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BBLBEJEHUE B ChyKIUTEJTHATA U ITIPEAUKATHATA JIOITMKA

1 CoxkxauTesIHa JIOTUKA

Onpegenenne 1. ChKISHUS ca Pa3Ka38aMEAHU USPEUEHUSA, BCAKO OM KOUMO € UAU ucmuna “T7,
uau asorca “F7. Eaemenmapru coorcdenus ca npocmu maxusa uapeverus. CscmasHu coocdenus ce
NOAYHABAN, 0T, NPOCNAU CBHCOCHUA UAU 0T, OPY2U CECMABHU CBEHCOEHUA UPE3 NO2UYMECKUME CBIO3U

[ 14 PPN 4 A1 o

n”, ‘wm”, ‘mim ..., wim ...”, “ako ..., 1o ...”, “...TOoraBa m caMo ToraBa, Korato ...~ u “He”.
Jlozunecku uspas om cootcOUMesnama A02UKG € NPOCMO UL CECMacHo caoicdenue. Bamoanus! na
AO2UHECKU U3PA3 OM COHCOUMENHAMA N02UKAG € €OHO 6BIMONACHO NPUCBOABAHE HA CMOTHOCTIUME
T uau F 1na scuuku esemenmapnu cootcdenus, yuacmeawu 6 vezo. Kot da e cacmasen uspas e:

® TaBTOJIOTUA, aKO cmotinocmma MY € T 3a 6caxa 683MOACHA 6aA100UUA,
® [IpOoTUBOpEYNE, akKo cmotrocmma MY € F 3a scaxa 6s3mooicha 6aA100UUA,

® YCJIOBHOCT, ako cmotrocmma MY € T 3a none edna e6anroauuUA U F 3a none edna G(IJLTOCLMUﬂi.

g

Baa. 1 Kou or cireHnTe U3PEUEHUsT Ca ChKICHUS?

1. ILnoBnuB e rpajg B bbarapus.

DO

. boarapus e rpajg b Bapha.

3. 2+2=4.

4. 2+2#4.

5. Kosiko e gacnbr?

6. loxora me ThbprimM Te3u Ge300pasust!
7. 3amo cMsaTare, 9e /7 € He4eTHO YUCJI0?!
8. Tpwbraaiire!

9. (*) ToBa uspevenue e abKa.

YHa, anrmmitckn TEPMUHDBT 1eCcTO € truth assignment, HO ce mos3Ba u valuation.
tHa anrmmiicku choTBeTHHTE TepMUHE ca tautology, contradiction u contingency.



3an. 2 Hekap, q,7,sutcaciaeinnre ChbKIeHU:
p: Ile nosbpmra mporpamara Ha Java mpean obsI.
q: CyTpunra Ime CopTyBaM.
T: Cite100s1/1 1Ie CIIOPTYBAM.
s: /luec Bpemero e xybaBo.

t: ,HHGC BJIa2KHOCTTa Ha Bb3yXa € HUCKA.

Hamnumrere jioruveckn n3pasu, CbOTBETCTBAIIM Ca CJIeIHUTE nu3pedenus. V3mnoa3Baiite jorudaeckure
cbio3u —, V, @, A\ u —.

1. Hama ma moBbpiina nporpamara Ha Java mnpeau obsiI.

2. e moBbpina nporpamata Ha Java u ¢1eJ100s1 e CIIOPTYBaM.

b

luec me copTyBaM WA CyTPUHTA, UJIA CJIEI00sI]T.

-

J#ec 1ie criopTyBaM CyTPUHTA WA CJIEI00SII.
5. Ako mmec BpeMero e XybaBo, cjieobsi] 11e CIIOPTYBaM.
6. Heobxoaumo yciioBue, 3a Jia CIIOPTYBaM JIHEC CJIEJI00s] €, BpDEMETO Jia € Xy0aBo.

7. JlocTaTbaHO yesoBHe, 3a Ja CIIOPTYBaM JiHEC e (T.e., CyTPHHTA WK CJIe00sT), BDEMETO J1a
e xyb6aBO 1 BJIAXKHOCTTA J1a € HUCKA.

3aa. 3 Hamwmmere cbCcTaBHO CbXKJIEHHE, eKBUBAJEHTHO Ha CJIEIHOTO, HO 0e3 M3II0JI3BaHe Ha
orpunanue “Axo ne mu onpasume sodonposoda, nama da niamasa naema.’

3axa. 4 Hanumere Tabanmara Ha KCTUHHOCT Ha BCEKU OT CJIETHUTE JIOTHIECKH M3Pa3U, K'bIETO
P, U T O3HAYABAT €JIEMEHTAPHU CbhXKJEHUs (T.€., ca JIOTHIeCKH IIPOMEHJIUBH ).

L. =(pV—=q)—=—p
2. p—=q)—or
3. (pPA(p—4q) — 4
q< (7pV—q)
5. (p—=aA(@—=1) = (p—r)
p—(g—=r)

(p—q)—(q—17p)

S L

(pAq)—p

3aa. 5 Hamnumiere tabimmnarta Ha ICTUHHOCT Ha BCEKH OT CJIEJIHUTE JIOTMYECKH N3Pa3y, K'bIeTO
P, q U T O3HAYABAT €JIEMEHTAPHU ChKJIeHUsI (T.€., Ca JIOIMIECKH [IPOMEHJIUBH ).
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. (pVda)—=(peaq)
2. (p®q)—=(pVal
3. (pVal®pAq)
4. (peorq)o(-peq)
5. (peq)®(—p e )

6. (p®dq)— (pDd—q)

Ban. 6 B 3amada 4, Kon u3pasu ca TaBTOJIOIUH, KOW C& TPOTUBOPETHS U KOU Ca YCJIOBHOCTH?

3an. 7 Heka p, q u T ca ChbKIEHAATA:

p: B paiiona ca 3abesrsi3aHn MeUKHN.
q: Xo/IeHeTO 10 II'bTeKaTa € 0e30I1acHO.

T: MajuHuTe OKOJIO IIbTeKaTa ca Y3peJIn.

Harmumrere jiormueckn u3pasu, CbOTBETCTBAIIM Ca CJICIHATE U3pedeHus. V3momsBaiire JoOrnaecKuTe
cbiozu 7, V, /\, = 1 .

1. Majgunure 0KOJIO I'bTEeKaTa Ca y3peJjia, HO B paﬁOHa He ca 3abe/d3aHu MEUKU.

2. Meuku B paiioHa He ca OuIn 3a0e/IsI3aHI 1 XOJAEHEeTO 110 II'bTeKaTa € 0e30IacHO, HO MAaJIUHATE
OKOJIO I'bTeKaTa He ca y3PeJIu.

3. Ako ManmHHTE OKOJIO I'bTeKaTa ca y3pesH, TO XOJeHeTO IO IIbTeKaTa 6e 0e30MacHO ako u
caMo ako B pailoHa He ca 3abe/IsI3aHi MEUKH.

4. He e 6e3ormacho jia ce X0/ 10 II'bTeKaTa, HO B pailoHa He ca 3a0e/II3aHl MEUYKH U MAJTUHUTE
OKOJIO TI'bTeKaTa Cca y3peJsu.

5. Ba ma MOxKe XOHEeHeTO II0 IIbTeKaTa J1a € CUI'YPHO, HeOOXOAUMO € MAJIUHUTE OKOJIO IIbTEKATA
Jla He ca y3peJsid U B paiioHa Ja He ca 3abessa3aHl MEIKU.

6. XoJieHeTo 110 IrbTeKaTa He € Oe30I1aCHO aKo U caMO aKoO B paiioHa ca OmJin 3abeIs3aHr MeIKU
1 MAJIMHUTE OKOJIO I'bTEeKaTa Ca y3Pesu.

3as. 8 3a BCgIKO OT CjIeJHUTE U3PEUeHNs, IIPeIJIOYKEeTe eKBUBAJIEHTHO ChbXKIeHNEe OT BuIa “Axo
., mo ...7. IlpeyioxKeHuTe CHAKIACHUS MOXKE Ja ca MoBevYe OT €JIHO — B TaK'bB CIydail, TaXxHaTa
KOHIOHKIIN JIa € €KBUBAJIEHTHA HA CbOTBETHOTO U3PEUEHUE.

1. Tpsabsa ma m3muernn Kojaata Ha meda, 3a Jia MOJTYUUIl TOBUIIEHUETO.
2. Koraro 3a/1yxa 10:KeH BATHD, CHEI'bT CE€ TOIIH.

3. 3a Jia BaxKu rapaHIusiTa TpA0Ba € MPOAYKTHT JIa € 3aKyIeH IIPEJIH MO-MaJIKO OT JIBe T'OJIUHU.



