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CumBoninyeckast normka

TonoJsiornyecku MHAYUPOBAHHAA
IapaHelnpoOTUBOPEYNBOCTD

Banosay, A. B. (Mocksa)

Topological representations of classical connectives, propositional formulae
and the rules of Natural Deduction are proven to induce paraconsistent propo-
sitional calculus.

Teopema 1. Ilycmov Pr — mmooicecmeo nponosuyuonasoHbiy Nepemertvlr,
K,H - cuemmnvie muootcecmsa movwek w K NH = @,n: Pr— KU H U p(K),
unsexmusHoe omobpasicenue, maxoe, umo Imn C K u AV, —, <>, u — Kaac-
CUMECKUE N02UMECKUE COA3KU.

Tozda, 0rs KaxHcAoU U3 C84A30K, MHONHCECMBO MOJeNEl COOMBEMCMEYIOULE0
Kaacca Popmya daunv, 1, onpedeasem monosozudeckoe npocmpaHcmeo, npu-
wem wedge, V u T uHIYUUPYIOM MONOAOLUMECKYIO CMPYKMYPY Ha 08YTane-
MERMHBLT, G — U <> HA mpexasemenmunr nodmuooicecmsear K U H. Ilpo-
CMPAHCMBA UHOYUUPOBAHHDBLE PASAUNHBIMYU CEAZKAMU HE 20MEOMOPPHDL.

3ameuanne 1. Ilosygaem TomoIOrnvIecKme MpeICTABICHUS KIACCOB (DOPMYII
PAQ,PVQ,P—Q P+ Qu-P (rue P, Q — IPOIO3UIMOHAIILHBIE 1€~
pPeMeHHbIe), B BH/Ie TIOMAPHO HEMOMEOMOP(MHBIX TOMOJIOTMIECKUX TIPOCTPAHCTE
({Av B}a T/\)v ({A7 B}v T\/)v ({A’ B}7 T—>)7 ({A’ B}v T<—>) u ({A’ B}7 Tﬁ)a rae
AB€ K;a € HuTy={{AB},0o}, T, = {{A4,B},{A},{B},0}, T, =
{{A,B,a},{A, B}, {B,a},{B},{a} @ }, T» = {{A,B,a},{A,B},{a},0} n
T. = {{A,a},{a},0}.

Omnpenenenne 1. TomosornuecKkuMu mpeICTABICHUSIMA KJIACCUIECKUX JIOTH-
YeCKHUX CBS30K A, V,—>, <>, W —, Ha3bIBAEM TOIOJOIUYECKHE CTPYKTYPHI HAI
MIPOU3BOJILHBIME MHOKeCTBaMu, romMmeomopdubie Th, T, T, T, T-, cooTBeT-
CTBEHHO.

Teopema 2. Joboe monoaozuveckoe Npocmpancmen, 20MeomopProe npo-
cmpanemsy  004ada0wemy  HeKomopot U3  MONOAOLUMECKUT CMPYKMYP
Th, Ty, T, T, , T, undyyupyem coomeemecmayrowyro gopmyay daurv, 1 ao-
2UKU BHICKA3BIBANUL, NPUEM OTEDBLIMBLE MHONHCECTNEA, AAHHO20 NPOCTPAHCINGEA
0MOBPANCAIOMCS 8 COOMBEMCMBYIOULUE NPONOZUUUOHAADHBIE NEPEMEHHDLE.

3ameuanwne 2. s nepeBoma GOpMyst JUIMHBL > 1 B TEOPETUKO-MHOYKECTBEH-
HbIE CTPYKTYPbI UCIIOJIB3YeM CJICIYIONNE HHCTAHIINA HOPMAJIHHBIX aJITOPUTMOB
MapkoBa:



CumMBosInYecKasi JIOTHKa

11

a) s A
/\(!E7y) — {xﬂ‘/}avmvvy;
/\(mv_) - {mv_}vvlﬁ
( ,1‘) - {m,_},Vm;
(L) —={_ _k
B) I —:
= (z,y) = {:E,y,a}7‘v5’x,‘v5’y;
= (z, ) —{=z, _,a}ﬂx;
= (_,z) = {z, ,a},V;
= ()= {l _ak
1) JUTsl ATOMAPHBIX (QOPMYIT:
x — {x},Vr;

6) s V: o
V(z,y) = {z,y}, vz, Vy;

(
V(z, _) = {z, _} Va
V(_,z) = {z, }, Va;
V(L) —={_ _k
r) s

—z — {x,a},Vr;

—\_){_,04};

e) s L:
1 = {a}.

. ™ A = or}, r — MHOXKECTBO JIJIsi
Omnpenenenue 2. Ilycts A FlLo | F € For}, rne FLe 0XKECTBO

MMOJIy9€HHOE MTPUMEHEHUEM CXEMbI aJTOPUTMOB KOBa, U -
F', monydenHoe €HEeHUEM CXe aJro o Mapkosa, u A, B € For
pasyimdaHbie (hOPMYJIBI JIOTMKK BbicKasbiBanuit. Omupemenum orobpazkenne [ :
A — p(A) Takoe, aTo:

{{ALB,BL"},®}; F=ANANB

{{Ale, BE} (AP} (B} 0} F=AV B
{{Al0, Bo 0} {Al0, B0}, (BY,a} {BM), {a},0)}; F=A - B
{{AL",a},{a},®}; F=-A4

{{PL"},®}; F=PePr

{{a}0}; F=1

Onpenenenue 3. TomosorudeckuM mpejcrapjiienneM (opmyibl F iporosu-

[UOHAJILHOM JIOTMKY, Ha3bIBaeM TOIOJIorndeckoe npocrpanctso (Xg, Tr), Tie
Xp = Fre aTp = T(FF) - Tononormaeckas cTtpykTypa Hag Xp.

L(Fho)=

Onpenenenne 4. Ilycrs (X,Y,Z) — npousBosibHble KOHEYHBIE MHOMKECTBA.
Yepes M(X),M(Y, Z) 6yuem ob6o3HAYATH MHOXKECTBA, dJIEMEHTAMU, JIUOO 1101
MHOYKECTBAMU KOTOPBIX ABIAIOTCST X U Y, Z, COOTBETCTBEHHO.

JlemMma 1. Iycmv A, B € For — npousgoavhuvie gopmyav, v Pyp = {Oi |
o € {AV,—, -} € {I, E,D}} — MHOIHCECTNBO NPABUA HAMYPAAGHO20 UC-
wucaenus evckaszvieanuti (NP). Tas wascdoeo o; € Pyp cywecmeyem 6 cu-
cmeme T§ npedemasaenue suda (X1, Xa, To, ¢°1), npuvem (X1,Th), (X1,T7) -
mMonoouNeckue nNPedcmasienua nocuaok npasusa, (Xo,Ts) — monoaozuue-
cKoe NPEICMABAECHUE 3AKNMOYEHUSA NPABUAA, G G°F — AUOO ONEPAUUA MAKAA, YIMO
@ (M(X7),M(X3)) = M(X3) (aubo ¢° (M(X;)) = M(Xs)), aubo omobpasrice-
Hue, 06Aacmbio onpedesenus Komopozo asasemes nexomopoe M(X1, X1) (aubo
nexomopoe M(X1)), a obaacmovio snauernutd nexomopoe M(X3).

Teopema 3. ITycmv A, B,—~A € For — onpedeaernvie u pasausroie Gopmyasl.
Tozda, A%, BLo  npedemaeaenus NP uz aemmwe 1 undyyupyrom naparenpo-
MUBOPEHUBOE UCHUCAEHUE BBICKAZBEANHUT.
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On Some Admissible Rules in FDE: Contrapositive
Filtration and Extensions

Belikov A. A. (Moscow)

I consider two logics which are strong extensions of well-known Dunn-
Belnap logic or simply FDE [1]. By strong extension L’ of logic L I mean
that the class of L’-theorems is wider than the class of L-theorems and in-
cludes the latter as a proper subset. All the logics are presented in terms of
binary consequence systems.

A pair (£;FrpE,) is called logical system FDEy, where £ is a proposi-
tional language based on conjunction, disjunction and negation; and Frpg, is
reflexive relation satisfying following principles and rules:

al. ANBtype;, A a2. ANBtype, B a3. Atypr, AV B
a4. Brppe, AVB a5 Abtgpr, ~~A ab. ~~AtppE, A

a?’. AN(BVC)Frpe; (ANB)V(AANC) a8. ~(ANAB)Fgpg;, ~AV ~B

a9. ~AV ~BFgpg; ~(AANB) al0. ~(AV B) Frpg, ~AN~B

all. ~AN~BFgpg, ~(AV B)
rl. AtrpE, B; BFrpg, C/ AtrpE, C
r2. At¥pg,; B; ~B FrpEe, ~A; AFrpE, C;~C Fppe, ~A/ AFppE;, BAC
r3. Atrpe, C; ~C FrpE,; ~A; Brrpg, C; ~C Frpr, ~B/ AV B Frpg, C
The following theorem holds:

Theorem 1. (Deductive Equivalence)
FrpE; < FFDE

Two different systems might be obtained. If we add to FDE; axiom
~AN(AVB)FB

then it will be a binary consequence system for ETL. This logic semanticaly
defined and axiomatized by Pietz and Rivieccio in [1]. If we add to FDE;
axiom

BF AV (~ANAB)
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then it will be a binary consequence system for NFL. This logic is semanticaly
defined on the base of Dunn-Belnap four values with a consequence relation
which preserves F value from conclusion to premisses. Alternatively, it could
be defined as preserving T, B and N values from premisses to conclusion.

Theorem 2. (Adequacy of ETL)
FETL & FETL

Theorem 3. (Adequacy of NFL)
FNFL € FENFL

One can wonder at extraordinary look of two rules above (r2 and 3). Their
fanciful form is necessary to give an ability to derive consequences of the form
¢V xin ETL and ¢ F ¢ A x in NFL, correspondingly. Other details and
motivations are explained in my talk.

Bibliography
[1] Dunn J. M. Partiality and Its Dual. Studia Logica, Vol. 66, Ne 1, pp. 5-40, 2000.

[2] Pietz A., Rivieccio U. Nothing but the Truth. Journal of Philosophical Logic, Vol.
42, Ne 1, pp. 125-135, 2013.

Some partial conservativity properties of intuitionistic set
theory with schema collection and some additional
principles

Vladimirov A. G. (Moscow)

Intuitionistic Zermelo—Fraenkel set theory with Collection, ZFI2C, is a
two-sorted a standard reference theory that relates to set-theoretic explicit
mathematics as usual ZF relates to classical set-theoretic mathematics. Its
non-logical axioms are all axioms of Heyting arithmetic (for sort 1), and the fol-
lowing variant of Zermelo—Fraenke axiomsl: Infinity axiom in the form ” There
exists the set of all natural numbers (as objects of sort 0)”, schema Collection
as axiom of substitution, shema €—induction as Regularity axiom (as the usual
variant of the axiom implies the law of exluded middle, LEM), and axioms
of Extensionality, Pair, Union, Power and Separation (in the full language of
ZF1I2C) in the usual formuliration.

Also we consider the additional principle DCS (Doube Complement of
Sets). It is imporant, as the classical ZF2 = ZF2+ LEM can be interpreted in
the theory ZFI2C + DC'S by some variant of Godel negative translation pre-
serving relation €. It can say, that the intuitionistic set theory ZFI12C + DCS
contains the classical theory ZF2.

The main method of the paper is recursive realizability for set theory.
We build a new realizability for ZFI2C' which is a combination of models
of Vladimirov and M.Rathjen and prove some partial conservativity properties
of ZFI2C and ZFI12C + DCS.
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Definition 1. The class AEN is a class of all formulae of kind Va3bp, where
 is a negative arithmetical formula.

Theorem 1. Let T is a ZFI12C or ZFI12C + DCS. Then

1. T+ ECT is conservative over T w.r.t. class AEN.

2. T+ ECT + M is conservative over T + M~ w.r.t. class AEN.

Here ECT is an Extended Church Thesis, M is strong Markov Principle,
and M~ is weak Markov Principle.

Moreover, we use some variant of Godel negative translation (for two-sorted
set theory) to demonstrate the following partial conservativity properties:

3. T+ ECT + M is conservative over T w.r.t. class of all negative arith-
metical formulae.

4. The classical theory ZF2 is conservative over ZFI2C w.r.t. class of all
negative arithmetical formulae.

Anrebpanyeckasi ceMaHTHKA JIJIsT MUHUMAJIbHOM
AeyKTUBHOU JIOTUKU

Topbyroe H. A. (Tsepy)

B paGore [1] P. Byiinunkuit BBés moHsiTHs X0OpoIno onpejeaénnoil (well-
determined) soruku. Jlorvka Ha3bIBaeTCs XOPOIIO ONPEJEJEHHON, eciu OHA
0o0JialaeT CBONCTBOM KOHBIOHKIINU U Il HEeE BEpHA TeopeMa O JIeIyKI[MH B
ceayromel ocabaeHHoi hopme:

aFfekFa—p.

Xoportrto orpeeIeHHbIe JIOTUKU HHTEPECHBI T€M, YTO IPUCYIIEE UM OTHOIIEHUE
JIOTUYECKOT'O CJI€/IOBAHUSA BBbIPA3UMO CPEJICTBAMHU CaMOIl JIOTMKU, TO €CTh JIJId
XOPOIIIO OIIPEIEJIEHHO JIOTHKY L BEpHO yCJIOBHE

Ckl,...70[n}_ﬁ@al/\nc/\an%BGL‘

Jlorukm Oy/eM Ha3bIBATH JEIyKTUBHBIMU, €CJIU JJIsi HUX TeopeMa O JIeIyK-
[IMU BBIIIOJIHSIETCST B MOJTHOM 00béMe. To ecTh B HUX, JJIs JIFOOOIO MHOXKECTBA
dopmyst X u dopmyst o u  BBIIOJHEHHO YCJIOBUE

X,aFfe XFa—p.

Takum 06pa3oM B J1€lyKTUBHBIX JIOTUKAX BBIPA3UMO U TO OTHOIIEHUE JIOTHYe-
CKOT'O CJIEJIOBaHMUs, KOTOPOE BO3HUKAECT HAJI TEOPUIMH ITOM Joruku. To ecTh,
Jyist Jiioboit Teopuu T’ 9TOM JIOTMKM, KOHBIOHKIIUSI W MMILIUKAIUS CBSI3aHBI C
OTHOIIIEHUEM BBIBOJMMOCTH, HAJI 9TOI Teopueil, cJie Iy oM 06pa3oM

atAN...Na, = BET & ay, ... ,a, Fr B.
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ITocTpoena anrebOpamdeckasi ceMaHTHKa, COIVIACOBaHHAsl C MUHHMAaJIbHOMN
JeIyKTUBHON Jorukoif. B aroit cemanTuke popMysIbl MHTEPIPETUPYIOTHCH HA
MHOKECTBE BCeX HUKHUX UMIIJINKATUBHBIX IIOJIyPEIIETOK, B KOTOPBIX €CTh Hau-
GOJIBIIHIT 37IeMEHT | U Ha KOTOPBIX OLepPAaIis UMITHKAIIN Olpe/ie/ieHa CTaH-
JapTHBIM 0Opa30M.

The author is supported by the Russian Foundation for Basic Recearch,
project Ne1/—06-00298-a, Ne16-07-01272-a
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True Lies Matrices: Undervaluation of Truth and
Overvaluation of Falsity

Devyatkin L. Yu. (Moscow)

The Oxford Dictionaries Word of the Year 2016 is post-truth — an adjective
defined as “relating to or denoting circumstances in which objective facts are
less influential in shaping public opinion than appeals to emotion and personal
belief”, says the Oxford Dictionaries website [9]. The significance of contexts
where false propositions are admitted or true propositions are rejected has
not eluded the attention of logicians. For example, in [5] the authors propose
a system where ontologically true statements are rejected on epistemological
grounds. Formally, this system is based on the matrix which would define the
classical propositional logic, if its class of designated values contained two el-
ements instead of just one. There are several similar examples known in the
literature. Among the matrices of non-classical logics obtained by “undervalua-
tion” or “overvaluation” of truth-values are Godel’s matrix Gz, its dual G5, the
reduct BS of Bochvar’s three-valued matrix, and its dual S5’ which is function-
ally equivalent to BE, but has two designated values [4, pp.48-55]. However,
to the best of my knowledge, no systematic investigation of such matrices had
been undertaken. This is the aim of the present report.

To save space, I omit the basic definitions. For the explanation of material
related to logical matrices and propositional logics see [8, §3.1]. The brief
overview of Set-Fmla, Fmla-Set and Set-Set consequence relations as well as
their connection to paracompleteness and paraconsistency is available in [2].

Now I will define two classes of matrices. In the first case, the inter-
mediate value will be interpreted as “undervalued truth”, in the second —
as “overvalued falsity”. The class T'L; consists of matrices of the form
M = {{0,1,2},A,V, =, 5, {2}), where the basic operations satisfy both nor-
mal and standard conditions for D = {1,2} as defined in [3, p. 30-31]. The
class T'Lo consists of matrices of the form M = ({0,1,2},A,V, <, =, {1,2}),
the class of operations of each matrix from T Lo being isomorphic to the class
of operations of a matrix from 7Ly with respect to Lukasiewicz negation.
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Proposition 1. FEvery propositional logic defined by a matriz from TLy is
mazximally paracomplete in the strong sense. Every propositional logic defined
by a matriz from T Lo is mazimally paraconsistent in the strong sense.

The notion of mazimal paraconsistency in the strong sense is defined in [1].
The dual notion of maximal paracompleteness is obtained from the former by
straightforward transfer of the definition from Set-Fmla to Fmla-Set conse-
quence. Now, let T(M) be the set of tautologies determined by a matrix M,
and T* (M) be its set of counter-tautologies, i.e. the formulas that never assume
a designated value.

Proposition 2. If M € TLq, the following statements hold: (1) « € T*(M) <
a€T*(Cy); (2) —aeT(M) < aecT(C); (3) ~acT(M)<s ~acT(Ch).
If M € TLy, the following statements hold: (1) a € T(M) & a € T(Cs); (2)
——a € T*(M) & a e T*(Cy); (3) ~a € T*(M) & —~a € T*(Cy).

The following proposition deals with the internal structure of the classes
TL; and T'Ly in a way similar to the one laid out in [7].

Proposition 3. The matrices in T' Ly form a lattice with respect to the relation
of functional inclusion. The supremum of the lattice is functionally equivalent
to Gs. The infinum of the lattice is functionally equivalent to BS. The matrices
i T Ly form a lattice with respect to the relation of functional inclusion. The
supremum of the lattice is functionally equivalent to G5. The infinum of the
lattice is functionally equivalent to S:SD.

The final proposition emphasizes the link between literal-paraconsistent-
paracomplete matrices investigated in [6] and the functionally weakest matrices
from T'L; and T'Lo.

Proposition 4. If M € {Bg$,SY} and no propositional variables occur in
X UY, then (X,Y) € Cny (M) < (X,Y) € Cnp(Ca), where Cnyy signifies a
Set-Set consequence.

I have presented two families of three-valued matrices which induce para-
consistent and paracomplete logics. The generalization for more values poses
no significant challenge. Although, the increased number of values allows to
define a new class of matrices which induce logic that are paranormal, i.e. both
paraconsistent and paracomplete at the same time.
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UNnTtepnperanuu apudpmernku IIpecoyprepa B cebst
3anpsaezaes A. A. (Mocksa)

In the talk we will discuss the interpretations of Presburger
arithmetic in itself, we show that in the standard model (N,+) all
the interpretations are isomorphic to (N,+) and in the case of one-
dimensional interpretations we show that moreover, the isomorphism is
definable.

MsBectHo, uro apudnmernka [leano siisiercst pedaekcusnots meopuet ( [6],
c. 13), To ecThb JOKA3BIBAET HEIPOTHUBOPEUUBOCTH KAXKIOH U3 CBOMX KOHEYHO
AKCHOMATH3UPYEMBbIX mtoaTeopuit. VI3BecTHO, 9YTO BCe CEKBEHITMAJIbHBIE TEOPUU
C MOJIHO} CXeMOIl MHIYKIIUN B CBOEM sI3bIKE (B 9aCTHOCTH, BCE PACIIMPEHUS aK-
cuomamu apudmernku Ileano PA u teopun muoxkects ZF) Takke sBistroTcst
pediiekcuBabiMu. OTMETHM, YTO U3 pedJIEKCUBHOCTHU CJIE/IyeT HEBO3MOXKHOCTH
WHTEPIIPETUPOBATH TEOPUIO HU B OJIHOI U3 CBOUX KOHETHO aKCHOMATU3UPYEMBIX
nojreopuit. A. Buccep nmepBbIM TP TOKUIT PACCMOTPETH AaHAJIOTUIHBINA BOIIPOC
st 6ostee cyrabbIX TEOPHHl C MIPUHITUIIOM UHIYKITNH, KOTOPBIE HE SIBJIAIOTCH J10-
CTATOYHO BBIPA3UTEIbHBIMU JJI (DOPMAIH3AINN YTBEPXKIEHUA O HEIIPOTUBO-
PEeYMBOCTH: B YaCTHOCTH, st apupmemuru IIpecbypeepa [7]. Beenénnas suep-
Boie M. TIpec6yprepom ( [5]) B 1929 1., oHA sIBJIsSIETCST BJIeMEHTAPHOl Teopueil
HATYPAJIBHOIO DS/ C Oleparueil CJI0KEeHNsI, HO He MMeeT YMHOXKEHUSI.

1. ByTxayT mpom3Bé HccIe0BanEe 0 rUoTe3e Buccepa st corydas of-
HOMEDHBIX HHTEPIIPETANNA [7] U YCTAHOBUJI, UTO TIOJOXKHUTEIbHBII OTBET HA BO-
npoc Buccepa (HEBO3MOXKHOCTH HHTEpIpeTHpoBaTh apudmeTuky [IpecGyprepa
HU B OJHON M3 CBOUX KOHEYHO AKCHOMATH3UDYEMbIX IIOJTEOPUil) BbITEKAET U3
CJIEJTYIOIIEr0 yTBEPKIEHUSI, KOTOPOe OBLIO BIOC/IEICTBUN HAMU JIOKA3AHO:

Teopema 1. (A. A. Banpaeaes, . H. Ilaxomos, 2016) Iycmo : PrA — N
— odnomepras uwmepnpemayus apudmemury Ipecoypeepa 6 cobemeernyro
cmandapmnyro modeav (N, +) ez napamempos. Tozda
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1. snympennan modeav, onpedeasemasn unmepnpemayueti, U30MophHa cma-
dapmmoti;
2. amom uszomoppusm onpedesum 6 (N, +).

DYHKIMIO, OCYIMIECTBISIONIYI0 N30MOP(MU3M HHTEPIPETAINNA APU(DPMETHKH
[IpecObyprepa B cebst TOXKIECTBEHHOI, yIAETCs ONPEIEINTh Ha OCHOBE aHAJIM3a
WHTEPIPETUPOBAHHOIO OTHOIIEHUS IOPHA/IKA Ha OCHOBE WJIEU, MPEIJIOKEHHON
®. H. ITaxomosbiM. Takke ormerum, uto yTBepkaeHune 1 Teopembr 1 6bL10
YCTAHOBJICHO €I CAMUM 3YTXayTOM.

JoKIaTIMKOM OBLIT TAKXKe PACCMOTPEH BOIIPOC O BO3MOYKHOCTU 00O0OIIEHMS
9TUX PE3YJIbTATOB Ha CJIydail MHOTOMEPHBIX mHTeprperamnuii. [Ipu pemenun
9TOi TPOOIEMBI €CTECTBEHHO BO3HUKAET 3a/a4a 00 ONMCAHUY JIMHEHHBIX TTOPSIJI-
KOB, MHTEPIpeTupyeMbiXx B apudmernke [IpecOyprepa B pasnHoMm ducje mame-
penuit. BbIIO yCTaHOBIIEHO, UTO BCE TAKUE MOPSJIKA SIBJISIIOTCS PA3PENCEHHBIMU
(T.e. B HUX HEJIb3sl BJIOKUTH IIJIOTHBIA TIOPSIIOK).

XOpoIo W3BECTHO, UTO JJIsi PA3PEXKEHHBIX JIMHEHHBIX IOPSIIKOB MOXKET
6bITh BBeIeHO noHgTue panra tura Kanropa-Bengukcona [3]. B arux Tepmunax
HaAM¥ OB YCTAHOBJIEH CJIEIYIONHi 60Jiee TOYHBIA PEe3yJIbTAT:

Teopema 2. (A. A. Banpseaes, @. H. Ilaxomos, 2017) Bce aunetiroe nopso-
Ku, unmepnpemupyemovie m-mepro 8 PrA,; umerom modugpuyuposanmnsii pame
Kanmopa-Bernduxcona m uasu nustce.

st moKa3aTeIbCTBA ITOM TEOPEMBI C IIOMOIIBIO T€OMETPUIECKOrO TIOIX0/1A,
C UCHIOJIb30BAHUEM PE3yJIbTaTOB U3 2], ObLia IoKa3aHa BO3MOXKHOCTD COIIOCTAB-
JIeHUsT BCAKOMY orpeneanMomy B apudmeruke IIpecOyprepa MHOXKECTBY €ro
apugpmemureckotl pasmeprocmy n : apudMeTHIecKas pa3MepHOCTD YKa3bIBa-
eT Ha CYIIeCTBOBaHUE OIPEIEIUMOr0 M30MOP(MU3IMa C JIEKAPTOBOI CTENEHBIO
N" HaTypaabHOro psijia.

Jlannas TeopeMa HeMEJIICHHO BJICYET CJIEIYIONII Pe3yIbTaT, aHAJOTHIHBII
JOKA3aHHOMY 3yTXayTOM JJIs OJJHOMEDHOTO CJIyJast:

Teopema 3. ITycmo t: PrA — N — m-mepras unmepnpemavyus apugpmemu-
xu Ilpecbypeepa 6 cobemeennyio cmandapmnyto modeav (N, +) 6e3 napamem-
pos (m > 1). Toeda enympennas modeav, onpedesseman urmepnpemayued,
U30MOpPHa cmardapmo.

Apiisiercst s sTOT I/I301VIOpCbI/I3M HEIIPpEeMEHHO Hpec6yprep0Bo OIIPpEeACJINMbIM,
OCTaéTCsa OTKPBLITBIM BOIIPOCOM JIJId ,I[aﬂbHefIHleI‘O HnccjeJ0BaHudg.
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O6beauHeHnsT MOJAJILHO ONpeIe/IMMBIX KJIacCOB MojeJieil
3oaun E. E. (Mocxksa)

Our main result: a class of pointed Kripke models (respectively,
a class of Kripke models) is representable as the union of classes that
are definable by some sets of modal formulas if and only if it is closed
under bisimulation (respectively, surjective bisimulation) and ultrafilter
extensions and its complement is closed under ultrafilter extensions.

[Ipn n3ydenunn Kakoro-imbo JOIHIeCKOro s3blka L M Kiacca CTpyKTyp S,
CIIyZKalUX sl UHTeppeTarun GopMyst s3bika L, HHTEPEeCEeH BOIPOC O TOM,
KaK «OXapaKTepu3oBaTh» (B TePMHUHAX 3aMKHYTOCTH OTHOCHUTEJILHO OTHOIIE-
HUil um omeparuii Haj cTpyKTypamu) kiacchl cTtpykTyp K C S, 3anaBaemble
omHol (bOpMyYJION MM MHOXKECTBOM (DOPMyJl (TO €CTh HMPEJCTABUMBIE B BHJE
[epeceveHnsl KJIACCOB, 3a]aBaeMbIX OJHON dhopmyiioit) s3bika L. OgHako, ecTh
elle OJIMH €CTeCTBEHHbINH «BU» KjaaccoB — KJaccel cTpykTyp K C S, npescra-
BHUMBIE B Brjie O0beINHEHNs [TI€PECETIeHnil KJIACCOB, 33/ 1aBAeMbIX O/IHOI (hopmy-
J10it si3biKa L. YIUBUTEIBHBIN, HO TPOCTO# (haKT COCTOUT B TOM, UTO HA ITOM
«Mepapxusi BUJIOB» KJaccos ucdepneisaercs [1, Ch. 7].

B noruke npemkaToB M3BECTHBI KPUTEPUH JJIs BCEX TPEX «BUJOB» KJIACCOB
[1, Ch.7]. B MonasbHOIl 2Ke JIOTUKE OHU U3BECTHBI (ABTOPY) JIMIIb JJIsi TIEPBBIX
IBYX «BHJIOB»; B HACTOSINEN pabOTe JAIOTCA KPUTEPUU IJIs TPETHErO «BUIA>.

BasoBble ompeseneHust CM., HAIPUMED, B [2|. Ommeuennoti modeavto Mbl
nasbiBaeM napy (M, a), tne M = (W, R, V) — monens (Kpunke) u a € W.

Onpepnesienne 1. s knacca mozestedi K Mbl GyneM (yCIoBHO) THCaTh:

~-KeM, eciu K= {M | M |= A} nns Hekoropoii MogaibHON hopmMybl A;

-KenM, eciu K={M | M ET} nna sekoroporo muoxkectBa dopmy I

310 paBHOCHIIBHO ToMy, uTo K = (. K; m1a nekoroprix kinaccos K; € M

-~ KewaM, ecmu K = (J,; mjeJ,; K;,; nst mekoropeix kiaaccos K; ; € M.
Jlerko maTh aHAJIOTHYHBIE ONIpeIeIeHus JJIs KJIACCOB OTMEUEHHbBIX MOJIeIel,

a Takxke 11 MUM u Tak manee. Kak ropopmiocs Boire, UM = MUML.
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Kpurepnn mst K € M u K € AM nosryuens B [3]| fu1st KI1aCCOB OTMETIEHHBIX
Mogiesieit, B [4] auist kiaccos mogeseit. Mer nagmm kpurepnn mis K € URML

Mumem M = N (momesiu M u N m00aavho 9K6UGAAECHMHDL), €CITU JTIA KAXK-
zoit MozrasibHoit hopmysibl A umeem: M = A & N = A. Tlumem M C N, ecin
IS Kazk ot Mogasibaoil bopmysibl A umeem: M = A = N = A. Mbl rosopuwm,
qro kiace K 3amkuyT orHOcuTesnHO T, eciim u3 M € K u M T N caenyer
N € K. JIa oTMevueHHBIX MOjiesiefl onpe/ie/ieHus Taf0TCs aHAJIOTUIHO.

Caenyromuii dakt, XoTst 1 hopMynmupyeTcst Hamu jist (OTMEYEHHBIX ) MOJIe-
Jielt 1 MOJAJIBHOTO sI3bIKA, HOCUT OOIIMII XapaKTep — OH BEPEH JIJIsi TPOU3BOJIb-
HOTO KJjIacca CTPYKTyp S u s3bika L.

JIemma 1. (a) Kaacc modenets K € UM <= on samrnym omu. C.
(6) Kaacc ommeuenmvr modesetd K € UAM <= on samrnym omn. =.

Mpr numem N < M, eciu N — nopootcdernnan nodmodeas momenun M.
Knace K samxnym ota. —, ecmu u3 M € Ku N — M cirenyer N € K.

JlemMma 2. Kaace modeaeti K € UM <= on samxnym omu. = u <.

B npuBejsieHHBIX KpuTepusx (GUIYPUPYIOT OTHOIIEHUS, OIpejesieMble B
TEpMUHAX MOJIAJIBHOIO sI3bIKa. Jlajtee Mbl Ja/ UM «CTPYKTYPHbBIE» KPUTEPHH.

IMumem (M, a) ~ (N,b) (unraem: OTMEUEHHBIE MOJEIN OUCUMYAUDYIOM),
ecan ectb bucumyaayus Z vmexnay M u N, rakas aro a Z b. [lumem M :~: N
(duTaeM: MOJIEIH 2400aABHO OUCUMYAUPYIOM ), €CIIA €CTh OUCUMYJIANU Z MEXK-
gy M u N, rakas aro Va € M 3b € N a Z b u naobopot. OueBusao, K 3aMKHyT
OTHOCHUTEJIBHO 2 U — <=> K 3aMKHyT OTH. CIODBHEKTUBHON OUCHMYJIAIINN.

HousiTust yavmpanpouseederus U YAoMPACMENEHY CTPYKTYP HEPBOTO I10-
PSLIKA XOPOIIO U3BECTHBI B TEOPUU MOJIEJIEH U UCMIOIB3YIOTCA B KPUTEPUSIX JIJIsT
s3pika nepsoro nopsaka [1, Ch. 7]. Kpurepuu mia K € M u K € MM, ucuoss-
3YIOIIHE ITH IOHATHS, IOTyYeHbl B [3] /i oTMedeHHBIX Mojesel u B [4] mis
MoJiesteit. Anasornaabie kpurepun it K € WAM mosrygaiorcest n3 TpuBOAIMOT
HUKE TEOPEMBI 3aMEHOM CJIOBA «YJIBTPAPACIIUPEHIE» Ha «yJbTPACTEIEHb>.

OHAKO 9TH HOHATHUS HE SIBJIAIOTCS <IIPUCYIUMA» MOJAJILHOMY sI3bIKY (OHU
COXPAHSIIOT UCTUHHOCTD HE TOJIHKO MOJIAJIBHBIX (DOPMYJI, HO U JIIOOBIX hopmysa
nepBoro mopsizka). [losromy B [5] 6T H3y9IeH BOMPOC O «THCTO MOJATHHBIX>
KpuTepusax. [ToaxoadaImM MOIAIbHBIM aHAJIOTOM YIIbTPACTEIIEHN OKA3bIBAETCSI
HOHsTHE YAbmpapacwupenus Monean Kpunke [2, Def. 2.57].

Teopema. (a) Kaacc ommeuennox modesei K € UAM <= on samrnym om-
HOCUMEADHO OUCUMYAAYUL U YALMPAPACULUPERUT, G €20 JONOAHEHUE 3AMKEHY-
MO OMHOCUMEADLHO YALMPAPACULUPEHUT.

(6) Kaacc modeseti K € UNM <= 01 3aMEHYM OMHOCUMEABHO 2406005~
HOU OUCUMYAAYUY, NOPOHCOEHHBT NOOMOOEAET U YALMPAPACWUPERUT, G €20
JONOAHEHUE 3AMEHYMO OMHOCUMEADHO YALMPAPACUUPEHUT.

B [5] m107106HBIE «IUCTO MOJAJIBHBIE> KPUTEPUH [IOJIYI€HBI JIJIsl KJIACCOB OT-
meveHHBIX Mojiesieit K € MM u K € M, a takske jiy1st KiaccoB mojieneit K € mM;
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st kiaaccoB Mogesteit K € M porpoc orkpbuIT (M aBTOPY HE M3BECTHO <«HUUCTO
MOJIAJIBHBIX» Ollepanuii niam oTHomenui, orymvaomux K € MM or K € M).

Pabora Bemosinena npu nogmepxkke rpaata PO Ne 16-01-00615.
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Comparison games for intuitionistic predicate logic
Kazanin S. S. (Moscow)

It is well-known that elementary equivalence in first-order logic is
precisely captured by so called Ehrenfeucht games: namely, two models
share the same true formulas of quantifier depth no greater than n iff
the second player can keep playing for n moves (see [1], chapter 3). A
similar result is known for modal formulas and bisimulation games (see
[3], section 3).

First, we need an analogue of modal depth for intuitionistic formulas:

Definition 1. The implicative rank of an intuitionistic predicate formula ¢ is
defined by induction:

— rk(p) = 0, for p atomic;

— 1k(¢ V1) = 1k(¢ A ) = max(rk(e), rk(¥)));
— 1k(¢ — ¢) = max(rk(¢), rk(v)) + 1.

— 1k(320) = 1k(9);

— rk(Vag) = rk(¢) + 1;

This definition is clearly motivated by the usual Kripke semantics (see [4]
for definitions), as clauses for — and V are the only ones where accessibility
relation is used to check the truth.

Definition 2. A bisimulation game between two propositional Kripke models
is played as follows: two pebbles are placed, each occupying one world in its
model. The first player, called Spoiler, moves one of the pebbles to an accessible
world; the second, called Duplicator, must move a pebble in another model to
an accessible world. Spoiler wins iff Duplicator fails to move pebbles so that
the marked worlds satisfy the same atomic formulas.
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Theorem 1. Two pointed propositional Kripke models (9, mg), (M, no) satisfy
the same intuitionistic formulas up to implicative depth n iff Duplicator has a
winning strategy in the bisimulation game of length n between models M and N
with the starting position (mg,ng). In this case we call pointed models (9, mg)
and (M, ng) n-equivalent.

Now let us explain how to combine two kinds of games.

Definition 3. A comparison game between predicate Kripke models 9t =
(F,<,{D,}) and M = (G, =,{Es}) of length n, m with the starting position
(mo, (d1,...,dg),no, (€1,...,€r)) (where d; € Dy, €; € Epn,) is played as
follows: assuming the current position is (z, (a1, ..., a,),y, (b1,...,b.)) (where
a; € Dy, b; € E,), the first player, called Spoiler, has two kinds of moves.
Spoiler can move from a world € F to a world 2’ > x (or from a world y € G to
a world 3y > y, respectively), preserving the individuals in the current position,
thus using his world move. Spoiler can also add an individual a,41 € D, or
br4+1 € E, to the corresponding tuple, thus using his individual move. The
second player, called Duplicator, replies as follows. If Spoiler changed the world,
Duplicator must also change the world in another model, as in the propositional
case. If Spoiler has added an individual, Duplicator must choose an element in
another model. Spoiler wins iff after several turns the correspondence a; — b;
is not a partial isomorphism; Duplicator wins iff he survives for n world and
m individual moves. Spoiler is unable to make > n moves of the first type or
> m moves of the second type, but he is always free to choose the types of his
moves.

There is an unexpected difficulty here. Under the usual truth definition
(see [4]) Vx is read as ‘For all 2’s in all greater worlds...’. So the formula
Vaé(z) may be false because of some z falsifying ¢ either in the present world
or later. So, in general, we cannot construct the winning strategy for Duplicator
from the coincidence of theories, because the response to the falsifying z may
not yet exist. There are, however, several ways to get around the problem.
First, shift to the modal theory. Second, restrict to models with constant
domains. Third, change the definition of games (cf. [6]); this option will be
discussed in another paper.

Theorem 2. Assume that ¥ is a finite signature without function symbols,
M = (F,<,{D.}), M= (G, =,{Es}) are predicate Kripke models of signature
Y. Then the pointed model * (M, ng,€) verifies the same predicate modal for-
mulas up to quantifier depth k and modal depth | as (9, mo,d) iff Duplicator
has a winning strategy in the comparison game between models M and N with
k individual moves and | world moves with the starting position (mg,d, ng,€).
In this case, we call these pointed models k,l-equivalent.

ITechnically, this means that we add individuals d;, e; as constants to our signature
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Theorem 3. Assume X is a finite signature without function symbols, M =
(F,<,D), M = (G, =, E) are models of signature 3 with constant domains.
Then the pointed model (N, ng, €) verifies the same predicate intuitionistic for-
mulas up to quantifier depth m and implicative depth n as (I, mg, d) iff Dupli-
cator has a winning strategy in comparison game between models M and N with
m individual moves and n world moves with the starting position (mg,d, ng,€).
In this case, we call pointed models m,n-equivalent. (The ‘if” part was proved
in [5)

Definition 4. For worlds w,v and tuples of individuals in them we write
(v,d) Zpyp (w,€) if (M, v,d) is m, n-equivalent to (M, w,e).

These theorems can be used analogously to their use in classical model
theory. For example,

Proposition 5. If an intuitionistic theory T' containing the constant domain
aviom is such that for every its Kripke model M (v,d) =1, (w,e) implies
(v,d) 2o (w,€), then T is decidable.

Proposition 6. The intuitionistic theory of decidable unary predicates with
the axiom of constant domains is decidable.

Proposition 7. The intuitionistic theory axiomatized by
VaVy(e <yVa=yVaz>y)

VaVyVz(z <y Ay < z = x < 2)
Ve=(z < x)
VaVy(z <y — Jz(z < 2z Az <y))

coincides with the classical theory of dense linear unbounded orders.

Proof. (Sketch) Let us denote our theory by DLO;,; and its Godel translation
by DLOyy0q (see [4] for the definition) of it. One can show that it admits
the elimination of modalities, that is, there exists T' D DLO¢ such that T =
DLO,,0q4- Since DLO; is complete, T = DLO, and it is easily seen that
intuitionistic theory DLO;,; is also entailed by T. O
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Simulation of tree-like and dag-like propositional proof
systems

Kozhemiachenko D. A. (Moscow)

Simulation of proof systems has been studied since the thesis of Reckhow [4]
and even earlier. The main result provided in his dissertation was that natural,
sequent and Frege proof systems polynomially simulate one another. Reckhow,
however, considered only calculi with proofs in the form of directed acyclic
graphs (dags). In 1989 Krajicek proved in [3] that tree-like and dag-like Gentzen
systems polynomially simulate one another which meant that tree-like and dag-
like natural deduction systems also simulate one another polynomially.

Our aim is to provide speedups of dag-like calculi over tree-like ones for
Gentzen and natural deduction.

We use a standardly defined propositional language. Letters A, B, ... des-
ignate arbitrary formulas, letters I', A, ... designate arbitrary finite sets of for-
mulas and subscripts dag and tree designate forms of proofs.

Definition 1. Natural deduction — ND
ND has the following rules of inference (subscripts ¢ and e stand for “intro-
duction” and “elimination”).

LA B ANB ANB A B
Ne=aap T 2 Vil B V2 AvE
=y A ADB
B
A TA 4] [B] 4]
A -A e A V AV B C C o, B
-B (BeTUA) ¢ C ‘'ADB

An ND-proof is a tree (dag) of formulas; any formula may appear at a leaf,
as a hypothesis. Various inferences may close or discharge the hypotheses; in
a completed proof all hypotheses must be discharged and the proof is a proof
of the formula appearing at the root node at the bottom of the tree (dag). Hy-
potheses discharged by an inference are shown in square brackets. —; discharges
any hypothesis introduced above A or —A.

Length of ND-derivation is equal to the number of formulas therein. We
write F\%A if there is an ND-derivation of A from I' with length no more
than n.

Definition 2. Gentzen-style sequent calculus — PKT
We use the definition of this calculus as it is given in [2]. PKT uses sequents
of the form Ay,..., A, — By,..., By, and the following rules of inference.
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5 r—-06,4 B, I' - © 5 AT —-0O.,B
! A>BTIL -0 "T50,4A>B
N A B I' -0 N r—-e4 r-oe,B
""ANBT o6 T I 50,AAD
v AT —- 0O B, I' - © v r -06,A,B
! AVBTI -0 "T50,AVB
_ r-e,4 _ AT -0
"TAT, 50 "To-46
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A,D,C,T - © r -06,D,C A r-6e,D DI—-6

ut

ElACDP—>@ ETF—>@,C,D,A r-oe

A PKT-proof of a sequent I' — A is a finite tree (dag) whose nodes are
sequents, whose root is I' —+ A and is written at the bottom, whose leaves
(initial sequents) have form A — A, such that each non-leaf sequent follows
from the sequent(s) immediately above by one of the rules of inference given
above.

Length of a PKT-proof is equal to the number of sequents therein. We will
write F|¥A if there is a PKT-proof of I' — A length of which is no more
than n.

We will also, following Buss and Bonet [1], consider a version PKT* of
PKT calculus where we do not count steps inferred by rules W;, W,., E;, E,
and Cy, C,..

One can prove the following theorems.

PKTdag D.

Theorem 1. F\NDd“g D =T+

Theorem 2. If I‘|PKT°“’9D then there is such TV C T that F’|NDd“9D

Theorem 3. F\%D = I‘|1g?:§)eD

Theorem 4. F}PK}:"“Q D= FIPE(T,H;E D.

