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OT PEJKOJLJIETUH

B natom Beimycke «JIOrHYeckHX HCClIeqOBaHHI» COOepKaTCs
CTaThH, MOJArOTOBJIEHHBIE IO AOKJIagaM, KOTOpble ObUIH CHENaHBI Ha
cekuuu «CuMmBonuueckas joruka» 1-i MexxxyHaponHo#t koHdepeH-
unH «CMHpHOBCKHE uTeHHA». (Mocksa, mapt 1997). HanmoMHuM, uToO
4-pIt  BBIMYCK «JIOrHYeCKMX HMCCIENOBaHMH» MOCBALIEH MNaMSATH
BBIJAIOLLETOCA POCCHHCKOro Jjoruka M ¢uiocodpa B.A.CmupHoBa
(1931-1996). B HeM conep>KHTCA aHAIIUTHYECKHI 0030p pe3y/bTaToB
B.A.CmHpHOBa B 0071aCTH COBpEMEHHOR (OPMaIbHOM JIOHKH, a TaKoKe
nosnHas 6ubnuorpadus ero Hay4HsIX TPYHOB.

Cpa3y obparuM BHHMaHHe Ha Hebonburyio pabory J.OJcakua o
NOKa3yeMOCTHOM HWHTEepIipeTaldd HWHTYUIIHOHUCTCKON JIOTHKH, Tae
COEp>KaTCs HOBBIE pe3yJbTarbl. 3HAUMTEIBHOE MECTO B JaHHOM
BBITyCKE 3aHUMAIOT paboThl MO peseBaHTHBIM Jorukam. K 3Toit Teme
He pa3 BO3Bpaulajici B cBOUX uccienoBaHuiax B.A.CmupHoB. Hosble
pe3y/bTaThl COAEP)KAT CTAaThbU MO MOJANBHBIM JlorukaM. JlokasaHa Teo-
peMa o 6ecKOHEYHbIX MHOXECTBaX HECBOAMUMBIX MOJAILHOCTEH B HOp-
MaJIbHBIX MOJaJibHBIX Jiorukax. B cratee JI.JI.MakcumoBoit uzy4arorcs
Ba)KHbIE CBOWCTBA OJHOBPEMEHHO MOJAJbHBIX, CYNEPHHTYHLIHOHHUCT-
CKMX U peJIeBaHTHBIX JIOrMK. [[MHaMH4Yeckas CeMaHTHKa [JIi MapaHe-
NpPOTHBOpPEYUBBIX Jiordk pa3paboraHa [l.batencom (benbrus).
[TocnenHue nepexuBatroT OypHOe pa3BUTHe Oniarogapsi CBOUM MHOTO-
YUCJIGHHBIM NPUMEHEHHAM M npuiokeHusM. Ocobblii HHTEpec npen-
craByiser pabora O.M.AHIakOBa MO MHOrO3Ha4HbIM JIOFHKaM, IS
KOTOPBIX pa3BHBaeTcsA anrebpaudeckas Teopus. PaccMoTpeHsl Takke
HHTYHLHOHUCTCKHE BapHaHThl TEOPUH MHOXKECTB.

ObpaTuM BHUMaHHe Ha paboTbl B 0671aCTH KOMIBIOTEPHBIX HAYK,
rae obcyxaatorca npobieMbl aBTOMAaTHYECKOTO NMOMCKA 10Ka3aTeNbCTB
B KJlacCHUYEeCKOM HcuHcieHuu npeaukaroB (bonoroB A.E., boudapos
B.A., TopuakoB A.E.) u rae mnpeacraBieHa TEOpUs IIPONO3H-
uuoHanbHeIX nporpamum (B.H.1lanax).

He ofoiineHa u tema ¢opManibHOM CHJUIOTUCTHKHM, KOTOpas B
NaHHOM cOOpHUKe pa3BHBaeTCa yueHHKkaMu B.A.CMupHOBa.

['oToBUTCS K M3AaHUIO 6-U BbIMycK “JIOrHYECKMX UCCIENOBAHHMI”.
Crona BoiayT noknajbl 3Toi xe KoHdepeHUUH, CAeIaHHbIE Ha CEKLMH
“dunocodckas JIoruka U sorudeckas puiocodpus’.



EDITORS’ NOTE

The 5th issue of “Logical Investigations” consists of papers based
on the reports presented at the section “Symbolic Logic” of the lIst
International Conference “Smirnov’s Readings” (Moscow, March
1997). Notice that the 4th issue of “Logical Investigations” was dedi-
cated to the memory of outstanding Russian logician and philosopher
V.A.Smirnov; it contains analytic review of V.A.Smirnov’s results in
the field of modern logic and complete bibliography of his scientific
works.

This issue covers various logical topics. It should be noted at once
that new results are presented in rather short L.Esakia’s paper on the
interpretation of intuitionistic logic in terms of provability.

Considerable part of the book consists of contributions on relevant
logics. This is a topic which V.A.Smirnov returned to many times
during his scientific work.

Interesting results are obtained in the papers on modal logics. The
theorem about infinite set of non-reducible modalities in normal modal
logics is proved. Important properties of modal, super-intuitionistic and
relevant logics are discussed in L.Maksimova’s paper.

D.Batens (Belgium) proposes dynamic semantics for paraconsi-
stent logic. Nowadays paraconsistent logics are intensively developed
because of their various applications.

The contribution of special interest is O.Anshakov’s paper on
many-valued logics for which an algebraic theory is constructed. Intui-
tionistic versions of set theory are considered in V.Hakhanian’s paper.

Papers related to the ficld of computer science deal with automatic
proof search in classical predicate calculus (A.Bolotov, V.Bocharov,
A.Gorchakov) and theory of propositional programs (V.Shalak).

Also formal syllogistics is considered in the issue. It is elaborated
by V.A.Smirnov’s pupils.

Now 6th issue of “Logical Investigations” is prepared for publica-
tion. It will contain the reports presented at the section “Philosophical
Logic and Logical Philosophy” of the same Conference “Smirnov’s
Readings”.



A.C.KapneHko

HEKOTOPBIE JIOIT'HNYECKHWE HUJIEN
B.A.CMHAPHOBA

Abstract. This article examines V.A.Smirnov's logical ideas where
many trends of the modern logic development have been foreseen. First
of all it is a logical reconstruction of the ideas of Russian logician
N.A.Vasil'ev. Then it is V.A.Smirnov's elaboration of the subject of
classification of logical calculi and the first works in the world on
logics without contraction rules. And the last but not least
V.A.Smirnov's development of such an essential subject as the relations
between formal theories.

He ymansas Bxnagpa Bnagumupa AnekcangpoBudya CMHpHOBaA B
METOZIONIOTHIO U (HIOCO(DHIO HAYKH', XO4y MONYEPKHYTh, YTO B IeEp-
Byto ouepenr B.A.CMHpHOB ObL1 JIOTHKOM, NpHYEM JIOTHKOM BBICO-
yaifuiero kinacca. K ToMy e, 4To BecbMa peiKO BCTpe4aercs B JIOTH-
4eCKOM MHpe, OH OCTaBajcsl pabomaroujum JIOTUKOM 0 KOHLA CBOei
xu3HU. [locnenHee o3Hauvaer, 4YTO OH ITOCTOSHHO MHTEpPECOBAJICH
HOBEHILMMH JOCTH)KEHUAMH B 00J1aCTU COBPEMEHHOH CHMBOJIMYECKOH
JIOTUKH M, CaMO€ IIaBHOE, CTPEMMJICS MOAYy4aTh HOBBIE TEXHHUUYECKHE
pe3yabTaThl B H30paHHBIX UM 00JaCTAX.

CoBeplIeHHO HE BJABasACh 3AECh B JIOTHYECKYIO TEXHHUKY, s MOCTa-
patock nepenath atMocdepy Hekotopeix uaed B.A.CmupHopa, 060-
3HAYMB, B MEPBYIO OYEpElb, TO MECTO, KOTOPOE 3TH HUIEH 3aHUMAIOT B
COBPEMEHHOM JIOTHUYECKOM MHUDE.

B 1leHTpe cBoero uccriegoBaHHUs sl TMOJIOXKY TONBKO TPHU paboTsl
B.A.CMupHoBa:

1. Jloruueckue B3rnsaast H.A.Bacunbera / Oyepku ro HCTOPHH
noruku B Poccun. M., 1962. C.242-257;

II. ®opmanbHbIf BEIBOA H JIOTHYECKHE UcuyuciaeHus. M., 1972;
III. Jloruyeckue METOABI aHAIKM3a HAYYHOr o 3HaHUA. M., 1987.

OcCHOBHBIE HAEH 3TUX TpeX paboT, pacXxoasich KOHUEHTPHYECKUMHU
Kpyramy H HakJaapiBasichk IPYyr Ha Apyra, JOJDKHbI BBECTH HAac B JIOTH-
yeckuil yHuBepcyM B.A.CMHupHOBa, KOTOphIH BO MHOTOM Mpeayragasi
HEKOTOpbIi€ TEHAEHLIUM Pa3BUTHSI COBPEMEHHOM JIOTHKH.

' Cm.: Anucos A.M. Konuenims HayuHoli ¢punocodun B.A.CmupHosa / dunocodus

Hayku. Bein. 2. HOPAH. M, 1977. C. 5-27.
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I

O pycckoM storuke H. A Bacunbese (1880-1940) nucanu u panee”,
HO 3Toil pabore B.A.CmupHoBa nosesso 6onee, 4yeM KakoH-1400 apy-
rOM, MO TOM MPOCTOH MPHYKHE, YTO Ha HE€ MOABH/IACH OOCTOATENbHAS
pelUeH3rs Ha aHIIHHCKOM ssblke M He rae-Hu0yb, a B TJIaBHOM MEX-
JIYHapOAHOM >KYpHaJle M0 JIOTHKE .

Hnen O BO3MOXHOCTH KOHCTPYHpPOBaHHs HEapHCTOTENIEBCKUX
JIOTHK TIOSBH/IMCH B Hayaie Haulero Beka B pabore JI.Bpayspa’ o
HEIOCTOBSPHOCTH 3aKOHA HCKIIOYEHHONO TPETHETO H OIHOBPEMEHHO B
1910 r. B pa6orax Sl.JlykaceBuua’ u H.A. Bacunbera®, kOoTopble He3a-
BHCHMO ApYr OT Apyra MpHILIIH K BBIBOLY, YTO [E€PECMOTP OCHOBHBIX
3aKOHOB apHCTOTEJIEBCKOH JOTUKH (M B OCOOEHHOCTH TaKHX, KaK 3aKOH
HENPOTHUBOPEYHS: OOHO U MO e CyxHcOeHue He modicem Obimb U
UCIMUHHBIM U JIOMCHbLIM, U 33KOH HCKJIIOUEHHOrO TPETBEro: u3 08yX
npomusopevawux cyxcoexu, aubo nepgoe, aubo 6mopoe OONHCHO
Oblmb  UCUKHBLIM) TIPUBOAMT K TNOCTPOEHHIO HEapHCTOTE/IEBCKOM
JIOTHKH, TipH 3TOM 00a cChllajlkCh Ha NPHMEP TMOCTPOCHHS HEIBKITHIIO-
Boit reomerpun. Ho umen H.A.Bacunbepa' 6butn Goraue u _ropasno
LIMpe, 1 UMEHHO Ha HX riMyOWHY of6paTuil BHUMaHHE B CBOEH CTaThe
B.A.CMupHOB.

PeuieH3HI0 Ha YKa3aHHY 1O CTaTbIO B.A.CmupHOBa Cpa3y 3aMeTH/IH
yxke B MoHorpapuu H.Pemepa® mo MHOrosHauHo# noruke, rie
H.A.BacwabeB Obli1 Ha3BaH. C OJHON CTOPOHBI, OJHHM H3 MpeallecT-
BEHHHKOE MHOTO3Ha4YHbIX JIOTHK, a C APYrol — ONHHUM U3 IpeulecT-
BEHHHUKOE MapaHelnpOTHBOPEYUBON JOTHUKH (B TaKMX JIOTHKAaX U3 A U

CM. npeaucnosue u 6ubnuorpaduio B c¢6.: Bacuneer H.A.Boobpaxkaemas noruxa.
H36p. Tpyas! (pen. B.A.Cmupros). M.1989.

7 CM.: Comey D.D. Review of V.A.Smimov 1962 // The Journal of Symbolic Logic.
1965. Vol. 30. P.368-370.

Cwm.: Brouwer L.E.J. De onbetrouwbaarheid der logische principles // Tijdschrift
voor wijsbegeertre. 1908. Vol. 2. P. 152-158. (Aura. nepeBoa: The unreliability of
the logical principles / Brouwer L.E.I. Collected works. Vol. I (ed. A Heyting).
Amsterdam, 1975. P. 107-111.)

Cwm.: Jukasiewicz J. Uber den Satz des Widerspruchs bei Aristoteles // Bull. Intern.
Acad. Sci. Cracov. Classe de Philosophie. 1910. P.15-38. (AHrn. nepeson B: Review
of Metaphysics. 1971. Vol. 24).

CM.: Bacunees H.A. O 4acTHBIX CYXIEHHUSX, O TPEyroibHHKE NPOTHBOMNON0XHOCTEH
M 3aKOHe MCKJIOYeHHOro uerseproro // YdeHole 3an. KasaHckoro yH-ta. I'on 77.
1910, oxtabps. Ku. 10. C.1-47. (Ilepenznano: Bacunbes H.A. Boobpaxaemas
noruka. U36p. Tpyns! (pea. B.A.CmupHos). M., 1989. C.12-53.)

CM. takke: BacunveB H.A. Boobpaxaemas (HeapucToTeneBa) joruka // JXXypHan M-
Ba Hap. [lpocsewenus (H.C.). 1912, apryct .Y. 40. C.207-246; Bacunres H.A.
Jloruka u Metanoruka // Jloroc. 1912-1913, Ne 1-2. C.53-81. (Ilepeusnano B:
Bacunses H.A. Boo6paxaemas noruka. M3bp. Tpyas! (pea. B.A.CmupHoB). M.,
1989.)

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

CMm. npurnaumeHHsld qokaag A Appyasi: Arruda A.l. N.A.Vasil'ev: A forerunner of
paraconsistent logic // VII-th International Congress on Logic, Methodology and
Philosophy of Science. Salsburg, 1983. Section 6. P.14-17. CMm. Takxke: Arruda A.I

8



OTpHLIaHWs A He BCeria cieayeT NPOU3BOJBHOE BhicKasbiBaHWe B). Ha
cnenyromeM MexnyHapoagHom Konrpecce NPUTJAUIEHHBIM JOKTAI4H-
kom 0 H.A.Bacunbsese 6611 yie B.A.CmupHos'’. Hakonew, B 1989 r.
B.A.CMHpPHOB MOArOTaBIMBAET W U3aeT He pa3 YIIOMHHAEMble HaMu
u30paHHble Tpyasi H.A.Bacunbesa c o6umpm>1M NPHJIOKEHHEM, Tae
Taroke my6nuKyercs ero craths o H.A.Bacunbere''.

Jlornueckue B3rsaasl H.A Bacunsesa oxa32um OonblIOE BAUSHHE
Ha B.A.CMupHOBa, M 1O KOHLA CBOMX AHEH OH pa3pabaThiBal HX B
Pa3NUYHBIX HanpaBieHUAX. Tak BO3HHKIA UAEd KOMOUHUPOBAHHbLIX
NI02UK, Tle BBOAATCA OMNEpauvHd HajJ COOBITMAMM, OHH WUIPAIOT POJb
BHYTPEHHHX JIOTHYECKHX 3HAKOB, B TO BpeMs Kak OOBIYHEIE JIOrH4e-
CKHE 3HAKH HIparoT poJib BHELUIHHX JIOTHYECKHX 3HAKOB, M 3Ta YaCTh
NOTUKH  sBjseTcss abcTpakTHOM  jorukoit. C  TOYKH  3peHHs
B.A.CMupHOBa, BO3MOXEH NBOSAKHH MOAXOA K HEKIACCHUECKHUM JIOTH-
kaM. JInb6o abcrpakTHas YacTb JIOPMKH (JIOTHKa UCTMHHOCTH) HE Baphb-
UpYeTCs, a BHYTPEHHS, OHTOJOTHYECKas 4acTh, MOXKET ObITh OTJIMYHA
OT KJIaCCHYECKOH (Hampumep, 3a CHET HM3MEHEHHS OHTOJIOTHYECKHX
MPeanochulok), JUOO0 OHTOJIOTMYECKas YacThb OCTAeTCs MpexHeH, a
MeHseTcs abCcTpakTHas 4acTh (MEpPEeCMaTpPHUBAIOTCS HOCEONOTHYECKHE
npeanoceUiki). Bo3MoxHa kOMOMHALMA 3THX ABYX MOAXOJOB, Koraa
HEKJIACCUYHOCTh MOSBJAETCA 3a CYET nepecmzorpa KaK OHTOJIOrH4e-
CKHX, TaK M PHOCEOJIOrHYECKHX MPEANOCHIIOK Boobuie, crout 3ame-
TUTb, YTO HZes pa3lie/IeHUs B OJHOM M TOH K€ CUCTEME JIOTMYECKHX
onepaldid Ha BHYTPEHHHE (S3bIK-OOBEKT) M BHEIUHHE (METasI3bIK)
SIBJIAETCSA BEChbMa IJIOAOTBOPHOM M BO3HHKasa HE3aBUCUMBIM 0Opa3oMm
Y PasHbIX JIOTMKOB. OcobeHHO 3mechb CTOMT BBbIAEAUTH paboTty
JI.A Bousapa'’, roe crpoutcs mepBas Tpex3HayHas JIOTMKa GeccMbic-
JIEHHOCTH [JIf pa3pelleHHUss HEKOTOPBIX TEOPETHKO-MHOXKECTBEHHBIX

N.A.Vasil'ev: A forerunner of paraconsistent logic / Philosophia Naturalis. 1984.

Vol. 21. P.472-491.
' Smirnov V.4. Logical ideas of N.A.Vasiliev and modern logic // Abstracts of 8-th
International Congress on Logic, Methodology and Philosophy of Science. Moscow,
1987. Vol. 5. P. 86-89. Cm. takxke: Smirnov V.A. The logical ideas of N.Vasiliev and
modern logic // Logic, Methodology and Philosophy of Science. Amsterdam, 1989.
P.625-640.
Cmupnoe B.A. Jlornueckue umed H.A.BacunbeBa M coBpeMeHHas noruka //
Bacunres H.A. Boobpaxaemas noruka. H36p. tpyast. M., 1989. C.229-259.
CMm.: Smirnov V.A. Assertion and predication. Combined calculus of propositions
and situations // Abstracts of 8-th International Congress on Logic, Methodology and
Philosophy of Science. Moscow, 1987. Vol. 1. P.333-335; Cmupros B.A.
YTBepxaeHHe W npeadkauus. KoMOHMHHpOBaHHBIE MCYHMCIECHHS BbICKa3bIBaHHH H
co6biTH // CHHTAKCHYECKHE U CEMAHTHYECKHE UCCIIEJOBAHUA HEIKCTEHCHOHAIBHBIX
noruk. M., 1989. C.27-35; Cmupnoe B.A. KomOuHMpOBaHHE HCUUCIIEHUH
npefnoXeHnut U cobbITHi M noruka HcTHHBI GoH Bpurra // Hccnenosanus no
HekJ1acCHYeCKHMM norukaMm. M., 1989. C.16-29.
bousap /]| A. O6 0OHOM TPEX3HAYHOM HMCHUCIEHHH H €r0 MPUMEHEHHH K aHaIHU3y
NapasoKCOB KJIaCCHYECKOT0 PpacIlMPEHHOro (YHKLHOHANBHOrO HCYHCIeHUs //
Maremaruueckuii c6opuuk. 1938. T. 4. Brmn. 2. C. 287-308. (Aurn. nepesoa B:
History and Philosophy of Logic. 1981. Vol. 2.)
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napanokcoB. B cBoro ouepenp, uaen J.A.bouysapa ObuiM pa3BHTHI
B.K.®OHHHOM H €ro yuyeHuWKaMy, 4YTO NPHMBEJIO K OPUTHMHAIbHBIM U
3G HEeKTHBHBIM METOJaM aKCHOMAaTH3alMH Pa3jIMYHbIX KJIaCCOB KOHEU-
HO3HAYHBIX TpeaukaTHeIX 1orvk'’. OmHako momxon B.A.CmupHOBa
OT/IMYAJICH BCE-TakHU HEOObIUalHOH LUMPOTOH.

Hpyras wunes B.A.CmupHOBa, a HUMEHHO HIEd MHO20OMEPHbIX
J102UK, BOCXOMUT K npemioxxkeHHoMy H.A.BacwibeBbiM noapaspaesne-
HUIO JIOFMYECKUX 3aKOHOB Ha [1BA YPOBHSA: BHEIUHHM W BHYTPEHHMUH,
abcTpakTHBIH U SMNMpHUYecKUH. [IlepBbId YpOBEHb 3aBHCHUT OT FHOCEO-
JIOTMYECKUX YCTAaHOBOK, OH HE€ BapbHpyeTCs — 3TO JIOTHKA JDKU H
UcTUHbl. Ha 3TOM ypoBHe BepeH 3aKOH HENpPOTHBOPEUYHS MU 3aKOH
HCKJIFOYEHHOr0 TpeThero. BTOpol ypoBEHb 3aBMCHT OT OHTOJOrHYe-
CKUX [JOITyLIEHHH O 03HABAEMOM MHpE, MPH 3TOM B «OLHOMEDPHOM)
MHUpE OMNBbIT AAET TOJIbKO MO3WTHBHBIE aTOMApHBbIE YTBEPIXK/IEHUs, a
OTPHLATE/IbHbIE YTBEPAK/ACHHS HE aTOMApHBI, OHH ABJIAIOTCA pe3ysibTa-
TOM BbIBOAA. [IByMepHbIH ciy4yait BACMHpHOB paccMaTpyBaeT Ha
npuMepe aBaxkAbl anrebp bpayspa'’. ITepBoHauanbHO BACMHpHOB
[PEATOXKHI aKCHOMATHKY N-MepHBIX IOTHK B (JOPME CHITOTHCTHKH'
ITozaHee um ObuIO NPEAIOKEHO MOCTPOCHHE JIOTHKH N-mmepe}mn B
BuAe anredphl ki1accoB ', mpeanosaras B JajbHeHUIeM CpaBHUTb e€ C
N-MepHbIMH JIOTMKaMH B GOpME CHIIJIOTMCTHKH.

OcHoBHasg HUes MHOTOMEDPHBIX JIOTHK COCTOMT B TOM, YTO OIBIT
JaéT HaM aTOMAapHbI€ YTBEPXKAEHHUA '"MHOTUX THUIMOB', a OTCHOJA MBI
IPUXOAUM K Hjee "MHOroMepHbiX" MHPOB. B 3THX MHpax HMeeT MecTo
CBOsl JIOTHKa. MOXHO NpenoaokuTh, YTo B.A.CMHPHOB nogowen K
unee cOOOLIEHHUS  JIOTHYECKOM CEMaHTHKM TaK  Ha3blBAEMbIX
"BO3MOXHBIX MHpPOB", WM "Touek cooTHeceHus". HacTHble UHTEpec-
HpI€ CIydal CTalH yXe MOSBIATbCH B COBPEMEHHOH JIUTEpaType.
Hanpumep, y A.H.Ilpaitopa'® B kaxmoM BO3MOXHOM MHpe HMeeT
MECTO TpeX3HauHas Jioruka JlykaceBuua, U 3THM OMNpeaessieTcs CeMaH-

" Cwm., nanp.: AHuako O. M., Peiukos C. B. O6 o1HoM criocobe dpopmanusaumu u
K1accMOUKaUWK MHOro3HauHeix yoruk // CemuoTnka U MHpopMatuka. 1984. Bein.
23. C. 78-106.

Cmuproe B.A JIBaxuasl anreOpbl U CHMMETPHUYECKHE JIOTHKH // Jloruyeckue uccre-
nosaHuA. Bein. 1. M., 1993, C 46-54.

Cmupnos B.A. Axcuomarusauis joruueckux cucteM H. A Bacunbesa // CoBpeMen-
Has JIOTHKa ¥ Mertoaoforus Haykd. M., 1987. C.143-151; Cmupros B.A. Jloruye-
ckue uaeu H.A.Bacuibesa u coBpeMeHHas noruka / BacunseB H.A. BooGpaxaemas
noruka. U36p. tpyasl. M., 1969. C.229-259.

Smirnov V.A4. Multidimensional logics // Abstracts of the IX International Congress
on Logic, Methodology and Philosophy of Science. Uppsala, 1991. P.168; Cxuproe
B.A. MuoroMepHbie jgoruku // Jloruueckue uccnenosaHua. Bemm 2. M., 1993,
C.259-278.

Prior AN Tense logic for non-permanent existence // Prior A. N. Papers on time
and tense. Oxford, 1968. P. 145-160.
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THKa [UIsl "JIOTHKH citydaiHoro 6errus”. P.Payrnu' npemioxun ceman-
THKY [UIS PEJIEBAHTHBIX H MapaHENPOTUBOPEYHUBBIX JIOTHK, FOE B KaXK-
JOM BO3MOXXHOM MHpe NcHCTByeT He ainrebpa bynsa, a anrebpa ne
Moprana; a B.J1.BaciokoB”’ BBOAUT TepHapHOe OTHOIIEHHE Ha MHpaX,
KOTOpblE CTPYKTYpajlHU30BaHbl CIELMaIbHOIO BHAa MV-anrebpamu
Ysua, U TakUM 0Opa3oM CTpPOMTCS TO4YHAs MOJEb A OECKOHEYHO-
3HA4HOM JIOTHKH JlykaceBuya, H T.1.

K coxanennio, B.A.CMHPHOB He ycnen ocyllecTBUTL CBOM pa3-
HOOOpa3Hbl€ HIEH OTHOCHTENTEHO MHOTOMEPHBIX JIOTHK.

I1

Knura B.A.CMmupHOBa "QOpMasbHbIi BBIBOA M JIOTMUYECKHE
HCYMCJ/IEHHA", MO KOTOpPOH OH 3alMTHJI JOKTOPCKYHK) AHUCCEPTALHIO,
MCKJIIOYHTENBHO 6oraTa COBEPLIEHHO HOBBIMH MOESIMH H ONPEACICHHO
ABJISIETCA €rO HaMBBLICILIMM MHTEJUIEKTYaJ bHBIM B3JieTOM. Mneu, Bbicka-
3aHHbIE H pa3paboTaHHble B 3TOH KHHre, BO MHOIOM OINEPEIH/IH CBOE
BpeMsa H, YTO BaXXHO, HHTEHCHBHO pa3BHBAIOTCA CeH4ac B MHUPOBOU
JIOrMYECKOM nuteparype. Sl oTMedy TOJIbKO JB€ TEMbl, 3aC/y>KHUBaloO-
lMe ocoboro BHUMaHHs B CBA3M C COBPEMEHHBIM Pa3BHUTHEM JIOTHKH.
Cpa3y xo4y noa4epKHyTb, YTO 3Ta KHMra He TOJIbKO He Oblna mepese-
JI€Ha Ha aHIIMHCKUH A3bIK, HO Ha He€ He Obula cAenana Jake peueH3us
B KaKOM-TM00 MeXAyHapOIHOM >XXypHasie;, MO3TOMYy 3Ta Osectsias
pabota B.A.CMupHOBRa ocTasiach HEU3BECTHOH )18 3apyOeKHOro yuTa-
TeNA.

B 3T0# kHUre BnepBble B MUPOBOM JUTEpaType ObLIO IMO0XKEHO
HayaJlo UccleJOBaHMUAM JIOTHYECKUX CHUCTEM Oe3 MpaBuia COKpalleHUs
(rn. 5)*'. TIpaBH/IO COKpaLUEHHs MO3BOJISET OCBOGOXIATHCS OT MOBTO-
peHuid oaHOH U TOH ke HOpMYJbl, H 3TO CBOMCTBO JIOTMYECKOH CHC-
T€Mbl OKa3bIBAa€TCS CBS3aHHBIM C npoOreMoil pa3peuieHUs CcaMoro
UCYHCJIEHHUS, T.€. JIOTUKH ECTECTBEHHO 3aHHTEPECOBaHbI B TOM, YTOOBI
A7 KaXKAOH NpaBWILHO-NOCTPOEHHON (OPMYJIbl JaHHOTO MCUMCIIEHUS
MOXXHO OBLIO pelIUTh BOMNPOC, SBISETCA JU 3Ta QopMysia TeopeMoi
WJIH HeT.

B.A.CMHpHOB CTpPOMT TaKoe€ CEKBEHLHaJbHOE HCUYMCIICHHE,
pe3yybTaT paclIMPEHHs KOTOPOro 3a cyeT AoOaBleHHs ABYX CTPYKTYp-
HBIX MpaBHJI COKpalleHHUs (C€Ba U CMpaBa) SBISETCS CEKBEHLMAIbHBIM
BapHaHTOM KJIACCHYECKOH JIOTHKHM npeauKaroB. JJokazaHo, YTO Mporio-

'® Routley R. American plan completed: alternative classical-style semantics, without
stars, for relevant and paraconsistent logics // Studia Logica. 1984. Vol. 43, N 1-2.
P. 131-158.

2 Vasyukov V. L. The completeness of the factor semantics for the Jukasiewicz's
infinite-valued logics // Studia Logica. 1993. Vol. 52. P. 143-167.

2! Ecnu yxk GbITh COBCEM TOYHBIM, TO NepBas paboTa Ha 3Ty TeMy Oblila omy6InKOBaHa
rogom pasbiie: Smirnov V.A. On decidability of decision problem for sequential
calculus of predicates without contractions // IV-th International Congress for Logic,
Methodology and Philosophy of Science. Bucharest, 1971.
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3UIMOHANIbHAA YacTb 3TOrC HCYMCIIEHMSA COBMAJAET C IMPONO3HULIMO-
HaJIpHOM YacThIO KJIACCHUYECKOM JIOTHKU M 4YTO npobiieMa paspelieHus
s He€ paspelrnMa. Takoke MoslydeHbl ApPYrHe pe3yJibTaThbl OTHOCH-
TEJbHO JAHHOTO UCUHUCJIEHHA.

Paau crnpaBeI/IMBOCTH CTOUT CKa3aTbh, 4TO B 1972 r. HezaBHCHMO
oTr B. ALMHpHOBa MOSBNsOTCS. KpaTkue Tesuchl B.H.I'pummuaa®,
KOTOpPbIA 3aHHTepecoBajicd paboTaMH O NMPUMEHEHHH MHOTO3HAYHBIX
nordk JlykaceBuuya (3aMeTHM, 4TO Tpex3HayHas jioruka Jlykacesuya
ABJISIETCS MCTOPUYECKH MEpPBOH JOTMKOH, B KOTOPOH 3aKOH COKpalie-
HMA HE HMEET MecTa) K TeopHH MHoxecTB. Kak pa3 paboTel
B.H.I'puminna® cranu JoCTyNHBIMH [UIS 3apyOeXHBIX CIELMATHCTOB H
NpUBJIEKIH K cebe BHHMaHHE.

B 1985 r. eeixoaut ob6cTosATeNbHasA paboTa SAMOHCKHUX y'-leHle 0
norukax 6e3 COKpalleHHH, Mocje 4ero MOABJIACTCS YKe uenblid psj
YUCTO JIOTHYECKUX QaGOT 3 5TOH ObnacTu’, a 3aTeM — 3HAMEHMTas
pa6ora /Dk.)Kupapa®, koropas 0603HauMia LETOE HAMpaBieHHE B
NMPUMEHEHHH JIOTHK 6e3 COKpallleHUH B KOMIIBIOTEPHbIX HayKax.
OpHako HUrae B 3apyOexHbix paborax CCbUIOK Ha MCXO[HbIE HIEH
B.A.CMmupHOBa HeT.

Hpyras uges B.A CMupHOBa, BbICKa3aHHas M MOJIy4YMBLIAsA Pa3BH-
THE B 3TOW KHHIE, SBIAETCS, 10 MOEMY MHEHHIO, €r0 IIaBHbIM TBOpYE-
CKHM pocTuxkeHneM. HauHem ¢ toro, yto B.A.CMHUPHOBBIM NOCTpPOEHA
npeauKaTHas JOrMyeckas cUcTeMa, Ha3BaHHas UM abconiomHou;, oHa
JIEKUT B OCHOBE LEJIOH HePapXHH JIOTHYECKHX CHCTEM. AbconioTHas
CHUCTEMa ABJISETCS CHUCTEMOH peneBaHTHou noruku’’, a eé WMIUIMKa-
’I‘HBHI:IH pparmeHT cosmagaer co "ciabol MO3UTHUBHOH HUMIUIMKaLUEH"
Uépua®®. Takum obpazom. HeszaBHcuMo oT A.Uépua 6bUT OTKpBIT
MMILTHKATHBHBIF dparmMeHt peneBaHTHOH JIOTHKH R. (B cBOE Bpems

2 I'puwur B.H. O6 0nHO HECTAHOAPTHOM JOTHKE H €€ NPUMEHEHHH K TEOPHH MHO-
xecTB // Bropas Bcecoro3Has kOoH(epeHUHs NO MaTeMaTH4YeCkoH jorvke (Te3Hchl
KpaTkux. coobuleHnit). M., 1972.
CM.: lpuwun B.H O6 onHOH HECTaHNAPTHOM JIOTHKE H €€ NPHUMEHEHUH K TCOPHH
MHOXecTB // HccnenoBaHus 1o Gopmann3OBaHHBIM A3bIKAM M HEKJIACCHUYECKHM
norukaM. M., 1974. C.135-171; [puwun B.H. O6 anrebpanyeckoid CceMaHTHKe
noruxy 6e3 cokpaileHHit // MccnenoBaHus 1o TeOpHH MHOXECTB M HEKJIaCCHUECKHM
norukam. M., 1976. C.247-264.

* Ono H., Komori Y. Logics without the contraction rule // The Journal of
Symbolic Logic. 1985. Vol. 50. P. 169-201.
CMm. B ocobenHoctu: Kiriyama E., Ono H. The contraction rule and decision
problems for logics without structural rules // Studia Logica. 1991. Vol. 50. N 2. P.
299-319.
Girard JY. Linear logic // Theoretical computer science. 1987. Vol. 50. P. 1-102.
CMm.: Honeosa T.H., Illonoe B.M. TlpobaeMbl peneBaHTHO#H aoruku B pabore
B.A.CmupHoBa «@DopMalbHblii BbIBOI H JOTHYECKHE HCYMCIEHHs» // Jlornyeckue
HccaenoBanus. Bein. 4. M., 1997. C. 79-93.
Church A. The weak theory of implication // Kontrolliertes Denken, Untersuchungen
zum Logikkalkul und der Logik der Einzelwissenschaften. Munich, 1951. P. 22-37.
(Abstract: The weak positive implicational propositional calculus // The Journal of
Symbolic Logic. 1951. Vol. 16, N 3. P. 238).
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B.A.CMmupHOB paccka3biBan aBTOpY 3THX CTPOK, YTO KOrga OH ObUT B
aCnupaHType, i TOro, 4YroObl MONYYHTh B UYMTAILHOM 3al€ HHO-
CTPaHHYIO JINTEPATYPY, HYXHO OBUIO UMETh CneyuaibHoe pa3peiieHHe

Ha 3T0. HeynuBuTenbHO, 4To 60MBIUMHCTBO 3aMagHbIX Hay4YHBIX paboT
Ob1710 BHE JOCATa€MOCTH.)

Haunnas ¢ xonua 80-x ronos nospiseTcs Ueiblid pag padot, rae
CTPOATCH PA3NUYHbIE HEPAPXUH JIOTHYECKHX CHCTEM . 31ech B Kaue-
CTBE MCXOIHOH JIOTHYECKOH CHCTEMBI 6eperc;1 nosHoe (full) ucuncne-
HHE CHHTakcHueckux Kateropuii Jlambeka’. Ho rmaBHas uenb
B.A.CMHpHOBa — NOCTPOUTHTH maccudmxauwo JIO2UYECKUX UCYUCTIe-
Huu. B xkHHre naercs wiaccHUKaLMs CHUHIYIAPHBIX CEKBEHLIHaIbHbBIX
MCUYHCJIEHHH, B OCHOBE KOTOPOii, B CBOKO OuU€peb, JEKHUT KilacCH(DHKa-
Li1s [TpaBHJ1 BBEJEHHS ¥ YOAICHHA JIOTHYECKUX 3HAKOB CJIEBa M CIIpaBa.
JTOT MoAXoA K kiaccudukauuy s 661 HasBal enewnum. [lpennaraercs
eue OOMH MOAXOH, 6HympeHHuU, IIe 3a OCHOBY OepeTrcs joruvyeckas
CBA3Ka HMMIUIMKAUMH "€C/H..., TO...", YTO BeCbMa €CTECTBEHHO i
JIOTUYECKHUX HCYMCIICHHH, M TOTa CTaBHTCS BOMNPOC O KJIACCH(UKALIUH
MMIUIMKaTUBHBIX JIOTHK, T.€. TAKHX JIOTHK, B KOTOPBIX €IMHCTBEHHBIM
JIOTHYECKHM 3HAKOM sABNseTcsS UMIUTMKauud. ITpu aToM noaxone yetko
BbIZIEJIEHBI [1Ba criocoba kiaccupHKalHu:

1) Tak kax ¢opManbHble BBIBOJBI pa3/IMuatOTCA MO CBOEH CTPYK-
Type, TO COOTBETCTBEHHO 3TOMY Teopema AEAYKLHH NpPUHUMAET pas-
nuyHbid BUa. [TocnenHee no3posser KiacCUGULMPOBATh UMITJIMKATHB-
Hbl€ JIOTUKH B 3aBUCHUMOCTH OT TOro, kakas ¢OpMY/JIHUPOBKa TEOpPEMbI
OE0YKLHUH UMEET MECTO;

2) B OCHOBY KjiacCM(MKaLHH MOXHO MNOJIOXKHTh CTPYKTYypHbIE
npaBuia B 3aBUCUMOCTH OT COOTBETCTBHA MEXIy 3TUMHU ITpaBUIaMU U
UMIUTHKAaTHBHBIMH (POPMYJIaMH.

Tema knaccuduxauuu HMILTHKATHBHEIX JIOTHK Obla pa3BuTa
B.A.CMHpHOBBIM B elé onHo# pabote’’, rae obpallieHO BHUMAaHHE Ha
Ty cepbe3Hyro npobiemy, urto oba criocoba KJlacCH(pHUKALIMKM HE OXBa-
THIBAOT KJIaCCHYECKOM JIOTHKH. B nepBoM ciiyyae, Teopema OeLyKLHH,
KOTOpas HMEET MECTO ISl MHTYHLIMOHHCTCKOH JIOTHKH, HMEET MECTO
TaKkKe M I KJIaCCHYECKOMW, U MO3TOMY HE pa3jiMyaeT NepBYIO OT BTO-
poii. Bo BTopoM ciyyae, HET TakOro CTPYKTYPHOro MnpaBuia, KOTOpoe
oTBeyaso Obl 3a nepexo OT UHTYHMLIMOHUCTCKOH MMIUIMKalMKU K Kiac-

2 Cm.: Dosen K. Sequent-systems and groupoid models. I // Studia Logica. 1988. Vol.
47. N 4. P. 353-385; Dosen K. Sequent-systems and groupoid models. 1I // Ibid.
Vol. 48. N 1. P. 41-65; Wansing H. Formulas-as-types for a hierarchy of sublogics
of intuitionistic propositional logic. Bericht N 9. (Preprint). 1990; 1 B ocobeHHOCTH:
Ono H. Structural rules and a logical hierarchy // Mathematical logic. N.Y., 1990.
P. 95-104.

*® Lambek J The mathematics of sentence structure / American Mathematical
Monthly. 1958. Vol. 65. P. 154-170. (Pyc. nepeson: Marematruyeckoe HCClenoBa-
HME CTPYKTYphI MnpeanoxkeHuii / MareMaTudeckas nHHrBucTHka. M., 1964. C. 47-
6

3 Cmuproe B.A. ©opMansHbIi BBIBOI, TEOPEMbl ACAYKLMH H TEOPHHU HMILTMKALHMH //
Jloruyeckuii BeiBoa. M., 1979. C. 54-68.
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cuueckol. B runbbepTOBCKHMX MCUHUCIEHHAX TaKOH mnepexoa 06blYHO
ocylecTBiseTcs 3a cyeT no0aBeHus 3akoHa [I1pca, HO CTpyKTypHOro
NpaBuJia, COOTBETCTBYLIETO 3TOMY 3aKOHY, HE CYLIECTBYET.

K knaccudukauuyd MMIUIMKATUBHBIX JIOTUK MOXXHO TMNOIOHTH C
COBEpIIEHHO HHOHW CTOpPOHBI, HCIONB3YS CBOHCTBA Da3UCHBIX
(ucxoausix) komburnamopos I, B, C, W, K u S, Brepseie BBEI€HHBIX
M.1eitHduHKeneM™, a 3atem X.Kappu 3. Okasanoch, 4TO MEXLY
KOMOHMHATOpaMK U HMMILTHUKAaTUBHBIMH (POpPMYJIaMH CYLLIECTBYET OJHO-
3HA4YHOE COOTBETCTBHE. B cuily yKa3aHHOro COOTBETCTBUS (OHO eLue
Ha3bIBaeTcsa uzomopduzmom Kappu-Xosapoa), MOKHO KIaCCHHULIMPO-
BaThb MMIUIMKATHBHbIE JJOTUKH MOCpPEACTBOM KOMOWHATOpoB, U Haobo-
por*.
OpHako 3Ta  KilaccddUKaluMs, Kak H  Kilaccudukauus
B.A.CMHUpHOBa, HE OXBaTbIBa€T KJIACCHYECKOW HMILIMKAaTHUBHOMK
JIOTHKH, MOCKOJIbKY HET TaKoro koMOMHaTopa, KOTOPbli COOTBETCTBO-
Ban Obl 3akoHy I[lupca, M BooOule, 1HOO0H HEHHTYMLHOHHCTCKOM
UMIUTHKaTUBHON dopmyJe. [ToaToMy B ykazaHHOW paboTe KOHCTpYyH-
pyeTcs BechbMa CJIOXHBIM 0Opa3oM TakoH “koMOuHatop” P, kotopbii
COOTBETCTBOBaJI Okl 3aKkoHyY ITHpca.

Hrak, nepem HaMH CTOMUT cleaytollas HcxoaHas npobiaema
(HazoBeM €€ mpobaemoit B.A.Cmuproea): HaWTH €IHHOE OCHOBaHHE
715 KiaccudUKalMY UMITTUKATUBHBIX JIOTHK, KOTOpas BiUIlo4Yasa Obl U
KJ1aCCHYECKYIO HIUTHKALHIO.

35PeLue:HMe JIaHHOH npo6eMbl MpeaioKeHO aBTOPOM JaHHOM CTa-
TbU W OCHOBAHO Ha KiacCHPHUKALHU He3a8ucuMblX AaKCHOMATHK
UMIUTHKATHUBHBIX JIOTHK MOCPEACTBOM KOHEYHbIX OyJieBbIX peuieTok. B
pe3ysibTaTe MoJy4aeM KapTHHY B3aHMOOTHOLUEHHH MEXIAYy pas3ivy-
HbIMH HEEJIACCHYECKUMH JIOTMKAMH, 0OHapY’)KMBAIOTCS €CTECTBEHHbIE
MyTH paclUMpPEeHUH UCUHUCIIEHUH N0 CaMOM KJIacCHYECKOH JIOrMKH, CTa-
BATCS W PELIAIOTCA MHOT'HE ApyrHe BOIMpPOCHL.

KoHeuHO, B KAKOM-TO 6ceobbemaiowem BUaE KiacCUULHPOBATH
JIOTHKH HEBO3MOXHO, YK CJIMLIKOM pa3HooOpa3eH MHp JIOTHKH H 1O
CBOEM CyTH nake KOHTHHYasieH. Ho nmocTpoeHHe pa3nnyHbIX Hepapxui
POJACTBEHHBIX JIOTHYECKHX CHCTEM M KJ1acCU(pHKALHSA OMNpEAc/IEHHBIX

32 Schonfinkel M. Uber die Bausteine der Mathematihschen Logik / Mathematischen
Annalen, 1924. Bd. 92. S.305-316. (AHra. nepesod: From Frege to Godel: a
source - book in mathematical logic. Cambridge, 1967. P. 355-366.)

3% Curry H. B., Feys R Combinatory Logic. Vol. 1. Amsterdam, 1958.

* Gabbay D.V., de Queiroz R. J. G B. Extending the Curry-Howard interpretation to

linear, relevant and other resource logics // The Journal of Symbolic Logic.1992.

Vol. 57. N 4. P. 1319-1365.

CMm.: Kapnenko A.C. UMnHKaTUBHbIE JIOTMKH: PELIETKH M KOHCTpyKumHu // Jloru-

yeckue Hcenenosanusa. Bein 2. M., 1993. C. 224-258; Karpenko A.S. Construction

of classical propositional logic // Bulletin of the Section of Logic. 1993. Vol. 22. N

3. P. 92-97; Kapnenrxo A.C. Knaccudukauus npornosHUHOHaNbHbIX JOrHK // Jloru-

yeckHe Hceneaosanus. Boin. 4, M., 1997. C. 107-133.
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KJIaCCOB MCUMCJIEHMH MpHBIEKaeT U OyAeT mpHBieKaTh BCE Oosbluee
BHHMaHHE CIIELHaTUCTOB.

II1

Cnenyrouag kaura B.A.CmupHosa «Jloruueckue MeToab! aHaIM3a
Hay4HOro 3HaHMS» OKa3ajach MHOrocTpajajibHOW. Bhilna oHa ¢
OonbIUMM OMO3JaHHEM, M TMpeALleCTBOBaja 3TOMY HanpshKeHHas
Oopsba (koHen 70 — mepBas nonoBuHa 80-X romos.), KOTOpas LA B
cekrope norukd Hucruryra ¢unocodouun PAH. U xors nuupepctBo
B.A.CmupHOBa kak j10ruka Obl10 6ecCropHbIM, HO TOrJALIHAS JHPEK-
uus MHCTHTYTa noaaepikana NpoTUBOOOPCTBYIOLIYIO CTOPOHY.

M3 3TOH KHHUIH 5 BBIAENIO OMNATH XKE TOJIBKO JBE TEMBI, 2 HMEHHO
pe3ynbTaThl B 00JaCTH MOJANbHO-BPEMEHHBIX JIOTHK H TEMY CpaBHe-
HUs TeopuH. B kuure (rn.5, §2) nmoasoaurcs kak 661 HTOr paboThl MO
MOJa/1bHO-BPEMEHHBIM JIOTHKaM. [lepBasd cTaTes Obi1a Omy0IMKOBaHa a
1978 r.°, u OJHOBPEMEHHO W HE3aBHUCUMO (KaK 3TO 4acto ObiBaeT B
MCTOPHH HAayKH) HauMHAaeT MMOABIATBCA LeNblid psang paboT no 3ToM ke
Teme JIx.Bépmxeca’. McxoaHble MaeH O JOTHKAX € MOJAIbHO-Bpe-
MEHHBIMH OIIEPaTOpPaMH KakK €AUHBIX JIOTMYECKUX omnepauudid (Tuna
"BO3MOXHO Oyner, urto...") Bnepsble ObliM BeickazaHbel A.H.Ilpaiio’
poM™. MM xe B cBsA3U ¢ 3TUM OBUIH BBE€HBl BpEMEHHbBIE CTPYKTYPBI C
JTMHEHWHBIM BPEMEHEM B MPOILJIOE U BETBALMMCS B Oyayuiee.

A .H.Ilpa#iop ucxoaun u3 uucto dunocodckoit npodiieMaTHKH, U
MMEHHO Yy>Xe B ykazaHHOH pabore B.A.CMmupHOBa 6bUIO MpenIokKeHO
BECbMa OPMIMHAJIbHOE pElIeHHE 3HAMEHUTOM apUCTOTENEeBCKOH mpo-
OneMbl 0 MOPCKOM CpaKeHHH MOCPE/ICTBOM BBEJICHHS METPHYECKUX
MOJalbHO-BpeMeHHbIX onepaTtopoB . [Ipu TakoM moaxone BBeneHue
MPOMEXKYTOYHOTO UCTUHHOCTHOIO 3HAuy€HHUA, Kak 3TO ObUIO caeflaHo
A.JlykaceBuueM, He Tpebyercs.

Eweé omna BaxHas upaes, BbICKaszaHHas 3aech B.A.CMHUPHOBBIM,
COCTOHMT B HOBOM INIOHHMAaAHHH conpssceHHocmu MEXOAY TIpPOIUIIBIM H
OyayiuiuM. B oObIyHBIX BpeMEHHbIX JIOTHKAX MEXAY NpOLUIbIM U Oyay-
LIMM CYLIECTBYET 3€pKajbHasi CHMMETPHA, HIH, KaK TMPEeAIONKHII

* B.A.Cmupno6. JIOTMKH C MOJQIBHBIMUH BPEMEHHBIMH OriepaTopamH // MozanbHbie U
MHTEHCHOHaJbHble Noruku (Te3ucsl KOOpAMHALMOHHOrO coBeuwlanus). M., 1978.
C.145-148.

Burgess J.P. The unreal future // Theoria. 1978. Vol. 44, part 3. P.157-179.

Cwm., B ocobenHoctu: Prior A N. Past, present and future. Oxford, 1967.

[Toapo6Ho o ¢aranucTUyeckoM apryMeHTe ApUCTOTENS M JIOTMYECKUX PEKOHCTPYK-
LHAX 3ITOr0 apryMeHTa, KOTOpble [PHBENH TakKe W K MOABICHHIO MOJalbHO-Bpe-
MEHHbIX NIOTHK, cM.: Kapnenko A.C. ®atanu3m U caydahHocTs Oynyiuero: Jloruye-
CKkMi aHanus. M., 1990.

CMm. taxxe: Cmuprnoe B.A. JlorMueckue CHCTEMBbl ¢ MOJalbHBIMH BPEMEHHBIMH
ornieparopamMu // MopganbHble U HHTEHCHOHAJbHbIE JIOFTMKM M HX IPHMEHEHHE K
npobnemam Metoonorud Hayku. M., 1984. C. 49-58.
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A.H.Tlpaiiop*', oneparopsl Gyaylero BpeMeHH MOTYT GBITh Tpex3Hau-
HbIMH, U Ha 3TOM ITyTH OMpPOBEPraroTCs HEKOTOpble (aTaTMCTHUECKHE
YTBEP>KIEHHSA. B.A.CMHPHCB42 npejsiaraeT MNpHUHATb NPHHLMIL, COr-
7AaCHO KOTOpPOMY MO, YmoO peaiu3o8aioch, OblI0 B03MOXNCHbIM 6
NPOWLIOM, HO He 00s3amesibHO 8 CKOMb Y200HO OQIeKOM NPOULIOM.
EcTecTBeHHO, cpa3y k€ BO3ZHHKAKOT BOIMPOChl O MOTPY>XEHUH HU3BECT-
HbIX MOJAIBHBIX JIOTUK B HOBbIE BPEMEHHBIE CHCTEMBI, Ha pPELICHHE
KOTOpBIX Bceraa obpawan sBHuMaHue B.A.CMHpHOB.

HccrienoBanus 1o MoaajibHO-BPEMEHHBIM JIOTHKAM B AajibHeHIIeM
cTand npuobperaTb Bc€ Oosiee TEXHUYECKHH XapaKTep, MOCKOJBKY
TpeboBanochk peuiath NpodieMsl O MOJHOTE U pa3peliUMOCTH JIOrHye-
CKHX CHCTEM, MOJEIAMH KOTOPBIX SBISIOTCS APEBOBUAHBIE CTPYK
Typsr. OnHako Bkaax B.A CMupHOBa B GH.I10COQCKYIO JIOTHKY HECO-
MHEHEH.

3Ha4YHTENbHOE MECTO B JAHHOWM KHHMIe 3aHHMMaeT TeMa CPaBHEHHs
pa3jIM4YHbIX TEOPHUH H, B MEPBYIO OuUepelb, AKCHOMATHYECKHUX TEOPHH.
ITo cyumiectBy 3ToM mnpobnemarukoit B.A.CMHpPHOB HHTepecoBaCs
BECh CBO¥ 3pesiblii IeprHoa Hay4yHOil aeaTenbHOCcTH. Ha camoM gene ara
TeMa SABJAeTCA MPOOOJDKEHHEM UCCIeJOBaHUH MO ompedeaumocmu, B
YaCTHOCTH, OMNpeaeIMMOCTH AECKPUNTHUBHBIX TEPMHHOB. Pe3ynpTarsl,
noJlyyeHHble  34ech, ObUIM  HOJOXKEHBI HMM  (COBMECTHO C
B.H.CagoBckuMm) Ha V MexayHapoaHoM KoHrpecce o joruke, MeTo-
mosoruu 1 gunocodun Hayku B 1975 r.*

JlorudyeckuM = OTHOLUEHHAM  MEXIY TEOPHAMH  IOCBALLEHO
HEeCKOJIbKO paboT *°, M YTo6HI MOKa3aTh Ty KPacoTy pPe3y/bTaToOB, KOTO-
pble MOFYT OBITh 3[€Ch MOMy4YEHBI, 1 MPUBEAY BECbMa BIIEYATJIAIOLIMH
npuMep U3 061acTy cpaBHEHHUs anreOpan4ecKUX TEOPHH.

H3BecTHO, 4YTO Teopus IpyIi NepBOHa4aibHO BO3HHUKJIA KaK Teo-
pus KOHeuHbIX rpynn noacraHoBok (C.Jordan, 1970). OgHako oueHs
CKOpO ObIJIO OCO3HAHO, YTO ONepaLHs MOJCTAHOBKH 3[E€Ch HE NPH YeM,
a IIaBHOE — H3y4eHHe CBOICTB OMHapHOH onepauuy 6e3 npearnosoxe-

*! Prior A.N. The syntax of time distinctions // Franciscan Studies. 1958. Vol. 18. N 2.
P.105-120.

2 CM.: Snurnov V.A. Tense logics with nonstandard interconnections between past and

future // VII-th International Congress on Logic, Methodology and Philosophy of

Science. Salsburg, 1983. Section 5 and 12. P. 164-168.

Hauunas ¢ 1985 r., nogsnsercs uenas cepus pabor A.3anapno. CMm.: Zanardo A. A

finite ax:omatization of the set of strongly valid Ockhamist formulas // Journal of

Philosophical Logic. 1985. Vol. 14. N 4. P.447-468; Branching-time logic with

quantification over branches. The point of view of modal logic // The Journal of

Symbolic Logic. 1996. Vol. 61. N 1. P. 1-39; cM. taxxke: Gurevich Y., Shelah §. The

decision problem for branching-time logic // The Journal of Symbolic Logic. 1985.

Vol. 50. N 3. P.668-681.

Cwm.: Sadovski V.N., Smirnov V. A. Definability and indentifiability: certain problems

and hypotheses // Basic problems in Methodology and linguistics. Dordrecht-

Boston, 1977. P. 63-80.

Cwm.: Smirnov V.A. Logical relation between theories // Synthese. Dordrecht. 1986.

Vol. 66. N 1. P.71-87.
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HHUSI KOHEYHOCTH MHOXXECTBA 3JIEMEHTOB M 0e3 kakux-1ub0 npeanoso-
KEHUH O MPHUPOJE 3NIEMEHTOB rpynmbl. Takoil noaxoa Brnepsbie odop-
MHJICA B CAMOCTOATENBbHYIO 00/1aCTh MaTeMaTHKH B 1916 1. ¢ BEIXOOOM
kauru O.10.1lmuara «AbcTpakTHas Teopus rpymm».

B 510 e BpeMsa HauuHaeT odopMsTbCA Tpex3HauHas JIOTMKa
IIyKaceBan Kak pe3y/bTaT "60pbObl 32 0CBOOOKAEHHE YETOBEUECKOTO
ayxa"”. B 1929 r. sta noruka o6o61iaeTcs Ha 6GeckOHEYHO3HAYHbIH
ciyyait , a B cepelMHE BeKa NPOUCXOIUT anrebpan3aiusi 6€CKOHEYHO-
3Ha4YHOH normm nyacenuqa B BHae MV-anre6p Usua®, t.e., xax u B
Clly4ae C TEOpHUEW rpynmn, MPOUCXOAUT MONHOE a6crpamposa1me oT
NpUPOAB! 31EMEHTOB. B 3T0 ke Bpems cama Teopus rpymn oborauia-
€TCs PEUIETOYHBIM TOPAAKOM M HauuHaer OypHO pa3BHUBaTBCA Kak
CaMOCTOSITE/IbHBI pasjien MaTeMaTHKH B BHIC TEOPHH DELICTOYHO-
yHOpSAIO4YEeHHBIX TPy

HaKOHeLgb B 1986 r. BeIXOOMT dyHnameHTalbHas paboTa
M.Mynauuu ™, raoe [oKa3blBaeTCs 3KBHBAJIEHTHOCTH LEJIOrO psnaa
anredbpanyeckux TeOpUH, BO3HMKIIMX HA COBEPIIEHHO pa3IHYHBIX
OCHOBaHMSX U B pa3Hoe BpeMs, ¢ MV-anrebpamu YsHa; B ToM 4ucie
JOKA3bIBA€TCS 3KBHBAJIEHTHOCTh PELIETOYHO-YIOPAAOUYEHHBIX TPYII
(co crporoii eaqunuueit) ¢ MV-anre6pamu ’

HMeroTcs U Apyrue UHTepecHble NPUMeEpPhl 3KBUBAJIEHTHOCTH pas-
JIMYHBIX M BECbMa HECXOXHX TEOPHUH, HO BCE 3THU IPHUMEPbI HOCAT
4yacTHbIH XxapakTep. B.A.CMHUPHOB noaxoaurt Kk mnpobiieMe cpaBHEHMS
TEOPHUH ropasfo LIHpe, a MMEHHO pa3pabaTbiBaeT camy meopuio cpaB-
HeHusl Teopul. OH GopMyHpyeT NMOHATHE HECYLHECTBEHHOIO pacllu-
PEHHs TEOpHH, IEPEBOJAMMOro paclIUpPEHHs W aHAIU3UpPYeT C HUX
MIOMOILUBIO JIOTHYECKHE OTHOLUEHUS MEXIY TEOpPHUSAMH, CHOpMYIHpO-
BaHHBIMYK B pa3HbIX A3bIKaX M Ha 6a3e pa3nuuHbIX Joruk. OH paccMart-
pPUBAET UEJbIA CIIEKTP pa3IM4HbIX THIIOB OTHOLUEHUH MEXIY TEOPHUIMH
— MNOTpYXKarlUMe ONnepaLyy, BJIOXHMOCTb OOHOW TEOPHH B APYIYIO,
PEKYPCHBHYIO 3KBHBaJICHTHOCTb, OTHOCHTEbHYIO0 3KBUBAJIEHTHOCTD —
W JOKa3blBacT psAl TEOPEM, OMHCHIBAIOLIMX KX CBOHcTBa. B najibHen-
mem B.A.CMHpHOB HEOAHOKpATHO HCMONB30BaN pa3zpaboTaHHblE UM
METOABl B CBOMX HCC/IEJOBAaHHAX B3aMMOOTHOLLUEHHS pa3jH4HBbIX TEO-

* Jukasiewicz J Farewell lecture by proffessor Jan Jukasiewicz, delivered in the
Warsaw University Lecture Hall on March 7, 1918 // Jukasiewicz J. Selected works.
Warszawa, 1970. P. 84-86.

47 Cwm.: Lukasiewicz J., Tarski A. Untersuchungen iiber den Aussagenkalkiil // Comptes
Rendus des Séances de la Société des Sciences et des Lettres de Varsovie. Classe IlI.
1930. Vol. 23. P. 1-21. (Axrn. nepeBoa: Investigations into the sentential calculus //
Lukasiewicz J. Selected works. Warszawa, 1970. P. 131-152).

% Chang C.C. Algebraic analysis of many-valued logics // Transactions of the
American Mathematical Society. 1958. Vol. 88. P. 467-490.

% CM.: Koneimoe B. M. PeleTouso-ynopsaoueHHsie rpynnsl. M., 1984,

® Mundici M. Interpretation of AFC*-algebras in Jukasiewicz sentential calculus //
Journal of Functional Analysis. 1986. Vol. 65. P. 15-63.

' Cm. takxe: Nola A. D., Lettieri A. Perfect MV-algebras are categorilly equivalent to
Abelian | groups // Studia Logica. 1994. Vol. 53. N 2.
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pl/lf‘l. OaHUM U3 NOCAEOHHX €ro PE3YJIbTATOB ABJIACTCA AOKA3ATCILCTBO

3KBHB@%I€'HTHOCTM OHTOJIOrHH JIeCHEBCKOro M OKKaMOBCKOM CHJIOTH-
d

CTHKH .

KoHeuHo, He Bce uaed B.A.CMHpHOBa 31€Ch PaccMOTpPEHbI , a
TOJIBKO T€, KaK TOBOPHJIOCE BHayajle, KOTOpble MPEACTABISIOT OCOOBIH
MHTEPEC B COBPEMEHHOM Mipe JIOTHKH. HUT0-To, MoxeT ObITh, ObLIO H
MpOIMYUIEHO, HO BO3bMY Ha cebs CMeNoCThb cKas3aTb, npopaboTaB ¢
B.A.CMHUpHOBBIM 0€3 MaJIOro 4ETBEPTh BeKa (BHa4yaji€ B Ka4eCTBE €ro
CTyAEHT2, 3aTeM acllMpaHTa, M BCE OCTajlbHOE BpeMs B OJHOM CEK-
TOpe), YTO OCHOBHAs 3aciiyra MOero Yuuresis B JJOTHKE He TOJILKO B ero
pe3yJsibTaTaX, HO W B TOM, 4YTO UM ObLla cO3[aHa yIMBHTE/NbHasA aTMO-
chepa coapykecTBa JIOTHKOB B Haullel CTpaHE W 3a €€ NpelaenaMy. B
3TOM aTMocdepe MOXKHO OpUIO paboTaTh, OOMEHHBATBCA HIEAMH Ha
MHOTOYMC/IEHHBIX KOHEpeHUHAX H [1071y4aTh HOBbIE PE3YjIbTaThl.

MHOrOYHC/IEHHBIE €0 YYEHHKH paccesyiich N0 Oely CBETy W C
6J1arogapHOCTbE BCIIOMHHAIOT M paccka3blBaloT 0 Braaumupe Asnex-
canapoBuue CMUpHOBE. A NpUIET ell€ BpeMs JIMHHbIX BOCIIOMHHAHUH
ero y4eHHKOB, U TOrJa OTKPOKOTCS MOpa3HIE/bHbIE YEPThI €0 Xapak-
Tepa He TOJIbKO KaK JIOTMKa. HO U KaK JUYHOCMU.

2 Cmupros B.A. JlepvHUUMANLHAS SKBHBAICHTHOCTL 3J1EMEHTAPHON OHTONOTHMH H
0000IE€HHON CH/UIOTUCTHKH OKKaMOBCKOro THna // JlorMdeckue HCCIeJOBaHHS.
Boin. 2. M., 1993. C.17-31; Smirnov V.A. Definitional equivalence of elementary
ontology and generalized syllogistic of occamian type // Preprint 93-03. Institute for
Logic, Cognitive Science and Development of Personality. M., 1993. P.1-17.

3 Cm. ananuTHueckuit 0630p «Pe3ynsTatel B.A.CMHpPHOBA B 06MacTH COBPEMEHHOI

dopmaribHoM noruku» (roa obwedt pen. A.C.Kapnenko) // Jloruyeckue uccnenosa-
Hus. Bein 4. M., 1997, C. 40-69.



JLJI. Dcakna

JTOKA3YEMOCTHBIE UHTEPIIPETAILINUA
MHTYULHUOHUCTCKOM JOTUKU

Abstract. Robert Solovay investigated the version of the modal system
one gets by taking "Box(p)" to mean "p is true in every transitive model
of Zermelo-Fraenkel Set Theory ZF". The main result of this note
establishes that the Intermediate Logic of the week Peirs Law sound
and complet under the Solovay's interpretation.

B usBecTHol paborte “/lokazyeMOCTHble UHTEpPNpPETAIIMA MO/1AJTb-
HOW noruku” [1] P.Conoait paccMoTpen, kpoMme apudMeTHYECKOMH
MHTEpIpETalMd MOLAIbHOMN JIOTHKHU (ITPH KOTOPOH MOAaJIbHBIH onepa-
Top L] BhipakaeT nokaszyeMocTtb B Apudmeruke [leano PA), u teope-
TUKO-MHOXECTBEHHYIO HWHTEpIpeTaluio, NMpUH KOTOopoH omnepatop [
TPaKTYETCd KaK UCTHHHOCTb B TPAH3UTHUBHBIX MOJAENAX TEOPUH MHO-
»xecTB llepmeno-Openkens ZF .

ITycte S — TpaHcasuus opMys MOAaIbHOM JIOTHKM B MpeIoxKe-
Hust Apudmetnku [leaHo PA (cooTBeTcTBEeHHO, Teopun MHOXeCTB ZF),
COMNOCTAaBJIAOLIAas NPONO3HLHOHAJIBHBIM [IEPEMEHHBIM TPOU3BOJIbHBIE
NpeasIoKEeHUs, KOMMYTHpyIolas ¢ OyJieBbIMH CBSA3KaMH U TPaKTYHO-
mias MojJanbHOe BblpakeHHe [lp apudmMeTH4YeCKH (COOTBETCTBEHHO,
TEOPETUKO-MHOXXECTBEHHO).

Teopema ConioBas yTBep>KIaeT

(A) ApudmMeTtuyeckyro MOJAHOTY MoAanbHOR cucTeMbl GL

(B) TeopeTuko-MHOXECTBEHHYIO MOJHOTY MOOAJIBHOM CHCTEMbI

SOL , nony4yeHHoit u3 cucreMsl GL noctrynupoBaHuem ¢opmyibl
U(p =>Uq) v U(Uq => p)
B Ka4eCTBE JOIOJHUTENbHO’ aKCUOMBI.

Tounee, nns nobok MoaanbHOM QopMyIbl p, €€ AJOKa3yeMOCTb B
cucreMe GL (coorBercTBeHHO, B cucTeMe SOL) paBHOcHIbHa JOKa-
3yemoctH B Apudmetuke IleanHo PA (coorBercrBenHo, B Teopuu
MHOXkecTB ZF) moboii ee apudbmMeTudeckoit (COOTBETCTBEHHO, Teope-
THKO-MHOX>XECTBEHHON) TpaHCasLMHU S(p).

Hcnonw3ys tpancnauuio ['epens G, norpyxarwllyd HHTYULHO-
HUCTKYIO JIOTMKY B MOJAJBHYIO CUCTeMy (Iis HalluX Lejed yaoOHo
BOCIOJIb30BaThcsl cucTeMo [hxeropuuka S4Grz), u, nanee, nNpUuMeHss
npeobpa3oBanue F, “pacmeruisatouiee” popMyssl Buaa Up B KOHBIOHK-
uuto p & Up, monyyaeM MNorpyeHue WHTYULUHOHHUCTCKOTO MpOMo3u-
uuoHaneHoro ucuuciaenus HC B cucremy GL (HC /- p <=> GL /-
F(G(p))). Apudmernueckas mnonHota cuctembl GL obecneduBaer
apudmeTHyeckyro nonHoTy ucurcaenus HC.
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B nokiage Ha “CMHpHOBCKMX uTeHHAXx-97” [2] namu Obin pac-
CMOTpeH BOMPOC O BO3MOXHOCTH paclpoCTpaHEeHHs apH(pMeTHYEeCKOH
MHTEPIPSTALMH C MPONO3HUHOHAIBHOIO HHTYHUHMOHHCTCKOrO HCUMC-
nenus HC Ha ero kBaHTOpHOe pacuidpedHe QHC. Moaudukauus
Q*HC cranaaptHoro kBaHTopHoro paciidpenus Q*HC, nomyckaromas
apUdMETHUECKYI0 UHTepnpeTaiuio, TpedyeT YCHJIEHHs MpaBHia BBe-
JeHHs YHHBEPCAIBHOrO KBaHTOpa;, a WMeHHo, ucuucieHdve Q*HC
MoJy4aeTcs W3 CTAHJAPTHOrO 3aMeHOH 06bIYHOro npasuia 06061eHuUs
CNenyIoLIeH ero BEpCHEN:

/- (P(a)=>Axp(x))=>p(a)

/- Axp(x)
Tam >xe HaMH OBLJIO OTMEYEHO, YTO MOAUGHULUPOBAHHOE HCUUC-
nenre Q*HC moxkeT ObiTh MonydeHo u3 crtaHaaptHoro QHC npuHs-
THEM, B Ka4eCTBe JOMOJHHTENbHON KBAHTOPHON aKCHOMBI, ClieaylouleH

99

“pensTUBM3UpOBaHHOM” BepcuH IIpuHumna Kypoasl:

(2) Ax[(p(x)=>Axp(x))=>Axp(x)]=>Axp(x).

PaccMOTpeHre WHTYMLHMOHHUCTCKHX (OpMyJ, AOIMYCKaIoLIHX Teo-
pPETHKO-MHOXECTBEHHYIO HHTepnpetauuto (yacte B Teopemsl non-
HOTHI), NOKa3bIBaeT, 4TO MOAUGHKAUHA HHTYMLIMOHMCTCKOH JIOTHKH,
HeoOXxoauMMas B 3TOM CiIy4ae, 3aTparuBaeT MpOonO3UYUOHWIbHYIO HacTb
WHTYMLIKOHUCTCKOH JIOTMKH, TaK KaK CYLUECTBYIOT (GopMybl, UMEIO-
LIIHe alleKBaTHYIO TEOPETHKO-MHOXECTBEHHYIO HHTEPIIPETALHIO, HO He
JOKa3zyeMble B MHTYHMLUIHOHACTCKOM MNpPOMO3MLHOHATIBHOM HCUHCIICHHH
HC. XapaktepHsiM NMpUMepOM Takoi ¢opMyJibl MOXKET CIyxHTh Cna-
ob1#t 3akoH [Tupca wP, T.e. dopmyna;

(wP) (q=>p) v [((P=>q)=>p)=>p].

Jloruka wPL cnaboro 3akoHa Ilupca ( wPL=HC+wP) wu aBasercs
“JIOrMKOH MCTHHHOCTH B TPAaH3UTUBHbIX Mozensax ZF”, T.e. aBasercs
TOH NMPOMEXYTOYHOH MPOIIO3ULIMOHAILHON JIOTHKOH, KOTOpas AoIyc-
KaeT aJ€KBaTHYIO TEOPETHKO-MHOXECTBEHHYIO HHTepnpeTauuio. H3be-
ras, MO BO3MOXHOCTH, TE€XHHYECKHX BOMpPOCOB, Mbl I10CTapaeMcs
000CHOBATH 3TO YTBEPIKAECHHUE.

(1)

1. byaeBbl Kacka/bl

AnrebpanyeckuMH MoJenaMu jorukd wPL saBastorcs anrebps
I'efitunra H, B xoTopsix BepeH cnadblii 3akoH I1upcea, T.e. cipaBeiMBo
TOXJECTBO

(3) (a->p)v[((p->q)->p)->p]=1.

3aMeTHM, 4TO TOKAeCTBO (3) paBHOCHJIBHO TOXKIECTBY

(4) (p->q)v(q->p)v[((p->q)->p)->p]=1,

KOTOpOe B HepadioxuMblx anredpax ['edtuHra (t.e. B anrebpax ['ei-
THHra ¢ “npeauecTBeHHHKOM eIMHHLIb) 03HAYaeT CIIpaBeJIMBOCTh
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[((p->9)->p)->p)]=1 3akoHa Ilupca ans moBeIX HecpasHumbix
3J1eMEeHTOB p,qeH.

Anrebpy TI'ediTunra, ynosnetBopstouryto toxnaectsy (3), 6ynem
Has3bIBaTh KACKAOHOU; MHoroobpasve kackanHbix anrebp I'eifTunra
0603HauuM yepe3 cHA.

HsectHo [3], uyro MHoroobpa3ue kackaaHelx anre6p cHA
JIOKaNIbHO KOHEUYHO W [TOPOXKAAETCS KOHEUHBIMH 6)/1e8biMU KACKALAMH.
BcnoMHMM, 4TO KackaaHbBIM COEAMHEHHEM KOHEYHOM IOC/IENOBaTENb-
HocTH (Hi: i<k) pewterok I'eiiTuHra HasbiBaetca anre6Gpa I'efituHra H,
cocrosdmas M3 Takux ee noapewetrok H;’, u3omopdHbIX, COOTBETCT-
BeHHO, H,, uro nepeceuenue Hi’ u H’i;; conepkuT poBHO OAMH 3/1eMEHT
— Haubonbminit B H;’ u Haumensmmii B H’;,;. ByneB kackamg — arto
anrebpa I'edTiHra, u3oMopdHas KackaJHOMY COEAWUHEHHIO O6)V1e6blx
PELUETOK.

2. OpoOHTOHBI

s aHanM3a UHTYMUMOHUCTCKUX (OpMYyI, AOIMyCKAaIOLIMX apud-
METHYECKYIO MHTEpNpeTauuio (kak U GopMyn, HOITyCKaIOLIUX Teope-
THUKO-MHO>XE€CTBEHHYIO MHTEpIpETalMio), YI0OHO CUMTaTh, UCHOJB3YS
3aMevaTesIbHOE COOTBETCTBHE [5] MEXOYy paclUMpEHUSAMH KJacCH4e-
CKOH JIOTHKHM Joka3zyeMocTH GL W pacuiMpeHHsMH O0Ka3yeMOCTHO-
MHTYHUHOHHUCTCKON JIorikH KysHeuoBa-MypaBuuxoro KM, uto ore-
patop [ cuctemel GL “nepeHeceH” B MHTYHLIMOHUCTCKOE HCYHMCIIEHHE
HC B kauecTBe “npeacraBuress’ omneparopa JokazyeMocTH Apudpme-
THKH [leaHo (BorulolieHHEM Takoro nepeHoca u asasercs Jioruika KM).
C anrebpanyeckoif TOUKH 3pEHUs, 3Ta Mpoueaypa MOXeT ObiTh OmNu-
caHa cheqyrolUuM o6pa3oM: BMECTO IHAaroHaIM3UpyeMOH anredpsb!
(unu anrebpet Marapwu) (B, 1) Mbl paccMaTpuBaeM ee Tpadapet H={p:
p< Tp}, KOTOpbIH, kak H3BECTHO, obpa3yer peuerky [eiTunra mno
HacJIEACTBEHHOMY MOpPANKY; ‘“cryckaeM” ¢ OyneBoil anreGpel B Ha
anrebpy I'efitunra H oneparop t (pectpukums t Ha H koppektHa). B
nonyueHHo anredpe ['elituHra ¢ onepatopoM (H, T ) BeinonHeHs! cre-
nyrwouue ycnosus (akcHoMbl KysHeuosa-Mypasuixoro):

Al p<tp
A2 1p->p<p

A3 1p<qv(q->p)
s mobsix p,qeH.

Hazoeem npousBonbHyto anrebpy I'eiitunra H c oneparopom 1,
YIOBJETBOPSIONIMM BBIILENPHUBEAECHHBIM aKCHOMaM, @ponmonom U
3aMETHM, 4YTO KaXIblii (QPOHTOH (C TOYHOCTBIO A0 H3OMOpP(HU3MA)
MOXeT OBbITh NONy4YeH BBILLEYKAa3aHHBIM NMPHEMOM. byaeM roBopHTS,

yro ¢poHToH (H, T) Hepasnoxum, eciu Hepaszioxuma anrebpa I'eil-
THHra H.
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@®ponron (H, 1) HazoBeM xackadHuim, ecnu ans mobwix p,qeH
BBIMIOJIHEHO PaBEHCTBO

(5) (tp ->1q)v(rq -> p)=1.

Crerytoliee npoctoe HabIKOIeHHE ONPaBIbIBAET MPUHATOE Olpe-
JeJIeHHE.

Vmesepoicoenue. Ecnu ¢ponron (H, 1) kackagueii, T0 U cama
anrebpa [‘eituHra H kackeaHas, T.e. B H BbinonHeH cnabbiii 3akOH
ITupca.

Jloxkazamenvcmao. 3aMeTuM, 4to B Modom dpoHtoHe (H, 1) cripa-
BEIVIMBbI TOXK/IECTBA

(@ (p->q->p=1q9->p,
(8) tp->p=p.
Hcnone3ys (a), cnabeii 3akoH [Iupca MOXKHO 3anucaTe B BUAE

(6) (q->p)v((rq->p)->pl=l.

[lycte (H, 1) — npoU3BOJIbHBIN HEPA3/I0)KUMBbIH KacKaaHbIH (DPOH-
TOH, U JOMYCTHM, YTO < p HEBEPHO; TaK Kak q < tq (no Akc.l), 10 1q
<p He BepHO; HO TOr[a KaCKaJHOCTh H HEepa310:HUMOCTb ¢ppoHTOHA (H,
T) BJIEKYT Tp < 1q; CBOMCTBO ON€paLuy UMIUIMKALKMH JaeT 1q -> p < 1p-
>p, H, UCI10JIb3Y4 (B), MOJyuaeM Tq -> p<p; HaKOHEL|, ONUpasAch Ha (a),
3aKIro4aemM, uro (p -> q) -> p<p. CnegosarenbHo, L1 J0Obix p,qeH
mubo q < p, aubo (p->q) -> p<p, 4YTO, C YYETOM HEpa3J0KUMOCTH
anredpsl H, obecnieunBaet BoINOMIHUMOCTD ciiaboro 3akoHa [Tupca.

M3BecTHO, uTO MHOroo6pasde gpponHtoHoB FR PUHHUTHO anmnpok-
cumupyemo [4]. [lycts (H, 1) — kackagHbld GpOHTOH; TOraa, no mnpe-
AbiAylLeMy yTBepxkaeHHto, airebpa I'efituira H kackagnas. O6o3Ha-
yuM 4epe3 S(H) ceMelcTBO Bcex ee KOHEYHO-MOPOMAEHHBIX MOMall-
rebp. BBuay JoKalibHOM KOHEYHOCTH KackKaiHblXx anredp I'edtunra,
cemeiicTeo S(H) coBmagmaeT ¢ ceMEHCTBOM BCEX €€ KOHEYHbIX MOAaI-
rebp. CnepoBarenbHo, anredpa I'efitudra H apnsgetcs o0beauHeHHEM
CBOMX KOHEYHbIX KackaaHeix noaairedp. KM3BecTHO, 4TO Ha KaxaoH
KOHeuHOi1 anrebpe ['efitunra Hy Moxxer ObiTh onpeneseH (M €AHHCT-
BEHHBIM 00pa3om) omneparop Ty, Takod uro (Hp,19) — ¢dpoHTOH; a
MMEHHO, 11 Jroboro sneMenTa peH, 3HaueHHe Tpp paBHO HAUMEHb-
LIEMY U3 37IeMEHTOB q € Hy, yI0BJIETBOPAIOLIUX YCIOBUAM: P<q H q ->
p=p. Ecnu Hy kackangnas, 1o u ¢ponron (Hp,1) kackagueiii. B kax-
oM KoHeyHOM OyneBoM kackazae Hy “noBeneHue” oneparopa Tty MOXET
OBbITH OMMUCAHO CIEAYIOLHM OOpa3oM: 3JIEMEHTBbI, MpHHaIeXall1e
OOHOM W TOH xe OyneBoH kKoMmnoHeHTe Kackaaa Hy, oneparop 1y oTO-
OpaxaeT B HaHOOJBLUMH JIEMEHT TOH K€ KOMIOHEHThl. O003HauUUM
yepez Sf(H) - cemelictBo dponToHoB (Hy,10), accouuupoBaHHOe C
ceMeiicteoM S(H) - koneunbix noganrebp Hy ucxonxon anredpel ['eit-
tuira H. B obwem ciny4dae, ¢pponroH (Hp,1g) cemeiictea Sf(H) He
spiasercas noadpoHroHom dpoHToHa (H,T), onHako HamnpaBiieHHOe
cemeicteo Sf(H) ynoBnerBopsieT ycloBuKWO cmabuiuzayuu: [iis
moboro ¢ponroHa (He,1p)eSf(H) u moboro snemeHta peH,
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CIIpaBeiuBO Tp < Top U CYIIECTBYET (PPOHTOH, ckaxkeM, (H’,T’), npu-
Haanexamui cemeiicty Sf(H), Takoit uto Hy cH’ u 1p = U’p (npuuem
NOCEHEE PABEHCTBO ‘‘cTabMnM3MpyeTcsa”’, T.e. OyAeT BBIMNOJIHEHO BO
BCEX (POHTOHAX CeMEHNCTBa, pacwupsatomux dponton (H’,1°).

Takum obpasom, ucxogHas anrebpa (H,t) sBngercs npenesnoMm
HalpaBjeHHoro crabunusupyromerocs crektpa Sf(H) koHeuHbix
(pOHTOHOB.

[lycte Teneps HekoTOpas gopMyia p He BepHa BO (POHTOHE
(H,t), T.e. Nnpu HEKOTOpPOM O3HaYHWBaHWKH NEPEMEHHBIX (GOPMYNBI P
anemeHTaMu u3 H 3HaueHue dopMynbl p OIMYHO OT HaubosbLIEro
anemeHTta pewretkd H. Koneunoe mnHoxectBo K anementoB H, BO3-
HUKIUHX B XOJ€ BBIYMCIIEHHS 3HayeHHSA (HOpMyJbl p, COHEPIKHTCH, B
CUJTY IOKaJIbHOM KOHeuHoCcTH H, B HekoTopo# koHeuHo#i anrebpe [eit-
tiHra HoeS(H), cnenoBarensHo, Bo ¢poHToHe (Ho,T0); yciioBue cra-
Ounuzauumn obecreunBaer cyuiectsoBaHue ¢ponToHa (H',1’), pacuim-
parowero (Hyp,tp), B koTOpoM [J1st BCeX 3/ieMEHTOB MHO)kecTBa K orre-
paTophl T° U UCXOOHBIN T coriacoBaHbl. B 3TOM KOHEYHOM (PPOHTOHE
dbopmya p orpoBepraercst Ha TeX Ke 3JIeMeHTax.

Ymeepowcoenue. MHOroobpasue kackaJHbIX PPOHTOHOB (PUHHUTHO
anmnpoKCHMHUPYEMO.

3. Jloruka caaboro 3akona Ilupca

BcrnoMHMM, 4TO 1OKa3yeMOCTHO-UHTYHLIMOHUCTCKas joruka Kys-
HeuoBa-Mypasuikoro KM onpenensgercs B 3blke HHTYMLIMOHUCTCKOMN
MIPOMO3ULIMOHAJILHON JIOTHKH, PACIIMPEHHBIM MOJAJIBHBIM OIIEPAaTOPOM
0, mobaBneHHEM K aKCHOMaM HMHTYHLHMOHHCTCKoOro ucuuciaenus HC
CJIEAYIOIIMX TPEX JOMOJIHUTEIBHBIX aKCHOM:

p=>Up,

(Op=>p)=>p,

Op=>(qv(q=>p).

H3BecTHO, utOo noruxka KM koxcepsamuena Hag WHTYULIMOHHUCT-
CKUM HCUHCIIEHUEM, T.€. JOKa3yeMoCTh Joboit dopMysibl p, HE conep-
xauled BXOXKIEeHHH MolanbHoro oneparopa [, B joruke KM Breyer ee
nokaszyeMocts B HC.

O6o03HauuM uyepe3 KMS pacuiupenue noruku KM, nonayuyeHHoe
NOCTY/JIMPOBAHUEM [ONOJIHUTEIBHOH aKCHOMBI

(s) (Op=>0q)v (Hq=>p).

Vmeepowcoenue. Jloruka KMS (=KM + (s)) xoncepsamuena Han
norukoi cnaboro 3akona Ilupca, T.e. mns moboilt Gopmyner p, He
conepxatieH oneparopa [, KMS/-p, ecnu u Tonpko eciin wPL/-p.

Cneocmeue. Jloruka cnaboro 3akona Ilupca wPL saBnsercs
“JIOrMKOM MUCTMHOCTH B TPaH3UTUBHBIX Mozensax ZF“, T.e. mobas dop-
MyJia p si3blKa HHTYMLIMOHHCTCKOM MpPOINO3ULMOHANIbHON JIOTUKH J10Ka-
3yeMa B MPOMEXYTOYHOH Joruke craaboro 3akoHa I[lupca, ecnu u

23



TOJIBKO €CJIM ee TpaHchauus T(p) BO MHOXECTBO MPEIJIOKEHUN A3bIKa
TEOpUHM MHOXeCTB ZF, momyyeHHas KOMIO3HIMEH TpaHcaauuu ['enens
G, pacwenngiomiedt ortobpaxeHus F M TeopeTHKO-MHOXECTBEHHOMH
uHTepnperaudu CosioBas, AokazyeMa B TEOpUH MHOXeCTB ZF.

B 3awioueHue 3aMeTHM, 4YTO, MOCKOJbKY anrebpa [eiTuHra
KOHYCOB J1t060ro 1) KOHeYHOro, TUHEHHO-YTIOPSA0YEHHOTO MHOXECTBA
ABJIAETCS KacKaZlOM [IBYX3JISMEHTHbIX OyneBbIX anredbp, 2) KOHEYHOro
Beepa — KackagoM KOHe4YHOW OysieBoH anreOpbl M IABYX3JIEMEHTHOH
OyneBoii anrebpbl, 3) KOHEUHOH HOJBI — KackaJoM Tpex OyneBbIX
anredp (IByX3JIEMEHTHOH, KOHEYHOH M ellle OJHON IBYX3JIEMEHTHOMN),
TO noruka cnaboro 3akoHa I[Tupca wPL copepxutcs Bo Bcex Tpex
npeATabuYHbIX (KPUTHYECKHX) IIPOMEKYTOUHbIX JIOTHKaX.
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O.M.AHmIaKo0B

J-JIOTUKHU U COOTBETCTBYIOIIUE UM
KJIACCBI AJITEBP!

Abstract. In this paper some large class of many-valued logics with
J-operators is considered. Logics from this class are called J-definable
and J-compact. For any J-definable J-compact logic one can construct
a class of appropriate algebras. This class of algebras plays (for its
own logic) the same role as the class of Boolean algebras for the clas-
sical two-valued logic. The main result of this paper is developing a
general method of defining and axiomatizing the corresponding class
of algebras for any J-definable J-compact logic.

BBeaenue

[Iyctb L — MHoOrosznavHas joruka. Yepes V; 6yneM obGo3Hayathb
MHOYKECTBO HCTHHHOCTHBIX 3Ha4eHui ioruku L. Uepes D, 6ynem obo-
3HayaThb MHOXXE€CTBO BbIJE/JI€HHBIX 3HavyeHHH Joruku L. D, c V;,
D, #V,, D # . TlpeanonaraeM, 4To MHOXECTBO ¥V, COIEpPXKUT 3Jie-
MeHTbl 0 U 1, HHTepnpeTUpyeMble KaK «JI0XKb» H «MCTHHa», rae | € Dy,
0e VL \DL

MHO€eCTBO JIOTHYECKHUX OrepauHit joruku L OyaeM obo3HayaTh
yepes O;. Anrebpy noruku L obosznaunmm yepes AL[L]. AL[L]=

= (VL,OL> . Yepes F; 6ynem o603HayaTh MHOXXECTBO (POPMYJI JIOTHKH L,

a yepe3d AF[L] — cooTBeTcTByMOLYyIO anrebpy ¢opmyn — cBOOOAHYIO
anrebpy B KJjlacce BCeX OJHOTHUITHBIX C Heit anredp.

Cnenys anrebpanyeckoii TpaguuuH, OyaeM HUCIOB30BaTh OJHH H
Te € 0003HaUeHHs Ui COOTBETCTBYIOLMX OMEpaLUii B OJHOTHIIHBIX
anre6pax. M3 koHTekcTa Bcerja Oyner siCHO, O KAKUX KOHKPETHO Orle-
pauusx uuer peys. [lonp3ysch 3TUM COrJIalI€HHWEM, Mbl MOXKEM CUM-

TaTh, yTO AF[L] =<FL,OL> .

Krnaccuueckyro ABYy3HauyHYIO JIOTHKY Oynem o0ozHauyaTh npsaMoH
nosiy>xupHoit Oykeoit C. Torma anrebpa knaccuuyecko soruku C

! Pa6ora Buinonuena npu noasepxke Poccuiickoro GoHaa dyHIaMEeHTaNbHBIX HCCTe-

noBauuii (rpant 97-06-80191).
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AL[C]=({0,1},{A,v,=,—}) . Bropsie Qurypubie ckobku 0Bb1uHO Gy-
JIEM OITyCKaTh, T.€. 3anucbiBaTh AL[C] = <{O, 1}, A, Vv, =, —:) :

Onpenenenne 1. Flomomoppusm v:AF[L]— AL[L] Oyaem Ha-
3bIBaTh L-oyenkou. ®opmyny A€ F, Oynem Ha3biBaTb L-6bl0€jieHHOU,

eciad ais itoboit L-oueHku v BepHo v(4)e D, .

Onpeaesienne 2. J-onepatopamu B JIOTHKE L Ha3bIBalOTCHA Xapak-
TEPUCTUYECKHE (PYHKLMHM KaKux-TubO IOAMHOXKECTB MHOXECTBa V.
[lycte W cV,, peV,.Torna

['1, eciu feW,

Twlh)= 10, ecnd feW.

J-onepatopel 6bi1u BBeAeHbl Poccepom v Trropkerrom [14]. Jlo-
TMKH ¢ J-omepaTtopamMy paccMaTpUBaIMCh BO MHOTHX paborax [3-15].
OnuH u3 HauboJsiee HHTEPECHBIX MPUMEPOB TaKHX JIOTHK — B, -10ruku
u3 ctatbd P.11.I'puronuu v B.K.®unnHa [4]. Kiraccudukauus MHoro-
3HAYHbBIX JIOTUK C J-OMepaTopaMH, HUCIOJb3yoLlas CEMAHTHYECKHUE CO-
obpaxkenus aaHa B [9]. IUMpokHMH KJ1acC KOHEYHO3HAUYHBIX JIOTHK C
J-onepaTtopaMy Obl1 paccMOTpeH aBTOpoM coBMmecTHO ¢ C.B.Peiuko-
BbIM B pabotax [1, 2, 7]. KoHeyHo3HauHble NOrUKH u3 [1, 2, 7] Obuiu
Ha3BaHbl aBTOPAMH HCTHHHOCTHO-NMOJHBIMHA C-pacluupAIOLIHMU.

Onpenenenue 3. KoHe4HO3Ha4yHas joruka L Ha3bIBae€TCS uUCHUH-
HOCMHO-HONHOU, €C1i B ee aredpe (PyHKIHOHAJIBbHO BbIPa3UMBI BCe
J-onepaTtopsl 4719 OAHO3/1IEMEHTHBIX MOJMHOXKECTB MHOXECTBa V, T.e.
Bce J, (a € V), onpenensemsple CaeayrOUM 00pa3oMm:

I, ecu S =qa,

J.(6)=

0, eciu f = «.
Onpenenenne 4. KoneyHo3HayHas jorvka L HasbiBaetcs C-pac-
wupsaoweu, ecii B ee anredpe GyHKUHOHAIBHO BbIpa3vMbl OMHapHbIe
onepauuH A, vV, = W YHapHas ornepauus —, OrpPaHH4YEHUS] KOTOPbIX Ha

MHoxecTso {0, 1} coBmamaioT ¢ KJIaCCHYECKHUMH OBY3HAYHBIMH KOHB-
FOHKUMEH, TU3BKOHKIIUEH U UMIUIMKALHEH, COOTBETCTBEHHO.

B pabotax [1, 2] 6b11 npensioxkeH oOLHil 3¢ PeKTHBHBIH crtocob
aKCHMOMaTH3allUH HCTHHHOCTHO-TNONHbIX C-pacluupsIOUIMX JOTHK, AO-
Ka3aHa TeopemMa O MOJIHOTE U MOJyYeHbl aHaJIOTH HEKOTOPBIX W3BECT-
HBIX TEOPETHUKO-MOEJIbHbIX pe3y/1bTaToB.
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B pabore [7] paccmarpuBanuch anrebpanyeckde npodnemsl, cBs-
3aHHbIE C HCTHHHOCTHO-MOMHBIMU C-paclunpstoMMH JiorukaMu. B [7]
Ob110 MOKa3aHO, YTO KaXKAOH MCTHHHOCTHO-MOJHOM C-pacuupsiouiet
noruke L cOOTBETCTBYET HEKOTOPBIN Kiiace anreOp, Urparowuii aas L
Ty K€ POJib, YTO HrpaeT Kiacc OyneBbix aaredp Wi KIaCCHUYECKOH JIo-
THKH, T.e. dopMmyna A4 Joruku L sgBnsgercs L-BbIAeNEHHOM Torga
TOJBKO TOT/AA, KOr/la OHa BhIJI€JIEHa OTHOCHTENIbHO Kiacca L-anreGp. B
[7] 6blna 1oka3aHa TeopeMa O MpPEeACTABAEHHH L-anrebp W MpeasioxkeH
obumii 3¢ ek THBHBIN COco6 UX aKCHOMATH3aLUHK.

B coBMecTHOH cTaThe aBTOpa Hactoswel ctarb, [.I1.CkBopLioBa
U B.K.OunHa [6] Obl1 paccMOTpeH KjacC MHOTO3HAa4YHBIX JIOTHK C
J-onepaTopaMH, Ha3BaHHBIX aBTOpaMH J-onpeneTuMBIMH J-KOMITaKT-
HbIMM JIoruKaMH. (Onpenenendus 6yayTt chopmyaupoBaHbl Huwxke). Jlo-
rMKH U3 [6] MOryT U He OBITh KOHEYHO3HAYHbIMU. Haubonpluit uHTe-
pec MpeAcTaBIslOT Kak pa3 OecKOHEYHO3HauHble J-Orpenenumsie
J-KOMIIaKTHBIE JIOTHKHM, UMEHHO TaKue JIOTHKH HCIOJIb3YIOTCS I
dbopmanuzauuy npaBaonoao6HeIX paccyxxaeHui B J[ICM-Merone aBto-
MaTHY€CKOI O MOPOMAEHUS THITOTE3.

Yro kacaercs KOHEYHO3HAUYHBIX JIOTHK, TO MOXHO I10Ka3aTh, 4YTO
KaXk71ag ICTUHHOCTHO-T10JIHas C-pacluupsionias JIOTUKa siBiaseTcs J-or-
penenuMon M J-koMmnakTHOH. I103TOMy HeKOTOpbie pe3y/bTaTel U3 [6]
MOXHO CYHTaTh 00001IeHHEM COOTBETCTBYIOLUHUX PE3YJbTATOB U3 pa-
6ot [1, 2].

B naHHo#t paboTre paccMmaTpHBarOTCs anrebpanyeckue npobneMsil,
CBf3aHHble C J-OompenenuMbIMH J-KOMIMAKTHBIMH JIOTHKaMH. ABTOp
CTPEMUJICH MEPEHECTH Ha 3TOT KJIACC JIOTUK pe3ynbTaThl U3 [7]. Beua
npeaoxeH obmmid 3¢ PekTUBHBINA criocod MOCTPOEHUs JUIS KaXKAOH
J-onmpenenuMoil U J-KOMNAKTHOH JIOTUKUM COOTBETCTBYIOLUErO Kjacca
anre0p ¥ QOKa3aHbl TeOpeMa O TMOJIHOTE OTHOCUTENBHO BBIAEJIEHHOCTH
B COOTBETCTBYIOIIHUX Kjaccax anrebp u teopeMa O MpencTaBieHHH (B
HECKOJIbKO ociabieHHo# popme).

1. J-onpeaeaumsblie H J-KOMIIaKTHBIE JIOTHKH

1.1. Onpeaeaenne. [Iycts L — MHOro3HauHas (BO3MOXXHO OeckoHeu-
HO3HayHas) joruka. Jloruky L 6ynem Ha3biBaTh J-102ukoii, ecnu oHa
YAOBJIETBOPSET CAEAYIOLIUM ABYM YCIOBHAM:

(1) B O, cyuiecTByeT X0T4 Obl OJIUH HETPUBHAJIbHBIH J-oneparop,
T.e. onepauus Jy, roe W — Hemyctoe cOOCTBEHHOE MOAMHO-
»KeCTBO MHOXecCTBa V;

27



(2) B anre6pe noruky L ¢yHKLMOHANLHO BbIpa3UMbl OHHApHBIE
OTEpaLMH A, VvV, = U YHapHas onepalMs —, OFPaHHYEHHS KO-
TOpbIX Ha MHOXecTBO {0, 1} coBmajalT ¢ KJIaCCHYECKHMMH
IABY3HAYHbIMH KOHBIOHKUHMEH, QU3BIOHKLIMEH U HUMIUIMKALHU-
€H, COOTBETCTBEHHO.

He Hapyinag obumHoctH, 6yaeM cuMTaTh, YTO ONEpaALHUH A, V, =>, —
comepxkarca B Oy,

3aMeTUM, 4TO cOpPMY/IMPOBAHHOE Celyac Orpee/ieHHE BIIIIOYa-
€T YCJIOBME KJ1aCCHYECKOH KOppeKTHOCTH u3 [6] (aHanor C-pacluupse-
MOCTH).

MHaoxectBo J-oneparopoB J-noruku L 6ynem obo3HauyaTh yepes

JO,.
1.2. Onpenenenne. [lycts L. — J-noruka, W <V, . MHoxectBO W 6y-
IeM Ha3blBaTh J-xapaxmepuszyemvim, ecnu J-oneparop J, € O,. Ce-

MEHCTBO BCeX J-xapakTepuszyeMbIX MOAMHOXXECTB MHOXecTBa ¥ 06o-
3HauuM uepe3 Ch;.

1.3. Onpeaenenne. Janum pekypcHUBHOE OMNpenAe/iEeHHE 6HewHel (hop-
Mybl J-TIOTHKH L.

(1) Ilyctes A — dopmyna noruku L, Jy — J-oneparop uz O,. Toraa
dbopmyna Jy{A) 6ynet BHewHe GOpMYJION JIOTHKH L.

(ii) Tlycte X u Y — BHewiHHe dopMyibl JJorHKK L. Toraa gopmy-
ael (X AY), (X VYY), (X =Y7), (=X) Takke OyayT BHell-

HUMHU GOpMYyJIaMH JIOTHKH L.
MHoXecTBO BHEWHHX GopMyn jordku L Oyaem obo3HayaTh ye-
pes3 E;.
1.4. Onpenenenne. Hopmaivnvie opmynst J-norukd L Tarke omnpe-
JETUM PEKYPCHBHO.

(i) Ilycte p — npono3sHUHOHAIbHAA [epeMeHHasd, Jy — J-
onepatop u3 O;. Toraa dopmyna Jy{p) 6yner HopmanbHOH
dbopmyson 10oruku L.

(i1) IIycts X u Y — HopMmanbHble ¢opmynbl jordkd L. Toraa
dopMmynel (X AY), (X VYY), (X =7), (—X) takxke 6ynyt
HOpPMaIbHBIMH GOPMYJIAMH JIOTHKH L.

MHoxecTBO HOpManbEbIX (Gopmyn jorukd L Oyaem o6o3Havathb
yepes N,.
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1.5. Cornamenne. I[Tycte 4 — dopmyna noruku L, BCe mpono3uuHo-
HaJIbHbIE NEpEeMEHHble KOTOpOH COAEp:KaTCA CPEAH py, Ps,..., P, - JHA-

yeHHe ¢dopMynel 4 Ha Jo6o#H L-OlleHKE Vv TaKoOM, 4TO v(p,) =x,,

v(p,) = x3,..., v(p,) = x,, OyaeM o603HauyaTh yepes Afxl,xz,...,xnhl.

1.6. Onpenenenne. Ilycts L — MHOrosHauHas JIOTMKa, 0 — H-apHas
onepauus Ha V;, A — dopmyna noruku L, Bce MPONO3HLHOHABHEIE
MepeMeHHbie KOTOPOH Coaep)KaTcs cpedu p,, pP,..., p,. bydem roso-

PHTB, YTO OMNEPALUA O PYHKYUOHANLHO BLIPAZUMA C HOMOWYBIO PopMY-
8 r

abl A, ecnu o(x;, Xy,...,X,) = A4 x1-,--‘fz=---=-‘~'n-| s MoObIX Xy, X3, ..., X, U3

Vi.

1.7. Onpenenenne. Ilycte L — J-noruka, o — n-apHas onepauus Ha V.
Bynem roeoputs, 4To onepauus o — HOpmanuzyema, eciii CyLeCTBYET
HopManeHas ¢opmyna X nordkd L Takas, 4ro onepauus 0 QyHKUMO-
HaJIbHO BbIpa3uMa ¢ NOoMoIUbI0 Gopmybr X.

1.8. Onpenenenne. Dopmynst 4 u B noruku L OGyaem Ha3bIBaTh pas-
HocuibHbimMu, ecnd B AL[L] cnpaBemniuBo ToxaectBo A=258
(HamOMHHUM, YTO Mbl AOTOBOPWIHCH COOTBETCTBYIOLUME OINEpauluUy B
AF[L] u AL[L] o603Ha4aTh OQHHAKOBBIMH CUMBOJIAaMH). SICHO, 4TO 4 H
B paBHOCWIBHBI TOrAa U TOJIBKO TOraa, korga v(A4) =v(B) ana moboi
L-oueHKH v.

1.9. Onpenenenune. BuewHow dopMmyny X J-noruky L Oynem Hasbl-

BaTb HOpMANU3YyeMOU, €CIIA CylIeCTBYeT HOpMaibHas GopmMyna Y 3Toi
JIOTMKH TaKasl, 4YTo X paBHOCHJIBHO Y.

1.10. Onpenenenne. J-noruky L Oynem HasbiBaTe J-onpedeaumou, ec-
JIH CIIpaBeUTUBBI CIEAYIOLIHE 1B YCIOBHS:

(1) Hns mobeix J-oneparopa Jy ¥ onepaumu o, NpyMHAANEKAILHKX
MHOXeCTBY (O;, UX KOMMO3HLHMA J, o0 HOpMaAIU3yeEMa.

(2) Hopmanusyema onepauus J, , rae D, — MHOXECTBO Bbije-
JIEHHBIX UICTHHHOCTHBIX 3HA4YEHUH.

1.11. 3ameuanune. Ycnoue (1) u3 1.10 paBHOCHUIBHO clieayroUieMy
yTBEPXKAECHHIO: HopManu3yeMa jitobas popmyina Buaa J, (o(4,,...,4,)),
rae Jy — npousBonbHeii J-onepartop u3 JO,, 0 — NpoOU3BOJIbHAS OMnepa-
ums u3 O, A4,,..., 4, — NpoHn3BOJIbHBIE GOPMYJIBI U3 F.

n

1.12. Onpenenenne. Ilycte L — J-noruka, ® u ¥ — nBa cemeiictea J-
XapaKTepHu3yeMbIX TOAMHOXXECTB MHOXECTBa V. byaeM roBoputse, 4To
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rnapa <CD,‘P> o0siajaeT CBOMCTBOM J-KOMNAkmHOCMU, €CIH U3 BKJIIO-

4eHUs ﬂS C UT ClIefyeT CYIUECTBOBaHHe KOHeuHblx @' 'C @,
Sed® TeV¥
¥Y'c ¥ Takux, 4To r]Sg; UT.
Sed’ Te¥'
1.13. Onpenenenne. J-noruky L HazoBeM J-komnaxmuou, eciu nrodas

napa ceMeicTB J-xapakTepu3yemblX MOJMHOXKECTB MHOXeCTBa V) 00-
najlaeT CBOMCTBOM J-KOMIMaKTHOCTH.

1.14. 3ameuanue. Jtobas UcTHHHOCTHO-NoAHasA C-pacluupsmollas Ko-
HeyHo3HayHas Jiorvka L ssigercs J-onpeaenydMon J-koMnakTHOH s10-
T'MKOH.

J-KOMIaKTHOCTb TPMBHA/IBHA B CHJIY KOHEYHO3HAYHOCTHU JIOTHKH
L. J-onpenenuMocTs BBITEKAET H3 CIIPaBEIMBOCTH TOXAECTB!

o Py, Pp)=a\ i=1
apisieTcs J-oneparopom;

@) I, (x)==J (%)
(3) N, (x)=1,(x);
(4) JpJ,(x)=0mpu3=0,B=1.

4

() J,(o(xp,cx, )=V (/H\Jﬁ (xf)), rae omepauus o He

[Ipumepbl OeckoHeUHO3HA4YHBIX J-ompenenuMbix J-KOMIMAKTHBIX
JIOTHK MOX>HO HaWTH B [6]. 3aME€THUM, YTO JIOTHKH U3 [6] MPUMEHSATUCH
s bopManu3auuy npaBnonofoOHeIx paccyxaeHdi B JICM-Mertone
aBTOMATHYECKOIo NOPOMKACHHS TMIIOTES.

1.15. Coranamenue. bynem npeanosiarate, 4To MHO>KECTBO IPOIO3H-
LMOHANEHbBIX MEPEMEHHBIX paccMaTpUBAaeMOM JIOTMKU L cueTHo. MHo-
»xecTBo (J; — He Oonee yem C4eTHO. Torpa, He Hapyluas OOILHOCTH,
MO>XHO CUMTaTb, YTO MHOXKE€CTBO MPOMO3HLHOHAIBHBIX MEPEMEHHbBIX
Kjaccuueckoi oruku C npeacTassieHo B BUAE 00BEAUHEHUS CUETHOTO
MHOKecTBa He DoJiee yeM CYETHBIX MHOXECTB, a HMEHHO!

Fo = U{PW |W€ChL}’

pep;

2

Boobuie roBops, A0CTaTO4YHO MPEANOI0XKHTh, YTO MOIIHOCTh MHOXeECTBa J-onepa-
TOPOB JIOTHKH L He NpeBOCXOIUT MOLIHOCTH MHOKECTBA MPOMNO3ZULIMOHANLHBIX IIe-
PEMEHHBIX.
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rae depes P, 0003Ha4€HO MHOXECTBO MPOMO3HLMOHATBHBIX MEepPeMeH-
HBIX JIOTUKH L, a yepe3 Pc 0603Ha4€HO MHOXKECTBO MPOMO3ULHOHAITE-
HBIX MEepPEMEHHBIX KJlaccuueckod noruku C. ByaeM Hcnonb3oBaTh 3TH
0603HaYeHHs H B ganbHedmeM. HanomuuMm, yto Ch; — 3TO MHOXECTBO
J-xapakTepusyeMbIX MOAMHOMKECTB JOTHMKH L (CM. onpeaeneHue 2.2).
MounocTs Ch;, paBHa MOLIHOCTH MHOXeCTBa J-ONepaTopoB JIOrMKH L,
3HAYMUT OHa He boliee YeM CUETHa.

MHoOxecTBO {Pw |W e ChL} OyaeM Ha3biBaTh OpOUMOU MpPOINO3HU-
LIKOHAJILHOM MepemeHHol p € P, u ofo3nauars orb(p). Ecniu Q< P,
TO opOHTOH MHOXKecTBa () Oy/IeM Ha3bIBATh MHOXKECTBO

orb(Q) = U orb(p) .

peQ

1.16. Onpenenenne. Ancedbpoii HopmanvHuix Gopmyn J-onpenesumoit
norukH L 6ynem HasbiBaTh CBODOIHYIO B Kj1acce BeexX airedp CHrHary-

pBI (/\,\/,:3,—1) arebpy C MHOXECTBOM CBOOOAHBIX 00pa3yrolHX

{JW(p)Ipe P, WeC'hL}. Obo3HauaTte 3Ty anrebpy Oynem uepes

AN[L]. HUcnone3ys BBedeHHbie paHee O003HAUEHHS MOXHO CKa3arh,
YTO AN[L]=<NL, AR ﬂ>.

1.17. 3ameyanne. HetpynHo noxasats, 4to s awboit J-noruku L
anre6psl AN[L] u AF[C] uzomopdHbl. B kayecTBe KaHOHHYECKOrO
usomopdusma AN[L] Ha AF[C] M0>HO B34Tb OnepaTop MOACTAHOBKH
A:N, — F., nepeoasiui Kaxayo GopMmyny Buaa J, (p) B nporo-
3ULHMOHAJIBHYIO NepeMeHHyo pw (pe€ P, py € F-). OOpaTHbIi H30-
mopduim Oynem ob6o3HauaTh yepe3 V, u Oynem MCNOJb30BaTh IMOCT-
dUKCHYI0 HOpMY 3aMucH AJ1st OrepaTopoB A u V| T.e. pe3yabTar AeHcT-
BHS oneparopa A Ha HopMansHyro ¢opmyay X nmoruku L 6ynem obo-
3Ha4aTh yepe3 X, a pe3ynsTaT AelicTBus onepatopa V Ha dopmyny A
KJIACCHYECKOl JIOTHKH 6yaeM 0603HauaTh uepes A" . (Pazymeercs, 06o-
3Ha4YeHHst A 1 V MOXHO BBECTH JIMLIb NpeArnonaras, 4ro Jjoruka L
¢bukcHpoBaHa. B MpOTUBHOM Cily4ae MPHAETCA HUCIOJIb30BaTh 0003HA-
yeHHs THIma A, u V).

[Tycte I' — MHOXecTBO HOpMaJibHbIX Gopmyn J-ioruku L. Yepes
I'* 0603HauMM MHOXKECTBO (OPMYJ KJIACCHUECKOW JIOTMKH, OMNpefe-

JIAeMOE Kak I){’A l X eT'{ Anaioru4HpiM obpazom OyaeM HCMONB30-

—V
BaTh 0003Haue€HUE = [0 OTHOLIEHHIO K MHOXECTBY (Popmys Kjiaccu-
YECKOM JIOTHKH =.
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1.18. Onpenenenne. Pesynstar neiicteus oneparopa A Ha HOpMalb-
Hyto dopmyay X J-noruku L 6yneM HaseiBaTe C-pearuzayuei hopmy-
abl X, a pe3ysibTaT AeHcTBUA onepatopa V Ha ¢opMmyay A KiaccHYe-
ckoM ioruku 6yaeM HasbiBaTh L-npedcmaenenuem GopMyIibl A.

1.19. Onpenenenne. [lycte L — J-noruka. OnpenenuM Tenepsb ornepa-
TOp, CTaBAIIMA B COOTBETCTBHE KakAOH L-oueHke v Hekotopyto C-
OLIEHKY, T.€. OLEHKY B Kjaccudeckod noruke. O00o3Hayath 3TOT ornepa-

Top OyaeM CHMBOJIOM T. TTonoxum v (py)=vly(p)), rae pep,,
1
pw € P-. Ha Bce MHOXXecTBO F OLEHKa Vv MpOao/KaeTcs OOBIYHBIM

t < -
obpazom no vuHAykuud. OueHky v Oyaem HaswiBaTh C-peanusayueiu
OLEHKH V.

1.20. Ilpeanckenune. O4eBUOHO, HTO v (XA)z v(X) ans nwbon L-
OUEeHKH v U 11000i HopManbHOM dopMynbl X J-Toruku L.

1.21. Onpenenenne. [Ipenionoxum, 4yro L — J-noruka. Ilycte Ham
3agaHo otobpaxenue S:/7- — E;. Ero MOXHO Mo HHIYKUHH MpO-

JOJDKMTE 10 oToOpakeHHs: MHoxecTBa F¢ B E;. OTO mpoaoikeHue
(ero Mbl Tarke Oynem obo3HayaTh Hepe3 S) HA30BEM onepamopom
CL-noocmanosxu.

Oneparop CL-noACTaHOBKM SBJSETCS [OMOMOpP(PH3IMOM anredpel
dhopMy K1aCCHYECKOH JIOTUKH B anrebpy (EL, AV, =D, —1> . [Ipumepom

onepatopa CL-MOACTAaHOBKH MOXET CIYXKHTb ONpPENENEHHBIH BbILUE
oneparop V.

1.22. Cornamenne. BoobLie, onepamopom nodcmanosxu mbi Oynem
Ha3blBaTb TOMOMOpP(HU3M OOHOH ¢QopMysbHOH anrebpbl B ApPYyrylo.
[Tpuuem, 3To He obs3aTentHo OyayT pasHble airedpsl U He 00s3aTeNb-
HO airedSpsl Bcex QOpMYs HEKOTOPbIX JOrMK. Kak HocHTesnw, Tak H
MHO>KecTBa onepauul GopMybHBIX anredp MoryT ObITb cOOCTBEHHBI-
MH MOJAMHOXeCTBaMH MHOecTB F;, u O; (A1 HEKOTOPOM JIOTUKH L),
COOTBETCTBEHHO.

[lycts omepaTop MOACTAHOBKM S TaKOB, YTO BEPHbI PABEHCTBA:

Sp) =4, S(p)=4,, ... S(p,)=4,, rae p,py....p, €,
A, 4, ..., 4, € F (caydall L, = L, He MCKIIO4aeTcs); 3HAYEHHs ore-

patopa S Ha APYruX MpONnoO3HUHOHAIBHBIX NEPEMEHHBIX HAC HE UHTEC-

pecytoT. Toraa onepatop S 6ynem 0603Ha4aTh Kak S Zl iz Z” .
v A

n
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Ecnu scHo u3 KOHTCKCTA, O KAKHX MPOMNO3ZULHOHANBHBIX [MEPEMEHHBIX

P Py - D,

MAET peYyb, BMECTO §
14[ A2 e A

(B) 6ymem mucate mpocro

n

B(A,,Ay,....4,) .

1.23. Coraamenue. [I1g HopManbHbIX GOpMYJ Mbl OyJIeM paccMaTpH-
BaTk TAIOKE onepamop cheyuanbHou noocmanosxku. OnepaTopoM cre-
UHaNbHOM  TMOACTAHOBKM Mbl OyneM Ha3piBaTh OMOMOPGH3M
S AN[L] — ANJ[L]. Yro6bi onpemenuts Takoi roMoMopdu3M H0CTa-
TOYHO OMPEAC/IUTL OTOOpaxkeHHe S Ha MHOXeCTBe opMyst Buaa Ju(p)
(rae pe P,, WeCh,) v NpoNOMKUTE €ro Ha BCE MHOXECTBO NV, IO
uHaykuud. [lo anamoruu ¢ cornawmenuem 1.22; mbr 6ynemM UCITONB30-
JW:(pl) sz (py) - JW,,(pn)

X, X, X,
KOHTEKCTa, O Kakux d¢opmynax Buga Ju{p) umer peyb, TO BMECTO
SJWl(P1) JWZ(Pz) an (P,

wr

X, A, v X

BaTh 0O0O3HaueHHe S Ecnu scHO us

n

)(Y) 6yneM nHcaTh Y[XI,X ,...,X,,].

n

BmecTto kpyrneix ckofok 6yneM HCHoNb30BaTh KBaApaTHbIe CKOOKH,
4YTOOBI YKa3aTk, YTO PEUb UAECT UMEHHO O CREYUATbHOU NOOCMAHOBKE.

3aMeTHM, 4TO Y[Xl,Xz,...,X,,] H Y(Xl,Xz,...,Xn) — 3TO pasHsele Gop-

MYJIBI.
ITycte f— oToOpaskeHHe MHOXECTBa {JW (A)| WeCh,, A€ FL} B

MHOJ>KECTBO HOpMaJIbHbIX HOPMYJI JIOTHKH L, S — oToOpaxkeHne MHOXe-
crea P, B MHOXeCTBO F;. OnpenenumM orobpaxeHune S, MHOXeCTBa

{JH,( p)lW e Ch,, pePL} B MHOXe€CTBO NN, cieayroluM obpasom:
NOJIOXKUM S f(JW(p)) =f (JW(S(_p))) Ilponomxue orobpaxkenue S

Ha BCe MHOXecTBO N, 0OOBbIYHBIM 00pa3oM MO UHAYKLHH, Mbl MOJIY4YUM
onepaTop CHeLUalbHOM NMoAcTaHOBKH. byzeM Ha3blBaTh ero onepamo-
POM CneyuanrbHOU NOOCMAHO8KU, NapaMempu3o8anHuiM QyHkyueu f.
Jlnig Hac BaxHO UMeTh yJoOHoe 06o3HaueHHe /s pe3ysbTara mna-
pPaMeTpHU30BaHHOH MOACTAHOBKH. 3aMETHM, YTO 3TOT pe3y/bTaT 3aBH-
CHUT TOJBKO OT QYHKLUMH f M OT TOro, Kakue QopMybl CTaBIATCS B CO-
OTBETCTBHE MNPOMNO3MUHOHAIBHBIM NEepeMeHHbIM onepatopoM S. Ecnu
no cornaweHuio 1.22 oneparop S TakoB, YTO €ro MOXXHO 0003Ha4MTh

Spl D2 v Pn

4 4 , TO COOTBETCTBYIOLIUH IapaMeTpH30BaHHBIN oOrle-
1 A

n
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paTop cCrielMaNbHOH MOACTaHOBKH S, Mbl Oynem 0003HauaTh Kak

PP
i " . Ecny HeBa)KHO WM SICHO M3 KOHTEKCTA, O KaKHMX
A A4 n
NPOMO3ULMOHANILHEIX MEPEMEHHBIX H/ET Peub, TO OYAEM [MCaTh BMeE-
Pi P V4
cTo S, " (Y) POCTO Yf[Al,Az,...,A,,].
4, A4, A,

1.24. Coraawenne. [Iycte L — J-onpenenumas snoruka. Toraga cyuie-
CTBYIOT HOpMaJibHble QOPMYJIbI, C MOMOILBIO KOTOPhIX (PYHKUHOHATIb-
HO BBIpa3uMBbl onepauuu J, oo (Jy — J-oneparop, 0 — NMpoU3BOJIbHAA

onepauus u3z O;) U JDL . Taxux HOpMaJIbHbIX (POPMYJ MOXKET OBITh He-
ckonbko. OnHAaKo s Kax10# onepaunu Jy, 00 W J, Mbl BolOupaem
O0O0HY HOPMANLHYIO hopMyaY, C TIOMOLLBbIO KOTOPOH 3Ta onepauus Oyaer
GYHKUMOHaIBHO BBIpa3uMa, U U1 TaKUX (GOpMyJ1 BBEAEM CIEAYIOLIME
o0o3HausHUsA: 4vepe3 Nj, Oyaem obOo3HayaTh HOpPMaJbHYIO (GOpMyiTy,
bYHKUHOHATIBHO BBIPAXKAIOIYIO oriepauuio J, oo, a yepes des Oyaem
0003Ha4aTe HOPMaJIbHYIO (opMyy, (YHKUMOHAIBHO BBIPAKAIOLIYIO
onepauuio J, .

byneM npeanosaraTh, YTO BCe MPOMO3HULHOHANIbHBIE [IEPEMEHHBIE,
BxoasuMe B Ny, , coaepxarcs Cpeau py, ..., Py (€ClIH 0 — n-apHas orne-
pauus), a popmyna des comep:KMT €QUHCTBEHHYIO MPOMO3ULIMOHANE-
HYIO TNEepeMEHHYI p;. Torga, B COOTBETCTBHUM C corjameHuem .23,
yepes N9 (4,,...,4
dbopmyn Ay, ..., A, BMECTO NEPEMEHHBIX Py, ..., Py, COOTBETCTBEHHO.
AHanoruuHo 6y1eM MoHUMaTh o6o3Hauenue des(4).