4. VlBan OuBa 3a/1aBgH BUHAI'M, KOIATO ITPEINCBA.

5. [le nmaTe JOCTBII JIO IIbJIHATA BEepCcUs Ha yed caiita camMo ToraBa, KOraTo ILJIATUTE TAKCATA.
6. Ille umare jgoCTbII JI0 II'bJHATA BepcHus Ha yeb cafiTa Torapa, KOraro ILIATUTE TaKcara.

7. 3a ga Te n3depaT Ha Ta3W JTHXKHOCT TPsOBa Jia MO3HABAII IIPABUIHUTE XOpa.

8. Ha Mapnﬂ BUHaIr'u 1M CTaBa JIOIIO B KOJIa 1 HUKOT'a, U3BBHH KOJIa.

an. 9 Jlokaxere, 1ue

(p—=(q—=1)—=(p—=q) —(p—71)

€ TaBTOJIOTUA.

Baza. 10 Ako Jiormyeckara IPOMEHJIMBA ( UMa CTOHHOCT T, ollpejelieTe BCUYKH BaJIOAINN Ha
JIOTUYECKUTE ITPOMEHJIMBU P, T U S, 32 KOUTO U3Pa3bT

(q — ((ﬁp\/r) /\ﬁs)) /\ (ﬁs — (=T A q))

nMa, CTOHWHOCT .

Ban. 11 B goma Ha cemeiictBo M. nma derupu gena. EjiHO oT T9X € u3s1/10 TOpTaTa, IPUTOTBEHA
ot rocuozxka M. IIpu “pasmur’ Ha genara, Te gaBaT CJAeIHATE OTTOBOPH Ha BbIpoca “Kot ussade
mopmama?”:

Anbena: Biaguvmup uzsiae roprarta.
Bopwuc: He cbm as!
Baaagumup: T'epranma ussje Toprara.

T'eprana: Biaagumup msirbra, Ka3paiikiu, Ue a3 M3s,0X TOPTATA.

Koii e BUHOBHUK'BT, aKO € M3BECTHO, Y€ € caMoO eJuH (WId eJHa), U Ye TOYHO €JIHO JIeTe Ka3Ba
ucruHaTa?

OtroBop: bBopuc e uzsn Toprara. U

Ban. 12 Jlokaxkere uin orposepraiire, de:
1. ¥MIITIKAIUsITa € acOIUaTHBHA.
2. MBKJIOYBAIIOTO UAU € ACOIMATUBHO.
3. UMILIMKAIUSATA € JUCTPUOYTUBHA CIIPSIMO KOHIOHKITHSATA.
4. MMIUTMKAIUAATA € JUCTPUOYTUBHA CHPSAMO JIU3FOHKIIASITA.

5. MMIIJIMKalludATa € ,Z[I/ICTpI/I6YTI/IBHa CIIPAMO HU3KJIIOYBAIIOTO UAU.
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6. KOHIOHKIIMATA € JIMCTPUOYTUBHA CHPIMO UMILIUKAIIAATA.
7. JUBIOHKIUATA € JUCTPUOYTUBHA CIIPAMO UMILTUKAIIATA.

8. N3KJIIOYBaIllOTO UAU € ,ILI/ICTpI/I6YTI/IBHO CIIpAMO UMIIJIMKaIIUATA.

3aa. 13 Iler aymm—Anbena, bopuc, Baagumup, I'eprana n JIuMuTbp—uMaT J0CTHII 10 HIKa-
? 7 Y

KbB dar pyM (chat room). Moxkere jin Kaxkere Kou OT TaX “darar’ B MOMEHTa, aKO € W3BECTHO,

ve:

1. Bopuc nmm Braguvup (Moxke u 1BaMaTa) 9aTsT cera.
Wi Teprana, win Jumurbp (HO He U j1BamMaTa) 4aTsaT cera.
Axko Anbena gartu, To u ['eprana garum.

W Braguvup u JIuMuTsbp 9aTdaT U gBaMaTa, WK HATO €JIMH OT TdAX He YaTH.

ook W

Axo Bopuc gartu, To Anbena u Birajumup garsr.

Pemmenne: Heka OymeBute nmpomensmeu a, b, ¢, d, e o3HauaBar c¢boTBeTHO “Ajbena daru’,
“Bopuc garn’, “Bnagnmup yarn”’, ‘T'eprana garu” u “/Iuvursbp yatn”’. Ha npesBemem 1ajieHUTE
dakTu Ha e3uKa Ha ChKIUTETHATA JIOTHKA.

I.bVe

2. dde

3.a—d

4. cee

5. b— (aAc)

Enun nagun fja ce pernn 3ajadaTta ¢ Upe3 IpaBHIaTa 3a N3BOJI.
b (momyckame, 1e Bopuc warn) (1)
a/\c (modus ponens Bbpxy (1) u yciosue 5.) (2)
a (npaBusioTo 3a onpocrsaBane BbPXy (2). ) (3)
d (modus ponens Bbpxy (3) u yciosue 3.) (4)
—e (rpuBmasizo ot (4) u yciaosue 2.) (5)
—C (rpuBuasHo ot (5) u ycaosue 4.) (6)
c (IpaBUJIOTO 3a OLPOCTSABaHE BHPXY (2). ) (7)
F (komronkius Ha pejose (6) u (7).) (8)

NsBemoxme rbiKa, Cae0BaTeHO JIOMyCcKaHeTo, 1e Bopuc yaru, e morpemno. CregoBaresnno, bopuc
e vyaru. Torasa:

—b (Bopuc e 1arn) 9)
c rpuBuasno ot (9) u yciosue 1. (10)
e rpusuasno ot (10) u yciaosue 4. (11)
—d rpusnaino ot (11) u ycaosue 2. (12)
—a modus tolens Bbpxy (12) u yciosue 3. (13)



[Tosyuauxme, ge Anbena, bopuc u I'eprana me garar, a Baaguvmup n JuMursbp gardar.
y 9 ) ) fH

JIpyr Ha4uH Jia ce peln 3ajiadara e uype3 TabjudeH MeToj, ToecT ¢ “rpyba cuma’. Ille onerum
KOHIOHKITHSITA,

X=0bVe)A(dde)AN(a—d)AN(c—e)AN(b— (a/c))

BbPXY BCUYIKU Bb3MO2KHU BaJIOallUN.
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EuncrBenara Basoalnsi, Bbpxy KoaTo X e ucrtuna, e F F T F T, moecr Anbena, Bopuc u
['eprana me varar, a Bragumup n JIluMutsbp 9aTdr. U

2 ExBuBaJjieHTHOCT Ha n3pa3nl 0T CbKJAUTEJ/JIHATA JIO'MKa

Onpepnenenne 2. 3a ecexu dee coorcdenus p u  Ka3eame, e ca €KBUBAJIEHTHH, aKO P ¢ ( €
masmonozus. Tosu gaxm zanuceame ¢ “p = q”. U



“—»

3abeneorcrka: Horamusara He e JIOTMYECKU Cbl03, CJIEeJ0BATEJHO “P = (~ HE € CbhCTaBeH
JIOTUYECKN U3pa3, a IPOCTO U3pa3daBa (haKTa, de JBe CbIKJICHUS Ca eKBUBAJICHTHH.

TeopeMa 1. Hexa P, g uT ca npou3coiHU ceotcdenus. Caednume exeusaseHMHOCU €4 6 CUN:

cBoiicTBa Ha koHctauture: p \NT=p, pVF=p, pVvVT=T, pAF=F
cBoiicTBa Ha orpunanumero: p/A—p=F pV-p=T.

UAeMIOTeHTHOCT: PV P =p, p/Ap=p.

3aKOH 3a JBOMHOTO oTpuilanue: —(—p) = p.

KomytatuBHOCT: PV q=qVPp, pAq=q/Ap.

acommatuBHOCT: (PV q)Vr=pV(qVr), (PAGQAT=pA(qAT).
auctpubytuBHoct: pV (qAT) = (pVT)A(pVT), pAQVT)=((pAT)V(pAT).
3zakonu Ha le Moprau: —=(pV q)=—-pA—q, —(p/Aq)=-pV—q.
norsrbiane: pV (p/Aq)=p, pA(pVq) =p. O

3ama. 14 lokaxere Teopema 1 upe3 TabumdHust METOJ.

Sa,/:[. 15 ﬂOKa)KeTe 3aKOHa 3a IIOIJI'bIIaHETO, M3II0JI3BAlKII CBOMCTBaTa Ha KOHCTAHTHUTE U 3a-
KOHUTE 3a ,ZLI/ICTpI/I6YTI/IBHOCTTa.

