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Annoraruga. A.A Myunuk. OB S5-T-Y JIOTUKAX. Vzyuaercss HanMeHb-
mast S5-T-Y jioruka L. Z3bIK 3TOM JIOTMKK TOJTydaeTcst JoDABICHUEM K SI3bIKY
S5 cesazok T ("zastpa") m Y ("Buepa). K akcnomaruxe S5 B noruke Ly, 100as-
geHbl akcuombl 1-Y — joruku (cM. [2] n akcHoMbr:

OA—-TAANYA TAVYA — A

THA «— OA, YUA «— OA

1 IPaBUJIO MOJCTaHOBKH. JloKasbpIBaeTcsa, 4To ToUHO# mKaJioin Kpunke jura Lo
SBJISIETCS CUETHOE OObEeIMHEHNE KA C MOPSIKOBBIM THIIOM Z (MHOXKECTBa Iie-
abix ancet). Ucnonb3yercs npusejierre GopMysT K COBEPIIEHHON U3 bIOHKTHBHOI
rnopmaJibhoit popme (CAHD).

Bbubs. 3 nazBanug

A.A.Muchnik. ON S5-T-Y LOGIC. The least S5-T-Y logic is studied. The
language of this logic is formed by addition of the connectives T' ( "tomorrow")
and Y ("yesterday") to the language of S5. The T-Y logic axioms (cf. [2]) and
the axioms
OA—TAANYA TAVYA— QA
TOA «— OA, YUA «— OA
with the rule of the substitution are added to the axiomatic of S5. It is proved,
that L, is determined of the Kripke frame which is the union of the frames which
has the order type Z (the set of the integers). It is used the reducing of the
formulas to perfect disjunctive normal forms (PDNF).

Bibl. 3 names.



3Bectro, uTo Kiaccuveckas Jjornka BoickaspiBanuii (KJIB) mmeer Toumyto
JIBY3HATHYIO MOJIEJIb, TOT/Ia KaK TOUYHBIE MOJIEN HEKJTACCHIECKIX JIOTUK BbICKA3bI-
pannii (HJIB) B GosbiimacTBe CilydaeB 0OKa3biBAIOTC OECKOHETHBIMU, U K HUM He
TPUMEHNMbBI OCHOBHBIE METOJbI MCCAeIOBAHNS KOHETHO3HAUHBIX JIOTUK. OIHAKO,
HJIB monenupytores ¢ nmomompbio KJIB B peldiinonnbIX MOJIe/IsAX: HCTUHHOCTHDIE
OIIEHKW KaXK/I0I'0 BHICKA3bIBAHUs B ATUX MOJEJISTX 3aBUCST €Ile OT OJIHO TTepeMeH-
HOW w, HA3LIBAEMOil cuTyalueil, cocrosgaueM uan "mMupom'. DToil mepeMenHoit
HeT B CHHTaKCHCe JIOTWKW, OHa (PpUTYpUPYET TOJLKO B Mojenisax. Kiaccuueckue
onepanuu <I/IX Ha3bIBAIOT TAKXKe CBHSK&MH) A, V, = JIeCTBYIOT IMOKOMIIOHEHTHO,
T. €. B KaXKJIOi CUTyanun He3aBUCHMO, & HEKJIACCHIECKNE OMEPAINd — B 3aBUCH-
MOCTH OT OTHOIIeHUs jgoctmkumoctu R #a muokecrBo Mupos W. Ilapa (W, R)
Ha3bIBaeTcs IKaJjoil Kpurike nin pessiiinonnoit mkaJjioit. Ilpocreiimumu 6ecko-
neanosnadabiMn HJIB apmsrores S5 (momanbhas) n T-Y smoruka (Bpemennas).
Ob6e oM mpeATabJUYHBI, T. €. jobaBieHue J0O0i HOBOH (T. €. He BBIBOJAUMOIN)
aKCUOMBI Jiejiaer ux konednozuadubiMu |1, 2|. Tounoit mkasoit jiis S5 sipssiercs
cueTHOe MHOXKeCTBO — yHuBepcyM W ¢ yHUBEpCAJIbHBIM OTHOIIEHUEM JTOCTHKI-
moct R = W x W. Buadenune dbopmynsr OF (GF) B kaxkgom mupe w € W
pasro 0 — "sku" (paBro 1 — "ucrune"), ecan (3w)(V (F,w) = 0) (coorBercrBeH-
wo, (Jw)(V(F,w) =1) ), tne V — onenka. B T-Y jornke Kpome KIacCHICCKUX
cBs130K A, V, ~ ecthb eme aBe: 1T' — "zaprpa'u Y — "Buepa'. Tounoit mkaJsioit T-
Y snoruku sisastercs (Z, RY, R™), tie ynusepeym Z = {--- —2,—1,0,1,2...},
R*(u,v) osmauaer v = u + 1, R (u,v) oznagaer v = u — 1, u,v € Z. Ornenka

