O momcke BbIBOJA B CHUCTEMe HATyPaJIbHOI
AeAyKIINU JIOTUKU IIPEeINKATOB

FO. 1. Bropyrun

B cratbe onmceiBaeTcssi MeTO ABTOMATHYIECKOTO JOKA3ATEIb-
CTBa TEOPEM, KOTOPBII UCIOJIb3yeTCd B CUCTEMaX aBTOMATH3AIUN
genyknuu Class u Int. IlyGamkyemblrit ajJrOpuT™M HAXOIUT BBIBO-
JIbI B paMKax MHOTOCOPTHOMN CHCTEMbI HATYPAJIBHOMN JIeJIyKIUH, KO-
TOpast aJIEKBATHO MOJIEJIUPYET PEAJIbHBIE UeIOBEUECKUE PACCY K /Ie-
HUsl. AJIPOPUTM IIOJIOH JIJIsi MAUHUMAJIbHON, WHTYUIIMOHUCTCKON
KJIACCUYIECKONW CHCTEM HATYPAJLHON JIeyKIINU JIOTHKHU [PEIuKa-
TOB.

1. Cunrakcuc u cemaHTuKa I3bIKOB CA J1

Buauame maguM KparTkuit 0630p MOHSITHNR W KOMIIOHEHTOB CHCTEM
apromarnsanun geayknun (CAJ). s sroro, Huxke Gyier oupejesex
SI3BIK, YAOOHBIH JIJTsT 3aIUCH €CTECTBEHHBIX paccy sk aeruii. CHHTaKCUC pac-
CMOTPEHHOTO HUKE SI3bIKa OJINB0K K A3BIKY CHCTEM ABTOMATU3AIUH JIe-
ayknuu Class u Int ([1], [2], [3]).

[Ipexie Bcero, ompee M TOHATHE TPETUKATHOH (POPMYJIBI, KOTO-
poe SIBJISIETCST MOJIEIBIO TTOBECTBOBATEILHOTO MPETIOXKEHIS, HHTYHUTHBHO
BOCITPUHUMAEMOTO KaK UCTHHHOE WK JoxKHOoe. Clieyronast rpaMMaTiKa
&1, zanucannas B notamuu BH®, ompenenser cunrakcuc dopmyst mjis
MHOTOCOPTHOTO SI3BIKA JIOTUKH TTPETHKATOB:

(aromapuas dbopmysia)
(kBaHTOpHAsT (hopMyIIa)
(bopmymna) & (bopmyua)
(dopmyma) or (dopmyia)
(bopmyna) implies (bopmyia)
( )

(bopmyma) —
\
\
\
\
| dopmyana) iff (bopmysa)
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(kBaHTOpHAsT (hopMyIIa)

<OHI/IC&HHLI€ HepeMeHHbIe>

(sIBHO OIIKC. EpEeMEHHbIE)

(cermenT onmcaHmit)
(onucanue)

U

FO. 1. Bropymun

not {dopmyua)
true
false
contradiction
thesis
({cboparyma))
for (onmcanHble nepeMeHHbIE)
[st (dopmyma)]
(holds (bopmyua) |
(xkBanTOpHAs GOpMYIIA))
ex (olucaHHble IIePEMEHHbIE)
st (bopmysa)
(crmcok 1epeMeHHBIX)
(SIBHO ONMCAHHBIE TIEPEMEHHBIE)
(sIBHO OIIMCAHHBIE IIEPEMEHHBIE) ,
(cuMCoK 1epeMeHHbIX )
(cermenT onucanmii)
{, (cermenT onucannii) }
(crmcok mepeMeHHBIX) (OImcaHue)
(being | be) (rum)

B kawecTBe mepemMeHHBIX, 0DO3HAYAIONINX ITPOU3BOJILHBIE (DOPMYJIBI

MHOT'OCOPTHOIO SI3bIKA, JIOTUKU IIPEIUKATOB OyIeM UCIIOIb30BaATH IIPOIUC-
Hble rpedeckue 6ykBel @, U, O, ... CooTBeTCTBHE MEXK/Y TPaIUIUOHHDI-
MH OD03HAYMEHUSIME MaTEMATHYECKON JIOTUKU U ODO3HAUCHUSIMU S3bIKA,
3aJIAHHOTO IpaMMAaTHKON &1, JaeTcs cieyrolieil TabIuIei:

HCTHUHa
JIO2Kb

oTpUIaHWE
KOH'BIOHKITHAST
JN3BIOHKITU A
UMILJINKaI 1
SKBUBAJICHITUS
KBAHTOP BCEOOIIHOCTH

KBaHTOD CYIIECTBOBaHUA

T true

1 false

1 contradiction
- P not ®

D&Y D&Y

[ORVAV dor v

PO U ® implies ¥
d=0T diff v

VX for X holds ®
VX(® D V) | for X st dholds ¥
X o ex Xstd
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MHozkecTBO BCEX TEPMOB CHI'HATYDHI {) ¢ IepeMEHHBIMU M3 MHOZKe-
crBa X Oyzem obosHadars depes Tmg(X), a MHOKECTBO BCEX THUIIOB JIIst
2 obosuaunm Tpg. Bynem Takxke paccMaTpuBaTh MHOMKECTBO KOHCTAHT-
HBIX TepMOB (WJIU TIPOCTO KOHCTAHT), TO €CTh TEPMOB 0e3 IIePEMEHHBIX,
obosnagaemoe Tmyg.

Jl1st 100bIX CUTHATYPBI ) U MHOXKECTBA IIepeMeHHBIX X JJIs MHOYKe-
crBa TepmoB Tmgq(X), a Takxke Jyist yHkimu tuna repma type(r) u
orHomrennst noaruna 0 < 0, cupaBeIMBO ClleIyolee yTBeP K ICHUE: €C-
M Ty, ..., Tn € Tmq(X), f € Q, arity(f) = (61, ..., 6,), range(f) =0
u type(r;) 2 0;, o 7= f(71, ..., Tn) € Tmq(X) u type(r) = 6.

B kauecTBe JIOrHYecKHX aKCHOM CHACTEMBI HATYPAJIBHOTO BBIBOJA JIO-
MKW TIPEIMKATOB IPUHAMAIOTCS CUMBOJI MCTUHBI | 1 (POPMYJIBI BUJA
t = t mnsa Becex TepMmoB t. Hurke mepeunciasiorest npasmjia BBIBOAA IS
KJIACCHYECKOIT CUCTeMBbl HATyPaJIbLHOM JIe/lyKIUKA B BUJE YI00HOM JJIs UX
sanomuHannst. C IIOMOIMIBIO CUMBOJIA <*», YHOTPEOIIEMOro npu (hopMy-
JIMPOBAHUY HENPSIMBIX IIPABUJI, OTMEUYEHO JIOIYI[eHHe JIOKAJILHOIO BBIBO-
na. OBo3HAYMM KJIACCHYECKYIO CUCTEMY HATypPaJbHON JIEAyKIUU JIOTHKH
MIPeINKATOB dYepe3 Dq:

P, P&V D&V
&8 Fiw &n =3 7
P T PV, DO, YOO
VB 3G Ive N
D *
4 OV, P
R =1 ou =g
O %
1
T8 T ln 5
T %
Q)(x) Vad(z)
VB Vad(z) Vi B(z/t)
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D(z/t) FzP(z)

I8 F2(z) Ju B(a/y)
= = g =220
=B t=1 =1u Bt/ /s)

Bamernm, uro & = ¥ ecrb cokpaiienue wist (¢ O U)&(¥ D @), Ta-
KuM 00pa30M, HAM He HY2KHBI MpaBmja Jijisd cBsa3ku =. Taxkxke —® ecrb
cokpamienre st (P O L). Kpome nepednciieHHbIX npaBus Tpebyercs
eIre IpaBujo perareparud. Kpome TOro, BaYKHO OTMETUTH, 9TO 3aMEHUB
BBIIIIE yKA3aHHOE MPABUJIO | U Ha OJHOMMEHHOE U300paKEHHOE HUXKE,
[OJIYIUM CUCTEMY HHTYHI[HOHHCTCKOH JIOTMKH TpeanKkaToB Do. [TosHo-
CTBIO y/IAJUB TPABUIO | U, TOJyIUM CUCTEMY MHHHMAJIBHOMH JIOTUKHA D).
Hwxe dpopmynupyembie npaBuia |y u ——1 SBJISIFOTCS TPOU3BOJHBIMUI
B KJIACCUYIECKOH CHCTeMe W UI'PAIOT OCOOYIO POJIb BO B3aMMOOTHOIIEHU-
SIX MEXKJTy KJIACCUIECKOW M MHTYHUIMOHUCTCKON Jiorukamu. JlobasiieHne K
MUHUMAJIbHON (MJIM K MHTYUIMOHUCTCKON) CUCTEME MTPABIJIA ——H JIeIaeT
ee PaBHOOOBEMHON KJIACCHIECKOM.

1 -
lu T - 3

P
peurepalysa

JI1st IpeIMKaTHBIX MPAaBUII, HEOOXOIMMO CKA3aTh, UTO CUMBOJIOM <*»
B IIpaBuJjie VB OTMEYEHO BBeJIeHNEe HOBON 0000IaeMoli epeMeHHON &, KO-
TOpasi CTAHOBUTCSI MAPAMETPOM PACCYKJIEHHs U HUXKE B TEKCTE BHIBOJA
MOXKET UMEeTh CBOOOMHbBIC BXOXKICHUS B (POPMYJIbl. TakKuM 2Ke CBOHCTBOM
00J13J1a€T PABUIJIO BBIBOJA U, KOTOPOE (PUKCUPYET HOBYIO MEPEMEHHYTO
(stokasbHyr0 KOHCTAHTY) Y. Ilpm sTom, dopmyna @ (z/y) upeiacrasisier
coboit pe3ybTaT IpaBUIbHOI 1ogcTaHOBKH Y BMecTo = B ®. B npasuiax
Vu 1 JB Tak2Ke 10/Ipa3yMeBaIOTCs MIPABUIbHBIE TOJICTAHOBKH. B mpaBumie
=u gyepe3 P (t//s) obosnauena opmysia, KOTopas MOKET OBITh TIOJIyYe-
Ha u3 dopmyiasl ¢ B pesyibrare 3aMeHbl HEKOTOPBIX BXOXK/IeHUH (6bITH
MOXKeT BCEX) TepMa t Ha TepM §.

