A.C. KapneHko
JIOTUKA HA PYBEXKE TBICAYEJETUN

Abstract. Development of logic at the end of 20" century generated such
questions as «What is logic?» or «What is logical system?». The aim of this
paper is to find out and analyze the phenomena that led to such unexpected
questions. Firstly, that is a continual variety of logical systems,; secondly, an
extension of logical system as a result of its restriction, thirdly, an embedding
(translation) of richer logical systems into weaker systems, fourthly, a ten-
dency to the investigation of classes of logical systems in the fashion of certain
constructions; fifthly, a completion of algebraization of logic, sixtly, the
demands of computer revolution, etc. The result of logical concretization of
two mathematical constructions — a closure operator introduced at the begin-
ning of this century and a concept of category appeared at the middle of the
century — was the beginning of investigations of different arrays of logical
systems in a form of some lattice or category construction. Logic apparently
loses the quality of science concerned with correctness of reasoning (and this
is the phenomenon which expresses a crisis of modeling of truly human logic)
and becomes the science about constructions that have an extremely abstract
logical nature. In this sense logic is transformed just in metalogic with its new
role. And the main point is that Logic comes out of limits of what is properly
logical.

Content of the paper: 1) Introduction; 2) Closure operator and deductive
systems,; 3) Logical comprehension of continuum,; 4) An extension of classical
logic as a consequence of its restriction (translations and embeddings); 5)
Lattices of theories and logics; 6) Lattices of calculi and other constructions;
7) Constructions called as «category» and «topos», 8) Closure operator and
category together, 9) Algebraization of logic; 10) In a search of logical
System.
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1. BBenenue

Pabora Hanm normueckumu crathsamu s «Hoo# ¢unocodcekoit
SHUUKJIONEANW», a Takke Haj craTeed «Jloruka B Poccun. Bropas
nonoBrHa XX Beka» [Kapmenko 1999], k yaueneHuro aBTopa, 3acra-
BUJIA €T0 33JlyMaThCsl HE CTOJIBKO 00 UTOraX Pa3BUTHS JIOTHKH, CKOJIBKO
0 HEKOTOPBIX HEOOBIYHBIX ()eHOMEHaX W (haKTaX, KOTOPHIE K KOHILY
JIBYX C IIOJIOBUHOM TBHICAYETIETHETO NMEPUOAA PA3BUTHS JIOTUKH CO BCEU
OCTPOTOH MOCTaBUIIM BOMPOC O TOM, Y/MO MAaKoe J02uKka Wi, Oolee
KOHKPETHO, Ym0 makoe 102uyecKkas cucmema?



KoHeuHo, nBa TpajWIIMOHHBIX HANPABICHHUS Pa3BUTHS JIOTUKU
OCTalOTCS TIOKAa HEMOKOJICOUMBIMU. DTO, C OAHON CTOPOHBI, CHHTAKCH-
YeCcKOe HaIpaBJICHUE, TIPOSBUBIIEECS B HAUOONbIICH cTenieHu B (yH-
nameHTtanbHoU padore J[.I'ab0as [Gabbay 1996] u nonyuuBiee Ha3Ba-
Hue «labelled» nemykTUBHBIE CHCTEMBI, & TaK)KE HEMPEKPAIIAIOIUECS
MOMBITKY MaKCHMaJbHO OOOOIIUTh TEHIICHOBCKUE HCUUCICHUS (CM.
[Wansing 1998]). 1 B mepBoM U BO BTOPOM Clly4yae CTaBHUTCS LIEb IH-
HOOOpPA3HOTO OXBaTa HAWOOJBIIET0 YHCIA PAa3JIUYHBIX JIOTHYESCKUX
CUCTEM W JaXKe pa3InYHBIX HampaBieHuld B yoruke. C Apyroit cro-
POHBI, OCTaeTCs HEM3MEHHOM TCHIICHIUS B BHIPA0OOTKE SAMHOTO CEMaH-
TUYECKOTO OCHOBAaHMS [UII BO3MOXHO OOJIBIIETO pa3HOOOpasus
noruueckux cucrteM [Epstein 1990, Epstein 1994]. Tlpu o6owmx
MOJX0JaX JIOTUYECKass TEXHUKA CTAHOBUTCS BCE Ooliee yTOHUYCHHOW U
(dopMaNbHO pPa3pa0OTaHHOW W HE OCTaBIAET MecTa (UIOCO(HCKUM
cnekymsinusaM. Ha IX MexayHapogHOM KOHIpecce IO JIOTHKE,
Metoponoru U ¢unocopun Hayku (Ymcana, HIsenns, 1991) I'. don
Bpurr koncratupoBai: «C JIOTHMKOW CIIy4MJIOCh TO, 4YTO OHa
paciuiaBWiiach B Pa3HOOOpA3HBIX HCCICIOBAHUAX MATEMATHKH. . )
[Bpurt 1992, c. 89].

Ha camom pgene — 3TO THTaHWYECKHE YCWIHS CTPOrOW HAyKH
MPEJICTABUTh B COBEPIICHHO TOYHBIX TEPMUHAX MOHITUE «JIOTHUCCKOM
CUCTEMBI» U YJIOBICTBOPUTH TPeOOBaHMS KOMITBIOTEPHBIX HAyK B
BOIIPOCE O TOM, 4TO Takoe dedyyuposanue? To, 9TO ¢ MPUMEHEHUEM
amnmapaTta YHUBEPCAIbHOHN anreOphl, ¢ pa3BUTUEM TEOPUU KATETOpUN U
C BO3pACTAIOIIMMHU TIOTPEOHOCTSAMHU B BBIYHCICHUAX H 00paboTKe
uHGOpPMAIMK TPEJACTABICHUS O JIOTUYECKHX CHCTEMaxX M O CaMoi
JIOTUKE TIPUHUMAIOT BCE Oosiee aOCTpaKTHBIA XapakTep, Kak pa3 roBO-
PUT O HETMOCTIKUMOM TTyOMHE NaHHOW HayKH, a MOXKET OBITh JIake O
HEKOTOPOM TailHe, CKPBIBAEMOI B HEApPAX JIOTUYECKOr0 yHUBEpcyma. U
3Ta TaiiHa MEPUOAMYECKU HEXKIAaHHO-HETaJaHHO MPOSBISICTCS B T000Y-
HBIX 3¢ (eKTaX, yKa3pIBAIOMIMX HA HEYTO MPHUHIMIIMAIEHO HOBOE M
TpeOyIOMIMX MEePEOCMBICICHUS cTaryca camoi joruku. Ha nmBa Takmx
npuMepa HEOXHUIAHHOTO MOSBJICHUS HOBOTO MOHSTHS JIOTUYECKON CHUC-
TeMbI (ICAYKTUBHAS CHCTEMa B CMbICIEe TapcKoro W NeAyKTUBHAS CHC-
TeMa KaK KaTeropus) Mbl O0paTUM CICUAIEHOC BHUMAaHHUE B HallleH
cTarbe.

OTU NpUMEphl UMCIOT HEMAJIOBXKHOE METOO0JIOTHYSCKOE 3HAYC-
HUE, TTOCKOJIBKY YKa3bIBalOT Ha TO, 4TO JIOrMKa MMeeT HermoCpeICTBEH-
HOE OTHOINEGHUE K Oa3uUCHBIM, (PYHIAMEHTAIBHBIM KOHCHPYKYUSM,
KOTOPBIC 3apOXKAAIOTCS B HEJpaxX MaTeMaTHYSCKOTO 3HAHWS, CO3/aBas
STUM HOBBIA KOHIICNITyaJIbHBINM anmapaT. TakuMu KOHCTPYKIUSMHU
SBIIIOTCSL Meopusi MHOMCeCms, Onepamop 3amulKaHus C OIpeNeNeH-
HBIMH CBOICTBAMH, mMOnoJo2uYecKue npocmpaHcmed, peuiemka Kak



OIIpe/ICICHHBIM 00pa3oM YIOPSI0YCHHOE MHOKECTBO, MOHOUObL, Ce-
MEHCTBO OA3UCHbIX KOMOUHAmMOpos, aneedopa Jlunoenbayma, TIOHATHE
xkamezopuu, ¥ T.1. Cpasy OTMETHM, YTO MEpBasi U MOCIEAHSA U3 yKa-
3aHHBIX KOHCTPYKIMU CTalyd MapajurMaMyd HOBOTO MBINUICHHUS, a
HEKOTOPBIE WX KOHKPETH3AIMK Al HEOOBIYaHHON CHIIBI HMITYJIbC
Pa3BUTHIO CAMOW JIOTHKH.

Ho OTKpBITBIM OCTaeTCs TJaBHBIA BOIMPOC: MPEACTABISET JIH
co00ii JTOTHKa KaKk TaKoBas HEKOTOPYIO CIUHYIO KOHCTPYKIIHIO HJIH 3TO
Jake HEBO3MOIKHO JUTS CHCTEM HMCKYCCTBEHHOTO nHTeutekTa? OauH u3
OCHOBHBIX UTOTOB COBPEMEHHOTO Pa3BUTHS JOTMKH KaK pa3 3aKiroya-
€TCs B TIOCTAHOBKE JTOTO BOIMPOCA, HA KOTOPBIM MBI TIOMBITAEMST OTBE-
THTb, UCTIONB3Ys OONBIION (haKTHUECKUI MaTepHa.

2. Oneparop 3aMbIKaAHMS U AeTYKTUBHbIE CHCTEMbI

B 1909r. ®.Pucc, xak yxkaspiBaer K.Kyparosckuit [1966], a
3aTeM U OH caM B 1922 r. BBOIAT ONepaTop 3aMbIKaHUs Ha MHOKECTBE.
Onepamopom 3amblKaHusi HA MHOXECTBE 4 Ha3BIBACTCS OTOOpaXKCHHE
C MHOXeCTBa BCEX NOAMHOXeCTB (G)4 (MHOXECTBO BCEX ITOJMHO-
xKecTB A MHOrJa 0o003HauaoT Kak 2') B cels, obnanaroliee Cleayo-
My ceoricTBamu [Kon 1968, ¢. 56]:

(DEcmm X <Y, 10 C(X) 2 C(Y) (MOHOTOHHOCTB)

2) X c C(X) (pedrekcMBHOCTD)

(3) CC(X) = C(X) (MIEeMITOTEHTHOCTB )
it Beex X, Y € (P)A.

IToamuOX)ecTBO X M3 A HA3BIBACTCI 3AMKHYMbIM HOOMHONICECT-
eom, ecmu C(X) = X.

Baxnyro ponp B MaTeMaTHKe WTPAlOT OMEPAaTOpPHl 3aMBIKaHUS Ha
MHOY€ECTBE BceX MOAMHOXeCTB (P)A, obmamarorye CaeIyrommM Io0-
MTOJTHUTEIFHBIM CBOMCTBOM: 3aMBIKaHHE OOBEAWHEHUS JABYX IOIAMHO-
xectB MHOXecTBA (P)A paBHO OOBEIMHEHHIO 3aMBIKAHHM 3THX MOI-
MHOXecTB. TakoW ornepaTtop 3aMbIKaHWS Ha3bIBACTCS Mononocuel B
mHOXxecTBe (P)A.

OTcroia MOHATHO 3HaYEHHUE OINepaTopa 3aMBIKAHUS B TOIIOJIOTHH,
1 HE B MEHBITICH Mepe ero pojb B YHUBEPCAIBHOHN anredpe (CM. KpoMe
ykazanHoi kauru I1.Kona monorpadwmro [Stanley & Sankappanavar,
1981].

Omeparop 3ambikanus C Ha MHOXECTBE A SBISCTCS gpunumap-
HbIM, €CITH I Kaxkaoro X < A

A CX)=u{CXY): Y cXuY sBuiercsa GUHUTHBIM | .
3ameTum, uto (4) BireueT (3).



OpnHa U3 caMbIX HEOXKUAAHHBIX KOHKPETU3AIMK KOHCTPYKIUH 1O
Ha3BaHMEM «oIleparop 3amblkaHus» Obuta maHa A.Tapckum [Tarski
1930] B BUae omepayuu npucoedurenus credcmeuli (consequence
operation). JTa KOHKpETH3aLUsI HOCUT YUCTO JIOTHYECKHI XapaKTep.

Teopusi eCTb TPOM3BOJIBHOE MHOXKECTBO MPEIJIOKEHUHA HEKOTO-
pOr0 YCTaHOBJIEHHOTO s13bika /. MHOXKECTBO BCeX (hOpMYII, MOCTPOCH-
HBIX W3 TPONO3ULIUOHAIBHBIX TEPEMEHHBIX M JIOTMYECKUX CBSI30K
s3pika £, 0003HauMM mocpeacTBoM Fm. Ecmu X 3aMKHYTO OTHOCH-
TEJILHO OTIepaluy MPUCOCIUHEHU CICACTBUH (omepaTopa 3aMbIKaHHs),
T.e. X = ((X), Torna X HaszeiBaetcs meopueu C. C(X) ecTb HAUMEHb-
mrast Teopust C, conepxamnias X, u C(J) ecTs cucrema BceX JOTHYECKH
JOKa3yeMbIX WM OOIIe3HauuMbIX mpemiokeHuid C. B TepMuHOnIoruu
Tapckoro C(X) Ha3bIBaeTCS QeQYKMUBHOU CUCTIEMOU.

Omneparop npucoeauHeHus ciueacTBUil C Ha3BIBACTCS CIMPYKINYD-
HblM, €CIH JUI1 BCEX TMOJICTaHOBOK e (3HAOMOP(HU3MOB) S3BIKA O
BBITIOJTHSIETCS YCIIOBHE

(5) e(C(X)) < Ce(X).

OTKpBITHE TOTO, YTO MOACTAHOBKHU SIBISIFOTCS SHAOMOP(U3MaMH,
U BBelleHHe ycnoBus (5) nmosiBuiiock B pabote [Los & Suszko 1958].

Omnepauus npucoearHeHus cneActBuil C, BHIIONTHSIONIAS YCIOBUS
(1) — (5), HazwiBaeTcst cmandapmmuoi [Wojcicki 1984, p. 20].

Ilox noeukou (MPOMO3UIIMOHATIBHOM) MOHUMaeTcs mapa </, C>
win cama C, rae omepauus npucoequHeHus cienactBuii C He 00s3a-
TeNbHO (pMHHUTApHAs, HO cTpykTypHas [Wojcicki 1984, p. 18]. Uzyue-
HUIO JIOTHYECKHX CBOMCTB OMEpaldy MPHCOCIUHEHHs CIEJCTBUH MO-
cBsimieHa (yHmamenrtansHas Monorpadus P.Byiimmmkoro [Wojcicki
1988]; moruko-anreOpanueckue cBoiicTBa omepaunu C HCCIEAYIOTCS
S.Yenakosckum [Czelakowski 1992].

Cs3p  Mexay omepanued C W OOBIYHBIM — OTHOIIEHHEM
clleqoBaHus — odeBuaHA: A;, A, ..., A, = B Torma m ToJIbKO TOrna,
korma B € C({A;, A, ..., A,}). Torna, S5KBUBaJCHTHO, JCIyKTUBHAS
cucrema L (B si3bike £) ecth mapa L = </, >, r1ie - eCTh OTHOLICHHE
CICOBaHMS MEXKAY MHOKecTBaMH (OpPMYlT H  OTICIbHBIMH
(opMysIaMu, BBINONHSIONIEE CICAYIOIINE TPU yCcaoBus 1ist Beex [, A <
FmuA,B e Fm:

(D) AeT'=THrA,

QD THAuTCcA = AA,

B TIr-AuArF-BmmkaxmoroBel = A A,
J1OTIOJTHUTENBHO, - SIBIISCTCH YuHUMAapHbIM, SCIH

4 TI'+-A =TI+ A mst arekoroporo koneunoro [ < I,
Y Ha3bIBACTCS CIMPYKMYPHBIM, €CITU
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G THA = e)FeA
JUTSE K&KIOHW TIOJICTAHOBKH e.
JpyTyio KOHKpETH3aINIO ONepaTopa 3aMbIKaHUS MBI PACCMOTPUM
B CIemyIoeM pasfeiie Ha mpuMepe (pyHKIHUU CYTEepIO3WIUU. 31eCh
TOJIKO 3aMETHM, YTO MPOIECC KOHKPETH3AINA HE SBISIETCS PEKypPCHB-
HOH omepanuell U B KOKIOM Ciiydae TpeOyeT HEOpAMHAPHBIX CIIOC00-
HOCTEH, a MOPOoM MPOCTO BHILAAIOIIET0OCS HHTEIUIEKTA.

3. Jlornueckoe ocMbIC/IeHHMe KOHTUHYYMA

Camoe ynuBHTETHHOE, YTO OJHOBPEMEHHO ¢ oopMIICHHEM Kitac-
cndeckoit oruku [Frege 1879], ¢ moctpoeHneM Ha €€ OCHOBE T'paH-
nmro3Horo 3manus «Principia Mathematica» [Whitehead & Russel 1910-
1913] u ¢ mosBICHHEM TEPBBIX METATEOPEM IS JIBY3HAYHOW IIPO-
MO3UIMOHAIBHON JIOTHKH (HEMPOTHBOPEYHUBOCTD, NEAYKTHBHAS ITOJTHO-
Ta, (QyHKIIMOHAIBbHAS ToNHOTA) [Post 1921], — HapsAmy co BceM 3TUM
MPOSBIISIETCA TEHIEHINS K KPUTHUKE CaMHUX OCHOBAaHWH KIIACCHYECKOI
JIOTHKH. DTO KPUTHKA 3aKOHA MCKIFOYEHHOTO TpeThero p v —p Jl.bpa-
yapoMm [Brouwer 1908] u kxpuTHKa 3aK0Ha HEMPOTUBOPEUU —(p A —p),
Hadatas B 1910 r. S.JIykacemuem (cMm. [Lukasiewicz 1971]) u
H.A.BacunmpeBeiM (cM. [BacumseB 1989]). B 1912 1. K.W.JIstonc
CTPOUT HOBYIO TEOPHIO JI02UHECKO20 Cled08aHUsi B3AMEH TEOpHUN Mare-
pUaNbHON (KJTACCHYECKON) WMIUIMKAIIAN, HW3JI0KCHHONW B Principia
Mathematica. McxogasiMm MoTHBOM JIpIOHCa OBLTO M30aBUTHCS OT Tak
Ha3bIBAaEMBIX MapaJoOKCOB MaTepHAIBHOW HMIUTHKamuu: p O (¢ D p),
p>O(—p D q) u mp. B pesynprare BBOIWTCS HOBas WMIUIHKAIIHA,
Ha3BaHHas UM «cTporoi» [Lewis 1912]. Ocobo obpaTtum BHUMaHHE Ha
cepbe3Hyto kpuTuky JlykaceBuueM B Haudase 20-X roJ0B MNpHUHITUIA
NIBY3HAYHOCTH (OMBAJICHTHOCTH) B 3HAMEHHUTOW cTaThe «O meTepmm-
Hm3Me» (cMm. [JlykaceBmu 1993]). B urore, cOOTBETCTBEHHO, MOSBIIS-
I0TCS MHTYWIHOHUCTCKas jornka I'etitmara [Heyting 1930], mapane-
MIPOTUBOPEYHBHIC JIOTHKH (ITOAPOOHO 00 3TOM B (DyHIAMEHTAITLHOM
Tpyne [Priest, Routley, Norman (eds.), 1989], momanbHBIC JIOTHUKH
JIstonca [Lewis & Langford 1932], Tpex3naunas jmoruka JlykaceBmda
L; [Lukasiewicz 1920] m e€ KOHEUYHO3HAYHBIE O0O0O0OIICHUS
[Lukasiewicz 1922/23]. 3ameruM, uTo B 3HaAMEeHNUTOH L3 (Kak U BO Bcex
e€ 0000IIeHMIX) HE MMCEIOT MECTa 3aKOH HCKIIOYCHHOTO TPETHETo,
3aKOH HETPOTHBOPEYHS M 3aKOH cokpamieHus (p — (p — q)) > (p >
q) (TIepBasi B MUpe JIOTHKA 0€3 COKpaIICHHS ).

To, uTo 3mM0Xa OypHOTO Pa3BUTHA KIACCHYECKOH JIOTHKHU BIIOTH
JI0 BENMUKUX orpaHuuuTenbHbIX Teopem K.I'€xens navana 30-x romos
(cm. [GOdel 1986]) commana ¢ MOSBICHUEM M Pa3BUTHEM Pa3IMIHBIX
HEKJIACCHYECKUX HAIpaBJICHWH B JOTHKe, (aKT caMm Imo cebe mpumeda-
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TenpHBIA. Ho nmonroe Bpems eMy He mpuIaBajid OCOOOTO 3HAYCHUS,
MIOCKOJIBKY KIJIACCHYECKasi TEePBOIOPSIIKOBAs JIOTUKA CUYHUTANach U B
OCHOBHOM CYHTAETCsl U celdyac 00pa3loM MaTeMaTHUYeCKUX PacCyKIe-
HUM, a BCE OCTaJIbHOE OT JIYKaBOIO (M AaK€ MHTYUILMOHUCTCKAs U KOH-
CTPYKTHBHAs JIOTUKH, MNPEICTaBUTENN KOTOpod Opocunu Haumbolee
Cephe3HbIl BBI30B Kiaccukam), moka Y.KyaiiHn [Quine 1970] He BBen
TEPMHH «JIeBUaHTHas» (deviant) JIoTHKa, T.€. JOTHKA AIbTEPHATUBHAS K
KJIaCCUYECKOH, cTaBmIMi Ha3BaHueM i1 MoHorpaduii C.Xaak [Haack
1974, 1996].

NmMeroTcss BechbMa BECKHE OCHOBAaHUS AJS MPEANOYTEHUS Kiac-
CHUYECKOH JBY3HAYHOM JIOTHMKU BbICKa3biBaHUM C, (0 JIOTHKE IpeauKa-
TOB MBI CKa)K€M I03X€e) BCEM OCTaJbHBIM. B mepBylo ouepens — 310
UCKJIIOUHUTENBHO TPOCTass MHTEpHpeTanus €€ JOIMYECKHUX CBSI30K
MOCPEJCTBOM JIBY3HAYHBIX TaOnuI HCTUHHOCTU. Ceifyac 3To KakeTcs u
npaBia OO CMEIIHOTO MPOCTBIM, HO CTO JIET Ha3aja dTO He ObUIO Jaxe
oueBuaHBIM st @Opere, Paccena u Yaiitxena. Ho eme Gonee nopasu-
TeNbHOHN (M peaKoi ynaued B HayKke) oKa3aslaCh BO3MOYKHOCTb MHTEp-
nperaiuu QyHKIuA anreOper soruku C, MOCPEACTBOM KOHTAKTHO-
pENEeVHBIX CXEM, IIPEITIOKEHHAs He3aBUCUMO Ipyr oT apyra B.M.IIle-
crakoBbiM B 1935 r. (omyOmmkoBano B [IllecrakoB 1941]), K.Illen-
HoHOM [Shannon 1938] u B 3TOM Xe roAy B LeNOW cepuu padoT
A.Hakacumoi.

[IpuMeHUMOCTh KJIAaCCHUYECKOM JIOTMKH B CTPOTHX HAy4YHBIX pac-
CYXIEHHUSIX U OCOOCHHO NMPHUMEHUMOCTH €€ B KOMIBIOTEPHBIX HayKax
OKa3aJIUCh HACTOJIBKO IUIOJOTBOPHBIMH U BICUATISIOUIUMHU, YTO PSI
(eHOMEHOB, TNPOSBUBIIMXCA B JIOTHMYECKOM YHHUBEpCyMe, BooOIIe
ocraiicsi 0e3 BHUMaHHSI.

Bo-niepBbIX, 3TO MHOdMCECMBeHHOCmb no2uk. CHavana MOsBICHNE
pa3IMyYHBIX KIIACCOB KOHEUHO3HauHBIX JioruK ([Post 1921] u [Luka-
siewicz 1922/23]) u nsaTH JILIOUCOBCKUX MOAAIBHBIX cucteM S1 — S5
[Lewis & Langford 1932]' He HaBeno Ha ocoGble pasmbinuieus. Ho

' Basuchas momanbHas noruka K aKCHOMATHU3UPYETCs MOCPEACTBOM T00ABICHUS K

C, akcuomsl [(p o q) o (Op o [g), rae [J ecTb omepaTop HEOOXOIUMOCTH.
IIpaBuna BeiBoga: modus ponens (MP), moncranoBka (Subst) u mpaswio ['énens
(RN): u3 pomymnsr A crexyer [JA. Dra Joruka npuMedaTeiabHa TEM, YTO B CEMaH-
Tuke Kpurke Ui MOZambHBIX JIOTUK Ha OTHONIEHHE MOCTIDKHIMOCTH MEXIY
MupamMu U3 W HE HaK/Ia[bplBA€TC HUKAKUX OrpaHMYEHUi. Jlpyrumu cioBamu,
MHOXecTBO (opmyn K obme3naunmo Bo Beex mkaiax (frames). Jlornka K4 ects
K + [p o Ulp u xapakTepu3yeTcs KJI1acCOM BCEX TPaH3UTUBHBIX Ikai. Jloruka S4
ectb K4 + [p D p u xapaxrepusyeTcsi KIacCOM BCEX TPAH3UTHUBHBIX M pediek-
cuBHbIX IKan. Haxowen, mnoruka S5 ectp S4 + p D [Op u xapakrepusyercs
OTHOILICHHEM AKBHBAJIICHTHOCTH Ha MHOXKeCTBE MUpPOB W (JJoTMKa HEoOXOIMMO-
ctr). JIoruka Ha3BIBACTCSI K8A3U-HOPMANLHOLU, €CIIM OHA HE YIOBJIETBOPSCT IIpa-
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torga xe K.I'énenp [Godel 1932] 3ameTni, 9TO CyIIeCTBYeT CUETHOE
YUCJIO JIOTMK MEXIYy MHTYWLHOHHUCTCKOM Jiornkod H u kimaccuueckoit
C,, KOTOpble BIIOCIEACTBUU TOJIYYHUIN HA3BaHUE CYNEPUHMYUYUOHU-
CMCKUX JOTHK (SI-JIOTHKH). A 3TO yXe ObLIIO COOBITHEM B JIOTHUECKOM
mupe. Hcxons u3 storo akra T.YmesaBa B 1955 r. (cm. [Umezava
1959]) HauMHaeT u3yuyeHHWE LENbIX KiaccoB Joruk. llapamnensHo
C.Ckporc [Scroggs 1951] ommceiBaeT HOpPMAallbHBIE pPaCIIUPEHUS
MopaanbHO# noruku JIptouca S5, a M. lammert u E.Jlemmon [Dummett
& Lemmon 1959] paccmotpenu noruku Mexxay S4 u S5 u nepeBon si-
JIOTHK B HUX.