3a1a€eTCA TaK:
V(F7w):V(F7w+1)v V(YF,U)):V(F,UJ—l),

e F' — dopmyna, a w € 4.

Takum obpazoM, eciu BeicKaspiBanus [1F u $F xapakrepusyior "mosejene" F
r106aJibHO, T. €. 110 Becemy yHusepcymy W, ro onenku Boickasbiauuit f(py, ..., pp)
T-Y normkum B KaXXKJ0M MUpe w XapakTepusyer '"mosenenne' oreHok mepeMennbix
P1, ..., Pp B HEKOTOPOIl OKPECTHOCTU MHPa w, T. €. JoKaJbHoe. Tem cambiMm, T-
Y Jioruka y»xke Jaer BOSMOXKHOCTH ONUCAHUs (XOTsl M TOJIBKO JIOKAJIBHOIO) JIC-
KPETHDLIX IIPOIECCOB, HAIPUMEp, COCTOSHUI BLIUUCACHUS. 1-Y JIOTHKa CBA3aHA C
JIeTePMUHUPOBAHHON JINHAMMYECKON JIOTMKOI ¢ obpaienneMm. CBs3Ke COOTBET-
CTByeT mporpamma, a CBsizke Y — ee obpamenue. Panee paccmarpuBaiuch SH-

10/100HbIe JIOTUKK ¢ ''raobaabHbIiMu' cBsI3KaMu, n apyrue "mokaiabHbe' TOruku ¢
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HECKOJLKAMY CBSI3KaMu Tuma ''sasrpa.
IIpencraBisier naTEpec paccmorpenue kombunanuu SH ¢ T-Y jorukoii, B Ko-

TOpOﬁ JOJI2KHBI COYE€TaThCA JIOKAJIbHLIEC U rJ100aIbHBIE XapPaKTEPUCTUKU OIECHOK

BhICKasbIBaHuil. Eemn kaxaas dbopmyna f(pi,...,p,) KJIB yreepxkmaer wedaro
O JIBY3HAYHOIl MCTUHHOCTH D1, ..., Pn, opMmysa SH JIOrUKH — 00 HCTHHHOCTU
P1,---,Ppn BO Becem W, dopmyna T-Y jioruku — 00 UCTUHHOCTU D1, ...,P, B

OKPECTHOCTH KaXKJI0ro JAHHOTO Mupa, To ¢dopmyna S5-T-Y jorukm xapakTepu-
3yeT MOBEJICHUE Py, - . . , Py B OKPECTHOCTSIX JIAHHOI'O MUPA W U JIJINHBI, 3aBUCSIIEH
oT bopMmyJibl, HO 110 BceMmy yHuepcymy W.

Dopmyibl f(p) XapakKTepusyoT riobaJbHO-JTOKATbHbBIE CBOMCTBA BEKTOPHOTO
BbICKa3bIBaHus p = (p1,...,p,) B yHHBepcyMe. AKCHOMBI XKe XapaKTepPU3YIOT
BCE BOZMOXKHbBIE OICHKHM P M CaM YHUBEpCyM (HAIPUMEp, ero MOIIHOCTh MJIH ero
CBSI3HOCTD ¥ T.JI.)

