeE-
JIOKUM HEKOTOPYIO CEMAHTHKY AJI1 paccMaTpMBaeMOro MpOIO3HLHO-
HaIbHOTO (hparMeHTa W YCTAHOBHUM TEOpEMY O MOJIHOTE. JTa CeMaH-

" Jra cTarhs Gbina HanucaHa MouTH 20 eT Hasal, HO B CHITY CTe4YeHHs 06CTOATENbCTB
ocTanach HeomyGaMKOBaHHON. BO3MOXHO, ceituac myGanKaills €€ YMECTHA X0Ts Obl
M3 UCTOPUYECKUX COOOPaXCHHUH: Kak pa3 MCMOARMIOCE 50 71T TOrMYeCKON cUcTeME
Axkepmana [1,2], koTOpoi 0OHa nocBglleHa.
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THKa Oblila NpuBedeHa B KOPOTKOH 3aMerke [5], rae ykaszaHa Takke
BO3MOXKHAasi €€ coleprkaTe/ibHasg HHTepnperauus (B ctuie Kpunke [4]).
Tem He MeHee, 4TOOBl HE OTCHUIATL YMTATENN K JaBHEH M, BHIAMMO,
TPYAHONOCTYMHOH MyOJMKalLWM, MOBTOPUM 31€Chb 3TV MOTHBHPOBKY
obcyxxnaemoi ceMaHTHKH. KpoMe Toro, B xoae JokazaTenbcTBa IoJl-
HOTBl OyZIET TakXke MOCTPOEH HEKOTOPbIH CEKBEHUMaIbHbIH BapUaHT
(6e3 ceveHHs) paccMaTpUBaEMOM NMPOMO3HLIMOHATIBHOM CUCTEMBI.

OTMeTHM, 4TO NpeasaraeMas CEMaHTHKa MOXET ObITb JIerKO pac-
MpOCTpaHeHa C NMPONO3ULUMOHAIBHOIO (hparMeHTa Ha NOJHYI CUCTEMY
AkkepmaHa M3 [l] c HeOrpaHMYeHHBIM NPUHLUINOM CBEPTbIBAHHS.
HeobxoauMble nocTpoenus npuseaeHsl B Te3ucax [6]. K coxaneHuto,
OCTa/10Cb HESICHBbIM, CMOCOOHA JIM OIMUCAHHAs TaM KOHCTPYKUHs Tpo-
JUTb CBET Ha HCTOKHM HENPOTUBOPEUYMBOCTH CHCTEMBI AKKEpMaHa:
HanpUMep, CaMO [J0Ka3aTelbCTBO MOJHOTHI (B CTWJIE TNOCTPOEHHS
KaHOHHYECKOH MO/Ie/M), HaMEUYeHHOoe B [6], CYLLECTBEHHO OMUpaeTcs
Ha HEMpOTHBOPEYHUBOCTb CHCTEMBI, AOKa3aHHYto B [1]. Kcratu, B cBOE
BpeMs, HanpuMep, A.l'./[paranuH BbicKka3biBan MpeAno.10)KeHHe, YTO B
cucTeMe AKKepMaHa 3aKOJHpOBaHa B 3aMaCKHUPOBAHHOM BHME HEKOTO-
pas ocTtaBLiascs HeACHOH Jioruyeckas cuctema 6e3 cokpatueHus. Onu-
CbIBaeMas 3/e€Cb CEMaHTHKA (M CEKBEHLHUa/bHASl BEPCUS MPOINO3ULHO-
HalbHOrO (hparMeHTa) OCTaBIS€T 3TOT acheKT B CTOPOHE W Bpsia JiH
MOMOraeT BbIABUTb IMPUPOAY ITOH THMOTETHUYECKOH .TOTHKH, SKOOBI
TasLENCa B HEAPAX HEMMPOTUBOPEYUBOM CHUCTEMBI K3 [1].

1. Ilpono3uumroHanbHble (HOPMYJIbl CTPOSTCA U3 MEPEMEHHBIX P, (,
r, ... , koHcTautel T ("UCTHHA") U cBA30K &, Vv, —>, —. CokpalleHus:

QoY) = (9>Y&(WY—0), Ao = (T—>0), A0 = ¢, A™p = A(A"¢) ana
m>0wuL=-T.

PaccMOTpUM ucuucieHue A co claeay:OllHUMH aKCHOMaMU U Mpa-
BHJaMH BbiBoAa (cpaBH. A" B [3]):

Al: Ao — (Y — ¢ & y); A2 A(lovy) > Ao Vv Ay,
A3: &y -9 0 &Yy, A4 Q> OV Y > OVY;
AS: 0&(pvn) > Wv(e&n); A6 (0—y) & (Y—1) = (9—n);
AT (9-»>y) & (0—N)>(9—>y&n);

A8: (0--1) & (y—>1) = (eVy—1); A9 0&—¢ —> y;
Al0: —(e&y) > —@ov—y;  —(OVY) <> &V,

All: —(0>vy) & (T—oo) & (y—>-T); Al2: ——0 © 0;
AO: Ap > o;

modus ponens: (@, @y /\y); A-npaBuao: (¢ / A ).
ITyctb A™ ecTb pe3yabTaT oTOpackiBaHus akcuoMbl AQ. byaneM nucatb
RN YTBEPHKACHUSX, CTIPABE/JIMBBIX 1/ 0Derx cucteM: A U A .
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DopMyily Ha30BEM MPUGEOEHHOU, €CIIH OHa COMEPIKUT — TONbKO B
coctase noadopmysa Buaa —p v L = =T (Ha "aromax"). [To Bcskoit
Gopmysie @ nerko, nosab3ysch akcuomMamu A10-12, nmocTpouTs Takyro
MPUBEICHHYIO @', 4TO A - (¢ «> ') (Tak Haz. npusedennas opma
ana ¢). Jna npuBeaeHHbix dopMyn (TodHee, AJis MPHUBEACHHOW 1))
MUMEET MECTO MPHUHLIMI 3aMEHbI IKBUBAJICHTHOCTH B hopMe:

AV (0o y) = A7 |- (nlo] & nlvl),
rae n[y] nonyuyeHa u3 nN[@) 3aMeHO# MPOU3BOILHOrO PUKCUPOBAHHOTO
BXOXK/IEHHS, HE HaxosLlerocs noa — (cpaeu. [3])°.

Ha3zoBem A -wrarou yactuuHo ynopsaouyeHHoe MHoxkecTBO (F, <)
c yHapHo# onepauueit A Ha F, rae:

(@) usv = A(u) <A(v); (b) Vu3Iv(A(v) <u);
3TO €CTb A-ukana, ecilu (c) Vu (AA(u) < A(u)).

Mooders @ Ha A™-1ikane ecTb PYHKUMSA, CONOCTABAAIOLIANA KAXKIOH
nepeMeHHOH p napy Henepecekarowmnxcs MHoxkecTB P.(p) < F, 3amk-
HYTbIX BBepX MO < (TO ecTb Yued.(p) Vv > u [veD.(p)] ). [Ipu 3TOoM
Kaxaod dopMmyne n U KaxaoMy u u3 F conoctaBUM HCTUHHOCTHOE
3HAYEeHUE U F= N ("BbIHYkAeHUE" B Mmoaenu D) Tak:

u l=p <> (ued.(p)); u ‘=ﬁp < (ued_(p)); u |=—|—|cp <>u ’=(p;

ul=(0&y) & (ul=0) & (ul=y); ul=(evy) = (ul=g) v (ul=y);

u E—(@& ) (u E—o)v(ul=—y); v lE—(@vip)e(ul=—=0)&(u [=—y);

ul= (9y) & Yv = u (AW) F o = AW) = ),

ul= —(0—Vy) < (A(u) = Q) & Vv=>u(A(v) =) u =T; ulel.
®opmyna 1 ucmunna B Moaenu O (O l=n), ecid YueF (u = n), U

A(_)—ucmuuna, eCJiM UCTHHHA BO Beex Moaensx Ha A7)-ukanax.

Jemma 1 (koppexmuocmes).
A© I—n = m aBaserca A —HUCTHHHOM.

Hoka3aTejibCcTBO MPOBOJAUTCS HECA0XKHON MHAYKUHWENH MO BbIBOAY,
C UCMOJIb30BAHUEM CJICAYIOUIUX CBOMCTB BbIHY>KAECHHUS:

(1)u|:A(p<:‘>A(u) |:(p; (2)u§v,u|=n:>vl=n;

(3)u |= -Nn = u | n (MHAYKLMA 10 M).

JanbHeliliee coaepkaHue padOTbl COCTOUT B JOKa3aTE/NbCTBE
00paTHOro yTBEpXAEHHUS, TO €CTb MEOopeMsl 0 NOJHOME sl UCUHCNE-
HUi A U A". OQHAKO Npex/e, YeM MeperTH K ITOMY J0Ka3aTe/bCTBY,
MPUBEJEM HEKOTOPYIO COAEPXATENIbHYIO TPAKTOBKY BBEIEHHbLIX OMpe-
JeneHui, onucaHHyo B [5].

[Tono6Ho [4], Touku u mikanel F MOHUMAIOTCA KakK BO3MOXHbBIC
MHPBI (UK, €C/TH YTOJHO, MOMEHTb! BETBSLIErOCs BPEMEHH), a MOAE/b
® 3amaer pacnpejesiieHHe UCTHHHOCTH (OPMYJI B BO3MOKHbIX MHpax

2 Jlnst HenpuBEIEHHOM 1| ITOT MPUHILMI, BOOOIIE FOBOPS, HEBEPEH: U3BECTHO (cM. [1]),
4To A |- (¢ <> ) He Breuer A - (0 > —y).
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(“cocroaune aen” B Mupe u). OTHoueHue (U<V) O3Ha4aeT “‘AOCTHKU-
MOCTB” V M3 U (OTBEHAIOLLYIO TOMY, YTO BCE (DAKThI, BEPHBIE B MHUpE U,
OCTalOTCs BEPHBI INpH nepexoae B MUp V). HakoHeu, Mup A(u) nmoHu-
MaeM KakK “‘COBOKYNHOCTb CBEAEHHH, W3BECTHbIX (YCTAHOBJIEHHBIX,
JIOKa3aHHbIX) B Mupe u”. [Ipn 3TOM HUKAKOH cBSA3M A(u) C peanbHbIM
COCTOAHHEM €71 B MHPE U HE NMPEANojaraeM — 3a UCKIIKOUEHHEM TOTO,
YTO B ciivyae A-1ukai (uwikan O7s JIOTUKU A) 4J18 MUpPOB BHaa u=A(Vv)
(“MHpoB HalIMX 3HaHUHK’) nocTtyaupyercs A(u)<u (TO ecTb Bce,
M3BECTHOE B TaKUX “NpaBWIbLHBIX MHpax, B A€HCTBUTEIbHOCTH UMEET
MECTO). Y C/I0BHe (a) B Omnpe1eeHHH A -LIKajlbl O3HAa4aeT “‘CoOXpaHeHHe
3HaHUA cO BpemeHeM” (TO eCTb MpPH MepeXone BBEPX MO OTHOLIEHHIO
JOCTHXKHUMOCTH), a ycioBue (b) — 4YTO peasbHbIH CMBICT HMEKOT
TOJILKO MHpbI BUAA A(V) (“MUpbI 3HAHUH ') U UX BO3MOXHbBIE pacuUIUpe-
Hus. Tenepp omnpeneseHUe UCTHHHOCTH A7 & U v noaobHo [4] (To
€CTb M0 CYLIECTBY KJIACCUYHO), @ HCTHHHOCTb (O—>\/) B MHpPE U MOHHU-
MaeTcs KaK YTBEpX/IEHHE, UTO B JIOOOM pacllMpPeHHUH V > u “10Ka3ye-
MOCTb~ () BJIEHET ‘‘10Ka3yeMOCTb’ Y (B COOTBETCTBHH C TE€M, YTO
vl= AP & AW) = ©). Takum oOpa3oM, UMILIUKALUS TOHUMaETCs CKO-
pee He Kak “BbIBOAMMOCTb Y M3 (O, a Kak JONYCTHUMOCTbL MpaBuja
BpiBOAA (9 /). CamMOcCTOsTENIbHOE OMNPEAEIEHUE UCTUHHOCTH —p, HE
CBOJMMOE K MCTUHHOCTH p, OTBEUAET TOMY, UTO —OQ E []] noHuMaeTcs
KakK “JIOKHOCTB” @, B OTVIMYME OT “HEA0KA3YEMOCTH WJIH “NpOTHBOpE-
UUBOCTH” @ (B COOTBETCTBHH C 4eM PopMybl Bpoae —p <> (p—>L)
noao0HbIe sBHBIE OMpeAe/IeHUsT —p uepe3 p B A  0Ka3blBaKOTCA
HeBepHbl). Tem caMbIM OTpULIAHHUE B CUCTeME AKKEpMaHa HallOMHHAET
CKOpeE CH/IbHOE OTPHLIAHME B KOHCTPYKTHBHOH JOTMKE (B CMbIC]E
Heabcona—BopoObesa [7]).

2. Tadauya © = (p;0) €cTb Mapa KOHEYHbIX MHOXECTB MPHBEACH-
HbIX popMyn. Tabauua nponmusopeuusa, ecav

(pno =) v Ip (pep, —pep) Vv (Lep) v (Teo).

Tabauua A —no.ana, eciu:
(a) (A"(e&y)ep) = (A"9)ep) & (A"y)ep);
(A" (0&y)eo) = ((A7p)eo) v ((ATy)eo);
(b) (A™(evy)ep) = ((A"9)ep) v (A"w)ep);
(A"(ovy)ec) = (AT0)ea) & ((47y)<0);

(c) (A"(@—>y)ep) = (A" 0)eo) v (A™ 'y)ep)

(34ech ¥ najiee: m — MPOM3BOJIbHOE HAaTypalibHOE YHUCIo, m = 0),
U A-noana, ecnv kpome Toro:  d) ((Ap)ep) = (pep).

Tabnuua 1'=(p’;0") ecTv pacwuperue 118 1=(p;5) (obOo3HavaeMm:
1Ct’), ecan (pcp’) & (oco’). Hdas Besikod Tabauiibl T CYLUECTBYET
KOHEUHOE UYMCIO MHUHMMalbHbiX A'7-MOJHBIX pacUIMpeHHH, HasbiBae-
MbIX A -nonoanenusivu 1. BeeeM Takoke npenynops,ioyeHde tabauu;
(p;o)<(p';c’), ecau (pcp’). A-obpaz ana Ttabavubl T=(P;C) €CTb
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A(T)=({o | (Ap)ep};{v | (Ay)ec}). AcHo, uto onepauus A coxpaHser
AH-HOJIHOT'y, a 1J18 A-TIOJTHOM T uMmeeM: A(1)<T.

[Tyctb ] — KOHE4HOE NMOANEPEBO YHUBEPCATIBHOIO MOTOKA, TO €CTh
MHOXECTBO KOpPTEeXel HaTypalbHbIX uHceln, rae x<yel] = xeJ (3gechb
(x<y) < (Fz)(x*z=y), a * — omnepauHrs COYIEHEHHUS KOPTEKE); Mo0-
XuUM J = {xe] | Jyzx(x<yel)} (MHOXECTBO HEKOHLEBBIX 3JIEMEHTOB J).
Arbmepuarc (a1bTEPHATUBHOE MHOXECTBO TabnuL, cpaBH. [4]) X Ha J
ecTb YHKLHS, COMOCTABAAIOMAs KaKaoMy X U3 J tabnuiy X'=(p*;0"),
npudem (x<y = X" < X”). AnbrepHanc X npomugopeuus, eciii cozep-
HT NPOTHBOPEYHBYIO Tabauuy. AnstepHanc X A'”-npeononon, ecnu
Bce ero Tabnuusl A 7-nonuel, 1 A 7-nonown, ecnu:

(1) Bce X* ma xeJ A"-nonmsr;

(2) X* ans xgJ ynosneTsopstoT ycioBusaM (a), (b), (¢) ang m=0;

(3)ecnn (o—>vy) € ¢ ana xel, rae 0=T,

1o (p*U{A0};{Ay}) c X’ nns HEKOTOPOro y > X.

[lo Bcakomy A")-npeanonHomy anprepHaHcy X, Ha Jo Jerko
nocTpouTs Takoit A -monHeiit X Ha J (BooBiue rosops, He OJMH), YTO
J=J, u X*= X" 1na xe€l, (Tak Hasz. A"’-npoc)o.mcerme ans Xp): aocra-
TO4YHO 3aMetuTh, uto ana A-momHo#t (p;G) pacuMpeHHe
(pu{Ao};{Ay}) no yciosuto (c) ¢ m=0 gobasnser ToNbKO HOpMYJIbI
BHIa A1), TO €CTb HE HapyllaeT ycioBus (3).

A'"-yene anbTepHAHCOB €CTh MOCaea0BaTeIbHOCTE (X, : n20), rae
X, ectb A -nonuslit anbTepHaHc Ha J,, npuueM Jo = {A} (roe A —
nycroit koptex) U Vn=0 [ (J, = L. )& Vxel (AX,)) € Xua) ], a B
A-ciydyae KpOMe TOro:

Xp1 € X npu x € J,. (w)

Cka)keM, YTO LeNb APOMUBOpeUEA, ECJIH OHA COAEPKUT NMPOTHBO-
pe4MBbIi ajibTepHaHC X, .

3. Jlemma 2. Ecu (X, : n>0) — nenpotusopeuusas A”-uens anb-
TEPHAHCOB, TO TabuuUa X" = (p;0) UIMeeT KOHTPMO/Ieb Ha HEKOTOPO#
A7-mkane F (To ects Takyro Moaens @ Ha F, uro

JueF [ Voep (Au) = @) & Yyeos (AW [z w) ] ).

Joka3aTe/IbcTBO HAMETHUM criepBa a1 A -cayvas. [Tonoxum

F={ab} u {(nx) | n>0, xel,}, roe

(u<v) & (u=a & v#a) v In20 (u=(n,x), v=(n,y), X<y, X2Y),

A(a)=a, A(b)=(0,A), A(n,x)=(n+1,x) onga xeJ,=Ju1.

Jlerko npoBepUThb, YTO 3TO €CTb A -1LIKana.

Monoxum @.(p) = {(n.x) [ pepy’}, ®-(p) = {(x) | (=p)epy}.
JlokaxeM (MHAYKUHEeH Mo M), YTO B MOJTyHEHHOH MOAEIH BBIMOJHEHO:

neps = x)[=n; necy = (nx) [#n. (*)

Cnyyau n = p, —p, T, L obecreueHpl no MOCTPOECHHIO (BBUAY
HEMpOTHBOPEYHBOCTH X,), a ciyuaun 1 = (&), (¢vv) — BBUAy (a),
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(b) ¢ m=0. [lyctb N = (0> ) € pn. U X<yel,, T.e. X,"<X.”, v 3Hauur,
nep,’. Toraa, BBUAY A -nonHoTsl X, 10 ycnoBuio (¢) (¢ m=0) umeem:
(Ay)ep,) v ((Ap)eay), T.e. (WEP1’) v (pEOG.Y), M no npeanoo-
KEHUIO UHAYKUHMH, BbIMONHEHO: A(n,y)=(nt+l)y) |= o = A(ny) |=v,
ura Ilycte n = (p—ovy) €o,, rae o#T. Beumy ycnosus (3)
A -nonHoTh! X, UMeeM ((Ap)ep,’) & ((Ay)eao,’) ana HekOTOpPOro y=x,
T.e. A(n,y)=(n+1y) |= ¢ u A(n,y) |# v, a 3HauurT, (n,x)[=n. Hakonew,
ecad @=T, T.e. = Ay € 0,", TO Weo,.,’, T.e. A(n,Xx) = (n+1,x) [# y, u
(n,X) |#n, 4.T.4.

B A-cnyuae B kavdectBe (U<V) cleayeT B3siTb HAMMEHbLUEE OTHO-
LIEHHE YaCTUYHOro nopsika Ha F, ynosneTBopstoluee ycIo0BUAM:

1) a — HauMeHbLIMWH 31eMeHT F; b — MakcHMasibHBIN 31eMeHT F,
He CPaBHUMbIM HU C OAHHUM 3JIEMEHTOM BHIa (n,X);

i)yecan x <y, 10 (n,x)<(n,y);

i) ecan x € J,, 1o (nt1,x) < (n,x).

IIpu stoM F npespaulaercs B A-lIKany, MOCKOJABbKY HMEEM:
AA(a) = A(a) =a, AA(b)=(1,A) <(0,A)=A(b) (BBMAy Iiii, TaK Kak
A€y ) n AA(n,x) = (n+2,x) < (n+1,x) = Aln,Xx) (Tak kak J, = J,.1).

Tenepp ycnoBue (w) obecneuuBaer, uto X, < X,  npH
(n,x) < (m,y), BBUAY H€ro A0Ka3aTeJbCTBO (*) COXpaHsAeTCs A0OCAOBHO,

M B KaueCTBE UCKOMOIO U B OMNpeAeseHHH KOHTPMOAEIW MoJiaraeM
u=bekF.

4. Cexsenyueii (I' = ©) (rone I' — aHTeueneHt, ® — cykueaeHT
CEKBEHLIMM) HA30BEM YIOPAJOYEHHYIO Mapy KOHEYHBbIX MHOMECTB
dopmyr. 3anuce I',¢p o6o3Hauaer mHoxkecTBO ['U{@} (TO ecThb B HacT-
HocTU: [.¢ paBHo I, ecaun oel).

PaccmMoTrpum wucuucienue cekBeHund G ¢ akcMuoMaMHd Buaa
Tp=0p), T, ~p=>0,-p), TA"pA"-p=0), (I =06,T),
(I.A"L = ©) u cneayrowMMH paBUIaMH BbiBoaa (Besae m > 0):

(&): (T.A"0.A™y = ©) (&,): ([ = O.A"0): (I = ©.A™y)
(CA"(p&y) = ©) (I = 0,A"(o&vy)) ;
(=&): (T.A™—0 = @):(CA"w = 0) (=&,):{([ = O.A™—0.A"—y)
(T, A" (p&y) = O) ; (I = B,A"-(p&vY)) ;
(vi): CA"0 = 0): (I A"y = 0) (vo): (T = 0.A"0.A"v)
(IA"(ovy) = ©) ; (I = 60,A"(pvvy)) ;

* Tlepexon OT KOHEYHBIX MHOXKECTB K YNOpsAA04YEHHbIM Habopam (Kak 3TO OOBIMHO
NPHHATO NJ1 CEKBEHLMH) Jlerko obecrneyuTs N00aBAEHHEM CTPYKTYPHBIX MPaBHi
THNA MNEPECTAHOBKH U COKPAILECHK S, OJIHAKO HaM 3TO He NOTpedyeTcs W BOaBaThCs B
nogo0Hele qeTanu He Oy1eM,
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(—v1): (CA"-0. A"y = O) (—=v,): (L = 0.A"—0):(I = O.A™ )
(T A (pvy) = ) ; (T = 6,A"—(pvy))

(—1): (LA™ (0= w) => 0.A™'0). TA™ 'y =>®) *
(I, A™(o—>vy) = ©) ;

(—2): ({oii1eEto = {w; j¢Etw) :moscemEC {1.....m}
(C, (Wi—=01),. .. .(Yn>0m) = O, (0—y) ) ;

(=) (LA™ 0. A"(y—1) => ©) (=) _ (I,A"o => ©)
(T,A"(p—>y) = 0) : (TA"—-p = 0) ;

(=) ([ = 0.A™ ')l = B.A™(w—o1)) (——):_ (I => ©.A™0)
(I = 0,A"~(¢—v)) ; (T'=>0,A"=—0);

atakke G = G +(T): (I Ap. 0 =>0)
(ILAp > ©)

Slcho, uto ecin GO |- (C = 0), o GY - (Tul = uUO")
(ocnabnenwue). Jlerko nokaszarb, yto G~ - ('n = ©,n) nng Bcsakoi
dbopmMysnibl M| (MHAYKUMeH no m: war mia n=(¢—y) obecnevyeH npasu-
oM (=) (0= 0.v); (W0 = )

I (9—=y) = B.(9-v)) ).

Tanee, ecnu G |- (I = ©), o G = (A() = A(®)),
rne A(D={A¢|pel}, A@)={Ay|ye0}.

HeticTBUTENBHO, (AP ..., AQy, => AY) BBITEKAET U3 (@) ,..., Om = V)
no npaeuny (—,) (Bce mocbuiku npaBuna ¢ E = {1 ,..., m} asasgtorcd
akcuomaMu Buga (I" = ©',T) ). Tenepp obmuii cayvait 10Ka3biBaeTcs
MHIYKLHMEH Mo BbIBOAY: BCE MpaBUia BbIBONA, KPOME (—>;), BBLIEPIKHU-
BalOT “HaBewIMBaHUe A”, a (—;) UMEET MO CYIUECTBY €AHHCTBEHHYIO
dbopMyJly B CYKLIEAEHTE, TO €CTh OOecrne4yuBaeTcs MpeablAylHM pac-
CY>XTIEHHEM.

Haxkoneu, 3aMeTuB, uto mobas Tabauua (B cMbicie M.2) ABIIETCS
MO CYIIECTBY YaCTHBIM C/1y4aeM CEKBEHLMH (2 UMEHHO, CEKBEHLMEH,
cocTosiei U3 NpuBeJeHHbIX GOPMYIT), JOKAKEM CIIEAYIOLLYIO JIEMMY:

b

Jlemma 3. Eciiu Bce A )-nononHenuns tabauusl 7=(p;6) 10Ka3yeMbl
B ucunciaenun G, To u cama T Jokasyema B G

JUis qoka3zaTebcTBa JOCTATOYHO yOeaUThCS, UTO TalJUIy MOX-
HO MOMOJIHUTB corjlacHo ycnoBusM (a), (b), (c), (d) U3 nm.2 ¢ cox-
paHeHHem HemokasyeMocTH B G, DTu yc/loBUS B TOYHOCTH COOT-
BETCTBYIOT NpaBuiaM BeiBoaa (&), (&), (V1), (V2), (=) u (T) cuc-
tembt G, Tak 4TO ec/M OJHO MM 06a BO3MOMKHBIX TOMOJIHEHHS 10Ka-

4
B npasuie (—>;) A0CTATOYHO MpeanoaraTh, 4To @ # T, Tak KaKk HWHaie
AT(p—y) =A™y,
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syembl B G\, To o cooTBeTCTBYIOWEMY NPaBUIY A0OKa3yeMa H MCXO-
Hasi CEKBEHLHMS.

5. Jlewma 4, Eciu Tabnnua 1o Henokasyema B G\, To cyuecTByer
Herpotueopeuusas A'-uens anbreprancor (X, : n20), ans KOTOpOM
A
To & Xo .

JokasareabcTBo. byaem ctpouts uckomyrw uenb (X, : n=0) uH-
AyKUMeH no n, npuyem tak, 4toObl Bce Tabauubl X, npu xe J, Obliu
Henokasyembl B G, a npu xe(J,\ J,) 6binu Hemokasyembl TaGIHLbl
AXLY).

OcHosanue unoykyuu: n=0, B kauectBe Xy 4718 X=A Bo3bMeM (110
nemme 3) Hegokasyemoe A”-nononuenus 1=(p;0) Wik To, U 3aiiMeMcs
obecneyennem yciaosus (3) uz n.2. [lyere (9—y)so, rae ¢=T1, u
nycts (Y,—0), ..., (Y—>@,;) €CTb CIHCOK BCEX HMILIMKAUHM, BXO-
aawux B p. [lockonaeky G(')r’—/— T, BBUAY NpaBuia (—»;) UMEEM TaKoe
E={i},... .k} cEn={1,...,m}, utO

G -/~ ({¢i:1€E},0 = {w;:jeE}v) . (**)

Bruirouum B (Jo \ Jo) KOPTEK y=2X ¢ MO.10XKHM

Xo' = (pufAoiieE}u{ao}; {Ay;je Epu{ay)).

M3 A-nonnotel X,* BeITEKAET, 4TO X, YAOBIETEOPSET YCIOBHAM
(a), (b), (¢) u3 n.2 ¢ m=0. Teneppb ybeaumcsd, 4To
AXe)=({oi : icE}io}; {y;: jeE}u{y}) (u 3HaunT, Hegokasyema).
HedicTBuTenbHo, ecau (An)e p, To An=(y,—>¢;) a18 Hekotoporo 1eE,,,
1 eciiu 6bt i€ (En \E), To Wwi=T BXxoauna Ovl B CyKLIeAEHT HeAOKa3yeMok
CEKBEHUMH (**), 4TO HEBO3MOXKHO.

Hnoyryuonnwiii wae x (n+1). Ilpu x e/, nonoxum tabauuy

Xoe1' = A(X,") (ee HeIOKa3yeMOCTh BbITEKAET M3 HEAOKA3yeMOCTH X, ',
cM. B .4). A npu xe(J,\J,) B kauectse X,.," Bo3bMeM (110 JieMMe 3)
Henokasyemoe A'-mononHexne Tabamust A(X,) (koTOpas HedoOKa-
3yeMa Mo MpeanonokeHure HMHAyKuMH). [Ipy 3atom Mbl nonaydaem
A-npeanonuplii anprepHatic X,., Ha J, (ycaoue X,.* < X,.,” npu
X <Y OKa3blBaeTCs BBIMOJHEHO, MOCKOJbKY A1 Y 2 X € J;, UMEeM:
X ' 2DANZAX)=X,-1"). B A-ciiyyae obecneyeHo Takxe yCI0BHE
(w) W3 1.2, nockoabky Xu=AX)<X, ans xel,. Temneps
NpoaoKeHHe X;.; 10 A" -nosHoro asibTepHaHca X,.; Ha J,. (¢
Jo-1=J,) cTpouTcs noaobHo yxke paccMOTpeHHOMY npu n=0.

Hakowneu, yBeaumcs, yro Bce Tabauubl X' MOMYyYEHHOH wLeNH
HENpOTHBOpeUHBbl. [IpH X€J, 3TO BBIMOJHEHO, MOCKOJIbKY MPOTHUBOPE-
uuBble Tabnuubl Aokasyembl 38 G, [Tycts Tenepb xe(J;\J,), TO ecThb, Mo
MOCTPOEHHUIO,

X' =(pu{Ag, icE}U{A0}; {Ay;:jeEu{Ay)),
rae (p;0) U A(X,") ofe HernpoTHBOpeuMBbI (TaK KaK HeJ0Ka3yeMbl),
OTKYJa C/IcAyeT HeNnpoTUBOPeYHBOCTh X, JleMMa J0Ka3aHa.
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3ameuanue. [1ocko/IbKY MaKCHMYM nomqecxux OIUH GopMya,
BXOAALIMX B Tabnuuy A(t), MeHblue, yeM B T, a A7)-nononaxHenune He
YBEJIMYUBAET 3TOr0O MAaKCMMYMa, TO B OMHUCAHHOM MOCTPOSHUH AJIHHBI
dbopmyn, Bxoasumx B X, crporo yosiBatoT ¢ poctoM n. Otcrona cre-
ayeT, 4To Bce Tabnuipl X,', HAUMHAS C HEKOTOPOIO Ny, OKA3bIBAOTCS
mycTeiMH. Eciu Tenepp k nonydyeHHodt uenu (X, : n>0) npumMeHuTH
KOHCTPYKLIMIO M3 [I0Ka3aTe/bCTBA JeMMbI 2, TO uikaia F mMoxeT ObiTh
BbIOpaHa KOHEYHOW: A0CTATOMHO OTOPOCHTbL BCE TOYKHM BHIA (n,X) MpH
n>ny U NoJ0XKUTb A(ng,X) = (ng,X) (MOCKOAbKY MpOBEpKa YCaoBUs (*)
MPU N=Ng YK€ BLIPOXKIAETCS B TpVIBMaJ'IbHOCTb)

6. Jlemma 5. Ecan GO = (I' = 0), To A7 |- (I" => 6)",
rae oopmynenblil 06pa3 CEKBEHLMU €CThb

(@1, P D W1, W) = (01 &... &0, = Y V... V)
(kak 0ObIuHO, MycTas KOHbIOHKUMS — T, a nycTas AU3BIOHKUMSA — ).

JlokasaTeabcTBO: MHAYKUMS 10 BbiBoay B G'. PaccMmoTpenue
BCEX aKCHOM M MpaBuil, KpoMe (—»)) U (—>;), J0CTATOYHO TPUBHAJIBHO
(B A” BbIBOAHMBI (POPMYJibl 9@, OO0, OV, 0T, Lo,
A" (&) & (A"Q)&(A™Y), A™(ovy) < (ATe)v(A™y), AL & 1,
npaBuia _ Y, 0—W U T.0.).

o>y  ATeo—o>Ay
Jins (—,) nocratoyHo ybeauThcs B BIBOAMMOCTH MpaBuia
n& A"(0-w) - L v A"(A0); n & AT(Aw) > £
n & A (e->y) > &

M3 neBo#t nochlIku N0 AUCTPUOYTHBHOCTH BBITEKAET

N&A"(@—>y) - £ v [n & A™(T-0) & A™(0—y))],
rae A™(T—op) & A™(9p—>vy) eaeyer A™(T—>y), a npaBas nocbliKa
obecneuunaet [ N&A™(@—>y) — LvE ], yto 1 TpeboBanock.

HakoHeu, paccMOTpUM npaBuio (—;) npu I' = ® = & (obwmit cny-
yaii HeMeaJIeHHO ciieayeT U3 3Toro). [IpumeM nocbuIKU

Le=[o& & ¢ > yv V y]lansscex ECE,={1,..m
1eE jeE
1 0603HaYUM
n= & nMe, e Me=[0& & ¢ > Yyv V ¢l
EcE,, icE jeE
Tak kak (g Bnevet [ &(yi—>0i)—>MNe |, BBUAY BbIBOAUMOCTH MpPaBU/Ia
i

02OV,
0&(yi>0)—>(E>dVve) ,
TO JAOCTATOYHO JOKa3zaTh B A~ dopMmy g\L/ [ n —> ((p—-)\u) ]. Ansa sToro
nomoxkuM E=[yv V (0 & , k=0,1,.
|El=k ieE
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Jlerko yb6eauTbcs B BBIBOAMMOCTH [ —> (& —> &y+1)] npu Beex
k<m. [To3atomy u3 gokazyemoii [ = (0—%5)] = [N = (0—=>yv(p&T))]
BBIBOAMM OOPMY.JY

(N2> @25 ] =[n>(0 > yv(p&k & o)) .

i
Teneps, 3aMETHUB, YTO Mg, = (0 & & @; = ), NOIYUUM
i
M = (0 = y(0& & 0))) & (YV(0& & ¢;) = )],
1 1

Mocjie Yero TPaH3UTHUBHOCTb MMIUTHMKALUMM (akcHoMa A6) 3aBepluaer
J0Ka3aTebLCTBO.

Caencreue. Ecin A7 |- - n, 1o G” |—/— (=>n).
JleHcTBUTENBHO, GOopMYabHBIH 00pas ( = 1)" = (T—n) BaeueT 1
no modus ponens, MOCKOJIbKY A9 - T.

7. Teopema 1 (o noanome).
A” |- < nsasaserca A”—ucTuHHON.

HNokasateascrso, [lycts A7 |/— n, rne dopmynv 1 (BBuay mn.1)
JAOCTAaTOYHO CHMUTATH npueeacHHON. [lo creacTBro U3 ieMMbl 5, Tab-
mvua (cekseHuMs) (J;{n}) nenokasyema B G, To ecte (BBUY J1IEMM 4
u 2) umeet koutpmoaens ® na A7-wkane F, u 3nauur, dopmyna n He
apaserca  A-umcTunHoM. OGparHas  MMIUIHMKauMAa  oGecrieyeHa
JemMmoit 1.

3ameuanue. Beuay 3amedanus k nemve 4, wkana F MoxeT 6biTh
BbIOpaHa KOHEUHOM, TO ecTh Beskas (opuyna, Hegokasyemas B A7,
oTBepraetcs Ha koHeuHol A-mkane. D10 obecrieurBaer pazpeLuu-
MOCTb® MCUMCIIEHHT A U A™ —- a TouHee, Aaxe NPUMHTHBHO PEKYPCHUB-
HYIO pa3speliMMOCThb (IMOCKOJbKY GUrypUpylollee B 3avieHaHUH YHCJIO
Ny 34€Ch HS MPEBOCXOAMUT JIOTMUECKOW A/TdHbI POpMYIIBI 1), a BETBJIE-
HHUS B iepeBbaX J, OLIEHUBAIOTCA CBEPXY YMUCIOM NOAGOpMYJ B 1).

Teopema 2 (o pasnocursrocmu,.
GO-T=0) o AT =0).

JoKa3aTeJbCTBO B OAHY CTOPOHY COJEPKHUTCS B JeMmMme 5, B
oOpaTHyI0 cTOpoHy a4 Tabauil (CeKBeHUMH U3 NMpUBEAEHHbIX GopMyJT)
BbITEKAET U3 JleMM 4 W 2, nockoabky B koHTpmoaeau @ s (I;0)
otBepraerca ¢opmyna (I' = ©)". O6wmit cnyuait obecneunsaercs
cJIeAYyOUEd JIEMMOM:

Jemma 6. 1)GO |- ('’ =>0) = GO - (T'n=0),

)G - T =0,) = G- (I =o0,n),

5
Haaexaa Ha pa3speliMMoCTh NMPONO3HLIMOHATLHOIO HCHUHMCIeHHs A’ (coBnaaamLIero
c HauM A ) 6b11a BripaxkeHa (6e3 10kaszarenbcTBa) B [3].
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rae n' — npuseaeHHas dopMa ana M (em. m.1).

JloKazaTeabCeTBO (UHOYKYusi no caoxchocmu 1). “AToMapHbIi”
ciyuait m = A", rae ¢ = T, L, p, —p, TpuBHasieH (Ipu 5TOM N'=n).
Ipu n = A™(p—y), ' = A™(@'>Vy') (rae ¢ u ¢’ ornuyHbl ot T) npu-
MEHsEM MHAYKLMIO MO BbIBOAY: BO BCEX CJydasix 3aMeHa 1’ Ha 1 (Miu
¢’ Ha @ U ' Ha W) BO3MO’KHA B MOCHIJIKAX 3a CUET COKpALUEHHS BBIBOJA
WM CJIOKHOCTH 3ameHsemoi dopmyibl. Cayuan 1 = A"(o&Wy) u
n = A"(pvy) (1o ecTb 1) = A"(0'&V'), A™(9'Vy') ) pa3buparoTcs aHa-
JIOTMYHO; HEOOXOAMMO TOJIbKO yuecTb, 4yTo npu m>0 dopmyna n'
MOKeT ObITb BBEJIEHA HE TOJbKO MO COOTBETCTBYIOLIEMY MpaBuity (&;)
wiv (Vv;), HO U no npaBuily (—;). [lpu n = A" (e&Vy), A"=(pvy),
A"(o—>y), Korma N = A™(—@)V(—y)), A"(—9)&(—y)),
AT(AQ'&(y'—>1) ), npuMeHsieM, OMNATb-TAKH, HHAYKUHIO TO BBIBOIY.
Ecnu npu stom dopmyna n' BBeaeHa npaBuiaoM (Vi) WM (&), TO M
BBOAMUTCA NpaBwioM (—&;), (—Vv;), (——>;) coorBercTBeHHO. HakoHel,
npu n = A"——@, n' = A"¢’, pabotaer npeanonoxeHne HHAYKUUH (11
A"Q) v npaBrIIO (——;).

3ameuanne. BMecTo qokazaTesnbcTBa JIEMMbl 6 MOXKHO €CTECTBEH-
HbIM 00pa3oM 0000LIUTL TaOTHYHYIO KOHCTPYKUHIO U3 .2 Tak, YTOOBbI
pacrpoCcTpaHUTh JieMMbl 2 U 4 Ha cilyyald MPOU3BOJIbHBIX CEKBEHUHH,
coaepxaluux HenpuBedeHHbie (opmyibl. Takas Moaudukauus He
TpebyeT CKONMbKO-HUOYb CYLLIECTBEHHOTO U3MEHEHHUS PacCyXACHHUH, U
obecrneunBaeT HHOE, Dosiee NMPAMOE 10Ka3aTENbCTBO TEOPEMBI 2.

U3 TeopeMbl 2 BbITEKAET:

Caeacrere 1. AV-n o GO-( =)
(CpaBH. cO ClIEICTBHEM JIEMMBI 5).

Cueacrsue 2. B cucreme G nonyctumo npasuio ceueHus:

IT=0,0)((l, 0o=0)
= 0)

Jloka3zaTenbcTBO NpU nepexoae K GopMysbHbIM oOpa3am TpHBH-
aJIbHO; MPAMOE JI0Ka3aTe/IbCTBO JOMyCTUMOCTH CEYEHMsl, HE OMHUPalo-
1ieecs Ha TabJIMUHYIO KOHCTPYKLHMIO U3 1.2, aBTOPY HEU3BECTHO.
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E.l.CmupHoBa

0 3ATAJKE KOHTEKCTOB MHEHHUS
IHOJIXO0A K CEMAHTHUKE
HHTEHCHOHAJIBHBIX CUCTEM

Abstract. 4 non-standard approach to semantics of intensional systems is
developed. The semantics for intensional system IPL (Intensional Predicate
Logic) is constructed. The pecularities of IPL: (1) any expression including
intensional predicates and operators has an intension as well as an extension;,
(2) intesional contexts differ from extensional mainly by ascription of specific
values to intensional predicates (operators) and, what is more important, by a
way of their combination with arguments; (3) an intension of any complex
extensional expression isa function of intensions of its compounds;
(4) an extension of any complexintensional expression isa function
of functor's extension and intensions of its arguments,; (5) unlike Montague's
method, this approach allows to construct an intensional logic as first-order
system.

Logical aspect of analysis of intensional contexts is important for us. A key to
the puzzle of these contexts can be found just there not in behavior of proper names.
The core idea of this approach is that semantical analysis of intensional contexts
presupposes, first of all, identification of peculiarities of their logical structure.

Proposed approach discovers peculiarities of semantics of intensional
contexts. It gives the key for comprehension Kripke's “puzzle of belief
contexts ™.

C 0cOOEHHOCTAMH MHTEHCHOHAJIbHBIX KOHTEKCTOB CTOJIKHYJIMCH
[".®pere, b.Paccen B.Kyaiin, P.KapHan. Ux ocobeHHocTu obcyxnanu
A.Cmanbsan, A.Xuntukka, T.ITapconc, A.Yepu u muorue apyrue. Ho
MMEeHHO Kak 3araaky Bomnpoc craButr C.Kpunke B cratbe “A puzzle
about belief” [2]. “B Hactosuweit crtathbe peub nodaer o oaHOH
3arajike, CBA3aHHOW ¢ ynorpebrneHHeM B si3bike COOCTBEHHBIX HUMEH K
koHTekcTOB MHeHus (belief)... 3araaka, o koTopoit nolaer peun, A6715-
emcsa OelcmeumelbHoOl 3d2a0Kou, W KakK CJIeACTBHE 3TOro Jrobas
nonbiTka OOBACHUTB, UTO MpeAcTaBiaseT coOOW MHEHHe, NOJKHa B
KOHLE KOHUOB Heuz0exHO ¢ Hed cronkHyTbes . “Kak ¢dunocodcekas
3araakKka oHa UMeeT CaMOCTOSTENBHYHO HEHHOCTL, U 1 Jaxxe ,[lyMﬂPO) uyTOo
ee ¢yHaaMeHTabHOE 3HauYeHue Ui pelieHUs NpoOieMbl MHEHUS BaX-
Hee 3HAueHHUs TeX TMPeAnoChUIOK, KOTopble ee nopoaunu. B aekcTsu-
TEJbHOCTHU... TpobieMa 3Ta 3aTparuBaeT He TOJBKO T€ NPELIOKEHHS, B
KOTOPBIX KOHTEKCTBI MHEHHUS BbIPa)KEHbl UMEHAMH, HO W 3HAYUTEJILHO

" PaGorta BeimonHeHa rpu nopaepxkke PCH®, rpant Ne 00-03-00320.
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foJiee LIMPOKHH Klacce NnpeasioxeHUH MHeHUs” [2, 194

@akTHYECKH peyb HUIeT O LIUPOKOM KJIAcCe HMHTEHCHOHAIbHbIX
KOHTEKCTOB, KOTOPBIE OTIMYANOTCA MpPEXKIe BCEro HaTUUYUEM OCOOBIX
UHTEHCUOHAJIbHBIX MMPEAUKATHBIX 3HAKOB (BBIPAXKEHUNA) U WUHTEHCHO-
HaAJIbHBIX ONEPATOPOB (TUNA “BEPUT, UTO...”, “3HAET, 4T0...”, “roaaraer,
4T0...” U T.1.).

Kpunke ormeuaet: «IlogoObHO TOMY, KaK BCAKOR TEOPHH MCTHHHO-
CTH MPHUXOAUTCA CTAIKHUBATLCS C MApaAcKCOM JDKelld, TaK U BCSIKas
TEOPHUS] KOHTEKCTOB MHEHHs WM HMMEH COOCTBEHHBLIX HENpPEMEHHO
JIOJIKHA CTOJIKHYThCS C 3TOM 3araakoi... 3arajaka MpeacTaBiisieT Mpo-
Onemy nng mobo#t cxembl (peuieHus. — £.C.) — KyailHa uinu ubeit-To
ele, — TO €CThb BCEX TeX, KTO MbITAETCS UMEThH €10 C “TOTMKON MHe-
HHUA” Ha pa3HbIX YPOBHAX aHau3ax» [2, 236].

OTMeTuM, 4YTO, KaK NPaBH/IO, aHAIM3 U peLlieHHe NMpobieMbl HHTEH-
CHOHAJIbHBIX KOHTEKCTOB CBS3bIBAIOT ¢ TPaKTOBKOM W CEMAHTH4YECKOH
MHTeprpeTalUe COOCTBEHHbIX MMEH (A€CUTHATHBHBIX BBIPAXKEHUI),
MX CMbIC/IA U 3HAYEHHUS, C MPHUHLMINOM FPEIMETHOCTH H, COOTBETCT-
BEHHO, C (IPUHLUMUIIOM B3aUMO3aMEHUMOCTH KOJAECUIHAaTUBHBIX BbIpa-
xeHul. MMEeHHO ¢ 3THX MO3MUMHA paccMaTpyUBaEeTCs M3BECTHAst aHTH-
HOMMS OTHOLLEHHWS UMEHOBAHHA U MpearaloTcs ee pelieHHs.

Ecnu coOcTBeHHble HMEHA TPAKTOBAaTh KaK XK €CTKHE OAE€CHUT-
HaTopbl, kak 310 AenaeT C.Kpunke, To B 1100bIX BO3MOXHBIX “MH-
pax”, npy MoObIX 00CTOATENLCTBAX, UMS TIPUBSA3AHO K CBOEMY OOBEKTY
camum cnocobom egederus umern (OHU “spabiku’). Kak Obl Mbl HHU
Ha3blBa/IM OOBEKT, BbICKA3bIBAHUE C ITUM HMEHEM TFOBOPHUT 00 3TOM
o0beKkTe (MPUHUMIT MPEeIMETHOCTH); 3aME¢Ha OJHOrO WMEHH O0BbEeKTa
apyrum ero uMmeHem (“‘Hanoneon”, “boHanapt”, Harp.) He MeHseT
neja — pedb WAET O TOM ke oObekTe, Kak Obl OH HU ObL1 Ha3BaH. C
HEBO3MOXXHOCTBIO 3aMEHbl TAKUX UMEH B KOHTEKCTax MHEHMS Kak C
3arajkoi (3TuX KOHTekcToB) cTasikupaeTcst C.Kpunke.

B ciayuae KeCTKUX AECUIrHATOPOB HET peuM O cnocobe yKa3zaHUS
Ha 00bekT. OOBEKTY B pa3HbIX YCIAOBHAX (‘MHpax’”) MOryT NpPHITUACHI-
BaTbCS Pa3HbIE MpPEJUKaTbl — OH MOXET ObITb WJIH He ObITh uiioco-
¢dboM, HankcaTh WIK He Hanucath BeBepnes U T.4., HO 3TO TOT e 00b-
ekT. C Hauled TOYKHU 3peHHs], B TPAKTOBKE UMEH KaK XXECTKHUX A€CHUrHa-
topoe C.Kpunke 3epkalibHO ciaeayeT KOHUEMLHH MOLJHHHBIX coOCT-
BEHHBIX UMeH (proper name) b.Paccena.