Theorem 5. F}PK}:‘“Q D= F{Pg(T‘g“)“

Theorem 6. If F|PKT”“D then there is such I C T that F’|PKT‘“9D
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Realizability Semantics for the Predicate Formulas Based
on Generalized Computability

Konovalov A. Yu., Plisko V. E. (Moscow)

We consider semantics of the predicate formulas based on various versions
of realizability for extensions of the language of arithmetic L 4.

In [1, § 16.8] a hierarchy of the hyperarithmetical relations is described. For
every natural number n in the system of notation for constructive ordinals O a
set of natural numbers H(n) is defined: H(1) = @; H(2") = (H(z))" ifn € O,
where ’ is the jump operation; H(3-5") = {c(u,v) | v <0 3-5" and u € H(v)}
if 3-5™ € O, where c is a numeration of the pairs of natural numbers. Let Lg,
be an extension of L4 by adding a unary predicate symbol H,, (n € N). The
language Ly (L) is the union of the languages Ly, for alln € O (n € N).
Finally, the language Lo is obtained by adding a unary predicate symbol O
to the language Ly. Let L = {La,Ly,Lo} U{Ly, | n € O}. The standard
interpretation N of the language L 4 is extended to other languages in £: H,(z)
means ¢ € H(n) if n € O and is false otherwise; O(z) means z € O. Let a
gbdelean numering of the formulas of Lo be fixed. Thus for every formula ®
of the languages in L its godelean number is defined. Let ®. be the formula
with the godelean number e. If L € £, then IX | is defined as the set of the
gbdelean numbers of the L-formulas with free variables y, z1,...,x,. If L € L,
then every L-formula ®.(y,z1,...,7,) defines an n-ary partial function pl-"
in the following way:

gpeL’”(ah e an) =bENEDO(bar,...,a,) & (Vy < b) " DPe(y,a1,...,an).

The relation “a natural number e L-realizes a closed Lo-formula ®” (er? @) is
defined inductively:

erl =9 = p if p is an atomic formula (including T and 1);

erl (@& V) = e =c(a,b) and arl @, brl ¥;

erl (® Vv ¥) = (e =c(0,a) and ar” ®) or (e = c(1,b) and br ¥);

erl 3z ®(x) = e = c(a,b) and ark ®(b);

ertvz (® — ¥) = e € Il , and VZ,s(srP @ = oIt (z,s)rk ¥), where
T=2x1,...,2, and n > 0;

erl vz ® = erl vz (T — @) if 7 is a non-empty list of variables, the formula ®
does not begin with the quantifier V, and — is not the main connective in ®.
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A closed formula @ is called L-realizable iff there exists a natural number
e such that er” ®. As every one of the languages in £ is a fragment of Lo, the
notion of L-realizability is defined for the formulas of these languages too.

For every L € L, it is easy to prove that an L-formula & is L-realizable iff
N = @. At the same time the following propositions hold:

1) if L is one of the languages L4, Ly, (k € O), Ly, then there exists a
closed Lo-formula such that 9t = ® but @ is not L-realizable;

2) if L is one of the languages L4, Ly, (k € O), then there exists a closed
Ly-formula such that 9t = ® but ® is not L-realizable.

We define an n-ary generalized predicate as an arbitrary total function of
the type N* — 2N, We say that a generalized valuation f of a predicate formula
A(Py, ..., P,) is given if every predicate variable P; (i = 1,...n) is associated
with a generalized predicate f(P;) of the same arity. Let L € £. The relation
“a natural number e L-realizes a predicate formula A with the constants in
N relative to a generalized valuation f” (e r}: A) is defined inductively in the
same way as the relation er” ® for the formulas differing only in the case of an
atomic formula. Namely,

erf P(ai,...,an) = e € f(P)(a1,...,an).

A closed predicate formula A is called absolutely L-realizable iff for every gen-
eralized valuation f there exists e such that er¥ A. It can be proved that if
L € L, then the formula Vz (P(z) V =P(z)) is not absolutely L-realizable.

Theorem 1. If L € L, then there exists an absolutely L-realizable predicate
formula which is not deducible in the intuitionistic predicate calculus.

The basic predicate calculus BQC was introduced by W. Ruitemburg [2]. Tt
deals with sequents of the form A = B, where A and B are predicate formulas.
A predicate formula A is said to be deducible in BQC' iff the sequent T = A
is deducible in BQC'.

Theorem 2. If L € L, then every closed predicate formula deducible in BQC
1s absolutely L-realizable.
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IlepeBoa Tpa UIIMOHHOI HETATUBHOI CUJIJIOTUCTUKU B
MOJAJIbHYIO JIOTUKY

Kpacrnenrosa A. B. (Mockea)

We introduce a modal system S5* that describes the traditional neg-
ative syllogistics formulated by A.A. Ilyin [1]. Theorems of so-called
equivalence of translations are proved, and the complexity bounds for
the traditional negative syllogistics are established.

Onpepnesenne 1. Ilycrs P, S — tepMusbl nim ux orpunanusi. Popmysisl Tpa-
JIIIMOHHO HeraTHBHOM CHJIJIOTUCTUKA CTPOSITCH U3 aTOMapHbIX dopmys SaP
(«Kaxgprit S ectb P»), SeP («Kaxzpii S we ects P»), SiP («Hekoropsre
S ects P»), SoP («Hekoropsie S ne ects P») ¢ momompio OyseBbIX CBA30K
CTAH/IAPTHBIM 00PA30M.

Axcuomaruka NT'S, copmysuposannas A. A. Wibuasiv  [1], Takosa:

0. Bce TaBrosiornn KJIB.

1.SaP — SiP

2.5iP < PiS

3.5a8

4.(MaP & SaM) — SaP

5.5eP <> ~SiP

6.SaP < —SoP

7.SaP ¢ ~SeP’

8.5iP «» SiP"

IIpasuio BeiBOgA: MP.

Cucrema NT'S akcnmoMaTu3upyer CHJLIOTUCTHKY C HEITyCTHIMU U HEYHHUBEP-
CAJIbHBIMU TEPMUHAMU.

M. H. BexanumBuan u JI. 1. MyemmmmBuin mpeajIoKuIn CIeayonui ee
[IepPeBoJ B OJJTHOMECTHOE UCUUCIIEHNE TTPEJIMKATOB, COXPAHSIONIII BEIBOIMMOCTD
dbopmy (em. [1]). YKasaHHBIH €pEBOL OCHOBBIBAETCSI HA TaK HAZBIBAEMOM (DYH-
namenTajgbHoM nepesogie I. B. JleiiGuuna L (L(SaP) := Va(S(x) — P(x)),
L(SeP) = VYx(S(x) — —P(z)), L(SiP) := Jz(S(z) & P(z)), L(SoP) :=
Jx(S(x) & —P(x)), L(—A) := =L(A), L(AoB) := L(A)oL(B),rne o € {&,V, —
}, A, B — bopMysibl) U yIUTHIBAET HEMYCTOTY W HEYHUBEPCATBHOCTH TEDMHUHOB
NTS.

[epeiinem k dopmysmpoBkre mMojaabhoi cucremsr S5* . Ilycrs oneparop
[0* obosHauyaeT yHHUBepCaIbHYIO MoOjaabHOCTL. OupenesnM nepepos 1 cuiiio-
FUCTUYECKUX (POPMYJI B MOJAILHBIA SA3BIK.

Onpepenenne 2. T(SaP) :=0"(s — p), T(SeP) :=O*(s — —p), T(SiP) :=
0*(s&p), T(SoP) := 0*(s& —p) u T KOMMYTHDYET € IPONO3UIMOHAILHBIME
ceaskamu, T.e. T(—A) := =T (A), T(Ao B) :=T(A)oT(B), tuie o € {&,V, —},
A, B — dopmybl.
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Cucrema S5* ornpeesisieTcst CJIeIyonumM 00pa3om:

A1l. Bce TeopeMbl MOIAIBHON cucTEMBL S5.

A2. O*p (memycroTa OIEHKU MPOU3BOJILHOM MPOMO3UIMOHAILHON epeMeH-
HOI1; COOTBETCTBYET HEILyCTOTE IIPOU3BOJILHOIO CUJIOTUCTUIECKOIO TEPMUHA).

A3. O*—p (HeyHUBEPCAIBHOCTD OLNEHKH IIPOU3BOJILHON IPOIO3UIMOHATIBHON
[IePEMEHHO; COOTBETCTBYET HEYHUBEPCAJIHHOCTU TPOU3BOJBHOTO CHJIJIOTUCTH-
YEeCKOTO TEPMUHA).

3/1ech p 0603HAYAET TOJBKO POU3BOJIBHYIO MPOMO3UIINOHAIBHYIO [TEPEMEH-
HYIO.

ITpasuia BeiBoma: MP (Modus ponens).

OmpenenuMm A3bIKOBOM (bparment cucrembr F1S5*.

1. Bece monasbubie opmyast suga 0% (p — q), 0*(p& q), tae p, ¢ — npous-
BOJIbHBIE TIPOMIO3UIMOHAJIbHBIE TIEPEMEHHBIE WJIM UX OTPUIAHUS, IPUHAJIIEXKAT
FS5*.

2. Bce 6ysieBbr koMOuHamu gopmyst u3 m.l. npunagzexar FS5*.

3. Huuro unoe mne npunasiexur FS5*.

Samerum, uro mepesop, T’ 6buektuBen. Ornocurensuo dparmenta F.S5* cu-
creMbl SH5* crIpaBeIUBbI CJIE/YOIIIE TEOPEMBbI:

Teopema 1. Onpedesernniii sviuse nepesod T ecaxotc meopemv, NT'S aeasn-
emca meopemoti S5*.

Teopema 1 q0Ka3bIBaeTCS ITyTEM ITOCTPOEHUsI BBIBOJIOB B S5™ J1jIsl 11epeBOI0B
Bcex akcuoM NT'S .

Teopema 2. Kaotcdas meopema S5%, npunadiestcausan A3vkko80my @pamer-
my FS5*, asasemcea modarvrvim nepegodom T coomeememeyrouseti meopemovt
MPaduyuorHol He2amueHol CUAN0ZUCTIUKLU.

Ormernm, aro Teopema 2 TOKA3BIBAETCS C UCIOJIb30BAHNEM YKA3AHHOTO BbI-
IIe TIePEBO/Ia, CHJLUIOTUCTHIECKNX (DOPMYJI B OJHOMECTHOE UCUHUCIICHUE IIPEJIH-
KATOB, & TAKYKE C MOMOIIBIO CTAHJIAPTHOTO IMIEPBOIOPSIIKOBOIO MEPEBO/IA MO-
JAJIbHBIX (DOPMYJI B OJIHOMECTHOE MCUHC/IeHNE IPeuKaToB. JIoKa3biBaeTcst K-
BUBAJIEHTHOCTh JIAHHBIX II€PEBOJIOB st (OopMyJi, nmpuHaexanmx FS5* u
COOTBETCTBYIOIINX UM CUJIOTUCTHIECKUX (DOPMYII.

Crenyromas TeopemMa OMucbiBaeT cJoKHOCTb NT'S:

Teopema 3. IIpobaema 6vimosrumocmu 0 custsozucmuveckur popmyn NP-
noawna. Ilpobaema svieodumocmu cuarozucmuveckur gopmyns Co-NP-noana.

Bepxmss onenka ycTaHaBIMBaETCs IIyTEM CBEICHUSA TPOOIEMBI BHIBOIUMO-
cru B S5 K aHaJOrM4HOU IpobJieMe Jjist cucTeMbl S5, sl KOTOPOH CJIOXK-
HOCTHbBIE OIIEHKU YK€ M3BECTHBI, a HUXKHSS — IIOCPEJICTBOM MOJETMPOBAHUS
po0JIEMBI BBIIOJIHUMOCTU OYJIEBBIX (hOPMYII.

JNlutepatypa

[1] Wmpua A. A. Tpaduyuonnas CusI0ZUCTIUKG C OMPUUATMEALHBIMYU MEPMUHAMU.
// Jlormaeckme nccnenosanms. M., 2011.
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O MOAe/IMPOBAaHUM 3HAHNA B COIIMAJIBHBIX CEeTAX
Kpyncxui B. H. (Mocksa)

We introduce a topological (neighbourhood) semantics for intuition-
istic epistemic logic and demonstrate how it can be used to model the
knowledge in social networks. We establish that the logic IEL (S. Arte-
mov, T. Protopopescu, 2016) is sound and complete with respect to it and
prove the complexity bound: IEL is PSPACE-complete. The soundness
and completeness results for the extended system IELT that corresponds
to a special case of a a network with licensed bloggers are also established.

ITycre X — (KOHEYHOE) MHOXKECTBO BCEX MOJIb30BATEJEH HEKOTOPOI coIu-
aspHoit cetn (Facebook, LiveJournal u .i1.). B mpomecce obmieHnst B ceTrt moJIb-
30BaTes I O6MEHUBAIOTCA HHBOPMAIHEii, IPEJCTABICHHON! B BUJE BHICKA3bIBA-
uuii. Ho BecbMa COMHUTEIIBHO, UTO B pe3y/IbTaTe TAKOTO OOIIEHHST YIAeTC yCTa-
HOBHUTb UCTUHHOCTB WJIN JIO)KHOCTb 9THX BBICKA3bIBAHUI. YTBEDIKIEHUS B CETH
06pacTaroT CBUIETENBCTBAMHE, IOJAPOGHOCTSME, KOMMEHTAPUSIM, HAIIPABJICHBI-
MH H& TO, YTOOBI IOJB30BATENN NOGEPUAL 6 UCTNUHHOCINYG COOTBETCTBYIOIIHIX
BbIcKa3bIBanuii. OCHOBHAA Ie/Ib — yOEUTh, & HE YCTAHOBUTH UCTHHY.

Ipeygraraercs B 0CHOBY (POPMAJIM3AIMN BMECTO IIPEUKATA HCTHHHOCTH I0-
JIOKUTH G0JIee CJIOMKHBL IPEAUKAT YEEPEHHOCTIU 6 UCTNUHHOCTIVS

zl-F << “xysepen, uro F BepHO.

V06exK IeHHOCTh BOBHUKAET B PE3Y/IbTaTe 00CY K IeHNS BHICKA3bIBAHIS U BCEX
CBUJIETE/ILCTB HEKOTOPOH Irpymmoit moab3oBaTeseit U, BKIo4daomeit B cebs .
Ecnu Bce onn npuayT K yoexienuio, 9to F' BepHO, TO, B YacTHOCTH, X |- F'.

Homnymenne 1 (Comueparonmecs: nosb3osarenan). O6paTHOE TOXKE BEPHO:
zlk F & 30U,y € Uy(y IF F). Ecan Takoil rpynnsl HET, TO Y I10J30BATEIsI
T HET OCHOBaHWS OBITH YBEPEHHBIM B BEPHOCTH BbicKasbiBanus I, r.e. x | F.
[Ipu sTOM OH MOXKeT mpesrosaraTb F' BEPHBIM, HO COMHEBATHCS.

Kaxpas rpymna U umeer nemycroe noamuoxkecrso E(U) C U «asropu-
TETHBIX» OJIOITEPOB. DTO MCTOYHUK WHMOPMAINY, HHUIHATOPHI 00CY K JICHUIH;
OCTaJIbHBIE MTOJIH30BATEN TOJBKO YUTAIOT U KOMMEHTHPYIOT. DyHKIHUS BHIOOPA
E sanaer oneparop suanusg K: z |- KF < 3U,Vy € E(U,) (y IF F). Tem
CaMbIM, YBEPEHHOCTb B 3HAHUU OOECIIEUMBAETCSI €JIMHBIM MHEHHEM BCEX aBTO-
pureTHbIX Gorrepos rpynubl. [Ipumepamu Boibopa F(U) MOIyT CIyKUThb:

e wieHbl rpynnsl U, nMmeromue noanucInkos B U

® WIEHbI I'PYIIIbI, JINIEH3UPOBAHHBIE BIACTAMU  (JOJKHBI IIPUCYTCTBO-
BATh B KaXKJI0ii rpye).

Honymenne 2 (Monoronuocrs). Asropurer, «3apaboranublii» B rpyiiue U,
JIOJZKEH Tpu3HaBaThesl Becemu rpynmavu V 2 U: U CV = E(U) C E(V).
(TTpuBeieHHBIE TIPUMEDPDI YIOBJIETBOPSIOT TOMY YCJIOBUIO. )
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IIycTts 7 — MHOXKECTBO BCeX I'DYIIIL, T.€. KOJJIEKTUBOB JJIsi COBMECTHOTO 00-
cyXkjenus. B KadecTBe HAYAJIBLHOTO MPUOJIUKEHUST MOXKHO CUUTATD, UTO ITO
BCe COODINECTBa, 3aperuCTPUPOBaHHbIE B CETH, XOTsS JJjisl OOJIBINUX ceTeil 9To-
0 HEJOCTATOYHO, T.K. B KOHKPETHOM OOCYKIIEHWM yYIaCTBYIOT OOJiee MeJIKue
KOJUIEKTHUBBI To/ib3oBareseit. Hanmpumep, Texnudeckn ymo0HO CUMTATH HEILY-
CTBIE TIepecedeHns JBYX IPYII HOBBIMHU IpyliiamMu. Bosee obiee momymieHne
cJIeIyIonee:

Homynienune 3. 7 obpasyer 6a3y Tomojornu Ha X.

B npunsarsix jgonymenusx tpoiika (X, 7,lF) okaspiBaercss KOHEUHOil TOIIO-
JIOTMIECKON MOJIEJIbI0 MHTYUIIMOHUCTCKOIO MCYMCIeHusl BbickasbBanmii IPC, a
CTAaHIAPTHOE JJIsi TaKUX MOJIeJIeil IPOIOoJI?KeHe OTHOIIEHNs |- Ha, coOCTaBHBIE
BBICKa3bIBaHUS obecriednBaeT BbimosiHenue Jlomyrienust 1 Jjis Bcex MPOIO3U-
MUOHAJIBLHBIX hopmys F.

Jlobasiienre MOHOTOHHON (pyHKIUHN BbIOOpa F TpUBOANT K KOHETHOIT TOIO-
sorudeckoit (okpectrocTHOH) Mozenu (X, 7, Ik, F) MOZaIbHOTO S3BIKa € Omepa-
TopM 3HaHUst K . MBI MOKa3bIBaeM, UTO KJIACC BCEX TAKUX MOJIE/IENl COOTBETCTBY-
€T MHTYUIIMOHUCTCKOM smrcreMuyeckoii jjoruke |EL, npepnoxennoit C. Apremo-
BoiM u T. IIporononecky [1]. Cucrema |EL aBisiercs pacmupenuem ucauciienust
IPC cireyrormumm akCHOMAaMM:

K(F —»G)— (KF - KG), F—KF, KF — —F

Teopema 1. Jlozuxa |IEL xopppexmna u noarna omnocumenvHo xaacca 6cex
KOHEWHBIT MONO0A02UECKUT MOJeAeT MOOGABHOZ0 A3BIKA.

Cucrema IELT momywaercs noGasmennenm k |EL axcmomsr KKF — KF.

Teopema 2. Jlozuxa |ELT kopppexmua u noana ommocumensro xkaacca 6cex
KOHEWHBIL MONO0A0UNECKUT MOJenel MOJaAbHO20 A3BIKA ¢ PYHKUUAMU 6b1OODa
suda E(U) = UND, 2de D — acrody naommoe nodmmooscecmeo X (mmoscecmeo
AUUEHUPOBAHHBIT OA022eP08).

Teopema 3. Jlozuka |IEL asasemcs PSP ACE-noanot.

Teopewmst 1, 2 mosydeHb! JOKIATINKOM coBMeCTHO co cryaenToM B. C Moro-
JIBITUHBIM; TeopeMa 3 MPUHAICKHUT JTOKIAIInKy. I mokasaTe bcTBa BEpX-
Hell OIEHKH CJIOXKHOCTH TIPEJJIOYKeHO dKBuBasieHTHOE |EL cexBenmmasibioe uc-
qucsienne 6e3 nmpaBuia cedenust (cM. [2]), I7Ist KOTOPOTO TIOUCK BBIBOJIA YIAETCST
OCYIIECTBUTDH HA MOJIMHOMUAJBHONU TTAMSITH.

Jlutepatypa

[1] Artemov S., Protopopescu T. Intuitionistic Epistemic Logic // The Review of
Symbolic Logic. 2016. T. 9, Ne2. C. 266-298.

[2] Krupski V.N., Yatmanov A. Sequent Calculus for Intuitionistic Epistemic Logic
IEL // S. Artemov and A. Nerode (Eds.), Logical Foundations of Computer
Science, LFCS 2016. Lecture Notes in Computer Science. 2016. T.9537. P. 187—
201.
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On realizability semantics for independence friendly logic

Odintsov S. P., Speranski, S. O., Shevchenko, 1. Yu. (Novosibisrsk,
St-Petersburg, Novosibirsk)

We suggest realizaibilty interpretation for Hintikka’s independence-
friendly first-order logic (IF-FOL for short) starting from the so-called
‘trump semantics’ for IF-FOL discovered by Hodges. We prove that the
resulting realizability interpretation for IF-FOL extends Nelson’s realiz-
ability interpretation restricted for the implication-free fragment of FOL
in an effective way.

Independence-friendly first-order logic and its compositional semantics

Assume that our language for first order logic (FOL) contains the connective
symbols V and —, and the quantifier symbol 3. In this paper we consider only
the standard model N = (w,sN, +N ~N,ON> of Peano arithmetic. Let Assign
denote the set of assignments in w defined on finite sets of individual variables.

The language of independence-friendly first-order logic (IF-FOL for short)
by Hinkikka (see [1]) admits formulas ¢ V\ x ¥ and 32\ X ¢, where X is a finite
set of individual variables, instead of ¢ V ¢ and Jz¢. Identifying ¢ V 1 and
3z with ¢ V\g ¢ and J2\@p we consider IF-FOL as an extension of FOL.
Compositional semnatics for IF-FOL was developed by Wilfrid Hodges [2, 3]
and deals with sets of assignments.

A team is a set T of assignments in N that have common finite domain
dom(T).

For a team T, A C w, and f: T — A, we define Tz, A] = {s(z\a): s €
T,a € A} and Tz, f] = {s(z\f(s)): s € X)}.

If s and s are assignments, and X is a set of variables, we write s ~x s’ iff
s and s’ have the same domain and agree on dom (s) \ X.

Let T be a team and X a set of variables. A function f : T — w is called
X -uniform if for all s and s’ in T, s ~x s’ implies f(s) = f(s'). A cover
{T1, T2} of T is called X -uniform if for all s and ¢’ in T, s =x ¢’ and s € T;
imply ' € T; ,i=1,2.

We denote the set of all X-uniform functions from T to w as F (T, X), and
the set of all X-uniform two-element covers of T as C (T, X).

For any team T and IF-FOL-formula ¢ with Free (¢) C dom (T), we in-
ductively define the relations N, X =/ ¢ and N, X ;. ¢ as follows (where a
stands for an atomic formula).

N, TE!a iff N,s|=a for each s € T}
N, TEf ¢ Vi\x 0 iff N, Ty =} ¢ and N, Ty = 0
for some {T},T2} € C (T, X);
N, T/ 32\ X o iff N,T [z, f] = ¢ for some f € F(T,X);
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N, T~ iff N, Tk 0

N, Tk« iff N, s« for each s € T
N, T4 Vi x 0 iff N,T =, ¢ and N, T =5, 6;
N, Tl=7 32\ X 1 iff N, T [z,w] =5 ¢

N, Tk, iff N, T =/ 4.

Nelson’s realizability and trump realizability

Here we recall the definition of realizability semantics suggested by David
Nelson in [4]. Due to our goals we restrict it to the language without implica-
tion.

Now for any e € w, assignment s in N and first-order arithmetic formula ¢
with F'V (¢) C dom (s), we inductively define relations e ® s, ¢ and e@®@ s, ¢ as
follows (where « stands for an atomic formula).

Positive realizability (®:

e®s, a iff e=0and N,s | o
e@s, oV iff either e =[1,k]
where k(®) s, ¢, or e = [2, k] where k® s, 1;
e®s, Iz iff e=[n, k| where k® s (z\n), ¢;
e®s, ¢ iff e@s,o.

Negative realizability ):

e@s, o iff e=0and N,s £ q;
e@s,dVp iff e=[n,k] where n@s, ¢ and k@ s, v;
es, Iz ¢ iff forallneN, pe(n)®s(z\n),¢;
e@ s, ¢ iff e®s,o.
Here [, ] : wXw — w is some primitive recursive pairing function and ., e € w,

denote some Kleene enumeration of all computable functions. Moreover, keep
in mind that if g (n) @ s, or pe (n) @) s, ¢, then n must be in the domain of
He-)

It is possible to transform Nelson’s realizability relations to relations
e®,, T, ¢ and e®,, T, ¢ between numbers, teams, and IF-FOL formulas so
that they agree well with Nelson’s realizability on FOL-formulas. If T is a
team and u,, is the characteristic function of T, we call m an index of T.

Proposition 8. There exist computable functions TRT and TR™ such that for
any e € w, any team T, any index m of T and any FOL-formula ¢ with
FV (¢) C dom (T), the following hold:
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pe (8)® s, ¢ for each s €T <= TR' (e,m,0)®),, T, ¢,
pe (8)@s, ¢ for each s€T <= TR (e,m,¢) W, T, .

Proposition 9. There exist computable functions NR™ and NR™ such that for
any e € w, any team T, any index m of T and any FOL-formula ¢ with
FV (¢) C dom (T), the following hold:

e®t'r T, ¢ — MNR+(e,m,¢)(8) ®S, (ZS fOT‘ each s €T,
e@;, T, ¢ <= far—(e;m,e)(5) W s, ¢ for each s € T.
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Bropast Teopema I'é nesisi o HenmostHOTE 63
apudmMeTuszanumn

Iaxomos @. H. (Mocksa)

In the talk we will present a new generalisation of Godel second
incompleteness theorem. We give theory Syn(Q2) that talk about first-
order formulas of a given signature (2. We prove Diagonal Lemma and
Godel second incompleteness theorem for all theories T that interpret
theory Syn(€2), where Q is the signature of T. We note that unlike
more standard approaches that are applicable only to some arithmetical
theories (or theories that interpret certain arithmetical theory), our
approach is applicable to a wider class of theories — all theories that
interpret the theory of pairing function on an infinite domain.

B mmpoko m3sectHoit pabore K. T'éaemns [1] Teopembl 0 HemosHOTE ObLIM
chOpPMyYIMPOBAHDI JIJIsi KOHKPETHOM TEOPUH, ABJISIIONIEHCS BAPUAHTOM CACTEMBI
Principia Mathematica. Eme cam I'éness 6e3 mokazarenscrsa B [1] ykasbiBas
H& TO, YTO TEOPEMbI MMEIOT MECTO JJIsl IMUPOKOTO KJacca Teopwuii. B pesynbrare
pa6ot 1. T'uns6epra u I1. Bepraiica [2], a satem M. X. JI€6a [3] 6b11m paspabo-
TaHbl €CTECTBEHHBIC YCJIOBHA Ha IPEJUKAT JOKA3YeMOCTH, UCHOJIb3yeMble JIJIsI
6oJtee 001X (POPMYJIMPOBOK BTOPOI TeopeMbl [ €/1eJist O HEIOJIHOTE.
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YesoBus I'miib6epra-Bepnaiica-JIé6a Ha upexukar jpokaszyemocru Pro(x)
OTHOCUTEJIFHO T€OPHUH | :

1. T+ Asreger T+ Pro("A™);

2. TFPrv("A— B7) — (Prv("A™) = Pro("BT));
3. TE Pro("A™) = Pro(Pruo("A™)).

3nech " A7 obosnauaer rémenes Homep (opmysibl A.

Apudmernka Poburcona Q — 5To Teopus mosydaeMasi IMyTeM OIMYCKaHWs
CXeMbl HHIIYKIMH B CTAHJAPTHON akcmomaTusanun apudmernkn [leano PA [4].
[Ipumenenne texumku [€71es1s1 MOKAa3aTEIBCTBA BTOPOIl TEOPEMBI O HEIIOJTHOTE
[MO3BOJISIET YCTAHOBUTD, YTO JJIsl BCSIKOTO pacinupenust 1 Teopuu Q u mpeauka-
ta Pro(z), yrosaersopsiomero ycuousM [unnbepra-Bepnaiica-JIé6a orHocu-
renbHO T, B T Hegokazyemo npeyoxkenne —Pro("—Vz(x = x) ') (dbopmannsza-
I yTBep:KaeHns: o Henporusopednsocth) [5, Pazmen B.II1.2(c)|. Ananorma-
HOE MOXKeT OBbITh JIOKA3aHO U JIJIsl Teopuil mHTepripeTupyoommx Q.

OrmernM, uTo HauboJIee CyIecTBeHHBIM CBONCTBOM Q, UCITO/IB3YEMBIM B 9TO
paccyKieHue, BT s UMEIOIas MeCTo Jist Q TeopeMa O HEMOBUKHON TOYKE
U, B 9aCTHOCTH, TO, YTO MOXKHO HOCTPOUTH HEOOXOJUMBIE JIJIsl JIOKA3ATEIHCTBA
BTOPOii TEOPEMBI O HEIIOJIHOTE HEMOABMAKHBIE Toukn: Q - S <» = Pro("S7).

B namHoM sokmmazie OyJeT paccKazaHO O HOBOM IIOJXOJE K PaCIIUPEHUIO
KJIacCa TeOpHil K KOTOPOMY IPUMEHUMa BTOpasl Teopema [€1eJisi 0 HEIOJIHOTE.

Jlyist KaxK 10 KOHEUHOH NPeIUKATHOW CUTHATYPBI ) MBI OIPEIEesIIeM TeO-
puto Syn(£2), SBJIAIONLYIOCS HEKOTOPHIM BapUAHTOM TeOpuH (hOPMAIU3YIOIIel
paboTy ¢ MEePBOMOPSIKOBBIMU (DOPMYyJIAMU CUTHATYPHI ) B TepMUHAX BEpXHENH
cBas3ku dhopmysbl. [Ipu 970M 0oT™MeTHM, UTO Kaxkias U3 Teopuii Syn()) B3aumuO
MHTEpIpeTupyeMa ¢ Teopueil pyHKIuN mapbl Ha O€CKOHEYHON 00JIACTH.

IIycts mana Teopust T KOHEYHOH NPEAMKATHON CUTHATYPBI §) JJIsT KOTO-
poii dukcuposana unrepuperaius reopun Syn(2). g Takoit T BMecTo Toro,
9TOOBI CTABUTH B COOTBETCTBHE (hOPMYyJIaM CUTHATYDHI () UX TEIeIeBbI HOME-
pa, MbI CTABUM UM B COOTBETCTBHE WX OIPEJEJIEHUS B PAMKAX HHTEPIIPETAINN
reopun Syn(§)) — mist KaK/0il 1epBOIOpsiIKOoBOil dhopmysbl A curnarypst §)
ecTecTBeHHBIM 00pa3oM crpourest hopmyna Def(x), eipaxkatomas B T TOT
dakt, aro B = aBisierca obosnadenuem 1y popmyianl A. Sanucs A(TBT) aB-
nstercst cokpamienneM it Va(De fp(r) — A(z)). Mbl ycraHaBInBaeM TeopeMy
O HEIMOJABUZKHOI TOYKe JJI TaKUX TEOPU

Teopema 1. B meopuu T das kaoicdoti dopmyav, A(x) ecmov nenodsuorcras
mouka F: THF + A(TF™).

Wcnonw3yst TeopemMy 0 HEOJBUKHOM TOUKE, CTAHIAPTHBIM METOIOM MBI IO~
JiydaeM BTOPYIO Teopema ['€1esst o HermomHoTe:

Teopema 2. Ecau meopus T nenpomueopewusa u npeduxam Prv(x) ydosae-
meopaem ycaosuam uavbepma-Bepratica-JI€6a omnocumeavro T, mo

TV =Pro("=Vz(x = z)").
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Ormerum, 9TO TIpe/yIaraeMble HAMH YCJIOBHsI Ha TEOPUIO 3aMeTHO cjabee,
YeM cTaHgapTHble. B qacrHocTH, 1101 yesoBus TeopeM 1 u 2 nonasaer CntPair
— 3JIEMEHTapHAasl TeOPUsi KAHTOPOBCKOI (DYHKIMY TIAPbl Ha, HATYPAJIBHBIX IHC-
JIlaX B IpeIUKaTHOM s3bike. 3BectHo, uro CntPair paspemwmma [6], 9ro KoH-
TPACTUPYET C TEM, UTO BCsKasl T€OpHUsl MHTEpIpeTupyomas Q Hepaspermma.
Bupouem ormernMm, 4TO Teopema 2, IPUMEHUTEJHHO K IIOJHBIM TEOPUSIM U B
gactaoctu CntPair, Bieder 10, 9TO B 5TUX TEOPHUSIX HEBO3MOXKHA aJIEKBATHASI
dbopmam3anus MOHATUS JTOKA3YEeMOCTH, & UMEHHO JIJIsi 9THX TeOpHuil Jo0oit
upenukar Pro(x), ynosnersopsionmii yeaosuamM [minnbepra-Bepuaiica-J1é6a,
COOTBETCTBYET JIOKA3yeMOCTH B IIPOTHBOPEYUBON TEOPUM.
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K npobaeme Tabsmunoctu pparmenTos Jioruku Int, .
IIonoe B. M. (Mocksa)

We give a complete answer about the existence of finite characteristic
matrices of natural linguistic fragments of logic Int, ., which occupy
an important place among intuitionistically acceptable paralogics.

Jlaercss oTBeT Ha BOIIPOC O TAOIMYHOCTH €CTeTCTBEHHLIX JTMHI'BUCTHYCCKUX
dparmentos oruku Int, ). Dra JTorEKa SBIAETCA MOITOTHKOI HHTYHIIO-
HUCTCKOM MPOIMO3UNNOHAIBHON joruku Int n mMmeer ¢ meit obmumii A3bIK, KO-
TOPOii B KauecTBe JIOTUIECKHUX CBA30K CONEPYKUT TOJBLKO KOHDBIOHKIUIO, JU3Th-
IOHKIIMIO, MMILTHKaIuio u nerammo. Jloruxka Int, ) u3ydamach uim ucHosb-
30Basiach B psizie pabotr, Hanpumep, B [1], [2] u [3], pacnonararonmx 11oapos-
HBIM OIMCAHHEM 3TOif Joruku. 3amernym, uro B [1] moruka Int, ., mvenyercs
Int<0,w).

EcTecTBeHHBIM JIMHMBUCTUYECKUM (DparMeHToOM HIPOIO3UIUMOHAILHOM JIo-
rukn L, B s3bIKe KOTOPOH pOJIb JIOTUYECKHX CBA30K BBLIIIOJHSIIOT TOJIb-
KO KOH'BIOHKIHS, JUIBIOHKINHA, UMIIMKAIUS U Heralys, Ha3bIBaeM JI000il
u3 cleAyommx (pparMeHTOB JIOTMKH L: ee KOHBIOHKTUBHBIN (bparMeHt, ee
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JIM3bIOHKTUBHBIN (DPArMEHT, ee UMILTHKATUBHBIN (pArMeHT, ee HeraTHUBHBIHA
Cl)pal—‘l\/IeHT7 ee KOH’])IOHKTI/IBHO—,JII/IST)IOHKTI/IBHbeI (bpa.f‘l\/IeHT7 €€ KOHBbIOHKTHUBHO-
MMILINKATUBHBIA (pparMeHT, ee KOHBIOHKTHBHO-HEMaTUBHBIN (parMenT, ee
JIM3bIOHK TUBHO-UMILINKATUBHBIA (DparMeHT, ee U3 bIOHKTUBHO-HEIaTUBHBIH
dparMenT, ee WMILIHKATHBHO-HETATUBHBIA (DparMenT, ee KOHbLIOHKTHBHO-
JIM3bIOHK TUBHO-UMILINKATUBHBIA (DPArMEHT, €6 KOHBIOHKTUBHO- U3 bIOHKTHB-
HO-HEraTUBHBI (DparMeHT u ee JIU3bIOHKTHBHO-UMILTHKATHBHO-HETATUBHBII
dparmenT. BosHukaer BOIpOC O TOM, KaKWe U3 €CTeCTBEHHBIX JIMHI'BUCTHUYE-
cknx dparmentos joruku Int, ., TaGIMYHBEI, TO €CTh BOIPOC O TOM, KaKue
€CTeCTBeHHbIe IMHIBUCTHIeCKHe hparMenTst joruku Int , ) IMeroT KoHeunyIo
xapakTepucrudeckyo marpuiy. Onupascs Ha [5], [6] u [7], naem ciexyromuii
OTBET Ha ITOT BOIPOC: T€ U TOJHKO T€ €CTECTBEHHbIE JIMHIBUCTUYeCKHe dpar-
MenThI JToruku Int, ), KOTOpBIE IMyCTBI (TO €CTh ABJIAIOTCS MyCTBIM MHOKe-
crBoM). 3aMeTHM, UTO OTBET Ha AHAJOTUYHBIH BONIPOC Jisl MHTYHIMOHUCTCKOM
[IPOMO3UIMOHANBHOM Jloruku Int TakoB: Te€ U TOJIBKO T€ €CTECTBEHHBIE JINHTBH-
cruyeckne (pparMenThl JJOrukd Int, KaskJIbiii 13 KOTOPBIX MyCT WA SIBJISIETCS
KOHDBIOHKTUBHO-HETaTUBHBIM dparmernToM Jjoruku Int. Ilepeuncium Bce my-
CThI€ €CTECTBE€HHbIE JIMHI'BUCTUYIECKUE (bpaFMeHTbI JIOI'MKHN Int<w’w> . €e KOH'b-
IOHKTHUBHBIA (DparMenT, ee MU3bIOHKTUBHBIN (bparMenT, ee HeraTUBHBIN (par-
MEHT, €€ KOHbIOHKTUBHO- U3 bIOHKTUBHBIH (bparMeHT.

Paboma svinoanena npu noddeporcke PCH®, epanm M 16-03-00224a.
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Continuously Branching Time
Reynolds M. (Australia)

We discuss the idea of a model of time as continuous and branching towards
the future: a useful variant of Prior’s Ockhamist branching time logic of
historical necessity. We present a new complete axiom system and sketch its
completeness proof. It involves an interesting and novel limit closure axiom
schema.

CoorBercrBue Kappu-l'oBapsa ¢ Touku 3peHus
KOJIMOTOPOBCKOI CJIO2KHOCTU

Pozosun . (Mocxksa)

Kon MOropoBscCkasi CZ1OXKHOCTb 3ajav.

B caenyromux paborax [1] A.X. Ilens, H. K. Bepermarun, A. A. Myunuk
paccMOTpeH BOITPOC O TOM, KAKOBA, CJIOXKHOCTD OIMCAHUS PEIIeHus 335, T/1e
I0JT 3aJla9aMi I10/IPa3yMeBaJINCh MHTYUIIMOHUCTKYA BBIBOJIUMBIE TPOIIO3UIHO-
HaJIbHbIE (DOPMYJIBL, & IO/ UX PEIIEHUSIMU — JTBOMYHBIE KOJIbI MX Peasu3yOInx
(mo Ksmun [2]) HOMepOB.

B nmammom mcciemoBaHUM MPEIATAETCS CIIOCOD PACCMOTPEHUS 3324 KaK
THUIIOB B IIPOCTOM THUIIM3UPOBAHHOM JIsIMOJ/Ia~-MCUNC/IEHUH, & PEIleHus 38124 KaK
JIIMOTa-TepPMBbI, 3aCeISIONINe JaHHbIe TUIIBI. B CBSI3M ¢ 9eM MBI BBOJMM ITOHSI-
THe KOJMOTOPOBCKOM CJIOXKHOCTH THIIA KaK KOJIMOTOPOBCKOHN CJIOXKHOCTH OU-
TOBOI CTPOKHU, KOMUPYIOMIEH JISTMO/Ia-TepM, 3aCeIAIONUi TaHHBI TUI. 3aTeM,
OIMCAHHBIM BKPATIIE HUXKE CIIOCOOOM MBI MTOKA3bIBAEM, ITO KOJMOTOPOBCKAST
CJIO’KHOCTH THIIA C TOYHOCTBIO JIO KOHCTAHTBI paBHA KOJMOIOPOBCKOMN CJIOXK-
HocTH 3asadn B onpeneneHusx [lens-Bepemaruna-Myunuka. Huke onmcan
CJIEYIOIINIA CIIOCOO BBEIEHMST KOJIMOTOPOBCKOM CJIOKHOCTH THITA C HUCIOJIH30-
BaHUEM IIPEICTABJICHIEM TEPMOB II0 J¢ BpIoiiHy u mX ABOYHHBIX KOJOB.

Tepmoi de Bprotina [3] stistrorest ciocofoM TIpeIcTaBIeHnsT JAMOIa~-TePMOB
qepe3 yKa3aHUEe Ha BXOXKJEHUE CBs3aHHBIX [MEPEMEHHBIX, HO He Ha WX MMeHA.
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WNubivu cioBaMu, BMECTO HCIIOIB30BAHUS UMEH II€PEMEHHBIX Mbl HyMePYeM I1e-
peMeHHbIe TAKUM 00pa30oM, UTO 4ucjio k OyaeT 0003HaYATDH IIEePEeMEHHYIO, CBSI-
3aHHYI0 k-M JIIMOma-orepaTopoM. JIsiMOmga-TepMbl B JIAHHOM IIPeJICTaBJIEHUN
HOPOXKIAI0TCA CJICAYIONeil rpaMMaTUKOM:

ex=nlle|lee (1)

IIpumep Tepma me BproitHa:

SUCC := An.Af. \x. f(nfzr) = AAA1(210).

JsonuHoe KomupoBaHue TepMoB Je Bproiina, ciemyst JTxony Tpommy [3],
MBI OIIPEJIEJIUM CJIELYIOmuM 00pa3oM (B J0K/aje OyJer cpasy HpeicTaB/ieHa
peaJiu3alus JAHHOTO ajIrOPUTMa KojupoBanus Ha s3bike Ocaml):

1. n = 1"t1p;

2. W/\: 000M;

3. (M N):=01MN

O/IHO3HAYHOCTH JJAHHOTI'O KOJIUPOBAHMS JIETKO JIOKA3BIBAETCS] MHLYKIIUEH 110
oCTpoeHnto TepMa jie bproiina.

IIpu TakoM KOIMpOBaHWM YKA3aHHBINA BbINIE TepM Ji¢ BproitHa MOTyT OBITH
MIPEJICTABJIEH CJIEIYIONIeil OMTOBON CTPOKOI:

SUCC := An.Af.Az. f(nfz) = AAA1(210) = 000000011100111100111010.

Cnemyst Tpomiry, MBI MOXKEM OIPEJEJIUTh BEPXHIOKD OIEHKY JIJIsT KOJIMOIO-
POBCKOIi CJIO?KHOCTH JIBOUYHOTO TIPEJICTABIEHUs TePMA Jie BproitHa ciemyonmm
obpazom:

KS(z) <) +1(x) (2)

rme I = Ax.x, ToxkmecrBennas GpyHKIMs. TOXIECTBEHHAA (DYHKINS TMEET
o sie bproitiy Bug A0, cOOTBECTBEHHO, IBOMYHBIM KOIOM KOTOPOit 6yaer 0010,
TOIJIa BEPXHIOKO OIEHKY MOXKHO YTOYHUTH KaK:

KS(z) < l(z) +4 (3)

Jlajiee MBI pacCMOTPHUM CHCTEMY A_,, CUCTEMY IIPOCTOI0 THUIIM3UPOBAHHO-
ro JIAMOIA-MCYNC/IeHUsT ¢ KOHCTpYKTOopoM TumoB —. CoorBercrBue Kappu-
Toapaa [4], B cBoO 0Yepe/ib, YTBEPKIAELT, 9TO MEXKIY THIAMH 3aMKHYTHIX
TEPMOB, ITOCTPOEHHBIX IO IPABUIAM A_,, I HHTYUIIHOHUCTCKIMHU AMILIMKATHAB-
HaMU TeopeMaM§ MMeeTcsl B3aUMHO-OJJHO3HAaYHOE COOTBETCTBHE.