) Oyiem o6o3HayaTb pe3ynbTaT [OJCTAHOBKH

h

Hnst nansHeied pa®oTel HaM HEOOXOAUMO OMpPEAETHUTh HUCUHC-
JeHHe, aJleKBaTHOe J-onpe ieuMoi J-KoMMakTHOH Jiordke L. Mbi cne-
JIa€M 3TO B CJIE/{YIOLLEM pasferne.

2. AcyucineHue 114 J-onpegeaumMbix
M J-KOMHOAKTHBIX JIOTHK

2.1. Obe3navenus. Kak oOpryHO, uepes (A4 <> B) Oyaem obo3Hayath
bopmyny (A= B)A(B = A). Yepez 1 u 0 6yneM obo3Ha4yaTh BbI-

OpaHHYK) TOXIECTBEHHO-HCTHUHHYIO W TOXIECTBEHHO-JIOKHYK HOp-
MabHY dopmyny J-noruku L. Hanpumep, B kauecTBe 1 MOXKHO B3ATh
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Jw(p)v—=Jy(p), a B kauectBe 0 — J, (p)A—=T,(p), rae pep,,
W € Ch, . Beenem tenepp obo3Hadenus A 4 u \/ 4, rae [ — ko-

iel iel
HEYHOC MHOXECTBO HHAECKCOB. ITonoxum [10 ONIPEACIICEHHIO!

1, ecin ] =,
A =<4, eciu I =3i, 1,
/\ i ﬁ ig 0

el
4, /\( /\ A,J, ec;m]z{io,...};

0, ecnul =,
\/ 4 =44, ecnulz{io};

iel
A4, v[ \ A,), ecnn]-—-{io,...}.

e \iy} )

bynem ucnosb3oBaTh OObIYHbIE COrJlallleHUs OO0 OIyCKaHHWH CKO-
60k B 3anucH GOpMYJI: OMYCKAaIOTCs BHELIHHE CKOOKH, ckoOkH ormyc-
KalOTCsl, €CJIM 3TO MO3BOJIAET CAEIaTh COrJalleHHE O TIPUOPHUTETE OIle-
pauuii. CydTaercs, YTO HAUBBICLIMI NPUOPUTET UMEIOT YHApHBIE OIe-
pauuu (— u Jy, roe W e Ch; ), cnenyroime 1o rpHOpUTETY — oIlepa-
LUMH A U V, CaMblii HU3KUH IPUOPHUTET UMEIOT OIEPALIUU —=> U <.

2.2. Cxembl akcHOM. Mpl chOpPMYIHpYEM HCUYHCJIEHHE THIbOEPTOB-
CKOr0 THIIa, COAeprKalllee HECKOJIbKO rpynm akcuoM. ChHavana cdop-
MYJUpyeM akCuombl rpymnsl (A). [lycts X, Y, Z — BHelHHe QopMyJibl
J-onpenenumoii noruku L. Torna cnenyrowmue dopMysisl OyAyT akcHo-
MaMH:

(A1) X = = X),

(A2) (X > =Z)= (X =YV)= (X = 2)),
(A3) XAY X,

(Ad) X AY 7Y,

(A5) X = (Y = X AY),

(A6) X =>XVY,

(A7) Y=> X V7Y,
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(A8) (X =>2Z)=> (Y = Z)=> (X VY = 2)),
(A9) (X = V)= (X = —¥) = —Y),
(A10) =X = X .

AxkcuoMmsl rpynnsl (A) ABAAIOTCA pe3y/bTaTaMH JEUCTBUS onepa-
topa CL-1OACTaHOBKH Ha aKCHOMbBI KJ1aCCHYECKOIO HUCUMC/IECHHS BBI-
CKa3bIBAHHUM.

['pynna (B) conepXUt eIMHCTBEHHYIO CXE€MY aKCHOM. JTa cxema
OMHUCBHIBACT CBOKCTBO J-KOMIAKTHOCTH.

[Tycte A4 — npousBosibHas ¢opmyna goruku L. Toraa ciaenpyroiuas
dopmyna OyAEeT aKCHOMOM:

B)  AJs(@)=\/I(4),

Se® TeV

rae O,¥ < Ch,, ® u 'Y — KOHEeUHbIE MHOXECTBA H ﬂS - UT )
Sed TeV

AkcuoMsl rpymnisl (C) onuceIBatoT J-orpeaenuMocTb.

Ilycte A, ..., A, — npousBosnbHbie Gopmyibl Jiorukd L. Torna
cnenytowas popmyJsia OyaeT akCHOMOM:
(C1) Jy,lo(4,,..4,) =N (4,...,4,),

rae oe O, \JO, .

ITycte A — npouzBosibEas ¢popmya soruku L. Toraa caenyrouiue
dbopmybl OyayT akcHOMamH:

(C2) J,0s(4)) =1 (0ew,1ew).
c3) J,(0,(4)=0 Oew, lew).
(C4) J,(05(4) = 1,(4) Oew,l1ew).

€5 J,(0(4)e-1(4) (0ew,1ew).

2.3. IIpaBusa BbiBoga. Criucok MpaBui BbIBOJA HAILIErO UCYMUCIIEHHS
OyneT cojep)kaTe TPH NpaBkIa;

L X, XY
(1) . v = (modus ponens),
rae X, Y, Z — BHewHue Gopmybl J-TOTHKH L.
1 - des-BBeeHHE),
(ii) dosd) ( )

roe A — npousBosibHas ¢opmyna J-noruku L.
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... des(A)
(111) —

rae A — npousBonbHas GopMyna J-noruku L.

(des-ynaneHue),

2.4. 3ameuanue. OnpelesieHHOE BbllUE HCYHCIEHHE i J-Onpeneiu-
MOH J-koMMNakTHOM Jlorduku L 6ynem HasbiBaTh UcuucieHHeM L. AHa-
JIOTHYHO, KJIaCCHYeCKOe HCYMCJIEHHE BBICKa3bIBaHHUIH Oy/eM Ha3bIBaTh
ucurciaeHdeM C. [ToHATHS BbIBOAA W3 COBOKYITHOCTH IMIIOTE3, JOKa3a-
TEJAbCTBA, BBIBOAUMON M [JOKaszyeMoi (opMyssl OINpeaessioTcs Kak
0b6b14HO. ToT PakT, uro popmyna 4 6yaer BHIBOAUMA U3 COBOKYITHOCTH
runore3 I' B ucyucnenuu L, 6ynem oboznavarh uepes I' —; 4. Tor
¢akt, uro popmyna 4 6yner gqokazyema B ucuMciaeHuu L, Oyaem o6o-
3HayaThb uepes —; A. Yepes I' —c 4 u |—c 4 6yneM 00603Ha4aTh BEI-
BOJAMMOCTh M3 COBOKYMHOCTH TMIIOTE3 M JOKa3yeMOCTb B KJlaccHYe-
CKOM MCYHMCJIEHHH BBICKa3bIBAHHIA.

2.5. Onpenenenns. [lycte 4 — dopMysia MHOTO3HAYHOM JIOTHKH L, v —
L-ouieHka. bynem roBOpUTb, UTO Vv A6asemcs modenvio gopmynst A,
€CJIH v(A)e D, . byneM roBopuTh, 4TO L-OUEHKA V A6/11emCs MOOeblo

MHoocecmea ¢popmyn T, ecnu oHa sABASETCS MOAENBIO Kaxaoi Gopmy-
net u3 . byaem roeoputb, uto dopMmyna 4 Aeriemcs n02uyeckum
(cemanmuyeckum) creocmeauem muodicecmea gopmyn I', ecnu kaxaas
MoJesb MHOXeCTBa [” aBngerca moaensto dopmyssl 4. ToT dakr, 4To
dbopMyna A ceMaHTHYECKH CNeAyeT B JIOTHKE L U3 MHOXeCTBa popmyI,
I 6ynem ob6o3HavaTh uepe3 I ==, 4. Yepes ==, 4 Oynem o603HauaTh
TOT (akT, YyTo ¢opmyna A L-BbieneHa, 4To, OYEBHIHO, PABHOCHJILHO
JIOTHYECKOMY CJIeTOBAHUIO W3 ITyCTOr0 MHOXXECTBa (POPMYJI.

2.6. 3aMeuyaHHe. AIEKBATHOCTb OIPEAEJIEHHOIO BBbILIE HCUYHUCIIEHHA
1 J-orpeaennuMebix J-KOMMaKTHBIX JTOrMK 6bl1a 060cHOBaHa B pabote
[6]. TTosTOMYy HHXXe MbI MPUBOAHM TONBKO (GOPMYJIHMPOBKH pe3yJjibTa-
TOB U3 [6], BKJIFOUYas U GOPMYIMPOBKH HEKOTOPBIX TEXHHUYECKHX JIEMM,
KOTOpbIe OyAyT UCIONB30BaThCS B AAJIbHEHLIEM.

2.7. Teopema o koppextHocTH. [Tycts I' — MHOXecTBO dopmyi1, A —
¢dopmyna J-onpenenumoit noruku L. Torna I' |- 4 Brever I' ==, A.

2.8. JIemma. Ilycte A — dopmyna, I' — MHOKecTBO GopMyJ Kiaccuye-
CKOM JIOTMKH BBICKa3biBaHHH, S — CL-noacTaHoBKa 114 J-onpeaeniuMon
noruku L. Toraa I' —c 4 Bneuet S(I') |—; S(4).
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2.9. Jlemma. [lycte X, Y, Zy u Zy — BHewinue opMyiibl J-onpenesu-
MOM JIOTUKM L; Z, mnonyyeHa U3 Zy 3aMeHo#H noagopMyisl X Ha dop-
MyJy Y 8 HekoTopbIx BxoxkneHusx. Toraa

X(-_->Y|——L ZX <:>Zy.

2.10. Onpeaenenne. OnpenenuM onepamop HOPMAIU3AYUY NOrm, Ie-
peBonauiuit popmynsl Buaa Ju{A) B HopmasbHble dopmyiibl. Pekypcus
NO MOCTPOEHUIO HOopMybl A:

(1) norm(Ju, (p)): J,{p),rne peP,, WeCh,;
(i) norm(J, (o(4,,..., 4,)))= N?

W norm

[4,,....4,],

[Al,...,An] 0003Ha-

YeH pe3yJIbTaT orepaTopa CreUHalbHON NOACTaHOBKH, Iapa-
METPH30BAHHOTO (QYHKLHMEH norm: 3TOT OMeparop MOACTaB-
JsieT BMecTO (opMyJ1 BHIA JT(p,) ¢ opMy bl nonn(J (4, )),

rne o€ O, \JO, . W € Ch, ; yepe3 Nj,

W norm

rae i=1,..,n, T € Ch; (cM. cornaumieHue 1.23);

1, ectu OeW, leW,

0, ecid OgW, 1eW,
norm(JS(A)), ectn OeW, leW,
- norm(Js (A)), ecin OelW, leW,

(iii) n(.)rm(JW(JS(A)))z(

rne W, S € Ch, .

2.11. Ilpeanoxenue. [Jns Jiroboit dopMmynbl 4 J-onpenenuMori JIOTHKH
L cnpaeeanueo j—; J,, (4) = norm(J,, (4)).

2.12. 3ame4anne. Onepatop HOpMaiU3aUUHA NOrM MOXKHO MO HHAYK-
UM NPOJO/DKHTE Ha MHOXXECTBO BCEX BHEWIHUX dopmyi J-onpeaenu-
MOM JIOTHKH L.

2.13. lIpepnoxenne. [Jns 1mo6oH BHewHeid dopmyast X J-onpenenu-
MOH JIOTMKH L cripaBefiuBO —; X <& norm(X).

2.14. Ilpennoxenue. lis 1060 popmynsl 4 J-onpeneuMon JTOrHKU
L cyumiectByeT HopmaibHasi ¢opMmyaa X 3TOH JIOTUKH Takas, 4TO
A I—LX H Xl-——LA

B kayectpe Tako#t popmybl MOXKHO B3sTh norm(des(A4)).

2.15. CaeactBue. Ilycts I' — MHOXEcTBO dopmyn, 4 — dopmyna J-om-
peaesuMon soruku L. Torna
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'} A ecnu u Toneko ecnu norm(des(I)) —; norm(des(4)),
rae norm(des(T")) = {norm(des(B))[ Be F}.
2.16. O6oznauennus. Dopmyny A J(4)=\/J,(4)  (akcuomy
Sed Te¥
rpynnel (B)) 6ynem obozHauate yepes Bi(A). ITycte I' — MHOXeECTBO
dbopmyn J-onpenenumoit noruku L. Yepes AxB(F ) 0603HaYHM MHOXe-

cTBO hopMy

{B::(A)

AEF,(D,\Png?L,(D,LP-KOHequIe,ﬂSg UT1

Sed Te¥ J

Ecnu A4 — ¢opmyna, To yepes AxB(A) 0003HaYHM MHOXECTBO ¢op-
MYyl AxB({A})

2.17. Onpenenenue. OLeHKy v B kjaccuueckor JiorHke (C-oueHKY)
OyneM HazbiBaTh B-xoppexmuoii, €CliM OHa ABJSETCS MOAEC/IBIO MHOXKE-

cTBa QopMy AxB(PL)A, T.€. Ha OLIEHKe Vv UCTHHHA Kaxnjas ¢opmyna
BUga A ps =>\/ pr, rae pe P, O,¥Y¥cCh,, O, ¥ — koHeuHbie

Sed Te¥
MHOXKECTBA, ﬂS (o= UT .
Se® Te¥
2.18. Ilpennoxenne. [lycte L — J-onpeaenumas J-koMIaKTHas JIOTHKa.

Tornpa ans kaxknoi B-koppektHoi C-OLIEHKH V cyllecTBYeT L-OLeHKa u

TakKas, 4To u =v. (CMm. onpenenenue 1.19).

2.19. Jlemma. ITycts I' — MHOXECTBO HOpPMasIbHBIX POpMYJI, X — HOp-
MmanbHas Gopmyna J-onpeaenumoii J-koMnakTHOH J0rukH L. Toraa

r*UAxB(P, )" — x° ecnu utonbko ecnu I' —; X.
L ,

2.20. Caeacrsue. [Iyctb I — MHOXECTBO HOpMaibHbIX (popmyi1, X —
HopMmaJibHas opmyina J-onpeaenumoi J-komnakTHOM ioruku L. Toraa
I ==, XBneuerI' |—, X.

2.21. Teopema o moanore. [Iycts [' — MHOoxecTBO hopmyi, 4 — dop-
myna J-onpeaenumoii J-koMnaktHo# norukd L. Toraa I’ ==, 4 Breuer

T A.

2.22. Onpenenenne. [Tycts L MHOro3Ha4Has JIOrHka. by/ieM rosopursb,
YTO JIOTMKA L KOMIIaKTHa, €c/id JJi1 Moboro MHOXeCTBa GopMyJ1 3TOH
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noruxu ' 1 mo6ol dhopmy sl A Beskuil pas, korga I' [==; A, cyiuect-
ByeT koHeuHoe I’ < I' Takoe, uto I ==, 4.

2.23. Teopema. Ilycte L — J-onpenenumas noruka. Torza cinenyrougue
TPH YCAOBUA AJ1d JIOTHKHA L paBHOCHJIbHbL:

(1) noruka L J-koMilakTHa;
(1) g norukd L cripaBedsuBa TeopeMa o MosHoTe (cM. 2.21);

(1i1) Joruka L KOMMaKTHa.

3. AareOpauyeckuif NoaAxoa K J-onpeaesHMbIM
J-KOMNAKTHBIM JIOTHKaM
3.1. 3ameuanne. [Iyctp B = (B, N, U, —) — OyneBa anrebpa. bynem

CUMTaTh, UTO HA MHOXKECTEE B B 3TOM cily4ae CTraHAApTHBIM 0Opa3oMm
OMpe/ie/ISHO OTHOLUEHHE NMopsiaka < W onepauus «UMIITHKALHHY —>, a
UMEHHO: a<b, eciu anb=a; a— b=-aub. Hauboapiuuii 31e-
MeHT OyJieBol anrebpel B 0603HauuM yepes /, HAaUMEHbLIUH — Hepes 0.

3.2. Onpeaenenne. [lycte B = <B, M, U, —> — bynesa anrebpa, a L — J-

h

onpejeniMas J-koMNakTHas Jioruka. Paccmotpum B | T.e. MHOXe-
o h

cTBO oToBpaskennit Ch, B B. Ortobpaxenne f e B Hazosem B-

KoppekmHbim (MMEIOTCA B BUAY akcHOMsbl rpynnsl (B), a He anrebpa
B), ecau

mf(S)S Uf(T) BCSAKHMH pas, korjaa ﬂS C UT

Sed TeY Sed Te¥Y
(D,%¥Y < Ch, , D, ¥ — KOHEUHBI).
O603HauuM uepe3 B; MHOXECTBO {f e B ‘f B- KOppeKTHO}.

3.3. Onpenenenue. [Iycte B = <B, N, U, —> — OyneBa anrebpa, L -

J-onpeaenumas J-komnakTtHad norvka. M mycte v: P, — B, . O603Ha-

UMM Yepes ! otobpaxkeHre MHOXecTBa N, B B, onpenenseMmoe pe-
KYPCHBHO CJIEAYIOLUHM 00pa3oM:

O V' Uy (p)=v(p)), (pep, WeCh)
(i) V(X AY)=vT(X)AV(Y), (X,YeN,)
vﬂ(XvY)=vﬂ(X:luvn(Y),
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vﬂ(XZQY)zvﬂ(X)—)vﬂ(Y),
vﬂ(—\X)=—vﬂ(X).

OueBuano, uto v sensercs romMmoMopduzmom anredpsl AN[L] B
anre6py B. bynem HassiBate ero BN-peanuzayueii orobpakeHus v.

Ilycte X — HopManeHas ¢dopmyna JOruku L, BCe MPOTMO3HULIMO-
HaJIbHbIE MEPEMEHHBIE KOTOPOH COAEPXKATCA CPEdAH Py, Pys..., P, . JHA-

yeHue ¢opMyasl X Ha BN-peanuzaumu mo6oro orTobpakeHus
v: P, -» B, Takoro, 4to v(p,)= f,, v(p,) = f5,., v(p,) = f,, Oyaem
ob0o3Ha4aTh yepes X“f,,fz,...,fn .

3.4. Onpeneaenne. B npeapiayuiem myHkre Mbl onpenenuad BN-pea-
AvsauMoo otobpaxeHus v:P, — B, kak romomopdusm anreopsl

AN[L] B anrebpy B. AHaJIOrHYHO MOXHO ompenenuTs B-peanuzayuio
orobpaxenus v. Ona O6yner romoMopdusmom anredbpsl AF[C] B an-
reopy B. O6o3Hayate B-peanuzauuio otoOpaxkeHus v Oyaem uepes

y! . Honoxum vT(pW)z v(p)(W) (p eP,py P, We ChL) U Ipo-

OOJDKYM OTOOpakeHue v Ha BCe MHOXeCTBO F¢ OGBIMHBIM obpazoMm,
M0 UHAYKLIMH.

ITycts A — dopmyna noruxku C, BCe NpoONO3ZHMLHOHANIbHBIE TEpe-
MEHHBIE KOTOPOHN COAep KaTcs B MHOXECTBE orb({pl, Dass P }) 3Ha-

yeHue Gopmynsl 4 Ha B-peanusauuu arob6oro  orobpaxeHHs
v: P, — B, Ttakoro, uto v(p,)=f,, v(py) = fo,.- V(p,) = f,, Oynem
o0o3Ha4aTh Yepes A”fl,fz,...,fn”.

3.5. Jlemma. [lycte B =(B, N, U,—) — Gynea anre6pa, L — J-onpene-
nuMas J-koMnakTHas jordka, v: P, — B, . U mycte X — HOpManbpHas
dbopmyna noruku L. Torna v (XA)z yl (X) :

Hcnone3ys BBedeHHbIE Bbille 0003HaYeHHs, 3TOT pe3ysbTaT MOX-
HO cOPMYJIMPOBATH CENYIOLUM 0Dpa3oM:

X2\ fos Farees Ful| = X\ fis Frseeos Sl -

3.6. Jlemma. [lycte B = (B, N, U, —> — Oynesa anrebpa, L — J-onpene-

nuMmas J-koMnakTHas Jioruka, v: P, — B, . Torna B-peanuzauus oro-

A
OpakeHus Vv ABJIAETCA MOJE/IBIO MHOXKECTBA AxB(PL) :
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. A
Hoxkazamenvcmeo. Kax<apli 371EMEHT MHOXKECTBa AxB(PL) HMe-

eT BUI
NADPs=\ Prs
Sed Te¥Y
rae pe P, ®,¥ < Ch, takoBsl, 4TO ﬂS C UT . Torma
Sed Te¥
7/ N
AP =V e 2O > V))<=
Sed Te¥ /) Se® Tey

TaK Kak v(p)e B, .

3.7. Onpeneaenne. [Iycts B =<B, N, Y, —) — Oynema anrebpa, L sB-

nsercs J-onpenenuMor J-kOMNakTHOH Jiorukod. OnpeaeluM Ha MHO-
xectBe B, onepayuu, coomaemcmayowue onepayuam uz O;. 3Ha4eHH

3THUX onzpaumii 6ymyT Gpathcs u3 MHOkectBa B "' ; 3aMKHYTOCTB
MHOJKECTBA B; OTHOCHTENBHO ONpeenseMblX HHKE ONMepalMil Ha eLle
npeacTouT gokas3ath. O60zHayaTh 3TH omnepaudH OyJeM Tak Ke, Kak
onepauud u3 O;. [1o10XHUM, N0 ONpeaeIeHUIO:

(1) ol frss ) )= Ny | frses 1]

rne oeO, \JO,, WeCh,, f,..f,€B,.
B eciy 0eW, leW,
0, ecnn OgW, lel,

f(S) ecm Oew, lew,
\ﬂf(S) ecnin OeW, leW,

rone S WeCh,, feB,.

2) Js(f)w)=+

3.8. IIpersioxenne. MHOXECTBO B; 3aMKHYTO OTHOCHTEJBHO OMpeje-
JIEHHBIX BBILLIE ONEpaLu.

Loxazamensvcmeo. Ilycte dyHkuHMu f...., f,, € B, . Ilokaxkem, uto
o(f,,.... /,)e B, . Tlycts @, ¥ < Ch, TakoBbl, 4TO ﬂS o UT .

Sed TeV
[TokaxkeM, 4TO B 3TOM ciiyyae OyaeT BEpHO

(YO S TNSY SN o5 F)(T): (1)

Sed I'e¥
PaccMoTpuM dopmyity o(p;,...,p,,) . Obo3nauyuM ee yepes 4. Gopmya

Bl (4) senserca akcuomoii, moaToMy BepHo —; By (A)
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B cuny npennoxxenus 2.13, 6yneT BepHo Takke —; norm(Bg (A))
[To nemme 2.19, mnoay4yum: AxB(PL )A —c norm(B:g (A))A . Ilyctp
v: P, — B, TakoBo, 4TO v(p,)=fi s, Wp,)=f,. Torna, no nemme

T
3.6, roMoMOpHU3M V' ABISETCS MOJEIbIO MHOXKECTBA AxB(PL)A. Hns
KJIaCCHYECKOH JIOTMKH CIpaBe/IiBa TEOpEMa O KOPPEKTHOCTH OTHOCH-

T
TenbHO OyneBbix ayiredp. CnenosarenbHo, roMoMoppu3M v saBigeTCs

moznensio gopmysst norm(BE (4))" . Ho no nemwe 3.5,
v norm (B (4))) =" nom(BY ()} )= 1.
Ho norm(BY(4)) - ato dopmyna
AN (D15 2,) = N/ N2 (Do ).

Sed Te¥

Torna, no onpenenenuam 2.10, 3.3 1 3.7, noay4um:

v (norm(BE ()= N Sl > N

Sl =

=Moo (fiss £)(8) >\ o (S0 S T) =1,

Sed Te¥
OTKynOa, OYE€BHIHO, cieayeT (1).
3aMKHYTOCTb 10 J-0oreparopaM J0Ka3blBa€TCsi aHAJIOTHYHO.

3.1. Onpenenenne. [Ipensigyiiee MnpemIoKEHHE MOKA3BIBAET, YTO C
noMoleio onpeaeneHuit 3.2 u 3.7 Mbl s kaxzaoi Oynepoi anredpel
B= (B, N, U, —) 3agaeM ajirebpy ¢ HocuresneM B; U CHrHaTypoH, COB-

nagarolieii ¢ curatypoit anredps! noruku L. bynem HasbiBaTh 3Ty a-
rebpy L-eepcueii anzebpor B 1 0603Ha4ate nocpeactsom B;.

3.2. Onpenenenue. [Iycte B = (B, N, U, —> — 6ynera anrebpa, L — J-
onpenenumas J-koMnakTHas jgoruka. s kaxaoro a € B onpeneinm
a e B cnemyrorum obpasom:
(1, ecnu OeW, leW,

0, ecnu O0eW, leW,

a, ecau O0egW, leW,
—a, ecan OeW, 1¢W,

a(w)=-

43



rie W e Ch, . bynem HassiBate @ L-o6pasom snementa a. Yepes B

OyneMm ob03Ha4aTh MHOXECTBO L-06pa3oB Bcex 3/1eMEHTOB B.
3aMeTHM, 4TO, BBOAS 0003HaYeHHe BHAA a , Mbl HESBHO I0Apa3y-
MEBaeM, YTO JIoruka L — gHkcupoBaHa.

3.3. llpenoxkenue. [lyctp B = <B, N, U, —> — Oynepa anrebpa, L — J-
onpeaendmas J-xomnakTtHai gorvka. Torga BcC B, .

Loxazamenscmeo. Paz60p BO3MOXHBIX C/y4aeB JOCTATOYHO AJTHH-
HBIH, HO HECJIOXKHBIH.

3.4. Onpeaenenne. B anrebpe B; MHOXecTBO
Dy = {fe Ba‘ des“f” =1}
Ha30BEM MHO>XECTBOM BBIAEJIEHHBIX 3HaueHui anrebpel B;.
3.5. IIpeanoxenne. [Tycte B = (B, N, U, —) — Oynesa anrebpa, L — J-
onpenearMas J-koMnakTHa: Joruka. Toraa le Dy, » 0¢ Dy, .

Hoxazamenvcmeo. He Hapyluas OGMWHOCTH, NPEANIONOXHM, YTO
des=J, (p) ITo onpenenenuro 3.10,

J_I, ecnu leW,

W)=

10, ecnu le W,
5 (1, ecnu OeW,
oW )=-

lO, ecid 0 g W,

rae W e Ch, . HanomuuMm, uto 1€ D, , 0¢ D, . Torna
1o (| = 1(0,)=1

sHaumT € Dy ,alp (p)”O. = (5(DL): 0, cnenoBaTensHo, 0 ¢ Dy, .

3.6. Onpenenenne. [lycte L — J-onpenenumas J-koMnaKTHas JIOTHKA;
a,feV,. bynem roBopuTb, 4YTO HWCTHHHOCTHbIE 3HaueHHs J-

cpagHumbl, ecny Ans moboro W e Ch, B anrebpe AL[L] BepHO paBeH-
cteo I, (a)=1, (,B) OtHoweHue J-cpaBHUMOCTH Oynem obo3Ha4aTh
CUMBOJIOM =.

3.7. llpennoxkenne. OTHOLISHUE = SBJISETCS KOHIPY3HUHEH B anredpe
AL[L].
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Hoxazamenvcmeo. OueBUIHO, = SABISETCA OTHOLIEHHEM SKBHBa-
JIEHTHOCTU.

Mycte 0€ O, \JO,, «,=p,.., a,=p,. IT0 03HAYaAeT, YTO
J,(@)=7,(8) (i=1,.,n, WeCh,).Torna

Wylolay..a,)) = Ny a0, | =

= N[ B8] = 1y (0lBys0 ),

s moboro W e Ch, . CnenopatensHo, ola,,...,,) = oB,,... 3,)-

AHaJIOrH4HO NpoBepseTcs TOT GaKT, YTO OTHOLIEHHE = COXpaHs-
eT J-onepartopsl.

Yepes AL[L],. 6ynem ob6o3Hayath ¢akropanrebpy airedpsl

AL[L] no oTHoweHHIO =, yepe3 [a] Oynem ob6o3HayaTh Kjacc 3KBUBa-
JIEHTHOCTH HCTUHHOCTHOrO 3Ha4Y€HUS O 10 OTHOLLEHHUIO =.

3.8. JJemma. [lyctb e D,, a=f . Torna fe D, .
3.9. Onpenenenue. Muoocecmsom evldeneHHbIx Kiaccoe B anredpe
AL[L],. HazoBeM MHOxecTBO D, _ ={ o] | aeDL}. Onpenenus

MHO>KECTBO BBIIEJIEHHBIX KJIacCOB, Mbl ()aKTHYECKH ONpeaenuwiy gax-

mopnoz2uxy nozuku L no omwnowenuio =. OO03HayaTh 3Ty QaKTop-
JOruKy 6ynem uepes L,_.

3.10. JJemma. [TycTb v| U v, — aBe L-OLeHKH Takue, uto v,(p)=v,(p)
(p e P, ), H mycTb X — HopManbHasa ¢opmyna. Toraa v, (X) =V, (X) :
Lloxazamenvcmso. UHAyKIMS 110 HOpMaibHbiM (popmynam J-omnpe-
JeTMMOH J-KOMITaKTHOH JIOTUKH L.
3.11. Jlemma. ITycts v; U v, — iBe L-oLeHKH Takue, uto v,(p)="v, (»)
(p € PL), U nyctb A — npousBonsHas ¢opmyna goruku L. Torna
v (4)=v,(4).
Loxazamenvscmeo. UHIykuus no ¢popmysnam JIOTHKH L.

3.12. Onpenenenue. [Ilyctb v — L-oueHka B J-onpeaenumon J-
KOMMakTHOH storvke L. [Tonoxum v,_ (p)= [v(p)] (rne DE PL) Y 1Ipo-

JOJDKHM OLIEHKY V,_ Ha MHOXXeCTBO F; 0ObIYHBIM 00pa3oM MO MHAYK-
uuu. [TonyuyenHyto oueHky B pakropnoruke L, Oynem Ha3biBaTh ghak-

mopoyerHkou L-oyenku v no omHoweHuio =.
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HMugykuueit no ¢gopmynaMm Jorukd L MOXHO AOKa3aThb, YTO AJIA
moboit dopmynsl A 1oruku L v/E(A)z [v(A)]
3.13. Teopema. [lycTe L — J-onpeaenumMas J-KOMIMaKTHas Joruka, L,

— COOTBETCTBYlOWas (pakrop-noruka. Toraa ¢popmyna A goruku L Oy-
neT L-BblA€NIEHHOW TOrAa 4 TONBKO TOrAa, Koraa oHa Oymer L,_-

BbIAEJIEHHOHM.
Hokazamenvcmso. (=) WUuaykuus no ¢opmynam. Hcnonssyercs
¢yHkUHMs BEIOOpA HA MHOXKECTBE { v(p)’ pEP }, rae v— L, -olieHka.

(<) Cnenyet u3 nemmbi 3.16.

3.14. Onpenesenne. Onpenenum otobpaxenue "1V, — B cre-
AYOLIUMM 00pa3oM:
4 I, ecnu acW,
@1 ()=

0, ecin aeW,
rae WeCh, .

3.15. Jlemma. [Ins moboro ¢ € V, yHkuua [a]” € B, .

Hokazameavcméo. HenocpeacTBeHHas MpoBepka MO Orpejesie-
HUIO MHOXXecTBa ¢yHKkuUuH B; . Mcnonab3yercs TOT OYEeBHAHBINA (AKT,
4yTO @ = [/ TOrAa M TOJbKO Torna, koraa ans moboro WeCh, au f

nMb0 OAHOBPEMEHHO IMpHHAa/UIeXaT, TH00 OAHOBPEMEHHO He MpPHHA[-
nexaT MHOXECTBY W.

3.16. JIlemma. [Iycte v — L-oueHka. Onpegenum oToOpaxkeHue
v' P, —> B, cieayrouuM o0pa3oM: v*(p)=[v(p)]+. Torma ans no-
6oit HopMabHOH dopMyibl X

ft
v X)=1l < v (X)=1.
f
MoxHo cka3ath, 4to vW(X)=v" (X), ecnu ortoxaectButs 0,1eV, ¢

0, 1 € B, cootBercTBeHHO. B 6osee yaobHbIX 0603HaUEHUAX,

X|ay,...a, |= X|aq,..a,]-

3.17. Ilpenaoxenne. Otobpaxkenue “:V,,_ — B, sABnsercs MOHO-

mopdusmom anrebpst AL[L] _ B anreSpy B, .

Hoxazamenbcmeo. JIokakeM, 4TO ~ ~ MHBEKTHBHOE OTOOpaKEHHE.
[Mycte [a]#[f]. Torma HeBepHO, uTO « = [, 3HA4YUT, Halaercs
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W e Ch, takoe, uto o € W, Ho & W . B aTom ciydae [a]" w)=1,
(81" (W) =0, suauur [a]" =[B]".

[Tokakem, uro ~ — romomopdusM. Ilycte 0 € O, \JO, . [Tokaxem,
4TO B 3TOM Cllyyae

(o([a,),..o[@, )" = o ([ [@,]7) - (1)
[lycte W eV, . Torna
(o([a, ).l DY (W) =

. [1, e o(a,....,a,)eW,
= [o(a,,..,a,)] (W) = -
I_O, ecnu o(a,,....,a,)eW.
C npyro#i CTOpOHBI

(0([a,]" sl 1 DOW) = N,

— AJO B
—NW{-al""?an l

[al]ﬁ&a--"[an]+
- ] 1, ecmu o(a,...a,)EW,
LO, ecnu o(ay,....a,)EW.

=1, (o(as..n2,))

Takum ob6pazom (1) mokazano. Mcrnonp3oBajioch onpenesieHue onepa-
UMK 0 Ha MHOXecTBe B, u nemMma 3.24. ToT dakT, uto oTobpaxkeHue
coxpaHseT J-onepaTopsl, IPOBEPSAETCS aHaJIOTMYHO.

3.18. Caencrsue. [Iycte B = <B, N, U, —> — Oynesa airebpa, L — J-on-

penenuMas J-koMmnaktHas jioruka. Torga anrebpa B, conepxxur noaas-
re6py, uzomopdHyro akropanredbpe AL[L].-.

3.19. Hpenaoxenue. [Tycte B2 — aByx3nemenTHas Oysnesa anrebpa, L
— J-onpenenumas J-xomnaktHas noruka. Torma B2, uzomopdHa an-
redbpe AL[L]..

Hoxazamenvcmeo. B cunmy npennoxxeHus 3.25, 1OCTaTO4HO IOKa-
3aTh, 4TO Jrobas GyHkuus f U3 {0, 1} , TIPEACTaBMMa B BUIE [a] ans

HekoToporo a €V .
Tpeanonoxum, uto f € 1{0, 1} - Ilycts

Oy ={WeCh |fW)=0}, O ={WeCh|fF)=1.

[TokaxkeMm, 4TO ﬂSg; UT . Ilpeanonoxum npotusHoe. Ilycts
Sed, Sed,

ﬂSg UT. Tak kak noruka L J-koMnakTHa, HalAyTCSd KOHEYHEIE
Sed, Se®,
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Oy, < ®,, O < O, Takue, uyTo ﬂS [ UT. Ho Torpa BepHo Hepa-

Sed] Sed,
BCHCTBO
MS)< @)1t M FS)=1, U £(T)=0.
Sed) Ted; Sed; Ted,

[Tosyunnu npotuBopeure. TakuM o6pazoM, ﬂS’g_ UT Torna cy-
Sed, Sed,

IUECTBYET MCTHHHOCTHOE 3HAYEHHUE a € ﬂS \ UT . HerpyaHo noka-
Se®, Ted,

3ath, yTOo f =[] .

3.1. Hpeanoxenne. ITycts I — J-onpenenumas J-KOMIIaKTHas JIOTHKa.
Torpa Dy, ={[la]"|aeD,}.

Loxazamenvcmso. Ucnione3yercs nemma 3.24.

3.2. Jlemma. [Iycts B = <B, N, U, —> — 6ynesa anrebpa, L — J-onpene-
nuMas  J-KOMIIakTHas  Jioruka.  PaccMorpum  romomopdusm
v:AF[L]-> B, . Bo3pMeM orpaHudeHHe v Ha MHOXECTBO P, u ompe-
AEIUM C €ro MOMOILBI0 TOMOMOPGH3IM l :AN[L] — B {(cM. onpene-
neunue 3.3). Torna nna moboii popmyibl 4 € F, H 1060ro MHOXKeCTBa

HCTHHHOCTHBIX 3Ha4eHHH W < Ch, BepHO

v! (norm(J,, (4))) = v(A)(W) .

Loxazamenvscmeo. UHAyKkuua 1o noctpoeHuro ¢opmynsl 4. Hc-
Moib3yETCsl OMpENEieHUWe ornepaTtopa HopMmaiu3auuu norm (2.10) u
onpeneaeHus 3.3.

3.3. Onpenenenue. [lyctb 4 — popmyna J-onpenenumoit J-kommnakr-
Ho# Joruku L, B, — L-sepcus 6yneroii anrebpel B. @opmyny 4 6ynem
HaspiBaTh B -BblaeneHHOH, eciad s moboro roMomopdusma
v:AF[L]— B, 3HaueHHe v(4)e€ Dy . Qopmyny A GyaeMm HasblBarth

BBIIEJIECHHOH B Kiacce L-Bepcuil OyneBbix anrebp, ecin oHa B;-
BblAesIeHa [J1s 10boii OyneBol anrebper B.

Tort daxt, uro popmyna A B, -Briaenena, 6ynem o003HayaTh Yepes
== g, 4, TOT aKT, 4ro popmviia A BblaeeHa B Kiiacce L-BepcHi BCex

GyneBbIx anrebp, Gyaem o603kauaTh Kak == . 4.
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3.4. JI=smma, Ilycte X — L-BplaeneHHas HopMasibHas ¢opmyna J-omnpe-
nesuMoi J-xkoMiaktHOH norukH L, B, — L-Bepcus 6ynesoit anrebper B,

v — romoMopduam anredpel AF[L] B B,. Toraa vﬂ(X) =1.

Hokazamenvcmeo. I1o Teopeme o nonHore, —; X. [To nemme 2.19,
A
AxB(P, )*—¢ X% . B31B orpaHuyeHHe 0TOOPAXKEHHS V HA MHOXKECTBO

O ~
P;, noctpoum ero BN-peanuzauuo v' u B-peanuzauuio v . (CM. on-

peaenenus 3.3 u 3.4). Ilo nemme 3.6, romomophusm v' sBnserca Mo-
JeNbI0 MHOXKECTBA AxB(PL )A. [Tockoneky ana noruxku C umeeT MecTo
TeoOpeMa O KOPPEKTHOCTH OTHOCHUTENIbHO OyseBbIX anrebp, mony4dum
vT(XA) = ]. Ho o nemme 3.5, v (XA)z vﬂ(X).

3.5. Teopema. [lyctb 4 — dopmyna J-onpeaenumoi J-kOMmakTHOH

norukM L. Toroa 1==L A, €CJIM ¥ TONBKO €CIIH == Lvers A

Loxkazamenvcmeo. (=) Ilycth {==L A. Bo3pMeM MpPOU3BOJILHYIO
Oynesy anrebpy B, noctpoum ee L-epcuio B;, n paccMOTpHM romo-
mopdusm v: AF[L]— B, . 3atem paccMOTpUM HOpMaJIbHYIO opmyity
norm(des(A4)) . OueBUaHO, ==, norm(des(A4)). Torna nmo nemme 3.31,
! (norm(des(A4)) = /. 3Haywur, des“v(A)” = /. (He napywmas obiHocTH,
MGIKHO MPEAMNOJIOXKHTE, 4To des(A4) =] p, (4) , ¥ BOCTIONB30BATHCS JIEM-
moit 3.29). Torna v(4) € Dy (cM. onpenenenue 3.12). B cunmy npous-
BOJIBHOCTH BbIOOpa OyseBoi anre6pel B 1 roMoMopdHu3Ma v nosryyum,
410 |== LversA-

(<) Myers ==, 4. Toraa gopmyna A 6yner B2;-BbineneHa,
rae B2 — nByxanemeHTtHas Oynesa anrebpa. Ho anrebpa B2, uzomopd-

Ha ¢akropanrebpe AL[L].. Torna dopmyna 4 Oymetr L,.-BblaeneHa,
3HAYMT U L-BbIOEseHa.

3.6. CreacrBue (TeopemMa 0 MOJHOTE OTHOCHTEJbHO L-BepcHii Oy-
JeBbiX aaredp). Ilycte 4 — ¢popmyna J-onpenenumon J-kOMNakTHOIMA
noruku L. Toraa |—; A, €Cli 1 TOIBKO ecu == LversA-

4. L-anretpsl

B nanHOM pazaene npeanaraercs akCMOMaTH3allMs kiacca anredp,
KOTOpbIe (MpH MOOXONALIEM OINpENCTIEHHH MHOXKECTBA BbIAEIEHHBIX
3HaYeHUR) MOTyT ObITE MOAENAMH J-ONpeeuMbIX J-KOMMNaKTHbBIX JIO-
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rik. Tax Kak [OKa3aTelbCTBa HOCTATOYMHO TI'POMO3JAKH, MPHBOAATCA
TOJILKO (DOPMYJTHPOBKH pe3yJIbTaTOB.

4.1. Onpenenenne. [Iycts L — J-onpeaenumas J-komrnakTHasi JOruka.
Torna L-anrebpoii OyneM HaspiBaTh ajireOpy curHarypst O, yaoBie-
TBOpslOULYIO cneaytowum akcuomaM. (Ilpennonaraem, umo a, b, ¢, a,
..., Qn B35TblI U3 HocuTens L-anrebpel, W,S,T € Ch, .)

AKCHOMBI BHELIHHX 3JIEMEHTOB
(Al) Jy,avil,a=1, a,
(A2) Joavl b=J,bvI]ga,
(A3) (Jsavilb)yvIyc=Jsav(d bviyc),
(Ad) Jean(Jrbviyco)y=Usanl byvlsanlyc),
(AS) —=lya=1J,a,
(A6) —(Jgavi]b)y==Jsan=J;b,
(A7) Joav({J;bA=J;b)=]ga,
(A8) Jea=>J;b==Jsav];a
Axcuomsbl J-koppektocTH

B) AJsa=>\/Jya=1,

Se® I'e¥

rae O,%¥ < Ch; , ® u 'Y — KOHeUHbIE MHOXKECTBA H ﬂS - UT .

Sed TeY

AKCHOMBI CBSI3H

ClH I, (O(al,...,an )) =Ny, (al,...,an),

rne oe O, \JO, .

(C2) J,(0sa)=1 (Cew,1eW).

(C3) J,(0ga)=0 Oew,1ew).

Cc4) J,(Jga)=J;a ' (Oew,1ew).

(C5) J,(0sa)==Jsa (Oew,1ew).
AKCHOMBI 3aMKHYTOCTH

(D) J,a*i b=1J,(sa*}; b) (0ew,lew),
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(D2) Jga*l b=y, (~(Jga*I b)) (0eW,1eW),
(D3) Jga=J,(=Isa) Oew,1ew),
(D4) Joa=1,(,a) 0ew, lew),

rae depes * ob03HaueHa /Mobas U3 onepauMi: A, v, =.

4.2. Ilpeanoxenne. [lna moboit Gynesoit anrebpel B ee L-sepcus B,
apisercs L-anreOpoii.

4.3. Ilpeanoxenne. [[ns mo60ii J-onpenenuMoi J-KOMNaKkTHOH JOrH-
ku L ee anrebpa AL[L] sBnsiercs L-anre6poii.

4.4. Onpenenenne. [Tycts L — L-anre6pa ans HekoTopoit J-onpenesnu-
MOH J-xoMnakTHOH nordkd L. OmnpenenuM Ha Hocurene anreOpsl L
OTHOLLIEHHE = ciaeaylolwuM obpazoM: a=b, ecnd s moboro
WeCh, Bepuo J,a=1J,b.

4.5. Ilpeanoxenne. OnpenesieHHOE BbIlIE OTHOLICHHE = SBIAETCA
KOHrpy3HUuei B anredpe L.

4.6. Teopema o npeacraiiennd. [Iycte L — L-anrebpa nns Hekoto-
poit J-onpenenumont J-komnaktHo# norukd L. Tornpa cyuectByer Oy-
nesa anrebpa B takas, yro dakropanrebpa L. uzomopdHa HekoTOpOI
noganrebpe anredper B, (L-Bepcuu anre6per B).

4.7. Onpenenenue. Ilycts L — L-anrebpa 11 HekoTopoit J-onpenenu-
MO# J-koMnakTHOM joruku L. MHOXeCTBO BbIAETEHHBIX 3HAYEHUH HO-
cutens anredpel L onpeaenum cienyroluM oopa3om:

D, ={aedom(L)|des(a) =1},
rae dom(L) — 3To HocuTens anrebpsl L.

4.8. Onpenenenne. [Tycte 4 — dopmyna J-onpenenumoii J-koMnakr-
HoW noruku L, L — L-anrebpa. Popmyny A OyneM Ha3biBaTh
L-BolaeneHHoM, ecnu ans moboro romomopdusma v: AF[L] — L 3Ha-
yeHue v(4) e D, . Popmyny A 6ynemM Ha3bplBaTh BbIACIEHHOH B Kjlacce
Bcex L-anrebp, ecnu oHa L-BeiaeneHa nns noboi L-anredpsi L.

Tot dakr, uro popmyna A L-Beigenena, OyaeM obo3Hayath uepes
== L A, ToT dakT, uro popmyna 4 BeiaeseHa B kiacce Bcex L-anredp,

GyaeM 0603Ha4aTh Kak == Laig 4-

4.9. Teopema o noaunore. Ilycts 4 — popmyna J-onpenenumoit J-kom-
makTHOM Jioruku L. Toraa —; A4, ecili 1 TONbKO eciiu == Latg 4-
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JL.JI.MakcumoBa

SIBHASI U HESIBHASI OTPEJAEJIAMOCTD
B MOJAJIBHBIX,
CYIHEPUHTYUIIUMOHUCTCKHX
U PEJIEBAHTHBIX JIOT'HKAX

Abstract. Various versions of the Beth definability property are
considered for propositional normal modal logics, and also for super-
intuitionistic and relevant logics. We discuss interrelations of these
properties, and find their algebraic equivalents in case of modal and
superintuitionistic logics, and for extensions of R formulated in the
language with a propositional constant t.

Teopema bera o HesABHOHM onpenendMOCTH YTBEPXKIAET, UTO B
KJ1aCCHYECKOM JIOTHKE MPEIMKATOB M3 HEIBHOM ONpPEAEIHMOCTH OTHO-
IEHHd B HEKOTOPOHW TEOpPHM CJiedyeT ero sBHasg ONpeAeTMMOCTb.
IloHdTHs HesBHOHM MU ABHOHM OmnpenesMMOCTH MOTYT ObITh 3adaHbl AJis
pa3JIM4HbIX JIOTUK H [IPUTOM pa3HbIMH criocobamH.

MpbI paccMOTpUM pasfiduHble aHaIOrH TeopeMbl bera 06 onpene-
JUMOCTY B MPOMO3HMLUHUOHANBHBIX MOAANBHBIX, CYNEPUHTYUIIMOHUCT-
CKMX W pPEJIeBAaHTHBIX JIOTHKaX U YCTAHOBHUM HX B3aHMOCBS3H, a TaKXKe
COOTHOWIEHUS C HWHTEpINOJALUMOHHBIMU CBOMCTBaMH Jioruk. Kpome
TOro, Mbl HailileM ajredpandeckue 3KBUBAJIEHThI YKa3aHHBIX CBOHCTB.

i. Onpegenenus

Ilyctb L — Joruka, |— L — oTHOweHHe BBIBOAWMOCTH B L.
ITycTh X, q, @' — rMonapHo He nepeceKalonuecs CNMCKY NEPEMEHHBIX,
He coliepKalllue Y ¥ Z, q U ' UMEIOT OJUHAKOBYIO [IHHY, A(X,q,y) —
dbopmyna. ['oBopuMm, uTo noruka L obnagaeT npoeKTHBHBIM CBOHCTBOM
Bera PBI, eciu w3 A(x,q,y)&A(x,q',z)—>(y<>z) cnenyet —
A(x,q.y)—>(yeB(x)) nns Hekoropoir ¢opmynsl B(x). Hanee, L obna-
JlaeT NpoekTUBHbIM cBOHCTBOM bera PB2, ecnu u3 A(x,q,y), A(x,q',z)
— | yo>z cnenyer A(x,q,y) — 1 ye>B(x) 111 HekoTopoit dhopmyisl
B(x); L obnagaer cBoiictBom bera BIl, eciu wu3 — L

Pabora BelMmonHeHa mnpu ¢HHaHCOBOH nomaepxke PocCHHCKOro TyMaHMTapHOTO
Hay4HOro douna (rpaur 97-03-04089).
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A(X,Y)&A(X,z2)—>(y<>z) clieayet =3 A(x,y)—>(yeB(x)) ans noaxo-
asweit ¢opmyiasl B(x); L obnagaer csodctBom bera B2, ecan w3
A(xy), Ax,z) — | y<>z cnenyer A(x,y) |— | ye>B(x) ans Hekoto-
po#t gopmyisl B(x).

QOuesuaHo, uyto Bl ectes yacTHeid cayuaid PB1, a B2 — yactHeIM
ciayyaii PB2.

CaoiicTBa beTa TecHO CBA3aHbl C UHTEPHOJIALHOHHBIMH CBOMCT-
samu CIP u IPD, onpeneneHHbIMU clieytoniuM obpa3om (rae CIucku
X,(,T MOTIAPHO HE MepeceKaldTCs):

CIP. Eciu — A(x,q)—B(x,r), To cywecteyer Takas gopmyina C(x),
yto 1 A(x,9)>C(x) u F— C(x)->B(x,r).

IPD. Ecnu A(x,q) . B(x,r), To cywecrteyer Takas ¢opmyna C(x),
410 A(X,q) L C(x) u C(x) — L B(x,r).

2. MoaaabHbIe JOTrHKH

Haubosiee H3BeCTHbIe MOAAIbHbIE JIOTUKH, TAKHE KaK CHCTEMBbI
Jlbtonca S4 u S5, noruxa Ixeropuuka Grz, JOrHKa J0Ka3ye€MOCTH
['enens-Jleba GL, noruka K4 v MuHMManbHass HOpManbHAs MOJA/IbHaA
noruka K obnanator coricreamu CIP u PBI1. Ilpu 3TOM npeamnonara-
€TCS, YTO B SI3blKE€ MPUCYTCTBYET XOTA Obl OJHA MPOMO3ULIMOHAJIbHAS
KoHCTaHTa | («HcTUHa») UK L («i10kb»). B NpOTHBHOM ciiyyae Jierko
6b110 6b1 onpoeeprHyTh PB1, Tak kak dopmyna y&z—(y«>z) ngoka-
3yeMa BO BCEX ITHX CHCTEMaX, HO He CyLIecTBYeT Tako Gopmyel B
6e3 nepeMeHHbIX, 4TOObI Oblna AokazyeMa gopMyna y—>(y<«>»B).

ITon HopManbHOM MOAANIBHON JTIOFUKOM Mbl IOHHUMAEM MHOXECTBO
MoJalibHbIX GOpMyJ, colepxallee BCe TaBTOJOTMH KJIaCCHYECKOM
MpOMNoO3HIIHOHAJIbHOM JJOTUKHU U akcuoMbl BUAa L(A—B)—(UA—->CB) u
3aMKHYTO€ OTHOCHUTeNbHO npaBuii R1: A, A B/B u R2: A/UA, a takke
MpaBuJia MOJACTAHOBKH.

Ilycte L — HOpManpHas MoaanpHas JIOTHKa, — | — oTHOweHHE
BeiBoauMocTH B L nocpenctBom npasun R1 w R2. Onpenensem
[0]JA=A, [n+1]A=A&[n]A. Xopowio M3BECTHO, YTO B HOPMAIbHBIX
MOJaJIbHBIX JIOTUKaX CIipaBeA/ivuBa cleyrollas

Teopema neayxkuuu. Ecniu I, A HB, TO A — L[n]JA—>B a1s HekoTo-
pOro HaTypajJlbHOrO YMcJa I.

[Toatomy oueBuaHO, uto U3 PBI cnenymT PB2 u Bl, u .B2 cie-
ayet u3 B1l. Juarpamma cootHowenuid mexay CIP, IPD, Bl u B2 aas
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c/lyyasi HOPMajibHBIX MOJAJIbHBIX JIOTUK TpuBeneHa B [9], Mbl mony-
4aeM CIIENYIOUIYIO TEOpEMY.

Teopema 1. B ceMmeiicTBe HOpMabHbIX MOAATBHBIX JIOMHK
a) PB1 skBuBasieHTHO kaxxaoMy U3 cBoiictB CIP u B1;
0) PB1 Baeuer konstonkuuio B2 u IPD, Ho obpaTHoe HeBepHO;
B) KOHBIOHKLMA B2 u IPD Bneuer PB2;
r) PB2 Bneyer B2, Ho obpaTHOe HeBepHO.

H3 teopempl 1 cpasy cnenyer, yro PB2 cnabee, yem PBI, Ha
Knacce MOJalbHbIX JIOTMK. Tak Kak CYLIECTByeT MoJajibHas JIOrHKa,
ynosiersopsaouias IPD, Ho He obiagatomas B2, Mel noaydaeMm, 4To B
obuieM cnayyae IPD ne Bneder PB2. B [11] 6biio moKa3aHo, 4TO Bce
HOpMaJIbHbIE pacliMpeHHUs MoaanpHOM sordku K4 obnanaroT cBOHUCT-
BoM B2. M3 Teopemsl 1B BrITEKaET TOrna

Teopema 2. [Iycte L — HOpManbHas MojlajibHasl JIOTHKA, cOAepxKallias
K4. Ecau L obnagaet IPD, To L o6inanaet PB2.

Bonpoc, cyluectByeT 1M HOpMailbHasi MoJajibHas JIOTHKaA, YIOBJie-
TROpsAtowas PB2, Ho He obnagaroutas [PD, octaeTcs noka OTKpbITHIM.

OTMeTHM, YTO CYLIECTBYET HOPMAJIbHOE pacllMpEeHHE JIOTHUKH S4,
yvaosnetBopstoulee IPD, a 3Hauut, u PB2, Ho He obnanarowee CIP [7].
Cutyauus MeHseTcs Mpu nepexone K paciiupeHusm jgoruku S5. B [7],
[9] 6110 HOKa3aHO, YTO JIMLIB YEThIPE PACUIMPEHUS JOTHKH S5 UMEIOT
[PD u Bce oHu ynosnetBopstoT CIP. [ToaToMy cnipaBemiuga

Teopema 3. Jlns nroboro paciuurpenus Joruku S5 csoictso bera PB2
Biae4yet IPD u, cnenoarenbHo, Bce cBoiictea PB1, B1, CIP, IPD, PB2
SKBHBAJICHTHBI Ha KJ1acCce paclUHUPEHUH JIOTHKH S5.

Beuny teopems! 2, Bce 3TH joruku obnanarot B2, noatomy B2 He
BieyeT PB2.

Tenepb Mbl Monay4uMm anredpanyeckude SKBUBAJIEHTbI BbllIEYyKa-
3aHHbIX CBOHCTB beta. Xopollo W3BECTHO, YTO CYLUECTBYET B3aUMHO
O/IHO3HAYHOE COOTBETCTBHE MEXIY HOPMasibHbIMU MOaJIbHBIMH JIOT H-
KaMH W MHoroo®pasusMu MoJaibHbIX anredp. Mooanvras aueebpa
ecTp anrebpa A =(A,—,—,]), koTopas sBnsercs Oynesoit airedbpoi
OTHOCHTEJIBHO — H — U, KPOME TOro, YAOBJIETBOpPseT ycioBuam T =
T n O(x—y)<Ux—Uy. MonanbHas anredbpa A Ha3blBaeTcsl mpaH3u-
MUBHOU, €CIH B He#l BbITIOIHEHO HepaBeHCTBO [Ix < Ulx; monobyaesou
aneebpou, Uiy anredbpou 3aMblkaHHUs, €CJIM B Hell BbinoHaeTcd X < X;
tonobynesa anrebpa, yI0BAETBOPsAIOLLAd YCIOBHIO X<—U-—[]X, Ha3bl-
BAETCS INUCHIEMUYECKOU, WK e-aneebpou. XOpOLO H3BECTHO, YTO
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MHHHMAajbHas HOpMalibHas MoJajibHas Jjoruka K Xxapakrepusyercs
MHoroo®pasueM Bcex Moaa1bHbiX anredp, joruka K4 — MHoroobGpa-
3MeM TPaH3UTHBHBIX ainrebp, S4 — MHoroobpazHeM TOMOOYNEBRIX
anrebp u S5 — MHoroobpasuem e-anreodp.

B [9] 6bln0 mgokaszaHo, YyTO HOpManbHas MoOjalbHas JTOTHKa L
yaoBiaeTBopseT Bl Torga v TONBKO TOrAa, KOraa COOTBETCTBYHOULIEE
mHoroodpasue V(L) cynepavanbraMupyeMo, o3ToMy, BBHAY TEOPEMbl
la, croiicTBo bera PB1 Taioke 3xkBuBasieHTHO CBOMCTBY SAP cynep-
aMasbraMHpyeMOCTH COOTBETCTBYIOLIEro MHoroobpasus. CBOHCTBO
IPD skBuBanieHTHO amanbramupyemoctu AP [2] (and HopMalbHBIX
pacluvpeHuit noruku S4 pesynapTaT ObL1 AJOKa3aH paHee B [7]).

HanomuuM, uto wiacc K HazbiBaeTcs amaibeamupyemuim, €Ciiu
OH YJOBJSTBOPSET Wis Mmobbix anredp A, B, C u3 K ycnosuio

(AP) nnsa mobeix MoHoMopdusmoB a: A—B, B: A—>C cywect-
BYIOT Takue airebpa D u3 K u MoHomopdusmer v: B—D, 6: C--D, uto
1oe=dp3.

Ecnu, kpoMme storo, BeinonHsercs y(B)MNo(C)=ya(A), To kinacc K
Ha3bIBAETCA CUIbHO amartveamupyemvim (1.e. obnanaer CBOKCTBOM
StrAP). Hakoneu, knacc K HasbiBaeTcs ceepxamanvzamupyemuvim
(obnanaetr SAP). ecnu nag 106eix anredp A, B, C u3 K Boinnonausercs
ycnosue AP, npuuem mia 106bix xeB, ye C UMerOT MecTo 3KBUBaA-
JIEHTHOCTH:

Y(x)<8(y) = (Fze AYx<u(2)&P(2)<y),

¥(X)20(y)=>(ze A)(x>a(z)& B(z2)>y).

Kak nokazan M.Hemeru ([3], Teopema 5.6.10), B obuiem ciayyae

cBoiictBo B2 (BepHee, ero aHajior ajas MHOroo0Opas3ui) 3KBUBAJIEHTHO
CJIEAYHOLIEMY CBOHCTBY:
RES: Ilycte A, BeV u h — romoMopdusm us A B B, rae B nopoxna-
eTrcd MHCkecTBoM h(A)u{a} mns Hekortoporo a. Ecnu mnga nrolwix
romomop¢puamor k, 1 uz B B C u3 V Boinosnusercs kh = lh=>k=I, to
h(A)=B.

B 9], [10] 6su10 moka3aHo, 4YTO O MHOrooOpa3uii MOJalbHBIX

anredp ceoicteo B2 Takke 3KBUBaJIEHTHO KaXKIOMY H3 cBOHCTB ES* 1
ES**, onpenenenHbix cnemyomnmM odbpazom:
ES*: lng mobseix A, B u3 V(L), ons moboro MoHomopduzma a:A—B
u g moboro xeB — o(A) takoro, yro {x}Ua(A) nopoxnaer B,
cywectBytoT Ce V(L) u moroMopdusmel 3: B—C, y: B—>C takue, uto
Bo=yo 1 B(x)=y(x).
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Mbi  nonyuum  ES** 3amenss «moHoMopdu3M  a»  Ha
«roMoMopQH3M a.

Teneps paccMoTpuM Hosiee CUBHOE CBOMCTBO.
(SES) Hna mobeix A, B u3 V(L), ans mwoboro moHomopdusaMa o
A—B ¥ 114 moboro xeB — a(A) cymecrsyior CeV U MoHOMOD-
dusmet B: B—>C, y: B—>C takue, uto Bo=ya u B(x)=y(x).

OtMeruMm, 4TO, 3aMeHAs  Joboe  BXOXKIEHHE  CJIOBA

«MOHOMOpdH3M» (MM oba  BXOXIEHHA  cpa3y)  CJIOBOM
«roMoMop@Hu3M», Mbl MOJTYYHUM yCJIOBHE, 3KBUBanieHTHOe SES.

Teopema 4. Ilyctb L — HopManeHas moganbHas Jjiorvka. Toraa L
obsianaet csoiicteoM bera PB2 torza u tosneko toraa, korna V(L) oba-
naet cpoiicteom SES.

Y4uTbIBasi NPUBENCHHbIE BbILLE COOTHOLIEHHS, a TaKXKE Pe3yJib-
Tathl U3 [7], [8], MBI MOXKEM 3aKJTIOUUTE ClIEAYIOLIEE.

1. B cemeiicTBe BCeX HOPMAaJIbHbIX MOAAJIbHBIX JIOTHK CBOMCTBO
PB1 skBuBanentHo Bl u cBepxamMaibraMHpyeMOCTH COOTBETCTBYIO-
L1ero MHOroodpasus, nNpuyeM CBepxaMajabraMUpyeMOCThb BJIEUET CHIlb-
HYK aMajlbraMupyemocTb, HO oOpaTHoe, BooOille rOoBOps, HEBEPHO.
Hanee, cuibHas aMajlbraMHPYyeMOCTb MHOroobpasus MomaibHbIX
anredp Bie4yer ceorcTBo SES, paBHocHibHOE cBOMCTBY PB2 nas coot-
BeTcTBYtoLeH norukd. CoicTBO SES cunbHee, uem ES*, RES 1 B2, a
ES* u, tem Oonee, SES He BbiTekatoT Uz AP. beuto 61 uHTEpECHO
y3HaTb, paBHOCUNbHBI 1M PB2 1 StrAP?

2. Kaxxnoe HopManibHOE pacuidpeHde Jioruku K4 obnagaer cBoi-
ctBoM B2, a MHOroobpasue TpaH3UTUBHBIX anrebp — cBocTBOM ES*,
MO3TOMY aMajibraMUpyeMOCTb TakKOro MHOroo0Opa3usi SKBHBAJIEHTHa
CHJIBHOH aMaJIbraMHUpyEMOCTH M BiiedeT SES.

3. BBuay Tteopembl la, YHCIIO HOPMabHBIX MOJJIbHBIX JIOTHK,
coaepXallux JIOruky S4 u obnaparommx ceoiicteoM PBI, koHeuHo,
Tak KaKk KOHE4YHO 4Huco Takux jordk ¢ CIP [7]. Mbl He 3HaeM, KaKOBO
4YHCJI0 HOPMAaJIbHBIX paclUMpeHHi JOTUKU S4 co cBoiicTBOM PB2 w
MHoroo6pa3uii Tonobynessix anredp co ceoiicteom SES.

4. Ina moboro MHoroobpasus e-anrebp Bce cBoiictBa SAP,
SupAP, AP, SES skBuBaneHTHbl. CylmIeCTBYIOT TOHYHO Y€ThIPE MHOIO-
oOpa3us e-anredp ¢ 3ITUMH CBOHCTBAMH.

3. CynepMHTYHUHOHUCTCKHE JIOTHKH

B cynepHHTYMLIMOHHUCTCKHX (C.H.) JJOTMKAaX, BCIEACTBHE TEOPEMBI
nenykudd, PB1 skeuBanentHo PB2, Bl skBuBanentHo B2, u CIP
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skeuBasieHTHO IPD. Kaxnas obnanaer cBoiictBoM beta Bl, HO Tonbko
BoceMb C.H. J0THK uMetoT CIP [4]. CtaHzapTHbIM cIocoOOM MOXKHO
BbIBeCTH cBoHcTBO bera PB1 u3 cpoiictBa Kpeiira CIP, a Bl ectb
yacTHbIH ciyyait PB1.

Hanze, L oGnanaer uHTepnonsuuoHHbiM cBoiicTBoM CIP B ToM H
TONBKO B TOM ciaydae, koraa MHoroo6pasue V(L) nceBpoOyneBbix
anrebp amanbraMdpyemo, H s Jiroboro MHoroobpasus ncesaodyJie-
Boix anreOp cBoiictBa AP, StrAP u SAP paBHocunbHbl {6]. MoxHO
J0Ka3aTh aHaJIor TeopeMbl 4, TO eCThb paBHOCWIbHOCTL PB2 (a 3Hauwur,
u PB1) u SES ans c.u. jioruk. SlcHo, uto StrAP Bneuer PB2, Ho
HesacHo, cienyeT ad AP uz PB2. Kak ¥ B ciydae MOJaIBHBIX JIOTHK,
MO>KHO MOKa3zaTh, YTO C.H. JiIoruka obnagaer coiicteoMm bera B2 toraa
U TonbkKO TOraa, koraa V(L) obnagaer croiicteom ES*. Kak cneact-
BHE, Bce MHOrooOpa3us nceaobysneBsix anredp obnagaroT CBOHACTBOM
ES*. Tlpo6nema, ckoneko obnaaaior cBoiicTBoM bera PB2, ocraercs
MOKa OTKPBITOM.

4. Pe.1eBaHTHBIE JOTHKH

[ns pefieBaHTHBIX JIOTMK MOXHO ONpeAeNuTb CBOWCTBa berta u
HHTEpIOASUHOHHbIE CBOHCTBA TaK Xe, Kak W U1 MOJAIbHBIX JIOTHK.
OaHako s TOro, 4troObl CTaHAApPTHBIM criocobom BbiBecTH PBI1 u3
CIP B peneBaHTHOM HcuMclieHHH R W ero pacuuupeHusx, Ham TpeOy-
eTcs, YTOOBI B A3bIKE [PHUCYTCTBOBA]Aa HHTEHCHOHAIbHA KOHBIOHKLHS
(koTopas, BhOpouem, MoxeT ObiTb omnpeneleHa B R paBeHCTBOM
A°B=-(A—>—-B)). B atoMm cnyuae nepeonpenenum ceoiictea bera PB1
uBIl.

['oBopuM, uTo Joruka L obnanaer ceoricteoM PB1', ecau u3 L L
A(Xx,q,y)°A(x,q',z)—>(ye>z) caeayer — . A(x,q,y)>(y<>B(x)) nns
HekoTOpol dopmynsl B(x); L o6nanaer ceoiictBom Bl', ecnn w3 —
A(X,Y)°A(Xx,2)—(y4>z) crnenyet — A(x,y)—(y<>B(x)) ana noaxo-
nsued ¢dopmynel B(x).

Torna PB1' BeiBoautca w3 CIP, a taxoke u3 PB1, a B1' cnenyert u3
Bl B sorukax, cogepxauidx R. Mer He 3HaeM, ciaeayer au PBl1 w3
PB1', a CIP u3 PB1' unu u3 PB1 B paciuupenusx noruxku R. lanee, nns
BeiBoga [PD u3 CIP, a tak:ke PB2 u3 PBI' B pacuidpeHusx noruku R,
HY)KHO MPEIIOIOKHTh, YTO B S3blKE [PUCYTCTBYET MPONO3HLHOHAIIb-
Hasl KOHCTaHTa ! («camas CWIbHas MCTUHa»). Toraa B pacuivpenusx R
cripaBe/. 1MBa cleayroluas
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Teopema o geayxknuu. Econ I, A - LB, 0T - L A&t—B,

v TpeOyeMble BBIBOIBI MOJIy4YaloTCs Jierko. Bee BhlleckasaHHoe cripa-
BE/UITMBO M [UUI% MO3UTHBHOTIO (pparMeHTa Joruku R, u naxe nns dpar-
MEHTa, B A3bIKE KOTOPOro €cTh JIHllb °, —, & U /.

Yto Kacaercs B3aMMOCBS3€H MEX Y HHTEPNOIALMOHHBIMUA CBOM-
CTBaMH M cBoicTBamMH beta B 6osiee LIMPOKOM CeMEHCTBE pacliMpeHUiH
pe/ieBaHTHOM NOrukd E, TOo kapTuHa HescHas. Hanpumep, craHaapt-
Hoi# BeiBOA PB1' us CIP, kotopsiit roautcs nns R, He nogxoauT mis
peneBaHTHOM norukud E. Takoke HenoHsTHo, BeIBoAMTCA Ad PB2 u3
PB1', xots nerko BeiBectn PB2 u3 PB1, a taoke B2 uz B1, ucnonn3ys
Tteopemy aenykuuu B E [5]:

Ecnu T, A | B, pi, -.- , pp — Bce nepemenHbie W3 I', A, B u Bce
(GopMyJibl U3 A HUMEIOT UMIUIMKALHIO B KA4e€CTBE IJaBHOM CBA3KH, TO
r— A&p—B, roe p=(p,—p)&...&(pPa—>pn)-

3aMeTHM, YTO MHTEPIONALIMOHHOE CBOHCTBO BBIMONIHAETCS B pac-
wrupeHud RM noruku R B npucyTcTBUMM KOHCTaHTHI ¢ [14] u onpoBep-
raercs, ecau f orcyrctByer [1]. JobaBum, yto Ypkxapt [16] mokazan
OTCYTCTBUE MHTepronsaLMoHHoro ceorctea CIP u cBoictea B2 B E u R
(npu 3ToM 6e3paziMyHO, NMPUCYTCTBYET KOHCTAHTa ! WiM HeT). Hanpo-
TUB, McRobbie [14] yTBeprkaaeT, 4TO BBIMOJHAETCA WHTEPIOJISILIMOH-
Hoe cBorctBO CIP ans kBaHTUdHUUMpoBaHHOH siorukn ORQ, ocHoBaH-
Hoil Ha cucteMe OR, nonydeHHoi u3 R ynajseHHeM akCHOMBI AUCTPH-
OYTHBHOCTH; 3Ta cucTema O6nu3ka k cuctemMe RAO u3 [15].

B [16] moka3zaHO Tak)ke OTCYTCTBME amasiblraMHUpPYEMOCTH /s
MHOTHX MHOr0o00pa3uil peuIeToOYHO yNopsAOYeHHbIX MOHOUIOB, B TOM
yucse Ui kiacca R-anrebp, mamouux anekBaTHYIO CEMaHTHKY s
noruku R. IToxg R-anre6poit Mel moHumaem anrebpy (A, &, V, —, °, ¢,
f), kotopas sBisgercs AUCTPHUOYTUBHO pEUIETOYHO YMNOPSAOYEHHBIM
MOHOMIOM C pELIETOYHbIMU ornepauusmMu &, V, KOMMYTaTUBHbBIM
YMHOXEHUEM # U eJUHULEH !; KpOME TOro, BBITNOJHSAKOTCS YCIOBUSA
[2x =x, xx°x, f=>f =1t (x>f) >f=xH

X<y—>zex°y<z.

U3 pesynbTatoB cTaThd [2] MOXXHO BBIBECTH, YTO aMajibraMHpye-
MocThb Jto6oro MHoroo6pasus R-anrebp paBHOCHIIBHA WHTEPHOALM-
OHHOMY cBoHcTBY IPD mns cootBerctByrouieil noruku. Coitictero CIP
st noboro pacuiupeHus jgoruku R (chopmynupoBaHHOH ¢ KOHCTaH-
TOH ) PaBHOCHIIBHO CyNepaMajlblaMUPYEMOCTH COOTBETCTBYIOHIErO
mMHoroobpasus R-anrebp [12]. Teopema 4 06 3kBuBasieHTHOCTH SES
PB2, a Takxxe paBHocunbHOCTs ES* 1 B2, umeror MecTo ¥ ans pacuiu-
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peHuH Jloruky R. OTH COOTHOWIEHHs OCTarOTCs ClpaBedIMBbIMH, €CIIH
OTKa3aTbCi OT AKCUOMBI JAUCTPUOYTUBHOCTH WM OFPaHUYMTHCH A3bI-
KOMC—, ° & UL
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Henetfioga H.H.

HEITIOJIHBIE CTPYKTYPBI BBIBOJIOB U UX
HNCIIOJB30OBAHHUE'

Abstract. Structures resulting from omitting some formulas from proof
graphs are considered. The following results are stated.

The problem whether graph with omitted formulas can be
reconstructed up to proof is decidable but hard. It remains very hard if
axioms are preserved. It becomes simple if are omitted only formulas
corresponding (in constructive logics) to procedures but descriptions
of their arguments and results are preserved. Vice versa arguments
and results can be omitted if procedures are present.

Results are proved for intuitionistic and nilpotent logics, very
divergent by their proof structures.

Some relations with re-engineering problems and CASE
technologies are stated.

Beeaenue

Jloruyeckuii BBIBOJ ABJISE€TCS AOCTATOYHO U3OBITOUHON CTPYKTY-
poii MU MO3TOMY HUHTEPECHBbI HUCCIENOBAHUA HEMOJIHbIX KOHCTPYKUMH,
obpasyolmuxcs OmyckaHHeM 4acTH WHboOpMaUMH W3 BbIBOAOB. B.A.
CMHpHOB OJHHM H3 IMEPBbIX Hayajl CUCTEMATHYECKH HCCJIENOBaTh
He3aBeplIeHHbIE BbIBOABI. B 1aHHON paboTe obpalaercs BHUMaHHE Ha
Opyro# poa HEMOJHBIX NOKAa3aTebHBIX CTPYKTYP, TECHO CBA3AHHBIX C
He3aBEPUIEHHBIMH BBIBOJIAMH — CKelembl 6bi160006, B KOTOPBIX JIOTH-
4YeCKHE 3aBUCUMOCTH Mexay popMynaMHu M CTPYKTypa BbIBOAA COXpa-
HSIOTCS MPAKTUYECKH [MMOJHOCTHIO, a KOHKpEeTHble (OPMYJIbI MOTYT
OITyCKaThCS MOJHOCTBIO JIMOO YaCTHYHO.

Kak n1aBHO M3BECTHO, IOTHYECKHH BbIBOJ SIBJASETCS KpalHe U30bI-
TOYHbIM 00bekTOM. [lo3TOMY OMycKkaHHe 3HaYMTENbHON YacTH HUHPOP-
MaLHH, TEM HE MEHee, MO3BOJIAeT BOCCTAHOBUTH ero. C npuUkiIagHOH
TOYKH 3PEHHS, BaXKHa HE TOJIbKO BO3MOXXHOCTH BOCCTAHOBHTH BBIBOJ,
HO M CJIOKHOCTb 33/1a4¥ BOCCTaHOBJIEHHUS.

YacTuuHble CTPYKTYphl [JOKa3aTeJbCTB BaXHbI B HECKOJIbKHUX
OTHOLLUEHUAX.

Bo-nepBbiXx, OHM BaXHbI IJI1 [OJYaBTOMAaTHYECKOH IPOBEPKH
JI0Ka3aTeNIbCTB, CO3JaBaeMbIX YEJIOBEKOM, B YaCTHOCTH, NPH OOyUueHHH.
Henb3s 3actaBiATh 4yesoBeKa pacHHCHIBATh JOKa3aTENbCTBO OO 3Jle-
MEHTApHBIX 1IaroB, 3a HUCKIOYeHHWeM OOyuyeHHs CaMOMy MOHSTHIO
dbopManibHOro BbeIBOAA B Jiorvke. [loaToMy 4denoBek QOKEH OMMCATh

! Pabota uacTMyHO nomzepxana MuuBysoM Poccun: Tema ‘‘Jlormueckue omnepa-

Topsl’’. HOBOCHOHPCKHit rpaHTOBBIH LIEHTP, 1996.
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CKeJIeT BBIBOJAA, a NpOrpaMma — IPOBEPHTH BO3MOXHOCTH [OIOJIHE-
HUS JaHHOTO CKeseTa A0 BbIBOAA.

Bo-BTOpbIX, OHH BakHBI [JI TEOPETHHYECKOIrO HCCJIEJOBAHHA H
MOOHGHKAIIMH caMOro MOHATHA JiIorHyeckoro BeiBoda. IIpoeepka,
HAaCKOJILKO YCTOMYMBO TMOHATHE BBIBOJA K OITyCKaHHIO (PparMeHTOB,
MO3BOJISIET TOHBlIIE MCCAEJ0BaTh (OpPMajbHO 3KBUBAICHTHBIE CHC-
TeMbl. Belib cnuikoM yacto dopManbHas 3KBUBAJIEHTHOCTb HE O3Ha-
yaeT NPMMEHHUMOCTH B OJHUX H TexX xke obnactax. CMOTpH, Hanpumep,
rijibOEpTOBCKUM U €CTECTBEHHBIH BBIBOJBI.

B-TpeTbHX, 3TO BaXXHO U1l HCCJIEIOBAHHUA COOTHOLUEHHH MEXIy
0Ka3aTenbCTBAMH H MOJY4Ya€MbIMH W3 HHUX KOHCTPYKLIMSMH, B YacT-
HOCTH, ME€XIY KOHCTPYKTHBHBIMH OKA3aTEIbCTBAMH H POrpaMMaMH.

[IporpaMmy MOXHO paccMaTpUBaThb KaK pe3y/JbTaT BblAEIE€HHUS
NEUCTBYIOLIMX 4YacTel B KOHCTPYKTHBHOM MaT€MaTHYE€CKOM pacCyx-
NeHHUU. M3BecTHO, YTO Mpd 3TOM MEXAY KOHCTPYKUMAMH H CTPYKTY-
paMH A0Ka3aTe/JbCTBA M M3BJIEKAEMOMN M3 HEro MnporpaMMon HMEKTCH
T€CHble COOTBETCTBUA. HO KOHCTpYKTHBHas JIOrHKa MEHAETCA IIpH
M3MEHEHHH Kjlacca paccMmaTpuBaeMbiX 3ajgay. CeHyac H3BECTHbI, IO
KpaHHeil Mepe, YeThlpe Kj1acca KOHCTPYKTHBHBIX JIOTHK: HHTYHLIHOHH-
cTckas (Bkarovarouias B cebs Kak MMoAc]Iydad M HM3BECTHbIE Clly4dau
NPUMEHECHHS KJIaCCUYECKOH JIOFTMKH KaK KOHCTPYKTHBHOM), JIMHEMHas,
HUJBIOTEHTHast U KOrepeHTHas. TeM He MeHee, COOTHOLUCHHSA MEXIY
N0Ka3aTeNbCTBAMH M MpOrpaMMaMH MpPaKTHYECKH COXPAHAKTCA BO
BCEX M3BECTHBIX ciayvasax. [IpaBaa, a/1a 3TOro NpUXOAUTCH TLUATEJIbHO
npopaboTaTh KOHKPETHYK) (OPMYJIHPOBKY TIOHATHA JIOTHYECKOTO
BbIBOJAa B KOHCTPYKTHBHOW JIOTHKE H, B YaCTHOCTH, HE€ YJOBJIETBO-
pAThCcA 3BGEMHU3MAaMHU, MPHUIOAHBIMH /11 YUCTO TEOPETHUECKHUX paboT
THMA: BbIBOJ €CTh [10CJIEI0BATEIbHOCTh (POPMYJl, a SIBHO BBIAEIHTH
rpadoBYI0 CTPYKTYpY HWHGOPMALMOHHOH 3aBUCHUMOCTH (QoOpMys B
BBIBO/IE.

B nanHo# pabore Bce NMpHBENEHHBIE YTBEPKAEHHS NPOBEPSIOTCA
JIs 1BYX KpanHHUX cliydaeB — MWHTYUMLUHMOHHUCTCKOrO WM HWJIBIOTEHT-
Horo. IlepeHOC Ha JAMHEWHBIH WM KOrEpPEHTHBIA Clly4yad, KaK HaM
BHAUTCH, Oosiee WM MEHee TeXHUYEeCKas 3a/1aya.

1. BoiBoabl Kak rpagnl

TpaauuHMOHHO MOHATHE UCYMCIIEHUS CUYMTAETCs OAHHUM M3 Beay-
WMX B MareMmaTHke. Takke TpaagHLMOHHO COJepxkKaTelbHOE MOHSATHE
HCUYMCIEHUA —— CIocod nopoXkaeHUs OOBEKTOB — HENpPaBOMEPHO
3ay)KMBAE€TCA B MaTeMmaTH4eckol ¢opmanuzauuu. PaccMarpusaroTes
nubo NMHEHHblEe MNOC/eN0BaTeIBHOCTH MNpeobpa3oBaHHH (HAa camMoM
JieJie npeacTaBadioue coboi ceTu 3aBUCUMOCTEH ), THOO nepeBbs.

[IpeacraBneHue BeiBOAa Kak rpada ObIJIO MCNOIB30BAHO BO MHO-
rux paboTtax, HO B TpaAuLHIO He Bouwio. OHO HMEET Te NMPEUMYLIEeCTBa,
YTO 3aCTaBJ/Is€T HAC ABHO (DOPMYJHPOBATh MHOTHE CTPYKTYPHbIE YCJIO-
BUSA M [a)ke IpaBWla, HESIBHO MPOTaCKHBaeMble B TPaJULIMOHHBIX
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dbopmynuposkax. [lanee, kak B HWIBINOTEHTHBIX JOTHKAX, MBIl MOXXEM

MCII0/IB30BATh BBIBOJBI HE TOJILKO B opme ceTei, HO U B popMe rpa-

¢ OB C UHKIIaAMH.

B nanHo#t paboTe wucmons3yercs cleayolee IpeaCTaBiICHHE
BBIBOIOB B (DOpME OCHaIEHHBIX OPHEHTHPOBaHHbIX rpadoB. BepiuuHsl
¥ pebpa atoro rpada nomMeyeHel UX THNaMH. [IOMHMO 3TOro, HEKOTO-
pbIM THUMAaM BEPLIMH MOXET ObITh COMOCTaB/i€HAa AOMNOJHUTENbHAA
HHbOpMaLIMS: UX coOeprcanue.

1) Bepuwunsl rpada pensrcs Ha TpU Kiacca B COOTBETCTBHM C HX
THIAMH:

a) Hugpopmayuonnvie (B HUX CTOAT Npeobpasyemble B BBIBOIE
00BeKTHI, HanpuMep, GopMyiel Wik TepMel). Tonbko uHop-
MaLIHOHHBIE BEPLUMHBI MOTYT UMETh COIEPKaHHeE.

b) Cmpykmypnuie, 3apmarolive CTPYKTypy BbIBOAa (Hampumep,
CTPYKTYPHBIMU BEPIUMHAMU MOFYT MPEACTABIATHCH MNOABBI-
BOAbl B €CTECTBEHHOM BBIBOAE, BPEMEHHbBIE CJIOW B TEMIIO-
PJIbHBIX JIOTHKaxX U T.1.). Pebpa Moryt uatu B cTpykTypHble
BEPLIMHBI JIMLIb W3 CTPYKTYPHBIX BEPLUHH, @ U3 CTPYKTYPHbIX
BEPLIMH OHH MOIYT BECTH Takke U B HHQOpPMALMOHHBIE Bep-
wuHbl. Pebpa, BeqyliMe U3 CTPYKTYPHBIX BEpUIMH B CTPYK-
TypHble, Ha3bIBAIOTCH cmpykmypHuimu pebpamu. Iloarpad,
COCTaBJIEHHbIH U3 CTPYKTYPHBIX BEpLUHH U pebep, Ha3bIBaeTCs
obweti cmpykmypou BbIBOJA.

c) Ilpasuna, cBa3piBaoLMe Mexny coboil mpeobOpasyembie 00b-
ekTbl. Pebpa, BbIxonafiuMe W3 MpaBWI, 3aKaHYHUBAKOTCA B
UH(pOpPMaLMOHHbIX BepuiMHax. Kak rosopsTr, HaHHblE Bep-
LIMHBI MOPOXKAAKTCS NpaBuiaMu. Pebpa, Beaylue B npaBuio,
MOTYT Ha4YMHATHCA U B MH(POPMALMOHHBIX, U B CTPYKTYPHbIX
BepuiMHax. Kak roBopsT, JaHHBbIC BEPLUMHBI UCHONbL3IVIOMCA
MPaBUIOM.

2) 3amaercs IS KaXJIOro TpaBWia JIOKalbHBIA (T. €. paccMaTpu-
BAIOLUMI JHLIb HEKOTOPYID OKPECTHOCTh B rpade) anroput™M
NpPOBEPKH SABJISETCA JIU JaHHOE BXOX/JEHUE MpaBuia B BBIBOA KOP-
pekTHbIM. OOBIYHO AaHHBII aJrOPUTM OMMUCHIBAE€TCS B BUAE MMOA-
rpada, OKkpy>Kalollero NpUMeHeH’e NMpaBIa.

3) 3anpaercs rnobanbHBIA aNropUuTM MPOBEPKH KOPPEKTHOCTH OOLIEH
CTPYKTYpPBl BBIBOJA, UCMONB3YIOIIMH JTHLIb THIIBI UH()OPMALHOH-
HbIX BEpIIMH, HO He MONB3YIOUIUHCS KOHKpPETHOW HHpOpMaLueH,
cToduieit B 3TUX BepuinHax. OObIYHO TAaKOH alrOpUTM OIMCHIBA-
eTCs B BUIE CEpPUM AITOPUTMHYECKHU NMPOBEPAEMBIX TpeOOBaHHMA
Ha rpad BbIBOJA, HANIPUMED, YTO B KXKAOM LHMKIIE JODKHO BCTpe-
4aThCst HEKOTOPOE MPaBUJIO.

3 3tux TpeboBaHUi Mbl BBIAETHUM TPH MPAKTHYECKH YHHBEPCAIBHBIX:
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a) Kaxpgas aHdopmaudoHHas BEPLIMHA NMOPOXKIAETCA  HE bonee
4YeM OJHHM MpPaBHU.10M BbIBOJA" .

b) Kaknas uHdopMallMOHHas BeplUHHA HCMoib3yeTcs He Oosee
4YeM OJHHM [IPaBH.IOM BBIBOJA.

c) OOwmas cTpykTypa BbIBOAAa MpeacTaBiseT CcoOOH Aepeso
(TakuM 0Opa3oM, BBIBOJ HMeET OJI0HYHYIO CTPYKTYPY).

MEI paccMOTpHUM B Ka4ecTBe MPUMEPOBR BbIBOAOB B dopMe rpados
MpPEeACTABIEHHUS CHCTEM €CTECTBEHHOIO BbIBOJA I ABYX KOHCTPYK-
THBHBIX JIOTUK: UHTYHLIHOHUCTCKON W HUJIBIIOTEHTHOM JIOTHKH MEPBOIO
nopsiaka (obwue onpenenenus cMm. [1]).

EcrecTBeHHBIH BBIBON OTJIHYaeTcs TE€M, YTO B HEM HMEIOTCA
CTPYKTYpPHbIE€ BEPLIMHbBI 10066160008, 00pa3ylolLliKe NoAnepeBo 0bLIeH
CTPYKTYpbi BeiBoaa. FiMeercs aBa ocoObix TMNa MoguuHAOLIMX pebep,
BeAYLUHX U3 MOJABBIBOJOB: donyweHue U pe3yasmam. Bece nHPopMalm-
OHHbIE BEpLUHHBI, KpOME NOMyLIeHUH, 00s53aHbl MOPOXKAATHCS MNpaBH-
7aMH BbiBoJa. KopeHb AepeBa MoABBIBOAOB SABIAETCS U KOpHeM oOLieit
CTPYKTYPbI BbIBOJA M Ha3bIBAETCH 21a6HblU 661600. OH HE COHNEPKUT
JIOTTYILEHUWH, a ero pe3yibTaT SBAsSETCS JOKa3aHHOH TeopeMoil. Bce
OCTalbHble TMMOABBIBOAbI BBOAATCA /IS KaKOH-TO HEJIH H MO3TOMY
JIOJ>KHBI UCIOJIb30BAThCS [1paBUIaMH.

2. HuapnoreHTHAS JIOTHKA

B HUJIBNOTEHTHOH JIOTHKE UMEIOTCS CIEAYIOLIHE CBA3KHM: KJacCH-
YECKHE JIOTHYECKHE CBA3KH DAV 7 U KOHCTPYKTHBHAas HUMIUIMKALUSA
=> KOHCTpYKTUBHAs HMITJTAKALKUS NPUMEHSETCS JIMLIb K KJIACCHYECKHUM
dbopMyraM, TaK YTO HTEPAUHil KOHCTPYKTHBHOH HMIUIMKAlIUM HET.
CooTBeTcTBEHHO, UHGOOpMaUMOHHbIE BEPLUMHBI JEATCS Ha [Ba THUIA:
KJIaCCHYECKHE M KOHCTPYKTHBHBIE. KilaccMueckHe MOryT coaep>KaThb
JMIbL  KJ1acCHYeCKUe (GQOPMYJbl, KOHCTPYKTHBHBIE — U KOHCT-
pPYKTHBHBIE, M kiaccuyeckue. CoaepxaTenbHO KJIacCHYECKHE Bep-
LUKMHBI ITOHHMAIOTCS KaK yTBEP)XIAEHHS, UCTHHHbIE B JIIOOOM COCTOA-
HHH, a2 KOHCTPYKTHBHbBIE ¢ KJIaCCHUYECKUMH GOpMyJaMH — KaK yTBep-
AEHHS, KOTOPbi€ HOJKHbI ObITh UCTHHHB! B JaHHBI MOMEHT HCIOJ-
HEHHSA.

Kiaccuuyeckre BeplLIMHBI MOMEYAKOTCAd CHMBOJIOM + , KOHCTPYK-
TUBHbIE — *,

AKCHOMBI HalleH TEOPHUH 334at0T KOHCTPYKTHBHbIE HUMIUTHKALIMHU,
KOTOpbIE COOTBETCTBYIOT HEKOTOPOMY HabOpy MCXOJHBIX AEHCTBUH W
NOHMMAIOTCS Kak Mapsl ‘‘rpeaycioBUe — MOCTYCJIOBHE’ .

? Kaxercs, 4TO 3TO TpeGOBaHHE NOKHO OBIIO Obl 3BYYaTh ‘pOBHO 0OHUM®, HO
HMEIOTCS BOXXHbIE HCKIHOYEHHA. JlONyLLEeHHS NpaBUIaMy HE MOPOXIAIOTCS.
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[MpaBuna BBIBOMA CAELYIOLIME :

IIpasuno maemonozuu IIpasuno akcuomor

+ 7T +A4A *A=1H

3heck 1 — TaBTOMOrMA Ki1accHyeckoit sorukd, A u A=>B — coor-

BETCTBEHHO KJITdCCHYECKAsAs H KOHCTPYKTUBHAasA aKCHOMBI. OTH ABa Ipa-
BHWJIa HE UMECIOT [NOCBLIOK,

IIpasuio peszonoyuu : [Ipasuno npumernenus GyHxyuu
+A +A>B *4 *A=> B
+ B *B

Ewe nBa npaBuia JalOT BO3MOXHOCTh COCAMHATL H Pa3belu-
HATb BETBH B CO3/1aBaeMoOii Nporpamme:

IIpasuno coedurnenus IIpasuno pazveounenus .
*4,..%4, +4v---vA4 OB *A +ADB/v---VvB,
* B *B, - *B

Cneay}omee [IpaBUIIO ABJIACTCA [TpaBUJIOM KOCBEHHOI'O BbIBOJA.

IIpasuno oedykyuu .
* A (oon)

* B (pes3)
*A=> B

IIBa INNOCJIEAHHX [IpaBHJIa UMEKOT AE€JI0 C HEBO3MOXXHEBEIMH CHUTYa-
HHAMH.

IIpasuno uckrtouenno20 3acmos : IIpasuno owubxu :
*A= A4 + —A
+ -4 *A=> 4

’ Mbl 3anMChLIBAEM MpABH/IA BHIBONA B TPaIMLHOHHON (QOpMeE BBHAY TEXHHUYECKHX

TPYAHOCTEH MUCIOMBL30BAHUA CIOXHBIX MaTeMaTuieckux 06bekToB B MS WORD.
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B HHUIBMOTEHTHOH NOrHKe rjiodajibHble YCJ0BUA Ha BbIBOJ Clie-

AyHoLLHe:

1. BHyTpu kaxaoro uukiia B rpade BbIBOAAa UMEETCS NPaBHIIO
IO,

2. Bce wiaccuyeckue (QOpMyJSibl  TMOAYMHEHbI  TJIABHOMY
BBIBOJY.

3. Bce KOHCTPYKTHBHBIE MUMITIMKALMH NOAYMHEHBI TJIaBHOMY
BBIBOLY .

4. Bce koHcTpykTHBHBlIE GOPMYJibl, KPOME Ppe3yJbTaToB,

MCIOJB3YIOTCA HEKOTOPBIM MPABUJIOM.
o€aBuM eule nBa npasusia, TEOPETHUYECKH HE ABJISIOILHECS HEOO-
XOJUMBIMH, HO YIOOHBIE [/1l HAlIMX LieJIeH.

Pasmnooicenue kiaccuveckux ; Pazmuoocenue umnaukayuii
+ A *4=> B
+ A + A *A4=>B *4=1B

PaccMOTpUM npUMep BbIBOJAA B HWIBIIOTEHTHOH JIOTHKE. [lycTh
akcHoMaMu Hamelt Teopuu apasiotes A=>B u B=2C.
Beiseaem A=C.

1. *A=>B Akc

2. *B=C Akc

3. +AvB>oAv DB Tasm

4, +BvBoB Tasm

5. * A (on)

6. *Av B 0Hveo 5, 8.2
7. *B *A4 pazveo

8. *C *B (pe3yusz 2, uzl
9. *A=>C yr/q.

JKupHeiM wipudTOM BbiZeNeHbl HOMEpa CTPOK, MpHHAaLJIEXKa-
[UMX TNOABBIBOAY. OTOT  [OOCTAaTOYHO  TPaAMLHOHHBIH  BbIBOA
(IOIMYCTUMOCTh IpaBU/ia CH/IOTH3MA) MpPOBENEH HEeTpaJuLIMOHHBIM
MyTEM, 3aKOHHBIM JIMLIb B HHJIBIIOTEHTHOH Jjioruke. IlpakTHyeckud Mbl
CHayajaa MOCTPOMAH AoKazarenbcTBo dopmynsl AVB=>BV(C, a u3
nee noayunnn A= (. Takoe npeobpa3oBaHHe — COKPAILEHHE OMIM-
HAKOBBIX AW3BIOHKTUBHBIX UJIEHOB B IMOCHINKE H 3aKJIFOUYEHUU HUMILIH-
KalUU —- JOMYyCTUMO JHUIL B HUJBIIOTEHTHOH JIOTMKE MpH MpeAroo-
YKEHUH KOHEUHOCTH Bcex MpoueccoB. OHO ABJSETCS OOHHUM M3 IVIaBHBIX
ee MPEeUMYyI1LEeCTB.
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UHTepecHO cpaBHUTL NPOrpaMMbl, MONyYaeMble H3 OOLIEro M
HHJILIIOTEHTHOTO BHIBOAOB MpaBuia cuitorusMa. Ilycrts [ — dyHkuus,
peamsytowas A=B, a g — B=C. Torma H3 TpaaHLHOHHOTO
A0Ka3aTebCTBA NOJIy4aeTCs [0C/1€A0BaTEbHAS KOMITO3HLIU:

— ] — 9 b

a H3 HUWJIBINIOTCHTHOI'O — ClI€AYKOHIasn OJI0K-CXeMa:

B
g —»

A
f

Kak MOxHO BuAETh, 00€ OHHU NPHUBOIAT K OAHHM U TEM XK€ CBOM-
CTBAaM pe3ysibTaTa, HO pa3HbIM myTeM. [lasiee, Ha camMoM JeJfie U3 OKa-
3aTeJIbCTB MOJIy4aroTCsd HE MPOCTO OJIOK-CXEMBI, @ AHHOMUPOSAHHbIE
npozpammul, TA€ KaKAbIA nepexon cHabXeH YCIOBUSAMH, KOTOpbIE B
JaQHHbIH MOMEHT AONKHBI OBITb BBINOJHEHbl. AHHOTHPOBAaHHBIE TPO-
rpamMMbl 15 IPUBEAEHHBIX BBILIE CXEM CJIEAYIOLLHE:

A f B C
B il —p| Y —»

3. AuTyMuuoHHuCcTCKAas JIOTHKA

Mpb1 paccMarpuBaeM ¢GOpMaIH3ALHI0 HHTYHLIMOHMCTCKON JIOTMKH
C HeckoJibKO Oojiee KpynmHOOJIOYHBIMU MpPaBUIAMH, YEM 3TO OOBbIYHO
MPUHATO.

B MHTYMLIMOHHUCTCKOH JIOTHKE MPUMEHEHUS MPaBHII UMEKOT Clle-
OYIOLHM BUA.



IIpaswio npumeHerus npoyeoypbl

Aty ati)

A, 1)
Vxl: e 'axk(Al(xla' ")xk) & ""n(xh" "xlc):')ayla' , sym(Bl(i’;) & &BI(E’;)))
Bty - g1y, Con)

Bl(tl" ..,tk,cl," ',Cm)

IIpaswio onucanus npoyeodypwi
Az, 28) (Hdon)
An(Zy.a2y) (Hdon)

Bl(zlf...,zk,tl,...,tm) (Pe3)

Bi(zy,...,zp,ty,...,t,) (Pe3)
vxl>"'axk(Al(i)&'”&An(i):> ayls,ym(B]('{"j;)&&Bl(i:)_))))

B npaBune onucaHus MpoLeaypel Z,..., Z, Ha3blBAIOTCA HPOU3EOTb-

HbIMU NepeMeHHbIMU COOTBETCTBYIOLLETO MOABBIBOJA.
[lpaBunc paszbopa cnyuaeB ob6oOluaercs OO0 npaBuiaa, MoI0OGHOro
rUneppes3oIoLUU

lA, (oon) A, (oon)

‘41\/...A” e )
lB,, (pe3) B, (pe3s)
B v---vB,
3neck [y, ..., In— He 06A3areIbHO pa3Hble YKC/Ia U3 HHTepBaua [0...n].

B, cuntaetcs n10Xxbi0°,

I'padoBslii BbIBOA 3acTaBjs€T BHIACIUTH €lI€ ABA, OOBIYHO SBHO
He 3aJaBaeMblX, MNpaBW/Ia. MPABUIO PA3MHOXCEHUs, LyOmaupyroilee

Takum 06pa3oM, B JAHHOE NMPa3UI0 BKIOYAIOTCA M IPaBHMIA A5 OTPHLAHUS, & CaMO
oTpuuanue onpenensercs kak A= F
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¢opMysly B NPOM3BOTBEHOM YMCIIE JK3EMILIAPOB, U HPAGWIO nepedayu
ungpopmayuu, nepenaroiiee GopMyIy U3 BbIBOAA B NOJYHHEHHBIH EMY
noaseiBoA. B nmpaBune nepenaun uHdopmauuu dopMmyiia He HONKHA
cBOOOMHO conep)kaTh MPOMU3BOJILHBIE MEPEMEHHbIE MOABbIBOJA-Ha3HA-
YEeHHS.

IlpaBuna WHTYMLIMOHHUCTCKOM JIOTHKH COKpallieHHO 00603Hayaem
cneayrowmm obpazom: II1I1, ITOI1, ITPC, ITPwm, ITITH.

B uHTyMHMOHMCTCKOH noruke rioGanbHble YCIOBHS Ha BBIBOA
CleayrolIHe:

1. T'pad BbIBOAA HE COAEPIKUT LIMKJIOB.

2. Kaxpas BcrioMoraresnbHas KOHCTAHTa HCIIOJb3YETCA JINILD

BHYTPH TOro MOABLIBOJA, B KOTOPOM OHa Oblj1a BBE/I€Ha.

4. CTpYKTYpbI BLIBOZOB

PaccMOTpuM OJAMH M3 BUAOB YaCTHUYHbBIX CTPYKTYP, MOMOJIHSAEMBIX
J10 BbIBOAOB. MBI MOJHOCTBIO COXpaHHMM rpadoBYylO0 CTPYKTYpPY, HO
OyaeM yacTHYHO omyckath HHGopMauuio. EcTe u apyro# poa yacTuy-
HBIX CTPYKTYp, koraa uHgopmalus NpakTUYECKH MOJIHOCTBIO COXPaHs-
eTcs, 3aT0 B rpade BbIBOJA OMYCKAKOTCA HEKOTOPbie PparMeHThI.

Haubonee pagukanbHas onepauds NEPBOro poaa — OITYCTHUTH
BoOOLUE Bce GOPMYJIbI, OCTABHMB JIULIb CTPYKTYPY JIOTHYECKHX 3aBHCH-
Mocteil. Takol BHA CKeNieTa BbIBOAA HA30BEM 200U CMPYKMYpOU
8b1600a. B 4aCTHOCTH, i1 paCCMOTPEHHOr0 HAMHU BbIBOJA CHJIJIOTH3MA
MOJy4MTCA clienytolui rpad.

Tapr + * AKC
—
I lﬂ*—»* P
* —pO — PO

Y

+ I
*

Akc

BcnioMoraTenbHBI BBIBOA 3aKjilO4eH B paMKy. KoHe4yHOo, Hano
ObL10 H ero 0003HA4YKUTh OTAENbHON BeplliuHOH rpada 1 100aBuTh noa-
YyHHAOUHe pebpa Ko BceM ero gopmysam, HO 3TO CJIMLIKOM Ieperpy-
3UJI0 OBl PUCYHOK.

[Tpu 3TOM, 6a3UpysACh Ha COOTHOLIEHHAX MEXIY KOHCTPYKTHBHBIM
J0Ka3aTeJbCTBOM M I[POrpaMMOM, Mbl MOJIy4aeM, YTO OIEPALMIO
M3BJIEYEHUS MPOrpaMMbl U3 J0Ka3aTeNbCTBa MOXKHO NPOJAE/ATh Mpak-
THYECKH TMOJHOCTBIO (OCOOEHHO ecnd B TEOpUH He ObuTO (PYHKLIHO-
HAJIBHBIX CHMBOJIOB, TaK YTO MOJyYalolascs NporpaMma OKa3bIBaeTCs
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HanmucaHHOM B QYHKUHOH&bHOM CTHJIE B MHTYHMLHOHHCTCKOH JIOTHKE
H B s3blKe accemOiiepa A HWILIIOTEHTHOH JIOTHKH.) B yacTHOCTH, 1
pPacCMOTPEHHOI'0 BBILIE CKEJIETa Mbl [OJIy4aeM CJIELYIOLLYIHO CXEMY,
KOTOpas CTaHET CXEMOH IIporpaMmsbl nocjie MoACTaHOBKH KOHKPCTHBIX
OIlepaTOpOB M YCJIOBHH.

Takum oOpa3oM, Mbl COXpaHSieM CXe€MY MpOrpaMMbl, HO TepsieM
Ha3HayeHUs (M HAUMEHOBaHMs) OTHAE/IbHbIX ee 4yacTed. Ho umenHo
Ha3Hauy€HHMs OMepaTopoB U OJOKOB MPAKTHYECKH BCErjJa OITyCKaroTCs B
TEKCTE pPOrpamMM MNpU TPadULUHOHHOM METOAMKE MPOrpaMMHPOBAHHUA,
a UX HaUMEHOBAHHS 4aCTO Mano JaroT U1 BOCCTAHOBJIEHHS HazHaue-
HUH. BoccraHoB/ieHHE Ha3Ha4eHHUHW COOTBETCTBYET 3ajauve anaiusa
Hpo2paMmMpl, CUMTAIOLEHCA OAHON U3 TPYIHEHLIHUX B COBPEMEHHOM re-
engineering.

Yr1o6bl TOYHEE OTPa3uUTh JAHHYIO 3aJaydy, OMYCTHM 4YYTb MEHbLIIE
uHdopmalMd 4 coxpaHuMm akcuomsl. [lomyueHHbil rpad HazoBewm
CMPYKmYpOU 8b18004.

IIpeancxenne 1. CTpykiypa BbIBOAA Ja€T BO3MOXKHOCTb BOCCTaHO-
BUTb BBIBOJ, HO IOJIy4€HHAss T€OpEMa MpH 3TOM HE 00s3aTesIbHO BOC-
CTaHaBJIMBAETCS OLHO3HAYHO.

HokazareabcTtBo. Haes. IlpoBoaum npouecc novcka YHU(pHUHMPYHO-
IIeH MOACTAHOBKH IpEAUKATHBIX MEPEMEHHbIX, HAUHHAA OT MpeauKa-
TOB, 3aL€HACTBOBAHHBIX B aKCHOMaX. 3aTeM MpeauKaTHas Mo/ICTaHOBKA
nepenposepsercs riobaibHOW yHUHKaLHeH NMPEeIMETHBIX MEpPEMEH-
HBIX.

Peanuzauud. {18 HHJIBNOTEHTHOH JIOTHKH. /{19 BceX NMpUMEHEHUH
[I1D, rnaBHBIMHA MOCBUIKAMH KOTOPBIX SBJSIOTCS NPOLENYpbi, OQHO-
3HAYHO BOCCTAHABJIIMBAEM KOHCTPYKTHBHYIO MOCBUIKY MU 3aKIIOYEHHE.
anee 1moacraBuM GopMyJibl, BO3MOXKHO, COAEpkKALUHE MPONO3ULHO-
HasbHbIE epeMeHHEbIEe, ClleyUM 00pa3om.

[TockinkaM K 3aKJIFOUYSHUAM NPaBUI COEIUHEHHUS U Pa3BETBJICHUS,
KOTOPbIM HMYTO HE COINOCTABJIEHO, COMOCTABJsEM pa3jiMyHbie MpOIo-
3ULIMOHAJIbHBIE NepeMeHHble. Kilaccuyeckre nochiIKK JaHHbIX MPaBUII
TOra OnpeaessoTCs 0OAHO3HaAYHO. 3aKIFOUEHHAM NPaBHJ MOPOKIEHHS
TaBTOJIOTMH, KOTOpbIE MOCJE 3TOrO HE OMNpEAe/THIHCh OAHO3HA4HO,
COMNOCTaBJIg€M HOBBIE NMPOITO3HLIMOHAJIBHbBIE TIEPEMEHHBIE.

Hanee HaxoAWM MOACTAHOBKY BMECTO [POMO3ULIMOHAJIBHBIX
nepeMeHHbIX cleayroluM obpa3oM. Eciau nockblika rpaBuiia pa3belu-
HEHHs sBJIACTCH MEPEMEHHOH, [1e/laeM €€ AU3BIOHKLUHEH KOHCTPYKTHB-
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HbIX 3aK/IFO4Y€HUH. Eciu 3akitoyeHMe npaBuwia COEAMHEHUs SBIAETCS
NEPEMEHHOM, A€AEM €r0 IU3bIOHKLUMEN KOHCTPYKTUBHBIX MTOCHLIOK.

JaHHbIA Mpouecc HEOAHO3HAYE€H, HaMpuMep, B CleLYyHOLIEM
¢parMeHTe BBIBOAA.

*pooYp, +pVvovp,Dg
*q +q>Drveevr,

r] rm

(] MOXeT ObITh CeNaHO U AU3BIOHKLHMEH P, H au3broHkuueit V. Ho ata
HEONHO3HAYHOCTL ponau He Hrpaet. Ilpouecc npomomkaercs no Tex
Mop, NMOKa €CTh BO3MOXHOCTb YCTPaHSATh NEPEMEHHBIE.

ANt HHTYHMHHOHHMCTCKOH JOrHkH. TyT B BbIBOJE HET LMKIOB, H
MO3TOMY IpPOLIECC OpraHM3yeTCA 3a JABa npoxoaa. Ha nepsoM npoxone
— BIEepe] — pacCcTaB/SIOTCS BCE MNpEaUKaTbl U TEePMbl, KOTOpbIE
MOTYT OBITh OAHO3HAYHO OMpeAeseHbl U3 aKCHOM, OCTajIbHbIE 3aMeHs-
I0TCS Ha HOBBIE MPEAUKaTHbIE H CBOOOIHbIE IPEIMETHbIE NEPEMEHHbIE.
Ha BTopoM npoxoae — Hazaag — NPOU3BOAUTCH YHHMDHKAUHUSA Npeau-
KaTHBIX U MPeAMETHBIX NTIePEMEHHBIX.

OcTaBluHecs MNepeMeHHble, 33 HCKIIOYEHHEM TEX, KOTOpbie B
HUIBIMOTEHTHOH JIOTHKE OBINH 3aKJIIOYEHHAMH MpaBU/ia MOPOKIAECHUS
TaBTOJIOTHU, MOIYT ObITh 3aMeHEHbI JIEoObIMU PopMyaaMu. B Husbmo-
TeHTHOM J1oruke 3axodeHus LIIIT 3aMeHsoTCS JiMib TaBTOJIOTUSMH.
Konen goka3zareabcrBa.

W3 a”Hanu3a aJropyrMma, NpUMEHSIOMIErocs MpH 0Ka3aTebCTBE
MpeapIAyLIEero MNpeajIoXKeHUs, BUOAHO, YTO BCE€ BO3MOXXHbIE HEOJHO-
3HAYHOCTH MOIyT OBITh BbIPaXEHbI CBOOOAHBIMH MPEIAUKATHHIMH
nepeMeHHbIMU. Ho eciiu Mbl >kenaeM, 4ToObl MOACTAHOBKA BMECTO HHX
Obls1a HEOrpaHUYEHHOH, TO MOXET BO3HUKHYTh KOHEYHOE YHMCJIO TAKHX
BBIPRKEHHUH.

IIpensoxenne 2. Ecnu Teopus He COOEPMHT CXEM aKCHOM, MHOXeE-
CTBO €€ aKCHOM Y CUIHaTypa KOHEYHbI, TO M0 IoJIoH CTPYKTYype BbIBOAA
MOX>XHO BOCCTAHOBHMTb BC€ BO3MOXXHBIE TEOPEMbI ¢ TOYHOCTBIO A0 MOJ-
CTAHOBKH KOHKPETHbIX BbIpaKEHHit BMECTO CBOOOIHBIX MPEIUKATOR.

HoxkazareabcTBo. [Ipenbinyuiee [Ooka3aTesbCTBO MOAHMDULHMpPYETCS
cieayromuMm obpasom. Bhaudane Bce QopMynbl 3aMEHAIOTCA pasjiuy-
HBIMHM TpPOMO3ULIMOHANIBHBIMU ME€PEMEHHBIMH. 3aTE€M MPOU3BOJUTCS
NPOLIECC, KaK B MpeaplAylieM NPeaI0XKEeHUH, BKIOYas B YHUGDHUKALHIO
U aKCUOMBL. 3atreMm repebuparoTcss BCE BO3MOXKHbIE [MOJACTAHOBKH
aKCHOM B [paBHJia TMOPOXKACHUSA AaKCHOM, YHUPUUHUpYIOLIHECH C
3aKJTFOYEHUAMH 3THUX MPAaBWI, W I8 KaKJOH TaKOH MOACTaHOBKM IPO-
BOAMTCA NpeApiayuiui rnpouecc. Ecinu yHudUKauums okazajiack BO3-
MO>HOH, Mbl NojlyyaeM cxemy TeopeM. Kaknas Teopema COOTBETCT-
BY€T HEKOTOPOH IOJCTAHOBKE AKCHOM BMECTO 3aKJIIOUYEHHH MpaBHII
MOPOXKIAEHHS aKCHOM.
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KoHen Jioka3areabcTBa.

IIpennoxenue 3. CI0XXHOCTh 33Ja4d TAKOTO BOCCTAHOBJIEHUA CYi(€p-
OKCIOHEHLIHA/ILHA.

JIOCTaTOYHO 3daMETHTb, YTO [MOMUCK BBIBOJA B MOHAJIHYECKOM
MCHMUC/IEHUN NPEOUKATOB BbIpAXKAETCA KaK OJHA M3 3aJay BOCCTAHOB-
JIEHUs BbIBOJA MO CTPYKTYpE.

3H2YMT, U JEeHCTBUTENBHO, aHAIU3 NpOrpaMM — ODBEKTHBHO
TpyIHas 3a1aya.

Ha npaktuke nedcTBy1OT aBa akTopa, OAUH M3 KOTOphIX objer-
4aeT 3a,1ayy aHajiu3a MporpaMMm, a BTOpOH — YycloxHseT ee. Yaiue
BCEro IMporpamMMpl NMUIIYTCA HE B (QYHKLHMOHAIBLHOM CTHJIE, W, CllaBa
bory, uMeeTcst HCXOAHbIM TEKCT He Ha A3blke acceMOnepa, a HalKcaH-
Hblii B T€pMHHaxX HeKOTOpoW OHOIMOTeku mnoamnporpamm. B Haluei
dopMannuzauuu 6UOIHOTEYHbIE POrPaMMBbl COOTBETCTBYIOT aKCHOMAM,
TaK YTO MOXXHO CYMTaTh B BBIBOJE 3alaHHON HECKOJIbKO OO0JbLIYIO
MHPOPMALMIO: JaHbl BCE aKCHOMBI. 3aMETHM, YTO OTOXKIECTBJICHHE
CTaHJapTHBIX [POrpaMM C aKCHOMaMH, KaK U BCskasg MaTeMaTH4eckas
dbopManuzaums, COAEPHKHT 3aMETHBIH 3/1eMEHT yrpolleHUus. OHa cooT-
BETCTBYET MPEINOJOXKEHHIO O TOM, YTO Ha3HAayeHHe (MNped- U MocCTy-
CJIOBME) KAXKAOH MoanporpaMmbl GUKCUPOBAHBI, T.€. YTO Kakaas IOA-
nporpaMMa HCrosb3yeTcs 175 OJHOW M TOJIbKO OonHOM uead. Ha npak-
TUKE CJIHLIKOM 4YacTo 3TO He Tak...

Bocnonblyemcs HalldMH pe3yJbTaTaMH KaK HMCTOYHMKOM €lle
OJHOH aHaI0rMH. B MHTYMLMOHHCTCKOM ciyyae 3ajada aHajiuisa mpo-
rpaMmbl MOXKET OBITh TMpO/JeNiaHa 3a ABa Mpoxoga Mo rpady BbIBOAA,
€CJIH BbIBOJ HAaXOAWUTCS B HOpMalibHOH dopme [2], Bce ero BepILMHEI
3aBHUCAT OT aKCMOM M TeOpeMa 3aBUCHT OT HUX. CoaeprKaTenbHO HalK-
Yyhe HEe 3aBUCALLUMX OT aKCHOM JIMOO HEUCIO/Nb3yEeMbIX BEPLUHH O3Ha-
yaeT Hanudve B MporpaMMe HeoOs3aTenbHbiX O50kOB MO0 nepeyc-
noxxHeHUH. Urtak, dyuylle Bcero aHaJU3HPYETCSs YMEPEHHO ONTUMU3H-
poBaHHas nporpamma. Haiuuue >xe B HeH mpouenyp MOXKET YCI0d#C-
Humb 3aJady aHaiau3a. TakuM o6pa3oM, He Bcsikoe pa3OHeHHe Ha
MOAY/H SBAAETCS PHU3HAKOM XOPOLIEro CTUJS MBIUUIEHHS M CTPYK-
TYPHOTr'O NNPOrpaMMHPOBAHHAI.

Btopoi ¢akTop CBA3aH C TEM, YTO B KOHCTPYKTHBHOM JOKa3a-
TENbCTBE HE BCE HAaCTH HMEKOT MpsAMOe OTOOpak€eHHWEe B MporpaMme.
Jloka3aresbCTBO TOro, 4YTO MOJYyYHMBUIMECS Ha HEKOTOPOM 3Tare AaH-
Hbl€ YIOOBJIETBOPSAIOT NPENYCIOBHIO IIPUMEHAEMOH NPOLEAYPbI, MOXET
ObITh CrOXHee Bcel nporpammsl. Jlanee, 4acTbIM W BeCbMa KOBapHbBIM
Cly4aeM OITyCKaHMsl 4acTH [0Ka3aTelbCTBa SBJAETCS TNPHUMEHEHHE
npuBeAcHUA K abcypay nans orOpachblBaHMA JHLIHKUX CJly4aeB U
MOCTPOEHHA COOTBETCTBYIOILEH CHCTEMBbl OXpPaHSeMbIX KOMaHa JHOO
YCJIOBHBIX onepaTopoB. EcrecTBeHHO, NpH aHa/Iu3e NporpaMMbl MOXKET
BCTaTb 3ajaya BOCCTAHOBUTb OITylLUeHHble OOOCHOBAHMS, M, TaKHUM
obpa3oM, 3ajaya aHajM3a MepeKIMKaeTcs ¢ 3ajayed BepudHKaLHUH
NpOrpaMMBli.
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VimMeroTcs 1Ba BaXKHBIX BUZAA TAKMX CTPYKTYp, U KOTOPBIX I1PO-
Gnema BOCCTAHOBJIEHHS BBbIBOZA pelIaeTcs 3a JMHEHHOe BpeMd. B
OJIHOM OITYyCKAlOTCA IJIaBHbIE NOCBUIKM NPaBWI, a B APYroii, Ha060poT
— noboyHeie. PaccMOTpUM JaHHBIH BONPOC TOYHEE.

['pad, nmonyyarouuiics omyckaHHeM BO Bcex MpaBHiiaX yaajieHHs
MUMIUTHKALMK W pa3bopa ciyyaeB BCEX TNIaBHBIX MOCBUIOK, Ha3bIBAETCS
MUNUSUPOBAHHBIM CKellemoMm BbiBOJa, a rpad, MoNy4yaroLuhca oImyc-
KaHWEM B 3THX MpaBWiax NOOOYHBIX MOCBUIOK B MpaBHJIE YHaJeHUs
UMIUIMKALMY M JOMYLUeHHH OTIeNbHbIX CllyyaeB B IpaBu/e pa3dopa
Clly4aeB — QYHKYUOHAIbHBIM CKeNeMmOoM.

IIpensioskenne 4. 3agava BOCCTAHOBJIEHHMS BBIBOAA [0 THITU3HUPOBAH-
HOMY CKeJIETy pa3pelidMa 3a OAUH NMpoxoJ no rpady BbIBoaA.

Onarb-taku OepeM npouecc u3 [Ipemnoxenus 1, HO Tenepp OH
3aKaHYUBAETCA 3@ OAHH MPOXO.

IIpensoxkenme S. 3ajaya BOCCTaHOBJIEHHs BbIBOJA MO (PYHKUMOHAIb-
HOMY CKeJeTy pa3pelllmMa 3a ABa npoxoaa rno rpady.

