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VyebHOo-meToguueckme pekomeHagaumm AnA noaroToBKU
K 3K3aMeHY no AucuunanHe
« [IUCKpeTHas MaTemaTiKa ¢ 31eMEHTaMM MaTeMaTUUECKO IOTUKKUY»
ana crypentos CNO 09.02.07 UC-18
« UHPOPMaLMOHHbBIE CUCTEMbI M NPOTrPaMMUPOBAHUE)» TEXHUUECKUIA Npodunb

BeBepeHue.
YyebHO-MmeToanYeckue pekomeHaauuu no aucumniude « InckpetHas
MaTemaTrKa C 3/1leMeHTaMuU MaTeMaTUYeCKoM NOTMKN» MPU3BaHbl OCYLIECTBUTD
MPaKTUYECKYIO NOALEPKKY TEOPETUYECKOTO Kypca.

PeKoMeHAaLMKn CoAepiaT TUMUUHbIE 3a4aHUA U Hanbonee Ba)kHbIe 3a434K,
HeobxoauMble 419 NPUobpeTeHna onbiTa NPaKTUYECKON AeATENIbHOCTH Mo 3TON
AUCUMNIUHE. PEKOMeHJaLUMmn HanmucaHbl B COOTBETCTBUAM C AEUCTBYIOLLEN
NMporpaMmon no aucuunniuHe « IucKpeTHas MaTemMaTKa C 3/ieMeHTamm
MaTeEMaTUYECKOM NOTUKUY.

OCHOBHOM 33 @Y€ U3YYEHUS ITOM AUCLMUNINHDI NPU NOATOTOBKE CTYAEHTOB
TeXHUYECKUX CreumnanbHOCTel U Hanpas/ieHunit aBnaeTca obecneyeHme yCioBuii
ans GopMmupoBaHua NPodeccMoHanbHON KOMMNETEHTHOCTW B 061acTy
MHPOPMALIMOHHBIX CUCTEM Pa3/IMYHOrO HasHaveHus. braroaapa UsyveHuro
AUCLUUNAUHDI « [IMCKpeTHaa maTeMaTuKa ¢ 3/1eMeHTaMu MaTeEMaTUYECKON
NIOTUKU» ByayLiniA BbIMYCKHUK ByaeT NoAroToB/IEH K PeLUeHUIo
NPOdeccroHanbHbIX 33434 B NPOEKTHO-KOHCTPYKTOPCKOM U NPOU3BOACTBEHHO-
TeXHUYECKOM AenaTeNbHOCTU. B CBOK ouepesb 3HaHUA MaTeMaTUUYECKON IOTUKK
6yayT BOCTpeb0oBaHbl NPU U3yHEHUU TaKMX CMeL. AUCLUMIINH KaK
«MporpammupoBaHme Ha A3blKe BbICOKOro YPOBH:A», « OCHOBbI TEOpUU
ynpasnieHusa», « OpraHusauus IBM u cuctem», « Ba3bl AaHHbIX», « MeToAb! U
cpeACcTBa 3alMTbl KOMNbIOTEPHON MHPOPMALUUY U APYTUX.

Llenbto pekomeHaaumi ABIAETCA OKa3aHue MEeTOAUYECKOM MOMOLLM CTYAEHTAM
MPY BbINONHEHUW NPAKTUYECKMX 3alaHUIA NO 9TOM AUcUUNAKHE. [03TOMY Kaxaoe
3aHATME HAYMHAETCA C KPATKUX TEOPETUYECKUX CBEAEHMIA, HEOOXOANMBIX AN
BbIMONHEHUA NPAaKTUYECKUX 3aaHn. LLIMpoKo npeacTaBieHa cucTema
yNpaXKHEHWI: AA Kaxaoro yuebHoro snemeHTa B peKoMeHAauuax UMeeTcA
NPaKTUYECcKoe 3aaHne, 1 A4/ KaxA0ro BUAA 3a/jaHnii B PEKOMEH AALUAX
“MeeTCs COOTBETCTBYIOLMIA 0bpasew, pelleHns ¢ NoApo6HbIMU KOMMEHTaPUAMU.

« [IUCKpeTHaA maTtemaTuKa c INemeHTamun MaTEMATUUYECKOWN IOTUKU» ABNAETCA
rny60KO aBCTPAKTHOM M MO3TOMY BECbMA C/I0MHO YCBaMBAEMOM CTYAEHTaMM
HaYKOW, NO KOTOPOW HEAOCTaTOYHO AOCTYMHOK yuyebHO-meToAn4EeCcKom
nuTepatypbl. OfHAKO CTPYKTYpa AaHHbIX PEKOMEHAALMIA He NO3BOIAET BKAOUNTE



B HUX B NOJIHOM 06bEMe BeCb TEOPETUYECKUI maTepuasn, Heobxoaumblin ans
OCMbIC/IEHHOTO BbINOMHEHUA NPaKTUUYECKUX 3a4aHMiA. TaK Kak B 3TON AUCLMNINHE
MHOrO HOBbIX TEPMUHOB U MaTeMaTUYeCcKUX CUMBO/OB. [ToaTomy ana
BbINO/IHEHUA NMPAKTUYECKMX 3a4aHUIN peKoMeHAYyeTCA npeABapuTesibHO
BHMMATE/IbHO 03HAaKOMMUTBLCA C COAEPIKaHUEM COOTBETCTBYIOLMX eKumid. BmecTte
C TeM, OCHOBHbIE COKpaLLLEeHUsA, CUMBOJIbI U 0603HAYEHUA NPUBEAEHDbI B KOHLE
nocobwus.

Paspen 1. MocTpoeHue NOrMuecKuX UCHUCIEHUMA.
3aunaTme 1. Jlormka BbicKa3sbiBaHuit. CoBepLUEeHHbIe U MUHUMasbHbIe GpopMmbl.

®opmyna F Ha3bIBaeTCA TaBTO/IOTUEN, ECIU CaMbliA MPaBblil U3 cToN6LOB Tal/inib)
UCTUHHOCTU — cToNBel, 3HaYeHUI, COAEPIKUT eANHUUBI ( UCTUHA), U TOJIBKO
euHULbl. Obo3HaueHue TaBTonormm : |=F

Teopema KpUTEPUIA TOXKAECTBEHHO UCTUHHOMN GOPMY/bl anrebpbl NOTUKK.

Nna Toro 4tobbl GOPMYNa OrMKK BbiCKa3biBaHW bblia TaBTONOMMEN,
HeobxoaMMO U JOCTaTOUYHO, YTobbI B €& KH- popme Kaxapli AU3BIOHKT coaepiKa
cnaraembiM XoTd 6bl O4HY NepeMeHHYI0 BMecTe C e€ OTPULL@HUeM.

Teopema Kputepuit TOKAECTBEHHO /TOXHON Gopmy bl anrebpbl NOMMKM:

[na Toro, YTo6bl GOPMY/a IOTMKKU BbICKa3biBaHU Bbina TOXAECTBEHHO /IOXKHOMU,
HeobXoAMMO 1 AOCTaTOYHO, YTObbI B eé [ H-dopme KaKaoW KaHbIOHKT cogepKan
COMHOXUTENEeM XoTA Bbl 04HY NepeMeHHYI0 BMECTe C e€ OTPULAHUEM.

YnpaxXHeHus.

3apaHue 1.1.
JIOKaXX1Te TOXAECTBA aHA/IMTUYECKMU U NPOBEPLTE C MOMOLLBIO TabNnLp!
UCTUHHOCTK: a) Xx—>1=1 e) 0 >x=1

6)x|0=1 K) x> x=1

B) Xxd 1=0 3)x|1=X

Nx-x=1 n)yx v x=X

A x> x=0 K)xJ 0=X

3apaHue 1.2. [lIokaXkuTte UM oNpoBeprHuTe:
a)AABl<=>AvB=1

6) (AB)A(B—>C)=A->C
B)A=>(A—>B)=1

rNX—->x=x

a)xy x=0

e)A>B=1<=>AvB=1

KX)A->B=B—>A
3)A>(B>C)>(A->B)>(A>C))=1
mx|y=xJy



K) xby=X]|y

3apaHue 1.3. 3agana dopmyna (xvy) O xzZ( Xvy)

A). BbinuwimnTe Bce BO3MOXKHbIe Nogdopmybl 3TON GOpMY/ibl.

B). MocTpoitte rpad-cxemy atoil Gopmybl.

B). MuHummnsnpyite popmyny.

PeweHue:

A) Noadopmynamu byayT Bce nepeMeHHble X, Y, Z , BXOAALIME B AaHHYIO

dopmyny ( 310 noadOPMY/Ibl C HYSIEBBIM YUCIOM JIOTUYECKUX CBA3OK).

Noadopmynbl C 0OAHOM NOTUYECKOM CBABKOM : X, Y, Z. Moadopmynbl ¢ ABYMA

NOTUYECKMMUN CBA3KAMU : XVY, X Z, XVY

Noadopmyna ¢ YETbIPbMA NOTMUYECKMMU CBA3KaMKU : Z( X VY ).

MATb NOrMYecKux cBA3oK y noadopmynbl X Z( Xvy) uT.A.

B). Mpad cxema popmynbl (xvy ) (O x Z( X vy ) umeeT BUg, ( CMOTPU PUCYHOK)

B) MuHumusupyem Gopmyy, UCMob3ya PABHOCUIBHOCTU anrebpbl I0M1KK
(xvy) O xZ (xvy)=(xvy)OxZy=xvy-x Zyv(xvy)-x Zy=

=(xvy) (Xvyvz)=xyvxzvy=xzvy '

3apaHue 1.4.

BbiNULWIMUTE BCE BO3MOXKHbIe NoAdopMy/bl 3agaHHbix dopmyn. CoctaBuB Tabinubl
WUCTUHHOCTU 3TUX POPMY/, AOKAKUTE, YTO OHU ABNAIOTCA TAaBTO/NIOTUAMMU:

a) ((XAY)AZ) > (XA(YAZ)) (accoumaTUBHOCTb KOHBIOKLUK );

6) ((XvY)vZ)&>(Xv(YVZ)) (accoumaTUBHOCTb AU3BIOHKLMK)

B) (XA(YVZ) > ((XvZ)v(XAZ) (AnMcTpnbOYTUBHOCTb KOHBIOKLUK
OTHOCUTE/NIbHO AU3bIOHKLUK);

N (Xv(YAZ) & ((XvZ)A(XvZ)) (AancTpubyTUBHOCTL AU3BIOHKUUN
OTHOCUTE/IbBHO KOHBIOHKLUUK);

A)X v(XAY)<4>X (3aKoH nornoweHus);

e) XA (XvY)<4>X (3aKoH nornoweHus);

W)XV (XAY) XvY (3aKkoH nornolieHus);

3) XA (XvY)<é>XAY (3aKkoH nornoweHuna);

n) (X AY)v(XAY) <> X (3aKkoH cknenBaHusa);

K) (XVY)A(XVvY) <> X (3aKkoH cknenmsaHua).

3apaHwue 1.5

OnpegenuTe fiorMyeckoe 3HaYeHue nocnegHero BbiCkasbiBaHUA, UCXOAS U3
NOTMYECKUX 3HAYEHMIA BCeX NpeablAyLLunX BblCKa3blBaHWUA.
a)(AvB)>A=1, A->B=1, A B =7

PeweHwue:

M3 nepsoro ycnosusa ( Av B ) - A=1 3akito4aem, YTO HEBO3MOXKHa CUTYaLUA,
korpa (AvB)=1,a A=0, Toectb A=0 1 npu atom B=1.

Bropoe ycnosue A v B =1 UCKAKOYAET CUTYaALMIO, NPU KoTopon A=1 u B=0,



CnepoBaTesibHO, BbiCKa3biBaHUA A U B umeloT oAUHAKOBbIE 3HaAUeHUs
UCTUHHOCTU. 3HAYUT, OAUHAKOBbIE 3HAYEHUA UCTUHHOCTU UMEIOT U UX OTPpUUAHUA
A un B. Otciopaa BbickasbiBaHue A->B 6yaeT UCTUHHO.

6)A<>B=1, (A>B)(A>B)=?

PeweHue:

U3 nepsoro ycnosua A <>B = 1 cnegyeT, uto A n B umeroT ogMHaKoBble 3HAaYeHUA
MCTUHHOCTU. Toraa oAMHAKOBbIE 3HAYEeHUA UCTUHHOCTU UMELOT U UX OTPULAHUA

A 1 B. 3Hauurt, o6e umnavkauumn A >B 1 A> B uctuHHbl. ChegosatenbHo,
MCTUHHA N KOHDBIOKLMA ABYX NOC/NEeAHUX BblCKa3blBaHWUMNA.

3apaHue 1.6. .
BoinonHuTte 3agaHue no obpasuy 3agaHua 1.5. Onpegenute normyeckoe
3HaYeHue NnocseaHero BbiCKasblBaHWA, UCXOAS U3 IOTUYECKUX 3HAUEHUI BCeX
npeablayLwmx BblICKa3blBaHUNA.

a)A>B=1 AB=0, B>A=?
6)A>B=1, (-AAB)->(-AvB)=?

B) A&SB =0, -B>A=?

NAAB=0Q, A>B=1, B->-A=?

n) A ¢>B=0, AS>B=1, (-A->B)<>A=?
e)AvB=1, A>B=1 -B>A=?

W)AAB=0, A&B=0, A>B=1, A=?
3)AAB=0, A<>B=0, A->B=l1, B=?

M) AAB=0, AvB=1, A>B =1, B>A=?
KIA>(B<>A)=0, A->B=?

3apanune 1.7.

CocTaBbTe Tabauuy uctuHHocTM ana dopmysbl ((PvQ ) >Q) (P v Q) u ykaxuTe,
ABNAETCA /I OHA BbIMNOJHUMOM, ONPOBEPXKMUMOM, TOXKAECTBEHHO UCTUHHOWM (
TaBTO/IOrMEN) UK TOXKAECTBEHHO I0XKHOM ( MpoTUBOpEYUnEm ).

PeweHwue:

Monb3yacb onpeaeneHuaMmU 10rMYecKUX CBA30K, COCTaBUM TabiuLy UCTUHHOCTH
AaHHOMN popmynbl ( Toruyeckmne 3HavyeHUa aTo GopmMybl 3anucaHbl B
nocnegHem ctonbue Tabnuupl, rae cama dopmyna obosHavenmsa F(P, Q)):

p Q O |PvQ |(PVDQ)>0 3 PvQ | F(P,Q)
0 0 1 1 0 1 1 0
0 1 0 0 1 1 1 1
1 0 1 1 0 0 0 0
1 1 0 1 1 0 1 1




U3 nocTpoeHHoM TabaunLbl UCTUHHOCTU BUAHO, YTO AaHHas GOPMyNa BbINOHUMA,
TaK KaKk ecnu, Hanpumep, BMECTO NPOMno3nLMOHaNbHON nepemeHHou P BCTaBUTh B
GOpMYNy NOXKHOE BbiCKa3biBaHUe, @ BMecTo Q — UCTUHHOE, TOo B Gopmyia
NpeBpaTUTCA B UCTUHHOE BbiCKasbiBaHue. Ho aTa Gopmyna ABNAETCA TaKKe U1
ONPOBEPXMMOM, NOCKOBKY EC/IU, HanpUmep, BMeCTO NPOono3nLUMOHaNbHON
nepemeHHoM P BcTaBuTb B GOpmMysly UICTUHHOE BbICKa3biBaHUe, @ BMECTO
nepemeHHon Q — 10XKHOe, TO BCA Gopmy/ia NPEBPATUTCA B IOXKHOE
BblCKa3biBaHue. CnepoBaTtenbHO, PopMy/ia He ABAAETCA HU TaBTONOTUER, HUA
TOM/ECTBEHHO /IOXKHON GopMynoN.

3apaHue 1.8.

BbinosiHMTe 3agaHune no obpasuy 3agaHus 1.7. CoctaBbTe TabnUbl UCTUHHOCTH
ona cnepyowmx GoOpMy U yKaxKuTte, Kakue U3 Gopmya ABNAIOTCA BbINONHUMbIMK,
KaKue — ONPOBEPKUMbIMM, KaKUE TOXKAECTBEHHO UCTUHHBIMM | TaBTONOTUAMM),
KaKue — TOXIECTBEHHO NIOXHbIMU ( NPOTUBOPEYUAMM) :
a)(P>Q)>((P>Q)>P);

6)((P>Q)>P)>Q;

B)(P(QVv P)((Q->P)vQ);

n((PQ)>Q)>(P->0Q).

3apanme 1.9. ( 1.23.)
[oKaxkute, 4To :

a)ecml=-FvG, I|=-Gv-H, 10 I=F=>-H;
6) ecrnl=G > F, I=(-FAH)¢<> G, I=H, 70 =-G A H.
PeweHwue:

a) Nyctb F( X1oeXn),  G(X1..Xn), H( X1.....Xp) - Gopmynbl, 0 KOTOPbIX WAET peyb B
7Ol 3agaue. Mpeanonoxum, uto popmyna F—--H  He ABNAETCA TaBTONOTUEN.
9T0 03HAYAET, YTO CYLLECTBYIOT TAKME KOHKPETHbIE BbICKasbiBaHUA Aj.....A,, UTO
BbicKasbiBaHue F(A;.... A,) UCTUHHO, a BbicKasbiBaHue —H(A;....A,) noxHo. Toraa
BbicKasbiBaHue —F ( A; ... A,) noxHo. lanee, Tak Kak popmyia - Fv G aAsnserca
TaBTONOMMe, To BbickasbiBaHue G (A;... A,) uctuHHO. Ho € Apyroi CTOPOHbI,
nockonbky -G v-H - TaBTonOrMA, TO BbicKasbiBaHne -G (A;.... Ay) UCTUHHO.
NMonyunnu npotusopeune. CnegosatenbHo dopmyna F - —H - TaBTON0MMUA.
PeweHue:

6) MpeanonoXmum, 4To NOCbIIKA AAHHOIO YTBEPXKAEHUA BEPHA, @ 3ak/toHeHne
HeT, To ecTb popmynbl G>F, (-FAH) <> G u H ABAAOTCA TaBTONOMMAMM, a
dopmyna -G/ AH -Hert. NocneaHee o3HaYaeT: HalayTCA TaKne KOHKPETHbIe
BbICKA3blBaHUA A; ... A,, UTO BbicKasbiBaHue -G (Aj...A;) MH(A;.. A,) byaet
NO¥HbIM. 9TO B CBOIO o4epeb, BO3MOXHO /IULLb B TOM C/ly4yae, Korda no
MeHbLUEelN Mepe, OHO 13 BbickasbiBaHuit -G (Ar...Ay) wwm H (Ar... Ay)



byaeT NOXHbIM. BbickasbiBaHue H (A;... Ay ) NOXKHbIM BbITb HE MOXeET,
MOCKOJIbKY 3TO NpoTUBOpeUnno bl TOMAECTBEHHOU UCTUHHOCTU GO pPMY bl

H( X;.....X,) . ChepoBaTenbHO, I0XKHO BbiCKasbiBaHUe -G (A;....A,) W, 3HauyuT,
WCTUHHO BbiCKasbiBaHue G (A;.... A, ). B Takom cnyyae, U3 UCTUHHOCTU
BbiCKasbiBaHMa G (A;....A,) = F(A;.... A,) BbITeKAeT UCTUHHOCTb BbICKa3blBaHUSA
F(A;.... Ay).