B A\_, Kaxplit THI 3acessieTcs TEPMOM €TMHCTBEHHBIM 00PA30M, TO € KaXK-
JIBIM U3 TAKUX TEPMOB MOYKHO aCCOIUUPOBATH €IMHCTBEHHYIO OUTOBYIO CTPOKY
(B crily OIHOZHAYHOCTHU MPEJJIOXKEHHOTO BBIIIE KOJAUPOBAHMS ), KOTOPAs sBJIs-
ercsi OMHAPHBIM IPEJICTABICHIEM COOTBETCTBYIONIErO TepMa Jie Bproitaa.

Omnpenenenne 1. Ilycte I' - M : %, tne M — naMmbaa-tepm, a 1) — Ipous-
BOJIBHBINA THIl. TOT/Ia KOJIMOTOPOBCKOM CJIOKHOCTHIO THUIA MBI HA30BEM KOJIMO-
TOPOBCKYIO CJIOXKHOCTH OUTOBOI CTPOKH, KOTOpasi sIBJISIeTCsl KOJOM Tepma M,
3aCEJISAIONIEro ¢:
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KS(¢) = KS(M) < (M) +4 (4)

Taxum o6pa30M, MBI MO2KeM OIIpee/INTh KOJIMOT'OPOBCKYIO CJIO2KHOCTD JIJId
CTPEJIOYHOI'O THUIIa:

KS(¢ — 1)) = KS(M) = KS(A — B) = KS(y|z) (5)

e M : v, A — B — nmminkatuBHas gopmyiia, gokazyemast B IPC, coorser-
crBytorias o Kappu-Tosapay tuny ¢ — ¢, rne x € A, y € B.

ITockobKY y KarK bl THII 3acejeH € JMHCTBEHHBIM TEPMOM, U KarKIbIil TepM
SABJISIETCS KOJIOM JI0Ka3aTeJIbCTBA COOTBETCTBYIOIIETO THUILY BBICKA3bIBAHUSI, C
OJIHOM CTOPOHBI, U, ¢ APYTrOfl CTOPOHBI, C KaxKJI0W MMIJINKATUBHON TeopeMoi
IPC moxkHO accormuupoBaTh €IMHCTBEHHBIN peaju3yroniuit ee mo Kinmun HO-
Mep, TO MBI MO2KEM YCTAHOBUTH TaKXKe OUEKIINIO MEXK/Iy THUIIM3UPYEMBIMHI B A_,
TepMaMK U HOMEPaMU, pPeaju3yoIIuMu UMILInKaTuBHble TeopeMbl IPC. JToka-
3aTeJIbCTBO JaHHOTO (hakTa OyJIeT MPEeJICTABICHO B JIOKJIAJIE.

Kak 6bL10 y2Ke cKazaHo, MPOM3BOJIbHALA 3a1aua (MU, UHTYHUIMOHUCTCKAS
TEOPEMbI) UMeeT CJIOKHOCTD, 3aJaHHYIO 110 oupeienenuaM Bepemaruna-ITTems-
Mywuruka. Torga cii0:KHOCTb COOTBETCTBYIOIINAX JTAHHBIM 33/[a<aM TUIIOB OyIeT
TaKOIl K& C TOYHOCTBIO 10 KOHCTAHTBI, YTO CJIenyeT u3 Teopembl Kosmoroposa-
CoJIOMOHOBA, KOTOpasi YTBEPXK/AET, UTO CJIOXKHOCTH SIBJISIETCS WHBAPUAHTOM
IO OTHOIIEHUIO K crocoby Koguposanusi. UusiMu coBamu, mycts [PC_, F A
u by M : ¢, tne ¢, Takoit Tun, koropsiit mo Kappu-I'oBapmy coorBercTByeT
BoiBoMOit B IPC nmminkatushoit opmyste A, Torna:

KS(A) = KS(¢) +O(1) (6)

JlaHHOE COOTHOIIIEHUE YTBEPXKIAET, ITO KOJIMOTOPOBCKAs CJIOKHOCTh JIBOUY-
HOT'O KOJIa Peau3yIoyIiero HorMepa 3ajgaqan A paBHa ¢ TOYHOCTBIO JI0 KOHCTAH-
ThI KOJIMOTOPOBCKOM CJIO?KHOCTHU JBOMIHOTO KOJIA JIAMOIA-TePMa, 3aCEJIAIONIEro
Tun ¢, coorserceytonuit mo Kappu-I'osapay dpopmyste A.

[TosyuerHOe BBIIIE COOTHOIIEHNE MEXKJLY KOJIMOTOPOBCKOI CJIOKHOCTHIO 32~
JIa9l U KOJIMOIOPOBCKOM CJIOZKHOCTBIO THIIA MBI IIPUMEHMM B CJIEYIONIUX IIe-
Jisix. MBI pacCMOTPUM TO, KAK MOYKHO ITOJIy YU Th BEPXHIOIO OIEHKY JIJIsT CJIOZKHO-
CTH ONHCAHUS TeX TPOTUPAMM, KOTOPBIE BBIUUC/ISIIOT 3HAYEHUS TEX BBIAUCIUMBIX
dYHKITHI, KOTOPBIE TPEICTABAMBI B A_,.

B mpocToM THNM3UpOBaHHOM JISIMO/Ia-UCIUCIEHUH BBIPA3UM KJIACC BBITUC-
JIUMBIX (QYHKIWNA, KOTOPBI HA3BIBAETCS PACUUPERHBIMYU MHO20UAEHAMU, TO
€CTh 3aMHKYTHBI OTHOCHUTEIBHO KOMIIO3UIMN HAWMEHBIINA KjIacC (PYHKIIAN
Hag N

C y4eToM TOro, 9To0, CJI0XKHOCTH TUIA B IPOCTOM TUIIM3UPOBAHHOM JIsiMO1a-
WCYHUCJIEHUU C TOYHOCTHIO JIO KOHCTAHTHI OyJIeT paBHA CJIOKHOCTH 3aJa9H, TO
CJIOXKHOCTH THITA TE€PMa, BBIPAYKAIOIIEI0 TOT WJIM WHOW PACHIUPEHHBI MHOTO-
wieH, 6yer ¢ TouHocThio 10 O(1) paBeH CII0KHOCTH COOTBETCTBYIOMIEH TAHHO-
My THIY 3aJa49d. B JJaHHOM OKJIaJie MPeJIaraeTcsi paCCMOTPETh OIEHKU JIJIst
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KOJIMOTOPOBCKOH CJIOKHOCTH JJTsT T€X BBIUUCIUMBIX (DYHKIHNH, KOTOpPbIE MIpe -
CTaBUMBI B A\_,.

Paboma noddeporcana PI'H®D, epanm N 16-03-00364
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HepazperumocTs MOTAJIbHBIX HPEAUKATHBIX JIOTUK B
SA3BbIKE C OJHOU OTHOMECTHOI OYyKBOIi

Puibaros M. H. (Teepv)

Abstract. We consider first-order modal logics with unary predicate
letters only. We show that any sublogic of QS5, QGL, or QGrz is
undecidable in the language with just one unary predicate letter. Some
near questions will be discussed.

A.Yépu u A. Teropunr jgokazaiu, 4aro joruka npeaukaros QCL ajroput-
Mudecku HepaspemmuMa [5, 6, 11, 12], 1. e. ne cymecrByer Takoii addexTuBHOl
[IPOTIEYPbI, KOTOPast [0 IIPOU3BOJILHON (POPMYJIE JIOTUKH IIPETUKATOB BBISICHSI-
T, sIBJISIeTCsl JTi 9Ta (POpMyJia ToKIecTBeHHO nctuHHOi. [Tpu aTtom QCL comep-
JKAT JIOBOJILHO BBHIPA3UTE/IbHBIE Pa3peniuMble pparMeHThl. Tak, paspernmMbiM
apystercst MoHagmdeckuit pparment QCL, T.e. pparmenr QCL, obpazosan-
HBI (bOpMyJIaMU B S3bIKE, CONEPIKAIIEM TOJHLKO OJHOMECTHBIE MPEIUKATHBIE
GyKBBI W paBeHCTBO, cM. [1]; Gosee Toro, mokasaHa JayKe PaspelTMMOCTb MO-
nagndecknx ¢pparmenToB QCL, B KOTOPBIX JOMOJHUTEIHHO UCIOIB3YIOTCS U
GuHapHbIe GYKBBI, HO C OIPEJIeJEHHBIMA OrpaHndeHusMu [9].

s HeKJIaCCHYeCKuX JIOTUK IIPEIUKATOB CUTYAIUs ¢ Pa3pelrMOCTbI0 UX
MonamrIecknx pparmenTtos nnas. Tax, C. Kpunke nokazas [7], ato dbopmyma
Buga R(z,y) Moxer 6bITb HpoMojesupoBana B Jjoruke QS5 dopmysioit Buia
O(P(z) AQ(y)). C yuérom Toro, uro dparment QCL B a3bike ¢ o/1HOI GuHAap-
HOM IpenuKaTHON GYKBOMN aJrOpUTMUYECKH HepaspemmM (cM., Hampumep, [1],
riaBa 25), Mbl cpady nojydaem, 4ro (parmenT QS5 B d3bIke ¢ IByMs OJl-
HOMECTHBIMU [PEJIUKATHBIMUA OYKBAMU TAKXKe AJTOPUTMUIECKUA HEPA3PEIUM;
6oJiee TOTO, ATOT PE3YILTAT ABTOMATHIECKH PACIIPOCTPAHSIETCS Ha JIIOOYIO MO-
JAJBHYIO TIPEINKATHYIO JIOTUKY, JOITYyCKAIONIYIo mKaiay Kpuike, comepKairyio

1 Pycckuit mepeBoz 3Toi CTATBH MOXKHO HaiTh B [4].
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MHUP, MHOYKECTBO JIOCTUKUMBIX MHUPOB U3 KOTOPOro GeckonedHo. UyTh mo32Ke
C.10. Macios, I'. E. Munm u B. I1. OpeBkoB moka3zaJiu, 9To jiJisi Hepa3penmmo-
CTU MHTYUIUOHUCTCKOM JIOTUKY ITPEJUKATOB BOODIIE JIOCTATOYHO UCIIOJIB30BATh
OJIHY OJIHOMECTHYIO IIPEIUKATHYIO OYyKBY [3], OTKyma cieyer Hepa3pemnMocThb
QS4 B u3bIKe ¢ OJHOI OJHOMECTHOMN IpeIuKaTHOH OykBoil (cM. Takxke [4]).

Ha o6cyzkaeHne BBIHOCUTCS PE3YJIbTAT, COCTOSANIAN B TOM, YTO HEpa3peIu-
MBIMU SIBJISIIOTCSL «IIOYTH BCE» MOJAJbHBIE JIOTUKU IPEIUKATOB: JIJIsi HEpas-
PEIIUMOCTH JIOCTATOYHO OJHON OJTHOMECTHON OYKBBI B SI3bIKE U OTCYTCTBHUSI B
Jioruke (bopMyJI, OrPAHUYUBAIONINX IIMPUHY BETBJICHUs B €€ IKaJjax (IIPHU 3TOM
naxe He Tpebyercs nosHoTa 1o Kpuiike). VIMenHO, Bo MHOTUX JIOruKax Ghopmy-
ay O(P(x) AQ(y)) moxuo npomonenuposars dopmyioii O(P(z) AOP(y)): mis
9TOTO JOCTATOYHO, YTOObI JIOTUKA JOIYCKaJla JePEBbs BLICOTHI 2, B KOTOPHIX U3
KOPHSI JIOCTHKUMO GECKOHETHO MHOTO MUPOB. DTOMY YCJIOBUIO YIOBJIETBOPSIIOT,
HAIpUMep, Bce JIOruku, cojepxaruecd B QGrz (B yacrnoctu, B QS4) wiu B
QGL. Ho, ckaxewm, B ciryaae QS5 Mbl cTajkuBaeMcs ¢ 3aTpyaneruem: B QS5
dbopmyna O(P(z) A OP(y)) sxsusanentaa dopmyine OP(x) A OP(y), u coor-
BETCTBYOIIEE eii OMHAPHOE OTHOIIEHNE JOCTHKUMOCTH R 0bJ/1ajjaeT HEKOTOPBI-
MU crienuduIecKuMu cBolictBamu (Haupumep, u3 ucruauocru R(z,y) ciaenyer,
uro ucTuHHbl Takke R(y,x), R(z,x) u R(y,y)). Koneuno, eciu B si3b1ke unme-
1ored aBe S5-momasnbHocTH, 10 R(x,y) Momenupyercs, Hanpumep, hbopMysioi
O1(P(z) A Q2P (y)).

VkazaHHOe 3aTPyJeHHe MOXKHO ODONTH, WCIIOJb3ys JIUIIb OJHY MOJIAJb-
HOCTD. TaK, M3BECTHO, ITO TEOPUS CUMMETPUIHOIO UPPEMIIEKCHBHOTO OIMHAPHO-
'O OTHOIIIEHWsI AITOPUTMAIECKH HepaspemmMa, cM. [7, 10]. DTy Teopuio MoKHO
norpysuth B QS5 (a rakxke QGL, QGrz u ux nomiioruku), Mogeaupyst B Hop-
Mysax Bxoxkzaenus Buga P(x,y) sxoxpenunavu Buga O(—Q(z) V —Q(y)).

Paboma svinoanena npu noddeporcke PODOU, npoexm 16-07-01272.
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AnropurMuydeckKasi BBIDa3UTEJIbHOCTh IIPEeAUKATHOMI
JIOTUKW BETBSINETrOCsi BPEMEHUN B A3BbIKE C OJHOM
OHOMECTHOI1 OyKBOIil

Pwibaxose M. H., Komuxosa E. A. (Teepv)

We consider first order temporal logic QCTL and it’s algorithmic
properties. It is shown that this logic is not recursively enumerable.

[TepBomOpsiIKOBBIE SI3BIKU 00IAIAI0T OOJIBITUMHU BBIPA3UTEIHHBIMI BOZMOK-
HOCTAMU U ABJIAIOTCHA a(b(beKTI/IBHbIM CpeaCTBOM OITMCaHUA CBOMCTB OTHOIIIE-
HHUl, TO3TOMY BOIPOC 00 MX AJTOPUTMUYECKON PA3PEIUMOCTH BIIOJHE €CTe-
cTBeHeH. PaccMOTpHM B KadecTBe IIpUMepa KJIACCHIECKYIO JIOTUKY IIPEINKATOB
QCI. IIpo QCI wusBecTHO, YTO €€ SI3BIK JOCTATOYHO OOraT, ITOOBI OHA ObI-
Ja Hepazperuma. bosee Toro, mia Hepaspemmmoctu QCl mocrarouno omHOi
GuHApHON mpenuKaTHOW OykBbl ( cM., Hampumep, [1]). OgHako ecim orpaHu-
YUTh MECTHOCTDb MPEIUKATHBIX OYKB €JINHUIEl, JIOTUKA CTAHOBUTCS Pa3peln-
Moit (cm., Hanpmep, [1]).

A3bIK BpeMeHHOH mpomo3nnuoHaabHoi MomaabHoi Jsoruku CTL — sTo
SI3BIK KJIACCHYECKOW JIOTUKU BBICKA3BIBAHUI C JIOTOTHUTEBHBIMUA CBI3KAMU
(BpeMeHHBIMI MOJIAIIBHOCTSIMA ), cM. [2, 5]. HecMoTpst Ha IpocToTy, OH OKa3biBa-
ercsa Kpaiine 3(p(MEeKTUBHBIM I ONTUCAHUS PA3JIMYHLIX CBOWCTE BBIYUCICHUN,
[IpU 3TOM 00J18/1as1 aJTOPUTMUYIECKON Pa3pPEIIIMOCTHIO.

Hamr wnaTepec — ajropurmMumdeckasi BBIPA3UTEIHLHOCTD MEPBOMOPSIKOBBIX
BPEMEHHBIX JIOMHK. Kpurike ykazas 1eJiblil KJ1ace MOJAJIbHBIX JIOTUK, TJ€ Pa3-
PEIIMOCTh JIaZKe € JBYMsl OJTHOMECTHBIMU IIpeuKaTaMu orcyTesryer [7]. Beu-
JIy 9TOT0, HHTEPECYIONasi HAC [TEPBOIOPSIKOBasI JIOTUKA, BETBENIETOCs BPEMEHH
QCTL nepaspermuMa y»Ke MpU HAJUIAA JIBYX OJHOMECTHBIX TPEINKATOB. 113
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paborer [3] (cm. Takxke [4]) caeayer, aro s mepaspemumoctn QCTL ocra-
TOYHO JIarKe OJTHON OJTHOMECTHOM OYKBBHI.

WsBectHO (cM., Hapumep, [6]), aro QCTL He TOIBKO He pa3pelnMa, HO
7 HE ABJISETCS PEKYPCUBHO Nepedmcaumoii. Menonbsys uneo Kpunke, momy-
qaeM, UTO I OTCyTCTBUS pekypcusHOil nepeuncinmoctu QCTL mocrarouno
OJTHOMECTHBIX 6YKB. MBI 2Ke MOKayKeM, 9TO JJIst 3TOTO JOCTATOYHO JaxKe OHOM
OJITHOMECTHOI OYyKBBI B A3BIKE.

Theorem 1. Cywecmsyem aexmuero svuuciumasn gynrxuyus f, conocmas-
asowas kastcdott damrxnymoti QCTL-gopmyse ¢ om odnomecmuvr npedu-
kamuvx 6yxe QCTL-gopmyay f(p) om 0dnot odnomecmmnoti npedurammot
oyK6vl, NPU IMmom 0as [ cnpasediusa caedyouan IKGUBAAEHIMHOCTIIL:

¢ € QCTL < f(¢) € QCTL.

Takum obpasom, pparment QCTL ot oxmoit ogHOMECTHON OYKBBI HE SIB-
JIA€TCs PEKYPCUBHO IE€PEYUCIUMBIM.

Paboma evinoanena npu noddeporcke PODOU, npoexm N 16-07-01272.

Jlutepatypa
[1] Bymoc Tx., Txedbdpu P. Buvucaumocms u aoeukxa. M., Mup, 1994.

[2] Kapmnos HO.T. Model checking: Bepuurayus napaisesvHol v pacnpeieneHols
npozpammmnr cucmem. CII6: BXB-ITerepbypr, 2010.

[3] Macnos C.}O., Munn I'. E., Opeskos B.II. Hepaspewumocms 6 Koncmpykmue-
HOM UCHUCAEHUY NPEIUKATMOE HEKOTOPHLT KAACCO8 POPMYA, COOEPAHCAULUT TMOND-
K0 odnomecmuvie npeduxammuvie nepemennvie // Hoxkmaasr AH CCCP, T.163,
Ne2, 1965. C.295-297.

[4] Peibakos M. H. O6 anzopummumeckoli 6bipasumesbnocmu mMo0aavhoz0 A3vKa C
00n0T Auwb 00noMmecmHol npedukamnotl 6ykeot //Jlormyeckne uccienoBanus,
Bein. 9. M., Hayka, 2002. C. 179-201.

[5] Clarke E. M., Grumberg O., Peled D. Model Checking.MIT Press, 1999.

[6] Kotikova E. A., Rybakov M.N. First-Order Logics of Branching Time: On Ex-
pressive Power of Temporal Operators // Logical Investigations, vol.19. Moscow-
St.Petersburg, Center of Humanitarian Initiatives, 2013. P. 68-99.

[7] Kripke S. The Undecidability of Monadic Modal Quantificational Theory //
Zeitschrift fiir Mathematische Logik und Grundlagen der Mathematik, vol. 8,
1962. P.113-116.



CumMBosInYecKasi JIOTHKa 45

On existence of recursively-enumerable Kripke-complete
first-order modal logics that are not complete with
respect to a first-order-definable class of frames

Rybakov M. N., Shkatov D. P. (Tver, Johannesburg)

This talk is meant as a contribution to the study of the relationship between
completeness with respect to a first-order-definable class of Kripke frames and
recursive enumerability for first-order modal logics.

It can be easily shown that every first-order modal logic complete
with respect to a first-order definable class of Kripke frames is recursively
enumerable. We would like to know if the converse is true—namely, if every
Kripke-complete and recursively enumerable first-order logic is complete with
respect to some first-order class of Kripke frames. At present, the answer to this
question is not known if we restrict our attention to normal logics. Even though
the corresponding question for normal propositional logics can be answered in
the negative (a Godel-Lob logic is one counter-example), it is not known if first-
order counterparts of such propositional counterexamples are Kripke complete.

In this talk, we show that the afore-mentioned question can be answered
in the negative if we do not restrict our attention to normal logics; namely,
we present a non-normal first-order modal logic that is recursively enumerable
and Kripke-complete, but not complete with respect to any first-order definable
class of Kripke frames.

On weak constant domain conditions in the Kripke sheaf
semantics

Skvortsov D. P. (Moscow)

We cousider superintuitionistic predicate logics (without or with equality)

understood in the usual way, as sets of predicate formulas (without function
symbols) containing all axioms of Heyting predicate logic Q-H and closed under
modus ponens, generalization, and substitution of arbitrary formulas for atomic
ones (we are mainly interested in logics without equality).
1 We consider the semantics of predicate Kripke frames with equality (called
e-frames, for short), which is equivalent to the semantics of Kripke sheaves.
Namely, an e-frame is a triple F'= (W, D, E) formed by a poset W with the least
element (root) Oy, an extending system of nonempty domains D = (D, :u€W)
(i.e., @# D, C D, for u<w), and a system E of equivalence relations F, on
D, for ue W such that E, CE, for u<wv. A usual (predicate) Kripke frame is
an e-frame with equalities F,, (i.e., aE,b < a=bfor ue W, a,be D,,).

A wvaluation uE A (for w € W and formulas A with parameters replaced by
elements of D,,) is monotonic (i.e., u<v,uF A = vE A), is preserved by E,
(on every D,,u€ W), and satisfies the usual inductive clauses for connectives
and quantifiers; here a="b is interpreted by aFE,b.
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A formula A(x) (where x = (z1,...,,)) is valid on F if it is true under
every valuation in F, i.e., if u E A(a) for every ue W, a€(D,,)". The predicate
logic L(F) of an (e-)frame F is the set of formulas valid in F; for a family F
of e-frames put L(F) = (L(F) : FEF).

We consider the constant domain principle D = Vx(P(x)VQ) — YaP(x)V
Q; it is valid on an e-frame F iff F' satisfies the following constant domain
condition: Ya€ D, 3be Dy, [aE,b] (i.e., every individual a has a predecessor
b at the root Oy ). Let F. be the class of e-frames with the constant domain
condition. In particular, for Kripke frames: F € F, iff Vu,ve W (D, =D,,).

It is well known that the logic [Q-H+ D] is Kripke complete; hence L(F,) =
[Q-H+D].

Now we introduce weak versions of the condition.

2 An e-frame with similarities (or an se-frame, for short) over an e-frame
F = (W,D,E)is F' = (W,D,E,S), where S = (S, : u€ W) is a system of
similarity relations (i.e., reflexive and symmetric) S, on D,, that are preserved
by E, (i.e., Va,b,c€ Dy[aE,bS,c = aS,c]).

We say that F” is an se-frame with weakly constant domainsif Vae€ D, 3be
Dy, [aSyb]; i.e., every a€ D,, has a ‘weak predecessor’ b (a predecessor up to
the similarity S,,) at Oy .

Let ¥ be a class of se-frames. We say that X is E-determined if aS,b
(for se-frames from ¥ and a,b€ D,,) depends only on (W", E%(a,b)), where
We={veW:u<wv}isaconein W and E*(a,b)={v>u:aFE,b} is ‘the measure
of equality’ of a and b in the underlying e-frame F'. A class X is total if for every
e-frame F' there exists an se-frame F’ over F in ¥; clearly, for an E-determined
Y such an se-frame F’ is unique; we denote it by F*. By a similarity notion (or
a similarity, for short) we mean any total E-determined class 3 of se-frames;
it can be regarded as a map sending every e-frame F' to the corresponding
se-frame F>.

For a similarity notion X, let F' be an e-frame with X-constant domains
if the corresponding se-frame F'* has weakly constant domains. Let F,[¥] be
the class of e-frames with X-constant domains; L.[¥] = L(F.[X]) is its logic.
Clearly, F. C F.[3]; thus L.[X] C [Q-H+ D] for any X.

An se-frame F' is monotonic if for any ue W, for a,b,a’, b’ € D, such that
E¥(a,b) C E*(a',b') we have: aS,b=-a'S,V'; an se-frame F is @-uniform if
for all u,u' € W,a,be D,,d’,b' € Dy such that E%(a,b) = E¥ (d/,}) = & we
have: aSyub < a/Sy b (i.e., similarities do not distinguish pairs of nowhere
equal individuals). A similarity notion ¥ is monotonic (or @-uniform) if all
F* are monotonic (resp., @-uniform). It seems plausible that ‘good’ natural
similarity notions usually should be monotonic and uniform (e.g. in our sense);
nevertheless, we have an example of a rather natural, but not @-uniform
similarity notion.

Let F' = (W,D,E,S"), F" = (W,D,E,S") be se-frames; F' < F" if Yu €
WS! CS!]. For similarity notions ¥’ and X" put ¥’ <¥" if FE < F¥ for all
e-frames F. Then similarity notions form a distributive lattice with pointwise
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A and V; namely, (S'AS"),=S,NS., (8'vS"),=5,US) for all ue W (in any
F). Clearly, if ¥’ <X then F,[X']C F,[E"] and so L.[X"] CL.[¥].
3 Now let us consider some examples.

We begin with trivial similarity X4, (put S, =E, for all F' and v € W: only
equal individuals are similar) and degenerate similarity X4e, (with the universal
relations S, =(D,)? on D,: all individuals are similar). Then F.[S¢pi0] = Fe
(i.e., X¢rip-constant domains are merely constant domains) and F.[Xqc,] is the
class of all e-frames (all frames have 3g.4-constant domains); hence L¢[S¢i0]) =
[Q-H+D)] and L.[Y4.4] =Q-H. Clearly, X;, <X <Xg4, for any X.

Now we introduce two more interesting and less extremal similarity notions:
the weak similarity ¥ __:

aSybe I >u(aE,b) < (E¥(a,b) #) S utf-(a=b),
and the ——-similarity ¥-—:
aS b=V >uw>v(aFE,b) & (E%(a,b) is dense in W*) & uE—-—(a=b).

Then FeF [X__]ift FED~ and FeF.[2.-]iff FED*,
where D~ = Va (=P(z)VQ) — Vz-P(z) V Q
and D* =Vz(P(z)VQ) — QVVzIy (P(y)&——[R(x,x) — R(z,y)]) (here D*
simulates

the following formula with equality: D* = Vz(P(x)VQ) — QV
Vady(P(y)&——lz=y]).

The logic [Q-H+D*] is complete w.r.t. e-frames, i.e., L.[¥--] = [Q-H+D*|
(see [1]).

On the other hand, the logic [Q-H+ D] is incomplete; its completion
L.[X__] is recursively axiomatizable but not finitely axiomatizable (see [2]).

Obviously, X¢pip <X <X <Xgeg; all four considered similarity notions
are monotonic and @-uniform. Moreover, for every monotonic similarity notion
> we have:

Y is @-uniform and non-degenerate (i.e., ¥#3q4.,) iff X<E__.
Hence Y __ is the greatest monotonic and @-uniform non-degenerate similarity
notion.

It is easily seen that the Kripke completion of [Q-H+D~] is [Q-H+ D].
Thus we conclude that logics L.[¥] are Kripke incomplete for all ¥ <¥__ such
that F.[X]# Fe.

Finally, we mention two similarity notions that are rather close to ¥¢,;,. We
introduce the strong similarity X5 with aS,b < Vv >u(aE,b) (i.e., individuals
from D, are similar iff they are ‘almost equal’: equal in every (properly) future
world v). Here X5 £ ¥__; in fact, F*5 = F¥des while F*-~ =¥~ = [>triv
for one-element W ={0w } (‘almost equality’ at maximal points of an e-frame
becomes degenerate). Hence X5 is not @-uniform (while it is monotonic).

We can save @-uniformity by a straightforward trick; namely, we define
the modified strong similarity X5 = Xs AYX__, = X5 AYX_~. This means that
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aS,b& Vo >u(aE,b) for non-maximal points u € W and aS,b&aFE,b for
maximal u€W. Then ¥y, < X5 <X, and X5 <.

Note that F.[Es] = Fe[Es]NFe[E--] = Fe[Bs]NF[E--]. We can construct
a formula D? such that F € F.[S;] iff F £ D°. Thus F € F,[Sy] iff F £ DY
for formulas D& D~ and D’&D*. We believe that both logics [Q-H + D?]
and [Q-H+D?'] are incomplete and their completions L.[2;] and L.[X5] are
recursively axiomatizable and not finitely axiomatizable.

JlntepaTtypa
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CoorBercrBus l'astya u Bepudukaius JIOTUTIECKOTO
cJIeJOBaHUS

Cmemarun FO. M. (Howcesck)

In the report the examples show that for predicate logic, logical con-
sequence between the two formulas, we can calculate using simple rea-
sonings based on the Galois correspondence. For this we also need to
use the calculus of finite sets composed of positive integers, modeling
constituency Cantor’s algebra of sets . These sets are used as semantic
values of formulas of propositional logic, multivalued L., [1].

Coorsetcreue lNanya

Coorsercreue R (R, X,Y) wmm R(X,Y)) mexy muoxkecrsamu X C Ux u
Y C Uy! ecrs m060e II0MHOXKECTBO UX JIEKAPTOBA IPOU3BEIeHUs. Bce coor-
BercTBHs Mexkay X u'Y 00pasytoT anrebpy By ¢ mynem - () u eqununeit X xY,
Dr(X)={rze X|ye Y (z,y) € R} u Bg(X)={y e Y|z € X (z,y) € R}-
Ha3BIBAIOTCSA 00JIACTBHIO OmpeeseHnst n objacThio 3Hadennit aus R. Takwxke R
HA3BIBAETCS IIOJIHOCTBIO omnpeseseHHbiM, eciint Dp(X) = X, unade gactudno
onpenesnernbiM. R(X,Y) Ha3bBaeTCsl CIOPBEKTUBHBIM (TIOJHO3HAYTHBIM ), €CJII
Bgr(X) =Y. MuoxecrBa Imp x n Coimpy Ha3BIBAIOTCS 00PA30M 3JIEMEHTa I
7 TpooOpa30M 3JIEMEHTa, § OTHOCUTEIBHO R.
- { ey Ry oo { {r € X| (2.4) € R)
O,VyeY (z,y) ¢ R O, Vo e X (z,y) ¢ R
Kazxnoe coorsercreue R(X,Y) onpenensier coorserctiue amya Mey
moJMHOXKecTBaMu MHOXKecTBa, X u MHoxkecTBa Y. CoorercrBue [ajya KaxK-

nomy nogmuoxkectBy A C X comocrasister MHOkecTBO B = ) Impz C Y,
z€A

1Ux, Uy -yHuBepcyMb
2CMOTpH MaTEMATHYECKYIO SHIIMK/IOIE IO
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eccim A =0, 1o B=10.0O603naanm coorBercTBre [amya Kak

G(R,X,Y)={(A,B)|AC X,B = U Impz C Y}
TEA

CoorBercrBus 'anya u 103BosIAI0T BepUUIUPOBATD JOIHIECKOE CIIET0BA-
HUe, He UCIIOJIb3Ysl JOTHIECKUI BHIBOI, TOCPEICTBOM HCUHUCIEHUS] COOTHOIIEHU
MexKy 00beMaMy KOHEYHBIX KOHCTUTYEHTHBIX MHOXKECTB Jioruku Sy, [1] u un-
TepIpeTaIuy PacCyKIeHUN JIOTUKN IPEJUKATOB B TEPMUHAX COOTBETCTBUIA.

Mpumepsbl Bepudmkaumn paccyxgeHuin

IIpumep 1. (Yenn). Bepudunuposars ciepcrsue. HekoTopbie manuenThl Jiio-
6saT BCcex mokTopoB. Hu oamu mammenT He Jobut 3uHaxaps. CiemnoBaTesibHO,
HUKAKOI JIOKTODP He sBJsieTcs 3HaxapeM. @opmasmsanus (Bacuinses C. H.)

A1 = Fa(P(z) -¥y(D(y) > Lz, 1)),
Ar-As = B,rae Az = Va(P(x) = ¥y(Q(y) — L(z.y)), .
B =VaD(z) - Q())

Paccvorpum  Bepudukaiumio Jiorudeckoro cjaegoBaHus. Bsemem B pac-
cMoTpenue MHOKeCTBa P, D, (Q-0HOMMEHHBIE ¢ OJHOMECTHBIMU TPEIUKATAME
P(z), D(x),Q(x) n mHOXKecTBO V. DTO MHOXKECTBO KOTOPOE 00pa3yeT BMeCTe C
muozkecrsom P napy (P, V) € G(L, X,Y), rue coornomenue lajya rocrpoeno
na coorBercreun L(X,Y'), koropoe onpegeinsiercs npemukaroM L(z, y)-«1obur
T y-Kar.

V = {yVz(z € P) A (L(z,y)}

To ects V' 0b03HAUAET MHOXKECTBO JIFOJIEll, KOTOPBIX JIFOOAT HarueHThl. U3
yesous Ay cienyer yreepxkaenue D C V' — «Bce JOKTOpa BXOJAT B MHOYXKECTBO
Tex Koro Jiobar naruentoly (A u D C V paBHOCUIIBHBI).

Yenosue As mepedopmymmpyem B pasaocmiabHoe V. C Q' - «MHOX)eCTBO
TexX, KOro JIOOAT MAIMEHTHI He BKJIIOYAIOT 3HAXapeii»

Uz yreepxkaermit D CV u V C Q' ciexyer D C Q'-«Bce Bpaum He 3Ha-
xapu» paBHocmIbHOE B. B nokimaje TakKe JOKA3BIBAETCS HEIAPATOKCAIBHOE
caeoBaaue 1] 1yIs MOCBLIOK ¢ IBYMECTHBIMU IpenukaTaMu (mpumep 2).

IIpumep 2. Ilycrs mMmeercs obmumit yauBepcyM U 71 BCeX NPEIMETHBIX ITe-
peMeHHbIX. JIoKa3aTh, YTO UMEeT MECTO CJIEJICTBHE U3 TPEX MOCBUIOK [3].

VadyF(x,y),Va3yG(z,y),
VaIy(F(z,y) + G(z,y) = Vz(F(y,2) + G(y,2) = H(z,2)) Fn
VedyH (z,y)

Tak>Ke paccMoTpeHo perenne 3anaan (Schubert’s steamroller) ¢ ucmosnbzo-
BaHMEM HMCUNCIEHNsI KOHCTUTYEHTHBIX MHOXKeCTB [2] u coorsercrsuit [aya.
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3aknoyeHne

Tlokazana BO3MOXKHOCTH TOCTPOEHUST d(PHEKTUBHBIX AJITOPUTMOB BepudU-
KaIlUU JIOTUIECKOTO CJIe/IOBAaHUs Ha 6a3e MPOrpaMMHON Peasn3aliui UCUUCTIe-
HUsI KOHCTAUTYEHTHBIX MHOXKECTB, ¥ COOTBeTCTBUil [atya.
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I'nitepkoMILIEKCHBIE YHCJIA B CEMAaHTUKE
caMmopedepeHTHBIX MPEJI0XKeHn st (1,4 )-I3bIKa.

Cmenanos B. A. (Mocksa)

Dynamic approach to self-reference statements in (—,+»)-language
delivers eight truth values of formulas which are described by the Klein
four group.

ITapagokc JIxena, dopmyaupyeMblit B €CTECTBEHHOM sI3bIKE, MOXKHO aJ1€K-
BATHO CMOJIE/IMPOBATH B CEMAHTHYECKY 3aMKHYTOM SI3BIKE C TIEPEMEHHBIMU 10
dopmysam: z,y, z, u npegukarom ucruaHocru Tr(z) ¢ axcuomoit Tapckoro:
Tr(z) < x.

[IpucyTcTBYIONIYI0 B €CTECTBEHHOM $I3bIKE CaMOpedEpPEeHTHOCTh, B HAIIEM
s3BIKE OyJIeM OTMEYATh SIBHO KBAHTOPOM caMopedepeHTHOCTH ST, TPUIHCHIBA~
eMBIM CJIeBa K SIPY caMopedepeHTHO! (hOpMYJIHL.

Cal\’l BBIINICO3HAYEHHBIH KBaHTOD BBOJIUTCsA C IIOMOIIBIO aKCUOMBI CaMopeCI)e—
PEHTHOCTH, SIBJISIFOINASICS B HAIIEM SI3bIKE aHAJIOIOM TeopeMbl O HEITOIBUKHOMN
TOYKE:

Sz P(x) <» P(SxP(z)).

s aHasmmM3a pacCMaTPUBAEMBIX IIPEJJIOKEHUN IIPUBJIEYEM WCCJIEIOBAHUS
[Tupca, pe3ysbTaT KOTOPHIX B HAIEM SI3bIKE BBITJISIUT CJEIYIONIAM 0Opa30M:

SzP(z) < P(P(P(P...(SzP(x))...)))). (+)

D1a GHopMyJIa BEIPAXKAET Pe3ysIbTaT BO3MOXKHON 6ECKOHEYHOI MTOICTAHOBKY Ca-
MopedepeHTHOH (hOPMYJIBL B caMy ceOst.
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Hust onenku GeckoHeuHO# (OPMyIbI (k) IPHUBJIEYEM IIOMIATOBYIO OLEHKY
110CJIe/1I0BAaTCJIbHOCT KOHEYHBIX @Opl\/[yﬂ7 IIOJIy4Ja€eMbIX Ha Ka2zK/IOM 3Talle uTe-
PAIMOHHO# ITPOIEeAyphl B TocaeaoBarebHocTr [lupca:

SzP(xz) <+ P(SzP(z))

“ P(P(SzP(x)))

& P(P(P(SzP()))

R N
Ha ocHoBaHMZ 3TOrO IIpeIoyKeHa TUHAMAYICCKAs HHTEPIPETAUs ATOMAPHBIX
camopedepenTHbix dopmysn SxP(x), upunuceBaionias Kaxuoil Takoit ¢op-
myste quHammueckyto cucremy ({0,1},p(x)) ¢ opburamu (p"(z),n € ZT)
(2014, [1]). Orobpaxkernuto p(x) : {0,1}—{0,1} B cemanTHKe
coorsercreyer P(z):{F,T}—{F,T} B cunrakcuce.

B paccmarpusaemom Hamu (—,4)-pparMenTe s3bIKa JIOTHIECKast MATPHU-
na Mg odeBuIHO fABJIdAeTCd IonMmarpuneit nyia M{y u OyzeT BhINIAnETH Oosee
CKPOMHO:

Mg = ({11/11,10/01,11/00,10/10,01/01,00/11,01/10,00/00},~,43,{11/11})
= <{T, A7 V,K,-K,-V, ﬂA, —\T}, -, <7, {T})

Habaroagenune: VctuaHOCTHBIE 3HAYEHUST OP-
raHM30BaHbI Kak deTBepHas rpymnmna Kieitra.
Onu mpejicTaBIeHbl cIpaBa Kak Tabsmia K-
Jit 3ToM rpymnmbl. B Heit cumBobt 1,4, j, k KO-
JIMPYIOT MUCTUHHOCTHBIE 3HAYEHUS PEIJIOKe-
muii: 1 =T, 1=V, j=A k=K
[TomobHOE 0OCTOATETHCTBO HATAJTKIUBAET HA MBICJIb BBIIBUHYTH CJIEIYOILYIO
T'unioresy: VcruanocTHble 3HaYeHNsT caMOpedEePEHTHBIX MTPEJJIOKEHUI opra-
HHU30BaHBI KAK OPTHI B YETBIPEXMEDHOM IIPOCTPAHCTBE. DTO TO3BOJISIET HAM
[IPEJICTABUTD UX CJIELYIONUM 00pa30M:

i

W-u.»—‘.)_‘:[:

. b |
[ N

B e e |

i
1
k
J

T = aoT —|— (11V —|— agA —|— CL3K.

st sToro mcmob3yeM ykazanuyio Tabmuity Kepm kak TabauIy yMHOXKEHUST
JUIST OIPEJEJICHUs] [IPOM3BEIEHUsT JBYX YETBIPEXMEPHBIX BEKTOPOB, KOTODASI
ecTb QYHKIUS 9KBUBAJEHTHOCTH (<) HAIIETO s3bIKA.

Qopman3yeM H3JI0KEHHYIO Bblle Marpuily M§ Kak TaCTUTIHYIO CHCTEMY
IIPOIIO3UINOHAIBHBIX UCUUC/IEHN T, 6a3UPYIOMNXCs HA SKBUBAJIEHTHOCTH U OT-
punanuu, 1o Yepuy PEN umm P97 [Yepu, 1960).

0) T, AV, K;

1) (p<rq) < (¢ p);

2) (per ()« ((p o q) <0r);

3) (7p < —q) < (p > q);

ITpasunaMu BbIBOJA GYIyT IOACTAHOBKA U LIPABIIIO: P, D <> ¢/q.
JIemma [2] Mnoowcecrnea masmonoeut M§ u M§ cosnadarom.
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HedunautHBbIE MEeTOABI B UCCJIEeI0BAaHUN (DOPM
JIOTUYECKOTO MCYUCJIEHWSI HA OCHOBE CTPYKTYP OIleHKH

Tumos A. B. (Mocxsa)

Examines the relationship between different types of logical calculi,
based on the study of evaluation as a morphism from the algebra of
formulas to the structure of the estimated values, that preserves the
structure. Her research can be brought non-finite generalized methods of
nonstandard analysis as a section of category theory. o its investigation,
non-finite methods of generalized nonstandard analysis can be used as a
section of category theory.

B macrosimee BpeMmsl IPUMEHEHWE HEKJIACCHYECKUX JIOTMK B MATEMATUKE
OTPAHUYIEHHO, OJHAKO MOCTOSIHHO PACTYIIUE U U3MEHSIONINecs TPeOOBAHUS K
[pUMeHsIEMOMY B (DOPMAJIBHBIX MOJIEJISAX CJIOXKHBIX OOBEKTOB U IIPOIECCOB Ma-
TEMATHYIECKOMY allllapaTy, MOTYT CyIIECTBEHHO M3MEHHTHL 3TO IOJIOXKEHHEe H
NIPUBECTH K Pa3BUTHIO MATEMATHYECKUX TEOPUil OCHOBAHHBIX HA MCIOJb30Ba-
HUW PA3JIMIHBIX BAJIOB HEKJIACCUIECKON JIOTUKH.

Ecmu B hopManm3oBaHHON TEOPUM ONEPAIIUT 3AMEHSIOT AT JIELYKIAU, TO
BIIOJIHE €CTECTBEHHO IPEJICTABUTEL TAKyH0 CUCTeMy Kak Kareroputoo. C apyroit
CTOPOHBI OT BBIBOJIA B UCUUCJICHHN TpeOyeTcsl COXpaHeHHe UCTUHHOCTH WU, B
cJlydae MHOTOZHAMHOCTH 3HAYEHHMH MCTUHHOCTH, IPe0Opa30BaHne UCTHHHOCTH
IO U3BECTHOMY 3aKOHY. HO 3TO 03Ha4aeT, YTO BBIBO MU IIATU JETyKINU CBSI-
3aHBI C COXPAHEHUEM WJIM M3MEHEHUEM 110 M3BECTHOMY 3aKOHY OIEHKH, KOTOpAast
TaK K& MOXKET OBbITh IPEJICTaBIeHA Kak MOP(U3M ONPeJIETIeHHON KaTeropuu.