B CaMOM J¢€JI€, B O606LHCHHOM npaBune y,[Ia.HCHHﬂ HUMITJTUKALIHH
A(t,r) Vx(A(x,r) = 3yB(x,r,y))
B(t,r,c)

MpyU OMMyCKaHHH MOOOYHBIX MOCBUIOK MNpeAHMKaTHas CTPYKTypa OIly-
IeHHbIX (OpPMy/ BOCCTaHABIMBAETCS IOJHOCTBIO, a AJI1 BOCCTAHOB-
JIEHHS TEPMOB JOCTAaTOYHO MPOBECTH IJ100aNbHYIO YHH(QHKALMIO [0
rpady BeiBoga. Ecnu ke OIMyCTHTh [VIaBHBIE MOCBUIKM, TO Ha MEPBOM
MPOXOAE, UCXOO M3 U3BECTHOM TEOPEMbI U HMEIOLLUXCS aKCHOM, BOC-
CTaHaBJIMBAIOTCS MPEAHKAThI, a8 HA BTOPOM — TEPMBI.

IpaBuio pazbopa ciyyaeB pacCMaTpUBAETCA aHAJIOTHYHO.

Ob6paTuM BHHMaHHE Ha COOTHOLIEHME J[ABYX PacCMOTPEHHBIX
BbILIIE THIIOB CKEJIETOB BHIBOJOB C MPOrpaMMHpPOBaHHUEM OT PYHKLHH U
NporpaMMHpPOBaHHUEM OT AaHHbIX. UJIs BOCCTAHOBJIEHHsT XOpOIUO CIie-
LUUGHULMPOBAHHOM MpPOrpaMMbl JOCTAaTOYHO HMETh JHOO MOTOK JAaH-
HBIX, THOO CTPYKTYpy NpuMeHseMblX ¢yHKuMi. Bropas komnoHeHTa
MpOrpaMMEbI B 3TOM Clly4ae JOCTPaHBAaETCA YHCTO MEXAHUYECKH, YTO M
NpPOUCXOAHUT, HanpuMep, B CASE-TexHOIOrHH.
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D. Batens

DYNAMIC SEMANTICS APPLIED
TO INCONSISTENCY-ADAPTIVE LOGICS'

Ab0cTpakT. Cmambsa codepocum obcydxcoeHue npobaemel (U ee peude-
HUe) CeMaHMUYeCcKOU Xapakmepusayuu OUHAMUKU NPOMUBOPEYUEO-
aoanmusuou ao2uxku (cm., Hanp., [2]-[7], [9], [11] u [14]). Pewuenue
NPeOI0INCEHO 8 MEPMUHAX MAK HA3bI8AeMo2o Memooa b1okos. 110006-
HYIU NOJX00 MOXMCEeM HAumMu NPUMEHEHUE HEe MOJbKO 8 aoaninueHou
Jl02uURe il N0360.em 0X8aniumy HEKOMOPble Acnekmvl JO2UKU (YMO3AK-
JMIOYEHUN, A3bIKA), HEe paccMampuéaemvle C HOMOULIO MPAOUYUOHHBIX
nocuveckux memoooe (cm  [6]). Ilo smou npuuune OQHHWiI CMAMbS
npedcmasasem unmepec O18 J0ZUKO8, HenoCpeOCmEeHHO He 3aHUMA-
OWUXCA A0anMuUeHOU T02UKO.

1. Aim of this paper

The present paper contains a discussion of a problem (and its
solution) in inconsistency-adaptive logics—see, e.g., [2]-[7], [9], [11] and
[14]. The solution proceeds in terms of a specific method: the block
approach. This approach may be applied outside the domain of adaptive
logics and enables one to tackle several aspects of logic (and reasoning
and language) that are beyond the reach of the traditional logician’s
tools—see [6]. For this reason, the present paper might also be interesting
for logicians that are not directly interested in adaptive logics.

When a body of knowledge turns out to contain an inconsistency,
we shall try to emend it in such a way that it becomes consistent. Except
for some border cases, this emendation requires that we reason from the
inconsistent body in order to locate the logical abnormality and in order
to find out which elements should be removed or replaced. Such
reasoning presupposes that we interpret the inconsistent body of
knowledge as consistently as possible. Inconsistency-adaptive logics
offer such an interpretation

These logics have dynamic as well as static aspects. Their proof
theory 15 dynamic: the stage of a proof determines which formulas are
derivable; formulas derivable at some stage may become underivable at a
later stage, and vice versa. As several proofs may be constructed from the
same set of premises, derivability at a stage is to some extent
indeterministic. In contrast, the stage-independent final derivability
relation is static and deterministic. It refers (in a precise way) to a stage at
which dynamics has come to an end.

! Research for this paper was supported by subventions from the Fund for Scientific

Research — Flanders, and indirectly by the INTAS-RFBR contract 95-365.
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On the one hand, final derivability answers a logical demand.
Without such static and deterministic relation, the system could hardly be
called a logic. On the other hand, the dynamics at the proof theoretic
level links inconsistency-adaptive logics to natural reasoning and
argumentation. While analyzing a set of premises, we form a provisional
idea of their meaning and consequences. Sometimes, we have to act on
such provisional insights, or we decide that it is better not to invest
energy in further analyzing the premises. And of course, we may be
forced later to revise our conclusions. It is preciseiy the combination of,
on the one hand, a sensible dynamics with, on the other hand, strict
determinism (both in the long run and at the abstract meta-level), that
constitutes the attractiveness of adaptive iogics (and of other sensible
non-monotonic procedures).

The usual semantic systems for adaptive logics are static, and their
semantic consequence relation corresponds to fina! derivability. Given
the importance of semantics for our understanding of logical systems,
this situation is rather unsatisfactory. If the dynamics is genuine, we want
and should be able to characterize it semantically. Such a characte-
rization will moreover further our understanding of the dynamics, and,
more likely than not, it will enabie us to devise efficient proof search
procedures.

in the present paper, I present a semantic characterization of the
dvnamics of some adaptive logics in terms of a block semantics. I shall
describe two important inconsistency-adaptive logics, apply the block
approach to them, present the central results, and list some open
problems.

2. The inconsistency-adaptive logics ACLuN1
and ACLuN2

The language schema, L, is as for Classical Logic. S, C, V, P’, F,
and W are the sets of, respectively, sentential letters, and letters for
constants, variables, predicates of rank r, formulas and wiffs. The
adaptlve logics are based on the (monotomc) paraconsistent logic
CLuN’. This system is full positive CL (Classical Logic) together with
Av~A. This characterization should be taken strictly. Thus, the
Substitutivity of Identity is restricted as follows:

A=2 o=B>(4DB) where B is obtained by replacing in 4 an
occurrence of a that occurs outside the scope of
a negation by 3

This restriction (which may be easily removed if one prefers so) agrees

2 The propositional version of this logic, PI, was first presented in [1], the predicative
version, PIL, in [5]. In view of results on logics that are adaptive with respect to
abnormalities other than inconsistencies, the systems PIL, APIL1, etc. have been
renamed to CLuN, ACLuN1, etc. CLuN is obtained from CL by allowing for gluts
with respect to negation.
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with a general characteristics of CLuN: complex formulas of the form
~A are not logically related to proper subformulas of 4 or to negations of
such subformulas. There are obviously many stronger paraconsistent
extensions of positive CL. It turns out however, that the weakness of
CLuN constitutes an advantage for the adaptive logics based on it—see,
e.g., 3]

The semantics for CLuN is most easily formulated by extending L
into a pseudo-language schema L, obtained by extending L with a (pos-
sibly uncountable) set of pseudo-constants O. The cardinality of O should
not be smaller than that of the largest models one wants to consider’. Let
W™ denote the set of wffs of L" (in which CUO plays the role played by C
in the original language schema) and let W™~ be the set of wffs of the form
~A. A model M = (D, v), in which D is a set and v is an assignment
function, forms an interpretation of W', and hence also of W, the wffs of
the original language-schema, which is what we are interested in.

The assignment function v is defined by:

Cl.l  v:S— {01}
Cl2 v:Ccu0o—>D
Cl3 v:P — (D) (the power set of the r-th Cartesian product of

Cld4 v:W —{0,1}

We define equivalence classes [a]w = {3 € CUO | v(a) = v(B); v(~4(x))
= v(~A4(3))}". M will be called regular iff (i) D = {v(a) | € O} and (ii)
for any o € C, some B € O is such that B € [a]m. Henceforth, I only

consider regular CLuN-models. The valuation function vm determined
by the model M i1s defined as follows:

C2.1 wvm:W —{0,1}

C22 whered € S, vm(4) = v(4)

C23  wm(wa...a)=1iff (v(a), ..., v(a,)) € V(i)
C2.4  wvm(o=p)=11ff v(a)= v(B)

C25 wm(~A)=1iff vm(A)=0or v(~4)=1

C2.6  vm(ADB)=1iff vm(4)=0or vm(B) = 1

C2.7  wvm(A&B) =1 iff vm(4) =1 and vm(B) = 1

C2.8 wvmAvEB)=1Iiff vm(A)=1or vm(B)=1

C2.9 vm(A=B) =1 iff vm(4) = vm(B)

C2.10 vm((Vad(a)) =1 iff vmA(B))=1forall3 € O

One should not object to L*. If one restricts the semantics to countable models, L is
simply a (countable) language schema. If, however, one allows for uncountable models,
one needs a way to talk about these in the semantic meta-language, and doing so in
terms of L" is just as good as ary other way to do so.

While v(a) = v(B) warrants that vm(A(a)) = vm(4(B)) whenever x does nor occur
within the scope of a negation in A(x), [a]Jm = [B]m warrants that vm(4(a)) = vm(A(B))
for all A(x).
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C2.11 wvm((Fa)A4(a)) =1 iff vm(4A(B)) =1 for at least one 3 € ©

Truth in a model, semantic consequence and validity are defined as
usual®. The Soundness and Completeness of CLuN with respect to the
semantics is proved in a pretty standard way®, and the same obtains for
The Deduction Theorem, Compactness (for I" I-CL..N Aand fFcpun 4) and
Interpolation.

An important theorem (see [5] for the proof) to which I shall have to
refer later is:

THEOREM. FcL A iff there are Cy, ..., C, € F (n 2 0) such that }cpw

DEK{C,, ..., C,}vA. (Theorem Adjustment)

In order to base inconsistency-adaptive logics on CLuN, one needs
a strategy. Intuitively, this is an interpretation of the phrase “as
consistently as possible”. The oldest such strategy is reliability,
discovered in 1980 and reported in [3] (the volume took to 1989 to
appear). The less cautious minimal abnormality strategy, first reported on
in [2], was originally confused with the former’. I now characterize these
strategies and the resulting logics.

As the essential mechanism of inconsistency-adaptive logics turns
around existentially quantified disjunctions of contradictions, we need
some definitions on them. Let 3!4 abbreviate (4&~A4), preceded (in some
preferred order) by an existential quantifier over each free variable in A.
Let DEK{A4,, ..., A,} denote 3!'4,v...v3!4, (in some preferred order)—
Ay, ..., Ay will be called the factors of the DEK-formula A minimal
DEK-consequence of I is a CLuN-consequence’ of I of the form
3!14,v...v34, for which the result of eliminating any disjunct is not a
CLuN-consequence of I'—intuitively: the formulas that behave
unireliably on T". Let U(I") be the set of the factors of all minimal DEK-
consequences of [. Where M is a CLuN-model, we define Ab(M) as
{4|vm(3!4) = 1}—intuitively: the inconsistencies that obtain in M.

Let us first look at the semantics. A CLuN-model M of T is an
ACLuNI1-model of T iff Ab(M) < U(I'). A CLuN-model M of T is an
ACLuN2-model of T iff it is a minimally abnormal model of T, that is,
iff no CLuN-model M’ of T is such that Ab(M’) < Ab(M). Remark that
any ACLuNl-model of I' is an ACLuN2-model of I', but not
converselyg.

The meta-language is fully classical: some models verify both 4 and ~4, but no model
both verifies and falsifies 4. This approach is also followed by da Costa and his group—
see [8] and [10].

The semantics of {5] is less general and does not include pseudo-constants. Adapting
the proofs to the present formulation is straightforward.

Kristof De Clercq located two further strategies that are even more cautious than
reliability—see [9].

In view of the Soundness and Completeness Theorems, “consequence” may be read
syntactically as well as semantically.

° Where, e.g., = {lpvlg}, Ab(M)= {p} for some ACLuN1-model M of T', and hence,
if Ab(M )= {p g} = U(), M" is an ACLuNI1-model but not an ACLuN2-model of T".
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The proof theorv of ACLuNI and ACLuN2 is most easily
formulated if we introduce a particular fonnat for proofs. The idea is that
proofs contain a line numoer, a formula 4, a (finite) list of line numbers
(referring to the formulas from which 4 is derived), a rule (by which 4 is
derived from those formulas), and a (finite) set of formulas (that should
‘benave normally’ in order for 4 to be derivablej—this set is called the
condition on A (for A being derivabie in the way 1t is derived). Proofs
proceed by writing conditional and unconditional steps, and by deleting
or marking OUT lines of the proof.

The unconditionai steps are wnose that are airectly justified by
CLuN; the conaiuon on the derived wif is the union of the conditions of
the formulas from which it is derived. If the condition on 4 is empty, 4 is
said to be derived unconditionally from ', which simply means that I
FcLun 4. A conditional step ieading to the derivation of 4 from By, ..., B,
is justified by a CLulN-theorem of the form DEK(A)((B 1 &...&B,)DA);
the condition on 4 1s the union of the conditions on 4y, ..., B, and of A.
The Theorem listec above warrants that 4 1s (conditionally or
unconditionally) derivable from 5, ..., B, iff 4 is a CL-consequence of
By, ..., B,

The moior for the dynamics of inconsistency-adaptive logic proofs
is the set of ‘minimal’ DEK-formulas that occur in it. Let us say that
DEK{C, ..., Tn) 15 @ minimal DEw-formuia at a siage of a proof iff it
occurs unconditionally on a line that is not deleted (nor marked OUT)
and if therc i1s no proper subset A of {Cy, ..., Cu} such that DEKA)
occurs urconditionai'y on a non-deieted (nor marxed OUT ) line o1 ine
proof. To facilitate things, let us require that members of V occur in some
preferred order in each factor of a mmlmal DEK-formula in a proof as
well as in each condition on a formuja'’

For ACLuNi, a line with condmon A is deleted iff some minimal
DEK-formula DEK(®) in the proof (at that stage) is such that AN® = .
The minimal abnormality strategy of ACLuN2, which is the simplest
from a semantic point of view, is slightly more complicated at the prooi-
theoretic level. Let *®; be the set of all sets obtained by selecting one
element from each minimal DEK-formula that occurs in the proof at
stage s, and let @, be the set of the minimal such sets (those ¢ € *®, for
which there is no ¢’ € *®, such that ¢' < ¢). Lines containing 4 and
condition A are marked IN at stage s if, for each ¢ € ®,, some line
contains A on condition A" and ¢mA' = ; if the condition is not met, they
are marked OUT. Here is an example of a very simple ACLuN2-proof:

1 Ipvig Premise 0
2 Ipvr Premise 0]
3 lgvr Premise 0

' Alternatively, one might reason in terms of equivalence classes, where B belongs to the
equivalerice class of 4 iff it can be obtained from A by relettering individual variables
(as for Pxa and Pya).
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4 ¥ 2;14vB/B {p} IN
5 ¥ 3;14vB/B {q} IN

At stage 4 (after writing line 4), line 4 is marked OUT. At stage S,
however, lines 4 and 5 are marked IN (®, = @5 = {{p}, {g}}. In an
ACLuN1-proof, both lines 4 and 5 would be deleted as 1 is the only
minimal DEK-formula in the proof.

This description of the inconsistency-adaptive logics ACLuN1 and
ACLuN2—the shortest one written up to now—should give the reader a
feel of (and a possibility to study) the dynamics that is specific for these
logics. In ACLuN1-proofs lines may be deleted as the proof proceeds, in
ACLuN2-proofs they may be marked OUT. The dynamics of proofs is
connected to final derivability (and hence to the semantic consequence
relation) in a way that is rather simple at an abstract level. An extension
of a proof from I is called intelligent iff, whenever I' fcrun DEK(A),
then, for all non-empty ®, DEK(AU®) is not unconditionally derived in
the extension before DEK(A) is unconditionally derived. Where AL is
either ACLuN1 or ACLuN2, it is provable—see [S]—that I |op A iff 4 is
derived from I' in a proof (at some stage s) and if 4 is not deleted (or
marked OUT) in any intelligent extension of this proof1 Moreover, I
Far 4 and T’ a4 can be proved to be co- -extensive'”. As announced
this leaves us without a semantic analysis of the dynamlcs typical for
inconsistency-adaptive logics.

3. The block approach applied to ACLuN1 and ACLuN2

Intuitively, a block is an unanalyzed formula. An unanalyzed
formula may occur at different places in a proof, without being
identified. In this case the occurrences are considered as different blocks.
This is why I shall characterize blocks by a number and a formula, and
write them ofﬂc1ally as, for example, [14, (p&~g)>r]—in shorthand:
[(p&~q)>r}" Combmmg blocks by logical symbols and parentheses, we
obtain block formulas.

Consider an annotated proof. The block analysis of this proof is
determined by the discriminations and identifications the author of the
proof has minimally made in the formulas of the proof in order to
construct the proof according to the annotation. As any proof can be
correctly annotated in at least one way, any proof determines at least one
block analysis. An example will clarify the matter—it may be read as a
CL-proof. I write at once the block analysis:

1 [po~q]"olp&(~rv~p)]’ Premise %)

' Needless to say, this abstract definition does not provide an effective procedure or even
a positive test.

12 The intended notion of provability is wider than Hilbert's. Weak compactness (if I' Fap
A, then T" |5 4 for some finite [' < I') does not obtain, as follows from a
counterexample mentioned in [14].
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2 [po~q) Premise J
3 [p&(~rv~p)]’ 1, 2; Modus Ponens %]

If the proof is continued by deriving p by Simplification from 3, then the
block analysis of the result will read:

1 [po~g) ([P} &[~r/~p)) Premise 4]
2 [po~gq)* Premise )
3 [Pl &[~rv~p)’ 1, 2; Modus Ponens %)
4 (1} 3; Simplification @

The occurrence of p in block 4 is called transparent, the occurrences of p
in blocks 2 and 5 opaque. Even if the latter occurrences become
transparent at a later stage, they might not be identified with the p in
block 4, and appear, say, as [p]

The block language BT is most easily defined indirectly, starting
from the language schema 1. (mentioned in section 2). For each 4 € W,
sB contains a denumerable set of blocks [A]—the members of sB
function as sentence letters, even if they contain predicative expressions,
as in [Pab>Qal". For each a € C and for each o € V, ¢cB and vB
respectively contain a denumerable set of blocks [a]'. The definition of
functional blocks is more complicated. Any open formula 4 defines a
string o(A4) obtained by replacing the free variables by dashes; for
example o(Pxa>(3y)Oxy) i1s P—a>(Jy)(J—-y. £B contains a denumerable
set of blocks of the form [4]' for each member of {4 | for some 5 € F-W,

= G(B)} Where the rank of [4]' € £B is the number of dashes in A4,
fB B, ... are the sets of functional blocks of rank 1, 2, ... In
shorthand [ shall write the constant blocks and the variable bloc:ks as o,
and I shall write their occurrences instead of the dashes in functional
blocks. Thus, the block expression [54, P—&~(Q—DR—a)]([39 a] {15 b]
[39, a) will be written (unambiguously) as [Pa”’&—<(Ob"°=Rd® “dl*™
remark that the last occurrence of a is opaque. sBUCBUVBUIEB is
obviously denumerable.

BF, the set of block forraulas, is the smallest set such that

(1) sB C BF,

(ii) if4 € fB"and oy, @y, ..., o, € CBUVB, A(015...0,,) € BF,
(iii) if oy, oy € CBUVB, a;=a,; € BF,

(iv)if 4, B € BF, ~A4, (A4DB), (A4&B), (AvB), (4=B) € BF, and

(v)if A € BF and a € vB, (Va)4, (o)d € BF. The set of well-
formed block formulas, BW, is defined as usually.

Functional blocks deserve some further comment. Consider the
following proof (it may be read as a CL-proof):

1 (Wx)(Pxao(3y)Qaxy)  Premise %)
2 Pba>(3y)Qaby Universal Instantiation D
3 (F3x)(Pbx>(3y)Qaby)  Existential Generalization %)
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The block analysis will be as follows (only the numbers are arbitrary).
Let us first consider stage 2:

| (VY [Px' a=(3y)Qax'v) Premise %
2 [Pbsa:/(Ely)Qab3y]2 Universal Instantiation @
And now stage 3:

1 (Vx"[Px'a’>(3y)Qax'y)* Premise 0
2 [PE’’>(3y)Qab’yi Universal Instantiation
3 (FO(PEX° (@ Qub* W] Existential Generalization @

The official formulation of the functional block 2 is [2, P~a>(3y)Qa-y];
that of 4 is [4, P—2(3y)Qa—y]. It is essential to realize—the proof is
safely left to the reader—that no functional block contains a free opaque
variable. As proofs contain only members of W, any member of vB that
occurs in a formula shouid occur within the scope of a quantifier over
that member of vR. Functional blocks of rank » will be handled just as
predicate symbols of rank r are usually handled.

In order to build the block semantics for the monotonic
paraconsxstent logic CLuN, we extend the language BL to the pseudo-
language BL" obtained by addmg to BL a (possibly uncountable) set of
pseudo-constant blocks oB (ust as L™ was obtamed by addmg O to L).
The sets sB, ¢B, vB, £B', £B7, BF BW, BF', BW' and BW w1ll be
handled exactly as the sets S, C V P! ,P% ..., F, W F , W', and W~ were
handled in the CLUN-semantics in sectlon 2. So, a BCLuN-model 1S a

couple M =(D, v) in which D is a set and v is an assignment function
defined by:

Ci.l v:sB—{0,1}

Cl2 v:cBuoB— D
Ct3 v:.fB — p(D)
Cl.4 v:BF —{0,1}

Next we define regular models in terms of equivalence classes of the
members of cBuUoB, and discard non-regular models. We define the
valuation function vm determined by the model M-—a task I can safely
leave to the reader. Finally, we define truth in a BCLuN-block-model,
semantic consequence and validity as usually. That the BCLuN-
semantics is sound and complete with respect to BCLuN-proofs may be
shown by an embedding of BCLuN in CLuN-see [6].

Given the BCLuN-semantics, we proceed exactly as for CLuN in
order to define BACLulN1-models and BACLuN2-models. Remark that
Ab(M) contains only abnormalities at the level of the block formulas
(and no opaque ones). Given a proof in one of our adaptive logics, we
perform its block analysis and start from there.

Let us again consider the last example of a proof and the block
analyses of stage 2 and stage 3 As block 4 does not occur at stage 2, the
premise at this stage, viz. (VxH[Px'a>(3y)Qax'y)’, has models in which
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the block formulas 1, 2, and 3 of stage 3 are false. There are two ways in
which we may proceed. On the step by step semantics, we simply
interpret the formulas in thP block analysxs of stage 3. As a result, the
premise of that stage, (Vx")[Px'a>(3y)Qax’ y , has models in which all
formulas of the block analysxs of the prev1ous stage are false. On the
continuous semantics, the models of the block formulas at some stage
should wverify all block formulas of all previous stages. This is
particularly attractive: each stage narrows down the models of the
premisesm . For my present purposes both styles of semantics can be
used, and I shall follow the simpler step by step style.

4. Some results

As noted before, the motor for the dynamics of the proofs are the
DEK-formulas that occur in it, together with the conditions on derived
formulas. Reconsider the example of a dynamic proof in section 2. If it is
interpreted as an ACLulN1-proof, lines 4 and 5 have to be deleted. If one
would fail to see that 1 is a DEK-formula and that the formula in the
condition on 4 is a factor of it, one would not delete 4. That, however,
would be plainly incompetent—the rules for ACLulN1 (not explicitly
listed here) force us to delete 4. This has two simple effects for the block
analysis of proofs in our logics: (1) the factors of DEK-formulas should
be transparent in these formulas as should be the elements of conditions,
and (i1) where an element of a condition is identical to a factor of a DEK-
formula, the corresponding blocks should be identified.

The correspondence between the block analysis of a proof at a stage
and the block semantics is similar to the correspondence between a usual
proof and a usual semantics. Soundness: all (non-deleted or not marked
OUT) lines in the proof at a stage are validated by all models of the block
premises. I can safely skip the demonstration as it is identical to the proof
that ACLuN1 and ACLuM2 are sound with respect to their semantics.
Completeness: the wifs true in all models of the premises (as they come
out of the block analysis) can be derived within the block proof without
changing the block analysis (that is, without further analysis or identifi-
cation of blocks). Given this proviso, the demonstration proceeds exactly
as the one that ACLuN1 and ACLuN2 are complete with respect to their
semantics. All BCLuN-consequences of the block premises can be
unconditionally derived in an extension of the block proof, and wffs
verified by all BACLuNI1-models (respectively BACLuN2-models) of
the block premises can be derived conditionally in an intelligent exten-
ston of the block proof and will not be deleted (or marked OUT) in it.

There is one proviso to both the Soundness and Completeness of
block proofs with respect to the block semantics: if a DEK-formula is
derivable in a block proof, it should be derived. This requirement turns
out to be easily met. Indeed, a DEK-formula is only true in all models of

" This nicely expresses the infortnation gained as the proof proceeds.
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the premises iff its factors are transparent Remark tor exampxe tnel no
DEK-formula is derivable from ~[p} and (Pl v([q] &~ ia . As [p I" and
[p] are not identified, both ~[p]* and [p]’ will be true in ail BACL nN 1-
models and BACLuN2 -models of those two formulas. If ~!p§ and
lpl v([q] &~[q] ) occur in the proof, then '[p] v!ig]® should be aerived

It can be shown, however, that the latter cannot be a minimal DEK-
formula unless it was derived previously (which explains the identifi-
cation of the two [pl-biocks).

It is instructive to consider the transition to a stage at which a iine is
deleted or marked OUT. Let us concentrate on ACLuN1!, which is
simpler from a proof theoretic viewpoint. Basically there are two reasons
why a DEK-formula can be derived: it may result from the identification
of two blocks, or it may result from the analysis of one or more biocks
and from the identification of the newly discriminated blocks. As the
former case is the more general one, I restrict attention to that.

Let us continue the example from the previous paragraph, where
-[p] and [p1’V([g]°&~[¢]°) occur in the proof; let us suppose that the
inconsistency of no block is derivable from the premises (as analvzed at
the stage). ‘[p] V![g)°® is derived by identifying block 4 with block 5.
What happens on the semantic side? U(") = @ for the previous stage; the
premises, [, had consistent BCLuN-models, and hence these are the
BACLuNl-models of I'. By the 1dent1ﬁcat10n all BCLuN-models ~f T
verify '[p] v'[q] and U(I) = {p, q}. Now no BCLuN- model of i {as
analyzed at this stage) is consistent and Ab(M) € {{p}, {g}, {p, q}} for
all BACLuN1-models of I'. Hence, formulas derived in the proof with a
condition containing p or g are not any more verified in all BACLuN1-
models of T

Let us move to the continuous semantics for a moment. What
happened to the BACLuN1-models of I" at the previous stage? By the
identification of blocks 4 and 5, all models in which these blocks have
different truth values turn out to be ill-formed'’. As a result, the only
BCLuN-models of I' that are BACLuNl-models of I are now
inconsistent (as described).

It turns out that we nicely captured the dynamics of adaptive logics
in semantic terms: the dynamics of the proofs is semantically justified in
terms of the block formulas provided by the block analysis. The semantic
dynamics does not merely serve the purpose of justifying the dynamics of
proofs. It also reveals that there is a deep and sensible mechanism behind
that dynamics: it reflects that the insight in the premises grows as the
proof proceeds. The information gained may be expressed in terms of the
continuous semantics. The set of models of the premises is cut down as
the proof proceeds; some interpretations of the premises turn out to be ill-
formed and are discarded.

4 Remark that we meet a further dynamics of the semantics here. As the analysis and
identifications proceed, some block-models turn out to be ill-formed and hence are
ruled out.
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Before finishing the present section, I would like to add a comment
on final derivability. I have remarked that Compactness fails for
BACLuN1 and BACLuN2. This rules out a positive test for final
derivability in general. So, it is extremely important that we have criteria
which warrant that some formula is finally derived at some stage of a
proof. The block approach provides us with such criteria: by means of
the block semantics we can delineate the circumstances under which any
extension of the proof, which indeed corresponds to a further analysis
and identification of blocks, will not lead to the deletion (respectively
marking OUT) of the line at which the formula is derived. I refer to [6]
for a rather rough such criterion. As is illustrated there, the block
approach enables us to capture a host of other dynamic aspects of logical
reasoning, even for monotonic logics.

5. Some open problems

Part of the attractiveness of the dynamics of adaptive proofs derives
from the similarity of this dynamics to the one of everyday reasoning.
The block approach looks quite promising with respect to that reasoning
or at least with respect to mechanisms that attempt to capture it within a
formal framework. In general, all logics that are not monotonic'® belong
to this class. For logics relying on such mechanisms as circumscription, a
reconstruction in terms of ACLuN2 together with a preference
mechanism was presented in [4]. Recently it was discovered that the
consistent chunking mechanism presented in [12] and [13] (and
rediscovered later by a host of computer logicians, usually not referring
to and perhaps not aware of the sources) is actually an inconsistency-
adaptive logic (result to be published).

It is a very unfortunate thing that a proof theory for such systems
has not been developed. Even if Compactness fails, even if we have to
recur to some meta-theoretic criterion (such as intelligent extension of a
proof), our grasp on such logics (and especially on their applications)
would be greatly furthered if we had a proof procedure and some criteria
to decide that some formula has been finally derived at a stage. The block
approach 1is extremely promising in this respect in that the block
semantics provides us with the requirements that such proof procedure
should meet.

Apart from the above, there are more general and more specific
open problems. The more general ones concern the dynamics of everyday
reasoning. My personal view on the matter is that an elaboration of
dynamic procedures in a strictly formal framework is more promising
than a direct attack on everyday reasoning itself. The more specific
problems concern logics such as ACLuN1 and ACLuN2. Easy problems

' I use this rather long phrase because the expression ‘“‘non-monotonic logics” is usually
taken now to refer to a specific brand of logics that are not monotonic, viz. those that
worry about Tweety and the Nixon Diamond.
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concern reformulations of the proof procedure, such as natural deduction
formulations in which the direct dependence on DEK-formulas might be
loosened. More difficult problems concern a refinement of the criteria for
deciding that a formula is finally derived at a stage of a proof. All this
seems rather interesting because, as the Hilbert program crashed on
Gddel, logicians should try to learn as much as they can about aspects of
logic that have been so far neglected. The dynamics of our reasoning
seems most promising in this respect, and the block approach provides a
means to tackle it.
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P.Weingariner

DIFFERENT KINDS OF RELEVANCE

Ab6ctpart. Cmumyrom 0.4 pazpabomky Cucmem pelesammHon v
napaHenpoOmueopeyusol 102UK CAYIHCUM UCCAe0068aHUE NAPACOKCOE.
Omu napacokcvl B803HUKAIOM 6 CAyYae NPUMEHEeHUs KIACCUHeCKOU
aoeuxku (CL; 68 pasnuynblx 001acmax HAYKY, , 8He C@epbl A0ZUKL U
MAMeMAMUKU, U 6 0DbIYHBIX pACCYHCOeHUAX. Yuenvie, Koeoa OHU 20680-
PAM 0 Clle0CMBUAX HAVYHBIX MEOPUL, Ulu 2unomes, 0ObIYHO NOOPA3Y-
Megaiom Hewmo 20pazoo ooaee y3koe, yem mo, yumo CL oonyckaem &
Kayecmee 371eMeHma Kiacca CAeOCmeuil. 3mo cnpageoiuso Mmarice U
0151 00bIYHO2O paccyxcoerus. Lienvlo cmamvu SA61emcsi ONUCAHUE
PA3IUYHEIX UOey DeneganmHOCMy, OeMOHCMPAYUs UX OMIUNUL U U
CROCOBHOCMU pA3peuleHUs 1ApacoKCcos.

The stimulans for the development of systems of Relevant Logi
and of Paraconsistent Logic came from investigating paradoxes. Thes
paradoxes arise when Classical Logic (CL) is applied to different rield
of science outside logics and mathematics and tc ordinary discourse.
Scientists, 1f they speak of consequences of scientific theo-ies or
hypothesis do have in mind something much more restricted than that
what CL permits to be an element of the consequence class. This nholds
also for ordinary discourse.

The purpose of this paper is to describe difrerent ideas cf rele-
vance and to show their differences and how they are able to solve
paradoxes. Before beginning with the description of the different crite-
ria some examples will show paradoxical situations:

~
~
o
L
S
>

1. Examples

E1l Assume that a physicist after obtaining some experimental result
writes in his research report: If this experimental result is contra-
dictory no physicist will ever fina a correct theory of baryons.
Asked by his collegues about his strange prediction he could
reply: By the laws of logic my claim is true since a true empirical
statement cannot be logically false.

E2 Assume that the contract of a building company contains the
following statement: If all the building material will be available
until time 7] we shall finish the building until time 2. But assume
that the building company knows in advance (or arranges things
that way) that the building material will not be available until #7.

' Research on this paper was supported by a grant of INTAS-RFBR contract 95-365.
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E3

E4

ES

E6

E7

Suppose that someone claims the following "theorem": If the
system of relevant logic R is decidable then intuitionistic proposi-
tional calculus is also decidable.

From the proof of Fermat's theorem it follows that: there is no
solution of x0 + yM = z1 for n > 2 or Goldbach's conjecture is false.
If males will not get pregnant then males who take the anti baby
pills will not get pregnant.

Assume that someone, after he has proved theorems 7] and 77
anounces theorem 73 which is the conjunction of 7] and 77.
Assume that someone infers a consequence of an empirical theory
which was shown to be false (by experimental proof). He claims
now that this theory has a lot more false consequences: all

conjunctions of this false consequence with any (true or false)
statement.

The logical structure of the examples is as follows:

El:

E2:

E3:

E4:

ES:

From a contradiction or from a logically false statement one may
infer any statement. Or: an implication is true if its antecedents is
logically false. 4 A =4 } B; (4 A —4) —> B. All relevant logics
agree in avoiding this principle of CL (from a contradiction any
arbitrary proposition follows) which was called recently the
"explosion principle"*.

From the negation of the antecedent follows that the implication
(with arbitrary consequent) is true: -4 } 4 - B, —4 — (4 — B).
Well known paradoxes which have this structure: Carnap's para-
dox of disposition predicates, Paradox of Derived Obligation,
Paradox of Commitment.

An implication is always logically true if the antecendent has been
proved to be false and the consequent has been proved to be true:
F | T, F — T. Paradoxes of this sort are such that the implication
purports (additional) information although it is always logically
true.

From any true statement infer a disjunction including it: 4 | 4 v
B; A — (4 v B). Well known paradoxes which have this structure:
Hesse's Paradox of Confirmation, Goodman's Paradox, Ross'
Paradox, Paradox with Irrelevant Explanandum Components.

To any valid inference one may add premisses: (4 |- C) } (4, B |

C); A —> C } (4 A B) > C. Well known paradoxes which have this

2 See Priest, 1997.
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structure: Paradox of Irrelevant Theory Strengthening, Paradox of
Irrelevant Law Specification.

E6: From seperated premisses one may always infer (form) the
conjunction of them:4, C } 4 A C. Applying adjunction leads to
paradoxes in action theory and in Quantum Logic.

E7: To any false consequence one may conjoin any statement forming
a new false consequence: (4 } F) } 4 F(FAB,(A—> F) F(4—
(F ~ B)). This structure plays a role in paradoxes connected with
the question "What are the consequences of a theory?" especially
with respect to Versimilitude®.

2. Ideas of Relevance

In a good sense the idea of relevance starts with Aristotle. His
valid syliogistic modes are constructed in such a way that they satisfy
the following relevance restriction: The predicates occurring in the
conclusion are contained in those occurring in the premisses. Rele-
vance is here understood with respect to the inference not with respect
to an arbitrary proposition. With respect to the inference (valid argu-
ment) we can ask immediately two questions: (1) Does the conclusion
follow relevantly from the premisses? (Conclusion-relevance). (2) Are
the premisses relevant for this conclusion? (Premiss-relevance).

It seems to me that in the three main approaches to Relevance (1)
is at focus and (2) is only sometimes additionally investigated.

2.1 Strengthening Implication

The approach has its origin in antiquity, in Stoic Logic. Later
sources are in Medieval Loglc In this century the approach begins with
Lewis' "Strict Implication” continuing with Parrys "Analytische
Implikation", Ackerman's "Strenge Implikation", culminating in
Anderson/Belnap s "Entailment"* Further development in this direction
was the construction of a semantics for the ax1omatlc systems
proposed’ and completeness and (un)decidability results®

2.2 Theory of Conditionals

A second approach is to build up a general theory of conditionals.
Also this approach goes back to antiquity, again to Stoic and then to
Medieval Logic. Contemporary research was done by Chellas,
v. Bentham, Nute, Veltman and others’.

For further kinds of paradoxes see: Weingartner, Schurz,1986.

Lewis, Langford, 1932.

Routley, Meyer, 1972; Maksimova 1973.

Meyer, Dunn, Leblanc, 1974; Urquhart, 1984. For a survey until 1980 cf.: Dunn,
1986. Cf. also: Read, 1988.

7 Cf.: Chellas, 1975; v. Bentham, 1984; Nute, 1984; Veltman, 1985.
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The first two approaches mentioned above both propose a "new
logic" in the sense that the concept of implication and (parallel) to that
the concept of the validity of an inference is changed (in general in the
direction of strengthening). Whether both go hand in hand depends
heavily on the question whether the change is done only with respect to

the main implication (in an implicational formula) or with all implica-
tions.

2.3 Relevance Filters

There is a third approach and Aristotle's idea seems to fit best in
this one. It uses relevance restrictions to be applied to an underlying
logic choosen (usually the classical one). The restrictions are usually
much stronger than those received by changing implication. One reason
is that there are limits for changing implication (and consequently
validity of inference) since the usual closure conditions (transitivity,
substitution, modus ponems) should be preserved for a logic. But it
need not be preserved for a restriciton or for a filter.

Proposals of this third kind have been made by v. Wright, Kémer,
Geach, Gardenfors, Wessel, Weingartner and Schurz®.

2.4 Semantic Considerations on Relevance

The approaches under this heading are not semantics for axiomatic
systems of (relevant) propositional logics but investigations on the
semantic relations between individual variables or predicates in
premisses and conclusions or in antecedent and consequent of an
implication. Proposals of this kind have been made by Dunn and
Orlowska/Weingartner’.

These approaches are to some extend independent from the three
approaches mentioned above and can in principle be conjoined with
one of them.

3. Relevance Restrictions (Filters) on CL

The approaches which I shall describe in some more detail are
approaches of the sort of 2.3 (above).

3.1 Shared Variable restriction

The conclusion should be connected in some way to the
premisses. Premisses (at least one) and conclusion share some variable
(propositional variable or predicate). With this restriction only E1 of
the given examples and its underlying principle can be avoided.
However adding a suitable tontology (like B — B) to the premisses

8 von. Wright, 1957; Kérner, 1959; Gérdenfors, 1976; Wessel, 1979; Weingartner,
1985; Weingartner, Schurz, 1986; Schurz, Wcmgartner 1987 Schurz, 1991;
Weingarmer, 1997a.

® Cf: Dunn, 1987; Orlowska, Weingartner, 1997. A semantics for the relevance
restriction (relevance filter) R (put on CL) was developed by Schurz (1991b).
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satisfies the restriction but leaves the problem. Thus shared variable
condition (mentioned in Anderson/Belnap 1975) is much too weak as a
means for solving paradoxes.

3.2 The Aristotelean Restriction

The conclusion of a syllogism does not contain predicates which
are not contained in the premisses. In fact the former contains subject
and predicate term the latter in addition to the middle term. This
amounts to the following relevance restriction:

Al o F B is Aj-relevant if o | B is valid and there are no
predicates in 3 which are not in a.

We may transmit this idea to propositional logic and receive:

Ag o }FB is Ag-relevant if o | is valid and there are no
propositional variables in 3 which are not in a.

It 1s easily seen that Ag can be applied to valid implicational
formulas a — [3 i.e. to the main-arrow (—) of them. (However cf. 3.3
below). Applying A1 is more complicated, if formulas are quantified.

AQ (A1) rules out E1, E2, E4, E5, E7 and the general cases of E3
(if the propositional variables and predicates of the sentence positively
proved are not included in those of the sentences which were proved to
be false). Thus it is easily seen, that Ag (A1) is already a rather strong
criterion. But there is a problem with A-relevance. Since it is applied to
CL we don't have the additional restrictions which Aristotle had for the
premisses in his syllogisms Therefore an arbitrary tautology contain-
ing the propositional variables or predicates needed can be added to the
premisses in order to satisfy the A-restriction. Thus 4 A —4 } B can be
turned into (4 A A—A4) A (B — B) } B and the latter satisfies the A-
restriction. We might add to Ag and A the further restriction: No
proper part of a valid implication (inference) can be a tautology or a
contradiction. With this addition Ag and A| become rather strong and
the mentioned problem with adding tautologies in the premisses is
avoided. A weaker extension of the Ag criterion is that which has been
proposed by Wessel in several of his writings. He adds to Aq the
condition proposed by Wright and Geach that the premisses must not
contain a contradiction and the conclusion must not contain a tautol-
ogy.

It might be interesting to see what properties the system of propo-
sitional logic has which is obtained by filtering CL with Ag. The
following list gives an answer to this question:

(1) Agp-relevance is closed under substitution and under tran-
sitivity of implication.
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(2) Ag-relevance is neither closed under modus ponens nor
under contraposition.

3) Agp-relevant implication (a A, [) is not Ag-relevance

preserving.
4) If (o A, B) then all four cases are possible concerning

the Ag-relevance of o and [3: both, neither or one of both may be Ag-
relevant.

(9) The set of formulas (of classical propositional calculus)
obeying the Ag-restriction can be characterized by finite matrices'".

(6) If My is the matrix of Wronski and M any arbitrary

matrix then it holds: forevery o, BMW XM Fa > Biff M fa A, B

(X ...Cartesian Product).

@) The set of formulas obeying the Ag-restriction is finitely
axiomatizable''.

3.3 A different restriction is obtained if A( is applied to every
implication (—) in a valid implicational formula. I call this the A*-
restriction. The remaining system has very different properties:

(1) A*-relevance is closed under modus ponens, under transi-

tivity of implication and under substitutivity.

(2)  A*-relevant implication preserves A*-relevance.

(3) A*-relevance is not closed under contraposition.

(4)  The matrix mentioned in 3.2 describes also A*-relevance if
every — is interpreted with the matrix for A and the matri-
ces are designed as having an infinite universe. In this case
this matrix is a special case of a class of matrices proposed

by Dunn to reconstruct Parry's axiom system for analytic
implication.

19 Cf.: Weingartner, 1985. In fact the matrix proposed there is first designed for an
infinite universe such that Ag-relevance can be characterized also by infinite
matrices. But a small change permitts to construct a finite matrix out of it (p. 574)
which also characterizes the Ag-restriction. Another finite matrix was constructed by
A. Wronski. Cf.: Weingartner, 1994. p. 104. The claim in Schurz (1991b) p. 66ff.
that Ag-relevance cannot be represented by finite matrices is incorrect and due to a
confusion between Ag-relevance and A*-relevance. The claim holds for A*-
relevance. The matrices given in Weingartner (1985) were constructed for Ag-
relevance (although they can be used also for A*-relevance). Cf.: My, 1994. Chap.
4.121.

'" An axiom system is given in: Zinoviev, 1973. P. 75 {ff and 267 ff.
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(5) From (4) and Dunn's completeness proof it follows that the
class of A*-restricted formulas is axiomatizable by Dunn's
axiom system (1972).

3.4 Gardenfor's restriction

Gardenfors is concerned with similar restrictions for an adequate
concept of scientific explanation'’. As a first condition beyond the
usual basic ones for an explanation of a sentence E with the help of
theory T and antecedence conditions C he gives in fact specifications
of the A-restriction: his condition C5 and a strengthening of it C5'. His
further conditions are especially concerned with premiss-relevance on
the one hand (the explanation should contain the most simple antece-
dens, condition C6) and with the task of avoiding the case that E
implies C on the other (condition C7). C6 requires a criterion of
simplicity which is defined with the concept of "shorter formula" with
respect to a disjunctive normal form. This idea as a means for avoiding
redundancies is similar to the reduction-criterion RD to be described
below (cf. 3.7).

3.5 Korner's Restriction

There should be no parts in a valid formula which can be replaced
by its own negation salva validitate. This is an idea of Korner” In a
precise form the criterion reads:

K A valid formula o is K-relevant if there is no single occur-

rence of a subformula which can be replaced by its own
negation salva validitate of c.

The K-restriction is rather strong, it rules out all the logically valid
forms underlying E1 to ES and E7. It is also universally applicable and
not restricted to implicational formulas or inferences. However it
doesn't exclude such simple irrelevances as: 4 — [4 A (B v —B)]. On
the other hand it seems to exclude too much: The restriction is also
premiss-relevant in some strong sense and rules out for instance: (4 A
B) — A.

The following list gives some properties of the system obtained
from CL by the K-restriction.

12 Gardenfors, 1976.

'3 Cf.: Kérner, 1959, 1979. The criterion is ill-formulated in these places; it was made
precise by Cleave (1973/74) and by Schurz (1983).
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1) K-relevance is not closed under substitution, not closed
under transitivity of implication, but closed under modus
ponens.

(2) K-relevance is preserved under commutation, association,
double negation, and De Morgan's laws.

(3) Every valid subformula of a K-relevant formula is K-rele-
vant.

(4) Ifa K B then none of a, B, =, =P are valid.

(5) o A BisK-relevant if both parts are.

(6) Ifa K fando K ythen:a K (BAy).Ifa K Bandy
K Bthen(avy) K B

All these and further properties follow from the following theo-

rem:

(7) Tk: A valid formula o is not K-relevant if there exist
formulas B, y and a propositional variable p such that a is
the formula which results by substituting y in place of p in
B, B is valid and p occurs in {3 only once.

(8) This theorem implies the further result: K-relevance can be
replaced by (the appearently weaker) K'-relevance'”:

K' No single occurrence of a propositional variable in o
can be replaced by its own negation salva validitate of a.

(9) K-relevance cannot be characterized by matrices. But the
valid formulas which do not obey K-relevance (K-irrele-
vance) can be characterized by infinite matrices.

(10) K-irrelevance is closed under substitution (cf. (1)).

3.6 Kreisel's restriction

The main idea is: There should not be parts in a valid formula that
are eliminated in the usual proof of the interpolation theorem'.

KR A valid formula o is KR-relevant if a does not have a proper part
B in which there is a KR-irrelevant (KR-redundant) occurrence of
a variable.

14 Properties (2)-(6) have been observed already by Cleave (1973/74).

5 The proofs of Tk and this result are due to A. Wronski: Cf.. Weingartner, 1994. P.
109f. Observe that it is crucial for the above results that the underlying propositional
logic CL contains only propositional variables, no propositional constants.

'® This restriction is due to Kreisel (proposed 1986 in private conversation to Wronski
and myself).

93



An occurrence of (the variable) p is KR-irrelevant (KR-redundant)
in [ if 3 can be replaced salva validitate of o

(1) by B [£/T] A~ B[F/F] if B is a positive part of «
2) by B[P/iT]v B [F/E)if B is a negative part of o

The formula 3 is a positive (negative) part of o if there is an even
(odd) number of components of a having the form —y or y —» & where
B is contained in y'". KR is a possible formulation of Kreisel's main
idea above.

A formula a is KR-relevant if a does not have a proper part in
which there is a redundant occurrence of a variable.

Then the connection with the interpolation theorem can be stated
thus: If a is a tautology and [3 is a positive (negative) part of a then one
can find a formula ' such that the following conditions hold:

(1) VPBHY< V(B)and B'—> B (B — B') is a tautology (V(B) = the
set of propositional variables in 3).

(2) B can be replaced by ' in a salva validitate of o and no
propositional variable of the resulting tautology is KR-
redundant within p'*®.

A closer look shows that KR-relevance is rather strong. Like K-
relevance it is applicable to arbitrary formulas. If applied to valid
implication it combines conclusion-relevance and premiss-relevance
since it is not concerned with redundance (irrelevance) only in the con-
clusion but in negative and positive parts of a formula. KR-relevance
implies K-relevance for all formulas without propositional constants.

From this it also follows that KR excludes even more than K and
so also (4 A B) — A. This raises an important point concerning a
threshold with respect to strength. It seems to me that even relevant
inference should allow that the premisses are richer than the conclu-
sion. But this idea is here violated and therefore there is a good reason
for saying that KR is too strong.

3.7 Replacement-Restriction (R)

The replacement restriction was first proposed in
Schurz/Weingartner (1987) as combining the merits of both A- and K-
restriction but avoiding their weak points. Later it was developed

"7 This definition of positive (negative) parts of a formula is due to Kleene (1967), p.
124.

'® This interpretation of Kreisel's idea is due to Wronski.
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further by both authors. It was shown in different papers that R can
solve most of the paradoxes in the following quite different areas
(outside logic and mathematics) where logic (CL) is applied: theory of
confirmation, explanation, law statements, disposition predicates,
versimilitude, quantum logic, epistemic logic and deontic logic'.

R is at the same time a generalization of one of the most important
principles of Paraconsistent Logic, the principle of avoiding explosion:
from a contradiction it should not be possible to derive any arbitrary
formula. A closer look at the concept "arbitrary formula" leads to the
idea of formula which can be replaced by any other formula salva
valididate of the inference. If this is generalized again to include predi-
cates and identity formulas and to allow replacement of more than one
occurrence (of the same variable, predicate letter) but restricted to
conclusion-relevance i.e. to the conclusion of a valid inference
(consequent of a valid implication) we arrive at restriction R.

I want to emphasize that | prefer to say that a deduction is valid
(with respect to CL) but not relevant instead of saying it is not valid in
general. One reason for that is given below cf. 3.62 (T1). But an
important other one may be stated immediately: the definitions of arbi-
trary formula (predicate) have to be relativized to an underlying logic,
usually CL: salva validitate of inference defined in CL. Without such a
relativization the concept of "arbitrary formula" remains vague.

3.71 Replacement

R (informally): o is a relevant consequence of 4 if o is a
consequence of 4 and there are no arbitrary predicates or atomic
formulas or identity formulas in o.

R (formally): a is a relevant consequence of 4, symbolically 4 |, o
if the following conditions (1)-(3) are satisfied
() A4}ta
(2) It is not the case that a predicate (including propositional

variable, the identity sign) is replacable in & on some of its
occurrences by any other predicate of same arity salva
validitate of 4 d a.

' Many paradoxes of the above mentioned areas have been discussed and solved in
Weingartner/Schurz (1986) by different strengthenings of the A-criterion and of the
K-criterion. But both criteria have some serious disadvantages. A and K criteria have
been criticized correctly by Sylvan and Nola (1991). R however does not have these
disadvantages and solves a lot more paradoxes (cf. T2).
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(3) There is o B such that B }| o and B is the result of the
replacement of some occurrencies of 11 = 19 by 7 or £°.
o — B is relevant, symbolically: a - B iff {a} }. B.
a is an irrelevant consequence of A, symbolically: 4 F.; a iff R(1)
is satisfied but either R(2) is not satisfied or both R(2) and R(3)
are not satisfied.

3.72 Properties of }o (R)

What thecrems of CL are R-relevant? This question is answered

subsequently by giving properties of R. It is not easy to characterize
these theorems exhaustively by a few principles. Since it will become
clear from the theorems T1-T7 below that the set of these theorems has
a mere complicated structure in that it does not obeyv the usual closure
conditions.

Tl

T2

b and —, are not transitive (hence do not satisfy the cut rule),
nor monotonic, nor closed under substitution nor closed
under modus ponens.

T1 shows very clearly why (at least stronger kinds of) relevance
(non redundance) — here conclusion relevance — have to be
distinguished clearly from validity (of inference or implication):
For validity closure with respect to transitivity and substitution are
very important. To keep it for relevance means to allow
redundancies in a quite direct and straight forward way. By
substitution one can enlarge the redundancies — by substituting
tautologies, repetitions ... etc. like the branches of a tree.

Fer and —, imply the Aristotelean criterion (A-criterion) or vari-
able-entailment criterion: All the propositional variables and
predicate letters of the conclusion (consequent) are contained in
the propositional variables and predicate letters of the premisses
(antecedent).

A-relevance (4 |* a) can be generalized by requiring that every
valid substitution generalization of 4 é‘ a is also A-relevant. We
call 4 } o a substitution generalization of 4* } a* if 4* }a*isa
substitution instance of 4 } o. Then it holds:

% The 'R' may stand for 'replacement’ or 'relevance' or both; 'cr' stands for 'conclusion
replacement’ or 'conclusion-relevance' or both. For properties of }-c, see below.
Conditicn (3) is needed to avoid special types of irrelevance concerned with identity
which cannot be dropped with (2) alone: For instance if y: = [(a=bAab=¢c)—>a=
c] then y is not replacable in 4 - B A y by any other 2-place predicate salva validitate
(i.e. by applying (2)). But it can be eliminated by applying (3).
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T3

T4

T5

T6

T7

A } a is R-relevant if every substitution generalization of is A-
relevant’’. T3 shows an interesting relatation between R-relevance
and A-relevance.

Fee (—¢) is not recursively axiomatizable. It is so only for
propositional logic and for the decidable parts of predicate logic*.
ber (i) Is transitive (and satisfies the cut rule), is monotonic and
closed under substitution.

b.r satisfies only the left-to-right half and |, only the right-to-left
half of the deduction theorem: 4 |} o - B iff 4 U {a} | B.

1. At (@AB)iffd boaand 4 k., B.

2. e and |, are preserved under applying the following
equivalence transformations to subformula parts of the conclu-
sion: v —> transformation, double negation, De Morgan, v A
commutation and association; 3-V exchange, quantifier scope
reduction VA -splitting and 3v-splitting.

A very important question for R-relevance as a means to solve the
problem of versimilitude is the following one: Is the set of all R-
relevant consequences of a theory 4 always logically equivalent
with the set of all consequences of 4? Since this is so as theorem
T7 says one does not loose anything by concentrating just on the
R-relevant consequences of a theory rather than on the whole
consequence class.

1. The set of all consequences of A4 is logically equivalent to
the set of all R-relevant consequences of A: For all 4, Cn(4) 4 }
Cncp(A).

2. For all (formulas of predicate logic) o there exists an o'
such thata 4 } o' and a' |, @'.
3 For each consequence a of A4 there exists a 3 such that 4

bee Band B | o®.
Theorem 7 is a very important result and provides a necessary
premiss for further theorems.

R solves paradoxes E1-E5 and E7 and a lot more. R however only

partially solves paradoxes in connection with: (1) the concepts of
versimilitude, (2) the noninvariance of important concepts with respect

2! For the proof see: Schurz, 1991b.

22 For the proof see: Schurz, 1991.

2 The proof of T7 for popositional logic was given in Schurz/Weingartner (1987) that
for predicate logic was presented in a recent unpublished manuscript by Gerhard
Schurz.

4 Jloruueckue Hccnejl., Bbil. 5
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to logical equivalence transformations, (3) Quantum Logic, (4) Logic
of Actions. For the solution of paradoxes in the latter areas we need an
additional restriction (reduction) on the consequences in CL.

3.8 Reduction and Replacement (RD)

R does not rule out repetitions or double negations. More subtle
kinds of complexities arise in the four areas mentioned above. To solve
E6 we need a restriction which does not always allow to construct
conjunctions (fusion) out of parts, or in other words to have a rule
which splits up every consequence into its simplest parts (consequence-
elements) but does not allow a way back. This solves also at the same
time the problem with repetitions and double negation. If moreover the
consequence elements have to be conjuncts then we can also avoid
those implications of the distribution laws which are forbidden in
quantum logic (these are the ones which go from a conjunction to a
disjunction). Such a restriction forbids also equivalence transforma-
tions which turn simple elements or conjuncts into disjunctions and
special transformations which arise in definitions of versimilitude and
in the comparison of the consequence classes of false theories.

3.81 RD

RD Let o be a consequence of 4, 4 | a . Then a consists of relevant
consequence elements only if the following conditions are satis-

fied:

() o 1s in prenex conjunctive normal form (denoted by: ™)
(2) a” does not contain repetitions nor double negations

3) o is reduced by scope reduction:

3x (A A B)4 } 3x 4 A B, where x is not free in B
(4) o” is reduced by splitting:

Vx (A AB){} Vx4 A VxB
(5) The resulting o satisfies R.
(6) The conjuncts are split into separated elements:

BAy B,y

Besides the paradoxes which are solved by R alone, RD solves
several complicted paradoxical situations as they occur in the theory of
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versimilitude in the logic of actions, in quantum logic and in equiva-
lence transformations®*.
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Hamamu B.A.Cmupnosa

E.A. Cugopenko

HOPMAJIN30BAHHBIE BbIBO/IbI
U OBOBIIEHUE TEOPEMBI JEJYKIIUN'

Abstract. The main aim of the paper is to formulate both a general
definition of the normalized inference from hypotheses and a general
definition of the deduction theorem which at the same time would be
valid for any logical theory T (D-theory) being not weaker than a
system D,,,, with the following axiom schemes:

(1)4—->4, (2)4A>B->.C >4 —>.C—>B,3)(4r—>B) »B

2) (where A7 is any theorem of T), and the only rule of inference:

MP (modus ponens).

Let B,, ..., B, 1s a consequence of inference B from hypotheses
I". We say that a member B, of By, ..., B,, depends from B, iff (1) B, is
the same as B, , or (2) B, was used to obtained B; by a rule of infer-
ence, or (3) B, depends from B, and B, depends from B;.

The using of MP in a consequence By, ..., B, of inference B
from hypotheses I" in a theory T is said fo be normalized iff for each
member of the consequence B, (i < m), obtained from B, (the major
premise) and B, (the minor premise) by MP, the following conditionals
are satisfied:

(a) the major premise By precedes the minor one B, i.e. k </ .

(b) there is no any members being hypotheses between B, and B, .

(c) the minor premise B, hasn’t to depend from any hypotheses
preceding By .

A normalized inference of B from hypotheses /"= {A4,,...,4,}
(n > 0) in a theory (calculus) T is said common standard inference (see
below DI) where MP is under its normalized using.

A consequence By, ..., B,, of inference B from hypotheses I is
said to be normalized iff it fulfils D2 .

MT1. In any theory T a class of valid statements "} B in accor-
dance with [standard definition of inference] D1 is just the same that
in accordance with D2.

Let By, ..., B,, be a normalized consequence of inference B from
hypotheses I" in a theory 7. Let B, be the first member of the conse-
quence after which the rule R4 was not used. And let A4, ..., 4, be the
consequence members (not obligatory different) including after B, in
the mentioned order as hypotheses. And let at last 7 be a list of all
hypotheses I, which are included in the consequence before B,. Then

' Pa6oTa BLINONHEHA NPH NOLIEPXKKE POCCHACKOro riyMaHMTapHOrO Hay4yHOro QoHaa
(rpaut 95 - 06 - 17270).
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the expression [, YA;,..., A, | B is a normalized writing of the infer-
ence B from /.

MT2. (Deduction theorem). If the consequence of formulae
B, ..., B, is a normalized inference B from /" in a D-theory 7 and
[oVA;,.... A, F B is the corresponding normalized writing of 7" | B,
then in 7 it 1s valid any statement

TvAp., A b A —>..—>A,—>B (I<i<n) .

ITocne cmept B.A. CmupHoBa B 1996 r., coTpyaHHKH cekTopa
JIOTUKH, KOTOPbIM Brnaaumyip AnekcaHIpoBHY Tak J0JIFO pyKOBOIUI, U
ero y4eHHUKH PELUWIH MOCBATHTb €My o4depeqHOH (4-H) BbITYCK UM XKe
ocHoBaHHbIX JIorH4YecKHX Hccaed0BaHHH. DTO [Mpeanosjarano, B
YaCTHOCTH, MOArOTOBKY OO30pHOH CTaTbH, OCBELLAIOLIEH OCHOBHbBIE
NOTHYECKUE pe3y/IbTaThl, IMOJIyYEHHbIe UM B 00JIaCTH COBpEMEHHOM
dopmantHoit noruku”. JIMuHO s obpaTuics Torga K TeEM HccilenoBa-
HUSIM 10 TEOPUU BbIBOAA, KOTOpPblEe NMpHUBEIH CMHPHOBA K NOCTPOEHHIO
pEIEBAHTHBIX JIOTUYECKHX ACHHUCIEHHUH HA WHBIX, YeM Y APYIHX IIpel-
CTaBUTesed peleBaHTHOM JIOTMKH, OCHOBAHHAX.

HMMmenace onpeneneHHas napajulesb B ero M Moux paborax mno
3Tol npobraeMe, cBA3aHHAA C YCTAHOBJIEHHEM B3aMMOOTHOILEHHH
MEX:1y pa3/IMYHbIMH OMNpenesIeHHAMH BbIBOJAA U3 IMOCBIIOK U TEOPEMBI
NEAYKIWH, C OJIHOH CTOPOHBI, W COOTBETCTBYIOLUMMH MM HCYMCJIe-
HUSAMH - C ApPYron.

Ewe B Havane 60-x ronoB B.A. CMUpDHOB, HCC/IEays] HEKOTOpBIE
npo6ieMbl CHIOTMCTHUKH, 00paTH/ BHUMaHHE Ha TO, YTO MHOTHeE Iipa-
BWJIA BbIBOLA M3 MOCBHUIOK 171 HCUMCJIEHUS EBICKAa3bIBaHUM MOTYT ObITh
chopMysiMpoBaHbl (M J0Ka3aHbl) 0€3 CCBIJIOK Ha KOHKPETHYIO aKCHO-
MaTHKY HCUHCIEeHUH. /115 5TOro 10CTaTOYHO OMUpPAThCS JIMILIE HA CaMo
onpenencHue BbiBona [1]. BMmecTe ¢ TeM nocrieiHee MOKET ObITb pas-
auuHbIM. OT 3TOro, ecTecTBeHHO, OyAyT pa3/iMYHBIMH M KJ1acchl MpH-
eMJIEMbIX YTBEPKIEHHH O BBIBOAMMOCTH BHAa | B, a Takxke npasui,
MO3BOJIAMOLIMX MEPEX0] OT OAHUX YTBEP)KIEHHH TaKoro THIa K ApY-
ruM. K riocieIHHM OTHOCHTCS M TaK Ha3biBaemas Teopema JAeLyKLHH,
nossonsrowas nepexon ot I, AFB k I'F A —B.

Ecau, ckaxkewm, oNpelaefieHHe BbIBOJA 3alpellacT (QUKTHUBHOE
MCMO/b30BaHHE MOCBIIOK, Ji€/1as HEMpaBoMepHbiM nepexoa ot I'F B k
I'AF B, To B 4dcio MpHEMJIEMBbIX YTBEPXkIEHHH O BBIBOJMMOCTH,
NoJy4aeMbiX C MOMOILLBK TeOpPeMbl OEOYKLIMH, HE MonanyT (npH eLle
HEKOTOPBIX  OYEBHIHBIX OrpaHHYEHHUAX) TaKHe MapaJoKCalbHbIE
YTBEPHKIAEHHSA, KaK

FA>B—>A u FA->—-A—>B][2]
OnpezeneHde BbIBOJ2 M NpHHHMaeMas (OpPMYJTHPOBKA TEOPEMbI

AeayKUHH (a Takhe (GOpMYJIMPOBKH MOTrYT OBbITh pa3jH4HbIMH MpU
OJIMHAKCBOM OMNpede/eHUd BbIBOAA) 3aJalOT pas/iHYHble KJacChl

2 Cwm.: Jlorudeckue uccienoBarus. Beim4. M., 1997. C. 40-69.
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YTBEPKAEHHH O BHIBOAMMOCTH . BO3HMKAET BOMPOC, KAKHE JTOFHYECKHE
UCYHCJIEHHA COOTBETCTBYIOT TOMY WM MHOMY H3 3THX KjiaccoB? Ira
npobseMa Obu1a AetanbHO McciieqoBaHa CMUPHOBBIM B 70-€ roasl [3-
6]. Ilpu 3TOM OBLIH ecTECTBEHHbIM 00Opa3OM MOCTPOEHBI U HCCIENO-
BaHbl T€ CBOOOAHBIE OT MapagOKCOB MWMIUTHKALMH HCUMCIIEHHS, KOTO-
pble BIOCJIENCTBUH CTaJIA UMEHOBATHCA pelieBaHTHBIMHU. Peub uaer o
TaKHX UCYUCIIEHHAX, KaK R, £, UX Tak Ha3bIBAEMbIX MHUHIJIOBBIX aHa-
Jorax M KBAHTOPHBIX pacuiMpeHusx. [lnsg Bcex  pacCMOTPEHHBIX
MCUMCIIEHHH TNpPEeMIOKEHbl HMX CEKBEHUMAIbHbiE€ aHaJIOrH, H3yyeHa
npobyieMa yCTPaHHUMOCTH CeUYeHHs. 3aHUMa/IUCh 3THMH HpO6ﬂCMaMH u
yuenuku B.A. CmupHoBa, B yacTHoctH, B.M. ITonos [7, 8]".

Mou uccnenoranus [9-13] B 3ToM HanpaBleHHH OTAHUYAIUCH OT
CMHUPHOBCKHUX B psaje oTHoweHuH. Y npexae Bcero B ToM, 4To npejia-
raeMble MHO# ONpEJE/IEHHs BbIBOAA U TEOPEMbl J€AyKLUHUH (MpHHLIKIA
JeAyKUUH) OBINMH H3HAYAIBHO PENATUBU3UPOBAHBl OTHOCHTENLHO
HCUHCIIEHHH. B TOM cMbICie, 4YTO NMpH OAMHAKOBBIX MO popMe dopmy-
AUPOBKaxX OHHU MpUOOpETa]Id pa3IUYHBIA CMBICT B 3aBHCHMOCTH OT
TOTO, KAKUM B PE€aIbHOCTH OKa3bIBAJIOCh UCYHUCIIEHHE, QUTYpHUpYIOLIee
B OTpeAeseHUsX Kak Hekast abcTpakTHas Teopust 1

Korga “CMupHOBCKME UTE€HHMS” TOJIBKO 3aAyMBIBAJIHCh, S ObLN
YBEpPEeH W JaKe BBICKA3bIBA 3TO MyOJHYHO, 4YTO Oyny JdefnaTh Ha HHUX
Joknazn (a 3aTeM W CTaTbio 1 HacTosiued KHUrH) “DopMasibHbINA BbI-
BOJ U JIOrHYECKHE HCUHUC/IEHHUS’, B TOUHOCTH MOBTOPSIOIIMKA Ha3BaHHE
KHUTM CMHPHOBA M BBIPAXKAKOLIHA MO€ HaMEePEeHHE H3JIOKMTh B ropas-
1o 0osee pa3BepHYTOH PopMe To, UTO S MOMBITAJICS CKa3aTh BhILlIE.

Cny4yunoch, 0OAHAKO, TaK, YTO HOBOE OOpalleHHE K y)Ke, Ka3aJlocCh
Obl, H3yYEHHOMY MHOH BOMpocy, oOpalleHHe, BbI3BAHHOE HCKIIIOYH-
TE€JIbHO MEMOPHAJILHBIMH 00CTOATEILCTBAMH, HEOKUIAHHO MO3BOJIHIIO
NOJIYYUTh pe3ysibTaT [14] 6onee CHABHBIN, YEM TOT, YTO MPEACTABIISAI-
Cs MHEe OKOHYaTeJbHBIM U Obu1 OoImy6GiMkoBaH MHOH paHee [13]. Hy kak
TYT He CKa3aTb, YTO 3THUM pe3ynbTaToM s o0s3aH Brnamumupy Anex-
caHapoBudy. M, ecrecTBeHHO, 3TOT pe3yabTaT $ MOCBALLAK €ro

MMaMsaTH.
* ¥ x

B atoii cHTyauuu TeopeMa AeJyKUMH, COXpaHAs Ha3BaHHe, BHICTYNAET B KAYECTBE HE
0OBIYHOH MeTaTeopeMbl HCHHCIEHHS, (UKCHPYIOWIEH, 4YTO MPH CYLIECTBOBAHHH
goiBoza I, A} B B ucuucnesnn Moxet ObiTh NocTpoeH BoiBon I F A—>B , Ho npa-
BHJIa NNOCTPOEHHUSA BBIBOJA, Pa3spelialolero MepexoanTb OT MEPBOro M3 YKa3aHHLIX
BbIBOAOB KO BTOpoMy. [103TOMY npaBuibHee Obio OBl B 3THX Cily4asX rOBOPHTH HE
0 TeopeMe, a o npuHuMIe geaykuud. C apyrofi cropoHbl, ynorpebisemoe Ha3BaHue
cpa3sy [enaer ACHbIM, O YeM HIET peyb, a KOHTEKCT MOKa3bIBAET, KMEEM JIH MBI AE10
C TEOPEMOH HJIM XK€ C [TPABHIIOM.

3rto HanpaBneHue B pabore B.A.CMupHOBa 6bII0O MHTEPECHO MPOAHATH3HUPOBAHO
B.A.bo4yapoBoM B €ro BBICTYIIEHHH, MOCBAUICHHOM IMAMATH YYEHOro, Ha JOTHYe-
ckoit koHpepeHunu B Cankrt-lIletepbypre (uroHb, 1996). KoHdepeHuus, koropas
M3HavyaibHO nocsswanace namatd U.H.bpoackoro u O.®.CepelOpsHUKOBa, HEOXKH-
JaHHO AO0IT0JIHWAACh HOBBIM MEMOPHATIbHBIM UMEHEM.
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HarnoMHUM H3BECTHOE oOMpenesieHHe (JOrMMHYECKOro) BbIBOAA M3
NMOCBLIOK (runoTe3), KoTopoe Mbl OyaeM Ha3biBaTh Adliee cmaHodapm-
HbIM.

D1. Jlocuyeckum 6visodom guickazvieanus (opmyavi) B uz nocei-
a0k (eunomes) I' = {A,, ..., A,} (n 2 0) 6 meopuu (ucuucaenuu) T Hazwl-
8aemcs KOHEUHAA RNOCAe008amelbHOCMb 8bICKa3bisaHuu (gdopmyn)
By, ..., By, (m > 1) makas, umo nocaeOHull uieH nociedoeameibHoCmu
B, cosnadaem ¢ B, u ons écaxoeo B, ( 151 < m) evinoansiemcs 0OHO u3
caedywujux ycroeuti:  (a) B, ecmb oona wus nocwvuiox u3z I'; wiu
(6) B, - meopema meopuu (ucuucnenus) I, wiu (8) B, nhoryuaemcsa us
08YX NpeouleCcmsyIuux YieHo8 NOCAe006ameabHocmu no npasury MP
(modus ponens), uiu (2) B, npeocmasnsiem cob0i KOHBIOHKYUIO O06YX
npeowecmeyiowyux — YleHo8  NnocaedosamenbHocmu (R0 npasuiy
aovionkyuu. RA). (Ilpumevanue: Ecau B s3bike 1 HET 3HAKA KOHb-
FOHKLIMH, TO IMYHKT (I') 10/DREH ObITh OMyLIEH.)

M3 DI BHAHO, YTO MHOIHE YTBEP>KAEHHS O BBIBOAMMOCTH MOTYT
ObITh MOJY4YEHBl MIPH TOM, YTO B KayecTBe 1 OepeTcsd mycTas TEOpHS.
SIcHO Takoke, 4TO MpH BepHOCTH I | B Bcerda BepHsIM OyJeT Takke U
I''A FR , raoe A Oepercs coBeplUEHHO MPOHU3BOJIbHO. Eciau, nostomy,
BMecTe ¢ D/ NpUHATH KaK [1paBHIIO BbIBOJIa TEOPEMY /IE1YKLMH (bynem
0Go3HauaTh ee B 3ToM ciyuae kak RDTY, To w3 I, A} B, a 3HauuT, u
U3 BepHOro /" | B Mbi Bceraa MoKeM MOJYYHTh B KauecTBe 06OCHO-
BaHHOTro I | A -» B n7s n060ro npou3BoJIbHO B3ATOro 4 .

Takoe nosiokeHue NpHEMIIEMO, KOr'la B KaUeCTBE HHTEpIIPEeTaLUrH
1A CBA3KY «—>»» OepeTrcsa wilaccHyeckasd MaTepuajlbHas HUMIUIHKaLHA.
ITycTb, c1HAKO, TEOPHSI OMUCHIBAET UMILIHKALHIO (YCIOBHYIO CBS3KY),
npeanosararllyo, B OTJIH4He OT MaTepHaJibHOH MMIUIMKAlIUM, HEKO-
TOPYIO CONEPIKATENBHYIO CEA3b MEXKAY AHTEUEAEHTOM H KOHCEKBEHTOM
YCJIOBHOrO BBICKAa3biBaHMSA, H B CHJIy 3TOr0 OTBEPraeT KJIacCHYeCKHH
npuHuMn A —. B —A . Torga teopeMa AedyKUHH, B MMpPHBEACHHOH
Bbillie (OpMe, B KauecTBE I1paBujia BbIBOJA OKa3blBAETCS COBEPLUEHHO
HECOCTOSTEIbHOHM.

Ilpu BCceM TOM HaxOKIE€HHE KakOro-to MOIXOASLIEro aHajora
TeopeMbl JSAYKLUMH 115 TEOPUH C HEKIACCHYECKMMH HMIUTMKaLUAMHU
npeacrasiseTcs 4pe3Bbl4aidHO BaXKHBIM. Bo-mepBblX, 3BpHCTHUYECKas
3HAYHMOCTb 3TOH TEOpEeMbl OY€Hb BBICOKA, TaK Kak OHA IMO3BOJISET, B
YaCTHOCTH, CBOAMTH mpobnemy BbiBoAa  (QOpPMYIibl BHIA
rh4 ,—> A P ST A,,—->B K 3a4acTylo Kynaa Oojiee npoctoit 3agaue
BbiBOAA [ A,,Ag, vy Ay }-B

Bo-BTOphIX, H :m), no)kanyH, rnaBHOeE, MPH OTCYTCTBHH TEOPEMBI
OeOYKUHH B HEKOTOPOH TEOpUM TPYAHO (f dymaro, NMpOCTO HEBO3-

5 TIlpu nyctote T onpenenenue D/ Bmecte ¢ RDT no3BoJSET MOIYYHTh BCE yTBEp-

xaeHus |B, rae B ecTh Teopema MO3UTHBHON WMIUIHKATHBHOH MHTYHLHOHHCTCKOM
NIOTHKH.

Tak kak npo6reMa pa3peliMMOCTH I HEKIACCHYECKHX TEOPHH MMIIMKAUMH YacTo
OKa3bIBAETCH HEPEIUCHHON, BaXHOCTh BO3MOXHOCTH TaKOro CBEACHHS BbIBOAA
TOJIbKO BO3pacTaerT.
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MOXHO) 060CHOBAThL COAEPXKATENBHYIO ONMPaBIAHHOCTD TPEAIaraeMoro
3TOH TeopHel ornucaHus (opManu3aumu) YCJIOBHOM CBA3KU. XOTH Obl
YK€ TIOTOMY, UTO B €CTECTBEHHBIX pAaCCYXIECHHUAX OOOCHOBaHHE
MCTHHHOCTH YCJIOBHBIX BBICKa3bIBAHHH OCYILECTBISETCS C MOMOILbIO
npueMa, paBHOCHJILHOI'O ITPUMEHEHHIO TEOPEMbI AETYKLHH.

Haxxe He 3HAIOWMHA JOMMKM YENOBEK, KOraa OT Hero Tpebyercs
JI0Ka3aTb HCTHHHOCTb YCJIOBHOIO MpeanoxeHus suaa “Ecau A, mo B”,
CYUTAET AOCTATOYHBIM ITPOJAEMOHCTPUPOBATh, YTO U3 HEKOTOPOM COBO-
KYIHOCTH NPELIOKEHHH, KOTOpbie MO KAKUM-TO OCHOBAHMAM CYMTa-
FOTCA UCTHHHBIMH, U U3 A MOXHO BbIBeCTHW B. MIHBIMH ClIOBaMH, Mbl
MMEEM [I€JI0 C TEM CaMbIM KOCBEHHBIM BBIBOJOM, KOTOPBIH, Oyay4H
BOCINPOHU3BEIEH B CHMBOJIMYECKOH (OpMe, MO3BOJISET CUUTATh BEPHBIM
I' } A — B na ocHoBaHuu BepHoCTH [, A | B .

H BoT 4rO BaxkHO oTMeTHTh. B ecTecTBEHHBIX pacCyXIEHHAX 3a
CYeT MPOCTOro 3JpaBOro CMBIC/Ia MpPH HCII0Ib30BAHMH [IPUHLIMNA
AEeNYKUHMH U30€ratoT TeX HEYMECTHBIX MMOCIENCTBUH, K KOTOPBIM MOTJIO
Obl npuBecTH npuMeHeHHe RDT npu ero 4ucto GopMaribHOM MpHMe-
HeHud. Hukomy npu OOBIMHOM pacCyXIeHWH HE MpUHIET B TOJIOBY
060CHOBBIBATh UCTMHHOCTH 4 — B tem, uto umeeT cuiny B, 4 | B, rae
B sBnserca BepHbIM. CTporas xe 3KCIUTMKALUs yCIOBHH KOPPEKTHOTO
npuMeHenus RDT B ciaydvae npuHaTua DI, Kak noka3aHo B [11], saBns-
€TCA BECbMa HETPHBHAIBHOU MpobyieMoil, pelleHHe KOTOpOH XOTHA M
BO3MOJKHO, HO MaJIOMIPUrOAHO NMpH paboTe ¢ UCUUCIICHUAMH.

[TonbiTky agantauuy ¥ NOMcKa noaxoasAiei GopMyaHpOBKU TeO-
peMbl NEAYKLHUH [/ HWCUMCIIEHHH C HE3KCTEHCHOHAJIbHOH HUMIUIHKA-
LHeH HeU30EXHO CBA3aHbl C MCIOJIb30BAHUEM [IBYX B3aWMOCBS3aHHBIX
M B3aMMOJOIOHAKOLKUX BO3MOXKHOCTeH. O1Ha COCTOUT B MOUCKE MOJ-
xoasuien nepeOpMyIMPOBKH CTaHZAPTHOTO OMNpEAEIeHUs BbIBOJA
D1, a npyras - B HAXOXJAEHHUH AAEKBATHbIX OFPAaHHUYHUTENBbHBIX YCJIO-
BUM, MpU KOTOpeIX OT [, A} B MoxHO nepexoauts k I'F A —>B ¢
COOTBETCTBYIOLIECH UMIUTUKALIUEH.

B yem cocTosAT HenOCTaTKH TaKOro moaxoja Mpu MOMCKax aiek-
BaTHOW HMCUHMCIEHUIO WIH XOTS OBl YMECTHOH [JIi HEro TEOpEMBbl
nenykudu? OHH J0CTAaTOYHO OYeBHAHBI. K MX YHCIy OTHOCHUTCH, B
NepBYIO ouyepedb, TOT, YTO OMpeAE/IEHHE JIOFHYECKOTO BBIBOJAA MPHUXO-
JUTCS MEHATh B 3aBUCUMOCTH OT CBOMCTB OINHChIBAEMOH B MCUHUCIIEHHH
UMIUTHKaUUY. Y 3HauuT, NpUHUMAaTh BCAKHMHA pa3 HOBOE TMOHHMaHHeE
BEIBOJA HE TOMBKO B CMBIC/IE JIOTHYECKUX MPHUHLMIIOB, Ha KOTOpbIE B
BbIBOJEC MOXHO ONHpaTbCs  (YTO B MCYHMCIIEHHAX, PA3JH4YHBIX IO
KJ1aCCy OIMUCHIBAEMBIX B HUX MPHHIIMIIOB, BIIOJIHE OMpPaBIaHO), HO U B
CMBICJIe CaMHUX HOpM noctpoeHus Bbioja. [lonobHas penstvBu3alus B
NOHHMAaHWH BBIBOJA BBIXOAMWT 3a PaMKH TeX AETEPMHHALMH, KOTOpbIE
CBSI3aHbI CO CMBICJIOM TEPMHHOB OOBEKTHOIO fA3bIKa, M MTO3TOMY HHKaK
HE MOXXET CUHTAThCA NOCTOUHCTBOM. M neno naxke He B TOM, YTO MBI B
TaKOM ciy4ae OyaemM UMeTh Oeno ¢ ad hoc ONpeneseHHsAMH, HO B TOM,
4TO MOC/IeAHHE MOTYT OKa3aThCsi BeChbMa JaIEKHMH OT COAEpXKaTelib-
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HOTrO M KCIIOJIB3YeMOr0 B €CTECTBEHHbIX PACCYXKIECHHUSAX ITOHMMAaHHMS
BBIBO/A.

B pamkax rycroi TeopHu, HapuMep, a 3Ha4uT, U 11060 TeopHH
BOOOIile, B COOTBETCTBHHU C )/ UMEET CUITY BCAKOE YTBEPKIECHHE BHAA

4—> A—>B, A} B (D).
[TpencraBum Teneps, YTO UMEIOTCS UcuMciaenus 1; u I, , 11 nep-
BOTO M3 KOTOPbIX YTBEPKAEHHE

A—->A—->B+A—B (2)

ABJISETCS BEPHBbIM, a A1 BTOpOro - HeT. Kakum obpa3zom 0OOCHOBaTH
fIPAaBOMEPHOCTH Nepexona OT yTBepxkaeHHs (1) k yrBepaeHHO (2) B
OAHOM cilyyae W HeMpaBOMEPHOCTb - B ApYrom?

B npuHUMIIe, KOHEYHC, MOMHO U1 KaKIAOro MCUMUCIIEHHSA peKyp-
CHMBHO OMNMCaTh BECh KJacC BEpPHbIX [/ HEro YTBEpP)KICHUH BHIa
I'yA | B, K KOTOpbIM MpUMEHHMA TeOopeMa AedyKLHH (CM., HarpHuMep,
[6, 12]). Ho 310 Maso 4To naer B MpakTHYECKOM CMbICIIE, SIBI4SACH M0
CYLIECTBY HEKOTOPOH (CEKBEHLMAJIbHOIO THMA) NepedopMyHPOBKOH
MCYMUCJIEHHWS, YTO HHKAK HE CBS3aHO C peajlbHbIMH [pOLieAypaMHu
BbIBOA.

EcTb ¥ HHOM NyTh, KOI'a 1IAr CTaHAAPTHOrO BbIBOJAA COMPOBOXK-
JNAKTCA  OMpEeAS/IeHHOro THUMa aHajlH30M, IMO3BOJIAIOWMM CYIWTb,
MOXET JIH K COOTBETCTBYIOLUEH MOCBIJIKE ObITh MPUMEHEH MNPUHLMI
neaykuudd (cM., Hanpumep. [15]). IlopobHoro poaa aHanus, oaHako,
AETEPMHHUPOBAH HEKOTOPOM MpeaBapHTE]bHON HAEOIOTHEH U BeCbMa
TPYOHO AJanTHpPYeTcs K M3MEHEHMIO KJlacca JOKasyeMbIX B HCUHCJIe-
HHU TeopeM. He ciydaiHO, 0-BHAMMOMY, aBTOPbl, MCMOJb3YIOLIHE
yKa3aHHbIH T0/X0J, Hepe1KO MPH3HAIOT M3 BCEX MHOIOYHCIEHHBIX
TEOPHUH UMILTMKALUMH MPaBUILHOW TOJIBKO OJHY, OTKa3blBas B 3aKOH-
HOM CVILIECTBOBAHHH BCEM OCTaJIbHBIM.

OcHoBHas lie/lb HacTosiIeH paboTbl COCTOMT B TOM, 4TOOBI AaTh
TAaKoe OlipeaesIeHHE JOrHYecKoro BbIBoAa (Mbl OydEM Ha3biBaTh €ro
HOPMANL308aHHBIM) W3 JaHHBIX IOCBLIOK, KOTOPOE 0O0€CMedYHsIo Okl
CNpaBeTIMBOCTb HEKOTOPOH YHHBEpcalbHOH (GOPMYIHPOBKH TEOPEMBI
NEeAYKUHH U1 OOBLIOrO MHOXECTBA JIOTHYECKHUX HCYMCIIEHUH. TIpu-
YyeM 3TO OMnpejlesieHHe BbIBOJA MO/DKHO ObITh TakMM, 4YTOObI Kjacc
C/IeACTBMH U3 aHHBIX MOCHLUIOK /B CHJIY IPHHHUMAEMOTO OMNpeaesieHuUs
HOPMAJIM30BAHHOTO BBIBOAA BO BCAKOM MCUHMCJIEHHH T OBIJ B TOUHOCTH
TEM JKe, YTO M B CHJTy cTanAapTHoro onpeaeaeHus D/. MHaue roeops,
KJ1acChl yTBepiAeHHH Buaa [ | B, BepHbiX B ', jIOJKHBI COBMAaAaTh
HE3aBUCHMO OT TOrO, K KAKOMY OMNpeae/IEHUIO Mbl OOpaTUMCS.

[TocnenHee TpeboBaHHE, OYEBHUIHO, OFPAHHYHBAET K1acC TEOPHI,
IUIsL KOTOPBIX MOXKeT ObITh MpeaiokeHa eldHas (OopMYyNUpOBKa Teo-
pembl AeaykuMd. Hopmann3oBaHHBIH BbIBOJ, TaK K€ KaK M CTaHOapT-
HbIH, B CBSI3U C YKa3aHHbIM TpeOOBaHHEM MO3BOJIAET AesiaTh BbIBObI B
paMKax ITyCTbIX TEOPHH, B KOTOpbIX (OPMYJIMPOBATH M [OKa3bIBaThb
TeopeMy NedyKLHUM BpAl /1M UMEET cMbica. TakuM oOpa3oM, TEOpHH,
I8 KoTopbix OydeT ajexkBaTHA npeasiaraemMas HamMud (QOpMYyJMpOBKa
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TEOpEMBI IeAyKLUHH, He OyayT MyCThIMH M OyAyT Ha3bIBATBCA SAIUO-
HbIMU 051 npuHyuna O0eoykyuu, Wiu D-meopusmu. K HUM OTHOCATCS
UCYMCIIEHUs (TEOpHH), B KOTOPBIX HMEIOT CHJIY Cleqyloiue (Huke
OyZAeT NOHATHO, MOYEMY UMEHHO 3TH) NIPUHIIMIIBL:

(1) A ->A (pegprexcusrocmy);
(2) A—>B —.C >A -.C - B (crabas mpanzumusnocnv),

(3) (A »B) =B, roe A4 - reopeMma T (ymsepoicOeHue creocmaus u3
meopemut).

JIoruyeckyro TEOPHIO, COAEP ALILYIO B KAYECTBE AKCHOMHBIX CXEM
(D)-(3) u 3amkHyTYy10 OTHOCHMTeNbHO MP, o6o3HayaeM D,,,, HMes B
BHUIY, YTO B HalleM CJly4yae JaHHas TEODPHs SBJISAETCS MHHHMaJleOPI U3
4yHCiia BCEeX TeX, KOTOpbIE 31€Ch UMEHYIOTCS D- Teopmmu

Mbl roBopuMm, 4TO unen B, nociredosamenvHOCMU 8bI80OA
By, ..., By, 3asucum om unena nocredosamenvHocmu B, HCKIIOYU-
TEJIbHO B ciyydasx: (1) B, coBnagaer ¢ By, T.e. K&XIbIH 4YjieH Mocieno-
BaTeJIbHOCTH 3aBUCHT OT cebs camoro, unu (2) B, ABJIAETCS OJHUM U3
YJIEHOB M1OCJIEXOBATEIbHOCTH, U3 KOTOPBIX B, MONYUYEHO MO OJHOMY U3
npaBwyl BbiBOAa, Hind (3) B, 3aBucHr oT B,, u B, 3aBucur or By
(omuowenue 3agucumocmu mpaH3umugHo).

Y CTaHOBHUTB, OT KAaKHX YJI€HOB MOCJEeNOBaTeNbHOCTH B, ..., B,
3aBUCHUT TOT WIM HHOM ee uJieH B, , OYeBUIHO MOXHO B pe3y/bTaTe
chnenymroweil npocroit npouenypel. CHayana OTMEYarOTCs Te LUArd
BbIBO/1a, HA OCHOBaHUHU KOTOPbIX B, mosy4eHo HenocpeacTBeHHo. Ecnu
TaKOBbl€ UMEIOTCS (a2 OHU MOTYT OTCYTCTBOBATh, KOrla 5, BKJIFOYEHO B
NOCJeI0BaTebHOCTh Kak T€OpeMa WM MOChlIKAa U 3aBHCUT TOJIBKO OT
cebs caMoro), To OTMEYaroTCs MOCIENOBaTe/IbHO, MOKa Npoueaypa He
3aKOHYUTCS, LIAard, HAa OCHOBAHHMH KOTOPBIX MOJIYYEHBI Y)KE€ OTMEYeH-
Hbl€ YWIE€HBbI MOC/IEAOBATEIbHOCTH. B, 3aBUCHUT TOJIBKO OT T€X YJIEHOB
MOCJ1e]0BaTENbHOCTH, KOTOPbIE OKAXXYTCS OTMEUEHHBIMH.

bynemM roBopurthb, UTO uchoasiosavue npasuna MP e nocreoosa-
menvHocmu gvigooa B, ..., B, @opmyner B uz eunomesz I ¢ meopuu T
AGNIAEMCS HOPMAIUZOBAHHBIM, €CTTA U TOJBKO €C/IH U1l KOKA0Iro YieHa
nocjegoBaTeNbHOCTH B, (i < m), NOJYYEHHOro M3 ABYX [peaLuecT-
BYIOILMX 4IEHOB T[OCJ€I0BaTebHOCTH B, u B, no npaeuny MP,
BBIMOJHEHBI CIEAYIOLIHE YCIOBMS!

(a) ecnu B, - Gonbuias nocbiika MP u umeer Bua B)— 5, , TO OHa
NpPeALIECTBYET B MOCIeAOBATEIbHOCTH MEHBLIEH MOCBIIKE B

(b) Mexay 4jgeHaMH MocjiefoBaTEeNbHOCTH BbIBOAa B; u B, (T.e.
MEX Y MEHbLLEN MOChUIKON U 3aKoyeHUeM MP) He HaXOUTCs HUKa-
KOH YJIeH MOC/I€JOBATENbHOCTH B, , BHECEHHbIH B HEE Ha TOM OCHOBa-
HHMM, YTO B, BXOAMT B UHCJIO NOCHUIOK;

" 3ameruM, yto D, HE HAILIOCH MECTAa B KNacCUPHMKALUMK MMIINHKATUBHBIX JIOTHK,
kotopylo ocywectsun A.C.Kapneuko [16]. [leno B ToM, yTo BMecTo (3) B ero kiac-

cudukauuu purypupyer 6onee cnabolit aHanor (4—A—B) —B.
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(c) MenbLlIas MOChIIKA B; HE 3aBUCUT HU OT KaKOH U3 IMNOTE3, KOTO-
pas npeAwecTByeT OoJbLUIEH NTOCBUIKE.

Bcs cyTh OrpaHH4eHMit 3aKJ1I0MA€TCS, KOHEYHO, B (@), B yNopsao-
YyeHHOCTH noceuiok MP. 3ayeM npuHumaercs (b)? [eno B ToM, utO
MMeEEeTCS BO3MOXXHOCTb O0OHTH HEKOTOpbIM 00Opa3oM cmbica TpeboBa-
HusA (a), BbINOJIHUB €ro 4xcto ¢opMaibHO. YciaoBHe (b) BBOAHIOCHE
crieldanbHo, YTOOBI 3TY BOZMOXHOCTh 6y10kHpoBaTh. YcioBHE (c), Mo-
BUAUMOMY, mnokpeiBaeT (b), TouHee, Te npu4MHBEL, MO0 KOoTOpbIM (b)
npuHUManocs. Bmecte ¢ Tem Hanuuue (b) nenaer Oosee sAcCHbIM Te
HIEH, KOTOpbIS JIeXaT B OCHOBE MPUHMMAaeMbIX OrpaHH4YeHHH. Pac-
CMOTPHM B KadecTBE MpUMepa /iBa BbIBOJA:

Nel Ne2

1. A—A (teop.) 1.4—->C (noc.)
2. A (noc.) 2.4 (moc.)
3.A—B (noc.) 3. C—>B (noc.)
4.4 (1,2, MP) 4.C (1,2, MP)
5.B (3,4, MP) 5.B (3,4, MP)

HcnonbzoBanue MP B 000MX NpHBEAEHHBIX BbIBOAAX, XOTS OHO U
yIOBJIETBOPSAET YCJIOBHIO (@), HE ABISETCA HOPMAJIM30BaHHBIM. K B TOM
M B IpYroM ciydasx war (4) rnocje wara (3) npHBOAHUT K HapyLIEHHIO
(b). O6a 3Tk BBIBOAA HapyullaroT, o4eBHAHO, W (c). Ha ware (5) MP
NIPUMEHEHO K MOCHIJIKAM, TOJIbKO MEHbLIAs U3 KOTOPBIX 3aBHCHT OT
TMIOTE3, MpeAlecTBY MUY 00blIeH NOChUIKE.

[Ipumepsl BBIBOOB, KOTOpPble Yya0BAETBOpPSET (b), HO He (C).

Ne3 Ned
1.C—.A4->B (noc.) 1.4->B—4 (noc.)
2.C—A4 (noc.) %hjaBz(l]]\(};))

3. C (noc.) 4.B (2,3, MP)
4.A—>B (1,3, MP)

5.4 (2,3, MP)

6. B (4,5, MP)

Beisoa Ne3 Hapyuiaer (¢), Tak kak war (6) aenaercs fpH TOM, 4To
Majas nocelika A (5) 3aBHCHT OT THIOTE3, NMpEealeCTBYIOLUX 00ib-
wei noceinke A—>B (4). BeiBog Ned4 taxke He yAOBJIETBOPSET YCIO-
BHIO (C), TaK Kak Mazas nocslika MP (3) 3aeucur ot (1), npeniuect-
Bytoulero Oonbluell noceixe. ITocaeaHUHA BBIBOA NPUMEYATENIEH TEM,
4yro A—B urpaetr B HeM poib OJHOBpEMEHHO H 0o/blueH H MeHbLIEH
nochiiok MP.

D2. HopmaiuzoeanHuiM J102UHECKUM 6blIB0OOOM BblCKA3bIEAHUA
(@popmyavt) B uz nocwinox (zunomes) I’ = {4, ..., Ay} (n 20) 6 meopuu
(ucuucnenuu) T Hazvieaemca KOHeUHAS NOCIE008AMENLHOCMb 6blCKA-
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sueanuu (popmyn) By, ..., B, (m 2 1), yooeremeopsiowas ciredyrowum
YCa08UM

(1) Ilocneonuii unen nocnedosamenvnocmu B, coenaoaem ¢ B, u
ons 6caxozo B; ((1<i < m) ewinonnsiemes 00no u3z cnedyowjux ycnoguit:
(a) B; ecmb oona u3 noceirox uz I'; wiu (6) B, - meopema meopuu
(ucuucnenus) T; wiwu (8) B; nonyuaemcs uz 08yx npeduuecmsyiowjux
4eH08 nocaedosamenvrocmu no npasunry MP (modus ponens) npu
HOPMAIU308AHHOM €20 UCROAb306aHUU; wiu (2) B, npeocmaensem
cobOU KOHBIOHKYUID O8YX NPEOULeCMBYIOUUX YEH08 NOCAed06amenb-
Hocmu (noayyaemcs no npasuiy aovloOHKyuu.: RA).

(2) Qopmyna B, 3aeucum om Kaxcoou u3 NOCHLIOK, BKIIOYEHHbIX
8 nocnedosamenvHocms B, ..., B,, .

(MMpumevanua k D2: 1. Ecnn B A3bike 7 HET 3HaKa KOHBIOHKLIMH,
TO MyHKT (2) U3 (1) nomxeH ObITh OmylieH. 2. B, paccMaTpHBaeTCs B
nocnenoBaTe/IbHOCTH B, ..., B, Kak MochUlka WIH KaK Teopema COOT-
BETCTBEHHO TOJIBKO TOrAa, koraa B; BKIIOYEHO B IMOCAE€A0BATEIbHOCTD
MMEHHO B 3TOM KayecTBe.)

Y6enumcs, yto D2, HeCMOTpPA Ha €ro Cepbe3Hble OTIMYUA OT
onpeaeneHus DI, He U3MEHAET, Kak 3TC U ObLIO 3aMBILIJIEHO, Kjlacca
CIIEACTBHH, MONMy4YaeMbIX U3 Tex e noceuiok. HauHeM ¢ otcyrcTByto-
wero B D/ myHkTa (2). OH HUKaK HE MOXKET Or'PaHHYMUTH YMCIa Clel-
CTBMH, KOTOpbl€ MOXHO MNOJy4aTb B COOTBETCTBMM ¢ DI/, Tak Kak
3arnpellaeT JUIb SBHOE BKJIIOYEHHE B MOCJIEAOBATEIBHOCTD TEX IMOCHI-
JI0K, 6€3 KOTOPBIX MPH MOJYUYEHHH CIEACTBHI MOXKHO OOOHTHCH.

Tenepp Hamo nokasaTh, YTO OrpaHHYeHHE Ha MP Takke He CKa-
3bIBAETCS HA KJlacce CIEACTBUM U3 JaHHbIX NMOChUIOK. [lycTh MBI HMeeM
BbIBOA By, ..., B,y . JIONyCTHM, YTO B BBIBOJAE MMEET MECTO HEHOPMAJIHU-
30BaHHOE Mcnoas3oBaHue MP . OOpaTuMcs K MEpBOMY IO MOPAIKY
TaKOMY MCIOJIb30BaHUIO. [IoChIKH, K KOTOPbIM OBUIO MPUMEHEHO Mpa-
BUJIO, 0003HaYuM Kak B;—B;, u B; . CooTBETCTBEHHO, 3aKJIIOYEHHEM
Oynet B,. Tak kak ucnosp3oBaHie MP 1o npearnosokKeHHI0 HE HOpMa-
JIM30BaHO, UMEET MECTO Clly4aH, 4To B, 3aBUCUT OT HEKOTOpPOH THIIO-
Te3bl (WK TMIIOTE3), KOTOPbl€ MPEALIECTBYIOT B, — B, s

BrinuiieM Bce T€ WIEHbI NOCIAEA0BATENBHOCTH, OT KOTOPBIX 3aBU-
CUT B, , B MOpslKe WX BXOXXIEHHs, HAUMHAsA C MEPBON M3 YNMOMSHYTBIX
rUINoTe3 U KOHYas caMOM MochIKOR B, . [lonyuuBuyiocs B pe3ysabTare
TaKOrO BBIMMCBIBAHUS MOC/IEN0BATEIBHOCTE (OPMYJ1 BKJIIOYUM B CTa-
PYIO MMOC/AEI0BaTENBHOCTh HA MECTO Majiol MOCBUIKH, €CliM OHa Obina
Hke Oonblue, W BKJIKOYHM cpa3y nocjie Oonpuiedd B MPOTUBHOM CITy-
yae. B npeo6pazoBaHHOM MOC/IeA0BaTEIBPHOCTH BHIYEPKHEM BCE YJIEHB,
OT KOTOPbIX HE 3aBUCHUT B,, , U OCYLIECTBUM HEOOXOAMMBIE U3MEHEHUS

: 3&M€THM, YTO C YKa3aHHbIM Ciayda€M MBI UMEEM ACIO0 M TOrA4d, Korga MEHbIIas

nockuika npeacraBnser coOOH runoTesy, NpeAlecTBYIOWYIO OONbMIEH MOCHUIKE.
3Heck OCTaeTCss HEOXBAa4YEHHBIM Ciydad, KOorja Majas IOCBIIKA MpeNIeCTBYET
6onbuiel, sBnasgsac, TeopeMod. OqHAaKO B 3TOM CiTydae HOpMajin3auus MCIO/b30Ba-
HUst MP nocturaeTcs nNpocToii nepecTaioBKOi MajoH NMOCHUIKH.

109



B aHaiH3e (T.€. B CChIJIKAX Ha OCHOBAHHA, M0 KOTOPBIM B BLIBOJAE Cae-
7aH TOT “au UHOH war). [locTynuM aHanoruyHbIM 00pa3oM CO BCEMH
OPYrMMH HEHOPMaJIM30BaHHBIMU MNpuMeHeHusMU MP. B pesynbrate
MOJY4YUM HOPM&IM30BaHHBIM BbIBOA C TEMH XK€ MOCBUIKAMH U 3aKJIIO-
YEeHHEM, YTO U HCXOAHBIH BLIBOI.

ObrparuMcs k npumepaMm. PaccMoTpeHHbie Bbiile€ BbiBOAbl No2 w
Ne3 B pe3synpTaTe onvcakHONW NpoLEAYypbl NPEBPATATCS COOTBETCT-
BEHHO B HOpMaJIM30BaHHBIE BbIBOJBI:

1.C—>.A—B (mnoc.) 1.A—B (noc.)

2. C (moc.) 2.A—>B—A (noc.)
3.A->B (1,2, MP) 3.4A-—-B (noc.)

4. C—>A (moc.) 4.4 (2,3, MP)

5. C (noc.) 5.B (3,4, MFP)
6.4 (4,5, MP)

3aMeTHM, 4TO HopManu3auuio BbiBogoB Ne3 u Ned ynanoces ocy-
LIECTBUTb TOJIBKO 3d CYET BTOPUYHOI'O UCIIOIb30BAHUS OOHOH U TOH ke
nocbikH (C B Ne3 u A—>B B Ned4). 3aberas Bnepen, CKakeM, 4TO
BbIBOJ N23 rOBOPHUT O HEBO3MOXKHOCTH MOJYYHTh MPHHLIUIT CAMOJIMUCT-
PHOYTUBHOCTH HMMIUIMKALMHU B IYCTOM TEOPHH, YTO OBUIO OCYLUECT-
BUMO B [ 13].

(DakTU4YeCKH Mbl [JOKa3and CJIeAYIOLYK) YHHBEPCAIbHYIO MIJIs
T000ro HCHUCIICHUS MeTaTeopemMy:

MTI. Knaccei cnedcnisuii u3 OQHHBIX NOCHIIOK, NOAYYAEMbLIE 6
arobou meopuu I’ 6 cuny Di u D2, ¢ mounocmu cognadaion.

TpeboBaHMe, KOTOPOE Mbl BbIABUIajK IPH MOCTPOEHHHU oOIlpene-
JIEHUST HOPMaJIM30BAHHOTO JIOTUYECKOIrO BbIBOJA, BBIMOJHEHO. Paznu-
ype Mexay DI u D2 cOCTOUT TOJNBKO B TOM, YUTO HE BCAKas KOHeYHas
nocyiefoBaTeNbHOCTh B, ... B, , koTOpas siBasercs BbIBOAOM B u3 ' B
cMbicie D/, aBngercs HOPMaJIM30BAHHBIM BbIBOJOM B U3 /' B cMbIcie
D2. Tlpu 3TOM BCAKMH HOPMAaJM30BaHHbIN BbIBOJ SIBJISIE€TCS BBHIBOAOM B
COOTBETCTBHH C D/, ¥ BCsAKMHM BbiBOI B u3 I B cMbIc.1e D/ MOXeT ObITh
HOPMaJIM30BaH.

QopMyHpOBKa 0000LIEHHOH TEOPEMbI JE1YKLMH, KOTOPYK) Ham
NPEeNCTOUT Tenepb NaTh, OyAET ONMUpaTbCsi Ha CTPYKTYPY COOTBETCT-
BYIOLLIET0 HOPMaJIM30BAHHOIO BbiBOAA. B cBA3W ¢ 3THM notpedyroTcs
JOTIOJTHUTENIbHBIE TEPMUHOJIOTHYECKHUE COTVIALLIEHHS.

[lycts nocnepoBatentHOCTb By,..., B, €cCTb HOPMAaTH30BaHHLIM
BbIBOA GOpMybl B U3 runore3 /' B HekoTopoH TeopuH 7. Buigenum s
3TOH MOCJEI0BATE/BHOCTH TAKOH €€ ujeH B, ¢ HaMMeHbUIMM HHIEK-
COM, T0C/IE€ KOTOPOro B BBIBOJAE K Y€HAM NOCI€10BaTEIbHOCTH, KOTO-
pbi€ 3aBHCAT OT MOCBHIJIOK, HE HCIOJIB30BanoCh MPABHIO adbIOHKUMUH
RA. Ilycts Teneps A,..., A, €CTb BCE€ T€ WIEHbI I10CIAEN0BATENLHOCTH,
Heo0s3aTeNbHO Pa3IMYaloLLiuecs, KOTOpble B YKa3aHHOM MOPSOAKE BXO-
JSAT B HEE€ B KaYeCTBe MMOCbLIOK, HaUHHas ¢ uiara By .
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IlycTe nanee I, - CIUCOK BCEX TeX MOCBUIOK K3 I, KOTOpbIe ObUIH
UCIIOJIb30BaHbI B BbIBOJE 10 wiara By . M, HakoHey, nycts I, - CIIHCOK
TeX MOCbUIOK U3 [, KOTOpblE HE UCTIOJIb30BAJIUCH B BHIBOZE BOOOIIIE.

Mbe1 uMeeM, TakuM 0Opa3oM, TpH CITMCKA NMOCBLUIOK [ ,, I, U Ay,...,
A, , KOTOpblE B CBOEH COBOKYMHOCTH MCUEPIMBIBAIOT BECh CIMCOK [ U
KaX bl U3 KOTOPBIX B KOHKPETHOM CJIy4ae MOXKET ObITh MyCThIM.

Beipaxenue {I,}, v A, A, | B 6ynem Ha3biBaTh HOPMAAUSO-
8aHHOU 3anucvio yTBepXxaeHusa I | B 115 HOPMaJIM30BaHHOIO BbIBOJA
B w3 I, umerowmiero BMA By, ..., B, . 3amucu [,VA,,..., 4, FB u
(FY VA, A, F' B roBOpAT O MyCTOTE COOTBETCTBYIOIUETO CIMCKA
noceinok. 3amuck C,..., Cy A, A, | B nokasbiBaeT, 4YTO MOCIE
noceutok Cy,..., C, B BbIBOAE Hcnoas3oBasioch RA . Ilpu mycrore
oboux cnuckoB I, u I, 6yneM HauMHATh HOPMAIU30BAHHYIO 3aIUCh C
BEPTHKaJIbHOH CTPEJIKH i«A,,..., A, | B, nokasbiBasi TeM CaMbIM, YTO HH
K OJHOM M3 MOCBUJIOK HE [PUMEHSJIOCH B BbIROJE MNMpaBwiio R4 . Hako-
Hell, oOblYHAs 3amMCh Aj,..., A, F B TOBOPHT TOJBKO O TOM, 4TO W3
yKa3aHHbIX MOCBIJIOK MOYKHO BBIBECTH B, HO HE YTBEpPXKIAETCH, YTO
3aMMCh BBIBOJA HOPMAM30BaHa.

3aMeTUM, YTO YHKCJIO pa3/lUYHbIX HOPMaJIH30BaHHBIX BBIBOJOB B
w3 runore3 I B Teopud T MoxeT ObITh 1OCTaTOYHO OOBIINM, a B CUITY
OTCYTCTBHA 3aMpPeTOB Ha MPOHU3BOJIBHOE BIJIIOYEHHE B MOC/IELOBATEIIb-
HOCTb BBIBOAA T€OpeM M3 7, Ha MMOBTOPEHHUE WIEHOB MOC/E10BATENbHO-
CTH, He SABNSIOLIMXCSA MOCbUIKAMM, OHO BooOlLEe MOxeT ObITh Gecko-
HeuHbIM. B npHHUHIIE, TaKue 3anpeTbl MOXKHO Obl10 Obl BBECTH, HO B
TEOPETHYECKOM T[UIaHE€ 3TO HE CYLIECTBEHHO, a B IPaKTHYECKOM
BBITNOJIHAETCS €CTECTBEHHBIM 0Opa3oM 0e3 HeoOXOAUMOCTH CrieLHallb-
HbIX OFOBOPOK, KOTOPBIE JHIIIb YCII0KHHIIHN Obl onpelesieHus. Bmecre ¢
TEM KaXXJOMY HOPMaiW30BAaHHOMY BBIBOAY COOTBETCTBYET BCerja
TOJILKO OHA (C TOYHOCTBIO O MOpsJKa MMOChUIOK B [ ;) HOpMaIU30BaH-
Hasl 3anuch.

TeopeMa nenykuWd MokeT Terepb ObITh CHOpPMyJIMpOBaHa Clle-
AYHOWMM 00pa3oM:

MT2. (Teopema dedyxyuu). Ecnu nmocnenoBaTenbHOCTh B,..., By,
€CTb HOPMAaJIM30BaHHbIA BbIBOA GOpMyJibl B U3 runore3 I' B HEKOTO-
pot D-meopuu T, u {I,}, 1, JA4,,..., A, b B ecThb COOTBETCTBYIOLLAS
3TOMY BbIBOJy HOPMAiM30BaHHas 3anuck yreepxkaenus I B, 1o B T
MMeeT CHUJTY BCAKOE YTBEpPKAECHHE

(I, T dAp A FA > > A, —»B (1<i<n).

Hanomunaem, uto non D-meopusimu UMEKOTCS B BULY TaKUE TEO-
puHd, KOoTopble He cnabee, yeM D, , a 3HA4YHUT, COAEPKAT NPHUHUHIIBL:
(N A—>A4; 2)A4A->B—>.C—>4—->.C->B, 3)(4—>B)—>B (rne 4 -
teopema 1) u npaBwio BeiBoga MP . Huwxe O6yaeT AaHO cTporoe noka-
3atenbcTBO MT2. CHayana ke HEeKOTopble coleprKaTenbHble 00BsC-
HEHUS.

Ceityac, kornga Mbl MMeeM (OPMYJIMPOBKY TEOPEMbI NENYKLHH,
BUIHO, YTO OrpaHHYeHHe paMKaMH TOJBKO TaKMX TEOpHH CBA3aHO C
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BO3MOX>XHOCTBIO ITOCTPOMTH IS BCEX YKa3aHHbIX NMPHHLMIOB B JIKOOOH
TeopuH (Ang (3) OHA, KOHEYHO, He NOJ/DKHA OBITb Mycmoil) BBIBOALI,
HOPMAIHM30BaHHOH  3amMChbi0  KOTOPBIX OyayT COOTBETCTBEHHO:
(Dd4F4; @)VA-B,CHA,C}B; 3) VA4 —>B)FB (rme 4 -
TeopeMa TEOPUMH) M KOTOPEIE IO3TOMY MOXXHO TOJIYYHTH C ITOMOUIBIO
NPUHIMNA JeayKUHH.

PaccMOTpUM HECKONBKO MPUMEPOB, PACKPBIBAIOLIMX XapaKTePHbIE
0COOEHHOCTH CQOpPMYJIMPOBAHHOM TeopeMbl AeAyKUuu. HauHem c
OTpaHHYCHHA Ha TMpPUMEHEHHE MpaBHIa aXbIOHKUWMH. PaccMoTpum
YTBEPKASHUE

AB->.C—>D,A,B,C} D .

CoOOTBETCTBYIOUIUMM €MY HOPMAJIH30BaHHBIM BbIBOJIOM OY/I€T:

1.4B —.C —»D (noc.) g g—zD ()1, 4, MP)
2.4 (noc.) : noc.

3. B (noc.) 7.D (5, 6, MP)
4.4AB (2,3, RA)

HopManu3oBaHHON 3anMCbiO 3TOro BeIBOAA OyaET:
AB -».C »D, A, B, C}D.

M3 2Toro ciaegyer BO3MOXKHOCTb MONYYHUTH 110 TeOpeMe deLyKLHH
TOJIBKO

AB -»>.C 5D, A, B} C -»D,
HO He

AB ->.C 5D} 4 —>.B—>.C -D.

O600UIeHHO rOBOpPS, OrPaHUYEHHUs, CBs3aHHbIE C MCIOJNbL30OBa-
HUeM RA, HE MO3BOJIAKOT B HOPMAJIM30BaHHbIX YTBEPKIAEHHAX O BbIBO-
OHMOCTH 3aME€HATb B 0O0lleM ciydyae BXOISLIYyK B CIHCOK [TOCBUIOK
KOHBIOHKLIMIO CITHCKOM €€ COCTaBJArOUIMX. Takas 3aMeHa BO3MOXKHA
JIMLIB TIPY TOM, YTO B MpOLECCE BbIBOJA MOXHO OOOHTHCH 6€3 KOHB-
IOHKTHUBHOTO 00beAMHEHHUSA MOCBUIOK WJIH 3aBHCALUKMX OT HHUX GopMyI
Mo npasHiTy RA, HanpuMep, NpU HAJTMYHH B TEOPHH NPUHLIMIIA 3KCIOp-
Tauudd. BuauMo, ymMecTHO 0OpaTuTh BHUMaHHUE Ha TO BE€CbMa HEOXKHU-
JNlaHHOe OOCTOATENbCTBO, YTO OrPaHUUYEHHs, CBA3aHHble ¢ RA, MOryT
OJIOKHpOBaTh MPHMEHEHHE TEOPEMBbI AENYKLUHUH Jaxe MpPH TOM, YTO
YTBEPXIAECHHE O BBIBOAUMOCTH CONEPXKUT BCEro OAHY MOCBUIKY. Tak,
CK&XEM, B pPEJIEBaHTHBIX TEOPUAX TeOopeMa NEAYKLHH HE MOXET ObITh
npuMeHeHa K ytBepxkaeHH© (A(C —»C)—>B)4A} B, Tak Kak B HHX
HEJb3s MONYy4YUTh KOHBIOHKLIMIO A(C — () 6e3 nomMouiu RA.

Britie MbI 3afaBaMCh BOIIPOCOM, KaK IPH HAJIHUYMH TEOPEMBI
JE€NYKUMH HMETh BO3MOXHOCTb MPHHHUMATh MPHHLMII COKPALUEHUS B
OJHOMN CUCTEME MU OTBEPraTh B ApYroM MpH TOM, YTO yXKe B [TyCTOH Teo-
pHH clpaBeATUBO yTBepxaeHue A —.A4 —>B, A4 [—B . IlocmoTpuM,
KakuM obpa3oM 6s0KkupyeTcs NPUMEHEHHE K HEMY T€OPEMBI AedyKLIHH,
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KOrla B TEOPHM HET MNPUHLMUNE COKpalleHHd. B coorBercTBuM ¢ D2
BBIBOJL 3TOT0 YTBEPIKIAEHHUS BBITJIAAHT TaK:

1.4 —>.4 ->B (noc.) 4.4 (noc.)
2.4 (noc.) 5.B (3,4, MP)
3.4-B (1,2, MP)

Onpenenende D2, OYEeBUAHO, HE MO3BOJIMT HaM H30aBUTBbCS OT
BTOPHYHOI'O HMCIOJIL30BAHUA MOCBUIKUM A, Tak Kak TpeOyeT, 4yToObI
OonbuIas MOCkUIKA MpeaUIecTBOBala MeHbllel. B cBA3M ¢ 3THM HOpMa-
JTM30BaHHOM 3aMUCHI0 JAHHOrO BBIBOJA OYET:

V4 >4 5B A, A} B,

a 3TO 3HA4YHUT, YTO TeopeMa AECAYKLUHH HE MO3BOJISET OCYLIECTBHTH
COKpallleHHe MOBTOpSAIOLErocs 4YjeHa UMIUIHKauuu. BmecTte ¢ TeMm B
TEOpHUAX, Tle MpPHHUHUN cokpaweHus (4 —.4 —>B) —>.4—>B Bepeh,
MMEETCS BO3MOXKHOCTB, HCIOJIB3YA €ro B BbIBOJE, OOOHTHCH OTHOKpAT-
HBIM HCITIO/Ib30BaHUEM NOChIIOK A —.4 B U A, noxy4yus TpebGyeMoe
YTBEpIKJICHHE:

4 >4 >B Al B.

HerpyaHo ybenuTncs, 4To BEPHOE B PEIEBAHTHBIX HCUHCIIEHHUAX R
v E yrBepxaeHue:

A-—->.C—>A4A->B A, C}B
SIBJISETCA HOPMAJIM30BAHHBIM 1S R, HO He 11 E. AHanoru4Ho,
V4 —>.B—>C,B,AFB u 4,4 5B} B

ABJIAIOTCA BEPHbIMU Wist R, HO He ans E. IlpuyeM GrnokupoBaHue OT
NPUHATHA HENpUEeMIEeMbIX O £ yTBEpXIAEHHUH AOCTHraeTcs HCKIIO-
YUTENBHO 3a CYET YNOPAAOYEHHOr0 HCHOJIb30BaHUA nocbuUiok MP. B
MCYHCIIEHHH R 3TO OorpaHu4eHHe JIerko oOXOOUTCs 3a CUET UMEICLLe-
rocs 3aecek npuHuuna 4 -4 -8B —B | KOTOpbIi MO3BOJISET MCIOJb-
30BaTh MOCBUJIKHA MOAyca B HHOM MOPAIKE.

