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I. UWcuwucinenus, a3bIKu, MOJIeJIU

OJ1HOI 13 OCHOBHBIX 1ieJjieil BBeJIeHUsI MCIMCJIEHNS B KayK/[0M pas/ielie
MaTeMaTHKI (pa3yMeeTcst, He TOJBbKO MaTeMaTHKI) sSIBJIsieTCsT obectiede-
HUE «pabOThI» C COOTBETCTBYIOIIMMHU OOBEKTAMH Ha T'PAMMATHUECKOM,
dhopMaIbHOM YpoBHE, 6€3 MPUBJIeYeHHsI CEMAHTUKI (TO €CTh CMBICIOBO-
r0 3HAYEHHUS) COOTBETCTBYIOIMX I'PAMMATUYIECKIX KOHCTPYKIHN: CJIOB,
CHMBOJIOB, 0003HAYEHMIT, BbIpayKeHUit, GpOpMyJT U T.II.

PaccMmorpuM ninmiocTpaTuBHBIN npuMep?



I. UWcuwucinenus, a3bIKu, MOJIeJIU

OCHOBHBIMU MHCTPYMEHTAJILHBIMU OHSITUSIMI UCYUCICHIH SIBJISTIOTCS
HOHATUST hopmyavt 1 6vieodumocmu dopmyav. 1o dpopmyioil monnma-
eTCsl BbICKA3bIBAHNIE, 3allICAHHOE CPEJICTBAMI COOTBETCTBYIOINIErO S3bIKA,
a 110J] BBIBOJIOM (DOPMYJIbI — HeKasl »KeCTKO (hopMaIn30BaHHAsT IPOIETY-
pa «J0Ka3aTeJIbCTBa, NCTHHHOCTHAY ITOH (POPMYJIbL.



I. UWcuwucinenus, a3bIKu, MOJIeJIU

OCHOBHBIMU MHCTPYMEHTAJILHBIMU OHSITUSIMI UCYUCICHIH SIBJISTIOTCS
HOHATUST hopmyavt 1 6vieodumocmu dopmyav. 1o dpopmyioil monnma-
eTCsl BbICKA3bIBAHNIE, 3allICAHHOE CPEJICTBAMI COOTBETCTBYIOINIErO S3bIKA,
a 110J] BBIBOJIOM (DOPMYJIbI — HeKasl »KeCTKO (hopMaIn30BaHHAsT IPOIETY-
pa «J0Ka3aTeJIbCTBa, NCTHHHOCTHAY ITOH (POPMYJIbL.

CiiejiyeT OTMETUTB, 9TO BbIPA3UTE/bHbIE BO3MOXKHOCTH PA3JIMIHBIX
SI3BIKOB CYIIECTBEHHO pasjndatorcs. «IlmaToity 3a 1OBBIIIEHNE YHIBED-
CAJIbHOCTHU $SI3bIKA YACTO SIBJISIETCSI, HAIPUMeEP, OoJibIlasi TPOMO3IKOCTD
hopMyII, CyIecTBEHHOE «yMeHbIIeHey (B TOM I HHOM CMBIC/IE) MHO-
YKeCTBa, JIOKa3yeMbIX POPMYJI U T.II.



I. UWcuwucinenus, a3bIKu, MOJIeJIU

OJiHa n3 3aj1a9 MaTeMaTUIecKoil JJOTUKKA — MOCTPOEHNE TTPOIETYP, KO-
TOPbIE MO3BOJISIIN Obl HA CHUHTAKCMYECKOM YDPOBHE BBISACHATH, UCTHUHHBI
JIN Te WM UHBIC YTBEP:KJICHUS B JIFOOOH MOJECIN NPU ONpEIeJICHHON MH-
TeplupeTanu I'paMMaTHIeCKIX KOHCTPYKIIHII.

Taxum obpazoM, ¢ IOMOIIBIO MCUUCICHUN paboTa ¢ 0OBbEKTAMU «IIO
CYIIIECTBY» 3aMeHsieTcd Ha GopMaabHoe Ipeobpa3oBaHie HEKOTOPBIX
«CJIOB», TIETI0YeK CUMBOJIOB.



1.1. NNcuucjaennga

Omnpenenenue 1. [osopam, wmo 3adano ucamcyienue I, eciu 3adanot
CACOYIOWUE eMBLPE MHOHCECTNEA

e ajsibaBut A(I);

o mnooicecmeo E(I) cnos angasuma A1), nHazweaemoe MHOKECTBOM
BBIpaxkKeHuil ucyucrenus I;

o wnooicecneo Ax(l) ewpasicenuti ucwucienua I, nazvieaemoe MHO-
2KeCTBOM aKCHUOM ucHucAenus I ;

o mnooicecmeo { f1, fa, ..., fr} wacmuunuix onepavyuii ma mmoscecmee
E(I), nazvieaemoir TpaBUJIAMA BBIBOJIA UucyucAenus 1.



I.1. Vcuncienna
Boipazkenusi mcamncyaenns I Ha3biBaloTcsi CEKBEHIUAMU 11 (POPMY-
samu. [Ipasusio BeiBojia f : Y — E(I) 3anucbiBarorcs Tak:

CI)DCI)Q)"')(DTL
f(q)laq)%"'aq)n).
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Dy, Dy, ..., D,
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[Tpu sToM yKazbIBaeTcss 001acTh onpeaeenns (PYHKIUN [, ecin oHa He

cosnajiaet ¢ (E(1))". Ilpu stom @, Py, ..., $,, HA3BIBAIOTCS TOCHLIKA-
mu, a f(Py, Py, ..., P,) — 3aKIIIOYEHUEM.



I.1. Vcuncienna
Boipazkenusi mcamncyaenns I Ha3biBaloTcsi CEKBEHIUAMU 11 (POPMY-
samu. [Ipasusio BeiBojia f : Y — E(I) 3anucbiBarorcs Tak:

Dy, Dy, ..., D,
f(q)laq)%"'aq)n).

[Tpu sToM yKazbIBaeTcss 001acTh onpeaeenns (PYHKIUN [, ecin oHa He

cosnajiaet ¢ (E(1))". Ilpu stom @, Py, ..., $,, HA3BIBAIOTCS TOCHLIKA-
mu, a f(Py, Py, ..., P,) — 3aKIIIOYEHUEM.

[Tapa (A(1I), E(I)) naspiBaercst a3bIKOM ucducjaenus I 1 0003HaTNM
aepes L(I).



1.2. Teopema ncumnciiennd

Onpenenenue 2. [Tycmv T(I) — nodmmoscecmseo MHodcecmsa 6vipa-
orcenuti E(I), onpedeasemoe undykmueHoM npasuiom (mo ecmov Hau-
MEHDULEE MHOIHCECTNBO, OAA KOTOPO20 GHINOAHAIOMCA CACIYIOULUE YMEe]D-
orcdenus)

o Az(I) C T(I):;

o ccau {51,599, ..., CT(I), mo daa 1106020 N-MECMHO20 NPAGUALQ
evwsoda [ ucuucaernus I umeem f(Si,Ss,...,S,) € T(I).

Tozda mmoorcecmso T(I) nasvisaemcs MHOXKECTBOM TEOPEM UCHUC-
AeHust I uisu MHOXKEeCTBOM JOKa3yeMbIX BBIpaXkKeHmii ucuuc./ie-
Hus I, a e2o asremenmov, — TeopeMaMu ucHucaeHUust 1.



1.2. Teopema ncumnciiennd

Onpenenenue 2. [Tycmv T(I) — nodmmoscecmseo MHodcecmsa 6vipa-
orcenuti E(I), onpedeasemoe undykmueHoM npasuiom (mo ecmov Hau-
MEHDULEE MHOIHCECTNBO, OAA KOTOPO20 GHINOAHAIOMCA CACIYIOULUE YMEe]D-
orcdenus)

o Az(I) C T(I):;

o ccau {51,599, ..., CT(I), mo daa 1106020 N-MECMHO20 NPAGUALQ
evwsoda [ ucuucaernus I umeem f(Si,Ss,...,S,) € T(I).

Tozda mmoorcecmso T(I) nasvisaemcs MHOXKECTBOM TEOPEM UCHUC-
AeHust I uisu MHOXKEeCTBOM JOKa3yeMbIX BBIpaXkKeHmii ucuuc./ie-
Hus I, a e2o asremenmov, — TeopeMaMu ucHucaeHUust 1.

