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M.M. JIETEII0

NuTeHcnoHa bHBbIE CEMaHTUKN
AJId HEKOTOPbIX CHUCTEM MO3UTUBHOI CUJIJIOTUCTUKM

Mapusa MuxaiisioBHa Jlereiimo

MI'V um. M.B. Jlomonocosa.

Poccniickas Peneparus, 119991, r. Mocksa, JIomonocoBckwmit np-t, A. 27, Kopi. 4.
E-mail: 1legeydo.mm@philos.msu.ru

AHHOTaI_lI/IH: Crarbsa IIOCBAAIIIEHA PACCMOTPEHUIO MHTEHCUOHAJIBHBIX CEMAaHTHUK JJId HEKOTO-
PBIX CUCTEM TIO3UTUBHON CUJIJIOTUCTUKU: (byH,Ha,MeHTaJIbHOfI CUJIJIOTUCTHUKH U €€ IIOJCUCTEM,
crynoructuku C2 U CUIOTUCTUKI BOJ'H)U‘aHO.

WHTeHCHOHAJIBHBIE CEMAHTHUKY, IIPEJCTABIEHHBIE B CTAThe, CTPOSTCS HA OCHOBE CHHTAKCHYe-
cKkoro moaxona, npenyoxkennoro B.U. ITlanakom m ganee passutroro B.M. MapkuubiM, mpu
KOTOPOM ODIIMM TEPMUHAM ITPUITUCHIBAIOTCS (DOPMYJIBI IIPOITO3UIIMOHABHOTO SI3bIKA, 8 3HATM-
MOCTb CHJIJIOTUCTHYECKUX KOHCTAHT OIIPEJIEJIAETCS Yepe3 OTHOIIEHNE KIACCUYECKOT0, & IIOTOM
U PEJIEBAHTHOTO CJI€IOBAHUS.

B mepBoM pazzesne ctaTbu COMEPIKUTCS OMUCAHNE Y2Ke UMEIOIINXCS NHTEHCHOHAIBHBIX CEMaH-
TUK C PEJIeBAHTHBIM CJIEJOBAHUEM I (DYyHIAMEHTAJIbHON CHJIOTUCTUKUA U €€ IOJCUCTEMBI
N DC, a TakKe IIpeJIaraioTcst JiBe HOBbIE cucreMsl (npomexxyrounsie Mexxay PC u UDC),
JUISL OJTHOM M3 KOTOPBIX JIOKa3aHa aJeKBATHOCTb CEMAHTHKH HCYHUCIIEHUIO.

Bropoit u Tpernit pasiesibl TOCBSINEHBI IBYM APYTUM M3BECTHBIM CHJIOTUCTAYECKUAM CHCTE-
mam: cuytoructuke C2 u custorucruke boabano. s obenx cucrem mpejcraBieHa HWHTEH-
CHOHAJIbHAST CEMaHTHUKA C KJIACCUIECKUM UM PEJIEBAHTHBIM CJIEJIOBAHUEM, JTOKA3AHBI aJeKBaT-
HOCTh JIAHHBIX CEMAHTUK COOTBETCTBYIOIINM HCUHCICHISIM.

Hpe;momeHHme CEMAaHTHUKHU PACIIUPAIOT BIPA3UTE/IbHbIE BOSMO2KHOCTU CUJIJIOTUCTUKHU, & TaK-
2K€ IIPpeJaCTaB/IAIOTCA MHTEPECHBIMU B CBE€TE€ Pa3BUBAIONIECIOCdA MHTEHCUOHAJIbHOT'O IIOJXO/a K
TPaKTOBKE CUJIJIOTUCTUYICCKUX CEMaHTUK. Tak>ke B craTbe 0003HAYEHBI €IIe HEpEeIIEeHHbIe IIPO-
0JiIeMBI B ,ZLaHHOfI obJjracTu: IIPEJIOZKEHBI BOSMO2KHbBIE CEMaHTUKH IJIs1 HEKOTOPBIX CUCTEM, II0-
HCK aKCUOMAaTUIAINI JJIgd KOTOPBIX IIpe/ICTaB/IdeT ﬂaﬂbHeﬁmI/Iﬁ uHrepec.

KuroueBrble cjoBa: CH/LIOTUCTAKA, WHTEHCHOHAIbHAS CEMAaHTHUKA, (DOPMAIM3AIUsI, aKCUO-
MaTHYEeCKOe NCUYUCJIEHNE, JIOTUYECKOE CJIEIOBAHIE, PEJIEBAHTHOE CJIEJOBAHME

Jnsi nurupoBanusi: Jlezetido M. M. lnrencuoHa/ibHble CEMAHTUKU JIJIsl HEKOTOPBIX CHCTEM
no3uTUBHON cusutornctuku // Jlormyeckue uccnemosanusi / Logical Investigations. 2021.
T. 27. Ne 2. C. 9-30. DOI: 10.21146,/2074-1472-2021-27-2-9-30

* HccemoBanue BHITIOTHEHO TpH PUHAHCOBOM nojaepxkke PODPI B pamkax HayIHOTO TIPO-

exrta Ne 20-311-90043.

© Jlereitmo M.M.
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BBegenune

B coBpemennoii cuiiorucruke mpeodsiaiaerT MOHUMaHUE KaTerOPHIECKHX
CYXKIEHN KaK BbIPAXKaoMNX HHAOPMAIMIO 00 OTHONIEHUSX MEXKIy MHOXKe-
cTBaME OO'BEKTOB, a OOIIUe TePMUHBI (CYObEKT U IPEIUKAT) TPAKTYIOTCS KaK
3HakW TUX MHOXKecTB. Hampumep, cyxnenme SaP mpesaraercs MOHAMATH
KaK «BCE€ 3JIEMEHTHI MHOXKECTBa S sIBJISIOTCA SJIEMEHTaMH MHOXKeCTBa P».

CymecTByer u JIpyroit Mmojxo/l K MOHUMAHUID CUJIOTHCTUIECKUX CYKIIe-
Huil, npejiokennbiii Bruepsbie [.B. JleiGuunem |/leitonuni, 1982, 1. 3, ¢. 514—
523| u Ha3BAHHBI BIOCJIEACTBAM MHTEHCHOHAJBHBIM, COIJIACHO KOTOPOMY OT-
HOIIIEHUST MEK/Iy OOIMMMHU TEPMUHAMHU TPAKTYIOTCS KAK OTHOIIEHHUS MEXKy
COJIEP2KAHUSIMU TIOHATUN, KOTOPbIE MOHMMAIOTCS KaK MHOXKECTBa ODIIUX IIPHU-
3HAKOB (CBOICTB) 9JIeMEHTOB 00beMOB TuX HOHATHH. JlaHHBINA 110/X0 GbLI
PA3BUT C IMOMOIIBIO CPEJICTB COBPEMEHHOM CUMBOJIMYECKON JIOTUKHU, HAIIPUMED,
B.U. Mapkuubiv [Mapkus, 2001; [Mapkus, 2002].

Chenyromuii mar B pa3BUTHH Takoro mojxoia obu1 ciaenan B.U. [lamakom
[[lamax, 2015|, KOTOpPBIil MpeIOKUI PUITUCHIBATE OOIMM TepMuHaM (hHop-
MYJIBbI 13bIKa KJIACCUYIECKO ITPOIMO3UITNOHABHOM JIOTUKY, & CUJLIOTUCTHICCKUE
KOHCTaHTBI HHTEPIPETUPOBATD YePe3 OTHOIIEHHNE KJIACCUIECKON BEIBOIIUMOCTH C
UCIIOTh30BaHneM KOHCTAHTHI JioskHOCTH f. Takyto ceMaHTHKy MOXKHO Pa3BUTH,
UCIIO/IB3Ysl BMECTO OTHOINEHUS BBIBOAUMOCTH OTHOIIEHUE KJIACCUYECKOI'O JIO-

MYECKOro CJIeJIoBalust, a 3areM u pesieBantHoro B cucreme FDE [Mapkum,
2016a; MapkuHn, Jlereiino, 2019).

1. HWMureHcuoHaJIbHasI (byH,Z[aMeHTa.HbHaﬂ CJIJIOT'NCTHUKAa
n ee I1oJACucCremMnbl

AnekBaTHBIE peIEBAHTU3NPOBAHHBIE CEMAaHTHKHU I cucTeM (DyHIaMeH-
ranabHOil crtorucTuku (cucrema ®C) 1 MHTEHCHOHAJIBHOI by HIAMEHTATLHOI
cusutoructuky (cucrema I®C) 6buin npeyioxkens B.J. Mapkunabiv [MapkuH,
2016a]. ITpusesem ux 37€CH.

HaHOMHI/IM, 4T0 cxeMaMu akcuoM cucreMbl @ C gBaAIOTCS:

DCO0. CxeMbl aKCUOM KJIACCUYECKOIO UCYUCICHUS BbICKaBbIBa,HI/IfI;

®C1. (MaP AN SaM) D SaP; ®C5. SiP D SiS,
DPC2. (MeP NSaM) D SeP; PC6. SoP D SiS,
DC3. SeP D PeS, DC7. SeP = —-SiP.
dC4. SaS; dC8. SoP = ~SaP.

E,ILI/IHCTBQHHI)IM IIPpaBUJIOM BbIBO/Ia B DC gsasgercsa IIpaBUJIoO modus ponens.

JL1st OIeHKHU CHJLIOTUCTHYIeCKUX (DOPMYJT IIPK TON UJIM WHOW MHTEPIPEeTAIun
O0IIIUX TEPMUHOB BBOJIUTCS (PYHKIIHsT §, COIMOCTABJISIFOIIAS KayKIOMY OOIIEMY
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TepMuHy (HOPMYITy sI3BIKA KJIACCHYIECKON JIOTMKN BBICKA3bIBAHUI (KOTOPBIH CO-
JIEPKUT B KAUECTBE UCXOIHBIX CBSI3KH —, A, V), U 33J1a€TCsl JIBYXMECTHBIN MeTa-
upegukar (Hampumep, st cucrembl @C um Oyer @ it CeMaHTHKE € KJIACCH-
YEeCKUM CJieJloBaHreM 1 V' — Jjisi CEMAHTUKU C pejieBaHTHBIM). 3amuch V (A, 0)
O3HAYAET: «CHJLIOIHCTHYIecKast popMysia A 3HaUIMMa [IPU UHTEPIPETAIMH 00-
[UX TEPMUIHOB 0.

YcJ10BUsT 3HAYUMOCTH Jjist aToMapHbIX dopmyst B cucreme @C ¢ kiaccute-
CKUM CJIEJIOBAHUEM OIPEIENIAIOTCS CAeAYIOMUM 00pa3oM:

Omnpegenenne 1.

B(SaP, ) < §(S) E §(P);
B(SeP,d) < §(S) E —8(P);
B(SiP,5) & 8(S) ¥ —5(P);
B(SoP,8) & 8(S) ¥ 5(P).

Dopmyrna A HasbiBaeTcs P-00IE3HAINMOI, €CJIn U TOJIBKO ecym VOP(A, J).
[Ipu 3amene ciieoBaHUSI € KJIACCMYECKOTO HA PEJIEBAHTHOE MEHSIIOTCS U
YCJIOBHUsT 3HAIUMOCTH aTOMAaPHBIX Gopmys B cemanTuke P C:

Omnpegenenune 2.

V(SaP,d) < 0(S) Fret 0(P) V 8(S) Frer 76(S);
V(SeP,d) < 0(S) Frer =0(P) V 6(S) Fret =6(S) V 6(P) Frep ~6(P);
V(SiP,0) < 0(8) #rer ~0(P) A 6(S) Eret =6(S) A 6(P) Frep ~6(P);
V(SoP,8) < 5(S) Kt 5(P) V 8(S) Ever =(S).

Dopmyrna A nassiBaercst V-o0mie3nadnmoii, ecau u Tosbko ecym YoV (A, 6).

Cucrema UPC nosryuaercst myrem oropaceiBarus ®PC5 u PC6 u cojep-
JKUT CJIEJIYIOIIIE CXEMbI AKCHOM:

MPCO. CxeMbl aKCHOM KJIACCUIECKOTO UCUNC/IEHUS] BHICKA3BIBAHUIA;
NDPC1. (MaP A SaM) D SaP; NPC4. SaS,

N®C2. (MeP A SaM) D SeP; WPC5. SeP = ~SiP.

NDC3. SeP D PeS, ND®C6. SoP = ~SaP.

EauncreennbiM npasusioM BbiBoja B MPC apisercsa npasusio modus
ponens.
B.M. Mapkusabiv [Mapkun, 2016a] 6bu10 g0Ka3aHO, 9TO JAHHASI CHCTEMA

aJIeKBaTHA CJIeJIyIoNel ceMaHTHUKe, JIIT ITOCTPOEHHUsS] KOTOPOii BBEJIEM HOBBIH
IpeanKaT 3HAUNMOCTH V;:
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Omnpegenenune 3.

Vi(SaP,5) & 8(5) Erer 8(P);
Vi(SeP, ) & 8(S) Fra —0(P);
Vi(SiP,8) & 6(S) ¥ra ~0(P);
Vi(SoP, ) & 8(S) rat 6(P)

Cucrembr U®PC u ®PC cxoxku, OJHAKO yCJIOBUST UCTUHHOCTH JIJIsT OOIIX
BbicKazbiBaHuil B cucreme @C Goitee ciabbre, yem B UDPC, a jjid 9aCcTHBIX —
boJiee CUIIbHBIE.

Eciin koMOWMHUPOBATH pa3IUYHBbIE YCJIOBUSI 3HAUUMOCTH JIJIsi ATOMAapPHBIX
dopMyJI, TO MOXKHO IOJIYUYUTH €I JBE CUCTEMBI, KOTOPbIE OYIyT IIPOMEKY-
TourbiMu Mexx ity PC u MPC.

Opnna u3 aux — UPCsy, rie KOHCTAHTHI € 1 § TpaKkTyoTcst Kak B @C, a KoH-
cranTel @ 1 0 — Kak B MPC. Kiacc obmesnaanMbIix pOPMYJI B TAKOM CeMaH-
THKE aKCUOMATU3UPYeT UcUncjienne, nojsydennoe u3 ®C myreM oTOpachbiBaHUS

akcoMel PC6 (SoP D SiS):

NP C,0. CxemMbl aKCHOM KJIACCUYECKOI'O UCYUCJICHUS] BHICKA3BIBAHMIA;
NDCy1. (MaP A SaM) D SaP; WNUPCs5. SiP D SiS;

N®Cy2. (MeP A SaM) D SeP; WNDC26. SeP = -SiP.

NDPCy3. SeP D PeS; N®C,y7. SoP = —SaP.
NDdCo4. Sas,

Ennuacreennsiv npasmiiom BbiBoja B UPCy sBisiercss mpaBuiao modus
ponens.

[MonsiTre 3naunMOCTH (DOPMYIT ONpPEIENM I JAHHON CHCTEMBI CJIEJLYIO-
M obpasoM (OyeM HCIOIb30BaTh 34ech cuMBosl Wo st Meranpeiukara
3HAYMMOCTH ):

Omnpegenennue 4.

Wa(SaP,5) < 5(S) Era 0(P);
Wa(SeP,8) © 6(S) Fret ~0(P) ¥ 8(5) Fret 6(S) ¥ 8(P) Fret ~6(P);
Wa(SiP,8) & 6(S) Frat ~0(P) A 6(5) Fret 76(S) AS(P) ¥ret ~6(P);
Wa(SoP, ) < 8(S) Eve 5(P).

st cmoxuabix popmyst We 3agaercst cTaHIAPTHO.
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Sagaaum repesos, 1) u3 cusutoructuku MPCsy B ee moacucremy MPC:

Omnpegenenne 5.

n(SaP) = SaP; n(SeP) = (SeP V SeS) V PeP;
n(SiP) = (SiP A SiS) A PiP; n(SoP) = SoP;
n(-A) = -n(A); n(AVB) =n(A)Vn(B).

Teopema 1. Ilepesod n nozpyoicaem UD®Cy ¢ UDC, m.e.

VA(M®Cy - A < UDC +p(A)).

Zloxaszameavcmeo. Jlannas Teopema OyaeT JOKa3bIBATHCA C NCIOIb30BAHIEM
CJIEAYIOIIEr0 KPUTEPHS IOrPYKAEMOCTH OJHOIO UCUUCIEHUSI B IPYroe, B OCHOBE
KOTOPOIo JiexkuT n3sectHblil kpurepuit B.A. Cmupnosa |[Cmupsos, 2021), c. 121
122| (mam moTpebyercsi POCTON BAPUAHT TOTO KPUTEPHsl JIJIs CJIydas, KOrJa
062 MCYMCIIEHNs] CTPOSITCS B OJJHOM M TOM K€ sI3BIKE):

«Ucuncienne S| morpykaercd B UCUHUCIEHHE So MOCPEICTBOM (DYyHKITHH
©1, eca 1 TosIbKO ecan (1) st kaxkmoit popmysibl A umeer mecto: S H A =
So 1 (A), u cymecrByer Takast GyHKIuUsS p2, 9To (2) 15t Kazk10i HopMyIIbl
A nmeer mecto: Sg A = S; F w2(A), u (3) st Kaxkaoit hopmysier A umeer
mecto: S1 F A = pa(p1(A))».

Bo-nepBbix, mOKazkeM, 9T0 7)-1iepeBojibl (CM. omp. [5)) BCEX T€OpEM CHCTEMBI
NDC, nokazyembr B ucuncienun MPC. Bo-Brophix, yKaxKeMm (QYHKIIUIO 7 Ta-
KyIo, uTo (a) y-nepeBombl Bcex Teopem UPC nokazyembr B UDPCy u (b) mis
J060it hopmysier A BepHO, uTo hopmysna A = v(n(A)) gokasyema B UCIHUCIE-
muu 1PC,.

[IpeasapurenbHO HAM MOTPEOYETCS TPOJIEMOHCTPUPOBATE JIOKA3yeMOCTh B
cucreme MD®C dopmyst CaeayIonero Tuia:

T1. (MeM A SaM) D SeS.

1. (MeM ASaM) > SeM HNPC2
2. SeM D MeS Nnocs
3. (MeSASaM) > SeS  UDC2
4. (MeM N SaM) > SeS 1,2, 3; JIB (yloruka BeICKa3bIBaHNUil)
[Tokaxkem crpaBeJIMBOCTL TEPBOIl YacTH KPUTEPHUS IOI'PYKAEMOCTH,
a UMEHHO:

VA(M®Cy - A = UDC  5(A)).

st 060CHOBAHUST STOTO YTBEPKIEHUS JOCTATOYHO JIOKA3ATH, UTO 1)-TIEPEBOIBI
Bcex akcuomM MPC, nokasyembl B MPC u 910 ecam 1)-1epeBOIbI MOCHLIOK
upasuia modus ponens jgokazyembl B UPC, 1o B 9T0i1 cucreMe I0Ka3zyem u
7)-TIePEBOJI, €T0 3aKTIOICHUSI.
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NDC50. TlepeBonnl akcmoM KJIACCHYIECKOTO MCUMCIEHNSI BBHICKA3LIBAHUI Tak-
JKe SIBJIAIOTCSI IIPOITO3UIINOHAJIBLHBIME TaBTOJOIUSAMHI M IIO3TOMY JIOKA3YeMbI B

nocC.

NDCy1. n((MaP A SaM) D SaP) = (MaP A SaM) D SaP.
Axcrnoma MPC1 cucremsr MPC.

NDCy2. n((MeP A SaM) D SeP) = (MeP Vv MeM) Vv PeP) A SaM) D

(SeP Vv SeSV PeP).
1. (MeP A SaM) > SeP NDC2
2. (MeM N SaM) D SeS T1
3. (PeP ASaM) > PeP UDCOo
4. ((MePV MeM)V PeP) A SaM) D (SePV SeSV PeP) 1,2, 3;JIB

N®C,3. n(SeP D PeS) = (SeP Vv SeSV PeP) D (PeSV PeP V SeS).
Boisosurest Henocpejicreerno uz UPC3. (SeP DO PeS) ¢ ucnosbp3oBanueMm
3axoHOB JIB.

NDCo4. n(Sas) = Sas.
Axcrnoma TP C4 cucremsr TPC.

NP Cy5. n(SiP D SiS) = (SiP A SiS A PiP) D (SiS A SiS A SiS).
[Tponosunmonansuas Tasrosorus (1D CO).

NDC16. n(SeP = -SiP) = (SePV SeSV PeP) = —(SiP A SiS V PiP).

1. SeP =-SiP NPCs
2. SeS =518 NPC5
3. PeP=-PiP NPC5

4. (SePV SeSV PeP)=—(SiP A SiS v PiP) 1,2, 3; JIB

NDC,y7. n(SoP = -SaP) = (SoP = —~SaP).
Axcrnoma TP CT cucremsr MDPC.

Modus ponens
Homyctmm, aro n(A D B) u n(A) nokasyembr B MPC. IlockonbKy
n(A D B) =n(A) D n(B), dopmyna n(A) D n(B) sasiserca Teopemoit TDC.
Ho n(A) Toxe teopema sroit cucrembl. Cruemosarensrao, 1n(B) mokasyema B
NdC.

WNrak, MBI Mmokaszaju, 9TO 7)-mepeBOibl Bcex TeopeM cucteMbl WP Co
nokasyembl B UPC.

[lepeiimem K mMOKa3aTENBCTBY BTOPOMl YACTH KPUTEPHUs TOTPYZKAEMOCTH.
B kagecte obparHoii dyuknun (nepesoga uz UPC 8 MDPC,y) paccmorpum
TOXKJIeCTBEeHHOe IIpeobpasosanue 7: v(A) = A.
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[Tockombky UPC apstercs mopcucremoit MDCo, y-11epeBoibI BCEX TEOpEM
NPCy nokazyemsr 8 UPC:

VAMNPCH A = HNDPCy +y(A)).
Ocraercsi 060CHOBATH CJIE/LYIONIEE YTBEPXK ICHUE:
VAM®C; - (A =7(n(A)))).

Ero nokasarebcTBO OCYIIECTBISIEM HH/YKIHEH [0 THCITy TPOIO3UIHOHATIBHBIX
CBSI30K B CHJIOIUCTHYECKO hopmyste A.
Bazuc Bkiouaer dernipe ciydas.
I. A = SaP. Torna y(n(A)) = n(SaP) = SaP.
Dopmyna SaP = SaP sBisiercs Tarosiorueii, a moromy u akcuomoii (1P C,0)
cucremsr TP C2.
II. A = SeP. Tornma y(n(A)) = n(SeP) = SeP V SeS V PeP.
1.  SeP > (SePV SeSV PeP) M®C,0

2. SiP D> SiS NPCsy5

3. SeP = -5iP NDdC-,6

4.  SeS =-5iS NdPC,y6

5. SeS D SeP 2,3, 4; JIB
6. PiS D PiP NPCy5

7. PeS=-PiS neoC,6

8. PeP =-PiP NdC,6

9. PeP D PeS 6,7, 8; JIB
10. PeS D SeP NDC,3
11. PeP D SeP 9, 10; JIB

12. SeP = (SePV SeSV PeP) 1,5, 11;JIB
ITI. A = SiP. Torga v(n(A)) = n(SiP) = SiP N SiS N PiP.
IV. A = SoP. Torna v(n(A)) = n(SoP) = SoP.
OTH ABa Caydas CBOMSTCS, COOTBeTCTBeHHO, K caydasm II m I B cumy cxem
akcuoM TPCy6 u UPC,7.

[Tpu o6oCHOBAHMU WMHIYKTUBHOIO II€PEXOJa HPUHUMAEM JOIYIINeHHe, YTO
Juts Jioboit popmyisl B, comeprKalieil MeHbIe IPOHO3UINOHAIBHBIX CBSI30K,
geM A, BepHo, uro B = v(n(B)) nokasyema B cucreme 1P Cs.

V. A =-B.

CorutacHo nsykTHBHOMY JonyuieHnio, I®PCy - B = ~(n(B)). Ilo 3ako-
HAM JIOTMKW BBbICKa3biBanuii orciofa BoiTekaer: UPCy - (-B = —y(n(B))).
ITo oupenenennto nepesosos 1 u v umeem: y(n(—B)) = v(-n(B)) = =y(n(B)).
Crenosarensao, UPCy F (B = ~v(n(—B))).

VI.A=BD>C.
Cormacao naAyKTHBHOMY jotyiennio, dopmyist B = v(n(B)) u C = v(n(C))
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nokazyeMbl B MPCs. Orcrofia 10 3aKOHAM JIOTUKU BBICKA3BIBAHUI BBITEKAET,
aro u dhopmyna (B O C) = (y(n(B)) D v(n(C))) mokazyema B 9T0ii CHCTEME.
Ho no onpenenennto nepesogos n u v y(n(B D C)) = v(n(B) D n(C)) =
v(n(B)) D v(n(C)). Cuenosarensrno, UPCy - (B O C) = ~(n(B D C)).

Hpyrue ciayaan, korga A ectb cioxHast GOpMyIIa, pACCMATPUBAIOTC CXOHBIM
0bpa3oM. ]

Teopema 2. I[lpoussoavhas cunssozucmuneckas gopmysa A Wo-obwesna-
YUMGA, ECAU U MOABKO ecau ee nepesod 1(A) Vi-obwesnavum.

Zloxazameasvcmeo. PaccMoTpuM Ipon3BOIBHYIO (DYHKIMIO 0, COTOCTABJISIO-
My OOIMIMM TepMUHAM (OPMYJIBI MTPOMO3UITMOHATBHOTO S3bIKa B CUTHATYDE
{=, A, V}. Hokazxem, aro Wa(A,d) < V;(n(A),d) (cm. oup. Blufd]) mus moboit
dopmyiibl A si3bIKa CUIIOTUCTHKH.

CuoBa OyjIeM UCIOIB30BATH BO3BPATHYIO MHJIYKITHIO IO YUCTY MTPOITO3UIU-
OHAJILHBIX CBSA30K B cocTaBe A.

I. A = SaP. Wy(SaP, ) < 6(S) Epey 0(P) < Vi(SaP,d) < Vi(n(SaP),?).

II. A = SeP.
W2(SeP7 5) g 5(5) Frel _‘5(P) v 5(5) Frel _‘5(5) v 5(P) Frel _‘5(P)
Vi(SeP,8) Vv Vi(SeS,8) V Vi(PeP,§) < Vi(SeP Vv SeS V PeP,?)
Vi(n(SeP), o).

III. A = SiP.

IV. A = SoP.
OTH JiBa CIydasi CBOISITCS, COOTBETCTBEHHO, K ciydasim 11 u I B cuity Toro, aro
yesoBust ux Wo-sHaunMocTu u V;-3Ha4NMOCTH TPOTHBOPEYAT COOTBETCTBYIO-
[IIUM YCJIOBHUSIM 3HAYMMOCTH aToMapHbIX dopmys SeP u SaP.

Hamnee paccmarpuBaeM ciaydan, korma A — ciaoxuas dopmysa. cmomnay-
eM WHJIYKTUBHOE JIONyIeHue: jisi jiroboit (popmyssl B ¢ menbimum, yem y A,
YIICJIOM IIPONIO3HUIOHATIBHBIX CBA30K BepHO, uT0 Wa (B, d) < V;(n(B),0).

V. A =-B.
Wa(~B,8) & ~Vi(n(B),8) < Vi(-n(B),5)  Vi(n(~B), 8).

VI. A=(BD>C).
W2 (B D C) & —-Wy(B,d) Vv Wa(C,d0) & —V;(n(B),s) vV Vi(n(C),d) <
Vi((1(B) 5 1(C), ) = Vi(n(B > C), 5).

OcrasbHble  CIyvan WHIYKTHBHOTO ITIEPEXO/Ia PACCMATPUBAIOTCI AHAJIO-
THTHO.

=
g

Takum 06pa3omM, MBI 0OOCHOBAJIU CJACIYIONIEE METAYTBEPIKICHHE:
VAYS(Wa(A, 6) < Vi(n(A),9)).
N3 Hero 1mo 3akoHAM MTEPBOIOPSIIKOBON JIOTUKHU CJIEIYeT:

YA (V6Wo (A, 5) < YoVi(n(A), ).
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[Tocremnee o3matdaet, uTo mpousBosbHas Gopmyna A We-obimesnadnma B TOM
U TOJILKO B TOM CJjIydae, Korja Vi-obiesnaunm ee mnepesop n(A). [ |

Teopema 3. /lasa npoussoivhoti cuasoeucmuveckoti gopmyav, A eepro, wmo
n(A) doxasyema 6 UI®C, ecau u moavko ecau n(A) — Vi-obwesnavwumasn gop-
MYAG.

Joxazameavcmeo. CemanTrdeckne HEIIPOTUBOPEUUBOCTD U MOJTHOTA CUJLIO-
rucruku VI®C jokazanbl B [Mapkus, 2016al: npoussosbhast Gpopmyiia si3bika
CUJIJIOTUCTHUKY JOKa3yeMa B JJAHHOM CHCTeMe, eCJi U TOJILKO ecJin oHa, V;-0b1ie-
snaanma (cm. oup. [3)). Iockoabky n-nepesox (cM. omp. JI060#  hopMyJIBI
CHJJIOTUCTHIECKOTO SI3bIKA TaKyKe MPUHAIJIEKUT STOMY S3BIKY, TO YKa3aHHAasI
PABHOCUJIBHOCTD (JI0OKA3yEMOCTH U ODIIE3HAYUMOCTH ) UMEET MECTO U JIJIsi HETO.

Teopema 4. Ilpoussosvhas cuarozucmuyeckas gopmyrsa A doxasyema 6 uc-
yucaenuu MDCsy, ecau u moavko ecau A Wo-o0bwesnavwuma.

oxaszameavcmeo. Cornacuo Teopeme [l mokazyeMocTb Ipou3BOJILHOM dOp-
mynsl A B cucreme M®Cy paBHOCHIBHA JOKadyemocTn ee nepesoma 7(A)
(em. omp. ) B cucreme I®C. Cornacao Teopeme [3] mokasyemocts n7(A)
B I®C papnocunbia Vj-obmesnauumocru 7(A) (eu. onp. [3)). Hakoren, cormac-
Ho Teopewme [2| V;-obmesnaunmocts 7(A) paBrocuibHa Wa-obmiesnatnmoctn

bopmyssr A (em. omp. [)). |

Takum obpasom, aJgeKBaTHasl pEJIEBAHTU3NPOBAHHAST CEMAHTHKA JJIsT
custoructuku MPCy nocrpoeHa.

2. WuaTencumonasbHag cemanTuka cujioructuku C2

Paccmorpum cucremy C2, npeioxkennyio B.A. CvuproBbiM. Ee cxemamu
aKCUOM SBJISIIOTCS:

AQ0. CxeMbl aKCHOM KJIACCHIECKOTI'O UCUUC/IEHUs] BBICKA3BIBAHMIT;
Al. (MaP A SaM) D> SaP; A5. SiP D SaS;

A2. (MeP N SaM) D SeP; A6. SeP =-SiP.

A3. SeP D PeS; A7. SoP = —=SaP.

A4. SaP D SiP;

EanncreennpiM mpauioM BeiBoga B C2 sBisieTcst paBuio modus ponens.
ITepeson, x, morpyxaiomuii ncunciaenne C2 B ucuuciaenne ®C, 3amaercs
caenytomum obpasom |Bouapos, Mapkun, 2010, c. 87-89|:
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Omnpegenennue 6.
X(SaP) = SaP A SiS; x(SeP) = SeP;
Xx(SiP) = SiP; X(SoP) = SoP Vv —SiS,
X(—A) = ~x(A); X(AVB) = x(A)Vx(B).

AnexBarayio cemantuky B gayxe B.M. [lamaka mms cucremsr C2 mpesio-
it B.U. Mapkun |Mapkun, 2016b|. YenoBust 3aaunmocTu mpocTbix hopMyt
33/1a0TCS CJIEJLYIONTIM 00pa30M:

Omnpegenenue 7.

Q' (SaP,5) < 6(S) E 6(P) AS(S) ¥ —~6(S)
Q'(SeP,8) < 5(S) E ~6(P);
Q'(SiP,8) < 5(S) ¥ ~6(P);

Q/(SoP.5) & §(S) ¥ 6(P) V 6(S) = —~(S).

@opmyna A nHasbBaercs (Q'-00IIE3HAYMMOll, €CJM M TOJBLKO eCcjn
VoQ' (A, 9).

st mokasareabCcTBa aJdeKBaTHOCTH JaHHOW ceMaHTHKU ncuuciaerunio C2
HeOOXOIMMO CHaYaJIa JO0KAa3aTh CJELYIOIIYI0 METaTeOpEMY:

Teopema 5. IIpoussoarvras cuanrozucmuyeckas gopmyaa A Q' -obuesnavuma,
ecau u moavko ecau ee nepeod X(A) P-obwesnanwum (cm. onp. [1)).

oxazameavcmao. [1is 3Toro nokaxkeM mpeaBapuTeIbHO CIEIYIONee yTBep-
JKJIeHUe:

VAYS(Q'(A,0) < (x(A),9)).

Bynmem wmcrionb3oBarh BO3BPATHYIO MHIAYKIIAIO 10 YHC/IY ITPOIO3UIIHOHAJIBHBIX
CBS30K B A.
I. A = SaP.
Q' (SaP,d) < 5(S) EJ(P)AS(S) ¥ —d(S) & &(SaPASiS, ) < d(x(SaP),d).
II. A = SeP.
Q'(SeP,d) & 6(S) F =§(P) & &(SeP,d) < &(x(SeP),0).
III. A = SiP.
Q' (SiP,5) & §(S) E —6(P) & &(SiP,d) < d(x(SiP),d).
IV. A = SoP.
Q'(SoP,§) & 6(SYESP) VvV §(S)E-6(S) & &(SoP VvV SeS,d) <
D(SoP V =5iS,0) < D(x(SoP),9).
V. A =-B.
Q'(~B.6) & ~Q/(B,0) & ~®(x(B),8) & &(~(x(B)),8) & B(x(~B),).
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VI.A=BD>C.

Q' (B> C,0) & ~Q'(B,d) vV Q'(C,0) & ~2(x(B),0) V ¢(x(C),0) <
2(x(B) D x(C),d) & &(x(B D C),d).

Hpyrue caydan, Korja A ecrb cioxkHas (hopmysia, 060CHOBBIBAIOTCS aHAJIO-
TUYHO.

DKBUBaJIEHTHDBIE IPEOOPA30BAHNs B TPEX OA3MCHBIX MYHKTAX OCYIIECTBIISA-
I0TCsl Ha OCHOBE ompejesenuii npemukaros Q' (em. oup. [7) u @ (cm. omp.
u onepanun ) (cM. onp. [f]), B HHAYKTHBHOM Iepexojie HCIOIBb3YeTCst TaKKe HH-
JIyKTUBHOE JIONYIEHUE O TOM, YTO YTBEPXKJIEHUE JIEMMbI BEPHO JIJist (GOPMYJI ¢
MEHBIIHM, 9eM y A, 9HCJIOM NPOHO3UIMOHATBHBIX CBSA30K.

13 To/BKO UTO joKasaHHOro yreepxenus YAVS(Q'(A, ) < d(x(A),d))
110 3aKOHAM I1€PBOIOPSIIKOBO}i JIOTUKH CJIEJYeT:

VA (VOQ' (A, ) & Yod(x(A),0))).

[Tocennee osHagaeT, 9TO Mpou3BoJbHas dopmMyna A Q'-obmesnaunMa B TOM
U TOJIBKO B TOM CJiy4ae, Korja P-obmesnaunma dhopmyna x(A). |

JlokazkeM Terepb TeopeMy 06 aJIeKBATHOCTU IIPEIJIOKEHHON CeMaHTHUKHU KC-
qucaenuio C2.

Teopema 6. I[Ipoussorvran gopmysa A doxasyema 6 ucwucaeruu C2, ecau u
moavko ecau popmyra A Q' -obwesnanuma.

Zloxaszameavemeo. Jlannas TeopeMa SBJSIETCS 3JIEMEHTAPHBIM CJIEICTBHEM
TpeX yTBEPKICHUN:
(1) mpomsBosbHast popmysa A mokasyema B ucunciernn C2, ecim U TOJBKO
ecsn ee nepesogt x(A) (em. oup. [6) noxasyem B ucunciennn ®C;
(2) npoussosbHas dopmyna A Q'-obmesHaunma (cM. omnp. , €CJIN U TOJIBKO
ecau ee nepesog, X (A) siBisiercst P-obmmesnaunMbiM (cM. omp. [1));
(3) auist sroGoii popmysiel A BepHO, uto X(A) mokasyema B ucuucsenun PC,
ecam u TOJLKO ecan X (A) P-obmiesnaunma.

Yreepxkenue (1) cupapeyinBo B CUILy TOrO, 4TO IIepeBo/l Y norpyxaer C2
B OC. Yreep:aenue (2) noxasano soue (Teopema [f]). Yreepaxaenne (3) cie-
ayer u3 jpokazannoit B.M. Ilamakom [[Hanax, 2015| ajgeKBaTHOCTH CHHTAKCH-
4ecKOi MHTeprnperanuu GOpPMyJ CTAHJAPTHOTO CHJIJIOTUCTHYECKOTO S3bIKA CH-
creme PC. |

[Tokaxkem maJjiee, YTO ajeKBaTHAsl PEJIEBAHTU3UPOBAHHAS CEMAaHTHUKA JIJIs
cucrteMbl C2 onpejessercs CJIELYIONUMA YCIOBUAMU 3HAYMMOCTH [IJIsI aTO-
MapPHBIX CHUJLUIOMHCTUIECKUX (DOPMYJI (JJIs1 CJOKHBIX (OPMYJI OHU OOBIYHBIE).
B kauecTBe MerampenuKaTa 3HAUUMOCTH OYyJIEM HCIIOJIb30BATH CUMBOJ (-
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Omnpegenenue 8.

Q(SaP.5) € 3(S) Eret 8(P) A 6(S) Epa ~3(S);
Q(SeP,8) & (5(5) Fret =6(P)V 8(S) Frer =3(5)) V 8(P) Frer ~6(P);
Q(SiP,8) & (8(S) Fret ~0(P) AS(S) Fret —6(8)) AB(P) ret 0(P);
Q(SoP,8) < 8(S) ¥yer 8(P)V 5(S) Eret —0(S).

Sagaaum repesos, y u3 cusoructuku C2 B cucremy P C:

Onpenenenue 9.

u(SaP) = SaP A SiS; u(SeP) = SePV SeS V PeP;
w(SiP) = SiP A SiS A PiP; u(SoP) = SoP VvV —5iS;
p(—A) = —p(A); AV B) = u(A)V pu(B).

ITokaxkem, aro on norpyzxaer C2 8 MPC.
st sTOro cHavama 3a1aauM TIepeBos ¢, orpykatomuii cucremy @C B ee
nogcucremy MPC [Mapkun, 2016b|:

Onpenenenue 10.

Y(SaP) = SaP V SeS, Y(SeP) = (SeP Vv SeS) V PeP;
Y(SiP) = (SiP A SiS) A PiP; (SoP) = SoP A SiS;
P(-A) = ~p(A); Y(AVB) = ¢(A) Vy(B).

Teopema 7. Ilepesod p nozpyocaem C2 6 UDPC, m.e.
VA(C2F A & U®C + u(A)).

Joxazameavcmeo. Tak kak ucuucienne C2 norpyxkaercs B ucancyenne ®C
¢ omoInbio yHKIMH X (CM. o1p. @, a ucuucyenne ®C norpyxkaerca 8 UPC
¢ nomotpio dyukmun ¥, To C2 nmorpyxkaercss B P C mocpercTBOM KOMIIO3U-
MU TIEPEBOJIOB X U Y, T.€.

VA(C2F A & U®C + (x(A))).

Ocraercst 10Ka3aTh, 9YTO KOMITO3UIINS TTEPEBOJIOB X U ) JJIsT TIPOM3BOILHOMN
dopmysibl paBHOCUIIBbHA ee p-tiepeBoy B cucreme D C:

VAM®C F p(A) = ¢(x(A))).

JokazaTeabCTBO BEJIETCA BO3BPATHOM MHIYKIIMEH O UHCY MTPOMO3UITHOHAb-
HBIX CBA30K B dopmysie A.
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Basuc cosep:kut derbipe cirydast:

I. A= SaP.

Heob6xomumo jokazars, uro UDC F p(SaP) = 1 (x(SaP)), To ecrb uro dop-
mysa (SaP A SiS) = ((SaP Vv SeS) A SiS A SiS A SiS) nokazyema 8 UPC.

1. ((SaP) A SiS) > ((SaP Vv SeS) A SiS A SiS A SiS) A0

2. ((SaPV SeS) A SiS A SiS A SiS) O SiS A0

3. SiS=-SeS A7

4. ((SaP Vv SeS) A SiS A SiS A SiS) > SaP 3; JIB

5. ((SaPV SeS) A SiS A SiS A SiS) O (SaP A SiS) 2, 4; JIB
6. (SaP ASiS)= ((SaPV SeS) A SiSASiSASiS) 1,5 JIB

II. A = SeP.

Heob6xomumo jokazars, uro UDC - u(SeP) = ¢(x(SeP)), To ecrb uro dop-
myna (SeP V SeSV PeP) = (SeP V SeS V PeP) nokazyema B UPC.

Oma siBJIsieTCsl 3aKOHOM JIOIMKH BBICKA3bIBaHUIl, TO €CTh O/(HOI n3 akcuom AO.
ITI. A = SiP.

Heob6xomumo gokazars, uro MPC - p(SiP) = ¥(x(SiP)).

IV. A = SoP.

Heob6xomnmo pokazars, aro UPC - u(SoP) = ¢(x(SoP)).

OTHU ABa Caydas CBOMATCS, COOTBeTCTBeHHO, K caydasm Il m I B cumy cxem
akcoM UPC5 u NDC6 cucremsr UDC.

HtyKTUBHBII 1Iepexo/] 060CHOBBIBAETCsI € TIOMOIIBIO TEX IIyHKTOB OIPEJIe-
nennit Gynkumii 1, x u ¢ (em. onp. [f [6] [10), xoTopsie cBasans! ¢ nx mpumene-
HHUEM K CJIO’KHBIM (hOPMYJIaM.

Urak, mbl mokazamau, 4to dopmynsl u(A) u ¥(x(A)) sorndeckn SKBUBa-
sieatHbl B UMD C. [TockobKy KOMITO3UIMS IEPEBOIOB X U 1) morpyxkaer C2 B

NPC, To nepeBo i TakKe ABJsieTcs oneparueit, morpyzxaforieit C2 8 P C.
[ |

Teopema 8. IIpoussoavrasn curroeucmuyeckas gopmyaa A Q-obwesnavuma,
ecau u moavko ecau ee nepesod ((A) Vi-obwesnavum, m.e.

VA(Q(A, ) & Vi(u(A),d)).

Zoxazameavcmeo. PaccMoTpuM Mpon3BOIbHYIO (DYHKITHIO §, COMOCTABJIAIO-
IIyI0 OOIMUM TepMHHAM (DOPMYJIbI TPOIIO3UIIMOHABHOIO sI3bIKa B CUTHATYDE
{=, A\, V}. Ilokaxem, aro Q(A, ), ecin u Tonbro ecan Vi(p(A),d) (em. omp.
u , Jtst J1000i (popMyJbI A SI3BIKA CUJLJIOTUCTUKH.

CHoBa 0y1eM HCIIOJIB30BATH BO3BPATHYIO MHJIYKIIMIO 110 YUCJIY ITPOIIO3UIIH-
OHAJIbHBIX CBSI30K B cocTaBe A.

I. A= SaP.
Q(SaP,d) < 6(S) Fret 6(P) A 6(S) By =6(S) & Vi(SaP,d) A Vi(SiS,d)
Vi(SaP A SiS,6) < Vi(u(SaP),d).
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II. A = SeP.
Q(SSP, 5) s 6(5) Frel _‘5(P) v 5(S) Frel _‘5(‘9) Vv 5(P) Frel _‘5(P)
Vi(SeP,8) Vv Vi(SeS,8) VvV Vi(PeP,§) < V;(SeP V SeS V PeP,d)
Vi(u(SeP), ).

III. A = SiP.

IV. A = SoP.
OTH JBa ciydasi CBOISTCS, COOTBeTCTBeHHO, K ciydasm II u I B cmty Toro,
9TO yCAOBUS UX (Q-3HAYUMOCTH (CM. OIIp. u V;-3HAUUMOCTHU MIPOTUBOPEYUAT
COOTBETCTBYIOIIUM YCJIOBUSIM 3HAYUMOCTH aTOMapHBIX (hopmysa SeP u SaP.
UnpyKTUBHBII IIlepexos JokasbiBaeTcs anasornano Teopewme [2 |

=
g

Teopema 9. /Jlra npoudsoavrotll cusso2ucmuseckots gopmyasve A eepro, umo
wu(A) doxasyema 6 UIDC, ecau u moavko ecau pu(A) — Vi-obwesnauuman gop-
MYAG.

Aoxazameavcmeo. CeMaHTHIeCKTE HEITPOTUBOPEUYNBOCTD U MTOJTHOTA, CHJLIIO-
ructuku VI®C nokazanbl B [Mapkun, 2016a]: npoussosibHas (opmy/ia s3bl-
K& CUJUIOTHUCTUKH JIOKa3yeMa B JAHHOW CHUCTeMe, e.T.e. OHa V;-00Ime3nadnma
(em. omp. |3). TTockosbKy p-tiepeBog (cM. omp. [5)) 1r060ii hOPMYIIbI CUILIIOTUCTH-
YeCKOTO SI3bIKA TaKKe IPUHAJIEKUT STOMY A3bIKY, TO YKAa3aHHAs PABHOCHIb-
HOCTbH (JIOKA3yeMOCTH U ODIIE3HAYNMOCTH) UMEET MECTO U JIJisi HETO. ]

Teopema 10. IIpoussoavras cuarozucmuneckas gopmyaa A doxasyema 6 uc-
yucaenuu C2, e.m.e. A Q-obwesravuma.

Hoxasamenwvcmeo. Cornacto Teopeme [7] okazyeMocTs Ipon3BoJIbHOI (op-
mynbl A B cucreme C2 paBHOCHIIBHA JIOKa3yeMocTH ee mepeBofa  [i(A)
(M. omp. B cucreme VI®C. Coruacao Teopeme [0 noxasyemocrs ju(A)
B I®C pasrnocuibna Vj-obmesnaunmoctu ((A) (em. omp. |3). Hakomer, co-
riacuo Teopeme|[8] V;-o6mesnaunmocts ji(A) paBHOCHIbHA (Q-00IIE3HAMIMOCTH

dbopmyser A (cm. omp. . [ |

3. NurencuoHaJbHAsI CEMaHTHUKA CUJIJIOTUCTUKA BOJ'II:)H&HO

Jlpyras unTepupeTaus KaTeropuiecKuX BbICKa3bIBAHUI ObLIa ITPEJJIO2KEHA,
9eNICKUM MaTeMaTukoM BepHapmo Bosbiiano: mpn 9KCTEHCHOHATIBHOM II0IX0/1e
OHA TI0/IPa3yMeBAeT HEIlyCTOTY CYObeKTa B HCTUHHBIX BbICKA3bIBAHUSIX (KaK 06-
KX, TaK W YaCTHBIX). JlaHHas CHIJIOTHCTHIeCKasT TEOPHsT He SBJISIETCS apUCTO-
TEJIEBCKOM, B HEll He IPUHUMAIOTCSI HEKOTOPbIE 3aKOHbBI JIOTMYECKOI0 KBapaTa,
obparrenus s € u aBa Moayca IV ¢burypsr cumiornzma.

Cxemamu akcuoMm cucremMbl CB — onHoll M3 BO3MOXKHBIX (DOPMAJIM3AIINI
3TOA TEOPUU — ABJIAIOTCH:
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CBO0. CxeMBbl aKCHOM KJIACCHIECKOI'O UCUYHC/IEHNST BBICKA3bIBAHMIT;

CB1. (MaP A SaM) D SaP; CB5. SiP D SaS;

CB2. (MeP A SaM) D SeP; CB6. SeP = -SiP A SiS.
CB3. SiP D PiS; CB7. SoP = —-SaP A SiS.
CB4. SaP > SiP;

EnuncrBenubim npasuiiom BeiBojia B CB sBistercst mpaBumwiio modus ponens.
[Tepeson, p, nmorpyxatomuii ncaucieane CB B ucuncienne ®C, 3amaercs
caepytonumM obpasom |Bouapos, Mapkun, 2010, c. 78-82]:

Onpenenenue 11.
p(SaP) = SaP N SiS; p(SeP) = SeP A SiS;
p(SiP) = SiP; p(SoP) = SoP;
p(—A) = —p(A); p(AVB) = p(A)Vp(B).
[TocTpoum ajtekBaTHyt0 cemanTuky B ayxe B.J. [Mlamaka st cucremsr CB.
VeaoBust 3HAIUMOCTH IPOCTHIX (DOPMYJT 33 AI0TCS CJIEIYIOMIIM 00Pa30M:

Onpenenenue 12.

§(P)AS(S) E =5(S);
S(P)AS(S) E =5(S);

J

@opwmysa A HasbiBaercst R/ -06mesnaunmoii, ecoim u Tobko ecm VAR (A 6).
st moxazarenbcTBa aleKBATHOCTH HaHHON cemanTnku ucumciaenmio CHb
Heo0XOIMMO CHAYA I8 J0KA3aTh CJICLYIOIYIO METaTeOPEMY:

Teopema 11. IIpouszsoavhas cuanroeucmuueckas @popmysa A R -obwesna-
YUMGA, eCAU U MOAbKO ecau ee nepesod p(A) P-obwesnavum (cm. onp. .

Zoxazameavcmaeo. [11s 3Toro nokaxkeM mpeaBapuTeabHO CIEIyIONee yTBep-
JKJIeHUe:

YAVYS(R'(A, ) < D(p(A),d)).

Bynem ucroib3oBaTh BO3BPATHYIO UHIYKIUIO 110 YHCJIY IPOIO3UIIMOHAJILHBIX
CBSI30K B A.
I. A = SaP.
R'(SaP,8) < 6(S) E§(P)AS(S) ¥ —6(S) & @(SaP A SiS,d) < D(p(SaP),d).
II. A = SeP.
R'(SeP,6) & 46(S)E-6(P) A 6(S) ¥ —6(S) & &(SeP A SiS,d) &
&(p(SeP),d).
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III. A = SiP.

R/(SiP,08) & §(S) ¥ —d6(P) & &(SiP,§) < &(p(SiP),0).
IV. A = SoP.

R'(SoP,0) < §(S) ¥ §(P) & &(SoP,d) & ®(p(SoP),0).

Cayuan, korjia A ecTb ciioxknad hopMyiia, 1 JajabHeiInee J0Ka3aTeIbCTBO Pac-
cMaTpHUBaloTcA aHasJorndHo Teopeme n

JlokarkeMm Terepb TeopeMy 00 aJIeKBATHOCTHU IIPEIOKEHHON CeMaHTUKU UC-
qucyiennio CB.

Teopema 12. IIpoussoavrasn opmysa A doxasyema 6 ucuucsernuy CB, ecau
u moavko ecau dopmyaa A R -obwesnanuma.

Jlokaszameavcmeo. Jlannas Teopema SIBIASETCS 3JeMEHTAPHBIM CJIE€ICTBUEM
TpeX yTBEeP2KJICHUN:

(1) mpoussosibHast popmysna A nokasyema B ucuuciaennun CB, eciu u TobKo
ecain ee mrepeBof; p(A) (cMm. omp. nokasyeM B ucancyernn PC;

(2) upoussosbhast popmyna A R-obmesnadnma (cm. onp. [12)), ecin u Toabko
ecin ee nepesos p(A) siBsiercs P-obmesnaammbim (em. omp. [1);

(3) must siioboit bopmysl A Bepro, uTo p(A) mokasyema B ucuunciennun PC,
ecm 1 TONIBKO eci p(A) P-obmesHadnma.

Yreepxkaenue (1) cropaBeJyIMBO B CUJIy TOIO, YTO II€PEBOJ] p HOIPyZKaer
CB B ®C. Vreepxkenue (2) nokazano sbie (Teopema 11). Yreepx enue (3)
crenyer u3 gokazanuoii B.J. Mamakom |[anak, 2015] agekBaTHOCTH CHHTAK-
CHUYECKOI MHTepIpeTann (popMyJlI CHLIOIUCTAYECKOro sa3bika cucreme @C. M

[Tokaxkem Terepb, 9TO aJeKBaTHAs PEJIEBAHTU3UPOBAHHAS CEMaHTHUKA JIJIs
cucrembl CB ompejiessiercst CIeyOMUMI YCIOBUSIMU 3HAYUMOCTU JIJIS aTO-
MapPHBIX CUJLIOMHCTUIECKUX (HDOPMYJI (JJIs1 CJIOKHBIX (POPMYJI OHU OOBIYHBIE).
B kadecTBe MeranpegukaTa 3HAIUMOCTH OyJ/I€EM UCIIOJIbL30BAThH CUMBOJ R:

Omnpegenenne 13.

R(SaP,d) < §(S) Frer 8(P) AS(S) Frea =6(S);
R(SeP,0) < (0(S) Fra ~0(P) V 6(P) Fret =6(P)) AS(S) Eret =0(S);
R(SiP,0) < (6(S) Fra ~0(P) Ad(S) Fret 76(S)) AS(P) Fret 76(P);
R(SoP,6) & 0(S) re 6(P)V(S) Ereg —0(S).

ITokaxkem, uro MHOXKecTBO TeopeM ucuncienns CB coBmamaer ¢ Kiraccom
R-obmesnagauMbix hopmyst. BymeMm ncmoab30BaTh TOT 2Ke METO/I, IYTO U B IIPEIbI-

JyIIEM pasJierie.
Sagaaum riepeso, T u3 cutoructuku CB B cucremy MPC:
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Omnpegenenne 14.

T(SaP) = SaP A SiS; 7(SeP) = (SeP V PeP) A SiS,
7(SiP) = (SiP A SiS) A PiP; 7(SoP) = SoP A SiS;
T(-A) = =7(A); T(AVB)=7(A)V7(B).

[Tokazkem, aro T-niepepoy, norpyxaer CB 8 U®C.

Teopema 13. Ilepesod T noepyoicaem CB ¢ UPC, m.e.

VA(CB F A & U®C F r(A)).

Zoxazameavcmeo. Tax kak ucuucienne CB morpykaercs B uCUnCIeHTE
®C nocpencrsom yHKIUU p (CM. omp. , a ucuncierne ®C morpyKaer-
cst B UDC nocpejcrsom dbyHKIuu ¢ (cM. omp. , to CB morpyxkaercsi B
NP C nocpencTBOM KOMIO3UINT TIEPEBOIOB P U .

Ocraercst IoKa3aTh, 9TO KOMIIO3UIUSI IEPEBOJIOB p U 1) JjisT IPOU3BOJIBHON
dopMysIbl paBHOCHIbHA ee T-miepeBojy B cucteme UPC:

VAM®C F 7(A) = ¥(p(A)).

JlokazaTeabeTBO 9TOr0 MeTayTBEPXKICHUS BEJIEeTCS WHIYKIMEH [0 Yuciy
MIPOIIO3UITNOHAJIBHBIX CBSI30K B hopMmyse A.
Basuc comepkuT derbipe cirydast:
I. A= SaP.
Heobxomnmo nokazars, aro UPC + 7(SaP) = ¢(p(SaP)), To ects uro dop-
mysa (SaP A SiS) = ((SaP VvV SeS) A SiS A SiS A SiS) nokazyema B UPC.
JlokazaTenbCTBO IPUBEECHO B IPEABIAYIINEM pa3/ielte.

II. A = SeP.
Heobxomumo jgokazars, uro UPC - 7(SeP) = ¢(p(SeP)), To ectsb uro dpopmy-
na ((SeP V PeP) A SiS) = (SeP V SeS V PeP) A SiS A\ SiS A SiS nokasyema

B 1DC.
1. ((SePV PeP)ASiS) D ((SePV SeSV PeP)A

SiS N SiS A SiS) A0
2. ((SePV SeSV PeP)ASiSASiSASiS)DSiS A0
3. 5iS =-5eS AT
4. ((SePV SeSV PeP) A SiS A SiS A SiS) D
(SeP V PeP) 3; JIB
5. ((SePV PeP) A SiS) = ((SePV SeSV PeP)A\
(SiS A SiS A SiS)) 1, 4; JIB
III. A = SiP.

Heob6xommmo jokazars, uro UPC F 7(SiP) = ¢(p(SiP)), To ectb uro dop-
mysa ((SiP A SiS) A PiP) = ((SiP A SiS) A PiP) nokaszyema B I®C. Ona
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SIBJISIETCST 3AKOHOM JIOTUKHW BBICKA3BIBAHUNA u, cjaeaoBaTeJIbHO, O,ZLHOﬁ n3 aKCHu-

oM AOQ.

IV. A = SoP.
Heobxomumo nokasars, uro UDPC F 7(SoP) = ¢ (p(SoP)), To ectb uro ¢dop-
myna (SoP A SiS) = (SoP A SiS) nokasyema B MPC. Ona sBiIsieTcst 3aKOHOM
JIOTUKHU BBICKA3BbIBAHUI 1, CJIEIOBATEJILHO, OIHOM 13 akcnom AO0.
O6ocHoBaHME HMHIYKTUBHOIO I€PeXojia BeJeTCsl COBEPIIEHHO aHAJIOTUIHO
TOMY, KaK 9TO JIeJa10Ch IPH JoKasarenbcrse Teopemst [7] npeapiayiiero pas-
Jierta.
Mper nokazasm, aro dopmysst 7(A) n (p(A)) J0OrnIecKu SKBUBAJICHTHBI
B UDPC. [lockoabKy KOMIIO3UIUs epeBoioB p u 1) norpyxkaer CB 8 MPC,
TO MEPEBOJI T TaKXKe siBjIsieTcst oneparueit, morpyxkaromeit Cb 8 TP C. ]

Teopema 14. I[IpoussosvHas cuanrozucmuveckas @opmysa A R-obwesna-
YWUMGA, €CAU U MOAbKO ecau ee nepesod T(A) Vi-obwesnavum, m.e.

VA(R(A, ) < Vi(1(A),d)).

Zloxazameavcmeo. PaccMoTpuM Ipon3BOIBHYIO (DYHKIMIO 0, COTOCTABJISIO-
MyIo OOIMMM TepMUHAM (OPMYJIBI MTPOMO3UITMOHATBHOTO S3bIKa B CUTHATYPE
{=, A\, V}. TTokaxewm, uro R(A,d), eciin u Tosbko ecau V;(7(A),d) (cm. omp.
u |3), must 1r060it hbopMysbl A s3bIKA CHJITIOTUCTHKH.

CHoBa 6yjIeM UCIIOIB30BATh BO3BPATHYIO MHJLYKIUIO [T0 YUCY MPOIO3UIU-
OHAJILHBIX CBA30K B cocTaBe A.

I. A = SaP.
R(SaP,8) & 0(S) Eper 6(P) A 8(S) B —6(S) & Vi(SaP,d) A Vi(SiS,0) <
Vi(SaP A SiS,0) < Vi(t(SaP),)).

II. A = SeP.
R(SSP, 6) g (5(5) Frel _‘6(P) v 5(P) Frel _'5(P)) A 5(5) Forel _‘5(5) <
(Vi(SeP,6) vV Vi(PeP,d)) A Vi(SiS,0) < Vi((SeP VvV PeP) A SiS,d) <
Vi(T(SeP),d).

III. A = SiP.
R(S’LP’ 5) A (5(5) Forel ﬁ5(P) A 6(5) Frel ﬁ5(‘9)) A 5(P) Frel ﬁ5(13) A
(Vi(SiP,0) A Vi(SiS,8)) A Vi(PiP,§) < V;((SiP A SiS) A PiP,§) <
Vi(1(SiP), ).

IV. A = SoP.
R(SoP,8) & §(S) Eret 6(P) V 0(S) B —0(S) & Vi(SoP,§) A Vi(SiS,d) &
Vi(SoP A SiS,6) < Vi(1(SoP),9).

Cnyuan, korma A — ciaoxkHas GopMmysia, W JaJbHERIee TOKA3aTeTbCTBO
pPacCMATPUBAIOTCS AHAJIOTMYHO TOMY, KaK 3TO JIEJIAJIOCH MPU J0Ka3aTeIhLCTBE
Teopewmsi [2 neporo pasieina. [ |
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Teopema 15. /s npousdeosvhoti cuarozucmudeckoti opmyave A eepro, wmo
T(A) doxasyema 6 UIDC, ecau u moavko ecau 7(A) — Vi-obwesnauuman dop-
MYAG.

Zoxazameavcmeo. CeMaHTHIECKHE HEIIPOTUBOPEINBOCTD U ITOJIHOTA CHJLIO-
ructuku I®C nokaszanbl B [Mapkun, 2016a|: npoussosibHasi hopMmysia si3bIKa
CHJIJIOTUCTHKY JIOKa3yeMa B JIAHHOI cucreMe, e.T.e. oHa V;-obmesHadnma (cM.
onp. [3). IMockoabKy T-1epeBoj (cM. ormp. J1I06011 (POPMYJIBI CHJLIOTUCTHU-
YECKOTO SI3bIKA TaKKe HMPUHAJIEKUT STOMY sA3bIKY, TO YKAa3aHHAsS PABHOCHUIb-
HOCTbH (JI0KA3yeMOCTH U ODIIE3HAYNMOCTH) UMEET MECTO U JIJisi HETO. |

Teopema 16. IIpousgosvras cusroeucmuseckas gopmyaa A doxasyema 6 uc-
yucaenuu CB, e.m.e. A R-obwesnavuma.

Zloxaszameavemeo. Cornacuo Teopeme JIOKa3yeMOCTh  TIPOU3BOJILHOM
dopmysnsr A B cucreme CB paBHOCHIbHA JloKazyemocTu ee nepesoja 7(A)
(cMm. omp. B cucreme MI®C. Cormacno Teopeme JtokazyeMocTh T(A)
8 VI®C pasnocuibha Vi-obmesnaunmoctu 7(A) (em. onp. [3)). Hakonen, cormac-
no Teopeme Vi-obmesnaanmocts 7(A) paBHOCHIbHA R-001e3HaAYNMOCTH
dbopmysibr A (cm. omp. . ]

3akJiroueHue

B cBeTe MOCTPOEHHBIX CEMAHTUK OCTAETCS HECKOJBKO BOIIPOCOB, DEIICHUE
KOTOPBIX ABJAAETCA NaJbHEHIIEH 3a1a9eil.