OueBUAHO, YTO, UMES [1eJI0 C KOHKPETHBIMH HUCUHUCIIEHUAMH, IJIs
KaXXJ0Or0 M3 HHUX MOXHO OIpelNesIMTh CBOE CIeLHalibHOE MMOHUMaHue
HOpMaJIM30BaHHOI0 BbIBOJa. HaubGonbluuii nmpakTUYECKUI CMBICI MpH
3TOM MOXET UMEThb aHaiu3 U ONHCaHue IOIYCTHMBIX Uil TeX WIH
UHBIX WCUYUCIIEHHI Npeobpa3oBaHUM, KOTOpble MPUMEHUMBbI K HOpMa-
JIU30BAHHbIM YTBEP)KAEHUSAM O BBIBOAUMOCTH B Pa3jIUYHBIX HCUMCIIE-
Husx. Tak, HanpuMep, B ciy4ae HCUHMCIeHHd E B YTBEpXICHHAX
I, 4 Is-s An b B MOXHO MEHSTb MECTAMM MOCHUIKH A, U A,.;, KOrjaa
nocjeAHsAs UMEET BUIA UMIUIMKALMH. DTOro Heib3s Aefaarb B Dy, , a B
R nopsaok noceuUioK 4y,..., A, Boobuie He UMeeT 3Ha4eHus. [ns knac-
CHYECKMX HCYHCIIeHHH /moboe BepHoe yTBepxkIeHue Aj,..., A, | B
SAB/SETCS HOpPMaiu30BaHHBIM. HMHBIMH cnoBamu, Aj,..,A4, B #
4 15-»4n F B 3mech coBmajaror. [IpuyuHa mMoHATHA. Bo-mepBbix,
Kjaccuyeckuit npuHumn 4 —.B —-A 1no3BoJisieT BKJIKOYUTDL B N0CA€N0-
BaTEJIbHOCTh BbIBOJAA JIKOOYIO MOCBHUIKY. BO-BTOpBIX, 3aKOH 3KCMOpTa-
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uvd AB —-C —>.A —>.B —>(C  paer Bo3MOKHOCTb 00OHTHCh Oe3 mpa-
BHJIA aJEIOHKUMU. M, B-TpeTbHX, B KJIACCHYECKOHN JIOTHKE HET HUKAaKHX
OrpaHUYEHHH HA IEepecTaHOBKY WIEHOB UMIUIMKauuu: 4 —».8 —-C wu
B —.4 —(C 3KBUBaJIEHTHBI

PaccMartpuBas Te BO3MOXKHOCTH, KOTOPblE JatOT pa3Hble UCHHCIIE-
HUS TIpU Mpeobpa3oBaHUAX VA,,..., A, } B, MOXKHO mony4aTe cpaBHH-
TeJbHblE BAXKHbIE XapPaKTEPHUCTHKH KaK CaMUX HCUYMCJIECHHH, TaK U ONU-
ChbIBAaEMbIX B HHX MMIUIMKaUMA. Bo3MoxkeH Taroke obpaTHblii ImyTh. M
370 Oimie K ToMy, Yem 3atuMmancad B.A. CmupHos. Uatu ot ripunsaTus
HEKOTOPbIX NpPaBHJI MpeoOpa3oBaHU HOPMATM30BAHHBIX YTBEPKAEHUH
iA1,..., A, F B K TOCTPOEHHIO COOTBETCTBYIOWHX MM HMCHHCICHHH.
HMeHHO Ha 3TOM IyTH s B CBOe Bpems obnapyxuia [11, 12, 17], uro
Mexay £ U R nexdr OSCKOHEYHOE MHOXKECTBO NPOMEKYTOYHBIX
ucuyucinedui. CkaxeMm, Kinacc npeobpazoBaHMi, JOMyCKaeMblii CHcCTe-
Mot E, mMoxxHO ObLIO Obl ;JONMOJHUTH YMECTHBIM C COJAEp>KaTeIbHOH
TOYKHU 3PEHHUS ¥ He MPOTHUBOpEYalllM HUIEOJIOTHHM 3TOM CHUCTEMbl pas-
pELIEHHUEM COKpalllaTh MOBTOPAIOLUECS T[OCBUIKH B Aj,... A4, He
TOJBKO, KOrJla OHH CTOSAT HENOCPEACTBEHHO PAAOM. XOTHTE IOTYUYHTh
OeCKOHEYHOE MHOXECTBO NNPOMEXYTOUHBIX Mexay & U R cucTeM, pas-
pELIUTE BBIYEPKHUBATh OJUHAKOBBIE IMOCHUIKH, KOTJa OHH CTOAT udepe3
O/IHY, 4epe3 [Be, Yepes TpH, ... Takoro tuna mpeobpazoBaHuit £ nMe-
eTCsl MHOXKEeCTBO. MoykHO, HanpuMep, cOMKaTh OHHAKOBbIE MOCLLUIKH
BJI€BO, BIIPaBO, HABCTpEUY JIpyr APYTY.

[lepefizeM Kk moka3zaTenbCTBY TeopeMbl aenykuuu M72. K coxa-
JIEHHIO, HECMOTPSA Ha TO, YTO omnpeneneHue D2, Ha KOTOpoe ONUpaeTcs
3Ta Teopema, C ero sABHbIM TpeOOBaHHEM 3aBUCHMOCTH TNOCHEeAHEHN
dbopMysBI TI0CNEAOBATEIBHOCTH BBIBOJA OT BCEX THIOTE3, OeaeT
CIpaBeUIMBOCTh TEOPEMBI JJOCTATOYHO OYEBUIAHOM, CTPOroe ee a10oKasa-
TEJIbCTBC OKa3bIBAE€TCA JOBOJIBHO IPOMO3IKHM.

[Tycte B HekoTOpOoH D-Teopuu T cyluecTByeT HOPMajiM30BaHHbIM
BbIBOA By, ..., By Qopmynrt B u3 runorte3 I, KOTOPOMY COOTBETCT-
ByeT HOpManu3oBaHHOe yTeepiieHue [, VA,,..., 4, I B. Hamo noxka-
3aThb, YTC B 3TOM CJIy4ae BEPHO BCIKOE YTBEPXKIAECHHUE:

Lo~vAp 4 FA > . > A, >B (1 <i<n).

CornacHo MpHHATHIM TPeOOBAaHHAM K HOPMaXA30BAHHBIM yTBEp-
JKJIEHHSIM, B TMOCJed0BaTebHOCTH By, ..., B, T10cCle MOsSBJIECHHA T'MIIO-
Te3nl A; npaBwio RA He npumensercs. McciaenyeM Bce BO3MOXKHbIE
Cly4ad BUAAa TOW 4YacTH MCCIEN0BATENbHOCTHU (Ha30BEM ee TOIIIocie-
NOBATeNbHOCTBIO Gy, ), KOTOpas Ha4YHHAETCs ¢ uiara By, Ha KOTOPOM B
ociea08aTebHOCTh BKJIKOYEHA THIOTe3a A,, U KOHYas IOCJIeIHUM
twaroM B, , Ha KOTOpOM Ml UMeeM GopMyity B .

Yrobbl u3bexaTh IpPOMO3AKOCTH JOKa3aTe/JECTBA, MNOHAAEM Ha
HEKOTOPbI€ YIPOLICHHS.

Hckno4uM K3 paccCMOTPEHHUS Te Cly4yau, KOrjaa cpeau 4iaeHoB GGy,
BCTpeYarOTCs QOpMYJibl, SEJAIOLIMECS TeopeMaMu 1. Mbl UMeeM BO3-
MOJXKHOCTh CJ€JlaTb 3TO Ha CJIeAyIOHleM OCHOBaHHMH. Ecnu Teopema
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SIBSeTCS B BbIBOAE Gonbiuel mocklikoit MP, To oHa 0Ge3 HapyuieHH
HOpPMaJTH30BaHHOCTH BBIBOJA MOXKET OBbITh BHIHECEHA B HA4aJIo Moce-
JOBATENBHOCTH M CTOATH paHblie 1ara B, . Eciu xe Teopema sBngercs
MEHBIIEH MOCBIJIKOH MP, TO BMECTO Iapbl YJICHOB MOCJICAOBATCIIbHO-
cti Ar—>C 4 Ay, rne Ar - TeopeMa, 6ynem mucate Ar—>C —-C
Ar—C, cBOAS I€n0 K NpeablIyieMy Cly4aro.

OfpaTuM BHMMaHME TaKXKe Ha Ccleayllee 00CTOATENLCTBO.
Ilycte B HekoTOpod Teopuu I HMeeT MecTo TeopeMa Buma C —>A.
Torna B 7 6yzer Bepubim 4 —B, C} B .

[TocnenoBaTenPHOCTD BBIBOJIA 3TOrO YTBEPXKIEHUS MOXET OBITh
npencTaBieHa JBOSKO:

IlepBbil BapHaHT BTtopoii BapuaHT
1. C—>A (Teop.) 1.A>B -.C—>A4—>.C—>B (teop.)
2. A—B (noc.) 2. A—>B (noc.)
3. C (moc.) 3.C 54 >.C -»B (1,2, MP)
4.4(1,3, MP) 4. C —>A (reop.)
5.B (3,4, MP) 5.C >B(3,4, MP)

6. C (moc.)

7.B (5,6, MP)

Mpepl 6yneM mnosarath, YTO B paccMaTpPHBaeMbIX HaMM BBIBOAAX
BCerja HMeeT MeCTO BTOpPOH BapHaHT. B o0lieM ciryyae 3TO O3Havaer,
4yTO mnepexon oT dopMysa nociaeaoBatenbHocTH A—>B W C kx B Ha
ocHOBaHUM MP ocylilecTBiseTcs 3a cueT ocjlabieHus (Ha OCHOBaHHWM
uMerolleics Teopemel) A—>B, a He C. Mpl nonaraeM Takxke, YTO B
paccMaTpHBaeMbIX BbIBOJAX HET 4JIEHOB ITOCIEA0BATEIbHOCTH, OT
KOTOPBIX HE 3aBUCHT NocyieAHss GopMyia.

[IprHUMaeMble corjalieHUss He OTMEHSIFOT YHUBEPCAIbHOCTH TEO-
pembl. 1 HaM ocTaeTcs paccMOTPETh TPH CAEIYIOLIMX HCYEpIbIBalO-
LWIHX CIyYasi.

Cnayyait 1. B, connanaeT ¢ A,. Torna HopMalM3OBaHHOE YTBEP-
XJIeHHe uMeeT BHa VB FB. Teopema JeyKLUHU BEpHAa B CWIY TOTO,
uTO B Kaxnoi D-meopuu uMeer cuny | B B .

Cnavyaii 2. A, HaxoauTcs Ha wiare B, ;. Torma, B cuiy Halux
orpaHudyeHMd Ha MP, ¢dopmyna A, MOXET OBITH TOJBKO MAIOU
NMOCBUIKOH 3TOro npaBwWia, B pe3ysbTare NPUMEHEHUs KOTOPOro Iojuy-
yeHo B, . ITO 3HAYHUT, UTO B KayecTBe OOJBLICH MOCHIIKH MOT OBLITh
TOJIBKO 4YJIEH IOC/ie10BaTeIbHOCTH, UMeroui Bua A, »B . Ho ecnu
dopMmyna A, B BXOAUT B MOCNENOBATEJIBHOCTh BBIBOAA, TO OHA
ABJISeTCSd BBIBOOUMOH. 3ameTuM, yto A, »B nubo nomkHa OBITh
TeopeMoit Teopuu T, MO0 AOMKHA 3aBHCETh OT BCEX OCTAIbHBIX BXO-
ISLIKX B BbIBOA rumnores [, ,A4,..., A,, TaK KaK B IPOTUBHOM ClIy4yae He
BBIMOJIHEHO ObLI0 ObI TpeOOBaHHE O 3aBUCUMOCTH 3aKIFOYEHHs B oT
BCeX mnocblIoK. Takum 006pa3oMm, BO3MOXHOCTh, MO KpaWHeH Mepe,
OJHOKPAaTHOIO MPUMEHEHHS TeOPEMbI JEAYKLHH B Cllyyae 2 J0Ka3aHa.
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Cavyaii 3. ['unoresa 4, sBiaseTcs MeHbLIeH NoCcbuUlkoN MP, HO He
coBnajgaer ¢ B,.,. Yb6emaumcsa, yro Mexay ¢opmyramu By, u B,
MOXET HAaXOJUTLCS TOrAa TOJIBKO OJHAa NpOMexyTo4yHas ¢opMyia
nocieacBaTebHOCTH By, . Tor dakt, yto By,; HE MOXET HE COBIa-
1aTh ¢ B,., , JOKa3bIBaeTcd cleayrourM odpaszoMm. Briarouute Mexny
By ¥ B, HEKOTOPYK HOBYIO (OPMYIY Bisy, 3aBUCALLYIO OT HIO-
T€3, MOXKHO ObINO OBl TONBKO 3a cueT nmpuMeHeHHs MP. bonbluxmu
NMOChUIKAMH HH By, HU B} ObITh HE MOIYT, ITIOTOMY, YTO IOCJIE HHX
HeJ1b3d BKJIIOYaTh (POPMYJibl, 3aBUCHMBIE OT THIOTE3, a APyrue B Moa-
riocnencBaTebHOCTh Gy, Kak ObIIO YCIOB/IEHO, HE BXOAAT. He MoryT
OBITb MEHBUIMMH TOCBUIKAMM [ MOJYy4YeHUs By, TarkkKe HHUKaKHe
bopMyJibl, MPEeAILIECTRYIOUIWE By, TaK KaK 3TO HApyLIUIO Obl YCIIOBHE
(b) HopMaTM30BaHHOTO UCTI0b30BaHUd MP.

3TO 03HAyaeT, UYTO B cliydae 3 Mbl HMEEM B MOCIeN0BaTENBHOCTH
BBIBOJA MpeallecTByOIUe GopMyne By, uMnauMkauud Bi.,—B8 H
A,— By, . U Tak kak B T' cripaBejiMBa T€OpeMa TPAH3UTUBHOCTH

By.n »B —>. A, By, —>. A, >B ,

U3 TOCBUIOK [, 4 A),..., Ayn.; MOXET OBbITH MOJIyYeH BBIBOI (POPMYJIBI
A,—>B , uto u TpebyeTcs TeopeMOH AeNYKIHH.

Ecriv ©Ob1  dopmynupoBka MT2 rnacuna, YTO BEPHOCTH
IVA),..., A, b B Brneuer o, A;,..., Ay F A, —B,

TO TEOPEMY YK€ MOXHO ObwLio OBl CUMTaTh 10Ka3aHHOH. Mbl ke
JIOJI’KHB! 10Ka3aTb BEPHOCTH 00/i€€ CHIIBHOIO YTBEPKIAECHHS |

oA, 4 FA—>...>A,>B (I<i<n).

Ham, cobcTBeHHO, Ha, 10 MOKa3aTh, YTO HOPMAIM30BaHHas TOCIe-
JIOBaTENbHOCTD BbIBOJA B ..., B, dopMmynbt B w3 I, Ay,..., A, MOXET
ObITh npe06pd303aﬂa B HOpMaJIHZ}OBaHHy!O l'IOCJIeIIOBaTeJIbHOCTb
C,, ..., C,, KoTOpO# OyAEeT COOTBETCTBOBATD ToNA;,..., An F4,—B.

[Tpy nokazarenbCcTBE TOro, YTO MPUHUMIT A€OYKUWH NIPUMEHHUM K
nocneakred noceuike A, , Mbl BUAEIH, YTO A,->E wWiM Henocpeact-
BEHHO NpealIeCcTBOBala MOChUIke A, WM Morjia ObITE MOJy4YeHa M3
MpeauecTBYIOUIHNX NochkuUlke GOpMYJT C MOMOIIBIO HMEIOLUHMXCA B TE€O-
puu D,,, TeopeMm. B nepsom ciaydae TpeOyempld HOpPMaH30BaHHBIH
BeiBog Cy, ..., C,, obecne4ynuBarolliid BBIBOJ Ap;—>A,—>B u3
Loy Ay,...y Any , MBI TIOJTYUHM, OFPAHHYMB MOCAEN0BATENBHOCTE LIAr0OM,
Ha KOTOpOM MoayyeHo A, —-B . Bo BTOpoMm - MOCTaBUB Ha MeCTO A4,
3aKIIOYUTENbHYI0 dopmyny A, —>B U BKJIIOYMB B BBIBOA COOTBETCT-
BYIOILIUE TEOPEMBI.

Tarx MBI MOXEM MOCTyNarThb MOCJI€ KKIOrO INPUMEHEHHS IIPHH-
Luna JeIyKLUH, YTO U TpeOOoBasloCh JOKA3aTh.

Ham octaercs nokasats, uto MT2 anexBaTHa nwoboit D-meopuu B
CMBICJIE CJIEAYIOLICH METATEOPEMBI:

MT3. (Teopema adexsamnocmu). Yreepxienue '+ A —B BepHo
BO BCAKOHW D-meopuu, €cin U TONBKO €CH CYLUECTBYET HOPMasu30-
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BaHHas nocienosaTesbHOCTh G BhIBOAA B U3 nocwuiok I 1 A , KOTOpoid
COOTBETCTBYET HOPMAJIH30BaHHOE yTBepxacHHe [\ A FB.

JleHCTBHUTENBHO, pa3 CyILeCTBYET BhiBOA A —B U3 [, 3TOT BBIBOA
Bceraa MoxHo Hopmanu3oBaTb (MT1). Koneunolt dopmyiioit nocie-
JAOBATENbHOCTH HOPMaJM30BaHHOro BbiBoJa Oynetr 4 —B . Jlo6aBuB k
3TOM MOCJIea0BaTeNbHOCTH A (KaK MOCBUIKY) U B (Kak pe3ynbrar
MP), MBI noTyYHM HOpManu3OBaHHBIN BbiBOA B M3 [ U A, a 3HA4MT,
TpebyeMoe I,vA | B. O6paTHOe yTBEpKIEHHE MOTyYaeTCs Ha OCHOBA-
HUM MT2.

MT3 noka3piBaeT, 4T0 B OIlIpEAENIEHHH HOPMAIU3OBAHHOIO
BbIBOJAa M B YCJIOBHUAX MpPUMEHEHUs TeopeMbl Aeaykuud MT2 He
COZCPKHUTCH KaKHX-JIHOO OrpaHHYEeHWH, MO MpPUYHHE KOTOPHIX [PH
Bepoctd I" }F 4;—>...—>.4,—>B He uMeno Obl, TeM He MeHee, CHIIbI
yreepxaenune [,VA,,..., A, FB.

Ilono3peHue, 4To Takoe BO3MOXKHO, CBA3aHO C TpeOOBaHHEM 3aBH-
CUMOCTH 3aKJIFOYEHHS OT BCEX BXOMASUIMX B BBIBOJ THIIOTE3, TOrAa Kak
MHOTH€ UMIUTHKaTUBHOIO BHJAa TEOPEMBbl UCHUCIICHUH TaKOBBI, YTO HX
KOHCEKBEHTBI CAMU fABJISIOTCSA TEOPEMaMHU U MOTYT ObITh IMOJTy4eHbl 6e3
y4acTHs aHTeLieIEHTOB.

BosbmeM, HanpuMep, BepHOe BO Bcex D-meopusax yTBepKIAEHHE:

F4—>B—>.B—>4—>.B>B.
MoxHo y6e;meca, 4TO COOTBETCTBYIOUICE YTBCPKIACHHUE
\4—>B,B—>4,B}B
E)BHSICTCH BE€PHBIM. 06 3TOM FOBOPHUT ClIeAyrolas 1nocji€NoBaTC/IbHOCTDL
OpMYJI:

1.A— B (noc.) 4.4 (2,3, MP)
2. B -+A (noc.) 5.B (1,4, MP)
3. B (noc.)

BepneiM OyneT Taroke nosy4daromleecs Mocjie MpHMEHEHHs NPHH-
LMIa AeOyKUHUHU K 4 >B,R—>4,B - B yTBepxIeHHE

4> B,B>A}B—B.

CooTBeTCTBYIOIMHA MoC/ieqHeMy HOPMalM30BaHHBIM BBIBOJ MOJy4a-
€Tcs M3 BbIBOAA, NPHUBEAEHHOIO BbIUl€, BKJIIOYEHHEM B MOCJIENO0Ba-
TEeNBHOCTL BbiBOAa teopeMbl A — B —».B—>4 —.B—B Hu BMecTO
waroB (3)-(5) Ha nocneaHem wmare gopmynsl B -5 .

KoHe4YHO, Ha MpaKTHKEe CTPOUTb BBIBOJbI, B KOTOPbIX CJIEACTBUE
BXOJMUT B YHUCJO TOCBUIOK WIH YHUCJIO TEOPEM, HE HMEET HHKAKOro
cMbiciia. OgHako rnogoOHbie BHIBOABI MOIYT OKa3aThCsl MOJE€3HbIMU AJIS
BHYTPEHHHUX Lenei Teopud. M, rinaBHoOe, OHH BIOJIHE 3aKOHHBI, TaK Kak
ABJIAIOTCA MMOJACTAHOBOYHBIMH CTy4asiMH HOpPMaIbHBIX BbIBOIOB. Tak, B
HallleM Ccjy4ae - 3TO IMOACTaHOBOYHBIA cCiy4ad BbIBOga B u3
A—>B,C—>A u C, rae eMecto C, KOTOpPOE MOXET OBITH MPOU3BOJIb-
HbIM, CTOUT B .
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1.B.3aiineB

TEOPUSA PEJIEBAHTHOI'O
CJIEJOBAHHA I: AKCHOMATHUKA

Abstract. This paper foregoes a complex investigation in relevance
logic. In what follows I'm summing up recent results in relevant logic
in order to answer the question: what is wrong with the theory of
entailment. Among numerous defects (such as undecidability) main are
connected with justification of truth functional tautologies and A-—»A
representing the archetypal form of inference . It leads to conclusions
that (1) R and E are too strong to express entailment and (2) an
appropriate theory of entailment must be a conservative extension of
FDE. As a consequence, sub-system of T (without Reductio) is
proposed to be the basis for True Entailment.

HenpurnagHas kapTHHa CIOXHIIACh B pesieBaHTHOM Jioruke. Ee
HejoJras, Ho OypHas UCTOPUSA ONPEAESICHHO 3allijla B TYITHK.

Cuctemy E, ¢ KOTOpO# cBsizaHbl ObUTM raBHbIE HaleXdbl OCHO-
BOMOJIOXXHHUKOB PENeBAHTHON JIOTMKH, KPUTHKYIOT 3a CMELIEHHE MO-
JATBHOCTH B AyXe S4 U “rhcnpaBieHHON” MHTYMLMOHHUCTCKOW UMILIH-
xauuu H_,, 32 HeOOOCHOBAHHOCTh HEraTUBHBIX AKCHOM, 3a HCKYCCT-
BEHHYI0 ad hoc dbopMmalibHylO ceMaHTUKY. K HegoctaTkaMm cuctembl R
OTHOCHT, Ha0OOpPOT, HEBBIPA3UMOCTb MOIAJIbHOCTH 4Ye€pe3 HUMIUIHKa-
L{HIO, HEKOTOPbIE MHTYWTUBHO COMHHTENIbHbIE AEAYKTHUBHBIE NPHUHLIU-
bl (HEOrpaHUUYCHHYIO NMEPECTAHOBOYHOCTh). OO€ 3TH CHCTEMbI OKa3bl-
BAIOTCA HEJOCTATOYHO CHJIBHBIMU U1l BbIPAXKEHHUSI HEKOTOPBIX BIIOJIHE
npUeMJ/ieMbIX AeIyKTUBHbIX npuHuunoB. Cucremy T BooOlue He BOC-
MPUHUMAIOT CEPbE3HO.

Hakoneu, Bce moctatouHo oorateie cuctembl (M R, T, E B ToM
4HCJie) OKa3allMCh Hepa3pellMMbIMH, UTO, €CTECTBEHHO, HAKJIaAblBaeT
JOTIOJIHUTENBHbIE OrPaHUYEHUS Ha WX HCIIONb30BaHHME B computer
science.

Tonbko nexkalas B OCHOBE pPeIeBaHTHOM JIOTHKH NMEpBOYPOBHEBas
cucteMa Eg. He BbI3bIBaeT HUKakuMX coMHeHHH. HaacTpoennsle Han
Hel Oonee Oorarble CUCTEMBI HE BBIMOJHWIM 3aJa4d 3KCIUIMKALUH
peJIeBAHTHOrO CliefJOBaHUS U, BAODABOK, CTPajalOT LEJIbIM pAAOM
KPYIHBIX W MENKUX HegocTaTkoB. Ha mepBbif B3ridn, kaxercd, YTO B
npoijecce HaacTpauBaHUA Oo0sice BHICOKHX MOPSAAKOB OBUIM JOMYILEHBI
KaKdHe-TO KapJAWHa/lbHble MpocyeTbl. [103TOMYy, €ClIM CTpeMHThCA K
peaHUMallUd pe/ieBaHTHOM JIOTMKHM, TO HA4YHWHATB CJIEAYET C aHaIM3a
npoLecca MOCTPOEHUsT CUCTEM BTOporo u osiee nopsakoB, MpUHHUMA
Kak oCHOBY Egg..
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Huxe OyayT noapobHO NpoaHaIU3UpOBaHbl OCHOBHBIE 0COOEHHO-
CTH M HEKOTOpBbIE HENOCTAaTKH W3BECTHBIX CUCTEM pEIeBAHTHOH J1OrH-
kd. Ha ocHoBadHuM 3TOro aHanuza OyaeT chopmy.IMPOBaH I104XOM K
NOCTPOEHHIO HOBOM TEOPHUH PEIEBAHTHOIC CEeIOBaHUSA M JaHa aKCHO-
MaTH3aLids 3TOH TEOPHHU.

1. UMnikanusg ¥ MoJaJbHOCTD

/18 Hayasa paccCMOTPUM MMIUTMKAaTHUBHbIE (PParMEHTBl OCHOBHBIX
CHUCTEM pEIEBAHTHOM JIOTHKH.

E_: Kak u3BectHo, 312 cucTreMa Oblila CKOHCTPYHpPOBaHa Kak pe-
NeBaHTHass  MOJajbHas  JIOTMKa, B  KOTOPOH  MOZaJbHOCTDb
(Heo6X0AUMOCTD) BhIpAXKAETCA Yepes UMILTHKALMIO — (A4 <> A—>A—A.
B kayecTBe €IMHCTBEHHOI'O MpaBWIa TNMPHHHUMAETCS MOIYC TMMOHEHC.
AKCHOMATHKA ClleaytoLas:

I 1. A—A (ToxnecTBo),
B: 2. (A->B)>({(C—>A)->(C—B) (IlpedukcHas TpaH3UTUBHOCTD);
w: 3. (A->(4—->B)—(4—B) (CokpauieHue);

CR: 4. (A—>({(B->0O)»>D)>(B—»>C)>(4—>D)) (OrpanuuenHas Ile-
FECTaHOBOYHOCTb).

Akcuoma B moxet ObITh 3aMeHeHa Ha cyddukcHyro dopmy Tpan-
3UTHBHOCTHU — B (4—B)—=((B—>C)— (4—()). Ewte ogHa uxrepecHas
dbopMynHpPOBKA CUCTEMbI IOTy4aeTcsi, eciiu B3ATbh B, W u akcHoMmy
Mogpaanusatop ((A—>A)—B)->B. Ilpoctas noactaHoBka A BMecTo B B
3TY aKCUOMY JaeT aHayor L A4—A4.

B cucreme E_, okasbiBaroTcs J0Ka3zyeMbl MOAQIbHbIE MPHHIMITE
S4: 0A—A4; (A-»>B)—>(4-»B); DA—>((A—>B)— 0OF).

Cucrema R, mnoayudaetcs mpocTbiM AOOABJIIEHHEM K YKa3aHHbIM
akcuomaMm Jlemomamzaropa A— ((A—>A) —>A, paBHOCHIBHOIO A—>
[JA, 4TO ecTeCTBEHHO pa3pyluaeT BCIO CUCTEMY MojanbHocTedl E(S4).
Jpyras akcuoMaruzauusa F_, nonyyaercs 3ameHor CR Ha OOBIYHYIO
(Heorpanu4eHHY10) [lepecranoBouHocTs (C).

Hakonen, cuctema T_, oka3sbiBaeTcd caMoH ciaboit B “Oonpuioit
TpPOHKe” CHUCTEM U {103TOMY TOXE He ABNfeTCs MoanbHoi. Ecian R,
CITULIKOM CHJIbHA [JI BBIPAXKEHHUS MOJATIBHOCTU YEpEe3 MMILIMKALMIO,
T0 T_, HEAOCTATOYHO CHJIbKA, YTOOBI BBIPA3UTh MOJaIbHbIE MTPHHLIMUIIEI.
B artoii cucreme Henokasyembl OrpaHudeHHast [lepecTaHOBOYHOCTS,
GrpannyeHHoe YTeepxaerue, Moaanusatop, [emoaanusarop. [loa-
XoJswas akchomaTtusauusa BiodaeT I, B v B, a taxke S u Ilepe-
ctaBieHEyo CaMoaucTpubyTHBHOCTL (87): A—>B-> (4> (B—())
—(4A—>C). O6e dopmbl CamoaUCTPUOYTUBHOCTH MOTYT ObITh RaMeHe-
Hbl COKpallleHHEM.

IloaBoAs HEKOTOPBIH UTOT, MOXKXHO 3aMETHUTH, YTO
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HEeOOXOAHMBbIM H JOCTATOYHBIM YCJOBHEM BbIpaKE€HHSI MO-

A2JbHOCTH 4Yepe3 HMIUIMKZUHIO SIBJfeTCH XoKa3yeMocTs Mo-

Aanu3aTopa H HeaokaszyeMocTh [lemoaasiuzaropa.

EctecTBeHHBIM 00pa3oM BO3HHKAET Ba)KHBIH BOMPOC: AOJDKHA JIH
pe/ieBaHTHas JOruka ObITh MOJANIbHON?

2. [Tapagoxcnl peleBAHTHOCTH

[To 3ambiciy CBOUX OCHOBOIIOJIOKHHMKOB, peJieBaHTHAas JIOTHKa
JOJDKHA Obllla He TOJIBKO aJ€KBaTHO BbIPaXKaThb OTHOLIIEHHE JIOTMYECKO-
ro cjieI0BaHUA (4ero oHa He JENacT), HO U ObITh CBOOOAHON OT mapa-
JIOKCOB MaTepHalIbHOM HWMIUIMKALHUM (KJIACCHYECKOIro CjeOBaHus).
HHTepecHO 3aMeTUTH B 3TOM CBA3M, YTO OJHA U3 TaKHX MOIMBITOK Obla
npennpuHaTa JIbloMcOM B €ro TEOpUH CTPOrod MMIUIMKauMd. OIHaKO
OKa3aJloCh, YTO B3aMEH IapaJOKCOB MaTepUaibHOH UMIUTHKALHUH [10S-
BH/IMCh HOBBIE M1apaJoKChl CTpOroi UMmnrMkauuu. Ha Moit B3rnsa, aHa-
JIOTHA CO CTPOroil MMIUIMKALMEH YMECTHA U B OTHOLUEHUM pEJICBAHT-
HOW UMIUTMKaUMM. UMIIHKauus U cBA3aHHOE ¢ Hell OTHOLUEHHE Clieno-
BaHUS B OCHOBHBIX CUCTEMAX peJIeBaHTHOH JIOTUKH OKa3bIBaeTcs B
OnpelleIEeHHOM CMBbICJIE NapafoOKCaTIbHBIM.

HayHeM ¢ aHanu3a MOHATHA JIOTHYECKOrO 3aKOHAa KJIACCHYECKOM
JIOTUKHW BbiCKa3biBaHUH. [Ipu craHmapTHOM omnpeneneHuu — 310 ¢op-
MyJia, UCTHHHas MpH JitoOOH HMHTepnpeTaluy BXOASAUIHMX B Hee Mapa-
MeTpoB (cM. [1]). B cOOTBETCTBHH C 3TUM BIIOJIHE NMPABOMEPHO TMOHHU-
MaHHe 3aKOoHa Kak GopMyJibl, CIEAYIOLEH U3 ITyCTOr0 MHOXECTBA IO-
cblok — & k4. Kpome Toro, ocobeHHOCTH MaTepHaibHOM HMILIHKALUH
U KJIaCCHYECKOTro CeNOBaHUs MO3BOJIAIOT MOAUGHULIUPOBATH 3TO Olpe-
JleJieHUe, MOACTaBHB Ha MECTO ITYyCTOr0O MHOXECTBAa NPOU3BOJIBLHOE
MHOXECTBO (BO3MOXHO mycToe) gopMyn A. Takum obpasoM, dopmyna
A sBnseTcs 3aKOHOM KJIACCHYECKOH JIOTMKH BBICKA3bIBaHUM, €. U T.e.
A kA BepHo ajist moboro A.

3TO CEMaHTHYECKOE OIpele/IEHHE HMEET CBOW CHHTAKCHUYECKUMH
aHaJIoOr B MOHATHM TEOPEMBI KaK JoKazyeMod (opMyJibi, T.e. BBIBOJHU-
MOM U3 ITyCTOrO MHOMeCTBa GopMy. [Ins ciydas Kj1acCHYECKOH Jio-
rMKM BbICKa3bIBaHUH OyeT Takyke BEPHO YTBEPKAEHHE

K: JIo6asi TeopemMa BHIBOAHMA H3 NMPOH3BOJILHOI0 MHOKeCTBA
dbopmy.r.

CHUHTaKCHYECKH 3TO YTBEP)KIEHHE BBIPAXKAETCA B 3aKOHE YTBEp-
YKJIeHUs KOHCeKBeHTa: A—>(B—A), KOTOphIH OTBEpPraeTcs BO BCEX CHUC-
TeMax peJieBaHTHOM JIOrMKU. U1s HUX B oOleM ciyyae HEBEPHO YT-
Bepxkaenue K. OqHako, okaspiBaeTcs, eCTb GOpMyia, KOTopas IO Bbi-
Pa>XEHHIO aBTOPOB [7], “nIpeAcTaB/isieT apXeTUNIHYHYIO POpPMY BCAKOTO
BBIBOJA’’, — 3TO 3aKOH ToXaecTBa A—>A4.

B cucreme E (M ee UMIUIMKAaTUBHOM ()parMeHTe) CBS3b TEOPEM H
dopmynst I wutrocTpupyet akcuoma Moganuzarop — ((4—A)—>B)—B.
HedopmanbHoe npouTeHHe KOTOpoit TakoBo: “Ecnu 3akoH TOXXIeCTBa
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BJI€UYET HEKOTOPYIO GopMy Iy, TO oHa — Teopema E”. B npuHuune, 3101
JETYKTHBHBIH TIOCTYJIAT C.TY’>KUT OCHOBOHM /11 CEMAHTHKH OcabieHui
E.K.Boiwsunno ([1]) ¥ ee nyana — peasiLHOHHOH CEMAHTHKH C
“ABYMHPHbIMHU~ TOYKaMK COOTHECEHHA (CEMAHTHUKH “‘YCUJIEHHH)
E.A.Cuiopenko ([3]).

YCI0BUMCA Ha3bIBaTE MOACTAHOBOYHBIM CIy4Yad 3aKOHA TOXIECT-
Ba U NPOH3BOJILHOH (opMynbl @ “@-toxaectsoM”. Toraa noacra-
HOBKa 4 BMecTO B B Monain3atop no3Bosif€T BbIpa3uTh CBA3b TEOPEM
R ¢ dopmyoii I: “Hekotopas dopmyna A asasercsa teopemoit R, e. u
T. €. ee BieveT A-toxaectso”. TakuM obpaszom, B cpaBHeHHHU ¢ E, cuc-
TemMa R 1€ACTBUTEILHO HECKOIBKO MPOUTPLIBAET: B HEH BCE TEOPEMBI,
M TOJBKO OHM, OKa3bIBaKOTCA CJIEACTBHEM COOTBETCTBYIOLEH POpPMBI
3aKOHa TOXKJAECTBa, B TO BpeMs kak B E npuHHMaeTcs TOJIBKO nepBas
4acThb 3TOrO YTBEPKIACHHUS

HUrak, otHocutensHo cucteM E u R MoxHO chopmynuposars yT-
BEpIKAEHHE

Kr : Besikoe cieacrBHe 3aKOHA TOKIECTBA SIBJISIETCS Teope-
MOH.

B aTOM, Ha MOH B34, U COCTOHMT NapagoOKCAIbHOCTL PEJIEBAHT-
HOH HMMUIMKalMM ¥ COOTBETCTBYIOLLErO OTHOLUEHUs ciegoBaHus. Ha
CMEHY H3BECTHbIM NPEANOChlIKaM O MOJIHOTE U HEMPOTHBOPEUYHBOCTH,
BbISIBJIEHHbIM B MH(poOpMaLMoHHOM noaxoae E.K.Boiwsuino, npuxo-
JWT TNPEAINOChUIKa, CKaXeM, “‘caMO-TOXAeCTBEeHHOCTH . KcTaTh, B yxke
ynoMuHaBuIekcs cemaHTHke E.A.CHOOpPEHKO 3Ta Mpeanochuika SIBHO
MPUCYTCTBYET B ONpe/esieHHH CeMaHTHYeCKU UCTUHHOH (HOopMyJibl Kak
XapaKTepUCTUKAa BO3MOXKHOIO MHUpa, B KOTOPOM BepUHUHpYeTCs
¢dopmya.

[Tonyyaercs, uro Bce nojioxkeHHUs HHPOPMALMOHHOIO MoJax0xAa
E.K.BofiluBwino o npuBHeceHHOH uHpoOpMaLMH NpH OlieHKe HHPOp-
MaTHBHOCTH 33KOHOB KJIACCHUECKOM JIOTMKH MOJKHO IPUMEHUTb W K
aHajlu3y 3aKOHOB peJjieBaHTHOH Joruku. B cemanTukax cucrem E u R
OlIEeHUBA€eTCs He MH(GOPMaTMBHOCTb 3aKOHOB COOTBETCTBYIOUIUX TEO-
puii camux 1o cede. Mel 4 B 3TOM cilyyae uMeeM Aesio ¢ HHpopMaluen
HEKOTOPOrO BbICKa3biBaHUA A MpH HaM4YKK [, ¢ TOH pasHuuUeH, 4to [~
TENepb COAEPIKUT COOTBETCTBYIOLLYIO MOACTAaHOBOYHYIO (OpPMY 3aKOHa
TOXAECTBA (WJIM KOHBIOHKUHIO 3aKOHOB TOXXIECTBA, WM, B Clydae
A3bIKa C MPOMO3HLIMOHAIbHBIMH KOHCTAHTAMH — KOHCTAHTY 1).

Hrak, BO3MOXHBI Clle1yIoliMe albTepHaTHBRBI: JIMOO NMpH3HATE ap-
XETHUITHUYHOCTh 3aKOHA TOX/JECTBA U CMUPHUTBLCS C €ro poJblO B pelie-
BaHTHOM JIOTHKe, NUOO cYMTaTh Takoe “pOJACTBO’ KJAaCCH4YeCKOH U pe-
JIEBAHTHOM JIOTHKW HEAOCTAaTKOM B JKCIUIMKALMH MOHSTHS peJIeBaHT-
HOCTH M PEJIEBAHTHOIO CJASHOBAHHs KaK BBIPKAIOLIErO CBA3b MEXIY
BBICKa3bIBAHHUAMM O UX COOCTBEHHOMY COJAEPKaHHIO. DTa MoCIeaHss
asbTEpHaTUBA MpearnosaraeT JajbHeillee pa3BUTHE pesieBaHTHOMH JIO-
r'MKH, BO-NEPBbIX, He Ha ocHoBe cucTeM R u E, a Bo-BTOpbIX, HE B pyc-
Jle MOJa/IbHOCTH (Kak oHa onpeaensercs B E).
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Kpome Toro, umeercs emie pan ¢bopmys, JOKa3yeMbIX B CHUCTEME
E_,, HO BbI3BIBAIOLIHX ONpPEETICHHbIE COMHEHHS C HHTYHTUBHOH TOUYKH
spenusi. K WX 4Hcay, B MepBylO  ouepeldb, OTHOCATCA
(A—->B)>(B—>A)—>(4—>B)), npeactapngwomad coboil MOACTAHOBOY-
HbIH ciryvyaH 3aKOHa YTBEPKIECHHS KOHCEKBEHTA, H
(A—=>B)=>({(B—>A4)—>(B—A4)), Tarke nonayyaroumascs MoJCTAHOBKOH U3
IBHO TNapaaokcanbHoi A—(B—B).

B 3toi cBs3u cnenyeT ynoMsaHyTh cucteMy T, KoTOpast HECKOJIb-
KO BbllaJla U3 paccMOTpeHHUs. B Hel He JoKasyeMbl mapagoKCalibHbie
peJieBaHTHbIe (QOPMYJIbI HH OAHOTO H3 YNOMSHYTBIX BHJOB, B 3TOM
CMBICJIE OHa SBJISETCS BIIOJIHE YJOBJIETBOPUTEIbHBIM KAHAWIAATOM Ha
BbIpa)K€HHE MOHATHS PENEBAHTHOM YCIOBHOM CBSI3U M, BO3MOXHO, Clle-
JOBaHMA.

3. UMniMkauus 4 oOTpUllaHHE

HeraTvBHbIE aKCHOMBI pEI€BAHTHOM JIOTHKH HE OTJIMYAIOTCA pas-
HOOOpa3ueM U He BapbHUPYIOTCS OT CHCTEMBI Kk cucTeMe. bBojee Toro,
TaKOM aBTOPUTETHBIH HMCTOYHMK, Kak [6], MPOCTO MPUBOAMT CITMCOK
aKCHOM CO CcChIIKOH Ha [5]. BOT 3TOT criMcok:

N1. (Cont) (A—>B)—>(—B—>—4);
N2. (NI) (A& —B)—>—(A—>B):;
N3. (DN yE—
N4. (DNE) A A,

Bropas akcuoMa B 3TOM cHHCKe MOXeT ObIThb 3aMeHeHa Ha
N2*.(Red) (A—>—A) —>—A. llepBasg u TpeTbss aKCHOMBI OOBEIHHAIOTCS
B TO, YTO MPHHATO HAa3blBaTh WHTYULIMOHHUCTCKOH KOHTPAano3HLMei:
(Conty). (A—>—B)— (B—>—A).

KoHeuHo, Takoe 6€30roBOpo4YHOE MPUHATHE HEraTUBHBIX MOCTY-
JIaTOB HE MOXET He HaCTOpPaKuBaTb, OCODEHHO B KOHTEKCTE
Entailment, vol.l, rae, ckaxeM, BbIOOpPY MMIUIMKATHBHBIX aKCHOM IO-
CBSILLIEHBI MpPaKTU4YeCcKHU aBe Mnepsbie riasbl (okono 100 crp.). Hanbo-
nee OOOCHOBAaHHOE W KPUTHUYECKOE HEJOYMEHHE [0 MOBOAY 3THX
MPUHLMNOB MOXHO HaWTH B [8]. IIprueM, eciu akcHOMBI nepBas, Tpe-
TS M dYeTBepTas Yy J000ro He 4epecuyp HMHTYHLHOHHCTCKH
(KOHCTPYKTUBHUCTCKH) HACTPOEGHHOrO JIOTMKAa HE BBI3BIBAIOT OCOOBIX
BOMPOCOB, TO AKCMOMa JBa BBITJIAUT BECbMAa COMHHUTEBHO.

Bo-nepBbIx, noacraHoBka —A4 BMmecto A B N2* B NpUCYTCTBHH
N3,4 paer (—4—A) —>A. Ecnu ganee nonpobosaTh BbIpa3uTh OTPHUA-
HHE 4Yepe3 KOHCTAHTY f M UMIUIMKALMIO (YTO BIOJIHE ONpPaBAaHHO IS
HEKOTOPBIX PEJIEBAHTHBIX JIOTHK), TO Mojy4yHBluascsa popMmyna ((4—f)
—A) —A npeactasngeT coOOH NMOACTaHOBOYHBIH CiTy4ail 3akoHa [Tup-
ca, MPHUEMJIEMOCTb KOTOPOrO B KOHTEKCTE pe/IeBAHTHOM JIOTHKH He
obcyxpaaercs. [Ja u 6e3 Toro, TpyAHO UHTYUTHBHO OOOCHOBATh JIeIyK-
THBHBIA NPUHLHMII, TJacCAllMi, 4YTO TEOpEMY BJIEHYET €€ COOCTBEHHOE
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oTpuuanue. EAMHCTBEHHAs!, HA MOH B3I/sl, pasyMdas UHTepripeTrauys
COCTOMT B TpeOOBAHHH TOTAIbHOM HENMPOTHUBOPEYHBOCTH AEAYKTHBHOMN
TEOPHH.

Bo-BTOpBIX, COMHEHHA BbI3BIBAET €€ “‘KOHTpano3ULHOHHas” ¢op-
myiuposka (4—B)—>(4>5). OHa cpa3y xe Aenaer TeopeMaMu Bce
UCTMHHO-3Ha4Hble TaBTOJIOTMHM KJIaCCHU4ECKOM JIOTHKHU. B caMoM jerne,
npocTtas MoACTaHOBKa A BMeCTO B B coueTaHHHM ¢ modus ponens npH-
BOJIUT K 3aKOHY MCKJIFOYEHHOTO TPEThEro, 3TOH apXeTHIHYHOH dopme
K/lJacCCUYEeCKUX TaBTasioruii. CTpaHHBIM M HEMOC/ISAOBAaTEIbHBIM BbI-
rMSAAUT BCE 3TO B CPaBHEHAH C [EPBOYPOBHEBOH CHCTEMOM cledOBa-
HHA.

Haxonen, no noeoay N2 umeercs HeOe3bIHTEpPECHBIH Maccax B
pabore [.Ppere “Jloruyeckue ucciaenoBadHsa. HacTb TpeTus: ClI0XKHasA
Mmbicib” ([4]). AHanU3Upys Tak Ha3bIBAEMYIO ‘‘CJIIOKHYIO MBIC/Ib LlI€C-
TOroO poja”’, OH MPUXOAHUT K (GOPMYJHPOBKE BBICKA3bIBAHHS C COIHO30M
“ecnu, 10”. «MBbIC/ib, BbIpaXKEHHAs CIOXKHBIM NpeaiokeHueM “Ecnu y
MEHS eCThb IeTyX, KOTOphIH ceroaHs cHec siua, toraa KeabHckubi co-
6op 3aBTpa YTpOM pa3pywHTCs’, TakKe SBAIETCS HUCTHUHHOH. Kro-
HUOYAb, BEpOATHO, ckaxeT: “Ho 3aech yc/ioBUE BHYTPEHHE HHMKAaK He
CBS3aHO ¢ 3aKmoueHueM”’. C Moel TOUYKHM 3peHHs, OJHAKO, TAKOH CBA3H
He TpebyeTcs, A4 npolly Juillb Toro, 4yrodsi “Eciau B, To A” noHuma-
JIOCh TOJIBKO C TOYKH 2peHHs TOro, 4TC 1 FOBOPHJI ¥ Bblpaxkas B dopme
“He [(He 4A) u B]”». ([4], c.87-88). Takum 00OpazoM, NOHUMAHHE yC-
JOBHOM cBsi3M Dpere BMNOJHE COOTBETCTBYET HalUEH COBPEMEHHOH
UHTEpIpeTalH MaTepyHali>HOH UMIUIMKAlLUH, a 0OOCHOBaHHME HCTHH-
HocTH ¢OopMYJibl BUa ADB ocyluecTBiaseTCs 4Yepe3 OTPULAHHUE KOHB-
FOHKUHHU A ¥ —B. [Ipy HanmM4uu B cUCTEME KOHTPAro3ULIMH, 3TO MO3BO-
nseT 000CHOBaTh AEAYKTUBHBIN MpUHUHKI N2**: (4&—B) D —(4A>B).

Pestomupyd, ciaenyer 3aMeTHTh, YTO HEraTHBHBIE AKCHOMBI, He-
KPUTHYHO BKJIK)YaeMble B COCTAB IIPAKTHYECKHU IOOOH CHUCTEMBI pelie-
BAaHTHOH JIOTMKH, AOJDKHBI B MPUHUHMIIE CIYXXHUTb NpeAMETOM Oonee
MPUCTANBHOIO aHaaW3a, OOCYKAEHHA W, BNOJHE BO3MOXHO, ociabiie-
Husg. Haubonee cnopHoii B 3ToM cniucke BbIrisauT N2 (N2¥).

4. UMniMkanusi, OTpULAHHUE M APYTHE CBA3KH

AHanu3upysa nocrpoede AHIepcoHOM W bennanom cucremsi E,
P.Poytnu Bocwinuaer: “Kak, oTnpaBnssace oT UMIUIMKaTMBHOTO (par-
MEHTA H CHUCTEMBbl IEPBOYPOBHEBOrO CJIEAOBaHUS, OHH CMOIJIH IpH-
ObITh K cHcTeMe E kak tenoMy?”’(cM. [8]). 1o Bro.1He 3aKOHOMEpPHBbIH
BOIpOC, MOCKOJIbKY cHcTeMa E He fBiseTcs KOHCEepBaTUBHBIM pacLiH-
peHueM Eg.. ABTOpam Entailment nonagodunock u3cOpectd BecbMa
HeJlenmylo, JIMLIEHHYIO H3simecTBa cucteMy Egg npeactaBnsiomyro
HEKOTOPbIH rHOpHA KJlacCHYECKOW JIOTHKH H NEPBOYPOBHEBOIO CEN0-
BaHHA. L €opeMaMH 3TOM CUCTEMbI ABJIAIOTCA, C OIHOH CTOpPOHBI, BCe
teopeMbl Eg4,, a ¢ Apyroil — UICTUHHOCTHO-(YHKLHOHAIbHbIE TaBTOJO-
T'MH KJ1aCCUYECKOH JIOTHKH BbiCKa3biBaHWU. Ha Mo#t B3riaa, HMEHHO Ha
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3TOM 3Tamne Oblla HapylleHa MOCIeN0BaTeNbHOCTh B IIOCTPOEHUH TeOo-
PHHU PEJIEBAHTHOIO CJICJOBAHHUS.

ITonpobyeM MOKWTH HECKOJIbKO HHBIM ITyTeM, PACCMOTPEB IpoMe-
JKYTOUHYIO CTaJHIO fepexoda OT MEPBOYPOBHEBOrO ClelOBaHHA K 6o-
nee GoraTeiM cHcTeMaM. PacCMOTpHM CHCTEMY BTOPOYPOBHEBOIO pe-
JIEBAHTHOI'O CJIEOBaHUA Ay, TOCTPOEHHYIO B [8] M ABIAIOLIYIOCS KOH-
CEepBAaTHUBHBIM paciiMpeHueM Eg..

IHocryaaTsl H npaBHJIa Ay:
Al. (D)
A2. (CE)) A&B—A;
A3. (CE,) A& B—B;

A4. (CI) (A—->B)&(A—>C)—>(A—>(B&());
AS. (DI)) A—>(AvB);

A6. (DI) B—(AvB);

A7. (DE) (A->O)&(B—>C))—->((AvB)—C();
A8. (Dis) (A&(BvO))—-((A&B)VL);

A9. (Tr) (A—>B)&(B—C))—>(4—C);
A10.(Cont);

All. (DND);

Al12. (DNE);

R1. (MP) A—>B, A/ B;

R2. (&) A, B/ A&B.

JIrobast M3 M3BECTHBIX CHCTEM pENEBAHTHOM JIOTHMKHM (BKJItOYas
cnabyro “6azoByro” cucteMmy B) conepxuT Ay.

Hns Toro yrobbl co31aTh OCHOBY /11 KOHCEPBAaTUBHOTO paCILIM-
pEHHsI BTOPOYPOBHEBOM CHCTeMbl, POyTin nmoHaaoOHUaoCh MOMOJIHUTH
A(3aKOHOM HCKJIFOYEHHOT0 TpeTheroe. B coyetannu ¢ MP 3To cpasy xe
JlaeT BCe KJIacCUYECKHE TaBTONOruU. Y, cienoBarenbHO, ONATb YBOAUT
Hac B CTOpPOHY.

Cnenyouui 4 nocjliedHUHA War B MOCTPOEHUH CHCTEM BBICOKOTO
YPOBHS COCTOMT B (POPMYTHpPOBKE TPEThEYPOBHEBBIX CHUCTEM, T.€. B
COYETaHHUU Ay (WM A = Ay +4Vv—A) C UMIUIMKATUBHBIMU pparMEHTaMH
OCHOBHbBIX CUCTEM. JTOr0 OKa3bIBA€TCH BIIOJIHE AOCTATOYHO, MOCKOJIb-
Ky uMeercs pe3ynbrar P.Maliepa 0 cBeg€HHM HMMIUIMKALMU J1r000ro

ypoBH K TpeTbeMy ([7]).
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5. Teopusi pe1eBAaHTHOIO ¢JIeJOBAHHSHA

[Ipuiusio Bpemst MOABESCTH HEKOTOpPble HTOrM M 0bpaTUThCS, COO-
CTBEHHO, K MOCTPOCHMIO “HacTOoALUEeH” pesleBaHTHOM JOTHKHU. B npe-
JApiAylMX naparpadax ObUIH paccCMOTpPEHbl HENOCTATKHM TPaAULIMOH-
HbIX TEOpUHN peneBaHTHOH JOrvukd. O4YeBHOHO, YTO HOBasg TeOpHUS
JoJKHA ObITh CBOOOHA OT 3TUX HEAOCTATKOB. OJHAKO Helb3s 000HTH
BHHMaHHEM BOIIPOC O TOM, 4YTO CTOMT 3a ITUMH HeAdocTaTkaMu. HausHO
Ob1710 OB1 CYMTATL, YTO MyCTh HeAoJras, HO OypHas HCTOPHs pefleBaHT-
HOM JIOTHKH COCTOMT M3 LieJIoOH uHend owubOK, KOTOpble IMociaeaoBa-
TEJIbHO ITOBTOPSAIOTCS B OCHOBHbBIX dyHIaMeHTa 1bHbIX paboTax B 3TOH
ob1acTH HaykKH, HECMOTps Ha BCE pa3nydydi B NoAXOAax k npobiema-
THKE UX aBTOPOB.

Hrak, 4to ke 3TO 3a TEOpPHH, KOTOPbIE€ BCE 3TO BpeMs OLUMOOUYHO
CUATAIMCh PEIEBAHTHOM JIOTMKOM, M KAakKOBO [JIaBHOE OTJIH4YHE
“HacTosiler” peslieBaHTHOHM JIOTMKHM OT ee mpeauecTBeHHUL? Bee ot-
MEeUY€EHHbIE BbILllEe HEJOCTaTKH HEOCMOPHMO YKa3bIBAIOT Ha pO/JCTBO
pEIEBAHTHOM JIOTUKH C KJIACCHYECKOM Jiorukoi. bonee toro, ecnu no-
HHUMAaTh MaTEpHaIbHYIO HUMIUIMKALHMKO KaK COKpalllcHHE A1 AU3BIOHK-
LMA Y OTPHLIAHHSA, TO OKAKETCHA, YTO BCE TEOPEMBI KJIACCHYECKOM J0-
TMKY BbiCKa3blBaHHH fABis0TCA 3akoHamu E, T u R - Teopuii pene-
BAHTHOM JIOrMKH. [lo nMOBO1y COOTHOLLEHUS PEIEBAHTHOM M KilaccHYe-
CKOH JIOTMK CYLUECTBYET BeCbMa OPHIHMHAaJIbHAs TOYKa 3pEHHs, IpH-
Hagexawas E.K.BodAwsuuio. CyTe ee B TOM, YTO pejieBaHTHast JIOTH-
Ka eCTh He KakKas-TO albTEepPHATHBA KJIACCHKE, a 3Tail B Pa3BHTHH JIOTH-
K4 BooOure. B 3TOM cMbiciie MOKHO TOBOPHTb O PeJieBaHTHOMN Moganb-
HOHM, HHTYHLIHOHHCTCKOM H T.M. JIOTHKaX.

He BoaBasce B MOAPOOHbBIA aHaIW3 3TOH MO3ULUH, MOXHO, TEM HE
MEHee, 3aMeTHThb, uto noaxoa E.K.BoHuBuino no3sonser kiaccudu-
LHMpOBaTh M “‘TpaAHLUHUOHEBIE” CHCTEMbl PENEBAHTHOHW JOTrHMKH. OHH
NpeAcTasasioT co0OM pesleBaHTHbIE BapUaHThl KJIAaCCHYECKOM JIOTMKH.
D10 cpa3zy oOBACHAET HX CTpaHHble ‘NapagoKcajibHbie” CBOMCTBA H
KaKyluecs HeJlocTaTki. KaxKylnecs, noToMy 4TO Ha caMOM AeJi€ OHU
BbIPAXKalOT YE€PThbl KJIACCHUYECKOH JIOTHKH, COXpaHSIOLIHECS B €€ pelie-
BaHTH3HPOBAHHOM BapHaHTeE.

UYro ke Toraa Oo/mKHAa NpEeAacTaBIATe coboM ‘“HacToswas’ pese-
BaHTHas Joruka? OTBET Ha 3TOT BOMPOC, B MPHUHLHMIIE, JIEKHUT Ha MO-
BEpXHOCTH. B HauleM aHaiu3e yxke yrnomuHanach AE€HCTBUTENBHO pe-
JIeBaHTHAs TEOpPHS TIEPBOYPOBHEBOrO pEJIEBAHTHOrO CJIEJOBaHUS.
KUtroueBsIM C/IOBOM 3€Ch SIBISETCH HE NEPEBOYPOBHEBOE, a CIEQ08AHUE.
B camom Jeste, uaeasioM peieBaHTHOM JIOTMKHM Beernaa obiia dopMaib-
Hasg TEOpPHA JIOTHYECKOTO cleA0BaHHs, a MoOyAHTEebHBIM MOTHBOM K
ee CO3aHHUIO Cly)KWJa HealdekBaTHas (QopMaiv3alus CledoBaHUs
CpPEeACTBAMHM KJIaCCUYECKOK JIOTMKH. JTa HEaJAeKBATHOCTb MPOSBJIAET
cebs B KJacce MMIUIMKATHMBHBIX 3aKOHOB KJIaCCUYECKOH JIOTHKH. B
cuIy (PYHKLMOHaNbHOH MOJHOTBl KJIACCHYECKONH JIOTMKH BBICKA3bIBa-
HHH, HMITJIMKaTUBHbIE U HEUMILUTUKATHBHbBIC 3aKOHBI HE HMEIOT YETKOIO
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paznuyenus. Ilpu kenaHuM, Bce TEOPEMbl KJIACCUKH MOXHO CUHUTATh
dopmMamH 3aKOHa TOXJIECTBA, @ MOXXHO B OCHOBY TOJIOXXHUTh 3aKOH MC-
KJIFOUEHHOr0 TPEThEr0 WJIM HENpOTHBOpeuHs. Bce 3TH HenpuHUMNU-
anbHbie B KOHTEKCTE KJIACCUUYECKOW JIOTMKH pa3iH4us CTAHOBSTCA
O4Y€Hb CYLECTBEHHBIMHU IPU MEPEXO/Ie K JIOTHKE PEIeBaHTHOHM.

[TepBbiii Iar B MOCTPOEHHH peNEBAHTHOH JIOTMKU ObLI cAenaH,
Koraa nosBuiach cucteMa Ege Crneayioumue ward cocTosT B pachpo-
CTpPaHEHUH 3TOro MoaxoJa Ha 6onee BHICOKHUE YPOBHH UMILIMKATHBHBIX
noruk. Takum obpa3om, HacTosIas peneBaHTHas JIOTHKA MpeacTaBis-
€TCS KaK TEOPUs YUCTOrO PEIEBAHTHOrO CJIEJOBAHHA.

Jlerko 3aMeTHTh, YTO HaUMeHee “NapaoKCcaIbHOR” (B YKa3aHHOM
BelLIE CMbIcie) apnasercsd cucTtema T. OueBHMAHO, YTO OHa W JOJDKHA
MOCYXWUTb, Hapany C K , OCHOBHBIM HCTOYHHUKOM [JIf MOCTPOEHUS
JEHCTBUTENBbHO peleBaHTHOM JIOTHKH, WJIH TEOPHH YHUCTOrO pejeBaHT-
Horo cinegoBaHus. CucteMa T coaepxur Eg. 1 A Kak CBOM MOACHUCTE-
Mbl. K ee HemocTaTkam MOXKHO OTHECTH, BO-MEPBBbIX, Hajluuhe N2*
(Red), a BO-BTOpPBIX, OTCYTCTBHE [TPUHLMIOB THNA (pOpMYJibl Y pKBapTa.

Reductio WHTYUTHBHO IUIOXO COIJIacyeTcs ¢ UAESIMH peJieBaHTHOM
Jorukd. TeM He MeHee, MOXET IOKa3aTbCsA, YTO OTKa3 ot Reductio
ABJISE€TCS C/IMLIKOM CHJIBHBIM TpeboBaHHeM. JleHiCTBHUTENBbHO, UHTYH-
THBHbIE COOOpa)KeHHs, Jexallue B OCHOBE pEJIEBAHTHOM JIOTHKH,
MpeanojaraloT OTKa3z OT MapajoKCalbHbIX HMIUTMKATUBHBIX TEOPEM
K/1aCCUYECKOM JIOTMKH, U TOJILKO OT HHUX. B COOTBETCTBHH C 3THM, Bce
UMIUIMKaTUBHbIE Teopembl JIOOOH CHUCTEMBl pEIeBAHTHOW JIOTHKH
JIOJDKHBI OBITH TEOpeMaMH KJIACCHYECKOW JIOTMKH, €CJIH B HHMX BCE
BXOX/IEHH —> 3aMeHUTh Ha DO. OJHaKO HHTepecylroulee Hac COOTHO-
HIEHHE JOJDKHO TMPOSIBAATBCS YXKE Ha YPOBHE WMIUIMKATHBHBIX (par-
MeHTOB. B camoMm gzene, B TV, (3aKkoH yTBep)KI€HHUs KOHCEKBEHTA, B,
3akoH ITupca) + MP nokasyemsl Bce TeopeMbl E_, (R, , T,,). Insa yc-
TAHOBJIEHHs 3TOro ¢akTa COBEPLUEHHO He HY)KHO paccMaTpHBaTh Ma-
TePUATIbHYKO HMMIUTHKALMIO KaK COKpallleHHUe U1 OTPHUAHHUS U JH3Db-
FOHKLIMH.

IlepBblii pe3ynbTaT Ha MyTH MOCTPOECHHA TEOPHH PEJIEBAHTHOIO
crnenoBaHus OyneT cocToATh B “UcmnpaBieHUM” cucTteMbl E M Bener k
cnenyrouieit GopMynTHpPOBKE HUCXOAHOH cucTeMbl “‘of true entailment”
TE: Cxemnl akcuoM — I, B, B*, W, CE, CI, DI, DE, Dis, Cont;, DNE,
npasuio MP.

JlanbHe#iliMe HCCledoBaHWs mpeanojararor pacwidpedue TE
npyUHUMNaMu Tuna GopmMynsl YpKBapTa C COOTBETCTBYHOLIMMH MOJH-
dbHKaUUAMU CEMAHTHKH.
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II.A.BricTpos

PASPEHINMMBIE HCYHUCJIEHUS],
OCHOBAHHBIE HA ABCOJIIOTHOM
PEJIJEBAHTHOHW CUCTEME B.A.CMUPHOBA

Abstract. An approach to the problem of decidability of propositional
relevant calculi is displayed in the form of effective decision procedure
for the calculus closely related to V.A.Smirnov’s «absolute» system.
The procedure is presented as proof-search algorithm for the sequent
calculus with indexed formulae SIRC. The contribution is restricted by
the idea and basic techniques of decision procedure whereas a ques-
tion of strategies and heuristics is not discussed. However the method
under consideration is supposed to be applicable to several relevant
logics.

B kHure “@opManbHbId BBIBOA M JIOTHYECKHE HCYHUCJIECHHUS
B.A.CMHUpPHOBBIM OCTPOEHO pEJICBAHTHOE MCYUCJIEHHE [IPEIMUKATOB,
HazBaHHOe UM “abcontoTHeiM”. [IponosMuMOHaNbHass 4YacTb 3TOro
MCYUC/IEHHS B aKCHOMATHYECKOM €ro BapHaHTe BK/IIOYaeT B cebs
aKCHUOMBI

1. 424

2. (ADB) o((B2C)>(ADC))

3. (AD(B2C)) D(Bo(ADC))

4. (AD(ADC))(AC)

5. ((C2A)&(CoB)) o(Co(A&B))
6. (A&B) oA

7. (A&B)>B

8. (AC)&(BC))>((AvB) ()
. AD(AVB)

10. Bo(AvB)

11. (AD -B)>(B> —A)

HpaBPUIaMH BbIBOJA ABJIAKOTCA modus ponens U IpaBH/IO0 BBEAC-
HHUA KOHBOHKHHH

A, B

\O

A&B

Ha npumeHeHue 3Toro mnpaBuja HakIaAblBA€TC] OrpaHUYEHHE,
COIJIaCHO KOTOPOMY €ro IMOCEIIKH JOJIKHbI ObITh aKCHOMaMH HIIH YiKe
JOKa3aHHBIMH (OpMYyJIaMH.

5 Jloruyeckme uccnaeq., Bbif. 5 129



Taxas cuctema A€AyKTHUBHO 3KBHBAJIEHTHA NPONO3HLIHOHAIBHOM
YacTH adCOJIIOTHOIO CEKBEHUHaIbHOro Hcyuciaenda SLA c ycrtpaHu-
MbIM MipaBuiIoM cedeHus. Kak otmedaer B.A.CMHpPHOB, Npono3uuuo-
HasibHBIA dparMeHT SLA Hepaspewnm. CieaoBaTel1bHO, HeEpa3pelma
M DKBHBAJIEHTHAs €My aKCHOMAaTHYeCKas CHCTEMa.

Huxe npepnaraercs paspeluaroliMid METOA I [IPONO3HLHO-
HAJIBHBIX  HCYHCIIeHWH, Onu3kux K  “abconroTHOi”  cucTeMe
B.A.CmupHoBa. Paspelwnaromias mnpouenypa COCTOHT B OpraHW3aluu
[IOMCKa BBIBOJA B CEKBEHLHAJBbHOM HCYHMCIEHHH OTMEYEHHBIX
(uHpexkcupoBaHHbIX) Gopmyn SIRC.

1. CexkBeHIIUAIbHOE HCHHCTIEHHE
HHAeKcHPOBaHHBIX popmya SIRC

OObI4YHBIN #3bIK MPOIO3ULHOHANBHON JIOTHKE C KOHCTAHTAMH A
(KOHBIOHKLMA), V (IU3BIOHKUMSA), D (UMIUIHKALMA) U — (OTpULAHHE)
pacUIMpAETCs 32 CYET YMUC.I0BbIX MHAEKCOB, BBOJUMBIX COIJIACHO Clie-
AYIOLEMY ONpPEIETCHUIO.

Onpenenenue 1.1.

1) JTroboe HatypasibHOe unciio (uckirouas () ecTb HHAEKC.

2) Ecin m, n — HarTypaneHbple 4MCNa, TO YNpsAJO4YeHHas mapa
<m,n> €CTb HHAEKC.

3) Ecav m,n — HaTypanbHble 4ucha, a I;, [, - HHAGKCHI, TO ynops-
JOo4YeHHas napa Buna <I[;,m>, <n,[;> wnu <[, [,> ecTb HHJIEKC.

4) JIroboe BpIpaKeHHE, OTJIHYalOUIeecs OT BHIPAKEHHUH, yKa3aH-
HBIX B ITyHKTax |-3, He ABI4€TCS HHAEKCOM.

Huoexcuposannas ¢opmyna ectb napa Buaa (A)w, roe 4 — npa-
BHJIBHO [10CTPOEHHas (B 00bIYHOM cMbIcie) hopMyia, a w - HHIEKC.

Bezne nanee &, m, n,.. 0003Ha4alOT HATypaJibHbie YHCIA, U, W,...
— UHAEKCHI, «, [3, ¥,... - UHIAEKCHpPOBaHHbIe GopMyJbl, a [, © A ¥ —
CITUCKHU UHAEKCUpOBaHHBIX dopmyi. [Ins yripouieHts 3anucy B HHIEK-
cax OIyCKaloTCs YIJIOBble CKOOKM, HE HapylIalolLHe OJHO3HAYHOCTB
MPOYTEHHs JaHHOTO HHJeKca.

CerBeHLMEHR Ha3bIBAETCA BbIpa)XeHHE BHaa [ — O,

B cnucaHHOM s3bike cTpouTes ucuucienue SIRC, Bkirouaroliee
B ce0s:

OcHoBHYIW cekBeHUHEY I, (A)w, 4 —> & (4 )w, ¥, rae (1) 4 —
3JIeMEHTapHas (He coaepKallas JOruyeckux KOHCTaHT) dopmynz u (2)
HH B OJMH M3 CMHCKOB UHLEKCUPOBaHHbIX GOPMYJ1 HE BXOIUT HHU 3Jie-
MeHTapHas gopmyna (B)w, rne B=A, uu (A)u, rae u=w.

[IpaBuna BriBOAa

(Au, I’ - 0,B)w

T @, (ADSB )<uw>
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I'>®,(Au Bw, A > vy

(ADB ))<uw>,I,A -0,y
(Au, I’ >0 Bw, I' >0,

(AvB )<uw> 1T — 0

I >0, (Au -0, (B)w

' >0, (A&B <u,w >

(A, (Bw, I’ -5 6,

(A&B )<u,w>,T — ©

I -0, (A, (B)w

[ > ®,(AvB)<uw>
I'>0,(B)w

~B)w, T >0

(B)w,T - @,

I' 50, -(Bw

Beisonom B SI RC sBasercs gepeBO CEKBEHLMH, MOCTPOEH-
HO€ M3 OCHOBHBIX CEKBEHUHH C MOMOLUBIO MEPEYHUCIICHHBIX [paBuil
BeiBoga. CootBeTrcTBeHHO, cekBeHLUsS S BoiBoguMa B SIRC, ecnu oHa
ABISETCH caMol HWkHel cekseHuuell Boiroga B SIRC.

2. OnucaHue paspemarmei npoueaypbl

Ilna ocymectBiaeHus paspewaroieid npouenypsl Ha 6aze SIRC
CTPOUTCS Oepeso noucka evieooa. llpouecc ero NnoCTpoeHU BKIIKOUAET
B ce0s cineayrouue ard.

0. Ucnbityemoit ¢popmynie A (BbIBOA KOTOpOH TpeOyeTcs HaWTH)
COMNOCTABJIAETCA OAHOCYKUEAEeHTHas cekBeHuuss — A. CTtaHaapTHBIM
criocoboM (PUKCUPYIOTCS [MOMOKUTENbHbIE U OTPULIATENbHBIE BXOXIE-
HHS BCceX 3JIeMeHTapHbIX nongopmyn ¢opmyrnsl 4:

— A aBnseTCs MOJOXKHUTENbHBIM BXOXKIECHHUEM B A;

—A (B) sABnsercs OTpULATENbHBIM (MOJIOXKUTENBHBIM) BXOXJIE-
HUeM B GopMyny ADB, ecnu ADB sBngercs MNOJOXKUTEIbHBIM BXOXK-
neHueM B HekoTopyro  dopmyny C, W MOJOXHTEJIbHBIM
(oTpULaTENBHBIM) BXOXIAECHHUEM, €CNIM ADB gBnsercs oTpHUUATEIbHBIM
BXOXX/IECHUEM;
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— — H3MEHSAET 3HaK BXOXJAEHHA Ha NPOTHUBOIIOJ0XKHBIH;

— 3HaK BXOxxaeHus dopmyisl Buaa A&B (Av B) nepeHocurcs 6e3
W3MEHEHUH Ha ee NoaGOpMYybl.

1. KaxaoMy BXOXKACHHIO (MOJOMKHUTEIBHOMY HIH OTPHULATE/b-
HOMY) 3/eMeHTapHoi mnondopMyJibl B HUcObITyeMyio ¢opmyny A B
CTPOIrOM MOCJIEJOBATEABHOCTH CEBA HAIMPABO [IPUMHUCHIBAETCS MHIEKC
crenyroiuM obpasom:

a) riepBOMY BXOXJIEHVIO 3JIeMeHTapHoMH noadopMyisl B B A npu-
MUCBIBAETCS HUHAEKC n (n=1);

b) i-oMmy cTpHuaTesbHOMY (TIOJIOXKHTETBHOMY) BXOXIEHHUIO 3lle-
MeHTapHoH noadopmyisl C B A NpUNHUCHIBAETCS HHAEGKC n+/, eciu
APYrOMYy OTpPHLATEJbHOMY (MOJIOXKHUTENbHOMY) BXOxaeHH0 C paHee
y>ke OblJI MPUITHCAH UHIAEKC #7; B IPOTUBHOM Cjy4ae JaHHOMY BXOXKJe-
H1i0 C NPUMHCHIBAETCS HH,IEKC 1.

B pesyiapraTe mnonyyaercs COOTBETCTBywolLas ¢opmyie A
“KkBazdHHOEKCHUpOBaHHas“ dopMyna A* (dopMyna C HHIEKCHPOBAH-
HBIMH 3J1€eMEHTAPHBIMM NOLPOPMYJIaMH).

2. Ilo ¢opmyne A* cCTpOUTCS COOTBETCTBYIOLIAs HHIEKCHPOBAH-
Has ¢opMyJia @ COrJIaCHO CJAEAYIOLEMY allTOPHTMY:

2.1. Kaxnas nogdopmyna A* Buna ( A)uk (B)w npeobpasyercs B
(A B)<u,w>

2.2. Kaxxnas noadopmyna A* Buna ( A)u v (B)w npeobpasyercs B
AvB)<u,w>

2.3. Kaxxaas nondopmyna A* Buaa ( 4)u o (B)w npeobpasyercs B
(ADB)<uw>

2.4. Kaxpgas noadopmyna A* Buaa — (A)u npeobpasyercs B
(—A)<u>>.

[lpumenenune waro 2.1-2.4 HayuHaeTcs “H3 rayOuHB” A*
(koroa A v B ABAAIOTCA 371€MEHTapPHBIMH) H 3aKaH4YMBAEeTCs, KOrla
noJiydaercs NpaBHIBHO IMOCTPOEHHAs WHIASKCHpPOBAaHHas ¢opMmyia ¢
€IMHCTBSHHBIM HHIEKCOM H “yucThIMM”  noadopmynamu. Ectect-
BEHHO, 0011ee KOIMYECTBO HaTYPaJIbHbIX YHCE] B HHIAEKCE GOPMYJIBI O
pPaBHO  KOJIMYECTBY BXOXICHUM B Hee 3JIEMEHTapPHBIX MOAGOPMY.JI.

3. CexBeHLiHd — A 3aMeHSETCS Ha CEKBEHLIHIO —> QL.

4. JlepeBo nowucka BbIBOAA AJ1s CEKBEHLUHH —» O KOHCTPYHUPYETCs
COIIaCHO CAEAYIOIIHUM MpaBUsiaM:

4.1. K ogHOMY U3 4I€HOB JaHHOW CEKBEHLIUH MpPUMEHsAETCs Mpa-
BHJIO BbiBoAa HcyuciaeHus SIRC “cHu3y BBepX’: NaHHas CEKBEHLIMS
NPUHHMAETCS B KaueCTBE 3aKIIIOYEHHA, MO KOTOPOMY BOCCTAHABIIH-
BIOTCS COOTBETCTBYIOLIHE OCBLIKH.

4.2. TlocTtpoeHne naHHOH BETBM [epeBa 3aKaHYWUBAETCS, €CJIH
MOJIyYeHa CEKBEHLHMs, HH K OJHOMY WieHY KOTOpOil HE NMpPUMEHHMO
HUKAaKO€ MPaBMH/1C UM OHA ABJISETCS OCHOBHOM CEKBEHLIMEH.

Beizon ¢opMyiel & MOCTPOEH, €Clik Kakaas BETBb AepeBa MOUCKaA
BBIBOJIa CEKBEHLHH —> O 3aKaHYUBAETCA  OCHOBHOM CEKBEHLIUEMH;
BBIBOZIA 3TOM QOpPMYJIbl HE CYLIECTBYET, €CNIHU MOCTPOEHHE BCEX BETBEM
JiepeBa IroMCcKa 3aKOHYEHO (B cMbliciie myHKTa 4.2), U XxoT4 Obl OJIHa
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U3 BETBEH 3aKaHYHBAETCS CEKBEHLMEH, K KOTOPOH He MPHMEHHMO HH
OJHO MpaBUJIO M NPH 3TOM OHa He ABJIAETCA OCHOBHOH CEKBEH-
LHUEN.

IIpumep noucka evieooa gpopmynvt (—AvB) 5(A>B)

IUar 0. HcnbiTyemoil gopMysie COOTBETCTBYET CEKBEHLHA —>
(—AvB) 5(A>5B).

Ilar 1. B coorBerctBuuM ¢ myHkTamu la U 1 b no cykueneHTy
JaHHOH CEKBEHLIUHU CTPOHUTCH KBa3MMHAEKCHpPOBaHHas  Qopmya
clleIyroUuMM obpasom:

— nepsoMy cieBa (OTPULATENBHOMY) BXOXIEHUIO A NPUIHKChIBA-
€TCS HHOCKC 1;

— nepBoMy (OTPHLIATESBHOMY) BXOXIEHHIO B mNpHNHCbIBaeTCA
HHAEKC |;

— BTOpPOMY (OTpHMLIATE/IbHOMY) BXOXJAEHHIO A MPHIIKUCHIBAETCS
MHIEKC 2 (ITOCKONBKY paHee OTPULIATE/IBHOMY  BXOXJIEHHIO A yxe
Opu1 NpUNUcaH UHAEKC 1;

— BTOpPOMY (TOJIOXKHUTE/IbHOMY) BXOXIEHHUI0 B MNpUNHCBIBAETCS
uHaekc 1.

B pe3ynbTate nonydaem — (—(A)IV(B)1) >((A)2>(B)1).

Ilar 2.

B cootBeTcTBUM € MYHKTOM 4.4 nosyyaem
— ((=A)IV(B)1) D((A)2>(B)1).

B cooTBeTcTBMM ¢ MyHKTOM 4.2 nony4yaeM
— ((—AVB)<I1,1>) D((A)2>(B)1).

B cooTBeTCTBHH C IMYHKTOM 4.3 nonyyaem
— (=AVvB)<I,1> 5(A>B)<2,1>.

B cootBeTrcTBUM C MyHKTOM 4.3 rony4yaem
— (=AVB)<I,1> D(A>5B))<1,1>,<2,1>,

IlIar 3. CTpouMm epeBO MOMCKa BbIBOAA MOCJEAHEN U3 MOTYYEH-
HBIX Ha NpeablAyLieM Liare CEKBEHLHM.

(4)2 — (B)1, (4)1

(4)2, (=4)1 - (B)1 (B)l - (B)!

(4)2, (-=AVB)<I,1> — (B)]

(=AVB)<l 1> - (4DB)<2,1>

— (—AVB)] S(AoB))<1,1>,<2,1>

OnHa U3 ero BeTBey 3aKOHUMTCS OCHOBHOM CeKBEHLMEN BUa
(B)l — (B)I, a npyrag — cekBenumend (4)2 — (B)l, (4)]. K neli He
IIPUMEHHUMO HU OIHO IPABU/O, U OHA HE SBJAETCA OCHOBHOM CEKBEH-
uyei (cornacHo  omnpeneneHyo ocHoBHoi cekBeHUUH SIRC). Ilpo-
Leaypa MOMCKa 3akoH4YeHa OesycniewiHo. [lonydeH oTpuuaTe/bHBINA
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pe3yabTaT: BBIBOA HCIBITYeMOHW (OpMYyJibl 3alaHHbIMU CPEACTBaMHU
NOCTPOHThL HEBO3MOKHO.

Hecmorps Ha 1o 4to B McuuciieHUH SIRC oTcyTcTBYRHOT CTDYK-
TYpHBIE TIpaBW;1a, OHO ABJISETCS PEJIEBAHTHBIM HCHHCICHHEM, “Oin3-
KMM~ K aOCONIOTHOHM MpONO3ULUHOHAIBHOM cHcTeMe B.A.CMHpHOBa
(obosnauum ee SLAp) B cienyoueM cMeicie. [IycTs § — HekoTopas
(oObluHas) cexBeHUUs, a & MoOJdydeHa u3 S B pe3y/bTaTe a) repeHoca
BCEX AHTELUEACHTHHIX (POPMYJ B CYKLEIAEHT (COrJacHO IpaBuily BBe-
J€HUs1 CTPULAHHUSl B CYKUEAEHT); U b) NpUNHChIBaHHA UHAEKCOB BCEM
CYKLIEIeHTHbIM (opMysaM Mo MpaBHiaM, KOTOpbie ObUTH cHOpMYIIH-
pOBaHbl Bblllle MpPH OMHCAHHH paspellarclied npoueaypbl. MoxHO
IOKa3aTh, 4YTO €C/H CeKBSHUMA S BelBOAMMa B SLAp 6e3 npasuna
cokpaweHus, To S BbiBonMMa B SIRC. C apyroi cTopoHsl, €CH Cek-
BeHuus S; BbiBoaguMa B SIRC, to B SLAp BbhIBOJAHMMA CEKBEHLIMS,
NOJy4Y€eHHas U3 S, BBIYEPKHBAHHEM BCEX MHIEKCOB, MPUIMHCAHHbBIX BXO-
JSLLHAM B Hee opMyJiaM.

U3 ucuncnenus SIRC MOXHO MNONy4UThb JIpyrue paspeliuMbie
pe/ieBaHTHBIE CUCTEMbI, B OCHOBE KOTOPBIX JIEXKAT MPHHLIMIIbI, HCIIOMb-
3oBaHHble B.A CMUpDHOBBIM MpH MOCTPOEHUHU “abCONIOTHOrO” UCYHC-
neHus. OQUH U3 crocobOR MOJyYeHHs TAaKUX CHUCTEM — BapbUpPOBaHUE
OrpaHHUEeHHH Ha OCHOBHY!O CEKBEHUHWIO H BBeJeHHWE OTrpaHU4YEHHUH Ha
IPUMEH2HKE TpaBW/d BBEOEHHUA UMIUIMKALMH B CcykueaeHT. OrpaHu-
4YeHHUs1 Ha OCHOBHYIC cekBeHLHIO B SIRC “ouyeHb )ecTKHe”, HX MOXHO
ocnabnate U BappupoBatb. Ilpu ocnabiieHHH 3THX OrpaHHYEHUH
MOXHO  MOJIYYHTb CHCTEMBI, COOTBETCTBYIOLUME PACLIMPEHHAM
“abcoIOTHOr0”  MpOoMO3MUMOHAIBLHOIO HcUMcieHus (0e3 mpaBuia
COKpallSHMS ) 33 CUET TaKuX, HanpuMmep, popMy, Kak ((AvB)&—B) oA
U A> (A2A4).



K. Segerberg

ON THE REVERSIBILITY OF DOXASTIC
ACTIONS

AbcrpakT. CnopHeiM 60NPOCOM, KACAIOWUMCA nHOCMYyIama 60CcCcma-
HOBNICHUA 6 MEOPUU NepecMompa Noaacanusd, OCHOBAHHOU AlbKyppo-
Hom, I apdengopcom u Makunconom, aeasomcs nocredcmeus Coxpa-
wenua, npeocmasiaruezo cobou HeKOmopblil mun OOKCACMUYECKOU
AaKCUOMbL: MO2ym AU OHU, 8 KAKOM-MO cMbiCle, OblMb YCMPAHEHbI.
Omom gonpoc sensemcs YacmuulM cayuaem donee obweti npobiemul,
obcyorcoaemoii 30ecb. Cmamos umeem 0eno ¢ GOPMALILHOU CeMAHMU-

KOU nepecmMompa noaazanus, OHA He COOePHCUM MeXHUYEeCKUX pe3yib-
mamos.

1. Definitionsl. Let U be a nonempty set (universe) of elements
(points) with an associated compact, totally separated topology T2. The
subsets of U that are clopen (both closed and open) are called
propositions in T (and they provide a base for T). If certain conditions
are satisfied, a nonempty set of closed subsets of U will qualify as a
hypertheory, a particular theory of belief revision would single out a
particular family, the elements of which would be referred to as
hypertheories in the sense of that theory3. Associated with each
doxastic action is a binary relation in the set of hypertheories in T. We
will use letters X, Y, Z for subsets of U, the letter H for hypertheories,
letters P, Q for propositions, letters a, b for actions, and R(a), R(b) for
the associated relations of the latter.

There is a difference between performing a doxastic action (which
consists of processing a piece of information) and reverting to a
previous position, once held but since been abandoned—the latter is of
course also an action of sorts, but on a different level, as it was.
Perhaps we might say that the former action is internal, the latter

For brevity and simplicity we omit the details of basic dynamic doxastic logic (DDL)
as well as background and motivation; interested readers are referred to [1, 4, 7]. An
introduction to the theory of belief revision itself is given, for example, in [2].
Totally separated: for all u, v € U, if u # v then there is a set X ¢ U both closed and
open such that u € X but v ¢ X. (The idea to use topology in connection with belief
dynamics has occurred, independently, to Sten Lindstrium and Timothy Surendonk.)
A hypertheory H is supposed to represent a possible belief state with the intersection
MH representing the corresponding belief set. Informally, the belief state of an agent
is viewed as the total of his dispositions to modify his beliefs in the face of new
information, while the belief set is the total of his current beliefs. The union \WH may
be seen as the total of the agent’s doxastic commitments. There are several different
ideas of what hypertheories can (and should) look like.
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external. In order to make the distinction clear we introduce the
concept of a doxastic walk. A sequence Hgp, Hjp, .... Hp of
hypertheories constitutes a doxastic walk (in n steps) if, for all i such
that ¢ <1 < n, either there is a doxastic action aj such that (Hj--1, Hj) €
R(aj). or else there is some m <1 such that Hj = Hy;. In the former case
the belief state Hj is a result of performing the (internal) action aj in
belief state Hj—]. In the latter case we might say that Hj was reached by
an (external) action of reverting to Hpy. In the tradition initiated by
Alchourryn, Gardenfors and Makinson this general concept of reversal
i1s unkncwn, but it is not unnatural. For example, there are actual
situations when it seems reasonable to «go back to square one» or to
«try again», which means discarding a certain development in favour of
going back to the starting point.

We use the symbol © to represent actional composition. Let us say
of a certain doxastic action a that it is belief state reversible by a
sequence b, .... bk—-1] of doxastic actions if, for all possible
hypertheories H and H', if (H, H') € R(a) then (H', H) € R(bg ° ... °
bk—1); and strongly belief state reversible if in addition, for all possible
hypertheories H", (H', H") € R(bg ° ... ® bkx—1) only if H" = H. It is then
natural to say that a is (strongly) belief state reversible if a is (strongly)
belief state reversible by some sequence of such actions. By contrast, a
is belief set reversible by by, ..., bk if, for all possible hypertheories H
and H' there is some hypertheory H" such that, if (H, H') € R(a) then
(H', H) e R(bp ° ... ° by) and nH = mH"; and strongly belief set
reversible if in addition, for all possible hypertheories H", (H', H") €
R(bg © ... ? bk-1) only if H" = H". Again, a is (strongly) belief set
reversible if (strongly) belief set reversible by some sequence of
doxastic actions. Note that belief state reversibility implies belief set
reversibility.
2. A particular modelling. To give an example, assume a semantics in
which the family of hypertheories is the set of nonempty sets H of
closed sets such that H is connected under inclusion: for all X, Y € H,
either X = Y or Y ¢ X. Define two contraction operations, —( and —1:

(H, H) € R(—gP) iff H' = {~C} U C,

(HLH)Y e R(-1P)iff H'={(P"nC)u X : X € H},
where C = {X e H: X \ P = l1I}. Call these types of contraction Rot!
contraction and AGM contraction, respectively, in honour of Hans Rott

and Alchourryn, Gardenfors, and Makinson. We define an expansion
operator + by the condition
(H, H) € R(+P) iff H' =H U {P N nH}.

Notice that if H and H' are sets of sets related by any of the three
relations defined, then H' is a hypertheory if H is. (Notice that iteration
is meaningful. For more on the present setting, see [4].)

It is clear that AGM contraction is (and Rott contraction is not)
belief set reversible by expansion, in fact even strongly belief set

136



reversible. Or more precisely, for every P, —1P (but not —P) is strongly
belief set reversible by +P. Belief state reversibility applies in neither
case. (From our point of view, the much debated issue whether
“recovery” is a desirable property—see, €. g., [3]—may be described as
a question as to whether it is reasonable to expect contraction to be
belief set reversible by expansion.)

Of belief state reversibility and belief set reversibility, the latter
seems less important; from now on we only consider the former. Is
belief state reversibility an interesting property? So it would appear. If
an agent wishes always to be able to revert back to an earlier, already
abandoned belief state, then one idea would be to keep a record of his
doxastic walk—a protocol. But keeping such a record might be
expensive. If the same or an acceptably similar effect could be
achieved by a series of doxastic actions, it might also be more
economical. Certainly it would be interesting from a methodological
point of view if an external action could be at least approximated by
internal action.

After Isaac Levi, an operation is usually classified as a contraction
if the only effect of applying it is that some beliefs are given up, and as
an expansion if the only effect is that some new beliefs are added. In
our terms—and going beyond Levi—we might consider defining a as a
contraction if (H, H') € R(a) only if H' ¢ H, and as an expansion if (H,
H') € R(a) only if H < H'. The contraction or expansion would be
nontrivial if and only if the inclusion were strict and belief altering if
and only if m"H # mH'. Notice that either operation could be nontrivial
without being belief altering.

One consequence of adopting these definitions would be that
AGM contraction would not count as contraction. Therefore we might
consider an alternative defnition where account is taken of the
reductionist notion that new hypertheories should arise from old in a
piecemeal fashion—each element of a new hypertheory should be
formed from an element in the old one, at least when the doxastic
action in quetion is a basic action. Suppose that a is a doxastic action
such that, if (H, H") € R(a), then there is a partial function f3 on H such
that, for each X € dom f, f3X € H'. One might say that f3X is the effect
on X of applying a to H, where X is an element of H that «survives»
the action a. Let us say, for actions of this kind, that a is a contraction
if both (H, H') € R(a) if and only if H'= {{f3X : X € H & X € dom {3}
and, for all X € H, X € dom f3 only if X ¢ f3X. Similarly, let us say
that a is an expansion if (H, H') € R(a) if and only if both H' = H U
{faX : X € H & X € dom f3} and, for all X € H, X € dom f; only if

In any case, it would seem almost unavoidable that some of the
information lost in contractions should be irretrievable. Therefore one
ought not normally to expect contractions to be reversible, at least not
in the sense of belief state reversibility.
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With expansions it is different. For example, even though full
reversibility of the expansion operation defined above seems
problematic, it is conditionally belief state reversible, in the following
sense, by either of the two contraction ogerations defined above: for i
€ {0, 1} it holds for all H, H' and H" that~,

on condition that "H\ P # J,
if (H, H') € R(+P) and (H', H") € R(=iP) then H = H".

This is a rather satisfactory result, for the condition is modest:
usually there would be little interest in applying the operation +P in a
situation where NH \ P = (J—meaning that the agent already believes

P—since (usually) doing so would not change the belief state H. That
is, usually, (H, H') € R(+P) if and only if H' = H?.
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A.Kron

THE LAW OF ASSERTION AND THE RULE OF
RESTRICTED PERMUTATION'

AbcTpakT. HM3gecmuo, umo modcoecmeo QOopmyn 8 HuUCmo uUMRNIUKA-
MUBHOM  SI3bIKE MONCEM pAcCMampueamscs KAK — 6b1600UMOCTb
HEKOMOPbIX OPMYN 8 O4eHb CAabOU NPONOIUYUOHAILHOU CUCINEME 8
mom dice azvike. C MOUKY 3peHust 102uKU U punocopuu npedcmaeinem
unmepec mo 0OCMOAMENbCME0, YmMoO NOOCMAKOBKA @OpMY/l Muna
B — .C — D emecmo noogopmyn euda B —.C — D & opmyny A
mooxcen: bvims  omoocoecmeneno ¢ CONGR — evigooumocmeio
Hekomopwvix Gopmyn ¢ caabou nocuyeckoii cucmeme TRW _+AP. B
pabome Oaemcs cexkeeHyuanvhas @Gopmyruposka G(TRW _,+RP)
cucmemol TRW _,+AP u ookazvieaemcs, ymo CONGR sxeusarenmua
momy @axkmy, yumo 6 G(TRW _,+RP) evieooumocms meoperi uoa A
—» A npedwecmsgyem 66i600UMOCMU I0OBIX Opy2UX MEOPEM.

1. Introduction

It is known that identity of formulas in the purely implicational
language can be identified with the derivability of ceratin formulas in a
very weak propositional system given in the same language. Namely,
in [1] the system TW_, was defined in the propositional language with

the sole connective — by modus ponens and the following axiom-
schemes:

ID A >4
ASU A—>B—>.B->C—>.4->5C
APR B>C—>A4A—>B—>A4->C

It was conjectured that if both f 4 — B and - B — 4 in TW_,,
then 4 and B denote the same formula. We call this claim ke
Anderson-Belnap conjecture A-B.

Let TW_,-ID be obtained by deleting ID; then A-B is equivalent
to NOID: in TW_,-ID for al! 4, not } 4 — 4.

For a long time it was an open problem whether NOID holds for
TW_,-ID. The problem was known as the P - W probiem; it was
solved in the affirmative (cf. [1a], [2], [3], [4], and [6]).

A-B and the mentioned equivalence with NOID was extended in
[4] and [5] as follows.

' This research has been supported by the Science Fund cf Serbia (grant number

04MO02A) through the Mathematical Institute in Belgrade.
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Let TW_,+AP be obtained from TW_, by adjoining the axiom-
scheme of permutation

AP A->B—>C)—> B> A->C
and by substitution of the following rules for modus ponens:

SU If A —>B,then fB>C-—> 4->C

PR If fB—>C,then f4A—>B—>.4>C

TR If tA—>Band | B—>C,then 4> C

Let A ~ B mean that B can be obtained by substitution of formulas
of the form D —» .C —» E tfor some occurences of subformulas of 4 of
the form C - .D - E.

Let CONGR be the claim: If | 4 -+ B and } B —» C in
TRW_,+AP, then 4 ~ B.

Let NOASS be the claim: forno4and B, }| 4 - .4 - B - B in
TRW_,+AP (notice that in TRW_,+AP we have ID).

The generalization in [5] consisted in the proof that CONGR and
NOASS are equivalent.

We find both logically and philosophicaly interesting that
substitution of formulas of the form B —» .C — D for subformulas of
the form B — .C — D in a formula 4 can be identified with CONGR -
with the derivability of certain formulas in the weak logical system
TRW_,+AP.

Also, it is a curious fact that the same substitution can be
identified with NOASS - with the non-derivability of certain formulas
in the same system. Notice, however, that neither A-B and NOID, nor
CONGR and NOASS are equivalent for any pair of implicational
systems - one having ID and the other being without ID.

In this paper we give a Gentzen formulation G(TRW_,+RP) of
TRW_,—-AP and we prove that CONGR is equivalent to the fact that in
G(TRW __,+RP) all derivations of theorems of the form 4 —» 4 precede
all derivations of any other theorem.

2. TRW_, +AP

Since the only language considered here is a purely implicational
language, we shall write (4B) for (4 —» B), and omit the outer
parentheses. ABC stands for (4B)C.

A and B are congruent if A~ B.If not 4 ~ B, we write 4 /~ B.

For any A by A~ we denote any formula B such that 4 ~ B.

TRW_,+RP is the system obtained from TRW_,+AP by
substitution of the rule RP of restricted permutation for the axiom-
scheme AP, where RP is

RP If } AB, then F A" B".
TRW_,+RP and TRW_,+AP are equivalent. Let TRW_,+RP-ID
be obtained from TRW_,+RP by deleting the axiom-scheme ID.
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The main five properties of TRW_,+RP (proved in {S]) are
given in the next five theorems. Besides, TRW +RP is closed under
uniform substitution of formulas for variables.

Theorem 2.1 If A /~ B, then } AB in TRW_,+RP iff } AB in
TRW_, +RP-ID.

Theorem 2.2 (CONGR) If | AB and | BA, then A ~ B.
Theorem 2.3 (NOASS) For all A and B, not | A(ABB).
Theorem 2.4 CONGR and NOASS are equivalent.
Theorem 2.5 (NOABB) For all A and B not | ABB.

TRW_,+RP is not closed either under modus ponens (MP) or
under the rule of permutation:

P If } A, then | A",
If P is added to TRW_,+RP, the system L mentioned in [3] is
obtained.

NOID, NOASS and NOAB are true in L. L is not closed either
under MP or under the rule

ASS|1 If | 4, then } ABB.

If ASS1 is added to L, the system investigated in [4] is obtained. J
is closed under MP.

NOID and NOASS are true in J but NCABB is not. However, we
have

Theorem 2.6 (NOE) There is no theorem of J of the form AABB.

If ID is added to J, the system RW_, of contractionless
implicational relevance logic is obtained.

3. The gentzen formulation G(TRW_,+RP)

X, Y, Z etc. range over finite (possibly empty) sequences of
formulas. As in [4], if X is the sequence A1,...,An, then by X.B we
understand the formula 4 ;(4)>. ). For example, if X =
(A,B(CD)E), then (4 B(CD)E) F (A (% CD)E) F and (4,((B,C).D)E).F
denote the same formula X. F. Any formula A4 can be written in the form
(47.4),... 4y).p, for some formulas A4y,....4;, and a variable p. Very
often we shall write W 4.p, for the formulaA

By II(X) we denote the set of all permutations of X, and by
I1(X).B we denote any formul'g Y. B such that Ye IT(X).

Let X = (4},...,Ap); by X we denote the sequence (4” 1504 n)

By the begmmng of a nonempty sequence X, in symbols [X], we
understand the first formula of the sequence X.

The axioms of G(TRW_,+RP) are

ID pp, for any variable p.

The only rule of G(TRW_,+RP) is
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RPG If J fXA4p, and b (Z5,CZ)).g, then
(A Bl s *2 (Y. p)L,) A )a tor any

H(A 21 22 ,((Yp)C) A )q such that the following condition is
satlsﬁed g 1’{ I'I(X{) # &, then the beginning  of
[x,z;".z 2 (Y p)C) A7) either is | or [Z1] or (V. r)C) as we
please 1f TI(X,Z) = &, then the beginning is ((Vr)C)

In the sequei "derivable" (}) means “derivable in
G(TRW__,+RP)".

G(TRW_,+RP) is closed under RP.

Theprem 3.1 (4,X)p is derivable with weight w iff so is
A" X)) p.

Procf. By induction on the weight of (4, X).p ina g Xyen derivation.

In the sequel we shall identify (4,X).p and (4 ",II(X")).p.

Theorem 3.2 (TRANSITIVITY WITH RP, RPTR). If (a) F
XA4Y).p and (b) } (Z1,Y.p.Z)).q, then (c) }- TI(X A4, ZJ Z5).q and
either [I1(X.4,2;,Z7)] = [X] or [TI{(X A, Z Zz)] [Z;], as we choose, if
I(xz;) =3, and [H(XA Z1,Z7)] = A otherwise.

Proof. Proceed by double induction. Suppose that (a) and (b) are
derivable with combined weight w and that Y.p is of degree d. Qur
induction hypotheses are:

Hyp ! The theorer holds for any Y'p of degree d’ < 4 and
any combined weight w;

Hyp 2 The theoreni holds for Y.p and any combined weight w’
< w.

Suppose that (b) is an instance of ID; hence, Y= Z; = Z5 = & and
p = gq; obviously, (c) is (a).

Suppose that (b) is obtained by (b") + (U,B,V).r, (b’ ') F
(W1, CWy).g and RPG. Let R ~ (Z YpZyq ~
U W, (Vor)C,B,W)).q for some U, V, W;, and W5, then either [TI(R)]
~ Y.p (and Z; = @) or (IN(R)] ~ [U] ~ Zj] or [T(R)] ~ [W] ~ [Z}] or
TR ~(V.r)C~[Z;].

1. Let U ~ H(Yp U") and (Z£;,27) ~ H(U’ W1, Wo,(V.ryC,B). Now
(") FII(8).r by (a), (b") and Hyp 2, where 5 ~ (X 4, J'B V) and either
T(S)] ~ ] or [IIS)] ~ [UT, if X U) = @, and [TI(S)] ~
otherwise, hence, } II(T).gq by (b"), (c) and RPG, T ~
(XW 1, Wy,A U B Vr‘)(-‘) and either [H(T)] [Ti(S)] or [TI{ T)j ~ (W]
or [H(T)} ~ (I'r r‘»(

We must show that either [TI(7)] ~ [X] or [II(D)] ~ {Z;], if
IX Z1)# O, and [II(T)] ~ # otherwise.

Suppose that II(X,Z;) # ; then either X # Jor Z; = . If ¥+
then [T(X U") # & and elther [H(T)] [TI(S)] ~ [X] or [H(T)] [Ti(S)]

LU~ [Z;). If Z; # O, then either [II(T)] ~ [U'] ~ [Z] or TH{.T)] ~
[W]] ~ [2’1] or [I(T)] ~ (V.r)C ~ [Z;]. Hence, if INXZ;) = <, then
either [II(N} ~ [X] or [TI(D)] ~ [Z;].
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Suppose that TI(X,Z;) = &; then I(X,U") = J and [TI(S)] ~ 4.
Also, we have II(X,W;) = & and hence [II(T)] = (V.r)C. Therefore,
[(TI(D)] ~ [T1(S)] ~ 4.

2. Let Wy ~ II(Y.p,W';) and (Z;,Z7) ~ TNU W', Wo,(V.r)C.B).
Now (¢ } H(S)q by (a), (b’) and Hyp 2, S ~ (X.A,W'],C,W5) and
either [I1(S)] ~ [X] or [TK(S)] ~ [W';], if IX, W) = &, or [H(S)] [A]
otherwise; hence, F II(D).g by (b)), (c) and RPG, T ~
(XA, U, Wl (V.r)C.W>) and either [TI(7)] ~ [TI(S)] or [I(T)] ~ [U] or
[H(T)] ~(V.r)C.

Suppose that I1(X,Z;) = &. If X = J, then TI(X, W'}) # & and
either [TI(7)] ~ [TI(S)] ~ [X] or [IK(D)] ~ [ST ~ [W'7] ~ [Z;] or [II(D)] ~
(V.r)C ~[Z;]. Hence, either [II(T)] ~ [X] or [II(D)] ~ [Z/].

Suppose that H(XZ ) = J; then IIX W) = O. Hence [TI(S)] ~
[4]. Also, we have H(X U) J and hence [TTI(T)] = (V.r)C. Therefore
[H(T)] [T1(S)] ~

Let Wy ~ H(Yp W's) and (Z;,Z3) ~ INU W 1, WH,(V.r)C,B).
Now (c) F T1(S).g by (a), (b") and Hyp 2 S~ KXW, CA W'5) and
either [II(S)] ~ [X] or [TK(S)] ~ [W)] or [H(S)] C (since C precedes
(Y.p) in (b"), the sequence of members of II(S) that precede 4 1s
nonempty); hence, } II(I) by (b),(¢') and RPG, T ~
(XU W, (V.r)C,A,W'y) and either [11(7)] ~ [TL(S)] or [II(D)] ~ [U] or
HID] ~.r)C.

Since [TI(R)] # Y.p, we have Z; # J; hence, [I(X,Z;) # & and
cither {TI(S)] ~ {X] or [TI(S)] ~ [W;] or [TI(S)] ~ C. Therefore, either
(LD} ~ [II(S)] ~ [X] or [IKD)] ~ [II(S)] ~ [W;] ~ [£]] or [I(D)] ~
[LKS)] ~ (Vr)C ~ [Z]].

4. Let Yp ~ (Vr)C ~ II(VrWce)p and (Z£}5,24))
[(UW; W»yB), where C ~ W.p. Obwously either [H(R) [%’]
2] or [TI(R)] ~ [W)) ~ [Z;] or [TI(R)] ~ (V.r)C ~ Y.p. Now (c)) }
I1(S).p by (b"), (a) and Hyp 1, S ~ (X, 4, U, B, W), and either [II(S)] ~
[X] or [TI(S)] ~ (U], if TI(X,U) = &, and [TI(S)] ~ A otherwise (for 4
precedes V.r in (a)); hence, } H(D by (¢, (b") and Hyp 1, 7 ~
(XA UBWj; W>) and either [II(D)] ~ [TI(S)] or [TI(T)] ~ [W;], for
TS, W) = 5

Since A4 precedes Vr in (a), Z; # &; hence, II(XZ)) # © and
either [TI(S)] ~ [X] or [TI(S)] ~ [U] or [H(S)] ~A. Hence either [11(7)]

~ [II(S)] ~ [X] or [H(Y)] [TI(SH)] ~ (U] ~ [Z;] or [IK(D)] ~ [W] ~ [Z)]
or [TI(D)] ~ [T1(S)] ~ 4 ~ [Z]].

There is an altematlve way to obtain (¢): (¢') | I1(S).q by (a), (b")
and Hyp 1, S ~ (X4, V.r,W};,W3).q and either [T1(S)] ~ [X] or [II(S)] ~
(W], if H( X. W)=, and [H(S)] ~ A otherwise (for A precedes V.r in
(a)); hence, | (7 by (b"), (¢') and Hyp 1, T~ (UBXA.W}; W>) and
either [H(T)] ~ [U] or [TI(D)] ~ [1(S)], for H(S wp +O.

Since A4 precedes V.r in (a), A precedes V.r in (¢c"); hence, Z; # &.
We have II(X,Z;) = & and either [TI(S)] ~ [X] or [II(S)] ~ [W;] or
LIS ~ 4. Hence, either [TI(7)] ~ [X] or [IN(T)] ~ [II(S)] ~ [W] ~
(Z;] or [TU(D)] ~ [U] ~ [Z;] or [I(D)] ~ [TI(S)] ~ A ~ [Z].
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To prove that TRW_,+RP and G(TRW _;+RP) have the same set
of theorems we need the trivial

Theorem 3.3. For any 4, |- A4 in G(TRW_,+RP).

Using Theorem 3.3 and RPG we can prove

Theorem 3.4. The following three rules are derivable in
G(TRW_,+RP) (SU, PR and a combination thereof with restricted
permutation):

RPSU If F (XA Y)p, then } TI(X A.(Y.p)g).q, such that the
beginning of II(X,A,(Y.p)g).q is either [X] or (Y.p)gq, if X # O, and
(Y.p)q otherwise;

RPFR If } (XBZ)p, then | TI(X ABA,Z)p, such that the
beginning of I1(X,AB,A) p is either [X] or AB.

RPSP If F(XA4,Y).p, then } IXATI(Y.p,Z).q.Z).q. such that
the beginning of INX,A,II(Y.p,Z).q.2).q is either [X] or II(Y.p,.Z).q.

Therefore, the theorems of(TRW_,+RP are theorems of
G(TRW_,+RP).

Theorem 3.5. TRW_,+RP is closed under RPSU, RPPR and
RPTR.

Procf. RPSU Suppose that (1) | (X4,Y).p in TRW_,+RP. If X' =
<, then | (X,(Y.p)g.4).q by (1) and SU. Eventually, } ((Y .p)g.4 ).q
by RP.

Let X ~ (B,.X"); then (2) } (X'4,Y).p).(X",(Y.p)q,4).q, successively
applying PR to the axiom (4, Y).p.(Y.p)g.Aq. Hence,
(BX'(Y.p)g4)-q,by(1),(2) and TR. Eventually,

B I (Y plg.A7))g by RP.

To obtain | (Y .p)g,B ,JI(X" ,4")).q, apply PR to (1); we obtain
3" F (X4, Y).p X" A).q B X" A).q. On the other hand, we have the
sequence of axioms

F(Y.p)g(4.V).p.4).q
F XA p,X" A)g(CX"AY)pCX"A) g,

where X' ~ (CX"). Using TR we obtain (3")
(Y'.p)g, X" A4, 1) p,X 4).qg. Now }-((Y.p)q,B,X;A).q by (3, (3") and TR,
and then we apply RP to obtain | (Y .p)g,B ,JI(X',4)).q.

RPPR Suppose that (1) | (X,B)p in TRW_,+RP. If X = (&,
then | (X 4B,4).p by (1) and PR; hence, | ((4B) ,4 ).q by RP.

Let X'~ (C.X"). From the axiom | Bp.4AB.Ap, successively applying
PR we have (2) | ((X,B).p).(X'4B,A).p. Hence, _ 5
(C.X'.4B,4).p by (1), (2) and IR, and F(C,II(X"".(4B) ,47)).p by RP.

To obtain | ((4B) ,JI(X",C ,4 )).p, apply SU to (1) to obtain (3")
F((X.B).p,XA).p,C X' A).p.

On the other hand, we have the sequence of axioms

| (4B, Bp,4).p
FAX"B).p X" A)p(D.X"B)p.DX"A).p,
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where X' ~ (D,X"). Hence, (3" |} (UB(X'B)p X .4A)p by TR.
Therefore, | (4B,C, X' 4).p by (3, (3") and TR.

RPTR Suppose that in TRW_,+RP we have (1) | (X4,Y).p
and (2) } (Z.¥p2p).q If I(X,Z)) = B, then | (4,Z5).g by TR.
Hence, F (4 H(Zg ")).g by RP (if necessary).

Let X= @ and Z; ~ (B,Z']). Now | (Y..Z2).q.4.Z2).q by (1) and
SU; hence, (37 }-((Z Pva)qZ ,4,Z3).q by PR, and,

%}Z‘[ A, Zg)q, by (2), (3 ) and TR. Hence |—(B JHZ'; ,A L2 )) g by

Let Z; = & and X ~ (B, X"). Hence, | (X'4,Y).p.X"4,Z7).q by (2)
and PR, and*]-(BX’A Z5).q by (1) and TR, and F
B* H(X’ A2y )).q by RP.

Let X ~ (B X0 and Z ~(C,Z'7). We have (3") F
(X' 4,Y)pX' A CZ'1.4.Z5).q by (é) and PR; hence,
lt (BX'4, CZ 14 22\ g by (1), (39 and TR. Now,

B II(X".4" C Z A z"vTUcb RP.

Alternatlvely, 3 ) }- (€, (’X'A Y)p,Z'1,X"A,Z7).q by (2) and RPPR.
On the other hand, (3")
(X4, N)pZ'1, X, 4 Z2).q,B.2'1,X'.4,Z3).q, by (1) and RPSU. Hence, |-
(C,B,Z r4 XA 7 z) q By (3) (3") and TR, and then, by RPPR,
H(Cx (Y] Z2%).4.

Theorem 3.6. TRW +RP and G(TRW_,+RP) have the same set
of theorems.

Proof. We must show that TRW_,+RP is closed under RPG. If
() F X4, Y).p and (2) F (Z;,C.Z5).q in TRW_,+RP, then either (3)
F (Y.p)C.Z1.Y.p.Z5).q or (4) L (D(Yp)C21 Y.p.Z7).q, by PPR and
(2), where 21 ~ (D,Z1}) if Z; ~ &. Now either } (Y.2)C X Z;,4,Z7).q
or F(BX.(Y.p)C, ZI A,Z5).q, either by (1), (3) and RPTR or by (1),
(4) and RPTR, respectively, where X ~ (BX"), if X = <, or
F (DX( .V‘li')C,Z"L..A,Zz)..q. Eventualy, we use RPPR to obtain the
conclusion of RPG.

4. Normal Form Theorem For G(TRW_,+RP)

Derivations of formulas of the form 44 have a specific pattern.

Theorem 4.1 NORMAL FORM THEOREM, NMF). For any 4
and any node S in a derivation of AA there is a formula B such that S ~
BB.

Proof. The theorem is true if A = p. Proceed by induction on the
weight of a node in a derivation of 44.

Suppose that 44 is obtained by (@) [ XCY)p,
(@") }(Z;,D,Z).q and RPG, where 44 ~ II(X,C,Z};,(Y.p)D,Z3).q and
either 4 ~ [X]or 4 ~[Z;] or A ~ (Y.p)D.

145



Case | X ~ (4,X") and 4 ~ II(X"'C.Z;,(Y.p)D,Z>5).q. hence, (a’)
(II(X',C,Z;,(Y.p)D,Z2).qX,CY)p and (2") } (£7.D,Z5)4. Hence (b)
(X,C,N.p,X'C,Z1,(Y.p)D,23).q by (a”) and RPPR. By (a"), (b) and
CONGR. X' Cp~X'.CZ;(Y.p)D,Z) )q which 1s absurd.

Casell Z; ~(A,Z'j)and 4 ~TI(X,C.2";,(Y.p)D,Z5).q; hence, (a")
(X.C.V).p and (a’) [—(H(X( Z', (Yp)DZg) q.2'1,D,27).q. Hence (b) |
(( 71 D, 77bq,Xt Z' 1, (Y.p)D. Z;iq by (a’) and RPSP. By (an), (b\ and
CONGR I1(Z'; DZﬂ g~ II(XCZ'1,(Y.p)D,Z>).q. which is absurd.

Case IIIA ~ (Y. p)D IX.CZ; Zﬂ) q.

L.l X~ (Y. p,X")and D ~ H(X CZ1,Z5).q; hence, (a" F
(YpX'C.Y).p and (a") |—(71H(X’CZIZQ)qu)q [fZ]-@ then
NOABB is violated. Hence, Z) ~ (B.Z'}) and

F(BINBY.pX' CZ'}1,2))q, YpX’CZIZQ)q by (a"), (a") and RPG,
contrary to NOASS.

L2 Z;~(Y.pZ';)and D ~1I(X,C.Z'1,Z7).p; hence, (a")
(XCY)pand(a') |-(Yp,Z’ H(XCZ}Z ).9.22).q. Hence (b)
X CIIXCZ'1.22).9.2'1,Z).q by (a"), (a") and RPTR. NOASS s
violated.

03 Yp~Cand D~IUXZ;Z))p; hence, (a') FX Y.pY)pand
(@) F(Z1,JU(XZ1,29).9.23).9. IfX—@ thenZ = & (otherwise (a'")
violates NOASS); if Z; = é then X' = @ by (a’ ') and NOABB. Hence,
elther both X and £ are empty or both X and Z are nonempty.

f both X and Z; are =mpty, then both (a’) and (a’) are of the

reauxred form and we can apply the induction hypothesis.

Let X~(BX'Eyand Z; ~ (F,Z'7). By (a") and RPSU (b)
((Y'p. 1) p21,27).9,B X E.£;,Z7).q. Hence, (c)
(FF(Y.p, Y)p,21 £7).9.2'1,Z7).q, by (a"), (b) and RPTR. By (c) and
Theorem 2.1, (c) 1s a theorern of TRW_,+RP-ID and hence of J. Since
J is closed under P, NOID in J is v1olated

4 Z; ~ (¥YpZ'5) and D ~ X CZ;Z'5).q; hence, (a")
FXCY)pand (a) | (Z; II(XCZ}ZZ)qu,Zz)q If Z; ~(B7' )s
then | (B II(BX,C,Z', Z'Z)qXC Z'5).q by (a"), (a") and RPTR
contrary to NOASS. Hence, Z; ®1and (b) + X (Y'p.Z'5).q.C.Z"> ')q
by (a”) and RPSP. If X ~ (BX’) then F(B(BX'.CZ'))q, X, CZ 2).q, by
(a'), (b) and RPTR, contrary to NOASS. Therefore, X = J and we have
(@ F (H(C Z'2).q.Yp.Z'5).q and (b) | (Y'p.Z2'7)p.C.Z'5).p. By
CONGR, C ~ Y.p and we can apply the induction hypothe51s

5. There Is No Theorem Of The Form ABB

In this section we shall give a proof of NOABB independent of
CONGR.

Since TRW_,+RP and a fortiori G(TRW_,+RP) is closed under
uniform substitution, to prove that there is no theorem of
G(TRW_,+RP) of a certain form, it suffices to prove such a theorem
for a variant of G(TRW_, +RP) in the language having a single
variable p. This fact is assumed in the sequel.
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Theorem 5.1. If (a) | (X p)p in G(TRW_,+RP), then X = O.

Proof. If (a) is an axiom, then X = .

Suppose that (a) is obtained from (a") | (UA4,¥).p and (a'")
(W,C,W2).p by RPG; then (Xp)p ~ II(U.A, W), (Vp)C ¥5).p. Hence,
U= W1 =W 1= and)(p II(4,(V.p)C), which is absurd

Theorem 5.2 (NOABB) No theorem of G(TRW _,+RP) has the
form (a) (TI(B,X,Y).p,7) p.

Proof. No axiom has this form. Let there be a derivable formula of
this form and let (a) [T(II(B, X Y).p,Y).p be one of them of smallest
degree (Hyp 3). If Y=, Theorem 5.1 is violated.

Suppose that (a) is obtained by (a’) }- (UAVYp, (a"
(W1, C.W2).p and RPG; then (II(B.X,Y).p,Y) ~ IKUA W}, (V.p)C W))
and the begmmng of (a) is either [U] or [W] or [( Vp)C"

Case 1 U ~ JTIBX,NpU) and ¥ ~ TLU' AW, (V.p)C,W>).
Applying RPPR to (a") we obtain (b)
(U A,V).p, U AW, (V.p)C.W5).p. But (a") is
(IB.XII(U.A,W[.(V.p)C, W) p.U\A.V).p. Hence,
(IKB.X(U.A.V)p U 4 V)pby (a’), (b) and RPTR, contrary to Hyp 3.

Case I W) ~{AIBXY)p W) and Y ~ LI(UAW ;,(V.p)C,W3).

Applying RPSP to (a") we have (b)
(W' . Wor,CO)p, UAW ,(V.p)C,V.p,W)).p. But (a’) 1S
([I(},’ j(H(UA W'y "Vp)C W p W' ,CW)).p, hence

(II(B,.X.(W’},C Wﬂ)}p, W ,CWop by (a"), (c) and RPTR, contrary to
Hyp 3.

P Case HI TI(BXY) ~II(V.p.W) and ¥ ~ II(U A, W}, W>); hence,
I(BXUAW W2)~M(Vp We).

I11.1 Vp ~ B and W ~ I'I(,X UA,W;,W3). Applying RPSP to (a)
we have (b) } (H(VpXW Wb XUAWWy.p. But (a") is
(Wi IX, UAW ], W2).p,W)).p; hence FJI(V.p.X WI, Wz)p, Wi, Wo).p
by (b) (a") and RPTR, contrary to Hyp 3.

.2 X ~ II(VpX) and W ~ INBX ,UA W}, W>). Applying
RPSP to (a) we obtain (b) } (BX, W), W, V.p)p.BX UAW; W2)p.
But (") is } (W IIBX U4 W WrpW-op, hence,
(( V.p,BX'W 1, W>)p,W; W»).p, by (b), (a")and RPTR contrary to Hyp

1.3 U~ (V.p,U)and W ~ (I(BX, U, W 4,W3)). Now (2) and
(@ are F (VpU.AV)p and } (W IUBXU W;,AW2)pW))p;
hence, (b) F (ILBXW; W V)p, VBXUAW W9).p by (a" and
RPPR and + (IIBX VW], W2)p V.W1,W»).p, by (a"), (b) and RPTR,
contrary to Hyp 3.

1.4 4~ V.pand We ~II(BX UW,W)). Now (a") and (a") are F
(UVpV)p and F (W] H(BXUW1 Wy).p,W>).p; hence, (b)
(II(B, X W] Wy V).p,BXU, W Wy V)p, by (a) and RPPR, and
(IBX VW, Wz)p V.Wj, Wz)p, by (a"), (b) and RPTR, contrary to
Hyp 3.
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s w; ~ (VpW'y) and W ~ I(BXUW';, A4, W>5). Applying
RPSP to (a’) we obtain (b) } (IW';, Wy, V.p)p,UW'1,A, W>5).p. But
(a" is I (V.o W' H(BXUW AW).0,W)).p; hence,
IBXW Wy, V.p)p W', W2 V.p).p, by (é) (a") and RPTR contrary

to Hyp 3.

e Wy~ (VpW)) and We ~ INBX, U W[,A4,W'3). Applyin
RPSP to (a”) we obtain (b)
(II(BXW W', V.p)pBXUW,.A. W’)ip But (@ is
(W . TI(E, XUﬁ AW N.p,V.p,W'5).p; hence

(H(BX Wi w ,Vp)p Wi VV' ,Vp) D, by (a"), (b) and RPTR, contrary
to Hyp 3.

6. NMF and Noass Are Equivalent

NOASS and CONGR were used in the proof of NMF; since, by
Theorem 2.4, NOASS and CONGR are equivalent, NOASS implies
NMF. NOABB, which is also used in the proof of NMF, is a
consequence of CONGR ard hence of NOASS, but in G(TRW_)+RP)
it has a proof independent of NOASS.

In this section we prove that NMF implies NOASS.

