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VYHPAYKHEHUE 1 110 JAUCKPETHU CTPYKTYPU, KH2, 3UMEH CEMECTHP 2019-2020 T.

BBHBEAEHUE B ChyKAUTEJTHATA U IIPEANKATHATA JIOTUKA

1 CobkxauTesiHa JIOTUKA

Onpenenenne 1. ChKICHUS Ca Pa3Ka36AMEAHU USPEUEHUSA, BCAKO OM KOUMO € UAU ucmuna “T7,
uau asorca “F7. Eaemenmapnu ceotcdenus ca npocmu maxusa uspevenus. Cocmasnu ceorcienus ce
NOAYHABAN, OM, NPOCNU CEBHCOCHUA UAU OM, OPY2U CECMABHU COHCIEHUA UPES NOZUYECKUME CBI03U

[7S) 14 Pr N1 PY A1 P14

n”, ‘“mm”, “‘mam ..., wm ...”7, “ako ..., T0o ...”, “...TOraBa M caMO TOoraBa, Koraro ... u “me”.
Jlo2umnecku uspas om ceocouUmeanama A02uKa e NPoCmo UL CECMAsH0 coocdenue. Bamoarua na
A02UYECKU U3PA3 OM COHCOUMENHAMA N02UKE € €OHO BBIMONCHO NPUCBOABAHE HA CMOTUHOCTIUIME
T uau F 1na scuuku esemenmapnu ceotcenus, yuyacmeawu 6 vezo. Kot da e cacmasen uspas e:

® TABTOJIOTHS, ak0 cmolnocmma my e T 3G 6CAKA 8B3MONCHA BAMOGUUS,
® IIPOTHBOpEUNE, ako cmounocmma my e F 3a 6caka 663Mo00cHa 6a.0100UUA,
® VCIIOBHOCT, ako cmotinocmma my e T 3a nowne edna samoayus u F 3a none edna samoayust.
O
Bamaua 1. Kou om caednume uspevenus ca csacoenus?
1. Ilrosdus e epad 6 Baazapua.
Baaeapus e epad és6 Bapha.
2+2=4.
242 #4.
Koaxo e wacom?
Zokoza we maspnum mesu b6ezobpasus!
3awo cmamame, ue 7 € HEUEMMHO YUCAO?

Tpsesatiime!

© % =N S v

(*) Tosa uspeuenue e asoica.
3agaua 2. Hexa p, q, T, S ut ca caednume coorcdernus:

p: e dosspwa npoepamama wa Java npedu 0640.

q: Cympunma we cnopmysam.

tHa amrmiicku TepMunbT decto e truth assignment, HO ce mos3sa u valuation.
tHa amrmiicku choTBeTHHTE TepMUHE ca tautology, contradiction u contingency.
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1: Caedobsad we cnopmyeam.
s: /Inec epememo e xybaso.

t: ﬂHGC saaaHcHocMImMa Ha 653@3/{17@ € Hucka.

Hanuweme noeunecku udpasu, csomeememeauyy, ca caednume uspeverus. Manoaseatime no2u-
yeckume cero3u —, V, &, /\ u —.

1. Hama da dosspuia npoepamama Ha Java npedu 0bs0.

II]e dosspwa npozpamama na Java u caedobsad ue cnopmysam.
Jlnec we cnopmysam uat cympurma, usu caedobao.

Jlnec we cnopmysam cympurma uai cAedobso.

Axo dnec epememo e xybaso, caedobsd we cnopmysam.

Heobzodumo ycaosue, 3a da cnopmysam dnec caedobsd e, epememo da e Tybdaso.

A N

Jlocmamauno yeaosue, 3a da cnopmysam onec e (m.e., cCympunma uiu caedobsd), epememo
da e xYybaso u GAGHCHOCMG 06 € HUCKG.

Bamada 3. Hanuweme cscmasHo conclerue, ex8usaieHmHO Ha CAeOH0MO, HO 0e3 U3NOA36AHE HA
ompuyarue “AKo He MM OIIpaBHUTE BOJOIPOBOJIA, HAMA Jia IjiaTsd HaeMma.”

3a,£[aqa 4. Hanuweme madnuuama HA UCTNUHHOCT, HA GCEKU OM CACOHUME A02UMECKU us3pasu,
xedemo P, 4 u T 0o3nava6am EAEMEHMAPHU cBoicdenus (m.e., ca no2uMecru npOM@H/LUGU).

1. =(pV—q)—=p

2. (p—=q)—or

3. (PAP—4a) =4

4. g (7pV—q)

5. ((p—=a)A(@—=1) = (p—r)
6. p—(q—)

7. (p—4q)—(q—p)

8 (pAq)—p

Ba,z[aqa 5. Hanuweme ma6./Luuama HA UCTNUHHOCT, HA 8CEKU OM CACOHUME NO2UMECKU uspas3u,
Ka0emo P, q u T o3navasam eAemMeHMAaAPpHU cBoHcoeHUA (m.e., Cc N02UMECKU TlpO./VL(BH./LUSU).

~

- (pVa) = (paq)

2. (p&q)—(pVal

. (pVdaelpNq)

4. (peq)@(-peq)
5. peogo(-pe )
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6.

(p®q)— (p®—q)

Bama4va 6. B 3adava 4, xKou u3pasu ca masmoso2ul, Kou ca npomuGoPe U U Kou € YCAOGHOCTIU Y

Bagaua 7. Hekxa p, q u T ca coorcdenuama:

P: B pationa ca 3abeaszany MeuKU.

q: Xodenemo no nsmexama e besonacho.

r: Masurnume oxonao nsmexama ca Y3PEAU.

Hanuweme saozuuecku uspasdu, csomeememeawu ca caednume uspevwenus. H3anosssatime nozu-
yeckume csr03u =, V, N\, = u .

1.
2.

Maarunume oxono nemexama ca y3peau, Ho 6 p(l’[lOHd HE Ca 300eAA3AHU MEUKU.

Meuxu 6 p(]/&OH(I He ca OuAl 3a0eAA3AHU U TOOEHEMO NO NEMEKAMA € 6630’/”LCLCHO, HO MaAAU-
HuUMmME O0KOAO NBMEKRAA HE CA Y3PEAU.

Ako masrurume okono nsmexama ca yspeau, mo rodernemo no nemexama be be3onacro axo
u camo akro 6 paﬁona He ca 3a0eAA3AHU MEYKU.

He e 6esonacro da ce xodu no nsmewxama, Ho 6 paﬁona He ca 3a0eAA3AHU MEYKU U MAAUHUME
0OKOAO0 NBMEKRAMA Ca Y3PEAU.

3a da moorce xodenemo no nemexama 0a e cuypHo, HEOOTOOUMO € MANUHUME OKOAO NEMe-
Kkama da He ca y3pesu U 6 pationa da He ca 360eAA3AHU MEYKU.

Xodenemo no memexama ne e 6e30nNaAcHO aKO U CAMO AKO 6 paﬂona ca buau 3abesssanu
MEUYKU U MAAUHUME OKOAO NBMERATAG CA Y3PEAU.

Bamaua 8. 3a 6carxo om caednume u3peweHus, NPEGLOANCEME EKBUBANEHMHO CBAHCIEHUE OM 8UIA

“Ako ...

, 70 ...". Ilpedarootcenume coorcdenus moorce da ca noseve om eono — 6 makss cAywal,

maxrnama KorMIHKUUA da e exeuUBANEHMMHA HA CBOMBEMHOMO u3peverue.

1.
2.

7.
8.

Tpabea da usamuew xKorama na weda, 3a 06 NOAYHUW NOBUUWEHUEMO.
Koeamo 3adyxa 1ooicen eamsp, cHe2sm ce monu.

3a da eaorcu eapanyusma mpabea e npodykmesm da e 3axynen npedu No-masko om 0dge
200UHU.

Hean b6usa sarasan 6uUHA2U, KO2ammo npenucea.

L[le umame docmesn 00 NEAHAMA 6EPCUA HA y66 catima camo moeaea, Ko2amo naAamume
mawxcama.

II]e umame docmasn do nsanama sepcus Ha yeb catima Mo2asa, KO2a4MO NAGMUME MAKCAMA.
3a da me uzbepam na Mmadu OABHCHOCT, MPAOBA A4 NO3HABAUL NPAEUNHUME TOPQ.

Ha Mapus suraeu v cmasa A0u0 8 KOAG U HUKO2A, U36BH KOAQ.

Bagaua 9. /loxaosrceme, ue

(p—=(q—=1)—=(p—=q) —(p—71)

€ maeimonocusd.
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Bama4da 10. Axo saoeuveckama npomenausa q uma cmotinocm T, onpedeseme 6CuMKU 6a.A100UUL
HA N02UMECKUME NPOMEHAUSY, P, T U S, 30 KOUMO U3PA3BM

(= ((pVr)A=s)) A (—s = (T AQq))
uma cmotinocm T.

