MaTtemaTtnyeckasa normka

N TEOPUNA anropuTMoOB
B HacTodlee BpemMsa MOXHO BblOENUTb HECKOIbKO
OCHOBHbIX 3Ha4Y€HWUW NMOTUKMU:
Jlornka — nocnegoBaTtenbHas CBA3b NPEAMETOB U
ABNEeHUN oKpYyXxatrLlero myupa. TMnny4HbIMU
npuMmepamu yrnoTpeodrieHnss paccmMmaTpuBaemMoro
TepMMHa B TAKOM 3HAYEHUUN ABMNAIOTCA
BbipaXkeHUa «J1orvka BeLlen», «formka
MCTOPMYECKOIro PasBUTUSAY, «NOrnKa
Merayya amompene 0EHaEARRAAAnNe0BaTENbLHOCTL B
OEVNCTBUAX YernoBeka. Hanpumep, normka
NOCTYynKa, nornka nosegeHus.



[lcuxonorusa nayyaeTt MbllUSIEHNE Kak OguH N3
NCUXU-YECKMX NMPoLLeccoB Hapaay ¢ aMoLUMAMU,
Boneun n 1. A. OHa yaenseT 3Ha4ynuTenbHoe
BHUMaHME N3y4eHU0 Kak MEXaHNU3MOB
BO3HWUKHOBEHMSA TOrO UMM MHOTO onpe-aeneHHoro
TNa MbILUMEeHUd, Tak U HEMOCPEOACTBEH-HOE
NpoABieHNE 3TUX TUMOB MbILLUNIEHNA HA NPaKTUKe.
OQHaKo NCMXONornto He UHTepecyeT UCTUHHOCTb
9TUX TUMNOB MbILLUNEHNS, HAODOPOT, e€ NpeaMETOM
BbICTY-NaeT nccriegoBaHne OTKIOHALWMXCA OT
dopno MpNaE PatKDIEBAST MeXaHU3Mbl, KOTOpbIe

obycrnoBnmMBaloT npouecc MbllneHus. INpu aTtom
ee Mario MHTEPECYET OTPaXXeHNe
OENCTBUTENBHOCTU, BO3HUKAIOLLEE B NMpoLecce
MbILLITEHUS.



Jloruka — 3aKkOHOMEPHOCTU B CBA3AX U pa3BUTUN
MblC-nn. B gaHHOM cnyyae B KadecTBe NpUMepoB
MOX>XHO NPUBECTU TaKUe BblpaXXeHUs, Kak
«KeHcKasa noruvkar, «kernesHasi normka», «formka

PlRGOMHKESHERA O CTPYKTYPE U 3aKOHOMEPHOCTSIX
NpaBUNbHOIO MbILLNEHUS.

Heobxognmo oTMETUTb OTNU4YME npegmeTa

NOrVIKM OT npegmMeTa OpYrnx HayK O MbILLIIEHUMN.
dunocodcunsa nccnengyet MbiLLINEHNE B LIESTOM.

OHa pe-LiaeT Bonpoc 06 OTHOLLEHUN YENOBEKA, 3,
criegoBa-TenbHO, ero MbILLUIEHUS K OKpYXKatoLLeMy
Mupy. INpn aTom ounocoduo Mano MHTEPECYIOT
T€ MEXaHN3Mbl, HA OCHOBE KOTOPbIX POpMMpyeTCH
yerioseyeckoe MbilurieHume.



CBoeobpa3sne Normkm 3akrnovaeTcs B TOM, YTO
OHa N3y4aeT MblLLNEeHNe, ero cogepxaHue,
doopMbl, 3aK0-Hbl, UICTUHHOCTL. [1oaTOMY DOnee
TOYHbIM Oonpeaene-HMeM NOrmKn Kak Hayku oyger
clegytollee BbicKkasbl-BaHWE: JIOrMKa 3TO HayKa O
3aKoHax U dpopmax npa-BUI1bHOro
paccyXaeHusl, Ha OCHOBE KOTOPbIX Nosy-4aem
npaBuUsibHble BbIBOAbI, HAayka 0 MeToaax

HoesskassHMaeTcs popmManbHbIMU
paccy>XgeHnaAMmn 6€30THOCUTENBHO K UX

cogepxaHuto. OTnnyaloT npaBusibHbIe
(MCTUHHBbIE) N HenpaBUIibHbIe (NTOXHbIE)
yTBEPXOEHUS.



Codom3m (oT rpey. coPIloua, «MacTePCTBO,
YMEHUE, XUTpasd BblAyMKa, ynoBKa, MyapOCTb») —
JNTO)XHOE BbICKa3blBaHME, KOTOPOE, TEM HE MEHEE,
Npu NOBEPX-HOCTHOM PACCMOTPEHNN KaXKETCS
npaBunbHbIM. Copn3m OCHOBaH Ha
npeaHamepeHHOM, Co3HaTeNb-HOM HapyLLleHUN
npaBuI NIOMMKU. OTO OTNINYAET €ro oT
napanornmama n anopuu. Jlormyeckme omnobku,
Oonyc-Kaembl B JOKa3aTeNbCTBE, Kak U B
paccyXgeHusax Bo-obLue HenpegHamMmepeHHo,
Ha3bIBalOTCA Napariorn3-mMmbl (OT rpeu.
paralogismos-HenpaBuUbHOE paccyxXxae-Hue).
AINOPMWA (oT rped. aporia — 3atpygHeHune, He-
OOYMEeHne) — TpyaHopaspeLimmas npoodnema,




Codmam OBaTna
Y apeBHerpeyeckoro cogpucta lpoTtaropa yymncs
CO-CPUCTUKE N B TOM Yucrne cygebHomy
KpacHopeuunto He-knum Isartn. 1o 3aknto4YeHHOMY
MeXay HUMU OOoroBopy OBaTn OOMKeH Obir
3annaTtuTb 3a obyyeHune 10 ThicAY ApaxMm TOSbKO B
TOM cnyJyae, ecnu BblMrpaeT CBOU NepBLIn
cynebHbIn npouecc. B cnyyae npourpeilla
nepBoro cyaebHoro gena oH BooOLLE He Obls
00s13aH NNaTuTb.
OpgHako, 3aKoH4YMB 0by4yeHne, OBaTn He cTar
y4aCTBO-BaTb B cyAeOHbIX TAX0ax. Kak
crneacTeue, oH cumnTan cedsa cBodboaHbIM OT
yrnaTbl 3a y4eby. OTo AnmMnoch A0BOSbHO A0SO,



Taknum obpasom, OoIMKeEH ObIfT COCTOATLCS NEPBbLIN
cyaebHbIN npoLecc JBaTna.

[lpoTarop npueesn cneayroLyo apryMmeHTauuio:
«Kakmm Obl HX DObINO pelleHue cyaa, OBaTh
OormkeH oynet 3annatutb. OH MO0 BbiNrpaet
CBOW nepBbIn npouecc, nnmdo npourpaet. Ecnn
BbIMFPaET, TO 3anna-TuT No 4oroBopy, ecrnn
NPOUrpaeT, 3annaTuT Nno peLue-HUo cyaa.

oBaTtn Bo3paxkan: «Hun B ToOM, HM B Apyrom criy4ae
S He JOIMKeH nNnatuTb. Ecnu g Beinrpato, To 8 He
OOIMKEH NNaTUTb NO PELLEHUIO cyaa, ECnu
npowurpato, To No AOroBopy».



Anopuu 3eHOHa u npobriema ABUXKEHUSA

AXxunn u yepenaxa. AXvnn —BblOoaroLLMNCS
cnopTc-meH. Yepenaxa, Kak u3BeCTHO, 04HO U3
caMbIX Mea-NUTENbHbIX XXMBOTHbIX. TEM HE MeHee
3EeHOH yTBepX-aan, 4to AXunn npourpaet
yepenaxe coctsa3aHune B bere. [pumem
cnepgytowme ycnosus. [lyctb Axmnna otgensdet oT
donHuLla paccTosHme 1, a Yepenaxy — %.
[1Buratbca Axuvnn un yepenaxa Ha4ynHatoT
ogHoBpe-MeHHo. [lycTb anga onpegeneHHoCTH
Axmnnn 6exxnT B 2 pasa bbicTpee Yyepenaxu. Toraa,
npobexaB paccTo-aHue ¥, AXnnn ooHapyXuT, 4To
Yyepenaxa ycrnena 3a To Xe BpeMs NpeoaorneTb
OTPE30K % U1 No-nNpexxHemMmy HaxoguTcs Brepeau



[1anee KkapTnHa NOBTOPSIETCS: NpobexaB
4YeTBEPTYIO YacTb NyTu, AXmnnn yBuanT yepenaxy
Ha O[IHOM BOCb-MOW YacTu NyTu Bnepeau ceods

n 1. . CnegoBaTernbHO, BCAKUN pas, Koraa AXuns
NPeOONEBAET OTAENSIOLLEE €r0 OT Yepenaxu
paccTosdAHne, NoCcrieaHAst ycreBaeT yrnon3Ty oT
Hero 1 no-npeXxHemy octaeTcd Brnepean. Takmm
obpa3om, AXunn HUKorga He JOroHUT Yepena-xy.
HayaB aBmkeHune, AXunn HUKorga He CMOXET ero
3aBepwnThb. [pnHUMnNmManbHaa He3aBepLLAeMOCTb
OaHHOW nocfiegoBaTeNnbHOCTU 3aKHYaeTCc B
TOM, YTO B HEW OmMcymcmaeyem rocrieoHuUU

ariemMeHmM. Bcakmm pas, ykazaB odepegHoun YneH
NMOCTINANORA-TAINRKRHOCTIA MNMRKI MOOYNYAN \/FARATRK I/Z



Luxomomus. na Toro, 4YTo0bl NPONTM BECb NYTb,
OBU-XYLLleecsa Teno cHavana gomkHO NponuTu
MONOBUWHY MYTU, HO YTOObLI NPEOOONETHL 3TY
NONOBUHY, HAA40 NMPOUTU NMONOBMHY NOJNTOBUHbI

M T. 0. 0o beckoHe4y-HOCTU. IHbIMK cnoBamu, npu
TEX XKe YCNoBUAX, YTO U B NpeablayLlem crny4yae,
Mbl OyaemM MMETb Aeno C NnepeBepPHYTbIM PAOAOM
Touek: (%), ..., (%%)3, (%)%, (»2)'. Ecnu B cnyyae
anopumn Axusn u yeperiaxa CoOOTBET-CTBYIOLLUN
pPAO HE UMEN NnocneagHen To4KKU, To B Juxo-momuu
9TOT psAa HE UMEET rnepsou Toukn. Crnenosa-
TenbHO, 3aKto4aeT 3eHOH, ABMXEeHNE HE MOXET
Ha-4yaTbCA. A NOCKONBLKY ABUXEHUE He TONbKO He
MOXET 3aKOHYUNTBLCSH, HO U HE MOXKET Ha4YaTbCH,



CyulecTBYeT fiereHga, 0 KOToOpon BCNOMUHAET
A. C. lNyLwKuH B cTuxotBopeHUn «ABMxXeHne »:
LleuxeHbs1 Hem, cka3sas Myopeu bpadamalu.

Llpyaou cmornyarn u cmari riped HUM Xo0ume.
CurnbHee bbl He MO2 OH 803pPa3ume;

Xearnursu ece omeem 3aMbicrioeamaliu.