BaxkHo OTMETUTD, 9TO, XOTSI MHOIOCOPTHBII I'eéHepaTop HUINET BLIBOJIL
JIETAJIM3UPOBAHHBIN JI0 YPOBHS TIPABUJI BBIBOJA (C MOCJIEYIOINIEH OITH-
Mu3aIyeii), TeM He MeHee ajropuT™ odeBmgHocTH Bepudukaropa CAJL,
OCYIIECTBJIsSAS TPOBEPKY TOrO, YTO OJHa (DOPMyJsa SBJIACTCS HEMOCPEe/I-
CTBEHHBIM CJIEJICTBUEM JIPYTUX (GOPMYJI, HE JIOKEH JeTAJIN3UPOBATHCS J10
YPOBHS JIOTHYECKUX TIPABUJI BBIBOJIA. TouHee roBopst, BepudUKaTOp J0JI-
JKEeH PacClo3HABATH OTHOIINEHHE IIPOIO3UIIHOHATIBHOTO CJIEJOBAHUS. DTO
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MOXKET OBITH JIOCTUTHYTO C IIOMOIIBIO aJrOPUTMa MPUBEACHUsST (POPMYJIbI
K TOXK/IECTBEHHO-UCTUHHOMY BHJLy HOpMAaJbHOI (opMbl (HAmpuMep, Kak

B cucreme PC Mizar [7]).

Crenyromast rpaMMaTika &9 OlpeesisieT SI3bIK, YI00HbBINH I MOe-
JIMPOBaHUS CUCTEMBI HATYPAJTHLHOTO BBIBO/IA MHOTOCOPTHOM JIOTUKM TIpe-

JUKATOB:

(crarTbs)
(okpyzkeHue)

(IyHKT OKpY?KeHUsI)

(omrcaHue TIEpEMEHHBIX)

(cermenT onucanuii)
(onucanue Tuma)
(onucanue dyHKIUM)

(ommcanue mpeuKaTa)
(text)

(yTBepK nenue)

(pacmpefiesieH. yTBepIKIeHUE)
(KOMIIAKTHOE yTBEpXKJIeHNe)

(cyzxuenue)
(obocHoBamue)

(zenocpencrs. 060CHOBAHEE)
(crmeok MeToK)
(oKazaTenbCeTBO)
(paccyxenue)

(MyHKT paccyKeHus)

L————1—11

VAN

=Ll =Ll ==

environ (okpyxkenue) text (rekcr)
[(myHKT OKpYy2KeHus)|
(nyHKT OKpy»KeHUsl) ; (OKpy?KeHHe)
(onmcaHMe repeMeHHbIX )
(onmcanune Tuna)
(onucanue dbyHKIMM)
(onmcanue npegukaTa)
(cyxuenue)
reserve (CerMeHT ONMCAHUIA)

{, {cerment omnmcannit) }
(cumcok nepemenunix) for (ru)
sort (rui) [—> (CIHCOK THIIOB)]
func (bysxnus) ({cuucok Tuios))

—> (Tumn)
pred (npenukar) [(crmcox Tumos)]
[(yrBepK IeHuE)]
(yrBepxKuenue) ; (text)
(pacupejiesieHHOE YTBEPKICHHE)
(KOMIIAKTHOE yTBEPKICHHE)
[(meTka) : | begin (paccyxznenue) end
(cyx)nenne) (060CHOBaHME)
[(MeTka) : | (dopmya)
(nenocpezicTBeHHOE 06OCHOBAHME)
(moKa3aTeIbCTBO)
[by (cumcok meTok)]
(merka) {, (MeTka)}
proof (paccyxuenne) qed
[(mysKT paccyzxkienus)]
(yHKT paccyzKieHus) ; (paccyzKIeHue)
(yTBEpK IeHNE)
(nomymienne)
(3axsrOYeHVE)
(reHepaJsIM3aIst IEPEMEHHBIX)
(dbukcanus nepeMeHHBIX)
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|  (ureparuBHOE paBEHCTBO)
JIOTIY IICHHE — assume (cyzKJeHue
Yy Y
(3axsrOUeHmE) —  thus (yrBepxenue)
(reHepasmzanys epeMeHHbIX) —  let (omucaHHBIE TIEpEMEHHBIE)
[such (ycroBus)]

(dbukcanus nepeMeHHBIX) — consider (onucannbie nepeMeHHbIE)
[such (ycioBust) (Hemocp. 060CHOB. )]
(ycioBus) — that (cyxmnenne) {and (cyxnenue)}
(nTepaTUBHOE PABEHCTBO) —  (repm) = (repMm) (Hemocp. 0GOCHOB.)
.= (repm) (Hemocp. 06OCHOB.)
{.= (repm) (Henocp. o6ocHOB.) }

CorytacHO ¢HOPMYTMPOBAHHOMY OIPEJIETICHHUIO, PACCY K IeHUsT (BBIBO-
Jb1) s13bIKa JiejtykrupoBannst L(®9) nMeror oTueTimByo cyGOpIMHATHYO
CTPYKTYPY, UYTO UMeET IPUHITNITHAIbHOE 3HAYCHUE [IJIsI CHCTEM HATYPaJsIb-
Hoit nemaykimu. JleficTBUTE/IbHO, BCIKUI BBIBO/L SIBJISIETCS TIOC/IEI0BATE b
HOCTBIO JIOMYIIEHUI, 3aKJII0UEHUN U yTBepKIeHuil. B cBoto ouepesn, aTu
YTBEPXKJIEHUST U 3aKJIIOYEHUSI CAMU MOTYT BKJIIOUATH PACCYKJICHUS, KO-
TOpbIE, TAKUM 00PAa30M, SIBJISIOTCS ITOABBIBOJJAMH UCXOTHOTO BbiBosa. Ce-
MaHTHKA SI3bIKa II0/IPA3YyMEBACT COMOCTABJICHIE KaXKJIOMY PACCYKICHUIO
(BBIBOMLY ), KOTOPOE IpEJICTaBIIsieT COOO pacrpe/ie/leHHOe YTBEPK IeHUe
WA JIOKA3aTeIbCTBO, ONpPeIeIeHHOM (hDOPMYJIbI, KOTOpas HA3bIBAETCI Te-
3HCOM ITOTO paccyxkjaeHus. [Ipu sToM, B paMKax TaKuX IPEICTaBJICHUI,
[I0J/IPA3yMEBAETCs, ITO HEIPSMBIX [IPABUJI BBIBOIA UMEETCS OECKOHETHOE
KOJIMIECTBO, CPEJIN KOTOPBIX HEIPsiMble TIpaBuia DB, L u u VB cocTaBisi-
IOT TOJIBKO TPHU OTIE/IbHBIX YaCTHBIX CJIydasi.

IIycre @4, Oy, ..., ®,, ¥ — cumcok (1O MOpPsiJIKY) BCEX JOMYIEHMIT
u 3axsodenuii Bosoga 11, e U — nocieanee 3akmodenne’. Tesucom
(npsimbIM Te3mrcom) paccykienus 11 HasbiBaeTcs cieiyrommas GopmMysa

Vi‘l(q)l A \V/:fg(q)g A9 ( .. \V/:fn(q)n An \V/:fn+1\1/)) .. .),

!HeoBxomumo, 9To6el cincok A Beex IOMYIIEHAN U 3aKJIOYCHHN paccyKmIeHust 11
Bcera 3aBepiasics 3aksrodenueM. [losromy, B ToMm ciydae, Korjga A sBisieTcs Iy-
CTBIM WJIM TIOCJIEIHEH (DOPMYJION SBIISIETCS JIOMYNIEHUE, TO YA00HO (110 yMOIYAHUIO)
CYUTATH, YTO MOCJTETHUM 3aKJIOUYEHUEM B 9TOM CIIMCKE SIBJISIETCS CMBOJI MCTUHBI |,
TO €CTh B 3TOM CJIydae B KadyeCTBE CIIMCKA BCEX JOIMYINEHWH W 3ak/arodeHuit jajst 11
noapasymesaercsa AT.
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r7e T; — CIHMCOK BCEX IePEMEHHBIX U3 IIyHKTOB MeHepaIu3alliii, HaxXoIs-
muxcs Mexkay nyakramu ®;_1 u ®;; a cBa3Ka \; BhIUHCITETCA CIIEIYIO-
M 0Opa3oM

\ — &, ecmm ®; — zakioUYeHNE,
v D, eciau ®; — nonymenue.

st MoKa3aTeIbCTB B paMKaX KJIACCUYIECKON JIOTUKHU, B CIydae, KOTIa
nocyeauM 3aksioderaneM W paccyxaenus 11 aBisercs nporusopedune |,
a takxke P, nmeer Bug — O u A, ecTb D, IOMUMO IPSMOIO TE3U3a, PAC-
CMATPHUBAIOT TAKXKE KOCBEHHbIT Me3uc

Vi’l(q)l A1 Vfg(q)g Ao ( .. an_1(¢>n_1 A—1 V.fn@)) .. )

AJITOPUTM CEMaHTUIECKON KOPPEKTHOCTH BEPU(MPUKATOPA ITOCJIEI0BA-
TEJIbHO IIPOBEPSIET, BO-IIEPBBIX, IPABUJIBHOCTL HEIIOCPEJACTBCHHBIX yMO3a-
KJIIOYEHNH, KOTOPbIE COOTBETCTBYIOT MTPUMEHEHHUIO TIPSIMBIX TTPABUIT BHIBO-
Ja; BO-BTOPLIX, MTPAaBUJBbHOCTb CTPYKTYPbI JOKA3aTE/JILCTB, 9YTO COOTBET-
CTByeT TPUMEHEHWIO HEMpsIMBIX MPaBWJ BBIBOMA. B mociemHem ciydae
[IPOBEPSIETCSI COOTBETCTBUE TE3UCA JI0KA3aTE/IbCTBA JTOKA3bIBaeMoi (op-
MyJIe.