Bamaua 11. B doma 1a cemeticmeo M. uma wemupu deua. Edno om max e udanro mopmama, npu-

)
eomeena om 2ocnootca M. Ilpu “pasnum” na deuama, me dasam caednume omeao8opu Ha 6BNPOCA
“Koit uzsime Toprara?”’:

AnbGena: Baadumup uzsade mopmama.
Bopuc: He cem a3!
Baaaumup: [epzara udsade mopmama.

T'eprana: Baadumup usdasea, xadsatiku, ue a3 u3ador mopmama.

Kot e sunosnuxsm, axo e uzsecmno, we € camo edun (usu eona), u we mouno edno deme Ka36a
ucmurnama?

Pemenne: EHO BB3MOXKHO perenne e cjiegHoTo. Thil KaTo TOYHO eIHO JeTe Ka3Ba HCTUHATAa,
e pasriejgaMe 9eTHpPUTe Bb3MOXKHU ciydas 3a ToBa. Heka BbBemeM derupu Oyksu V, B, A u
G, KouTO O3HAYaBAT IIPOCTU ChXKJEHUs 10 ciaeauus Hadud: V e “Biagumup ussige toprara’, B e
“Bopuc uzsiiae Toprara’, A e “Aibena uzsne Toprara’ u “G” e “I'eprana uzaue toprara’. Torasa
Anbena kasea V, Bopuc kazsa —B, Biragumup kazsa G, a I'eprana kazsa —G.

Coay4aaii i: Anbena Ka3Ba UCTUHATA, & BCUYKN JAPYTA JIbXKaT. ToraBa B cuyta e VA——"BA—=GA
——=@G. T'wit kKaTro TO3M M3pa3 cbabpxka —G /A ——G. Ho nmo npaBuiata Ha CbhXKIUTETHATA JIOTHKA,
TOil e ekBuBasienTeH Ha F, 3amoro =G A——G = —~G A G = F. Epro, uama kak Ajibena jia Ka3Ba
UCTHUHATA, & BCUYKU JAPYTH Ja JIbXKAT.

Coayuaii ii: Bopuc ka3Ba uctunara, a Bcuaku Japyru jbxkat. Torasa B cuma e =V /A—-B A—=G A
——@G. Tbit kKaTo TO3M U3pa3 chabp:ka —G /A —=—G. Ho o mpasuiara Ha ¢bXKIUTEJTHATA JIOTHKA,
Toit e ekBuBaJjieHTeH Ha F, 3amoro =G A ——G = -G A G = F. Epro, nama kak Bopuc ja ka3sa
HCTUHATA, & BCHIKU JIPYTU 2 JIbKaT.

Coyuaii iii: Biaguvmup ka3Ba nctunara, a BCHIKH JpyTH JabxKat. Torasa B cuia e =V /A——B A
G A—G. Ho no npaBmiara Ha ChKIuTeTHATA JIOTHKA, TOH e ekBuBajeHnTexn Ha —V /A B/\ G. Tosa
Ka3Ba, 9e Biagumup He e ussti1 TopraTta n Bopuc e usst roprara u I'eprana e ussiia Toprara. Ho
HHUE 3HaeM, 9e TOYHO €JIHO JIeTe € U310 TopTara. Epro, Hama Kak BiaguMup ma Ka3Ba HCTHHATA,
a BCHYKH JIPYTHU JIa JIbXKaT.

Coayuaii iv: ['eprana kasBa umctunara, a BCUIKHU Jpyru jbxkat. ToraBa B cuia e =V /A ——B A
—G /A —=G. Ho no nmpaBuiara Ha ChyKIUTe/HATa JIOTHKA, TOH e ekBuBajeHTeH na —V A B /A —G.
Tosa kasBa, ye Brnagumup He e ussyn Toprara m Bopuc e ussii Toprara n I'eprana He e ussiia
topTaTa. [loc/ieTHOTO € Bb3MOXKHO, TOECT, € ChbBMECTUMO C OIPAHUYCHHUATA HA Tasu 3ajada. 1 bit
KATO OTXBbPJIMXME Bb3MOXKHOCTTA JIPYTUTE JIElA Jia Ka3BAT UCTUHATA, & TOYHO €JIHO JieTe Ka3Ba
ncTuHaTa, n3au3a, de ['eprana Ka3pa uCTUHATA.

Torasa Bopuc e uzsr roprara. U
Sagada 12. Jloxaoceme uau onposepzatime, “e:

1. UMNAUKAUUATA € ACOUUATMUBHA.
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U3KANOH6AULO0TNO UIIA € ACOUUATMUBHO.

UMNAUKAUUAMA € UCMPUOYMUBHA CNPAMO KOHIOHKUUAMG.

UMNAUKAGUUAMA € JUCMPUOYMUBHA CNPAMO QUSNOHKUUAMA.

UMnNAUKAUUAMA € 0ucmpu6ymueﬂa CNPAMO USKANOUYBAULOTNO NJIN.

KOHMWHKRUUAA € 8ucmpu6ymuena CNPAMO UMNAUKAUUATIA.

dumonmwﬂma (& (9ucmpu6ymuena CNPAMO UMNAUKGUUATTA.

UBKAIOUBAULOMO WU € JUCTPUOYMUBHO CNPAMO UMNAUKAUUANG.

Bamaua 13. Ilem Jywu—Anbena, Bopuc, Baadumup, lepzana u Jumumsp—umam docmasn 9o
nakaxss wam pym (chat room). Moowceme au kasrceme xou om max “wcamsam” 6 momenma, axo e
useecmmo, ve:

1.

Pemrenne:

Bopuc usu Baadumup (moorce u dsamama) wamam ceza.

Hau Tepeana, uru Jumumasp (Ho ne u dsamama) wamsam ceza.

Axo Aabena wamu, mo u Iepeana wamu.

Hau Baadumup u JTumumasp wamam u deamama, ust Humo eour om max He 4amu.

Axo Bopuc wamu, mo Aabena u Baadumup wamsam.

Heka 6yneBuTe mpoMensiuBu a, b, ¢, d, e o3HadaBaT cbhoTBeTHO “Anbena 4vaTtn’
b b ) b b

“Bopuc uartu”, “Bragumup garu’, “I'eprana garu” u “dumursp gvarw’. [la npesegem jajerure
dakTy Ha e3WKa Ha ChKIUTE/THATA JIOTUKA.

1.
2.
3.
4.
d.

bVece
dde
a—d
cee

b— (aAc)

E/H HaumH 2 ce penm 3ajadarta e upes IpaBujaTa 3a U3BoJ| (BHK IIpaBUjIaTa 3a U3BOJ| Ha
crp. 11).

b
a/\c
a

d

—e

—-C

Joryckame, ge Bopuc garn)
modus ponens Bbpxy (1) u ycaosue 5.)
IPABUJIOTO 3a OMPOCTsIBaHe BbPXY (2). )

modus ponens Bbpxy (3) u ycsosue 3.)

TpuBHaJHo oT (5) u ycaosue 4.)

(

(

(

(

(rpuBuasHo oT (4) U ycaosue 2.)

(

(mpaBUJIOTO 3a onpocTsiBaHe BbpXy (2). )
(

KOHIOHKIs Ha pejose (6) u (7).)

W N =

(=]

-~ ot
N N e e e e N N

/\A/\A/"’;\/—\/—\A

oo
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N3Beoxme bKa, Caeg0BaTeIHO J0IycKaHeTo, 1e Bopuc yarn, e norpernrro. CremoBarenno, Bopuc
ge yaTu. Torasa:

—b (Bopuc e yarn) 9)
c Tpusnaano ot (9) u yciaosue 1. (10)
e rpuBnasno ot (10) u yciaosue 4. (11)
—d rpusuasno ot (11) u yciaosue 2. (12)
—a modus tolens Bbpxy (12) n yciosue 3. (13)

[Tonyunxme, ge Anbena, bopuc u I'eprana #e warar, a Baagumup n AuMursbp gaTsT.
y Y Y ) ﬂ

Jlpyr Ha4yuH ja ce pemu 3ajiadaTa € upe3 TabJudeH MeTo/l, ToecT ¢ “rpyba cuia’. Ille onennm
KOHIOHKITASATA,

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

BbPXY BCUYKU BbHb3MO2KHHU BaJllOallUN.

alblc|[d|ebVc|[dpe]a

o
o
o
jop
l
)
>
\SD

e e e T T e T i i B e e T T e | e T T | e | B e i R T
| T | i e e e | e e | e i R T e T | R i R e T | e T | R [ R
e T R e R T i e e R | e e e i i R e T B e R i i e T | B i R T i
| e | e e e ) e e e e i e | B e i e T T | B (e [ R | e
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EnHcrBenara Basioanusi, Bbpxy KoaTo X e uctuna, e F F T F T, Toecr Anbena, Bopuc un
['eprana me garar, a Bragumup n JIluMutsbp gaTdar. U

2 ExBuBaJjieHTHOCT Ha n3pa3nl OT CbzKJAUTE/IHATA JIO'MKA

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

3abenesicra: Horanuara “=" He e JIOrmYecKN CbIO3, CJIeJOBATETHO “p = ( He € CbCTaBeH
JIOTHYECKH U3pa3, a IPOCTO u3pa3saBa (pakTa, de JABe ChKICHUS Ca €KBUBAJICHTHI.