Theorem 6.1 NMF implies NOASS.

Proof. The strategy of the proof is as of the proof of Theorem 5.2
(NOABE). Suppose that the contrary is the case; then there is a
formula (a) 4. ABB of smallest degree derivable in G(TRW_,+RP)
(Hyp 4). Now we investigate how it could have been obtained. It is
clear that (a) is no axiom. Let (a) be obtained by (a") } (X.C,Y).p, (a")

(Z;,D,Z7)p and RPG; hence, A4A.A4BE ~ III) ~
[X.C.Z;,(Y.p)D,Z3).p, where either is [II(T7)] ~ [X] or [TI(7)] ~ [Z;]
or [II(T)] ~ (Y. p)D.

There are 14 main cases to be examined; they are classified in
three groups.

In the cases of the first group we start with (a’) and (a"); using
either RPSU or RPPR or RFTR or RPSP, one or more times, we derive
a formula (b) C.CDD of degree smaller than the degree of (a); this
contradicts Hyp 4. For example, let X ~ (4,II(4B,X")) and B ~
IX',C.Z21,(Y.p)D,Z>).p; hence, (a") i
(4,T1((4, II(X’CZ Y.p)D,.Zo)).p.X),C, Y)p Now (b)
(4,X',C,Y).pA, fI(X’ CZ(Y. p)D Z7)).p, by (a"”) and RPPR. Hence,
4,A4.X,C.Y)p X' ,CY).p by (a), (b) and RPTR, contrary to Hyp 4.

The remaining cases of this group are left to the reader.

In the second group there is only one case, where in our attempt to
derive (a) we violate NOABB (this is why we need a proof of NOABB
that is independent of CONGR and hence of NOASS). Here is the case.

Let ¥~ (4,X"), AB~II(Y.p,Wp).p and B ~T1(X"C,Z;,Z5).p, where
D ~ Wp.p. Moreover, let #p ~ II(4,W'p) and Wp ~ H(Yp w'p);
hence, Wp ~ II(Y.p,W'p) ~ 11(X",C,Z};,Z5). Eventually, let Y.p ~ C and
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W'p ~ H(X’Z ,Z3); hence, (@) } AX.YpY)p and (a")
(Z7.(A411CX.Z Q; Z?))P Z2).p-

If Z; = @, then (a") contradicts NOABB. If Zj ~(F,Z'}), then (b)
F ((FZ': Z>,Y)p YAINF.X'Z'1,Z9).p by (a) and RPPR; hence,
(F(F,Z'1,Z2,Y).p,2'1.2), Y)p by (a ') (b) and RPTR, contrary to Hyp 4.

The third group consists of cases where NMF is used. Let us
examine them.

In the first of them 4 ~ (Y. p)D, X ~ II(ABX") and B ~
[I(X',C.Z},23).p; hence, (a") } (II(Y.p)D. X" C,Z;,Z5).p, X', C,Y)p and
@n F  (Z;.DZyp. By (a') (@") and ~RPG, (b)
(TI(Y'p)D.X',C.Z},Z29)p,(Y.p)D.X'C.Z},Z5).p. By NMF, there are E
and F such that EE ~ H((H((Yp)DX'C21 Zz)pX’C Y)p and FF ~
(Z£}1.D,Z5).p, which is impossible.

In the second of these cases 4 ~ (Y.p)D, AB ~ C and B ~
(X, Z;,Z5).p; hence, (a") } (X((Y.p)D,JI(X.Z;,Z3)).p.Y)p and (a")
(Z1.D.Zp)p.

Let X=Z; =2 = . Since D ~ U.p for some U, (a") } (Up)p; by
Theorem 5.1, U=@and D = p. Hence, (a) }—((Yp)pp Y).p. By RPPR
and @), F o @(Ypp.Y.p)pY0.D)p, and then
(I((Y.p)p.Y.p).p,(Y.p)p.Y.p).p. By NMF, there is a £ such that FE ~
[1((Y.p)pp, Y).p, which is impossible.

In the thlrd case of this group 4 ~ (Y.p)D, Z; ~11(48,2"}) and B ~
IX.C.Z'1,Z9).p; hence, (a') is
(X PDECZ' 2P Z DD Z)p. By (@), (2) and REG, (b
(H(((Yp)DXC Z’I,Z )p(Yp)DXC 7).z By NMEF,
(Y. p)D.X.CZ'1,27)p~1UZ"1,.D,Z3).p, w ﬁlch is impossible.
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A.B.Yarpos, A.A.Yarposa

BECKOHREYHBIE MHOXECTBA
HECBOIMMbLIX MOJAJBHOCTEI B
HOPMAJBHBIX MOTAJBHBIX TOTHKAX

Abstract. The first mathematical results in modal logic was connected
with the discovery of phenomenon of modality reduction: in many
logics the infinite set of all iterated modalities is equivalent to finite
sels (its own sel for every concrete logic). The question about whether
inis reduction is always possible and how can we establish it (in
algorithmic, criterion or another way) are not studied enough up to
now. We will show that thic problem has no simple solution. algorithm
Jor its solution does not exist, a set of logics with infinite sets
nonequivalent modalities has rather fuzzy bounds — set of maximal in
inclusion normal modal iogics each of which has an infinite set
nonequivalent modalities is a continuum.

Some open problems are discussed.

BBeaenre

IMpcbnema cBengeHHss MOAAJILHOCTEH ABAAETCA YHHKaIbHOHM IO
NPOCTOTE MOCTAHOBKH — [KE€ HECBEAYILIEMY B JIOTMKE YEIOBEKY
JErKo e¢ OOBACHUTHL: OTIIMYAIOTCA JH “NO CMBICTY” YTBEPXKJIEHHS
“Heobx0auMO A”, “HeoOXOAMMO, 4YTO HeoOXoAuMo A”, “BO3MOXKHO,
4yTO HEeobXOonHUMO A”, “He0dIX0AMMO, YTO BO3IMOXKHO A” U T.J. Yxe B
TaKOV COJEpKaTe/lbHON TpakTOBKE MpoOjeMbl BHIHA €€ CJIOXKHOCTD,
NOCKOJIbKY Jax€ OCO3HaTh HHTYHMTHUBHLIH CMbICI HUTEPHPOBAHHBIX
MoJanbHOCTeH — “He0o0X0IMMO, YTO HEOOX0aHMO...”, “BO3MOXKHO, YTO
HeoOX0AMMO...”, “HeoOXO0AHMO, YTO BO3ZMOXHO...” M Ip. -—— LOBOJBHO
TPYAHO. llonoxeHue ycyrvonsercs, eciv Mbl OyaeM paccMaTpHBaTh
OAHOBPEMEHHO  pa3Hble BHAbl MOJAJBHOCTEH, T.€., MNOMHMO
“Heo0X0IuMO” KM “BO3MOXHO”, OyleM HCIOJb30BaTh, K MDUMEDY,
“obs3aTenbHO”, “Bceraa Ovaetr’ W T.O., He FOBOPA YX O KBAHTOpAx,
KOTOpbI€ TOX€E MOXXHO MCTOJKOBBIBATH KaK MOJAJIbHOCTH: BCIIOMHHM,
HarpuMmep, 00 OOHOM H3 KOHbIOHKTHUBHbBIX WYWIEHOB JKBHUB&JIEHTHOCTH
VxOpeIVxe — dopmyne bapkaH. Cpa3dy OrOBOPMMCH, YTO B 3TOH
CTaThe Mbi OTPAHHYMBAEMCS Clly4aeM MPONO3HLMOHAIbHON MOAIbHOM
JIOTUKK C OJHOM MOJAIbHOCTBIO ‘HEOOXOAMMO™ M BbIpaXKaeMoii uepes
Hee “BO3MOMXHOCThIO”.

ABNAACE TPaAUMUMOHHONW (MHIOCOPCKO-TOrHYECKON MOJalbHOM
npodseMoit, ¢ BbIX0A0M pabots! [18], rae 6puU10 0OKAPYXKEHO, YTO TPH
H3 IATH JIbKOMCOBCKHUX CHCTEM — S3, S4 U S5 — 00J1a4a10T KOHEYHBIMH
NOJIHBIMK MHOXECTBAaMKH HECBOAMMBIX MojanbHocTel, U [17], rae
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MOKa3aHoO, 4YTO IS S; 3TO CBOHCTBO HE BBIMOJHAETCSA, CBEIECHUE
MOJa/IbHOCTEH CTajI0 TPAaAULMOHHOH MaTeMaTH4YeCKOH MpobsieMoi B
MOJAJbHOM JIOTHKE. 3aMeTHM, YTO B MaTeMaTHKe UMEETCHd AOBOJIBHO
MHOIO POJACTBEHHBIX MpobaeM — npobiaeMbl KOHEYHOCTH KOHEUYHO-
MOPOXKIAEHHON anredpsl TOrO WKW MHOTO THIMA, a TAKKe U Mapaielb-
HBIX 3a1a4y. Tak, TONOJOrHYECKHE MPOCTPAHCTBA COCTABAIOT aAcKBaT-
HbIH CEMAHTUYECKHH arnapat Ajdd MOAATBHON JIOTHKH S;, IPHYEM TPH
MHTEPNIPETALHH HOPMYJ B HUX ONepaTopy HeoOXOAUMOCTH [ COOTBET-
CTBYeT Omepallis B3ATHA BHYTPEHHOCTH MHOXXECTBa, OIepaTopy
BO3MOXHOCTH O (MBI ero OyzneM aanee cYHTaTh COKpalleHHeM — [ 10—)
COOTBETCTBYET ONeEpalus B3siTHUS BHYTPEHHOCTH MHOXecTBa (a OTpu-
LaHHIO — KOHEYHO >Ke, NOMOJHEHHWE MHOXECTBa), IO3TOMY 3ajaye
CBOJMMOCTH MOJAJIBHOCTEH NpH (PUKCHPOBAHHOM, HO IMPOH3BOJILHOM
BBICKa3bIBAHHH A 3J€Ch COOTBETCTBYET ‘‘...3a0aBHas M MoJe3Had
3ajaya... CKOJBKO pa3jMyHbIX MHOXXECTB MOXHO MOCTPOMTH, UCXOMA
U3 (UKCHPOBAaHHOIO MOJMHOXECTBa A TOIMOJOFHYECKOro MPOCTpaH-
CTBa, B pe3yJibTaTe [10CJEL0BATE/IbHOIO NpPUMEHeHHS B JroboM
NOpsiAKe OMNepaTOpPOB 3aMblKaHMs, Mepexoa K BHYTPEHHOCTH W mepe-
xoda K aonoysiHeHUro?” (cm. [1], c. 70, 86), roe mpuBOoaAUTCS 3adaua
Kypamoeckozo o 3amuikanusx u oonoanenusax [14]: “Ilyctb A — noa-
MHOXECTBO TOMNOJOIHYECKOTO [pOCTpaHCTBA. ...MOXKHO MNOCTPOHTH
camoe Oosbluee 14 MHOXECTB, IPUMEHSAS K A OMnepaildyd 3aMbIKaHUS U
riepexoaa K ... AOMojiHeHH0. CylecTBYeT MOAMHOKECTBO MDOCTPAaH-
CTBAa BELIECTBEHHbIX YHCEN (C OOBIYHOM TOIMOJOTHEH), U3 KOTOPOIo
MOXHO TaKuM 00pa3oM MOJYYHUTb POBHO 14 pa3iMYHBIX MHOMECTB”;
pewieHue 3aoayu Kypamogeckoeo nis NMpoOU3BOBHBIX TOMOJOrHYECKHX
NPOCTPaHCTB paccMaTpUBaIOCh BO MHOrux patorax (cm. [3], [15], a
TaKKE MHOTOUUCIIEHHBIE CCBIIKH B 3THX paborax). KonuuecTBo BO3HH-
KaIOIIMX 3[ech Ofepalliii’ Hal MHOXKECTBAMHU B OOLUEM Cllydac €CTh B
TOYHOCTU KOJHYECTBO HECBOAMMBIX MOJANIBHOCTEH JIOTMKH S; (CM.
[5]), rae 3Tu BONPOCH! PACCMOTPEHBI IS 8Cex HOPMaJbHbIX pacluupe-
HHH S4

3aMeTHM, 4YTO AaHaJIOFMYHble 33aJayl UHTEpecHbl W [ HHBIX
JIOTHK, CKaXkeM, Joruku S; (cMm. [19]; a Takoke [13]). I1pu 3TOM MHOTHE
BOTIPOCHI BCE €llle OTKPbIThI, HAPUMEDP, HEU3BECTHO, €CTh JIM CBEICHHUSA
MOOAJILHOCTEH B JIOrUKe Sq, nonyyaeMo# u3 S; nobaBieHHeM aKCHOMBbI
00L (“BO3MOXHO, YTO BO3MOXHA JIOXKB), XOTd OECKOHEYHOCTb MHO-
XKECTBa HECBOJUMBIX B HEH MOJAIbHOCTEH AOCTATOYHO O4YeBHAHA (CM.
[4] 0 mocTaHOBKE 3a4a4M).

Co BpemeHu paboTthl [18] U3yyeHO NOBOJIBHO MHOIO MOJ&JIbHBIX
CHUCTEM C TOYKH 3PEHHUS BOMPOCA ONHUCAHHUA BCEX CBEAEHHH MOOATbHO-
cTei B HUX. HekoTopsie u3 nonyuyeHHbIx 30eck (10 1974 r.) pesynbra-
TOB YHTATEIb MOXKET HAlTH B [4] K HMeroUieMcs B 3TOM KHUre ob30pe
I"E.Munua. Co BpeMeHM H3JaHUA ITHX HCTOYHHUKOB HCCIIEOBaHHUA

' Bompocsl 0 YMCle pasNM4HBIX OMEPAlHil U 0 YMCIE MONYYaeMbIX C MX MOMOLUBIO

MHOXECTB, BooOule roBops, pa3uyHbl!
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BONPOCOE CBEAECHHA MOJQJIEHOCTEH CYLUECTBEHHO U3MEHMIIHCEL MO CBO-
€My TMpEIUMETY: OT H3YYEHHA OMmOeabHblXx MOJAJBHBIX CHUCTEM, KOraa
HHTEPEeCYIOTCS KOJUYECTBOM HECBOJMMbBIX MOJATBbHOCTEM u/mm OmK-
caHHeM BCeX CBEACHHUM MOJ(AJIbHOCTEH B paCCManHBaeMOH cucreme’,
4YTO SBJACTCA, KaK NMPaBHIO, HHTEPECHOH COLEpKaTeNbHOH npoGnemou
H UHTpUIYIOLUEH MaTeMaTk4eCKOH 3ajaded: MHTEpechl McclIeaoBare-
Jed IepeMellaloTcs B CTOPOHY HM3Y4YEHHA K1acco6 JIOTMK, KOorja
BOINPOCHI O CBEJAEHUM MOJAIBHOCTEH 3aJalOTCS B ‘MacCOBOM Ayxe”,
KaK, CKaXeM:

e HeJb3id JIM [10 BUAY aKCHOM CHCTEMbI OMPEAE/IUTh (aITOPUTMHUECKU
W/WiM, NpeIocTaBUB HeoOXOAHUMbIE HW/WJIM JOCTAaTOYHblE CHHTaKCH-
YECKHE HJIM CEeMaHTHYECKMUE, MUJIM KaKHe-THUOO HHble KPHUTEPHH),
KOHEYHO JIM MHOXXECTBO HECBOAMMBIX B HEM MOJaJIbHOCTEH;

® CYLLUECTBYIOT JIH MOAAJIbHbl€ CHUCTEMBI C JaHHBIM YHCJIOM HECBOIH-
MBbIX MOJaJIbHOCTEH;

® CYUECTBYIOT JIMW MOAAJbHbIE€ CHUCTEMBbl C [AaHHBIM MHOXECTBOM
HECBOIUMBbIX MOAANBHOCTEH;

® KaK yCTPOE€Ha COBOKYIHOCTb (pelle€TKa) MOJAIbHbBIX JIOTHUK C JaH-
HbIM YHMCJIOM HECBOJAHUMEIX MOJAIbHOCTEN;

® KaK YCTPOE€Ha COBOKYNHOCTb MOJAJIBbHbBIX JIOTHUK C JaHHbIM MHOXe-
CTBOM HECBOJAMMBIX

® MOJAJIbHOCTEH,

W MHOTHE OpyrHe.

HaHHas paboTta nocesiileHa BbISCHEHHIO OTBETOB Ha HEKOTOpPEIE U3
BOIPOCOB, CBA3aHHbLIX C HOPMa/lbHbIMH MOJAILHBIMH JIOTHKAaMH, T.€.
HOPM&JIbHBIMH PaclIHPEHHAMH MHWHHUMAIBHOM HOpPMaJIbHOM MOJaib-
HOH Jloruku K ¥ BO3MOXXHOCTBIO CBEI€HHS B HHUX BCE€H COBOKYIHOCTH
MOOAIbHOCTEH K KaKOMY-KHO0 KOHEHHOMY MHOXECTBY.

1. UcxoaHble onipene/ieHHs

HanoMHHUM HEKOTOpbIE ONpeesieHHs, CBA3aHHbIE C HOPMaJIbHBIMH
MOJAJbHBIMH JIOTHKaMH. MogasnbHble GOpMYJibl CTPOSTCA H3 [POMNO3HU-
LHOHATBHBIX NMEPEMEHHBIX P, ¢, 7, ... , C HHAEKCAMH, €CJIH HYXXHO, H
KoHcTaHThl L (“noxek”) ¢ noMouipio OyneBbIX cBA30k A, V, — u
MoAalbHOM CBA3KH U (“He0OX0aUMO, 4TO... “); KaK 0OBIYHO, ynoTpeod-
JIAIOTCA ¥ CBA3KH —, <> M KOHCTaHTa | (“HCTHHA”) Kak CTaHAapTHbIE
COKpallleHHs, a KpoMe Toro, cBf3ka ¢ (“BO3MOXKHO, 4YTO... ) — COKpa-
uieHwe —[J—. [lomaraeM MHUHUMaJIBPHOW HOpPMaJIBHOH MOJAIBHOH
noruko#t K IOrHKy, akCHOMaTH3HPYEMYHO ClleQyOolHUM 06pa3oM:

e akcHoMbl K
KaKOH-HHOYIb KOHEeYHBIH crHMCOK QopMyJl, aKCHOMATH3HPYIO-
I{HX MHOXECTBO KJIaCCHYECKUX TaBTOJIOTHH;

2 3TH BOIPOCH! MOXHO CHMTATE CTAHAAPTHBIMH /15 BCSKOH BHOBb GOpMyupyeMoi

MOafbHON CHCTEMbI Hapsaly ¢ BONPOCAMH O HENPOTHBOPEYHBOCTH, Pa3PEIIMMOCTH,
(GHUHUTEOM annpoKCHMHPYEMOCTH, MONTHOTE K AP.
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— U(p—> q)—(0 p—>L q);
e npaswia Beioga K:
— MOJICTAHOBKa,
— modus ponens: @, @ — Y / y;
— npaewio l'egens: ¢ / 0o.

BBuay H3BecTHOH TeopeMbl 0 3aMeHe d3kBHBaneHTHbIX B K (1a U B
000K HOpManbkHOH MOJATBHOH JIOPHKE), MOXKHO HMCIOJIb30BaTh (op-
MYJIbI C TOYHOCTBIO O OYEBMIHBIX 3KBHUBAJIEHTHOCTEH THMa OyNeBhIX
B3aUMOCBA3€H, cBsa3u [ U 0.

HopmanenbeiM paciuupeneM K dopMynamu (1ononHHTeNnbHbIMU
akcuoMamH) {@;: iel} Ha3bIBaeTcs 3aMbikaHue MHOXecTBa KU {@;: ic
[} no Bcem Tpem mpaBuiaaM BeiBoga K, ofosHaueHue NoTydaeMoit
norukd — K@ {o;: ie I} wmu K® ¢,®...00¢,, B ciiyuae I={ 1,... , m}.

ITone3no umetre B BHAY, uT0 K@@ ,®...20,=K® 0,A...AQ,,
NOTOMY aKCHOMAaTH3UPYEMOCTb KOHEYHBIM CITUCKOM [OTOJIHUTENbHBIX
aKCHOM paBHOCHJIbHA aKCHOMAaTH3UPYEMOCTH OJHOM JOTOJIHUTEIbHOM
akcHoMOMH. B nansHediiem mys ynobctBa BMecTo 06opoTa “KOHEUYHO-
aKCHMOMaTu3MpyeMas Joruka” Oyner (He BIIOJIHE KOPPEKTHO, HO
KOPOTKO) yIoTpeOnsaThcsd U TEPMHUH “UCUMCIIEHHE.

HaHOMHHM YTO MOOANbHOCMb — 3TO CJIOBO (BO3MOXKHO, rrycroe)
B an(baBﬂTe {—,, 0}, cBenenve MmopaneHocTeld M; U M, B HOpManbHOMH
MOOanbHOH JjIordke L — 3TO NpHHALIEKHOCTE 3TOH JIOTHKE (POPMYJIbI
MpeM;yp. Tlo Teopeme 0 3aMeHe 3KBHBAJIEHTHBIX CBOAUMBIE APYT K
Jpyry MOJaJIbHOCTH B3aMMO3aMeHseMBbl BO Bcex dopmysiax, T. €. NpHU
3aMEeHe JaroT JKBHUBAJIEHTHbie ¢opMynel. B  pesynbrarte, Bce
MOJAJBbHOCTH A/ JaHHOM (PUKCHPOBAHHOHW HOPMaJlbHOM MOJanbHOM
JIOTHKM pa3bHBaroTCs Ha KJ1aCcChl CBOAMMOCTH: B OAMH KJ1accC MOadalT
B TOYHOCTH T€ MOJAJIBHOCTH, KOTOpbIE B 3TOH JIOTUKE CBOAUMBI OPYT K
apyry. B Tom cirydae, korga 3THX KJ1acCOB OKa3ajloch KOHEYHOE YHMCJIO,
rOBOpPUM, YTO B [JaHHOW JIOTMKE KOHEYHOE UYHCIO HECBOIHUMBIX
MOAAJIbHOCTEH, B MPOTUBHOM Cily4yae — GECKOHEYHOE YMCIO HECBOAM-
MbIX MoaaiibHocTtel. Hanpumep, noruka K uMeer 6eckoHeuHoe 4ucio
HECBOJAHMBIX MOJANbHOCTEH, CBEACHUA B HEH MO CYLIECTBY HCUEPIIbI-
BAKOTCS TPUBHAIBbHBIMHU, TAKUMH Kak M——Np«>Mnp u Henocpenct-
BEHHO cneayrowuMu U3 HUX. B noruke K=K®U p—»C0 p Toxe Gec-
KOHEYHO MHOr0 HECBOAMMBIX MOJAJbHOCTEH, HANPUMED, HUKAKHE 1BE
pa3jHMyYHble MOIAIBLHOCTH BHUOa (I He CBOAATCS APYr K APYrY, XOTH
HMEIOTCA U HETPUBHAJIbHBIE TEOPEMBI CBEACHH, Hanpumep (cM. [9]):

K, FO0T0pe>00p.

O’rcrona KCTaTH, MIHOBEHHO clieqyeT TOT (akT, 4TO JIOTHKa

K® 0’ p<>0U p HMEEeT KOHEYHOE YHCJIIO HECBOOUMBIX MONAIBHOCTEH,
cM. [9].

I_IOlI‘{CpKHCM €1IE pa3, 4To O, KOHCYHO, HCMOJL3YETCA, HO B KAUECTBE YITOMSHYTOrO
BBILIC COKPAIUCHHUA. ﬂﬂﬂ HallHWX pe3yJbTaTOB 3TO HECYWIECTBCHHO, MBI BBOAHM 3TY
IOrOBOPECHHOCTD A1 OMPEACICHHOCTH.
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Tenepp copMynupyeM OCHOBHYIO pELUAeMYIO 3[€Ch 3ajady: Kak
no gopmyaram u3 muoocecmea {Q, i€l} onpedenums, KOHeUHO au 6
K®{0,: iel} MHodxcecmeo 1eceooumblx MOOWIbHOCHICU.

[Toaxonbl K OTBETY Ha 3TOT BOIPOC, BBHAY €r0 HEKOHKPETHOCTH,
MOryT ObITB cambiMM pa3HbiMH. Hampumep, MOXKHO TNMOHMMATh 3TOT
BOMPOC KaK arOPUTMHYECKYIo nmpobieMy, COCTOALLYIO B TpeOOBaHHH
NPeabsBUTh AIFOPUTM (WK XOTa Obl J0Ka3aTh €ro CyLECTBOBAaHHE,
WJIH [0Ka3aTb OTCYTCTBHME TaKOrO airopuTMa), KOTOpbiii MOr Okl MO
dbopMye (WIH KOHBIOHKUHH KOHEYHOro crnucka ¢opMyn) ¢ ckaszaTh
HaM, KOHEUYHO JW MHOXECTBO HecBOAUMBIX B K@@ MomaisHOCTEH.
O[OHaKoO He3aBUCUMO OT OTBETa Ha TAKOH BapUaHT OCHOBHOTO BOIIpOCa,
OCTaHETCS HESICHO:

e [OYEMy B KauyeCTBe T[iapaMeTpa [ aJifOpUTMa Ipeaaraercs
akcuoMa (a He MHOXKECTBO aKCHOM), A0MNOoJIHHUTENbHas K K

e qo4eMy B KayecTBe OCHOBBI Oepercsi MoaairbHaa joruka K, a He,
ckaxeM, K unu apyras kakas-HUOyIb MoJajlbHas JIOTHKa,

e noueMy Obl He cOpMYJIMPOBaTh aJrOPUTMUYECKYIO NPobIeMy Kak
BONpoc 00 akCHOMAaTHKe (B LIEJIOM, @ HE O JOMOIHUTENbHbIX JIULIb
aKCHOMaX).

EcTs M apyrue ecrecTaeHHbIe BOIMPOCHI, B YACTHOCTH, BO3HHUKAKO-
LIHE B 3ABMCHMOCTH OT peLIEHHs MPeACTaBJICHHON ajlrOpHTMHYECKOH
npobiemsl. Ho 06 atom noz:xe.

Hpyro# BapuaHT pelUeHHs OCHOBHOIO BOMNpOCAa CYILIECTBEHHO
MEHEE A IFOPUTMHYEH, HO 110 HEKOTOPBIM IPHYHHAM BO MHOIMX CIYy-
4asix OH MOXET OKa3aThCs 1'0pa3ao Nnosie3Hee airopuTMUUeckoro. Jleno
B TOM, YTO pelIeHHE BOMpoca 00 aJIrOPUTMHUYECKOM OINMHCAHUU CBOM-
CTBa 4aCTO HUYEro He rOBOPUT O camom cBoHcTeEe. Hampumep, kax
H3BECTHO, MpobieMa BBISCHEHHUS MO @, ABJISETCH JIM HENPOTHBOPEUU-
Bon K@, anroputMHuecky paspelivMa, OAHAKO COOTBETCTBYIOLIHHA
AJITOPHUTM COCTOMT (BBUAY TeopeMbl MakuHCcOHa [16], yTBepxaaroLeH,
YTO CYLIECTBYIOT POBHO JBE€ MAaKCHMaJIbHBIE MO BKIKOUEHHIO HEMPOTH-
BOPEUYMBbIE HOPMAaJIbHbIE MOAAJIbHBIE JIOTHKH, @ HMEHHO: JIOTHKa ped-
JIEKCUBHOH TOYKH M JIOTHKAa UppedIeKCUBHOH TOYKHM KakK OOHO3Ie-
MEHTHBIX WKa1 KpHrike) B BbISCHEHHUH UCTUHHOCTHU @ XOTs Obl B OAHO-
sneMeHTHOH wwikane Kpunke (pedriekcMBHOH WM UppedIEKCMBHOM),
yro 6e3 pazbICHEHUN Maslo MPOSICHAET CYTh AeJa, K TOMY K€ MOINBITKH
NPAKTUYECKOTO BOIUIOLLIEHHS aJFOPUTMa HATOJIKHYTCA Ha C.IO0XKHOCT-
Hele npobisiemsl Turna “P = NP?”. C apyro# cTopoHsl, Mbl HMeeM Oosiee
UHPOPMATHUBHYIO CUTYalLHIO, €CJIM NTOHUMAEM BCE HENPOTHBOPEUYUBBIE
HOpPMaJIbHbIE MOJA/IbHBIE JIOTHKM KaK JIOTHKH, CoAep’Kalldecs B
JIOTHKE OIHO3J1eMEHTHOR pedaeKCHBHON LLKabl WIH B JIOTUKE OJHO-
3J1IeMEHTHON UppEedIEKCHBHOM LLIKAIBI.

Taxum 06pa3oM, mpencTaBisieTCs MOJIE3HBIM OIMKUCATb COBOKYII-
HOCTb BCE€X HOPMaIbHBIX MOJAJIbHBIX JIOTHK C HHTEPECYIOLIMM Hac
CBOMCTBOM “‘UMeTb (0€C)KOHEYHOE UYHCIO HECBOAMMBIX MO/AaIbLHO-
CTeH”, 0XapaKTepHU30BaB I'PaHMLIbl 3TOI0 MHOXECTBA.
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2. AITOPETMHYECKH acIexT

AJIrOPUTMHYECKHE BOIIPOCHI, CBA3aHHBIC C BBISCHEHHEM CUTYALIMH
CO CBEIEHMEM MOIAJBHOCTEH, pacCMaTpUBAIIMChL BO MHOTUX padoTax,
yKaXeM JJId puMepa cTaThio (8], rae Jaercs ceMaHTHUYECKHH TecT [
OnpelesieHUs KOJIMYEeCTBA HECBOAHUMBIX MONATbHOCTEH B HOPMaJIbHBIX
PAacUIMPEHHAX S4; BIPOYEM, OCHOBHAS LieNib B 3TOH paboTte (BOmpeku
Ha3BaHHIO) — ONHcaHue Bcex GOPMYJ OT OQHOM MepeMeHHOH B CHC-
teMe S4. OTMETHM MOITyTHO, YTO AJIFOPUTM IS pelleHus 3anayd [§]
MOXeET ObITh C(HOPMYJIHPOBAH MHOrO MpOLLE, NMOCKOJBKY OH CBf3aH
AYMWB C NPHHAJIEKHOCTBIO H HENPHHALJIEAKHOCTBIO JaHHOM JIOTHKE
OJIHOM HJIH HECKOJIbKUX (POPMYJT U3 CITHCKA

C0p— 0lp, 00p— J0p, p— 0O0p,

a 3TO, KaK HETPYIHO YyOeIuTbCs, aITOPUTMHUYECKH peiiaeMo (B TEPMH-
Hax [6], cM. Taroke [12], 3TH dopmyinsl pazpewumet Han S;). 3aMeTHM,
yto HegaBHO M.B.3axapssiueB qokazan (cMm. [12]), 4To Bce KOHEYHO-
aKCHOMAaTH3UpYyEMBIE pACIUMpPEHUs Sy, HOMOJHUTENbHbIE AaKCHOMBI
KOTOpBIX coAepxaT He Oosiee OAHOH MepeMeHHOH, PUHUTHO anmnpok-
CUMHUPYEMBI, a IOTOMY U pa3peiinuMbl.

OnHako B LEJNOM aIrOPUTMHUYECKHE pAcCMOTpPEHUs B JIaHHOM
001acTH SABJSUIMCh A0 CHUX MOpP JHO0 OTPBIBOYHBIMH, JHOO Kacajluch
CUTYalHUH, AOMyCKAIOUIMX nepebopHbie pelleHus, Kak B ciy4yae ¢ pac-
LWHPEHUAMH Sy UM 178 HUHBIX JIOTHK C KOHEYHBIMH MHOXECTBaMH
HECBOAMMBIX MopasibHocTe. Tak, Obl1 COBEPIIEHHO OTKPBIT BOMPOC
(1. . He ObUIKM BUAHBI MOIXOMbI K €ro pellleHUI0), OTBETOM Ha KOTOPbIi
ABJISETCS ClieAyiollas

TEOPEMA 1. Csoiicmeo ‘“umemb KOHEHHOE MHOXMCECMB0 Hec800U-
Mblx MooaneHocmeu”’ Hepaspewumo 6 K, T. €. He CYLUECTBYET ajiro-
pHUTMa, MO3BOJSIOLIErO MO TPOU3BOJILHOM (bopmyne ] OIpenesuTh,
KOHEYHO JIH MHOXKECTBO HECBOJAUMBIX MoJaJibHocTeH B K@ .

Jloka3aTenbCTBO 3TOH TEOpPEMBbI MBI, K COXAJIEHHIO, 3[€Ch MpHU-
BECTH HE MOXXEM BBHUAY €ro HeOoNpaBAaHHON IJig UejlieH JaHHOro
U3JI0’KEHUSI FPOMO3AKOCTH, MOCKOJIbKY [eTajlld 3TOro JOKa3aTenbCTBa
UMEIOT JIMLIb KOCBEHHOE OTHOLUEHHWE K CBEICHUIO MOJAIBHOCTEH, Kak,
coOCTBEHHO, YaCTO MPOUCXOIUT C JOKA3aTe/IbCTBAMH HEPA3PEIIUMOCTH
CBOWCTB, MacCOBBIX MpobJieM H T.I.

Kak 1 B 1pyrux noaoOHbIX clly4asx, HEpa3pelUMOCTb MpobaeMbl
BOBCE HE€ JIMLIAET HAC HAaJeXIbl Ha Kakoe-THOO anropuTMHYecKoe
peleHre UHTepecytolled Hac npobneMbl. Hanpumep, MoxHO Obl10 Obl
3a/laTbCsi BOMPOCOM O IMOCTPOEHHUHU AJITOPUTMA, NepevuUciAyec0 BCE
dopmynbl, gobasraeHHe Kaxaod M3 KOTopbix (Mo otaenbHOCTH!) K K
naBajio Obl UcuucneHue ¢ (6ec)KOHEUHBIM MHOXXECTBOM HECBOJHUMBIX
MonansHocTe#. Hanpumep, xots B HOpMalibHbIX paciidpeHusx K npo-

* TlonHble 10Ka3aTeNbCTBA 3TOM TEOpeMbl aBTOPbl MpeanosiaralT omyOiHKoBaTh B
OTAENbLHOM CTAThE.
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onema tabnuyHOCTH, MpobaemMbl coBmageHUs C (PUKCHPOBAHHOM, HO
000K HEeNpOTHBOPEYHBO#t!) TaOnU4HOHN JOrHKod (cM. [2]), anropur-
MHYEeCKH HepaspeluHMbl, MHOXECTBAa TalJHYHBIX HOPMaJIbHbIX
MOJAbHBIX JJOTHK U MHOXXECTBa MCUMUCJIEHHH, COBIIaJalOLMX IO MHO-
JKECTBY BBHIBOAMMBIX OPMYJI C JaHHOH HEMPOTHBOPEYUBOH TadIHYHOM
JIOTUKOM, NEPEUMCIHUMBI.

TEOPEMA 2. CogokynHocms 6cex HOPMANbHbIX MOOQIbHBIX UCHUC-
JIEHUll, Kaxcooe U3 KOMOpblX UMeem KOHEYHOE HUCIO HeC80OUMbIX
MOOanbHOCMew, PEKYPCUBHO nepeyucaumo, T. €. CyUleCTBYET AITOPHUTM,
BBIMMCHIBAIOHUA 3 (EKTHBHYIO MNOCIEAOBATENBHOCT HOPMAIBHBIX
MOJaTbHBIX HWCYHMCJIEHHWII B BHAE OAHOW pomnonHuTensHoM k K
aKCHOMBI, COAeprKallel B TOYHOCTH BCE UCYHCIIEHHSA C KOHEYHBIM YHC-
JIOM HECBOJAHMMbIX MOAAIBHOCTEN, U HHYETO APYroro.

JokazaTensCcTBO 3TOH TEOpeMbl CYLIECTBEHHO IIpOille, HEXEeIH
JOKAa3aTeJIbCTBO TEOPEMbI |; OHO OCHOBBIBAE€TCS HAa TOM, YTO UMeEETCS
apdekTuBHas (Haxe paspeluumas!) nocnenoBaTeNbHOCT GOPMYII, T.€.
JIOTMKa HMEeT KOHEYHOE YMCI0 HECBOAMMBIX MOAalIbHOCTEH Toraa u
TOJIBKO TOrJa, KOraa B Hel BbIBOAWMA oHa U3 ¢opMy 3ToH mocieno-
BaTE/IbHOCTH.

TeopeMa 2 1o3BoJiseT ClaeayouM 00pa3oM yCHIMThE YTBepKje-
HHE TeopeMbl 1.

CIAEINCTBHE. CogoxynHocms 6cex HOPMANbHBIX MOOANbHBIX UCHUC-
JIeHUY, KAXCO0€e U3 KOmopulx umeem OeCKOHEYHOE HUCAO HEeCB0OUMbIX
MOOanbHOCMel, He ABAAeMCA PEKYPCUBHO NePEYUCTIUMBIM.

OTBETHM Terepr Ha HEKOTOpble M3 C(POPMYJIMPOBAHHBIX BBILIE
BOIIPOCOB.

Tlouemy, Hampumep, paccMaTpUBaeTCsi ajlrOpUTMHYECKas IMpo-
OneMa KOHEYHOCTH MHOXXECTBA HECBOAUMBIX MOJAJILHOCTEH [Jid
ucvucneHuil, a He Kakux-n1bo Apyrux 3¢p¢eKTHBHO 3agaBaeMbIX KJIac-
COB JIOTHK (HanpuMep, PeKypPCUBHO aKCMOMAaTHU3HPYEMBIX JIOTHK HJIH,
4yTO, BBHAY HM3BecTHOro ¢okyca Kpeiira, npakTH4ecKd TO XK€ caMoe,
PEeKYpPCHBHO IMEpPe4YUCIUMBIX JOrHK)? Jleno B TOM, YTO 3TOMY MeLIaeT
Teopema, JOoKa3aHHas, XOT4A U He omybiaukoBaHHas A.B.Ky3HelOBbIM,
KOTOPYK) MOXHO CYMTaTh aHaloroM teopeMsl Pakica-YcrneHckoro us
TEOPHH QJITOPUTMOB: 11000€ HETPHBHAJIBHOE CBONCTBO PEKYPCHBHO
3a/laBaeMbIX JIOTHK aIrOPHTMHYECKH Hepa3peLiuMo (CM. AETallk B [6] U
6osiee obuiee ulnoxeHue B [12]).

Haree. IloyemMy He paccMaTpHBarOTCs NPOCTO HCYHCIIEHHUA, T.€.
HeJb3s JIM B Ka4€CTBE BXOJHbIX JaHHBIX NpEAriosaraeéMoro ajiropuTMa
OpaTb BCIO aKCHOMATHKY, a He JonojHuTeNnbHbie K K akcnombr? Oteet
naeT H TeopeMa 1 4 TOT ¢akt, 4yTo ans OOLUMX HCYMC/IEHUH Hepaspe-
IIMMBI 1a>Ke CBOHCTBa HENPOTHBOPEYMBOCTH, MOJHOTbl OTHOCHUTEJIBHO
KJIACCHYECKHX TaOJIML HCTUHHOCTH U MHOrOe-MHOroe apyroe (CM. 1o
3TOMY IOBOAY MUOHEPCKYy1o padoTy [2]), T.e. HEpa3peLIMMOCTb HHTE-
pecytouied Hac npobaeMbl, KaK, BIPO4YEM, © MHOTHX APYTHX, ABJISETCH
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“nobo4HbIM 3(PPEKTOM”, COBEPLICHHO HE OTHOCSLIMMCS K CYTH pac-
CMaTpHUBAEMOM TEMATHKH.

JI10GONBITHBIM ABJISIETCA BOMPOC O BHIPA3UTENBHBIX aAIrOPUTMHYE-
CKMX BO3MOXHOCTAX ¢OpMyJ, NPEACTaBNsIOLIMX cOOOH CBeleHHs
moaansHocTed. HarpHMep, HEM3BECTHO, MOXKHO JIHM aKCHOMAaTH3HUPO-
BaTb TaKMMH (pOpMyJIaMU HepaspeliuMble HCHHUCTIeHHs. OTMETHM, Y4TO
€CJIM UCII0JIb30BaTh HE OJHY MOJAJIbHOCTh, 4 ABE WIH Oonee, TO Takue
MOCTPOEHHs BO3MOXHBI (cM. [7], a Takxke [11]).

3. TeopeTHKO-MHOKeCTBEHHbIE ACIEKThI

ITockonbky cBOHCTBO “HMETh KOHEHYHOE MHOXKECTBO HECBOAMUMBIX
MoJajibHOCTe#” HacnenctBeHHOo B K, T. e. ecid UM obnagaer Kakasd-
nubO JIOrHKa, TO obJlagaeT U BCAKOE €€ pacUIMpeHHe, OMMHCAHHE MHO-
JKECTBA HOPMAIIbHBIX MOJANBHBIX JIOTHK, KaXIasd M3 KOTOPBIX HMEET
OEeCKOHEYHOE MHOXKECTBO HECBOAUMBIX MOMAANBHOCTEHN, MOINo Obl
3aKJIFOYaThCS B ONMUCAHUU €ro MPaHULL.

C nomouipro ieMMbl LlopHa Jierko 1oka3biBaeTCs, YTO MHOXECTBO
“TOMOJIOTMYECKH 3aMKHYTO”, T. €. FpaHHLa MHOXXeCTBa B HEro ke H
BKJIFOYAETCA, TOUHEE FOBOPS —8CAKAA 102UKA C HECKOHEeUHbIM MHONCe-
CMEOM HEC80OUMbBIX MOOANbHOCMEN COOEPHCUMCS 8 MAKCUMATILHOU NO
BKNIOYEHUIO Jlo2uke C OECKOHeYHbIM MHOXHCeCMmBOM HEeC800UMbIX
modanvHocmeu. Takum oOpa3oM, “HaeaNbHBIM” ONMMCAHHEM HHTEpe-
CYIOLIEr0 Hac MHOXXeCTBa Ob110 OBl MpeACTaB/IeHHE ero B BHIE HHTEP-
Baia [K; L] nnsa HekoTopo# moaxonsueit norukd L. OnHako Takoe
“hoeasibHOE” OMHMCAaHHE BEChMA AAJEKO OT PEaIbHOCTH, a HMEHHO:
CripaBel 1MBa

TEOPEMA 3. Bo mMHoocecmse HOPMANbHLIX MOOQNbHBIX JO2UK, KAXMC-
oan u3 Komopulx umeem OECKOHEYHOE MHOXCeCmBO HeCc800UMbIX
MooanbHoCcme, cyujecmgyem KOHMUHYYM MAKCUMQIbHBIX NO BKIIOYE-
HUIO 31EMEHMO08.

JI0oKa3aTeNbCTBO 3TOH TeOpeMbl MPOBOAMTCS MapalIeIbHO A0Ka-
3aTeJbCTBY TEOPEMBI |, MO3TOMY KOCHEMCS €ro JIMIUb B ABYX CJIOBaXx.
MBI CTPOMM KOHTHHYaJIbHO€ CEMEHCTBO HOPMAIBHBIX MOJAIBHBIX
JIOTHK, KaXKIas U3 KOTOpBIX UMeeT 6ECKOHEYHOE MHOKECTBO HECBOMH-
MBIX MOJAJIBHOCTEH, a 3HauyuT, no jemMe LlopHa, kaxzas M3 HUX
BKJIFOYAETCS B HEKOTOPYIO MAaKCHUMAIIBHYIO JIOTHKY C 3THM CBOHCTBOM,
HO J1I00Ble ABE pa3TUYHbIE JIOTHKH CeMeicTBa B CyMMe JAaIOT JIOTHKY,
BIIOYarotyio B cebs KD ’pe>Llp, UMeIomylo, Kak OTMeYanoch
BbIllle, KOHEYHOEe MHOXXECTBO HECBOJHUMBIX MOJAIBHOCTEH, a MOTOMY
VIS pa3iMyHBIX JIOTHK CEMEHCTBa, cOoOepalle HUX MaKCHMasibHble
JIOTHKH ¢ 6E€CKOHEYHBIMH MHOXECTBAaMH HECBOAMMBIX MOIaJIbHOCTEM,
IOOJDKHBI OBITH pa3IMYHBI.

* Jlpyroit BUA BLIPA3UTENLHOCTH GOPMYSI — MEPBONOPAAKOBAs ONPEAETHMOCT — B

KOHTEKCTE CBEJCHHS MOAAIBHOCTEH MOJHOCTBIO paccMOTpeH B [10].
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Jaxiaouyenye

Mbl yKakeM 34eChb HEXCTOpbie ocTaBliMecs 0e3 OTBeTa BONPOCHL,
CBA38HHbI€ C MOJAIBHOCTAMH, JOMOJHHTEIBHO K OTMEYEHHBIM BBbILLIE.

Tipexxae BCero, YMHTEDEC IMPEACTABIAET HE TONBKO MHOMXKECTBO
JIOTYK, KaXKJas L3 KOTOPbiX HMeeT OECKOHEYHO MHOIro HECBOAMMBIX
MOIANbHOCTEH, HO W MHOXECTBO JOIHK, HE HMEIOLIHMX CBEIEHMS
MOJalbHOCTEH, KPOME, KOHEYHO, TPUBHAJIBHBIX. O35 3TOM MHOXECTBE
M3BECTHO JIHLb, YTO B HEM, MO KpalHel Mepe, [Ba MaKCHMalbHbIX
3MeMeHTa’ M YTO0 OHO KOHTHMHyanbHO. TakuM 06pa3oM, BONpPOCHl 00
aHajiorax TeopeM | ¥ 3 mis 3TOro ciiydas OTKpBITHI.

C apyrod cTOpOHBI, OOJIBIUMHCTBO MNPEACTABAIOLIMX HHTEpPEC
JIOTHK HaxoIMTCs B pacuidpeHusx K, koropas HMeeT (CM. MOJHOE
onucaHre B [9]) 6eckoOHEYHO MHOI0 HECBOAHUMBIX MoAalibHOCTeH. B
Hall¥X [oKa3arenabCTBax reopemM | u 3 cobctBeHHass akcuoma Ky
UrpaeT JA0BOJBHO BAXHYKC POJb, @ MOTOMY OHHM HE [I€PEHOCATCS Ha
HopMasibHble pacluupeHus Ky.

OTMeTHM OJMH HeJOCTaTOK Halllero [10Ka3aTe/lbCTBA TEOPEMBI 3:
€ro HEKOHCTPYKTHBHOCTb, 3aKJIIOYAOLEYIOCS B [PHMEHEHHH JIEMMBI
[lopHa. HamM He W3BECTHO HM OJHOI0 KOHKPETHOIO MPHUMEPA MaKCH-
MasbHOH M0 BKJIFOYEHHIO JIOTHKH HH BO MHOXECTBE JIOTHK, Ka)aas U3
KOTOPbIX HUMeeT DECKOHEUHO MHOIO HECBOAMMBIX MOAAJbHOCTEH, HH
BO MHOXKECTBE JIOTHK, HE HMEIOLIUX CBEIEHHUS MOJANTbHOCTEH.

HakoHel, coBeplI€eHHO HE SICHA KapTHHa CO BCEMH pEeILEHHbIMH
3ech W CHOpMYyJUPOBAHHBIMH MPOOJIEMaMH, HO IO OTHOLUEHHIO K
peayKLKsM MoLalbHOCTEM, T. €. gopMyiaMm BHaa M;p— M,p, a He
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B.X.XaxangH

HE3ABHCHMCCTS HPUHLIHIIA IBOVHOI O
NOTIOJTHEHWSI MHOXECTB OT CXEMBI
COBUPAHIA B TEOPUY MHOXECTB C
MHTYUIWOHACTCKON JOTUKOH!

Abstract. Let ZFIz + DCS is the intuitionistic set theory with the full
list of sei-theoretic axioms and the axiom of double complement of sets
(DCS). There is an inner model of ZF {and ZFC) in our set theory and
this theory posesses the existential property ( Myhill and auther).

In 1993 I also proved that the collection scheme is independent of
our set theory . In present short note I give the proof independent
sketch of DCS of ZFIi + collection - power axiom. I modife my model
of realizabillity type (this model was constructed for the proof of
consistency collection and DCS with ZFI, ) such that in the new model
DCS is false and collection + ZFIy is true ( I think, that power axiom
also is true, but now I can’i to give such proof).

I will publish the full proof of this theorem in one of logic
Jjournals.

B caHoli u3 npeapixymdx pabor aBTOpoM OBIIO MOMY4YEHO Clie-
Jyroluee ycuneHde pesynbrata k. Malxunna o QIu3bIOHKTUBHOCTH H
K3UCTEHLHATBHOCTH OJIHOCOPTHOH TEOPUHM MHOXECTB: OTMEUYEHHbIE
CBOMCTBA JU3BIOHKTHBHOCTH M MO/HON 3K3UCTEHUHATIBHOCTH OCTalOTCA
CnpaBenMBBIMY JJIS PACLiHPEHHUs OLHOCOPTHOH TEOPHH MHOXECTB CO
CTaHAapTHbIM HabOpOM TEOPETHKO-MHOXKECTBEHHBIX aKCHOM CJIEYIO-
MM TIPUHLIMIIOM ABOMHOro pomonHeHus MHoxects ( DCS ).
VadxVy[yexe»>——yex], apemnoxeHHoro B.Iloyannom. B kayectse
UHTEPECHOTO CleJCcTBUs Oblla [OMy4YeHa HE3aBUCHMOCTL CXEMBI
akcuoM ‘‘collection” oT Teopun MHOXecTB c npuHuMnoM DCS
(nocnenHas Teopus MpeAcTaBIseT HHTEpPEC C TOYKH 3PEHHA Pa3BHUTHA
BHYTPH Hee CTaHJapTHOH AHTEPNpeTauHH KIACCHYECKOH TEOPHH MHO-
xecTB |lepMeno-QpeHkens, 4To OOCTUraeTcsi UMEHHO C ITOMOLIBIO
DCS, T.e. 3Ta TEOpHUd MHOXKECTB, C OJHOH CTOPOHBI, OYEHb MOLIHAa4, C
Apyroil CTOpOHbI, OCTaTO4HO 3P¢eKTHBHAA ), NpPH ITOM aBTOP
UCMOJb30Bal U3BECTHBIN pe3ynbTaT @puamana u Lleaposa (cm. [2] ) o
TOM, YTO CBOMCTBO 3K3HCTEHLIMAJIBHOCTH HE BBIINOJHAETCS B TEOPHH
MHOKECTB CO CXxeMOR akcHoM “collection™.

' Pa6ora Bhinonnena npu noglepxke Gonaa HUOKP MIIC u Poccuiickoro donna

dyHAaMEHTANLHBIX HecaenoBaHui (rpadHT Ne 96-01-00633).
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B nacrosuiel pabote ynanoch 10Ka3aTh, YTO MPUHLMI JBOMHOTO
AOTIOJIHEHHA MHOXKECTB (BEPHBiH B KJIACCHYECKOH TEOPHH MHOMKECTB
LepMmeno-Ppexkens B CHJly 3aKOHA HMCKIIIOYEHHOTO TPEThero ) He
3aBUCHT OT CXeMbl akcHoM “‘collection” B TeOpHH MHOXKECTB C HHTYH-
LIHOHUCTCKOH JIOTHKOH, OJHAKO CpelH CTaHAAPTHOIO CIMCKa Teope-
THKO-MHO)XE€CTBEHHBIX aKCHOM OTCYTCTBYET aKCHOMa MHOXECTBa MoJ-
MHOXECTB, T.€. B NpeajlaraeMoi [Jisi J0Ka3aTe/IbCTBA MOIEIH BBINOJI-
HAIOTCA BCE CTAHJApTHbIE aKCHOMBI TEOPHH MHOXECTB, KpOMe
aKCHOMbBI MHOXECTBa IOJAMHOXECTB, M HE BBINOJHAETCA MPUHLHI
DCS. Ilpennaraemas HWXe MOAEIb €CTb MOJAEIb PEaTHM3yEeMOCTHOrO
THIA W ABJIAETCA MOAM(HKALMEH OOHOM W3 paHHHUX Mojesiedl aBTopa
(cM. [1]), ucronb3oBaHHOM WM [UIs [OKa3aTeJbCTBA COBMECTHOCTH
DCS ¢ nonHoit TeopHeH MHOXECTB, BKJIIOYas M CXEMY aKCHOM
“collection”.

Omnuwem Teopuro ZFI. SI3plk BKIHOYaeT COPT MEPEMEHHBIX 10O
MHOX€CTBaM, OHHAapHBIA NpeauKaT XE€Y, JIOTHYeCKHE CBA3KH H KBaH-
TOpbl. ATOMapHbie QOPMYJibl HMEIOT BHIA XEY, OCTaJbHble (OPMYJIbI
CTPOSTCA M3 aTOMapHbIX 0OBIYHBIM 00pa3oM. AKCHOMBI TEOPHH BKJIIO-
4alT: 3KCTEHCHOHAIbHOCTh, Napy, CyMMY, BblleJieHHe, MOACTaHOBKY,
e-MHOYKuMo. OTMETHM, 4TO OTCYTCTBYET aKCHMOMa MHOXKeCTBa IOj-
MHOJKECTB.

IToctpouM yHuBepcyM MHOxecTB A. Tak kak onucaHue Oyner
KpaTkuMm, Heobxoaumo 3HakoMmcTBO ¢ [l]. Ilycth @ — mpenenbHbIi
pEryJ/IsipHBbIM KapAuHaJ, HampuMep, nepBbidi O€CKOHEYHBIH KapOWHa.
Kaxnoe MHoxxecTBO Oyaer HabopoM nap < n,X >, rie n — HaTypaibHOe
YHCJIO U X - yXK€ NOCTPOEHHOE MHOXECTBO. B yHHBEpCyMe MHOXECTB
€CTh OTHOLUEHHE 3KBUBAJIEHTHOCTH H HOBOE€ MHOXXECTBO HE JOJIKHO
ero pazbusate. HoBoe ycnoBue Ha BblﬁnpaeMble MHOXXECTBa COCTOHUT
BOT B 4eM. IlycTh y={< n,x >}. O603HauuM y' = {n| Ix.< n,x > € y} u
yeped y° ={x|Idn.< n,x >€ y}. Uepes = 0003HayuUM OTHOUIECHHE
3KBHBAJICHTHOCTH M /11 AAHHBIX X H Y MYCTb Xy, ={Nn| < n,x > € y}.

O6o03HauuM uepes [X], KIacc MHOXECTB TakoH: ze[X]y = z= X A
dn.< n,z> € y. IlycTh |y| — MOLIHOCTB KJ1aCCOB S9KBUBAJIEHTHOCTEH B Y,
t.e.|{[X],] 3n.< n,x > € y}|. HoBoe ycioBHe TaKOBO: €CJIH MOIIHOCTE Y
6onplie QUKCHPOBAHHOIO ®, TO I J1IOOOro MOJAMHOXECTBA Z C Y
TaKoro, 4To |zZ] 2 ®, cymecTByeT u C Z Takoe , 4YtO |u| > ® H
m{xuﬂlxeu }=0,T.e. nmnepeceyeHHE BCEX MHOXECTB HATypPAIbHbBIX
yucesl, C KOTOPBIMU X BXOAMT B Yy, Oyder mycThiM. B octajbHOM
NOCTpOeHHE A coBnadaeT ¢ nocrpoeHueM B [1]. PeanuszyeMocTs B TOU-
HOCTH MOBTOpSeET [1], Hanpumep

R(e,g, Vxd(x)) <> VxeAR(e,g",d(a,)), rae g — oueHKa aas nepe-
MEHHBIX, Takke cM. [1]. OcHOBHas TeopeMa IJIaCHUT: €ClIM B TEOpHH
ZFI+DCS 6e3 akcHOMBI CTerieHM BbiBogMMa (opmyna ¢, To 3ddex-
THBHO yKa3blBaeTcs € Takoe, 4yto VgR(e,g,4). [IpuBenem ckeru gokaza-
TENbCTBA OCHOBHOH Teopembl. Veg——R(e,g,DCS) u, cnenosarensHo,
He  BBIBOLHMMO. BoseMeM a u3 A Takoe, uro [aj2w.Torma
N{Xuxea’}=. Ilycts a1s Hekotopeix e g R(e,g,DCS). Ecmu
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R(k,g,—--ye€a), raoe yeA,torana moboe n peanusyer 310. M Tak nag
BCAKOro y Takoro, 4yro JeR(e,g,—~—yea). Torna eguHoe e(k) peaiu-
3YeT Y€ X JUIA CYMIETO X, HO TaK OBITH HE MOXET, TaK KaK XEA, a Torja
" Vadly€ X }=0; KoHedHo, |x[2w. Mrtak, DCS HepeanmsyeMo MU HEBBI-
MOJTHUMO B MpedIokeHHON Moaent. OCTaHOBHMCS Ha BOIPOCE BBIMNOJI-
HUMOCTH B  MOJEJHM  OCTajdbHbIX aKCHOM. YacTs  akcHOM
(3KCTEHCHOHAJIBHOCTD, Napa, 06€CKOHEYHOCTh, MHAYKLHSA MO MHOXECT-
BaM) peanu3yercs B ToyHocTH Kak B [1]. OcrajibHbie aKCHOMBI, B
KOTOpBIX. TpebyeTcs yKa3aTh Cylllee MHOXECTBO, TpeOyroT, 4ToOBI OHO
NpUHaanexano A, T.e. YTOObI BBIMOIHAIOCE JOTMOJHHTENLHOE YCIOBHE,
onkcaHHoe Bbllle. [IpoAeMOHCTpHpYEM 3TO Ha CXEME BblIEICHHA.
IxVy(yexeryeand(y)). [Iycte a — pUKCHPOBAHHOE MHOXKECTBO H3 A.
[Tonaraem x={< e,y >|< e,y >eanR(e,g,d(y))}, rae g — pukcupoBaH-
Hag oueHka. Ecmu |x[>w, TO Halgerca z < X Takoe, 4TO
M {u,|uez’}=C, TOraa aHANTOrM4YHOE YCJIOBHE OYNET BLINOIHEHO A
NOJAMHOKECTB X, T.e. X Oy1eT mpuHaanexaTte A. B octaibHOM peanu-
3yeMOCTb CXeMbI BblAeJIEHH MpoxoauT Kak B [1]. CoBepiieHHo aHao-
rMYHBIM  00pa3oM  MpPOXOAMT  JOKAa3aTeAbCTBO  BBITOJIHUMOCTH
(peaiu3yeMOCTH) aKCHOMbl  CyMMbl  VadxVyz[yeznzea—>yex].
[Mycts x={< n,y > dzeA. (< n,y >€z A <my,z>ea}. Ecau x>0, T0
6o |z|>m nas HekoToporo z, 1ubo |aj>w®. B nepBom ciiyyae nepeceue-
HHEe B X OyJeT IMyCTO MO BTOPbIM KOMIIOHEHTaM (TaK Kak Z U3 A), BO
BTOPOM CJly4ae rnepeceyeHude B X OYyJeT ITycTO IO MEPBBIM KOMIIOHEH-
TaM, Tak Kak a u3 A. B mobom ciyyae x OyaeT U3 yHUBepcyMa, TakK Kak
BBITMIOJIHEHO YCJIOBHE Ha X, OMHCAHHOE Bbllle. JTO JOKa3bIBAET peallu-
3yeMOCTb AaKCHOMBI CYMMbl , BBITTOJIHUMOCTb OCTaJbHBIX aKCHOM,
HampHMsp cxeMbl akcHoM cobupanus (“‘collection”) npoBoauTCcs aHa-
JOTHYHO TNPHBEAEHHOMY C Y4E€TOM [0Ka3aTeJIbCTB, OMHUCAHHBIX B [1].
OcHoBHas Teopema, TakuM obpaszoM, aokaszaHa ¥ npuHuun DCS He
MO>KeT ObITh BBIBEJEH B TEOPHH MHOXXECTB CO CXEMOH coOHMpaHus.
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B.N.llanxak

TEOPUSI MIPONNO3ULIUOHAJIBHBIX
IIPOI'PAMM II'

Abstract. Every action results in some state. If in a current state we
have the goal state description, then we are in position to cope with the
wanted minimal changes of current state allowing us to realize given
transition.

From the logical point of view it is completely irrelevant in details
and means how that transition will be done. Just the possibility of
transition is counted.

In this way we arrive at construction of dynamic logic because of
describing goal states and not the sequences of actions leading to those
states. Very naturally we assign some accessibility relation on the set
of states to an every formula of language. In case of propositional
logic the states would be the truth-value assignments to propositional
variables.

Henrto HacTosimied paboThbl ABIseTCs pa3BUTHE HIEH, BbICKa3aH-
HbIX B paboTtax [1], [2] u [3] ¥ npeacTaBiasOlIMX HEKOTOPBIA NOaX04 K
abcTpakTHOM TEOPHUH JIOTHYECKOMH BEIYHUCIIUMOCTH.

B ocHoBe mpeanaraeMoro noaxona JeXHUT npocTtoe HaboaeHHe:
moboe NeHCTBHE MOXHO OXapaKTEPH30BaTh TEM COCTOSHHEM, K KOTO-
pOMy MPHBOIMT €ro BbilOJIHEHHE. EcM Teneps, HAXO4SICh B TEKYLIEM
COCTOSIHHH, B35Th ONMUCAHHUE LEIEBOrO COCTOAHHUSA, TO MOXXHO BBISBHUTH
Te TpeOyeMble MHUHHUMAaJIbHbIE H3MEHEHHUS TEeKYyLIero COCTOSHMS, KOTO-
pbI€ MO3BOJISAT COBEPIUUTH JaHHbIU NEPEXO.

C 70oruyeckOM TOYKH 3pEHMS COBEPLIEHHO HEBAXXKHO, KAaK KOH-
KPETHO, KaKHMHM cpeacTBaMM OydeT CoBeplIeH [epexoa Mexay
cocTtossHUAMH. UHTEepecHa cama BO3MOXXHOCTh Mepexoaa.

Tak BO3HHMKJIA HIes MOCTPOEHHUS OHUHAMHYECKOH JIOTHUKH ITyTEM
OINUCAHHUS UENEBbIX COCTOSHUM, a He MOCJIEJ0BAaTEIbHOCTEN EHCTBUH,
KOTOpbI€ K 3TUM COCTOSHHAM NpHUBOAAT. Jlnsa atoro kaxaou ¢opmyre
3bIKa HEKOTOPBIM €CTECTBEHHBbIM 00pa3oM COINOCTaBASETCS OTHOIIIe-
HHE JOCTHXXHMMOCTH Ha MHOXECTBE COCTOSHHH. B ciryyae noruku
BBICKA3bIBAHUM MHOXECTBOM COCTOSHHH ABJISETCS MHOXKECTBO IpUIH-
CBIBAHMH HMCTHHHOCTHBIX 3HAYE€HUH MPOINO3ULIMOHAIIBHBIM [1€PEMEH-
HBIM.

O6o3HaumM Kcnosb3yeMblid 13bIK mocpeAcTBOM L. OH COCTOMT H3:

Pa6orta BrinonHeHa npu noaaepxke PoccHiickoro ryMasuTapHOro Hay4Horo ¢oHua,
rpaHT Ne 98-03-04085
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l. p,q.r,... € Var - MHOXECTBO MPONO3HLIMOHAJIbHBIX NIEPEMEHHBIX;

2. & v,—>,— - IOTH4ECKHE CBA3KH,;
3. L1, - CKOOKH.
Onpenenum MHOXecTBO BF 6yseBbix popMyii.
Def 1.
1. VarcBF;

2. Eciu A,B € BF, o u —A, (A&B), (AvB) € BF;
3. Huuto apyroe Oynesoit HOpMysioH He ABJISETCA.
OnpenenuM MHOXeECTEO PP npono3vuMoHalbHbIX NIPOrpamMm.
Def 2.
1. Ecin A € BF, 1o [A] € PP;
2. Huuto apyroe npono3dLHOHaIbHON NpOrpaMMoOil HE ABJISETCA.

[ycts Val={0,1} ar. 210 00BIYHOE MHOXECTBO MPUMUCHIBAHHH
UCTHHHOCTHBIX 3HA4YE€HWH MPOMO3ULMOHAIBHBIM I1€pPEMEHHBIM. [{ns
ynoO6CcTBa OaibHEeHLIEro HM3JI0KEHWS JaauM [Ba  CIEAYIOUIMX
onpeaesIeHHUs.

[Tycts U - npou3Bo/ibHOE MHOXECTBO GOpPMYII.

Def 3. L(U)= {p| JA(Ae€U, peVar u p - nondopmy:1a popmyJisl A) }

[Tpumem cornauvieHue, 4to ecid U 4BJAgeTCA OOHO3JIEMEHTHBIM
mHOoxecTBOM {A}, To BMecto L({A}) Oynem nucate npocto L(A). B
Ka)KOM KOHKPETHOM Cilyuae W3 KOHTEKCTa Oyaer sCHO, YTO MUMeeTcs
BBUIY.

Def 4. szt e1e. Vp(peL(U) = s(p)=t(p)), rae s.te Val.

OcHoBHas uJes pa3BUBaeMON TEOPHH MPONO3ZULHOHAIBHBIX
nporpaMM 3aKIlO4aeTcs B TOM, 4YTOObI HEKOTOPBIM €CTECTBEHHBIM
obpa3zom comocTtaBuTh HopMmysaM MPOMO3HWLHMOHAIBHOM  JIOTHKH
OMHapHOe OTHOLUEHHE JOCTHXHUMOCTH Ha MHOXecTBe Val. MMeHHO 3TO
OTHOLIEHHE NOCTHXXHMOCTH MBI M OylleM Ha3blBaTh MPOMO3ULIHOHAIb-
Hol nporpammoii. Mrak, Beskoli Oynesoit popmyie A Oyaer cooTser-
CTBOBaThH IPOMNO3HLMOHANIBHas nporpaMMa [A]cValxVal. 3anuce s[A]t
OyneT cMy>XUTh COKpalleHHeM s <s,t>e[A] u OyaeT 4MTaThCAd Kak
“U3 COCMOAHUA § NOCPEOCMBOM NPONO3UYUOHAALHOU npozpammbl [A]
docmuorcumo cocmosarue . J[laguM ctporoe onpeaeneHue.

Def 5.
l.s[P]t < 5=t t(P)=1, Pe{p,—p}.
2.s[AVB]t < s[A}t uiu s[B]t.
3.s[A&B]t < (s[A]e[B]t, t(A)=1) unu (s[B]e[Alt, t(B)=1).
4. s[-—A]t s[A]t.
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5. s[~(AvB)]t < s[-A&—-BIt.
6. S[~(A&B)]t < s[-Av—BIt.

Tenepr Hawieit uenbto OyneT HccnenoBaHHE CBOWCTB MPONO3H-
HHOHAIbHBIX MporpamMM. [lpexxae Bcero 3aMeTHM, 4YTO MYHKTBI 4-6
onpeaenedus Def 5 no3BOAAIOT NPOHOCHTE OTPHLUAHHA IO
MPOMO3HLIMOHANIEHLIX [epeMeHHBIX. JlokaxxeM [OaHHOe CBOMCTBO
crporo. [ns 3Toro 3agaguMm Ha MHoxecTBe Oyneswix ¢dopmysn BF
ornepauuio * ciexyromum obpa3zom:

Def 6.

Lp*=p

2. (=p)*=-p

3. (=—A)*=(A)*

4. (A&B)*=(A)*&(B)*

5. (AvB)*=(A)*v(B)*

6. (~(AvB))*= (-A)*&(—B)*
7. (—(A&B))*= (—A)* v(=B)*
Teopema 1. [A] = [A¥].

HanuM eule onpeneneHue:
Def' 7. Ran([A]) = {t| 3s(s[A]t) }

Teopema 2. [Ipono3suuMOHaNbHbIE  [porpaMMmbl  00manaroT
CNeqyIOUIMMH CBOHCTBAMH:

L. Ran([p])={tlt(p)=1}. 2. Ran([—p])={t|t(p)=0}.

3. Ran([p])=Val\Ran([—p]). 4. s(A)=1=s[A]s.

5. s[Ajt=>t(A)=1. 6. [-—A]=[A].

7. [«(AVvB)]=[-A&—B].  8.[—(A&B)]=[-Av—B].

9. [A&B]=[B&A]. 10. [AVB]=[BVA].

11. [A&B&C)|=[(A&B)&C].  12. [AV(BVO)]=[(AvB)VC].
13. [AVA]=[A] 14. [A]lc[A&A].

14’. [P]=[P&P], Pe{p,—p}.

15. [A&(BVO)]=[(A&B)v(A&C)].

16. [AV(B&C)]c[(AvB)&(AVO)].

17. [A]Jc[AV(A&B)]. 18. [A]lc[A&(AVB)].

19. =3t(t(A)=1)=[A]c[B]. 20. =3t(t(A)=1)=[AVvB]=[B].
21. —3t(t(A)=1)=>[A&B]=[A].

22. [(A&p)v(A&—p)vA]=[(A&p)Vv(A&—p)].

23. JA(s[A])=>TB(szit). 24. s[A]t=s= .

25. 3t(t(A)=1)=>Vs3It(s[A]t).26. [AVB]=[A]U[B].
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Caeacrene. Begkas nporosHuHoHaibHas nporpamMa [A] MoxkeT ObITh
npeobpaszoBaHa K HEKOTOPOMY KaHOHHMuyeckoMmy BHAy [A’], koraa
dopmyna A’ HaxoaUTCA E JAH3BIOHKTHBHOH HOPMalbHOH (opme U
[A]=[A].

JlokazaTenbCTBO TEOPEMBI 2 H CNEACTBHS NPUBEIEHO B [3].

CeMaHTHKa MPOrNoO3HLUHOHANbHBIX MPOrpaMM HMEET TECHYIO CBS3b
C HEKOTOPBIMM TEOPETHKO-A0Ka3aTelbHbIMH METOLAMH Ui JIOTUKH
BbICKa3bIBAHH.

Hanum onpeneneHHe MHokecTBa Bcex IyTeH Path(A) uyepes
dbopmyny A:

Def 8.

1. Path(P)={{P}}, rone Pe{p, —p}.

2. Path(AvB)=Path(A)UPath(B).

3. Path(A&B)={u| vePath(A), wePath(B), u=vuw, —Jp(peu,
—peu)}.

N3 omnpeneneHuss OYEBHAHO, YTO AJid BCAKOM ¢opMynbl A
MHO)kecTBO myTeid Path(A) sBaseTcs KOHEYHBIM MHOKECTBOM U
Kaxabid MyTh uePath(A) a8719eTCs1 KOHEYHBIM MHOXKECTBOM.

[Tycte B dopMysie A KJIacCHYECKOH JIOTHKH BbICKa3bIBAHUH BCe
OTPHLIAHUS TMPOHECEHbl 10 MPOMO3HULHOHAIBHBIX [EPEMEHHBIX H
JBOHHBIE OTPULIAHHA CHATHI. Toraa HeClOkKHO M0Ka3aThk, YTO popmya
A BBITIOJIHMMA €. U T. €. Path(A)zU. Otcrona yxe jierko cuesnaTb OAHH
LIar g0 IOCTPOEHHs COOTBETCTBYIOLUHX TEOPETHKO-A0Ka3zaTe/lbHbIX
npouenyp. Pa3nuyHBIMM aBTOpaMH TaKHE NpOLEAYpbl  ObulH
onpenesneHsl A8 JOTHKH BbICKA3blBaHWH, JIOTMKHM TNpPEOHKATOB, /4
HEKOTOPbIX CHCTEM MOJAJEHOH JIOTHKH [4].

Haweli cneaytrolued 3amaded  OyleT  Mokasarh, Kak

COOTHOCHUTCAHA npono3uunonanbﬂaﬂ nporpaMmMa [A] H MHOXECTBO IIyTCﬁ
Path(A).

Teopema 3. s[A]t & Ju(u=Path(A), sz, t, VP(Peu = t(P)=1)).
JI1s 1oKa3aTebCTBA STOH TeOpeMbl HaM TOHA;1004TCs HECKOBKO
JE€MM.

B Kk1accuyeckoM  JIOTMKE  BBICKazbIBaHHH  HMEIOT  MECTO
CleyroIHe IKBUBAJIEHTHOCTH:

1. —m—A©A.

2. 2. -(AvB)e>—-A&—-B.

3. 3. =(A&B)¢«>—-Av—B.

4, AKB—>B&A.

5. 5. AvB&BVAL

6. 6. A&(B&C)«>(A&B)&C.
7. Av(BvC)e(AvB)VvC.

8. 8. AVAA.
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9. 9. P<>P&P.
10. A&(BvC)<>(A&B)V(A&C).

OTUX 3KBHBAIEHTHOCTEH AOCTAaTOYHO, YT0OBI MO0y hopmyny A
JIOTHKH BBICKA3bIBAHHH [IPUBECTH K [OHM3BIOHKTHUBHOH HOpMaibHOM
dopme A’.

Jlemma 1. Path(A)=Path(A’), rae A’ - NU3BIOHKTHBHAS HOpMallbHas
dopma dopmynel A.

s nokazatenbcTBa JIEMMBI  JOCTATOYHO  I10Ka3aTh, YTO
npeobpa3oBaHHe TMPOU3BOJILHONW (GOpPMYJBI B  COOTBETCTBHH C
NIPUBEJCHHBIMU BhbIlllE 3KBUBAJIEHTHOCTIMHU 1.-10. He mNpUBOAMUT K

M3MEHEHHIO MHOXecTBa ITyTel uepe3 d¢opmyny. JlokazaTenbcTBO
TPHUBHAJIBHO.

Jemma 2. t(A)=1=>Vs(sz yts[At), rne A=P &...&P,, Pic{pi,—pi}.
Joka3aTensCTBO MPOBOAWM HHIAYKLUMEH Mo qnuHe dopMysist A.
[. A=P, Pe{p,—p}. bazuc uHaykumu.

+1. t(P)=1 - JOMyLIEHHE
+2. sz pt - IOITyLEeHHE
3. s[P]t -u3 1,2 no Def 5
4. s=pt = s[P]t -u32,3
+5. s[P]t - DOIMyLIEHUE
6. s= pt -u3 5 no Def 5
7. s[PJt = sz pt -u35,6
8 s=.pt & s[P]t -u3z 4,7
9.Vs(s=zpt < s[P]t) -u3 8

10. t(P)=1 = Vs(s=zpt < s[P]t) - u3 1-9.
II. A=P&B, rne Pe{p,—p}, B=P&...&Py, P;e{p;,—p;}.
WHAyKUUOHHBIH 11ar.

+1. Vt(t(P)=1 = Vs(sz,pit & s[P]t)) - HHOYKUMOHHOE OOITyLIEHHE
+2. Vi(t(B)=1 = Vs(s=;pt < s[B]t)) - MHAYKUHOHHOE JOITyLLIEHHE

+3. (P&B)=1 - IOMyLIeHHe
4. Vs(s=z pt < s[P]t) -u3 1,3
5. Vs(s=,pt < s[B]t) -u32,3
+6. 5=/ pen)t - JonylUeHue
7. s=p5s’, s’ (P)=1 -u36
8. s[P]s’ -u3 7 no Def 5

167



9. ((P)=s’(P) ~u3 3,7

10, 8'=; 5t -u36,9

11. s’[B]t -u32,3,10

12. s[P]s’, s’[B]t, t(P)=1 -u3 3,8, 11

13. s[P&B]t -u3 12 no Def 5

14. s=; pegt = s[P&B]t - U3 6-13
+15. s[P&B]t - JIOMYyLHEHHE

16. (3s’(s[P]s’, s’[B]t), (P)=1) unm (3s’(s[B]s’, s’[P]t), t(B)=1)
-u3 15 no Def 5

+17. 3s’(s[P]s’, s’[B]t), t(P)=1 - HOMyliEHHE
18. s[P]s’, s'[B]t, t(P)=1 - U3 17 gns HeKoTCporo s’
19. s’(P)=1, t(B)=1 - u3 18 no Teopeme 2
20. sz 87, s’ =t -u3 1,2,18, 19
21. 5= panit - u3 20 no Def 4
+22. 3s’(s[B]s’, s’[P]t), t(B =1 - JOMMYUIEHHE
23.s[B]s’, s’[P]t, t(B)=1 - 13 22 [j15 HEKOTOpOro s’
24.s’(P)=1, «(B)=1 - U3 23 no Teopeme 2
25. 8= 557, 'zt -u3 1, 2, 23,24
26. s=;pept - 13 25 no Def 4
27. s[P&BJt = s=; past - u3 15-26
28. Vs(5=;pent < s[P&B]t) -u3 14,27

29. t(P&B)=1 = Vs(s= pant < s[P&B]t) - u3 3-28

Jlemma 2 nokasaHa.

[okazarenscTtBo Teopemsl 3. B cuiy neMmbl 1| M clneacTBys K
TeopeMe 2 MOXHO CcuHTaTh, 4TOo Qopmyna A HaxoauTcs B
OW3BIOHKTUBHOH HopmaneHoit dopme A=C,v..v(C, C=P,&..&Py,
Pie {p;,—p;} n=i2l, k=j=1
+1. s[A]t - IOMYyLL.EHHE

2.s[Ci]t - 118 Hekotoporo C=P,&... &P,
P,e{p,—p;} u3 1 no Def5

3. {Py,..,Py} ePath(A) -u3 1, 2 no Def §

4. t(P&...&Py)=1 - U3 2 1o Teopeme 2
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5. VP(Pe {Py,...,Pi} = t(P)=1)-u34
6. s=1qpi . Fipt - M3 2 1o 1eMMme 2
7. Ju(uePath(A), sz 4t, VP(Peu = t(P)=1)) -u33,5,6

+1. Ju(uePath(A), sz, yt, VP(Peu = t(P)=1)) - nomywenue
2. uePath(A), sz ut, VP(Peu = t(P)=1) - u3 | aas Hexoroporo u

3. u={Py,....Py} - i Hekortoporo Ci=P,&... &Py
u3 2 no Def §

4. (P &...&Py)=1 -u3 3

5.8=pix_arut -u32,3

6.s[P &...&P]t - U3 4, 5 no nemme 2

7. s[A]t - u3 6 no Def 5

Teopema nokasaHa.

CneacrBue 1. Path(A)cPath(B) = [A]c[B].
+1. Path(A)cPath(B) - momyuwenue
+2. s[A]t - IOy LEeHHe

3. Ju(uePath(A), sz yt, VP(Peu = t(P)=1)) - u3 2 no teopeme 3

4. Ju(uePath(B), sz ut, VP(Peu = t(P)=1)) -wu3l,3

5. s[B]t - U3 4 no teopeme 3
Caencreue 2. HesepHo, uto [A]c[B] = Path(A)cPath(B).

HMmeerca koutpnpumep. Ilycte A = (p&q)v(p&—q)vp u B =

(p&q)v(p&—q). Torma [A]=[B], Path(A) = {{p,q}.{p,—q}.{p}},
Path(B) = {{p,q},{p,—q}}.

CnencrBue 3. teRan([A]) < Ju(uePath(A), VP(Peu = t(P)=1)).

BaxxHoCTh TeopeMbl 3 3aKjtO4aeTcs B TOM, YTO OHa paspeliaer
HaM FOBOPUTH O BBIMOJIHEHHUH IMPONO3HLMOHATIBHON nporpaMmel {A] B
TEPMHHAX HaXOXKIECHHS ITyTH yepe3 fopMmyy A.

BO3MOXXHO MOCTPOEHHE JIOTHKHU MPONO3ULHOHATBHBIX MPOrpamm
MO aHAJIOTHHM C T€M, KaK CTpOATCS IHWHAMH4ecKue JIOrukH. [[ns 3Toro
onpenenum MHoxecTeo FM dopmyi:

Def 9.

1. BFcFM.

2. AeBF, BeFM = [A]BeFM.

3.A,BeFM = —A, ( A&B), (AvB), (A—»B)eFM.
4. Huurto apyroe ¢opmynoii He aBisieTcs.
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Onpenendm OTHOLIEHKE S A - “IPH MPHITHCBIBAHMH S HCTHHHA
dopmyna A”.
Def 10.
l.skp < s(p)=l
s F —A<> HeBepHO, 4To S F A.
.skE(A&B) < sk A u sEB.
.sE(AVB) <> sEA wii sEB.
.sE(A-»>B) <> ecimuskA, 1o sEB.
.sE[A] < Vi(s[Alt = tEB).
Def 11. ®opmyna A obuie3taunma ( FA ),e. uT. e. Vs(sfFA).

Bonpockl akcHOMAaTH3aLKMH JIOTHKH MPOMNO3HLIMOHAIBHBIX
nporpamMs OyayT pacCMOTpCHBI B MOcaeRyolux paborax.
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A.E. BoJjotos, B.A. Bouapog, A.E.I'opuakos

AJITOPUTM IIOMCKA BBIBOJIA B
KJACCHUYECKOM JIOTUKE IMPEIUKATOB’

Abstract. In this paper the authors introduce an algorithm of searching
the proof in natural deduction calculus of classical predicate logic. The
system of natural deduction is a Fitch-style subordinate proof. Special
mechanism of generating two sequences of formulae, namely, c list of
formulae of the proof itself and a list of formulae-goals is the very idea of
the algorithm. Due to the specifics of the searching procedures the
synthetical rules that introduce logical constants are applied
automatically. This fact can be interpreted as the argument against the
widespread criticism of the natural deduction. The unification problem,
which is the crucial point of searching for the proof in predicate logic,
has found its solution in the algorithm following the famous method of
using dummy variables. Terms or quasi-terms in the proof are considered
as objects for the substitution instead of the dummy variables. The
authors propose the special procedure of the evaluation of the dummy
variables which plays the main role in the solution of the unification
problem. The implementation of the algorithm and some open problems
are discussed in the conclusion.

1. O630p pabor
110 AaBTOMAaTHYECKOMY J0Ka3aTe/JIbCTBY TeopeM

PazpaboTku B oOnacTH aBTOMaTHYeCKOW OedyKUHH TMPOBOAATCS B
LEJIOM psAd€ KPYNHBIX MMHPOBBIX HAay4YHO-HCC/IE€AOBATEIbCKHX LEHTPOB,
TaKWX Kak, Hanpumep: Argonne National Laboratory, CLLIA (nporpamma
"Otter", ocHOBaHHas Ha Teopuu pesomouuii), University of Cambridge
(nporpamMa aBTOMaTU4eckoW nenykuuu Isabelle), Carnegie Mellon
University (aBTOMaTH4€CKOE J0KAa3aTe/IbCTBO TEOPEM JUIS JIOTUKH BBICO-
kux nopsakoB), KAKEHI Laboratory, WASEDA University, SnoHus
(mporpaMMa aBTOMAaTHYECKOIO [OKAa3aTeibCTBA MJIS CEKBEHYUQIbHO2O
ucyucnenus) U Ap. Kak O6bUI0 OTMEYEHO B psle HAIUMX MPEIbIIyLIHX
pabot [1, 2], 3TH mpouenypbl aBTOMAaTHYECKOrO MOMCKA [10Ka3aTeabCTB
OOBIYHO CTPOATCA JIMOO Ha Oa3e ceKBEHLHAIbHBIX HCYHCIIEHHH M TEOPHH
pE30JIIOLMH, MO0 Ha HEKOTOpPOM alnapare, KOTOpbid B TOM MJIH HHOW
Mepe OJIM30K K JaHHbIM NMPEACTABICHUSM JIOTHKH. Hago OTMETHTH, 4YTO
KOHUEHTpaLHsd BHUMaHHsA UccnenoBartesieil B 00J1aCTH aBTOMATHYECKOTO
BbIBOJA HAa 3THX MOIYIAPHBIX NEIYKTHUBHBIX METOAaX HE ciyyaiiHa U

Pabora BeinonHeHa npu nomaepxke PoccHiickoro rymanurapHoro HayyHoro ¢osza
(rpaHT Ne 96-03-04666).
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00ycIioB/IeHa, B [IEPBYIO OYEPE b, HPAKMUYECKUMY COODPAKEHHAMH [16].
Tak, nccneroBaHHs B 007aCTH TEOPHH PE30IOLMH TECHO CBA3aHBI C A3bI-
KaMH JIOTHYECKOTO NporpaMMHpPOBaHUA (B YaCTHOCTH, THna [[poioe), rae
BHIBOAbI OCHOBAHBI HA METOAE PE3OJIIOLHH, KOTOPhIH H3HAYAJIbHO SIBJIAJICA
Kak Obl cocTaBHOM yacTeio [Iponora [4, 5]. [pyrue obnactd, AMKTYIOLIHKE
HeoOXOAUMOCTh COBEPLUEHCTBOBAHUS METOJOB aBTOMATHYECKOIO 10Ka3a-
TENbCTBA — 3TO KOMMNBIOTEpHas anredbpa, a Takke HEKOTOPbIE ACTEKThI
TeCTUpOBaHHA nporpamm [8].

Eule onHoli NpUYMHOM MOJKET SIBJIATbCA (PAKT OOCTATOYHO YyCIIEll-
HOTr'O MPaKTAYECKOro NPUMEHEHH HEKJIAaCCHYECKHX JIOTHK B paMKax pas-
JUYHBIX TIPOEKTOB TECTHPOBaHWA annapaTHeiX cpeacts (hardware
verification) [10, 16}, Hepeako CNOHCUPYIOIIMXCA BEAYILUHMHU MTPOU3BOIH-
TEJISMH TakuX cpeldcTB (Hampumep, Intel). 3mech cambIMH pacnpocTpa-
HEHHbIMU ¥ 3(DQPEKTUBHBIMHU Ha CETOAHALUHUH [EHb ABJIAIOTCA METO/BI
tectupoBaHus moaesed (Model checking) [18)], roe nas onucanus mozae-
nei hardware ucnonb3zyercs TOT WM UHOHM AeOyKTUBHbIH anmnapart, Jaiue
BCEro OCHOBAHHBIM Ha MOJaTsHOH UM BpeMeHHoH joruke [10, 11, 12,
13, 14].

Bo Bcex 3TUX npHeMax Npoueaypa BbIBEACHHUS OJHHMX IMOJOKEHHH U3
OpPYTrUX WIH BoOOlLlle He IpeICTaB/IEHa, WIM OCYIUECTB/ISETCS B TaKOM
BHJ€, KOTOPbIH BeCbMa JaJieK OT TOro, YTo MOHUMAJIOCh MOJ BBIBOAOM B
UCTOPHH NICTHKH [3, 6]. 1 cekBeHLMH, U METO PE3OJIOLMH — 3TO CKOpee
anropuTMbl NMPOBEPKHU OOLIE3HAYHUMOCTH YTBEPKIAEHHH, YeM BbIBOA. Bcee
OHH CTPOATCS Ha OCHOBE YUCTO aHAJTUTHUYECKWX NMPOUEYpP, B TO BpeMd
KaK TpaJULUOHHOE MOHATHE BbIBOAA MpEACTaBsSET cOOOH METOA CHHTE3a
JIOKa3yeMOI'o YTBEPXKIEHUS W3 UMEIoLIMXCS Mocbuiok. OpPHIHHAIBHOCTD
Halel paboThl KaK pa3 U COCTOMT B TOM, YTO 3[€Ch BEIBOJ CTPOMTCS KakK
TpaAULMOHHAs CUHTETHYeCKa:d NpouUeaypa 0 aBTOMaTHYECKOMY MOHUCKY
TeopeM. (3aMeTHUM, YTO B aHIJIOS3bIYHOH JIUTEpaType 4acTo NojA TEPMHM-
HoM "natural deduction systems" rnonararoTcs He CMCTEMBI HaTypaJlbHOrO
BBIBOAA B HallleM MOHUMAHHH, a KaK pa3 T€ WJIH HUHbl€ BApHAHTb! CEKBEH-
LIMaBHOrO MPEACTABICHHUSA JIOTHKH.)

HenoctaTok BHHMaHMS, YIENSEMOro HaTypalbHOMY BbIBOAY, 00y-
CJIOB/IEH HEKOTOPbIM CKENTHLM3MOM, MOPOXKAEHHbIM HMEHHO (aKToM
crieliuHKy 3TOro0 MeToJa OOKa3aTelbCTBAa Kak CUHTETHYECKOH Ipolie-
nypbl. Hanuuue npaBui BBEOSHHUS JOMMYECKHX CBS3OK pacCMaTpHUBaeTCs
KaKk KaMeHb TMpPETKHOBEHHS Ha MyTH aBTOMAaTH3al(MH HaTypaJlbHOIo
seiBofa. (B anropurme, npeanokeHHOM B Haulelt pabore, 3Ta npobnema
pellleHa KapAHHaIbHBIM MMyTEM — MpaBHJia BBEACHUS JIOTHYECKUX CBA3OK
NPUMEHSAIOTCS YUCTO aBTOMATHYECKH, MO Mepe NOCTHXKEHHS UeneH, U
nporpamma paboTaer B JTUHEHHOM pexxume.) bosiee Toro, 4acTto To WIH
MHOE MHEHHE [OCTATOYHO aBTOPUTETHBIX (HUIYp MOXET OKa3bIBaTh
3aMETHO€ BJWSHHE Ha HalpanjeHHE UcCaedoBaHWM. Tak, Hanpumep, M.
(DUTTHHT B U3BECTHOH M MOMYyJIsipHON MoHOrpaduu no aBTOMaTHYECKOH
nenykuuu {15], onmy6.:1ukoBarHo#i B 1990 r., pazbupas npobnemMy clioxk-
HOCTH, nuieT (cTp. 95): "Cucremsl I'nnpbepTa He MOAXOOAT 11 aBTOMa-
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TUYECKOro J0Ka3aTeabcTBa TeopeM. To ke camoe OTHOCHUTCS M K HaTy-
pajibHOMY BBIBOIY".

OnHHMM M3 rnaBHBIX KPUTEPHEB OLEHKH 3()(EKTHMBHOCTH TOrO MM
MHOIo JEJYyKTHBHOIO anmnapara sBjasercs ObICTpOJeHACTBHE MpOrpamMel,
OCHOBaHHOH Ha 3TOM anrmnapare. He BaaBasch B AeTalbHBIA aHAIW3 3TOM
rpobneMbi, ONMCAHHUE KOTOPOH CONEPXKMTCH, B 4YacTHOCTH, B [9, 15],
OTMETHUM JIMILB, YTO U TEOpHUA pe30JIOLUH, U TEOpUS CEKBEHLUH, KaK W
BCE ApYyrye AOIMyCTUMBIE IE€yKTHBHbIE CPEICTBA, 00JIafaloT CeayIOLUM
CBOMCTBOM: HM3BECTHBI THINBI NPUMEPOB, Ile OAHH MeToAbl paboTaroT
ObicTpee OpPYrMX W, B NpPHHLMINE, HET TaKOH CHCTeMbl, KoTOpas Obl
npesocxoawna Bce apyrue ([15], ctp. 95). Tak, Teopus peszomouuii (B
OTHOUIEHHWH KJIaCCHYECKOH MPONO3ULUHOHATIBHOM JIOTHKH) SBJAETCH
NOBOJIbHO 3¢ ¢eKTHBHBIM MeTonoM. OnHuM U3 Haubosiee 3G PeKTHBHBIX
METOLOB ABJIAETCA TaK Ha3blBaemas TEOPHsA JIMHEHHOHW pe30JIIOUMH, MPH-
MEHsE€Mas M0 OTHOILUEHHUIO K CMEeLMAIbHOMY THITY HOPMaJbHON (opMbL,
Tpebyemoi ans pesontouuid, koraa 4ieHbi KH® uMeroT BUI AN3BIOHKTOB
XopHa (rae paspeuiaercs He GoJjiee OAHOTO TMO3UTHBHOTO BXOXKIEHHS
Kako#-To nepemMeHHoH) [4]. CyluecTBYOT CTpaTeru Noucka goKasartesib-
cTBa (KOMOMHALIMA KOTOPBIX SIBJISETCS MOSHON M0 OTHOLHEHHIO K MHOXe-
CTBY AW3BIOHKTOB XOpHa), npeacTapisionide coboit oueHs 3¢ ekTUBHOE
CpeICTBO peilleHHs Jorudeckux 3azay [9, 12]. OgHako O4YE€BHAHO, YTO
AajieKO He BCAKOE MHOXKECTBO GOpPMYJI MpPEeICTaBUMO B BHIE KOHBIOHK-
LUMH AH3BIOHKTOB XopHa. Tak, nepBbid 4l€H B CIEXyiOLUEM BBIPAXKEHHUH
He SBJIsIeTCS IU3bIOHKTOM XOpHa:

Pv&(-pva&(pv—q)&(-pv—q)

H, CJeQOBaTe/IbHO, B MPHHLMIE, HUKAKON CTpaTerud, KpoMe CTaH-
AapTHOro nepebopa BceX BO3MOXHBIX BapHaHTOB MPUMEHEHHs MpaBUiIa
pE30NIIOLMHA, 34eCh TNPHUMEHHUTL He yjaaerca. Jlpyrod Tun nNpHUMEpOB,

CIIOKHBIX U1 TEOPUH PE30IOLHUH, — 3T0 PopMyJibl, HOpMasbHble GOPMBI
KOTOpBIX "B3PBIBAKOTCA" B aCIEKTE UX AMHBI, KaK, HallpuMep, B ciIy4ae

(p=q)&(q =r))=(p=r),
WM B elle Oonee CI0XXHOM Mpumepe

(p=(@Qq=1))=(p=q).

3amMeTHMM, 4YTO 34€ch Ul HATypajlbHOTO BBIBOAA [10KAa3aTeJbCTBO
nogobHeix GopMyn — He npobaeMa, HIMEHHO B CHWIy Cleayloled Kapau-
HaJIbHOH ocobeHHocTH anroputma. CIIOXKHOCTh aIrOpuTMa B cllyyae
HaTypalpHOro BbIBOAA 3aBUCHT HE OT AJIMHbI GOPMYJIbI, MOJJEXAWEN
N0K33aTeabCTBY (YTO ABJISETCHA, B COBOKYITHOCTH C MpobseMoit noposxae-
HUA "HepesieBaHTHBIX" IS JOKA3aTeNbCTBA WIH MPOCTO JUIIHUX pe30sib-
BEHTOB, OCHOBHBIMH MOMEHTAaMH, BJMSAIOIIMMH Ha CJIOXKHOCTb METOJa
PE30JIIOLMH), WIH KOJHYECTBA pa3jIMUYHBIX [EPEMEHHBIX B aHAJIU3HUpye-
MOH (opMyne (YTO BBI3BIBAET IKCIMOHEHUHANbHBIA POCT TabJIML HCTHH-
HOCTH), @ KaK 6bl CTPYKTypHas CI0XKHOCTb GOPMY/JIBIL.

IMonoOuble npuMepsl Cioy>KaT CBUIETENILCTBOM H3BECTHOro (akra,
4yTo Haubosnee 3¢ PeKTHBHOM sABASETCA B MPUHLUHUIE NPOCTas Npouenypa
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MOCTPOEHUS] UCTHHHOCTHBIX Tabnuu. YnomsiHem 3ieck paboty [17], rae
aBTOPbI, MOAU(PULIUPYS TEXHHKY AHAJIMTHYECKMX TaONHL, NOKAa3bIBAIOT
BECbMA CYLUECTBEHHbIH pe3y/lbTaT, YTO MMOJNYYEHHas MMM [EdyKTHBHAs
TEOPHS MOET "MMHTHPOBATL' CJIOXHOCTh TaOIHL HUCTHHHOCTH. AHaJlu-
3Upys METOAMKY, MPENTOKEHHYIO B 3TOH paboTe, MOKHO HAWTH MHOrO
aHaJIOMMH M HMAEHHOro CXOICTBA MEXAy (OpPMYJHPOBKAMH TpPaBHII
NOCTPOEeHUs TabJMLI H MPaBUIIAMU HAaTypaJIbHOTO BbiBOJA. B 3arntoveHue
3aMeTHM, YTO CYLIECTBEHHOH ABJISAETCS 3aJaya ONpelesIeHHs CII0XKHOCTH
U 3QHEeKTHEHOCTH Hallero anropuTMa, Tpebyrowas ocoboro MccaeaoBa-
HHS; EPBbIS XK€ PE3y/IbTaThl TECTHPOBAHHA HALUEro airOpUTMa, AaXe Ha
HOOBOJILHO cNalbIX, ¢ COBPEMEHHOMK TOYKH 3pEHHS, KOMIBIOTEpax, MOKa-
3a7TH JOCTATOYHO XOPOLIHE PE3yJIbTaThl.

B cBeTe BbILIEHU3NOKEHHOTO, HHTEPECHO CJIEAYIOUIEE HalpaBieHUE
COBPEMEHHEIX MCCI€OBAaHUM B 0OJaCTH aBTOMAaTUYECKOHM [€ayKLHH.
Peub yaeT O MombITke cUMMOHO3a pa3jiMYHbIX METOAOB, BKJIKOUYAS TEOPHIO
pE30NIIOLIMIA, CEKBEHLIHH, 37IEMEHTb! HaTypaJIbHOro BbIBOJA U APYrHe. OTO
YaCTHMYHO XapaKTepHO IS UeHTpa ucciaenoBaHui Otter, HO Haubonee
4YeTKO MposABJsSeTCA B MOAXOAe rpynnel no pa3pabotke npoekrta Isabelle
(University of Cambridge) [20], rae aBTOpbl NpsMO 3afBJSIOT O TaKOH
cTpaterud cum6uo3a. Ha Hai B3rnisa, 3TOT NOAXOA SABISETCSH, BO-NEPBBIX,
JOCTAaTO4YHO OOOCHOBaHHBIM (B CHNYy cnieUMGHUK U OrpaHHUYEHHOCTH Kax-
JOr0 U3 METOACB JeAyKUMH) U, BO-BTOPbIX, MHOrooteuarmmum
(Y4UTBIBasE HE TOJIBKO TEOPETHYECKHE MOMEHTbI, HO TAKXKE U MpaKTHye-
CKHE BO3MO)XHOCTH MPUMEHEHHUA TEXHHKH Mapajjie/1bHbIX MPOLECCOPOB).
B sToit cBa3M Hawa pabora B 0OJacTH 3BPUCTHK Uil HaATypallbHOTO
BbIBOJa BW,IMTCS BE€CbMa IEPCIMEKTHBHOM M CHOCOOHOH BHECTH CBOIKO
nenty B peilleHde npobaemel 3d(EKTUBHOH HHTErpalUH pasiIUyHbIX
METOJ0B aBTOMAaTHYECKOM AeAyKLMH.

Huxe onuceiBaeTcs airopuTM aBTOMAaTHYECKOro [MOMCKa BbIBOAA
JJ18 CTaHJAapPTHOIN0 HaTYpajbHOIO KJIACCHYECKOro MCYMCIIEHHsA TNpeaHKa-
TOB, KOTOpPO€ B TE€YEHHE AOJArOro BpPEMEHHM MNpenojacTcs Ha duiocod-
CKOM QakysibTeTe MI'Y cryaeiTam-punocodam.

Jlnst noHUMaHUs JanbHeiero HaM norpedyercs YeTKO BBECTH S3bIK
CTaHIAPTHOTO KJIACCHYECKOrO HCYMCIIEHUS MPEAMKATOB W 3a/aTh MPHH-
uunel paborel B HeM. OOHAKO U1 LENH OMUCaHUS AIrOpUTMa MOUCKa
NOKa3aTeNbCTB Mbl BBENEM BHayasie Oosiee OorarTbiil A3bIK, a 3aTEM YKa-
K€M, YTO B €ro coctaBe OYIAEeT OTHOCHTBCS K SI3bIKY UCYHC/IEHHA NMpeau-
KaToB.

AJleaBHT AJINOPHTMHAYECCKOIo npeacraBjJcHHA HCUHHC/ICHHS

NpeIHKATOB

1. X, ¥, z, Xy, Y1, Z1., X2,... — OECKOHEUYHBIH COHUCOK C8AZAHHBIX UHOUBUOHBIX
nepemMeHHbIX,

2. a, b, c, aj, by, ¢y, a,... — OECKOHEYHBIH CIIHCOK CB0OO0OHBIX UHOUBUOHBIX
NnepemMeHHbIX,

3. Vi, Va,... — OECKOHEUHBIH CIIMCOK 8PEMEHHbIX NePEMEHHBIX,
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4. p, q, I, Pi, Qs T, P2,... — OECKOHEUHBIH CIMCOK NPONO3ZUYUOHAILHBLX
nepemMeHHbIX,

5.P, Q, R, P, Qi, Ry, Py,... — criucok npeduxamopos paznuyHoi MECTHO-
CTH (MECTHOCTb HE YKa3bIBAaeTCs, TAK KaK OHa OJHO3HAYHO BLICYH-
TBIBA€TCs MO KOJIHYECTBY apryMeHTOB),

6. f, g, h, fi, g, hy, fi,... — cniucok gynkmopose paznuuHOi MeCTHOCTH
(MECTHOCTh He YKa3bIBaeTCs 110 BbILIEYKAa3aHHON NPUYHHE),

7. &, v, D, —, V, 3 — 102uveckue mepmuHul,

8.(,), ,— mexHuYecKue CumMB0JIbL.

IlonsiTHe nceBaOTEpMA

. mobas cBA3aHHas UHIUBUIHAS IePEMEHHAs €CThb MICEBIAOTEPM,

. 11obas ceoboHas HHOAUBUAHAS NEPEMEHHAs eCTh NICEBIOTEPM,

. Nrobast BpeMeHHas nepeMeHHas eCTh IICEBAOTEPM,

. ecii @ — n-MecTHbIH QYyHKTOp, a ty, ty,..., t, — MCEBOOTEPMBI, TO BbIpa-
>)keHue Buaa O(ty, ty,..., t,) — ICEBIOTEPM,

5. HAYTO HHOE He ecThb MCEeBAOTEPM.

P ) DD

IlonsTHe KBa3juTeEpMa H TEPMA

KBa3zuTtepMOM Ha3bIBaeTC MCEBJOTEPM, B KOTOPOM OTCYTCTBYKOT
BpEMEHHbBIE NepeMeHHbIE.

TepMoM Ha3zbIBaeTcsd NCeBAOTEPM, B KOTOPOM OTCYTCTBYIOT Kak Bpe-
MEHHbIE, TaK U CBA3aHHble HH/IUBUIHbIE MEepEMEHHbIE.

IlonsaTne nceB10¢GopmMyJibl

1. ecnu Il — n-mecTHBIt npeaukarop, a t, t,..., t, — MCEBAOTEPMBI, TO

BbipaxkeHue Buaa I1(t, t,..., t;) — ncesgodopmyna,

2. kakaas Mpono3sHUMOoHalbHaA NIEpeMEHHast ecTb rncesgodopMyIia,

3. ecnu A — ncepnodopmyia, To —A — ncesaodopMmyna,

4. ecnin A u B —- ncespodopmyisl, To (A & B), (A v B), (A D B) — nces-
fo¢opMyIbL,

5. ecnin A — nceBgodopMyna U oL — CBA3aHHAA UHIWBUAHAS TepeMeHHas,

TO BbIpakKeHHUsA BUa VaA u JaA — nceBA0POpMYJIbI,

6. Huuro nHoe He ectsb ncesnodopmyna.

IlceBnodopmysnbl, onpeaenseMple MyHKTaMH | M 2, Ha3bIBAKOTCA
s/1leMeHmaprbiMu  ncegdogopmyaamu. Bee ocrtanbHble nceBAO(GOPMYJib
HA3bIBAIOTCS CAOMCHBIMU NCEBOODOPMYNAMU.

B Beipaxkenusx suga VaA u JaA ncesmodbopMyna A HaspiBaeTcs
obaacmpvio Oeucmeus K6aHmopos ¥ u 3, 3mbix nO nepemMeHHOU Q.

CpobonHasg wiIM BpeMeHHas WHIMBHUIHAsA TEpeMeHHas S BXOIMT B
nceBa0OpMyIly, €CJIM B €€ COCTaBe €CTh XOTs Obl OTHO BXOXKAEHHE .
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BxoxzneHue CBS3aHHOW WHIMBMIHOM MEPEMEHHOM O Ha3blBAETCH
C6A3QHHBIM, €CJIH JaHHad TepeMeHHasg pacrnosiokeHa HENOCpenCTBEHHO
CripaBa OT HEKOTOPOro KBaHTOpa MM OHa HaXxO,IMTcA B 00/1aCTH [AeHCTBHS
KBAHTOpA, B34ATOro No nepeMeHHoM o.. OcTalbHbIe BXOKIEHHA CBA3aHHOH
MH/IMBU/IHON NEpEeMEHHOM Ot HA3bIBAXOTCSA C60O0OHBIMU EXOIHCOEHUAMIU.

IlousitHe kBa3zudopmyisl H GOpMY.Jibi

Ksa3u(popMyrno#t HazbiBaeTcs nceBaodopMyia, B KOTOPOH HET BXOX-
JIeHUH BPEMEHHbIX [TEPEMEHHEIX.

®opmynoil Ha3blBaeTcs ncesaodopMyaa, B KOTOPOH HET BXOX/ICHUIA
KaK BPEMEHHBIX MEPEMEHHBIX. TaK U CBOOOAHEIX BXOXKAEHMH CBA3AHHbIX
WHAMBHIHBIX TIEPEMEHHBIX.

ITycth t — OyAeT nceBOOTEPMOM, O — CBS3aHHOH HMHIMBUIHOMH repe-
MEHHOH, a S, §;, S3...,5, — CBOOOJHBIMH HHAWBHIHBIMH MNEPEMEHHBIMH
WIH BPEMEHHBIMM MepeMeHHbIMH. Toraga BbipakeHHs Buaa A(a/t) u
A(a/s) ob03Ha4yarT pe3yabTaT MOACTAHOBKH B rcesgodopMmyty A(a)
BMECTO BC€X CBOOOMHBIX BXOKICHHH CBA3aHHOH MHAMBUAHOH MEpeMeEH-
HOH O, COCTBETCTBEHHO, McesgoTepMa t, UAM CBOOOJHOM UHAUBUAHOM
MEepeMEeHHOR S, WM BPEMEHHOH nepeMeHHOH. OTMETHM, 4TO eciau t —
TE€pPM, TO BCE TAKOTO poAa NMOACTAHOBKH SBJISIIOTCS MPAEHIbHBIMH.

K s3bIKYy HCUMCIEHUS MPEJHKATOB OTHOCATCS TOJBKO Te OOBEKTHI,
KOTOpbIE 3aJat0TCA MOHATHSAMH KBa3UTepMa, Tepma, KBasHUQOpMYsibl W
dopmynbl. [ToHsTHS ke nceBnodopMysibl M ICEBIOTEPMa HEOOXOAUMBI
AMILUB 71 OTIUCAHHS paboThl aTropUTMa.

IpaBusa BbIBOJA:

A,B A& E A& B
&B: —— &u: :
A& B A B
A B Av B, —A4
VB: , VH:
Av B Av B B
B rae C - ADB, A
) -u: —
C > B mocnenHAs THIIOTe3a B
B, —-B rae C - ——A
o C  nocienwss rumotesa A
v Ala ! s,s,,8y,.,5,) The a - abe. VaAd(a)
VaA(a, s, Sysus S,) 81583555, - OIP. Ala /1)
Ale/t) Jad(a,s,, 5y, 5,) THE A - a6ec.
P :
Ja A(a) A(at 8,8, 55,8, ) S8 ue8 - OTP
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B ¢opmynupoBkax 3TUX MpaBWJI CUMTAETCSH, YTO abCONMIOTHAs Mepe-
MEHHas § OrPAaHUYMHMBACT KAXIYIO U3 MIEPEMEHHBIX S, 53,..., Sy

Brviso0oM B CHCTEME HA3BIBACTCSA HEITyCTas KOHEYHas [MoC/iexoBa-
TeNbHOCTL popMyn Cy, Ca,..., Cy, YIOBIETBOPAIOILASA YCIOBHSM:

(1) xaxngas Ci ectp nub0 runoresa (nocelika), AM60 MosyyeHa U3
npeabiayux GopMyn Mo OQHOMY U3 MPaBHJI BBIBOJA,

(2) ecnu B BBIBOJIE MPHUMEHSJIKCH TTpaBUia DB WIM —B, TO Bce ¢dop-
MYJIbl, HAa4MHAasA C MocjedHeH runoTe3sl U BIUIOTH 1O pe3yJibTaTa MpUMe-
HEHUs JaHHOTO MPaBWIa, B JanbHEHIIHX Hlarax NMOCTPOEHMs BbIBOAA HE
MPUHWUMAIOT y4acTus (MX JajibHelilee NPUMEHEHHE B BBIBOAE HUCKIIIOYa-
eTcH),

(3) HH ogHa cBOOOAHAsA MHAMBHUIHAA NMEpPEMEHHas He XapaKTepH3y-
€TCs B BLIBOZAE JBaX</bl KaKk abCOJIIOTHas NepeMeHHas,

(4) HY oHa cBOOOHAs HHAMBHAHASA NEpEMEHHAA HE OTPaHUYMBAET B
BLIBOJIC caMa cebs.

Ocob0 OTMeTHM, YTO BBIBOJA, COrJaCHO JAaHHOMY OIpeleeHHIO,
ABJIAETCA MMEHHO I1OCIEAOBATENBbHOCThIO GOpMyJ, a He mncenodopMyn
wid kBasugopmyn. IloHstve keazudopmysibl HaM HEOOXOIUMO JTHIIB S5
4eTKOHW GOPMYTHUPOBKH KBAHTOPHBIX MpPaBHII.

[Ipu ocyiuecTBieHun BblBOAA HEOOXOAUMO CTPOro CJIEAMTH, YTOOBI
HU OJIHa MepeMeHHas He OorpaHuyuBasa caMa cebsa. Takoe caMmoorpaHu-
YeHUE MOXET BO3HUKHYTH 3a CUET TPAH3UTUBHOCTH OTHOLUECHUS O2PAHU-
yeHus, a UMEHHO: €C/IM HEKOTOpas fepeMeHHas § MpH NMPUMEHEHHH AaH-
HBIX [MPaBWJI OrPaHUYHBAET NMEPEMEHHYIO 5), a NIPU APYrOM NMPUMEHEHUU
NpaBWJ MepeMeHHas §; OyoeT OorpaHHyYMBaTh S, TO MO TPAH3HUTUBHOCTH
BO3HHMKHET JBa Cilyyas CaMOOrpaHUYEHHS — § OyleT OrpaHUYMBATh S H S
Oynet orpaHuuMBath 5;. Hu Ta, HU Ipyras cUTyaluudH HEIOIMyCTHMBI.

BeiBon Ci, C,,..., Cy ecTh BbIBOA BHAA Ay, Ay,..., A, — B, eciu A,
A,,...,A, — 3TO HEUCKITFOYEHHbIE THNOTE3b! (MIOCBUIKH), a dopmyaa B rpa-
duuecku cosmnagaer ¢ Cy.

Bv1800 nHasvisaemcs 3aeepuennbim, €CnM HU OOHa cBOOOAHAS WHOM-
BHIHas NepeMEHHas, KOTOpas XapaKTepu3oBalach B BBIBOJE Kak abco-
JIIOTHasi TNEepeMEHHas, He BCTPEYaeTCs HU B IMOCBUIKAX BBIBOJA, HU B
3aKJTIOUEHHH.

Lokazamenecmeom  (3asepuieHHLIM ~ 00KA3amMeNbCmMEoM),  Kak
OOBIYHO, CUMTAETCs BHIBOJ (3aBEPLICHHBIH BBIBOJ) M3 ITyCTOrO MHOXe-
CTBA HEUCKJIIOYEHHBIX MOCHUIOK.

JIns onucaHqg aJropuTMa Ham MoTpebyeTcss BBECTH BaXKHBIC MOHS-
THS KOMNOHEHMb! NCe8O0POPMYNbl U NOO0OUS NCe8O0POopMYy.

Hee ncesnodopmynst A u B OyneM cuuTaTh nceg0onodobHuimu,
€CJIM U TOJBKO €CJIM MpPH HX MO3HAKOBOM CpaBHEHHHM CJieBa HAIpaBo
YCTaHaBJ/IMBAIOTCA clieaytouine GakThl:

1. nepBelii (camslit JIeBbIit) 3Hak nceBaodopmys1 A U B Ha3seiBaetcs
1-i1 KOMITOHEHTOH 3THX NMceBAOGOPMYJI, U 3TH NepBble KOMIIOHEHTHI Ipa-
dHUYECKH COBMAJAIOT,

2. ecny creayrolluii 3Hak B iceBgodopmynax A ¥ B, uaymuit 3a ux
J-MH KOMITOHEHTaMH, He fBJSETCS BPEMEHHOM MepeMEeHHOH, HH B IICeB-
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nogopmyine A, Hd B ncepaodopmyne B, To 3T0T 3Hak 0OBsiBiAsieTCS j+1-H
KOMIIOHEHTOH 3THX MCEBAOPOPMYJ, MU ITH KOMIIOHCHTbI rpaduyecKu
COBMNAAAMOT,

3. ecnm CNIeYOLIMH 3HAK WIIH B ncesaoopmyie A, Wi B NCeBIO-
dopMmyne B, umymui 3a HX j-MH KOMITOHEHTaMH, ABJIAETCS BPEMEHHOM
repeMeHHOI v, TO 3Ta repeMeHHas B NCEBAOPOPMYJIE, Ile OHa BCTpeYa-
eTcs, oObaBseTcs j+1-i KOMIIOHEHTOH; Toraa j+1-i KOMITOHEHTOH apy-
ro# rceBao(popMyibl OOBABISETCH:

(a) ecnd 31O He cbyHKuuor{aanbm 3HaK, TO C/IeIyIOLIHH 3HaK, ULY-
LK 3a j-H KOMITOHEHTOH 3TOH ncesaodOopMy Ibl, H OH €CThb HJIH BPEMEH-
Has repeMeHHas Vv,, UJIH BpeMEHHas MepeMeHHas vy (N # m), HIH CBO-
6oaHas UHIMBUAHAS MepeMeHHas,

(6) ecan 5T0 QYHKUHOHAIILHBIH 3HAK O, TO KOMILIEKC 3HAKOB, WAY-
LM 32 j-i KOMITIOHEHTOH 3TOH ncesnocbopmynbl ¥ 3TOT KOMIUIEKC eCTh
BbIpakeHHe P(...).

HMuaue roBops, ABe McesaodopMyJsibl IMCEBAONOA0OHBI, €CH OHH
NOKOMITOHEHTHO NMoaobHbl. PaccMOTpUM B kayecTBE NpHMeEpa JBE ICEB-
10(opMYyIIbl H YKaKeM HyMepalHel UX KOMIIOHEHT:

12345678910 111213141516 17 1819 202122 23 24

L1 1 T A I
A=3xVy(Q(v4, Vi, a )DP(‘(_,_ﬂfX » 8 ( "/3)))
LI 21 2 B B O

B=3xvVy(Q(vs, b, a ) DP( v» , g (¢c) ) )

Htak, 3t aBe nceBaodopMyabl SBAAKOTCA [ICEBAONOAOOHBIMH.
OTMETHM, YTO B XOJI¢ YCTaHORJEHHUS NCEBAONONOOHUS KaXk/1as BpEMEHHas
nepeMeHHasl NoJjly4yusia HeKOTopoe 3HadeHHe. B HauieM npuMepe BpeMeH-
Hbl€ [EPEMEHHBIC MOYYWIH CIEAYIOLHE 3HAYCHUSA: V4 = Vs, V] = b, v, =
f(x, y), v3 = c. Ecau tenepn B obeux nceBaodopmysiax IPOU3BECTU
3aMeHY BPEMEHHBIX MEPEMEHHbIX Ha COOTBETCTBYHOLIME ICEBIOTEPMBI
(npHYeM, €cJIM 3Ha4eHHEM BpEMEHHOM NEPEMEHHON AB.IAETCA KBa3UTEPM,
TO JaHHas [epEMEHHAas MEHSIETCS Ha 3TOT KBAa3HUTEPM, a €CJIH 3HAaUYEHHEM
BPEMEHHON NEPEMEHHOH SBIISETCA JApyras BpeMeHHas IepeMEeHHas, TO
BpeMeHHas nepeMeHHas ¢ OO0NbIMM HHAEKCOM MEHSETCS Ha BPEMEHHYIO
NEPEMEHHYIO C MEHbLIUM HHAEKCOM), TO 3TH ABE NceBA0GOpMYJIbl OyayT
He MpOCTO MoAOOHBIMH, OHHU CTAHYT TOXIAECTBEHHBIMH. TaKyto npoueaypy
Oy/eM Ha3bIBaTh JAJIEE NMPUNUCHIBAHUEM 3HAYEHUU BDEMEHHBIM nepeMeH-
HBIM.

e dopmynbr A 1 B cuvrtaroTcs nooobHuiMu, €Ciid NIPH YCTaHOBJIE-
HUHM HMX NCEBA0ONON00MS HM OfHA BPEMEHHAs NEpEMEHHas He IMoJy4uiia B
KauyeCTBE 3HAYEHHS pasiHYHblE KBAa3UTEPMBI.

2. O0mas cTpaTerus aJIrOPUTMHYECKOI0 IOHCKA BHIBOJA

CrtpaTerus COCTOMT B TOM, YTO MO HEKOTOPOMY 3aJaHHOMY MeTayT-
BEPXKAEHHIO O BBIBOAMMOCTH CO3JaloTcs JABE MocjieoBaTeNbHOCTH. [lep-

178



Bas [10CJIe0BaTENbHOCTh — 3TO MocieaoBarensHocts dopmyn C;, C,,...,
Ck, KoTOpas M mpeactaBiser cobol ¢opMupyemsiii BeiBoa. Ha HekoTto-
pbIX wH1arax paboTbl alIrOp¥TMa 3Ta MOCJIEAO0BATEIbLHOCTh MOXET Bpe-
MEHHO cozaepxaTh W nceBaogopmyinsl. [Toatomy nceBnodopMynel, BXO-
AsLHE B JAHHYIO MOCJEI0BaTEIBHOCTD, Ha3bIBAKOTCSH nCcesoopopmynamu
gb1600a. BTopas ke MOCAedoBaTENbHOCTh — 3TO MOCIEA0BATENIbHOCTE
yenel, B Ka4ECTBE KOTOPBIX MOTYT BBICTYNAaTh JTHOO HEKOTOPbIE KOHKpET-
Hble nceBnodopmybl, 1H60 meTka "F", o3Hauyaromas, 4To LEBIO SABIIs-
eTcs npoTHBopeyue. [Ipu 3TOM Ha KaKJOM LIare BbIBOAA OJHO3HAYHO
3ajjaeTcs Ta LieNb, KOTOpasi Ha JaHHBIH MOMEHT SIBJSETCA MOCJeIHEH M
NoJkHa ObITh docmuzHyma.

Bce mnpasuia noapasnensroTcs Ha aHaiumuveckue W CuHmemuue-
ckue. K nepBbIM OTHOCATCA T€ MpaBHia, KOTOpble aBTOMAaTHYECKH
BbIMOJIHAIOTCS B BbIBOJE NPH HAJIHYHH B HEM COOTBETCTBYIOUIMX MCEBAO-
dopmyn. DTUMH NpaBHIaMHU ABIASIOTCS &H, VH, DU, —H, VH H IH, T.e.
BCE IpaBHJIa MCIJIIOYEHHS JIOTHYECKHX CBA30K. Bce ocrtasnbHble npasuna
SABJIAKOTCA CHHTETHUYECKUMH M MX MPUMEHEHHE PEryJMpYyeTCs 00cmuice-
Huem HEKOTOpO# LenH. Kak 3T0 KOHKPETHO MPOUCXOIUT, OMHCHIBAETCS B
CaMOM aJITOPHTME.