Ho, eaocrniooda, 3abasHkiU criydau ceu

Llpyaou ripumep Ha namsimes MHe rnpueooum:

BeOob Ka)XObiU OeHb riped Hamu COJIHUE
xooum,

OO0HakKo X ripas ynpsambsiu ['anuned.
[lpenctaBum cebe, YTO NO JOpOre B OAHOM
HanpaBne-Hn ABUXYTCA ObICTPOHOINMM AXnnn u
[Be yepenaxu, n3 Kotopbix Hepenaxa-1



MO>XHO nokasaTb, YTO AXUNJT HE CMOXET NeperHaTthb
Uepenaxy-1. 3a To BpeM4, Kak AXunn npobexur
pasgens-toulee nx BHavane paccrtoaHue, HYepenaxa-1
YCMeeT ynon3Th HECKONLKO BNepea 1 Takoe
nono)eHne bynet 6€CKOHEYHO NOBTOPATLCS. AXUSI
byoet Bce onuxke n onuxe Kk Yepenaxe-1, HO HUKorga
HE CMOXET ee nepe-rHatb. Takon BbIBOA, KOHEYHO XeE,
NPOTUBOPEYUT HALLEeMY ONbITY, HO NTOMMYECKOro
NPOTUBOPEYNA Y HAC NOKa HET.

[TycTb, ogHako, AXuUnn npumMmeTca AOroHATb bonee
aanbHo HYepenaxy-2, He obpallas HUKakoro
BHUMaHNSA Ha bnmxkHIoo. MoXXHO yTBepXXaaTh, YTO
AXUIn CyMeeT BMSIOTHYO NMPUBInN3nTbLECA K
Uepenaxe-2, HO 3TO O3HAYaET, YTO OH NEPETrOHUT
Uepenaxy-1. Tenepb Mbl MPUXOOANM VXKe K



[IpoaHann3npoBaB boree TuwaTenbHO ABe
npuBeaEH-HbIE anopuKn, Mbl OOHapPYXX1UM, YTO 00e
OHU onunpa-tTCA Ha gonyLlieHue o
HerlpepbI8HOCMU NMPOCTPaH-CTBaA N BPEMEHU B
CMbIcrie nx 6eckoHeyHou oeriumoc-mu. Takoe
OonylleHne HenpepbIBHOCTM OTNMYAETCA OT
COBPEMEHHOro, HO MMENO MECTO B APEBHOCTMW.
be3 gonyleHns Teamnca o Tom, YTo ftodon
NPOCTPAHCT-BEHHbLIN TN BPEMEHHOU MHTEpPBAar
MOXXHO pa3aennTb Ha MEeHbLLWE No AJINHE
MHTepBarnbl, 06e anopuun pyLiaTcs.



Pas3nun4yatoT: gpopmMasibHYH JI02UKY
Kriaccu4yeckasi normka), UHOYKmueHYH JIO2UKY,
cumMeosiu4yeckyro Jjo2ukKy, (k. bynb npeanoXun
NTOrMKY paccyXgeHnn 6e30THOCUTENBHO K

coaep kaHuto onpenenuTtb op-mMmarnbHbIM
CUMBOJTMYECKNM S13bIKOM gbopMasibHOU JI02UKU,
YTBEPXOEHUAM NMpUcBanBaroTCs abCcTpaKkT-Hble
3Ha4YyeHuda True (UcmuHa) NN False (J102Kb),
npaz2mMamucmcKyr j1o2uUKy. B KoHLUe XIX —
Ha4dane XX B.B., BO3HMKIA Nornyeckas teopus,
nony4ymelLLlas Ha3-BaHMe Mamemamu4yecKkou
J1o2uku. Co BpEMEHEM 3TO HarnpasneHne
Nony4vyunro Ha3BaHue Krnaccmyeckou No-ruku.
Pa3HoobpasHble Hekaccuyeckme Hanpasre-Hus,




Knaccuyeckag rormka ocHOBbIBaeTCs Ha
NPUHLKMNE, COrnacHO KOTOPOMY Kaxgoe
BbICKa3blBaHWe ABMNAETCH IMOO MCTUHHBLIM, NNOO
NTOXXHbIM. OTO TaK Ha3bIBa-€MbI MPUHLA
OBYy3Ha4yHoCTW. Jlormky, oCHOBaHHYIO Ha 3TOM
NPUHUWNE, Ha3blBalOT dey3HavyHou. En npo-
TUBOMNOCTaBNAOT MHO203Ha4YHble cucmemsbli. B
noc-negHux Hapaay ¢ UICTUHHLIMU U NOXHBLIMW
yTBepXae-HNaAmMm OonycKarkTCAa Takke pas3Horo
poaa Heonpepae-reHHbIe CyXXaeHU4d, Y4eT KOTOPbIX
He TONbKO YCINOX-HAET, HO M MEHAET BCIO KAPTUHY.
B 1920 r. A. Jlykace-Bu4yem Obinia npeanoxeHa
mpex3HayHas Jio2uka, OCHOBaHHa4a Ha
npennorio’KeHMn, YTo BblCKa3blBaHUS ObIBAOT



INoruka BxoguT B cocTtaB pyHOaMeHTarnbHbIX
MaTemMaT-n4yecknx gMcumnnimH coBpeMeHHoOU
MHdpopMaTUKN, OObEONHAEMbBIX B AUCKPETHOW
MaTemMaTuKe.

Jlornka cBsA3aHa c anropuTtMmusauuen u
aBTOMAaTU-YEeCKMUM pelueHunem 3apav.
BaxHenwwmnm OOCTUXKEHU-EM NTOTUKU B
NROKBHASX HOH Y8 Vo BeRg aaeTKTopble
PBBEADANKT DCHPBI®DH8CKIBR.
NoypasampaBaBApYyHKUUS. J1ornka Nno3BongaeT
on-peaenuTb BEPHbIU NYTb ANA AOCTUXKEHUSA
MCTUHHBLIX 3HAHUW, a TaKXXeE BbIABUTb
NocneacTBus, K KOTOPbIM MPUBOAUT
HernpasuibHbIV XO4 paccyXXaeHuns.



Mupoeo33peH4yeckas pyHKUuUs. Jloruka BrnnsaeT
Ha popMUpoBaHNE YENOBEYECKOIO MbILLIEHNS,
KOTOpPOE, B CBOK o4Yepenb, onpeaenser
XXU3HEHHYI0 NO3MLINIO YernoBekKa.
Memoodosiocuyeckasi pyHkyusi. Crniegyet
OTMETUTb, YTO 3aKOHbI NTOMMKN UrpatoT BaXKHYHO
POSib B pa3pa-00Tke METOA0IOMMN pasfnYHbIX
HayK. B TO e Bpems norndyeckaa teopusd TaKkke

ABMNAETCS METOAOM MO3HA-HUS.
Udeornozuyeckas pyHkyuUs. Jloruka 4acTto

MCMNONb3y-eTCA B NOEONOrNYeCcKkmnx LIENsix B CUNY
CBOWX BHYTPEH-HMUX aHTAroHM3MOB U
NMPOTMBOPEYNIA (HANpUMep, Mexay
MaTtepuannm3mMom 1 ngeannuamom, AuanekTn-Kon un



CoBpeMEHHbIE MPUNOXEHUSA NOTMKU - NPOEKTUPOBAHUE
LMd-POBbIX CXEM, NPOrpaMMnUpoOBaHNE IKCNEPTHbIX
CUCTEM, YN-paBrneHne bazamm gaHHbIX, NOrM4eckoe
yrpasrieHue.

Pa3nunyaloT gBa OCHOBHbLIX pa3gena MmatemMaTuyeckou
NOMNKN: JI0O2UKa 8bICKa3bleaHUU U J102UKa
rnpeduKamoae.

B s102uke ebicka3bigaHUU paccyXXaeHuda n3
eepbasibHoU hop-Mbl NpeobpasyroTca B
CUMBONUNYECKYIO dOpMY U Onpeaensato-TcA OCHOBHbIE
3aKOHbI NMPaBUSIbHbIX paccyXaeHnN. 3aKOoHbl MO3BOSAOT
abcTparmpoBaTbCH OT CMbICIa KOHKPETHbIX BbICKa-
3blBAHWW, BbINOMHUTL aHanu3 u anrebpanyeckmne
npeobpaso-BaHUA BbICKa3blBAHNN B CUMBOJSINYECKOMN
doopme.

B s102uke npedukamoe paccmMmaTpmBalOTCS 3aKOHbI



Jlornka BbiCKa3biBaHUM
Pasgoen normkm, B KOTOPOM U3y4aroTCH
MCTUHHOCTHbIE B3aMOCBA3U MexXay
BbiCKa3blBaHUAMU. BbICKa3bIBaHUSA
(Mpono3uumnmn, NpocThie npenfoxe-Hus)
paccMaTpuBaOTCA TOMbKO C TOYKM 3PEHUA UX
MCTUHHOCTW UIN NOXHOCTU, 6E€30THOCUTESBHO K
MX cogepkRMRMYIbl BbICKa3biBaHUY
[1pocTbie BblCKa3biBAHUA — UCTUHHbIE NNOO
NTOXXHbI€ MO CMbICIY NMPOCTbIE NPeasioXeHU4.
[TpuMmepamm NPoCTbIX BblCKa3blBaHUN ABMAOTCS:

1) cBOUCTBA OOBLEKTOB,
5-qucrno, [lempoes ebicoKuU, PYKM KpacHbIU.



[axxe, ecnn Mbl HUKOrOga He Buaenu [letpoBa u
s10110-Ka, Mbl BEPUM, YTO 3TO UCTUHA N BEPUM B TO,
YTO PPYKT KPaCHLIN.

2) oTHOLWEeHUs mexay obbektamu, Oniez bpam
Cepees, 5 bornbwe 7, npsmasi Ha rriockocmu.

3) [1By3Ha4HbIE COOLITUA B TEXHUKE, B NPUPOAE, B
XU3HU — KOHMaKm F 3aMKHym, dgua2amerib
8K/Tt0O4YeH, 00XXK0b uoem, MleaHoes borieH, ...

A noyemy 3aMKHYym — NCTUHA, a Pa30OMKHYT —
J10)kb? Ha npakTuke HamM MOXET ObITb BaXkHee
cunTaTb, YTO UCTUHHBLIM ABMSETCA MHBEPCHbIN
CMbICJ1 — pa30MK-HYymMbIU KOHTAKT.



CwMblICn BbICKa3blBaHUM 1151 MPaKTUYECKUX
NpUnoXe-HUMU MOXET MMETb Ba)XHOE 3HAYeHNe, HO
anga dop-mMarnbHOM NOrMKn OCHOBHa4 Lenb
COCTOUT B OpMarsib-HOU 3arnmncu paccyXaeHun u
0DOCHOBaHMU NpaBUib-HbIX paccyXXgeHnn npu
NOObIX 3HAYEHUAX NCTUHHO-CTN.

PaccyxoeHue “Ecnu (3>5) n (5>7), 10 (3>7)“ dop-
MarbHO NpaBUbHOE U MPU NOXHbIX NOCbINKaX

3>5, 5>7 1 3>7, eCnu cHUTaemM Nx UCTUHHbIMM.
Takke MOXXHO CTPOUTb HEMNPAaBUITbHbIE

paccyXXgeHua Npu NCTUHHbIX NOCbINKax. Takum
obpa3om, pasnmya-eM NpaBUIIbHOCTb U
MCTUHHOCTb paccyXaeHun. B no-ruke
BbICKa3blBaHWUW Uccnegyertca gpopmanbHas Uc-



CumBonmn4yeckas 3anmcb Ha A3blKe NOrMK1 NO3BONSAET
n3dexartb OBYCMbICNIEHHOCTU, CBOUCTBEHHOM
paccyXgeHnam B eCTeCTBEHHOM A3bIKe.

CuHTaKCcuUC A3blka NIorMku — dpopmaribHas 3anmchb
CTPYKTYpPbI paccyxaeHnn. CeMmaHTUKa A3blka JTOMMKU —
npaBuibHbIE (NCTUHHbIE — T BE30THOCUTESBHO K
MHJOOPMAaLMOHHOMY MO-JH0) UK HenpaBUIlbHbIE (JTOXKHbIE
—F 6e30THOCUTENBbHO K MH-OPMAaLMOHHOMY MOSH0)

{lRRehkitchgiap=IBayIMAsRasHavatoTcs byksammn — A, B,

C, ... U Ha3bIBAlOTCA aTOMaMU. 3HA4YEHUS NPOCTbIX
BbICKa3biBaHWN N COOTBETCTBYHOLLMUX CUMBONOB {7, F} HE

CBS3aHbl C KAKUM-NTMOO CMbICIIOM.

