
mekiq - zeveawd zxez2004 ,aia` xhqnq dwibel 1zeliwy illk 1.1
p ∨ q ⇐⇒ q ∨ p (⋆)

p ∧ q ⇐⇒ q ∧ p (⋆)

(p ∨ q) ∨ r ⇐⇒ p ∨ (q ∨ r) (⋆)

(p ∧ q) ∧ r ⇐⇒ p ∧ (q ∧ r) (⋆)

p ∨ (q ∧ r) ⇐⇒ (p ∨ q) ∧ (p ∨ r)

p ∧ (q ∨ r) ⇐⇒ (p ∧ q) ∨ (p ∧ r)

p ∧ p ⇐⇒ p (⋆)

p ∨ p ⇐⇒ p (⋆)

∼ (∼ p) ⇐⇒ p (⋆)

(r → q) ⇐⇒ (∼ p) ∨ q

∼ (p ∨ q) ⇐⇒ (∼ p) ∧ (∼ q)

∼ (p ∧ q) ⇐⇒ (∼ p) ∨ (∼ q)dxixb illk 1.2
p ∧ q ⇒ p p ⇒ p ∨ q (⋆)

p ∧ q ⇒ q q ⇒ p ∨ q (⋆)

∼ p ⇒ p → q q ⇒ p → q

(∼ p) ∧ (p ∨ q) ⇒ q

p ∧ (p → q) ⇒ q

(∼ q) ∧ (p → q) ⇒ (∼ q)

(p → q) ∧ (q → r) ⇒ p → r

(p ∨ q) ∧ (p → r) ∧ (q → r) ⇒ r

∼ (p → q) ⇒ ∼ q

∼ (p → q) ⇒ p

(r ↔ q) ∧ (q ↔ p) ⇒ r ↔ p(miznk mr ) dxixbe zeliwy illk 1.2.1
(∃x) (p(x) ∨ q(x)) ⇐⇒ (∃x) p(x) ∨ (∃x) q(x)

(∀x) (p(x) ∧ q(x)) ⇐⇒ (∀x) p(x) ∧ (∀x) q(x)

∼ [(∃x) p(x)] ⇐⇒ (∀x) (∼ p(x))

∼ [(∀x) p(x)] ⇐⇒ (∃x) (∼ p(x))

(∀x) p(x) ∨ (∀x) q(x) ⇐⇒ (∀x) (p(x) ∨ q(x))

(∃x) (p(x) ∧ q(x)) ⇐⇒ (∃x) p(x) ∧ (∃x) q(x)

(∃x) (o(x) → q(x)) ⇐⇒ (∀x) p(x) → (∃x) q(x)

(∃x) (∃y) r(x, y) ⇐⇒ (∃y) (∃x) r(x, y)

(∀x) (∀y) p(x, y) ⇐⇒ (∀y) (∀x) r(x, y)zeveaw oia miqgi 2zex
bd •

S ⊆ B ⇐⇒ (∀x) (x ∈ A → x ∈ B)

A ∪ B , {x|x ∈ A ∨ x ∈ B}

A ∩ B , {x|x ∈ A ∧ x ∈ B}

A − B , {x|x ∈ A ∧ x 6∈ B}

A′ , {x|x 6∈ A} obxen-d
 •

(A ∩ B)′ = A′ ∪ B′

(A ∪ B)
′

= A′ ∩ B′zeveaw ly zeveaw •

⋃

M , {x| (∃X) (X ∈ M ∧ x ∈ X)}
⋂

M , {x| (∀x) (x ∈ M → x ∈ X)} M 6= ∅:dwfg zveaw •

P (A) = {X |X ⊆ A}

P (A) 6= ∅

P (∅) = {∅}

A = B ⇐⇒ P (A) = P (B)

A ⊂ B ⇐⇒ P (A) ⊂ P (B)

P ()A ∪ P (B) ⊆ P (A ∪ B)

P (A) ∩ P (B) = P (A ∩ B)
⋃

P (A) = A
⋂

P (A) = ∅
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:zifxhw dltkn •

(a, b) = {{a} , {a, b}}

((a, b) , s) = (a, b, s)

A × B = {(x, y) |x ∈ A ∧ y ∈ B}

A × (B ∪ C) = (A × B) ∪ (A × C)

A × (B ∩ C) = (A × B) ∩ (A × C)

A × (B − C) = (A × B) − (A × C)