[Tpu mo6eix noaxoaax — He TOJALKO B C/ly4ae >KECTKMX AE€CHIHAToO-
poB, HO U y ®pere, Paccena. Kapnana u np. — HapyuweHue npvHUMNa
B3aMMO3aMEHHUMOCTH CBA3bIBAIOT MMEHHO C TPAaKTOBKOW 3aMEHSEMbIX
JIECUTHATHBHBIX BbipaxkeHHi'. TIpy 3TOM B LEHTPe PacCMOTPEHHS —

' CM., Hanp.. pelicHUs aHTHHOMMM OTHOIIEHHS UMeHoBanus [1, ro. 11, § 32].
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NPUHLKIT NPEJIMETHOCTH. ECM BepeH 3TOT NpUHLMM, 3aMeHa OJHOro
MMEHH 0OBEKTa a Ha JApyroe e2o UMs b B JIOOOM TPENIOKEHHH He
MOXET WU3MEHUTb MUCTHHHOCTHOE 3HAa4YeHHE MNpeaokKeHHs. B 3Tom
3arajjka KOHTEKCTOB MHEHHS U BOOOIe MHTEHCHOHAJILHBIX KOHTEK-
CTOB. JIEHCTBYET JIM B 3TUX KOHTEKCT2X MPHHLMI MPEAMETHOCTH M,
COOTBETCTBEHHO, O KAKUX O0OBEKTaX FOBOPAT 3TH KOHTEKCThI?

[".®pere, pewas npobnemy, CTpeMUTCS COXPAHUTb TIPUHUMII Mpe-
METHOCTH, HO C €ro TOYKH 3PEHHS, B KOCBEHHOM KOHTEKCTE MEHSeTCs
NEHOTaT UMEHHU. J[eHOTaTOM UMEHH a B KOCBEHHOM KOHTEKCTE CTaHO-
BHUTCSl CMBICJT 3TOTO UMEHH B €ro NMpPsIMOM YNOTpeOIeHUH, KOCBEHHBIMH
KOHTEKCT Kak Obl TOBOPHUT O CMbIC/IE HMEHH 4, T.€. 0 criocode yka3zaHus
Ha 0ObekT, 00 undopmauuu 06 oObekTe. COOTBETCTBEHHO, MPOUCXO-
JUT YMHOXEHHE CMBICNOB, ¢M., Hanp., [1, r. III, § 39]. Ho He TonbkO
570. CTas1 1M UMEHHO CMbIC] UMEHH @ JEHOTATOM 3TOrO UMEHH B KOC-
BEHHOM KOHTekcTe? JIns aToro tpedyercs creuuaibHOe UMS.

['.Opere BepHO 3aMeTH/ 3aBUCHMOCTb UCTUHHOCTHOIO 3HA4YeHHUs
MHTEHCHUOHAJIbHOTO BBICKA3bIBAHUS OT CMbICIAd UMEHHU (B €ro UHTEH-
CHOHAJILHOM BXOXJEHHUM), T.€. OT crnocoba ykazaHus Ha aeHotaT. Ho
9TO HE 3HAYMT, YTO BbICKA3bIBAHHE CTAIO0 YTBEPXKIEHUEM O CMBICIIC.

b.Paccen uaer no mytd nepecMoTpa KOHUEIMLIMU JACCUTHATHBHBIX
BbIpa>keHUH. [IpuHUKMNUATBHYIO POk U1 HETO UrpaeT crnocob 3anaHus
pedepeHTa — crnocod JaHHOCTH HaM OOBEKTA 8 CaMOli NOZHABAMENbHOU
oesmenvnocmu. OTClOAa OJHU CUHIYJISAPHbIE TEPMbI SIBIAIOTCA MOM-
JMHHbBIMU COOCTBEHHBIMH UMEHAMH, IECUTHATUBHBIMU BbIPAXKEHHSAMH,
ApYrue — Juuib “‘croco® peuu”, OHU HE UMEHYIOT 00BeKThl. Bompoc
no-npexxHeMy ¢haKTHYEeCKH YNUpaeTcs B MNPUHLMIT T[PEIMETHOCTH.
Ecnu obbekT Oaw, aBnseTcs 0ObEKTOM HENOCPEACTBEHHOIO pPaccMoOT-
pEHMS, BO3MOXHO BBeJEHHE MOMIUHHBIX cobcTBeHHbIX UMeH (Cokpar,
[Tapwx u T.1.). Takoro pona MMeHa CBA3aHbl CO CBOMMU OOBEKTaMHU
npaBugaMM o0O3Ha4YeHHs. ACMEKT CMbIC/Ja HCYe3aeT, HO XKeCTKas
JeCHUTrHalus ocTaeTcs. B ciyyae noaiMHHBIX COOCTBEHHBIX UMEH (a H
b) ToxxaectBa Buaa a = b (Hanoneon = bonanapt, Tyanuit = Liuuepon)
MpeBpallaloTCs B aHAMTHUecKHe, Tuna a = a. [lo kpaliHel Mepe, MbI
MOJKEM YCTAaHaBJIUBAaTh MUX MCTHUHHOCTb HA OCHOBAHMM CEMAHTHYECKHUX
npaBui. [l Takoro poga UMeH NEUCTBYET MPUHLUMI NPEAMETHOCTH.

Jlpyroe neno, eciu OObEKTHI HAaM HE JaHbl B “ONbITE”, Mbl CAMU HX
3ajaeM, onucbiBaeM. OHHU MOFYT CYLIIECTBOBaTh, @ MOT'YT HE CYLIECTBO-
BaTh — KaK HbIHEIIHHI Koponb @paHiuuu win kpyribiid kBagpat. OTHo-
cAlIMEeCS K HHUM BbIP@XKEHUs He SABISAIOTCS OOO3HAYarOLIMMH, OHHU —
HEINOJIHbIE CUMBOJIbI. TakOBBIMU SBJISIOTCS, HAIPUMED, OTpeaeIeHHbIE
neckpunuud. COOTBETCTBEHHO, COBEPLIEHHO T0-HHOMY TPaKTyeTCs
NI02UYeCKas cmpykmypa TNpelIoKEHHH ¢ Takoro poja 3Hakamu. Korna
Mbl B MPOMO3ULIMOHATILHYIO dopMy BUAA B(x) mNoOACTaB/igeM AECKpHII-
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uvio (w)A(x), noaydeHHoe sbipakeHHe B((x)A(x)) —~ nuwe “crioco6
pe4yH”’, a He YTBEP>KJIEHHE O COOTBETCTBYIOLIEM 0ObekTe. JlorMueckas
CTPYKTYpa TaKOTO poja YTBEPKIACHHH COBEplICHHO HMHas. BBoasTcs
OHH C MOMOILBIO KOHTEKCTYaTbHbIX ONpereNeHUH (M pernpe3eHTUPYIOT
(paKTHYECKH KOHBIOHKUHIO TpeX YTBEPKACHHH), rie cnpasa, B oIpe/ie-
NAIOLEH YacTH, HET AECKPHIITUBHBIX HMCH, OHU 3JHMHUHUPYIOTCS W3
KOHTEKCTa C MOMOUIbIO KOHTEKCTYalbHOTro omnpenesieHus. Cka3zaHHOe
OTHOCHTCS M K ToxaecTBaM Buaa a = (w)A(x) (B.Ckorr — aBTOp
Besepnes) nan (w)A(x) = (w0)B(x) (YTpennss 3Be3na cyth BeuepHss
3Be3na), 3TH TOXK/IECTBa, COOTBETCTBEHHO, HE ABJISIIOTCA TABTOJIOTHAMH
(aHaTUTHYECKH MCTUHHBIMH). KaK B CJIy4ae MOJIMHHbIX COOCTBEHHbBIX
UMeH. Bonpoc 0 B3aMM03aMEHUMOCTH YCIOKHACTCS.

B cnyuae pedepeHunanbHoro ynorpeCieHus JeCKpUnuMi nociea-
HUE MOTYT 6bINOHAMb pO.ib COOCTBEHHBIX MMEH — BBIMOJHAKOTCS
YCJIOBHSI HEMYCTOTbl U €AMHCTBEHHOCTH. PasrpaHuyerue noaTuHHBIX
COOCTBEHHbIX MUMEH M ACCKPHUIUMHA peluaeT uesblid paa npobieM, ¢
KOTOPBIMH CTajIKMBaeTcs Teopuss UMeHoBaHUs. (Hanpumep, HeorpaHu-
YEHHOE YMHOXXEHHE CYLHHOCTEH B ayxe MelHOHra: 30/10Tble TOpbl,
Kpyraele KBaapaTsbl U T.4.) Ho HU B ciydae pedepeHUUaIbHOrO ynoT-
pebeHus necKpunuui, HU Jaxe B cliy4yae MOMIHHHBIX COOCTBEHHBIX
MUMEH 3aMe€Ha B MHTEHCHOHAJ(bHbIX KOHTEKCTaX He rapaHtdposaHa. C
3TUM KakK ¢ 3aragkoi Takoro poaa KOHTEKCTOB W CTOJKHYJICA B JaJib-
Heiiem C Kpunke.

Eite 01Ha AMHUS pewieHHs NpoOieMbl — YCHICHHE YCJIOBUH TOX-
JECTBA 3aMEHSEMbIX JE€CKPHUIITUBHBIX BbIPAXEHHUH (TOXKIECTBO MHTEH-
CHOHAJIOB, HWHTEHCUOHaNbHbIH H30MOpdHU3M, cUHOHUMHUsA). Ocobo
MHTEPECEH METOJ IKCTEHCHOHAla U MHTEFCHOHAJIA, ONUpaloLMHACcS Ha
CEMAaHTHUKY BO3MOXKHbIX MUpoB. Ho W 04 He mposcHsaeTr “3araaku’
belief-koHTekcTOB.

Bo-nepBbIX, TNOHATHE HHTEHCUOHA/la HE OXBATHIBAET MOHSTHE
CMbICJIa BBIPQXKEHHS, HE MOXET paccMaTpPHUBaThCsH KaK €ro 3KCIUTMKAT.
B03MOXKHO, MO3TOMY 3aM€Ha J€CMIHAaTUBHBIX BbIPAXKEHUH, UMEIOLLIMX
TOT >K€ UHTEHCHOHAJI, HE MPOXOJMT B MPONO3UUHOHAJIbHBIX YCTaHOB-
Kax W belief-koHTekcTtax. Ho He Tonbko mosTomy.

HHTeHCcHOHaN “coxpaHseT’ pedepeHT UMeHH no mupaM (obctos-
TeIbCTBAM ), OH W BBOJAUTCA Kak QyHkuus /- W — U, conocrasnsoluas
MHpY 3HayeHHEe (IKCTEHCHOHaJl) CHUHIYJSAPHOrO TEpMa B 3TOM MHPpE.
TakuM 006pa3oM, MHTEHCHOHa1 BBIMNOJHAET (QYHKLMK) YKa3zaHWs Ha
OOBEKT HMEHH, HO persmususupyem 3mo YKA3aHue OMHOCUMETbHO
Mupos. B 3TOM 1u1aHe OH BBITIONHSET GYHKUHUIO CMbICa UMMEHH, HO He
4yepe3 chnocob ykazanus Ha obvekm, He yepe3 HHpopmauuio 06 06b-
ekte, kak y [".®pere.

COOTBETCTBEHHO, MBI HE MOXKEM TOBOPHUTb O TOXIECTBE BbIpake-
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HHH 0 CMbIC/Y, €C/IM TOXKAECTBO BHIA a@ = b (WK p = g) aABaseTcH
JIOTHYeckH (MM HeoOXOAMMO) MCTHHHBIM. 3aMeHa B OTMX C/ydasx
MPOXOJIUT B MOOQIbHBIX KOHTEKCTAX, MOCKOABKY COXPAHAETCS TOXK/e-
CTBO [I€HOTATOB (3KCTEHCHOHAJIOB) BbIPaXKEHHi1 a U b BO BCeX Bbie-
neHHBIX Mupax W. Ecnu Obl BbIpaykeHus “4uciio miaHer” u “9” umenu
Obl OIMH U TOT ke uHmerncuonan (Kaxk Beipaxkenus “9” u “3°”), 3aMmena
npoxoauna Obl B u3BecTHOM mnpuMepe B.Kyaiina. PerynspHocTs,
COXpaHECHHE 3HAYEHHUA 10 MUPaM — BOT YTO JA€T HHTEHCHOHAJI, U 3TOro
JOCTATOYHO B CEMAHTHKAX BO3MOXKHBIX MHUPOB JISi MOZAbHBIX KOH-
TEKCTOB.

Ho B ciyyae KOHTEKCTOB MHEHHUS WM MPOMO3MLIMOHATBHBIX YCTa-
HOBOK 3TOTO HEAOCTATOYHO — BKJIOYAETCH CYOBEKT YCTAHOBKH H
Ba)kHa ero posib. O6cToaTenscTBa (“MUPHI”) JOKHBI COrIaCOBBIBATHCS
¢ “mMMpaMM” €ro 3HaHUs, Bepbl U T.A. Ho mpuHUMN BbIAENEHHA TaKHUX
MHUPOB HE SICEH.

Torpa B ciydyae UMEH, TPaKTyeMbIX KaK >KECTKHUE AECKPHUIITOPDI,
CYOBEKT NOJIKEH 3HaThb CeMAaHmMuyeckue npasuia CUCTEMbI, MpaBua
BBEJIEHHS JECUTHATHBHBIX BbIPAXEHHH (TO K€ caMoe B Ciyuae Bbipa-
YKEHUH, UMEIOLMX OJMH M TOT )K€ MHTEeHCHOHa.) JlomycTum, BO Bcex
MHpax a U b 0003HaYalT OJIUH U TOT K€ OOBEKT “00BEKTUBHO”, B CUITY
CEMaHTHYECKUX [IpaBUJ], HO CYOBEKT KOHTEKCTa HEe HMeEeT JTOM
vuHGOpMaLMH, SIS HEro 3aMeHa He MPOXOAMT. BOT B yeMm, c HaileH
TOUYKH 3peHHs, CyTb 0ObsicHeHus 3araaku C.Kpunke B ciyyae ero KoH-
LEMLUMH UMEH KaK YKECTKHX JECUTHATOPOB.

Oco6o octaHoBuMcs Ha uaesx B.KyaliHa. OHM cBsA3aHbI ¢ NPUHLIM-
NMUaJIbHOH HECOBMECTHUMOCTHIO KBAHTUGHKALMKU H MOOAIBHOCTH (M
BOOOLIE MHTEHCHOHAJIbHOrO acrekra s3bika). Kyailn 3aBenomo orpa-
HUYMBAET METOA OTHOILUEHHS HUMEHHO TOJBKO 3IKCMEHCUOHATbHLIMU
KOHTEKCTaMH, COOTBETCTBEHHO, MNPUHLUMIM B3aHMMO3aMEHUMOCTH He
NPUMEHUM K UHTEHCHOHAJIbHBIM BXOXIAEHUAM HUMeH. Cka3aHHOE OTHO-
CHUTCS He ToJibkOo K belief-koHTekcTam, HO MU K MoaanbHbIM. Bomnpoc
OMSATb-TAKM CBSI3aH C MPUHLMIIOM MPEAMETHOCTH M ero TpakToBkoi. K
KaKoro poja CYLWIHOCTSM BeAeT KBaHTU(QHUMUPOBAHHBIH MOJAJIbHBIN
A3BIK?

KBantudukauus B MOAanbHbIX (M BOOOWIE UHMEHCUOHANLHBIX)
KOHTEKCTaX BeJEeT K aHTHHOMHSAM IOTOMY, YTO KBaHTH(HKauMs CBs-
3aHa ¢ pedepeHLHaNbHBIM aCIIEKTOM f3bIKa, C €r0 “OHTOJIOTMEN” (KpH-
tepuii KyaitHa), a Mona/ibHble, MHTEHCHOHAJIBHBIE ONEPATOPbI NMPEANo-
naraloT HHTEHCHOHAIbHBIN acrniekT si3bika. KBantudukaums B Moaasib-
HBIX KOHTEKCTaX MperoJiaraeT NpUHATHE 0COO0H “unmeHcuoHanbHoOU
onmonocuu”, BBEIEHHE B KayecTBe 3HA4YeHWH (KBaHTU(PHULHUPYEMBIX)
epeEMEHHbBIX 0COOBIX “HHTEHCHOHANIbHbIX OOBEKTOB”, BMECTO HHIH-
BMIOB, HANp. — WHOMBHIHbIX KOHUenToB. Takas ‘“oHTOnOrHMsa” s
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KyaitHa wHenpuemaema. CornacHo KyaiiHy, 1OTrHYecKUd mpeaukar
TOKAECTBA ‘=" B TAKOIr0 poja KOHTEKCTax “Ao/mkeH Obla Obl yCTYNHUTh
MECTO MPEAHKATY DKCTEHCHOHAIbHOMW JKEMBAJEHTHOCTH WHIAMBUIHBIX
koHuentos” [1, 288]. Ilpob.iema, unu “zaragka”, UHTEHCHOHAIbHBIX
KOHTEKCTCB CBfA34dHa [pH TaKOM MNOAXOA€ C BOIMPOCOM HpHHHMaeMOI:'i
OHTOJIOTHMH #3blKa, C “HECOCTBIKOBKOH~ €ero pedepeHLMabHOTO U
MHTEHCHOHaJIbHOro acrnekTos. M sta mpobnemMa npuMHUMIHATIBHA U
CYLIECTBEHHA: K MNPHHATHIO KAaKOro pojAa CYUIHOCTEH o0s3biBaeT Hac
MHTEHCUOHa/IbHBIN s3bIK? Borpoc 3TOT Mbl paccMOTpuM HIKe.

BBenedre MOHATUS MHTEHCHOHA1a MIPaeT PELUaKOLLYIO po:lb, Kak
ObINI0 MOKA3aHO, B aHA/IU3€ HEIKCTEHCHOHAIbHBIX KOHTEKCTOB, B KOTO-
pbiX npoxoodum 3ameHa L-skeusarenmuuix guipadxceiduu. Bo3HUKaeT
BOMNPOC, KAKOBA POJIb 3TOrO MOHATHA B CYUIECTBEHHO WHTEHCHOHAJIb-
HbIX KOHTEKCTaX, B KOTOPbIX He Oeucmeyem 3TOT NPHUHLMI 3aMeHbl L-
3KBUBAJICHTHBIX BbIPaKEHHUH. Takoro pona KOHTEKCTbl OTJIMYAIOTCA,
KaK OTMEUaJOCh, HaJIMYMEM OCOOBIX MHTEHCHOHAJIbHbIX MPeIUKaTHbIX
Bblpa)kK€eHKH (3HAKOB) U OrneparopoB. EcTecTBeHHO, 0cOOYIO posib MpH-
oOpeTaeT ceMaHTUYeCKast MHTEpNpeTalus TaKOro pojJa 3HAKOB,
METO/bI BbISIBJIEHHUS UX CMbIC/ia U 3HaYeHUss. MOXKHO JiM MPUITHUCHIBATD
UM 3HayeHHUs B H30JIALMH, KAKOro poAa CYLIHOCTH MOTyT UM TOriaa
conoctaBnATbea? MM ske OHM BBICTYNAIOT KaK Orpe1eJIeHHOro Tuna
CHHKaTeropeMaTHiecKkie 3HaKH; CMbICJIOM, 3HaU€HHEM HaAeNstoTCs He
OHHW CaMM, @ KOHTEKCThbI OMpeaeeHHOro Buaa, ux coaepxawue? Kakon
TOraa crnocod UHTepnpeTauuid TaKoro poaa KOHTEKCTOB U KakUM obpa-
30M B HUX CMBbICJ CJIOXKHOTO 3aBUCHUT OT CMbIcia cocTapstowux? Bee
3TH BOMPOCHI KACAIOTCS HMPUHYUNUATbHBIX O0CODEHHOCMel WUHTEHCUO-
Ha/lbHbIX KOHTEKCTOB, M YK€ 3TO FOBOPUT 00 OmnpeaesieHHbIX CyLIEeCT-
BEHHBIX OTJIMYHSAX UX CEMAHTHK.

Hwke Mbl pa3sBMBaeM COOCTBEHHYIO KOHLCTLMIO aHaIM3a MHTEH-
CUOHaJIbHBIX KOHTEKCTOB, B KOTOpO# pa3pabaTbhIBalOTCS MAEH CEMaH-
THK BO3MOXHbIX MHpOB. B orauume or noaxonoB [.MoHTerio “
J1.CkoTTa MOMHUMO 0cO00# TPaKTOBKM MHTEHCHOHAJBHBIX OMEpaTopoB
CYLUECTBEHHYIO POJIb UIPACT CHOCOD YCMAHOBAEHUA UHMEHCUOHAN08
8bIPANCEHUU, BKUIOYAOWuUXx >mu onepamopsl. UIMEHHO TakUM ITyTeM
BbISIBJISETCSA MPUHLMNHAIBHOE OTIMYHE HHTEHCHOHAIbHBIX KOHTEKCTOB
OT 3KCTEHCHOHAJIbHBIX.

ITpeanaraeTrcst HecTaHAAPTHBIA MOAXOA K aHAJIU3y MUHTEHCHOHAJIb-
HbIX KOHTSKCTOB. CyTb €ro B aHaJIM3E JI02UYECKOU CMPYKMypbl 3THX
KOHTEKCTOB. VIMeHHO 8 9moi, a He 8 MPAKMOBKE COOCMBEHHbIX UMEH
(CUHIYJIIpHBIX TEPMOB) BUIAMM Mbl KJItOY K ‘‘3arajke” MHTEHCHOHAJIb-
HbIX KOHTEKCTOB. COOTBETCTBEHHO, BEAYLIYIO POJib B HAalIEM aHalIM3e
UrparoT KOHCTPYHUPYIOLHE OllepaLlkH.

CTpouTCcs CeMaHTHKa MHTEHCHOHANbHOW MEpPBONOPSAIKOBOH JIOTH-
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ku — HUIJL. Ee ocobGerHOCTbIO siBAsieTcs, BO-MEPBbIX, TO, 4yTO: 1. Kax-
AOMY OCMBICIIEHHOMY BbIPaXXEHHUIO f3bIKa COIMOCTAB/AIOTCA KaK JKC-
TEHCUOHAJI, TaK U MHTEHCUOHAJI, U MPH 3TOM He BBOASTCS 0coObie 000-
3HA4YE€HHs 1N UHTEHCHOHaoB. 2. CeMaHTHKa CTPOMTCS TakuWM obpa-
30M, YTO WHTEHCHOHAJIbHBIM TNPEAUKATHbIM 3HAKaM W omepaTopam
TAK)K€ COMOCTABAAIOTCS KaK MHTEHCHOHAJ, TaK U 3KCTEHCHOHAT U MpH
3TOM ONLIUYHbIE OM UHMEHCUOHAN08 U IKCMEHCUOHAN08 0ObIYHbLX Npe-
OUKAMHBIX U onepamopHulx 3Hakos. Takum oOpa3oM, UHTEHCHOHAb-
HbIE A3bIKM OTJIMYAIOTCA HAJTMHHUEM ABYX TUMOB NMPEAMKATHLIX 3HAKOB U
OMEpaTOPOB, W MPH 3TOM Pa3HOro THIA MPEAMKATHBIM 3HaKaM (aHaso-
TMYHO — OMepaTopam) NPUMUChIBAIOTCS Pa3HOTO THIMA UHTEHCHOHAJIbI U
Pa3HOro THIA 3KCTEHCUOHAI.

OnHako TNPUHLMIIHATBLHOE OT/IWYME TMpeasaraeMoil CeMaHTHUKH
COCTOMUT HE B BBIJCJIEHUMU JBYX THIOB MPEAUKATHBLIX U OMEepPaTOPHBIX
3HAKOB, a B BbIABJIEHUHU CYLIECTBEHHO UHO20 CROCOOA C8A3U UHMEHCUO-
HAbHBIX (DYHKMOpPOos ¢ ux apeymenmamu;, pazpadaTbiBaeTca Uaes dgyx
CEMAHMUYECKU PA3IUYHBIX CHOCOD08 NPUIONCEHU (PYHKMOPO8 K
apeymeHmam.

SA3bIK cUcTEMbl CTPOMTCS Ha 6a3e TEOpUH CEMaHTHYECKHX KaTero-
puii, HO paclIMpseTCs MOHATUE UHEKCa KaTErOPHUH:

l. » MU § CyTb UHACKCHI KATEropuii (n — KaTeropus CUHIYJISpPHbIX
TEPMOB, § — KaT€ropus NMpeaioKeHHH);

2. Ecau a v f— uHOekchl kateropui, 1o o/ u o//f — uHaEKCHI
KaTeropui. '

BoipaxkeHHs KaTeropuit Tuna «/ff — 3KCTEeHCHOHabHbIE, a of/ff —
'MHTEHCHOHAJIbHBIE. BakeH cnocob unmepnpemayuu 3TUX ABYX THIIOB
KaTeropui.

[Ton MoaenbHOM CTPYKTYpPOH MMeeTcsl B BUAY MOCIEA0BATEIbHOCTD
<K, N, U, I, ¥>, rne K — HermycTo€ MHOXXECTBO MUPOB, N — MHOXXECTBO
HopMasTbHbIX MUpOB (NCK), U — HemycTas mHAUBUAHAS 00J1acTh BO3-
MOXKHOTro Mupa H, [ — @yHKUHA UHTEPIIpETALHH:

1. Ecniu P ectb npesMKaTHOE BbIpa)K€HHE Kateropuu s/n, T1o I(P)
ectb oobekt THna (29)%.

2. Ecniu Q ectb BoipakeHue kateropuu s//n, To I(Q) ecTb 0OBEKT

U *Hy\k
KaTeropuu (2 )" . AHanOrHuHO JUT. MHOTOMECTHBIX MPEAUKATOB.

3. Ecniu M ecTb BhipakeHHWE KaTEropuu s//s, HanpuMep MoaaabHbINA

(2 (2%)\ K
OrnepaTop, TO eMy NpUIUChiBaeTcs — \ < F o

[IperMylilecTBO MpeaiaraeMoro crnocoba MHTEPrpeTalui COCTOUT
B TOM, YTO KaXXJAOMY UHMEHCUOHWIbHOMY 3HAKY (B OTIIMYME OT MOAXO-
nos JI.Ckorra 1 P.MoOHTEr0) NpUnucbiBacTCA KAk 3KCMEHCUOHAL, MAK
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U UHMEHCUOHA.

OagHako He AOCTATOYHO OJHOrO pasrpaHUyYeHHUs ¢crnocoOOB UHTEp-
MpeTauuu 3KCTEHCHOHAJIbHBIX U MHTEHCHOHA1bHbLIX (PYHKTOPOB (Orie-
paTopoB) U 0COOOW WMHTEprnpeTauMy MHTEHCUOHATbHEIX. Mbl MPUHH-
MaeM (M 3TO CYUWIECTBEHHO!) 08a cnocoba coureHenus GyHKmMopos c
apeyMeHmamu: IKCTEHCHUOHaJIbHblE WM HMHTEHCHOHAIbHble (DYHKTOPHI
COUJIEHANOTCSA CO CBOMMH aprVMEHTaAMHU pazHuiMu COCOOaMH.

CHHTakcHueckHd aBa crniocoba couieHeHHst MOXKHO TMPeACTaBUTh Kak
P(a), ecnu P — 3kcTeHCHOHasbHBIH 3HaK, M Q[a], ecin Q — MHTEHCHO-
HajlbHbIH (PyHKTOp. B 3THX cayyasx Ha CeMaHTHHYECKOM YpOBHE
BbIYMCJIEHUS DKCTEHCUOHAIOE U HHTEHCHOHAJIOB C/I0KHBIX BbIpaXKEHHUH
pa3avuHbl. 1S 3 KCTEHCHOHAaNbHBIX KOHTEKCTOB:

s(l) crocob ycTaHoBneHus HHTeHcoHwta (4%)% x BY = A% rak,
Y5 x U* = 2%, rae 2% (MpOMO3MUMOHATLHBIA KOHUENT) — HHTEHCHO-
Han P(a). MHTeHcHOHan C10KHOrO 3KCTEHCHOHAa/IbHOT O BbIpa-
’KEHHUSA €CThb PYHKIINA UHTEHCUOHATIOB COCTaB/ISIOLLHX.

(I") A’ X B = 4 — crioco6 ycTaHOBIIEHHS IKCTEHCHOHAIA,

15 UHTEHCHOHAILHBIX KOHTEKCTOB CXeMa HHas:

K . 1Ky ;
() (A8 K * B o 4% rak, QY )X UK = 2K rpe 2F -
HHTCHCHOHaﬂKQ[a].
(') A% * B¥ = 4 - cnoco6 ycTaHOBAEHHS IKCTEHCHOHATA:

2V % UK =2, rge 2= (1,0}

DOKCTEHCHOHA CJI0OKHOIO HWHTEHCHOHAIbHOIO BbIpaXKeHHUs
sBAseTCA QYHKUHEH 3KCTEeHCUOHana QyHKTOpa ¥ HHTE€HCHOHaa
apryMEHTHOIO BbIpa)KeHHS,

Takum o6pazomM, neno He MpPOCTO B “VCHIEHUMU YCIIOBHH TOXAe-
CTBa B3aMMO3aMEHSEMbIX BblpaXE€HHWH B WHTEHCHOHATbHBIX KOHTEK-
CTax, a B yyete criocoba CBA3M cOCTaBAsrILUX B HUX. Cnocod cBA3M
COCTAB/IAOWMUX B Cyyae YCTaHOBJIEHHS 3KCTEHCHOHAJIOB W B Ciyvae
YCTaHOBNIEHHS HMHTEHCHUOHAIOB B 3KCTEHCHOHAJEHBI X KOHTEK-
CTaX, KaKk BUAHO M3 CXeM, TOT ke. TOJbKO YCTaHOB/IE€HHE MHTEHCHO-
Hajla pensTuBU3Mpyercs k MupaM K. He rak oOCcTOoUT aeno B UHTEH-
CHOHa/IbHBIX KOHTEKCTaX — ONSATh XKe, KaK BUAHO U3 CXEM.

[TockonbKy Mpu AaHHOM MOAXOAE UMEIOTCA AB€ ONepauuu
NpUIoXKeHHs QYHKTOPOB K apryMeHTaM, €CTECTBEHHO BBECTH ABE Orie-
pauuu abctpakuuu AxA 1 dxA. OHH MO3BOAIOT MOJYYaTh BbIPaKEHUS
KaTeropuii s/n u s//n, coorsercteeHHo. Eciu 4 — popmyna, umeercs no
KpaHel Mepe OHO IKCTEHCHOHAIbHOE BXOXKIEHHE X B 4 U HE UMeeTCH
HM OZHOrO HMHTEHCHOHAIBLHOIO0 BXOXAEHUS x B A, TO AxA(X) ecTb
BbIpaXKEHUE KaTerOpHH s/n. JpyruMu cj10BaMH, Mbl MOkeM 00pa3oBaTh
IKCTEHCUOHANbHBIN npeaukar no dhopmyse, B KOTOPYIC X BXOAHUT 3KC-
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TEHCUOHAJIBHO, HO HE BXOAUT MHTEHCHOHANbHO. JIpyro#t Tun abcTpak-
LMK — d-abcTpakums Mo X, MpearKaT MOXKET ObITh 00pa3oBaH no Mool
dbopmyJsie, B KOTOPYIO BXOAMT X: eciiv A — ¢dopMysia U x BXOOMUT B A, TO
OxA(x) ecTb BblpakeHHe KaTeropuu s//n. [lpunuceiBaemble YCIOBHS
abcTpakUMi TMO3BOAIOT KaXIOMY 3KCTEHCHOHAJIBHOMY TMpeauKaTy
COMOCTaBHUTb MHTEHCUOHAIbHBIA NMpeaukar, Ho He HaobopoT. AxA(x) —
pe3ysbTaT abcTpakUMH MO 3KCTEHCHOHABHOMY BXOXKIEHHIO, AxA(X) —
JETEPMUHHUPYET KIACC UHOUBUOOS, YIOBAETBOPAIOUIMX YCIOBHIO A,
dxA(x) — x1aCC UHOUBUOHBIX KOHYENnmOos, yYIOBAETBOPAIOMMUX YCIOBHIO
A. Ecnu B A nepeMeHHas BXOAMT MHTEHCHOHAIBHO, TO C MOMOLIbIO A
MOXXHO — MpH MPELIOKEHHON HWHTEpNpeTalud — 0XapaKTEepPH3OBaThb
KJ1acC MHAMBUAHBIX KOHUENTOB, HO HE KJacC MHAMBUAOB. COOTBETCT-
BEHHO NPWUHUMAaeMbIM oOrnepauusM abCTpakUHH M BBEAEHHBLIM [MOHS-
THUSM 3KCTEHCHOHA/A U UHTEHCHOHAa (OOBIYHBIX U HHTEHCHOHAIbHBIX
3HAKOB) MOXXHO BBECTH 4eThlpe MpeankaTta YHHUBEPCANLHOCTH (4YeTbipe
BH/a Onepaluil reHepaiu3auuu).

A.(AxA) uctuHHO B H, ecnu Uy BKIAOYAETCA B 3KCTEHCHOHan (B
mupe H) AxA;

A(AxA) uctuHHo B H, ecnu U BKJIOHAETCA B SKCTEHCHOHAI (B MUpe
H) hx4;

V(oxA) vctiHHO B H, ecnu US BiiIouaeTcs B SKCTEHCHOHan (B
mupe H) oxA;

V.(oxA4) vctunHo B H, ecnn (Uy)® BritouaeTcs B akcTeHcHOHaN (B
mupe H) oxA.

OaHOBpeEMEHHONW UHAYKLUMEN OMpENEIUM MOHATHE UHMEHCUOHANA
dbopMybl U MHAUBHUIHOIO BbIPAXXEHUS OTHOCHTEBHO TMPHIHUCHIBAHUA
@ 3HayeHWH cBOOOAHBIM MepemeHHbIM (cumBosinuecku: Int(A4, ¢)) u
MOHATHE SKCMEHCUOHAIA WHAUBUAHOTO BblpaxkeHHUs, GOpMynbl U Mpe-
JHUKAaTHOTO BBIpaXEHWs B MHUpe / OTHOCUTENLHO TMPHUMHCBIBAHUS ©
3HaueHUH cBOOOIHBIM NMEPEMEHHBIM:

. Int(x, 0) = ¢ (x);
- Exty(x, ) = o(x)(H);
. Exty (R, 0) = I(R);
Exty(R(..., LxJ.... x;,..),0)=t & <..., 9(%), ... 0(x)(H)...> € Exty; (R,0);
. Ecniu A-dbopmyna, to Int(4,0) = {H‘ Exti (4, 0) = t};
B apyro#t popme Ext(4,0) =t < Helnt(4,9);
. Int(4&B,p) = Int(4,0)I Int(B,0p);
. Int(14,0) = K — Int(4,0);
. Int(Si4,0) = {H | Int(4,0)e®O(H)};
 Int(x=y,0) = {H| 0()(H) = o)(H)};
0. Exti(Ax4,0) = {meU| Vo' (m=¢'(x)(H)Ag'Jo=>He Int(4,0")};

I N e

— O 00 1 O\
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11. Exty{cx4,0) = {we US|y o' (w=0"(x)Ao'Ro=Helnt(4,0")};
12. Exty d A(AxA),0)=t <> UCExt(Ax4,0) < Vo' (o'dJo=HeInt(4,0"));
13, Exti A.(QxA),0)=t <> Uy Exty(AxA4,0);

14. Exti{(V(oxA),p)=t = U*CExti{ox4,0);

15. Exti{(7x4)(y),0)=t < Ext;{y,0)€ Exti{AxA4,0);
16. Exti((oxA4)[y],0)=t < Inty(y,0)e Exty(cx4,0).

© — JyHKUMA, COMOCTaBIAIOIIAs KAXKAOMY HHTEHCHUOHATLHOMY
OnepaTopy COOTBETCTBYIOLLMH OOBEKT.

BBeaeHHble NMOHATHA 3KCTEHCHOHAla M MHTEHCHOHAIa OTBEYaroT
ABYM cnocobaM npuioxeHuss GyHKTOpoB K apryMmeHTam. OTMETHM,
YTO B HHTEHCHOHA/IbHBIX KOHTEKCTax CJeAyeT pasiinuyaTh 3KCTEHCHO-
HaJ1bHblE M UHTEHCHUOHAJIbHblE BXOXEHHS apryMEHTHBIX BbIpa)KeHHMH
[4, rn. IV, c. 161-—163].

[Ipy Hanuuuu onepatopoB abCTpaklMM KBaHTOPbl €CTECTBEHHO
paccMaTpHBaTbh KakK OJHOMECTHblE BTOPOMOPSAIKOBLIE [PEAHKAThI.
(Ilpu sTOM 3TH npeaukaTbl OYyAYT 3KCTEHCHOHAIbBHBIMHU, TO
ecTb THna s/(s//n) wau s/(s/n)). BelparkeHus ¢ KBAHTOpaMH BBOASATCS
KaK COKpallleHHUs A1 TaKOro poja npeauKaTos:

AxA = A(AxA),

VxA = V(oxA),

AxA = A.(AxA).

[Ipy TakoH TpakTOBKE KBAaHTOPOB BPAd JW CAEAVST CHMUTATh, YTO
KBaHTHU(QHKALMA B UMHTEHCMOHAJIBHBIX KOHTEKCTAX BENET K NPUHATHIO
0co00H “UHHTEHCHOHATTBHOW OHTOJIOTHH’ — BO BCSKOM Cy4ae B CMbICIIE
Kputepus KyakHa.

[Ipu nonxone MoOHTErto MHTEHCHOHaNbHAs JIOTMKA MOXKET ObITb
caMO€ MeHbllee BTOpOnopsaiKoBoH. ¥ MoHTErto coOCTBEHHO MHTEH-
CHOHAJIbHbIE TpPEeAUKAThl HE SIBJAAIOTCA aTOMAapHbIMH, OHWU BBOJSATCSH C
MOMOLIBIO 3KCTEHCHOHANBHbLIX MPEAHKATCB U MHTEHCHOHAJbHBIX One-
patopoB. [IpuHATHE ABYX cnOCOOOB MpUIOXKEHHS (PYHKTOPOB K apry-
MEHTaM M ABYX onepauuii abCcTpakUUH NO3BOASET BBOAHTb HHTEHCHO-
Ha/lbHble IpeauKaThl 0e3 ofpalleHHUs K MHTEHCUOHA/bHbIM OMeEpaTo-
pam. K ToOMy ke MHTEHCHOHaJIbHbIE NPEeAHKAThl MOTYT BXOAMTh B CJIO-
Bapb aTOMAapHbIX MPeAHUKaTOR.

[TpuHuMN 3amMeHbl paBHOI'O paBHbIM Buaa O = ¢ D A(b) = A(c) npo-
X0auT B paccmarpuBaemou cucreme MINJL, a npunuun b = ¢ © A[b] =
A[c] He obue3HaYHM.

[Tpennaraempli 1N0AXOA BCKPbIBA€T OCOOEHHOCTH CEMAHTHKH
MHTEHCHOHAJIbHBIX KOHTEKCTOB M Pa3bsICHAET MCTOKW HapyLUEHHS
MPUHUMIA B3aUMO3aMeHHUMOCTH. OH Takke JaeT K4 K NOHUMaHUKO
KPHUIMKEBCKOM *“3a2a0Ku KOHTEKCTOB MHEeHHS [2].
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b.U.®exopos

B.5OJIbLAHO KAK MPEJINECTBEHHUK
KOHCTPYKTUBHU3MA. I

Pa3Buzas Maet0 nepBeHcTBA MPSAMbIX [10KAa3aTe/IbCTB Hal KOCBEH-
HbIMH (HENPSAMBIMH) B Hay4HbIX TEKCTax, bonbLaHo nocesaeT sTomy
BOMPOCY HECKOJIbKO MECT B CBOEM TIJIAaBHOM JIOTMYECKOM COYHMHEHHH
“HaykoyueHue. OnbIT 00CTOATENBbHOrO, OOJbLUCH YacCTbK HOBOIO
M3/J0KEHUS JIOTUKH C MOCTOAHHBIM BHHUMAHHEM K TMPEXXHUM aBTOpam’™
(WL)'. BecbMa HWHTepecHbIMH B 3TOM OTHOLICHMH SBAAIOTCS
paccyxiaedus, npuBoaumeie UM B § 530 nocnegHero (4eTBepTOro)
TOMa, 1€ OH FOBOPHUT O crocobax MepecTPOHKH HEMpAMbIX A0Ka3a-
TeJbCTB B MpsAMbie. B HenpsiMoM noka3aTesnbCcTBe, 0OTMe4daeT bosblaHo,
Mbl TpeOyeM OT HallMX 4YMTaTeNel JdllbL TOro, YToOBI OHM CAEIaTU
BbIBOJ 00 MCTUHHOCTH AOKa3blBAEMOro NpeaiokeHus M Ha TOM OCHO-
BaHHM, YTO Mbl M3 €ro OTpPULIAHHUA, TO €CTb W3 Mpe1okKeHUs He-M
MO0 HenocpeacTBEHHO, MO0 B COEAUHEHHUHU C JIPYTUMHU HU3BECTHbIMHU
npeanoxeHussMu B,C,D,.... kOTopble caMH 4YUTATENH CUMTAIOT UCTHH-
HbIMH, BbIBEJM CJIeICTBHE He-A, KOTOPOE OHU MPU3HAIOT 3a JIOXHOE.
TeM cambiM MblI keslaeM, 4TOObI YMTATENH clleflallid CrieAyrollee CaMmo-
cToATeNbEOE 3aK1toueHue: “Ecan Ob1 M Obl10 J0XKHO, TO He-M ObL1o
Obl ICTHHHO U UCTUHHBIM Taioke Obu10 Obl U He-A. Ho nockonbky He-A
JI0’KHO, TO JIO)KHO He-M, a cleloBaT€ABHO, UCTHHHBIM OKa3blBaeTCs
M. Jloka3ate/sbCTBa, B KOTOPBIX MCHOJIb3YeTCs MOAOOHBIA Crocod
paccyAeHUs OH M Ha3blBaET HEMPSAMbBIMH, OMOCPEJIOBAHHBIMHA HJIH
anarorH4eCKMMU., a TakoKe AOKa3aTeJbCTBOM Yepe3 MpHUBEJEHHE K
abcypay. Bce apyruve nokasatenbCcTBa OH CUMTaeT MMPAMBIMH, HETMO-
CpeACTBEHHBIMHU WJIH JIEMOHC TPATUBHBIMU.

CreneHb yBEPEHHOCTH, cO3JaBaeMas anarorMyeckMM [10Ka3aTe/lb-
CTBOM, 3aBHCHUT, MO MHEHHI DBOJbUAHO, HCKJIKOYHMTE.IBHO OT TOro, C
KaKOH CTEMEHbK) YBEPEHHOCTH MPUHUMAIOT 3a UCTHHHBIE JBa CBOHX
MpeanooKEeHHs O TOM, YTO JIOXKHBIM SBJi€TCA Npeanoxenue xe-M u
4TO JIOXKHBIM Ke aBjaseTcs npeaioxeHue He-A. I[lo cytr nena sce cBo-
JIUTCS K TOMY, C KaKOW CTENeHbIO JOCTCBEPHOCTH JOKa3aHa IJlaBHas
runoreTvuyeckas nocbiika: “Ecau Obl He-M ObLIO UCTHHHO, TO UCTHH-
HbIM ObLJIO Obl U He-A?. Ecnu ycMaTpuBarTh Lejlb arlarori4eckux J10Ka-
3aTe/IbCTB JIMLLb B YOSXKIAEHWU YdTaTeNel, TO B MPHHLUHUIIE OHH MOTYT
yrnoTpedAThCS B Y4eOHUKAX OTAeNbHBIX HayK. BmecTe ¢ TeM Kk noao6-

' Bolzano B. Wissenschaftslehre. 4 Bande. Sulzbach, 1837.
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HbIM JI0Ka3aTenbCcTBaM bonbuaHO NMpeabsaBasieT cepbe3Hble NPETEH3UH:
BEAb €CJIH W3 MpeIoKeHUs He-M, KOTOpoe CUUTAeTCs JIOXKHBIM, C
NMOMOLIBKO CIUIOLIb UCTUHHBIX npemnoxeHuilt B,C,D,... 101KHO BbIBO-
AUTBCS JIOKHOE MPEMIOKEHHE He-A, TO 10 CPABHEHUIO C 3THUM U3 MOJ-
HOCTbKO HUCTHHHOH COBOKYNHOCTHU npemnokeHudd B,C,D,...u A TOYHO
TaK K¢ MOXET JIOTHYECKH CJI€NOBAaTh UCTHHHOE JAOKAa3bIBaEMOE Mpe-
noxenve M. A orcroga, Kak cudrtaer bosibliaHO, TOTYAaC Ke MOXKHO
3aKJIFOYUTh, YTO BMECTO TOrO, YTOOBI MPAMO W3 MpeIIoKeHUH
B,C,D,... n A BeiBOaUTL M, yuTaTeNSIM NIpeU1araeTcst OKOMbHBIN My Th:
CHavana u3 npenyoxeHui B,C,D,...n He-M BbIBOIAT NpeIOKEHHE He-
A, a 3aTemM U3 ABHOI JIOXKHOCTH TMOCJIEHETO 3aKJII0YAIOT, YTO U Cpeu
npeanoxenuit B,C,D,... u He-M Takke HMeeTCd KaKOe-TO OIHO
JoxHoe mnpeanoxenve. Ho nockonbky Bce B,C,D,... ABASIOTCH 31€Ch
3aB€JIOMO HUCTHHHBIMH, TO MPUHUMAETCS PELIEHHE O TOM, UTO JIOXKHBIM
SIBJISETCS TpensioxkeHue He-M, a TeM caMbiM caMo TNpeajokeHue M
OKa3bIBaeTCsI HCTUHHBIM. B pesynbTtate boabuaHo NpUxoauT K BbIBOY,
4YTO MPEMJIONKEHUsS, HAa KOTOpble OINMUPAETCA amnarorMyeckoe aoKasza-
TEJIbCTBO, HUKOT/1a HE MOTYT pacCMaTpuBaThCa B KayecTBe OOBLEKTHB-
HOrO OCHOBaHHUS [10Ka3bIBAEMOH UCTUHBI U HE AOKHBI UCIOJb30BaTh-
csl B “‘CTPOr0O HAYUHBIX U3JT0KEHUAX .

Ho nr060e anarornyeckoe nokasarenbCcTBO, C TOYKHU 3peHUst bosib-
LAaHO, MOXXHO IMYyTEeM HECJIOXHbIX H3MEHEHHH npeobpa3oBaTh TakK, YTO
3TO MO3BOJUT H30aBUTLCS OT HENPUATHOCTH HCMOJIb30BAHUSA B HEM
JIOXHBIX Mpeanocsliok. /[ns atoro npexnae Bcero bonbuaHo npenna-
racT B KaueCTBE ararora pacCMaTpUBaTh TOJbKO TaKUe MpPeaIoXKEHUS,
npeaIukKaT KOTOpsIX (“rmpeaukaTHOe MpeacTaBieHHe”) SBISIETCS OTPH-
HaTeabHbIM. [Ipennoxkenue, Hcnob3yeMoe B KaUeCTBE MPEAINOCHIIKH B
arnaroru4yecKoM JoKa3aTesbCTBEe, HUMEET, corjlacHo bosbuaHo, cie-
ayoouyo GopMmy:

Kaxxnoe 4 ectb He-B (1)2

[Ipy npoBeaeHUH anarord4eckoro q0Ka3aTejlbCTBa, KaK OTMEYaeT
bonblaHo, paccMaTpUBalOT KOHTPAAUKTOPHYIO MNPOTHBOMOJIOKHOCTD
JIOKAa3bIBAEMOT'0 MOJIOKEHHS WIH NPEeMIOKEHHE O TOM, UTO MMEETCH
HeKoTopoe A4, KOTOpoe OJHOBPEMEHHO ecTh B, UKW cOOCTBEHHO npea-
NOXEHUE:

[IpencraBnenue o0 A, kotopoe ecTb B,
HUMeET IMPeIMETHOCTh (He mycTo. — b.P.) (2)

Jlanee B nOKa3aTeJIbCTBE YKa3bIBA€TCs, UTO MPUHATHE (2) NPOTHBO-
PEUHUT yKe 10Ka3aHHOH paHee UCTHHE:

Kaxnoe R ecth § (3)
HMHaue rosops, U3 (2) BBIBOAUMO MpPEIOKEHHE:!