[TosiBnsitoTCs BCE HOBBIE JIOTUKH, KaXKIash U3 KOTOPBIX MPEACTaB-
JSET OCOOBIH WHTEpec, Hampumep, yenuas loruka Jlammerra LC?
[Dummett 1959] uwnm momanmpHast joruka Ikeropumka Grz’ [Grze-
gorczyk 1967]. B cepenune 60-x rooB B pe3yibTaTe KPUTUKU «Iapa-
JIOKCOB» cTporoil uMmrukanuu Jistouca p = (¢ = ¢q), (p A —p) = ¢q
(T.e. WCTHUHA CIemyeT W3 Yero YroAHO W M3 JDKH CIEAyeT BCE, 4YTo
YTOHO) 0OpMIISIETCS] PeIeBaHTHOE HAINIPABJICHUE B JIOTHKE BO IJIABE C
cucremoit R"; nobasnenne k R «6e300uaH0» akcHoMBl p D (p D p)
npuBoauT K jJoruke RM ¢ BechMa HEOOBIYHBIMU CBOWCTBAMH (0 pelie-
BAaHTHBIX JIOTWKaX cM. MoHorpaduio [Anderson & Belnap 1975].
MoHO MolyMaTth, 4TO HIAET «UTpa B OUCEp» — KOHCTPYHPOBAHUE BCE
Oonee 9K30THUECKHX JIOTHK, HO C XOPOIIMMH METaJOTHYECKHMHU CBOM-
cTBaMH. B TO ke BpeMs, MOCKOJIbKY CUMTAETCS, YTO CYIIECTBYET CUET-
HOE YHUCIIO JIOTHK, TO UX BCE MOKHO OYJET OMUCATh U U3yUYHTb.

[locTeneHHO CIIOKUIIOCH TOHUMAaHUE JIOTHKH B THJIBOEPTOBCKOM
nyxe. Ilon noeuxoti (MPOMO3UIMOHATBHON) B s3bIKe £ MOHUMAETCS
MIPOU3BOJIBHOE MHOXKECTBO L C Fm, KOTOpO€ 3aMKHYTO OTHOCHUTENIBHO
npaBwi BeiBoga MP u Subst. Eciim L koHeuHOE MHOXECTBO, TO L
Ha3bIBACTCS UCYUCACHUeM. AHATU3UPYyst OOBEKTHl (JIOTUKH) TOH Xe
caMoli IPUPOJIbI, HAITPUMEP U3 KIlacca Si-JIOTHK, MbI HaJISEMCSI H3yYUTh
U TOHATh CaMy npupody AaHHOTO (DEHOMEHA W TOJHSATHCS HAa HOBBIN
ypOBeHb 3HaHMA. [103TOMY OTKPBIBAIOTCS Pa3iHyYHBIE CIIOCOOBI KOHCT-
PYUpPOBaHUS HOBBIX JIOTHK U3 JAaHHOTO KJacca C 3aJaHHBIMU CBOMCT-
Bamu. Tak, T.Xocou [Hosoi 1967] BBoaut noHsTue «cios» (slice) mus
KJIaccupUKauuu Si-JTOrHK. B TeyeHue noAroro BpeMeHH OcTaBajach
HaJe’ka HAWTU MOJIHOE ONHCAaHME pewemku (CM. HUXKe paszen 5)

Bty RN. (MopanpHbIM JIOTMKaM MOCBSIICHA (QyHAaMEHTalbHas MOHOTrpadus
[Chagrov & Zakharyaschev 1997]).

IMomyuaercs u3 uHTYHIMOHKUCTCKOM storuku H mocpencrtBom mobaBieHus 3akoHA
muHEeHHOCTH (p = ¢q) V (¢ = p). Tak nosBUIACH NIEepBas Si-JOTHKA.

[Tomyuaercst u3 MuHUManbHOW MomanbHOH noruku K mocpenctBom mobaBneHHS
akcuoMsl [I(Li(p D [p) D p) Dp.

* T'py6o rosops, 510 H Ge3 3aKoHa yTBEpIKICHHS KOHCEKBEHTA p O (g D p).
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MOJIAIBHBIX M Si-JIOTUK — TOTJa MOXHO OBLIO ObI «0003peTh» JIO0YI0
JIOTHKY H Jja’Ke, MOXKET ObITh, IPEICTaBUTh UX B BU/IE HCUUCICHUS.

Bce atu Hagexnel ObUIM paspyllieHbl OTKpbITHEM B.A.SHKOBBIM
[SIHKOB 1968] KOHTHHYAIBHOTO KJlacca Si-TOTUK (HAIIOMHUM, CYIEpHH-
TYMLIHUOHUCTCKUX JIOTHK, MO-APYroMy, IPOMEXYTOUHBIX) U OOHapyxe-
HUEM CII0OCOOOB KOHCTPYHMPOBaHHsI MOAAJBHBIX W SIi-IOTHK C BechbMa
«HEeXeJaTeNIbHBIMI» CBOWCTBaMHU (HEpPa3peIIMMOCTh, HEaKCHOMAaTH3H-
pyeMmocTb u T. 1.). bonee Toro, A.B.Ky3HenoB nokas3pIBaeT TeopemMy 0
KOHTUHYAJIBbHOCTH BCSIKOTO MHTepBaja mMexny H u e€ coOCTBEHHBIM
pacmmpenueM [Kysnernos 1971]. Mimest B BUAY UCXOIHBIN T'€NeNeBCKUN
nepeBoa H B S4 [Godel 1933b], MOXKHO pacpoCTpaHUTh €ro U Ha BECh
KJacc si-Noruk. B pesynbrare ObLT yCTaHOBIEH M30MOpP(U3M Bcex Si-
JIOTHK B HOpMaJbHbIE paciIMpeHust S4, KOTOPBIX, CIEA0BAaTEIbHO, TOXKE
KOHTUHYYM [MakcumoBa u PeibakoB 1974]. Bonee Toro, numeer Mecto
KOHTHHYQJIBHOCTD JUIsI BCSIKOTO MHTEpBaJla MEXy MOJAJIIbHOM JIOTUKOM
K4 u e€ coOcTBeHHBIM pacmiipeHueM. BriocrneactBuu Obutn oOHapy-
JKEHbl KOHTHHYalbHBIC KIJIACCHl PEJCBAHTHBIX JIOTHK, HaNpUMep,
B. /138051 [Dziobiak 1983] mokazam 3To A mpoMmexyTka Mexay R u
RM. Oxkazanock, 4TO JaK€ OJHUX HMMIUIMKATHBHBIX Si-JIOTUK TOXeE
koHTUHYYM (cM. [Chagrov & Zakharyaschev 1997, p. 382]). Cymect-
ByeT KOHTHHYYM TIPEIUKATHBIX Si-IOTUK C PaBEHCTBOM, HMMEIOIINX
HMHTEPHOJSIUOHHOE CBOMcTBO [MakcumoBa 1997] u 1.1. HaBepHoe, He
OJTHOMY YEJIOBEKY MPHUXOJWJIAa B TOJIOBY MBIC/Ib, YTO €CJIH JIOTHK Jaxe
OJIHOTO Kjacca KOHTHHYYM, a Jiojed (pa3yMHBIX CYIIECTB) BCETO
KOHEYHOE YHUCIIO U MYCTh KKIBIH pacCyXJaeT M0-CBOEMY, TO UTO XKe
ToT/1a IpeacTaBiseT coboi Jloruka kak TakoBasi?

C nmpyroil CTOpOHBI, JIOTHUYECKass KOHTMHYaJIbHOCTb MPOSIBHIIACH
yK COBEpIIEHHO HeoxunaHHo. B Hawanme 50-X romoB s M3ydeHUs
(YHKUMOHAIBHBIX CBOMCTB MHOTO3HAa4YHBIX JIOTHK A.B.Ky3HenoBeim
ObUT BBEIEH CIEAYIONINH TEPMUHOJIOTWYECKUH ammapar, OCHOBAaHHBIH
Ha CBOICTBax oIeparopa 3aMblKaHus (CM. MPEABIAYIIUA pasnen).
[lycte P, 0003HauaeT MHOXKECTBO BCEX N-3HAYHBIX (QYHKIWH; P, ecTh
MHOXECTBO BceX (PyHKIMH, COOTBETCTBYIOIIEE N-3HAYHBIM JIOTHKAM
ITocta (n = 2, n € N) [Post 1921], u nycts R < P,. Onpenenum Ha
MHOXecTBax (DyHKIMH, coAepkamuxcs B P, onepanuio 3aMbIKaHus | |
TaKyro, 4To [R] 03HauaeT MHOKECTBO BCEX CYMEPNO3NUUi GYHKUMH U3
R. Torma MHOECTBO BCeX (PYHKIHIA, KOTOPBIE MOTYT OBITH TOTYy4EHBI
13 QyHKIHHA cucTeMbl R ¢ MOMOIIBIO ONEpaluy CYNEepIO3ULUH, Ha3bl-
BaetTcd 3aMbikaHueM K. OdeBuaHO, uTO omepanus [ | oOnaaaer cie-
JTYIOIIMMU CBOWCTBaMHU:

(1) Ecmu 3 < R, 10 [T] < [R]

(i) R < [R]
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(iit) [[R]] = [R].

MHoxecTBO QyHKIMHA R Ha3pIBaeTCA 3aMKHYTBIM, eciu [R] = K.

Takum ob6paszoM, ycnosus (i) — (iii) ecTh He 4TO MHOE, KaK emé
OJIUH MpUMeEp KOHKPETHU3alUK oneparopa 3aMbikanus C.

3aMeTHM, 4TO MHOXECTBO (yHKUUH ‘R Has3pBaeTcsi (YHKLHO-
HaJbHO nonuwviM, eciu [R] = P,. Oka3zainoce, 4To n-3HauHas (n > 2)
(YHKUMOHAIILHO TONHAs JIOTHKa 00pa3yeT KOHTUHYYM 3aMKHYTBIX
kiaccoB pyHkiui [SIHoB & Myunuk 1959], B To BpeMms kak B C, Takux
KJIACCOB CUETHOE MHOXKECTBO. TakuMm 00pa3om, OCpeACTBOM Ho0aBie-
HUSI TOJBKO OJHOTO HOBOTO MCTHHHOCTHOTO 3HAYEHHSI K KJIACCUYeCKOU
noruke C, coBepuiaeTcs Mepexo] OT AUCKPETHOCTH K HEMPEPHIBHOCTH
(1), u 3TO ABNAETCS eme 0OJHUM (HEHOMEHOM JIOTUYECKOT0 YHHBEPCYMa.
BooOmie-to ToBOps, TOYHAs MPUPOJA TAaKOTO Pa3Inuusi MEXIY HABY-
3HAYHOW M TPEX3HAYHOH JIOTHKaMU HesCHa.

O6patum BHHUMaHHE, YTO, KaK M B cliyyae ¢ KoHKpeTu3auuei Tap-
CKOTo, UMeeM ell€ OJHO NOHMMAaHHE JIOTMYECKON CHUCTEMBI, IpaB.a,
coBceM OTIIHYHOE OT </, C>. JIJisi MHOTHX CIICHUATUCTOB, CBSI3aHHBIX C
BBIYMCIIMUTENbHON TEXHUKOW, MH)KEHEPOB, MPUKIIaIHBIX MaTEMaTHKOB H
¢u3NKOB ropazno Oojbllee 3HAYCHHE MMEET MPECTABICHUE MOJIEIU
MHOTO3Ha4HOH JIOTUKU B BUAE @yHKyuonanvrou cucmemul [Kyapssues
1981], o6o3nayaemoii (P,, C), rne P, eCTh MHOXKECTBO BCeX (DYyHKIUIT
N-3HAYHOM JIOTMKU (MM MHOXXECTBO BceX (DYHKIMH CUETHO3HAYHOI
noruku P,) ¢ 3amaHHON Ha HeM omepauueit cyneprnosunuu C. Toraa
¢yHkumoHansHas cucrema (P,, C) 3a4acTy10 OTOKACCTBIISIETCS C cCaMOn
MHOTO3HAYHOM J102UKOU Y TIPEACTACT B BUJIE aieeOpbl (YYHKYUIL.

CrTouT OTMETHUTB, YTO YpPOBEHb KOHKpeTH3auuu Kys3HemoBa Ha
MOPSIOK BBIIE MPEABIAYIIEr0, YTO HUYYTh HE yMajsieT 3HAaYUMOCTH
BBEACHUS Oleparopa MPUCOCTUHEHUs cleAcTBUil TapcKkum, ¢ 4eM Ham
elle MPUAETCS He pa3 CTOJIKHYTHCA, U HEMOCPEACTBEHHO B CIEAYIOLIEM
paszzene.

B uTore, KpuTHKa «OCHOBHBIX» 3aKOHOB M IPUHLIUIIOB KIaccHye-
CKOW JIOTUKU TIpuBeNia K (PEHOMEHY J02uyecKou KOMMUHYATbHOCIU,
BBIPOKEHHOMY KaK B KOHTHHYaJbHOCTH CaMHX KIJIACCOB JIOTHYECKUX
CHCTEM, TaK U B HAJIMYMH KOHTHHYAIBHOCTH 3aMKHYTBHIX KJIacCOB
norudyeckux QyHkuuid. OTcroga BO3HUKAET BOIPOC, SIBISIETCS JIU JIOTHU-
YeCKOEe MBIIUICHHE YeJIOBeKa ITUCKPETHBIM WM KOHTHHYaJbHBIM?
OTBeT Ha ATOT BOIPOC TAKXKE 3aBUCHT OT TOTO, YTO MBI [IOHUMAEM 10
JI02UKOU WIIN Jlo2udeckol cucmemoti. VI B paMKax OJHOW JIM JIOTHYe-
CKOM CHCTEMBI MBICTIUT YEIOBEK?

15



4. PacuimpeHue KJIacCu4ecKOi JIOTHKH
KaK CJIeICTBHE eé orpaHuYeHNs (TlepeBoAbl U NMOIPyKeHUs1)

Ecnu m3yuenne QyHKIMOHAIBHBIX CBOMCTB (3aMKHYTBIE KIIACCHI,
MOJHOTA, MPEINOIHOTa, 0a3UChl U T.A.) ABJSIETCS MPEpPOraTHUBOM cIie-
UaJKCTOB B OO0JACTH OWUCKPETHOH MaTeMaTHKH, HHXCHEPOB, MpO-
TPaMMHCTOB, (PHU3MKOB, TO HM3y4YeHHE JIOTHKH KaK OOBEKTa B BHIE
ucuucnenuss OTHOCUTCS K cepe «4ucToi» Joruku. VMIMeHHO 3aech
CaMbIM YAMBUTEIBHBIM 00pa3oM MpOsBHICS (EeHOMEH, 0003HaUCHHBIH
B 3aIJIaBUU 3TOTO pazfena.

VYka3aHHas B NpPeIbIAYLIEM pas3fieie KpUTHKa 3aKOHOB M OCHOB
KJIACCUYECKOW JIOTWKH HOCHIIa OECKOMIIPOMHICCHBIH XapaKkTep B CBOEH
TEHJICHIUN OTPAaHUYUTH cepy MOoCleaHeH, HO HUKTO M3 MepeYHcieH-
HBIX aBTOPOB HE MOT JaXe IMpPENoJ0KUTh, YTO HA CaMOM Jielie HesB-
HBIM 00pa3oM MPOMCXOAUT MPOLECC PACHIMPEHUS] CPEICTB U ammapaTa
knaccuaeckoit noruku C,. U3 pesynbrara B.I'musenko [Glivenko 1929]
o norpyxxenuu C, B H crneayer, 4To MHTYUIIMOHUCTCKAs JIOTUKA Jaxe
«ooraue» C,. bonee toro, I'énens mokazan [Godel 1933a], uto kiaccu-
YecKHe 3aKOHBI, BKIIOYAIOIUE TOJBKO OTPHIIAHNE, KOHBIOHKIMIO H
KBaHTOP BCEOOILIHOCTH, SBISIOTCS HHTYWIUOHUCTCKUMH 3aKOHAMHU.
IlockonapKy HMMIUTMKAIUS, AW3BIOHKIMS M KBAaHTOP CYLIECTBOBaHHS
ONPEAETSAIOTC uYepe3 yKa3aHHbIE «HMHTYHLHUOHHCTCKHE» JIOTMYECKHE
CBSA3KH, TO MOXKHO CTPOTO yTBEpXKIaTh, 4TO KJaccHdecKas JIOTHKa Ipe-
JUKaTOB €CTh MOACHCTEMa MHTYMIIMOHUCTCKOM, a 3Ha4MT, BTOpas €CTh
pacumpenue nepBoi. ['€nenem ObUT TaKkke MpeIoKeH METO]] aKCHOMa-
TU3AIMHY JTBIOUCOBCKUX MOJANIBHBIX CUCTeM Kak pacmupenue C, [Godel
1933b]. Oka3anoch, 4YTO 7-3HAYHBIC JIOTUKH (B TOM YHCIIC U MPEIUKAT-
HBbIE) aKCHOMAaTH3UPYIOTCS MOJOOHBIM 00pa3zoM [AHmakoB & Prrakos
1982, 1984.], [Anshakov & Rychkov 1994]. OqHuM U3 caMbIxX MEPBBIX
NPUMEPOB B 3TOH 0OnacTu siBisieTcst akcuomarusanus B 1971 r. tpex-
3HauHOW JorukM OeccmbicneHHocTd [I.A.BouBapa B; (cM. [DunH
1974]), koTopas, 3aMeTHM, MO CBOMM (YHKIHOHAIBHBIM CBOWCTBAM
cnabee L3, B To Bpems kak L; He sBisieTcsl GyHKIMOHAIBHO MOJHOM.
VYxe B 1938 1. JI.A.bouBap npu nocrpoenuu B; Beimender e€ Tpex-
3HAUHBIA PparMeHT, n3oMopdubii C,, T.€. 3TOT hparMeHT BepudpuIH-
PYET BCIO KJIAaCCHUECKYIO0 IMPOIMO3UIMOHANBbHYI0 JOTUKY [bouBap 1938].
Ve oTcroza cienyeT, uto B3 MOXHO CTpOUTh Ha OCHOBE C,’. OrmeTum

Oxkaszasock, uyTo Tpex3HayHas joruka [Tocra P;, koTopas sBisercst GpyHKIMOHAIEHO
TMIOJTHOM, CONEPKUT 65 HOPMAJIBHBIX TPEX3HAYHBIX M30MOop(oB C, U TOIBKO 1Ba U3
HHX C OJTHMM BBIJCJICHHBIM 3HAUYCHHEM. DTOT pe3yJbTaT ObUI MOIYYCH C TOMOLIBIO
kommbloTepHOit mporpammbl  [Komenpantckuit 2000]. Jlormueckass n-3HauHas
MaTpHLa Ha3bIBACTCA HOPMAAbHOU, €CIM OTPAHUYCHUE ONEPALMil Ha KJIACCHYECKOe
MHOXKECTBO HCTHHHOCTHBIX 3HaueHHH {0, 1} cyTh OOBIUHBIE KIIaCCHYECKHE
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TaKke, YTO W pelieBaHTHas JIoruka R MoxeT OBITH MOCTpOCHA Ha
ocHoBe C, [Meyer 1974] (orpumanue ne MopraHa 3aMeHsETCS Ha
OyieBo oTpHLIaHHE).

deHoMeH 3TOT, KOHEYHO, HECKOJIBKO HEOKUAaH U TpeOyeT CBOEro
¢unocodckoro, JOTMUECKOro M airedpandeckoro (Ha caMoM Jene
KaTeropHoro) ocMeicienus. Kak u B mpeasiaymiemM ciydyae, Mbl UIMEeM
JIeNI0 C pacIlUpeHreM JIOTHYECKOTO YHUBepcyMa. Pacimpenue knaccu-
YEeCKOM JIOTMKH 3a CUET BBEACHHs He-OyJIEBBIX OIEpaluii B IEPBYIO
ouepeAb O3HAYaeT HapyLIeHWE HCTUHHOCTHO-()YHKIHOHAIBHOTO
Xapaktepa mocnenHeil. HeoObluaiiHbIil Tiporpecc B XpaHEHUH H, TJIaB-
HOe, B 00paboTke WMH(pOpMAIMK HA OCHOBE OYJIeBOW (KITaCCHYECKOH)
JIOTHKH UMEET He TOJBKO CBOM €CTECTBEHHbIC (DU3UUECKHUE IMpPEeIebl.
Homo-nornueckuid yHUBEpCYM HE SIBIETCS CuémHbIM, a TPOLECCHI, B
HEM TPOUCXOMAIINE, HE SIBISAIOTCS UCUHHOCMHO-YHKYUOHATLHBIMU.
Bcé€, uTo MOKHO M3BJI€Yb M3 MPEAETBLHOrO OrpyONeHUs YeloBeYeCKOil
JIOTHKH, BIIEPBBIC MpeacTaBieHHOro padoramu Lllennona, IllectakoBa
n Hakacumel (a 3To OBUTO HEe YTO MHOE, KaK OJHA M3 KOHKPETHU3aLUH
OyeBOro yHMBEpCYMa), KaKk pa3 H3BJIEKaeT MPOUCXOJsmas ceiyac
KOMIIbIOTepHas! peBoitonua. Ho B KOHEUHOM HUTOTe 3Ta KOHKPETU3ALHA
TYNUKOBast AJsl CO3JaHUSl MCKYCCTBEHHOTO HMHTEIUIEKTa XOTh Majo-
MaJIbCKH COOTBETCTBYIOLIETO denoBeueckoMy. OOo3Haumiach sBHas
TEHJEHIHUsI K pa3paboTKe HOBOW JIOTHKH, KOTOpasi MO CBOMM BBIpa3u-
TEJILHBIM CPEJCTBaM HAaMHOTO Ooraye KJIacCHUecKoW. DTUM OOBsICHS-
eTcs NPUCTaTbHOE BHUMAaHHE CIEIUATUCTOB K MHOTO3HAUYHBIM (OecKo-
HEYHO3HAYHBIM) U HEYETKO3HAYHBIM JIOTHKaM (KOTOphIe KOHTHHY-
anbHBl) B paboTax IO MCKYCCTBEHHOMY HHTEIUIEKTY (CM. B TpyJax
International Symposium on Multiple-Valued Logic) u B npyrux pato-
tax’. To, 4TO BHAYaNe ITO BHIPA3MIOCH PA3IMYHBIMU BHEIIHHMH OIPa-

olepanuy OTPUIAHMS, JU3BIOHKIUM, KOHBIOHKIUHM M UMIUIMKanud. Ilockoibky
3aTpOHyTa TE€Ma MHOTO3HAYHBIX JIOTHK, O0OpaTMM BHUMAaHHME Ha TO
HCKIIIOYUTEIBHOE PAa3BUTHE, KOTOPOE OHU MOIY4YHIIH K KOHIy XX Beka. B kakoi-To
CTENEeHU 00 TOM TOBOPUT ITyOJIMKAIMS CIIeAYIOmuUX IsTH MoHorpadumii: [Bolc &
Borowik 1992, 1998], [Malinowski 1993], [Kapnenko 1997]. [Cignoli, D'Ottavi-
ano, Mundici 2000]. Ognako Tonbpko B [Kapmenko 1997] umeercs cnenuanbHBII
paszien, NOCBSLIEHHbIH (yHKIMOHAIBHBIM CBOHCTBAM MHOTO3HA4YHBIX JIOTHK. [Ipu-
MEHEHHIO MHOTO3HAYHBIX JIOTHK B KOMIBIOTEPHBIX HAayKax ITOCBSIIEHa MOHOIpa-
¢us I'.Ommreitna [Epstein 1993]. Hakonen, oOpaTiM BHHMaHHWe, YTO HA4MHAS C
1971 r. mpoBomsatcsa International Symposium on Multiple-Valued Logic, paGoTs
KOTOPOro B OCHOBHOM HOCST MpHUKIaaHO# xapakrep. B [Butler & Butler 1992] na-
eTcst 0030p M aHanu3 paboThl NEepBHIX 21 CUMIO3UYMOB U MPUBOASTCS Pa3IMYHbIC
CTAaTHCTHIECKHE JaHHbIe, pa3paboTaHa Takke 6a3a JaHHBIX CTAaTeH, aBTOPOB U TEM.
OO0paruM BHHUMaHHE, 4TO K KOHIy 70-X romoB mox pykoBoactBoM B.K.DunHa
[®unn 1976] obpaszoBanack rpymnmna UccleaoBaTeNei, KOTopas CyIIeCTBEHHO Ipo-
JIBUHYJIACh B (hOpMalM3alMi CPEACTBAMH MHOTO3HAYHBIX JIOTUK M TEOPHUH IHPEIH-
KaTOB C KBaHTOPAaMH I10 KOHEYHBIM MHOxecTBaM JICM-Merona mpaBronogoOHbIX
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HUYeHUAMHU C,, OBUIO TOJBKO CUTHAIOM (HETIOHATBIM) TOTO, YTO TOTpE-
Oyetcs Oonee riayOoKkas peBHU3Ms JIOTHKH M, TTIaBHOE, € Xapakrepa H
craryca. Ho ans sroro, kak ceifuyac BBIICHWIIOCH, HYXHO BCE-TaKH
OTIPENEeNUThCS B MIOHUMAHUU TOTO, YTO TaKoe Jocuyeckas cucmema?l B
MOCIEAYIOMHNX pa3/ienax Mbl PACCMOTPUM 3TOT BOIPOC.