Hawnbonee BaxkHast pojib TUITOB TIEPEMEHHBIX B MHOTOCOPTHOM ST3BIKE
CA/I 3akjro1uaercst B CJIeJIyOIEM.

1) KOF,IL& IIepeMeHHasd YIIOMdAHYTa B CTaTbe, JOJIZKEH OBITH OIMCAH ee
THUII.

2) Y KaxKJIoro tepmMa T CTaThbi BepudHuKaTOp BhIYHCIAET type(T) —
YHUKaJILHBIA mun TepMa 7.

3) Omuu Tum 01 MoxkeT OBITH nodMuNOM IPyroro Py (CUMBOINIECKH,
01 = 03). B sTOM ciydae TakxKe TOBODSIT, 4TO THUIl (] pacuimpsier-
cs1 1o By, a Takke, 9To THN A9 ecTb HajTHII TUIa 61. OTHOIIEHNE
< FBJISETCS YACTUYHBLIM IIOPSIAKOM M CBS3LIBAET THUIIBI JAHHBIX B
MepapXuio HACIEIOBAHMSI, KOTOPasl IO3BOJIAET IPUMEHSTH IIPABUIIIA
PELYKIMH TEPMOB THUIIA f K TepMaM-JIaHHBIM ¢ 00JIee Y3KUM TUIIOM
0’ < 0. Toopst, uro Tepm T umeem mun 0, ecin tun type(r)
pacrmpsiercsa K 6.
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4) B mporecce asmomamueckoti pedykuuu TepMa T, KOIJIA B pe-
3yJIbTaTe BBIIOJHEHUs] TPOrpPaMMbl aBTOMATHUIECKOI'O JI0Ka3aTel b
CTBa TEOPEM BBIYUC/ISIETCS HOpMaJbHAas popMa TepMa T = Tg =
T = ..., THII TepMa HE MEHSIeTCsl, OCTaBasiCb HEM3MEHHBIM (TO
eCTb SIBJISIETCSI MHBAPUAHTOM). DTO O3HAYAET, 4To ecau T =* 7/, 10

type(r) = type(7’).
B CJIG,ILyIOH_[eM HpI/IMepe IIOKa3blBaeTCdA, 9YTO BbICKa3bIBaHUE
«Kaxkp1ii yaeHnK BTOPOro KJiacca IMPOYUTAJ XOTs Obl OJHY KHUTY»
SABJIAETCA C.He,Z[‘CTBI/IeNI BBICKA3bIBaAHUA

«Cy1ecTByeT KHATA, KOTOPYIO MPOYUTAJ KAXK/IbII YUIEHUK BTOPOTO
KJIAcCa».

environ

sort Book;

sort Pupil;

pred HadRead[Pupil, Book];

A: ex W being Book st for Y being Pupil holds HadRead[Y,W];
text

for X being Pupil ex V being Book st HadRead[X,V]
proof let X being Pupil;
consider W being Book such that
B: for Y being Pupil holds HadRead[Y,W] by A;
C: HadRead[X,W] by B;
thus ex V being Book st HadRead[X,V] by C;
qed;

TekcT 3TOrO HpHMMEpPa MOYXKHO CAEJIATH KOPOYE, €CJIM UCIOIH30BATD
pe3epBUpPOBAHUE ITIEPEMEHHBIX.

environ
sort Book;
sort Pupil;
pred HadRead[Pupil, Book];
reserve X, Y for Pupil;
reserve V, W for Book;
A: ex W st for Y holds HadRead[Y,W];
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text

for X ex V st HadRead[X,V]
proof let X;
consider W such that B: for Y holds HadRead[Y,W] by A;
C: HadRead[X,W] by B;
thus ex V st HadRead[X,V] by C;
qed;

2. Nepapxusi TUIOB 1 peyKIsi TEPMOB

Heobxomumbim yeosuem addertusHoit paborel CAJL sBnstercst pas-
PEIIIMOCTDb CACTEMBI TMOHSTHUH, MOCTYJIUPYEMBIX [0JIH30BATEIEM C I10-
MOIIBIO aKCHOMATHIECKUX crerudukanuii. Crucrema MOJIb30BATETBCKUX
MOHSITHIH, KOTOPbIEe PErMCTPUPYIOTCST B pPAMKax TaKUX CHernudpuKaImii,
BKJIFOUAET THIIBI [IEDEMEHHBIX, (DYHKIIHOHAJIBHBIE U ITPEJUKATHBIE CHMBO-
JIBI si3bIKa (hopMasim3yeMoit Teopun. Takas cucreMa HOHSTHI COCTABIISET
curarypy {2 MHOIOCOPTHOIO sI3bIKa JIOTUKU IIPEJMKATOB MOJIEIUPYEMOit
npeMeTHo# obiactu. Kpome pazpemuMocT, Ba)KHBIMU BOIIPOCAMU siB-
JISTIOTCsT KOPPEKTHOCTH W ITOJTHOTA TaKOil cucTeMbl noHsiTuil. Huxke OysryT
PACCMOTPEHBI JIOCTATOYHBIE YCJOBHUS PA3PEIIUMOCTH CUCTEMBI THIIOB U
Pa3peIMMOCTH SKBAIIHOHAJBHON TEOPHUH JIJIsI MOJIB30BATEIbCKUX CIIEIIN-
dukammii.

Ussectno, uro xorga B CAJl THIIBI MMEIOT apryMeHTBIZ, TO OTHOIIe-
HUE TOATUIIA B ODIEM CJIydae sIBJISIETCS Hepa3pelniuMbIM, TO €CTb He Cy-
IECTBYET aaropurma, 3(pHEKTUBHO BBIACHSIONIETO SIBJSIETCS JIU OJUH THUI
nojrruiioM Jipyroro. Ho HajioxkeHe HEKOTOPBIX OMPAHUYEHUN Ha CHCTEMY
THUIIOB MTO3BOJISIET BBIIEJUTD YIOOHBIH JIJIsT HAC MOJKJIACC CIIeIn(pUKaIii,
JIIsT KOTOPBIX OTHOIIEHWE TIOATHUIIA PA3PEITIMO.

MmuozxkectBo TuoB Tpq f3bIKa CUIHATYPHI () BMECTe ¢ OTHOIIEHHEM
YACTUIHOIO TOPSIJIKA =, MOPOXKIEHHOe CUCTEeMOI crierudukanmii A, cau-
TaeTcs Hemeposol GeprHet NOAYPEWEMKOoT, KOJIb CKOPO BBIIOJIHSIIOTCS
CJeAyIoINue NBa CBOICTBA.

*Hanpumep, passuTasi CHCTEMa 3aBUCHMBIX ITOJUMOP(MHLIX THUIIOB CYIIECTBYET B
cucreme PC Mizar [4].
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1) Muoxecrso Tunos Tpg, ecTb BepXHsist mo/IypenieTka. JTo O3HAYAET,
910 Kaxk/as napa tunob {01, f2} mMeeT HAMMEHBIIYIO BEPXHIOIO
rpaib 01 LI 0. To ecth, Bo-iepBbIX, 01 < 01 LU0y u 0 =X 61 U O
BO-BTOPBIX, ecan #1 < 6 u Oy = 6, To 61 U Oy = 6 szt jroboro
Tuma 6.

2) OtHolleHne = sBJISIETCs [OJIHBIM IOPSJIKOM (HEeTepoBOCTB). DTO
CBOJCTBO O3HAYAET, UTO KaykJ0e HEIycToe MHOXKeCTBO THIOB J C
Tpg, UMeeT MaKCUMAJIbHBIN IeMEHT. DTO O3HAYALT, TaK¥Ke, YTO He
CYIIECTBYeT OECKOHETHOM I0C/Ie[0BATEIbHOCTH THIIOB 01 < 3 <
03 <

B kaxxoit HeTepoBoil BepxHeil mosiyperierke Jioboit uieasn J mmeer
HAaUMeEHBIIYI0 BepxHIOIO rpanb: supJ € J. Takum obpazom, ecau Tpg
€CTh HETEPOBa BEPXHss TOypernerka, To aioboit nmean J C Tpg nmeer
TOYHYIO BEPXHIOI I'paHb. B wacraocTu, Muoxkecrso | 6 = {§' € Tpg, :
0 =< 9} SABJISICTCA WJIeaJIOM, MMEIOIIEer0 CBOCH TOYHOU BepXHell I'DaHbIo
Tt 6.

Han6ospmmii (nax)tun 8 Tpg (To ecTb BepxHsist TPaHb [OJIY PEIIETKH )
obozuauaercst 1. [IpumepaMn Takux HAMOOJIBIIIMX THIIOB MOTYT CJIyKUTh:
Nat — Tun «HaTypasibHOe 4mcyio» B apudmeruke [leano, Set — Tun
«MHOXKECTBO» B Teopuu MHOXKecTB llepmeno—Ppenkesis u ap.

B kax10if HeTepoBoii BepxHeil nosypernerke MHOXKecTBO T 6 = {6 :
6 < 0’} xomeuno. Takum 006pa3oM, B HETEPOBOW BEPXHEH MOJIypeIeTKe
tuios muoxkectso T 6 = {0’ € Tpg : 0 < 0’} koneuno u mMoxer GbITH
3¢ HEKTUBHO BBIYUCIICHO.