CocTaBHble BbiCKa3bIiBaHUA NCTUHHbIE UIN NTOXHbIE
COCTOSAT U3 NPOCTbIX BbICKa3blBaHUN, KOTOPbIE
pa3genstoTca CUHTaK-CUYECKN.



CocTaBHble BbICKa3biBaHUS OnpeaensaiTcs
dopmynamm, coc-ToALMMM U3 aTOMOB U CUMBOJIOB,
0003Ha4YaloLLUX CBA3KM OE30THOCUTENBHO K NX
coAepKaHNIo N KOHKPETHOMY CMbICNY. QrieMeHTapHble
cdbopMyIbl U3 OAHOIO UNK ABYX aTOMOB (MPOC-ThIX
BbiCKa3blBaHW) 00603Ha4YaloT CBA3KU 1 04HO3HA4YHO Ofl-

NeaCHHIIGAAABN YA YN NCTUHHOCTM.
“CocmasHoe 8bicka3blgaHuUe A&B ucmuHHoOe moeaoa,

Koeoa A ucmuHHo W B ucmuHHO”.

Ecnu knacc obbekToB Q onpegenseTca AByMs
CBOWCTBaMM — BbIiCKa3sblBaHNAMU A U B, nnu aByms
outamMmu nHcopmaumm, To ero MOXXHO onpeaennTb
BblCKa3blBaHNEM-KOHBIOHKUMEN Q=A & B. [10 OTHOLUEHUIO
K 3TOMY Knaccy BCE MHOXECTBO OOBHEKTOB Q Ha3bIBaKOT
YHuBepcasribHbIM MHOXECTBOM.



Mpumep Knacca.

“uemHoe W nonoxumernbHoe 4ucro” = “Hekomopoe
qucsio yemHoe (A) N nornoxxumernbHoe 4ucrio”(B).
[MpuMep OTHOLUEHUMWN.

“Cudopos U lNempoes e wkorne”.

B ectecTBeHHOM A3blke cBA3Ka U MOXeT ABHO
OTCYTCTBOBaTb, BMECTO HEE MOXET UCMOMNb30BaTbLCA
NpoTUBOMNOCTaBNEHUE (YUC/1I0 YemHoe, HO
ompuuameribHoe), 3HaKun nNpenmHaHug — 3ansTble, TOYKW,
ApsmepiK0 Nnognexalwmx u npunaraTtenbHbIX.
Crniyxauwue My>KCKoao0 riosia ¢ HerpepbI8HbIM cmaem
pabomel He MeHbWEe rnamu siem, rnosy4varoujue
rMeHCUOHHYo rpubasky.

PaccmaTtpumBaeTca yHMBepcanbHbIn Krnacc Cnyxallux.



Cnyxawue — My>x4uHsl (m). Criyxkawue, uMmerowjue cmax
pabomesi He meHee 5 nem (f), Cnyxauwue rnosny4arom
rMeHCUOHHYo npubasky (d).

[lpyras 3annucb 3TOro yTBEpXAeHUA Yepes 3ansTble
(TOYKMK), YTO IKBMUBANEHTHO cBA3ke W.

dopmyna ang aToro yreepxaeHna — m&f&d onpegenser
Knacc cny»allmx co cBoucteaMmm m, d 1 OTHOLLUEHUNEM f.

2) AusbroHkumsa (LN, V ) - coegnHmntensHoe UJA.
“CocmasHoe 8bicka3sbieaHue (A V B) ucmuHHoe, koeoa A
UJTN B ucmuHHb!”.

MMpumep.
“B npecmynneHuu moasnu ydacmeosams A, B, C” —
doopmyna paccyxaeHna A&B&C cKopee BCEro
HenpaBuIibHasa 1 Bbion-paem A V B V C, Tak Kak
HeKoTopble U3 {A, B, C} MOl He y4YacTBOBaThL B
noecTvineHuu.



3) otpuuyaHue (HE, )

Ecrnu ebika3bieaHuUe “A UCMUHHO “=A,

mo “HE A - noxHo” =] A.

3abacmoska ripodosrmkaemcs (A) u 3abacmoska He
npooosmkaemcs (1A).

4) QKBUBaNIeHTHOCTb (™)
“Bbicka3bigaHue A ~ B ucmuHHO moeoa, koeda A U B
ucmuHHbl UMW A W B noxHe!”. INpeanoXxeHne MoXxHo
3anucaTb creayrLmm paBeHCTBOM

(A~ B)=(A&B) V (]A& ]B).
NMpumep.
“Cuoopoe xooum e wkony TAKXKE, KAK Nlempog” =”
Cudopos U Nempos e wikone UIIN Cudopoea HET s
wkorne U Nemposa HET e wkorne”.



5) Ucknrouvarowiee UITU (JINBO, JINBO, ©) —
pasgenutensHoe UJ1N.

Cssaska JINBO (UM /HO HEN)

“A nnoo B nctnHHo (AeB) Torga n TonbKo Toraa, Kkorga A
UIN B nctuHHbl, Ho A U B noxHbl” = (A®B) = ((A V B)& [
(A&B)). 3oecb UCrnosb3yemMm TOXOECTBO.

“flempoe JINBO CemeHos 8 wkone”= “NNUBO lNempos 8
wkorne, INBO CemeHos 8 wkone” = “llempos UMW

CemeHos 8 wkosne, HO HE smecme”.
6) UMmnnukauua (—)

ECJIN A ucmurHo, TO B ucmuHHO. 30ecb A —NOCbINkKa, a
B — cnencteue.

NMpumep.

“ECIIN lempos e wkorne, TO Cudopos moxxe 8 wkKorie”
=”A Hem 8 wkone WINWN B 8 wkore”.



CxoacTBO MMNNMKaLUUnM ¢ Apyrmmm cBsskamm ykasbliBaeT
Ha TO, YTO NP nepexone K CUMBOSINYECKOU 3amnncu
yTBEPXXOE-HNN HEODXOAMMO NPOBEPATL MO Tabnuue
MCTUHHOCTU BCE YCroBusl. HenpaBuiibHbI BbIOOP CBSA3KU
NPMBOAMUT K OLLMOOY-HbIM pPacCCyXOEeHUSIM.
B matemartuke yTBepxaeHue "ecsu p, mo q" YnTaeTcs Kak
"p docmamoyHo 0511 q" = "g Heobxooumo O p".
Ecnu BbinonHAeTca Heobxooumocmb N 0ocmamo4YHOCMb
p ONA g, TO YTBEPXKOEHUA p U g 3K8UBANIEHMHbI, YTO
MOXHO 3anucaTthb B cneayroLulen CMMBOIMYECKON dopMe
((0 — qg)&(qg — p)) = (p~q).
[MapagoKcbl MMNAUKaULMM — 9TO NapadoKChl,
BO3HMKaKOLLME B CBA3U C coaepXaHUeM YCNOBHbIX
yTBEPXAEHWUN KNacCu-4eCckow Normkun. masHaa yHKLNS
9TUX YTBEPXOEHUN — O0DOCHOBaHME OOHUX YTBEPXKOAEHNN
CCbISIKOW Ha apyrue.




B Knaccunyeckou rnoruke ycroBHoOe yTBeEPXXOEeHNEe NMEET
doopmy «Ecnn A, To B». OHO NOXHO TOMbKO B TOM CJly4ae,
ecrnn A UCTUHHO, a B NOXXHO, U UCTUHHO BO BCEX
ocTanbHbIX criydyaax. CogepxxaHue yteepxgeHmm Av B
npuv 3TOM BO BHMMaHMe He NpuHnMMmaeTca. Ecnu gaxe oHu
HUKaK HE CBSA3aHbl APYr ¢ APYrom no CMbicy,
COCTaBlTIEHHOE N3 HUX YCIOBHOE YTBEPXOEHNE MOXET
ObITb UCTUHHbIM.

Tak ncTtonikoBaHHOE YCIIOBHOE YyTBEPXXAEeHNE HOCUT
Ha3BaHMe «MaTepuanbHon umMmnnmkauumn». OHo obrnagaet
creayrLwmmm ocoObeHHOCTSAMM:

Ecnu B UICTUHHO, TO UICTUHHOCTL BCErO YCIOBHOIO
yTBEPXOEe-HUA YXXe He 3aBUCUT OT UCTUHHOCTU A. TO eCTb,
MCTUHHOE YTBEPXOEHNE MOXET OblTb 0OOCHOBAHO C
NMOMOLLILIO JTI0OO0ro yTBepxxaeHus. Npumep: yTBepXaeHume
«Ecnun aBaxkabl ABa paBHO NATK, TO CHer ben» ABnsaeTcs



Ecnun A NoOXHO, TO UCTUHHOCTL BCErO YCNOBHOIO
YTBEPXAOEHUSA YXKe He 3aBUCUT OT UICTUHHOCTU B. TO eCTb,
C MOMOLLIbIO JTOXXHOTIO YTBEPXKAEHMNS MOXXHO 0DOCHOBATb
BCe, YTO yroaHo. [pumep: ytBepxaeHune «Ecnu gesaxabl
OBa paBHO NATU, TO CHET KpacCHbIN» ABMAETCHA MCTUHHbIM.
Ecnun A aBngeTtca NnpoTUBOpPEYNBbLIM YTBEPXKOEHNEM, TO
MCTUHHOCTb BCErO YCITOBHOIO YTBEPXOEHUSA YXKe He
3aBUCUT OT UICTUHHOCTU B. To eCcTb, N3 NPOTUBOPEYNBOIO
yTBEPXAEHNUA MOXXHO BbIBECTU BCe, YTO YrogHo. [pumep:
yTBepXaeHue «Ecnu aBaXkabl ABa paBHO YETbLIPEM U
OBaXabl ABa He paBHO YeThkipeMm, To JIyHa caenaHa m3
3€rEHOro cbipa» ABNSAETCHA MCTUHHBIM.

Ecnun B aBnaeTca 1aBTON0IMEN, TO UICTUHHOCTb BCENO
YCINOBHO-TO YTBEPXAEHUS YXKe He 3aBUCUT OT MCTUHHOCTN
A. To eCTb norm4yeckue 3akoHbl CriegyroT U3 Nobdbix
VyTBEPXOEHUN.




[Mpnmep: yTBepxaeHue «Ecnn cHer 6en, To ABaXxabl ABa
PABHO YETbIpeEM NN ABaXAbl ABa HE paBHO YETbIpeM»
ABNAETCA UCTUHHbIM.

9Ta 0COBEHHOCTb MaTepuanbHON UMNIUKALMN ABASIETCH
npa-MbIM cnegcTBMeM ABYX OCHOBHbLIX A0OMYLLEHUNA
KINacCU4Y€CKOW NOTUKU:

1) BCAKOE yTBEPXOAEHNE NMNDO NCTUHHO, NMOO NOXHO, a
TPETb-ero He AaHo:

2) NICTUHHOCTHOE 3Ha4YeHUE CINOXXHOIo YTBEPXAEHUS
3aBUCUT TOJTIbKO OT UICTUHHOCTHbLIX 3HAYEHUN BXOAALLUX B
Hero Npoc-TbiX YTBEPXAEHUN, @ TAKXKe OT Xapaktepa
CBA3UN MeXay HUMU, N HE 3aBUCUT OT UX codepXaHug.