Pemienune: B Ta3u 3aa4a ce ncka J0OKa3aTeJICTBOTO J1a Ce U3BBPIIN YPe3 eKBUBAJIEHTH IIpeobpa-
3yBamusd, a He upe3 Tabmanus Meron. e mokaxem, we p Vv (p /A q) = p.

pV(p/Aq)= (cbriacuo cB-BaTa Ha KOHCTAHTHUTE)
PAT)IV(pAq)= (cbriacHo aucTpuOyTUBH. HA KOHIOHK. CIPSMO JIU3IOHK. )
pA(TV q)= (cbruacHo cB-BaTa HA KOHCTAHTHTE)

p/AT= (cbliacHo CB-BaTa HA KOHCTAHTHUTE)

P
d

Teopema 2. Hekxa p, q u T ca npoudsoany csorcderus. Carednume eK6uSANEHMHOCNU CG 6 CUAQ:

pP—=q="pVq Pp—q=—q—p,

pVg=—p—4q, pAqg=—(p——q),

P2gApP—=1)=p—(qAT),

p—=1IN(@—=1)=(pPVq) —T,

P—=qVp—=r)=p—-(qVr),

pP—=7r)V(@—=1)=MpPAq) > O

Bazxa. 16 Jlokaxkere Teopema 2 upe3 eKBHBaJIEHTHH IIPeoOpa3yBaHUsI, M3IOJI3BANKE HAI'OTOBO
daxra, ve p — q = —p V q, u Teopema 1.

Baa. 17  Jlokaxkere, de C/I€IHATE CbCTABHU CbXKJIECHUS €A TABTOJOTHH, U3IOI3BAKI TaO M THUS
METOJL:



L (pAq)—p,

2.p—=(pVaq),

3. 7p—(p—4q),

4. (pAq)— (p—q),

5. ~(p—4q)—p,

6. =(p—4q)— q,
(-pA(PVa)—aq,
(P=qAlg—1) = (p—r),

9. (pA p%q)%m
((p

10. p%r)/\(q—w))%r.

3aza. 18 Pemere 3agada 17 He upe3 TabanIM Ha UCTHHHOCT, & Upe3 €KBUBAJECHTHH IIPeodpasy-
BaHus. Teopema 2 MOXKe J1a Ce MOJI3Ba HATOTOBO.

Pertenne: Ille mokaxem (10.).

((p Vag)A\p—-or)A(g— r)) — 1= (cbraacHo Teopema 2)
—“((pVAp—=1)A(q—=T1)Vr= (3-11na [le Mopran)
—(pVq)V-(p—=1)V—(q—=1)Vr= (cprmacuo Teopema 2)
PVQYV—=(pVr)V-(-qVr)Vr= (3unna e Mopran)

]

—“pVqQVpA-TIV(@A-T)Vr= (aucrpubyTHBH. Ha KOHIOHK. CIIPSIMO JTH3FOHK. )
—(pVq)V (( q) \— )) Vr= (KOMyTaTHBHOCT)
—pVaq VrVv ((p\/q) )) = (mBoitHO OTpHUIAHNE)
—pVq)V—(—1)V ((p\/q)/\ﬁr)) = (3-uum Ha e Mopran)
(p\/q 1)V ((pVq)A—-r)) = (rbit kato AV-A=T)

Onpepnenenne 3. Hexa p u q ca coocdenus. Hexa A oznavasa umnaurayuama p — (. Toeasa
coorcdenuemo —q — —P Ce Hapuya KOHTPAIIO3UTUBHOTO ChKJjeHue Ha A. U

Sabeneorcra: Chriaacuo Teopema 2, Besska UMILIMKAINs € €eKBUBAJIEHTHA Ha KOHTPAIIO3UTUBHOTO
CH C'bXKJEHUE.

3 I/IBBOﬂ B Cb2KJUTEe/JIHaTa JIO'IKa

Omnpenenenne 4. Hexa p u q ca npoussosru coocdenua. Kassame, we q cieaBa JJOTUYECKU OT
P, axo p — q e masmono2ui. Paxmsm, we q caedsa so2uvecku om P, beaescum maka: “p = q”.
O



Ounpepnenenne 5. I3Boj1 6 coorcdumesnama A02uKa e nocaedo8amesnocm om csHcienus p1, P2,

.., Pns q 3a nakoe 1 > 1. Ceorcdenuama p1, Pa, - .., Pn €4 IPEANOCTABKH, @ ( € cieacTsue!.
H3600sm e BalujieH, ako CAeOCMEUEMO € APHO MO2G6A U CAMO MO2A6a, KO2A4MO 8CUNKU NPEInoCc-
MABKYU Ca GEPHU.

Sabeneorcra: CrnomeHaTusT N3BO/I € BaJIMJECH TOraBa M CaMO TOr'aBa, KOraTo

(Pr Ap2A...Apa) ¢

Ao TIOHe e/THA TIPEIIIOCTABKA P;i € IbKa, TO P1/\p2/\. . ./Apy, € ibka u Torasa (p1/Ap2/\.../\pn) F q
e MCTUHA, HE3aBUCUMO OT UCTUHHOCTTA Ha (.

3an. 19 Heka p, q u T ca cieHuTe eJIeMEHTAPHU CbXK/IEHUS:

p: UBan yun.
q: UBan urpae tennc.

r: VBan B3ema Osectsamo uznuta mo Juckperaun CTpykTypn.
Heka p1, p2 1 p3 ca CbKICHUATA-TIPEIIOCTABKY:

P1: Ako MBan yum, To TOil 11ie B3eme Ostectso u3nuTa 1o Jluckperan CtpykTypn.
P2: Ako Ban me urpae Tenuc, Toii 1me ydu.

p;3: UBan ne e B3en Oaectsamo n3nura mno luckperan CTpyKTypH.

Joxkazketre, ue IBaH e urpaJj TeHuc.
Pemenne: /la manmmem py, P2 U P3 Taka:

Pi:p—T
P22 74— P
P3: T
Hamrara 1ierr e a jokaxkeM, |e

(p=mA(mg—=p) A1) g

[Ile moxazkem, de (p1 /A p2/\p3) — q e taBronorus. llle n3nonmssame TabIMIHISA METO/I.

plq]

= | T | H| H| ™| 7|2

[p=r]-gq=p[r|((p=1)A(—qop)A—T) 5 q]

o e [ e | e T al
B e I R T
M| —| | | n| A |
) M | e e B T

e e e M

—| || T M| ||

"Ha anrmmiicku ¢HLOTBETHHTE TEPMUHE ca premises u conclusion.



3aa. 20 /lokarkere BaJUIHOCTTA Ha CJIETHUST U3BO/I.

Ako B/IaKbT 3aK'bCHEE W HsMa TaKCHTa Ha rapara, Mapwus Ie 3aKbCHee 3a Cpelarta.
Mapus ne e 3akbcHsIa 3a cpemara. Biakbr e 3akbensit. Ciie/loBaTesiHo, Ha rapara e
UMaJI0O TAKCUTA.

Pemmenne: Heka P, q u T ca cJIeJHUTe eJIeMEHTapHU ChzKJ/ICHUA:

p: Biakbr 3aKbCHABA.
q: Ha rapara msama TaxcuTa.

T: Mapus 3aKbcHsIBa 3a CperaTa.

Tpsabsa j1a mokazkeM, 4de (((p ANq)—=T)A-T /\p) F —q. ToBa 3Haun j1a mokazxkem, Je
(((pAq) =) A=TAp) = —q

e TaproJiorus. [la pasriegame uspasa
(PAq) = T)A=TAp

1 JIa TO OIIPOCTUM 4Ype3 €KBUBAJEHTHH IIPeoOPa3yBaHUs:

(pAq)—=1r)A=rAp= (cbriacHo dakra, ve a - b =—-aVb)
(—(pANq)VT)A=rAp= (aconumarusHOCT)
(m(pAqQ)VT)A=r)Ap= (aucTpubyruBHOCT)

(( PAQ)A—-T)V (rA— )) APp= (cBoiicTBa HA OTPHUIIAHKETO)
(m(pAq)A=T)VF)Ap= (cBoiicrBa Ha KOHCTAHTHTE)
(m(pAg)AN—T)Ap = (KOMyTATHBHOCT, aCOIMATHBHOCT)

(=(p A q)Ap)/A\N—=r= (3akonu ua /le Mopran)

(pV—=q) Ap)AN—=r= (aucrpubyTHBHOCT, KOMYTATHBHOCT)
(pAp)V(pA—=q))AN—r= (cBoiicTBa HA OTPUIIAHKETO)
(FV(p/A—=q))AN—r= (cBoiicTBa HA KOHCTAHTHUTE)

pA—qAT

OTTYK pemeHnueTo MoxKe Ja IIPOABLJI2KH B JIBa BapUaHTa.