Teopust si3bika L(1) — MpOM3BOILHOE MHOZKECTBO TEOPEM ITOTO SI3BIKA.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit
[Ton BBICKa3BIBAHWEM IOHUMAaETCsd dpasa, OTHOCUTEILHO KOTOPOIl
SIBJISIETCs] OCMBICJIEHHBIM BOIIPOC «BepHa 3Ta (ppasa uin He BepHar. Ha-

npumep, ppasbl

e 11a Mapce ecTb »KU3HD;
® v BCeX KOIIEK 110 8 HOT;
o1+ 1y <O0;

SIBJIAIOTCS BBICKA3bIBAaHUAME, a (ppas3bl THIIA <«3aKpoiTe, IOXKaTIyii-
cra, JIBEpb», WM <«KOTOPBIA 4ac!» BBICKA3BIBAHUSIMU (B TEOPETUKO-
JIOTUIECKOM TTOHUMAHUN) He SIBJISTIOTCS.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

B maremaTndeckoil Jioruke paccMaTpUBalOTCS pasbl, 3alllCh KOTO-
phIX (hbopMaI30BaHa, TO eCTh (Bpasbl, KOTOPhIE UMEIOT, HallpUMe]D, BUJIL
Ve dy x +y > 1. Ilpu sTtom Bca sTa dpopmysia MoxKeT OBITH 3aMeHEHa,
HaIIpUMeD, KaKUM-JTU00 CHMBOJIOM.

[Ipocreiiiiast jioruka — JIOIMKa BbICKA3bIBAHUN — I10JIyYaeTcs, KOI/a
MBI paboTaeM TOJILKO ¢ bpaszaMi, MPeJCTaBISIONNMI HEKOTOPhIE «ab-
COJIIOTHBIE» YTBEPKJIEHUSI, TO €CTh (bpasaMiu, B KOTOPHIX HET «IepeMeH-
Hbix>. Harnpumep, dpasy «Ha yiuie IpeKpacHasl 10rojas MOXKHO CUH-
TATh B 9TOM CMbICJIe «a0COJIIOTHOI», B Heil OTCYTCTBYeT siBHAsl CChLIKA
Ha KaKyIo-JIM0O «IIepeMeHHYIO», U ee MCTUHHOCTb OIPEJIe/IsieTCsI TOJIbKO
KOHTEKCTOM (KOT/[a OHa CKa3aHa, ITO MOHUMAETCs 110/ «TPeKPaCHOil 110-
roJI0f» 1 T.IL.).



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

Dpaza «Tr OKOHUIII yueOHOe 3aBejIeHIe i» SIBJISETCs] «OTHOCUTEIbHOM»,
B Heil sIBHO YKa3aHBI «IIEPEeMEHHBIE», OT KOTOPBIX 3aBUCUT UCTUHHOCTD
W1 JIOYKHOCTD 3TOI'0 BbICKa3biBaHUs. Hamnpumep, Oj1aHK aHKeTbl 0OBIYHO
COCTOUT U3 TAKUX «OTHOCUTEJILHBIX» BbICKA3BIBAHUI, 1 IIPEJIIIO/IaraeTcs,
9TO YesI0BEeK 3alloJIHsIeT ee TaK, 9ToObl B Heil ObLIN TOJIbKO BepHBIE BbI-
cKas3blBaHUs. BayKHbIl 1puMep: T + y = 2 SIBJIFETCI «OTHOCUTEIbHBIM»
BBICKA3BIBAHIEM, HCTHHHOCTH KOTOPOT'O 3aBUCUT OT 3HAYEHUN SIBHO yKa-
3aHHBIX IIEPEMEHHBIX X, Y, & BbICKa3biBaHue Vr Jy x + y = 2 nin BbICKa-
3piBaHue dy Vo x + y = 2 saBJsIioTcs «0e3yCJIOBHBIMUY, «a0COJIFOTHBIMU Y.
KonedHo, 3j1ecb Bce 3aBUCUT OT TOI'O, KaK YTO IIOHUMAEM II0J] «SIBHBIM
yKaz3aHUeM IIepeMeHHOi» 1 BooOIe, 9TO Mbl IIOHMMAEM II0JI <«IIepeMeH-
HOI» B KOHKPETHOM CJIydae.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

Hamnpumep, MOXKHO cUMTATh, YTO BBICKA3LIBAHUE «Ha, YINIE IPEKpac-
Had IToroga» IlepeMEeHHbIX HE UMeEECT, a MOXKHO CHUTATb, YTO 31E€Ch «IIpe-
KpaCHasd I110I'oJa» — 9TO IIEpEMEHHasA, BE/Ib K&?Kﬂblﬁ B 9TU CJIOBa BKJIa-
JIBIBAET CBOI CMBICJI, B 3aBUCHUMOCTH OT CKJIOHHOCTEH n cutyannu. [Ipes-
[IoJiara€rcd, 9To Mbl 3apaHee JOrOBOPUJIMChL O TOM, €CTb JIM B pacCCMaT-
puBa€MbIX BbICKa3blBaHMAX IIEPEMCHHBIC, 1 KaKOBbI OHMH.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

B ucumciieHnn BBICKA3BIBAHUIT PacCMATPUBAIOTCsST TOJIBKO (DOPMY-
JIbI, UCIIOJIB3YIOIIUE, KPOME IIePEeMEHHBIX 1 BCIIOMOI'aTe/IbHBIX CUMBOJIOB:
CKODOK, 3alIAThIX U T.II., TOJIbKO CUMBOJIBI JIOTHYECKIX CBSI30K, T.€. JIOTTI-
qecknx byl [Ipu 9ToM, Ha caMoM Jiesie, ceMaHTHKa BCeX paccMaT-
PUBAEMbBIX CUMBOJIOB, BKJIIOUasl JOIMYCCKHE CBI3KM, He (DUKCUDPYETCs, 1,
B IIPUHIIAIIE, MOYKET ObITh HETPaIUITHOHHOI.

Hampumep, cumBost A MozkeT 0603HaUaThH Kak OyaeBy pyHKIUIO «I13b-
IOHKITUSI», TaK ¥ OJHOMMEHHYIO JIOITMYECKYIO (DYHKIIMIO, TO €CTb (PYHK-
10, OIIPeJIeJIEHHYIO Ha MHOYKECTBE BBICKA3bIBaHUIl, KOTOpas lape Bbl-
cKazbiBaHuil P, () cTaBUT B COOTBETCTBUE BbICKazbiBaHue « P 1 ().



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

B mcumciaeHnn BBICKA3bIBAHUIT PAcCMATPUBAIOTCA TOJLKO (hOpMYy-
JIBI, UCIIO/IB3YIONINE, KpOMe TIepeMEHHBIX U BCIIOMOTATE/ILHBIX CUMBOJIOB!
CKOOOK, 3allSIThIX W T.II., TOJIHKO CUMBOJIBI JIOTHIECKUX CBA30K, T.€. JIOT'U-
qecknx cpyrkiumii. [Tpu sToMm, Ha camoMm jiesie, ceMaHTHKa BCEX paccMaT-
pUBaeMbIX CUMBOJIOB, BK/IIOUas JIOTUYECKNe CBA3KHU, He (PUKCUPYETCs, U,
B IIPUHIIAIIE, MOYKET ObITh HETPaIMUIIKMOHHOII.