B pamkax aTnx aByx gonylieHun bonee yoayHoe
NOCTPOEHME YCNOBHbIX YTBEPXOEHNN HEBO3MOXHO.
[TogobHoe nonoXxe-Hue agen, oTctanBaemMoe
KInacCcu4yeckou Normkoun, nony4ymnno HassaHue



C uenbio pelieHnsa 3TUX NapaaokcoB bblna npeanoXeHa
«CTporas UMnNnukKauus», Kotopasa Kak-To oTpakasa CBA3b
NPOCTLIX YTBEPXKOAEHUWN, COCTABMNAKLLNX YCIOBHOE
yTBepXae-Hue, no cmbicny. [lpaBaa, NOTOM OKkasasoch,
YTO CTporasi UMnNnkKaumsi cama He cBoboHa OT
napagokcos. [1loaTomy Obin NpeanoXXeH Apyron BapuaHT
YCINOBHOW CBA3N — «pefie-BaHTHaa uMnnmnkayms,
KOTopas pa3peLlaeT He TOMbKO napa-aoKcehl
MaTepuanbHOU NMNNUKaLUnK, HO N NapagoKChl CTPO-row
MMMMKaUunn. 3Tom uMnimkaumenm MoXXHO CBA3bIBaTb
TOJIbKO TaKkme yTBEPXOEHUA, KOTOPbIE NMEIOT 00LLIee

coaep- >|<al|/-i

MMJIMKaLua Ha npuMepe AeayKumm
YTto cobon npeacraBnaeT ata UMNInKaLms, MOXKHO
NOCMOT-PETb Ha NpMMepe AeayvKLnmM — MeToaa
yM03a|<moquV||/| B KOTOPOM MPUMEHSOTCS YCIOBHbIE




Knaccuieckum npumepom geaykumm aBnseTcs
cnepyollee:

BCe N0AN — CMEPTHHI,

BCe rPeKN — nau,

cllegoBaTeribHO, BCe IPEKU — CMEPTHDI.

YcnoBHagqa CBA3b 3TUX YTBEPXKOAEHUW CTAaHET O4eBMOHA,
ecrnn Mbl NpeacTaBum UX B crieaylollem Buge:

ecnu Bce N CMEPTHbI

N ecnn BCe rpekn — noau,

BoBE CPSRCICMEQDABKE 3TO YMO3aKMoyeHne MMeeT
creny-toLyo opmMy: ecnm nepBoe, TO BTOPOE; UMEET
MEeCTO Nnep-BO€, 3HAYUT, ECTb U BTOPOE. Takasa dopma
Oeaykuum aensgeTcsa npaBunbHoON. HenpaBunbHOW
aenykunen oyget Takast dopma: ecriv nepeoe, TO
BTOPOE; UMEET MECTO BTOPOE; 3HAYUT, eCTb 1 MNEPBOE.
Ecrnu BNOXUTb B 3Ty OOPMY NpexHee coaepxaHue, To



BCE 0N - CMEPTHbI
BCE rPeKun - Noau

crnegoBaTenbHO, BCE NIOAN - TPEKN.
ACHO, YTO 3TO YMO3aKN4YEHNE SABNAETCH

HENMPaBUJIbHbIM.



B kayecTBe KrnaccudumkaumnoHHOro npusHaka dbepercs
CMEepPT-HOCTb OOBLEKTOB. [lepBas NnockIfnika NPUNUCbIBaeT
9TOT Npm3-Hak Hambonee obLLeMY Kraccy JaHHOW
Krnaccudpmkaumm, To ecTb Knaccy moaen. Camo cobon,
4yTO crneaytoLme, bonee YacTHbIE Kraccbhl JaHHOW
Krnaccudukaumm Takke oyayT obrna-gaTb 9TUM
npun3HakoMm. ['osTomy Korga BTopad Nockifika ycra-
HaBNMBaEeT NPUHAONEXHOCTb NPEKOB K JaHHOW
Krnaccmduka-umm, To TeEM caMbiM OHa HadeNsaeT nx u
NPU3HAKOM CMepPT-HOCTU. 3aKioYnTENbHbIV BbIBOA
TOJIbKO KOHCTaTUPYET 3TO, HE BHOCS B pacCyXaeHungd
HMYero HOBOIO.

B cBolO oyepeab, B HenpasunbHOU popMe aHHOW
OeayKkumy BTopas nocblfika ctaBuT 6osiee YaCcTHbIW Knacc
Ha OWH YPOBEHb C UCXOOHbLIM KIlaccoM, 1U3-3a Yero u



OnpepeneHue. Popmyna npaBunbHO NocTpoeHa (Well
formed formula — Wff), ecnu coaep>XXuT ToNbKO
nepeymncrieH-Hble CBSA3KU, Npny4emM bBMHapHbIE CBSA3KM
NpaBUIbHO NMNOMNapHO COeANHAT aToOMbl U popMynkl. B
OanbHeuwem npegnonara-toTcs No YMOn4aHMIo TONbKO

Wb RERMEIFBannce paccyxaeHns B WFf nossonseT
yCTPa-HUTb HeonpeaeneHHOCTU, CBONCTBEHHbIE
eCTeCTBEHHOMY Si3bIKY. [py 3TOM CoxpaHsieTcs
HEe3a8UCUMOCb U Pa3uYU-MOCMb NPOCTbIX
yTBEPXXOEHWI B COCTABHOM BbiCKa3blBaHum, bnarogaps

CoTERA e mMRABRY Sk X8 RGFHa e HMN.

1) BO3MOXXHOCTb npuMeHeHna doopmyn ans
nccnenoBaHus NPaBUNbHOCTM PACCYXOEHUN U
npeobpasoBaHN paccyXaeHnmn He3aBUCMMO OT
coaep)aTernbHOro cMbIcna.



[1pn BO3BpaLLEHNU K coagepXaTenbHON doopme
COXPaHAETCA UCTUHHBLIN CMbICIT UICXOAQHOMO YTBEPXKOEHUS.
2) BO3MOXHOCTb coegMHEeHUs B OOHOM pacCyXOeHnNU
BbICKa3-bIBaHN N3 Pa3fNYHbIX KNaccoB — COObITUN,

CBONCTB U OTHO-LLUEHWUMN.
[Mpumepsl.

1. Ecnu s6noko 3eneHoe (A), mo oHo Kucrioe (B) = A—B
=14 V B = “abnoko He 3eneHoe (]A) unu kucrnoe (B)”.
34ecb A, B pa3Hble CBOMCTBa AS1s1 OAHOro Kriacca v
npumep npeodbpasoBaHnsa POpPMYIibl, COXPaHAIOLLIEN

IR S BRI RIS ARTAY o nocre nomyons

(B) unu (nubo) eeyepom (C) bydem 0oxob (B @ C) “.
BbickasbiBaHusi A, B, C — cobbITus1 N3 pa3HbIX KINaccos,
A— (Be C).



3. “JleyeHue He byoem HauoeHo (A), noka He
oripeoerieHbl npud4uHs! bone3Hu (B) u He HauoeHk! Ho8ble
nekapcmea (C)”.

BbickasbiBaHusi A, B, C — cobbITns1 N3 pa3sHbIX KINaccos,

AB&, HJQGVeMCﬂ (Heobxo0umbl ) xpabpocmsb (A) u
Macmep-cmeo (B), ymobki nooHambcs Ha amy 2opy (C)”.
A, B-cBounctBa, C - cobbitne, C—A&B.

5. “Ins moao, ymobbi Yucsio bbirio HedemHbiM (A),
Heobxooumo , Ymobakl Yucsrio bbiro ripocmeiM (B) u He
oeriusiock Ha 0ea (C)”.

A, B, C — cBoucTtBa vucen, A—-B&C.
6. “Ecnu (2<5) (A) u (5>10) (B), mo (2#10) (C)”".
A, B, C — OTHOLLEHWNA B Knacce vucen. A& |B—C.



UHTepnpeTauusa nornvyeckux doopmyn
OnpepeneHue. [lyctb 3agaHa dpopmyna ®(A, B), rae A, B
— aTtoMbl. [loacTtaHoBKa KOHKPETHbLIX BblCKa3blBaHUN (MNK
NPOCTO UX 3HAYEHUWN F nnun T) U BblYNCIIEHNE NCTUHHOCTU
COCTaBHOIM0 BbICKa3blBaHUA Ha3blBAETCH

BOFINAPAL PALHEHAIHT Ha:

1) ebINOJIHUMbIE — CYLLECTBYET UHTEpnpeTauus, npu
KOTOpOU doopMyna NCTUHHA:

a) ecnu doopmyra @ nctnHHa B nHTepnpetaumu /, To d(/)
BbINMOSIHMMA B /, a | Ha3bIiBaeTca Mmoodesibro O;

6) ecnu dbopmyrna @ noxHa B /, To O(/) onpoBepraeTcs B /.

2) maemousiocuu (0bwe3Havumbie) — PopMynbl,
MCTUHHbIE HA BCEX Habopax aTOMOB,;

3) npomueopeyusi — NoXxHole opMyrbl Ha BCEX
Habopax aToMOB.



3aMeHsd cogepKaTernbHble paccyXgeHua doopmynamu,
nony-4aem BO3MOXHOCTb MPOBEPUTb MCTUHHOCTb
YyTBEPXXOEHUIN B O0OLLIEM Crly4ae, Korga CMbICH
YyTBEPXOEHUN HE 04MeBUOEH N 3aBUCUT OT UICTUHHOCTH
RipocrBacBUdHaIBEHIdMOPMYI PELLaloTCs crieayoLwne
3agayu:

1) Npobnema aBTOMaTU4ECKOM (aNrOpUTMUYECKON)
NpPoOBEPKM OPMYIbl HA BbINMOJIHUMOCTbL (Satisfability
Automation Testing — SAT). Ecnu dpoopmyna He BbINONIHNUMA,

TO ABJISAETCA NPOTUBOPEUNEM.
2) Mpobnema pa3peLnMmocTm B NTOrMKe — NPOBEPUTb,

ABMNAETCH Ny popmyna TasTtonornemn (ooLLe3HA4YNMOWN).
Obe 3aga4yn cBsi3aHbl C MHTEpPNpeTaumMen 3Ha4eHns
doopmyrnbl. Popmyny O(A, B) HasbIBaKOT NTIOrMYeCKow
doyHKUMEN, eCnun NCMOSb30BaTh JIOMMYECKYHO
nepemMeHHy1o F = O(A, B) Kak 3Ha4yeHne qoopmMynbl Ans



[Mpumep.

TpebyeTcs NpoBepPUTb NPaBUITIbHOCTb PACCYXAEHUS —
o0LLEe3HAYNMOCTb (DOPMYIbI.

“Ecnn 4 nonagy 3aBTpa Ha NepBoe 3aHATUE (a), TO OOIMKEH
Obyay BcTtaTb paHo (b), a ecnu g nonay Be4epoM Ha TaHLUbl
(c), TO nary cnaTtb Nno3aHo (d). Ecnn a4 nary no3gHo (d), a
BCTaHy paHo (b), TO s AOIMKEH OyAy OOBOSIbCTBOBATLCS
NATbIO Yacamum cHa (e). Ho s He B coCToAAHMN 06ONTUCH
NATbIO YacamMmu cHa (]e). CnegoBaTernbHO, 1 AOSKEH UMK
NponycTUTb NepBoe 3aHATKE (| a), Unn He XoauTb Ha
TaHubl (] ¢)”



(a—=>b)(c—>d) = (10 v b)(levd)
db—se=ldvIbv e

le

L:avb b

2. levd d npoTUBOpEeYne, cneaoBa-

3. ldvibve ldvlbve e tenbHo, 3akniouenmne ectb

4. le le le  noruueckoe cnencteme

5. I(la v le) ac MME-IOLLUMXCS MOCHINOK.
[Mpumep.

TpebyeTtca onpenenntb HAboP 3HA4YEHUN NPOCTbIX
BblCKa3bl-BaHNW, MPU KOTOPOM pacCyXaeHue NOXHO U
YTOYHUTb paccyXxaeHune, NpuBoas ero K TaBTONoOrum.