Ecau paccMaTrpuBaTh MOe I KakK (PyHKTOPBI, COXPAHAIOIINE JTOTOJTHUTE b-
HYIO CTPYKTYPY U3 KaTEropuu, COOTBETCTBYIOMIEH JTaHHON TEOPUH, B KATETOPUIO
MHOKECTB, TO BBIOOP BMECTO KATETOPHH MHOXKECTB, JPYTHX KATETOPHH JaeT
BO3MOKHOCTh M3y9YaTh W CTPOUTH HEKJIACCHYECKUE TeOpUH. 1Oorja KaTeropwus,
H& KOTOPOH NpUHUMAET 3HadeHue (byHKTOP, ONpEe/isieT THII JOTMKHU JIjIst UC-
CJeyeMON MOJIeJIN.

IleHHBIM JIJISI HAIIErO MCCJIEJOBAHUS SBJISETCA TO OOCTOSATENLCTBO, YTO B
TEOpUU KATETOPUil CBOMCTBA 0OHEKTA ONPEIEIAIOTCA HE 9€Pe3 €ro BHYTPEHHIOIO
CTPYKTYPY, & 9epPe3 ero CBA3H C JPYTUMHA 3JIEMEHTAMU, KOTOPBIE BBIPAZKAIOTCS
uyepe3 dbyHKIMU (CTPEIKN).

Pacmupennsi, jaBaeMble TEOpHUE KATErOPUiA, PACIPOCTPAHSIOTCS U Ha JIO-
ruxy. C dunocodckoil TOUKM 3peHust KATeropHbIi IOAX0/ K JIOTUKe WHTEPeCceH
TeM, YTO PACHIAPSET e BO3MOXKHOCTH, TIPU 3TOM MO3BOJISIET IIPOCJIEIUTDH CBA3D



CumMBosInYecKasi JIOTHKa 53

MEXKy KJIACCHYECKHMHU W HEKJIACCHICCKUME BAPUAHTAMHU JIOTHYECKUX HCIHC-
JIeHUIt.

IIpu 3TOM TUIIBI JIOTHUYIECKOTO MCYHUCICHUS ONPEEISETCs CTPYKTYpPOi, Ha
KOTOPOIi IIpUHAMAET 3HAYCHHE OICHKA.

PasBuTne MeTo/1a, OCHOBAHHOIO Ha OIPEIEJCHAN MEPbl HCTUHHOCTH KaK Me-
PbI Ha, HEKOTOPOM MHOYKECTEE, CBA3AHO C MOHSATHEM OICHKH.

B 9acTHOCTH, B Ka4eCTBE CTPYKTYPbI ONEHKH MOXKET PACCMATPUBATLCH pe-
merka X, ¢ OIeHKOl Ha Heil | ¢rx|. Ipu 9TOM JIOrMYecKne CBSI3KU sI3bIKA MO-
JIJIUPYIOTCs oneparusiMu B perrerke X [1].

B kjaccmyeckoM BapuWaHTe HECTAHJAHPTHOIO AHAJIN3a PACCMATPUBAETCS
MHOZKecTBO-cTenenb K1, rae K-crpykrypa, a GpOPMYJIbl — Cy’KIEHHS O CBOI-
crBax JaHHOH cTpyKTyphl. OleHKa NpuHUMaeT 3HaueHus Ha pemerke P(T),
BEIGOp B Kadecrse j yiabrpadmibrpa B P(I) mossonsier 3amenuts 17, (¢y)

(Trj(or) = |ok |€ J) [2]) «OOBIMHOM» UCTHHHOCTBIO CYXKAEHHS ¢ O CTPYK-
type K!. Ilockombky mmsi ymerpampomssenenmit K'|j = K!| ~ j, mveem
Orpi (LA, [fo] - [fu]) & (B0 f1, f2s -, fu)] € 5), vae [fi] € K. Kax noka-

3aHO B [3] 9T0 (HbaKTOP-MHOKECTBO CONEPKUT JIBA JIEMEHTA. ITO 00ECIeTNBAELT
9KBUBAJIEHTHOCTH 00X CeMaHTHUK.

B [4, C. 151] upuBoauTcs BADUAHT JIOTUKU C JBYMsl TUIAME OTPUIIAHUS —
H-B norukm.

B [5] mokasano, 9T0 akcrnoMbl H-B JI0ruKy SBJISIOTCS BBIBOJUMBIME T€OPE-
MaMU JJIsI PEMIETOK OOINero BUJA C ABYyMsl JOIMOJHEHUSIMHU, KOTOPBIE JOJIZKHBI
WUrPATh POJIb CTPYKTYP OIEHKU IIPU yCJIOBUU TPAKTOBKHU OIEHKHU KaK MOP(HU3Ma,
COXPAHSIOIIETO CTPYKTYDY.

IIpu mepexosie Ha sI3BIK TEOPUU KATErOPUN MOJIEIU, KOTOPhIE PACCMATPU-
BAIOTCsT KJIACCUYECKON Teopuel, ABISIOTC (DYHKTOPAMHU M3 KATETOPUHU, COOT-
BETCTBYIOIIEN HEKOTOPOIl TEOPHHU B KATETOPHUIO BCeX MHOXKeCTB. Paccmarpusast
KaKyI0-1u60 IPYyIyio KaTeropuio, 00J1a/IaloIyio JOIMOIHUTEIBHON CTPYKTYPOI,
[TOJIy MM HEKJIACCHIECKYIO Teopuio. THIl o1y YeHHOI Teopuu Oy1eT WHIYIUPO-
BaThCH 338JAHHOIN KaTeropueil M OrpaHUYEHUSIMU, HAJIOXKEHHBIMA Ha, (DYHKTOD
(ero 3asaBaeMbIMU CBOCTBAMI).

[Ipu TakOM TOIXO/IE «JIOTUKN» KAK BUJI UCCJIEIOBAHUS CTPYKTYP IIPEJICTaB-
JISTEFOT cODOI ceMeiicTBO (PYHKTOPOB U3 KATErOPUil, COOTBETCTBYOIIMUX (DOPMAJIb-
HBIM TEOPUSIM B KATETOPUU CTPYKTYP, HA KOTOPBIX IPUHAMAET 3HAYEHUE OIeH-
Ka. B aToM ciydae orneHKa ecThb (DYHKTOD, COXPAHSIONIMIA JOMOJIHUTEILHYIO
CTPYKTYpy. Bum jgormkm OymeT onpenensaTbcs THUMIOM (DYHKTOpa U, CAEI0Ba-
TeJIbHO, MUHUMAJIbHBIE JIOTUKU OyJIyT IPEJCTaBIATH COOON CeMeicTBO, OIpe-
JenseMoe cemMeiicTBoM 6a3, mpeaba3, oO6pa3yionmx U T. . CTPYKTYp 3HAYUEHUIH
OIEHKH.

Bsenenue B Teopun Kareropuii KiaccupukaTopa mogoobeKToB ), U CBI3aH-
Hasl C 9TUM MOHATHEM {)-aKCHOMa, MO3BOJISIET MOJATBEPIUTE PEJIITOIOKEHTE O
TOM, 9TO CTPYKTYpa 3HaYEeHUIT OIEHKH JIOJI?)KHA COXPAHATH CTPYKTYPY aJredpbl
dopmyir.
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N3oMmopdbI KiraccuviecKoii JIOTUKA M 9YeTbIpeX3HAYHbIe
JuTepaJIbHbIEe IapaJIOTUKN

Tomosa H. E. (Mockea)

The class of four-valued literal paralogics, which are constructed by
combination of isomorphs of classical logic C2 is presented. A semilattice
of these logics with respect to the relation of functional inclusion one
paralogic to another is built.

JluTepasibHbIE TAPAJIOTUKY — JIOTUKHU, B KOTOPBIX CBOCTBA IAPAHEIIPOTUBO-
PEUYUBOCTH, TAPAIIOJHOTHI, TAPAHOPMAIHLHOCTH UMEIOT MECTO Ha JIUTEPATHHOM
YPOBHE, T.e. HA YPOBHE IPOIMO3UIHOHAIBHBIX IEPEMEHHBIX W UX OTPUIIAHUN.

Cy1recTByeT HECKOJIBKO aJrOPUTMOB KOHCTPYUPOBAHUS JINTEPAJIbHBIX Ma-
paioruk. OJHUM U3 HUX $IBJISIETCSl AJTOPUTM KOMOWHUPOBAHUS U30MOPQOB
KJ1accuueckoit storuku. Tak, Hanpumep, uspectHo (cMm. [1]), uro KoMGHHUpPOBA-
HUE ABYyX U30MOPQOB KJIACCHUIECKO Tporno3unuoHabHol jgoruku Co, comep-
JKAIMUXCsT B TPex3Ha4YHOI Jioruke Bousapa Bs, mpuBoauT K MOCTPOEHUIO IBYX
3HaMeHnTHIX mapaigoruk P! u I', mepsas m3 KOTOPBIX IIapaHeIpOTHBOPEYHBA,
a BTOpasl MaparoJHa.

Brimo pacemorpeno 06061eHEe YKA3aAHHOTO METO/IA TIOJIYIeHHS JTUTEPAIb-
HBIX IMAPAJIOTMK Ha 4YeThIpEeX3HAUYHBIN ciydail. V3ydenbl (yHKIMOHAJIbHBIE
CBOWCTBa HOJIyUYeHHBbIE MMapAJOruK, YCTAHOBJIEHO, UTO MAaPaJOrHKH 0Opa3yioT
BEPXHIOK IOJIYPEIIEeTKY 110 OTHOIIEHWIO (DYHKIMOHAJIHLHOTO BJIOYKEHUS OJHOMN
JIOTUKHU B JIPYTYIO.

IIpuBenem jormvueckme MaTPUIIBI, COOTBETCTBYIOIINE Y€ THIPEX3HATHBIM N30~
Mopdam Kraccudeckoit joruku Co:

My = <{0a 1/37 2/37 1}’ 1, 71, {1}>7
My = <{Oa 1/37 2/3a 1}7 T2, T2, {L 2/37 1/3}>7
m?) = <{07 1/37 2/3v l}a 13, =73, {la 2/3}>7
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My = <{Oa 1/37 2/37 1}7 4, 4, {1a 1/3}>7

rae —1, —2, —3, —74 4 71, T2, 73, T4 OIPEAEJIAIOTCA CJIeLYOIMNMN TaOIUIAMUT:

T 1T | X | 3T | X —1 1 2/3 1/3 0

1 0 0 0 0 1 1 0 0 0

25| 1 | 0 | 0 | 1 231 1 1 1

ys| 1 | 0o | 1] 0 ys [1 1 1 1

0 1 1 1 1 0 1 1 1 1
—9 |1 2/3 13 0 =3 |1 2/3 13 0 =4 |1 2/3 1/3 0
1 1 1 1 0 1 1 1 0 O 1 1 0 1 0
231 1 1 0|2 |1 1 0 of|2 |1 1 1 1
1/3 1 1 1 0 1/3 1 1 1 1 1/3 1 0 1 0
0 1 1 1 1 0 1 1 1 1 0 1 1 1 1

Marputisr 95—y ompeesoT mapaHeIpOTUBOPEIUBBIE JIOTUKHU IOy IeH-
HOT'O KJIACCA YEeThIPEX3HAYHBIX JIOTUK, MaTpuilbl MMqg— M4 — mapamosHbe J1o-
ruku u Marpunst M5 u Mg — TapaHOPMaIbHBIE JIOTHKH:

<{07 1/3a2/371}7_'1a_>27{172/3a 1/3}>7 My = <{07 1/372/3a1}a_'37_>1,{1}>7

M <{07 1/372/371}7ﬁ3ﬂ_>27{172/37 1/3}>7 M1z <{07 1/3,2/3,1},ﬁ4,—>1,{1}>,
M7 = <{07 1/372/3’ 1}’ﬁ47 2, {172/37 1/3}>> ml?’ = <{O, 1/3’2/3’ 1}7 T2, 773, {1’2/3}>7
= <{07 1/3’2/371}7_‘1’_>37{172/3}>’ 4 <{07 1/372/351}’_‘2’_>47{171/3}>7
<{O7 1/3’2/371}7ﬁ13*>47{171/3}>’ 5 <{07 1/372/3al}a_‘47*>37{172/3}>7
i)jtl() = <{Oa1/372/331}7_‘27‘“;{1}% 6 <{07 1/372/3a1}a_'37‘>4,{171/3}>'

A. HemneiiBosoit Obl1a HalmcaHa IporpamMma Ha s3bike Pedal, ncnosb3yro-
masi aJrOPUTM CYHEPKOMITMJISIITUE U BBIYUCIISIONAs (byHKIHOHAJIBHBIE CBOIi-
CTBa PACCMATPUBAEMOIO KJIACCA YETBIPEX3HAYHBIX MapaJjorukK. B pesysbra-
Te 00pPabOTKM JAHHBIX IIPOrPAMMBI, YCTAHOBJIEHO, UTO IApAJIOTMKH 00Pa3yioT
BEPXHIOKO IOJIyPEIIeTKYy 10 OTHOIIEHUIO (DYyHKIMOHAIBLHOTO BJIOXKEHUS OIHON

JIOTHKHU B JIPYTYIO:
0Ka3aTeJIbCTBO TOro, (haKkTa, ITO IPUBEJIEHHAS CTPYKTYPa SBJISIETCS BepX-

Hell MoJIypereTKoii npuseeno B Monorpaduu [2, ¢. 76-78].

IMony4yenHasi HOJTypeIIeTKa MO3BOJSIET HALISIHO MPEICTABUTL METO[ II0-
JIydeHHd JIUTePAJILHLIX HapaJordK I0CPeICTBOM KOMOMHMPOBAHUS H30MOP-
dos. Bojiee Toro BUAUM, YTO BepXHss MOJIypelleTKa HapajJornK OTHOCUTEIHHO
DYHKINOHAILHOTO BIOXKEHHS COAEP:KHUT B cebe Mesblii KIace PeMeToK JIITe-
PATbHBIX MapAJIOTHK OTHOCUTEIHLHO MAaPaCBONCTB.

Jlutepatypa
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{—3.7a}
{—=4,73}

{—=3,72} {—=1.73} {—=1,72} {—2,74} {—=1,74}

{—2,73} {—=3,71} {—=2,71} {—4,72} {—471}

{—3.,73} {—=2,72} {=1,71} {—4,74}

[2] Kapnerko A.C., Tomosa H.E. Tpexsnaunas soeuka Bousapa u aumepasvrvle
napasozuru. M.: U® PAH, 2016. 110 c.

Ilukandeckue BbIBOABI B JIOTUKE JOKa3yEeMOCTH
I'énensi-JIéba

ITamxaros . C. (Mocksa)

A Hilbert-style proof system for the Godel-Léb provability logic GL is
considered, in which provability is based on the notion of a cyclic (circu-
lar) proof. Unlike ordinary derivations, these proofs can be represented
by graphs allowed to contain cycles, rather than by finite trees.

Jloruka nokazyemoctu I'énessi—JI6a GL mpencrasisier coboii IpOIIO3UIUIO-
HAJIBHYIO MOJIAJIBHYIO JIOTUKY, 33/1aBaeMy0 UppedIeKCUBHBIMU YaCTUYHO YIIO-
psiioveHHbIMY KaiaMu Kpunke 6e3 6eCKOHEUHBIX BO3PACTAIONINX TOC/IEI0BA~
TenbHOCTE. [laHHAS cHCTEMa TaKKe SBJISIETCS IMTOJHONW OTHOCUTEIBHO apud-
METHUYECKO! CEMAHTUKHU, B KOTOPOHl MOJAJIbHAs CBs3Ka [] MHTEPIpPETUpyeTCs
KakK TIpeJuKaT J0Ka3yeMoCTH B ¢opmasbHoit apudmernku Ileamo. B macto-
SIIEM HCCJIEJIOBAHUK MBI pacCMaTpUBaeM ucuucjenne st jgorukn GL, ocHo-
BaHHOE HA IOHSITUN IUKJIXIECKOTO BhIBOJA. [{MKIMdIeckuii BBIBOJ MOXKET OBIThH
[OJIy9eH U3 OOLIMHOro (bOPMAJIHLHOIO BBIBOJA U3 TUIOTE3 (KOHEYHOrO JepeBa
dopMmyJ1, ITOCTPOEHHOTO 10 TPABUJIAM 33JaHHOTO UCYUCJIEHUS ) Iy TEM IIOCIEI0-
BATEJILHOIO MPUMEHEHHUs CJIEYIOIIei OIePAIliu: OTOXK/IECTBJISEM HEKOTOPBIN
JINCT, TIOMEYEHHbBIH (POPMYJIOit, He ABJISIONIEHCs aKCUOMOi, ¢ BHYTpeHHE Bep-
[IUHOM BBIBOJIA, IIOMEYEHHOH TOM 2Ke (pOPMYJIOii, C IIOMOIIBIO TaK HA3bIBAEMOMN
obparHoil cchuiku (cM. onpeenenne Huzke). OKasblBaeTCsl, UTO NUKIXICCKUE
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BBIBOJIBI [TPEJICTABJISIIOT CODON MHTEPECHYIO aJIbTEePHATHBY TPAJIMIINOHHBIM BbI-
BOJIAM JIJIsT JIOTHK, COJEPIKAIINX OTMEPATOPhI HEMOJABMKHBIX TOUeK. [[ocKoIbKY
GL MoxkHO paccMaTpuBaTh Kak (hparMeHT MOJAJIBHOIO [i~JIOTUKH, IIPEICTABIIsI-
€TCsl €CTECTBEHHBIM PACCMOTPETh ITUKJINIECKIE BBIBOJLI B ciydae joruku GL.

HamomuamM, 910 hopmyave A3vika ModaabHOUT A02UKU CTPOSITCSI U3 MIPOIO-
3UIUOHAJIBHBIX TIEPEMEHHBIX P; U KOHCTAHTBI | € MOMOIIBIO CBsi30K —, [1. Mbr
paccMaTpuBaeM OCTAJIbHBIE OYJIEBbI CBA3KHU M MOJAJIBHYIO CBA3KY ) KK COKpa-
mennst: A=A — L, T:=-1, AANB:=—-(A— -B), AV B:= (A — B),
QA = -0-A.

Wcunciienne rub06epTOBCKOrO TUMA JIJTsT MOAAIBHOM JIoruKu K4 BBITJIsIIAT
CJIEIYTONINM 00Pa30M:

Cremvr axcuom:

(i) TaBToNOrMH KJIACCHYECKON JIOTHKH BBICKA3bIBAHMIA;
(i) O(A — B) —» (0A — OB);
(i) OA — OOA.
IIpasusa evieoda:

mp % , nec DAA

Jloruka GL mosrygaercst nobasiennem K jgoruke K4 cxembl akcuom JIEba:

O(0OA - A) — OA.

Hukauveckoe dokazameavbcmso (8 yuksuweckol HOPMasohol dopme) Pop-
myave A mipescraBisier coboit nmapy (k,d), B KOTOPOH K SIBJISIETCSI KOHETHBIM
JiepeBoM (HhOpMYJI, TOCTPOEHHBIM TI0 IIpaBmiIaM BbiBoja (mp) u (nec), B KOpHE
KoToporo crout dopmyna A, a d sBiasercs (pyHKIUe co CIeIyOMMUMI CBO-
crBamu: (hyHKIUs d ONpesiesieHa Ha BCEX JIMCTbAX JIEPEeBa K, HE MOMEYEHHBIX
akcuomamu Jjioruku Ké4; o6pas d(a) Jjucra @ JIeXKUT Ha IyTH MeXKJy KOPHEM K
U JIACTOM @ Ha IIyTH MKy a U d(a) BerpedaeTcs IpuMeHeHne npasuia (nec);
a n d(a) moMedenbl oHaKOBBIME dopMmysnamu. Ecin Ha smcre a dbyukiusa d
OIIPEJICJICHA, TO MBI TOBOPUM, 9TO BEPINUHbI ¢ U d(a) COCIUHEHBI 06pamHol
cColAKOU.

B kauecTBe mipuMepa paccMOTPHUM IUKJINIECKOE JOKA3ATETHECTBO AKCUOMBI
JIé6a. Obozuauum uepes A dopmyny O(Op — p) — Op, a eé noadopmyist
Op — p u Op — gepes B u C' coorBercrBenHo. Jokaxem, uro K4 - A — A.
Nmeem

K4 +HO@OB — C) — (0O0B — 0O0),
0B — 0OOB,
OB — C) —» (OB — 0OC), (1)

e iepsble ase bopMyIIbl siBastoTcst akcnomamu (ii) u (iii) moruku K4, a tperbst
CJIEJTyeT U3 TMEPBLIX JIBYX B KJIACCUYECKOW JIOTMKE BBICKA3BIBAHUMA. Y UUTHIBASI,
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aro A umeer Bug (0B — C, a B umeer Bug C — p, IPOI0/KaeM IPEIbILY A
BBIBOJL
K4é+DOA — (OC — p) = 0OC),
0(C — p) — (OC — Op),
0A — (O(C — p) — Op).
B nmanHOM BBIBOZIE TIepBas dbopmydaa copnaaer ¢ gpopmysoi (1), Bropas dbop-
MyJsia siBjserca akcuomoii (ii) joruku K4, a Tperbst clieyeT U3 IepBbIX JIBYX

B KJIACCUYECKOIi JIOrMKe BbICKa3biBauuii u cosnajaer ¢ [JA — A. Tenepb Mol
uMeeM CcjeyIoniee IUKINIeCcKoe JJOKa3aTeJIbCTBO

£

A :
0A O0A— A |
A

B KOTOpOM & 0DO3HAYAET COOTBETCTBYIONINIT BBIBO, B K4.

nec
mp

Teopema. Dopmysa A doxasyema 6 aoeure GL mozda u moavko moezda, xozda
A umeem yursuvecKoe JOKA3ZAMENLCNEO.

JNutepaTypa

[1] Shamkanov D. Circular proofs for the Gidel-Lob provability logic.
Mathematical Notes. 2014. T.96 Ne3. C. 575-585.

On some modal logics related to K5
Shehtman V. B. (Moscow)

The propositional modal logic K5 is obtained from the minimal logic K
by adding the ‘Euclidean’ axiom (QUp — Op. The corresponding condition on
Kripke frames is

VaVyVz(zRy & xRz = yRz).

The paper [3] described all extensions of K5 and proved that K5 is locally
tabular. Here we show that K5 has a stronger property.

Definition 1. The modal depth of a modal formula A (in symbols, md(A)) is
the maximal number of nested modalities in A.

The modal depth of a propositional modal logic A (in symbols, md(A)) is
the minimal n such that every modal formula has a A-equivalent of depth n.

Recall that a propositional logic A is called locally tabular (or locally finite)
if for any finite n there are finitely many formulas in n propositional variables
up to A-equivalence (cf. [1]).

Every logic of finite modal depth is locally tabular; the converse implication
may be not always true (but this is still an open problem).
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Definition 2. Consider the following modal logics:

KE, =K+ {"Op — O"p,

0"S5:=K+0O"((Op — p) A (Op — OOp) A (O0p — p)),
wK5 :=K + p A OOp — Op,

S4.4:=S4+ pAOQp — Op.

By Sahlqvist theorem (cf. [1]) we have

Proposition 10. All the logics from Definition 2 are Kripke complete; their
frame characterizations are the following;

for KEy,: VaVyVz(zR"y & xR"z = yRz);

for O"S5: if tR™y, then the subframe generated by y is a cluster;

for wKb5: VaVyVz(zRy & xRz = x = z V yRz);

for S4.4: transitivity plus the wK5-condition.

So there are the following inclusions:

0s5 > [0%S5 D ...
K5=KE; DKE; D ...
KE, > O0"S5, K5 D wK5, S4.4 D wKb5.

All of them are obvious, except for KE, D [0"S5, which is checked either
syntactically or by using Proposition 1.

Theorem 1. md(KE,,) = md(d"S5) =n + 1;
2 <md(wK5) <3;2<md(S4.4) <3.

The proof is obtained by using bisimulation games; see [4] for the details.

Definition 3. The quantified version QA of a modal propositional logic A
is obtain by joining A with the classical predicate logic (and the substitution
rule); cf. [2].

The question about Kripke completeness of quantified versions of the logics
described above seems rather nontrivial. Note that the proof of incompleteness
of QK5 proposed in [2] (ch. 6, p.492) is incorrect.

However, we have the following

Theorem 2. Let
OBa :=VzOP(z) — OVP(z).

The logics QIS5 + UBa, QK5 + Ba are complete in Kripke semantics.
Question. Is it true that QK5 + OBa?

This work was supported by the Russian Foundation for Basic Research
(project N 16-01-00615).



60 CuMmBosuyecKasl JIOTUKaA
Bibliography
[1] Chagrov A. Zakharyaschev M. Modal logic. Oxford University Press, 1997.
[2] Gabbay D., Shehtman V., Skvortsov D. Quantification in nonclassical logic,
Vol. 1. Elsevier, 2009.
[3] Nagle M. C., Thomason S.K. The extensions of the modal logic K5. Journal of
Symbolic Logic, Vol. 50, P. 102-109, 1985.
[4] Shehtman V.B. Bisimulation games and locally tabular logics. Russian Mathe-

matical Surveys, 71 (5), P. 979-981, 2016.



dPurnococckas normka

Jlormyeckue mpe3yMOIiuu B OCHOBAHUSAX
KJIACCUYECKOM JIOTUKU

Anmaxos C. M. (Huscnut Hoszopod)

Principle of contradiction foundations problem was radicalized almost
simultaneously by Polish and Russian logicians — by J. Lukasiewicz and
N. A. Vasiliev. Aristotle’s formalization of principle of contradiction in-
troduces, among others, the concept of “point of view”, or “aspect”,
which did not achieve proper formalization in classical logic. This paper
proposes such a formalization utilizing so called logical presumptions,
the conjunctive presumption and the disjunctive presumption. These
presumptions introduced are important not only for unification of solv-
ing antinomies and paradoxes of science. They allow clarifying some
unsolved problems that J. Lukasiewicz and N. A. Vasiliev called “meta-
logical”. Such “metalogical” problems relate to the foundations of formal
logic principles including the principle of contradiction.

IIpobsiema ocHOBaHMiT MPWHIWMIIA TPOTUBOPEYNs OBbLIa ITOCTABJIEHA MOYUTH
onuospemenno . Jlykacesuuem [1] u H. A. Bacuibespim [2]. E€ o6cyxnenue
y HHX BKJIIOYAJIO KPUTUKY JIOIMYIECKHX M MeTadU3MIecKux uieil Apucroress
U BEJIOCh HA A3BIKE TPAUIMOHHBIX JIOTHMKH U MeTahU3nKU. ApUCTOTeh BUIE
B IIPUHIIUIIE IPOTHBOPEYUs HANOOJIEE JOCTOBEPHOE HAYAJIO MO3HAHNS. B oHOM
U3 TIEPEBOJIOB € TPEIECKOro ero Gopmya takoa: «OHO I TO 7Ke He MOXKET O/1-
HOBDPEMEHHO GBITh IPUCY UM ¥ HE ObITH IPUCYIIUIM OJJHOMY U TOMY K€ C OJ(HOM
u Toii ke Touku 3penus» (Memagusura, 1005 b 20. Hur. wo [1, c. 59]). «Tou-
Ka 3pEHUsi» WHAYE HA3BIBAETCH <ACIEKTOM», M HA 3TH <ACIEKTBI» KJIACCHYe-
CcKasl JIOrMKa He obpamasa ocoboro sBauManng. OIHAKO HMEETCsl BO3MOKHOCTD
7 HEOOXOMUMOCTE (POPMATTAZ0BATE «ACHEeKT» CYIKICHUS B IEJAX yHU(DUKATAN
CII0COBOB PENIEHNUsT MIPOKOTO KJIACCA JIOTHIECKUX TPOTHBOPEHIHU.

Hcnonb3yemoe cpencTBO Takoi hOpMaIn3anuy HA30BEM npesymnyued u
xapakTepusyeM eé Kak OCOOeHHBIN Kpurepuil (IPABHUIIO) NPUHSITUS DEIICHUs]
B YCJIOBUSIX HEONPEJIETSHHOCTH (HEMOJHOTHI 3HaHU:A). [[paBuio npe/mosaraeT
dbopManM3amMo OMHOrO U3 JBYX JBOWCTBEHHBIX KPHTEpHEB BbIGOpa. BBeaém
JIBe JIOTWHYeCKUe TIPe3yMIIIIA — KOHBIOHKTUBHYIO | | . ¥ AU3BIOHKTUBHYIO (C/Ia-
yio) [ ], xak qBa mpaBmia BhIHECEHHsI CyZKI€HHST 00 HCTHHHOCTH IIPOCTHIX Ka-
TEropUYecKUX MPeIIoKeHuil. PaccMOTpUM eAMHIYHOE YTBEPAUTEIBHOE IPe/l-
JIO’KEHUE, yKa3aB Ha BO3MOXKHOCTH ODOOIIEHUS TOrO CJIydasi Ha BCE BUJIBI TIPO-
CTOTrO KATETOPUYECKOTO NPEJJIoKeHns. TakzKe IpUMeM aTpuOyTUBHOE UCTOJI-
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KOBaHUE TIPEJJIOKEHNSI, TP KOTOPOM IPEIUKAT IIOCIEHETO TIOHUMAETC KaK
arpubyT (CBOWCTBO) IIPEJIMETOB MOHSITHSI-CYObeKTa. 3ahUKCUPyeM TPOU3BOIIb-
Helit arpubyr P Berm. JIjis UCIONIB30BAHUS IPE3YMIIIUI OH PACCMATPUBACTCS
BMeCTe ¢ KOHTPA,IMKTOPHBIM OTPHIIAHIEM P, TaK»Ke TIOHIMAaeMbIM KaK aTpHOYT.

CorylacHO BBOJMMBIM IIPABUJIAM, IIPEJMET 00bEMa CyObeKTa MPEJIOKEHUST
HPEJICTABIISIETCs KaK KOHBIOHKIWS (B caydae ||, ) mim qusbioHKIus (B ciydae
[I,) acnexmoe sToro npeamera, BbIIETEHHBIX B IIPeJMeTe KaK €O CBOHCTBA.
ITpumepoM aceKTOB MAXMATHON TOCKH ABJISIOTCSA €€ OeJIble U I6PHBIE KJIETKH.
O6osunaqus acuekr si (k= 1, 2, 3...), upelacraBuM IpeaMer T KaK COBOKYII-
HOCTB & = {8} €10 aCeKTOB, K KOTOPOH y7Ke MOYKET OBbITh IPUMEHEHO IPABUIIO
[T, mmm [],,. Kazkprii acriekr obiajaer coBmecTuMbivu coiicrBamu. Coorser-
CTBYIOIIE TIPEJIUKATH 0603HaInM P (Sk) U CIIPOCUM, KAKHE TIPEJIUKATH MOKHO
OTHECTH K TIPEJIMETY & B IEJIOM.

Cormacuo [[,, Pi(z), ecim (Vsg) Pi(sy). Cormacuo [[,, Pi(x), ecom
(3sk) Pi(sk). DTy mpouemypy MOXKHO HOBTOPUTH Ha 60jiee BHICOKOM yDPOBHE
060011IeHns1, BBE/IsI HHTerpasbhble cBoiictBa Pa(x) u Py (), KOHBIOHKTHBHOE U
JIM3BIOHKTHBHOE, CONIACHO paBeHCTBaM P () = APi(x) u Py(z) = V;P;(x).

Hcxonnoe npeyioxkenne, Hanpumep SaP, samensiercss B ciaydae [, KoHb-
oHKIWER Ay (spaP) upejioxKenuii, IPUIUCHIBAIONIMX ACIEKTaM Sg arpubyr P,
a B caydae | [,, — musbionkimeit Vi, (spaP) Tex xe npesoxennii. Cormacuo | ,,
SaP MCTUHHO TOTJ@ ¥ TOJBKO TOL/A, KO/ MCTUHHA KOHBIOHKIWM Ak (sgalP).
Corumacuo [],,, SaP ncTuHHO TOrJa U TOJBKO TOL/A, KOTJA HCTHHHA U3 bIOHK-
s Vi (sgaP).

PaccMarpuBast 10puandeckuii MpuMep, MOYXKHO OKA3aTh, 9TO NPESYMNUUSL
BUHOBHOCNAU UCIIONIB3YET IPABUIIO | ||, U OTHOMMEHHBIH aTPHOYT «BUHOBHBII»
WJIH TIPABUJIO | [ . ¥ OTpHIaHNIe OJHOMMEHHOIO aTpubyTa — aTpubyT «HE BHHOB-
Hbliy. [Ipe3ymnuyus He6urO6HOCAU UCTIOIB3YeT IPABIIIO | [, ¥ OAHOMMEHHBII
aTpuOyT «He BHHOBHBIN» HJIM IPABUJIO | [, U OoTpuianme oJHOMMEHHOIO aTpu-
OyTa — aTpubOyT «BUHOBHBIMNY.

SHaueHue BBEIEHHBIX JIOTMYECKUX [IPE3YMIIIUI 3aK/II09aeTCa He TOJLKO B
yErbUKATMA PEIIEHns] AaHTHHOMUI 1 TTapaJOKCOB HAYKHU, IPUMEPBI 9€T0 JIETKO
npusecTu. lIpe3yMnnum mo3BoJISIOT MPOSACHUATH IPOOIeMbl, Ha3BaHHbIe . JIy-
kacesuueM [1] u H. A. BacwibeBbiM [2] «MeTasormuecKkuMu» 1 OTHOCSIIUECST K
OHTOJIOTMYECKAM OCHOBAHUSIM (DOPMAJILHOM JIOTUKM, OCHOBAHUSM €6 3aKOHOB
(TOXKZIECTBA, UCKIIIOYEHHOTO TPETHEro U JIP.), B TOM YUC/IE IPUHIUIA IPOTHBO-
peunsi. Pe3yabTaT MCCIeI0BaHNS MOCTIETHETO ONPEIeIIeTCs TPAMEHSIEMOH J10-
IUMECKON MTPE3yMIIIUEH 1 MOXKET, B 3aBICAMOCTH OT BBIOOPA, KAK yTBEPXKIATDH
JIOTUIECKU IPUHIIUI TPOTUBOPEYHNsl, TaK U (POPMAaJIBHO OIPOBEPTATD €ro.

Tem cambiv Gosiee oTUéTiIMBO BhICTymaeT 3amedennas . JlykaceBmuem
HETOXKJIECTBEHHOCTD JIOTHYECKOTO U OHTOJOTHYECKOrO MPUHITUIIOB [IPOTHBOPE-
qusi ¥ OOHAPYKWBAETCSI MTPEEMCTBEHHOCTh KPUTHUKU OCHOBaHWIT (hOPMATBLHON
JIOTMKY Hadaja XX B. TPAHCIEHIEHTAJIbHOMY Hjleajiu3My KaHTta, BceM comep-
JKaHMEeM KOTOPOr'o ompoBepraercs [lapMeHnI0B MPUHIKATT TOXKIECTBA, ObITHAS U
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MBIIIJICHUA, B HE3bI0JIEMOCTH KOTOPOT'O YBEpEHA JIOTUKa, HO COMHEBa€TCA MeTa-
JIOTUKA.

JlutepaTypa

[1] JIykaceBuu . O npunyune npomusopeuus y Apucmomenn. Kpumuueckoe uc-
cnedosarue. M. — CII6.: Ientp rymanuTapubix naunuarus, 2012. C. 51-202.

[2] Bacuawes H. A. Jloeukxa u memanozuxa // Bacuabes H. A. Boobpaxkaemas Jo-
ruka. M36pannbie Tpyasr. M.: Hayka, 1989. C. 94-123.

HpOTOJIOI‘I/IKa n JuarpamMmMaTrmdeckKad Teopud
Bobposa A. C (Mocksa)

V. 1. Shalak recently claimed for the benefits of C.S. Peirce’s semeiotic ap-
proach to the logic construction. The current paper continues this line. It
compares Pierce’s Existential Graph theory and Shalak’s protologic. The com-
parison looks quite curious, as both theories not only share the same semeiotic
background, but they also concern similar philosophical problems (i.g. the
logical consequence essence).

B nokuraze obcyxnatorcs jjorudeckue uiaen J. C. Ilupca, Ha KOTOPBIX OCHO-
BBIBaET CBOil cemuoTniecKkuil mojxon K jioruke B. . [Tlanak. Tounee, peds moii-
et 0 GuIocodCKIX OCHOBAHUSX 000UX MPOEKTOB. HecMoTpst Ha CyIiecTBeHHbIE
pa3Iudus, B HAX MOXKHO YBUJIETH HEMAJIO JIIOOOIBITHBIX CXOJICTB.

Bsrisin Ha JIOrMKy Kak Ha WHOEe Ha3BaHWE JJIsi CEMUOTUKU ITPUHAJIEIKUT
ITupcy, 3anoxuBmemy B XIX Beke mapaslieJIbHO C €BPOIEHCKUMU UCCIETOBaA~
TeJISIMHU OCHOBBI CUMBOJINYIECKOH jjoruku. CyIeCTBEHHBIM TPU3HAKOM €r0 «OC-
HOB» siBJIsieTcs uX umocodcekas cocrapisomniasi. O6parmasics K [Tupcy, [lamax
3asBJIET O HEOOXOMMMOCTH CEMUOTUIECKOTO OAX0/1a: e Mbl XoTnM, 4TOOBI
JIOTMKa, JIEWCTBUTE/IBHO CTaJIa HOPMATUBHOM HAYKOM, MBI JIOJIZKHBI OTBJIEYbCST OT
BCSIKOU crienuUKN KOHKPETHBIX SI3bIKOB U B3TJISIHYTh HA HUX JIUIIb KaK Ha a0-
CTPaKTHBIE 3HAKOBbIE CHCTEeMbl. VIMEHHO 3HAKOBasl IPUPOJIA A3bIKA JEJIAeT ero
YHUBEPCAJIHHO IIPUMEHUMBIM [IJIsI IPEJICTABICHIS 3HAHUN O JTI000i1 PeaibHOCTH
u o sobom ee dbparmenTes [2, 274].

He nporuBopedar cemmormaeckoMy moaxomy u npeicrtasienns [lamaka o
MIPOTOJIOTUKE, KOTOPasi «SBJISIETCS ... UHCTPYMEHTOM TEOPETHIECKOTO HCCJIe-
JOBaHUS TVIyOWHHBIX BO3MOXKHOCTEN SI3BIKA /I OIEPUPOBAHUS C OObeKTaMu
mbIcauy |3, 16]. B ocHOBE POTOIOrUKY JIEZKUT TIOHSTHE JIOTUIECKOTO CJIEI0BA~
nusi: <3 mocbutok X = {Bl,..., Bn} ciexyer BoipaxkeHne A, ecinm U TOJBKO
€CJI CYIIEeCTBYET IIPAaBUIO R, KOTOpOe IO3BOJIsIET Ha OCHOBAHUM 3HAYEHUN I10-
CBUJIOK Y OIIpesIe/InTh 3HaueHue Bbipaxkenus A» [2, 276]. Ouo naer ocnoBanue
JJIsT BBOJIA TIOCBLJIOK C 33/IaHHBIMU 3HAYEHUSAMM; [TOCTPOEHUS [EIT0OYEK PACCY K-
JIeHUH; KOHCTPYUPOBAHUsI CJIOXKHBIX SI3bIKOBBIX BbIpaskeHuit (AB) n3 mpocThix
(A) u (B). A3bIK IPOTOJOrNKI U3HAUAIBHO He GUKCUPOBaH, & IIOTOMY el HeoO-
XOIUM CyOBbEKT U MHTEPIPETATOD, CIIOCOOHBIN BBOIUTD B SI3bIK HOBBIE 3HAKH.
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IIporosoruky cTOUT paccMaTpUBATH KAK TEOPUIO «OIEPUPOBAHUS 00bHEKTA-
mu Mbicany» [3, 12]. Takue 3amaun erme Gosbrne cOamKaroT ee ¢ uuesmu [Tupca,
CTPEMUBIIIETOCsT ITPOJIEMOHCTPUPOBATH MBIC/Ib B JBUXKEHHUH, IIOKA3aTh IIPEBPa-
[EHUE OJTHOW MBICJIA B IPYTYIO. DTy 33729y OH CTABUJI IIEPeJ] CBOEH 1OC/IeIHel
JIOTMIECKON pa3spabOTKON — Teopueil SK3UCTEHIINAIBHBIX IPAdOB WIN Teopueit
rpadoB.

B reopun rpadoB IPUCYTCTBYIOT 3HAKH PA3HBIX BUJOB (CEMUOTHIECKOE PAC-
cMorpenne Teopun rpados cm. B [4]). Basosas eqununa — rpad — HanmoMuHaeT
MOJIEPHU3UPOBAHHbBIE IHATPAMMBI Jifjiepa, KOTOPbIE PA3MEIAIOTCA Ha ILIOC-
KOCTH U MOTYT TPaHC(hOPMHUPOBATHCHA. 1e0pust AeUTCS Ha BIIOJHE CAMOCTOS-
TeJIbHBbIE PA3JIEJIbl, XOTH B IIEJIOM €€ OCHOBY COCTABJISAIOT BA IIPABUJIA: IIPABUIIIA
pasmerenns rpadoB U ux urepanun. I'pad MOXKET pa3MemaTbCs BHYTPH OJTH-
HAPHOI KPYrOBOIi CXEMBI M CTUPATHCsI BHYTPHU JIBOMHOMN; Oy /1y un pa3MeIleHHbIM,
OH MOXKET OBITh UTEPUPOBAH BOBHYTPb. MOXKHO BCIIOMHUTH ITPABUJIO Pa3MeIIe-
HUS U yAAJEHUS JTBOWHBIX KPYTOBBIX CXEM, HO OHO $BJISETCsI ITPOM3BOJHBIM.
JIi06b1e maTepIIpeTamu rpadbl MOy Ial0T U3BHE, & IIOTOMY 3aMETHBIMU CTAHO-
BATCA DYHKIII HHTEPIPETATOPOB IO Pa3MeIIeHnio rpadoB HA IIOCKOCTH U UX
[POYTEHHIO ([IPOIE/y P TOCTPOEHHsI U MHTepIpeTanuu rpada He TOXK IeCTBEeH-
HbBI).