A ⊆ D ⇒ A × C ⊆ A × D

A × B = ∅ ⇐⇒ A = ∅ ∨ B = ∅zeivwpete zeivlx 3zeivlx 3.1. (−1) jetide (◦) dakxd •

R−1 , {(x, y)|(y, x) ∈ R}

S ◦ R , {(x, z)| (∃y) ((x, y) ∈ R ∧ (y, z) ∈ S)}
(

R−1
)−1

= R

T ◦ (S ◦ R) = (T ◦ S) ◦ R

(S ◦ R)−1 = R−1 ◦ S−1 dveaw lrn zeiivlx •

IA , {(x, x) |x ∈ A}

(∀x) (x ∈ A → (x, x) ∈ R) - zeiaiqwltx –

(∀x, y) ((x, y) ∈ R → (y, x) ∈ R) - dixhniq –

(∀x, y) ((x, y) ∈ R ∧ (y, z) ∈ R → (x, z) ∈ R) - zeiaihfpxh –

(∀x, y) ((x, y) ∈ R ∧ (y, x) ∈ R → x = y) - dixhniqihp` –-ihfpxhe zixhniq ,ziaiqwltx divlx `id zeliwy ziivlx •zia- R itl A lr zeliwy zwlgn –

[a]R , {x| (x, a) ∈ R ∧ a ∈ A}.A/R , {[a]R |a ∈ A} R ele
en A ly dpn –zeedne ,zexf e` zeey zeidl zeleki zeliwy zewlgn –.dveawd ly dwelgzeivwpet 3.2- G zil`peivwpet divlx •

(∀A) (x ∈ A → (∃!y) (x, y) ∈ G).f = (A, B, G) `id G itl B-l A-n divwpet •. hD :u→{0,1}

x 7→

8

>

<

>

:

1 x ∈ D

0 x /∈ D
:D ly zipiite` divwpet •

:zepekz •

L ⊆ M ⇐⇒ (∀x) (hL(x) ≤ hM (x))

(∀x) hC∩D(x) = hc(x) · hD(x)

(∀x) hC∪D(x) = hC(x) + hD(x) − hC(x) · hD(x)

(∀x) hC(x) = 1 − hCc(x)

A1 = ⇐⇒ [f1 = (A1, B1, G1)] = [f2 = (A2, B2, G2)] •. A2 ∧ B1 = B2 ∧ G1 = G2.BA , {Gf |f : A → B} - zeivwpet zveaw •.f(C) = {y| (∃x) (y = f(x) ∧ x ∈ C)} - f itl C ly dpenz •:dpenzd zepekz –

f(∅) = ∅

f ({a}) = {f(a)}

C ⊆ D ⇒ f(C) ⊆ f(D)

f (C ∪ D) = f(C) ∪ f(D)

f (C ∩ D) ⊆ f(C) ∩ f(D)

f(C) − f(D) ⊆ f(C − D).f−1(E) = {x|f(x) ∈ E} - f itl E ly xewn •:xewnd zepekz –

f−1(∅) = ∅

E ⊆ F ⇒ f−1(E) ⊆ f−1(F )

f−1 (E ∪ F ) = f−1(E) ∪ f−1(F )

f−1 (E ∩ F ) = f−1(E) ∩ f−1(F )

f−1 (E − F ) = f−1(E) − f−1(F )

f̂ ,
ˆ̂
f ,xi
bp ,f ozpda •

f̂ : P (A) → P (B)

X 7→ f(X)

ˆˆ P (B)f → P (A)

X 7→ f−1(X)

g : B → C ,f : A → B - dakxd •

g ◦ f = (A, C, Gg◦f = Gg ◦ Gf )r"gg / ziaihw'fpi` divwpet •

⇐⇒ (∀u, v ∈ A) (u 6= v → f(u) 6= f(v))

⇐⇒ (∀u, v ∈ A) (f(u) = f(v) → u = v)

f : A → B-e ,ziaihw'fpi` `id zeiaihw'fpi` zakxd –.(∃g : B → A) (g ◦ f = 1A) m` wxe m` ziaihw'fpi`lr / ziaihw'fxeq divwpet •

⇐⇒ (∀y ∈ B) (∃x ∈ A) (f(x) = y)

⇐⇒ Im f = B
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mbe ,ziaihw'fxeq `id zeiaihw'fxeq zakxd –.(∃h : B → A) (f ◦ h = 1B)ziaihw'fpi` divwpet `ed dkitd/ziaihw'fia divwpet •ziaihw'fxeqe
⇐⇒ (∃h : B → A) (f ◦ h) = 1B∧(∃B → A) (g ◦ f) = 1B`di zeiaihw'fia zakxd ,ok enk .g = h ,df avna.ziaihw'fia:zeiaihw'fia f, g xear –

f ◦ f−1 = 1B

f−1 ◦ f = 1B

(g ◦ f)−1 = f−1 ◦ g−1,ziaihw'fia :zeivwpet yelyl wexitl zpozip divwpet lk •.ziaihw'fpi`e ziaihw'fxeq:xi
bp .(Mi)i∈I - M dveaw/dgtyn •
⋃

i∈I

Ai , {x| (∃i) (i ∈ I ∧ x ∈ Ai)}

⋂

i∈I

Ai , {x| (∀i) (i ∈ I → x ∈ Ai)}

∏

i∈I

Ai , {f : f : I → A ∧ (f(i) ∈ Ai, ∀i ∈ I)}.B-l A-n zeivwpetd lk zveaw `id BA dveawd •:zepekz –