Kpome UDPCy, y PC ectb u apyras nojcucrema — cujuioructuka MPCy,
rjle KOHCTaHTHI @ 1 0 TpakTytoTcst Kak B @C, a koHcranThl € 1 i — Kak B P C.

[TonsgTue 3naummocT GOPMYJT ONPEIETUM I JTAHHONW CHUCTEMBI CJIEJTyIO-
muM obpazom (OyjeM HCHOJIB30BaTh 3/1€Ch CUMBOJ W1 Jjisi MeTanpejukara
3HAYUMOCTH )

Omnpegenenune 15.

Wi(SaP,0) < 0(S) Fret 0(P)V 0(S) Fre =6(S);
W1(SeP,§) < 6(S) Fru —6(P):
Wi(SiP,6) < 0(S5) Frep —6(P);
Wi(SoP,0) < 6(S) Fre 0(P) V(S) Fra —3(S).

st cnoxabix popmyn Wi 3amaeTcss cTaHIapTHO.

MOo2KHO IIPEJIITOJIOKUTE, ITO KJIACC OOIME3HAYNMBIX (DOPMYJI B TAKON CeMaH-
THKe aKCHOMATU3UPYeT ucuucyienue, rnoisydennoe u3 ®C myreM oTOpachiBaHUs
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akcuombl @CH SiP D SiS. OxHako J0Ka3aTh 9TO yTBEPKIECHUE TEM K& METO-
JIOM, KOTOPBI mcrob3oBaJics Boime st cucreMbl MPCo, He ymasock. I1po-
OJ1eMa 0CTaeTCss OTKPBITOIA.

Eme omua Bompoc KaxKeTcss MHTEPECHBIM JIJIsI JaJIbHEHIIero pa3BuTusl JaH-
HOTO TTOAX0/Ia: U3MEHATCS i MHO2KecTBO TeopeMm cucteM C2 n CB, ecnn 3ame-
HATH B UX UHTEHCHOHAJBHBIX CEMAHTHKAX KJIACCUYECKOe CJIeJOBAHME Ha peJie-
BaHTHOE?

Kak n gy cucremsr MPC1, MOYKHO JIUIIB TPEIITOI0KNATH, KAKAE NMEHHO
HUCYHUCIEHNs Oy/IyT aKCHOMATU3UPOBAThH JIaHHBIE ceMaHTuKu. Hampumep, B 060-
AX CJIydasix MOXKHO IOKa3aTh ODIIE3HAYMMOCTL II€PEBOJOB, HO IMOKA3aTh II0-
IPY>KaeMOCTb HCIIOJIb3YEMbBIM BBIIIE CIIOCOOOM HE YIajoCh: JJjis PeIeBAHTHBIX
dparmerroB C2 nu CB me mpoxomar akcunombl A5 u CB5 coorBeTcTBEHHO:
SiP D SaS. IIpobiiema Takke oCTaeTCs OTKPBITOIA.
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posed by V. Shalak and further developed by V. Markin, in which the formulas of the propos-
itional language are attributed to general terms, and the significance of syllogistic constants
is determined through the relation of classical, and then relevant, entailment.
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mantics with a relevant entailment for fundamental syllogistics and its IF'S subsystem, and
also offers two new systems (intermediate between FS and IFS), for one of which the ad-
equacy of semantics to calculus is proved.

The second and third sections are devoted to two other well-known syllogistic systems: C2 syl-
logistics and Bolzano syllogistics. For both systems, an intensional semantics with classical
and relevant entailment is presented, and the adequacy of these semantics to the correspond-
ing calculi is proved.

The proposed semantics expand the expressive power of syllogistics, and are also interesting in
the light of the developing intensional approach to the interpretation of syllogistic semantics.
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Awnnoranusi: B cratbe cTpoutcst dpopMasibHas CUCTEMA, TPETHA3ZHAYEHHAS JJIsl IOTHIECKOTO
aHaJIN3a CyXKIEHWI CyIIeCTBOBaHUS. B ee s3bIKe COMEPXKUTCS HEONpPedeIeHHO-MECTHAS KOH-
CTaHTa CYIIECTBOBAHWS, & MPOCThIE (POPMYJIbI 0OPa3yIOTCS COUJIEHEHHEM STON KOHCTAHTHI C
IPOM3BOJILHON KOHETHOMH TIOC/IEIOBATEILHOCTBIO OBINX TEPMUHOB — MOJIOXKUTEIBHBIX (IIPO-
CTBIX) U OTPULATEIBHBIX. Cito2KHBIE POPMYJIBI 06PA3YIOTCS C TIOMOIIBHIO TPOIO3UIMOHAILHBIX
cBs130K. JIjIsl JIAaHHOTO $I3BIKA (DOPMYJIMPYETCsI eCTECTBEHHAs] CeMaHTUKa. 3HadeHneM (00be-
MOM) MIPOCTOTO OBIMETO TEPMHUHA B HEKOTOPOH MOJIENIN SBJIAETCS TIOIMHOKECTBO ITPEIMETHOMN
00J1aCTH JJAHHON MOJIe/TH, a 00beMOM OTPHUIATEIHLHOTO TEPMHUHA — JOIOJHEHWE K 00beMy
COOTBETCTBYIOIIETO IMOJIOKUTETLHOIO TepMmuHa. llpocrasi popMmyna 3HaYMMa B MOJIENH, €C-
JIM U TOJIbKO €CJIM TepecedyeHre 0ObeMOB ODIIMUX TEPMHUHOB, M3 KOTOPBIX OHa 0OOpas3oBaHa,
"enycro. Ilpemaraercs ucyuciieHne, aKCHOMATU3UPYIOIIEe KJIacC OOIME3HAYNMBIX (POPMYJI.
JlaHHOE MCYUCIEHNEe CTPOUTCSI HA OCHOBE KJIACCMYECKOTO MCUMCJ/IEHNsT BhICKAa3bIBaHMit. B cTa-
The 00pAIaeTCsi BHUMAHIE HA TO OOCTOSTEIBCTBO, YTO ATPUOYTUBHBIE CYKJIEHUST MOTYT OBITH
OIIPEIEIEHBI C UCIIOJIB30BAHUEM CyKIEHUI CYIIEeCTBOBaHNs. B CBS3M ¢ 3TUM BOZHUKAET BOIIPOC
0 MeTaTeOPETUYECKUX OTHOIIEHUSIX MEXKJIy MOCTPOEHHON JIOTMKON M Pa3/IMYHBIMU CUJLIOTH-
CTUYECKUMU TEOPUAMU. J[[eMOHCTPUPYETCs PEKYPCUBHAS SKBUBAJECHTHOCTD JIOTUKHU CYKICHUH
CyIIeCTBOBAHUS U CUJIJIOTUCTUKU C HEOIIPEIEeIeHHO-MECTHON KOHCTaHTOMN, KOTOpasl SBJISETCS
06061IIeHNEM CUJIJIOTUCTUIECKON KOHCTAHTHI a. C 3TO# IeIbio 3a/1aeTCsl MEPEBOJ U3 JIOTUKH
CYKJIEHUI CyIIeCTBOBAHUS B YKA3AHHYIO CUJIJIOCUCTUKY U JOKA3BIBAETCsI, UTO OH IOIPYKa-
eT TIEPBYIO CUCTEMY BO BTOPYIO. 3aIaeTcs W OOPATHBIA IMEepeBO, M JIOKA3bIBAETCs, YTO OH
TaKKe SIBJISIETCsI TOrPYKaroleil onepaipeii. B crarbe Tak>Ke JIOKA3BIBAIOTCST METATEOPEMBI O
CEMAHTUYECKON HEIPOTUBOPEYUBOCTU U TOJHOTE UCIUCIICHUS] CYXKICHUI CYyNECTBOBAHUSI.

Kiarougesbie ciioBa: CyzKJeHUd CyHieCTBOBaHUA, anI/I6yTI/IBHbIe CyKJICHUdA, CUJIJIOTUCTUKA,
JIOTUYIECKOE UCHUCJICHNE, CEMaHTHKAa, IIOTPYyzKaloIiad oIepanusd
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1. Bsegenune

B TpajuimonHoii oruke, HapsiLy ¢ ATPUOYTUBHBIMU U PEJISIITUOHHBIMY, BbI-
JIEJISITICH TIPOCTBIE CYKICHUST €IIe OTHOTO TUTA — TaK HA3BIBAEMBIE CYNHCOCHUSA
cywecmeosanua. Ecau B aTpubyTUBHBIX CYXKJICHUSIX JIOTHIECKAM CKA3yEeMbIM
(upesuKaToM) sIBJIsIeTCsI 3HAK CBOficTBa (arpubyTa) HHANBHUIOB, & B PEJIAIMOH-
HBIX — 3HAK OTHOIIEHUsT MEXKYy WHIUBUJIAMU, TO B CyKJIEHUSIX CYIIECTBOBA-
HUsI B 9TOI POJIM BBICTYIIAET TEPMUH «CyIlecTByeT». [Ipuaem jaHHBI TepMuH
paccMaTpuUBaeTCsT He KaK KBAHTOP, & KaK 3HaK 0CO0OH onmosozuveckol rapak-
MePUCMuUKY, THIABAIOB.

CyKJIeHIs CYNECTBOBAHUS — TaK K€ KAaK IIPOCTBIE CYXKJIEHUS JIPYTUX BU-
JIOB — J1eIAT (110 Ka9eCTBY) HA YMeepoumenbHovie I Ompuyamesvrvie: B yTBep-
JIATEJIbHBIX (DUKCUPYETCsl CylecTBoBaHUne 00beKTa (00BbEKTOB), a B OTPHIA-
TeJIbHBIX — ero (nx) HecyriecrBoBanue. Hampumep, cyxnenne «Hepmbie jiebe/tu
CYIIECTBYIOT» YTBEPAUTENbHOE, a cyXKjaenne «DIoTUCTOH HE CYIECTBYET» OT-
pHUIaTeTbHOE.

CyKJIeHIs CyIEeCTBOBAHUS MOYKHO, B IIPUHITAIIE, PA3IEIUTD U 10 KOJIUYIe-
CTBY: Ha eduHuuHvie U MHodcecmaerHbie. OCHOBAHUEM 3TOTO JIEJIEHUST BLICTY-
naeT THUI WX JIOPMYECKOro mnojiexkainero (cyobekra). CyObeKTOM €IuHUYHO-
TO Cy2K/ICHUS CYIIECTBOBAHUS SIBJISACTCS CHHTYIISAPHBI TepMuH («(IIOTHCTOH ).
B katvecTBe cyODHEKTOB MHOXKECTBEHHBIX CYKJEHUN CYIECTBOBAHIS MOTYT BbI-
cTynaThb: HPOCTbIe (IOJOKUTEIbHBIE) OOIIe TEPMUHBI («MIIEKOIUTAIONIHES ),
orpuraTejbHble ObIue TePMUHBI («OGECIIO3BOHOYHBIEY ), a TaK¥XKe M0CJIe0Ba-
TEJLHOCTU HECKOJIbKUX O0IUX TePMUHOB («(DPYKTOSIHBIE PYKOKPBLIbIE MJIe-
KOTIUTAIOIIE ).

B ucropun soruku BcTpedaeTcs TOUKa 3PEHUsI, COTJIACHO KOTOPOi CTaTyc
CYKJIeHU# cyTecTBOBaHms 6osee byHIAMEHTAJIEH IO CPABHEHUIO C ATPUOYTUB-
HBIMHU (KATErOPUIECKUMIE) CYKJICHUSIMI B TOM OTHOIIEHUHU, 9TO BTOPbIE MOXK-
HO — HE MEHsSI UX CMBICJIa — PEYINPOBATD K IIEPBBIM.

Tax, ®panr Bperrano cunrtast, uro cyxiaeaue ¢popmbl «Bee S ectb Py 9k-
BUBAJICHTHO CYKJCHWIO CYNIECTBOBAHUS «SHe-P He CyNeCTBYIOT», CYXKJICHUE
dopmbr «Hekoropwie S ectb P» — cyXjenuio «SP CyIIecTBYIOT», CyKJICHHE
dopmbl «Hu omua S He ectb P» — cyxkJeHuio «SP He CYyIIeCTBYIOT», a Cy»XK-
nenne dpopmbl «HekoTopeie S He ecth P» — cyxkaenuio «SHe-P cyIecTByors
(cm. |[Brandl, 2018]).

Cxonnoit mozurn npugepxkusacs u JIsronc Ksapposur |Carroll, 1896]. ITpu
aHaJIn3e CUJIIOTU3MOB OH TaKKe WHTEPIPETUPOBATT KATETOPUIECKUE CYIKICHIS
KaK CY2KJIeHUsI CyIecTBoBaHus. VIHTepIpeTaust 9acTHOY TBEPIUTEIbHBIX U 00-
MMEOTPHUIATEBHBIX CYXKJIEHUN y HEro aHAJOTWIHA OPEHTAHOBCKOM: CYKJICHUE
«HekoTopble KyMITbl SBJIAIOTCS CKYIMIAMHU» BBIPAXKaeT Ty K€ MBICIb, YTO U
cyxmenne «Kymipl-cKymbl cyImecTByoTy, a cyxkaenne «Hu omgna pycanka me
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SIBJISIETCSl MOJIUCTKON» — Ty 2K€ MBICJIb, 9TO U CyKJeHne «Pycasok-moaucTox
He cymectByeT». OOmeyTBepauTesibHoe cyx)aeaue ¢opmbl «Bce S ects Py,
corytacHO Kapposty, SKBUBaJEHTHO KOHBIOHKIIUKM JIBYX CYKJIEHUN CYIIECTBO-
Banus: «SP cymecrBytory u «Sue-P He cymectByoT». Hanpumep, cyxKjienne
«Bce 6ankupbr 60raThly BBIPAXKAET TY K€ MbBIC/Ib, 9TO U «borarbie OaHKUPDHI
CYIIECTBYIOT, & HEDOraThiXx HAHKUPOB HE CYIIECTBYyeT». JacTHOOTpUIIATEIbHBIE
cyxknenunsi «Hekoropeie S #He ectb P» Kspposuiom He paccMaTpuBauCh, OH
CYUTAJI UX PABHO3HAYHBIMU cykjeHusaM (opmbl «Hekoropsie S ectb He-Py.

Haub6osiee sipko CBsI3b KATENOPUIECKUX CYXKIEHUH ¢ CYKIEHUSIMU CYIIECTBO-
BaHUus postBJisieTcss y Kapposiia B Ipeiyio2KeHHOM UM JIjIst IPOBEPKU CUJIJIOTU3-
MOB JmarpaMMHoM metone. Mudopmanus cyxaenust «Hekoropeie S ects P»
BBIPAYKAETCS [MOCTAHOBKON KpacHOU ¢uiliku B cekTop S P, 4T0o 03Ha4aeT cyie-
CTBOBaHUE 3JIeMeHTa B nepecedeHnn obbeMoB S u P. Muadopmanus cyxaeHust
«Hu ogun S He ectb P» BbhIpakaeTcsi MOCTAHOBKON YepHO# PUIIKU B CEKTOP
SP, 9aro yKasblBaeT Ha IIyCTOTY Iepecederuss oobemoB S u P. Mudopmarms
cyxaenns «Bce S ectb P» mepegaercs MOCTAHOBKOM KPACHOMN (DUIIKA B CEKTOP
S P u uepHoil pumku B ceKTop SHe-P, TakuMm ob6pa3oM, mepecedenne 00 beMOB
S u P 00bsBIIsIETCS HEMYCTHIM, a Tepecedenne 00beMoB S U He- P myCThIM.

Ha Tpex0OykBennbix quarpammax Kspposura arpubyTUBHbBIC CyXKIEHUsT CBO-
JIATCs, 10 CYIIECTBY, K OyJIeBbIM KOMOWHAIIUSM CYyKJEHUIl CyIIeCTBOBaHUS,
cyObeKTaMy KOTOPBIX SIBJISIFOTCSI TIOC/IEIOBATEIHHOCTH TPEX ODIINX TEPMUHOB.
Tak, nacdopmarmio cyxaeaus «Bce S ectb M» OH BbIpakaeT ITOCTAHOBKOI
KpacHoil ¢uriku Ha rpanuily cektopoB SM P u SMue-P u nomereHueM dep-
HbIX uinek B cekropa SHe-M P u Sue-Mue-P. Ilpu stom «Bce S ects M »
OKAa3bIBAETCS SKBUBAJEHTHBIM CJIOXKHOMY cyxKjaeanto «SM P umu SMue-P cy-
mectBytor, a Sue-M P u Sue-Mmue-P He cymectBytors. llepBast gacTb 9TOrO
CJIOYKHOTO CY2KJIeHusi, coryiacHo KappoJuty, paBHOCHIbHA Cy2KIeHu0 «SM cy-
[IIECTBYIOT», & BTOpAasi 9aCcTh — CYKJIEHUI «SHe-M He CYIEeCTBYIOT».

B nmamnO# pabore MBI C(hOPMYIUPYEM JIOTUIECKYIO CUCTEMY, B sI3bIKE KOTO-
poit dukcupyiorcs jgorudeckue hoOpMbl MHOKECTBEHHBIX CYKJIEHUN CYIIECTBO-
BaHUs, CYO'bEKTAMHU KOTOPBIX SIBJISIOTCS OOIUE TEPMUHBI WJIM UX I[OCJIEI0Ba-
TeabHOCTH. JIjIsT MaHHOTO $I3BIKA MBI IPEJIO?KUM €CTECTBEHHYIO TEOPETUKO-
MHOXKECTBEHHYIO CEMAHTUKY U IIOCTPOUM HCUUCJIEHHUE, aKCHOMaTU3UPYIOIIee
KJIACC ODIE3HAYNMBIX B 9TOH CeMaHTUKE POPMY.I.

Jlajee Oymer noKa3aHa PEKypPCUBHAS SKBUBAJEHTHOCTb JIOPUKH CY2KJie-
HUil cymecTBoBanust U nocrpoeHHoit B |[Mapkun, 2004| cworncruku ¢
HEOIIPeJIeIEHHO-MECTHOI KOHCTAHTON, KOTOpPasl SIBJISETCsS ODODIIEHHEM CHJLIO-
T'UCTUYECKON KOHCTAHTHI A.
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B zakJiouenun Oy/ieT paccMOTPEH BOIPOC O COOTHOIIEHUH JIOTUKU CYKJIe-
HUIi CyIIECTBOBAHUS U JI€/IyKTUBHBIX TEOPUil, CPOPMYJINPOBAHHBIX B CTAHIAPT-
HOM CHUJIJIOTUCTUYECKOM S3BIKE.

2. Jloruka cy2k/ieHuii CyIeCTBOBAHWSI:
sA3bIK, CEMAHTHKA, aKCMOMAaTUYeCKOe NCYUCTIEHUE

Jloruky cyxmenuit cyrmecrBoBanus OyJeM CTPOUTH Ha 6aze KIaCCHUIeCKOi
JIOTUKU BBICKA3BIBAHUI, KAK 9TO IPUHATO IIPU COBPEMEHHBIX (hOPMAIU3AIUTX
CUJLIOTUCTUYECKIX TEOPHUi.

B aagasume s3bika comepikarcs: GECKOHEUHBINH CITHUCOK TPOCTBHIX OBIIIX
TepMHUHOB (Oy/1eM HCIIOJIb30BaTh JJIsi HUX MeranepeMenusie S, P, M, Si,...),
cumBoJI TepMunHOro orpunianus (1), Heonpe/ e/ IeHHO-MeCTHAsT KOHCTAHTA CYIIe-
crBoBanus (Y), IPONO3UIMOHAJIBHBIE CBS3KU U CKOOKU.

Obwumu mepmunamu ABasIoTCs: (1) TPOM3BOJIBHBIN TPOCTOi 0OIIHIt Tep-
muH, (2) Beipaxkenue suga S, rie S — npocroii obmuii Tepmun. [Ipu sTom S
Oy/IeM HA3BIBATE NOA0AHCUMEALHbIM, & S| — ompuyamesvHvim TepMUHOM. B Ka-
YecTBE MeTAllePEMEHHBIX 110 JIIOOBIM OOIIMM TepMUHAM (KaK I10JIOYKUTEIbHBIM,
TakK ¥ OTPUIATEHHBIM) OyIeM MCHOJIb30BaTh CUMBOJIBL X, Z, X1,...

Amomaprvimu, Gopmysamy SI3BIKA HAITEH CHCTEMBI SIBJISTIOTCST BBIPAYKCHUS
Buga Y X1 X5.. X (K > 1), one X1, Xo,... X — obume repmunbl. Popmy-
ga YTX1Xs...X dukcupyer Jjormdeckyio (GopMy CY>KIEHUs CYIIECTBOBAHUS
«X1Xo.. X}, cymectBytors. Caooicrvie hopmyav, 00pasyrorcs u3 apyrux Gop-
MyJI C TIOMOIIBIO ITPOMO3UIMOHAJBHBIX CBAZ0K.

Jlnst manHoro sI3BIKA 3373 IMM TOUYHYIO CeMaHTHuKy. Modeavto Ha3bIBaeTCst
napa (D, ), tne D # &, a ¢(S) € D a1 1106010 npocToro obIIero TepMu-
ma S. Onpeaenum (HYHKIAIO 1), COMOCTABIAIONTYIO 3HAYCHUE KaXKIOMY ODIeMy
TepMuHy (BKJIIOYasi orpunarebubie) B Mogenn (D, p): ¥(S) = ¢(S),¥(S") =
D\ ¢(S). ¥(X) upexcrapisier coboii OIMHOXKECTBO IpeaMeTHOI obactu D u
Ha3bIBAETCS 06BeMoM 00IIEro TepMuna X .

Beesiem jasiee nonsaTre V-3Ha4UMOCTH (POPMYJIBI HAIIETO A3bIKA B MOJEJN
(D, ¢). YciaoBust 3HAIMMOCTH ATOMAPHBIX (DOPMYJT ONPEIETSIOTCS TaK:

V(TXlXQ...Xk,D,(p), e.T.e. ’Lﬂ(Xl) N w(XQ) Nn...N 1/}(Xk> #+ 2.

JlaHHOE CeMaHTHYEeCKOe OlpeJieieHIe COOTBETCTBYEeT €CTeCTBEHHON TPaKTOBKE
CyKIeHMil cyIliecTBOBaHus: cyKaenne «X1Xs...X; CyIIECTBYIOT» HCTHHHO TO-
Ia U TOJILKO TOrIIa, KOIJa HaleTcsd 00beKT, IpUHAJIesKAIIil o0 beMaM Beex
obmux TepmutoB X1, Xa,... Xk.

VeaoBust 3HAYUMOCTH (POPMYJI, 0OPa30BaHHBIX C IIOMOIIBIO ITPOIO3UIIIO-
HaJILHBIX CBSA30K, CTAHIAPTHLIE.
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Dopmyna A maspiBaercs V-obwesnauumot, e.r.e. V(A, D, ¢) B KaxI0il MO-
nenn (D, ).

Huzke 6ymer mokasaHo, 94TO Kjacc V-0OME3HAYUMBIX (DOPMYJI aKCHOMATHU-
supyet ucuncienue CY. OHO COIEPKUT CXeMbI AaKCHOM KJIACCHIECKOTO UCUIUC-
JICHHsl BBICKA3LIBAHUIT U MIECTDH JOIOJHATEILHBIX CXEM AKCHOM:

T1. Yuv D (YuM’ VvV YT Mv),
2. -TSS’,

T3. YuXZv D YuZXw,
T4. TuX D YuXX,

T5. TwX D Tw,

T6. TSV TS,

rje 4 U v — KOHEUHBIE W, BO3MOXKHO, IIyCThIe IIOCJIEI0BATEIbHOCTH ODIIUX TEP-
muHOB (B Y1 10 Kpaiineii Mepe OjlHA U3 HUX HEIyCTa), W — HeIyCcTas KOHeYHast
[IOCJIEIOBATEILHOCTD ODIMX TePMUHOB, S u M — mpocThie OOINe TEPMUHBI,
X u Z — npousBoJIbHBIE OOIHE TePMHUHEI.

EmuncreennbiM npasuiiom BeiBoga B CY sBistercst modus ponens. Iousarus
JI0Ka3aTeIbCTBa, U TEOPEMbI CTaHIapTHLIE.

3. CuiorucTuka ¢ HeollpeaeJJ€eHHO-MeCTHOM KOHCTAHTOM

OcyrtiecTBuM cpaBHEHHE JIOTUKHU cyxkjeHuit cymecrBoBanus CY ¢ cuuio-
rucrukoit C®Q, copmynmposannoii 8 [Mapkun, 2004]. B nocienueit pemaer-
cst IpobJIeMa, CUJIJIOTUCTUYECKOTO MIPEJICTABIEHUS BCEX BO3MOXKHBIX OTHOIIIEHUN
MeK/Iy 00 beMaMU TPOU3BOJIBHOIO KOHETHOT'O YUCJIA TPOCTHIX OOINUX TEPMUHOB
B HEKOTOPOM YHHBePCyMe 0e3 BBeJeHUs B A3bIK TEPMUHOOODA3YIONUX Olepa-
TOpPOB, T.e. B paMKaxX no3umueHotl, CUJUIOIUCTUKHU, TJe He PacCMaTPUBAIOTCS
OTPHUIATEbHDBIE U JIPYI'He CJI0KHbIE TEPDMUHBI.

Aszpik CPQ cotepKUT HEOIPEIEIEHHO-MECTHYIO CHUJIJIOTHCTHIECKYIO KOH-
cranTy @, a TakykKe GECKOHEUHBII CIIMCOK MPOCTHIX OOIIUX TEPMUHOB, [IPOTIO3U-
[IMOHAJIbHBIE CBSI3KH U CKOOKM. ATOMapHbIE (POPMYJIBI 3TOIO CHJLIOTUCTUIECKO-
ro sI3bIKa UMeIoT Bum S152...5,QP, P;...P,,, toe S1, Sa,..., Sp, P1, Pa,..., Py, —
npocTeie obrue TepMuHbl U 1 + m > 1. CiioxkaBIe POPMYJIBI 00PA3YIOTCS C
[IOMOIIBIO [TPOTIO3UITUOHATBHBIX CBS30K.

B cemamnTuke aHHOrO $I3bIKA HMCIOJB3YIOTCS MOJIEJN TOrO K€ THIIA, 9TO
u B chOpPMYyJIUPDOBAHHON paHee JIOTUKE CYXKIEHWIl CyIeCcTBOBaHWsS. BBOmUT-
¢ noustue YW-snadnmoctu dopmyi s3pika CPQ B momenu (D, ). YenoBus
W-3HAYUMOCTH aTOMAPHBIX (DOPMYJT OIPEIEIIAIOTCS CIIEYIONUM 00pa30oM:

W(S5155...5,QP P;...P,,, D, @), e.te.
@(S1) Np(S2)N...Np(Sh) N D\ p(P1)N(D\p(R)N...N(D\¢((Pn)) = 2.
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Takum obpazom, popmyita Buga S155...5, QP Ps... P, 3Ha9IMa B TOM U TOJIBKO
B TOM cJIyuae, KOrjia repecedenne oobeMoB Si, S2,..., S, U aHTHnoOBEMOB P,
Bs,..., P, uycro.

VenoBusa W-3HaIMMOCTH CJI0YKHBIX (DOPMYJT OOBIIHBIE.

Dopma obIeyTBepUTebHOTO cyKaenns (SaP) mpu ero crangapTHOI
TPAKTOBKE KaK CYXKJIEHUs O BKJIIOUEHHOCTU 00beMa CyObLeKTa B 00beM IIpeiau-
KaTa BbIpaykaercst B 9Toil cuutoructuke gpopmynoit SQP. ITosromy cumpos @
MOXKHO HCTOJIKOBAThL KaK CBOEIO POza 0000meHne 0ObLIYHON CUIIOIICTHIeCKON
KOHCTAHTHI G.

Dopma obreoTpunaTebHOro cyxienust (SeP), craHIapTHO ITIOHUMAEMOTrO
Kak cyzkieHue 06 00beMHON HEeCOBMECTUMOCTH CyObeKTa U IPEIUKaTa, BbIpa-
JKaercst 351ech popmyiioit S PQ. @opmyste SiP 0OBIYHOTO SI3bIKA, CUJIJIOTACTHKY
coorBercTByeT =S PQ, a dopmyse SoP — -SQP.

Dopmysia B CHILIOTHECTHYECKOTO si3bIKa (¢ KoHCTaHTOl @) W-o0bwesnaquma,
e.re. W(B, D, ) B kaxoit Mmogemu (D, p).

Kitacc W-obmesHaunMbix (opmys akcuoMarusupyer ucuncienne CPQ.
[Ipu opmanbHOil 3amucH €ro MOCTYIATOB S, P, ¢, T 0O03HAYAIOT MOCIEI0BA-
TeJIbHOCTU (BO3MOXKHO, IIyCThIe) OBIIIX TepMUHOB. [JoMIMO cxeM aKCHOM KJ1ac-
CHYECKOTO MCUHMCTeHnsT BbIcKasbiBanuit, B CPQ mocTymmpyroTcst Caeayornime
CUJIJIOTACTUIECKUE CXEMbI AKCUOM:

Q1. (Mq@Qr A s@QpM) D sq@Qpr,
@2. sas,

@3. sSPpQq D sPSpQgq,

@4. s@pSPq D s@QpPSyq,

@5. SSs@Qp D Ss@p,

@6. sQpPP D s@QpP,

Q7. s@p D SsQp,

@8. s@p D sQpP,

@9. =(S@ A @S).

B @1 no kpaitHeit Mmepe oiHa 13 MOCIEI0BATEIbHOCTE TEPMUHOB — S, ¢, P WA
r — JNoJDKHA OBITH HemycToil. B Q7 u @8 Herrycra XoTst ObI OJIHA U3 [IOCJIEI0Ba-
TeJILHOCTEH — § WU P.

Enuncreennoe npasusio BoiBoga B CPQ — modus ponens.

B [Mapkun, 2004]| mokazano, 4o MHOXKeCTBO TeopeM ucuncjierus CPQ u
MHOKeCTBO VV-00111e3HaunMbiX (POPMYJI COBIAIAIOT.
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4. PekypcuBnas skBuBajieHTHOCTh CYT u CPQ

Cpasuenne ucuuciennit CY u CPQ Gynem ocyIecTBIATh B TEDMUHAX N0~
epyotcarowux onepayud. Ham mpeicTouT J10Ka3aTh, ITO 9TH CUCTEMBI IIOTPY 2Ka-
I0TCST IPYT B APYTa, T.e. PEKYPCUBHO IKGUBAAEHIMHDL.

Bagaum yHKIUIO mepeBoa (), COMOCTABJISIONYIO KaxK ol dopmyne A
sizpika CY cusutorucrudeckyio dopmyiy ;1 (A) s3pika CPQ.

[IycTb w — mpou3BOJIbHAS HEIlyCTasi KOHEUHAs [TOCJIE0BATEIbHOCTD OOIIIX
tepmuHOB. Ilycres St, So,..., S, — IOC/IEIOBATEIBHOCTD, OJIYUIAOMIASICT U3 U
BBIYEPKUBAHUEM BCEX OTPHIATEIbHBIX TepMuHOB, a P, Pj,..., P! — mnocie-
JIOBATEJILHOCTD, MOJIYYAOIIASICT U3 % BBIYEPKUBAHUEM BCEX ITOJIOXKUTEIbHBIX
TepMuHOB. Torma mepeBos aroMapHoit (hopMysrbl T OMpeIesseTcs Tak:

Ql(TU) = _‘SISQSn@PIPQPm
Ha cyioxkubie popmysibl pyHKIHS 2] PACIPOCTPAHSIETCS CJIEIYIONUM 00pa30M:
Q1 (=C) =~ (C), N (CvD)=%(C)vuD),

rje \/ — Jrobast OMHAPHAST IPOTIO3UITUOHAIbHAS CBA3KA.
Samganm Takke PYHKIUIO TiepeBoa {1, COMOCTABIAIONTYIO KAXKIOW CUILIO-
ructuyaeckoii hopmysie B sizbika CPQ dbopmyny Qo(B) si3bika CY:

05(5155...8,QP, Py...P,,) = =15, 55...5, P/ P}...P.,
QQ(_\C) = ﬁQg(O), QQ(C \V4 D) = QQ(C) \V4 QQ(D)

[IpeiBapuTesibHO 0OOCHYEM CIIPABEITUBOCTD Psijia, METAY TBEPKICHUIA.

Teopema 1. Jlaa 4060t gopmysv A azvka CYX eepro, umo ecau ona doxa-
ayema 6 CY, mo ee nepesod — gopmyaa Q1(A) — doxasyem ¢ CPQ.

Jloxazameasvcmeo. PaccMoTpuM pon3BoIbHYI0 hopMyiy A, jokazyemMyio B
CTY. Ilokazkem, uro §)1-TIepeBOJbI BCeX (POPMYJ, BXOISIIUX B COCTAB JOKa-
saresibctBa A B CY (B ToM unciie u mocseaeil hopMysibl 9TOM mocse0Ba-
TesibHOCTH, T.€. camoii A), nokasyembl B8 C®Q. [Tt 917010 HyKHO YO UThCH,
BO-IIEPBBIX, B TOM, 9TO {21-11epeBojbl Bcex akcuom cucreMbl CY moka3yeMbl B
C®@, a BO-BTOpBIX, UTO ecjiu {)1-1IePeBOJIbI IOCHIJIOK MpaBUIa Mmodus ponens
nokaszyeMbl B CPQ, To u {1-11€peBo/I €ro 3aK/IoYeHns TakxKe JoKka3yem B CPQ.
T1. Q(Yuv O (YuM' vV YMv)) = =sqQpr D (ms@QpM V —=MqQr), tae
S U ¢ — TOCJEeI0BATEHLHOCTH TOJIOKUTEIHHBIX TEPMUHOB B COCTaBE, COOTBET-
CTBEHHO, 4 U U, & P U T MOJYYAlTCSd YIAJEHUEM TEPMUHHBIX OTPUIAHWI 13
[IOCJIE/IOBATEILHOCTEl OTPUIATEIHHBIX TEPMUHOB B COCTaBe U U .
BemBogures uz Q1 ((MqQr A sQpM) D sq@pr) no 3akoHaAM KJIACCHIECKON
Joruku BbickasbiBanuii (JIB).
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2. Q1 (=YSS) = -—-5@s.
Beiopures uz @2 (SQS) no 3akonam JIB.

T3. Cuemyer paccMOTpeTb YeTbIpe cllydasi B 3aBUCUMOCTH OT TOIO, IO-
JIOKUTEJIbHBIMA WJIM OTPUIATETbHBIMU SIBJISIOTCS TepMuHbl X U Z B cxeme
TuXZv D TuZXv. llycts nocsenoBaTe/IbHOCTA S, ¢, P U T OIPEJIEJISIOTCS TaK
e, Kak u B mynkre (Y1).

(1) X u Z — mnonoxurenbuble tepmunbl (Hamp., S u P). Torma
0 (YuXZv D YuZXv) = ~sSPqQpr D —sPSqQpr. ®opmymna —sSPqQpr D
—sPSqQpr seiBogurcs uz sPSqQpr O sSPqQpr (Bapuanra @Q3) 110 KOHTpAIIO-
SUIAH.

(2) X u Z — orpunarensuble Tepmuubl (mamp., S’ um P’). Torma
Q(YuXZv D YuZXv) = —sq@pSPr D —sq@QpPSr. ®opmyna —sq@QpSPr D
—5qQpPSr BeBOIUTCS U3 SqQPPST D sq@pS Pr (Bapuanrta @4) 1o koHTparno-
SUIUN.

(3) X — mostoxkuTenbHbINA TepMuH (HaIp., S), a Z — OTpUIATEJbHBII Tep-
vud (wanp., P'). Torma O (YuXZv D TuZXv) = —sSq@QpPr-sSqQpPr. 9o
3aK0H TOXK1ecTBa JIB.

(4) X — orpunarenbubiii repmun (Hanp., S’), a Z — NOJOXKUTEIbHBIN Tep-
muH (#anp., P). Torga Q1 (YuXZv D TYuZXv) = —sPq@QpSr D —sPqQpSr.
DT0 3aKOH TOXKIecTBa JIB.

T4. Tlycth § — MOCJIEI0BATENIBHOCTD MOJOKUTEILHBIX TEPMUHOB B COCTa-
BE U, & P TOJIYYaeTCcs yIaJeHneM TePMUHHBIX OTPUIAHUI U3 [IOCIIeI0BATEIHLHO-
CTH OTPUIATETHLHBIX TEPMUHOB B COCTABE U.

Ecmu X — nosnoxurenbsiit repmun (Hanp., S), 7o Q1 (TuX D YuXX) =
—8S@p D =55S5Qp. Popmyia ~sSQ@p O —sS5S5Qp noayuaercs uz Q5 (SSsQ@p D
Ss@p) ¢ ucnosbzoBanueM 3akoHOB JIB, a Takzke akCHOM «IiepecTaHOBKH» @3.

Eciu X — orpunarenbusiii tepymun (mamp., P’), to Q1 (TuX D TuXX) =
—s@QpP D -—sQpPP. ®opmyna —sQpP O -—-s@QpPP mnonydaercs us Q6
(s@QpPP D s@QpP) 1o KOHTPAIIO3UIHH.

T5. Ilycth § — MOCJIE10BATEIBHOCTD MOJOKUTEILHBIX TEPMUHOB B COCTa-
BE W, a P IOJIy4aeTcsl yJaJeHneM TePMHUHHBIX OTPUIAHUIT U3 MOCJIeI0BATE b
HOCTHU OTPHIATE]bHBIX TEDMUHOB B COCTaBE W.

Eciu X — nonoxkwuresbubiii Tepymut (Hamp., S), To Q1 (TwX D Tw) =
—8SQ@p D —s@p. Dopmyna —sSQp D —sQ@p nonyvaercs u3z Q7 (s@Qp O SsQ@p)
¢ WCIIOJIb30BaHMEM 3aKOHOB JIB, a Tak:ke akcrom «mepecraHoBkumy» Q3.

Eciu X — orpunarensubiii tepymun (#anp., P’), ro Q1 (TwX D Tw) =
—s@QpP D —sQp. Popmyna ~sQpP D —sQp nonyvaercs uz Q8 (sQp O sQpP)
10 KOHTPAIIO3UIIHH.

6. Q(TSVYS)=-QSVv-5a.

Beisogures uz @9 (—(SQ A @S)) no 3akonam JIB.
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MP. Ilycts Qy-mepeBognt dopmyn A O B u A azpika CY jnokasyemsr B
C®Q. [Tockombky 1o onpenenernto 1 Q1(A D B) = Q1(A) D 0 (B), dopwmy-
aa Q1(A) D Q1(B) nokasyema B vroii cucreme. Ho u Q1 (A) B Heil nokasyema.
[Mpumensis MP k nocsieaaum nBym dopmysnam 8 C®Q, nosrygaem, uro Q(B)
TakKe JIOKa3yeMa B JJAHHOM HUCYHMCICHUN. [ |

Teopema 2. /las 210600 dopmyarve B asvra CPQ sepro, umo ecau ona doka-
syema 6 C®Q, mo ee nepesod — gopmyaa Qa(B) — dokasyem ¢ CY .

Jloxazameavcmeo. TlpumensieM TOT Ke METOJ, YTO W MPHU JTOKA3ATEIHCTBE
Teopemsi [I}

IIycrs s, ¢, p ¥ r — TPOUZBOJILHBIE ITOCJIEI0BATEILHOCTH, COCTOSIINAE U3 TIPO-
cThIX (HMOJIOKUTEIBHBIX) 00Imux TepMuHoB. CuMBoJIaMU S, ¢, D U T OyjeM 060~
3HAYATH [T0CJIEI0BATEIHHOCTH, OOPA3YIOIINecs U3 S, ¢, p U T 3aMEHOIl KaxKJI0ro
MOJTIO’KUTETHLHOTO TEPMIHA B UX COCTaBE HA COOTBETCTBYIONIUI OTPUTIATEIHHBIIH
(mamp., S ma S’).

Q1. Qo((MgQr A s@QpM) D sq@pr) = (=YMqrF A =YspM') D = TsqpT.
IlokaseiBaem B CY cuHauana dopmyny YsqpT DO YTSpgr, ucnonb3yst HYyXK-
HOE 9HCJIO0 Pa3 aKCHOMBI «mepecTaHoBKu» (Y3) U 3aKOHBI TPAH3UTHBHOCTH D.
Hanee ucnonbzyem Bapuant akcuombl Y1 — dopmyny Yspgr O (TspM' Vv
Y Mqr). U3 stux nByx dopmys mo 3akonam JIB BeiBoguTes nckomast hopmyiia
(=YMqr A -YspM') D =YsqpT.

@2. Q(SQ@S) = =TSS5’ Dro akcuoma Y2.

@3. Q9(sSPpQg D sPSpQq) = -YsSPpg O - TsPSpq.

Boisogurest uz YsPSpg D TsSPpq (Bapuanta T3) 10 KOHTPAIIO3UIIUH.

Q4. Qy(s@pSPq D s@QpPSq) = ~YspS'P'q D - YTspP'S'g.
Boisogures uz YspP'S’'q D YspS'P'q (sapuanta T3) 10 KOHTPAIIO3UIUH.

@5. Q9(SSs@p D Ss@p) = -TSSsp D Y Ssp.

BoBonurest uz YspS D YspSS (Bapuanrta T4) ¢ mOMOIIBIO AKCHOM «IIEpeCTa-
nosku» (13) u 3akonos JIB.

@6. Qy(s@pPP D s@QpP) = —=YspP'P' D - YspP'.

Boisogures uz YspP' D YTspP' P’ (Bapuanta T4) 10 KOHTPAIIOZHUIUH.

Q7. Qo(s@p D Ss@p) = ~Tsp D =T Ssp.

Boisogurest uz TspS D Ysp (Bapuanta YH) ¢ HOMOIIBIO AKCHOM «IIEPECTAHOB-
kn» (Y3) u 3akonos JIB.

@8. Ny (s@p D s@pP) = -Tsp D - TspP'.

Brisogures uz YspP’ D Tsp (Bapuanta T5) 10 KOHTPAIO3UIIAH.
@9. Qp(~(S@AQS)) = (=TS A=TS).
Beieourest uz Y6 (TS V YS’) no sakonam JIB.
MP. O6ocHOBBIBaeTCSI AHAJIOTHMYIHO HOCJIeHeMY IyHKTY Teopemsi [I] |
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Teopema 3. Qopmyaa A = Qa(21(A)) asasemea meopemotc CYX daa a0bot
Popmyav, A Azvika 0aHHO20 UCHUCAEHUA.

Zlokazamenavcmeo. [lpumensieM BO3ZBPaTHYIO UHLYKIUIO 110 KOJTMYECTBY IIPO-
[MO3UIMOHAJIBHBIX CBSI30K B cocTaBe (hopmynnl A sizbika CY.

Pacemorpum cravasia 6asucHbIil ciaydaii, korjga A — aromaphasi (popmy-
Ja, T.e. umeeT Buj Yu, TJe U — HEIyCcTasl KOHeYHas MOC/IeI0BATEIbHOCTL 00~
[IUX TEPMUHOB. BbIJeimM B cocTaBe U MOC/IEI0BATENIbHOCTD S1, So,..., Sy 10-
JIOKUTEJIbHBIX TEPMUHOB U IOCjIefoBaresbHocTs Py, Pj..... Pl orpunareis-
HBIX TEPMUHOB (IIPHYEM STH TEPMUHBI PACHOJIOXKIM B TOM K€ MOPSIJIKE, 9TO U
B u). ITo onpenenennto nepesoja g Q1 (A) = =5155...5, QP P;...P,,. Torna no
onpejenernio nepesoga Qo Q2(Q(A)) = =—=1S5152...8, P{ Py...P}.. C ucnons-
zoBaHneM akcuoM cxeMbl T3 cucrembl CY HEC/I0KHO JI0Ka3aTh B Hell (hopMyIty
Tu=Y55...5, P Pj...P),. Orcrona 1o 3akonam JIB BbiTekaer, 1ro u dbopmy-
na Yu = —-—Y515s...5,P| P}...P}, nokasyema B CY.

ObocHyeM Jlajiee WHIYKTUBHBIN mepexos. Jlomycrum, 9o st JIIoObIX ¢dop-
My C' u D, copepzKaliyux MeHbIIe TIPOIO3UIMOHAIBHBIX CBA30K, YeM A, yTBep-
J)KJleHne TeopeMbl BepHO, T.e. dopmyinsl C = Q9(Q1(C)) u D = Qa(21(D))
nokaszyeMbl B CY.

[Iycrb A = —C. IMockonbky C = Q(21(C)) nokazyema B CY 1o us-
JIyKTUBHOMY JIOMYIIEHUIO, TIOCTOJBKY (B crmty 3akonos JIB) dopmyra —-C =
—Q(21(C)) rakxke nokazyema B 3100l cucreme. Ho 110 onpejienieHuio nepeso-
0B Ql n Qg nmMeeM: —\92(91(0)) = QQ(_\Ql(C)) = QQ(Ql(—!C)).

[Tycrs A = C'AD. U3 nonyrenus o jokasyemoctu dopmy C' = Qa(Q1(C)
u D = Q(2(D)) mo 3akonam JIB Boitekaer, uro dopmyna (C A D) =
Q2(21(C)) ANQ2(Q21(D))) noxazyema B8 CY. Ho 1o ompeiesiennio mepesoios 2
u ()9 nmeeM: QQ(Ql(C)) A QQ(Ql(D)) = QQ(Ql(C) A Ql(D)) = QQ(Ql(C/\ D))

Jist cioskubIX (hOPMYII, 00Pa30BAHHBIX C MOMOIIBLIO MHBIX OMHAPHBIX IIPO-
HOZUIMOHAIBHBIX CBA30K, PACCYZKIaeM aHAJOTHYIHO. [ |

Teopema 4. Qopmysa B = Q1 (Qa2(B)) asasemca meopemotd CPQ das aobot
dopmyave B asvika darnnozo ucuucaenus.

Zlokxazameavcmeo. [lpumensieM BO3BpaTHYIO UHLYKIIUIO 110 KOJTMYECTBY IIPO-
MMO3UIMOHAJIBHBIX CBSI30K B cocraBe popmyisbl B s3pika CPQ.

I[Iycte B — aromapuas ¢opMmyna sa3pika CPQ, te. wummeer Buj
S5159..5,QP, P,...P,,. Tlo omnpenenenuto mepesoga o Qao(B) =
-YS155...5, P{ P;...P),. Torna, no onpezenennio nepesoga 1, Q(Q2(B)) =
——5152...5,@QP, Ps...P,,. ®opmyna B = Q1(Q2(B)) B 310M Ciiyuae OKa3biBa-
eTcsl IIPOIO3UIMOHAILHOMN TaBrojorueil (B = ——B).

O6ocHoBaHMEe WHJyKTHBHOTO II€PEXojia aHAJOIMYHO COOTBETCTBYIOIMIEMY
dbparmenty nokasarenscrsa Teopewmst [3 ]
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N3 Tonbko 4YTO JOKA3AHHBIX TEOPEM, COIVIACHO H3BECTHOMY KPHUTEPUIO
B.A. Cyuprosa |Cyupros, 2002, c. 122], HermocpeicTBeHHO BBITEKAIOT JIBa BayK-
HBIX pe3yJIbTaTa:

Teopema 5. Ilepesod 2y noepyorcaem ucwucaerue CY ¢ CPQ.
Teopema 6. Ilepesod (lo noepyorcaem ucwucaerue CPQ ¢ CY.

Takum ob6pazomM, JOKa3aHO, YTO UCUUCIEHNE Cy K aeHnii cymecroBanus CY
u ucunciaeane CPQ ¢ HeonpegeIeHHO-MECTHON CHILIOMICTHYECKON KOHCTAHTOMN
PEKYPCUBHO IKEUSANAEHITLHDL.

5. CemanTnueckasa HEeIIpoTnBOPE€YMBOCTDb 1 IIOJIHOTA CcY

Onwmpasick Ha pesynbrar o norpyxkaemoctd CY B CPQ, MOKHO JT0CTATOTHO
IPOCTO JloKa3aTh, 4to ucuncjenne CY sBjsieTcst aleKBATHON dopMaan3aueis
JIOTHKY CyKJEHHUI CyIeCTBOBAHUS, CEMAHTHIECKH [TOCTPOEHHOM B Pasnese 2.

CpaBuuBast ycaoBus V-3HAYMMOCTH TPOU3BOIBHON dhopmyssl A s3bika CY
B Mogiesin (D, ) u ycioBust YW-3HAUUMOCTH B TO# 2Ke Mojesn ee (21-1epeBoja,
peIBAPUTETHLHO 0DOCHYEM CJIETYIONee MeTay TBepIKICHIeE:

Teopema 7. Jlas arb6ot dopmyasv A asvka CY u xasrcdot modeau (D, p)
sepro, wmo V(A, D, p), eem.e. W(21(A),D, ).

Joxazameavcmao. Ilpuvensiem BO3BpPATHYO HHIYKITUIO 110 KOJIMYECTBY IIPO-
[MO3UIIMOHAJIBHBIX CBA30K B cocrase (hopmynansl A sspika CY.

IIycte A — aromapuast popmyia, t.e. popmyna suga T X1 Xo...Xi. Ona
sBysiercst V-3HaduMoii, e.re. Y(X1) NY(X2) N ... NY(X;) # @. Boimenmmm B
criucke obuwx TepMuHoB X1, Xo,..., Xj mojoxkuresbuble (ycrb umu OyuayT S,
S9,..., Sp) u orpunarensusie (Pf, Py,..., P} ). Hanomanwm, uro ¥(S;) = ¢(S;)
At moboro nostoxuTesbroro Tepyuia S; n p(Pj) = D\ p(P;) ana moboro
OTPUIATETHHOTO TEPMUHA PJ’ . Q-ntepeBoioM dopmyiibl Y X1 Xs... Xy siBjIsteTcst
cujutorucrudeckasi popmysa —151.99...5,QP Ps...Py,. Ona W-3HauuMma, e.T.e.
HeBepHO, 4T0o W-3HaunMma dopmyiaa S1.52...5, QP Ps... Py, e.T.e. HEBEPHO, 9TO
@(51) Np(92) N ... Np(Sp) N (D \ (1)) N (D N\ @(F2)) N... N (D\ p(Fr)) =
@, ere. @(S1) Np(S2) N ... N(Sn) N (D \ p(F1)) N (D\ p(F2) N ... (D
©(Pp)) # @. OueBnpano, uro yceaosus V-zaaunmoctu Y X1 Xo... X u ycnosus
W-3naunmocru ee q-niepesojia B pon3BoJibHO Mojesn (D, ) SKBUBAJIEHTHBI
(B CHUTy KOMMYTATHBHOCTH OIIepAIu ).

B ciyuae, korma A — ciioxkHast hopmyIia, CIpaBejInBOCTh TEOPEMbI OCHO-
BBIBAETCST HA OJMHAKOBON MHTEPIPETAIINN MTPOMTO3UITNOHAILHBIX CBI30K B 00enx
JIOTHKAX, & TaKyKe Ha Olpee/IeHun mepeBoa {21. |
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Tenepnb HECTI0XKHO JI0KA3aTH CJEIYIONLYI0O METATEOPEMY:

Teopema 8. /Jlas awboti gopmyav, A asvra CY eepro, wmo A V-obwesna-
wuma, e.m.e. ee nepecod 1 (A) asasemesa YW-06ue3naiumoim.

Hoxazamenwvcmeso. 113 dopmynuposkn Teopemst [7] 10 3aKOHAM JIOTHKH e~
JINKATOB BBITEKAET: 71t Ji000it hopmyster A sisbika CY Bepno, uto V(A, D, )
B kaxxoit mozesn (D, ¢), e.re. W(Q1(A), D, ) B kaxkmoit mogenu (D, ¢). la-
Jiee MPOCTO WCIIOJb3yeM OIpeesieHust V-obe3naanmMoii u VVW-ob1e3sHaanMoi
dopmyir. ]

B [Mapxkusn, 2004| 6611 060CHOBaH TE3UC O CEMAHTHYIECKOI HEIIPOTHBOPEYN-
BOCTHU U IOJHOTE CUJIJIOrucTrYeckoro ncuncienns CPQ:

YrBepxkaenue 1. s mo6oit popmynsr B si3bika CPQ pepro, uro B 10Ka-
zyema B CPQ, e.1.e. B W-obmie3naunma.

[Mockombky 21-tiepeBonbl Beex dopmyi s3bika CY spisitores dopmyiaMu
sizbika, CPQ, B KadgecTBE HEIMOCPEJICTBEHHOI'O CJIEJCTBUSI U3 Y TBEPXKJIEHUST
TTOJTy IaeM:

YrBepxkaenue 2. s mgo60it popmynsl A sizbika CY BepHO, 9TO bopmya
01 (A) nokazyema B CPQ, e.r.e. Q(A) W-obmesnaaunma.

JokarkeM, HaKOHeIl, METATEOPEMY O CEMAaHTHYECKON HEIPOTHBOPEYUBOCTU
U TOJIHOTE MCHUCIeHus cyzk/aenuit cymecrsoanus CY:

Teopema 9. Jas 10601 dopmyave A asvixa CY eepro, wmo A doxasyema 6
CY, e.m.e. A asaaemca V-06wesnaumor.

Zloxazameavcmeo. Paccvorpum niponsBosbhyto dhopmyiny A saspika CY.
Dopmyia A nokasyema B CY, e.te. (10 Teopewme [5) dopmysa Q1(A4) no-
kazyema B C®Q, e.r.e. (cormacuo Yreepxkaenuo [2) dopmyna Q4 (A) W-obime-
sHaunma, e.r.e. (mo Teopewme [8)) dbopmyna A V-obmesnaunma. Takum o6pazom,
MHOKEeCTBO JoKa3yeMblx B ucaucjaeHun CY GopMmys1 1 MHOXKECTBO V-00Ie3Ha-
YUMBIX (DOPMYJI PABHBI. ]

6. Ilorpyxkenme CY B mcuucjieHue npeimKaToB

B [Mapxkun, 2004] 6bu1 ccopmymuposan nepesos © uz Mmuoxkectsa hopmyit
a3bika, cuytorucTuky CPQ@ B g3bIK KJIaCCHYECKOrO OJJHOMECTHOI'O MCYNCIICHUS
[IPEIUKATOB:

(5152...8,QP Ps...Py,)® = =32(S12ASox Ao . ASpz A= PLa A= Pox A... A= Py, 1),
(~0)F =~C%, (O D)* =%y DP.
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Bruta mokazana caemyiomast MeTaTeopeMa:
Vreepxkaenue 3. Ilepeson @ norpyzxaer C®Q B ucuucieHue UpejauKaTos.

Bajia 1M Tenephb nepesoi © B IePBOHOPSIKOBBI A3LIK /1151 (POPMYJI A3BIKa
JIOTUKU CyKJICHUIN CyIIeCTBOBAHUSI.

[TycTh © — mpon3BoIbHAS KOHETHAS TIOCTIEI0OBATEIHHOCTD OBIITIX TEPMUHOB.
IIycts S1, S9,..., Sp — pe3y/IbTaT BEIYEPKUBAHUS U3 U BCEX OTPUIATETbHBIX TEP-
MUHOB, a Py, Py,..., P! — pe3yabrar BHIYCDKUBAHUSA U3 U BCEX TIOJOKHUTEIBHBIX
TepMuHOB. Torma

(Tu)® = Jz(S12 A Sex A ... A Spx A =Pz A =Pox A ... AN =Ppx),
(-C)® =-C®, (CsyD)®=0C%vy D®.

ITokazkem, 4To jokazyemocTb dhopmystbl B cuctemMe CY paBHOCHIbHA JIOKa3ye-
MocTH ee ©-liepeBojia B MCUUCICHUN MTPEJINKATOR:

Teopema 10. Ilepecod © noepysicaem CY 6 ucuucaenue npedurxamos.

Loxaszameavcmeo. Ilockombky €21 norpyzkaer ucaucienne CY B CPQ (Teo-
pema ), a ¥ morpyxaer C®Q B ucuucienue npeaukaros (Yreepxkienue [3)),
moctobky CY morpy:kaercss B UCIUCIEHNE TPETNKATOB TTIOCPEICTBOM KOMIIO-
suu nepesosios 2 u ©. Ocraerca gokazarh, uTo Komuosunus 2 u @ pasHo-
CUJIbHA TIepeBoLy ©.

JlokazkeM, MHBIMU CJIOBAMU, ITO Jijist Jitoboit popmyster A siabika CY BepHO,
aro dopmyna A® = Q1 (A)? nokazyema B ucuncienun npegukaros. Vcnoubsy-
€M BO3BPATHYIO WMHJIYKITUIO IO YUCJIY TPOIO3UITMOHAIBHBIX CBI30K B A.

IIycte A — aromapnas opmyna siseika CY. Torma ona umeer Buzg Yu
(Tounoe ommcanme wu JaHO TpH 3ajanun nepesojgos 2 u ©). Q(Tu)® =
(ﬂSlsg...Sn@Plpg...Pm)@ = ﬁ(Slsg...Sn@Png...Pm)@ = ﬁﬂal‘(Slx A Sox A
e NSpz A =Prx A—=Pox A ... AN —Pp,x). Tlocinenusisi popmysia ecTh He 9TO MHOE,
kak ~—=Yu®. OueBnano, uro dopmynra YTu® = —=Tu® ngoxkasyema B mcunciie-
HUU TIPEIUKATOB.

[Mycts A — cnoxnast popmyra. OrpanndumMmest caydasMu, Korjaa A nveer
sug —C' u C A D. Tlo unaykrusHomy gomnymiernto dhopmyasl C€ = Q1 (C)® u
D® = Q1(D)® nokazyembl B ucumciennu npejukatos. Ho Torjga B HeM Takske
nokazyembl dopmyiisl ~C® = Q1 (C)® u (C® A D®) = Q1(C)® A Q1 (D)®.
Ucmonb3ys onpesiesieHnst TPeX MEPEBOIOB B 9TUX 3AMNCAX, TTOTyIaeM: (GOPMYIIbI
(~C)® = QW (-C)® u (C AD)® = Q1(C A D)® nokazyembl B ucuucjienun
MIPEeINKATOB. |
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7. 3akJrodyeHue

[IpeutokeHHas B 9TO# CTaThe JIOTUKA CYXKICHUI CYIIECTBOBAHUS MOXKET
OBITH UCIIOJIB30BAHA HE TOIHKO JJIsI COIOCTABJIEHUS C JIOCTATOYHO SK30THYECKO
CUJIJIOTUCTHUKOM ¢ HEOIPEIeJIeHHO-MECTHON KOHCTAHTOMN, HO U JIJIsl HCCJIEIOBAHUS
OOBIYHBIX CHJUIOIUCTUIECKUX TEOPHUl, SI3BIK KOTOPBIX COJEPXKUT CTaHIAPTHBIE
GuHapHbIe KOHCTaHTHI (HAIp., a, €, i, 0). K HacTosieMy BpeMEHHU IIOCTPOEHBI
MHOTHE CHUCTEeMBI HMO3UTHBHOW M HEraTUBHON cujaoructuk. C ceMaHTHIeCKO
TOYKU 3PEHUS OHU PABIUYAIOTCH YCJOBUSIMUA UCTUHHOCTU U JIOXKHOCTH (DOPM
aTpUOYTUBHBIX CYKJEHU, IPUYEM CAMH 9TU YCJIOBUsI OOBITHO (DOPMYJIHPYIOT-
st (Mt MOTYT OBITH SKBUBAJEHTHBIM 00pa30M epedOpMYINPOBAHBI) B T€PMU-
HaX CyKJeHUil cyiecTBoBanus. [[09TOMy BOSHMKAET BO3MOXKHOCTh PA3JIUIHBIM
00pa3oM OIIPEJIeJIsATh OMHAPHDBIE CUJJIOTHCTHYECKHE KOHCTAHTBI IOCPEJICTBOM
koHcTaHTHl Y. [Ipu 3TOM MBI ITOJTy"YaeM pasHble JdeUuHUUUAADHBLE PACUUUPEHUA
gorukn CY, a Kaxkjasi KOHKPETHas CHJUIOIUCTUKA MOXKET DPacCCMaTpPHUBATHCS
KaK CBOEro pojia (pparMeHT JIOTUKU CYKJEHUN CYIECTBOBAHUSI.

Cdopmymupyem onucanuyto ujer B bosiee Tounbix Tepmuaax. [lycrs Df —
CHCTEMa OIpeIe/IeHN CUJLTOTUCTHIeCKX KOHCTAHT B sidbike joruku CY. Tlox
CY + Df 6ynem nonumars gedununuanbaoe paciaimpenune CY mocpeacTBoM
cucrembl onpenenennit Df. Vcuucienne S, chopMyIupoBaHHOE B SI3BIKE CHUJI-
JIOTUCTUKH, HA30BEM cuAno2ucmuyeckum dpaemenmom CY nipu onpeiesieHUsIK
Df, e.r.e. juist 0601t hopmyiier A si3bika S BepHO: A jokasyema B S, e.T.e. A ji0-
kasyema B CY + Df.

[IpuBenem gBa npumMepa, KacaloluXcsd BCTYHUTEIHHON YACTH 3TOU CTATHU.
Cunnoructuaeckum dparmenrom CY mpu OpeHTAHOBCKHUX OIpPEE/IeHusIX «,
e, 1, O SIBJIIETCA U3BEeCTHas cucrema QyHmaMeHTaJbHON cuutoructuku CP.
A cunnoructuueckum pparmenrom CY 1npu KSPPOJUIOBCKUX ONPEIEICHUAX d,
e, © Oymer HeKoTOpas popMau3alys CuyIorucTuku KappoJuia.

Eime ommoit BarkHOI 3amadeil MPeICTABISIETCS ITOCTPOEHNE aHAJIUTHKO-
TabJINIHOTO BapUAHTA, JIOTUKU CYXKJEHUI CYyIeCTBOBaHUS. Takoro poja mpej-
CTaBJIEHHe STOHN JIOTHIECKOW TEOPUH MOXKET J1aTh 3(P(PEeKTUBHBIN METOJ, yCTa-
HOBJIEHU S 3aKOHOB U (DOPM MPABUJIBHBIX PACCYKIACHUI B CUIIJIOTUCTUKAX C AJTb-
TePHATUBHBIMU TPAKTOBKAMU aTPUOYTUBHBIX CY2KJICHUIA.
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B. 1. IITAJIAK

JIoruka B oHTOJIOTUN IIpomeccoB

Baagnmup MBanoBuu Illamak

WNucruryr dunocopun PAH.