[orpyxenune mmu mnepeson (embedding mim translation) omnoi
JIOTHYECKOH CHCTEMBI B APYTYIO (IIEPBBIM MPHMEPOM KOTOPOTO SIBIISI-
ercsa Teopema [JMBEHKO) K KOHIy HAIllerOo BeKa CTAHOBUTCS TEMOM
THmiaTensHoro wuccienoanus. Camoe oO0miee TOHSATHE MEpeBOla
COCTOMUT B CJIEAYIOIIEM: cHcTeMa S mepeBoanMa B S', €CIM CYIECTBYET
¢byHKIUS (BO3MOXKHO, HO HE HEOOXO0IUMO OTOOpaKEHUE) MEXIY OBYMS
YHHBEPCYMaMH paccykKAeHUH, KoTopas coxpausem (O KpaiiHeil mepe,
B OJIHy CTOPOHY) omuouweHue oedyyupyemocmu. IlepBas pabota, B
KOTOpO nmaHo oOmiee ompeneleHue nepegood, TPHHAAJICKUT
H.JIpaBuny u I1.Mamuocy [Prawitz & Malmnis 1968]. OrnenbHble
IJIaBbl, TIOCBSIIEHHBIE JTOW TPOOJIEMe, TOSBISIOTCS B KHUTAX
B.A.CmupnoBa [CmupHoB 1987], P.Byiimumkoro [Wojcicki 1988] u
P.Ommretina [Epstein 1990]. O Tom, 4TO MBI UMEEM JIENI0 C BaXKHEHIICH
TEHJIEHIWEH B pa3BUTHH COBPEMEHHOW JIOTHKH, CBHICTENbCTBYET
manugpecm: «[lepeBompl MexIy JorudeckuMu cucreMammu» [Carnielli
& D'Ottaviano 1997]'.

3mech MoJ JIOTHYECKOH CHUCTEMON MOHMMAETCsl YK€ XOpOIIO H3-
BECTHasi HaM JeNyKTHBHas cucreMa B cMbicie Tapckoro (Oepytcs
nepBbie TPU MYHKTA ONpeAeNeHus; cM. Bbimie pazfgen 1). B obmem
cnydyae moj Jsgoeuxkou O mnoHumaercs mnapa <A, C,>, rae A ecTh
MHOKECTBO, Ha3blBeMoe 00.iacmbio (domain) WIM yHUBEPCYMOM A, H
C4 ectb omeparop (3aMbIKaHMs) HPUCOSAWHEHUsS cieacTBHid. Torma
MEPEeBOABl MEXKIYy JIOTHYSCKUMH CHCTEMaMH XapaKTEPU3YIOTCS Kak
0TOOpaXeHUs, KOTOPHIE COXPAHSIOT OINEPAlI0 MPUCOSAUHEHUS CIel-
CTBU, T.€. KaK HEMPEPBIBHbIC (DYHKIIMU MEKIY MHOKECTBAMU:

Ilepesooom (u3) noruku A = <4, C> B goruky B = <B, Cp>
aBysieTcsl oToOpakenue f: 4 — B takoe, uTo ains mobdoro X < A

S (Cu(X)) = A(C5(X)).
fHa3bIBaeTCs TAKKE HeNnpepvlgHbIM OTOOpAKEHUEM.

paccyxnenuil u JJICM-MeTona aBTOMaTu4ecKkoro nopoxxjaeHus runores. Hassanue
«JICM-meton» obpazoBaHo oT mHHIUanoB JIxoHa Ctroapra Mmmra. Ceitgac 310
LIeJIOe HANpaBJIEHHE B JIOTUKE UCKYCCTBEHHOro MHTeuiekTa. Cm. [Dunn 1988],
[Anshakov, Finn, Skvortsov 1989], [AnmaxoB, CkBopuos, ®unn 1993], [AHmIakos
2000].

Henb3s He oTmeruTh mnopasutenbHb pesdynbraT B.M.IlomoBa o morpyxenun
KJIACCUYECKOW JIOTMKH IIPEJUKATOB B CBOM 3K3UMCTEHLMAIBHBIA HMIIJITMKATUBHBIA
(parMeHT, JONOXKCHHBIH Ha HAay4YHO-HUCCIIE0BATEIbCKOM ceMuHape Jlormyeckoro
nentpa Uucturyra ¢punocopuu PAH (12 mapra 200 1.).

18



Ecnu f ects mepeBod, TO OYEBUAHO, YTO AJS JHOOOH (QOpMYIIBI
MPOMO3UIMOHATBLHOTO si3bIKa o € Cy(X) cnenyer, uro fla) € Cp(AX)),
HO oOpaTHOe He UMeeT MecTa. B wacTHOCTH, ecnu 4 U g SBISIOTCA
CHHTAKCHYECKUM OTHOIICHHEM clieZioBaHus B orukax A u B, coot-
BETCTBEHHO, TO f SIBIISIETCS IEPEBOJOM TOTAA U TOJIBKO TOT/A, KOTraa

Xta 9 = fX) 5 A0)

KoHeuHo, MOTyT paccMaTpuBaThCs Pa3lUYHbIE OIPAHUYCHUS, KaK
Ha caMo TOHATHE JIOTUKH, TaK U Ha oToOpaxeHue f. OOBIYHO B TUTEpaA-
Type MpH OIPEJICIICHUN TEePEeBOIa MEXIy JOTUKaMH TpeOyeTcs Takke,
9TO0OBI IMEJIO MECTO U 0OpaTHOE, T.C.

Xt ¢ < fiX) =5 fle)
B sToM cnyuae mepeBOoa HA3BIBACTCS KOHCEPBAMUBHBIM NEPesoooM
[Carnielli & D'Ottaviano 1997, p.72].

HccnenoBanne mepeBOJOB JIOTHYECKHMX CHCTEM O00ecIeqnBaeT:
HOBBIE CEMAHTUKH JIJIsl HEKIACCUYECKHX JIOTHK, CBOJIUT MEeTaMaTeMaTH-
YeCKHE U METAJIOTHISCKHAE CBOMCTBA OJHON CHCTEMBI K IPYTOH, YTOOBI
MONTyYNUTh HY)XKHBIE PE3yJbTAaThl, MO3BOJISET TOYHO BBISIBUTH CMBICIT
IyalTbHOCTH MEXIYy JIOTUKaMHu (B TIEPBYIO OYepenb STO OTHOCHUTCS K
WHTYWILIUOHUCTCKOW JIOTHKE), TMPOSICHSIET W BBIABISET B3aHMMOOTHOIIIE-
HUSI MEXK/Ty COBEPIICHHO PA3THUHBIMK JOTHYECKMMHU CHCTEMaMH' .

5. PemieTku Teopuii M JIOTHK

Nmeercs aBa cTaHIApTHBIX (3KBUBAJIICHTHBIX) OTIPE/ICICHUS TIOHS-
TUS peuwtemiu. B IepBoM ciiydae BBIIENSETCS CISIMANBHBINA Kacc Jyac-
TUYHO-YTIOPSAA0YEHHOTO MHOXKeCTBA <L; < >, U MPEeUMYyIIEeCTBO 3/1eCh
YUCTO TEOMETPHYECKOe (CM. HIDKE); BO BTOPOM CiIydae permerka < L; <
> xapakTepusyercsi Kak anrebpa < L; v, A >, T.e. K&K MHOXECTBO C
3aJ]aHHBIMU Ha HEM OTepanusMu. B 3TOM ciydae 4aCTUYHBIA MOPSIOK
< BBOJUTCS Tak: X <y O3HAYACT X A Y = X.

Henycroe MHOXeCTBO L ¢ ABYMsS OWHApHBIMH OMEpalHsIMU V
(mu3prOHKINS) U A (KOHBIOHKITHS) Ha L Ha3BIBACTCA peutemKoli, ecinu L
VIOBIIETBOPSIET CISAYIOMMM TokmecTBaM [I'petrep 1982]:

L (a) xvx=x

(b) xAx =X (MIEeMITOTEHTHOCTB)
II. (a) xvy=yvx

(b) xAy =yAx (KOMMYTaTHBHOCTB)

¥ 3amerum, 4TO OGHApYKEHHE 65 HOPMANBHBIX TPEX3HAUHBIX M30MOPHoB C, 03Ha-
YaeT He 4YTO MHOE, KaK CyllecTBoBaHHE 65 (yHKImH mepeBoja (HOTrpyxeHus) f
noruku C, B P3; u3 Hux Tosbko ase nepesogiar C, B B;.
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II. (a) xv(yvz)=(xvy)vz
(b) xA(yAZ) = (XAY)AZ  (aCCOITMATHBHOCTBD)
IV. (a) xv(xAy)=x
(b) xA(xvy) =x (mornormenue).
Pemerka L HaspIBaeTcs OucmpudymueHoU, €CIIA BBITOHIIOTCS
3aKOHBI JUCTPUOYTHBHOCTH:

V. (a) xv(yAz) = (xvy)A(xvz)
(b) xA(yvz) = (XAY)V(XAZ).
Pemerka L ¢ nByMst HyJbapHbIMU oneparusiMu 0 u 1 Ha3bpIBaeTcs
02PAHUYEHHOU, eCITH:

VL. (a) xv0=x

(b) xAl=x
VIL (a) xv1=1
(b) xA0=0.

OrpaHnYeHHBIC PEMICTKN OOBIYHO HA3BIBAIOTCS AJITCOPaMHU.
B orpanwdeHHol pemreTke L 3JIEMEHT y HA3BIBACTCSA OONOAHEHUEM X,
ecmm X Ay =0wuxvy=1.Ba3Tom cirydae 3jieMeHT y 0003HAYaAIOT ~X.
bynesoii ancebpoil Ha3BIBaeTCA AWCTPUOYTHBHAS pElIeTKAa C TOTIOJTHE-
HUssMHA. VIMeeTcst 00ITBIIToe YHCII0 Pa3INIHbIX (SKBUBAICHTHBIX) CHCTEM
TOXIECTB, OTIPEICIIIFONINX KITacC OYIEBBIX anreop.

Hampumep, anre6pa <L, v, A, ~, 0, 1> Ha3pBaercs Oyresoil
aneebpoui, ecia <L, v, A, 0, 1> ecThb orpaHudcHHAs TUCTPUOYTHBHAS
pelIeTka ¥ BBHITTOTHSIIOTCS CIEAYIONIHNE IBa TOXKIECTBA:

(B1). xv~x=1
(B2). x A~x=0.

Oco0oe MeCTO B UCCICAOBAHUM Pa3IMYHBIX JIOTUK 3aHUMAIOT
ancebpvi (pewemxu) Ietimunea®. Tlycts X, y € L. Dnement z € L
HA3BIBACTCS NCEBO0OONOJHEHUEM DIIEMEHTA X OMHOCUMENIbHO Y, €CITH Z
— HauOOMBINUH 3JIEMEHT cO CBOMCTBOM X M z <y. Torma <L, v, A, =,
0, 1> ectb anredpa [eiitunra, eciim < L, v, A, 0, 1 > ecTh orpaHuycH-
Hasi AUCTPUOYTHBHAS PEIICTKA W Il OMHAPHOW Omepanuy —> BBIMNOJI-
HSAIOTCS CIIeAyIOLIe TpU ToxkaecTBa [Dcakua 1985, c. 23]:

(H1). xA(x=Yy) =xAy
(H2). xA(y=7) = XA(XAY = XAZ).
(H3). xAy=x) A z=2z.

® AnreGpsl [eiiTHHra M3ydaloTcs 0] Ha3BaHHEM ncesdobyiesvix ancedp B [Pacésa
& Cukopckuii 1972].
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Cpa3y OTMETHM, YTO PACCMOTPCHHE PAa3IMYHBIX MHOXKECTB JIOTH-
YEeCKUX CHCTEM B BUJE ONPEACICHHON CTPYKTYpHI (pEIIETOYHOM, MICeB-
noOyeBoit, OyneBoi u T.1.) OyAeT 3aHUMAaTh Bce OoJice 3HAYUTEIHHOE
MECTO B JIOTHUECKUX HCCICIOBAHUAX M SIBUTCS OJHUM U3 TIABHBIX
(heHOMEHOB pa3BUTHS JIOTUKU BO BTOPOH mooBruHe XX Beka.

[lycth S ecTh MHOXKECTBO BCEX MPEIJIOKCHHNA SA3bIKA O U MYCTh
Th(C) ectb cemetictBo Teopuil C (cM. pa3zen 2). Yxe Tapckuii 3ame-
tan [Tarski 1930a], yro 7/4(C) OTHOCHUTENBHO TEOPETUKO-MHOXKE-
CTBEHHOTO BKJIIOUCHHUS 00pazyeT Opayl’poBy aireOpy, T.e. ainredpy
nyanpHylo K anreope [efitmnra, ¢ S B kauecTBe ©€ HamOOJIbBIIETO
anemenTa u ¢ C(J) B kauecTBe €€ HAUMEHBIIIETO 3JIEMEHTA.

Wrak, BriepBhIe OBLTO YCTAaHOBJIEHO, YTO CAMO MHOXKECTBO JIOTHYE-
CKHX CHCTeM (B TaHHOM cCllydae, NeAyKTUBHBIX CHCTEM B cMbicie Tap-
CKOro) 00pa3yeT HEKOTOPYIO KOHCTPYKITHIO.

B cBow ouepenp, Kilacc KOHEYHO-aKCHUOMATU3UPYEMBIX TEOpUi
obpasyer OyneBy pemetky [CmuproB 1987, ¢. 34].

HHTepecHOE pa3BUTHE Pe3yJIBTaTOB TapCKOTo B 3TOH 00JIacTH
npuHamexuT B./[3uky [Dzik 1982], KOTOpHINA, B YaCTHOCTH, ITOKAa3all,
YTO codepoicanue peulemky BCEX TEOPHH KIACCHYECKON MPOITO3UITHO-
HAJBHOM JIOTUKY PaBHO MHOKECTBY HHTYHIIMOHUCTCKHAX TEOPEM.

OOpaTtnM BHUMaHHE Ha TOT (PAKT, YTO CBOWCTBA OIepaTopa 3aMbl-
kaHusg C MHOYNHUPYIOT PEIIeTKy 3aMKHYTBHIX MHOJKECTB C COOTBETCT-
BYIOIIMMH CBOMCTBaMH, KOTOPYIO OyaeM 0003HadaTh MOCPEIACTBOM L.
Torma, ecnu omepaTop 3aMbIKaHUS (PUHUTAPHBIA, T.€. BBITOIHSIIOTCS
yenoust (1) — (C), To monydaeM aneebpauyeckyio peuemxy'’ 3aMKHY-
TBIX MHOXeCTB. [loHATHE anreOpamdeckoil pemeTKH WCIOIb3yeTCs
HIDKE B 9TOM pazJiene.

B mocnemnee BpeMs ocoboe BHUMaHWE IPUBJIEKAaeT IMpodiieMa
WHTEpIpeTUpyeMocTd Teopuir B  cMbicie Jx.Mak-Kuncu wu
A.Tapckoro [McKinsey & McKinsey 1948], moka3zaBmux, 9To cHCTEMa
WHTYUIIMOHHUCTCKUX TEOpPEM HHTEPIpEeTHpyeMa B MOAAIBHOU CHCTEME
JIstonca S4. TloHsATHE HWHTEPHPETHPYEMOCTH YacTO WCIIOIB3YETCS B
coBpeMeHHOH Jsoruke. KiaccndecknMH NPUMEHEHUHU-SIMH SBISIOTCS
JTOKa3aTebCTBO OTHOCHUTENFHOW HEIPOTUBOPHIEBOCTH, PE3YJIbTATHI
paspemuMoCTd W HEepa3pemuMocTH  Teopuid.  Bompoc 00
WHTEPIPETUPYEMOCTH TEOPHH PACCMOTpPEH B 0OCTOATENBbHOH paboTe

' Monmas pemrerka HaspIBaeTCS areebpauueckol, eCv OGO 68 HTEMEHT SRIAETCS
peUIeTOYHBIM 00beAMHEHHEM & KOMIIAKTHBIX JIeMeHTOB. Ilycts L — monHas
pemieTka ¥ a € L. DIEMEHT a Ha3bIBaCTCs KOMUAKMHbIM, €CIH IS JII000ro moj-
MHOXecTBa X < L u3 a < EX caenyer a < £X, A7 HEKOTOPOro KOHEYHOTO IMOJ-
MHOXecTBa X; € X. 3aMeTUM, YTO KOMIIaKTHBIE JJIEMEHTHI B L, €CTh B TOYHOCTH
3amMKHyThIe MHOXecTBa C(X), rae X sBisieTcss KOHEYHBIM ITOJJMHOXKECTBOM A.
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[Mycielski, Pudlak, Stern 1990]"". Tlox Teopueii (MaTeMaTHYeCKOil)
3[ech MOHUMAETCsl TO, YTO MOXKET OBITH (OPMANN30BAHO CPEACTBAMH
MEPBONOPSAAKOBOH JIOTHKH. [IpH 3TOM kenaTensHO ObLIO OBl BHIAECTUTD
KJIacChl TEOPHH, KOTOPBIE COBMECTHO HMHTEPIPETHPYEMBI OJHA B
JIpPYTOM, TIOCKOJNBKY MOHSTHO, YTO TEOPUH 3aBUCSAT OT BbIOOpa sI3bIKa U
UCXOMHBIX MOHATUH. [locmenHee MPUBOAWT K KOHCTPYKIHMH BechMa
a0CTpakTHBIX OOBEKTOB, a MMEHHO KJAacCOB OJKBHBAJCHTHOCTH
NEPBOMOPSAAKOBEIX  Teopuid. VMeroTcs  pasnuuHble  OTHOIICHHS
SKBUBAJICHTHOCTH Ha MHOXKECTBE TEOpPHUH (CM., HampuMep, MOHATHE
neduHUIMAIbHON 3KkBUBaNeHTHocTH [CmupHoB 1987, c¢.  56]).
MpIlenbCKHid W Ap. HU3y4YaloT OAHO M3 Hambojee aOCTPaKTHBIX
OTHOLICHWH HSKBUBAJICHTHOCTH, HAa3BAHHOE JIOKANLHOU UHMEpnpemu-
pyemocmuio', a caMm K1acchl JKBUBAICHTHOCTH HA3BAHBI 21A6AMU
(chapters) maremaTHKH.

Uto0bl n30ekarTh TPUBHAIBHBIX WCKIFOYCHUH, PacCMaTPUBAIOTCS
TOJILKO HEMPOTHUBOPEUMBEIE Teopun 7, ¢ MOJEISIMH, HMEIOIIUMH Ooliee
OJTHOTO BJIEeMEHTa. 7 SIBISETCS JIOKAILHO HHTEPIPETUPYEMOI B TEOPHH
T, ecnu anst Kaxnaoil Teopemsl O € T; cymiecTByeT MHTepnperanus [
takas, uto & € T, VIHTepnperamust MOKET UMETh IapaMeTphl, mepe-
MEHHBIE MOTYT HEPEBOAMUTHCS KaK 7-KM MEPEMEHHBIX (B 3TOM Cllydae
TOBOPSAT O N-MEPHOHN MHTepIpeTaunu). bynem roBoputs, 4o Teopun 7
u T, UMEIOT OZIHY U Ty XK€ 21agy (T.e. MONaAaloT B OJMH U TOT XkKe Kilacc
SKBUBAJICHTHOCTHU), eclid T SBJISETCS JOKAIbHO MHTEPIPETUPYEMO B
Teopun 75, 1 HAOOOPOT.

CoOpanue Bcex I1aB He SBIAETCS COOCTBEHHBIM KIaCCOM U MMEET
MOIIHOCTb KOHTHHYyMa 2"° . JIOKaNbHAs HHTEPIPETHPYEMOCTb HHILY-
UPYET YACTHYHBIN TOPSAAO0K Ha MHOXKECTBE TJIaB. DTOT HOPSI0K TAaKOB,
4TO 00pa3zyeT MUCTPUOYTHUBHYIO aieeOpauyecKyrlo peuiemky, Ha3BaH-
nyto aBropamu LC (the lattice of chapters).

O6paTtuM BHHUMaHHE, YTO HA CAMOM JEJI€ JIOKAIbHYIO UHmMeEpnpe-
Mupyemocms SKBUBAICHTHBIM 00pa3oM MOXHO 33aTh B TEPMHHAX
anredpandeckoro onepamopa samwvikanus [Mycielski, Pudlak, Stern
1990, p. 11-12].

Bonbiioit wHTEpec mpeAcTaBiseT U3yYCHHE anreOpanveckux
cBoiicTB pemetkd LC, B 0COOCHHOCTH, €CIIM UMETh B BUAY UHBAPHAHT-
HOCTh TJ1aB TeOpUH T OTHOCHUTEIBHO 53bIKa, B KOTOPOM 7 BhIpakeHa.
OTMeTHM HEKOTOpbIE CBOMCTBA: KOHEYHO-aKCHOMATU3UPYEMbIE TEOPHH
COOTBETCTBYIOT KOMIAKTHBIM 3nieMeHTaM B LC; MHOXECTBO KOMITAKT-
HBIX TJIaB ¥ MHOXECTBO IJIaB, COJEPXKAIIUX PEKYPCUBHO IMEPEUUCIIH-

""" Mexommoit paGoroit 3nech sBisiercs craths . Memensckoro [Mycielski 1977].

12 O6BIYHAS MHTEPIPETHPYEMOCTh ONPENENACTCS ABTOPAMH CIEAYIOLIAM 0GpasoM:
st teopun T B s3bike L) v teopun T, B si3bike L, TOBOPAT, 4To / €CTh MHTEPIIPE-
Tanws 77 B T, TOr/1a ¥ TOJIBKO TOT/1a, KOT/1a {61 :0eT} .
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MBbl€ TEOpHH, ABIAOTCS mozapemerkamMu LC; OKBALMOHAITBHBIC TNIaBbI
00pa3yIoT anreOpanvecKyro penieTky MOIIHOCTH 2™ | Ho oHa HemHCT-
puOyTHBHA U 1ake HEMOIYJISIpHA, U T. 1.

Kpowme meopuii, moHIMaeMbIX KaKk MHOXKECTBa MPEATIOKEHUMH, T.€.
¢dopmyn 6e3 BXOKICHUH CBOOOAHBIX MEPEMEHHBIX, U 3aMKHYTBIX OTHO-
CUTENBHO TEX WM WHBIX OIEpaIuii, 0COObIi HHTEpEC MpeACTaBIsSeT
U3y4eHue Kaaccos JIO2UK, 3aMKHYTBIX OTHOCHUTEJBHO
COOTBETCTBYIOIIMX IMPaBUJI BHIBOJA, B MEPBYIO ouepenr modus ponens
(MP) u mnoxacranoBku (Subst), W KaxIplii W3 KOTOPBIX SIBISCTCS
HEMPOTHUBOPEUYHMBHIM PaCIIMPEHUEM KakoW-IMO0 MCXoaHoH (6a3ucHOIN)
norukd. IIpu 3TOM KenaTeNbHO NPEACTaBUTh TAKHE KIIAcCHl JIOTHK B
BHJIE XOPOILIO U3BECTHOW KOHCTPYKIIUH.

[lepBbIM MONOOHBIM HPUMEPOM SBUIOCH HM3Y4YEHHE MHOXKECTBa
BCEX CYNEPUHTYHIMOHUCTCKHX JIOTHK (si-TIOTHK), MOITHOCTH KOTOPOTO
2% (cm. BB pazen 3). Bl momydeH cleayromUil pe3ynbTar:
MHOKECTBO BCEX Si-JIOTHK, YMOPSIIOUYCHHOE OTHOLICHHEM BKIIIOYCHUS,
obOpasyer anreOpy ['efitunra [Hosoi 1969]. IlockoyibKy KOHTHHYYM
OmucaTh HeJb3sl, TO MPEACTABIIeT HHTEpEeC U3yUCHUE Pa3IUNUHBIX MOJ-
knaccoB si-noruk (cm. [Kysuernor 1975], [Rautenberg 1979], [Gabbay
1981], [Chagrov & Zakharyaschev 1997]). Onnoii u3 Haubosee moiry-
JSIPHBIX TEM SIBIISICTCS HCCIIEAOBAHNE KJIACCOB CEMAHTHK, AJsl KOTOPBIX
pas3InuHBIC Si-IOTHKH MOJTHEI.

WzyueHne pemieTkd OAHOTO Kjlacca JIOTMK MOXET OKazaThCs
MOJIE3HBIM Ul APYTOTro Kiacca JIOTHK. B CBSI3u ¢ 3TMM 00paTHM BHU-
MaHHE Ha TOPa3UTEeNbHBIN pe3yibTaT, HOITy4YCHHBIH OIHOBPEMEHHO H
He3aBUCUMO Jpyr oT apyra B 1976r. B.biaokom [Blok 1976] wu
JI.Ocakma (cM. [Dcakua 1979]), ycTaHOBUBIIUMH W30MOPHU3M MEKIY
pewemkol BceX Si-IOTMK M BCEX HOPMAJbHBIX PACHIMPEHUH JIOTUKH
I'xeropunka Grz. PemeTkyn MoTanbHBIX JIOTMK H3Yy4YalUCh TaKXKe B
[MakcumoBa & Prioakos 1974], [Blok 1980] u T.1.