? Yro paBHO3HAYHO B jlorvke Bonbuaso orpunanmio npennoxenns “Kaxaoe A ects B”.
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[lpencraenenue o6 R, koTopoe

HE €CTb %, HMEET NpeAMETHOCTh (4)
D10 3aK/ItOUEHHE MMOTYYaeTC s, Mo MHEHHED BobLaHO, HE HHAYe, KaK U3
COEIMHEHHUS NPUHATOTO 32 HCTHHHOE MPpenioKeHHs (2) C MOJTHOCTLIO
MCTHHHBIMH U

paHee 10Ka3aHHbIMH TPeMs MPeAIOKEHHAMH (POPMBI:

[Ipeacrasnenue X umeer npeaAMETHOCTb (%)
Kaxnoe X ectb R
Kaxjaoe X ectb He-5 (6)

Yr1obbl yCTAaHOBUTB, YTO MpeAcTaBiieHHe R, KOTOpoe He sBjsAeTcs
HUKAKUM §, HMeeT MpeAMETHOCTb (CYLLECTBYET UM He MyCTOo, - b.D.)
HeT UHOro crocoba, kak NpeabABUTh NMpEAMET, KOTOPbIA Obl SBIAICA
npeaMeToM 000MX, TO ecTh Kak R, Tak 1 He-S. Takol npenmer, cuu-
TaeT boibUaHO, MOXKHO OOHAPYXHTh HE HHade, KaK yKa3aB Ha UCKIIIO-
YUTENBbHCO ero obo3Hauarollee npeacTtaBieHde X W OOKas3aB, BO-Tep-
BbIX, YTO O3TOMY T[pEICTABIEHHUIO COOTBETCTBYET AEHCTBUTE/bHbIM
NpeaAMET, TO €CTh YTO 3TO [PEACTABICHHE UMEET MPEeAMETHOCTD (5) —
U, BO-BTOPBIX, UTO OTHOCALLMHCSA K NMpeicTaBJeHHIO X npeaMeT sABs-
€TCsl OJHOBPEMEHHO MpeAMETOM Kak R, Tak U He-S (6). XoT4 31€cCh,
KaK CYMTaeT bopuaHoO, MOTYT BO3pa3uTh, YTO A/ 3TOrO YKe€ J0CTa-
TOYHO MpOTHUBOpeuus ¢ (4), KOTOpOE BO3ZHMKAET, €C/IM OJHO W3 Mpea-
oXKeHUH (6) paccMaTpuBaTh KaK 4acTHOe, a He odulee CyxkIEHHE.
OnHako, OTMEYaeT OH, U B 3TOM CJIyyae BbIpaXKeHHUE “Kaxablid X He
o3HayaeT 00s3aTenbHO, 4TO 00JAacTh MpeacTaBieHUs X OXBaThIBAeT
00.1614€ TIPEIMETOB.

Ecnn tenepw Tpu npemsioxkenus (5) v (6) nomxrel ObITh AeayLH-
pyeMbl M3 (2), TO NpeacTaBiieHMe, MPEAMETHOCTb KOTOPOro IMpeay-
CMOTpEHZ B (2), 10DKHO HaXOAMUTbCS B OTHOLIEHMH oxeambiéanun (§
108, WL. — 5.@.) k npeacrapieHlto X, TO €CTb MOCaeAHee HOIKHO
OBITH paBHO3HAYHO, MO0 LIHpE, YEM MPEACTAaBIEHHUE, O KOTOPOM UIET
peub B (2). Tak kak o4YeBH[IHO, COrJacHO bosbLaHO, YTO U3 MpeaMeT-
HOCTH OJHOIO MPEACTABJEHHS MOYKHO Cpa3y 3aK/IOUYHTh O NPeIMETHO-
CTH paBHO3HA4YHOro eMy W.1M “Gosee wmpokoro” (bonee obuero. —
b.®.) npeacraBneHus, a He “OoJjiee y3koro” (4acTHoro. — 5. @.), To npu
foJiee neTaTbHOM aHajM3€ €ro COCTaBHbIX uyacTel rpeacrtarjieHue X
MPUHUMAST BUA:

Hekoropoe A, kotopoe ectb B, (7)
rne A' v B' — napa “6osiee wMpokux”, obpasyembix U3 A U B npen-
CTaBJIEHHUH, “3a cuem omopacvl6AHUA UX U36ECHIHBIX COCHMIABHbIX
yacmeu’”.
[Tocne c.ienaHHbIX MPEArnoloKEeHUH Jerko, Kak cydrtaetr bosbuato,
MOXXHO TOKa3aThb, Kak Joboe amarori4eckoe J0Ka3aTebCTBO
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npeobpasyercs B Takoe, rie MOXXHO OOOHTHCH 6e3 MCMOIb30BAHMS
JIOXKHBIX TIPEATNOChUTOK BOOOLIE.

[Tockonbky HMeeTcs ucTrHA (3), rOBOPALIAS O TOM, YTO Kakaoe R
ecTb §, To npeanoxenus (5) u (6) HaBepHSKA He SBISAIOTCS BCE TPH
UCTUHHBIMU. Clie1oBaTeNbHO, JUOO MEPBOE W3 HHUX JIOXKHO, TO €CTh
npejcrasieHde X sBasercs becrnipeaMeTHbIM (mycThiM, - b.MD.), nubo,
ecii X NpeJMETHO, TO JIOXKHO OAHO M3 ABYX mnpeajoxkeHuit (6). Ho
MOCJEHEE BO3MOXHO BCAKHMH pa3 JIMILUb BCJEACTBHE OTOpachiBaHHS
M3BECTHBIX, OObEAMHEHHBIX B MpeAcTaBieHHH (7) MPHU3HAKOB, 4YTO
Mo3BoJiseT 0Opa3oBbIBaTh napy npeacraeiaeHuit X' u X", kotopele 06a
001afaloT NPeAMETHOCTBIO U Je/1al0T /1Ba Mpeaji0KEeHHS

Kaxnoe X' ectsb R,

Kaxnoe X" ectb He-S (8)
oba ucTUHHBIMHA. bosbLiaHo TMpeanonaraer, 4TO HCTHHHOCTb 3THX
MpeaoKeHUH MOXET YCTaHABIMBATLCS 32 CUET UCTIONIb30BAHHUS TEX XKe
CaMbIX MPEANOCHUIOK, KOTOPbIE HCIONb30BAJIUCh MPHU JOKA3aTEIbCTBE
MCTUHHOCTH npeioxeHuit (5) U (6). ITocko/bKY U3 MPHU3HAKOB, KOTO-
pble aenaroT OecrnpeaMETHbIM WM CaMONMPOTUBOPEYUBBIM (Takoke Myc-
TbiM. — b.@.) npeacrasieHre X U KOTOpblE OTCYTCTBYIOT B MpPEACTaB-
nenusax X' v X", HEBO3MOXXHO MOJYYHTb HHMKAKOTO 3HAYHUTEIBHOIO
CNeCTBUS, KOTOpPOE€ HEOOXOAMMO [JIS J0Ka3aTe/l1bCTBa HCTHHHOCTH
ITHX MPEIOKEHUH.

Ecnu ynaercs aokaszaTb MCTHHHOCTb napsbl (8), To, cuuTaet boJib-
uaHo, Jeno npeobpa3oBaHHUs anarordyeckoro A0Ka3aTe/bCTBa MOXKHO
CYMTATb MOJHOCTbIO 3aBEPLUEHHBIM, TaK KaK 0OBEAMHEHHE UX C UCTU-
Hoi (3) ompaBAbIBaeT TOTYAC ke 3aKiloyeHue o ToMm, yto X' u X"
SABIAOTCSA Mapoil e3aumoucrkovarowjux (§ 105, WL. — b.®.) npen-
ctaBjieHWH. TlocnenHee o3HavaeT, YTO MpPEACTABIECHHE O HEYTO, KOTO-
poe ObL10 6b1 OAHOBpeMeHHO W X' U X", a ciegoBaTenbHO, 0 “Oosee
y3koM” (Oonee KOHKpeTHOM. — b5.@.) mpeacraBieHud A, KOTOpOe
OJHOBpPEMEHHO ecTb B, saBnasercs OecnpenMeTrHeiM. Ho wu3 sToi
MUCTHHBI, M0 MHEHHIO BosblLIaHO, KaK TOJIbKO CTAHOBUTCS M3BECTHBIM,
YTO MpeAcTaBieHHe A caMo 1o cede He ABngeTcs OecrpeAMETHbIM, TOT
e yac obpa3yeTcs JoKa3biBaemas UCTHHA!

Kaxnoe 4 ectb He-B.

B kauecTBe npumMepa npeoOpazoBaHMs HEMPSAMOro J0Ka3aTeIbCTBA
B npamoe bonblaHo paccMmarpuBaet 10Ka3aTesbcTBO EBKanaa o Towm,
YTO B K&XAOM TpeyrojibHuke ach npotue Gonbiuero yrna @ > b nexur
Gonbiuas cropona cb > ca (Es. I, 19). JokaszatenscTBo EBxinaa B
H310’)KeHUU BosbLIaHO BBITIAAUT crieayroumm obpasom. Ecnu 661 ObL10
HeBEpHO, 4TO ¢b > ca, To momkHO ObITh MO0 cb = ca, nubo ¢cb < ca.
Ho ecnu ¢b = ca, 10 (cornacHo EB. I, 5) npoTtuBocTOfALlHE CTOPOHAM
TpeyroJibHUKa ach yribl J0/KHBI OBITh PaBHBI, TO €CTh @ = b, 4TO MpO-
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THBOPEUYUT CAEJIAHHOMY MNpPEANojoXeHH0. A ecnn c¢b < ca, TO
(cornacho EB. [, 18) Mexxay npoTUBOCTOYILMMH UM YIJIaMH HMEIO OBl
MECTO OTHOWIEHHe: a < b. YTO Takke MPOTHBOPEUMUT CHEIAHHOMY
npeanoJoxeHuto. CienoBaTesbHO, OCTaeTcs IPUHATE, UTO ¢b > ca.
IIpuBeneHHOe noKkasaTenbcTBO, 3aMeyaeT bosbliaHo, BKIO4aeT B ceds
JBa anarcru4eckKux B BUAE CIEAYIOLIMX MPeaI10KEHUH:

B tpeyronvHuke ach, B xotopom @ > b, cb ? ca.

B tpeyronbHuke ach, B kotopoMm @ > b, HeBepHO 4TO ¢b < ca.

bonapl@aHo cuMTaeT O0CTATOYHBIM [IPOEMOHCTpUPOBaTL B WL
npeodpa3oBaHHE anarorMuyecKkoro A0KaszaTejbLCTBA JULIbL JJi [1€pBOro
NpeAIOKEHHS, OCTaB/IAs1 BO3MOXKHOCTb OCYLUECTBUTL 110A00HOE Xe 1S
BTOPOTO MNPEAT0XKEHUSI CAMUM YHTATEIISAM.
Ecnu, corsnacHo bonbliaHo, Mbl cpaBHUM MOAJIEXKALIEE 10Ka3aTE b=

CTBY NpPEIJIOKEHUE!

B tpeyroneHuke ach. B kotopom a > b, chb ? ca [1]
C npemio:keHueM gopmal (1) npeauiecTByOWEro pasbsiCHEHUsI O Cro-
cobe npeoOpa3oBaHUs anarorMyeckUx A0Ka3aTebLCTB, TO OOHAPYKHUM
caenyrouwee. I[lpeacraBineHnio A B JaHHOM ciiydae OydeT COOTBET-
CTBOBaTb MPEACTABIEHHUE O TpeyroibHuke ach, B kotopom a > b. Iloa
npencTtaBjieHHeM B Oyaer noapaszymeBarih-cs B 3TOM ¢llyyae MpeacTas-
JIEHHE O TPEYroyibHUKe ach, B KOTOPOM cb = ca, a JIOXKHbIM MpPeanoso-
KEHHEM, HCNOJIb3yeMbIM B alarordyeckoM JoKa3arefbcTBe, Oyaer

NpeaioKeHUE:
[IpencraBneHue o TpeyrojbHUKe ach, B KOTOpoM
a > b, v onHOBpeMeHHO ¢b = ca UMeeT NpeIMETHOCTh [2]

[TonoOHoe npeanonoxerue CKpbITBIM 00pa3oM, kak cuuTaeT bosib-
HaHO, HMCIIOJb3YETCS M B [0OKa3aTelbCTBE CaMHUM EEKJIMAOM B BUAE
TMINOTETHYECKOrO YTBEPXKAEHHSA: ecid Ol B TpeyroabHuke ach cb =
ca, 70 a = b. TlpeanoxeHnue dropMsl (3) 34eCh 3BYUHT TaK:

B xaxxaoMm tpeyronbHuke ach, B kotopom cb = ca,

Takke ua =b [3]

CnenoBarenbHo, Moj mnpeAacTaBleHHMeM R 3aech npeanosaraeTcs
npeAcTaBJIEHHE O TpeyroibHUke ach, B KOTOpoM ¢h = ca. A noja npen-
CTaBJEHHUEM § MOoJpa3yMeBacTCs MpeACTaBiIeHHE O TPeyrojbHUKE ach,
B KoTOpoM a = b. IIpeanoxxenue ¢hopmsl (4) 3ByUMT 3[€Ch TaK:

[Ipeacrasiaenue o TpeyrosbHuke ach, B kotopoM cb = ca,
HO @ ? b iMeeT NpeAMETHOCTD. (4]

3TO MpeanoXeHHUe MoJyHaeTcss B BUAS 3aKIIOYEHUS U3 MpeasioxkKe-
Hus [2] 6e3 npuBieYEHHS [OMOJHUTENbHBIX MNPE/IOKEHUH, a JULIb,
Kak cydtaetT boabuaHo, 3a cyeT 3ameHbl “y3KOro”’ MNpencTaBlCHUSA
“HeKOTOpHI# TpeyrojbHUK ach, B kotopoM a > b u ch = ca” Ha Gonee
“upokoe” — “HEKOTOpbId TpeyrojbHUK ach, B koropom a ? b u
ch=ca”.
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[locnennee mnpeacraBieHHe COOTBETCTBYET MO CYLIECTBY Mpej-
craByiednro X u3 (7), umeroiiemy dopmy: A', kotopoe ects B'. B nau-
HOM KOHKPETHOM cJly4ae npejacrapieHue B’ oka3blBaeTCs OQHHAKOBbLIM
¢ npeacrasnenuem B (u ¢ R), a npeacrasneHus A’ obpazyercs 3a cuer
pacuimMpenus obbema npeacraBieHns A, MOCKOIbKY BMECTO NMpPU3HAKa
a > b ucnone3zyercs Gonee “LiMpokuit” (0600umeHHbIH. — b.D.) npu-

3Hak a ? b. Tlpemnoxenus dopmbl (5) u (6) 3Byvar 3aech COOTBET-
CTBEHHO:

IIpencraBnenue o TpeyroibHuke ach,
" B KOTOpoM ¢b = ca, HO a ? b IMeeT NpeIMETHOCTb. [5]

TpeyronbHuk ach, B kotopom cb = ca,

HO a ? b umeeT NpusHak a = b,

TpeyronsHuk ach, B kotopoM cb = ca, [6]

HO a 2 b umeeT npuzHak cb ? ca

Y1o6bl HM30aBUTHCA OT amaroruyeckod (popmMbl J0Ka3aTesbCTBa, B
COOTBETCTBUM C TMPHUBEICHHBIMH paHee OOBACHEHHUAMHU HeoOXOoAUMO,
coryiacHo bosibuaHo, U3 npeacTaBieHus X UIH U3 HEUYTO, KOTOpOe €CTh
OHOBPEMEHHO Kak A, Tak U B, oTOpPOCHUTb W3BECTHYIO COCTAaBHYIO
YyacTh B BHJeE Mapsbl “Oojee mHpokux” npencrasieHuit X' u X2, noka-
3aB T€M CaMbIM, YTO OHM O0pa3ylOT [ABa HCTUHHBIX MPeNSIOKEHHS
dopmbl (8). 3aeck TOT ke yac oOHapyKUBAETCH:

TpeyronsHuk ach, B kotopom cb = ca, [7]
MMEET NpU3HaK a = b;
TpeyronsHuk ach, B xotopom a ? b, [8]

uMeeT npusHak ca 7 cb
HoxazarenbcTBo npeaioxeHuit [7] U [8] HeTpyAHO OCYLUECTBHUTS.
[lepBoe, kak ormeyaer bosbluaHo, sBAsSETCA MONOXKEHHEM “Oile-
menToB” EBknuna (Er.I, 5), a BTOpoe nonyvaercss kak KOHTParno3vuMs
neporo. [Ipu 3ToM oOHapyXuBaeTcs, YTO B [JaHHOM KOHKDETHOM
J0Ka3aTeAbCTBE HE HYXXHbl 00a MpeasoKeHHs, 4YTOObl MOIY4anoch
3aKJIIOYEHHE:
[IpencraBnenue o TpeyrojbHUKe ach, B KOTOpOM
a ? b v ca= ch, spnsercsa 6ecripe AIMETHBIM.
Orciona  nerko  ofpa3yerca  MOJJIeXalllee  O0Ka3aTe/IbCTBY
Mpea/ioXKeHHe:
“IIpencraBiieHne O TpEYrojibHHKE ach, B KOTOpOM
a > b, vo ca = cb aBnsercs becnpeaMETHBIM .
HUnu
TpeyronbHuk ach, B koTopoM a > b, MeeT npusHak ca ? cb.
BonbuaHo rmpejiaraer cieaylollee KpaTKoe 3BYy4YaHHE BCEro
J0Ka3aTesIbCTBA: “TPEYrosibHUK dach, B KOTOpoM ca = cb, uMeeT rpH-
3Hak @ = b. CnenoBaTelIbHO, TPEYTroIbHUK ach, B koTopom a ? b, umeeT
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npusHak ca ? cb. Benenctsue atoro tpeyroasHuk ach, B kotopom a >
b, umeet nipuzHak ca ? cb”.

Hrak, npennaraeMbii boasuaHo Meton npeobpasoBaHUs anaroru-
YECKOro J0Ka3aTesbCTBa NO3BOJsSET M3bexaTs ynorpebaeHus J0XHbIX
MPEeIIOKEHUH B OCHOBAHUSX J0OKa3aTejbCTBA U, MO MHeHHIO bomb-
UaHO, ONUpaTbCs JULb Ha TakKue, KOTOpble “Tpolle” TEpBbIX,
MOCKOJIbKY HE COAep)KaT B CBOEM cocTane OecrnpeaMeTHBIX CYObLekT-
HbIX MpeJCTaBIEHHUN (CyXKaAeHUE C MyCThiM UIU DecnpeaAMeTHbIM CyOb-
EKTOM dBJIeTCA B JIorMke bonbuaHo 3aseaoMo noxHbiM. — 5. @D.). B
OOBIYHOW MpaKTHKe paccyxk,1eHUi moaoOHbie NMpeasoKeHH s, KaK CYH-
TaeT bontLaHo, NMOSABAAIOTCS B OCHOBHOM B CJAEIYIOUIEM THIOTETHYE-
ckoM Buze: “Eciu HeuTo, KOTOpOe UMEET CBOMCTBO ,f3,Y,... UMeJIO Obl
CBOHCTBO A4, TO OHO UMeJ0 Obl U CBOMCTBO non.y’, rie non.y u y 00o-
3HavyalT NpOTUBOpeYalLMe JIpyr Apyry cBoicTa. B nogobHoM npen-
JIO)KEHHUHU M3 CYOBEKTHOro rpeacTaBieHUs TPEeAINOCHUIKH MPU3HAK Y
MOXHO OTOPOCHTb M JAHHOE YIPOLIEHUE HE YCJIOKHUT HU 10Ka3aTe/Ib-
CTBO €CamMOro rMNOTETUYECKOTO YTBEPXKIAEHUS, HH BbIBEAEHUE U3 HEro
pa3avuHbIX 3aktoueHrd. [loaroMy, kak cuuTaet boabuano, anaroru-
YeCKHUH Criocod n0oKa3aTeNbCTBa HE JOKEH HUKOIJa UCIMO/b30BaThes
TaM, “rae TpeOyeTrcs SCHOe 0CO3HAaHWE OCHOBAHUH (MOKeET ObiTh JaKe
CYOBEKTHUBHBIX), Ha KOTOPbIE OMUpaAeTCs A0KAa3bIBaeMad UCTHHA .



B.X.XaxaHussn

INPEAHUKATDBI PEAJIM3YEMOCTH
IJISI TEOPUHUA MHOXECTB

B [1] A.I'./IparanuH npeanoxxun MeToxa MoJyuyeHHs OJHHUX Moje-
NeH THMa peann3yeMOCTH A1 MHTYMLHMOHUCTCKON apudMETHKH U3
Apyrux. Mpl npennaraeM aHajaOTH4YHbIA METOA AJ1 TEOPHH MHOXKECTB
¢ UHTyHuHoHHCTCKOH Jorukoit ZFIDC (TtouHas gopMysiMpoBKa MOXET
ObiTh HaiineHa B [2]). Kak u B [2], MbI cunTtaem, uto ZFIDC coaepxur
TepMbl, BBOJAHWMBIE MO akcHome Bbiaenenus. [Ipeaukar T, onpenenex-
HbIH Ha MHOXecTBe npegioxkeHuid Teopuu ZFIDC, Ha3zoBeM npenuka-
TOM TUMNa peanu3yeMocTH (r-npeaukaroM), ecaud 1) ZFIDC BeiBoaumo
p=>Te;2) Ty T(p > w) = Ty nna 1oObIX NpPeAIOKEHUA @ U Y.
Camblit npocToi npumep r-npeaukara: Te <> ZFI seiBoaumo ¢. [lep-
Bas onepalus, Jalpouas HoBble r-npeadkarbl, TakoBa: ecau { T, } —
CeMeHCTBO r-rMpeaukaToB, To HOBbIW npenukar, T=IIT, T.e.
Teo=ViTe, OnuiuieM Teneph BTOpylo omnepauuto. [lycts A —
Bbicka3biBaHue U T — r-npeaukar. [lycte A — npeaukar, 3aaaHHbIA Ha
MHO€ECTBE 3aMKHYTbIX aToMapHbIX popmyn ZFIDC. J[lonyctum, uro:

1) A=>A@=To nns Bcex 3aMKHYTbIX aToMapHbIX ¢popmyn ZFIDC
2) A=To

3) ecnu P-aToMapHast UCTUHHAs 3aMKHyTas Gopmy:a, To A@

4) ecnv (p-aTomapHas 3aMKHyTas JioxkHas dopmyna v Ag, To A

5) npeauMkaT A JK3MCTEHUHaJeH Ha MHOXKECTBE aToMapHbIX dopmy,
T.e.Vg[A(get) = A(ger)in A(rep) > A(t ep)

6) nis Beako# Gopmynsl @(x) ¢ 01HOH CBOOOAHOM MEpEMEHHOR U 1Jis
BCAKOIO TepMa t HaiiaeTcs aApyroi TepM q TakoH, uto Vr[dA(r € ¢ ) <
A(r et) AT )]

OnpenenuM Ternepb HOBbIM mpenukat S(A, A, T) Ha MHOXeCTBe
npeuioxxenuid ZF1 nHaykLMei Mo nocTpoeHUIo GopMyJibl ¢:
1) S <A@ nng aToMapHO#K 3aMKHYTOH (GOPMYJIbI
2) S(9 Aw ) So A Sy
3)S(p vy )< So v Sy
4) S(¢ = v ) < (So=Sy) A T(o = )
5) S(Vxo (x)) < Vt. So(t) A T(Vxo(x))
6) S(Ixe (x)) > 3t. So(t)
7) S(L)=A
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YTBEpXKACHUSA:

1. So=>To

2. S(L—>0)

3. ZFIDC BbiBOAMMO 0=>S0
4. S ecTb r-ripeAyKar.

B [3] Mbl NpUMEHHIIH BTOPYIO ONEPALMIO TIPH IOCTPOSHUH MOJETH
JUTS JOKas3aTe/IbCTBA NOMyCTUMOCTHU npasuina Mapkora B ZFIDC.

Jdaanm HedopManbHbIH KOMMEHTapHi MPUMEHUMOCTH M3JI0XKEH-
HOro METOJa U €ro MeTaMaTeMaTHYECKHUH aHaIU3, c/Ae/1aB 3TO M0 CpaB-
HEHHUIO C aHaAJIOrH4HbIM HcclegoBaHMeM B [1]. B kauecTBe npumepa
TaM JaeTcs J0Ka3aTe/bCTBO BbIBOAUMOCTH B HA Tak HazbiBaeMoro
npuHUumna P.

Onepaums S, n3j10>k€HHas BblllE, MO3BOIAET NOMYUUTh (115 apud-
MeTUKH HA, KOHEYHO) HEKOTOpble U3BECTHBIC PEATH3YEMOCTH, HarpH-
Mep, WTpuX Akuena, wW1pux-peaiuzyeMocts KiuHM (nocieaHss
UCIIOJIb3YSTCSt A1 AOKA3aTe 1bCTBA TAKOrD 3amMeyaTesbHOro akra, Kak
BbINOJHUMOCTb B MHTYHMLUHMOHUCTCKOH apuMeETHKEe CBOHCTBA HYMEpH-
YECKOHW 3K3UCTEeHUMa1bHOCTH). OaHako Haubosiee BAXKHBIM C TOUKH
3peHHUs METaMaTeMaTHYeCKKX HMCCJIEJOBAHUH AIBASETCH TOT akT, 4To
yKasaHHas orliepauus No3BoJseT odbeadHaTe Moaeau Kpunke ans
apMPMeTHKH (MOJyUeHHbIE ¢ NOMOLIBIO onepauru CMopuHckoro, [4])
B HOBYyIO Mojesb Kpunke. Jlns apudmeruku 310 coobpakeHue moka-
3bIBAET, 4YTO BCE METAMaTeMaTUYeCKHE pe3y/ibTaTbl, MOJYyYEHHbIE ¢
MOMOLUbL> onepauru CMOPHHCKOTO, MOTYT ObITh MONYYEHbI H C NMOMO-
LIbIO M3JIOKEHHOH Bblillle onepauuy S (3Ta onepauus 178 apudMeTUKH
OT/IMYAETCS OT W3JIOKEHHOW Bblllle OTCYTCTBHEM IMYHKTOB 5 H 6 B nep-
BOM orpe/eneHun). Mcnone3oBanue 3Tok onepauuu Ui apuMETHKH
MO3BOJISET YAaCTO MPOBECTH PACCYKAEHHS KaK C K/1aCCHUYECKOM, TaK U C
UHTYHLIMOHHUCTCKON TOYEK 3pEHHUs, TOrJa Kak NMpHMEHEHHE onepaluy
CmopuHcKoro tpedyeTr TeOpeTHKO-MHOXECTBEHHOIO PACCMOTPEHHUS U
MCIOJIb30BAHHUS 3aKOHA MCKJIHOYEHHOro ToeTbero. HekoTopeie aBTOpbI
NpearnpUHUMaH MONbITKH MHTYMLMOHHUCTCKOrO pacCMOTPEHUS Orepa-
uMd CMOpPHMHCKOro, OJJHAKO B 3THUX paboTax ObUIM CYILECTBEHHBIE MPO-
Oenbl U, KpOMe TOro, MCIMOIbL30BAIUCH ClieUHPHUYECKH UHTYULIMOHHUCT-
CKHME METOAbl pacCy:KIeHH: (HarpuMep, NPUHLIUIT HENPEepbIBHOCTH
bpayapa niu Teopema o Beepe), KOTOpbIE ABJSIIOTCSA HEMPHUEMIIEMbIMH C
KJTaCCHYECKOUW TOUKH 3PEHUS

YTo KacaeTcss TEOpUU MHOXKECTB C UHTYHULIMOHHUCTCKOM JIOTHKOM, TO
OAHO M3 TIPUJIOKEHUH MOXHO, KaK YKa3aHo Bbillle, HaWTH B [3] (npu-
JI0OKEHHUE TOSBHUIOCH HE MO3JHee OOUIero pesy/ibrara, U3J10°KEHHOro
3neck). Yro kacaercs moaener Kpunke (KkoHEUHO, MpUMEHSEMbIX 1714
TEOPUU MHOXECTB), TO BCE CKa3aHHOE BbILIE OCTAETCA BEPHBIM W [Jis
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HUX, O/lHAKO KOHKPETHBIX MPHJIOXKEHHUHN TOKA HE CAeaHO BBHOY Ipo-
MO3IKOCTH TEXHHYECKUX KOHCTPYKUHH. OAHAKO ¢ TOYKH 3pEeHHSA
METaMaTEMaTHUECKUX TPYAHOCTEH [10Ka3aTeabCTBa MOCTPOEHHUS MOJe-
nel YKa3aHHOTO TUMa U 3/1eCh He TpeOyeTcs HUKAKHUX pacCyKJIeHHH, He
YKJIaAbIBAIOLHUXCS B PAMKH TEOPUHU MHOXECTB C MHTYULIMOHUCTCKOH
JIOTUKOW C MPUHUMIIOM ABOHHOTO JAOMOJHEHHUS MHOXKECTB (B MeTaMa-
TEMaTHKE DTOT MPUHUMI Mbl HE HCMOJIb3yeM HUIAEe, KpoMe Kak A
JI0Ka3aTebCTBA BBLIMOTHUMOCTH €r0 CaMoro M IO3TOMY OH MOXKET
ObITb OMYLUEH, T.K. KJJACCHYECKHE MATEMAaTHKH €ro He MPU3HAIOT U TeEM
CaMbIM, OMYCKas 3TOT MPUHLHKI, Mbl pacCy>KJAaeM YK€ BHYTPH HEH-
TPaJIbHON TEOPHH).

B 3akitoueHHe KpaTko OCBETUM BOMPOC O J0Ka3aTeabCTBE IMpPHUBE-
JNEHHbIX Bblllle YTBepxkIeHUH. OCHOBHAs TPYAHOCTb — MOCTPOEHHE
YHUBEpPCYMa, B KOTOPOM MipeauKar A oka3zascs Obl 9KCTEHCHOHAJIbHBIM.
3necb, KOHE4YHO, HeoOxoaMma ccblika Ha paboty Makxunna [2], B
KOTOpOU Obl1 MOCTPOEH YHHBEPCYM TEPMOB C LEABIO A0KA3aTebCTBA
psna cBocTB Teopuu ZFI, U kOTOpbIN aBTOpPY yAanoCh CHJIbLHO MOJH-
dbULMpoBaTh A1 MOCTPOEHHUA PsZia HOBBIX MoAesiell U1 HekJlacCuyve-
CKOM Teopuu MHOXecTB. OcTanbHas 4acTh J0OKa3aTeNbCTBa XOTS U J0C-
TAaTOYHO TEXHHUYHA, HO HE fABASETCS TPYAHOH (OCHOBHOH MOMEHT —
KBAaHTOPbI MO MHOXXECTBEHHBLIM MepeMeHHbIM). JlokazaTenbCcTBO Mpo-
BOAMTCA CHayajla MHAYKLHMEH MO MOCTPOEHHUIO, a 3aTE€M [0 BbIBOAY
dopmynsl. Hibke Mbl MPUBOAMM MOCTPOEHHE YHUBEPCYMa A H METON
MoJly4yeHUsi HOBOTO T-TNipeuKaTa S U3 JaHHOro r-npeaukara T.

[Tycts A — MetayTBepkaeHue , T — r-mpeAuKar A1 TEOPUH MHO-
xectB ¢ tepmamu ZFIDC, npuueM s aTOMapHbIX MPETOKEHUH
A=Te. YnomsHyTbid Bblllle npeavkaT A OyaeT nojy4arbcs, Kak rpa-
BWJIO, orpaHuueHdeM T Ha aTomapHble MPEMJIOKEHHS H TO3TOMY B
MOCTPOEHUU He yuacTByeT. Ckakem, uTO JBa PacIUEMUIEHHBIX TepMa
Cox=t u C,v=q (q'=Y; q¢=C,; cm [2]) Ha ypoBHe 0.eOn sBaAOTCA
SKBUBAIEHTHbIMH, q~t, eciin Vr(req VAo et vA), a cam Tepm t sBas-
eTC YKCTEHCHOHANIbHbIM Ha TOM )€ YPOBHE, €CliM qarAret —>qet’,
npuuem qet =T(qet), a npeaukar T Tak pacnpocTpaHseTcs Ha pac-
wersieHHsie Tepmbl: T(qet)=T(q et’). Tak cTtpoutcs ypoBeHb Aq. U3
MEHbIUUX ypoBHeH. [lis npenenbHOro opauvHaa Aa=u{A5|B<a} H,
HaKOHell, A=U{Aa|a60n}, rae On-knacc opauHasioB. [lpeaukar
S(A,T) onpenensercs Tenepb Tak: S(teq)e>teq VA; aanbHeiuee
ornpeaeneHue S ObLIO JAHO paHee.

JJEMMA 1. So=To (nerkas MHAYKLHS O NOCTPOEHHIO ).

JIEMMA 2. A=S1=S¢ (BbIMOAHUMOCTb JIOTUYECKOH aKCHOMbI
1=0).

OCHOBHAS TEOPEMA: ZFIDC BbIBOAMMO MpPEIIOKEHHE G=>S.
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CIEACTBHE. S(A,T) ecTe r-npeaukar.

He npoBoas paokasareibcTBa BO BCEX JETalsX, PacCMOTPHUM
BbIMOJIHUMOCTb aKCHOMbI IKCTEHCUOHAJIIBHOCTH U CXEMbI Bbl1€/1eHHS. B
MEPBOM CJly4ae HEOOXO0AUMO MOKAa3aTh, YTO /U1 NPOU3BOIbHBIX TEPMOB
p.q,t BepHO pagAa(qet'vA)=pet'VA. 3To aokasbiBaeTcs pazbopom
ciyyaes ¢ yuetoM A=5¢ (HanoMHUM, 4To A>T ansi aToMapHbIX @ U
utro A=TL1). B caydyae akcioMmbl BblaencHUS OepeM KOHCTAHTY-TepM
Cy Ty, Anst koTOpO# BbIBOAUMO Vy(yeCy<=>¢(y)), a B KauecTBe BTOPOMH
KOMIIOHEHThI Gepem X={qu| So(q)}. Tenepp t=C,x U cxema Bblae-
JIeHHd npoBepsieTca 0e3 Tpy.1a, 0AHaKO HeEoOXOAUMO [10Ka3aTh IKCTEH-
CHOHAJIBHOCTb MHOXECTBA X, YTO MCIOb3YET UHAYKUHIO MO MOCTpoe-
HUtO dopMynbl ¢. OaHako B otavude ot [2] u [3], HeoOX0auMO Haslo-
KMTb JOMOJIHUTENbHOE TpeboBaHue Ha npeaukat T: ecnu t~qATo(q),
Tto To(t). JIns psaa koHkpeTHbIX npeankatoB T 3Tto TpeboBaHue yna-
eTcd J0Ka3aTb 0e3 JOMOoNHHTeNbHbIX TpeOOBaHWH, OQHAKO B 0oOLIEM
cydyae 3TO cesaTh He yaaloch. PaccMaTpuBas 10Ka3aTebCTBO CXEMbl
MOACTAHOBKH, OTMETHM, YTO BHELUHHUM 0DPa30OM HCMOJIb3YETCSH TaKKe
cxema noacTaHoekd. OcTaercs ellle MpoBePUThL BbIMONHUMOCTb CXEMb
€-MHIYKLHH, aKCMOMbl OECKOHEYHOCTH U aKCUOMbI JBOHHOrO 10MOJ-
HeHUs MHOXKeCTB (akcHombl DC), HO 3TO nenaetcs no aHaaordu ¢ [3].
3nech HeOOXOAMMO OTMETHTb, YTO BHELIHUM 00pa3oM HUrae He
MCMNONb30BAJIUCh HUKAKUE cleudaibHble MpuUHUMNbl, Kpome DC, a
TaKKe MNOJIHBIH 3aKOH MCKIKOYEHHOro tperbero. Takum obpasom,
COXpaHsAETCs HEUTPabHOCTb J10Ka3aTe/1bCTBA.

Onepanus MoayyeHUs HOBOTO S MO3BOJISET TaKXe MOJYYUTh BCE
MeTamMaTeMaTHUYECKHE pe3y/ibTaTbl, B KOTOPbIX Y4acTBYET oOMNepauus
CmopuHckoro. Tlycte M; — cemeiicteo Monened Kpunke ans ZFIL
Onpegenum Mmoaenb M=(XM,)" (onepauuss CMOPHUHCKOro): octoB M
eCThb MnpsAmas cyMma JIordueckux octooB M, , ¢ nobasneHuem HoBOro
HauboabLIero 371eMeHTa a (MOMEHTbI M3 pa3HbIX M; -- HeCpaBHUMBI).
[IpeamerHas oOnacTb a onpeaensieTcs CTaHJApTHO W Tenepb M —
Takoke mozens ZFL

Teneps noctynaem tak: T,0&X; |=(p (x; - mozmenu M;) u S = S(, A,
I1T)), rne AQ=(@ — UCTUHHA B CTaHAAPTHON MOJeIH (Y — aToOMapHoe
npeanoxedue). Toraa Sp=a ‘ch.

OTMeTuM ciienyroulee: Bce NMPHBEAECHHBIE 3[€Ch PE3YAbTaThl Kaca-
IOTCS TOJIBKO OJHOCOPTHOH TEOPHH MHOXECTB M 3JIeCh B KauyecTBe
MPUIOKEHHUS MOXKHO MOJYYHThb pe3ysbTaT u3 [2] (XOoTs Moaens, npea-
JoxeHHas B [2], otnnyaercs ot HaiueH). Ecau To<>ZFIDC BbiBOAMMO
@, To pe3yabrar Jl.Makxunna nonyvaercsa Tak: nyctb, ZFIDC BbiBO-
AUMO Ix@(x), Toraa S(3x¢(x)), a Tenepb HakaeTCst TepM t TAaKOH, UTO
Se(t) u, cnenosarensHo, To(t), T.e. ZFIDC |=(p(t) (MBI ceHyac He pas-
avyaeM t M t, TaKk KaK B COOTBETCTBYHOLIUX TEOPUSAX OHH BbIBOIAUMBI
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onHoBpeMeHHO). CBOHWCTBO AM3BIOHKTUBHOCTH s Teopun ZFIDC
JOKa3bIBAETCH QHAIIOTHYHO C HCMONB30BaHUEM TOro e mnpeaukara T.
Bce ocTtanbHble pe3ynbTaThl, CBA3aHHbIE C UCMOJIb30BAHHEM MOJC/CH
TUMA PEAUTU3YEMOCTH W HUMEIOLIME MECTO A WHTYMIUOHUCTCKOH
apupmetrikn HA, Takke MOryt ObITb «TOAHSATBI» Ha YPOBEHb TEOPHH
MHOXECTB, OJJHAKO TEXHWYECKM NPOLIE paccCMaTpHUBATh TEOPUIO MHO-
XKECTB C ABYMsA COPTAMM MEPEMEHHBIX M ¢ UHTYHLHOHHUCTCKON apud-
METHKOM Ha mnepBoM ypoBHe (cM. [3]; B 3TOM ciyuae npeadkatr A,
onpene/ieHHbli Ha aroMapHbelX apudmMerudeckux dopmynax (cMm.
BBILLIE), MOXKXET OBITb HCMONb30BaH Tak e, kak B [1]). bepem B 3TOM
ciayyae AyY<>\y UCTHHHO B CTaHAAPTHOW MOJEIU TEOPUH MHOXKECTB V
Au T <A, Ho yie s Beex dopmyn, rae A<In(ZFIDC =o(n, x),
rae X — Habop TOJBKO TMepeMeHHbIX MO MHoxecTBam. [lycTsb
S=S(A,T.T). Ham noctaTouHo mokaszaTb, YTO S| MpH YCIOBUH, 4TO
ZFI2DC |- ¥n(o(n,x)v—o(n,x)) A=Vn—0(n,x). B cuny BbIBOAUMOCTH
BTOPOIrO 4l€Ha KOHBbIOHKLHU S—Vn—@(n,X), T.€. JOCTaTOYHO MOKA3aTh
SVn—-o(n,x) unu ¥nS—e(n,x). Ecnu ZFI2DC BbiBOOMMO OTpuuaHue
¢(n,x), BbIMONHAETCSt S—@(n,X) U BbIMONHAETCS TpeOyemoe 3akiiiode-
HUe Sl<<AIn(ZFI2DC BoiBOoauMO ¢(n,x)). Eciau ke BbIBOAUMO
¢(n,x), To S_L no cmeicny. Urtak, S1 Bepno Bceraa, T.e. B ZFI2DC
BBIBOAMMO ((1,X) 11 HEKOTOPOro HaTYpaJIbHOrO YMC/a N NMpU PUKCH-
POBaHHBIX MapaMeTpax X. 3aMETUM, UYTO S BbIMOJHACTCS AN BCAKOH
dbopMyibl Hallero f3bika, T.€. OTHOLIEHHE S — TPUBHAIBHO, OJHAKO
Halle J0Ka3aTeJbCTBO AOMYCTUMOCTH CHJILHOrO npasuina Mapkosa ¢
napamMeTpaMu TOJIbKO MO MHOXECTBaAM OTHIOAb HE SABJISIETCS TpH-
BUANIbHBIM.

PaccMoTpuM  ewle  HEKOTOpPbIE ~ MHTEPECHBIE  MPHIIOKCHUS
noayyeHHod Bbime OCHOBHOW TEOPEMLBI w JIEMM 1 U 2.
Xopowmo u3BecTHO (cM. [1]), yTo npuUHLMN P He SBASETCA BbIBOAUMbIM
B HMHTYHLIMOHUCTCKON apudmeTHke, oaHAKO (CM. MYyHKT ©O) HHUXKe)
COBMECTHM ¢ TMocjieaHei npu aobaeieHHoM Te3uce Yepua (HO He
npuHuMne MapkoBa, aaxe ciabom). AHaJIOTM4YHbIE PE3YIbTATHI
MO>KHO MOJIyYHTh U Ha YpoBHe Teopuu MHoxecTB ZFI2DC (u nepeHe-
CTH MX 3aTEM Ha OAHOCOPTHYIO Teoputo MHOXecTB ZFIDC). 3aech Mbl
NOKa)keM JIOMyCTUMOCTh NpuHuuna P 0e3 nmapameTpoB Mo HaTypalib-
HBIM 4YMCJ/IaM, HO ¢ TapaMmeTpamu no MHoxectsaMm B ZFI2DC.
VTBEPXIEHHUE: ecniu B ZFI2DC BbiBOIMMO —@—3Jyw(y), TO B
ZF12DC BbIBOAMMO /I HEKOTOPOrO HaTypajibHOro n —@—>w(n). B
kadecTBe A Bo3bMeM MeTanpeanoxeHue «ZFI2DC BbIBOAMT ——@» H
nycts Ty<ZFI2DC BeIBOOMMO —@—>\, a B KauecTBe A-MpeavkaTa
6epem T, orpaHH4eHHBIH Ha aToMapHbie GOPMYJIbl (3A€Ch @ — (PUKCH-
pOBaHHOE MpeaoXKeHHe sA3blka Teopur MHOKecTB). TlonaraeM Tenepb
S=S(A,A,T). HerpyaHo Buaetb, yto T — r-mpeaukar (€C/jiM BbIBOAUMO
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—(@—>Y M €CIH BbIBOIMMO —Q—>(W—>1]), TO, KOHEYHO, BbIBOJAUMO
—@—n). Tenepb nmnpeanosoxum, H4TO  BbIBOAMMA  QopMyJa
—o—>3yy(y). B cuny OCHOBHOH TEOPEMBI S(—p—>3yy(y)).
HeTpynHo Tak:ke BUIETh, YTO BbIMOHAETCA S(—0) (Tak kak SO=>S | u
T(—¢)<>EBIBOAUMO ——>—0; ecau S@, 10 T U BbIBOOUMO —(@—>(, a
3TO MpOTUBOpeuHe, ciaenosatenbHo S1). CrnenosaresibHo, S(Iyw(y)),
T.e. Sy(n) M1 HEKOTOPOro HaTypalbHOro n, a Toraa Ty(n), T.e.
«ZFI2DC BbIBOAMMO —(—\/(n)» 118 HEKOTOPOro n, 4yto U TpeboBa-
JI0Ch 0Ka3aTh.

B kauecTBe Apyroro MHTEPECHOrO NMPWJIOXKEHHS pacCMOTPUM clie-
ayrowuid pesyasrat ana ZFI2DC: ecnu dopmyna ¢(n,x) ¢ napamer-
pamMH N0 MHOXeCTBaM (HO 0e3 mapaMeTpoB MO HATYpPabHbIM YHC/aM)
paspeliMma, T.e.  HMMEEr  MECTO  BbIBOAUMOCTb  (QOpMYJibl
Vn(e(n,x)v—o(n.x)), U €Cu B ZF12DC BbIBOJUMO
——3ne(n.x)—>3Ine(n,x), To B ZFI2DC BriBOAHMMO In¢(n,X) HIH BbIBO-
IUMO Vn--0(n,x) (nanee Mbl He MULIEM MapaMeTpbl X, BXOJSAUIHE B
dopmyny). CaenaeM OAHO 3aMeuvaHue, CBS3aHHOE CO CreUHUUKOH
oaHocoptHoM Teopuu ZFIDC: ecnu B Hel BBIBOAUMO VX(Q(X)vy(X)),
TO B HEH BBIBOAMMO VXO(X) WJIM BbIBOOAUMO VXY(X); KOHEYHO, B
apupMeTuke HA Takoil pezynbTraT HeBO3MOXKeH. JloKaszaTe/lbCTBO: B
kadyecTBe A Oepem Takoe yreepxaeHHe «ZFI2DC BbiBoguMo Vn—o(n)
v noaaraeM Ty<>ZFI2DC BeiBogauMo dne(n)—y (kak oObIYHO, ¢ —
¢uKcHpoBaHHas popMysa ¢ ofHOH cBOOOAHOH mepeMeHHOH Mo HaTy-
paibHaM ducaaMm). Tenepb onpeaensieMm S=S(A,T,T). Jlerko Buuets,
4TO BEpHO S(——3no(n)) (370 AOKA3bIBACTCS IO AHAJIOTMH C J0Ka3a-
TEJBCTBOM S(—(Q) B MNpeablayllleM TMpWIOKEHUH). Tenepb, eciau
S(=3ne(n)), To B ZFI2DC BbIBOAMMO Yn—@(n) (310 J0Ka3bIBaeTCA
Tak: S(--dno(n)) = T(—=Inp(n)) = ZFI2DC BerIBOAUMO
Ino(n)—>--3n@(n), T.e. He MOXeT ObITb BBIROAMMO In@(n) (TaK Kak
Mbl, KOHE'HO, Npe/arnosiaraem, 4To Hallla Te€OpUs HENMpOTHBOPEYMBA), a
toraa ZF12DC BeiBoaumo Vin—@(n)). Tak kak S(——=n@(n)) U Tak kax
ZFI2DC Bb1BOAMMO ——3Jn@(n)—3n@(n), To Mbl noayv4aem S(3Ine(n)),
M HanaeTcs Takor n, yto S(@(n)). Tenepb nenaem paszbop ciyvaes:
ecnu ZFI2DC BwiBoaumo ¢(n), to B ZFI2DC BbhiBOAMMO U Jn@(n), a
ecni B ZFI2DC  BmiBoauMo —@(n), To, B clity OCHOBHOM
TEOPEMDI, S(—o(n)) u, cnegosarensHo. S(@(n)) = S, HO Tak Kak
uMeeT MecTo S(¢(n)), To nosyyaem S, u, Takum obpasom, B ZFI2DC
BbIBOAUMO Vn—o(n). Hame YTBEPX/IEHHUE nosHocTthio nokaszaHo.