Teopema 1. Heka p, q u T ca npousdsoanu cootcdenua. Caednume eKeusanenmHOCMU Ca 6 CUI:

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

AOeMIIOTeHTHOCT: pVPp =p, pAp=p.

3aKOH 3a ABOMHOTO oTpuianue: —(—p) = p.

KoMyTaTuBHOCT: pV q=qVp, pAq=q/p.

acormatuBHOcT: (PV q)Vr=pV(qVT), (PAGQAT=pA(q/AT).
guctpubytuBHoct: pV (qAT) = (pVT)A(pVT), pAQVT)=(pAT)V(pAT).
3akonu Ha le Moprau: —~(pV q)=—-pA—q, —(p/Aq)=-pV—q.
norsrbinane: pV (p/Aq)=p, pA(pVq) =p. O

Samaua 14. Jloxaosceme Teopema 1 upes mabauvwrus memod.

Sa;[aqa 15. ,ZZO%'CZO?‘C(?WL@ 3aK0Ha 34 NO2ABWAHEMO, U3NOA3BAUKU CBOTUCMBAMA 1A KOHCTAHMUME
U aarkornume 3a c?ucmpudymu«SHocmma.

Pentenue: B Tasn 3ama4a ce ncka J10Ka3aTe/ICTBOTO Jla Ce U3BBLPIIN Upe3 eKBUBAJIEHTH IPeodpa-
3yBaHus, a He upe3 Tabsmanusa meros. e mokaxem, ge p V (p /A q) = p.

PV (p/Aq)= (cbruacHo cB-BaTa Ha KOHCTAHTHTE)
PAT)IV(pAq)= (cbriacHo aucTpubyTUBH. HA KOHIOHK. CIPIMO JIU3IOHK. )
PpA(TVq) =

p/AT = (cbriacHo cB-BaTa Ha KOHCTAHTHUTE)

P

(chraacHo CB-BaTa HA KOHCTAHTUTE)

0

Bamaga 16. Msnoassatixu mabauvwnus memod, dokasceme, ue coocdenuama (p/\q) — T u
P — (q = 1) ca exsusarenmmu.

Pemrenne:
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plalr[pAq[PAQ =T ]g—T][p—(g—7)]
0[0[0] o 1 1 1
0|01 o© 1 1 1
0[1[0] o© 1 0 1
0|1 [1] o© 1 1 1
1[0/0] 0 1 1 1
T[0[1] 0 1 1 1
T[1[0] 1 0 0 0
T[T 1] 1 1 1 1

g

TeopeMa 2. Hexa P, 4 uT ca npou36oOAHY cooicdenua. Caednume exeuUSANEHMHOCTNU CO 6 CUAG:

p—=q="pVq p—q=—q—p,
pVa=—p—=4q, pAg=—(p——q),
P=qgdANAP—=1)=p—>(qAT),
p—=1IN(@—=1)=(pPVq) —r,
P—=qVp—=1=p—I(qVr),
pP—=7m)V(g—-1)=[pPAq) =

g

Bamaua 17. Jokxasceme Teopema 2 upes exsusasenmmu npeoobpasysarus, usnoidsaiiku Ha2omoeo

daxma, we p — q=—pV q, u Teopema 1.

Samaua 18. Jlokaoceme, we caednume cocmashu Cootcoenus ca masmono2ul, U3noA36aliKy maob-

AUNHUA MEMOO:

1. (pAq)—p,
p—(pVaq),
—p—(p—q),
(pAg) = (p—q),
~(p—4q)—p,
~(p—q)——q,
“pPA(PVa)—aq,

© % N D T A e

-
A(p=aA(@—=1) = (p—r1),
- (PAP—q) —aq,

10. ((p\/q)/\(p—>r)/\(q—>r))—>r.

Bamaua 19. Peweme 3adaua 18 me upe3 mabauyu Ha UCTNUHHOCTM, G YPe3 EKGUBAAEHMHU Npe-

obpasysanus. Teopema 2 moowce da ce noa3sa Ha20moso.
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Pertenne: Ille mokaxem (10.).

(PVaAP—=1)A(q—T)) =21T= (cbruacuo Teopema 2)
“((pVgAp—=1)A(q—T1)Vr= (311 na e Mopran)
—“pVqgV=(p—=1)V—=(q—=1)Vr= (cbrracHo Teopema 2)

—“pVqQV-(pVr)V-o(-qVr)Vr= (3-nuua e Mopran)
—“pVqQV(PA-TIV(@A—-T)Vr= (aucrpubyTHBH. Ha KOHIOHK. CIIPAMO JU3IOHK. )
—(pVqV (( q) A\ ﬁr)) Vr= (KOMyTaTHBHOCT)

—(pVq)VrV((pVq)A—r)) = (1BoiiHo orpuuanue)

ﬁ(p\/q) —(—1r)V ((p\/q)/\ﬁr)) = (3-uu Ha e Mopran)
—((pVgA-T)V((pVq)A—rT)) = (rbil KATOAV A =T)

—

g

Onpenenenne 3. Hexa p u q ca coocdenusn. Hexa A oznavasa umnaurayuama p — (. Tozasa
coorcdenuemo —q — —P Ce Hapuya KOHTPAIIO3UTUBHOTO ChKJjeHue Ha A. U

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

3 HN3Boa B cbhxKAUTeJHATA JIOTUKA

Omnpenenenne 4. Hexa p u q ca npoussosnu coocdenua. Kazsame, we q cieaBa JJIOTUYECKN OT
P moezasa u camo mozasa, Kozamo p — ( e masmonozus. Paxmsm, ue q credsa A02UMECKU OM
P, beaesrcum mara: “p = q” O

Ounpepnenenne 5. 3o 6 coocdumesnama A02uKa e nocaedo8amesnocm om ceoHcienus p1, P2,

, Pn, q 3a naxoe 1 > 1. Cooicdernusama pr, P2, ..., Pn G TPEINOCTABKI, @ ( € CIeicTBHE! .
Hs600sm e BalWJeH, mo2a6a U CAMO MO2G6A, KO2GMO CACICMEUEMO € BAPHO MO02a6a, K02aMo
BCUMKU NPEINOCMABKU €A BEPHI.

Sabeneorcra: CrioMeHATHAT U3BOJ, € BaJMIEH TOraBa U CaMO TOraBa, KOraTo

(P1 Ap2 AL Apa) ¢

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

3agaua 20. Heka p, q u T ca caednume easemMenmapHi, CoHcoenua:

p: Usan yuu.
q: HMean uepae menuc.

T: Usan ezema baecmauo usnuma no Jluckpemmnu Cmpyxmypu.

Hexa p1, p2 u p3 ca coorcderuama-npednocmasku:

THa anrimiicKu ¢LOTBETHUTE TEPMUHH Ca Premises u conclusion.
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i Axo Hsean yuu, mo mot we 63eme baecmawo uznuma no Juckpemnu Cmpyrxmy-
PU.
P2: Axo Hean ne uepae menuc, mot ue yuu.

P3: Usan ne e s3en barecmauo usnuma no Juckpemmnu Cmpyxmypu.

Lloxaotceme, we Hean e uzpan meruc.

Pemenue: /la nanumem py, p; 1 p3 Taka:

Piip—T
p2: 74— P
p3: T
Hamara 1es e ga jgokazkem, de

(p=m)A (g =p)A(oT) Fq

[Ile mokaxkem, de (p1 /A Pp2/\p3) — q e taBrosorus. llle nu3nonmssame TabauaHUsA METO/I,

|

Hp—>r\ﬁq—>p\ﬁr\ ((p%r)/\(ﬁq%p)/\ﬁr)%q‘

= ||| ™| 7| T |
|| ™| 7| H| - ™| 1|«
=TT | ™ A || =
| | | 7| A | ] A
ol e T [ e | B [
M| | M- T T
) | e [ | e R

Bamaua 21. Jloxasceme sarudnocmma ma cAOHUA U3GO0.