Poccuitckaa @eneparus, 109240, r. Mocksa, yn. l'onuapnas, a. 12, crp. 1.
E-mail: shalack@gmail.com

Annoranus: lenpio paboThl sIBJISIETCS UCCJIEIOBAHUE SI3BIKOBBIX CPEJICTB, KOTOPbIE MOIYT
OBITH HCIIOIB30BAHBI [IJIsI IPOBEIECHUS PACCYKIEHUIN O MPOIECCYaJIbHON OHTOJIOIUH, KOTOPas
OTJIMYAETCsI OT CyOCTaHIIMATIBHON H0jIee CII0XKHOM CTPYKTYPO#l 9JIEMEHTAPHBIX «KUPIUIHKOBY,
Jexkanux B ee ocHoBe. CJleJICTBHEM 9TOTO SIBJISIETCs] HEOOXOAMMOCTD HCIIOJIB30BATD SI3BIKK C
60oJstee 6OraTBIMU BLIPA3UTEILHBIMI BO3MOYKHOCTSIMU, €M sI3BIK KJIACCHIECKOi jloruku. B pa-
60Te PACCMATPUBAIOTCS SI3bIKK C YHAPHBIME U OMHAPHBIME MOJaJbHOCTSIME. OT/IeIbHbIe IPO-
IIECCHI MOXKHO aHAJIM3UPOBATH C JBYX TOYEK 3PEHUs — CTATUKHU U JUHAMUKU. B nepBoM cirydae
HaC MHTEPECYIOT BBICKA3bIBAHNA, ICTUHHOCTH KOTOPBIX 3aBACHUT JIMIIL OT BHYTPEHHENH CTPYK-
Typhl Tekymiero mporecca. OTHOIIEHHE [[eIeHUsT IIPOIECCOB MO3BOJISIET OIPEIE/IUTh HA €ro
YaCTsAX TPAH3UTHUBHBIN, IJIOTHBIN JIMHEHHBIH OPSIIOK 6€3 EPBOro M IIOCJIEIHErO SJIEMEHTOB,
KOTOPBIIl MOXKHO IOHHMATh KaK JIOKAJIHHBIM BPEMEHHOH IMOPSIO0K JAHHOIO IpoIrecca. JTo,
B CBOIO o4epelb, II03BOJIAET T'OBOPUTH O HadaJle IPOILECCOB, UX IPOTEKAaHUU U OKOHYAHUU.
[TosiBiIsieTCs1 BO3MOXKHOCTD OIIPEJEINTD IIOHATHS COCTOSIHUASA IIPOIECCa U IIPOIlecca KaK COOBI-
Tust. Brintogenne B SI3bIK OMHAPHON MOJAJIBHOCTH TUIIA HEKOMMYTATUBHON KOHBIOHKIINU I103-
BOJISIET OIIPEJIEJIUTD AHAJIOT IPUIUHHO-IOA00HO YyCIOBHOM CBA3M MKy UaCTsIMU IIPOIECCA.
JnHaMUKa IIPOIECCOB IIOAPa3yMeBAET BO3MOXKHOCTDH HX IPOJOJIKEHUS 3a IIpeJiesIbl TeKyIlle-
rO IPOLECCa. DTO MOXKET IPOUCXOAUTD JIUOO0 Osraromgapst UMITUIIUTHBIM IPUYAHHBIM CBSI35IM,
KOTJ]a TEKYIINil IIPOIECC COLEPKUT B cebe NMPUYUHY CBOEro OYIyIIero IPOIOJIzKeHus, b0 B
pe3yabrare JefiCTBUN aKTUBHBIX ar€HTOB, KOTOPbIE caMu (DOPMUPYIOT 3TO Ipoorkenue. s
NpeACTaBICHNA JUHAMAKYI IIPOIIECCOB KaK CIECTBUAA JCHCTBUII aKTUBHBIX areHTOB HCIIOJIb30-
BaH yIPOIIEHHbIN BApUAHT A3bIKA JIMHAMMYECKOil Jloruku. Takrke IOoKa3aHO, KAaKIM 00pa3soM
MOXKHO YUIUTBHIBATDH LIEJIM, KOTOPBIE CTaBAT Iepes cO00i aKTUBHBIE areHTHI IIPU BBIIOJHEHUN
TeX WJIU WHBIX NefCTBUIi.

KuaroueBrblie ciioBa: mporiecc, OHTOIOTHS IIPOIIECCOB, JIOTUKA IPOIECCOB, CTATUKA ITPOIIECCOB,
JUHAMHIKA IIPOIIECCOB

Jas ypruposanust: [lasax B.H. Jloruka B onTOMOrMK poteccos // Jlormueckue ucciezno-
Bauus / Logical Investigations. 2021. T. 27. Ne 2. C. 48-65. DOI: 10.21146/2074-1472-2021-
27-2-48-65
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1. Bsenenue

Hesibto HacTOsIIeit pabOThI SIBJISIETCST UCCJIEIOBAHIE SI3BIKOBBIX CPEJICTB U
JIOTUKH, KOTOPbIE MOT'YT OBITH HCIIOJbL30BAHbBI JIJIsT PACCYZKIEHUI O MPOIECCy-
aJIbHOM OHTOJIOIUU.

B upepiymeit nybamkanun [[Ianax, 2020] 6601 1poBejieH CpaBHUTEIbHBII
JIOTUYIECKUI aHAJIN3 CYOCTAHITHAIBLHON U IIPoIeccyabHOi onTotoruii. [l s mpo-
[ECCYAJIBHON OHTOJIOTUU OBLIN BBIJEJEHBI €6 OCHOBHBIE COCTABJISIFOIINE CTPYK-
TYPBI U MPEJIOKEH PsiJ XapaKTEePUIYIOMNX UX IMOCTYIATOB.

[IpomeccyasibHyI0 ~ OHTOJIOTHIO  MOXKHO  HPEIACTABATDL  IETBEPKOIA
(W, U,D,<), tne W — jeificTBUTE/IbHBI MHUD, IIOHUMAEMbIii KaK eJu-
HBIN mporecc. [Ipeamersr B caMOM OOIIEM CMBIC/IE TIOHMMAIOTCS KaK <«ITYIKH»
COCTaBJISIONINX WX MojmponeccoB. B coorBercrBum ¢ stum U mpejcraBiisger
COBOKYITHOCTD mofmporieccos W. < — orHomenne 9acTuIHoro nopsiaka Ha U,
IOHIMaeMoe KaK OTHOIIeHue Ovimb nodnpoueccom, a W — ero HambOJIbIIIi
asteMenT. [Iporecchl XapakTepusyoTcst IPOTS>KEHHOCTHIO ¥ HAITPABJIEHHOCTBIO.
[TpoTsi?KEHHOCTDh TPEIIoIaraeT BO3MOXKHOCTD (MBICJEHHOIO) JIeJIEHHsT TIPOIEC-
COB HAa IIOCJIEIOBATEIbHBIE UACTH. DTO JIeJIEHHE IPEJICTABIEHO TPEXMECTHBIM
oruomtenuem D C U x U x U: Dpgr — uporiecc p MOXKHO Pa3/Ie/IUTh Ha
MPEJIIIECTBYIOILYIO U TOCIEYIOIIYI0 YaCTH — ¢ U T.

Panee 6b110 1M0Ka3aHO, YTO OTHOIIEHHE < €CTECTBEHHBIM 00pPa30M IMPUBO-
JAT K JIOTUKAM CHUJIIOTUCTUYECKOIO THUIIA. Telepb MbI JOJIXKHBI IPOIOIKATD
U HUCCJIEJIOBATH JIOTHIECKUE CTPYKTYPhI, CBsI3aHHBIE C IIPOTSI)KEHHOCTHIO U Ha-
[IPaBJIEHHOCTBIO ITPOIIECCOB.

ITo cpaBuenuio ¢ npeasayedi mybiukanueii [[{amxax, 2020] cemanTuaeckue
MOCTYJIATHI JIJTst OTHOIeHUsT I) yTOUHEHBI 1 UX cTajo MeHbie. HesHaunreibHbIe
U3MEHEHUs KOCHYJIUCH HOCTYJIaToB 2, 6 u 7. [yisi KPATKOCTU MBI UCIOJIL3YEM
B METasi3bIKE OYEBUJIHBIE MO CMBICY COKpaleHus ~, &, V, =, <, 3,V mia
COOTBETCTBYIONNX (PPa3 eCTECTBEHHOTO S3bIKA.

1.1. CemanTudyeckue MOCTYJIAThI JJid OTHOIeHus D

1. Vpdady Dpxy — Besikmit mporece p MOXKHO Pas3euTh Ha TPEIIeCTBYO-
Y0 & U HOCJIEAYIONIYIO Y JacTH, TaKKe SBJISIONINECS] ITPOIECCaMU.

2. Dpxy = ~3qDqyx — Jj1eByIO U PaBYIO YaCTU JEJEHUS [POIECCa HETb3s
[TOMEHSITH MECTAMH.

3. Dpxy & Dqry = p = ¢ — mUpoIrecc OJHO3HAYHO 3aJaeTCsl CBOUMU
JACTSMI.
4. Dpxy & Dpzy = x = 2z — IPOLECC OJHO3HAYHO 3aJaeTC CBOUMU

JaCTAMMU.
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5.

Dpxy & Dprz = y = z — mnporecc OJHO3ZHAYHO 3aJaeTCs CBOUMU
JACTSAMMU.

Jw(Dprxw & Dwyz) < Ju(Dpuz & Dury) — mocsie[oBaTeIbHOE JIC/ICHHE
Ipoliecca Ha YacTh accoruaTuBHo. CHadaia MBI MOKEM Pa3/Ie/IUTh IPO-
IIeCC p Ha JB€ YaCTU & U W, & MOTOM Pa3/e/UTh BTOPYIO YaCThb W €Ile Ha
JIBE — Y U 2, & MOXKHO CHAJAJIa PA3/eIUTh P Ha J[BE YaCTU U U Z, & II0TOM
Pa3e/UTh IIEPBYIO YacTh U HA X U Y. Pe3y/brar 0CTaHeTCs: HPEsKHUM.

Ip(Dpzy & Dpzu) < Jv(Dzzv & Dyvu) V Fv(Dzxzv & Duvy) V Ip(x =
z & y = u & Dpru) — Kak MOIYT COOTHOCUTBCS JiBA IIPOM3BOJILHBIX
JIeJIEHHsI OJTHOTO U TOTO Ke IIPOIECCa.

[TonaTue mporecca B TPOIECCYaTbHON OHTOJIOTUH SABJISIETCSI HCXOIHBIM U HE
peaynupyeMbIM HM K 4eMy JIPpyroMy, HO 9TO He O3HA4aeT, YTO MBI HE MOXKEM
MIOCTPOUTD JIJId IIOCTYJATOB CTaHJAAPTHYIO MOJEJb, €AUHCTBCHHOE Ha3HAUYCHUE

KOTOPO# — HOATBEPJAUTL UX HEIIPOTUBOPECUYNBOCTD.

IIycre W — MHOXKeCTBO BCEX PAIMOHAJIBHBIX 9HCEI.

Jutst JoBbIX JBYX TaKMX PAlMOHAJBbHBIX duces a u b, uro a < b, cy-
IECTBYET OTKpPBITHIT mHTepBan (a,b) = {c¢ : a < ¢ < b}. Ilycrp
U={(a,b):ae W&be W& a<btU{W}.

JIroboe umciio ¢ € (a,b) 3a1aer jeseHne TOro MHTEPBaIa Ha JBa JAPYIUX
OTKPLITBIX HHTEpBaIa (a,c¢) u (¢,b). D10 1 OymeT OTHOIIEHNEM JeTIeHUs
uporieccoB D = {< z,y,z >: JaFbIcla < ¢ < b & = = (a,b) & y =
(a,c¢) & z = (¢, b)]}.

OTHomenune 6vms noONPOUECCOM OTOKIECTBEM ¢ HECTPOIMM OTHOIIEHHU-
eM Britouennst <= {<z,y >z € U& ye€ U & = C y}.

JIerko MpoBepuUTh, YTO BCE HAIIU IOCTYJIATHI UCTUHHBI B 3TOH Mozenu. [Ipn
9TOM HEOOXOJIMMO €Ille pa3 MOIUYePKHYTh, YTO MPEII0KEeHHAs MOJIE/Ib He 03Ha-

qaeT

PEJYKITUU OHTOJIOTUU IIPOIECCOB K TEOPETUKO-MHOYKECTBEHHOM CyOcTaH-

[IMAJILHON OHTOJIOTUH, a8 BCETO JIUIIb CJIYXKHUT e MOKA3aTh, YTO IOCTYJIATHI
HEMPOTUBOPEYNBLI. MBI 3HaeM, UTO JIOTUKY IPEINKATOB HEJIb3s PEIYyIINPOBATH
K JIOTUKE BBICKA3bIBAHUI, HO OJTHUM M3 CIIOCOOOB TOKA3aTh €€ HEIIPOTUBOPEUN-
BOCTD SIBJISIETCS ITOCTPOEHUE TIePEBOJIa BCeX (POPMYJI SI3bIKA JIOTUKU IIPETIKa-
TOB B 93BIK JIOTUKU BBICKA3bIBAHUI IIyTEM CTUPAHUS KBAHTOPOB, WHIMBUIHBIX
KOHCTAHT ¥ IIepeMEeHHBIX. B pe3yJsibTare Bce aKCHOMbI JIOTUKHU [IPEJINKATOB IIpe-
BPAIIAIOTCs B TABTOJIOTMY JIOTUKM BhICKa3biBaHmit. Ha cemanTniecKoM ypoBHE

9TO PaBHOCUJIBHO TOMY, 9TO JId JOKa3aTeJIbCTBa HEIPOTUBOPEINBOCTU JIOTUKHN
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IIPEJUKATOB JOCTATOYHO IIPOBEPUTH UCTUHHOCTb €€ aKCUOM B OJHO3JIEMEHTHOH
Mozenu. Tak ke u B HareM ciaydae. [l onucanus u paccyKaeHuil o mporeccax
MbI BBIHY?K/IEHBI I10JIb30BATHCS TeM (PPArMEHTOM €CTECTBEHHOIO S3bIKa, KOTO-
pBIfl UMeeT TEeOPEeTHUKO-MHOXKECTBEHHYIO CEMAHTHUKY. DTOT sI3bIK O0si3aH IIOJI-
YUHATHCS TPEOOBAHWIO HEIIPOTUBOPEUUBOCTU. MBI BCErO JIMIIL MMOKA3aJIU, ITO
HPUHSITHE TIOCTYJIATOB Jijisi D He Hapymaer 3Toro TpeboBaHus.

1.2. OcHoBHbIE XapaKTEPUCTUKHU OTHOINeHus D

B nmaspHeiiieM HaM MOHAI00STCsT ONpPeIeIeHus] CJIe Ly IONNX OTHOIIEHUIA:

Def.1 Lpx < gy JyDpry, rie x aBisercs JIeBoii 4acTbio (HaYaJI0M) IPo-
necca p.

Def.2 Rpx < 4.5 FyDpyx, rie x sBiisieTcs IpaBoii 9acThio (KOHIIOM) IIPO-
mecca p.

Def.3 Spx < qer Jy(Rpy & Lyx), ryie T aBiIgeTca BHY TPEHHAM CEIMEHTOM
porecca p.

Def.4 Ppx < 4o LpxV SpxV Rpx, tie x aBjisgerca cOOCTBEHHOM HacTbIO
poriecca p.

OcHOBHBIE XapaKTEPUCTUKU JIOTUKHU IIPOIIECCOB OIPEJIE/ISAIOTCS CBONCTBaAMU
orHoIeHus: D 1 IPOM3BOAHBIX OT HEIO, KOTOPBIE MBI TOJIHKO YTO OIPEIEJIHIIN.

YrBepxkaenue 1. Ornomenns D, L, R u P 061amaor cieayomuMI CBOi-
CTBAMMU:

1. Dpzy=p#ax&p#y&xz#y.

2. ~Lxx — uppedIeKCUBHOCTb.

3. Lry & Lyz = Lxz — TpaH3UTUBHOCTb.

4. Lry = 3z(Lxz & Lzy) — nI0THOCTS.

5. Lpx & Lpy = Lxy V Lyx V x =y — JIUHEHHOCTD.
6. VrdyLry — HeTr mnocjenHero 3/ieMeHTa.

7. ~Rxx — uppedIeKCUBHOCTb.

8. Rry & Ryz = Rxz — TPaH3UTHUBHOCTD.

9. Rry = 32(Rxz & Rzy) — IUIOTHOCTD.
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10. Rpx & Rpy = Rxy V Ryr V x =y — JAUHEHHOCTD.
11. VxdyRzy — HeT 1oCJIe/IHEro SJIEMEHTA.

12. Lpx =~Rpxr — muszbionkTHocTh L u R.

13. ~Pxx — upped/iIeKCUBHOCTD.

14. VxdyPry — HeT 1OCJIeIHEro 3JIeMEeHTA.

15. Pxy & Pyz = Prz — TPaH3UTHUBHOCTD.

16. Pry = 3z(Prz & Pzy) — mIOTHOCTS.

ITockosnbKy B HacTosiIeil pabore Hac Oy/JyT B OCHOBHOM HMHTEPECOBATH T€
XapaKTEePUCTUKH JIOTUKH IIPOIECCOB, KOTOPBIE CBA3aHbBI C MX MPOTAKEHHOCTHIO
¥ HAIPABJIEHHOCTBIO, B ompeesennn mogesu M = (U, D, I) mbl onycTuM yiio-
MHUHAHUE OTHOIIEHUS Obimb MoONpoueccom W HambOJIbIIero sjaementa W s
HEro, OCTABUB JIUIIIhL MHOXKECTBO BceX mporieccoB U, OTHOIIIEHUE JIeJIeHus IPOo-
meccoB D u nobasus dyukimio nnrepnperanun I : Prop — 2Y, comocrasstio-
YO KaXKJI0i ITPOITO3UIIMOHAJIBHON TIepeMEeHHONH MHOYKECTBO IIPOIECCOB, HA KO-
TOpBIX OHa ucTuHHA. OIpeie/leHnsT OOBITHBIX CBSI30K OCTABUM CTAHIAPTHBIMHU.

2. CraTtuka IpoieccosB

OOBIYHO JIJTsT BBIPAXKEHUST TPOTSKEHHOCTH MTPOTIECCOB MBI TIPUOEraeM K MC-
[TOJIb30BAHUIO BPEMEHHBIX MAPKEPOB 06110 wiin bydem. B oHTOJIOrME TIPOIIECCOB
BpeMsI MOKa ITO HUKAK He (PUTypUPYeT, HO, KAK CJIEJCTBUE HAIIETO TOHMMAHUS
[IPOTSI?)KEHHOCTH, YCJOBHO JIEBbIE U IIPABbIE YACTH MOT'YT OBITH ACCOIMUPOBAHBI
C HAYAAOM T KOHYOM TIPOTIECCa OTHOCUTENBHO TAHHOTO JEJICHUsI. ITO U MOCTY-
JKUT Hallleldl OTIIPABHOM TOYKOI.

2.1. TIlIpomeccnbl u BpeMs

Pacmmpum s13bIK Jorukn BbICKasbiBaHuil onepatopamu (L), (R) u ompene-
JIAM TIOHATHE (POPMYJIBL CJIELYIOIMIIM 00Pa30M:

Def.5 A:= Prop | -A| (AAB)|(L)A| (R) A.
Mopuenbio 6yiem HasbiBaTh Tpoiiky M = (U, D, I).
Def.6 M, v A — dopmyna A ucrunna Ha mporiecce x Momenau M:

e MzEq& x€l(q), q€ Prop;
e MxF-Ae M x# A,
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e MxFAANBS M,zE A& M,z FE B,
e MzE(L)A< Jy(Lry & M,y E A,
e MxF (R)A< Jy(Rry & M,y E A).

Def.7TE A &gy YVMVz(M,z E A) — dbopmyna A obesnadnma.

B manbmeitmem, ecimm momens M dukcupoBaHa, MbI OyIEM OIIYCKATh ee
ynomunaune. Cmbica dopmys Buga (L) A u (R) A nocrarouno ouesujien. Pop-
mysa (L) A ucruHHa Ha mporecce z, e. U T.e. A UCTUHHA HA HEKOTOPOM €ro
nadase. Anasornano st (R) A. Yenoust ucrnanocru dopmya (L) A u (R) A
ONPEJIEIIOTCSA AHAJOTMYHO YCIOBUSAM HCTHHHOCTH (DOPMYJI C OTIEPATOPAMH BO3-
MOYKHOCTH B MOJAJIbHOM Jjtoruke, eciim Lzy n Rxy nonumarh Kak OTHOIIEHUSI
JIOCTHZKUMOCTHU Ha BO3MOXKHBIX MUPaX. DTO TO3BOJISIET 10 AHAJOIHU € MOJIA/b-
HOI1 JIOPMKOIi OIIPeJIe/IUTE JiyaJjibHble oneparopsl [L] u [R] Tuna neobxoauMocTu:

Def.8 [L]| A < gep — (L) ~A.
Def.9 [R] A <gef — (R) —A.
VM GyjyT COOTBETCTBOBATD CJIELYIONIHE YCJAOBUST HCTUHHOCTH:
e tF[L|A & Vy(Lay = ykF A);
o zF [R|A < Vy(Rxy =y F A).
InmeeT MeCTO ClIeyiolee yTBepK IeHue.
YrBepxKaenue 2.
1. A= F[L) A
2. F[L](AD B) D ([L]AD[L] B).
3. F[L]A=—(L)-A.
4. E[L]A D [L][L] A — TPaH3UTHBHOCTD.
5. F[L][L] A D [L] A — nnorHoCTS.
6. F ((LYAAN(L)B) D (LY(AANB)V(LY(AN(LYB)V(L)({LYANB) —

JUHENHOCTD.
7. E(L) (AV —A) — GeCKOHETHOCTD.
8. F A= F[R]A.
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9. £ [R] (A> B) > ([R]A D[R] B).

10. £ [R] A= —(R)-A.

11. £ [R] A > [R][R] A — tpamsurusiocts.
12. F [R][R] A D [R] A — mnormocrs.

13. £ ((RYANA (R)B) D (RY(AAB)V (R) (AA (R)B)V (R) ((R) AA B) —

JINHEAHOCTD.
14. F (R) (AV = A) — 6ECKOHETHOCTb.
15. E (L) (R) A= (R) (L) A — o6paTuMOCTBb.
16. ¥ (L) A= (R) A.

Mpbr1 BugMm, uro oneparopst (L) u (R) MO3BOJISIIOT BHIPA3UTH CBONCTBA TPaH-
3UTUBHOCTH, IIJIOTHOCTH, JIMTHEHHOCTH U OECKOHEYHOCTHU, UTO, B CBOIO OYepe.ib,
[IO3BOJISIET HAM ACCOIMUPOBATH UX C BPEMEHHBIM TOPSJIKOM OTIEIBHBIX IIPO-
[IECCOB. DTO HAXOJUTCSA B TOJHOM COOTBETCTBHUM C TE€M, UTO OBLIO CKA3AHO B
[[Iamax, 2020]. O6rmesnadnmocts (GopMysbl 15 rOBOPUT O CHMMETPUYIHOCTH
JIEBOTO ¥ MPABOIO HAIPABJIEHUN, ITO COOTBETCTBYET OOPATUMOCTU BPEMEHU B
3akoHax pU3NIECKUX HAYK. B TO Ke BpeMs HeobIe3HaYnMocTb hopmMyabl 16
TOBOPHUT, 9TO JIEBBIE YACTH MPOIECCOB OTJIMUHBI OT MIPABBIX, IIPOIILIOE OTJIUIHO

ot Oyytmero.
2.2. CocrogHus u cobbITUs

Ilepeno MHOII Ha CTOJIE JIEXKUT OTKPBITad KHHUTa. e cocmosanue — ObITDH
OTKPBITOH. 4 MOry mepeucThIBATDL €6 CTPAHUIIbI, HO OHa IIPOJIOJIXKAET HAXO-
JATHCA B 9TOM COCTOSIHHM. 3aTeM s 3aKPbLIBAI0 KHUT'Y. 3aKPbIBAHUE KHUI'U —
cobvimue, KOTOPOe XapaKTePU3yeTcsl TEM, UTO HACTYIIAET OHO JIUIIh IIOCJIE TOTO,
KaK KHUTa CTAHOBHUTCSI 3aKPBHITON. MHOroe B M3MEHSIIONIEMCST MIPE MOXKHO OITH-
caTh B TEPMUHAX CMEHBI COCTOSIHUI 1 cobbiTuil. Cocmostue — XapaKTePUCTHKA,
TOrO, ITO CTAOUJILHO B IIPOIECCE, COOBIMUE — XaPAKTEPUCTUKA, ITPOUCXOIATINX
B IIponecce U3MeHEeHUN. STI/I IIOHATNA HE a6CO.HIOTHbI. KHI/IF& Yy MeHd Ha CTOoJIe
COXPAaHSIET COCTOSIHNE OBITh OTKPBITOM, HO B TO K€ BPeMsI OHO COCTOUT U3 Psjia
IPOMEYXKYTOUYHBIX COOBITHI MEPEUCTHIBAHUS cTpaHuil. Vjiest pasjimdeHust 3TuX
HOHATHH B3siTa U3 pabor 110 mianupoanuio Jeiicreuil [Allen, 1984] u [Allen,
Ferguson, 1994].

Beeziem B sI3bIK elmie JBa orepaTopa, KOTopble 0003HAYNM HOCPEeICTBOM (P)
u [P]. OHE TO3BOJISAT JleJIaTh yTBEPXKJIEHUsI HE TOJIBKO O HAvajaxX MM KOHIAX
IIPOIECCOB, HO U O JIIOOBIX BHYTPEHHUX (pparMeHnTax:
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Def.10 (P) A <qep (L)A vV (R)(L)A V (R) A.
Def.]] [P]A@def —|<P> —A.

Nm 6yayT cOOTBETCTBOBATD YCJIOBUS UCTHHHOCTH:

o zF (P)A < Jy(Pry & yF A);
e 1 F[P|A<Vy(Pry = ykEA).

VYrBepxkaenune 3. Qopmynnr Buga (P) A u [P] A obnagaioT cieayomummn
CBOMCTBaAMU:

1. EA= E[P]A.

2. F[P](AD B) D ([P]A D [P]B).

3. [P]A> [P][P] A — TpamsuruBHOCTS.
4. F [P][P)A > [P] A — wnornocts.

5. E(P)(AV —A) — 6eCKOHEYHOCTD.

Tenepb MBI TOTOBBI OIIPEJIEJIUTD MOHSATHS COCTOSHUS IPOIECca M COOLITHSI.
B kauecTBe cokpalleHuil BBejieM B sI3bIK oliepaTopsl S (state) u E (event).

[Tponecc xapakrepusyercst cocmoanuem A, e.r.e. A UCTUHHO Kak Ha BCeM
nporecce, Tak U Ha BCEX ero COOCTBEHHBIX aCTsX:

Def.12 SA def AN [P] A.

[Ipornecc npencrasisier cobvmue A, e.T.e. A HICTUHHO Ha BCeM IIPoIiecce, HO
JIOXKHO Ha BCEX €ro COOCTBEHHBIX YaCTsIX:

Def 183 FA def AN [P] -A.

YT006bI MPOMJLTIOCTPUPOBATH 3TU MOHATHUS Ha PeaJbHOM IIpUMepe, IPeICcTa-
BUM IIapyCHOE CYJHO, KOTOPOE€ IIbIBET IIPOTUB BETpa, IEPUOJUUECKU MEHSS
rajicel. Kaxkast cMeHa 1ajicoB siBiisieTcst cobvimuem. OHO TPOTEKAET BO BpeMe-
HU, HO HACTYIIAET JIUIIb I0CJIE TOr0, KAK IOBOPOT C IIepedpachIBAHUEM T1aPyCOB
Ha JIpDYT'YIO CTOPOHY 3aBepIiieH. B mpoMexKyTKaxX Me¥K/1y CMeHAMU T'aJICOB CYTHO
HAXOUTCS B COCMOAHUY, TBUKEHUST B BBIODAHHOM HAIIPABICHUN. JTOT IPOIECC
OIIMCBIBAETCS MTOCJIEIOBATEIBHOCTBIO COOBITUI U COCTOSIHUN B TOM CMBICJIE, KaK
MbI WX OIPEIEAIN.
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2.3. DBunapnble MOJAJIBHOCTU

OmnTosI0TMsA TMPOIECCOB W OTHOIIEHME JejieHnst I ecTecTBEHHBIM 00pa3oM
HPUBOAAT K HEOOXOJMMOCTHU WCIIOJIL30BAHUS OWHAPHBIX MOIAJIBHOCTEH, II0-
CKOJIBKY YHapHbIE€ MOJIaJIbHBIE OIIEPATOPBI HE MO3BOJIAIOT BHIPA3UTh MHOTUX WH-
TEPECHBIX JIOTUYECKUX XapPAKTEPUCTUK IIporieccoB. JlobaBuM K SI3BIKY JIOTUKU
BBICKa3bIBaHUIl OMHAPHBIN ollepaTop G U ONpee MM IOHATHE (POPMYJIBL Clle-
JYIOIIUM 00pa30oM:

Def.14 A:= Prop| -A| (AAB)| (A® B).
B kadecrse yciaoBus HCTUHHOCTH Jyist bopmyst Bujga A & B npuMeM ciie-
Jyrolee:

e tFA® B4 Jydz(Dryz & yE A & zE B).

Mo>KHO ITPOBECTH aHAJIOTHIO MEXKJIY OIEPATOPOM & U OIIEPATOPOM BPEMEH-
Hoit oruku Bpurra «And_next» |Wright, 1965; Bpurt, 1986|. ¥ Bpurra cmbica
dbopmyier (A And _next B) 3akiiodaercss B TOM, 9TO B MOJIEJN JUCKPETHOTO
BPEMEHU B HEKOTOPBI MOMEHT MMeeT MeCTO A, a B CJEIYIONMUA MOMEHT UMEET
mecto B. B noruke npomneccos dbopmyiia (A@ B) o3Hadaer, 4T0 IPH HEKOTOPOM
JIeJIEHUN TTPOIlecca Ha JBe YacTH Ha JIeBOH nMeeT MecTo A, a Ha mpaBoit — B, HO
3TO HE TO K€ caMoe, YTO B mmMeeT MecTO B CJeayIomuii MOMEHT BpeMenu. Ha-
[IpUMep, B MOJEH JUCKPETHOTO BPEMEHH TPYJIHO HPEJJIOKUTH €CTECTBEHHYIO
CEMAHTUKY JIJIsl TIPeJJIoKeHust « 5 npuwen domoti u omdwzaros. B mporeccyaib-
HOI1 JIOTHKE 5TO BBIPAYKAETCsI HEIIOCPEICTBEHHBIM 00pas3oM (« 4 npuwes domois
@ «H omovizars).

Orneparop & objaaeT YepTaMu HEKOMMYTATHBHON KOHBIOHKIIUH U II03BO-
JISIET BBECTH B 3bIK AHAJIOT UMILTUKAIUU — It 0D03HAYEHUS YCIOBHOW CBSI3H
MeXKAY MPpeAmeCTBYIOMUMU U ITOC/IEAYIOINUMN 9aCTAMUA IIPOIIECCOB.

Def 15 A — B g5 (A ® —B).

Yei1oBust UCTUHHOCTH 1t popMyJ1 Thlla, A — B UMEIOT Cjieay ol BUI:
e tFA— B&eVyVz(Dryz & yEF A = zF B).

O BBIpa3UTEBHBIX BO3MOYKHOCTSIX SI3bIKA C OMHAPHBIM OIIEpATOPOM @ TO-
BOPHUT yzK€ TO, 9TO B HEM MOXKHO JIETKO OIIPEJIeJIUTh PACCMOTPEHHBIE paHee
YHapHBIE OllepaTOPHI:

Def16 (L) A <gep AD (AV -A).
Def. 17 <R> A “def (A V —\A) P A.
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CBsi3Ka «€CAU. .., MO...» €CTECTBEHHOIO $I3bIKA YaCTO YIOTPEOJISeTcs B
OBPEMEHEHHOM CMBICJIE [Ist 0003HAYEHNsI, HAIIPUMeD, IPUIUHHON cBsa3u. OObI4-
Hasl MaTepHasbHas IMIUIHKAIHAS JJIs1 9TOT0 He mojaxoaut. Oneparop — obiasa-
eT XapaKTePHCTUKAME YCJIOBHOI CBSI3H, KOTOPYIO MOXKHO IOHUMATL KaK IIPH-
YUHHYIO CB$I3b, KOIJA IPHIMHA OTJIMYHA OT ACHCTBUS U OJHOCTHIO €My LIPEJi-
mtecrByer. IIprMepoM Takoil IPUYNHHON CBSI3U SIBJISIETCSI, HALPUMED, CTOJIKHO-
BeHue OHLINAPHBIX [IAPOB.

Jloruka c omeparopaMu @ n — POACTBEHHA MHTEPBAIbHOI BPEMEHHOM JIO-
ruke CDT |Venema, 1991|, HO B jeTa/IsIX U CEMAHTHKE OTIMYIACTCH.

YrBepxkaenue 4. Qopmyinnl Buga A @ B u A — B 06/1a0a10T CJIenyIOnUuMI
CBOUICTBaAMM:

1. E(AV-A)@ (AV-A).

2. FAe(Be(C)=(AeB)aC.

3. FA— A

4. FA=FB— A

5 FA=F-A— B.

6. FA—> (BANC)eEF(A—-B)ANA—=QO).
7.FA—-B=F(ANC)— B.

8 FA—-C)N(B—=C)=FE(AVB)—=C.
9.9 FA—->B=FA— (BV(O).

10. EA, EA— B= E[R]B.

11. E(A—= B)AN(L)AD (R) B.

12. FA—-(L)B,EB—-C=FA— (R)C.

O0611e3Ha9UMOCTD (DOPMYJIBI 1 COOTBETCTBYET CEMaHTUIECKOMY HOCTyIaTy 1
751 oTHOTeHus D m TOBOPHUT O TOM, 9TO JTIODO MPOIECC MOYKET OBIThH Pa3 ie/IeH
HA JIBE YaCTH.

Dopmyna 2 TOBOPUT 00 ACCOMMATHBHOCTH OTHOIIEHUST JTEJICHUST TPOTIECCOB
U COOTBETCTBYeT mocTysary 6 jst orHotreHust D.

HeobmesnaunMocTs 3aKOHA TOXKIECTBA 3 CJIEIYeT U3 TOCTYIaTa 2 JJIsT OT-
Hotmennst D 1 He3aBUCUMOCTH TTPUMMCHIBAHNS HCTUHHOCTHBIX 3HAYEHUI TTPOITO-
SUIIOHAJIBHBIM II€PEMEHHBIM Ha YacCTAX ITPOIECCOB.
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Qopmynbl 4 U 5 ABILIOTCH aHAJOTAMU [1APAJIOKCOB MATEPUAILHON MMILIU-
KaIUM, HO HE JJIs UCTUHHOCTHU, & JJIsi OOIE3HAIUMOCTH (DOPMYJIhl A.

Qopmynbl 6-9 He HYXKJIAIOTCSI B KOMMEHTAPHUSIX.

Qopmyabl 10 mpejcTaBiIsioT aHaJor modus ponens Jjs ODIIEe3HAINMOCTHU:
ecsu obmesHauuMbl A u A — B, To B KOHIIe KayKJI0TO IIpoltecca O6yaeT NCTHH-
o B.

Popmysia 11 saBasercs cuabHbIM BapuanToMm 10, 60j1ee 1eTaJbHO IPeICTaB-
Jisisi BHYTPEHHIOIO CTPYKTYPY modus ponens. YTobbl TPUMEHUTH €ro, hopMyJia
A noskHa OBITH UCTUHHA B HAaUYaJje TEKYIIEro MpOoIecca, W TOIJia B KOHIIE MPo-
necca Oymer ncrunna gopmysia B.

Qopmynbl 12 1pecTaBISIOT TPAH3UTUBHOCTD YCJIOBHOM CBA3U — HA IIPO-
Ieccax.

3. JuHamMumKa OpoIieccoB

B upeapiaymux maparpadax Mbl paccMOTPeId (POPMYJbI ¢ MOJAJTbHBIMU
olepaTopaMu, UCTUHHOCTh KOTOPBIX 3aBUCUT JIMIb OT UCTUHHOCTH HA TaCTSIX
JIAHHOTO ITPOIIECCa, HO He 3aBUCUT OT BOZMOYKHOTO TTOCJIE Y IONIETO €70 PA3BUTHUSI.
DTO0 pa3BUTHE MOXKET OBITH 0DOYCJIOBJIEHO JTHOO IPUIMHHBIMU CBS3SME, KOTOPhIE
€CTeCTBEHHBIM 00pa30M HPHUBOJAT K MPOJIOJIKEHUIO TEKYIINX IPOIECCOB, JIMOO
JIEHCTBUSIMUA aKTHUBHBIX areHTOB, KOTOPBIE CAaMU BLIOMPAIOT, KaK JAJIbIIe OyIeT
pa3BUBaTHCsI JAHHBIN ITPOIECC.

3.1. IIpomoJskeHune mpoiEeccoB

JlobaBuM K s3BIKY ¢ OMHAPHBIMU MOJAJIBHBIMU OIIEPATOPAMU B U — HOBBIN
VHapHBII oniepaTop <:

Def.18 A:= Prop | -A| (AANB)| (A& B) | (A— B) | CA.

Chenyromum 00pa30M OIPEIEUM yCJIOBAS UCTUHHOCTUH (OPMYJI BHIA

OA:
e x FOCA < Ipy(Dpxy & y E A).

Cwmbica dopmyit Buga OA oueBugen. OA HCTUHHA Ha TEKYIIEM IIPOIECCE,
e.T.e. 9TOT IIPOIECC MMEET IIPOJIOJIKEHNEe, Ha KOTOPOM HCTHHHA (opMmyiaa A.
DTO OllpeiesIeHre 3aMevaTe/IbHO TEM, ITO OHO 33/1aeT HAIPABJIEHHOCTDH PA3BU-
THSI TPOIECCOB, W TOTOMY JOIIYCTUMO InUTATh (hopmyel Bujga OA Kak «dasee
6ydem A». Ureparmio oneparopa <& MOXKHO IOHIMATh IIPOCTO Kak 6ydem.

JlobaBuM K sI3bIKY HOBBI oreparop [0 B KadecTBe jyasia s <:

Def.19 DA & gep ~O-A.

e zF OA & VpVy(Dpzy = y F A).
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YT1BepkaeHue 5. VIMeoT MecTo Ciieayiomnme yTBep K IeHHUS:
1. F A= F DA
2. FO(A D> B) D> (DA DOB).
3. FOA D QA
4 FA—-B=FADOB.

WNctunnocts hopMysibl 4 TOBOPUT O TOM, ITO €CJIM OOITE3HATMMA YCIOBHAS
cBs13b A — B u Ha KaKOM-TO IIPOIECCe UCTUHHO A, TO Ha KaxKIOM €ro IpoioJi-
keHuu Oyger uctuHHO B. OmHAaKO HEOOMIE3HAUUMOCTH (DOPMYJIBI 3 TOBODUT,
gro u3 OB elne He cjeayeT, 9YTO MPOIEce AefCTBUTEILHO OyIeT UMETh IIPOI0JI-
sxerne. OOpa3HO TOBOPSI, OHTOJIOTHS IIPOIECCOB JIOMYCKAET UX OKOHUAHMUE.

3.2. IlopoxKaeHune NpoHeccoB

B npenpiaymem maparpade Mbl pacCMOTPENH CUTYALMIO IIPOLOJIZKEHHST IIPO-
[IECCOB B OOINIEM BHUJIe HE3aBUCHMO OT TOI'O, UeM 3TO IPOJIOJI?KEHUE BBI3BAHO.
Teneps ke pacCMOTPUM CJIyUaii, KOrja IPOoIoJzKeHIe TEKYIIETO [IPOIEcca MMe-
€T MECTO B CWJIy JefCTBUII aKTHUBHOIO aredTa. IlycTb OH (pUKCUPOBAH U C HUM
acCOIUUPOBaH HAOOD 3JIeMeHTapHbIX JeiicTBuit Act, KOTOpbIE OH CIIOCODEH CO-
BEPIIUTD.

Pacmpocrpannm yukiuio uarepuperarnuu I Ha s1emenTapubie aeiicteus I:
Act U Prop — 2V. Kaxnomy geiicrmio d € Act sra DyHKIUS COMOCTABIISIET
MHOKeCTBO 1porieccoB I(d), KoTopble OHO MOXKeT OPOJIUTh.

[TonsiTre hOPMYJILI OIPEIEIIM CJIELYIONIM 00Pa3OM:

Def.20 A:=Prop| -A| (AAB) | (A®B) | (A— B) | CA| <d>A,
rie d € Act.

B kagectBe ycioBuit nctuHHOCTH 711 POPMYIT Buja <d>A TpUMeM Cie-
Aylolue:

o 1 F<d>A< IpIy(Dpry & y € I(d) & y E A).

OmnpenenuM JayasbHbL omepaTop [d] u mpuBeseM i HEro COOTBETCTBYIO-
e YCJIOBUS UCTUHHOCTH:

Def.21 [d] A Sg4ef ~ <d> —A.

o zF[d A VpVy(Dpry & ye Id) = yFA).



60 B.U. Illanax

YT1BepkaeHue 6. VmeoT MecTo ciieayiomnme yTBepK IeHUS:
1. FA= F[d] A
2. E[d(AD B)D([dADI[d]B).
3. E[dADCA.

Ob6111e3Ha9UMOCTD (POPMYJIBI 3 TOBOPUT O TOM, UTO TOPOXKJIEHNE HOBBIX IIPO-
[IECCOB B PE3Y/IbTATE JIEUCTBUI AKTUBHBIX Ar€HTOB SBJISETCS YaCTHBIM CIIY9aeM
OOIIEro MpPOJIOJIYKEHUS [TPOIIECCOB.

3.3. HeJ’[enOJ’IaI‘aHI/Ie AKTHUBHbBIX areHToB

Ecnu mocMoTpeTsh Ha TPOUCXOAIINE B OKPYKAIONIEM HAC MUPe N3MEHEHNs],
UX MOXKHO Pa3JejnTh Ha ABa Buja. K mepBOMYy BUIY OTHOCATCHA W3MEHEHUSI,
oInmchbIBaeMble 3akoHaMu HayK. OHM ObLIN SKCIUIUIIUPOBAHBI B HOMOJIOTTIECKON
mozenu obbsacuenuss K. T'emmens. Ko BTopoMy BuUIy OTHOCATCS W3MEHEHUSI,
WHANUUPYEMbIE aKTUBHBIMU 11€JIeCO0DPA3HO JIEHCTBYIONIMMEI arenTaMu. Takue
U3MEHEHUsI MOU'YT OLITh HA3BAHBI AJTOPUTMUYECKUMH, MOCKOJBKY IMOJIYYaioT
00bsICHEHNE B TEPMUHAX CJIEJIOBAHUS IIPEJIINCAHUSM [JIsi JIOCTUXKEHUS TPedy-
eMoro pesyJbraTa. [IpuMepoM mepBoro Bujia m3MeHEHU MOXKET OLITH TaJeHue
KaMHsI C KPBIIIH, BTOPOr0 — OPOCOK KaMHsi, 9TOOBI IOMACTb B Iejb. B 1ep-
BOM CJIydae NaJieHre KaMHs OMUCHLIBAETCH 3aKOHAMU MEXAaHUKHU, BO BTOPOM —
11€J16CO00PA3HBIM JIHICTBUEM UEJIOBEKA.

[ITupoko pacrpocTpaneHo MHEHHE, YTO HeDOPMAJIbHOE OHATHE aJrOPUTMA
OBLI0 cTpOTO yTOUHEHO B paborax A. Yépua u A. Triopunra, uro Tesuc Yépua—
Trropunra sBJsIeTCS yTBEPK/IEHUEM O TOM, YTO JIIOOOW aJrOPUTM MOXKET OBITH
[IPEJICTABJIEH B TEPMUHAX aOCTPAKTHOIO BBIYUC/IMTEIBLHOTO ycTpoiicTBa Thio-
puHTa. ITO HE COBCEM BEPHO. THIOPUHT MPEJIOKII MATEeMATHIeCKu dhopMa-
JIU3M JIJIsi OITUCAHUST BO3SMOXKHBIX CUMBOJIbHBIX MPE0OpPa30BaHUil, KOTOPBIE CIIO-
cobeH ITPOU3BECTHU Y€/IOBEK-BBIUUCINTE b, HO HE OIUCAHUE ODIIEro MOHSITHS aJi-
ropuTMa. JeI0BeK-BBIUUCIUTEb OIIEPUPYET C CUMBOJIAMU, a He ¢ (PU3UIECKUMU
obbekTaMu. S3HAKOHOCUTEIM BCErO JIUIB PEIPE3EHTUPYIOT TO, UTO UEJIOBEK XO-
JeT BUMETh 33 HUMU, & BBIUUCJIEHHE Ha MallnHe TBIOPUHTa — 3TO IEPEXOH, OT
OJIHOI CHMBOJIBHOI pelpe3eHTalliy, Ha3blBaeMOl HavYaJIbHON, K APYIroi, Ha3bl-
BaeMOll KOHeJHOU. B 3aBHCHMOCTH OT NPHHSTHIX COTJIAINEHUN ONHA W Ta Ke
KOMOWHAaIMS OYKB UCIOJIb3YEMOTO ajihaBUTa MOXKET O3HAYATH PA3HbIE 00bEK-
Te1. Hampumep, tpu egunnyku 111 10 BX KOJIMYECTBY MOI'YT IPEJCTABIATD
YUCJIO TPHU, B JIBOMYHOI CHCTEME 3aIllUCU OHU OY/yT HMPEJCTABISATD YK€ UUCTIO0
CeMb, a B JECATUIHON — UUCIO0 CTO OAMHHAANATH. COOTBETCTBEHHO, B 3aBU-
CUMOCTH OT UPHUHSTHIX COTJIAIIIEHUN OJHA U Ta YKe MaluHa TbiopuHra OyJer
BBIYUC/ISITH Pa3Hble (DYHKIUN.
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C apyroit cTOpOHBI, MAITUHA T HIOPUHTA, OMMMCHLIBAETCS B SI3BIKE ¢ KOHETHBIM
aJIpaBUTOM CHUMBOJIOB, BHYTPEHHHUX COCTOSHUU u jneitcTBuii. C UX HOMOIIBIO
dOpMYIUPYIOTCS KOHETHbIE HADOPBI MIPABUJI, YIIPABJIAIOININX PAOOTON MAIITHHEI.
DTO MO3BOJISIET MIyTEM T€JIe/IM3AINI 3aKOMPOBATH BCE BOZMOYKHBIE MAITUHBI U
JAJIbIIIE UCCJIEIOBATh UX XAPAKTEPUCTUKM B TepMuHax [€/1e/IeBbIX HOMEPOB,
KOTOPBIE OJTHO3HAYHO HPEJCTABJIAIOT HE TOJBKO CUHTAKCHUC, HO U CEMAHTHKY
marmuubl Teoputra. Pesynbrar paboTbl Mammuabl ThIOpUHTa OJHO3HAYMHO JIe-
TEPMUHUPOBAH ee HOMepOM (IPOrpaMMoii) U BXOAHBIMU JaHHbIMA. VIMeHHO 910
U UCIIOJIb3YETC JJIsl JOKA3aTeIbCTBA OCHOBHBIX TEOPEM TEOPUM BBIUUCIUMOCTH.

Besikoe neficTBue, BoIoHIeMoe abCTpaKTHON ManuHol ThiopuHra, 3aBep-
[IAETCS yCIeNTHoO. ¥ Hee He MOT'YT 3aKOHIUThCA UY€PHUIA JJIsI IeYaTh, U HUKTO
HE MOXKET BJIPYI' BBIKJIOYUTH €e WJIM CJIOMaTh. Pe3ysbrar jiroboro jeficTBust
COBIIAJAET C IEJIbI0, A KOTOPOil OHO coBepinaercd. Eciu marmuba 1oJKHA
HAIlle9aTaTh CUMBOJI Ha pabodell JIEHTe, TO OHA €ro MeYATAET, U PE3YJIbTAT BbI-
MIOJTHEHUS BCE MIPOrpaMMBbl OYIET OJHUM U TE€M K€ IPU KaXKJIOM €€ 3aIlyCKe.

Tenepb IIOCMOTPUM Ha AJTOPUTMUYECKUE SIBJICHHS B IPUPOJE, KOTOPBIE
BHEITHUM 0Opa30M MbI MOXKEM OIHCATH KaK CJeJOBAHIE HADOPY IIPEIINCAHII
JUIST TOCTUZKEeHUsT TpebyeMoro pesyibrara. JI06oi Takoit Habop Hmpemucannii
MOXKHO TiepehopMyInpoBaTh B Bujie Habopa npasui «Eeau C, cdenat d». Jler-
KO I0Ka3aTh, KaK C HMOMOINBIO TAKUX MPABHUJ 3aJIa€TCs OUEPETHOCTD BBINOJI-
HEHUsd JeHCTBUI, UX IOBTOPEHUE, BHIOOD BAPUAHTOB, HAYAJO U 3aBEPIICHUE
anroputMma. VIMEHHO ¢ HMOMOIIBIO TAKMX YCJIOBHBIX IPABUI (DOPMYIUPYIOTCS
IpOrpaMMBbl /s MamiHbl ThiopuHra. Eciu Mbl 3aX0THM ONHCATH (PU3NIECKH
peasim3yemMble aJrOPUTMBI TAKHM K€ 00pa30M, TO OOHAPYZKHM, ITO B IIPABUIAX
He XBaTaeT yKa3aHUs Ha IIEJIM, PaJi KOTOPBIX OHM COBEPLIAIOTCS, U IOTOMY
rOBOPUTH 00 YCIIEITHOCTH BBLINOJHEHUs TPABUJIA HENb3s 0e3 yuera JOCTHKe-
Hus nesn. Bostee mpaBuIbLHBIM ObLIO ObI IPEACTAB/IATH IPABIIIA, OIUCHIBAIOIIIE
busmueckuii anropurm, Kak «Ecau C, cdenati d, wmobv. G», rne G (goal) —
HEKOTOPOE COOBITHE HJIU HMPOIECC, ABJIAIONINEC NEIbI0 BBITOTHEHHS JTAHHOTO
npasuia. Hanpumep, «Ecau mow 20a0den (C), notidu 6 mazasun (d), wmobo
kynumov npodyxkmus (G )». Tlokynka npoiyKToB — 310 (DU3MIECKUil Pe3yJIbTAT,
a He CUMBOJIbHAsSI PEIIPe3eHTAllls B BUJIe KACCOBOIO YeKa. B 3ToM 3ak/odaercs
IJIABHOE OTJIMYHME CHMMBOJILHBIX aJrOPUTMOB OT dusmieckux. «FEcau 6 xomma-
me memno (C), nasremu na khonky svikaouamens (d), wmobv 3asrceyws samny
(G)». Topsiasi jaMna — 3TO KOHKDETHBIH busndeckuii mporece, a He CHAM-
BOJIbHASI pelpe3enTanus. Fcam 60JuT rojosa, Mbl BbIIBaeM Tab/1eTKy 06e360-
JIMBAIOMIETO, YTOOBI 3AIlyCTUTD CHIEIUAIbHbIE (PU3NKO-XUMHUYECKHUE TIPOIECCH B
opranusme. KpecTbsine namryT 3eM/Ii0 1 6pocaioT B Hee 3epHa, YTOObI 3aIlyCTUTh
IPOIECC CO3PEBAHUS YPOKAsL.
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AJtropuTMUYecKUe MPOIECChl B IIPUPOJIE BBITOHSIIOTCSI B OKPYKEHUN HeaJl-
POPUTMHUYECKUX IIPOIeccoB. HeoxknmaHHbBIM TOPBIB BETpa MOXKET ITOMEIIATH I10-
acTh KaMHEM B I1eJIb, XJ1e0a B Mara3mHe MOXKeT He 0Ka3aThCsl, JEKTPOIPOBO/I-
Ka B KBapTHUPE MOXKET OKa3aThCdA IOBPEXK/IEHA, KAIPU3bl OOl MOTYT 3ary-
OuTh Bech ypoxKkail. Boimmoinenne oqHUX U TeX Ke [AefiCTBUI BUepa U CeroHs He
rapaHTHPyeT IOJIYUYeHHsI TOTO Ke pe3y/brara. B 3ToM 3aKJII09aeTcs eIne OIHO
OTJINYKE IIPUPOJHBLIX AJCOPUTMOB OT CUMBOJILHBIX. OHU BCEr/a BBIIOJIHSIOT-
cs B HOBOM (PU3UIECKOM KOHTEKCTE, & TEOpPUs XaoCa YUHUT, ITO HMHOTIA JIaKe
MaJiefiiime n3MeHeHUsT B YCJIOBUSX MOT'YT IMPUBOJINUTH K HEIPEeICKa3yeMbIM I10-
ciaencrBusaM. [losTomy, BeIOSTHUB JeiicTBrue d, Mbl HEe MOYXKEM OBbITh YBEPEHHI,
yro HacTynur G.

YT0o6bI UMETH BO3MOXKHOCTH OIMUCHIBATEL IEI€CO00Opa3HBIe JEMCTBUS areH-
TOB, BO3bMEM SI3BIK C TPEXMECTHBLIM OIIEpaTOPOM < ;;> WM OIPEIEIUM IOHSITHE
dOPMYJIBI CAETYIONUM 00Pa3OM:

Def.22 A:=Prop | -A| (AANB) | (A®B) | (A— B) | CA| <d>A|
<C;d;G>A.

B katwecTBe yciioBUSI MCTHHHOCTH TIPUMEM, ITO Ha MPOIECCE X MOCIe BbI-
nosnenus neiicrsus < C; d; G > ucrunna dopmysa A, e. u T.e. Ha IpoIIEC-
ce x ucTUHHB ycaosust C' TPUMEHEHUs JAHHOTO TPABUIA, B PE3yJbTaTe
JieficTBHsA d CyIIECTBYET MPOJOJIZKEHNE Y MTPOIECCa T, U HA STOM IIPOI0JI-
JKeHUU Y UCTUHHO A:

e F<C;d;G>A < IpFy(Dpaxy & cEC & ye I(d) & yE A).
O6braHBIM 00Pa30M MBI MOYKEM BBECTU B S3BIK U JIyaJI:
Def.23 [C;d; Gl A S gep ~ < Cid; G>—A.

e xF[C;d;G]|A = VpVy(Dpry & c EC & y € I(d) = ykE A).

ITepsoe, uTo OpocaeTcs B rya3a, — B YCJIOBHUSX UCTUHHOCTH (POPMYJI BUIA
<C;d;G> A ne dpurypupyet 1eib (G BBITIOJTHEHUsT 9TOTO TTpaswmia. Ho 9Toro B
obieM ciiyvdae u He JOJKHO ObITh. Bbimosinenue Jirob60Tro mmpaBmiia BCErja Mpu-
BOJINT K KAKOMY-TO PE3YJILTATY, U 9TO OTPAYKEHO B OTMPEICTICHUN, & JTOCTUKEHIE
WA HEJOCTHKEHUE TIeJTU — 9TO OIEHKA YCIEITHOCTH UJIN HEYCIEITHOCTH €0 BbI-
nosinenns. UTobbl TOBOPUTH 00 9TOM B sI3BIKE, JOCTATOYHO BBECTU CJIELYIOIIEE
COKpaIIleHIE:

Def.24 1< Cid; G>A &4 <C;d; G> (AL G).

[TospoOHBIN aHAIN3 TTOCTPOEHHON JIOTMKY IJIAHUPYETCS CAEIaTh B MOC/Ie-
JIYIOIIUX ITyOIUKAIUSIX, MOCBSINEHHBIX TeMe MOCTPOCHUS TeOpUU (PU3MIECKUX
(HPUPOJIHBIX) AJITOPUTMUUECKHUX [POIECCOB.
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4. 3akJjrouyeHue

Kitaccuieckasi JIormka BBICKA3bIBAHUI, KOTOPYIO MOXKHO pPacCMaTPUBATD
KaK JIOPUKY CyOCTaHIMAJbHON OHTOJIONHMU, IIPOCTa W €IUHCTBEHHA, C TOYHO-
CTBIO 70 JeUHUNNAILHON SKBUBAJEHTHOCTH APYrux (hopmMyaupoBok. Mcexom-
HbIe 0OOBEKTHI IIPOIECCYAJILHON OHTOIOTHH 00JIaJaI0T BHYTPEHHENH CTPYKTYPOI,
CBSI3aHHOH C UX IPOTA2KEHHOCTHIO 1 HAITPABJICHHOCTBIO. LITO6BI NMETH BO3MOZK-
HOCTb PacCyzKIaTh O IIPOIEeccaxX, TPeOyIOTCs SI3bIKHU ¢ Dojiee 6OraThbIMU BhIPA3U-
TEeJIbHBIMI BO3MOXKHOCTAMM II0 CDABHEHHUIO C A3bIKaMU KJIACCUYIECKOMN JIOTUKMU.
OTH SI3BIKU HESIBHO IIPEJIIOJIAraloT IMOHATHE BPEMEHM, KaK IIPOM3BOIHOIO OT
HPOTSI?>KEHHOCTH U HAIIPABJIEHHOCTH IIPOIECCOB.

OdeBuHOE AejeHne IPOIECCOB Ha JIBa BUIA — Kay3aJbHO-INHAMUIIECKHE
U areHTHO-3aBUCUMbIE — TPEOYeT ydeTa CyIeCTBOBAHUS aKTUBHBIX JIEHCTBYIO-
[IUX AreHTOB, YTO IPUBOAUT K HEOOXOAMMOCTH IIOCTPOEHHS BAPUAHTOB JIOI'HK
neiicrBusi. BaxkHoil TeMoil B pa3BUTHUM JIOTHMKH IIPOIECCYaAJbHON OHTOJIOTMH sIB-
JISIETCST TeMa [OCTPOEeHNs TeoprU (PU3MIECKUX (IPUPOJHBIX ) aJIrOPUTMUIECKAX
mporeccoB. B Hacrosiiee BpeMsi 0OHa B OCHOBHOM pa3pabaThbIBaeTcsl KaK BCIIO-
MoraTejibHasl B paMKaxX paboT 10 MMOCTPOEHUI0 POOOTU3NPOBAHHBIX YCTPOCTB
u 1mnaHupoBanuio geiicreuii B MIN. Ilpusiiedenne K JaHHONW TeMe BHUMAHUSI
JIOTHKOB-(pMJIOCOOB MOXKET IIO3BOJIUTh B3IVISHYTH Ha Hee ¢ GoJiee o0IIeil TOU-
KU 3PEHUs.

JIureparypa

Bpurt, 1986 — Bpuem I'X. ¢gon. Bpemsi, usmenenme u mporuBopedne. JIoruko-
durocodckue uccaenoBanus. 136p. tp. M.: IIporpece, 1986. C. 513-538.

Mamax, 2020 — lasax B.M. CpaBHUTEIHHBIN aHAJIN3 POIECCYATHLHON U CyOCTAHIT-
asbHOi onrTosoruii // Jlorudyeckue nccaenosanust / Logical Investigations. 2020.
T. 26. Ne 2. C. 58-86. DOI: 10.21146,/2074-1472-2020-26-2-58-86.

Allen, 1984 — Allen J.F. Towards a General Theory of Action and Time // Artificial
Intelligence. 1984. Vol. 23. P. 123-154.

Allen, Ferguson, 1994 — Allen J.F., Ferguson G. Actions and Events in Interval
Temporal Logic // Journal of Logic and Computation. 1994. Vol. 4. Is. 5. P. 531—
579. DOT: 10.1093 /logcom /4.5.531.

Venema, 1991 — Venema Y. A Modal Logic for Chopping Intervals // Journal of Logic
and Computation. 1991. Vol. 1. Is. 4. P. 453-476. DOI: 10.1093/logcom /1.4.453.

Wright, 1965 — Wright G.H. von. And next // Acta philosophica Fennica. 1965. Ne 18.
P. 293-304.



VLADIMIR I. SHALACK

Logic in the process ontology

Vladimir I. Shalack

Institute of Philosophy of Russian Academy of Sciences,
12/1 Goncharnaya St., Moscow, 109240, Russian Federation.
E-mail: shalack@gmail.com

Abstract: The aim of the work is to study the language tools that can be used to conduct
arguments about the processual ontology, which differs from the substantial more complex
structure of the elementary “bricks” that underlie it. As a result, it becomes necessary to use
languages that have richer expressive capabilities than the language of classical logic. In this
paper, we consider languages with unary and binary modalities. Individual processes can be
analyzed from two points of view-statics and dynamics. In the first case, we are interested
in statements whose truth depends only on the internal structure of the current process.
The relation of division of the processes allows us to determine on its parts a transitive dense
linear order without the first and last elements, which can be understood as the local time
order of this process. This allows us to talk about the beginning of processes, their flow
and end. It becomes possible to define the concepts of process state and process as events.
The inclusion of a binary modality such as a noncommutative conjunction in the language
allows us to define an analog of a causal-like conditional relationship between parts of the
process. The dynamics of processes implies the possibility of their continuation beyond the
current process. This can happen either due to implicit causal relationships, when the current
process contains the cause for its future continuation, or as a result of the actions of active
agents who themselves construct this continuation. To represent the dynamics of processes
as a consequence of the actions of active agents, we use a simplified version of the dynamic
logic language. Also it’s shown how you can take into account the goals that active agents
set for themselves when performing certain actions.

Keywords: process, process ontology, process logic, process statics, process dynamics

For citation: Shalack V.I. “Logika v ontologii protsessov” [Logic in the process ontology],
Logicheskie Issledovaniya / Logical Investigations, 2021, Vol. 27, No. 2, pp. 48-65. DOI:
10.21146/2074-1472-2021-27-2-48-65 (In Russian)

References

Allen, 1984 — Allen, J.F. “Towards a General Theory of Action and Time”, Artificial
Intelligence, 1984, Vol. 23, pp. 123-154.