OnucaHne 0OCHOBHbIX npoueayp

(I) Ilo ncespodopmynaM BbIBOJA OCYLUECTBISAIOTCS ClIEAYIOLIHE
NpOLEaYpbI:

IIpoyedypa 1 — GopMHpyeT MNOCIENOBATENbHOCTh TMCceBA0MOPMYI
BbIBOJA. OHA COCTOMT B HAXOXJIECHUHM OJHOM WM ABYX NceBaodopMy, K
KOTOPBIM NPUMEHSIOTCS COOTBETCTBYIOIUME MpPaBHiia UCKIIOUEHHUS JIOTHK-
yeckux CBsizoK. EcnM Takue rnceBaodopMynbl 0OHapy»XKHBAKOTCS, TO
BbIBOJI MONOJIHAETCSA pe3yJbTaTOM MPUMEHEHHs JaHHOIO MpaBuIa.

IIpoyedypa 2 — GOpMHUpPYET HOBBIE LiENH. JTa NpoLeypa BbINOJIHS-
€TCs B TOM Ciyyae, KOrja Bce BO3MOXKHbIE, yKa3aHHble B mpoueaype 1,
npaBuJia BeIBOAA NPUMEHEHbI, MOCIeAHeH LeNnbl0 B MOCNHeA0BATENbHOCTH
uener seasercd "F" (mpotuBopeude) WM NpH 3TOM AaHHAs Lelb HE A0C-
TUrHyTa (cM. npoueaypy 3). Kakue MMeHHO BBOAATCS LEJH, ONpenes-
eTCs BUIAOM COLEepHaLLMUXCs B BbIBOAE MceBaodopMy1 U OyeT oObsICHEHO
aanee.

IIpoyedypa 3 — ocyllecTB/Isi€T NPOBEPKY AOCTHXXHUMOCTH MOCJIEAHEH
ueny B crucke uenei. Eciav nmocrenHel LEnbio ABISETCSs HEKOTOpas
ncespodopMynia, TO OHa CUMTAeTCs JOCTUTHYTOM, €ClTH B BBIBOJAE HMe-
eTcs noaobHas et ncesnodopmyna. Eciu sxe nocneaHen Lenbto sBaseTcs
"F" (npoTHBOpeYHE), TO OHA CYMUTAETCS NOCTHTHYTOH, €C/IM B BBIBOJE
coaepxarcs ABe rnceBaoopmyisl BUga A v —A. JlocTUrHyTas ueip M3
CIIMCKA LieJiel yCTpaHsAeTCsd, a OYyepeaAHOH LeNbl0 CTaHOBUTCS MNpeablny-
1as uesib B CIIUCKE LeNeH.

IIpoyeoypa 4 — ocyllecTBISETCS NMepexol K UMKIYy. DTa nmpoueaypa
NpPUMEHSETCS B TOM Cilyyae, KOrJa BC€ BBIBOJbI CHAENIaHbl, BCE LEH
B3SThbl, MOCIEAHEH Uenblo sBasercs "F'" — mpoTHBOpedHe, 3Ta LENb HE
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JOCTUIHYTa U B BBIBOJIE COAEPIKATCH ncesdogopmynst yukna. Yro npen-
CTaBAAKOT cobol nceBaogopMyIbl LHHKIA, OyAeT pa3bACHEHO HHXE.

(II) TTo nocnenoBaTeNbHOCTH Lieiel OCYLUECTBISIOTCS ClIeOyIOLIHE
NpOLEaYPHI:

IIpoyedypa 5 — dopMupyeT NOALENH, KOTOPBIE IOMELIAIOTCA B
NGCAEAOBATENBHOCTD LIENEH.

IIpoyedypa 6 — BbIOMpaeT HOBbIE HOMOJHHTENIBHBIE TOCBUIKH,
roMellaeMEIe 04 oYepeaHbIM HOMEPOM B I10CJIEX0BATENBHOCTDb NICEBAO-
¢bopmya BBIBOAA.

IMpouenypbl 5 U 6 onuilieM BMECTE, TaK KaK OHH B OMNpPEIEIECHHBIX
ciiydasx MPUMEHAIOTCA OJHOEpPEeMEHHO. [laHHble NpouUeaypbl HAYHHAIOT
MCIIONL30BaThCA TOrAa, KOraa y)ke NpHMEHEeHa mnpouexypa 1, LEfbio
ABNSETCSA HEKOTOpas ncesgodopmysa, ¥ MpH 3TOM OHa He JOCTHUrHyTa. B
3TOM CJiyyae MocjieOBaTeIbHOCTD Le/ieHd JONONHAETCs HOBOH MOALEIBIO
HJIH COBOKYTMHOCTH MOCBIJIOK B BBIBOJE AOMONHAETCS HOBOH MOCBUIKOH.
Y10 KOHKPETHO MPOMCXOJWT, 3aBUCHT OT BHAA OUEPENHOCH (M10CienHeH)
uend u OyaeT o6bpacHeHO B GOPMYJIMPOBKE aJITOPHTMA.

IIpoyedypa 7 — CUTHAJIU3UPYET O HEOOXOOUMOCTH aBTOMATHUYECKOTO
pMMEHEHHs B BbIBOJAE IMpaBWJI BBEAEHHSA JIOTHYECKHX CBA3OK. bosee
JETAJIbHO 370 OMHCHIBAETCS HIOKE.

3. OnucaHue ajaropurma

1. Onpenensercs erasHas yeav BbIBOAA. TakoBOH siBnsercd ncesrodopmyia, CTos-
las CrnpaBa OT 3HAaKa BbIBOOAUMOCTH B 3aJaHHOM METayTBEPHICHHH O BbIBOIAHMOCTH.
[anHas nceB10¢opMyna MOMELIACTCAs B Ka4yeCTBE HayalbHOW B IOCNENOBATENBLHOCTS
ueneii. Ecau cieBa oT 3Haka BbiBOOKMMOCTH CTOST ICEBAOPOPMYIIbl, TO BCE OHM MOMeELIA-
I0TCA B KauecTBE HayalbHBIX B M0OC/EI0BaTENbHOCTb Nceprodopmyil BeiBoza. Ilepexon k
2.

2. AHanM3 MHOXECTBA NceBa0d:0pMy 1 BbIBOAA.

2.1. Ecnn MHOXeCTBO ncesac$opmy BEIBOAA ITyCTO, TO NEPEXOI K 4.
2.2. Ecnin MHOXeCTBO 1ceBA0GOpMYIT BbIBOA HEMYCTO, TO NMEPEXOA K 3.

3. YMoO3aKm04eHHUa 110 nceBaodopMynaM BbIBOIA.

3.1. OcyecTBASIOTCS BCE HEMOCPEIACTBEHHbIE YMO3aKIKOYEHHS 10 aHAIMTHYeE-

CKHM MpaBuIiaM; MPH 3TOM Ha I0ChIIKH NpaBui BblBoAa BHaa A & B, AV B, AD B, —=—
A, YaA u JaA, K KOTOpbIM ObUTH NPpUMEHEHBI, COOTBETCTBEHHO, NpaBuia &K, VU, DU U

—u, Vi, 3y, crasurca Memxa "V0", ykasblparollas Ha qBa o6crosrenbcTsa: (a) Hegomyc-
THMOCTb BTOPMYHCIO MPHUMEHEHHS K HUM YKa3aHHBIX IpaBui, (6) HEBO3IMOMNHOCTb HX
UCIOJIL30BaHKMS /IS NMOPOXKIAEHHUS HOBBIX LieeH; Ha rnceBaodopMy1y VOLA TONONHHUTENBHO
cTaBUTCS MeTka "V 1", ykasbiBalowas, 4to faHHad ncesaodopMya SBIseTcs ncesdogop-
MYIOU yukia; Ha 3aKJIKYEHHS NPaBU1 BbIBOAA CTaBUTCA MeTka "V+0" (cMbica 3T0H MeTKH
pasbsacHsiercs aanee). Ilpu 3Tom npasuna Vi U 31 NpUMEHSAIOTCA CIIEAYIOLIMM 00pasoM:
3.1.1.Vu.

(a) KBarTop oO1iHOCTH CHUMaeTCS MO NpaBuiy YU ¢ NCeBAOYOPMYNsl VA no nep-
BOH BpEMEHHOM NEPEMEHHOH B an()aBUTHOM HX TOpPAIAKE, KOTOpas OTCYTCTBYET Kak B
nicesgoopmynax BeIBOAA, TAK U B LENSAX.
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(6) Ecnn B ncespodopMyne A BooOIE OTCYTCTBYET CBA3aHHAA MHIMBMIHAA Tiepe-

MEHHAs O, TO Pe3yJIbTATOM CHATHs KBaHTOpPa 001 HOCTH OyAeT cama ncesaogopmya A.
3.1.2. 3n.

(a) KBaHTOp CyllECTBOBAHHA CHUMAETCS 110 NpaBuiIy 3 ¢ nceBaodopmyisl JaA no
nepBoit cBOOOIHOM HHIMBUIHOMN NepeMEHHON B aT)aBUTHOM X MOPSIKE, KOTOpas OTCYT-
CTBYET Kak B nceB10¢opMyax BbIBOJA, TAK M B LIENAX.

(6) Psaiom ¢ Tak nmonyveHHoH ncesnodopmynoit A(a/s) nuuiercs s — abc, sy, Sy,..., Sp
—orp.", rae sy, Sy,..., S, — BCE BPEMEHHbIE WM CBOOOAHbBIE HHAMUBHIHbIC NIEPEMEHHEBIC, BXO-
Asliue B ncesnogopmyny JoA.

(8) Ecan B nceBaodopmyne A(a/s) BCTpedaeTcs HEKOTOpas BPEMEHHas NEpeMEHHas
Vi, TO OTMEYAETCA ¥ 3alIOMHHAETCS, YTO V; # S WIH # OOOMY CIOXHOMY TEPMY, KOTOPbiii
COAEPXKHUT NEPEMEHHYIO S. JTa NMOMETKa AENaeTca AJA TOro, 4ToObl abCONIOTHO OrpaHu-
YyeHHas MepeMEHHaA He OrpaHH4YHBasa cama cebs.

(r) Ecau B ncenodopMmyne A Booblie OTCYTCTBYET CBSA3aHHAs MHIMBHIHAA Mepe-
MEHHas o, TO Pe3y/l1bTaTOM CHATHA KBaHTOpa O6UHOCTH 6yaeT cama ncesnodopmyna A.

[Tepexon x 11.
3.2. EcnM HM OHO aHAJTUTHHECKOE NPABUIO HE MPUMEHHMO, TO — 4.

4. AHanu3MpyeTcs riaBHbIA 3HaK o4YepeHOH nocneaHei ueny — W.

4.1. W — anemenrapHas ncesaodopmyna. [lepexona k 5.

4.2. I'naBHbl#t 3Hak W — —. [lepexon k 5.

4.3. W= Wi W,j. [lepexon k 6.
4.4. W=Wi& W,j. [lepexon kx 7.

4.5. W= WiV Wj. I[lepexon k 8.

4.6. W =VaA. Ilepexoa k 9.

4.7. W = 3aA. [lepexon k 10.

4.8. Llens W — npotuBopeuue. [lepexon k 14.

5. =W Bk/loyaercs B I0CIEI0BATENLHOCTL MCeBAOGOPMYN BEIBOJA B KaveCTBE

noCbUIKU, NOOYeAbl0 CTAHOBUTCS MOJy4EHHE NMPOTHBOPEYHMSA, THN YCTPaHAEMOCTH — —.
[lepexon k 3.

6. llceBnodopmyna Wi BKkIIOHaeTCs B MOCNEAOBATENBHOCTD TICeBNOGOPMYT BbIBOA

B KQ4€CTBE MOCHUIKH, NOALEIBIO CTaHOBUTCA W], a THN ycTpaHseMoctH — 2. Ilepexon k 3.
7. Wi u Wj craHosstcs noauensmu. HaunHaem Bceraa paborats ¢ Wi.
7.1. IToauens — Wi. [IceBnodopmyna Wi, a Takke, Ha4MHas ¢ 3TOr0 MOMEHTA, BCE
HOBbIE NceBA0GOPMYJILI BHIBOJA U LIENIH [TOMEYat0TC METKOH — "V-1".
Ecnu Wi docmuorcuma, To co Bcex nceBaogopMyn BbIBOAA U BCeX Leneld CHUMa-
erca Metka "V-1", nepexon k 7.2.
B nporuBHOM ciydae — 14.
7.2. MMonuensto craHoBuTscs Wj. [lceBnodopmyna Wj, a Taioke, Ha4uKMHas € 3TOro
MOMEHTA, BCE HOBbIE NMceBA0GOPMYJIbI BEIBOAA U LIETH [TOMEYAIOTCS METKOR — "V -2",
Ecnu Wj docmuscuma, To co Bcex ncesaodopMyil BbiBOAa M BCex UeeH CHUMa-
ercst MeTka "V-2", nepexon k 12.
B npoTusHOM cnyuae — 14.
8. Wi unn Wj cranossarca noauensmu. HaunnaeM paborars ¢ Wi
8.1 Uens — Wi. [IceBnodopmyna Wi, a Takke BCe HOBBIE NceBA0GOPMYITbl BHIBOAA
H LIeNH 1oMeYaroTcs MeTkoi — "V-3".
Ecau uens Wi docmuxcuma, to 12.
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B npotuBHOM cCilyyae — 8.2.
8.2. Lesns — Wj. M3 BbiBOaA M LeNeil YCTPaHAIOTCS BCE N1CEBA0GOPMY.JIbl BbIBOAA H
BCE LIeNH, OTMedeHHbIe MeTkol "V-3". [lces1ogopMyia Wi, a Takxke BCE HOBbIC MCEBIO-
¢$opMy Il BBIBOAA U LENH IIOMEYAIOTCT METKOM — "V-4".
Ecnn uens Wj oocmuscura, 10 ~ 12.
B rpoTHBHOM ciyyae — 8.3.
8.3. Uz nocnenoBarenbHOCTH Liefeit U nceBaogopMyJ BbIBOAA YCTPAHSKOTCA BCE
MOLCIH U BCe rniceBA0GOpMYIibl ¢ METKH "V-4",

(a) Ecnu Ha uenn Wi VvV Wj He ctout MeTka "V2", To ncesaogopmyna —(Wi vV Wj)
OepeTcs B KayeCTBE HOBOM MOCBIIKM M MoMeyaeTcs MeTkoH "V2". a B Ka4eCTBE HOBOM
uenu 6epercs nporuBopeuue. [lepexon k 3.

(6) B npoTHBHCM ciy4ae, T. €. ecid Ha ueau Wi vV Wj ctout merka "V2", ocyiuect-
BJIACTCA BPEMEHHBIH BBIXOA M3 JOKa3aTeNbCTBA MCXOAHOrO METAyTBEPKIAEHHA, C IICEBIO-

dopmyart BeiBoga —(Wi vV Wj) cHUMaOTCS Bce METKH, uenb Wi V' Wj ycTpansercs, a B
KauecTBE HOBOM uenu Gepyrcs ase ncesrodopmyis Wi v —Wj U CTPOMTCS BBIBOIA —
(Wi V Wj) = = Wi u = Wj. [locne ocyulecTBIEHHS 3TOTO BbIBOa Ha NCEBAOYOPMY.ITY

BbiBoaa — (Wi v Wj) craButca Metke "V0". Tlepexon k 3.

9. Moauenbio CTGHOBUTCA ficeenodopMyna A(a/s), TAe s — Mepsas B al(paBUTHOM
nops/ke cBOO0IHA% MHIMBHIHAA MEPEMEHHAsA, HE BCTPEYAIOLIAACS HH B NCeBa0GOpMyIax
BbIBO/1a, HH B LIETSX.

(a) PaaoM ¢ Tak nonyueHHOR nceBao@opMynoi A(ou's) nuwercq s — abc, sy, Sz,..., S,
—orp.", rae sy, Sy,..., S, — BCE BPEMEHHbIE M CBOOOAHbIC HHAHMBUIHBIE [IEPEMEHHBIE, BXO-
Osme B rceBlogopmyiy VaA.

(6) Ecau B ncesaogpopmyne A(u/s) BCTpedaeTcss HEKOTOpast BPEMEHHas NepeMeHHas
Vi, TO OTMEYAEeTC M 3arIOMUHAETCA, UTO V; # S UM # JIIOOOMY CII0KHOMY TEPMY, KOTODbIHA
CONEPXHUT MEPEMEHHYK) S. IJTa MOMeTKa IeaeTcs [ TOro, 4To0bl adCONKTHO OrpaHu-
yeHHas MepeMeHHas He orpaHHYMBalia B BbIBOJE cama ceds.

(B) Ecnu B ncesnodopMmysie A BoOOLIE OTCYTCTBYET CBA3aHHAs MHIMBHIHAA T€pe-
MEHHas O, TO PE3V/IbTATOM [IPUMEHEHHS TaHHOrO MyHKTa alropuT™a OyleT cama NnceBao-
dopmyna A.

[epexon k 1 1.

10. Tlonuenso craHOBHTCA ¢opMyna A(a/v;), rae v, — nepBas B al@aBHTHOM
NOpsi/ike BPEMEHHAs TIEPEMEHHAS, HE BCTpEYalolascs HU B NNCEBAODOPMYJiax BbIBOAE, HH
B LIEJIAX.

Ecav B A(a/v;) BooOLIE OTCYTCTBYET CBA3aHHAN MHIAMBUAHASA MEPEMEHHAas &, TO
Pe3yIbTaTOM CHATHA KBAHTOPA CylLIeCTBOBaHUs OyIeT caMa rceBaogopMyna A.
10.1. Llens A(a/v,), a Takxke Bce HOBbIE N1CeBAOGOPMYbI BEIBOAA U LIETH NOMeYa-
0TCA MeTKO# - "V-5"
Ecny naHHas uens 4OCTHI'HYTA, TO MEPEXOd K 12.
B npotuBHOM ciyyae, nepexoa k 10.2.
10.2 V3 nocnenoBatenbHOCTH Uenei ¥ nceBaodGopMys BbIBOAA YCTPAHSAIOTCA BCE
MOJALIETH ¥ BCE NICEBAOQOPMYIIBI ¢ METKO#H "V-5".

(a) Ecan Ha uenn JaA He ctouT Metka "V3", To ncesrodopMyna —3aA Bepercs B
KayecTBe HOBOH NOCHIIKHM M NoMevaeTcs MeTko# "V3", a B kauecTBe HOBOH LenHu Oepercs
nportuBopeune. [lepexon k 3.
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(6) B mpotuBHOM ciy4ae, T. €. ecnu Ha uead JaA cTout Metka "V3", ocywectss-
€TCA BPEMEHHBIH BBIXON H3 10KA3aTE/NbLCTBA MCXOLHOTO METAYTBEPXKICHHS, C 11CEBA0DOP-

MYJIBl BbIBOJA —30LA CHUMAIOTCS BCE METKH, Le/ib JAA yCTPAHAETCS, 4 B KAYECTBE HOBOH

ueiad Gepercs ncespodopmyna Vo—A M OCyUIeCTBASAETCS BbIBOA —daA p— Va—A.
[locne ocyuiecTBIeHMs 3TOro BBIBOJA, @ OH BCErAa OCYILECTBMM, Ha IMCeBAO(GOPMYNy

BbIBOAa —JaA craButcs Metka "V0". Ilepexon k 3.

11. TIpoBepka JOCTHKHUMOCTH MOCTERHER LEH.

(a) Ecnn nocnenHe# uensio siBasercs ncesnodopmyna A, TO OHa CYUTACTCS JOCTHI-
HyTOM TOraa, Koraa cpeld HeMCK/IOUeHHBIX NnceB1odopMyn BeIBOAa UMeeTcs nceBaodop-
Mmyna B takas, yto A v B nonoGHsl apyr apyry.

B npoTtuBHOM Cyyae Lenb CUMTAETCS HE JOCTHUTHYTOH,

(6) Ecnn nocneaHeit uenbto sABASETCS NPOTHBOPEYHE, TO OHA CUMTAETCS JOCTHIHY-
TOHW TOrza, KOTJa CpeAM HEHUCKIIFOUEHHBIX MceBA0GOPMyYN BbIBOAA HaHAYTCA 1B ICEBAO-
¢opmynsl A u —B Takue, uto A u B nogo6uel apyr apyry.

B NpoTHBHOM Cilydae Leilb CUMTAETCA HE JOCTUIHYTOH.
Ecau uens nocrurHyra, T0 nepexon k 12.
Ecnu uens He 10CTUTHYTA, TO nepexon k 13.

12. Jocturuyra uens Wn.

12.1. Ecniu Wn — 2rasnasn yeno, T. €. camas BEpXHSAS Le/b B UX 0OC/IEA0BATENLHO-
cti, To Wn roMevaercs kak docmuzHymas, BbIXOA U3 ajJrOPUTMa — BBIBOAMMOCTE 0boc-
HOBaHa.

12.2. Ecan Wn — npoTHBOpEYHE H HEKOTOPbIE BPEMEHHBIE [1I€PEMEHHBIE TIPH ITOM
NOJIyYHITH 3Ha4YE€HHE, TO:

(a) Bo Bcex ncepmogopMyiax BbIBOAA M UENEH, COAEpKalUUX JaHHbIE BPEMEHHbIE
NEPEMEHHbBIE, OCYILLECTBISAETCS NPUIKChIBAHHE 3HAYEHUH BPEMEHHBIM [TEPEMEHHbIM.

(6) IpoBepsercs, He BO3HMKIIA JIH NIPH NPUMMCHIBAHMK 3HAYCHH BpEMEHHbIM Iepe-
MEHHBIM CHTyallls, KOrJa HEKOTopas NepeMeHHas OrpaHH4YMBacT cama cebs..

(B) Wi kak uenb ycTpaHsercs.

(r) HoBo# uensi0 cTaHOBUTCHA NpeAbiayluas Leidb, a K nceBaodopMysaM BbIBOAa

npuMeHseTcs npaBuio —B. Pesynsrarom ssnsiercs ncesnodopmyna —B, rae B — nocnen-
HSis TTOCBINIKA B BBIBOJE.
(n) lenaercs oTMeTKa, 4TO Bce nceBno¢opMyIbl, HauKHas ¢ B ¥ 3aKkaHYMBas 1ces-

aodopmynoit, npeauectsyoutet —B, B JanpHeHIIMX 1arax BelBoOAa MPHUHUMATh y4acTHS
HE MOTYT.

(e) Ecau B uKcno 31X ncesaodopMy nonaiaer ncesnogopmyna ¢ merkoit "V+0",
ABJISIOLIAACS 3aK/IHOYEHHEM HEKOTOPOro MpaBuia BLIBOJA, TO ¢ COOTBETCTBYIOLIEH IICEB-
A0pOpMYITbI, ABAKIOLICHCS MOCHIIKON JaHHOrO NPUMEHEHUS paBUia BbIBOAA, CHUMAETCH
meTka "VO". Ilepexon k 3.

12.3. Ecau npensiayiiei K 10¢TUrHyTo#t ueny Wn asnserca ueas Wn-1 = Wn Vv

Wk un Wk V Wn 4 BpeMeHHbI€ EPEMEHHBIC TIPH 3TOM MOJYHHIH 3HAUYEHHE, TO:

(a) Bo Bcex nceprodopmMyiax BblBOAA M UENEH, COAEPKAILMX JaHHbBIE BPEMEHHbIE
NepeMEHHbIE, OCYLIECTBIAETCS NPUITHUCHIBAHUE 3HAYEHHUI BPEMEHHDBIM [TEPEMEHHBIM.

(6) TlpoBepsieTcs, He BOZHHUKIIA JIK [IPH NIPUIIHCHIBAHUH 3HAYEHUH BPEMEHHBIM Tepe-
MEHHBIM CHTYallMsl, KOTJa HEKOTOpas fepeMeHHas orpaHH4MBacT cama cebs.

(B) I3 mocne1oBaTenbsHOCTH LEAeH ycTpaHsatoTcs ueiad Wn u Wn-1.
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(r) HoBo#t L1ensio CTaHORMTCA [peabLdyllas Helb, @ B I0CIEJ0BATENbHOCTh MICEBI0-
dopmyn BbiBOAa BKIouYaercs nceprodopMyna Wn-l, koTopas sBIAETCS pe3yibTaToM

NpUMeEHeHHs fipaBuia VB K ncesgodopmyae Wn.
(1) Ecnu Ha uenu Wn-1 crosna Metka "V4", To ¢ ncegdogopmyavi 6v1600a, inopo-
Juswieu oannyo yeab (06 ITOM CM. HIKe), CHUMaeTcs MeTka "V4". Ilepexoa k 3.

12.4. Ecnu npelsutyuiel K JOCTUrHYTOR uend Wn seasercs Lesib Wn-1 = WK D

Wn K HEKOTOPbIE BPEMEHHbIE [IEPEMEHHDBIE MTPH 3TOM IOTYHHIIH 3HAYEHHE, TO:

(a) Bo Bcex ncesnodopmynax BbIBOAA M LENEH, COLEPKAWMX AaHHbIE BPEMEHHBIE
TliepeMEHHBIE, OCYLIECCTBSETCS MPUIMKChIBAHHE 3HAYEHHH BPEMEHHBIM TIEPEMEHHBIM.

(6) Ipoeepsiercs, He BO3HUKINA NH NPH MPUITHCHIBAHHH 3HAYEHU BPEMEHHBIM [epe-
MEHHBIM CHTYZLHMs, KOrla HEKOTOpas nepemMeHHas orpaHM4HUBaeT cama cebs.

(8) M3 nocneaoBatenbHOCTH Lieteit ycrpaHatoTes uean Wn u Wn-1.

(r) O4yepenHo# LENbIO CTAHOBUTCA OMlbKkaHllIasg paHee He JOCTHIHYTas LElb, K [1CEB-

aogopmyne BeiBoga Wn npUMeHsieTcs NpaBUiIo DB, T. €. ncesaopopMyina Wn-1 nepeno-
CHTCS B BBIBOL, ¥ B IOCIEA0BaTEILHOCTH 1ceBA0dOpMY BbIBOJA JIENAETCA OTMETKE, YTO
Bce ficeBaohopMyibl, HauHHas ¢ WK 1 3akaHuyuBas ncepaogopmynoi Wn, B JanbHEALLIMX
l1arax BbIBOJa MPUHHUMATh Y4ACTHS HES MOTYT.

(z) Ecny B uMcno nocnefHUx 1ceBRodopMy nomnanaer ncesiogopmyna ¢ METKOH
"V+0", aBas10Lasncs 3aKJIH0YEHUEM HEKOTOPOIO NpaBUiia BbIBOAA, TO C COOTBETCTBYIOLIEH
ncesaogopMyIibl, ABIstOIERCS NOCHUIKOW NaHHOrO MPHUMEHEHHWA I1IpaBHA BLIBOAQ, CHH-
MaeTcs MeTka "V0".

(e) Ecnn Ha uenn Wn-1 crosna metka "V4", To ¢ ncesdoghopmynel 8s1600a, nopo-
ouswe 0anHy1 yeab, cHuMaercs mMetka "V4". INepexon x 3.

12.5. Ecnu npensuiylied k JOCTHrHyTOH Lend Wn gBnsercs ueis Wn-1 = Wk &
Wn 4 HEKOTOpble BPEMEHHBIE MIepeMEHHbBIE NP 3TOM MOJIYYHIIH 3HAaYEHHE, TO:

(a) Bo Bcex ncepaodopMynax B8biBOAA WU LejeH, COAEpKallKX NaHHbIE BPEMEHHbIE
NEPEMEHHDIE, OCYLIECTBIAETCA PHIKHCHIBAHUE 3HaYEHUH BPEMEHHBIM IEPEMEHHBIM.

(6) Tlpoeepsercs, He BO3HHUKA M NPH NPUNHCHIBAHKMHY 3HAYEHUH BPEMEHHBIM Mepe-
MEHHBIM CHTYy&allMsl, KOr1a HEKOTOpas NepeMeHHas OrpaHH4YMBaeT cama ceods.

(B) Wn ¥ Wn-1 ycTpaHAIOTCA M3 N0OC/IEJ0BAaTENBHOCTH LIETEH.

(r) OyepenHoH uenblO CTaHOBUTCA OnMXkaias paHee He JOCTUIHYTas Lie/b, K NCeB-
nodopmynam nseiBoga Wk 1 Wn nprmensercs npaswio &B, T. €. nceBrodopmyina Wn-1
NEPEHOCHTCA B BBIBOJA M B MOCIEOBATENBHOCTH MnceBAOGOpMY BbiBOAa Ha riceBaodop-
myny Wk & Wn craButcs Metka "V0",

(1) Ecnn Ha uenn Wn-1 crosna metka "V4", To ¢ ncesoogopmynsi guigoda, nopo-
Oougwieli OaHHyo yeab, CHUMaeTca me1ka "V4". Tlepexoa k 3.

12.6. Ecau npeasiayiiet k nocturHyToi uenu Wn sasngerca uens Wn-1 = VoA u
HEKOTOpbIC BpEMEHHBIE NIEPEMEHHBIE [TPH 3TOM IMOJIY4HIH 3HAYCHUE, TO!

(a) Bo Bcex ncesnodopmynax 8bIBOAA W LiENEH, CONEPXaLIMX JaHHbIE BpeMEHHbIE
NepeMEHHbIE, OCYLIECTRAAETCA [IPUNKCHIBAHHE 3HAYEHHUH BPEMEHHBIM IIEPEMEHHBIM.

(6) TlporepseTcs, He BO3HHUKIA 1M NPH HPUIHCLIBAHWHM 3HaYeHHH BPEMEHHbBIM Nepe-
MEHHBIM CUTYZLHS, KOT1a HEKOTOpas [epeMEHHas OrpaHHYHBaeT cava cebs.

(8) Wn u Wn-1 ycTpaHsI0TCS U3 MOC/IEA0BATEIBHOCTH LigNeH.

(r) OuepenHoit uensio CTaHOBUTCH OnMkaiiias paHee He JOCTHTHYTas b, K NCes-
aodopMyne BeiBoga Wn mpUMeEHSETCs npasuio VB, 1. . ncesaodopmyna Wn-1 nepeHo-
CHTCS B BbIBOI H B I0CJIEJOBATENBHOCTH NCEBA0GOPMYIT BbiBOAa Ha nceBrodopMyny VoA
ctaBgTcq MeTku "V1" 1 "VQ"
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(a) Ecn Ha uenn Wn-1 crosna merka "V4", 10 ¢ ncegdogopmynsi 661600a, nopo-
Ousuieti 0anHyro yeab, CHUIMaeTca MeTka "V4". Tlepexon 3.

12.7. Ecan npensuiyuiei k xocturHyToi uenn Wn ssngercs uenb Wn-1 = oA u
HEKOTOPBIC BDEMECHHBIC MEPEMEHHBIE [IPU ITOM MOIYUH/IM 3HAYEHHE, TO:

(a) Bo Bcex ncesnodopmynax BbIBOAA W Lieneit, COAEPXKALIMX JaHHbIE BPEMEHHBIE
NepeMEHHbIE, OCYLUECTBIIACTCA NPHIUCEIBAHHE 3HAYECHHH BPEMEHHBIM NIEPEMEHHBIM.

(6) TlpoBepsercs, He BO3HHKA JIU NP NPUITMCBIBAHKU 3HAYEHHUH BPEMEHHBIM Iepe-
MEHHBIM CHTYalHs, KOTAa HEKOTOpas MepeMeHHas OrpaHKW4YUBaeT caMa ceds.

(8) Wn 1 Wn-1 ycTpaHSIOTCS M3 NOC/IE€A0BATENLHOCTH LENEH.

(r) O4epenHo#* UenbIO CTAaHOBUTCA Onikaiuias paHee He JOCTUTHYyTasl Leb, K NCEB-
Jo¢opmyre BeiBoga Wn npuMmeHsieTcs npasuiao 3B, T. €. ncesaodpopMyna Wn-1 nepeHo-
CHTCS B BBIBOJ H B [10C/ICA0BATENBHOCTH 11ceBA0$OPMYI BbIBOAA Ha ncesaodopmyay JaA
craBurcg MeTka "V0".

(0) Ecnn na uenn Wn-1 crosna metka "V4", 10 ¢ ncesdogpopmyner evigoda, nopo-
OQuswetl OaHHy0 yens, CHUMaeTcs Metka "V4". [lepexon k 3.

12.8. Ecan gocTvrHyTas Heiab UMeeT METKY "V4" ¥ HEeKOTOphie BPEMEHHEIE Tepe-
MEHHBIE NIPH 3TOM MOJYYHIH 3HaYCHHE, TO:

(a) Bo Bcex ncesnodopMynax BbIBOJA M Lefel, COACPKALIMX JaHHbIE BPEMEHHbBIE
TIEPEMEHHBIE, OCYLLECTBAETCA MPHIIHChIBAHHE 3HAYEHHH BPEMEHHEIM [1€PEN.CHHBIM.

(6) Iposepsiercs, He BO3HHUK/A M MPH NPUITHCHIBAHWHM 3HAUEHUH BPEMEHHBIM Mepe-
MEHHBIM CHTYaLlMs, KOTAa HEKOTOpas NepeMeHHas orpaHH4YMBaeT cama cebs.

(B) HanHas uenb U3 NOCIEA0BATENBHOCTH Lienel yOupaercs, HOBO#H CTaHOBUTCS IIpe-
Iblaywmas uens. [lepexon k 3.

13. Ilens Wn He nOoCTHTHYTA.

Ecnu nocneaHeit uensto apngercd ncep1ogopMynia 4 OHa HE JOCTUTHYTa, TO 4.
Ecnyu nocnenHe#t uenpto sBaseTcs NpOTUBOPEYHE ¥ OHA HE JOCTUTHYTa, TO 14.

14. Bri6op HOBBIX Leneit 10 popMynaM BbIBOJA.

14.1. Ecnu npu npocMoTpe CBEPXY BHHM3 BCEX NCEBAOGOPMYJ BBIBOAA B HX NOCIE-
JI0BaTEJIbHOCTH MMEIOTCS C/IOXKHBIE TIceBAOGOPMYIIbl, HE OTMEYEHHbIE MeTkamMH "V 0" unu
"V4", T0 K HUM NIPUMEHSAIOTCS CJIEAYIOIHE MPOLEAY DB

(a) Ecnu B BBIBOAE MMEETCA MMIUIMKaTHBHas ncesgodopMyna Buaa Wi DO Wj, To B

kauectBe noauenu 6eperca Wi. [lcesnodopmyna Wi D Wj v uens Wi NoMeyaroTCs MET-
kamu "V4". Ilepexon k 4.

(6) Ecnu B BhIBOIE MMeEeETCS AM3IBIOHKTHUBHAA riceBaogopmyna suaa Wi vV Wj, to B

kayectse noauenu 6eperca —Wi. [Icesnodopmyna Wi V Wj u uens —Wi nomeqarorcs
meTkamH "V4". Tlepexon k 4.

(8) Ecnu B BeiBOZE BcTpeuaercs ncesaodopmyna — Wi, To B kadecTse uenu Gepercs

Wi. Ilcesnodopmyna Wi u uens Wi nomeuarorcs metkamu "V4". Tlepexon k 4.
14.2. B npoTuBHOM ciy4ae repexoa k 15.
15. Ecnv npu npocMOTpe CBEpXY BHHM3 BCEX NMCEBAOGOPMYIl BbIBOJAA B UX MOCIEN0-
BaTENbHOCTH UMEIOTCA niceBa0GOpMYJibl, OTMEUEHHbIe MeTKOH "V 1", 10 16.
B nporuBHOM ciyuae 17.
16. BxoxaeHue B LMK,
Oukcupyercs nocnenHas uens. LMk HauMHAeTCs ¢ MPUMEHEHHS KO BCEM INCEB-
nodopMynaM BbIBOAA, OTMEUEHHbIM MeTKOH "V 1", npaBui BeIBOA.
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Ecau, npuMeHss nanee anr OpMTM, Mbl BHOBb NPHLLIH K MYHKTY 16 W Opu 3TOM
nocneaHss QUKCMpOBaHHAs LENb He Oblla JOCTHTHYTA, TO UMK/ CUHTACTCSA HenpooyKmue-
Holm, iepexon x 17.

17. 3aBepuicHHUE aropUTMA.

(a) Ecni mochennsAs uUeab NpOTHBOpeYMe OTMedeHa MeTkoi "V-1") To BbIXod M3
NTOPUTMA — BbIBOJ HEOCYUIECTBUM.

(6) Ecni nocnenHss uels NpoTHBOpeYHe OTMedeHa MeTkoHd "V-2") To BeIxoa M3
a/IrOpHTMAa — BBIBOJ HEOCYLUECTBHM.

(B) Ecnv mocnenHss uens MpOTHBOpEYHe oTMeveHa MeTko# "V-3", To mepexon k
8.2.

(r) Ecam nociienHsist uens rnpoT4Bopeyre 0TMedeHa MeTkon "V-4", To nepexoa k 8.3.

(n) Ecnu nocnenuss Leilb MPOTHBOpEYHE OTMEYEHA METKOKH "V-5", To mepexoa k
10.2.

(€) ecu mocneaHss uelb MPOTUBOPEYHE HE OTMEYEHA YKa3aHHBIMH BBILIE METKAMH,
TO BBIXOI U3 @rOPUTMA — BbIBOJ HEOCYLIECTBHM.

4. KomnbroTepuas peajiH3allHg ajJiropuT™Ma

[Ipu pa3paboTke TOH 4ACTH NporpaMMbl, KOTOpas OOecCeYHBaeT
KOMITBIOTEPHOE JOKA3aTEIbLCTBO TEOPEM KI1AaCCHYECKOMN JIOTHKH BbICKa3bl-
BaHHM, TOCTATOYHO OTPAHUYKTHCA CPABHEHHEM CTPOKOBBIX BbIpaXKEHHH.
DTO 03Hay4eT, YTO aBe HOpPMYJibl SKBUBAJIEHTHbI TOr[a U TOJBKO TOrAa,
KOrja BCe CHMMBOJIbI, MUCIIOJIb30BaHHbIE AJI1 UX MPEACTAB/IEHHS, IKBUBa-
JIEHTHBI B KOKJ0OH MO3ULIMU. B 3TOM ciyyae, npy HamMCaHUU NPOrpPaMMBbl,
MOXHO HCII0/Ib30BaTh MHCTPYMEHTalIbHble CpelcTBa, obecreyuBaroLite
3¢ dekTHBHYIO paboTy CO CTPOKOBBIMH MepeMeHHbIMH. OHaKo B ciiyyae
JIOTUKH NPeJAUKATOB, A/ YCTAHOBJIEHUS 3KBUBAJIEHTHOCTH JABYX (OpPMYI
HEOOXOAMMO OCYIUECTBJSATh HE TOJIBKO GOpPMaIbHOE CpaBHEHHUE, HO W
MPOBOJIUTh CpaBHEHWE 3HAYEHWUH 371EMEHTOB (opMys (HampuMmep, Ad
BPEMEHHBIX MepeMeHHBIX). I3 3Toro crieqyer, UTO 37€MEHTBI, COCTaB-
nsomme GopMyy JOTHKH MPEeaIdKaTOB, TOKHbBI 00J1aJaTh HEKOTOPbIMHU
CBOHCTBaMM (HampUMep — BpPEMEHHblE MepeMEeHHbIe [JOJDKHbI MPHHATH
3HayeHHs). g peaTu3anuy TaKoro poja nepeMeHHbIx Haubosee noaxo-
JAT 0OBbEKTHO-OPHEHTHPOBAHHBIE A3bIKH [POrpaMMHUPOBaHMS, HATIPUMED,
A3bIK MporpaMmMupoBadus C++.

Hcnosib3oBaHHe 3TOro sizbika MO3BOJIMIO CO3JaTh KOMIIAKTHYIO MPO-
rpaMMy, OCYLLECTBISIOUIYI0 [0Ka3aTelIbCTBO TEOPEM KJIaCCHYECKOM
JIOTUKHM BbICKA3biBAHHH M JIOTMKH TNpPEIHKaTOB B aBTOMATHYECKOM
pexxume. [lporpamma paboraer B cpeae Windows 3.11 u 3aHMMaeT Ha
aucke oko.1o 180 Ko6aitr. OpHako cielyeT y4MThbiBaTh, YTO YyKa3aHHbIH
00beM MamMATH OTHOCHUTCS JIMUIb K HCIIOJHUMOMY KOy MpPOrpaMMbl H He
YUMUTBIBAET MAaMATH, KOTopas TpebyeTcs /[is TMOCTPOEHHs BbIBOJA
(cermeHT jaHHbIX). lIpu padore mporpammbl A1 XpaHeHHS GOPMY.I
BbIBOJAa U GOpMyn Lened MaMsTh BbIAENAETCS aBTOMaTHYECKH. TakuM
0o0pa3oM, OLEHHTb MOJHbIA 0ObEM MaMATH, HEOOXOAUMBIH 11 paboThl
[IPOrpaMMEl, JOBOJIBHO CJIOXHO, TaK KakK 3TO KOJIMYECTBO 3aBHUCHUT OT
4yuciia LIaroB BeIBOAA M Qopmys Leneid, TpeOyeMbIX A HOKa3aTelbLCTBa
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HNaHHOH GopMysibl. BpeMsa nokasarenbcTBa ofHOMH TeopeMsl (B 060# u3
JIOTHK) COCTaBJIIET HECKOJIBKO CeKyHI ia mpoueccopa Intel Pentium c
TakTOBOM 4Yactotod 133 Mru. TectupoBaHue NpoOBOAMIOCE Ha MHOXeE-
cTBe (QOpMYJ1, BbIOpAHHBIX M3 YUYeOHHMKOB O MAaTeMaTHUYECKOH JIOTHKE, B
4YaCTHOCTH, U3 KHHIH A. Yepya “BBeneHre B MaTeMaTHYECKYIO JIOTHKY .
DTO MHOXECTBO — OKOJIO CTa TEOPEM KJIACCHYECKOM JIOTHKH BBICKA3bIBa-
HHA M 6ojee MATUOECATH TEOPEM JIOTHKHM TMPEIMKATOB — JOCTATOYHO
penpe3eHTaTUBHO.

Ms1 npuBenem 3aech aBa NpHMeEpa KOMIIBIOTEPHOIO OCYLIECTBIICHHUS
BbIBOJa. OOUH U3 HUX — JOKA3aTEJbCTBO 3aKOHA IHupca B noruke Bbicka-
3bIBAHUH.

Tpebyetcs nokasate: ((p>q) >p) Op.

MOChIIKA
MOCKIJIKA
MOChLIKa
MOChIIKA
~BHu3 1,2
~H, U3 4
DB2KS
oy, u30, 6
~Bu3l, 7
D, ~H, U3 8
((p>9)=p)=p, >BOk9

OObsAcHUM 1Iard BbIBOAA, CTPOMBLIEroCs MO OMUCAHHOMY BBILIE
anroput™my. Tak kak Tpebyercs aokazars hopmyny ((p D q) D p) D p, TO
MCXOJHbIM CIIMCOK BbIBOAA MYCT, a IJIABHOHW LEJIbIO SBJIAETCS caMma 3Ta
dopmyna. Ilo 3toit popmyne, cornacHo MyHKTY 4, HauMHaeT GOpMHUpO-
BaTbCA [OCJIEAOBATENbHOCTh (OPMYJ BBIBOAA M B KayeCTBE MEPBOMU
noceliku 6epercs dopmyna (p D q) D p), a LeNIbIO CTAHOBUTCS GopmyJia
p. Tak kak 3Ta Henb HE NOCTHXXHUMA, TO, O MYHKTY 5, B BbIBOJ MOMELLA-
eTcs fnoceuika —p, a uennto craHoButrca F. Llens F He poctmxkmma,
Mo3TOMY, Nno npouenype 14, nepsas noceuiKa Cy>KUT HCTOYHUKOM HOBOM
LeH, KOTOpOH CTaHOBMTCA (opMyna p D q . BHoBb, mo 4, a Takke
MyHKTY 6, B KaueCTBE HOBOM MOCHUIKH bepercs gopMyina p, a B Ka4eCTBe
HOBOH Uenu — dopmyna q. Onare-Taky, NocaeaHAS LeJIb He JOCTHXKUMA,
no3ToMy, Mo 5, OepeTcsa HOBas MOCHLIKA —(, 2 HOBOM LEIbIO CTAHOBUTCH
F. Ha 3TOoM 1are aBTOMaTH4ecKOro rnoMcka BeIBOAA MalllMHa yCTaHaBIIH-
BA€T, YTO Liejdb F NJOCTUrHyTa, Tak KaK B BbIBOJE UMEETCH MPOTHBOpEUHE
— (opMynbl p U —p (lward BeiBoJa 1 ¥ 2). 3TO CIYKHT CHTHAJIOM 1A
NPUMEHEHHS B BBIBOJEC MpaBuia "BBeAcHUs oTpHuaHusi". MMeHHO Takum
obpa3om B BbIBOIE MnosBiserca 4-i mar — dopmyna ——q. Ilpu 3tom Bce
dopMynbl, HaYHHas ¢ nociaeaHed nockuiku (dopMyibl 3) MW BIUIOTH 10
pe3yabTata MPUMEHEHHUS 3TOro MpaBM/ia, CUMUTAIOTCH U3 BBIBOAA yCTpa-
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HEHHbIMH (4TO TIIOMEYEHO CcJieBa OT HOMEPOB LIAaroB BEPTHKallbHOH
JIUHHEH, JUIMHAa KOTOPO# paBHA YMUCIY CTPOYEK HUCKIKYaeMbIX QopMyi).
3aMeTHM, YTO XOTS B BBIBOJE Y)K€ paHee COJEpiKajloch MPOTHBOPEYHE,
3TO MPaBWIO He MPHUMEHSAJIOCE, TaK KaK Ha 3TO He yKazbiBaja HUKaKas U3
ueneit. Lens F, Tak kak OHa JOCTHUrHYyTa, HCKIOYAETCS H LIEJIBIO CTaHO-
BUTCS npeasiayluas uens — dopmyna q. Gopmyna q nerko AOCTUraercs,
TaK KakK K 4-My 11ary MOXHO [TPHUMEHHThH MPaBHUIIO "HCKIIFOUEHHUS OTpHUA-
Hus". JloctiokeHue GopMyibl q CITYXKHT CUTHAIOM JJ1s5 aBTOMAaTHYECKOIo
NpUMEHEeHUs npaBwia “DOB", yro naet gopmyny 6 BeiBoza. OcrtansHble
LHary BbIBOJA OYEBUAHBI H MOIYT OBITh JIEFTKO BOCCTAHOBJIEHBI.
PaccMmoTpuM nipuMep A0ka3aTesbCTBa NpeaIUKaTHOW QOpMYyIIbL.

Tpebyercs nokazars: Vx(P(x)2Q(x))D(VXP(x)DVxQ(x)).

0. Vx(P(x) 2 Q(x)), MochlIKa
P(a) o Q(a), Vu, uz 0
[ VxP(x), MOChUIKA
P(a), Y, U3 2
—Q(a), MOChLIKa
Q(a), DH, H3 1, 3
==Q(a), —B,u34,5
Q(a), —H, U3 6
VxQ(x), VB, u3 7, a -~ abc.
| VxP(x)2VxQ(x), DB, U3 8, 2
| Vx(P(x)2Q(x))2(VXP(x)2VxQ(x)), DB, U39, 1

Borpoc, noyeMmy BO3HMKJIA [OaHHas MOCAEJOBaTeIbHOCTh LIAFOB,
Tpebyer obcyxaeHusd, 4yTo U Oyaer ceiddac caenaHo. s rnoHUMaHUA
najibHeHLIero Mol 0yaeM yeau MNOMELaTh ¢ MPaBoi CTOPOHbI CTPAHULIBI, a
ncegoo@opmyasl 6bi600a NPH/KUMATh K ee JIeBoH cTopoHe. Utak, Tpebo-
BaJ1och 00OCHOBATh BbIBOAHMOCTb

Vx(P(x)2Q(x))D(VxP(x)2VxQ(x)).

HcxonHslit crincok ncesio@opMys BelBOAa MyCT, a [NIABHOH LIENbIO
BJIETCS caMa 3Ta Popmya:
Vx(P(x)2Q(x))>(VxP(x)2>VxQ(x)).
[To sToit dopmyne, cornacHo MyHKTY 6 anropuTma, HauuHaeT dop-
MHPOBATbCS MOC/IE0BAaTENBHOCTS NCeBAOGOPMYJT BHIBOJA U B Ka4eCTBE
nepeoi noceuiku 6epercs ncesnodopmyia (nomeyeHa uugpotii 0):

0. Vx(P(x)>Q(x)),
a LEJIbI0 CTAHOBHUTCH KOHCEKBEHT UCXOLHOIO BLIPAXKEHHUSA —
VxP(x)DVxQ(x).
Tak kak k ncesgodopMyne 0 MOXKHO NMPHMEHUTH NMpPaBUIO VH, MBI,
MO MYHKTY 3 ajJropurMa, noiy4aem ncesaodopmyiry 1:
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1. P(v1)D Qv1).

I1pu 3TOM Ha ncesgodopmyity 0 Beluaerca metka "V 1", roropsiuas o
TOM, YTO JaHHasg MCceBIOQOpMysa SBIAETCA LIMKIOBOH, a TakKKe MeTKa
"V0", rosopsuias, 4To K KaHHOH GopMyse HET HeOOXOAMMOCTH elile pa3
NPUMEHSATD MpaBWia CHATHA KBaHTopa O6mHocTH. (OTMETHM, 4TO NCEB-
nodopmyna | oTnHyaeTcs OT TOro BhIpaXEHHS 1Moa HoMepom 1, koTopoe
COJEPXKUTCA B MOCTPOEHHOM BbiBOJe.) M3 maHHBIX OBYX rceBaodopMmyn
cienath JajbHEHIIMe MIard BbIBOJA MO aHAJIMTHYECKUM MpaBUiIaM
HeBO3MOXHO. [loaToMy mepexonum k aHanusy nocnenHeit uenu. OHa
HEJOCTHKHMMA, HO €€ aHaJIM3 MI03BOJISAET, MO IyHKTY 6, [OJY4YHTb B Kaue-
CTBE €LUE OQHOM MOCBUIKH MCeBAOGOPMyYNy BbIBOJA, HOMEYEHHYIO I{H-
poit 2:

2. VxP(x),

a nocJeAHeH LeNblo cenaTh nceBgoGopMyy

VxQ(x).
Teneps Mbl BHOBb MOXEM CJI€/IaTh HEKOTOPBIH LIar BbIBOJA, YTO, IO
MyHKTY 3 ajirOpUT™Ma, JaeT HaM rncesgodhopMyty 3:
3. P(v2).

Ilpu 3TOoM Ha nceBgodopmysiy 2 craBatcs Mmetkd "VI1" u "VO".
OTMeTuM, 4TO ¥ B JAHHOM CJly4ae MOJIy4yeHHas MO ajJrOpUTMY MCEBAO-
dbopMyna 3 oTIM4AETCA OT TOrO, YTO MBI B 3TOM ITYHKTE€ HMEEM B OKOHYa-
TeJIbHOM BapHaHTe BBHIBOJA. TaK KakKk HHUKaKUX [AaJbHEHIUMX LIaroB
BbIBOJA MPUMEHHTh K TMceBgodopMyiaM, coaep)KallMMcs B BBIBOJE,
Hesb3s, MepexoauM K aHaIu3y mnocienHed uead. OHa He JOCTHXKHMA, HO
JaeT HaM, MO MYHKTY 9 anropudtma, B KauyeCTBE HOBOM MOC/eNHEH LeIH

nn

¢opmyany
Q(a),
rae "a" HoBast cBOOOJHAs HHAWUBUIHAS MMEPEMEHHAS.

Teneps MBI Momnajad B CHTyallMIO, KOrga HH OJHOrO Luara BbIBOJA
cHenaTh HENb3S U B TO XK€ BpPeMs MOCHeqHAA Ledb (a ero SABISETCA dJie-
MeHTapHast ¢opMmyna) He JocTHxUMa. Toraa, Mo MyHKTY 5 ajirOpUTMa,
JaHHas LeIb CO 3HAKOM OTPHLAHHSA MEPEHOCUTCS B IOC/I€I0BATENBHOCTD
nceBaodopMyJl BbIBOJA B Ka4e€CTBE MOCBUIKH, a MOCIeAHEN LIeNIbIO CTaHO-
sutca "F":

4. -Q(a)
MPOTHBOPEUHE.
BHOBb BO3HHKILAsg CHUTyallMs XapakTepHU3yeTcs CJEIYIOLIUM: HH
OJHOrO Luara BbIBOJA CIEJAaTh HEJb3d, LE/b NPOTHBOPEYHE HE JOCTHra-
ercsa. [loatomy, mo myHkTy 14, B pe3yabTare aHanu3a mnceBaodopmyd
BBIBOJIA MOJly4aeM HOBYIO Lienb. Eto cTaHOBUTCS aHTelLleNeHT nceBaodop-
MyJIbl 1, TaK KaK TOJIBKO 3TO BBIP@XXEHHE MOXXET MMOPOJAWThE HOBYIO LENb.

Hrak,

P(vl),
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npu 3ToM Ha nceBaodopMysy 1| W NMomTy4YeHHyHO HOBYIO L€Ib CTABHUTCS
MmeTka "V4".

Tak kak HA OAHOrO 1ara BeIBOJA IMO-TIPEKHEMY CHENATh HEMb3, TO
NepexoJrM K aHa/lIu3y MOCJeNHEH UEIH W YyCTaHAB/IMBAEM, YTO JaHHas
Le1b SBIACTCS HOCTHXMMOW. a HWMEHHo: mnceBaodopmyna uend P(vl)
noaobHa ncepaodopmysie 3 BoiBoaa. [IpH ycTaHOBIEHHH N0A00HA OMnpe-
nenseM, uto vl = v2. W3 3T0r0 paBeHcTBa onpenenseM, YTOo BpEMEHHON
NepeMeHHON v2 HojkHa ObITh MpHUMHKHCaHAa B KayecTBe 3HAYEHWS Tiepe-
MeHHas V1, T. €. BO Bcex NnceBaoQopMyiax BbIBOJA U LEJIeH nepeMeHHas
v2 nomxkHa ObITh 3aMEHEHA Ha MepeMeHHYIo V1. 3To o3HadaeT, COorilacHoO
MyHKTY 12, uTto ncernodopmyna 3 B BbIBOAE NO/MHKHA OBITH 3aMeHeHa Ha
P(vl). HUrak,

3. P(vl).

[Tpu 3tom P(vl) u3 ueneit ybupaercs, a HOBOH Lie/IbIO CTAHOBMTCS
HFH .
POTHBOPEUHE.
Tenepn, cornacHo MyHK1y 3, K KOTOPOMY Hac OTCbUIA€T MyHKT 12,
Mbl MOXKEM I10 MPaBHJIy DH NOJy4HTh H3 | U 3 ncernodopmyny

5.Q(vl).

[TocnenHel uenpto siBAsg€TCS MPOTHBOpPEYHE, KOTOPOE NOCTHKHUMO B
CHJIy TOro, YTO B BBIBOAE HMMEIOTCA [BE MPOTHUBOpEYallHe NpYr APYry
JOCTHXHMEIE nicepaodopMybl. 1o ncesaodopmynsl 4 u 5. TIpu 3atom
BpEMEHHas NepeMeHHas vl NpUHUMaeT B Ka4ecTBe 3HaUYe€HHsl CBODOOIHYIO
HHAMBHIIHYIO MEPEMEHHYO "a". Torma, corsiacHo MyHKTYy 12, MbI Tiepe-
CTpaMBaeM BbIBOJ, KOTOPBIH Tenepb OyeT UMETh BUA:

0. Vx(P(x) o Q(x),
1. P(a) © Q(a),
2. VxP(x),
3. P(a),
4. =Q(a),
5. Q(a),
M NPUMEHSEM PaBWIO —B, YTO JACT HaM MceBAOPOPMY.TY

6. —\—1Q(a),

TIpH 3TOM NceBAOPOpMYbl 4 H 5 B JalbHEHLIMX LIarax BbIBOJA YXke MpH-
HHUMATb Y4aCTHA HE MOTYT, 410 H ObI10 oTMe4eHo ckcObkoit. Llenas —npo-
THBOPEYHE — H3 I10C/IE€J0BATEJBHOCTH Ueieit ycTpansercs. [locneanei
LIEJIBIO TeMepb CTAHOBUTCA NceBaodopmya

Q(a).
JTa ueJib JIETKO AOCTUracTcs, Tak Kak K ncesaodopmysie BeiBoga 6
JLOJI)KHO OBITb TPUMEHEHO MPAaBHIJIO —H, YTO JAET:

7. Q(a).
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HoctwxumocTs ncesgodopmynbl (Q(a) o3Hayaer, COrJIaCHO IMyHKTY
12, 4TO U3 NOCIEeAOBATENbHOCTH Lie/iel yCTpaHsIeTcsd kak caMa uenb Q(a),
TaKk W npeawecTByrowas e ncesagodopmyna VxQ(x). Ilocnennss nces-
10¢opMyJia MpH 3TOM MEPEHOCHTCH B BLIBOJ, T. €.

8. VxQ(x) —a— abc.,
a HOBOH LIeJTbEO CTAHOBHUTCS NcesaodopMyna
VxP(x)2VxQ(x).

JlanpHenMe 1Warkd NoCTpOeHUs BBIBOAA MO OMUCAHHOMY alrOpHUTMY
OYCBHIOHBI H MBI UX IIPUBOLUTH HE 6yIICM.

3. CoobpakeHus Mo A0Ka3aTEJALCTBY
KOPPEKTHOCTH aJropuT™Ma

byneM cuutaTh najiee CBA3KY, KOTOpas YNMOMHHAaeTcs B Ha3BaHHUU
TOrO0 WIM HMHOrO MpaBWIa BBEAEHHUS WIH yHaleHUs, KaK 3TO OOBIYHO U
nenaercs, xapakmepucmuyeckou (AJia naHHoro npasuia). Mmes HekoTto-
poe€ npaBHJIO BbIBOJA, OyeM Ha3bIBaTh MOCHUIKY, COAEPXKAILYIO XapaKTe-
PHCTHYECKYIO CBA3KY, H01buel MOCbUIKON. BhIBOJ Ha3biBaeTCs HOpMAib-
HbiM, €CJIM HHMKakas GopMyia, KoTopas sgagemcs 6Ooavuieil ROCHIAKOU
Kakoro-aubo npaBuia ylajieHHs, He SBJSETCS B TO XK€ BPEMS 3akaioue-
Huem HEKOTOpOro npasuia BeeaeHus. BriBoa dopmyinsl B U3 MHoxecTBa
runote3 I' ynoBneTBopseT KpUTEPUIO noOGdopmynvHocmu, eciu Kaxaas
dopmyna, Bxoasiulas B BbIBOH, SBJISETCS 3JIEMEHTOM MHOXECTBA MOJ-
dopmyn I unu sneMeHTOM MHoXkecTBa noadopmyn B. [llone noucka
BbIBOJA — MOLLHOCTh MHOX€eCTBa HOpMyJl, KOTOPbie MOIyT OBITh UCIIOJb-
30BaHbI KaK LIEJIH.

OO6BIYHO YKa3biBalOT, YTO B CMCTEMax HaTypaJbHOIO BbIBOJA Hapy-
LIaeTCs CBOMCTBO HOpMmabHocmu. B npuHLMIIE, 3TO AEUCTBUTENBHO TaK,
€C/IM CUCTEMAa HaTypa/lbHOrO BbIBOAA CQOPMYJIMPOBaHA B BUIE COBOKYII-
HOCTH TpaBUJI BBEIEHHUS U YyAAJCHHUA JIOTHYECKUX CBSI30K. Toraa HHYTO
He 3anpellaeT COBepuiaTh ONepalUH, Hapyllaroluue KPUTEPUA HOpMab-
HocTH. [Ipobnema HOpManbHOCTH CBsi3aHa C APYTHM CBOMCTBOM BbIBOOA —
noadopmynbHOCTEIO. HopManbHbIA BbIBOJA 00nagaeT CBOWCTBOM TMOA-
dopmynpHocTH. Kak H3BECTHO, MpPH CEKBEHLMAJIBHOM MOCTPOECHHH
JIOTHKH CBOMCTBO MOAJOPMYIbHOCTH HapylIaeTcs MpH MPUMEHEHUH Tpa-
BHJIa CEYEHHUs U ocoboe MECTO 3aHUMAIOT TeopeMbl 00 YyCTpPaHUMOCTH
CEYEHHA, KOTOpbIE MO3BOJISIOT (€CAM OHHU AOKa3aHbl) JiOOOH BBIBOI C
NPUMEHEHHUEM CEYEHHs MEepecTPOUTh B BbIBOA Oe3 ceueHHs. C TOYKH 3pe-
HUS aBTOMAaTH3alUWH, Hajlhyde CBOMCTBa noAadOpMYNBHOCTH SBASETCS
OHMM H3 KJIIOYEBBbIX TpeOOBaHMWH, MpeAbsABALEMBIX K BbiBOAY. B npuH-
LMne oba CBOKCTBA, HOPMaJIbHOCTH W MOA(GOPMYIBHOCTH, CBSI3aHBI C
npobsnemMol noucka BbiBoxa. JeHCTBUTENBbHO, MPH BBIMOJHEHHH 3THX
YCJIOBHH MMOMUCK, MO KpalHed Mepe, MOTEHUHUATbHO, MOXET ObITb airo-
PUTMH3HPOBaH, B TO BpPeMs KaK HapyLUEHHE 3THX YCJIOBHUH MOXET MpH-
BECTH K KpalHe HEeNpUATHbIM daKkTaM, TAKUM, KaK LIMKJIbI B BbIBOJE (€ciiu
HHYTO HeE 3alpelaer Mnojy4arb HeKOTopyw ¢opMyny B BbIBOAE Kak
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pe3y/ibTaT I1paBWjia BBENEHHS W 3aT€M MCIO/Ib30BaTh €€ Kaxk OOIbilVio
[IOCBLIKY B I[IpaBW/ie YAaJ€HHA CBA3KM) WJM, NPH HApYLUEHHU CBOHCTBa
noa¢gopMyNbHOCTH, IOJIe Morcka MoxKeT ObITh (B XyaiueM ciyvae) dec-
KoHeuHbIM. [locnenHee CBA3aHO ¢ HaAWM4YKEM, HANpHMEp, MpaBHi BBEE-
HHSA OM3BIOHKUMHM U HEMIACHO MPHHHMAIOWLMUMCA IIPHHLMIIOM BBEASHHUA
JOITYUIeHHUV B BBIBOJ, COIJIaCHO KOTOPOMY B BbIBOJ B KauecTBe JOIMyLile-
HHS MOXXHO BBECTH Jt00YI0 NPOUIBOJIBHYIO QOPMYJTY.

Hanpumep, mycTe Mbl 1O, 1KHBI BEIBECTH B U3 MHOXKeCTBa runores I
CornacHo popMyTHpPOBKAM MpaBH, Kak pe3ysibTaT [pHMEHEeHHs MpaBuia
BBEACHHA JIM3BIOHKLMH K HEKOTOpOH ¢ecpMmyie A, B HallleM BBIBOJE
MOsKeT ObiTh nostydyeHa popmyna A v C, rae C — 310 npousBosHas dop-
MyJa (BO3MOXHO, HE BXOAALLAS HA B MHOXECTBO THNOTE3, HX B [, HU B
B). C npyro#t cTopoHbl, €c/id BBEAEHHE AOMYUICHHH B BBIBOJ HHUKAK He
00yCJIOBIEHO, TO MPH HAJMYHUHU YNOMSHYTOrO MPUHLMINA T[OCIeICTBUS
o alropdtMuszauuu  Oynyt kartactpoduueckumu. HcecnenomaHus B
obJlacTM aBTOMAaTU3allMM AeAYKUMH KaK pa3 U OOXOAST CTOPOHOH HaTy-
pajibHbIH EBIBOJ MMEHHO B CHJY npobiemsl "yKpoOwieHHs" NpaBui
BBEIEHHS H, B [IEPBYIO OUEpels, MPABU/IA BREICHUS THIBIOHKLIHH.

OjiHako, 3aMeTUM, 4TO NnoaoOHas KpPMTHKA HATypanbHOrO BBIBOXA,
€C/IM OHa ¥ sBisiach obocHoBaHHOH, TO 10 1991 r., korma IlTaamapk
[21] noka3zan, 4To J0OOH HaTypa/lbHBIA BBIBOZX MOXET OBITh HOPMaiH30-
BaH, Cllelyd HEKOTOPbIM CleUHalbHbIM MpoleaypaM. TakuM o0pazoM,
Halaaky Ha HaTypalbHbIA BBIBOA, C TOYKH 3PEHUSR €ro '"HEHOpMaJlbHO-
cTH'", ceHyac yxKe HeKOppekTHbl. TakuM 00pa3oM, ¢ TOYKH 3pEHHs HOp-
MaJbHOCTH, IpaBWjla BBEIEHHSA OKa3blBalOTCH BHE KPHUTHKH, OCTaBIIsA,
OJHAKO, B 3alace Y KPUTHKOB HaTypaJbHOIO BBIBOJA €Ule OJHO OpyAHe —
none noucka. JIEACTBUTENBHO, BeCbMa XapaKTepHO, YTO B HEMHOIOYMC-
JIeHHbIX pa0oTax Mo aBTOMAaTH3allHH HaTypajbHOTO BbIBOAA OOBIYHO IPU-
HUMaeTcs ciaeayrowuid noaxod. Kazanoch Obl, coeceM 06e300uMaHOE M
ecmecmeeHrHoe NPaBUI0 yAaleHUst AU3BIOHKLMH (TaK OHO U (OPMYJIHpPY-
€TCS B HAlIEM MOCTPOEHHH) TAKXKE CHYUTaeTCs Oe3bICXOAHBIM U Mpole-
Ayp NMNOHCKa H 3aMEHAETCH Ha 11PaBMJIO (M3BECTHOE B HCTOPHH JIOTHKH MOJ
Ha3BaHHeM "paccys;xkaeHue 1o cnydasM" — "Ecnu B BeieegeHo U3 [ u A, u
B BeiBeneHo u3 I' u C, ¥ npy 3TOM HMeeTCs BbIBOA AU3BIOHKUHH A v C U3
[, To Torna B cuutaerca BeiBeAeHHBIM 43 [I"). OTMETHM, 4YTO Takas
3aMeHa NnpasHila YIaJleH!A JM3bIOHKLHH, KOHEYHO, HE peliaeT npobaeMsl
MTOMCKa, co3aaBas OJHOBPEMEHHO AOMOJHHTE/IBHbIE CIOXHOCTH.

Takum obpazom (o uMeroLLencs Y aBTOPOB HHGOPMALIMH), Ha Cero-
OHALIHKHA JIEHb CUTyauMsl TaKOBa: Y4YMTEIBAS PELUEHHOCTb MpobieMbl
HOPMaM3allMM HaTypaJibHOTO BbiBOJA MpH (OPMYJIMPOBKE CHCTEMBI
HaTypaJIbHOIO BBIEOJA C IPAEBWIOM PAacCy;KAEHHA MO Cay4yasiM, B IPHH-
LIMIIe, MOXHO C(HOpPMYJHpOBaTh HEKOTOPBIH 6a30BbIH anroputM, pabo-
TalOLHK Ha M0J1€ IIOUCKA, COCTOSALUEM U3 MHOKeCTBa NoAdOpMYJ1 HCXO-
HOHM ¢opMynbl (Tpedylollel ,JoKa3aTenbCTBa MJH BbIBOJA). ITOT aliro-
PUTM MOXET ObITb MPENCTABIICH, HAaNpUMeEp, B AyXe IOC/IeA0BATEIbHOTO
nepebopa BO3MOXHBIX BAPUAHTOB (TaK Ha3blBaeMbid breadth first search)
M OTCEHBAHHs TYIMKOBBIX BETBEH B JdepeBe Moucka. B cumy Ttoro, uro
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MHOXECTBO (JOPMYJI MOHCKA KOHEYHO, U B CHJIy KOHEYHOCTH UMCila BO3-
MOXXHBIX BETBEH B [E€PEBE [IOMCKA, AJrOPUTM BCeria 3aBEpIIMT CBOIO
paboTy, noMeyas Bceraa TYNHKOBBIH IyTe MeTkoi "HeT" u myTs, Bemy-
UA K pewieHuto, MeTkod "Jla". OpgHako nmpd TaKOM I1OOXOOE BCTaeT
cepbesHas npobsieMa BO3MOXKHOM "HeAeTepMHHUPOBAHHOCTH' airopuT™Ma
MPakTHYECKH Ha K&KIOM Llare B AepeBe MOMcKa. TakuM oOpa3om, akTy-
aJIbHOH ABJISETCA 3afaya CHATUS (JIMKBUAALMH) 3TOH "HeleTepMHHHPO-
BAaHHOCTH" (1O KpalHel Mepe, HaCKOJBKO 3TO OKaXETCS BO3MOXKHBIM)
ITyTEM BBEJEHHsA [OIOJIHUTENbHBIX NpHeMoB. KMMeHHO 3Ty 3amauy w
peluaeT npeacTaB/eHHbIN B JaHHOH paboTte noaxon.

Htax, Mbl nOKaxeM, 4TO CGHOPMYJHPOBAHHBIH HaMH aJIFTOPUTM
pelaeT cjaeayromue npobaemsi:

— HOPMAalH3aLHIO BbIBOAA (M, CI€AOBaTe/ibHO, NpobieMy noadop-
MYJIBHOCTH),

— MaKCHMasbHO pelaer mnpobiemy "HeAETEpMHHHPOBAHHOCTH'
NOMCKa BbIBOJA.

YT1o kacaeTcs MepBOM M3 yKa3aHHBIX MpobiieM, TO CBOHCTBO HOp-
MaIbHOCTH [AOCTHraeTcs, B MPHHLMME, 3a CYET O0coOOro MexaHu3Ma,
obecreyuBaroLero cTporo "AeTepMHUHUPOBaHHOE" MPUMEHEHHE MPaBUII
BBEJCHHUA JTOTHUYECKHUX CBSA30K COBMECTHO CO ClELHAIbHBIM MEXaHH3MOM
HaK1aJblBaHU METOK Ha GopMyJibl BbIBOAA, OrPaHHYMBAIOLUErO BbIOOP
HOBBIX LieJIE# ¥ TPUMEHEHHE MPaBUJl yAAJIEHHS CBA30K.

Tenepp, npyuHUMas BO BHMMaHHWeE, YTO BbIOOp Li€JI€H HAUMHAETCH C
aHanu3a ¢GopMysl, TpebOylouied OokasareabcTBa (MJIM BBIBOJA), JIETKO
YCTaHOBHTB, YTO BBIMIOJIHAETCA U CBOHCTBO NMOA(POPMYJIBHOCTH — TaK Kak
Teneps Bce GOpMyIibl, MONAAAlOUIHE B BbIBOJ, ABJAIOTCA Wi€HAaMH MHO-
)kecTBa noadopmys 3TOH HCXOLHOH POpPMYJIBL.
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V.Rantala

ON THE LOGIC OF CONNECTIONIST
REPRESENTATION

AbcTpakT. Ilo mHeHUul0O HeKOMOpbIX KOHHEKYUOHUCMO8, NpoYecchl 8
KOZHUMUBHOU apXumexkmype MululieHUs, NOPONCOalowue nonazawue,
He MO2ym paccmMampueamvCs Kax 102uyecKkue onepayuu ¢ 8blCKAa3bl-
BAHUAMU, U MEeHMANbHble COCMOAHUS HEBO3MONCHO NOHAMY 8 MepMU-
Hax nocneonux. C amoi moyku 3peHust 06pazoeanue HOB020 NONAZAHUA
APOUCXOOUM AHANO2UHHO NPOYeccy 8 cemu CéA3eu npu Hanruyuu o06b-
exma wiu obpasya, 6vi3vl8AIWe20 AKMUSUIUPOSAHUE ee INeMeHmos. B
cmamee paccmampuéaemcs KAk —02paHudugaiowue  OMHOUIeHUs
MeNHCOY CUMBOTUYECKUM U NPEOCUMBONUYECKUM NPeOCmAasieHUeM 3Ha-
HUU, Maxk U, 8 MepPMUHAX KOHHEKYUOHUCMCKUX CUCMeM, OMHOWEHUA
MedHcOy NPONO3IUYUOHANbHBIM U HENPONO3UYUOHAILHLIM Npeocmaesne-
Huem 3nanuu. 11o0-euoumMomy, MOJCHO paccmMampueams KAACCUUECKOe
npedocmaeneHue (6 HeKOmMopOM YCI08HOM JIO2UYECKOM CMbICAe C/108Qa)
KaK HOPMAMUBHYIO U UOeATU3UPOBAHHYIO MEOPUIO, 8 MO 8pPeMA KAK
npeocuMBonIUYecKoe npeocmasgienue npugooum k bolee pearucmuye-
CKOU KapmuHe 4Yel108e4ecK020 3HAHUA U NO3HAHUA U UX Jo2uxu. H3
02PAHUYUMENIbHO20 OMHOWEHUA, Hanpumep, ciedyem, Y¥mo HOPpMAmue-
HQA SNUCMEMUYECKAas N102UKA OOIMNCHA Oblmb npedenbHulM Ciayvaem
bo1ee peanucmuyeckol INUCMEMUYECKOU N02UKYU, YMO, meM He MeHee,
8 HEKOMOPOM CMbICIE, 00 CUX NOP He 00 KOHYA NOHAMO.

It is often said that symbolic representation does not belong to the
architecture of connectionist systems, but they can learn to represent
symbols by means of nonsymbolic processes. If this holds and if con-
nectionism models human cognition, the same can be said about human
symbolic representation, too. It is also maintained by some cognitive
scientists, Smolensky (1988) in the first place, that the so-called sub-
symbolic representation in connectionist networks and symbolic repre-
sentation, e.g., in von Neumann computers are in a certain sense
approximations to each other and the latter is a limiting case of the
former. This view is called limitivism, and it is analogous to certain
ideas presented in the philosophy of science about scientific change.

According to some connectionists, the processes belonging to
human cognitive architecture which give rise to beliefs should not be
thought of as logical operations of propositions and mental states
should not be understood in terms of propositions. Instead, the forma-
tion of a new belief is analogous to what takes place in a connectionist
network when it is presented with an object or pattern which causes
that its units are activated. Knowing is analogous to the fact that the
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network recognises this object or pattern which means that the weights
of its connections receive appropriate values." Where symbolic
knowledge representation, as it is described in the classical model of
cognition, concerns propositional knowledge, describable by phrases of
the form 'x knows that...", connectionist systems fundamentally model
nonpropositional knowledge, part of which can be described, e.g., by
phrases of the form 'x knows how.... The latter is sometimes called
experiential knowledge, and, perhaps, tacit knowledge.

[ shall consider now both the limitivist relation which Smolensky
claims to obtain between symbolic and subsymbolic representations of
knowledge and, in terms of connectionist systems, the relation between
propositional and nonpropositional knowledge representations. Even
though the forthcoming ideas about the representations and their
relationship are to some extent hypothetical, they may nevertheless
open new perspectives, e.g., on certain problems much discussed in the
logic of propositional attitudes, in so far as that logic can be thought of
as a descriptive 'theory' of human knowledge processes. It seems to me
that it is possible to consider classical representation, in some
conventional logical sense of the word, as a normative and idealised
theory, whereas subsymbolic representation would yield a more
realistic picture of human knowledge and learning, and their logic.
From the limitivist relation it follows, for instance, that normative
epistemic logic would be a limiting case of a more realistic epistemic
logic, in some sense which is not very well understood so far, however.

1. Different Kinds of Knowledge Representation

There are extensive detates in cognitive science about the relation
between symbolic and connectionist representations of cognition and,
on the other hand, about the relation between cognitive theories and
theories of neuroscience.? Certain standard views, such as reduction-
ism and functionalism, of how representations belonging to different
levels of cognitive science are related are especially problematic con-
ceptually. As I have argued elsewhere,’ they are problematic in that
they are not, and possibly cannot be, elaborated so as to be applicable
in a distinct and realistic way to relations between actual theories of
cognitive science. It turns out, however, that the notions of limiting
case and approximate correspondence may help us to explain the con-
ceptual dlsparlty involved in symbolic and subsymbolic representations
of knowledge.* For instance, the notions can be applied to investigate
the relation between theories describing appropriate symbolic and con-
nectionist structures.

See, ¢.g., Bechtel and Abrahamsen (1991).

See Vaden (1993), (1996).

Rantala (1997).

Vadén (1993), Rantala and Vadén (1994), Vadén (1996).
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At this point we need to describe two distinctions, made by
Smolensky, which will be needed in the present paper. The first one is
the distinction, mentioned above, between symbolic and subsymbolic
representations of knowledge and models of cognition.” The two mod-
els are often thought of as different paradigms, in the Kuhnian sense of
paradigm. Briefly stated, the symbolic (or classical) model of cognitive
architecture maintains that cognitive representations and processes take
place by means of symbols, and it is often thought, not necessarily,
however, that such an architecture has a combinatorial syntax and
compositional semantics. The symbols of a symbol system have a
semantics in the sense that they refer to and mean something else, and
they are syntactical entities capable of being manipulated according to
rules.

On the other hand, subsymbolic representations and processes take
place by means of 'subsymbols' rather than symbols, and they are
realized by connectionist systems (i.e., networks) whose behaviour is
said to be rule-described, not rule-governed, unlike symbolic
representation and processes.” While by means of the symbolic model
the so-called conscious rule application can be exactly described, the
subsymbolic one can be used to exactly describe intuitive cognitive
processing. Rules in a system of the former kind provide ‘'hard
constraints' for cognition, whereas the constraints in a connectionist
system are 'soft' and they are yielded by the connections between its
units. A hard constraint does not admit violations, whereas the role of a
single connection in a network is more limited in the sense that it is just
one among many (possibly a huge number of) connections. While
symbols are manipulated by syntactic operations, subsymbols are
processed by numerical computations. Subsymbols are microfeatures
of symbols rather than symbols and they need not have a semantic
(context-free) content individually in the same sense as symbols have.
Generally, only an ensemble or vector of subsymbols, distributed
among units of a connectionist system, can be collectively interpreted
in the same way as a single symbol.

The other distinction is that between the conceptual and
subconceptual levels of analysis, and it is semantic, that is, concerns
the notion of semantic content. The former level is the semantic level
of descriptions in the ordinary sense of semantics, whereas the latter
one is a semantic level at which the activities of individual units in a
connectionist system (and possibly units in subsymbolic systems of
other kinds, such as the brain) are given a semantic content. The
semantic content of such a unit is a microfeature of something; it is a

'Information’ would be a term that is philosophically more neutral, but 'knowledge' is
commonly used here.

Their semantics is sometimes given from the outside, as in the case of digital
machines. Then a system is not what Fetzer (1990) calls a semiotic system.

See also Vadén (1995) and (1996) for a clarification of Smolensky's position.
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subconcept rather than concept. Only vectors of activation values of
units, that is, representations distributed over a (possibly huge) number
of units, may represent concepts and thus have meanings in the
ordinary sense. Now a connectionist system can be described referring
to either level, of which the subconceptual level i1s considered
fundamental. The conceptual level description of such a system is,
according to Smolensky, an approximation of the accurate
subconceptual level description of the system.

Some aspects of cognition can be described in an accurate way
only at the subconceptual level by using notions such as individual unit
(of a network), activation value (of a unit), connection (of units), and
weight (of a connection). But the conceptual level semantics refers to
notions and elements of the task domain, and only this level is relevant
for the purposes of a symbol system. An important idea that Smolensky
advocates is that to describe cognition completely enough both
symbolic and subsymbolic models are needed and within the latter both
the conceptual level and subconceptual level.

Now he suggests, furthermore, that the relation between symbolic
and subsymbolic representations of knowledge is such that the theory
describing symbol systems is a limiting case of the theory describing
connectionist systems (if it is assumed that, e.g., the number of units in
a connectionist network approaches infinity). He does not provide any
construction of the limiting case correspondence he claims there is,
but Rantala and Vadén (1994) design two theories (of the conceptual
level) related to symbolic and subsymbolic representations,
respectively, and point out that the former is in a limiting case
correspondence to the latter. This is done by first constructing a Turing
machine 7 and a connectionist net N satisfying certain conditions and
then showing that a certain conceptual level description (theory) of T is
in a limiting case correspondence to a similar description of N when
the number of units of N approaches infinity. The former description is
called a 'theory of Turing representation' and the latter a 'theory of
network representation’. In a case where the number of the units of the
network is finite but large. one may say that the respective network
representation approximates the Turing representation.

Given a network like N, one might hope that its subconceptual
architecture could be described by telling how the rules indicating how
the activation values of N are determined by other activation values and
connection weights, and this way displaying how the outputs of N are
determined by the respective inputs and the activation rules in question.
This would mean that the internal structure and activation rules of N
determine, but possibly only in a statistical sense, the output when the
input is given. Hence, if the rules are deterministic and if there is a
subconceptual level theory S describing the architecture of N that is

® It seems obvious that there cannot exist such a comprehensive correspondence

relation between theories of the two kinds as he claims.
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deterministic, it explains why a given output results from a given input,
but if the rules are stochastic, the explanation is statistical. In general,
such a mathematical descrlptlon would be available if enough were
known about the network. However, this much knowledge may not be
available if there are hidden layers in the network, as acknowledged by
many connectionists, such as Bechtel and Abrahamsen, who argue that
typlcally there is no simple description for the regularltles of hidden
units.” According to Smolensky, on the other hand, conceptual-level
descriptions can be derived from subconceptual ones, but they are
incomplete, imprecise, or informal in relevant senses of the words. If a
network 1s stochastic, one must be satisfied with probabilities and with
a statistical or prObablllStIC inference of the input- output relation from
the possible subconceptual description of the network."”

2. Connectionist Learning

The connectionist system N mentioned above was assumed to be
trained so that it has learned to recognize whether or not certain inputs
(that is, vectors of activation values) represent expressions of a given
language say L (satisfying appropriate conditions). The activation
values of N were assumed to be given by so-called logistic (or
respective stochastic) activation functions, as is usual in cases where
hidden layers are involved, which means, for instance, that the output
values belong to the open interval (0,1). That N has learned to
recognize an expression means that the respective output is close to 1
or close to 0, respectively, according to whether the expression belongs
or does not belong to L.. If the number of the units of the network
increases and approaches infinity, in the limit the network becomes a
Turing machine 7.. It is known that if the the set of expressions of a
language is finite or recursively infinite, such a Turing machine is able
to recognize exactly (that is, it can be defined so that it recognizes)
whether or not a given expression belongs to the language, that is, its
output value is 1 or 0 according to whether or not it belongs to it.

In the more formal version in Rantala and Vadén (1994) it is
supposed that NV is a deterministic system, but it does not change the
results if it is stochastic, in so far as relevant conditions concerning the
degree of variability are satisfied. In such a case, the outputs, that is,
the respective activity functions, are interpreted as probabilities. Then

° Bechtel and Abrahamsen (1991), p. 163.

'% The relationship between connectionist and neural representations of knowledge is
not very well understood; and most of what has been said of it in the literature is
rather uncertain. Smolensky (1988) proposes that this relation is in many respects
similar to the relation of symbolic and connectionist representations. According to
him, if a connectionist system and the brain are described at the subconceptual level
(it is a 'higher' level than the neural level), the descriptions are good approximations
of each other, but what would an exact relation look like between them is not known
so far.
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the relation between inputs and outputs is probabilistic, and it may
happen that different trials with the same input (and the same
connection weights) result in slightly different outputs. We may say, in
any case, that the connectionist system N recognizes the expressions of
the language L only approximately since the output values are 1 or 0
only approximately. However, in certain cases the system may make
mistakes. If it is stipulated (as usual) that a (positive) recognition takes
place sufficiently well as soon as the respective output exceeds a given
value, close to 1, it can happen that the trained network occasionally
yields output values which are smaller than what was stipulated. This
may take place if the system has to generalize from what it is trained to
recognize, that is, if the system is actually trained to recognize a proper
subset of the expressions of L, and then it is tested whether it will
recognize others. There are some actual experiments indicating that
networks can learn to recognize and that they make mistakes when
trying to generalize, as, for instance, Bechtel and Abrahamsen's (1991)
simulation model which solves certain logical problems.

Let us assume now, tentatively at least, that a sufficiently
complete description S of the subconceptual architecture of V exists. S
describes the mechanism of how an input is transformed into an output,
hence it describes in a general way the dvnamic processes of &, that is,
how connection weights and activation values of individual units are
adjusted. Now it is sometimes said (metaphorically) that S describes NV’
s capability of knowing how to transform a given input into the correct
output, that is, it describes the nonpropositional knowledge of M.
Similarly, the piece of propositional knowledge of A resulting from an
input is said to consist of its ability to recognize whether or not the
respective input represents an expression belonging to the language L
in question. This is to say (metaphorically) that if it manages to
recognize it by giving an appropriate output value in every test case, it
knows that the input does or does not represent such an expression. For
example, Bechtel and Abrahamsen (1991) make this kind of distinction
between nonpropositional and propositional knowledge with respect to
connectionist (even artificial) networks.

Now, at least if we assume that by means of connectionist systems
human cognition can be modelled more or less correctly, that is,
approximately in some sense, then the kind of knowledge it represents
can be called, after Smolensky, individual knowledge, in the sense that
"It is not publlcly accessible or completely reliable, and it is completely
dependent on ample experience."  If a theory S ‘Which describes the
subconceptual processes of N, it describes how its individual
nonpropositional knowledge (or knowing how) is possible, and a
description of the input-output relation of N (that is, what we called
above the theory of network representation) shows how its individual
propositional knowledge (that it knows that an input represents what it

"' Smolensky (1988), p.5.
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represents) is brought about. On the other hand, it will be said that the
infinite limit of N, that the Turing machine T (or possibly another
symbol system of the same kind) represents what Smolensky calls
public knowledge.. It is propositional, publicly accessible and
expressible, reliable (in the sense of admlttmg public checking),
universal, and analyzable at the conceptual level.'” It admits procedures
that different people can reliably execute by means of step-by-step
instructions, and thus it is related to Turing machines and von
Neumann computers. Therefore its relation to the above notion of
individual propositional knowledge seems to be in harmony with the
relation of T to N, as described above. Analogously we may say, then,
that the representation of public knowledge in this sense is in a hmltmg
case correspondence to the representation of individual propositional
knowledge.

3. On Connectionist Epistemic Logic

The problems concerning the relations between subconceptual and
conceptual individual knowledge and between individual and public
knowledge are relevant to certain questions concerning epistemic logic.
They open new ways to see its much discussed problems, at least in so
far as we may assume that connectionist learning is analogous to
human learning and that epistemic logic is a descriptive theory about
human epistemic processes. If we are not entitled to assume so, then
the logic that I shall ouline below is relevant to artificial networks only.
In any case, from the limitivist relation between symbolic and
subsymbolic representations (if they are presented, as above, by means
of an appropriate Turing machine and connectionist network,
respectively) it would follow on some plausible assumptions that a
normative epistemic logic is a limiting case of a more realistic,
descriptive, epistemic logic. The connectionist representation of
knowledge outlined above would perhaps explain, for instance, why
individuals are not logically omniscient and why they make mistakes
even in simple cases."”

We may suppose that a normative logic is based on classical logic.
Though the assumption that something like classical logic yields an
ideal which human reasoning should pursue has been controversial,
philosophers working on epistemic logic commonly think that way, and
evidence to the contrary has raised arguments among philosophers
against the relevance of epistemic logic.'* However, the supposition
that there is a distinction between public and individual knowledge is
more important here since it implies that there must be a similar
distinction between the logics they possibly obey. To say that the

2 See, €.g., Smolensky (1988), pp. 4-5.
3 See Bechtel and Abrahamsen (1991).
'* For example, Quine's arguments against modal logic in general are well known.
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former is classical would be dispensable and could be changed if
needed.

If there exists a logic which can be associated with subconceptual
knowledge, it is a kind of internal logic (of a connectionist system). In
the same spirit, let us call external the logic (of the connectionist
system) which conceptual individual krowledge possibly obeys. The
latter results when the system has learned to recognize (some) logical
principles. If a classical, symbolic representation (by means of a Turing
machine) of public knowleo e is in a limiting case correspondence to a
subsymbolic representation (by means of a connectionist system) of
individual knowledge, as proposed above, we may expect that classical
logic (also representable by means of a Turing machine) is a limiting
case of the external logic (of the connectionist system in question).
This would imply that similarly epistemic (modal) logic in the
normative sense is a limiting case of epistemic logic in the descriptive
sense. In what follows, I shall only sketch an epistemic logic of
connectionist systems, and not consider the limiting cases in question.
It is a logic which the procedure by which such a system learns to
recognize patterns suggests to us in a natural way.

Consider the network ¥, introduced above, and let the language L
be now a formal language of classical propositional logic. In view of
what was said about how N learns to recognize whether or not a given
input represents an expression of L, it is obvious that it can also be
trained to recognize whether a given atomic sentence of L is considered
true or false by the trainer and how the truth value of a more complex
sentence is determined, that is, how the truth tables of classical
connectives are determmed and thus ultimately truth values of
compound sentences.” Al tematlvely, it can be taught to recognize
some tautologies and substitution. Assume that wq is the 'actual' world
to which true and false sentences are related. As noted above, it is
assumed as bemg a classical, or 'normal’, world, obeying the classical
truth tables.'®

Consider next a state of IV, let it be w, by which I mean the ability
of N to adjust its connection weight values so as to be able to process
the input values either in the training mode or test mode. A given state
of N may change when new inputs are presented to it. In the context of
epistemic logic, let us call w a ('nonnormal') possible world (i.e.,
epistemically possible'’). If an input of N represents a sentence 4 of L
we say that the resulting output (at the state w) is the valuation of 4 at
w, and denote it by v(w,4), or simply v(4) if no confusion will arise. It
belongs to the open interval (0,1), whereas the desired ouput value

'* In practice, only a finite numboer of atomic sentences can be taught to N, so in order
to consider all of them we must idealize.

' In a sense, it can also be thought of as being representable in a Turing machine, since
classical laws of propositional logic can be represented in such a machine.

'" See Hintikka (1975).
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would be either 0 or 1, depending on whether it is considered false or
true by the trainer, that is, false or true at wg.. Now [ shall say that the
truth value of 4 at w is true, if v(w,4) exceeds (or equals) a certain
value, say a, which is greater than 0.5, determined by the trainer, and
false otherwise.'®

Since the aim of the trainer is to teach N the truth tables of the
connectives of classical propositional logic, it follows that if N learns
the connectives up to the given degree of the output value g, it learns to
recognize the classical tautologies up to a. Furthermore, it seems that
the only way to teach N the connectives, given that the ideal, classical
truth values are 0 and 1 (which can be considered as limit values of v),
is to teach it the following rules:

(=) v(—A4) = 1-v(4);

(V) v(AvB) = max {v(4),v(B)};
(A) V(AAB) =min {v(A4),v(B)};
(—) v(A—B) = v(—AvB).

This many-valued logic (or, rather, semantics) is what the internal
logic of N ought to be like since in a sense it approaches classical
semantics when the values of v approach 1 or 0. As proposed above,
the truth of 4 at w is defined as follows:

A 1s true at w iff v(4)>a.

It is evident that the respective two-valued logic is what we called
external (individual) logic. It is easy to see, for example, that not all
classical tautologies are true at w in cases where /N has not yet learned
to recognize them, as, for instance, if w belongs to the training mode or
if N has to generalize from what it already knows. If 4 is a sentence
whose truth value has already been taught to N, that is, v(w,4A)>a if 4 is
true at wg and v(w,4)<a if 4 is false at wg, we may suppose that the
same holds for all forthcoming states w' in the test mode. Even if the
network were stochastic, we may assume that once it has learned to
recognize the truth value of a sentence, all actual tests yield a correct
output for that sentence and all possible tests would do so. Only in
cases where it has to generalize, tests may occasionally yield a wrong
result.

Let now M be a Kripke model of the form M=<W,R,wg,V> where
W consists of wg and of all possible (nonnormal) worlds (that is, states
in the above sense) of N, R is an appropriate alternativenes relation in
W. V 1s the truth relation as indicated above. R can be, for example,
such that wRw' when w is wg and w' belongs to a test mode or when
both w and w' belong to a test mode in such a way that w' is later than
w. This means that, in addition to the actual world we only need to
consider alternative states of the network which come after the training
mode. We may assume, furthermore, that R is reflexive. There may

'* 1t is the question of N's recognizing 4, analogously to what was said above.
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exist other natural ways to characterize R, but it is not clear yet what
they might be. Now it is a direct consequence of the above assumptions
that it is natural to state:

N knows thar A 1s true at w iff 4 is true at every w'
such that wkw".
Sentence A is true in M iff A is true at wg.

Consider all Kripke models of the above form and define the
validity of a sentence in the usual way; this means that we have to
abstract and generalize from any concrete networks. If Q is the set of all
tautologies \’Vthh any (abstract) network has learned to recognize as
tautologlfs then the Rule of Necessitation will be semantically valid
in the following restricted form (where N varies over all abstract
networks):

(RNDQ) For all sentences 4 in Q, if A is valid then the sentence
N knows that A is valid.

It is clear that all the axioms of S4 are valid (assuming that R is
reflexive and transitive), and the rule modus ponens, as well, whence
this semantics provides a semantics for the subsystem of S4 in which
the Rule of Necessitation is restricted as indicated. However, whether
this semantics is complete and yet corresponds to connectionist
learning in an abstract sense, depends on what kinds of abstract
networks are considered admissible. Thus, for instance, if we want to
define a canonical model in something like the standard sense (or
rather a number of appropriate variants thereof) in the semantics, we
must admit as if networks that learn the truth values of infinitely many
sentences of the language.

With such reservations, then, this subsystem seems to correspond
in a natural way to what knowing means logically for connectionist
networks. If R is defined so that it is only reflexive, we get a subsystem
To of T which was defined in Rantala (1982). There the notion of
nonnormal (‘impossible') world was quite arbitrary, even ad hoc, but
now we have seen that it can be given a natural and substantial
construal in terms of networks.” If network learning is at all analogous
to human learning, as Bechtel and Abrahamsen appear to say, then this
logic can be considered as a descriptive theory in the sense discussed
above. [t does not give rise logical omniscience and it simulates
important features of how one learns logic in the semantic sense. It
should be obvious that the logic for the full system T is in something
like a limiting case correspondence to the logic for T¢, and similarly
for Sy4.

'® 1t is, of course, an idealization that all networks (actual and possible) would learn
exactly the same set, but for logical purposes such idealizations are unavoidable.

2% 1t is easy to see that the present kind of Kripke model can be thought of as a special
case of the model defined there.
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C.A.llaBjosB

JIOTHKA JOXHOCTH
KAK OBOBIIEHUE
TPEX3HAUYHOM JIOTUKH JYKACEBHUA

Abstract. Logic of falsehood is presented as four-valued generali-
zation of both Lukasiewich-Tarski’s extended propositional logic and
Lukasiewich’s three-valued logic, which does not coinside with
Lukasiewich’s original generalization. The non-modal interpretation of
unary operators for Lukasiewich’s three-valued logic is suggested.

Logic of falsehood FLA4 corresponds to Belnap'’s four-valued logic
in various formal and non-formal aspects, likewise its three-valued
sublogics correspond to Kleene’s and Lukasiewich's logic, respecti-
vely. Here an interrelations between implications for Kleene's,
Lukasiewich’s, Belnap's logics, logic Eqe and logic of falsehood are
considered.

BBenenue

Jloruka noxxHoctu FL4 [6,7,8] no3Bo/isseT KOPPEKTHO ONEpHUpO-
BaTb KAaK C JBY3HAUHBbIMHU BbHICKA3bIBAHMUSIMH (JIMOO HMCTHHHBIMH, AUOO
JIOXKHBIMH), TaK ¥ C BbICKa3bIBAHWAMH, COAEPXKALLMMU TPOTHUBOPEUHU-
BYIO H HEMOJIHYIO HH(OPMALHIO.

1. [TOHATHS HUCTUHHOCTHU W JIOXKHOCTH OyAeM coJeprKaTe/bHO pac-
CMAaTpHB2Th B TOM CMBICJIE, B KAKOM OHH BbIPAXAaIOTCs B €CTECTBEHHOM
A3bIKE B BEBICKA3bIBAHHMAX CJIeAYIOLLEro BHAa:

“Tlpeanoxenye ‘S;” uctunno.”, “Tlpennoxenue °S,” 10KHO.”,

B KOTOPEIX HMEHA MpemioxKeHUHH 00pa3oBaHbl C MOMOLIBKD (PYHKLHU
UMTHPOBAHMA. DTH BbICKa3blBaHHs CHUMBOJM3HpPYEM (opMysiaMy
7(S;*), F(S;*). TepmooOpa3syromuh omneparop * HCHOJHAET PoOJlb
GYHKUHE UMTUPOBAHHUS U ABJISETCS OOPATHBIM yKa3aTeslo aKTa YTBep-
skaeHus (00603HauaeTcs KBa 1paTHBIMH CKOOKAaMH | |), KOTOPbIi HCITOJIb-
3yeT B.A.CMUPHOB B KOMOMHHUPOBAHHOM UCUYHUCIECHHH NPENIOKEHHH U

cobwiTui [12].

OrpaHH4Y€HHE PACCMOTPEHHS MOHATHH HCTHHHOCTH H JIOXKHOCTH
TOJIbKO B BbICKA3blBAHHAX BbILIEYKA3aHHOrO BHAA [IPHHATO Ui TOrO,
4yToOBl K30eXaTh TPYAHOCTEH, CBSI3aHHBIX C CEMaHTHYECKHMH riapa-
JOKCaMy THIIA MapajgoKca ‘DKela M TPYJHOCTeH, CBA3aHHBIX C onpene-
JICHHEM BBICKa3bIBAHHA U OlIpeaeI€HMEM UCTHHBDI.

BoickaspiBanuss 7(S;*), F(S,*) ABASIOTCA BBICKA3blBaHHAMH 00
MCTUHHOCTH H JIOXKHOCTH lIpeMJIOKEeHHH ‘S’ °S;” M ABIAIOTCS BbICKa-
3bIBAHUSIMH B METAsA3blKE OTHOCHUTENIBHO fA3biKa, B KOTOPOM C(OpMY-
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JIMpOBaHbl TIpeioxkenus ‘S;’, ‘S,’. T.e. comepkaTenbHO TNOHATHSA
MCTHHHOCTH M JIOXKHOCTH ABJISIIOTCS B 3THX BbICKA3bIBaHUAX MpeaHKa-
TaMH U1 UMEH npejioxKeHuH ‘S, °S,’.

Taroxe Boicka3biBaHHS 00 HCTHHHOCTH M JIOKHOCTH NPELIOKEHU M
*Si’, °S,” MOXKHO CHMBONM3UpOBaTh OoJsiee JakoHHYHO (|S)), (-S;) Be3
HCI0JIb30BaHUA QYHKUMH LIUTHPOBaHUs. B Takoii 3alIMCH CUMBOJIbI | U
— , OTBeYalolIHe NMOHATHAM HCTHHHOCTH H JIOXKHOCTH, ABJISIOTCS B 3THX
BbICKA3bIBAHUSIX METaNpeduKaTaMH WIH ONnepaTopaMH MCTHHHOCTH H
JI0KHOCTH IU1s TIpejioxeHu ‘S,’, S, .

MHOECTBO BbICKA3blBAHUM A3bIKA, METASI3bIKA, METAMETAA3bIKA U
T.J. pacCMaTpHUBAETCA KaK OQHO Lejoe 0e3 pa3ae/ieHHs Ha YPOBHH, TO
ecTh C BbICKaszbiBaHUAMHU S, T(S*), F(S*), F((F(S*))*), T((T(S*)*),
(S), (=S), ((|S)), (=(=9S)), ... , OyneM onepHpoBaTh COBMECTHO B SA3bIKE
JIOTHKH JIOXKHOCTH.

IlpuBenem euie Tpu colepxaTenbHbIX Te3WCa, SBIAIOLIMXCS
OCHOBHBIMH 1Sl IOTHKH JIOXKHOCTH.

2. TTOHATHS UCTHHHOCTH M JIOXKHOCTH OYAyT B GOpMasibHOH CHC-
TeMe WIrpaTh poOJib KaK NPEAHKAaTOB TaK W JIOTHYECKHX OINEpaTopoB.
[Ipenukar (win onepatop) JIOXKHOCTH pacCMaTpUBAlOTCS B KavecTBe
MCXOJIHOT'O, HEONPEEJISEMOrO JIOTHYECKOI0 CUMBOJIA.

Beicka3zbiBaHHe 00 MCTHHHOCTH MNpemioxeHus ‘S’ paccmarpusa-
€TCH KaK COKpallleHHe JiS BbICKA3blBaHHUA O JIOXKHOCTH OTpHUAHHS
npeloxKeHus ‘S’.

OTpuliaHue, B CBOIO O4Yepedb, OonpelesiseTcsi B S3bIKe JIOTMKH
JIOXHOCTH.

3. BeickazbiBanusa 7(S*), F(S*), (|S), (-S) 006 ucTHHHOCTH (110X-
HOCTH) npeanoXeHus ‘S’ ABy3HauHbl, B TO BpeMs KaK HE BCAKOE Mpe-
JIOKeHHe ‘S’ MoJHKHO OBITh IMOO UCTHHHBIM, JIMOO JIOMKHBIM.

IfocnenHee o3Ha4aeT, YTO B YHMBEPCYM TNpEeAIOKEHHH, Mojjie-
HKalllUWX OLEHKE Ha MCTHUHHOCTb WM JIOXKHOCTh, BKJIFOYAIOTCS Mpensio-
XKEHUS, KOTOpble MOT'YT OLEHMBATbCA KaK MUCTHHHBIE W JIOXKHBIE OJHO-
BPEMEHHO (TPOTHROPEYHBBIE, MAPaJOKCATbHbIC, aHTHHOMHUYHBIE, Nepe-
OMNpEeAEIEHHbIE), a TAKIKE TIPEJIOKEHHS, KOTOPbIE SABJISAIOTCS HA UCTHH-
HbIMHU, HHU JIOXKHBIMH (HeOmpeaenieHHble, OECCMBICTIEHHbIE NpeIoKe-
HHUs1, ICTUHHO3HAaYHble MPOBAJIbI).

4. UMnnvkauus Takke SBASETCS MCXOOHOM CBA3KOM JIOTHKH JIOXK-
HocTH. [Ipennoxenue ¢ UMIIMKauuel “‘ecnu Sy, To S, OymeM 3anuchl-
BaTb CUMBOJIMUYECKH (S| — S5).

bynem nonarare, kak 06bIYHO, YTO

npeanoxenue ‘(S; — S;)’ HCTMHHO, €C/IM U TOJIBKO €CNTH
‘Si' noxxHO HAM °S,’ HCTHHHO,
v npeanoxenue ‘(S; — S,)’ J10XHO, €C/id U TOJIbKO €CIH

‘S{’ HCTHHHO H ‘S’ JI0XKHO.
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1. 3BIKH JOrHKH JIOKHOCTH

Haunem ¢ (GopMyauMposkM S3bIKa MCYHCJIEHHS OJHOMECTHOIO
npepukara joxHoctd FC4 [€, 10].

S3bIK HCYHCIeHE st npeaukaTa JoxHocTH FC4
Andasur FC4:
X, X, X2, ... HHOWBHIHbIE IEPEMEHHBIE U1 HMEH NPeNJIOKEHHH;
S, S1, §2, ... CEHTEHLHAJIbHbIE [IEPEMEHHBIE;
*  CHMBOJ oriepaTopa, Npeodpa3youiero n.mn.¢g. B TEpMal;
F npeavkaTHbIA CUMBOJ [J1s IPEAMKATA JI0XKHOCTH;
—, V' JIoOrMuecKue KOHCTAHTBI;
(,) TEeXHHYECKHE CUMBOJIbI.
IIlpaBusaa odpazoBanus n.n.g.
1.1. Beskas MHaAUBUIHAS MepeMEHHAs €CTb TEPM.
1.2. Bcskas ceHTeHUHaIbHAs NepeMeHHas eCThb M.I.¢.

1.3. Eciu A, B ectb n.n.d., t €cTb TEpM U X €CTb HHAMBHAHAA Nepe-
MeHHas, To F(t), (A —> B), Vx A ecTb n.n.¢.

1.4. Ecnu A ecTb n.n.¢., TO0 A* ecTb TepM.
MeTanepemennbie: A, B, C, ... s n.n.g.; t, ty, ty, 114 TEPMOB.

[TpuHHMaeM CTaHAAPTHLIE COIJIALLIEHHUR OTHOCHTEIBHO OITYCKaHHsA
ckobok. Baenem cnengyrouye
COKpAIUEHHH.

OnpenenuM ¢opmyay 0, SBIAIOLLYIOCS TOXKIAECTBEHHO JIOXKHOM,
KoTopas OyIeT UrpaTh poJib KOHCTAHTBI “JIOKB
D1.1 0 =4¢ F((F(x) = F(x))*).

OnpenenuM OTpULIaHHE ~, COOTBETCTBYIOLIEE HCXOAHOM HMILIHU-
KaLHuy —>

D1.2 ~A =4 (A > 0).

BrickassiBaHHe 00 MCTUHHOCTH MpeanoXkeHus ‘S’ paccMmaTpuBa-
€TCAd KaK COKpallleHHe [JIi BBICKA3bIBAHHA O JIOKHOCTH OTPHULIAHHA
npeanoxenus ‘S’. GopMysy ¢ MpeauKaTOM HCTHHHOCTH Oynaem pac-
CMaTpHBaTh KakK COKpalleHHe creayrowek GopMyJb:

D1.3.1 T(A*) =4 F((~A)*).
Takoke orpenenuM oneparopbl MCTHHHOCTH U JIOXKHOCTH:
D1.3.2 lA =df T(A*),
D1.3.3 -A =4 F(A¥*).
OnpenendM BbICKa3bIBAHHE O CTPOIoH HCTMHHOCTH, TO €CTh 00

HCTHHHOCTH M HEJOXHOCTH, mpeioxenns ‘A’ (“[” comepkarensHo
O3HAYaeT “‘€CTh HCTHMHHO M HEJIOKHO):
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D1 .4 [A=g¢ —(|A > -A)

OnpenenuM HMIVIMKALKIO D, KOTOPYIO Ha3oBeM D-uMIiHKa-
LIMeH, Tak KaK HMEHHO OHa (UI'YpUPYET B TEOPEME AEAYKLHMU:

D1.5 (A>B)=¢([A->[B).

Brinenum noaknace T.F.-gopmya (T.F.-¢.), mis kotopeix 6yayT
HUMETb MECTO aKCHOMBbI M [paBW/la BbIBOJA MCYUUC/IEHHS MPEIHUKATOB
epBOro MopsAaKa.

2.1. Eciu tectb TepM, TO F(t) ecTb T.F.-.

2.2. Ecnu P, P, P, ectb T.F.-¢. u x ecTb MHAMBHAHASA NEPEMEHHAS, TO
ecTh IL.I.J., TO (P — P) u Vx P ects T.F.-d.

Ilycte P, Py, Py, ... ecTb meTanepemennsie ana T.F.-g.
D1.6.1 (P] /\Pz) =df —-(Pl D—Pz)
D1.6.2 (P) v Pz) =df (—Pl D Pz)
D1.6.3 (P] EPz) =df (Pl DPz)/\(PzDPl)
Cxembl aKCHOM
Al.l  (P,o(P,2P))
Al2  (Pi>(P.2P3)) (P, 2 P) o(P, 2 Py))
Al3 (P, o> -Py) 2P, 2P))
Al.4 VxP(x) > P(t), ecauTepm tcBodboaeH aias x B P(x).

AlS5 Yx(Py,oPy) o (P, > VxP,y)), ecniu P; He comepxkut cBobos-
HBIX BXOXXJIECHHH X.

K cxemam akcMOM HcYHMC/IE€HHUSs NpPEIUKATOB IEPBOro Mopsika
nobaBuM cienyrouue:

A2.1 F((~P)*) =P,

A22 F(P*) = ~P,

A3l  T((A — B)*) = F(A%) v I(B*),
A3.2  F((A — B)*) = T(A*) A F(B*).

IIpaBuna BbIBOAA

A, (Ao B)
MP
B
A
Gen
Vx A

3bIK HCYHC/IEHHS OlIEPaTOpPa JIOKHOCTH

A3bIK UCYKUCIIEHUA TIPEAUKATOB MEPBOro MOpAAKa ¢ OAHOMECTHBIM
apeaukatoM JoxHoctH FC4 MoxHO ynpocTuTb, OTKa3aBLWIKMChL OT
ynotpebiieHuss oneparopa, mnpeobpasyrowero mn.mn.g. B TepMbl ¥, H
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OCTaBMB OflepaTop (MeTarpelrdKaT) JO0KHOCTU BMECTO T[IpeauKaTa
noxHocTH. Ilpu 3TOM BMECTO WHAMBHIHLIX [MEPEMEHHBIX /18 HUMEH
npeaioxKeHui OyaeM Mcrnosib30BaTh CEHTEHLHAIbHbIE [IEPEMEHHBIE

B nmpaBuna oOpa3oBaHiis, akCHOMBI, PaBHjia BLIBOJA HUCUHUCIEHUS
FC4 BHeceM HeOOXOAUMBIE H3MEHEHHS.

Onpenenenue D1.1 npumer crenyrCdi BUA:

0 =df — (—S —> —S).
Axkcuombl A2.1-2.2, A3.1-3.2 npuMYT cIeayroLUd BUA:
|P=P
—P =~P,
|(A—>B)=-Av|B
-(A->B)=|AA-B
ITostyyeHHoe HcuMcieHHe omepatopa joxkHocTH FC4 asndercs
0000 UIeHHEM PACLLIUPEHHO O NPONO3HLIHOHATIBHOIO HCUUCIIEHHS.
Oc0oOEHHOCTBIO PACHIMPEHHOrO MPOMO3UIIHOHATIBHOIO HCYHUCTIe-
Hus (cMm. [13]) JlykaceBuua-Tapckoro, Paccena, npotoretuku JlecHes-
CKOTrO ABJIAETCA TO, YTO OHU COJAEPIKAT, KpOME CHMBOJIOB NPONO3HUH-
OHANbHOTO HCYUCJIEHUSA, €€ W KBAHTOPbI C TMPOMNO3HUUMOHAIbHBIMHU
nepeMeHHbIMH B KAaYECTBE ONEPATOPHbIX NMEPEMEHHbIX.
VMeeM TeopeMy, CBA3BIBAIOLLYIO pas3jiMdHblE  OMNpEaesieHHs

(MMEIOLL Me pa3Hbif CMBIC/T) KOHCTAHThI “110%kb B ucuucieHud FC4 u B
pacLlUMpPEHHOM IPONO3UIMOHATIBHOM HCHUCIIEHHUH.

T1 0=Vss

Takr ke kak paclidpeHHOE MPONO3ULIMOHAIBHOE HCYHUCIIEHHE H
Mpono3uuUKroHa1bHOe ucuyucaenre Cl 3KBUBaIEHTHE! APYT ApYTy, TakK W
UCUUCIIEHHE onepaTopa ACKHOCTH FC4 3KBHBaJIEHTHO CBOEMY MPOIO-
3ULIHOHATBEHOMY dparMeHTy (6€3 KBaHTOPOB) — JIOTHKE JI0)KHOCTH FL4.

OapnoypoBHeBasi, 0AHOCOpPTHAasi GOPMYIHPOBKA
s3bIiKka F1L4

ITponozuuuoHanbHelli  (parmedHTt wucuuciaenus FC4  asngercs
norykoii noxxHoctH FLA4.

B ¢opmynuposkax szbika 1orukd FC4 M sa3bika jgoruku FL4 [8,9,
10] ucrione3ylorcs aBa copra nepeMenHbix: Mg nid. u TF-¢.
Ficnons3oBaHHe [ABYX COpPTOB MEPEMEHHBIX  XapaKTEPHO A
JABYXYPOBHEBBIX JIOTHK Takux kak Jjioruka J[.A.boupapa [2], noruku
HCTHHBI ¢HOH Bpurra [3], koMOMHHPOBAHHAA JIOTMKH BbICKA3bIBAHHH H
cobbiTuit B.A.CMupHOBa [12] 1 psaaa apyrux.

[lepefineM k ¢GOpMYIHUpPOBKE sA3EIKA JIOTHKH JIOKHOCTH FL4 ¢
MCMO.Ib30BAHHEM TOJIBKO OZHOTO COpTa MMEePEMEHHbIX, YTO MMO3BOJIMT
paccMaTpUBATh JIOTUKY JIOXHOCTH FLL4 Kak 0AHOYPOBHEBYIO.

MiMeeM criedyrolHe TEOPEMBI:
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T1.1 (ADB)D(B2C)>(ADQ)), (B")'
T1.2 (A>D(B>A), (K)
T1.3 (((A>B)> A) > A). (P)

3 teopemsr Tapckoro-bepHakica cnenyet, yto D-uMruiMkanus o
ABJISIETCS KJIACCHUYECKOH.

T1.4 (0o A) {(N)
M3 stux Tteopem crnenyer, yrto D-UMMIMKauus COOTBETCTBYET
K/J1aCCUYECKON MMIUIMKALHH B K1accuukaumu A.C.Kapnenko [4, 9].

Onpenenum D-oTpuuanve —, D-KOHBIOHKLHIO, D-IH3BIOHKUIHIO
D-3KBHBaJIEHTHOCTb, COOTBETCTBYIOLUHE D-UMILIMKALMH.

D1.7 -A=¢ (AD0)
O6061wum onpenenenus D1.6.1 — 6.3 Ha kiacc Beex m.m.d.
D1.8.1 (A AB)=4 —(A > —B)
D1.8.2 (A v B) =4 (=A D B)
D1.8.3 (A=B)=¢ (ADB) A (BDA)

Cxembl akcuoM (71 OZHOCOPTHOM GopmynrpoBku FL4)

B kauyecTBe cxeM aKCHOM MOXHO MPHUHATH MOJIOKEHHUs, COOTBET-
cTByrowue teopeMam T1.1 — 1.4,
MO0 MOJIOXKEHHUS, COOTBETCTBYIOLLHE TEOPEME

T1.2  BMecTe co cienyloLUIMMH TEOPEMAMHU:
TS (ADB20C)>2(A>B)>(A>()),
T1.6 ((--A>-B)>(BoA)).

BmecTto akcrom A2.1-2.2 Heob6x0aUMO J00aBHTbL aKCHOMBI PEAYK-
LMK ONepaTOpOB HWCTHHHOCTH W JIOKHOCTH, COOTBETCTBYIOUIHE Clie-
ayrowuM teopemaM FL4:

T1.7.1° |-A=-A (penykuus orneparopa UCTUHHOCTH),

T1.7.2 —-—-A = ——- A (peaykuus oneparopa JIOXKHOCTH).
Axcuomsl A3.1 — 3.2 u npaBuiao BeiBoaa MP ocrarorcs 6e3 usme-
HEHHH.

Takum obpazom dopmynupyercs noruka FL4 [11] ¢ ucnones3osa-
HHEM TOJIbKO OJHHUX METanepeMeHHbIX 11 M.1.¢.

HpuseﬂeM TAKXKE €€ ONJHO COOTHOHICHHE MEXKY OII€paTopaMH
JIOXKHOCTH, HCTHHHOCTH H OTPULIAHHUEM.

T1.8 -A = |~A

' B' K, P, N - 0603HaueHus dopmyn B knaccupukauuu A.C.Kapnenko [4].
2 3jech MOCAEI0BATENLHOCTE onepaTropoB | M —, a HE 3HaK BbIBOIUMOCTH.
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2. UaTepnperanus sizbika Joruku FL4

Jl1s MHTeprpeTauuu A3bIKa JIOTHKM JIOXKHOCTH MPUHMMACM 4
HCTHHHOCTHBIX 3HaueHusa 1 (3) F (0), B (2), N (1), conepxaTtenbHbii
CMBIC/T KOTOPBIX CJEOYOLIHAHA: HCTHHHO M HENOMHO; JIOXKHO M HEHC-
THMHHO; JIO)KHO H MCTHHHO; HH HCTHHHO, HH JIOXKHO (CM. Takke Myc-
keHc [14]: true and not false, false and not true, both true and false,
neither true nor false).

BrigenenHoe 3HaueHue — T (3).

Tab.1MUBl MCTHHHOCTK I UCXOOHBIX H ONpPCACIICHHBIX BBIILEC
CBS30K:

Al-Al~A|-A -0 1 2 3
0{31|3]3 03 3 3 3
1o 1|3 141 1 3 3
2131213 212 3 23
310010 310 1 2 3
Allal|TA -0 1 2 3
0|lo0|o 03 3 3 3
1 ]o|o 1133 3 3
21310 213 3 3 3
3133 310 0 0 3
AJO 1 23 v|io1 23 =10 12 3
0lo0 000 0/03 33 013330
1103 3 3 1{3 3 3 3 113330
210 333 23333 213330
310 333  3(33 33 3100 0 3

IInst FL4 uMeloT MecTo TeopeMbl AeAYKUWH, HENPOTUBOPEYUMBOCTH
M CEMaHTHYECKOH IMOJIHOTLI.

B asbike FL4 onpenenumel J-omepatopsl (cM. [9]). CornacHo
onpeneneHusm O.M.AHuakoBa (CM. HACT. BBIITYCK) JIOTHKa JIOXXHOCTH
sBJgeTca J-orukoi, HCTUHHOCTHO-NOJIHOM M C-pacluupsiowed.

OTMeTHM, 4TO paHee 3 pabortax [6, 7] HCTUHHOCTHbIE 3Ha4yeHHUs B
¥ N HazblBaaHch “‘nipotHBopeunBocts” C (2) U “unauddepeHTHOCTD

3 B cko6kax NpUBOAATCS LUDPOBLIE 0603HAYEHHUA HCTUHHOCTHBIX 3HAYEHHH.
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I (1). B cBa3u ¢ Tem, yto B s3pike FL4 uMeeTcsa Heckonbko BUAOB Mpo-
THUBOPEYHH, aBTOp B AanbHellieM npenmoden Oosiee HelTpanbHbie
obo3HaueHus bennana [1].

3. Coornoumienus FL4 u FL3N
¢ JorukamMu bennana u Kaunun

YeTelpe HCTHHHOCTHBIX 3Ha4YeHus JJOruku bennana [1] 6au3ku no
CMBICJTY ICTHHHOCTHBIM 3HaYeHHAM B HHTeprpetauuu FL4.

Tabauua ucTHHHOCTH Ans oTpuuanus ~ (D1.2) coorseTcTBYET
TabMLle HCTUHHHOCTH 3TOM CBA3KHM B Joruke benHana.