PaccmoTpum BbickasbiBaHue ( =F (Ap.... Ay) AH(Ar.... A)) <G (AL ... A,),
KOTOPOE UCTUHHO, TaK Kak popmyna (-F A H) <> G, no npeanonoxeHuio,
ABNAETCA TABTONOrMel. TaK KaK UCTUHHO BbicKasbiBaHue F( A;.... A,), To nesas
4yacTb PacCMaTPUBAEMOM IKBUBAJIEHTHOCTU €CTb JIOXHOE BblCKa3blBaHWe, 3HAUUT,
eé npasas YacTb, TO €CTb BbiCKa3dbiBaHue G (A; ... A,), TaK e N0XHo. Ho 3To
NPOTUBOPEUUT PaHee YCTaHOBIEHHON UCTUHHOCTU 3TOrO BbiCKa3blBaHUA.

Takum obpasom, caenaHHoe aonyweHue NpUBOAUT K MPOTUBOPEUMIO.
CnepoBaTenbHO, AONYLLEHUE HEBEPHO, @ BEPHO [I0Ka3blBaeMOe YTBEPXKAEHUE.

3apanue 1.10. ( 1.36).

[okaxuTe, 4TO CNpPaBea/IMBO CaeaytoLLee TorMYeckoe cnepoBaHue,
PYKOBOACTBYACh onpeaeseHnem atoro noHatua: PQVvRI=Pv(Q > R).
BbiscHUTe, ByAyT i BepHbl 0BpaTHble cneaoBaHus, To ectb byaeTt nu popmyna,
CTOALLAA C/IeBa, TOMMUYECKUM cieacTsuem Gopmysbl, CTOALLEN CripaBa.
PeweHue:

CocTtaBum Tabauuy UCTUHHOCTU ansa dopmyn PQVR wu Pv(Q—>R),
YYacCTBYHOLLMX B OTHOLIEHWUU CNef0BaHuUA:

p Q R P-Q P-QvR Q>R | Pv(Q-R)

0 0 0 0 0 1 1

0 0 1 0 1 1 1

0 1 0 0 0 0 0 |
0 1 1 0 1 1 1
1 0 0 0 0 1 1

1 0 1 0 1 1 1

1 1 0 1 1 0 1

1 1 1 1 1 1 1

(*) kY

NMocnepoBaTeNbHbIV MPOCMOTP MO cTpokam ctonbuos (*) u (**) nokasbiBaert, uTo
KaK TOJIbKO B KaKoii-nnbo cTpoke ctonbua (*) nossnsetcs 1, Tak ceityac e B 3TOM
cTpoke u B ctonbue (**) obHapyxusaetca 1. 3HaunT, Tpebyemoe noruyeckoe
cnefoBaHUe AeACTBUTEIbHO BbINOHACTCA.

O6paTHOE e cneaoBaHue HeBEPHO, MOCKO/bKY, HaNpUMep, B NePBOK e CTPOKe
(T.e. npu P=0, Q=0, R=0) dopmyna P v (Q - R) npuHnmaeTt 3HaueHue 1 (



ctonbeu, (**)), a popmyna P-Q v R Tem He meHee npuHUmaeT 3HaveHue 0
(ctonbew, (*)).

3apanue 1.11. ( 1. 37).

Onsa cnepyrowmx Gpopmyn BbiIsCHUTE, ByAeT M KaKaa-N1Mbo U3 HUX IOTUYECKUM
cneacTBUEM APYrOn:

a)P-Q->R , (PvQ)=>R;
6) P-Q—->R, Pv(Q-=>R).
PeweHue:

a) CoctaBuM TabmLy UCTUHHOCTU AAHHbIX dopmyn:

P Q R P-Q PQ>R | PvQ (PvQ)->R

0 0 0 0 1 0 1

0 0 1 0 1 0 1

0 1 0 0 1 1 0

0 1 1 0 1 1 1

1 0 0 0 1 1 0

1 0 1 0 1 1 1

1 1 0 1 0 1 0

1 1 1 1 1 1 1
(*) (**)

ConocTasnas ctonbupl (*) u (**), BuAnM, 4TO BO BCE CTPOKE, B KOTOPOM B
ctonbue (**) ctout 1, B ctonbue (*) Tak ke cTout 1, HO He HaobopoT ( Hanpumep,
TpeTbA CTPOKa). ITO 03HAYAET, YTo NepBan JaHHaAA GopmMya ABNAETCA
NOMMYEcKUm cneacTBuem BTOPOIA, HO BTOPas, B CBOIO oYepe/b, He ABNAETCA
NOTMYECKUM C/IeACTBMEM MEPBOW.

6) CoctaBum TabauLy UCTUHHOCTU JAHHbBIX GOPMYI:

p Q R P-Q PQ->R | P>Q |Pv(Q>R)
0 0 0 0 1 1 g
0 0 1 0 1 1 1
0 1 0 0 1 0 0
0 1 1 0 1 1 1
1 0 0 0 1 1 1
1 0 1 0 1 1 1
1 1 0 1 0 0 1
1 1 1 1 1 1 1
(*) (**)




CpaBHUBaA cTo/6LbI 3HaUYEHWUI AaHHbIX GOPMYJ, BUAUM, YTO B TPETbEH CTPOKE

nepsas Gopmyna NPUHUMAET 3HaueHue 1, a BTopas — 3HaueHue 0, B TO Bpema Kak

B ceAbMOM CTpOoKe BTOpana dopmysia npuHMmaeT 3HavyeHne 1 a nepsasn 0.
CnepoBaTtesibHO, HU 0AHa GOPMYNa U3 ABYX AAHHbIX HEe ABIAETCA IOMMYECKUM

CneacTBUMEM APYroi.

3apanue 1. 12, ( 1. 38.)

n0ﬂb3\/HCb onpegeneHUem NOHATUA NOr’MYecKoro cneacTsnA, BbIACHUTE,

cnpasegnuBbl K cneayollue nornyeckue cnegoBaHUA:

a)P-Q,
6) P- Q= R,
PeweHue:

R

-Q | =R;
-an:ﬂQ

a) CoctaBum cHavana TabauLy UCTUHHOCTY ANA BCex TPEX AaHHbIX dopmyn P-Q,
-R = -Q »n R, yyacTByowWmxX B pacCMaTPUBAEMOM OTHOLEHUM:

P Q R P-Q -R -Q  [-R>-Q |
0 0 0 0 1 1 4
0 0 1 0 0 1 1
0 1 0 0 1 0 0
0 1 1 0 0 0 1
1 0 0 0 1 1 1
1 0 1 0 0 1 1
1 1 0 1 1 0 0
1 1 1 1 0 0 1
(***) (*) (**

OTMeTMM CToNBLBI TabNuLpl, OTBEYaOLME AaHHbIM dopmynam P-Q,

-R->-Q,

R, cumBonamu (*), (**), (***) cooTBeTcTBEHHO. YTO6bLI NPOBEPUTD BbIMOJIHUMOCTD
onpeeneHra NOrMYecKoro ceA0BaHNUa ANA AaHHbIX GOPMY, HYKHO HaNTK Bce

Te CTPOKM Tabnuupl, B KOTOPbIX B 06omx ctonbuax (*) u (**) cToaT eanHUUBbI, 1

y6eAnTbCA, UTO B KaXA0M U3 3TUX CTPOK B cTonbue (***) Takke cToMT eanHULa.
3HaUUT, JOKa3bIBAEMOE JIONMYECKOoe CeL0BaHue crpaBeanBo ( CTPOKK, B
KoTopbIx He B 06oux ctonbuax (*) v (**) ctoat eanHuULbl, aBTOMaTUYECKU

yA0BNETBOPAKOT YCN0BUIO U3 onpeaeieHnA NIOrMYecKoro cnegoBaHuUA: ana HUX

MOCbI/IKA 9TOr0 YCNOBUA, NPeAcTaBAAoWero cobom MNIMKaLmio, 10XHa, a

3HAUUT , CaMa UMMIUKALMA UCTUHHA).

PeweHue:

6) CocTaBum TabnuLy UCTUHHOCTU /1A BCEX TPEX AaHHbIX GopmyI.

P-Q->R

o

1




0 0 1 0 1 0 1
0 i 0 0 1 1 0
0 1 1 0 0 0 0
1 0 0 0 1 1 1
1 0 1 0 0 0 1
1 1 0 1 1 1 0
1 1 1 1 0 0 0

Haitaém Te cTpoku, B KoTopom o6e nocbinku ( P-Q) >R 1 -R npuHumatoT
3HauyeHue 1. 910 1-1, 3-, 5-a cTpoku. Mpu 3Tom B 1-11 1 5-i1 cTpokax opmyna ~C
TaK:Ke NPUHUMALOT 3HadeHue 1, HO B 3-i1 CTPOKe 3TOr0 He NPOUCXOAUT: ~Q
npuHumaeT 3HaueHune 0. MIMeHHO 3/1eCb « NpoBasvBaeTcaA» onpeaeneHne
NIOTMUYECKOro cieAoBaHus, a 3HauuT, opmyna =Q He ABAAETCA NOTUMHECKUM
cneactenem dpopmyn (P -Q)->R n-R

3apanue 1.13. (1.40.)

MeToA0M OT NPOTUBHOMO BbIACHUTE, BEPHO /K ciedytollee 1orMyeckoe
cneposaHue: F>G , K->KH, Hv-Gl=F—>-K

PeweHne:

[lonycTum, 4TO JaHHOE NIOTMYEecKoe ciefoBaHue He BbINONHAETCA, TO €CTb
CYLLECTBYIOT TaKMe KOHKPETHbIE BbICKa3blBaHUA, KOTOPbIe NpeBpaLlatoT BCe
GOPMYNbI-MOCHINKM B UCTUHHBIE BbICKa3biBaHUA, @ OPMYJy-3aK/oueHue F>-K
- B noxHoe. Torga usz F>-K=0 cneayer, uto F=1 1 -K=0, To ectb K=1. U3 F>G=1
uF=1 cnepyet, uto G=1. [Janee, u3 Hv-G=1 1 G=1 3aKk/1O4aEM, 4TO H=1, T0
ectb —-H=0. HakoHeu us K>-H=1 n-H=0 nonysaem K=0. lMpuwwnu K
npotusopeunio. CnegosatenbHo, popmyna F>-K He MoXeT npespallaTbCa B
NOXHOE BblcKasbiBaHue, ecin Bce opmynbl F>G, K—>-H, Hv-G
NPEBPaTUINCL B UCTUHHbIE BbICKa3blBaHWA. ITO 03HAYaeT, YTO pacCMaTpUBaemoe
JIoTMYecKoe cnefoBaHue BEPHO.

3apganue 1.14

JokaxuTte, yto hopmyna P-Q->((RvQ)—=>(Q-Q)) BbINONHMMA, HE COCTABNAA ANA
Heé TabnLY UCTUHHOCTK, a YKasaB Kakne-Hubyab 3HaueHusA BXOAALLNX B Heé
MPONO3ULMOHANBHBIX MEPEMEHHBIX, MPU KOTOPbIX 3Ta Gopmyna obpallaeTca B
WUCTUHHOE BbICKa3bliBaHME.

PeweHue:

3aK/1t0YeHme BTOPON MMNIUKALMK €CTb TOXKAECTBEHHO /I0XKHAA dbopmyna.
Moatomy ecnu nocbiika RvQ BTOpoW MMMIMKaLMK NPEBPATUATCA NPU HEKOTOpPOM
NOACTAaHOBKE B /IOXHOE BbICKa3biBaHWe, TO 3Ta UMIM/IKALMUA CTAHET UCTUHHBIM
BbICKa3blBaHUEM U, CnefoBaTeIbHO, BCA AaHHAA UMIJIMKALMA NpespaTnica
UCTUHHOE BbICKa3blBaHWe HE3aBUCMMO OT TOTO, B KaKOE BblCKa3blBaHWe 0b6paTuTCcA




nocbisika P-Q Bcet gaHHOW uMnauKauuu. Mocbliika RvQ BTOpoi MNAKKaLUK

obpallaeTca B NOXHOE BbiCKa3biBaHUE, KOrAa BMeCTo nepemerHbix R u Q
NOACTaBNAETCA NI0XHbIE BblCKadbiBaHMA. UTaK, faHHasa Gopmyna BbINOSHUMA,
NOCKO/IbKY OHa o6pallaeTcs B UCTUHHOE BbiCKa3biBaHUe, eciv BMecTo R 1 Q
NoACTaBUTb JIOMHbIE BbICKa3biBaHUA, a BMECTO P — Npon3BO/ibHOE BbICKa3biBaHUe
( ero UICTMHHOCTHOE 3HaYyeHue B JAaHHOM C/ly4ae He MOBAUAET Ha UCTUHHOCTHOE
3HauyeHMe BCEro BbiCKa3biBaHUA).

3apaHwe 1.15.

Hokaxkute, uto popmyna (XvY) > ((-XAY)v(XA=Y)) onpoBepxuma, He
coCTaB/AA ANA Heé Tab/nuy UCTUHHOCTH, @ YKasaB Kakue-HUMbyab 3HaYeHun
BXOAALMX B HEE NPOMO3ULIMOHA/bHbIX MEPEeMEHHbIX, MPU KOTOPbIX 3Ta Gopmyna
obpallaeTca B IOXKHOE BbiCKa3blBaHUE.

PeweHwue:

MMNAnKauua NoXHa NMnLlb B OAHOM C/lyvae: Korga eé rnocbljika UCTUHHA, a
cneacTBue N0XHO. CneacTBMeM AaHHOM UMMAUKAUUKU ABNAETCA AU3BIOHKUMA,
KOTOpas /IOXKHa TOrAa M TONIbKO Torga, Koraa oba eé cnaraembix 103KHbl. Popmyna
06paTUTCA B N0XKHOE BblCKa3biBaHWE, €C/IM HAWAYTCA TaKMe BbiCKasbiBaHUA A 1 B,
YTO BbICKa3biBaHWe AV B MCTMHHO, a 06a BbickasbiBaHua -AAB n A/ -B
NOXHbI. Ecnn BbicKa3biBaHMA A U B UmeloT pasHble UCTUHHOCTHbIE 3HaYeHUA, TO
BbiCKasbiBaHua -A"B u AA-B He moryT 6biTb 10XKHbLI 06a. Nosatomy A 1 B
nmbo oba UCTUHHDI, "B 06a NoHbI. Ho ecnu A u B 06a noXHbI, TO
BbiCKa3biBaHMe A v B n0XXHO, 4TO Hac He ycTpauBaeT. CheposatenbHo, Aun B
[ON¥HbI BbiTb 062 UCTUHHDBI. MTaK, Mbl AOKa3anu, YTo faHHasa popmyna
npeBpaLlaeTcs B IOXKHOE BbICKa3blBaHWE B TOM U TO/IbKO B TOM OAHOM Cny4ae,
KOrga BMecTo nepemeHHbIX X 1 Y noAcTaBAATCA UCTUHHDIE BbICKa3blBaHUA.

3aHaTue Ne 2.
JNoruka npeaukaroB. Jlornyeckoe cnepoBaHue.

JNlornyeckoe cneposaHue. BbickasbiBaTenbHas ¢opma @, cneayer us
BblCKa3biBaTe/ibHON dopmbl @4, ecin umnaunkauma @, - P, obpallaerca B
NCTUHHOE BbICKa3biBaHWe npu Mtobbix Habopax 3HaYeHUI NepemMeHHbIX BXOAALNX
B Heé. Dopmyna @, Ha3biBaETCA NOTMYECKUM cneacTeuem dopmysnbl @1, eciv npu
BCAKOW MHTEpnpeTaunu, npu Kotopon @, npespallaeTcs B TOXAECTBEHHO
UCTUHHbIN NpeauKkat, popmyna @, ToXKe TOKAECTBEHHO UCTUHHbIW NpeauKar.
0O603HayeHue formyeckoro cnefoBaHua @, => O, unn @y 1= Oy

[Be popMynbl PaBHOCUNbHbI TOTAA, U TONIbKO TOrAQa, KOraa Kaxaasa ux HuUX
aBNAETCA NOrMYecKuM cneactsuem apyroi A [F] - nornueckoe 3HaueHue
dopmynbi F.



PaBHOCW/IBHOCTU NOTUKU NPEAUKATOB.