Eme A.Poy3 [Rose 1953] moxasan, 4yTo MOIIHOCTH MHOXKECTBA
BCEX COOCTBEHHBIX paclIMpeHHH OeCKOHEYHO3HAuHOMW Joruku Jlykace-
Buua L, T.e. MOIIHOCTH MHOKECTBA BCeX JOTHK Mexny L, u C,, aBmus-
eTcs CUeTHOH. DIEeMEHTHl 3TOr0 MHOXKecTBa OyneM HasbIBaTh st-oru-
kamu. P.I'puronus [I'puronus 1976] ycTaHOBWII, 4YTO MHO>KECTBO BCEX
st-moruk oGpazyer anreOpy [eiitunra. Cm. takke [Komori 1981] u
[Beavers 1993].

Koneuyno, Bo3HUKaeT BOMPOC, MOYEMY peILIeTKa TEOPUH SBISETCS
OpayspoBoii? IIpupoaa 3Toro peHOMEHa CKOpee BCEro 3aKIovaeTcs B
NpUpOJie ONEepaly NPUCOSANHEHUS CIEICTBUI (3aMBIKaHUS), UCIIOIb-
3yemoil TapckuM mpH oIpeneNeHny JOTHKUA. JTa ONepanusl SBIseTCS
TOTOJIOTHYECKUM 3aMBIKaHHEM, a JOTUKA — 3aMKHYThIE MHOXKECTBA, B
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TOM 4HcTe Si-IOruKH U st-nmoruku. Ocraercsi BCIOMHUTE CBSI3b TOHOOY-
JIEBBIX anreOp, nceBnolyneBbix anreop (anreOp ['elitnara) u Opayspo-
BBIX anreOp: Tak, Beskas rceBnoOyneBa (OpayspoBa) anredpa sBiseTcs
anreOpoil OTKPBITHIX (3AMKHYTBHIX) JIEMEHTOB MOAXOIsIIEH TonoOye-
BOW aJIreOphl; BO BCAKOW TOMOOYNIEBOH alredpe COBOKYMHOCTh OTKpPHI-
THIX (3aMKHYTBIX) 3JIEMEHTOB 00Opa3yer TmceBnoOyseBy (Opay3poBy)
anreopy.

6. PemeTku McYMCJICHNH M Apyrue KOHCTPYKIHHA

Beimie paccMaTpuBanich perieTk OAHOTHUITHBIX JIOTHK, HAIIpUMEp
KJlacc JIOTMK 0e3 3aKOHa HCKIIOYEHHOTO TPEThEro (Si-JIOTWKH), HIIH
KJIacc JIOTHK 0e3 3aKoHa cokpaieHus (sl-morukm), unm onpeneneHHbIH
KJIacC HOPMAaJIbHBIX MOJIANIBHBIX JIOTUK. A HEJb35 JU MOCTPOUTH TAKYIO
KOHCMpYKyuio, B KOTOPOH IO KpalHEHl MEpe OCHO8Hbie Jo2uiecKue
cucmemyol SBISIOTCS «PaBHONPABHBIMKU» 3neMeHTamu? C npyroi cro-
POHBI, €CJIM UCXOJAUTh U3 KaKUX-TO €CTECTBEHHBIX IPENNOCHUIOK MpHU
MOCTPOEHUH UCKOMOI KOHCTPYKIIMHU, TO OHA U JIOJDKHA ONPEAETUTh 3TH
OCHOBHBIE JIOTHYECKUE CUCTEMBI.

[lyctes Mup HamonHeH OOBEKTaMH, KOTOpbIe 0003HAYMM TEPMU-
HamMH X, Y, Z, ... Bc€, 4T0O MOXXHO ¢ HUMH JA€NaTh, 3TO MEPECTABIATH
MecTaMH, OpaTb B CKOOKH, COKpamaTh W/WIH BOCIPOU3BOIUTH TEp-
MUHBI, T.€. BBIIIOJIHATH CIEAYIOLINE ONepaIiu:

Ix=x. W xy =xyy,
B xyz = x(yz), Kxy=x,
C xyz = xzy, S xyz = xz(yz)

JUTSL TIPOU3BOJILHBIX TEPMHUHOB X, y, Z. Hamm 0003HayeHus i omnepa-
IIAH eCTh He 9TO MHOe, Kak 0azucHble komdbunamopst I, B, C, W, K u S,
BriepBbie BBeneHHbIe M.IlIEnduukenem [Schonfinkel 1924], a 3atem
X.Kappu (cm. [Curry & Feys 1958])"°. M3 ucxoaHBIX KOMOHHATOPOB
MOJIYyJaroT JOpyrue KoMOmMHaTOphl, Hampumep B™ xyz = x(zy) (=CB).
Crenyrommue HCXOMHBIE MHOXKeCcTBa KomOuHaTtopoB {B, C, W, K}, {B’,
W, K}, u {S, K} sSBISIFOTCS 3KBHBJICHTHBIMH M IS TIOCIEAHETO (a
3HAYUT U JUTS OCTAIIBbHBIX) JIOKa3aHa meopema 0 KOMOUHAMOPHOU NOJ-
Home, T.e. BCE IPyTrUe BO3MOXKHBIC KOMOWHATOPBI MOXHO IIOCTPOUTH U3
HCXOIHBIX [TaM ke, p.189; cM. Taroke: Durenep 1987, c. 96-97]. O6pa-
TUM BHAMAaHHE, YTO MHOXKECTBO 0a3MCHBIX KOMOUHATOPOB C omneparueit
aNIIMKALHH 00pa3yeT CTPYKTYpy MoHOMAa' ', OTKpBITHE NPHHAUICKHT

3 3amernm, uro IlIéu¢punkens u Kappi HCXOZMIH M3 APYTHX COOGPaKCHHI MpH
BBE/ICHUH KOMOWHATOPOB.
' Mouommom Ha3bIBaETCS ymopsinodeHHas Tpoiika M = <M, *, e>, rie
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X.Kappwu, a neppas padora A.Uépuy [Church 1937; cM. Taxke: Bohm
& Dezani-Ciancaglini 1989]. Takue MoHOUABI eme Ha3bBatOT C-MOHO-
UAaMU.

Oxazajioch, 4TO MEXIy KOMOMHATOpaMH M HMIUIMKATHBHBIMU
(dopMynamu cymecTByeT OJHO3HAUYHOE COOTBETCTBHE [TaM ke, ch.9E].
['maBHBIM pe3yJabTaTOM 3TOTO COOTBETCTBHUS SIBJISETCS CIIEIYFOLIUHA
B)XHBIN (DaKT: MOJTHOE MHOKECTBO MCXOIHBIX KOMOWHATOPOB OMpee-
nsieT co0oi MMIUTMKATHBHBEIH QparmMeHT H_, HHTYHIIMOHHCTCKOW TMpO-
no3unnoHanbHoM oruku H [Tam xe, p.315].

B cuny ykazaHHOTO COOTBETCTBHSA (OHO €Ille Ha3bIBACTCS U30MOP-
Gusmom Kappu-Xosapoa) tenepb B Ka4eCTBE 1eMeHmMapHblx (oeuue-
CKUX) 00eKmo8, U3 KOTOPHIX OYJET CTPOUTHCS JIOTHYECKask KOHCTPYK-
U151, BO3bMEM CIIETYFOIIE UMILTUKATUBHBIC (POPMYJIBL:

I. (p > p) (TOXIECTBEHHOCTH)
B. (g—>r—>((p—>q9)—> (@p—>r) (cnabas

TPaH3UTUBHOCTS)
C. p—>(@—7r)—>(@— (@p—r) (uepecranoska)
W p>p->9)>p—>9 (coxpamieHue)
K. p—>(@—-p) (ocnabrenue).

A B KauecTBe omnepanuii Haj HaIMMH OOBEKTaMHU OYyAyT ClIEAyIOIIUE
JIBa JIOTHYECKHE MpaBuiIa BeIBoAa: modus ponens (MP) u noocmanoexa
(Subst).

OCHOBHBIM TpeOOBaHUEM K HAIIUM 3JIEMEHTapHBIM 00BEKTaM, T.C.
K UMIUTMKaTUBHBIM QopMyniaMm, OyaeT TpeOOBaHUE UX He3a8UCUMOCTU
npyr ot apyra [Uépu 1960, § 19]. Jlerko mokasate, uto ¢opmyina I He
SIBJIIETCSI HE3aBHCUMOW B IPUBEJEHHOM BBIIIE MCXOAHOM MHO)KECTBE
00BEKTOB, MOCKONBKY OHa gokazyema n3 C, K wmm W, K. ITostomy
ocnabum popmyny K nocpeacrsom Kj:

Ki.(p = @) = (r—> (@ —9).
Yreepxaenue 1. Muosicecmeo opmyn I, B, C, W, K; sensiemcs
Hezagucumoti axcuomamusayueu H_, [Kapnenko 1997a, c. 112].

Tenepb, B CHIy JOKa3aTebCTBA HE3aBUCHMOCTH 3JIEMEHTOB
mHOkecTBa {I, B, C, W, K;}, MBI MOXKeM TIEpEHTH K TIOCTPOCHHIO TOTO,
gyTo OyImeM Ha3BIBaTh J02Uu4ecKol KoHcmpyKkyueli. PaccMoTpuMm
CEeMEHCTBO BCEX TMOJMHOXKECTB 3TOro MHOXecTBa. Kak wu3BecTHO,
CEMEHCTBO BCEX ITOJMHOKECTB HEKOTOPOTO0 MHOXKECTBa 00pasyer
OyJIeBy pemreTKy, yHIopsSaodeHHY0 OTHOIIIEHHEM BKITOUeHUs. B Hamem

(i) M — HexOTOpOE MHOXKECTBO;

(i) * — OmHapHas omepauus Ha M, KOTOpas accoyuamugtd, T.e. (x * y) *z =
x* (y * z) i MOOBIX X, y, Z € M,

(iii) e — a;emMeHT MHOXeCTBa M, Ha3bIBaeMBbIN eOuHulyeli MOHOUAA, VIS
KOTOPOTO e * X = X * e IIpH BceX X € M.
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cryuae Gysnesa pemerka umeer 32 (=2°) snementos ¢ H_, B KauecTBe
earHunbl. OcTanbHble BEPLIMHBI PEIIETKH HPEACTaBISIOT CO00H moa-
noruku H.,. TlocTpoeHHYI0 KOHCTPYKLHMIO OOO3HaYUM IOCPEICTBOM
L(H,,).

[Iycts TV., 0603HauaeT MMIUIMKATHUBHBIA (parMeHT Kiacchye-
ckoil mpomno3unoHansHoi oruku C,. Torga Bo3HMKaeT ciemyromast
HETpHUBHAIbHAs MPoOJeMa, BIEpBhIC IOCTABIICHHAs aBTOPOM 3TOH cTa-
1o B 1992 1.: cywecmeyem nu nesagucumas axcuomamuzayus TV_,
gopmyramu 1, B, C, W, K; u X? [lockonbky mist popmyisl X B CHITY
nzomoppuszma Kappu—XoBapaa He CyHIECTBYET COOTBETCTBYIOLIETO
KOMOMHATOpa, TO MBI ¢ HEOOXOAMMOCTBIO TOJDKHBI BBIUTH 3@ MPEIEIIbI
«MHTYWULHOHUCTCKOTO YHUBEPCYMa» O0OBEKTOB, 0003HAYEHHBIX TEPMHU-
HaMH X, Y, Z, ... Kak oka3anoce, CyIecTBYIOT pa3INyHble KaHUIaThl Ha
Mecto mMeta-popmyinsl X (B omnune ot 00beKTHBIX (opmynax I, B, C,
W, K,), Hanipumep,

X4 (p—=p)=>(((P—9)—>9)—>p)>r)>H((((gop)>p)—>q)—>r)—r).
Yreepxaenue 2. Muoocecmeo gpopmyn 1, B, C, W, K;, Xy sensiemcs

nezagucumoti axcuomamusayueu TV_, [Kapnenko 1997a, c. 120].
B pesynbprare nomyuaem koHcTpykuuto L(TV.,):

BCK BCIX,

BCI

JIBe UMIIIMKATHUBHBIE JIOTUKH U3 3TOW KOHCTPYKIMH 3aCITyKUBAIOT
ocoboro paszbsicHeHus. RM_, ecTh HMIUIMKAaTHUBHBIA (parMeHT JIOTHKH
RM, koTopast monydaercs 3a c4€T JOOABICHUS K PEJICBAHTHON JIOTHKE
R dopmynst p — (p — p) (cMm. [Anderson & Belnap 1975]). L, ectpb
MUMIUTUKATUBHBIA (parMeHT OecCKOHEYHO3HayHOH Noruku JlykaceBmya
L, [Lukasiewicz 1929]. B nHameit akcnomaTtusanuu L, ectb IBCK; X4
= BCKX; [Karpenko & Popov 1997], rne X3 ecth X4 O€3 aHTele/IeHTa

(» > p).
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O6patum BHUMaHue, 4to KoHcTpykuus L(TV.,) sBusercs makcu-
MansHot B TOM cMbicie, yTo Mexay RM., u TV_, HeT npomexyTou-
HBIX JIOTHK [Avron 1984]". B cuiy 9TOro MOXHO CUMTATh 4TO JAHHAS
koHCTpykius L(TV.) comepxut ¢ynoamenmanvrole (Oa3ucHbIC)
HMMILTUKATUBHEIC JIOTUKHU.

Tenepp paccmoTpuM KoHCTpyKIuio monHo# (full) kmaccuueckoit
pono3unuoHasHoM Joruku L(TV).

U3 paboter M.Baiicoepra [Wajsberg 1937, §5] cmemyer, uto
nobasnenne Gopmynsl 0 — p (rae O siBIsieTcss KOHCTAHTOM, HHTEpIIpe-
TUPYEeMOH Kak .10oicb) K mpousBoibHO TV_, maer TV. O6o3Haunm
¢dopmyny 0 — p nocpenctsom N.

VYrBepxnaenue 3. Muoowcecmeo ¢popmyn I, B, C, W, K, X,, N a611-
emcs He3asucumotl axcuomamusayuer TV.

Oo6patum BHUManue, uyto BCKXyN ects monnas (full) L, (cm.
[Turgette 1963]). Takum oOpa3omM, B MakCHMAaIbHOW KOHCTPYKIIHMU
L(TV_,) monvko 06e UMIUTHUKATUBHBIC JIOTUKH ¢ () UMEIOT PEIICTOYHYIO
CTPYKTYpY, ONIPEAEISIEMYIO €CTECTBEHHBIM ITyTEM. DTO SIBISETCS CIe.-
CTBUEM TOTO, YTO B HUMIUIMKATUBHBIX ()PAarMEHTaX MAaHHBIX JIOTHK
HUMEET MECTO MOJIMHOM

pva=p—->q —>q"°
U3 moctpoeHust Hamieil KOHCTPYKLUMH CIEIyeT, YTO IBE JIOTHKH
3aHUMaIOT 0c000€ MOJIOKEHUE: ATO KiIaccuyecKas MPONO3UIHOHATbHAS
noruka U OeckoHeuHo3Ha4Has yoruka Jlykacesmua L, (o mocnemneit
cMm. B [Kapnenko 1997, rn.6]). 3ameruM, 4ro M3ydeHHe anreOpanue-
CKMX CBOWCTB IOCJEOHEW CTalo OTAENbHBIM HaIllpaBJICHUEM B aireo-
panyeckoil noruke (cM. [Mundici 1986]; o camoii joruke L, cMm. B
[Kapnienko 1997, rn.6]).
Haxoner, BbIenuM 1Ba OCHOBHBIX MIPUHIIMIIA TIOPOKACHUS HOBBIX
MPOMO3UIIMOHATBHBIX JIOTHK H LENbIX UX KIacCOB:
1. B xaxaoM ciyyae HaxoxXACHHE H08020 X; ONpedersieT pas-
JTU4HbIe o uIoruky u3 MHOXKecTBa {1, B, C, W, K, X;, N};
2. IlpuMeHeHHE omepaunry MOJCTAHOBKH MOPOXKIAET LeNble
kJaccel (OeckoHeuHble) mouoruk B TV, (1 ApyTHX) KOHCTPYKLHUSIX.
B cymmuoctH MBI MMeeM JIielo ¢ KiacCH(UKaUed JTOTHYecKuX
WCUUCIICHUH TOCPEICTBOM IIOCTPOCHUSI PA3NUYHBIX KOHCTPYKLHUU B
BUJIe KOHEUHBIX OyneBbIx pemrerok [Kapnenko 1997a; Karpenko 2000].

5B [Kapnienko 1999a] mocrpoena taxke OyneBa pemieTka UMIUIMKATUBHBIX JIOTHK C
TV_, B KauecTBe €IMHMIIbI, BKJIIOYAIONIAs B ce0s TaKue MOIOTuky, Kak E_,, S4_, u
S5.,.

'S Cm. paGory 00 HMIUIMKATHBHBIX anrebpax, B KOTOPHIX MMEET MECTO IaHHbI
nosiuHoM [Torrens 1988].
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[TonBoast UTOr, MOXKHO CKa3aTh, YTO PACCMOTPEHHBIE KOHCTPYK-
MU B BUJE PELIETOK MPOMO3HLMOHAIBHBIX JOIMK XOpOLIO MOKa3bl-
BalOT B3aMMOOTHOILICHUSI MEXAY Ppa3IU4HbIMM JIOTHKaMH, MyTH HX
pacIIupeHus U To, KaKoe MECTO OHM 3aHMMAIOT MO0 OTHOLIEHHMIO K Kiac-
cuueckoll aBy3HauHoi noruke TV. Ho m cama xonctpykuus L(TV)
ectb Mogens g TV, mpudyeM TOBOJIBHO-TAKH CIIOKHOW TNPHUPOJBI,
KOTOpasi COAEPKUT B cebe, HallpuMep, CreHUaIbHbBIM 00pa3oM yropsi-
JOYCHHBIE TOMOJOTWYECKHE MPOCTPAHCTBA, COOTBETCTBYIOLIME anred-
pam mast L, [Martinez 1990]. ByneBa pemieTka pa3iuuHBIX HOAJIOTHK
MOJBOAUT K MBICIM O TOM, YTO JIOTUYECKOE MPOCTPAHCTBO SIBIISETCS
BECbMa HEOJHOPOAHBIM. BoOmpoc 0 KakoH-TO @vbidenenHOl IJIOTHKE,
CBOWCTBEHHOW YeJIOBEYECKOMY pazyMy, BooOIIe Henb3s CTaBUTh. B
KaKOM-TO CMBICIIE B OJHOM M3 npuOmmkeHnid KoHCTpykimsa L(TV) u
€CTb JIOTHKA.

Koneuno, ocraercss mpoOneMa NOCTPOEHUS TaKOH KOHCTPYKLHMH
L(TV), snemenTamMu KOTOpoii sBisitoTcst monHble (full) morukm, kak 3To
nonyunioch anst L, Oxa3eiBaeTcs, «m0I0OHBIE» KOHCTPYKIHH HMe-
I0TCsI, HO HE B BHJE KOHEUHOH OyJIeBOH pEIIEeTKH, a B BHJIE OOBIKHOBEH-
Horo kyoa c¢ BepmHOi TV. PazHuua B TOM, YTO BOIIPOC O He3A8uUCU-
Mocmu MCYUCTICHUS, SIBIISTIOIIETOCs OIHOW M3 BepIIMH Ky0a, BooO1e He
craButcs. [lo-BunumMomy, mepBasi Takasi KOHCTPYKLUS OblIa MpeacTaB-
neHa B [Ono 1990], rme B kauecTBe MCXOIHOTO MCUHUCICHUS Oepercs
Tak Ha3blBaeMoe noHoe ucuyucienue Jlambexa FL (Tpy06o roBops, 3TO
WHTYHIMOHUCTCKAs JIOTHKa 0e3 CTPYKTYypHBIX mpaBui). Kpome komOu-
HupoBanus FL co CTpykTypHBIMH NpaBHUIaMH, COOTBETCTBYIOIINX
¢dopmynam C, W u K, K HEKOTOpBIM JIOTHKaM JT0OABISETCS €lle 3aKOH
CHSTHUS ABOMHOrO OTpHUAHUs ——p —> p. B uncroM Buzme xy0 nmoruue-
ckux ucuucnennii ¢ epmuHoil TV npencrasnen [Battilotti & Sambin
2000], Tme cTpouTCs CEKBEHIMAIbHOE HCUucieHue 6Oazuchou (basic)
noruku B. KomOuHMpOBaHHME mocnenHed OCYLIECTBIAETCS C TpeMs
He3zaBucuMbiMU cBoiicTBamu C, D u S, rane C ecTh akCHOMEI (IIpaBuiIa)
JUIsL IBOMHOTO oTpulanus, D cocTouT u3 0OBIYHBIX CBOMCTB MMILIHKA-
LIUH, YIOBIETBOPSIOMINX TEOpeMe ACTYKIHUH, U S eCTb CTPYKTYypHBIE
npaBuiia, cootBercTByomme Gopmyiaam W u K, mmoc uneHtudukanys
JIByX KOHCTaHT, BBIp@XalOMIMX JIOXKb. 3aMeTUM, 4YTO JOruka B
nogoOpana TakuMm obpasom, uro BD ects unmyuyuonucmcexasn nuneti-
Has noeuka (0e3 3xcioHeHmanoB), a BCS sBnsercst opmonocukoii.

[Tockonbky mocTpoeHHe AaHHOTO Ky0Oa BBITJISAUT TOBOJBHO-TAKH
HCKYCCTBEHHO, TO O €JMHOM «JIOTMYECKOM IPOCTPAHCTBE» HE MOXKET
OBITh M peur. DTO SBISAETCSA CIEACTBUEM TOTO, YTO HE3A8UCUMOCHD
AKCHOM M He3d8UCUMOCHb CBOICTB — COBEPLIEHHO pa3Hble MPUHIMIIBI
JUISL IOCTPOEHUS JIOTHUECKUX KOHCTPYKIMH. OTMETUM, YTO B MEPBOM
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cllydae HEOXKUAAHHO MPOSBHINCH TMPEUMYIIECTBA THIBOEPTOBCKUX
HCYUCIICHUI.

Umerotess u Apyrue KOHCTPYKIMHM JIOTHK B BHIE KyOoB. Becpma
npuMedaTeldbHbBIM  (YYUTBIBas CBS3b  A-aOCTpakuuH, BBEICHHOM
A.Uépuem, c KOMOMHATOPAaMH) SIBISIETCS A-K)0, KOTOPBI COCTOUT U3 §
TUTOBBIX CHUCTEM JisIMOna ucuncneHuid. [lpu sTom kaxagoe pedpo Kyda
npeAcTaBisieT oTHoweHus BKiroueHus [Howard 1980].

Takum 00pa3zoM, JIOTHKA U3 HAYKU O NPAGUNLHBIX PACCYHCOCHUAX
MOCTENEHHO MPEBpaIlaeTcs B HAyKy O Kjaccax JIOTHYECKHX CHCTEM, a
Ha caMOM Jielle B HayKy O Jjiocuyeckux KoHcmpykyuax. O TOM, 4TO 3TO
TaK, — B CJIEAYIOUINX pa3/enax.

7. KOHCTpYKIIMY MO0 HA3BAHUEM «KATETrOPHUs» M «TOMOC)

Bonee 50 ner nazax ycunusimu C.Mak-JIsitna n C.DiinenOepra
Obula co3laHa meopus Kamezopuil, OAHA U3 Haubolee BaKHBIX MaTe-
MaTthdeckux Teopuil Hamero Beka [Eilenberg & Maclane 1945]. HoBas
TeopHs TMO3BOJIMIIA OOHAPYKUTh COBCEM HEOXHJAHHBIC W YIUBHTEIIb-
HBbIE B3aMMOOTHOILICHHS BHYTPH Pa3IMUHBIX Pa3lelioB MaTEMaTHKH U,
camoe TJaBHOe, NoA BiusHHEeM uaei B.JloBepa BhICTynHiIa MOLIHBIM
CPEACTBOM MJIsl pa3padOTKH HOBBIX OCHOBAHUI MaTeMaTHKH (CM. €ro
MOCIIEIHIO PaldoTy ¢ BechbMa IpUMedaTelbHbIM HazBaHHeM «KoHmen-
TyanbHas maremaTrka» [Lawvere & Schanuel 1997)).

Bo Bcem aToM HaGmogaeTcs HEKOTOpas HeraTUBHas peakius Ha
TEOPHI0O MHOKECTB («OCHOBY BCEX OCHOBY). Temeph B SIBHOM BUAE TO-
CTynUpyeTcH, 4TO HaIu HUCXOJIHBIE JJIEMEHTHI
«cmpykmypanuzoeanbly'’, a caMa KOHCTPYKIHS TEOPHH MHOMKECTB
IIOJDKHA OBITH 00JIe€ THOKOM.

Utak, «Mup» HanoJHEH HE 21eMeHmamu, 10 HEKOTOPBIM CBOWCT-
BaM KOTOpBIX 00pa3ylOTCS MHOXKECTBa ITHX J3JIEMEHTOB, a Kamezo-
puamuy ¢ oOpa3yIOIIMMH UX CBOHCTBaMH, KOTOpBIE, KOHEYHO, MOTYT
OBITH Pa3TUYHBIMU.