Wrak, mepen HaMu jIBe T€OPUH, KOTOPhIE, OTTAJIKMBAsICH OT PA3HBIX JIOTHYIE-
CKUX YCTAHOBOK, CTPEMSATCS K PEINeHUI0 (DyHIAMEHTAIbHBIX /s huaocodun
JIOTHKY [IPOOJIEM: MPHUPOIBI JIOTUIECKOTO CJIEIOBAHNS, OIEPUPOBAHUA MBICIISI-
Mmu. Obe, 6a3upysiCh Ha TEOPUM 3HAKOB, OCTAIOTCS MPEJIEIbHO abCTPAKTHBIMHE.
Hosble 3Haku B 060MX CiIy4asiX BBOISATCS WHTepIpeTaropoM. lIpocreie 3HaKu
MOI'YT COEJIMHATRLCS B CI0XKHBIE. [[paB/ia, 3/1ech HAUMHAIOTCS 3aMETHBIE PACXOXK-
JIeHUs: BO-TIEPBbIX, rpadbl He mpesnoiaraior padory ¢ gedununuavu (byHK-
(1l OKa3blBAeTCs BOBHE). Bo-Bropbix, B Teopun [lupca 3ameTHyio posib urpa-
10T 00JIACTH BHYTPU OAMHAPHBIX U JBOMHBIX KPYTOBBIX CXEM, UTO IIO3BOJISIET HE
TOJIBKO BBOJMTD IIPUBBIYHBIE NUCTUHHOCTHBIE OIEHKHU, HO U PA3MbIILISITh O PO-
JIi, MecTe U npupo/ie orputianusi. [loararo, obpalieHue MpoTOJIOrIKY K TEOPUU
rpadoB MOTJIO ObI 0Ka3aThCsi MTPOILYKTUBHBIM, PABHO KaK MPOyKTUBHBIM MOT
OBl cTaTh W OOPATHBII IIAr: TPOTOJOTUKA TAeT BO3MOXKHOCTH JJIS PA3MBIIILIIe-
HUI HaJ IPUPOJON YCJIOBHOI'O BBICKA3bIBaHU:A, KOTOPOE aMEPUKAHCKUNA JIOTUK
JIAJIEKO HE BCETIa OTOXKJIECTBIIA ¢ MAaTepUabHON nMmiumkanueit [1].
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On Antilogicism
Vasyukov V. L. (Moscow)

Logicism is a thesis that mathematics is derivable from logic alone. Unfor-
tunately, the logicist program of the early 20th century was unsuccessful since
Frege’s (1893/1903) system was inconsistent and the Whitehead and Russell
(1910-13) system was not thought to be logic, given its axioms of infinity, re-
ducibility, and choice. Both forms of logicism asserts the existence of objects
(courses of values, propositional functions, etc.) while many philosophers think
that logic is not supposed to do so. Later logicism was replaced by a very dif-
ferent account of the foundations of mathematics, in which mathematics was
seen as the study of axioms and their consequences in models consisting of
the sets described by Zermelo-Fraenkel set theory (ZF). Mathematics, on this
view, is simpy applied set theory and there is only one kind of entity in the
mathematical world, the set. All sets are built up from certain simple ones
(in fact one can start just with &) by operations like intersection N, union U,
and complementation —. The axioms of ZF legislate as to when such opera-
tions can be effected. They can only be applied to sets that have already been
constructed, and the result is always a set.

As a consequence, the internal logic of sets is a classical one, since algebra
of subsets closed under set-theoretic operations is a Boolean algebra which is
a model of classical logic. The first deviation from that rule was inspired by
intuitionistic mathematics. Here algebra of subsets is Heyting algebra and re-
spective internal logic becomes an intuitionistic logic. But such deviation is
inconspicuous because Boolean algebra always would be construed as a partic-
ular case of Heyting one. It’s sufficient to add a law of excluded middle to the
list of axioms of Heyting algebra.

The second deviation came up in 1936 when G. Birkhoff and J. von Neu-
mann discovers that an algebra of closed subsets in infinite-dimensional Hilbert
space is not a Boolean algebra but an orthomodular lattice. Since this formal-
ism was exploited in quantum theory then it leads to the birth of so-called
quantum logic. And in this case an orthomodular lattice was a model for such
logic.

And already in 1961, Jean Dieudonne claims: ”What you may perhaps be
unaware of is that mathematics is about to go through a second revolution at
this very moment. This is the one which is in a way completing the work of
the first revolution, namely, which is releasing mathematics from the far too
narrow conditions by ’set’; it is the theory of categories and functors, for which
estimation of its range or perception of its consequences is still too early ... ”.

The most general universe of mathematical discourse of this period became
the category known as Set, whose objects are the sets and whose arrows are
the set functions. The basic set-theoretic operations and attributes (empty set,
intersection, product set, surjective function e.g.) can be described by refer-
ence to the arrows in Set, and these descriptions interpreted in any category.
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However the category axioms are ”"weak”, and in many contexts the interpreta-
tions of set-theoretic notions can behave quite differently to their counterparts
in Set. So the question arises as to when this situation is avoided, i.e. when
does a category look and behave like Set? A vague answer is — when it is (at
least) a topos. It is a category whose structure is sufficiently like Set that in it
the interpretations of basic set-theoretical constructions behave much as they
do in Set itself.

For each topos one can define a language which would be employed as a
convenient tool for yielding statements on objects and arrows of the topos in
question or even for proving theorems about them. In a topos there is also an
internal logic which “logically” reflects properties of topos, i.e. which do the
same Boolean algebra did for sets. A sequential formulation of topos logic is
just as it worth been expected an intuitionistic one. Nevertheless, there are
some logical deviations in category-theory universe.

Notably, that topos language is a typed language with each object as type.
Type Theory recently is going through a row of transformations while pretend-
ing to be the new foundation of mathematics. In type theory, unlike set theory,
objects are classified using a primitive notion of type, similar to the data-types
used in programming languages. These elaborately structured types can be
used to express detailed specifications of the objects classified, giving rise to
principles of reasoning about these objects.

One of the most striking differences between classical foundations and type
theory is the idea of proof relevance, according to which mathematical state-
ments, and even their proofs, become first-class mathematical objects. In type
theory, we represent mathematical statements by types, which can be regarded
simultaneously as both mathematical constructions and mathematical asser-
tions, a conception also known as propositions as types. Accordingly, we can
regard a term a : A as both an element of the type A, and at the same time, a
proof of the proposition A.

The logic of “proposition as types” suggested by traditional type theory
is not the “classical” logic familiar to most mathematicians. But it is also
different from the logic sometimes called “intuitionistic”, which may lack both
the law of excluded middle and the axiom of choice. For present purposes,
it may be called constructive logic (but one should be aware that the terms
“intuitionistic” and “constructive” are often used differently).

Homotopy type theory (HoTT) interprets type theory from another per-
spective. In homotopy type theory, we regard the types as “spaces” (as stud-
ied in homotopy theory) or higher groupoids, and the logical constructions as
homotopy-invariant constructions on these spaces. In this way, we are able to
manipulate spaces directly without first having to develop point-set topology
(or any combinatorial replacement for it, such as the theory of simplicial sets).

Homotopy type theory serves as a foundational language for mathematics,
i.e., an alternative to Zermelo—Fraenkel set theory. However, it behaves differ-
ently from set theory in several important ways, and that can take some getting
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used to. A set-theoretic foundation has two “layers”: the deductive system of
first-order logic, and, formulated inside this system, the axioms of a particular
theory, such as ZF. Thus, set theory is not only about sets, but rather about
the interplay between sets (the objects of the second layer) and propositions
(the objects of the first layer).

By contrast, type theory is its own deductive system: it need not be for-
mulated inside any superstructure, such as first-order logic. Instead of the two
basic notions of set theory, sets and propositions, type theory has one basic
notion: types. Propositions (statements which we can prove, disprove, assume,
negate, and so on) are identified with particular types. Thus, the mathematical
activity of proving a theorem is identified with a special case of the mathemat-
ical activity of constructing an object — in this case, an inhabitant of a type
that represents a proposition.

In a sense, it means that type theory includes logic while determining its
language and proofs, logic becomes “pure” internal construction. If logicism
reduces mathematics to logic then here we have another reduction when logic
is reduced to mathematics — antilogicism. And in such frameworks some new
issues arise which will be analyzed in the paper.

JIo>kb ¢ TOYKM 3peHus AUHAMUYECKOI 3NNCTEeMUYeCKO
JIOTUKU

Tnadviuwes M.A. (Mocksa)

B npe iaraemoit pabore MpeprHsTa MOMBITKa (hopMaiu3aun (heHOMeHa,
JIKU ¢ TIOMOIIBIO MHCTPYMEHTOB COBPEMEHHOM TUHAMUYIECKON STUCTEMUIECKOM
soruku. [Ipeyiaraercs K pacCMOTPEHHIO JIBe MOJIeJIn| 1] JoKcaTHIecKOn JIOrKY:
MO/IJTh, OIUCHIBAIOIIAS JIOKb CO CTOPOHBI CTOPOHHEr0 HAOJIIOMATEIST U MOJIE/Th
JJIsT OIUCAHUS JIZKA OJHOIO M3 areHTOB OCTAJbHBIM.

Jlj1s1 paciupeHust I3bIKa, KJIACCUIECKON IMHAMUYIECKON STIMCTEMUIECKON JI0-
IHKH OIlepaTop MHMOPMAIMOHHOIO OGHOBIIEHNS [l@] JOIOIHSIeTCs OIIepaToOpOM
JIOXKHOTO UH(MOPMAIMOHHOTO OOHOBJIEHU | j@|. SI3BIK 9TOI MOZE M BHINJISAAT
TaK:

LO,D2eu=p | ~o | (¢AY) | Bap | [lelv | [i]e)

Omneparop [l¢]|Y) nornmaercsa Tak: "Iocse IpaBAUBOTO MyGIMIHOTO OObIB-
senusi ¢ uctunHa Gopmyna ¢". Oneparop xu [jp|Y) ciaeayer uuTaTh Tak:
"Tlocste JjioxkHOTO MyHIMIHOrO OObsiBIEHUST ¢ ucTuHHA Gopmyraa P". 3a uc-
KJIIOYEHUEM JIBYX ITUX OMEPATOPOB JAaHHAsT MOJIE/Ib OCHOBAHA Ha, KJIACCUIECKON
SMMUCTEMUYIECKON JIOTHKe, OCHOBAHHON Ha cemaHTHKe Kpurke.

Omnpenenenne 1. CemMaHTHKa IPaBIUBOrO U JIOXKHOTO MHMOPMAIMOHHOTO 00-
HOBJICHUST

MwE[lply ere MwEe — MPwEY
MwE[jplY ere MwE-p — M wEY
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Bropast MOJIE/Ib ONIUCBIBAET CATYAIIUIO, KOIJIa OJIUH U3 AreHTOB JIKET JIPy-
UM, a TakXKe JomnosHsercs oneparopoMm 6ieda [lj,¢]Y, npeanocsukoit Ko-
TOPOrO SIBJISETCS HEYBEPEHHOCTb IOBOPSIIErO areHTa B HEKOTOPOM (akTe p:
(=(Bup V By—p)). Chopmynupyem s3bIK JJid HOBOH MOJEJIN:

Llasiarlia) 2 u=p | mo | (¢AY) | Bap | [lal | [ia®]¥ | [las]v

Onpenenenue 2. CeMaHTHKa OMEPATOPOB Ar€HTHOTO WHMOPMAIIMOHHOTO 00-
HOBJIEHUST

MwE ol ere MjwkE By — MPwkEy

Mow E [jop] ere MwE By~ — M2 wEY

MwE [ligpltp ere M,wE =(BapV By—p) — ML wEY

OCHOBHOI! T1€JTBIO JTOKJIa/IA SIBJISIETCS HE TOJBKO OCBEITEHNEe OCHOBHBIX Ha Ce-
TOJTHSIIITHUN JIeHb (DOPMAaJIBHBIX IIOJIXOI0B K OIPEIe/IEHHI0 JI2KHU, HO, B OOJIbIIeiH
Mepe, KPUTHUKA CYIeCTBYmux Mojeseit. OCHOBHBIM HEIOCTATKOM ITUX MOJe-
Jielt SIBJISIETCS WCIIOJIL30BAHNE CUCTeMbl akcuoM K D45, 910 MOXKeT IPUBOIUTH
K IPOTUBOPEYMSAM U KOHTPUHTYUTHBHBIM BBIBOJAM.

Cmamos nodzomosaena 6 pesysvmame nposederus uccaedosarus (Ne 17-
05-0040) 6 pamxax ITpoepammo. « Hayunod gond Hayuonasvrozo uccaedo-
8aMeAbCKo20 Yyrusepcumema ,Boicwas wrosa sxonomuru® (HAY BIIID)»
6 2017 2. u 6 pamxax zocydapcmeennoli NodIepIcky 6eYUUT YHUBEPCU-
memos Poccutickoti @edepavuu «5-100». Ne ...
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Mmuoromepuas jioruka B. A. CmupHOBa u JiByMepHas
ceMaHTHUKa

T'opbamos B. B. (Mocksa)

enpo JTOK/Ia/1a SIBJISETCSA COIOCTABJIEHHE HJIEM MHOIOMEPHBIX JIO-
UK, Kak oHa peanusoBana y B.A. CMupHOBa, C JIByMEDPHBIM II0/[X0O/IOM
. Hamamepca. The main aim of the present talk is to compare Smirnov’s
multi-dimensional logical framework and Chalmers’ two-dimensionalism.

PassuBas cpowo uzgeo «Boobpaxkaemoii» Jioruku, H. A. Bacuibes BbLaBU-
raeT MpOrpaMMy IIOCTPOEHHsT MHOIOMEPHBIX JIOTHK € N BUJAMU CyKJICHUi, 1j1e
[IpeJInoIaraeTcst 000DIIEeHe 3aKOHA NCKTIOYEHHOTO TPETHEro JI0 3aKOHA UCKJTIO-
YeHHOro N + 1-ro.

B. A. CmupHOB B pabote [2] mpejyiaraeT ocTpoeHne MOJAOOHBIX MHOIOMED-
HBIX JIOTUK B BHUJE ajredp KaaccoB. KaxKaoMy OHOMECTHOMY MTPEIUKATOPY CO-
[TOCTABJISIETCSI TOCJIEJI0BATEIHHOCTD U3 I TOMTAPHO HEIEPECEKAIONIUXCS KIACCOB.
Hekoropble 13 KJIacCOB MOTYT OBITH IMIYCTHIMHU, HO UX O0bEINHEHNE NCIEPITHIBA-
er yHuBepcyM. Ha 5Tux 1oc/ie10BaTeIbHOCTSX €CTeCTBEHHBIM 06pa30M BBOJIUT-
CsI OTHOIIIEHUE BKJIIOUEHUS, & TaAKXKe BCe HEOOXOIMMbIE JIOTUIECKUE OIEePAIUH.
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Kak maes jgormdeckoit MHOTOMEPHOCTH COOTHOCHUTCS C HJI€€it JIOTUTIECKOM
MHOTO3HaYHOCTU! «ATOMapHoe yTBepxKienue, — nmuier B. A. CvupHoB, — ecre-
CTBEHHO pacCMaTpUBaTh KaK yTBEPKJIEHNE O IIPUHA/JIEKHOCTH JIEMEHTA BbI-
JIeJIEHHOMY KJaccy. B n-mepHoil jloruke Mbl OyeM UMeTh I TUIIOB ATOMAaPHBIX
npejIoKenuii. <...> OJHaKO Mbl MOXKEM HMETb JIeJ0 C OJHHM OTHOIIEHH-
€M IIPUHA/JIEZKHOCTH U (DYHKIIME OleHKN < MHJEKCUPYIOIIel, K KAKOMY UMeH-
HO KJIACCy MOCJIEIOBATENHLHOCTH IPUHAJJIEXKAT JIEMEHT» > |2, 262-263]. Jlerko
3aMETUTh POJICTBO MEXKJY MHOIOMEPHBIMH JIOTUKAMU, PACHINPSIONIMMI HAIIN
[IPEJICTABIEHUS O CIIOCODax MPEUKAINNA, ¥ MHOTO3HAYHBIME, PACIIHPSIONIAMA
MHOKECTBO MCTUHHOCTHBIX 3HadeHnil. C TOYKHU 3peHns] MHOIOMEPHOI'O HOJX0/Ia
KJIACCHYeCKasl JIOTHUKA SIBJISIETCS JIBYMEPHOH <«JIOTMKON OObeMOB M aHTHOObe-
MOB», II0JIOOHO TOMY KaK C TOYKH 3PEHHs] MHOIO3HAYHOI'O IOJIXOJIa OHAa IIPe/i-
cTaBJjseT coOOi JIBY3HAYHYIO «JIOTUKY UCTHHBI U JIKH».

B oboux ciiygasix MBI [IOJIy9aeM pPacIIupeHne JIOTMYeCKOro IIPOCTPAHCTBA,
HO B IIPUHIMNHAAIBLHO PA3HBIX CMbBICJIAX, C PA3HBIMU (PUIOCOMDCKUMEI MTOCTEI-
crBusMu. Jla u camo JIorngeckoe IpOCTPAHCTBO TIOHUMAETCH 3/1€Ch II0-PA3HOMY.
Ecim napajurma MHOTO3HAYHOCTH MCXOJUT U3 MMOHUMAHUST JIOTUKU KaK T€OPUU
abcrpakTHbIX 00bekToB (JIlykaceBud), TO napajurMa MHOMOMEPHOCTU BHIUT B
Hell TIpeskJie Beero Teoputo cyxkjaeHns (TBapmoscknit).

Eme o1uH BasKHBINM BOIIPOC: KaK CBsI3aHbI MHOT'OMEPHBIE JIOTUKH C T. H. <IBY-
MEPHBIME ceMaHTUKaMu» 7 IIpexx e Bcero, Mbl He JOJIZKHBI CMEIIUBATD JIOTIYe-
CKH€ CHCTEeMBI I CEeMaHTUYIeCKIe, TeOPETHKO-MOJIe/IbHBIE TocTpoeHn:A. Konewno,
JUIE MHOTOMEDHBIX JIOTHK CYIIECTBYIOT COOTBETCTBYIOIINE MM CEMaHTHKH (Ha-
mpuMep, npemyioxkenHas CMUPHOBBIM 3JIeFaHTHAs TOIIOJIOIMYECKAs! HHTEPIIPe-
TaIus TpexMepHoii sornkn Bacusibesa), a Jisl CEeMAHTHYECKUX KOHCTPYKIUH —
HOJXOJSIIIME «/IByMEpHbIe JIOTUKUA» (HAIPUMED, JIOPHKH C OIEpaTOPOM aKTy-
AJIBHOCTU M COCJIAraTeJIbHONO HakJIOHeHHs — cM. [3, 4]. Tem He MeHee, mmpo-
KO PacIIPOCTPaHEHHBIH ceromnsa GuaocodCcKuil «2-1MMeHCHOHAIA3M » ABJIACTC,
IO CyTH, COBOKYITHOCTBIO Pa3HOIMIEPCTHBIX CEMAHTHIECKUX MHCTPYMEHTOB C He
JI0 KOHIIa IIPOACHEHHBIMH JIOTHYECKUMHI OCHOBAHUSAMU.

Ho ecsin Bce ke MBITATHCA CPABHUBATD JIBYMEPHYIO CEMAHTHUKY C KOHIICTIITH-
el MHOI'OMEPHOI1 JIOTUKH, TO CTOUT OTMETUTD, YTO IEPBasl SIBJISIETCS PA3BUTUEM
MOZAJIBHOTO / MHTEHCHOHAJILHOTO IMOAXO0JA, B TO BPEMsl KaK BTOPas OCTACTCH
[EJINKOM Ha TBEPION MMOYBE SKCTEHCHOHAJIBHBIX KOHCTPYKIWit. B mMHOromep-
HBIX JIOTMKAX MBI He HaiiJleM HHKaKOI'0 aHaJiora IPUHIUIINAIBLHON JaJIMepCOB-
CKOIi ONMOBUIINM TIEPBUYHBIX / BTOPUYHBIX MHTeHCcHOHaJ 0B, Ha camom Jeire,
pacHumpeHne JJOTHYeCKOTO ITPOCTPAHCTBA IIPOUCXO/IUT B JIBYMEPHON CEMaHTHUKE
COBEPIIIEHHO JIPYrUM 00pa3oM — HOBOE M3MepeHUe He J100aBJIsIeTCsl BHEITHIM
00pa30M K yrKe HMMEIOIIIMCS, 3aCTaBJIAsT UX <IIOTECHUTHCS», HO BCTPANBAETCS
U3HYTPU B KAXKIYI0 TOYKY YK€ HMEIOIIErocs JIOTUYECKOro IPOCTPAHCTBA (B
Ka2KJ/IOM BO3MOXKHOM MHUPE BTOPUYHBINT MHTEHCHOHAJ BBIPAXKEHUIT MOXKET OBITH
pasHbM) [4]. Tem caMbIM €ro MakpOCTPYKTYpa OCTAeTCs IPEXKHell, a crapble u
HOBBIE «U3MEPEHMsI» HE COIMOJIOXKEHBI, HO IIOTYNHEHBI OJIHO JIPYTOMY.
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Generalized truth values and quantum logic

Grigoriev O. M. (Moscow)

The aim of this research is to explore some interrelations between non-
classical logics based on the special sets of truth values commonly referred
to as generalized truth values and computationally driven quantum logic.

Quantum computational logic is a relatively young and prominent research
area. It is motivated by recent achievements in quantum computations and
quantum information theory. Classical information theory presupposes 0 and
1 as the most elementary pieces of information while quantum state can not
be only in the states |0) and |1) — cousins of classical 0 and 1 — but in their
superposition, formally represented by expression «|0) + 3]1).

Similar movement happened in the field of logical semantics. While classical
logic has only two-element truth set, non-classical logics can have infinite sets of
assigned values for propositions and — what is relevant here — complex values as
well. These compound objects usually referred in the literature as generalized
truth values, originating from pioneering work [1] and further developed in
plethora of papers (see, e.g. [8, 9, 7]). The standard way of producing a set of
generalized truth values — is to take powerset over some truth values basis, for
instance over classical set {t, f} [1, 8] or some non-classical, such as {a,d,u}
in [9]. Another starting point in construction of a generalized truth values set is
to apply direct product to the different bases of truth values. The prototypical
and philosophically well motivated example of two-dimensional approach can
be found in [2, 3, 6]. We just mention here that dimensions can have interesting
practical interpretations and that the set of generalized truth values equipped
with some family of operations comprise algebraic structures (lattices as a
rule) which opens the way for various definitions of consequence relation and
determine corresponding logics.

Quantum computational semantics utilizes specific approach to the choice
of values for propositions. These are unit vectors in Hilbert space C2 for atomic
propositions (in case of compound formula a value is a g-register in ®"C? —
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product of n spaces C?) or so called gmizes representing partial information
about quantum system [5].

Now we briefly outline the idea of simulating two-component truth values
within quantum logic framework.

Let us start with the pair of two-dimensional Hilbert spaces Cy and C;
having arbitrary orthonormal bases {|bg),|b1)} for the former (taken for the
ontological b-truth-perspective) and orthonormal basis {|co) , |c1)} for the later
(for an epistemic c-truth-perspective). For the definiteness let us assume that
within the scope of this paper the spaces Cy and C; have fixed computational
bases just denoted. We also count |by) and |co) as representatives of false while
|b1) and |c1) as that of ¢ruth in their own truth-perspectives. To obtain the
objects playing role of compound truth values we need to construct composite
2-qubit quantum system Co®C; which has new basis {|b;) ®|c;)} (4,5 € {0,1})
and consisting of qubits of the form ay |boco) + ag [boc1) + a3 |bico) + g |bica),
where ag, € C (1 < k < 4).

Quantum computational logic offers a broad family of operators (see, for
example [5]), quantum logic gates, which in some cases can be rendered as the
counterparts of classical logic gates and thus give rise to a family of proposi-
tional connectives in formal languages of quantum logical systems.

‘We propose some quantum gates which are suited for treatment of quantum
logical connectives similar to the semi-negations form [6], e. g.:

Definition.

N: {00) (00| ® I? + [01) (01| ® I ® C + [10) (10| @ I* + |11) (11| ® B® I,
Ny: 00) (00| @ I? + [01) (01| ® I? +]10) (10| ® I? + [11) (11| ® B® I,
N,: [00) (00| ® I* +01) (01| @ I ® C + [10) (10| ® I* + |11) (11| ® I*.

We also discuss some properties of these gates and their relations to such
phenomena as measurement and entanglement.

The author is supported by the Russian Foundation for Humanities, project
M 16-03-00749a.
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NHuTeHcuoHAIbHbIE KOHTEKCTHI U MTPOOJIeMbI
pedepeHnnaIbHO ITPO3PAYHOCTHI

Hemuna JI. A. (Mocksa)

The aim of the present paper is to consider such phenomena as exten-
sional and intensional contexts in aspect its referential transparency and
non-transparency. Special attention is paid to proper names and definite
desriptions.

Tesuc sKCTEHCHOHAJILHOCTY B siBHOM Bujie 6611 cchopmyauposan P. Kapra-
oM. CorjiacHO 3TOMY Te3uCy st JTF000 HEIKCTEHCUOHABLHON CHCTEMbI MMe-
€TCsl 9KCTEHCUOHAJIbHAS CUCTEMA, B KOTOPYIO II€PBast MOXKET OBITH IepeBeIeHA.
B orHOImeHNN €CTECTBEHHOTO S3BIKA TO O3HAYAET CBEIEHME OTHOIIEHUI, BO3-
HUKAIOIUX Ha yPOBHE CEMAHTUYECKON CTPYKTYDPBI K I'DAMMATHYECKOU CTPYK-
Type npeiokenuii. [IpunsaTue Te3nca SKTEHCHOHAJIBHOCTH O3HAYAJIO OBI, ITO
Teopusl 3HAYEHUs JOJKHA ObITh BKJIOYEHa B Teopuio pedepennuu (Win cBe-
nena K neii). Kpaiinsgs Touka 3peHusi, BBIPAYKAIOIIAs IIO3UIUA IKCTEPHAIU3MA,
OTpaXKaeT IMONBITKH OTOXKJIECTBUTH CEMAHTUIECKOE IMOHSTHE CHHOHUMUH C Pe-
epeHIaNIbHBIM OTHOIIEHUEM TOXKIECTBA SKCTEHCUOHAJIOB (IKCTeHcHil). 3Ha-
YeHre B ITOM CJIydae MPOCTO TpUpaBHUBAETCS K pedepentuu. nas Touka
3penusi popmyupyercss B paborax . @pere, P. Kapraima, KoTropble BBOIST
MOHSITUST «CMBICJT», «AHTEHCHOHAJ», B YACTHOCTU W JJIsi OObSICHEHUS MPUINH
HapYIIEeHUs IPUHIIAIA TOXK/IECTBA B Psijie KOHTEKCTOB M yKa3aHUs BBIXOJA U3
BO3HUKAIOIIUX [1aPaIOKCOB.

BaxXHbIM mIaroM B yTOYHEHHH CIENU(MUKN WHTEHCHOHAJILHBIX U IKCTEH-
CUOHAJILHBIX KOHTEKCTOB IIPEJICTABJISICTCS PAa3TpaHUYCHUE SKCTECHCHOHAJILHO-
ro W WHTEHCHOHAJHLHOT'O BXOXKJEHUSI WHJWBUJIHBIX TEPMUHOB, IPOBEJICHHOE
E. 1. CMupHOBOIT IpU TOCTPOEHUU CUCTEMbBI TIEPBOIOPS IKOBOI MHTEHCUOHA b~
HOii soruku. IIpuHIMIINaIbHO HOBBIM MOMEHTOM IIPU 9TOM SIBJISIJIOCH BBEJIEHUE
JBYX OIepalnii MpuyiozkeHnss PpyHKTOPOB K UX apryMeHTaM M JIBYX OIepaliuii
abcrpakmuu. Takum ob6pasom, B cucreme NILJI paziandaercst 3KCTeHCHOHAJIBHOE
¥ MHTEHCUOHAJILHOE BXOXKJEHNE WHINBUIHBIX TEPMUHOB, UYTO BEJIET K BAYKHBIM



Duocodckast JTOruKa 73

CJIEJICTBUSAM; TaK, eciu A(z) noanMaercs Kak hopmysia ¢ GUKCHPOBAHHBIM IKC-
TEHCHOHAJIbHBIM BXOXKJIeHneM ‘z’; a A[x] — xak dbopmyia ¢ bUKCHPOBAHHBIM
BxoXeHneM ‘y’, To dopmyna (x = y) — A(z) = A(y) — obumesnaunma B
NILTI, a dopmyna (z = y) — Alz] = Aly] — He obiesnaunma. MoxKHO mpoBe-
CTH aHAJOTUIO MEXKJY PA3TPAHNICHNEM SKCTEHCHOHAIBPHOTO M MHTEHCHOHAIb-
HOTO BXOXKJEHUS U PeEPEHTHLIM U HepeEPEHTHBIM BXOXKICHUEM CHHIYJISD-
HbIX TepMuHOB. Ho npenmyinectso nogxosa E. 1. CMupHOBOI 3aKJ/IF09aeTCs B
TOM, YTO PA3/IMYMe SKCTEHCHOHAIBHBIX U NHTEHCHOHAIBHBIX BXOXKIEHUI 060C-
HOBBIBAETCH IIPU IIOCTPOEHUH CTPOrOfl CEMaHTHKHU. DTO JAeT KJIIOY K aHAIU3Y
HAPYIIEHN TPUHIAIA B3aNMO3aMEHNMOCTH B MHTEHCHOHAJIBHBIX KOHTEKCTAX.
Heobmiesnaunmocrs npunnuna (z = y) — Alz] = Aly] 8 UILJI rosopur o
TOM, ITO HE BBIIIOJIHAETCS IPUHIHI JI-3aMeHbI, ITO XapaKTEPHO /I HHTEHCH-
OHAJIBHBIX KOHTEKCTOB. ¥YUeT CIIocoba COYIeHEHHs MHTEHCHOHAILHOIO IIPEeIy-
KaTa (omeparopa) ¢ apryMeHTOM yKa3blBaeT Ha cHerudUKy HHTeHCHOHAJbHBIX
KOHTEKCTOB, TaK KAK B 9TOM CJIydYae SKCTEHCHOHAJ CJIOKHOTO MHTEHCHOHAJIb-
HOTO BBIPAXKEHUS SABJIAETC (DYHKIMEH SKCTEHCHOHATa (DYHKTOPA U MHTEHCHO-
HAJIOB APTYMEHTHBIX BBIPAYKEHMUI.

Ha ocHoBaHWM TOHSITUN MWHTEHCHOHAIHHOTO W YKCTEHCHOHATHLHOTO BXOXK/Ie-
HUS CHHIYJISPHBIX TEPMUHOB (KaK CEMAHTUYECKU PA3JIMIHBIX CIIOCOOOB MIPHIIO-
JKeHusi PYHKTOPOB K apryMeHTaM) MOXKHO YTOYHUTH HOHATHE PedepeHIrallb-
HOI TTPO3PAYHOCTH KOHTEKCTOB. DKCTEHCHOHAJBHOE MECTO yKa3blBaeT Ha TO,
ITO OOBEKT SIBJISIETCS SJIEMEHTOM U3 WHJUBUJHON 00JIACTH, TO €CTh TEPMUH
yKa3biBaeT Ha pedepeHT. VHTeHCnOoHAIbHOE BXOXK/IEHUE YKA3bIBAET HA WHJIM-
BUJIHBIH KOHIENT (€M CUHIYJISPHBIE TEPMUHBI IOHUMATH KAK WHIUBUIHDIE
KoHCTaHTHI). Takum 06pa3oM, GoJiee SICHBIM CTAHOBUTCH, IOYEMY Mbl COJIMKA-
€M TIpO3padHble KOHTEKCTHI C IKCTEHIMOHATLHBIME. PedepeHInaibio Hermpo-
3pPAYHBIMU SABJIAIOTCS KOHTEKCTHI, UMEIOIINe NHTeHCHOHAbHBIE BXOYKEHUsI CUH-
IYJISIPHBIX TEPMHUHOB. PaccMOTpuM Ciiejiyroniuii mpuMep, UCXO[sl U3 CHCTEMBI
UIIJI.

(1) ®uwmnnn aymaer o Terycuranbue. JJanHoe IpeiioXKeHne MOXKHO 3alld-
carpb kak: (mymaer (®umumnm)) [Terycuramsmnal. U dopmansro: (B(a)[b], rae
‘a’ ecTb 0603HAYMEHNE YKCTEHCUOHAILHOrO BXOXKeHus U (@ = Pumnn), a ‘b’ —
0603HaAYEHNE MHTEHCUOHAJILHOrO Bxoxqenus u (b = Terycurasbia).

Jlasee paccMOTPUM TOXKJIECTBO:

(2) Terycuramnbna = Cromuna Tongypaca (nmm: (b = ¢)).

B pesysnbrare 1mo/icTaHOBKM Ha OCHOBE TOXKJIECTBA MBI IIOJIYIaeM:

(3) @ununn gymaer o crosuie Tongypaca. Uro nepokaszyemo B UIIJI. Ilpu
aHaJIN3e NHTEHCHOHAJIBHBIX KOHTEKCTOB HEOOXO/IMMO YIUTHIBATD T€ CJIydau, KO-
I8 CHUHTYJISIDHBIA T€PM BXOJUT WHTEHCHUOHABHO UJIM HAXOJUTCS B cepe Jieii-
CTBUsI MHTEHCUOHAJILHOTO OIIEPATOPA.

Jlutepatypa
[1] Cwmuprosa E. 1. Jlozuxa u gusocofus. M.: Pocuen, 1996.
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[2] Carnap R. Meaning and Synonimy in Natural Language // The Hague: Mouton
Publishers, 1974.

Moaeanb cOuaJIbHOTO BJMSHUS JJIs SIINCTEMUYECKNX
areHToB

Lonzopyxose B. B. (Mocksa)

Joxmam Gymer TOCBSINEH OMUCAHUIO MOJIEN COIUATBLHOTO BJIUSTHUSI JIJIsT
SMUCTEMUYECKUX areHToB. Hara 3aada cocTOUT B TOM, 9YTOOBI IPOJEMOHCTPH-
pPOBATH BO3MOYKHOCTD PACIIIUPEHUS CTAHIAPTHON BEPCUU JIOKCATHIECKOM U STTH-
CTEMUYECKOli JIOruKY (B IPABIONOA0OHON BepCUH) 38 CYeT MOJIEJIU COLUAIBLHOTO
prustaust M. JTerpoora (cm.: [1]). MBI paceMOTpUM CTATHUECKYIO U JTUHAMUIE-
CKYIO BEPCUIO MOJIEJIA COIUATBHOTO BJIUSTHUSI.

ycrs Infl: L' x A+ A(A) — dynxnus comuanbroro simsanms, rie L
— MHOYKECTBO BCEX MPABUIHLHO TOCTPOECHHBIX (POPMYJI CTATHYECKOTO (PparMeHTa
JIOKCATUIECKOH U snmcreMudeckoii joruku, A(A) — MHOKECTBO paclpeIe/IeHuit
BepoaTHOCTEll HaJ MHOX)KecTBoM arenToB A. Boipaxenue 'Infl(p,i,j) = n’
YUTAETCS CJIEYIONUM 00Pa30M: «OTHOCUTEIBHO (¢ MHEHUE §-T'0 Ar€HTA 3aBUCUT
OT MHEHHs j-TO areHTa B CTeNeHu n», 31eck @ € LF i j € A,n € [0,1].

Paccmorpum npumep dbyHkimu conpaibaoro Biugaug (cm.: Tabuauma 1).
Kak BugnHO m3 3TOro mpuMmepa: OTHOCHTEJIBHO YTBEDPXKIEHUs ¢ MHEHUE a He

Infi(p,i,5) a b c d

a 1 0 0 0
b Yo Yo Yao Yy
c 0 1 0 0
d 0 Yy 0 1Yy

Tabauna 1. OyHKIKS COMUATBHOTO BIUSTHUST

3aBHCHUT OT MHEHHUSI JAPYTHX Ar€HTOB (G MOYKHO HA3BATH «HE3ABUCHMBIM»> Ar€H-
TOM); MHEHHE b 3aBHCHT B DABHOIl CTENIEHN OT MHEHUsI BCE OCTAJIBHBIX (TaKOro
areHTa MOXKHO Ha3BaTh «JIE€MOKDATHYECKHM KOH(DOPMHUCTOM»); MHEHUE C 3a-
BUCHUT TOJIbKO OT b (¢ MOXKHO Ha3BaTh «(DaHATHYECKUM» areHTOM); MHEHUE d
B DaBHOIl CTENEHW 3aBUCHT OT €ro COOCTBEHHOTO MHEHHsI U MHEHUs b (Tako-
IO areHTa MOJKHO HA3BaTh «JIOKAJIHLHBIM KOHMOPMHUCTOM> ). KoHEIHO TpaHmIp!
MEK/Ly STUMH THIIAMH He SBJISIOTCS CTPOIUME, MOYKHO BBLIEJIUTH U MHOKECTBO
JIPYTHX THIIOB B3aMMHOTO BJIMSHHS areéHTOB JIPYT Ha JIPYTa.

OmmieM s3bIK ¥ CEMAHTHUKY CTATUYECKOH BEPCHH MOJEJH COIUAJBHOIO
BJIMSIHUSI JIJIs SIICTEMHUIECKUX AreHTOB. SI3BIK CTATHYIECKOil MOJEIn COlUaib-
HOTO BJIMSTHUSI OTIPEJIeJIsIeTCs] CIeyIomel TpaMMaTuKoil: ¢y = ¢, € LT
p1 =@, | SBiwo | 1 | o1 Ay, Tae i € A.

Iycte AY(p) :={i € A | M,w = B,B;p} 0603Ha1aeT MHOXKECTBO areH-
TOB, KOTODBIE, ¢ TOYKH 3PEHHS @, CIUTAIOT, 9TO ¢ (B Mojemn M B mupe w),
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a AY(?p) = {i € A| M,w |E Ba(—=Bip AN ~B;—p)} 0603HadaeT MHOKECTBO
areHTOB, KOTOpbI€, C TOYKU 3pEHUsA a, He MMEIOT MHEHUsI OTHOCUTEJIbHO ¢ (B
mozenu M B Mupe w).

Bsemem oneparop S B;p, 0603HAYMAIONINI, ITO «i-If AT€HT COIUAJIBHO yOexK-
JleH, 9TO ¢» ( TO ecTb, C TOUKHU 3PeHus ¢, KOJUIEKTUBHOE MHEHUE IIPEJIII0JIaraeT,
9TO ¢ UMeeT MeCTO). VI3BECTHO MHOXKECTBO MEXAHU3MOB AITPETAIuN KOJUIEK-
TUBHOIO MHEHUsI, OCTAHOBUMCS Ha OJJHOM U3 CAMBIX IIPOCTBIX. JIjist TOrO, 9TO6LI
OIIUCATH CEMAHTHUKY onepaTopa S B;p, Hy2KHO J06ABATH K CTAHIAPTHO JOKCa-
TUYECKON U SMUCTEMUYECKOH MoJesn (QYHKIMIO COIUAIBHOrO BiaugHus (6yem
0603HaYATH TaKyio Mojedb ML) n pacmupuTh cTaHIapTHLIE YCIOBUSA UCTHH-
HOCTH CJIeTyFOTIIM JIOTIOTHATEbHBIM yesoruem: ML w = SB,p e.t.e.

1) > Inflle,a,i)> > Infl(e,a,i)n

€AY () €AY (—¢)

2) > Infl(p,a,i) > > Infl(e, a,i).

i€EAY (9)UAY () i€ Ay (7)

PaccMOTprM MHAMMYECKUA BAPUAHT MOJENN COIUAILHOTO BJIMSHUS SIIH-
CTEMUYECKUX ATreHTOB. ZI3BIK JUHAMMYECKOH MOJIEJIM COIUABHOTO BJIASTHUST
LI noporknaercs cemyromeit rpammarkoit: ¢ i=p | —¢ | o A | Kip | Bip
[Z, 00, tne p € Var, i € A, T — MOeb CONUAIBHOTO BIUSHUSL (OIMCHIBAIO-
mast dbyskuuo Infl pis maoxkectBa A), o € {17, 7, 1¢, 15}, dunamuueckue
OlIepaTOPbl CONUAIBLHOTO BIIMSHUS YATAIOTCS CJIeayomumM obpasom: [T7 ¢l —
«IIOCJIE KOHCEPBATUBHOTO OOHOBJIEHUS JIJIsT HAUMBHOTO AreHTa { OTHOCUTEJIHHO
uMeeT MecTo >, [ plih — «1mocse paJUKaIbHOrO OGHOBICHUS JJIs HAMBHOIO
areHTa { OTHOCHTEJIBHO (o UMeeT MecTo ¥y, [1§ pli) — «mocse KOHCepBATHBHO-
ro OOHOBJIEHUSI JIJIsi OCTOPOXKHOI'O areHTa i OTHOCUTEJILHO ( UMEET MECTO »,
[1§ ]tp — «mocste paJKaJIBLHOTO OGHOBJIEHUST JIJIsSl OCTOPOYKHOIO areHTa 4 OTHO-
CHTEJIBHO (0 UMeeT MeCTO t)». «HanBHBIE» areHTHI Beeraa MEHSIOT CBOe MHEHHUe
10/, COIMAJIBHBIM BJIUSIHUEM, 8 <OCTOPOXKHBIE» ATr€HTHI IPUHUMAIOT COIAAJIb-
HOe MHEHWE, TOJIbKO €CJIN y HUX CAMUX HeT MHEHHs 10 3TOMY Bompocy (U B
TOM, U BIPYIOM CJIydae HeOOXOAUMO OTCYTCTBHE KOHMDIMKTA ¢ TOYHON uHbOp-
Marueil arenTa). Eciin orpaHnduTh cTaHIapTHBIE ONPEIEJICHAS PAITKATLHOTO
7 KOHCEPBATUBHOTO OOHOBJICHUS] M3MEHEHUEM MHMOPMAIMN TOJBKO JIJIsT TPOU3-
BOJILHOI'O areHTa a (0003HAYUM DEe3yJIbTAT TAKOro 0OHOBJeHHd Kak M°¥), To
MOKHO OIIPEJIEIUTD JUHAMAYECKHIE OEPATOPBI COIUATBHOTO BIIMSIHUS CJIEILYIO-
IITIM 00Pa30M: .

M,w = 15l ere. MT,w = Kop ASBap = MTe? w =4
M,w = [l ere. ME w = Koap ASBap = MMe? w =1
(16 @l eme. MT,w = ~(Bap V Bamp) A SBap = M« w =1
[ @l eme. ME w = —(Bap V Ba—p) A SBap = MTe? w =9

M,w =
M,w =
JlntepaTtypa

[1] Degroot M. Reaching a Consensus. // Journal of the American Statistical
Association. Vol. 69, Ne345, P.118-121, 1974.
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Jlormyeckasi HopMa KakK apredakT
Apazaruna-Qepras E. I. (Mocxkesa)

TpakToBKa JIOTMKM KaK HOPMaTHUBHON TEOPUU MPABUJIBHBIX PACCyKIEHUI
0CTaeTCsl MEHHCTPUMOM CPEeJI COBPEMEHHBIX ITOJIXOJIO0B K JIeMaPKAIIUU €€ JIHC-
NUIUIMHAPHBIX TpaHuil. Ecin, oJHAKO, MpaBUjIa BBIBOJA IOJIATAIOTCS KOHCTH-
TYTUBHBIMU J[JIS PAIMOHAJIBHOTO PACCY K IeHNs, 0OOCHOBAHUE JIOTUIECKON KOP-
PEKTHOCTH PACCyKJIEHUs ITyTeM ale/UISINA K STUM IIPaBUIaM BeJIeT K TOpod-
HOMY KPYTY, HCKJIIOYasi CAMY BO3MOXKHOCTB JIOTUIECKHX OImuboK. Tak, corjacHo
. Kanty, obrmast loruka UccjeyeT abCoJTI0THO HeOOXOMMbBIE, TO €CTh JI0Ka3a-
TeJIbHBIE IPABUJIA PACCY K IEHUsI, SIBJIsISICh HAYKON O «IIPABUJIAX PACCYIKA BOOO-
me». HeobxoanMmbrit xapakTep IpaBuiI 00ITeil JIOTUKY BJIEUIET ee (OPMATHHOCTD,
[TOCKOJIbKY TaKhe MPaBUJIa MOTYT OTHOCUTHCS JIUINb K (DOpME, a He K MATEPUH.
TpakTyst popmy He Kak 06BHEKT, a KaK yCJIOBHE BO3MOXKHOCTH MO3HAHUs, KaHT
[pUJIaeT paBuiaM oOIMell JJOrIKU KOHCTUTYTUBHbIN XapaKTep: pacCcyloK, CIIo-
COOHBIN a priori aHTUIMIUPOBATH (GOPMY BO3MOXKHOI'O OIBITA BOOOINIE, «CaM
o cebe HE MOXKET 3abJIyKIATHCST». XOTs B «(POPMAJIBHOM CMBICEY JIOTHIe-
CKHUe OIMMOKU SABJISINCH Obl HEBO3MOYXKHBIM B IIPUHITUIIE MBIIIJICHIEM, [TPOTHU-
BOPEUAIIIM CBOUM COOCTBEHHBIM 3aKOHAM, TaKas HEBO3MOYKHOCTD CIeJIasia Obl
U30BITOYHON HOPMUPYIONIYI0 (DYHKIMK JIOTMKK. HOpMaTUBHOCTH JIOTUKU Kak
«KPUTHUKU [TO3HAHUS» CBSI3bIBAETCsI B KAHTOBCKOI aHAJIMTUKE CIIOCOOHOCTEM C
JUXOTOMUEH TyBCTBEHHOCTH U paccyaka. K 3abiryKIeHUI0 MOXKEeT TPUBECTH
JINIIb «HE3aMETHOE BJIMSHUE IyBCTBEHHOCTH HA PACCYIOK», HA MPABUIHHOE, TO
eCTh «CoryIacHoe ¢ camMuM coboit» ero mpumenenue. Ilo Kanty, «cam mo cebe»
pPAacCyJIOK He OIMMOAeTCs, a KOHCTUTYTHBHBIE JIJIsI PACCY/IKA [TPABHUIIA JJOTUKY He
HY?KJIAIOTCS B TPAHCIEHIEeHTAJIbHON MpobiieMaTu3anyu 1 0O0CHOBAHUMN.