1. | Ix3yQ(x, y) < Iy3IxQ(x, y) | Npasuna 1 | VxVyQ(x, y) < VyVxQ(x, y)
nepecTtaHoBKK
OAHOUMEHHbIX
2. | IXVyQ(x, y) = Yy3IxQ(X, ¥) | ksantopos
3. | IxF(x) © VxF(x) Meperoc 3 | VXF(x) < 3xF(x)
OTPULLAHMA C
KBaHTOpa Ha
npeaukar s
4' | VxF(x) < 3IxF(x)
4. | IXF(X) & VXF(X) VxF(x) < 3xF(x)
5. | Ix(F(x) v@(x)) < Mpasuna 5 | Vx(F(x) n@(x)) <
& XF(X) v IXD(X) ﬂ:g::"ﬁw"ﬂ* & VXF(X) A VXD(X)
KBaHTOPOB
6. | IX(F(X) AD(X))=> 6' | V6F(8) v V60(8)=
—IxF (x) AIx "X — VB(F(x) vO(6))
7. | IX(M A F(x)) © M A 3xF(X) 7' | VX(M A F(X)) & M A VXF(X)
8. | IX(M v F(x))= M v 3xF(x) 8 | Vx(Mv F(x))= M v VxF(x)
9. | IxP(x) < VxP(x) 9 | VxP(x) < IxP(x)

HopmanbHble ¢GopMbl NOTUKKU NPEeAUKaTOB.

MpvBeAEHHOM Ha3bIBAETCA GOPMY/a, COALPIKALLAA B KAYECTBE /IOTMHECKNX
CUMBO/IOB TO/IbKO CTaHAapTHbIN 6asuc: - (7), A, v, rae CMMBOJ ~ BCTPEYaeTCA
TONBbKO Nepes 31emMeHTapHbIMKU NoAdGopMyIamu.

HopmanbHoit HasbiBaeTcsa npuseaéHHan GopMyna, ecin OHa COAePXKUT BCe
CUMBOJIbI KBAHTOPOB BIEPEAN UM HE COAEPHUT KBAHTOPOB BoobLue ( TO ecTb
NOMMYECcKUe CUMBOJIbI M CUMBOJIbI MPeANKaTOB CTOAT B 06nacTv AeNCTBUA
KaX[0ro KBaHTopa).

dopmysia A TOFMKM NpeAMKaToB 3ajjaHa B Npe/ABapeHHo ( npeHeKkcHOW)
HopMasbHOU popme, ecin oHa umeeT Bud Qi X ... Qn X, B ( X1....%q), TOE

Q, — KBaHTOp. 3 UM V, a popmyna B ( Xi....X,) HE COAEPMKUT KBAHTOPOB U
npuBeseHa K KHO.

CKy/IEMOBCKOW Ha3biBAETCA TaKaa NpeHeKkcHas Gopma, KOTopas COAEPHHUT TONLKO
KBaHTOP V .

[lokasaHo, 4To Nt06yto GOPMYNY NIOTUKU NPESUKATOB MOXHO NPUBECTU K
npeABapeHHo HOPMasbHON GopMe.

ANropuTMm:



1) UCK/IIOUYUTD BCE BXOMKAEHUA CBA3OK € ,—> C MOMOLLbIO 3KBUBANEHTHbIX
npeobpazoBaHuit cHATUE UMNAUKaLUMK ( 13 ) a b =2avb u cHATUe
sKkBmBaneHuuu (14)a~b=abvab;

2) nepeHecTU BCe BXOXKAEHMA CUMBO/1A OTPULLAHMA C KBAHTOPa Ha NpeanKaT c
NMOMOLLIbIO 3KBUBAJIEHTHbIX NpeobpasoBaHuint 3, 3’, 4,4 , a TaK Xe 3aKOHOB Ae
MopraHa n gp. ;

3) BbIHECTM BCE KBAHTOPbI U3 GOPMY B UX HaYano, 3a CKOBKK, C MOMOLLbIO
3KBUBA/IEHTHbIX NpeobpasoBaHuin 7, 7/;

4) UCK/TIOMUTL KBAHTOPbI CYLLLECTBOBAHUA, & NEPeMeHHble, CBA3AHHbIE 3TUMU
KBaHTOPaMM, 3aMEHUTb CKYIEMOBCKMMU GOpMamu;

5) B cTaHAapTHOW Gopme BCe KBAHTOPbI OBLLHOCTU NEepPeHecTr B Havano
Gopmynbl, 061aCTb AEUCTBUA KAKAOTO U3 HUX BKAKOUUTL B POPMYJY, TaK Kak
KBaHTOPb! BO/blIe He HeCYT HUKAaKON MHQOPMaUUKM ,TO UX ONYCTUTD;

6) dopmyny npusectn kK KH® ¢ nomoLLbio 3KBUBANEHTHbIX Npeobpa3oBaHni;

7) 3HAKN KOHBIOHKUMW UCKIOUNTD, TOraa GopmMysibl pacnafatoTcs Ha MHOXECTBO
AN3BHOHKTOB.

KnaysanbHoW HOpManbHOM GopMo ( Knaysa — YMO3aK/l4eHne) Ha3blBaeTcs
KH® dopmynbl NOrMKK NpeanKaTos.

dopmyna F B 1orMKke npeamnKaToB Ha3blBAETCA BbINOAHUMOW ( ONPOBEPXKUMOM) Ha
MHOXecTBe M, ecaim xoTa Bbl NPy 0AHOM NOACTAHOBKE BMECTO NMPeANKaTHbIX
nepemeHHbIX KOHKPETHbIX NpeAuKaToB, 3a4aHHbIX Ha 3TOM MHOoKecTBe M, oHa
NpeBpaLiaeTcs B BbINOAHUMbINA  ONPOBEPXKUMbII) NpeanKar.

dopmyna F B NOrmMKe npeamKatoB HasbiBaeTCA 0OLLE3HAUUMOMN niv Tar e

eC/IN OHa TOXAECTBEHHO UCTUHHA B /II0OON MHTEpnpeTauum, To eCTb NP BCAKOYK
NOACTAHOBKE BMECTO NPeAMKaTHbIX NepeMeHHbIX H0ObIX KOHKPETHbIX
rnpeAvKaToB, 3aAaHHbIX Ha BCEBO3MOMHbIX MHOXecTBax. ObosHauaeTcs
TaBTO/NOMUA cumBoAom I=F.

YnparkHeHus.
3apaxue 2.1.
Ha mHoxectee M { 2,3,4,6,8 } :
a) BbinuwnTe BUHaPHbIE OTHOLIEHWUSA, COOTBETCTBYIOLLME NpeaukaTy P «x’> 3y»;
6) cocTaBbTe TabNUL UCTUHHOCTM AN1A 3TOrO npejuKaTa.
PeweHue:
a) 6UHapHble OTHOLLEHUs, COOTBETCTBYIOWME NpeauKaTamu P, UMetoT BUA!
2253.2, 32>3.2, 4*>3.2, 6°>3-2
22>3.3, 3*>3.3, 4’>3.3, 6°>3.3
2?>3.4, 3'>3.4, 4°>3.4, 6°>3.4
22>3.6, 2°>3.6, 2°>3.6, 2°>3-6
PeweHue:
6) Tabaunua NCTUHHOCTK, COOTBETCTBYIOLLAA NpeauKaTam, UMeeT BUA!



Xy 2 3 4 6
2 n n n n
3 7 n N n
4 n n 4 I
6 7 7 7 7
3apaHue 2.2.

BbinosHUTe 3adaHue no obpasuy 3agaHua 2.1.

Ha mHoskectee M = {1,3,5,7 }:

a) BbINULWKUTE BUHAPHbIE OTHOLIEHUA, COOTBETCTBYIOLLIME 3a[aHHbIM NPpeAnKaTam
P;

6) coctaBbTe TabAULY UCTUHHOCTU ANA 3TUX NPEAUKATOB!

a)ux=y»; e) « X#EY»;

B)«x>y» ; ) « X Uy — B3aUMHO MPOCTbIE YnNCay ;
B) « X<y » ; 3) « X AenuTenb y»

Ne«xsy» ; K) « X KPaTHO y» ;

a) «xzy» ; K) « ( x-y) - npocToe 4ncno» .
3apaHue 2.3.

[loKa)uTe, 4To 3aAaHHble Napbl GOPMYJ IOTUKM NPEANKATOB PABHOCK/IbHDI
Mexay coboit Ha 04HO3/IEMEHTHOM MHOXECTBE. MpuaymanTe CIOBECTHYIO
UHTepnpeTauno aTux GopmyJi:

Ix(P(X)>P(y)) wn  3x(P(x)->P(y)

PeweHwne:

MycTb NpeauKaThl 3a4aHbl Ha OAHO3IEMEHTHOM MHOMKECTBE {a}. Ha aTtom
MHOYECTBE CYLLECTBYIOT TONBKO fBa npeaunkata Ag (x) 1A (x), npuyém
A;(a)=1 un Ag(a)=0.

3aZiaHue COAePHUT ABe NepeMeHHble: NepeMeHHas X — CBA3aHHaA ( npepukaTom
cylLecTBOBaHMA), a nepemeHHas y — ceoboaHan. CocTaBum TabAULY UCTUHHOCTY
ans aToit popmynbl.

P y Ix(P(x) = P(y)) IxP (x) P(y) AxP(x) = P(y)
Ao a 1 0 0 1
Aq a 1 1 1 1

Mopctasnas B nepsyto Gopmyny Ap nosy4aem BbiCKasbiBaHUe Ax(Ap (X) = Ao
(y)).Ha ogHO9neMEeHTHOM MHOXecTBe {a} aT0 BbICKa3blBaHUE UCTUHHO, TaK Kak
TOMAECTBEHHO UCTUHEH NpeauKkaT Ag (x) = Ao (Y).

Nns BTOPOI GOPMYJIbl CHauasla HAUAEM 3HAUEHWA BbICKa3bIBAHWA AxP(x). B
nepsoit cTpoke nmeem IxAg(x) 10XKHOE BbICKa3blBaHWE, BO BTopoit IxA;(x) -

UCTUHHOE. AHA/IOMMUYHO HaxoauMm 3HadeHus P(y) u noacTaBnAa ux 8o BTOPYIO
dbopmyny nonyyaem pesynbrat. B pesynbrate obe popmynbl TOKAECTBEHHO
WCTUHHbI Ha OAHO3NEMEHTHOM MHOXecTBe {a}.



3apaHue 2.4,

Hokaxure, yto cneayrowme Gopmysbl ABAAIOTCA TABTONOTMAMM MPeanKaTOB:

a) (Vx) (P(x) >Q) € ((3Ix) (P (x)) —Q) ;

6) (V) (P(x)) > (Ax) (P (x)vQ(x)) ;

PewweHne:.

a) OtTmeTum, YTo ANsA npeavkatHou nepemeHHon Q B popmyne (Vx) ( P(x) -Q) <
& ((3x) (P (x)) —Q) ; He yka3aHO 4Mcro NepeMeHHbIX, TaK Kak OHa MOXET ObITb He
TONbKO 0-MEeCTHOW, HO 1 NOBON N — MECTHOM.

BaxxHo nuwb, 4ToObI B HEE@ He BXxoauna npeameTHas nepemerHas x. Nycte Q ectb
Q (y1 ...yn ). Byoem cuutaTh Ans kpatkocTu , 4to Q ectb npeavkatHas nepemeHHasn Q

(y).

Mpepgnonoxmm, YTO AaHHas popmyna He SBnseTcs TasTonorven. Torga CywecTByroT
Takve KOHKpeTHble npeavkatsl A(x) n B(y), onpegenéHHble Ha mHoxecTsax M 1 My
COOTBETCTBEHHO, 4TO npeaukaT ( oT y) (V) ( A(x) =B(y) ) <> (3x) (A (x)—B (y))
OMPOBEPXKNM, TO eCTb ODpaLaeTcs B NOXHOE BbICKa3dbiBaHWE Npu NOL4CTaHOBKE BMECTO
npeaMETHOW NepeMeHHOM Yy HEeKOTOPOro KOHKPETHOro npeameTta b ua 1 M :

A L) A)-B(0))((39(A(9))—>B(b) ) 1=0.
3Ta 3KBUBANEHTHOCTb NOXHa, ecrnuv ee 4YneHbl NPUHMMaKT padHble 3Ha4vYeHUA
MCTUHHOCTW, T.€. MOTYT NMPEeACTaBUTLCA BE BOSMOXHOCTW: NepBas —

A1 (v)( A(x)—B(b)) 1=1 (1),
AIE)(AX))-B(b)1=0 (2)u
BTOpast -

A L(v)( A(X)->B(b))1=0 (3),
AL E)(A(X))-B(b)] =1 (4).

PaccmoTpum nepeyro BO3MOXHOCTL. U3 (2) no onpeaeneHnio nMmnnukauum nveem

AL (@3x)( A(x))1 =1 (5) u A [ B(b)]=0 (6). Lanee, 13 (5) no onpeaeneHuio KsaHTopa
cyLecTBOBaHuUs 3akntovaem, 4to npeavkat A(x) suinonHum, T.e. A [ A(a)] =1 (7) ans
HekoToporo aeM.

B cooTHowweHun (1) no onpeaeneHnto kBaHTopa 0BLLHOCTY npegukaT A(x)—>B(b) -
TOXECTBEHHO UCTUHEH. B 4acTHOCTW, ecni BMECTO NpeAMETHON NepeMEHHOM X

MOACTaBUTL acM , TO NOMy4MM UCTUHHOE BickasbisaHue A [ A(a)— B(b) I=1.

Ho, yunTbiBas (6) 1 (7), nonyuyaem A [ A(a)— B(b) 1=1[A(a) ] >A [B(b) 1=1-0=0 -
--NPoTUBOPEYNE.
PaccmMoTpuM BTOPYH BO3MOXHOCTb, BbIP&XKEHHYHO B COOTHOLLEHMSAX (3), (4). U3 (3), Ha

OCHOBaHWM OMpeAeneHnsi keaHTopa oBLyHOCT, cneayer, uTo npeaukat A(x)—B(b)
onposepxum, T.e. A [ A(a)— B(b) | = 0 ans HekoToporo ac M. Toraa no ornpeaeneHuo

nvnnmkau A [ A(a) 1=1, A [ B(b) 1= 0 (8). Otcroaa 1 13 cooTHoLIEHNS (4)
3aKroyaeM, YTo

A [ (3x)( A(x)) 1=0. MocneaHee o3HauaeT TOXAECTBEHHYIO NOXHOCTL NpeaukaTa

A(x). BuactHocTy, ans acM uvmeem A [ A(@) ] =0, 4TO NPOTUBOPEUMT NEPBOMY 13
cooTHoLeHuI (8).
UTak, B KaXA0M Cryyae NpuxoavrM K NPOTUBOPEUMIO, L0Ka3bIBAIOLLEMY HEBOZMOXHOCTE



CAENaHHOro MPeAnonokeHns. CreaosaTtensHo, AaHHas (hopMyna — TaBTOSorus.

6) Mpeanonoxum, uto opmyna (vx)(P(x))—~(¥x)(P(x)vQ(x)) e sensercs
TasTonorueit. Toraa cylecTaytoT Takve npeavkatsl A(x) u B(x), onpegeneHHble Ha
MmHoxecTse M, uto sbickaabisarie (Vx)( A(x))—(vx)( A(x)v B(x)) noxHo.

Umnnvkaums noxHa, eciv v onsko ecrv A [ (vVxX)( A(x)) 1=1 (1) v

A [ (V) ARV B(x))1=0 (2).

N3 (2) no onpepeneHnio kBaHTopa OBLLHOCTY CreayeT, YTo npeankar

A(x)v B(x) onposepxum, T.e. HanaeTcs Takoe npeameT ac M, Ans KOToporo
A[A(a)vB(a)1=0, Te. A[A(@)]1=0u r[B(a)l=0.

Ho yteepxaenune A [ A(a) ] = 0 npotmBopeuuT (1), Tak Kak U3 Hero no

onpeaeneHuio KBaHTopa oBLHOCTI BbiTekaeT, uTo npeavkar A(X) ToXAeCTBEHHO

WCTUHHBINA, T.€. HW Npu Kakom ac M He npespaLlaeTcsi B NOXHOE BbiCKasbiBaHWe.
CnepoBarenbHo, jaHHas dopmMyna — TaBTONorus.

3apaHue 2.5.
BbisicHuTe, ByayT N BbINONHATLCA B NOrVKe NPeankaTos cneaytoLime
noruyeckue criefoBaHus:

a) ()(S ()>-P(x))I= E)(P() A-S (x)) :
6) (V)(P()=Q())I= () P(X)) .

PeweHrue:
a) MpesnonokvM, YTO HaMAYTCsH Takue KoHKpeTHble npeaukatsl  A(x) v B(x)

3apaHHble Hag KoHKpeTHbIM MHoxectom M, uto A [ (Vx)(B(x)—>-A(x)) 1=1 (1),

ar[(@)(AKX) A-B(x))1=0 (2).

Wa (1) no onpepenenmio ksaHTopa oBLHoCTY cneayer, 4To A [B(a)——A(a)) 1=1 (3)
ans nodoro npeamvera, acM. W3 (2) no onpeaeneHnto ksaHTopa CyLecTBoBaHUsA
cneayer, uto A [ A(b) ~—B(b)) 1=0 (4) ans HekoToporo npeameTa beM.

OTctona BUAHO, uTo ecrnivt npeavkatsl A(x) 1 B(x) B3siTb Takumm, 4TO

; eciMXx =b>b
X[B(x)]={0’ ecin X € M {b}

(l [A(b) 1=0uA[A(X)] NPoM3BOMBHO, ECAIM X # b), TO NPOTUBOPEUMS HE NOMY4MUTCS,
cooTHoLeHns (3) n (4) ByayT BbINOMHATLCS, BMECTE C HUMU ByayT BbINOMHATLCA
cooTHoLleHns (1) n (2), koTopblie 1 ByayT roBOPUTL O TOM, YTO paccMaTpvBaemoe
crnepoBaHne HeBepHO.

0) PewweHwe:

[IONyCTUM, YTO HaMBYTCS Takue KOHKpeTHbIe npeankatsl A(x) u B(x) , koTopbie

3anarbl Hag KoHkpeTHbIM MHoxecTsom M, uto A [ (Vx)( A(x) <> B(x))] =1 (1), a



AL (Elx)( A(x) — B(x)) 1=0 (2). W3 (1) no onpeaeneHnio kKBaHTopa oGLYHOCTM
cneayer, uto A [ A(a) «> B(a)) 1=1(3) ans nioGoro npeameta acM. 13 (2) no

onpeaeneHuio KeaHTopa cylectsosaHus creayet, uto A [ A(b)— B(b) 1=0 (4)
AN HekoToporo npeamerta beM.