Orcroia BBITEKAET, YTO KOTJIA CUCTEMA TUIIOB SABJISETCS HETEPOBOI
BEpXHEH TOTYPEITIETKOM, OTHOIIEHNE MTOITUTIA PA3PEITIMO; I BBISICHE-
HUSsI, SIBJISI€TCS JIX TUI §] TTOATUIIOM TUIa fo, TOCTATOYHO HANTU BCE HA/I-
Tkl TUna f1. JICHO, YTO STOT XKe aJrOPUTM MOKET OBITH ITPUMEHEH JIJIsT
HAXOXKJIEHUST BCEX THUIIOB 33/ IAHHOTO TepMa.

K coxaistenuio, B obmieM ciydae, KOrja HOJUMOP(MHBIE TapaMeTpu-
geckue Tunbl CAJl 06pa3yor JpeBoBUHYIO MepapXUIO THIOB (KaK, Ha-
npumep, B [4]), npoBepka 110 JaHHOI cucTeMe crienuduKAIMil, SBIISIETCS
JII COOTBETCTBYIOIIAsI CUCTEMA TUIIOB HETEPOBOIl BEPXHE MOJIYPEIIETKOIA,
caMa 10 cebe HepaspemmMmasi podaeMa. Ho mMeeTcst psia HOCTATOTHBIX
YCJIOBUI, KOTOPBIE 00ECIIEUNBAIOT JIJIsi CUCTEMBI THIIOB 9TO CBOHCTBO.
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Yro KacaeTcst paBEHCTBA TEPMOB, TO M3BECTHO, UTO JiaXKe B OJHO-
COPTHOM CJIydae SKBAIMOHAJbHASI TEOPHs, OJHOBPEMEHHO C OTHOIIEHU-
€M PeJIyKINK, B OOIeM Ciydae SIBISIOTCS HEpa3peliiMbIMUA, TO €CTh He
CYIIECTBYeT AJIrOpUTMa, 3(M(MEKTUBHO BBISICHSIIONIETO KBUBAJIEHTHOCTD,
WU PEJIYIUPYEMOCTD OJJHOTO K JIPYTOMY, JIBYX TPEIbIBICHHBIX €My Tep-
MOB. Ho Hajio)KeHne HEKOTOPBIX OrpaHUYEeHMiT Ha OTHOIIEHUE PEeIyKITUN
MO3BOJISIET BBIJIEUTE YIOOHBIN JJIsT HAC TOAKJIACC CrernnduKaruit, ais
KOTOPBIX 9KBaIlMOHAJIBLHAS TEOPHUsI pa3perinMa.

Nmest B By KOHTEKCT aBTOMATHYECKOTO JOKA3ATETLCTBA TEOPEM,
OIMINEM SKBaIMOHAIBHYIO ceMaHTuKY st3bika CAJl Tounee. Axcmomaru-
Jeckast crernndukaims 24 onpeseaser Ha MHOYKECTBE KOHCTAHTHBIX Tep-
MoB T'myg, si3bIKa cUTHATYPHBI ) omHoweHue pedykyuu =, OIPeIeIsTIOIIe-
ecsi CJIEIYIOMNUM 00pa3oM: 7| = To B TOM CJIydae, ecjid B 2 CyIecTByeT
[IOCTYIUPOBAHHOE B BHJIE AKCHOMBI, WJIN TIOJIy YeHHOE 0JIh30BaTe/IeM KakK
TeopeMa, TOXKJIECTBO A = p (A — JieBasi 4acTh, a p — MpaBast 9acTh 9TOrO
ToxlecTBa, vars(p) C vars(\)), u cymiecTByer (DYHKIMsT KOHKPETH3AIIUH
o : vars(\) — Tmg Takast, 9T0 T COAEPKUT A0 KaK IOJITEPM U To MOy~
YaeTcst U3 71 IlyTeM 3aMeHbl 9TOrO TI0/TepMa Ha po (IIPH 9TOM He JI0JIZKeH
u3MeHuThCs TUil: type(Ao) = type(po)). Eciu B kauecrBe Ao BbICTYTIA-
€T caM TepM Tq, TO TOBOPST, UTO JAHHASI aKCHOMa A = p MPUMEHUMA KO
BCEMY TepMYy.

Bynem oboznauars =* — TpaH3UTUBHO-PedIEKCUBHOE 3aMbIKAHUE,
a <% — TPaH3UTUBHO-PEIEKCUBHO-CAMMETPUIHOE 3aMBIKAHUE OTHOIIIE-
Hust =. MHOXKecTBO Beex KOHCTaHT T'myg, sIBJIsSIeTCsT HOCUTEIEM HEKOTOPOI
Q-asnrebpbl, Ha3bIBaeMoit aiarebpoit (2-TepmoB. B KadecTBe SKBaIMOHAb-
HOW CeMAHTUKN aKCHOMaTHIeCcKol crerudurannn 2 TOHIMAOT (pakTop-
arebpy asrebpsl 2-TEPMOB 110 9KBUBAJIEHTHOCTH <*. PaBeHCTBO 1 = To
BBIBOJIMMO (MJTM UCTUHHO) TOTJIA U TOJBKO TOrJA, Korja 71 <* 15. MHo-
JKECTBO BCEX BBIBOJIMMBIX PABEHCTB BUJA T = Ty HA3BIBAETCS IKGAUUO-
HAABHOT Meopuell akCHoMaTuIecKoi crerudukarym 2.

[Tycts uMmeercst cuctema akcuoM 2, KoTopasi TOPOXKIAET Ha MHOXKE-
CTBe KOHCTAHTHBIX TepMOB T'mgq oTHOIeHMe peaykiun =. Koncranra 7
Ha3LIBAETCS PEJYIUPYeMOH, eCJi CyIMecTByeT KOHCTaHTa T  Takas, UTO
T = 7/, n Hepeaynupyemoii B mporusHOM cirydae. Koncranrta 7' nHasbisa-
eTcst HopMaJIbHOI (pOpMOit KOHCTaHTHI T, eciin T =* 7/ u 7/ Hepejynupy-
emas.
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OripejiesieHusT OTHOIIEHUS PEJIYKIIUU U PEIYIUPYEMOCTH €CTECTBEH-
HBIM 00pa3oM pPaCIpOCTPAHSIIOTCS Ha TEPMbl C TepeMeHHbIMU. Ha-
upumep, TepMm len(cons(Y, rev(L))) peaynupyeM COIJIACHO AKCHO-
Me len(cons(X, W)) = s(len(W)) um pe3ysbTaToM peayKiuu OyieT
s(len(rev(L))).

HanomuanM cBO#icTBa KOH(JIFOEHTHOCTH U HETEPOBOCTH, IPUMEHUB UX
K oTHOIIeHN0 =-. OTHOIIEHe PeIyKIINA =, TOPOXKJIEHHOE CUCTEMOI aK-
cuom 2, OyJjieM HA3bIBATD:

1) merepoBbiM, eciu Jyisi roboro repma T € Tmg He cymiecTByer Hec-
KOHEYHOH IOCJIeOBATEILHOCTH PENYKINN T = T] = To = ...

2) KOH(DJIIOEHTBIM, €CJIN TIPU YCJOBUM, YTO UMEET MeCTO T =* T| u
T =* 79 00a3aTeNILHO HAMIETC T3 TAKOHA, 4To 71 =™ 73 1 9 =™ T3.
3necw T, T, T2, T3 € Tmg.

BepHo ciietytoriiee yTBepKICHHE: €CJIU OTHOIIEHUE PEIYKIIUNA SIBJIsI-
eTCsl HETEPOBBIM U KOH(JIIOEHTHBIM, TO JJIsI JIFOOOH KOHCTAHTBI T CYIIe-
CTByeT eJIMHCTBEHHasi HOpMaJibHast hopMma, KoTopast obosnadaercs ||7]|.

CBsi3b MEXKJy SKBUBAJEHTHOCTBIO U TAK HA3BIBAEMBIM CBOMCTBOM
Yepua—Poccepa ykazbiBaeTcs B ciieyiomeit Teopeme. Eciu oTHOIIEHHE
PEJYKITNH = SBJIS€TCsE KOH(JIIOEHTHBIM, TO T| < 7o TOIJa U TOJIBKO
TOTIJIa, KOTJa CYINECTBYET TEPM T3 TaKOM, uTo 71 =™ T3 u 79 =™ 73. 371€CH
TEPMBI T1, To, T3 € Tmg.

Orcrona nostydaeMm BaxkHoe cjejficTBue. 1lycTh oTHOIIEHNE DTy KITHN
= sBJIsIeTCsST KOH(QJIFOEHTHBIM U HeTepoBbiM. Torma 71 <% 79 Torma u
TOJIBKO TOIJIa, KOTJIa UX HOpMaJibHbIe (DOPMBI COBIAIAIOT: ||T1]| = ||T2]|.

Takum 00pazom, KOTJia OTHOIIEHUE PEILYKIIUU SBJISIETCS KOHMJIIIOCHT-
HBIM U HETEPOBBIM, OHO SIBJISIETCSI PA3PEIIMMbIM BMECTe C SKBaI[HOHAb-
HOI TeOopueil; JIJisi BbISCHEHUS] SKBUBAJEHTHOCTHU JBYX TEPMOB HEOOXO/ -
MO JIMIITb BBISICHATE COBIIJIeHIe NX HOpMaJbHBIX (popM. Tak Kak oTHOIIIE-
HUE PEJIyKITUHU SBJISICTCS HETEPOBBIM, & CHCTEMa aKCHOM KOHEYHA, [IPOIIECC
HaXOXKIeHUsT HOpMaJIbHOH (popMbl abpekTuBeH.