ChopmynupyeM Takke 0Oe3 OoKa3aTelbCTBa [ABa4 YTBEPKAECHHS,
KOTOpPbIE MOKHO «II0JJHATH» Ha ypOBEHb TeOpUH MHOXecTB ZFI2DC:

a) MOXXHO MOCTpPOUTH dopMyay @(n) ¢ OJHUM NAapaMETPOM MO HaTy-
pajJbHBIM 4Hciam  Takyro, 4yto B ZFI2DC Henp3s BbIBeCTH
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Ino(n)—->3In(e(n)AVm(m<n—>—@(m))) (ApUHUKAN  CYLUECTBOBAHUS
HaWMEeHbLIEro Yuciia ¢ JAaHHLIM CBOHCTBOM);

©) MOXXHO HaWlTH MpeasoxxeHue ¢ U GopMyny Y(y) ¢ eAUHCTBEHHbIM
HaTypajibHbiM mnapaMeTpoMm Takue, uro B ZFU2DC He BbIBOAUTCSH
(—=o—->3yy(y))—=>3Iy(—0—>y(y)) (ynomuHaBILHICA BbilIE NPUHUMI P).
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A.B.Yarpos

K BOITIPOCY OF OBPATHOU MATEMATHKE
MOJAJIBHOH JIOTUKH"

Abstract. The problem of eliminability cof Axiom of Choice from the
metatheory of propositional modal logics is dicussed. Using of the language of
modal formulas is proposed. Three examples of applications of this language
are given: the Blok’s theorem on the degree of incompleteness; a logic without
immediate predecessors, the finite axiomatizability of tabular logics.

B HacToswee BpeMs HcciaeaoBaHUS 110 MOAAILHOM JIOrMKE HAXo-
AATCA Ha JTale pa3sBUTHA MaTeMaTHYeCKHX CPEACTB H3y4yeHUs
CEMENHCTB MOJAILHBIX JIOTHK B BUJE MHOrooOpasuit ajiredp U 6JIM3KHUX
K HUM MHOroo0pasuii JIOTHUECKUX MaTpHLl, PEsiIiHOHHONH CEMaHTHKH
(ceMaHTHEM 000OLIEHHbIX LK) U UX NPUIOMKEHHH K MCClIe10BaAHHIO
pa3HOOOpa3HbIX CBOMCTB Kak CaMHUX JIOTHK, TaK MU UX COBOKYITHOCTEH
(peweTok). OOpainaer Ha cedst BHUMaHUe Oosblias HeIPHEKTUBHOCTD
MCTIOJIBL3YEMBIX CPEeACTB: MPakTU4YEeCKH BCE OHH OOOCHOBBIBAIOTCA B
NPeanojio;KEHUH akCHOMbl Bbibopa. [I1s mosyuyeHus pe3yabTaToB O
JOBOJILHO (PUHUTHO QopMyJTUpyeMbIX 00beKTax, KaKOBBIMH SBIAIOTCA
NPONO3ULMOHAJIbHbIE MOJA.1bHble CUCTEMbl, HCMOAbL3YKOTCA CTOJb
He()MHUTHbIE MeTOAbl. B KakuX cilyyasx Takoe MCICJIb30BaHUE HEU3-
OexxHo? OkasbiBaeTcs, M3 [0Ka3areJbCTB MHOTUX  pe3YJ/IbTaTOB
MOJAJIbHOM JIOTUKH aKCHOMY BbiOOpa MOXXHO 3TUMHHHUPOBATH. JTO
OTHOCHUTCSH K TeopeMe bjoka O CTeNeHW HEenoJIHOTHI HOPMabHOM
MOJAJIbHOIl JIOTMKH, T[OCTPOECHHUIO JIOTHK 0€3 HenocpeaCTBEHHbIX
MpeallecTBEHHUKOB, KOHEYHbHIM aKCHOMAaTH3aUUsaIM TabJIUYHbIX JIOTHK
M HEKOTOPbIM JIPYTHUM.

IIpu noaroroBke kHUrH [4] aBTOpaM B MOJIHOK MEpPE MPHILIOCH
ybeauTbcss B crpaBeIMBOCTH cioB Bilaaumupa AnekcanapoBuva
CMuUpHOBa, CKa3aHHbIX MM BO BCTYyNUTenbHOW ctaThe Kk [l]: «Ilpwm
MOCTPOEHWH CEMAHTHUK KaK s KJIACCUYECKOW JIOMMKH, Tak W i
HEKJIACCUYECKHX JIOTMYECKHX CHCTEM HCMOJIBb3YIOTCS TMOHATHA U
METOAbl TCOPUM MHOMXKECTB, airedpbl M JIpYyrux pa3aeioB JOTHKH H
matemMaTukd. Ho ucrnonb3oBaHue A0cTaTOYHO 60OraThbiX TEXHHUYECKHX
CPEACTB HE J0JKHO CKpbIBAaTh JIOTHYECKOH U Punocodckoit CyTH H3y-
yaemblx rnpobsiem. PazpaboTka MoJaNbHbIX U UHTEHCHOHAILHBIX JIOTHK

" B OCHOBY CTaThH NOJOXKEH TEKCT 0JHOMMEHHOTO JIOK/Ia1a aBTopa Ha « CMUPHOBCKHX
yTeHusx» 1999 r. OxoHuaTenbHbIH TEKCT MOATOTOBJIEH [PU ITOJJIEP)KKE FpaHTa
PI'H® 99-03-19706 u rpanta POOHU 00-06-80037.
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OPHEHTHPOBAaHa MO MPEUMYLIECTBY Ha npobnembl dunocodhckoro
xapakrtepa. IlosToMy Hepeako paccMaTpHBaeMblii pa3siesl JIOTHKH
Ha3bIBAIOT HUI0CODCKOM TOTHKOMY.

B HacToslee Bpemst MojanbHas JOrMKa CTajda BECbMAa Pa3BHUTBIM
pa3faesoM MaTeMaTHYECKOW JIOMMKH, MOJYEPKHEM, YTO UMEHHO mame-
MAMu4eckou. ITO BOBCE, KOHEYHO, HE 03HAYAET, YTO HE MPOUCXOAMIIO
WKW He NMPOHCXOIMUT €€ pa3BUTHE Kak pasznena ¢uocodckoi J0rukH.
Bripouem, He xoTenoch Obl cuMTaTh OOCY:KIAaeMblil pasgen JOTMKH
YW KakK pazaen, obcayxuparoliiid dunocoduio; Xopoiuo U3BECTHO,
YTO MOJajibHasi JIOTMKAa HAaXOAMT MHOFOYHCJIEHHBIE MPWJIOXKEHUS W B
HCCIIeIOBAHUAX, M3HAYQIbHO HE HamnpaBieHHbIX Ha ¢unocodcekoe
OCMbIC/IEHHE JTIOrHUYECKUX Tpo0jeM onpeaeseHHOro poja: B TEOpETH-
YECKOM TpPOrpaMMHUPOBAHUHU, HCCIEJIOBAHUAX MO HCKYCCTBEHHOMY
UHTEUIeKTY U np. He Oynem yrnybnsartecs B mpobiieMy oyepyYHUBaHHSA
00/1aCTH TaKWX MPUIOKEHUH, IMOCKOJbKY paccMaTPHUBAEMbIE HHXKeE
acrneKTbl MOJAbHON JIOPMKH BaXKHBI U1 1H0ObIX TIPUIIOXKEHUH, a duso-
codckas JTOruKa, XoThb U «O/IHa U3 ...», HECOMHEHHO CTOMT B Py Mep-
Boil. MMeeTcs B BUAY, UTO COBpeMEHHast MOJalbHas JIOTHKa SABSETCA,
KpOMe MPOYero, U CaMOCTOATENbHbIM MPEANPHATHEM, NMPOU3BOANUTEIb-
Hble CWJIbI KOTOPOrO HE BCErJa HamlpaB/€Hbl Ha YJOBJIETBOPEHHE
«BHEIIHUX 3ampocoB»: pelueHue npodiaem ¢uUsocoPpckoro HWIM HHOro
coaepkaTeJbHOro Xapakrtepa. MHorue Harpapb/ieHUs HCC/I€AOBaHUM
MUMEIOT CTOJIb XapaKTEPHbIA A7 MPOJABUHYTBHIX pa3/e/ioB MaTeMaTHUKH
CaMOJOCTAaTOUYHbIH BHJ, KOrJa W MOCTAaHOBKA 3a4ay, U WX pELIEHHE,
YacTO TEeXHHYECKH BECbMa H3OLIPEHHOE, MPOUCXOAAT B OTPbIBE OT
U3HAYa/IbHOTO COAEPXKATENbHOTO MCTOJKOBAHHSA M3YYae€MbIX MOHATHH.
[To3ToMy pa3yMHO 3anaBaTbCsi BOMPOCOM 00 MHTEpNpeTaUMH nojyyae-
MBIX MAaTEMAaTHYECKUX pe3y/bTaToB. Tak BOT, OJJHHM M3 HE BcCeriaa
OTYETJIMBO TOHWMAaEMbIX TMPENATCTBUA K 3TOMY MONKET CIYKHUTb
UMEHHO NMpHUMeHseMbl MaTeMaTH4YecKUH annapar. Hackosbko oH aze-
KBaTeH pellaeMbiM MnpobnemaM? He nNpHUBHOCHT JIH OH B peLIEHHS
coaep)KaTebHbIX NpodaeM co CBOEH cneuuPHUKON, HCXOAAlIEH U3
METO/I0JIOTHYECKHX, GHUI0cOPCKHX  BO33PEHHH  MOCTaHOBUIMKOB,
acreKTbl, YyXJble 3TUM BO33peHUsAM? He mbiTasicb OTBETHTH HA 3TH
BOIMPOCH! B KaXX[JOM KOHKPETHOM CilyYae, B3rJITHEM Ha HHX omcmpa-
HeHHO. TAE B MOJATbHbIX HCCIEAOBAHHMAX HCIOJIL3YIOTCH «CIHLIKOM
CW/IbHbIE» CpPEICTBA, M HACKOJBKO OHH BJIMSIIOT Ha [MoOJy4aembie
pe3ysbTarbl. 1A MOHMMaHHS 3TOro MOJIE3HO B3IJIAHYTH Ha X0 pa3BH-
THS WM, JIy4YLlIE CKa3aTh, YTOObI HE ObIThb )KECTKO CBA3aHHBLIM XPOHOJIO-
rMeil, caenaTb METOMNOJOrMYECKHE «Cpe3b» pa3BUTHS MOAAbHOM
JIOTHKH.

Ecnu nmpociennTb, XoTs Obl BKpaTLE, HCTOPHIO Pa3BUTHs COBpe-
MEHHOW MOJATbHON JIOMMKH, MOKHO 3aMETHTb, YTO OHa MOXET ObITH
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rpy0o pa3zdesieHa Ha TPH 3Tana WM YPOBHSA, OTYACTH Ha/lararouluxcs
ApYyr Ha apyra, ¥ Gojee TOro, paszae/eHHe Ha dTarbl ABISETCA CKOpeEe
HACHHO-METOAOJIOTHYECKHM, a HE XPOHOIIOTHHYECKHM, K INpUMEpYy,
HEKOTOpbIE BBbIXOJALIME cerodHs paboThl MO MOJAILHOM JIOTHKE
MOXKHO TI0 X HanpaB/JE€HHOCTH, CO3HATEIbHO HCIMONb3YyeMOM TEXHHKE
CM€JI0 OTHECTH K MEPBOMY ITaIly, HECMOTPS Ha TO, UTO B 3THX paboTax
SIBHO WJII{ HESIBHO Y4YaCTBYET BeCb Mpeahblayui onbiT. OTMeTHM (Oe3
MPeTEeH3Hl Ha Kakoe-TMOO noaoOue NOJHOThl OMHCAHHUS KapTHHBI)
HEKOTOpble MOMEHTbI, B OIpee/IEHHOH CTeNeHH XapaKTepH3YIOLHE
3TH 3Tarsl UK, €CM YroaHo, ypoBHHU. Eule pa3 oOpaTtum BHUMaHHe Ha
HEXPOHO/IOFMYHOCTb 3Tanos: M0 BpeMEHU APYT 3a ALYroMm (B KaKOM-TO
MEpe) pacnojIoKeHb! JHIb WX Havala, 0 KaKIOM M3 HUX HeJb3s CKa-
3aTh, UTO OH 3aKoHYMics'. ['py6GOCTb ONMMCAHUS OTHACTH MOXET ObITh
OfpaB/laHa TeM, YTO Mbl He [JaeM TOYHbLIX CCbUIOK, YKa3biBasi HHOT A
avib QAMHIMM McClleoBaTeNel; TOYHYIO K€ MHOOPMaLMIO MOXHO
HalTH, Hanpumep, B [2], (1], [4] 1 aAp. UCTOUHHUKAX.

[IepBblii 3TAN

3710 3Tan GOpMYJHMPOBKH pa3HOOOpa3HbIX MOIIbHBIX CHCTEM C
MCCJIEIOBAHUEM BOMPOCOB WX B3aUMOCTHOLIEHHWH, MPOBOAMBLUMMCH,
KaK MpaBHI10, C TOMOILbIO NOCTPOEHHS BbIBOJOB AKCHOM OJIHHX CUCTEM
B JPYrMX CHCTEMAaX M [10KazaTeabCTBa HEBO3MOXHOCTH TaKMX BbIBOJOB
C HCMONL30BAHHEM CreurasibHO noAOHpaeMbIX KOHEUHbIX MaTpHL C
HeOObLWMM, He MPeBOCXOAlMM OoJblIeH 4acTbK) BOCbMH, YHCIIOM
3JIEMEHTOB. DTOT 3Tan MNC CYWECTBY COOTBETCTBYET AEATENbHOCTH
K.M.JIbtorca 1 10BOJILHO TOYHO OoTpaxkeH B KHure P. @eiica «Mopaab-
Hasg Jorudka» [2]; cM. HMMEHHO 4acTbh, NPHHALIENKALLYIO CaMOMY
P. ®eiicy. O6pauiaet Ha ceds BHUMAHHUE CTpPEMI/IEHHE BBOJMTb HOBbIE
MOJa/lbHbl€ JIOTMYECKHE CHCTEMBbI BECbMA OCTOPOKHO, BCECTOPOHHE
colepKaTelbHO TMNpOaHaIM3UpPOBaB MpPHMEHsiEMble AJ11 MOCTPOEHUS
CUCTEM HOBble aKCHOMbI. B 3T0 BpemMs anekBaTHas TOUHO choOpMyJIH-
poBaHHasi ceMaHTHKa MOJAJIbHbIX CHCTEM OTCYTCTBYET, TOYHbIE MTOCTA-
HOBKHM 3a1a4, TpeOYHOLWMUX TOYHbIX MATEMATHYECKHX PELICHUH HEMHO-
royucietHbl. [TOMHUMO cO3/1@aHHS HEKOTOPOro €CTECTBEHHOro CreKkTpa
JIOTUYECKUX CHCTEM K BbIABJIEHMS WX B3aMMOOTHOLIEHHH HMEIOTCH
HECKOJIbKO KPYIHbIX peajibHbIX JOCTHXKEHH, MOJYYEHHBIX C MOMOLLBIO

' Kak He 106aBuTh k cnucky K. IlpyTkoBa — «Tpu 1e71a, 01HaX b1 HAYABLIN, TPYAHO
KOHYHUTH ..» — W YKa3blBaeMble Jajee JTanbl pPa3BUTHA MOJAJbHON JOTHKH.
Bnpouem. 31ech ke caeayeT He NpeMuHyTh 100aBUTh U MHOIOE ApYroe, HanpuMmep:
JTanbl Mpoiecca MareMaTu3allMu BCsikoro 3HaHus no MW.A. AkuypuHy (cM.:
Axuypun 1. A. Mecto MaTeMaTHEK B cCUCTeMe Havk // Bonpocs! gpuiocopun. 1967, Ne
1). AHancruu 31ech BIIOHE YMECTHBI, Mapajuield ¢ HaulMMU 3TarnamMy OHEBHUIHbI.
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MaTeMaTHYECKOro B3rJiAJa Ha 3TH CHUCTEMBI M, HECOMHEHHO, OYe€Hb
MOJIE3HBIX /1 COAEPIKATESIbHOMO MOHUMAHUS HEKOTOPLIX CYLIECTBEH-
HbIX YEPT MOJATbLHOH JTOTHKH.

[TepsoHauanbHO cBoM MoaasbHbie cucteMbl K.W.JIsrouc dopmynu-
pOBaJI, WUCMOMb3Ys A3bIK KIACCHUYECKON MPOMO3ULIMOHATILHOM JIOTHKH
JMIIb Ha CTAJUKW ONpEAE/IEHUH UCXOAHBIX MOHATHH, U B3aUMOOTHOLIIE-
HHS €ro CHUCTEM C KIacCHYeCKOM JIOrMKOH ObLlM 3aTylieBaHbl. Brpo-
yeM, cucteMbl K.M.JIbtonca caMolieHHbl U X BBeJEHHE HECOMHEHHO
ABJISETCS BaXKHEHIUMM AoCTIXeHHWeM. OOHAaKO K 3TOMY NpPUMBIKAeT
elle oaHO BakHeiulee HaGmoneHue: B Hayane 30-x rogor XX Beka’
K.I'epens BBen, kak okasanoch, oaHy u3z cuctem K.U.JIbrouca — cuc-
TeMy S4, BbIIE/JIMB B HEM KIaCCHUYECKYHO 4acTh, T.€. MOJaTbHas CHC-
TeMa M10J1y4aeTcs U3 Kldccuveckoli C MOMOUIBIO a) oboralueHus s3blka
KJ1JaCCUYECKOH JIOTUKU MOJajIbHbIMH Omnepatopamu, 0) 100aBIeHHEM K
aKCMOMaM M MpaBu/iaM BbIBOJA KJIACCUYECKOM JIOTMKH aKCHMOM M TMpa-
BMJ1 BbIBOJA, OMUCHIBAIOUIUM >K€JlaeMble CBOMCTBA MOJa/IbHBIX Orepa-
TOPOB. 3aMeTHM, YTO HalIUM cooTedecTBeHHHKOM HW.E.OpnoBbiM B
koHUe 20-x rogoB Meton ['enens ObLT MpeaBOCXHMILEH: OMMCbIBAEMBIM
oOpa3oM UM Oblla akCHOMAaTU3HpPOBaHa cUcTeMa, Ou3kas Kk S4. Takum
obpa3oM, KjaccHyeckas JIOTMKa SBASE€TCS HE NMPOTHBOBECOM MOJasb-
HOM, a ToM 0a3ol, Ha KOTOpPOH ecTecTBeHHO CTposATcs (mokostcs?!)
MoJaJibHble CHCTeMbl. BnpoueM, 3TOro, mno-sMaMMoOMy, CcJIeIOBaIO
0’XKMJaTb, NAMATYS O MOJAA/IbHOM CHIJIOTUCTHKE APUCTOTENS, KOTOPYIO
OH HayWHajl WMCCaeoBaTh, JMIIbL OCHOBaTe/NbHO pa3padoTaB He-
MOJAJIbHYIO.

[ToMHUMO pa3anuHbIX TOYHBIX HOPMYIHUPOBOK MOAAJIbHBIX CHCTEM,
YTO XOTS M BaXKHO caMo Mo cebe, HO ABAAETCS, KOHEYHO, OTMPAaBHOH
TOUKOM AN mounsx (MUTAR: Mamemamuyeckux) MOAANBHBIX HCCIENO-
BaHHUM, Ha 3TOM 3Tarne cpa3y e HallJuCh MUX npumeHeHus. Ilepsoi
«apeBHe» npoOaeMoil MOJabHON JTIOTUKH, peLIeHHe KOTOPOH noTpe-
0oBano MaTeMaTHYeCKHM TOYHOH TMOCTAaHOBKH U KOTOpPOE [eHCTBH-
TebHO OBbIIO MOJYyUYEHO MaTeMaTHYECKMMH CpeAcTBaMM, Obuia mnpo-
Osema uTepuUpoBaHHbIX MoaaibHocTed. Okazanoch (B.Ilappu), dto
TOYHO cOPMYJTHPOBAB TNPHHHMAEMble MOJAIbHbIE TPHHUHMIIBI, MbI
MO>KEM TOUYHO BBIICHUTH, B KAKHX C/ly4dasxX MOJAIbHOCTH, MOJTy4YEHHBIE
U3 «3JIEMEHTAPHBIX» MOJAIbHOCTEH HEoOX00UMO W 603MOJCHO HX
B3auMoAeicTBHEM («KBO3MOXHO, YTO HEOOXOAHUMO, YTO ...» W T.IL.),
COBMNAAIOT, T.€. CBOAATCS APYr K APYry, a TAKXKE MOJHOCTBIO OMUCATh
COBOKYIMHOCTH HECBOAMMBIX MOJa/IbHOCTEH.

> Ilanee Besme cnoBa «XX Beka» MpPM YKa3aHUM BPEMEHHBIX MepHOn0B GymyT
ONYyCKaThCA.
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Ewe oaHUM MOJaibHBIM JOCTHXKEHHEM MOXHO CUHMTATh OOHapy-
YKEHHOE MOYTH cpasy Mocye BBEAEHHS JILFOUCOBCKUX CHUCTEM MO/1a/ib-
HO€ MCTO.IKOBaHME H3HAUYAIbHO HEMOJa1bHBIX JIOTHHYECKUX (eHoMe-
HOB — Hes MOrpy>KEHUsI WHTYHLHMOHUCTCKOW JIOTMKH B MOJAIbHVIO
(U.E.Opnog, K.I'egeins).

HecMOTps Ha 3T ABa SIBHO «IOJIOXKMTENbHBIX» MOMEHTA, CBA3aH-
HbIX C MaTeMATHUECKHUM Pa3bIACHEHHEM MOJATILHOM JTOTUKH, B KAKOU-TO
CTEMEHU MOTYILUHWX BbI3BaTb 3HTY3Ha3M JIOTUKOB, MbITABILIMXCSA MaTeMa-
THYECKUMH CPEACTBaMH pelLiaTh PUI0COPCKHUE NTPOOIEMbl MOT1aIbHON
JIOTHKH, OblI0 OOHAPYXKEHO, YTO MaTeMaTHUeCcKoe CO1epyKaHHe 1aieKo
He CTO/1b TPUBHAMLHO, KAK MOXKHO ObLIO Obl HaJEATbCA: MPAKTHYECKH
BCE MpeACTaBIAIOUIME HHTEPEC MOJalIbHbIe CUCTEMbI He ABJIAIOTCS Tal-
JUYHBIMHU. T.€. KOHeYHOo-3Ha4uHbIMH (K.I'enens, k. Iy ryHku).

Bropoii 3Tan

Ha 3TtomM »3Tane rMpouCcXOAMT NOCTPOEHHE TOYHOM CEMAHTHUKH
McCeayemMblX MOAAIbHBIX CUCTEM BHaua. 1€ B BHUE CEMAHTHUKH anredp
(A.Tapckui, [Dx.MakkuHcu), 3aTeM B BHIe ceMaHTUKU Kpunke
(C.Kpunke). PazsuTve MOA€1bHON TEXHUKH MO3BOJISIET HA ITOM 3Tane
VCTEIHO pellaTh 3ajJaud, CTaBlIME CTaHJapTHbIMHU: O (HUHUTHOH
annpoOKCUMHUPYEMOCTH,  pa3peliuMocTH, noaHote (o Kpurnke)
MOJAJIbHBIX CHCTEM. JIOCTaTOYHO NPEeaCcTaBUTENbHO JOCTHKEHHS OTOTO
JTarna npcAeMOHCTPUPOBaHbI B [1] U B NpuioKeHUAX B [2].

OOHUM M3 OCHOBHBIX TEXHMYECKMX MOMEHTOB B MCCJICOBAHMAX
3TOrO dTana OKa3bIBAETCS KOHCTPYKUMA JIMH1eHOayma B pasHbiX (op-
Max: B dopme noctpoeHus aaredp JInnaenbayma B ciaydae 000CHOBa-
Hus anreCpanyeckol MOMHOTHL, B hopMe 0OOCHOBAHUS CYLLECTBOBAHHSA
MaKCHMaJibHbIX HEMPOTHBOPEUMBBIX MHCXKECTB (GOpMYs MpH 10Ka3za-
TebCTRAX. NOJMHOTHE Mo KpHMke ¢ MOMOILBI) KAHOHMYECKOHW MO/E/H.
CnpaBe1TMBOCTH pajM CJIeayeT OTMETHTb, YTO MepPBble pPe3y.IbTaThbl O
nosHote 1o Kpunke ObITH nonmyderbl 03 HCMO0JIb30BaHUS CTOJIb HEdP-
(GeKTHBHBIX paccMoTpeHHH. TexHMKa, Mcnonb3oBaHHas B paboTax
camoro C.Kpurike, oT/iMyYanach 3aMETHBIM CTpeMJIeHHAEM K (PMHMTHO-
CTH MPUMEHSEMbIX CPEJCTB, OHA B 00WEM-TO DIM3Ka K T€HLIEHOBCKHUM
MetoaaMm. OQHAKO JOBOJILHO OBICTPO MPOMU30LLIET NEPEXO] K TEXHUKE
KaHOHHYECKHX Mojiesiel, KoTopas M cTajla Haubosiee NpUMeHseMOH.

[TOMUMO MHOrOUYHCIEHHbLIX ITOJIOKHTEIbHBIX» PE3YbTaTOB, COOT-
BETCTBYIOUIMX MPEACTABACHUAM 00 HM3yydaeMbIX CHUCTEMax — MpOoro3u-
LIHOHA/IbHbIA YpPOBEHb, €CTECTBEHHOCTb CBOWCTB /i1 €CTCCTBEHHbBIM
00pa3oM BbIOpaHHbIX /1 U3YUEHUS MOJAJIbHBIX CHCTEM, BO3HUKIIH M
oKazaBlIKecs TMEPBOHAYaIbHO HEOXUIAAHHBIMH KOHTPIPHMEPBI KO
MHOTMM CBOMCTBaM: (KOHEYHO-aKCHOMATH3HPYEMBIE) .TOTHKH, KOTOpbIE
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He GUHUTHO anmnpOKCUMHUpPYeMbl, HenosHbl o Kpunke, He apasioTcs
paspewumMbiMU U Ap. [Ipu 3TOM 118 KOHTPNPUMEPOB MCHOJB30BATUCEH
CNIELUMaIbHO /U1 3TOrO MOCTPOEHHbIe JOTrHKkU. X BBeaeHuUe He onpas-
AbIBAJIOCh HMUYEM HWHbIM, KpOME BOIpOCAa: a MOXET JIU Joruka (He)
o0nafnaTh TaKUM-TO U TaKUM-TO CBOHCTBOM. JItOOOIMBITHO OTMETHTH,
YTO caMblil TepBblil npuMep HernonHoW no Kpunke (BpeMeHHOH, T.e.
MO/JAJIbHOHW C IBYMst COTMIPSIXKEHHBIMU MOJAIbHOCTAMMU) JIOTHKH B CBOEM
00OCHOBaHMM BeCbMa CYLIECTBEHHO HCMONb30Bal aKCHOMY Bbifopa
(cm. padoty C.K. Tomacona B [1]), npruuemM He BUAHBI MYTH BO3MOKHOM
€€ 3JIMMHHALMK M3 10Ka3aTe/IbCTBa.

Tpernii yTan

[Tocneanui sranm — nepexoa OT OTAENbHBIX MOJATIbHBIX CHUCTEM,
Cc()OpPMYIMPOBaHHbIX KO0 A1  dOpMaIU3aLMU  COAEPIHKATEIbHbBIX
MpeACTaBAEHUN O MOJANBHOCTAX, AUMOO 118 NPeaoCTaBIEHUS] KOHTp-
MPUMEPOB A5 YKa3aHUSI OTPAHUUCHUI B UCIOJb30BAHWH UMEHOLLIErocs
MaTeMaTHYeCKOr0 HMHCTPYMEHTapHus, K Kjiaccam (pelieTkam) JIOTHK,
nepexoa oT (MOpoH BecbMa TEXHUYECKH CII0KHOI0) pellieHUst € AUHUY-
HbIX BOMPOCOB O HAJIMYMH WU OTCYTCTBUM TOTO UK MHOIO CBOHCTBA Y
MOJANbHON CUCTEMBI K CO3/aHHIO METOJOB, MOAYHMHSIOWMX cebe s
pelieHus oOlIMpHbIE COBOKYMHOCTH JIOTHK. TUNWYHONH (popMynHpoB-
KOH pe3yJibTaToB saBjsercs dopma: «Ecau akcMoMbl oruky obiaaaroT
TaKUM-TO CBOMCTBOM, TO JIOTHKa oOJlajaeT 3/1akuM CBOHCTBOM». To
€CTb MHTEPEChl CMELLATCS OT KOHKPETHbIX CUCTEM K MPOU3BOJIbHBIM;
BMECTO BOMPOCOB BpoAe «00siaaacT M AaHHast CUCTEMA JaHHbIM CBOM-
CTBOMY, «KaKOBbl COOTHOUIEHHSI MEXAY AAHHbIMH CUCTEMAMHU» U Jaxe
«CYLLECTBYET JIM CHCTEMa C JaHHbIM CBOWCTBOM», «CYLUECTBYET JIH
CHUCTEMA, PACMONIOKEHHAN CTPOrO MEXAY JAaHHBIMH CHCTEMAMH» U T.II.
Ha MepBbId MJIaH BbIABUIAKOTCSA BONPOCH! O CTPYKTYPE PELLETKH JIOTHK 6
yerom, o0 onucaHuu (MO BO3MOXKHOCTH TMOJIHOM) COBOKYNHOCHel
n102ux, obnafarolMX HHTepecyrollluM Hac cBoiicTBOM. CToab 00110
CTaBHMbl€ 3a/1auM NMoTpeOOBaIH BBEACHHS U COOTBETCTBYIOILEIO MOLI-
HOr0 MaTeEMaTHUYECKOro annapara, aAeKBaTHOro, BO-MEPBbIX, MO 00LI-
HOCTH (T.e. ceMaHTHKa 1iKaja Kpunke B cBOEM U3HAYAILHOM BHE 3aBe-
JIOMO HE€ FOJINTCHA), a BO-BTOPbIX, YAOOHOrO W HarjasaHOro B NnpuMeHe-
HUM (TEM CaMbIM CEMAHTHKA anredp He ABISEeTCS OTUM annaparom).

Havano 70-Xx 03HaMEHOBalOCh HE TOJAbKO OOHAPYKEHHEM MHOrO-
YUCJIEHHbIX «OTPHLATENbHBIX» MTPUMEPOB €1a0OCTH UMEIOLIUXCA Ha TO
BPEMS CEMAHTHUYECKHMX KOHCTPYKUHMH, HO W BBEJEHHEM HEKOTOPbIX
THIMOB CEMAHTHK, BITOJIHE COOTBETCTBYIOUIUX TOJBKO 4YTO CHOPMYJIUPO-
BaHHOM 3ajaye.
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CnpaBeaIMBOCTH paad 3aMe€TUM, 4YTO eule paHee, B 60-e¢ 1 gaxke
ot4acTd B 50-€, UCIIOJIB30BAJICA AE€KBATHLIH CEMAHTHUYECKHH annapar
HCCIe10BaHUs MPOMNO3MUMOHANIbHBIX (B daibHeidieM W 0osiee BbICO-
KOro ropsjaka) JOruk — Teopus MHorooCpasuit anretp. (HanoMHuM,
YTO COBOKYIMHOCTb anredp Has3biBaeTcsi MHorooOpasveM, eCid OHa
COCTOMT H3 gcex anredp, B KOTOPbIX HCTHHHbBI TOXKJECTEA U3 HEKOTOPO#
bukcHpoBaHHOM coBOKYNHOCTH. Tak, kK npumepy, Bce OyneBsl anredpsl
obpa3yroT MHoroobOpasue.) HMcrtopuuecku 3TO HCIONIH30BAHHE ObIIO
MOArOTOBACHO HHTEHCHBHBIMM HCCAEAOBAHUSAMH  SKBALMOHAbHBIX
noruk B 50-x.

OTnrMyne ceMaHTUKH MHOroobpaszui airedp oT ceMaHTUKH anredp
COCTOMT B MPEAOCTABIECHHH B MOC/IEIHEM Cy4Yae BOZMOXKHOCTH U3yye-
HUSI UMEHHO COBOKYIMHOCTEH JIOTHK B HMX B3aUMOOTHOLUEHHSX: COOT-
BETCTBHUE «102UKa L &> co8oxynHocme aizebp, 8 KOmMopwlx UCHIUHHbL
gce gopmyrer uz L» sBaseTcs QyadbHbIM H30MOP(U3IMOM peLUETKH
JIOTHK M peLIeTKH MHOroo0pa3uil COOTBETCTBYHIOLIMX a1redp (cuutaem
paccmaTpuBaeMbll Kjacc JOrMK (GUKCHUPOBaHHbIM). JTO MO3BOJISET
M3yyaThb pELIETKH MHOrooOpasuii anredbp BMECTO pEeLUETKHU JIOTHK,
MCnob3ys pa3paboTaHHYO B HeApax anrefpbl TEXHHKY.

OObHapyrxkeHHe peaIUHOHHON CeMaHTHKH (CeMaHTHKH 00001LeHHBIX
wkan) (.Makuncon, C.K.ToMacon), noaroTosneHHoOe eLie TeopeMoi
M.CroyHa o npencraB/ieHHH AUCTPUOYTHEHBIX PELIETOK H MHOTOYHC-
neHHbiMU ee o6oOwenusmy (I.bupkrod, b.MoHccoH—A.Tapckuii),
MO3BOJIMJIO BBECTH B YKa3aHHOE COOTBETCTBHE TY OMNpPaBIaHHYH
colaeprKkaTenbHO KOMIOHEHTY. KOTOopas OT/IH4aeT CeMaHTUKy Kpunke
OT CeMaHTHKH aaredp: Bo3MozkHbie MUpbI (I".JlelOHHL) ¢ OTHOWEHHEM
JOCTHXRUMOCTH Mexay HUMH (C.Kpunke). B pesynbrate Mbl nony4daem
COOTBETCTBHE «102UKa L <& COBOKYNHOCMbL 00001eHHBIX WKAT, 8
KOMOpbIX LCMUHHbL 8ce hopmyael u3 Ly, obnanaroliee J0CTOMHCTBAMU
CEMaHTHKH MHOroodpasuii are6p (B 4aCTHOCTH, COOTBETCTBUE TAKXKE
SBIISETCA IyalbHbIM H30OMOP(OU3IMOM pEUIETOK) M BO3MOXKHOCTBIO
MCMO/Ib30BAHUS HAr/IAIHOTO TIPEICTaBJIEHHS CEMAHTHYECKUX KOHCT-
pPYKUMHA. 3aMeTHM, 4TO 3Aech BMeCTO OOOOIUEHHBIX LIKad MOXHO
UCMOJIb30BATh U UX CMELHaAIbHbIE BapHaHTbI: pa@HHUpOBaHHbIE 00600-
leHHble wWkanbl, auddepeHuupoBaHHblie 0000IEHHbIE LIKATbI, OECK-
pUNMTHUBHbIE WIKanbl. Mbl He OyaeM B 3TOM TEeKCTe BJ1aBaTbCid B 3TH
JEeTany, XOTS TaKHe 3aMeHbl 10pOoH AT 3HAYMTE/IbHble TEXHHUYECKUE
NpeuMYLLIECTBA NPH J0KA3aTe/IbCTBAX MHOTUX Pe3y/1bTaTOB.

He BaaBasch 31ech B MonpoOHOCTH AOCTHXKEHUH TpeThero 3ramna,
OTOLUJIEM YHMTaTeNs 3a HHDOopMauMet, HanpuMep, k [4]. OtyacTu HHUXKe
Mbl HEKOTODBIX U3 HUX KOCHemcs. A celiuac obpatumcs K BONpocy
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Y10 ecTh MOZAIbHASA JIOTHKA?

Hago ckaszath, 4TO yKa3aHHOE COOTBETCTBME MeXAY JOTHKAMH U
K1accaMu 00O0LIEHHBbIX LUKal, BBUAY TOTO, YTO OHO yCTaHaB/IMBAETCH
¢ Teopembl CTOyHa O MpeAcTaBjieHHH, 3aHOBO CTaBMUT fepes Hcclieqo-
BaTesJleM OLHMH M3 BaKHEHLIMX METOAO0JIOTMYECKUX BOMPOCOB: umo
ecmb MooanvHas aoeuxa? Bornpoc, kazanock Obl, €C/IM U HE Npa3aHbIH,
TO, BO BCAKOM Cily4yae, He UMEIOLUM NpIMOro OTHOLIEHHUA K MaTeMa-
THke. OAHAKO MMEHHO TOYHOCTb COOTBETCTBHUS MEXIY JOTMKaMu H
COBOKYMHOCTSAMM CEMAHTHYECKUX KOHCTPYKLHH TMO3BOJSET YTBEP-
XJaTb SKBUBAJIEHTHOCTD CAEAYIOLUHUX ABYX BUJOB OTBETOB Ha HEro:

® MOOAIbHOU N102UKOU ABIAEMCS 8CAKASL COBOKYNHOCMb MOOA.IbHbBIX
hopmyn, codepascawyas HeKOMOPYIO MUHUMAILHYIO COBOKYNHOCMb,
(hanpumep, 3mo muHumanvHas HopmatvHas mooatvHas no2uxa K) u
3aMKHYmMas OMHOCUMENbHO HEKOMOPO20 pAa3yMHO20 Habopa npasul
8b1600a (6 KOMOPbILl 0043aMeNbHO 8X00UmM NPABULO NOOCMAHOBKU U
npasuno modus ponens, HO HO O002080peHHOCMU Modcem Ovlmby,
nanpumep, u npasuio Ieders’);

® MOOQNbHOU T02UKOU ABIAEMCS 8CAKASL COBOKYNHOCMb MOOQIbHbIX
popmyn, UCMUHHBIX 8 HEKOMOPOM Kiacce 0000 eHHbIX WKAT.

Hano ckasatp, 4TO 3TH ABa MOAXOAA K OMpPENESEHHIO MOJalbHbIX
JIOTHK HWMEKT CBOM HCTOpHueckue kopHH. CoBcem yx rpybo, HO
OTYaCTH BepHO OyAeT mnpunucaT ApPHUCTOTENIO MepBbIH MoaAXod, a
Jleitbuuuy — Bropoil. Kak yxe oTMe4eHO, Moaxoabl 3KBUBAJIEHTHBDI, a
MOTOMY BbIOOP OAHOrO M3 HUX — AEN0 BKyCa W/WIM TEXHHYECKOro
npeanoutenus’. OHaKo Tak au 3T0? A uTo OyIeT, eClH OTKa3aThes OT
HEKOTOPbIX HE CTOJIb YX OYEBHJHBIX MaTeMaTH4ECKHX MPHHLHMIIOB,
nexaluxXx B OCHOBE OOOCHOBAHHS 3TOH 3KBUBAJIEHTHOCTH: aKCHOMBI
BbIOOpa MM [ake ee UCMOJIb3yeMbiX B JaHHOW CHTyauMH cladbix
BapUaHTOB?

[Tocnennuit Bonmpoc coBepuieHHO He ucciaegoBaH. CBA3aHO 3TO C
onpeneaeHHoM Tpaauuken. [leslo B TOM, YTO COBOKYIMTHOCTH JIOTHK 6
yenom Ucclieayrores 00abLUEH YAaCThIO MaTEMATUKaMH, a 3TO TUMTHYHas

* B naHHOM paccMOTpeHMH Mbl  OymeM  NpUIEpKHUBATLCA  MMEHHO  ITOH
JIOrOBOPEHHOCTH. JTO Aenaercs Wb 118 kpaTkoctd. Ecnu npasuno I'enens xe
NOCTYJIHPOBATh, TO CUTYALMS ¢ PAaCCMATPHBAEMBIMH BOIIPOCAMH MPAKTHYECKH Ta KE.
Mensercs (paciiupsercs) JMIlib KIacC CEMAHTHYECKHMX KOHCTPYKUMH: crneayer
paccMaTpuBaTh MaTpullbl BMeCcTO anrefp, B uUIKanaX ClEAyeT BbLIEAATh Tak
Ha3blBaEMbIE ACACTBUTEIbHBIE MUPBI U T.A.

[MocnenHu#t apryMeHT okasajics CTOJb BECOMbBIM, YTO BO MHOTHX MareMaTH4YE€CKHX
paboTax 1o MoJanbHOMH OTHKE MOYTH HE BCTPEHAIOTCA CaMHM MoJaskHbie GOpPMY bl
(M3 KOTOPBIX COCTOSAT MOAATbLHBIC JOTHKH!), a pedb B HUX, XOTH H UIAET O MOAAIbHbIX
AOTUKAX, BEAETCS B TEPMHUHAX CEMAHTHYECKMX KOHCTPYKUHWH TOTO WM HHOTO BHAA,
onepauMi Had HUMH U T.I1.
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CHUTYalHsd MPaKTHYECKH B JHOOOH MaTeMaTHYECKOH AMCUMIIIIMHE: CO3-
JaH MaTeMaTH4eCKUH 0OBEKT UCCIIE0BaHMA, TTOCTABICHBl KOHKPETHbIE
MaTeMaTHYeCKUE 3aJayu 00 3TOM O0BEeKTe, O COHEPKATEJbHBIX €ro
MCTOKAaX B LEIAX «YMCTOTBHI» MCCIEAOBAHMSA Jydille 3a0biTh, «abcTpa-
rHpoBaTbCA». KOHEYHO, 3TO NpPHMBOAMT MNOPOH K 3aMeyaTe/bHbIM
pe3y/ibTaTaM, HO MHOIJa M 3a/1aeT HEKOTOPYIO OrPaHUuUEHHOCTb HCC.1e-
noBaHMHM. B kayecTBe npuMepa ykakeM Ha TO, 4TO B OOJIbLUIMHCTBE
MaTeMaTHYeCKUX paboT MO MOAATBLHOM JIOTMKE M3Y4YalTCsl HOPMAlb-
Hble JIOTMKH, TOCKOJBbKY [/ HHX €CTb YyAOOHBIH MaTemMaTHUuecKHUH
annapat — anredpbl, MHoroodpasus aiaredp, A U3Yy4E€HHUS KOTOPbIX
MOYKHO HCIMOJIb30BaTh pa3padoTaHHble B YHHBEpcanbHOW airebpe
MOILIHbIE cpeacTBa. B To ke 3pems nns 3HaYyMTENbHOM YaCcTH MHTEpeC-
HbIX MOJAJIbHbIX JIOTHK, MMEIIUMX COACp)KaTe/lbHOEC OOOCHOBAHHUE,
npaBuio [ enens He noctynupyetcs. B 80-e roasl Obu10 o6HapykeHO,
YTO W J151 TAKUX JIOTHK MO>HO Pa3BUTh MOAXOASLUIUN MaTeMaTU4eC KU
arriapat, 0600WarWKUil B U3BECTHOM CMbIC/IC TOJBKO YTO YMOMSHY-
Toid. EcTb Hagexaa, YTO M KcC/e10BaHUS, OCHOBAHHbIE Ha OTKaze OT
MCIMOJIb30BAHUA QyalbHbIX H30MOP(HU3MOB PELIETOK JIOTHK U PEILETOK,
CKa)XkeM, KJIacCcoB (MHOroodOpasuil) o0O0OlIEeHHbIX LKA, NMPUBEIYT K
Mr000NBITHBIM pe3yapTaTaM. [lo kpaiiHeil Mepe, B 3TOM ciyyae MOXeET
OKa3aTbCsl, YTO MOJAAJIbHBIX JIOTHK 60.1b1Ue, YeM KI1aCCOB 000DLIEHHbIX
wkan. ['oropss TouHee, SICHO, UTO BCAKHMI KJacc OOOOIIEHHBIX LKA
onpenaeaseT HEKOTOPYIO JIOTHKY, HO a priori BIIOJIHE MOXET CYLIEeCTBO-
BaTb JOrMKa 0e3 TaKoro onpe, 1es0LLEro kacca.

OCTaHOBUMCS B 3TOM OOCYXJIE€HUM, MPUHAB S JaJIbHEHLIEro
00CY)KJE€HHUS BCE YMOMSIHYTbIE BbllIE AyajibHble HU30MOPHHU3MBI Kak
JAHHOCTb M, TEM CaMbIM, MpPUHAB 00a BOIMOXKHbIX OTBETa Ha BOMPOC
«YT0 ecTb MOJasIbHas J10rUKa?» Kak paBHOCUJIbHbIE.

ITocTaoBka npob./1eMbl

Obpawaetr Ha ceOs BHUMaHME CYLIECTBEHHOE MOBBILIEHHE HEIP-
(hEKTHBHOCTH MCNOJIb3YEMbIX MAaTEMAaTHUYECKUX CPEACTB, MaTemaTH4e-
CKOro A3bIKa MpU Mepexojie OT OJHOro 3Tana K cieayrouiemy. Hanpu-
Mep, NepBOHauyalbHble [A0Ka3aTelbCTBa MOJHOTHI 1o Kpunke HOCHIH
BrojsHe GUHUTHBLIA XapakTep, SBASASAChH CEMAHTHKO-TAOJIMYHBIMH
MOCTPOEHUSIMH, HO YXe coBceMm ckopo (B pabote J{.MakuHcOHa, cM.
ctatbio [.MuHUa B [2]) Ans TaKkUX A0Ka3aTe/bCTB ObIIM MpPeaI10XKeHbI
«YTpPOLIEHHbIe» KOHCTPYKLHH, KOTOpbIE T2NEPb WU3BECTHBI MO Ha3Ba-
HHEM KaHOHWYECKMX MoJejiel M B OCHOBE KOTOPBIX JIEXKHUT JIEMMa
Jlunaendayma, ¥ Tenepb KaHOHWMYECKHE MOJENM OKasaluch Haubosee
MCMOIb3YyEMbIM CPEACTBOM [I0KA3aTEIbCTB MOJHOTHI U pelieHUs OJ113-
KUX 3a1ay. Cka3aHHOE BOBCE HE€ O3HAyaerT, YTO METO,1 KaHOHHUYECKHUX
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MOJEC/IEN CIEAYET CUMTATh «IIJI0XUM». Ha onpeneneHHOM 3Tare uccie-
JNOBAaHHUS OH JA€T U TEXHHUYECKHUE MPEUMYLIECTBA B MOHUCKE HamnpasJie-
HUi, MO KOTOPbIM 3TO MCCJIEJOBAHHE Pa3yMHO BECTH, H OCHOBY JUif
JajibHEHLIErO pa3BUTHUA [JOCTHUTHYTOrO Kak B CMbIC/E€ paCUIMpPEHUS
0o0JlacTH OCTHXKEHUH, TaKk W B TUlaHe yriyOjIeHHOTO W3Yy4YeHus BO3-
MOKHOCTEeH 3 HEKTUBU3ALIUM TOCTHKEHHH.

OnHako BO MHOTMX cllyyasiX, €Cid He B OOJIbIIMHCTBE, MOXHO
BUJETb HEKPUTHYECKOE HCMOJIb30BAHUE MAaTEMaTHYECKOro arnrapara,
NMpU KOTOPOM AOCTHraemas Lenb BUAMTCA Oojee LEHHOH, HeXenu
BOMPOCHI, OTHOCSLIHUECS K OCHOBAHMUAM CPEACTB, TMPU ITOM I[pH-
MEHSEMBbIX.

OcobeHHO cka3aHHOE OTHOCHTCS K TpeTheMy 3Tamy. OH XapakTe-
pH3yeTcsl BeCbMa CBOOOAHBIM MCITOJIB30BAHUEM CPEICTB TEOPHUU MO/Ie-
neH, anreOpbl MU pOACTBEHHBIX pa3fesioB MaTeMaTHkH. JTa cBoOOIa He
MO3BOJIAET CO BCEeM OTUETIMBOCTHIO (6e3 riny0oKoro aHaausa, BO BCS-
KOM CJly4ae) MpOCaeNTb 3a TEMHU MpPearonoKeHUIMH, KOTOpble OKa-
3bIBAIOTCA B UTOTE JIEKALIMMH B OCHOBE TEX WJIM MHBIX PE3YyJIbTATOB O
MOJaJIbHbIX JIOTHKAaX. 3/1€Cb UMEETCS B BHAY TMPEKIE BCErO TEOPETUKO-
MHOXXECTBEHHass akcuoMa BbiOOpa, ee BapuaHTbl U pa3zHOOOpa3Hbie
3KBMBaJIEHTHI (JiemMa JInHaeHOayMa, B HaCTHOCTH).