Toraa ua (4) crieayeT, uto A [A(b) 1=1,a A [B(b)] =0. ABa nocnesHUx
COOTHOLLEHWUS MPOTUBOPEYAT COOTHOLLEHWIO (3). 3HaYUT, caenaHHoe AonyLieHve
HEeBEpHO 1 paccmaTpuBaemMoe CrefoBaHve CnpaBsenmeo.

Paszpgea 2.
@®opmaJibHbIE TEOPUH

ZansTue Ne 3. AkcuoMaruyecKHe CHCTEMBbI.
dopmasbHbIi BIBoA. PopMasibHAS AKCHOMATHYECKASI T€OPUS.

[ycts 3amano maoxkectso f=(f1,12, ... ,fn) € I'n
— gabop dopmy: u npasmio BeiBoaa R. Eciu cymecrsyer Rl € R, Takoe, 4ro ({f1,
12, ..., /n), g) € Rl T0 g Ha3bIBAETCS HEMOCPEACTBEHHBIM CJIEACTBHEM (OpMYJI

11,72, ..., fin (6€30THOCHTENLHO O/IHONO OIPEIENICHHOTO IPaBHIIa BHIBOAA), UTO
f1,f1,.fn.

g
dopmyna h HaszeiBaeTcs BbiBoauMOi u3 popmyn {f1,12, ..., fa}=I" nm

caeacreuem dopmyi I, ecnm cymectByeT koprex (Gopmyi, rae kaxaas Gopmysia
spasiercs 6o axcuomoti Teopun 1, mubo ucxoonoii gopmynoi, mdbo
HENOCPeOCMBEeHHO 6b1600UMOIl (HETIOCPEICTBEHHEIM CJIE/ICTBHEM) 13

obosnauaercs f1,12,...,fm|=g WK

IPEeAbIAYIIHUX.

Ha6op {f1, 12, ... ,fn} Ha3bIBAaETCs THMNOTE3AMH WK MOCHIKAMH, YTO
obosnauaercs: [ |- A.

CexBeHIMsI — €CTh BHIBOJ WX J0Ka3aTeJbeTBO opmyist f1, 2, ..., fn |- h,

ecmu ['|=h, 01" |- h.

dopmyina h — Teopema Teopuu T, €CIM CYIIECTBYET BBIBOJL, B KOTOPOM IOCTIEAHEH
dbopmynoii ssisiercs b, T.e., ecna ['=C ul'|-h u dpopmyna ssisercs
CJIEICTBHEM TOJIBKO aKCHOM.

Bmecto 3anucu |- 4 06bIYHO HCHIONB3YIOT |- A.

dopmyna f € F gopmansHoit Teopun 1= (4, I, P, R) naspiBaercs
001e3HAYNMOii (M1 TABTOJIOrHeEiH), €CJ/IM OHA BHINIOJHAETCS B 110001
MHTEPIPETALIH, ¥ MPOTHBOPEUMBOIA, €Cli B N000H MHTEpNpeTaluy ee 06pas
JIOMKEH.

YupakHenust




3ananue 3.4. BeinonuuTe B cumBosiax apudmernku Ileano (3ananue 3.4.)
TIPUMEPHI U

NPOBEPHTE PE3YJIbTAT B apAOCKOM CHCTEME CUUCIICHUSL.

a) 4+7 6) 6+3 B) 8+5 ) 9+2 1) 7+8

e) 5+9 x) 943 3) 6+5 u) 8+4 k) 9+6

3aganue 3.5. Bernonuure B cumsosax apudmernku [leano (3aganue 3.4.)
NPUMEPHI U

NPOBEPHTE PE3YJIHTAT B apabCKOil CUCTEME CUMCIICHUS.
a)4-76)6:38)85r)9:2 1) 78

€)5:9x)933)6-5u)84xk)96

Zansirue Ned. Ucuuciienve BbICKA3bIBAHHI

Jloruueckoe caegoanue. [lycts A1, A2, ..., An, B — GopMyIisl HCUHUCTICHUS
BBICKA3bIBAHUI

(MB). ®opmyna B HasbiBaeTCs Joruueckum ciencrsuem dopmyn A1,42,...,4n
TOr/a, ¥ TOJIBKO TOT/IA, KOT/1a HCTHHHA KOHBIOHKIHA hopmyn Ay A, ... , An. ,
yro obo3navaercs Al,42,....An =>B.

CexBeHuueii HazpiBaeTcs Gopmysia Buaa A |- B , uTo unraercs: «B BBIBOAUMO U3
Ay.

dopmyna A seiBoguma u3 dopmyn A1,42,... An, eciv cymecTByer
[OCJIeI0BATEILHOCTE JOPMYJL, B KOTOPOIi Jirobas dopmyiia ects mubo akcuoma,
6o npunaznexur cnucky dopmyn A1,42,....An, Ha3piBaEMbIX THIOTE3aAMM I),
6O MONyYaeTcs M3 IMpeIbIYLIHX [0 TPaBmIy BbiBoja mp. O603HAUCHHE TAKOU
cexsenimu: A1,42,... An |- A.

Cexsentms I |- A o3nauaer, uro Gopmyna 4 Beisoauma us ['. BeiBoaumMocTsb
(dopmyJibl A U3 IyCTOr0 MHOXKECTBA aKCUOM & PABHOCHIIBHA TOMY, UTO A -
Teopema /B, T.e. 1oka3zyema.

O603Hauenue Takoi (IIycToi) CeKBeHIMY: |— A, uTo yuTaeTcs: «popmyrna 4
BBIBOJIMA).

Hexoropbie meopemot HB:

T1) |- A— A —pediekCHBHOCTh UMIUIUKALUH,

T2) A |- B— A — BBeeHHE UMILUIAKALMHN,

T3) A ,A|- B<=>A |- (A—B) — Teopema 0 AeAyKUUH — CBA3b MEKIY |~ U —;
T4) A |- B<=> |- A—B- cneacrBue u3 TeopemMbl aexykuun (mpu I'= )
TS) (I A|-Bul,A|-B)=>("—A4)

T6) A— B, B— C |- A—C — npaBujio TpaH3UTUBHOCTH (IHITOTETHIECKHUH
CHJIJIOTU3M)

T7) A — (B — C), B |- A—C — npaBujio ceuyeHus

T8) |- A A — ynaneuue u T'8 ) |- A— A BBeeHHE BOHHOTO OTPUIIAHMS
19) |- (B—A) —=(A—B) T/9) (B — A) |- (A— B) npoTuBOnocTasicHue
obpaTtHOMY



T10) ((A— B)”" B)— A — cuuoruzm modus tollens
T11) (A—B)<=>(A"B)» Aum (4—B)<=>(4"B)—B.

[IpaBusia BLIBOIOB:

1. IlpaBuio moacTaHOBKH (15)

Ecnu £ — peiBoaumas opmyita, coaepkarast cuMBoi 4 (1.e. £(A)), To BeiBOAUMA
¢dopmyna E(B), monyyeHHas u3 £ 3aMeHON BCeX BXOKACHUM A Ha

E (A)

MPOM3BONIBHYIO (popMyity B: T.€. E(E)

2. lpasuao modus ponens (mp). Ecim na6op dopmyn 4,B,C aBse€TCs 4aCTHBIM
ciyuaeM Habopa popmyn A, A—B, To dhopmyna C ABISETCsI HEMOCPEICTBEHHO
BBIBOAMMOIT u3 Gopmyn A u B. Toraa teopemy 2 0 BBEJICHUM UMILTHKALMHU
MOZKHO CZ€JIaTh HOBBIM TIPABHUJIOM BBIBOJA!

A |= B— A (untaercs: « B— A HENocpeACTBEHHO BBIBOAMMA U3 A»).

OG1He PaBHIIA HENOCPeICTBEHHOI BHIBOAUMOCTH |= H BHIBOAUMOCTH |- .

Ipasuao 1. O6mue coiictea cumsona [= (|- ):

Mla:mpun>l ApLA,,.. Anj=A;; ALAs,..., Anl=A2, ..., ALLA2,. ..  An=An
— u3 Habopa opmyJ1 HETIOCPEACTBEHHO BHIBOJMMA KaX A,

[Ty : ecnn Ay, Ay, ..., An | =C, T0 Ay, Ay, ..., Aq, By ..., By | = C -uncno runores
MOXHO YBENNYUTD;

N.:ecamnpum>0 u n>0,70 Ay, Ay, ..., A |=B1 .., Ay, Ay, ...y, A =Bn,

uB;, B, .., B, | =C, To cnpaBeauBa TPaH3UTUBHOCTb HENOCPEACTBEHHON
BbIBOAMMOCTU: Ay, A,, ..., Ay |=C.

Te e cBOMCTBA CNpaBes/IMBbl A/1A BbIBOAUMOCTH | --.

Mpasuno 2. BeepeHue v yganeHne N0rniecknx 3HaKoB:

Myctb A,B,C — Npoun3BO/IbHbIE BbICKA3bIBaAHWUA. 0603Ha4YMm @ — KOHEYHbIW CNUCOK
dopmys, 6bITb MOXKeT, NycToit. NpaBuna BBeAEHUA U yAANIEHUA TOTUUECKUX
3HAKOB NpeAcTaBum B BUAE Tabnuubl :

Tabnuua. NpaBuna BBEAEHUA U yAaNEeHUA OTUYECKUX 3HAKOB.

Onepauwna Mpaswna ssepeHunn MNBi Mpaswuna yganeHus MYi

1. | > | (®A]-B)<=>(®]-A>B) AA - B|-B

s o A,B |-A"B A "B |-A,A"B|-B

3. v A|-AVB Ecm ®,A|-C v ®,B|-C, o ®,A VB|-C
4. - Ecm®,A|-B u ®,A|-B,70 ®|=A A,A|-B (cnaboe ynanenve)

5. = A-B,B>A |-A=B A=B |-A->B, A=B|-B>A




MpaBuAo 3 NOACTaHOBKM BMECTO 3/1eMEHTaPHbIX GOPMY (M3):

Myctb B — HekoTopas Gopmyna, B KOTOPYHO BXOAAT 3/1eMEHTApHbIE bopmynbl
ai,..an; B' - dopmyna, nonyyeHHas u3 B OZHOBPEMEHHOW NOACTAaHOBKOM
dopmyn Ay, ..., Ay, BMECTO aj,..a, TOrAa, eciu |- B, 10 |- B".

Mpaswuno 4 o 3ameHe (My):

Myctb C, — dopmyna, cogeprrallee B KayecTse csoei yactu popmyny A, a G —
dopmyna, nonyyeHHas us A sameHoi A Ha B. Toraa, ec/im |-C,, 10 |-G,
JlorMyeckoe cnefoBaHue ecTb KOHeYHas anropuTMmUyecKkan onepaumna B OTINHUNE
OT NOTUYECKOWN BbIBOAMMOCTU.

NPOTUBOPEUMBOE MHOXKECTBO HOPMY”, TO ero obosHavatoT I |-.
Teopemamu Teopuu T ABAAIOTCA TABTONOTUY, T.e. 06LLE3HAUUMbIE GOPMY/bI, 1
TONbKO OHU: |—A <=>A — TaBTO/IOMMA.

MeTopa, pe3oniouuii B UCHUCNEHUN BbICKa3biBaHWA. BbiBoauMoCTb Gopmynbl B u3
MHOMECTBa NOCbINOK Fy, Fs, ..., Fy paBHOCW/IbHA A0Ka3aTeIbCTBY TEOPEMbI

|- (F1 A Fy MAF, = B), rae |- 03HavaeT «BepHo, 4O B BbIBOAMMO U3

PR T S

[eiicteutensHo, |- (F1 A F AL ANF—> B)= |- FiAF A LAF, Y B=]-Fi AR A LARA B,
3HaAYWT, 3aKN0YeHMe B UCTUHHO TOrAa M TONILKO TOrAa, KorAa dopmyna N0XHa,
1.e. A(F AR AL AFAB)=0

Ynpa)XHeHusa

3apaHue 4.1.

[loKaKuUTe CEKBEHUMIO U « NpuBeAeHNE K abeypay» : (A= B)A (A B) |-A,
NpoTMBOPeUMio. [loKaKeM CEKBEHLMIO METOAOM OT MPOTUBHOTO, TO €CTb
cBEeJEHWEM K MPOTUBOpeumio. [lokasaTenbcTBo NPOBEAEM « MOLIAToBoY,
060CHOBbIBAA Ka)KAblW LWar:

1) (A—>B),A|-B -npasuno BbiBOAA MP;

2) (A->B),A|-A-N';: 13 Habopa popmyn HENOCPeACTBEHHO BbIBOANMASA
Kaaan;

3) (A= B),A| -A-B—TIB, : BBefileHNe KOHBIOHKLIMM ANA LWara 2}

4) (A - B), A>B BBeaeHue - 13 KOHBIOKLMM ANA Wara 3);

5) (A= B), (A=) B| - A—Ls : KOHTPRo3nuua ana wara 40 ;

6) (A>B)A(A>B)|-A onpeaeneHue |--.

Bonee NPUBbIYEH U MOHATEH UHOM BU/, CEKBEHLIMMU « NpUBEAEHUE K abecypay» :
ecnu u3 A cnegyet ogHOBPEMEHHO B 1 He-B, TO A IOXKHO : A->B,A->B|-A

3apaHue 4.2.



HailauTe Bce He paBHOCU/IbHbIE MeXAY COOOM U HE TOXKAECTBEHHO UCTUHHbIE

bopmysibl anrebpbl BbiCKa3biBaHWUM, ABMAIOLMECA NOTUYECKUMU CAEACTBUAMM
cnepytoweit popmynbl ( nocbinok) X > YV Z) uz-y

PeweHrwne.

CocTaBnaem KOHbIOHKLMIO NOCLIJIOK U PaBHOCUIbHBIMU Npeobpa3oBaH s/
npuBoaum eé k CKH —popme : (X = (YVZ)) (Z=Y)=(XVYVZ)(ZVY)=

= (X VYVZ) (0V ZVY) = ( XVYVZ) (XXVYVY Z) = ( XVYVZ) (X VYV Z) ( XVYVY Z).
Nornyeckumm cnepCcTBUAMMU U3 AAHHLIX NMOCLITOK ByayT Bce cOBEePLUEHHbIe
AN3BIOHKTLI, BXOAALMe B nonyyeHHYo CKH-popmy, a TakKe BCEBO3MOXKHbIe
KOHBIOHKLMKN. ITUX KOHBIOHKTUBHbIX OAHOYNEHOB MO AB8a , N0 TPU U T.A.
BemmceiBaem nonmygaromuecst GopMysibl, npuaas um Gosee yao0Hyo
PaBHOCUNBbHYIO GOpMY :

XVYVZ=X>(YVZ) (nepsasa nocblsika);

XVYV Z=7>(XV2Z); -

X VYV Z=(XZ)>Y;

(XVYVZ)(XVYVY D) =z(X=2)VY: T

(X VYVZ)XVYVY Z)=(XVY)VZZ= XVYVO=X VY=XDY;

(XVYV Z) XVYVZ)=Z-Y (BTOpas nocbiaka) ;
(XVYVZ)(XVYVZ)(XVYVY Z2)=(XD(YV2)(ZDY) = (X V2) >X

3apaHue 4.3.( 8.1.)

Cpeau cnepytolnx GopmMmyn yKaxKuTe Te, KOTopble ABAAKOTCA aKCUOMaMM :

a) (F> (( F=>F) =2F)=> (( F>(F>F)=>(F>F));

6) F> ((F >G) >F);

B) (G—>H) =>(F—> (G>H)).

PeweHue:

a) AKcMoma, Nnonyyarwasca u3 cxembl akcnom ( P, ), ecnu B Kauectse popmynbl A
B3ATb F, B KauecTtse B B3sATb F—>F, a B KauecTtBe C B3ATb F.

6) Akcuoma ( Py ), ecnm B3atb A=F, B=F =G.

B) Akcuoma ( P 3 ),ecam B3atb A =F, B=G.

3ananne 4.4. (8.3.)
BrisicHuTe, ABISETCS JIM JaHHAs MOC/IE0BATENbHOCT (DOPMYIT BEIBOZAOM M3
akcuoM. Eciu siBiisiercst. To 000CHYHTE Ka)<Ibli [I1ar OCTPOSHUs 3TON
10CJIe1I0BATEIbHOCTU. Ecnu He ABIIsIeTCs, TO JOKaXKUTE 3TO.
a) (1) G—(F—Q).
2) (G=F=>G)—=>(G=(G—=(F=>G)))
) G—(G— (F=G)).
6) (1) (G- F)>({(G—F)—G).
2 F-(G—- F).
B)F—=({(G—F)— Q).
Pemenue:



a) JlaHHas MOCIEI0BATENBHOCTS (OpMyI ABJIsETCs BHIBOAOM. OOOCHYEM ITO.
Kaxnas u3 dopmyn (1), (2) npencrasnser coboit akcuomy ( P ). @opmyina (3)
nonyuena u3 (1) u (2) no npasuiry MP.

6) maHHAs TOC/IEA0BATELHOCT (HOPMYIT HE ABJIAETCS BHIBOAOM. [IokaxeM a1o.
Xotst popmyanst (1) u (2) seisorest akenomamu (( Py ) u ( Py ) cooTBeTCTBEHHO),
dopmyna (3) He ABASETCS AKCHOMOI 1 He MOXKeT ObITh nojydena u3 (1) u (20 mo
npasuay MP. CrieioBatenbHO, pa3 MIMEETCst XOTs Obl OZIMH HEBEPHBIH II1ar, TO
[0CJI€10BATENBLHOCTD BEIBO/IOM HE SBJIAETCS.

3ananue 4.5. (8.4 a)

Toxaxute , uto popmyna F-F ssnsiercst reopemMoit (popMain30BaHHOTO
MCUKCIICHHSI BHICKA3bIBAHMUH, TOCTPOMB MOCIIEI0BATEIBHOCTD (POpMyIL,
ABJAIOILYIOCS BBIBOZAOM JAHHOH (POPMYJIbI U3 aKCHOM.