Bapuant A: Moxke 1a ce nokaxe ¢ Tabsmna, de (p /A —q /A1) — —(q e TaBTOJIOTHS:

’ Hp/\ﬁq/\r\(p/\ﬁq/\r)e—-q‘

= | T | H| -] ™| ||
= M| | | | 7| A || =

M| M| M| T MM
e (| W | | e | e | R

= ||| ™7 m TS
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BapuanT B: Beue cme nokazanu, de
(PpAq)—=T)ATAp=pA—gqAT

Ho p/A—qg/\r e nctuna Torasa u caMo TOrapa, KOraTo BCEKH OT TPHUTE CbKIEHUS B Ta3U KOHIOHKIINS
ca UCTUHA, KOETO BKJIIOYBa U (. U

IlpaBuia 3a n3Boa: OOmonpreTn ca CIeIHUTE IPaBUIa 3a U3BOJ B ChXKIUTeNHaATa Joruka. C
TSIXHA ITOMOII IIPABEHETO Ha U3BOIMU CE OIPOCTSABA 3HAYUTE/HO — C'hIINO KAKTO B IIpeJIHaTa 3a/1ada,

€ MHOI'O IIO-JIECHO OT IIpEeIIIOCTaBKHUTE

P
—q

T

Jla M3BeJIeM —( BeJHAara, HaMecTo Jia CTPOUM Tabiuiara Ha uctTuHHOCT Ha (p A—q/AT) — —q. U
TaKa, BbIIPOCHUTE IIpaBUJIa Cca:

IIpaBuio
IIpaBuso
IIpaBuio
IIpaBuio
IIpaBuso
IIpaBusio
IIpaBuio
IIpaBuiio

IIpaBuso

modus ponens: p/A (p — q)F ¢

modus tolens: =q/\ (p — q) - —p

XHUIoTeTu4YeH cujiorn3dsm: (p — q)/A\(q—=1)F (p — 1)
AustoHKTUBEH cuioruzbm: ((pV q) A—p) kg

3a KoHoHKIuATa p/AqHpAqf

3a ompocrtsiBane: p/AqFp

3a J0KA3aTeJICTBO Ype3 CJLydau: ((p — 1)\ (q— T)) H ((p Vq)— r)
3a KOHCTPYKTHBHAaTAa JUJIEMA: ((p =g ANA(r—=s)A\N(pV T)) F(qVs)

3a JecTpyKTHUBHATA AUJIEeMa: ((p =N [T—=s)AN(—qV ﬁs)) F(=pV-r)

ITpasuiio 3a pesonaronusTa: ((p VA (—pV r)) F(qVr)
3aa. 21  Jokaxkere BCIKO OT M3OPOEHUTE JEBET IIpaBUJIa 3a M3BOJI, M3IOJ3ANKN TaOJIMTHUS
METO/I.
Pemenne: Ille mokaxkem IpaBUIOTO 32 PE30JIIOIUITA.
(plalr]pVa][pVr][mVaALPVT)[qVr][(pVPA(pVT) = (qVr)]
FIF|F F T F F T
FIFI|T F T F T T
FITI|F T T T T T
FIT|T T T T T T
T|F|F T F F F T
T|F|T T T T T T
T|T|F T F F T T
T|T|T T T T T T

THamucano Taxa, IpaBHIOTO U3MIEXKIA Ge3cMucieHo. VnesaTa e, 4e akO HE3aBICHMO U3BEIEM OT €IHU U CbINU
HPEJIIOCTaBKY U P, U (, ©IMaMe IIPABO Jia TBHP/UM, Y€ KOHIOHKIUATA P /\ € HCTUHA U MOXKEM J1a s U3IOJI3BaMe.
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]
3abeneorcka: OT mocseauaTa Tabaumna gcHO ce BmKaa, de (p V q) /A (—p V 1) He e jornveckn
expuBajieHTHO Ha ( V 1. Taka de Koraro 3amectBame m3pa3 or Bujga (p V q) /\ (—p V 1) ¢ uspas
or BuJa q V T ChIVIACHO TIPABUJIOTO 3a PE30JIIOIUATA, TOBa HE € 3aMecTBaHe Ha eJIUH JIOTUIeCKH
u3pas ¢ JApyr, eKBUBAJEHTEH Ha HEro M3pas, a € CT'bIIKa K'bM HAKAKDB JIOTUIECKH U3BO/I.

3aa. 22 Jlokaxkere BaJMIHOCTTA Ha CJIETHUS U3BOI.

Tasu cyTpun He Gere CIbHIEBO U JHEC € ITO-CTYIEeHO OT BUYepa. AKO OTHIeM J1a ILIyBa-
Me, TO Ta3W CYTPHUH € OWJI0 CIbHIeBO. AKO He OTHEM JIa TIIyBaMe, TO IIe Ce Pa3XOIuM
B ITaHnHaTa. AKO ce pasxoJuM B ITAaHMHATA, TO Ie ce npudepeM mpean Beueps. Cie-
JIOBaTEJIHO, IIe ce pudbepeM Ipejin Bedeps.

Pemenue: Heka p, g, T, s u t ca cienure ChKJICHUS:
e p: Tazm cyTpuH € CIIbHYEBO.
e (: /Tnec e 110-CcTyJIeHO OT BUEPA.
e 1: ITle oruaem sia miyBame.
e s: [Tle oruyem Ha pasxojika B IJIaHUHATA.
e t: Ille ce mpubepem 1pein Bevdeps.
TpsibBa 1a moKazkeM, e U3BOABT
(pPAPAT =PI AT = s)A(s—t)) Ht
e BaanaeH. ETo Kak MoxKe JJa CTaHe TOBA.
1. -p /A q (mpemmocraBka)
2. =p  (or (1.) u mpaBmIOTO 3a OUPOCTSIBAHE)
3. = p (upemmocraBka)
4. —r (ot (2.) u (3.) ¢ modus tolens)
5. —r — s  (mpexanocraBka)

s (or (4.) u (5.) ¢ modus ponens)

N@

s —t (mpemmocraBka)

8.t (or (6.) u (7.) c modus ponens)

aa. 23  /lokarkere BaJUIHOCTTA Ha CJIETHUST U3BO/I.

AKo Mu TIpaTHI UMeii, Ie HaI|IIa IporpamMara HaBpeme. AKO He MU ITPATUII UMEILT,
e cu JierHa paHo. AKo cu JierHa paHo, Ie ce choyasa cBexk. CiieloBaTeTHO, aKo He
HallWIIIa IIporpaMarTa HaBpeMe, IIe ce ChOy/Id CBEXK.
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Pemienne: Heka p, q, T u s ca cilefHUTe CbXKJICHUS:
o p: Tu mu nparu umeitr.
o (: Ille nanwuma nmporpaMara HaBpeMe.
e 1: [lle cu serna pano.
e s: [Ile ce cHOyIs CBEXK.
TpsibBa Jla JI0KaXKeM, de U3BOBT
(p=A(p=1)A(r—s))F(—q—s)
e BasmieH. ETo nokazaresicTBOTO:
1. p—q (upenmocraBka)
2. =q —» —p (komrpanosurusHO Ha (1.))

—p — 1 (upemmocraBka)

.l

—q — 1 (xunorernven cuaornzbm ot (2.) u (3.))
5. 1 —'s  (upejmocraBka)

6. ~q — s (xunmorermyen cuyoruzbm or (4.) u (5.))

Baa. 23  /lokaxkere BaJIMIHOCTTA Ha CJIETHUS U3BOI.

((PAQVTIA(r—s) F(pVs)

Pemnienne:
I. (p/Aq)Vr (upemmocraBka)
2. (pVrIA(qVr) (mucrpubyrusnocr u (1.))
3. pVr (mpasmioro 3a onpocrsBane u (2.).)
4. v — s (upeamocraBka)
5. 1Vs (or dakra, e a - b=—aVbu (4.).)

6. pVs (pesomonus Bbpxy (3.) u (5.))

3ag. 24 Baauuen s e u3BOALT

Axko pemuin BcsKa 3a/1ada B yuebHMKa, 1mie Hayuanm Jluckperna Maremarnka. Tu cn
nayumi Jluckperna Maremaruka. Crie/loBaTe/IHO, TH CH PEIINI BCsIKa 3aja4a B yaed-
HUKa.
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Pemtenne: He, 3amoro

(p—=aq)Aq)Fp

He e BaymaeH n3Bo. Camu JoKaxKeTe, Je ((p — q) A\ q) — P He e TaBTOJIOI'U.

3ag. 25 Baauuen s e u3BOADLT

AKko pemun BesiKa 3aa4da B yueOHMKa, 1mie Hayumin Jluckperna Maremaruka. Tu ne
cH pemms BesKa 3ajada B ydueOnmka. CireoBaTesiHO, TH He cu Haydma JluckperHa
Maremaruka.