'7 Tema CTpyKTypanu3aLHi JTOTHUECKEX K MATEMATHUCCKUX OOBEKTOB 3aCIyKHBACT
CIEIHANbHOT0 paccMoTpeHus. CIeACTBHEM CHTYaIl[MOHHOH CEMaHTHKH SBHJIACH
NOTPeOHOCTh paccMaTpuBaTh OOBEKTHI TEOPUM KaK CTPYKTYypHPOBAaHHBIC, B KOTO-
pBle MOTYT BXOJUTH Apyrue o0beKThl Kak X KoMmroHeHTs! [Hartonas 1997]. Cnen-
CTBHEM CEMaHTHK IJISI HEKJIACCHUECKUX JIOTHK, B TIEPBYIO OUepeIb MHOTO3HAYHBIX,
cTaja CTPYKTypalM3alusl WCTHMHHOCTHBIX 3Ha4deHuil (cMm. 1. 10 B [Kapmenko
1997]). O cTpyKTypanu3anuu <BO3MOXHBIX MHPOB)» CM. TaM e (CHOCKa 3 B II. 9).
OTMeTUM TakKe, 9TO OJHHUM U3 CIEACTBHH IPUMEYATENbHOH CBSI3H MeXIy (QyHK-
IMOHAIBHBIMI CBOMCTBAMH KOHEYHO3HAUHBIX JOTHK JlykaceBH4a M IPOCTBIMU
yuciaamu, oTkpeiToid B.K.®dunaom B 1970 r. (cm. [bouBap & Punn 1972)), sasns-
€TCsl CTPYKTYpaIM3alusl CaMUX IMPOCTHIX YHCET B BHUJE KOPHEBBIX IEPEBBEB (CM.
ri. 12 B [Kaprienko 1997], a Taxxke [Karpenko 1989]).
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Cmanoapmnoe onpeodenenue kamezopuu C [Lawvere & Schanuel
1997] BrnrodaeT B ceOs:

(1) O6vexTer A,B,C,...

(2) OtoOpaxenust (MOpU3MBL, CTPENKHU | T.1.): f, &, A,...

(3) Urobbr ykazaTh, 4TO f ecTb OTOOpa)KCHHWE, MBI IHIIEM
A—L— B (um f: A — B) 1 roBopuM, 9TO «f €CTh OTOOpaKEHHE U3 A B
B».

(4) Hns xkaxaoro oObekTa A WMEET MECTO TOXJISCTBEHHOE
OTO6II)a>KeHI/IC, KOTOpoe o00O3Ha4aeM TOXAECTBOM 14, Tak dTO
A——+— A ectb 01HO U3 OTOOpaKkeHHH U3 A B A.

(5) Ans xaxxno#t mapbel 0ToOpaskeHUiH

A—L>B—2>C
KOMITO3UIIMSI OTOOPaKEeHUs
A—LLeuen ]y C (mb1 0603HAYAEM ITO OTOOPAKECHHE
nocpeacTsoMm g 1f)
YAOBIIETBOPSET CIACIYIOLINM HPAGUIAM .
(i) 3AKOHbI MAEHTUYHOCTU: ecnu A—L>B R
To lg If=fufll=f
(i) 3AKOH ACCOLIMATUBHOCTHU:
ectu A—L>B—2>5C—5D,
to (h1g) 1f)=h 1(g 1f).
3aKOH accOLMAaTHBHOCTH TO3BOJISIET HAM HE oOpallaTh BHUMaHHS Ha
paccTaHoOBKY CKOOOK.

OueHp MHOTME M XOpOLIO H3BECTHBIE HaM KOHCTPYKIHHU

001a1a10T CBOWCTBOM OBITH Kamezopuell.

Hampumep,

Kamezopus Obvexkmol Cmpenxu

Set BCE MHOYKECTBA Bce (DYHKITHHN MEXITY
MHO>KECTBaMH

Top BCE TOIOJIOTHHU HENpephIBHBIE (YYHKITUN
MEXITy TOTIOJIOTHYECKUMHI
MPOCTPAHCTBAMH

Mon MOHOMIBI'® TroMOMOP(HU3MBI MOHOUIOB

Pos YaCTUYHO YHOPAI0YECH-

HbIE MHOKECTBA MOHOTOHHBIE (DYHKITUU

Ilocnennsss karter opHd HUIrpa€T LHEHTPAJIbHYIO POJIb B TOCTPOCHHUU
monocos.

'8 3amerum, ato Mexay momommom M u kareropmeit C mmeercs cBs3p: ecmu C
KaTeropusl ¢ €IUHCTBEHHBIM OOBEKTOM @, a M COBOKYNHOCTb €€ CTPEeNnoK, TO
Tpoiika < M, o, 1,> sBnsercst monouaoM [["onabnart 1983, c. 44]. I1.Kon Ha3biBaeT
KaTeropuro vacmuyrou nonyzpynnoti [Kon 1968, c.68].
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Kax momuepkupaer II.T.[>kOHCTOH, OJHOW W3 MPUHLUUIHAIBHBIX
0COOEHHOCTEH TEOpHU KaTeropuil SBISETCS TO, YTO OHA NPUHUMAET
«MOp¢hu3M» Kak MEPBUYHOE TMOHATHE HA OJAHOM YpPOBHE C NOHATHEM
«o0bekT [[IxxoHcToH 1986, . 16].

Kak u B ciny4ae ¢ omepaunueil 3aMbIKaHUS ONpeeCHHE TOHATHS
Kamezopusl CIMILKOM oO0Ilee, TMO3TOMY HAKIabIBAIOTCS pa3iUvHbIe
orpaHuuYeHHs. BaskHBIM MOHATHEM B TEOPHM KaTETOPUH SIBISIETCS npO-
uzgedenue 00beKTOB. [Ipon3BeieHeM AByX OOBEKTOB a U b B Karero-
puu C ectb 06bekT ¢ u3 C BMecTe ¢ AByMs Mopu3Mamu (0ToOpaske-
HUSIMH ), KOTOPBIE HAa3bIBAIOTCS MPOSKUUSMH P: ¢ —> d U (: ¢ —> b Taku-
MHU, 4TO JiJIsl BceX 00beKTOB d ¢ mopdusmamu f: d - a u g: d — b ecTh
eanHCcTBeHHBIH Mopdu3M h: d — ¢, Takoi, uto p c h=fuqoc h=g.
Kak u mpyrue cBoiicTBa KaTeropuii Ipou3BeJcHUE OOBEKTOB SBISCTCS
VHUBEPCATLHBIM C80ticmeom. B NeCTBUTENBHOCTH, C KATETOPHOM TOY-
KU 3pEHHs, TEOPETUKO-MHOKXECTBEHHOE MPOU3BEACHHUE, MPSIMOE MIPOH3-
BeCHUE TPYII, NPOU3BEACHNUE TOMOJIOTHYECKUX MPOCTPAHCTB U KOHB-
IOHKIUS BBICKA3bIBAHUM B JACAYKTUBHOH CHCTEME — BCE 3TO MPUMEPHI
KaTerOpHOTO MOHATHS: IPOU3BEACHUS OOBEKTOB.

ToBopsit, uto Kareropusi C JOMyCKaeT SKCIOHCHIIMPOBAHKE, SCITH
B HEll CylIecTByeT MPOU3BEICHUE JIOOBIX IBYX OOBEKTOB M €CIH JUIA
JTOOBIX BYX OOBEKTOB a M b CyIliecTByeT oTOOpaxarommii 00bekT b’
(oToOpaskeHne 00bekTa a B 00BEKT b), HA3bIBAEMBIN 9KCHOHEHYUAIOM,
U oToOpaxkeHue (cTpenka) ev: b’ x a — b, Ha3bpIBaeMoe omoobpadice-
Huem 3navenus. Hanpumep, ecin A 1 B — KOHEUHbIE MHOXKECTBA C M H
7 JIEMEHTAMH COOTBETCTBEHHO, TO MHOXKECTBO B (MHOKECTBO Bcex
¢byHkuuit u3 4 B B; mosaToMy oToOpakarome 0ObeKThl TaKKe Ha3bIBa-
F0TCSL IPOCMPAHCMEAMU (DYHKYUIL) TAKKE KOHEYHO U UMeeT 1" HIICMeH-
TOB. B BhIpaxkeHHH 1" 4WIIO0 m Ha3BIBACTCS IKCNOHEHMOU. ITO 00BIC-
HSIET BRIOPAHHYIO BBIIIEC TEPMHHOJIOTHIO.

MHorue kateropuu 06Ja1aloT NPOU3BEJCHUAME (U CyMMaMH), HO
TOJIBKO HEKOTOpble HMMEIOT OToOpaxaromme oO0BeKThl. Kareropuu c
NPOM3BEICHUSAMH, B KOTOPBIX KaXaas mapa 0ObEKTOB MMEET OToOpa-
KON OOBEKT, HA3BIBAIOTCS OEKAPMOBO 3AMKHYMbIMU KAMe2o-
pusimu. [loueMy nekapTOBO — MOHSATHO, & 3aMKHYTOCTh (KaK OOBIYHO)
0003HavaeT, 4YTO OTOOpaKeHHWEe OT OJHOTO O0BEKTa B APYrod He oOpa-
3yeT HUYETO BHE KaTeropuu.

Toapko B 1960 T. A.I'porenmuk (A.Grothendieck) mpumen k
OTKPBITHIO KJlacca KaTerophid, KOTOPBIH BIIOCIEACTBUU HA3BaNl MONO-
camu’ M KOTOpBIE SABISAIOTCSH HCKIIOUUTEIHHO CIOKHBIMU TEOPETHUKO-

! PacmpocTpanena TOuKA 3pEHHA, UTO TIPEUECKOE CIOBO [0pos, O3HAYAIOMIEE
MECTOIIOJIOKEHNE WIH CUTYALHIO, ObLIO MPUHSATO, YTOOBI 0003HAYUTH OCOOBIN BUL
kareropuu. Onnako K.Mak-JIaptu [McLarty 1990] otmeuaer, uTo «topos) ecTb He
rpedeckoe, a (paHIly3CcKoe CIOBO, 00pa3oBaHHOE OT «topologied.
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MHOXECTBEHHBIMU KOHCTpykuusimu. ®.JloBep k koHIy 60-X romos
3aMETWJI, 4TO KaXIbld Tomoc ['poTeHanKa mMeeT OOBEKT WCTHHHOCT-
HBIX 3HAYCHHM, a caMO JBYXAJIEMEHTHOE MHOXECTBO {UCIMUHA, JOHCD }
MOYXHO paccMaTpuBaTh KaK «OOBEKT HCTHHHOCTHBIX 3HAYCHUI» B
KaTeropul MHOXECTB. OTHM (yHIAMEHTaJbHBIM OTKpPBITHEM Oblia
3HAYUTEIFHO MPOJABUHYTA pa3paboTKa TEOpHH TOMOCoB. B pesynbrare
MOSIBUJIOCH TIOHSATUE KAACCUPDUKAMOPA NOO0OBeKmd, KOTOPOE B CBOKO
ouepeAb BBOAUT B OOMXOJ TOHATHE «HOZOOBEKTa», SBISIOIIETOCS
KaTerOpHBIM aHaJOroM TOHATHS MOIMHOXecTBa. Kiaccugukarop
noJ00BEKTOB 0003HAYAETCSA TOCPEACTBOM () M CIEICTBHEM CYILECTBO-
BaHMs TaKOTO OOBEKTa SIBJISIETCS BCE TO, YTO MBI MOXKEM CKazaTh O
nogo0bekTax X M 4To MOKET OBITh MepeBeIeHO B pa3sroBop o6 oToOpa-
xkeHussx X B Q. 3ameTuM, 4TO Kamezopus TOJO00BEKTOB MOXET
coJep KaTeNIbHO HHTEPIPETUPOBATHCS KaK «MHOECTBO HCTHHHOCTHBIX
3HaueHui». B urore anemenmapnwviti monoc (T.€. €ro CBOMCTBa MOTYT
OBITH OMHCAHBI B MEPBOMOPSIIKOBOM SI3bIKE) MOXKET OBITH OIpelciieH
KaK JIeKapTOBO 3aMKHYTasl KaTeropus ¢ KiIacCU(UKATOpOM MOoa00BeK-
toB [['onmbmart 1983, c. 97]. 3amerum, uTO Kamezopuss NOOOOBLEKMOE
0anHo20 obvekma 6 Nbol Kamezopuu Aeisemcs kamezopueli Pos,
UTparoLIell TaKylo BaXKHYIO poJib B Joruke. Kak ormeuaercs B [Lawvere
& Schanuel 1997, p. 344], noruka B y3KOM CMBICIIC CIIOBa SIBIISICTCS
MPEUMYIIECTBEHHO JIOTUKOW O MOAOOBEKTax: TJaBHOE TO, KaK OHH
COOTHOCATCS, U TO, YTO MX HanboJiee OCHOBHBIC B3aHMMOOTHOILCHHS
JaHbI TOCPEICTBOM OTOOpasKeHHH B JII000I KaTeropum.

CaMBIM TIPOCTBIM IPUMEPOM TOIIOCA, KOTOPBIN CIY>KUT 000CHOBA-
HUEM BBEAEHHS TaKOBOTO, siBisieTcs KaTeropus Set. Takum obpaszom,
TEOpHs TOMOCOB MOJBOJUT K HOBOMY CIOCOOY TMOHMMAaHUSI MHOXECTB.
O0pa3Ho TOBOPSI, TOMOC €CTh KaTeropHs, KOTOpas Takxke obiagaeT goc-
TaTO4HO Ooratoil normueckod cTpykrypoil. C ¢dunocopckoir TOUKH
3peHusl HTEpPECEH TOT (aKT, YTO BCE TOMOCH €CTh MOJAENHU Il HHTYH-
nuoHucTcKol oruku H. DTo sBisieTcs ciieACTBUEM TOTO, UTO anredpa
NoJO0BEKTOB JIOOOT0 3IEMEHTApPHOTO TOMOCA SBISETCS aANreOpon
lefituara. OTMETHM TaK)ke, YTO TOWCKH KaTETOPHBIX BapHaHTOB
JIOTHKH TIEPBOTO MOPSAKA MPUBEIH K MOHATHUIO J02UUECKOU Kame2opuu
(cM. [Kok & Peitec 1982]). Hcnonp3oBaHue ke anmnapara TEOpHU KaTe-
TOpU{ JUISI U3yUYCHHsI CaMOW JIOTMKH MPUBENO K TMOSBJICHUIO MOHATHUS
Kame2opHOU 102UKU.

[IpuMeHeHne TeOpUH KaTeropuil K JIOTUKE TMOMY4YHJIO HOBHIA H
BecbMa I(PPEKTUBHBIA MMITYJIBC, KOTOA camMa OeOVKMUBHASL cucmemda
Obula mpencrasieHa B Buae xamezopuu [Lambek 1968], a Ha camom
Jenie B KaTETOPHBIX TEPMUHAX MOKHO JIaTh ONpeAeICHUE ACAYKTUBHOM
CHCTEMBI.
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[lyctp mon oOBeKTaMHM JCITyKTUBHOW CHUCTEMBI, KaK OOBIYHO,
noHuMarorcss Gopmynel A, B, ... ¢ WHIeKcaMu win 0e3 HHX, a TOJ
CTpeKaMH — Jloka3aTenscTBa f: A — B wmm f: A + B. [lenykTuBHas
CUCTEMa JIOJDKHA MMETh CJICAYIOIIUE OINEpallMyd HaJ| CTPEIKaMH: IS
KaXKI0ro 00beKTa A HyIbapHYIO ONEPAINI0, HA3bIBAEMYIO UOCHMUYHOU
cmpenkou 14 A = A, 1 OMHApHYIO OIEpaINi0, KOMIIO3UIIHIO, KOTOpas
SIBIIICTCS] CUHTYJISIpHOM (DOPMOIi paBuIIa CeUeHUS

fAFB gB}C
g dfFC
I[e,[[yKTI/IBHaH CHUCTEMA SABJIICTCA KaTeropHeﬁ TOraa U TOJBKO

TOTJa, KOT/Ia CICHYIOIINE YPAaBHCHUS MEXIY CTpelKaMu (JI0Ka3aTellb-
cTtBaMHu) uMeIoT Mecto [DoZen 1996, p. 250]

fA=f 1r=s
(hg) S = h (gh).

Bonpmmm pocTmkeHneM okaszanach (HOpMyJIHPOBKA JTOKa3aTellb-
ctBa JlambexoMm meopemobl 0 (hynxyuonanvrotl nornome [Lambek 1974]
(cm. Taxke [Lambek & Scott 1986, Part 1]), koTopas sBUIach Karerop-
HBIM aHaJOTOM M OO0OOIIEHHWEM TEOpEeMBl NeAyKIWH, NMPUBEIIICH K
YCHIIEHUIO TEHIIEHOBCKOW XapaKTepHu3allud WHTYWUIIHOHUCTCKOW WM-
TUTMKAIAY, ¥ OJHOBPEMEHHO SIBIJIACh KaTETOPHBIM 000OIIEeHHeM Teo-
peMbl 0 kKoMOmHaTopHO¥M momHoTe. K.Jlomen nepedopmymupyer u
YIpOIIaeT AOKa3aTelbCTBO ITOM TEOPEMBbI M JIAeT €l Ha3BaHWE Meo-
pembl 0 0eOYKMUBHOU NoIHome, U3BIIEKas U3 Hee HOBbIE CIeACTBHs. B
pabote JlomeHa pa3pabaThIBAIOTCS TakKe Ba)KHbIE BUIBI KaTETOpHUH,
COOTBETCTBYIOIIHE (hparMeHTaM pPa3IMYHBIX MPOMO3UIINOHAIBEHBIX
soruk. CriennuanbHO IS UMIUTHKATUBHBIX JIOTHK, SBIISIOIIMXCS TTOMJIO-
rukamu H_, (cM. BBIE pazgen 6), KaTETOPHBIN MMOAXOA pa3padaThiBa-
ercs B.JI. BactokoBem [Bacrokos 2000].

Onmnako BepHeMcs K ucxomHol pabote Jlambeka [Lambek 1968].
3mecs BIEpBBIE B JUTEpaType M3y4daeTcs MOHATHE IKEUBAIEHIMHOCHU
OJokazamenbcme. ITO TIOHATHE OKa3bIBAETCS JOBOJIBHO-TAKH TPOMO3I-
KHM, TOCKONBKY JlamMOeK HCIONmb3yeT CHUCTEMBI T€HIIEHOBCKOTO THIIA
(JToTECTHYECKOTO) C TIpaBHJIaMH BBEIEHHUS CBS30K CJI€Ba M CIIpaBa OT
cTpenok. B cBs3m ¢ atMM oOpaTtuM BHUMaHue Ha pabdoty I'.Mwunrma
[Mun 1977], cymeBmiero 3Ha4UTEILHO YIPOCTUTH ammapar 3a CyYeT
Mepexoja OT BBIBOJIOB K COOTBETCTBYIOIINM MM TepMaM. JTO TI03BO-
JUJIO COYETaTh MPEUMYIECTBA HATYpPANbHBIX W JIOTHCTUYECKHX BBI-
Bozi0B. MuHIl ctpout AenyktuBHyro cucreMy HCC ruimb0epTOBCKOTO
THTIA, B KOTOPOH ONpeienseT OTHOIICHWE SKBUBAJEHTHOCTH IS
BBIBOIOB. D10 mpeBpamaeT HCC B 3aMKHYTYIO KaTeTOpHI0: 00bEKTaMHU
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ABTSIOTCS (HOPMYJIBI, @ MOpPU3MaMU — KJIacChl SKBUBAJIIEHTHOCTH BBbI-
Bo0B. OC000 OTMETUM NPHUBEACHHBINA nepesod C A3bIKa TEOPUH KaTe-
TOpUH B SI3BIK TEOPHU [I0KA3aTENILCTB, HAIIPUMEP, TAKOTO CIOXKHOTO
MOHSATHS, KaK «ECTECTBEHHOE NPEOOpa30BaHUEy.

8. OnepaTop 3aMbIKaAHHUA M KATErOpusi — BMecTe

C noCTpOCHHEM TEOPHUU KATETOPUH MOSIBIIIACH BO3MOXKHOCTh CO3-
JAaHWsI JJOTHYECKOT0 YHUBEPCYMa TOpa3io 0ojiee OOraTroro, 4eM KOHCT-
PYKIIMSI TIOJ] Ha3BaHHEM «PEIICTKay», JIEMEHTAMH KOTOPOU SIBIISIOTCS
JIOTUKU B TOM WJIK MHOM CMBICIIC.

B camom o6imem citydae o6vekmamu SBISIOTCS JIOTHKA Bujga A =
<4, C4>, tne A ectb MHOXeCTBO (mpeaniokennii) u Cy eCTh omepaTop
(3aMbIKaHUs1) PUCOCAMHEHUS CIICACTBUMN, BBITOIHSIONIMA ycmoBus (1)
— (3). Takue nenyKTUBHBIC CUCTEMBl ByHIUITKMIT HA3Ball MPOMO3UIUO-
HaNbHBIME ucuucienusmu [Wojcicki 1984, p. 18]. Torma mopgusmet
MEXIly 00BEKTaMH €CTh HE YTO MHOE, KaK MePEeBOIbI (CM. BEIIIE pa3aei
3). B pesynbraTte MBI MOJly4aeM KOHCTPYKIIHIO, KOTOpas SIBISECTCS
kamezopueti. B [Inoué 1996, p. 312] takas xareropus o003HaYaCTCS
nocpeactsom Emb (nmorpyxenue), a B [Carnielli & D'Ottaviano 1997,
p. 74] — Tr (uepeBon). B mocneaneli pabore oTMe4yaeTcs, 4TO JIOTUKU
BMECTE C TEepEeBOJIaMU 00pa3yIOT OUNOIHYIO Kamezopuio, T.e. KaTero-
pUI0, IUTsl KOTOPOU OTIpEACICHBI IPOU3BEACHUS U CYMMBI.

VYkKe OTMEUalioch, YTO TOIOJIOTHYECKHE IMPOCTPAHCTBA MOXKHO
OTIPEICTUTh KaK MHOXECTBA C ONEPaTOPOM 3aMbIKaHUs, OoJiee CTPOro
3TO BBINJISLIUT clieayronmmM obpasom. K cBoiictBamM MOHOTOHHOCTH (i),
peduiekcuBHOCTH (i1) ¥ UAEMITOTEHTHOCTH (iii) JOOABIISIOTCS €IIE JIBA:

(iv) C() = I,
(v) CXUY)=CX)u C((Y).

Torma kareropwst TOMOJOTHYECKHUX TIPOCTPAHCTB C HEMPEPHIB-
HBEIMH QYHKITUSAMH (B KadecTBE MOP(HU3MOB) SBIISCTCS MOJIHON TOIKa-
teropuerr Tr, T.e. MEPeBOIBI MEXAY TOMOJIOTHYECKUMH IPOCTPAHCT-
BaMU €CTh HeTpephIBHBIE (DYHKIINU B TOTIOJIOTHYECKOM CMBICIE. Takum
00pa3oM, HEKOTOPBIE TOTIOJIOTHYECKUE PE3YIIbTAThl MPEACTABISIIOT TaK-
K€ U JJOTUYECKUI UHTEepec.

[ToggepkHeM, 4TO dJIEMEHTAMH PEUICTKA TEOPHUH, 0OHAPYKEHHOMH
TapckuM, ABISIOTCS TEOPHH, CPOPMYITHPOBAHHBIE B OJTHOM H TOM XKe
s3pike. B anreOpamdeckoit pemetke LC sieMeHTaMH  SBISIOTCS
TEOpWH, C(OPMYIHPOBAHHBIE B pa3HBIX S3bIKaX, T.€. C Pa3HBIMHU
ClIOBapsiMH  HeJormueckmx  TepmMuHOB. Ocraercs eme  onHA
BO3MOJKHOCTB: PAaCCMOTPETH KJIACC Pa3HOS3BIKUX TEOPHI, OCHOBAHHBIX
Ha pasIMYHBIX JIOTWKax. Torja BO3HWKAeT CIEAYIOUINA BOIPOC:
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00pasyeT I COBOKYITHOCTh TaKUX TEOPHH KaKyl0-IMOO KOHCTPYKIHIO?
[BacrokoB 1995, c. 279]. B sToli paboTe moka3piBaeTcs, 4TO B 00IIEM
ciydae He oOpasyeTcs Jake pemieTka Teopuil. UToObl 0OOHTH 3Ty
TpyaHocTs, B.Jl.BaciokoB mpuOeraer K TEOPETHKO-KaTErOpHOMY
noaxony. B aTom ciyuae knacc pasHOS3BIKMX TEOPHH paccMaTpuBaeTCs
Kak Hekotopas kateropus Th, oOBEKTBHI KOTOPOH e€CTh 3JIeMEHTapHbIE
Teopur (YIOBJIETBOPSIOIINE TEPBBIM TPEM YCIOBUSAM sl omeparopa
3aMBIKaHUsl), CHOPMYJINPOBAHHBIC B PA3IMYHBIX S3bIKAX M OCHOBaHHEIE
Ha Pa3iIMYHBIX JIOTHYECKHX HCUUCICHHAX, a MOp(U3MaMH SIBISIOTCS
cOpMyNHUpOBaHHbIE ONpEACICHHBIM 00pa3oM IEpeBOAbl  OJHOM
Teopud B Apyryto. IlomydeHHass KaTeropusl SBISETCS AyalbHO-
3aMKHYTOH KaTeropuei, rae BMECTO NMpOM3BEINCHUsI Oepercs cyMMa, a
BMECTO MMIUIMKAIMK — IyajibHas ei omepauus. B utore moctpoeHHas
koHCcTpykiuss Th Ha3zBaHa «xoromocom» [BacrokoB 1995, ¢.291].
[MonoOublii  pe3ynbraT BaciokoB paccMaTpuBaeT Kak KaTerOpHOE
00o01meHne pesyabpraTta Tapckoro: TaM HCYMCIEHHE CUCTeM 00pasyer
anreOpy bpayspa OAHOSI3BIYHBIX TEOpWH, a 31ech IMOIYYEeH TOIOC
Bpayspa pa3HOS3BIYHBIX TEOPHH.