JeiicTBUTEIEHO, TTONBITKA 00OCHOBATH IIPUMEHEHUE TPABUIA BBIBOIA C TIO-
MOII[HI0 HEKOEr'O MEeTAIIPaBUIa TOTPeOOBasa Obl J00OABIIEHUST META-METAIIPABH-
Jla, B CHJIy KOTOPOTO OYJIET CINTATHCST KOPPEKTHBIM ITPUMEHEHHE MeTalpaBuiia
(cp. mapaioKe «CJeIOBAaHUIO TIPABIIIY» U npemiaokernyio JI. Ksapposom sep-
cuio mapajiokca Axmiieca M depenaxu). BeckoHeUHBIN perpecc 060CHOBaHMUIA
MorvIa ObI OCTaHOBUTH puHa IIexkarnas I'. @pere TpakKTOBKa JIOTUKHU KAK HAYKA
0 «HamboJIee OOIMIX 3aKOHAX OBITUS MCTUHBI», OJHO3ZHATHBIM 00pa30M MIPEIITH-
CBIBAIOIINX MTPABUJIA «IIOJAraHNS UCTUHHBIM». OJIHAKO, IpUJaBast JOIHKe HOP-
MaTHBHYIO (DYHKIIUIO «IIPU3HAHHOTO apbuTpa B KOoHMIUKTEe MHeHHiT», Ppere
KBaJUMDUIUPYET PACCYKICHUS «JIOMMIECKUX TyKAKOB», bW 3aKOHBI MBIILIE-
HUST MOIJIM OBl IPEMIOJIOKUTEIBHO OTAUYATHCS OT HAIUX, HE KaK OIIUOKY,
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a KaK «HEN3BECTHYIO JIO HACTOAIIETO BPEMEHU PA3HOBUIHOCTDL Oe3ymusis. Ec-
JIX «JIOTUYEeCKHEe Iy?KaKn» B IIPUHIUIIE HE MOI'yT BCTYIUTH B PalldOHaJIBHYIO
MOJIEMUKY, HESICHO, KAKIM O0PAa30M JIOTUKA PEAJU3YeT B OTHOIIEHUH HX Pac-
CY2KJEHUI CBO HOPMATUBHBIA ITOTEHIINAJI TPETEHCKOIO CYIbU.

Paspermtennio HEKOTOPBIX KJIACCHYECKUX TAPATIOKCOB HOPMATHBHOTO MCTOJI-
KOBAHUS JIOTUKNA MOXKET CIIOCOOCTBOBATH, HA MO B3IVIsi/l, IEPEK/IIOYCHIE BHU-
MaHUs C KOHCTUTYTUBHOM CYIITHOCTH JIOTMIECKONl HOPMBI Ha ee ju3aiin. Peasnb-
HbIE PACCYKIAIOIIIE areHThI 00JIaIAI0T OTPAHMIECHHBIMU PECypPCaMU U JeHCTBY-
IOT B MHCTUTYIIMOHAJIBHOII PEaJIbHOCTH PACHPEC/ICHHBIX JJEOHTUIECKUX ITOJIHO-
mounit. Jluzaiin jgormdeckoit HOpMbI Kak apredakTa WHCTUTYIHOHAJIBHONU pe-
AJBHOCTH TIPEICTABJISIET COOOM PO, MHXKEHEPHOI AesITeTHHOCTH, UCIOIB3YIOTIeit
HOAPYYHBIA aCCOPTUMEHT MHCTPYMEHTOB M OPUEHTUPOBAHHOW Ha KOHKDETHBIE
nesin. Jln3aiiaep JIOru<eckoit HOpMbI ITPOEKTUPYET ee (DYHKIINU, TTO3BOJISIONINE
JIOCTUTATH 33JIAHHON IeJIM Ha OCHOBE JIOCTYIHBIX pecypcoB. Hagemsist nuzaii-
Hepa JIOTUYECKOI HOPMBI KOHCTUTYTUBHBIMU JEOHTUICCKUMU [OJTHOMOYUSIMHI U
TUMIOCTA3UPYsi €r0 MHTEHIINN B KA4eCTBE CYIIHOCTUH HOPMBI, 00 bEKTHBUCTCKAS
YCTaHOBKa MCKJIIOYaeT KOPPEKIINIO U PEBU3UI0 HOPMBI.

Cmamus nodzomosaena 6 pesyavmame nposedenus uccaedosarus, (Ne17-
05-0040) 6 pamxazx ITpoepammo: « Hayunod gond Hayuonarvhozo uccaedo-
samenvcroeo yrusepcumema “Buicwas wroasa sxonomuru” (HAY BIIID)»
6 2017 2. u 6 pamrax z2ocydapcmeennoli noddepicky 8eYUUT YHUBEPCU-
memoe Poccutickoti @edepayun «5-1005.

Semilattice Logics for Knowledge Representation
Zaitsev D. V. (Moscow)

When a knowledge representation is concerned, one among the major prob-
lems is how to represent incomplete and contradictory data. It was N. Bel-
nap’s four-valued approach that proved to be particularly fruitful and efficient
in many relevant areas and resulted in a famous ’useful four-valued logic’. A
consequence relation in this logic is truth-preserving, that is when the premises
are at least true (take the values T or B), then so is the conclusion. Ever
since this logic came into use, the issue remained open, what kind of logic can
be obtained by strengthening truth-preserving requirement for a consequence
relation to truth-and-non-falsity (’only T’-preserving). Such a new logic was
considered in 2013 by Pietz and Rivieccio in [1]. They labelled this new logic as
Exactly True Logic (ETL) and offered its axiomatization by the Hilbert-style
calculus.

In my talk, I (i) present ETL as a semilattice logic and (ii) offer its coun-
terpart — a logic whose consequence relation can be defined semantically via
non-falsity preservation.

As a starting point of an algebraic framework for these logics consider an
abstract (positive) semilattice (S, @), where @ is an associative, commutative,
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idempotent binary operation. Proceeding further, add a complementation op-
eration with corresponding conditions of ’double negation’ and ’second bound
simulation’: —a®—(b®a) = —a. If & is a meet, the latter conditions guarantees
upper bound property for its dual; and if & is a join, this conditions implements
lower bound property for the second operation. Adding distributivity allows
to obtain a complemented distributive semilattice.

If we associate consequence relation with strict ordering a <; b defined as
a ® b = a and extend in a natural way a mapping v from the set of proposi-
tional variables into .S to an arbitrary formula, we arrive at the relatively weak
algebraic logic. This logic lacks the principle corresponding to disjunction elim-
ination rule and needs to be strengthen. And there is an extra condition of
'magic resolution”: —b® —a ® —(—b® —a) = —a ® —(—b @ —a) that does the
job.

In the case of meet semilattice logic magic resolution can be rewritten as
—b®—a® (b®a) = —a®(b®a) that means —a® (b®a) <; b. Direct consequence
analogue of this algebraic condition is famous Disjunctive Syllogism (DS): ~AA
(AV B) k1 B. When one deals with joint semilattice logic the same magic
resolution turns into b <o —a @ (b ® a). The latter is yet unnamed deductive
principle labelled here as Dual Disjunctive Syllogism (DDS): A o BV(~BAA).

The author is supported by the Russian Foundation for Humanities, project
M q 16-03-00749.
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Meroap!l dbopMan3anum 1 OCHOBHbIE 00JIacTu
MPUJIOKEHNS KBA3UMATPUIHON (KBa3su@yHKIIMOHATIBHOMN )
MOJAJIbHOM JIOTUKU

Heanes 0. B. (Mocksa)

Quasi-matrix (quasi-functional, non-deterministic) logic has been ap-
plied to the fields beyond logic (theory of argumentation, construction
of new kinds of automata, etc) and in the other parts of logic as well.
These fields are logic of norms, logic of propositional attitudes, etc.

IMepBas cucreMa KBasuMATPUIHON (KBa3udyHKIMOHAIBHOM) JTOrMKY GbLIA
IIOCTPOEHA MHOIO B KOHIIE MECTUIECATHIX T'OJIOB IPOIIOro BeKa. IIpeacrasiena
B MOeli KaHIUIATCKOIM mqucceprarmu «Jloruka HopM», omybsmkoBana B 1973 ro-
ay [1]. B mHeii Ha ocHoBe 3HAYEHUIT «UCTHHA» U <«JIOKb» OIPEJIEJISIOTC CBI3KI
KJIACCHIECKON JIOTMKH BBICKA3BIBAHUI OOBITHBIM 00Pa30M, & TAKXKe MOJAIbHBIE
TEPMUHBI: €CJIM BBICKa3bIBaHUE «A» MCTHMHHO, TO BBICKA3BIBAHUE «HEOOXO/MMO
A>» TO JIM UICTUHHO, TO JIU JIOKHO; €JI «A» JIOXKHO, TO BBICKA3bIBAaHUE «HEOOXO-
auMo A» Tozke JIovkHO. Torna BoicKa3biBanmne «Heobxoaumo A nMiaiupyer A»
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OKAa3bIBAETCSI CTUHHBIM TIPU JIIOOBIX HAOOpAxX 3HAYEHUI BXOJSIIUX B HErO Ie-
peMeHHBIX. Paccy»kiast aHaJIOrHYHBIM 00Pa30M, YCTAHABIUBAETCS, YTO BBICKA-
3biBaHUe «A uMILIMIUpyeT BO3MOKHO A» TOXKe siBjisieTcs 00Ie3HadnMbiM. 11o-
CTPOEHA JIOTUYECKAsl CUCTEMA, SIBJISIONIAsICS PACITHPEHNEM KJIACCHIECKOil JIo-
IPUKHU BBICKA3BIBAHMI 38 CYeT JT00ABJIEHUS K I3bIKY 3HAKOB HEOOXOIUMOCTH U
BO3MOXKHOCTH, & TaKKe CXeM aKCHOM <«HeobxoauMo A mmiuinnupyer A» u <A
UMILTHIPYET BO3MOXKHO A». Boinenennoe 3nadenne — «ucrunay. OHa Ha3BaHa
MUHUMAJILHON MOJ1a/bHOM Jiorukoii. [1o3Kke si y3HaJI, 4TO aHAJIOTUYHBIE OIpe-
JIeJIEHUsT MOJIEIbHBIX TEPMHUHOB cjiejianbl Pemepom. OHAKO MOCTPOEHHAS UM
CHCTEMA He fABJIFETCs KBa3UMaTPUIHON (KBa3udyHKINOHAJBHON), IOCKOJILKY
BblJIeJIEHHbIE 3HAYECHUS B HEl — «UCTHHA» W «TO JIU UCTUHA, TO JIH JIOXKb). B
soruke Perepa 10Ka3yeMbl BBITTOJTHUMBIE (DOPMYIIBL.

IMozxke g mocTpoms Apyrue KBasumarpudnble (KBa3udyHKINOHAIbLHBIE) JIO-
ruku (cM., Hanpumep, [2]). Jlormdeckne CHCTEMBI CTPOMIIMCH CEMAHTHYECKUM
METO/IOM, ITO3TOMY BO3HHKAJIA TIPobIeMa uxX (hOPMAIN3AIIN U CPABHUTEIHHOTO
aHajn3a. [I0CKOJIbKY YaCTHBIME CJIy4YasiMA KBAa3UMATPUIHON JIOTHKY SIBJISTEOT-
Csl JIOTUKY MATPUIHbBIE, TO (POPMAN3AINS HAUMHAJIACH C 9TuX Jioruk. [loabu-
pPAaJIoCh HEKOTOPOE UCXOHOE MHOYKECTBO aKCHOM. 3aTeM MPOBOJIUIIOCH JIOKa3a-
TEJIbCTBO METATEOPEMBI O CEMAHTUYECKON MOJIHOTE MCYUCTEHUs] METOJIOM, KO-
TOPBIIT siBJIsIeTCsT 0600IIeHeM n3BecTHOrO MeTona Kanbmapa. O6obirenue ocy-
ecTBUJI 1 B Hadaje 70-X rofloB, HO OHO SIBJISIETCS IIOYTH OYEBUIHBIM, IIO9TOMY
MaJIOBEPOSATHO, YTO I CJeJaJl 9TO IepBbIM. B Xoie mokazaTesnbcTBa 100aBIIs-
JINCh HOBBIE aKCHOMBI, SBJISIONIMECS ODME3HAYNMBIMA, & 3aTeM IIPOBOJIMIACH
MUHAMU3AIUS MHOYKECTBA aKCHOM.

Jloka3aTeabCTBO CEMAaHTHIECKOM MTOJIHOTBI UCIUCIICHUI COOCTBEHHO KBA3HU-
MATPUYHON JIOruKu (He MATPUYHON) IIPOBOAMIIACH METOIOM, KOTOPBIA sIBJid-
erca obobmennem merona XenkuHa. OO00mEHWE TOXKE CHAEIAHO MHOI0. Ero
0CODEHHOCTDh 3aKJIIOYAETCSA B ClIeAyomeM. B obmeM ciaydae HAOOPY 3HAYEHUIt
[IEPEMEHHBIX COOTBETCTBYET He OJJHO MHOXKECTBO (DOPMYJI, & HECKOJIBKO (&JIb-
TePHATHBHBIX) MHOXKeCTB. MHOkKecTBO (DOPMYJI, COBMECTUMBIX C UCUUCIICHUEM,
paciupsieTcst 10 aJbTePHATUBHBIX MAKCAMAJIbHBIX COBMECTUMBIX C UCIUC/IEHUE
mHOXKeCTB (hopmyst. JlokasbiBaeTcst, 9TO MPOU3BOJIBHOE aJbTEPHATHBHO MHO-
’kecTB BhMoOJHUMO. B [3] cdhopmymuposana nmpobiema 17 — 0606muTsh MeTO
Kanbpmapa Jyist (cOOCTBEHHO) KBa3UMaTPUIHBIX JIOTHK. Pa3paborka 9Toro Me-
TOJ[a HEOOXOIMMA JIJIsi BO3BMOXKHOCTU TEXHUYECKUX ITPUJIOKEHNI KBA3UMATPUI-
Hoit jtoruku. Jlosiroe Bpems 3Ty mpobjemMy He yIaBaJioch pemuThb. B mocienane
rOJIbI TPODJIEMA PEIlleHa MHOIO JIJIsi OCHOBHBIX YaCTHBIX CJIyYaes.

KBasumarpudHast JJOruKa HAXOJIUT IIPUMEHEHNe KaK B 00JIACTH JIOTUKHU, TaK
u BHe jioruku. [IpuitozkeHuss B 06JIaCTH JIOTMKH: aJleTHIeCKasi MOIAJbHAS JIO-
I'UKa; JIEOHTUIeCKas JIOruka — mocrpoennl Tpex3naunas (Uesnes 10.B.), naru-
suaunas (Kysumenos A.M.), mecrusnaunas (Apkazgckosa I1.9); joruka mupo-
MMO3UIUOHAJIBHBIX YCTAHOBOK; JIOTUKA KBAHTOBOW MEXaHUKW; 1 Jp. Bo3aMoKHBbIE
[IPUJIOXKEHUsI BHE 00JIACTHU JIOTUKU: TEOPUsl apryMeHTallun; abDCTPAKTHBIE U Pe-
aJIbHbIE ABTOMATHI; 3JIEKTPOHHO-BBIUNCINTE/IbHAST TEXHUKA; U JIP.
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B nocsieiamne roibl BOSPOC HHTEPEC K KBA3UMATPUIHON JIOTHKE (CM., HAITPU-
mep, [4]).

Hccenedosarnue svinoaneno npu durnarcosoti noddepocke PITH®D 6 pamxkax
nayuro2o npoexma N 15-03-372.
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CI/IJ'IJIOI‘I/ICTI/IKa, ﬂBOﬁCTBeHHaH II0 NICTMHHOCTHBIM
3HaAYEHUsIM cuJioructuke b. BOJ'IBI_[aHO

Havun A. A. (Mocksa)

IIpemraraercs akcnoMaTu3alys HETATUBHON CUJIJIOTUCTUKH, JTBOMCTBEHHOM
110 ICTUHHOCTHBIM 3HavYeHusM cuiuioructuke b. Bosbiano.

Cama custorucruka B. BoJsibiiano cTpouTest Ha OCHOBE TPEJTIOKEHHON UM
WHTEPIPETAINN KATETOPUIECKIX BBICKA3bIBAHUI, COIVIACHO KOTOPOI NCTUHHbBIE
KaTeropuveckre BbICKA3BIBAHUS BCEX TUIIOB (HE TOJBKO YaCTHBIE, HO U 00IIue)
JIOJIZKHBI COJIEPYKATH HEITyCTOl cyObekT. Takum 0O6pa30M, BHICKA3BIBAHUS C ITy-
CTBIM CyObEKTOM OIEHUBAIOTCST KaK JIO2KHBbIe. Kpome Toro, Jijist KaXK0ro THIla,
BBICKA3BIBAHUI BBIMIOJIHAIOTCS COOTBETCTBYIOIIHE TPEOOBAHUS JIEHOHUIIEBCKON
TPAKTOBKH.

VKazaHHOE IOHUMAHKE CMBICJIOB KATErOPUYECKUX BHICKA3BIBAHUI BhIpaKa-
eTCsl B I3bIKe JIOTUKH [PEUKATOB CJIEIYIONUM 00pa3oM:

SaP — Vz(Sz D Pz) & xSz
SiP —  Jz(Sxz & Px)

SeP —  Va(Szx D —Pz) & xSz
SoP —  Jx(Sz & —Px)

B cumnorucruke B. Boabnano we "mnpoxomsr"momycer AEE u AEO IV-
oit durypsl, obparienne s OOIMEOTPUTIATETbHBIX BHICKA3BIBAHUN, HEKOTOPHIE
YMO3aKJIIOYEHHs 110 JIOTUIECKOMY KBaJpary (pacCyzKIEHHs B CHJILY IOIIPOTU-
BOIIOJIO2KHOCTH, & TAKXKe II0 JUArOHAJISAM KBaJpaTa — IIPH IepeXojie K YaCTHBIM
BBICKA3bIBAHUSIM OT OTPUIIAHUs OOIINX), & TAKYKE 3aKOH TOXKJECTBA KaK B 00-
mieif, Tak u B yacTHOU dopmynuposkax (SaS, SiS).
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IMocrpoennast Hamu B [2] cucrema ueratusuoit cusuioruncruku (HBC) akcno-
MATH3UPYeT CHJLIOTUCTUIECKY IO TEOPUIO, 3AKOHAMHE KOTOPOI SIBIISIOTCS (hOPMY-
JIBI, HOJIBIIAHOBCKUE TIEPEBOJIBI KOTOPBIX JOKA3YEMbl B HCUKUC/IEHUHN IIPETUKATOB.
JlokazaHa MorpyKaeMoCTb YKa3aHHOW CHCTEMbI B UCUYHCJIEHUE [IPEIUKATOB.

B npeutaraemoii B HacTosiIIel paboTe CUIIJIOTUCTHKE, JTBOMCTBEHHOM 110 UC-
TUHHOCTHBIM 3HavueHusiM cuuioructuke b. Bosbiiano, Haobopor, B oTindne ot
oCJIeIHEH BCEe BBICKA3BIBAHUS C MYCTHIM CYOHEKTOM OY/yT OIEHUBATHCS KAK
UCTUHHBIE.

B paunoit cuorucruke we "mpoxost"see mogycer 111-eit purypsr, mogycst
IV-oit durypsr kpome AEE u AEO, obparenust 1jist BCceX THIIOB BBICKA3bIBa-
HUiT KpoMe OOIIeOTPUIATETLHBIX, HEKOTOPBIE YMO3AKIIOUEHUS 110 JIOTHIECKOMY
KBa IpaTy (paccyKJeHnsl B CUILY IPOTUBOIIOJIOXKHOCTH, & TAKKE 110 JINATOHAJISIM
KBaJpaTa — [PU IIEPEXOe OT OOIIUX BHICKA3BIBAHUN K OTPUIAHUIO YACTHBIX ).

Takasi TPaKTOBKa KATErOPUYECKHUX BBHICKA3BIBAHUII BBIPAYKAETCS B SI3BIKE
JIOTUKH MPEJUKATOB CJIEIYIOINM 0OPA30M:

SaP — Va(Sz D Px)

SiP —  Jx(Sz & Pz) vV -JzSz
SeP —  Va(Sx D —Px)

SoP —  Jx(Sz & —-Pzx) Vv —JxSz

CuwutorucTuvaeckasi TeOpusi, 3aKOHAME KOTOPOI SIBIASIOTCsST (hOPMYJIBI, Tie-
PEeBOJIbI KOTOPBIX IPU YKA3aHHON TPAKTOBKE KATENOPUYECKUX BBICKA3BIBAHUN
JIOKa3yeMbl B MCUYUCJIEHUU [PEIUKATOB, aKCHOMATU3UPYETCsl TOCPEICTBOM CH-
crembr JIBC.

B sizbik JIBC BxOIaT HejOrnyecKre TEPMHUHBI €IMHCTBEHHOIO THUIIA — Ila-
paMeTphl JJIsi TPOCTHIX HEOTPUIATEJBHBIX TEPMUHOB, CHJLIOIUCTUIECKIE KOH-
CTAHTHI @, 1, €, 0, IPOIO3UIUOHAJIbHBIE CBA3KY &, V, 1, D, =, 3HaK TEPMUHHOTO
orpunanust ' u ckobku. Onpesenenns Tepma n (pOPMyJIbI CTAHIAPTHDIE.

Cxemamu akcuom JIBC sisitorcst:

J10. CxeMbI aKCHOM KJIACCUYECKOTO UCUUCICHUST BHICKA3BIBAHUI.
1. (MaP & SaM) D SaP

2. SeP O PeS

3. SaS

4. SaP D SiP

5. SeP = (=SiP Vv SeS)

6. SoP = (=SaP V SeS)

J7. SaP = SeP’

JI8. SeP = SeP”

R1. modus ponens

Ha ocroBe nokazarenbcTBa mOrpyKaeMOCTH peioykerHoit cucrembr IBC
B cucTeMy HeraTuBHOI dynnamentaiabuoi cusutoructuku (HOC), misa koropoii
MOTPY?KAeMOCTh B UCIHMCJIEHNE TIPEJNKATOB oKa3aHa |1], mokasaHa morpy»ka-
€MOCTb IIOCTPOEHHON CUCTEMBI B MCUUC/IEHUE [IPEIUKATOB.
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Jlormuyeckue KOHCTAaHTBI U HpO6JIeMa JeMapKalnun JIO'MKHA
Kupuanosuyw A. B. (Kaszanv)

We have surveyed three criteria for demarcation logical constants and
extra-logical terms: syncategorematic, grammatical and Tarksi’s. The last
criterion has been reconstructed for FOL.

Jloruka — bopmasibHas HayKa: JIOTHIECKasi HCTUHHOCTDb YTBEPXKJICHUs U Ba-
JINTHOCTb apryMEHTa OIpPeeIseTCsl He Ha OCHOBE COJIEPXKAHIUS, & Ha, OCHOBE UX
sormvaeckoit popmbl. [lonsaTne mormaeckoit GOpMBI, B CBOIO OYU€PEIh, OIPEIeIsI-
eTCsl Ha OCHOBE Pa3/eIeHIsI TEPMUHOB S3bIKa Ha JIOTHYECKNe KOHCTAHTHI U HEJIO-
ruyeckKue TepMuHbI. Jlorndeckue KOHCTAHTHI 0003HAYAIOT IMOHSITUS JIOTUKU: U,
ne, cywecmseyem u T.;1. Hemormaeckne TepMUHBI 0003HAYAIOT BCE OCTAJIbHBIE
moHSATHUST: “eaosek, aodum, Coxpam u T.j1. B cBsI3u ¢ 9TUM, OJUH U3 EHTPAJIb-
HBIX BOIIPOCOB (DUIOCOMUN JIOTUKA — BOIIPOC O TPAHUIIE MEXKTY HEJIOTTIeCKUMU
TepMUHAMHU ¥ JIOTHYeCKUMU KoHcTaHTaMu. OTBET Ha 3TOT BOIPOC, B KOHETHOM
ATOre, OlpeliesdeT I'PAHULbl CAMOI JIOTUKHU.

JlokJta | TOCBSINEH KPUTEPUIO pPa3rpaHWYdeHusi Jiormdeckux kKoHcrtanT. OH
IIOCTPOEH CJIEYIONMM 00pPA30M: CHAYAJIA UIET KPATKU 0030pD MCTOPUIECKUX
KPUTEPHER ¥ MOKA3BIBAETCsI MX HECOCTOSITETBHOCTD |1, 2|; 3aTeM nmaercst onmnca-
Hue Kpurepusi Tapekoro [3] 1 ero peKOHCTPYKIUS JJIsl JIOTUKH [EPBOTO MOPSI/I-
Ka.

Kpurepmnii cunkareropeMarn4ecKnux TEPMUHOB: JIOTHIECKAE KOHCTAH-
THI — CHHKaTeropeMarnieckue TepMuHbl. [10x0om npuMeHnM B TPaIAIIMOHHON
ApucroresnieBckoii Jioruke. B Heil yTBeprkieHHe Ipejcrabiisier coboil CBsI3b
MeKJly JIBYyMsi TEDMUHAMHU — CyObEKTOM U MPEIUKATOM. TepMUHBI, CJIyKaIue
it 0003HaUYeHUs CyObeKTa U IPEeIUKaTa, HA3BIBAIOTCS KATErOpeMaTHIeKCH-
Mu. TepMUHBI, BBIPAXKAIONINE OTHOIIEHNE MEXKIy HUME, HA3BIBAIOTCS CUHKA-
Teropemarndeckumu. Hampumep, B yTBepxKaenunn «Bce KOIIKM CyTh KHBOT-
HBIE€», TEDMHUH KOWKA U HCUBOMHOE SIBIISIOTCH KaTErOPEMATUYECKUMU, & 6CE
U cymb — CHHKaTeropeMarndeckuMmu. Kpurepuili He IpUMEHUM B COBPEMEHHOMN
KBAHTOPHO-TIPEINKATHON JIOTHKE.
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I'pamMmMmaTuyecKuiit KpUTepuii: JTOrmIecKne KOHCTAHTBI — 9TO IPaMMAaTH-
YeCKUue 9aCTUIbI, T.€. BbIpazK€HHnA, C IIOMOIIBIO KOTOPbIX COCTaBHBIE IIDE/IJIO2KEe-
HUsT 00pa3yTCst U3 aToOMapHbIX. Kpurepuii mpuMeHuM B JIOTUKE MEPBOTO I10-
psiZiKa, HO He MOYKET CUYUTATHCS YHUBEPCAJIbHBIM, T.K. JIOTHKA IIEPBOTO TMOPSIKA,
ObLIa CHEIUAJIBHO CIIPOEKTUPOBAHA, 9TOOBI COOTBETCTBOBATH STOMY KPUTEPHIO.

Kpurepuit Tapckoro. Kpurepuii ocHoBan na miee, 9TO JIOTMKA — ITO
MaKCAMAaJbHO 00Ias HayKa, KOTOpasl N3y4daeT [IOHATUs, He IPUBI3aHHbIE HI K
Kakoil mpeamerHoit obnactu. Kpurepnit siisiercst 00001ieHreM DpJIaHreHCKON
nporpammMbl @. KireitHa, KOTOPBIN MPEJIOKIIT KJIACCU(DUITUPOBATH PA3JINTHbIE
reomerpun (eBKJINIOBY, abOUHHYIO, TOIOJOIHIO) HA OCHOBE TPYIIIBI Ipeobpa-
30BaHMil, OTHOCUTEJIHLHO KOTOPBIX MHBAPUAHTHBI MOHSTHS, U3yJaeMble B JIaH-
Hoii reomerpun. [loHsaTre #ABJISETCH MHBAPMAHTHBIM OTHOCHUTEIHBHO HEKOTOPO-
ro npeobpa30BaHusd, €CJIM B Pe3yJibTaTe IPUMEHEHHs 3TOr0 Ipeobpa3oBaHus K
JIIOOOMY 3JIEMEHTY, BXOJSIIET0 B SKCTEHCHOHAJ JAHHOIO IOHSITHS, HOJYINAT-
Csl QJIEMEHT, TaKKe BXOJMAIIMI B 9KCTEHCHOHAJ JIAHHOTO HOHATHsI. dem Gosiee
MIAPOKOI SBJISIeTCS TPYIIa Ipeodbpa3oBaHuii, TeM OoJiee OOIMe MOHATUS U3Y-
9aeT COOTBETCTBYIOIIAs reOMeTPHst. TapCKuil IPeIIoKII, YTO JTOTUKA U3y TAET
[MOHSATHUSI, THBAPUAHTHBIE OTHOCUTEJIHHO CAMOM IIMPOKON IPYIIIIBI IPeodpa3oBa-
HU — I'PYIIIBI IEPECTAHOBOK.

PaCCl\lOTpI/IM pa60Ty 9TOI'0 KpUTepusd Ha IIpUMepe JIBYX TEPMUHOB: CBA3KHN

and n upemukarHoro cumsoia border. Ilycte D = {Mexico,US, Canada}.
IIycts p — makaa nepecranoBka, 4ro: p(Mewxico) = Canada, p(US) =
Mezico, p(Canada) = US. Paccmorpum border. Ero skcrencuonan —

MHOKECTBO Iap TPAHMYAIIUX APYT C JPYrOM CTPaH. BO3bMEM IPOU3BOJIb-
Hyo Tapy u3 skcreHcuoHana: (Mexico,US). Ilpumenum k Heii mepecra-
HOBKY, moayuuMm (p(Mexico),p(US)) = (Canada, Mexico). aunas mua-
pa He UPUHAJIEXKUT IKCTeHcmoHasy border, mosromy border we siBisier-
Cs JIOTWYeCKON KOHCTaHTOH. Paccmorpum temeps cBsasky and. Ilycts sxc-
TEeHCUOHAJT (OPMYJIBI (0 — MHOMKECTBO OIICHOK, Ha KOTOPBIX 3Ta (hOpMYy-
Jla BBIIOJIHAMA B 33JAHHONW HMHTEpIpeTaru. IlyCTb SKCTEHCHOHAJI CBSI3-
Ku and — 370 (QYHKIUs, CTaBAMAs B COOTBETCTBHE IKCTEHCHOHAIaM (hOop-
Myl ©1 U Qg SKCTeHCHOHAJT (DOPMYIbl 1 A po. OYHKIUIO, B CBOIO OYe-
pelb, IPEJICTaBUM KaK MHOXKECTBO TPOEK. BO3bMEM INPOM3BOJLHYIO TPOMKY
n3 sxcrencuonana and: ({(US, Canada), (Canada, Mexico)}, {(US, Mexico),
(Canada, Mexico)}, {(Canada, Mexico)}). IIpuMeHNM IEPECTAHOBKY, IIOJLY-
IUM TPOHKY, KOTOpas TAKXKe OTHOCUTeCsI K 9KcTeHcnonany and: ({(Mezxico, US),
(US, Canada)}, {(Mexico, Canada), (US, Canada)}, {(US, Canada)}). Anaso-
UYHBIA pe3ysbTaT OyJeT IOJydeH NPH JI0O0H APYToil IepecTaHoBKe, II03TOMY
CBABKA and — JIOrn4ecKas KOHCTAHTA.

Kpurepuit mpumeHnM K KJIACCHIECKOI JIOTHKE IIEPBOTO MOPSIKA, HO ILJIOXO
IIPUMEHNM B MHTEHCHOHAJBHBIX JOrukax. Tak, HalpuMep, B MOJIAJILHOM JIOTHKE
S4 onepaTop 803Mo0vicHo ByeT Kiaccu@uImpoBaH KaK HEJIOIHIECKUl TEPMUH,
a He KaK JIOTUYIeCKasd KOHCTAHTA.
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3akmodenne. ['panniia JIOTUKYA [EPBOrO MOPSIIKA OIPEJIEIISIETCS C IIOMO-
I[bI0 KpUTepus TapcKoro. YHHUBEPCAIBHOIO KPUTEPHS JEMAPKAIIH, IPUMEHN-
MOTO KO BCEM JIOTHYECKHUM CHCTEMaM, He CYIIecTBYeT. ['paHuIia MeX Iy JIOTHKOIt
¥ HE JOTUKOH He fABJIACTCA CTPOrO OIPEHCICHHON.

Paboma svinoanena 3a cuem cybcuduu, evidesennots KOV daa evinosnerus
20c3adanus 6 chepe nayy. desmeavrnocmu, npoekm 1.2368.2017/119.
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K umaTepnperaiiuu omeparopa «soll sein» B Deontik
OpHcta Majan

Kucaoe A. I. (Examepunbype)

We will consider the possibility of interpreting the deontic aspects
of E. Malli’s calculus using propositional dynamic logic. The operator
“should be”, which expresses the desire of the abstract agent of will
(action) to the state of affairs, will be interpreted as “pragmatically obli-
gatotry in the strict sense”.

C ool CTOPOHBI, OOpallleHne HEeMOCPEJICTBEHHO K TeKeTy « Grundgesetze
des Sollens. Elemente der Logik des Willens» [1], B kotopom 3. Masum npencra-
Bus1 B 1926 r. Deontik — nepBoe ucaucaenne JeOHTUIECKON JIOTUKHU, TTO3BOJISIET
[IEPECMOTPETH €Ille HEJJABHO PACIPOCTPAHEHHOE MHEHUE O HEM KaK O «HAHBHOM
NPUMEHEHUU JIBY3HAYHOIO UCUYUCIEHUs] BHICKA3LIBAHUN K HOPMATUBHBIM [IPE]I-
sgoxenusM» (O. Weinberger). C npyroit cropoHsl, HoApoGHBIA aHAIN3 JIOTHKO-
JIEOHTHIECKOTO opMmain3Ma . Maju [03BOJISIET YBUIETH €ro Cepbe3HbIe
HeZI0CcTaTKY [5]. VI3BECTHBI HEKOTOPBIE COBPEMEHHBIE JIOTUKO-CEMAHTUIECKHE Pe-
koHcrpykimu Deontik (G.-J. Lokhorst), Mbl ipeiaraeM paccMOTPETh BO3MOXK-
HOCTb WHTEPIIPETAINN JEOHTUIECKUX aCleKTOB ncuncjienus Majuim cpencrsa-
MU IIPOIIO3UIMOHAIBHOM JINHAMIYECKOI JIOTUKH [2)].

[IpoGaemuoit ocraeTcst HHTEpIpeTanysi orneparopa BojieHust !A, dauraemo-
ro B Deontik kak «A soll seiny u BbIparkaroliero crpemjeHne abcTpakKTHOTO
areHTa BOJM (JefcTBUIT) K IIOJOXKEHUIO jiesl A. DTOT 0epaTop He CTOUT OTOXK-
JIECTBJISATH CO CTAHJIAPTHON JEOHTUYECKON MOJIAJILHOCTBIO «O0SI3aTEJILHO, UTO
A», aHAJIOTUYIHON AJIETHIECKON B JyXe «CTaporo MOJAJIN3May, OH, CKopee, 06-
JIaJlaeT YepTaMU AreHTHOrO BbIOOpa B stit-JIOrMKax WM MMOHATHS TAKTUKU B
nmeonTuko-normueckux uaeax A.C. Ecennna-Bombmmaa (cm. [5]). Teneonomu-
YecKasi TPAKTOBKa OIlepaTopa BojieHus y MaJuim 1mo3Bosiser 00paTUuThCA K pac-
CMaTPHBAEMOMy HaMH paHee [4] omeparopy <«IparMaTHuecKu o0si3aTesbHO B



Duocodckast JTOruKa 85

CTPOI'OM CMBICJIES :
Oy, (@) =p; [o] .

T. €. NPA2MAMUYECKy 00A3GMENHO 8 CIMPOLOM CMBICAE BBIOJHITL JEHCTBIE
Qv TOTJIa U TOJBKO TOTJA, KOIJIa BBITOJIHEHUE ITOrO JEWCTBUS ¢ HEOOXOIUMO-
CTHIO TIPUBOJNT K JKeJIaTebHOMY ToJioxkenuto jesi. Beegennas C. Kanrepom
[POIIO3UIOHAJIbHAS KOHCTAHTA <«IIO3UTUBHAA CAHKIMs» (JKeJIaTesbHOe II0JI0-
JKEHNe JIeJ1) — {1 COOTBETCTBYeT 0Ge3yCIOBHOMY 00sI3aTeIbHOMY MOJIOKEHUIO e
B Deontik.

Ho, nockoJibKy, onepaTop BOJIeHUsI OTHOCUTCS HE K JEACTBUSIM, a K ITOJIOYKE-
HUSIM JIEJI, TO €CTECTBEHHO OTPAHNYUTHCS B JIMHAMUIECKON JIOTUKE JIeHCTBUSIME-
TECTaMM, T. €. IPOBEPKAMN BBICKA3LIBAHMN HA COOTBETCTBHUE ITOJIOXKCHHAM
nea [3]:

V(A7) = {(s,5) | M, s = A},

¢ coorBercTByIoreil akcuomoit (Test):
[A?] B+ (A — B).

Tenepn
'A=py [A7 1,

T. e. akcuoMa Deontik:
(A—'B)+ (l1A— B)

OyZeT TPAKTOBATHCS B IIPOITO3UIMOHAJBHON JMHAMAIECKON JIOTHKE CJIELYFOIIUM
obpazoMm:
(A= [BY ) « [(A > B)?] .

Omna, B cuny (Test), He remepupyer TABTOJIOIHIO IIPOIO3UIMOHAIBHON JIOTUKY
U TPETEH/IYeT Ha BBIPAYKEHUE JIEOHTUYECKOrO COJIePXKaHMs: «A UMILIUIUpYeT
JEOHTUYIECKH MPEIITOINTAEMOE TIOJIOZKEHNE eI B eciin, U TOJIbKO €CJIA MMILIU-
Kanys u3 A B B — J€OHTUYECKU [IPEIIIOUNTAEMOE TI0JIOYKEHHE JIeJI». Y TOUHEHNe
TAKOTO COJIEPKAHUS TPEJINOIaraeT 00CYXKIeHNEe HEB3aNMOUCKJIIOYAIONINX BO-
IPOCOB: JIECOHTUIECKUIT CTATyC OE3YCTIOBHO 00s13aTE/IbHBIX TIOJIOXKEHUH e, Xa-
paKTep UCIOIb3yeMbIX UMILJTUKAIUN, «OCIab/IeHIey NHTEPIIPETAIINH OIIEPATOPa,
BOJIEHHSI JIO HECTPOT'OTO BapHUAHTa, «IIPArMaTHIeCKn 00S3aTeIbHO», HHTEPIIpe-
Talysl OllepaTopa BOJIEHHs B HEPEILyKUUOHHON (6e3 IIPOIO3UIMOHAIBHON KOH-
CTAHTBI) JICOHTUIECKONH CEMAHTHUKE.
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A manranus gmuarpamMHoro Mmeroja JIponca KappoJsia
MPUMEHUTEJbHO K JAPYTUM CHUJIJIOTUCTUIYECKUM TEOPUAM

Kootcorapy H. U. (Mocksa)

The possibility of using Lewis Carroll’s diagram method according to
statements and conclusions of Fundamental syllogistic and syllogistic of
Bolzano was shown. This is achieved by changing the principles of dia-
gram representation of the information of the statements with semantics,
which is different from Carroll‘'s. Well-founded assumptions about pos-
sibility of the modification of Lewis Carroll’s diagram method according
to the traditional and aristotelian syllogistic systems were made. As far
as traditional syllogistic system is concerned, It is suggested to accept
an additional rule of correction of the big diagram after representation
of the joint information of the premises on it. Regarding aristotelian
syllogistic system, the method of consideration of three alternative big
diagrams instead of one on condition that the syllogism contains the O
statement was suggested.

OpuruHabHBIN METOJ MPEeCTABICHUs] YCIOBUI MCTUHHOCTH KATEropude-
CKUX BBICKA3bIBAHUII W IPOBEPKHU yMO3AKJIIOUEHHUIl M3 HUX ObLI pa3paboraH
JIsroucom Kspposuiom B pabore « CumBoImdecKast JIOTuKay. KappoJur npu 3ToM
CO3/1aJI, TI0 CYIIECTBY, HOBYIO CHJLUIOTMCTUYECKYIO TEOPUIO, OTIUYAIONLYIOCS 10
KJtaccy (pOpM KOPPEKTHBIX PACCY?KIEHUI OT WHBIX CHJLUIOIUCTUK — TPAJUAIIAOH-
HOM, apUCTOTEIEBCKOM, (DyHIAMEHTAILHOW W T. . B CO37aHHON MM CHJLTOTH-
cTu4aeckoit Teopun Kapposut ucrnoap30Bast 1j1s IPOBEPKU CUILJIOTA3MOB 0COO0T0
poJia 1uarpaMMbl, pa3OUThie Ha CEKTOPA, Ha KOTOPBIE ITOMEIATCsl KPACHBIE U
qepHble (DUINKHA, B COOTBETCTBUU C JIOTUIECKON MH(pOpPMAIeil MOChLIOK. DTU
JUArPAMMBI ITO3BOJISIIOT 3 MEKTUBHBIM 00PA30M M HATVISITHO OOOCHOBATH KO-
PEKTHOCTb WJIN HEKOPPEKTHOCTH yMO3AK/IIOUeHN B paMKax ero Teopun. VHTe-
PECHBIM $IBJISIETCS BOIPOC O BO3MOXKHOCTH Mofudukanun guarpamMmy Kspposura
JJISL IPYTUX CUJIJIOTUCTUK.

Heobxomumo umMerh B BULy, YTO CYyIIECTBYeT He OJIHA, a MHOYKECTBO CHUJI-
JIOTUCTUYECKNX Teopuil. Bce oHM oT/imuaroTcss Apyr OT Apyra CEMaHTUKON Ka-
TErOpUYECKNX BBICKA3BIBAHUN U MMEIOT PA3JIMIHbIE KJIACCHI 3aKOHOB. [loaTromy
€CTEeCTBEHHO BCTAET BOIIPOC 00 aJJAIITUPYEMOCTH TOTO WJIM UHOTO AUATDAMMHOIO
MEeTO/a K Pa3JIMYHBIM CUCTEMAM CUJIOTHUCTUKH.

