
7 'qn lebxz - aygnd ircnl dwibel

qwhpiq - mihwicxtd aiygz

`id dirad .mitwz miwqid xe`izl epxkdy iqiqad ilkd did miweqtd aiygz
-becl lkzqp .miwqidd ibeq lk xe`izl icn ylg miweqtd aiygz ly iehiad geky

:`ad wqidd lr `n
.mc` `ed iqei okl .mc` `ed hpcehq lk .hpcehq `ed iqei

?miweqtd aiygza dfd wqidd z` mi`han epiid ji`
hpcehq `ed iqei - p

mc` `ed hpcehq lk - q
mc` `ed iqei - r

p ∧ q `CPL r ⇔ `CPL p ∧ q → r

z` yxtn miweqtd aiygzy `id dirad !dibelehe`h epi` eplaiwy weqtd la`
ly dpand lr dnipt lkzqdl leki `le zg` zineh` dcigik y `ed x lk dprhd

.dprhd
.dl`d mixwna lthl zlbeqn didzy zilnxet dtya mipiipern epgp`

miweqtd aiygz ly zeineh`d zeprhd z` miwxtn epgp` mihwicxtd aiygza
iqei eply `nbeca lynl .mdl zeqgeind zepekzde minvr :miixwir miaikxn ipyl

.mihwicxt e` miqgi - zepekz md mc`e hpcehq ,mvr `ed

:oey`x xcqn dty ly zil`nxet dxcbd

:dtyd ly zeize`d sqe`

:zellek od .zetyd lkl mitzeyn - miibel mipniq .1

; , ( ) :weqit ipniq •
→,∧,∨,¬ :mixyw •

∀, ∃ :miznk •
v0, v1, ... :mipzyn ly dipn za dniyx •

:zellek od .zetyd lkl zetzeyn - zeiwecwcd zeixebhwd .2

mvr zeny •
ze`gqep •

mipniq ly mibeq 3 yi .oey`x xcqn dty lkl micgeiny mipniq - zexehpbiq .3
:dl`k

.pi
1, p

j
2, ...p

k
n :qgi ipniq ly dwix `l dveaw •
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.c0, c1, ..., cm :mireaw ly (dwix okzii) dveaw •
.f i′

1 , f j′
2 , ..., fk′

p :divwpet ipniq ly (dwix okzii) dveaw •

:dtyd ly milind
:mvrd zeny sqe` •

.mvr my `ed dpzyn lk –
.mvr my `ed reaw lk –

fk
n(t1, ..., tn) ,inewn-n divwpet oniq fk

n-e mvr zeny t1, ..., tn lkl –
.mvr my `ed
:ze`gqepd sqe` •

-ep pk
n(t1, ..., tn) ,mvr zeny t1, ..., tn-e inewn-n pk

n qgi oniq lkl –
.(zineh`) `gq

(¬ψ)-e `gqep (ϕ ◦ ψ) ,◦ ∈ {→,∧,∨} lkl f` ze`gqep ϕ, ψ m` –
.`gqep

.ze`gqep ∀xψ, ∃xψ f` ,dpzyn x-e `gqep ψ m` –

:zexehpbiq ly ze`nbec
:L1 dty .1

mother2, father2, parent2, grandparent2, student1 :qgi ipniq •
Y ossi,Moshe :mireaw •

:dpxvd ly ze`nbec

student(Y ossi) ∧ father(Y ossi,Moshe) (`)
∀x(∃y(mother(x, y))) (a)

∀x(∀y(mother(x, y) ∨ father(x, y) → parent(x, y))) (b)
∀x(∀y(∀z(parent(x, y) ∧ (parent(y, z) → grandparent(x, z))))) (c)

:zeveawd zxez .2

∈2, =2,⊆2 :qgi ipniq •
∅ :mireaw •

∪2,∩2 :divwpet ipniq •
:dpxvd ly ze`nbec

dwixd dveawd `l `ed x - ∃y(y ∈ x) (`)
dveaw lka zlken dwixd dveawd - ∀x(∅ ⊆ x) (a)

- ∀X(∀Y (∀z(z ∈ X → x ∈ Y ) ∧ ∀z(z ∈ Y → z ∈ X) → (X = Y ))) (b)
?ef dprh ly ilelind xe`izd dn
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:zicilwie`d dixhne`ibd .3

line2, point2, =2, on2, between3,≈4 :qgi ipniq •
:dpxvd ly ze`nbec

.y xyid lr z`vnp x dcewpd - point(x) ∧ line(y) ∧ on(x, y) •
∀x(∀y(∀l(∀m(point(x)∧ line(l)∧ point(y)∧ line(m)∧ on(x, l)∧ on(y, m)∧ •

on(y, l) ∧ on(x, m) ∧ ¬(l = m) → (x = y)))))

?efd dprhd ly ilelind xe`izd dn -

:ze`gqepe mvr zeny ly miiytegd mipzynd zveaw
:jk zxcben t ly miiytegd mipzynd zveaw ,t mvr my ozpida