Axo saakxsm 3axscree u nama maxcuma 1o 2apama, Mapus we 3akscree 3a cpeusama.
Mapus ne e 3axschana 3a cpeusama. Baaksm e saxscnan. Caedosamenro, na 2apama
€ UMANO MAKCUMA.

Pemenue: Heka p, g u T ca cie/lHUTe eJleMEHTAPHN CbXKJIEHU:

p: Brakbr 3aKbCHsBA.
q: Ha rapara msmMma Taxcura.

T: Mapus 3akbcHsIBa 3a CperaTa.

Tpsbsa ma mokazkem, we (((p ANq)—=T)A—T /\p) F —q. ToBa 3Ha4N j1a MOKaxKeM, e
((pAg) =) A=TAp) = —q

e taproJsiorus. [la pasriegame n3pasa
(PAq) = T)A=TAp

10
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n Ja I'0 OIIPOCTHM Ype3 €eKBUBaJICHTHUN HpeO6p&3yBaHI/IHI

(PAq)—=1)A=rAp= (cbrracHo dakra, ve a - b =—-aVb)
P A q) Vr)A=r/Ap= (aconuaruBHOCT)

(

(—

(m(pAq)VT)A=r)Ap= (aucTpubyrmsHOCT)

(( JA=T)V (r A ﬁr)) APp= (cBoiicTBa HA OTPHUIAHKETO)
((=(p )A=1)VF)Ap= (cBoiicTBa Ha KOHCTaHTHTE)
(=(pA ) 1) Ap = (KOMyTaTHBHOCT, aCOIIUATUBHOCT )
(=(pAq)Ap)/\N—=r= (3akonu Ha /le Mopran)

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

Mma nBa BapmaHTa 3a JOBBLPIIBAHE HA PEIICHUETO.

BapuanTt A: Moxe na ce mokaxe ¢ Tabuauna, ge (p /A —q/\T) — —(q e TaBTOJOrus:

|

= | T | H| H| ™| 7|2

= T | 7| A 7| | 7| =

[ pA—qAT | (pA=qAT) = —q |

|| = =] =] =] =] =

M| M| | M M|

—| ||| T | M| ||

Bapwuant B: Bede cvme nokazasu, ge
(pAq)=T)ATApP=pA—qAT

Ho p/A—q/\r e ncruna Torasa u camMo Torasa, KOraro BCEKH OT TPHUTE CbKIEHUS B Ta3U KOHIOHKIINS
ca UCTUHA, KOETO BKJIIOYBa U —(. U

IIpaBuia 3a uzBoa: OOmonpruern ca CjeJHATE IIPaBUJIa 3a U3BOJ B ChxKauTeaHara joruka. C
TSIXHA TTOMOITL, TPABEHETO HA M3BOJIM CE€ OMPOCTABA 3HAUUTETHO — CHINO KAKTO B ITPE/IHATA 3a/1a9a
€ MHOT'O TI0-JIECHO OT ITPEJIITOCTABKUTE

P
—q

T

Jla M3BeJIeM —( BeJHAara, HaMeCcTo Jia CTPOUM Tabjuiara Ha uctTuHHOCT Ha (p A—q /A1) — —q. U
TakKa, BbIIPOCHUTE IIPABUIIA, Ca:

IIpaBuso modus ponens: p/A(p — q) F q

ITpaBusio modus tolens: —q A (p — q) F —p

11
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IIpaBuiio xunorernven cuiorn3dsm: (p — q)/A\(q—=1)F (p — 1)

ITpaBuiio AU3IOHKTUBEH CUJIOTU3bM: ((p V' q) /\ﬁp) Fq

IIpasusio 3a koutouknusaTa p A q Fp /A qf wm nanmucano apyrosae p,q Fp A q
IIpaBusno 3a onpoctsiBane: p/\ gt p

ITpaBuiio 3a JOKa3aTeJICTBO 4pe3 CJLydau: ((p — 1)\ (q— 1‘)) H ((p Vq)— r)
IIpaBujio 3a KOHCTPYKTUBHAaTa AUJIieMa: ((p = gANT—=s)A\(pV T)) F(qVs)
ITpaBuiio 3a JecTpyKTUBHATA JUAJIEMA: ((p = )N\ (r—=s)A(—qV ﬁs)) F(=pV-r)
ITpaBuiio 3a pesonaronusTa: ((p Vg AFpV r)) F(qVr)

Samaua 22. JJokasceme 6caro om usbpoenume desem npasuaa 3a U3600, U3NOA3ATKU MAOAUNHUSA
Mmemod.

Pemenne: Ille jnokaxkem IIpaBUIOTO 38 PE30JIIOIUATA.

|

[pValpVr[pVaAlpVr) [qVr|[((pVaAlpVr)—(qVr]

—| = | 7| =] | | || a

e i e i T e Tl

Vv
F
T
T
T
=
T
T
T

—| M| | || ]
e e e e | e | i VB
o | | | | e | W | B

o e e B

o | B | M | | B B | B B e

g

3abenesrcka: OT mocieauaTa Tabauma gcHO ce BmKaa, de (p V q) /A (—p V 1) He e jorudeckn
exkBuBasieHTHO Ha ( V 1. Taka 1ue Koraro 3amectBame uszpas ot Bujga (p VvV q) /A (—p V 1) ¢ uzpas
or Bujia  V T CbIVIACHO IIPABUJIOTO 3a PE30JIIONUSTA, TOBA HE € 3aMEeCTBAHE HA €JIMH JIOTUIECKH
u3pas ¢ JIpyT, eKBUBAJICHTEH Ha HEro U3Pas3, & € CTHIKA KbM HIKAKLB JIOTUYECKU U3BOJI,.

Bamaua 23. /Jloxasceme sanrudnocmma ma caeonus u3eod.

Tasu cympun He bewe casHues0 u OHnec e no-cmydeno om euepa. Axo omudem da
naysame, Mo madu Cympur e buno casHueso. Axo ne omudem da naysame, mo we ce
Pa3roduM 6 NAGHUHAMG. AKo ce pasrodum 6 NAGHUHAMA, Mo we ce npubepem npedu
seuepsa. Caedosamenno, we ce npubepem npeou 6eueps.

Pemienune: Heka p, q, 1, s u t ca ciefHuTE CHXK/IEHUS:
e p: Tazm cyTpuH € CIbHYIEBO.

e (: /IHec e mo-cTyeHO OT BUepa.

tHammcano Taka, mpaBHIoTo M3MVIEXK 18 Ge3cMuCIeHO. VaesTa e, qe ako He3ABUCHMO U3BEIEM OT €HH U ChIIHN
IPEIOCTABKY U P, U (, AMaMe IPaBO Ja TBBHPANM, Ue KOHIOHKIUATA P /\ € HCTHHA U MOXKEM Ja I U3I0JI3BaMe.

12
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o 1: [lle oTumem jma mryBame.

e s: [lle ormiem Ha pasxojka B IUIAHUHATA.

e t: Ille ce mpubepem 1pein Bedeps.
TpsibBa na goKazkeM, e M3BOADT

(pPAGPQAT 2P AT = s)A(s—t)) Ft

e BasmzieH. ETo Kak MoXKe Jla cTaHe TOBA.

1. - p/A\q (upexmocraBka)

2. =p  (or (1.) u IPABUIIOTO 3a ONPOCTSIBAHE)

3. r—>p (upeamocraBka)

4. —r  (or (2.) u (3.) ¢ modus tolens)

5. =r —'s  (mpezmocTaBka)

=)

. s (ot (4.) m (5.) ¢ modus ponens)
7. s >t (upemmocraBka)
8.t (or (6.) u (7.) c modus ponens)
Sagaua 24. /oxasceme sasudnocmma Ha CAOHUSA U3GO0.
AKo Mmu npamuw umetia, we HANUWaE NPoepamama Haspeme. Axo He mu npamu
uMelin, we cu aeena pano. Akxo cu aeeHa paro, we ce cabyds ceeoc. Caedosamenno,
aKO He HANUWA NPOPAMAMA HABPEME, ULe ce CBOYOA CEEIIC.
Pemenne: Heka p, q, T u s ca cjeHuTe CbXKICHUS:
e p: Tu Mu npaTn UMeit.
e : llle manwmmia mporpaMara HaBpeMe.
e 1: Ille cu Jsrerna paso.
e s: [Ile ce cubOyIsa cBEXK.
TpabBa ma JT0KaxKeM, Ue U3BOLBLT
(P2 @ AP =T)A(r—s)F(—g—s)
e BaJnzieH. ETo J0Ka3aTesicTBOTO:
1. p—q (upenmocraBka)
2. =q —» —p (komrpamnosurusHo Ha (1.))
3. 7 p — v (upejmocTraBka)

4. =q —» r (xunmorermven cuiorusbM or (2.) u (3.))