OTMeTHM TaKke, YTO ¢ KAaTeTOPHOH TOYKH 3pEHHS MOXKET OBITh
paccMoTpeHa U MHTepIpeTupyeMocTs Teopuii [Gaifman 1976]: [ Ha3bI-
BaeTcss TouHo (faithful) muTepmperammeit Teopun 7; B Teopuio T,
ecnu

T, + & Torma ¥ TOJIBKO TOrAa, koraa 1, — .

Tounast mHTEpHIpeTHPYEMOCTh 11 B 1> B Haobopom BIICUYET Kare-
FOPHYIO SKBUBAICHTHOCTh [}- U T»- TOMOIHEHHH npedmonoca™. Jins
0OBIYHOM WHTEPIIPETUPYEMOCTH ITO HE UMEET MECTa.

B nauane manHOTO paszena Mbl BUAEIH, YTO B Ka4eCTBE OOBEKTOB
MOTYT BBICTYTIaTh CAMH J€TYKTUBHBIE CUCTEMBI, 2 MOP(HHU3MAMU MEXKITY
TakKUMH OOBEKTaMH CUYHUTAIOTCS TEPEBOABl OIHON IEeXyKTUBHOU CH-
cTeMbl B Ipyryto. Temeph MOKHO BBIMTH HAa ypOBEHbH €Ile OOINBIIeTo
0000menns. [IpencraBnenne AETyKTHUBHBIX CHCTEM B BHIE KaTETOPUHU
HABOJIUT Ha MBICIIb HCIIOJIb30BaTh MOHITHE (YHKMOPA, SBISIONMIETOCS
OJTHUM W3 OCHOBHBIX MOHATHH B MCXOIHOW pabOTe POJOHAYATHHUKOB
teopun kareropuii [Eilenberg & Mac Lane 1945] B kadecTBe morpy-
xkarormeit omeparuu.  DYHKTOp — OTO OTOOpa)keHHE U3 OJHOMH
KaTeropun B JPYTYI0, COXPAaHAIOIIEe KaTeropHylo CTpyKTypy. Ha
KaTEerOpPHOM S3BIKE 3TO BBITIISANUT CIEAYIOUIIM 00pa3oMm.

@ynxmopom F wn3 xareropun C B Kareroputo 7) HaspIBaeTcs
(YHKIIHS, CTABAIIAsS B COOTBETCTBHE KaxaoMy 00bekTy A n3 C oObekT

20 Omnpenenenne npeomonoca cM. B [[lxxoncton 1986, ¢.258].
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F(A) w3 D, un eme oxHa QyHKUUS, CTaBsIIas B COOTBETCTBUE KakIOM
crpenke [ : A = B u3 ¢ crpenky F(f): F(4) + F(B) Takylo, 4To

F(ly) =14,  F(gf) = F(g) F().

B obmem cnydyae Takue (YHKTOPBI MOKHO paccMaTpHBaTh Kak
nepesoosl OJHOM A€TyKTUBHON CUCTEMBI B IPYTYIO.

9. Anreopan3anusi JIOTUKH

OAHOBpPEMEHHO € TpaAuLMell pa3BUTHS JIOTUKU KaK JETyKTHBHOM
cucremsl, uayuen ot @pere, Yairxena u Paccena, pazBuBaics coBep-
HIEHHO ApPYrod MOAXOH K JIOTMKE, Hauboliee TOJNHO BHIPasKCHHBIH
O.1lIpénepoM B ero TpeXTOMHBIX «JIeKUusX mo anreOpe JOTHUKWY
(1890-1905). B TpeTbeM TOME pa3BHBAETCSl HCUUCICHUE OTHOIICHUH H
BBOJISITCSI KBAHTOPBI, HO HUT/IC HET MOHATHS (OPMANBHOTO JOKA3aTeIb-
ctBa. [Ipenmecteennuku Ulpénepa . byns, B. [xxeBonc u Y.C.IIupc,
BIICpBbIC MPUMEHHWIM anredpanmyeckue MeToAbl K joruke. OTcioga u
caM TEepMHH «airedpa JOTUKNY.

[lepBonavyanpHo anredpa JIOTHKM HMeNa CBOMM IPEIMETOM
Kjaccel (Kak OOBEMBl IOHSTHIH), COOTHOLIEHHS MEXIYy HUMH IO
00BEMYy M CBSI3aHHBIE C O3THM oOIepanuu HaJl HuMmH. I[losToMy
UCCIIeIOBaHUs B 00JAaCTH TEOPUH MHOXKECTB CHIIPajd CYIIECTBEHHYIO
pOJb B CTaHOBJICHHM aireOpbl JIOTMKH. BrocnencTBMH OCHOBHBIM
NpeaMeTOM anreOpbl JIOTMKM CTajo H3yYeHHE CBOMCTB JIOTHYECKUX
onepanuii HaJl MHO>KECTBOM BBICKa3bIBaHUIl, pacCMaTpUBAEMBIX JIUIIb
CO CTOPOHBI UX JIOTHUECKUX 3HAYEHWH: UCCIEAYIOTCS PaBHOCHIBHOCTH
Mexay ¢GopMmyiaaMu, TpHBEIEHHE K  HOPMalbHBIM  QopMawm,
MUHAME3AIMS opMyT U T.1.>!

[locTenmenHo OBLIM BBINENEHBI OCHOBHbIE colicmea (Kiaccuue-
CKHX) JIOTHUECKUX OIepaIii B BUJIe HEKOTOPOr0 KOJMUECTBA TOXKIECTB
(paBHOCHIIBHOCTEH). B COBOKYIHOCTH 3TH TOKAECTBa 00pa30Baiy KOH-
CTPYKLHMIO IO Ha3BaHUEM «Oyreda ancedpay. V3sHoNM akcmoMaTu3a-
e knacca OyJieBbIX anreOp SBISIOTCS Hapbl TOXKAECTB U3 paszfena S5:
(D), 1D, (IV), (V) u (B1), (B2). Oxguo u3 ToxnectB (V) BEIBOIUMO
(cMm. Bupkrod [1952, c. 191]). Takum obpaszom, OyneBa anredpa ecTb
pe3yabTaT anreOpanveckoi (opMaIM3alud KIACCHUYECKOW JIOTHKU
BBICKA3bIBAHUM.

HecmoTps Ha mpocToTy GopMyIHpoBKH OyJIEBBl anreOpbl HCKIIO-
YUTENFHO OOraThl IO CBOEMY COACP)KAHHIO M JaBHO MPEBPATUIINCH B
CaMOCTOSITENBbHBIA pazfen aOCcTpakTHOW anreOpbl. OHM HalUIM caMoe
IIMPOKOE NMPHUMEHEHHE B JIOTMKO-MAaTEMAaTUYECKUX HCCIIEOBAHUAX, B

2 [IpoGnemaTrka, KoTOpas 3/1eCh BO3HHKAET, JIyyllle BCEr0 paccCMOTpeHa B KHUTE
[Tunnukun 1972].
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007acTH WHXXCHEPHHM KOHTAKTHO-PEICHHBIX CXEM, KOMITBIOTEPHBIX
HayK, aKCHOMaTHUYE€CKOU TEOPUU MHOKECTB, TEOPUHU MOJEIEH U B JIpy-
rux 00JacTAX HayKH U MAaTEMaTHKH (CM. TPEXTOMHBIN CIIPABOYHHK I10
oyneBbiM anredpam [Monk (ed.) 1989]).

Pesynprarom anreOpandeckoll (opMmanu3aliy JIOTUKUA TMPEauKa-
TOB SIBWINCh «IMJIMHAPUYECKUAE aireOphl», BBEACHHbIE B 1961 T.
JI. XenkunbiM U A.Tapckum (cM. pyHmamentanbHblid Tpyn [Henkin &
Monk & Tarski 1971]).

B anreOpauzamuu n0oruku ocoOyro poJib ChIrpajia OPUTHHAIBHAS
uznes A.Jlungenbayma (1926/27), KOoTOpbIi IPEATIOKHUI paccCMaTpUBATh
(hopMaIM30BaHHBIN TMPOMO3UIIMOHAIBHBIA SI3bIK KaK YHUBEPCAIbHYIO
anredpy ¢ omepanusMu, COOTBETCTBYIOIIUMM JIOTUMECKHM CBSI3KaM
3TOro e s3bika. Ho camoe rimaBHOE, 3aTE€M CTPOHUTCS JIOTHYECKas
MaTpuia u3 GopMys U JIOTUYECKUX CBSI30K, KOTOPHIE COCTABIISIOT CaMO
nmoruyeckoe ucuucienue. [lonHoe npu3HaHHE 3TOT METOJA MOJYYHI B
40-e Tompl B TepMUHOJOTHH «areOpbl JInHAeHOAyMay, W «areOpbl
Jlunnenbayma—Tapckoro» (cM. mcropuio Bompoca B [Surma 1982]).
Kpatko 3TOT MeTO MOKHO ONHUCATh CIEAYIOIUM 00pa3oM.

PaccmoTpum OuHapHOE OTHOIICHUE ~ Ha MHOXeCTBe hopmyn For
[POIO3UIIMOHANBHOTO si3bIKa £ : A ~ B T.1.T., korma A = B ecth TaBTO-
norus. Jlerko yOeauThCs, 4TO ~ €CTh OTHOIICHHUE SKBUBAJICHTHOCTH Ha
MHOXecTBe Qopmyna For. JIas mpoU3BOIBHBIX KJIACCOB SKBHBAJICHTHO-
cru |A| u |B| u3 For/~ IIyCTh Al U Bl =]AvBI, |Al n|B] =
|IAAB|l u—-|A|l =|=A]. Tornma anrebpa L* = < For/=, U, N, —, 0, 1>
Ha3bIBaeTCs aneeOpoul Jlunoenbayma (KIIacCU4EeCKOH JIOTHKH) U €CTh HE
4TO MHOE, KaK Oynesa ancebpa. HynespiM snementoM 0 3aech sSBIseTCS
KJIacc Beex mportuBopeunii |A A —A|, a exuHunel 1 — KIace SKBHBa-
JICHTHOCTH, COCTOSIIIHIT U3 BCeX TaBToordii | A v —A|.

Jlerko BWIETh, YTO MEXKIY SKBHBAJICHTHOCTSIMU KJIaCCUYCCKON
JIOTUKHU BbICKa3biBaHUil C, M TOXIECTBaMH OyJeBOW aireOphl CyIIecT-
ByeT cooTBeTcTBHEe. Hanpumep, Mexay gopmyinoit (A v B)=(A4 v B) u
nepBbM ToxecTBOM B (I1). Bonee toro, (1 4 ¢ C; m.m.m., ko20a A* = 1
6 L*, tme A* ecth aHanor A Ha s3bike anreOpwl L*. Takum oOpazom,
BO3HHMKAIOT CPEACTBA U aleeOpautecko2o N0Ka3aTesIbCTBa ACAYKTHB-
HOW MOJTHOTHI JIOTHYECKUX HCUUCIICHUM.

[MoctenenHo anreOpau3anyss JOTHKU TPUBENA K TMOSBICHUIO
HOBOT'O TEPMHUHA «alNre0panveckas JIOTHKa», KOTOPBIA CTal Ha3BaHUEM
monorpaduu I1. Xaamonra [Halmos 1962], rae MeToas! u anmapar yHU-
BEPCAJIbHON anre0phl CTaTd CHUCTEMATHUYECKU MPUMEHATHCS K H3yue-
HUIO JIOTUKH. B creayromem roay BeixoauT «Marematuka merama-
temaTuku» (cM. [PacéBa & Cuxopckuit 1972]), a 3aTem kHura Pacésoi,
craBmas kinaccuueckoi [Rasiowa 1974], B xotopoil anreOpanyeckue
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METOJIbl MPUMEHSFOTCS K HEKJIACCHYSCKUM Jiorukam. KMmeercs 0030p
pe3yabTaTOB MO anredpanyeckoi noruke [Jcakua 1983].

OpnHako He BCsKas JOTMKa MOXET ObITh anreOpaun3yema IMmojo0-
HbIM 00pa3om. Hampumep, B peneBanTHOU joruke R u joruke ciemo-
BaHus E (cMm. [Anderson & Belnap 1975] cymectByroT Teopemsl A u B,
JUTSE KOTOpbIX nMIunkanus 4 — B He ecTh TeopeMa. CienoBareibHo,
MHOKECTBO BCEX TEOPEM HE COBIIAJACT C KJIACCOM 3KBUBAJICHTHOCTH,
OmpefeNieHHbBIM ~OTHOLIeHWeM ~. [loaToMy Bcranm Bompoc 00
0006mennn Metona JluagenOayma. O0o0mEeHe OBUTO MPEIOKEHO B
obOcrosarenpHOll pabore [Blok & Pigozzi 1989], rme BBOmMTCH
JletiOHUYeBCcKoe OMHOUeHUe IKBUBATEHMHOCMY MEeXAy (opMyiaaMu
puq:

p=q <> VP(P(p) < P(q)),
rae P ecth mepeMeHHas, MpoOeraromnasi 0 MHOXKECTBY YHApHBIX Tpe-
JTUKATOB.

UTo 0OYEeHb Ba)XKHO, OEpETCS CTPOTOE OINpeieiieHHE IeTyKTHBHOU
crucTeMbl (JIOTHKH), OTHOCHUTEIIBHO KOTOPOW M CTaBUTCS BOIMPOC 00
anredpam3anyn. TakoBOW B3siTa cmaHOapmHas NeTyKTUBHAs CHCTEMa,
BRITIONHSIIOIAs yelmoBus (1)—(5) miisa ormepariiyl MPUCOSTUHEHUS CIIe-
cTBUi (CM. BEHIIIE pasmend 2). B wmrore MBI MMeeM areebpauueckyio
ceMaumuKy Ui UCKITFOUYUTENFHO IIMPOKOTO Kilacca JIOTHYECKHUX CHC-
teM. CMm. Takke [Font & Jansana 1996].

OnHako, Kak ¥ paHee, HeanreOpan3yeMbl JTHIONCOBCKHE MOIAITb-
Hele Jjoruku S1, S2 u S3, HO Temeps OHM OO0MamaroT Ooiiee CIaOBIM
CBOMCTBOM npomoanzedpausyemocmuy. 3aTo pelieBaHTHas Joruka R
sBisieTcs anrebpanszyemoii, Ho He E. HeanreOpam3yempiMu OKka3bIBa-
FOTCSl UMIUTUKAaTUBHBIE ()parMeHTHl 3THUX JIOTHK, B TO BpeMs kak H_, u
TV_, anrebpam3yemsl (CM. BBIIIE PEIIETKY WMIUIMKATUBHBIX JIOTHK B
pasmene 6). HemaBHO OBUTIO TOKA3aHO, YTO W3BECTHAS TapaHETIPOTH-
BopeunBast Jioruka aa Koctel C1 "Heanrebpaunsyema [Lewin, Mikenberg,
Schwarze 1991], a cmegoBarensHO Bee TOTUKH U3 kKiacca C,.

CoBpeMeHHOEe OypHOE pa3BHTHE aITeOPandecKON JIOTHKH TIPEIl-
CTaBIIIET COOOW CUCTEMaTHYecKOoe NMPUMEHEHHE METOAOB M, TJIaBHOE,
armapara YHHBEPCaTbHOW anreOpbl K CHMBOJIMUECKOH Joruke. IMeHHO
Ha JTO Kak HA TEHICHIHWIO BO3MOXXHOTO [aTbHEUIIET0 pa3BUTH
anreOps! Joruku ykaseiBall A.B.Ky3HenoB, Korma roBOPII 0 BO3MOXK-
HOCTH «OXBATHTH anreOpanvdecKuMH METOJaMH 3HAYUTEIhHYIO YacTh
COBpeMEHHON MaTteMaTthueckoit jorukm» [KysueroB 1960]. Ha camom
Jlesie BOIIPOC ceiyac CTOMT 00 0XBaTe BCEW CHMBOJMUYSCKOMN JIOTHKH, U
pe3yibTaTH 31eCh BechbMa Brevatistonu (cM. [Andréka, Monk, Németi
1991] u [Andréka et al. 1994]). IlpuBeneM HEKOTOPHIE TIPUMEPHI.

ITycts Alg(L) ob6o3HadaeT Kiacc anredp, KOTOPHIH COOTHOCUTCS C
HekoTopo# sorukoit L. Hampumep, ecniu L ecTh kitaccuueckas J0oTHKa
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BhIcKa3biBaHui, To Alg(L) ecth kacc OyneBbix anreOp. Tenepb MOXKHO
(dopMynupoBaTh TEOPEMBI, yTBepKaaromue, yto L nmeer omnpeneneH-
HOE JIOTMYECKOe CBOMCTBO T.T.T., koraa Alg(L) umeer ompeneneHHoe
anreOpandecKkoe CBOWCTBO. DTO TMO3BOJNSET JaTh alreOpanyecKylo
XapaKTepHU3alHI0 TaKUX JOTMYECKUX CBOMCTB, Kak IOJHOTA, HAIU4YHeE
TEOpEeMBI AEAYKIMH, KOMIIAKTHOCTb, Pa3pelInMOCTb, HHTEPIOIALUOH-
HocTh Kpeiira, uctuaHocts opmya B mojenu u T.4. Hampumep, nep-
Bbl€ JIBA CBOMCTBa NMPUHMMAIOT cieAyomuil Bua: L gomyckaer cTporo
MOJHYIO TUIBOEpPTOBCKYI0 akcuoMatuzauuio (I' = 4 T.1.1., korga I |=
A) 1.1.7., Korna Alg(L) ecTh GUHUTHO aKCMOMATH3UPYEMOE KBa3U-MHO-
roo6pasue; L gomyckaer Teopemy JIeayKuuu T.T.T., korma Alg(L)
MMEET SKBALMOHATIBHO ONPEAEINMEBIE TTTaBHbIE KOHIPY3HLINH.

3aMeTnM, 4TO anreOpanydecKas JIOTHKA SIBISIETCS XOPOIINM HHCT-
PYMEHTOM JUISl BBIICHEHMS TAKOTO CJI0KHOTO BOINPOCA, KaK B3aHMMOOT-
HOLICHHWE MEXIY Pa3IWYHbIMU JIOTHUYECKHMMHU CHCTEMaMH, M BooOIIe
JUIsL YyTOYHEHUs craryca JIOTMkH. O TocieaHeM TOBOPUT Ha3BaHUE
kuauru I1. Xanmoma u C.I'mBanrta «Jlormka kxak aiaredpa» [Halmos &
Givant 1998], rne mokaspIBaeTcsi, 4TO CTaHAApPTHBIE pPe3yJbTaThl B
JIOTHKE XOPOILIO COOTHOCATCS ¢ M3BECTHBIMH ANTeOpandecKuMH Teope-
Mamu. C 1pyroil CTOpOHBI, TaKOH €AMHBIN MOAXOA K JIOTUKE MPEICTaB-
nsiet takke ¢unocopekuit uatepec. [loaromy craths mo anreGpaunde-
CKOM JIOTHKE MOoMeIaeTcs B HoBoe m3naHue «CrnpaBoyHUKa MO (uIio-
codckotii toruke» [Andréka, Németi, Sain 1999].

Hakonen, B cuity nosiBIeHHsS HOBOM MapajAurMbl — TEOPUU KaTero-
puii, peacTasnsier uHTepec padota Ix.JlambOeka [Lambek 1988], rae
apryMEHTUPYETCs, YTO C KaTerOpHOM TOUKU 3peHus ainredpa W JIorhKa
NPEACTAaBIISIOT COO0H 00HO U Mo Jice: U JOTHKA U anredpa UMErOT JeJo
co ctpenkamu A, A, ... A, = An+. B mepBoM ciydae 4; Ha3pIBArOTCS
gopmyramu M CTpellka paccMaTpuBaeTcs Kak dedykyusi. Bo BTopom
citydae A; Ha3bIBAIOTCS copmamy 1 CTPeJIKa OCO3HAETCS KaK onepayusl.

Ecmu yTtBepxaenue Jlambeka mmeeT cuily, TO 3TO HAaBOAMT Ha
HEKOTOPBIE CEphEe3HbIE Pa3MBILUIEHUS, IOCKOJIBKY TOT/Ia anmnapar Teo-
pUM KaTerOpui CTAaHOBUTCS YHUBEpCAJIbHBIM HE TOJNBKO Ui Bcei
MareMaTuku (win mouTtu Bceil) [Mac Lane 1971], HO U AJA JOTHKH.
BBenenue B TeOpuH KaTerOpHidA KOHCTPYKIMH MOJ] HA3BaHHEM (DYHKMOP
€CTECTBCHHBIM 00pa3oM NPHUBENO K 00pa30BaHUIO KOHCTPYKLHUH IIOX
Ha3zBaHUeM xamezopus kamezopuii [Lawvere 1966]. He cinyuaiino, 9to
¢ 00BsICHEHHS, YTO TaKOE€ KaTerOpHs KaTeropuii, Mo CyLiecTBY HaulHa-
etcs MmoHorpadus Mak-Jlaptu [McLarty 1992].

Kaxnas xateropus A umeeT TOXISCTBEHHBIH QyHKTOp 141 A —
A, KOTOpBII OCTaBIAET OOBEKTHI M CTPEIKH U3 A HEU3MEHHBIMHU, U JJIS
3agaHHbIX QyHKTOpOB F: A = B u G: B —» C uMeeTcs KOMIO3ULIHA
G oF: A — C. IlosToMy eCTeCTBEHHO T'OBOPHUTb O KaTerOpHH BCeX
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kateropuii, kotopyto Ha30BEM CAT, 00beKTH KOTOPOH €CTh BCEe KaTe-
TOPHHM M CTPEJKH KOTOpOH ecThb Bce (YHKTOpHl. Torma BO3HHMKaeT
HacTtosimas npobnema: siugercs i CAT cama mo cebe kareropueii?
OtBer Mak-Jlaptu coctout B TOM, uToOBI paccmatpuBaTh CAT kak
PETYIATUBHYIO HICIO, T.€. KaK HeM30eKHBIH CIIOCO0 MBILUICHHS O KaTe-
ropusix W (yHKTOpax, HO HE KaK CTPOTO JIETUTHMHYIO CYLIHOCTb.
TakuMu perynsTHBHBIMU HIESIMU SIBIISIIOTCS, HAallpuMep, COOCTBEHHAs
JMYHOCTb, yHUBepcyM U bor y KanTa (1781).

[NonoGHBIM 06pa3oM U JIOTHKA MPUOIIDKAETCSl K CTaTyCy peryJs-
TUBHOHM MJEH, CAMIITOMaMH Y€ro SBIISETCS OUCK BcE Ooliee CTpOroro U
U 10 BO3MOXHOCTH YHUBEPCAIBHOTO 00BEKTa (KOHCTPYKIUH) C 3a/1aH-
HBIMH JIOTHYECKUMH CBOMcTBaMH. B mpensiayiiem pasaene TakuM 00b-
€KTOM BBICTYIIMJIA KaTErOpHUs HPOHOSUYUOHANbHLIX UCHUCTEHUL B
cMbiciie Byiinumkoro, kotopasi okasainachk OMmonHoW. Jpyrum mogo6-
HBIM 0OBEKTOM, B OJHOM M3 MPHUOIMKECHUH, MOKET BBICTYIIUTh Kame-
eopus aneebpau3yemvix J102U4ecKux cucmem, TAE TMOJ HOCIEIHHUMU
MOHUMAIOTCS «airedpan3yeMble IeAyKTHUBHBIE CHCTEMBI» U3 PacCMOT-
peHHO# 3nmech pabothl [Blok & Pigozzi 1989], wmu «ctporo kom-
MAKTHOE CJIeIOBaHKMe B xopomuXx (nice) oOmmx yorukax» [Andréka er
al. 1994]. B [Janossy, Kurucz, Eiben 1996] nokazano, uto kareropus
anreOpan3yeMbIX JOIHYECKUX CHCTEM M30MOp(HA KaTerOpHUH COOTBET-
CTBYIOIIMX MEPBONOPAAKOBBIX Teopuil. IlokasaHo Takxke, 4TO 3TH
KaTeropuu KonosiHvl. bonee TOro, craBUTCs BOMPOC O TOM, YTOOBI MPH
MOCTPOCHUH TOAOOHBIX KOHCTPYKLIUH BMECTE C OTHOIICHHEM CIIE/I0-
BaHMs PacCMaTpUBaTh TaKKe CEMaHTHUKH IaHHBIX cucTeM. AnreOpa-
n3alys TaKuX BUAOB JIOTUK JaHa, Hampumep, B [Andréka & Németi
1994]. IlonsaTHO, YTO pa3nHUYHBIE BapHallUd Ha MOHATHE OIEpalyu
MIPUCOEINHEHHS CIEICTBUI, WIM Ha OTHOLIEHHE CIEAOBAaHUS, WIM Ha
CEeMaHTHYECKHE CBOMCTBAa OyAyT MPUBOIUTH K Pa3HBIM KaTETOPHBIM
00BEeKTaM JIOTHUECKON TpUposl. Y Toraa, paHO WM MO3AHO, BCTaHET
MOJUTMHHBIN BOIIPOC O PETYJISATUBHON HJIEE 102UKU BCEX JO2UK.

OpHako 3aBepIIUM JAaHHBIA pa3fend HOCTaJIbIMEH O MPOCTOH M
yA0OHOW JIOTMYECKOH CcHCTeMe, MOUCK KOTOPOM K CaMOMy KOHILY
TBHICSIYENIETUS] CO BCE CHUJION MOCTaBUI BoIpoc «UTo ecTh joruyeckas
cucteMa?» U gaxe «4To ecThb Toruka?