3aa. 26 /lokaxkere, 9e U3BOABT C IIPEAIIOCTABKA

(pAt) = (rVs)
q— (uAt)
u—p

-S

u CJIeJICTBUE  — T € BaJIUACH.

Ban. 27 Pasmienaiite ciaegrara 3a1a4a, s3era or [Ros07, Problem 35, pp. 74]T:

Ako CynepMmen e criocober u kKejae Jia IpeJoTBPaTu 3/10T0, Toi 61 ro Hampasui. AKo
CyrtiepMen e HecrocoOeH Jia MPeJOTBPATH 3JI0TO, TOW € Oe3CUJIeH; aKo He Kejae Ja
pEeJIOTBPATH 3J10TO, TOI € 3bj1. CymnepMmen He mpenoTBparsBa 371010. Ako Cyrepmen
CBINECTBYBA, TOH He e HUTO Oe3cmieH, HuTo 3bJ1. CiaenoBarenno, CymepMeH He CbINecT-
BYBa.

Ormpeiesiere gam U3BOILT € BaJIUIEH.

Pemenue: I13BoabT € Bammaen. Heka p, d, 1, s, t 1 U ca cegHUTEe eleMEHTapHU ChiKJIECHUS:
p: Cynepmen e criocoben Jia 1pejgoTBpaTu 3JI0TO.

q: Cynepmen »kejiae jia peJOTBPATU 3JI0TO.

r: CymepMeH e 6e3CHIIeH.

s: CymepMeH e 3bJI.

t: CymepMmen mpeoTBpaTsaBa 3J10TO.

u: CymepMmeH CbIecTBYBa.

[Ile mokazkem, |e

(pAg) 2 t)A(p = s)A(~q 2 s) A—tA(u— (-TA=s))) F—u

"Rosen ma croit pes s e Bzen or [KM64].
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1. (p/Aq) —t (upemmocraBka)
2. =t (umpejmocraBka)
3. 7(p/Aq) (modus tolens Bbpxy (1.) u (2))
4. —pV —q (3axonu ma De Morgan Bbpxy (3.))
5. 7p — v (mpeamocTaBka)
6. ~q — s (mpexmocraBka)
7. (7p = 1r)A(—q —'s) (mpaBuio 3a KoHIOHKIUATA BHPXY (5.) u (6))
8. (p—=r)A(—~q—=s)AN(—pV—q) (upaBwio 3a KoH. BLPxy (4.) u (7), aconuaTuBHOCT)
9. rVs (koHCTpyKTHBHA JieMa BbpXY (8.))
10. =(=(rV's)) (uBoitro orpuranue BLpXy (9.))
11. =(=r A —s)) (3akonum Ha De Morgan Bupxy (10.))
12. u— (=r A—=s)  (npesmocraBka)

13. —u  (modus tolens Bbpxy (11.) u (12))

3an. 28  Jlokaxkere, Ye M3BOIBT C MIPETOCTABKH P1, P2, - - ., Pn U CJIEJICTBUE ( — T € BaJU/IEH,
aKO U3BOJDLT C IPEJIIOCTaBKHU P1, P2, - .-, Pn, U CJICJACTBUE T € BAJIUICH.

4 BwbBegenue B npeanKaTHaTa JOTMKa

Onpegenenne 6. Ennovecren npeankar e csotcderue, 6 K0emo uma “npasdno macmo’, 6 Koemo
NPA3HO MACMO CE CAA2A 00EKM OM HAKAKEA NPEIsapumesto 3adadena 0baacm, HAPeYeHa TOMENH.
3a scexu obexm om dometina, npedukamasm € U UCTNUHA, UAU NBHCE. U

Karo npumep, HeKa JIOMEHHDBT Ce ChCTOM OT ILJIOJOBETE
sg0bJKa, OaHaH, ITOPTOKAJ, aBOKAJIO, siIF0/1a

Heka siobyikaTa u aBOKaJ0TO ca 3ejieHr, OAHAHDBT € YK'bJIT, [IOPTOKAIBT € OPAHXKEB, & {AroJ/iaTa €
gepBeHa. /la pasriesamMe CbKJIEHUATA:

1. dobakara e yepBeHa.
2. bananbT e 4epBeH.

3. IloprokanabT € uepBeH.
4. ABOKaJI0TO € YepBeHo.

5. fAronara e yeppena.
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CbritacHo JIONYyCKAHUATA, I'bPBATE YeTUPH ChXKJIEHUS Ca JI'byKa, a MOCJIETHOTO € UCTUHA.
Cera j1a cu 1peJICTABUM, Y€ OT BCSIKO OT TE3U ChKJICHHUS CMe MaxHAJIU UMETO Ha ILIOJA U CMe
ro 3aMeHIIH ¢ MHorotoune “...”. I B merTe ciydag’ momydaBame

... € YepBeH. (14)

ToBa e ejiHoOMecTeH IPeIUKAT, YUATO JTOMEITH ca meTTe n3dpoenu 1oja. [Ipaznoro MscTo, 3a KoeTo
ce roBopu B Oupesenenne 6, € MHOrOTOUMeTO. Ha MSICTOTO HA MHOTOTOYHETO MOXKEM Ja CJIaramMe
MMe Ha IJIOJ U 33 BCAKO UMe Ha ILIOJ, TBbP/IEHUETO € WU UCTUHA, WU JIHXKA.

HamecTto na cmarame TOYKH WM MTOAYepTaBKa Ha MPA3HOTO MSACTO B ChIKJIEHHETO, yIOOHO €
Jla, M3I0JI3BaMe MPOMEHJINBa, MpUMepHO X. ToraBa npejukarsT craBa “x e depseH(a)”, K'bJIeTo X
B3eMa CTOiHOCTH OT yKasaHara obsact. [a Genexxum tosu npepukar ¢ “P(x)”. Ilpu rexkymmre
JIOITyCKaHU4,

e P(aroma) =T,
e P(abbnka) = F, P(6anan) = F, P(noprokas) = F, P(asokamo) = F.

[Tomueprasame, ye npegukarbT P(x) cam 1o cebe cu He € HATO UCTHHA, HUTO JrbxKa. Veruna
I JI'bXKa ce MOJIydaBa caMo CJIeJl 3aMeCcTBaHe Ha X ¢ HIKOH 00eKT oT obsiacTTa. OcobeH nHTepec
1IpeacTaB/idBaT JBa CJAy4dasd IIPpU TaKOBa 3aMeCTBaHe:

e KOraTo MMa IIOHE e€JIMH OOEKT, 3a KOWTO MpeIuKaThT e ucruHa. ToBa Oerexkum ¢ IxP(x).
® KOraTo 3a BCEKU ODEKT IIPeIMKAThT € ucTuHa. Tosa Genexxkum ¢ VxP(x).

CumsoanTe “3” 1 “Y”’ ce mapmyaTr x6anmopu. 3 € eK3UuCmeHUuaAHUAM K6aHmop, a V € yHusepcal-
)
Huam xKearnmop. Ako obekTure oT 00JIACTTA ca KpaeH OpOi, Ja pedeMm dj, dy, ..., Oy, TO

e IxP(x) uma cvmcna Ha P(aq) V P(ay) V...V P(a,), a
e VxP(x) mma cvmena na P(a;) AP(ay) A... AP(a,).

Tosa mmocTpupa dakTa, ye eK3UCTEHIIMITHUAT KBAHTOD € CBbp3aH C JU3IOHKIUATA, & YHUBEPCAJI-
HUAT, ¢ KOHIOHKIINATA.

H_[e MJIIOCTpUPaMe I10JI3aTa OT HU3IIOJI3BaHETO Ha IIPEJINKaTU C KBAHTOPHU. I[a pa3rjiejamMe CJIeIHu:A
TpuBHaJIeH U3BOJI:

Besika puba »kuBee BB Bogara. IIbecrbpBara e puba. CireroBaTe/IHO, MbCTbPBATA K-
Bee BbB BOJATa.