OjiHako, B PUHIIAIIE, MOYKHO CUMTATh, YTO A — 9T0 00O3HaUYCHUE Olle-
palyu 1epecedeHne MHOXKECTB, WA <«BJIOXKUTH» B 9TOT CUMBOJ KaKOli-
00 «9K30THMYECKUIT» cMBICI. Kak oObIvHO, TpeOyeTces JINITh, ITOOBI BbI-
MOJTHSIJINCH COOTBETCTBYIONIE TPeOOBaHNUS: aKCUOMBI COOTBETCTBYIOIIETO
MCYMCJIEHNS, TTPABUJIa BBIBOJIA, U YTOOLI IIPU 3TOM 00eCIeInBaIOCh CO-
OTBETCTBYIOIIEE «COTJIACOBAHUE» MOJIEIHLHOTO U TEOPETUKO-JTOTNIECKOTO
10/IX0/1a, OCHOBAHHOTO Ha MOHSTHUIX BHIBOAUMOCTH, JI0KA3yEMOCTH.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

B ucumncieHnn nmpeamkaToB pacCMaTPUBAIOTCS J(Ba, THIIA [IePEMEH-
HBIX: MPEJIMETHBIE U TPOIO3UINOHAIBbHBIE (BbICKa3biBaTebHbIe). OObIU-
Hasli CeMaHTHKa: IPOIO3UIMOHAIbHAA IIepeMeHHasd 00O3HavYaeT HEKO-
TOpOe BBICKa3bIBaHUe, B YACTHOCTH, TPEJUKAT (B CMBICIE IPeInKaT-
BBICKA3bIBAHNE), & TPeJIMETHasI [lepeMeHHast, BooOIIe ToBopsi, 0003HATA-
eT HEKOTOPBINI «00BHEKT», OTHOCUTEJILHO KOTOPOTO «CPOPMYIUPOBAHO»
JIaHHOE BbhICKasbiBaHue. Halpumep, eciu p — Iporo3uiinoHaibHasi 1nepe-
MEHHasi MECTHOCTU 3, TO p(x, Yy, 2) MOXKET 0003HAYATH U BBICKA3BIBAHUE
T + Yy < y + 2, 1 BbICKa3blBaHUE «ECJIM YEJIOBEK T ABJISIETCS (DU3UKOM, a
Y — XYJIO2KHUKOM, TO 4eJIOBEK 2z OyJIeT JiJid HUX UHTEPECHBIM coOece THH-
KOM». 3J1eCh X, ¥, 2 — NpeJMeTHbIe IlepeMentble. B accepTonnieckoM nc-
JUCJICHIM BbICKA3bIBAHUIT paccMaTpUBaeTCs JIBa KBAHTOPA: KBAHTOD BCE-
obmtHocTH V 1 KBaHTOD cyliecTBoBanud J. B MojaibHoil, TeMopaabHOi
1 JIPYTUX JIOTUKAX BBOJSITCSI JONOJHUTE/IbHBIE KBAHTOPBI.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

OJIHIM U3 HEeHTPaJbHBIX MOMEHTOB B paccMaTPUBacMOil TCOPUH sABJIsI-
ercd nondarue moaesu. Mojenbio Teopun 7', To ecTh HEKOTOPOIO MHO-
yKecTBa (hOPMYJT s13bIKa Ha3bIBAECTCA TaKasd HHTEPIpeTarus (KayK bl pas
HEOOXOJIMMO TeTKO OIPEJIE/IUTh, UTO 9TO TAKOe) (DOPMATBLHBIX KOHCTPYK-
U SI3bIKA: CJIOB, OTJIE/IbHBIX CUMBOJIOB 1 T.I1., IIPU KOTOPOit Bce (hopMYyJIbl
us T ABJIAIOTCA UCTUHHBIMM BbBICKA3bIBAHUAMMN.
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II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

OJIHIM U3 HEeHTPaJbHBIX MOMEHTOB B paccMaTPUBacMOil TCOPUH sABJIsI-
ercd nondarue moaesu. Mojenbio Teopun 7', To ecTh HEKOTOPOIO MHO-
yKecTBa (hOPMYJT s13bIKa Ha3bIBAECTCA TaKasd HHTEPIpeTarus (KayK bl pas
HEOOXOJIMMO TeTKO OIPEJIE/IUTh, UTO 9TO TAKOe) (DOPMATBLHBIX KOHCTPYK-
U SI3bIKA: CJIOB, OTJIE/IbHBIX CUMBOJIOB 1 T.I1., IIPU KOTOPOit Bce (hopMYyJIbl
us T ABJIAIOTCA UCTUHHBIMM BbBICKA3bIBAHUAMMN.

()TMGTI/IM7 YTO CMbBlLCA BblCK&SbIBaHI/Iﬁ, Ha CaMOM JieJie J1JId MCcHYucJIe-
HUN BbICKA3bIBAHUIT HECyIEeCTBCHEH. Ba}KHO JINIIb, KaKWe N3 IIPOIIO3U-
[IMOHaJIbHBIX IIEPEMCHHBIX MCTHHHBI, a KaKNE€ — JIOZKHBI. HOSTOM}/ ecTe-
CTBEHHO B Ka4d€CTBE€ MOJC/IN TECOPUN B MCHUUCJICHUU BbICKa3bIBaHU pac-
CMaTpHuBaTb HE CaMN 6blCKRA3bI6AHUA (HpI/I 9TOM H€O6XO,HI/IMO Y4IUTbIBaTb
CUTyaluro, K KOTOpOfI OTHOCATCA 393THU BbICK&SbIB&HI/IH), a SHAYEHUA UC-
MmuHHroCMU BCEX ITPOIIO3NINOHAJIbHBIX ITIEPEMEHHDBIX.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

B ciyuae mcuanciieHusi npeimKaToB TAKOE YIIPOIEHNE HEIPUEMIEMO.
Nurepriperaiius (bopMyJibl TEIEPh JIOJKHA YIUTHIBATH 00JIACTH U3MEHEe-
HUST TIPEJIMETHBIX MEPEMEHHBIX U «CMBICT» PEJNKATOB U TEPMOB, KO-
TOPBIH OIPEJIENISIETCST CeMAaHTUKOM MPOTIO3UIMOHATBHBIX TEPEMEHHBIX N
TEePMUHAJIBHBIX CHMBOJIOB. Harnpumep, it unTeprperanuun hopMyJibl
Vo Jy P(x) — Q(x, f(y)) HEOOXOINMO yKa3aTh, BO-TIEPBBIX, MHOYKECTBO
BCEX BO3MOXKHBIX 3HAUEHWH MPEJIMETHBIX MEPEeMEHHBIX X, Y, BO-BTOPHIX,
KaKHUe TPEeJINKATHI (OJHOMECTHDIH U, COOTBETCTBEHHO, JIBYMECTHbI) B3si-
ThI B KauecTBe P u (), U, B-TPeTbUX, Kakas OJIHOMECTHas oreparus 060-
3HAYEHA CUMBOJIOM f.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit
EcrecTBenno, 9To Teopus MOXKeT He MMETh MoJjieseil. DTO OKas3blBa-
ercst OO «IIaTOJIOrneil» paccMaTPUBAECMOr0 MCUYMCJIEHNUsT, JU00 «Jie-
dexTom» camoii Teopun. g «KjaaccudecKnxy» MCUUCAECHUI: MCUHUCTIe-
HUST BBICKA3bIBAHUI, TIPEINKATOB; & TaKxKe «KOHKPETHBIX» MCUYUCICHUIL:
MHTErpajbHOrO, aud depeHnnaabHoro, MaTpUIHOrO U T.II., OTCYTCTBUE
MO/ieJIeil TO MJIM UHOU TeOpUu O3HavaeT IIPOTUBOPEUYNBOCTHL TEOPUU.



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

Sadukcupyem HekoTopoe ncuucgenne [. Ocodyio posib B HCUNCICHIN
I urparmoT GopMyJibl, KOTOPbIe OKA3bIBAIOTCS BEPHBIME B JIHOO0H MOIe/IH
teopun 1. EcrecrBeHHO Takue (pOPMYJIbl CIUTATH CACICMEUAMU TEOPUH
T'. OcobeHHo BayKHYIO POJIh UIpatoT (POPMYJIbI, KOTOpPble BEpHBI B JIIO-
Ooit Mozesn 10601 Teopun 1 paccMmaTpubaemoro mcamcienus: . Ha-
IpUMeD, TAKUMU POPMYJIAME FBJISTIOTCSI BCEBO3MOYKHbIE TOYK/I€CTBA, THIIA
(AB)C = A(BC') B marpuunom ncuucyennu. Takue ¢hopMmy/ibl Ha3bBa-
I0TCSI ICTUHHBIME B mcaucjaenuu [. Hucro cemanTnyeckast npoBepKa
TOrO, 4TO JlaHHasi (hopMyJia saBjisteTcs ciejictBueM Teopun 1' (a Tem 6o-
Jiee, 94TO OHa MCTHHHA B HCUUC/IeHNN [) OKa3bIBaeTCs BOZMOXKHOI TOJIb-
KO B TAKUX «OeJIHBIX» (B CMBIC/IE KOJMIECTBA MOJIeNeil) UCTUCTeHUsIX,
KaK MCYMUCJEeHNe BbICKasbiBaHuil. [lJisi, HaIpuMep, y3KOro MCUNCICHUSI
IIPeJMKATOB MPUIILIOCH Obl paccMaTpuBaTh OECKOHEUHO MHOIO MOjeJiei
TEOpHUH (Pa3yMeeTCsl, eCJIi 9Ta TeOpust He MPOTHBOPEINBA).