Ha camom jiesie cyrecrByer OGeckonedHoe MHoxkecTBO SH-T-Y joruk, obpa-
gytoree pererky L (110 BKJIIOUEHHIO MHOXKECTB HCTHHHBIX (opmya). Omuiiem
HEKOTOPBIE U3 HUX, HAYAB ¢ HAUMEHbIIEH (HOpMAIbHON) Ly, T. €. ¢ inf L.

Aspik Kaxkgoit SH-T-Y jmoruku comep:kut cssasku V, A, , [, <, Y. Qopmyia
F — @ ssasiercs cokpamennem st FV G, a F «— G — cokpalienuem st
(F — G) A (G — F). &F — cokpamenne s OF.

[ennenoBckas popmynnpoBka jisi Lo, TOTydaeTcs MPUCcOeIMHEHIEM K UCIUC-

aennto G [3] npasu.i:

Or — OAA
Or — OA,0OA°
I') A — criuckn, A — dpopmyia

AOAT —- A
OA T — A

(= 0) (B =)

(T)Fl,YAl, 0%, — Ty, YAy, O%,

TT,, AL, 0%, — TTy, Ay, 0%,
Ty, TA,, 0%, — Dy, TAy, 005,
YT, AL O, — YTy, Ay, 0%,

YA, TA, OA cyts coucku dpopmya A, mepe KOTOPLIME MOCTABJIEHDI CBSI3KH Y,

(Y)

T n [ coorBeTcTBEHHO.

yCTp AHNUMOCTDb C€YCHUA JIOKA3bIBACTCA.



AKcuomMmaTuka.

[. Cxemnr akcuom KJIB ¢ npasuiom A, A — B+ B
I1. Cxempr akcuom S5 ¢ mpasuaom A FOA (em. [1])

[T1. Cxembr akcuom T-Y soruku (cm. [2]). IlpuBesem ux 3/ech.

T(AV B) < TAVTB, T(AANB)«— TAANTB, TA« TA,
Y(AVB) - YAVYB, Y(AAB) - YAAYB, YA«YA,
TYA— A, YTA«— A.

IVa.OOA —-TAAYA IV6. TAVYA — QAL

Va. TUA — [JA Vo. YA — A

Teopema 1. Tounoti wranroti Kpunxe daa Lo aeasemcesa cuemmoe 006-
edunenue W wwran 72 = {...,—1,0,1,2,...}, ¢ = 1,2,..., ¢ omnowenuem
R=W x W daa L.

Teopema 2. Jloeura Lo paspewuma.

HokazaTebeTBO TeopeM 1 M 2 OCHOBAHO Ha TMPHUBEJIEHNN KaXkI0i (OpPMyJIbl B
S5-Y-T noruke K COBEpIIEHHON TU3BLIOHKTUBHON HOpMasbHO# dhopme(CIHD),
a MMEHHO, Ha MOCJEOBATEJbHOCTH CUHTAKCHICCKH W CEMAHTUICCKH (B IIKAJE
(W, R, R", R™)) 3KBMBaJEHTHBIX IPEOOPA30OBAHUI, IPUBOJSAIIUX [IPOU3BOJIBHYIO
dbopmymny f(p1,...,pn) K crammaprtHoii dhopwme. Ilpuseenne mpoBOAUTCS Tax.
CuauaJjia MIPOHOCUM BHYTPb CBA3KHM 1’ M Y, yHMYTOXas UX, KOIJIa OHU OKa3bl-
BAIOTCs PsijioM Jpyr ¢ japyrom wmiam ¢ [, &, ncnosbsyst akcuombl rpymn 111, TV,
u V. 3aTeM IpOBOJUM IpuBEJeHne B SH, yCTpaHsis UTePUPOBAHHBIE MOJAJIbHO-
cru, |1]. Tak Beskast popmyna f(p1, ..., Pn) B A3bIKE IPOIMO3UITUOHATBHON JIOTUKH

S5 npusojurest K CJAHD Buna

Vier K - Nj_ (O K;)7,

rie K; = AP_ p*.
Besikast bopmyna f(py, ..., pn) B g3bIKe TPOHO3UIUOHAIbHON S5-Y -T joruku

MPUBOJUTCA K BUJLY

! Axcromst IVa 1 IV6 n36LITOMHBI B IPUBOAATCS TOMBKO A7 yA0OCTBA PACCMOTPEHHIE.