Hanpumep, akcioma BbiOOpa JIEXKHUT B OCHOBE TEOPHUHU MHOroodpa-
3uil anredp 1 OMU3KKUX K HUM MHOrooOpasuit joruyeckux matpuu. /a u
OAWH U3 «KWTOB, Ha KOTOPBbIX MOKOMUTCS» MOJajibHas JIOTHKa Teopus
JIBOMCTBEHHOCTH MpPOCTO HeMbICAUMa 0e3 TeopeMbl CTOyHa O mnpea-
CTaBJE€HUH [IUCTPUOYTHUBHBIX pELUIETOK, KOTOpas [1OKa3blBaeTcs C
CYUIECTBEHHBIM HCIMOJb30BAHUEM aKcHOMbl BbiOopa. Brnpouem, nBa
APYTUX  «KUTa» — TeOpUs TNOJHOTBI MW TEOpUsi COOTBETCTBHUS
(correspondence theory) — TakKe HUCMOJb3YIOT MacCy peE3yJIbTaTOB U3
TEOPHUH MOJC/CH, JOKa3bIBACMBIX B NPEANOJIOKEHHH aKCHOMBI BbIOOpa.

Hetr Hukakoll HeOOXOAUMOCTH MpEeabABIATb KakHe-THOO HOBbIE
KPUTHYECKHE OLIEHKM caMOi aKCMOMbl BbIOOpa, NMPHUHATONW Ha BOOpY-
)KEHHUE €C/IM U He BCEMH, TO OOJILIIMHCTBOM HbIHE paboTarolUX Mare-
MaTuKoOB. O/IHAKO HE MOXET HE BbI3bIBATb YAMUBJIEHUS CHTYalLHsl, KOrAa
IUISL MOJTyYeHUs pe3yJIbTaTOB O JOBOJbHO GHHUTHO (OPMYJIHUPYEMbBIX
00beKTaX, KAKOBLIMU ABJAKOTCS MPOMO3ULIMOHATIbHBIE MOJAJIbHbIE CUC-
TEMbl, UCTIOJIL3YIOTCS CTONb HeDUHUTHBIE MeTOAbl. PazyMeH Bompoc: B
KaKHX CjydyasX Takoe Ucrojib3oBaHHe Heu3z0exHo? Ero MoxHo yTou-
HUTb B ABYX (popmax:

® JiIcecmKOU: U3 KaKUX pe3yJsIbTaTOB MOAAJIbHOM JIOTHKH CIIEAYIOT TC
WJIH UHbIE BapUAHTbl aKCMOMBI BbIOOpa W JPYrHX CHIBHBIX MPEArNosno-
XEHWH TaKoro poaa (KOHTHHYYM-TUIMOTE3bI U 1P.);
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® MACKOU. KAKHE H3 PE3Y/1bTaTOB MOJAJIbHOM JJOTHKH MOXHO JOKa-
3pIBaTh (PMHHUTHBIMH CPEIACTBAMH, a TaKXKe, B KAKMX HMEHHO ciay4asx
KaKkMe MMEHHO BapUaHTbl HEQHHHUTHBIX CPeICTR HCIOJIb3YIOTCS.

Cob6cTBEeHHO MMEHHO KecTKas ¢opma Bornpoca U eCTh BOrpoc o6
oOpaTHOl MaTeMaThKe MOJanbsHOM JIOTUKU. be3 e20 peweHus, Ha MO
B3I, HEGO3MONCHA adeKkéamuas (purocockas oyenka mamemamu-
YeCKUX pe3yremamos O MOOQTbHbIX JN02UKAX, XOMA USHAYATbHO
MOOQILHAA T02UKG ABIemCA 001acmblo 102UK0-hurocogckux uccae-
008aHUll U nOmomMy maxasa oyeHka Heobxoouva. OQHaKO, HACKOIbKO
MHE U3BECTHO, Cepbe3Has paboTa B 3TOM HaMpaB/JE€HUH 110Ka He NPOBO-
Aunack, na 4 B JaHHOH paboTe noiiaer peub 0 MArkoit dopme Bonpoca.

YT10 siBAsIeTCH aJ€eKBAaTHBIM A3bIKOM HCCJIeJ0BaTe I
MOJa.TbHBIX JIOTHK?

Ob6paTuMcsa K COOTBETCTBHUKD «I102UKA L <> CO80KYNHOCMb CeMAH-
MUYEeCKUX KOHCMPYKYUU, 8 KOMOPbIX UCMUHHBL 6Ce DopMyibl u3 Ly,
3aecb CEMAHTHYECKHE  KOHCTPYKLMHM MOHUMAKTCH  J10CTAaTOYHO
LHMPOKO, TO €CTh ITO MOryT ObiTh W anreOpbl (MaTpHLEl), U 0000LLEH-
Hbl€ LUKabl, U Ap. 00beKThl, 00pa3yloLUle TOTATbHbIN K1acc, T.€. Korja
BCAKAs paccMaTpUBaeMas JIOTMKa MOJHA OTHOCHTEIbHO KOHCTPYKHHH
M3 3TOro KJlacca.

3HauuTEAbHAS YacTb BOMPOCOB, KacalOLMXCH JIOTHK, MOXET ObIThb
chopMyMpOBaHa B TEPMHHAX MPHHAAIEKHOCTH-HEMPHHAANEKHOCTH
norukam Gopmya (Mnu dopmy onpeaesieHHOro BUaa, Kak, HanpuMmep,
BOMPOC O NPOTHUBOPEYHUBOCTH €CTb BOMPOC MPHHALIEXKHOCTH ¢oOp-
MYJbl, BBIPRXKAIOLLEH «JI0Xb»), YTO B CBOK) Ouepeb MOXKHO nepedop-
MYJMpOBaThH B TEPMHHAX COBMNAAEHHUA-HECOBMAAEHHS NOTHK (CKaXKeM,
O[IHa W3 HUX Moay4aercs U3 Apyrod AobaB.1eHUEM MHTEpecyloLlel Hac
dopMyIbl MM COBOKYMHOCTH dopmyn). [[pyrUMHU ciloBaMH, MHTepec
npeacTaBseT U3y4HeHUe MOBEIEHHUS JIOTHK B UX COBOKYITHOCTH, Bbipa-
KEHHOT0 B TEPMHUHAX BKIKOYEHHA W/HWIH O.TM3KHX K HHM PELIETO4HbIX
TepMHUHaX. SICHO, 4TO abCOaIOMHO AOeK6aAMHBLIM A3BIKOM OMUCAHHA
9TOro MOBeNEHHA U ABNSETCH A3blK, B KOTOPOM BKJtOUeHHUE (hopMy B
JIOTHKH, JOTHK B JIOTMKH) ABJISETCS OCHOBHOH 3JI€MEHTapHON COCTaB-
nstouted. Ho 3ToT A3bIK B cHJly cBoed abCONMOTHON aneKBaTHOCTH M
abcon0THO Oecno.1e3eH: Mbl HE CIMILKOM Jafieko YHAEeM OT MCXOAHOM
npobiemMbl B €€ U3YUYEHHH, €C.IH O NPHUHAAIEIKHOCTH GOPMYJIbl TOTHKE
OyaeM roBOpHTH JIMILb B TEPMHHAX MPHHEJIEXKHOCTH 3TOH HOPMYJIbI
3TOM JIOTHKE.

[Tepexons no BbIOpaHHOMY HaMH COOTBETCTBHIO K KJIACCaM CEMaH-
THYECKHX CTPYKTYP, Mbl 000raiaem f3blk UCCIeA0BATENA CPeACTBAMM,
MO3BOJIAIOUIMMHU 00CY’KAaTh 5TH CEMaHTHueCckHe CTPYkTypbl. To, 4To
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3TO MOXET ObITb COBEPLIEHHO HHOM A3bIK, HHYEM He HarOMHHAIOWHii
HALl MCXOJHBIA A3BIK JIOTHK U GOPMYJ, MOXHO MPOWUTKOCTPHPOBATH
Ha caMOM cOOTBeTCTBUH. CpaBHHUTE NMPHUMEHAEMBbIE OnpeaeaeHus (Hop-
MaJIbHOH MOJaNbHOM) JOrMKH U MHOrooOpa3us (MoJalibHbIX) aireop:

® HOPMaJbHOM MOJAIBHOI JIOrMKOH SBAsiETCS BCAKas COBOKYII-
HOCTb MOJA&JIbHBIX (POPMYJI, BIUTIOYAKOWIas B cebf MHHMMAaNbHYIO HOp-
MaJIbHYIO MOAaNIbHYIO JOrHKY K ¥ 3aMKHYTYIO0 OTHOCHTENBHO MpaBui
BbIBOJA: MOJCTAHOBKA, modus ponens v npasuio ['exens;

® MHOroo0OpasueM MoJAanbHbIX anreOp ABAAETCS BCAKAs Hermycras
COBOKYIMHOCTb MOJajIbHbIX ajaredp, 3aMKHyTas OTHOCHTENbHO o0pa30-
BaHHA roMOMOpdHbIX 06pa3oB, NPAMBIX NMPOU3BEACHHH 1 MoAaIreo.

OcTaHOBHUMCS B HalleM OOCYXAEHHH, 4TOObI YITOMAHYTb €Ie OAUH

BOMPOC, ABJIAIOLIMACA B OMpPedeJeHHOM CMbIC/IE BapHAHTOM YxKe
chOpMYJIMPOBAHHOTO:

Yto ABAsIeTCH aJeKBATHBIM A3LIKOM HCCJIEI0BATES
KJIACCOB CEMAHTHYECKHX CTPYKTYP,
onpeeasioIuxX MoAalbHble JIOTHKH?

3aeck MOA A3bIKOM Noapa3ymeBaercs 0oJblle MOHATHIHBIN ammna-
paT, HEXXeNIn CpeACTBa 0OCYXACHHS € ero NPUMEHEHHEM.

Pazymeercs, ecid Mbl U3MEHMM KJIACC CEMAHTHUYECKUX CTPYKTYD,
TO M3MEHHUTCS M A3bIK, HA KOTOPOM MOXHO 00Cy»1aTb MX CBOWCTBA.
Tak, B ciyyae 06001IEHHBIX WK UCNOAL3YIOTCS MOHATHS NOPOXKIe-
HHUA MOALUKA, PeaAyKUHH (p-MOPDH3MBbI), AUIBIOHKTHBIE O0OBEAHHEHHS
KA U Ap. B HEKOTOpBIX cily4yasX yaa4yHbIM TEXHHYECKHM CPEICTBOM
BJSETCS TaK HasbiBaemas semma Hownccona, nepBOHAYaIbHO HCIOJb-
30BaBUIAsiCS B TEOPUM MHOrooOpaszuii yHHBepcalibHbBIX anrebp. Yrou-
HUM ee hOopMyYIHpOBKY. [Ins udTaTenelf, He 3HAKOMbIX C MPEIAMETOM,
MOSICHUM, YTO MOAMPAMO HepasloXKHUMble anredpbl — anredpanyeckui
aHanor peaaUMoHHbIX Moaened (Moaeneidt Kpumnke) ¢ KOpHewm, T.e.
MHPOM (TOUKO#), U3 KOTOPOro AOCTHXHUM J11I000H Apyroit MUp Moaelu
3a KOHeyHoe uMcio waros; HC — kiacc Bcex roMoMopdHbIX 00pa3os
anre6p u3 cosokynHoctu C; SC — wi1acc Bcex nonanredp anredp us
coBokynHoctH C; PyC — knacc Bcex yabTpanpou3BedeHHH anredp 3
coBOkYNHOCTH C. «CMbICT» pacCCMOTPEHHS ITHX CYLLHOCTEH COCTOMUT B
TOM, YTO BO BCSKOM MHOrooOpa3uu BCIO «OTBETCTBEHHOCTB» 3a €ro
CBOMCTBA, YCTPOMCTBO €ro 4JeHOB HECYT MOANPAMO HEPa3IoKHUMble
anreOpbl, MpH 3TOM B3ATHE FoMoMoOpdHbIX 00pa3os anrebpel U ee
nonanrebp (B pesITLIMOHHON ceMaHTHKe, ceMaHTHKe Kpurke 3Tum ore-
pauMsM B ONPEIJEJIEHHOM CMbIC/Ie COOTBETCTBYIOT OMNEpPALHH p-
mopdusmMa (peayKuHd B TepMHuHax [4]) U mopoxaeHus noamoaesne)
HOBOH MH(pOpMaLIMH B asireOpbi He 00aBIOT.
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Jlemma Honccona (a8 MopansHbix anredp). [lycme A — noonpsamvo
Hepaszaoxcuman mMooaternasa aieebopa, A € VarC. Tocoa A € HSP C.

Takum oOpa3oM, Bce HOBOE MPH MOPOXKIEHHH MHOrooGpazus us
JaHHOro Kjacca anreOp nossiagerca (TOuHee cKa3aTh, MPOSABIAETCS)
TOJIbKO C MOMOLLbBIO Orepauyy yapTpanpousseneHuss. MoxxHo 11 oTH
HOBbI€ Ka4eCTBa KOHTpoMpoBaTh? Jla! M1 E 5TOM COCTOMT AOCTOHHCTBO
nemmbl Monccona. Kak H3BeCTHO, y/bTpanpoM3BEeAeHMs COXPaHSIOT
CBOMCTBA, Bblpakaemble (OpMyJIaMH NMEPBOTO nopsaaxka (B curHarype
MOJaIbHbIX anreCp B JaHHOM cilyyae). B pesynbTare nosieasercs Bo3-
MOKHOCTb «YIPaBJATb» CBOHCTBAMH ajaredOp MHTEPECYIOLIEro MHOTO-
obpa3us, 3apaHee 3aHOCA B NOPOMX/AIOLLYI0 COBOKYMHOCTH anredps ¢
MHTEPECYIOLIMMH HAC CBOMCTBAMH, 3aMMUChIBA WX Ha A3bIKE [MEPBOTO
MopsiAKa B CHIHaType MOJaJIbHBIX anredp.

OnHako 3TOT MyTh UMeET NBa (Mo KpaiHeH Mepe) HeaocTaTKa.

[TepBblit — meTononoruveckui. Kakve Obl CBOHCTBA Mbl HH HU3Y-
YaJik MO OTHOWEHHIO K MOJA,1bHbIM JIOTUKAM, Mbl 3apaHee BbIHYX1AEM
cebsl MCMONB30BaTh aKCMOMY BbIOOpa, HEOOXOAUMYIO ISl YCIMELIHOMH
paboTbl OnepaTopa B3siTHUA y/15TPanpoU3BeIEHHH.

BTopoli HeaocTaTok OTHOCUTCS K Oojlee MPaKTHUECKOMY acMekTy
uccaeaoBadHui. Bo MHOTMX c.lyuasx npearnoyTUTe IbHEE UCMOJIb30BaTh
B MCCJIe/IOBAHUAX He anreOphl, a UHble CEMAHTHYECKHUEe CTPYKTYpbl. B
3TOM ciiyyae MpUXOAMTCS MHBO MoaHdMIIMpoBaTh JemMmy Kouccona
(Kak B ciyvae ceMaHTUMKHU 000OLIEHHbIX LIKal), 1MO0 BoOOLE OT Hee
OTKa3bIBaTHCH (KaK B CJIy4a€ OKPECTHOCTHON CEMAaHTHKH).

B uensx nukBMaauMu o0OHX HEAOCTATKOB MOXKHO TMOWTH MO IMYTH
MCIOJIb30BAHHA APYroro si3bika Ui «YIMpaBjI€HHA» CEMAHTHYECKHMH
cTpykTypamu. Bonpoc: kakoro? OTBET Ha HEro SBJSETCA CTONb K€
MPOCTbIM, KaK U OKHIAEMBIM: A3bIK CAMHUX MOJAIbHbIX HopMy!

KoHe4dHo, 9TO He coBceM TOUYHBIA OTBET, MOCKOJIbKY, CKaXeM, 1/
OTBETAa Ha BOMPOC O A3bIKE 171 MCCIIEAOBAHHSE CEMAHTUUYECKHUX CTPYK-
TYp M HX KJIAaCCOB HaJ0 BCMOMHHUTb, YTO B TaKHX HCCJI€N0BAHHUAX
UCIIOJIb3YKOTCA HEKOTOpbIE BHEWHHE M0 OTHOWIEHHUK K MOAalbHOMH
JIOTHKE TMOHATHSA, B YacCTHOCTH, Y)Ke YMOMMHaBLIHecd: noaairedpsl,
rOMOMOP(U3MBI, MPsAMbIE MPOHU3BEACHHUS W Jp., a TAKXKE HUX PEJALH-
OHHO-CEMAHTUUECKHE AHATOTH: pelyKUuH (p-mMopdH3Mbl), MOpOXKIe-
Hue noaiikaa U np. Hackonbko yaaueH noadop 3T1oro roHATHHHOro
annapara? Bornpoc He npa3aHbli, €ciM BCMOMHHUTD, YTO €r0 UCTOYHHU-
KOM SBJISIETCS YHHBepcaibHad anrebpa, usydarouias «cpasy Bcen, Oe3
yueTa, BooOllue ropops, crneunduky anredpanyeckux oObEKTOB, MpH-
CMOCOOIEHHBIX K UCCIIeI0BAHUIO MOTATIbHBIX JIOTHK.

W nefcTBUTEIBHO, B HEKOTOpBIX CY4YagX OKa3blBA€TCH BeCbMa
MOJIE3HbIM pacCMaTpHBaTh HEYTO MHOE. 3LeCb UMEETCs B BUAY OlNHca-
HHE YCTPOMCTBa BCEX KOHTpMoOAeeH JaHHOM MoAaJIbHOH dopMyJibl C
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MOMOULBKO TAKWX NOHATHH, Kak noaMonenb (MoAiikana), KoHbUHaIb-
Hag noaMozens (nojuwikana), 3akpeltas ofjgacTh. ITOT anmnapar,
M3BECTHBIM KaK annapaTt KaHoHWueckux (gopmyn (dbopmyn!), okasbiBa-
€TCA aJeKBAaTHbIM 1 Ciy4as, KOrja paccMaTpUBalOTCs paclUHpeHUs
MonasibHOH oTHkU K4. [TonpoOHOCTH ero nocTpoeHHUs U NMpUMEHECHHS
MOXKHO HaWTH, nmomumo [4], B comepkarelbHO OOraToM aBTOPCKOM
OuYepKe UIEH M MOoTyYEeHHbIX pe3yabTaToB [7]. EAMHCTBEHHBIM «HeaoC-
TATKOM» JTOTO annapara fiBJAJeTCA TO, YTO OH MPUMEHHM TOJIbKO B yKa-
3aHHOM (MM OJIM3KHMX K HEMY) KJlacce JIOTMK W He pacnpocTpaHMM,
CKaXKeM, Ha Clly4yail BceX HOpPMalbHbIX MOJAbHbIX JIOTHUK, XOTH (par-
MEHTApHO €ro KOHCTPYKLMK NPUMEHHMBI B OHeHb LIMPOKUX Mpe/ieax.

Tenepb oOparumcs Kk rnpuMepaM HemnocpeaCTBEHHOrO UCMO/b30Ba-
HHUS S13bIKa MOJQJIbHBIX (POPMY.I.

IIpumep A.
Teopema bioka

OnHUM W3 3aMmeuartesbHbIX JoCTHXKEeHUH 70-X sBUioch nojHoe (1)
ONUCAaHHUE CHUTYalUMUH C TaK Ha3blBAEMOW CTENEHbIO HEMNOJIHOTBI HOp-
MaJIbHbIX MOJAJbHbIX JOrUK. HarnoMHHUM, 4TO CTEMEHbIO HEMOJHOTSHI
JIOTUKU L SIBJS€TCS MOLUHOCTbh MHOKECTBA JIOTHK, HMEIOLIUX B TOYHO-
CTH Te ke lKanbl Kpunke, urto u L. ScHo, uTo, HanpuMep, Joruka K,
NpOTHUBOPEYUBAs JIOTHKA HMMEIOT CTEeNE€Hb HEMOJIHOTHI 1, a BcAkas
HernoaHasg no Kpunke norvka MMeeT cTerneHb HEMOJHOThI HE MeHee 2.
Teopema bnoka, 0 KoTopoii 34ech UAET pedb, YTBEPKIACT, UTO 6CAKAA
HOPMANLHASL MOOWTbHASL T02UKA UMeem cmeneHb HenoaHomsl aubo 1,
aubo kowmunyym. Ilpu 3TOM MMeeTcs TOUHast XapaKTepH3auWs JIOTHK
3TUX ABYX KJIaCCOB, KOTOPYIO Mbl 3/1€Cb OMYCTUM B COOTBETCTBHH C
HAWIKUMH UE/IAMU, 3Ta XapakTepu3aluus U MOACPHH3ALMS OpHUrHHAJIb-
HOTr'O J10Ka3aTesbCTBA TeOpeMbl biioka B COOTBETCTBUM € H3J/iaraéMbIMH
3/1€Ch UAESIMU H3JI0KEHbI B [4].

[To Teopeme bnoka nojydaercs, Kk NMpUMepy, YTO CTEMNEHb HETMOJI-
HoTbl Jlorukh D =K & —ol paBHa 1, B TO Bpems Kak [Jif JIOTHKH
K @ ol (noruku oaHoi uppedreKcHBHOM TOUKH® Kak wKaibl KpHIKe;
Oynem nanee M300pakaTh 3TY TOUKY M LIKamy W3 3TOH TOUYKH CHUMBO-
JIOM ®) OHa KOHTHHYyasbHa. BOT 3T0T nocnennui daxrt u Oyaer HaueH
NePBOH WITIOCTPALHEHN.

Mbl cobupaeMcs NpebIBUTb KOHTUHYaJIbHOE CEMENWCTBO JIOTHK Ly,
npu I € w— {0}, enMHCTBEHHOH KOpPHEBOHN LIKanoW KpHIike KOTOpbIX
ABJIAETCA 1LUKaNa, COCTosALlAs W3 OAHOM MPPEeQUIEKCHBHOW TOUKH o,
HanomHuM, uTO 11KaJla Ha3bIBAETCsl KOPHEBOM, €CJIM B HEH €CTb TOUKA,

5 B COOTBETCTBHM C TepMHHONOrMeil [4] Toukoi 3/1ech Ha3blBaeTCs TO, 4YTO B
cemaHTHke Kpunke MPUHATO Ha3blBaTb MUPOM.
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H3 KOTOpC'FI JTrodas Apyras 104Ka JOCTHXXHUMa 34 KaKOC-HH6y,ZIb YUCJTO
uiaros 1o OTHOWCHHK JOCTHXHUMOCTH, OHYEBHUAHO, YTO BCAKAA MO IHAA
no KpHHKe JIOTHKA OnpeaeaiaeTca CBOMMHU KOPHEBbLIMHU LIHKAJTaMH.

|HETDAH3UTHUBHAS IIKAJA |

c 'b a, ay  afd a-i
®——-0 {—»0——»80 P ®
,rg"_é ‘‘‘‘‘ ¢ *—;_"eu———_”_,o_-;l—-o—-" B
€0 1 ‘ 7
| Ny / :
I ! i
| |
1 [

OnpenenuM L, kak Joruky ododbuieHsol wkansl F;= (W, R, P,
wkana Kpunke (W, R;) koTopoil u3obOpakeHa Ha pUCYHKe. 3aech
NoALIKaabl, OOBeJEHHbIE IMYyHKTUPHOM NMHUEH, TPaH3UTHUBHBI, U3 4,
JOCTHXXHUMbI BCE TOYKH €; U €', TIpH [ < @, j € [, TOUKH €'; NpHHAaAIexXaT
W, B TOYHOCTH and I € I, CeMEHUCTBO P; COCTOUT U3 MHOYXECTB BHIA
XUY, Ty, X— KOHe4HOe MM KOKOHe4Hoe (T.e. JOMOJIHEHHE KOTO-
pOro KOHEYHO) MOJAMHOXECTBO {aj, c,e.e’:i<w,j=l}, a ¥ nubdo
ABJIAETCA KOHEUYHbIM MOJAMHOXECTBOM {q;: i < w}, m/160 UMeeT BHUI
{b} U Y, rae Y'— KokOHe4YHOE NOAMHOXECTBO {q;: [ < w}. PyTuHHYy1O
NPOBEPKY TOr0, YTO 3TO AeHCTBUTENBbHO 0C0o0UIeHHas MMoaUIKana — T.€.
TOro, 4to °; 06;1a1aeT HEOOXOAUMBIMH CBOMCTBAMH — OIMTYyCTHM.

3aMeTHM, 4TO BCE TOUKH F, 32 HCKIIKOYEHHEM b, XapPaKTEPHU3YIOTCS
dbopmynamu 6e3 nepemenHbix. Hanpumep:

a = ldJ.. 0/ <>D_L,
Qi1 = oo AN—O a,, = Oza()/\ - Qg,
E T ONENTOEANTOE, E] = CEA O &y,

(Ct; ICTHHHA TOJIbKO B a;, ¥— B C, § — B ¢€;, £€;— B €';). [0 ykazaHHbIM
cBOMCTBaM 3TuX GopMyJ Mnosy4yaercs, 4Yro ecau / OoTIHU4YHO OT J H
i €l-J, T0 £ HaxoaMuTCs B pasHOCTH L,— L, T. €. 3TH JIOTUKHU pas-
JTUYHBI, & 3HAYHUT, JIOTHK BHAa L; CTOIBKO, CKOJIbKO HMEETCS MHOXECTB
Ic w—- {0}, T.e. KOHTUHYYM.

[Tokaxxem Teneps, 4TO eciM F'— KOpHeBas wkana Kpunke JOruku
L;, 70 F ecTb ®. DTO IETKO MO.1YYUTh C MOMOLUBIO JIEMMBbI HoHccona, Ho
MBI MTOCTYTUM HHa4de (M TOXe Jerko!), HerocpeaAcTBEHHO UCMOJIb30BAR
A3bIK MOJANbHBIX OpMYII.

Hrak, npeanonoxuMm MpoTHUBHOE: MyCcTb F — KOpHeBas LKasna
Kpunke 10oruku L, a U3 ee KOpHA u nocmx\nma o KpaifHe# Mepe oJHa
Touka. [loc KOJIbKY o v NV SV Olayv oy € L, onHa w3 dbopmyn
ay, Qo, O, O Q, O NOKHA ObITb MCTHHHA B U (npu noboit
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OUEHKE, B CHJY OTCYTCTBUS B (OpPMYJi€ NEPEMEHHBIX), NMPHYEM ITO
BBMAY BbIOOpa [ (TOYHEe, U3-3a TOTO, YTO M3 4 HOCTHXKHMO XOTb YTO-
TO) HE MOXKeET ObITh «r.;, a MOTOMY B F' HIMeeTcsl Touka, B KOTOpoi ¢op-
MyJia Qo UCTMHHA. Mlcnonbays ToT dakT, uTto ap—> O’y € L;, nonyyaem
TOUKY X, B KOTOpPOW UCTHHHA Y. 3aMETHUM TeNephb, UTo

y—> o(oo(cop —> p) & p) € L,

rae do@ = o(o a—> ¢). (3aech UCIOIB3YETCA TO, YTO KaXKJ0€ MHOXKe-
ctBo X € P; B ciiydae b € X cogep>KUT HEKOTOPYIO TOUKY @, nipH i > 0.)
3HauuT, npu nwboti oyewke B F B TOYKE X HUCTHHHa (QopMyia
o(go(ogp —> p) — p). Tlo onpene/leHHIO ¥ UMEETCA ), JOCTHIXKHUMBIA U3
X, B KOTOpOM HcTHUHHa dopmyna Oa, H, kKpome TOoro, dopmyna
Oo(ogp &> p) > p. Omnpenenum  ouesky VB F, nonoxus
V(p) = {z : yRz}, T.e. nepeMeHHas p UCTUHHA B TOYHOCTU B TOYKaX,
JOCTWXUMBIX U3 y. Toraa B y UCTUHHA dopMyna 0o(0ep — p), @ 3HAUUT
M p ¥ MOTOMY 10 BbIOOPY OLUEHKH TOYKA y J10/DKHA ObITh JOCTHKHMA U3
cebs, T.e. pednexcuBHa. Teneps ompeaenuMm ApPYryl OUEHKY V',
V(p)={z:yRz} — {y}, T.e. nonaraem, 4TO NnepeMeHHas p UCTHHHA B
TOYHOCTH B TOYKaX, JOCTHXXHMBIX M3 ¥ U OTJIMUHBIX OT y. BBUay ped-
JIEKCUBHOCTH ) Mbl BHOBbL I10JIy4aeM, 4YTO B )y MWCTHHHa dopMyna
Oo(Cop — p), @ 3HAYUT U p, YTO NPOTUBOPEUHUT BBIOOPY OLEHKH. Takum
00pa3om, Mbl JOMYCTHJIM HEBEPHOE.

B pesynbTate Mbl YCTaHOBHWI/IM, YTO ® — €IMHCTBEHHAs KOpHEBas
wikana Kpunke BCAKOH JOTUKH Ly, a JOTUK 3THX KOHTHHYYM.

[TonBeaeM HekOTOpble UTOTH. bbINO MpeacTaBIeHO JOBOIBLHO KpaT-
Koe (C YYeTOM BBITIOJTHEHHUS HEKOTOPBIX PYTUHHBIX YNPa)KHEHUH Bpo/e
MPOBEPKH HCTHHHOCTH HEKOTOPBIX (OopMyS B H300paKEHHOH BbILIE
mikase), npsmoe (T.e. 0e€3 HCMONb30BAHUA KAKHUX-THOO CIIOMKHBIX
anrebpanyeckux (akros, TpeOyrOUMX B CBOKO O4Yepedb pa3BUTHA
OMpeAe/IEHHOro arnmapara) [0Ka3aTelbCTBO HWHTEPECYIOLIEro Hac
dakTa. Ho noMuUMO 3TOro JaHHbIN BapHaHT J0KA3aTENbCTBA OTKPLIBAET
MYTH AJI1 HEKOTOPBIX 0000LEeHHH, HEBOZMOXKHBIX NMPH OPHUTHHAIBLHOM
JoKa3atenbcTBe. MMeeTcs B BUAY BapuMaHT TeopeMbl biioka 1o oTHO-
IIEHUIO K OKPECTHOCTHOM CEMaHTHKE BMECTO CeMaHTHKH KpHrnke: Kak
ObIJI0 YCTAaHOBIEHO B [5] ¢ MOMOILLBIO HEKOTOPON HETPUBHAJILHOM
MOAM(HUKALMK YKa3aHHBIX TOCTPOCHUH, 0151 6CAKOU HOPMANbHOU
MOOQTbHOU I02UKU ee cmenenb HenolHomel no Kpunxe u cmenenb
OKPeCcMHOCMHOU HENOIHOMbL C08NAOaom. ITO BECbMa HEOXHAAHHbIHA
daKT, ec/id y4ecTb, YTO OKPECTHOCTHasl CEMAHTHKa 10 «CHJIE» Haxo-
AUTCH CTpPOro Mexay aireOpanyeckoil CeMaHTMKOW M CEMaHTHKOM
Kpunke; kpome TOro, OKpECTHOCTHAsA CEMaHTHKa UMEET CyLIECTBEHHO
BTOPOMNOPAAKOBBIN Xapakrep, a nocemy o6o0iieHus neMmbl MoHccona
3/1eCb HEBO3MOIKHBI.
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IIpumep b.
Jloruku 0e3 Henocpe/ICTBEHHbIX NPeAlIeCTBEHHHKOB

JIrobonbITHOM 3aadel B ONMUCAHUU PELICTOK JIOTHK Oblia B CBOE
BpeMs 3a/aya HaXOX/JAEHHUH B 3THX pellleTKax UHTEPBAJIOB, B KOTOPbIX
OONbIIMHA KOHEL HE HMEET HEMOCPEICTBEHHBIX MpeailieCTBEHHUKOB,
JTa 3a3a4a MOMUMO OTBeTa Ha BOMPOC O BO3MOXHOM YCTpPOHCTBE
pPELIETOK JIOTMK HMMEJla W MHOE 3HaYeHHe: ecsiM rnoTpedoBaTh, YTOOI
MEHBLIUK KOHell OblT KOHEUYHO-aKCUOMATHM3UPYEMOH JIOTMKOH, TO
60blIHHA He OyJeT UMeTh He3aBUCHMOM akcHomaTuzauuu. Hago cka-
3aTb, YTO BONPOC O TOM, BCsiKas 1M MOJajbHasl JIOTUKa UMEET He3aBH-
CHMYIO aKCHOMAaTH3allMIo, CTOAd C TeX Mop, Kak Obi1o oOHapy»xeHo,
YTO HE BCE MOJAJIbHBIC JIOTHKH KOHEYHO-akchuoMatusdpyemsbl. [lepras
4yacTb 3a1a4M (T.e. 6e3 ydyera yka3aHHOrC JOMOJHHUTEIbHOro Tpebona-
HHsl Ha MEHbLIMH KOHel uHTepBasa) Obina peweHa B. biokowm B pabore
Hayana 80-X C MOMOLIBIO NMPUMEHEHHs BapHaHTa JeMMbl HoHccoHa,
MPUIOJAHOTO 11 NPUMEHEHHUA K PesLAOHHOM CeMaHTHUKe, OJIHaKo
MEHBLUHWH KOHEL (Kak, BIIpoYeM, U OOJbLIMIA) MOCTPOEHHOrO UM UHTED-
Bajla ONHCBIBAJICH CEMAHTHYECKH, MPUYEM B OMMCAHUHM HUCIIOJIb30BAHO
MHOKECTEO KBAJAPaTOB HAaTypaJbHbIX YHCEJ, YTO BbI3bIBAET COMHEHHE B
BO3MOXHOCTH €ro KOHEYHOW aKCHUOMaTH3aUUH (pacCTOSHUS MEXay
COCEIHUMHU KBaJapaTaMu pacryT A0BOJbHO ObIcTpo). ' MOMOUILIO TeX-
HUKH MOJajbHO-(POPMYIBHOIO OMUCAHUS «IMOBEACHUSI» PETILMOHHON
ceMaHTHUKM M.B. 3axappsiieBy COBMECTHO C aBTOPOM [JAaHHBIX CTPOK
yaaiock B cepeauHe 90-x pewuTh 3adady MNOJHOCTHIO. bonee Toro,
OKa3aJ10Ch, YTO J102UKU De3 He3aBUCUMBIX AKCUOMAMUIAYUL CYujech-
8YIOM HE MOJIbKO CPeodu HOPMATbHBIX MCOQIbHLIX J0PUK, HO U Cpedu
CYnepUHmMVUYUOHUCMCKUX, & KPOME TOro, OOHApyKEHO MHOIro COnyT-
CTBYIOLIUX 3P DEKTOB, HANPUMED: CYech8yem He3agucuMo aKkCcuoma-
muzupyemoe HopmaibHoe pacuiuperue S4, cynepuHmyuyuoHuCmcKkuu
Gpazmenm KOMOPO2o HE3ABUCUMO AKCUOMAMUIUPYEMBIM HE ABIAEMCA.
Yrto kacaercs HOpMa/ibHbIX MOAbLHbBIX JOTUK, TO B [§| HallaeH BecbMa
U3SLLHbIA, G0nee MpocToi, ueM Hall, npdMep Jorukd 0e3 He3aBHUCH-
MbIX akcuomaTtu3auui. [IpusBegem ero. 2To BTOpoOH (mpaBblil) KOHEL
uHtepBana [L;L,], rae

Li=K4® o (ap > p) — op ® o—(o(o prapar—g) A ©(o gagr—p)) D
o<is3 OPi—> Uost;:j a(opin (piv op))) 52
@ o(opAPA—g) A O(OgAgGA—P) = © O (PAPA—G),

Ly=L, ®{ (0@ LAo"=Lap)ro@ LA o'—LA—p):n=20}.

[TossicHUM «CMBIC/I» aKCHOM JIOTUK L, ¥ L,. AKCHOMBI L, nocneno-
BaTE/NbHO, «O3HAYAOT» B KOPHEBbIX LIKaIaX: TPAH3UTHBHOCTbL U OTCYT-
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cTBUe OECKOHEYHBIX Llened BHAa Xx;Rx,Rx;..., BCAKas TMOAUIKANA,
OTJIMYHAsA OT CaMOM LUKabl, JIMHEHHA, B LIKajle HEeT TpeX [MOoMnapHo
HECPAaBHHMMBIX TOYEK H, HAKOHELl, €CJIH K3 KOPHS AOCTWKUMbBI [BE
HECpaBHUMbIE TOYKM, TO JOCTHXKHMA TOYKA, U3 KOTOPOH JOCTHXKHMA
OJIHa M3 3TUX Touek. HecnoxkHo noka3ark, 4To L, NnosiHa OTHOCUTEbHO
LIKAJIbl, COCTOSILIEN M3 IBYX OECKOHEYHbIX HECPABHHUMbBIX TPAH3UTHB-
HbIX, UpPEIEKCUBHBIX LieneH Buaa ...x3Rx,Rx;, KOTOpble JOCTHKUMbI
U3 olliero KopHs. AkcHoMbl L,, noGaBfieHHbie k L;, «03HA4yaroT» B
KOPHEBBIX LlKajlax €IHMHCTBEHHOCTb TOYEK, U3 KOTOPBIX JOCTHXUMBI
Nvlb KOHeYHble Lend. lllkana, OTHOCHUTENbHO KOTOPOH MOJHA L,
MNOJIYUYUTCS U3 OMUCAHHOM LKAkl a8 Ly, ecnu nob6aBUTh K Hel cBEpXY
(T.e. CUMTATb NOCTHIKHUMOM HX BCEX YK€ UMEIOLIMUXCS TOYCK) ellle OJHY
OECKOHEYHYI0  TpPaH3UTUBHYIO, UppedIeKCUBHYKO  lielb  BHIA
.X3Rx;Rx,. (HecnoxxHo nokasaTh, UTO M3 aKCHUOMATHKU L, MOXHO
BbIOPOCHUTH J11000€ KOHEYHOE MOAMHOXKECTBO aKCHOM, N00aBIsSEMbIX K
L|; ux MoxHO OyaeT BbIBECTH M3 octaBuiuxcs.) CnpaBeaTMBOCTH paiH
creayeTr OTMETHTb, YTO NPH 0OOCHOBAHUW CBOMCTB MHTEpPBAa CYLLECT-
BEHHO MCIOJIL3YETCSl MOCIEAHAsl akcuoMa L, KoTtopas, B 4aCTHOCTH,
rapaHTHpPyeT B COOTBETCTBHMM C H3BecTHbiM pesynbtaTomM K. DaitHa
nosiHoTy mo Kpurike Bcex paciiMpeHHd L, a 3TOT pe3ybTaT (MoJHOTa
no Kpunke Bcex HOpManbHBIX MOAAIBHBIX JJOTMK KOHEUHON ILIMPHUHBI)
B CBOEM JI0KA3aTe/IbCTBE UCIIONIb3YET aKCHOMY BBIOOpa M HEW3BECTHO,
HacKoO/bKO cyluecTBeHHo. Bnpouem, npumep b paccmoTpeH 3aech ¢
Le/TbIO MOKa3aTh, YTO ABHOE MOJaJibHO-(hOPMYJibHOE OMUMCAHUE CEMaH-
TUYECKUX KOHCTPYKLHH TMO3BOJISET AOBOJBHO TPOCTO YCTAHOBUTH
BE€CbMa TOHKUE pe3y/bTaThl.

IIpumep B.
AKCHOMATHU3AUUH TA0JHYHBIX JIOTHK

OnHOH M3 ecTeCTBEHHbIX OCOOEHHOCTEH MOJAJIbHbIX JIOTHK SBJIS-
eTca TOT (hakT, YTO KakJlafd CEMaHTHYECKH MpocTas Joruka — Tabnuu-
Hasg WM, YTO TO K€ caMoe, 3ajJaBaeMas OJHOH KOHEYHOW IIKaJIoH
Kpunke — sBIseTCS M CHHTAKCUYECKH (TOUHEE CKas3aThb, AEAYKTHBHO)
NPOCTOM: 8CAKAA MADIUYHAA 102UKA UMEEeM KOHEeYHYIO aKCUOMamu3a-
yuro. DTOT GaKT OUYeHb MPOCTO CleayeT U3 BecbMa olluero aaredpau-
yeckoro pesynbrata K.A.beiikepa: Bcsikas KOHeyHas aaredopa ¢ aucT-
pUOYTHBHOM pEIETKOM KOHTPYCHLHI HMeeT KOHEYHBbIH 0a3uc TOX-
AECCTB WM, APYTUMU CIIOBAMH, uUMeem KOHEeYHO-aKCUOMAMuU3upyemyio
aK6aAYUOHANILHYI0 meoputo. B cBoto ouepens, pesynbTat K.A.belikepa
OCHOBbBIBAETCS Ha CYLUIECTBEHHOM HCIOIb30BaHHUH JieMMbl HMoHccoHa.
Takum oOpa3om, Mbl Oka3biBaeMCsl B «JIBOWHOM KamnKaHe»: Npexie
BCEro, [j1s M3yudeHUs KoHeuHoH (!) wkanel Kpunke ucnonbsyercs

241



anrnapar, OCHOBAHHbIH Ha HEOrpaHHYEHHOM MPUMEHEHHH aKCHOMBI
BbIOOpa, @ KpOME TOTO, JJ1s MOJIYYEHHs CaMOM KOHEUHCOH akCcHOMaTH3a-
UMK W/ UM YCTAHOBJIEHHS €€ CBOMCTB HEOOXOAMMO BHHKATh B A€TajIH
nokasatenbcTBa TeopeMbl K.A. beiikepa, koTtopoe npoBoautcs ans
anreOp obluero Buaa.

OnHako MOXHO BIOJHE OOOHWTHUCH M CYLLUECTBEHHO 0osee CKpOM-
HbIMH Cp€/CTBaMM, JAOLIMMHK MPAKTHYECKH BCE, YTO MOXKHO yCTaHO-
BUTb 00 akcHoMaTHU3auusx rabJMYHBIX MOJAJbHBIX JIOTHK. BBenem

dopmy.bl
oy = (P 1A O(@P2A O(P3A ... ACP,)...))
anm OSmSn-lﬁom(ocpl/\ A O(pn)a

TAC O, =1 A ... ADiN A= DiAPist A . AP, TIpH | <0< n. B [4] noka-
3bIBAETCSA, B YACTHOCTH, 4TO: 102uKa, pacuupsaowas K (¢ nocmyaupo-
saHuem w1 0e3 nocmyauposaHus npasul ledens), mabauuna moeoa u
MOIbKO mMmo20a, Ko20d 0.151 HEKOMOPO20 § ed NPUHAOIEdNCUm Gopmyia
o A Bs; umeemes agppexmusro evivuciuman Gyukyus f(s), maxas, umo
8Ce WKAIbI C KOPHEM, 8 KOMOPbIX UCMUHHA GOpMYAa %s A B, umerom
He bonee f(s) mouex. 3aMETHM, YTO OOKA3aTeJbCTBO HACTOJILKO IPO-
ctoe (B [4] OHO 3aHMMaeT MeHee CTPaHMUbI), YTO MCIKET CUMTAThCA
YNPaXKHEHHEM; BHYTPH 3TOr0 JOKa3aTebCTBA MCIMONb3YIOTCS KAHOHH-
YEeCKHME MONEJH, HO M MX JIETKO caenatb GUHUTHO OMHUCHIBAEMBIMH,
BBEIS B paCCMOTPEHHE COBOKYMHOCTb MCAIbHBIX A3bIKOB ¢ KOHEY-
HbIMH MHO>KECTBaMH MPONO3ULHOHATIbHBIX T€PEMEHHBIX.

[Tycts Tenepr L — TabnudHas HopmanbHas MojasibHas joruka. B
COOTBETCTBHHM C OTMEYEHHbIM (akToM L dABIS€eTCS pacliupeHHeM
norukd K @ a, A 3, npy HeKOTOpoM s. DTOT ke akT (BTOPOH ITYHKT)
00eCcrneymuBAeT HaM, YTO 8CAKAL MAOIUYHUIA 10ZUKA UMEem KOHeYHOe
MHOXMCECMBO PACUWUPEHUT U 8Ce OHU MAbIUYHbBL, NPpUYEeM UX WKAIb
umeiom pasmep He 6o.1ee pazrepa, onpedeinemoco pyHryueil f(s). Bee
3TO JaeT HaM CYLUECTBOBAHHUE HEYIUIOTHAEMOW WeNH HOPMalbHbIX
noruk K@ o, ABs=L,cl,c...cly,ck=L, te. mpu 1 </<k-1
APYTHX HOPMasibHbIX MOJAJIbHBIX JIOTHK, HAXOAALHUXCH CTPOrO MEXKIY
norukamMu L U L, HeT. OcraeTrcd 3aMeTHTb, YTO €CJ/iH L' KOHEUHOo-
akcMoMatusupyema, L' < L" u cTtporo mex.1y L' u L" noruk Her, T0o L"
TOXKE KOHEYHO-aKCHOMAaTU3HpyeMa (K aKCHOMaTH3auud L' Hy»XHO
W/Mnu aoctaroyHo pobaBurth MoOyro Gopmyay W3 pasHoctu L" - L').
Hekotopoe ©Oonee ckpymyne3Hoe pacCMOTpPEHHE [AeT WU allrOPHTM
MOCTPOCHHUS AKCMOMAaTH3alUMH TaOJWYHONH JIOTHKM [0 OIHCAHHIO
3aJaloLleH e€ LKaJIb.

JIto00NBITHO 3aMETUTD, YTO U1 UCCIE0BAHHH COBOKYIHOCTH Ta0-
JIMYHBIX JIOTUK BO MHOTHMX ClIy4asix JOCTATOYHO PacCMOTPEHHS HE HX

242



aKCMOMAaTHU3aLMH, a PaKTa HATMYUA B K&KAOH U3 HUX KaKOH-HUOY b U3
dopMya BHIA O A B;. UIMEHHO Tak aBTOpOM OBLIH MONAYYEHBI PE3yib-
TaTel 00 ANIrOPUTMHUYECKUX MpobJieMax, CBSA3aHHBIX ¢ TaOJUYHOCTHIO.
Hanpumep, okazanoch, UTO an20pummuyecky Hepaspeuuma npooiema
mabauuHOCMU NPOU3BOILHOU HOPMATLHOU MOOAQILHOU J02UKU, Of
BCAIKOU HEnpOmueopeyusol mabiuyHoU HOPMAIbHOU MOOANLHOU
noeuxku L aneopummuuecku Hepaspewuma npobiema, AIAemca U
Oannas cucmema akcuom (gonoaHurenbHbix Kk K) axcuomamuszayueii
L. Y 310 nuiub HeGosbLuas BeIOOpKA U3 CIIMCKA pe3yJIbTaTOB, MoJyyae-
MBIX C TOMOLIBIO POopMYIT O A [3s.

Kak BHIIHO, HHTEpeCYIOLME HAaC B NMPUBEAECHHBIX MpuMepax (aKThl
C HCNOJb30BAaHHEM CIEUHPUKH MOAATBbHO-GOPMYILHOTO OMUCAHHUS
CBOWCTB LIKad MOJyuyeHbl OYKBAJbHO «Ha Manbllax» U He TpeOyroT
HUYETrO, BLIXOAALUErO 32 OUEPYEHHbIE HAMH PaAMKH.
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N.JL.2carxua

CJIABAS TPAHIUTUBHOCTL - PECTUTYLIUA

Abstract. The purpose of this paper is a restitution of a longstanding notion of
weak-transitivity and a modal system, which may be identified with the set of
formulas valid in all weak-transitive Kripke models. The modal system has a
finite models property and can be axiomatized quite simple: it is the smolest
normal logic to contain all instances of the formula p& p-» '/ p. The modal
system is an especially interesting as the logic of all topological spaces
provided that the limit-operation, a fundamenial topological notion, is treated
as the diamond modality.