II. HedbopmasnbHoOe BBejileHIEe B TeOpUIO Mo/ieJieit

[TosTOoMYy JI/IsI IIPOBEPKM UCTUHHOCTH (POPMYJILI OOLITHO HCIIOIL3YIOT
«IUCTO CHHTAKCUUIECKYIO» IPOIEAYPYy — Hpoueaypy (hopMasbHOro Jo-
Ka3aTebCTBa. AKCHOMBI U IIPABUJIA BBIBOJA COOTBETCTBYIOIIENO MCYMC-
JIEHUsI CTapaloTCd BBOJANTH TaKMM 00pa30M, UTOOBI 0OCCIICUNTH BBHITIOJI-
wenre B ucuuciaenuu I teopembr: dopmyia ¢ uz E(I) ucuaucienus [
SIBJISIETCS UCTUHHOM TOTJIa U TOJIBKO TOTJIa, KOIJla OHa JoKasyema (Teo-
pema o MOJIHOTE).



I11. /TlokazaTeabcTBO

Omnpenenenue 3. JInHeiiHbIM JIOKA3aTEJIbBCTBOM 6 UCHUCAEHUU 6bl-
CKA3VIBAHUTE HA3DIBAEMCA MAKAA NOCACAOBAMEALHOCTL Sy, S1, . .., Sy Ce-
keenuyutll UB, wmo kancdasn cexsenvyus S; amotl nocaedosamenvHocmu
asasemces aubo axcuomot UB, aubo noayuwaemcesa us npedvidyuus ce-
weenyul S; ¢ nomowpro npasus eveoda 1-12. Ilpu smom cexeenyus Sy
Ha3veaEMCA JOKA3yeMoil B MCUNCJIEHNN BbICKa3bIBaHUiL. Dopmyaa
O naszvisaemcs JOKa3yeMoil B MCUUCJICHUN BBLICKA3bIBAHUI m020a
U moavko moeda, xo2da 6 UB doxazyema cexeenyus = O,

MorkHo npeaaoKuTh GOpMy 3alUch JUHEHHOTO J0Ka3aTeIbCTBa B BU-
Jie 1epesa.



1V. Ncunciieaue BbICKA3bLIBAHNI
MpI paccMoTpuM JIBa BapuaHTa NCIUCIEHTS BbICKa3bIBAHMIA.



IV.1. Cucrema cBg30K —, A, V, —

CiioBocodeTanne «MCUMCJEHNE BbICKa3bIBaHUII» COKpAIEHHO OyJieM
3allChbiBaTh, Kak VB,

[Ipeamosaraercs, aro B aiadasnure A Her 3HaKa =.

AJI(I)&BI/IT NCYUCJICHNS BBICKA3bIBAHUII COCTOUT U3 TpeEX I'PVIII
CHMBOJIOB:

IIponosurnimonanbable mepeMeHHbIe: ()1, (o, ..., Qy, ..., TJe N - Ha-
TypaJibHOE YUCJIO.

Jlormyeckme cMMBOJIbI WJIA CBA3KU: UMIUIMKAIMSA  —, KOHbIOHK-
st & Wi A, JIU3BIOHKINAA V, OTpHUIlaHKe — WX , CUMBOJI CJle-
JIOBaHus .

BcriomorarenbHble CHMBOJIBL: JieBasi KpyIyias CKOOKa, IIpaBas KPyT-
Jlast CKOOKa, 3alsiTas.



IV.1. Cucrema cBg30K —, A, V, —

Omnpenenenne 4. DopmMyJsioit McUYNCIeHUs BbICKA3bIBAHUM 1a30-
GEM CAOBA GAPAGUMA UCHUCAEHUA BHICKA3DIBANUL, YOOBAEMBOPAIOULUE
cAedyowemy UHOYKMUBHOMY ONPEIEAeHUNO;

Baza: [Iponosuyuonasvran nepemennas asasemces Gopmyroti (6ydem
HA3LIBAMY €€ ATOMAPHOM ).

NMupykrusnetit mar: Fciu @ u\V — dopmyan, mo (b — W), (O A ),
(O V), (=) — dopmyav.

B nesnsix cokpallleHns 3alliMci BHENTHIE CKOOKN OYIeM OITyCKaTh.



IV.1. Cucrema cBg30K —, A, V, —

Omnpenenenue 5. CeKBEHIMAMM UCHUCACHUA BbICKA3bIBAHUT HA3bIEA-
WMEA NOCAEAOBAMEALHOCTIU CALOYIOUWUL 8UD0S!

o Oy, &y,... D, F U
o Oy, by, ... D,
o,

o

MHOXKeCTBO JIOIYCTUMBIX BbIPayKCHUI B MCUUCICHUN BBICKA3LIBAHUI
cocTouT 13 (POPMYJI U CEKBEHITUI UCUNC/IeHNS BhICKA3bIBAHMUIA.



IV.1. Cucrema cBg30K —, A, V, —

O6oznaunm depes B andabur, cojepzKaliuii Kpome ajiaBuTa UCINCIe-
HUSI BBbICKA3bIBAHUI TaKKe I1epeMeHHbIe JIjIst (DOPMYJI U 110C/IeI0BATE b
Hocreit popmyst. OObIYHO TIepeMeHHbIe JiIst (DOPMYJT MBI OyjieM 0003Ha-
garhb depe3 ¢, U, (). a nepemeHHble JI/Isl 110C/Ie0BaTe/IbHOCTEH (hopMmyJl
qepe3 [', A, © (BO3MOXKHO, ¢ UHJIEKCAMH).

Omnpenesienne 6. Cxemoii CeKBEHIUNA (cremoti hopmya) ucuucienu
6HLCKA3BIBANHUT OYdem Ha3bi6ams Makxoe cA060 6 aspasume B, wmo npu
M00BIT NOOCMANOBKAXT 6 IMO CAOBO BMECTNO NEPEMENHBIT ONA POPMYA U
BMECTNO NEPEMEHHBIL ONA NOCACOOBAMENLHOCTNET HOPMYN KOHKPEMHDIL
dhopmyn u, coomseememeento, nocaedosamesvbHocmets Gopmys, NoAYYa-
WOMCA CEKBEHUUL ((POPMYABL) UCHUCAEHUA BVCKA3VEAHUTL.



IV.1.1. Cucrema akCcuomM HMCUNCJICHUSA BBICKA3BLIBAHUI
(ama =, AV, —)

CucreMa aKCMOM HMCUYUC/IEHUs] BbICKA3bIBAHUI 00pa3yeTcst euHCTBeH-
Holl cxemoit cekpeniuii: ¢ + .

Sanuch Tuna I' - 0ObIYHO UHTEnpeTUpyeTcs, KakK yTBeprKJIeHne O Mpo-
THUBOPEUNBOCTH Habopa dhopmy I



IV.1.2. IIpaBujia BbIBOJga MCYUCJJIEHUSI BbICKA3bIBAHUIA
(ﬂ;ﬂﬂ S /\7 \/7 _>)

, TE®, THw - Lorv
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g LOeFv, TOFY, THEOVO - O
| U CT,UF®



IV.1.2. IIpaBujia BbIBOJga MCYUCJJIEHUSI BbICKA3bIBAHUIA
(ama =, AV, —)

[IpaBuna 1-3 pakTuvdecKkn pa3bsCHIIOT CMbICJ KOHBbIOHKINH, & IIPaBU-
na 4-5 — ausblonknuu. IlpaBmio 6 mo3BossieT IPOBOJUTD JI0KA3ATEhb-
CTBO C IIOMOIIBIO pas3bopa JIByX BO3MOXKHBIX ciydaeB. [IpaBusio 7 1mos-
BOJIZAET ITPOBOJAWUTH 9KBHUBAJIEHTHYIO HeperOpMyﬂI/IpOBKy TEOPEMBI. Hpa—
BIJIO 8 — 9TO TaK HasbIBaeMoe MpaBujaio modus ponens min «IIpaBuiio
oTJe/IeHUA», I1I03BOJIAIONIEE CBOJUTDL J0Ka3aTE/ILCTBO TEOPEMDBI K Y2KE J10-
Ka3aHHOMY VTBEPzKJICHUIO. HpaBI/IﬂO 97 KaK HETPYIAHO 3aMETUTb, — 39TO
«JIOKa3aTeJIbCTBO OT IpoTuBHOro». Ilpasmiao 10 mo3Boaser 10Ka3bIBATD
IIPOTUBOPEINBOCTL cucrembl popmyi I'. IIpasuio 11 roBoput o ToM, 9TO
MOPSAJIOK IOCBHIIOK Ha caMOM Jiejie He cyllecTBeHeH. [IpaBmio 12, Haszbl-
Ba€TCA NHOI'Ta «YTOHYCHUEM>» MNJIN «IIPaBHUJIOM JINIITHEN TTOCBIIIKM .