13
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5. r—s (mpeamocraBka)

6. =q — s (xunorerunven cuaoruzbm ot (4.) u (5.))

agaua 25. Jokxasceme sasudnocmma Ha cAedHUS U3EGO0.

((PAQVTIA(r—s) F(pVs)

Pemenne:
. (p/Aq)Vr (mpemnmocraBka)
2. (pVrINA(qVr) (mucrpubyrusnoct u (1.))
3. pVr (mpasuioro 3a onpocrsBane u (2.).)
4. v —'s  (mpeamocTaBka)
5. 7rV's (ot dakra, e a - b=—aVbu (4.).)
6. pVs (pesosomus sbpxy (3.) u (5.))

Sama4da 26. Baauden au e uzsodsm

Axo pewuw scaxa 3adaya 6 yuwebnuxa, we waywuw JJuckpemna Mamemamura. Tu
cu waywun Juckpemmna Mamemamura. Caedosamenro, mu cu pewus 8CAKG 3a0a4a 6

yueonuKa.

Pemtenne: He, 3amoro

He e BaymJeH u3Boa. CaMmu jokazkere, de ((p — q) A q) — P He € TaBTOJIOIUsl.

(p—=aq)Aq)Fp

Sagaga 27. Baauden au e uzeodsm

Axo pewuw ecara 3adava 6 yuebrnuka, we naywuws Juekpemmna Mamemamuxa. Tu He
cu pewun caka 3adaua 6 yweobnura. Caedosamenrno, mu He cu naywus luckpemma

Mamemamuxa.

Banauga 28. /Jlokaoceme, ue u3odsm ¢ npednocmasku

(PpAt) = (rVs)
q— (uAt)
u—p

-S

u caedemeue q — T e 8aAUIEN.

14
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Bagauga 29. Paseaedatime caednama 3adava, 63ema om [Ros07, Problem 35, pp. 74 :

Axo Cynepmen e cnocoben u orcenae da npedomepamu 340mo, Mot OU 20 HANPABUA.
Axo Cynepmen e necnocoben da npedomspamu, 340mo, moti € 6e3CUAEH; AKO HE HCEAGE
da npedomepamu 340mo, mot e 3sa. Cynepmen re npedomepamasaeca 3somo. Axo Cy-
nepMer Cauwecmeysa, mot He e numo bescunen, numo 3sa. Caedosamenro, Cynepmen
HE COULLCTNBYEAE.

Onpedeseme daru u3sodsm e 8asuden.

Pemenue: I13BoabT € Bammaen. Heka p, d, 1, s, t 1 U ca ciaegHUTe eJleMEHTapHU ChrKJICHUS:

p: Cynepmen e criocobeH Jia 1pejgoTBpaTu 3JI0TO.

qg: CynepMeH KeJlae J1a IIpeaoTBpaTu 3JI0TO.

r: Cynepmen e 6e3cuiieH.

s: CymepMmeH e 3bJI.

t: CynepMeH IpeIoTBpaTsIBa 3JI0TO.

u: CynepMmeH CbIIeCTBYBa.

[Ile mokazkem, de

e

10.
11.
12.
13.

(((p/\ q)=2t)AN(Fp =2s)A (g = s) A tA (u— (ﬁr/\—-s))) F—u
(pAq) =t (upemnocraska)

—t  (mpemocraBka)

—(p/Aq) (modus tolens bpxy (1.) u (2))

—pV —q (3akonu na De Morgan Bbpxy (3.))

—p — 1 (upemmocraBka)

—q —'s (mpeJmocTaBKa)

(—p = 1)\ (~q —s) (upaBmwio 3a KoHOHKIWATA BPXY (5.) n (6))
(p—=21)A(—q—=s)A\N(—pV —q) (upaBuio 3a koH. Bbpxy (4.) u (7), acoruaTuBHOCT)
TV's  (KOHCTpYKTHBHa JuiaeMa Bbpxy (8.))

=(=(rVs)) (mpoitro orpunanue Bbpxy (9.))

=(—=r A =s)) (zakonm ma De Morgan Bbpxy (10.))

u— (—rA—=s) (upemmocraska)

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

Bagaua 30. Joxaoceme, we uszeodsm ¢ npednocmasku Pi, P2, ---, Pn U caedcmeue q — T e
saAuden, aKo u3godsm ¢ NPeonocmasku P, P2, -- -, Pn, 4 U caedcmeue T € 6asuden.

TRosen ma croit pest s e Bzenm ot [KM64].
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4 DBwobBeaenue B mpeJuKaTHATA JIOTHAKA

Onpenenenue 6. Enxnovecten npeankar e ceotcderue, 8 K0emo uma “npasdno macmo’, 8 Koemo
NPA3HO MACMO CE CAQ2A 00EKM 0OM HAKAKEA NPEISAPUMEAHO 3a0adena 00Aacm, HAPEYEHA TOMENH.
3a scexu obexm om dometina, Npeduramsm e Uil UCTNUHA, UAU NBHCA. O

Karo npumep, HeKa JIOMEAHDBT ¢ ChCTOM OT ILIOJ0BETE
A0bJIKa, OaHAH, IIOPTOKAJ, aBOKA/JIO, AT0IA

Hexka siObyikaTa m aBOKaJIOTO ca 3ejIeHd, DAHAHDBT € K'bJIT, IOPTOKAIbT € OPAaHXKeB, a sArojara €
JepBeHa. /la pa3rieaMe ChKJIeHUATA:

1. d6bakara e yepBena.
2. Bananbr e yepBeH.

3. IopTokabT € "epBeH.
4. ABOKaJ0TO € YepBEHO.
5. dronara e yepsena.

C'bFJIaCHO JAOIIyCKaHUATa, I'bPBUTEC 9€TUPDU Ch2KACHUA Ca JI'bXKa, a IIOCJICJHOTO € UCTHUHA.
Cera Jda CHu IIpeJcTaBUM, 9€ OT BCAKO OT TE3U CBL2KJ/ICHHA CME€ MaXHaJIl UMETO Ha IIJIOJa 1 CMe
o 3aMEeHH/IN ¢ MHOToTOoune “...". VI B merTe cirydas' mosydaBane

... € YepBeH. (14)

ToBa e egHOMECTEH IIpEUKAT, YHHTO JTOMEIH ca reTTe n30poenu 1maoga. [Ipa3znoro MsacTo, 3a KoeTo
ce roBopu B Oupesesenne 6, e MHOroTOUreTo. Ha MsSCTOTO HA MHOTOTOYHETO MOXKEM JIa CJIaramMe
uMe Ha IJI0J] U 3& BCAKO MMe Ha ILUIOJ, TBbPJIEHUETO € U UCTUHA, WU JI'bKA.

HamecTo na cirarame TOYKM WM MOAMEpPTaBKA Ha MPA3HOTO MSICTO B ChXKJIEHUETO, yJIOOHO €
Jla, M3II0JI3BaMe MMPOMEHJINBA, MpuMepHO X. ToraBa mpeamkarsT craBa “X e depseH(a)”; KbIeTo X
B3eMa CTOWHOCTH OT yKasaHaTa obsiact. Jla Gemexkum to3u npeaukar ¢ “P(x)”. Ilpu mekymure
JIOTTYCKaHUS,

e P(saroma) =T,
e P(a6bika) = F, P(6anan) = F, P(nmoprokasn) = F, P(asokano) = F.

[ToguepraBame, de npeaukarsbT P(x) cam mo cebe cu He € HUTO MCTHHA, HUTO JIbxKa. Vlcruna
I JI'bXKa Ce MOJIydaBa CaMo CJIeJl 3aMeCcTBaHe Ha X ¢ HSIKOH 00eKT oT obsacTtTa. OcobeH nHTepec
IIPEJICTAaBIABAT JIBa, CJIydasd MPU TAKOBa 3aMeCTBaHE:

e KOraro MMa IIOHE eJIMH OOEKT, 3a KOWTO IpeauKkaTbT € ucruHa. Tosa Gesexkum ¢ IxP(x).
® KOraTo 3a BCEKU OOCKT IIPeJIMKAThT € ucTuHa. Tosa Genexxkum ¢ VxP(x).

Cumposmnre “37 1 “V”’ ce HapUYIaT K6aHMOPU. I € eK3UCTNEHUUAAHUAM, KEAHMOD, a ¥V € YHUBEPCaN-
HuAM Keanmop. AKo obekTuTe OT 00JIACTTa ca KpaeH OpPoit, 1a pedeMm adj, A, ..., On, TO

e IxP(x) uma cvmcna #a P(aq) V P(ay) V...V P(a,), a

tPombr Ha mymara HsMa 3HaUeHMe, TaKa 9e “...e depBeH’ ce CUUTa 33 CHIIOTO KaTo “...e depBeHa’.
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e VxP(x) uma cmucna Ha P(ar;) AP(az) A... AP(an).