[TpoBEPUM NCTUHHOCTb CrEAYIOLLIEro PacCyXOAeHUS.



CTyaoeHT nonaeT 4OMOW (a) NN OCTAHETCH B UHCTUTYTE
(b),

(a V b).

CTyOeHT peLunn octaTtbCs B UHCTUTYTE (b),

GIRANBTE SBetasAb eIERMARTIBaMANH., (boV b)&b)— ] a.

CokpalleHHbIM crnocobom BbIbMpaem 3Ha4eHMNs1 aTOMOB,
OnpoBepraoLLnX 3TO YTBEPXKOEHNE:
la=Fnpu((a V b)&b) =T.Npun b = T BbipakeHne

CTUHHO
akuM obpa3om, ncxogHasa popmyria MOXET ObITb

NOXXHOW N paccyXaeHne He BePHO.

LOewnctButensHo, “owmnbka” B Bbibope cBaskmn AJTA.
LOormkHa bbiTb cBaA3ka NCKITFOHAKOLLEE TN (a nnbo b),
YTO MOXHO ObINO YTOYHUTBL NPU 3annucK Popmyrbl A5
NepBOro BbickadbiBaHUA. ((a®b)&b)— | a.



VIHeepcHoe cocmasHoe 8bicka3dbigaHue | O ABnsieTcs
npo-musope4yueM — Ha BCeX UHTepnpeTaumnax NoXKHO,
ecnn ® — TaBTONOrNA.

Ecnu TpebyeTtca gokasaTb 06LEe3HaYMMOCTb POpMYIbl,
TO AN UHBEPCHOU popMynbl (0OpaTHbLIU MeToA)
NPOBEPAETCA BbI-NONMHUMOCTb (MPUMEHEHNE 0BpPAaTHOrO
MeToda peLleHnsa ¢ ncnonb3oBaHUeM SAT-anropnTmMosB).

[ns norndeckon cpopmynbl F=(S&(A V (] B))) MOXeT ObITb
NOCTPOEHO crneaytoLee 4EPEBO CUHTAKCMYECKOIO
pa ®opmya (S&(Av(‘IB)))

aTOM 5@7 q)op:f% 4v(1B))

N e

atoM 4 cBa3kav Gopiyra ( 1B)

CBH’SKax‘ aToM B



BbluncneHne NCTUHHOCTU NPU MHTEPNPETaLUM
BbIMONHAETCA B 06paTHOM Nopsiake 1 NpeacTaBieHo

rpadom Bbiumc S & (A v (B)))
i b

Ecnu B dbopmyne N aToMoB, TO Tabnuua UCTUHHOCTU
coagep-xut 2" ycnosui (HabopoB 3Ha4YEHUIN) NCTUHHOCTU
aTomoB. Takmm obpa3om, B 00OLLEM crny4ae, Korga
doopmyrna npoTnBopevnBa, Ans pelueHusa SAT-npodbnemsl
1 NpoBepKn obLLe3Ha4ymmocTn Tpebyetca nepedop n3 2V



[MTpuHUMN NOACTaHOBKMU
YtBepxpgeHue 1. Ecnu dpopmyna O(A) — TaBTOMNOMNA U
doopmy-na ®(B)=P(A/B) nonydeHa ns O(A) npu
rnoocmaHosKe dop-Myribl B BMECTO NOOOro BXOXXAeHUS
cumBona A B ©(A) (060-3Ha4nm A/B), To dopmyrna P(B)=
/AL TEOKEEIRT QDAY fasTonorus, To P(A/ 1 A) = d(] A)
TaBTOSIOTUS.
NMpumep.
[okasaTtb, 4yto hopmyna P(A, B)=A — (B V A)
TaBTOSIOTUS.
Cpnenaem nogctaHoBky O(A, B)=®P(A/ 1A, B/ |1 B) =
=|JA—>(]BV |A)=AV |BYV | A, nonyyeHHas
@oprnsaernerdirg thopMynbl A(Xl’ o X )W B(xl, A e
rae x,, ..., Xx_—aTtoMbl, Ha3bIBaKOTCA PABHOCUITbHbIMU
(TOXOEeCcT-BEHHO paBHbIMU), €CIN NMPU NOBOBLIX
MHTEpNpeTauusx 3Ha4e-HUs ICTUHHOCTU COBMNaaatoT.

)

n



B aTOM crny4ae 3anuncbiBaeTcs moxxoecmeo

Alx, ..., x ) =EB(x, ..., x ).
Nemma. Popmynbl A(x,, ..., x )uB(x,, ..., x )
TOXAOEeCTBEHHO paBHbI (A=B), ecnn A~B — TaBTonorug.

Hanpumep, 3akoH KoHTpano3nummn (p — g)~(1 g — | p)
MOXET ObITb 3anucaH B Buae toxaectea (p —q)=(] g —

BI?')'QACTBMG. ToXXOEeCTBO COXpaHAETCA Npu
NPOM3BONbHbLIX NEpPeCcTaHOBKax apryMeHTOB.
Hanpumep, 3aKoH KOHTpano3uuumn (p —q) = (1 g — | p)
coxpaHsieTca npu noactaHoBKkax (q/p, p/q).

YTBepxaeHue 2. (MpuHUuMn noacrtaHOBKMU).

[TycTb ®(A) — doopmyna, B KOTOpOU BblaeneHa doopmyna A
N B peaynbraTte 3aMmeHbl opmynbl A Ha doopmyny B(A/B)
nony4ymnm coopmyny d(B), Torga: P(A) = P(B), ecnn A =B.



Anredpa Nnoruku BbiCKasbiBaHNMU
YTBEPKOEHUS B BUOE TOXOECTB OTHOCATCS K 3aKOHaM
norvku. NpmnmeHeHne ToXxXaecTBEHHbIX MOACTaHOBOK
OTHOCATCSH K anredbpanyecknm doopmanbHbIM

npeobpa3oBaHUSIM.
3aKOHbI NTOrMKU BbiCKa3bliBaHUMN

1) 3aKOHbI KOMMYMamueHOCMU - NepecTaHoOBKa
dopmMyn B CUMMETPUYHBIX CBSA3KaX &, V

a&b = b&a;

aVb=bVa.

2) 3aKOHbI accouuamueHocmu - NOPAA0K MPUMEHEHUSA
BUHapPHBbIX CBA30OK N paccTaHOBKa CKODOOK

a&(b&c) = (a&b)&¢;

aVibVe)=(@VbVec




3) UDemnomeHmMHOCMb — TOXAECTBEHHOE UCKITIOYEHUE
9KBMBA-JTIEHTHbIX dOPMYn B OMHAPHbIX cBA3Kax &, V

aV a=aq;

a&a = a.

4) QucmpubymueHocmeb - pacrnpegenutenbHbii 3aKoH
ans 6uHapHbIX CBA30K &, V

a&(b V c) = (a&b) V (a&c);

aV (b&c)=(a V b)&(a V c).

5) 3aKOHbI no2J1o0WeHusi
a&(a V b) =a;
aV (a&b) =a.

byneBa anrebpa BbiCKa3biBaHUM
Anrebpa noruku (byneBa anrebpa) onpegeneHa Ha
MHOXXECTBE BblCKa3biBaHUN S={A, B, ...}.




byneBa anredpa BbiCKa3bIBaHUU — METO, BbIYUCINEHUS
3Ha4Ye-HMN COCTaBHbIX BbiCKa3biBaHMWN, onpeaensemMblX
doopmMmynamm BbicKka3blBaHUN.

[1lononHMM MHOXECTBO BblCKa3biBaHUWN S ABYMS
KOHCTaHTa-Mu: T=1 n F=0. Ha MHOXecTBe S crnpaBeannBsbl
3aKOHbI HYNA U eanHNLbI, YTO crieayeT u3 Tabnuy

MCTUHHOCTK AN OGUHAPHbIX CBA30K &, V :
6) 3aKOHbI HYJ1s1 U eQUHUUbI

0V a=a; 1V a=1;
0&a=0; 1&a=a.
[1ns Nnpon3BONbHOIO BbICKa3bIBAHUA a U UHBEPCUM | a,
KOoTOpasi, rno onpeaeneHuto ceaskm HE, obo3HavaeT
eVHCTBEHHOE BbICKa3blBaHWE B S ANA Ka)aoro a,
BbINOMHAKTCA cneayroLwme ToXXaecTsa:
7) 3akKOHbI 00MNoJIHUMEsIbLHO20 3JIeMeHma
aVla=1; a&Ja=0.




npl/l ITOM TakKXe BbIlNOJIHAKTCA CrieyrLlne 3aKOHbI,
KOTOpPbIE OolrnpeaendrT CBOUCTBA onepaumnn NHeBepCum" B

anredpe rnoruku:
8) 3aKkOH 080UHO20 OMpuUUaHUs

1(]a) =a.

9) 3akoHbI deolicmeeHHocmu (NpaBuna ae Moprana) —
npmuBegeHne NHBEPCUN K aToOMaMm

laV b)=1a&]b;

la&b)=1aV ]b.

10) 3ameHa umnnukauuu 6UHapHbIMU cesi3kamu &, V
a—b=1]aV b.

11) 3aMeHa 3KeusaJIeHmMmHocmu

a~b =(a—b)(b—a)=(la V b)(]b V a).

12) 3amMeHa uckriro4darowezo AJTN

a ® b = |(a~b) = |(a—b)(b—a) = (a |b) V (]a b).




13) 3aKOHbI COKpaWeHUsI — NPUMEHSAIOTCA A1
YNpoLLeHNA PopMyI

aV (la&b)=a V b;

a&(la V b) = a&b.

14) [1Ipagusio ckeusaHus — NpUMeHAaeTcs Ang

yNpoLleHna opmMyI
(a&b) V (la&b) = b.
3aKoHbl anrebpbl rIOrnMkn NO3BONSAOT NPUMEHSATb

cucTemaTmn-4yeckue arnrebpamnyeckme MetToabl
npeobpasoBaHns PopMyn TOrMKK, KOTOPbIE CBOAATCS K
TOXXOECTBEHHbIM NOACTAHOBKAM B COOTBETCTBUM C
ToXagecTtBamu (1-14).

ATOMbI B popmynax sBnsatTcAa byrnesbiMu
nepemMeHHbIMU U MOryT NPUHUMATbL 3HadyeHus {0,1}.
INTornyeckme cBA3KM MOryT ObITb 3aMEHEHbI 3HaKaMU (& -
rnorn4yeckoe ywmHoXeHue (), onepauus oTtpuuaHus |a




ByneBy anrebpy MoXXHO MCNonb30BaTh A4S NPOBEPKU
TOX-[AECTB, TABTONOIMN, B Npeobpa3oBaHUSX,
YNPOLLIAIOLLINX PaC-CY>KOEHUS.

NMpumeHeHne OyneBou anredpbl AN NPOBEPKU
TOXAeCcTB
MOoO>XHO BblAENMNUTb OCHOBHBLIE 3aKOHbI OyrieBoun anredpbl u
3aKOHbI, KOTOPbIE MOTyT BbITb AOKa3aHbl C MPUMEHEHUEM

akcuoMgl e HORIIY SRKOS AR LB UGB Who Bddna
l(a V b) =]a & ]b.

Paccmotpum dpopmynya V bV la & b =
OUCTPUOYTUBHLIN 3aKOH

=(aVbVl]a)& aV bV |b)=1 3aKkoH
OOMOSTHUTESNbHOIO 3fIEMEHTA




Paccmotpum cbopmyny (a V b) & Ja & 1b =
ONCTPUOYTUBHbIN 3aKOH
=a&la& bV Ja&b&]b)=0. 3aKOH OOMNONHUTESILHOIO

afieMeHTa
Taknm obpasom, nonyveHbl TOXKAECTBA:

avbva&b =1
(avb)&a &b =0,

HO COrnacHoO 3aKoOHaM AOMNOSTHUTENBbHOIO 3NeMeHTa
C Ve ="1¢
c& |c=0,

nyctb c=a V b, TOrga, U3 nonyvYeHHbIX TOXOECTB,

criegyer, YTo
le=1(a V b)=1a & b, 4To N TpeboBanochb Joka3aTb.