[TpaBua 1-10 na3zpiBaloTcss OCHOBHBIMU, a paBuia 11-12 — CcTpPyK-
TYPHBIMMUA.



IIpumep 1. O6osnauum uepes Ay nepsylo axcuomy meopul 2pynmn:
VeVyVz 2€G&yecG&zeG = (vxy)xz=ax*(y*2z2),
uepes Ay — 8MOPYIO AKCUOMY MEOPUL 2pYynn.:
deecG&Vr zeG@= (zxe=ax&exx=u1x),
uepes Az — mpemuio axcuomy meopuu epynn:
Vi 2€G =W’ eG&aoxr’ =e&ka’'xx=e.

Buipasumor au 6 saoceuke 6uickasvieanutl  caedyrowue ymeepoclenus  (HeKomopue U3  AAeMeH-
maprol meopem meopuy, epynn): Ve Ny xxy =1z < y=-e (kpumepul eduHu4HO020 IAEMENMA),
VeVyz*xy=e< y=2a (kpumepul obpamnozo anemenma)?

NuTyuTnBHO OYEBUIHO, UTO 9TH TEOPEMBbI HE BBIPA3UMBbI B JIOTMKE BBICKa3biBaHuil. Taxkum 00-
pPa30oM, B JIOTUKE BBICKA3bIBAHUI BBIPA3UMBbI, B OCHOBHOM TOJIbKO Cy:KjieHus tuna x \V —z. Ctporoe
JIOKA3aTe/IbCTBO MbI IPUBOJIUTH He OYIeM.



IV.1.3. UctTuHHOCTDH 1 BBIBOJUMOCTD (POPMYJIbI UCUNC-
JIeHNS BbICKA3bIBAHUI1

Cwmblc10BOE 3HaUYeHNEe (POPMYJIbI UCUKC/ICHIST BbICKA3BIBAHUI COCTOUT B
TOM, UTO €€ MOYKHO pacCMaTpUBaTh KaK (PYHKIIMIO, ONICHIBAIONIYIO 3aBU-
CUMOCTb 3Ha9€HUA NCTUHHOCTU HEKOTOPOI'O «COCTAaBHOI'O» BbICKA3bIBaHM
qepe3 3HaYeHUA NCTUHHOCTU COCTAaBJIAIOIINX 9TO «CJIOZKHOE» BbICKa3blBa-
HHE <IIPOCTBIX» BbICKA3bIBAHUIA. HOSTOMy B MCYUCJIEHUM BbICKA3bIBAHUI
nHTepHpeTanus (GopMyJibl CBOAUTCI K IIPUCBOCHUIO BCEM IepEeMEHHBIM
KaKnx-1100 3nadenuii. @opmysia Ha3bIBAETCA HCTUHHOM TOT/1a U TOJIHKO
TorJa, Korja oHa MCTUHHA B JII000H Mogesan, Ipu JIFoO0i NHTepIpeTaIun
9TOI (POPMYIIBI.

Paccmorpum nmpumep?



IV.2. Cucrema cBs30K —, —

3/1eCh UCIOJIL3YeTCs TaK Ha3bIBaeMoe NCUYUCJIEHNE TUIIHOEePTOBCKO-
ro tuna. O ruab0epToBOIl aKCHOMATU3AINN C UCIIOJIB30BAHUEM CBS30K
=, A\, V,— cm. |?][cTp.52].

Omymmaue: obeJiHsieM CUCTEMY CBA30K — HeT V, A, MeHbIlle aKCHOM U
TpaBuJI BbIBOJIA. VICK/IIOUNTE 3TN CBA3ZKN MOYKHO, TaK KaK CHCTEMa CBA30K
-, — nojHa: T Ay = —(r — ), x Vy = (-x) > v.



IV.2.1. Cucrema axcuoM MCYNCJJICHUS BBLICKA3bIBAHUIA
(nots —,—)

CucreMa aKCHOM HCUYHUC/ICHNST BBICKA3BIBAHUI «ITOPOYKJIACTCA» B 9TOM
cIydae CIeyIOMNMI TPeMst CXeMaMi CeKBEHINH (B OTIMYne OT €jinH-
CTBEHHO! CEKBEHINH ):

1. — (V— )
2. (CI)—>(\IJ—>@)) — (((I)—>\IJ)—>(CI)—>@)>;
3. ((—RIJ — —d) — ((—|\IJ — ) — \If)>

MeniesibcoH 3anuchkiBaeT akcuoMmbl B Bujie ¢ Bmecto = O,



1V.2.2. IlpaBujia BbIBOJga MCYUCJJIEHUSI BbICKA3bIBAHUIA
(15—, —)

B JaHHOM CJIyd9a€ MOzKHO OI'DaHHYIUTBCA €IUNHCTBEHHBIM IIPDaBUJIOM
BbIBOJIa: TpaBmjioM modus ponens uiu OPaBUJIOM OTAEJIEHUS:

-0 D —

— (310 «CcMech» obosnadenuit Menjenbcona u Epirosa,

MengeabcoH «Jpodu» He UCIOIL3YET, IPUMEHSISI BMECTO 3TOT'0 YUCTO CJIO-
BecHbIe (POPMYJIUPOBKH, 1 BMecTo F @ numer D).

Onpenenenne 7. Qopmysve  u V¥ nadviearomces IKBUBAJICHTHBIMU
mozda u moavko moeda, xo2da doxasyemor cexeenuyuu P =W u W= O,

Tor dakt, uro dopmynabl ¢ m ¥V 9KBUBAJICHTHBLI 3allICBIBACTCS TaK:
o=V,

Paccmorpers npumep?



V. Hcuncaenusi npeauKaToB
HpOHOBI/II_[I/IOHaJIbHaSI HepeMeHHaﬂ — 9TO HepeMGHHaH, SHAQYEHUA-
MU KOTOPO#l MOT'YT OBITH TOJILKO NPEIUKATHI.



V. Hcuncaenusi npeauKaToB

IIponosuimonaapHasi IIepeMeHHas — 9TO [IepeMeHHasl, 3HAUeHUsI-
MU KOTOPOI MOI'YT OBITH TOJIBKO IIPEIUKATEL.

ITpeamernass mepeMeHHasl 1poOeraeT 3JIeMEeHThl HEKOTOPOT'O MHO-
YKecTBa, HOCUTEJISI MOJIEJIMN.



V. Ncuncjennss npeankKaToB

ITpomno3urimonajbHasi iepeMeHHas — 9TO IepeMeHHast, 3HaUeHUsI-
MU KOTOPOI MOI'YT OBITH TOJIBKO IIPEIUKATEL.

ITpeamernass mepeMeHHasl 1poOeraeT 3JIeMEeHThl HEKOTOPOT'O MHO-
JKecTBa, HOCUTEJIsT MO/JIEJIN.

nurepnperanust popMysIbl: UMeeTcss MHOXKecTBO [), HasbiBaeMoe 00-
JIACTHIO MHTEPHPETAITNN 1 UHTEPIPEeTUpPYIoliast (PyHKIUs, KarKIOMY
byHKIHOHAIBHOMY CUMBOJY [ CTaBsiiiasg B COOTBETCTBHE N-MECTHYIO
OlEPAIUIO Ha MHOZKeCTBE D), KazKJ0My NPEJUKATHOMY CHMBOJY P} —
N-MECTHBII NpeauKaT Ha MHOXKecTBe D). VHTeprperalys KBaHTOPOB —
ecTecTBeHHasl .



V. Hcuncaenusi npeauKaToB

CDOpMYJIa NCTNHHA Ha IIOCJIEJ0BAaTE/JIBbHOCTN 5/ICMEHTOB U3 D B 11H-
TeppeETalnm S Tor'/;ia U TOJIBKO TOI'/Ia, KOI'/Ia IIPH ITOACTaHOBKE 9THUX 3JIC-
MEHTOB BMECTO CBO6OILHBIX HpeﬂMeTHbIX HepeMeHHbIX HOﬂy‘IaeTCﬂ NCTUH-
HO€ BBICKa3bIBaHUE.