K coxkanenuro, mpoBepka 10 JIAHHON CHCTeMe aKCHOM, SIBJISIETCST JIU
COOTBETCTBYIOIEE OTHOIIEHNUE PEYyKITUH KOH(DJIIOEHTHBIM U HETEPOBBIM,
caMa 1o cebe HepaspemmMmasi podaema. Ho mMeeTcst psia HOCTATOTHBIX
YCJIOBUU JIJIsi BBIIIOJIHEHUS] TAKUX CBOWCTB.
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ITomy4uennoe ciaeacTBUe MO3BOJISET CAETATDH €Ile OJWH BaKHLINA BBI-
BOJI, UYTO B CJiydae KOH(JIOEHTHOrO U HETEPOBOI'O OTHOIIEHUS PEIYKIUN
MHOXKECTBO HOPMAJIBHBIX (hPOPM HAXOJUTCS BO B3AUMHO-OJIHO3HAYHOM CO-
OTBETCTBUU CO MHOYKECTBOM KJIACCOB 9KBUBAJEHTHOCTHU. Takum oOpa3omM,
COIJIACHO OIIPEJICJIEHUI0 CEMAaHTUKHU, B KAadecTBe 00beKTa abCTPaKTHOTO
TUIA MOYXKHO PACCMATPUBATL MHOYXKECTBO TEPMOB, HOPMaJibHbIE (POPMBI
KOTOPBIX COBIIAJIAOT.

Hampumep, paccMOTpuM CJIEIYIONIYIO AKCHOMATHIECKYIO CIenduKa-
nuio 2y TUTA «CHUCOK HATYPAJbHBIX UUCE/», KOTOPBIH obo3HadnM List.
Cpenu onpesiesisieMbix Hrke pyHkni, pyaknun nil () u cons(X,L) sB-
JIIOTCsT 6A30BBIMH KOHCTPYKTOPAMH TOTO THUIIA.

environ

sort Nat;
func o() -> Nat;
func s(Nat) -> Nat;

sort List;

func nil() -> List;

func cons(Nat, List) -> List;

func conc(List, List) -> List;

reserve X for Nat, W, U for List;

1: for U holds conc(nil(), U) = U;

2: for X,U,W holds conc(cons(X, U), W) = cons(X, conc(U, W));

func conr(List, Nat) -> List;
3: for X,W holds conr(W, X) = conc(W, cons(X, nil()));

func rev(List) -> List;
4: rev(nil()) = nilQ);
5: for X,W holds rev(cons(X, W)) = conr(rev(W), X);

Hamnpumep, Tepm rev(cons (o, cons(s(o), nil))), B COOTBETCTBUH
¢ 3TUM oIpejiesieHneM (pyHKIMiA, nMmeer Tun List. B pesyiabrare pemyk-
MU TI0JIyYaeM IOCJIe0BATEIbHOCT, TepMOB Thna List:

rev(cons(o, cons(s(o), nil)))
= conr (rev(cons(s(o), nil)), o)
= conc(rev(cons(s(o), nil)), comns(o, nil))
= conc(conr(rev(nil), s(o)), cons(o, nil))
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= conc(conc(rev(nil), cons(s(o), nil)), cons(o, nil))
= conc(conc(nil, cons(s(o), nil)), cons(o, nil))

= conc(cons(s(o), nil), cons(o, nil))

= cons(s (o), conc(nil, cons(o, nil)))

= cons(s(o), cons(o, nil)).

B pamkax si3pika CAJl mocseqree paccyKjeHne MOKeT ObIThb 3alld-
CaHO B BUJE CJICJIYIOIIEr0 UTEPATHBHOIO PABEHCTBA!

text

rev(cons(o(), cons(s(o()), nil()))) =
cons(s(o()), cons(o(), nil()))
proof
6: rev(cons(s(o()), nil()))
7: conr(rev(nil()), s(o()))
conc(rev(nil()), cons(s(o()), nil())) by 3;
8: conc(nil(), cons(s(o()), nil())) = cons(s(o()), nil()) by 1;
9: conc(nil(), cons(o(), nil())) = cons(o(), nil()) by 1;
thus rev(cons(o(), cons(s(o()), nil())))
= conr(rev(cons(s(o()), nil())), o)) by 5
.= conc(rev(cons(s(o()), nil())), cons(o(), nil())) by 3
.= conc(conr(rev(nil()), s(o())), cons(o(), nil())) by 6
.= conc(conc(rev(nil()), cons(s(o()), nil())),
cons(o(), nil())) by 7
.= conc(conc(nil(), cons(s(o()), nil())),
cons(o(), nil())) by 4
.= conc(cons(s(o()), nil()), cons(o(), nil())) by 8
.= cons(s(o()), conc(nil(), cons(o(), nil()))) by 2
.= cons(s(o()), cons(o(), nil())) by 9;
qed;

conr (rev(nil()), s(o())) by 5;

B nanbmeiinem noJib3oBaTesieM MOTYT ObITh CKOHCTPYUPOBAHBI HOBBIE
THIIBI, DA 3TOM, HEKOTOPbIE U3 PYHKIUH MOI'YT ObITH IIEPEOIIPE/IE/IEHBI.
Hampumep, B KaduecTBe JOUepHUX MOJATHUIIOB /I TUMa List MOXKHO BBe-
CTU TUIIBL: «IIyCTOM cInCOK» EmpList, «HemycToil cnmcok» NonEmpList,
«yHopalodeHHbI ciucok» OrdList m p.
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3. ABTOMaTm4ueckoe A0Ka3aTeJIbCTBO TeopeM

MHOroCcOpTHBIN A3BIK CUCTEMbI HATYPAJIbLHON JIeIYKIINU JIOTUKH IIPe-
JINKATOB TIPEJICTABJISIET CODON €CTeCTBEHHBIN (DYHIIAMEHT JIJIsi COBPEMEH-
HOH TEXHOJIOTUM XPAHEHUA W 00PabOTKU MHMOPMAIUN C TOMOIIHIO KOM-
nbioTepa. YJI00HDLIN C TPAKTUYECKOW TOYKM 3PEHUsl A3bIK IPUKJIATHON
CA/Jl, npeiHa3HadeHHbBIN JIJIsT XpaHEHUsT 1 00pabOTKYM CeMAHTUIECKH TTPO-
BEPEHHOII JIOTUKO-MaTeMaTH4IeCKol 6a3bl 3HAHUI, JI0JI?KEeH 00J1a/1aTh CJle-
JAYIOMIUMU CBOMCTBAMU:

1) BBICOKHIl yPOBEHb CUHTAKCHYECKOIO PA3BUTHUS SI3bIKA, JIAIOIIIHA BO3-
MO2KHOCTB TIPEJICTABJIEHUsT PA3HOOOPA3HBIX (DOPM ATOMAPHBIX BbI-
pazkeruii (To ecTb pasHble npedUKCHbIe, MHMUKCHBIE U TOCT(OUKC-
Hble (POPMBI 3aIIUCH TEPMOB U IIPEIUKATOB, (PYHKITHOHAIbHBIE CKOO-
KU ¥ JIP.);

2) ynobuble, GJIM3KHE K €CTECTBEHHBIM, (DOPMbI BBIDArKEHUs] THIIOB
(COpTOB) IIEpEMEHHBIX, KOTOPbIE MOI'YT 0OPa30BBIBATH J[PEBOBH/I-
HbIE MEPAPXUU TOJINHEHHBIX THUIIOB;

3) BO3MO2KHOCTD JieJIaThb OIIpE/IeJIEHH A HOBbIX HOHHTI/IIL/'I7 KOTOpPbIE BBO-
JAT B A3bIK IIOJIB30BaTE/JILCKUE THUIIBI, (I)yHKL[I/IOHaJ'H)HbIG u mnpeamn-
KaTHbIEC CUMBOJIbBI;

4) BO3MOXKHOCTH (DOPMYJIMPOBATH M JIOKA3BIBATH CXEMbI TEOPEM, CO-
JieprKaliye npenKaTHbie U (BYHKIIMOHAJbHBIE IEPEMEHHBIE, BMECTO

KOTOPBIX MOTYT ITOACTABJIATHCA KOHKPETHBLIC CbOpl\lyJIblg.

5) omTHMHU3AIMS U aBTOMATHIECKOE JIOKA3ATEJIbCTBO SIBIISIETCS BarK-
moit gacteio CAJl, mo3Bossioniee MOIBL30BATETIO ONTUMU3UPOBATD
¥ ABTOMaTUYECKN MeHEPUPOBATH (DPArMEHTHI TEKCTOB CBOUX CTATEN.

B sTo0it pabore Mbl paccMarpuBaeM HOBBIH aJTOPUTM IIOMCKA, JOKa-
3aTe/IbCTBa (POPMYJIbI, KOTOPBIH ObLI paspaboran aBropoM. Vcropude-
CKH, [IEPBBIM IILITAJICS HAlTH Takyto mporeypy Jleibuur (1646-1716), B
nasbHeiineM Bo3o6HoBum monbiTku [leano (mpumepno Ha rpann XX Be-
ka) u mkosa 'misbepra B 1920-x rogax. DTo 1poIo/Kaioch J0 TexX 1mop,

3B 9TOM CJjIy4dae B CUCTeMax JeJ1yKIUun ,I[O6aB.HIOTCH npasunaq nodcmanosku. B arux
cuCreMax BbIBOJla TaKHUe JJOKa3yeMbI€ CXeMbl TeOpeM SBJIAIOTCH 000CHOBAHUSIMU JJIA
IIPpOU3BO/IHBIX IIPAaBUJI BbIBO/IA.
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noka Yepd m ThHIOPpUHI HE3aBUCUMO He JOKa3aJd, UTO HE CYIIECTBYET
HUKAKOHN 00ITeil paspemnraionieil mporeypbl, HUKAKOTO aJropuTMa, yCTa-
HOBJIMBAIOIIETO BBIBOAUMOCTD (HJIn 06me3HaqHMoc:Tb4) dOpMyI B JIOTHKE
IpeJINKaTOB.