B pamMkax JaHHOTO HCCJIeI0BAHUS IIPOJIEMOHCTPUPOBAHA BO3MOXKHOCTD IIPU-
MEHEHUs JIMarpaMMHOTO MeTofa KappoJuia 10 OTHOINEHWIO K CYXKICHUSM U
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YMO3aKJII0UeHUAM DYHIAMEHTAIHHON CUJIOTUCTHKY U CUJIJIOTUCTUKYA BoJtbiia-
HO. DTO JIOCTUTAETCSI U3MEHEHNEM IIPUHITUIIOB BBIPAXKEHUsI HA JUarpaMMax WH-
dopManyy BHICKA3bIBAHUN, UMEIOIUX OTJIUIHYIO OT KIPPOJIJIOBCKOM CeMaHTHU-
KY.

BoiaBuny T 060CHOBaHHBIE TPEIITOIOXKEHNS O BO3SMOXKHOCTH MOIU(DUKATIII
AuarpaMMHOro Meroma Ksapposuia npuMeHnTebHO K TPAIUIIMOHHON U apucTOo-
TEJIEBCKOIl CUIIJIOTUCTHKAM. B TpaauIiMoHHON CHIIJIOTUCTHKE IIPEJJIAraeTCs IIPH-
HATDH JIOMOJHUTEIBHOE TTPABUIJIO KOPPEKTUPOBKH OOJIBINON JUArPAMMBI TIOC/IE
BBIDAYKEHWsSI Ha Heil COBMECTHOW MH(MOpPMAIUU TOCHIIOK. B apucToTeIeBCKOM
CUJIJIOTACTHUKE TPEJJIOKEH METOJ, PACCMOTPEHHUS TPEX AJIHTEPHATUBHBIX OOJIhb-
MUX JuarpaMM BMECTO OJIHOH IIPU HAJIMYNU B CUJIJIOTU3ME YacTHOOTPUIIATE b
HOT'O BbICKa3bIBaHU.
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Ignorance without K (nowledge)
Kubyshkina E. (France)

The aim of the present work is to investigate the representation of such
notions as knowledge and ignorance in a formal setting. In particular, we
argue that these notions are not necessarily inter-definable. In order to defend
this idea we provide the logical tools to characterize ignorance independently
of knowledge.

Traditionally, the notion of knowledge is represented in epistemic logic by
the K, operator. The possible worlds semantics for this operator was provided
by Hintikka [1]. In such a semantics the notion of ignorance is defined via the
K, operator: either as the negation of knowing (—K,¢), or, if we speak about
ignorance of some true proposition, as (¢ A ~K,¢). If ignorance is understood
as not-knowing the truth value of a proposition, we say that ignorance is not-
knowing neither this proposition, nor its negation: =K, ¢ A =K, —¢.

An alternative characterisation of the notion of ignorance can be found in
[2]. Van der Hoek and Lomuscio [2] introduce a logic for ignorance in which the
I operator represents the ignorance of an agent. The logical system obtained
(the system Ig) is sound and complete. According to the authors, ignorance
is a mental state in which the agent is not sure about the truth value of the
proposition considered. The I operator should be defined as (=K ,p A —K,—d),
if ignorance could be defined by the use of K,. But if the direct formalization
of ignorance via (I¢) is replaced with (—K,¢ A ~K,—¢), the system obtained
is not complete. This result provides a formal basis to challenge the idea that
ignorance should be defined in terms of knowledge. Indeed, by following an
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idea of Williamson [6], we argue that ignorance is a primitive epistemic notion
in the same manner as knowledge is.

Due to the definition of the I operator given by van der Hoek and Lomuscio,
Ig contains axioms that describe some non-trivial properties of ignorance. One
of the two basic axioms (I¢ <> I—¢) states that if the agent does not know
neither ¢, nor —¢, ignorance of ¢ is equivalent (for the agent) to the ignorance
of =¢. But if we move our attention from the agent’s point of view to an
objective picture, this axiom becomes puzzling. Suppose that there is a referee,
who knows if ¢ is true or false, and who knows that the agent is ignorant about
the truth (or the falsity) of ¢. From the point of view of such a referee, the fact
that the agent ignores ¢ is not equivalent to the ignorance of —¢. Thus, the
validity of the axiom (I¢ <> I—¢) may be questioned. The acceptance of this
axiom allows to characterize ignorance only from the agent’s subjective point
of view. We refer to this characterization as the subjective one. If one wants to
distinguish ignorance of truth from ignorance of falsity, the axiom (I¢ +> I—¢)
should be rejected. We call the characterization obtained by this rejection the
objective one. The logic for ignorance given by van der Hoek and Lomuscio
provides the subjective characterization of ignorance, but it lacks the objective
one.

In order to provide an objective characterization of the notion of ignorance
we need to distinguish ignorance of truth from ignorance of falsity. Having this
aim we introduce a particular logic, we call logic of a rational agent (RA+)1,
that allows us to model such situation. RA+ is a many-valued logic, that
is constructed as a generalization of classical truth values {T, F'} applied to
Kleene’s idea of undefined values. Kleene [3] introduces a three-valued system
in order to treat partial functions. In [4] he makes it explicit that the third
value should be understood neither as “possible”, nor “true and false”, nor
“neither true, nor false”, but rather as “the absence of information”. Every
proposition is true or false, but there are propositions, the truth value of which
we do not know. RA+4 is a four-valued logic where the valuations are intu-
itively understood as follows: “true and known to be true” (T'1), “true, but the
truth is ignored” (7T°0), “false and known to be false” (F'1) and “false and the
falsity is ignored” (F0). Thus, the fact of knowing or ignoring some statement
is formalized at the level of valuations, without the use of the K, or the I
operators. On the basis of this semantics, a sound and complete system with
two distinct truth-functional negations (an “ontological” and an “epistemic”
one) is provided. These negations allow us to express the epistemic state of
an agent at the syntactic level without modal operators. They also permit us
to represent the ignorance of a true statement separately from the ignorance
of a false one. The system RA+ provides the objective characterization of
ignorance we were looking for. Remarkably, the principles for ignorance that

LA similar system RA+ without implication and with a different type of entailment rela-
tion was introduced in [5].
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we accept in this logic are not dependent on the knowledge principles and vice
versa. Thus, ignorance and knowledge in this logic are not inter-definable.

In the last part of the paper, a conservative translation from the system
RA+ to Ig is presented. This translation permits to compare these two logics
and clarify the basic principles about the notion of ignorance taken indepen-
dently from knowledge.
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A Non-Classical Epistemic Modal Logic and Blanché
Hexagon

Lobovikov V. O. ( Yekaterinburg)

Introduction of symbols of the artificial language

An axiomatic epistemology system > contains all formulae, axioms and
inference-rules of the classical propositional logic. Symbols « and 5 (belong-
ing to meta-language) stand for any formulae of ¥. Additional formulae are
obtained by the following rule: if « is a formula of ¥ then ¥« is a formula of
31 as well. The symbol 3 belonging to meta-language stands for any element
of the set of modalities {0, 0, K, A, E, F,T, P, Z,S}. Symbols O, ¢, respec-
tively, stand for the alethic modalities “necessary”, “possible”. Symbols K, A,
E, F, T, P, Z, S, respectively, stand for epistemic modalities “agent knows
that...”, “agent a-priori knows that...”, “agent a-posteriori knows that...”,
“person believes that...”, “it is true that...”, “it is provable that...”, “there
is an algorithm (a machine could be constructed) for deciding that...”, “under
some conditions in some space-and-time a person (immediately or by means of
some tools) sensually perceives (has sensual verification) that...”. Meanings
of the mentioned symbols are defined by the following schemes of own axioms
of epistemology system X which axioms are added to the axioms of classical
propositional logic.
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Schemes of axioms

Axiom scheme 1:  Aa < (Ka AOa A ~0Sa AO(a + Oa) AO(a +
Ko)ANO(a <> Ta) ANO(a <» Pa) AD(a < Fa) AD(a < Za));

Axiom scheme 2:  Ea < (Ka A (mOaV 0Sa VvV -O(a < Oa) V -O(a <
Ka)V-O(a+ Ta) vV -O(a + Pa)V-O(a + Fa) V-Ola < Za)));

Axiom scheme 3: Aa — (O(a — f) — (Oa — 0O5));

Axiom scheme 4: Aa — (Oa — «).

Remark 1. According to the above axiom schemes, the system of logical
interrelations among the modalities Ko, Aa, Fa, -Aa, ~FEa,~K« is graph-
ically modeled by Blanché hexagon. In this hexagon: the relation between
Aa and Ea is the contrariety one; the relation between —Aa and —F« is the
sub-contrariety one; contradictoriness relation exists between elements of the
couples: (Aa, —Aa); (Ea,—Ea); (Ka,~Ka).

Example 1. Let the name “classical epistemic modal logic” stand for any
such and only such epistemic modal logic in which (Ka — «) is a theorem. If
this convention is accepted then the above-formulated axiomatic epistemology
system X represents a non-classical epistemic modal logic as according to the
axiom-scheme-2, if E«, then it is possible that ~(Ka — «).

Cusitoructuka (pakTuiecKnx o6beMOB 1 JIOTUIECKUX
colepKaHul MOHATHI

Mapxun B. . (Mocksa)

CaMoii pacrpocTpaHeHHON CEMaHTHUKON CUJIJIOTUCTUIECKUX CUCTEM SIBJISIET-
Csl IKCMEHCUOHAADHAA CEMAHTUKA, B KOTOPON OOIMUM CHJIJIOTUCTHIECKIM Tep-
MWHAM B KaJeCTBe 3HAYEHUI COMOCTABJISIFOTCS MHOXKECTBA, OOBEKTOB, T.e. 00b-
€MBl TTOHATHUH, & CHJUIOTUCTUYECKAE KOHCTAHTBI TPAKTYIOTCS KaK 3HAKUA OTHO-
MIEHUN MEXK/Iy STHMU MHOXKECTBAMM, T.e. KaK 3HAKM OODBEMHBIX OTHOIIEHUN
Mezk Ty nonatusmu. Hanpumep, B dyHIaMEHTAIBHON CUIIJIOTUCTHKE KOHCTAHTE
@ COOTBETCTBYET OTHOIIIEHNE BKJIIOUEHHSI 00beMa CyObeKTa B 00beM IpeuKa-
Ta, KOHCTAHTE § — OTHOIIIEHNE 0O'beMHOI COBMECTUMOCTHU CYyO'bEeKTa U IIPEINKATA,
(HerrycToTa nepeceveHns STUX MHOYKECTB).

O 1HAKO CYIECTBYET U WHAsl, UHMEHCUOHAADHASA THTEPIPETAINs CUJLIOTH-
CTUKY, ujest Koropoit Bocxogut K [. Jleitbuuiry. 3nadeHusiMu 061X TEPMUHOB
BBICTYIIAIOT IIPUA 9TOM HE OObeMBI IOHATHUI, & UX COJAEPXKAHUS, a CHUJIJIOTUCTHU-
YecKre KOHCTAHThI PEIPE3eHTUPYIOT OIpee/IeHHbIe OTHOIIEHUS MKy ITOHSI-
TusmMu 10 cogepxkannio. Cam Jleitbaui TpakTyeT cofepKaHue MOHSTUS TPa-
JUIAOHHO — KAK HEKYIO COBOKYIIHOCTH IPHU3HAKOB (IIOJIOXKUTEIbHBIX U OTPHU-
naresnbHbix). Torpa BeicKasbiBanue Buja SaP BbIpaXkaeT yTBEPXKIECHHE O TOM,
YTO cojleprKaHue Ipeaukara P ecTb 4acThb cojepkanus cyobekra S (T.e. Kaxk-
JIBI TIPU3HAK, BXOJASAMUI B coiepKanue P, BXOJAUT TakKe U B cojepxKanue S).
BrickaspiBanue Bujia SiP MOXKHO TPAKTOBATH KaK YTBEPXKIAOIIEE JIOTHIECKY IO
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COBMECTHMOCTH COflepKaHuii cybbekTa u npeiukara (r.e. orcyrcrsue B S u P
IpoTUBOPEYalInXx IIpI/ISHaKOB).

WarencuonanpHas ceMaHTUKA CHJUIOTMCTHKU MOXKET CTPOUTHCA U HHAIE.
Tax, B.U. ITanax [2] npemioKuil IPUIMCHIBATG B KAUECTBE 3HAYEHUIT OOIIUM
TepMuHaM (GOPMYJIBI SI3bIKA JIOTMKY BBICKA3BIBAHUI, HE COJIEPXKAIINE UHBIX CBSI-
30K, KpoMe -, A u V. YCI0BHs 3HAYUMOCTH (MCTUHHOCTH) aTOMAPHBIX CHJLIO-
rucTrdeckux (bOPMyJI OH OIpeesseT ¢ UCIOJIH30BAHUEM OTHOIIEHUST KJIACCH-
9eCKOI BBIBOJUMOCTH. Sa P 3HaunMa, e.T.e. U3 MPOIO3UIIHOHAJIBHON (hOPMYIIBI,
SIBJISITONTIENCST 3HAMEHIEeM CYyObeKTa S, BRIBOJUMA (DOPMYJIa, MPUMTNCAHHAS [Ipe-
gukary P. SiP 3HauuMa, e.T.e. U3 IPONO3UIIMOHAJIBHBIX (POPMYJI, KOTOPbIE SIB-
JIAIOTCs 3HadenuaMu S u P, He BBIBOAMMO IpoTHBOpevne (MHAYE IOBOpPs, U3
dopMyJIBI, COIOCTABIEHHON S, HE BBIBOAUMO OTpUIaHue (POPMYJIbI, COIIOCTAB-
sgennoit P). Hanpuwmep, ecsiu Tepmuny S npumicana popMysa ¢ AT, a TEDMUHY
P dopmymna g V r, To cuiutoructudeckas dopmyina SaP 3HaunMa, Tak Kak u3
epBoii opMyJIBI BHIBOJIMMA BTOpasi. Kcyu ke TepMmuny S nipurincasa (popmy-
Jgia q V r, a repmuny P dopmysa —g A —r, To cujtorucrudeckas popmyia SiP
He ABJIACTCd 3HAYNMO, IOCKOJIbKY U3 IEePBOI BLIBOAUMO OTPULIAHUE BTOPOIL.

Cam B.J. [ITasak Ha3bIBaeT CBOIO MHTEPIPETAIINIO CUIJIOTUCTUKN CUHIMAK-
cuveckol, OIHAKO, €€ MOXKHO CYHATATb HOG60U 6epcueti UHMEHCUOHANDHOT Ce-
MAHMUKY [JTsT CUJJIOTUCTAYIECKUX cucTeM. Jle10 B TOM, 9TO HET HUKAKON pa3-
HUIIBI B IPUIIMCBIBAHAY OOIIMM TEPMUHAM IIPOIO3UIMOHAIBHBIX opmydr (g VT,
gAT, 7¢/A-T U T.IL.) U B IPUIMCHIBAHAY UM GECKBAHTOPHBIX (DOPMYJI OTHOMECT-
HOI JIOTWKY IPEJMKATOB C €IUHCTBEHHO CBOGOIHON 1epeMennoit - (HanpuMep,
Q'(x) VRY(z), Ql(z) AR (z), Q' (x) A =R!(z)). C Tem xe ycmexom, B Kade-
CTBe 3HAYEHUsI ODIIEMY TEPMUHY MOYKHO COIIOCTABIATD MIPEIUKATHYIO (hOPMYJTY
A(z), xoropas Jmubo ABJISETCS ATOMAPHOI U COJEPXKUT €JIUHCTBEHHY IO IePEeMEH-
HYIO T, TUOO TPECTABIIAET cODOit OyIeBY KOMOMHAIIAIO TTOJO0HBIX ATOMAPHBIX
dbopmyn. Ho, cormacuo E.K. Boitmeuiio, nepsonopsiakosast dopmyma A(x)
Kak pas u dpurcupyer codepocarue nonamus tA(x)!

B cBoem sokiaie Ha MOCKOBCKOI MeKIyHapOIHO# KOoHpepeHiu “Apucro-
TEJIEBCKOE HaC/IeAe KaK KOHCTUTYUPYIOIUI 3/1eMEeHT €BPOLEeCKONl paruona/ib-
woctu” (17-19 oxrabpa 2016 r., Wucruryr duiocobun PAH) B.I. Ilanax
o0paTn/i BHUMAaHNE HA HEKOTOPBIE MMapaIOKCAIbHbIE (DAKTHI, C KOTOPBIMHU MBI
CTAJIKMBAEMCSI DY HCIIOJIb30BAHUN WHTEHCUOHAJILHON CEMAHTUKU JIJIS OIEHKHU
KOHKPETHBIX aTpHOyTHBHBIX BbIcKa3bIBaHmil. Tak, BeickasbiBanue “Hexkoropsie
KJIOYHBI SIBJISIFOTCSI JIOJIJIAPOBBIMU MUJLIUAPepaMu’ JIOXKHO, €CJIN UCIIOJIb30BATh
9KCTEHCUOHAIHLHYIO CEMaHTUKY, BEJIb [TI€PECEUYeHNe MHOXKECTB KJIOYHOB U JI0JLIa~
POBBIX MIJLTHAPAEPOB akTraecku mycto. Ho comepkanms moOHATHI 0 KJIOyHAX
7 O JOJJIAPOBBIX MUJLIHAPAEPAX JIOTHIECKH COBMECTUMBI, B HAX HET IPOTHBO-
pevamux JIpyr Apyry Ipu3HakoB. [losToMy, ¢ TOUKN 3peHns] HHTEHCHOHAJILHON
CEMAHTUKMY, JIAHHOE BBICKA3BIBAHUE CJIEJIYET IIPU3HATH UCTHHHBIM.

AHaJOTUYHYI0 CUTYyaIioO UMeeM U C BhICKa3biBaHUsiME THIa SaP. [lpuse-
JIeM IIpUMEP, KOTOPBI B CBOUX JIEKIUSIX 9acTo ucro/b3osai E.K. Boitmsuiio.
BrickaspiBanue “Bcee »KBadHbIE XKUBOTHBIE SIBJISIOTCS [IAPHOKOIBITHBIMU B 9KC-
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TEHCUOHAJLHON CEMAHTHUKE UCTHHHO, T.K. 00beM MOHATHUS ‘“2KBATHOE YKIUBOTHOE”
BKJIIOYAeTCs, 10 (akTy, B 06beM MOHATHs “TapHOKOIBITHOE KuBoTHOE . O
HaKO COJep:KaHUe MOHATHUSI “TIaPHOKOIBITHOE YKUBOTHOE  HE COCTABJISIET YaCTh
COJIEP2KAHUS TIOHSITHS ‘?KBAYHOE YKUBOTHOE, MOITOMY, C IMTO3WUIMI WHTEHCHO-
HaJIbHOM CEMAHTUKH, 9TO BHICKA3BIBAHME CJIEIYET OIEHUTH KAK JIOXKHOE.

B dem xe npuunna manroro napasgoxca? /lesio B ToMm, 9TO B 9KCTEHCUOHATb-
HOI CeMaHTUKe YCTAHABJIUBAIOTCSI OTHOIIEHUST MEXKILY PaKmuseckumu odobeMa-
MU [OHSITUHN, & B MHTEHCUOHAJHHON — MEXK/Ly UX A02UNMECKUMLU COIEPIKAHUSIMU.
A yrBepxknenust “dakrudeckuii oobem S BKodaercs B haKTUIECKUil 00beM
P” u “normyeckoe comepkanue P ecTh 4acTh JIOTHYECKOr0 coepxKanust S~ HeIK-
BUBAJIEHTHBI, U3 BTOPOI'O BBITEKAET IIEPBOE, HO He HA0DOPOT. 3aKOH 0OPATHOIO
OTHOIIIEHUS JefCTBYET JINIb IIPH YCJIOBAU, ITO PEUb UAET OO0 0 (DAKTHIECKUAX
obbeMax U (PAKTUIECKUX COMEPKAHUIX, JJUOO O JIOTUIECKUX 00beMax 1 JIOTHIe-
CKHUX COJIEPXKAHUSAX JBYX MOHATHIA. AHAJOIMYHO, YTBEPXKJIEHUS “TIepecevdenne
dakTrdeckux 00beMoB S u P HemycTo” TakyKe HEIKBUBAJEHTHO YTBEPKIECHIIO
‘“Jrormdeckue cojepKaHus MOHATHI S 1 P He cofep:KaT MpOTUBOPEYAIUX TPHU-
3HAKOB”, U3 IIEPBOr0 BHITEKAET BTOPOE, HO HE HAODOPOT.

Takum 06pa3oM, B 9KCTEHCHOHAJBHON W B MHTEHCHOHAJIBHOW CEMAHTHUKAX
CUJIJIOTUCTUKHA C ATOMAPHBIMU (DOPMYJIAMHU CBI3BIBAIOTCA pPa3HbIE, HEIKBUBA-
JIEHTHBIE JIPYT JIPYTY CyKJeHust. B mepBoM ciydae gaxmopurcupyrougue cyx-
JIEHUsI, & BO BTOPOM, IO CYIIECTBY, MOJALbHbIE CYKICHUsI, OCHOBAHHBIE HA TI0-
HATHUSAX AHAJUTUIHOCTH, JIOTHIECKUX HEOOXOIMMOCTH U BO3MOXKHOCTH.

B cBsi3u co cKa3aHHBIM, €CJii MBI XOTUM IPH OIEHKE ATPHOYTUBHBIX BbI-
CKa3BbIBAHMI COYETATh UX IKCTEHCHOHAJBHYIO U WHTEHCUOHAJBHYIO TPAKTOBKY,
HEOOXO/IMMO y2Ke Ha YPOBHE CHHTAKCHCA PA3JUYUTH JIBA UX THUIIA: BHICKA3BIBA-
HUsl, (PUKCUPYIOIINE OTHOIIEHIS MEXKTY (DAKTUICCKUMU 00beMaMK TOHATHIA, 1
BBICKA3BIBAHUS, (DUKCUPYIOIIUE OTHOMIECHIST MEXK/ Ty UX JIOTHIECKIME COJIePIKa-
Husmu. [lepBbIM Oy/IeT 1aBaThCsl SIKCTEHCHOHATbHAST WHTEPIIPETAIINsI, BTOPBIM
— WHTeHCHOHAbHas. [ljist 3anucu (pakTOUKCUPYIONNX BhICKA3BIBAHUI Oy 1eM
HCHOJIBb30BATh CTAHAAPTHBIE CUJIOIMCTUYECKHE KOHCTAHTHI a, €, i, 0, a JJId
HHTEHCHOHAIBHBIX — MOJAIN3NpoBannbie Koncrantsl a-, e, i¢, o®

IIycte dyHKIMs § comocTaBisieT KarXKJAOMY OOIIEMY CHJLIOIUCTHIECKOMY
TepMUHY S HEKOTOPYIO (DOPMYIIY MO bI3bIKA IEPBOMOPSIIKOBOI JIOTUKHU, COIEP-
JKaIero 6ECKOHEUHBIH CIIUCOK OJITHOMECTHBIX MPEJUKATOPHBIX KOHCTAHT, €J1H-
CTBEHHYIO TPEJIMETHYIO TIEPEMEHHYIO X, TPOMO3UIIHOHAJIBHBIE CBI3KHA —, A U V.
C medopMaIbHON TOYKH 3pEHUs, 0 CBA3BIBAET € S HEKOTOPOE JIOTMYECKOe CO-
JlepKanne — KOHCTPYKImio Buga A(x), He yuuThiBamonyio hbakTHIeCKuX 3HAYe-
HUIl IPEIUKATOPHBIX CUMBOJIOB B €€ cocTaBe. Bhibupaercs TakyKe MpeMeTHBIH
yauBepcyM D — npomnsBosibHOE HelrycToe MHOXKecTBO. Ha Hem 3aiaercss nHTep-
HpeTanys (¢ MPeJINKATOPHBIX KOHCTAHT MepBoopsaKosoro asbika: ¢(Q!) C D.
Tpoiika (d, D, ¢) o6pasyer monens M.

st TOrO, 9TOOBI YCTAHOBUTH (DAKTUIECKHE 00bEMbI OOINX CUIJIOTUCTUIE-
CKHX TepMUHOB B Mojein M, 3amaercs creruaibaas dyuakius P, comocras-
Jisiroras (popMyJiaM yKa3aHHOTO BBIIIE TEPBOIOPSIKOBOIO S3bIKA ITOIMHOYKE-
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crBa ymusepcyma D: ®(Ql(z)) = ¢(Ql); ®(—A4) = D\®(A); ®(A A B) =
P(A)NP(B); P(AV B) = &(A) U D(B). DakrrueckuM 06bEeMOM OBIIErO CUJI-
Jloructaueckoro repmuHa S B Mogesnn M Gyger maoxkecTBo P(6(.9)).
OmpeiesisieM yCI0BUsl HCTUHHOCTH CHJUIOTUCTHYECKUX (DOPMYJT B MOJEJH
M. OyHKIUS ONEHKH, CONOCTABIIAIONAA KazK/I0H CHIUIOTUCTHIECKON hbopMyIte
snauenue 1 mam 0 B Mogen M, 3a1aeTcs Jyist 971€MEHTAPHBIX (DOPMYJT TaK:

1. [SaPP| =1, ere. §(S) F §(P);

2. |Se9P| =1, ere. §(S) - —6(P);
3.18i°P| =1, e.re. §(S) ¥ =5(P);

4. |80 P| =1, ere. §(S) ¥ 6(P);

5. |SaP| =1, e.re. B(6(S5)) C P(6(P));

6. |SeP| =1, e.re. ®(5(S)) NP(J(P)) = &
7.1SiP| =1, ere. B(6(S)) N P(6(P)) # &

8. |SoP| =1, ere. D(5(5))\@(d(P)) # @.

Vea0BUST ICTUHHOCTH CJIOXKHBIX CUJLTOTUCTUIECKUX (DOPMYJT CTAHIAPTHBIE.

Cusutorucruueckas Gopmysa o obmesHadnmMa, e.r.e. |a| = 1 B moboit Mo-
e M yKazaHHOTO THUIIA.

JIOruKOl 3KCTEHCHOHAJIBHO TPAKTYEMbIX CHJLIOTUCTUYECKUX KOHCTAHT SIB-
JISIeTCsl U3BECTHAsI cucTeMa (pyHIaMeHTaIbLHON Mo3uTUBHOM custoructuku ®C
[1, c. 66]. VIHTEHCHOHAIBHO TPAKTYEMble KOHCTAHTBI [TOIIMHSIOTCS TOH K€ JI0-
ruke. B mpummuie, Bapbupys yCJIOBHST HCTUHHOCTHA ATOMAPHBIX CHJLIOTUCTHYIE-
cKUX (hOpMyJI, MOYKHO TIOJIyYUTh IPYTHe COYeTaHUs JOIUK (PaKTUIECKUX 00b-
€MOB U JIOTUYECKUX COJIEPYKAHUIA.

K uncuty obuiesnaanmbix oTHocsTest popmyaist SaBP D SaP, SeHP > SeP,
SiP D Si°P, SoP O So® P, Kotopsie GUKCHPYIOT OIpEIeIeHHbIC B3ANMOCBSI3N
9KCTEHCUOHAJIBHO M WHTEHCHOHAJHHO WHTEPIPETUPYEMBIX CHJIJIOTUCTHIECKUX
KOHCTAHT U TIPABOMEPHBI, C COJIEPXKATEBHOM TOUKY 3peHus. OOpaTHbIE UMILITH-
KAy OOIE3HAYNMBIMU He SIBJIAIOTCs. T pebyeT perenns: mpodseMa, ageKBaT-
HOI aKCHMOMATHU3AIUN KJiacca (popMyJI, OOIME3HAYUMBIX B JIAHHON CeMaHTUKE.

WHTepecHbIM TIPEJICTABIISIETCS BOIIPOC O BO3MOXKHOCTU OOOOIIEHUST JAHHOIO
OJIX0/1a JIJIsi TIOCTPOEHUST MOJAIBHON CHJIJIOTUCTUKE. J[J1si 9T0r0 HeoGXommMo
BBECTH B #13bIK cHyIoruncrideckne koucrants al, e, i, o5 i monobpars moz-
XOJISATIIE YCJIOBUS NCTUHHOCTH JIJIsT COOTBETCTBYIOIINX JIEMEHTAPHBIX (DOPMYII.

JNlutepatypa
[1] Bouapos B.A., Mapkuu B.1. Cuasozucmuueckue meopuu. M.: IIporpecc-
Tpagumust, 2010.

[2] ITanak B.U. Cunmakrcuseckas unmepnpemayus Kamezopuseckur ampuobymue-
o evickasvieanull // Jlormaeckue uccnenosanust. 2015. T. 21, Ne 1. C. 60-78.
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Jlormuyeckad U KOrHUTUBHAA MOJeJIn CEMAaHTNYEeCKHX
Irponenyp
Muxupmymos HU. B. (Canxm-Ilemepbype)

Kommbiorepuas meradopa Ipu MOIAEIMPOBAHUN MBICJIUTEIHBIX AKTOB II0-
fABUJIACH KAK IBPUCTUKA IIPU U3yYEHUH COOTBETCTBYIONINX IIpoIieccoB. Eé mpu-
BJIEKATEJILHOCTD CBsI3aHA C JIBYCTOPOHHEH aJalrTaiueil: COBEPIIEHCTBOBAHUIO
UHCTPYMEHTOB 06paboTku sa3bika (natural language processing) ugér mascTpe-
9y IPUCIOCOOICHNE PEIIPE3EHTAIINN 3HAHUS K TAKIM HHCTPYMEHTAM. DTO J1e/1a-
er eré 0oJiee TPUBJIEKATEIHFHON BRITUCIUTEIHHYIO WU IIPOIELY PHYIO TPAKTOB-
Ky 3HaYeHns BOODIE U CMBIC/IA KaK €ro KOMIIOHEeHTa, B YacTHOCcTH. Ho BbIdmc-
JiTebHas MeTadopa mnepectaér ObITh MeTadOpoil PU MOJIEJMPOBAHUE IPO-
1ecca yCTAHOBJIEHUsI JIEHOTATa BbIpaxkeHusi. VIHTepIpeTanusi KaK peasin3aliusi
IPOTrpaMMBbl TPeOYeT, BO-TIEPBBIX, TOYHOTO OIMUCAHNS METOA TOCTPOEHUS TAKON
MIPOTrPaMMBI JJIsi JAHHOTO BBIPAYKEHUS, BO-BTOPBIX, OIMCAHUS CIIOCODOB €€ BbI-
qucjeHus. Pemenne 3Toit 3a1a91 MOXKeT ObITh JAaHO B TEPMUHAX aOCTPAKTHBIX
AJITOPUTMOB MJIA CEMAHTUYECKHX IporpamMM. VIHCTPYyMEHTHI JJjIs 9TOro pa3pa-
Goranbl duancom MockoBakucoMm [1] u HegaBHO puMenenbl SAky6om nmvane-
KOM [2] JjIsi SMIMPHYECKOTO MCCIIE0BAHMS [IPOIECCUHIA, CBS3aHHOTO ¢ UHTED-
npeTamnueil Cynepuo3ulinii KBAaHTOPOB.

OcHOBHAasI TUTIOTE3a COCTOUT B HAJUYIUU NOMOMOP(MU3MA MEXKIY MEHTAJb-
HBIMHU IIPOIECCAMU, B TOI MM UHOW (pOpMe UX PElpe3eHTaINd, U KOMIO3UIIAO0-
HaJbHBIMA WU PEKYPCUBHBIMU OIIEPAIUSIMUI, KOTOPbIE MbI OCYIIECTBJISIEM IIPU
YCTAHOBJIEHNH 3HadYeHus. K 9TOil IUIore3e MPUMBIKAET €CTECTBEHHOE ITPEIIIo-
JIO’KEHIE, COIJIACHO KOTOPOMY OOJIbINNasi CHHTAKCUYIECKAs] MJIN CeMaHTHIECKas
CJIOKHOCTH BBIPDAYKEHUs JIOJKHA BJI€Yb 338 CODON OOJIBIIYIO CJIOKHOCTH MEH-
TaJbHBIX OlepaIuii mo ero 0bpadborke, 60jee MACIITAOHBIE 3aTPATHl BPEMEHU U
PEeCypCoOB MaMsITH. DTO MPEJIIOJIOKEHNE, BIIPOIEM, OJyIaeT SKCIEPUMEHTAb-
HO€ IIOJITBEPXK IEHUE.

«MaremaTnyeckoe» MOHUMAaHNE KOMIIO3UIIMOHAJILHOCTA BOBJIEYEHO B (HOp-
MUPOBaHMe KOTHUTHBHOM Mozesu. Jljisi ocyIiecTBIeHsT KOMIIO3UIINOHAIBHOMN
WHTEPIPETAIUN WU K€ JjIs WIEHTU(DUKAINA HEKOMITO3UIIMOHAJBHOCTH MBI
JOJIKHBI YMETh PACIIO3HABATH CTPYKTYPY CJIOYKHOTO BBIPAXKEHUS, OIPEIE/IAThH
TUO U QYHKIUA TEPMOB, YMETbH M0JIb30BATHCs PEKYPCUBHBIMU OIIPE/IETEHUSIMU,
a TakKyKe IIPOU3BOJINTH CHHTAKCUYECKHE 3aMEHbI, a TaKKe PAaCIOoJaraTh J0CTa-
TOYHOM CEMAHTUYECKON KOMIIETEHTHOCTBIO JIjIsl PACIIO3HABAHUS [MKJIMIHOCTU
cemanTuveckux npoueayp. Cooraecenne eaunull (popMaIbHOIO aHAJIN3A C KO-
THATUBHBIMU CIIOCOOHOCTSIMU M HABBIKAMY WJIA K€ C XOJIOM IIPOIECCUHTA TTOKa,
eImé OCHOBBIBAETCS TOJIBKO HA YIOMSHYTHIX THIIOTE3aX KAK HA Y9BPUCTUKAX, 9TO
NpUAAET TPUHITUILY KOMIIO3UITHOHAJIHHOCTH <JIBYCMBICJIEHHBII CTATyC B Kade-
cTBe POPMAJIHHO 2KEJIAEMOI'0, C OJHOI CTOPOHBI, M KaK I'MIIOTE3bI IIPOIECCUHTA,
¢ npyroit» [3, 659].

PenpezenTanust quckypca TpedyeT 00s13aTeIbHOIO UCIOJb30BAHUS BPEMEH-
HBIX, NPUYUHHBIX W WHTEHIMOHAJBHBIX MapaMerpoB. Ilpm 3TOoM BO3HUKaeT
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MePaPXUIECKUIT ITOPAIOK COOBITUI 1 OOBEKTOB, KOTOPhIE IIPEICTABJIEHBI B Pa3-
JIMYHOU JleTaJIn3alluu, OIPeJeSIIeMOl MOTUBAMU WU IEJSIMH KOMMYHUKAIIAH.
3HaveHre UMeeT JUHAMUYECKUN XapaKTep, U pe3yJibTaThbl HHTEePIPETAI 10~
JIyIAIOT BEPOSTHOCTHBIE OIEHKM B 3aBUCHUMOCTH OT TOT'O, COBIBAIOTCS WJIU HET
KOTHUTHUBHBIE OXKUJAHUsA. YCIIEX TaéT HENTPATbHYIO PEAKIINIO, HEYIada CHIKA-
€T CTeIleHb OIPENEEHHOCTH. Beiencrsre 3TOro npeauKTUBHBIN BBIBOJ OoJiee
CJIOYKEH, HEYKeJI OObSACHSIONNI, 1 33/lada 10 IIOCTPOEHUIO JIOTUYecKoil dop-
MbI BbIpayKeHUs TPeOYET 3HAUUTETHLHO OOJIBITIE PECYPCOB, HEXKEJIN 33/1a9a 110 €6
WHTEPIIPETAITUN UIN YTOYHEHUIO.

Bcé sTo me nozBosisier nuddepeHnnupoBaTh MOJIENb U CyOCTPAT ITPOTIECCHH-
ra, 4To JieJiaeT JIOTUYECKYI0 M KOTHUTUBHYIO MO/JIEJIN CEMAHTUYECKUX IIPOIETY D
HEePa3JInIuMbIMU.

oxnad nodeomosaen 6 pamxax npoexma PITH® 15-03-00321.
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On some logics with modalised negations

Mruczek-Nasieniewska K., Nasieniewski M. (Poland)

In [1] J.-Y. Béziau formulated a logic named Z. It has been syntactically
expressed by means of an axiomatic system HZ in the propositional language
For with constants {~, A,V,—}. HZ can be formulated as follows:

Definition 1. Axioms of the system HZ are axioms of any pure-modus ponens
axiomatic formulation of full positive classical logic and for any A, B € For the
following formulas:

AV~A
(AAN~B)A~(AAN~B) = (AN~ A)
~(AANB)— (~AV ~B)
~~A— A
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where rules of the system HZ are:

A— B A

B (MP)
A— B RZ

~(AN~B) (RZ)

Standardly one defines a notion of a thesis and consequence relation:

Definition 2. 1. A formula A is a thesis of HZ (in symbols 7z A) iff there

is a finite sequence of formulas B, ..., B, such that B,, = A and B;
(1 <i<n)isan axiom of HZ or a result of application of a rule whose all
premisses are among formulas By, ..., B, (m < i).

2. A formula A is deducible in HZ from a set T’ (notation T bz a iff there are
n>0, By,...,B, €T such that -z By A- A B,, — A.

As regards semantical notions we have:

Definition 3. 1. Z-model is a non-empty set C of valuations such that: « €
C iff classical conditions for A, V, — hold, while for ~ we have:

a(~A) =0 iff VYgeo B(A) = 1. (~f)

2. A formula A is valid in Z-model (called Z-cosmos) C iff Voec a(A) = 1.

3. A formula A is Z-valid (notation Fz A) iff it is valid in all Z-models.

4. A formula a is a consequence of a theory (set) T in a Z-model C iff for any
valuation v of C if v(b) = 1, for all formulas b of T, then v(a) = 1.

Theorem 1 (Completeness, [1]). TFz Aiff T Ez A.

In [1] we read:

the axiomatic system for Z is an axiomatization of S5 using as only prim-

itive connectives, conjunction, disjunction, implication and the paracon-

sistent negation which corresponds to the classical negation of necessity

of S5.

It appears that the above Béziau’s observation can be generalized (it is done
independently in [10] and [11]). A family of logics to which Z belongs is denoted
in [11] by K. In particular, in [10] and [11] it has been shown that there is a
correspondence between normal modal logics and logics from the class K.

A class K

Definition 4 (Class K). Let K denotes a family of logics such that each of
them contains positive classical logic in the language {A,V,—}, contains de
Morgan law:

~pAg) = (~vpVg) (dMi,)
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the following version of Ex falso quodlibet:

~p—=p)—=p (EFQ)
and closed under modus ponens, substitution and rule of contraposition:

FA— B

F~Bo~4 (CONTH)

Class I — semantics

Definition 5. 1. A frame is an ordered pair (W, R), where W is a non-empty
set and R is a binary relation (accessibility relation) on W.

2. A waluation is any function v : Var — 2V

3. A model is any triple (W, R, v), where (W, R) is a frame and v — a valuation.

Definition 6. A formula A is true at a world w € W by a valuation v (nota-
tion: w Ik, A) iff
— if A is a variable, then
Wk, A<= w € v(A).
— if A is of the form ~ B for some B € For, then
w Ik, ~ B <= there is a world w’ such that wRw’' and it is not the case
that w’ Ik, B (i.e. w' ¥, B).
— the cases of A, V and — are defined classically.

Definition 7. 1. A formula A is true in a model M = (W, R, v) (notation M Ik
A) iff w ik, A for every w e W.

2. A formula A is valid in a frame (W, R) iff it is true in every model built
over (W, R).

The completeness for Pxk
Definition 8. Logic Pk Let Pk be the smallest logic in K.

Theorem 2 (Completeness). For any A € For:
A € Pgk iff A is valid in every frame.

The above semantical characterisation Pk that corresponds to semantical
characterisation of the smallest normal logic K can be generalised.

A general result for the normal case

Below let For™ denote the standardly meant set of all modal propositional
formulas.
Definition 9 ( [11]). Let —* : For™ — For be a function satisfying for any
a € Var, A, B € For following conditions:
1. (a)*=a
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2. (A)" = ((A)" = ~(p = p))

3. (A§B)* = (A“§B"), for § € {A,V, =}

4. (A B)" = (A% 5 BY) A (B* — A%

5. (QA)" =~((A)" = ~(p = p)),

6. (OA)" = (~((4)") = ~(p = p)).

Definition 10. For X C For™, let K[X] be the smallest normal modal logic
containing the logic K and the set X. For a given logic S = K[X], let Pg
be the smallest element in K which contains Pk and the set of ‘new’ axioms
Xv={A": Ae X}

Theorem 3 (Mru-Nas., Nas. 2005). Let S = K[X]. If logic S is complete
with respect to some class of frames with accessibility relation fulfilling a given
condition C', then for the logic Rg the following holds:

For any A € For: A is true in every frame with accessibility relation fulfilling
the condition C iff A is a theorem of the logic Rg.

Examples of correspondence results

The Logic Pt
Let P denote an extension by Pk by:
(Op — p)*

ie. (~p—~(p—p))—p

Corollary 1 (Completeness for Pt). A formula A is valid in every frame with
a reflexive accessibility relation iff A € Pr.

We can simplify the formulation of the logic P:
Theorem 4 (Mru-Nas., Nas. 2005). The logic Pt is the smallest logic in K

containing the formula p vV ~ p.

The Logic Pks
The logic Pks is obtained by adding to Pk an extra axiom:

(Op — OOp)

Corollary 2 (Completeness for Pks). A formula A is true in every frame with
Euclidean accessibility relation iff A is theorem of the logic Pks.

Theorem 5 (Mru-Nas., Nas. 2005). The logic Pks is the smallest logic in K
containing the formula ~p A ~~p — q.

Corollary 3. The logic Z equals the smallest logic in K that contains pV ~p
and ~pA~~p—q
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We will present some other general correspondence results which can be
obtained by means of non-normal logics ( [12, 13]) as well as by the usage
of impossibility connective denoted here by ‘~’ ( [14]). If in the definition
of the class K we remove the axiom (EFQ) we obtain a class of logics that
correspondents to regular logics, however the obtained results lack of generality
since we do not have a formula that could be used as a bottom constant. On
the other hand, there is a connection between classes K and R analogous to
a relation expressed by a known Segerberg theorem indicating a connection of
normal and regular modal logics ( [13, 15]).