OnpenenvM KOHBIOHKUMIO & U AU3BIOHKUHIO V B sa3bike FL4,
TabJIMLIbl HCTHHHOCTH KOTOPBIX COOTBETCTBYIOT TabJMLIaM UCTMHHOCTH
3THX CBA30K B JIOruKke benHana.

D3.1 (A & B) =4 ~(A — ~B)

D3.2° (A V B)=¢4 (~A - B)
&0 1 2 3 V{01l 23
0{0 000 0{0 1 2 3
110 1 0 1 1 {1 133
2100 2 2 212 3 2 3
310123 313 333

B cBoro ouepedp B sA3bike JIOTMKM bejHanma MO>XHO OMNpenesnuThb
UCXOAHYXO HMIUIMKauuio  Jorukn FL4, ucxons u3  ciepyrouuet
teopemMsl FL4

T3.1 (A —>B) =(~A VB)

Taxoke B a3bike FL4 onpenensercs UMIUIMKalUA JOTHKY benHana,
TabaMLa HCTUHHOCTH KOTOPOH NpUBEAEHa HHXKE.

D33 (A >°B)=¢( (A > |B) & (- —A — — -B))
%01 2 3
0 {3 3 3 3
1103 0 3
2 {0 0 3 3
310003

4 O6paulaeM BHMMaHHe Ha rpadMyeckHe OTJIMYHA BHOBh BBOAMMOIO CHMBOJA OT
CHMBOJA AU3BIOHKUWH B D1.8.2.
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[Ipo¢. benHan corjacwicsi ¢ TakKMM ornpenesieHueM. Takke OH
yKa3aj aBTopy Ha BO3MOXKHOCTb MMPUMEHECHHS OHMpPELLETOK A MHTEp-
NpeTaury CBOEH JIOTHKH.

McTHHHOCTHaS TabidLa M MMIUIMKALMH —> COBMAZaeT ¢ Tab-
nvue, npenyioxedHod T.Cmalnu 078 JIOTHKH TaBTOJIOTHYECKUX Clie-
JoBaHUH Eg. .

TaGnauLb!l HCTUHHHOCTH IS MMIUTHKALUMH JIOCHMKH KinuHu SKs co
CBS3KAMH B CHJIBHOM CMbIC/IE COOTBETCTIBYIOT TaOJIHIIAM HCTHHHOCTH
JUIS  MCXOAHOK MMIUTHKALMM TpeX3HauHOU CyONOrMKH JIOXKHOCTH
FL3N.

FL3N ectp Jloruka, nony4yaeMyr MPUCOEIUHEHHEM K aKCHOMam
JIOTHKH J10kHOCTH FL4 dopmynbl (—|A v — —A) (moapobHee cm. [8,9]).
B wuHTeplpeTauudM 3TO COOTBETCTBYET OTOPACHIBAHMIO YETBEPTOIo
HCTHHHOCTHOIO 3Ha4yeHus B

CparHenue FL3N c noruxolt KivHHM nokasblBaeT, UTO Tab/IMLbI
MCTHHHOCTH U1 OTPHLiaHKs, KOHBIOHKUMH H AM3BIOHKUWH JIOTHKH
KJIMHHM COOTBETCTBYIOT TakOBbIM B JiorMke FL3N, neTepMUHHpYEMbIM
onpeneneHusmu D1.2, D3.1 D3.2 (nogpodHee cM. B [8,9]).

4. FL3N u TpexzHa4yHas Jjioruka Jlykacesuua

A.C.KaprieHko MOCTaEMsi BOMPOC O INPEANOTHOTE CYOIOrMKU
noxHoctd FL3N. Crnenyrouum cran Bonpoc 0 GyHKUHOHAIbHOW 3KBH-
BaJICHTHOCTH TpeX3Ha4yHOM JIOTMKH Jlykacesuya Li M JIOTMKH JTOXKHO-
ctu FL3N.

ComnocTaBuM TPEX3HayYHYHO JOruKy Jlykacesuda jgoruke FL3N.

JlykaceBUY BBOAMT TPEThe€ 3Ha4Y€HHE HCTHHHOCTH '/5, nexons w3
YTBEPXKIESHHI «... CYLLIECTBYIOT BbICKa3bIBAHHS, KOTOPbIE HE ABJIHOTCH
HU HMCTUHHBIMY, HH JIOXKHBIMH, a JMIUb TOJIBKO 0e3pasiudHulMu»,
«HMcrmonp3ysi He COBCEM TOYHYIO (HIOCO@PCKYH) TEPMHHOJIOTHIO,
MOXHO ObIJIO ObI CKa3aTh, YTO 3THM BbICKA3bIBAHHMAM OHTOJIOTHYECKH
HE COOTBETCTBYET HH ObITME, HH HEOBITHE, HO JIMIUb B03MOIMCHOCHb.
be3pa3nuyHble BbICKa3biBaHHSA, KOTOPbIM OHTOJIOTMYECKH COOTBETCT-
BYET BOIMOXHOCTb, UMEIOT TpeTbe 3HadeHHe» [5]. OH KOHCTpyHpyeT
JOrMKY L3, B KOTOPOH UCXOJHBIMH CBA3KaMH SABJIAKITCS —"u OTpHUa-
HUE ~, 3a]aBaeMble C/IEAYKUIMMH HCTUHHOCTHBIMHU Tabaduamy, rae 0 —
JIOXKb, | — UCTHHA:
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A | ~A -0 ',
0| 1 01 1
A ol o1
110 110 '

Hu MCTHHHBIM, HU JIOXKHBIM BbICKA3bIBAHUSAM, T.€. De3pd3IUYHbIM
(indifferent), B noruke JlykaceBu4ya COOTBETCTBYIOT HM HCTHHHbIE, HH
JI0’KHbI€ BBICKA3bIBAHMS, T.€. HHAHGPepeHTHbIC I, B TOrHKE 10KHOCTH
FL3N. Takum obpasom, 1, Y5, 0 cootrserctByroT T, I, F.

Umnnukauusa Jlykacesuua —1 onpexensercs B FL3N craenyro-
UM obpa3om:

D4.1 (A >"B)=4(A - B)V (A >°B).

OTO omnpeaeneHHe MOACHAET CMbICT HMIUIMKaUuK Jlykacesuua,
MOKa3bIBasi, YTO OHA ABJIAETCA NOM3BIOHKUHEH UCXOOHOW HWMIUIMKALMH
norukn FL3N  (umnnukauwu Knuav) v umrnidkauvd  bennana
(MMIUTMKALUH JIOTHKH Egye).

Orpuuanuio ¥ umnnukauuu Jlykacesnua —" B s3bike FL3N coot-

BECTCTBYIOT CJICAYIOLIHE HCTHHHOCTHBIEC TaOJIMLIBI:

A |~A >"lF 1 T
F|T F|T T T
1|1 [ |1 T T
T|F T|F I T

VYHapHbIM omnepaTopaM Heobxoaumocty N H BO3MOXHOCTH M
norukH JlykaceBM4ya COOTBETCTBYIOT, B YaCTHOCTH, ONEpPATOP HCTHH-

HOCTH | M OMEpaTop JIOKHOCTH JIOKHOCTH — — Jordkd FL3N.
A |INA| MA AlIA|--A
0|0 0 F | F F
Ll 0l 1| F| T
1|1 1 T T T

PaccMaTpuBas TpeTbe 3Ha4YeHWE KaK HHAHPDEPEHTHOCTh, TEM
CaMbiM MOXXHO HHTEpIMpPEeTHPOBaTh yHapHbie omepatopbl N u M
noruxu JlykaceBnua HEMOJAIbHBIM 0Opa3oM.

Takxoke u B snioruke Jlykacesuya L3 onpenenumsel CBA3KH, COOTBET-
CTBYIOL[HE UCXOJHBIM CB3KaM JIOTHKH J1o)kHOCTH FL3N:
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(A = B) =4 ((~A =" B) " B)
-A =df ~MA.
YCTaHOBﬂeHHble COOTBEICTBHA NOKA2BIBAKOT TeopeMy.

T4 Tpexznaunass noeuxa Jlykacesuua Ls ¢ynxyuonansno sxeuea-
nenmua nozuxe nodxcnocmu FL3N.

HeobxooumMo OTMeTHTb, 4TO B A3BIKE JIOTUKHM JIOXKHOCTH
BO3MOXXHO  HECKOJBKO  pa3jIM4HBIX  ONpENENeHHH  ONepaTopoB
YyTBepXXIEHHS (BKJIOYas ONEPaToOp UCTUHHOCTH | M ONEpaTop JIOKHOCTH
J0XKHOCTH —-—) HHTepnpeTHpyrowux orepatopsl N U M joruku
JlykaceBu4a (o 3 aas Kaxaoro):

D4.2.1 N'A =4 A,

D4.2.2 NFA =4[ A,
D4.2.3 NCA =4 A & |A,
D4.3.1 MFA =4 ——A,
D432 M'A =4 | 1A,
D4.3.3 MCA =4 A V--A.

Oneparopsl N', N, N© (MF, M", M) skBuBanesTHB! Apyr Apyry B
00jlacTH TpeXx MCTHMHHOCTHbLIX 3HauyeHuil T, I, F (1o ecTts B sA3biKe
FL3N), BO 3TH omnepaTopbl YTBEPXKIEHHS pazlH4yaroTcs B 0O0JACTH
yeTbIpex 3HauYeHHH (To ecth B s13bIke FL4).

Bce 9 yHapHBIX omepaTOpoB M3 KJacca OMNEpaTOpPOB YTBEPXKAECHHA
npencTaB4M CBOMMH TaOIHMLIaMH UCTUHHOCTH.

Allalalagalavialav--al--a TA|la&--A

F|F|F F F F F F F

I F | F F I T T T I

C|FI|T C T C F T F

T |1 T T T T T T T T
GnepaTtopbl YTBEP)KIAEHHS |, [, —— |18 obwem CJTyyae U3MEHSIOT

BaJIEHTHOCTb MPENIOKEHHs A, Ha KOTOpoe OHM ae#cTByIOT. [loaTomy
HU OOWMH M3 HUX He MOXST ObITh HCKIIOYEH H3 PACCMOTPEHHA, B
OTJIMYHE OT KJIaCCUYECKOH JIOTHKH, B KOTOpPOH pe3y/bTaT OeHCTBHA
omeparopa yTBEp)XIEHHS Ha npeajoxeHde P 3KBUBaJICHTEH npen-
noxeuuro P. Tak B 4aCTHOCTH AJisi ONEPAaTOPOB | ul uMeeM TeopeMbl
FL4, koropbie NOKa3bIBAKOT HEITUMHUHHUPYEMOCTE HCTHHHOCTH M3
a3bika FL4 (HEBBIBOAUMOCTH 0003HAYHUM 1—r'-—):

T4.1 | (A -S%A).
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T42 |- (ADA).
T43 |~ (A %A).
T4.4 (A>A).

HMcnone3ys pasiaHyHblE OnepaTopel YTBEPXKIEHHA, ornpencainm
eite 3 U3 4 BO3MOXHBIX B sf3bike FL4 kimaccHMyeckux MUMIUIHKALMH B
kiaccudukaunu A.C.Kapnenko [4, 9].

D4 4.1 (AS"B)=4(l A - (B &|B)).
D4.4.2 (A>'B)=¢([A - (B & -— B)).
D4.4.3 (AD“B)=4(/A > B).
718 3THX UMIUIHKAUMA UMeeM caeayrolre TabIuLbl HCTUHHOCTH!

I

SSYF I CT S'fFICT SS9 F 1 CT
FITTTT FITTTT FITTTT
IITTTT I|ITTTT IITTTT
CITTTT CITTTT CITTTT
T{F FCT TIFIFT TIFI1ICT

5. O600menue Tpex3HaYHOM JOoruKH JlykaceBH4a
A0 YeThbIPpeX3HAYHOM

PaccMOTpHM OOHMH M3 BapHaHTOB aKCUOMATH3allMH TPEX3Ha4yHOH
noruku Jlykacesuua, npeanoxenHsil Cnyneukum, bpsinem u I1pyuHa-
neM B [15]. Akcuomatuzauusi L; nmpoBOaMTCS MMM B CUrHatype {v, ~,
N}. byneM cokpauleHHO Ha3bIBaTh 3TO McuucieHue SBP nns yoobcTra
OTJIMYEHHS €ro OT APYTMX aKCMoMaTH3auMii 1oruku Jlykacesuya.

Tabnuupl HCTUHHOCTH AJ11 OTPULIAHUSA ~ U OlepaTtopa Heobxoau-
MocTH N MpeAcTaBieHbl Bbllle, a I8 AU3BIOHKLIMH V CIIEAYIOLas:

vio0o 5ol VIF I T
010 '/ 1 FIF I T
Lty o1 I |1 17T
1|1 1 1 T|TTT

Ota Tabnuua cooTBeTcTBYET Tabiuue A1 JU3bIOHKUMHK V JIOTHKH
noxxoctd FL3N. Ilostomy curHarypa ucuuciedus SBP {v, ~ N}
COOTBETCTBYET CHUrHaType {V, ~, | }.
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Cesa3kd V, ~,| onpenesieHbl B A3blke FL4, a udeTpipexaHauHble
TaONHLB! JU1st HUX [TPEICTaB/ISHBI BbILLE.

Jlo6asuM K TpeM MCTHHHOCTHBIM 3H&YEHHUAM J10rukH JlykaceBuya
yeTBEPTOE 3HAYEHHE HCTUHHOCTU ¥ 0003HaUYUM €0 UHQPOH 2.

Tenepb pacuinpum TabiHLbl 1715 CBA3OK V, ~, N B COOTBETCTBHH C
tabnuuamu nns V, ~, | :

A | ~A |NA vio 'yo2 o1
ol 1]0 ol0 'y 2 1
‘hllh oo 8 R
2 1211 212 1 2 1
1|01 11 1 1 1

Takrim oOpa3om 3ajaHa 4yeTblpex3HayHas Jiordka Jlykacesuya L'y
B curuatype {v, ~, N}. [Ipy 3TOM Tabauiia HCTUHHOCTH O71 AH3BIOHK-
LMK OTAKYaeTcs OT Tab/ulbl, KOTOpas MOJY4YaeTcs I8 AU3BIOHKLIMH
npu cOOCTBEHHOM YEThIPEX3HAYHOM 000011eHuH JlyraceBuya.

Yro6bl MOKa3aTh, YTO MMOJYYEHHOE YEThbIpeX3HauHoe oO0obuleHUe
noruku JlykacesMya L'j; (DYHKLUMOHaJIBLHO 3KBHBAJECHTHO 4YE€TbIpex-
3Ha4yHoM noruke noxkHocTH FL4, onpenensem oneparop OKHOCTU —
W MMIUIMKAUMIO —>» B COOTBETCTBUM ¢ Teopemamu T1.8, T3.1.
[TocneaHUX COOTBETCTBMH BMECTE C FPHBEACHHBIMH paHee [0CTa-
TOUYHO, UT00bI 10Ka3aTb TEOPEMY.

T5.1 Yemwvipexsnaunan noeuxa Jlykacesuua L'y hynkyuonanero sxeu-
gatenmua noeuxe noxcHocmu FL4.
Tem cambiM npoBeneHo 00001IeHHE Tpex3HauyHOH JIoruku Jlyka-
CeBHYAa [(0 YeThIPpeX3HAYHOH, OTIHUYalouleecs OT COOCTBEHHOIro 00600-
weHus Jlykaceeruua.

HOHOHHHTeﬂbeIﬁ HH1€EpPEC MPEACTABIACT TAKKE COMOCTABJIEHHC
3THX JIOTHK Ha CHHTAKCHYECKOM YPOBHE.

Hns atoro npuseneM dopmynaupoBky ucuyucaenus SBP [15].
B s70i1 paGoTe npemaraercs onpeneaeHue MMIUTHKALIHH ~

P>oq)=a¢ ~Npvag,
14 KOTOpOﬁ HUMEEM Cﬂeﬂy}OLuyPO Ta6HH[ly HCTHHHOCTH.

HCKOTOprC CHUMBOJIBI MOI'YT COBIIaAaTh € paHEC BBEACHHBIMH, HO 3TO HE JOJDKHO
NPHBOIMUTE K HCAOPA3YMCHHAM, TAK KaK OHV HCIOJB3YKOTCH TOJBKO B KOHTEKCTEC
ONPpCACNTEHHBIX MCUYHUCIEHHUH.
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>0 5ot
0|1 1 1
Hil 1 1
110 ' 1

Tabnuua n1s 3TOH HMMIMKALMK U1 TPEX 3HAYEHUM MCTUHHOCTH
COOTBETCTBYET KJIACCMYECKMM MMILIMKAaUUam O |, O '€ onpe/eeHHbIM
BBILLE.

Akcuombl SBP
Al (@29 >M)>(r>p)>(sop)

A2 (po>9>2((ve>9)
A3 po(pvy)

A4 p>o(gvp)

AS P D ~~p

Ab ~~p D p

AT ~@vg@>D~p

A8 ~(pVvg)>D~q

A9 ~pD(~q >~(pVQq)
Al0 Npop

All  ~N~(p v ~p)

Al2 Npv~Np

IIpaBHJia BeIBOAA: noAcTaHOBKA MU modus ponens.

Axkcrome A10 3TOro UCYUCIEHUS COOTBETCTBYET CleayroLas Teo-
pema FL3N.

T5.2 A DA (FL3N)
B 10 >xe Bpems dopmyna |A D A HesiBoauMa B FL4 (cMm. T4.2).
Ha ocHOBaHHMM nocienHUX TMOJOXKEHHH UMEET CMBICI 33java Tak

moauduuupoBats SBP (B T.4. otbpaceias A10), 4ToObl nosy4yeHHOE
ucurcneHue SBP’, 6b110 3kBUBasienTHO FL4.

B 3axnroyeHue OTMETHUM, YTO MPOBEAEHHOE PacCMOTPEHME IOKa-
3bIBAET, YTO UMEETCA P/l COAEpKATeNbHbIX U GOPMANIbHBIX COOTBETCT-
BUH MEXAY HUCXOAHBIMM U MPOU3BOAHBIMHM CBA3KAMH U OINEpPATOPAMHU
TaKHX JIOTHK KaK Tpex3HayHas Jjiordka JlykaceBuya, joruka KiuHu c
cuibHbIMM cBsi3kaMu SKi, noruka bemnana, noruka Eg., noruka
noxknoctd FL4 u ee cybnoruka FL3N.
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B. JI. Bacrokon

KOMBUHUPOBAHHAS JIOTUKA
B. A. CMUPHOBA C CUTYAIIMOHHOH
TOYKHU 3PEHUS
(HE-®PETEBCKHWH IMOIXC)

Abstract. In his papers [3], [7], [4], [5] V.A.Smirnov considers systems
of two-leveled combined logic in which extrinsic level (external logic)
would be a propositional logic while intrinsic level (internal logic)
would be an algebra of events (the latter are the terms). In the paper a
situational formulation of combined logic is proposed when instead of
a notion of “event” the notion of “situation’ is exploited and we ac-
cept the principle allowing to conclude from situations to statements
(Suszko’s principle). Given combined logic a situational semantic is
constructed based on the ideas of situational semantic of non-fregean
logic.

B psaae pabot (cM., Hanp., {3], [7], (4], [5]) B.A.CMmupHOoB paccmar-
pPHBAET CHCTEMBI JBYXYPOBHEBOH JIOTHKH, B KOTOPbIX BHEIIHHWH ypo-
BEeHb (BHELLUHSA JIOTHKA) ABJIAETCS MPOMO3ULHOHAIIBHOM JIOTHKOMH, B TO
BpeMs KaKk BHYTPEHHHH ypoBeHb (BHYTpEHHSis JIOTHKA) INpeACTaB/ser
coboi anrebpy cobbiTuii (rocnenHue sBASIOTCS TepMamu). Pacuiupss
oJHy u3 nopobHeix cucteM CM (soruka ge MopraHa ¢ BHelIHe# kiac-
CHYECKOH JIOTMKOH) 3a CYeT YTBEPXKIEHHH O TOXIECTBE COOBITHA,

i Ga — 6b

B.A.CMuUpHOB BBOJIHT MpPaBWIO —————, KOTOPOE, CleHys HOEAM
a=b
P.Cyuiko, oH HasbiBaeT npuHuunoM ®pere (3zecs a=b o3Hayaet Tox-
IecTBO COOBITHMH, a Ba<>0b 03Ha4YaeT IKBUBAJIEHTHOCTh aKTOB YTBEp-
XKAEHHUH O TOM, YTO 3TH COOBITHA UMEIOT MecTo). OH YKa3bIBaeT, 4YTO
pH 3TOM anrebpa coObITHIF MOXKET BapbHPOBATHCS B LIMPOKUX IIpefe-
nax.

Kak ussectHO, He-dpereBckas joruka, paspaborannas P.Cyuiko,
npearonaraeT OTMeHy npuHuUMna dpere, 4To NMPHBOAMT K BBEIEHHIO B
CHUHTAKCHC HOBOH CBSi3kKM ToxJaecTBa = (kopedepeHLHaTbHOCTH),
yTBEpKJaKollie# coBnajJeHue peepeHTOB MpeQIoKEHHH, H K HeoOXo-
JUMOCTH HCMOJBb30BAaHUS TaK Ha3bIBAEMOW CHUTYallHOHHOH CEMaHTHKH.
Ecinu cnenosate v pansuie uaesm P.Cyiiko, To cnefoBaio Obl NpHH-
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d=D }
i Opere 3aMEHHTH [1PaBHIOM —————— , KOTOPOE MOXHO ObLIO Obl

&b

Ha3BarTb npuHUMNOM Cywko. ITomo6GHBIM NPUHLMI Npeanosaraet
HE3aBUCHMOCTb OHTOJIOFHYESCKOM 4YacTH, Korja CTpPYKTypa MO3HaBae-
MOrO MH]a HaxOJHUT CBO€ OTOOpaKEHHE B HCUHMCIICHHH MPEATIOKEHHH.

Bo3HMKauias Ha 3TOM MMyTH npobiema cCBfA3aHa C IOHATHEM
“cobbiTHE”,  NpPUHHMaeMbIM B  KOMOHMHHPOBAHHOH  JIOTHKE.
B.A.CMKpPHOB pa3nyyaeT axT NpeauKaldi (CHHTe3 CBOHCTBA C 00bek-
TOM WJIM OTHOLUEHHA C OOBEKTaMH) M aKT YTBEP)KIEHHS (COOTHECEHHE
MBICJIAMOIO COJAEpP’KaHUA C PEasbHOCTHbIO). IJTH aKThl pa3jIHYaroTCA
dopMoii 3anucu. Tak, cornacuo [4, c. 27], P(a) u P(ay,...,a,) onucel-
BAlOT HEKOTOPOE MOJIOXKEHHE [1eJI, HO HE BBIPAXAIOT aKT YTBEPXKICHHS.
3anuch CYXIEHHs, YTBEpKIeHHUs H3obpakaerca B Buae 6P(a) wu
6P(a,,...,a,). Takum ob6paszom, P(a) o6o3Ha4yaeT He HCTHHHOCTHOE
3HaYEHUE, a HEKOTOpPOE COOBITHE.

CyliecTByrolide B JIOTUKE B3rJfdbl HA COOTHOLUEHHE COOBITHH U
curyauuii (koHuenuus @.Pamces, TpaktoBka b.PaccenoM dakra kak
MPUHLHMITHATBHO HE HMMEHYIOLIEro, KiaccHudHUKalMi BHAOB 3HAYE€HHH
K.M.JIbronca) He TMO3BOASIOT OQHO3HAYHO CBS3bIBATH COOBITUSA U
cutyaudd. B yactHoctH, caM P.Cywikc [8] npeaoxun Teopuio peu-
dbUKallMd CUTyaUHH, YCTaHABJIHMBAIOULY}O CBA3b MEXIAY COOBITHAMH H
CHUTyalLKsIMH Ha OCHOBE MOHUMaHHUA cOOBITHH Kak 0coboro ponaa aber-
PaKTHBIX NpPEAMETOB, SBIAIOLUMXCA PE3YJbTATOM THITIOCTa3UPOBAHUSA
cutyauri. [logobHas KoHUENUUS NMPHUBOAMT K OHTOJIOIMYECKOH Iep-
BHYHOCTH CHUTYalUH 11O OTHOLLUEHHIO K COOBITHAM.

Jns cucteMbl KOMOHEMPOBAHHOW MOTHKH C NpHHUMNIOM Cyluko
MOXXHO TIOCTPOUTb CHTYaUMOHHYIO CEMaHTMKy THMNA CEMaHTHKH
P.By#iumukoro [2], eciu NpHHATh KOHLETILHIO COOBITHA KaK COBOKYII-
HOCTH HE BO3MOXKHBIX MHPOB, HO COBOKYITHOCTH CHTYalLHH, T. €. MOHH-
MaTh TOXIECTBO COOBITHH TaK, 4YTO COOBITHS OMPEAENSAIOTCA CHTya-
LUAMH, B KOTOPbIX OHH HMerT Mecto. M ecan, 8 ciydae NPHHATHA
npuHuuna dpere, Mbl YMO3aKI04aeM OT aKTa YTBEP)KIEHHSA K I10J10-
JKEHHIO AeJl, TO B ciIy4ae NpUHATHA npuHUMNa CyuIko Mbl yMO3aKJIO-
yaeM OT IO0JIOKEHHUS e/ K aKTy YTBEDPXKIEHUS, T.€. OHTOJOTHYECKHH
aCreKT ABJISAETCH pPeLIaroLLHUM.

[Ipexxne yem aBUratbcd Aajblie, MpuBeaeM GOpMYIMPOBKY KOMOH-
HupoBaHHO#N noruku B.A.CmupHora. CornachHo [4, c. 27-28], a3bIk
KOMOMHUPOBAHHOTO UCYMCIIEHHS BBICKA3BIBAHHH M COOBITHH BBITIAOUT
creayrolmuM obpasom. BykBel p, ¢, ..., BOBMOXHO C HHEKCAaMH, CyTb
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coObiThiiHblE NIepeMeHHble. COOBITHIHbBIE TMepeMeHHbIE CYTh TEPMBI.
Ecau a u b — tepmsi, to (anb), (aUb), ~a cyts TepMsl. Eciu a -
TepM, TO 1 ecTb hopMyia; ecid @ U fF - dopMybl, To anf, avf, —a
CcyTb GopMybl. Ga €CThb YTBEp)KIEeHHE, FOBOpSLUEE, YTO UMEET MECTO
cobbiTHe a. Belpaxenus tuna Gp—>p, 6GpNEg He ABILIOTCH Mpa-
BUJIBHO MTOCTPOEHHBIMHU BbIPaKEHUSIMHU.

CeMaHTHKa OMHCHIBAaETCS C MOMOLIBIO MonenbHOH mapel <W,IT>,
rae W — MHOXeCTBO BO3MOXHBIX MHPOB, a I1 - cemeiicTBo Beex ero
noamMHoxecTs. Ilycts @ - dyHkUMs, NpUnNUchIBaroNlas KaXI0W nepe-
MeHHOMH 3HaueHue u3 1. yHkuus @ pacnpocTpaHseTcs Ha BCE TEPMBI,
T. €. BBIMIOJIHAET BCE CACAYIOLIHE YCIOBHS:

o(anb) = paneb,

o(aub) = pavp(anb)=paneb,

p(—a) = ~¢(a).
byneM Hcnonp30BaTh OAHU U Te K€ 3HaKU B OObEKTHOM A3bIKE U MeTa-
SI3BIKE.

[TonsTue ucTHHHOCTH GOPMYJbl OTHOCHUTEIBHO TMPHIIHCHIBAHUS
3HaYeHUI CBOOOJHON MepeMeHHOH ompenensercs CleayrowuM obpa-
30M:

W ke Ba < weo(a)

(cobpITHE MMEET MECTO, UICTUHHO B JAHHOM MHpE, €CJIM U TOJIBKO €CJIH
(e.T.€.) 3TOT MHp IPHHAMJIEKHUT COOBITHIO, MOCKOJBKY COOBITHE pac-
CMAaTpPHBAETCA KaK MHOXECTBO BO3MOXHBIX MHPOB).

[ToHsiTHE HCTHHHOCTH CTaHAAPTHBIM 00Pa3oM pacrpoCTpaHAETCs Ha
BCce (POPMYIJIbI:

whk arnfowk aAawke f

wk avfeowk avwke f

wk oo -wk avwke b

w F(p 0 <<= W F(p a.

CraHgaptHeiM 00pa3oM omnpenesiss MNOHATHE OOLE3HAaYMMOCTH,
B.A.CMUpHOB akCcHOMAaTH3HUpYET clieayroluM obpa3oMm kiiacc obuile-
3Ha4YMMbIX popmys cuctembl CM — KOMOMHUPOBAaHHOTO HUCYMCIIEHHS C
BHELUHEH KJIaCCHYECKOH U BHYTPEHHEH i€ MOPraHOBCKOM 4acTAMM:

B0. CxeMpl akCHMOM KJIaCCHYECKOIO MPOMO3HMLIMOHAIBHOIO HCYMC-
JIEHUA.

B1. &Qanb) «> Ganob,
B2. Aaub) <> Gav 6b,
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B3. 6~(anb) <> G~av b,
B4. ~(aub) <> G~ant~b,
BS. B~~a © ba

E,HHHCTBCHHBIM HpaBHﬂOM BEbIBOda ABJIACTCA [IPpaBHI0 MOAYC IMTOHEHC.
HeyaoG¢TBO HMCIMONB30BaHUS CEMAHTHKM COOBITHH H IpaBoMep-
HOCTh Iepexoda K CHTYaUHMOHHOH CeMaHTHKe CcTaHOBATCA Oouee
NMOHATHBIMH, €CJIM paccMaTpuBaTh cucTeMbl ciabee CM. [leno B ToM,
yTo B 001IeM Cly4yae Mbl MOXKEM OrPaHHYMUTHCS NPUHATHEM AN BHYT-
peHHeld TOrHKH uub OObIYHOH akCHOMbI d = g, OOBIYHBIX IPABHII

a=h a=bb=c . .
n , , OMHCHIBAIOIMX CBOMCTBA TOXIECTBA COOBITUM, H
=aq a=c

NpaBWIOM

a, =by,..a,, = b, ;
51 = Lovaws M
R (a,,..,a,,)—=> R ,,..b,) '
ONHUCHIBAIOIIMM MOJCTAaHO304YHbiE CBOHCTBA TepMOB-coObiTHH. Ho,
cornacHo noaxony Cmwuproea, R, (a,,....a, ) Oyner He dopmymnoH,

HO CEHTSHUMAIbHBIM TEPMHHOM, W MO3ITOMY MOCIEAHAA aKCHOMa He
moxeT GbITh npuHATA. B 5TOM ciryuae npennoxeHueM ad hoc MOryT
ObITh 1IpaBHIa

O(a =b) @(a, = b)), ...,0(a,,, =b,,) ;
Ga <> 6b" 6R(a,,...a,,) = OR (b,....b,;)
B(a=>h) B(a=0>)6B(b=c)
O(b=a)’ f(a =c)

pble  TPYAHO HHTEpNpPETHPOBaTb B paMKax — pacCMOTPEHHOM
B.A.CMUPHOBbIM CEMaHTHKH BO3MOXHbIX MHPOB [JIi KOMOHHMpOBAH-
HOM JIOTHKH.

JIna onMcaHus CEMAHTHKH 1oJ0OHOH KOMOWHHPOBAHHOHN JTOrMKH
MBI BOCIIOJIb3YeMCS CHTYaliHOHHOHM cemaHTHkoH P.By#umukoro cuc-
TeMbl OrpaHH4Ye¢eHHOH He-(ppereBckoi norukd R-NFL [2]. Ilonsartue
cuTyauuu B MogzenbHOH cTpyktype M=(U,Ry,...,R,) 3nece onuceiBa-
eTcs CIeAYIoUM obpasom:

(s1) Iycte i=0,1,...,m ¥ MVCTb Qyy...,a5i€U. Toraa (Ri,ai,....as)) 4 (ne-
Ri,a1,...,a44) ABIAIOTCA 3/1EMEHTAPHBIMH CHTYaUHUsAMH B M.

(s2) Ecinu nnsa xaxaoro te T Z, eCTb HEMMyCTOE MHCXKECTBO 3JIEMEHTap-
Hbix cuTyauni B M, 1o {X,: reT} sipngerca curyauuen B M.

akcHoMa @(a = a) u npasuia , KOTO-
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(s3) Ecim s) 1 s; — cutyarmu B M, 10 (=,51,5;) U (#,51,52) ABAKIOTCS
3JIEMEHTAPHBIMH CHTyalHsAMHU B M.

(s4) Huuro apyroe He sBASETCS HH CHUTyalHeH, HH J/€MEHTapHOM
CHTyaLHeH.

Ecnu naHa nonobHas monens, To 6yaeM 0603Ha4YaTh MOCPEACTBOM
Ly s3bIk, KOTOpBIA nony4daercs gobOaBleHHUEM HMEH 4, dj, dj,... IS
3JIEMEHTOB A, Ay, A3,... ynuBepcyma U U3 M. OyHkuus D U3 MHOXe-
CTBa BCeX MNpeIOKeHHH Ly B Kiacc Bcex cuTryaudd HaspiBaercs R-
NFL-pomycTumol uHTepnpeTalMed, eclid U TONBKO eCiad (€. T. €.)
BBIMNOJIHAOTCA CJIEAYIOIIME YCIIOBHUA:

(i) D(Ri(ay,...,aq;))) ecte dakr, e. T. e. Ri(@y...as;), roe
i=O,1,...,n; Ayyeeesls(i) € U;

(ii) D(anrf) ectb dakr, e. T. e. D(a) u D(f) - daxTsi;

(i)  D(avpf) ectb dakT, €. T. e. XxoT1 Obl 0HA U3 cUTYaLui D(a)
u D(f) ecTb dakr;

(ivy  D(a—pf) ectb dakt, e. T. e. HeBepHO, 4uTo D(Q) - dakr, a
D(p) ne daxr;

v) D(a<>p) ectv dakr, e. T. e. w60 D(a) u D(f) - daxTsl,
aubo D(a) u D(f) He dakThi,

(vi) D(—a) ectb daxr, e. T. e. D(a) He dakT;

(viiy  D(Vxa) ectb dakrT, e. T. €. wisa Bcex acU dakramu sBjIA-
1orca D(a(alx)),

(vii)  D(3xa) ectb dakr, e. T. e. Ay Hekotoporo acU, D(a(a/x))
ecTh ¢aKT;

(ix) D(a=p) ectb dakr, e. T. e. D(a)=D(f);

(x) D(a(al/x)y=D(f(alx)), ecnu a=b.

[Tockonbky B ceMaHTHMKe BO3MOXHBIX MHPOB HHTepIpeTalHei
R (a,,...,a,, ) 6yner cobbiTue, TO, CEYS CHTYaLMOHHOH CEMaHTHKE

P.ByHuMukoro, Mel nojy4aeM CHTYaUHMOHHYIO TPaKTOBKY CEHTEHLIH-
aNbHBIX TEPMOB, T. €. Mbl roBopuM, 4to (R,,4,,...,d ) ABIseTCS

cUTyauueH, TakoH, 4To Ri(@1y...,4s;),. bonee toro, a = b ouyeBuaHbIM
obpa3zoM Tawkke OyaeT CeHTeHUHaJbHBIM TEPMOM H, CJIEIOBATENbHO,
MOJKET MOHHUMAThCA KakK 3jieMeHTapHas curyauus. KoHeuHo, nepexon k
CUTYallMOHHOH CeMaHTHKE He O3HayaeT OTMEHBbl HHTEpIpeTaldd B
BO3MOJKHBIX MHPax: Mbl BCEria MOXKeM MepPEeHTH K BO3MOXKHBIM MHpPaM,
paccMaTpuBas HX Kak npeaenbHo 60/bliie CHTYalHH.

8 Jloruyeckue uccnen., suim. § 225



3aMeTHM, 4YTO Ansi OOJblIEH KOPPEKTHOCTH HAlUEro He-(peres-
CKOro noaxoga BMECTO pacCMarpHBaEMblX NPaBU/I HaM CHENYET MpH-
HATB CEAYIOILIHE NpaBHa:

G(a =b)
Bac>6bO~a«>0~b’
8(a; = 4 ),-»-1e(as(1) :bs(l))
OR, (ay,..., i) = OR (B4 by B ~ R (@), A1) ) = 0 ~ Ry (By,., b))

i =1,..m, rae ~ ecTb BHyTpeHHEE OTPHUAHHE, T. €. ~ (R, d,,...,a )
osHauaet e~ (K, ,qa,,...,a,,,) . O10 cieryer u3 npuiumMaemoit Cmup-

HOBBIM KOHLEMNUHH TOXKAECTBa COOBITHIl, KaK ONpPeAEAIOILMNXCA He
TOJIKO BO3MOXHBIMH MHpavH, B KOTOPhIX OHH HMEIOT MECTO, HO H
BO3MOKHBIMH MHPaMH, B KOTOPbIX OHH HE HMEIOT MECTA.

[TockonbKy BEpCUS CUTYaUHOHHOM CEMAHTHKH, I[peAIOKEHHas
ByHUHUKMM, MPENONaraeT, 4To Kax10e MHOXXECTBO L 3JIEMEHTAPHBIX
CHUTYaUMil coBnajaeTr ¢ curyaudei {}, 1 HaobOpoT, TO, B CYLLHOCTH,
pa3IiuMe MEXAY CHTyalUHsivH U COOBITHAMH HMCUE3aeT: Mbl BCErja B
COCTOSIHUH COMOCTaBHTb COOTBETCTBYIOLIYIO CHUTYaLlMIO HalleMy COObI-
THUIO, COBITaIalOLIEMY C MHOXKECTBOM CHTYyaUMH (T. €. Hall YHHBEPCYM
CUTyaUHUH MpeacTaBIieT coOOi TpaH3UTHBHOE MHOxecTBO). Cnenosa-
TEJIbHO, CITUCOK YCJIOBMH CTaHAapTHOH HMHTEpNpeTauuy s CHTyauu-
OHHOM CEMaHTHKH JOJKeH OBbITh JOMOMHEH CENYIOLIMM ITyHKTOM:

D(6R (a,,..., ag )) ecmb pakm ecsakuti pas, k020a Ri(@ys...,dsg)).

[TokarkeM, 4TO TIPH MOAOOHOM MHTEPNpPETALMH CpaBeUIUR MpPUH-
uun CyllKo, 4ero HeT NPH MHTEPIIPETALMH B BO3MOXHBIX MUpax. [eii-
CTBUTEJIEHO, COOBITMHHAS HHTEPIPETALWs JaHHOTO MpaBH/a [JaeT HaM
clenyoluiee:

YoVw(w ke Ba < w o 6b),

VoVwweop(a) < wep(b)),

Vo(p(a) = (b)).

OpHako Moao6HOe JOKA3aTENIbCTBO MPOXOJUT H B 0OpaTHYIO CTOPOHY,
Ga <> 6b
a=b

B cHUTyaLHMOHHON CEMaHTHKE OYEBHAHBIM 00pa30M BBIMOJHAKOTCH
CJIeAYIOLIHE YCIIOBMA:

D(a=b) ectpb daxr, €. 1. €. a=b,
D(6a) ectp dakt, e. T.e. acU.

T. €. Ha CaMOM [1€J1€ MBI 110JIy4Yd€EM I1paBKIIO
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Otcrona cuTyauronHas MHTeprpeTauus npuHuuna CymKo faer Ham

D(a=b) & a=b,

{a} = {b},

xe{a} < xe{b},

xeU = (aeU < bel),

D(6a) ects pakr & D(6b) ects dakr.
B obpatHyro xe CTOpOHYy MNoAoOHOE paccyX IAeHHE HE MMPOXOIUT.
ITockonbky mbl umeem Brob6aeok (agU < bgU), To cnpaBenius u
paclIMpeHHbId BapuaHT npudHUMna Cyuwiko, NMPUBENEHHBIH BhHILIE B

B(a=b)

Gas>6bO0~a>0~b
BOCTH U CJIEAYIOLIETO 3a HUM MpaBHJia.

Pa3BuBasg Ham noaxol, Mbl MOXXEM HKCIOJIB30BATh YIIOPSIOUYEHHE
CHUTyaUui THNa YMOpAAOYEHHSs B (OPMaibHOM OHTOJIOTMHM CHUTyaLMH
b.BonbneBuua [9], korna a<b o3zHauaer “a BoBjiedyeHa B b”, ¥ NPUHATE
cnaberit npuHuMn Cyiko B popMe npaBuia

f(a < b)
6b — 6a 8-a — 6-b

BHIIE . HetpyaHo ybenurtbcs B CripaBeasiu-

0(a, <b)),....00a,, <b,,)
OR, (By,-sb,(,)) = OR,(ayest, ) 6=R (0, ) ) => O=R ()b, )

i=1,..m. Ilomumo »3TOro, BBOAMM aKCHOMY OOBIYHOrO THIA
O(a<b) 8(b=<c)

f(a<c) |
OnHako CEMaHTHYECKH 3TO O3HAYaeT MPHHATHE YMOPSAOYEHHOTO

YHUBEPCYMa, MOCKOJBKY MPHBOAUT K YCJIOBHIO a<b, U BO3HHKAET
BOIMPOC O CMBICJIE 3TOrO YNOopAAo4YeHUsA. MOXKHO MOMBITaTbCSH BOCMOb-
30BaThCs MpeasioxeHueM U3 pabotel [1] ¥ npuberHyTh K 3KCIUTMKALIUU
MEHHOHIOBCKOFO THIIA: CBA3BIBATh C KaXKIbIM 3JIEMEHTOM YHUBEpCyMa
MHOXKECTBO CHTYyalllii, B KOTOpPbIX OH “y4yacTBYET’. DTO mpearnosaraer

CYLECTBOBaHHE (PYHKLIUH SD'I:U—)P(S) M3 YHHBEpPCYMa BO MHOXe-
CTBO MOAMHOXECTB CUTyaluit. Toraa MokHO nmoTpeboBaTh, UTOOBI X<y
BJIEKJIO SD'I(x)eSD'l(y), ¥ Hao6opoT.

€(a < a) v npaBuio
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C apyro# cTOpOHBI, BMECTO PaBEHCTBA CHTyallHH Mbl MOJy4aeM

Tenepb JULb HX YIOPAAOYEHHOCTh [0 OTHOLLEHHIO € (3TO CIIEAYET U3
(s2)). Takum obpazom, HaM TpeOyeTcs Tenepb BBINOJHHMOCTE YCIOBHUA

D(a<b) ects dakt, e T.¢e. ach.
Kak ciiecrBue, Mbl paccyX/IaeM Tereps cleayouum obpasom:

D(a<bh) <> aeb,

{a} c {&},

xe{a} = xe{b},

xeU = (beU = acU),

D{(6b) ectb pakt = D(6a) ects (akT.

[Tockonbky nmo koutpanosuuuu (a¢U = bg U), To oTcrona Mbl nmosy-
yaeM BBIIOJHHUMOCTD C1ab0ro NpHHUMNa CyLIKO.
3ameTuM, uTo akcHoMa @(a £ a) npu MPHUHATOA MHTEpIpeTalUH

MPUBOJHUT K LIMPKYJIAPHOCTH MHOXKECTBA CHTYalIMH H, KaK CJIEACTBHE, K
ero HepyHaupyemocTH (cMm. [6, c. 192]). [locaeanee o6CTOATENBCTBO
MOX>XHO HMCTOJIKOBaTh KaK He00XOOAMMOCTh HCIOJIb30BaHHS HECTaH-
JApPTHBIX TEOPETHUKO-MHOXKECTBEHHBIX [TOCTPOEHHUH [Jig OIHCaHHA
CTPYKTYPhl CHUTyaUMH, YTO 3HAYMTEIBHO YCJOXXHAET CHTYaUHOHHYO
CEMAaHTHKY.

B KakoM-TO CMBbICJIE pacCMaTpUBaEMbI€ CHCTEMbl KaXyTcsi 4epec-
4yyp aMOpPQHBIMK B OTHOLUEHHH CHTYaLIHOHHBIX aCIEKTOB, [OCKOJIbKY
Mbl He Hak/1aJblBaeéM HHKAaK4X OrPaHU4YEHUH HAa CTPYKTYpPY CHTYalLHH.
C oaHOMH CTOPOHBI 3TO MPHBOAMT K CJIYYaHHOCTH CHTYaLHOHHBIX CBi-
3ei, a ¢ APYroi CTOPOHBI — K OTCYTCTBHIO YBEPEHHOCTH, YTO MBI HMEEM
JE€J10 C OHTOJIOTHYECKHM YIIOpPsI0YMBaAaHHUEM CHTyauUuH (MOXKHO Mpen-
MOJIOXKHTh, YTO NMPHHATOE YNOPAJO4EHHE ABJAETCH .IMIUb CIEACTBHEM
Hallero BOCIPUATHS BBHAY 110Jpa3syMeBacMoro cMblcia G-oneparopa).

YroOBl MpeomosieTb 3TH TPYAHOCTH, obpatumca k OO606LEeHHOH
KOMOHWHHPOBAHHOH JIOrHKe npeanoxkeHHH u codbiTui B.A.CMmHupHOB2
[5, c. 23]. B s3blke 3TOro HCYMCIIEHHA MMeeTCs orepartop [-], Takoi,

YTO €C/Id @ sABnseTcs GopMyJioH, To [@] Oyner ceHTeHLHAJIBHBIM Tep-
MoM. Hcronb3ys mogoOHbI onepaTop, Mbl 0OOraujaeM Hailly CUCTEMY
33 CYET aKCHOMBI

A al<>a.
Kak cnegcTtBMe, MbI [0O/Jy4aeM  BCIIOMOraTesibHbie  [paBHIIa

6((a]<[b) | O(a)=[bD)

f—>a a < f

. B HEKOTOPOM CMbICJIE€ MOCJIEAHEE TIpa-
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BHJIO MOXHO CYMTaThb JEHCTBHUTENIBHO “He-(PpereBCKUM™: eciu npu-

HATb, UTO [ @] naeT Ham pediepeHT BBICKA3BbIBAHHA &, TO Mbl MOIyYaEM,

4yTO KOpe(epeHTHOCTh (GopMys (B AaHHOM CJIy4ae TOXAECTBEHHOCTH
TIOJIOXXEHMH [ieJ1) BJIeYET HX JIOTHYECKYIO 3KBUBAJIEHTHOCTD.

Crucok ycnoBHH JOMyCTHMOM WHTEpHpeTalUH Ternepsb IOMOJIHSA-
€TCA CJIEAYIOLHUM ITYHKTOM:

[a]={D(a):D(a) ecmv pakm}.
[HompocTy roBops, Mbl comnocTaBiseM Kaxaod ¢opMyne MHOXECTBO
BCEX OTBEYANOIUIMX €l (PAKTHUECKUX CHUTyaLUH NMpU JaHHOH HOITyCTH-
MOH HHTEpIipeTaly — MaKCUMaibHbIH (akT. 3aMETHM, TEM HE MEHee,
4YTO MBI BCE elle HyxaaemMcs B akcHome B(a <a) u mnpasuie

B(a<b) 8(b<c)
O(a <c)

elle He CTAHOBATCA HeoOA3aTesbHBIMH YCIOBHAMH CTPYKTYphl CHTYya-
LLMOHHOH anrebpsl.

, [IOCKOJIBKY COOTBETCTBYIOHIUEC YTBEPXKICHHUA BCE
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M.HN. BexkauumBuJIH

Ob OJHOM YACTHUYHO
HHTEPIIPETUPYEMOM TABJIMYHOM
NCYNCJIIEHUH

Abstract. The aim of the article is to construct and investigate a ver-
sion of tableaux calculus for a partially interpreted first order predi-
cate logic (with one epistemic modal operator). No pure classical tau-
tologies are provable in it. Take into account the other its peculiarities,
we will be able 1o obtain its type free extension and newly examine the
logistic thesis this time on the ground of epistemic logic.

Lenbio paboTel sIBASETCS MOCTPOEHHE M MCCJIEAOBaHHE BEPCHH
TabIUYHOro Hc4HMcieHus B ctuie OurruHra (cp.[4]) ans 4yacTUUHO
UHTEPIIPETUPYEMOH JIOTMKH MpeauKaToB nepeoro nopsaka Ed, koto-
pas Obl1a ceManTH4eckH onucada B [1]. Jloruka E4 poncreerHa Tpex-
3Ha4yHOMY HcuHucieHdto [l.bousapa (cp. [2]). Kak u B mocienHeM, B
Hel He BepHa HM OJHa He cojepKalllast HEKJIAaCCHYECKOTO olieparopa
KJaccHdeckas TaBTOJIOMMS, OHa Takke Mo3BojseT ¢GOpMasbHO BbIpa-
3UTh OECCMBICIIEHHOCTh HEKOTOPbIX TMapaJOKCaJbHBIX BbIPAKEHUH.
Ecnu yurem U 1pyrue cxolHble OCOOEHHOCTH, Mbl CMOYKEM PaCIUHpPHTD
E4 0Oe3 BBedeHHA THUIMOBEIX OrpaHHYEHHH, OITycKas BO3MOXXHOCTH
MOABJAEHHS HEKOTOpbIX (oOpMysn M MNpelHKaTHbIX OyKB Ha MecTax
MHIUBHIHBIX MEPEMEHHbIX U, HECMOTPA Ha 3TO, HCKJIIOYMTb BO3MOX-
HOCTbh BOBHMKHOBEHHUS JIOTHYECKHX H CEMAHTHYECKHX AaHTHHOMHH.

Andasur E4 conepxuT HeorpaHH4eHHbIE CNMCKH MHAMBUIHBIX
nepemeHHbIX Ind, n-apueix (n>0) npeavkatHbix Oyks Prd, noruueckue
CBA3KM ,1/1s OTPULAHUS H JM3BIOHKUHH — M V, KBAHTOP CyLIECTBOBa-
HUSA: 3 W MoJanbHBIA onepatop 3HaHWA: [ (4uTaeTca: “‘U3BECTHO,
uro”). MHoxectBa dopmyn Frm, aromapusix dopmys Atm, a Takke
cBoOoaHbBIE M CBA3aHHBblE BXOXKAEHMS WHIHMBHAHbLIX MEPEMEHHBIX B
dopmyny onpenenstorcss obpryHo. B ciyuyae HagoOHOCTH, MOXHO
CTAHAAPTHO BBECTH B BUAS COKPALIEHHH 3HAKW KOHBIOHKLMH, HUMIJIH-
KallMH, 3KBHBAJIEHUHH M KBAHTOP BCEOOLIHOCTHIA, O, = U V. 3HaKH
KOHIWUHOHaNa, OMKOHIWLIMOHANIa, paBHO3HAYHOCTH U OECCMBICIEHHO-
CTH: —>, €>, ® U v, BBOAATCS ¢ NOMOLLBIO CIEAYIOLIHUX OllpeeNeHHI:

A—B = TJADOB,
AoB=(A—->B)A(B—A),
AxB=(A<-B)A(-A<—B),
VA=—TIAA— —A.
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Cemanrtuka. E4-¢peiimom  sBasercs  ynopsmoueHnas — Tpoiika
Fr=<H,R,D>, rne H — HemycToe MHOXeCTBO (YACTHYHBIX BO3MOKHbBIX
mupos), RCHxH, npuyem R pednexcuHo u TpamsutuBHO, a D —

¢yHkuuMs obnacreit, onpeneneHHas Ha H, Takas, yto D(V)=D s
veH, u

(d) ecnu (v, u)eR, To D(v)cD(u), v, ucH.

E4-monensio Oynem HaseiBaTh napy <Fr,V>, rue Fr — E4-¢peiim,
a V — OuHapHas yactu4uHas ¢yHkuus w3 AtmrH B {T, 1}, Takas, 4ro
s 1o6eix PP ePrd u vOH, ecau n=0, To V(Pn,v)=T Wid | unu Hu
T, vu L. B nepBbix AByX cnydasx OyaeM roBopuTs, yto V olpejeiieHa
ans P v u nucats V(P v), a B TpeTbeM ciy4ae — 4To V He onpeje-
nena ans P v u nucars 'V(P”, v). Eciu xe n>0, to V(P", v) ectn
napa (P;Q), Takas, uro P, Qc[DW)]™ u PnQ=3, rue [D(W)]™ - n—
KpaTHOE J1EKapTOBO Nnpou3seaeHue MHOXKecTBa D(Vv) Ha ceds.

[lycte U=UyeyD(v). Ecnu 3anana E4-monens M, Mbr s kax-
nou gopmynsl 4 U kaxaoro veH cMoxeM HaltH 3HavyeHde T wnu L
NpyU JAHHOM COIMNOCTaBJIeHUH 3/1eMeHTOB MHo)kecTBa U HHIMBHUIHBIM
nepeMeHHbiM U3 cnucka Ind, Bxonsiuum B A, B ciaydae, korna !'V(4,v).

Ecnu A€Atm, T0 A coBnamaer ¢ PYcPrd wiu wumeer Bun

z(xl,...,xn), n>0. B nepBom ciyudae V(P v) yXe 3agaHa Moaesbto. Bo
BTOPOM Clly4ae MNPEINOIOKHM, YTO Ay..,an H3 U COMOCTaBIAIOTCSA
COOTBETCTBEHHO MHAMBMIHBIM MEPEMEHHBIM X),..., Xy H mycTs V(P V)
ectb napa (P;Q). IIpu takom conocraBnenun V(P (x,,...,.xp),V)=1 <
(a5.--sap) €P; V(Pn(xl,...,xn),v)=_1_<:> (agy..sap)€Q; B NPOTUBHOM CIy-
yae, He !V(Pn(xl,...,xn), V).

Ha npouzBonsHeie Gopmynel u3 Frm V uHgyuupyercs cienyto-
MM obpasom: mis Bcex 4, BeFrm u veH npu ganHom comnocrasiie-
HHH 3JIEMEHTOB 4 ,...,ap, H3 U CBOOOAHBIM HHOWBHAHBIM MEPEMEHHBIM
X),...Xn, BXOASALIHUM B A U B.

V(4,v)=T & V({4,v)=L; V(—4,v)=1L < V(4,v)=T; B npoTuBHOM
cnyyae He 'V(—4,v).

V(AVvBv)=T ©VANV)=T wm V@ByV)=T, V(AvBy)=L &
V(4,v)=V(B,v)=1, B npoTuBHOM ciiyuyae He !V(4vB,v).

V(14,v)=T <> nnsa Bcsakoro ueH, rakoro, uto (v,u)eR, V(4,u)=T
u V(OA4,v)=L1 B nporuBHoM ciyudae (T.e. korna V(4,u)#T ans HekoTo-
poro u, Takoro, 4to (v,u)eP).

V(E3yA(x,...xpy),v)=T < cyumectsyer beD(v)CY, Tako#, yrto
V(A(x,,...xpy),v)=T, B ciydae, Korga npH TOM >XE COIOCTABJIEHHH
3JIEMEHTOB aj,...,ap M3 U nepeMeHHbIM X,,...xy, b conocrasngercs
nepeMeHHo# y. V(IyA(x,,...,.xpy),V)=L < V(4(x},...,xn,y),V)=", KOraa
OpU TOM XK€ COIOCTaBJIEHUH 3JIEMEHTOB ajy...,an U3 U nepemMeHHbIMU
X,,...Xp, MEPEMEHHOMN y cornocTtasisercs aobon anemeHT be D(V)HU; B
NpPOTUBHOM ciiyyae He !V(3yA(x],....xpn, ¥),V).

HUctunHOCTE B Modenu, B ¢peliMme U oOlLEe3HAYUMOCTh B KJlacce
dpeiimoB E4 onpenenstorcs o6pI4HO.
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Teopus nokasareabctB. [lycTs ~Frm — MHOXECTBO BCEX MeUe-
HBIX 3HaKOM “~” Gopmya u3 Frm. Tabiuue#t Oynev Ha3biBaThb HEKO-
TOpOE M0, AMHOXKEeCTBO MHOxecTBa FrmU_~Frm, ansTepHaTHBHON CHC-
TeMOI Tad/IHuLl — YOopANOYeHHOE B BUIE JEpeBa MHMKECTBO TabuL, a
JHarpaMMOi — MHOXECTBO ajibTepPHaTHBHBIX cHCTeM TabiMu. B kax-
oA TakcH cucTeMe S ogHa M3 Tabiauu (a MMEHHO, HA4alo AEpeBa)
sBjseTcs rnaBHoi. Octanbbble Tabauusl S BcioMorarenbHsl. [Iputom
Kak IJ1aBHas, Tak ¥ BCTIOMoraTesbHas Tabiaulibl U3 S MOTyT ObITh asib-
TepHAaTHBHBIMH HaNapHHLAMHW TabnuL, MPHHAUIEXALIMX APYTHM ajb-
TEPHAaTUBHBIM CHCTEMAM.

CocraBneHde AHarpaMmbl Mbl HAaUMHaeM BKJIOHEHHEM ~A B I/1aB-
Hylo Ta0.1MLy. A 3aTeM MPOAOHKAEM TMOCTPOEHHE COIIACHO CJIEIyIo-
LIMM MPOIMO3ULIMOHATBEHBIM MpaBUJIaM:

A, —-A A, ~—-A
NN —— , ~NN
A, ——A, A A, ~——A, ~A
A, —(AVB) A, ~(AVB)
ND . ~D

A, —'I(AVB), ﬁA, -B A, ’““(AVB), ~A., ~B
A, (AVB)

D y "'ND s

A,(AvB),A | A,(AvB),BA, ~—(AvB),~—A | A, ~-(AVB),~-B

A, ~—(AVB)

A, ~UA A, ~-[A
K , ~NK ,
A, =DA A, ——-0A
A, DA A, -OA
K—- —, N =
AG’ A AD, ~A
H KBAHTOPHBIM lMpaBHJIaAM!
I, 3xA(x) I, ~—3xA(x)
~E ~NE

I, 3xA(x), A(y) ,

T, =3xA(X)

NE -
I, ﬂEXA(X), —:A(Z)

I, ~=3xA(x), ~—A(y)

T, ~3xA(x)

~E ]
I', ~3xA(x), ~A(2)
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roe I'c(Frmu~Frm), [-={0B:0BcIl}, x,y,zeInd, npuyeM y — HoBas,
elle He BTpevarouascs HH B OOHOM TabiMle nepeMeHHas, z — Kak/jas
YK€ HCIonb30BaHHasA riepeMeHHast, 4 4,8, A(x)eFrm. Ilpu stom BMe-
cro JU{4} ™Mbl mnpoctro numeM [, A. DneMeHTbl MHOXECTBA
FrmU~Frm B nanpHeiiueM O6yneM Ha3blBaTh BEIPAXKEHHAMH.

IponosuuuonaneHele npaBuna: NN, ~NN, ND, ~D, K, ~K, ~NK,
a TaK)Ke BCE KBAHTOPHBIE MpaBWJAa MPEANHCHIBAIOT 3aMEHWUTL B Tal-
JTMLE t MHOXKECTBO BBIPXEHMMH, HaXO[dLlUeecs BblIlIe rOPU3OHTAIbLHOM
4YepThl MpaBHJia, MHOJKECTBOM BBbIPaXXEHUM, HaXOMALIUMCS HHXE €ro
yeptsl. IIpaBuio NK npeanuceiBaer u3 ThIONHUBl t, comepkaiien
MHOXECTBO BbIPaX€HHH, HaxXosAUIeecs BbllIE€ FOPU3OHTAIBHOH YepThl
MpaBHJIa, OTKPbLITh HOBYIO Tabnuuy t', Takyto, uto (t,t")OR, u nomec-
TUTb B t' MHOXECTBO BBID@XCHHI, HaxXoAslleecs HIKE ero ropusoH-
TaibHOM 4epThl. HakoHel, npasuiia D u ~ND npeanuceiBatoT, UCX0as
u3 Tabnuuel tOS, coaepxxalleil MHOXKECTBO BBIPAXXEHHH, Haxoad1ueecs
BbILLE TOPH3OHTAJIBHOM 4YepThl MPaBWUiIA, COCTABUTh HOBYIO ajibTepHa-
TUBHY1O cucTeMy Tabauu S'= (S\{t})u{t'}, rme MHOXecTBO BbIpaxe-
HUH, HaXOoJslleecs BbILIE TOPU3OHTATBHON YepThl MpPaBHIIa, 3aMEHEHO
B t MHOXECTBOM BBIPOXEHUH, HAXOAALUUMCS HHIXKE€ TOPU3OHTAIBHOMH
YepThI MpaBwia C JIEBOW CTOPOHBI, a B t' — ¢ MpaBo CTOpPOHBI. t€S u
t'eS' Ha3pIBAIOTCA aIbTEPHATHBHBIMH HalapHULIAMH APYT Ipyra.

Tabnauua TpuBHaNIbHO 3aMKHYTa, €CJIH OHA COAEPKHT HEKOTOPYIO
dopmyny B BMecte ¢ —B wnu BMecte ¢ ~B. Tabnuua 3amkHyTa, eciu
OHa TPUBHAJIBHO 3aMKHYTa WM HaXOJUTcH B OTHouieHHH R xoTa Obl
OHOH 3aMKHYTOH Tabnuueid. ANbTepHaTUBHAs cUcTeMa TabJIML] 3aMK-
HyTa, €CNM 3aMKHyTa ee rnaBHas tabnauua. E4 — nuarpammoit ans A
OyneM Ha3bIBaTh MHOXECTBO BCEX AIETEPHATHBHBIX CHCTEM TabNML ¢
rnaBHoM tabnuueH, cogepkalet HCXOaHY MedeHyto dopmyny ~4 (B
KOHTPMOJEJIH, €CJIU MOCJEeHSS CYILECTBYET, 3TO OyAET 03HA4aTh, YTO
A He UCTHHHA, T.€. JIOXKHA WU HeomnpeaeneHa). E4 — nuarpamma s A
3aMKHYTa, €CJIM 3aMKHYThI BCE €€ aJlbTepHaTHBHbIE CHCTeMBI TabnuL. B
NPOTHUBHOM Clly4ae, OHa OTKpbITA.

OcrtaBnsig 34eCh OTKPBITBIM BOIpOC 00 akcMOMaTH3aUHUU TUiIsbep-
TOBCKOro tvmna Jioruku E4, 3aMkHyTyto auarpamMmy Ajis GopmyJibl 4,
cnenys @urrunHry (cp. [4]), OyseM Ha3blBaTh [10Ka3aTeJIbCTBOM A.
ByneM Takke roBopuTbh, UTO A sBAsAETCS AOKadyeMod B TabGiHYHOM
ucuyucineHuu E4 wnu teopemoit E4 (4 nucath |[-A ), eciid CyLIeCTBYeT
3aMKHYyTas gdarpamma ajis A.

B [1] Obum ycTaHOBNIEHHBI HEKOTOpbIE CEMAHTHYECKHE OCOOEeH-
HOCTH JIOoTMKH E4 U ee cBsa3b ¢ ApyrUMH cUcTeMaMHU. 31€Ch MbI MOKa-
XeM, uto TabnuyHoe ucyucineHue E4 sBnsercs KOPpeKTHbIM U I10JI-
HBIM, a €ro MpPOIO3HULIMOHANBHBINH parMeHT — pa3peLiMMbIM.

KoppekTHocTh. I[logMHOXecTBo t MHOxkectBa FrmuU~Frm
OyneM Ha3piBaTh peaiu3yeMblM, eciad cyuiectByer E4 - Mozens
M=<H,R,D,V> u veH, Takue, 4yTO NpH HEKOTOPOM COMOCTaBJIEHHUH
snemeHTOB U CBOOOAHBIM HHAUBUAHBIM NMEpeMEHHBIM GopMybl 4 B Vv
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UCTHHHA Kakaas ¢opmyia u3 t, npuHaiexawas Frm, u B v He
MCTUHHA (T.€. HEOMNpeAeeHa WITH JIOKHA) Kaxkaas GopMyna U3 t, Haxo-
asiuascs ciepa 3Haka “‘~”’. J4eBHAHO, YTO HHU O[HA TPUBHAJIBHO 3dMK-
HyTas Tabauua W, clieqoBaTe/IbHO, HH OZIHA 3aMKHyTas JHarpamMma He
MOKET OBITh peau3yeMoi.

HeTpyaHo Takyke NpoBEpPUTDb, YTO BCE HALUM MPAaBUJIA NTOCTPOEHHMS
TabJML COXPAHSAIOT peaaudyeMocTb. JpyruMu crioBaMH, BCSIKHH pas,
KOTJAa peajiu3yeMbl MHOXKecTBa (OpMYJ, HaxoAsuUlMecs BbILIE TOPH-
30HTa/ILHOH YepThl 3THX MPaBWI, pead3zyeMbl U MHOXECTBa (GopMyi,
HaxoAALIUECSH HUKE TOPU30HAJIbHOM YEpThI.

PaccMoTpuM, k npumMepy, npaBuiio NK ¥ npeanosoxum, 4To pea-
nu3yeMo MHoxecTBO Qopmyn {I,—[A4}. Toraa cyuiectByeT Moaelb
<HLR,D,V> u veH Takue, 4TOo A/i1 HEKOTOPOro CONOCTaBJEHHUS 3Jie-
meHTOB U BceM cBOOOAHBIM HAUBHUAHBIM NEpeMEHHBIM GOpPMYJibl A, B v
HUCTHHHBI BCE€ HeMeueHble GopMyJibl U3 [, a Takke —_A4 U He UCTHHHA
HH oaHa MeueHas dopmynaa U3 . HMctuHHocTe —(4 0O3Hayaer, 4TO
cyuwtectByeT ve H, TakoH, 4yTo (v,u)€R U B u He HCTHHHA A NpH TOM XkKe
COMOCTaBIeHUH 31eMeHTOB U cBOOOAHBIM WHAMBUIHBIM MEPEMEHHBIM
dopmynsl 4 (D(v)cD(u)). Ho torna <H,R,D,V> u veH peanusyror
MHoxecTBO dopmyit {I [,~A4}, nockonsky I [0/ v, BBUAY TpaH3U-
TUBHOCTH R, BCce hopMynbl 43 /"] UCTHHHBI U B U.

AHAJIOTHYHO MOXHO YOEeAWTbCs, YTO HAallW OCTaJbHbIE MpaBHIIa
TAK)Ke COXPaHAT Pealu3yeMOCTh.

TEOPEMA KOPPEKTHOCTH. Ecnu |-4 B TabnuuHoM ucuyMcie-
Huu E4, To 4 ofie3HauumMa B kiacce gpeiimor E4.

JJOKA3ATEJIbCTBO. YcTaHOBUM CIpaBeIMBOCTE KOHTparo-
3ULKMH HAlero VreepxJaeHks. B camom jene, npeanonoxuM, 4to A He
obue3HayMMa e kiacce dpeitmoB E4. B TtakoM ciyvae, CywecTByrOT
E4 — monens <H,R,D,V> 1 veH, Takue, 4to B v He UCTUHHa 4 1pH
HEKOTOpPOM cornocTaBneHur snemMeHToB U cBOOOAHBIM HHIHBHIHBIM
nepeMmeHHbiM Gopmynsl 4. Ho Torma peaiusyema rinaBHas Tabiiuia
E4 —quarpaMMbl ¢ UCXOJHbIM BblpaxenueM ~A4. C apyrou CTOpOHSI,
Mbl YOEIMJIUCh, YTO HALUK MpaBU/a NOCTPOEHHS TalIHL COXPAHSIOT
peannu3yeMocTh. [103TOMy MarpaMma ¢ UCXOIHBIM BbIp@KEHHEM ~A4 He
MOKeT ObITh 3aMKHYTOH W, C/IeAOBaTENbHO, A HE MOKET ObITh JOKa-
3yeMoi B TabanyHOM HcuucieHud E4.

ITo.xnora. Ecnu aunarpamma mis A He 3aMKHYyTa, HE 3aMKHYTa, M0
KpaliHed Mepe, OJHA H3 €€ aJIbTEPHATHBHBIX CHCTEM TaOJIML. 3HAYHT,
He 3aMKHYTa [jiaBHas TabJjiMLa TakOW CHCTEMbl C MCXOJHOH MEUYEHOH
dopmynon ~4. Ho toraga He 3aMKHyTa HH OAHAa M3 €€ BCIOMOraTesb-
HbIX Tabnuu. BeibepemM 0QHYy TaKyr OTKPbITYIO ajlbTEPHATHBHYIO CHC-
teMy Tabauy S. MHOXKECTEO S 4acTHYHO yNOpaJ04eHO OTHOLIEHHEM R
Mexly TabluLaMu, aBSCIUMCS pedIeKCHBHBIM U TPaH3UTHBHEIM. C
nomowipto S u R cinemywowinM obpazom omnpenenum dpeim Fo=
<H,R,D>.
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Ilycts O — B3auMMHO-oaHO3HA4YHas dyHKLHUA, oTOOpaxatowas S Ha
H, takas, 4yto eciu

t],t2€S, vi=0(t]) u v2=0(t2), To (viv2)eR, e. u T. €. (t1,t2)eR.
Octaetcs onpenenuts ¢yHkuuro obnacreit D nna Fg. Kaxnoit
Tabauue t U3 S conocraBumMo MHoxectBo Y¢cInd, He nepecekaro-

uieecs ¢ CONOCTaBJAEHHBIMH JIpYTUM TabuilaM MHOKecTBaMu. Eciu t —
rinaBHag ¥ v=0(t), To D(v)=XuUXt, rae X — MHOXeCTBO BCceX cBoOO-

HbIX HHIWBHIHBIX MEPEMEHHBIX HCXOHON Me4YeHOH QopMyIbl ~4 U3 t,
a XtcYtcInd. Ecnu A He coaepKUT HH CBOOOIHBIX UHAWBHAHBIX Ie-

PEMEHHBIX, HU KBaHTOpOB, T0 J=D(v)=XtcYt. Ilycts, panee, steSs,
v=0(s), u=0(t), (v;u)eR U npeanosioxKuMm, YTo Mbl YyxKe OINpene/IdiIu
D(v). Toraa D(u) = D(v)UX¢, rae XtcYt;, ecad t HE COOEPKHUT HH
oaHOH (QopMy’sibl C KBAaHTOPaMH, Xt — NMPOM3BOJILHOE MOAMHOXECTBO
MHOXKecTBa Yt. Jlns Becskoro v=0(t) u cooTBeTcTBYIOMLIEeH TabMUIILI t, B
NOCTPOEHHH KOTOPOH HCIIOJIB3YIOTCS KBaHTOpHbIE npaBuna E, ~NE, Xt

ABJIAETCS MHOXECTBOM BCEX HOBBIX MEPEMEHHBIX, BBOIMMBIX COIIACHO
3TUM nipaBuiam U3 Yt. O4yeBUIHO, 4TO ycnoBue (d) pyHkuuu obnacreit

D Bcerma Oyner cobnronarscs, MOcKoibky ecid (v,u)eR, To
D(v)cD(v)uXy = D(u).

Teneps, E4 - Mogens Mg MOXxHO onpeienuts kak napy <Fgq,Vg>,
rae Ko — BelieonucaHHeliii ppeiM, a Vg — OMHapHas YacTU4YHas QYHK-

uusa u3 AtmxH B {T,”}, kotopas ¢ xaxuol tabnuueii t U3 S cBA3aHa
CJIEAYIOUIMMH YCJIOBUAMH.

[ycte  v=0(t), teS. Eciu n=0, Vo(P", v)=T, ecnu t COZIePXHUT
P", VO(Pn,v)=_L, eciu t conepxut —P" u He 'Vo(P"v), ecan t coaep-
KHUT OHO M3 BBIpOKEHUH ~P" ymu ~—P", Mpy4eM B MEPBOM Clly4yae
—P" e BxomuT B t, a BO BTOPOM, P" He BxomuT B t (B 4aCTHOCTH, He
'Vo(P",v), ecnu t coneput o6a Beipaskenns ~P u ~—P™).

Ecnu xe n>0, Mbl nojaraem, 4ro V()(Pn,v)=(P,Q), rae P,
Qc_:[D(v)]n, PNQ=Y u (x,,....xp)eP, ecau t comepxur Pn(x,:,...,xn);
(x;,...xpn)€P, ecan t CcOAEPKHUT —,Pn(x,,...,xr,-); (X;,...xp)EP W
(x),...,xn)€Q, €cnu t COOEP>KUT OOHO U3 BhIPAKEHUN ~Pn(x,,...,xn) WU

~—1Pn(x,,...,xn), npy4yeM, B TMEpBOM cJliyyae, B t He BXOOMT
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—PY(x),...,xp), a BO BTOPOM -- Pn(xj,...,xn) (B 4aCTHOCTH, (X},...,.Xp)€P 1
(x;,...,xp)¢Q, ecnu t comepxur oba BbIpWKEHHA ~PYx),...xn) W

~=PYx,,. . x0).
Tenepp MOXXHO MoOka3arb, YTO €CiM AdarpaMma Qs A He 3aMk-
HyTa, M sBiasfeTca omposeprarouied moaensto ang A. Paccmorpum

obvenunenune Uy Bcex D(v), roe v=0(t), teS, u xkaxayw dopMmyity U3
noboit Tabnuuel S 6yaeM OUEHMBATh A8 COMOCTABEHMS, NMPH KOTO-

pOM BCSKOH ee cBOOONHOK HMHIMBHUIHOH IMEPEMEHHON COOTHOCHTCH
omHouMeHHas nepemeHHas W3 Ug, T.e Kkoraa kaxaoW cBoOOIHOH

HHIMBHUAHON NMepeMeHHOH Mbl B KavyecTBE€ OOBEKTa COMOCTaB/IAEM Ty
Ke CaMyl) NEPEMEHHYIO.
OCHOBHAA JIEMMA. Ecnu Mg — Bbllle3afaHHas MOIeE/b, TO Aj1A

BCAKOH ¢opmysibl B U BCskOH Tabnuuel t€S, NpH TOXKIECTBEHHOM
cornoctaBneHUu nepemeHHbix U3 Ug BceM cBOOOAHBIM NIEPEMEHHBIM B,

M yAOB.1ETBOPSET CIEAYIOLHM YCIOBHSAM:
1) Ecnu dopmyna B Bxoaut B t, 10 Vo(B,v)=T,
2) Ecnu dopmyna —B exoaut 8 t, 10 Vo(B,v)=1,
3) Ecnu Bsipaxkenne ~1IB Bxoaut B t, TO He !Vo(B,v) umH
Vo(B,v)=T,
4) Ecnu epipaxkeHde ~B Bxoautr B t, To He !Vg(B,v) i
Vo(B,v)=L.

JOKA3ATEJIBCTBO nposeneM OIHOBPEMEHHOM HWHAYKLMER 10
YUCITY BXOJAWMX B B JIOTHYECKHUX 3HAKOB.

Ecnu Be Atm, cipaBe/(JIMBOCTD YCJA0OBHH 1) - 4) HEMOCPENCTBEHHO
clexyeT a3 onpeneneHds V.

[IpeanonoxxuM no3roMy, 4to B¢ Atm. Torga B UMmeer OQMH M3
caenyrowux BunoB: —C, C,;vC;, 3xC(x) unn UC.

[Tycts B umeer Buag —C U NOKaXkeM, YTO yTBepxKIAeHHe 1) cnpa-
BeJIMBO. BHOBbL BOCMONb3yeMCSs HHAYKUHEH MO YHCIY JIOMHYECKHX
3HAaKOB, BXoAsuwlux yxe B ¢opmyny C, KoTtopasi, B CBOI Ouepenb,
MOXeT ObITb aTOMapHOH WM UMETh OIHMH W3 CIYAYIOLIMX BHIAO0B: —D,
D,vD,, 3xD(x) wiu UD. B cnyuae, korna Ce Atm, B umeer Bug —C H
CrpaBedIMBOCTb YCIIOBUS 1) ciienyeT u3 onpeneneHus Vg.

Ecin C umeer Bua —D, torma B ecty ¢Qopmyna ——D, u
MOCKOJIbKY OHa BXOAWT B OTKPBITYIO Tabauiy t, K HEH MPUMEHHUMO
npaBuiao NN, cornacHo koTopoMy B t Taioke BiulodaeTcs ¢opmyna D,
coaeprkallas OOHMM JIOTMUYECKHM 3HAaKOM MeHblie, yeM ¢opmyna C.
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[loaTomy, B cuiy uHOykTHBHOro mnpeanonoxenus, Vg(D,v)=T . Ho
COrjacHO NMpaBHITy OLEHKH 1 OTpHUaHus, Vo(B,v)=Vo(—-—-D,v)=T.

[Tycte C wumeet Bun (D;vD,). B TakoM cayyae B ects dopmyna
BUAa —(D;vD,) u B OTKpbITOH TabnuuUe t Kk Hell MPUMEHHMO MPABHIIO
ND, cormacHo koTtopoMy B t BKIOYaOTCs GopMynbl —D; U —D,,
colepraiide MeHbLIe JIOTHYECKHUX 3HaKoB, YyeM popmyna B. CornacHo
HHAYKTUBHOMY MpEATON0KEHHIO JJ1s YCJIOBHSA 2),
Vo(D1,v)=Vo(D2v)=L1 , oTKyna, Mo npaBwiaM OLIEHOK AJIA JH3bIOHK-
LMK ¥ OTPHLIAHMSA, ClIeNYET, YTO Vo(B,v)=Vo(—~(D;vD,), v)=T.

Ecnu C umeer Bua 3xD(x), B asnserca dopmynoit —3IxD(x) u,
TaK KaK t OTKpbITa, K HEH npumeHumo mnpasuiio NE, cornacHo korto-
poMy IUTA KaXKI0H HHAWBHIHOH nepemeHHoH ze D(v), v=0(t) B t BKIIIO-
yaetcs ¢dopmyna —D(z), comepxkawas OZHHMM JIOTHYECKHM 3HaKOM
MeHblie, 4eM B. [loatoMy Kk —D(z) NpUMEHUMO HHIYKTHBHOE IMPeo-
JIO)KEHHE U1 YCJIOBHA 2), B cuity Kotoporo Vo(D(z),v)=L npu Toxne-
CTBEHHOM COIOCTaBJIEHUH nepeMeHHbIX U3 Uy BCEM OT/JIHUYHBIM OT Z
CBOOOAHBIM MHAMBUIHBIM MEPEMEHHBIM, BXOHAIMM B D(z), koraa
nepeMeHHOM z conocrtasingercs mobas nepeMeHHas u3 D(v). Otkyna,
COIJIaCHO MpaBUy OLIEHKH U1 KBAHTOpa CYLUECTBOBaHHS,
Vo(3xD(x),v)=1, a o [paBUITy s OTPHLIAHHA,
Vol(BW)=Vo(—3xD(x),v)=T .

Hakoneu, ecnu C umeer Bug 0D | To B ectb popmyna 1D g,
MOCKOJIBKY t OTKpbITA, K nociegHed ¢opmysie MPUMEHHMO MPABUIIO
NK, corjlacHO KOTOpOMY cocTaBiseTcs HoBas Tabiauua t', Takas, 4to (t,
tYOR u B Hee nomernaercs BeipaxeHue ~D. Ho D cogepXuUT MeHbliee
YHCJIO JIOTHYECKHUX 3HAKOB, 4eM B, U K HEH MpHMEHHMO HHIYKTHBHOE
NpeAnoJIOKEHUE 11 YCIOBHA 4), COrIaCHO KOTOPOMY OPH TOXIECT-
BEHHOM COIMOCTaBAEeHHH 3JIeMeHTOB U BceM CBOOOJHBIM MEpEeMEHHbIM
D ne !'Vg(D,u) wnu Vg(D,u)=1, roe u=0(t"). Ho Toraa, B ciy npaBuia
OLEHKH 151 ofiepaTopa 3HaHud, Vo(B,v)=Vo(-0D,v)=T.

CnepoBaTefibHO, ycioBHe 1) crnpaBemjnBo, korna B umeer BUI
—C. OcrtaeTcsl pacCMOTPETh ClTy4aH, Korjaa, B uMeeT oUH U3 Cleayio-
mux BugoB: C,;vC,, 3xC(x) wiu OC.

Ecin B umeer Bun C,vC) To, mockonsKy t otkpeita, k C;vC,
npuMeHuMo npaBuio D, cornacHo KOTOpoMy COCTaBS€TCA HOBasA ajlb-
TepHaTUBHas cucteMa tabauu S'=(S\{t} ) {t'}, npuuem t' neanukKkoM Ko-
MUPYET t 32 UCKIIOYEHHUEM TOTO, YTO B t JOMOJHHUTEIBHO BKJIHOYAETCS
¢opmyna Cy, a B t' — dopMmyna C,. B BbiOpaHHOMH anbTepHAaTUBHOM CHC-
TeMe BXOAUT coBMecTHMas Tabnuua ¢ Cj (i=1,2) u B BHAy TOrO, 4To Cj
COAEP>KHT MEHbLlEe YHCIIO JIOTHYECKHUX 3HAKOB, YeM B, B CUIly UHAYK-
TBHOro npexamnosnoxeHus, Vo(Cji,v)=T, a corsacHo npaBuily OLEHKH
I8 3Haka Au3bloHKUHH, Vo(B,v)=Vo(C,vC;, v)=T npu ToXIecTBeH-
HOM corocTaBjieHHH 35ieMeHToB Uy BceM CBOOOIHBIM MepeMeHHbIM B.

Ecnn xxe B umeer Bug dxC(x), nOCKONbKY t OTKpBITA, K HEH NpPH-
MeHUMO mnpaBwio E, cormacHo kotopoMy B t BiIouyaeTcs ¢opmyrna
C(y) c paHee He BCTpedarolleHCs HH B OAHOW Tabiauue MHIMBHAHOH
nepemeHHol ye XYt Kpome toro, 4ucio noruvyeckux 3Hakos C(y)
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Ha €IMHHULLy MEHbLUE, YeM COOTBeTCTBYIoLIee uucio ans B. [Toatomy, B
CHITy HHAYKTHBHOro npeanonoxeHus, Vo(C(y),v)=T npH TOXKIECTBEH-
HOM corocrasjieHdH aeMeHToB Ug BCeM OTJIMUHBIM OT ¥ CBOOOAHBIM
WHAMBUOHBIM MepeMeHHbIM C()), KOraa nepeMEeHHOH Yy COIOCTaBiis-
erca ye XtzD(v), v=0(t). Ho Toraa, corjiacHo mpaBujly OLEHKH Ui
KBAHTOPAa  CYLIECTBOBAHHsA, MpPH  TOM  JKE€  COMNOCTABJIEHHH
Vo(B,v)=Vo(3xCix),v)=T.

HaxkoHeu, eciu B uMmeetr Bua UC, Tak Kak t OTKpbITa, K HEH NpH-
mMeHHMO mpaBuio K U B kaxayro Tabaumuy t,, Takyrw, 4yto (tt])eR,
noMewaercs dopmyna C' ¢ MEHbLIKM, YeM B, YHCIOM JIOTHYECKHX 3Ha-
koB. [103TOMyY, B CHITY HHAYKTHBHOIO npeznonoxenus, Vo(C,u)=T ans
BCAKOro u, takoro, uto (v,u)eR, v=06(t), u=0(t;). Ho torama, nmo npa-
BUJTY OLEHKH 1 MOJAJIbHOTO orneparopa 3HAHHA,
Vo(B,v)=Vo(dC,wv)=T.

TouHO TakKe yCTaHaBIHBAETCA CIPaBEAIMBOCTb YCIOBUH 2) - 4),
B Cly4yae, KOrga MOCTpPOEHHe JHarpaMMbl 3aBepluaceTcs. A, ecnd ee
MOCTPOEHHE HE 3aBeplUaeTcs, T.€. MocJie KaXJOro uiara Kakoe-TO M3
HALIKUX MpPaBWI Bcerga OyAeT MpUMEHHUMBIM, TO AJif NOJYYEHHS KOHTP-
MOZEIN Mbl BOCTOJIb3yeMCs IceBa0TabIMIIaMH, KaK 3TO CAENaHo B [5].

TEOPEMA TIOJIHOTLHIL. Ecnn A ofuie3sHaydma B kjacce ¢QpeHMOB
E4, To +4 B Tabau4yHOM HcuKceHUH E4.

JOKA3ATEJIbCTBO. YcraHOBMMO, 4TO eciM auarpamMma s 4 He
3aMKHYTa, TO A He ofuie3Haynma B kjiacce ¢pemos E4. B camom
aese, ecian auarpaMma Uis 1 He 3aMKHYTa, TO He 3aMKHYTa, MO Kpai-
Hell Mepe, OJHa W3 ee aJbTePHATHBHBIX cHcTeM Tabnuu. Cnenosa-
TebHO, HE 3aMKHYyTa Takxe rjaBHasg Tabiadua TaKoOM CHCTEMbI C
HcxonHod ¢opmynoi 4. Heo toraa, corslacHO ycCJI0EHIO 4) OCHOBHOM
JIEMMBI, CYLLIECTBYET OrpoBepratouias Moneab Mg s A U noatomy A
He obule3Ha4MMa B kacce ¢periMoB E4.

Pa3zpeminMocTh nponopuHoHaadbHOH uwacTH E4. Mei kaxaeiii pas
CTpEMHMCS 3aBEPLUHUTh [IOCTPOEHHE Amarpammel. [losTomy Bcerna
NpearnoJiaraeM BbIMOTHEHHBIMH ClIEAYIOLUME COINAalleHHs O HelolTyc-
THMOCTH ITOBTOPEHMSA pe3yabTaTa: HallH NpaBHia HE/1b31 MIPUMEHATD K
dbopMysiaM TPHUBHAJIBHO 3aMKHYTOH TabJjivUpbl, a TAKXKE B TEX CIyyasx,
KOrJa OHH IpPEeNNHChIBAIOT BKJIKYUTh B Tabiauuy QOpMyy, YyXKe
cogepkallyrocs B HeHl (Tax kak TaOiauubl Mbl pacCMaTpHBAaEM Kak
MHOXecTBa ¢opMyi). OaHAKO, HECMOTpS Ha 3TO, MOCTPOEHHUE OHa-
rpaMMbl HE I8 BCAKOH (OpMyJibl 3aBepLUAETCS B KOHEYHOE YHCIIO
LIArOB.

KoHeuHy10 nociaenoBatenbHOCTh TaOIUL Sg,...,Spy H3 S, TAKYIO, YTO
S =Sg, t=Sp H (51,5i+]1)€R (0<i<n) 6yaeM Ha3bIBaTh MyTb M3 S B t. A
uenbto TabnuL B S Ha30BEM TaKOe MMOAMHOMXKECTBO S, A7 J00bIX ABYX
3JIEMEHTCOB S H t KOTOPOro CVIIECTBYET ITYTh U3 S B L HIIH H3 [ B 5.

[Tycts Sb(t) o6o3HayaeT MHOXECTEO BceX noidopMya Gopmy,
BxoaamHux B t, a ~Sb(t)={—B:BeSb(t)}{~B:BeSb(t)}. OueBunHo,
4YTO €CjH t KOHe4yHO, TO U Sb(t)u~Sb(t) koHeuHo. [lokaxem Temneps,
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4YTO IMOCTPOEHHE JuarpaMmel Ajis j1000i OecKBaHTOpPHOU GopMyJibl
BCEr/a 3aBEPLIMTCA B KOHEYHOE 4MCA0 WaroB. B camom nene, U3 oco-
6eHHOCTeH NPONO3UHHOHAILHBIX NIPABUIT MOCTPOEHHS TabIuIL CIEdyeT,
YTO Kaxaas Tabnuia, BXojsilas B guarpamMmy OGeckBaHTOpHOH ¢op-
Myabl A, SABASETCS TOOMHOXECTBOM  KOHEYHOTO  MHOXECTBA
Sb({A4})u~Sb({4}). Ho mockonbKy 4HCiIO BCeX MOAMHOMKECTB KOHEY-
HOrO0 MHOXXECTBA SIBJISIETCS KOHEYHBIM, B Cllydae, KOrja MOCTpPOeHHE
HEKOTOpPOH UENU B Auarpamme 1y 4 He 3aBeplilaercs, Kakasf-To Tad-
nMua tj 06s13aTeNIbHO COBMAJET C paHee NMOCTPOeHHOM TabnuLed t B TOH
xe uend tabnuy (i<)). Jng Ttoro 4ToGBl MCKIIOYHTH BO3ZHUKHOBEHHE
MOoJ00OHBIX CJiy4aeB, Mbl IPUMEM €LIE OHO COrJIallieHHE O HENOMYCTH-
MOCTH TIOBTOPEHHS pe3yJibTaTa: €Cjiv Tabaula ti MOJHOCThLIO COBIALET
c Tabnule tj B TOH e LenH TabJIML, Mbl [10J1araeM, YTO (tj,t) eR (i)
H HHKaKoe MPaBHJIO He IPUMEHHMO K t;.

D710 rapaHTHpyeT 3aBeplueHHe mnocTtpoeHus K4 - nuarpammel
moboit 6eckBAaHTOPHOH (POPMYJIBI B KOHEYHOE YHCJIO LIAroB M MoKa3bl-
BAET, UYTO CIIpaBeJIMBa ClIeyroLas

TEOPEMA PA3PEHIMMOCTHU. [Ipono3uuroHanbHas 4acTb TabaU4-
Horo ucuucieHus E4 paspewnma.

IIpumenenns. H3noxeHHbIH TMOAXOA K JMUCTEMHUYECKOH JIOTHKe
no3sosiser 6e3 nNpuBIe4YEeHU THUIOBBIX OrpaHUYEeHHH B cTWie bouBapa
paclUIMpUTh Y3KOE HCYECJIEHHE MpeAuKaToB, ulberas NMpH 3TOM BO3-
HUKHOBEHHS JIOTHYECKHX U CEMAHTHYECKUMX aHTHHOMHMH (cp. [2]), a
tarke {3]). Hu ogHa dopMyna KJ1acCHYECKOro paclIMPEHHOro HCYHC-
JIEHWs NIpPeAUKATOB He OyaeTr TeopeMOH B Takoi pacllIHpEHHOM JIOTHKe
E4 u, xorpa HekoTopas ¢opmysa A B paclUMPEHHOM KJIaCCHYECKOM
MCYHUCJICHUH MPEJUKATOB BEJET K aHTHHOMHWH BUAa A€—A4, rae € — 3Hak
MaTepUasibHOH 3KBHUBAJIEHTHOCTH, aHAJIOTHYHOE pacCy>XJAE€HHe B pac-
MpeHHoH Jiorike E4 npuBOAMT HE K MPOTHBOPEUHIO, @ C MOMOLIBIO
teopem Ed4: (Az——xA)ziA U ‘JrAZ\L—‘\A, YCTaHaBJIMBAET HMCTHHHOCTH
nonoxesuit +4 u 4. IToaroMy TakoH nmoaxoa MO3BOJISAET CLUE pa3s
MCIIBITaTh BO3MOXKHOCTh peajiM3aliiM JOTMCTHYECKOro Te3HCa yXke Ha
HOBOH OCHOBE 3MUCTEMHYECKOH MpesHKaTHOM JIOTMKH, pacLUUpPEHHOH
6€3 TUNOBBIX OrpaHUUEHHUH.
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B.A.Mapkun

©®OPMAJIbHASI PEKOHCTPYKIUSI
TPAIULIMOHHON CUHI'YJISIPHOHU
HEI'ATUBHOU CHJIJIOTUCTUKU'

Abstract. [ set out the formal reconstruction of traditional singular
negative syllogistic by means of modern logic. I introduce the formal
language of syllogistic with singular and negative terms adequate for
the problem solution. The traditional logic had several dominant
assumptions concerning the usage of singular and negative terms
within the propositions. The main idea was to minimize the syntactical
difference between singular and general terms. According to this idea,
singular terms can take predicate as well as subject position. Singular
propositions are treated as a kind of general or particular proposi-
tions. Negative terms could be constructed not only from general but
also from singular terms.

In this language I formulate a deductive system TS — the extension
of Lukasiewicz’ syllogistic.

The translation of syllogistic formulas is done into the language of
first order predicate calculus with equality. Let © be a function
assigning for each syllogistic term a predicate of this language: Z(v) =
(x =v), Z(S) = Sx, Z(~a) = =Z(a), where v is a singular term, S is a
primitive general term, o is any syllogistic term. Let * be standard
(«fundamental») translation of TS syllogistic formulas into the lan-
guage of the first order predicate calculus with equality: (oaf)* =
Vx(2(a) D Z(B)), (aeP)x = Vx(Z(a) > —Z(B)), (aiB)* = Ix(Z(a) &
2(B)), (aoP)* = Ix(X(a) & =Z(B)), (—A)* = —A*, (A V B} = A+ V
Bx*. Finally I define the translation ®: ®(A) = (IxS1x & Ix-Six & ... &
IxSpx & Ix=Spx) D A*, where Sy, ..., S, is a list of all primitive general
terms in A.

I prove that for each syllogistic formula A, A is a theorem of TS
iff its translation ®(A) is a theorem of the first order predicate calcu-
lus with equality completed with the axiom 3x3y—(x =y).

B TpaaHUHOHHOH JIOTMKE apUCTOTENEeBCKas CWIJIOTHCTHKA Obuia
cepbe3HbIM 00pa3oM [OMOJIHEHA, YTO MPOABUIIOCH, TPEXIE BCEro, B
CyLLIECTBEHHOM paCLUMpPEHHH BbIPAa3HUTENBHBIX BO3MOXHOCTEH CHILIO-
FMCTHYECKOrO sA3bIKa. AcCepropuHveckasi CHJUIOTHCTHKA ApPHCTOTENS,
M3JI0KEHHas UM B HadanbHbix riaBax [leproi kuuru “Ilepoét AHanu-

1 "
Pabora BeinmonHeHa NpH NNOJAEPKKE Poccuiickoro YMaHHATApPHOr0 HAy1HOTI O q)owxa

(rpanT Ne 96-03-04631).
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THKH”, TIpeacTariser co00d TEOpHIO BBIBOAOB M3 KAaTErOPHYECKHX
BbICKA3bIBaHWH, B COCTAB KOTOPBIX BXOIAT JIHIIb 0Owue miepmuHol
(penpe3cHTHPYIOUIME KIACCHI NPEJMETOB) H HX CTPYKTypa HIHOPHpY-
eTci. JTC TO3BOJSET pacCMaTpPHUBAaTh HX B Ka4YeCTRE MPUMUNMUBHDLIX,
HONOMCUMIe/IbHBIX MmepMuHO3. T€OpUHM B JaHHOM s3bIK€ Ha3bIBalOT
YUCMBIMU NOSUMUSHBIMU CUIAOSUCMUKAMU.

ApHUCTOTENE HE OCTaBW/ CTPOHMHOH NENYKTHBHOH CHUCTEMBI, Tle
HapsAay ¢ OOLIMMHU IMOJIOXKHUTEIbHBIMH TEPMHHAMH B COCTABE BbICKA3bl-
BaHUH  paspelialochb  UCIMOJb30BAHHE  CUHSYIAPHLIX — MEPMUHOS
(penpe3eHTUPYIOLUIUX HHIMBHABI) W  OMPUYAMETbHBIX  MEPMUHOE
(oOpasyroluxcad ¢ MOMOLLLID OMNepaTopa MePMUHHO20 OMPUYAHUSL).
ITogoOHble TEOPUH HA3BIBAKOT CUHZYIAPHBIMU HE2AMUSHBIMU CUWLIO2U-
cmuxamu. Jldwe otaensHble ¢parMeHTsl “OprasoHa’” conep:kaT aHa-
JIM3 BLIBCAOB M3 BBICKA3bIBaHHUH C CUHIYJISAPHBIMH H OTPHLIATE/IbHBIMH
TepMUHAMH, HAIPUMEP, NPAsWI NPESPayeH .

CucreMaTH4eCKOe MOCTPOEHHE CUHIYJISPHON HEraTUBHOHW CHJLJIO-
THCTHKH ObLJIO OCYILIECTBJIEHO B paMKaX TpaAMlLIHOHHON JIOrHMKH. IpH-
4yeM MOAXOJA K HCCAEIOBAHHIO JIOTHYECKHX CBOWMCTB BbICKa3bIBAHUH C
CHUHIYJISIPHBIMH W OTpHULATENbHBIMH TE¢PMHHAMH B psie MOMEHTOB
CYLUECTBZHHO OT/IHYa/CA OT TOro, KOTOPbIH Obl1 HamedeH ApHCToTe-
NIeM.

[Ipexxae Bcero, ykasaliHble pa3jH4usi NMPOAB/IAIOTCS B CHHTAKCH-
YeCKUX OCOOEHHOCTAX OMEpPHPOBAHHUS CHUHTYJISAPHBIMHM U OTPHULATE.Ib-
HbIMH TEPMHHAMH. APHCTOTENb He YNOTPeOJSET CHHIV/IAPHBIE Tep-
MHHbl B COCTaBe OOLIMX ¥ YaCTHBIX BbICKa3blBAHHH. OHH UCMO/IB3Y-
HOTCS TOJIBKO B KayecTBe CYOBEKTOB M HE MOTYT BbICTYNaTh B Ka4ECTBE
npeadkatoB. EnquHuyHble cyxxaenus “P npucyuie v U “P He npucyiue
V¢ npeacTaBasioT cOOOH BbICKa3bIBaHUA 0COOBIX THIOB, HE CBOAHMBIX
K 00mMM H YacTHbeIM. CBA3KH “mipucyuie” 4 “He mnpucyiue” B HX
COCTaBe MO CYLIECTBY SBJAKOTCA HOBBIMH CHJJIOFMCTHUYECKHMH KOH-
CTaHTaMH, OTJUYHBIMU OT 12, i, €, 0. TepMHUHHOE OTpHLIaHHE HE MPHUJIOo-
YKUMO K CHUHTYJsIpHBIM TepMHHaM. OHo ofOpasyeT U3 00HUX TEPMHHOB
obuue oTpyLaTeIbHbIE TEPMHHBI.

B TpaauMUMOHHOH JOrMKe, HanmpoOTHUB, NOMUHUPOBAIO ITPELCTAaB-
JIeHHEe O TOM, YTO CHHIYJISpPHble TEPMHHBI MOTYT 33aHMMAaTh HE TOJBKO
MeCTO CyObekTa, HO U MECTO MNpeaukara. EAUHHYHbIE BbICKa3bIBaHHSA
paccMaTpUBaIMCh OOBIYHO B KaU€CTBE PA3HOBHAHOCTH OOLIMX MM XK€
YacTHbIX BbICKAa3bIBaHWH. TakuM 00pazoM, Hab/oLajlach TEHACHLHUA K
CTHPAHHIO pa3z/iMiuH B ynoTpeG/ieHUH CHHIYJSAPHBIX H OOLLMX TEPMH-
HOB. IIpu 1ocieaoBarenbHOM MPOBEAEHUHU AaHHOHM JIMHHHK (Hanpumep,
B. OkkaMoM) OoTpHLaTe/lbHble TEPMHUHBI pa3pellanoch 0Opa3oBbIBaTh
HE TOJIBKO M3 OOLIMX, HO TAKXKE U3 CHHIYJIAPHbIX TEPMHHOB.

[pyroe otnuuue TpaaULIMOHHON CUAJOFHCTHKH OT apUCTOTeNeB-
CKOH COCTOSJIO B TOM, YTO psZ €€ 3aKOHOB He npuHumaicsa Crarupu-
TOM, HalnpUMEp, 3aKOHbl CWIN02UCMUYecko20 moxcoecmea “Beakuit S
ecth S” ¥ “Hekotopsif S ecth 7. CyllleCTBEHHO pa3jvdaiach TaKXKe
TpaKTOBKAa npasui npespaujeHus: ApHCTOTENb CYUTaNl KOPPEKTHbIMH
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JIMINb MPEBPALUEHUs] YTBEPAMTENILHBIX BBICKA3bIBAHUH B OTpHULATEb-
Hble; B TPaJULMOHHOH JIOTHKE OOBABIAIMCH TaKXKe IMPaBOMEPHBIMH
NpeBpauleHds OTPULATEIbHBIX BbICKa3blBaHHH B YTBEPAHTEJbHbLIE.
BaxHol ceMaHTH4YeCKOH OCOOEHHOCTBIO TPAAULMOHHOM CHIUIOTH-
CTHKH, MO CPAaBHEHHIO C apUCTOTENIEBCKOH, ObLIO SBHOE TMPHHATHE
3K3UCTEHLHAIbHON MPEANOCBUIKH O HEIYyCTOTE€ U HEYHHBEPCAIBHOCTH
TEPMHHOB B COCTaBE KaTeropM4eCKUX BbICKA3bIBAHHUH.

PeKOHCTPYKLHMIO YMCTOrO MO3MTUBHOIO (pparMeHTa TpagHULMOH-
HOHM CHWUIOrMCTHKM ocyluecTBua S. Jlykacesuu [2] B BUIe akCHOMATH-
YECKON CHUCTEMBI, HAJCTPAUBAEMOH HaJ KJIaCCHYECKHM HCUMCIIEHHEM
BbiCKa3blBaHUH. Psinom aBtopoB (B.A. CmupHOBeIM [4], MHOW [3] M
ap.) Oblna nokaszaHa MOrpYXaeMOCTh CHJUTOTHCTHKH Jlykacesuuya B
KJ1aCCHYECKOe HCYHCIIEHHE mpeaukaToB. OcoOblit UHTepec npejcTas-
nset paccmorpeHHas M.H. bexanumsunu w JI.W. Mueanumsunu [1]
norpyskatoas omnepauds, Koropas (GUKCHPYET 3K3UCTEHLHMAIBHYIO
NpPECyMIMO3ULHIO TPaAHLHOHHOM! JOTHKH.

B o1aHHOH cTaTbe MNpeaAnpUHUMAETCsl MOMNbITKA COBPEMEHHOM
PEKOHCTPYKLUHH TpaAHLIMOHHON CHHIYJISpHOW HEraTHUBHOW CHWJINIOTM-
CTHUKH. byler nmoctpoeHo ucuucieHue, npeacrasnstollee coboit 0606-
IIEHHEe CHCTeMBI JlykaceBH4a B f3blKe, COAEpIKALLEM AOTIOTHHUTENBHO
CHUHTYJIIpHbIE TEPMHUHBI H ONEPaTOp TEPMUHHOrO OTpUuaHus. [Ipeana-
raeTcs MepeBOM, IKCIUIMUMPYIOLUHUH TMpPUHATYI0 B TpPaAHULHOHHOH
JIOTHKE TPAKTOBKY KaTeropUuYeCKHUX BbICKa3bIBaHHH. JJeMOHCTpHUpYyeTCs
MOrpy»aeMoCcTh MOCPEACTBOM [aHHOTrO MepeBoda MMOCTPOEHHOM
CHJIJIOTUCTHYECKOH CHCTEMBI B MOAXOSLIEE JIOTHYECKOE HCHHUCIEHHE.

3ajaavM afeKBaTHBIM AJIA PEUIEHHMs MOCTaBJIIEHHOM 3ajauu ¢op-
MaJIM30BaHHbIHN A3bIK CUHTYJIIPHOH HEFraTHBHOM CHJIOTHCTHKH.

Angasum coaepXHUT OGE€CKOHEUHbIE CITUCKH CHHIYJISPHBIX H TPH-
MHUTHBHBIX OOLIMX TEPMHHOB, CHUIOTHCTHUECKHE KOHCTAHTHI 4, i, €, 0;
OnepaTop TEPMHHHOIO OTPULIAHHS ~, TIPOMO3ULIMOHAJIbHBIE CBSI3KH H
CKOOKH.

Cwuiocucmuyeckumu mepmMuHamu SBIISIIOTCS CUHTYJSIpPHbIE, MPO-
cThble oOllie TEPMHHBI U BbIPAaXXEHUsS BHUAA ~Q, e O — CHIUTIOTHCTHYE-
CKHMI TepMHH. B nanpHediem 1is o603HaY€HHUsT CHHIYJISIPHBIX TEPMH-
HOB OyJleM HCMOJIb30BaTh MeTanepeMeHHble v, w; AN 0003HaYeHHs
NPUMHTHBHBIX OOLIMX TEPMHHOB — S, Si; O 00O3HaYeHHS NPOM3-
BOJIBHBIX CHJIJIOTHCTHYECKHX TEPMHHOB — Q, 3.

Dopmynamu aeasiotcs oaf3, aif, aef, o3 (o u B — mroObIe CHII-
JIOTUCTHYECKHE TEPMHUHbBI) U UX Oy1eBbl KOMOHHALWH.

IlepeBon cuanoructuueckux ¢opMyn OyneM oOCyLIECTBISATH B
A3bIK MCYHMCJICHHS MpeaUKaTOB C paBeHCTBOM. OrpenendM cHavasna
$YHKUHIO 2, COMOCTaBIAIOILYIO0 KKIOMY CH/UIOFMCTHYECKOMY Tep-
MHHY HEKOTOPBIH MPEeAUKAT JaHHOTO A3bIKA:

X(v)=(x=v), Z(5)=35x, 2(~a) = —=Z(a).
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Hanee, 3ananuM ctaHaepTHBIA (“DyHAaMEHTAIBHBIN) nepeBoy *
dbopMyN CHILTOTHCTHUYECKOrO $A3blKa B 43bIK JIOTHKM MPEAHKATOB C
PaBEHCTBOM:

(caP)* = Vx(Z() D Z(P)),  (cef)* = Vx(Z(a) > —X(B)),
(cif)* = 3x(Z(o) & Z(B)),  (coP)* = Ix(Z(a) & —Z(B)),
(—A)* = —A*, (A VB)x=AxV Bx

rae V — mobas OuHapHas nporno3MuKMOHalibHas CBA3KA.

Hakoneu, chopMynupyeM nepeoa ), yUUTbIBaXOLIMHA NTPUHHMAB-
lIyiocs B TPaJAHLIMOHHOM CHIUIOTMCTHKE MPEANOChUIKY O HEMYCTOTE H
HEYHHUBEPCAIIbHOCTH TEPMHHOB:

O(A) = (3xS1x & Ix-Six & ... & IxSx & Fx-Spx) D A%,

rae S, ..., Sy — CIIHCOK BCEX MPHUMUTHBHBIX OOLUKHX TEPMHUHOB B COCTABE
A. B cay4ae, koraa A He COAEpPXKUT NPUMHUTUBHBIX OOIIMX TEPMHHOB,
O(A) = A*.

O6paTM BHMMaHHE Ha TO, 4TO dopmyna IxS;x & Ix—Six & ... &
JxSx & 3x—S,¢ B OOBIYHOH JIOTMKE NpPEAUKATOB C PABEHCTBOM HE
AB/IAE€TCS BBIMIOJIHUMOK B TOM Ccjlyuyae, Koraa npeaMeTrHas o6JacTe
COLEPXKHUT pPOBHO OAMH HHAMBHA. OOHaKO ajeKBaTHas JIKCIUIMKALUA
“TpagWLMOHHOM  TPaKTOBKA KaTErOPHYECKHX BbICKA3bIBAHHH MOXET
OBbITh NOCTUIHYTa JIMLIL B paMKax TakKOW JIOTHYECKOW TEOpHH, rie
BBIMOJIHUMOCTD YKa3aHHOM (bopmym,l odecrnieyeHa BO BCEX IpeIMeET-
HBIX 001aCTIX, JOMYCTUMBIX B 1TaHHOH TEOPHH.

ITostoMy nepeBosi @ GyneM OCyLIECTBIATh B ucuucienune WL,
KOTOpO€ [oJlyyaeTcsi U3 CTaHJApPTHOrO HCYMCIEHHS TMPENMKATOB C
PaBEHCTEOM 3a cueT A00aBieHUs akCHOoMBbl 3x3y—(x =y).

CeMaHTHYECKHH TIOCTYNaT, aAeKBAaTHBIM 3TOM aKCHOME, IJIACHUT:
npeaMeTHas 001acTh COAEPKUT KaK MUHHMYM [1Ba MHIHBHA.

IIpr mepeeone CHANOrHCTHYECKHX dopMya1 B HCUHCJIEHHE 5110
HET HeODXOAMMOCTH SBHO BbIpaXkaThb TPEANOCHIIKY O HEIYCTOTE H
HEYHHBEPCATILHOCTH CHHIYIAPHBIX TEPMHHOB, MOCKOJIbKY COOTBETCT-
Byrowas ei gopmyna 3x(x =v) & dx—(x =v) ABiseTca TeopeMoi 5116
H3n1MILIHUM OKa3bIBAa€TCH TAKXKE YKa3aHHE Ha HEITyCTOTY M HEyHHBEp-
CaJIbHOCTh OTPHUATENLHBIX TEPMHHOB BHIa ~CO, MOCKOJIbKY (opmyna
dxZ(~a) & Ix—Z(~a) sxkeusasieHTHa B HIIT" IxZ(a) & dx—Z(a).

AEKBAaTHOM PEKOHCTpYKLHMEHN TpaZHLMOHHOH CHHIYJIIpHOH Hera-
TUBHOH CWLIOTMCTHUKH OyrieT Takas ,CHVIOTHCTHYECKAs TEOPHS, KOTO-
pas norpyxaercs B ucuucnenue MIT nccpenctsom nepesona ©.

[TocTpouM B cpOpMYITMPOBAHHOM CHIITIOTMCTHYECKOM SA3BIKE CHC-
temy TC. Ee akcuoMaMu, Hapsay ¢ akCHOMaMH KJIaCCUYECKOro UCUHC-
JIEHUs BbICKAa3bIBAHUH, ABNAOTCSA POPMYJIbl CIEIYIOLUINX BHIOB:

Al. vav, AS. aef} = —aif3,
A2. vaw D wav, A6. cof3 = —aaf,
A3. (cafl & vaa) o> vaf3, A7. vea = va~q,
A4. (vaf & vaa) = «aif3, A8. aia.
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ITpaBunami BoiBoa B cucteme TC apnsroTcs:
R1. modus ponens,

(vao & vaB) o A 5%, (vaa & vef}) D A
aif > A ’ aof DA ’
IPUYEM V He COIEPXKMUTCA B 3aKiIoueHusax npasuia R2 u R3.

Bce 3akonsl cuwinoructukd JlykaceBuua SBISIOTCS TeopeMaMH
NTOCTPOEHHOW CUCTEMBI.

HManbHelas 4yacte paboTel npeacramnseT coOOH Pa3BEPHYTYIO
CXeMY [10Ka3aTe/lbCTBA [IOTPY)KAEMOCTH CHHIYJISAPHOM HEraTMBHOM
CHJLIOTHCTHKH TC B paciuMpeHHOE MCYHC/IEHHE NPEAUKATOB C PaBeH-
cteom HIT* nocpenctsoM nepesona ©.

Hnes AaHHOTO N0Ka3aTeNbCTBA COCTOMT B CIENYIOLLEM, Crpourcs
,,IPOMEXXYTOYHOE" CHVIOTHCTHYECKOE  HCHHCIIEHHE oC? KOTOpOE
norpysxaercs B HII* nocpeacteom ,»PYHIaMEHTaJIBHOr O nepeBona *.
3aTeM JI€MOHCTPHPYETCS MOTPYKAEMOCTE CHILIOTHCTHKH TC B cwno-
ructuky ®C? nocpencTrOM clieQytoLueit onepauuu 0:

0(A) = (851iS) & ~S5)i~S} & ... & S,iS, & ~S,i~S,) D A,

rae Sy, ..., Sy — CIHMCOK MPUMHUTHBHBIX OOLIIMX TEPMHHOB B COCTaBe A.

HetpyaHo noxasatrb, yto koMno3uuus_ ¢yHkuuid 6 u * paBHO-
cunbHa GyHkuMH O, T.€. uro Teopemoit HII” ans npousBosbHO#R dop-
myabl A asnsetcs [6(A)]* = ®(A). U3 nepeddcneHHbiX yTBepKAEHH
BEITEKAET, 4yTo ® norpysxaer TC s HIT

Haunem c noctpoeHus ,,IpoMeXyTOYHON ™ CHCTEMBI CHHIYJISPHOM
HEraTUBHOM cWIIOTHCTHKH. B [3] MHOIO 6bUIO NpeasioxkeHo UcCUHUCIie-

C
nue HPC, , kotopoe nepeson * morpyxaer B cranaaptHoe (e 060-

ralieHHoe akCMoMoM Ix3y—(x = y)) HCUMCIIEHHE NMPEAUKATOB C paBEH-
CTBOM. JTO MCUMCIEHHe nony4yaercs U3 cuctembl TC orbpacniBaHreM
cxeMbl akcMoM AS8. Eciu ke Mbl XOTUM NOJYYHTb CHJIJIOTHCTHKY,
norpyxaroiytocs nocpeacteom * B HII?, Heofxomumo nob6asuTh K

H®C; cxemy akcroMm
A8’. ~vi~v.

BapuaHT cuHryapHo# HeramBHou CHJUTOTHCTHKH, TOJTy4ato-
muiics u3 TC 3aMeHo# cxeMbr A8 Ha AS’, HasoBeM oC.

Cnoco6 HoKa3aTenbCTBa norpyxaeMoctd ®C? B UIT ananoruuen
noapobHo ornucaHHOMY B [3] MeToAy [0Ka3aTeabCTBA IOTrPY>KacMOCTH
HWLC , B CTaHIapTHOE HCYHUCIIEHHE IIPEIHKATOB C PaBEHCTBOM.
[TosToMy orpaHu4yMMcs U3noxkeHHem oOlluero ruiaHa JaHHOro AoKasa-
TenbCcTBa, oOOpailas ocoboe BHHMAHHE JHIlb HAa TPUHLUMIIHAIBHO
HOBBIE MOMEHTbBI B HEM.

Jlis ®C? cTPOMTCS TEOPETHKO-MHOXKECTBEHHAS CEMaHTHKA.
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Monensio HazbiBaeTcs napa <D, ¢>, rae D — npox3BoJIbHOE MHO-
JKECTBO, coAepkallee Kak MHUHMMYM [Ba 3jeMeHTa (AJIsi CHCTEMbI

H®C,, noctyauposanack JiHib Hemyctota D); ¢ ecTb dyHKuus,

NPUINMCHIBAIOLIAS 3HAYEHHUSA CHHIYJISAPHBIM H NPHMMTHBHBIM OOLIMM
tepmuHam: O(v) € D, o(S) < D. B mozxenn <D, ¢> onpenesnsercs
ceMaHTHYecKas (QYHKUHS Y, KOTOpas MPOM3BOJIBHOMY CHILIOIHCTH-
YeCKOMY TEPMHHY COMOCTaB/ISeT HEKOTOpOe MOoAMHOXkeCTBO D! w(v) =

oM}, W(S) = 9(S), W(~a) = D \ y(a). DOpMyHPYIOTEs YCIOBHS
HCTHHHOCTH CbOpMyH CHUNITOTHCTHUECKOI'O A3bIKa B MOJICJTH <D, (p>I

Ul. |oaB| =1, ete yia) c w(P);
i aif3 | = 1, et.e. wla) N y(B) = I,

3. | aeﬁ-l =1, ete. yla)NnyB) =

U4, |ooB| =1, ete. wio) \ w(pB) = 2.

YcioBHS HCTUHHOCTHU C.T0XKHBIX q)OpMy.H [MOHATHA UCTHHHOCTH B

Mones 1 ®C-0611e3HaYUMOCTH CTaHIAPTHbIE.

Jloka3pIBaeTCs HETPOTHBOPEUHBOCTL HCHHC/IEHUS ®C’ ortHOCH-
TEJbHO MNpeIoXKEeHHOH CEMaHTHKY, OrpaHu4YuMcs JI€MOHCTpaluel
061LEe3HaUHMOCTH aKCHOM cxeMbl A8':

| ~v1~v‘\T =1, e.t.e. (B cuny H2) w(~v) N y(~v) = J, e.T.e. (B cunty
CBOHCTB M) W(~v) # I, e.T.e. (no onperenenuo y) D\ {o(v)} = O.
[TocnenHee ycnosue BbIMOMHAETCS B MHOO0OH MOJeNH, MOCKONBKY
{@(v)} sBNsgeTCS OOHO3NEMEHTHbIM MHOXECTBOM (Beab @®(v) € D), a D
MMeEEeT MOUIHOCTb, OOJbIIYIO €AUHHMLIBL.

Ilanee METOOOM XeHKKHA JOKa3blBaeTCs CEMaHTHYECKAs MONHOT2
®C’. O6bqublM ofpasoM BBOAATCA NoHsTHA ®C’ -HEMPOTHBODE!H-
Boro ¥ ®C*-MaKCHMaBHOIO MHOXECTBA GOPMY.JI. @ C -makcHMabHOE
MHOXEeCTBO QOpMyJ A Ha3bIBaeTCs HACHILIEHHbIM, €CIH [UIs JIH000H
dopmyns!l BuIa i3 U3 A CyUIECTBYET CHHIYJIADHBIA TEPMHUH W, TaKOH
yro wao & wafl € A, u ans moboit dopmyssl aof3 CYLECTBYET w,
TaKoit uTo wao & wep € A. IToka3blBaeTCs, YTO MpoU3BosbHOe HC*-
HENMPOTUBOPEYHBOE MHOXECTBO MOXCHO PaCLUHPHTh JO HAChILLEHHOTO.

C K@KObIM HAChILIEHHBIM MHOXECTBOM (OpMYJ A CBA3bIBAETCA
KaHOHHYeckas Moaenb <Dy, 0>, Ilycth V, €CTb MHOXKECTBO BCEX CHH-
ryJIApHbIX TEPMHHOB W Takux, uro wav € A. Onpenenum D, kax
ceMelcTEO MHOXecTB V, LIS JIOOOro CUHTYJIAPHOrO TEPMHHA V, a Qp
Kak QYHKLHIO crienytowiero THna: @a(v) =V, oa(S) = {V,: vaS € A}.

HeoOxoaumo npoaemoHcTpupoBatrb, 410 D, comepxur Kkak
MHUHUMYM [Ba 3JieMeHTa. B CHJTy MaKCHMAJIbHOCTH MHOXeCTBa A, B
HEM COJIEPXKMTCA aKCHOMA A8 — ~vi~v. Hocxonbxy A — HachblllIEHHOE
MHOXKECTBO, HAHAETCHA TAKOW CHHIYJIAPHBIH TEPMUH W, 4TO wa~v € A.
B A conepskarcst Taroke akcuoMa A7 — wev = wa~v U TeopeMa ®OC* wev
= —wav. [TosToMy wev € A, a wav ¢ A. [locnenHee o3HavaeT, 4To W &
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V,. Bmecte ¢ TeM, w € V,,, Tak kak akcuoma Al — waw — coaep>KHTCA
B A. Takum obpazom, B coctaBe D, umeeM, no kpaiiHeii Mepe, aBa pas-
JIMYHBIX 3JieMeHTa — V, U V,,.

JlanbHeHmuid X0a JOKa3aTebCTBAa CEMAaHTHYECKOH MoaHOTH M C?
B TOYHOCTHU COBIIAJAE€T C MNpPHBEAEHHBIM B [3] HOKa3aTenbCTBOM HOJI-
HOTBI /Il CHCTEMBI HWUL ¢ .

Hrak, nnsa noboin Q)opmynbl A a3bIKa anrym{pHou HEraTMBHOH
CHJUIOTHCTHUKH BEPHO: A fABJIIETCS TEOPEMOM ®C?, e1.e. A obiesHa-
YHMa B NMPEIJIOKEHHON CEMAHTHKE.