Allen, Ferguson, 1994 — Allen, J.F., Ferguson, G. “Actions and Events in Interval
Temporal Logic”, Journal of Logic and Computation, 1994, Vol. 4, Is. 5, pp. 531—
579. DOI: 10.1093/logcom/4.5.531.


mailto:shalack@gmail.com
http://dx.doi.org/10.21146/2074-1472-2021-27-2-48-65
http://dx.doi.org/10.21146/2074-1472-2021-27-2-48-65

Logic in the process ontology 65

Shalack, 2020 — Shalack, V.I. “Sravnitel'nyi logicheskii analiz substantsial’'noi i prot-
sessual’noi ontologii” [Comparative logical analysis of substantive and proces-
sual ontologies|, Logical Investigations, 2020, Vol. 26, No. 2, pp. 58-86. DOI:
10.21146/2074-1472-2020-26-2-58-86. (In Russian)

Venema, 1991 — Venema, Y. “A Modal Logic for Chopping Intervals”, Journal of Logic
and Computation, 1991, Vol. 1, Is. 4, pp. 453-476. DOI: 10.1093/logcom /1.4.453.

Wright, 1965 — von Wright, G.H. “And next”, Acta philosophica Fennica, 1965, No. 18,
pp- 293-304.

Wright, 1986 — von Wright, G.H. “Vremya, izmenenie i protivorechie” [Time, change,

and contradiction|, in Logiko-filosofskie issledovaniya [Philosophical papers|. Mo-
scow: Progress, 1986, pp. 513-538. (In Russian)



Jloruyeckue uccie0BaHus Logical Investigations
2021. T. 27. Ne 2. C. 66-92 2021, Vol. 27, No. 2, pp. 66-92
YIK 16+519.716.3 DOI: 10.21146/2074-1472-2021-27-2-66-92

Hexaaccuueckasn no2uxa
Non-classical Logic

JL.LFO. JIEBATKUH

O BBIPA3UTEJIbHBIX BO3MO2KHOCTAX MAKCUMAJIbHO
MapaHemPOTUBOPEYNBHIX M MAKCUMAJILHO
MapaIroJHbIX YeTbhbIpex3HadHbIX pacrmpenuii FDE

Jleonnn FOpbeBu4 [deBaTKuH

Uucruryr dunocopun PAH.

Poccuiickaa @eneparus, 109240, r. Mocksa, yn. ['onuapnas, a. 12, crp. 1.
E-mail: deviatkin@iph.ras.ru

Awnnoranusi: CTaTbs MOCBAIIEHA 3aMKHYTBIM KJIacCaM (DYHKIINI 9eThIPEX3HATHON JIOTUKH,
KOTOPBIE MOT'YT OBITH ITIOPOZK/IEHBI CHCTEMAMHU JIEMEHTAPHBIX OIEPAINil XaPAKTEPUCTHIECKIX
MAaTPHUIIL JJTsl TAKUX A3BIKOBBIX paciupenunit joruku FDE, koTopble sBISAIOTCST OHOBPEMEHHO
MaKCHAMAaJIbHO TapaHEIIPOTUBOPEYNBBIMUA U MaKCUMAJIBHO ITaPAIIOIHBIMH.

Mpbl HaumHaeM C TPeICTaBICHUsS HEOOXOMMMBIX W JOCTATOYHBIX YCJIOBHM, KOTOPBIM JOJIZK-
HBbI OTBEYATDh YeThbIpex3HadyHble s3bIKOBble paciupenus FDE, 4ro0bl ObITH MaKCHMAJIBLHO
[IapaHENIPOTUBOPEYNBBIMUA U MAaKCUMAaJIbHO IIapaIloIHbIMU. B 060uX cily4yasx KpUTEPHH MaK-
CHMAJIBHOCTH CBSI3aHBI C HAJIMIHNEM B MaTPUIE PACCMATPUBAEMOIO PACIIUPEHUST OIIEPATOPOB
OIIPEIETIEHHOTO POa, N3-3a KOTOPBIX ITO PACIINPEHNE HE ABJISETCS MOAJIOTUKOM TPEX3HATHOTO
A3BIKOBOrO paciupenus jgoruku Acenbo—IIpucra LP — B ciydae nmapaHenpoTHBOpPEdInBOCTH
u jjoruku Kimnu Kg — B ciiyvae mapamoyiHOTHL.

Hautee, onmpasich Ha TeopeMy baiikepa—Ilukciu, Mbl qaem onmcanue TaKOTO MHOXKECTBA U3
5 omrOMecTHBIX 1 20 ABYXMECTHBIX MPEINKATOB, 9TO JIFOOOH 3aMKHYTBIN KytacC PyHKIHIA, 0~
POXK/IEHHBII CUCTEMOI 3JIeMEHTAPHBIX Ollepalliii YeTbIPEeX3HAYHO XapaKTepUCTUIECKOI MaT-
puisl sizbikoporo pacimupenuss FDE, ects Kiace (hyHKIMIA, COXPAHSIONINX OJHO U3 MOAMHO-
2KECTB JTAHHOTO MHOXKECTBA. DTO JIaeT MPOCTON AJITOPUTM CPABHEHUST BBIPA3UTEIBHBIX BO3-
MOKHOCTEH JIIOOBIX MTPOU3BOJIBHO B3SATBIX YeThIPEX3HAYHBIX sI3bIKOBBIX paciiupenuit FDE.

Kpowme Toro, mpuaHuMast BO BHUMAaHHUE, YTO B IPUBEIECHHOE MHOXKECTBO MTPEIMKATOB BKJIIOYa-
IOTCSl BCE IIPEJIMKATHI, OIIMCHIBAIOIINE IIPEIIOJHbIE KJIACCHl (DYHKIMI YeThIPEX3HAYHON JIOTH-
KU, KOTOPbIE COXPAHAIOTCS OleparusiMu xapakrepuctunieckoir matpuiibl FDE, Mbr npuBogum
KpuTepun OYHKITHOHATBHON OJTHOTHI U IPENIOIHOTHI JJIsT MHOXKECTBA BCEX OIepaIuii I00ii
YeTBhIPEX3HAYHON MATPUIBI, XapaKkTepusylolieil s13pikoBoe pacmupenne FDE.

Hakonern, ncmonb3yss KpUTEPUN MAaKCUMAJbLHONW MApAaHEIPOTUBOPEUYUBOCTH U IIAPAIIOIHOTHI,
a TaKXKe CIIMCOK IpenukaToB Juid pacmmupenuit FDE, npencrasiennsle B craTbe, MBI UJIEH-
Tudunupyem sce 14 MHOXKECTB IIPEIUKATOB, OIMUCHIBAIOIINX 3aMKHYTHIE KJIACChI, KOTOPBIE CO-
OTBETCTBYIOT YeTBhIPEX3HAYHBIM XapPaKTEPUCTUUECKUM MaTPUIlaM MaKCHMAaJIbHO HapaHelpo-
THUBOPEYUBBIX U MAaKCHMaJIbHO IapamnoHbix pacmupernii FDE.

© Hessarkun JL.EO.
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BBenenue

Hacrostiast pabora 3arparuBaer e cdepbl COBPEMEHHBIX HMCCJIEIOBAHMIA
B 00JIACTH HEKJIACCUYECKUX JIOTWK. [lepBasi 3 HUX — 5TO M3yUeHHUE BBIPA3U-
TeJIbHBIX BO3MOXKHOCTEN SI3IKOB Pa3JIMIHBIX MHOTO3HAYHBIX JIOTHK. Bropas —
apaHePOTUBOPEYNBLIE W IIAPAIIOJIHbIE JIOTUKU, B YACTHOCTHU, MPOOJIEMa II0-
MCKa KPUTEPUEB MAKCUMAJLHOCTHU JIjIs TapaHEIPOTUBOPEINBOCTH U ITaPAIIOJI-
HOTBHI. B oCHOBe MeTosoioruu paboThI JIEXKUT PACCMOTPEHUE BBIPA3UTE/HBHBIX
BOBMOXKHOCTE JIOTMIECKUX MATPHUIL C TOYKHU 3PEHUST 3aMKHY ThIX KJIaCCOB (DyHK-
Ui, TOPOXKIAEMBIX UX CHCTEMAMH 3JIEMEHTAPHBIX OIEpaIlUi.

Yxke B KoHIle 40-X TO/I0B TIPOIJIOTO CTOJIETUS UCCIET0BATEIIMI MHOTO3HAY-
HBIX JIOTUK CTABUJIMCH BOIIPOCHI O BHIPA3UTEBHBIX BO3MOXKHOCTSIX UX SI3BIKOB —
OHHU KAaCaJINCh KaK KPUTEPUEB ONMPEIEJINMOCTH TeX WM WHBIX OIEpAaIuil B OT-
JIEJIBHO B3SITOU MATPWUIIE, TAK U MTOJI0OHBIX KPUTEPUEB JJIsI ONPEJIETUMOCTH Olle-
panuii onHo#t MaTpuibl B apyroii [Los, 1949, Ch. III]. Ocobennyio akTyaabHOCTh
9TH BOIPOCHI IPHOOPETAIOT, KOraa pedb uiaeT o Marpuile st jgoruku FDE,
upeoxkennoit H./I. Beananom B [Belnap, 1977|. Dra akTyajabHOCTH IPOJIUK-
TOBAHA TEM, UTO IMOMYJIAPHBIM IIOJAXOJO0OM K IOCTPOEHHMIO YETBhIPEX3HAUHBIX JIO-
UK siBjisiercst nonojiHerre marpuibl FDE HoBbiMu onepariusivu. O630pbl MHO-
TOYNCJIEHHBIX JIOTUK, MOJIYYEHHBIX TAKUM 00pa3oM, MOKHO Haiitu B |[Omori,
Wansing, 2017| u [Petrukhin, Shangin, 2019|. Ananu3sy u kiraccuduxanum pac-
mupennit FDE ¢ Touknu 3penust BhIpasuTeIbHBIX BO3SMOXKHOCTEN X sI3BIKOB CITe-
[MaIbHO HOCBsiIeHbl padorsl |Arieli, Avron, 1998; Avron, 1999; (Omori, Sano,
2015; Karpenko, 2017; [Pfenosil, 2021]. Hama pa6ora siexkut B pyciie JAHHBIX
UCCJIeJOBaHU, JIOTOJIHsIsI y»Ke U3BeCTHbIEe pe3y/ibrarhl. [lpum srom B okyce
BHUMaHUs Haxomarcs pacimpenns FDE, mpunamgiexarme K 9uciy mapaHe-
[IPOTHUBOPEYUBLIX U ITAPAIIOJIHBIX JIOTHK.

[TapanenpoTrnBOpedIUBBIE JIOTUKNA — 3TO JIOTUKU, B KOTOPBIX ITPOTUBOPEUHSI
HE BeJyT K TPUBHUAJBHOCTU; MAPAIOJHBIE JIOTUKA — ITO JIOTUKH, B KOTOPBIX
HeKoTOpas (bOPMyJIa 1 ee OTPHIAHIE MOTYT ObITh OJHOBPEMEHHO JIOKHbI!. Bo-
[IPOCHI TTAPAHEIPOTUBOPEUNBOCTH, CBst3aHHbIe ¢ pacmupenusimu FDE, 3arpa-
ruatorcs B |[Omori, Sano, 2014] u [Arieli, Avron, 2017].

'Bosee crporue opMasbHbIE OMpPEIeIeH s OYIyT JaHbl HIKE.
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Baxmyro posib B HCCAEIOBAHUSX TAPAHEITPOTHBOPEYUBBLIX JIOTUK WUIPAET
[OHSITHE MaKCHUMAJIbLHOCTH. B OCHOBE 3TOr0 IMOHSITHS JIEXKAT HedOpPMaJIbHbIN
npuanun, upuHagmexammii H. Jla Kocra: momesnast mapaHenpoTHBOPEUNBas
JIOTUK& JIOJI?KHA, COAEPKATh HAMOOIbIINIA (DparMeHT KJIaCCUIeCKOH JIOTUKU, He
BJIeKyIuii orepu napanenporusopeunsoctu [Da Costa, 1974]. Kak ykasbia-
10T aBrophl |Arieli et al., 2011|, npunasiTas B IUTEpaType MHTEPIPETAIUS ITOTO
MPHUHIIUIIA COCTOUT B TOM, 4TO J00aBJIeHHE JIFOOOro (hparMeHTa KIaCCHIeCKOi
JIOTUKW, KOTOPBI y»Ke He CONEP:KHUTCS B PACCMATPUBAEMON ITapaHeIpOTUBO-
PEUUBOIl JIOTHKE, IMPEBPAIAeT 3Ty JIOTUKY B KJIACCHUIECKyr. Ecu jioruka o6-
JIaJlaeT 3TUM CBOMCTBOM, €€ HAa3bIBAIOT MAKCHMAJbHO IapaHelpOTHBOPEINBOM
OTHOCHUTEIBHO KJIACCUIECKOil jjoruku. Kpome Toro, B mporuTupOBaHHON cTaThe
aBTOPBI IIPEJIAraloT cJeayromiee 0000IeHne: JOTUKa ABISIETCT MAaKCHMAJIBLHO
[IapaHEIPOTUBOPEUNBON 6 AOCOAOMHOM CMbBICAE, €CIIA OHA, IIapaHEIIPOTUBOPE-
uMBa, OJHAKO HU OJHA ee HaJJIOTUKa He SBJIsIeTCs TaKoBoil. B Harmeit pabo-
Te PACCMaTPUBAETCS MAKCUMAaJIbHASA IIPOTUBOPEIUBOCTD UMEHHO B aDCOJIFOTHOM
CMBICJIE. AH&JIOFI/ILIHBH\/[ o6pa30M OoIIpeaessdeTCsd IMIOHATHe MaKCHUMaJbHOMI ITapa-
ITOJTHOTHI.

Yucao BO3MOXKHBIX deThIpex3Hadnbix paciiupenniit FDE 6eckonedno, mo-
CKOJIbBKY OECKOHEUHO JHCJIO aJirebpandecKux (byHKIHI Ha YeThIPEXIJIEMEHTHOM
MHOKecTBe. B TO 2Ke BpeMsi, pacIIupenns, pa3ImIaionimecss HabopaMu JIeMeH-
TapHBIX OIEPalfii, MOI'YT IIPH 3TOM COBIAJIaTh II0 BBIPA3UTEILHBIM BO3MOXK-
HocrsiM. Hampumep, B [Omori, Sano, 2015| memoHcTpupyeTcs: «BbIpa3uTeIb-
Hasl» 9KBUBAJEHTHOCTD JJIsl 9YeThIPEX PACIIMPEHUl C IOMapHO PA3IMIHBIMUA Ha-
Oopamu 3jieMeHTapHBIX oreparuii. [losTomMy mpm mccIe0BaHUN BBIPA3UTEIb-
HBIX BO3MOYKHOCTEH sI3BIKOB MHOI'O3HAYHBIX JIOTHK HUMEET CMBIC]I PacCMaTpU-
BaTh HE HADOPHI UX IJIEMEHTAPHBIX ONEPAITUi, a 3aMKHYTbIE KJIACChl (PYHKITHI,
COOTBETCTBYIOIIIE MHOXKECTBAM BCEX OIEPAIINii, OIPeAeTUMbIX B PACCMATPUBA~
eMbIx Jiorukax. IIpumepsl Takoro mojxona MoxHo Haiitu B [Adams, Dziobiak,
1994; |Prenosil, 2021; Tomova, 2021|. B mepBoii pabore HaiijeHbl 3aMKHYTbIE
KJacchl PYHKIUI, COOTBETCTBYOINIHE BceM pacimupenusiM Kg, cuibHOM JJoruKn
Kotuan?. J1j1st ONMCAHNS 9THX KIACCOB MCIONB3YeTCsI IPEIHKATHBIN TTOIX0J, TO
€CTb KaXKJIBIIl KJIACC OIPEJIEISIeTC KaK KJIacC BeeX (DYHKIUI, COXPaHSIIOIIIX
HEKOe MHOXKECTBO IIPeINKaTOB. Bo BTOpPOil paboTe OnmcaHbl 3aMKHYTBIE KJIAC-
CbI, COOTBETCTBYIOIIHE OTHeAbHBIM pacmmpenusM FDE, omHako 3Tu KJacchbl
OIIPEJIeJISIOTCST Ha OCHOBE MX HOPOXKJIAIOIINX CUCTEM, a He MPeInKaToB. B Tpe-
Thell paboTe paccMaTPUBAIOTCS 3aMKHYTBIE KJIACCHI, IIOPOXKAECHHBIE HEKOTOPbI-
MH YE€TBIPEXSHAYHBIMHU ITapaHCIIPOTUBOPEYMUBBIMU U ITapallOJTHBIMU JIOTUKaMM.
W30keHHbIe HIXKE PE3Y/ILTATHI COYETAIOT IePThI 3TUX PAOOT: MBI JAEM OIUCA-

20rmernM, uro soruka Ks ceaszana ¢ FDE cylecTBeHHBIM JUIsi HACTOSIIEH paGoThl 06-
pas3om. MBI BEpHEMCsI K 3TOM CBSI3U MO3KeE.
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HUS 3aMKHYTBIX KJIACCOB (DYHKITU J1j1s1 TAPAHEIPOTHBOPEYNBBIX U ITAPAIIOTHBIX
JeThIpex3HadHbix pacimupennit FDE onpenesnennoro tuma, TpuMeHss TP/ IN-
KATHBII ITOAXO/I.

JlasibHeliIree n3JI02KEeHNE MaTepUaJIa IIOCTPOEHO ciemyomum obpasom. [lep-
BBIl pa3fesl MOCBSIIEH HEOOXOAWMBIM U JOCTATOYHBIM YCJOBUSIM TOTO, UTO-
661 Jloruka, nosydennas jobasieHueM K FDE HoOBbIX omeparuii, siBjsiach
MaKcuMaJibHO napanenporuopeunsoii (Teopema (1)) niam makcumasbHO napa-
nostaoit (Teopema . Bropoit pa3zzen comepKUT IBa OCHOBHBIX DPe3YJIbTaTa.
Bo-niepBrix, naiorcs HEOOXOIUMbBIE U JIOCTATOUYHBIC yCJAOBUS (DYHKIINOHATLHON
MIOJTHOTHI M TPEJIIOTHOTHI JJIsl TPOM3BOJIBHBIX UeTHIPEX3HATHBIX PACITUPEHUI
FDE (Teopema [3). Bo-BTOPBIX, JI@€TCsl TOJIHBINA CIIUCOK 3aMKHYTBIX KJIACCOB,
COOTBETCTBYIONUX YeThipex3HadHbIM paciupenusiy FDE, koropele sBisiiorcs
OJIHOBPEMEHHO MAKCUMAJILHO IMapaHEeTPOTUBOPEYNBLIMU ¥ MAKCUMAJILHO Mapa-
MTOJTHBIMU (TeopeMa. B zakmiouenun pacCMOTPEHBI BO3MOXKHDIE ITPUI0KEHUST
MIOJTy YEHHBIX PEe3YyIbTaTOB, & TaK:Ke HAIIPAaBJIEHUs JAJTbHENINX UCCIETOBAHMIA.

1. Kpurepun makcumasibHOI IIapaHEIPOTHBOPEYNBOCTHI
¥ MapanoJHOThI B Ye€ThIPEX3HAYHBIX SA3bIKOBBIX
pacompenusax FDE

B sTom pasjesie Mbl OKa3bIBAEM, UTO YETHIPEX3HAYHOE sI3BIKOBOE PACIIIHU-
peane FDE sapisercs MakcuMabHO HapaHEPOTHBOPEYUBBIM, €.T.€. €r0 MaT-
PUIIA COJEPKUT OIEePAINIo, KOTOpas JlaeT 3HAYEeHHEe N Ha HEKOTOpOM Habope,
BCE JIEMEHTBI KOTOPOro IIpHHa exkaT MuoxkecTBy {t, b, f'} (TeopeMa, U 9TO
OHO SIBJISIETCS] MAKCHMAJILHO ITAPAIIOHBIM €.T.€. €10 MaTPHUIA COJAEPXKUAT Ollepa-
A0, KOTOPAasi JIaeT 3HaUeHne b Ha HeKOTOpOM Habope, Bce 3JIeMEHThI KOTOPOTo
npunajexar Mmuoxkectsy {t,n,f} (Teopema . CrpyKTypa pasjesa TakoBa.
CrepBa MBI JlaeM OIpeJieieHusT HeOOXOIUMBbIX TOHSITHI, TAKUX KAK ITPOITO3UIIH-
OHAJILHBIN $I3BIK, OTHOIIIEHUE CJIEIOBAHMNS, IIPOIO3UIMOHAIbHAS JIOTUKA, JIOTH-
JecKasi MaTPHUIA, MHOTO3HAYHAS JIOTHKA, [TAPAHEIIPOTUBOPEINBOCTD, TAPAIIOJ-
HOTA, MaKCHUMAJbHOCTh apaHeIPOTUBOPEUNBOCTA W HAPAOJHOTH. OT/Ie/IbHO
OTMETUM, UTO IPU OIpeJieieHnH 6a30BbIX MOHATUN HCIIOJIB3YeTCs OIpeie/IeHre
CJIeJIOBAHMsI ¢ MHOXKECTBEHHBIMU 3akJoueHnsiMu u3 [Shoesmith, Smiley, 1978,
p. 29|. IIpuamnna sT0T0 B TOM, 9TO OHO HanboJIEe YIO0OHO J1Jist pAGOTHI C TIOHSITHSA-
MM I1aPAHEIPOTUBOPEYNBOCTH 1 apanosHoTs! [Marcos, 2005]. ITocsie ocHOBHBIX
OIIpeJieJIEHnil MbI OCTAaHABINBAaEMCHA Ha deTbipex3uadnoit marpuie it FDE n
nemoucTpupyeM, urto joruka FDE He sBiisieTcs HM MAKCUMAJILHO TTapaHEIPO-
THUBOPEYMBOI, HU MaKCUMAJILHO napanoJinoii. Jlajee ciejlyer onucanue mpouns-
BOJIBHOT'O YETBhIPEX3HAUHOTO si3bikoBoro paciupennss FDE u ero xapakrepu-
cruaeckoit Marpuiibl. POpMyIUPOBKHA OCHOBHBIX TEOPEM U UX JI0Ka3aTeIbCTBA
3aBEPINAT Pa3Ie).
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Hasbiaem nponosuyuonasvroim azvkom L = (Fm(L),81,. .., 8x) anrebpy,
CBOOOIHO IIOPOXKAEHHYIO CIETHLIM MHOXKECTBOM IPOIO3AIUOHAIBHBIX IIEPEMEH-
ubix Var(L), koropast cBobo/HA B KJlacce Beex ajreOp aHAJIOTUYHON CUIHATY-
pul. oBopuM, 4TO F sBiIseTca omHowenuem credosanusa Ha L, KOTIA CIELyIo-
1ue yCJIOBUsl BBIIOJHsOTCs Juist Beex X, Y, S C Fm(L):

e ccomu XNY # @, ro X 'Y (pediekcuBHocTs);
ecom X' FY e X’ CXuY' CY, 10 XFY (MoHOTOHHOCTD);

e ccom s Beex Z C S mmeer mecro X UZ Y U(S\Z), 0o X FY
(ceuenne).

Korga BrnobaBok X Y = ¢(X) F e(Y') ana kaxaoro sugomopdusmMa € A3bl-
Ka L, Ha3blBaeM OTHOIICHUE CJIeIoBaHus = cmpyxmyphnvim. Ecim £ — nponosu-
[IMOHAJIbHBIN SI3bIK U F — CTPYKTYPHOE OTHOIIIEHHE CJIeJ0BaHust Ha L, TOBOPUM,
gro L = (£, F) — nponosuyuonasvras sozuka.

IMycrs L = (L£,F) u L* = (£,F*) — nponosuioHaibHble JIOTUKA B OJJHOM
n ToM ke s3bike. Ecom X FY = X F* Y g seex X, Y C Fm(L), nasbl-
BaeMm L* dedyxmuenvim pacuwupenuem L. Ecmu, kpome Toro, HaiijyTcs Takme
XY C Fm(L), aro X' H*Y' u X' ¥ Y’ rosopum, uro L* — cobemeentoe
nenaykrusuoe pacimmpenue L, a L — nodaozuxa L*.

[Iycrs Ly = (£4,F1) u Ly = (L9,F2) — mponosurpionajbHbie JIOTHKH, TIe
Var(L1) = Var(Ly) u Fm(Ly) € Fm(Ls). Ecom X H Y <= X F Y jua
Beex X,Y C F'm(Ly), roBopum, aro Lo — aswkosoe pacwuperue Lj.

HaswiBaem sioruky L = (L£,F) napanenpomusopenueoti (0THOCHTENIBHO OT-
puIaHIa’® —), ecan a, - ¥ B 1 HeKoTophix a, 3 € Fm(L). Hasesaem jo-
ruky L = (L£,F) napanoanot (orHOCHTE/NIbHO OTpUIlaHus —), ecau « ¥ (3,-[
JIst HeKOTOpBIX «, 8 € Fm(L). Ecom L mapanenporusopeunsa (maparmosina),
HO HHKAKOE €€ COOCTBEHHOE JIElyKTUBHOE PACLIMPEHUE HE sBJISeTCA TAKOBBIM,
HazbiBaeM L makcumasvro napanenpomusopenusoti (napanosnoti) 6 abcoroms-
HOM CMBICAE.

Jloeuneckan mampuua — 310 crpykrypa M = (A, fi,..., fx, D), tne
A= (A, fi,..., fr) — anrebpa, a D — noagmuoxkecto A. Oyukuuu f1,..., fi
Ha3biBaeM anemermapromy onepayuamu M. Ecom £ = (Fm(L),81,...,8k) u
A= (A, fs,..., fs,), TJie MeCTHOCTB §; COBIIAIAET ¢ MECTHOCTBIO fg, IS KaK-
joro 1 > ¢ > k, ropopum, uro M — mampuya das L. Kornma M — marpura st
L, romomopdusm h uz L B A HazwiBaeMm ouenkotli L B M. Bynem obosHauaTn

3Bompoc 0 TOM, KaKUME CBOHCTBAMH JIOJKHA 00JIaIaTh YHAPHAS CBA3KA — B OGIIEM CJIy-
qae, 9TOOBI €€ MOXKHO OBLJIO CINTATH OTPHUIIAHUEM, BLIXOAUT 334 PAMKN JAHHON paboThI, IIO-
CKOJIbKY B HEil pacCMaTPUBAIOTCS TOJIBKO ITapPaHEIIPOTUBOPEYHBOCTD U IIAPAIIOTHOTa OTHOCH-
TenpHO orpunianus jgoruku FDE, koropoe onpesnensercs Ha c.
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MHOKECTBO BCEX MOIO0OHBIX O1eHOK Kak Val(M). Oupenesnsiem mampuuroe om-
nowenue caedosarus Cn(M) wa L, nopoxaerHoe M, ciaeryomum o6pa3om:

Cn(M) = {{(X,Y) Vhevam (M(X) € D = h(Y)N D # 2)}.

Ecim  pmamer mponosurmonanbhass jgoruka L = (L,F) w wmarpuma M
mist L, roBopuM, UTo M aBaserca xapaxmepucmudeckol nns L, ecmm
X FY < (X,Y) € Cn(M). HasbiBaeM NIPONO3UINOHAILHYIO JIOTHKY
L = (L£,F) k-3naunot, eciu cymecTByer k-3HadHas MATPUIIA, KOTOPAsl sIBJISIET-
csl XapakTepucTudeckoit st L.

Yerbipex3HavuHas  xapakrepuctudeckasi Marpuna Jiasg  FDE  Obl-
aa pana H.JI. Beanamom |Belnap, 1977|. Ona wumeer Bunx Mppg =
({t,b,n, f} A, V,~,{t,b}), rnae s/eMeHTApHbIE OIEPAIUKN OIPEIEIISIIOTCS
creLyromMn Tabrmamu’t:

Alt b n f V|t b n f z |~z
t t b n f t|t t t t t f
b(b b f f bt b t b b b
n| n f n f n|{t t n n n n
f | f £ £ f flt b n f f t

Ob6parum BHEMaHUE, 9TO B opurnHaabHOi dpopmysmpoke FDE mpemmnosta-
raeT CJaeJ0BaHUE UCKJIIOYUTENHHO MEXK/y HapaMu HHIUBULYAJbHBIX (OPMYJI
Buga o F (3, a He Mexx Ly MHOxKecTBaMu (GopMys1°. B TO ke BpeMmsi TabiImuHbIe
omnpejesiennsi A U V TaKOBBI, YTO JJIsi JIIOOBIX KOHEYHBIX MHOXKECTB (POPMYyJI
BBITIOJTHSIETCS CIIETYIOIIEE:

({a1, ..., am}, {B1,...,Bn}) € Cn(MppE) <=
<~ ({a1 VANRREIVAN am}, {51 VeV ﬁn}> S Cn(MFDE).

DTO JEMOHCTPUPYET, ITO BCE PEIYIBTATDI, IIPE/ICTABICHHBIC HUXKE B pAMKaX
BBIOpAHHO HaMU CHUCTEeMbI 0a30BBIX MOHATHI, NMeIOT MecTo TakxKe it FDE
B €e M3HAYAIHLHOM OIPEIC/IEHIUH.

NzBecrno, uro Joruka FDE sBisercs onHOBpEMEHHO IapaHEPOTH-
BopeunBoii u mnapanosHoit. B rom, uro ({p,—p},{q¢}) ¢ Cn(Mgpg) u
{p},{q—q}) ¢ Cn(MppE), HETPYAHO YOEAUTHCS, MOCMOTPEB Ha TaOJIMIHOE
onpenesieane —. Oppako FDE Hu MakcuMmasibHO IMapaHEpOTUBOPEYUBaA, HU
MAKCHUMAJIbHO TMaparosHa. dToObl TMoKa3aTbh 9TO, WCIOJb3YEeM CBI3b MEXKTY
FDE u K3, o koTopoit ynoMuHAa/IN paHbIlle, a TaKXKe JOruKoil mapamokca LP.

4B nasbHeiimem, 3i0ym0oTpeiIsisi HOTaIMe, GyeM HCIOIB30BATE CHMBOJIBL A, V, - Kak
st 0603HAYEHUSI MIPOIO3UITMOHAIBHBIX CBI30K, TaK U JIjis O003HAYEHHsSI COOTBETCTBYIONIUX
VM MATPUIHBIX OMEPATOPOB.

5Bapuant FDE co crenoBasneM, TIe HOCHUIKA U 3aKJIIOUEHNs SABJISIOTCH MHOXKECTBAMHA
dopmys, Kak B HaleM ciydae, paccmarpusaercs B [Shapiro, 2017).
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Kazkmas u3 omeparmii A, V, — siBisteTcs ajarebpandeckoii dynkimei’

{t,b,f}, rax u wa {t,n,f}. D10 03HAuUAaeT, uT0O MFpDE HMEET NOIMATPHUILI
¢ mHO)kecTBamu-Hocurenamu {t, b, f} u va {t,n,f}. Kax ormeuaer I'. IIpucr,
nepBas ABJIsIeTCsl XapaKTepUCTUIeckoit marpureil st noruku LP, a sropast —

KaK Ha

quist gtoruku Kg, u nosromy FDE sBisiercst nogorukoit K3 u LP |Priest,
2008, §8.4]. IIpn srom ({p, ~p},{q}) ¢ Cn(Mvrp), ({p},{q; ~¢}) € Cn(Mvrp),
({p, r},{q}) € Cn(Mxy), ({r}, {¢, ~q}) ¢ Cn(Mxk,). Takum o6pasom, LP —
apaHenIpoTHBOpednBoe cobcTBeHHOE AeaykTuBHOe paciiupenne FDE, Kg —
naparoJyinoe cobcrBeHHoe JiefyKTuBHoe pacimuperne FDE. CremoarenbHo,
FDE ne aBistercss HM MaKCUMAJILHO TAPAHEITPOTHBOPEINBON, HI MaKCHMAJIBLHO
apalioJIHON.

Bymem ob6osnagars kak FDE* mpowsBosbHO B3sATOE UeThIpeX3HAU-
Hoe si3biKOBoe pacmmpenne FDE. B cuiay BBelleHHBIX BBIIE  OIpejie-
JICHWII Takoe pacCIIupeHne WMeeT XapPaKTePUCTUIECKYI0 MATPUILy BHIA
MEppEx = <{t? ba Il,f}, AV, fla cee 7f/€7 {tv b}>a rane fla SRR fk - d)yHKHI/II/I,

COOTBETCTBYIOIIIE HOBBIM CBsi3KaM, j100aBjaeHHbIM K ajidasuty FDE.

Teopema 1. Ilycmv FDE* — uemuwipersnauroe sA3bK0B0E PACUUPEHUE
FDE. Jloeuxa FDE* sgasemca Makcumasbho naparenpomusopesusot, e.m.e.
ee xapaxmepucmuveckai mampuya MyppEx codepaocum  Mmaxyr anemeH-
mapnyro onepayuro f, wmo f(ai,...,ay,) = N ua Hexkomopom wnabope

(a1,...,an) € {t,b,f}".

Joxazameawvcmeo. JJokazxkem nocrarounocTs. Ilycrs FDEXT — coberBennoe
nenykrusHoe pacimupernne FDEX. Torma naiiayTcs Takne MHOXKeCTBa (DOPMYJI
X uY, aro h*(X) C {t,b} u h*(Y) C {n,f} nua Hekoropoii onenkn h* B
MypEx, omaako X FY B FDE*T. IlycTb € — HOACTAHOBKA, IIPUYEM JIJIs KaK-
qoit popmyasibl v € X u kax0it dhopmyasl € Y BepHO, UTO po, —po F €(7)
1 Po, —po, €(a) F go B FDEX. ITockomsky FDEXT — cobeTsennoe jie/iyKTHBHOE
pacimmperne FDE*| pg, —pg b e(y) mst Beex v € X u po, —po, €(a) b qo ms
Beex a € Y takske B FDE*T. Kpowme Toro, B cumy crpykryproctn e(X) F €(Y)
5 FDEX". (1) Us pg, ~po F €(7y) momyaaem po, —po, Z = (e(X) Ue(Y)) \ Z, qo
Jutst sioboro Takoro Z C e(X) U e(Y), uro e(y) € (e(X)Ue(Y)) \ Z st Heko-
Topoit opmyser v € X (monoronnocts). (2) U3 pg, —po, €(a) F qo momyaaem
po, 0, Z F (e(X)Ue(Y))\ Z,qo mist smoboro takoro Z C e(X) U e(Y), uro
€(a)) € Z nyst nekoropoit dopmyiet a € Y (mororonHocTs). (3) U3 €(X) F e(Y)

5 AsrreGpanyeckoil dhyHKIIEH Ha MHOXKeCTBe A HA3BIBAEM TaKyIO (DYHKIIHIO OT 7 IEPEMEH-
HBIX, KOTOpas jJaeT 3Hadenne n3 A Ha kaxk;oMm Habope n3 A”.

"HaszsBaem M = (A, fi,..., fr, D) mommarpumeit marpuust N = (B, g1,..., gk, E), ecim
A C B, D C E u na kaxjom Habope (a1, ...,a,) € A" nus Beex i € {1,..., k} Bbimosnsiercs
filar,...,an) = gi(a1,...,an).



O BBIDa3UTEJIbHbIX BO3MOXKHOCTAX MAKCHMAaJIbHO ITapaHEIIDOTUBOPEYUBBIX U . . . 73

nostydaeM po, —po, Z = (e(X)Ue(Y))\ Z, qo mst Z = €(X), 10 eCTb euHCTBEH-
Horo Takoro Z C e(X)Ue(Y), uro e(y) ¢ (e(X)Ue(Y))\ Z mst Bcex v € X n
e(a) ¢ Z nost Beex o € Y (monoTorHOCTS). U3 (1)—(3) mosrygaem, uro jyist Becex
Z C e(X)Ue(Y) nmeer mecto po, —po, Z = (e(X)Ue(Y))\ Z, qo. Taxnm o6pasom,
po, —po F qo B FDEX* (cedenme). B cumy mocienero ornka FDEX e sib-
JIIETCA TapaHeIPOTUBOPEeUnBoii. Tereps moKazkem, 9To Hy»KHAas MOJACTAHOBKA €
BCEr/Ia CyNIECTBYET.

Cayuait 1. B Mppgx COJepkKUTCH TaKas 3JeMeHTapHas olepaius g, cy-
[IECTBEHHO 3aBHCAIIas OT N nepeMenubix, ato ¢'(b, ..., b) € {t,n,f}. Torga B
MEppEx onpejiesinma Takast yHapHas onepanus g, uro g(b) € {t,n, f}. Becerga
MOYKHO HOJIYYHTh § U3 ¢’ OTOXKIECTBICHUEM IIEPEMEHHBIX. JTO 0O3HAYAET, UTO B
MEDE* MOXKHO TakKe OlIpeJIeInTh Takyto onepanuio g*, aro ¢*(b) = n. IToka-
keM 910. Ecun g(b) = n, yreepxkuenne tpusnaiabio. Jomycrum, aro g(b) = t.
ITo ycnosuio Mppgx comep:KuT Takyio onepaiuio f, aro f(ay,...,a,) = n Ha
HEKOTOpOM Habope (ai,...,a,) € {t,b,f}". Torma ¢* = f(é(z1),...,0(xn)),
rie st Beex @ € {1,...,n}

g(xo), ecan a; = t,
o(x;) = < xg, ecm a; = b,

—g(zo), ecmm a; = f.

Paccyzxnenue msi g(b) = f anasornano, 10cTaTouHO IOMEHSATH MecTaMu g (o)
u —g(zo) B oupezenennn ¢. [Iycrs dbopmysa d(p) Boipazkaer dyukimo g*(zg),
1o ectb h(d(p)) = g*(h(p)) mus mar0b6oii onenku h B Mypgsx.

O6osuaunm kak Var(X,Y) muoxecrBo {p1, ..., Pk} BCEX IEPEMEHHBIX, BXO-
AgmuX B popMyabl, npuHaexainme X uin Y. Paccmorpum Takyio mojcra-
HOBKY €, 4TO Jisi KaxK/oil nepementoii p € Var(X,Y') Bbinosnsiercs: npuBe-
JIEHHOE HUZKE YCJIOBHE:

po V d(po), ecm h*(p) = t,
po, ecim h*(p) = b,

«(p) = 0(po), ecm h*(p) = n,

po A d(po), ecm h*(p) = f.

Ilycrs h(po) = b. Torma h(d(po)) = g*(h(po)) = m; h(po V 6(po)) =
h(po)Vh(6(po)) = bVn = t; h(poAd(po)) = h(po) Ah(6(po)) = bAn = f. ITosro-
My JIJIsi KazkJ10it oneHku h B Mppgx uMeer mMecto cieyoree: ecau h(pg) = b,
To h(e(7y)) = h*(y) € {t,b} ausa Bcex v € X u h(e(a)) = h*(a) € {n,f} naa
Bcex « € Y. D10 o3Havaer, 4ro po, ~po F €(y) u po, —po, €(a) F qo B FDE* s
Becex Y € X uBcex a €Y.
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Cayuait 2. s kaxoit onepanun ¢ 8 Mppgx Bepno, 1to g(b,...,b) = b.
[MockonbKy Mppgx cojepKur takyio onepaunuto f, aro f(ai,...,a,) = n
Ha HeKoTopoM Habope (ai,...,a,) € {t,b,f}", Haiinercs rakas dopmymna 3,

He cojieprkaiias nepemenubix u3 Var(X,Y), uro njs HekoTopoii onenku h™ B
MFEpEx BbIOJHsIeTCsE caeytoniee yesaosue: h™*(5) = n u h™(r) € {t,b,f} ma
kaxkyoit r € Var(f), rae Var(f) ectb muO)KECTBO {71, ..., T} BCEX IIEPEMEH-
HBIX, BXOJSIIIUX B 3.

PaccMOTprM  Takylo IOJCTAHOBKY €, 9TO JUIs KasKJOi IepeMeHHO
r € Var(B) n kaxoit nepemennoii p € Var(X,Y') BBIIOJIHSIIOTCS IPUBEIEHHbIE
HUZKE YCJIOBHUST:

(PoV qo) V (—po V —qo), ecm h(r) = t,
e(r) = < po, ecmn h™(r) = b,
(Po A qo) A (
(PoV qo0) V (—po V —qo), ecm h*(p) =
po, eciim h*(p) = b,
e(B), ecnn h*(p) =,
\ (po A q0) A (—po A —qo), ecm h*(p) = £.

—po A\ —qo), ecm h®(r) = f£.
t

9

IIycrs h(po) = b. Ecim h(qo) € {t,n}, To h(po V qo) = t. Ecam h(qo) = f,
1o h(=po V —qo) = t. Takum obpazom, eciau h(pg) = b u h(q) € {t,n,f}, o
h((po V qo) V (—po V —qo)) = t. Hanee, ecm h(qo) € {n,f}, o h(po A q0) = f.
Eciu xe h(qo) = t, 1o h(—py A =qp) = f. Takum obpaszom, eciau h(py) = b
u h(qo) € {t,n,f}, o h((po A qo) N (=po A —qo)) = f. CienoBarensio, ecin
h(po) = b u h(qo) € {t,n,f}, ro h(e(8)) = h™(S) = n. B cBoto ouepemp, 310
O3HAYAET, UTO JIJIsl KaXKI0i oneHKH h B MpDEx UMeeT MeCTO CJIeIyolee: ecim
h(po) = b u h(qo) € {t,n,f}, o h(e(y)) = h*(7y) € {t,b} mus Bcex v € X u
h(e(a)) = h* () € {n,f} s Becex o € Y. Kpome T0r0, OCKOIBKY 115t KaK 10
onepaiuu g B Mypgx Bepho, uro g(b,...,b) = b, eciu h(pyg) = h(qy) = b, 10
h(e(y)) = h(e(a)) = b must Becex v € X u Beex o € Y. Takum obpasom, cHOBa
po, ~po F €(y) u po, —po,e(a) F go B8 FDE* st Bcex v € X u Bcex @ € Y.
HocraToaHocTh J0Ka3aHA.

Tenepn jiokazxkeM HeOOXOAUMOCTH. JlomycTuMm, UTo I KayKJoi omepa-
min f B Mppgex BepHo, uro f(ai,...,an) € {t,b,f} mua kaxzoro Ha-
Gopa (ai,...,ap) € {t,b,f}". B srom ciayyae MppEx COIEPKUT HOAMAT-
puity Buga Mppx = ({t,b,f}, AV, -, f1,..., fk, {t,b}). Nmetor mecro cie-
aytomue dakrer: ecin (X,Y) € Cn(Mppgx), 10 (X,Y) € Cn(Mppx);
({p,—p}.{¢,~q¢}) ¢ Cn(Mrpex), no ({p,—p},{¢,~¢}) € Cn(Mvrpx);
{p,—p},{q}) ¢ Cn(Myppx). CienoBaresbHo, Tpex3Haunas jgoruka LPX, s
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KOTOPOI Marpuia Mppx sBISIETCS XapaKTEPUCTUYECKOH, — 3TO HapaHepo-
TUBOPEUNBOE COOCTBEHHOE Jie/iyKTuBHOEe paciuperne FDEX. Takum obpazowm,
FDE™ ne makcuMmaJibHO MapaHeIPOTHBOPEINBA. ]

Teopema 2. I[Iycmo FDE* — wemuwipersnaunoe asvrxosoe pacwupernue FDE.
Jloeuxa FDE* asasemca makcumasvho napanosnoti, e.m.e. ee Tapaxmepu-
cmuveckas mampuus MppEx codepocum maxyto IAeMEHMAPHYIO ONEPAUUI0
f, wmo f(a1,...,a,) =b na nexomopom nabope (ai,...,a,) € {t,n, f}".

Hoxaszameawscmeo. Jokaxem jocraroanocts. [Iycrs FDEXT — cobersennoe
nenykruBHoe paciuperane FDE*. Torna walijiyrcs Takue MHOXKeCTBa (DOPMYJT
X nY, aro h*(X) C {t,b} u h*(Y) C {n,f} aua mexoropoii onenku h* B
MEppEx, omaako X Y B FDEXT. IlycTb € — 10CTaHOBKA, IPUYEM JIs KasK-
joit hopmysbl v € X u ka0t hopmysbl o € Y BepHo, a0 po F €(7), qo, qo
u () F qo,~qo 8 FDEX. ITockomsky FDEXT — cobeTsennoe eiyKTHBHOR
pacmuperne FDE*, py = (), qo, —7qo mst Bcex v € X u e(a) F qo, —qo st
Beex a € Y taxoke B FDEXT. Kpowme Toro, B cuity crpykryproctn e(X) F e(Y)
8 FDE*". (1) Us po F (), g0, ~qo momydaem pg, Z - (e(X)Ue(Y))\ Z, g0, —qo
Jutst stioboro Takoro Z C e(X) Ue(Y), uro e(y) € (e(X)Ue(Y)) \ Z mast nexo-
Topoit dopmyisl 7 € X (monoronuocts). (2) Uz e(a) F go, —go moiryuaem
po, Z F (e(X)Ue(Y))\ Z,q0, qo mast moboro takoro Z C e(X) U e(Y), uro
€(a)) € Z nist nekoropoit popmyisl a € Y (morororHocTs). (3) U3 €(X) F e(Y)
nosygaeM po, Z = (e(X)Ue(Y))\ Z, qo, ~qo aist Z = €(X), TO eCTb eIMHCTBEH-
roro takoro Z C e(X)Ue(Y), aro e(y) ¢ (e(X)Ue(Y))\ Z mst Bcex v € X n
€(a) ¢ Z nnst Becex o € Y (monoronnocts). 13 (1)—(3) mostydaeM, 9To st Beex
Z Ce(X)Ue(Y) nmeer mecto po, Z = (e(X) Ue(Y)) \ Z, qo, ~qo. Takum obpa-
30M, Po - qo, ~qo 8 FDEXT (ceuenue). B cumy nocnenmero soruka FDEXT ne
SIBJISIETCSL TIaPAIIOJIHOM. Terepnb MoKaykeM, 4TO HyKHas MOJCTAHOBKA € BCETJIa
CYIIECTBYET.

Cayuait 1. B Mppgx colepKuTcs Takas 3JeMeHTapHas onepanys g, cy-
IECTBEHHO 3aBUCSAIIAsT OT N II€PeMeHHbIX, uTo ¢'(n,...,n) € {t,b,f}. Torma B
MEpEx olpejie/inMa Takas yHapHas onepanus g, uro g(n) € {t, b, f}. Beerma
MOYKHO HOJIy9UTb § U3 ¢ OTOXKIECTBICHHEM IIEPEMEHHBIX. DTO 03HAYAET, YTO B
MEppEx MOXKHO TaKzKe OIIPE/ICJIUTE TaKyto onepanuio g%, aro g*(n) = b. Iloka-
keM 910. Eciu g(n) = b, yreepxenue Tpusuaibio. Jomycrum, uro g(n) = t.
[To ycnoBuio Mppgx comep:KuT takyio oneparmio f, aro f(ay,...,a,) = b Ha
HEKOTOpOM Habope (ay,...,a,) € {t,n,f}". Torna ¢* = f(e(x1),...,0(xn)),
rie s Beex @ € {1,...,n}
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g(x0), ecan a; = t,
o(zi) =} w0, eciu a; = n,

—g(x0), ecm a; = f£.

Paccyxnenue mist g(n) = f anajorndno, J0CTaTOYHO TIOMEHATH MecTaMu g (o)
u —g(xg) B onpenenennn . Ilycrs dopmyna 6(p) Boipazkaer dyuknuio g*(zp),
To ectb h(f(p)) = g*(h(p)) ms moboit onerku h B MppEx.

O6oznaunm kak Var(X,Y') muoxectso {qi,. ..,k } BCEX IepEMEHHbBIX, BXO-
asimux B popMyiisl, npuHaiexamnme X uwau Y. PaceMorpuMm Takyto mojcra-
HOBKY &, 4TO JjIsi Kaxkjoil nepemennoii ¢ € Var(X,Y) Bbimosnsiercst npuse-
JIEHHOE HUYKE YCJIOBUE:

q0 V 9(qo), ecmn h*(q) = t,
(ao), ccn h*(g) = b,

qo, ecim h*(q) = n,

q0 N\ 6(qo), ecom h*(q) = f.

e(q) =

st kazxkioii onenku h 8 Mppgx umeer mecro ciepyiomniee: ecau h(gy) = n,
to h(e(y)) = h*(y) € {t,b} mua Bcex v € X u h(e(a)) = h*(a) € {n,f}
st Beex o € Y. O6oCHOBaHUE 3TOr0 YTBEPKIEHUST CTPOUTCS 110 aHAJIOTUU CO
Cayuaem 1 B nokasarenscrBe Teopewmsr I} Dro o3magaer, aro e(a) F qo, ~qo n
po F (%), g0, 7qo B FDE* st Becex v € X u Bcex a € Y.

Cayuaii 2. st kaxk10ii onepanuu ¢ B Mppgx BepHo, 4T0 g(n,...,n) = n.
[MockonbKy Mppgx cojepKut Takyio omepanuto f, aro f(ay,...,ay,) = b
Ha HeKOoTOopoM Habope (ai,...,a,) € {t,n,f}", waiinercsa rakas dopmymna 3,

He cozepzKaiiast nepeMeHHbix 3 Var(X,Y'), 94To mist HeKOTOPOi OleHKN hP B
MeppEx BhITONHSIETCs caeyiomee yeiosue: hP(3) = b u hP(r) € {t,n,f} mia
kaxzaoit r € Var(f), rme Var(B) ects MuoxkecTBO {71, ..., 7n} BCEX IHEpEMeH-
HBIX, BXOAAMINX B 3.

PaccMoTpuM  Takyio IMOJCTAHOBKY €, UTO JIs  KaxKJOi IepeMeHHO
r € Var(B) n kaxmoit nepemennoii ¢ € Var(X,Y') BBIIOJHSIIOTCS IPUBE/ICHHbIE
HU>KE yC.HOBI/Iﬂ:

((po V qo) V (—p ﬂqo) ecin hP(r) = t,
e(r) = < qo, ecim hP(r )
(Po A\ q0) A (=po A ﬁqo) ecn hP(r) = f.
(Po V qo) V (—po V —qo), ecim h*(q) =t
e(B), ecmm h*(q) = b,
qo, ecam h*(q) = n,
L (Po A qo) A (=po A =qo), ecom h*(q) = f.

)
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s xaxkmoit onenkn h B Mppgx nmeer Mecto ciemyoree: ecan h(qy) = n
u h(pp) € {t,b,f}, o h(e(y)) = h*(y) € {t,b} mma Bcex v € X u
h(e(a)) = h*(a) € {n,f} aus Bcex a € Y. OBocHOBaHME 3TOrO yTBEPIKJICHHUSI
crpourest 1o anasoruu co Ciydaem 2 B jokazarenbcrse Teopemst [If Kpome To-
o, OCKOJIbKY JIJIsl KazK/10ii oneparuu g B Mppgx BepHO, 4T0 ¢(n,...,n) = n,
ecm h(po) = h(qo) = n, to h(e(y)) = h(e(a)) = n masa Beex v € X u Beex
a € Y. Takum obpasom, caosa e(a) = qo, 7o u po F (), 90, 7qo B FDE* 151
Bcex v € X 1 BcexX o € Y. /locTaTOIHOCTD JTOKa3aHa.

Ternepp mgokKazkeMm HEOOXOAMMOCTh. JlomycTum, UTO I KaxKI0H ormepa-
mun f B Mppgx Bepuo, uro f(ai,...,a,) € {t,n,f} s kaxmoro Ha-
6opa (ai,...,an) € {t,n f}". B srom ciyuae Mppgx COIEPKUT IIOIMAT-
puy Buma Mgx = ({t,n,f},AV, =, f1,..., fi, {t}). Umeror mecto cire-
aytomue dbaxter ecmm (X,Y) € Cn(Mprgpex), 7o (X,Y) € Cn(Mxksx);
({p,w}{¢,~q}) ¢ Cn(Mrpex), mo ({p,~p}.{¢;7q}) € Cn(Mky):;
({p},{a, ~q}) ¢ Cn(Mksz). Crenosarensro, Tpexsnadnas joruka K3, mia xo-
Topoil Mmarpunia Mgz ABIAETCA XapaKTEPUCTUIECKOl, — 3TO MapalosHoe cob-
crBennoe nenykrusHoe pacmupenne FDE*. Takum obpazom, FDE* ne makx-
CAMAJIBHO ITapariojiHa. ]

[Tosryuennbie pe3ybTaTHI TO3BOJISIOT OTBETUTH HA BOIIPOC, KAKUE 3aMKHY-
ThIe KJIACCHI (DYHKITUH MOTYT OBITH TTOPOXKIEHBI Y€THIPEX3HATHBIMY A3bIKOBBIMU
pacmupenusivu FDE, koTopble 0/IHOBpeMEHHO MAKCUMAJIBHO ITaPaHEIIPOTUBO-
PEYUBBI I MAKCHMAJILHO [TAPAIIOJIHBI. DTOT OTBET OYIET JIaH B CJIEYIOIIEM Pa3-
Jiedte.

2. 3amMkHYTBIe KJacchbl (PyHKIU, TOPOXKIEHHbIE
MaKCHMMAaJIbHO MapaHeIIPOTUBOPEYNBLIMA U MapPaNnoJTHBIMUI
YeThIPEX3HAUYHbIMU A3bIKOBbIMU pacinupenusvMu FDE

OCHOBHBIM DPE3yJILTATOM pasjiesia sBisiercsd Teopema B me#t mbI mpu-
BOJIUM IIOJIHBIHM CITMCOK 3aMKHYTBIX KJIACCOB (PYHKITHH, KOTOPbIE MOI'YT OBITh
MOPOXKIEHBI HAOOpAMU JIEMEHTAPHBIX OIePAIUil MATPHUI], XapaKTePU3YIOIIIX
TaKue YeThblpex3HadHble sa3bikoBbie paciiupenns FDE, 4To B Hux coBMmenamoT-
C4 CBOMCTBa MaKCUMAaJIbHON NapaHelIPOTUBOPEUYNBOCTA U MaKCUMAJILHON Hapa-
noHoThl. Kpome Toro, B Teopeme |3| ipemioxkeHbl KpuTepun GyHKITNOHATLHOMN
IIOJTHOTBI U IIPEJIIOJHOTHI JIJI MPOU3BOJIBHOTO YETHIPEX3HAYHOTO PACIIAPEHUA
FDE. Conep:xxanne paszueiia umeer ciepytomnuit Buy. CrepBa Mbl BBOIUM PsiJl
HMOHATHUH, TAKMX KaK coxpaHeHue (yHKIMeH pejnkara, 3aMKHYTbIE KJIACCHI
GYHKINIT U PEIUKATOB, MOHSITHE CYIIIECTBEHHOTO npenukaTa. lajee yaemnser-
¢ BHUMaHue TOMY (PaKTy, 9TO 3aMKHYTBIN KJIacC PYHKITUH MOXKHO TPAKTOBATH
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KaK KJIacC BCeX (DYHKIINI, COXPAHSIONINX OIIPeIeIeHHOe MHOYKECTBO CYIIeCTBEH-
HBIX IpeauKaToB. s 3aMKHYTOro KJjacca, HOPOXKIAEMOIO 3JIEMEHTAPHBIMU
omnepanuamMu xapakrepuctuideckoit marpuiibl FDE, Takoe MHOXKECTBO KOHEYHO,
[IPUYEM MECTHOCTD IIPEJIMKATOB, BXOJAIIMX B HEro He Ipesbimaer 2. Kak cie-
CTBHe, 5TO BEPHO U JjIsl BCEX HAJIKJIACCOB JTAHHOIO KJIACCA, TO €CTh 3aMKHYTHIX
KJIACCOB (DYHKIINI, MOPOXKIAEMBIX DJIEMEHTAPHBIMU OIIEPAIlUTIMU MATPHUIL, KO-
TOPbBIE ABJIAIOTCA XapPaKTEePUCTUICCKUMMU JIJIA YE€TBIPEX3HATHBIX A3bIKOBBIX Dac-
mupennit FDE. Mbl onnceiBaeM MHOXKECTBO RppE BCEX CYIIECTBEHHBIX ITPEJTN-
KaTOB MECTHOCTH He DoJiee 2, KOTOpbIe COXpaHaioT onepainy Mepg. Ha ocHose
9TOrO OIMMCAHNS Mbl YCTAHABINBAEM, KAKNE KJIACCHI, IIPEIITOIHBIE B KJIACCE BCEX
dbyuximit Ha MuO)kecTBe {t,b,n,f}, MOryr 6HITH HOPOXKIEHBI PACIINPEHHUSIMI
FDE, uro nossossier chopmynnposars u jgokasars Teopewmy [3} ITocse sToro
JIOKAa3BbIBAIOTCsT JIeMMBbI Ha KOTOPBIE OIHPAETCsI JI0Ka3aTe/bcTBO Teope-
Mol [4] 1 cama ocHOBHast Teopema. Paszes 3aBepinaer juarpaMma, Ha KOTODPOIt
3aMKHYTBIE KJIACChI, IIPE/ICTaBJIEHHbIE B OCHOBHOI TeopeMe, YIIOPSI09eHbl 110
OTHOIIIEHUIO BKJIFOUYEHUA.

Eciin jano muoxkectBo A, Hazoem orobpazkenue A" —— {0, 1} n-mecmmvim
npedurxamom na A. Ijist ynobersa OyieM 3aliChbIBaTh IPEIUKATHI B (DOpMe MaT-

pHIl BUIA

ail a1 ... Q1
ai2 a2 ... Gm2
0= . . . . s
Alnm A2n --- OGmn
rae o(aii1,...,a;n) = 1 must Beex @ € {1,...,m} u p IpUHNMaeT 3HAUEHIHE

0 Ha Bcex opovIux Ha60an. B CJIy4dasdX, KOrZla 9TO HE IIOBJICYET HEXKeJlaTeJIb-
HbIX HOC.HG)ICTBI/If/i, 6y)16M paccMaTpuUuBaTh IIPEJIUKATHI KaK OTHOIIIEHUA 1 IINCaTh

(a1,...,an) € o BMecTO 0(ay,...,a,) = 1.
loBopumMm, uro k-mectrHast yHKIus [ coxrpansem npedukxam o, eClin
bii bai ... b fb1,1,02,1, ... ,bk1)
b172 b272 . bk72 f(bLQ, b272, . ,bk’g)
bl,n b2,n cee bk,n f(bl,’m b2,n> ceey bk,n)
KOJIb CKOPO 0(b;1,...,bipn) = 1 aus kaxkgoro @ € {1,...,k}. Ecaun mamsr MuO-

»KecTBO (byHKIUI F' 1 MHOXKeCTBO IipejinkaTos R, roBopum, uro F' coxrpansem
R, ecru Besikasi pyHKIUs w3 F' coxpaHsieT BeIKuil npeaukar u3 R.

O6osznauaem kak Inv(F') MHOXKECTBO BCeX IIPEJAUKATOB, KOTOPbIE COXPAHSIET
kaxkast ynkiust u3 F, u kak Pol(R) — MHOXKeCTBO Beex (PyHKIMi, KOTOPBIE
COXPAHSIOT KarKIblil ipeaukar u3 K.
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BBejsiem monsiTHsI 3aMbIKaHUs Kjiacca (GyHKIUN ¥ 3aMbIKaHUs KJacca mpe-
JIKATOB cJepytonmmM obpasom: [F| = Pol(Inv(F)); [R] = Inv(Pol(R)). s
KPATKOCTH BMECTO HPAMBIX OIPEICJICHNN, B KOTOPBIX He 3aJeicTBOBaHbl Pol
u Inv, MBI UCHOJb3YyeM PE3yJIbTaThl TeOpUH lajlya i 3aMKHYTBIX KJIACCOB
(em. [Lau, 2006, p. 132, 135]). CrangapTHble ONpeIeIeHnsT STUX HOHITHI MOXK-
Ho Haiitu B |Lau, 2006, P.1I, §§ 1.2, 2.3-2.4]).

HasbiBaeM npeikaT 9 cyuiecmseenHvim, eCl He CyIeCTBYeT TaKUX MPeJIi-
KaTOB 01, ..., 0n, 4T0 ar(g;) < ar(p) jus moboro ¢ € {1,...,n}, u upu srom
{o}] = o1, -, 0n}] [PKyx, 2011].

[Iycrs dyukmus [ Bomosmser ciemyiomee yciosue: f(z,x,y) =
f(z,y,x) = f(y,z,x) = x. B srom ciaydae HazbiBaeM [ Pynryued 2040co-
sanus. Kak ykaspiBaer [I.H. 2Kyx [2ZKyk, 2018] co ccbuikoii Ha pabory [Baker,
Pixley, 1975|, nyst smo6oro 3aMkHyTOro Kiacca F', cojgepxKariero pyHKIMO ro-
JIocoBaHus, BblmosHsiercss ToxkaectBo F' = Pol(R), rne 1 < ar(p) < 2 mis
kaxxJ0ro ¢ € R. JleiicrBuresbao, coorBercrByiomniee yreepxkiaenue (Jlemma 3)
B |2Kyk, 2018| siBiistercst 4acTHBIM CJIydaeM pe3yJsbTraTa, u3ji0KeHHoro B |Baker,
Pixley, 1975, §5.1]. B cuny Jlemmbr 2 us [2Kyk, 2011 rakzke BepHo, 4T0 11006071
3aMKHYTBIH Kjace, cojepzkaniuii (pyHKIUIO TOJOCOBAHUS, MOYKET ObITh 3aJIaH
MHOKECTBOM TOJIBKO CYIIIECTBEHHBIX MPEIUKATOB apHOCcTH 1 mian 2.

Bymem obozmnavars 3aMKHYTBIH KJ1ace (DyHKIINM, TOPOXKIEHHBIN 3JIeMeHTAD-
HBIMHU OllepaIsiMu MaTpuilel Mppg, Kak [F DE]8 ¥ 3aMKHYTBII Kj1acc PyHK-
Wi, TOPOXKJIEHHBII dJIeMEeHTAPHBIMU OTlepPAIUsgMU MaTPUIbl MppEx, — Kak
[FDE®]. Herpynuo y6eaurbest, uro [F'DE] u, kak ciencrsue, [FDE®] conep-
»KaT (PYHKIMIO TOJTOCOBAHMS:

flx,y,z) =(xVy) A(xVz)A(yV=2).

[Mosromy [FDE] = Pol(RppEg), the Rppp — MHOXKECTBO CyIIECTBEHHBIX IIpe-
IUKaTOB MecTHOCTH | mm 2.

Hwke MBI MpUBOAMM MOJIHBIM CIUCOK CYIIECTBEHHBIX IPEINKATOB MECTHO-
cru 1 m 2, Koropble coxpansier kKaxkuas dyakuust [FDE]. On 6bur mosydeHn
1epebopoM € TIOMOIIBIO0 KOMITBIOTEPHON ITPOTPaMMBI.