Tosa mmocTpupa daxra, de eK3UCTEHITNIHUSIT KBAHTOP € CBbpP3aH C JU3IOHKIINATA, & YHIBEpPCaJI-
HUAT, ¢ KOHIOHKITUATA.

[Ile mrrocTpupaMe 1os3aTa OT U3IIOJA3BAHETO Ha IpeIuKaT ¢ KBaHTopu. Jla pasriemame cieiHus
TPUBHUAJIEH U3BO/I:

Besika puba xkuBee BbB BosaTa. [IbcrbpBara e puba. Ciie/loBaTe/THO, MLCTHPBATA K-
Bee BbB BOJIATA.

Ot nait-o01m cbobparkeHus e sICHO, Ye M3BOADLT € BasuaeH. Ho ako ce onurame j1a dpopmaansupame
HellaTa CbC ChXKJNTEJHA JIOTHMKa (KATO B IPEHUTE CEeKIINN ), HaMa KaK Jla MOKayKeM BaJIUIHOCTTA
Ha n3BoJia. Heka 3amecTuM mbpBOTO U3pEUEHNE C P, BTOPOTO, C (, M TPETOTO, C T. 3a JIa IIOKaXKeM,
Ye U3BO/BT € BaJIMJieH, TPAOBa Jla mokaxkeMm p /\ q F T, KoeTto He e BajaujieH n3Bojl. Baumgnocrra
Ha M3BOJIa Ce BUXKJIA, KOIaTo Ce BIVIeJaMe B CTPYKTypaTa Ha U3PEUCHUsITa, a He TH Pa3ryIekKIame
IIPOCTO KATO €JIEMEHTapHU ChXKJjeHusd 0e3 cTpyKTypa. IIbpBoTo mM3pedenme Ka3Ba, 1ue 3a BCAKO
Hero (0T HAKaKBa 00J1aCT, IPUMEPHO YKUBOTHH ), aKO TOBa HEINO € puba, TO TO KUBee BbB BOJIATA.
Heka P(x) e npenukarsbT “x e puba’, a Q(x) e npeaukarsr “x xKusee BbB Bojara’. ToraBa mbpBoTO
uspedeHne ce popMaIn3upa Taka:

vx(P(x) — Q(x))
Hexka t osmauasa mberbpsa. Broporo nspeuenne e P(t). Karo nsiio, uzsoabr e

Vx(P(x) — Q(x])
P(t)

= Q(t)

[Ipw To3M 3amuc HA JTOTUIECKH U3BO/I, PEIITOCTABKHUTE Ce 3aIllCBAT €/IHa HaJI APYTa, CJIeJIBAHN OT
XOPHU30HTAJHA YepTa, 0JI KoATo € ciaeacrBuero. Ilpe ciepcrBuero ce ciaara 3HaKBT .., KOHTO
ce gere, ‘clie0BaTETHO .

Koraro e u3nonsBan KBaHTOP BbPXY HAKAKBa IIPOMEHJIMBA, Ka3BaMe, de Ts € cesp3ana. IIpumep-
Ho, B m3pasa “VxP(x)”, npomennuBara X e cBbp3aHa. AKO JajieHa IPOMEH/IMBA HE € CBbp3aHa,
KasBaMme, de Ts e cobodna. KakTo Kazaxme Bede, m3pas3n OT IPeIUKaTHATA JIOTHKA ChC CBOOOTHI
IIPOMEHJINBU HE MO2KE JJa Ca HUTO HUCTHHa, HUTO JI'bXKa. I—[pI/IeMal\/Ie7 ge KOoraTo 3alluCBaMe U3pa3u
¢ KBaHTOPH, KBAHTOPUTE MMAaT TO-BUCOK IIPHOPUTET, TOECT CBbHP3BAT IO-CHJIHO, OT JIOTUIECKUTE
cbiosn. CremgoBare/iHo, B U3pasa

VxP(x) — Q(x)

JefiCTBTHeTO Ha KBaHTOpa He ce mpoctupa Bbpxy Q(x) m x e cBobosgra mpomenamBa B Q(x).
CrtefioBaTe/IHO, TOC/IEIHAIT U3pa3 He MOyKe Ja MMa CTOHHOCT MCTHHA WM JIbXKa. 3abeexkere
passimkara ¢ uzpasa “Vx(P(x) — Q(x))” rope, kbjero ckobure cien Vx ykaspar, de JeHCTBHETO
Ha KBaHTOpa ce mnpoctupa Bbpxy P(x) — Q(x), a e camo Bbpxy P(x). C men mo-rojisima sicHOTa
I11€ TIOBTOPUM IOCJIEJIHUTE CHOParKeHUs :

v (P(x) = Q(x))
O6XBaT Ha ﬂeﬁc;];ﬂe Ha KBaHTOpa
Wx P(x) — Q(x)
—~—

06xBaT Ha JEWCTBHE Ha KBAHTOPA
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[IpeaukaTuTe Morar jia MMa I[OBeYe OT €HO Hpa3HU MecTa 3a molrbjiBaHe. Hade Kazano, ja
JIByMECTHHU, TpuMecTHU U T. H. Jla ce BbpHeMm Ha npuMmepa c mwiojgosere. Heka B npejukar (14) na
ctp. 16 3amecTum ¢ MHOrOTOYHNE U JyMaTa ‘depBen’. [losyuaBame

Y R (15)

Ha msicroro Ha BTOPOTO MHOrOTOYHE MOXKEM Jia cjaraMe uMme Ha 1BdAT. [lo To3m HadwmH, 3amecT-
Balfiku I'bPBOTO MHOIOTOYME C MME Ha IIJIOJ[ U BTOPOTO, C UMEe Ha IBHAT, [MOJydaBaMe CbKJICHU,
KOUTO Ca UCTUHA UJIU JIbXKa. Y00HO € Jia ce M3MO0JI3BAaT UMEeHa Ha MPOMEHINBA HAMECTO MHOTOTO-
4, 3a Jla He ce HaJlara Jia yToudHgBaMe “mbpBOTO MHOroToune” u “Broporo muororouune’. U Taxa,
HAMECTO IIbPBOTO MHOTOTOYHE TIOJI3BaMe MIPOMEH/INBATA X, U HaMecTo BTOpoTo, Y. [loxyuaBame
JByMecTHUs mpejurar P(x,y)

P(x,y): xewv.

KbJIETO X B3eMa CTONHOCTU UMe Ha IJIOJ, & Y B3eMa CTOWHOCT MMe Ha IBAT. [I[puMepHo, ChIyiacHO
JIOITYCKAHUSITA 3a [IBeTOBeTe Ha TiooBere, P(x,y) = T korato x e baHaH 1 Y € XKbJITO, a P(x,y) =
F koraro X e droma u Yy e 3eJIeHO.

KBanTOpH ce M3M0I3BaT U IPHU IPEIUKATHTE C TIOBEYE OT eHa TPpOMeH/InBa. T unnana yrnorpebda e,
npumepHo, VxVyYP(x,y). Tosa ce gere, “3a Besko X, 3a Bestko Y, P(x,y)”. Ako P e upeaukarsbT oT
npuMepa ¢ miojgoBere u mserosere, 1o VxVyP(x,y) e srbka, Thil KATO HE € BAPHO, Ue aKO B3eMeM
KOIi J1a € ILIOJ M KOH Ja € I[BAT, TO3H IO/ 3aIb/IXKIUTETHO € OT TO3U I[BAT — IPUMEPHO, OaHAHDBT
He e JepBeH, ToecT P(OaHaH, YepBeH) e JIbXKa.

B uspasza VxVyP(x,y) kazBame, de KBAaHTOPHUTE ca 8402ceHu. Moxke ma nMaMe BIOKEHN KBaH-
TOopU OT pasiudeH Bujl, npumepro Yx3IyYyP(x,y). Tosa ce dere, “3a BCAKO X CbIIECTBYBa Y, TAKOBA
1e P(x,y)”. AKo OTHOBO MOJI3BaMe IpuMepa ¢ IIojoBere u 1perosere, VxIYyP(x,y) e ucruna. 3a
Jla ce ybemmm, e e Taka, JOCTATHIHO € Ja ¢hoOpa3uM, Ue BCEKN IO MMa HAKAKbB I[BAT.