[Tapy <D, @> MOXHO HCIOJb30BaTh TAK)KE B KauecTBe CTAHAAPT-
HOH MOZEJH IS OUEHKH QOpPMYN A3biKa JIOTHKH TMPEIMKATOB C PaBEeH-
cTBOM. B [3] noka3aHo, 4TO yc10BHsS HCTUHHOCTU MPOU3BOJIBHOMN HOp-
MYJibl A f3bIKa CHHIYJIAPHOM HEraTHBHOH CH/UIOTHCTHKH M YCIOBHS
UCTHHHOCTH €€ IepeBoja A* COBMAAaiOT B MPOU3BOJILHOK Mogenu <D,
0>. OTcrona CJIERYET, 4TO Popmya A obuie3HayuMa B CEMaHTHKE [JIst
®C’, eT.e. ee nepeBog A* OOLUIE3HAYHUM B KJIacCe MOAENEH JIOTHKHM
npennxaros C PaBEHCTBOM, B KOTOPbIX MpeaMeTHas 00nacTh UMeeT
MOILIHOCTb OOJIbLIYIO MM PaBHYIO OBYM. YKa3zaHHbIA Kjiacc mojelielt
aflexBaTeH ucurcieHuio HIL.

Bce ckazaHHOe CB HJIETEILCTBYET O TOM, YTO (QYHKLMS * morpy-
xaeT cuutoructuky @C* B ucuucienne U™ MPOM3BONIbHAS CHIIOTH-
cTHueckas gopMmysna A aokazyema B chcTeMe ®C? erte. ee neperon
A* sBngercs Teopemoit ucumcienns AT,

Cnenyrowmi 3Tan paccyKaeHus — JIOKa3aTeNbCTBO MOTPYKAEMO-
ctu cunnoructukd TC B cunnoructuky ®C? nocpencTBoM rMepeBoia
0:

0(A) = (5iiS) & ~S)i~S; & ... & S,iS, & ~S5,i~S,) D A,
roe Sy, ..., Sp — CIUMCOK BCEX NMPUMUTUBHBIX OOLIMX TEPMHHOB B COCTaBe
A. Cneyet 3aMETUTh, YUTO €CJIU A HE COAEPXKHUT MPUMHUTHBHBIX OOLIHX
TEPMHHOB, TO B(A) = A.

bynem wucnonb3oBath cQoOpMyHpoBaHHbIH B.A. CMHPHOBBIM
KPUTEPUH [OrPYXaeMOCTH OJHOH JOTHYECKOH CHCTEMBI B APYIYIO:
UCYHUCIIEHUE S| Morpy»xaeTcs B UCUHCIEHUE S;, e.T.e. (1) cyuiecTByeT
nepeBod T; U3 S; B S;, Tako# 4YTO eciad A gokasyeMa B Sy, To Ti(A)
JOoKazyeMa B S;; M CyLIECTBYeT MepeBod T; U3 S; B Sy, Takoit uto (2)
eciim A J0Ka3zyema B S;, TO To(A) nokazyeMma B Sy, v (3) ans moboi
dopMyibl A s3blka S; TeopeMoil 1aHHOU cHcTeMbl sBiseTcs dopMmyiia
A = 1y(11(A)).

B Hawewm ciydae posnp S; urpaet cuctema TC, pons S; — cucrema
®C?, 1, ecTb NepeBos O, a B KAYECTBE T, PACCMOTPHM TOXKIECTBEHHOE
npeo6pa303aHne c: 6(A) = A g mo00# GopMyibt A.

JlokaxkeM mnepBylo 4dactb kputrepusi CMUpPHOBa, T.€. MPONIEMOHCT-
pupyeM, uto B-nepeBoanl Beex Teopem TC mokazyemsl B PC.

Paccmotpum pokasatensctBo C, ..., Cy NpOU3BOJIBHOH TEOpPEMBI
TC. Metogom BO3BpaTHOM HHAYKUHMH MOKaXKeM, 4YTO O-nepeBon Kax-
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noro C; ( B Tom yucne u 6(C,)) nokasyem B @C, [TpennonoxumM, 4to
Hallle yTBE[KAEHHE BepHO Ay iroboro Cj, rae j< 1.

ITycte C; — oaHa u3 akcuom Al — A2 cuctembl TC. B aTux
aKCHOMAX OTCYTCTBYIOT NPUMHTHBHbIE obupe TepMHuHbL. [loaTomy
6(C)=C, u OHa JIOKa3yeMma B @C? Bear Al U A2 4BISIOTCS TAKKE
akcroMamu @C?, [Tycts C, — oaHa H3 akcdoM A3 — A7 cucremn: TC.
Ecnu C He ¢ OfICPIKHUT MPHUMHTHBHBIX o6umMx TepMUHOE, TO 6(C) = C, -
akcuoma ®C”. Ecau B coctap C; BXOIAT NPUMUTHBHBIE O0LIME TEp-
MHHBI S, ..., Sh, TO 6(C)), T.. (SllS1 ~S1i~S) & ... & §,iS, & ~S,i~S,)
> C,;, MoxkeT OBbITH JJOKa3aHa 3 ®C? ucxons u3 akcuomsl C; ¢ HCIIONb-
30BaHMEM 3aKOHA YTBEPKIEHHSA KOHCEKBEHTa.

PaccMmoTpuM noapobHee ciryuai, korjia C; ectb akcMoMa A8, T1.e.
MMeeT BUa aid. TepMUH O MOXET BBIMIAAETH ABOSIKO: KaK ~...~V WU
XKe Kak ~..~S, rjie HeraTUBHas MPUCTABKa ~...~ COAEPKUT HEKOTOPOE
4KCJI0 (BO3MOXKHO, PABHOE HY/110) BXOXKAEHHH TEPMHUHHOIO OTPHLAHUA.
3ametum, uto B DPC” gokazyeMbl gopmysbl BHOa ~~Bi~~f = B'B
[ToaToMy eciu O UMEET BHI ~.. >V, TO 0-nepeBoa akcuomsl TC aio
pPaBHOCH/JIEH B HCYHMCJIEHHH [ Tou IIH6O bopmyne viv (npd YeTHOM
4yKClle 3HAKOB ~ B HEraTUBHO! MpUCTaBke), 1160 gopmyiie ~vi~v (npu
HEUYEeTHOM WX 4Hcie), a 0be oHH gokazyeMbl B DC”. Ecnu e oL UMeeT
BUA ~...~S, To O(cict) paBHOCHIEH B UCYUTIIEHHH ®C*? mubo dopmyie
(SiS & ~Si~S) o SiS, nubo dopmyne (SiS & ~Si~S) = ~Si~S, a obe oHH
ABJIAIOTCA ITPONO3ULHUOHATIBHLIMH TaBTOJOTHAMH.

[Myctt C; nonyueHo uz C, o C; u C; no modus ponens. Comacuo
HHIYKTHBHOMY OMYLUIEHHIO, G(C D C) u 6(C;) nokazyemsl B @C’.
Tpebyercsa nokasatsb, 4to 6(C;) — TeopeMa N1aHHOH CHCTEMBI.

Ecnu Hu Cj, Hu C; He conep:KaT NPUMHUTHBHBIX OOLUMX TEPMHHOB,
TO B(C > C)=C;oCja 6(C)) = C,. Torna U3 3TUX T€EOPEM CUCTEMBI
®C’ q)opmyna B(C) B JaHHOM cnyqae coBnaaatoutas ¢ C;, Moxer
ObIThb MOTy4YeHa 1o modus ponens.

Eciu C; He comepxHT, & C; COAEPIKHT NPHUMHTHBHBIE OOLLHE TeEp-
MHHBL (S, ..., Sp), To B(C; O C) = (SiiS & ~§i~§ & ... & SiiS, &
~5i~Sy) O (C; o C), a 6(C)) = C,. Torna U3 NaHHBIX TEOPEM C
HCIIOJIb30BAHHUEM 3aKOHA KOMMYTAUHH U modus ponens MOXKHO BbIBEC-
TH popmyny (51iS) & ~S1i~S| & ... & S,iS; & ~S,i~S,) © C;, 1.e. 6(C)).

Ecnu. Hao6oport, C; He conepxHrt, a C; CONEPKUT IIPUMHUTHBHBIE
obine TepMHHBI (S, ..., Sy), T0 8(C; D C) = (5iiS) & ~5)i~5) & ... &
SoiSy & ~81i~S,) D (€2 C). a 8(C) = (SiiS) & ~5)i~S1 & ... & §,iS,
& ~S,i~S,) o C,. Toraa ¢ HCNO/NB30BAHHEM 3aKOHA CaMOAMCTPH-
6yTHBHOCTH umnnnxaumi H3 3THX TEOpEM IOJy4aeM [JOKa3yeMylo B
®C? bopmyny (8,iS) & ~$)i~S; & .. & SalSy & ~§,i~S,) o Ci.

PaccyxzaeHuem ,,0T Hp()THBHOFO nokaxem, 4to U C; B 1aHHOM
ciyuae Gyner Teopemoii ®C*. lomyctum, uto C; He nokasyema. Torna
OHA He sA3aseTcs o011e3HauUMO# B TMOCTPOEHHOH BbILIE CEMAHTHKE
neumucaenas ®C?, T.e. cymecTByer MOLeb <D, ©>, B kotopo# C,
JI0XKHa. CKOHCprpreM Moaens <D, ¢@’>, B KoTOpoH ¢’ BCEM CHIUIO-
FMCTHYECKHM T€pMHHaM, KpoMe Sy, ..., S, IPUMHCBIBAET TE Xe 3HaYe-
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HHS, 4TO U @; BeiOepeM U3 yHHBepcyMa D npousBosibHbINA 00bekT d
(Takol oOBEKT CYIIECTBYET B CHJIY HEIYCTOTHI D) ¥ monaokuM, 4To

@’(S1) = ... = 0’(Sy) = {d}. OueBunno, uro dopmynsl SiiS), ..., SuiS,
UCTHHHbI B Monenu <D, ¢’>. Kpome 3Toro, okaxyTtcsi HCTHHHBIMH
dbopMyasl ~Sji~S), ..., ~Spi~S,, Mockonbky Y (~S)) = ... = ¢(~S,) =D\

{d} # J, Beas D coaep>XUT KaKk MUHUMYM JBa 3jleMeHTa. TakuMm obpa-
30M, KOHBIOHKIIHE SiiS) & ~S5)i~S) & ... & S,iS, & ~S;i~S, HCTHHHA B
<D, ¢’>. Yro xe kacaercs ¢opmynsl C;, TO B JaHHOH MoAeld OHa
NPHHUMAET TO e 3HayeHue, uto U B <D, ¢>, T.e. joxxHa B HeH,
nocxom:xy TEPMHUHBI S}, ..., Sy orcyTcTByoT B C;. [loatomy dopmyna
(S|lSl ~Si~S, & ... & S, lS & ~ n1~S) > C; noxHa B monenu <D,
(@’>, a 3HA4YUT He noxazyema B8 OC?, uro CBHIETENBCTBYET O MOSyYye-
HHUMA NPOTHBOPEYHMA B HalleM paccymeuuu Hrak, u B 3TOM ciryyae
6(C;), xotopas 3x1eck conazaet ¢ C;, sBnsercs TeOpeMOH ®C,
Hanbonee rpomo3akuM sBAfeTCs Ciayyai, korma H C, n C

coAep>kKaT NPpUMHUTHBHBIE 001He TepMuHbL. [lycts M, ..., M, — cniMcok
TAKOro poaa TepMHHOB, Bxoaawmx B Cj, HO He Bxomauwmx B C;; P,
.y Py — cnMcok TepMHHOB, Bxoaawmx H B C, uB C, a O, ..., Qs —

CIIMCOK TEPMHHOB, He BXxoaswHMx B C;, HO Bxoasuux B C,. fIcHo, uto B
paccMaTpyMBaEMOM Cily4ae I10 OTAEJIBHOCTH KaXKAbli M3 Tpex CIHCKOB
MOXXET, B MPHUHLIMIIE, OKa3aThCs IMyCThIM, HO, MO KpaiHeH Mepe, OJHH —
NEPBbIH HJIM BTOPOH, a TaKKE BTOPOH WIM TpeTHid — 00s3aTesIbHO
HermycT. O603HauuM uepes Ky, dopmyny MijiM, & ~Mii~M, & ... &
MM, & ~Mi~M,, uepe3 Kp — dopmyny P,iP1 & ~Pii~P, & .. & PmiPm
& ~Ppi~Py, v vyepe3 Ky — dopmyny 0)iQ0) & ~Q)i~0) & ... & Q0 &
~Qsi~Q;. OueBuano, uro 0(C)) = (Kyy & Kp) © C;, 9(C) = (Kp& K)p)
oC, ab(C; oC) =Ky & Kp & Kyp) o(C; o C;). CornacHo HHAYK-
THBHOMY JI0TyLIEHHIO, NIEPBAs U TPETh tbopMyan nokasyemsl B ®CZ.
IMokaxkeM, uTo Toraa Teopemoit ®C* Gyner u BTopas popMyia.

M3 pokazyemoct (Ky & Kp) O Cju (Ky & Kp & Kp) O(C; o C)),
B CHJly 3aKOHOB JIOTHKM BBbICKa3bIBAHHH, BBITEKAeT /10Ka3yeMOCTb B
@C* dopmynsi Ky, o (Kp & Kp) 2 C;, 1.e. Ky 2 6(C)).

Ecnu cnucok M, ..., M, nyct, To mocneaHee BbIpakeHHUE €CTb
npocro 6(C)), ¥ Mbl y>ke MOJNYy4YHSIH YTBEPXKAEHHE O AOKa3yeMOCTH O-
nepesoga C;. B ciayuyae HemycTOThI YKa3aHHOrO CMMCKa MPOJOTKHM
paccyxJIeHHe METOJOM ,,0T IPOTHBHOIO®,

HomyctuMm, uto O(C) Hemokasyema B ®C?. Torma nauHas dop-
myina He aBisgerca ®C*-06e3HauYUMOI, T.e. CYLUECTBYET MOIEIE <D,
¢>, B KOTOpO#t oHa joxxHa. Paccmotpum mozens <D, ¢’>, roe ¢’ Bcem

TepMHHAM, OTJIMYHBIM OT M, ..., M, MpuUNUChIBaeT Te XK€ 3HAYEHUH,
yTo U @, a @’ (M) = @’ (M) = ... = @’ (M,) = {d}, rae d — NpoU3BOJIBHBIH
saneMeHT D. B Mogenu <D, ¢’> kaxnas uz dopmyn MM, ..., MiM,

npuMeT 3HaueHue 1 B cuily HemycToThl MHOXeCTBa D. HMcTHHHBIMH
30ech Mo mnpuudHe Hemyctotel D \ {d} 6ynyr Takxe d¢opMyibl
~Myi~M,, ..., ~Mi~M,. Iloatomy koHBIOHKLHSA K, MICTHHHA B paccMar-
puBaeMoit Mogenu. Urto xe kacaercs ¢opmyinbl 8(C;), TO NMOCKOJIbKY
OHa He COIEPXXHT TepMHHOB M, ..., M,, 3HaueHue ee B <D, ¢’> byner
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TEM K€, 4TO U B Mozeau <D, ¢>, T.e. 0. M3 ckazaHHoro ciaeayer, 4ro
(bopmyna Ky, D> 6(C) noxxHa B <D, ¢’> 1 I0TOMY OHa He SIBJISETCA Teo-
peMoit dC?, uro NPOTHBOPEUHT BBIBEICHHOMY DAHEE K3 HHIYKTHBHOLO
npennonox\eﬂuﬂ cnemcTBHIO. Takum obpaszom, B(C,) 1okasyema B ®C’.

ITycte C; nosydena u3 C; no npasuyy R2. Ciyuait, korga C; He
COAEPXUT MPUMHTHBHBIX 06umx TEPMHHOB, o4yeBuaeH. [Ipy HanH4yuH
NMOAOOHBIX TEPMHUHOB S, ..., Sy B C; MO MHAYKTHBHOMY MAOITYIUEHHIO
umeeM: B8(C)) = (5118, & ~51i~5) &... & §,iS, & ~S,i~S;) D ((vja & vjB)
D A) J0Ka3zyemo B ®C?. Orcroaa, Mo 3aKOHy KOMMYTalLHH, MOTy4aem
teopeMy (vja & viB) D ((§1i5) & ~51i~S) &... & S,1S, & ~S$,i~S,) D A).
[Ipumensem npaBuno R2: iy o ((8iiS) & ~5i~S) &... & S,iS, &
~Spi~S;) = A). Hcnonb3ys BHOBb 3aKOH KOMMYTAlWH, BBIBOAUM (51LS;
& ~S51i~S; &... & S,iS, & ~S.i~S;) D (aify © A), T.e. 6(C;) B KayecTBe
TEOpPEMBI PC?.

Cnyuaii, koraa C; nonyueHa no npaeuiy R3, paccmarpuBaercs
aHaJIOTUYHO.

Taum obpazomMm, 0O- -NepeBox nwbdor teopembl TC pokaszyem B
®C? U [oKazaTenbCTBO MEPBOM 4acTH KpuTepus CMHpPHOBA 3aBep-
weHo.

llrm JIOKa3aTe/IbCTBa BTOPOH €ro 4acTH PaCCMOTPHUM MEPEBOA G H3
®C? B TC: G(A) = A. [Tockonpky ®C? gsnsercs noacucremoit TC, o-
repeBo] JItoO0H TeopeMbl ®C? nokasyem B ucumncnennu TC.

OcTaeTcs yIOCTOBEPHTHLCA B BBIMOJHEHHH TPEThEH YacTH KpHTe-
pusi CMHUpHOBa — B TOM, UYTO 475 Jto0oH dopMmyabl A TeOpeMOH cCHc-
teMbl TC gBnsercs A = o(6(A)). Ecnd A He cOAep>XUT NNPUMHTHUBHBIX
o01IHX TEpMUHOB, TO G(B(A)) coBnanaer ¢ A, 4 A = A — teopema TC.
Ecnu ke A COOep>XHUT NMPUMHUTHBHbIE OOLUME TEPMHUHBI S, ..., S, TO
c(B(A)) = 8(A) = (5,18 & ~5ii~S) &... & $iiS, & ~S;i~S,) D A. B cuc-
teme TC ¢ ucnonp3oBaHHEM aKCHOM cXe¢Mbl A8 WM mpaBwia BBEAECHMS
KOHBIOHKLMH JIETKO J0Ka3aTh GopMyny 5)i5; & ~S51i~S) &... & §;iS, &
~Spi~S,. M3 Hee, nmo 3aKkoHaM JIOTHKH BbICKa3blBaHHH, BbIBOAWMA
uMmruinkauus ((81iS; & ~Si~8) &... & 5i5, & ~Sii~S,) D A) D A).
ObpaTHas UMIUIMKALMs PeICTaBsSET COOOH 3aKOH YTBEPKAEHHS KOH-
cexkBeHTa. Takum obpasoM, B TC uMeem teopemy A = (5115 & ~S)i1~$,
&... & §,iS, & ~S;i~S,) D A).

Hrtak, Bce Tpu uactu kpurepud CMHpHOBa BBIMONHAOTCSL
[Toatomy cuanoructuka TC norpyxkaercs B CHIUIOTHCTHKY O’
MOCPEeACTBOM nepeBoja ©.

Merateopema. /[[na 1obou gopmyrel A A36IKQ CUHSYAAPHOU
He2amueHOU CULI02UCMUKYU 8ePHO, Ymo oHa doka3zyema 6 cucmeme TC
moeoa U moneKo moeda, kozoa ee nepecoo O(A) ookazyem 6 ucyucie-
nuu AT,

Beiie 651710 MOKa3aHo, 4TO ornepauus O norpy:xaet CHCTEMY CHH-
ryAApHOH HEraTMBHOH CHILIOTHCTHKH TC B ,,ipOMeXYTOUYHOE" CHILIO-
rHcTHuYeckoe ucuncienne MC?, a mocneanee, B CBOK OYEPENb, MOTPY-
XKaeTcs B paclIMpPeHHOe HCUYMCieHHe npeaukaToB ¢ paBeHcTBOM HMII
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fI0CPEACTBOM MEpEBONa *. Orcropa cnepyer, uto cumutoructika TC
Norpy»aercs B 5110 NMOCPEACTBOM KOMIO3ULIMM MepeBoaoB O U *,
OcTaeTcs MPOAEMOHCTPUPOBATh PABHOCHIBHOCTD B HcdHcieHun HIT
JAaHHOW KOMIMO3WLIKUU nepepoay ©.

Eciu cunnoructudeckas GpopMyna A He COAEPKHT MPUMHUTHBHBIX
o0LMX TEPMHHOB, TO [B(A)]* = A* = O(A).

Ecnu ske A cOOepKUT NPUMHUTHBHBIE OOlIHE TEPMUHBI S, ..., Sy,
10 [B(A)]* = [(S)iS) & ~5ii~S) & ... & SiiS, & ~S,i~S,) o A]* =
(S$1iS)* & (~S1i~S)* & ... & (S;iSp)* & (~S,i~S,)*) D Ax = (Ax(S)x &
Six) & Ax(—Six & —51x) & ... & F(Syx & Spx) & Ix(=Spx &—=Sx)) O
Ax = (IxS)ix & Ix-S1x & ... & IxSx & Ix—S,x) D A*x = O(A).
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B.M. Ilonos, 1.A. Xopoxopun

AUAJTNYECKHE CEMAHTHUKH
IJISI CACTEM ®OPMAJIBHOU
CHAJLJIOTUCTUKHA'

Abstract. It was shown in [1] that there are any operations which
embed into monadic first-order predicate calculus the C1 and C3 syl-
logistic systems constructed in [2]. This result excludes an opportunity
to yield for C1 and C3 set-theoretical semantics in a «canonical» way,
i.e. to yield set-theoretical semantics based on embedding of related
syllogistic system into monadic firs:-order predicate calculus. In paper
proposed the set-theoretical semantics both for Cl, C3 and C2, C4
systems is «non-canonically» yielded

B [1] nokazaHo, 4TO He CYUIECTBYET OIEpaLMi, MOrpy>KaroLux
noctpoerHble B [2] cusutorkcruyeckue cuctemst C1 u C3 B ogHOMecT-
HOE MCYHUC/IEHHE TMpPEeOHKAaTOB MEepBOro TMopsAKa. ITOT pe3ynbTaT
uckaoyacT oTHocUTeNbHO Cl1 M C3 BO3MOKHOCTH «KAHOHHYECKOIO»
JJIS CUJUIOTHUCTUYECKUX CHCTEM HABEAEHHA TEOPETHKO-MHOXECTBEH-
HOM CEMAHTHUKH, T.e. TAKOIO KOHCTPYHPOBAHHS TEOPETHKO-MHOXKECT-
BEHHOHM CEMAaHTHKH, KOTOPOE OMMUPAETCA Ha I[OrPY)KEHUE COOTBETCT-
BYIOLIMX CH/UTOTUCTHYECKU CUCTEM B MEPBOTMOPAAKOBOE OAHOMECTHOE
MCYHCIEHHe TpeadkaToB. B  mnpeanaraemoii  pabore  cTposrtces
«HEKaHOHHYECKHMY CITOCOOOM TEOPETHKO-MHOXKECTEEHHbIE CEMAHTHKH
s cucteM Cl, C3, a takxe ang cucteM C2, C4. OnucaHHe CHCTEM,
KOTOpoOe naeTcs Huxe, cienyeT [2] u [3] Bo BceM, 4To Kacaetcs obuuei
KOHLIETLIMH 3TUX CHCTEM, HO He B AeTansaX GOpMYJIMPOBOK H H3JI0XKe-
HUs. Dopmylbl BCceX paccMaTpUBAaEMblX CHCTEM [MPHHAMIEKAT K
OJHOMY MU TOMY K€ #3biky, aldaBUT KOTOPOIrO COAEPXKMUT TOJIbKO
TEPMBI £, ), I3, ..., OMHApHbIE MPOMO3UUHOHAIbHBIE CBA3KU &, =, D,
YHApHYIC TMPONO3ULIHOHATIEHYIO CBS3KY ~1, CUJIJIOTMCTHYECKHE CBS3KH
A, E, J O uckobkH (, ).

Onpenenenue dopMmynsi: 1). Ecnu O — cunnoructuyeckas
CBA3Ka, & ! U d — TepMbl, To Otd — dopmyna; 2). Ecnu a u B dop-
mynsl, T0 (&), (a&B), (a=B), (Tla) — dopmyisl. [IpuHumarorces
oObiuHbIC cornameHus 06 omyckaHuH ckobok. [Ipd 3agaHuM cHUcTeM
OyayT HUCNONIb30BaHbl, B YACTHOCTH, Cledytollde BOoceMb cxem ¢op-
MYJI, B KOTOPBIX I, d, ¥ — MCTanepeMeHHbIE /1 TEPMOB:

Ax] Atd&AdroAtr, Ax2 Ata&JtroJdr, Ax3 Jid>Jdt, Ax4 Atd—>Jid,

| -
Pabora BbINOMHEHA NPH MOAAEPKKE POCCHHCKOrO I'YMaHMTApHOro Hay4Horo (¢oHaa

(rpaHT 96-03-04631).
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Ax5 Etd="Utd, Ax6 Otd="\Atd, Ax7 Jtd>Att, Ax8 Jtt.

H3yyaemble 31€ch CHCTEMBI SBNAIOTCS MCYHCIEHUAMH TMbbep-
TOBCKOrO THIMA C €QWHCTBEHHBIM MPaBWJIOM BbIBOJAa — MPaBHIOM
modus ponens — W CO CTaHAAPTHBIM OINpeAEIEHHEM MOHATHS HOKa3a-
TenbcTBa. [lycTh K — HekoTOpoe (PUKCHPOBAHHOE KOHEYHOE MHOXKe-
CTBO cxeM (popMyJi, yIOBAETBOPAIOLIEE YCIOBHIO: 3aMbIKaHHE M0 Mpa-
BHJIYy modus ponens MHOXecTBa BceX (OpPMYJ, MOJY4YEHHbIX H3 K,
pPaBHO MHOXXECTBY BCEX KJIACCHYECKMX TaBTOJOrMHA B paccMaTrpuBae-
MoM s3bike. AkcuoMbl cucteMel Cl (C2, C3, C3, C4) 3T0 T€ U TOJBKO
Te GOpMybl, KaXAas U3 KOTOPBIX MOJTy4aeTcs, Mo KpaitHed Mepe, Mo
ONHOH U3 cxeM, npuHagnexawux KU {Ax1-Ax6} (cooTBeTCTBEHHO:
KUfAx1-Ax7}, Ko{AxI-Ax3, Ax5, Ax6, Ax8}, Ku{dxl-Ax3, AxS5-
Ax8}).

Onpenenenne aHanpl: AHAfOM Ha3biBaeTCs YNOpsOOYEeHHas mapa
<X,)> MHOXECTB ([IpH 3TOM X Ha3bIBAE€TCs JIEBbIM, a ) — IPABbIM KpPbl-
oM auaapl <x,y>). Ha npoTskeHUH BCEro MOCIEAYIOLIErO TEKCTA «<>»
ABJISETCA COKpALUEHHUEM I/ «TOrAa U TONBKO TOraa, KOrgay», a «=~» —
ans «rpadUYEeCKH paBHOY.

OnpenesieHHe OTHOLIEHHSI DC COBMECTHMOCTH JHAA MO JIeBbIM
KPBUIBAM: <X,)>DOC<v,w>xMvz(.

OmnpenesienHe oTHouwleHHH [ BkJlOYeHHs JHAA 110 NpPaBbIM
KPBLIBAM: <x,)>E<v,w>&ycw.

Onpeaenenne Cl-moaenan: Cl-Monensio Ha3blBaeTCA ynopsAgO4€HHas
wecrepka m =<I',A,Z, DC,E,¢>, rae

(1) I' — HemmycTOE MHOXECTBO AHAL;

(2) AcT

(3) ZcA;

(4) nnsa mobsIx a, b, ¢ € I': ecnu alEb ¥ a>Cc, To bocc;

(5) @ ectp BCromyonpeneneHHas (Ha MHOXecTBe lerm BcCex Tep-
MOB) oaHO3HauHas GyHkuusa tuna Term—I, ynoenerBopstolas cie-
AYKOUHM YCJIOBUAM JUIsA IOOBIX Iy, t; € Term:

(Ip) ecnu = £ v nipu 3TOM B NE A1) U PLNE (ty), TO Yt )EZ;

() ecnu 1, = 4 U P(t)E W), TO (Xt)€EA,;

(Illp) ecnu &, = t; u KH)E 1)), TO Kti)D> @(1)).

Onpegenenne ¢pyuxuun | |" 3navenus dopmyast B Cl-mozenan
m=<I",A,Z, D JC,p>: | |” ecTh BcrogyonpeneneHHas (Ha MHOXECTBe
Form Bcex dopmyn) onHozHauHas QyHkuus tuna Form— {u,A}, ynos-

NIETBOPSAIOILAS CCAYIOWIHM YCIOBHSM s obbIX &, feTerm u
mobbix o, e Form:

(qs(rk)Egs(t;), €ClIH Iy * I}
Aty|"=ue 4
lq:(tk)eil, eClM t, = 1,
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ch(r,_-) DCE(t)), ecnu 1 % £
|th.f1 ‘m =us> {

Lga(t,c)eZ, eClu b~ 1),
,0&11 Im =u lAtktzlm = A,
Ety)|" =u < [Uny " = A.

Hns ¢opmyn Buna (2&P), (a=B), (a=P), (Tkt) dynkums | [
ornpenesnsercs CTaHAapTHO.
Onpenenenne C2-mozean: C2-Mon€1bI0 HA3bIBAETCS YIOpsI0YEHHas
narepka m =<[',A, D [E,¢> Takas, 4TO BbINONHAIOTCA ycnosus (1), (2)
u (4) uz onpenenenus Cl-mMonend, ¢ ecThb BcloayonpeaesieHHas OIHO-
3HauyHast pyHkuus tuna Term — I, yaosnetsopsromas yciaosuio (1)
u3 onpeaenenus Cl-mMoaend, W BBIMNOJHAECTCA Cleaylolliee YCIIOBHE:
(6): nna mobrix a, b € I, ecnu a?b, To acA .

Onpeaenenne ¢pynxkuuu | |" 3Havenus ¢opmyast B C2-Mozenau
m=<I,A,>c JE,p>: | |" otnuuaeTcs OT onpeneneHus GyHKUHUH 3Haye-
Hus Gopmynbl B Cl-Monenu Tonbko Asst GopMysl BHIA ALty

[(ﬁ(u)@(ﬁ(ﬁ), CCIAU I = 1)
lAtkt/ |m =u= {

L(p(zk)eA, eCcllt Iy = 1.
Onpenenenne C3-moaenn: C3-Moaens0 Ha3bIBAETCA yNOPSAAOYEHHAS
natepka m=<I',Z, DC|[E,p> Takas, 4yro I — HEIyCTOE€ MHOXECTBO
Majl, Kaxkaas H3 KOTOPbIX HMeEET HeNycToe JieBoe Kppulo, 2l
BbINOJIHsAEeTCs ycioBue (4) u3 onpeneneHus C1-MolenH, ¢ ecTb BCIOAY-
onpeaeneHHas ojHo3Ha4yHas ¢yHkuus Tuna lerm—I, ynosaereo-
pstowan ycaoeruto (1) uz onpeaenenus Cl1-moapesn.

Onpeaenenne ¢pyukunu | |" 3naveans ¢opmyant B C3-mozenn
m=<I',Z, o JE,p>: | |" otM4aeTcs OT onpejaeneHdst GYHKUHH 3HaYe-
Hust hpopmynbl B C1-Momenu Tosbko and dopMy Buaa Jid,:

ltht1 |m = U (rdtk) DC(IK[[).

Onpenenenne C4-moaean: C4-MoeNbiO Ha3bIBAETCA YIOPSAA0YEHHas
yeTBepka m=<[', DC,[E,¢> Takas, 4yTo I' — HemycToe MHOKECTBO IHafA,
Ka)Kas W3 KOTOpPbIX HMEeT HEMyCTOE JIEBOE KpbUIO, BBIMOJIHAETCS

ycnosue (4) uz onpeaesieHus Cl-moaenu, ¢ ects BCOAYONpeaesIeHHas
oAHo3Ha4Has (QpyHkuus Tuna Term—1I .

Onpeaesieine Gpynkuun | |" 3navenns dopmyast B C4-mozenn
m=<I", o JE,¢>: | |" oTnuyaercs oT onpeaeseHUs GYHKLUHH 3HaAYEHHUS
dbopmy:iel B Cl-Monenu TonbKo as Gopmyn BUaa Aty U Jil:

i |" = u < @) Eg(1),

|t |m =u< o) ?7¢(1).

3ameuanue 1. lna Bcskoit Ci-Moaend m CyUIeCTBYET €IMHCTBEHHas
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DYHKUMSA 3HAauCHHS GOpMYJbI B . DTO YTBEpXKIEHHE JIErKO N0KA3bl-
BaeTCd BO3BPATHOM MHIYKUMEH TO YHUCITY BXOXIEHUH MPOIMO3ULIMO-
HaJbHBIX CBSA30K B hopMyJly.

Hmeer mecTo cneayrowas Teopema 1 (06 aIeKBaTHOCTH CHCTEMbI
Ci knaccy Bcex Ci-moaeneit):

dopmyna o nokasyema B Ci <> B kaxioi Ci-Momenu m |o” =u.

Teopema 1 BeITeKaeT U3 TeopeM 2 U 3.

Teopema 2 0 HenpoTHBOpeYHBOCTH cuUcTeMbl Ci OTHOCHTENBHO
kiacca Bcex Ci-Mozenel: ecnu dopMyna o gokazyema B Ci, TO B Kax-
noi Ci-monenu m |a” =u.

Teopema 3 o moanore cucremsl Ci oTHOcUTEeabHO kjiacca Bcex Ci-
mozenei: ecnu ¢opMmyna o TakoBa, uTo B kaxao#i Ci-momenu m |af”
=u, T0 hopMyJa a nokazyema B Ci.

Jloka3aTenscTBO TeOopeMbl 2 METOOOM BO3BPAaTHOM HHIYKLHHU MO
InMHe nokasatenbcTBa B Ci dopMynsl o ctanaaprtHo. [lostomy 3aech
JEMOHCTPUPYETCS TOJILKO TO, YTO 3Ha4YeHHe 11000k c;mnomcmqecxoﬁ
akcUoMbl cucteMbl Ci ecTb «u» B KaxkaoH Ci-Moaenu .

Cayuaii 1: i=1.

[Mycts m=<I',A,Z, D E,¢> apnsetca Cl-Monensio, | |” dyHKMA
3HaueHUst GOPMYJIbI B 1.

(I1): |Aut; &At, > Att,|™ = u.

B cuny onpepenenus | |”, ans ngokasarenscrsa (I1) mocrarouno
aokazath (I1)": ecnu [A6it)|” = uw [A6e,]™ = u, To |Atit,|™ = u.

JAcHo, yto Ang pokasartensctBa yTBepxaeHus (11) mocraroyho
nokasatsb, 4to (I1) MMeeT MecTo B KaXAOM M3 CIEAYIONIMX TpeX ClTy-
yaes: (I1a) = yunu b, = 4, (IIb) = t, = tu =1, Alc) e hn b =
tno

B cnyuae (I11a) yreepxxaeHue (I11)' uMeeT MecTo, Tak Kak siBIsSeTCS
TaBTOJIOTUEH.

Hoxkazamenvcmeo (11)' 6 cayuae (11b):

1) |4tt)|™ = u (nomymeHue)

2) |At,|" = u (nomyweHue)

3) 4 = t;(ycnoBue, onpenenswouee cnyyai (11b))
4) 1, % t,(ycnoeue, onpenenstoinee ciy4aii (11b))
5) = 1, (ycnoBue, onpeaenstowee ciayda (11b))
6) Xt )E (1)) (u3 1), 3) u onpenenenus | ™)

T) Xt)E ¢(t,) (U3 2), 4) 1 onpenenenud | |™)

3nech ¥ nanee ie{l,2,3,4}.

MHOXECTBO BCEX CHJUIOTMCTHYECKMX aKCHOM cucteMbl Ci 3TO B TOYHOCTH
MHOXECTBO BCeX TexX GOpMyI, A KAXIOH U3 KOTOPhIX CYLICCTBYET NOPOXKAAIOUIAs
ee cxeMma u3 {Ax/-Ax6} npu i=1, u3z {Ax/-Ax7} npu =2, u3 {Ax1-Ax3, Ax5, Ax6,
Ax8} npu i=3, U3 {Ax[-Ax3, Ax5-Ax8} npu i=4.
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8) Xt )E(1,) (u3 6), 7) B culy OUEBHUAHOM TPAH3UTHUBHOCTH )
9) |Att,| " = u (u3 5), 8) m onpepenenus | |”).
HokazarenbctBo (11)' B cayyqae (I1¢):
1) |4t ™ = u (10my1ieHHe)
2) | A, " = u (gomyiueHue)
3) t, # 1 (ycnoBue, onpeneisoulee ciaydah (I1c))
4) t, ~ t, (ycnorue, onpenenstouee cay4ai (I1c))
$) Jntd” = u (13 2), 4))
6) o(t) Eg(t) (u3 1), 3) v onpenenenns | |)
7) (1)) E¢(ty) (u3 3), 5) u onpenenenus | |”)

8) ({t)=X (u3 3), 6), 7) u ycnosus (1), chopMyIHpOBaHHOIO 1S @ B
onpeaenednu Cl-moaenH)

9) |Arit, ™ = u (u3 8) u onpeaenenud | )
10) |Atu, | " = u (M3 9) u 4)).
(]2) L-‘Tf_a[,'(&urlkt,, o) Jt/tnlm = Uu.

[To onpenenenwuto | |, ans gokasarenbctsa (I2) nocTaTOYHO J0Ka-
3atb (12)": ecnu |Anty|” = v v [JInt,|™ = v, 10 |J1i,|” = u. Ecam & = t,, TO
yreepxkaeHue (12)' umeer MecTo, Tax Kak #ABJISETCS TaBTO.IOTHEH.
[Toatomy nns pokasarenscTBa (12) ocraercs nokasats, 4to (12) umeer
MECTO B KaXKIOM H3 clieay-olux ciay4daes: (I12a) =2, u = 1, (12b) 4 =
LUy, (12 ezt e t, U=,

Hoxazamenvcmso (I2)' 6 cayuae (2a):
1) |[At2)|” = u (A0ITyLIEHKE)
2) |Jnt,|™ = u (nomylueHue)
3) 4 = ¢, (ycnoBue, onpeaensioulee cnyyan (12a))
4) % t, (yclioBue, onpeaesoltee cayuai (12a))
5) ty =t (13 3), 4))
6) At () (3 1), 5) v onpenenenus | |)

7) o(ty) DCe(ty) (M3 5), 6) u yenoeus (Ille), chopmynuposanHoro ang
@ B onpenesienud Cl-MoaenH)

8) ¢(t) D @(ty) (n3 7) B c1ny OUEBUAHOH CUMMETPUYHOCTH DC)
9) |Jtti|™ = u(u3 8), 5) u onpenenenus | )
10) J4t.|" = w(u3 9) u 3)).
HokazarenscTBo (12)' B cnyyvae (125):
1) |[Att; ™ = u (nomyiueHue)
2) Wut, " = u (nonmyiueHHe)
3) 1 ® t,(yciiosue, onpeaensiouee ciydai (I12b))
4) 1, = t, (ycnosue, onpenensoulee ciayyai (12b))
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3 n=t(u3 3),4)
6) (1 )= t) (u3 1), S) u onpenenenus | |™)

7) (r)eA (u3 5), 6) u ycaosus (Ilg), chopmynuposanHoro ans ¢ B
onpeneyneHuH Cl-Monenu)

8) Wtit)|" = u (u3 7) u onpenenenus | |™)
) tt.)™ = u (u3 8), 4)).

Hoka3zarenbcTo (12)' B cayuae (I12¢):
1) |[Att)|™ = u (nonmymieHue)
2) Jtut,|" = u (nomyuenue)
3) t = t;(ycnosue, onpenenswouiee ciay4qai (12¢))
4) 4, = 1, (ycnosue, onpeaensouiee ciaydai (I12c))
5) 1 # t,(ycnosue, onpeaenstowiee cnyyvai (I2c))
6) (L YE () (u3 1), 3) u onpenenenus | |™)
7) @ty) D [t,) (u3 2), 4) u onpenenenus | |”)
8) (1)) D= @t,) (3 6), 7) 1 myHkTa (4) onpenenenns Cl-Moxaenu)
9) |Jtt,|” = u (w3 5), 8) u onpenenexus | |™).

(13) IJI/J[ D Jt1t,,|m = u

B cuny ompenenenus s gokasarensctBa (I3) mocraTtouHo goka-
3ath yTBepxaeHue (I13)": ecnu Jit)|™ = u, o [Jtt|™ = u.

Ecnu 1, = 1, To yrBepkaenue (13)' umeeT MecTo, TaK KakK SBISETCS
TaBTOJIOMUEH.

Loxazamenvcmso (13)' 6 ciyuae, xozoa t; #t,.
1) Jtet|™ = u (monyiuenue)
2) 4 % t;(yclIOBHE, ONpeaeNnsioLlee pacCMaTpHBaeMbIii cliyyaid)
3) xt) o @(t) (u3 1), 2) v onpenenenus | |™)
4) (1)) o ety) (43 3) K CHMMETPHUYHOCTH ?)
5) |Jtite|™ = u (u3 2), 4) v onpenenenus | ™).
(14) lAtktI ) tht1|m = U

B cuny onpenenenus | [ mis pokasarenscta (I4) moctaTouHo
noka3ats yrBepkaeHue (14)': ecnu [A4)|™ = u, to |[Jit)|”™ = u.

Loxazamenvcmeo (14)' 6 cayuae, kozoa t, ~t;:
1) |[Att)|” = u (nonyiuenue)
2) t ~ t;(ycnoBue, onpeaesollee paccMaTpUBaeMBIi ciiy4aii)
3) lAtktklm =u(uz l)u2)
4) p(t)eZ (u3 3) v onpenenexus | |")
5) A(t)eA (w3 4) u myukra (3) onpenenenus Cl-monenu)
6) |Jtxtk|™ = u (u3 5) 1 onpenenenus | |7)
7) Wat|™ = u (u3 6), 2)).
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JHokazaTtenbcTBO (14)' B cnyyae, xoraa f # 1)
1) |[At:t)|™ = u (monyLueHUe)
2) t, = 1;(YCNOBHE, ONpeNensIOLEe pacCMaTpPUBAEMbIii Clly4an)
3) At )E () (u3 1), 2) u onpenenenus | |")
4) @(1,) D@ty (u3 2), 3) v yenosus (Ille), chopmynnuposantoro ans
@ B onpeneneduu Cl-moaenn)
5) |Jtet)|™ = u (u3 2), 4) u onpenenenns | |").
(I9): |Eay =" = u
Jloka3aTenbCTBO:
D) Egy " =u< [Jut)|™ = A (u3 onpenenenus | |)
)Wt |" =A< |TUhy|™ = u (u3 onpenenenus | )
3) |Ent " =u< |1]tkt1|’" =u(n3 l),2))
4) |Etety ="Utt)|™ = u (u3 3) 1 onpenenenus | ).
(16): |0t ="1ALL|" = v .
JlokazaTenbCTBO:
D |0u | = u < |Auy|™ = A (w3 onpenenenus | |7)
2) At |" = A <> [TUn|™ = u (w3 onperenenus | |”)
3N 0uy " =u [Td|™ = u (u3 1), 2))
4) |0ut; ="Gt|" = u (u3 3) ¥ onpeaenerus | |™).
Cayuaii 2: i=2.
[ycte m=<I',A, D E ¢> asaserca C2-mMonensto, | |” — dyHKUMA
3Ha4Y€HUA QOPMYJIbl B m.
(I11): |At i &Att, D Atln|” = u.

B cuny | |" onpeaeneHus, ans aokaszarenberBa (II1) mocrarouHo
nokazath (I11)": ecnu [Ant)|” = un |Ayt,|” = u, 10 |[Alt,|” = u.

OueBUaHO, YTO Ang aokazarenbctea (II1)' moctaTtoyHO HoKa3sare,
yto (I11)' uMeeT MecTO B KaxkOOM U3 caeaytowmx cny4daes: (II1a) ¢ = ¢
HIHH I, =1, (Hlb) Lyl hx2L, A%, (HlC) Lhxt, L=

HoxazarenbctBO (II1) B cnyyae (ll1a) aHanorvyHo gokasaresib-
crBy (I1)' B cnyuae (I1a), a nokazarenscTBO (II1)' B ciyyae (II1b) aHa-
noru4Ho gokasarensctBy (I11)' B ciiyqae (I1b).

Howazamenvcmeo (111)" 6 cnyuae (Ilc):
1) |[45|™ = u (nomyuieHue)
2) |[Att,|" = u (nonyuieHue)
3) t; = t,. (ycnoBue, onpeaenstoiiee ciay4ai (Il1c))
4) t, = t, (ycnosue, onpenenstoiuee ciydad (II1c))
5) A" = u (u3 2), 4))
6) (1)E K1) (13 3), 5) u onpenenenus | |)
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7) o(t;) DT @(ti) (M3 3), 6) 1 BuinonHsowerocs 8B C2-MoeIN YCIOBHS
(1II), cpopmynuposanHoro B onpenenennu Cl-mMonenn)

8) (1) DC@(t)) (M3 7) © CUMMETPHYHOCTH DC)

9 oti)eA (u3 7) u ycnoBus (6), chopMyTHPOBAHHOrO B ONpeAeIeHHH
C2-mopenn)

10) |4t |™ = u (13 9) u onpenenenus | )
11) [Atit,)™ = u (u3 10), 4)).
(112): A, &Jte, o Jut,|” = u.

[Io onpenenenunio | |", ans mokasarensctBa (II2) moctaTouHo
noxasats (112)' ecru |And|” = uw Y,|" = u, 10 | = u.

Ecnu #, = t;, To (II12)' umeeT MecTo, Tak KaK ABISETCA TaBTOJOIHEH.
[losTomy octaetca nokasats (I12) B kaxaom M3 cneqylomMX Ciy4yaes:
(IRRa) =, nyy=t,, I2b)y=t, uti~t, (2c) =t izt ut =1,

HokazatensctBo (II2) B cayuyae (II2a) anHanornyHo poka3arensb-
ctBy (I2)' B cnyuae (12a).

Hoxazamenvcmso (112)' 6 cayuae (I12b):
1) [ At = u (nomyueHue)
2) Utut,|” = u (nonyiueHue)
3) 1, = 1, (ycnoBue, onpegenstolee ciy4ai (112b))
4) 1, = t, (ycioBue, onpenenstouiee ciny4ai (I112b))
S)ti= t; (U3 3), 4))
6) @1 )YE (1) (u3 1), 5) v onpenenenus | ™)

7) ({t) D@t (M3 5), 6) u Boinonusowerocs B C2-MoAenud ycjioBus
(Illep), cdopmynupoBaHHoro B onpeneneHyu Cl-monenu)

8) (1)) D= ty) (M3 7) 1 CHUMMETPHUYHOCTH ?7)

9) ((t)eA (u3 8) u ycnoBus (6), chOpMyJIMPOBAHHOIO B OMNpeAcieHUU
C2-mopnenu)

10) Jtt)|" = u (w3 9) v onpenenenns | |™)
1) |Jte,|" = u (u3 10), 4)).

HokazarensctBo (II12)' B cnydae (II2c) aHanmoruyHo gokasarenb-
ctBy (I2)' B cnyuae (12¢).

(113) }thfl = Jtﬁkim =Uu.

HoxazatenbcTBo (II3) aHanoOrd4yHo mOKa3aTenbCTBY YyTBEPKIACHHUSA
(I3).

(H4) !Atkt[ D thtllm = u.

B cuny | |" onpenenenus, ana nokasarensctBa (I14) nocrarouHo
nokasate (114)": ecnu [Ant)|™ = u, to |Jity|™ = u.

Loxazamenvcmeo (114)' 6 cayuae, kozoa by, = ;.
1) |[A5)|" = u (nomyeHue)
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2) t, ~1;(yC/IOBHE, ONpeAesouee paccMaTpUBaeMbll Cily4yak)
3) lAtti|” = u (u3 1), 2))
4) ({t)ye s (u3 3) v onpenenexus | |7)
5) Wt |™ = u (w3 4) u onpenenenwus | |")
6) [Jnti|" = u (u3 5), 2)).
Hoka3zarensctBo ([I4)' 8 ciyyae, koraa f, # f; aHaAJIOTHYHO COOT-
BETCTBYIOLIEMY CITyualo B JoKa3aTeabCcTBe (14).
(I5): |Etyty =Utit)|™ = u.
(16) IOI’;J; E—lAIkt,/]m =u

JokaszatenscTBo (II5) 1 mokaszarenscrBo (116) aHanoruyHel goka-
3atenbCTBY (I5) U (I6) COOTBETCTBEHHO.

(17) ltht1 D Atktklm = u.

B cuny onpenenenus | |, ana gokasarensctea (I17) goctatouHo
nokazars (117)": ecu Jtty|” = u, 10 [Atity|™ = w.

Jloxazamenscmso (II7)' 6 cayuae, ko20a by = 1.
1) [Jts™ = v (aomyuienue)
2) t; & 1;(yci0BHeE, OMpeaesolee paccMaTpUBaEeMbIi Ciiy4ai)
3) Wi = u (n3 1), 2))
4) gp(t)e A (u3 3) u onpenenenus | |™)
5) |Atti|™ = u (u3 4) u onpenenenus | |").
Hoxka3sarensctBo (II7)' 8 cayyae, korna ty & t;:
1) )™ = u (nomyLuexue)
2) t, # t;(ycloBHe, ONpelesioliee pacCMaTpUBacMbli CllyyaH)
3) ((t)>c@(ny) (u3 1), 2) u onpepenenus | |™)

4) (t)eA (3 3) v ycnoBus (6), chopMyTHpOBAHHOIO B OIPEAETIEHHH
C2-moenn)

5) |Atut|™ = u (13 4) u onpeaenenus | |").

Cayuaii 3: i=3.

[ycte m=<I,Z, oc,E,¢p> asnsercs C3-Moaenblo, a | | — ¢dyHk-
LU 3Ha4eHHS GOpPMYJIbI B 171.

(I1): |4t &Atit,DALL,|" = u.

Jokazarensctro (III1) aHanoruyHo noka3aTenbCTBY yTBEpPXKAEHHUS
B ciryyae (I1).

(II12): Hl‘kl‘(&JIkt,,DJhtnkm =u

[Io onpenenenuto | |, mana nokasarensctBa (III2) mocraTtouHo
nokasate (I112)': ecnu [Any|™ = u v [Jut,|" = u, 10 [Jtit,|" = u.

Ecnu t, =, o (III2) nmeeT MecTO, TaK KakK SABISETCA TABTOJOIUEHN.
Loxaszamenvcmeso (I112)' 6 cayyae, rozoa ty, = 4.
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1) |46|™ = u (nomyiuenue)

2) [Jtetn|™ = u (monyuiexue)

3) i 1, (ycnosue, onpenensioulee paccMaTpUBaeMblii Ciy4daii)
4) Kt YE () (u3 1), 3) 1 onpenenennd | |™)

5) () D @(t,) (u3 2) 1 onpenenenus | |™)

6) @) DC@(ty) (3 3), 4) u BemonHAomerocs B C3-Moaenu yciosus
4), coopMynupoBaHHoro B onpeaeneduu Cl-monenu)

7) Jtt,|™ = u (u3 6) u onpenenenus | ).
(1113): IJka; DJfltk|m =u.

[To onpeneneHUo HOCTAaTOYHO AOKa3aTh, uTo eciaH |Ji 4™ = u, To
|Jt_1[k1lm =Uu.

Loxazamenvcmeo.
1) |J6t)" = u (nomyienue)
2) (1) D@ty (3 1) u oapenenenus | ™)
3) @(t) D @(ty) (M3 2) U CHMMETPHUHOCTH DC)
2) Wut]” = u (u3 3) u onpenenenns | |").
(I4): |Ett =VUnt)|” = u.
(IIIS): |Otty =A™ = w.

HoxazarenbctBo (I114) u nokazarenscrio (I115) aHanoru4nel goka-
3aTenbctBY (I15) U nokazarenbcTBy (I6) COOTBETCTBEHHO.

(1116): |Jtute]™ = u .
Hokazamenbcmaso:

1) ans Beskoro ael:a>Ca (43 Toro, 4yro Besikag avaza u3 I umeer, no
onpeneneHuto C3-mMolenu, HEMycToe IEBOE KPbIo, U OMNpene-
JIEHUd DC)

2) nns Besikoro fe Term: () el (M3 onpenenenus )
3) A1) DC@lt) (3 1), 2))
4) Ut )™ = u (3 3) v onpenenenus | |™).
Cayuan 4: i=4.
[ycts m=<I',Z, DC,E,¢> seasercs C4-monensio, a | |* — dyHK-
uMs 3HaueHus GopMyJibl B M.

(IV1): Aan&At, DA™ = u.

B cuny | |" onpenenenus, ana gokasarenascrsa (IV1) gocraTouHo
0Ka3aTh, YTO eCiH |A4t)|" = u u |[Att,|" = u, 10 |Atit,|" = u.

Lokazamenbcmeo:
1) |Att|” = u (nomyuieHue)
2) | Aut,|" = u (nonyiueHue)
3) @(t)E o(t)) (u3 1) u onpenenenus | |™)
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4) x(tYE A1, (u3 2) u onpenenenus | |")

5) At )Ep(t,) (13 3), 4) ¥ TPAaH3UTUBHOCTH [E)

6) |Atit,|™ = u (3 5) n onpenenenus | |”).
(IV2): [ Aut&Jtyt,oInt,” = u.

ITo | |" onpemenenuto, mis nokaszatesnbctBa (IV2) goctaTtouHo
10Ka3aTh, 4To ecnu |Ant|” = u v [Jht,|™ = u, 10 Y, |" = u.

Jloxazamenbcmeo.
1) [Att)|” = u (nomyiueHHe)
2) Wtt,|" = u (nonylueHue)
3) dt)E (1) (u3 1) v onpeienenus | |")
4) ¢(t,) D1, (U3 2) ¥ onpeneneHus | |")

5) o(t) D>ct,) (3 3), 4) 1 1 BeinonHgtowerocs B C4-monenu ycio-
Bus (4), cbopMmynupoBaHHoro B onpenejseHuu Cl-monenu)

6) |Jiit,|" = u (u3 5) n onpenenenus | ).

(IV:;) |tht[ D.]t(tklm = u

Jloka3aTeabCTBO 3TOr0 YTBEP)KAECHHUSA aHATOMM4YHO A0Ka3aTeNbCTBY
(I1113).

(IV4): |[En -=——|thf1|m = u

(AVS): |0ty ="14Ry|" = u.

JlokazatensctBo (IV4) u pokaszarenbctBo (IV5) aHa10rH4YHBEI
aokazaresibeTBy (IS5) U nokasarenscTBy ([6) COOTBETCTBEHHO.

(IV6) IJI;J/ DALY, "=

[To onpenenennto | |, ana nokxaszatensbctBa (IV6) moctarouHo
nokazate (IV6)": ecnu |Jut)|” = u, To |[Atyty|” = u. OueBuaHo, yto (IV6)'
cleayeT U3 yrepxaeHus |Ans|” = u, umerowero cienymoilee A0Ka3a-
TEAbCTBO:

1) (8 ¢(1x) (13 pediekCHBHOCTH [E)

2) lAtt|” = u (u3 1) u onpeenenus | |™)
AV U™ = u.
Joxkazamenbcmao:

1) At)>c@(ty,) (M3 onpeaeneHdss DC U TOro, 4To Kaxkaas Auana, npu-
Haanexawas [, HMeeT HelmycToe 1eBOE KPbL10)

2) Jt]” = u (u3 1) u onpeienenns | |™).

[lpennaraeMoe 34€ch OOKa3aTeIbCTBO TEOpeMbl 3 MPOBOAMTCH
MeToaoM XeHkuHa. [IpeasapurensHo GopMynHpyercs aHajlor JIeMMBI
JlunpenbGayma U crposrcs Ci-MOENH M3 CHHTaKCHYECKHMX OOBEKTOB.
Ins toro utobbl chopmynupoBaTh Tpebyemblid aHanor nemmsbl JIuH-
neHbayma, BBOAATCSA CleAyIOLIHe 1Ba ONpeEIeHUS.
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Onpenesienne Ci-HenpoTHBOPEeYHBOr0 MHOKeCTBA GOPMYJI: MHO-
xecTBo M (opmya HazpiBaeTcs Ci-HENPOTHBOPEUMBBIM <> HE CYLIECT-
ByeT TakoH (OpMyJbl OL W TaKHX, NpPUHANJIEKAWUMX MHOXKECTBY M
dopmyn B,...,3,, uto dopmynsr B;&..&B,o>au B,&...&B,0 o Joka-
3yeMsl B Ci.

Onpenenenne mMakcumaabHOro Ci-HeNPOTHBOPEYHBOIO MHOMKe-
cTBa opmy.a: mHOXXecTBO M dopmy:t HaseiBaeTcs MakcuManbHbiM Ci-
HENPOTHBOPEYHBLIM MHOXECTBOM (OPMYST <> BBIMOJHAIOTCA JIBa
YCJIOBUS:

1) mHoxectBo M sBiasercs Ci-HENPOTHBOPEUMBBEIM MHOKECTBOM
dopmys;

2) He cyuiectByeTr Takoro Ci-HENmpOTHBOPEYUBOrO MHOXecTBa N
dbopmyi, uto McN u M#N.

MoxHo aoka3aTh, He 3aTparkBasi CHJUIOTHCTHYECKYHO CreuuUuKy
Ci, cnenyouiee 3ameuaHHue 2: BCsikoe MakcuMaitbHoe Ci-HempoTHUBO-
peuYuBOE MHOXeCTBO M (popMyJ1 TaKOBO, YTO s JTHOOBIX QOPMYJ O U
B:

a) ecnu a Jokasyema B Ci, To aeM,

b) ecnu aoBeM u aeM, To BeM,

c) TloeMeagM,

d) a&pBeMsaeM u BeM,

e) aoPfeMeaeM unu BeM,

f) a=feMo(aeMeBeM).

Anajnor Jjemmbl JluHaeHO6ayma: Bcskoe Ci-HENMPOTUBOPEUUBOE
MHOXECTBO ()OPMYJI SIBJIS€TCS IMOAMHOXXECTBOM HEKOTOPOro MaKCH-
ManbHOro Ci-HenpoOTUBOPEYHUBOI'O MHOXECTBA (POpMY.I.

JlokazatenbCcTBO 3TOrO YTBEPXAEHHSA MPOBOAMUTCS OOBIYHBIM CIIO-
cobom® u 3nech He mpusomutes. Jns nocrpoenus Ci-MoenH MO Mak-
cuManbHOMy Ci-HElpOTUBOPEYUBOMY MHOXECTBY (opmysn mnorpedy-
I0TCS HHXKEC/IEAYIOLUE onpeaesieHus u iemma 0.

Onpegenenne J-onHcaHUus TepMa f; OTHOCHTEJIbHO MHOXKECTBa
M dopmya: J-onrvcaHueM TepMa f;, OTHOCHTEIbHO MHOXECTBa (opMyIl
M HasbiBaeTcs MHOXeCTBO {Jtit,€ Form|t, =t unm t, =t, u Jit,eM}.

Onpenenenne A-onHCAHHS TepMa f; OTHOCHTEJbLHO MHOKeCTBA
M dopmyn: A-onucaHueM TepMa [, OTHOCHUTEIbHO MHOXecTBa op-
My M Ha3piBaeTcs MHOXKECTBO {Alt,€ Form|t, ~t, u Atit,e M}.

Onpedenenue onucanua mepma t;, OMHOCUMEILHO MHOMCECMEA
M gpopmyn: onrcaHHEM TepMa f; OTHOCHTENBHO MHOXecTBa hopmysn M
Ha3biBaeTCsd 0ObeAUHEHHE J-ONUCaHUsa TepMa f;, OTHOCHUTENbHO M ¢ A-
OINUCaHUEM TepMa Iy OTHOCHTENBHO M.

Onpenenenne A-BbIpaxeHHH: A-BbIpaXXE€HHEM Ha3bIBA€TCA IOCIIE-
JIOBaTEIbHOCTh CUMBOJIOB, COCTOSIIAs B TOYHOCTH M3 TPEX CHMBOJIOB,
nepBbIi U3 KOTOPBIX €CTh A, BTOPOH — JIFOOOH U3 CUMBONIOB £}, &5, 13, ...
, @ TPETHH CUMBOJI €CTb A.

4 Cm, nanpumep, [3].
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Ounpereienue A-A-00pa3a TepMa I, OTHOCHTEIbHO MHOXeCTBA
M dopmyst: A-A-06pa3oM TepMa £, OTHOCHTENBHO MHOXECTBA QOPMYJI
M HazbiBaeTcst 00beJUHEHHE MHOXKECTBA, €JAMHCTBEHHBIM 3JIEMEHTOM
KOTOPOrO ABJISETCS A-BbIpakeHHe AN, ¢ MHOXKECTBOM BCEX TAKHX A-
BhIpaXKeHUi A, uTo dopMmyna A, NpyuHaniexxuT M.

Onpeneneﬂne AHAABI TepMa I; OTHOCUTEJbHO MHOKecTBa M
dopmys: auanoil TepMma I OTHOCHMTE/IBHO MHOMECTBA cbopMyn M
Ha3biBaeTCA nHajla (obosnauaemas [f]V). neBoe KPbIJIO KOTOPOM ABJIsi-
eTCS ONHUCAHHEM TepMa f;, OTHOCHTENbHO M, a mpaBoe — A-A-o6pa3om
TepMa Iy OTHOCHTE/IBHO M

Jlemma 0: 1, ~ 1, & (1] '[t/]

OueBHIHO, YTO e & = 1, 1o [1]V=[1]™. [Tostomy mas mokaza-
TE/IbCTBA  JIEMMDb 0 moctaTO4yHO [OKasaTh, YTO €CIAH & = ¢, TO
(1] (0]

Homyctum, uro &, # 1. Ecnd A-onrdcaHue tepma £, OTHOCHTENBbHO M
ABJISETCS ITYCThIM MHOJKECT3OM, TO (B CHJIY Onpeae/ieHUsi A-OMHCAaHHUA
TepMa OTHOCHTENBHO MHOxeCTBa dopMyn, omnpeaeleHUs A-A-obpasza
TepMa OTHOCHTE/IbHO MHOXeCTBa (OpPMYJ WU ONpeAesieHUs Auajbl
TepMa OTHOCHTENbHO MHOKECTBA dopMyn1) NpaBOMY KpbULY AHaAAb
[]" OprHALIERHT eaMHCTBEHHBIN 3MeMeHT AnA, HO (MO onpenene-
HHUIO A-A-00pa3a TepMa OTHOCHTENBHO MHOXKECTBAa GOpPMYJI M MO OIpe-
JEJICHUIO AMa/ibl TepMa OTHOCHUTEILHO MHOKeCTBa (GOpMyJ1) MpaBoMy
KpbL1y auaasl (1] NpUHag1ekKHT A-BelpaxkeHHE AL\, KOTOPOE B CHIY
rpadHuecKOro HEpaBeHCTBa TepMa f; TEpMY ! He paBHO rpadHuecKH A-
BbIpaXK€HHIO Atkk HOSTOMV ecilu A-onvcaHHe Tepma f, OTHOCUTEIBHO
M mycTo, 1O M= (B NpeanoyoXeHuH, uto I, # 1;). Ecnu A-onuca-
HHE TepMa f/, OTHOCHUTEJIbHO M He SBJAETCS ITyCTbIM MHOXXECTBOM, TO
(o onpeneneHHIO AUaAbl TepMa OTHOCHTENIBHO MHOXKECTBa (OpMy U
OMpe/IENiCHHIO OMHCaHHA TepMa OTHOCHTENBHO MHOXECTBa dopmyi)
neBoMy Kpbiny auanbl [£]" npusaanexur dopmyna At.t, (A9 HeKoTo-
poro Tepma f;), HO (B CHJly OMpelesieHHd AHalbl TEPMa OTHOCHTENBHO
MHOXKeCTBa (POPMYJ M IOITYLEHHS O TOM, YTO f # [;) 3Ta (OpMyJla He
NPUHAIEKHT JIEBOMY KPbLTY JHAbI [t1]M IToaTomy ec A- -onucanue
TepMa ¢, OTHOCHTEbHO M He ABJAETCS ITyCThIM, TO (/] ;t[t,] (B nipen-
HOHO)KE:HHH qTo I = ). Urak, NpH OOITyHIE€HUH, YTO ¥/ & [}, YTBEpPXKAEC-
HUE [tk] ;t[r,] JIOKa3aHO KaK B CJjiyyae ITyCTOro, Tak 4 B cilyyae Helyc-
TOrQ A- omlcamm TepMa f, otHocuTeapHo M. [loatomy ecnm & = ¢, TO
[ =[0]™

Jlemma 1 o nocmpoenuu Cl-mooenu no maxcumanvHomy Cl-
HenpomueopeyuU8oMy MHOICECm8y Qopmyn

[Iycte M —— MakcuManpHOe Cl-HEMPOTHBOPEUYHBOE MHOXKECTBO
dopmyn, I'y, = {xlx—[ t™ ans HEKOTOpOro Tepma i}, Ay={x|xel’y u
CYLIECTBYET TAaKOH TepM #;, uro dopmyna Jil, NPHHAJJIEKUT JIEBOMY
KpbUly auanbl x}, Zpy={x|x€ly, U CyllleCTByeT TaKOH TepM {, HUTO
dopmyna At IpUHAAIEKHT JIEBOMY KPbUTY AHAObI X}, ¢y — QYHKLHS
tuna ITerm—Iy, ynooBneTBOpAIOLIas YCIOBHIO goM(tk)= (%] (ans
awboro TepMa).
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Torna my~<I'm,Am,Zn, DOCE, o> aBasercs C1-Momenslo.

CornacHo onpenenenuto Cl-MomenH, A1 D0OKa3aTeNLCTBA JIEMMBI |
AOCTaTOYHO nokasatk, yto (1C1) I'yy — Hemyctoe MHOXECTBO /M a,
(2C1) Aycl'y, (3CI) EMCAM, (4C1) ns mo6b1x Y, ™, g™
eCJIn [tk]%ﬁ ™ u [0 o> [, Moc[n™, (5C1) (v — BCHOAY-
OMpelencHHas OJHO3Ha4yHas beHKuHﬂ yIOBIETBOPAIOLIAs CIIEOYIO-
LM YCJIOBHAM AJisg JIIOOBIX f, ¢ €Term:

(Ipnm) ecnu 4 # 4 u npu 3toM (LE () ¥ Ou(t)E (L), TO
W(tk)EZM,

() ecan b= 4 v (8 YE Pu(ty), To Pu(t) € A,

() ecnu & 2 4 ¥ (B E Pu(t), TO Pu(l) DS ().

Hoxazamenvcmeo (1C1):

U3 onpenenenus 'y u onpenenenns [4,]™ cienyer, 4ro 'y — MHoO-

xectBo auan. Mz onpenenenus 'y v toro, uto Term=0 v ans KaxIoro
I, cywiecTByer [4] ", cnenyet, uto I #0.

Loxaszamenvcmeso (2C1):

Ecnn yeAy, 1O, no onpenenenuto MHoxecTBa Ay yel'y. TToatomy
AMCFM.

Lokazamenvcmeo (3C1):

Tpebyertcs nokaszaTh, UTO €CIIH YE Ly, TO YEAy.

1) ye Ay (nomyuieHue).

2)yel' (13 1) 4 onpeneneHns MHOXECTBA Ly).

3) CyilecTByeT TepM [, Takoil, uto y=[t]M (u3 orpeaeaeHusi MHOXe-
ctBa [y).

4) CyuwectByer TepM [, Takoi, uto dopmyna At,t, NPUHHALIEKHUT
JIEBOMY KpbULYy AHaAbl y (M3 1) ¥ onpeaesieHUs MHOXECTBA Zy).

5) CyluecTByeT TepM #; U CYLIECTBYET TEPM I, TakHe, 4To y=[f;] H
dbopMyna Af,l, NPUHALJIEKHUT JIEBOMY KpbL1y Ouanbl y (U3 3),
4)).

6) Eciu y=[t]" u dbopMmyna At,t, NIpUHAATIEKUT JIEBOMY KPbUTY OHAaAbI
¥y, TO f ~ t, (M3 omnpeaeneHUs aMaabl TepMa OTHOCHUTENBHO
MHOeCTBa OpMy]l U OmNpee/IeHUs OMMCaHWUs TePMAa OTHOCH-
TEJIbHO MHOX€ECTBa GOpMYJI).

7) CyLUECTBYET TEPM # M CYLIECTBYET TEpM ¢, Takue, uto y=[f,]" u npu
3TOM (popmyna At,f, NPUHAMIEKUT JIEBOMY KPbLITY AMAMABI y U I
~t,(u35), 6)).

8) CyumecTByeTr TepM #; TaKOM, YTO y—L{,] U opmyna Al npUHaie-
YKUT JIEBOMY KpbuUTy aAuaasl [4] " (43 7)).

9) Ecnu dopmyna Aft, NPUHALIEKHUT 1eBOMY KpbUty mHansl [#]™, To
dbopmyna Jit, NIpUHAIJIEXKHUT IEBOMY KPbLUTy AHaabl [#;] .

(Lloxazamenvbcmeo ymgepocoeHus 9:
a) @opMmyna Afit, NPHHANNEKHT JIEBOMY KpbUTy HHambl [f]"
(momyuieHHe).
6) Gopmyna Ayt npuHaanexut M (43 a), onpeneseHus QUaasl Tepma
OTHOCHTEJIBHO MHOXKeCTBa OpPMYJI M ONpeleneH!ss ONHCaHMs
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TepMa OTHOCHTEJbHO MHOXKECTBa Popmy).

B) Dopmyna AnyoJil, npuHagaesxxuT M (M3 TOro, 4to ¢opmysia
AtioJnt, nokasyema B Cl, M — makcumaiisHoe C l-HenpoTu-
BOPEYMBOE MHOXKECTBO QOpMYJI,  3aMedaHms 2).

r) ®opmvna Jit, npuHaaaexut M (u3 0), B), Toro, uro M — Makcu-
manbHoe C1l-HenpoTHBOPEYHBOE MHOXKECTBO (POPMYJI, U 3aMe-
yaHus 2).

n) Gopmyna Jil, npuHanieKUT ONMUCAHHIO TEPMa f; OTHOCHTEIbHO M
(43 ) ¥ onpeneseHUs ONMCaHUd TEpMa OTHOCHUTE/IbHO MHOXeE-
crBa opmyi).

e) @opmyna Jut, NPUHAAIEKUAT JIEBOMY KpbL1y AMadbl | tk] (13 9) u
OMNpeae/ieHrs nuaasl TepMa OTHOCHUTEJIBHO MHOXecTBa ¢op-
MYIT).

10) CyiuecTByeT TEPM £ TaKOH, YTO y—ltd M u bopmyna Jit, npuHaa-
N1€7KAT JIEBOMY KpbL1Y Ha/bl [tk] (u3 8), 9)).

11) Ecant y=[1]", To yelI'n (13 onpene/eHus I'v)-

12) yel'yy ¥ cyuLiecTByeT TepM [, TakoH, 4yTo dopMyna Jit, npuHaie-
JKHUT JIEBOMY KpbLTy AHaAbl y (m 10), 11)).

13) ye Ay (13 12) 1 onpenesieHus Ay).

Horazameavbcmeo (4C1)

B cnyuae, koraa [4]V=[1]™, yrBepkaenue (4C1) sBasercsa TaBTONO-
THUeH.

HokasaTteabcTBo (4C1) B cyyae, Kor 1a[ AR I

HUmetroTes apa noaciyyad: a) [th 2(,1M 1 b) [ It,,]

,ZZOkafameﬂbcmeo (4C1) 8 noocayuae a):

1) [ ME (1) (zomyuenne)

2) [a]V= [, (nomyuenus).

3) [4] 21 (ycnoBwue, onpeaendtouee paccmanHBaeMblﬁ ciy4dam).

4) [tM#[ 1] (yenoBue, onpenensiollee paccMaTpHBaeMbIit cny'-lau)

5) A-BbIpaskeHHe Al MPHHALIEKHT [IPABOMY Kpbiny Auansl [4]™ (43
onpeneleHUss IHa/bl TepMa OTHOCHTEIBLHO MHOXXecTBa (op-
My).

6) A-BbIpakeHHE ALA NMpUHALJIEKHUT NMPAaBOMY KpbUly AHAIbI ™ (3
1), 5) u onpenenenus [E).

7) A-BblpakeHHe Al A TpUHALIEKHT A-A-00pasy Tepma /; OTHOCH-
teJbHO M (M3 6) ¥ onpedesieHrs A4aabl TeEpMa OTHOCHTEIbHO
MHOKecTBa Qopmy).

8) ty 21, (M3 3) u nemmsl 0).

9) AytieM (u3 7), 8) u onpeneneHna A-A-oOpa3a TepMa OTHOCUTENBHO
MHOKecTBa Gopmy).

10) t, 21, (13 4) u nemmbl 0).

11) ITo kpahHe#t Mepe, onra U3 dopmyit Jiyl,, Ji.by, Atit,, At,t, TpUHaa-
JIEKHUT JIEBOMY KDbUTY 1HAlbl (4] u neBoMy KpbLTy OHabl
[2,]" (u3 2), 10), onpeneneHHs AHAAbI TEPMAa OTHOCHTEIBHO
MHOXKeCTBa GOpMYJI U OrpeaesieHHs ONMUCcCaHUus TepMa OTHOCH-
TE/IbHO MHOXKECTBa GOopMY.JI).
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12) Ilo xpaHHeit Mepe onHa u3 dopMmyn Jut,, Jiut, Atd,, At.t, npUHaa-
JEXUT MHOXeCTBY M (M3 11), onpeneneHus auanel tepma
OTHOCHTEJIbHO MHOXECTBa QOpPMY/ M ONpeldesieHHs ONHUCaHHUA
TepMa OTHOCHTEJILHO MHOXXECTBA GOpMYJT).

13) Jit,eM (w3 12), 3aMeuanus 2, Toro, uto M — MakcuManesHoe Cl-
HEMPOTHBOPEYHBOE MHOMXKECTBO GOPMYJI, H TOrO, YTO KaKaas
U3 opmyn Ji,L oIt ., At DIt Al Jtt, nokazyema B C1).

14) Jyt,eM (u3 9), 13), 3ameyanus 2, Toro, 470 M — makcuMaibHOe
Cl-HenpoTHBOpeYHBOE MHOXKECTBO GOPMYJI, H TOrO, YTO Bop-
myna An&Jut,oJtt, nokasyema B C1).

15) @opmyna Ji, NPUHAZTIEXHUT JIEBOMY KpPbUTY JIHaIbI [2]™ u neBomy
Kpbuly auanbl [£,] (u3 14), onpeneneHus Auaasl TepMa OTHO-
CHUTEJIbHO MHOXxecTBa (GOpPMYJl M ONpENesIeHHs OMHCaHUA
TepMa OTHOCHTEIbLHO MHOXecTBa GopMYyJI).

16) ()Mot ]M (13 15) u onpeneseH’s OC).

Loxazameavcmeo (4C1) 6 noocayuae b):
M

D [])VE[4]" (nonywenue).

2) [£]M?[2.]™ (nonywenue).

3) [tk]M;t[t,,]M (ycnoBue, onpenensiollee paccMaTpuBaeMbli cilyyai).

4) [t]V=[t. ] (ycnosue, onpenensiowiee paccMmaTpHBaeMbli ciyydait).

5) ty 2t (13 3) U nemmbl 0).

6) A-BbIpaxkeHHe Af\ NPUHAIEKHT NPABOMY KpbuUly muambi [4]" (43
ONpeAesIeHUs 11Maibl TepMa OTHOCUTEIBHO MHOXECTBA opMyi
M onpeneneHus A-A-obpa3a TepMa OTHOCHTEIBHO MHOXECTBa
dbopmyn). y

7) A-BbIpakeHUe Al A NMPUHALIEKUT MPaBOMYy Kpbuly auvaasl [f] (U3
1), 6) u onpeneneHus E).

8) @opMyna Aft, NpUHAIEKHT eBoMy Kpbuty auansl [4]™ (13 5), 7),
onpenesieHUs quaibl TepMa OTHOCUTEIBHO MHOXeECTBA GOopMyJl
U omnpeneneHus A-A-obpaza TepMa OTHOCHTENIbBHO MHO)KECTBA
dopmyin).

9) AutieM (u3 8), onpeneneHus AHUajbl TEPMA OTHOCHTEIBHO MHOXeE-
cTBa GOpPMYJ1 M OfpeaesaeHus OMUCaHHUs TepMa OTHOCHTEILHO
MHOeCTBa GOpMy).

10) Ju,y,eM (u3 9), 3amedanus 2, Toro, uto M — MakcumanbHoe Cl-
HENPOTHBOPEYUBOE MHOXKECTBO GOPMYJI, U TOTO, UTO At DIl
dbopmyna gokaszyema B C1).

11) ®opmyna Ji NPUHAIIEXHT JIEBOMY KPBLTY AHa/bI [tI™ v nesomy
Kpbuly adansl [4] (w3 10), onpeneneHus auaael TepMa OTHO-
CHUTEJIbHO MHOXXeCTBa (OpPMYJ M OMNpelde/eHUs ONUCaHHUA
TepMa OTHOCHUTEJIbHO MHOXECTBa hopmMyt).

12) [6M2 [0 (3 11) u onpenenenus o).

Jloxazamenvcmeo (5C1).

To, uto @y — BCcrOAYyNopsAOo4YE€HHas OJHO3Ha4YHas QPyHKLHS, o4e-
BUIHO (B CHJy 3aMe4aHHs 2 OHa ABJISETCA Aa)ke€ B3aMMHOOAHO3HA4YHOM
dyHkuueit). [losromy nns nokasartenbcrBa (5C1) ocraeTcs mokasaTh
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(Iowm), (Lp), ().

Loxazamenvcmso (Ipyy):

1) t, = t; (HommyLeHue).

2) qom(tk)F ou(t) (HomylieHHe).

3) goM (Dkq(tk) (momyLueHue).

tkL [t,] (43 2) ¥ onpeneaeHus Q).

5) 11 E[ 4] (13 3) M onpenenenus Q).

6) A-BbIpaXEeHHE Al A MPUHAUIEXXUT NPaBOMY Kpbuly AMalbl (M (a3
onpeneeHUs AUa bl TepMa OTHOCHTEIBHO MHOXKECTBa GOpMYI
U onpefesieHUs A-A-o6paza TepMa OTHOCHTE/IBHO MHOXECTBA
dopmyn).

7) X-Bblpeuxeﬂue At IPHHAANEKHUT NPABOMY Kpblny muansl [4]" (43

), 6) ¥ onpeneneHus E).

8) CDopM)'na Ayt, npuHanie;xkut MHoxkecTBy M (13 1), 7), onpeaenenus
OHaabl TepMa OTHOCHTEIBHO MHOXECTBa GOpMyJ U ornpenesne-
HUs A-A-oOpa3a TepMa OTHOCHUTENBHO MHOXKeECTBa GopMyJ).

9) A-BBIpaXKEHHE A#/A MPUHAIEKHUT MPABOMY KpbUTy auvansl (4] (U3
ofpeneieHHs JHajbl TePMA OTHOCHTENBHO MHOXKECTBA GOopMYi
¥ onpeaeneHus A-A-obpa3a Tepvma OTHOCHTEIBHO MHOKECTBA
¢opmy).

10) A-BblpaxkeHHe AL\ NPUHALIEXHT NpaBoMy Kpbily auansl [4]" (u3
3), 9) n onpeneneHrs ).

11) ®opmyna A, npuHaaiexkuT MHOXeCTBY M (13 1), 10), onpenene-
HHUS AWanbl TepMa OTHOCHUTENILHO MHOXKECTBa (JOpMyYJ U Omnpe-
neneHus A-A-obpaza TepMa OTHOCHMTEIIBHO MHOXeECTBa dop-
MyJ1).

12) @opmyna Aty npuHaIIeKUT MHOXXeCTBY M (13 8), 11), 3ameyanus
2, Toro, 4to M -— wmakcuMaipHoe Cl-HenmpoTHBOpE4YHBOE
MHOXXeCTBO (opMy:1, U Toro, 4uto Ayt DALt dopMysa noka-
3yema B C1).

13) dopMyna Ait, NTPUHALSIEKHUT JIEBOMY KPbUly AHA[bI (6™ (u3 12) 1
CrpedesicHWs OHafbl TepMa OTHOCHTENILHO MHOXeCTBa (op-
MYJ1).

14) Huana [,]™ npuHaanesxuT MHOXKeCTBY Ly (M3 13 M onpenenenus
MHOKECTBA Ly ).

15) pm(ti)eXpy(u3 14) u onpeneneHus Q).

Hoxazamenvcmeao (Ilpyy:

1) t; = 1; (nomymieHue).

2) om(BE (1) (momyuieHkHe).

3) [tk]ME om(2)(U3 2) v onpe1esieHUS Q).

4) A-BblpakeHHe Al). IPHEAMLIEKHT NPaBoMy Kpbiny Auaznsl [4]Y (13
ornpeaesieH s 1Habl TepMa OTHOCUTEIbHO MHOXKECTBA GOpMY
H omnpeleneHus A-A-ofpa3za TepMa OTHOCHTEIbHO MHOXKECTBA
bopmy1).

5) A-BbIpaxkeHHe AfKA NPHHALIEXKHUT NpaBoMy Kpbliy aamsl [4]™ (u3
3), 4) u onpenenenus ).
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6) @opmyna ALl NpUHALNEKUT MHOKeCTBY M (u3 1), 5), orpeaesieHus
AHalpl TepMa OTHOCHTEILHO MHOXKECTBA (POPMYJT H Ompenesie-
HUs A-A-06pa3sa TepMa OTHOCHTE/ILHO MHOXECTBA Gopmy).

7) @opmyna Jil; IpUHAUIEXKHT MHOXECTBY M (M3 6), 3amMeyaHud 2 U
TOTO, 4TO hopMyna Ant It nokazyema B C1).

8) dopmyna Ji, NPHHALIEHKHUT JIEBOMY KpbLTY AHabI [tk] U JIEBOMY
Kpbuty auanel [1]" (13 7), ONpeneseHus Auaabl TepMa OTHOCH-
TEJIbHO MHOXECTBa (OpMyJ1 U OMNpelesieHUs OMUCaHHUs TepMa
OTHOCHTENILHO MHOXECTBA dbopmyn).

9) [tIMoc[t]™ (u3 8) u onpenenenns ?).

10) om(e) DS om(8)(M3 9) 1 onpeneneHus Qy).

Loxkazamenvcmeso (Il py):

B cuny ompeneneHus ¢yHkuuMH @y ana gokasatensctsa (Ilgp)
AOCTATOYHO [0Ka3aTb CEAyIollee YTBEp#AEHHE: LIs m00BIX TEPMOB
te 4 ecn t = 4w [BIME[M, To [6]Moc[6M. Hokasatenbcreo yka-
3aHHOTO YTBEP KACHMUS SBJISETCS pPe3y/ibTaTOM BbIYEPKHBAHHUS BTOPOrc
M TPETbEro aroB aokasaresbcTBa yrBepxkaeHus (4C1) B moacnyuae
b).

Jlemma 2 o nocmpoenuu C2-mooenu no maxcumanvromy C2-
Henpomugope ugoMy MHodcecmay opmyn

IIlycte M — makcumanbHoe C2-HenmpOTHBOPEYHMBOE MHOMXECTBO
dbopmyn u onpeneneHuss MHOXeCTB [y, Ay U QYHKUHHU @y aHAJIOTHYHBI
COOTBETCTBYIOLIHUM OIpPEAEIEHHSM U3 YCJIOBHUSA JIEMMBI 1.

Torga my=<I'm,A M, DSE, v aBasgerca C2-Moaenbio.

CornacHo onpeaenenuto C2-Monenu, i 10Ka3aTeabCTBa JIEMMBI 2
JIOCTaTOYHO A0KA3aTh: YTO

(1C2) I'y — HemycToe MHOXKECTBO aHal,

(2C2) ApcI'wm,

(3C2) ana mobbix ™, M, (™ ecnn [GMERM v [6M?[0]Y,
1o [1]"2[1]",

(4C2) ¢ — BcrogyonpenesieHHas oqHO3HayHas QyHKUHMA, yaOBIe-
TBOpAOlas anag JObIX f,f.€Term ciaenyrouleMy aHaloOry YCJIOBHS
(Hlpnm) u3 nemmel 1:

ecu f = i) 1 Om(L)E @(2:), TO omlt) 2 omlt),

(5C2) nns mobbix [t]", [t,]'” b ecmu [1]Moc[n]Y, To [6]MeAm.

HokazatenscTBa yrBepxkaeHuit (1C2), (2C2) u (3C2) aHanoru4Hsl
NoKa3aTe/bcTBaM W3 JemMbl 1 yrBepxkaeHuit (1C1), (2C1) u (4C1)
COOTBETCTBEHHO.

Jloxazamenvcmeo (4C2):

To, uto @ — BcroayomnpeneneHHas OAHO3HA4YHas (PYHKLUsA, O4Ye-
BUAHO. /lanee nokazaTeJbCTBO yTBepxaeHUs (4C2) aHaJOrHYHO JOKa-
3atenscTBy yTBepkaeHus (111ey) us nemmsr 1.

ﬂoxmameﬂbcmeo (5C2):

1) (1™ (11" (monywienue).
2) Tieoe KpbLIO AHAaJbI [2]™ HemycTo (u3 1) M onpenenenus ?).
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3) CyiectByeT TepM 1, TaKok, 4TO, 1o KpaiHeH Mepe, oHa 13 GopMmy
Jtit,, Jtnty, Atil,, At,ly OPAHAIUIEXKHUT JIEBOMY KPbUTY AHAbI Ak
(3 2), onpeneneHyus adanbl TepMa OTHOCHTENBHO MHOXKECTBA
dopMyn U onpenesaeHus ONMUCaHHA TepMa OTHOCHTEIbHO MHO-
xectBa GopMydl ).

4) CyuiecTByeT TepM I, TaKOH, 4TO, MO KpaHEH Mepe, 0AHa U3 GopMy
Jtpt,, Jtoty, Atid,, Atnl, npuHagnexut M (u3 3), onpeneneHus
Ovanbl TEpMa OTHOCHTEBHO MHOXECTBA (JOPMYJI M Onpejele-
HHA OMKCAaHUA TepMa OTHOCUTENBHO MHOXeCTBA GOpMY.JI).

5) Jut,eM{u3 4), 3amedaHudd 2, toro, 4to M — makcuMmaipHoe C2-
HEMPOTHBOPEUYHBOE MHOXECTBO (opmys, u TOro, uro ¢op-
MVIIBL Jt DSy, JtaO oI, Aty DI, Al DJbE, 10KasyeMbl
B C2).

6) dopmyna Jit, NpHHALIEKUT JI€BOMY KpbULY IHAIbI [tk] (n3 5),
oripeeeHUs AHaabl TepMa OTHOCHTEIbLHO MHOXECTBa GopMyJl
M Olpele/ieHHs OMNlCaHWi TepMa OTHOCHUTEIBHO MHOXKECTBA
bopmyin).

7) [tV € A (M3 6) M onpenerenus Ay).

Jlemma 3 o nocmpoenuu C3-modeau no no marcumanroromy C3-
HEeNnpPoOMuUBOPeYUSOMY MHONHCECMEBY POpMyN

[Ilyctb M — makcumanpHoe C3-HENpOTHBOPEYMBOE MHOXKECTBO
hopMyN U onpeneeHUs MHOXKECTB [y, 2py U QYHKIIMH @y aHAJIOTUYHBI
COOTBETCTBYIOLLIMM M3 YCJIOBHA JIEMMbI 1.

Torma my=<I"y,Zm, DTE, o> aBasetcs C3-Moaenblo.

CornacHo onpeaenerduto C3-Moaenu, 114 A0Ka3aTenbCTBa JEMMBI 3
JOoCTaTOYHO noka3aTbh: 4Tto (1C3) ['yy — HemycToe MHOXECTBO AMaA,
Kaas M3 KOTOPBIX HMEET HEMycToe JEBOE KPBUIO, (2C3) pIVien BVH
(3C3) a5 smoBbIx ™, (6™, [0 ecmu [GIME[GIM v [6]Moc]1]7, To
7] Mol ™ (4C3) (v — ONHO3Ha4yHas QyHKUMS, yIAOBIETBOPAIOLIAS
715 TI00BIX tk, 1, € Term cnenyroleMy YCNOBHIO: €CIIH Iy # [; K IPU 3TOM

aua(t)E @ (1) 1 ou(8)E om(11), TO Om(t) € v

Joxkazamenovcmeo (1C3):

JIoka3aTenbCTBO TOTO, 4TO [\ — HEnycToe MHOXECTBO AHal, aHa-
noruyHo gokasatenabcTBY (1C1). Jloka3aTtenbCTBO HEMYCTOTHI JIEBOTO
Kpbina JTi0Oo# nuanp! U3 [y
1) yel'v (nomyuiexue).

2) CyLuecTBYeT TEPM ¥ TAKOH, YTO y=[t]™ (u3 1) u onpenenenus [y).

3) dns Bcakoro tepMa &y, popmyina Jixt, NpUHAAIEKHT MHOXECTBY M
(13 3), Toro, uto 3Ta dhopMya nqokadyema B (C3, U Toro, yro M
—- MakcHMajibHoe C3-HenpoTHBOpEYHUBOE MHOXECTBO (hop-
MYyI1).

4) Ilns Bcakoro tepMa I, dopmyna Jif, NpUHALIEKHUT JIEBOMY KPbUTY
avanel [4]" (43 3), onpeleneHus QUaabl TEPMa OTHOCHTENIBHO
MHOXKECTBa (DOPMYJ M ONpeaesedts ONMUCaHUsI TepMa OTHOCH-
TEJIbHO MHOXeCTBa HopMyJ).

5) CyuiecTByer TepM I, Takoi, 4yto Qopmyna Jily NPHHALIEKUT
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JIeBOMY Kpbuly AWansl y (U3 2), 4)).
HokasarensctBa yrBepakaeHuii (2C3) u (3C3) aHaorHyHbl JoKa3a-
TesibcTBaM yTBepxaeHui (2C1) u (4C1) cooTBETCTBEHHO.

Hoxazamenvcmeo (4C3):

To, uto ¢ — oaHO3HaUHAsA QYHKLIMSA, OUEBHIHO.

Hanee nokasatenbcTBO yTBepxaeHHA (4C3) aHaNOrd4HO JOKa3a-
TeNbCTBY yTBepxkaeHUs (IQy) u3 nemmer 1.

Jlemma 4 o nocmpoenuu C4-mooenu no maxcumanonomy C4-
HENpOmMuUEopeyUBOMy MHONCECMBY GOpMyN

ITycte M — wmakcumanbHoe C4-HenpoTHBOPEYHBOE MHOXECTBO
dbopmyn u onpenenenvs MHokecTB [y, U QyHKUUH @ aHATOrHUYHBI
COOTBETCTBYIOLLHUM M3 YCJIOBHS JIEMMBI 1.

Torna my=<l'y, DB, > aBnserca C4-moaensto.

CornacHo onpenenenuto C4-moneny, s 10Ka3aTe/bCTBA JIEMMBbI 4
JOCTAaTOYHO Aoka3atk, yto: (1C4) ' — HemycToe MHOXECTBO aMaj,
Ka)kias M3 KOTOPbIX HMEET HEMyCToe JIEBOE KphLIO; (2C4) s 1100BIX
™, [e0™, (6™ ecnn [0 ME[4]M w0 [0 (61, To [MSC[n]™, (3C4)
¢\ BCrOyOMpee/ieHHas OAHO3HaYHas QyHKUuS.

HoxasarenbctBa yrBepxkaeHui (1C4) u (2C4) aHanordyHsl qokasa-
tesnbeTaM yTBepxxaeHur (1C3) u (4C1). To, yro ¢y — Bcrogyonpene-
JleHHas OJHO3Ha4Has PYHKUHSA, CIEAYeT U3 ee OnpeieTeHHs.

Jemma §

[Tyete M — MakcumanbHoe Ci-HEMPOTHUBOPEYUBOE MHOMKECTBO
dopmyn, my, — Ci-Monenb, NOCTPOEHHas 10 JeMMe I, | |"M — Bcroay-
onpeneneHHas Ha Form ¢yHkuus tvna Form— {u,A}, ynoBiaeTBo-
psaowas ans moboi GopMmynsl o ciaedyoouieMy yeioBuio: o M
=u>oeM.

Torna | |"M aBnsercs ¢dyHkuuei 3HaueHus dopmyisl B Ci-Moaenu
Myy.

Jlokazameavcmgo nemmul 5 6 cayuae, ko2oa i=1.

B cuny onpenenenus byHkuuu | |"M oueBuaHo, uto | |"M sasnsercs
oHO3Ha4YHOH ¢yHkuHe#r. CornacHo onpeneneHnio GyHKUHUH 3HAaYeHHUS
dopmynsl B Cl-Moaenu, octaercs OoKas3aTh s MOOBIX t, L€ Term u
moObIX O, B Form cieayromne BOCEMb YTBEP>KAECHHIA:

om(LE om(2), ecnu £, = 1
(1 1) iAtkt1|'"M=u<:i>

Om(l) € Ly, €CTIH 1 R 1

] om(t) DT om(t), eciu t =
(1 2) [tht,|'"M=u<:> ‘l

Lom(t) €A, €CITH 1 & 1
) |Otkt1|mM u@lAtktAmM—A
)lEtktll "M= u¢:>thkt_1J M=A
)]a&B| M=us|o|"M=uu |B|"M=u
6) [0oB|"M=u=|a|"M=A wnu |B|"M=u

e Vam VN
»—-dv—tr—av—a
O\Lh-bb-)
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(1.7) ja=B|"M=uc(|a|" M -u<:>|[3|'"M=u)

(1.8) |[—o|"M=us=|o|"M=A.

Jloka3aTeIbCTBO MPOBOAHTCS METOJOM BO3BPaTHOM HMHAYKUHMM MO
YUCITY BXOXJIEHHH MPOIO3UIIMOHAIbHBIX CBA30K B (popMmysy. YTBep-
xaeHus (1.1) - (1.4) nokaseieatoTcsa 0€3 UenOJIb30BAHUA HHAYKTHBHOIO
npeanonokeHus. O4yeBHAHO, YTO 1A LOKasareiabersa (1.1) pocta-
TOYHO J0KAa3aTh CJIEAYIOLUHE YEThIPE YTBEPKACHHA:

(1.1a) ecam |[At0"M=u, To pu(BJE ol ));

(1.1b) ecnu |[Att)|"M=u u 1, = t;, To Pm(fx) € Ly

(1.1¢c) ecnu (B )E om(t) 1 £ = 1, TO |Alit)|" M =u;

(1.1d) ecnu () €Zm v 1 = 1y, TO |At|" M =u.

loxazamenvcmso (1.1a).

1) |[Att)” M =u (nonyiueHue).

2) Atit; eM (u3 1) u onpepencuus | |"M)

3) Hns Bcsikoro tepMa t,: ecnu AL, €M, 10 At t; eM (13 2), 3aMevaHus
2, Toro, uto M —- makcuMasibHoe CIl-HEenpoOTHBOPEYHUBOE
MHOX€eCTBO (POPMYJI. KU TOrO, YTO U1 JIKOOBIX TEPMOB Iy, 1),
dopmyna At & At oAt nokazyema B C1).

4) Ilpasoe KPBUIO fuanbl [t]" BKIIOHAeTcs B MpaBO€ KPBUIO AHALbI
[t]™ (u3 2), 3), onpeneneHHs jJHaLbl TePMa OTHOCHTENILHO
MHOJKecTBa GOpMyJl U OMNpeAeseHHUs: OMUCAHUS TEPMa OTHOCH-
TeJIbHO MHOXKECTBA dropmy).

5) [tIVE [ (u3 4) u onpenenenus E).

6) v )E: om(7)) (M3 5) M OnIpeeIERUA Q).

Loxazamenvcmeo (1.1b):

1) |[Atit|" M =u (nonyweHnue).

2) =1 (nonymeﬂue).

3) |Aba"M=u (u3 1), 2)).

4) AttreM (u3 3) u onpenenenus | ["M),

5) Dopmyna Al NPHHALIEKHUT 1eBOMY Kpblly amamsi [4]" (u3 4),
oripeeseH!s A1a/ibi TepMa OTHOCHUTEIBHO MHOXECTBA OpMY.I
M Olpenaec/ieHUst OMKHCaHHA TepMa OTHOCHUTE/IbHO MHOXECTBa
dhopMyd).

6) [tk] €M (U3 5) ¥ onpenesieHHs Zyy).

7) (i) e Xy (U3 6) U ONpeiesIEHHS Py).

Hokazamenvcmeo (1.1c):

) om(0)E ou() (pomyiuerue).

2) =1 (nonvmeﬂue)

3) [tk]ME[t,] (u3 1) v onpeneneHus @y).

4) A-A-obpa3 TepMa #;, OTHOCHTENBHO MHOXecTBa M dopmyn BrIIOYa-
ercs B A-A-00pa3 TepMa f; OTHOCUTENBbHO MHOXecTRa M ¢op-

My (u3 3), onpenencHus € u onpenenenus A-A-obpasa Tepma

OTHOCHUTENIbHO MHOX€ECTBa GOpMy ).

5) A-BbIpa>kKeHHE Al A NpUHALIEKHT A-A-00pasy Tepma # OTHOCH-
TeJbHO MHOXecTBa M dopMyn (U3 ompeaeneHus A-A-obpaza
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TepMa OTHOCHTENLHO MHOXecTBa hopmyn).

6) A-BblpaxeHHe Afl npuHagnexut A-A-o6pasy TepMa # OTHOCH-
TeAbHO MHOXecTBa M dopmyn (u3 4), 5)).

T) Aty eM (u3 2), 6) u onpenenetus A-A-obpasa TepMa OTHOCHUTENBHO
MHOecTBa Gopmy).

8) [Aut|"M=u (u3 7) u onpenenenns | |"M).

Loxkazamenvcmeo (1.1d):

1) om(t) € 2y (monyueHue).

2) & =1 (momyLieHHE).

3) [tV ey (u3 1) u onpe/e/eHUs Onm)-

4) CyulecTBYET TE€pM #, Takoil, 4To ¢opMyna Al,l, NPHHALIEKUT
JIEBOMY KPbUTY AUAABI [tk] (u3 3) ¥ onpeaeneHus ZM)

5) ®opmyna Aft, TpUHAINEXUT A€BOMY Kpbuly auambl [£]" (u3 4),
oInpenesIeHUs AHajibl TEpMa OTHOCUTENBHO MHOXKECTBA (hopMyII
W Olpele/ieHUss OMHCAHUS TepMa OTHOCHUTENILHO MHOXKECTBa
dbopmyn).

6) AttreM (u3 5), onpeneneHuss AUaabl TeEpMa OTHOCHTEIBHO MHOXe-
cTtBa GOpMyN U onpeaeneHUs ONUCAHUA TepMa OTHOCHTENILHO
MHOXecTBa popMmyin).

7) AtitieM (U3 2), 6)).

8) |At|"M=u (u3 7) u onpenenenus | |"M).

OuesunHo, 4ro Anas OokaszarenbcTBa (1.2) mocTaToOyHO J0Ka3aTh

CleQyroLHe YEThIPE YTBEPKACHHS:

(1.2a) ecnu |Jtt|"M=u, 10 oum(t) D= om(t);

(1.2b) ecnu [Jixt|"M=u n t;, = t;, 10 () €A
(1.2¢) ecnu ou(t) DCom(t) U b, = 4y, TO |Jnt|" M =u;
(1.2d) ecnu ou(t ) eAm Mt ~ 1, To |Jtt|" M=u.

Loxazamenvcmeso (1.2a):

1) Jtut|"M=u (nomyuieHue).

2) Jtut;eM (u3 1) u onipenenenus | |"M).

3) ®opmyna Jht; TIpUHAANEKUT OMNUCAHHUIO TepMa f; OTHOCHUTENBHO
MHOXecTBa M U ONHCAaHHUIO TepMa {; OTHOCHTEIbHO MHOXECTBA
M (u3 2) no onpeaeseHUI0 OINUCaHHUA TepMa OTHOCHUTEJIbHO
MHOJXeCTBa dhopmy).

4) [#] :)C[t,] (43 3), onpeneneHys avaabl TepMa OTHOCHUTEIBHO MHO-
»ecTBa (GopMyJ1 H onpelieNIEHHs DC).

5) om(t)2> omq(t) (M3 4) U onpeeneHUs Q).

Jloxazamenvcmeo (1.2b):

1) Ytut|"M=u (nomnyuiexue).

2) =1 (nonymeHHe).

3) Jat|"M=u (u3 1), 2)).

4) Jyt,eM (u3 3) v onpesenenus | |"M)

5) ®opmyna Jit, NpUHALJIEKUT neBOMy kpeity auamsl [t (M3 4),
orpeaeeHus IMaabl TEpMa OTHOCHTELHO MHOXeCTBa GopmMyn
M ONpEeleNeHUs ONUCaHHS TepMa OTHOCHMTEIBbHO MHOXECTBa
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dopmyn).
6) [t]"'e v (M3 5) 1 onpedenenus Ay).
7) ou(t) € Am(U3 6) 1 ONpeACIIEHUS D).

JHoxkazamenvcmeo (1.2¢):

1) om(t) DS @ou(t)) (nonylieHue).

2) tkzt, (zlonyme}me)

3) (4] Dc*[t,] (M3 1) ¥ onpeaencHUs Qy).

4) Ilo kpaiHeii Mepe, oaHa 43 dopMya S, Jity, Alti, Al ipuHaie-
XKHUT JIEBOMY KpbUTy AHanbl {f]" W J1eBOMY KpblLly Auansl (4]
(u3 2), 3), onpeaeneHus aMaabl TepMa OTHOCHUTEIbLHO MHOXe-
cTBa GOpPMYJ M Ofpele/IeHUsi OrMCaHHi TEpMa OTHOCHTENIbHO
MHO)ecTBa GOpMy1).

5) Ilo kpaitHe# Mepe, ogHa u3 dopmyn Judt, Jut,, At ALt npuHanie-
XUT MHOXKeCTBY M (13 4), onpenenerus AvMagbl TEpMa OTHOCH-
TENbHO MHOXeCTBa GOpPMYJl U OMpeaesieHHs ONUCAHUA TepMa
OTHOCHTEJIbHO MHOXECTBa opMy).

6) Ji,eM (u3 5), 3aMedanus 2, toro, 4to M — makcumanbHoe Cl-
HEMPOTHBOPEYHBOE MHOXECTBO POpPMYJI, U TOrO, YTO KaxKaas

3 popmyn JutoJtd, At oI, AytioJnt nokazyema B C1).
7) |t M=u (u3 6) u onpenenenus | |"M).

[lokazamenvcmeo (1.2d).

1) om(fi) € A (AomyLeHHE ).

2= 8! (1omyilieHHE).

) [ eAm (13 1) u onpeJeieH s Om)-

4) CyluiecTBYeT TEPM I, TaKOH, 4TO dopmyna Ji,f, NpUHALIEKHT Jie-
BOMY KpbLTy AHanbl [#]" (M3 3) u onpeneneHus Ay).

5) dopmyna Jht, NMPUHALISKUT JIEBOMY KpbUly AHanbl (LM (u3 4),
OnpeAesieHUs NHabl TEpMa OTHOCHTENBHO MHOXECTBA hopmMy.
U Ofpelae/ieHHs ONUCAHUS TepMa OTHOCHUTEIIBHO MHOXXECTBA
dhropmy).

6) JuteM (u3 5), onpenesncHds AUadabl TEpMa OTHOCHTE/IbHO MHOXe-
cTtBa QOPMYJT U OMNpeaesieHHsl OlUCaHUsi TepMa OTHOCHTEIBHO
MHOXeCTBa GopMyIl).

N Jt,eM (u3 2), 6)).

8) |Jtut|"M=u (u3 7) v onipe,ienenns | |"M).

Hoxkazamenvcmeo (1.3).

D) |0t |" M =u<=0tt,e M (13 onpenenenus | " M)

2) OeMe UL eM (M3 3amedadus 2, TOro, 4To M — MakcuMalib-
roe C1-HenpoTHBOPEYHMBOE MHC)KECTBO GOPMYJI, U TOro, YTO
dopmyna Ot ="141,¢; nokazyema B C1).

3) T e Mo AL M(u3 3amedaHuds 2, Toro, 4To M — MakcuMasb-
Hoe Cl-HenpoTUBOpeUHBOE MHOKECTBO (hopmyt).

4) At M| Ant|" M=A (43 onipenenenus | |"M).

5) |0ut|"M=u <|Aut|"M=A (13 1), 2), 3), 4)).
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Loxazamenvcmeso (1.4):

D) |Ett|"M=u<EtiieM (u3 ornpenenenus | |"M).

2) EntieMe™UntieM (u3 3amedands 2, TOro, 4uto M — MakCHMasib-
Hoe Cl-HenpoTHBOPEYHBOE MHOXKECTBO (POPMYJI, H TOrO, YTO
dopmyna Ett;="1tt; nokazyema B C1).

3) Ui eMeJnyeM (U3 3amedanus 2, Toro, 410 M — MakcuMallb-
Hoe Cl-HenpoTHBOPEYHBOE MHOXKECTBO GOpMYJI).

4) Jnig M| Jt|"M=A (43 onpenenenus | ["M).

5) |Ett|"M=u ott|"M=A (u3 1), 2), 3), 4)).

Hoxasatenectea ytBepkaeHud (1.5)-(1.8) He 3aTpardsaior
«CHJITTOTHCTHYECKHX» CBOMCTB MHO)ecTBa M. CraHpapTtHbie nokasa-
TEALCTBA (C HCMOJIB30BAHHEM HHAYKTHBHOTO JOMYILHEHHA) STHX
YTBEPXKIEHUH 3/1eCh HE MPUBOIATCS.

Loxazamenvcmeo nemmer 5 6 cayuae, kozoa i=2.

B cuny onpenenenuns dyukuuu | |"M, ouesuano, uto | |"M aBasercs
OJHO3Ha4yHOH QyHkuMer. CornacHo onpeaesneH’o PyHKLUUH 3HaYeHUA
¢opmynbl B C2-MozenH, ocTaeTcs JOKa3aTh A/ JIIOObIX TEPMOB 4, /) U
nobsix dopmyn a, B yrBepkaenus (2.2) - (2.8), asnsiommecs, cooT-
BETCTBEHHO, aHajoramu ytBepxxaeHud (1.2)-(1.8), u yrBepxkaeHHe

2.1).

(W(Z‘]J@ W(t[), €CIIU Iy & )
(2.1) A" M=ue> 3
Lgo,w(tk)eAM, eCJIU I & 1
OueBuaHO, 4TO ANs AoOKazaresibecTBa (2.1) MOCTAaTOYHO [0OKa3aTh
CJIEQYIOLLHE YEThIPE YTBEPKACHUA:
(2.1a) ecnu |t |"M=u, To Pm(L)E (1),
(2.1b) ecnu [Att|"M=u w t, = t;, To Pu(te) € Ans;
(2.1¢) ecnu Pu(BE (1) u 1 2 1), TO |ALt|"M=u;
(2.1d) ecnu et ) €Ay 1 1 ~ 1, TO (At M =u.
JokazaTensCTBO (2.1a) aHanoru4yHo gokasarensctBy (1.1a).

JHokazameavcmeo (2.1b):

1) |[A6it|" M =u (nonyuieHue).

2) l;, & 1;(1OMYyLLUEHHE).

3) Bt M=u (3 1), 2)).

4) Atyt, €M (u3 3) u onpenesnenus | |"M).

5) Ju,eM (u3 4), 3amedanus 2, Toro, yto M — makcumansHoe C2-
HEIMpPOTHBOPEUYHBOE MHOXKECTBO JOpMYJ1, U TOro, 4yTo dopmyia
Aty nokazyema B M).

6) dopMyna Jit, NPHHALUIEKHT JIeBOMY Kpblly auamsl [f]V (u3 5),
onpeneseHUs AUalbl TepMa OTHOCUTEIBHO MHOXXECTBa (POpMY.I
M Ollpele/NieHUs] ONHUCaHHA TepMa OTHOCHUTE/IbHO MHOXECTBa

,, dopmym).

7 [t] €A (M3 6) U onpenenenus Ay).

8) om(f)€Am (U3 7) U onipeAeneHUS Py).

JokazartenbcTBO (2.1¢) aHanoruuHo gokasarenabCtBy (1.1c).
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Llokazamenvcmeo (2.1d):

1) o) € A (Tomy1LeHHE).

2) 1, & ¢ ([onyLiieHHE).

3) [tk]MscAM (3 )wu orpe/e1eHus Om)-

4) CyliecTByeT TepM I, TaKOH, , 4To tbopmyna Jtt, NPHHATEKUT
JIeBOMY KpPbUly AMaLbl [tk ™ (u3 3) u onpenenenus [£.]"

S) ®opmyna Jit, NPUHALISKHUT JIEBOMY KpbUly AHaAbl [4] (m 4,
onpenesieHds AHa bl TepMa OTHOCUTEILHO MHOXXECTBA (POpMy i
W Oripefe/ieHHs ONMCaHHA TepMa OTHOCHUTEIIBHO MHOXECTBA
dbopMmyn).

6) JteM (U3 5), onpeneneHust AMaAbl TepMa OTHOCHTENILHO MHOXKe-
cTtBa GOpMyN M onpeldeseHHs OMUCAHUA TepMa OTHOCHTEIBHO
MHOXeCTBa GopMyJ).

7) AtityeM (M3 6), 3aMevabuds 2, Toro, 4to M — makcumasibHoe C2-
HENMpPOTUBOPEYUBOE MHOXKECTBO (POPMYJ, U TOFO, 4TO dopMya
Juti oA, nokasyema B C2).

8) AtitieM (u3 2), 7)).

9) |Att|"M=u (u3 8) u onpenenenus | |"M).

HokazarenecTtBa yrBepxaeHud (2.2) - (2.8) aHajOru4HBl J0Ka3sa-

TenbCTBaM yTBepxkaeHui (1.2) - (1.8) cOOTBETCTBEHHO.

Loxasamenbcmeo nemmel 5 6 cayuae, koz20a i=3.

B cuny onpeneneHus GyHkuuM | |"M, oueBuako, 4TO | |"M ABnsercs
ofHo3HauyHOH pyHKuUMeH. CornacHo onpeaeseHHIO GyHKUHAHY 3HaYeHUsA
dopmynel B C3-mMozenu, ocTtaercs J0Ka3aTh AJs J00BIX TEPMOB &, & H
mobeix Gopmyn a, 3 yrBepxkaenus (3.1), (3.3) - (3.8), ABasrowmecs,
COOTBETCTBEHHO, aHaynoraMu yTBepkpeHdd (1.1), (1.3)-(1.8), w
yTsepxacHue (3.2).

(3.2) [t "M =u<= oum(ti) DS om(t)).

HoxkasatensctBa (3.1), (3.3)-(2.8) aHanoruyHbl OOKa3aTebCTBaAM
yreepxxaeHuit (1.1.), (1.3) - (1.8) cooTBercTBEHHO.

Jloxkazamenvcmeo (3.2):

JlocTaToOuHO [JoKazaTh CledyiollHe [OBa YyTBepxaeHH:A: (3.2a) u
(3.2b).

(3.2a) ecnu Jt|"M=u, to @u(ty) D pm(t),

(3.2b) ecniu ov(ty) DS ou(t), TO Jtit|"M=u.

JlokasaTenbcTBO (3.2a) aHa0ru4HO [0Kka3aTenscTBy (1.2a).

Lokazamenvcmeo (3.2b):
HmeroTca aBa ciiyyas: ciayyad, KOraa 4y # I, ¥ cilydyai, korja I, = .
B nepBom cnyuae nokazatenbcTBo (3.2b) aHanoruyHo AokasarenbCTBY
(1.2c). Bo BTopom cnyyae noka3arensctso (3.2b) caenyronee:
1) om(t)>cou(t;) (romyeHue).
2) t, =1 (ycnoBue, onpejesifiollee paccMaTpUBaeMbIH CiIy4ai).
3) JutyeM (M3 3aMeuaHus 2, Toro, 4yro M — makcuMaiibHoe C3-
HernpoTHBOPEYUBOE MHOXECTBO OpMYJ1, U TOTO, YTO GopMya
Jut, nokazyema B C3).
4) JtrieM (43 2), 3)).
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5) Wt |"M=u (u3 2) v onpenenenns ||"M).

Hoxazamenbcmeo nemmul 5 8 cayuae, koz0a i=4.

B cuny onpenenenus dyukuuu | "M, oueBuaHo, uto | |"M sBnsercs
O HO3Ha4HOM ¢yHkuMelR. CoraacHo onpeaeaeHHUO GyHKLHMH 3HAYEHHA
dopmynret B C4-Moznenu, ocTaeTcs 10Ka3aTh IS JHOOBIX TEPMOB I, 1 U
mobreix ¢popMyn a, 3 yrBepxaenus (4.3) - (4.8), apasiommuecs, cooT-
BETCTBEHHO, aHanoramu yteepxaeHui (1.3)-(1.8), u cuenyroinue
yrBepxaeHus: (4.1) u (4.2).

(4.1) lAn|"M=us> pu(1)E pu(81),

(4.2) Ut " M=us pu(te) S om().

HoxkazatensctBa (4.3) - (4.8) aHanoruyHel JoKa3aTebCTBAM yTBEP-
xaeHui (1.3) - (1.8), cooTBeTCTBEHHO.

Hoxazamenvcmso (4.1):

JocTtaToyHo [oKa3aTh clegyrolide [Ba YyTBepkaeHHA: (4.1a) W
(4.1b).

(4.1a) ecnm |Ant|"M=u, T0 om(L)E om();

(4.1b) ecit (1 )E (1)), TO |4t |"M=u.

JlokazatenscTBo (4.1a) aHanoru4Ho aoka3arenbcTBy (1.1a).

Joxazamenvcmeo (4.1b):
HUmerorcsa aBa cnyyas: ciydai, Kkorna Koraa #, # t, U ciy4ai, koraa
t, ~ t;. B nepsom cinydae nokasarenscTBo (4.1b) aHanoruyHo nokasa-
TenbcTBY (1.1¢). Bo BTOpOM cnyyae pokazarenbctBo (4.1b) cnenyro-
iee:
1) om(8)E (1) (nomryueHue).
2) iy ~1;(ycnoBHe, onpeaensiollee paccMaTpUBaeMbIl ciiydai).
3) AytyeM (u3 3aMeyaHus 2, Torc, yto M — MakcuMaibHoe C4-
HENMpPOTHBOPEYHMBOE MHOXKECTBO GOpPMYJI, U TOrO, 4TO dopMya
Aty noxkazyema B C4).
4) At tieM (u3 2), 3)).
5) |[Att|"M=u (w3 2) u onpenenenus | |"M).
Hoka3zarenscTBO (4.2) aHaNIOrHYHO OOKa3aTesbeTBY (3.2).
Jdoka3aTeabCcTBO TeopeMbl 3.
Jns pokasarenbcTBa TeopeMbl 3 JOCTaTOYHO AOKa3aTh €€ KOHTPIO-
3ULIMIO: eclH opMyia a He AokaszyeMa B Ci, TO CyILECTBYeT
Takas Ci-Mogenb m, 4TO ©u|  Fu.

Loxazamenvcmeso:

1) ®opmyna a He gokazyema B Ci (qomylieHHE).

2) MHuoxectBo {7} aBnsercs Ci-HEMPOTHBOPEUYHUBHIM MHOMXECTBOM
dopmyn (u3 1) u neayxruBHbix cBOHCTB Ci).

3) CywecrByer MakcumasibHOe Ci-HENPOTHBOPEYUBOE MHOXECTBO
dbopMyn, BKIKOYaroLlee MHOXeCTBO {~la} (M3 2) M aHanora
neMmel JInnaeHbayma).

4) CyumectByer Takas Ci-mMoxesib m, uto |a|"=m (U3 3), NeMMbl i H
JIEMMBI 5).

5) CyumectByeT Takas Ci-monens m, 4to |af”=#m (u3 4) u onpeneneHus
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3HauyeHusa Gopmynel B Ci-Moaesu).

B Tekcte pabotel [4] uMeroTcs OWIMOKKM W oneyatkd. [1s Toro
yToObl cOpMYJIHpOBaHHAA B [4] TeopeMa uMesla MECTO, AOCTATOYHO
ceaTh CJEAYIOUHE UCITPABJIEHHA B ONPEACTICHUIX U3 [4]:

Hcnpasnenus B Cl-Momenu: yctpaH#deTcs ycioBue (5), nobasis-
totca ycnoBusa (l1o), (o), (Illg). UcnpaBnenus B onpeneneHun C2-
Mojenu:  ycTpaHseTcs yciosue (5), nobGasnsercs ycnosue (Illg).
Hcnpaernenus B onpeaenenru C3-monend: gobaeisercs ycinosue (1).
Hcnparnenue B C4-Moaenu: TEPMHUH «IpPaBO€ KPbUIO» B KOHLIE OIIpe-
aenenHds C4-MoIenu 3aMeHsieTCs TEPMHUHOM «leBoe KpbLio». Mcnpas-
JIEHHUS B ornpeneneHUH 3HaucHUA dopmysisl B Cl-Monenu ans dopmy
BUaA Jid: CUMBOJ «Z» 3aMeHddeTcs cUHMBOJIOM «A». M, HakoHel, Heno-
CpeACTBEHHO ciienyollee 3a onpeaeneHreM C3-MOIENH NpensIoKEHHE
«Onpenenenure pyHkuu | | 3HaueHus opmyssl B8 C3-Moaemnu oTau-
yaeTcs OT onpeaeieHus (QYHKUUMM 3HayeHus B Cl-moaenu TOIbko B
ABYX cliyqasX /sl dJieMeHTapHbIX GopMy:

|’ P(OEQ1), ecni t =d

|Atd)" =u<>
‘\qz)(_t)eE, eciu t~d

\td)" =u<= (1) D @(t)».

3aMeHsaeTcs npeaiokenneM: «Onpefesiende GyHKUMH | |” 3HaYeHHs
dopmyasl B C3-MoJend oTnHYaeTcs OT onpeaeneHus QyHKUMH 3Haue-
uus B Cl-Monenu TOAbKO s Gopmya Buna Jid: |Jid" =uc 1)
DCTE .

B 3akiroueHKe ciaeayeT 3amMeTHTb, YTO UMerouleecs B [4] TpeboBa-
HUE HEeMyCTOTbi [PaBOr0 Kpblila KaXAOH [Maibl, HNpHHaIexalen
Hocuteaw mwobon Ci-Moae.1d, HEe HapyllaeT CIpaBeAJIMBOCTH, cpop-
MYJIMPOBaHHOH E [4] Teopewmbl.
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