83amernm, uro [FDE] = [A, -], Tak Kak = V y = =(-x A —y).
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2_tfnnn82_tfbbb
Q5_<tftbf>’g5_<tftnf>’
2_tfnnnn82_tfbbbb
Q6_<tfntbf>’g‘5_<tfbtnf>’
Q_tfntnfnaQ_tfbtbfb
Q7_tfnntnf>’g7_<tfbbtbf)’
9 t ft f nn n\ , t fnt f nnn
98:(tfbbtbf>’99:(tfnnntbf>’
692:<tfbtfbbb>2:<tfntfbbb)
9 t f bbbtn f)0 t f nnntn f)
aQ2_<tfbtfnnn>2:<tfntnnnbf>
D=\t fbbbtbf) "\t fnntbfnn)
8p2:<tfbtbbbnf>
7\t fbbtnf bb)
o (t f bnt f nmnn
p12_<tfbnbbtbf>'
Takum obpazom, Rppr = {ol,..., 0, 0%,...,0%,003,...,00%,}.

311ech MBI ¢lieJ1aeM HeDOJIbIIoe OTCTYILIEHNE, KACAOIIEeCsT IIPodIeMbI (DyHK-
[UOHAJILHON TIOJIHOTBI B MATPHUIAX YEThIPEX3HAUHBIX SI3BIKOBBIX DPACITHPEHMI
FDE. Ilycrs nanbr MHOXKecTBa (bynkiuit F' u G. l'opopum, uro MHOXKeCTBO F
dyrryuonasvoro noano B G, eciim [F] = G. HaspiBaem muOXKecTBO F' npednos-
nowm B G, ecain F' ue mosHo B G, ognako [FU{g}] = G ms Beex g € G\ F. O6o-
sHaumM Kak Py p g ¢ KTace seex dynximit na muoxkectse {t, b, n, f}. Borpoc
00 YCJIOBUSIX TIOJTHOTHI CUCTEMBI 3JIEMEHTAPHBIX OIePAIlil MATPHUIIBI, 38AF0IIE
geTbipex3HadHoe s3pikoBoe pacimpenne FDE, neonHokparHo nogHuMascs B
simreparype. [lokazarenbcrBa GDYHKIMOHAJIBHON MOJTHOTHI WJIM IIPEJIIOTHOTHI
ISl OTJIEJIbHBIX TIpUMepoB Jatorces B [Arieli, Avron, 1998} Avron, 1999; |Arieli,
Avron, 2017} Pfenosil, 2021]. BoJsiee obriue gocrarounbie ycaoBusi OyHKIUO-
HAJILHOW ITOJTHOTBI, JIAHHbIE B TEPMUHAX BBIPA3UMOCTH T€X WJIA MHBIX (DyHK-
uii B MaTpuiax, Moxkuo Haiitu B [Pynko, 1999; (Omori, Sano, 2015|. IToxyuen-
HBII HAMH PE3yJILTAT IMO3BOJIsIET BHECTU HOBBIM BKJIaJ B UCCJIEI0OBAHIE TPODJIE-
MBI 110JTHOTHI parmpennit FDE, cdhopMmysinpoBaB He0OXOIUMBIE U JJOCTATOYHBIE
YCJIOBHSI B TEDMHHAX COXPAHEHUsT OITEPAIUMSIMHU MATPUIL KJIACCOB IIPEIUKATOB.

Teopema 3. Ilycmo MppEx = <{t7 b, n, f}> AV, f17 EERE) fk7 {ta b}> — Za-
PAKMEPUCTUMECKAA MAMPULA A3bK06020 pacwuperus FDE.
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(1) Cucmema gynryuia {A,V,—, f1,..., [k} Pynkyuonasvro noana 6
Py by, e-m.e. das xascdozo o € {o},..., Q%,Q%Q} natidemcs maxas Gyrk-
yus f; (1 <i<k), wmo f; ¢ Pol(o)°.

(2) Cucmema dynxyuts {A,V, =, f1,..., fr} npednoana 6 Py gy, €.m.e.
cywecmeyem 6 mounocmu odun maxoti npeduxam o € {ol,..., 0}, 035}, umo
oas Kaorcdot pynryuu f; (1 <i < k) ewnoanaemes f; € Pol(p).

Zoxazameavcmaeo. Vzsectro, 9To cucreMa QyHKINN k-3HATHON JIOTHKU STB-
Jisiercss (DYHKITMOHAJILHO TIOJIHON B Kiiacce Bcex (DYHKIMI Ha Kk-3/71€MEHTHOM
MHOKECTBe, €.T.e. OHa He COJEPYKUTCH IOJHOCTHIO HUA B OIHOM U3 3aMKHYTDBIX
Kj1accoB (byHKIWIA, Npeanoanbx B 91oM Kiaacce |[Lau, 2006, p.91]. ITpeauka-
TBI, 33/IAI0IHNEe KA/l 3aMKHYTBIN KJIACC, IIPEJIOJIHbIN B Kjaacce Beex (PpyHK-
Uil HA YeTBIPEXJIEMEHTHOM MHOXKecTBe, nanbl B |[Haropmerii, 2013| c. 105—
107]. Ilepeceyenune MHOXKeCTBa TUX IIPEJIMKATOB CO MHOXKeCTBOM Rppp na-
er {o,..., 0%, 0%}, uro memoncrpupyer uctunHOCTL yTBepKAenus (1). Haee,
HCTUHHOCTD yTBEPKIeHUs (2) BBITEKAET U3 TOro (hbakTa, YTO HU OJMH IPEIIOI-
HBIl B Pl f) KJIACC HE MOXKET IEJIMKOM COJIEPIKAThCsl HU B KaKOM JIDYTOM
3aMKHYTOM Kj1acce, Kpome Ppg by - |

Bozspaiiaemcsi K OCHOBHOMY IIpeJiMeTy pabOThl — BOIPOCY O TOM, Ka-
K€ 3aMKHYTBIE KJIACChl MOTYT OBITH TOPOXKIEHDLI SA3BLIKOBLIMU PACIIAPE-
nusimu FDE, koropble OJHOBPEMEHHO MAaKCUMAaJbHO I1aPAHENPOTUBOPEYH-
Bbl U MAKCHUMAJILHO IapanoyiHbl. B cuiry Teopum [asya it 3aMKHYTBIX
kiaccos, uz [FDE] C [FDE?"] soirekaer Inv([FDE*]) C Inv([FDE))
[Lau, 2006, Th.2.9.3|. Tak kaxk [FDE] = Pol(Rppg), 3T0 Bieder
[FDE:E] = POZ(RFDEz> — Rppg= C RFDE, rae Rppp= — MHOXKeCTBO BCEX
CYIIECTBEHHBIX MIPEMKATOB MeCTHOCTH 1 1 2, KoTopsle coxpansier [F'DE*]. Te-
IIEPh OCTAETCs OIPEJIETUTh, KaKie MMEHHO IIOJAMHOXKEeCTBa Rppp OINCHIBAIOT
3aMKHYTBIE KJACChl (PYHKIINN, COOTBETCTBYIOIINE WHTEPECYIONUM HAC PACIIU-
peausm FDE.

Jlemma 1. FDE* maxcumarvro napanenpomusopevusa, e.m.e. Mppgx co-
depotcum onepayuro, He COTPAHANULYI0 Npeduram Qé.

Joxazameavcmaeo. Beitekaer u3 TeOpeMbII/I 0t = (t b f). |

Jlemma 2. FDE* maxcumanvro napanoana, e.m.e. Mgppgx codepocum one-
Payuto, He coxpanAruYlo npedukam .

Ioxazamenvcmeo. Britekaer us TeOpeMbII/I oi=(t n f). [ ]

9Venosumes macats Pol(g) Bmecto Pol({o}), Korya peds uuer 06 0fHOITEMEHTHBIX MHO-
JKECTBaX IPEJNKATOB
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Jemma 3. f € Pol(g?) = f € Pol(o)) dan 2 < i < 11;
f € Pol(00?) = f € Pol(g}) dan 3 <i <11.

Loxazameavcmeo. Ilycrs ogHa m3 CTPOK MaTPHIBI IIpEIUKaTa @ COIEp-
JKUT TOJIbKO Tpu 3Hadenus. Hampumep, t, f u b. Jomycruwm, cymecrsy-
er Takasg (QyHKIHUsS f, 9TO OHa COXpaHsieT IPEIUKAT @ U HE COXPAHSET
npeaukar oi. B srom ciyuae f(ai,...,a,) = n Ha HeKoTopoM Habope
(a1,...,an) € {t,b,f}". Yrobbl pu s1oM uMeso mecto f € Pol(p), mis
KasKJION CTPOKM MATPHIIBI 0 JOJIZKHO BBIIOJIHATHCH CIIEAYIOIIee yCIOBHE: €Ciin
CTpOKa cofep:kuT ognospeMento t, f u b, To ona comepxxur Taxxke n. Ho sto
[IPOTUBOPETIHUT YCJIOBUIO. AHAJOIMYIHBIM 00pa30M, €CJIH XOTsl OBl OJiHa CTPO-
Ka MaTpUIbl IIpe/KaTa ¢ cOCTOUT n3 3HadeHwii t, f u n, 310 03HAYaeT, UTO
f € Pol(o) = f € Pol(p}). Jlemma nokazama JTst BCex MPeIHKATOB U3 YCJIO-
BUst, KpoMme 0%, u DoYy.

Teneps mycTb cpein CTOIONOB MATPUILI IPEANKATA 0 B TOYHOCTH TPH CO-

t f
CTOSIT W3 OJHOTO W TOrO Ke 3HadeHud. Hampumep, 3TO CTOIOIBI < ¢ g)

b
<b)‘ HomycrumMm, cymecTtByer Takasd YHKIUS f, 9TO OHA COXPAHSET IPEeIn-

KaT @ M He coxpamseT npeaukar gi. B srtom ciyuae f(ai,...,a,) = n Ha
HEKOTOpoM Habope (ai,...,an) € {t,b,f}"”. Yrobbl npu sTOM HMEIO MECTO
f € Pol(p), njast MaTPHUIBI Q JTOJIZKHO BBIIOJHSATHCS CJIEAYIONIEE YCIAOBUE: €CIIH

t f b
MaTpHulla COJECP2KUT OJHOBPEMEHHO <t>, <f>, <b>, TO OHa COIAEPZKUT TaKKe

. Ho sTo IIPOTUBOPEYIUT YyCJIOBUIO. ,HaHHOG IIOCTPpOECHHUE NJOKa3bIBaeT JIEMMY

st o3, . JloKasaTenbeTBo Jisd 03 AHAJIOPMYHO, JOCTATOYHO B PACCYZKJICHUNI
IIOMEHSITH MeCTaMU 3HaUeHHWs b 1 n, a TaK»Ke 3aMeHUTD Q;}) Ha g}l. |

Jlemma 4. f € Pol(0}) N Pol(p3,) = f € Pol(g}) N Pol(o}).

Joxazameawvcmeo. Kiace Pol(p}) — 3To Kiacc Beex anrebpantiecknx byHK-
nuit mna {t,f}, mpunamnexanmx Py, p 5y Kitace Pol(g3,) — 310 Kmacc Beex
byHKINN, MOHOTOHHBIX OTHOCHUTEJIBHO MOpsanka <p, e n <p t <g b,
n <; f <; b. Iopoxaomas cucrema mis Pol(03) N Pol(o?,) npusogures
B |Pfenosil, 2021, Th. 18]. Bee dbyHKIUI 3TOf CHCTEMbI COXPAHSIOT KaK 0, TaK
i Q%. |

Jemma 5. f € Pol(o}) = f € Pol(03); f € Pol(0?) = (f € Pol(o}) +—
f € Pol(e3)).
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Jloxaszameavcmeo. Kiacc Pol(g%) — 9TO KJAacC BcexX (PYHKIHUH, CaMOIBOI-
CTBEHHBIX OTHOcHTesbHO O, rie J(t) = t, d(b) = n, d(n) = b, I(f) = f.
Hopoxatomast cucrema st Pol(o?) npusomurest B [Pienosil, 2021, Th. 5].
Bcee byHKIUE 9TOM CHCTEMBI COXPAHSIOT 03, UTO JEMOHCTPUPYET HCTHHHOCTD
nepBoro yTeepzienus. Jlokaxem Bropoe yTeepxiaenue. llycts f € Pol(o?),
f € Pol(o}) m f ¢ Pol(o}), To ectv f(b,...,b) € {t,n,f}. Oanako, xax
3TO CJleJlyeT U3 OlpejielieHns o3, B 3ToM ciydae jmbo f(n,...,n) € {t, b,f},
10 ectb f ¢ Pol(p}), mubo f ¢ Pol(o?). B obowx ciyHasx ToIydaeM MpOTH-
Bopeune. Paccyxenne s ciaydas f € Pol(o?), f € Pol(o}), f ¢ Pol(o})
AHAJIOTUYHO, JIOCTATOYHO [TOMEHATh MecTamu b u n. |

Teopema 4. Cywecmeyem 6 mounocmu 14 3amknymvr xaaccos Gyrruul,
KOmopvie Mo2ym Goimd NoPoOHCOEHbL HABOPAMU IAEMEHMAPHBLL ONePauuti “e-
MBIPELIHANHBLT MAMPUY, TAPAKMEPUSYIOUUT MAKCUMAALHO NAPAHENPOMUGCO-
PEVUBHLE U MAKCUMAALHO NAPATOANDBLE A3biK0sble pacwuperus FDE. 9mo xaac-
col PynKyul, COTPAHANUWUE 00HO U3 CACOYHUUT MHOHCECTNE NPEIUKAMOS:
Ry = {Q}; Ry = {Q%Q}; R3 = {Q%aé’%}; Ry = {9%79%2}; Rs = {Q%’Q;Q%Q};
Ry = {eo1}; Rt = {a3}; Rs = {03,0i}; Ry = {o3}; R0 = {of,05};
Ru1 = {01, 03,0}, 01}; Riz = {01, 03}; Riz = {0}, 03}; Rua = {01, 03, 03}

Zoxazameavcmeo. Ilycrs FDE* — makcuMasibHO TapaHEIIpOTHBOPEIHBOE
¥ MAKCHMAJILHO TAPAIOHOE YeThIpex3HadHoe s13bikoBoe paciimupenue FDE u
[FDE?] = Pol(Rppg=). B cuny Jesu[IH3| Rppee C {0}, 0}, 03, 02, 0%, }. B cn-
Iy JIeMMLI 03 ¢ Rpppe wm 039 ¢ Rppps.

lycts 03y ¢ Rpppe. Torma Rpppe C {0}, 0%, 08,05} Us Jlem-
MBI BoITeKaeT 07 € Rpppe = 0, € Rppge, a Takmxe
{o1,0i} € Rpprs = 03 € Rppr= u {03,0}} € Rrppe = 0} € Rpppe.
[Mosromy Rppp= € {R1, Re, R7, Rs, Ry, Ri10, R11, R12, R13, R14}. Teneps mycrb
025 € Rppps. Torna o} ¢ Rpppe. B cuny Jlemmwr 5| 02 ¢ Rpppge. Cie-
noBarenblo, Rppps € {Ra, R3, Ry, R5}. Takum 06pa3om, Mbl MoKa3aJju, 4To
Rrppe € {Rl, ceey R14}.

[Mokazkem, urto jyst kaxkgoro R; € {Ry,..., R14} Haiigercs Takas JOTHKA
FDE*, uro [FDE®| = Pol(R;). Ilpumepst juist i € {1,...,7} 3aumcTByeM u3
[Avron, 1999| (cm. Teopembr 3.10, 3.11, 3.15, 3.22-3.24). Ilycrs onepanuu D,
®, @ oTBeUaIOT TAOIUIAM, IPUBEICHHLIM HIXKE.
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Torma mmeer MecTo cieayromee:

L [{A,=,D,b,n}] — 310 xmace Ppgp g BCeX QyHKNUil Ha MHOMKECTBe
{t,b,n,f}, To ectp Pol(R;).

2. {A,, ®,®,b,n}] — 310 nogxacc Pt bon gy, cocrosimuii u3 Beex <j-Mo-
HOTOHHBIX (DYHKIWMIA, TO ecTb Pol(R3).

3. [{A, 7, ®,b}] — 1o mopkmace Py pp ), COCTOSANIMIA U3 BCeX <j-MOHO-
TOHHBIX (DYHKINH, KOTOPBIE SIBJIAIOTCI aaredpanieckuMu (pyHKIUIMA Ha

{b}, To ectp Pol(R3).

4. [{A, =, ®,n}] — sro monkace Py pn gy, cOCTOAME U3 BeeX <g-MOHO-
TOHHBIX (PYHKIUI, KOTOPBIE ABJIAIOTCA aJredpandecKuMu (pyHKIUAMI Ha,

{n}, To ectb Pol(Ry).

5 [{A, =, ®,®}] — sro nmomkmace Py, g}, cocToamuil u3 Beex <j-MOHO-
TOHHBIX (DYHKIMii, KOTOpBIE SIBJISIIOTCS aJre0pandecKuMu (QyHKIHIMU
kak Ha {b}, Tak u ma {n}, to ects Pol(Rs5).

6. [{A,7,D,®,®}] — ar0 noakace P n g}, COCTOSIMIT U3 BeeX (yHK-
1uii, KOTOpbIE ABIAIOTCA anrebpandeckumu dbyHKusaMu Ha {b}, To ecThb
Pol(Rg).

7. Pol(R7) = [{A\,=,D,0}] — 910 nogknace Py p q ¢}, COCTOAITHMIT U3 BeeX
dbyukumii, Koropble sBisIOTCA anrebpandeckumu GyHkimsaMu Ha {t,f},

To ectb Pol(Ry7).

Hanee, kax caemnyer us [Prenosil, 2021, Th. 5], [{A, -, 0}] — 310 moaxiacce
P{t7b’n’f}, COCTOSTIHI U3 BeeX (PYHKIUH, CaMOIBOMCTBEHHBIX OTHOCHTEIBLHO O,
T0o ectb Pol(Rg). B ocrasmmxcsi ciyudasix Rg—Rj4 uMeeT MeCTO Cliejiyrolree:
Pol(R;) = [{A,V, 7, gi}], te g; onpesessiercsi OfHON U3 IPUBEJEHHBIX HIKE
Tabsu, ucruanoctu. Jlocrarouno ybemurbes, uro ajsd kKaxkgoro 9 < ¢ < 14
dyuKnus g; coXpaHsieT BCe NPEJUKAThl u3 R; n He cOXpaHseT HUKAKUE HHbIE
[IPEJINKATHI U3 MHOXKECTBa RppE.

go ‘ t b n f g10 ‘ t b n f gai |t b n f
t n n b f t n n b f f f n b f
b|f f f f b f b f f b f b f f
n f f n f n f f n f n f f n f
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HOqueHHbeI pe3yabTaT IIO3BOJIAET HE TOJBKO IIEPEINC/IUTL 3aMKHYTbIE

KJIaCCbl, KOTOPbIE CJIy2KaT IIpeIMETOM ‘I[a,HHOfI pa6OTbI, HO 1 YIIOPAJOYIUTDH HUX
110 BKJIIOYCHUIO!:

Pol({o1, 03, 03, 01}) € Pol({e1, 03, 03}); Pol({e1, 03, 03, 01}) € Pol({e3, 07});
Pol({ot, 0}, 08}) € Pol({o}, 03}); Pol({o}, 0}, 03}) € Pol({o}, 03});
Pol({o}, 03, 03}) € Pol({0}, 03}); Pol({o}, 03, 015}) € Pol({of, 03});
Pol({o1, 03, 012}) € Pol({01, 01,}); Pol({e1, 03, 012}) € Pol({0}, 015});
Pol({o1,03}) € Pol({e1}); Pol({o1,05}) € Pol({03});
Pol({o1, 03}) C Pol({e1}); Pol({o1,05}) € Pol({03});
Pol({o1, 015}) C Pol({e1}); Pol({e}, 05}) C Pol({01,});
Pol({03, 03}) € Pol({03}); Pol({03, 03}) € Pol({03});
Pol({03, 015}) € Pol({03}); Pol({g}, 05}) C Pol({o1s});
Pol({e3,01}) € Pol({e3}); Pol({o1}) C Pol({@}); Pol({03}) C Pol({2});
Pol({03}) € Pol({@}); Pol({ol,}) C Pol({2}).

ﬂﬂﬂ HarIgJHOCTH 1/1306pa31/nv1 OTHOHICHUA MEXKJ1y KJlaCCaMM Ha JuarpaMMe

(puc. |1). B kadecTBe 0603HAYEHHIT KIIACCOB MCIOIb3yeM MHOXKECTBA [IPE/THKA-
TOB, KOTOPbIE OHU COXPAHSIOT.

{o}

{Q%y Q%z}

{01, 03, 072}

{of, 05, 03}

{oi, 05,03, 07}

Puc. 1. Ornomenus MeXKAy 3aMKHYTBIMHA KJIaCCaMn
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3akJiroueHue

[Tpencrapiennble pe3yabTaThl MOKHO IPUMEHUTD JJIsi AHAJIIN3a CBOWCTB de-
Teipex3HadHbiX pacmupennit FDE, koropbie MOryT ObITH ChOPMYJIMPOBAHBI 1€~
Pe3 oIPEeJeIMMOCTE B 9TUX PACIIUPEHUAX TeX WM UHBIX 0lIepaTopoB. Packpoem
9TOT TE€3UC HA [IPUMEPE, YCTAHOBUB CBsA3b MEXKJIy CBOiicTBaMu (DOPMAaJIbHOM IIPO-
THUBOPEYHMBOCTH U HEOIPEJEIEHHOCTN C OIIPEJIEIMMOCTBIO KJIACCHYECKOI0 OTPH-
[AaHUS B MAKCUMAJILHO APAIIOJHBIX U MaKCUMAJIbHO MTapaHelPOTUBOPEIUBBIX
JeThIpex3HadHbIX pacipenusx FDE.

[Tycte FDE* — gernipex3naunoe sizpikoBoe pacmupenne FDE. T'osopuw,
aro FDE* — soeuxa gopmanvrot npomusopevusocmu (LFI), ecim 8 FDE*
nuMeeT MecTo p A —p ¥ q; pAop ¥ q; o pAop ¥ q; p A —p Aop k- q mas HeKo-
TOpOro yHapHoro omeparopa o. ['opopum, uro FDE* — siozuxa gopmarvrot
neonpedeaenmocmu (LFU), korna 8 FDE* 117151 HEKOTOPOTo yHAPHOTO orepa-
TOpA * BEPHBI CJIEIYIONINE YTBEPKIEHUS: p ¥ qV —q; p ¥ qV xq; p ¥ —q V xq
p ' qV—qV*q . B oupenenennsx nonsituii onupaemcst va [Marcos, 2005|, agarn-
tupyst ux st pacummpennit FDE. Amanns JaHHBIX CBOWCTB NMPUMEHUTETHHO
K derblpex3HadHbiM pacimperusiv FDE moxHo Hafitu B8 [Omori, Sano, 2014)

u [Arieli, Avron, 2017].

YT06BI BBIIOJIHSAIOCH yejoBue p A —p A op = g, Heobxozumo o(b) € {n,f}.
[Tpu 5TOM JIOJIZKHBI TaK¥Ke BBITIOJIHIATBCS YCJIOBUSA p A op ¥ q u —p A op ¥ q,
nosromy o(x) € {t,b} ma x € {t,f}. Orciona nmeem cienyrormee: ecu FDE*
siesistercst LFI) to [F'D E®] ue coxpansier Hi g%, HUI Q%Z. AHajiormgubIM 06pazom
*x(n) € {t,b} u x(x) € {n,f} xa x € {t,f}, nosromy eciiu FDE* spisercs
LFU, 1o [FDE?®] me coxpansier HI o}, HU 035. Termepnb mycTs o(z) = t, ecrm
x € {t,f} u o(b) = n, o(n) = b. Ilycrs Takxke x(x) = f, eciu = € {t,f} u
x(b) = n, x(n) = b. Torna [{o,*}] C Pol(p?). Kak crencreue, eciu FDEX —
MaKCUMAJIbHO MAPAHEIPOTUBOPEUNBOE U MAKCHUMAJBHO TAPAIIOIHOE SI3BIKOBOE
pacmmmpernne FDE, sra jioruka siBjIsieTcst OMHOBPEMEHHO JIOTUKOHN (hopMasIbHOI
POTUBOPEYUBOCTH U JIOTUKO# (POPMAJIbHON HEOIIPEIEIEHHOCTH TOJIA U TOJBKO
Torja, Korya [F'DE*] = Pol(R;), tae i € {1,7,8}.

Tenepb paccMOTPHUM CJIEYIOIIEE CBORCTBO — OIPEIEJUMOCTb B PacIIupe-
aun FDE kjaccudieckoro oTpurianusi. AHaJu3y 3TOr0 CBOHCTBA OTAEIBHO I10-
cesitniena pabora [Omori, Sano, 2015|. Tosopum, aro B FDE* onpedeaumo xaac-
cuueckoe ompuyanue, ecaun B [FDEY] conep:kurcst Takast OYHKIHs ~, 9TO
~ z € {t,b} < =z € {n,f}. Eciu Bbmmosneno sro yciosue, T0 ~ He CO-
XpaHsgeT HU O}, HU 0}, HU 0%. Ilycth ~ (t) = f, ~ (b) = n, ~ (n) = b,
~ (f) = t. B sTom ciyqae ~ coxpanser o?. Kax ciencreue, ecrm FDEX —
MaKCUMAJILHO MAapAHEIPOTUBOPEUNBOE U MAKCUMAJIBLHO IAPAIIOIHOE SI3BIKOBOE
pacmmpernne FDE, B 570t jlornke onpeneanMo KJIACCUIECKOEe OTPHUIIAHUIE TO-
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rJ1a U TOJIBKO TOIJIa, KOTJa OHA SBJISETCS OJHOBPEMEHHO JIOTUKOH (hOpMaIbLHON
IPOTUBOPEYUBOCTHU U JIOTHKON (hOpMAaJIbHON HEOIPEIeIeHHOCTH.

Mpbr mokazaJu, Kak 3aMKHYTBIE KJIACCHl MOTYT OBITh IIOCTABJIEHBI B COOT-
BeTCTBHE TeM Wju WHbIM cBoiictBaM paciiupenuii FDE. Koneuno, mpumenu-
MOCTh 9TOr0 METOJa He MCUEPIIbIBAETCs IIPUBEIeHHBIM puMepoM. Hampumep,
B |Pfenosil, 2021| amajornanblii MOAXO0/ IPUMEHSIETCS JJIsi AaHAJIN3a PACIIHPE-
unit FDE ¢ Touku 3perns abcTpakTHON airedpanviecKoil JOTMKN — 3aMKHY ThIM
KJIaccaM (DYHKIINI COMOCTABJISIIOTCS CBOMCTBA «OBITH TPOTOAJTeOpAIecKOil J10-
TUKO¥», «ObITh airedpan3upyeMoii JIOTUKOW», «ObITh MMILIMKATUBHOMN JIOTUKOH »
u ap.

Eme onna ob1acTh mpuMeHnenust pe3yabTaToB CTaThU KAaCaAeTCs TIOJIYY€HHOTO
HAMU MHOXKECTBa TPenkaToB Rppp. OHO TIO3BOJISIET CPABHUTDL BBIPA3UTENb-
HBIE BO3MOXKHOCTH JIBYX IPOU3BOJIBHBIX UETHIPEX3HAUHBIX SI3BIKOBBIX PACIIHU-
pernit FDE. [I7s 9T0r0 0CTaTOMHO yCTAHOBUTH, KAKOE MTOJMHOXKECTBO Rppp
COXPAHSIIOT OJHOBPEMEHHO BCE 3JIEMEHTAPHBIE OIEPAIMH MATPHUIILI IIEPBOTO U3
CPaBHUBAEMBIX PACIIUPEHUI, 8 KaKOoe — BTOPOTO.

3aBepiiiasi CTATbIO, OCTAHOBUMCST HA BO3MOXKHBIX HAIIPABJIECHUSX JAJIbHEH-
mux ucciepoBanuii. B crarbsx [Shramko et al., 2017; [Shramko et al., 2019|
paccmarpuBalorcs poacTsenable FDE norukn ETL u NFL, xapakrepuctmye-
CKHEe MATPUIBI KOTOPBIX OTJIUYIAITCS OT MppE TOJBKO KJIaCCaMU BBIJIEJIEH-
HBIX 3HadeHwil. B To Bpems kak D = {t,b} B Mypg, D = {t} B MgrL 1
D = {t,b,n} B MnpL. Jloruka ETL napanosiza, Ho He HapaHeIPOTHBOPEI-
Ba. Jloruka NFL nmapanenporuBopevnBa, HO He maparoaHa. [Ipeacrapisaior nu-
Tepec KPUTEPUU MAKCUMAJIBHOM TTAPAHEIPOTUBOPEUNBOCTH (MJIU APATIOJHOTHI )
B JIAHHBIX JIOTMKAX, & TaKKe 3aMKHYTBIE KJIACCDI, IIOPOXKIAeMble OIEePAIIATIMI
X MAKCHMAJIbHO [apaHEeIPOTHBOPEYMBBIX (UJIM MAPAIOJHBIX) YeThIPeX3Hau-
HBIX SI3BIKOBBIX paciiupennii. Kpome Toro, akTyaJbHON IPEICTABIACTCA 3a0a-
9Ya [MOCTPOEHMsI [IOJTHOM PEIeTKN 3aMKHYTBHIX HajkaaccoB [FDE], a He TOJIBKO
ee OTHIe/IbHBIX (PPArMeHTOB.
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Abstract: The paper is devoted to the closed classes of functions of four-valued logics which
can be generated by the primitive operations of characteristic matrices for the expansions of
FDE that are simultaneously maximally paraconsistent and paracomplete.

We begin with presenting the necessary and sufficient conditions which four-valued expansions
of FDE must satisfy in order to be maximally paraconsistent and paracomplete. In both
cases, the criteria of maximality are linked to operations of a certain kind being present in a
matrix of an expansion in question, which prevent it from being a sublogic of a three-valued
expansion of Asenjo—Priest’s logic LP — in the paraconsistent case, or Kleene’s logic Kg —
in the paracomplete case.

Further, relying on the Baker—Pixley theorem, we describe a set of 5 unary and 20 binary
predicates such that any closed class of functions generated by the operations of a four-valued
characteristic matrix characterizing an expansion of FDE is a class of functions that preserve
one of its subsets. This yields a simple algorithm for comparing the expressive power of any
arbitrary four-valued expansion of FDE.

Moreover, taking into account that the given set of predicates includes all predicates describ-
ing precomplete classes of functions of four-valued logic which are preserved by the operations
of the characteristic matrix for FDE, we provide criteria of functional completeness and pre-
completeness for the operations of any four-valued matrix which characterizes an expansion
of FDE.

Finally, by utilizing the conditions of maximal paraconsistency and paracompleteness, as well
as the list of predicates for expansions of FDE, given in the paper, we identify all 14 sets
of predicates describing the closed classes of functions which can be generated by systems
of primitive operations of four-valued characteristic matrices for such expansions of FDE
that are at the same time maximally paraconsistent and maximally paracomplete. This
allows us to not only list all closed classes corresponding to the maximally paraconsistent
and paracomplete four-valued expansions of FDE, but also to order them with respect to
inclusion.

Keywords: four-valued logics, paraconsistency, paracompleteness, closed classes of func-
tions, closed classes of predicates

For citation: Devyatkin L.Yu. “O vyrazitel'nykh vozmozhnostyakh maksimal’'no
paraneprotivorechivykh i maksimal’no parapolnykh chetyrekhznachnykh rasshirenii FDE ”
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Abstract: We study the algorithmic properties of the quantified (first-order) temporal logics
QLTL and QCTL in languages with restrictions on the number of individual variables as well
as the number and arity of predicate letters. We prove that satisfiability problems for QLTL
and QCTL in languages with two individual variables and one monadic predicate letter
are Yi-hard. Thus, QLTL and QCTL are IIi-hard, and so not recursively enumerable,
in such languages. The results, which hold both for the expanding domain and for the
constant domain semantics, are obtained by reduction from a Y}-hard IN x IN recurrent tiling
problem. The results presented in this paper strengthen those by I. Hodkinson, F. Wolter,
and M. Zakharyaschev, who have shown that the satisfiability problem for QLTL (and, by
a straightforward modification of the proof, for QCTL) is ¥i-hard in languages with two
individual variables and an unlimited supply of monadic predicate letters.
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1. Introduction

Temporal logics [Emerson, 1990; (Goldblatt, 1992} (Gabbay et al., 1994} De-
mri et al., 2016] (we use the term “temporal logics” for formalisms studied
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primarily in the context of computer science; by contrast, the term “tense lo-
gics” is commonly used for formalisms studied primarily by philosophers and
linguists), having appeared in the 1980s |Pnueli, 1986| as a tool for the veri-
fication of concurrent systems, have since been extensively used as specific-
ation languages [Manna, Pnueli, 1992; Manna, Pnueli, 1995; |Clarke et al.,
2000], knowledge representation formalisms [Baader et al., 2015, [Borgwardt,
et al., 2015; Bourgaux et al., 2019; |Artale et al., 2004], and query lan-
guages [Chomicki, Niwinski, 1993} |(Chomicki, 1994} [Abiteboul, 1996|, often in
combination with other formalisms, such as epistemic [Halpern, Vardi, 1998} @
gin et al., 1995 van der Hoek, Wooldridge, 2003| and description [Wolter, Za-
kharyaschev, 2000; [Artale, Franconi, 2000; Baader et al., 2012] logics.

Most applications of temporal logics in computer science have been those
of propositional temporal logics, mostly because the quantified temporal lo-
gics of relevance to computer science are computationally badly behaved —
most of them are not even recursively enumerable! and, hence, deductively
incomplete: no effective proof system can capture all the valid inferences
in quantified temporal languages [Andréka et al., 1979; Szalas, 1986; [Szalas,|
Holenderski, 1988; |Abadi, 1989; Merz, 1992; |Garson, 2001|. By comparison,
propositional temporal logics, which are typically PSPACE-, EXPTIME-, or
2EXPTIME-complete |Fischer, Ladner, 1979; Sistla, Clarke, 1985} Vardi, Stock-|
meyer, 1985; [Emerson, Halpern, 1985} (Goranko, van Drimmelen, 2006; [Walther|
et al., 2006; [Schewe, 2008| and usually have sound and complete proof sys-
tems [Emerson, Halpern, 1985 |Goldblatt, 1992} |Goranko, van Drimmelen,|
2006; (Goranko, Shkatov, 2009d|?, look quite attractive.

In some applications, however, — temporal databases being an example —
propositional logics do not suffice; hence, a need for quantified temporal logics.
The bad computational behaviour of quantified temporal logics does not have
to spell end to their applicability: the classical first-order logic, despite being
undecidable [Church, 1936; Turing, 1936|, has had a very long and highly suc-
cessful history of applications in computer science and artificial intelligence.
What is important from the point of view of applications is not whether a lo-
gic as a whole is decidable, but whether it has sufficiently expressive decidable
fragments: no application requires the full expressive power of a logic. There-
fore, the study of the algorithmic properties of fragments of quantified temporal

'For a brief discussion of how this relates to their propositional bases, see the authors’
earlier article [Rybakov, Shkatov, 2020a].

2These can be used to obtain, by being combined with proof systems for other formal-
isms such as epistemic logics |[Goranko, Shkatov, 2008} |Goranko, Shkatov, 2009a; |Ajspur et
al., 2013', proof systems for combined systems such as temporal-epistemic logics |G0rank0,
Shkatov, 2009b} |Goranko, Shkatov, 2009c|.




Undecidability of QLTL and QCTL with two variables and one monadic predicate. . . 95

logics is crucial for grasping the range of their applicability within computer
science and artificial intelligence.

The study of the algorithmic properties of fragments of a logic, which typ-
ically involves identification of it maximal decidable and minimal undecidable
fragments — the decidable fragments that become undecidable when slightly
extended and the undecidable fragments that become decidable when slightly
restricted, — is known as an algorithmic classification problem for a logic. Such
a study pursues at least two objectives: to understand the root causes of the
bad computational behaviour of a logic and to obtain expressive, yet compu-
tationally feasible, fragments. The first objective is pursued mainly through
identification of undecidable, the second through identification of decidable,
fragments.

The main success story of algorithmic classification research has been the
classical first-order logic QCI |Borger et al., 1997|. The algorithmic classifica-
tion problem for non-classical — modal, temporal, and superintuitionistic — lo-
gics has been much less studied: despite extensive literature [Kripke, 1962} Arte-
mov, Dzhaparidze, 1990; (Gabbay, Shehtman, 1993} Wolter, Zakharyaschev,
2001; [Kontchakov et al., 2005; [Rybakov, Shkatov, 2019¢}; Shehtman, Shkatov,
2019; [Rybakov, Shkatov, 2020b; [Rybakov, Shkatov, 2020c}; Shehtman, Shkatov,
2020; [Rybakov, Shkatov, 2021b; [Rybakov, Shkatov, 2021c; |Rybakov, Shkatov,
2021d; Rybakov, Shkatov, 2021e|, much less is known about the algorithmic
properties of fragments of non-classical logics than about the algorithmic prop-
erties of fragments of QCI.

The present paper aims to contribute to the algorithmic classification prob-
lem for quantified temporal logics. We originally focus on the quantified linear-
time temporal logic QLTL, both the simplest and the most widely used quanti-
fied temporal logic, and then show how our treatment of QLTL can be extended
to the quantified branching-time temporal logic QCTL, and hence to the quan-
tified alternating-time temporal logic QATL. Clearly, our results also apply to
QCTL* and QATL", since QCTL can be viewed as a fragment of QCTL*
and QATL as a fragment of QATL".

The largest known decidable fragments of QLTL are monodic frag-
ments [Hodkinson et al., 2000, Theorem 15] (see also |Gabbay et al., 2003,
Ch. 11]): a monodic fragment is obtained by adding to a decidable fragment
of QCI1 valid temporal formulas in which scopes of temporal operators do not
contain more than one free variable (many temporal formulas of interest, in-
cluding the Barcan formula corresponding to the semantic condition of constant
domains, have this form). Following up on the discovery of monodic fragments,
the complexity of a number of decidable fragments of QLTL has been iden-



96 Mikhail Rybakov, Dmitry Shkatov

tified [Hodkinson et al., 2003|, and effective axiomatizations of monodic frag-
ments have been obtained [Wolter, Zakharyaschev, 2002].

The smallest known undecidable fragment of QLTL |[Hodkinson et al., 2000}
Theorem 2| contains formulas with two individual variables and an unlimited
supply of monadic predicate letters.

Thus, the gap between the known decidable and the known undecidable
fragments of QLTL is quite narrow: the fragment with two individual vari-
ables, an unlimited supply of monadic predicate letters, and unrestricted use of
temporal operators is undecidable, but the fragment with two variables, only
monadic predicate letters, and the monodic use of temporal operators — i.e.,
using the temporal operators so that their scopes contain formulas with at most
one free variable — is decidable (the corresponding fragment of QCI is decid-
able [Mortimer, 1975; (Gradel et al., 1997]; hence, it forms a suitable classical
basis for a monodic fragment).

Nevertheless, in light of recent results [Rybakov, Shkatov, 2019c; Rybakov,
[Shkatov, 2020bj; |Rybakov, Shkatov, 2020c; Rybakov, Shkatov, 2021b; |Rybakov |
Shkatov, 2021¢c| on undecidability of quantified modal and superintuitionistic
logics, close relations of quantified temporal logics, — which show that frag-
ments with a few variables (two [Rybakov, Shkatov, 2019¢; Rybakov, Shkatov |
or three [Rybakov, Shkatov, 2020c; [Rybakov, Shkatov, 2021b|, depend-
ing on the logic) and a single monadic predicate letter often turn out to be
undecidable when no restrictions are placed on the use of non-classical oper-
ators — a very natural question arises of whether the gap between the known
decidable and the known undecidable fragments can be tightened still further:
can we prove undecidability of QLTL in languages with two variables and a
single monadic predicate letter?

In the present paper we do just that: we narrow the gap between the known
decidable and the known undecidable fragments of QLTL by proving that the
fragment containing formulas with two variables and a single monadic predicate
letter is already undecidable — more precisely, this fragment is IT13-hard, i.e. has
the same computational complexity as the full logic (we are not aware of upper-
bound results for QLTL; whatever the upper bound is, it is surely inherited
by all the fragments).

The main technical novelty of the present paper is modelling of an ar-
bitrary number of monadic predicate letters with a single one for logics of
linear structures. The techniques used in the proofs of analogous results for
most modal and superintuitionistic logics |[Rybakov, Shkatov, 2019¢; Rybakov |
Shkatov, 2020c; Rybakov, Shkatov, 2021b| are inapplicable to QLTL: being ul-
timately based on the propositional level techniques [Halpern, 1995 Chagrov,|
[Rybakov, 2003; |Rybakov, Shkatov, 2018a); [Rybakov, Shkatov, 2018b} |Rybakov |
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Shkatov, 2019a; Rybakov, Shkatov, 2021a] developed for modal logics of frames
without restrictions on the branching factor, they cannot be used for logics
of linear frames, such as QLTL, since they rely on transformations of models
that arbitrarily increase their branching factor. We adopt here to QLTL an
approach recently |[Rybakov, Shkatov, 2020b} |Rybakov, Shkatov, 2021c| used
for monomodal logics of linear frames: in that setting, however, it is not clear
how undecidability can be obtained for languages with a single monadic predic-
ate letter. In the present paper, we adapt those techniques to QLTL to obtain
undecidability for languages with two variables and a single monadic predicate
letter.?

The proof proceeds by reduction from the Yi-hard [Harel, 1986] IN x IN
recurrent tiling problem. The initial reduction to satisfiability for QLTL in
languages with two individual variables, one binary, and an unlimited supply
of monadic letters, carried out in Lemma [I| resembles the reduction from a
known proof by I. Hodkinson, F. Wolter, and M. Zakharyaschev |Hodkinson
et al., 2000, Theorem 2]; it is not, however, enough for our purposes to reuse
their formulas — we, therefore, define our own reduction from the recurrent
tiling problem preparing the ground for subsequent reductions to less expressive
subfragments, carried out in Lemmas [2] and

The paper is structured as follows. In Section 2, we introduce the syntax
and semantics of QLTL. In Section 3, we present our undecidability result for
QLTL. In Section 4, we show how to obtain an analogous result for QCTL.
We conclude in Section 5 by discussing directions for future study.

We assume the reader’s familiarity with the basic notions of computability
theory; the reader wishing a reminder may consult |[Rogers, 1967] and |Ender-
ton, 2011].

Throughout the paper, we denote by IN the set of natural numbers, which
includes zero, and by INT the set of positive integers, which excludes zero.

2. Preliminaries

In this section, we present the syntax and semantics of first-order quantified
linear time temporal logic QLTL.
2.1. Syntax of QLTL

The full, unrestricted, language of QLTL contains:

e countably many individual variables, denoted by z,y, z1,v1, .. .;
e for every n € IN, countably many n-ary predicate letters, denoted by
P Q" R", ...; when the arity of a predicate letter is clear from the

3The result itself was announced, without proof, in the Discussion section of an earlier
paper [Rybakov, Shkatov, 2021c|.
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context, the superscript is usually omitted; nullary predicate letters are
propositional variables;

the Boolean constant L (falsity);

the binary Boolean connective — (implication);

the binary temporal connective U (until);

the quantifier symbol V (for every);

technical symbols: parentheses (, ), and the comma.

Formulas are defined by the BNF expression

o = P@1,...,zn) | L] (=) | (pUp) | Vo,

where P ranges over m-ary predicate letters. Atomic formulas are those of
the form P(x1,...,xy). Closed formulas are those without free occurrences of
variables. We use the standard abbreviations

o = (p— 1)
T = -1
pAD = 2=
eVY = o=
e = (p=2Y)A R = p);
Op = 1LUy;
Cp = oV (TUp);
Op = —07¢p;
dry = =Vz-op,
as well as
o = ¢
o"tly = 00"y, for every n € IN.

When parentheses are omitted, =, O, <, O, V, and 3 are assumed to bind
tighter than A, V, and U, which are assumed to bind tighter than — and <.
To enhance readability of formulas, we occasionally use square brackets in place
of parentheses.

2.2. Semantics of QLTL

The semantics of QLTL-formulas is defined in terms of Kripke frames, also
known — particularly, in computer science — as transition systems.

A Kripke frame is a structure § = (S,+—), where S is a non-empty set
of states and — is a binary transition relation on S satisfying the seriality
condition: for every s € S, there exists t € S such that s — t. If s — t, we
say that t is accessible from s. The relation — is not required to be functional:
more than one state can be accessible from any state.
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A path in a frame (S,—) is an infinite sequence 7 of elements of S such
that w[i] — 7[i + 1], for every ¢ € IN; thus, 7[i] is the ith state of w. For every
i € IN, we denote by 7[i, oo] the infinite suffix of 7 beginning with 7[i], i.e., the
sequence wli|, 7[i + 1],... of states.

A predicate Kripke frame with a system of expanding domains is a tuple
§p = (S,—, D), where (S,—) is a Kripke frame and D is a function from S
into the set of non-empty subsets of some set, the domain of §p; the function D
is required to satisfy the monotonicity condition: s — s’ implies D(s) C D(s').
The set D(s) is the domain of state s. We often write Dy for D(s). We shall also
consider predicate frames satisfying the stronger constancy condition: s ~ s’
implies D(s) = D(s'); such predicate frames are called predicate frames with
constant domains. By predicate frame simpliciter we mean predicate frames
with expanding domains. If needed, consult |Gabbay et al., 1994} Hughes,
Cresswell, 1996; [Fitting, Mendelsohn, 1998} |Bratner, Ghilardi, 2007 |Goldblatt,
2011] and |Gabbay et al., 2009, §3.1] for fuller description of Kripke semantics
for predicate temporal — and closely related modal — logics.

A Kripke model is a tuple MM = (S, —, D, I), where (S, >, D) is a predicate
Kripke frame and I, called the interpretation of predicate letters with respect
to states of .S, is a function assigning to a state s € S and an n-ary predicate
letter P an n-ary relation I(s, P) on Dy; thus, I(s, P) C D?. In particular, if
P is nullary, I(s, P) € D% = {()}; thus, we can identify truth with {{)} and
falsity with @. We often write P'>* for I(s, P). We say that (S,+~, D, I) is a
model over the frame (S,+—) and over the predicate frame (S,+—, D). We also
say that (S, ) is the underlying frame, and (S, , D) the underlying predicate
frame, of a model (S,—, D, I). If 7 is a path in a frame underlying a model
I, we also say that « is a path in 9.

An assignment in a model is a function g associating with every individual
variable z an element g(z) of the domain of the underlying predicate frame.
We write ¢’ = g if assignment ¢’ differs from assignment g in at most the value
of variable x.

Formulas are evaluated in Kripke models relative to paths (rather than
states, as in modal, and some other temporal, logics). The satisfaction rela-
tion between models M, paths m, assignments g, and formulas ¢ is defined by
recursion:

e M =9 Play,...,xn) = {(9(x1),...,9(xn)) € pllol,
o M, w9 L,

o M7= o1 — ¢y = M, 7 I o or M, =9 py;
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o M 7w = @1 Ups = M, 7[i,0] E @92, for some i > 0, and
M, 7[j, 0] = 1, for every j with 0 < j < 4;

e M, =9 Vr ¢y = Mw ):9, @1, for every ¢’ such that ¢ = g
and ¢'(x) € D(n[0]).

This definition implies that

e M7 I Op <= M, 7[l,00] =7 ¢;

e M7 I Cp — M, ni,o00] E7 p, for some i € IN;
e Mr =90y <— M, 7wi,00] EY ¢, for every i € IN.

We note that, if M = (S,—,D,I) is a Kripke model, s € S, and
I;(P) = I(s, P), then the tuple M, = (Dy, I;) is a classical predicate model, or
structure.

We also note that we take the strict version of “until” as our primitive
temporal connective: 7 = ¢ Ups implies that o9 is satisfied at a future state of
m and ¢ is satisfied at every future state of m preceding the state satisfying .
The non-strict “until”, allowing @9 to be satisfied at the current state of 7, can
be expressed using the strict “until” ¢ Uy = @a V (1 Upsz). Conversely, the
strict until can be expressed using U° and O: ¢ Ups = O(p1 U p2). Thus, it
is immaterial whether {O, U°} or { U} is taken as the set of primitive temporal
operators.

We shall often use the following notation. Let 9 = (S,—,D,I) be a
Kripke model, 7 a path in 9, and ai,...,a, elements of D(x[0]); let also
o(z1,...,2,) be a formula whose free variables are among zi,...,x, and g
be an assignment with g(x1) = a1, ..., g(z,) = a,. Then, we shall often write
M, 7 = p(a,...,an) instead of M, 7 =9 ¢(x1,...,xy,). This notation is un-
ambiguous since the languages we consider do not contain constants.

Since the satisfaction of atomic formulas at a path depends only on its initial
state, we often write MM, s = P(ai,...,ay) instead of M, 7 = Plai,...,an)
whenever 7[0] = s. If M, s = P(ay,...,a,), we also say that P(ai,...,a,) is
true at s in 9.

A formula ¢ is satisfied at a path 7 in a model 9 (symbolically, M, 7 = ¢)
if M, 7 =9 ¢, for every g assigning to the free variables of ¢ elements of D(7[0]).
A formula ¢ is satisfied at a state s of a model M (symbolically, M, s = ¢)
if M, 7w |= ¢, for every path 7 with 7[0] = s. A formula ¢ is true in a model
M (symbolically, M = ¢) if M, s = ¢, for every state s of M. A formula ¢
is valid on a predicate frame Fp (symbolically, §p | ¢) if ¢ is true in every
model over Fp. A formula ¢ is valid on a frame § (symbolically, § | ¢) if ¢
is valid on every predicate frame (§, D).
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To simplify the notation, we write 7 |= ¢ and s |= ¢, rather than, respect-
ively, M, 7 = ¢ and M, s = ¢, when I is clear from the context.

A formula ¢ is satisfiable in a model M = (S, +—, D, I) if there exists a path
7 in 9 and an assignment ¢ assigning to the free variables of ¢ elements of
D(x[0]) such that 9, =9 .

We note that satisfiability of a closed formula in a model does not depend on
the assignment: a closed formula ¢ is satisfiable in a model MM = (S, —, D, I)
if, and only if, there exists a path 7 in 9 such that 9, 7 = .

A formula ¢ is QLTL-valid if it is valid on every frame; it is QLT L-satis-
fiable if it is satisfiable in some model.

In this paper, we are concerned with the computational complexity of the
following computational problems:

o Validity problem for QLTL: given a formula ¢, determine whether ¢ is
QLTL-valid.

o Satisfiability problem for QLTL: given a formula ¢, determine whether
v is QLT L-satisfiable.

We note that ¢ is valid if, and only if, —¢ is not satisfiable; therefore,
validity and satisfiability for QLTL are dual problems.

3. Main results

In this section, we prove that satisfiability for QLTL is ¥1-hard — hence,
validity for QLTL is ITj-hard — in languages with two individual variables
and a single monadic predicate letter. This implies that the set of validities of
QLTL in such languages is not recursively enumerable, and hence cannot be
captured by an effective sound and complete proof system.

3.1. Reduction from the recurrent tiling problem

We proceed by reduction from a Yi-complete |[Harel, 1986] recurrent tiling
problem for INxIN.* We are given a set of tiles, a tile ¢ being a 1 x 1 square, with
a fixed orientation, whose edges are “colored” with left(t), right(t), up(t), and
down(t). A tile type is fully determined by the edge colors. Every tile belongs
to one of the finitely many types T' = {to, ..., %}, with tiles of each type being
in unlimited supply. A tiling in an arrangement of tiles on a rectangular IN x IN
grid so that the edge colors of the adjacent tiles match, both horizontally and
vertically. We are to determine whether there exists a tiling in which a tile of

4D. Harel proves Xi-completeness of this problem by one-to-one reduction from a
Y1 complete set of nondeterministic Turing machines: each machine is mapped to an in-
stance of the recurrent tiling problem, i.e., to a set of tile types.
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type to occurs infinitely often in the leftmost column, i.e., whether there exists
a function f : IN x IN — T such that, for every n,m € IN,

(Tl) right(f(n7m)) = left(f(n + 17m));
(Tz) up(f(n,m)) = down(f(n,m +1));
(T5) the set {m € IN: f(0,m) = to} is infinite.

To make the underlying idea clearer, we initially encode the recurrent
tiling problem with formulas of two individual variables, without regard for
the number of predicate letters used. This encoding is similar to the one used
by I. Hodkinson, F. Wolter, and M. Zakharyaschev [Hodkinson et al., 2000,
Theorem 2| (similar techniques have been used elsewhere [Spaan, 1993; |Marx,
1999; Wolter, Zakharyaschev, 2001; [Kontchakov et al., 2005] and |Gabbay et
al., 2003, Theorem 11.1]), but our encoding is different from theirs since we
need to prepare the ground for the subsequent reductions, presented in Lem-
mas [2| and [3] eliminating all the predicate letter bar a single monadic one in
the formula obtained in the initial encoding. Thus, the formulas we use in the
initial encoding resemble, but are not the same as, those used by I. Hodkinson,
F. Wolter, and M. Zakharyaschev |[Hodkinson et al., 2000, Theorem 2|.

To obtain a grid for the tiling, we shall think of the states of the path sat-
isfying a formula as rows, and of elements of the domain of the state satisfying
a formula as columns, of the IN X IN grid. Indeed, a path can be thought of as
the set of natural numbers with the immediate successor relation; we shall also
write formulas that capture, within the domain of a state, the structure of the
naturals with the immediate successor relation. Then, to describe a tiling on
thus obtained grid, we use a family {P; : ¢t € T} of monadic predicate letters
corresponding to the tile types: intuitively, w[m| = P:(a,) shall mean that the
square (n,m) is tiled with a tile of type ¢t from T.

Not all the states on the satisfying path shall be part of the tiling: to prepare
the ground for subsequent reductions, we create gaps, non-empty equal-sized
sequences of states that are not part of the tiling, in the timeline; the states
meant to partake in the tiling shall be marked off by a propositional variable p.
The size of the gaps, a+ 6, is proportional to the number of monadic predicate
letters we need to eliminate in subsequent reductions.

Thus, let < be a binary, P, for every ¢t € T', monadic, and p nullary predicate
letter.
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Let (for brevity, in formulas we write [, , u, and d instead of left, right, up,
and down)

Ay = pADO(p & O Op);
A1 = Jz0O(p A Py (2));
Ay = Vzdyxay;
A = VaVylz<y — O(p = x<y)];
Ay = Vzolp— (\/Pt(m) A /\(Pt(a:) — —Py(m)))]%
teT £t
A = Va:VyD/\ <Ay A Pz —>\/Pt/
teT r(t)=
teT u(t)=d(t")

and let A be the conjunction of Ay through Ag. Notice that the formula A
contains only two individual variables.

3(a+6) P Progz)(0) Prag)(1) Pros)(2) Ppszy(3) -

| p
200+6) § P Prop0) Prugn() Prep@) Preg®) -
S|P
a+6§ P Pron(0) Pran(l) Pren(2) Py -
a+5 e
1 |7
0 p Pr0,0)(0) Prao(l) Ppie0)(2) Przo(3) -

0 < 1 < 2 < 3
Fig. 1. Model 9,
Lemma 1. There exists a recurrent tiling of IN x IN satisfying (T1) through
(T3) if and only if A is satisfiable.

Proof. (“if”) Suppose A is satisfiable, i.e., M, 7 | A, for some model
M = (S,—, D, I) and some path 7 in 9.
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By Ay,
mm]Ep <= m=0mod (a+6). (1)
By Aj, there exists ag € D(7[0]) such that 7[0] = Py, (ao).
By Ag, there exists an infinite sequence ag, ai, ag, ... of elements of D([0])
such that
1,m[0]

1,m[0] as <]I,7r[0] o

ap < a1 <

By As and (1), for every m such that m = 0 mod (« + 6),

I,m[m] I,m[m] I,m[m] .

ap < a4 ag <

By Ay, for every n € IN and every m such that m = 0 mod (« + 6), there
exists a unique ¢ € T such that 7[m]| = P;(a,). Hence, we can define a function
fiNxN-—T by

f(n,m) =t whenever w[m(a+6)] = Piay).

Since m = A1 A As A Ag, conditions (T7) through (73) are satisfied for f.
Therefore, f is a required function.

(“only if”) Suppose f is a function satisfying conditions (77) through (73).
We obtain a model satisfying A. Let

e S=N,
e s—s = =s5+1,
e D(n) =N, for every n € N,

and let My = (N, <, D, I) be a model, depicted in Figure such that, for every
n € N,

enkp = n=0mod (a+ 6);
enEk<l = n=0mod (a+6)andl =k+1;
e nl=Pi(k) = 3meN (n=m(a+6) and f(m, k) =t).

Lastly, let my be the path defined by m[n] = n, for every n € IN.
It is straightforward to check that 9y, o = A, so we leave this to the
reader. [ |

Thus, in the proof of the “if” part of Lemma [T we obtained a grid for the
required tiling by treating the states of path 7 as rows and elements ag, a1, as, - . .
of the domain of the state 7[0] as columns.
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3.2. Elimination of the binary predicate letter

We next eliminate, in a satisfiability-preserving way, all predicate letters
of the formula A bar a single monadic one, without increasing the number of
individual variables in the resultant formula. We, thus, obtain a reduction from
the recurrent tiling problem to satisfiability for QLTL in languages with two
variables and a single monadic predicate letter.

The elimination of predicate letters is carried out in two steps: first, we
simulate the binary letter < with two monadic predicate letters; then, we sim-
ulate all the predicate letters of thus obtained formula with a single monadic
one.

From now on, we assume, for ease of notation, that the formula A con-
tains monadic predicate letters Py, ..., P, — rather than a letters P, for each
t € {to,...,ta} — to refer to the tile types.

First, using a suitable adaptation of the ideas of Kripke’s |Kripke, 1962, we
eliminate the binary predicate letter < of A.

Recall that Kripke’s construction [Ibid.| transforms a model 91 satisfying a
formula containing a binary predicate letter, and no modal operators, at a state
s in such a way that a sufficiently large number of states — more precisely, one
state for every pair of elements of the domain of s — accessible from s is added
to 991. This idea cannot be applied to QLTL in a straightforward manner, for
two reasons. First, in Kripke’s version, the added states do not form a path,
which is needed for QLTL. Second, since < occurs in the scope of the temporal
operator O in A, we need to simulate < not just at the initial state of a path
satisfying A, but at every state affecting the satisfaction of A.

We resolve these difficulties by working the model 97y defined in the proof of
Lemma [I] and by exploiting its properties: the domains of the states of My are
all equal, and the interpretation of < is the same at every state of 9y affecting
the satisfaction of A.

Let P,y1 and P,y2 be monadic predicate letters distinct from Py, ..., P,
and from each other, and let -’ be the function substituting

<>(Poz+l (CC) A Pa+2(y))a for z< Y.

Lemma 2. There exists a recurrent tiling of IN x IN satisfying (T1) through
(T3) if and only if A" is satisfiable.

Proof. (“if”) Suppose M, 7 = A’, for some model M = (S, —, D, I) and some
path m. Define an interpretation I’ on the frame (S,+—, D) so that, for every
seS,

I'(s,9) = {{a,b) : M5 | O(Pas1(a) A Paya(0))}
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and, for every s € S and every Q € {p, Py, ... Pa},

and let M’ = (S,+—, D, I'). Then, M, w |= A. Hence, by Lemmall] there exists
a recurrent tiling of IN x IN satisfying (77) through (73).

(“only if”) Suppose f is a function satisfying conditions (77) through (73).
Let My and mg be, respectively, the model and the path defined in the proof of
the “only if” part of Lemma [l As we have seen, My, 79 = A. We use My to
obtain a model satisfying A’.

Let o be the infinite sequence
0, 0,1, 0,1,2, 0,1,2,3, 0,1,2,3,4, ...

and let oy, for each k € IN, be the kth element of o.
Let M{ = (IN,—, D, I’) be a model such that, for every n,c € NN,

0:nE Payi(c) = ImeN (n=m(a+6) and ¢ = op,);
01 Paga(c) = ImeN (n=m(a+6) and c = oy + 1),

and for every n € IN and every S € {p, Py, ..., Pa},
I'(n,S) = 1I(n,S).

We show that D), m[0] = A'.
Since My, m[0] = A, it suffices to prove, for every m,a,b € IN,

Moy, m(a+6) Eaxb <= My, m(a+6) = O(Pati(a) A Paya(b)).

Assume My, m(a+6) = a<b. Then, b = a+1, by definition of M. Choose
k € IN so that m < k and o} = a; by definition of o, such a number k certainly
exists. Then, M, k(o + 6) = Pati1(a) A Pay2(b), by definition of 9, Hence,
(0 +6) = O(Pas1(a) A Paya(b).
Conversely, assume M{,m(a + 6) E  O(Pagi(a) A Paya(b)), ie.,
0;v E Pati1(a) A Pyya(b), for some v = m(a + 6). The definition of 9
of implies that v = k(a+6), for some k£ > m. Hence, by definition of 91, both
a = o and b = o + 1. Hence, b = a + 1. Therefore, My, m(a + 6) = a<b, by
definition of M. |
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(G+D(a+6) ¢ Croir1)(0) Cragrn (D) Crgan(2) Cryrn3) -

(a+5) + j(a+6) P(k), for every k such that f(j,k) = to
(a+4)+jla+6) I P(k), for every k such that f(j,k) =t

5+ j(a+6) ¢  P(k), for every k such that f(j,k) = tq

4+ﬂa+6)I P(k)

for k such that h(o;) = (k,k + 1)

3+j(a+6)| P(k +1)

2+ j(a+6) P(k), for every k € N

14 j(a+6) I P(k), for every k € IN

ja +6) I 0 Cran) Cren@)  Cren)

0e Cr00(0)  Cran)  Cre02)  (reEo3)

Fig. 2. Model I

3.3. Elimination of monadic predicate letters

We lastly simulate the occurrences of predicate letters p, Py, ..., Pyyo in A’
with a single monadic letter P, without increasing the number of individual
variables in the resultant formula. We, thus, obtain a reduction of the recur-
rent tiling problem to satisfiability for QLTL with formulas containing two
individual variables and a single monadic predicate letter P.

Let P be a monadic predicate letter distinct from the letters Py, ..., Pyio.

Define

§ = Va-P(z)AOVzP(z)AO?Vx P(x),

and, for every k € {0,...,a+ 2},
G(z) = A0~ kP();
Gly) = OAOTFP(y).