Ot Haii-o011u choOparkeHusI € siCHO, Ue U3BOABT e BajuieH. Ho ako ce ornmrame j1a (hopmaiusupame
HEIATa ChC ChKIUTETHA JOTMKa (KaTo B IIPETHATE CEKINN ), HAMa KaK Jia MOKayKeM BaJIiTHOCTTA,
Ha n3BoJa. Heka 3amMecTuM mMbpPBOTO U3PEUEHHE C P, BTOPOTO, C (, U TPETOTO, C T. 3a JIa IIOKaXKEM,
Ye U3BOIABT € BaJUJEH, Tp:AOBa na mokaxkeMm p /\ q F T, KoeTo He e Bayun/eH u3Boi. BasmgHocTTa
Ha M3BO/Ia Ce BUKJIA, KOraTo Ce BIJIeJaMe B CTPYKTypaTa Ha U3peUeHUsiTa, a He TH Pa3ryIerkIamMe
IIPOCTO KATO €JIEMEHTapHH ChXKJeHus 0e3 cTpyKrypa. IIbpBoTo m3pedeHme Kas3Ba, Ue 3a BCIKO
Hero (0T HKaKBa 00JIACT, TPHMEPHO »KUBOTHM ), KO TOBA HEIO € puba, TO TO YKUBee BbB BOJATA.
Hexka P(x) e mpeaukarsT “x e puda”, a Q(x) e mpeaukaTsbT “X KuBee BbB Bojara’. ToraBa mbpBOTO
uzpevenue ce GopMaIu3upa Taka:

x(P(x) — Q(x])

tPoabT Ha xyMaTa HaMa 3HAYEHIE, TAKa Ue “...e depBeH’ ce CUMTa 3a CBIIOTO KATo “...e depBeHa’.
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Heka t o3nagaBa mbecrbpBa. Broporo uzpeudenne e P(t). Karo 1sio, uzBoabr e

Vx(P(x) — Q(x))
P(t)

= Q(t)

HpI/I TO3H1 3alluC Ha JIOTUYIECKH U3BO/, IIPCAIIOCTaBKUTE CE 3alliCBaT €dHa Ha/Jd ApyTra, CJIeJIBaHNu OT
C.m

XOPUBOHTAJHA [YepTa, MoJI KosiTo e cieacTBuero. [Ipen ciiecrBuero ce cirara 3HaKbT ) KOHTO
ce Jere, ‘CJIeI0BATEIHO .

Koraro e usnoiasBan KBaHTOP BbPXy HAKaKBa IIPOMEH/INBA, Ka3BaMe, de T € c6ap3ana. 1lpumep-
Ho, B m3pasa “VxP(x)”, npomeniuBara X e cBbp3aHa. AKO JajieHa IIPOMEH/IMBA He € CBbp3aHa,
Ka3BaMe, de T € c60000Ha. KakTo Kazaxme Bede, U3pasu OT IpeIuKaTHATA JIOTHKA ChC CBOOOIHU
IIPOMEHJ/INBU HE MO2KE JJa Ca HUTO UCTHHa, HUTO JI'b2Ka. HpI/IeMaMe, 9e KOraToO 3alluCBaMe U3pa3u
C KBAHTOpH, KBaHTOpUTE UMaT IIO-BUCOK IIPHUOPUTET, TOCCT CBHP3BAT IIO-CUJIHO, OT JIOTUYICCKUTE
cobiosn. CregoBaTeiHo, B n3pasa

VxP(x) — Q(x)

JefiCTBTHeTO Ha KBaHTOpa He ce mpoctupa Bbpxy Q(x) m x e cBobosgra mpomenaumBa B Q(x).
CreioBaTesiHo, MOCAETHUAT U3pa3 He MOXKe Ja MMa CTOMHOCT MCTHUHA WM JIbXKa. 3abejerkere
passimkara ¢ uzpasa “Vx(P(x) — Q(x))” rope, kbjero ckobure cien Vx ykaspar, de JefHCTBHETO
Ha KBaHTOpa ce mpoctupa Bbpxy P(x) — Q(x), a He camo Bbpxy P(x). C 1en mo-rosisima sicHoTa
I1e IOBTOPUM IIOCIETHUTE CHOPasKEHMS:

o (P(x) = Qx))

.

obXxBaT Ha JIEHCTBUE Ha KBAHTOPA
Vx P(x) — Q(x)
~—~—~

obxBaT Ha ,ZLefICTBPIB Ha KBaHTOpa

[Ipeaukarure mMorar jma MMa IOBedYe OT €IHO Ipa3HU MecTa 3a IolrbjBaHe. IHade KazaHo, 1a
JIBYMECTHHU, TPHMECTHH U T. H. [la ce BbpHeM Ha npuMepa ¢ miogosere. Heka B npeukar (14) Ha
[IPEJIMIITHATA CTPAHUIA 3aMECTUM ¢ MHOrOTOYHE M Jiymara ‘deppen’. IlosydaBame

e, (15)

Ha msicroro Ha BTOPOTO MHOIOTOYHE MOXKEM Jla cjarave nMe Ha nsdatr. [lo To3m HavwmH, 3amect-
BafiKi IMbPBOTO MHOTOTOYME C UME Ha ILJIOJ U BTOPOTO, C M€ Ha IBAT, MOJydaBaMe ChKICHUS,
KOUTO Ca UCTUHA WK JIbXKa. YJI00HO € Jla ce U3IO/I3BAT UMEeHA HA ITPOMEH/IMBI HAMECTO MHOT'OTO-
s, 3a Jia He Cce HaJjara Jia yToudHgBaMe ‘'bpPBOTO MHOroToune” u “Broporo mHororoune’. U Taka,
HAMECTO IIbPBOTO MHOIOTOYME II0JI3BaMe IIPOMEHJINBATa X, U HamMecTo BTOpoTo, Y. [loryuaBame
JIByMecTHUs Tipeaukar P(x,y)

P(x,y): xewvy.

K'bJIETO X B3eMa CTOHHOCTH HMMe Ha IIOJ, a Y B3eMa CTOHHOCT nMe Ha IB4AT. [IpumepHO, cbriacHo
JIOIyCKaHUsITA 32 [[BeTOBeTe Ha 11ojoBere, P(x,y) = T koraTo x e 6aHaH u Y e XKbJITo, a P(x,y) =
F koraro x e Aroma u Yy e 3eJIeHO.
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KBanTopu ce nusnossar u 1pu IpeUMKATATE € IIOBEYE OT e/Ha IIpOMeHInBa. TunudaHa ynorpebda e,
npumepHo, VxVYP(x,y). Tosa ce gere, “3a Besiko X, 3a Besko Y, P(x,y)”. Ako P e npeaukarsbT oT
npuMepa ¢ IJI0J0BeTe U 1BeToBeTe, T0 VXVYP(X,Y) e bkKa, Thil KATo He e BSIPHO, Y€ aKO B3eMeM
KOIf Jia € ILJIOJ M KOH Ja € I[BAT, TO3H ILJI0J] 38 /[bJIZKUTETHO € OT TO3U I[BAT — IIPUMEPHO, DaHaHbT
He e uepBeH, ToecT P(OaHaH, YepBeH) € JIbrKa.

B uspaza VxVyP(x,y) kasBame, ue KBanTopure ca 6.a00cenu. Moxke Jia nMame BJIOKEHH KBAH-
Topu OT pazimdeH Buj, npumepro Yx3IYyP(x,y). Tosa ce dere, “3a BeAKO X CbIIECTBYBa Y, TAKOBA
e P(x,y)”. AKo OTHOBO MmoJI3BaMe MpuMepa ¢ miojosere u 1perosetre, VxIYP(x,y) e uctuna. 3a
Jla ce yoenum, de e Taka, JOCTATHIHO € jia ¢hboOpa3uM, Ue BCEKU ILJIOJ MMa HAKAKDB I[BAT.

Ennorunnn kBanTOpu Morar ja ObJaT pa3MecTBaHu 0e3 TOBa Jia ce 0Tpa3sgBa Ha UCTUHHOCTTA,
TOECT BUHAI'U

VxVyP(x,y) = VyVxP(x,y)
IxFyP(x,y) = Jy3IxP(x,y)

Ot gpyra crpana, pa3HOTHITHE KBAHTOPH He MOXKe J1a ObJaT pa3MecTBaHU 110 TO3W HaduH. Toect,
B O0IIUsI CJydvait,

Vx3yP(x,y) # FyvxP(x,y)
IxvyP(x,y) # YyIxP(x,y)

Karo npumep s1a pasriejiame JIByMeCTHUS ITPEIUKAT

Qlxy): x+y=2

KbJIETO X W Y B3eMaT CTOHHOCTH OT MHOXKECTBOTO Ha peajnutTe dncia. VxIyQ(x,y) oueBuaHo
e WCTHWHA, TIOHEXKe 3a BCAKO peajiHO X MMa JPYro PeasHo Y, a UMEHHO Y = 2 — X, TaKuBa 4e
x+y = 2. Ot apyra crpana, JYyvxQ(x,y) e Jrbka, IOHEKE HIMA PEAJHO YUCJI0, TAKOBA Y€ BCSKO
JIPYTo peasiHo, cChOpaHo ¢ Hero, Ja jasa coop 2.