Kak M3BeCTHO, ajekBaTHas CeMaHTHKA MOJajibHOM cucTembl K4
onpeaenseTcs B TepMuHax ¢perdMoB Kpunke (X,R) ¢ TpaH3UTHUBHBLIM
OTHOLUEHHEM JOCTHXHUMOCTH R. BCOMHMM, YTO mMoyTH noJctoeTvs
TOMY Ha3a/l MOHATHE TPAH3UTHUBHOCTHU ObL10 MpeaMeToM THOOMBITHON
JAUCKYyCCUY B cpele Jorukos (¢ ydactueM Aptypa [lIpaiiopa), mare-
pHajibl KOTOPOH HAaLUIM OTpaXEHHE B Me4aTH W mnpopedeprupoBaHbl
Anon3zo YepueM (cM.[1]); npyuBeny uUMTaTy U3 3aKIHOUUTEILHOM YaCcTH
sToro pedepara: “This is continuation of the discussion initiated in the
XXIV 182(1,2). In spite of disagreements on this way, the polemic
ends with all parties agreeing that notion of weak-transitivity of a rela-
tion R, characterized by x#z & xRy & vRz = xRz must be distin-
guished from that of strong-transitivity, characterized by xRy & yRz =
xRz”. MHe kaxeTcs, yTo noHaTHe c1abol TPaH3UTHBHOCTH TOYHEE
OTpa)KaeT 3HaYeHHE CJIOB «TPAH3UTHBHOCTb» M «TPAH3WT» HALIErO
OOBIAHHOTO A3bIKa; CKaXXEM, MepeJieT U3 MyHKTa X B MyHKT Y U 00paTHO
(T.e. cayvai, koraa x=z!) mMel, NoXKanyi, He Ha3BasiM Obl TPAH3HUTHBIM.
Tak wiu vHaye, JOCTUIHYThIA KOHCEHCYC MO3BOJISET HaM, HApAAy ¢
«O0OBIYHON» TPAH3UTHUBHOCTHIO, MOJB30BATHCA M €/1a00H TPAaH3UTUBHO-
cTbio (= weak-transitivity); 6onee Toro, Ml OTMETHM HEKOTOpbie AOC-
TOWHCTBA ¢1a00i TPAH3UTUBHOCTH U TNMOKaKeM, uTo (hpermMbl Kpurke
(X, R) co cnabo-TpaH3UTUBHBLIM OTHOILEHHEM JOCTHKHMOCTH R
XapaKTepHU3yT MOJaJIbHYIO cucTeMy (HazoBeM ee wK4) c kpaliHe
NpOCTOH aKCHOMATHKOW, KOTOpas
.) siBJ1sleTCsA npoMexyTouHoi Mexay K u K4,

.) GUHUTHO anNpoKCHUMUpYEMa U pa3pelunuma,

.) obnanaeT cBoeoOpa3HbIMU PACILUPEHUAMH, ““MUHYIOLIUMH™® CHCTEMY
K4, u, HakoHeU,

.) COBIaJasT C MOJAJIbHON .10TMKOH TOINOJOrMYECKHX MPOCTPAHCTB,
KOrja MoAa1bHOCTh O Bblpa)kaeT PYHAAMEHTA1bHYHO Orepaluio TOMno-
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JIOTHH, COMOCTABISMOUIYIO MHOXECTBY — €ro rnpenesibHble TOYKH!
Xo4eTcq HaJEETCA, YTO MPENPHUHATAas HAMH PECTUTYLIMS caboit TpaH-
3UTHBHOCTH U BMECTE C He:A COOTBETCTBYIOLUEH MOAATbLHOW CHCTEMbI
OKaXXeTcs He Oecrnosie3HOM.

Cnabass TPAH3UTHBHOCTDH

Hrak, nonb3ysick TEPMUHOJIOIHEH YJIEHOB JIMCKYCCHH, OyaeM ropo-
pUTb, UTO OMHapHOe oTHolueHue R crabo mpanzumueno, ecau U3 xRy
U YRz MbI 3akiiroyaem, 4to xRz nuub B cnydae, koraa x#z.

[lyctb R — npou3BonbHOE OTHOLIEHWE Ha MHOXeCTBe X,

onpeaenuM (nonobHo beprpany Pacceny) omuowenue poocmea
(=ancestral) R*.

Onpenenenne 1. xR*y < (xRy unu (x#y ¥ cyliecTByer myThb

<Xy, X2, s XY™ (n>0), Benywmi u3 x By, T.€. XRx |R x 5,...,x ;Ry.
3ameuanwue. [1ytb <X |,X 5,..., X 1,y U3 X B Y Ha30BEM

(a) 6e3gozspamubim, eCnU NpU TOOOM 1 (1 <n) X # X; U

(b) 6ecnoemopmeim, ecnu ans MOOBIX 1 M J, U3 1 #] CIIEAYET X ; # X;.

JIomyCcTUM, YTO NpU HEKOTOPOM 1 < n , X = X ; ; MNOCKOJIbKY “OTpe-
30K” <Xj:1, ... ,X p,Y> HCXOJHOrO MyTH TaKkke 0Opa3yeT MnyTb U3 X B Y, TO
UTepalus TakoH npoueaypbl “ype3aHus” 1acT HaM, B KOHLE KOHLOB,
©e3B03BpaTHBIN MyTb U3 X B y. JlOMyCTUM Tenepsb, YTO X ; = X j MpH 1#]
(i< j ) , T.e. CYLIECTBYIOT MOBTOPHI; 3aMETHM, YTO MOCJE YIaJIEHUs
MOC/I€0BATENBHOCTH <Xji1,...,X;> H3 HCXOAHOTO MMYTH MbI MOJyYUM
6oJiee "KOpPOTKUH” MyTh M3 X B Y H, CJIEI0OBATENbHO, [IOBTOPEHHE TAKOH
npoteaypsl MpUBedeT K OecrnoBTOpHOMY MyTH. TakuM oOpa3oM, Mbl
Moriu 6l orpaHuuuThbes B OnpeneneHuu 1 6e3Bo3BpaTHbIMU M Gecno-
BTOPHBIMH My TAMH.

Jlemma 1. JIng mo6oro otHouleHus R, oTHouleHue poactBa R*
cnabo TpaH3uTHBHO U R < R*.

JoxkazareabcrBo. BriroueHue R C R* cienyer HenocpeacTBEHHO
U3 OMnpeesIeHNs; MOKaKeM c1alyto TPaH3UTHBHOCTb OTHOILIEHHS R*.

Mycts x # z , xR*y u yR*z; 3ameTnm, 4To €ClM X=y WIIH Y=Z, TO
JI0Ka3bIBaTh He4ero; OyeM CUMUTaTh, YTO X # Yy U Y # Z. YcioBus XR*y
u yYR*z nopoxxnatot uersipe cayyas: (1) xRy u yRz; nockoneky X # z v
MOC/eN0BATENLHOCTE <y, Z> 00pa3yeT MyTh U3 X B z, To XR*z. (2) xRy
u JT03kHO YRZ; Torna, Tak Kak y #z, TO CyIUEeCTBYET MyTh U3 Y B Z; YCJIO-
BUe XRy MO3BOJIAET NMPUCOEAUHUTD Y K HaYaly M MOJYYHUThb IMYyTh M3 X B
z. (3) xRy noxHo, HO YRZ; Tak Kak X #y , TO CYLIECTBYET NyThb H3 X BY;
ycinosue YRz, no3BonseT “npucoeIMHNATL” Z K KOHLY H TIOJYyYUTh My Th
u3 x B z. (4) ob6a ycnoBusa xRy, yRz noxHbI, Tak Kak X £y Uy #Z., TO
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UMEIOTCS Ba MYTH: U3 X B Y U U3 Y B Z. SICHO, YTO COUJIEHEHHE ITHX
MyTeH JasT MyTh H3 X B Z.

Jlemma 2. [lyete R S v oTHOweHHe S ¢1a60 TpaH3UTUBHO, TOra
R* c S.

HokasareabcTBo. [IycTs XR*y; Bo3MoxkHbI ABa c.ilydas; eciid xRy,
TO, nockoabky R < S | nonyyaem xSy; ecan xRy n0xHO, TO cyliecT-
BYET MyTh < X ,X 2,..., X 5,y> H3 X B Y U, KAK Mbl 3aMETWIH paHee,
MOXXHO CUHTATh 3TOT MYyTb O€3BO3BPATHLIM, T.€. X #* X ; MPH JIOOOM i
<n. IlokaxeM, 4To XS X ; Ipy NOOOM 1 <n HHAYKLHEH 110 1.

(1) 1.=1; Tak kak XR x yu R < S, 10 X S X {; (2) N0 HHAYKTHBHOMY
JOMYyLUIEHHIO UMeeM X S X ;43 U3 X i R X jmonyyaem X ;; S X ;; TaK Kak x
# X j, TO cj1abasg TPaH3UTUBHOCTb OTHOLUEHHS S MO3BOJIAET 3K TIOUHUTD
X S X i; B YaCTHOCTH, NpH 1 =n , MOJy4aeM X S X, U, TaK Kak X Ry, To X,
Sy; u3 cnaboit TpaH3UTHBHOCTH S UMeeM xSy.

CaeactBue 3. /Ina moboro otHoweHrs R, oTHoweHHe poacTea R*
ABJIAETCA HAUMEHBIIUM, C1ab0 TPAH3UTHBHBIM OTHOILEHHEM, Colep-
»alum R.

Takum obpa3zoMm, kak M B OOBIYHOM, TPaH3UTHBHOM CJly4ae, Mbi
BpaBe HasbiBaTh R* cnabo TpaH3UTHBHBIM 3ambixanuey OTHOLLEHHs R.

Jlemma 4. [lycts OGuHapHoe oTHowenue R CHUMMeTpHYHO; TOoraa
ero cabo TpaH3UTHBHOE 3aMbikaHHe R* Taioke cumMMeTpHyHO.

HoxkazateabcrBo. [lycTe xR*y; Ttoraa, ecau xRy, To U3 cummer-
puu R nmeem yRx u, cneposarenbHo, YR*x; ecnu xRy noxHo, 10 U3
xR*y cnepyer cyuwecTBoBaHHE MyTH M3 X B Y; H, YYHTbIBAA CHMMET-
PHUYHOCTb OTHOLUEHHS R, “HHBepcHA” TOro *ke MmyTH AaeT HaMm YR*x.

IHpumep. Ilycte X — npou3BobHOE MHOXECTBO C MO KpaiHew
Mepe ABYMs 3jieMeHTaMHU U R — oTHoweHHe “HepaBeHcTBa”, T.e. XRy
< X #y. Jlerko yBuaets, uro R cnabo TpaH3UTUBHO (K Jaxke CUMMET-
pPUYHO), HO HE TPAH3UTHUBHO.

Monaabuasa cucrema wK4

[Tycts K u3BectHas 0a3sucHas HOpMmasibHas MoJajibHas CHMCTeMa ¢
€IMHCTBEHHOH aKcHOMHOM cxeMoit O(p — q) — (Up — Jq) 4 ¢ oObiu-
HbIMH NpaBHIaMH BbIBOJA, BK/IKOYas NMpaBH.10 “OokcupoBaHus” p / Up.

Onpenenaenune S. Mooarsnas cucmema wK4 nosyvaercs uz K
MOCTY/THPOBAHHEM B KaU€CTBE JAOMOJHUTENLHOIH aKCHOMBI GOPMYJIbI

(W) (pAOp)—>D0Lp,
T.e. wK4 = K + (w).

3amMeTHM 3[€Ch Ke, 4TO B TePMHHAX omneparopa ¢ 3Ty aKCHOMY

MOXKHO 3aMMucaTh B BUAE
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(W) 0 0p = (p v Op).
Jlerko 3aMeTHTBb, YTO dHopMyna (W) qokazyema B cucteme K4 =K +

Up — U Up u, cnenosarenbHo, cictemMa WK4 aBiseTcs npomexyTou-
Hoi mexay K u K4,

YrBepkaenne 6. Ilycts (X, R) npousBonbHbliii dpeitmv Kpurnke,

T.¢. R npoussosibHoe OHHapHOe oTHoweHHe Ha X. CneayrolHe yciio-
BHS PaBHOCHJIbHbI;

1. ®peiim (X, R) asnserca wK4-dpeitmom, 1.6 akcHoma (w) —
o01Le3Ha4YuMa B HEM;

2. OtHouweHue R cna®o TpaH3UTHBHO.

Moka3zateabcrBo. [lycts Bo dpeitme (X, R) obwesnaunma dop-
Mysia (W’), HHbIMH CJIOBaMH, MycTb 1ia J0boro A < X cnpaBeajiMBo
Brottoyenre ddA — A < dA, roe dA = R'(A)={x €X: Fy(xRy & y
€ A)}; cnenoBartenbHO, UMeeM, koraa A={z} — cuHraeroH, (*) dd({z} —
{z} < d({z}). HomycTum, uto X # z , xRy u yRz; Torna x € R R ({z})
,X#zu(*) naorx € R ({z}), 1.e. xRz .

[lycte Tenepp R cnabo TpaH3uTHBHO W Mokaxem, yTo Gopmyia
(w’) obuiesHauuma B (X, R ), T.e. nng moboro A < X cnpaBeminBo
BatoyeHue ddA — A < dA. [lyctb xeddA; cnegoBaTenbHO CyLIECT-
BYIOT ¥,z € X, Takue, uTo XRyRz u ze A.

Ecnu x He npuHan/iexuT A, TO, BBUAY Z€A, Mosy4yaeM X # Z U Cla-
Gas Tpan3dTHBHOCTD R Briever xRz , cnenosarenbHo, xedA.

PaccMoTpuM  KaHOHMueckuii (aeckpunTuBHbiil) ¢dpeitm (X, R)
MoaanbHOM cucteMbl WK4, T.€. ceMeiicTBO X BceX MaKCUMaJlbHBIX,
HEMPOTUBOPEUMBBLIX MHOXXECTB (POPMYJI, COAEPXKALIUX BCE TEOPEMbI
cucreMbl WK4, co crangaprHo onpeneneHHbiM OTHOoweHuem R, a
umeHHo: XRy < (0 pe x = pey) ang nodo#i popmyisl p.

Vreepxkaenue 7. KaHonuueckud dpeitm (X, R) cnabo tpaH3nTH-
BEH W, c/lefoBaTeNbHO, aBaseTcs wK4 -dperimom.

Jloxaszareancrso. [lycts x # z , xRy 1 yRz ; nokaxem, yto xRz.

HonyctuM, yto [ pe X ; U3 X # Z CJEAYET, YTO /IS HEKOTOpOH
dopMynbl q, q € X M q € Z. SICHO, YTOpV qQ € X , TAK KAK p > P V q
tastosiorus, To (B cucreme K) umeem [(p —» p v q@) v Op —=U( p v q);
Tak kak 0 pe X, To J( p v q) € X; U3 akcHoMbl (W)U (pVv Q) AD(p Vv
q) € x nonyyaem [ J( p v q) € X u, cnenosatenbHo, O(p v q) €y U (p
Vv q) €2Z; HO q €Z H, CJIE10BaTEIbHO, P €Z.

CnencrBue 8. CeManTHuecKas nonaHora cucteMbl wK4

MopanbsHas cucrema WK4 xapakrepusyercst KiaccoM Bcex ciabo
TpaH3UTUBHBIX (peiimoB Kpurke.
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MeToa guabTpaumu u cuctema wk4

B sTOM paszgene, BOCIPOM3BOAS METOA (PWIBTPAUMM, MbI MOYTH
ngocnoBHo caeayem Cerepbepry [2]. Ilycts (X, R’, |=") — npou3BoJib-
Hasg moaenb U Y MHOKECTBO GopMyn, 3aMKHYTOe MO noapopMyiam.
Onpenendm OTHOLLEHHE IKBUBANEHTHOCTH E Ha X:

XEy <> ansa moboit dopmynsip e ¥ (x = p &y = p).

[Tyct, X — daktop-mHOoxkecTBO, T.e. X = {E(x): x € X}, u /=
oTHoweH4e popcuHraHa X: Ex) |=pope Y & x|= p.

®akTop-moaens (X, R, |=) HazwiBaeTrcs F-gpursmpayueit ICXOQHOM
MO/IEJIH, €CJIM OTHOLIEHHE R yIOBNIETBOpSET YyCIOBUSAM:

(1) xR’y = E(x)RE(y) v ans 11060 dpopMyJibl p

(2) E(ORE(y) = (Tpe W &x|=“Tp=y|="p).

HzecTHO [2], 4TO TpaH3UTHMBHOE 3aMbiKaHWe HauMeHbluel ‘F-
buabTpaurK MoxeT He ObiTh Y-punbrparuei, oaHako (cM. [2], Jlemma

2), ec/IM UCXOJHas MOJIeb TPAH3UTHBHA, TO TPAH3UTHBHOE 3aMbIKaHHE
HaumeHbliel V-gunsTpauuny asasercs ‘V-punsrpauueii.

Moauukaumto Ha ciyyaid c1aboil TpaH3UTHBHOCTH BbIpakaeT

Jlemma 9. Ecau ucxoanas moaens (X°, R’ |=") cnabo TpaH3u-
THBHA, TC c¢Jabdo TpaH3uTHBHOE 3aMblkaHWe R* HaumeHblued V-
dbunbTpauuu R asnsercs W-gunbrpaumei.

HokaszarenbcrBo. Tak kak R < R*. 1o gocrarouno ybeaurcs, yro
oTHoweHue R* ynoenerBopser GUIbTpaUHOHHOMY YCIOBHIO (2).
Honyctum, uto aR*b u a.]=[] p, rae a, b ripou3Bo/IbHbIE KJ1aCChl 3KBU-
BajleHTHOCTH. Ecnu a R b, 1o cywectByeT X € a u y €b, Takue, uto
xRy; Tak kak a.[= Jp u x € a, 7o x.|= * T u, c/iedOBaTENBHO, .y |= ‘ p.
Ecnu a R b noxHo, To 2 # b W cywectByer nyTsb <a,; , ..., a,b > U3 aBb.
Paau KpaTKOCTH, paccMOTpHUM aulb ciydadn =1, T.e.aRa; Rb. U3 a
R a, cnenyer cyliecTBOBaHHE X € a U X; € a; , Taku, 4To XR Xx;; u3 a;R
b umeeM x,’Ry a51a HekoTopbiX X;” € a; Uy € b ; U3 a # b creayet, uro
cywectByeT q € W, Takoe, 4To X [= q, HO ¥ |= q JI0’)kHO. JlonycTHUM, 4TO
X.|= [ p; icHO, UTO X |= pvq, ¥ Tak Kak X [= U p, 10 X |= L(pVvq), caeno-
BaTesbHO, X |= (pvq) AU(pVvQq); TaKk KaK UCXoaHas Moaenb cj1ado TpaH-
3UTHBHA, TO B HEH BepHa akCHOMa (W) U, clieoBaTeNbHO, X = (pvq) AU
(pvq) —=U U (pvq).

Torapa x |= 0 0 (pvq). Tak kak xR x;, Tox; [= U (pvq); HO X; EX;” U,
cnenoBaTenbHo, X;’ |= ] (pvq); Tak kak X;'Ry , To y |= (pVvq); U3 10Xk-
HOCTH Y |= q; cileayeT y |= p.

CaneacrBue 10. MopansHas cuctema wK4 - duHKHTHO annpokcu-
MypyeMa ¥ XapaKTepH3yeTCs KOHEYHbIMH cy1ab0 TpaH3UTHBHBIMU
dbpeiiMamu.
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CBa3b wK4 u S4

HauneMm ¢ HekoTOpbIX 3BpUcTHUECKHX coobparkenui. [Tycts (X, R)
— NPOM3BOJILHBIN S4-peiiM, T.e. NPOU3BOIBHOE KBAa3H YINOPSAAOUEHHOE
MHOXeCTBO, U X, C X. Onpenenum Ha TOM e MHOKecTBe X OTHOLLe-
Hue R, cnenyromium obpasom:

(1)ecan x #y, To xRy & xRoy 1 (2) xRox <= x ¢ Xo.

Jlomyckast BOJIBHOCTb peud, MOXHO 3TO onpeacieHHe nepedpasu-
poBaTh ClieaytolMM obpa3om: oTHoweHue Ry nmonyuaercs uz R “yna-
AeHueM” pedIeKCHBHBIX METellb B TOUKAX W3 MPeAnUCcCaHHOrO MHOXe-
cTBa X, (coxpaHss ocTajbHble R-CBSI3M HETPOHYTHIMH). 3aMETHM, YTO
koraa X, = X, Mbl noiy4aeM HppeduiekcuBHOE, c1abo TpaH3UTUBHOE
oTHoweHHe R,y. OTmeTuM Taroke, 4to ucxonuniit dpedM (X, R) oaHo-
3Ha4yHo nosyvaercs U3 (X, Ro), BoccTaHOBNEHHEM ynalleHHbIX pediiek-
CUBHbIX MeTeNb, T.€. NonoxkuB XRy < x =y unu xRyy. HetpyaHo ybe-
OWTbCS, YTO T1060e cnabo TpaH3UTHBHOE OTHOLLIEHHE Ry Ha MHOXeCTBe
X nonyuaercs u3 cBoero pedeKCMBHOro komrnaHboHa R ynanenuem
peJEeKCUBHBIX METENb B MOAXOIAUIMX TOYKaX MHOxecTBa X. DTH
“ceMaHTHUeckHe “ cBA3W Mmexay wK4- u S4-¢pelimamu nossonsior
YCTaHOBHUTH CIEAYIOLLYIO MPOCTYIO «AEAYKTUBHYIO» CBA3b CUCTEMBI S4
¢ wK4. BcnomHuM u3BecTHoe (MO KpalHeH Mepe B KOHTEKCTE JOKa-
3yEMOCTHOM JIOTMKH) “paciueruisioliee” npeodbpazoBanue # dopmyi p,
cocTosllee B 3aMeHe KaxaoH noadopmysl dopmyJel p Buaa [l q Ha q
A q. 3aMeTuM, 4To npeobpa3oBaHUe # aKCHOMBI “TPaH3UTUBHOCTH [
p — [ O p cuctembl S4 naet HaM (HOpMyIly, paBHOCHJIBHYIO aKCHOME
(w) cucrembl wK4. JeitictBurensho, # (O p — LU p) = (p AU p—> (p
AL p = O (p AU p)); erko BUAETh, YTO MocneaHss GopMyna paBHO-
cunbHa (B cucteme K) dopmyne (w).

YrBepxkaenne 11. (a) S4 |- p © wK4 |- # (p)

(b) wK4 aBaseTcs HaUMEHbIIMM HOPMAJIbHBIM PaCIUMPEHHEM CUCTEMbI
K, B koTOpOE norpyxaema cuctema S4 npeobpazoBaHHeM #.

Tonmogoruvyeckasi ceMaHtTuka wk4

B 3akIouuTeNbHON yacTH cBoel (yHaaMeHTalbHOW paboTsl [3],
MOCBSALLUEHHOMN anrebpaM ¢ 3aMblKaHHEM (=aredpanyeCcKol CeMaHTHKe
MoaaibHOM cucteMbl S4), Mak-Kuncu u Tapckuii 3amevaror: “ Like
the topological operation of closure other topological operation can
also be treated in an algebraic way. This may be especially interesting
in regard to those operation which are not definable in terms of clo-
sure... An especially important notion is that of the derivative of a point
set...” (cm. [3], p.182). /lanee npuBeacHO
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Onpenenenne 12. (Mak-KuHeu-Tapckuii) bynesa anre6Gpa ¢ one-
patopoM (B, A, v, —, d) Ha3biBaeTca anrebpoil ¢ aepHBauHed, ecau
oneparop d yaosnetrsopsieT yciaoBuam: (1) d0=0,

(2) d(a v b)=da v dbu (3)dda<da, ina mobsix a,beB.

B cospeMeHHO# “MoaanbHOR® nuTepaType 3TH anreGpnl HMeHy-
0Tca  K4-anreObpamu M o0pasyloT wirebpaHuyeckyrd CeMaHTHKY
MoJanbHOH cucTteMbl K4, koraa MoaaneHelil oneparcp O MHTEPNpPETH-
pyeTcs ¢ MOMOLIbIO onepaTopa AepuBaLuu d.

BcnoMHHM, 4TO TOYKA x TOMOJAOTHYECKOro MPOCTpaHCTBa X Ha3bl-
BACTCA MPeOe1bHOU MOoYKoU (WU MOYKOd HaKON1eHUA) MHOXKECTBA A,
ec/u J1o0as OKPECTHOCTb TOYKH X COJAEPXKHT Mo KpaiiHel mepe oaHy
TOYKY MHOXeCTBa A, OTAMuHYy0 oT X. O603HauuM 4epe3 dA MHOXe-
CTBO BCEX Mpeae/bHbIX TOUEK MHOXKECTBA A. BCIIOMHUM, 4YTO TOMOJIO-
rHYecKOe 3aMblkaHHe CA MHOXecTBa A paBHO A U dA.

YuuThiBas 3Ty, [104pa3y MeBAEMYIO, TOMOJIOTHYECKYKO HHTEpIpeTa-
LUMIO oneparopa d, HaM MpPeACTaBISETCA LENecO00pa3HbIM HECKOMbKO
ocs1abuTh TpeOOBaHHS, HAJIOXKEHHBIE Ha onepaTop aepuBauud B Omnpe-
aeneHun 11, a UMeHHO, 3aMeHUTH yciioBHe (3) Ha HECKOJbKO Oosiee
cnaboe (3’) dda <a v da . Urak npumem

Omnpenenenne 12'. bynesa anre6pa ¢ onepatopom (B, A, v, =, d)
Ha3bIBaETCS ancebpoll ¢ Oepusayueti, €C.1d BbiMoJIHEHb! YCaoBHS (1),
(2)u (3.

Knacc anrebp c nepusauueit obpasyer anreOpaHyeckyro cemaH-
THUKY MoJanbHOH cucTteMbl WK4 (cpaBHu ycnosue (3°) ¢ akCHOMOH
(w’) cuctembl wK4). Onpasnanuve npen1oxkeHHOW HaMM MoaudHKa-
LIMH OCHOBAHO Ha CAEAYIOLIKX MPOCThIX HAOIIOAEHUSAX.

OcHoEHas akcHoMa (M, clieoBaTeNbHO, M00as TeopemMa) CHCTEMBI
wK4 tononoruuecku obuiezHauuma. [JeficTBUTENbHO, HECTOXKHO Y0e-
AUTbCA, 4T0 akcuoMa (w’) O Op — (p v O p) WIH TEOPESTHKO-MHOXKECT-
BeHHOe BkatodeHHe ddA < A U dA. cripaseuTMBO B 11000M TOMONOTM-
YeCKOM TripocTpaHcTBe X 11 TMPOM3BOJBHOIO T0IMHOXECTBA A.
OpnHako xapaktepHas akcuoMa K4 O Op -» Op WM coOTBeTCTBYyIOLIEE
el BrltoyeHue ddA < dA He BO Bcex MPOCTPAHCTBAX BEPHbI: MYCTh,
HanpuMep, MHoxecTBOo X (110 KpaiHell Mepe C ABYMS 3JI€MEHTaMH)
CHa0XeHO aHTHIMCKPETHOH Tomosorued (T.€. OTKPBITHIMH ABJIAIOTCS
TOJIBKO ITYCTOE MHOXECTBO 4 caMO MpocTpaHcTBO X). Jlerko mpoge-
puTh, yto ycaoBue ddAC dA noxHo ang noboro cuHrieToHa A={x},
JIEACTBUTENIbHO, B 3TOM ciyyae dA cOAep>KUT BCe TOYKH, KPOME TOUKH
X: oAHako x € ddA.

[Tyctb (X, R) — npousBo1bHbIi (peiiM; oGo3Haumm uepes (X, R)”
OysieBy anreOpy (Bcex NMOAMHOMXECTB MHOXKeCTBa X) ¢ oneparopom d:
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= {x € X: 3x (xRy & yeA)} um, xopoue, dA = R "' (A) ans
mo6oro MHOXecTBa A. Mbl yxe 3Haem (YTBepxaeHue 6), uto anreGpa
(X, R)" sBnaerca wK4-anre6poif, ecru u Toabko ecnu (X, R) cnabo
TPaH3UTHBHBIA ¢peiimM. YuurbiBas, uto cuctema wK4 GdUHUTHO
annpoKcUMHUpyeMa (WM, anreOGpaHyeckd roBops, YTO MHOrooGpasue
anredp ¢ nepuBaLIMeEll NOPOXKAAETCA CBOMMHM KOHEYHBIMH anreGpamu),
CMELHATBHO BbIAETHM KOHEYHBI CIyyYaii.

YtBepxaenne 13, Kaxnas koHeuHas anre6pa ¢ nepusauueii (B, d)
NpeACcTaBHMa (C TOYHOCTBIO 10 U3oMopdu3Ma) B Buae anreopsl (X, R)'
JU1s toAxoaswero ¢jiabo TpaH3uTUBHOrO peiima (X, R).

[TycTts BHOBB (X, R) — npousBobHbIii cn1abo TpaH3UTHBHBIH dpeiim
u (X, R)'= (B, d) — coorseTcTByromas anrebpa ¢ aepHBauueil; onpee-
auM (ucnonib3ys d) Ha MHOXkecTBe X HOBYIO OMEPALIUMIO C, MOJOXKUB:
cA = A U dA ans moboro MHOXecTBa ACX. Jlerko BUAETH, UTO oOrle-
paTop C YIOBJETBOpPSET BceM akcuomaM KypaToBckoro u, ciiegoBa-
TEJIbHO, ABJSASCH OMNEpPaTOPOM TOMOJIOrMUECKOro 3aMblKaHUS, UHAYLIU-
pyeT Ha MHOXecTBe X TOMOJOTHIO; MyCThb IS 000ro MHOXKECTBa A
d’A MHOXECTBO Mpeae/bHbIX TO4eK (B 3TOH TOMOJIOrHMH!) MHOXECTBA
A. Oneparopbl d’ U d He coBMagarT, XOTS TOMOJOrHA Ha X W Oblna
HHAyUupoBaHa omneparopoM d! B 3toM serko ybenurcs paccMOTpeB,
CKaXkeM, ciyyai, korga oTHoweHHe R pedriekcHBHO; IeHCTBUTENBHO,
B 3THX YCaoBUAX CA= dA, Tak kak A < dA, U “HacTodlMii” onepaTop
nepexoda k npeaeny d’ He MOXeT cOBMagaTb C ONEPATOPOM 3aMbIKa-
HHUS C XOTA Obl motoMmy, uto X € d ({x}), B To BpeMs Kak x €c({x}).
CnpaseaMBo npoctoe (HO KIveBoe) HabIoaeHHe.

Yreepxaenne 14. Eciu (X, R)'= (B, d) u R cnabo TpaH3uTHBHO,
TO d ABJISETCA OMEPATOPOM rpeaena B TOMOJOrHH, HHAYLIMPOBAHHOM
OMepaTopoM 3aMblKaHHA (MOPOXAEHHbIM d), €CAH M TOJBKO €CJIH
oTHoweHue R uppediexcusHo.

Joka3areabcTBO. JJOCTATOYHO BCMIOMHHTD, 4TO B JIKOOOM TOMONO-
rMH4eckoM NMpocTpaHcTBe X oneparop npexaena d yaoBIE€TBOPSET yC/I0-
BHIO: X € d(A) & x € c(A — {x}), u3 kotoporo cieayet x¢d({x}), T.e.
«uppediekcHBHOCTbY» onepatopa d.

Htak, 06pa3HO roBopsi, BO3HMKAET TaKas KapTHHa: Ha MHOJXKECTBE
X HMeeTcs ceMENCTBO ¢1ab0 TPAH3UTHUBHBIX OTHOLIEHHH. Ro, peduiek-
CHBHBIE€ 3aMbIKAHUA KOTOPBIX COBMAAAIOT (COOTBETCTBEHHO, HMEETCS
ceMeiCTBO omepaTopoB AepHBalHu d, JalOlIMX OJHMH H TOT XKe onepa-
TOp 3aMbikaHHA No cxeMe cA=A U dA); Bce 3TH OTHOWIEHHA Ry OTIH-
YarTCA APYr OT APYra JIHIlib MHOXECTBOM X CBOMX HPPEQIEKCHBHBIX
TOUYEK (ITY TEMY MBI yKe 3anaruBanu cM. Boilie). OOUH U3 KpanHHX
cnyuaes, koraa Xo= X, T.e. “yaaneHsl” Bce METIH, Aa€T HPPedIEKCHB-

251



HOE OTHOLUEHHE, KOTOPOE€ ¥ COOTBETCTBYET “‘HACTOALUEMY  TONOJOTH-
4eCKOMY onepaTtopy npeaenal

CnpasennuBo clieayroulee, HMEIOLIEE U CaAMOCTOSATENILHOE 3Ha-
yeHHe,

YrBepxaenne 15. TonosoruM Ha KOHEYHOM MHOXECTBE X HaAXoO-
AATCA B ORHO-OJHO3HAYHOM COOTBETCTBMM C HppedeKCUBHBIMH,
¢1a00 TPAH3UTUBHBIMH OTHOLLIEHUAMH Ha X.

DuHKMTHAS annpPOKCUMHUPYEMOCTh MoaabHOM cucTeMbl WK 4 roso-
pUT Ham O ToM, yTo WK4 xapakTtepusyercs KOHEYHbIMH, ci1abo TpaH-
3utuBHbIMU GperiMamu (X. R), U3 dero euwie He clemyer, 4Tto IUis
OMpOBEP)KMUMOCTH  HEJI0KazyeMblX (OPMYJ MOXKHO OTrpaHHYMUTHCH
“3anacoM” KOHe4HbIX, uppedaekcuBHbIX ¢peiiMoB. OnHako s
moboro cnadbo TpaHsuTuBHOoro dpeima (X, R) cywecrsyer uppediiek-
cuBHbI Ppeiim (X, R’) U clopbekTuBHOE oToOpaxkenue f @ X — X,
apiastouieecs p-mMopdusmont (t.e. Takoe, yrto f R’ (x) = R {(x)).
[Toctpoenue dpefima (X’, R’) nmpoite 0ObACHUTL “Ha manbLax’, yem
natb dopmanbHoe onucanre. Kaxkayo R-pednexcrBHyro Touky, T.e.
KOKAYIO TOYKY X, HAPYLUAIOULYIO HPpPe(IEKCUBHOCTH OTHOLUEHUS R,
3aMEHWM Ha [1B€ pa3Hble TOYKH X; U X, U MOJOXKUM: X1 R’ X5 M X5 R’ X,
(takuM oOpazoM, TOYKa X 3aMeHSeTCs Ha ABYXTOYE4HbIH uppedrek-
CUBHbIH C‘FYCTOK), OCTaBHB BCE OCTAJILHBIE CBA3H IPCKHHUMMH, T.C. XR’y
<> xRy, korpa x # y. Orob6paxenue f onpeaenum crienyrouiuM odpa-
30M: f TokaecTBEHHO Ha BcexX vppeduiekcHBHBIX Todkax U f(x )= f (x,
) = x. Jlerxo ybenutscs, uto f aeictBUTENBbHO p-MOpDHH3M; TEM CaMBIM
cripaBe/IMBO

YT1Bepxkaenue 16. MonanbHas cuctema wK4 xapakrepusyertcs
KJIaCCOM KOHEUHbIX HppedISKCUBHBIX, c1ab0 TpaH3UTHUBHBIX (PpeHMOB

[TpuBuaerupoBaHHoe (B TOMOJIOrHYECKOM OTHOLUEHHWH) MOJIOKEHHE
MoAa/ibHOU cucTeMbl WK4 BoipaxkaeT

CaeacrBue 17. MopaaibHas cucrema wK4 sBnsercs Jorukou
TOMNOJIOTMYECKUX TPOCTPAHCTB, APYTHMK CHAOBaMH, s mobol dop-
MyJibl p wK4 |- p < p - o61ue3Hauuma B J11060M TOMO.10rHYECKOM Mpo-
CTpaHCTBE.

JokaszatesibcTBO. Mbl yike 3HaeM, uto aiodas, Hegokazyemas B
wK4, dopmyna p onpoeepkuma B MOIXOAslIEM KOHEYHOM cyabo
TpaH3uTUBHOM dpelime (X, R); u3 YreepxkaeHus 16 3akjitodaem, 4To p
OMNpPOBEPraeTcs E COOTBETCTBYIOUIEM ‘‘pacllernyieHHOM” UppedIeKCHB-
HoM QperiMe (X', R7), kKoTopbill Takke KOHEYEH BBU1Y (PHHUTAPHOCTH
MOCTPOCHHA. YTBepxAeHHE 15 no3Bosiser 3akI0unTh, YTO GopMmyia p
ONPOBEPXKHMMA B TONOJONMYECKOM TMPOCTPAHCTBE, COOTBETCBYIOLIEM
dbpeitmy (X, R’).
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A 4YTO MOXHO CKa3aTb C TOMOJOTHUECKOH TOUKH 3PEHHUS O MOJATb-
HOH cucTeMe K47 BernomMHUM akcvoMy otaenumoctd Ty, BBEIEHHYIO B
pabore [4] : Mo onpeAeneHHIO, TOMOJIOTMYECKOE NMPOCTPAHCTBO X
YAOBNETBOPAET akcuome omoeaumocmu T, €CNu O KaKIOM TOYKHM X
€ X HalayTCs 3aMKHYTOE MHOXECTBO A M OTKPLITOE MHOXECTBO B,
Takue, 4to {x} = A M B. U3BecTHO, uT0 Kkiacc Ty-npocTpaHcTs ABIIA-

€TCsl CTPOro MPOMEXYTOUHBLIM MeXAY Ki1accaMu Tou T -npocTpaHcTs,
Te. T, cTyc T,

Yreepxaenue 18. MonanbHas cuctema K4 xapakrepusyercs

knaccoM Tg-npocTpaHcTs, T.e. dopmyna p obiue3Haunma B nobom Ty-
NPOCTPAHCTBE, €CIIHU U TOJIbKO ecnu K4 |- p.

00 oaHoM pacmupenuu cucrembl wK4

B pabore [5] K.Cerepbepr akcuMoMaTu3uMpBas MOJAIbHYK CHC-
TeMy, Xapakrepuzyemyr ¢peiimamu (X, R), B KOTOpbIX OTHOILLIEHUE
JOCTW)KMUMOCTH R coBnapaer ¢ OTHOWIEHWEM #. Ha30BEM €ro OTHOLlIle-
HueM otiaumuumoctu (= dissidence relation). CerepGepr nuier ([5],
p.61): «Professor Georg Henrik von Wright seems to have been the
first to notice the fact, overlooked by everyone else, that “somewhere
else” has an interesting logic of its own, distinct from that of the S5-
operaror ‘“‘somewhere”».

MopnanbHas cuctema CerepGepra (ob6o3Hauum ee KS (=Krister
Segerberg) nonaydaercs w3 wK4 nocrynuporanuem dbopMysibl p—L0p B
KauecTBe JOMOTHUTENbHON aKCHOMBI.

Onpenenenune 19. OtHoweHne R Ha MHOoXxecTBe X Ha3oBeM cia-
6ot sxeéusanenmHocmepio, ecii R cnabo TpaH3UTHUBHO M, KpOMeE TOTO,
CHUMMETPHUYHO.

SAcHo, uto ciabas dKBUBAJIEHTHOCTb, OTJIMYAETCs OT “OObIYHON”
TONLKO pedIeKCUSIMHU: BCE TOUKM OTHOLUEHHS JKBHUBAJIEHTHOCTH —
pedIeKCHBHBI, B TO BpeMs Kak cjiabas 3KBUB&IEHTHOCTb [JOMYCKAaeT
HaJiM4yre J1oboro MmuoxkecTBa X, (CX) uppednekcuBHbix Tovek. Kpai-
HUI ciydait, korga X, =X, T.. KOrja OTHOLUEHHE “MOJIHOCTBHIO”
uppebnekcuBHo, Tarke Bo3moxkeH! ®peiim (X, R), B koTOpoM oTHO-
ieHue R saBnseTcs cnaboil 3KBHBAJTEHTHOCTbLIO, HA30BEM C2YCHIKOM,
ecnu uis I0ObIX ABYX pa3auyHbiX Touek X Uy X R y. CrycTok Ha3bl-
BAETCA UppephreKCUsHbIM, €ClIU BCE €ro TOUKH UPpedIEKCHBHEIL.

Anre6panueckyto CeMaHTHKY MojaibHO#H cucteMbl KS obpasyror
cnabo MoHaaudeckue anredpsl; Oyesy anredpy c onepatopom (B, d )
HazoBeM crabo monaduueckoi, ecau (1) (B, d ) — wK4-anrebpa u (2)
an d— d a = 0 ans mobGoro snemerta a € B. Muoroo6pasne wMA
cnabo MoHaaMuecKux ajireOp obnanaer pAaaom «IPUATHBIX» YEPT, Kak
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U MHoroo€pa3ue MoHaauueckux aarebp Xanmowa [6], MHoroobpaszue
wMA nokanbHo koHedHo. [lyets (B, d )= (X, R)" koHeuHas, cnabo
MoOHaauueckas anrebpa; toraa (B, d) HepasnoxkuMa B r1oanpsaMoe npo-
u3BedeHue, eclu u Toabko eciM (X, R) — crycrok. Kaxxnas koHeuyHas
Hepasnoxumas asirebpa (B’, d’) BioxuMa B HepaziokuMyo anrebpy
(B, d) = (X, R)" y kotopoii (X, R) aasercs uppedaeKCHBHBIM CIyCT-
KoM, T.€. X R y<>x # y. Takue anreOpbl HazoBeM wab.ionHbimu. BHYT-
peHHee onucaHue wabnoHHbIX anredp (B, d) takoso: (0) d0=0, (1)
ec/iM a — atoM OyneBoit anrebpel B, Toda= —a, (2) d a = 1, B ocTta/1b-
HbeIX ciay4asax. MHoroobpazue wMA cnabo MoHaanyeckux anredp
nopoxaaercs CBOMMM LadnoHHbIMU anrebpamu. CrnipaBedivBa clie-
Aywollass YCHJIEHHas Bepcuss MU3BecTHoro pesynabtaTta Ckporca [7]:
MoJanbHasi cucteMa KS nacreocmeenno pUHUTHO annpoKCUMHUpPYeMa;
KaXK,10€ HOpMalbHOe pacludpeHue cucteMbl KS xapakrepusyerca noa-
XOJSIUIMM KJ1aCCOM CIYCTKOB. B YaCTHOCTH, CUCTeMa KS XxapaktepH3y-
eTcs uppedieKCHUBHBIMH CIyCTKaMH, a KjaccHyeckas cHcTema S5 —
pedaekcuBHbIMH crycTkamu. Cuctema KS sBIseTcAd HaMMEHbIIUM
HepedJIEeKCHBHBIM “HalapHUKOM™ CHCTEMEL SS5.

B nocnenHee BpeMs cuctema KS O6bina “rniepeoTKpbiTa” B KOHTEK-
CTe€ KOMIEBKOTEPHOH JOTMKM WM BHOBbL MNMPHUBJIEKJIA BHMMaHHE JIOTHKOB
(cM., HanipuMep, paboTy [8] ¥ UMTHPOBAHHYIO B HEH TUTEPATYPY).

B 3akioueHHe OTMETHM, YTO OCHOEHbIe HaO/IKONEHMA, OTHOCH-
wMecss K c1abod TPaH3UTHBHOCTH M TOMOJIOTMYECKOH CeMaHTHKe
MoJabHOIT cucTeMbl WK4, OblIM monyyedbl aBTOPOM B CEMHAECATHIE
roasl MUHYBLIEro croaetrus [9]. B ToT e neproa B AMCCEPTALHOHHOM
padote B.Mecxu Obul getanbHO HccieqoBaH Kkiacc wK4-anredp,
yIOBJAETBOPSAIOIIMX JOMOJHUTENbHOMY YciaoBulo dl = 1, koTopoMmy B
TOMOJIOTHYECKOH CeMaHTHKE COOTBETCTBYET KJacC IVIOTHBIX B cede
npoctpaHcTB. CoBcem HenasHo J[[.I'abesniags B cBoeH MarucTrepckoM
paboTte, npoBeAeHHONW B AMCTEPAAMCKOM YHHBEPCHTETE, TMOCTPOMII
TaONHYHOE HCYHMCIeHHe a1 cucTeMbt wK4, a Taxie OOHapysxui
yIOOOHBIM TOMOMOrHUECKHH IKBUBATEHT MOHATHI p-MopdH3Ma B Kare-
TOpHUH TOTMOJIOTMYECKUX MPOCTPAHCTB.
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D.Batens'

A UNIVERSALLY ABNORMALITY-ADAPTIVE
LOGIC?

Abstract. The present paper presents a logic that allows for the abnormal
behaviour of any logical constant and for the ambiguous behaviour of any
non-logical constant, but nevertheless offers an interpretation of the premises
that is as normal as possible.

1. Aim of This Paper

Although adaptive logics are strictly formal logics, they integrate
several typical aspects of 'argumentation’: dynamic reasoning, meaning
variance (of logical as well as non-logical constants), inferential
information (as opposed to omniscience), and languages that are not
compounded by pre-fixed building blocks (see especially [7] and [6]).
The dynamics of the proofs relates to the fact that adaptive logics do
not, as usual non-standard logics, invalidate certain rules of inference,
but restrict their applications to consequences of the premises that fulfil
certain conditions.

The first adaptive logics handled inconsistent sets of premises by
interpreting them as consistently as possible (see, e.g., [4] and [1]).
Later adaptive logics handled other forms of logical abnormality. Still
later, logical abnormality deriving from the abnormal behaviour of non-
logical constants (ambiguities) was integrated. Recently, the Ghent
Group discovered adaptive logics that have nothing to do with logical
abnormalities (compatibility, the consistent extensions of theories,
abduction, ...).

Considering abnormality-adaptive logics, one wonders whether 1t is
possible to devise a logic that adapts to a/l forms of abnormalities. Such
a system would open radically new perspectives on logic. It would
allow for abnormalities of all kinds, but still presuppose (classical)
normality 'unless and until proven otherwise'. In other words, it would
be capable of recapturing all of Classical Logic — henceforth CL -
while still allowing for all sorts of deviations from it. In this paper I
present such a logic, ACL&2

" Centre for Logic and Philosophy of Science, Universiteit Gent, Belgium.
Diderik.Batens@rug.ac.be.

2 Research fer this paper was supported by the Fund for Scientific Research - Flanders,
and indirectly by the INTAS-RFBR contract 95-365. A technically and
philosophically more elaborate version of this paper is available as [9].
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One way of describing the situation is by saying that, in ACLQ2,
all derivation is conditional. That 4 is derivable from I" does not only
depend on the intended meaning of the logical constants and on the
intended meaning stability of the non-logical constants; it is also
depends on whether the specific content of I' does not rule out that
intended meaning and that intended stability.

2. Abnormality-Adaptive Logics

The first formulation of adaptive logics (see [4] and [1]) was proof-
theoretical. Later a decent adequate semantics was developed (see [2],
[8], and elsewhere). Meanwhile, many inconsistency-adaptive logics
have been studied (see [19], [21], [22], [15], [17], and [12]), their use to
several domains of application has been shown (see [3], [7], [16], and
[18]), and several other logics (some non-monotonic logics, see [5] and
[15], and all consequence relations defined from the Rescher-Manor
mechanism, see [12]) have been integrated. I refer to [11] for a survey.

Even 1f the dynamics aspects of the proofs are among the most
fascinating aspects of adaptive logics, space limitations prevent me to
describe them here. So, let me at least mention one central feature.

At the predicative level, adaptive logics are not only undecidable’;
for most of them, there is no positive test for derivability. Nevertheless,
there are certain criteria that tell us, in specific cases, that a wff derived
in a proof from I at a stage, is finally derived from I'*.

Where such criteria cannot be applied, it still can be demonstrated
that derivability at a stage offers us the best estimate of the final
consequences of the premises — best in view of the present under-
standing of the premises as revealed in the proof’.

An abnormality-adaptive logic is defined from a lower limit logic (a
monotonic paraconsistent logic) and an upper limit logic (usually CL)
by an adaptive strategy. The latter determines the way in which the
logic reacts to an inconsistency (or a disjunction of inconsistencies). All
abnormality-adaptive logics interpret a theory “as normaly as possible' -
this phrase 1s ambiguous and is specified by the strategy.

The semantic characterization proceeds in terms of the models from
the lower limit logic (that include the models from the upper limit
logic). From those models of I' a subset is selected in view of the

* The propositional fragments are just as decidable as that of CL.