V. Ncuncjennss npeankKaToB

DopmMmy/ia ICTUHHA HA IMOCJIEA0BATEILHOCTH 3JIEMEHTOB 13 D B UH-
TepIPETAIUU § TOTJIA U TOJILKO TOIJIA, KOTJIA IIPH IIOJICTAHOBKE 9TUX dJIe-
MEHTOB BMECTO CBOOOJIHBIX IPEJMETHBIX NePEMEHHDIX 10Ty YaeTCsl HCTHH-
HOE BLICKA3LIBAHME.

Hanpumep, pacemorpum dopmyny p?(x,y) — p (ff(x, 2), f3(y,2)). B
Ka4eCcTBe 001aCTH MHTEPIPETAIMH BOZEMEM MHOZKECTBO 1eJIBIX YUCe)I, 110-
noxknM s(f2) — cymma, s(f3) — npoussegenne, s(p®) — ornomenne <.



V. Ncuncjennss npeankKaToB

Dopmyia HICTUHHA HA IOCJIEI0BATEILHOCTHU 3/IeMEHTOB 13 [ B nH-
TepIPEeTAINN S TOIJIa U TOJLKO TOTJA, KOT/Ia IPH MOICTAHOBKE STUX JJIe-
MEHTOB BMECTO CBOOOJIHBIX IIPEJIMETHDIX [IePEMEHHDIX 101y YaeTCsT NCTUH-
HOE BbICKa3bIBAHUE.

Hanpumep, pacemorpum dopmyny p?(x,y) — p (ff(x, 2), f3(y,2)). B
KauecTBe 00JIaCTH HHTEPIIPETALII BO3bMEM MHOYKECTBO IIEJIBIX UHCEI, 10~
noxknM s(f2) — cymma, s(f3) — npoussegenne, s(p®) — ornomenne <.

Torna ucxoanas gopmyiia BepHa Ha IocjaejoBaTeabHOCTH 1,2, 3, Tax
Kak ncxojHast popMyJ/ia «IIPEeBPAIlaeTCsi» B BbICKA3bIBAHIE



V. Ncuncjennss npeankKaToB

Dopmyia HICTUHHA HA IOCJIEI0BATEILHOCTHU 3/IeMEHTOB 13 [ B nH-
TepIPEeTAINN S TOIJIa U TOJLKO TOTJA, KOT/Ia IPH MOICTAHOBKE STUX JJIe-
MEHTOB BMECTO CBOOOJIHBIX IIPEJIMETHDIX [IePEMEHHDIX 101y YaeTCsT NCTUH-
HOE BbICKa3bIBAHUE.

Hanpumep, pacemorpum dopmyny p?(x,y) — p (ff(x, 2), f3(y,2)). B
KauecTBe 00JIaCTH HHTEPIIPETALII BO3bMEM MHOYKECTBO IIEJIBIX UHCEI, 10~
noxknM s(f2) — cymma, s(f3) — npoussegenne, s(p®) — ornomenne <.

Torna ucxoanas gopmyiia BepHa Ha IocjaejoBaTeabHOCTH 1,2, 3, Tax

KaK McXogHas popMy/ia «IIPeBpaIlaeTcsd» B BbICKA3LIBAHUIE
1<2—=143<L2-3.



V. Ncuncjennss npeankKaToB

Dopmyna UICTUHHA Ha MOCJIE0BATEILHOCTH 3JIeMeHTOB 13 [ B 1H-
TeplpeTalny S TOra 1 TOJBKO TOIJIA, KOT/Ia IPU IOJICTAHOBKE 9TUX 3JIC-
MEHTOB BMECTO CBOOOJIHBIX IIPEIMETHDBIX IIEPEMEHHBIX MOy IaeTCs MCTHH-
HOE BbICKa3bIBaHUE.

Hanpumep, pacemorpum dopmyny p?(x,y) — p (ff(x, 2), f3(y,2)). B
KadecTBe 00/1aCTH MHTEPIIPETAINI BO3bMEM MHOYKECTBO HE/IbIX YUCE], T10-
noxknM s(f2) — cymma, s(f3) — npoussegenne, s(p®) — ornomenne <.

Torna ucxoanas gopmyiia BepHa Ha IocjaejoBaTeabHOCTH 1,2, 3, Tax
KaK McXogHas popMy/ia «IIPeBpaIlaeTcsd» B BbICKA3LIBAHUIE

1<2—-143<2-3.

Ha  nocnenmoBarenbnoctn  4,4,1  »sTa  dopmysnta  HeBepHA:
41<4—4+1<4.1— HeBepHO, TaK KaK IOCHLIKA UMILINKAIIUNA BEPHA,
a 3aK/II0ueHne — JIO¥KHO.



V. Hcuncaenusi npeauKaToB
Ecnu dbopmyina BepHa Ha J11000il 110c1e10BaTe/IbHOCTH, TO OHA Ha3blBa-
eTCs UCTUHHOM (B JIAHHON MHTEPIPETAINN ).



V. Ncuncjennss npeankKaToB

Ecin dopmyia Bepra Ha J11000ii 110CI€10BATENIBHOCTH, TO OHA Ha3bIBa-
eTCs UCTUHHOM (B JIAHHON MHTEPIPETAINN ).

Hampumep, ecin B BBIMIENIPUBEICHHOM IHPUMEPE HECKOJILKO H3Me-
HUTL UHTEpIPeTalnio, HoJI0KUE TepM s(f7) paBHBIM cyMMe, dopMyJia
P*(z,y) — p (fi(x, 2), f3(y, z)) Oyaer ucrunHOM, TaK KAK B JAHHON MH-
TeplIpeTanun Ha JIi000il oc/IeI0BaTeIbHOCTH X, Y, 2 13 D = Z, mmojiydaem
seproe yreepxKienne (r <y) — (r4+2 <y + 2).



V. Ncuncjennss npeankKaToB

B sToMm pasznenie peub mjer 0 Tak HA3LIBAEMOM <«Y3KOM HCUUCICHUN
npejnkaroB» (YUID), B koTropoM IpuMeHeHHe KBAHTOPOB JIONMYCKACTCST
TOJIbKO K HPEJMETHBIM [TEPEMEHHBIM, U He JOIYCKAeTCs UX IPUMEHEHHe
K [IPOIO3UINOHAILHLIM [EPEMEHHDIM.



V. Hcuncaenusi npeauKaToB

B sTom paszjene peub mier o TakK HA3bIBAEMOM <«y3KOM HCUYUC/IEHUN
npejnkaroB» (YUID), B koTropoM IpuMeHeHHe KBAHTOPOB JIONMYCKACTCST
TOJIBKO K IIPEJIMETHBIM IIePEeMEeHHBIM, U He JIOIYCKaeTCsI UX IIPUMEHeHUe
K IIPOIO3UIIMOHAIBHBIM [I€PEMEHHbIM.

Monenb Teopun 1' — Takast MHTepIpeTalysi, B KOTopoil jodast dpop-
Mysia u3 1 nctnHHa. leopus HasbIBaeTCsd IPOTUBOPEUYUBOM TOT/Ia U
TOJIBKO TOTJla, KOTJla OHa He MMeeT Mojesieil. B mpoTuBHOM cilydae oHa
HA3bIBAETCsl HEIIPOTUBOPEYNBOI TEOPUEil.



V. Ncuncjennss npeankKaToB

B sTom paszjene peub mier o TakK HA3bIBAEMOM <«y3KOM HCUYUC/IEHUN
npejnkaroB» (YUID), B koTropoM IpuMeHeHHe KBAHTOPOB JIONMYCKACTCST
TOJILKO K IPEIMETHBIM IepEeMEHHBIM, U He JOMYCKAeTCsd UX IMPUMeHeHne
K IIPOIO3UIINOHAIbHBIM IIePEMEHHbBIM.

Monenb Teopun 1' — Takast MHTepIpeTalysi, B KOTopoil jodast dpop-
Mysia u3 1 nctnHHa. leopus HasbIBaeTCsd IPOTUBOPEUYUBOM TOT/Ia U
TOJIBKO TOTJla, KOTJla OHa He MMeeT Mojesieil. B mpoTuBHOM cilydae oHa
HA3bIBAETCsl HEIIPOTUBOPEYNBOI TEOPUEil.

CucreMa aKCHOM U MPABUJ BBIBOJA CTPOUTCS TaKUM 00pas3oM, UTOOBI
Teopust I’ ObLIa IPOTHBOPEUMBON TOrja U TOJALKO Torja, koraa 1'H &
n 1l -9 gna nexomopot dopmynanl . IIpu 3ToM OKasbIBACTCs, UTO
Teopus 1 IpoTUBOpeYNBa TOrJIa U TOJILKO Torna, korjga 1"+ ¢ u T = ~d
17151 210007 hopmystsl P.