Viert T Byy - AT (OB, (%)

rie B; = AL _ T™p .

Bnecy F' = F, FO = F, YF =T 'F, TF = TT*'F, T°F = F, Bce 0,7 €
{0,1}, =1 < o(t) < 0.

Yucso [ nokHO OBITH He MeHbIe yeM T-riyouHa (hopmyiasl f. BeiBoguMoCTh
u obmesnaanmocts Ha W dbopmynst f(py, ..., p,) PABHOCHIbHBI BHIBOIUMOCTH U
obrmesnaanmoctu vHa W dbopmyist Lf (p1, ..., pn). Qs nocnenneir CAAH® nmeer

OoJ1ee TTPOCTOi BU/I
nl
Df(pla SR 7pn) — \/lEIl 2 (<>B )0” (**)

Ora CAH® ne eguucrsenna, XoTs Obl B CHJIY TOTO, 9TO {yp - P TOXKICCTBEHHO
J0xKHast dhopmyJia (Tak HasbiBaeMasi HyJeBast KOHbIOHKIHS).
Onpenesenne 1. KOH'bIOHKHI/IH B; = /\l Iy km apasiercst T-Ipoioat-

»KeHneM KOHbIOHKIuKN By = 1TmpTS’”” ecan
(VE)(Vm, 1 <m <1 — 1)(Tjkm = Tsk(m+1))-

B srom ciydae ropopuM, 4To By aBigerca Y -npojo/zKenneM KOHbIoHKIuu B;.
Onpepnenenne 2. Muoxecrso M; = {Bj|o;; = 1} KONbIOHKINI HA3BIBACTCH

Y --mpoio/KaeMbIM, €CJIH

(Vi1 <5 < 2", B; € M;)(3s,t|1 < s5,t < 2")

(Bs € M;uB; € M; u By sBusiercst Y-npojosikenueMm, a By sisercs T-
npojosKenueM Bj).

OueBnyito, 4ro Kaxkjgomy ¢ € I; B dopmyse (**) coorsercrByer Hekoropoe
MHOXKeCTBO KOHbIOHKIWH M;. @opmyity (**) yao0HO TPOMILITIOCTPUPOBATE Ha Op-
rpade I'y, ;. Bepmmnnr oprpada I'),; cooTseTcTByioT KOHbIOHKINAM [B; 1 1ome-
HAlOTCsl ABOMYHBIME Habopamu Tjpm (K =1,...,n;m = 1,...,1). Or B, k B,
HJIeT CTPEJIKa, IoMedeHHas JBONIHBIM HaOopoM uHbl N Tjk; (K =1,...,n), ec-
m Bj asnsierca T-npojosxkenuem By. B rpade I'),; kaxjomy M; coorsercrayer

muoxkecrso G Bepun {Bj|o;; = 1}.



Tem cambiM B rpade I'), ) BbLIEIAIOTCA MHOXKECTBA TTOJMHOXKECTB BepinnH Gj,
i € I;. OcobeHHo HAMIAHO 9TO Jis Masbix n u [, ckaxem, n = 1, [ = 3 (cm.
PUCYHOK ).

Heobzodumvim u docmamounvim yeaosuem eovieodumocmu dopmyav, Of (u

obwesnavumocmu ee na W) asasemes naauuue 6 (xx) cnpasa ecex Y -T-npo-

donotcaemor muooscecms M;.

I3 jloka3aTe/bCcTBa TEOPEMbl 2 JIeI'KO BbIBOJUTCA (DUHUTHAS allllPOKCUMUDYeE-

MocTh Jjoruku SH-T-Y.
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