Enorunan kBanTOopu Morat jia ObJaT pasmMecTBaHn 0e3 TOBa Jia ce 0Tpa3dBa Ha UCTUHHOCTTA,
TOECT BUHAIM

VxVyP(x,y) = YyvxP(x,y)
IxFyP(x,y) = Fy3IxP(x,y)

Ot gpyra crpana, pa3HOTHITHI KBAHTOPH He MOXKe J1a ObJaT pa3MecTBaHU 110 TO3W HaduH. Toecr,
B OOIIUsI CJrydvait,

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

Kato mpumep na pasriejiaMe IByMECTHHUSA TPEITKAT

Qxy): x+y=2

KbJIETO X W Y B3eMaT CTOHHOCTH OT MHOXKECTBOTO Ha peajnutTe dncia. VxIyQ(x,y) oueBuaHO
e WCTHWHA, TIOHEeXKe 3a BCAKO PeajHO X MMa JPYro PeasHo Y, a UMEHHO Y = 2 — X, TaKuBa 4e
x+y = 2. Ot apyra crpana, JyvxQ(x,y) e Jrbka, IOHEKE HIMA PEAHO YUCJI0, TAKOBA Y€ BCSKO
JIPYTo peasiHo, chOpaHo ¢ Hero, ga jgaBa coop 2.

Awnasornano, B mpuMepa ¢ 11o1oBere u 1isetosere, YxIYP(x,Y) e ncruna, KaKTo Bede Kazaxme,
mokaro JYVxP(x,y). Bropusar uspas 6m 6w ucTuHa, aKO BCHYKHU ILJIOJIOBE OsiXa B €JIWH U ChINN
I[BAT.
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Babenexere, ye B “VxP(x,y)”, y e cBoOO/IHA IPOMEH/INBA, TOHEXKE He Iolaja B oOXBaTa Ha
neiicreue Ha KBaHTop. CiieoBaTeIHO, TOBA HE MOXKe Jia Ob/le HUTO UCTHHA, HUTO JIbXKa.

Babesexke, 1e 3a Bcekn npeaukar P(x,y), uspassr Vx3IyYyP(x, y) e eksuBasenten na Vy3IxP(y, x),
Tbid KaTO TOBa € IIPOCTO IIpeuMEHYBaHE Ha IIPOMEHJIMBUTE. HpI/IMepHO, B IIpeJuKaTa C MHOI'OTO-
qusita (15) Ha TpeaunIHATA CTpAHWIA, HIMA 3HAYEHHE /il HApudaMme ¢ X I'bPBOTO MHOIOTOYHE
U C Y, BTOPOTO, W OOPATHO.

OTrpunanns Ha U3Pasu ¢ €JHOMECTHU IPEIUKATH C€ U3BBLPIIBAT 10 CJIETHUS HAYNH: OTPUIIAHIETO
IPEBPbINA YHUBEPCAIHUS KBAHTODP B €K3U3CTEHITUAJICH U 0OPATHOTO.

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

“=VxP(x)” ce uere, “He e BAPHO, Ye 3a BCAKO X OT JIaJeHus JOMeiH e u3irbiadero P(x)”. “Ix—P(x)”
ce dere, “CHINECTBYBa X OT JAaJeHHUd JOMENH, 3a KOiTo e usmrbianeno —P(x)”. “—=3IxP(x)” ce uere,
“He e BAPHO, Y€ CBIIECTBYBa X OT JaJIeHus JOMEiiH, 3a KoeTo e u3inbjiaHeno P(x)”. “Vx—P(x)” ce
yere, “3a BCAKO X OT JaJleHus JIOMeiiH e usnbianeno —P(x)”.

[Ie o6ocHOBeM HEe MHOTO hopmasiHo (16). Ba ga ce ybeaum, de JBaTa u3pas3a ca eKBUBAJICHTHH,
MOKEM J1a pasryefaMe ciydail, B KOUTO JOMEeHHDbT € KpaeH, Ja pedeM JOMEHHBT € dq, Ay, ..., O,
1 Jia ¢hOOpasmM, 1e

YxP(x) = P(a;) AP(a2) A...AP(ay)
Chbruacto sakomure ma De Morgan,
—(P(a;) AP(a) A...AP(an)) = —P(a;) V—P(a) V...V =P(ay)
Ha croit pe,
—P(a;)V—P(a) V...V =P(a,) = Ix—P(x)
O6ocroskara na (17) e anaormuia.
Jla pasritesane TeTHpITe THbP/ICHIS:
o Vx(P(x) A Q(x)) = Vx(P(x)) AVx(Q(x))
o Vx(P(x) V Q(x)) = Vx(P(x)) V Vx(Q(x))
o 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))

KbeTo P(x) u Q(x) ca mpousBOJHU €THOMECTHU MPEJINKATH M IIPOMEH/INBATA, X BUHATU IIPUEMA
CTOWHOCTH OT eIuH U cbimu jaoMmeiin. Kou or Te3um TBbpiaeHusi ca BepHu u kou, He? [IbpBOTO
TBBPJEHNE € BIpHO. 3a Jia ce yoeuM B TOBA, Ja pasriejgaMe Caydas, KOraTto JOMeHHBT € KPaeH,
Jla peueM ap, d, ..., ay. ToraBa u3pasbT OTJIABO €

(Plan) AQ(ar)) A (Plaz) AQ(az)) Ao A (Plan) A Q(an))

HOpaﬂI/I ACOIMUATUBHOCTTa 1 KOMYTAaTUBHOCTTa Ha KOHIOHKIUATA, TOI € €eKBUBAJICHTEH Ha

(P(a) AP(a) Ao AP(an)) A (Qla) AQ(ax) A... A Qlay))
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Broporo TeBbpienue e HeBsipHo. Hampumep, Heka P(x) u Q(X) ca mpeaukaTu ¢ eIuH U CbIH
JIOMEH—MHOTObI'bJIHUIATE OT reoMeTpusaTa—kaTo 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, monexke BCEKU MHOTObI'bJTHUK
nMa dereH uian HedereHn Opoit crpanu. Obade Vx(P(x)) V Vx(Q(x)) e e Bapro. 3a na ce yoeanm
B TOBA, Jia pasrjejaMe MOOTIE/HO JBETe ChKIEHUsI-YIACTHUAIU B JIUSIOHKIIATA:

e Vx(P(x)) He e BsapHO, ITOHEXKE HE BCEKUM MHOIOLI'bJIHUK MMa YeTeH OPOii CTpaHMH.
e Vx(Q(x)) He e BspHO, MOHEXKE HE BCEKM MHOIOBI'BJIHUK UMa HEUeTeH OpOil CTpaHu.

[IoMm jBeTe CHbXKIEHUS B AU3IOHKIIMATA Ca JIbyKa, JUIIOHKIMATA € JTbKa. C aHAJOIHYHA ChoOpa-
JKEeHHsI Ce BHUXKJIa, Y€ TPETOTO TBbPAEHUE He e BIPHO, a 4eTBbLPTOTO e BapHo. CiexoBaresiHo, B
HSIKAK'bB CMUCDHJI YHUBEPCAJTHAAT KBAHTOP UMa JUCTPUOYTUBHO CBONCTBO CIIPSIMO KOHIOHKITHSATA,
a €K3WCTEHITNAJTHUAT, CIPIMO JTUSIOHKITAATA.

5 3Sagauu oT NpeaumKaTHaTa JIOTUKA

Sagaua 31. Hexa P(x) e npeduxamsm x < 4 ¢ dometin pearnume wucaa. 3a ecaxo om caednume
cootcdenus, onpedeseme 0l € UCNUHA UAYU NBHCA.

a) P(1) 6)P(4) ) P(100)

Bama4da 32. Hexa P(x,y) e npeduxamsm “x e cmoauya wa Y”, ksdemo dometinsm wa X ca 2pado-
eeme, a Ha Y, dspotcasume. 3a 6cAKO om caedHume casocdenus, onpedeaeme 0aAU € UCTNUHA UAU
ABIHCA.

a) P(Amuna, lspuus)  6) P(Bapceaona, Ucnanua) — 6) P(Hxmuman, Apocenmuria)

Bamaua 33. Hexa P(x) e npeduxamsm “X yuu none mem waca dnesHo”, ksdemo dometinsm ca
cmydenmume om OMU. Hszpaszeme wa paszosoper b6sa2apCKU €3UK 8CAKO 0M caedHUME MEspJe-
HUA:

a) VxP(x) 6) Vx—P(x) ) IxP(x) &) Ix—P(x)
d) =IxP(x) e) =VxP(x) awc) mIx—P(x) 3) =Vx—P(x)

HUma au mespdenus, xoumo ca exsusasenmuy edno wa dpyzo? Axo da, xou ca meau epynu?

Bamaua 34. Hexa P(x) e npeduxamsm “x uma xomxa”, Q(x) e npeduxamsm “x uma xywe” u R(x)
e npeduxamasm “X uma nanazar”, ksdemo dometinam ce cacmou om sorcumesume wa Cogpus. Hspa-
3eme 8CAKO 0m CAedHUME MEBPIeHUA Kamo Mmesplerue om npedukamHama A02uKa — U3NOA36ATKU
npeduramnume cumeosu P(x), Q(x) u R(x), xeanmopume u aozuueckume csr03u.