108 Mikhail Rybakov, Dmitry Shkatov

Let -* be the function replacing

e p with 6;

o Py(z) with (x(z), for each k € {0,...,a+2};
e Pi(y) with (x(y), for each k € {0,...,a+ 2},

and let A* be the result of applying the function -* to A’.

To obtain a model satisfying A*, provided a recurrent tiling exists, we use
the model M, defined in the proof of Lemma . Call a state s of My, a tiling
state if MY, s = p (recall that these are the states corresponding to the tiling)
and a gap state otherwise. We use gap states to simulate the interpretation of
letters p, Py, ..., Payo at a tiling state of M. The truth of Py(a), for every
ke {0,...,a+ 2} and every a € IN, at a tiling state s is simulated by making
P(a) true at the gap state k + 1 steps away from the next tiling state. The
interpretation of the nullary letter p at a tiling state s is simulated by making
P universally true at the two gap states immediately succeeding s. As we shall
show, this pattern of two consecutive states making P universally true does not
occur anywhere else — hence, it marks off exactly the tiling states.

Lemma 3. There exists a recurrent tiling of IN x IN satisfying (T1) through
(T3) if and only if A* is satisfiable in QLTL.

Proof. (“if”) Suppose M, 7 = A*, for some model M = (S, —, D, I) and some
path 7. Define an interpretation I’ on the frame (S, D) so that, for every
s € S and every k € {0,...,a+ 2},

I'(s,P) = {(a):9M,s = (la)}

and, for every s € S,

/ {0 M, s 0
I(sp) = { o M, b6,
and let M = (S,—, D, I'). Then, M 7w = A’. Hence, by Lemma there
exists a recurrent tiling of IN x IN satisfying (77) through (73).

(“only if”) Suppose f is a function satisfying conditions (77) through (73%).
Let 9, and 7o be, respectively, the model and the path defined in the “only
if” part of the proof of Lemma [2| As we have seen, M, 7[0] = A’. We use M,
to obtain a model satisfying A*.

Let (IN,+—, D) be the frame underlying 9, i.e. let D(s) = I, for every
s € IN. Define a model M = (N, +—, D, I'*) so that, for every s € IN,
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o if s =0 mod (o + 6), then I*(s, P) = @;
e if s=1mod (o +6) or s =2mod (a+ 6), then I*(s, P) = IN;

o if s=j+n(a+6), for some j € {3,...,a+ 5} and some n € IN, then for
every a € IN,

My, s = Pla) <= My,n(a+6) = Pays—j(a).

Let m§ be a path with 73[0] = so. It is straightforward to check that
My, w5 = A*, so we leave this to the reader.

Thus, A* is satisfiable. |

We, therefore, obtain the following:

Theorem 1. Satisfiability for QLTL is %1-hard in languages with two indi-
vidual variables and a single monadic predicate letter.

Proof. Immediate from Lemma [ |

As we have observed in Section 2, satisfiability and validity for QLTL are
dual problems. Hence, we have also proven the following:

Corollary 1. Validity for QLTL is IT}-hard in languages with two individual
variables and a single monadic predicate letter.

Thus, QLTL is not recursively enumerable even in languages with only two
variables and only a single monadic predicate letter. Therefore, even for such
a fragment of QLTL, no effective sound and complete proof system exists.

In the proofs of this section, we have never relied on the domains of the
predicate frames we have worked with being properly increasing. We have,
therefore, also established the following:

Theorem 2. Satisfiability for QLTL over predicate frames with constant do-
mains is L1-hard in languages with two individual variables and a single mon-
adic predicate letter. Validity for QLTL over predicate frames with constant
domains is T}i-hard in languages with two individual variables and a single
monadic predicate letter.
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4. QCTL and QATL

Since QCTL is neither more nor less expressive than QLTL, an undecid-
ability result for either of these logics does not automatically imply an analog-
ous result for the other logic. The formulas used in Section 3 were, however,
chosen so that a simple translation, presented in this section, effectively embeds
the undecidable fragment of QLTL obtained in Section 3 into a fragment of
QCTL. Since the translation does not affect either the individual variables or
the predicate letters of a formula, we obtain a result analogous to Theorem
for QCTL.

Recall that the main difference between QCTL and QLTL (just as between
their propositional bases CTL and LTL [Huth, Ryan, 2004]) is that in QCTL
formulas are evaluated at states rather than at paths, as in QLTL, of Kripke
models. The language of QCTL contains, in place of formulas (¢1 Ups), for-
mulas E(p1 Ups) and A(p1 Ups) (“existential until” and “universal until”, re-
spectively; the quantifiers £ and A refer to the paths beginning with the state at
which the formula is evaluated). The satisfaction conditions for these formulas
are (here, s is a state of a Kripke model)

e M, s = E(p1Up2) = there exists a path m with w[0] = s such that
M, 7w[i] = 2, for some i > 0, and M, 7[j] = ¢1,
for every j with 0 < j < 4;

o M, s = A(p1Ups) = for every m with 7[0] = s, both M, 7[i] = 2, for
some i > 0, and M, 7[j] | o1, for every j with
0<yg<i.

The satisfaction clauses for the other formulas are similar to those for QLTL
(with paths replaced by states). By analogy with QLTL, the other temporal
operators can be defined as

EOp = E(LUp); AOp = A(LUyp);
ECp = eVE(TUY); ACp = oV A(TUp);
EOp = —EO—y; AdOp = —AC—p.

Now, if we replace in the formulas defined in Section 3 & with £¢, O with
A0, and O with AO, then we readily obtain results for QCTL analogous to
those obtained in Section 3 for QLTL. This observation yields the following
result:

Theorem 3. Satisfiability for QCTL over predicate frames with both expand-
ing and constant domains is ¥1-hard in languages with two individual variables
and a single monadic predicate letter. Validity for QCTL over predicate frames
with both expanding and constant domains is 113 -hard in languages with two in-
dividual variables and a single monadic predicate letter.
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The language of quantified alternating-time temporal logic QATL con-
tains — in place of the two path quantifiers, £ and A, of QCTL — path
quantifiers parametrised by groups of agents; the so obtained formulas are eval-
uated over concurrent game structures |[Alur et al., 2002|. The QCTL path
quantifiers £ and A can, however, be expressed [Ibid.] as QATL path quan-
tifiers parametrised by, respectively, the empty set of agents and the set of all
the agents in the language. Such a replacement of path quantifiers gives us a
recursive embedding of QCTL into QATL that affects neither the variables
nor the predicate letters of formulas. Hence, from Theorem [3| we obtain the
following result:

Theorem 4. Satisfiability for QATL over predicate frames with both expand-
ing and constant domains is ¥1-hard in languages with two individual variables
and a single monadic predicate letter. Validity for QATL over predicate frames
with both expanding and constant domains is 113 -hard in languages with two in-
dividual variables and a single monadic predicate letter.

Obviously, Theorems 3| and 4] extend to the more expressive logics QCTL*
and QATL", since QCTL and QATL are fragments of, respectively, QCTL*
and QATL" obtained by disallowing formulas of certain form.

5. Conclusion

We conclude with mentioning directions for future research.

First, an important open problem is identification of the minimal undecid-
able fragments of QLTL over finite domains (it is known that QLTL over finite
domains behaves differently from QLTL over arbitrary domains [Hodkinson et
al., 2000, Theorem 25]). The reduction used in the present paper essentially
relied on the domains of the states to be infinite; therefore, the construction
we used is not applicable to QLTL over finite domains. First-order logics over
finite domains are usually computationally harder than logics over arbitrary
domains |Trakhtenbrot, 1953 [Libkin, 2004], even in languages with a small
number of individual variables [Rybakov, Shkatov, 2019b] — is this true for
QLTL? Monodic fragments of QLTL over finite domains are known to be
decidable [Hodkinson et al., 2000, Theorem 26| — what are the minimal unde-
cidable fragments?

Second, similar question arise for QLTL over structures with a finite set of
states. Some undecidability results for this logic are known |Cerrito et al., 1999],
but the gap between the decidable and the undecidable remains quite wide.
We do know that, in structures with finite sets of states, we can model finite
domains |Rybakov, Shkatov, 2020c; Rybakov, Shkatov, 2018c, Lemma 3.3|;
while we would, in such a setting, be able to model all the predicate letters in
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the language with a single monadic one, the number of variables needed would
be quite large.

The last, and perhaps most technically challenging, direction for future
research is the study of similar questions in the context of QLTL based on
intuitionistic [Mints, 2000|, rather than classical logic. Intuitionistic modal
and temporal logics [Fischer Servi, 1977} [Fischer Servi, 1980; [Fischer Servi|
11984} |Davoren, 2009|, which formalise constructive modal and temporal reas-
oning, have been found of particular interest in computer science [Simpson,)
[1994; |[Davies, Ptfenning, 2001};|de Paiva et al., 2004; [Yuse, Igarashi, 2006; Brewka|
et al., 2011; |Davies, 2017|. Recently, motivated by applications in computer sci-
ence, propositional linear-time temporal logics with an intuitionistic base have
been proposed and studied [Maier, 2004; Boudou et al., 2017; |Fernandez-Duque|
2018; [Diéguez et al., 2018; [Boudou et al., 2019; Balbiani et al., 2019]. While
a number of techniques for studying decidability and complexity of intuition-
istic modal and temporal logics are known |Ono, 1977 [Simpson, 1994} Grefe,|
[1998; (Wolter, Zakharyaschev, 1997 (Wolter, Zakharyaschev, 1999} [Alechina
Shkatov, 2006} Gabbay et al., 2003, Chapter 10], no research, as far as we
know, has been done on first-order temporal intuitionistic logic. If this direc-
tion is pursued, however, we expect to be able to draw on extensive research into
computational properties of various fragments of both propositional [Nishimura,
1960} [Rybakov, 2006; Rybakov, 2008] and first-order [Maslov et al., 1965; Mints,
1968} |Gabbay, 1981} [Kontchakov et al., 2005; [Rybakov, Shkatov, 2019¢; Ry-|
bakov, Shkatov, 2021b| intuitionistic logics.
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Awnunoraiusi: B pesyabrare 060011eHIS Ha N-3HAYHBIA CIydali aJropuTMa KOHCTPYHUPOBaHUS
JINTEPABHBIX TIAPAHEIIPOTUBOPEYUBBIX /TAPAIIOJIHBIX JIOMHK [OCPEICTBOM KOMOUHUPOBAHUSI
130MOP(GOB KJIACCHIECKOH JIOTUKU MOIYyJIaeM KJIACCHI MaPAHEIPOTHBOPEIUBDIX, APATOTHBIX
U IapaHOPMAaJIbHBIX Jioruk. [lapanopMasbHble JIOTMKM — JIOTMKH, KOTOPBIE OJIHOBPEMEHHO
¥ TapaHEeIpPOTUBOPEYNBLI, W MAPAIOJIHBI. B KadecTBe KpuTepusi MapaHEIPOTUBOPEIUBOCTH
JIOTUKHU B35Ta HeBepuuImpyeMocts 3akona Jlyrca CkoTa B COOTBETCTBYIOIIEH JIOTHIECKOM
Marpure. B KadecTBe Kprurepusi MapamojHOThI JIOTMKYM B3sSTa HEBEPUMUIMPYEMOCTh 3aKOHA,
Knapust B cooTBeTCTBYIOIIEH JIOTHIECKOIT MaTpuile. B cTarhe pacCMOTpPEH THUIT N-3HAYHBIX JIO-
TUYEeCKUX MATPUIL, ONPEIE/IETIONNX TapaHOPMaIbHbIE cucTeMBbI. VccmemoBan Bompoc o Kitacce
TaBTOJIOIUIA, ONPEJIEJISIEMOM TUM THUIIOM MaTpwuil. J[oKa3zaHO, IO KJIACCy TABTOJIOTUN HCCIIe-
JIyeMble MATPHUIIBI COBIAJAIOT C MPEJCTABIEHHBIMYU B JINTEPATYPE YETHIPEX3HAUHBIMU Mapa-
HOpMAJILHBIME MaTpuiamu jgoruk V, I'PL.

KuaroueBsbie ciioBa: mapaHempOTHBOPEYNBOCTD, MAPAIOIHOTA, TAPAHOPMAIBHOCTD, N-3HAY-
Hble JIOTUYECKHNE MATPUIIBI, T30MOP(DbI

s murupoBanusi: Tomosa H.E. O KxpuTepun mapaHOPMAJIBHOCTH JJTsT N-3HAYHBIX JIOTH-
geckux marpur; // Jlormueckue uccienosanusi / Logical Investigations. 2021. T. 27. Ne 2.
C. 121-132. DOI: 10.21146/2074-1472-2021-27-2-121-132

1. Bsenenue

JanHast cTaThsi IPOJOJIKAET IUKJI PaboOT, IOCBSAIIEHHBIX DPACCMOTPEHUIO
JIUTEPAIHHBIX APAHEIPOTUBOPEUNBBIX |/ MAPAIOJHBIX noruk!. B mpepiiy-
meit crarbe [Tomosa, 2020] 6buT0 MOCTPOEHO OGOOIIECHNE HA N-3HAYHBIA CITy-
Jaii asropurma nocrpoerusi LPP-jioruk (smrepaibHBIX HapaHerpoTHBOPEY-

!T.e. B 9TUX JIOrMKAX CBOMCTBA MAPAHEIPOTUBOPEIUBOCTH U (MJIM) TIAPAIIOJIHOTHI HMEIOT
MECTO TOJILKO Ha yPOBEHE JIATEPAJIOB. JInTepamaMu Ha3bIBaeM MHOXKECTBO Lit Bcex hbopMy.r
Buza —'p, toe ~’p = p u ~"Tlp = =(=Fp), m1a p € Var, Var — cyerHoe MHOMKECTBO

IIPOIIO3UINOHAJIBHBIX II€EPEMEHHBIX.

© Tomosa H.E.
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BBIX /IAPAIIOJHBIX JIO'HMK) MOCPEJICTBOM KOMOMHUPOBaHUS M30MOPQOB KJIACCH-
YeCKOI JIOTMKHU. BbIIe/ieHbl THUIIBI N-3HAYHBIX TapaHEIIPOTUBOPEUMBLIX M Ia-
PAaIoOJIHBIX JIOTUYECKUX MAaTpPUIL, IMTOPOXKIAIOIMNX Te 2Ke JIOTUYIeCKHne TeOpHuH,
4TO U HapamenporuBopednsas joruka Cerre P! u myasbaast eii maparmosHast
noruxa I'.

B macrosieii crarbe 6yaeT ykazaH KpUTEPUil JAj1sl IapaHOPMAaJIbHBIX JIOTH-
9eCKMX MaTPHI], & TaKKe PacCMOTPEH BOIIPOC O KJIACCE TaBTOJIOTUN, WHIYIIN-
PYEMOM 3THUM THUIIOM MAaTPHII.

B m3noxxennn marepumasia OymaeM IpUIEP:KUBATLCS CJIEIYIONIENO TTOPSIIKA.
it yiobcTBa BOCIPUATHS MaTepraJia BHaYa e IPUBEIEM UCIIOIb3yeMble OIIpe-
nenenusi. Jlajee, TOCKOJIBKY MBI Oy/IeM pacCMATPUBATD MTapaHOPMAJILHBIE MaT-
PUIIBI, TOJIYyYeHHbIE METOIOM KOMOMHUPOBaHUsT M30MOP(OB KJIACCHIECKOM JIO-
UKW, HAIIOMHIM TaK2Ke 9TOT ajaroputm nocrpoenus LPP-moruk. B ciemyromem
paszese paccMOTpuM derbipex3Hadnble LPP-jorukn. YerbipexsHadHbie JOru-
YeCKue MaTpUIlbl — MHHHMAJIBHO BO3MOZKHBIE XapaKTEPUCTUYICCKHE MaTPHUIIbI
JIJIsI TapaHOpMaJIbHOM Teopun. U majtee mepeifgeM K paCCMOTPEHUIO N-3HATHBIX
ITapaHoOpMaJIbHBIX JIOT'UK. HpI/IBe,ILeM TUII COOTBeTCTByIOH_H/IX JIOTNYECKUX MaT-
put. /lokaxkeMm yTBep2KIeHIEe OTHOCUTEIBHO KJIAaCCa TABTOJIOTU, TIOPOXK IAEMO-
T'O 9TUMU MaTpUIlaMU.

2. Omnpenenenus

Onpepesienne 1. Ilycrs Var = {p,q,r ...} — cyeTHOE MHOXKECTBO IIPOIO3HU-
UOHAIBHBIX nepeMeHHbix u Con = {F},... F,,} — KOHEYHOe MHOXKECTBO 1IPO-
MO3UIUOHAJILHBIX CBA30K, IJIe KaXKJION CBs3Ke Fj COMOCTABJICHO HATYPAILHOE
qucisio a(F;), koropoe 0603HAUAET YUCIIO €€ APTYMEHTOB. XOTs Obl JJIsi OJJHOTO
i € {1,...n} mmeer mecro a(F;) # 0. MuoxkecTBO Flor oupejensiercst MHIYK-
THUBHO:

(1) Var C For;

(2) masa xaxkmgoro takoro F; € Con, aro a(F;) = k, F;(Ai,...,Ax) € For,
ecin Ay, ..., A, € For;

(3) HuuTO MHOE He MpuHAJIEKUT For.

Anrebpy dopmyn L = (For, Fi, . .., Fy,) 6yJ1eM Ha3blBaTh NponosuuoHaib-
HBLM A3BKOM.

[Iycre A = (V, f1,..., fm) — asrebpa TOro e THUIIA, YTO U IIPOIO3UIIUO-
HaJIbHBIN s3bIK L, T71e V' — MHOXKeCTBO UCTUHHOCTHBIX 3HavueHuil u f; — pyHK-
nus Ha V' Toli ke MecTHOCTH, 9TO U Fj.

Ounpenesienne 2. Yuopsyiouennast tpoilka M = (V. F, D), 1ae
F = {fi,...,fm}, DCV — Hemycroe coOCTBEHHOE IIOJMHOXKeCTBO V/,
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HA3BIBAETCSI JAo2uveckoll mampuyetd aiast L. DiieMmenTsl D OyneM Ha3bIBATH
gvloenerHHumy 3naveruamu .

Onpenenenune 3. Ouenxot v popmyibl A B marpurie 9 115 si3bika L Ha3BI-
Baercs takoe orobpaxenne L B A = (V| f1,..., fn), ar0

1) ecsm p — npono3unuoHaJIbLHas nepeMenHast, Torya v(p) € V;

2) ecim Ay, Ag, ..., A, — dopmynbl u F™ — n-mecTHasi CBsi3Ka si3bika L,
torga v(F"(A1, Ag, ..., Ay)) = fM(v(A1),v(A42), - ,v(Ay)), toe f* —
dbyuknus Ha V', coorBercrBytomias F.

Ounpenenienne 4. Hekoropast hopmyrna A ectb masmonozua B M (cokparen-
HO — Fon A), e.r.e. st Kaxkoit onenku v B 9 Bepro, uro v(A) € D.

Omnpepenenne 5. Teopueit, nopozx aemoii 9T, Ha3bIBAEM MHOYKECTBO BCEX TaB-
tosioruit B 9 u oboznavaem ero kax E ().

Onpenenenne 6. Qopmyna B JIOTHYECKH CJEAyeT W3 MHOMKECTBA (POPMYJI
I' = {A),As,..., Ay} B M (cokpamenno — I' Foy B), e.r.e. He cyliecTByer
takoii onenkn v B M, aro v(4;) € D qys xaxaoit A; € I' uv(B) ¢ D.

Onpenenenne 7. OTHOLIEHHEM CJIEJOBAHUS, HMOPOXKIAEMBIM I, Ha3bIBAEM
muozkectBo Cn(IN) yropsynouenusix map (I', B) Takux, 9T0 JIJIs BCSKO§ ONEHKN

v B8 M ecom v(I') € D, To v(B) € D.

K paccMOTpeHnio MaTpUYHBIX JIOTMK MOTYT OBITH IPUMEHEHBI Pa3/JInIHbIE
noaxo/el (eM., nampumep, |Wojcicki, 1984, ch. 2| u |[desarkun, 2016, c. 30—
32]). oy snorukoii L moxkHo norumars napy (£, Cn(9M)), ¢ apyroii cropoHst,
Joruky L MOXKHO paccMaTpuBaTh Kak TEOPHIO, T.e. Kiaacc TaBrosioruii F(9My).

Onpenenenue 8. Hsomoppom xaaccudeckots nponosuyuorasbHot L02uky Ha-
3bIBAETCS JIOTUYECKAsT MAaTPUIA, XapaKTEepU3yIolias KJaCCUIeCKU KJacC TaB-
TOJIOI' U,

Cy1ecTByoT pasindabie GOpMaJIbHBIE U COJIEPKATEIbHbIE KPUTEPUN, Xa-
PaKTEepU3YIOIIHe IapaHeIPOTHBOPEINBOCTD, [IAPAIIOIHOTY, [IaPAHOPMAIBLHOCTD.
Mpr GyeM UCIOIB30BATD CJIEIYIOIIHE.

Omnpegenenne 9. B cucreme napanenpomusopeuusoti JOTUKU He Bepudu-
mupyercst 3axon ynca Ckoma A — (-A — B) [Jaskowski, 1969]| (cm. rak-
xke [Karpenko, 1999)]).

Onpenenenne 10. B cucreme napanosroti Toruku He BepuUIUPyeTCs 3aK0H
Kaasua (WA — A) — A |Ciuciura, 2015].

Onpenenenune 11. Jloruka Ha3bIBACTCS NAPEHOPMAALHOT, €CTTU OHA OJHOBPE-
MEHHO ABJIAeTCdA U IapaHelIPOTUBOPEYNUBOIl, U I1apalloJIHOMA.
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3. qupreXBHa‘{HbIe IIapaHopMaJibHbI€ JIOTUKHU

[TapanenpoTnBOpeYMBLIE U ITAPAIIOIHBIE JJOIUKHU [TO3BOJIAIOT CTPOUTH BBIBO-
JIBl B YCJIOBUSIX IIPOTUBOPEYUBBIX U HEIOJHBIX JaHHBIX. Jj1s1 paboThl OT/IeIbHO
€ Ka2KJIBIM BUJIOM HEOIIPEJIEJIEHHOCTH JIOCTATOYHO TPEX3HAUHBIX ceMaHTHK. OJ1-
HAaKO JJIs OJHOBPEMEHHOII paboTHI C JBYMsl BUJAMU HEOIPeJeIeHHOCTH HeoO-
XOJIMMO KaK MHUHUMYM 9YeTbIpe UCTHHHOCTHBIX 3HadeHus. VM 9T0 MOHSATHO, Tak
KaK OTPHUIAHHME B IIapAHOPMAaJIbLHOM MaTpPHIlE, C OJIHOHl CTOPOHBI, ITapaHENpPO-
THBOPEYHBO, T.€. B OTVIMYME OT KJIACCUYECKOI'O0 OTPHUIAHUSI OHO He hOpMUpyeT
npotuBopedne, u HopMyabsl A u A MOryT OBITH OJHOBPEMEHHO MCTHHHBIMI.
C Jpyroit CTOpOHBI, OTPHIIAHHE JOJKHO 00JIaJaTh CBOMCTBOM IAPAIIOJIHOTHI,
T.€. JIOIYCKATb CUTYAINIO, ITOOBI (hopmMysibl A 1 —A ObLIH OJHOBPEMEHHO JIOZK-
HBIMU.

B nmanHOM pasjeie MBI IPUBEJEM DaHee IMOJIyYeHHBIE Pe3yJIbTaThl OTHOCHU-
TEJILHO YETHIPEX3HATHDIX JTUTEPATHHBIX TAPAHOPMAJILHBIX JIOTUK, IOy IeHHBIX
METOJIOM KOMOMHHPOBAHNS N30MOPGOB KiiaccriecKoii jioruku. I1pu uccnenosa-
HUU N-3HAYHBIX CUCTEM MBI Oy/ieM 00paInaThbcs K STUM Pe3yJIbTaTaM.

B crarbe [Tomona, 2018| paccMoTpen KJ1ace 4eThIPEX3HAUHBIX JTUTEPATBHBIX
[IapaHOPMAJIbHBIX JIOTHK, IIOJIyYeHHBIX METOJOM KOMOMHUPOBaHUS N30MOPGhOB
KJIACCUIECKOHN JIOTUKU. DTH JIOTUKHU OIIPEJIETISIOTCS JIOTHIECKIMEI MaTPHUIIAMU:

M5 = <{O> 1/3a 2/37 1}> 4, =73, {17 2/3}>§
Mg = <{0> 1/3a 2/37 1}> 3, 4, {13 1/3}>7

rjae -3, T4, —3 U —»4 UMEIOT CJIEIYIOIINe NUCTUHHOCTHBIE TAOJIUIIbL:

x |3 | yx || —s |1 23 /3 0||—4|1 2/3 1/3 0
1 0 0 1 1 1 0 0 1 11 0 1 0
25| 0 | 1 |21 1 0 ol 1 1 1
ys| 1 o ||ysl1t 1 1 1|lys|1 0 1 0
0 1 1 0 1 1 1 1 0 1 1 1 1

JlokazaHo, 4TO HpUBEJEHHLIE MATPHUILI (PYHKIMOHAJLHO 3KBUBAJIEHTHDLI
MEKTy cODOIl U MPEACTABJISIOT KJIACC BCEX BHEIMHUX YETBIPEX3HATHBIX (DYHK-
IJ;I/II7'12.

Takzke mokazana (QyHKINOHAJIbHAS SKBUBAJEHTHOCTH MaTpuil s u Mg
norudeckoii marpure soruku V |Puga, Da Costa, 1988] u marpuie jgorukn

Iy [Popov, 1999 p. 89].

*Pynkmusa f € F masweacrca enewnet, ecma f(z1,...,2,) = 0 mwma f(z1,...,2,) = 1
JJTst JTI060T0 Habopa UCTUHHOCTHBLIX 3HAYEHUH T1, . . ., Tnp.
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Jlornaeckue marpunnst goruk V u Iy coBmagaror.
,‘Jﬁv = <{O7 1/37 2/37 1}7 -4, 3, vv, /\v, {1})3

Matpunia 971 p1, SABIAIONIASCT TJIEHOM IIOCJIEIOBATEILHOCTA IIapaHOp-
MaJIbHBIX MaTpull, npeainoxkennoit B. @epuanecom [Fernandez, Coniglio, 2003,
p. 22|, B TouHOCTH COBHajaer ¢ Marpurei Nys.

Bce BoimenepednciieHHbIe  UE€THIPEX3HATHBIE TAPAHOPMAJIHLHBIE MAaTPUILBI
COBITQJAIOT IO KJIACCY TABTOJIOTUH, T.e. 33Jal0T OJHY U Ty K€ IapaHOPMaJjIb-
uyio teopuio. B |Ferndndez, 2001, pp. 121-123| npusemena akcnoMaTu3alus
noruxu ITP1.

4. N-3HayHbIe N30MOP@bI KJIACCUIECKO JIOTUKN
n LPP-marpunpr

IIpexk e yeM mepeiiTn K pacCMOTPEHUIO N-3HAYHBIX JIUITEPAIbHBIX IapaHOp-
MaJIbHBIX JIOTUK, KPATKO HAIIOMHUM CYTh METO/ia KOMOMHUPOBAHUST H30MOP(OB
KJIACCUYIECKOM JIOTUKH JJIsi KOHCTPYUPOBaHUsI JINTEPAIbHBIX IIapaHEIIPOTUBOPE-
YUBBIX /APAIOIHLIX JOrHK (cM. Takxke |Tomosa, 2020| c. 150-152]).

st mocrpoenust n30MOpdOB KJIACCUIECKON JIOTUKU UCIOIL3YIOTCA (DYyHK-
MM TIE€PEBOJA IPOMEXKYTOUHBIX HCTUHHOCTHBIX 3HadeHuil. Takasd QyHKIUsS
KaXKJIOMY TIPOMEXKYTOUHOMY 3HAUEHUIO COIOCTABJISIET OJHO U3 KJIACCHIECKUX
sHadennit — 0 manm 1.

B ciayuae n-3HadHOil gorukn umeen 2

2) byHKIHNN epeBoa:
1. fi(x) mepeBouUT BCe MPOMEKYTOUHBIE 3HAUEHUST —=

2. fo(x) mepeBoaUT BCe IIPOMEXKYTOUHbIE 3HAUEHUS ==, .. .,

n—2 2 1 )
3. f3(x) mepeBosUT MPOMEKYTOUHBIE 3HAYCHUST =Bl = BO;

n—2 n—2
2(n=2), fom—2)(x) mepeBOAUT MPOMEKYTOUHOE 3HAYCHUE =1 B 0 1 npomexy-
TOYHbIC SHAYCHUA n—3 e 2 1 B 1.
n—17 'n—17'n—1

Jlorudeckast MaTpuIia n-3HATHBIX N30MOPGOB KJIACCUIECKON JIOTUKHU BBITJIsI-
JUT CyIeyIommM obpazom?:

331ech a1s yao6CTBA MCHOMb3yeM HAITy HOTAIMIO: MCTHHHOCTHOE 3Havenne 1 m3 |Puga,
Da Costa, 1988| B Hammem o6o3Hav1eHNn — 2/3 1 UCTHHHOCTHOE 3HadeHue 0 — 1/3. Marpuunbie
oneparuu Vv u Ay MoryT GbITh BBeJeHBI 110 oupezenernio (cm. [Tomona, 2018, c. 82-83]).

4B paMKax HAIIEro HCCIICIOBAHIS PACCMATPUBAIOTCS JOTHIECKIE CHCTEMBL, C(OPMYJIHPO-
BaHHBbIE B IPOIO3UIMOHAILHOM s3bIKE, BKJIIOYAIOIIEM TOJIBKO JIUIIL OTPUIIAHUE M MMILIMKA-
[UI0 B KAYECTBE UCXOJHBIX CBSA30K.
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mt = <Vn7_‘i7_>i7-D>7

rue Vi, = {1, Z—:%, e %, ﬁ, 0} — MHOXKECTBO MCTUHHOCTHBIX 3HAYEHHUIA,
1=1,2,... ,2(”_2), D — MHOXKeCTBO BBIJICJIEHHBIX 3HAYEHU.
Ucnons3ys coorsercrsyomue dbyHKIun nepesoaa, nonydaem 272 orpu-

Ha.HI/Iﬁ n 2<n_2) HMHHHK&HI/Iﬁ. HpI/IMepr COOTBETCTBYIOIINX Ta6.HI/IH NCTUHHOCTH:
€T ﬁlx e ‘!2(7,,*2)‘/1: Hl ]‘ 27:% % e % ﬁ 0
1 0 R 0 1 1 0 0 0 0 O
—92 -2
n2 | 1 =20y 11 111
-3 -3
n=3 | 0 n3ll 11 111
2 2
200 2001011 111
1 1
Aol Aol 111
0 1 1 0 |1 1 1 1 1 1
Nnmeem cJIeAyomue JJOTn4YeCKue MaTPUIIbL I/I3OI\IOp(1)OB KJIACCUYECKOMN JIO-
TUKHN:

my = <{17 %7 SRR %7 ﬁao}a_‘la_>17{l}>;

mQZ <{17%7”’7%7%70}7_‘27%27{17%7"‘7%7%}%
mQ("*@ = <{17%7"'a%7 ﬁ’o}a_?(”*?)v;)ﬂn*?)v{l?%7"'7%7ﬁ}>~

Meron kombunupoBanust 30MOP(MOB COCTOUT B IOCTPOCHUHU TAKON JIOTH-
9eCKON MAaTPHUIIbI, B KJIACC MATPUUYHBIX OIEPAINil KOTOPOH BXOISAT OIEpAINH
U3 JIBYX pas3jumdHbix m3oMopdoB. Ilpu sToMm Kitacc Bbllie/IeHHBIX 3HadYeHuil [
GepeTcsi TOYHO TAKOH ke, Kak B m3oMopde, u3 KOTOPOT'O B3ATa MMILIHUKAIIUS.
Takum obpazom, IPUMEHUB METOJT KOMOMHUPOBAHUS N30MOP@OB KJIACCUIECKOM
JIOTMKH, MBI TIOJIyYUM KJiacc n-3Hadubix LPP-joruk.

5. N-3HAYHBbIC IIapaHOpMaJibHbI€ JIOTUKHA

B crarbe [Tomosa, 2020| npuseieHbl BUIbI N-3HAYHBIX JUTEPAJIbLHBIX Iapa-
HENPOTUBOPEUYMNBBIX (M He IIAPAIIOJIHBIX) U IIAPANOJIHBIX (1 He IIapaHenpOTUBO-
PEYUBBIX) JIOTMYECKUX MATPHIL, HOIYICHHBIX METOJOM KOMOWHMPOBAHUST M30-
MOPQOB KJIACCUIECKOH JIOTUKU. TaKzKe J0Ka3aHO, 9TO 9TH MaTPHUIILI IIOPOXK I~
OT Ty ’Ke TTapaHelpPOTHBOPEYHBYIO TeOpHIo, uTo 1 Marpuia jgornkn P [Sette,
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1973], m Ty e mapamnoHyTo Teopmio, uTo n MaTputa gorukn I [Sette, Carnielli,
1995).

OTHOCHTGHBHO KJIaCCa TM-3HAYHBIX JIMTEPaJIbHBIX ITapaHOPMaJIbHBIX JIOTUK
HOJTy9eHbl CJIeLyIOIue Pe3yIbTaThL.

VYrBepxxkaeuune 1. Jloruueckne MaTpuiibl BUIa

omnpnorm — <{1’ Z—:%, RN n%’ ﬁ70},—%—>]~7D>7
(1) ﬁz‘(Oék;) =1, (2.1) O —>j r=1 _>j x,
(22)z —=ja=2—;1=1,
(3) milam) =0,  (41) am = =0—=;2=1,
(4.2) z =j am =z —; 0,

rne i,j € {1,2,...,22} wi #£ j; ag, oy, € Z—j,...,%,ﬁ},k;ﬁm,

OIIPEJEJIAIOT KJIaCC ITapaHOPMaJIbHbBIX JIOTUK.

Bameyanwne 1. Vemosnus (1) u (2) goctaTodnsl jijist TOro, ITo0bI 3akoH Jlynca
Ckora B Marpuiie MP™™" He sIBJISLICS TABTOJIOIUE, T.€. OIPEIEIsiIOT CBOKCTBO
apaHeIPOTBOPEYMBOCTU MaTPUIIBI.

Yenosust (3) n (4) mocraTouHsl it TOro, 9ToObl 3aKkoH KitaBus B MaTpn-
e IMPPOT™ He SBJISJICS TABTOJIOTHEH, T.€. OIPEIEsSIOT CBOWCTBO MaPAIIOTHOTHI
MAaTPHIIBL.

Hoxasamenwvcmeo. Cornacho oupesesnenno [I1] B sormaecknx Marpunax, 3a-
JTAOIIUX TTapaHOPMaJIbHBIE CUCTEMBI, He Bepudurupyorces 3akoH yuca Ckora
A — (A — B) u zakon Knasus (A — A) — A. Ilokaxewm, 94T0 Marpuiia
NPT v OBIETBOPSET STOMY OIPEIEICHUIO.

I. Hokaxem, uro B marpuie P zakon dynca Ckora A — (A — B)
HE $IBJISIETCsl TABTOJIOTHEl, T.e. CYIIECTBYeT Takasi oreHka v B MNP qro

U(A —j (—|iA —j B)) =0.

ITycrs v(A) = ag n v(B) = 0.

Torma v(—;A) = 1 (ycaosue (1))

’U(—\Z'A —j B) = ’U(—|Z'A) —j U(B) =1 —j 0=0.

Cormacuo yciosuto (2.1), ap, —; ¢ = 1 =, =. Tx. 1 —; 0 = 0, 3nauur,
’U(A —7j (—|ZA —j B)) =0.

IT. Jdokaxkem, uro B marpure P zakon Kmasus (mA — A) — A
HE $IBJISIETCsl TABTOJIOTHEl, T.e. CYIIECTBYeT Takasi oreHKa v B MNP «ro

U((—%’A —j A) —j A) =0.
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[ycts v(A) = ay,®.

Torna v(—;A) = 0 (yciaosue (3)) u
U(—|Z‘A —j A) = U(—\Z‘A) —j ’U(A) =0 —j Oy = 1.

Cormacno ycnosmio (4.2), © —j a = —; 0. Tx. 1 —; 0 = 0, 3Ha4nr,
1)((—%14 —j A) —j A) =0. [ |

Taxum 06pa3oM, IPEIIOKEHHLIH KpPUTEPUH IapaHOPMAJILHOCTH I 7-
3HAYHBIX JIOTHYECKUX MATPUIL OOYCIOBJIEH HAJIWMYMEM B HOCHTEJE JIOTHIECKON
MaTPULLI KAK MUHUMYM 08YT PA3JIUIHLIX IPOMEXKYTOUHBIX HICTUHHOCTHBIX 3Ha-
YeHUN TaKI/IX, 9TO eCJi OJITHO U3 HUX B Cnyqae OTpI/I]_[aHI/IH BeseT Ce6§[ KaK NCTUH-
nocTHoe 3Havenne 0, a B clydyae UMIUIMKAIUA — KakK 1, TO OTJIMYHOE OT HEro
[POMEKYTOYHOE UCTUHHOCTHOE 3HAYEHUE, HA0DOPOT, — B CJIy4Yae OTPUIAHUA
BesieT cebsl KaK MCTMHHOCTHOE 3HadeHue 1, a B ciydyae UMILIMKanun — Kak 0.

Orcrona nmeeM:

CuencrBue 1. N-3HauHast Jorudeckasi MaTPUIA NAPAHENPOMUBOPEUUBH (3a~
kou [ynca Ckora He sIBJISIeTCsI TABTOJIOIHEIl), €CJIM B HOCUTEJE JIOTHIECKOIl
MaTPHIIbl UMeeTcs 110 KpaiiHell Mepe OJHO TaKoe ITPOMEKYTOYHOEe NCTUHHOCT-
HOe 3HaYeHHe, 4TO B CJAydae OTPHUIAHUsI OHO BeJeT cebs KaK MCTUHHOCTHOE
sHavenue 0, a B cjlydae UMILIMKAIIUN — Kak 1.

CuencrBue 2. N-3HauHas Jiorudeckasi Marpuna napanoana (3akon Kiapus
He SIBJISIETCSI TABTOJIOIHEH), €Cii B HOCHTEJE JIOPMYECKOH MATPUIIBI MMeeTCs
[0 KpaiiHeil Mepe OJIHO TaKoe MPOMEXKYTOUYHOEe NCTUHHOCTHOE 3HAYEeHUe, UTO B
caydae OTPHUIIAHUS OHO BeJIeT cebs KaK MCTUHHOCTHOE 3Ha4YeHue 1, a B ciiydae
nMImKanum — kax 0.

HanomHauM, 910 KJ1aCC JIMTEPATBHBIX TTAPAHEIIPOTUBOPEUNBBIX / TTAPAIIOTHBIX
MaTPHUII, MOJIYYEHHBIX METOJ0OM KOMOWHUpOBaHUS U30MOPGOB KJIACCHIECKON
JIoruKH, siBjsiercs mnoikaaccoM LPP-marpun, 3aganabix ajaropurMmoMm JleBuna—
Muken6epr B [Lewin, Mikenberg, 2006].

O6paTumM BHUMaHUE, 9TO B 9TOM ke crarbe (p. 479) yKasaHbl yCIOBHUS Ta-
PaHEIPOTUBOPEINBOCTHU U HapanoHOTh! Ajst LPP-marpurn. Tax, LPP-marpuma
IapaHenpoTUBOPEINBa, ecu Jjisg Hekoroporo x € V:x € D u —~x € D. Marpu-
Ia aparosIHa, ecyu Jjisi Hekotoporo € V:x ¢ D u —x ¢ D. CooTBeTCTBEHHO,
Jyist napanopmasiboit LPP-maTpuiis Heobxonmumo Hajm4ane JAByX yCJIOBUN.

Od4eBHUIHO, YTO YCJIOBHS MAPAHOPMAJBHOCTH JIOTUIECKON MaTpHUIIbI, chop-
MYJIIPOBaHHBIE B YTBEPKICHUM U BBIIIECIIPUBE/ICHHBIE YCJIOBUS JIeBuHa—
Mukenbepr coryiacyioTcs MexK 1y coboii.

®Eme pa3s o6paTuM BHEUMAHHE Ha TO, YTO HPOMEXKYTOIHOE 3HAYEHHUE (tp OTIIHYIHO OT IIPO-
MEKYTOYHOT'O 3HAYEHUS (/).
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[Tepeitnem k Bompocy o mapaHOPMAJILHON TEOPHUH, 331aBaeMOl KJIaCCOM MaT-
puil yyrpnorm .

OkasaJjioch, 9To Bee MaTpuIlbl Buga NPT yHIyIUPYIOT Ty Ke MapaHop-
MaJIbHYIO Teopuio, uTo u MaTpuibl My, Mg, My, M1 p1.

VYrBepxKaenue 2. ﬂorﬂquKaﬂ MaTPUIA BUJIA

appnorm — ({1, 8=2 2 0}, =, =, D),

' n—1° 7nl’n 1

(1) =i(aw) = 1,

1)Oék—>j$:1—>jl‘
.2)$—>j04k:$—>j1:1,
)

(2

(2
(3) =i(am) =0, (4.1) ap =»jx=0—;2=1,

(4.2) T —j Oy =T —j 0,
rne i,j € {1,2,...,22} wi #£ j; ap, oy € {i= 1,...,%,%},k7&m,
UHIyIUPYeT Ty ¥Ke IapaHOpMAaJIbHYI0 TeOpuIo, 9To n Marpura Mis.

Aoxazameavcmaeo. oka3aTesibCTBO YTBEPAKICHUS CJeAyeT n3 (HPaKkKTOB:

(1) ecau marpuiia 9 saBasgeTcss rOMOMOPMOHBIM IPOOOPa3oM MaTpuIlsl N, To-

ria E(ON) = E(M) |Bolc, 1992, p. 21];

(2) marpuma 9P ecth TOMOMOPMHBIH 1Po0OpPa3 MaTpuilbl M5 OTHOCH-
TeJILHO OTOOpaskeHus h:

2/3, ecim x € Z—_%,...,%,ﬁ}I/Iﬂi(a:):O,x—gy:O—ny,
h(xz) = {1/3, ecin & € {"= 1,...,%,%1}1/1—%(33):1,1'—>jy:1—>jy,
xz, ecmz € {1,0},
rneye {1,222, 2 L0} k=23,...,207D uk £1. |

Takum 06pa3oM, MbI OIIPEIEIIIN KJIACC N-3HAYHBIX JIATEPAJIbHBIX apaHOp-
MaJIbHBIX JIOTUYIECKUX MATPUIL, HMOJIYIEHHBIX METOI0M KOMOWHHPOBAHUS U30-
MOPQOB KJIACCUIECKON JIOTMKHU. B Xome mcciesoBaHust Tak»ke yIaJIoch cdop-
MYJIUPOBaTHL TPEOOBAHUS s JIIOOOW N-3HAYHON MATPHUIILI, B KOTOPOW HE Be-
pudurupyercs 3akon Jlyuca Ckora u 3akon Kiasusi. OTHOCHTEIBHO CBOMCTB
TEOPUH, OIIPEJICJIIEMOI BBIIICIIPUBEICHHBIM TUIIOM MATPHIL, TOKA3aHO, YTO 3TOT
KJIACC MATPUIL MHIAYIUPYET TY YK€ MapaHOPMAaJIbHYIO TEOPUIO, UYTO U PAHee MC-
cJle/I0BaHHbIe YeThipex3Hadnbie MaTpursl M5, Mg, DMy, M1 p1(em. [Tomona,
2018]), T.e. BBIIEIEH ebIil KJIACC N-3HAYHBIX MATPUI, XapaKTEePUCTUIECKIX
71 9TOH MapaHOPMAJJILHON TEOPHUN.

B pesynbrare mcciemoBaH KIacC N-3HAYHBIX JUTEPAJbHBIX HMAPAHEIPOTH-
BOPEUNBBIX /TIAPAIIOJHBIX JIOTUK, MOJIYYEHHBIX METOIOM KOMOUHUPOBAHWS H30-
MOPGOB KJIACCUIECKON JIOTMKU. BBIAEeHbI TUITBI MATPHUIl, COOTBETCTBYIOIINE
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HapaHenpoTuBopevYnBbiM, HapanoaabiM (eM. [Tomosa, 2020]) u napanopMasb-
HBIM JIOTHKAM, a TaKyKe OIIpee/eHbl TeOPUH, UHAYIUPYyeMble STUMHU MaTpH-
maMM’. B HacCTOdAIIee BpeMsdAd OCTaeTCA OTKPBITHIM BOIIPOC O (byHKHI/IOHaJIbHBIX
CBOICTBAX UCCJIELyeMOro KJAcca N-3HAYHLIX MATPHIL.
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1. Introduction

From the nineteenth century forward, Russian and Soviet logicians have
been an integral and important part of the international logic community. Nev-
ertheless, much of their work is known only second-hand, if at all, either because
the work is sometimes inaccessible or because so much of it was written in Rus-
sian. More often than not, little is known about the work of Russian/Soviet
logicians. As an example, one can refer to M.J. Beeson’s mere half-page dis-
cussion of A.A.Markov and his school of constructivist mathematics within
the twenty-two page “Historical Appendix” of his Foundations of Constructive
Mathematics |[Beeson, 1985, p. 434]. But even when western-language versions
of Russian work is available, that work is not always given due consideration.
Thus, for example, B. Kushner [Kushner, 1994, pp. 183-184] has pointedly
noted that although “the language barrier is often mentioned” in this regard,
it does not always explain the reason for the neglect. He mentions that it
would have been no easier, for example, for Kolmogorov to read English than it
would be for his English-speaking colleagues to read Russian. Moreover, even
work that appeared in Germany, such as Kolmogorov’s [Kolmogorov, 1932 “Zur
Deutung der intuitionistischen Logik” and Novikov’s [Novikov, 1943| “On the
Consistency of Certain Logical Calculus” were, Kushner avers, neglected, and is
“practically unknown outside the former USSR.” Similarly, W. Weidlé |Weidle,
1961} pp. 60-61], in another context, namely nineteenth-century Russian liter-
ature, offered three possible reasons why “Europe” “has not fully assimilated”
the work of the great Russian writers: a lack of translations; ignorance of the
Russian language; or the indolence of readers. There is little excuse in the case
of Kolmogorov’s paper for blaming inaccessibility, since the paper appeared in
Germany and in a German, not a Russian, journal — and a well-known Ger-
man mathematics journal at that. Kushner does not explicitly say so, but he
leaves nonetheless the impression that there may be some other explanation.
One might re-tort that every mathematician in the world knows the names and
work of N. Lobachevskii, of M. Ostrogradskii, of P. Chebyshev, so that the
neglect that Kushner detects of the work of Kolmogorov and Novikov does not
reflect any particular bias. But one can no more legitimately speak about the
history of mathematics in Russia by citing only Lobachevskii, Ostrogradskii,
and Chebyshev than about the history of mathematics by citing only Euclid,
Fermat, and Gauss.

In writing about the “paucity” of American scholarship on the history of the
Russian Orthodox church, the bibliographer and historian E. Kasinec suggested
a less sinister explanation than the one that Kushner has seemingly hinted at
in regard to the lack of American or western European scholarship on the
history of mathematics or logic in Russia. Kasinec proposed that this dearth of
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attention which he detected was owing to “lack of familiarity with this subject’s
vast published and unpublished sources” |Kasinec, 1978, p. 202].

To the present day, there exist no comprehensive, systematic, up-to-date
surveys of Russian/Soviet contributions to the field of logic, even in Russian
language. Nor for that matter, are there any such broad surveys of the history
of logic in Russia generally in Western languages. We are setting the goal to
fill up this gap. We planned with Dr. I. Anellis some articles on the history of
logic in Russia and the USSR. However, the decease of Dr. Anellis interrupted
and postponed this work. Present paper is the first part of this plan.

2. Surveys

Ch. Thiel announced a plan to produce a study of mathematical logic in Rus-
sia, but this work was not accomplished |Thiel, 1991]. A. Walicki’s A History of
Russian Thought specifically notes that history of logic in Russia falls outside
of its scope, as does philosophy of science |[Walicki, 1979, XV]. The monu-
mentally long, comprehensive survey papers by S.A. Yanovskaya (1896-1966),
“Foundations of Mathematics and Mathematical Logic” [Yanovskaya, 1948 and
“Mathematical Logic and Foundations of Mathematics” [Yanovskaya, 1959| are
now long out of date. Yanovskaya’s surveys have been followed by the collection
of articles published by P.I. Nikitin [Nikitin, 1962] under the title Outline of
the History of Logic in Russia and by the books of N.I. Styazhkin and V.D. Sil-
akov [Styazhkin, Silakov, 1962|, Short Sketch of the History of General and
Mathematical Logic in Russia and of Styazhkin [Ibid.|, Outline of the His-
tory of Logic in Russia, which concentrate their attention on the nineteenth
century. In 1955 A.P. Primakovskii published a fifty-six page bibliography
of Russian-language logic studies for the period of the XVIII to XX centur-
ies! [Primakovskii, 1955, which, regrettably, had been denounced by profes-
sional bibliographers |Zozulya, Fomin, 1955] as badly organized and plagued
by numerous errors. Later, Soviet historians of mathematics have written only
very short surveys on logic, as part of larger general histories of mathematics
in Russia and the Soviet Union; among these are A.P. [Yushkevich, 1968] His-
tory of Mathematics in Russia to the Year 1917, which devotes seven pages
to logic, A.N. Kolmogorov and A.P. Yushkevich’s |[Kolmogorov, Yushkevich,
1978 pp. 531-537] Mathematics in the Nineteenth Century, the first chapter
of which, by Z.A. Kuzicheva |[Kuzicheva, 1978|, on mathematical logic, gives
some attention to Russian logicians such as P.S. Poretskii (1846-1907), and
Y.L. Ershov’s |[Ershov, 1983] “Mathematical Logic and Foundations of Math-
ematics”’, one of the more recent Soviet surveys, which attempts to cover Soviet

! Another bibliography of Russian/Soviet logical studies was published in 2001 |Antonova,
et al., 2001|, but this work is far from being perfect as well.
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contributions to mathematical logic logic by devoting an average of less than
one page per decade. Kuzicheva’s essay is also available in English transla-
tion? [Kuzicheva, 1992]. First intellectual biography of N.A. Vasiliev attracted
close attention by Western scholars |[Bazhanov, 1988 |. V.L. Vasyukov trans-
lated major Vasiliev’s work “Logic and Metalogic” into English [Vasilev, 1993].

In Western languages, one finds very much less; An Annotated Bibliography
of Western-Language (mainly English) Sources for the History of Formal Lo-
gic in Russia compiled by H. Kormin and I.H. Anellis [Kormin, Anellis, 2000]
lists just over 330 titles, of which many are merely brief notices in abstract-
ing or review journals. |Kiing, 1962| “Bibliography of Soviet Work in the
Field of Mathematical Logic and the Foundations of Mathematics is vastly out
of date, focuses considerable attention on philosophical rather than technical
writings, and is heavily based upon Yanovskaya’s (1948) and (1959) surveys.
Another bibliography was published by |Hanggi, 1971], and is also therefore
seriously outdated. In addition, there are a handful of very brief survey art-
icles, most prominent among them |Bochenski, 1961 “Soviet Logic”, [Cavaliere,
1988 “I1 dibattito sulla logica in Unione Sovietica (1945-1965)”, [Comey, 1966]
“Current Trends in Soviet Logic” [Hanggi, 1967| “Die Entwicklung der Diskus-
sion um die formale Logik in der Sowjetunion” |Kiing, 1961] “Mathematical
Logic in the Soviet Union (1917-1947 and 1947-1957)”, A. Winkelmann’s “Die
Stellung der formalen Logik im Sowjetunion” [Winkelmann, 1956 and “Formal
Logic in Soviet Philosophy” [Winkelmann, 1957|, and A.A. Zinov’ev’s “Logic
in the USSR” |Zinov’ev, 1968| with his books published in English |Zinov’ev,
1963; |Zinov’ev, 1973;|Zinov’ev, 1983|. Brief summaries of Yanovskaya’s two sur-
veys are also available, by [Kline, 1951] and [Cogan, 1962| respectively. A small
number of more specialized surveys have also been undertaken, among them
|Cavaliere, 1985| report on the Soviet discussions about the extension of math-
ematical logic to non-classical logics and her full-scale survey, La logica formale
in Unione |Cavaliere, 1990|, of the philosophical/ ideological debates during
the crucial period 19461965 between formal logicians and dialecticians on the
role and status of formal logic and its impact on Soviet work in formal lo-
gic, L.H. Hackstaff and J.M. Bochenski’s |[Hackstaff, Bochenski, 1962] study of
A.A. Zinov’ev’s work in many-valued logics, D. Comey’s [Comey, 1962| discus-
sion of two Soviet conferences on logic (one, which met in 1958 and was largely
concerned with the status of logic within the Soviet educational system and cur-
riculum, another which met in 1960, which largely consisted of talks on philo-

2There are also detailed biographies of important figures in the history of modern logic
published later, for example [Bazhanov, 2001a} Bazhanov, 2001b} | Bazhanov, 2007; [Bazhanov,
2013} Bazhanov, 2016, Bazhanov, 2017|, as well as |Biryukov, 2001} [Karpenko, 2013, personal
and intellectual biography of N.A. Vasiliev |[Bazhanov, 2009; |Schumann, 2013|.
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sophical, methodological, and foundational issues of logic), the S.Y. Maslov,
G.E. Mints and [Maslov et al., 1971] survey on “Mechanical Proof Search and
the Theory of Logical Deduction in the USSR”, and émigré V. Lifschitz’s sur-
vey on Mechanical Theorem Proving in the USSR (The Leningrad School) |Lif-
schitz, 1986], an informally prepared and published typescript, Anellis’s very
brief account |[Anellis, 1988] of Maslov’s inverse method for establishing the de-
ducibility of certain calculi, and Mints’s surveys on “Proof Theory in the USSR
1925-1969” [Mints, 1991 and “Proof Theory in the USSR 1925-69” [Mints,
1989| on which the former article is based. Lifschitz’s publication belongs to
a series established by emigré Soviet scientists who describe the work of their
former Soviet colleagues in their own areas of expertise. Some special attention
has also been given, especially by [Bochenski, 1967; |Bochenski, 1973| and [Anel-
lis, 1987; |Anellis, 1987a; Anellis, 1996] to the work of S.A. Yanovskaya in lo-
gic and history of mathematics and to her critical role in establishing a chair
of mathematical logic at Moscow State University. Bazhanov has written a
large number of articles in English on various aspects of Vasiliev and his work
since 1985, as well as more general articles on the history of non-classical lo-
gics, especially of paraconsistent logics, including articles on Vasiliev published
in English in Studies in Soviet Thought |Bazhanov, 1990] and Modern Lo-
gic |Bazhanov, 1992; |Bazhanov, 1994|. Similarly, Kuzicheva has published a
sketch, in Russian, of the life and work of historian of logic N.I. Styazhkin
(1932-1986) |Kuzicheva, 1991, along with a bibliography of his scientific writ-
ings |[Kuzicheva, 1991a]. S.A. Yanovskaya has also recently been written about
in English by some of her former students, in particular by |[Kushner, 1996,
who has also written in English about [Kushner, 1993|, A.N. Kolmogorov and
V.A. Uspenskii [Kushner, 1994]. Some information related to the state of lo-
gical studies in the USSR/Russia may be found in the book “Logic in Central
and Eastern Europe” [Schumann, 2013|.

All of these surveys are rather brief, and so by their very nature are unable to
give a thorough or timely picture of the impressive and significant contributions
to mathematical logic by Russian/Soviet researchers. The survey book Recent
Soviet Contributions to Mathematics by J.P. LaSalle and S. Lefschetz |[LaSalle,
Lefschetz, 1962] is already very old, and in any case does not consider the field
of mathematical logic at all; moreover, it is barely more than an annotated
bibliography of those areas which it does cover.



138 Irving H. Anellis, Valentin A. Bazhanov

3. Western-language translations
of Russian-language works in logic

Not only is there a small number of surveys of Russian and Soviet work in lo-
gic, but there is also a rather small number of Western-language translations of
Russian-language work in this area, compared to what would be desirable, and
especially in comparison to the number of translations from other languages into
Russian — although admittedly the number of translations of Russian studies is
now beginning to grow. Thus, the American Association for the Advancement
of Science reported in 1984 that, despite translation programs that are under
way, Soviet contributions to the field of mathematics generally are neither well
known to, nor sufficiently represented in the literature of, American colleagues
of Soviet researchers (see |Holden, 1984]), while the American Mathematical
Society (AMS) has expressed concern that, in response to its own translation
program, however limited that program is, there are fewer numbers of mathem-
aticians in the U.S., Britain, Canada or Australia who are able to read Russian,
and that it has frequently searched long and hard for mathematicians who could
serve as Russian translators for its programs.

For much of the time, Russian and Soviet work in logic has been greatly
undervalued, despite the crucial role which it might have, and on occasion has
had, because of its frequent inaccessibility. In the period before World War II,
many Russian logicians and their Soviet successors wrote in French or German
rather than in Russian, and this helped to some extent, but did not always
solve the problem (since, as often as not, even many of those papers written
in French or German appeared in Russian journals which were not well known
in the West). Moreover, the greater amount of published scientific research in
Russia / the USSR continues to be written in Russian. A joint Association for
Symbolic Logic / American Mathematical Society Russian translations program
has done much to alleviate this situation, but again only in comparatively small
measure.

The AMS has an active program of translation into English of Russian
texts in all branches of mathematics (including mathematical logic); this pro-
gram is administered by Ben Silver at the AMS offices in Providence, Rhode
Island. The AMS translations of the Proceedings of the Steklov Institute of
Mathematics include many volumes devoted exclusively to logic, and the AMS
actively cooperates in the dissemination of translation volumes of nearly all
major Soviet mathematics journals, including those published by the Plenum
Publishing Corporation. At the same time, the London Mathematical Soci-
ety publishes an English translation of Uspekhi Matematicheskoi Nauk, under
the title Russian Mathematical Surveys, and began, with volume 33 in 1978,
to include in their translation the “Short Communication” which appear in
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Uspekhi. In addition, the AMS has its own continuing series, “AMS Trans-
lations”; already in its second series of well over one hundred volumes, which
consist of anthologies of translations of important Russian-language research
papers in all fields, including logic. One of the more recent publications in
the “AMS Translations” series appeared, under the title Six Papers in Logic,
edited by Ben Silver [Silver, 1987]; this book includes articles of S.N. Artemov,
M.I. Bekenov, A.D. Korshunov, V.E. Vail’, and B.I. Zil’'ber. Off the press in
1988 was the book Mathematical Intuitionism: Introduction to Proof Theory
by A.G. Dragalin |[Dragalin, 1988|, who for many years was an important figure
in logic and mathematics in the USSR. Among the other works in the AMS
translation series which have some interest for logicians working in algebraic
logic and related area are such books as V.N. Salii’s [Salii, 1988| Lattices with
Unique Complements.

Academic presses also on occasion publish translations of Russian-language
logic books. Most prominent of these are MIT Press, which published
N.I. |Styazhkin, 1969] History of Mathematical Logic from Leibniz to Peano
and A.A. Stolyar’s [Stolyar, 1970| textbook Introduction to Elementary
Mathematical Logic, the latter having been published on the advice of
J. van Heijenoort |[Kolmogorov, 1967|, who refereed it for MIT Press. Sto-
lyar’s book has been reprinted by Dover Publications [Stolyar, 1983|, while
the Springer, which specializes in high-quality mathematical monographs, has
published Y. Manin’s [Manin, 1977] A Course in Mathematical Logic, Ber-
lin’s VEB Deutscher-Verlag published P.S. Novikov’s classic and historically
significant textbook, Grundziige der mathematischen Logik |[Novikov, 1973,
while Addison-Wesley published that same work as Elements of Mathemat-
ical Logic |[Novikov, 1964], and North-Holland Publishing, which likewise spe-
cializes in highquality, but costly, mathematical monographs, has published
A1 Mal'tsev’s The Metamathematics of Algebraic Systems |[Mal'tsev, 1971].
Styazhkin’s history of mathematical logic has also been made available in Italian
translation |Styazhkin, 1980]. Some books by Russian logicians were publish in
English directly in English [Chagrov, Zakharyaschev, 1997].

In early 1989, Anellis began assembling an editorial board for Modern Lo-
gic, a new journal of the history of modern logic; included on the board was
A.G. Barabashev and V.A. Bazhanov. Modern Logic had made an effort to
bring the work of Russian and Soviet logicians to the attention of the inter-
national community, and published expository surveys and historical studies
of Russian and Soviet research, both in Russian and in western European lan-
guages. These examples may, of course, be multiplied. Mir Publishers of Mo-
scow also had its own translation series, the “Little Mathematics Library”, which
makes available English translations of texts which, with a few exceptions, are
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mainly of a rather elementary level. Among these, three which are of particular
interest to logicians are V.A. Uspenskii’s Post’s Machine [Uspenskii, 1983| and
Godel’s Incompletness Theorem [Uspenskii, 1987, and I.M. Yaglom’s An Un-
usual Algebra on Boolean algebra |[Yaglom, 1978|. Many of the booklets in this
series were based upon lectures either to young children or to secondary school
students. A notable exception is Uspenskii’s [Uspenskii, 1974] work on Godel’s
incompleteness theorem, which is based upon an article of the author’s which
originally appeared in Uspekhi and which presents a solid technical exposition
of Godel’s result and the details of its proof from a Markovian, or algorithmic,
point of view. All of these translations appeared within a fairly short time of
their original publication. The Soviet publisher Mir has also published Y.L. Er-
shov and E.A. Palyutin’s text Mathematical Logic |[Ershov, Palyutin, 1984 |,
and this translation, as a matter of fact, is technically superior to the Russian
original, since mathematical errors which appeared in the original have been
corrected in the translation, although the translation itself is clumsy at best
(see the reviews of the original by Mints [Mints, 1986b| and of the transla-
tion by E. Mendelson [Mendelson, 1986a]). Moscow’s Progress Publishers have
provided English translations of A.D. Getmanova’s undergraduate-level intro-
ductory textbook Logic |Getmanova, 1989] and A.D. Getmanova, M.I. Panov,
and V.V. Petrov’s elementary-level logic dictionary Logic Made Simple |Get-
manova et al., 1990].