V.1. Ncumciaenue InpeainuKaToB B aCCEPTOHNYIECKOM
IIPOIIO3 NI NOHAJIBHOM MCYUYMNCJ/ICHNN



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

SadukcupyeM HEKOTOPYyIo curHarypy 2. OupeiennM UCHUCAEHUE
8vICKa3BIBAH UL cueHamypy X, cokpaienno N>

Andasur pasen

VUFURUI{AV, =, =~} UV, IU{()YUL L

CeMaHTHKA: A 00BIYHO O3HAYAELT «TOXKJECTBEHHO paBHO», V — MHOXKe-
CTBO TIPEJIMETHBIX TTIEPEMEHHBIX, ' — MHOKeCTBO (OCHOBHBIX) OIEpAITHIi,
R — MHOXkKecTBO (OCHOBHBIX) MPEIMKATOB.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

CeMaHTHKA: TePMbl SIBJIAIOTCS OOO3HAUYEHUSIMU OIlepaliiii, [oJ1yvaio-
HUXCS M3 OCHOBHBIX Ollepaldii ¢ MOMOIIBIO CYIEPIIO3UIINU OlePallnii.
MozkHO Ha TepM CMOTpeTh, I KaK Ha 3HadeHne olepalny Ha dJeMeHTax,
0003HAUEHHBIX COOTBETCTBYIOMNMHU IT€PEMEHHBIMU.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

Hamnpuwmep, nycrs f,g € F, rjie «MeCTHOCTb» STHUX Ollepaluil «yKas3a-
Ha» B CUTHATYPe Y, HAIIPUMED, OHU JIBYMECTHBIE.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

Tepm f(x, g(x,y)) onpejienser HOBYIO (JIByMECTHYIO) OIEpAIUio, TTPH-
geM OlpPeJIe/IsieTCsl 9Ta Ollepalldsl TeM, YTO YKA3bIBACTCS 3HAYEHUE TOM
olepalIiy Ha 3JIeMEHTAX X, 1.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

Tepm f(x, g(x,y)) onpejienser HOBYIO (JIByMECTHYIO) OIEpAIUio, TTPH-
geM OIPEJIe/IsieTCsl 9Ta, Ollepalldsl TeM, YTO YKa3bIBAETCA 3HAUEeHUE STOI
olepalii Ha 3jeMenTax &, y. Ecau ¢puxkcupoBaTh MHTEPIPETAIUIO 3THX
[IEPEMEHHBIX, TTOJIYYUM 3JIeMEHT 13 HOCUTEJISI.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

Eciu B Boiparkenun f(x, g(x,y)) 3HadeHus mepeMeHHLIX X,y IPO-
M3BOJIBHBI, Halpumep, B Qopmynax tuna VaVy f(z,g(z,y)) < A, 10

f(z, g(z,y)) 3amaer oneparuio.



V.1.1. AndaBur, cjioBa 1 cCeKBEHIIUN aCCEPTOHMYIECKO-
ro uCUmncJjieHmuAd I1IpeamnKaToB

Tepm curHaTypsl X — 9TO CJI0BO B ajaBuTe, COJIEpPrKaIleM CHMBO-
JIbl OTKPBIBAIOIIEH U 3aKPBIBAIOIICH KPYTIJIOH CKOOKM, 3aIIsSITOH, CIeTHOTO
MHOKeCTBa V' mepeMeHHbIX (nX MbI OyjieM 0003HAYATH Yepe3 X, Y, . . .,
BO3MOYKHO, ¢ HHJIEKCAMHN) U CUMBOJIOB U3 R, F' U3 CUTHATYPHI X3, Onpe/ie-
JISIETCsI CJIEJIYIONIUM UHYKTUBHBIM [IPABIIOM:

basza: nepementbie u3 V' gaBJISI0TCA TepMaMU;

Tar: ecm t1,to, ..., t, — Tepmbl curnarypsl 2, f € F, u u(f) =n, 1o
f(t1,to, ..., t,) sIBISIETCA TEPMOM CHUTHATYDBI ..

B dopmynax tuna 3z f(A, g(A, B)) < z, rie A, B — HeKoTOpbIe KOH-
craHThl (TO ecThb HysnbMecTHBIe onepaiun), Tepm f(A, g(A, B)) ompe/e-
JIsleT HEKOTOPLI 9JIEMEHT HOCUTEJIsI COOTBETCTBYIONIEH ajredpaniecKoi
CHCTEMBI.



V.1.2. ®opmyiia y3KOT0O UCUYHUCJICHIS IPEINKATOB

Ceitgac MbI onpejiesnM rnonsitue popmydibl B Y UIT — y3kom ucuuciie-
HUN IIpeJuKaToB. Kak o0bIIHO, dpopmysia 0603HATAET HEKOTOPOE GblCKa-
3bl6AHUE O TEPMax U IpeJuKaTax ajredpandecKoil CCTeMbl CUTHATYPHI
Yl 371ech NPUXOAUTCS YUUTHIBATH OJHO OOCTOSATEILCTBO, IPUBOJISIIEE K
pas3Jie/IeHII0 Teopuil, chOopMyINPOBAHHBIX B TEPMUHAX UCUUC/ICHUS IIPe-
JINKATOB, Ha TEOPUM 1I€PBOI'0 U BTOPOI'O IIOPSIIKA.



V.1.2. ®opmyJia y3KOro UCUMUCJIeHUS NPeanKaTOB

B cityuae Teopwuii nepsoro nopsiyika (y3Koe NCYUCIEHUE MPETUKATOB)
dopmysa dakTHIecKn IIpeacTaB/isgeT coO0il BBICKA3LIBAHUE O TepMax
9TOI aaredbpandeckoil CUCTEMBI 6 MEePMUHALT OCHOBHDBIX ITPEIUKATOB 9TOM
cucrteMbl. Hanmpumep, ecsim oTHoIenne < BXOJAUT B MHOYKECTBO OCHOBHBIX
IpeINKATOB aJredpamIecKkoil CCTeMbI CUTHATYPHI X, TO & < Y ABJIACTCS
BbICKa3bIBaHWeM O TepMmax &,y € V. Kcin ke < He BXOIUT MHOYKECTBO
OCHOBHBIX IIPEJIMKATOB, TO TAKOE BbICKA3bIBAHIE B paMKaX COOTBETCTBYIO-
meil Teopun HeBO3MOKHO. HanpuMmep, oTHOIIEHNE «MEHbIIIE» OIPEIeIeHO
JIJTSL JICTBUTEbHBIX YUCeJI, HO He OIIPEJIeJICHO I/ KOMIIIEKCHBIX YNCeJT,
[I09TOMY YTBepzKaeHne r < Yy JJisd KOMILJICEKCHBIX 3HAYCHUI HepeMeHHbIX
X, Y ABJIAeTCs OECCMBICIEHHBIM, TO €CTh B COOTBETCTBYIONIENH TEOPUH CJI0-
BO T < Y He gBjageTcs (hopMyJIOil.



V.1.2. ®opmyiia y3KOT0O UCUYHUCJICHIS IPEINKATOB

OrmeruM, 9To p(x,y) €CTeCTBEHHO cUnTaTh (POPMYJIOi, TaK Kak BO-
POC «BEpHO JIK, 9TO P(T,¥y)» SBISIETCS OCMBICIEHHBIM. B ciiydae Teo-
puit BTOporo nopsjika (popmysia MOKET siBJISITbCsSI BbICKA3bIBAHUEM O IIPe-
JIMKaTaxX aJredpamdeckoil CUCTeMbI, TO €CThb 0 dpyeur ¢opmyrazr. Ha-
npumep, «hopmynay Ip Vo Yy Vz p(x,y) A ply, z) — p(x, z) saBiagercs
YVTBEpP:KJIEHEeM O TOM, 4TO B ajrebpamdecKoil cucreme MMeETCsI TPaH-
3UTUBHOE OTHOIIeHKe. B npuniuie, Takue (hopMyJ/ibl MOI'YT 0003HAYATD
BbICKA3bIBAHIE 00 3TOM »Ke GopMyJie, TO eCTh IOJYUUM <«BbICKA3LIBAHIE
dopmybl 0 caMoit cebey — cuTyalinsd, KaK XOpPOIIO M3BECTHO, UpeBaTasi
apaOKCAM 1 JIPYTUMU «HEHPUSITHOCTSIMIS.