Tem He MeHee CYIIECTBYIOT AJTOPUTMBI TOWCKA JIOKA3aTEILCTBA, a
TaKKe YCTAHOBJICHUSI BBIBOJAMMOCTHU, KOTOPDLIE MOTYT IOJITBEP/UTDL BbI-
BOJIMMOCTH (MJIH OOIE3HAYMMOCTE) (DOPMYJIbI, €CJIN TaKasl BHIBOIMUMOCTD
JIEHCTBUTEIHHO UMEET MECTO (II0JIyPa3penInMOCTh HCIUCICHUS IPETHKA-
ToB). J1j1s1 HEBBIBOAUMBIX (MM HEOOIIE3HAYNMBIX) (DOPMYJT STH aJITOPUT-
MBI, BOOOIIIE TOBOPsI, HE 3aKAHUMBAIOT CBOIO paboTy”. IIpuHIMas BO BHU-
MaHne pe3ynbTaT depua m ThlopuHTa 0 HEPA3PENIMMOCTH HUCUHUCICHUS
[IPEINKATOB, 9TO JIyUIee, YTO MbI MOXKEM OXKHIATH OT AJITOPUTMA TIOUC-
Ka JIOKa3aTeIbCTBA.

3amernmM, 9TO MHOTHME coBpeMmeHHble Hpukjagabsle CAJl He comep-
2KaT aBTOMATHIECKOTO JOKA3aTEeIbCTBA TEOPEM, XOTsI BKIOYAIOT 3P deK-
TUBHBIE AJITOPUTMbBI yYCTAHOBJIEHHSI BBIBOJUMOCTH B PaMKaxX aJlOPUTMa
ouepuaHOocTr CAJI. TToka TOJIBKO HEKOTOPBIE M3 CYIIECTBYIOMUX CHCTEM
aBTOMATH3AIN JIEyKIUI CIOCOOHLI aBTOMATHYECKH IIOJIyYaTh JIOKa3a-
TeJIbCTBa, KOTOPBIE I0JIb30BATE/ b MOXKET BCTABJISATH B CBOM TEKCT (op-
MaJIn30BAHHON! CTaThU.

Huzke B 97001 pabore paccMaTpHBACTCs OPUIMHAIBHBI AJITOPUTM aB-
TOMATHYECKOIO JI0KA3aTeIbCTBA TeOpeM, KOTOpbIil ncnosbsyercst B CA T
Class u Int (|1], [2], [3]). IIomo6uo anropurmy, ncnosszyemomy B CAJL
AProS (|5], [6]), sTOT amropmrTM HAXOIUT TOIBKO KAHOHHIECKHE HOD-
MasbabIe BBIBOIBC. COOTBETCTBYIOMHT BADHAHT aJTOPUTMA TIOJIOH JITst
MUHUMAJIBHOI, MHTYHIMOHUCTCKOM U KJIACCHIECKON CHCTEM HATYPAJIbHOIL
Ny KIAU JIOPHKH [IPEJINKATOB.

43amerM, 9TO B paMKax KJIACCHUECKOIl JIOrMKN MerayTepxkjenne & - U papHo-
cuibHO - (=®) V U, a Takxke paBHOCHIbHO P&—W F L.

5C mpaKTHYECKOil TOYKM 3PEHHsI ITO O3HAYAET, UTO NPUKJIA/HAS IPOIPAMMA ABa-
PUIiHO 3aBepIIaeT IPOIECC TOUCKA BBIBOJIA TIOCJIE IEPEIIOJIHEHUS] BbIIEIsIeMOil 00/1acTu
MaMSITH.

5B CAJT AProS ucnosib3yercst CHCTeMa HATYPAJILHOM J€/IYKIMH C IPSIMBIM HPABH-
JIoM VB M HENpPsMbBIM IpasuyioM Ju. B To Bpemsa kak, B aroii crarbe (u B CAJI Class
u Int) cucrema HaTypaJbHON Je/[yKIMU COAEPKUT HENPSIMOE IIPABHJIO VB M IIPSAMOe
paBuUjIoO Ju.
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Y10o06b!l cOCTaBUTH HpeJCTaB/IeHrE 00 AJITOPUTME T'eHepaTopa, MpuBe-
JIeM B Ka4decTBe MPUMepa OIHUCAHUE IIPOIECCa PEeIleHus MPOCTOH MIeayK-
TuBHOIt 3agaun p& g - —(p DO —q). Tounee rosopsi, 3amaun p&q b (p D
(¢ D 1)) D L. Asropurm™ perenusi Jie/lyKTUBHOI 3a/[a4u CBOJUT ee K
PEIIEHUIO HOBBIX JICIYKTUBHBIX 1O/3aJa4, IIPU 3TOM PEAJU3YETCS ITOUCK
BBIBO/IA, B TVIYOUHY, COTPOBOXKIAEMBIN O3KTPEKUHTOM. UTOOBI OrPAHUIUTH
JIEPEBO TIOMCKA, BBEJIEH II0JIb30BATE/bCKUAN TapaAMeT]D, YCTAHABIUBAIOIIIIT
MaKCHUMAJIbHYIO TJIyOHHY JepeBa roucka. Ha mepBowm 1mare pernrenus Ha-
mieii 3a7a9n nostydaeM nogzagady p&q, p O (¢ O L) F L. Barem, mis
1iejieBoit popmyJibl L, CTPOUTCS JEPEBO MOUCKA, OTBEYAIOIIEe TIO3UTUBHO-
MY BXOKJIEHHIO 3TO 1en L B MOCBUIKY p D (q D J_):

1

gD L1
q*

p* pD (gD 1)

3/1eCb CHMBOJIOM * OTMEUYEHbI HOBbIE BCIIOMOTaTE/IbHBIE TSN P U (,
BO3HUKAIOIINE U3 HETaTUBHBIX YacTell 3TON IOCBIJIKUA, K KOTOPBIM BHOBb
IPUMEHSIETCsI ONMCAHHBIN Bbie mporecc. Ha cieayromem mrare e p
U ¢ OOHAPYYKUBAIOTCS B TMO3WUTUBHBIX YACTSAX TMOCBUIKH P & ¢, KOTOpast
UX HENOCPEJCTBEHHO 0DOCHOBBbIBaeT. Hakonerl, B pe3yJibraTe YCIEIHOTO
peltenusi 3Tol e AyKTUBHON 3a/1a9u, reHepaTop (GOPMUPYET U3 MOy I€H-
HOI'O B ONIEPATUBHON INaMATH KOMIIBIOTEpA JiepeBa IOMCKA CJIeJIyIONTuit
TEKCT:

environ
pred pll;
pred qll;
1: pll & qll;
text

not (p[] implies mnot q[l)
proof
assume 2: p[] implies mnot q[l;
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3: pll by 1;

4: not qll] by 2,3;

5: q[] by 1;

thus false by 4,5;
qed;

B ciydae sioruku npeaukaToB, pa3pabOTaHHDBINH aJTOPUTM UCIOJIL3Y-
€T CHHTAKCHMYECKNE METAllepEMEHHBIE, a TaKyKe BCIIOMOTATe/IbHbIE CKOJIe-
MOBCKHE (PYHKITHOHAJbHBIE CUMBOJIBL. [Ipu 3TOM, JIOKAJIbHBIE MeTarepe-
MEHHBIE U CKOJIEMOBCKUE (DYHKITMH CTABATCS B IIO3UTUBHYIO YacCTb IIO-
CBUJIOK TEKyIIed JIeJyKTUBHON 3aJadu, a II00aJbHbIE MeTallepeMEHHbBIE
BO3HUKAIOT B KOHCEKBEHTE STOH 3ajadu, OTBedass 0OpaTHOMY IIpUMEHe-
HUIO TPABUJIA BBEJCHUSI KBAHTOPA CcylecTBOBaHus JB. Meramepemen-
HBIM U CKOJIEMOBCKMM (DYHKIIASIM IIPUIMCHIBACTCH WX YPOBEHb B Jiepe-
BE TIOUCKA, KOTOPBIN SBJISETCH OUPAHUYUBAIONIUM (PAKTOPOM IIPH MTOWC-
Ke OJIarOIpUSITHBIX MOICTAaHOBOK. Kaxkaast OGyraronpusTHast MOACTAHOBKA
(X1 < t1, ..., X, < t,] 3a7aer B KauecTBe 3HAYECHUS] METAIIEPEMEHHBIM
TEPMBbI, IOCTPOEHHDBIE U3 MPEIMETHBIX MePEMEHHBIX U (DYHKIIMOHAIBHBIX
CUMBOJIOB, C KOTOPBIMU pab0OTaeT reHepaTop B TEKYIIEH YacTu jiepeBa mo-
ncka. Hanmuyane xots Ob1 o/iHO#M 61aronpusaTHON MOACTAHOBKY Y UCXOIHOM
JIEJIyKTABHOM 3a/1a91 O3HAYAET YCIIENIHOE PEIICHUe 3TOU 3a/1a9u TOUCKA,
BBIBO/IA. VICKOMBIH BBIBOJ, ITOJIYy9IaeTCs U3 ITIOCTPOSHHOTO JIepeBa MOUCKA B
pe3yJbTarTe 3aMeIeHns] BCEX METAIIEPEMEHHBIX COOTBETCTBYIOIUMU TEpP-
MaMU UCXOTHOTO SI3BIKA.