FV (x) = {x} •
FV (c) = ∅ •

FV (f(t1, ..., tn)) = FV (t1) ∪ ... ∪ FV (tn) •
:jk zxcben A ly miiytegd mipzynd zveaw ,A `gqep ozpida

FV (p(t1, ..., tn)) = FV (t1) ∪ ... ∪ FV (tn) •
FV (¬B) = FV (B) •

FV (B ◦ C) = FV (B) ∪ FV (C) •
FV (∀xB) = FV (B)− {x} •
FV (∃xB) = FV (B)− {x} •

.weqt `id A f` FV (A) = ∅ m` .xebq mvr my `ed t f` FV (t) = ∅ m`

.xeyw dpzyn `ed znk ly geeha `vnpy dpzyn

:mi`ad mvrd zenye ze`gqepa miiytegde mixeywd mipzynd mdn - ze`nbec

f(g(x), c0) .1

∀x(p(x, y) → ∃y(r( y))) .2

∃x(t(x, y, z) → ∀yq(x, y)) .3

:iyteg dpzyn mewna mvr my ly davd xicbp
s[t/x] zpneqn s-a x dpzyn mewna t ly davd ly d`vezd .mvr zeny s-e t eidi

:jk zxcbene

y[t/x] = { y x 6=y m`
t zxg` •
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c[t/x] = c •
f(t1, ..., tn) = f(t1[t/x], ..., tn[t/x]) •

A[t/x] zpneqn A-a x dpzyn mewna t ly davd ly d`vezd ,A `gqep ozpida
:jk zxcbene

p(t1, ..., tn) = p(t1[t/x], ..., tn[t/x]) •
(¬B)[t/x] = ¬(B[t/x]) •

(B ◦ C)[t/x] = B[t/x] ◦ C[t/x] •

(∀yB)[t/x] = { ∀y(B[t/x]) x6=y m`
∀yB zxg` •

(∃yB)[t/x] = { ∃y(B[t/x]) x6=y m`
∃yB zxg` •

:mi`ad mixwna A[t/x] edn :`nbec

.t = g(y) ,A = ∀x(p(x) → q(x, f(y))) .1

t = g(y) ,A = (p(x) → ∀x(q(x, f(y)))) .2

dievx `l efk davdy d`xp hrn cer - t = g(y) ,A = ∀y(p(y, x) ∧ ∀xq(x)) .3
...minieqn mixwna

.x 6∈FV (s) ,x6∈FV (A)-y jk mvr my s-e `gqep A idz :libxz
.s[t/x] = s-e A[t/x] = A ,t mvr my lkly gked

:s dpan lr divwecpi`a - s xear dligz gikep

.y[t/x] = y okl .y 6=x ,x 6∈FV (s)-y oeeikn .s = y .1

.c[t/x] = c f` .s = c .2

-y oeeikn .f(t1, ..., tn)[t/x] = f(t1[t/x], ..., tn[t/x]) f` .s = f(t1, ..., tn) .3
1 ≤ lkl x6∈FV (ti) ,x6∈FV (s)-e FV (f(t1, ..., tn)) = FV (t1) ∪ ... ∪ FV (tn)
f(t1, ..., tn)[t/x] = okl .1 ≤ i ≤ n lkl ti[t/x] = ti divwecpi`d zgpd itl .i ≤ n

.f(t1, ..., tn)

:A `gqepd dpan lr divwecpi`a - A xear dprhd z` gikep zrk

-y oeeikn .p(t1, ..., tn)[t/x] = p(t1[t/x], ..., tn[t/x]) f` .A = p(t1, ..., tn) .1
lkl x 6∈FV (ti) ,x6∈FV (s)-e FV (p(t1, ..., tn)) = FV (t1) ∪ ... ∪ FV (tn)

okl .1 ≤ i ≤ n lkl ti[t/x] = ti ,mcew epgkedy dprh itl .1 ≤ i ≤ n
.p(t1, ..., tn)[t/x] = p(t1, ..., tn)

.x6∈FV (B) okle FV (¬B) = FV (B) .(¬B)[t/x] = ¬(B[t/x]) f` .A = ¬B .2
.(¬B)[t/x] = ¬B okle B[t/x] = B divwecpi`d zgpd itl
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.(B ◦ C)[t/x] = (B[t/x] ◦ C[t/x]) f` .A = B ◦ C .3
divwecpi`d zgpd itl .x6∈FV (C) okle FV (B ◦ C) = FV (B) ∪ FV (C)

.(B ◦ C)[t/x] = B ◦ C okle B[t/x] = B, C[t/x] = C

.(∀yB)[t/x] = ∀y(B[t/x]) zxg` .(∀yB)[t/x] = ∀yB f` y = x m` .A = ∀yB .4
divwecpi`d zgpd itle x6∈FV (B) ,y 6=x-y oeeikn .FV (∀yB) = FV (B)−{y}

.(∀yB)[t/x] = ∀yB okl .B[t/x] = B

.mcewd dxwnl ddf dgked .A = ∃yB .5
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