* While derivability at a stage is a dynamic notion, final derivability is as static as any
of the usual inference relations.

> Some proofs are ‘smarter' than others. Yet, a proof as it stands reveals an
understanding of the premises (see [6]).
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strategy. The formulas true in all selected models are the adaptive
consequerices of I" (those finally derivable from it).

As an example, consider the semantics for ACLuN2. Let L be the
language of CL, with §, C, V, P’, F and W the sets of sentential letters,
individual constants, individual variables, predicative letters of rank r,
and formulas and wffs respectively. In order to handle the quantifiers in
a simple way, we extend I to L by introducing a set of pseudo-
constants O that has at least the cardinality of the largest models we
want to consider. Let W™ be the set of pseudo-wffs of L™ and let ~#" =
{(~4|de W,

A model M = <D, v>, in which v is an interpretation of W', and
hence of W, which is what we are interested in. The assignment
function 1s defined by:

Cl.l v:8-->1{0,1}

Cl2 v:CUO — D (where D= {v(c) | o € CLOY})

Cl3 v:P — (D) (the power se: of the r-th Cartesian product
of D)

Cld v:~W 5 (0,1}

The valuation function v,, determined by M is defined as follows:

C2.1 vy: W > {0, 1}

C2.2 where 4 € 8, vid4) =v(A); vu(L)=0

C23 vy(n' a,...0)=1iff <v(ay), ..., v(a)> € v(n')

C24 vy{a=B)=1iff v(a) =v(PB)

C2.5 vy (~A)=11ff viid)=0o0rv(~4)=1

C2.6 vy(ADB)=1iffv(d)=0o0rv(B)=1

C27 vy AB)=1iff ydd)=1and vi{B) =1

C2.8 Vs (;“1 VvV B) =1 lfi‘ VA!(A!:} =] or VM(B) =]

C29 vy(A=B)=1ift vy(A) =w(B)

C2.10 v (Vo) A(a)) = 1iff vidd(B)) =1 forall B € CLO

C2.11 vidBa)A(a)=1 1ff vi{A(B))=" for at least one f € CLO

Truth in a model, semantic consequence, and validity are defined
as usual.

The inconsistency-adaptive logic ACLuN2 is obtained from
CLuN by the Minimal Abnormality Strategy. The abnormal part of a
CLuN-model is defined as Ab(M) =4 {A € F | vi{d(A A ~A) = 1},
where 3 denotes a sequence of existential quantifiers over all variables
free in 4.
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Definition 1 4 CLuN-model M of I is a minimally abnormal model of
I" iff no CluN-model M' of T is such that 4Ab(M") < Ab(M).

Definition 2 I" |[=5cpLun2 4 iff 4 is true in all minimally abnormal models
of I'.

Apart from the Soundness and Strong Completeness of final
derivability (see [8] for the definition) with respect to the semantics,
many nice metaproperties have been proved. Proofs may be found in
[8], [10], and some forthcoming papers. Some criteria for final
derivability were obtained in view of tableau methods (see [13]), others
in view of results of the block approach (see [6]).

The (negation-)incompleteness-adaptive logic that is the dual of
ACLuN2 is called ACLaN2 and is obtained as follows. First we
characterize CLaN, a logic allowing for gaps rather than gluts with
respect to negation, by replacing in the semantics for CLuN:

C2.5 wy(~A4) = 1 iff vid4) = 0 and vi(~A4) = 1

ACLaN2 1s obtained from CLaN by the Minimal Abnormality
Strategy, where Ab(M) =4 {4 € F| vy (3(A v ~A) = 0}.

There are other logical abnormalities. Let us consider gaps with
respect to conjunction, as they occur in the logic called (by the same
naming convention) CLaC. Define W' = {4 A B| A, B € W'}, and
accommodate the CLuN-semantics as follows. Clause C1.4 of the
CLuN-semantics is replaced by

Cl4v: "W - {0,1)

whereas C2.5 and C2.7 now become:

C2.5 vd~A) =1 iff vy(A4) =0

C2.7wdA AB)=11iff vi{A)=v{B)=1and v(4A A B)=1

The adaptive logic ACLaC2 is obtained from the lower limit logic
CLaC by the Minimal Abnormality Strategy. We use classical
conjunction (defined, e.g., as A I1 B =4 ~(~4 v ~B)) to define the
abnormal part of a model M: Ab(M) =4 {A~B € F | vi(3(A I1 B 11
~(AnB))) = 1}, and adjust Definitions 1 and 2.

We may proceed similarly to allow for gluts or gaps with respect to
other logical constants, and to devise a corresponding adaptive logic.

A somewhat different approach is to allow for ambiguities in the
non-logical constants®. Here, the difference between the lower limit
logic and the upper limit logic is obtained by a difference in
interpretation of the premises. The upper limit logic interprets them in
the usual way, but the lower limit logic interprets them by considering

® The first such adaptive logic taking is presented in [20]. The subsequent presentation
differs in several respects from the line followed in that paper.
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each occurrence of a non-logical constant as having a different
meaning. This is indicated by a different index (a superscripted
number) that is attached to each such occurrence in both the premises
and the purported conclusion. In preparation of Section 3, I briefly spell
this out.

The language L 1s upgraded in the obvious way to accommodate the
indexed non-logical constants. Let the result be L’. Let €' be the set of
indexed individual constants. Let I'" and 4* be the results of attachmg a
different index to each occurrence of a non-logical constant inI’ u{A}
For example ((p A ~q) D ~p)" and ~p* might be ((p' ~ ~q ) > ~p’) and
~p’ respectively. The lower limit logic, CLA is defined by’

F| CLXA lffr | (:LA:t

Obv1ously (pAq) #cra P. as nothing warrants that vy(p') = vpdp°).
However, ~(p'=p°) counts as an abnormality with respect to the normal
1nterpretat10n of the premises. For C the abnormalities are of the form
~o'=0!, for P’ they are of the form ~((Va,).. (Vo )(t' o, . =7 o

r)). Define Ab(M) accordingly. By selecting the minimally
abnormal models of I', the adaptive logic ACLA2 interprets the
premises as normally (that is. unambiguously) as possible.

It is tempting to devise logics that are adaptive with respect to
several kinds of abnormalities, for example with respect to
inconsistency and incompleteness, or with respect to ambiguities and
gluts with respect to the universal quantifier. Two brief remarks will
clarify how this is done.

A logic that allows for both gluts and gaps with respect to, for
example, negation — we call this logic CLoN - is obtained by replacing,
in the CLuN semantics, clause C2.5 as fo lows:

C2.5 vy(~A4) = v(~A)

With this clarified, the combination cf any logical abnormalities is
fairly obvious (and so is the definition of 4H(M)).

If we combine many abnormalitics, the remaining classical
connectives might not be functionally complete, which will hinder the
definition of Ab(M). As I need to consider such a case in the subsequent
section, I briefly discuss the matter. Let us again consider {4 € F |
vp(3(A A ~A) = 1} and eliminate the "3" and "A" from it. Suppose that
X, ..., X, are the variables that occur free in 4. Let [A ]°l «. . be the
result of systematically replacing each x; by some o, € CUO. To avoid

" In all subsequent examples, I only consider the case where the i-th occurrence of
some nori-logical constant receives index i. All other ways of indexing 0bv1ously
deliver isomorphic results, as long as the choice fulfils the above convention on I''
and 4*.
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clutter, I henceforth write x for x,, ..., x, and o for o,, ..., 0,. Remark
that vi{3(A A ~A) = 1 iff there are o such that v;([4]°) = vid[~4]%) =
1°. Proceeding thus, we may eliminate all 'auxiliary' logical constants
from the definition of Ab(M).

3. The Empty Logic and Its Adaptive Extension

Here I combine all kinds of abnormalities. The lower limit logic
will be called CL&. We start with CLoX, the logic that allows both

gluts and gaps with respect to all logical constants. Where M=<D, v> is
a CLoX-model, v is defined by:

Cl.1 85— {0, 1}
Cl2 v:CuO — D (where D= {v(a) | a € CUO})

Cl.3 v:.P — p(D) (the power set of the r-th Cartesian product
of D)

Cl4 v: W {01}
Cl5 v: W > {01}
Cl.6 v:°W — {0, 1}

<

Cl.7 v:"W — {0, 1}
Cl.8 v:"W' - {0,1)}
Cl9 v:"W - {0, 1}
C1.10 v: "W — {0, 1}

Cl.11 v:"W" - {0, 1}

The valuation function v,, determined by M is defined as follows:
C2.1 wy: W > {0,1)}

C2.2 whered € S, vidAd) =v(A); vi(L)=0

C2.3 v o, ... 0p) = 1iff <v(ay), ..., v(a,)> € v(n')
C24 wdo=p)=1iff v(a =)

C2.5 wd~A) =v(~A4)

C2.6 wvdA>B)=v(4>B)

C27 wlA AB)=v(4 A B)

C2.8 wdAv B)=v(4vVv B)

C29 w4 =B)=v(4 =B)

C2.10 (Vo) A(a)) = v((Va) A(a))

C2.11 »md(Fa)A(a)) = v((Fa)A(a))

¥ Obviously [~4]°% = [~A]°. If expressions such as [4 D B]° and [4]° are used in the
same clause, x always refers to the variables free in the longest formula.
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Truth in a model, semantic consequence, and validity are defined as
usual.

We now upgrade CLoX to CL@. Let I'" and 4* be as in Section 2.
Definition 3 I I=CL® A iff I‘T =CLoX A;t

I' |=cLg A iff Lel'. So, if we remove L. from L, [ [2c g 4 forall T
and A.

To formulate ACLQ2, obtained from CLYZ by the Minimal
Abnormality strategy, I define Ah(M) as the union of the sets listed
below (defined in terms of Cl.oX-models). I suppose throughout that A4,
léle F and that each defining clause is preceded by: for some o €

VO,

{4 [ wad[A4]%) = vad[~41° )},

{SAD B, A, B> | vi{[4 2 B]'\) = vil[4]°) = 1 and vy([B]’) = 0},

{<A DB, A>|vy([4 D B]°) = 0 and vy([4]°) = 0},

{<A DB, B> | wd[4 2 B]°) =0and vid[B]*x) = 1},

{AAB, A, B>|vid[4 A B]") =0 and wd[4]"x) = wud[B]x) = 1},

{<A A B, A> [ vid[4 A B]'x) = 1 and wad[4]°) = 0},
{<AAB,B>|wd[4 A B]°) = 1and w([B]°,) =0},

(<A VB, A, B> | w4V B]") =1 and vid[4]%) = vad[B]>) = 0},
{<AV B, A> | wid[4 v B]°)) = 0 and wi([4]°) = 1},

{<A v B, B> | wd[4 Vv B]°) = 0and wd[B]°,) = 1},

{<A =B, A, B> |vy([4 = BI°) # (nd[4]°x) = vl [BI°))}’,

({)?(VG) A(a), AP)> B e C;vd[(Va) A@)]°) = 1 and vd[4(B)]°) =
{<(Va) A(a), A(B)> | B € O vy([(Va) A()]°) = 1 and wl[4(1]°) =
0 for some y € C'UO)},

{<(Va) A(a), AB)> [ B € Vi vad[(Va) 4(@)]%) = 0 and vif[A(1)]°0) = 1
forally e C'U0},

{(<(3a) A(), A(B)> | B € Vi vid[(Ba) A(c)]’) = 1 and wp{[4(¥)]) = 0
forally e C' L0},

%;(Ea) A(a), AB)> | B € C: vid[(Far) A()]%) = 0 and vd[4(B)]°)) =
{<@a) A(a), A(B)> | B € Vi vd[(Bo) A(c)]%) = 0 and wid[A(1)]°) = 1
for some y € C'_0},

° The condition obviously abbreviates that v,([A4 = B]°) is | (respectively 0) whereas
wAd[A4]%) is not (respectively is) identical to vy([B]°). Similarly for "=" below.
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{<a, B>{ o, B e C;vdo=B) = (w(a) = v(B))},

{<a, B> | o € C; B e V: for some y € C'UO, vidoe = ) = (v(a) =
V(1))

{<a, B>|a e VB e C for somey € C'UO, vy = B) = (v(y) = v(B))},
{<a, B>| o, B € V; for somey, § € CUO, vify = 8) = (v(y) = v(d))},
(<4,i,7> | A € § and vidA4") = vi(4)},

{<a, i,j>| o € Cand v(a') # ()}, and

{<n, i, 7> | n e P and v(nt') # v(n)},

Definition 4 4 CLoX-model M of I'" is a minimally abnormal model of
' iff no CLoX-model M' of T is such that Ab(M") > Ab(M).

Definition 5 I' |=,c10; 4 1ff A% is true in all minimally abnormal
models of T"".

It 1s easily provable (compare [8]) that, if [’ has CL-models, then
the minimally abnormal models of T are those in which all logical
constants as well as all occurrences of non-logical constants behave
normally. Hence:

I |:ACL®2 A iff T |=CL A.

If T has no CL-models, then (except for border cases) the
minimally abnormal models of I'" are a proper subset of the CLoX-
models of I'". In this case, ACL@2 still delivers a minimally abnormal
interpretation of I': all CL-consequences of I', except for those that do
not follow from I' in view of the disjunctions of abnormalities that are
verified by a// CLox-models of T'".

I leave i1t to the reader to check the following properties of ACLO?2:

P> ~P [#acLez 4

PAG, ~P [#acLon ¢

p A~ ~p A(GDr) [FacLer ~¢

Vx(Px D Qx), Pa, ~Qa, Pb, ~Qc |#acLz2 Ob A ~Pc

Remark that p, ~p |#acLe: p and p, ~p |#acLgz ~p- Some of the
minimally abnormal interpretations of the premises requires the non-
logical constant (represented here by the propositional letter) p to
behave ambiguously: the truth-value of p’ is different from that of p-.
So, the truth-value p’ is bound to agree with that of either p’ or p°. As

the same reasoning applies to the other non-logical constants, one easily
proves the remarkable:

Theorem 1 For all I', Cn scgz2(I) 1s consistent.
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4. In Conclusion

As promised, ACL&?2 1s a universally abnormality-adaptive logic.
Allowing all kinds of abnormalities in the premises, it still interpretats
them “as rormal as possible”. The latter expression has (as always) a
specific meaning. But this meaning is an interesting one: whatever 1s
consistently derivable from the premises. As one cannot determine
beforehand which abnormalities will or may occur in the theory, one
cannot justify beforehand the choice of ar abnormality-adaptive logic.
ACLD2 removes this weakness.

Let me remind the reader that the aim of abnormality-adaptive
logics is riot offer the 'final' interpretation of the premises. Logical
abnormalities will have to be ruled out; defective theories have to be
replaced. This replacement is not a matter of logic, but it requires the
logical anzlysis of the defective theory. Thais is what an adaptive logic
should provide, and this is what ACL&2 actually does provide for a
very broad set of contexts.
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WHAT IS PROPOSITIONAL CLASSICAL LOGIC?
(A Study in Universal Logic)"'

Abstract. The aim of this paper is to try to characterize classical
propositional logic (CPL) with the notion of mathematical structure.

We start by justifying this approach. We recall the importance and
significance of the notion of structure in mathematics and in logic. We
explain the idea of a general theory of logics based on structures,
Universal Logic.

CPL is not one structure but a class oj equivalent structures, CPL-
structures. We survey a series of structures that can be considered as
CPL-structures. The main problem is to find a notior of equivalence
which permits to gather into « whole this multiplicity.

We show in particular that the modern concept of equivalence of
structures, based on the notion of expansion by definition and
isomorphism, is not adequate to define a satisfactory notion of
equivalence that will define the class of CPL-structures. An alternative
definition, postmodern equivalence, is introduced.

It appears that this tentative of characterization of the class of
CPL-structures is not only relevant for Universal Logic, but also for the
general theory of mathematiical structures, since the case of CPL-
structures shows the insufficiency of the modern concept of equivalence
between structures.

Contents

1. Classical propositional logic, Universal Logic and the theory of
structures

. Modern mathematical structuralism

. Consequence relation or operator of consequence?

. Consequence or tautologies?

. Or or and?

. Postmodern mathematical structuralism

. Logic or algebra?

. Countable or uncountable?

. Modernism or postmodernism?

O 00~ O bW

' Jean-Yves Béziau, Stanford University, Centre for the Studv of Language and
Information, Ventura Hall, Stanford, CA, 94305-4115, USA. jyb@csli.stanford.edu.

2 This work was supported by a grant of the Swiss National Science Foundation. I
would like to thank Patrick Suppes for his invitation at Stanford.

266


mailto:USA.jyb@csli.stanford.edu

1. Classical propositional logic, Universal Logic
and the theory of structures

Logic is nowadays a very vast and varied field and probably there is
no logician who has a global knowledge of it, from inaccessible
cardinals to lambda calculus, from cylindric algebra to the
hyperarithmetical hierarchy, from stability theory to quantum logic. On
the other hand, there is a part of logic that every logician certainly
knows, it 1s classical propositional logic (CPL hereafter).

So 1t seems that the question "What is classical propositional
logic?" does not have to be asked since everybody knows of course
what is CPL. But there are several ways of "knowing”. In some sense
everyone knows what is a cat, a number or light, mainly because one is
acquainted with these things. But few people, if any, are able to give
proper definitions of a cat, a number or light. To give such definitions
people turn either to philosophy or science.

Maybe people think that CPL is already scientific and well defined.
So they think that someone who asks "What 1s CPL?" can only be a
helpless philosopher. But we must remember that some hundred years
ago mathematicians thought that people like Frege and Russell were
helpless philosophers.

To the question "What is CPL?", a bright young logician could
answer: "Very easy, two-valued truth-tables are CPL, such or such
Hilbert-type axiomatic system is CPL, such or such Gentzen-type proof
system 1s CPL, such or such tableau system is CPL, Boolean algebra is
CPL, all this and many more is CPL." We can reply to this bright young
logician in the same way as Socrates to Theaetetus: "How generous and
open-handed of you! You were asked for one thing, but you're offering
several, and a variety instead of something simple" (Plato, Theaetetus,
1464d).

One way to give a definition by comprehension of CPL rather than
by extension, is to consider CPL as a structure. This 1s useful in
practice: one can present the completeness theorem saying that two-
valued truth-tables and a given Hilbert-type axiomatic system define
the same structure. As it 1s known, the notion of structure has been
crucial to reorganized and unified mathematics and is the cormerstone
of modern mathematics’. Following the structuralist approach to
mathematics, a general theory of logics has been developed under the
name Universal Logic. It is a theory of logical structures in the same

" There are a lot of interesting philosophically oriented papers by Bourbaki and his
friends about the notion of mathematical structure. Most of these papers are difficult
to find and not very well-known. The reader may have a look at the most famous [3].
He may also consult the historical book of Corry [6].
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way as Universal Algebra is a theory of algebraic structures (see [1].
[2])"

But what is a logical structure? That is the question. In fact we will
see in this paper that it 1s even difficult to answer this question for the
most well-known logical structure, i.e. CPL.

The problem is that CPL does not appear as one structure but as a
multiplicity of structures, CPL-structures. Then if we want to properly
define CPL according to the structural approach of Universal Logic, we
must find a way to unify this multiplicity into a whole, through a
relation of equivalence between structures.

As it 1s known, a Boolean algebra can be represented as a Boolean
ring or as a distributive complemented lattice. These two structures are
equivalent. Boolean algebra is a class of equivalent structures, and a
Boolean algebra is any member of this class. Everything 1s clear and
there is no problem at all.

But the difficulty with CPL-structures is that the standard notion of
equivalence between structures does not applied straightforwardly to it.
Equivalence between structures 1s a fundamental notion of the general
theory of structures and CPL.-structures happen to challenge 1t. If we
consider the general theory of structures as part of the foundation of
mathematics (conceptual foundation by opposition to the axiomatic
approach, cf [8]), we can say that Universal Logic, through the simple
case of CPL, challenges the foundation of mathematics.

After presenting the standard noticn of equivalence and the
concepts of modern mathematical structuralism on which it is based, we
present a series of different CPL-structures. The difficulty to apply the
standard notion of equivalence to these structures leads us to develop an
alternative notion of equivalence based on postmodern structuralism.

2. Modern mathematical structuralism

Modern mathematical structuralism has to be understood by
contrast with post-modern mathematical structuralism that we will
introduce later on, also by contrast with modemn Jlogical structuralism.
Logical structuralism has been developed within model theory. It is

* The structuralist approach in logic can be traced back to Tarski (cf [13]), it has been
further developed in Poland especially by Suszko's group in the sixties and the
seventies (cf. [4] [5]) and more recently by the Barcelona logic group [7]. People like
Suszko and his followers tend to consider logical structures as special cases of
algebraic structures. Whether this view is correct or not depends on some points
which will be discussed in the present paper. Our idea is to consider Universal Logic
as independent of Universal Algebra, rather than a part of it. This view was already
held by Porte ([11]). His idea was that logical structures were fundamental mother
structures in the sense of Bourbaki.
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fundamentally dicephalous, there is on one side the reality of the
structure, on the other side the language of the structure. In
mathematical structuralism we will consider only the "reality" of the
structure”. A structure is an object of the following type:

§$=<8§; >
S 1s called the domain of the structure, it is just a set.
T 1s called the fype of the structure, it is a sequence of relations defined
on the domain (we take the concept of relation here in a very broad
sense: Including functions and not only relations between elements of
the domain, but relations between parts of the domain, etc.)

We say that two structures have the same type iff their types have
the same quantity and quality, that i1s to say if the lengths of the
sequences are the same and if the first members of the two sequences
are similar constructions (e.g. two binary relations defined on the power
set of the domain), the second members also, etc. Now we will
introduce several notions that will enable us to define the notion of
equivalence between structures.

Definition of isomorphism

The relation of isomorphism is defined between structures of the
same type. Two structures are isomorphic iff there is a bijection
between them that preserves all the relations of the types. One may
think that the notion of isomorphism is the basic notion of identity or
equivalence between structures. But this notion is too strong for two
reasons: one may want to identify structures of different cardinalities
(cf. section 8) and one may also want to identify structures of different

types.

Definition of expansion/reduct

A structure S2 = <82; 12> is an expansion of a structure S1 = <S1;
11> (or S1 1s a reduct of S2) iff

e they have the same domain: S1 =S2

e the type of S1 is included in the type of $2: 11 < 12

A typical example is: <N; +, x, <> is an expansion of <N; +, <>

Definition of definition by expansion
If the new elements of the type of S2 can be defined in terms of the

elements of the type of S1, we say that S2 is an expansion by definition
of S1.

* The definitions that we present here are adaptations of definitions of logical struc-
turalism, this adaptation is probably an original contribution that we are making here.
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The difficulty here is to define defimtion. One can admit several
kinds of definitions, and accordingly a structure is or is not expansion
by definition of a given structure. Let us give a typical example. <N; 0,
s, +, x, < >, where s is the successor junction, 1s an extension by
definition of <N; 0, s> 1f we consider second-order definitions (i.e.
definitions involving quantification over parts of the domain of the
structure), but it is not an extension by definition if we restrict ourselves
to first-order definitions.

Definition of equivalence between structures
Two structures are equivalent iff they have a common (up to
isomorphism) expansion by definition.

In particular if a structure is an expansion by definition of another
one, they are both equivalent. The problem of which kind of definitions
we will admit is therefore also fundamental here. For example, from a
second-order viewpoint <N; 0, s, +, x, <> 1s equivalent to <IN; 0, s> but
not from a first-order viewpoint.

Another 1mportant notion of mathematical structuralism is the
notion of extension. It is not needed to define equivalence in the
modern sense, but we will need it to define equivalence in the
postmodern sense.

Definition of extension/substructure

A structure S2 = <82; 12> is an extension of a structure S1 = <S1;
11> (or S1 is a substructure of S2) ift

e the domain of S1 is included in the domain of £2: S1 < S2

o they have the same type

e cach element of 11 is a restriction of the corresponding element
of 12 to S1

A typical example is: <Z: 0, s, +, x, < > is an extension of <N; +, x,
<>,

Note that in this example we use the same symbol + to denote two
different things (the same for x and <). As Bourbaki would say "C'est
un abus de langage dont les mathematiciens sont tres friands". In fact
such "friandise" is exactly justified and explained by the definition of
extension of structure. Mathematicians use the same symbol because
although these two symbols denote two different functions, they denote
functions which are intimately connected.
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3. Relation of consequence or operator of consequence?

The following structure will be the structure of reference for our
investigations about CPL-structures:

K=<F; -, A, v, o, |->

Elements of F are called formulas. The set F is freely generated
from a subset A of atomic formulas with the unary function —, called
negation, and three binary functions: #, called conjunction, v, called
disjunction, and —, called implication. That is to say the following
structure is an absolutely free algebra:

F=<F; -, A, v, >>

The structure K can therefore be represented in a simpler way as
follows:

K=<F,|->

The relation |- is called relation of consequence. It is a relation
between sets of formulas and formulas, i.e. |- ¢ P(F)XF.

There are thousands of structures that one may want to consider as
CPL-structures. And for each one we must check if the standard notion
of equivalence apply in such a way that this given structure is
equivalent to K.

Let us start with an easy case. Instead of considering a relation of
consequence |- to define CPL, we can consider, as Tarski did, an
operator of consequence Cr. It is easy to see that it is the same, that we
have here two equivalent structures.

Consider the structure

Kn=<F,Cn>
where Cn is a function from F to F.

It is not difficult to show that Kn and Cn are equivalent. We
consider the following structure:

KKn =<F; |-; Cn>

This structure is an expansion by definition of K and of Cn. The
following definition is used:

ae CnT iff T|-a

4. Consequence or tautologies?

Let us now turn to a more complex case. Consider the structure
I'=<F;T>

where T is the subset of F, the set of classical tautologies.

We can say that the following structure

KT=<F;|; T>

is an expansion by definition of K and T using respectively the two
following definitions:

(WaeTiff D|-a
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(2) T |- b iff there exists elements a,, ... a, of T, such thata; n...A
a,—>beT
In this sense 7 and K are equivalent structures.

However there is a fundamental property that distinguishes 7 and K.
The first is decidable (in the sense that the set T 1s recursive) and the
second is not decidable (in the sense that the relation |- is not recursive).

At this point it is important to note that what we want to establish is
a congruence relation between structures. Our notion of equivalence
will be a congruence relation depending on which superstructure we
will consider, which properties will be taken into account in this
superstructure. If we think that 7 and K must not be considered as
equivalent, then we just take a superstructure featuring decidability. Or
we may take the other option.

Another way to look at the problem is to analyze the definition (2)
above. If one doesn't want T and K to be equivalent, one can find a way
to rule out this definition. On the other case one has to be able to justify
the allowance of this definition (and therefore all similar ones) and has
to be ready to accept all the consequences of such kind definition.

We consider now the structure

M= <F; I‘m>
where |-, 15 a relation between sets of formulas, i.e. |-, € P(F)XP(F)
We can say that the following structure
KM = <F; |- |-
1s an expansion by definition of K and M using respectively the two
following definitions:

(1) T |-, U iff there exists @ € U such that T |- a

(2) th |' a iff T |'m {a}

Let us also consider the structure

MO = <F; l'm0>
where |- is a relation between finite sets of formulas.

Structures of type M or M, have been considered in the literature,
sometimes under the name multi-conclusion logic (ct. [12]). The
problem is that people don't always made a sharp distinction between M
and M,. But the difference between these two structures is the same as
between K and 7, since one 1s decidable and not the other. So the
equivalence between them is not straightforward.

5. Or or and?

Classical logic can be presented in a more economical way that K
since implication and disjunction are definable with negation and
conjunction. One could also consider classical logic as a structure with
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only one connective, like the Sheffer's stroke. If we want to be generous
instead of being stingy, we could on the other hand consider a richer
structure than K, adding for example the bi-implication <>, etc.
Generally all these ways of presenting CPL are considered as
cquivalent. Let us call this intuitive notion of equivalence, language-
equivalence, and let us see if we can define language-equivalence
within classical structuralism.

Consider the structures

Km:d = <Fand; |'and>

_ Kor = <For; I"or>

where F,,; and F,, are respectively the structures
<Fand; —and> Nand> ~Pand”
<Fm‘; —ors Vors ”‘>0r>
where x,,4 are the restrictions of x to F,,»
and x,, are the restrictions of x to F,,.

Everybody knows that it is possible to define v with — and A in the

following way:
avb =Def —|(—|a N —wb)

but K is not an expansion by definition of K,,; simply because K is
not an expansion of K,,;: they have not the same domain.

K looks like an extension of K, since F,, < F and *,, are
restrictions of x to F,,, but K is not strictly speaking an extension of
K..q since these two structures have not the same type: v is not part of
the type of K,,.4.

[t seems that classical structuralism, based on extension, expansion
and isomorphism, is not enough to analyze the relations between K and
Ka.na, and more generally the language-equivalence relation. Let us turn
therefore into something more sophisticated.

6. Postmodern mathematical structuralism

Following postmodernism (cf. the distinction between difference
and differance), we introduce the notions of expension, extansion and
their correlates.

An expension 1s an expansion of an extension. An extansion 1s an
extension of an expansion. We define then in a natural way the notions
of expension by definition and extansion by definition. And we say that
two structures are postmodern equivalent iff they have a common (up to
1somorphism) extansion or expension by definition.

K 1s an extansion by definition of X, since

K=<F;, -, A, Vv, =, |->
is an extension of
<Fand; —lands Nands Vands ~and> l'and>
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which is itself an expansion by definition of
K= <Falrd; “lands Nands > ands "and>
That seems fine: the two structures K and K,,; are therefore
equivalent in the postmodermn sense. Anc the postmodern notion of
equivalence also resolves the problem of all language-equivalent
structures. But maybe it solves also too much problems, in the sense
that it mixes bananas with tomatoes, it puts in the same equivalence
class, structures that are too much different.
It is too early to claim that postmodernism structuralism will
overthrow modernism structuralism, the notion of postmodemn
equivalence has to be investigated more systematically.

7. Logic or algebra?

Maybe there is a way to solve the problem of language-equivalence
without going into postmodern structuralism, this is the algebraic way.

Given the structure K we consider the binary relation -||- on F
defined as follows:

a-|-biff {a}|-band {b} |-a

It is known that this relation is a congruence relation. Factorizing K
with this relation we get the following structure:

Ka = <Fa; _.re‘ /\a, va, _>a, I_a>

We can also factorize the structure K., by the corresponding
congruence relation -||-,,; and then get the following structure:

-Kﬂ(ma' = <Faand; _'aanda /\aanda —'\"wanda l’aand>

It is easy to see that F* = F’,; so K* and K%, have the same
domain, and K" is an expansion by definition of K°,,.,.

If one consider that K is equivalent to X” and that X4 is equivalent
to K"« then, due to the above fact, K is equivalent to £,,; and we have
solve the problem of language-equivalence.

But can we consider that a structure is equivalent to one of its
factorization? Here we have a problem sirnilar to the one of section 4.
A structure and one of its factorization don't have necessary the same
properties. So if we want our equivalence here to te a congruence
relation, we have to consider that the properties that distinguish a
structure and its factorization are not essential.

This problem is related to the question of the distinction between
algebra and logic, between Universal Algebra and Universal Logic. Can
we consider that CPL is not less, not more than Booican algebra, and
that all the work that has been carried out between Boole and Tarski®
was meaningless?

® In [14], Tarski proved that we get a Boolean algebra by factorizing CPL.
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At this point it is important to emphasize that the difference
between CPL, as represented by K, and a Boolean algebra is not only a
question of factorization. The structure K” is not strictly speaking a
Boolean algebra. The difference between K* and a Boolean algebra is
similar to the difference between K and 7. In a Boolean algebra
generally we consider a binary relation (1dentity) between objects of the
domain and not between sets of objects and objects, like |-°. If we
consider CPL as 7, then the difference between CPL and a Boolean
algebra 1s just a question of factorization (in this case the relation of
congruence has to be defined with the implication — cf. Tarski's original
definition).

Nowadays most people would rather consider a logic as a structure
of the type of K, than of the type of T. If we consider that CPL is better
represented by K, there are two important steps from CPL to Boolean
algebra: decidability and factorization. So maybe the algebraic way is
not a good way to solve the language-problem equivalence.

8. Countable or uncountable?

Depending on the fact that the domain F of K is generated by a set
of finite, countable’ or uncountable atomic formulas, F is finite,
countable or uncountable.

Due to the fact that the notion of isomorphism depends on the
notion of cardinality and that the notion of equivalence, whether it is
modern and postmodern, depends on the notion of isomorphism, it is
not possible to consider that two versions of K of different cardinalities
are equivalent. This sounds reasonable for the distinction between finite
and infinite, since a finite version of K differs from an infinite version
in many aspects, for example the factorization of a finite version as a
finite domain. But this seems artificial for the distinction within the
infinite, between countable and uncountable.

The reason why is due to one important feature of the CPL that we
have not discussed yet: substitution or structurality to use the
terminology of the famous paper by Lo$ and Suszko [9]. It 1s easier to
explain what happens if we consider tautologies rather than a
consequence relation. So let us consider the structure 7 = <F; T>.
Following Lo$ and Suszko's structuralist approach, a substitution is any
endomorphism ¢ of F, and the substitution theorem 1s expressed by

Foreverya e Tandeverye,e(a)e T

Given a formula a, the schema of a, sch(a), is the set that we get by

taking all the formulas of type €(a), for any endomorphism €. A schema

7 We use the word countable here by opposition with finite and uncountable.
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of formula A is a set of formulas such that there is a formula a and
sch(a) = A.

The set of schemas of formulas is always countable whether the set
of formulas 1s countable or uncountable and what 1s irportant in 7 are
schemas of formulas due to structurality. We don't have more
tautologies in the case where the cardinality domain of 7 is an
inaccesible cardinal since tautologies are viewed as schemas of formula
rather than as formulas.

9. Modernism or postmodernism?

There are many CPL-structures, and it is not easy to find a good
concept of equivalence that gather them into a whole. The standard
concept of equivalence seems inadequate. It can perhaps be adapted,
but probably artificially, to solve the problem. At this stage we don't
know if the postmodern concept of equivalence is a good one. It has to
be tested in fact in the whole universe of logical structures and also
outside of it, in the whole universe of mathematical structures, if we
want to have a uniform theory. At least there is a problem that it doesn't
solve, the question of equivalence between CPL-structures of different
cardinalities.
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A.Blinov

GAMES WITH COMMON BELIEF
ON PAYOFF FUNCTION

I. Introductory Remarks and Definitions

To introduce a definition of a game in normal form, we need the
following concepts: the set I of players; the (pure) strategy sets S; for
each agent 1 € I; the payoff functions p; (s;, ... , s;) that assign payoffs
for all 1 € 1 as determined by a possible strategy combination (sy, ... , ;).

Definition 1. A game U in normal form 1s a triple (I, (Si); <1, (D)1 < 1).

A proposition P is common knowledge if all players know that P,
and know that all players know that P, and know that all players know
that all players know that P, and so on up to any degree of iteration. A
proposition P 1s common belief if all players believe that P, and it 1s
common knowledge that all players believe that P,

Consider a finite set of propositions P = {P,, ... , P,}. The
probability distribution p on P is called probabilistic common belief if
for all players, their doxastic attitude to Py, ... , P, is governed by u,
and this 1s common knowledge. Consider now a game I' = (I, (S); <1,
(P)i<1). anda finite set B= {(p' )ic1, ..., (p" 1) ie1} such that for
each 1<j<n and for each i€l, (p’;) is an (alternative) payoff function (p’;)
(S], cee s S[).

Definition 2. Given I' = (L (S); 1, (p)ic) and B={(p')icw ...,
®P")iciy, A= (T, uB]) is a game with common belief on payoff
function (g.c.p.b.), where u[B] is a probability distribution on B.

Given a g.c.pb. A = (I, u[B]), we will call T the ontological
component of A, and p[B], its doxastic component, their intended
interpretation being that (1) the players are really in the situation
determined by (p;) ; < 1: and (11) their probabilistic common belief about
what 1s their situation like is (represented by) u[B].

Note that standard games in normal form constitute (or, better,
correspond to) a proper subclass of all g.c.p.b.’s. To be (or: to
correspond to) a standard game in normal form, a g.c.p.b., A = (I'= (I,
(S)i e (P)ict), 1[B]), has to meet the two following conditions:

(1) (p))ier € B;
(1) p((pi)ier) = 1;

for any 1<j <n,

w(PDie)=0 If@PDic1#Pier
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In theory of games with common payoff beliefs, like anywhere else
in game theory, the central notion is that of a solution of the game at
issue. But with g.c.p.b.’s, unlike anywhere else in game theory, at work
is a distinction between the players’ subjective image of the game and
the game as it is in reality. The players deliberate and act upon their
common beliefs about their situation; and when they have reached the
outcome of their combined action, they may be surprised at the value of
their payoffs, if the image they were acting upon was distorted. The
solution of a g.c.p.b. 1s a function of the players’ subjective beliefs, but
the resulting payoffs are a function of both the beliefs and the actual
reality.

Note that, generally speaking, the concepts involved in a definition
of game solution may differ across classes of games: from maximin
strategies for a two-player zero-sum game, via dominant strategy
equilibrium, via iterated dominance equilibrium, to Nash equilibrium,
and the many kinds of its refinement. The bulk of theory of g.c.p.b.’s
may be applied to the concept of game solution as construed in terms
of any of the above-listed notions. Nevertheless, for the sake of
definiteness, we will presume in what follows that each time we
consider a game with a unique Nash equilibrium, the concept of game
solution should be understood as resulting from the notion of Nash
equilibrium.

We are now in a position to construct a definition of doxastic
solution of a g.c.p.b. under doxastic certainty:

Definition 3. Given a gc.pb. A=I= (L, (5); « I (P)iecn, H[B ])
such that for all (pJ )ic1 € B, except one, namely: (p')ic1, p(p i) =
doxastic solution for A is the solution of game

=1 S)icn @)ic

To define the concept of doxastic solution in a general case,
consider a game I' = (I, (S)); <1, (pi)ie1) Whose payoff function maps
strategy combinations to expected payoff values, relative to a
probability distribution, rather than to just the numerical values of the
payoffs. Such a game will induce a notion of a game solution exactly in
the same way in which a standard (matrix) game does, - because after
the expected payoff values have been calculated, the payoff function
will have mapped strategy combination to numerical values, exactly in
the same way in which the payoff function in a standard game does.

Definition 4: Doxastic solution of a g.c.p.b. (general case). Given
agepb A=T=0 (S)i <1 (P) i, 1B, denote the numerical
payoff function resulting from probability distribution H[B] (p(r[BDi)
¢ 1. Doxastic solution of A is the solution of game I' = (I, (S); <1,

(P(U[BDi e -
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1. Comparing doxastic and ontological payoffs

Definition 5. If a g.c.pb. A=T=(,(S); ¢, (pi), 1), u[B]) has a
doxastic solution (s, ..., s1), doxastic payoff combination for A is the
combination (p(Sy, ..., Si)y ..., Pi(S1, ..., S1)).

Definition 6. Given a g.c.p.b. A = (T, u[B]), if I has a solution (s;,
...y Sp), we will call 1t ontological solution of A, and the combination
(P1(Sty +ves Sy « -5 PI(S1, -+, S1)), Ontological payoff combination for A.

Definition 7. A g.c.p.b. A = (I, u[B]) is doxastically negative
(neutral, positive, incomparable), if its doxastic payoff combination is
Pareto-dominated by (respectively: coincides with, Pareto-dominates,
is Pareto-incomparable with) its ontological payoff combination.

Definition 8. Given a game I' = (I, (S;); <1, (pi) i < 1) in normal form
and a set B of possible alternatives to (p;); <1, the <I, B >-class is the
class of all g.c.p.b.’s of the form A = (I', u[B]) with u[B] € M[B],
where M[B] 1s the set of all probability distributions over B.

A <I', B >-class can be usefully partitioned into four domains: (i)
negative; (11) neutral; (111) positive; and (iv) incomparability domain,
according to whether the members of a domain are doxastically
negative, neutral, positive or incomparable, respectively. An intuitive
significance of such a partition should be clear: we are interested in the
question cf what happens if the players move from their current
(perhaps, distorted and/or incomplete) image of the game to its correct
and complete 1mage.

To the four domains, there correspond the four following answers
in the same order:

— each player would have their solution payoff strictly increased,;

— all the solution payoffs would remain the same;

— each player would have their payoff strictly diminished;

— the result would differ for different players.

III. The issue of the emptiness of the positive domain

Of course the most surprising case would be there, if we find the
positive domain non-empty. On the first glance such a case seems
counter-intuitive: How can 1t be that correct and complete knowledge
of the situation can do harm to all the players? Is not knowledge always
power — at least for some of them?

To give one interesting answer to the above questions, we need a
definition of Pareto-suboptimality:

Definition 9. A game I' = (I, (§)) i1, (p)ie 1) in normal form is
Pareto-suboptimal, if (1) I' has a unique Nash equilibrum (sy, ..., s)),
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and (i1) there is a combination of strategies (s*,, ..., s*)) such that for
everyi € L pi(s*, ..., 8™) >pi(s1, ..., s1).
Now it is straightforward to demonstrate the following fact:

Fact: For any Pareto-suboptimal game I' = (I, (S;); <1, (pi)ic1) in
normal form, there exists a set B of possible alternatives to (p;); < | such
that the positive domain of <I', B >-class is not empty.

Proof: Let B = {(p*) <1}, where (p*) < is determined by the
following conditions:

(D forevery1 e I, p*;(s*,, ..., s*) =1;

(II) for every 1 € I, p* (n) = 0, where (7) is a combination of
strategies other than (s*,, ..., s*)).

It is immediately obvious that, given such I and B, the <I, B >-
class has exactly one member, and that member belongs to its positive
domain.

Given the above fact, the framework of g.c.p.b.”’s may be helpful
for the task of investigating positive effects of shared epistemic
imperfections in the context of Pareto-suboptimal interactive situations
— e.g., the Prisoners’ Dilemma, the problem of collective action, and
the like.



J.M. Dunn'

TERNARY RELATIONAL SEMANTICS
AND BEYOND:
Programs as arguments (data)
and programs as functions (programs)

1. Introduction

The purpose of this paper is to review some ideas from Dunn and
Meyer (1997) and Dunn (2001) and "write them large". The first paper
showed how to represent combinatory algebras using ternary frames,
and the second paper showed how to do the same for relation algebras.
It should be pointed out that these representations both fall under the
general heading of "gaggle theory", as developed in a series of papers
beginning with Dunn (1991). in which an n-ary operator is represented
using an n+/-placed relation. These results were presented in a
somewhat mathematical fashion, although philosophical motivations
were introduced as well. The present paper will focus on these
philosophical motivations and clarify and extend them. In addition it
will point to some future research directions in connection with Pratt's
dynamic logic and Hoare's logic of programming.

2. Frege and Boole

Frege's famous dictum, expressed as a conundrum, is that "the
concept horse is not a horse". This is our text for this occasion.

Frege has three theses that are relevant. These theses are to be
found scattered about his three papers "Concept and Function",

12

"Concept and Object", and "Sense and Reference"".

1. A concept is a special kind of function, taking objects as
arguments and operating upon them to produce a rather unfamiliar
object (a truthvalue)’. Thesis 1.

School of Informatics, Indiana University, Bloomington IN 47405 (USA), dunn-
@indiana.edu.

Originally published in German in 1892-93 and translated into English in Geach and
Black (1960).

Frege also had a distinction between two kinds of functions, which we might call,
using terminology that has become current, intensional and extensional (Frege talked
rather of functions and their course of values (identifying the latter with sets)). This
distinctior: 1s not important for this paper and we shall ignore it.
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2. A function is a very different thing than its argument, and in fact
a function cannot itself ever be an argument (functions are
"incomplete" whereas their arguments are "complete"). Thesis 2.

3. A definite description ('the so-and-so") refers to an object. Thesis 3.
From 3 we conclude:

4. The definite description "the concept horse' refers to an object.
Fromland 2 we conclude
5. A concept cannot be an object.

And so we get something very close to Frege's dictum (but not yet a
conundrum):

6. The reference of the definite description "the concept horse' is
not a concept.

But the following seemingly obvious principle gives the
conundrum:

7. The reference of a definite description 'the so-and-so' is the so-
and-so.

For now we can conclude:

8. The reference of a definite description "the concept horse' is the
concept horse.

And using substitution of identicals, from 6 and 8, we finally
obtain the conundrum:

9. The concept horse is not a concept.

Thus, the concept horse, given the argument Man of War, gives the
value True, and given the argument Francis (the talking mule) it gives
the value False. Frege's point is that there is a very distinct difference
between referring to a function, and using it. Frege liked to talk of
concepts/functions as complete (saturated) items, and of
objects/arguments as incomplete (unsaturated) items.

Perhaps a more contemporary way of making the distinction is to
say that when we refer to the concept horse by using the phrase "the
concept horse" we are referring to a static object, and not to the
function in 1ts full dynamic nature.

Modern logicians can make this distinction using the lambda
notation of Church (1941). Thus x + 1 is incomplete, waiting for an
argument to be input to the variable x, say 2, before producing the
output value 2 + 1 = 3. Whereas Ax(x + 1) is complete and denotes the
function that applied to an argument x returns the result x +1: It can
have functions applied to it as an argument. For example, we can apply
iteration to it so as to obtain Ax(x + 2). Frege goes on at length to make
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this by now familiar distinction, using Greek lower-case letters (he did
not have the lambda notation, which importantly denctes the scope of
the binding), writing things such as & + 1 to denote the successor
function. Can the same item be both an object/argument and a concept
(function)? Frege thought not, but thought that when we want to refer
to a concept, we end up referring to a close cousin of it which he
termed a "concept correlate”. In this paper we show how to make sense
of this idea.

In further motivating this paper, we turn to another one of the
founders of modern logic, George Boole. Boole (1847) had two
interpretations of what has now come to be known as Boolean algebra.
The primary interpretation was that the elements of a Boolean algebra
are to be thought of as propositions. The secondary interpretation was
that the elements of a Boolean algebra are to be thought of as sets.
Boole observed that propositions and sets obeyed the same laws,
mapping conjunction into intersection, disjunction into union, and
negation into relative complement. He explained this by observing that
a proposition can be regarded as the set of cases in which it is true.
This is the fundamental origin of the idea that a proposition can be
understood as a set of possible worlds. This latter notion has been
generalized to the idea that a proposition can be understood as a set of
information states. These can be partial, and even inconsistent. Total,
consistent information states are surrogates for possible worlds. Let us
call this Insight 1. It 1s the basis of the Carnap-Kripke-Montague-
Stalnaker-ct al program of semantics. This might be called a static
conception of a proposition, since propositions just "sit there" as sets
of states.

More recent authors, e.g., Girdenfors and Makinson (1988) have
observed that there 1s also a more dynamic conception of proposition.
When we add a proposition to our existing set of beliefs, it transforms
these beliefs into another belief set. Let us call this Insight 2. A belief
set can be conceptualized to be one gigantic proposition (the
conjunction of someone's beliefs). So a proposition can be viewed as
an operator on propositions. This is the dynamic conception of
proposition.

Insight 1 and Insight 2 both seem to be correct. How can we
reconcile them? The quick answer is that a proposition must be
simultaneously an object (potential argument) and a function. But what
does this mean? This 1s the topic which we shall explore throughout
this paper.
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3. Von Neumann's concept of a "stored program"

There 1s a certain irony in the development of the study of logic
and computation which has been a hallmark of the twentieth century.
Although this development has taken place in at least the first half of
the century in largely the same venues and by largely the same
pioneers, largely the study of logic as a foundation for mathematics has
been driven by a desire to respect types, whereas formal systems
developed for computation are by their very nature type defying. The
first 1s clear from the fixation of most of mathematical logic on first-
order logic, despite this a small flirtation with second-order logic, and
the standard set-theories based on notions of hierarchies (Zermelo-
Frankel, von Neumann-Bernays-G&ddel, Morse, Kelly). And the last is
clear from the fundamental notion of a "stored program" in the "von
Neumann architecture”. John von Neumann, in 1946 wrote a paper
with Arthur W. Burks and Hermann H. Goldstine titled "Preliminary
Discussion of the Logical Design of an Electronic Computing
Instrument" (Burks, et al., 1963). This paper begins by discussing the
four main components of a computer: the arithmetic logic unit,
memory, control, and input-output human interface. In other words, the
arithmetic logic unit, the control unit, and input-output. We quote from
Riley (1997):

To von Neumann, the key to building a general purpose device was in
its ability to store not only its data and the intermediate results of
computation, but also to store the instructions, or orders, that brought
about the computation. In a special purpose machine the computational
procedure could be part of the hardware. In a general purpose one the
instructions must be as changeable as the numbers they acted upon.
Therefore, why not encode the instructions into numeric form and store
instructions and data in the same memory? This frequently is viewed as the
principal contribution provided by von Neumann's insight into the nature
of what a computer should be.