Pemennue:

TakuM BBHIBOIOM SBJISETCS, HAPUMED, CIeIYFOIIast TOCIeA0BATENbHOCTE (hOPMYIL:
(1) (F— ((F— F)—=F )) —((F— (F— F )) = (F—F ).

(2) B={( P=E)—F),

(3) (F— (F— F))— (F—F).

4) F—» (F—F).

(5) F—F.

B camom aene, dhopmyna (1) npeacrasisier coboit akcuomy ( P), B KOTOPO# ©
kauectse hopmyn A u B B3sira popmyia F, a B kauectse popmyiibr C — Qopvy. i
F—F. ®opwmyna (3) nonyuena u3 dopmyi (1) u (2) no npasuiny MP. Gopmyiia (4)
ecth akcuoma ( P, ).Hakonen, gopmyna (5) nonyuena u3 dpopmys (3) u (4) mo
npasuity MP.

3apanue 4.6. ( 8.8)
BhisicHUTE, SIBJISETCS JIM AAHHAs MOC/IEI0BATEIbHOCT BRIBOIOM M3 TunoTe3. Eciu
Ja, TO YKaKUTE, BHIBOIOM M3 Kakux (pOpMyI1 , U Kakoi opmysisl seisiercs. Ecim
HET, TO OOBSCHUTE TTOYEMY.
a) (1) G—=H;
2) G
3) H;
4) H—(F—H);
(5) F— H.
6) (1) F—=G;
(2) F=G ;
@) (F»G)—{(F—G)—F);
4) (F>G)—F,
(5) F.
Pemenue:
a) Tunotesamu 371ech BeicTynaroT Gopmynsi (1), (2). @opmyiia (3) nonyueHa u3
(2), (1) mo mpasmty MP. Takum 06pa3om uMeeM BBIBOA (HOPMYJTBI A — Bus
runores B,B —C.




6) ®opmyust (1), (2) He ABAAIOTCS AKCMOMAMH M IOTOMY JIOJDKHBIL OBITH IPHHSATHI
3a rurore3sl. Gopmyna (3) uiis BHEIIHE MOX0%a Ha akcromy ( Py ), Ho He
apsiercs ero. Gopmyna (4) nonyuena us (1). (3) no npasuny MP. ®opmyna (5)
nonyuena u3 (2). (4) mo npasuny MP. Takum oOpasom, 1aHHast

HOCIIEI0BATEIBHOCTD SABIsETCS BhIBOAOM (hopmyitsl (5) u3 dopmyi (1), (2), (3), Ho
He sBJseTcA BhIBOOM (opmyssl (5) uz popmya (1), (2).

3ananne 4.7. (8.9 u,1)

JlOKa)KHUTE , 4TO MMEIOT MECTO CIIEAYIOILME BEIBOJUMOCTH, TIOCTPOUB
COOTBETCTBYIOIIHME BHIBObI U3 TUIOTE3:

a) F- G, G-H|-F—=H;

6) F— (G—H), G|-F —H;

Pemenmue:

a) BeiBog cexsenipn F—G, G — H | -F — H ¢ kparkumu nosICHEHUAMYA UMECT
sua; (1) F—G ( runoresa);

(2) G—H (runoresa),

(3) (G—H)—> (F~>(G—H))(P));

(4) F— (G —H)(MP: (2),(3));

(5) (F— (G— H)) — ((F— G) = (F—H)) ( Py);

(6) (F—>G)— (F—>H)(MP:(4),(5);

(7) F=H (MP : (1), (6)).

( OGocHOBaHME ATOM BBIBOAMMOCTH ONMMPAETCs HA TEOPEMY O JEyKIIMHN).
Pemenue:

6) Ilpuseném BoiBox cexpennuu: F— (G — H), G | -F — H.
OO0O0CHY#TEe Ka)kIbl}i IIar 3TOro BEIBOJA.

(1) F—(G—H);

2) (F— (G—-H))— (F—G)— (F-H));

(3) (F— G)— (F—=H);

4 G—(F—-G;

3 G

6) F—G;

(7) F—H.

Japanue 4.8. ( 8.10).

JIOKaXKUTE, YTO UMEIOT MECTO TeopeMa | -F— F, 060cHOBaB BO3MOXKHOCTb
TIOCTPOEHHsI COOTBETCTBYIOLIETO BBIBO/IA M3 TMIIOTES.

Pemenue: PaccMOTpUM CIIEAyIOILYIO TIOC/IEA0BATEIBHOCTE (hopmyiI:

(1) (F=F)={( F—>F)—-F)

(2) F—F,

3) ( F— F)—F,

4 F—>(F—F)

(5 F-F.

dopmyna (1) ects akcuoma ( P 3 ). ®opmyra (2) ecTh 0Ka3aHHas paHee TeopeMa
(3amaua 4.9.a), BBIBOJ KOTOPOH Mbl MOXEM BCTABUTh B JIAHHYIO
noceosatenbHocTs opmyit. dopmyina (3) MoxkeT GbITh BbiBeeHa U3 GopmyT




(1) u (2) B cuty yrBepxaeHHA 3a1a4u 4.12 6 i 8.911. OTOT BHIBOJ MBI TAKIKE

MOTJTH TIOMECTHTH B IaHHOE okasatenseTBo. Dopmyia (4) ects akcuoma ( Py ).
Haxkonerr, opmyina (5) MoxkeT ObITh BeiBeeHa 13 hopmyt (4) u (3) Ha OCHOBAHHH
3amaun 4.12 a wim 8.9 1, ¥ 3TOT BBIBOJI TAKIKE MOYKHO BKJIFOUUTH B
paccMaTpuBaeMoe J0Ka3aTeabeTBO. MITak, XOTa MBI U HE B TIOJHOM 00BEME
IPOBEJIH JI0KA3aTENbCTBO JAHHOH T€OPEMBI, HO ¢€ BBIBOAUMOCTb OUEBH/IHA.

Zapanue 4.9. ( 8.13 a)

JIOKa)KHTe, 4TO BO BCAKOM MCUMCIICHUH BBICKA3bIBAHMH, B KOTOPOM IPaBHIIOM
BBIBOJIA SIBJIsiETCS MpaBuiio MP i B KOTOPOM CIIPaBeUIMBA TEOpeMa O JAeAyKIHMH,
dopmyna F— (( F — G) — G ) Gyzer TeopeMoii ( BBIBOJOM M3 AKCHOM), KAKOBBI
OBl HH OBUTH AKCHOMBI 3TOTO UCUUCIICHUS.

Pewenue:

ITpasuno MP cocrout B ToM, ut0 A, A— B| -B. [IpMeHIB K 3TOMY YTBEPIKIACHUIO
JBAXKIBI TEOPEMy O AedyKuuu, nonydum cadana F |- (F— G ) — G, a zarem
-F— ((F— G) — G).

3ananue 4.10. ( 8.15.a)

Vcnons3ysi Teopemy 0 AeAyKLuu, JoKaxute, 4to popmyna (F— G) — (G —F)
ssiisercs reopemoit OUB.

Pemenue:

TMoxaxem cuauana, uro F— G | - G — F, noctpous juist 3TOro COOTBETCTBYOLIIN
BBIBOJI:

(1) F— G; (5) F—G;

) F>F, 6) (F— G)— (G—F);
(3) F—G: (7) G—F

4) G— G;

[Tosicanm: (1) — rumoresa; (2) ecth TeOpeMa Ha OCHOBaHUH 331341 4.15.(8.10 a).
®opmyna (3) moxker ObITh BhiBeieHa M3 (2), (1) Ha OCHOBaHMH 3312491 412 a (8.9
1) ( CBOWCTBO TPAH3UTUBHOCTH) ; (4) €CTh T€PEMa B CUITy 33141 4.158(8.10;).
dopwmysia (5) mMoxer GbITh BhiBeigHA M3 (3). (4) HA OCHOBAHMM 3a1a4H 4.15a
(8.9 n). (6)- ecTh TeOpEMa « POTUBOMOCTABIICHHE OOPATHOMY»; HAKOHEII, (7)
nonyuena u3 (5), (6) no MP. Wrak, popmyna G— F neficTBUTEIBHO MOXKET ObI15
seieeHa U3 F—G. [IpiMeHHB K 9TOM BHIBOJIMMOCTH TEOPEMY O ACAYKIHH,
TOIy4nM TPEOYEMYIO TEOPEMY.

3axanue 4.11. ( 8.17 a)

Hcrosnb3ys TeopeMy O JeAyKIUH, TOKAKUTE, YTO CPABEUTMBA CEKBCHIMA

F A G | -F ( npu 9T0OM HEOOXOAMMBIE BBIBO/IBI OTBHIIIUTE B IPEABIAYIIIAX 33/1a49ax).
Peuienue:

Joxaxem cexsenimio F A G | -F. CornacHo onpeneneHuro JIOTUYECKOM CBA3KHU A
TpebyeTcs 10Ka3aTh CIEAYIOILYIO BRIBOAMMOCTE: F A G | -F. Ctpoum BBIBOJI:

(1) P~ G

2) F—»G—(F - F=0);

3) F—»F— G;



(4) (F—F—G)— (( F— (F— G))—F);

5) (F—(F— G) —F;

6) F=>F-Q)F

(7) F.

JU1s IOACHEHMs OTMETHM JIMIIb , 4TO hopMmya (6) ABseTcs Teopemoit 87, a
ceI0BaTeNbHO, ocaeaoBarebHocTs (1-7) npesparutes B BhIBOA (popmysisl F u3
runoressl F— G, kak Toiapko oHa Gy/eT MOMOIHEeHa 10Ka3aTeIbeTBOM (pOpMYJIbl

6).

3apanune 4.12. ( 8.20 r.)

JloKasKuTe, 4TO CIPaBEUIMBO ITPOM3BO/IHOE MPABHUIIO BRIBOAA
[|-I'vG;T,F|-H;T,G|-H

, HA3bIBAEMOE TPABUJIOM yaaneHns u3bloHkimm(lennen). rie

rl-H
[" — HEKOTOPOE MHOXKECTBO (POPMYJI, BOSMOIKHO MYCTOE.
Pemenue:

[lo Teopeme o aeAyKum u3 ycnosus seirekaet, uto I' |-F—H u I'l-G—H. Janee
1o 3azaue 4.195 ( 8.17, ), MoxkHO yBenmunthb uucio runotes: FVG, F—H,
G—H|-H. Tak kak no yciosuto emé F|-FVG, TO 0 cBOHCTBY BHIBOJMMOCTH i
3akiouaem , uro ['-H.

3apaHue 4.13. 3apava 1.

MpoBepuM, NPaBUNbHO JIX CAENAH BbIBOZ B YMO3aK/OHEHUM « Bce cTyaeHThI
daKynbTeTa MHGOPMaTUKKM A06POCOBECTHDBI B YYEDE MU TaNAHTIBLIY.

Ecnu oHU pobpocoBecTHbl B y4ébe , To CUCTEMATUUYECKN TOTOBATCA K 3aHATUAM.
MoaTtomy, ecnu cTyAeHTbl MHGOPMATUKK He ByAyT FOTOBUTLCA K 3aHATUAM, TO OHU
[ONKHbI ObITb TaNAHT/IUBbI.

PeweHue:

BBeaém 0b603Ha4YeHUA:

A : - « CTYAEeHTbl — MHOOPMATUKN TaNlaHT/INBbI .

B: - « CTYAEHTbI-MHPOPMATUKM A0DOPOCOBECTHO OTHOCATCA K yuébe».

C: - « CACTEMATUYECKN FOTOBATCA K 3aHATUAMY

Torpa gaHHOe YMO3aKNloueHue npumeT Bug, GopmyJibl:

(AVB), (B>C)=>(C>A) wm E2LO iy (AvB) (B>C) => (TA)
CocTaBum TabuLy UCTUHHOCTM A1t NPOBEPKM CnpaBeIMBOCTU 3TOTO
YMO3aK/IOUYEeHUA:

AvVB |B>C |(AvB)(B>C)|C |C—>A [(AvB)(B->C)->(T>A)

1 1 i 0 1 0|




1 0 0 1 1 1
1 1 L 0 1 1
1 1 1 1 1 1
1 1 1 0 1 1
1 0 0 1 0 1
0 1 0 0 1 1
0 1 0 1 0 1

CTpoku nocneaHero ctonbua Aanu 0TBET Ha BONPOC: yMO3akNto4eHne UCTUHHO
npu No6bIX 3HAYEHUAX NPONO3ULUOHA/bHbIX NePEMEHHbIX A, B, C.

dopMyly MOXKHO bbl1/10 YNIPOCTUTb, UCNOb3YA TOXAECTBO p~>q=pvq

Torpa ((AvB)(B%C))%(C%A)=(AVB)(EVC)%(CVA)=

=(AvB)(BvC)v(CvA)=AvB vBvCvCvA=Ax BvBCvCvA=
~AxBvBC vCvA=BvBCvC=B vCvC=1

3HauuT, BbIBOA, BEPEH.

3apaHue 4.14. 3apava 2.

[MpOBEPUTL METOAOM PE30/IOLMIA BbIBOA YMO3AKNIOUEHUA: «ECAM UHCTUTYT
npuriaLaeT Ha paboTy cneupanucta B 061acTu HAHOTEXHO/IOTUI, TO UHCTUTYT
CUMTAET 3TO Hanpas/ieHNe B HayKe NPUOPUTETHbIM U Pa3BEPTbIBAET paboTy no
BHEAPEHUIO HAHOTEXHO/IOTUIA B 3N1EKTPOHUKY U/ BKNIOYAET STOT pasfesi B
yuebHbI npouecc. KOHKYpUPYIOLWMIA UHCTUTYT TOXKE NpUrnawaeT Ha paboty
cneumanucTta B 061acTh HAHOTEXHONOMMIA. 3HAUUT, OH pa3BepTbIBAET paboTy no
BHEPEHUIO HAHOTEXHO/OTUIA B 3N1I€KTPOHWKY AW BKNIOYAET 3TOT Pasaen B
yuebHbI npouecc.

Beeaem 0603HaueHus:
A= «MHCTUMTYT NpuraawaeT Ha paboTy cneunanucta,
B= « MHCTUTYT CUMTAET 3TO HarpassieHUe B HayKe NPUOPUTETHLIMY,

C= «MHCTUTYT pa3sepTbiBaeT paboTy No BHEAPEHWUIO HaHOTEXHO/IOTUW B
9NEeKTPOHUKEY ,

D= « MIHCTUTYT BKAIOYaeT 3TOT pasaen B y4ebHblit npouecc.




CofiepKaHu1e BbICKa3blBaHUA MOXET ObiTb 3aM1CaHO B GOPMaNU30BaHHOM BUAE C
nomotpbto popmysnsbl: ((A=> (BA ( CVD))) AA) AA )=>(CVD).

PeweHue:

BbIBOA, UCTUHHOCTM YMO3aK/IOUEHUWA B 3TOMN 3aja4e MOXHO NPOBEPUTb:

a) C NOMOLLBIO TOXAECTBEHHbIX NPeobpa3oBaHMt N0 U3BECTHLIM 3aKOHaM
anrebpbl NOrUKuK;

6) NpumeHss meToa, pe3oiLUniiA, A0Ka3aTb 06LLEe3HAYUMMOCTb GOPMYJIbI.

a) MpoBepuM MCTUHHOCTb YMO3aK/HlO4EHUSA C NOMOLLbIO 3aKOHOB anrebpbi
JIOTUKU:

((A=>(BA(CVD)))AA)=>(CVD)=( AVB(CVD))AV(CVD)=(B(CVD))AV(CVD)=

=BVC DVAVCVD=BVCVDVAVCVD=1

NMonyyeHHas eAUHULA 03HAYaeT, YTO Mbl A0Ka3a M UCTUHHOCTb YMO3aK/IOUEHUA,
6) NMpoBepUM UCTUHHOCTb YMO3aKAOYEHNUSA C MOMOLLBLID METOZA PE30/THOLMIA U

AOoKaxem 06ue3HayMmocTs popmysbl. [1a5 3TOro BOCNo/b3yemcs airopUuTMOM:
1) Chopmynupyem oTpuuaHue 3akntodeHms: CV D .

2) MpuBegem Bce NOCbIIKU U OTPULL@HUE 3aKkNo4eHUA K KHO:
((A=>(BA(CVD)))AA)AA)ACT v D=(AV(BA(CVD)))AAA( € AD)=BA(CVD)AAA( TA D).
3) CoctaBum mHoecTBO K U3 BCeX NOCbINIKK U OTPULAHUE 3aKI0YEHUA:
K={AB,CVD,C,D}.

4) MpowusBeaem aHaM3 BCEX BO3MOXKHbIX Nap mHoxecTBa K no metoay
pesontoumin. ina atoro ob6beauHAEM B Napbl AU3bIOHKTbI, COAEpMKaLme
KOHTPapHbIe INTEPbI, UCMO/b3YA IOMMYECKYIO Onepaumio AM3bIoHKUMA. [pu aTom
MOJly4YaeM HOBbIN AU3BIOHKT, KOTOPbI Ha3biBalOT «pesonbeeHTa»: CVD VD .
WUCKAI0UMB KOHTPAPHbIe IMTEpbI, NONy4uM pe3osibBeHTy: CV DV D=C .

5) BK/oUMM NoNyYeHHYHO pPe30/1bBEHTY BO MHOXecTBO K:
K={A,B, C, C}. Nepeingem K NyHKTY 4.

6) T.K. MHOXecTBO K COfle pXUT KOHTPapHbIe ANTepbl, TO UX obbeguHeHne B
AU3BIOHKLMIO JACT MYCTYI0 Pe30/IbBEHTY, T.e. yMo3akatoueHue CV D— UcTUHHO.

3apaHwue 4.15.

PelwwnTte 3a4a4n, yCTaHOBUB, CNpPaBeaINBbI 1M NPOBEAEHHbIE pacCyXaeHUs.

a) (3.32.)