One of the most active organizations for the dissemination of Russian/Soviet
research in logic is the US-based international Association for Symbolic Logic
and its official organ, the Journal of Symbolic Logic. From its first volume,
which appeared in 1936, the Journal of Symbolic Logic has provided reviews of
many major Soviet publications in logic; this includes work in classical and
mathematical logic, history and philosophy of mathematics and logic, and
computer science and algorithmic logic, as well, occasionally, as work in ap-
plications of logic to other areas of mathematics such as number theory and
algebra, including, for example, group theory and associative algebras. The
AMS/ASL Translations Committee, formed in 1982, originally included S. Fe-
ferman, an American whose specialty is proof theory, J.P. Jones, a Canadian
whose specialty is recursion theory and its applications, Soviet emigré to the
US V. Lifschitz, specializing in constructive logic and currently working in al-
gorithmic logic and development of mechanical proof procedures for computers,
and G.E. Mints. Feferman was replaced on the committee in 1984 by the Amer-
ican G. Cherlin. In 1988 and 1989, the committee consisted of E. Mendelson,
the coordinator, whose term expired at the end of 1989, B.F. Wells, whose term
also expires at the end of 1989, and G.E. Mints and V. Lifschitz, both of whose
terms expired at the end of 1990.
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These institutional translation efforts were preceded by individual efforts;
perhaps the best known is J. van Heijenoort’s translation of A.N. Kolmogorov’s
pioneering paper of 1925 in constructive logic, “O principe tertium non datur”
(“On the principle of excluded middle” [Kolmogorov, 1925]), published by van
Heijenoort [Kolmogorov, 1967|, with the permission of Kolmogorov, along with
an expository introduction by Hao Wang, in van Heijenoort groundbreaking
anthology, From Frege to Gédel [Ibid.].

Also of special interest to logicians among the translations available is Al-
gebra and Logic. This represents a unique situation. Algebra and Logic was
published as a journal by Plenum.

The intense translation programs from English into Russian and the rather
less active translation programs from Russian into English give strong in-
dications of the interdependence of Soviet work and Western work in logic.
Nowhere, perhaps, is this thorough interdependence better evidenced than by
the translation into Russian of N. Cutland’s textbook Computability: An Intro-
duction to Recursive Function Theory |Cutland, 1983|, just within three years
of its initial publication. For, in the “Bibliography” of the original English edi-
tion, Cutland includes an English translation from the Russian of Y.I. Manin’s
logic textbook A Course in Mathematical Logic [Manin, 1977).

4. Attempts to reach an international audience

In addition to translations of their work into Western languages, we find So-
viet logicians were attempting to reach an international audience by publication
of some of their original research papers in Western languages. The appearance
of F.A. Medvedev’s [Medvedev, 1982] German-language paper on Jules Konig
is but one example of the latter. Publication in western languages revives a
tradition that, as we noted, was once very strong. Prior to the Russian Revolu-
tion of 1917, and indeed up until the beginning of World War II, it was not in
the least uncommon for Russian scientists to publish their research, even works
appearing in Russian journals, in Western European languages, most notably
in French and German. This tradition never died out completely, as evidenced
by the republication, as “Theorie der Numerierungen” [Ershov, 1973-1977|, of
Y.L. Ershov’s three-volume book The Theory of Enumerations [Ershov, 1977].
It was also common for Russian and Soviet scholars prior to World War II to
carry out at least some of their studies at Western European universities. This
tradition can be traced back to the early seventeenth century, when some Rus-
sians travelled to England, and especially to Cambridge, to study the mathem-
atical and scientific work of John Dee, while others travelled to Spain to study
the logic and philosophy of Raymond Llully. This tradition of travel abroad for
study was especially notable in the late seventeeth and early eighteenth centur-
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ies; the most famous of these examples is that of M.V. Lomonosov (1711-1756),
who in 1736 travelled to Marburg, where he studied mathematics and logic
(among other subjects) with Christian Wolff. We will also note, in our exam-
ination of the development of mathematical logic in the early Soviet period,
the active presence of Soviet mathematicians, particularly at Goéttingen, under
the influence of Emmy Noether; among these were A.G. Kurosh (1908-1971),
P.S. Aleksandrov (1896-1982) and P.S. Urysohn (1898-1924), the latter two,
together with N.N. Luzin (1883-1950), also actively carrying out research in
France with mathematicians such as Maurice René Fréchet. The most not-
able example of this trend during the early Soviet period, however, must be
M.I. Sheinfinkel” (Moses Schonfinkel; 1889-1942), founder of combinatory logic,
a student of S.O. (or often (I)osifovich) Shatunovskii (1859-1929) in Odessa,
who later carried out most of his work at G6ttingen, under the influence of Hil-
bert, and who died in Moscow in 1942. More recently, we have the very similar
example of the Ukrainian algebraic logician and specialist in universal algebra,
L.A. Kaluzhnin, who recieved his mathematical training in Berlin, Hamburg,
and Paris during the post-war period, before becoming Professor in the Chair
of Algebra and Logic at the Kiev State University in 1955.

These formal and institutional contacts were further enhanced by a strong
network of informal and personal contacts that have resulted in joint publica-
tions by Soviet and Western logicians, as well as in joint collaboration on special
projects. Some of these collaborative efforts will be considered in the course of
our survey. Thus, for example, while G.E. Mints was still in Leningrad, he par-
ticipated with I.H. Anellis in the organization of the American Mathematical
Society Special Session on Proof Theory, 5-9 January 1982. This kind of collab-
oration was particularly active also in the interbellum period, circa 1920-1939,
and included close cooperation between the internationally dominant Soviet,
French, and Polish schools of set theory in the 1920s and 1930s. It was renewed
after the mid-1950s when the immediate post-war period drew to a close, evid-
enced in the 1950s by the Boone-Novikov theorem on the unsolvability of the
word problem for groups, and, much more recently, by joint work of American
and Canadian logicians such as the late Julia Robinson (1919-1985), James
P. Jones, and Martin Davis with Y. Matiyasevich of LOMI, extending Matiy-
asevich’s initial results of the negative solution to Hilbert’s tenth problem on
the solvability of the word problem for diophantine equations.

This collaboration has been carried out in the context of international ex-
change programs as well as by participation at international conferences. These
events partly removed iron curtain for Soviet scholars for a while. These in-
cluded, by way of examples not meant to be exhaustive, the visit to Canada
in 1981-1982 of Y.V. Matiyasevich, who was then the director of LOMI and



Image of Soviet and Russian logic in the West. Latter half of the XXth century 143

a leading recursion theorist, as well as the visit the following year of James
P. Jones to LOMI, the inclusion of Y.L. Ershov, the premier Soviet recursion
theorist, senior academician at the Siberian Branch of the Steklov Mathematics
Institute at Novosibirsk, and developer of numeration theory, as invited speaker
at Logic Colloquium ‘85, the European Summer Meeting of the Association for
Symbolic Logic, at Paris, 7-13 July 1985, and the participation of Soviet logi-
cians in Heyting ‘88, the Summer School and Conference on Mathematical Logic
Honourably Dedicated to the 90-th Anniversary of Arend Heyting, at Chaika,
Bulgaria, 13-23 September 1988; this included noted Soviet logicians such as
M.I. Kanovich, B.A. Kushner, L.L. Maksimova, G.E. Mints, A.A. Muchnik,
and 1.D. Zaslavskii among the invited speakers, and Kanovich, Maksimova,
Mints, and Muchnik, and Soviet emigrés V. Lifschitz (US) and B.A. Trakhten-
brot (Israel), as members of the program committee. (Since that time, both
Mints and Kushner emigrated to the US.) In addition, several international logic
conferences have recently been held in the USSR, including COLOG-88, a con-
ference on computer logic held at Tallinn, Estonian SSR on 12-16 December
1988 (which included Ershov, S. Lavrov, Mints, and D.A. Pospelov on the Pro-
gram committee and Ershov, Lifschitz, Mints, A.L. Semenov and M.A. Taitslin
among the invited speakers, as well as such internationally recognized logi-
cians as J.-Y. Girard and J.C. Shepherdson on the program committee and
included among the invited speakers), and Logic at Botik ‘89: Seminar on the
Logical Foundations of Computer Science, held at Pereslavl-Zalesskii in July
1989, which received wide attention through the American Mathematical Soci-
ety. Nor must we forget to mention regular International congresses of Logic,
Methodology and Philosophy of Science that provided the opportunity for So-
viet logician to present their works directly to Western colleagues. For instance
the volume of Sixth congress included the works by N.N. Nepeivoda “Logical
Approach to Program-ming”, Y. Gurevich “Crumbly Spaces”, E.A. Palyutin
“Number of Models in Complete Varieties”, E.K. Voishvillo “Semantic of gen-
eralized State Descriptions”, V.N. Kostyuk “Possible Worlds and the Ontology
of a Scientific Theory”. Some Soviet logicians have had poor English, but
their works were translated by native speakers. Very successful Eighth Inter-
national Congress of Logic, Methodology and Philosophy of Science took place
on 17-22 August 1987 in Moscow, on the campus of Moscow State University
and which attracted 1500 scientists from throughout the world.

V.A. Smirnov (1931-1996) and his logical school at the Institute of Philo-
sophy of the Academy of Sciences in Moscow did his best to ensure close collab-
oration of Soviet/Russian scholars with Western counterparts. He was among
organizers of regular Soviet-Polish and Soviet-Finnish Conferences on Logic
and Methodology of Science [Smirnov, 1979|. Some of his works were published
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in leading European logical journals [Smirnov, 1971} [Smirnov, 1973; |Smirnov,
1982; [Smirnov, 1983} Smirnov, 1986a; Smirnov, 1986b; [Smirnov, 1987|. His
spouse was logician as well [Smirnova, 1997; Smirnova, 1998; Smirnova,
2000a; Smirnova, 2000b; [Smirnova, 2001]. Smirnov’s left numerous pupils and
may be considered as major figures in Soviet/Russian school of philosophical
logic thought. Some of Ph.D. students Smirnov’s introduced to the Western
logical community [Gerasimova, 1996; Karpenko, 1996; [Popov, 1996; [Vasyukov,
1988; Vasyukov, 1993; Vasyukov, 1994]. After Smirnov’s has gone, memorial
notes were published |[Bazhanov, 1996; Vasyukov, 1996; |[Finn, 2000| as well as
his complete bibliography [Modern Logic, 1997|. Since 1997 Smirnov’s readings
took place in Moscow on regular base.

5. Conclusion

All of these considerations, taken together, should give a representative
indication of the international significance of Russian and Soviet work in logic
and of the integration of Russian and Soviet work into the whole network of
developments of mathematical logic. It is also clear that a survey of the history
of mathematical logic in Russia and the Soviet Union in a Western language is
long overdue, and in general that a new systematic and comprehensive history
in the tradition of Yanovskaya is warranted at this time.
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1. Jlormueckuii aHAIN3 OBPEMEHEHHBIX (T.€. COMEPIKAIINX BPEMEHHbBIE Ma-
paMeTpbl WM XapAKTEPUCTUKM) BBICKA3BIBAHUII €CTECTBEHHOIO SI3bIKA
U PACCy:KJIeHWil, B KOTOPBIX BPEMEHHbIE MMapaMeTPhl WM XapaKTepu-
CTUKM BBICKA3bIBAHUI CyNIECTBEHHBI (CM., HAIPUMED, BBOJHBIE TJIABDI
kuur |Rescher, 1971} McArthur, 1976} Galton, 1987]).

2. Pazpaborka dumocodckoii mpobaeMaTuKu, CBI3aHHONW C OMIIO3UIAEH
[IPEJIONIPEIEJIEHHOCTH ¥ CBOOOIBI BOJIU, JETEPMUHA3Ma, W WHIETEPMUIHI3-
Mma ([Thomason, 1970; Belnap et al., 2001; Belnap et al., 2021; (Correia,
lacona, 2013; Dhrstrom, 20006]).

3. Mccnenopanme pasimIHbIX BDEMEHHBIX OHTOJIOMU M 00YC/IOBJIEHHBIX MU
dbopmanbabIx Mogiesieii Bpemenn ([van Benthem, 1983; van Benthem, 1995}
Hajnicz, 1996]).

4. Ommncanne BBIYUCTUTETHHBIX MPOIECCOB, PA3BUBAIONINXCS BO BPEMEHH,
C TOMOIIBIO TOI'O WU WHOrO (hOPMAJU30BAHHOIO si3bIKA, AHAJIU3 Bpe-
MEHHBIX ACIEKTOB IPEJCTABICHUS 3HAHUS, H3BJEYeHUS WHMOpMAINN
u3 usMeHsifonuxcst 6a3 ganabix u T, (|[Emerson, 1990; Kroger, Merz,
2008; |Fisher et al., 2005; Demri et al., 2016]).

Pasymeercst, aToT nepedeHn He HpeTEHIyeT Ha IIOJHOTY OXBaTa BCeil Ipo-
6oreMHOM 0b6acTu’, 0JHAKO BazKHBIM 3J1€Ch SIBJISETCS CIIELYIONIee 0OCTOSTE b-
cTBO. KaxK/plil U3 BBIIIEIIEPEINCICHHBIX IIyHKTOB MOYKHO IPUHSITH 38 OTIPaB-
HYIO TOYKY IPU HU3YyUIEeHNN KaK UCTOPUU (DOPMUPOBAHUS W PA3BUTUS JIOTUKU
BpPEMEHH B II€JIOM, TaK U OCODEHHOCTEl OTIENbHBIX €€ COCTaBJISIONUX: (Pop-
MaJIN30BaHHDBIX SI3BIKOB, UX BO3MOXKHBIX WHTEPIIPETAINil, TEOPUil U WX IPEeJI-
cTaBJIeHWH B BHjie (DOPMAIBLHBIX CUCTEM. XOYETCA TaKyKe HaAedATbCsl, YTO IPU-
BEJIEHHBII CIIMCOK JIEMOHCTPUPYET OJIHY BasKHYIO OCOOEHHOCTH BPEMEHHOM JIO-
IUKH, & UMEHHO YTO MOTHUBAIINK JJIsI €€ PA3BUTHUSI IIPOUCXOIST U3 OYEHDb Pas-
HBIX MCTOYHHUKOB: OT JIMHIBHCTHYECKOIO aHAJIM3a CHCTEMbl BPEMEH IJIaroJIOB
JI0 TIPUKJIQTHBIX ACIIEKTOB KOMIIBIOTEPHBIX HAyK U pa3pabOTKM UCKYCCTBEHHOIO
UHTEJIJIEKTA.

It bunocodekoit Tormkm TpaauInOHHBIN HWHTEpPEC MPeICTaBSIIOT Bpe-
MEHHbIE OHTOJIOTMHM U OIpEJe/sgeMble UMH CEMaHTHIECKHe CTPYKTYPhI, op-
MaJII3aIUd TeOPHUil KJIACCOB TeX WJIM MHBIX CEMAHTUIECKUX CTPYKTYP, aHAJN3
BBIPA3UTEIbHBIX BOZMOXKHOCTEH (hOPMAIM30BAHHBIX ST3bIKOB BPEMEHHBIX JIOTUK
(cM., HapuUMep, TeMaTuKy pas/eaos riasbl [Burgess, 2002|). Boranciurensuo

!3amHTepecoBAHHLIN UMTATENh TAKMKE MOYXKET OOPATHTHCS, HAIPHMED, K MOHOTDa-
dun [Gabbay et al., 1994, c. 3-6], rae npuBOAUTCS HETAIN3UPOBAHHBIN IIepedeHb cdep npu-
MEHEHUsI BPEMEHHOI JIOTMKHU C AKIIEHTOM Ha WCIOJIb30BAHUM €€ B KOMITBIOTEPHBIX HAYKAX.
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OpMEHTHPOBAHHBIE BDEMEHHBIE CUCTEMBI, KAK MTPABUIIO, TPETHASHATECHDI IS Pe-
IIeHNsI KOHKPETHBIX IIPUKJIIHBIX 3a/1a4 (KaK, cKaxkeM, B pabore |Gabbay et al.,

1930)).

Jloruveckuii anajn3 BpeMEHU IPEIIIOaraeT MPUHATHE TOW WX UHOH ero
OHTOJIOTUH, TO €CTh IPEJICTABJIEHUs O TOM, 4TG COOOM TPEJICTABIIAIOT JIEMEH-
TapHble, UCXOJHbIE CYITHOCTH (MHIMBU/IBI), OOpa3yoIe BPEMs, 1 KaKue uMe-
IOTCS OTHOIIICHHS MEZK/Iy HUMHI. B KauecTBe 3/1eMeHTAPHBIX CyIIHOCTElH OOBITHO?
GepyTcsi MOMEHTBI BPEMEHHU (HeJeMMble TOYKM) WM MHTEPBAJIbI, UMEOIIUe,
B OTJIMYME OT MOMEHTOB, IPOTSXKEHHOCTD. HOTIa paccMaTpuBaioT CMeraHHbIi
BapuaHT (1ojpobaee 06 sroMm cM. B |[van Benthem, 1983| . 1.1.]). B sorukax
BETBSIIIErOCsI BPEMEHH CAMOCTOSITE/IbHBIM OHTOJIOTHIECKUM CTATyCOM MOI'YT 00-
JajaTb ucmopuu (cM., Hampumep, |Zanardo, 2003|), To ecTb JiMHEHHO yrOpsi-
JIOYEHHBIE MHOXKECTBA MOMEHTOB BpeMeHu. CyIecTBYIOT U MHBIE PA3HOBUJIHO-
CTH UCXOJHBIX OHTOJIOIMIECKUX OOBEKTOB, PACIPOCTPAHEHHBIE B JIUTEPATYPE 110
BPEMEHHOI JIOTUKe, pa3padarbiBaeMoil B paMKaX UCCICIOBAHUN 10 UCKYCCTBEH-
HOMY HMHTEJUICKTY. YTHOMSIHEM 3J1eCh JIOTUKHU jieficTBuii, cobbrruii (cm. [Allen,
1984} |Allen, Ferguson, 1994] u [Hajnicz, 1996, r1. 1.1]). Bappuposanue cBoiicTs
OTHOIIEHUN MEeXKJIy MCXOJHBIMU CYIIHOCTSIMUA BPEMEHU OIpejesisieT CIerudu-
Ky €ro «yCTpOiiCcTBa»: OHO MOXKET MMeTh (He MMeTh) HAJYaJIbHBIH (KOHEIHBIN)
MOMEHT, OBITH JMCKPETHBIM UJIH TJIOTHBIM, HEIIPEPBIBHBIM MU UMEOIIIM IPO-
GeJibl, BETBUThCsL B mporioe (Oymayinee) uian ke Her (1moapobuee cum. |Goranko,
Rumberg, 2020]).

MozkHO majiee cKas3aTh, UTO JOIYIIEHNE TeX WJIM WHBIX MCXOIHBIX OHTOJIO-
IUYECKNX CYIIHOCTEN W XapaKTepa yCTPONCTBA BDEMEHHOTO ITOTOKA IOPOXKIAET
CaAMOCTOSITEJIbHBIE TPAJUIMA BHYTPU OOINEro HAIPABJIEHUS JIOTUKU BPEMEHU.
Toyeuno opueHTHPOBAHHBIE OHTOJIOTUN BPEMEHH €CTECTBEHHBIM 00pa30M Ha-
XOJSIT CBoe (pOpMaJjIbHOE IpeJCTaB/IeHNe B BUJE PEJISIIIUOHHBIX CTPYKTYD, KO-
TOpBIE U3YYAIOTCSI C WCIIOJb30BAHNEM TEOPETHUKO-MOJEIbHBIX METOIOB, pa3pa-
GOTAHHBIX B MOJAJIBLHOI JioruKe (II09TOMY BPEMEHHBIE JIOTUKH TAKUX MOJIE/Ib-
HBIX CTPYKTYP HHOTIA PACCMATPUBAIOTC KaK PA3HOBUIHOCTH MOJIAIBHON JIOTH-
ku ([Blackburn et al., 2002|) nin nsnararorcst HapsiJly CO «CTAHJIAPTHON» MOHO-
mozasbHoit Jorukoit (|[Goldblatt, 1992])). nrepBanbhble ceMaHTHKI TPEGYIOT
HECKOJIbKO MHBIX TEXHUIECKNX KOHCTPYKIIMI U PA3BUBAIOTCSA B BHIE CAMOCTOSI-
TesibHOI oTpacau uccieposanuii (em. |[Allen, 1984; |Allen, Ferguson, 1994; van
Benthem, 1983} van Benthem, 1995|). OtmesbHO MOryT H3ydaThCst JJOTUKH Ce-

2Kak nuimer Ban BenTeM B KHuTE |[van Benthem, 1983} ru1. I.1.], «upeBaspyroriee maTema-
TUYIECKOE M300PAKEHNE BPEMEHU — 9TO MHOYKECTBO TOYEK (MIHOBEHWI, MOMEHTOB), HE MMe-
IOIUX [IPOTSXKEHHOCTU. TaKoe Ipe/ICTaBIeHNe BCTPEYAETC yXKe B AHTUYIHOCTH, B KJIACCUYe-
CKUX TIapaIoKCaX 3eHOHa».
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MaHTHIECKUX CTPYKTYP, OIPEIeIsIeMbIX KOHKPETHBIMI CBOMCTBAMU BPEMEHHDBIX
oTHoIeHuit. Harmpumep, 970 MOryT OBITH JIOTMKHU JIMHEIHOIO BPEMEHH, KOTOPOE,
B CBOIO OYepEe/b, MOXKET OBLITh JUCKPETHBIM, ILJIOTHBIM, HEIIPEPLIBHLIM U T.J.
(CCBUIKM HA COOTBETCTBYIOIIUE MCC/IEA0BAHNs OY/IyT IIPUBEIEHBI HUZXKE).

Eme oanH BayKHBIA acleKT HU3yJYeHHsT BPEMEHHBIX JIOTUK COCTOUT B TOM,
KaKue UMEHHO (hopMaIn30BaHHbIE SI3BIKA HCIOJIB3YIOTCA JJIsi IIOCTPOEHUS JIO-
TUYECKUX TEOPHUil M Kakue BPEMEHHBIE OIEPATOPBbI 3TU sA3bIKU cozep:kar. Oc-
HOBHAsI JacTb MCCJIEJOBAHUI B paMKax ODINEro HAIIPABIEHHUS BPEMEHHON JI10-
UKW MIPEJIITOIAraeT UCIOJb30BAHNE MIPOIO3UIINOHAIBHBIX sI3bIKOB. OJTHAKO He
MeHee BaKHBIMH U WHTEPECHBIMU SIBJISIIOTCA HUCCACIOBAHUS JIOTUIECKUX TEO-
puii B KBAHTOPBIX sI3bIKAX: C KBAHTU(MHUKAIKMEHA 110 IPOIO3UIMOHAIBHBIM IIepe-
MEHHBIM; OTPAHUYIEHHBIE TIEPBOIIOPSTKOBBIE sI3bIKM, ODOTAIeHHbIE BPEMEHHBIMHI
MOJAJILHOCTIMHU. B HacTosiIeM 0b3ope 6yayT pUrypupoBaTh TOJBKO IPOIO3U-
[MOHAJIbHBIE SI3BIKM. BpeMeHHbIe JIOTUKU B KBAHTOPHBIX S3bIKax HOTPebOBaJIN
ObI OTEILHOTO 0030pa.

3a mocJie/IHIE TOJIBEKa JIOTUKA BPEMeHH IpeTepIiesia BIEUATIISIONIYI0 9BO-
goruio. OT9acT 9T0 00ObACHAETCS PA3IUIHBIMU 10 IPOUCXOXKICHUIO CTHMY-
JIaMU, OIPEIEJISTIOIIMMI Pa3BUTHE 5TOH BETBH HEKJACCHUIeCKOil joruku. llep-
BUYHBIMA MOTHBAIUSIME OBbLIN (GUIOCOPCKUE U JTarkKe IPAMMATHICCKUE M3bIC-
kanus®. IIpumepro ¢ cepemuubl 70-X TOJOB HPOILIOrO BeKa (B OCOGEHHOCTH
nociie Bbixoga paborsl |[Pnueli, 1977]) Bpemennas jormka craja paccMaTpu-
BaThCsl KAK CPEJICTBO JIJIsI ONUCAHUS BBIYUCIUTE/IBHBIX IIPOIECCOB B TEOPETUIe-
ckoit mapopMaTuKe. OTCIOmA IPOUCXOIUT HEKOTOPBIA MapaJIe/in3M B PA3SBUTHN
CHCTEM BpPEMEHHOM JIormKu. Hampumep, pa3sHoOOpas3Hble JOIMYECKHE CHCTEMBI
BETBSIIIETOCST BPpEMEeHN aKTHBHO M3YyYal0TCs B PUIIOCO(CKOI JIOTHKE B PaMKax
IIIPOKOr0 KOHTEKCTA IIPOTUBOIIOCTABJIEHHSI JeTEPMUHU3MA, U HHICTEPMUHU3MA,
pobJIeMbl CBOOOJIBI BOJIM M T.II., TOIJIa KAK B KOMIIBIOTEPHBIX HAyKax CYyIIle-
CTBYIOT POJICTBEHHbIE CHUCTEMBI, JIOTUKH BBIYUCIUTEIbHBIX JE€PEBbEB (XOPOIIO
uzBectHble cucrembl CTL u CTL*, a takxke ux pasuouaHoctn). OgHaKO Me-
TOJIBI, PA3BUBAEMBbIE JIJIsI PEIIEHUs] METATEOPETHIECKUX 3aJad, OKA3bIBAIOTCS
[TOJIE3HBIME KaK JIJIsT «(PUIOCOMCKUX» CHCTEM BPEMEHHON JIOTUKU, TaK U st
UX «BBIYHCINTETbHBIX> HAAPHIKOB?.

DHIUKJIONEINIECKUI 0030p TEKYIINEro COCTOSHUS O0JIACTU WCCJIEIOBAHUS,
CYIIECTBYIOIIEel U Pa3BUBAIOIIEHCs IO OOIMM HA3BAHUEM <«BPEMEHHAs JIOTU-
Ka», BPAJI JIM BO3MOXKeH B 00beMe HeDOJIbINOoi crarbi. B paMKax JaHHOro 0030-
pa MBI COCPEIOTOUNMCS] HA BPEMEHHBIX CHCTEMAaX, CEMAHTHIECKH OCHOBAHHBIX
Ha OHTOJIOTHH, IIPEIIIOIAraionieil HaJnIne MOMEHTOB BPEMEHN U B HEKOTOPBIX

3He ciyuaitno JOrmKa BpEeMEHM II€PBOHAMAILHO HOCHIIA HasBamue tense logic, KOTOpoe
IOCTEIIEHHO 3aMEHUJIOCh Ha temporal logic.
4B kagecrse npumepa ykaskeM Ha paborst [Reynolds, 2001 [Reynolds, 2003).
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caydasix 60jiee CJIOXKHBIX 00bEKTOB — 0bpasyeMbIx uMu ucropuit. C ToUKH 3pe-
HHMSI YCTPOICTBa BPEMEHHOI'O IIOTOKa HamboJiee BarKHBIM I TAHHOW CTaTby
ABJIAETCA HaJIM4Inue WM OTCYTCTBUE BETBJICHUA BPEMEHU. BOJIee IpucCTaJIbHOE
BHUMaHUE OyJIeT y/Ie/IeHO JIOTHKAM BETBSIIIEr0Csl BpEMEHU, N3y YaeMbIM B PYCJIe
burocodekoit ornveckoii Tpauimn (MHOT A HA3BIBAEMBIM JIOTUKAME UCTOPH-
9eCcKOoil HeoOXoaUMOCTH, (PUIOCOPCKUMU HAIAPHUKAMU JIOTHK BBIYUCIATEIb-
HBIX JI€PEBBEB).

Hacrosmuit 0630p paccauTan He TOJBKO HA CIEIUAJIUCTOB B 00JIACTH JIO-
UKW, HO W Ha 0oJiee MIMPOKUII KPYr HCCemoBareneii-pniocodon, HHTEpeCy-
IOMUXCdA JIOTMYeCKUMU acCIIeKTaMM HpO6.HeMaTI/IKI/I r[[eTepMI/IHI/I:SMa/I/IH,I[eTeprII/I—
HIU3Ma, OHTOJIOTMH BPEMEHU, BBIPASUTEIbHBIMI BO3MOXKHOCTIMU (DOPMAIN30-
BAHHBIX SI3BIKOB. B CH/Iy 9TOro oOCTOSTEIbCTBA aBTOP IOCTApAJICsi HE Tepe-
rPy?KaTh U3JI0’KEHNE MaTePUaAJIa CJIOKHBIMI TEXHUIECKUMU JIeTaJaMu. B qact-
HOCTH, B 0030p€ OTCYTCTBYIOT JIOKA3ATEThCTBA KAKUX-JTUOO YTBEPXKJIEHUI, HO
B TO XK€ BPeMsI BBINMICBIBAIOTCS HEKOTOPBIE XOPOIIO M3BECTHBIE CITEIMAJIACTAM-
JIOTHKAM CBEJICHUSI.

Jlureparypa 110 BpeMEHHOI1 JIOTHKE TPY/HO 0003pUMa, yINTHIBAS INHAMIIECKUI Xa-
pPaKTep pasBUTHUS JAHHOTO HAIIPABJICHUS U €ro mupoTy. be3 comHenusi, u 1o ceii 1eHb
aKTyaJIbHbIMH, 60raTbiMu (bUI0COMCKUMU U JIOTUIECKUMH UIESIMH OCTAIOTCS TPY-
JIbI OCHOBOIIOJIO’XKHHMKA COBPEMEHHBIX HccienoBanuii B jjornke Bpemenu A. Ilpaitopa,
B ocobennoctu ero monorpadun |Prior, 1957 |Prior, 1967|. Pesyasrars: [Ipaitopa mo-
Jyunnn passurue B kaurax |[Rescher, 1971 McArthur, 1976|. Xopoimm nctogankom
nHMOPMAIIUNH TI0 PA3HOOGPA3HBIM MOJIEJIBHBIM CTPYKTYpaM (KaK TOYeYHO, TakK U WH-
TEPBAJBHO OPUEHTHPOBAHHBIM ) MOXKET CJIy2KuTh Kaura [van Benthem, 1983| u 0630p-
Has iasa [van Benthem, 1995] Toro ke asropa. Hambosee 3HAUNTENILHBIM UCTOY-
HUKOM CBEJIeHUI TEeXHUYIEeCKOro XapakTepa siiisiercst MoHorpadusi |[Gabbay et al.,
1994]. Bosbimoe KoauaecTBO CripaBoIHON u 6ubmorpaduaeckoi nadopMaum nve-
erca B |[Blackburn et al., 2006, ch. 11| u |Goranko, Rumberg, 2020|. Berauciunresns-
Hble BAPMAHTBI BPEMEHHBIX JIOIHMK IpejcrasieHsl B [Emerson, 1990; Kroger, Merz,
2008} [Demri et al., 2016]. Monorpadwua |Blackburn et al., 2002| Taxxke comepzxur
OOMIMPHYI0 MHMOPMAIMIO 10 BDEMEHHOH JIOTMKE KaK Pa3elly IIHPOKO HOHUMAEeMOit
MOJAJILHOU JIOTUKMU.

1. Jlorukm JuHETHOTO BpeMeHU

DopmasbHast MOJIE/Ib BpeMeHH (BPEMEHHOI TOTOK, BpeMEeHHasI 1IKaJIa, Bpe-
MeHHasT MoJie/lbHast cTPyKTypa)® mpejcrasiser coboit mapy 7 = (T, <), co-
CTOSIIIYIO U3 HEILyCTOIO MHOYKECTBA MOMEHTOB BpeMeHu 1’ U 3aJIaHHOTO Ha HeM
OUHAPHOIO OTHOIIEHUsI <, KOTOPOE 110 KpaiiHeil Mepe uppedJieKCuBHO (TO eCcTh

Cw., mampumep, ucrounnkn |Gabbay et al., 1994 [Blackburn et al., 2006} 1. 11], B xoro-
PBIX HCIIoJIb3yeTcst TepMuH flow of time B yKa3aHHOM Jajiee CMbICIe. B pyCcCKOsI3bIYHOIM JuTe-
paType 10 MOJAIBHON JIOTUKE TaKue OOBLEKTHI HA3BIBAIOT (6pemernvimu) wrasamu Kpunie
WA TIPOCTO WKAAAMU; B Tpaauimn dbuiocodCKoii JOrukn 4acto ynorpebiisercs TepMuH (8pe-
MeHHaR) Modeavhas cmpykmypa. Mbl GyaeM UCIIOIb30BATH BCE 3TH TEPMUHBI KAK CHHOHMBI.
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Vi(t £ t)) n rpamsuruBHO (Vi1VEaVis(t: < ta Aty < tz3 = t1 < t3)). Cueny-
IoIlee CBOMCTBO, €CTECTBEHHBIM 00pa3oM J100aB/IAeMOe K YKa3aHHBIM JIBYM, —
9TO JIMHERHOCTD, nim TpuxoroMust (ViiVig(ty < to V ity < t1 Vit = ta)).

Cawm 110 cebe JTMHeRHbI BpeMEHHO II0TOK MOXKeT 00J1a,1aTh PAJIOM JOIOJIHH-
TeJIbHBIX CBOMCTB: HAJMYUE/OTCYTCTBUAE HAYAIBHOIO/KOHETHOIO MOMEHTA BPE-
MEHH, JIICKPETHOCT /ILIOTHOCTD, TI0JIHOTA, HenpepbiBHocThY . MaTemaTnaeckue
MOJIE/IM TIEPEUUCICHHBIX BUJIOB JIMHEHHBIX MOPAIKOB — YHCIOBBIE MHOXKECTBA:
(N, <) — 6eckoneuHoe B Oy/IyIiiee JMCKPETHOE BPEMsI ¢ HAYAJIbHBIM MOMEHTOM;
(Z,<) — GeckoHedHOE JINCKPETHOE BPEMsi 63 HAYAJLHOTO M KOHEYHOTO MO-
meHTOB; (Q, <) — GeckoHeuHOe IIIOTHOE BpeMsi 6e3 HAYaJbHOIO U KOHEYHOI'O
momenToB; (R, <) — GeckoHeuHOe HelpepbIBHOE BpeMsi 6e3 HaYaJIbHOIO U KO-
HEYHOI'O MOMEHTOB.

T‘II/ICHOBEIG MHO>KeCTBa, TaKUM O6pa30M, BbICTyHa,IOT B POJIM MOJEJIBHBIX
cTpyKTyp. KoIb CKOpPO OIpee/IeHbl KIacChl MOJEILHBIX CTPYKTYP, JaJbHei-
mas 3ajada, pelieHuio KOTOPOil IOCBSINEHO OOJIbIIoe KOJMYECTBO paboT II0
BpPEMEHHO! (M He TOJIbKO) JIOTUKE, COCTOUT B HCCJIEJOBAHUU METATEOPETHYIE-
CKUX CBOICTB JIOTMK 3THX KJIacCOB. MOXKHO JIM HOCTPOUTDH aJeKBATHBIC CeMaH-
TUKAM UCYUCIeHHs] (AKCHOMATUIECKOT0, CEKBEHITUAIBHOI0, AHAIUTUKO-Tab -
HOTO WJIM WHOTO THIIA), PENIUTh HpoOJeMy pasperienus (MHOKECTBA TeOpeM
HCYHCIIeHNUsT, OOIIE3HAYNMBIX B KJIacCe ONPe/IeJIeHHbIX CTPYKTYD (hopMydI), uc-
CJIeIOBATh CJI0XKHOCTD 9TOI IPOOJIEMBI, €CJIM OH pelleHa, u T.1.7

1.1. Jlorukm JuHENHOTO BpeMeHHU B A3bIKE
C OpaiiloOpPOBCKUMHU MOJAJTbHOCTSIMHU

Jlornyeckue Teopun JIMHEHHBIX IIOPSIJKOB CTPOSTCA B paMKax oOIpe-
JIeJIeHHBIX (DOPMAJIN30BaHHBIX (TO €CTh HMHTEPIPETHPOBAHHBIX HCKYCCTBEH-
ueix |Tarski, 1935|) si3bikos. IlepBonavasbho, B yactHOCTH B paborax A. Ilpaii-
opa, sI3bIK BPEMEHHOMW JIOIMKH II0JIydaJicsi JOOABIEHUEM K SI3bIKY KJIACCHTe-
CKOM JIOPVMKU BBICKA3bIBAHUI JIBYX MCXOJHBIX BPEMEHHBIX OIEPATOPOB, HAIIPH-
mep, F' (ko2da-nubydv 6ydem) n P (kozda-mo 6wino). Cunbhble MojgasibHoCTH G
(eceeda bydem) n H (ecezda 6vin0) BBOIsATCS 1O onpegenenuio: GA =g ~F-A,
HA =4 —P-A. Mopansnoctu Tuna F' u P uHOr/Ia Ha3bIBAIOT B JUTEPAType
paflopOBCKUMHU, TaK YK€ KaK U CaMU sI3bIKHU, COJIepIKalllie TOJBKO ITU olepa-
TOpbI (WK JIazKe JIIIb OJINH U3 HUX).

Bpemennass mopenpHaa crpykrypa 7 = (7,<) CTAHOBUTCS MOIEJBIO s
[IpafOPOBCKOr0 SI3bIKA BPEMEHHOMN JIOTMKH, €CJIM 3aJaHa (DYHKIMs OIEHKH Ha
MHO)KecTBe PV MpomosuIinoHa IbHBIX mepeMeHHbIX. OOBITHO 3TO 0TOOparKeHue
v: PV +— 27 koropoe Ka»k10ii IlepeMEeHHOi CTAaBUT B COOTBETCTBIE MHOMKECTBO
MOMEHTOB BpeMeHH! (B KOTOPBIX 9Ta IepeMeHHAas [I0JIaraeTcs MCTUHHON). [lys
MIPUITHCHIBAHUST 3HAYEHUIA CJIOKHBIM (POPMYJIaM MOXKHO PACIIUPUTE (DYHKIIAIO

SOmnpenenenns 9TUX CBOMCTB CM., HAIIPHMED, B |Burgess, 2002; |Goranko, Rumberg, 2020|.
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OLIEHKH WJIX K€ MHIAYKTUBHO OIPEIEIUTh OTHOIIEHUE = MCTHHHOCTH (DOPMYJIBI
A B MOMEHT BpeMeHM { MOIEJBHON cTpyKTyphl T . s ciydas KiaaccuaecKux
MIPOIO3UITMOHAIBHBIX CBI30K OIPEe/IeHIe HCTUHHOCTH (DOPMYJIIbI CTAHIAPTHOE
JIJIsI BCEX sI3BIKOB, PACCMATPHUBAaEMBIX B JaHHOM 0630pe. HanmomuuM suis ycio-
BUsI UICTUHHOCTH I (DOPMYJT C BHEITHUMHU TPAKOPOBCKUMU MOJATHLHOCTSIMU B
MOMEHT ¢ MOJIEJIbHOM CTPYKTYpPBI T :

TtEFASIH <t ATt E A,
TtEPASIE <tAT,t' E A).

Qopmysia A obuiesHaunMa BO BPEMEHHON MOJIEIBHOM CTPYyKType 7T, eciu OHa
WCTUHHA B KayKJION TOYKE BPEMEHHON MOIEIBLHON CTPYKTYpbl T mpu Jiroboi
OIICHKE V.

Dopmysia A obmie3HaUMMa B KJIaCcCe BPEMEHHBIX MOJIEIbHBIX CTPYKTYp C, ec-
JIn OHA OOIIEe3HAYNMa B KaXKJIOW MOJEIBHON CTPYKType 9TOro Kjacca. Jlormka
KJIACCa MOJEJIbHBIX CTPYKTYP C eCTh MHOXKECTBO BCEX ODIIE3HAYMMBIX B 9TOM
KJ1acce (popMyiI.

OcHOBHBIE TEXHUYECKUE PE3YJIbTATHI, OTHOCSIINECS K METATEOPETUIECKUM
CBOJICTBAM JIOTUK JIMHEHHBIX IIOPAJKOB B IIPAOPOBCKOM $3bIKE, MOXKHO HalTHU
B MoHorpacdun |Goldblatt, 1992} ch. 8]. OrmernM 3716CHh HEKOTOPBIE HIOAHCHIL.

Koneunast akcnomarnsanust jsornkn mkass! (N, <) (1oruka, obo3nadeHHas
Kak 1), IOCTPOEHHAsI B SI3bIKE, COJIEPIKAIIEM TOJIBKO MOJIAJILHOCTD Oyryiero F,
€CTb, 110 CYIIECTBY, PaCIIUpeHrne MOHOMOa/IbHO cucreMmbl K. JlokazaTebcTBO
[IOJTHOTBI CUCTEMBI aKCHOM ODECIIEIUBAECT TAKXKE U HUHUMHYIO aANNPOKCUMUPY-
emocmo ), a 3HAYUT (LIPU ydeTe KOHewHOCU AKCHOMATU3AINN), U Pa3pelin-
MOCTb JaHHON jjoruku. PUHUTHAS AIITPOKCUMUPYEMOCTD 0DECIIETNBACTCS TEM,
9T0 (PAKTUIECKH JIOKA3ATETBCTBO MOJTHOTHI aKCHOMATU3AIME JIOTUKA ) OTHO-
curesnbo (N, <) cBOAMTCS K JTOKA3ATEIBCTBY MOJHOTHI 3TOW CHCTEMbI aKCHOM
OTHOCUTEJIFHO KJIACCA KOHEUHBIX CTPYKTYP. Moaudukaimu JaHHONO METOA O
HOBPEMEHHOTI'O JIOKA3aTEIbCTBA IOJHOTHI U (DUHUTHON AIlIIPOKCUMUPYEMOCTA
Jist JIOTUKHU {) UCIOJIb3YIOTCST B TeX Ke IeJsX U It JIPYTUX CHCTeM JIOTUK
JINHEHOTO BPEMEHU, U3y4YaeMbIX B TOH 2Ke 1iiaBe. KoHedHble aKCHOMATUZAINH
Joruk MozienbHbIX crpykTyp (Q, <) u (R, <) B MOHOMOJAILHOM sI3BbIKE HE Pa3-
JITIAIOTCH.

Bpemennble JIOTMKE YHCJIOBBIX MHOXKECTB B OUMOIAJBHOM ITPailOpOBCKOM
SA3BIKE YK€ OTVIMYAKTCS OT MOHOMOJAJBHOIO ciiydasi. B Toit ke riaBe 8 yka-
sanHOi1 MoHOrpadun Lospabnarra (p. 78-83) marTcst KOHEUHBIE AKCHOMATH3a~
[UU JIOTUK MHOXKECTB IIEJIBIX, PAIIMOHAJIBHBIX U JefCTBUTE/IHHBIX Yncesl. B arom
cilydae cucreMbl akcnoMm st jioruk crpykryp (Q, <) u (R, <), kak camu ux Jio-
CUKH, PA3JINYIHDI, IOCKOJIbKY B OMMOJIAJILHOM fA3bIKE MO2KHO BBIITUCATH AKCUOMY,
xapakrepuctuueckyto s (R, <), Ho onposepxkumyio B (Q, <).

JlomtoTHUTE/IbHBIE CBEJICHUST O JIOTUKAX JIMHEWHOT'O BPEMEHHM B MPailopoB-
CKOM $I3bIKe MOXKHO Haiitu B MoHorpadun |[Gabbay et al., 1994, ch. 6].
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MunumasibHasi cucreMa BpeMeHHOM jioruku K mpejcrasisier coOOH JIOTUKY 6Cex
BPEMEHHBIX MOJEJBbHBIX CTPYKTYP, 0€3 KaKUX-Iub0 OrpaHUYEHUil Ha OTHOIIEHNE <,
B TOM uncjie 6e3 nppedIeKCUBHOCTY U TPAH3UTUBHOCTH. [lepBbie pe3yIbTaThl, BKITIO-
4Jasi AKCHOMATU3AIUIO B sI3bIKE C BpEMEHHBIMU oniepaTropamu F' u P, GbLiu 101y 9eHbl
eme A. Ilpaitopom B |Prior, 1957]. OxHako ¢ cofep:KaTenbHON TOYKU 3PEHUs Ta
JIOTHUKa €Ille He <IOJIHOTICHHAsl» BPEMeHHAasl, TaK KaK ee CEMaHTUIECKHE CTPYKTY-
DBl €CJIM U PENPE3EHTUPYIOT KAKYIO-TO MOJIEJb BPEMEHHU, TO BCE XKe ellle He BIIOJIHE
COOTBETCTBYIONILYIO (DrIocOPCKON MHTyuIuu BpeMeHu. Pacmupenusi cucreMbl K
MOJTy 9at0TCs JOOABIECHUEM K JHC/IY €€ aKCUOM HOBBIX ITOCTY/IATOB, KOTOPBIM COOT-
BETCTBYIOT OIIPEJIEJIEHHbIE CBOMCTBA BPEMEHHOIO NOTOKA (HAIMYINE MM OTCYTCTBUE
HAYaJIbHOrO / KOHEYHOIO MOMEHTOB, JIMCKPETHOCTH/IutoTHocTn u T.a1.). Ha cero-
JHSIIHAA JeHb HarnboJiee BaXKHBIMU Kak ¢ PUI0COMCKOM, TaK U C IIPUKJIAIHON TOYEK
3pEeHUs SABJISIOTCS JIOTUKY JIMHEHHBIX OPSIIKOB U JIOTMKHK JepeBbeB. OCHOBHBIE TEX-
HUYeCcKHe cBejieHust 0 cucreme K U psijie ee CTaHIapPTHBIX PACIIUPEHUN IPUBEIEHBI

B |Goldblatt, 1992} |Gabbay et al., 1994} Burgess, 2002].

1.2. Jlorukm JmHENHOTO BPEMEHU B PACHIMPEHHBIX A3bIKAX

[TosiBnerme B si3bIKEe BPEMEHHOI JIOTUKU JBYXMECTHBIX MojajbHocTeill Until
un Since oKa3aja0 Cepbe3HOe BJIMSHUE Ha pa3BUTHE BCeil 9TOi 0bJIacTH MCCIie-
JIOBaHUI B IIEJIOM, CYIIIECTBEHHO PACIIUPUB 8LIPAUMEALHBIE BOZMONCHOCTNY €€
dopMaTN30BAHHBIX SI3BIKOB. [laHHBIE MOJAILHOCTH OBLIN BBEIEHBI B OOMXOI B
nuccepramu X. Kamma ([Kamp, 1968]). OcunoBroit pesynbrar Kamna cssizan
¢ BOIIPOCOM 00 YTOUHEHUN BBIPA3UTEIbHBIX BO3MOXKHOCTEHN SI3BIKOB BPEMEHHOM
goruku. Kami nokasas, aro 1) oneparopbr Until u Since He BbIpa3uMbl B CTAH-
JIAPTHOM HPANOPOBCKOM A3BIKE BPEMEHHOW JIOTUKHU U 2) B A3bIKE BPEMEHHON
goruku ¢ Until u Since (roBopsi HECTPOrO) BBIPDA3UMBI BCE BPEMEHHBIE OIle-
paTopbl Ha HEIPEPBIBHBIX CTPOIMX JIMHEHHBIX mopsiyikax (Taknx, Kak (R, <)),
olpeJeIuMble B sI3bIKE IIEPBOIIOPSIAKOBOI JIOTUKH. B 9TOM CMBIC/IE PaCIInpPEH-
ublit oneparopamu Until (U) u Since (S) si3bIK BpEMEHHOIi JIOTUKH SIBJISIETCST
BHPA3UMENOHO TLOLHDIM.

B sureparype BcTpedaercsi Kak Mpe@QUKCHAsT, TaK U MH(MUKCHAsT HOTAIUN
nuist bopmyit ¢ JauabiME orepatopamu: U (A, B) o3Hadaer ToO Ke caMoe, 9TO 1
BUA. B ecrecrBenroM si3bike Bbipazkenue U(A, B) uuraercs Kak «Oyjer A,
1 JI0 TOTO, KaK 3T0 ciydntcest, Beerya 6yaer By, S(A, B) — kak «0b110 A, 11 ¢ Tex
II0P, KaK 9TO CJIYUMIOCh, BCeraa ObL1o B».

TOUHBIN CMBICT YTBEPXKJAEHUIT ¢ STUMU MOJAJLHOCTAMHE TI€PEIAETCS TIEPBO-
HOPSIKOBBLIMHU yC/aI0BHsMU uctunnocTu’ s dopmyt U(A, B) u S(A, B) B mo-
MEHT ¢ MOJENBbHON CTPYKTYpBI 7T :

"3aMeTHM, 9TO TAKOH BAPMAHT CEMAHTHYECKNX YCIoBHi n1st U n S cumraeTcss XapakTep-
HBIM 1 butocodekoit mornveckoit mreparypsr (cum. |Blackburn et al., 2006, c¢. 672-673]),
TOr/Ia KaK B BBIYMCJIATE/bHBIX BAPUAHTAX JIOTWKU JIMHEHOIO BPEMEHH OOBIYHO yroTpebiis-
FOTCsT «peIIEKCUBHBIE» PA3HOBUIHOCTH STHX OMEPATOPOB.
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TtEUAB) &3Ht<t! AT, EAANV(t<t" <t = T,t" = B)),
T,tESAB) &3t <t AT, EAAV' (' <t <t=T,t" = B)).

IIpaitoposckne omeparopsl Belpazumbl depes U u S: FA =5 U(A,T),

AKCI/IOM&TI/I3&HI/II/I JIOTUK BCEX JINHENHBIX IOPAJIKOB B AASBIKE C MOJAJIBHOCTA-
vu U u S 6buin npeioxkensl B crarbsx [Burgess, 1982; Xu, 1988|. Cucrema
AKCHUOM JIOTMKY MHOXKECTBa JefICTBUTEIBHBIX UnCesI Obla OyOJIMKOBAaHA B pa-
6ore |[Reynolds, 1992|, soruku MHOXKecTBa IeJIbIX unces — B pabore [Reynolds,
1994], noruku MHOKECTBA HATYDPAJIbHBIX YHces — B crarbe |Venema, 1993].

CTOI/IT CKa3aThb HECKOJIbKO CJIOB M O «BBIYUCJIUTEJILHOM» BapHuaHTe JIOTUKU
suneitnoro Bpemenn, cucreme LTL (rakzke PLTL), cdopmynupoBantoii B si3bI-
Ke, cojiepzkarieM ojHoMecTHbi oneparop X (NextTime, 6 caedyrowuti momenm,
epemenu) U IByXMecTHBIN onepaTop U B «pedIeKCHBHOM» BapuaHTe.

[Toceinee 0OCTOATENHCTBO IPUBOJIUT K TOMY, UTO U IIPAKOPOBCKUE MOIAJIb-
nocty B si3bike LTL Toxke «pedirekcuBabl». B wacrHOCTH, U1 0beciedenust uc-
TUHHOCTH yTBepxKJeHuss F'A B MOMEHT BpeMeHU t JOCTATOYHO UCTUHHOCTH A
B 9TOT K€ CaMbIii MOMEHT.

OrnepaTtop X OCMBICJIEHHO BBOIUTD JIMIIb B sI3bIKE, HHTEPIPETUPYEMOM B TAKUX MO-
JIeJIsIX, B KOTOPBIX JIJIsI JIIOOOTO 3JIeMEHTa { MHOYKECTBA-HOCUTEJISI MOJIEIIN CYIIIeCTBYET
3JIeMeHT t’, HermocpeICTBEHHO caenytomuit 3a t. Hanmpumep, B MOZeIbHO#M CTPYKType
(N, <) ycaoBust ucTUHHOCTH Jyist X A 33/IaI0TCs CIIEYIOIIM 06Pa30M:

(N,<),nE XA& (N,<),n A,

riae TL’ — cJjreayrouiee 3a n HaTypaJiIbHOE€ YHCJIO.

B JIOTUKaX BpeMeHU, pa3BUBaeMbIX B IIPDUKJIaJHBIX IEJIAX B TeOpeTquCKOﬁ
uHbOPMATHKE, OOBIYHO OMPAHHYHBAIOTCS JIHINb MOJAJBHOCTSME Oymyrero®,
a BpeMsl MPEICTAB/ISAETCI B BUJIE JUCKPETHON OECKOHEYHON JIMHEHHO yIOpsi-
JIOUEHHON II0CJI€JIOBATEJIbHOCTU COCTOAHUI, NMEIOIIEeil HadaJIbHbIA MOMEHT.

Cucrema LTL 06bL1a 3ajgymana Kak CpeICTBO Jijisl OINUCAHUsI CBOWCTB BbI-
9UCIUTEIBHBIX MIPOIeccoB, nporpamm. CdopmyanpoBaHa oHa ObLIa B OCHOBO-
nostaratomnieii crarbe [Pnueli, 1977|, a nepsble Texnuueckne pesysibTaThbl, B TOM
qucsie ¥ aKCuoMaTHh3alus, osBuInch B pabore |Gabbay et al., 1980|. Bouee
COBPEMEHHBII 1 OOIIENPUHATHIN Ha CErOMHSIIITHUN JIeHb BAPUAHT 3TOH CHCTEMBbI
npejcrasier B |[Demri et al., 2016).

8 Cucrenma morukn smueiinoro Bpemenn tuma LTL ¢ omepaTopaMi IpOIIIOro HCCaeI0BaHa B
pabore |Lichtenstein et al., 1985]. lanbl mosiHAst aKCMOMATHYECKAs CUCTEMA M PA3PEIIAIOIIAs
[IpoLEe/ Ly pa.
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2. Jlorukn BeTBAIIIEerocd BpeMeHun

«BerBiiennes BpemeHnm KaxkeTcs camo coboit pazymeromieiicss wujeei, Ko-
& pacCykKIaloT O CJIyYaliHOCTH, BO3MOXKHBIX CIIEHAPHSIX Pa3BUTHUSI COObI-
tuit. OgHAKO XKe TMOJ00HbBIe IIPeICTaBIeHNsT O BpeMEHN (POPMUPOBAJIICH ITOCTE-
[IEHHO, B pe3y/brare JJINTEJIbHONI IBOJIIOIUN UJIel, CBI3aHHBIX C TPaKTOBKOM
yTBEpKJIeHUil 0 OyayIux ciydaifHbIx cobbiTusx (cMm., Hanpumep, |[Ohrstrom,
1995; (@hrstrgm, 2006|). Bosiee Toro, Bcraer BOIPOC O TOM, JIEHCTBHTEIHLHO
JIK 9Ta WS SIBJISETCS aJIEKBATHON IS HOHUMAHUS Npupods. BpeMenu! Bo-
Jiee WM MeHee CTaHJAPTHBI OTBET Ha 9TOT BOMPOC IpPHUBEIEH B M3BECTHOM
pabore |[Thomason, 1970]:

JIuneitnas MO/e/Ib BDEMEHH MOXKET JOMYCKATh «aJbTEePHATUBHOE Oy/IyIees Kak SIIr-

CTEeMHNYECKYIO BO3MOXKHOCTDB; XOTd B COOTBETCTBHMM C TaKUM ITIOHMMaHUEM Ka)K'ELI)II‘/JI

MOMEHT BpEeMEHU ¢ MOXKeT UMETb TOJIBKO O/JHO BO3MO2KHOE 6yﬂyﬂlee7 MBI MO>KEM HE

O6J'Ia,ﬂaTb B MOMEHT ( IIOJIHBIM 3HAaHHEM OTHOCHUTEJIBHO 3TOI'O 6yﬂy]llel"0, IIO9TOMY

9TO JIMINb 3HAHUE O MHOXKECTBEHHOCTHU ajbTepHATUB Oymymiero. <...> Mpl Oyaem

Ha3bIBaThb BpPEMEHHBbIEC MOJIEJIbHBbIE CTPYKTYPbI HO,HO6HOF0 THUII& UH@@mepMU'H/UCm-

CKUMU MOOCJIIBHBIMUA CTPYKTYPaMU.

B coorBercTBHM € 3MUCTEMUYECKONH TPAKTOBKOI BETBJICHHMSI BPEMEHH MOXK-
HO OBLTIO OBI PACCMATPUBATH CUTYAIMH, KOT/Ia BPEMs BETBUTCS KaK B IIPOIILIOE,
Tak 1 B Oymymee. OQHAKO B IPOIUTHPOBAHHON BBIIIE CTaThe 1OMACOH TaK-
JKe THIIeT, 9TO JIONYIINEHNE «aJbTePHATUBHBIX MPOIIIBIX» OBLIO ObI B BBICIIEH
CTEleHN KOHTPUHTYUTUBHBIM, IIOCKOJIBKY JBa MOMEHTa (v U [ COBIAIAIOT, €C-
JIM UX MPOILJIOe HEPA3/JUnInMO. B mporuBHOM ciiydae « U [ Pa3iuvdHbl. DTOT
B3IJIsAJ[ HA MOJIEJIbHBbIE CTPYKTYPBI CTaJI MIPEeoD/IaIaloluM B JINTEPAType, WH-
JIETEPMUHUCTCKIE MOJIEJIbHBIE CTPYKTYPBI UMEIOT JpesosudHyto CTPYKTYPY €
BeTBjIeHnEM B Oyiaymiee. PopmasibHO Takas MOAEIbHAasI CTPYKTypa €CTh Iapa
(T, <), riae T ecThb HEIyCTOE MHOXKECTBO MOMEHTOB BpeMeHH, < eCTb uppe-
dIeKcuBHOE U TPaH3UTUBHOE ODMHAPHOE OTHOIIEeHHWE Ha 1, TMHEIHOe BJIEBO, TO
€CTh thvtgvt;g(tQ < ti Nty <t = 1o < l3Vi3 < 1laVip = tg), a TakxKe
csizHOE: Vi1ViaoTdts(ts < t1 Ats < ta). B HEKOTOPBIX cilydasix Ha OTHOIICHHE <
HaKJIaIbIBAIOTCS JOIMOJHATEIbHBIE OrpaHuYeHns. TaK, B CEeMAaHTHUKE IIEPEXO/IOB,
0 KOTOpOii noiizer peus B pasnene 2.4] nobasisirorcs TpeboBanust cepUaIbHO-
CTH 1 HAJIMYIHsI TOYHOM HMXKHEN I'PaHN y KarKI0# mapbl 9J1eMEeHTOB MHOKeCTBa 1’
(Torja KaK CBOHCTBO CBSI3HOCTH TpeOyeT JIMIIb HATMYIMs HUXKHEl TDaHUIbI).

2.1. OueHKa BbICKA3bIBAHUI O OyIyHINX COOBITUSIX
B JIPEBOBUIHBIX CTPYKTypaxX: MUPCEAHU3M U OKKAMHU3M

[Tpexk/ie YeM TrOBOPUTD O JIOTUKAX MHIETEPMUHUCTCKUX MOJIEIbHBIX CTPYK-
Typ, Hy?KHO OTBETUTH Ha BOIIPOC B TOM, KaK IIPUIUCHIBATH MCTUHHOCTHBIE 3HA~
yeHust (bOpMyJIaM, COOTBETCTBYIOIIMM YTBEPKICHUSAM O OY/LyIIUX COOBITHSIX,
B Takux MojesbHbiXx crpykrypax (|Thomason, 1984, p. 2|). Kak ussecrho,
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A. TIpaitop Bblessl 1Ba T0aX0/8, okkamucmerut (ockhamist) u nupcoscrud
(peircean), k perreruto 31oit 3agaun [Prior, 1967, ch. VII|. Crexyer 3ameruts,
9TO OTHPABHOM TOYKOM Jjist camoro IIpaiiopa mOCayKuI BOIIPOC O TOM, KaKO-
BO MOXKET OBITH (pOpMAaIBLHOE TIPEJICTABIEHUE TPATUIIMOHHBIX JIETEPMUHUCTCKUX
paccyXJIeHi U Kak n30e:KaTh HEXKeJaTe/IbHBIX CJIEJCTBUI TeX WU WHBIX I10-
CTYJIATOB BPEMEHHOH JIOTUKH.

N okkaMHCTCKU#, U TUPCOBCKUI MOIXOBI IPEIIOJIATal0T yIeT He TOJIbKO
MOMEHTa BPEMEHU, HO U UCMOPUU, COJEpIKAINell ero, mpu OIeHKe (OpMYIT C
BPEMEHHBIMU MOJIAJILHOCTsIME. BroporopsiikoBas kKBanTudukanus (siBHas UK
HesIBHAS) [0 MCTOPHUSAM SIBJISIETCST XaPAKTEPHOIN 4epToii ceMaHTHK 000X THIIOB,
oTMyaroIeli (1 OTIAISIoNEl) UX OT CTAHJIAPTHBIX KPUIIKEBCKUX CEMAHTUK MO-
JIAJTHHBIX U BPEMEHHBIX JIOTHK. POpPMATbHO UCTOPHSA h BO BPEMEHHON MOIETh-
Hoil crpykrype (T, <) ecTb MaKCHUMAJbHOE JINHEHHO YIOPSIZOUEHHOE MOJMHO-
JKECTBO MHOXKecTBa 1', TO ecTh h He sIBJISIETCsT COOCTBEHHBIM ITOJIMHOYKECTBOM
KaKOTO-JIN0O JIPYTOTO JIMHEHHO YIOPSIOYEHHOTO TIOAMHOXKECTBA MHOYXKeCTBa, T .
MoO»XXHO MBICIUTH UCTOPUIO M KaK OECKOHEUHBIN Psii COOBITHI, IpUIeM 9TO aK-
TyaJibHast 6ECKOHEIHOCTD.

[IpesBapuTesibHO 3aMEeTHM, YTO BPEMEHHBIE JIOTUKH, OIPeJIe/IieMble STUMU
JIBYMSI TTOJIXOJIAMHE, PA3/IMIAIOTCS Y2Ke cBouMu st3bikamu. Obo3naunm gepes L, u
L}, A3BIKI OKKAMICTCKOI U HIPCOBCKOI BPEMEHHBIX JIOTUK cooTBeTcTBenHo. O6a
9TUX SI3BIKA PACIIUPSIIOT SI3BIK KJIACCHYECKOH JIOTUKYU BBICKA3BIBAHUIT 38 CUET
J106aBJIeHns IPalOPOBCKUX BPEMEHHBIX MojaJsbHOCTell F' 1 P, HO a3bIK L), 110-
[OJIHUTEJILHO COJIEPIKUT MCXOHYI0 MOJaIbHOCTh G (Heonpenennmyto yepes F),
a A3bIK L, COIEPKUT MOJAIbHOCTD <> HCTOPUIECKOi Bo3MOKHOCTHU. B sA3bIKE L))
MOXKHO BBECTHU II0 OIIPEJIEJIEHUI0 MOJAIBHOCTH ¢ (<«BO3MOXKHO, Beeryia Oy/iers,
gA =g ~F-A) u f («BosmoxHO, Oyzner», fA =g -G-A). B si3bike L, 00bI4-
HBIM 00Pa30M OIPeIe/IAITC CibHbIe MojanbHocT G (GA =g ~F—A) u Mo-
JIAJIBHOCTD HCTOpHYecKoil neobxomumoctn O (OA =4 —O—A). Omnpenenenns
GOPMYJIBI B 3TUX SI3BIKAX CTaHJIAPTHBIE.