(

⋃

i∈I

Ai

)′

=
⋂

i∈I

A′
i

(

⋂

i∈I

Ai

)′

=
⋃

i∈I

A′
imixtqnd zkxrn ziipa 4miirahd - N 4.1

A+ , A ∪ {A} - A ly awerd •.A ⊂ A+ ,A ∈ A+ ,miiwzn –.∅ = 0 dpkp •ziaihwe
pi` dveaw S •

⇐⇒ (∅ ∈ S) ∧ (∀X)
(

X ∈ S → X+ ∈ S
).iaihwe
pi` `ed zeiaihwe
pi` zeveaw ly jezig •ly jezig e`) xzeia dphwd ziaihwe
pi`d dveawd `ed N •(zeiaihwe
pi`d zeveawd lk:zelert •

+ : N × N → N

(m, n) 7→ m + n =

{

m + 0 = m n = 0

m + n+ = (m + n)
+

n ⇒ n+

· : N × N → N

(m, n) 7→ m · n =

{

m · 0 = 0 n = 0

m · n+ = m · n + m n ⇒ n+

minlyd - Z 4.2: S divlxd z` A lr mixi
bn .A , N × N

(a, b)S (c, d) ⇐⇒ a +N d = b +N c.Z = A/S z` xi
bp .zeliwy ziivlx `id S .
0Z , [(1N, 1N)]

−3Z , [(0N, 3N)]

3Z , [(3N, 3N)] :oekiy ziivwpet
f : N → Z

nN 7→ [(nN, 0N)] = nZ

+Z : Z × Z → Z

([(a, b)] , [(c, d)]) 7→ [(a + c, b + d)]

·Z : Z × Z → Z

([(a, b)] , [(c, d)]) 7→ [(ac + bd, ad + bc)]mil`peivxd - Q 4.3.Z∗ = Z − {0} xy`k ,B , Z × Z∗:T divlxd z` B lr mixi
bn
(a, b)T (c, d) ⇐⇒ a · d = b · c.Q = B/T -e .zeliwy zivlx `id T

1

2Q
= [(1Z, 2Z)]

0Q = [(0Z, 1Z)]

−
1

2Q
= [(−1Z, 2Z)] :oekiyd zivwpete

g : Z → Q

uZ 7→ [(uZ, 0)] = uQ

+QQ × Q → Q

([(a, b)] , [(c, d)]) 7→ [(ad + bc, bd)]

·QQ × Q → Q

([(a, b)] , [(c, d)]) 7→ [(ac.bd)].Couchy zex
q zervn`a .miiynnd - R 4.4
D ,

{

(an)n∈N | (iyew zx
q an) ∧ an ∈ Q
}:V divlxd z` D rl mixi
bn

(an)n∈N V (bn)n∈N ⇐⇒ lim
n→∞

(an − bn) = 0Q.R = D/V -e .zeliwy zivlx `id V

eR ,

[

(

1 +
1

n

)

n∈N−0

]
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:oekiy zivwpet
h : Q → R

uQ 7→
[

(an = uQ)n∈N

]

= µR

+R : R × R → R

([(an)] , [(bn)]) 7→ [(an + bn)]

·R : R × R → R

([(an)] , [(bn)]) 7→ [(an · bn)]zeveaw oia dhilye zeliwy zepekz 5.odpia ziaihw'fia divwpet zniiw m` zelewy od zeivwpet •.zeliwy zivlx `id zeliwyddivwpet zniiw m` (A � B) B i
i lr zhlyp A •.iwlg x
q qgi edf .B-l A-n ziaihw'fpi`
A ∪ B ∼ B ∪ A

(A ∪ B) ∪ C ∼ A ∪ (B ∪ A)

A × B ∼ B × A

(A × B) × C ∼ A × (B × C)

A × (B ∪ C) ∼ (A × B) ∪ (A × C)
(

AB
)C

∼ AB×C

AB∪C ∼ AB × AC

(A × B)
C

= AC × BC

P (A) ∼ {0, 1}A

A ∼ B ⇒ P (A) ∼ P (B)

(A ∼ C) ∧ (B ∼ D) ⇒ AB ∼ CD

(A ∼ C) ∧ (B ∼ D) ∧ (A ∩ B = C ∩ D = ∅)