Al oAy nan B KMHO Ha HOBYIO KMHOKOMeauto (A),

WX Ha 3aHATUA MO MaTemaTudeckon noruke (B).

Ecav A Noiay B KWHO Ha HOBYIO KWHOKOMEZMIO, TO A OT BCei Aywim nocmetocs (C).
Ecnu s nonay Ha 3aHATUA MO MaTeMaTUUYECKOW JI0TUKe, TO UcnbiTalo bosblioe



YAOBO/IbCTBME OT CEA0BAHUA MO NYTAM IOTMYECKUX paccyKaeHui (D).
CnepoBaTenibHO, UK A OT BCEU AYLLUM MOCMEICb, U UCTbITaro BonbLuoe
YAOBO/IbCTBUE OT CIeA0BaHMA MO NYTAM JIOTMYECKUX paccyaeHuit. Cnpaseainso
NV NpoBeAEeHHOEe paccyaeHune?

PeweHwue:

YuntbiBasa cumBonnyeckue 0603Ha4eHMA BbICKa3biBaHUIA, NPUBEAEHHbIE B
YyC/10BUU, 3anuLiem nocbl/iKM Hawero paccyxaeHua: Av B, A—C 1B - .
MoKkaxem, uto gna ¢opmyn anredbpbl BbICKa3biBaHUM UMEET MECTO c/ieaylolee
noruyeckoe cnegoBanue: XVY, X2 Z, Y OW |[=ZVYW ,rgeX,Y,Z, W —
NPONoO3ULMOHa/IbHbIE MEePeMEHHbIE.

B camom pene, npeanonoxmMm, 4To 3To ciegoBaHUe HEBEPHO, T.€. HAaAYTCA
TaKue KOHKpeTHble BbiCKasbiBaHUA Ag, Ay, Az, A4, uto A (A1 VA, ) =1,

MA1 > A)=1, A(Ay2>A;)=1,H0 A (A3 VA,)=0.

Torga u3 nocnegHero paBeHcTsa cneayet, yto A (A3 )=0 n A(A; )=0.
Hanee, 3 A(A; > A3)=1n A(A3)=0 cneayet,uto AL(A;)=0,aus

MA; > Ay) =0 cnepyet,uto A(A;)=0.Toraa MA1 v A;)=AA1) v AMA,)=
=0 v 0 =0, yto npoTuBOpeunT npeanonoxeHuno A (AVA;)=1.

Takum 06pasom, NpoBeAeHHOE B @HHOW 3a4a4e paccyaeHue cnpaseanmso. K
TAKOMY BbIBOAY MOXXHO NPUIATKU, €C/IN B AOKA3aHHOM JIOMMYECKOM CNeaCcTBUK
BbIMOMHUTL NoACTaHOBKY: X=A, Y= B, Z=C, W= D.

B) 3.35. Ecnhu A noinay 3aBTpa Ha nepsoe 3aHaTUe (A), To aokeH byay paHo
BcTaThb (B), a ecnm s nongy Beyepom Ha auckoTeky (C), To nary cnatb no3gHo (D).
Ecnu a nary cnaTe NO34HO U BCTaHy paHo, To 6yay BbIHYXAEH A0BO/IbCTBOBATLCA
NATbIO Yacamu cHa. CneayeT M OTC0Aa, YTO A A0MKEH MU NPONYCTUTL 3aBTPa
3aHATUE, U/IN HE XOAUTb BEYEePOM Ha AUCKOTEKY

PeweHue:

MocbinKKW 3anuwiem B cumsonuyeckom suge: (A — B) A (C— D),(D AB) —> E,—E.
HeobxoaMmo BbIICHUTb, BbITEKAET N1 OTCIOA4a yTBepKaeHUe —A v —C.
PaccMmoTpum NorMyeckuii cnocob nonyyeHus BbiBOAA.

MpeanonoXum, 4to BbicKasbiBaHue —A v —C NIOXKHO, B TO BPEMSA KaK Bce
MOCbIIKU UCTUHHBI. Torga A(—A v —C) =0, T.e. A(A)=1u A(C) =1, B TO Bpems
Kak A((A — B) A (C— D)) = M((D A B) > E) = A(—E) = 1. U3 3Tux ycnosum
3akntouaem, 4to A(E) =0, a A(D A B) = 0. CnegoBatenbHo, A(D) =0 unn A(B) =0.
Ecim A(D) =0, 10 A(C > D)=A(C) > A(D)=1—>0=0u A((A—>B)A(C—D))=0,
YTO MPOTUBOPEYUT NPEANONOKEHUIO.

Ecnun ke A(B) =0, To aHanornuHo A(A — B)=0u A((A - B) A (C—> D))=0, uto
CHOBa NPOTUBOPEYUT NpeanosioxeHuto. CnegoBaTenbHO, HE MOXeT BbITb N0XKHO



BbICKa3biBaHMe —A v —C, ec/in Bce AaHHble NMOCbIJIKU UCTUHHBI. 3HAYUT, BbIBOZ,
—A v —C BepeH.

B) 3.36. Ecqin byaeT xonogHo (A), To A HaaeHy Tennoe nanbTo (B), ecnu pykas
byaet noyuHeH (C). 3aBTpa bypeT xonoaHo, a pykas He ByaeT nounHeH. Cnegyet
JIN OTCHOAA, YTO A He HageHy Tenaoe NanbTo?

PeweHwue.

MOCbLINKKU HAWEro PaccyAeHUA CUMBOIMYECKM 3aMUCbIBAOTCA CNeAyOLLIUM
obpazom: A — (N->B), AN -C . CnpalumBaeTca: cnefyeT M oTClofa YTBEPHKAEHUE
—B? Mpeanonoxum, 4To BbiCKasbiBaHWe —B N0XKHO, B TO BpeMA Kak BCe NMOCbIJIKK
ABNAKOTCA UCTUHHBIMU BbiCKa3biBaHuaMK. Torga A(—B) =0, a A(B) =1. 3HauuT,
nepsas nocbisika A — (C — B) peicTBUTENIbHO UCTUHHA, @ BTOpaa byaeT
UCTUHHOM, ecin A UICTUHHO, a C 103KHO. Taknm obpasom, cutyauma, Koraa
MOCBIJIKM BCE UCTUHHbI, @ BbICKa3biBaHUE —B JIOXKHO, BNO/MHE BO3MOXHaA. ITO
03HauaeT, uYTo BbiCKasbiBaHUe —B He cneayeT U3 AaHHbIX NOCbI/IOK.

r) «Ecnu Byaet uatu cHer, MalwuHy TpyaHo 6yaet Bectu. Ecam TpyaHo byaet
BECTU MalLIMHY, TO A ON03A4al0, eC/IM He Bbleady paHblue. UaeT cHer. BbiBoA: A
[OJIXEH BblexaTb paHblue». [IpoaHanusaupyiTe yMo3aKntoueHne u Hangure
NpPonyLIeHHOE BbiCKa3biBaHWe (NPONYLEHHYIO MOCbINKY).

PewweHue:

1) YT06bl BOCCTAHOBUTL B 3TOM LLENOYKE BbICKa3blBaHWUI NPOMNyLIeHHOE
BblCKa3blBaHWe, BBeAeM 0003HauYeHUs:

C —wnpert cHer ;

T—TpyaHO BECTU MaALLUNHY,;

O —ono3aato;
(C-T),( T=(P=0)),C

P
2) 3anuiiem ycnoBua 3a4a4u C NOMOLLBIO TOTMYECKUX Onepaumm

(C—>T)(T—>( P —0))C |= P. B 3T0i1 LlenoYKe BbICKa3biBaHWUIA HE XBaTaET OHOV
NOCbINKN.

3) Ucnonb3yem 1 3aecb MeToA, OT NPOTUBHOrO. [loka)kem, YTo NponyLieHa oaHa
MOCbI/IKA, HO MPY 3TOM BO3bMEM NPOTUBOMONIOXHbIN JaHHOMY BbIBOZ, P.Torpa
dopmyna npumert sug (C—T)(T—( P—>0))C [=P

4) YnpocTum HOBYIO Gopmyny:

(CoTT>(P>0O)CP=(C vT)T v(PvO)CP=CPT(TVvPvO))=CPTO
BbiCKa3blBaHUe ByaeT N0XKHbIM, eCiv 6yAeT NIOXKHbBIM KaXKAbli U3 MHOMKUTENEN, B
YaCTHOCTH, A0MKHO B6biTb A( P)=0, T.e. A(P)=1 (BblexaTb paHbLie). Ho BbiBOA byaeT

P — BblexaTb paHblUe, TOraa



BEPHbIM, €CM AEMCTBUTEIbHO MOWAET cHer. [03aTomy BblexaTb paHblue

[OCTAaTOYHO ANA HEoNo3AaHUs.

5) ns Toro, 4To6bl U3 3TOM LLEMOYKM BbICKa3biBaHWUM cAenaTh NpaBuibHOE 1
NOJIHOE YMO3aK/loYeHUe, BO3bMEM OTPULL@HME 3TOro BbIBOAA:

TCPO=T v CvPvO. Moboit uneH (cocTaBnatoLiasn) 3sTo AU3bIOHKLUUN MOXKET
6bITb NPONYLLIEHHON NOCbINKOW. CoeAUHUM ero € YCNOBUEM 3aa4u U
PacCMOTPUM BO3MOKHbIE BapUAHTbI.

a) NycTb gononHuTenbHasa nocbinka— 1T, Toraa C—>T, T—( P—0),C, T. Ho
nocbinkm C—T, C, T — NnpoTUBOPEUUBbI, 3HAYUT STOT BaPUAHT HEyAauHbliA:

6) C — aHanornuyHbI BbIBOA,

B) P — Bblexan paHo, HO TOrAa BCE OCTa/IbHbIE MOCHIIKU U3NIULLHKE, T.K. B 3TOM
c/lyyae ono3gaHus He byaer.

r) O — B coeguHeHUn ¢ NepBbIMU NOCbIIKAMU NOABJEHUE 3TOM NOCHIIKA
onpaBAaHo, T.K. He/lb3A 0Na3ApblBaTh HAa PaboTy («TOYHOCTL — BEXK/UBOCTH
Koponei»). 3ameT1m, UTO MOCbI/IKY O TOM, YTO «OMa3AplBaTb Ha PaboTy HeNb3s»
MOXHO Bbl/10 HAUTU U UHTYUTUBHO.

3aHaTue 5. UcuncneHve npeguKaTos.
A3bIK ucuncneHua npeaukatos. dopmanbHas Teopus S = (A,F,P,R) Ha3biBaeTca
ncyncneHnem npeauKkaTos ( TOuHee roBops, UCHUCAEHUEM NPeaUKaToB NepBoro
nopaaKa), ecnun 3agaHbl:
1-2. AndaBuT, Tepmbl 1 popmynbl UM onucaHbl B nekuun 2 ( cTp.12).
3. AKCUOMBbI:
a) aKCMOMb! UCYUCNEHUA BbICKA3bIBAHWUIA:
P.: (A —>(B>A));
P,:((A>(B=>C))>((A=>B)=>(A>C));
P;:(B>A)>((B>A)->B));
6) KBaHTOpPHbIE:
Ps: 2Vx A(X) —A(Y);
P3: A(x) =3y A (y).
4. MNpasuna BbIBOAA.
Ry - 2228 modus ponens;
. A-B(x)
tony
Rs: m

2 BBEAUTE KBaHTOpa 0bLwHOCTY;

BBEJEHME KBAaHTOPa CYL,EeCTBOBaHUA.

Teopembl UM. K 4ncay OCHOBHbIX PaBHOCU/IbHOCTEN I0TUKK NPeUKaTOB OTHOCAT:
T1°.  Vx P(x) <=> 3x P(x);

T2°.  3Ix P(x) <=> Vx P(x);

T3%  WxP(x) <=> 3Ix P(x);

T4°,  Ix P(x) <=> Vx P(x);




T5°.  Wx(P(x) A Q (x)) <=>Vx P(x) A VxQ(x);
T6° I (P (x) v Q (x)) <=> I P(x) v Ix Q(X).

[nAa nocTpoeHusa OTPULAHUA BbICKa3blBaHWI, COAEPMKALLMUX KBAHTOP

0BIHOCTH CyleCTBOBaHHA
—— , JOCTAaTOYHO 3aMEeHNTb €ro KBaHTOPOM ————— WU B3ATb
CYLIeCTBOBAHHSA oBIHOCTH

OTPULAHKE BblpaXKeHUsA, Ha KOTOPOE 3TOT KBAHTOP OblN « HABELIaH».

[1A MHOrOMeCTHbIX KBAHTOPOB TaK Ke MPUMEHAETCA 3TO NPaBuIo:
OCYLUECTB/IAGTCA NOC/AeA0BaTeIbHbIN NePeHOC OTPULLAHUA C KBAHTOPHOrO C/10Ba
Ha npeasioXeHue, CToALLLEe 33 KBAHTOPOM, @ CamM KBaHTOP 3aMEHSAIOT Ha
ABONCTBEHHbIN.

Hanpumep, ana dopmynbl  Vx Yy 3z ( R (x,y, z)) NOCTPOUM OTpULIaHME:

VxVy 3z (R (x:y, z)) <=>3Ix (Vy Iz (R (x,Y,2)) <=>3x Iy 3z (R (xy,2))

<=>3x dy Vz (R ( x,y,z)).

TaK KaK onepaumu KOHbIOHKUMU U AN3BIOHKLUU ABOUCTBEHHbI, TO ANA COMHbIX
BbICKa3bIBaHUMN, COCTOALLMUX U3 MPOCTbIX, Pa3AeNEHHbIX OnepauuaMmm KOHbIOHKLUU
W AU3BIOHKLUK, OTPULLAHME CTPOUTCA MO cregylouiemy npasmay. Bce KBaHTopb! 3
3aMeHsAT Ha  V, M HA0OOPOT, BCe CBA3KU U (  )3ameHstoT Ha unu (V) u
HaoboporT, a 3aTem bBepyT OTpULAHUE YTBEPXKAEHUA.

Mertopa pe3onouunii B NOrMKe npesuKaTos.
MeToa pe30o/ounii ecTb NPaBUIO MPUCOEAUHEHUA K PACCY}KAEHUIO, B COCTAB
KOTOPOro BXOAAT ABa yTeepxaeHuAa A =>B, -A => C ux cneacTsusA — yTBEpXKAEHMs
B VC.
B norMke npeauKaToB Ana NpUMeHeHUs MeToaa pe3ontoumn Heobxoaumo
ybpaTb Bce KBaHTOpbI. [115 3TOro cyLecTBytoT ABa cnocoba:
1) BbIHOC BCeX KBAHTOPOB O6LHOCTU 33 CKOOKU;
2) npuBeaeHUe K CKy/1eMOBCKOW Gpopme, T.e. UCK/I0YEeHME BCEX KBAHTOPOB
CYLLLEeCTBOBAHMA.
OTclofa meTog, pe3ositounii B IOrMKe NpeguKaToB 3aK/1I04aeTCA B caeayoLem:
3agaya — foKasaTb 0bwe3HauMmocTb Gopmynbl. [lasa aToro Hago:
1) nepeintn K popmyne G = F 1 B3ATb €€ OTPUL,AHHUE;
2) ncknounTb B G BCe KBAHTOPbI CYLLECTBOBaHWA;
3) BbIHECTW 33 CKOBKKM BCe KBAHTOPbI 06WHOCTH, NpeaBapuTebHO Npeobpa3osas
CBA3aHHbIE NEPEMEHHbDIE C LeNblo OTIUUYUA UX OT CBOBOAHbIX NEPEMEHHbIX U
mexay coboit; nonyumm G =Vx Vy....Vz  H(xy,...z);
4) npeactaButb H( X,y,...z) B Buae KH® 1 npumeHUTb K HEl MeToa, pe3otoLmin
ANA BbICKAa3bIBaHWUNA.
Cnpaseanus Te3nc Yepua: « Jlioboe maTeMaTUYECKOE YTBEPKAEHUE MOXKET ObITh
3anMcaHo Ha sA3blKe UCYUCIEHUA NPeauKaToB, a toboe matemaTuyeckoe
A0Ka3aTeIbCTBO MOXXHO NPOBECTU B PaMKaX UCHUCEHUA NPeSUKaTOBY.
MeTopa, pe3onouuii No3BONAET A0Ka3aTb TOKAECTBEHHYK UCTUHHOCTL GOPMY /bl
NCUYUCNIEHUA NPEJUKATOB C MOMOLLBIO ANTOPUTMA.



Myctb A — GopMy/a ucumcneHus npeaukatos. [ina aAokasaTebcTsa eé
WCTUHHOCTU JOCTATOMHO A,0KAa3aTh HEBbINONHUMOCTb €€ oTpuuaHua —A cornacHo
cneayiolemy airopuTmy:

1) Haitgém gnsa -A npeasapéHHyto popmy A; .

2) Mpveeaém 6e3KBaHTOPHYIO YacTb Gopmysibl A; K KHP 6e3 04MHAKOBbIX
COMHOMUTENEN 1 6e3 NOBTOPAIOLMXCA 3NEMEHTAPHBIX GOPMY/T B COMHOXUTENAX.
3) Mpuseagm nosyyeHHyo Gopmyny K CKyNeMOBCKOW popme S ( ucknroumne Bce
KBAHTOPb! CYLLECTBOBaHUA), TO ecTb K Buay KH®, B kotopom Bce C; — pas/inyHble
mexay coboi AU3BIOHKTLI, He CoAepKaLiMe PaBHbIX U NPOTUBOMOJOMKHbIX
NUTepanos.

4) B nocnegosatenbHoctu C; ..., C; UWem Takne AU3bIOHKTbI, U3 KOTOPbIX MNOCNE
3aMeHbl HEKOTOPbIX MPeAMETHbIX NEPEMEHHbIX KaKUMU-TB0 TepMmamu
MONYYaloTCA AN3bIOHKTbI Dy, D; € MPOTUBOMOIOMKHBLIMU TUTEPANIAMMU.

3apaHme 5.1.