Amnasnormano, B mpuMepa ¢ 11o1oBere u 1isetosere, YxIYP(x,Y) e ncruna, KaKTO Bede Kazaxme,
mokaro JYVxP(x,y). Bropusar uspas 6u Omr ucTuHa, aKO BCHYKHU ILJIOJOBE OsiXa B €JIUH U ChINN
I[BAT.

Babesexkere, ye B “VxP(x,y)”, Yy e cBobO/IHA TPOMEH/IMBa, TIOHEXKE He TONaJa B obXBaTa Ha
siefictBue Ha kBaHTOp. CJieoBaTETHO, TOBA HE MOXKE Jia O'bJ/ie HUTO UCTHHA, HUTO JIbXKA.

Babesexke, 1e 3a Bcekn npeaukar P(x,y), uspaszsr Vx3IyYyP(x, y) e eksuBasnenren na Vy3IxP(y, x),
Thil KATO TOBA € IMPOCTO IPernMeHyBaHe Ha TpoMeHmmBuTe. [[puMepHo, B IpeinkaTa ¢ MHOTOTOYH-
sta (15) Ha mpenHaTa cTpaHUIA, HIMa 3HAYEHHE Jajii HapudaMe ¢ X 'bPBOTO MHOTOTOYHE U C Y,
BTOPOTO, WJIA OOPATHO.

OTpI/IHaHI/IH Ha U3pa3u C €JHOMECTHU IIpeAUMKaTH CE€ U3BDLPIIBAT I10 CJICJHUA HaYMUH: OTPpUITaHUETO
IpeBPblla YHUBEPCAJIHUA KBAHTOD B €K3U3CTEHIIUAJIEH 1 O6paTHOTO.

—VxP(x) = Ix—P(x) (16)
—3xP(x) = Vx—P(x) (17)
18)

“=VxP(x)” ce uere, “He e BAPHO, 4e 3a BCAKO X OT JIaJeHUs JOMeRH e n3irbiadero P(x)”. “Ix—P(x)”
ce dere, “CHINECTBYBa X OT JAaJeHUd JOMENH, 3a KOiTo e usmbianeno —P(x)”. “—=3IxP(x)” ce uere,
“He e BAPHO, Y€ CBIIECTBYBa X OT JaJeHus JOMeiiH, 3a KoeTo e u3nbjiaHeno P(x)”. “Vx—P(x)” ce
yere, “3a BCAKO X OT JaJeHusd JoMeiH e usnbianeno —P(x)”.
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[Te o6ocuoBeM He MHOTO hopmasto (16). 3a na ce ybe M, e aBaTa M3pasa ca eKBUBAJICHTHH,
MOXKEM J1a pasriieiaMe CIydaii, B KOUTO JOMEHBT € KpaeH, Aa PedeM JOMEHHbBT € dj, do, ..., Oy,
1 Jia ¢bOOpasmM, e

VxP(x) = P(a;) AP(az) A... A P(a,)
Cwobritacno 3akonute Ha De Morgan,

—(P(a;) AP(a) A...A\P(a,)) = —P(a;) V—P(az) V...V —P(a,)
Ha cBoit pen,

—P(a;) V—P(ay) V...V —=P(a,) = Ix—P(x)
O6ocuoskara na (17) e anajgormdma.

Jla pasriiejiaMe TeTHDHTE THHDICHIA:
o Vx(P(x) A Q(x)) = Vx(P(x)) Avx(Q(x))
o Vx(P(x)V Q(x)) = Vx(P(x)) V ¥x(Q(x))
e Ix(P(x) A Q(x)) = Ix(P(x)) A Ix(Q(x))
e Ix(P(x) V Q(x)) = Ix(P(x)) V Ix(Q(x))

Kbero P(x) u Q(x) ca mpou3BOJIHU €JHOMECTHU TPEIUKATH W MPOMEH/IMBATA X BHHAIM [IPHEMA
croftHocTH OT equH U cbiu jomeitH. Kon or Tesu TBbpieHus ca Bepun u kou, ne? IlbpsoTo
TBBP/IEHNE € BAPHO. 3a Jia ce yOeauM B TOBa, Ja pasrjegaMe Cydas, KOraTo JOMEHHDBT € KPaeH,
Jla pedeMm dp, dg, ..., A,. ToraBa U3pa3bT OTJIABO €

(Pla) AQai)) A (Plaz) AQlaz)) Ao A (Plan) A Qlan))
HOpa,B;I/I ACONUATUBHOCTTa U KOMYTAaTUBHOCTTa Ha KOHIOHKIUATA, TOI € eKBUBaJIEHTEH Ha
(P(a1) AP(a) Ao AP(an)) A (Qla) AQ(ax) A... A Qlay))

Broporo TBbpienue e HeBsipHo. Hampumep, Heka P(x) m Q(X) ca mpeamkaTtu ¢ eIuH W CbHIH
JIOMEH—MHOTObI'bJIHUIATE OT reoMeTpusaTa—KkaTo P(x) e “x uma geren 6poit crpann”, a Q(x) e
“x mma Heueren 6poii crpann”. Ouesuno VX(P(x)V Q(x)) e nucruna, nmonexke BCEKU MHOTObI'bJTHUK
uMa dereH uin HedereHn Opoit crpanu. Obade Vx(P(x)) V Vx(Q(x)) e e Bapro. 3a na ce yoeanm
B TOBa, Jia pasrjieJamMe MOOTIEIHO JBEeTe ChXKICHUA-YIACTHUIM B JIUSIOHKIIAITA:

e Vx(P(x)) He e BApHO, OHEX)KE HE BCEKM MHOTOBLI'LJIHUK MMa UeTeH Opoil cTpaHu.
e Vx(Q(x)) He e BsapHO, MOHEXKE HE BCEKW MHOTOBI'BJIHUK UMa HEUeTeH OPOil CTpaHu.

[Mlom mBeTe c¢bXKJEHUST B AUBIOHKIIAATA Ca JIbXKa, JMAOHKINAATA € Tbka. C aHAJIOTMIHN Chobpa-
JKEHUs Ce BHKJIA, Y€ TPETOTO TBBbPJICHHE HE € BAPHO, a 9eTBbPTOTO € BapHo. CJiejioBaTe/iHo, B
HIKAKbB CMUCDHJI YHUBEPCAJTHUAAT KBAHTOP UMa JUCTPUOYTUBHO CBOMCTBO CIIPsIMO KOHIOHKITHSTA,
a eK3UCTEeHIIUAJHUAT, CIPAMO JUIOHKITUATA.
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5 3ajaum oT mpeauKaTHATa JIOTUKA

Baa. 29 Heka P(x) e npeaukarst X < 4 ¢ JOMelH peajHUTe YUCIa. 38 BCAKO OT CJIEIHUTE
CBXKJIEHUs, OlpeeseTe Tl € HCTHHA WA JIbXKA.

a) P(1) ©6) P(4) B) P(100)

3aa. 30 Heka P(x,y) e npegukarst “x e crouia Ha Y’ KbJIETO JIOMEAHBT Ha X ca IpajioBeTe,
a Ha Y, JIbPXKABHUTE. 3a BCIKO OT CJIEJHUTE CbXKJIEHUS, OIpeJiesieTe Jaau € UCTHHA WA JIbKa.

a) P(Aruna, ['vprinst)  6) P(Bapcenona, Ucnanus)  B) P(UxTuman, ApxkerTuna)

3axa. 31 Heka P(x) e upeaukarsT “X yuu IOHE IeT 9aca JIHEBHO”, K'bJIETO JOMEHHBT ca CTYIeH-
ture or @MU. M3pazere na pazroBoper ObATapCKU €3UK BCAKO OT CJIETHUTE TBHLP/ICHUL:

a) VxP(x) 6) Vx—P(x) B) IxP(x) 1) Ix—P(x)
m) —3IxP(x) e) =VxP(x) k) —3Ix—P(x) 3) =Vx—P(x)

Nma u TBBPIeHNS, KOUTO ca €KBUBAJIGHTHU €/IHO Ha JIpyro? AKO Jia, KOu ca Te3u Irpyiu’

Baa. 32 Heka P(x) e npequkarst “x nma Kotka”, Q(x) e mpeaukarsbt “x mMa ky4de” um R(x) e
peIuKAThLT “X MMa mamarai’, KbIeTo JOMEHHBT ce cheTon or kuregnte Ha Codwus. Vzpaszere
BCSIKO OT CJIEIHHUTE TBBPIACHUA KATO TBbPIACHUE OT IMpPeAUKaTHATA JOTUKA — M3MO0JI3BAKY IIpeIu-
karauTe cumBosin P(x), Q(x) u R(x), KBaHTOpHUTE U JIOTUYECKUTE CHIO3N.

1. Bcekn yoBeK mma KOTKa, Kyde U IararaJi.
2. Hukoit woBeK HAMa HUTO KOTKa, HUTO Kyde, HUTO IararaJl.

Bcekn goBek mma moie €IHO OT KOTKa, Ky4e, I1aliaraJi.