1. Bcexu wosex uma xomka, Kyswe u nana2ani.

Huxoti wosex HAMG HUMO KOMKaQ, HUMO Kyue, HUmMo nanazai.
Beexu wosex uma none edno om xomma, Kyye, nanazan.
Beexu wosex uma mourno edno om komxa, Kyye, nanazan.

Haxoti wosex uma xomxa u ryuwe, Ho HE U nanazan.

S & e e

Ilone deama dywu umam xomwa u Ky1e, Ho He U nanazan.

20



3apaun ¢ pewenust no Auckpetnn Crpyktypu (© Munko Mapkos

Ynsmeane: B (6.) monsaiite 3HaKa 3a paBeHCTBO “=" njm HEroBOTO OTpunanue “#". 3a BceKn
JIBa eJIeMEeHTa OT JIOMeliHa X U Y, HOTaluATa “X =Y~ O3Ha4YaBa, 4e Te Ca €JIUH U CHIIU eJIEMEHT, &
“x #Y” o3HauaBa 00PaATHOTO.

Pemtenne na (6.):

Iy ((x # y) A (P(x) AQ(X) A=R(x)) A (P(y) A Qy) A—R(y))) O

Sagaua 35. Onpedeaeme xaxeo e mespderuemo VxP(x) —ucmuna usu asoca—rxsdemo dometinsm
ca peasnume wucaa, a P(x) e npeduxamsm x > 10.

Sagaua 36. Onpedeaeme kaxeo e mespderuemo IXP(x) —ucmuna uru ssxca—rxsdemo dometinsm
ca peasrume wucaa, a P(x) e npeduxamasm x > 10.

Saga4da 37. Onpedeaeme xaxeo e mespdenuemo IXP(x) —ucmuna uiu asoca—rsdemo dometinsm
ca peasnume wucaa, a P(x) e npeduxamsm x =x + 1.

Bamaua 38. Onpedeneme ucmurHocmma Ha 8CAKO 0OM CACIHUME MEBPIEHUA, aK0 JoMETHBM Ce
caecmou om ueaume wucaa, a P(x) e npeduxamsm x + 1 > 2x:

a) P(0) 6) P(—1) 8) P(1) 2) IxP(x)
d) VxP(x) e) —=3IxP(x) otc) Ix—P(x) 3) —Ix—P(x)

Bamaga 39. Onpedeseme ucmuHHOCTIMG HA BCAKO OM CACOHUME MEBPICHUA, AKO DOMETHBM, CE
CBCMOU OM, UCAUME YUCAA:

a) mn+1> n) 6) In(2n = 3n) g) In(n =-—m)

2) In((n>0)A :—n)) d) Vn((n>0) — (2=-3))
e)Vn(n>n+1 (2=-3)) orc) n((n<0)® (n=0)® (n>0))
3)vnn?+2>1) u) Yndm(n? +m > 1) i) Imvn(n? +m > 1)
x) Yndm(m > n) A) ImvVn(m > n) M) ImVyn(n > n)

a) Imyn((m>n) = Ir(r <r+1))

Bagaua 40. B masu 3adaua domeﬁHﬁm ce CBemou 0m UEAUME NOAOHCUMEIHY Yucaa. Pasene-
datime mespderuemo "m ce deau na . Ilpedaoosceme depurunus Ha eAUMOCTN, HANUCAHA UPES
npedukam(u), Keanmop(u), u 3Hayume 3a PABEHCMBO (HEPABEHCMBO) U YMHONHCEHUE.

Vnsmeane: [ledpununusara jga Obae oT BUa
Yymvn (m ce JIeJIM Ha ML TOraBa M CaMo ToraBa, KOrarto .. )

Bamaua 41. B masu 3adava domeliHem ce cocmou om uesume wucaa, no-zosemu om 1. Heka
Q(m,n) e npeduxamesm “m ce deau na N”. 3a 6CAKO wuUCAO Ka36aMe, He € TIPOCTO, aKo ce Jesu
eduncmeeno wa cebe cu. Ilpedarosceme depuruyus Ha NPOCMO YUCAO, HANUCAGHA YPe3

e npeduxam(u),
e xsanmop(u),
® 3HAUUME 34 PABEHCTNEO (HEPABEHCME0) U APUMMEMULHUME ONEPAUUL, U

e npeduxama Q(m,m).
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Baga4a 42. B masu 3adaua dometinem ce cscmou om yeaume wucaa, no-zosemu om 1. Hexa P(n)
e npedukxamasm ‘n e npocmo wucso”. /lobpe uzsecmen daxm e, we npocmume wucaa ca 6e3xpatino
MHo020. V3pazeme mespdenuemo, we npocmume wucia ca 6e3kpatinoe MHo20, upes cpeicmeama Ha
npeduramuama nozuka. Manoassatime u npeduxama P(n).

Vnsmeane: I3non3saiite pakTa, 1Ue 1eJIMTE YUCIa Ca OJPEIEHN, TOECT 38 BCEKU JIBE PA3JIMIHA
[eJIM 91CJIa, TOYHO €IHOTO € IO-TOJIsIMO OT JAPYroTo. B pemrennero Moxkere Ja M3II0I3BaTE 3HAKA
13 7

>

Bamaua 43. Jladena e nocaedosamenrnocm om 20 yeau wucaa A[1], A[2], ..., A20]". Hspaseme
BCAKO 0OM cAedrume mespoerus wpes cpedcmeama 1a npedukamHama A02UKa, U3NOA36aTKY 0C6eH
Mo6a 3HAUUME 3G PABEHCNEO U HEPAGEHCTNE0, 3HAUUME 34 APUMMEMUNHY ONEPAUUL, KAKMO U
3anucume Ha eCmecmeeHUme YUCAG:

1. Bcesaxo wucao e HEOMPUUATMENHO.

2. Uma deotixa cocednu wucaa, ednomo om kKoumo e 068G Nsmu no-204M0 0m 0py2omo no
abconrromma cmotinocm.

3. Hucaama ca nodpedenu 6 cmpozo napacmeawy nopadsk.

4. Beuwku wucaa ca padausru.

Pemtenne na (2.):
Jie{1,2,...,19}: Afi] =2xA[+1]VA[] = -2xA[i+1]V2xA[i] = A[i+1]V-2xA[i] = Afi+1]

Bamauga 44. Hexa P(x,y), Q(x,y) u R(x,Yy) ca npeduxamu nad naxaxsse dometin. Pasenedaiime
mespPIeHUEMO

Yx3y ((Px,y) A Q(x,y)) — Rix,y))

Hanuweme ompuuaHuemo Ha mosea meapaenue maxa, 4€ 3HaAKsM 304 OMpuyaHue da ne ce cpewa
6AA60 0T KeaHMopuime.

Bamaga 45. /Jedunuyuama Ha TpaHUIa Ha peajHa (DYHKIHUA 6 MAMEMAMUYECKUS AHAAUS €
caednama.

Hexa 1 e omsoper unmepsan, xotimo csdsporca wucromo a. Hexa f e pynrxuyua, dedu-
nupara 6spry 1, moorce 6u ¢ uskmovuenue na movwka a. Kaseame, we f uma epanuua L,
K02amo X KAOHU KoM A, MO246G U CAMO MO246aG, K02AMO € BAPHO, “e

Ve >035>0Vx((0<|x—al <8 — (f(x) —LI < €))
Hanuweme ompuuaHuemo Ha mosea m65paeHU€ maxa, 4€ 3HaKsM 3a omMpuyaHue aa HeE ce cpewa

BAAB0 OM KBAHMOPUME; Moecm, ucka ce da dademe Heodxodumo u doOCMamsUHO YCAOBUE 304 MOGA,
L da ne e epanuya na f npu dadenume npednocmasku.

Bama4ga 46. 3a scaxo om caednume mespienus, HAGNUWEME HE2080MO OMPUUAHUE MAKA, e 3H0-
Kom 34 0MPuyarue 0a He ce CPeuLa 8AA60 om keanmopume. Hexa nanucanume om eac ompuyaHus
Ca KONKOMO € 863MONHCHO no-npocmu. Jlonycheme, we JoMEUHBM Ca PEALHUME YUCAA.

° VXVy((x >y)— (x—y< O))
° VxVy((x <y)—oIz(x<z< y))
o Vxvy((IXl =y = (Y =% & (y = —x))

1—B KOMITIOTPHHUTE HAaYKH TaKaBa IIOCJI€J0BATEITHOCT C€ Hapuda Macus.
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