10. B mouckax JJoru4eckoi cucTeMbl

PoBHO "epe3 cTo NeT mocie BBIXOAA B CBET 3HAMEHHUTOW pabOoThI
I'.®pere [Frege 1879], B koTOpoil BBOAATCS MpeauKaThl, OTPULIAHUE,
ycinoBHas cBsi3b (the conditional) 1 KBaHTOpPBHI Kak OCHOBAa JIOTHKH, a
TaKke BBeJeHa uaes (popManbHON CHCTEMBI, B KOTOPOH eMOHCTPAaLUH
JOJDKHBI OCYIIECTBIIATHCS TOCPEACTBOM SIBHO CQOPMYIUPOBAHHBIX
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CHHTAKCHYECKHX TIPABHII -, — TIOCIE CTa JIeT TPHyM(AIbHOTO Pa3sBUTHS
JIOTUKH KaK CaMOCTOSITEIbHOM HayKH, BBI3BIBAIOIICH IOKIOHEHHE,
YIOUBJICHHE, a MOpPOH TOpbKOE OTpelIeHWEe M JaKe MIIeHue y eé
OBIBIIMX aIEeNTOB U MUCTHYSCKUN CTpax y OOJIBIIMHCTBA OCTAILHBIX,
BIpYr mosiBisieTcst crathg . XokkuHra mnoj Ha3zBaHueM «4YTo ecThb
noruka?» [Hacking 1979]. X5KKHHI BBICOKO OIICHUBAcT BBEICHUE
I'.I'eHIIEHOM CTPYKTYpHBIX TpaBuji, paboTa ¢ KOTOPBIMU MO3BOJISET
BBIPOKATh TE€ AaCMEKThl JIOTUYECKUX CHUCTEM, KOTOpPHIE HE HMEIOT
HETOCPEICTBEHHOTO OTHOIICHHMS K JIOTHYECKUM KOHCTaHTaMm™. CTaThs
X9KKHUHTA MIEPEHU3IaeTCs U OTKPBIBAET co00# OOJbBIION COOPHUK paboT
o1 Ha3BaHueM «YTo ecTh ioruyeckas cucrema?» [Gabbay (ed.) 1994,
KOTOpBIN u3faeTrca B AHTIUU U AMepuke. B aTom e rony u ¢ TeM xe
Ha3BaHWUEM, YTO U CTaThd XOKKHHTa, MyOnuKyercs ¢unocodekas
pabora Joruka ¢ MUpOBBEIM MMeHeM Xao Bana [Wang 1994], xoropas
OTKpPBIBACTCA OMpPENEICHUSIMU loeuky, HaunHas oT Kanra u BIIIoTh A0
I'énenss, u 3akaHYMBaeTCs XapakTEpU3ALMENd JIOTUKH, JaHHOM
JI.Butrenimreitnom B 1921 r. B ero «Tpakrate...» (cM. [Burrenmreiin
1958]):

2.0121 «Jlocuka mpaxmyem Kaxicoy 803MONCHOCb, U 8Ce
B03MOICHOCIU CYMb €€ PaKmvi».

Ho camoe ymuBuTenpHOE, 4TO B 3TOM K€ T'OJY IOJ Ha3BaHUEM
«YUT0 ecTh WCTUHHAS D3JIEMCHTapHAas JIOTUKA?» TOSIBIICTCS CTaThs
BhIaromerocs Joruka u ¢punocoda Saxko Xuntukku [Hintikka 1994,
B KOTOPOUW Pa3BUBACTCS HOBAs KOHIICIIHS IEPBOMOPSAAKOBOM JIOTUKH.

[IpuxomuTcs KOHCTaTUPOBATh, YTO KOHEIl BeKa M KOHEI[ BTOPOTO
THICSTUENIETHs, a UMEHHO 1994 T. cTanm Toi KpUTHUECKOH TOYKOH, Koraa
MOJT HEMMOBEPHBIM JIaBJICHUEM OKOHYATEIbHO PYXHYJIa KOHCTPYKITHS
MOJT HA3BAHUEM «KIACCUYECKAsl I02UKA», TEM CaMbIM eIl pa3 MOATBep-
IUB HenpaBoTy KaHTa, KOTOPHKIH B MPEIUCIOBUH KO BTOPOMY U3JIaHUIO
«Kpurtuku yncroro pazyma» B 1787 T. mucal, 4To «CyJis IO BCeMy, OHa
(moruka. — 4.C.) KaxeTcs HayKOH BIIOJHE 3aKOHYCHHOW WM 3aBEPIICH-
HOI» (cM. [KanT 1994, c. 14]).

22 HarloMHHM, 9TO TONBKO B 1928 T. B KHHre J.Tuns0epra u B.Axkkepmana (cM. pyc-
CKUIl TIepeBOX CO 2-TO M3IaHWs, 3HAYUTENHHO mepepaboraHHoro [['mipdepr &
Axkepman 1947]) oxoHuyatenbHO OGOPMHIACH KOHLECHLUS NepEOnopsioKo8oll
JI02UKU, VUTA JIO2UKU NpeouKamosg, W Yucmou meopuu KeaHmu@ukayuu ¢ KBaH-
TOpaMH «BCE)» M «HEKOTOpHIE) ¥ OblLIa IOCTAaBJIEHa IIPoOJIeMa O JTOKa3aTelIbCTBE
e momHOTHL. JTa mpobieMa, Kak U3BecTHO, Obuta pemeHa K.I'éxenem B 1930 r.
(cMm. [Godel 1986]), xotst k 1928 r. 310 HOKA3aTEIBLCTBO yke uMenoch y T.Ckonema
(cm. [Goldfarb 1979, p. 363]).

2 310 BakHOE oTkpbITHE caenaHo 'ennenom B 1935 r. Cwm. [['enuen 1967].
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I[CI[YKTI/IBHaH IMOJIHOTA JIOTUKU MPEAUKATOB C]J_[é Ooiee YKpenuunjia
Y6C)KZ[CHI/IC FI/IJ'II:6€pTa, YTO BCiA KJIACCHYCCKass MaT€MaTHKa B KOHCY-
HOM CUCTC BbIpasnMa B HepBOHOpSI,I[KOBOﬁ noruke. K 9TOMY BPEMCHU
ObLIH YK€ BBIFABJICHBI OBa Ba)KHEHIITHX TCOPETUKO-MOACIIbHBIX CBOM-
CTBa TeOpI/II\/'I B IICPBOIOPAAKOBOM A3BIKC!:

Teopema JI€Benreiima-Ckynema. Eciu T umeem Oeckoneumnyio
moodenb, mo T umeem moolenv 000U OECKOHEUHOU MOWHOCHU T,
bonvuen unu pagrot mowgpocmu meopuu 1.

Teopema koMmMmakTHOCTHU. [lycmb T — npouszeoivHoe MHOMCECHBO
axcuom noeuxu. Ecau 0ns xascooeo xoneunoeo noomuoocecmea T
muoocecmea T cywecmeyem mooens 015 6cex akcuom uz Ty, mo cywe-
cmeyem mooenb 05 cex akcuom u3z T.

O06e 3T TeopeMBI UCTIONB3YIOTCS IS JOKAa3aTeIhCTBa HEaKCHOMa-
TH3UpYyeMOCTH Teopuii (cM. [bapsaiic 1982]).

Brimenpusenennsit Te3uc [ mian0epra pa3naesics U pa3aesaeTcs
MHOTUMH JIOTUKAMH{, OTJAIONIMMH TPEANOYTEHHE KIACCHIECKOi
JIOTHKE TPEIUKATOB TEepe] BCEMU IPYTMMH JIOTHIECKUMH CHCTEMaMH.
K Tomy e B 1969 T. OblIa BBIsSBIICHA YHUKATHLHOCTD IIEPBOMOPSIKOBOM
JIOTHKH, 3aKITFOYAIOMIEHCs B TOM, YTO KJIACCHYECKasl JIOTHKA IpennKa-
TOB SBJISE€TCS HanOojee CHUIBHOM JIOTMKOM, 00ajiolieii CBOHWCTBOM
JI€senreitma-Ckysema v cCBOMCTBOM KOMIIAKTHOCTH [Lindstrom 1969].

Teopema Jlunactpéma. Jlocuka nepgozo nopsaoka aeisiemcs eoun-
CMBEHHOI T02UKOU, 3AMKHYMOU OMHOCUMENbHO A, —, 3 U YO08IemE0-
pAaowell meopemam komnakmuocmu u Jlégenzeima-Crynema.

ITo cymecTBy Teopema JIunactpéma na€r onpeseneHue nepBoIo-
PSAIKOBOHM JIOTHKA B TEPMHHAX €€ TIOOAIBHBIX CBOWCTB. MHTepecHO,
YTO TepBOHAYAILHO pe3ynbrar JImHacTpéma He MpUBIEK K cede oco-
0oro BHMMaHWs, 0 YEM TOBOPUT M3mAaHue B 1973 T. 3HAMEHUTOW KHHUTH
I'.Keiicrepa 1 Y.Y.Usna (cM. pycckmii mepeBon [Keiicmep & Usn
1977], tme sTa Teopema BooOIe He 0OCykmaeTcs. TONBKO B TPEThEM
m3nannn [Chang & Keisler 1990] yke B mpeaucioBUA TOBOPHUTCS, UTO
3TOT Pe3yJbTaT SABISAETCS OTIPABHON TOYKOW IS pA3BUTHUS dOCMpPAKm-
HOU meopuu Mmooeieli M BBOAWTCA HOBBIM pasmen (2.5), roe maercs
OIIpeielIeHNe «abCTPAKTHOM JIOrHKIm» Kak mapsl Kimaccos (I, L), rae /
©CThb KJIACC NpediodceHull 1 |, ecTh OTHOLICHHE BHITOTHUMOCTH (satis-
faction), ymoBieTBOpsIONIee OMIpemeIeHHBIM ycinoBusM. Hawmboiee
W3BECTHBIM NpPHUMEpPOM aOCTPaKTHOM JIOTHMKH Kak pa3 M SBISETCS
0o0BbIYHAsT TIEPBOTIOPSIIKOBAsI JIOTHKA, KOTOpass 00O3Ha4aeTcsl TMOCpen-
CTBOM /¢

AOcTpakTHas TEOpHUsS MOJEEH MpeTeHIyeT Ha 0003peHHe BCETO
CITeKTpa JIOTHK, CBsI3el Mexay HUMH M ux cpaBHeHue. C Hagama 70-x
TOJIOB 3Ta TeopHs OypHO pa3BuBaeTcs, a ). bapBaiic Ha3Bax pe3ynbTar
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JluancTpéMa «OMHUM U3 TEPBBIX W JIO CHX TOp Haubojee Iopasu-
TEJILHBIX Pe3yJbTaTOB B aOCTpakTHOM Teopum Mozenei» [bapsaiic
1982, c. 54].

HmeeTcst MHOTO WHTEPECHBIX JIOTUK, KOTOpBIE Ooraue MepBOIO-
PAIKOBOU JIOTHKH, TaKUE, KAK C1AOAs 102UKa 6mMopo2o nopaoKd, KOTo-
pasd MbITaeTcAd MOCTPOUTH MOHATUE KOHEYHO20 B JIOTUKE HEKOTOPBIM
€CTECTBEHHBIM 00pa3oM; JIOTUKU C (opMyJiaMH OCCKOHECYHOHN JUIMHBI,
JIOTUKHA C Pa3IUYHBIMHU 5KCMPA-KEAHMOPamMy TUIA «CYIIECTBYET KO-
HEYHO MHOTO», «CYIIECTBYET OCCKOHEYHO MHOTO», «OOJBIIUHCTBO» U
T.J1.; TOTUKH BBICIINX MOPSIAKOB . OHAKO HE HMEET 3HAYCHHUS, KAK MBI
OyJieM pacIHIHpsTh IEPBOMOPSIIKOBYIO JOTHKY — B JIFOOOM Cllydyae Tepsi-
€TCSl WM CBOMCTBO KOMITAKTHOCTH, WM CBoicTBO JIéBenreiima-Cky-
nema, win 00a BMecTe. Yke BTOPOIOPSIKOBAs JIOTUKA, JOITYCKAKOIIas
KBaHTU(UKAIIMIO TIO0 MOJMHOXKECTBAM, OTHOIICHUSAM H (YHKIUSIM,
KpOME YKa3aHHBIX CBOICTB TepseT TakXKe CBOWCTBO TOJHOTHI, U Ha
CcaMOM JI€J€ SIBISETCA HE CTOJIBKO JIOTMKOHM, CKOJIBKO TEOpUEH MHO-
skecTB. OTCIO/Ia BCSA TEOPETUKO-MHOXKECTBEHHASI MTPOOJIEMAaTHKA MOXKET
OBITH COPMYITHUPOBAHA BO BTOPOMOPSIIKOBEIX TEPMUHAX. DTO SIBIISIETCS
OCHOBHBIM BO3Pa)KEHHUEM MPOTUB BTOPOIMOPSAKOBOM JIOTUKH B HETaBHO
BEIIIIEANIEH MOHOTpauu, MOCBSIIEHHON PaCIIUPEHUSM IIEPBOIOPS/I-
KoBoH joruku [Manzano 1996], u mo3ToMy aBTOp OTHAET MPEANOYTE-
HUE MHO20COPMHOU TIEPBOMOPSIAKOBOM JIOTUKE, KOTOpas SBISETCS
MEPEUHTEPIIPETAIIEH BTOPOTOPSAKOBOM JIOTMKK WIM JaXe JIOTHKHU
BBICIIIUX TIOPSIIKOB B MIEPBOMOPSAKOBYIO C Pa3IUYHBIMU BHJIaMU O0B-
ekToB. Penykuus K mepBOMOPSIKOBOM JIOTHKE HACTOJIBKO CHIIBbHA, YTO
MBI TPUXOIUM K PEKypPCUBHO-aKCHOMATHU3UPYEMOMY MHOXECTBY
uctuH. Eme panee A.Maibues, Xao Ban u C.Dedepman, cpenu mpo-
YKX, [MOJAYSPKHUBAIN YA0OCTBO pabOTHI ¢ TaKOW JIOTUKOM, XOTS, 3aMe-
THUM, OHA TOJILKO BHEIIIHE BBHITJISAUT Oosiee OoraToil. Xopolee BBeie-
HUEe MOXHO HaliTh y Pedepmana [Feferman 1974].

[TepBoii paboTOl, MOCTABUBIIICH BOIIPOC O BBEJICHUU HOBBIX KBaH-
TOpPOB, sBIsieTcs cTathst A.MocTtoBckoro [Mostowski 1957], rae Ha
caMoM JieNie 00CYKIAI0TCs TMHTBUCTHUYECKUE OTePaToOpbl HOBOTO BH/IA,
MPEACTABIIAIOIINE «ECTECTBEHHOE 00001ICHYE JIOTUYECKUX
KBaHTOPOBY». Mnes MOCTOBCKOrO 3akiIOuUaeTcss B TOM, YTO JIFOOOE
BTOPOIIOPSIIKOBOE  CBOMCTBO  pacCMaTpHUBAaeTCsl KaK JIOTHYECKUH
KBaHTOpP, €CIM OHO WHBAPUAHTHO OTHOCHUTEIIEHO OUEKTUBHBIX

* PurepecHo, 4To CTaThs 0 JOTHKE BhICIIEro mopsiaka [Van Benthem & Doets 1983]
nonaina He B «CHpaBoYHHK [0 MaTeMaTH4ecKoii oruke» [bapsaiic (pex.) 1982], a
B mepBbIif ToM «CrpaBoyHHKa 10 Guitocodckoit Joruke). MHTEepec K JIOTHKE BBIC-
LIUX TOPAOKOB, OOBSICHAIOT aBTOPHI, B OCHOBHOM HCXOAUT U3 (JIOTHCTHUYECKOH)
poOJieMbl OCHOBaHWH MAaTeMaTHKU M U3 pa3paboTku (OpMaIbHOW CEMaHTHKU
ecTecTBeHHOrO si3biKka (P.MoHTer0).
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npeoOpa3oBaHmii  (mepecTaHoBOK).  [locTpoeHMe  JIOTHMKH  C
000OIICHHBIME KBaHTOPAaMH B TOCJICIHHUE JIECUTEICTHUS IPHUBIICKIO K
cebe OoyblIOe BHUMAHHWE JIMHTBUCTOB, MAaTEMAaTHUKOB, (QHIOCO(OB,
KOTHHUTOJIOTOB. HEKOTOpPHIM HTOrOM pa3BUTHS 3TOTO HAIPaBICHUS
saBiseTcss  (yHIAMCHTaIbHBIH  Tpya  «MOJEIBHO-TEOPETHUSCKUE
norukn» [Barwise & Feferman (eds.) 1985], rme [lx.bapsaiic
MPUXOJUT K CIICAyoIeMy BbIBony: «HeT oOpaTHOW AOporw K TOUKe
3peHUs], YTO JIOTHKA SBJISICTCS MEPBOMOPSAKOBON». A B MOHOTpaduu
I'Illep [Sher 1991] B cBsA3u ¢ AaHHOW NPOOIIEMATUKOW CTAaBUTCS
Bonpoc «YTo ectb Joruka?», OOCYXKIAIOTCS TPAHUIIBI JIOTHKH U
JICJIAeTCs BBIBOJI, UTO JI02UKA UiUpe, YeM MPAOUYUOHHOE MbIUICHUE.

OTMeTUM, YTO TOSIBIISIOTCS BCE HOBBIC IOMBITKU PACIIUPCHUS U
W3MEHEHUS TIEPBOTIOPSIKOBO# JIOTUKH M MIOCTPOCHUS NCKOMOU JIOTHYe-
CKOll cucteMbl. BuanMo, oHOM U3 HanboJiee UHTEPECHBIX 37eCh paboT
ABJSIETCSl YK€ ymoMmuHaBIuasicst ctatbss XuHTHKKH [Hintikka 1994], a
TaK)KEe CTaThsl C BBI3BIBAIONIMM Ha3BaHUEM «PEBONIOIUS B JIOTHKE?)
[Hintikka & Sandu 1996], u BooOIIe HebIli KOMIUIEKC padbOT XUH-
TUKKH, CBSI3aHHBIA C MPUMEHEHUEM cO3AaHHOW UM [F-noeuxu (Inde-
pendence Friendly — npykecTBeHHOI K HE3aBUCUMOCTH).

OcHoBHas ujniess XMHTUKKH COCTOUT B OCO3HAHUU TOTO, YTO KBaH-
TOPBI OOBIYHON TIEPBOMOPSIIKOBOM JIOTUKU SIBISIOTCS 3A6UCUMBLMU.
[MocnenHee 03HAYaeT, YTO €CIM MBI UMEEM JICTIO C BHIPAXKCHUSMU THUIIA
«JIs BCEX X HMMEIOTCS HEKOTOpBIC y, Takue, 4To R(X,))», TO BBIOOP
MOTOOHBIX ) HE HE3aBHUCUM, a JICTCPMUHUPOBAH BBIOOPOM X-OB, HHAYC
TOBOPSI, MEXKIY X M ) CYIIECTBYET HEKOTOpas (PYHKIIMOHAIbHAS 3aBH-
cuMocTh. [loHnMaHue 3TOro (hakTa yKe 0TMEUAJIOCh B TUTEpaType (CM.
[Goldfarb 1979, p. 364]), HO rnaBHas 3aciiyra XWHTHKKA COCTOHT B
BOCTIPUSITHH HJICH He3d8UCUMOCTU KBAHTOPOB, T.€. CIEAYET YKa3bIBaTh,
KaKHe KBaHTU(UKAIIMOHHBIC IEPEMEHHBIC 3aBUCAT OT Kakux. Tak, eciu
MBI UMEEM JIeJI0 C BBIPAXKCHHEM «JIs BCEX X, JJIS BCEX Z UMEIOTCS
HEKOTOPBIE ), UMEIOTCSI HEKOTOPKIE W, TaKue, 4T0 S(X,V,z,W)», TO B CIIy-
Yae, Korjia HaM TpeOyeTcsi He3aBUCUMOCTh X OT ), Z OT W, CIISAYeT Tpe-
00pa3oBaTh HCKOMYIO ()pa3y B CICAYIOUIYIO: «UIS BCEX X, JJIS BCEX Z
UMEIOTCS HEKOTOpBIE } (HE 3aBUCHINUE OT z), UMEIOTCS HEKOTOphIE W
(He 3aBHCALINE OT X), TAKUE, UTO S(X,V,Z,W)».

Oxka3anock, 4TO B SI3BIKE MEPBOIOPSAIKOBON JIOTHMKH HE CYIIECT-
BYET CPE/ICTB, TIO3BOJISIOIINX COOTBETCTBYIOUIMM 00pa3oM 3aliChIBATh
MOCIEIHIO (pazy. XHHTUKKA MPeagaracT OCYIIECTBUTh 3TO B BHUJC
«(Vx)(V2)(Qy/Vz)(@w/Vx)S(x,y,z,w)», The Kocas yepra (/) o3HaUaeT
HE3aBUCUMOCTh KBaHTU(UKAIIUU OJTHOU MEPeMEHHOM OT apyroi. To xe
camoe TpeJyIaraeTcs U B ciaydae TU3bIOHKIUU 1 KOHBIOHKITUY.

Ocob6ennocthio IF-noruku sBasieTcs €€ HEMONHOTA, YTO 03HAYACT
HEBO3MOXKHOCTh JIaTh CIIMCOK aKCHOM, W3 KOTOPBIX BCE 3HAYMMEIC

44



¢dopmynbsl mepBonopsinkoBoi IF-moruku MoryT OBITH BBIBEACHBI MO
yrcTo GopMasbHBIM MpaBuiaM. Ho B To ke Bpemst OHa yJOBJIETBOPSIET
cBolicTBaM KoMmakTHOcTU u JIE€BeHreiima-Ckynema. [loaToMy Mbl ObI
npeanonoxuny, uro IF-joruka sBasercs noacucTeMoOl KIacCU4eCKOU
JIOTHKH MIPEIUKATOB WJIH, TI0 KpaiiHel Mepe, MOCIIeq sl orpysKaeTcs B
IF-noruxy. Pesomonuonnsiii xapakrep IF-noruku, cunraror XMHTHUKKA
u CaHfy, HeJb3sl U3JIOKHUTH B OAHOM TOME; OCOOCHHO Ba)KHOW 4epTOH
SBIETCS €€ HEeNOJHOTa C JAJEKO HAYLIIUMH TMOCHEICTBUAMH A
ocHoBanuit Matematrku [Hintikka & Sandu 1996, p. 177]. ®aktryeckn
XWHTHKKA TBITAETCS CBECTH BCIO OOBIYHYIO MaTeMaTuky K pac-
mmpenHoi nepomnopsiakoBoit IF-noruke [Hintikka 1996].

OpHako TeMaTHKa a0CTPaKTHOW JIOTMKH M OOIIETeOpeTHYECKUE
npo0eMbl OOOCHOBaHMS MAaTEeMAaTHKH HECKOJIBKO OTCTYMAlOT Mepen
HOBBIMH TEHJEHIMSIMH B pa3BUTUM JIOTUKH KoHIa XX Beka. Jloruka
CTaHOBHTCS Bc€ Ooyiee HACYLIHOM B KOMIBIOTEPHBIX HAyKax, UCKYCCT-
BEHHOM HHTEIUICKTE H MPOrpaMMUpOBaHHH. 11006HOE MPHIIOKEHHE
JIOTHKH TIOPO’KAAET OONBLIOE YHCIO HOBBIX JIOTMYECKHX CHCTEM, HO
y’K€ HalleIEHHBIX HEMOCPEICTBEHHO Ha UX MPaKTHUECKOE MPUMEHEHNE.
HmenHo 3TUM 1 00yCIIOBJIEH BBIXOJA COOpHHKA CTaTei MmoJ Ha3BaHUEM
«Yro ecTh morHyeckas cucrema?» [Gabbay (ed.) 19941

BooOmie-To ToBOpsi, BOMPOC CTOMT TaK: CYLIECTBYET JHM OIHA
«HUCTHHHAsH JIOTHKA (Cpeau OECKOHEUHBIX KJIAcCOB JIOTHK), a €CJIH HET,
TO KaK OrpaHMYHThH Halle MOHMMaHHE JIOTUKU WM, 0oJiee KOHKPETHO,
JIOTHYECKOH cucTeMbl? Bo3HMKAIOT M ApyTHe BONPOCHI: CYLIECTBYET JIN
peaibHOE pa3Iuyue MEKAY CHHTaKCHCOM M CEMAaHTHKOM C TOYKH 3pe-
HUS NPUIOKeHUI? Y, KOHEYHO, CTOUT BOIIPOC O TPAJAULMOHHBIX CBOM-
CTBaXx JIOTMYECKUX CHCTEM: IOJHOTE, YCTPAHEHUHU CEUYEHHs, UHTEPIIO-
JSUOHHOM cBoMcTBe U Ap. Hampumep, ['. Bynoc [Boolos 1975], 3amu-

2 S3pIKH [POrpaMMUPOBAHMS, SBISIONIACCS CPEACTBAME OOCIICHHMS YEIOBEKA H
KOMIIBIOTEPA, MCTIONB3YIOT A3BIKH OMMUCAHUS BEIYUCIUMBIX (DYHKIMIT M OTHOLICHUH,
CO3/IaHHBIX B paMKaX JIOTHKU U MaTeMaTuku. Tak, B 70-¢ roJpl MOSABISAETCS TEPMHH
«BsruncnurenbHas Joruka», a 3ateM «Kowmmbrotepras soruka». Ceityac my0-
JMKauus KHUT ¢ Ha3BaHueM <«Jlormueckoe mporpammupoBanue» u «Jloruka mpo-
rpaMm» — obbigHOE Jeno. UTo mpencTaBisier co0Ool COBPEMEHHOE MPHMEHEHHE
JIOTHKH B IPOIPaMMUPOBAHUH, MOJKHO HAaiTU B COOpHHKE MEPEBOIOB [3axaphsieB
& SuoB (pexn.) 1991]. B 00630pHOii cTathe B 3TOM COOpHHMKE COOOLIAETCS, YTO
HalMCcaHue TOJHOro 0630pa M0 NPUMEHEHHIO JIOTHKH B HPOrPaMMUPOBAHHH YXKe
HE MPEICTaBIsIeTCS BO3MOXHBIM [AHTHMUPOB 1 Ap. 1991, c. 334]. O noruyeckom
MOXOZ€ K MCKYCCTBEHHOMY HHTEIUICKTY (IPMMEHEHHE TEOPUM JIOTHYECKOro
BBIBOZIa B MPOrPAaMMHUPOBAHUHU) CM. Takke MoHorpaduio [Teit u ap. 1990]. O
JIOTHKO-(HUITOCOPCKOM MOIXOAE K MCKYCCTBEHHOMY HHTEIUIEKTY CM. COOpHHUK CTa-
teit [Thomason (ed.) 1989]. OGpaTiM BHUMaHHE Ha MHOTOTOMHBIE CIIPABOYHUKH
(ykakeM TOJBKO mociennue Toma): [Abramsky, Gabbay, Maibaum (eds.) 1995] u
[Gabbay, Hogger, Robinson (eds.) 1998].