=

Bcekn 90BeK MMa TOYHO €JIHO OT KOTKa, Kyde, IanaraJ.
5. Hgaxkoit voBek mma KOTKa M Kyd4e, HO HE U Ialarall.

6. Ilone JABaMa JyHin MMaT KOTKa W Ky4de, HO HE U ITallaraJl.

7

Ynsmeane: B (6.) nosnssaiite 3HaKka 3a paBeHCTBO “=" WM HEroBOTO oTpuIilanue “#’. Ba BceKn
JIBa eJIeMEeHTa OT JIOMeliHa X U Y, HOTaluATa “X =Y~ O3Ha4YaBa, 4e Te Ca €JIUH U CHIIU eJIEMEHT, &
“x #Y” o3HauaBa 0OPATHOTO.

Pemtenne na (6.):

Iy ((x # y) A (Px) A Q) A—R(x)) A (P(Y) A Qy) A—R(y))) O

3aa. 33  Oupenenere KakBo e TBbpAeHHETO VXP(X)—HMCTHHA WK IbXKa—KbIETO JIOMEHHDBT ca
peasnuTe dncia, a P(x) e npegukarsr x > 10.
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3an. 34 Oupezenere KakBo € TBbpaeHneTo IxP(X)—ucruHa mim JIbXKa—KbIeTO JOMEHHDBT ca
peasinutTe dncia, a P(x) e npeaukarsr x > 10.

Baa. 35 Omnpenenere KakBo e TBbpAeHHeTO JXP(X)—HCTHHA WK JIbXKa—KbIETO JIOMEHHBT ca
peasinure dncia, a P(x) e npeaukarsTt x = x + 1.

3axa. 36  Oupejesnere HICTUHHOCTTA, HA BCAKO OT CJICJIHATE TBBPICHUS, aKO JOMEHHBT Ce ChbCTOU
oT meJsinTe dncia, a P(x) e npeaukarsr X + 1 > 2x:

a) P(0) 6) P(—1) B) P(1) r) IxP(x)
1) VxP(x) e) —3IxP(x) k) Ix—P(x) 3) =Ix—P(x)

3axa. 37 Ompejenere HCTUHHOCTTA Ha BCSIKO OT CJIEIHUTE TBbPAEHUSA, aKO JOMERHDBT ¢ ChCTOU
OT IIeJIUTE JHUCJIA;

a) nn+1>n) 6) In(2n = 3n) B) In(n = —n)
r) In((n > 0) A (n = —n)) a) Vn((n>0) — (2=-3))

e) Vn((n>n+1) = (2=-3)) xK) Vn((n<0)®(n=0)®n>0))
3) Vn(n?+2>1) u) ynImn? +m > 1) it) Imvn(n? +m > 1)
K) VYnim(m > n) Ja) dmvn(m > n) M) dmvn(n > n)

a) Imvn((m>n) — Ir(r<r+1))

3aza. 38 B Tasu 3ajiaua JIOMEHHBLT Ce ChCTOM OT IEJIUTE IIOJIOXKUTE/JHN ducia. Pasrienaiite
TBbpAeHnETO "M ce menm Ha M. IIpemmoxkere meduHUIMS Ha JIEJIMMOCT, HAIMCAHA IPE3 MPEIN-
kar(n), KBaHTOp (M), U 3HAIUTE 38 PABEHCTBO (HEPABEHCTBO) U YMHOYXKEHUE.

Vnsmeane: dedununusara ga 0bae oT BUa

Yymvn (m ce JileJId Ha ML TOTaBa M caMoO TOoraBa, KOraTo .. )

3aa. 39 B raszm 3ajada JOMEHHDBT ce CbCTOM OT IeJuTe dncia, no-rojemu or 1. Heka Q(m,n)
e IpeIuKaThT “M ce aeau Ha N, 3a BCIKO YUCI0 Ka3BaMe, de € npocmo, ako ce JIeJIN €IMHCTBEHO
Ha cebe cu. [Ipemoxkere meduHUIINA HA IPOCTO UUCI0, HAIIMCAHA IPE3

e 1peaukar(nu),
e kBaHTOD(M),
e 3HAIUTE 3a PABEHCTBO (HEPABEHCTBO) M APUTMETUYHHUTE OIEPAIUH, 1

e npejukara Q(m,mn).

Bax. 40 (*) B Tasu 3aja4a JOMEHHBT ce ChCTOM OT HeJuTe Yucia, no-rojgemu ot 1. Heka P(n)
e mpeaukaThT ‘M e mpocto uncyao’. Jlobpe m3BecTeH (hakT e, de MPOCTUTE THCIa ca OE3KpaiiHO
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MHOro. l3pasere TBbpJEHUETO, Ye MPOCTUTE YHCIa ca Ge3KpailHO MHOIO, 4pe3 cpejcrBaTa Ha
peJuKaTHaTa Joruka. Vsmnoassaiite n npegukara P(m).

Ynsmeane: znonssaiite (pakra, Ue meauTe 9UCIa ca HOAPEICHN, TOECT 34 BCEKH JBE Pa3IMIHI
IeJIM 9MCIa, TOYHO €QHOTO € IIO-TOJISMO OT JIPYroTo. B pemennero MoxKeTe 18 U3I0JI3BaTe 3HAKa
14 >77‘

Bam. 41 azena e nocieposaresasoct ot 20 nemn uncaa A[1], A2], ..., A[20]T. U3pasere Bcsiko
OT cJjieAHUTE TBBbPACHUA IPE3 Cpe/CTBaTa Ha IIpeJuKaTHaTa JIOTHKA, U3II0JI3BAKN U 3HalIluTe 3a
paBeHCTBO (HEPABEHCTBO) U CPaBHEHUE:

1. Besgiko umciio e HeoTpHIATe THO.

2. Nma nBoiika ¢bCeTHU YUCIA, €THOTO OT KOUTO € JIBa IIbTH IO-TOJIIMO OT JIPYrOTO IO abCo-
JIFOTHA CTOMHOCT.

3. Hucnara ca 10JIpeJieHN B CTPOT'O HAPACTBAILL MOPSTHK.

4. Benukm umcesia ca pas/imyHu.

3axa. 42 Heka P(x,y), Q(x,y) u R(x,y) ca npejgukaru Haj HIKaKbB jloMeiiH. Pasriesaiite
TBbLPICHIETO

vx3y ((P(%,y) A Q(x,y)) = R(x,y))

Harmmmrere OTPUIaHHUETO Ha TOBa TBBbPACHUE TaKa, Y€ SHaK'bT 3a OTpUIlaHME Ja HE Ce€ Cpellla BJIABO
OT KBaHTOpPHUTE.

Ban. 43 Jledbunurnusra Ha 2paHuLG HA PEGAHG GYHKUUA B MATEMATHICCKIS aHAJINS € CJIETHATA.

Hexka I e orBopen mHTEpBaJ, KOWTO ChIbpka ducjaoro a. Heka f e dyukius, mnedu-
HUpaHa BbPXY I, Moxke Ou ¢ m3K/a0UeHne Ha Touka a. Kaszsame, ue f nma rpanuna L,
KOTaTo X KJIOHU K'bM @, TOTaBa U CaMO TOl'aBa, KOI'aTo € BAPHO, Ye

Ve > 038 >0Vx((0<|x—al<8) = (f(x) — LI <€)

Harmmurmere orpurianueTo Ha TOBa TBbP/IEHHE TaKa, Ue 3HAKHT 3a OTPUIAHKE J1a He Ce CPEeIla BJITBO
OT KBAHTOPHTE; TOECT, UCKa Ce Jia JlajieTe HeoOX0IUMO U JOCTATHIHO YCJIOBHUE 3a TOBa, L j1a He e
rpanura Ha f pu jgajeHnTe Ipe/IIoCTaBKI.

3an. 44 3a BCIKO OT CJAEIHUTE TBbLPICHUS, HAIUIIETE HETOBOTO OTPUIAHUE TaKa, € 3HAKBT
3a OTPUIAHKE Ja He € BJIBO OT KBaHTopuTe. Heka HanmmcanuTe OT BAC OTPHUIAHUA Ca KOJIKOTO €
BB3MOXKHO MO-TIPOCTH. JlomycHeTe, Ye JOMEIHDBT ca peaTHuTe IUCa.

o Wxy((x >y) = (x —y <0))
o VxVy((x <y) — F(x <z<y))
o Wxvy((xl =hyl) = ((y =x) & (y = —x))

JrB KOMITIOTPHUTE HAYKN TaKaBa ITOCJIETOBATECTHOCT CE€ HApUYIA MaACUG.
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