[MpmeHeHUue anredbpbl ANA BbIYUCIIEHUN — MeTo
KBanHa

MeToq KesanHa 3akntodaeTcsd B crieqyoLlem: nocrieqoBa-
TerbHO NOACTAaBMATCH 3HAYEHNA UCTUHHOCTU B
doopmyny Ana apryMeHToB U BbIYUCNIAKTCA 3HAYEHUS
MCTUHOCTU, NN BbINONHAOTCA anrebpanyeckue

RPREBRAAARILHETEARIMETRUTEN BN IBBARDABFY MM

e izbl 8 SOANEHHN A AHBAKiMbI) — KOHLIEBbLIE BEPLUNHBI
0603Ha4aloT BCe BO3MOXHbIE 3Ha4YeHUsi hopMYyIbl.

@ = [(ab=2c)&(a=2b)] v ((a=2c)
a=1
D(a/l)=(b=2c)b v c D(a/0)=1

boi
O(b/ lmb/Q) —
c=1 /\ c=1 /\
1 0 I 0




[1BonyHaqa guarpamma, NnocTpoeHHad Mmetogom KeaunHa,
MOXET ObITb MCMOMNb30BaHa A1 BbIYMUCIEHNN MPU

3aaHHbIX Habopax 3HaYEeHU NEPEMEHHbIX.
d (l

/\‘4 /\‘4
R 0 c 0
/ \\4 /\\\
/c’\ j | 0
1 ‘0 1 ‘0

[1Bon4Has buHapHasa gnarpamma - Binary Decision
Diagram (BDD) MOXXET ObITb NONy4YeHa CBEPTKOM
buHapHoro gepeBa OTHOCUTESNbHO 3HAYEHUN UCTUHHOCTU



A

pd if (a)

/\ ; if (c) P=1;
L 4 else  ®=0:;

| 0 else ®=0.
NMpumep. lNocTtpoutb BDD ana dpopmyribl
]p V (g VI’Q(p vV 7)) p
P=1/ £
q (1Vr) ] q
9=1/"\ S
1 0 0 1

[Mpumep. [NocTpoutb BDD onga pyHKLUMU CYMMUPOBAHUA



XyzZ VvV _[\‘_|vz V ,\‘—IV—IZ V -L\‘V—IZ X
x—1 "~ \ / - SA

vzv Wk zvylk YM}

y=1 [ . '\Z - 7

221/‘\ /\n /\\ f\n : '
1 0O i 0 00 1

o<
V.
1 0
[MpmeHeHne anrebpbl ANA AOKa3aTenbCTBa
oOLe3HaYMMoCTH

YTBepxxaeHue 3. Ecnn B pesynbraTte TOXKOEeCTBEHHbIX
anrebpa-nyeckux npeobpasosaHnn dopmyna P(a, b, ...)
TOXOEeCTBEH-HO paBHa eauHuue, To doopmyna O -
TaBTONOrNA (rpsmou Mme-moo dokalamesibcmaea).
YTBepxaeHue 4. Ecnn B pesynsraTte TOXOECTBEHHbIX
anrebpa-nyeckux npeobpasosaHnn cdopmyna |P(aq, b,...)
TOXOEeCTBEH-HO paBHa Hynto, To popmyrna @ —
TaBTonorusi (0bpamHbsilu Me-mo0 OoKa3lamesibcmeaa).




[MpumMmep - npumeHeHMe NpAMOro Metoaa.
TpebyeTcsa npoBepuTb 00LLE3HAYMMOCTE OPMYIIbI
TPAH3N-TUBHOCTU
(p=>1&—>9)—>p—q) = lp—>r) v l=>9) v (p—>9) =
—p—|1v 1_|q \% 10 Vv q—_|7 vor |

I'Ipumep npumeHeHe o6paTHoro MeToaa.

| (((p—>f )&(7 —>Q))—>(P—>q)) = (po>N&Ir>P& l(p—>q) =
—(—Ip_VI )&(-|rvq))&p&_|q q&-|q&p 0.

T.e. |®=0, 3Ha4nT dpopmyna & — TaBTONOrNA.

6. SAT-npobnema (npamou meTton)
[IpeocbpasoBaHne popmyrnbl B JHD no3BondeT nonyunTb
KOHBIOHKTUBHbIE TEPMbI, COOTBETCTBYHOLLME
BbIMONMHUMbIM UHTEpPMNPEeTaumnsam (Habopam).



[MpoBepka obLe3HaYMMocTu hopmyn (00paTHbLIN
MeTon)
[TlpeobpasoBaHne nHeepcun gopmynel |® 8 [IHD
NO3BOMSIET ONPOBEPIrHYTh 00LLE3HAYNMOCTb P 0OpaTHLIM
meToaom. J1H® coCcTonT N3 KOHbIOHKTUBHbLIX TEPMOB,

P stoLmx BBINONHUMBIE MHTEPNpEeTaumK.
[lpoBepUTL 00OLLE3HAYMMOCTL cneayrLwen doopmynbl

®=(ab V ]c)(a 1b V Jac).

MHBepcusa aton popmynbl B anredbpanyeckon dopme

|® =]((ab V Tc)(a |6 V Tlac)) = |(ab) ¢ V 1(a]b)](lac) =
=(laV 1b)c V (la V b)(a V Jc) =

=lac V1bc V Jaa V ba V]alc V b]c.

Mo>HO nucnonb3oBaTh N1tobon N3 TepmoB a1t Bbibopa
MHTEp-NpeTaumn, B KOTopon goopmyna |P BbINOMIHMMA, a
® He BbI-NMOMHUMA, HanpumMep, ans |ac=1 3Ha4YeHns a=0 u
c=1. CnepgoBaTternbHo, popmyrna @ He obLye3Haumma.



MeTtopn [leBuca - [NatHema (DP)
PelweHue SAT-npoOGnemMbl
KH® paccmartpuBaeTcsa Kak MHOXXECTBO OU3bIOHKTOB
S ={51, S e sn}.
Anzopumm SAT BKNOYaeT popmManbHblie Wwaruv B Buae
npasu npeobpasoBaHNUA MHOXXECTBA S:

1) llpasus1o 0OHOTUMEPHbLIX OU3BLIOHKMOS:
a) Ecnn npmucyTCcTBYIOT OQHONMUTEPHbIE ON3BIOHKTbI L U
ON3b-IOHKTbI L V A, TO AN3BbIOHKTLI L V A UCKno4arTCcH

Mo 3aKoHy nornowieHna L&(L V A) = L;
6) Hangem ansa ka)xgoro ogHONUTEPHOro AN3bIOHKTA L

ON3b-IOHKT, KOTOPbI COAEPKUT |L , TOrAa B AU3bIOHKTaX

MOXXHO UCKNIOYMTL |L NO 3aKOHY cokpalleHmna L&(]L V
R) BQ@# NpeobpasoBaHUs AN3bIOHKTOB Bbl4EPKMBAETCS

O0-HOMUTEPHbIN AN3BIOHKT L, TaK KaK S BbIMOMHUMO NpU
[=1 1 ocTaBLUeecd MHOXECTBO AN3bHOHKTOB HE 3aBUCUT



2) lpasusio yucmabIx TiUMeEpP:

Ilutepa L — yucmas, ecnu BO MHOXXeCTBE AU3bLIOHKTOB S
He CyLLeCTBYeT HM O4HOIro AU3bIOHKTa C oTpuuaHuem (L)
(LVSs)&(LVs)&..&LVs)=(LVs&s&.&s).
BbluepKknBaloTca BCe AN3bIOHKTLI, coaepkallme L, Tak
Kak S BbINOJIHUMO Npu L=1, a OCcTaBLLeeCcA MHOXXEeCTBO
ON3bIOHKTOB HE 3aBUCUT OT L.

3) Ecnu npaesuna 1) u 2) He NpUMeHUMbI, TO MOXHO
BblOpaTb 4519 OAHOMN U3 OCTaBLUMXCA NUTEP 3HAYeHNE O U
1, npuMeHnTb MeToa KBanHa 1 NpoBepPUTL BbINONTHEHUE

npaBun 1) un 2).
4) [loemopumsb npaesusia 1) - 3), Noka He OyayT

nony4veHbl nyctas popmyna nnum npoTuBopeYvnBLIe
OV3bIOHKTbI Ha wWare 1a. [lyctasa gpopmyna odbo3Ha4vaerT,
4TO NpW UckNYeHnM nutep L L....L =11...1 HanaeHa
MHTepnpeTauus, B KOTopou @ BbINOSTHUMA.



[Mpumep.
[1poBePUTL BLINOMTHUMOCTbL POPMYIbI

O=(pVig)lp V q)g V t)(lg V 1t).
[1lpaBuna desuca - ['laTHeMa He NpUMEHNMbI, NO3TOMY
Ha NepBOM LLuare ncnonb3yem metoq KeanHa

@V v agv v I

p:1 / L

T SA
q(q v t)( -|(1 V -| f) —l(/((/ v I)( -I(/ V -lf)
g=1 / IPABHIO OJHOIUTEPHBIX JH3BIOHKTOB

1z

=0 IIPABHJIO YHCTOH TUTEPEI H @ BEIIIOJIHHMA IIPH pq~|t

[Tony4eHa nyctaa doopmyria u BbibpaHa MHTepnpeTauus
pgt=110, npu KoTopoun popmyna @ BbinonHUmMa. [pyrme
MHTepnpeTauun MOXXHO HAUTK NO NpaBOW BETBU AepeBa
npu p=0, Hanpumep, npu pqt=001.



[MpoBepka hopmyrbl Ha OOLLE3HAYNMOCTb
MeToa DP npumMeHnM Ona NnpoBepKkn opMyrbl Ha
o0LLEe3Ha-4YMmMocTb obpaTtHbIM MeTogoMm. ns
ONpPOBEPKEHMS AOCTA-TOYHO HAUTU XOTS Obl OgHY
BbIMOSTHUMYIO MHTEPNPETaL MO SAT-anropuTMOoM AN
MHBepcHon oopmynbl [P B KHO.

B aTtom cnydae goopmyna |® BeinoniHmma n @ He
obLe3Ha-Ymma.
Ecnu Ha ware 1a ocTaHyTCA MHBEPCHbIE OOHONMUTEPHbIE

PpTviepKTRY OB TR dBL0ESRUaRRBHE ¥dkoHa
eTu MMNMKaumnm

O =(((p — r)(r—q)) — (p—0q) =

=llp—=rV lr—=9)V (p—q) wucknodeHue

nMnnkaumm

[P=(p—r)r—q))llp—q)= wnHBepcus e

(1 'V rM1r V alp la NCKOUEeHe RCex




]pvr =1 r r-1 g
rvg > bvg - g

1e
fj ]

NPUMEHAA NpaBuno 1 Ans p v r, Nosy4YnM NpoTmBopevne

q&1g=0, cnegoBaTenbHo, |P npoTuBopedne u @

obLe3Ha-4Ymma.

NMpumep.

[TpoBepunTb 00OLLE3HAYMMOCTE DOPMYIIbI

O=(pVqg)&(Vlg) &(rVqg)—(lr&q)

[P=(pVag&(pVIg&(rVaqg)&](r&q)
-|p vr p=1 r r=1 ¢
-lrvq > -lrvq > _|q

1
72 ]




|® BbINONHMMA Npu p=1 n r=1, cnegoBartenbHo, ¢ He
ooLe-3Ha4Ymma.