%6 Ymeercs 06CTOATENBHBIH 0630p CTaTel sToro chopHuka [Sher 1996].
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1asi BTOPOMOPSAAKOBYIO JIOTHKY, CIpalllMBaeT: MoueMy JIOTHKa 00s3a-
TENbHO JO/KHA OOIManaTh CBOMCTBOM KoMmakTHOcTH?® HHTepecHo,
4TO BCE B TOM ke cakpameHTanbHOM 1994 rony Ha crpanunax «The
New Encyclopedia Britannica» cmpammBaeTcs, noyemy CBOHCTBO
JIésenreitma-Ckynema JOMKHO COOTBETCTBOBATH BHYTPEHHEH MpUpOJIe
noruku? (Vol. 23, p. 250).

Eime Gosblre BO3HUKAET BOIPOCOB B CBS3U C PA3BUTHEM U MPUMeE-
HEHHEM aJbTEPHATHBHBIX (HEKJIACCHYECKHX) JIOTHK (CM. BBIIIE pa3aeld
3). B crarbe JKana be3sé ¢ mpumedaTeNbHBIM Ha3BaHHEM «YHUBEp-
canbHas Joruka» [Béziau 19941 (oOpatuTe BHMMaHWE Ha TOX IyO-
JMKALWHU) CIPALINBACTCS, MOYEMYy JIOTHKa O0s3aTeNbHO JOJKHA OBITH
MOHOTOHHO#?>’ 3aMeTHM, UTO TONBKO TAKHE JIOTHKH SBISIOTCS SIEMCH-
TaMU YKa3aHHBIX BBILIE peIIeTOK. XOTs Ha CaMOM JeJIe UCCIIEIOBaHUSA
B 00JaCTH HEMOHOTOHHBIX JIOTHK JaBHO IMPEBPATWIINCh B OTACIBHOE
HampaslieHHE B cHTy uX npuMeHeHus [Gabbay 1985], [Nerode & Shore
1993]. K aroii ob6nacTu npuHaIeKUT Lenas cepust padot J.barenca u
€ro Y4YeHUKOB, IAe pa3paboTaHa JIOTHKa, COCOOHAas MOJEIUPOBATH
paccyXIeHus, B X0/1e¢ KOTOPbIX CMBICH JIOTHYECKUX TEPMHHOB MOXKET
WU3MEHUTHCS. B HUTOre BO3HMKIO HOBOE HANpaBJIEHHWE HCCIIEOBaHUM,
Ha3BaHHOE «aJalTUBHBIMU JOTHKaMu» [Batens 1994].

YHuBepcanbHasl JIOTUKA, IPEAIOKEHHAs be3be, ABIAETCS TOTUKON
CO CBOWCTBOM cokpateHus (komounatop W). Ho onsTs e 1aBHO BO3-
HUKJIO IIeJlo€ HalpaBJCHUE, IONy4YHBIIEE Ha3BaHUE <JIOTUKU 0e3
cokpanienus» [Ono & Komori 1985].%° Omuum u3 HanGonee HHTEpEC-
HBIX TPUMEPOB JIOTHK 0€3 COKpalleHHs SBISIOTCS MHOTO3HAaYHBIC
noruku JlykaceBuda, Kak KoHeunvle, TaK U OeckoneyHvle. CBOUCTBA HX

¥ B kuure A.M.AHHCOBA CTPOMTCS MEPBOMOPSAKOBAs JOTMKA HEONPEICICHHOCTH,
KOoTOpas He obnagaeT 3TUM cBoiictBoM [AHucoB 2000, ri. 9]. IlocnenHss npeaHa-
3HAUCHA JUISl H3yUYECHUs TEMIIOPAIIbHBIX CBOICTB YHHBEpPCYyMa.

2 Jloruka L ects mapa < L, - >, rae L ecTb MHOXKECTBO 0€3 BCSIKOH CIIeU(HUKALII;
- ecTh oTHOIIEHHUE Aeayuupyemoctu: P (L) x L.

% Hexoropsle aBTOpbI (CM., Hampumep, [Scott 1971]) CBOMCTBO MoHOmMOHHOCHU B
olepanuy NprcoeanHeHus ciuencTsuil Tapckoro

Cl.Ecim X c Y, To C(X) < C(Y)
MPUPABHUBAIOT K T€HIIEHOBCKOMY CTPYKTYPHOMY IPABUITY YIMOHYEHUs
X, YHZ

b
X,A,YHZ
KOTOpPOE, B CBOIO 0Y€PE/ib, SKBUBATICHTHO 3AKOHY YMEepICcOeHUs KOHCeKgeHma A D
(B o A) (xombunatop K).

% Xao Baum B pabore «Ha myTtn k MexaHmdeckol Maremaruke) [Xao Baum 1962]
BBIJIBUHYJI TUTIOTE3y O TOM, YTO pa3pemInMble (PparMeHThl HCUNCICHHS IPEJUKATOB
MOXXHO (hOpManu30BaTh O€3 NPUBJICUCHHS NPaBUI COKpaiueHus. [lepsas pabora B
9TOM HaIlpaBJICHUM NosiBUIachk Toiabko B 1971 r. u npunagnexur B.A.CmupHOBY
(cMm. [CvupHOB 1972, T11. 5]). CM. Taxke [Kiriyama & Ono 1991].
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CTONb HEOOBIYHBI, YTO HM3YYEHHE 3THUX JOTMK K KOHIy BeKa CTaJlo
WCKJIIOYUTENBHO WHTEHCHBHBIM, YTO OOBSICHAETCS, B MEPBOM CiIydae,
UX CBS3BIO C Teopuel npocThix yrcen [Kapnenko & Ilamak 2000] u, Bo
BTOPOM cJy4ae, UX CBS3bIO C (yHAaMEHTAIBHBIMH ANTeOpandecKUMHU
CTPYKTypaMH COBEPILEHHO pa3nu4Hoi mpupoxasl [Mundici & Cignoli
1997]. O6patum BHHMaHME, YTO MHOTO3HAa4yHbIe JOTHKH JlykaceBuya
KaK JIOTHYECKHE UCYHUCIICHUs CTPOMIIMCH TI0 00pa3iy U MoJ00HI0 Kilac-
CUYECKOH JTOTUKU. Bo3HMKaeT HETpUBUAIBHBIA BONPOC, KaK BO3MOYKHA
JIOTHKA, KOTOpas, C OJHOH CTPOHBI, UMEET uuUcmo apuPMETHIECKYIO
untepnperanuio [Kapnenko 1999] a ¢ apyroit cTopoHbI, HOSIBISIFOTCS
TakHe KOHCTPYKIUH, KaK peutemoyHo-ynopsaoouenHvle abeineevl cpyn-
nel, beckoHeuHomephvle npocmparncmea U T.0.7 Y ecnu 310 10ruKa, TO
YTO BCE 3TO 3HAYUT?

B 1987 r. mnosBuiace noruyeckas cucTeMa I0J Ha3BaHHUEM
«mHerHaa noruka» [Girard 1987], uMmIMKaTuBHBINA (parMeHT KOTO-
poii mpencrasiser coboit BCI-noruky, T.e. TOTHKYy 0e3 yTOHYEHHs U
cokpaieHus. Kpome oOBIUHBIX omepaluii THHEiHas JoruKa cCHa0KeHa
Pa3IMYHBIMU IPYTUMH ONEPalUsIMH U HAllIa IIUPOKOE NMPUMEHEHHE B
KOMITBIOTEPHBIX HaykaxX. 3a yIUBHTEIBHO KOPOTKOE BpeMsi o0pa3oBa-
nock HoBoe Hampasinenue [Troelstra 1992]. Kareropnoe paccMorpenue
JTMHEHHOH Noruku npeacrasieHo B [Dozen & Petri¢ 1999].

Jloruka 6e3 yTOHYEHHS], COKpAILICHNsI ¥ NIepPeCTaHOBKH (KOMOWHa-
top C) ecTh accoumatuBHOE mcumcieHue JlamOeka ansi rpammaruye-
CKUX KaTeropuil i cuHTakcuueckux Tumnos [Lambek 1958]. Jloruku
NPOSIBHJIM OTPOMHBIM JTMHTBUCTHYECKHH MHTEpeC K 3Tod paborte (cM.
nutepatypy B [Buszkowski et al. (eds.) 1988] u [Van Benthem 1991]).
XoTs mepBoHayanbHO HcuncieHne JlamOexa He OBLIO MpenCcTaBICHO
KaK Hogas JIOTHKA, HO MOJYyYMiIa Pa3BUTHE B YHCTO JIOTHUECKUX pabdo-
Tax, UTOroM 4ero sBuwinch nonueie (full) cekBeHIMaNbHBIE U THIBOEP-
TOBCKHE HUCUUCIICHHS 0€3 yKa3aHHBIX BBILIEC TPEX CTPYKTYPHBIX MPaBHI
(mmu akcuom). Cm., Hampumep [Mac Caull 1998], rae crpoutcs mo
CYLIECTBY MHTYHUIIMOHHCTCKOE HMCYUCIIEHHE 03 CTPYKTYpPHBIX MpaBHI,
KOTOpOE aBTOp paccMaTpuBaeT Kak Haubolnee (yHOaMEHTaJbHOE W3
BCEX CYOCMPYKMYPHbIX JTOTUK U UTPaloliee BaKHYIO POJIb B TEOpETHYE-
CKHX NPHUIIOKEHMSIX KOMIIBIOTEpHOI Hayku. Ha camom gmene moctpoe-
HHUE TOAOOHBIX JIOTHK MOYKHO CUMTATh PE3yJIbTATOM Pa3BUTHS HalpaB-
JIeHUsl, HA3BAaHHOTO «CYOCTPYKTYpHBIE JIOTUKH», T/I€ HCUYHCICHUS
MOJYYaloTCs 3a CUET SNMMHUHALUK, OTPaHUYEHUS ¥ KOMOMHHPOBAHHSA
PasIMUHBIX CTPYKTYpHBIX mpasui [Dozen & Schroeder-Heister (eds.)
1993].

B wurtore, ¢ omHOW CTOpPOHBI, B CHIYy HEBO3MOXXHOCTH OOBSATH
HEOOBATHOE HaMeueHa TEHACHIMS K BBUIBICHHIO MUHUMATLHOU
noruku. K.JlomeH mnpegnaraeT cYMTaTh TaKOBOW HEACCOLMATHBHOE

47



ucuucnenne Jlambeka ¢ eMUHCTBEHHOW OMHAPHOM CBSA3KOH «MYJIBTHII-
nukauun» [Dozen 1993, p. 20]. Bompoc 0 MUHMMAaNBHOM JOTHUKE BIEP-
Bele Ob1 moctaBieH A.Ué€puem [Church 1951], rme B kauecTBe
npuMepa IMpeJIoKeHa «cnadas MO3WTHBHAS MMIUTMKanms» — IBCW
(MMIUTMKATUBHBIA (parMeHT peJeBaHTHOH joruku R), mis xoropoit
Yépuem Obutla noKazaHa ocnalneHHas TeopeMma aedykuuu. Mmes o
MUHHMMAJILHOH JIOTHKE OKa3ajach O4YeHb OJIM3KOH peJieBaHTHCTaM U B
[Anderson & Belnap, jr. 1975, § 8.11] TakoBoii 0OBsiBIEHa JIOTHKA
IB'B. Tema nonyuwna nanpHelniee passutue B [Anderson & Belnap, jr.
& Dunn 1992, p.149], rme TakoBoii oOBsiBisieTcs Joruka IB c
npaBwiamu 1) MP u 2) uz A cnenyer (4 — B) — B. DTy IOTHKY
aBTOpHI 0003HavYanu nocpeactsom M_,. [l He€ cTpouTcs Mozaenp <S,
V> Takasg, 4YTO S €CTh AaCCOLMATUBHBIA MOHOMJ, U MHOXECTBO BCEX
(GopMyN, HCTHHHBIX BO BceX <S, V>-MOAETSIX, aKCHOMaTH3HUpyeTCs
MOCPEACTBOM JIOTUKU M.

[lockonbky TOHSATHE MOHOMIA YAOBJIETBOPSET YCIOBUSAM OBITH
KaTeropueu, T0 JaHHOE MOHATHE MUHHMAIBHOW JIOTHKH Tarkke o0ia-
JlaeT JTaHHBIMH CBOMCTBaMHU. J[pyrumu cioBaMu, N€AyKTHBHAs CUCTEMA,
OTHOLICHUE CJIEeJOBaHUs (IeAyLHPYEMOCTH) KOTOPOU pe(IIEeKCUBHO H
TPaH3UTHUBHO, sBIIseTCs KaTeropueil. [103ToMy ¢ MOJIHBIM OCHOBaHHEM
noruky M_, MOXHO OBUIO OBl CUMTATh MHHHMAIBHOW JIOTHYECKOM
cuctemoi’’. Ho B TOM-TO M [0, 4TO CTAalM NOSBIATHECS COBCEM
«3K30TUYECKHE» JIOTHYECKHE CHUCTEMBI, B KOTOPBIX, HalpuMep, 3aKOH
UAGHTHYHOCTH A —> A He TPOXOAWUT, TOCKONBKY, COIJIACHO
3. 1lIpénunrepy, 3TOT 3aKOH B O0IIEM CiIydae HE UMEET MeCTa JUIs MHK-
pooOBekToB. Takwe JIOTMKM MOMy4YMiIn Ha3BaHue «ioruku Ulpéaun-
repa» [da Costa & Krause 1994].

C npyrodl CTOpOHBI, MpOSIBMJIACh TEHACHLHUS K OOBSBICHUIO
KaKOH-IM0O0 HOCTATOYHO OOraToil CHCTEMBI MEmalocuKkol, KaK 3TO
nenaer K. Jlomen [DoZen 1992], cHabxas cyOCTpYKTypHBIE JIOTHKH
pasIMYHBIMKH  MOJANbHBIMH omeparopamu, wimd J.Mwumnep [Miller
1997], paspabaThiBalOIMi A3BIK MPOrPAaMMHUPOBAHMS, HA3BAHHBIN
Forum, xOTOpBI OCHOBAH Ha JIMHEHHOM JIOTUKE BBICILETO MOPSAIKA.

Mexay OByMsl 3TUMH KpalHOCTSIMU MpoOHBaeT cebe Topory TeH-
JEHLUS, KOTOPYIO MBI 0003HA4MIN OBl Kak BEIOOD (MM KOHCTPYHPOBa-
Hue) Oasucuou noruku. C OJHON CTOPOHBI, OHA JOJDKHA OBITH JIOCTa-
TOYHO Oorara, 4ToObI 00/1aAaTh HEKOTOPBIMHI XOPOLITHUMHU JIOTHYECKUMH
CBOWCTBaMH, a C JAPYIrOH CTOpPOHBI, AOCTaTOYHa OelHa, 4YTOOBI €€
MOYKHO OBIJIO TIOJIOKUTh B OCHOBAaHWE HMEPapXUH (MU KOHCTPYKLIMH)
MHTEPECHBIX U BaXKHBIX JIOTHYECKUX CUCTeM. Tak, Hampumep, B Kjlacce

3! 3amerum, uto s noruxu IB ¢ mpasuiom MP okasaHa cBOEro poja Teopema
nenykuuu [Curry 1954].
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MOJaNBHBIX JIOTHK TakoBoW BbiOpaHa noruka K (cm. Belme npumeu. 1).
B cBsi3u ¢ 3THM mpeAcTaBiIsieT MHTEpec 0a3ucHas «crenuaibHas Mpo-
MmexxyTouHash» noruka BPC [Ruitenburg 1995], koTopast cooTHOCHTCS €
MoJanbHOH norukoi K4 B TakoM ke cMmbIciie, KaK HHTYUIIHOHHUCTCKAs
snornka H ¢ MopanbHOIl norukoil S4. B xadectBe 0a3sMCHOM JIOTHKHA
BBICTYIIAET TakXke moyiHoe ucuucienne Jlambeka FL nnu cnennansHO
MOCTpOCHHAasT AN 3TOH uenu OasucHas joruka B (cMm. pasmen 6).
HenaBHo ObutOo 3asiBeHO 6Oasuchoe ucuucienue npeouxamos BQC
[Ruitenburg 1998], npencrapnstoriee co00it COOCTBEHHYIO MOJICUCTEMY
MHTYHIHUOHUCTCKOH noruku npeaukaroB 1QC, ncnonp3yromiee ceMaH-
TuKy Kpuike ¢ TpaH3WTHBHBIM, HO HE 00s3aTENbHO pedIIeKCUBHBIM
OTHOLICHUEM JOCTHXXUMOCTH. [IOHATHO, 4TO BBIOOp 0a3uCHOU JTOTHKH
— JIeJIO0 TOBOJIFHO-TAKH MPOHU3BOIbHOE. OTHAKO OJHUM U3 CTPOTUX KpH-
TEpUEB MOT OBl CIIY)KUTb TOT MUHUMATbHYIU QpasMeHm KIacCHYecKOoi
(MHTYWIIMOHUCTCKON) JIOTMKU NPENUKATOB, B KOTOPYIO IMOTpPYKaeTcs
cama KJaccHueckas JIOTMKa NpeAaukaroB. Hampumep, B moxmaze
B.M.IlonoBa (cM. cHOCKY 7) TakuM ()parMEeHTOM BBICTYIAeT UMILTUKA-
TUBHO-3K3UCTeHIHaNBHBIN pparment 1QC.

Buaumo, ctout cormacutbcs ¢ [Ix. Ban benremom u K.JIaTcom
[Van Benthem & Doets 1983, p. 326], uro «HuKakas crenuduieckas
TEOpHs HE SABJSIETCS CBSILEHHON B COBpeMeHHOH soruke». Ho yto-To
BeJb OJKHO ocraThest! B.Kapumammm B penensun Ha [Gabbay (ed.)
1994] BelnBUTaET 0CHOGHOE Tpeanonoxenue: «Her nokazaTensCcT, HET
norukwny [Carnielli 1996, p. 6417]. Ho u 3nech He Tak BcE mpocto. Jlam-
Oek B craTbe moJ HazBaHHEeM «UTO ecTh AeayKTHBHas cucreMa» [Lam-
bek 1994] Bwimensier namoy CTUIEH NeNyKTUBHBIX cucTem: (1) ruiib-
OepTOBCKUH CTHIB (OeayKuus Buaa f: — B, nnsg popmynst B; (2) cTunb
JloBepa (f : 4 — B, ms ¢popmyn A u B); (3) TeHIICHOBCKUI WHTYH-
nuoHucTcKkuit ctunb (f : A1 " A,—> B); (4) TEHICHOBCKHI Kiac-
cuueckuii ctunb (f: A; " A,y — By " B,), u (5) crunb [lrorte (Schiitte)
(f - > By ™ B,). Jlambek ypenser oco00e BHUMAHHE PABCHCMBAM
Mexay BbiBogamu. [locienHee crano 0coOEHHO aKTyaJdbHBIM IIOJ
BIMSHUEM TEOPUHU KAaTEropuil M KOMIBIOTEPHBIX HAayK. 3aMETHM, YTO
JlamOexk oOTHaeT MpPEANOYTEHHE TEHIIEHOBCKOMY CTHJII0 B CHIY
BBEJICHUSI CTPYKTYPHBIX TIPABHIL.

Mpl Hauanu 3Ty CTaThlO C yKa3aHWs Pa3IUUHBIX KOHCMPYKYUlL,
SIBIISIONIUXCSA BAKHBIMH JJIE TIOHUMAaHHs JIOTHKU B TOW WJIM WHOU
¢dopme u crenenu. Kpome toro, Hamu Obljia MpeiokeHa KOHCTPYKIUS
B BUJC KOHEYHOH OyJIEeBOW PELIETKH, DIEMEHTaMH KOTOPOH SIBISIOTCA
caMM JIOTMYECKHE CHCTEMBI, H 3Ta COBOKYMHOCTb Oa3HCHBIX JIOTHYE-
CKMX CHCTEM MOXKET 00pa3oBaTh CBOEro poja MeTanoruky. Ha camom
Jenie BOMPOCHL, O0Cy)KJaeMble B 3TOW CTaTbhe, OTHOCSTCS MMEHHO K
METaJOTHKe, HO HE B €€ TpaIuIIMOHHOM MOHHMaHHUU KaK UCCIIeI0BaHIH
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METaJOTHYEeCKUX CBOMCTB (HENPOTHBOPEUUBOCTH, MOJIHOTA, Pa3perlu-
MOCTb, HE3aBUCHMOCTb W T.[.) KaKOH-TO KOHKPETHOW JIOTHYeCKOH
CHCTEMBI WJIN JaXXe KJIacca OAHOTUIHBIX CUCTEM, a UMEHHO K Memao-
2uKe Kak rI00aNIbHOMY TOAXOAY B HMCCIEAOBAaHHMU PAa3IUYHBIX COBO-
KYIHOCTEH JIOTHK, BBISBJICHUH CTPYKTYPBI HE OTAEIBHBIX JOTHYECKUX
CHCTEM, a UX LIEJIOTO KJIacca; B3aWMOOTHOLICHUSI MEXKAY Pa3THYHBIMH
JIOTHKaMH, MHOXXECTBAMH JIOTHK M CTPYKTYpaMH 3THX MHOXECTB;
NEepeBOJy U TMOTPYKEHUIO OJHUX JIOTHYECKUX CHCTEM B JIpYTHE;
MOCTPOCHUIO KaKOW-IMOO 1O BO3MOXXHOCTH OOraToil KOHCTPYKLUH,
00beIUHAIOUICH KaK MOYKHO OOJbIIE JIOTHUYECKHX CUCTEM, U U3yUCHHIO
yxke €€ CBOMCTB. BCE 3TO U €CTh COBPEMEHHAs METAIOTUKA.

B cBs13u ¢ 3TUM BO3HHKACT (h)YHOAMEHMAIbHBIL BOTIPOC O CYIIECT-
BOBaHMM KOHCTpykuuu noj HasBanueMm JIOI'MKA. Hammcanue Bcero
3TOTO pa3zena, Ja U Bced CTaTbu, CBUACTEILCTBYET, YTO TAKOW KOHCT-
PYKLUHU HET U HEe MOKeT ObITb. Ho 3TO IMCKYpPCHBHBIN BBHIBOJ M CITUIL-
KOM aHanmuTHdeckuid. [103TOMy 3aKOHYMM MBI 3Ty pabOTy BIEYATIISIO-
muM paccyxnenneM S.JlykaceBuua, B3ATBIM U3 €ro cTaThi «B 3ammry
JIOTHCTHKM», HanmucaHHOH B 1937 T., TOe BBULIBISETCS CYLIHOCTH TOH
OCHOBBI, Ha KOTOPOI BO3HUKAET JIOTHKA.

«Hmaxk, ckoibko Obl A HU 3AHUMAICS Oadice Mervbuauuleli 102u-
yeckou npobnemou, uwa, Hanpumep, camyilo KOPOMKYIO aAKCUOMY
UMNIUKATRUBHO20 UCYUCTCHUS, BCAKUL PA3 MeHsl He NOKUdaem Yyecmao,
YUMo 51 HAXOIICYCH PAOOM C KAKOU-MO MOWHOU, HECTLIXAHHO NIOMHOU U
HeuzmMepumo  YCMouyugol  KOHCmpyKyueu. IOma  KOHCMPYKYus
Oelicmgyem HA MeHs. KaK HeKUll KOHKPEeMmHbIl 0CA3aeMblil npeomen,
COENanublll U3 Camoeo meepoo20 Mamepuand, cmokpam boaee Kpen-
K020, uem 6emon u cmaneb. Huuezo 6 Heil s usmenums He mozy, Hu4e2o
Ccam NPouU38OILHO He C030al0, HO USHYPUMETLHLIM TPYOOM OMKPLIEAIO
6 Hell gce Hosble NOOPOOHOCMU, 0OCMUASl HENOKOACOUMBIX U BEUHBIX
ucmun. I'0e u yem aensiemcs 3ma udeanvHas KoHcmpykyua? Bepyrowui
@urocod) ckazan Ovi, umo ona 6 boce u sgnaemcs Eeo mwvicavioy
[JIlykaceBnu 1999, c. 232].
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