Urak, mpu OKKaMECTCKOM TI0/1X071¢ J1iobasi hopMmysia (B YaCTHOCTH, U MIPOIIO-
3UIUOHAJIbHASI TIEPEMEHHAsI ) TI0JIyYaeT UCTUHHOCTHYIO OIEHKY 6 nape (MOMEHT,
HCTOpHST), TOI/Ia KaK B IMHUPCOBCKOil ceMaHTHKe (hOpMyJia OIEHUBAETC TOJIBKO
B MOMeHTe BpeMeHu. Paccmorpum Oojiee JeTajibHO YCJIOBUSI MCTUHHOCTH JIJIsT
dopmyat ¢ Bremueit momanbnocteio F. Ilyers T = (T, <) ecTb apeBoBHIHAS
MOJIETbHAsT CTPYKTYpa. B OKKaMUCTCKOMN JIOTUKE UCTUHHOCTEL (popmysbl FA B
nape (t, h) oupejessercs CaeLyomumM 00pa3oM:

T,t,h)EFA & Feht<t!AT,({,h)EA).

[Tpunae:kHocTh MOMeHTa ¢ TOil ke caMoii ucropuu h, KOTOpast COIEPKHUT ¢,
3J1eCh CyIlleCTBEeHHA. Y TBep:KIeHne F'A nctuHHO B MOMeHT t ucropuu h, ecjid u
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TOJIBKO ecym A ocymiecTsisiercst B TOi ke caMoil ucropuu. st «koMMyHUKa-
I[N» MEKJLy NCTOPUSIME UCHOJIb3YeTcst MoJasibHocTh < (wiu O). Beegem Heko-
Topble obozuavenust: H(T') ecTb MHOXKECTBO BCEX UCTOPHI MOJIETTBHON CTPYKTY-
pot (T, <), H; ectb muoXx)ectBo ucropuit u3 H(T'), comepxkanux (IPOXOISIIX
gepe3) MoMenT Bpemennu ¢t € T. Torga

T, (th) = CA < 3N e H(T, (K E A).

OrpejieieHns BBITOJTHUMOM U OOIIE3HAMUMO (POPMYJIBI B PAMKAX JTaHHON
CEMAHTHUKH, 10 CYIIEeCTBY, CTAHIAPTHBIE, C IMOMPABKON Ha TUI 0OBEKTa, C KOTO-
pbiM POPMYJIa HAXOIUTCS B OTHOIIEHUHU «OBITH UCTUHHON.

B okkamucTckoM ciaydae dpopmysia A HazbIBaeTCsl BBITOJHUMON B MOJIETBHON CTPYK-

type (T, <), ecin OHa UCTHHHA B HEKOTOPOH mape (t, h) 9TOH MOIESLHOI CTPYKTY-

pot (rme t € T, h € H(T)) nupu HEKOTOPOIl OLEHKE IPONO3UIMOHAJIBHBIX II€PEMEH-

neix. @opMyna A BBITOJHUMA, €CJIA OHA BBITIOJTHAMA B KAKON-TO MOIEIBLHONW CTPYK-

type. @opmyna A obmesnadnva B MogeabHO# crpykrype (7, <) (cumBomaeckn

(T,<) E A), ecntu ~A HeBBIIOIHUMA B 3TOH MomesnbHON crpykrype. Popmyrna A
obmesHaunMa (cuMBosmuecku = A), eciin —A HEeBBIIOJIHUAMA.

OKKaMHUCTCKHIT BApUAHT CEMAHTUKH JIOTUKN BETBSIIErOCs BDEMEHN Ha3bIBa-
10T B JInTeparype akryaaucrckuM |Burgess, 1979|, mockosbky ncropust h, oTHO-
CUTEJILHO KOTOPOH PeJIATUBU3UPYETCA UCTUHHOCTD (hopMyibl F'A, B KAaKOM-TO
CMBICJIE TIPEJICTABIISIET JeUCMEUMeEAbHY0 UCTOPHIO, TOT/A KaK JIPYTUe HCTOPUN
SIBJISIIOTCSL €€ aJIbTePHATHBAMMU.

Eme oaun BaXKHBIN acleKkT, CBA3AHHBIA C OIEHKON (POPMYJ B OKKaMUCT-
CKHX MOJEJIbHBIX CTPYKTyPax, COCTOUT B ClIeNu(UKe IIPUIUCHIBAHUS 3HAYCHU
[IPOIO3UINOHAIBHBIM TIEPEMEHHBIM. KKOPOTKO TOBOPSI, MIPOMO3UIIMOHAJIBHAS 1€~
peMeHHast P MOKET I10JIaraThCst HCTUHHON B MOMEHT BPEMEHU t He3a6UCUMO OT
TOT0, KAKOi1 NCTOPUY NIPUHAJICIKUAT ¢, UK YKe P MOYKeT ObITh HCTUHHOM B HEKO-
Topoii mape (¢, h), HO JIO’KHOl B Kakoi-To apyroii mape (¢, h’). Ps ussectabix
CHCTEM JIOTUKH BeTssmerocs Bpemenu, Hanpumep CTL*, ucnons3yoT uMeHHO
HE3aBUCUMYIO OT WCTOPHUU OIEHKY IPONO3UIMOHANBHBIX MEPEMEHHbIX. 3aMe-
THM, 9TO IPU TAKOM IIOJXOJE MPABUJIO IOJCTAHOBKU HE COXpaHsieT CBOHCTBO
obrmesnaunmoctu dhopmysnl. Tak, dopmyna p O Op siBiseTcs OOIE3HAYNMON
(Tak Kak ec/u nepeMeHHas p UCTHHHA B KAKOI-TO MOMEHT BpeMeHH t, TO OHa
HCTUHHA BO BCEX MCTOPUSIX, COJAEPIKAIIUX t, TO eCcTh HCTUHHA (hbopMya [Ip), HO
nojIcTaHOBKa B Hee (Hampumep, dhopMysibl F'¢ BMECTO BXOXKJIEHUH T€pEMEHHOi
P) MOXKET JIaTh OIIPOBEPKUMYIO (DOPMYILY.

Anrakryanucrcknii (antactualist) |Burgess, 1978| momxox peanusyercst B
MAPCOBCKOI ceMaHTHKe. 3J1eCh YCJIOBHS MCTHHHOCTH Jiist popmyst FFA u GA
UMEIOT CJIEJLY IO BUJT:

T,tEFA & Vhe HIt e h(t <t AT, = A),
T, tEGA & Yhe HVt' e h(t <t = T,t' E A).
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[MupcoBckuit BapmanT ucTuHHOCTH F A B MOMEHT ¢ TIPEITOIaraeT OCYIIeCTB-
JleHre cobbITust A B KayKJOH MCTOpHM, cojepxKaiieil ¢, To ecTh Tpu JH060M
BO3MOXKHOM Pa3BUTHU COOBITHIL. DTOT BAPUAHT CEMAHTUKU OTBEPTaeT HAJIM-
4pe Kakoii Obl TO HE ObLIO jeiicTBuTenbHOM ncropun’. Ipu stom FA u GA B
[IIPCOBCKOM CMBICJIE MOXKHO IIPEJICTABUTh, COOTBETCTBEHHO, Kak OF A nu OGA
B OKKAMHUCTCKOM sI3bIKe. B cmity 9T0r0 06CTOSITEIHLCTBA MUPCOBCKUM BapUaHT
BPEMEHHON JIOTUKHU PACCMATPUBAETCS B JINTEPATYPE KAk MEHee MHTEPECHBIH ¢
YUCTO JIOTHIECKON TOUKYU 3PEHMUS.

JlokazareabCTBO pa3pentmMoCTy JIOTUKU WHIETEPMUHUCTCKUX MOJIETBHBIX
CTPYKTYP C IMPCOBCKUM BapuaHTOM oreHku |[Burgess, 1980 norpebosaso Bae-
JIEHUsI JIOMOJTHUTETHHOTO TEXHUIECKOTO TOHSATHUS, OKA3aBIIErocsi B HEKOTOPHIX
CJlydasix CyIeCTBEHHbBIM JIJIsi OTIPe/IeJIEHIsI MHOXKECTBA OOIIE3HAYMMBbIX (B KJIac-
ce MOJICJIbHBIX CTPYKTYD) hopmyit. B muoxkecrse H (T') Bcex ucTopuii MoJie/Ib-
Hoit crpykTypbl (T, <) Gepercst MOIMHOKECTBO BB BBIJEIEHHBIX WU JOIYCTU-
verx ncropmit!l. Jlna muokectsa B C H(T') JOKHO BHITOTHATLCA CIIETYIONIEe
rpebosanue: Vi € T3h € H(T)(t € h), To ecTb KaxK/blii MOMEHT BPEMEHU W3
T nosken BcTpedarbes B Kakoii-to ucropuu. Crpykrypy (7, B, <) HasbBaioT
depesom ¢ mnootcecmeom donycmumvnx ucmopud (bundled tree). B ciyuae, ko-
raa B = H(T), 1epeBo Ha3bIBAIOT NOAHbLM. YCJIOBHUsSI NCTUHHOCTH 11715t (hOPMYJI
C BPEMEHHBIME MOJAJIbHOCTSIMEU B MOJIe/IbHOI cTpykType (T, B, <) B 060X pac-
CMATPUBAEMBIX TIOJIXOAX MPETEPIIEBAIOT COOTBETCTBYIONINE U3MEHEHNS:

T,t,h) EFA < 3heBIH eh(t <t ANT,({t',h) EA)
JJId OKKaMUCTCKOI'O CJIydad,
T t=FA & VYheB3t' eh(t<t AT, t' = A)

Jutst mupcosekoro. 3aeck By ={h |h € BC H(T) At € h}.

Kak nokazano B crarbe [Ibid.|, B mupcoBckoM cirydae MHOKECTBO OOIIEe3HA-
IuMbIX (GOPMYJT HE U3MEHSIETCsI, €CJIU BMECTO KJIACCA «OOBIMHBIX» JIPEBOBH/THBIX
MO/JIETIBHBIX CTPYKTYD PACCMATPHBATE JIEPEBbsl ¢ MHOKECTBOM JOIMYCTUMBIX UC-
topuit. OJIHAKO B OKKAMUCTCKOl CEMaHTHKE MOYKHO NMPUBECTU TpuMepbl hop-
MyJI, KOTOpBIE OOIIE3HAIUMBI B KJIACCE J[PEBOBU/HBIX MOJIEIBLHBIX CTPYKTYD, HO

93amerum, uro A. TIpaiiop 6bLI IPUBEPIKEHIIEM HMEHHO TAKOTO TI0/IX0/1a. JIUCKyCen 110 110-
BOJ/Iy ODOCHOBAHHOCTH M I1€JI€COODPA3HOCTY BBIICJIEHUST AKMYAAbHOU, WA JeUCnEUmesbHot,
ncTopun (TakKe yImoTpeOIIeTCs AaHTIOA3bIMHBIN TepMuH thin red line) BpeMst OT BpeMEHH BO3-
OGHOBJIAIOTCS B IUTEPATYyPE, CM., HanpuMmep, |Belnap, Green, 1994; Wawer, 2014; Belnap et al.,
2001} ch. 6].

VB aHrI0g3bIYHOI THTEpaType UCIOIb3YeTCs TepMUH bundle, UTO MOMKHO TI€PEBECTH KAK
«IIyYOK» WM «CBs3Kay. OOIIENPUHATOrO PYCCKOS3BIYHONO TEPMUHA B HACTOSAIIUI MOMEHT,
[MO-BUIUMOMY, HET.
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OMTPOBEPYKUMBI B JIEPEBBIX ¢ MHOXKECTBAMHE JTOMTYCTUMBIX ncTopuit. Hampumep,
B [Burgess, 1979] mokasbiBaercs, uro dgopmyna OGOFOp O OGFp obmesna-
qHUMa, B KJIaCCe BCEX JEPEBbEB, HO OIIPOBEPIKHUMA B HEKOTOPOM JEPEBe ¢ MHOXKE-
CTBOM JIOTIYCTUMBIX UCTOPHIl.

TexHu4deckue pe3yJibTaTbl

OcHOBHBIE PE3YTLTATHI, CBI3AHHBIE C TTMPCOBCKO JIOTUKON MHIETEPMUHUCT-
CKUX MOJIEJIbHBIX CTPYKTYD, ObLin mostydensl B pabore [Burgess, 1980|. B uacr-
HOCTH, B 9TO# cTaTbe ObLIa MPeIIoXKeHa KOHETHAas aKCHOMATHU3AIUsT ITHPCOB-
CKOIl JIOTUKU KJIacca JEPEBbEB C MHOXKECTBAME JOMYyCTUMBIX HCTOPUU, JTOKa-
3aHbI TeOpEeMbI O IIOJTHOTE W HEIIPOTUBOPCYNBOCTU, PA3PCIINMOCTL MHO2KECTBaA
o0bIIe3HAYNMBIX B 9TOM Kjacce dopmysia. Tam ke ObLIO TOKa3aHO, UTO I
KJIACCOB JICPEBBEB U JEPEBbBEB C MHOXKECTBOM JOIIYCTHUMBIX MCTOPUI MHOXKeE-
€TBO 00ITe3HaYNMbIX (HOPMYJI OIHO U TO 2Ke. OCOOEHHOCTH KOHEYHON aKCHO-
MaTH3alUAd COCTOUT B TOM, UTO OHA COJEPXKUT IIPABUIO UPPEPDIEKCUBHOCTHU
T'a66as |Gabbay, 1981], yacro BeTpeuaromeecs: B akCHOMATH3AIIUSAX CUCTEM Bpe-
MEHHO JIOTHKH:

qANHqgD A 2de q ecmb NPONO3UYUOHANDHAA NEPEMEH-
A ’ HAA, HE BCMPEUAIOULGACA 6 popmyse A.

B pabore |Zanardo, 1990] nmokazaHo, 9T0 BO3MOYXKHA aKCHMOMATH3AIUsI [IUPCOB-
CKOIf BpEMEHHOI JIOTUKH 6e3 MpaBujia uppedIeKCHBHOCTH, HO ¢ OECKOHEYHBIM
MHO>KECTBOM aKCHOM.

Ll OKKaMUCTCKOW JIOTUKU BETBSINErOCS BPEMEHH, KaK y2Ke OTMedasioch,
pa3/ImIe MeXK 1y JePEBbIMEI C MHOXKECTBAMU JIOIIYCTUMBIX UCTOPHUI U JIEPEBbsI-
MU 0e3 TAKOBBIX sIBJISIeTCs CylnecTBeHHbIM. Koneunast akcnomarusalus JOruKn
KJIacca JIepPeBbeB ¢ MHOXKECTBAMU JOIYCTUMBIX UCTOPHI ObLIa MOJIyUIeHa B pa-
6ore [Zanardo, 1985|, Apyras akcuomaTu3zanust ¢ IPABUIOM UPPedIeKCUBHOCTI
labbast comepzxkurcst B Monorpadun |Gabbay et al., 1994, ch. 7.7|. Bamerum, uro
JJIS TOKA3aTeIbCTB IOJTHOTHI B 00enX 3TUX paboTax MCIIOJB3YIOTCs 0CODbIE ce-
MaHTHYECKIE CTPYKTYPbl — OKKAMUCTCKUE IIKAJIbI, IPEJJIOKEeHHbIe B |[Zanardo,
1985| (xotst, 110 cymiecTBy, y:Ke HesiBHO onucanuble B |[Burgess, 1979)]). Yro xa-
caeTcsi OKKaAMUCTCKOW JIOTUKHU JIEPEBbEB 0€3 MHOXKECTB JIOIYCTUMBIX HCTOPUIA,
TO MEPBBI KPYIHBIA Pe3yiIbTaT — 3TO JOKA3aTEIbCTBO Pa3PeInMOCTA MHO-
JKECTBa, OOINE3HAYNMBIX B KJIACCE TAKUX JEPEBbeB (DOPMYII, MPEJIOKEHHOE B
pabore |Gurevich, Shelah, 1985|. CymiecrBeHHO, 9TO B yKa3aHHO{l cTaTbe MC-
[IOJIb3YETCsl HE3aBUCHMAasi OT UCTOPUU OIleHKa nepeMeHHbIX. [Ipobiema akcuo-
MaTU3AIMNA JIAHHOW JIOTMKH JOJINOEe BpeMsi ObLja OTKPBITOH, ee peleHue Obl-
JIO 3asBJIEHO B psijie pabor aBcrpasuiickoro Jjoruka M. Peiinosnca |[Reynolds,
2002; [Reynolds, 2003|, omHako jerajbHOE JOKA3aTEIbCTBO B YKA3aHHBIX I1y6-
JINKAIUAX HE IIPUBOIUTCH. Hp06ﬂeMa aKCuoMaTUu3allum1 OKKaMHUCTCKOI JIOTUKI
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JlepeBbeB (B TOM 4YHCJIe U C IPOU3BOJBLHON OIEHKOIl B MHOXKECTBE Hap BUJIA
(t,h)) ocraercsi, no-BuauMomy, orkpbiToii [Rumberg, 2019|.

2.2. IIIkaaspr KaMia n oKKaMUCTCKHE IIIKAJIbI:
IpeJcTaBJeHns JePEeBbeB

JlpeBoBuUIHBIE MOJIEJIBHBIE CTPYKTYPBI, UCIOJIb3YeMbIE JIJIsi OIIEHKN (DOPMYJIT
SA3bIKA KaK MAPCOBCKOT'O, TAK U OKKAMUCTCKOT'O BapUAHTOB BPEMEHHO JIOTUKH,
MMEIOT OYEBUIHBIN HEJOCTATOK, COCTOAIINI BO BTOPOMIOPSIIKOBON KBaHTH(MpM-
KaITMU 110 MHOYXKECTBY ucTopuil. JlepeBbsi ¢ BLIJIEJIEHHBIMU MHOYXKECTBAMU UCTO-
puii comepKaT caMHl UCTOPUH KaK MCXOIHBIE CYITHOCTH, ITO XapaKTepPU3yeTCs
B pabore |Zanardo, 2003| c. 9] kak «1epexoJ[ 0T BTOPONOPSIIKOBOIi K MEePBOIIO-
PAAKOBOA JIOTHUKEY.

B pabore |Zanardo, 1985| GbLau onpejiesieHbl TEPBOMOPSIIKOBbIE PEJISII-
OHHBIE CTPYKTYPBI, OKKGMUCMCKUE WKAAb, OCOOBIM ODPA30M IIPEICTABJIISIIO-
e uHGOPMAIIIIO, cojlepKalLyiocs B aepesbsix ', Heckoibko pamee, B Iuia-
Be [Thomason, 1984|, Gbun onucaHbl ceMaHTHYECKUE CTPYKTYPBI, OY€Hb II0-
XOKHMe Ha OKKAMHCTCKHEe IIKAJbl, KOTOpPble HAa3LIBAIOTCI wkaaamy Kamna,
IIOCKOJIBKY BIIEPBbIE OHU IOSBU/INCH B HeolybsmKoBaHHO! crarthe X. Kamira
1979 roma. Pacemorpum mikasser Kamma 6ostee merabHO.

Ob6rmasi mjesi, Jiexkalasi B OCHOBE 3TOW KOHCTPYKIIUU, — <«CIEJATh JI0-
CTATOYHO KONMI KayKJON TOYKH JlepeBa W Pa3Ne]NTh DA3IUIHble €0 HUCTO-
pun» |Reynolds, 2003]. IepeBo kak Obl paccamBaeTcst B COBOKYITHOCTD Ia-
pPAJUIEJIBHBIX JIMHEHHBIX MOPsIKOB. IIpu 9TOM HMCXO/HbIE CYITHOCTH B INKAJE
Kamna — B0O3MOXKHBIE MUDPBI, ¢ KOTOPBIMUA UCTOPUH aCCOIUUPYIOTCS.

@opmanbo mkana Kamna K npexcrasisier coboit tpoiiky (7, W, =),
rne W ecTb HelycTOoe MHOYKECTBO BO3MOXKHBIX MHPOB, KaXKJIOMy W3 KOTO-
pbIX (OYHKIWST 7 CTABUT B COOTBETCTBHE MppedIeKCUBHBIN JIMHEHHBIN TOpsI-
1ok T(w) = (T, <w); = ectb dynknus, koropas Kaxkiomy t € |J,cw Tw
CTaBUT B COOTBETCTBUE OTHOIIEHHE SKBUBAJECHTHOCTU R%; Ha MHOXKECTBE
Wy = {w € W | t € T,} makoe, 4r0 a) ecom w R~ w', TO
{' eTy |t <wt} ={t' € Ty |t/ <w t}, b) ecim w = w' ut' <, t, TO
w ~y w' [Thomason, 1984; Zanardo, 2003].

DopMyJIbI A3bIKA OKKAMUCTCKON BPEMEHHOW JIOTUKHU TOJIYYIAI0OT UCTUHHOCT-
HYIO OIIEHKY B Tapax Buja (t, w), tae t € T,,. YcioBust HCTHHHOCTH J1J1st POPMYIT
¢ MOJAJIBHOCTSIMU OIIPEJIEJISIIOTCS CJIEIYFOIITUM 00Pa30M:

K,(t,w) EFA & 3t (t<,tAK (t'w)EA),

K,(t,w) = PA < 3t <, t AK,(t,w) = A),
K,(t,w) ECA < Ju' = wk, () A).

HXors1, KaK OTMeUYAeT caM aBTOP, HESIBHBIM OODA30M 9TH CTPYKTYPhI y2Ke COIEPKAINCH B
crarbe [Burgess, 1979).
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Haunbostee maTepecHbIil TeXHMYeCKn# acmekT mKaJg Kawmia cocTonT mpencTas-
JIEHUU CTPYKTYPHBI JI€peBbEB. LJist OCYIECTBICHUST STOTO IPEJICTABJIEHUsT OIIpe-
JIeJIUM JIJIsST KaXKJI0ro w U Kaxkjaoro t € T, mkajbl K Kj1acc 3KBUBAJEHTHOCTH
[(t,w)] = {(t,w') | w ~ w'}. MHOKECTBO BCeX KIIacCOB 9KBUBAJIEHTHOCTH K-
Jibl IC obozHaunm Kak Tx. Jasee onpepeanM oTHOIeHne <lx Ha MHOXKecTBe T i:

[(t,w)] < [(T,w)] & warw At <yt

[Mapa (Tx, <k) ectb aepeso. O6parHo, 1m0 m060My nepeBy (71, <) MOXKHO TO-
crpouts mkaity Kamna Kr, nomoxus W = H(T'), T, = w (10 ecTb BO3MOXK-
HBIl MED ¥ COOTBETCTBYIONHI €My IOPSAI0K (DAKTUTIECKH COBIIAIAIOT), <,y €CTh
OrpaHMYeHne OTHOIEeHHs < Ha W, HAKOHEI, W % W', eCJ U TOJILKO ec/in 0ba
HOPsIZIKA, W 1 W', COMEePIKAT SJIEMEHT t.

Ecmu o nmepey T mocrpouth mkaJy Kp, TO, KOHEYHO, MOYKHO IIOJIYYHUTD
nadbiie jiepeBo Ty, OkaseiBaercs, jepesbst 1’ u T, OymyT nzomopdubr. Mox-
HO OXKHJIATh aHAJOIMIHOro pedysbraTa n ajid napel K n Kr.. Onnako B aToM
ciiydae n3oMopdu3Ma Her.

[nybuHHAsT TPUYMHA B BO3MOXKHOM HAPYIIEHHN H30MODP(MHU3Ma COCTOUT B
TOM, YTO IIKaJIa KaMHa HEe IIpeJacTaB/ideT (I/I He J0JI2KHa Hpe,/:LCTaBJISITb) BCe
UCTOPHH, COJEPZKAIINECs B COOTBETCTBYIOMmEM eii nepese. To ectsb nepeso Tk,
II0OCTPOEHHOE 110 MKajie K, MOXKeT CoAepkKaTb UCTOPHH, KOTOPBIM HE COOTBET-
crByer Kakoe-jmbo MHOKecTBO {[(t, w)] |t € Ty}

OHako eciM NPUHUMATH BO BHUMAHUE TOJIBKO JIEPEBbs ¢ MHOYXKECTBAMHE
JIOIYCTUMBIX UCTOPHIi, oJ1arasi, 4To IIpu mnepectpoiike takoro jepesa (T, B, <)
B mkany Kamma W = B, a <,, 1 &4 3aJa10TCs TaK 7Ke, KaK OIUCAHO BBIIIE, TO
coxpaHuTh n3oMopdusm Mexy K u K7, MozkHO. /17151 9TOT0 HY?KHO IIpEBapH-
TeJBHO UCKJIIOYUTH CHUTYAIMIO, KOIjla IKaja Kamiia colepKuT HepasamauMble
MUPBI, ITO CaMO 10 cebe TOXKe MOXKEeT ObITh NMPUIUHON HAPYIIEHHS U30MOP-
dbuzma: Yw # w' € W3t € Ty(w #¢ w'). Tenepsb 3amMeTuM, 9TO ¢ KaXKIbIM
MupoM w mikajel Kamma MOXKHO cBst3aTh ucropuio hy,, = {[(t,w)] | t € Ty}.
Mozxuo nokazars, uto Bic = {hy | w € W} obpasyer MHOKECTBO JOIYCTUMBIX
ucropuit B nepese Tic. O6o3naquum vepes T = (T, Bi) nosydeHHoe 1epeBo ¢
MHOZKeCTBOM JlonycTuMbIX ncropuii. Teneps K nzomopdno Kg,. n T nzomopdno
Tk, |Zanardo, 2003].

Kaxk ormeuaercst B crarbsax |Zanardo, 1996} Zanardo, 2003|, mxassr Kammna
OHTOJIOTUYECKH <CJIOYKHEEe» JIePEBheB, IOCKOJILKY IIPeAIIoIaraloT OHTOJIOIIYe-
CKHUe JIONYINEeHUs] OTHOCUTEILHO CyMIeCTBOBAHUS BO3MOYKHBIX MHUPOB KaK OCO-
60ro pojia NPUMHUTUBHLIX (TO €CTh MCXOJHBIX) CylHOCTEil. JlepeBbs mpejo-
JIaraloT JINIIb CyH_IeCTBOBaHI/Ie MOMEHTOB BpEeMEHHN U OTHOIIIECHU A Me)K;Ly HHUMUN.
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Tem He MenHee ¢ JIOIMYECKO# TOYKH 3peHusi IMKaJbl Kamiia 0Ka3bIBAIOTCS IIPO-
e JIEPEBBEB, TIOCKOJIbKY OIEHKA (DOPMYJI He TPEOYET SIBHOU BTOPOIOPSTKOBO
KBAaHTU(DUKAIINY 110 UCTOPUSIM.

[Mxasnsr KaMna urpaioT CyIecTBEHHYIO POJIb B HaOPOCKe JOKa3aTesIbCTBa
IOJIHOTBI JIjIsi OKKAMHUCTCKON BpeMeHHO#i Jjioruku B |[Reynolds, 2003|. B oriu-
qHe OT JE€PEeBBEB, STU IIKAJIBI MO3BOJISAIOT UCIIOIb30BaTh step-by-step-meron n3

JI0Ka3aTeJIbCTB ITOJTHOTBI U PA3PENINMOCTH JIOTUK JUHENHOTO BpeMeHI/I12.

B crarbsx |Zanardo, 1985; Zanardo, 1996| st npejcrasienus jiepeBbeB
OLLIN IIPEJIIOKEHbl PEISIHOHHbIE CTPYKTYPhl KPUIKEBCKOI'O THUIIA, UMEIOIIIe
Buz (W, <,~), Ha3bIBaEMBIE OKKAMUCTMCKUMY WKAAGMU. B IIEJIOM 5TH IIKa-
JIBI 10 CBOEMY YCTpOcTBY 6iu3Ku K ImkajgaMm Kawmma, no Ternepb W ecTb
MHOKECTBO, Ha KOTOPOM 3aJIaHbl JiBa HeIepeceKaloIIuXcs OTHOIICHHS: < —
obbeHenne Beex nppedIeKCUBHBIX JTMHEHHBIX MOPAJKOB, 3a/IaHHBIX Ha, MHO-
»kectBe W, a ~ — OTHOIIEHHe 3KBUBAJEHTHOCTH, PeIpe3eHTHpyolee «06-
IIyI0 YacThb» JIMHEHHBIX HOPAJIKOB, TO €CTh eCjii t ~ S, TO OrpaHHYeHUe ~
Ha {t' |t/ <t} x{s' | s’ < s} ecTb nopsKOBBIi U30MOpbU3M, a, KPoMe TOTO,
JIMHEHHbIe TOPSIKA JIOJXKHBI Pa3IndaThCs: /I BCAKUX t U § HafijleTcs TaKoil
t' > t, aro mus moboro s > s BepHo, uTo t' % §'. OKKAMHCTCKHE IMKAJIbI TAKKe
peJICTaB/IAI0T coOO CpejICTBO sl HpeJcTaBienns MH(OPMAIUU, cojeprKa-
mieifcss B JPeBOBUJIHOI INIKaJIe, IIPOIECC HepecTPOiiKN IIKaJbl OJHOTO THIIa B
H_IKaJIy ,/:prFOI‘O THUII& CXOXK C OIIMCAaHHBIM BBLIIIIE JIJIA CJIyLIaH IITKaJI KaMHa. HpI/I
sToM ecsim ) — HeKoTopasl OKKaMUCTCKas MiKaja, 1o — JepeBo, I0CTPOeHHOe
110 91oii mkase, To nsomopbusm mexay O u Op, UMeer MeCTo B TOM CiIydae,
KOIJla IIPUHUMAIOTCS BO BHUMAHHUE TOJILKO JIEPEBbd C MHOYKECTBAMHU JIOIYCTHU-
MbIX ucropuii |[Zanardo, 1996].

2.3. HepasgesqumocTs M HEPA3JINYNMOCTb UCTOPUIL

Ot mkan Kamia m OKKaMHUCTCKHX IIIKAJ BHOBb BepHEMCA K AEPEeBbLAM U
pPaCcCMOTPpUM HEKOTOPbIE IMOHATHA, CYyIMECTBEHHO 000TaTUBIIIIE JaHHBIE CEMaH-
TUYIECKNEe KOHCTPYKIUU.

Ornomenne nepazaennvoctu (undividedness) mcropuii IpUILIO U3 ceMaH-
TUKHN JJIgd JIOTUK, OIIMCBIBAOIUX ITOBEJCHUE PallMOHAJIbHBIX O6'beKTOB BO Bpe-
MeHHOM 1oToKe (cM., Hanpumep, |[Belnap, 1991]). B konrTekcre usydenus ce-
MaHTUYECKUX CTPYKTYP, PEIPE3eHTUPYIONINX BETBsIIEeCss BPeMsi, JAHHOE OT-
HOIIIEHNE OKa3aJI0Ch BeCbMa, MOJIE3HBIM U MPUBEIO (PAKTUIECKN K TOSBICHUIO

12TIon06Hast KOHCTPYKIWs GbLIa, IIPUMEHEHA TeM Ke aBTOPOM ISl OKA3ATeIbCTBA, Pa3pe-
MIMMOCTY BPEMEHHOI JIOTHKY MAapaJslIeIbHbIX JHHEHHBIX MOTOKOB Bpemenn B [Reynolds, 1997,
POZCTBEHHON OKKaMUCTCKOI BpeMeHHO#t jtoruke. /ljist 0011iero 3HakOMCTBa € JJAHHBIM METOIOM

cum. |Blackburn et al., 2002} ch. 4.6].
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cTpyKTYyp HOBOro tuna. B crarbe |Zanardo, 1998| moapo6Ho nsydatorcst CBOi-
CTBa MOJIETILHBIX CTPYKTYP € OTHOIIEHHEM HEPAa3JeJMMOCTH, & TakkKe Oojee
OOIIIIM OTHOIIEHHEM HEPA3AUHUMOCTY, HA MHOYKECTBE UCTOPHIA.

JlBe ucropun hi u hg MOTyT coziepKaTh OOIIHii 3/1eMeHT t, TO ecTh t € h1MNho,
HO JIJIsl TOT0, ITOOBI OHU OBLITN Hepasdeaumb, B ITOM MOMEHTE t, TpedyeTcs HajIu-
que Takoro t', aro t < t' u t < t'. OTHOIIEHNE HEPA3EJUMOCTH HA MHOMKECTBE
HCTOPHIA, IIPOXOJSAIINUX Uepe3 MOMeHT ¢ (To ectb Ha MHOXKecTBe Hy), siBjsier-
Cs1 OTHOIIIEHNEM SKBHBAJIEHTHOCTU U 3alaeT pasduenne H; Ha KJIacChl SKBUBa-
nenTaocTH. O6o3HaUMM dUepes [h]; MHOKECTBO BCEX MCTODUil, HAXOJSIIUXCI B
OTHOIIEHUN SKBUBAJIEHTHOCTH ¢ HcTOpHeil h (TO ecTh KIacc 9KBUBAICHTHOCTH
no h), a uepes Il; — pasbuenue MHOXKecTBa H; 10 yKa3aHHOMY OTHOIIEHUIO
9KBUBAJIEHTHOCTH. DJIeMEHTbI MHOXKecTBa Il; Ha3BIBAIOTCST HEnocpedcmseeHHbl-
MU B03MONCHOCTAMYU B MOMEHT t. KBanTndukanus 1o uCToOpusaM B OKKAMUCT-
CKOM SI3BIKE, OCYIIECTBIISIEMAsT 38 CUeT MOJAJIBHOCTH <, MOYKET ObIThH CYy>KeHa Ha
HUCTOPUH, JIesKaIUe B paMKaxX OIHOM HeIIoCpeICTBeHHO Bo3sMoxKHOCTH. B pabo-
re [Ibid.| s13pIK OKKAMECTCKOl BpeMeHHOI JIoruku L, PacuMpsieTcs: MOIaIbHBIM
onepaTopoM &Y (0603HAUUM paCITMPEHHbIN A3bIK Kak L) ). Yeiosue ucrunto-
CTU JIJIsT 3TOrO OIEpaTopa IOX0XKe Ha TO, KOTOpoe paHee ObLIO JaHO st <
B s13bIKe L,:

T,(t,h) EOYA < 3N €[h], € Hy(T,(t,h') | A),

¢ TO¥ JINIIb pa3HUIEH, 9TO Ternepb KBAHTU(MUKAINSA TPOU3BOJIUTC 10 MHOXKE-
crBy [h];. SI3pik £} okaspiBaeTcs Goraue 10 CBOMM BbIPA3HTEIBHBIM BO3MOKHO-
crsim, ueM Lo, B [Ibid., p. 303| mokasbiBaercst yTBepKAeHEe, YTO HE CYIIIECTBYET
dbopmynel A Takoit, uro obmesnadnma dopmyral? OYGp = A, To ects omepa-
Top O HeonpegenuM B L,. Takzke neoupeaeauMoii B L, sABIsieTCs KOMOUHAIMs
MozgaJsibHocTeir OOGp.

#I3BIK MUPCOBCKOI BpeMeHHOil JToruku L, pacHmpsercd JI0 A3bIKa ﬁ;{ 3a
cyeT s100aBJIEHUsT COCTABHBIX MOJAJBHBIX omneparopoB. Hampumep, Mojaib-
nocts [OV F] unraercst Kak «B HEKOTOPOI HENOCPE/ICTBEHHOH BO3MOYKHOCTH 6y~
JIET TaK, YTO». 3JIeCh BbIPaXKEHUE «OyIeT TakK, 9TO» MMeeT MUPCOBCKUI CMBICII.
Sro zraunt, uro [OV F]A mcTHHHO B MOMEHT BPEMEHH ¢, €CJI CYIIeCTBYeT Hero-
CpEJICTBEHHAsT TaKasi BOSMOXKHOCTH [hly, 4ro B kaowcdoti ucropuu h' € [h]; naii-
nercs Takoe t', uro t < t' u B ' ucrunna A. O6paTuM BHUMaHME Ha TO, YTO
ayanbabiM oneparopoM s [OUF| asnserca momamsaocts —[OV F]-, koto-
pasi obosnauaercsa kak V¢ M colepKaTe/bHO IHTACTCH KAK <KAaXKas Herlo-
CpeJICTBEHHAsT BO3MOXKHOCTD COJEPXKHUT UCTOPUIO, B KOTOPO# Bceria Oyer. . . ».
Nnmeerca moKa3aTe/IbCTBO yTBEPK/ICHUS, UTO B A3bIKe L, HE CyIECTBYeT TaKOi

133;(er " aJiee CBA3Ka = e€CThb MaTepHaJibHadA IKBUBAJICHIUA.
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bopmysl A, uTo obmesnaunmoii apisgerca dopmyita [OYglp = A [Zanardo,
1998, p. 308-310].

Paccmorpum jasee 060061menne oTHoIeHus: HepasaeaunmocTu. [lomydaercs
OHO 3a CYEeT COIOCTABJIEHUsI KarKJIOMy MOMEHTY BpeMeHU ¢ abCTpaKTHOIO OT-
HOITIEHNSI SKBUBAJEHTHOCTH Ha MHOXKecTBe Hy. B wacrHOCTH, 5TO MOKET OBITH
1 pasbueHne, WHIAYIHPyeMOe OTHOIIEHHEM Hepa3jInauMocTu. s stux mesneit
BBOJUTCsL oHsiTHE [-1epesa |Zanardo, 1998|. I-nepeso — sro napa (7,1), rue
T ectb nmepeBo, a I ectb PYHKIMS, KOTOpas KaxKiaoMmy t € 1 craBUT B COOT-
BETCTBHE OTHOIIEHUE SKBUBaJeHTHOCTH Ha Hy (obGo3Hauaemoe kak [I;) Takoe,
9TO

VE'VOVR (t < t A T(h, h') = Ly (h,1)).
Oyukimio [ HA3BIBAIOT GYHKUUET HEPA3AUNUMOCTNU, & OTHOIIeHne Iy — omHo-
WeHUEM HEPASAUHUMOCTNU.

I-nepeBbst MOTYT OBITH KCIIOJIL30BAHBI B KAYECTBE OOOOIMEHHBIX CEeMAaHTHU-
YEeCKUX CTPYKTYP JIOTMKM BETBSIIIErOCs BPEMEHM, & OKKAMHUCTCKHI U IHIPCOB-
CKUIi MOJIXOJIbI OKA3BIBAIOTCS YACTHBIME (IIPEJIeJbHBIMI) CJYdasiMU TaKoii ce-
MaHTHKH.

A3biK BpeMeHHOM JIOTUKY [-1epeBbeB PACIIUPSAET I3bIK KJIACCHIECKOM JIOTHU-
KI BBICKA3bIBAHMII 3a cueT mobaBienust MomanabHocTeil P, F' u G mupcoBCKOrO
TUNA U OKKaMUCTCKOMI MOJaJIbHOCTU <> q)yHKI_[I/IH OIICHKHN CTaBUT B COOTBET-
CTBHE KayKJOil [IPOIO3UIMOHAIBHOI [IepeMeHHOT MHOXKeCTBO nap Buja (t, X),
e t € T, a X ecTb HENOCPeJICTBEHHAST BOBMOXKHOCTH B MOMeHT t. [IpuBemem
YCJIOBUST UCTUHHOCTH JIJIsT HEKOTOPBIX MOJIAJIBHBIX OIEPATOPOB:

T,(t M) EFA & VW € R 3t e Wit <t AT, ({t,[W]y) = A),
T,(t,[hl) EGA < VA e[V eW(t<t =T, [N]y) E A,
T, (L, [h]e) ECA < 30 € Hy(T,(t,[1]y) = A).

I-nepeso (T,I) HasbIBaeTCss OKKAMUCMCKUM, €Cl i Beskoro t € T Bep-
Ho, uro Iy = {(h,h) | h € H}; I-nepeBo Ha3BIBACTCS NUPCOBCKUM, €CIIN
It = Ht X Ht~

meercst ciefiyrommast xapakrepusanus I-/1epeBbeB yKa3aHHBIX BBIIIE TUIIOB
upes obuiesHaunMocTb popmyit: I-nepeso (7, 1) siBisiercst OKKAMUCTCKUM, €CJIN
u rosbko ecau (T,1) = Gp = —~F—p; [-nepeso (T, 1) siBiisieTcsi TUPCOBCKUM,
ecin u Tosiko ecan (T, 1) = Op = p.

2.4. CemaHTHUKa IEPEXOI0B

[Tosib3a OT BBEIEHHOTO paHee OIpeeseHus] HePa3AeIUMOCTH UCTOPUN He
ucyepIibiBaeTcd Juib [-jaepeBbsiMu. He MeHee MHTEpECHBIH 1OJIXO0J, TIPEICTAB-
asieT coboil cemanmura nepexodos (transition semantics), npeIoKeHHASI B Pa-

6ore |Rumberg, 2016a|, ocHoBannasi Ha ujesx Gojiee pannux crareii |Belnap,
2005; Miiller, 2014].
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Hapsity ¢ oTHOIIEHIEM HEPA3I€IMMOCTH KCTOPUI B MOMEHT ¢ 1 33JaBAEMOTO
um pasouenus I1; MHokecTBa Hy, MCXOMHBIM 711 BCEHl KOHCTPYKITUN SIBJIAIOTCST
IIOHATHA TOYKU BETBJICHUA U II€PEXO/1a. MOMeHT BpeMmeHnun t Ha3bIBAETCAd MOY-
Kot 6EMEAEHUA, €CITTA OH ABJISETCS HAauOOIBIINM 3JIEMEHTOM B MHOXKecTBe hNh/
JUTst HeKOoTopbIX uctopmit h u h'14. Ilepexodom masbisaercs napa (t — H), tie
t ectb Touka BerBienus, H € II; (To ecTb Kjacc 3KBUBAJEHTHOCTU IO OTHO-
IIEHUIO HePa3/IeJuMOCTH ). MHOKECTBO BCEeX MEPEX0/I0B MOJIEIBHON CTPYKTYPBI
T = (T, <) obosnagaercs Kax trans(T).

Eciin BBIOpaTh TPOM3BOJIBHOE MHOXKECTBO IepexoioB T CTpyKTypbl 7 u
B3sITh [IepeCcedeHre UX BTOPBIX KOMIIOHEHT (TO eCTh KJIaCCOB 9KBUBAJIEHTHOCTH ),
TO T€ UCTOPUH, KOTOPbIE B 3TOM HEPECEUCHUN OKAXKyTCsl, HA3bIBAIOTC JONYCmu-
Moy Uit T. Ecan MHOXKecTBO H(T) JOLyCTUMBIX ucropuii juid T Helrycro, TO
T HA3BIBAIOT COGMECTHBIM (U HECOBMECTNHbIM B IPOTUBHOM CJIydae).

Ha MHOXKecTBe Iepexo/loB 3aJaeTcs OTHOIIeHUe IIPeJIeCTBOBaHUSA —:
(t— H) < (t' — H'), eciu H C H. 3amerum, uro H' C H, ecyii 1 TOJIBKO ec-
mt <t'u HNH' # @. OrHomenne < Ha MEOXKecTBe trans(T ) Ipon3BobHOI
MOJIeJIbHOI cTpyKTyphl T JmHeiino Bieso (cm. c. [162). Bosee roro, H(T) # @,
€CJIM U TOJILKO ecyin T JIMHEeHHO yHopdAd0Y€HO OTHOIICHUEM .

JIJ1st TOro 9TOOBI ONPENENTD ONEHKY (POPMYJT B CTPYKTYPaxX ¢ MHOKECTBOM
IIePexXoI0B, MOTPEOYeTCsT BBECTH PSI JOTMOJHATEBHBIX TEXHUIECKNX ITOHSITHIH.

MuozkecTBO IIepexoa0B T Ha3zpIBaeTCAa samnHymmml5, ecJmn

V7 € trans(T)VT' € trans(T)(t € TAT <7) =7 €T).

Honoanenuem MHOXKECTBa TEPeXooB T MOJETHHON CTPYKTYPBI 7 HA3LIBAET-
cst muokectBo dc(T) = {7 € trans(T) | 37" € T(r = 7' v 1 < 7')}. Iycrs
T = (T,<) — mogenbHast crpykrypa. Torma dcts(7) obosHauaeT MHOXKe-
CTBO BCEX COBMECTHBIX 3aMKHYTBIX MHOXKECTB II€PEXOJ0B MOJEIbHONI CTPYK-
Typel T, comepxKalllee TaKxKe IIyCTOe MHOXKECTBO IIE€PEXONOB . pyrumn
cioBami, dcts(7) TakoBO, UTO HAPsAY CO BCSKHM COBMECTHBIM MHOYKECTBOM
T C trans(T) oHo comepxkut u ero nomnosHerne dc(T). 3aMKHYTbIE MHOXKE-
CTBa IePexXoJl0B, KaK U MCTOPUH, JIMHEHHO YIOpSAI0UeHEl BileBo. B oriamyane ot
«OOBIYHBIX» HCTOPUIl, OHU MOI'YT IIPEJICTABJIATH HE3aBEPIICHHbIE JINHIN Pa3BU-
THUs COOBITUM, HE3ABEPIIIEHHbIE HCTOPUHU, OTKPBITHIE JJTsI IIPOJIOJIXKEHUsT B OyIy-
mee. [Tpu sTOM IpOIO/IKEHIE KAKOTO-TO (COBMECTHOTO) MHOYKECTBA [IEPEXO/I0B

1B pamMkax JaHHOW CEMAHTHKM CTAHIAPTHOE ONPEIENIEHIE epeBa MOIUpHIPYETCs YCH-
JleHmeM CBA3HOCTH BJIEBO: JIF0Das TTapa 3JIeMeHTOs t,t' mepesa T He TOMLKO 06/1a1aeT HuKHeit
rpaHuIeil, HO U TOYHON HIXKHEH rpaHblo, nHpuMyMoM. KpomMe Toro, mocryaupyercs cepu-
aJIbHOCTb. B maHHOM pasjelie pedb OYJeT UITH UMEHHO O TAKUX MOJEJIbHBIX CTPYKTYpPax.

15CoorsercrByomuii anrIoa3baHbl TepMus — downward closed, TO ecTh 3aMKHYTOE B
CTOPOHY <«yMEHBIIIEHUsI» 10 OTHOIIEHUIO Iopsiaka. /st KpaTkocTu O6yneM TOBOPHUTH IIPOCTO
samrrymot. To 2Ke camoe OTHOCHTCS U K TepMuHY nonoanenue (downward completion).
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T 110 OTHOIIEHUIO < MCKJII0YAeT HEKOTOpPbIe UCTOpUH, cyzkaeT MHokecTBo H(T).
MakcuMaibHOE HETPOTHBOPEINBOE MHOYKECTBO IIEPEXO0B JOIYCKAET POBHO O
HY HCTOPHIO.

$13bIK BpEMEHHOI JIOTUKU PACCMATPUBAEMbBIX CEMAHTHIECKUX CTPYKTYP OT-
JITYaeTCsT OT sI3bIKA JIOTUKW [-JIepeBbeB HAJMIHEM eIlle OJHOTO OJHOMECTHOTO
oriepaTopa S, oneparopa cTabUIbHOCTH.

UcruraocTHAsT oneHKa (OPMYJIBI B MOJIEJIBHOI cTpyKType T Jaercs B Ia-
pe, cocrosiieil u3 MOMEHTa BPeMeHH { M 3aMKHYTOI'O MHOXKECTBA IE€PEXOJIOB
T € dets(7). EcrecrBenno norpe6oBarh, 9T00BI 9T0 MHOYKECTBO HEPEXOJI0B T
U MOMEHT BpeMeHH t ObLIM COBMeCTHMBI B TOM cMmbicie, aro H(T) N H; # .
Jajtee fj1st UCTUHHOCTHOM OIeHKHU (hOpMYyJT Oy/IyT UCIOIB30BATHCS UMEHHO Ta-
kre mapbl. TakuM ob6paszoM, (pYHKIUS ONEHKN TPOMO3UIMOHAIBHBIX IIePEMEH-
HBIX CTABUT B COOTBETCTBUE KaXKJION mepeMeHHOi MHOX»KecTBO nap Buja (¢, T).
[IpuBenem ycioBUST HICTUHHOCTH JIJIst (DOPMYJI ¢ MOJAJBbHBIMEU OllepaToOpaMu B
nape (t, T) MoJe/bHOI cTPYyKTYpBI T

T,t,T)EFA < VI'DOTH(T)NH #92 =

W<t NH(T)NHy #S AT, ({,T) E A)),
T,t,T)EPA & W <tAT,Ht,T)EA),
T,tT)ECA & 3ITedets(T)ANH(T)NH, #AT,(t,T) E A

3amMeTuM, OJHAKO, UTO YCJIOBUE MCTUHHOCTH it (POPMYJIBL ¢ omeparopom F
MOXKET ObITh 9KBUBAJIECHTHBIM 00pa30oM cPOPMYyJIMPOBAHO U Oe3 KBAHTU(MDUKAITII
[0 BO3MOXKHBIM DPACIIUPEHUSIM MHOXKECTBa IEPeX0J0B. BMecTo 3TOro Mo»KHO
HCIIOJIb30BaTh KBAHTU(MUKAIUIO 10 MHOXKECTBY UCTOPUHL, TOIYCTUMbBIX TAHHBIM
MHOXKECTBOM I1epexoJioB T:

T,tT)EFA & VYVAReH(T)NH, It <t AT, {,T) E A).

Orneparop crabuwibHOCTH S BJIsieTCs criennUIecKUM JiJist JTAHHOW ceMaH-
THUKH, IIOCKOJIBKY MHO2KECTBO II€PEXOJ0B MOXKET IIPCACTaBJIAThH HE3aBEPIICHHBIC
HUCTOPUN W UCTUHHOCTHOE 3HAYEHHE (DOPMYJIBI B OIPEICTICHHBINT MOMEHT BpEMe-
HU MOXKET MEHATHCA IIPU PaCHInNPEHUN BTOpOfI KOMITIOHEHTBI ITapbl, MHO2KECTBa
epexooB. JIaHHbIH omepaTop 0COOEHHO WHTEPECEH B KOHTEKCTE PACCY K ICHUIM
0 Oyaymux ciaydaitHerx cobbrTusix. CiryuaitHO HCTUHHBIE WK CJIY YalHO JIOXKHBIE
B OIPEJICICHHBIT MOMEHT BPEMEHU BBICKA3BIBAHUST MOTYT CTAHOBUTHCS YCTOM-
YUBO UCTUHHBIMU WJIK YCTONYIUBO JIOXKHBIMU 10 MEPE MIPOJIOJIKEHUs B Oy/IyIiiee
MHOXKECTBA [IEPEXO/I0B:

T,t,T)ESA & VI'OTH(T)NH,#2=T,T)E A).

Kax BUHO M3 yCIOBUS UCTHHHOCTH, S JEHCTBYET KAK KBAHTOD OOITHOCTH
0 BO3MOXKHBIM PACIIUPEHUSM MHOXKECTBA TepexojioB. 1o onpeseieHnio MoxK-
HO BBECTH JIyaJl 3TOro oreparopa, —S—. Omneparop CTaOUILHOCTU SIBJISIETCS
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S4-momanpHOCTBIO, B oTmyne oT < W [0, KOTOPBIE XapaKTEePU3YIOTCS CBOM-
crBamu SH-moaabHOoCcTH. O6/1aCcTh KBAHTU(DUKAIINA B ONPEIEJICHUN yCJIOBUS
UCTUHHOCTHU JJIsi S — MHOXKEeCTBO COBMECTHMBIX ¢ { pacIiMpeHwnii B Oy/yiiee
MHOX)KecTBa T. O61acTh KBAHTU(MUKAIIMT IJIst MojgaibHocTeil & u O OoJiee min-
pOKasl Bce COBMECTHUMBIE C ¢ MHOXKECTBa IepexooB. 1losTomy Bce, UTO HEOOXO-
JIIMO B CMBICJIE MOJIAJIBHOCTHU [, cTabMJIBHO, HO HE HA0OOPOT.

Kak u B ciiyuae ¢ [-7epeBbsiMi, OKKAMUCTCKUI W NMUPCOBCKUI BAPUAHTHI
CEMAHTUKU JIOTUKHU BETBSAIIETOCS BPEMEHN OKA3bIBAIOTCHA HMPEJAEIbHBIMU CJIYda-
sIMA CEMAHTHKH TIEPEXOJIOB B CJIEIYIONIEM CMbIC/Ie. K/ orpaHnIuThbCsi TOJIBKO
MyCTBIM MHOXKECTBOM TT€PEXOJI0B &y B MOJIETBHOM CTPYKType T, TO JIOMyCTH-
MBIM $IBJISIETCSI BCe MHOXKeCTBO uctopuit H(7T), 9T0 NPUBOAUT K HUPCOBCKOMY
BapuaHTy. Kciin ske MHOXKECTBO IIEPEX0/I0B, UCIIOJIb3yeMOe JJIst OIIeHKH (POPMYJI,
SIBJISIETCST MAKCUMAJIbHBIM COBMECTHBIM MHOYKECTBOM, TO OHO JIOIIYCKAET POBHO
OJIHY MCTOPHUIO, ITO JTAeT OKKAMUCTCKHUIl Caydail. Tu HAOJIOMEHUST TPUBOJIST
K CJIJIYIONIEMY OIPEIECJICHUIO cmpykmypu, nepexodos (transition structure).

CrpyKTypa nepexojios ecThb Tpoitka T = (T, <,ts), B koropoit T = (T, <)
€CcTb MOJIeIbHAsL CTPYKTYpPa B OOBITHOM HOHUMAHWU (JJIs JAHHOTO pasjena),
ats C dcts(T) ecThb Takoe HEILYCTOE MHOYKECTBO MHOYKECTB [IEPEXOJI0B, UTO JIJIst
KaxKJIoro MoMenTa Bpemenu t € T’ cylecTByeT MHOXKECTBO IepexojioB T € ts
takoe, uro H(T) N Hy # @16, Oynxmus oneHkn mponosuigoHaIbHbIX IepeMeH-
HBIX, KAK U PaHbIIe, CTABUT B COOTBETCTBUE KaXKJIOH IEPEMEHHON MHOXKECTBO
map, HO TOJILKO TaKUX, B KOTOPBIX BTOPAsi KOMIIOHEHTA JIE2KUT B MHOXKECTBE tS.
Vca0Bus UCTUHHOCTH JjIsI BpDEMEHHBIX MoJajbHocTelr F' u P He mpeTeprieBaioT
U3MeHeHui, Tora Kak i <, 0 u S KBaHTUMUKAIUS OIPAHUTIUBAETCS HA MHO-
JKECTBO TIePeXOJIOB, pUHa IeXKaIux ts. Hampumep, ycjioBre UCTHHHOCTHU ISt
dopmynsl OA BBINISAANT CIEAYIOMUM 00Pa30M:

T (t,T)EDOA & VI ets(H(T)NH, #2=T7",(tT) E A).

[Tomo6HO TOMY KaK OKKAMUCTCKHE MKAJIBI SIBJISTIOTCS [IEPBOIIOPSIKOBO OIIPe-
JIeJIMMBIM  QHAJIOTOM IIKaJl Kamma u JIepeBbeB ¢ JOIyCTUMBIMU HCTOPUSIMU,
UHOEKCHBLE CIPYKMYPDL TIPEJICTABIISIIOT COOON MEPBOMOPSIKOBO OIPEIeTUMbIi
BapUaHT CTPYKTYP HEpPEeXoJ0B. JTa KOHCTPYKIMA OblLIa IpeJioykeHa B pabo-
re |[Rumberg, 2019, ocHOBHOIT pe3y/bTaT KOTOPOH COCTOUT B AKCHOMATU3UPYE-
MocTH pparMenTa JIOTHKH CTPYKTYP HMEepexoJ0B, A3bIK KOTOPOTO HE COIEPKUT
oneparop F. OaHako caMa cucTeMa aKCHOM Ha, CerOJHSAINIHUIL IeHDb eIle He Haii-
JleHa.

1 OrMmeTuM 37€Ch AHATOTHIO C JEPEBBSIMH ¢ MHOYKECTBAMHE JOIYCTHMBIX HCTOPHiA, B KO-
TOPBIX TaKzKe KayKJblii MOMEHT BPEMEHHM JIOJI?KeH IIpUHa/jIesKaTh KaKOH-TO JOIyCTUMOI HC-
TOPHH.
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3akJiroueHue

Ba npejiesiaMu JAHHOIO 0030pa OCTAIUCH WHTEPECHENIINe TOIOJIOTnIeCK Uil
(cm. pabotrsr |Zanardo, 2003 [Zanardo, 2006a|) u reomerpuueckuit (cM. cra-
Thi0 |Zanardo, 2003| u comepzKaryiocst B Heil 6ubmorpaduio) mMoIXoAbl K M0~
CTPOEHUIO CEMaHTUKHN JIOTUKHM BETBAIIETOCA BPEMEHU.

Jlornka BpeMeHU He OCTAHABJIMBAETCS B CBOEM DPa3BUTHU. 1pauIMOHHAsI
dbunocodekast quxoroMust — JeTepMUHU3M /UHIeTepMUHU3M (baranusm / cBo-
6o/1a BOJIM) — MO-TIPEXKHEMY IPOJIOJIZKAET PabOTaTh KAK OJMH M3 MOIHBIX
CTUMYJIOB Pa3BUTHUs 3TON 0OJACTH JIOTMYECKOTO 3HAHWs. 3a TIOCJEIHUE TO-
JIbI TTOSIBUJIOCH HEMAJIO paboT, B KOTOPBIX TEXHUYECKUE ACIEKThl TOCTPOEHUSI
JIOTUK BETBAINErOCsl BPEMEHU OYEHb TOHKO YBsI3aHBI ¢ (DUIOCO(PCKUM aHAJHU-
30M 1pobJieMbl uHjeTepMuHU3Ma (cM., Hanpumep, cbopuuknu |Correia, lacona,
2013; Hasle et al., 2017; Blackburn et al., 2019], crarsu [Miiller, 2010; [Rumberg,
2016a; Belnap et al., 2021| u umerortytocst Tam 6udsanorpacduio). Kpome roro,
BpeMeHHAasl JIOPMKA OCTAeTCsl 3HAYUMBIM JIOTHIECKUM (hOPMAaJIM3MOM B Te€Ope-
tuaeckoii uadopmaruke (cm. [Demri et al., 2016]), a Tak:ke B paspaborkax B
cdepe mormaeckn oprentuposantoro (logical Al) uckyccrBenHOro MHTELIEKTA
(cm. |Fisher et al., 2005; Thomason, 2020]).

Jloruka BpemeHu JaeT oJuH U3 HauboJee SIPKUX MPUMEPOB TOIO, KaK JIOIH-
JecKue (bopM84.111/131\/11317 JIOTUKO-MaTeMaTU1I€CKUE KOHCTPYKIUU MOT'YT CJIy2KUTHb
JUISl QHAJIN3a W YTOYHEHUS PAa3JIMIHBIX ACHEKTOB IIIyOOKHUX U HEIPEeXOJSIINX
dunocodckux mpobiiem, TakKux Kak mpodseMa dpatain3Ma u cCBOOOILI BOJIH, Jie-
TepMUHU3Ma, (B PA3HBIX €r0 IPOSIBICHUSIX) U CJIyIailHBIX COOBITHIA.
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Unpopmavus das asmopos

e JKypnan «Jlornueckue uccieIoBaHus» IPUHAMAET K IyOJIUKAIUH DPYKO-
[IICH, COJIepXKAlllie W3JI0KEHNE OPUIMHAJbHBIX PE3YIbTATOB U3 Pa3JINIHBIX
obsiacrell COBpeMEHHOIi JIOTMKH, paHee He IIyOJMKOBABIIUECS] U HE PeJICTaB-
JIEHHBIE K IyOuKanuu B Ipyrux udganusx. (Pybpuku cMm. Ha caiite KypHasa
http://logicalinvestigations.ru)

e Bce crarby, mranupyemble K myOsmkaiuu B KypHaje «Jlormdeckue wmcciie-
JIOBaHUST», IIPOXO/ISIT MPOTIEIYPY AaHOHUMHOTO PEIECH3UPOBAHUS.

e Pemenne o Hy@HHKaHI/II/I TEKCTa IIPUHUMaETCA IJIaBHBIM pPEIaKTOPOM C
y4aeToM MHEHUA PEAKOJIJIETUN U OIICHKU PEICH3EHTOB. Pemenne o Hy6.HI/IKaL[I/II/I
IIPpUHUMAaECTCA B T€UCHHE JIBYX MECAIEB C MOMEHTa IIPpE0CTAaBJICHUA PYKOIINCHU.

e [I1aTa 3a omybauKoBaHUE PYKOMUCEH HE B3UMAETCS.

e Pykommces mo/mkHa OBITH MIpECTABICHA B 9JEKTPOHHOM BHE U 0dOpMIIEHA
B dopmare KIEX2: (o cormacoBanumioo ¢ pejakosuterneii — B MS Word
¢ obsi3aTesbHBIM 1pejiocTasierneM pdf-daiia).

e IIpu moaroroeke pykonucu B KTEX 2 HEOOXOMMMO HCIIOIB30BATE CTHIEBOM
kiacc LIarticle.cls u mabion LI_template.tex (eciu pyKoOIUCh Ha DPyC-
CKOM si3blke) miau LI_template_eng.tex (ecim PyKOIHUCH HA AHIVIMIICKOM
sI3bIKE ), KOTOpPbIe Pa3MEIIeHbl B IPABUJIaX MPEJIOCTABICHUS PYKOIUCel Ha caii-
Te http://logicalinvestigations.ru. 3ech 2Ke pa3MeIeHbl MOAPOOHbIE
PEKOMEHIAITNHN IO ITOATOTOBKE PYKOIHCH.

e OGbeM PYKOIKCH He JIOJKeH npeBbimarh 25 ¢rp. (60 Thic. 3HAKOB), BKIIIOUYAsI
CCBLIKY, [PUMEYaHUs, CIIUCOKU JIUTEPATYPbI, aHHOTAIMU (Ha PYCCKOM M AaH-
[JIMHCKOM $I3BIKaX).

CraTbu ciiefyer HalpaBJIATh B 3JIEKTPOHHOM BHJIE B PEIAKIMIO 4epe3 cailr
http://logicalinvestigations.ru
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