[lpmeHeHue TaBTONMOrMn B pacCcyXXaeHusx
CxeMbl paccyXaeHuin OoMmKHbl ObITb NOrM4Yecku
NpaBUITbHO MOCTPOEHbI, TONLKO TOrAa BbiBOAbI MOy T
ObITb NPU3HAHbI UCTUHHBLIMW.

TaBTonorun aenatoTca doopmanbHbIMU CXemMaMu

NnpaBUSIbHbIX PacCyXAeHWUU U cTpaTernen
OokasaTefnibCTBa B MaTeMaTuKe (Hanpumep, TeopeMb
afleMeHTapHOU reoMeTpun).

PaccyXaeHus CTpoAaTcA B BUAE LENOYKU
oOLle3HaYUMbIX CXeM paccyxaeHumn.
[lokasaTternbcTBa 0OLLE3HAYNMOCTU CXEM POPMUPYIOTCH
anrebpanyecku nnum DP-meTog0oM.



HekoTopble NpoCTbie CXeMbl pacCyXaAeHUM:
1) MpaBuno otaeneHus
p(p — q) — q.
“Ecnn ycnosue p ICTUHHO U OOKa3aHo, YTo U3 p Bcerga
cne-gyer g, To cneacrteme g UICTUHHO.”

(plp—q)) —q=1kg) Va=1pV lg V g=1.
O4eBuaHbLIM 0000LLIEHMEM NpaBUa ABMASIETCS MPaBUIo
modus ponens (MP, naT. npaBuno BbIBoAAa), rae p, p — q u
g-TaBTONOTNW.

OcTanbHble NpaBua Takke NPUMEHUMbI K TABTOSTOIUAM.

2) NpaBuno EBKNuApa

(Ip — p) — p.
“Ecnn n3 npeanonoXeHusa, YTo p TOXKHO CreayeT, YTo p
UCTUHHO, TO p NCTUHHO”.

(lp—p)—p=1pVp=1.



3) MpaBuno goKkasaTenbCcTBa pa3dbopom cnyyaes
(bVallp—r)qg—r)—r.

“[10Ka3bIiBaeTCAa yTBepXXaeHue r, BbiIonparTcsd no
KpanHen mepe ABa ycrosusi p U g (oaHo unm oba
NCTUHHBbIE), ANA KOTOPbIX MOXET ObITb AOKa3aHo (p —

WNQ. [~ _« v\ TArNA r IA~TIALILNA \/ITDANW NAUIAA
o= pvagp-—>rig—>r) I
) PV q) q

@—or=(pvr) =0 b p=0

(? >n=(gvr) - g > g
i

npoTmBopeydne n G obuieaHavynma.
4) NMpaBuno KOHTpano3nuum (ooKasaTenbCTBO OT
NPOTUB-HOIO)
(p —q)=(lg — Ip)
“(p — q) NCTUHHO TOrga, Korga UCTUHHO (g — |p).



TpebyeTcsa gokasaTtb, YTO U3 UICTUHHOCTU YTBEPXKOEHUA p
cnenyeTt UCTUHHOCTbL yTBepXXaeHuA q. ['pn atom
CYLLECTBYET coaepKaTenbHbIN UM KOHCTPYKTUBHbIW
MeTO[ AOoKa3aTenb-CTBa TOXXAECTBEHHOIO YTBEPXXOEHUS
(g — 1p). CnenoBaTenbHO, NPUXOANM K MPOTUBOPEUNIO C

FoE{EMPq) ~ (19 — |p)) TaBTONOIUA, TO

®=((p— q)— (19 — 1p)(p — q)<—(]g — |p)) TOXe
TABTOJ1IOTNA.

®=(plgVagViplplaVaVlp)=1
5) NMpaBuUno KOCBeHHOro Aoka3aTefnibCTBa
(o > 9)(lp - lp—p.
I

q. lg — mpoTHBOpeume, cie0BATEIBHO, p — HCTHHA.



“[lokasblBaeTcs yTBepxaeHue p. [1na atoro Beibnpaetcsa
He-KOTopoe yTBepXaeHne q, AN KOTOPOro MOXHO
OokasaTb, YTO U3 p crieayeT Kak g, Tak U (]g). Toraa ons
|p Npuxogum K NPOTUBOPEUNIO g& |g N YTBEPXKOEHNE p
MCTUHHO.”

&Jipako AdtbzafenBeted Cudnlnefriderds
(a ~ b) = ((a — b)(b — a)).

“I1Nna ookasaTtenbcTBa 9KBUBAJIEHTHOCTU OBYX
yTBEPXOEHUN a U b B MaTeMaTUKe OOKa3blBaKOTCH
HeobXoOMMOCTb 1 AOCTA-TOYHOCTb A9 OAHOro 13
yTBEpXaeHUn ((b—a) = (a Heobxo-gnmo ans b) u (a—b) =
(o gocTaTodHO An4d b)). JleBada un npa-Baga 4acTtu
TOXOEeCTBa UCTUHHbI U NOXHbI NPY 0ANHAKOBbIX
MHTEepnpeTaunax”.

OTO TOXKOECTBO MUCMNOMNb30Barioch Npu onpeaeneHnn

PRy Py e=m N B A A N L1 7AT L A A o ] 1™y | N " oA



7) NMpaBuno goka3aTenbCcTBa LLeNnoO4YKou MMMNJnKauumn
(cBOMCTBO TPAH3UTUBHOCTU UMIMNUKALUUN —
CUNSIOrnN3m — yMO3aKmnto4YeHne, B KOTOPOM N3 ABYX
CY>XOEHUWN — NOCLINTOK Nony4yaeTcd TpeTbe — BbIBOA)

(b —r)(r—q)— (p— q).

“TpebyeTtca gokasaTtb, YTO (p — q). Beibupaetca
NPOMEXY-TOYHOE YTBEPXAEHMNE r 1 nocnenoBaTenbHO
nokasbiBaeTcs (p — r), panee (r — g). 3atem genaeTcs
BbIBOA (p — q).”

p—rir—>q)—>P—q=plrVrigVipVag=1 _
AKcunomaTunyeckas TeopUus BbiCKa3biBaHUU

CxeMbl akcuom
MHO>XeCTBO BbIiCKa3blBaHUN COCTaBMNAET NpPeaMETHYIO
00-nacTb 3HaHUW. MeHbLuaga YacTb 3TUX BblCKa3bIBaAHUM
(npaBun) cyntaeTca UCTUHHOW UK AOKa3yeMOoMN.



B matematnyeckon Teopun gokasyemble BbiCKa3blBaHNS
Ha-3blBalOTCA meopemamu. TeopemMbl BbIBOOATCA U3
HEKOTOPbLIX PUKCUPOBAHHBLIX UCTUHHBLIX BbICKa3blBaHUN
(TaBTONOrMKN), KOTOPble Ha3bIBAKOTCA akcuoMamu.
[TogoOHble MaTeMaTU-YECKNE TEOPUN Ha3bIBAKOT
aKCMoMaTUYECKNMMW.

B maTtemaTtn4yeckoun normke MMHMMaribHoe MHOXXeCTBO
nep-BMUYHbIX aKCUOM, U3 KOTOPLIX CNeaYHT BCe
TaBTONIOrMK, Ha3bl-BalOT cxeMaMu akcuom. Jlornka
BbICKa3blBaHUWN ABNAETCA akCMOMaTUYECKOU TEOPUEN
HidBeCTiw DAEWI M 8 162l (AKTHODE MaNPVE1E ], TESSM k!

asciaet dsvrasepoam AKKepMaHa:
Al) AV A - A;

A2) A—(AV B);
A3) (AV B)—(BYV A);
Ad) A—-B)—-(CVA—->CYV B).



Mo>XHO noacTaBnsATb BMECTO CUMBOJSIOB N0ObIE
doopMyrnbl U B COOTBETCTBUU C YTBEPXKOAEHUEM 2
doopMy-nbl OCTaOTCA TaBTO-NOrMaMun. [lokasbiBaeTcs, YTO
BCE TABTONOIMMMU MOryT ObITb MOJSTy4YEHbI U3 3TON CXEMBbI
aKCUOM C UCMnosib30BaHMEM NOA-CTaHOBOK WU OQHOIo
npasuna otaeneHusa MP N3 MHOXeCTBa CXEM
QraEemerAe Xy CCYXXOEHNN.

dPopmanbHOEe AOoKa3aTesNibCTBO (CXeMa BbiBOAA) —
nocrnegoBaTtenbHOCTb opMyn, Kaxkgas U3 KOTOPbIX:

- aKCMoMa;
- Nony4YyeHa NoACTaHOBKOM OOPMYIT B aKCUOMY;
- pesyneTtaT npumeHeHua npasuna MP.

Bce dopmynbl B nocneaoBaTefibHOCTU — TABTONTOMUN U
noc-negHas popmyna B 3TON NOCNeaoBaTeENbHOCTU -
NOrnM4yecKoe crnegcTeme nnm Teopema.



N3 cxeMbl aKCMOM BbIBOAOSATCS TONbKO TaBTOMOMNMN,
KOTOpble 0003Ha4atoTC

BF—=
BbiBOA - AOKa3aTenbCTBO TEOPEM — HETPUBUATIbHAS
3afadva, Tpedbyrolaa n3obpertarenbHOCTU U UHTYULU.
BbiBOa - anbrepHaTnBa anredbpanvyeckomy
OoKasaTenbCTBY M JOKAa3aHO, YTO OH BCerga CyLlecTBYeT.
[MTpumMmep BLIBOAA:
Nokasatb — (A V ]A), ucnonb3ys BbIBOZ, U3 aKCUOM.

1)AV A-SA; (A1)
2)(AV A —->A)—-(IJAV(AV A =>]1AV A);
(M3 Ad: C/1A, A/(A V A),

BV (AV A >1AV A; (MP: (1, 2) — 3)
4) (A—(AV A) -(A— A); (TOXXOecTBeHHas 3aMeHa
ON3BIOHKLNN



5)A— AV A; (A2: B/A)

6) A — A; (MP: (4, 5) — 6)

7) 1AV A; (3amMeHa uMmnnukauum Ha
ANPAIHKLMAA V |A; (A3: B/A, A/]A)

9) A V]A. (MP: (7, 8) — 9)
Teopema gokasaHa.

[MpaBuna npeobpasoBaHUA TaBTONIOMMA
1) YaaneHune KoHbOHKUUM (YK, Simplification)
“Ecnn p&qg TaBTONnOrKg, To, NO onpeaeneHunto
KOHBIOHKLUN N UMNNUKauun, p, g - TaBTonornmn”
p&qg
p, q.
Ecnu dpopmyna p&q TaBTonorud, To p&g=1u", no

onpeneneHnto KOHbIOHKLUUKN, p=g=1.



2) BBeaeHue koHbOHKUMU (BK, Cojunctions)
“Ecnn p n g TaBTONOrMKN, TO, NO ONPEAENEHNIO

KOHBIOHKUMK, p&qg TaBTONorna”

L. g

p&qg.
[Tpn gokasaTenbCTBE NCNONb3YTCS 0bpaTHbIE
paccyxaeHust Anga npeablayLero npasuna.

3) BBeaenue anssroHkuum (B, Addition)
«Ecnn p - TtasTonorug, To p V g -TtaBTonorusa»
LunfOli S
pV g
Ecnu p=1, To cnpaBeanuebl ToxagectBap V g=1V g=1.
4) YaaneHue an3bioHKuuu (YO, Disjunction Syllogism)
“Ecnn p V g TaBTONOIMMA 1 p NPOTUBOPEYNE, TO ¢

TaBTonornga”

pVaglp
g.