Caentyrormuit sormaeckuii 3akon Jz(drinker[z] D Vy drinker|y]), na-
3bIBAEMBIil «I1APAIOKCOM IbSHUIIBIY, TTOJIyIeH aBTOMATHICCKU:

environ

sort Human;

pred drinker [Human] ;

reserve x, y, t, tt, ttt for Human;
text

ex x st (drinker[x] implies for y holds drinker[y])
proof
assume 1: not ex x st drinker[x] implies for y holds drinkerl[y];
consider t;
2: drinker[t] implies for y holds drinker [y]
proof
assume 2: drinker[t];



O moucke BBIBOJA B CHCTEME HATYPAJIBHON JIe/LyKITHK 281

let tt;
3: drinker[tt]
proof
assume 3: not drinker[tt];
4: drinker[tt] implies for y holds drinker[y]

proof
assume 4: drinker[tt];
let ttt;
5: drinker[ttt]
proof

assume 5: not drinker[ttt];
thus 6: false by 3,4;
qed;
thus drinker[ttt] by 5;
qed;
5: ex x st drinker[x] implies for y holds drinker[y] by 4;
thus 6: false by 1,5;
qed;
thus drinker[tt] by 3;
qed;
3: ex x st drinker[x] implies for y holds drinker[y] by 2;
thus 4: false by 1,3;
qed;

3amMeTuM, 9TO MHOTOCOPTHBII T'€HEpaTOp HINET BBIBOJ JICTAJHU3UPO-
BAHHBIN 70 YPOBHS paBu BeiBojA. st apdekTuBHON pabOThI ¢ paBeH-
CTBOM, I'€HEpaTOp HCIOJIb3yeT TOCHIJIKH, UMEIOIIe BUJ| TOXKJECTB, KaK
paBWia PeayKIuu TepMOB. UTOObI COCTaBUTDH IPECTABICHUE 00 SKBa-
[MOHAJILHBIX pe3yJibTaTax pPaboOThl T'eHEepaTOpa, HUXKe IIPUBEJEHO B Kade-
CTBE IIPUMeEpa JI0Ka3aTeIbCTBO TeopeMbl Iludaropa «eciau a - b= 0, To
(@ + b)2 = @ 4 b%», HOIYUCHHOE ABTOMATHYCCKIL:

environ

sort Real;
func s(Real, Real) -> Real;
func o() -> Real;

reserve x for Real;

1: for x holds s(x,0(0)) = x;
2: for x holds s(o(),x)

]
el

sort Vector;
func f(Vector, Vector) -> Vector;
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func h(Vector, Vector) -> Real;
reserve u,v,w for Vector;

3: for u,v,w holds h(f(u,v),w)
4: for u,v,w holds h(u,f(v,w))

s(h(u,w),h(v,w));
s(h(u,v),h(u,w));

text

for a, b being Vector st h(a,b) = o() & h(b,a) = o()

holds h(f(a,b),f(a,b)) = s(h(a,a),h(b,b))
proof

let a be Vector,b be Vector;

assume 5: h(a,b) = o) & h(b,a) = 0();

6: h(f(a,b),f(a,b)) = s(h(a,f(a,b)),h(b,f(a,b))) by 3;

7: h(a,f(a,b)) = s(h(a,a),h(a,b)) by 4;

8: h(a,b) = o() by 5;

9: s(h(a,a),0(0)) = h(a,a) by 1;

10: h(b,f(a,b)) = s(h(b,a),h(b,b)) by 4;

11: h(b,a) = o() by 5;

12: s(o(),h(b,b)) = h(b,b) by 2;

thus h(f(a,b),f(a,b)) = s(h(a,f(a,b)),h(b,f(a,b))) by 6
.= s(s(h(a,a),h(a,b)) ,h(b,f(a,b))) by 7
.= s(s(h(a,a),o00)),h(b,f(a,b))) by 8
.= s(h(a,a),h(b,f(a,b))) by 9
.= s(h(a,a),s(h(b,a),h(b,b))) by 10
.= s(h(a,a),s(0(),h(b,b))) by 11
.= s(h(a,a),h(b,b)) by 12;

qed;

4. A.J'Il"OpI/ITM IIOCKa BbBIBOJA

Caenyrormas nporienypa pemuthb (I, @) pemaer 3amady suga ' - &
JJIT KJIACCUYECKOM MHOTI'OCOPTHON CHCTEMBbI HATYPAJbHON JeayKiuu 2.
Jlj1st 9TOrO CO3/MaeTCsI MOCJIEI0BATEILHOCTD Y T'eHepaIn3aliil, JTOIyIie-
HUI ¥ 3aKJII0YEHH. DTa [OCAEJ0BATEILHOCTL IIPOCMATPUBACTC 110 II0-
PSIIKY, JOIYIIEHUS BCTABJISIIOTCS B BEPXHMUIA JIeC, & JIJIA 3aKII0UEHN CTPO-
UTCsT BBIBOJI B BUJI€ HUKHEIO JIEPEBa, PACTYIIEro CHU3Y BBEPX K JOIYIIIe-
HUSIM BepxXHEro Jieca. 3mech ' — jiec (bopMysi, BO3MOXKHO, COIEPIKAITIX
JIOKaJIbHBIE 1 TJI00aIbHBbIE MeTarnepeMennnie; ¢ — dpopmyiia, He comepKa-
mas JIOKAJbHbIE, U BO3MOXKHO, COJEPKAIas IJI00a/bHbIE METalepeMeH-
Hple. Bo3Bparmaercss HabOp MMOJICTAHOBOK.
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nporneaypa pemnts(l, @)

S =09
JUIst Kaxkzoro myHkTa 11 nocieosarensrocTu ¥ gekoMmnosuposarth (D)
BBIOOD

ecaa II nmeer Buj (assume V)
3aMkHYTb (I, ¥)
ecsn II nmeer Bug (thus V)
S = S U BeBectu(I', ¥) U casarue-mim2 (I, V)
KOHEI| BBIOOD
KOHEII JIJIs1
BosBpar S

[Tporeaypa 3amrHyTB(A, ®) nobasisier B BepxHuii jsec A dopmyiry
®. TIpu BCTaBKEe MMILUIMKAIUU PEKYPCUBHO BCTABJISIOTCA TAKXKE UX KOH-
CeKBEHTBI. 1IpyM BCTaBKe KOHBIOHKIMU PEKYPCHBHO BCTABJIAIOTCA TAKYKe
oba ee unena. Ilpum BcTaBKe KBaHTOpa OOGIIHOCTH PEKYPCHUBHO BCTABJIS-
eTcs TaKzKe II0JIKBAaHTOPHOE BhIParKeHHE C 3aMEHOil CBA3AHHBIX IIepeMeH-
HBIX Ha JOKaJbHble. [Ipu BecTaBKe KBAaHTOPA, CyIIECTBOBAHUS PEKYPCUBHO
BCTaBJIAETCS. TaKyKe II0JIKBAaHTOPHOE BBIPAXKEHNE C 3aMEHOIl CBA3aHHBIX
HepEeMEHHBIX Ha CKOJEMOBCKHE (DYyHKIINN.

nporneaypa 3aMKHYTh (A, @)
BcraBuTh B A dhopmyny P
BBIOOD
ecin @ nmeer sug (¥ imp O)
BcraBuTh B A opmysny © kak nmoromka P
eciu @ nmeer Bug (¥ & ©)
BcraBuThb B A opmysel ¥ u © kak moromMkoB P
ecau @ umeer Bug (for 1, ..., Tpm holds ¥)
21 4 HOBag JIOK. nepeM. Tuna type(zi),
serasnTs B A dopyny U | *2 < HoBas JIOK. Tlepem. Tuma type(zz),
Zm 4— HOBag JOK. TepeM. Tuma type(Tm)
Kak moroMka P

ecau @ umeer Bug (ex 1, ..., Ty st U)
nycts n = |lvar(®)|
BBECTHU HOBBIE (PDYHKIIMOHAJILHBLIC CAMBOJILL f1, ..., fm MECTHOCTH T
tunos type(zi), ..., type(zm) coorBeTcTBEHHO
T, +— f1(t1, ey tn),
BcTaBuTh B A dopmyny ¥ 22 falts, . tn), Kak roromka P,
T — fm(tl, ey tn)
rae t; € lvar(®) (1 =1, ..., n)

KOHeII, BLIOOD
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IIponeypa-reneparop A€KOMIIO3MPOBATH BO3BPAIIAET CTPYKTYPY
BBIBOIA, st popmysibl P B BuJie MOCIIEI0BATEILHOCTH TeHEPAIU3AINI,
JomyIeHnit n 3ak/odennii. s kBanTopa OOIIHOCTH BBOJIUTCS HOBast
[pe/IMeTHAs TTIepeMeHHast, BO3BPAIIACTCA MeHePAJIN3aIlNsd, 3aTeM TPOJIOJI-
JKaeT JIEKOMITO3UPOBATHCS TIOJAKBAHTOPHAsT (pOpMyJIa C 3aMEHOI CBsI3aH-
HOHl TlepeMeHHO#l Ha BHOBBL BBEJEHHYIO. [ MMILIMKAIUU BO3BPAIAET-
cs JIONYINEHUE aHTEIEe/IeHTa, W ITPOJIOJIZKAET JIEKOMIIO3UPOBATHLCS KOHCE-
KBeHT. J[JIsT KOHBIOHKITNNA BO3BPAIIAETCsT 3aKII0UEHNE e JIEBOTO “JIeHa, 1
MIPOJIOJIZKAET JIEKOMIIO3UPOBATHLCS ee IpaBbiil wieH. OcTajbHble (POPMYJIbI
BO3BPAIAIOTCA B BUJE 3aKIOUEHUSI.