He then defined the control organ as that which would automatically
execute the coded instructions stored in memory. Interestingly he says that
the orders and data can reside in the same memory "if the machine can in
some fashion distinguish a number from an order” [Burks, et al., p. 35].

And yet, there is no distinction between the two in memory. The
control counter (what we now usually call the program counter) contains
the address of the next instruction, and that word is fetched to be executed.
Whatever the control unit "believes" to be an order or to be data is treated
as such. One ramification of this is that the instructions can operate upon
other instructions, producing a self-modifying program. This has not been
considered good form for many years, because of the implications for
program debugging and the desire for reentrant code in some situations. It
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1s possible that new developments in artificial intelligence may bring fresh
attenticn to the possibilities afforded by this characteristic [Bishop 1986].

While von Neumann and his co-workers deserve the credit for
specifying the broad outlines of the contemporary electronic computer,
there is an important presaging in the work of Turing in his proof that
there could be a universal computing machine, where he used the idea
of coding up the machine tables of other Turing machines in terms of
numbers that could then be used as input to the universal machine.

The feature that we wish to draw attention to here is the fact that in
a general purpose computer, a program can be either function or
argument, depending on context. There is a similar feature in the A-
calculus of Church (1941), or the combinztory logic of Curry and Feys
(1972), where an expression such as KI. or (AxAyx)( Axx) treats the
first term as a function and the second terrn as an argurnent. Indeed one
can have a term of the form VM, say II or 4.( Axx)( Axx), which treats
the very same term M as simultaneously standing for both a function
and an argument. So much for types!

The contrast during the first fifty year or so of the twentieth
century between the type conscious mainstream in mathematical
foundatioris, and the type insensitive undercurrent in the logic of
computation is quite striking It reminds one of the (likely apocryphal)
stories of ecarly aviation theorists proving the impossibility of powered
flight while the Wright brothers and others were working first on
models, ard then on real airplanes.

4. The Routley-Meyer Semantics for Relevance Logic

We make what might seem a side trip, to discuss the so-called
"Routley-Meyer semantics" for relevance logic®, but we shall see in the
next section that it is closely related to our main journey. It is well-
known that Routley and Mever (1972, 1973) provide a "Kripke-style"
semantics for relevance logic using a ternary accessibility relation R".
[gnoring negation, a Routley-Meyer frame is a structure (U, R, 0) with
R c U and 0 € U. A Routley-Meyer model adds an atomic "forcing
relation” |-, between states and atomic sentences (.||-, p). This can be

* Anderson, Belnap, and Dunn (1992) contains a good discussion of this semantics,
including variants due to Urquhar: and Fine discussed below.

° There is an alternative "operational semantics” that we could be using. The ternary
relation RaPy is replaced using a binary operation on states a + 3 =y (Urquhart) or
else o + B vy (Fine). The first has also been used by Girard (1987) in the "phase
space” semantics for linear logic. The last is more general, extending as it does to
allow an underlying distributive lattice. Cf. Anderson, Belnap, and Dunn (1992) for
details. Cf. also Dofisen (1992).
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extended inductively to provide a "forcing relation" between states and
compound sentences. Thus for relevant implication they have the
following (y, o, B range over U)":

xFo->vy iff (Va,B: RyoB & a|l- ¢ imply B |I- v). (1)

They also gave a truth condition for "fusion" (intensional
conjunction):

xI=o°w iff 3o, B(RoPy &o |- ¢ & - w). (2)

Routley and Meyer thought of U as "set ups". A "set up" is like a
Camapian state description except it can be inconsistent and/or
incomplete. Routley and Meyer also thought of U as something like a
set of possible worlds, but with the thought that these can be
partial/and or incomplete. We shall continue to use the more neutral
and trendy word "state", anticipating applications to computers.

Given the Camap-Montague-Kripke 1dea of a "proposition" as a set
of possible worlds, a sentence ¢ can then be taken to be interpreted as
the "proposition" || ¢ || = {a : o ||- 0}.

Using propositions, we can rephrase the truth conditions above as:

o> wi=loll= vl =def{x:(Va,B:Ryaf &ae| ¢l

imply B € |y D] (3)
o wl=lollo|wl|=def{x: o, B(RaPy &ae|o|&
BelwlD (4)

1. There are several things about this semantics that must be
mentioned:

2. Implicit in this semantics is a relation a = 3 (Routley and
Meyer would write "a<b") which can be defined as ROaf3: The
"Hereditary Condition" (adopted from intuitionistic logic)
imposes the requirement that if o € || ¢ || and oo & (3, then B € ||
¢ ||. This in effect says that a proposition is not just any set of
states, but rather one that is closed upwards under =. It 1s
natural to regard this as "the information order".

3. Validity is defined not by reference to arbitrary states (as in the
Kripke semantics for modal logic and intuitionistic logic), but
rather by reference to the "zero states". Also it is a bit of an

® In the definition below Routley and Meyer make the first position the "pivot”, but
there is no reason why the second point cannot be the pivot. Then we get ¥ |= @ « ¢
iff (Va, B : RayfB & a |- @ imply B |- w). In previous papers | have often reversed
these arrows for reasons of wanting to match a convention of residuation theory due
to Pratt.
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accident that Routley and Meyer pick out one such. In general
terms it does not hurt to add a set of them, Z < U.

4. The above observations motivate our defining a (ternary) frame
as a structure F' = (U, R, =, Z), with T a partial-order on U
subject to the condition that 3CcZ(RCaf) iff o & [ iff
3L e Z(RalB) (Z-condition).

5. Validity in a frame (|=f o) is then defined as: YaeU, V{eZ : (
|- 0. And validity in general (|= @) is defined as validity in all
frames (VF, |=¢ 0).

6. Every frame gives rise to an algebra of propositions A(F) =
(0 (F), A, v, =, ©, Z). The carrier set ¢ (F) is just the set of
propositions 4 < U, 1.e., subsets of U closed upwards under C.
A and v are respectively intersection and union, and = and ©
are defined as above. Z is of course simply the set of zero states
Z of the frame.

Remark 1. Urquhart (1972) had a simpler idea about how to model
relevant implication. His idea was to have a set U of '"pieces of
information" o, (3, ¥, ... Urquhart included the least (empty) piece of
information & used to define validity. Urquhart postulates that the
pieces of information can be combined by a semi-lattice operation \L.
For this reason it is common to refer to Urquhart's approach as the
"operational semantics"”, and to call the contrasting Routley-Meyer
approach the 'relational semantics". While there are problems in
trying to extend Urquhart's idea to provide a semantics for the whole
of the system R of relevant implication (conjunction is ok, but both
disjunction and negation cause problems), Urquhart showed that we
can model the implicational fragment R_, with the following:

XIEQe =y iff (Vo:al-¢ implyx U al-w). (5)

Remark 2. The essential difference between the operational and
relational semantics can be put in terms of the former assuming
determinism: Given the state y and the input o there is a unique
outcome y(o) = y U a. The relational semantics rather assumes that
there can be many accessible outcomes () = {B : Ryaf3}.

Remark 3. Fine (1974), independently from Rouiley, Meyer, and
Urquhart, developed a semantics for relevant implication that in effect
combined their two ideas. In place of RoPy Fine writes: o°3 <y. We
will call the Fine approach the "refined semantics" because it makes
explicit the binary operation implicit in the Routley-Meyer semantics.
If you look at the Routley-Meyer completeness proofs and at the
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canonical model of theories, one sees that they have an operation
combining theories and also the relation of inclusion between theories.

There are many different ways to interpret these semantical ideas.
Thus for example think of y as a "proof" of ¢ — . In terms of the
operational semantics,  determines a function taking proofs of ¢ to
proofs of y. In the relational semantics, ¥ determines a relation from
proofs of ¢ to proofs of .

I suggested verbally (and it is referenced in the first Routley-Meyer
paper) that one somehow think of Rpafd as akin to Kripke's relative
accessibility relation, but relativized one step further. Rather than
saying that 3 is possible relative to a, we save that given p that 3 is
possible relative to a. In the early 1970's, Peter Woodruff (verbally to
me) suggested thinking of the ternary relation R as an indexed set of
binary relations {R,},cv, where each R, = {<a, 3>: Rpaf3}. It is a short
metaphorical step from this to the observation that one can think of
each state p as having a dual nature, first as a state and second as
determining a binary relation R,a[3 between states o and 3. This can be
given the "philosophical" reading: "the pair <a, 3> exemplifies the
relation (determined by) p". Also it can be directly related to Frege's
distinction between "concept" and "object". We think of p as the
"object correlate” of the relation R,. We can take the further
metaphorical step of thinking of the state p as "static", and the relation
R, as "active". We are within a hair's breadth of von Neumann's
concept of a stored program’!

5. Interlude on Indeterminism

A theory is simply a set of sentences closed under adjunction and
(relevant) entailment. It is easy to see that theories behave well with
respect to conjunction. A theory contains a conjunction iff it contains
each conjunct. But once we add disjunction, theories lose respect.
While a disjunction is in a theory when either disjunct is, the converse
does not hold. It is standard to call a theory where the converse holds
prime. Given two theories 7 and T, it is natural to form their "fusion" T
° T'. This is done by considering the set of sentences of the form ¢ ° ¢'
where @ € T and ¢' € T, and closing it under adjunction and

7 We have therefore several reasons to regard Frege as a proto computer scientist.
Skipping this anticipation of the idea of a "stored program", and passing quickly over
the issues of formal logic and its relations to computer science, we get to the
important fact that Frege received funding from Zeiss (told to me by Wermer
Stelzner). Corporate support is one of the most important marks of a computer
scientist.
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entailment. Even when both T and T are prime, their fusion is unlikely
to be prime. This is because of the R-theorem:

(@ >yY)°0-> vy,

In particular @ — v, v w; might be 11 7 and © might be in 7", and
so y; Vv Wz would end up in their fusion 7 - T'. And yet there is no
reason that either one of v, or y, should end up there®

This 1s why when we look at the canonical model we focus on the
ternary relation Raf3y rather than the binary operation o e 3. In Fine's
terms thisisc e 3 <vy,i.e.,, Te T'c T"”, where T, T, and T" can all be
prime. In the proof of the completeness theorem we build prime
extensions of 7' e 7" in various possible ways, and in some of these 1 is
true and in others of these - is true.

6. Interpretation

We like to give R,af3 the "technological” reading: if the machine is
currently in state p, then if it were to enter state o, then state 3 is a
potential outcome (the pair <o, 3> is a possible transition given p).

The reader may wonder why we reed this ternary relation of
accessibility, and not just a binary one, which is more usual. And
indeed provides the framework for Pratt's dynamic logic. It might be
worth investigating how to extend dynamic logic to involve the ternary
accessibility relation.

It might be argued that if a is a state, then all the information that is
relevant to possible transitions is contained in a alone, and so there is
no reason to consider the "perspective"” of p. Indeed, cn a deterministic
conception of computation, the initial state would uniquely determine
all of the subsequent states. But this objection overlooks the fact that
we are working with partial states. One might think of this partiality in
terms of segregating parts of the machine so in considering Rpof3 we
think of p as a state in that part of the machine that stores operations,
and a and (3 as states in that part of the machine that stores data. Or
one might think in terms of concurrent computing, with p being the
state on one processor, and a and 3 being states in another processor
(or complexes of processors including maybe the whole system) whose
operation is affected by p. This kind of approach leads to the idea that
states are of different types, and we are here wanting a type-free
system. But we think it is worth explering typed systems as well,
particularly the division between operations and data. The information
in o may well be partial and the information in p may further restrict

¥ Because the following is not an R-theorem:
(@ = Y1V y2) = (0> yi) V(9 yy)
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the states {3 that are accessible from a. Note that states may even be
inconsistent. Think of a network where there are two machines that are
supposed to be mirror sites but by some glitch they are not. Readers
who are bothered by the thought of partial or inconsistent states should
be reminded that states exist at the "logical", as opposed to the
"physical" level. Two states of different machines can be identical even
though there are hardware differences between the two machines, and
of course this can also be true of the same machine at two different
times.

One way to look at things is that we are somehow combining p and
o and seeing whether this combination is contained in B: p + o = 3.
The simplest mode of combination would just be in effect to take their
"union" pva. Thus thinking of a state as an assignment of the binary
bits 0 or 1 to variables, a variable x; will be assigned one of these
values by pva if either p or a assigns it that value. This is the minimal
requirement on a "union". But oops! What happens if say p assigns x;
the value 1 and o assigns it 0? One could imagine various answers here
as to what value p + « assigns. E.g., it could assign no value, it could
assign an error message, it could assign some principled choice (say,
when in doubt take the maximum), or, most radically but perhaps most
naturally for the concept of a "union", we give up on the idea that
assignments are consistent and let it assign both values. But if we
require that the assignments p, o and 3 must be consistent, one of the
most interesting things to do is to take the maximum. This ensures to
RpaB p E B and a = 3, which as can be seen from Dunn (1993c) gives
a ternary accessibility relation which provides the basis for a semantics
for intuitionistic implication.

There is a related ternary relation in Barwise (1993). Barwise uses
the notation s; |—° s, to indicate the 3-placed relation that exists when
the two "sites" s; and s, are connected by the "channel" c¢. In the
notation of Routley and Meyer this could be expressed as Rs,cs;.
Channels hence determine binary relations between sites, but they need
not be identified with those relations.

Barwise leaves explicitly open the idea that sometimes channels
can be sites and vice versa. What we have in our representation of
relation algebras is the totally "untyped" case where every site is a
channel and vice versa.

7. The main idea

I wish to give here the main idea. Suppose we have a ternary frame
with a set of states U, and a subset 4 of U. 4 can be thought of as a set
of states, i.e., a proposition. So A4 is quite static. But, and this is than
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main idea, it can be turned in for the set of relations determined by
those states, and those relations can of course be regarded as taking
states to states. So A is at the same time quite dynamic. Here we model
the duality implicit in von Neumann's concept of a stored program, or
Frege's distinction between concept and object/function and argument.
One and the same thing can be both.

Given a state p € U, R, = {<a, 3> Fpaf3}. By R[A4] let us mean
the set of relations determined by 4, i.e., R[4] = {R,: a € A}.

Suppose we have two such propositiors 4 and B. We can turn 4 in
for the set R[A] of relations which it determines, and similarly we can
get R[B]. We can then do various things with R[4] and R[B]. Thus as
one example we can take R[A4] and "apply" it to B:

R[A)(B) = {y Ja € A, 3P € B(R.PY)},

getting all the states we can get to from B using a relation in R[A];
treating A as a program, B as data, and applying 4 to B. We shall return
to this i1dea in the next section when we examine how to model
combinatory logic.

This uses only the implicit relation character of 4. But we can use
the implicit relational character of both 4 and B; taking the relations in
R[A] and the relations in R[B] and forming their relative products in all
possible ways. Let us recall that given two relations R and S their
relative product is defined by

X(R® S) <> Ju(xRu & uRy).

So we define
R[A]°R[B]={R,®Rs: a0 € A, 3 € Bj.

This 1s like viewing both A and B as programs, and composing 4
with B : 4 - B. We shall return to this idsa in a short while when we
examine how it can be used in the representation of relation algebras.

8. Models for combinatory logic

Dunn and Meyer (1997) gives particularly simple models for
combinatory logic based on the Routley-Meyer ternary semantics for
the relevance logic R’. Various conditions have to be put on the ternary
accessibility relation to get models for the logic R. It is well-known by
now that by fussing with those conditions one can get models for
various logics closely related to R.

° As is spelled out in Dunn and Meyer (1997), other models for combinatory logic
have been provided by various researchers, including D. Scott, G. Plotkin, and R.K.
Meyer, M. Bunder and L. Powers
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We illustrate this with a simple example. The logic R has the
"contraction axiom"

(@ = (0 =)= (¢ > y),
which corresponds to Gentzen's "structural rule" of contraction:

r,(P,(P,Al'W

ra(p>Al'W

This amounts to saying that ° "duplicates", i.e.,4 ° B < (4 ° B) ° B.
On the accessibility condition we need the postulate:

Rafy = Iy (Rafy & RyBy).

In a more or less obvious diagram this becomes:

VAN 2N
a B = o B
/N
o B

We choose to algebraize the combinators as a combinatory poset,
i.e., as a partially-ordered groupoid (X, <, °, C), where X is thought of
as a set of untyped functions, < is a partial order on X (thought of as
"reducibility"), © 1s a binary isotonic operator on X (thought of as
"application"), and C < X'°. C is thought of as a set of combinators, and
we shall call its members combinator elements. Each combinator
element ¢ € C is subject to some postulate of the form

CXy oo Xm ST(X)y ooy X)), (6)
where cx; ... x, are variables, ° is indicated by concatenation, the
sequence cx; ... X, is a left-associated sequence, i.e. is of the form
(((ex))x3z)) ... xm), and 1(x,, ..., X,,) 1s a term constructed only out of the

' Note that we use < where Curry and Feys (1972) use >. Note also that we do assume
the usual conventions of suppressing ° in favour of juxtaposition, and assuming
associativity to the left.
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variables x,, ..., x,, (not necessarily all of them) and ¢''. t(x,, ..., Xpm)
can be regarded as a sequence containing some or all of the variables
X;, ..., X, With parentheses scattered through it so as to indicate binary
grouping of any pattern.

As examples consider a few of the more common combinators:

ic<x (7)
kxy <x

cxyz < xzy

wxy < xyy

bxyz < x(yz) (8)

sxyz < (xz)(yz)

The notion of a combinatory poset is similar to the notion of a
"combinatorial algebra" in Barendregt (1981), except that he bases
things throughout on equality rather than the inequality, and his
combinators are required to be S, K.

It 1s well-known that contraction corresponds to the combinator W.
Using inclusion in place of reduction, the postulate for that combinator
1s WAB < ABB. If we view W, 4, and B as sets of states, we need the
following postulate:

dm e W, Ix(Rmay & RyBy) = Ix(RaPy & RyBy)

The left-most terminus is "kicked out of the way" by the
combinator state m:

Y ¥ .
. ~ AN / AN
SN B e p
dm a / \\
a B

'! Because of the form of these laws, the combinator elements correspond to what have
been called "proper" combinators (cf. Curry and Feys (1972), and which may
beviewed as closed lambda terms. We donotbother with the more accurate but more
awkward terminology "proper combinator poset".
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Conditions can thus be put on ternary frames that force various
subsets to behave like combinators'?.
Using this method 1t was shown in Dunn and Meyer (1997) that

every combinatory algebra can be represented using an appropriate
ternary frame.

9. Models for the algebra of relations

In Dunn (2001) it was shown how to represent relation algebras using a
modified version of Routley-Meyer frames that are not unlike those
they used to model relevance logic"’. We will not repeat definitions
here, but part of the trick was to give a carefully layered definition of
relation algebras that showed the close connections to relevance logic
and which matched a carefully layered definition of the appropriate
Routley-Meyer frames.

We begin with the notion of lattice-ordered monoid (L, <, v, °, e),
where (L, <, v) 1s a lattice and (L, <, v, °, e) is a monoid, with °
distributing over v from both directions. It follows that © is isotone in
each of its arguments.

We recall that a l.oom. is said to be residuated if it had two
additional binary operators — and <« (called the right and /eft
residuals) satisfying:

X°yLziff ySx—>z iff x<z<y. (9)

De Morgan and Peirce observed in the last century that these
structures arise naturally in the context of the algebra of relations (cf.
e.g., Maddux (1991)). We think of relations in the usual way as sets of
ordered pairs. Given a set X and two binary relations R and S on X, the
relative product R ° S = {(x, y) : 3z((x, z) € R & (z, y) € R)} is an
associative operation, and e is the identity relation (restricted to X).
Then R —» S'= {(x,y) : Vz((z, x) € R implies (z,y) € R)} and S « R =
{(x,y):Vz((x, 2) € R implies (y, z) € R)}.

But relative product and the residuals are not the only important
operations on relations. There is also the converse R™' = {(3, x) : (x, y)
€ R)}. Given a lattice, a unary operation x ' (which we shall think of as

12 Alternatively, if one is interested not just in one-way reduction but rather equality of
combinators, one can define a combinator as a set of states satisfying a given
condition. For example:

W= {m : Iy(Rmay & RyBy) = Ix(RaByx & RyPv)}.

3" As explained in detail in Dunn (2001), it was pointed out to me by R. Maddux that
this idea was foreshadowed by Lyndon, and by Jénsson and Tarski, although my
treatment is more explicit and general and makes the connections to relevance logic
and other substructural logics.
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"conversion") 1s an automorphism of pericd two when it is a 1-1, order
preserving, and of period two. i.e., (x"' ) = x.

Definition 4. 4 structure (L, r, v, °, —, «, —, ', e) is a relation

algebra iff
(L, ~, v, =) is a Boolean algebra, (10)
(L, A, v, °, >, «—, e) is a residuated lattice ordered monoid, (11)

x"'is a lattice automorphism of period two on (L, A, V), (12)

x°y)'=yeoxT. (13)
a—>b=—(a'°-b), bea=—(-b°al). (14)

The above definition derives from Tarski (1941), and can be found in
Dunn (2001). This definition is presented in a way that makes it similar
to the definition of a Boolean De Morgan monoid, which is the
algebraic structure corresponding to the relevance logic R supple-
mented with Boolean negation in addition to its standard De Morgan
negation. These structures were in effect introduced by Meyer and
Routley (1973) and studied more explicitly as algebraic structures by
Meyer (1979), where he explicitly introduced an operator x*. Meyer
observes that one can then define the usual De Morgan complement
from the Boolean one and the * operator as follows:

~x = —(x¥*). (15)
Putting ' in place of * we get:
~x=—(x)

which was anticipated as a definition of a negation-like operator by
Bialynicki-Birula and Rasiowa (1957).

14 above does not look very pretty from a logical point of view, but
it can be replaced equivalently with:

a—>b=~(~b°%a), b« a=~(a°~b). (16)

The only differences between a Boolean De Morgan monoid and a
relation algebra is that for a De Morgan monoid we assume in addition
that ° 1s commutative and square increasing (x < x © x). This last
corresponds to contraction.

Next we turn to the ternary frames appropriate to representing
relation algebras. We start with a plain vanilla ternary frame F = (U, R,

C, Z) and add to it a unary map ~ on U into itself such that for y € U.
177 =y (period two). (17)
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Such a map is commonly called an involution'’. We also add
(writing %~ in place of ¥").

RoPy only if RB'ay" (tagging). (18)
RoBy iff Ry'af” (antilogism) (19)
Let us define for 4 e P(U)T,
Al ={o 1o e A}, (20)
By virtue of (17), this is equivalent to:
Al={a: o €A} (21)

This does not yet give us the class of frames appropriate for
relation algebras, because we have to assure that ° is associative.

Let us begin by looking at two notational conventions of Routley
and Meyer:

R(aPB)yd =qer Ix(RaBy, & Ry YD), (22)
Ro(BY)d =ger I (Roxd & RByY). (23)

Routley and Meyer actually write "R*" where we write simply "R"
above, but for reasons of both suggestiveness and simplicity we shall
often simply let the number of terms affixed tell that there is a power,

One of the requirements on a Routley-Meyer frame is that these
two compositions are equivalent:

R(aP)yd iff Ra(PBy)d (24)
This is precisely what is needed to assure that
A°(B°(C)=(A4°B)°C (associativity)

In this section we shall depart from our convention of viewing the
binary relation hidden inside a ternary relation as indexed by the first
state. For reasons that have nothing to do with anything but making
things look pretty we shall view it as indexed by the second state'. So
in this section only, R, = {(a, B) : Rop}.

Let us define the composition of two "binary relations"” p and o:

R, ® Rs)B iff Ix(Rapy & Rycd)

Clearly using this definition and R-associativity, we obtain

'* Following Routley and Meyer, this involution is customarily denoted by * in the
relevance logic literature. Here we instead use - because in the literature on relations
* is customarily used for the "ancestral".

"> This has something to do with the mathematical tendency to use infix notation for
relations and prefix notation for functions.
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(R, ® Ro)B iff” R(ap)of iff Ra(po)B, (25)

where the right-hand sides of the last two conditions are understood
using the compositional notations of Routley-Meyer. One could write
(25) as

R, @ R)B iff R(po)r. (26)

but one should be clear that "(pc)" is a mere notation and does not
denote an actual point.

The above expresses what one might label a "notional
homomorphism". But it can be made intc an actual homomorphism if
we 'refine" the Routley-Meyer relation into smaller bits, in effect
interpreting Roy as o ® 3 = v. We can the restate ?? as:

Ryes =R, @ R,
We can also easily see that
R-=(R,)™".

Proof. aR,-p iff Rup’B (antilogism) Rp™B o™ iff (tagging period
two) RBpua 1ff PR« iff a(Rye) ' B.

It turns out that one can show that ApR, is a one-one function
taking states to binary relations on states, using the Z-Condition in the
definition of a frame. So we in fact have an isomorphism preserving
"relative product” and "converse") between states and binary relations.

Lyndon (1950) showed that not every relational algebra can be
interpreted as a set of relations, but using the observations above we
can easily show that this can be done one type-level higher. Given a set
of states 4, let R, = {R, : @ € A}. For any frame U, we have just
observed that R, is closed under relative product and converse and 1s
in one-one correspondence with U. This means that we can give "point-
wise" definitions: Ry ° Rp = {(R, ® Rg) 1 o € 4, B € B} and R, =
{Rof1 : o € A}. Note further that Ry ™ R; = Ry, R45 = R,V Rp, and
Ry =R - Ry,

Theorem 5. Every relation algebra (4, A, v, —, °, "1) is isomorphic to a
set of sets of relations, with A interpreted as union, v as intersection, —
as complement relative to a certain subset of (U x U), and ° being
point-wise relative product, and ! being point-wise converse.

10. Glimpses Ahead: Pratt's Dynamic Logic and Hoare Logic

Proof. V. Pratt (1980) makes a distinction between states and
programs and defines things such as [p]d to mean intuitively that the
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sentence ¢ 1s true of every state o that arises while the program p is
executing.

In symbols we express this as

X - [plo iff YB(xRyo => B |- $), (27)

where xR,o 1s read "the state a is accessible from state x by running
the program p". Note that R, is an accessibility relation indexed by the
program p. Pratt assumes a non-deterministic notion of computation or
else this could be replaced by the notion p(y) = a.

As we have seen, any state p can be thought of as determining an
accessibility relation R,. Note this is "rho" not "pee" — we are talking
about a state and not a program. Pratt's dynamic logic has accessibility
relations indexed by programs. A state can be viewed as an assignment
to variables (storage location) of the values 0, 1. If we focus on the
substate where the program is stored we get a partial assignment. Since
thus a program can be viewed as a partial state, using p in place of p
generalizes Pratt.

Another way to go is to look at a program as not a single (partial)
state but rather as a set of states (intuitively the set of states that
implement the same program). This suggests we write 27 in an untyped
way, replacing the single state p with a set of states (a proposition) B.
We can then rephrase the above as:

x - [Ble iff Vo, Vp e B(xR,a = o |- 9),
and we can rephrase this further, replacing the proposition B with the
sentence ¢ that expresses it:

X - Twle if Vo, Vp € [y| (xR0 = a |- §),
where [y|=B={B: p |- v}.
Another possible application of ternary frames is to Hoare's (1969)
"Logic of Programs", but we only mention this here. It would also be
nice to model action algebras (cf. Pratt (1991)).
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V.L.Vasyukov

COMBINED CAUSAL LOGICS
OF MINKOWSKI SPACETIME

Abstract. Getting started from ideas of N.A.Vasiliev and exploiting some
conceptions of G.Frege, V.A.Smirnov introduced several combined calculi of
sentences and events consisting of two parts. the abstract (external) logic
depending on epistemological assumptions and the empirical (internal) logic
depending on ontological ones Early the author proposed to approach
algebra of events as the discursive system of S. Jaskowski (cf. [5]). One more
interesting possibility would be an exploitation of an S4.2-modal algebra
instead of an: S5-modal algebra for discursive logic as an algebra of events. As
it was shown by R.Goldblatt [4] in the Diodorean interpretation of modality
where the operator of necessity [ is read as “it is now and always will be the
case that” time would be modelled by the jour-dimensional Minkowskian
geometry that forms the basis of Einstein's special theory of relativity. In this
case "event’ y coming after event x just in case a signal can be seen from x to
y at a speed at most that of the speed of light (i.2. y is in the causal future of x).
Passing to the §4.2-modal algebra of the “histories” (subsets of events or
causal paths) we thus obtain a combined calculus of sentences and histories.
The same would be done in a more abstract way if we consider an algebra of
the histories as a complete orthomodular lattice following to W.Cegla's
approach (cf. [2]). For both formulations of combined causal logic of
Minkowski spacetime a semantic of (event) bundles and semantic of possible
worlds is built and some metamathematical resulits are obtained.

1. Introduction

An idea of distinguishing two levels 1n logic goes back to
N.A.Vasiliev. He distinguished two levels in logic assuming
inconsistency on ontological level, but denying it on logical one.
Proceeding from this idea and exploiting some conceptions of G.Frege,
V.A.Smimov introduced several combined calculi of sentences and
events (cf. [9]) consisting of two parts: the abstract (external) logic
depending on epistemological assumptions and the empirical (internal)
logic depending on ontological ones. Both external and internal logics
are subjected to change. The language cf combined calculi usually
includes two sorts of variables: event variables (terms) and
propositional ones. If a and b are terms then alub, anb, ~a will be also
terms (complex events) while 6a, 6b are the formulas along with the
formulas 0av0b, HarBb, —0a. Clearly, postulating some equivalencies

" PaGoTa BBINONHEHA npu nogaepxke PI'TH®, rpant Ne 99-03-19641.
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like B(aLb) = BavBb, B(anb) = Banbb etc. we arrive at different
combination of algebras of events and propositional calculi in the
framework of one logic.

Early the author proposed to approach algebra of events as the
discursive system of S. Jaskowski (cf. [5]) by treating algebra of events
as an S5-modal algebra, introducing Jaskowski’s type conditional and
then B-translating it into classical sentential calculus (cf. [10]). One
more interesting possibility would be an exploitation of an S4.2-modal
algebra instead of an SS-modal algebra as an algebra of events. As it
was shown by R.Goldblatt [4] in the Diodorean interpretation of
modality where the operator of necessity [J is read as “it is now and
always will be the case that” time would be modelled by the four-
dimensional Minkowskian geometry that forms the basis of Einstein’s
special theory of relativity. In this case “event” y coming after event x
just in case a signal can be seen from x to y at a speed at most that of
the speed of light (so that y is in the causal future of x). The modal
sentences valid in this structure are precisely the theorems of the logic
S54.2. Passing to the S4.2-modal algebra of the “histories” (subsets of
events or causal paths) and O-translating those into classical sentential
calculus (in a way it was done in [10] in case of S5-algebra) we thus
obtain a combined calculus of sentences and histories.

But this is not the end of a story since the same would be done in a
more abstract way. Let (X,G) be a pair where X is a non-empty set and
G is a structure defined by a distinguished covering G of X by non-
empty subsets. The elements feG will be called causal paths or
“histories” and let us denote by B(x) = {fe G: xef} the set of all paths
containing x. Two points x and y are causally related if there is some
path fcontaining both of them.

In [2] W.Cegla shows that in a causal space (X,G) one can
introduce an orthogonality relation in the following way: given x,yeX,
x is orthogonal to y iff x # y and there is no fe G such that xefand yef
(this means that x and y are not causally related). As a consequence we
are able to introduce an orthogonal complement by means of the
following definition: if AcX then A~ = {xeX: VfeBx)(f\4 = @)}. If
we take the family /(X,1) = {4cX: 4 = 4™} it is well-known that
I(X,1), partially ordered by set-theoretic inclusion with the
orthocomplementation A—A* and VA4, = (UA4)*, N, = Nd;, forms a
complete ortholattice.

Moreover, we can introduce the second family of sets L(X,1l) =
= {D**: D is an orthogonal set} where if DX, then D is an orthogonal
set iff Vx,yeDVfeBx)(fry = &). The family L(X,1) will be an
orthocomplete orthoposet. Indeed, L(X,L) < /(X,L1) but there is a case
when they are identical. If D is orthogonal set of X, and xeX, xe D,
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xgD then D"N(xND)*" = . In this case [(X,1) = L(X.1) is a
complete orthomodular lattice.

Both algebraic causal structures are connected with localization 1n
non-relativistic and relativistic cases. These algebras of the “histories”
(causal paths) also would be O-translating into classical sentential
calculus (in a way it was done in [10] in case of S5-zlgebra) and we
thus again arrived at a combined calculus of sentences and histories.

In the paper a semantic of (event) bundles and semantic of possible
worlds for both formulations of combined causal logic of Minkowski
spacetime 1s proposed reflected the different treatment of the events and
histories.

2. Diodorean Approach to Combined Causal Logic
of Minkowski Spacetime

In a nutshell the main points of an approach to algedra of events as
the discursive system of S. Jaskowski (cf. [10]) would be posed as
follows.

In his paper “Propositional Calculus for Contradictory Deductive
Systems” S.Jaskowski [5] offers a system cf discursive logic by adding
to S5 modal system a conditional — (often written as Dy and called
discursive implication) and defining a—f3 as 0a.—[3. The logical truths
of the pure — fragment of discursive logic are the same as those of the
pure O fragment of classical logic but unlike of the Ilatter
|=on—>(—10t——>B) fails, since }=35 O(Pao(0—ouo)) fails too.

Approaching algebra of events as S5-modal algebra one is in
position to cope with contradictory character of ontological level by
introducing counterpart of Jaskowski’s type conditional in algebra of
events and then O-translating it into our sentential calculus. The only
difficulty appears to be the nature of the possible event (are there some
criteria for dividing events into possible ard real one?) This would be
obviated by means of the "making possible" modal operator

MP(x,y)>yeac(x)
(x makes possible y iff y is synthetizable from x) [8]. The possible event
ontologically means that we (i) purport possibility as the case when a
relation between some event and possible event take place and (i1)
identify with this relation the relation “making possible” (a kind of
“maker”). Thus, in a sense, possible events are "ontologically
generated" by some other events.

To explicate theorems of Jaskowski’s discursive logic in the system
of combined logic one should add the following schemes to the axiom
schemata of classical sentential logic and the rule modus ponens:

BavOb = B(auLb)
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—68a = B(~a)

0(0(awb)) = 0(0a)vB(0b)

Ba o 6(Ca)

08(00a) D Oa

0(0a) o 8(~0~0a)

Let us hereafter a - b means ~0a U b, a <> b means (~0a U b) M
M (~0a W Ob). It easily can be seen that the first two axioms provide us

with a Boolean algebra structure of the set of events and the following
theses will take place:

BanBb = 6(anb)
B(a—b) D (Ba o 6b)
O8(a>b) o (Ba = 6b)

There 1s also an operator [-] in the language of this calculus JVCD
of Jaskowski-Vasiliev Combined Discursive Logics such that if a is a
formula then [a] 1s a sentential term and thus one may relate with an
every formula the respective event (“the event, that a*). By means of
such an operator JVCD-system is enriched with the axioms

Bla] =a

OlavB] = B([a]V[B])

B[—a] = B(~[a])

oD 0(~[a] > b)
where b is an arbitrary event in the event algebra.

And now what should be changed if we need an S4.2-algebra of
events instead of SS5-algebra on ontological level? Technically it
involves a passage to the following axioms:

Al. BavBb = B(aub)

A2. —0a = 6(~a)

B1. 8(0(aub)) = 6(0a)v0(0b)

B2. 8a o 68(0a)

B3. 6(00a) o Ba

B4. 6(0~0~a) D 6(~0~0a)

Here the operator ¢ means "it will (at some time) be" and thus a
"synthetizability" correlates with the time ordering.

A semantic of such combined logic would be described as follows.
Let a structure T = (7, <) be a time-frame comprising a non-empty set 7
of times (moments, instants) on which < is a reflexive and transitive
ordering. The reflexivity of < gives ¢ the Diodorean 'is or will be'
interpretation. The frame T is directed, i.e. for all £,seT there exists a
ve T with t<v and s<v (any two elements have an upper bound).

Pursuing Smirnov's approach events would be identified with
subsets of T. Let ¢ be a function assigning to event variable a a subset
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o(a) < T (the set of times at which a takes place - an event history).
The function ¢ will be extended in usual way:

o(anb) = o(a)[ 1 o(h)

p(aub) = o(a)l p(b)

o(~a) = o(a)’

0(0a) = {x: Iy(veo(a) and x < y)} (future history of event a)

Here ﬂ, U, " are the set-theoretic meet, join and complementation
respectively.

The notion of truth would be described in a standard way:

X }= o 6a © xeo0(a) (an event occurred, is true in time x if and only
if this time belongs to event history)
XFoavVvPBex |=(p aorxfE,p
S, NP x }=(paan0.x }=(p B
q,OtDB<:>notx|=q,0torx|=q,[3
= 0L <& not x |=¢, a
E)(Oa) <> xep(Qa) = {z: Iy(yeo(a) and z < y)} (it is true in
tzme o thaA event will be occurred if and only if this time belongs to the
future history of the event)

I B

It is easily can be seen that with a help of standard methods we
obtain an adequacy of combine logic with axioms Al-A2, B1-B4 with
the semantics proposed.

Most 1nteresting for us 15 the following peculiarity of such
semantics. R.Goldblatt in [4] shows that en every frame T" determines
an S4.2 modal logic where T" would be described in a following way.

Let x=(x....,x,) 1s an n-tuple of real numbers and p.(x)=x12+x32+. .ot
X,.,'—x,’. Then the frame T" = (R",<) (where R" is the set of all real n-
tuples) Wlll be n-dimensional apcetime (» > 2). For x and y in R" we
have

x <yiff uy —x) <0 and x, <y,

n—:1

iff X i—x) <On— x,)°  and x, < Vu
i=1

Such T" is, in fact, a directed partially-ordered frame and Minkowski
spacetime 1s T*. In last case the intended interpretation of x < y is that a
signal can be sent from ‘event’ x to ‘event’ y at a speed at most that of
the speed of light, and so y is in the ‘causal’ future of x (assuming a
choice of coordinates that gives the speed of light as one unit of
distance per unit of time).The proof is based on the existence of p-
morphism (a function, preserving ordering and directedness) from T""'
into T" (1.e. the “first” coordinate to be deleted).

Thus, an S4.2 modal algebra of evenis we need for our combine
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logic would be considered as a modal algebra T*" = (M,uU,n,—,0)
where

(1) M = P(R") (a set of all subsets of R*);
(11) U,M,— are set-theoretical join, meet and complementation
in M;

(111) for AeM 04 = {x: Jy(yed and x < y)}
if we use the standard Lemmon’s method of obtaining modal algebra
for a frame (cf. [7]).

And the other way round, our time-frame T = (7, <) would be from
the outset identified with T* = (R*,<) and the function ¢ in a natural
way will assign to an event Oa its ‘causal’ path or ‘causal’ future history
in Minkowski spacetime.

In order to establish events-formulas connections in a more
transparent way (e.g. in case of descriptions of something happened)
we can enrich our language with an operator [-] ([a] means “the event,
that o). This involves an addition of the following axioms:

Cl.f[a]l=a
C2. 8[avp] = O([a][B])
C3. 6[—a] = 6(~[a])
Clearly, the function @ ought also to be extended for terms of [-]-type:

o([a]) = {w:w F(p o
Theorem 1. Axioms PC+(A1-A2,B1-B4,C1-C3) are valid in the
semantic above with the frame T* = (R*,<).

Proof is straightforward m.

Approaching propositions and events as two different kind of
entities we arrive at another semantics which is strictly algebraic
exploiting a construction of algebraic bundle. In our case an algebraic
bundle should be defined as a 4-tuple (4,B,f,g), where 4 = (4,+,—) (the
base) is a Boolean algebra (4 contains two elements at least), B =
(B,®, ,®) is an S4.2-algebra, f: B - A, g¢ A > B are embedding
functions. Let 0, 1, ° and < be in both algebras defined as usual. For f
and g the following conditions are fulfilled:

fk®h =f (k) +f(D),

f(K)=-f(k),
f(gkx)=x, |
glx+y)=glx) ® gy,
gl—x) = g(x),

where x,veA and k,/eB.
If Fis a set of well-formed formulas and £ is a set of events then a

valuation v: F|] E—> 4|J B is defined inductively as follows:
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v(avB) =v(a) + v(B),
v(—a) = — v(a)
(where a, 3 are wff and v(a), v(B) €4),
v(aub) = v(a) @ v(b),
v(~a) = v(a).
v(0a) = ev(a),
v(Ba) = f(v(a)),
v([a]) = g (v(a))
(where a, b are events and v(a), v(b) €B).
Theorem 2. Axioms PC+(A1-A2, B1-B4,C1-C3) are valid in any
algebraic bundle (A,B.f,g).

Proof is straightforward .

This result is trivial enough but the following corollary shows that
our iilgebraic bundle really would be a spacetime bundle with the fibres
inT .

Corollary 1. Axioms PC+(AI1-A2,B1-B4,CI-C3) are valid in any
algebraic bundle (AT f,g).

Moreover, our bundle semantics should not be an algebraic one. We
define a Kripke bundle as a 4-tuple (W.E,f,g), where W and E are
ordered sets W= (W, <), E = (&, <) while f: E > W, g. W — E are
surjective mappings. For fand g the following conditions are fulfilled:

1. for every x,yeE, x<y implies f(x) < f(v);

2. for every xeE and every weW, fix) < w implies that there

exists some ye E with x<y and f(y) = w.

Again, let ¢ be a function assigning to event variable a a subset

¢o(a)c E and we extend function ¢ in usual way:

o(anb) = (@) [ o(b)

o(awb) = o(a) U o(b)

o(~a) = o(a)

0(0a) = {x: y(yeop(a) and x < y)}
where [1, |/, ’ are the set-theoretic meet, join and complementation
respectively.

A relation |= 1s said to be a valuation on a Kripke bundle (W,E,f,g)
if it is a binary relation between each element we W and each atomic
formula. We extend |= inductively as follows:

wk Ba < o@Nf '(w) =D
wE avB<:>w|= aorw}= B

W E OLAB<::>wI= ocandw}= B
wEFaDp e ifw}= OLthenw}= B
wF —|(:L<:>notw|= o4
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wk 0(0a) = 0(0a) Nf'(w) = @
A formula o is said to be valid in a Kripke bundle <WEfg) if for every

valuation l=on (W.E,f.g) and every we W, one has w |= a.
From this definitions the next theorem easily follows.

Theorem 3. Axioms PC+(A1-A2, BI-B4,C1-C3) are valid in any
Kripke bundle (W.E,f,g).

Corollary 2. Axioms PC+(AI1-A2,B1-B4,CI1-C3) are valid in a
Kripke bundle (W.T' f.g).

3. Orthomodular Combined Causal Logic
of Minkowski Spacetime

Now we shall consider system of combined logic with the
following axioms which one should add to the axiom schemata of
classical sentential logic and the rule modus ponens:

C1. 0av0b = 6(aub)

C2. 6anBb = B(anb)

C3.06(~ana) o 0b

C4. 6b o 9(~aa)

CS. 0(~~a) =0a

C6. 8(~(anb) = 6(~a~b)

C7. 8(~(aub) = 8(~an~b)

C8. (6a o 6b) o (B(au(~anb)) = 6b)
One can easy come to the conclusion that C1-C7 stand for the axioms
of an ortholattice while C1-C8 stand for the axioms of an orthomodular
lattice (cf. [1]). Thus, a system with axioms PC+(C/-C8) 1s a system of
combined logic with an orthomodular lattice as its internal logic.

Kripkean semantics for such a logic we obtain using the notion of
orthoframe and orthocomplement in and orthoframe [3, p. 432]:

Definition. An orthoframe is a relational structure W = (W, R)
where W is non-empty set of worlds and the accessibility relation R 1s a
binary reflexive and symmetric relation on W. For any set of worlds
X W the orthocomplement XJ' of X is defined as follows:

X' = {w: Vv(veX = not Rvw}

In other words, XL is the set of worlds which are unaccessible to all
elements of X.

Let ¢ be a function assigning to event variable a a subset ¢(a) < W
(the set of worlds at which a takes place - an event history) and the
following condition is filfilled:

(1) Vw(weop(a) iff Vv(Rwy = ve q)(a)L).
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Corollaries of such a definition are as follows [3, p.433]:
(11) \7’w(w€(p(a)u: Jv(Rwy and ve ¢(a) L),
() (@) =0 .
In order to transform orthoframe into orthomodular one we need the

function @ satisfies the following condition (orthomodularity property)
[3, p.437]:

(V)o@ o®) = o)l (e@lo®) =@

The function 0 will be extended in usual way:

o(arb) = ¢(a) (1 p(b)

o(ab) = 0(q) U o(b)

o(~a) = ¢(a)”

The notion of truth would be now introduced in a standard way:

X }ap ¢ < xeop(a)

xh,avB@xlapaorxl:wB

x|=(pa/\B<:>x|=q,aandx|=q,B

x|=(paDB<:>notx|=@ocorx}=@B

X |=¢,—n(x<:>n0tx|=q,a
If we enrich our language with the operator [-] then we need to add the
following axiom schemata to (C1-C8)-list of axioms:

D1.8[o]j=a

D2. 6[o.vB] = 0([a]u[B])

D3. 6[o.AB] = 6([a]N[B])

D4. 8[—a] = 6(~[a])

Clearly, the function ¢ ought also to be extended for terms of [-]-type:
o(la)) = {wi w0}

From this definitions the next theorem easily follows.

Theorem 3. Axioms PC+(Ci-C8,DI-D4) are valid in any Kripke
realization W, [ ).

The most interesting for us will be the case if we use W.Cegla’s
orthomodular lattice L(.X, L) (for which the condition /(.X,1) = L(X,1) is
satisfied) ir a role of our set of values of the function ¢, i.e. when
W = L(X,1). Now .Y can be identified with Minkowski spacetime M = R
x R with scalar product x*y = —- xgy, + X )_/ [2, p. 422]. Two points
x,y€M are orthogonal iff

[ Xo—yo| (V) || x— y |
and every maximal orthogonal set is given by the function g: R® — R
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such that

1g( X)—g( yI<(Va) || x— y|
while if a = 1 then the orthogonality relation means that x is a space or
like-light to y.

An algebraic bundle now should be defined as a 4-tuple (4,B,f,g).
where 4 = (4,+, o,—) (the basg) is a Boolean algebra (4 contains two
elements at least), B = (B,®,®, ) is an orthomodular lattice, f: B — A,
g: A — B are embedding functions. Let 0, 1, e and < be in both algebras
defined as usual. For fand g the following conditions are fulfilled:

S kDD = f (k) + f(D),
S (kD) = f (k) o f(D),
fKY=—f k),
fgx)) =x,
glx+y)= g(f) D g(y),
g0 =g,
where x,ye4 and k,/eB.
If F is a set of well-formed formulas and £ is a set of events then a
valuation v: F|J E— 4] B is defined inductively as follows:
v(avB) = v(c) + v(B).
v(anf) = v(o)o v(P),
v(—o) = —v(a)
(where a, B are wif and v(a), v(3) €4),
v(aub) = v(a) © v(b),
v(anb) = v(a) ® v(b),
v(~a) = v(a) -
w(8a) = f (v(a)),
v([a]) =g (v(a))
(where a, b are events and v(a), v(b) €B).

Theorem 2. Axioms PC+(C1-C8,D1-D4) are valid in any algebraic
bundle (A,B,f,8).

Proof is straightforward m.

Again, this result is trivial enough but the following corollary
shows that our algebraic bundle really would be (Minkowski
spacetime) bundle with the fibres in L(M,1).

Corollary 3. Axioms PC+(CI-C8,DI1-D4) are valid in any
algebraic bundle (4,.L(M.,1),f,g2).

In an obvious way we can extend this result on a respective Kripke
bundle.
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