5) An3bOHKTUBHOE pacwiunpeHue (OP)
“Ecnun p — g TaBTOMOrNA, TO NPu 4obaBneHnn K yCrioButo
p U CNeacTButo g Noboro BeiCKa3biBaHUS MOSYyYUM
TaBTONOrN0”
p—q

pVb—qgVb.
TaBTonormap —qg =p V g=1,
ToxgectBa [p Vag=1p VgV b= (]p_l]_b) VigVb)=

6) J pan3uTHBYORTE MMnnukaumm (TU, Hipotez
Syllogism)

«Ecnu (p — r) u (r — q) TaBTONOIrNN, TO MO 3aKOHY
TPaH3UTUBHOCTU (p — q) TABTONOINA»
p—rr—q
7) KoHcTpykTBHaa Ourreqama (CD)
aVba—cb—d
cVd.




Tastonoruu (a V b)(b—d) = (Ja—b)(b—d) = (Ja—d) =1
(6-
npasuso)

(la—d) = (Jd—a)(a—c) = (Jd—c)=(d V c)=1  (6-

npaBuIo -

p%T e%;lé%ﬁglreg NMONMTHOTE TeOPUU BbiCKa3biIBaHUN
Ecnm opmMyna ,K'—'TaBTonorMﬂ, TO OHa ABMNSAETCH
TEeOpPEeMOU NCHNCNEHUA BbiCKa3biBaHUN,

YTBepxaoeHue o HenpoTUBOPEYNBOCTHU
He cylwecTtByeT dpopmynbl A Takoun, YTo A 1 |A aBnar0TCA
TeopemMamu.

CnepctBue. CyuecTtByOoT POpMYIbl, KOTOPbIE HE
ABNAIOTCA TaBTONnorMamMmun. Ecnmn A — Taestonorus, 1o |A —
He TaBTonorma (NpoTnBopeymne).



Jlornyeckunun BbiBOA U3 rmnoTes
['urilome3kl — NCTUHHBLIE NO ONpeaerneHnto, yoexaeHuto
NI ONbITY YTBEPXKOEHNSA B HEKOTOPOM 0bnacTwm.
B oTnnyme ot akcMom Teopun BbiCKa3blBaHUU TMNOTE3bI [
He 0bA3aTernbHO TaBTONOMMM, HO Herpomuesope4yussi. B
OT/NI4YME OT BbIBOAA B aKCMOMAaTUYECKON TEOPUN, BbIBOA
dopmynbi-B ns runotes ([ B) noATBepXOaeT He
oOLe3Ha4YNMOCTb opMYy-Iibl B, a TONbKO €€ NCTUHHOCTb
Npu MHTEpNPEeTaUnaX, B KOTO-PbIX UCTUHHbI TMNOTE3bI [
dopmyna B BHe 3TOM 00nacTu MC-TUHHOCTU KOHKPETHbIX

(MTRAEBATORET GHTRARYMEIBHME PACCYXOEHNS MELOT
CMbICI TOSTbKO B J@HHOM KOHKPETHOW 0611aCTu 3HAHUM.

[Tpnyem TaB-Tonorusa He MoOXeT ObITb MONy4YeHa npu
BbIBOJE 13 MMIMOTES3, KOTOPbIE HE ABNSAKOTCA TaBTONOMMAMMN
- YTO CcneayeT U3 MoMnHO-Thl U HENPOTUBOPEYMBOCTH
TEOPUN NCHYNCITIEHUSA BbICKa3biBa-HUMN.



NMMpamoun meTon BbiBOAA
OnpepeneHue.
<Dop|\/|yna B rnozuyeckoe cnedcmeue U3 runotes [={F F,
., F_}{m=20), ecnu npu nobon nHtepnpetauus /, roe F (I)
n F (I) . F_(I) NCTNHHbI B(/) Tak >k& MCTUHHO.
O6O3Ha1-|aeTc;| P R R

YTBepxaeHue 7.

Ecnn I'={F1, f I et BT D = F.&F &...&F — B =

]| T VAN Y ST E g e e e A e
TaBTOMOrMUS.

Taknm obpasom, rnpsmou memood 8bi8o0a ftodbon
doopmynbl B n3 runotes3 CBOAUTCA K JoKa3aTenbCTBY
oOLLE3HAYNMOCTN (POPMYIbI.

[ns 3apaHHbIX rMnoTe3 F, F ..., F CTPOUTCS Lieno4yka
doopmyn c npmmeHeHmeM npanm BbIBO,EI,a noka He bynet
nonyyeHa sagaHHaa doopmyna B.



[MpaBuna npu BbiBOAE U3 TMNOTE3:

- €CINN CYLLIECTBYET UHTEPMNPETaUns /, Npu KOTOPOK
rnmnoTesbl BbINOMHUMbI, TO U CIEACTBUE N3 TMNOTES B 3TOM
MHTEpNpeTa-LUun BbINONHUMO;

- €CIMN rMnoTe3bl 00LLIE3HAYNMbI B HEKOTOPOM 0briacTu
NHTEp-NpeTaumun, Torga n cnegcrene obLesHa4vymMmo B

PReUBIPRASINAuEeCcKOro BbIBOAA aKCHOMATUYECKON TEOPUM
BbICKa3bIBaHUN MPUMEHUMBbI U NPY BbIBOAE N3 TMMNOTES.

1) NMpaBuno otaeneHusa (MP, modus ponens)
A A—B
B.
[lo onpegenexunto umnnmkauum (JA'V B)JA=AB=B=1,
npu A=1.




2) OTpuuaTtenbHbIn moayc (MT, modus tollens)
A — B, |B
1A.

Mo onpegeneHuto umnnumkaumm (JA V B)|B=]A1B=]1A=1
npu |B =1.
3) YoaneHue KOHBbIOHKUUHU (YK)
P&Q
P, Q.
[1lo onpegeneHnio KOHBLIOHKUKUK, ecnu P(1)&Q(/)

BbliNonHuMma B /, TO P(/), Q(/) Tak >Ke BbINOTHAMBI.
4) BBeaeHue KOHBbIOHKUMU (BK)

P(l), Q(l)

P(1)&Q(/).
Ecnu P(/) n Q(/) BBINONMHUMbIE TMNOTE3bLI B UHTEPNPETaL NN
[, TO  KOHBIOHKUUSA P(/)&Q(/) BbINMOMHUMA B 3TOW
MHTepnpe-Taunm.




5) BBeaeHue anssroHkuuu (B, Addition)
All)

A(l) V B(l).
Ecnu A(/) BbinonHuma, 10 A(l) V B(/) TOXe BbINONHMMA B
9TOU MHTEepNpeTaLuu.
A(l) —(A() V B(1) =1A(I) V A() V B(I) = 1 TaBTONOMMA Npu
NodbIX HTEepnpeTaunsax, cnegosatenbHo A(l) V B(/)
BbINOSTHUMa Npu /.
6) YoaneHue gu3broHKuum (YO)

P() V_Q(), 1P(I)

Q(/).

Ecnn]P(/) BbINONMHMMA B HEKOTOPOW UHTEpNpeTaunmn | n
P(/) V Q(/) BbINONMHMMA B 3TOW MHTEpNpeTaummn, To
BbINONMHU-Ma u Q(/).
(P() V Q())&]P(I) = P(N&]P(I) V Q(N&]P()=0 V Q(I&]P(/)
BbinonHumMa n Q(/) (no YK).




7) An3bOHKTUBHOE pacwuupeHue (OP)
P(l) — Q(/)
PV B(l) — qQ(l) V B(l).
(P(1) — Q) — (P()) V B(l) — Q(l) V B(l)) =
= (P(1) — a(l) — (1P(N&]B(N) V Q(l) V B(l)) =
=(P() = a(n) — (1P() V all) V B(N) = (P(I) — a()) — ((P(/)
— Q) V B() =P(l) — (P(I) V B(l)) =1, TaBTORNOrNS, Npu

NMoObIX NHTEpNpeTaunax, crieaoBaTesibHoO, BbINONHMMA
SbhRaH3NTUBHOCTL UMNnukauum (TH)

(P(1) — R{)), (R(I) — Q(1))
P(1) — Q(l).
Ecnn (P(I) — R()) u (R(/) — Q(/)) BbINOMHUMbI B
MHTEepnpetauuun /, To (P(/) — Q(/)) BbINONMHMMA B 3TOMU
MHTEepnpeTauuu.




(P(/) — R(1)) &(R(1) — a(h)) = (1P(1) V R(N) &(IR()) V Q(1))
(1P(1) V R(1) &(1R() V Q) —=(1P()) V Q(l) =
=P() & 1R(1) V R(N& a(f) V TP(I) V Qll) =
=1P(/) V Q() V TR(!) V R(l) = T BbINONHMMA NP NOObIX
MHTepnpeTaunax, cnegosartensHo, P(/)—Q(/), BbinoHMMA
8)/ KoHcTpykTBHaa Ounemma (CD)
aVba—ocb—d
cVd

((a V b)(a—c)b—d)—(cVd)=
=((lalb) V (alc) V (bld)) V (c V d) =
=(laVaVbVcVd=T npunobbix HTEpNpeTaunsx.
NMpumep.
EcTb Tpu runoresbi: AV B, A—>C, B—D
[Tpegnonaraemoe cregcTeme n3 rmnoTes: CV D.




1)A—C (rmnoTesa);

2)AVB—->CVB (npaBuno AP k 1 — 2);
3)B— D (rmnoTesa);

4ACVB—-CVD (npaBuno AP k 3 — 4);
5 )AVB—-CVD (npaBuno T k2,4 — 5)
6)AV B (rMnoTtesa);

7)CV D (npaBuno MP k5, 6 — 7).
NMpumep.

[unotesbl: (A&D)—B,A,C, C—>D

CnepncTBue: B.

1) A (rmnoTesa);

2)C (rmnoTesa);

3)C—> D (rmnoTesa);

4) D (MP 2, 3 — 4);

5) A&D (BK 1, 4);

6) (A&D) — B (rmnoTesa);

7) B (MP 5,6 — 7).



OPPEKTUBHbLIN YaCTHbIN Clly4an NOrmM4ecKoro BelBoaa m3
rMno-Te3 N3BECTEH Kak Memood MmamemMamu4ecKol
UHOykuyuu. Oco3HaHMe MeToaa MaTeMaTUYECKOM
MHOYKUUWM KaK OTAOENb-HOro BaXXHOIro MeToda BOCXOAUT K
bneasy [Nackanto n 'epco-Huay. CoBpeMeHHOe Ha3BaHue
meToga 6110 BBeaeHo ge MopraHom B 1838 roay.

NNEBW 6eH Mepuom (FepcoHuna) (1288-1344) —
CpedHEBEKO-BbIN €BPENCKNN YYEHBbIWU, pmnoco,
MaTeMaTUuK, acTpoHoM, TanmyaucT. OH ocTaBun paa
COYMHEHUN Ha UBPUTE MO MaTe-MaTuKe, aCTPOHOMUM,
donnocodumn, 6borocrnoButo, NCUXOorMn, MEAULMHE,
doun3unke, metTeoponorumn, actponoruun. B tpaktate «leno
Bbluucnntensa» (1321) 'epcoHna nepBbiM B EBpone Bhl-
BEJT1 OCHOBHbIE KOMBMHaTOPHbLIE dOPMYIIbI AN1A NOACYETA

4ync-na CoYeTaHUN, NEPECTAHOBOK U pa3MeLLEHUN; O UX
NOKARA-TANRCTRA MDUAMAHIAO MeTON MAaTeMAaATIIUaCKOIA




B TpakTate «O cuHycax, xopaax u gyrax» JleBu 6eH
[epLLOM JOKa3an TeopemMy CUHYCOB; COCTaBUIT
NATU3HAYHble Tabnuubl cCUMHYCOB. 1300peTeHHBIN MM
HaBUrauMOHHbIV KBaAPaHT Ha-LWeNn NpuMeHeHMe B
Mepeaiaea @t N4ECKON MHOYKLIMWN 3aKITIO4AETCSA B
crnegyroLwem:

1) yTBEpXKOaeTcs runortesa P(0) - 6a3nc UHOYKUUM;
2) OokasbiBaetca P(0) a P(1);

3) Ooka3biBaeTca P(n) a P(n+1);