Iporeypa JeKoMIo3uposaTh (D)
KT
BBIOOD
eciim P umeer Buz (for x holds )
BBECTH HOBYIO IIepeMEHHYIO ¢ Tuna type(z)
BBIJIATH (let t)
D = Uz + ¢
eciau ¢ nmeer Buy (¥ imp O)
BT (assume V)
b =T
ecin ® nmeer Buy (¥ & ©)
BblaTh (thus U)
d:=0
WHa4e
BblATh (thus D)
BBIXO/I U3 TUKJI
KOHeIL, BLIOOD
KOHEIT, [TUKJT

IIporerypa BBIBECTH CTPOUT HUXKHEE JIEPeBO st popMysabl P, uc-
mosib3ysi BepxHuii jec A. Ecau & sBisiercss aKCHOMOI, BO3BPAIAeTCsI
HabOp IOJCTAHOBOK C IIyCTOH MOJCTaHOBKOMH. MHade mHMIMAIM3UpPYyeM
S = & u nposepsieM psiJi BAPUAHTOB:

1) ecomm ® umeer Buj t| = to U 0 ABIsieTcs Haubosiee oOIMMM yHU(bU-

KaTopoM t1 u ty, TO jo6aBUM 0 B S.

2) ecsm ¢ — KOHBIOHKIUS, TO HAXOJIUM IOJCTAHOBKH JJIsl €€ YJIEHOB,
U UX KOMIIO3UIUIO H00aBUM B S.

3) ecsim ¢ — MUBBIOHKIWS, TO HAXOIUM IIOJICTAHOBKH JIJIsl €€ YJIEHOB,
u 1o6aBuM 00e TOJCTAHOBKA B S.
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4) ecim ® HauMHAETCS ¢ KBAHTOPA CYIECTBOBAHUSI, TO HAXOJUM IIOJI-
CTAHOBKY JIJIsl TIOJKBAHTOPHON (POPMYJIBI C 3aMEHON CBA3aHHOM I1e-
PEMEHHOI Ha HOBYIO IVIODAJILHYIO IIEPEMEHHYIO, U JI00aBUM €€ B S.

5) ecim ¢ HauMHAETCSI ¢ KBAHTOpPA BCEOOITHOCTH WJIM MMILIMKAIHS,
pemaeM 3aga4dy '+ © u HaiijeHHBIE TTOJICTAHOBKHU JIOOABUM B S.

Kpowme Toro, eciim @ — arom wian AU3bIOHKIINAS WK IIPOTHBOPEYNE, TO
npobyem obocuoBaTh P vepes Bepuuii jsiec. [ 3TOr0 HAXOIUM BEPITUHBI
BEPXHEro Jieca TaKhe, 9TO UX (POpMyJbl yHUMpUIUpyoTced ¢ @, u mojb-
3yeMcsl MIPOIeIypoil pACKPYTUTh, YTOOBI TOCTPOUTH TIOIEPEBO HUKHE-
ro JepeBa Ha OCHOBEe OOHAPYKEHHOI BETBHM BEPXHErO JIepeBa U IIOJIYUUTh
o/ICTaHOBKU. KpoMe TOro, aTroMbl, U3 BIOHKIIUN U IIPOTHBOPEYUs IPOOy-
eM 000CHOBATDH 10 IPABUJIy CHSITHSI IU3LIOHKIWH. Bosppammaercs Habop
[IOJICTAHOBOK.

nponenypa BoiBectu(A, @)

nycTh S = & :: MHOXKECTBO IOJICTAHOBOK
ecsin ecaim P umeer Buz (true) wmm (¢t =t)
S = SU{e} :: no6GaBuIn B MHOXKECTBO HOJCTAHOBOK IIyCTYIO IIOJICTAHOBKY
nHavue
yCTh 0 = €
eciau @ umeer Buj (61 = t2) u yuudunuposars(t1, ta, o)
S = Su{c}
KOHEI| eCJII
BBIOOD
ecin © nmeer Buy (¥ & ©)

S := S UxkoM6unuposats(BeiBecTu(A, V), BeiBectu(A, 0))
eciu ¢ nmeer Bug (¥ or O)

S := SU {BeiBecTu(A, V), BeiBectu(A, ©)}
ecin @ nmeer Bug (ex x st V)

S = SU {BeiBectu(A, ¥[z < HOBas r106. nepem. tuna type(z)])}
eciu ® nmeer Buy (for z holds ¥) mwin (¥ imp ©)

S := SU {pemurns(A, ®)}

KOHeIL, BEIOOD

ecau ® — atom mim (umeer Bux (t1 = t2) nnn (¥ or ©) mwin (false))
:: 3T POPMYJIBI OMPOOyeM 0OOCHOBATDL Yepe3 BepxHuil jgec A
o=
st Kaskaoro ysia N € A ¢ dopmyroit ¥ Takoii,
yro yHudunuposars(d, U, o)
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S := SU {packpyrurs(®, N, A)}
oci=c
KOHEI, JIJTsT
S = SU {cusrne-nnu(A, ®)}
KOHeI] eIt
KOHEIT, eCJTH
BosBpar S

[Iporieiypa cHATME-MAM TbITaeTcad 000cHOBATEH popmyny P depes
dopMyJIbl Jleca A 110 TPaBULy CHATUS JU3BLIOHKIMK ¥ BO3BPAIaeT Habop
[IOJICTAHOBOK.

nponenypa cHatue-uimn(A, )
:: CHavuaJla HaiieM IOIXONAINe HMILTUKAIAN
nyctb [ == &

MyCTh 0 = €
Jutst Kaxxaoro y3na N € A ¢ dopmysoit ¥, nmeromeit sz (O imp =)
n yandunuposars (P, =, o)
I := I U {(moncraBurs-ri106(o, ©), N)}
oc=c
KOHEI, JIJIsT

S =g

:: Termepb HalIeM TOIXOANIIE U3 bIOHKIINI
oyCTh 0 = €
Just Kaxkaoro ysiaa N € A ¢ dopmysoit ¥, umeromeit Buj (01 or O2) u cym.
=1, Z2 Takue, uro yHudUnuposars(01, =1, o) u
yuudurnuposars(02, E2, o) u cym. takue Y1, Yo, N1, N2, a0
(E1 impTl, N1) €ln (EQ impTQ, NQ) el
U’ := moxcraBuTh-1106(0, V)
:= packpyTtuts(¥’, N, A)
Sz := packpyTtutb(=; imp Y1, N1, A)
S3 := packpyTuTb(Z; imp T2, N2, A)
S := S Uxkombunuposarb(koMGuuupoBats(S2, S3), S1)
oci=c¢
KOHEI, JIJIsT
BosBpar S

@
i

[Iporenypa cusaTe-nn2 nbitaercss 060cHOBaTH hopmyity P depes
dopmyJibl jteca A 110 TPAaBUJLy CHATHUSI JU3IBIOHKIIMKA W BO3BpAIaeT Habop
[IOJICTAHOBOK.
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nporneaypa cuarue-uiau2(A, )
mycrp S = O
Just Kaxkaoro ysiaa N € A ¢ dopmysoit ¥ rakoit, 94To moacraBuTh-ri106(s, )
umeer Bug (O or 2)
S1 = pemntb(A, O imp )
Sy := peumtb(A, = imp P)
S3 := packpyTutb(Qor =, N, A)
S := S U xkombunuposarb(koMmbunuposars(S1, S2,), S3)
KOHEI, JIJIsT
BosBpar S

[Tporie/typa IOACTaBUTH-IJIO0 OCYIIECTBIISAET HOJICTAHOBKY 0 B (hOp-
Mysy @ u 3aMeHsier ocTaBIMecs JIOKAJbHbIE MeTallepeMEeHHble Ha HOBBIE
riiobasbuble. Bossparraer dopmyiry.

IpOoIE/lypa MOACTAaBUThL-IJ106 (0, D)
nycrs © = moacraButhb(o, P)

mycrs {z1, ..., Tn} = lvar(0)
Z1 4 HoBas IVI06. mepem. THma type(x1),

T2 4= HOBas 106. nepem. tuna type(ra
BO3Bpar © P ype(2),

ZTn 4 HOBas IvIob. mepeM. THma type(z,)

IIpumeuanue. [Ipeamvernbie nepeMennbe, GyHKINA U TJIODATLHBIE Me-
TallepeMEeHHbIE UMEIOT B KAadecTBe aTpudyTa yYPOBEHb. Y POBEHb IIPUIIH-
CBIBaETCSd UM B MOMEHT BO3HMKHOBEHHS U jajiee He MeHseTcs. Bee mpe/i-
METHBIE TIepeMeHHble, DYHKINUA U TVIODAThHBIE METallepEMEHHbBIE, BXOJIs-
mme B I' u & ucxonuoit 3amauu I' - @, umeror o u TOT Ke ypOBEHbD,
pasubiit 0. Ilpu BBeJeHnM HOBOIT IpeMeTHOI MepeMeHHOl (Tporie/rypa
JIEKOMIIO3MPOBATH ), HOBOI (DyHKIWHK (IPOIe/[ypa 3aMKHYTb) HJIH HO-
BOIl IJ100aJIbHON MeTallepeMeHHOM!, eil IIPUCBANBACTCA TEKYIee 3HAYCHUE
cueTdynka ¥ poBeHb. V3HaqanbHo Y POBEHb UHUIINAIU3UPYETCS HYJIEM,
U yBeJMYINBaeTCd Ha 1 KaxKJbIil pa3 mocje cO3/IaHusl HOBOH MpeIMeTHO
epeMeHHoi, PyHKIUN WK [JI00aJIbHOM MeTanepeMeHHOH. Y DOBeHb Tepe-
MEHHBIX ¥ (DYHKIUI YIUTHIBACTCA B MPOIEIyPe YHUMUKAIUN U CIIYKUAT
JUIsi TOTO, YTOOBI HE BO3HUKAJIO IMOJCTAHOBOK BMECTO METAIIEPEMEHHBIX
6osiee HU3KOrO ypOBHsI (BO3HUKIIMX DAHbBIIE) TEPMOB, COJIEPKAIIUX Ie-
peMenHble U GYHKIMH 60JIee BHICOKOTO YPOBHS (BO3HUKIIKX MO37KeE).
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