MpoBepbTe METOAAaMU NOTUKMW NPeAnKaToB CNpase/IMBOCTb BbIBOAA: « Bce
meTannbl ( M) — nnasatca (M). LuHk (LI) — meTann. 3HaumT, UMHK N1aBUTCAY.
PeweHwue:

dopmanuzauma B 1OTUKe NPeAUKaToB UMeeT BUA!

VX (M (x) > T (x)) A Vx (LX) >M(x)) |- Vx ( Li(x) = N(x)).

CHSTUe KBaHTOpa 06LHOCTU NpuBeAET GOpMY/Y K BUAY:

X (M (x) > N(x)) A (L (x) > M (x)). Toraa Ha 0OCHOBaHUM TPAH3UTUBHOCTH
umnankagum umeem: (L (x) > M(x)), ( M(x) = 1 (x)) |= L, (x) = M(x).
Moatomy , BbiBoA, Vx ( Li(x) = M(x)) — 0606wweHne no R, — BepeH.

3apaHue 5.2.

HailguTe pe3o/ibBEHTY AU3bHOHKTOB

C,=P(x) Q( f(x) VR(y,(g (z)) n  C;=R(xy)VTly)VQ(x)

PeweHwue:

1) 3ameHum B C, npeaMeTHYIO NEPeMEHHYI0 X Ha Tepm f(x), nony4um
pesonbeeHTy P (x) VR (y, (g (2)) VR (f (x)y) VT (y).

20 3amenum B C; yHax, aBC, yHag(z) nnonyuum eie oaHy pe3o/IbBEHTY
P(x) v Q(f(x)) vV T(g (z)) VQ(x).

3apaHue 5.3. (B)

[JloKaxuTe, 410 Creayroume Gopmy bl ABNAKOTCA TEOPEMAMU bopmann3oBaHHOMO
UCUMCAEHUA NPeAMKaTOB, AJ18 Yero NOCTPOMUTE BbIBOAbI 3TUX dopmyn u3
akcvombi: B) (3%) (3y) ( F(x,y)) <>(3y)( 3x) (F(x,y))-

PeweHue:
B) YKa)kem nocnefoBaTe/ibHOCTb Waros BbIBOAA:
(1) F(r,v)=>(3Ix)(F(x,y)) ( akcuoma ( PA2)) ;

(2) F(n,v)=>(3y) (Ix)(F(x,y)) (arcuoma ( PA2));



(3) (AV)( F(n,v)) >(3y) (IX)(F(x,y)) (3 —npasuno : (2));

(4) (3n)(3v)( F(n,v)) >(3y) (3x)(F(x,y)) (3 —npasuno (3));

(5) (3Ix) (Ay) (F(x,y)) = (3y) ( I)(F(x,y)) ( nepeMmeHoBaHWE NEPEMEHHDIX);
(6) (Fy) (3Ix)(F(x,y)) = (Ix) (Fy) ( F(x,y)) (mokrasbiBaeTca aHanoru4Ho (5));
(7) (3x) (3y) (F(x,y)) <> (3y) (3x)(F(x,y)) (npasuno ~ -gB.: (5), (6) ).

3apaHue 5.4.(a)

[oKaxuTe, 4to cneayrowme Gopmynbl ABAAIOTCA Teopemammn Gopmaan3oBaHHOMo
WUCYUCNEHUA NPEAUKATOB, NOCTPOUB UX BbIBOAbI U3 aKCUMOMbI:

a) (3x) (F(x)) <> -~(vx) (“F(x)) .

PeweHue:

a) BbiBOA, COCTOMT M3 NocnefoBaTe/IbHOCTU LIAroB:

(1) (vx)(~F(x)) = F(y) (akcvuoma PA1)),

(2) 7F (y) — = (Vx) (7F(x)) ( moydeHa us (1) no npasuny ®UB: P—Q | - "Q — -P);
(3) F(y) == F(y) ( Teopema PUB ),

(4) F9y) - (Vx) (—=F(x)) (nonyyeHa n3 (3), (2) no npasuny cunnorusama s /B ),
(5) (3x) (F(x))—=(vx) ("F(x)) (3 —npaeuno : (4));

(6) (AX) (F()—=~(Vx)("F(x)) (V¥x)("F(x)) (nepeumeHoBaHue : (5)),

(7) F(y) — (3Ix) ( F(x)) ( akcuoma (PA2));

(8) — (Ix) ( F(x)) — ~F(y) ( nony4eHa 13 (7) nNo npaewmny KoHTpanosuumn us GUB);
(9) (@) (F(x) — (Vy) (-F(y)) (V- npasuno (8));

(10) = (Ix) (F(x)) — (vx) (7F(x)) ( nepevmeHosaHue : (9));

(11) = (¥x) ("F(x)) — == (3x) ( F(x)) ( nony4eHa u3 (10) no npaewny KOHTPanosuLum);
(12) == (3x) ( F(x)) — (Ix) ( F(x)) (Teopema ®UB : ""P—-P),

(13) = (¥x) ("F(x)) — (3x) (F(x)) (nonyyeHaus (11), (12) no npasuny ®1B
cunnoruama);

(14) (3x) ( F(x)) &~ (vx ) (7F(x)) ( npaBuno A -BB: (6), (13)).

3apaHue 5.5.

Dokaxute, uto B PUB cnpaseanBbl ceaytowme BbIBOAMMOCTH, MOCTPOUB
BbIBOAbL!I POPMYN U3 COOTBETCTBYIOLLMUX TMMNOTE3:

K) (Vx) (F(x) & G (x)) | - (¥x) (F(x)) & (vx ) (G (x)).

PewweHwue: k)

BbiBO4 MMeEET cneayroLwmi Bua:

(1) (vx) (F (x) & G (x)) ( runoTesa);

(2) F(y) = G(y) (npasuno YKO: (1));

(3) F(y)— G (y) (npasuno A -ya:(2));

(4) G(y)—F(y) (npasunoA-ya:(2);

(5) (vx)(F(x)) = F (y) (akcuoma ( PA1)),

(6) (Vx)(F(x)) = G(y) 9 npasuno cunnorusma: (5),(3));
(7) (vx) (F()) —=(vy) (G(y)) (V -npasuno (6));

(8) (vx) (F(x)) —(Vx) (G (x)) ( nepenmeHoBaHwue : (7));
(9) (vx) (G (x)) — G(y) ( akcuoma (PA1L));

(10) (vx) (G (x)) — F(y) ( npaeuno cunnoruama : (6),(4) ;



(11) (vx) (G (x)) =(vy) (F(y)) (¥ npasuno (10);

(12) (VX)(G )) =(Vx) (F (X)) (nepeumeHosaHue : (11)):

(13) ((vx) (F (x)) =(Vx ) (G (x)) = [((Vx) (G (X)) = (Vx) (F (x)) ) —

—((vx) (F x) ((vx) (G (x)))] ( Teopema ®UB: A —(B—(AAB)) );

(14) ((vx) (G (x)) =(¥x) (F (x)) ) =((Vx ) (F (x)) & (V) (G (x))) (MP: (8),(13));
(18) (vx) (F (x)) & ((vx) (G (x))  (MP:(12), (14).

3apaHue 5.6.

Ecnu ILF(x) |-G, To T, ( 3x) ( F(x)) |-G npu ycnosuu, 4to X He BXoAUT CBOBOAHO HU
B dopmyny G, H1 B ogHy dopmyny I ( npasuno YKC — yaaneHus KBaHTopa
CYLLECTBOBAHUA).

PeweHue:

YKaxkem COOTBETCTBYIOLLUIA BbIBO,:

(1) ILF(x) |-G (ycnosue);

(2) T|-F(x)> G (Teopema o aeaykumu (1));

(3) F(x) 2> G [-(3x)(F(x)) =G (3-npaBuno);

(4) T |-(3x)(F(x)) =G (cBoicTBO BbiBOAUMOCTH: (2),(3)) ;

(5) T, (3x)(F(x)) |- (3x) (F(x)) G ( cBoicTBO BbIBOAUMOCTH : (4));

(6) T, (3x) (F(x)) |-(3x) (F(x)) (oueBnaHo);

(7) (3x) (F(x)), (3x) (F(x)) >G|-G ( npaBuno MP);

(8) I, (3x)(F(x)) |-G  (cBoitctBO BbIBOAUMOCTH : (5), (6), (7)).

3apaHue 5.7. (11.12).

Ucnonb3ya Teopemy 0 geayKkunu, gokarkute, 4yto B UMM cnpasBeasivBa Teopema :
(3x) (FOx) v G (x)) > ((3x) (F(x) v (3(x) ( G (x)).

PeweHwne.

Dokaxem cHavana, uto ( 3x) ( F(x) v G (x)) |- ( 3x) ( F(x)) v ( 3(x) ( G (x)):
(1) (F(y) I-(3x) (F(x))  (npasuno BKC);

(2) (3x) (F(x)) |-(3x) (F(x)) v (3x) (G (x)) (npasuno v-s8);

(3) Fly) [-(3x) (F(x)) v(3x) (G (x)) (nonyyeHa us 91),(2));

(4) Gly) |-(3x) (G (x)) (npasuno BKC);

(5) (Ix) (G (x)) [-(3x) (F(x))v(3x) (G (x)) (npasuno v-88);

(6) G(y) [-(3x) (F(x)v(3Ix)(G(x)) (nonyuaemus(4),(5));

(7) Fly)vG(y) |-(3x) (F(x)) v(3x) (G (x)) (npasuno v-ya:(3),(6);
(8) (Ix) (Fx)vG(x) |- (Ix) (F(x))v(3Ix) (G (x))  (YKC:(7));
CnepoBaTesibHO Mo Teopeme O AeAyKUUK:

[- (3x) (F(x) v (G (x)) = ((3x) (F(x) v (3x) (G (x)) ).

Tenepb fOKaXkem, 4TO

(3x) (F(x)) v (3x) (G(x)) |- (3x) (F(x) v (G(x)):

(1) F(y) I-Fly)vG(y) (npasuno v-BB);

(2)  Fly) vG(y) |-(3x) (F(x)v(G (x))  (npasuno BKC);

(3) Fly) I-(Ix) (F(X)v(G(x))  (nonyyeHaus(1),(2));

(4) G(y) |- Fly)v(G(y)) ( npasuno v-gs);



(5) Gly) |-(3) (F(x)v(G(x)) (nonyuenaus(4), (2));

(6) (3x) (F(x)) |- (3x) (F(x) vG(x)) (npasuno YKC: (3));

(7)  (3x) (G(x)) |- (3x) (F(x) v (G(x))  (npaBuno VKC: (5));

(8) (3x) (F(x)) v (3x) (G(x)) |- (3x) (F(x) v G(x)) (npasuno v-ya: (6), (7)).
CnepoBaTtenibHO, MO Teopeme O AeAyKLUN:

|- ((3x) (F(x)) v (3x) (G(x))) = (3x) (F(x) v G (x)) .

U3 teopem (*) wu (**) no npasuny A -BB nonyyaem Tpebyemyio Teopemy.

Paspen 3. dnemeHTbl TEOPUU aNIFTOPUTMOB.

3aHaTtue N2 6. Dopmanusauusa NOHATUA anroputma. PekypcusHbie GyHKLUMN.
MawwuHa TbropuHra

1. PeKypCUBHbI€ U BblMUCAUMbDIE PYHKLUN.

Pekypcueii HasbiBaeTCA NPOLECC NOCAeA0BaTe/IbHOrO BbIYMCAEHUA 3HAYEHUIA
HEKOTOPON PYHKUMUMN.

MycTb TpebyeTca onpeaennTb 3HaYeHUe HekoTopoit yHkumuu f(n), rae n € N, yawe
Bcero npu n 20. PekypcuBHOe 3aaaHne GyHKUUM COCTOUT U3 [BYX 3TaMNoB.

1) ®yHKUMA T(n) 3agaeTca HeNOCPeACTBEHHO B BUAE YMCNOBbIX 3HAYEHUN ANA
HEKOTOPOro MHOMECTBA Ha4ya/ibHbIX 3Ha4YeHUn n: 1< n <m.

2) 3apaeTca meTog unu Gopmyna, KOTopble Mo3BOJIAKOT, 3HaA BCE 3HAYEHUA
byHKumm f(n) npu n<k (k 2m), BbIYMCNUTL ee 3HaYeHus nNpu n=k+1, T.e. HaUTH
flk+1). Takum 06pa3om NONYYAIOT PEKYPPEHTHOE COOTHOLIEHWE, ONMUCbIBAIOLEE
PEKYPCUBHO 3a4aHHYI0 QYHKLUMIO.

O6bl4HO 3TK ABa 3Tana 3anucbiBaloT B BUAE PEKYPPEHTHOrO COOTHOLIEHUA C

NMOMOLLbIO GUTYPHOM CKOBKM fl=1,
H vP flk+1) = h(Ffk)), k=1

MpocTeiwwme ( 6a30Bble) peKypCcUBHbIE GYHKLUUMU — 3TO TPU BbIUUC/TUMbIE
dYHKUMM BUAA:

a) Honb-pyHKYUA: O(x)=0, ; VxeN;

6) yHKyuAa cnedosaHus (byHkums NeaHo) nnm S: S(x)= x+1, uamn x'=x +1, VxeN,
KOTOpasA 03HayaeT Nepexos K creaylowemy 3/1eMeHTy 3alaHHOr0 MHOXECTB3;
B) GYHKUMA TOXAECTBA, NPOEKTUPYIOLAA QYHKLMA NN QYHKUNUA BblAENEHUA
aprymenta " " (X1 X0 )=Xm , 1Sms<n

Onepauus Noay4eHUs HOBOM QYHKLMM NO UMEOLWMMCA QYHKLUAM.

a) Onepamop cynepno3uyuu (modcmaHoseKu). B ocHoBe 3TOro onepaTopa NexuT
cnocob BblUMCNEHUA, COCTOALLMIA B TOM, YTO €C/IM U3BECTEH CNOCOD BbIYUCIEHUA
f(X1 oXm ) W 8 (X1 e Xn ) (byHKUMIA, 3aBUCALLMUX OT CBOUX HABOPOB
aprymeHTOoB), TO NOACTaHOBKA KaXkAoro Habopa 3HaueHui

g1 (Xg e Xn ) o Bm (X1....X,)  maet cnocob ebiumcnenmna h=f(g(x)) kak yriLny
OT X1 .. Xp

6) Onepamop npumumueHoli pekypcuu. Onepauusa NoayYeHUs HOBON GYHKLIMK U3




UMmeroLLmxXca AByX GYHKUNUIA Yepes pekyppeHmHyto dopmyny f(n+1)=h(n,f(n))
OCHOBaHa Ha npueme BbluMcNeHUs QYHKLMU HaTypanbHOro aprymeHTa f(n+1) no
U3BECTHOMY 3HauyeHuto f(n).

MycTb 3a4aHbl HEKOTOPbIE YNCOBbIE YacTUUHbIE QYHKLUKN: N-MecTHanA QyHKUMA

g v (n+2)- mectHaa dyHKuMA h. Torga (n+1)- mectHas yacTuuHan GyHKUMA f

«KOHCTpyUpyeTca» n3 GyHKUUIA h U g C TOMOLLBIO onepamopa NPUMUMUBHOL
pekypcuu f=R(g,h)no cxeme:

f(x1,..,xn,0) = g(x1 ....xn) , k= 0;
f(le X2, Xn,y V)= f(X1! vy X0, k) = h(xlr x2; ey X1, k - 1: f(le X2y 001X, k"l));
1l ksy

N Ha3blBaeTCA NPUMMUTUBHOW PEKYPCUENA.
MpUMUTUBHO PEKYPCUBHBIMM Ha3bIBAOTCA GYHKLMK, NOSYYEHHbIE U3 TPEX
6a30BbIX GYHKLUI MpK NOMOLLKM ABYX Onepauuii — cynepno3uyuu n
npumumuegHoU peKkypcuu.
B) Onepatop MuHUMM3aUMKU. Onepaumsa NOCTPOEHUA HOBOWN GYHKLMK W (X) ,
3aBUCALWLEN OT N NEPEMEHHbDIX, N0 U3BECTHOMN f(X1, X2,...,Xn, ¥) COrNACHO NpaBuy
K (x) =min {yl f(x,y) = 0} Ha3biBaeTCA MUHUMU3ALMEN

yeN
DYHKUMK, NONyYeHHble U3 Tpex 6a30BbIX QYHKLMIA MPU NOMOLLU NPUMEHEHUA
KOHEYHOro Y1cna mpex onepauun — cynepnosuyuu, npumumusHoli pekypcuu v
MUHUMU3QYUU — Ha3blBAOTCA YaCTUYHO PEKYPCUBHLIMM.
Ecan yacTMuHO pekypcmBHan GyHKUMA onpeaeneHa Bclogy, TO ee HasblBaloT
obLepekypCcUBHON. Tak, NPUMUMUBHO PeKypcusHasa GyHKUUA ABNAETCA
obuwepexypcusHol.
Bcakasa npumumusHo pekypcusHas GyHKLUA ABAAETCA 8bIMUCAUMOU.

3apaHwue 6.1.

MycTb Heobxoaumo pelwnTb ypaBHeHMe 0,8x = 3 ¢ NOMOLLbIO KOMIMbIOTEPA,
BbINO/IHAOLLENO BCe AEUCTBUA, KpOome aeneHus. Haigem anropntm,
NO3BONAIOLMIA TAKOMY KOMMbIOTEPY PELUNTb TaKoe U eMy NoJobHble ypaBHEHUA.
T.e. noKaxem, 4YTo AaHHaA 3aga4a

ABASAIETCA «BbIYUCIUMOM» AN «PA3PELUMMON» B NPeaNOXeHHON Moaenu
BbIYMCNEHUNA.

PeweHue:

1) NpepacraBum 3agaHHoe ypaBHeHUe B Buae x = 0,2x + 3.

2) 3agaaum 3HaYeHue x;=1 U paccMoTPUM NOCAEeA0BaATENbHOCTb 3HAYEHUN Xp,
x1=1

onpeanendaembliX COOTHOLIJEHHEMZ{
A xn+1 = 02xn + 3



Monyunnu pekypcuBHO 3aaHHYI0 NOCNEA0BATE/IbHOCTL, B KOTOPOW Kaxoe
rnocneayoLLee 3HaueHUe oNpeaensaeTca uepes npeabiayLiee.