It appears that one can formulate results, similar to the mentioned above,
that can be obtained by means of the usage of ‘<’ as the solely negation. An
interesting role in this respect is played by an extension N1 of a logic N defined
by axioms of positive intuitionistic logic, the right-to-left part of the second de
Morgan law ~ pA~ g — ~(pVq), and the rules of modus ponens, contraposition
and substitution. N7T is obtained by extending N to the full positive classical
logic and adding the formula ((p — ~(p — p)) = ~(p — p)) — p as an
additional axiom. It appears that extensions of NT correspond to regular logics
being extensions of the regular deontic logic D2. As a result, using respective
translations we have a possibility to pass from completeness results for regular
logics to respective results for corresponding extensions of the logic N*.
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Modal logics defining Jaskowski’s and Jaskowski-like
discussive logics

Nasieniewski M., Pietruszczak A. (Poland)

Jaskowski’s propositional logic Dy was mainly meant to be applied to the
inconsistent systems in such a way that inconsistency not always entails their
overfilling. Dg has been formulated by means of S5 as follows (see [10] and [11]):

AeDyiff T0A* T € S5,

where (—)* is a translation of discussive formulae into the set of modal formulae
Fory, fulfilling the following conditions:

1. (a)® = a, for any propositional letter a,
2. and for all discussive formulae A, B:
(a) (mA)* =A%

(b) (AVv B)*=TA*V B*",

(C) (A /\d )o TA® A <>B'—‘,

(d) (

(e) (

A—4B)*="0A* = B*7,

A4 B) =T(0A® — B*) A O(OB® — A*)™.
Thus, (—)* is a transformation that translates connectives of conjunction and
implication into forms with the use of modal constants. These two are so-called
discussive connectives. Other connectives ‘behave’ classically. The key role in
the definition of the logic Do is played by the logic S5. However, it appears
that the usage of S5 is in a sense not essential. In the literature there are
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considered other modal logics that are also defining the very same logic Ds.
Standardly, modal logics are certain sets of formulae. Precisely, a modal logic
(see for example [3, 5]) is any set L of modal formulae satisfying following
conditions:

e Taut C L,

e L includes the following set of formulae

{FC[ﬁDﬁA/QA}HC—‘ : A,CEForm}. (rep”)

e L is closed under the following two rules: modus ponens for ‘—’:

A A—B (mp)
A P
and uniform substitution:
A
a (Sb)

where Taut is the set of all classical tautologies and s A is the result of
uniform substitution of formulae for propositional letters in A.

Let PL denote the set of all modal formulae which are instances of classical
tautologies. A modal logic L is an rte-logic iff L is closed under replacement
of tautological equivalents, i.e., for any A, B, C' € Fory,

if "A «+» B7 € PL and C € L, then C[*/5] € L. (rte)

A modal logic is called classical modal (see ( [3], cm-logic for short)) iff it
is an rte-logic which contains

O(p — ) — (Op — Og) (K)
and
O(p — p) (V)
A modal logic is congruential iff it is closed under the congruence rule
A< B
0OA < OB (cgr)

As one can see, every congruential logic is an rte-logic.
We say that a modal logic is monotonic iff it is closed under the monotonic-
ity rule:

_AB (mon)

0OA — 0B Hon

We say that a modal logic is regular iff it is closed under the regularity rule:
ANB—=C

(reg)

0AAOB —0OC
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A modal logic is normal iff it contains (K) and is closed under (nec)

A
ﬂ (neC)

Let us recall that S4 and S5 are respectively the smallest normal logic containing

(T), (4) and (T), (5).

Op—p (T)
Op — OOp (4)
OOp — Op (5)

Getting back to the issue of modal logics connected to Ds, first, Fur-
manowski shown that also the normal logic S4 defines Dy, while Perzanowski
indicated the smallest normal logic, S5M, defining Ds. Following this idea
Nasieniewski and Pietruszczak in a series of papers considered other modal
logics defining Dy, among others, have given examples of such non-normal log-
ics. In particular in [14] the weakest regular modal logic rS5™ defining Dy was
indicated.

There is also a general method allowing for indication of the smallest modal
logic in a given family of logics fulfilling some specific conditions. In [17] the
smallest rte-, cm-, congruential and monotonic logics were given, denoted re-
spectively as rteS5M, cmS5M, eS5M, mS5M. Finally, the smallest modal logic
defining Dy was also indicated ( [18]).

The logic D5 is connected with discussive deductive systems based on the
following consequence relation:

Ar,..., Apbp, Biff 0AT,...,0A% Irgs OB,

where |Fg5 is modus-ponens-style consequence based on S5. Analogous investi-
gations to those referring to the logic Dy, were also made for the case of discus-
sive consequence relation. It appears that KID45 is the minimal among normal
logics which define the same consequence relation Fp, ( [19]). Neither S5™
nor S4 is appropriate for this purpose. Similarly, it was shown that in other
classes of logics, the minimal logics defining the logic Dy and Ds-consequence
were also different ( [20]).

In the literature there are considered other translations that are determin-
ing other Jaskowski’s like logics. In [8] and [12] for example, instead of the
original, right, discussive conjunction, the left discussive conjunction is treated
as Jaskowki’s one: (A A B)* = TOA* A B*7. The other connectives are de-
fined by the same conditions as in the case of the transformation (—)®. In [6], it
has been shown that the transformation (—)* yields a logic different from Ds.
Ciuciura denotes the obtained logic by ‘D%’. There are two other possibilities
as regards the internal translation of conjunction:

(AN B =TA~ A B
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(AN BY* =TOAX A OB*.

Logics obtained by the above possible translations of conjunction are de-
onted as Dy and D3*. A natural question arises (which was stated by Joao
Marcos), what does it change if we consider the weakest in the mentioned
classes, modal logics that determine the obtained logics. It appears that pre-
viously mentioned logics rteS5M, emS5™M, eS5M, mS5™M, rS5M and S5M i.e. re-
spectively, the smallest rte-, cm-, congruential, monotonic, regular and normal
logics defining D5 are also resp. the smallest rte- cm-, congruential, monotonic,
regular and normal modal logics defining D3, D5, and D3*.

Thus, the difference as regards modal logics defining respective Jaskowski-
like discussive logics can appear only in the case of logics weaker then rte-logics.
To achieve this, as in the case of Do one can indicate the weakest modal logics
defining logics D3, D5 and D3* (denoted respectively as A, A*, A~ A*). For
each of these modal logics, there are formulas of the form "™ that belong to
S5, but do not belong to those logics. As an outcome wee see that non of them
is an rte-logic. Finally, it can be shown that every two logics among A, A*,
A~, A* cross each other.

In the paper we summarise the results recalled above as well as present
basic ideas that led Jaskowski to his development of the logic Dy and discussive
consequence.
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q)OpMa.HI/ISaHI/IH n rI[e('bOpME)..J'II/I3E).I_I;I/Ifl KaK HeOoTbeMJIieMbIe
JacTu JIOrMKMn

Henetieoda H. H. (Ilepecaasab-3aneccrui)

VckmoanTeTbHO BaXKHBIMHU JJIsl BCEX MPUMEHEHUH JIOTUKYU U JIJIs UCIIOTIb30-
BaHUs €€ KaK MHCTPYMEHTa (pOPMUPOBAHUST BHICOKOYPOBHEBOTO KPUTUIECKOTO
MBINIJIEHUS ABJISIOTCS JIBA JABOMCTBEHHBIX Iporiecca: popMam3anus u aedop-
MaJIA3aIdst. DTU MPOIECCHI MPUCYTCTBYIOT IPY KaXKJIOM PEIeHUH TPOBJIeM ¢
IIOMOIIBIO TOYHBIX MeTONOB. 1Ipu 9TOM MBI TO/2KHBI CHadasa JgaTh POPMYJIU-
POBKY HaIme#l mpobjeMbl KaK 33JIa9d B TOYHOM s3bIKE, a 3aT€M HCTOJKOBATH
[IOJIy4EHHOE PEIleHNe B COAEPKATEIbHBIX TEPMUHAX.

IIpoGmema UcronkoBanue
Popmauzarms Hedopmanmsarims
Y

3a1a4a; »Pemenne

Tem He MeHee 06a 3THUX MPOIECCA OCTAIOTCA IMPAKTUYECKH BHE BHUMAHWS
HAyYHOM JIuTepaTyphl U yYeOHUKOB 110 JIOTUKE.

B noksane paccMaTpuBalOTCA Ha IIPUMEPAX CJIELYIONUe OCOOEHHOCTH JIOI -
9ecKOoil (bopMaIu3aIIH.

1. Boi6op joruku (Kiaccuieckasi, MHOIO3HAUHAsl, KOHCTPYKTUBHAs (Kakas?),
MozasbHast (Kakasi?), Ipovue).

2. Orpy06JeHne UCXOJHBIX HOHATHUIT 10 TEPMUHOB.

3. VYiajieHue MeIIaomuX JaHHONH (HOPMaN3AIN CONEPKATEIBHBIX XapaKTe-
pHCTHK

4. Ob6ecrnedenne NPUEMIEMOrO BPEMEHH IOUCKA PEIIEHIs

[Homyuennoe pemrerue obJiamaer 0OMAHIUBBIM CBOWCTBOM ITOJIHOM 0OOCHO-
Bannoctu. Ho dopmasibHOE [10Ka3aTe/ibcTBO 0a3mpyeTcss KaK Ha sIBHBIX CIe-
JIAHHBIX HaM# Orpy6jieHusx npu (opMmainsanuu, Tak u (camoe KOBapHOE) Ha
HESIBHBIX OHTOJIOTUYIECKUX JIOMYIIEHUSIX, JIEKAIMX B OCHOBE BBHIOPAHHOI JIOTH-
ku. Ilouru Bcerma camas addexkTuBHAS /I TOMYIeHUsS (HOPMATHLHOTO perie-
HUS KJIACCUYECKas JIOTMKa OJIHOBPEMEHHO SIBJISIETCSI €J[Ba JIU HE caMoii 6oraToi
Ha HesiBHbIE OHTOJIOrHYecKue jonyienusi. [loka3piBatoTCs HEXKenaTe/bHbIe -
bEKTHI JIOMYIIEHNH, JIEXKAIMNUX B OCHOBE JIOTUKU.

Ananmz pereHust Ha CONEPXKATENHHYIO MPUEMJIEMOCTh SIBJISIETCSI TOW da-
CTBIO TIporiecca AedOpMaIN3aIii, KOTOpast JeXKUT Ha TPAHU MEXKJIY JIOTUKON U
JPYTUME OOJIACTSIME 3HAHUSI, TIOCKOJIbKY 3a9aCTYIO 3/1eCh MPUXOUTCS TIPUMe-
HATH HEJIOTMYECKUEe CPeJCTBa. A 1ocje TOro, KaK pelleHre YCJIOBHO IPUHSTO
KaK MpUEeMJIEMOE W aJeKBATHOE. BO3HUKAET MpoDjeMa, KaK IePEeBECTH €ro Ha,
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COJIepKATEILHBIN S3bIK. DTOr0 Tpebyer Kak 00bsICHEHHE ero JPYTHM JIEOJISIM,
TaK ¥ TOHUMAaHUE CAMOI'O PEITUBIIETO 33/Ia4y. YTO 2Ke OH IOJIyYUJI B PE3YIbTATE
U KaK 3TO MPAKTUIECKU HCIOJIH30BaTh. JlOKJIal B OCHOBHOM OI'PDAHUYIUBAETCS
JIOTMYECKAMHU ACIEeKTaMu j1e(pOpMaTu3aIUn.

B wacTHOCTH, paccMaTpUBAIOTCS CJIEAYIONIHE BOIIPOCHL:

VcrosikoBaHre KBAHTOPOB U BJIOYKEHHBIX KBAHTOPOB.
WcrosikoBaHmEe JIOTUIECKUX CBSI30K.

WcroskoBanue 001Ieit CTPYKTYPhI CJIOKHOTO BBICKA3BIBAHUS.
JlureparypHoe pelakTHPOBAHUE PE3yJIbTaTa J1eOPMATIIAIIIH.

Ll o

The bounds of logic in late Wittgenstein’s conception of
certainty

Nevdobenko O. (Moscow)

In his unfinished work “On Certainty” Wittgenstein gives a fresh ap-
proach with novel arguments against skepticism (rather in its methodic-
doubt-mode than that of antique skepticism). This way he remarkably
comes up to the problem of the bounds of logic. The bounds of logic
are established in the context of what Kant called the scandal of philos-
ophy and grasping the concept of certainty on the whole. The bounds of
logic for late Wittgenstein are defined by the bound of (meta)description
of language games functioning. The very possibility for language games
functioning is always based according to Wittgenstein on the fact that a
series of conditions and demands are taken for granted, unanalyzed. (“If
you want the door to turn, the hinges must stay put” On Certainty 343).

In his unfinished work “On Certainty” Wittgenstein gives a fresh approach
with novel arguments against skepticism (rather in its methodic- doubt-mode
than that of antique skepticism). This way he remarkably comes up to the
problem of the bounds of logic. The bounds of logic are established in the
context of what Kant called the scandal of philosophy and grasping the concept
of certainty on the whole.

The bounds of logic for late Wittgenstein are defined by the bound of
(meta)description of language games functioning. The very possibility for lan-
guage games functioning is always based according to Wittgenstein on the fact
that a series of conditions and demands are taken for granted, unanalyzed. (“If
you want the door to turn, the hinges must stay put”, On Certainty 343).

But in the tractate he does introduce one more “bound”. This bound is
defined by the answer to the question: What cannot be doubted?

Wittgenstein marks an important purely formal property of some empirical
sentences which reminds the property of logical contradiction in paraconsistent
logics logical false implies anything. In the case of the mentioned sentences we
have the following property: the doubting in them leads to the verbal default
. As examples of such sentences the philosopher gives these ones for instance:
“My name is Ludwig Wittgenstein” (with the substitution of the name for
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b2

another person naturally), “Ilivein...”, “I’ve got two hands” (for a person who
has two hands). As this property is of a purely formal character Wittgenstein
even inclines to define them as only seemingly empirical. “I am inclined to
believe that not everything that has the form of an empirical proposition is
one”, On Certainty 308. Thereby the function in the system of language games
“outweighs” the fact of empiricness of the contents of the statements. We will
also call such sentences basic, or explosive.

Thus the possibility for a language game to exist has the following necessary
presupposition: in any language game there are basic sentences which one
cannot doubt or if one does, at the cost of loss of any meaningful links and valid
utterance on the whole. These are the bound in work, functioning, existence
of any language game and hence as it was remarked above this is (for late
Wittgenstein) the bounds of logic. Yet as the their content is quite empirical,
not abstract, we may well say that the bound is inside the language.

Let’s indicate the most important properties of basic/ explosive/ bounder-
line sentences.

The characteristic property: They lead to the trivialization of utterance, to
the speech default if being doubted.. They are the background of validating,
justification and proof. The essential characteristics as far as the concept of
proof is concerned is this: No justification for an explosive sentence is more
valid than the very explosive sentence.

There are no “strict” deduction among basic sentences and the others.
(Strict meaning here that any non-basic sentence is by all means derived from
some basic ones and by no means vice verse.) “It is not single axioms that
strike me as obvious, it a system in which consequences and premises give one
another mutual support”, On Certainty 142.

They have a special formal role in language operating. “...of the form of
empirical propositions, and not only propositions of logic, form the foundation
of all operating with thoughts (with language)”, On Certainty 401.

Doubting in them is unclear.

“Moore chooses precisely a case in which we all seem to know the same as
he, and without being able to say how”, On Certainty 84 (highlighted by me),
“We don’t arrive at any of them as a result of investigation”, On Certainty
138.

The existence of basic sentences with their specific properties is the condi-
tion under which only any utterance can happen. “If I don’t trust myself here,
why should I trust anyone else’s judgment? Is there a why? Must I not begin to
trust somewhere? That is to say: somewhere I must begin with not-doubting;
and that is not, so to speak, hasty but excusable: it is part of judging”, On
Certainty 150.

One can not explain an error in such sentences this way: I haven’t checked
it up. E.g. “That I am a man and not a woman can be verified, but if I were
to say I was a woman, and then tried to explain the error by saying I hadn’t
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checked the statement, the explanation would not be accepted”, On Certainty
79.

There is no complete list of such sentences (even for one person).

The sentences can be empirical and non-empirical (say, 0 1), although most
of Wittgenstein’s examples are empirical ones.

Let’s highlight some essential features of Wittgenstein’s approach to cer-
tainty and its (certainty) relation to the bounds of logic is as follows. There
are sentences doubting which leads to the trivialization of the whole bulk of
knowledge of a (doubting) person or to nullifying their speech ability (as far
as speech is the result of thinking and meaningful utterance). They form the
base of a person’s whole of knowledge and beliefs.

The certainty turns to be totally systematic and consequently the bounds
of logic are also totally systematic, however not in a deductive sense because as
it was indicated basic and non-basic statements mutually support each other.
Yet according to late Wittgenstein the bounds of logic are built not only out
of structural and abstract stuff but out of sentences with empirical contents as
well.

About Unified Semantics of Boolean logic and Fregean
Semantics

Pavlov S. A. (Moscow)

The main aim of my report is to unify semantics of Boolean logic and
Fregean semantics.

Boole supposed that the truth is represented by 1 and the Universe, and
the false is represented by 0 and nothing and {} empty set (class). 1 and 0 are
logical values.

We consider the language of classical sentential logic L with negation — and
conjunction A. Sentential variables: p, q, ... Rules of formulae formation are
standard. P, Q — meta-variables for the formulae.

Consider the semantics of Boolean logic, based on the algebra of sets.
SA-interpretation (set algebra-interpretation).

The valuation function V' is the mapping of the set of formulae of logic For
to the set { U, {}} (short For — { U, {}}). Designated value: U. Var is the
set of sentential variables.

1. Var — { U, {}};

2.1. V(=P) ={}, if V(P) =T

22. V(=-P) =10, if V(P) = {};

3.1. V(PAQ)=TU,if V(P)=U and V(Q) =U;
3.2. V(P AQ) = {}, otherwise.

The operations of Boolean logic are associated with the operations of the
algebra of sets. So for the operations A and N we have: The equality for the
formulea V(P A Q) and (V(P) N V(Q)) is followed from the above semantic
rules:



Duitocodckas JIOruKa 109

V(PAQ) = (V(P)NV(Q))

From the point of view of Fregean semantics, sentences stand for either
truth or false. Set theory-interpretation (short ST-interpretation) of Fregean
logic, similar to the SA-interpretation of Boolean logic, we construct to compare
them.

V : For — {{truth},{false}}. Designated value: {truth}.

1. Var — {{truth},{false}};

2.1. V(=P) = {false}, if V(P) = {truth};

2.2. V(=P) = {truth}, it V(P) = {false};

3.1. V(P AQ) = {truth}, it V(P) = {truth} and V(Q) = {truth};
3.2. V(P A Q) = {false}, otherwise.

The equality for formulas V(PAQ) and (V(P)NV(Q)) is not followed from
these semantic rules in contrast to similar formulas of Boolean logic semantics,
that is:

It does not hold that V(P A Q) = (V(P)NV(Q)).

Hence it follows that the SA-interpretation differs from the ST-interpreta-
tion. The question arises:

Is it possible to eliminate this difference?

The answer is yes. To do this, we relate the following sets to each other: U
and {truth}, {} and {false}.

Further, the semantic rules of the ST-interpretation are modified as fol-
lows: {false} replace by {} in these semantic rules. (This corresponds to the
modification of the semantics of Frege, the rejection of the reference false as
non-existent. )

SAT-interpretation

V : For — {{truth},{}}. Designated value: {truth}.

1. Var — {{truth},{} };
2.1. V(=P) ={}, it V(P) = {truth};
2.2. V(=P) = {truth}, f V(P) = {};
3.1. V(P AQ) = {truth}, if V(P) = {truth} and V(Q) = {truth};
3.2. V(P AQ) = {}, otherwise.
Thus, the unified Boolean and Fregean semantics is obtained.

The proposed approach can be generalized to non-classical cases, for which
the bivalence principle doesn’t take place. Then the sentences A, A stand (or
doesn’t stand) for truth independently. Four logical values can be introduced
contextually:

Vi:For — { T, F, B, N }, where
Vy(P) =T iff V(P) = {truth} and V(-P) = {},

V4(P) = F it V(P) = {} and V(=P) = {¢ruth},
Vi(P) = B ift V(P) = {truth} and V(=P) = {truth},
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Vi(P) = N iff V(P) = {} and V(=P) = {}.

Thus, the generalization of unified semantics of Boolean logic and Fregean
semantics is obtained to the non-classical case.

Dialogues for Minimal Logic

Pavlova A. M. (Saint Petersburg, Paris)

Introduction

In the present paper we propose a dialogue logic that corresponds to the
minimal propositional calculus. Then we come up with our proof of the theo-
rem that states the above correspondence. By a dialogue logic we understand
the approach proposed by Paul Lorenzen and Kuno Lorenz for intuitionistic
and classical calculi that establishes the corresponding types of validity. A
major work has already been done to prove correspondence between dialogue
games and sequent calculi for intuitionistic and classical logic, for instance, by
Fermiiller [4], Felscher [3], Sgrensen and Urzyczyn [12].

Minimal propositional logic can be obtained by rejecting not only the clas-
sical law of excluded middle (as intuitionistic logic does), but also the principle
of explosion (ex falso quodlibet) A,—A + B, where B is arbitrary. We de-
fine a sequent calculus for minimal logic as an intuitionist calculus (like LJ of
Gentzen) but without the right weakening (W R) of the form:

I' —o

r—o VA

where ® is an arbitrary formula. It is easy to see that this rule corresponds
1L

to the Gentzen NJ rule of the form: ©, as ' — @ means I' — L [5], [6].
We also provide the proof of the correspondence between the minimal sequent
calculus G7"a and minimal natural deduction calculus NM?.

Finally, we come up with a proof of the correspondence between the win-
ning strategies for the Proponent in that class of games and the validity in
minimal propositional logic. In our proof we use a modified version of Kleene
intuitionistic system Gga [3] without structural rules. The axiom now has the
following form: 2,I' — ©,%2l. Furthermore, the inference rules are modified
in such a way that we keep the main formulae.

Sequent Calculus for Minimal Logic G7'"a

We introduce sequent calculus for minimal logic G7*"a. Our new calculus
is based on the Klenee logic Gza. We have chosen this system proposed by
Kleene because it doesn’t have separate structural rules [3].

IWe use Gentzen-style Natural Deduction.
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Definition 1. The axiom of the system G§""q is
A, — 60,2 (Az.)
where 2 is atomic and © = ()2, thus we can reformulate it as follows:
AL — A (Ax.Int)

In Gentzen style natural deduction the minimal system is set up by the
rules of intuitionistic one without ez falso quodlibet, i.e.

L
NM =NJ-D

We argue that in Genzen style sequent calculus the rule of ex falso quodlibet is
represented by a particular case of the right weakening (W R) structural rule
where © = ().

Minimal Dialogue Logic
We introduce a dialogue interpretation for minimal logic that we call D™,
We base our system on the Intuitionistic Dialogue Logic as it is presented by

Krabbe in [8]. To the standard intuitionistic set of rules we add the following
minimal restriction:

Definition 2 (Minimal rule). Each attack should be defended if it is possible
according to the logical rules?.

There is only one exception represented by the attack on the negation be-
cause there is no way to perform a defense against this attack.

The Correspondence between G%'"q and D™

We argue that sequent calculus G3'""a represents strategies for proponent
in dialogue logic, thus, in case of a universally valid formula, it encodes winning
strategies for proponent. We can show that by providing an effective algorithm
that transforms a dialogue into a branch of a derivation in a sequent calculus.

Theorem 1 (Minimal validity). Let A be any formula of propositional logic.
The following conditions are equivalent:

1. There is a winning strategy for Proponent in dialogue D(A);

2. There exists a G5""a derivation of the formula A (i.e., T — A, where
v is empty). Furthermore, there exists an algorithm turning Proponent’s
winning strategy into the G§"""a derivation and visa versa.

2This restriction is used both for minimal and intuitionistic calculi, but not for classical
one.

3That means that attack against — can be left without defense, as there is no possible
defense against this attack. This rule applies only to the minimal system as it is analogous
to ex falso quodlibet
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Theorem 2 (Correspondence result). Every winning strategy T for D(A,T)
(i.e., for a dialogue with initially disputed formula A, where the Opponent ini-
tially grants the formulae in the multiset T') can be transformed into a G5""a
derivation of ' — A and visa versa.

We prove theorem 2 in two steps, by establishing two lemmata.
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CI/ICTeMa HaTypaJIbHOI'O BbIBOJA AJIdA JIOTUKHN
OGeccMbIciIeHHOCTH Z
Hempyxun 5. U. (Mockea)

In this report, we present a Fitch-style natural deduction system for
Halkowska’s logic of nonsense Z.
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B mamewm JokiIase pedsb TOHAET O JIOTHKE GeCCMBICTIeHHOCTH Z, OMMCAHHOM B [2]
K. Xasikosckoii. Jloruka Z cTpouTCs: B IPOITO3UIIMOHAJIBHOM sI3bIKe .7, ajidaBu-
Ty KOTOPOTO IIPUHAJJIE’KAT TOJIBKO CJIEIYIOIINE JIEMEHTBI: MHOYKECTBO IIPOIIO-
3UIMOHAJILHBIX [epeMeHHBIX 2 = {P1,...,Dn,... |, IDaBasi U JeBas KPyIJIble
cKOOKH, oTpunanue (—), tu3bloHKIns (V) 1 KOHbIOHKIWA (& ). MHOX)eCTBO Beex
Z-dopmyn F oupegensiercs craHapTHO. MHOXKECTBO HCTHHHOCTHBIX 3HAYe-
HUl ¥ COMEPXKUT TONBKO cieytomue siaeMeHTs: 1 (neruna), 1/2 (Gecembic-
sienHo), 0 (1oxkb). EMHCTBEHHBIM BBIIEIEHHBIM 3HavYeHneM siBastercst 1. OTHo-
IIeHUe CJIEIOBAHUS OIPEeeJdeTcs Yepe3 COXPAHHOCTD BBIJIEIEHHOI'O 3HAYECHUS.
3Ha4YeHns JJOTMYECKUX CBA30K ONPEeNEsIdioTCd B COOTBETCTBUH CO CJIEAYIOIIUME
JIOTUYIECKAMHU MaTPHIIAMU:

o | - [V [T 1/2 0|[ & [ 1 1/2 0
1 [0 1 [1 1 1|11 1/2 0
12 (12121 1/2 ol[1/2]1/2 1/2 1/2
0 | 1 0 |1 0 ol[0 o0 172 0

MHoxkecTBy BceX MPaBUJI BBIBOJIA, CUCTEMbI HATYPAJIHHOTO BBIBOJIA, JIJIsT JIO-
rUKA Z IPUHAJJIEZKAT TOJIBKO CIeLYIoIue 3aeMeHThl (¢, ), x € F):

<EFQ>¢’&TW (D) =2 (oB) —F (V) S (vh)xj
(VE) oV [? v (o0 2 (em) £28 (em) S
(VE)jﬁxg<ﬁvh)4¢J%v¢ (ﬁv5)%¢;%v¢
(em) LEERD gy £
(eh) s ) S

BriBosioM B cucTeme HaTypaJIbHOIO BBIBOJA JIJIsl JIOTUKU Z Ha3bIBAE€M HEILy-
CTYIO JIMHEWHO YIIODPSIJIOYEHHYIO II0CJIE0BATEILHOCTD (DOPMYJI, TaKyIO, HUTO
KaxKgas GopMysia ABISeTCH JIMOO MOCHLIKOH, OO0 MOy IIeHneM, 00 TOoJTyde-
Ha U3 TPeabLIynux (bOPMyJI 10 OJHOMY U3 IPABUJI BBIBOJIA, U P IIPUMEHEHUN
npasusa (VE) Bce GOPMyYIIBI OT ¢ 10 X BKIIOUUTENIHHO, & TAK¥KE BCe (POPMYIIbI
OT Y 70 X BKJIFOYUTEJBHO SIBJISFOTCS UCKJIIOYEHHBIMU W3 BBIBOIA.

ApropoMm GbLTa JJOKa3aHA CIIEAYIONAsT TEOPEMA.
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Teopema. /Jlasa scaxur ® C.F u @ € F umeem D p, e. um.e. DFE .

JlntepaTtypa
[1] Kapnerko A.C. Passumue muozosnaunot aozuru. JIKU, Mocksa, 2010.

[2] Hatkowska K. A note on matrices for systems of nonsence-logic. // Studia Logica.
1989. Vol. 48, Ne4. P. 461-464.

Completeness via Correspondence for Extensions of
Paraconsistent Weak Kleene Logic

Petrukhin Y. I., Shangin V. O. (Moscow)

In this report, we present a uniform approach to construct natural deduction
systems for all the possible truth-functional binary extensions of three-valued
Paraconsistent Weak Kleene logic PWK (we follow [1], using this name). This
approach is called correspondence analysis. In [4] and [7] Kooi and Tamminga
presented it for Priest’s logic of paradox LP [6] and strong Kleene’s logic K3 [3],
respectively. PWK is a paraconsistent neighbor of paracomplete weak Kleene
logic K¥' [3] and was studied by Halldén [1] as a logic of nonsense. It is built
over a propositional language . which contains a set &2 = {p1,...,pn,...}
of propositional variables, left and right parentheses, negation (—), disjunction
(V), and conjunction (A). A set F# of all £-formulas is defined in a standard
way. A natural deduction system for PWK is presented in [5].

Correspondence analysis allows us to obtain sound and complete natural
deduction systems for PWK being extended by any possible binary truth-
functional operator o. The idea of this method is as follows: (1) for each single
entry E of o’s truth table f, we find such an inference scheme I' - ¢ that I' F ¢
ifft £ is fo’s entry (this inference scheme is said to characterize F); (2) we
consider these inference schemes as inference rules and add them to a natural
deduction system for PWK; (3) we prove soundness and completeness of the
resulting natural deduction systems.

The second author is supported by the Russian Foundation for Humanities,
project N 16-03-00749.
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OcobeHHOCTU TPAKTOBKU CYK/IEHUII O HECYIIEeCTBYIOIINX
00beKTaxX B TeOpUU HEIOJHbIX cuMBoJIoB B. Paccesa

Petineapd A. M. (Mocksa)

Pacces mpoBoauT ueTkoe pasrpanndenue MeXIy [TOJIMHHBIMEI COOCTBEHHbI-
MU UMEHAMU, SBJISIONIMMUCH ITPOCTBIMA CHUMBOJIAMH, IIPSAMO OOO3HAYAIOIIIIMHI
VHJUBUIHBI OOBEKT, W JECKPUIIIUSIMUA, COCTOSIIIMMU U3 HECKOJIBKUX CJIOB C
GUKCHPOBAHHBIMU 3HAYEHUSIMU, U3 KOTOPBIX CO3/IA€TCS TO, 9TO MOXKET OBITh
npuHATO 3a “3Hadenne’ peckpurnnun. OcoObIil HHTEPEC MPEICTABIISET IPEIJIa-
raemoe Paccestom perrierne mpo0ieMbl, KACAIOIIENHCS CyKIEHIH O HECYIITECTBYIO-
MUX 00bEeKTAX: “QHATU3UPYS CYKJIEHUS, MBI IIPEXKIE BCETO JIeJTaeM OIEPAIUH C
CHUMBOJIAMHY, W, IIPUIIUCAB 3HAYEHIE IPYIIIIAM CHMBOJIOB, KOTOPbIE Ha CAMOM JIe-
JIe ero JIMIIEHbI, Mbl TEM CAMBIM JIOIIYCTUM CYIIECTBOBAHNE HECYIIIECTBYIOIIETO B
€/IMHCTBEHHO BO3MOYKHOM CMBIC/IE, & UIMEHHO B KAYECTBE OIUCAHUIA TPEIMETOB’ .
Cyxmenns tuma “x is unreal” 0CMBICTIEHHBI TOJHKO TOTIA, KOT/Ia, ABJISIETCS JIe-
CKPUIIIIHEH.

Hawnbombmumit maTEpEC TPU PACCMOTPEHUHN TPOOIEMBI CYTIECTBOBAHNS TIPE -
CTaBJISIET TOT PA3/IEJl PACCEIOBCKON KOHIIENINH, KOTOPBIH ITOCBAIIEH IePBUY-
HOMY U BTOPUYHOMY BXOXKJIEHUIO JIECKPUIIINI, I HHAYE — 00JIaCTH JAefiCTBUS
JECKPUIIINIL. DTO Pa3rpaHUIE€HNEe COCTOUT B CJIEIYIOIIEM: [IEPBUYHOE yIOTPED-
JIEHWE COOTBETCTBYET TEeM CJIydasiM, KOTJA COJEPKAIIEEe IECKPUIIIAI0 CyXKe-
HUE SBJISIE€TCs PE3YJIbTATOM IOJCTAHOBKA JIECKPUIIINN Ha MECTO IIePEMEHHOI
B HEKOTOPOIi IIPOIIO3UIIMOHAIBHON (PYHKIINU QX; BTOPUIHOE YIIOTPeOIeHe CO-
OTBETCTBYET TeM CJIydasiM, KOTJla B Pe3yJibTare IOJCTAHOBKHU JIECKPUIIIIAN Ha
MeCTO IIEPEMEHHOI B (T CO3J[aeTCsl TOJBKO YacThb Ccy:xkjeHus. CMmernenne mnep-
BUYHOTO M BTOPUYIHOI'O BXOXKJIEHUE COCTABJISIET OJNH U3 [VIABHBIX UCTOYHUKOB
OmMOOK B OTHOIIEHUH JIECKPUIIINN, B YACTHOCTU, UMEHHO WUTHOPUPOBAHUE 00-
JIaCTU JefICTBUSA JTECKPUIITNN MOXKET BBI3BATh Y HAC 3aTPYIHEHUS DU AHAJM-
3€ CJIeJIYIOLIEro MpUMepa: 110 3aKOHY HCKJIIOYEHHOrO TpeTbero Jimbo “A ectb
B”, nubo “A we ectb B” nmomkHO ObITH ucTuHHBIM. Cie0BaTeIbHO, UCTUH-
HBIM JIOJIKHO ObITh 100 “Hemrentauit koposs @panruu jaeic”’; mbo “Hbraer-
uuit Koposib @panruu we Jjibic”. OIHAKO, €CJIU MBI IEPEIUC/INM BEIld, KOTOPhIe
SABJISIOTCS JIBICHIMU, 8 3aT€M BEIU, KOTOPbIE HE SBJISAIOTCS JIBICBIMU, TO MBI
HU B OJIHOM CIINCKe He Haii/leM HblHelnHero koposst Ppannuu, Paccenr B arom
cJIydae IIyTHUT: “Tere/IbsHIlbl, 000XKAMIINE CUHTE3bI, BEPOSITHO, 3aKJIFOUMIIN OBbI,
9TO OH HOCUT mapuk’. Pazimane MexX 1y HepBUYHBIM M BTOPUIHBIM BXOXK JICHU-
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eM 00JIervaeT pacCMOTPEHHE ITOH MpobIeMbI U BOODIIE TTPOOIEM C JIOTUIECKUM
CTATYyCOM JIECKPUIIINH, KOTOPbIEe He 0003HAYMAIOT HUIETO.

Ecin “C” siBsiercsi o6o3Havatonieit ¢ppasoii, ckaxkeM “onpejesennsiii [the]
3JIEMEHT, IMeroIuii cBoiicTBo F”', Torma “C mmeer cBO#CTBO f” mOIpasyMeBaer,
corJyracHO mHTepuperanun Paccera, “OnuH 1 TOJILKO OIUH 3JIEMEHT NMEET CBOM-
crBo F', u aroT 3s1eMmenT umeer coiictBo f7. Ecym ke cBoiictBo F' He oTHOCUTCS
K 9JIEMEHTaM, YTO ¥ UMeeT MeCTO B PACCMOTPEHHOM HAMHU CJIy4ae, UJIU OTHOCHUT-
csl cpa3y K HECKOJIBKUM, OTCIOfa ciieyer, 9To “C umeer cBoiictBo F” sijisiercst
JIOXKHBIM 1111 Beex 3HadeHuit f. [losromy BhickasbiBanue “Heraenrnuit Koposb
Opanmun JbIc” MOXKET OBITH ITPOUHTEPIIPETHPOBAHO OJHUM €IMHCTBEHHBIM 00-
pa3oM — Kak JI0’KHOE, 8 BOT UCTUHHOCTH BhICKa3biBaHnus ‘Hbrmernuuit Koposb
O@pannun He JbIC’ 3aBUCAT OT TOT0, KAK MbI OIIPEIE/TUM 00JIACTDb JIeHCTBUS BXO-
asiieit B Hero geckpumimn. Vrtak, “Hememnunit kopoas @paniun He Jbic” —
JIOZKHO, €CJIA IOJIPA3yMEBAET: CYIIEeCTBYET KAKOe-TO JIUIO, KOTOPOE SBJISETCS
HBIHENTHUM KOpoJieM DpaHiuy U He SBJISIETCS JIBICHIM, WJIM WHAYTE

[ () (Ka)) = Fe(K(z)&Ve(K(z) O =J1(2))),

rae JI — “Obirh JsibickiM”, K — “ObiTh KOpOsiem @panmun”’. Takoil Bumg mpumer
JIOTMYECKasl CTPYKTYDPa YTBEPXKJIEHUsI [IPU MEPBUYHOM BXOXKICHUH JIECKPUII-
muu “Heiaennuit koposab Ppanrun’. [TocKOIbKY MepBbIit KOHBIOHKT JIOXKEH, TO
U BCE yTBepKJEHMEe OKa3bIBAeTCs JIOKHBIM. Ho JlaHHOE BbICKa3bIBaHUE OyJeT
UCTUHHBIM [IPU BTOPUYHOM BXOXKJIEHUU JIECKPUIIIIN:

[1=71((e) (Ka)) = (3l (K(2)&Va(K(z) O JI(2)))),

MBI BUJIUM, ITO B 3aBUCUMOCTH OT HHTEPIIPETAIIUU 00 IaCTH JAeHCTBHUS JECKPUTI-
MU MEHSIETCST CMBIC/T BHICKA3BIBAHUS. [IpU BTOPUYIHOM BXOXKICHUU OTPUIIAETCS
CYIIECTBOBAHME TAKOIO JINIA, KOTOpOe dABJsieTcst KopoaeM PpanHiuum, a He mpo-
cTO TOT (AKT, ITO JAHHOE JIUIO SBJISETCH JIBICHIM, KAK 9TO OBLIO IIPU MEPBUY-
HOM BXOXKJIEHUU JTECKPUIIIIH.

O HEKOTOpPBIX 3aTPYJAHEHUSIX B CEMAaHTUKE COOBITHII
Cmupros M. A. (Mocksa)

The problem of logical consequence in natural language contexts and
its treatment in event semantics are discussed. Some cases bring about
the need in further refinement of the problem statement and the approach
to its solution. It’s shown that the distinguishing of different semantic
levels is necessary.

O tHUM U3 pernamIux IPEnMyIIeCTB CEMAHTUKU COOBITUI — HAIIPABJICHUST B
CeMaHTHUKe eCTECTBEHHOI'O A3bIKa, OCHOBBIBAIOIIEIOCA Ha JI3BUICOHOBCKOM IOJI-
xozte (nym ero MogmduKanusx), — cauraercs 3(PhEKTUBHOE pellleHne ITPOBIeMbI
JIOTUYECKOT'O CJIEJOBAHUS B €CTECTBEHHO-I3BIKOBBIX KOHTEKCTaX.
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IIpu cranmapTHOM 110/1X0€E JIorHYecKas hopMa IPEJIOKEHNI O TefCTBUIX
U CODBITHSIX TPAKTYyeTCs KaK YaCTHBIN CiIydail JIOrmdecKoit (hOpMBbI IIPeIoxKe-
HUI O cBOfiCTBAX U OTHONIEHUsIX UHIMBUIOB (1):

(1) P™[a1,...,a,) («<apryMeHTHBII TOX0/1»)

IIpobsiema cBst3aHa ¢ TeM, ITO MPEIJIOKEHUS 00 OTHOM U TOM K€ COOBITHM
MOT'YT OIUCHIBATH €r0 C PAa3HON JETAJBHOCTHIO: 1 = «Bpyr yomn Lezapsy,
o = «bpyr youn Lesapst kumkagom» u T. 1. Kak Kaxkercs, B IOIOOHBIX
CIIydasix MMeeT MeCTO JIOTHYeCKOe CJIeJoBaHue o F 1. OgHAaKO apryMeHT-
HBII [10/IX0/T He TIO3BOJISIET TI0KA3aTh, KaK 9TO 00ECIEUNBACTCS JIOITIeCKOi hop-
Moit [2].

B kaugecrBe pemenus npobsembl . Tasujgconom B [1] 6bL10 mpejioxkeHo
BBECTH B AHAJU3 IIPEJJIOKEHUN O COOBITHAX IEPEMEHHYIO, MPEICTABIISIONLYIO
COOBITHE KaK JIOTMUecKuit nHanBn (paHee TpeIoKeHo B [4]), n BBOIUTH «I10-
JIPOOHOCTU» C ITOMOIIBI0 KOHBIOHKIIUY B JIONIOJIHUTE/IbHBIX KJjlay3aX ¢ 3TOM Iie-
PEMEHHOM, MMEOIUX COOCTBEHHbIE IIPeJNKATHI (2):

(2) Je[Po(ar,az,e) A Pi(e,c1) ... A Pp(e, ¢n)] («19BUACOHOBCKMIT TTOAXOMY ),

rjie e — «COObITUiHAs IEPEMEHHAsI», 41, 4y — OCHOBHBIE ApPIyMEHThI (aKTaH-
TBI), C1...Cp — BTOPOCTEIICHHBIE APTYMEHThI (CUPKOHCTAHTHI).

Wckomoe ciieoBanme 3/1eCh 00€CIIEINBAETCS IPOCTHIM IIPABUIILHBIM CIIOCO-
bom paccyxienus: @ AP F @ .

[Ipr sToM mapaurMagbHBIM 00pa3noM st J[9BujcOHA CTaM ONHCAHWS
dusnueckux 06bekToB («JIoM B IeHTpe ropojia, ¢ YeThIPbMsl CIAJBLHIMHU, C
JBYMsI KAMUHAMA» U T. JI.), 9TO COOTBETCTBYET €r0 IOHUMAHUIO COOBITUI KAk
KOHKPETHBIX IIPOCTPAHCTBEHHO-BPEMEHHBIX CYIIIHOCTENA.

O/ 1HaKO HEKOTOpBIE CJIyYal MOKA3BIBAIOT, YTO MOI00HOE perieHne mpodiie-
MBI, 8 TaKyKe CaMa ee IOCTAHOBKA HYKJIAIOTCS €CJIM He B MEPecMOTpe, TO B
koppekTuposke ad hoc.

1. Ilpemrtoxkenus c ompoepramomumu obcrogreaberBamu: « xomce yomn Cyu-
Ta Bo cHes. Ilo mbiciim P. MonTerio, u3 3TOro mpeajioKeHusi He CJIEIyeT
«JIxxonc yousn CMmuray, — a 3HAIUT, caMa uiesd 0 GPOPMaJILHOM 0DeCIIeYeHun
no06HOTO coleioBaHnsl HeBepHa [3]. Brpodyem, MOXKHO NPEINONIOKATH, UTO
TaKue MPUMePbI He OIPOBEPTaIOT JIBUICOHOBCKUN MIOIXO0, & SBJISIIOTCS OCO-
OBIM CJIy9YaeM; TOT/Ia HEOOXOIUMO BBISBUTH U (POPMAIA30BATEH JJOTUIECKYIO
POJIb «OITPOBEPTAIOIINX OOCTOSITETHECTBY.

2. TlpejjioxkeHusi ¢ HEKYMYJISITUBHO PACIPEIEIEHHBIMA O0OCTOSATEHLCTBAMU:
«JI>xon HamepenHo mnoresosaia Maspu wim Cberozan». Eciu Mspu u Csio-
3aH — CECTPBI, y KOTOPBIX €CTh TOJIbKO OJIHa MacKa Ha jBoux, To JIxKoH,
BCTPETUB Ha MacKapaJie AeBYIIKY B 9TOI MacKe U MOIeJIOBaB e, HAMEPEHHO
nornenoBai Mapu miu Cbiozan (Ho He umenuo Mospu wiau umenuo Cobio-
zan) [5]. Cirydail MOXKHO «IIPUMHUDHUTB> C JIBHUICOHOBCKUM HOJIXOIO0M, €CJIU
npegcraBuTh Mapu mwim Cbio3aH Kak eIUHBII apryMeHT.

3. Ilpenjioxkenust 