V.1.2. ®opmyiia y3KOT0O UCUYHUCJICHIS IPEINKATOB

st Toro, YTOOBI MCKIIOUNTD YKa3aHHbIE TPYIHOCTH, BOSHUKAIOIINE B
TEOPUsIX BTOPOT'O MOPSIJIKA, OKA3LIBAETCSI, JIOCTATOYHO IOTPEOOBATE, UTO-
Obl B popMyIax Heslb3s ObLIO Obl HaBEIMBATH KBAHTOPHI Ha ITPEINKATHLIE
CHUMBOJIBL. DTO 00CTOSTE/ILCTBO PUBOAUT K CJIEIYIONIEMY TOHSITHIO (DOP-
MYJIbI Y3KOI'O MCUYMCJJIEHNS IIPeJIUKATOB UJIK, COKPallleHHO, (POPMY-

abpl Y UII.



V.1.2. ®opmyJia y3KOro UCUMUCJIeHUS NPeanKaTOB

Omnpenenenne 8. Mnoocecmso dpopmyn U uiu dpopMmysn curha-
TYPBI X 0npedessiemcs cAeoyiowum UHOYKMUBHbILM NPABUNOM.

Baza: 1. ecau r € R, u(r)=n u ti,te, ..., t, — mepmov, Mo cA060
r(ty,ta, ..., t,) assaemeca gopmynoti I
2. ecauty,ty — mepmol, Mo ca060 t, = ty aeaaemca dopmynoti UIT;
Ilar: 1. ecau &, — dopmyave HII*, mo (® A V), (&V V), (& — V)
u =D — dopmyav, UIT;
2. ecru ® — gopmyaa UIFF, x €V, moVr ® uw Iz & — dopmyan
Hir-.



V.1.3. AKcuoMbl 1 IIpaBuJjia BHIBOJA acCepPTOHIIECKO-
ro uCumncJjieHmd 1peiamnkKaToB

CB000/1HOE BXOYKJIeHHE 1epeMeHHoi. MHoxKkecTBO ¢CBOOOHBIX IIepeMeH-
HbIx popmysibl ¢ obozHatduM depes FV(P)

Ecom ® — dopmyna UIT*, zq,29,...,2, — nepeMeHuble u3 V,
L1,L2;--+,%n
tlatQa"'vtn

eT pe3yJIbTaT IOJICTAHOBKM TEPMOB t1, Lo, . . ., t, BMECTO BCEX CBOOOJIHBIX

t1,to, ..., t, — TEPMbI CUTHATYPHI Y, TO 3amuch (P) obo3Haua-
BXOyKJICHUII IIepEeMEHHbIX X1, X2, ...,T, B popMmyny P, npudeMm mpeio-
JlaraeTcsl, 4To JUid BceX ¢ = 1,2, ..., HU OJIHO CBODOJIHOE BXOXKJEHIE B
® nepemennoit x; He BXoJUT B nojdopmyny dopmysibl @ Bujga Vyd, miam
qu)l JJIst Y € FV(tD



V.1.4. AKcuoMbl UCYNUCJIEHNS OpeIuKaToB
Axkcmombr UTT* umeror BU:

1.dF ®, rne & — dbopmyra UIT>:
2. Fx =~ x, rie x — nepeMenHasd;

3.7~y (P)F (P)?, rue x,y, z — uepemennnie, ® — dbopmysa U=,

y?
yJloBJIeTBOpsitoast yejiosuio Ha sammcn (®); u (@)7.



V.1.5. IlpaBuia BeiBoga B VI

| LE® PEV 5 TEOAY. o TEOATY, , THD
' 'EFoAY ™ ' > I'Ewv > ['Ed VW
s LW g Lo-Q, T'UEQ T'EFoVvUy, 7 oOFWw
IOV Y T ['FQ ’ 'Ed — U’
3 'o, I'-d— v 9 [, —d + 10 I'®, I'kH-d
' I'Ew T ' ' '+ ’
AEQ e 4 e Bxo-
o0 T QO - & [FVed
11 CU, 0.1, FQ 12. TUF o 13, qwr B wnens I' cBobo-
HO;
LoV rjge T He
[ (D) U I'E(D)f ['ydzd = U’
14']7)7gi)k—@ﬂ 15'I’F‘3xiﬁ 16'BXOAMT B VU u wiennr [’

CBOOOJTHO.



V.2. Unrepuperanus popmyJsibl 1 Teopun (MOJIeb)

Omnpenenenue 9. Qopmyaa V> nazweaemes TaBTOJIOTHel mozda u
MOALKO M020a, K0200 0HA NOAYUAEMCA U3 J0KA3YEMOT 68 UCHUCAEHUU GbL-
craavisaruti gopmyasve © UB nymem 3amenvl 6Cex ee npono3utiuoHa.ib-
nolw nepemennns Pr, P, ..., P, na gopmyave Wy, Vs, ... U, UI*. Dop-
myay Y npu amom naswvearom ocHoBoM TaBTOoJIOTUM V.



V.2. Unrepuperanus popmyJsibl 1 Teopun (MOJIeb)

Omnpenenenue 9. Qopmyaa V> nazweaemes TaBTOJIOTHel mozda u
MOALKO M020a, K0200 0HA NOAYUAEMCA U3 J0KA3YEMOT 68 UCHUCAEHUU GbL-
craavisaruti gopmyasve © UB nymem 3amenvl 6Cex ee npono3utiuoHa.ib-
nolw nepemennns Pr, P, ..., P, na gopmyave Wy, Vs, ... U, UI*. Dop-
myay Y npu amom naswvearom ocHoBoM TaBTOoJIOTUM V.

Teopema 1 (0 mokazyemoctu TaBrojoruu). Jooas masmonozus U
cuenamypu. X doxazyema 6 UIT.

JloKa3aTeabCTBO.



V.2. Unrepuperanus popmyJsibl 1 Teopun (MOJIeb)

Omnpenenenue 9. Qopmyaa V> nazweaemes TaBTOJIOTHel mozda u
MOALKO M020a, K0200 0HA NOAYUAEMCA U3 J0KA3YEMOT 68 UCHUCAEHUU GbL-
craavisaruti gopmyasve © UB nymem 3amenvl 6Cex ee npono3utiuoHa.ib-
nolw nepemennns Pr, P, ..., P, na gopmyave Wy, Vs, ... U, UI*. Dop-
myay Y npu amom naswvearom ocHoBoM TaBTOoJIOTUM V.

Teopema 1 (0 mokazyemoctu TaBrojoruu). Jooas masmonozus U
cuenamypu. X doxazyema 6 UIT.

HokazareabcTBo. [Iycts ¥V nonydena ns ocHoBbl O 3aMeHOIT TPOIIO-
BUINOHAJIBHBIX ITepeMeHHbIX Py, P, ..., P, na dopmynsr Wi, Wy, ... W,
MIT* cooTBETCTBEHHO.



V.2. Unrepuperanus popmyJsibl 1 Teopun (MOJIeb)

Omnpenenenue 9. Qopmyaa V> nazweaemes TaBTOJIOTHel mozda u
MOALKO M020a, K0200 0HA NOAYUAEMCA U3 J0KA3YEMOT 68 UCHUCAEHUU GbL-
craavisaruti gopmyasve © UB nymem 3amenvl 6Cex ee npono3utiuoHa.ib-
nolw nepemennns Pr, P, ..., P, na gopmyave Wy, Vs, ... U, UI*. Dop-
myay P npu smom nasvearom ocHoBOM TaBToIOTUN V.

Teopema 1 (o mokazyemoctu TaBTosorum). Jwbas masmonoeus VU
cuenamypu. X doxazyema 6 UIT.

HokazareabcTBo. [Iycts ¥V nonydena ns ocHoBbl O 3aMeHOIT TPOIIO-
BUINOHAJIBHBIX ITepeMeHHbIX Py, P, ..., P, na dopmynsr Wi, Wy, ... W,
MIT* cooTBETCTBEHHO.

B nepese jmokazarenbcTBa opmysisl © 3amennm Bce P Ha W;, a Bce
ocTaJIbHbIE ITepeMeHHbIe — Ha, MPONU3BOJILHYI0 (bopMyny W, .1 cUrHATYPbI
2. OUeBWIHO, YTO MOJYIUM TpedyeMoe J0Ka3aTeIbCTBO.



Cracu6o

3a
BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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