3) Obo3HauyMm yepes r, MOAY/b Pa3HOCTH | Xnu1 — Xn | =, . TOraa ecau

Xne1 =0.2Xy 3 M X;42=0,2 Xp41 43, TO Xn+2—Xns1 =0,2 (xn +2 ~ Xn+1 )

4) Otcropa rye= 0,2: r,. MOXKHO A0Ka3aTb , YTO 3Ta NOCAEAO0BATENBHOCTE
OrPaHUYEHHa U UMEET npeaen.

5) NMycTb Z =liMpse Xp . TOrga  liMysee Xnet = liMyseo (0,2X, +3).

Otcioga z=0,2z+3, T.e. 3Ha4eHMWe Npegena ABAAETCA KOPHEM 3aaHHOIO
ypaBHEHMUS.

TaK Kak Mbl CMOr/IM HaUTU KOPEeHb 3TOro ypaBHeHUs 6e3 onepauumn aeneHus, To
Hall KOMMbIOTEP CMOXKET peLlaTb NoA06HbIe ypaBHEHUA C MOMOLLLIO TaKOro
anropuTma.

To ecTb AeiCTBUTENIBHO AaHHasA 3a4a4a ABNAETCA «BbIYUCUMON» B
Npea/IoXKeHHoM Mmoaenn BblYncaeHUn. NMonyyeHHblA MeTo, pelleHUsa ypaBHeHus
OCHOBAH Ha NOHATUM PeKypcum (0T NaT. recurro — BO3BPaLLAOCD).

3apaHue 6.2.

Haigute dyHKUMM g u h B perypcusHoi popmyne fix+1)=h(x,f(x)) ans
ogHomecTHOM GYyHKUMKM f(x)=sin mx.

PeweHue: ANropuTtm pelueHus:

1) Haingem oyHkumio g(x), noactaBus B GyHKUMIO f(x) 3HaueHme x=0.
Umeem g(x)=f(0) =sinm 0 =0.

2) Noactasum B GyHKUMIO f(X) BMecTo X 3HaueHue x+1.

Umeem: f(x+1)= sin rt(x+1)= sin (rmx+m)= — sin rx.

3) Bbipasum dyHKumio fix+1) yepes f(x) u x: f(x+1)=— sin x= — f(x).

4) Havigem dyHKumo h(x,y) n3 dopmynbl fix+1)= h(x, y), 3ameHus f(x) Ha y, a
3atem x Ha y: h(x,y)= —y.

3apaHue 6.3.
UmeeTca malmHa TblopuHra ¢ BHeWwHum andasutom A { ag, 1}, andasutom
BHYTpPeHHuX cocToAHun Q = {gg g1} U GYHKUMOHANbHOM cxemoi (Nnporpammoi).

A Q 8o 81
ao go 1R
1 82 do L 81 1R

B ctonbue gy HUYEro He HanucaHo, NOTOMY YTO g — 3aK/HIOYUTEIbHOE COCTOAHUE
MaLLKWHbI, TO eCTb TaKOE COCTOAHME, OKA3aBLUUCh B KOTOPOM MaLUMHA
OCTaHaB/IMBAETCA.

DYHKLMOHA/NIbHYIO CXEMY UM NPOrpammy KPaTKO MOXKHO 3anucaTb B BUAe
nocsenoBaTeIbHOCTU U3 ABYX KOMAHA: g1 a0 > 8ol, g:1-> g 1R
Onpeaenute, B Kakoe C/I0BO




nepepabaTbiBaeT MallMHA KaXa0e U3 CeayioLlmMx CNoB, eCN OHA HAXOAUTCA B
Hauya/IbHOM COCTOAHUU g; U 0D03peBaeT yKa3aHHYIo AYEUKY:

a) lapllagapgll (obo3peBaeTcs Aveitka 4, cuntas cnesa);

6) 1lap11lag1 (obo3peBaeTtca aueiika 2);

B) lagag 111l (obo3peBaeTcs Auenka 3);
r) 1111ag11 (obo3peBaeTca aveitka 4);
a) 1lap 1111 (0bo3peBaeTca aueitka 3);
e) 1111111 (0603peBaeTca Aueiika 4);
w) 11111 "(obo3peBaeTca ayelika 5);
3) 111..1 (k eanHuu, 0bo3peBaeTca k-A AYeiKa).

U306pasuTe cxemaTUyeCcKu NocnegoBaTeIbHOCTb KOHOUIypaLMii, BO3HUKAKOLLMUX
Ha neHTe Ha KaXX40M TaKTe pa601'b1 MallHHBbI.

PeweHue.

a) U306pasum cxemaTMyecku HavanbHYH KOHPUrypaumto (Ha4anbHoe
NONOXEHME MALLUNHDI):

1 T a | 12 [ 1 [ a | a | 1 [ 1 |

Cxema 03Ha4yaeT, YTO MallMHA HAaXOAUTCA B COCTOAHUM g; U 0603peBaeT AYenKy,
B KOTOPOI 3anucaHa byksa 1, B coceAHel cneBa syeiike 3anncaHa Ta e bykBa, a
B COCe/lHel cnpasa A4YelKe 3anucaHa bykBa ap  (TO ecTb cOrnacHo Hallemy
COrflaleHU0 HUYEro He 3anncaHo) U 1.4, Huyero He 3anucaHo 1 BO BCeX
HernoKa3aHHbIX AYeKax SIeHTbI.

Ha nepBom TakTe paboTbl cornacHo komaHae g: 1 - g, 1R mawuHa ocraeTca B
npexxHem coctoaHuM 1, B o603peBaemyto Aveliky BnucbiBaeT bykBy 1 (To ecTb
baKTUUECKMN OCTAB/IAET YIKE BMIUCAHHYIO B 3Ty AYeliky 6yKBy 1 HEU3MeHHOM) U
nepexoamT K 0603peHuto caeaytowen npaso

AYErKH (T.e. AYenku 5).

MN306pasmm cxeMaTUUECKM NOIOXKEHNE, B KOTOPOM OKasasacb MalluHa:

B1

1 a0 1 1 | a a0 A

Ha BTOpoMm TakTe paboTbl COrNACHO KOMaHAe g1 ap—~> Bo 1l MaluHa BMUCHIBAET B
obo3peBaemyto aueiky 5 6ykBy 1, npoaonxaeT 0603peBaTh Ty XKe AYEUKY U1
nepexouT B COCTOAIHUE gy , T O eCTb ocTaHaBauBaeTcA. Co3aaBluanca
KoHdUrypauma umeeT BUA;

[ 1 [ a [ 2 [ 2 [ 1 | a | 1 | |

Takum 06pa3om, U3 AaHHOrO Ha4yasibHOTO NONOXKeHUA cNoBo 1ap 11apag 11
nepepabaTbiBaeTCA MaWMHON B choBo lag 111ap11.



MaremaTtuueckme cumBobl U 0603HaUEHUA

a, -a - oTpuuaHue a
Y- CYMMUPOBaHWUeE,
X- [EKapToBO NpoulBegeHue,
V- KBaHTOp 0OLHOCTW,
3- KBaAHTOP CyLLECTBOBaHUS,
E- yHVUBEpcarnbHoe MHOXEeCTBO,
€- NPUHaANEXHOCTb AIEMeHTa MHOXECTBY,
A - KOHBIOHKLIUS,
V- AN3BHOHKLNS,
- UMMJIUKaUUA
<>, - 3KBMBaNeHUMUA,
= - JOruyecKkoe crepoBaHue
<=> -  PaBHOCWMNbHOCTb BbICKA3blBaTE/NbHbIX GOPM,

= -  HenocpeacTBEHHasA BbIBOAUMOCTb,
|- -  BblBOAUMMOCTb

N'— MHOMEeCTBO HaTypasibHbIX Yncen, gononHeHHoe O,
B" - n-as AieKapToBa CTeNneHb MHOXecTBa B,

@ - NnycToe MHOYECTBO,

A\B —  pasHocTb MHOecTB A n B,

( )- Koprex,

o - MHOXECTBO HaTypabHbIX YUCES.

MaTtemaTuyecKkme COKpalleHus.

OH® —  AM3BIOHKTUMBHAA HOpManbHaa Gopma.
KH® —  KOHBIOHKTMBHAA HOpManbHasa popma.
CAH® — coBeplueHHan AU3bIOHKTUBHAA HOPMasnbHasa Gpopma.
CKH® — coBeplieHHaA KOHbIOHKTUBHAA HOpMasibHasa Gopma.

Bonpocbl K 3K3ameHy.

1. MNpegmeT AUCKPETHOM MaTEMATUKU U 0OBEKTbI U3yYeHUA. BbiCKasbiBaHUA.
Norunyeckue napagokKcbl.

2. byneBbl GpyHKUMUU. DYHKLMM OT OAHON NepemeHHoW. HekoTopble
aNeMeHTapHble QYHKLUKN OT ABYX NepemMeHHbIX. Yncno bynesbix GyHKLUNA OT
Nn- NepemMeHHbIX.

3. CBoMcTBa aNemMeHTapHbIX GyHKUMIA, npasuna [e-MopraHa, nornoweHums,
CAUNAHMA.



4, MpuHuun gBoincTBeHHOCTU ( AOoKa3aTeNnbCcTBO). PopmasibHOE NpPaBUIO

nony4YeHUa ABOUCTBEHHbLIX GYHKLMIA.

5. Teopema 0 pasnoxeHun PyHKUMIKN No nepemeHHbIM. CheacTBUE O Pa3NOKEeHUN
no 1 nepemeHHOW.

6. CoBepluieHHanA AU3BOHKTUBHAA HOpPMasibHaA dopma.

7. CoBeplweHHaA KOHbIOHKTUBHAA HOpMasibHaA Gpopma.

8. Teopema 0 pasnoXKeHUU GyHKUMI No nepemeHHbIM. PYHKLUMOHA/IbHO NOJIHbIE
CUCTEMBbI.

9. Teopema HerankuHa. NMonmHombl HKerankuHa. Metog HeonpeaenéHHbIx
KO3 PULMEHTOB.

10. Anarpammbl dnnepa-BeHHa. TaBTonorMa, npoTuBopeyme.

11. MeToapl AOKa3aTeNbCTB B anredpe Noruku.

12. dnemeHTbl KOMBMHATOPUKK. PazmelleHns, nepecTaHOBKM, COMETaHMUA.

13. OnpepgeneHue rpada. NMpeacrasneHune rpada B BUAE MAaTPULbI CMEHHOCTIA |
MHUMAEHTHOCTMU.

14. dnepos rpad. Kputepuit cyllectBoBaHUA dinepoBa LMKAA
(mokasaTtenbcTBO).

15. Anroputm [enKCcTpbl HAXOXAEHUA KpaTyauLlLero nyTn B rpade.

16. 3apava 0 MHOTOMOIKOCHOM KpaTyanuei uenu. Aaroputm ®nonpa.

17. 3apava 0 MakcumanbHOM noToke. Anroputm ®opaa- PankepcoHa.

18. MeToa BeTBEN U rPaHULL, B 3aZ1a4e 0 KOMMUBOSAXKepe.

19. Ispuctrdeckue anroputmol. NP — nonHoTa.

20. MeToa AMHaMUYECKOro NporpammmnpoBaHuA B 3agade « PasbueHuen.

21. [epesbs. Teopema 06 ocToBE MUHUMAIbHOrO Beca. Anroputm Kpackana.
22. [epesbsa. Teopema 06 ocTtoBe MUHUMANbHOTO Beca. Anroputm lMpuma.

23. TaMUNbTOHOBbI LIMKAbI. MeToZ NaTUHCKOWU KOMMO3ULUK.

24. MonsaTue anroputma. ChoBapHble PyHKUMKU. MalwmHa ThlopuHra.

25. MalurHa ¢ HeorpaHuYyeHHbIM YucIom peructpos. OnpegeneHune, onucarie
paboTbl.

26. Bblumcnmmblie GyHKUUU. OCHOBHbIE GYHKLMN, AOKA3ATENbCTBO UX
BbIUMCAUMOCTU. MopoKaAeHUE BbIUNCAUMbIX PYHKLUI, Onepaummu coeguHeHus,
NoACTaHOBKM, YPAaBHEHUA NPUMUTUBHOMN PEKYPCUMN.

27. Cuctema 06paboTtku cumsonos locra.

28. HopmanbHble anroputmbl Mapkosa. |

29. MoHATMe 06 anropuTMUYEcKon HepaspelummocTu. Mpobrema
CaMONPUMEHUMOCTU.

30. Npobnema ocTaHOBKM MalUUHbI ThiopuHra. Mpobnema nycTon neHTbI.

31. Teopusa koaupoBaHuUa. Teopema 0 pas3ae/IMMocTv NpedUKCHOM CXEMbI.

32. HepaBeHcTBO MakmunnaHa.

33. OnTMmanbHoe KoguposaHue XapdmaHa. LileHa KoagnpoBaHuA.




CNUCOK NNTUTEPATYPbI

1. FanywkuHa 10.U., Mapbamos A.H. KOHCNEKT NeKUuiA N0 AUCKPETHOM
maTtemaTuke. — M. Ailpuc-npecc, 2016. — 176c¢.

2. Epycanumckui A.M. [luckpeTHana maTemaTuKa: TEOPUs, 3a8a4u, NPUIOIKEHUSA. —
5-e n3ga. M.:By3soBckas KHura, 2012. — 268c.: un.

3. UrowwmH B.U. 3apaum 1 ynpakHeHWa No MaTeMaTUUYECKOM JIOTUKE U TeOpUm
anroputmos.:yueb. nocobue ana ctya,. Bbicul. yueb. 3asegeHuin. — M.:
U3patenbcknin ueHTp «Akagemua», 2017. — 304c.

4. Kapnos HO.l. Teopua astomatos. — C6.: MNutep, 2012. — 224 c.: uA.

5. Kpyrnos B.B., inn M.U. UHTennekTyasbHble MHPOPMALMOHHbIE CUCTEMDI. — M.:
®usmatnut, 2012. — 256¢.

6. Kynukos.B.B. [luckpetHaa matemaTtuKa: yuebHoe nocobue. — M.: PUOP, 2017. —
174 c.

7.JTaspoB U.A. MaTemaTtuueckas noruka. — M: U3patenbckuit LeHTp AKagemus,
2016. - 240 c.

8. MockuHoBa I'.U. luckpeTHaa matemaTtuka. MatemaTuKa gna meHeasKepa B
npumepax 1 ynpaxHeHusx.: yyuebHoe nocobue. — M.: Jloroc, 2012. — 240c.,un.

9. Cobonesa T.C., YeukuH A.B. iluckpetHaa matemaTuka. — M.: UspgatenbeKuit
ueHTp Akagemus, 2016. — 256 c.

10. MNpocseTos .U. JUcKkpeTHAs maTemaTUKa: 334341 U peLleHus: yuebHoe
nocobue. — M.: BUHOM. NlabopaTopus 3HaHuit, 2016. — 222c.

11. CnupuHa M.C. lnckpeTHas matemaTuKa. YuebHo-meToauyeckoe nocobue ans
NpoBeaeHUA NPAKTUYECKUX 3aHATUIA N0 MaTEMATUKe 418 CTYAEHTOB
cneumanbHoctn 351400. — TonwatTn, TIYC, 2016. — 88 c.

12. Cyponnatos C.B., OBunHHMKOBA E.B. MaTtemaTuuyeckas noruka n teopus
anroputmos: YuebHuk. — M.: UHOPA-M; Hosocnbupck: U3a-Bo HITY, 2016. —
224c.

13. Cyponnatos C.B., OBYUMHHMKOBA E.B. n1emeHTbl AUCKPETHON MaTEMATUKU:
YyebHuk. — M.: UHOPA-M; HoBocubupck: Usa-so HITY, 2013. — 280c.

14. CnnpuHa M.C. KoHcneKT nekumit no Kypcy «MatemaTtuyecKkas n10rmka u
TeopuA aNropuTMoB» A CTYAEHTOB cneuuanbHocTU «MHpopmaTnKa u
BbIYMCIUTEIbHAA TEXHUKAY.



MNporpammHoe obecneyeHne u UHTepHeT-pecypcbl
Ne HassaHue dnekTpoHHbIN appec CopeprraHne

1. Exponenta.ru www.exponenta.ru

Ha caiite pasmelleHbl 3NeKTPOHHbIE yueBHUKM, CIPaBOYHUKMU, CTATbHU,
npuMepamu NPUMeHEeHUA MaTEMaTUYECKUX NaKeToB B 06pazoBaTeNbHOM
npouecce, AeMO-BEpPCUM NONYAAPHbIX MaTEMATUYECKUX NAKETOB, 3NEKTPOHHbIE
KHUIMM 1 cBOOOAHO pacnpocTpaHaemble NporpaMmmbl.

2. Math.ru www.math.ru
MaTemaTuyeckuii CauT Ana WKOJIbHUKOB, CTYAEHTOB,
yuuTenemn u BCex, KTo UHTEpPEecyeTcs MaTeMaTUKOM.

3. MartemaTtuka www.mathematics.ru
Y4ebHbI maTepuran no pasinMYHbIM pasaenaM MaTeMaTUKN.

4. MatemaTtuka ans CTYAEHTOB U npoyee.

www.xplusy.isnet.ru

CopepKuT 601bLLIOE KONUYECTBO BUAEO NEKUMUI ANA
LWIKO/IbHUKOB, aBUTYPUEHTOB U CTYAEHTOB MO MaTeMaTuKe U QU3UKe.

5. Poccumiickoe obpasoBaHue.
www.edu.ru

depepanbHblii 06pazoBaTeIbHLIN NOPTAN: YYPEKAEHMUS,
nporpammbl, CTaHAAPTbl, BY3bI, Tectbl EMM3.

6. Konnekuusa undposbix ob6pasoBaTenbHbIX pecypcos.

www.school-collection.edu.ru Konnexuus uudpossix 00pazoBaTenbHbIX

pecypcos. Paznen «Marematukay, 10-11 knaccsi.