⇒ (A ∪ B) ∼ (C ∪ D)

(A ∼ C) ∧ (B ∼ D) ⇒ (A × B) ∼ (C × D)

A � C ⇒ (A ∪ B) � (C ∪ B)

A � C ⇒ (A × B) � (C × B)

A � C ⇒ AB � CB

A � C ⇒ BA � BC

A � C ⇒ P (A) � P (C)

A � P (A).A � N m` wxe m` dipn za A dveaw •.A ∼ R m` wxe m` svxd znver zlra A dveaw •.P (N) ∼ R .N ≺ R •zeiteq-oi`e zeiteq zeveaw 5.1
(∀E) ((E ( B) → (E 6∼ B)) ⇐⇒ ,ziteq dveaw B •

(∃C) (C ⊆ A ∧ C ∼ N) ⇐⇒ ziteqpi` dveaw A •

A ∼ A ∪ {S} , s /∈ A - ziteqpi` A –(k-d xai`d 
r miirahd lk) ∃k : B ∼ Nk - ziteq B –

milpi
xw 5.2
•

ℵ0 + 1 = ℵ0

α + β = β + α

card (A∪̇B) , α + β

card (A × B) , αβ

card BA , βα

α ≤ β ⇒ (∃γ) (α + γ = β)

α + α = 2α

α · α = α2

card P (A) = 2α - iteq lr lpi
xw xear •

α = 2α = α2

1 ≤ β ≤ α ⇒ α · β = α

α ≤ β ⇒ α + β = α

2 ≤ β ≤ α ⇒ βα = 2α

δ ≤ µ ⇒ δα ≤ µα

cc = 2c = Flye ,c `ed R-l R-n zetivxd zeivwpetd lk ly lpi
xwd •.F - olek
•

∑

n∈N

αn , card
⋃

n∈N

An = ℵ0

∏

n∈N

αn , card ×n∈N An = c x
q 6
(∀x ∈ A) (a ≤ x) - A-a xzeia ohwd hpnl`d a •

(∀x ∈ a) (b ≥ x) - A-a xzeia le
bd b •

(∀x ∈ A) (x ≤ c → x = c)- A-a ilnipin c •

(∀x ∈ A) (x ≥ d → x = c) - ilniqwn d •.(s ∈ A) (∀x ∈ B) (s ≤ x) A-a B ly rxln mqg s •.(t ∈ A) (∀x ∈ B) (s ≤ x) A-a B ly lirln mqg t •.menitpi` dxwp rxln minqgd le
b •.menixteq `xwp lirln minqgd ohw •.dlgd x
q - zeveaw oia •.supP (A) M =
⋃

M ,infP (A) M =
⋂

M ,M ⊆ P (A) –.dveawa mixai` 2 lk zeeydl ozip m` lilk dxe
q dveaw •,xzeia ohw xai` y i A ly dwix `l dveaw zz lkl m` •.ahid dxe
q dveawd-l` 2 ly dveaw lkly jk ziwlg dxe
q dveaw `id bixy •.menixteqe menitpi` dl yi ,mihpn
(∀x1, x2 ∈ A) (x1 ≤A x2 ↔ f(x1) ≤ f(x2)) - x
q zxney f •.x
q mfitxenefi` `id x
q zxney ziaihw'fia divwpet •.A ≃ B ,x
q mifitxenefi` zepal ozip B-l A oia m` • 4



zene
 ziwlg zexe
q zeveaw lr mihtyn 6.1:1 htyn 6.1.1
(D,≤1) ,zene
 ziwlg zexebq zeveaw (B,≤2)-e (A,≤1) dpiidzzivwpet f ,(A,≤1) ly (dxyen x
q) ziwlg dxe
q dveaw zz:f` f :A→B

x 7→f(x) (x
q mfixtenefi`) oein

⇐⇒ (A,≤1)-a xzeia ohwd hpnl`d epid a ∈ A .1.(B,≤2)-a xzeia ohwd hpnl`d epid f(a)

⇐⇒ ,(A,≤1)-a xzeia le
bd hpnl`epid c ∈ A .2.(B,≤2)-a xzeia le
bd hpnl`d epid f(c)

⇐⇒ (A,≤1)-a ilniqwn hpnl` epid α ∈ A .3.(B,≤2)-a ilnipin hpnl` epid f(α)

⇐⇒ (A,≤1)-a ly ilnlpin hpnl` epid ℓ ∈ A .4.(B,≤2)-a ilnpin hpnl` epid f(ℓ)

⇐⇒ (D,≤1) ly rxln mqg epid s ∈ A .5.(f(D),≤2) ly rxln mqg epid f(s)

⇐⇒ (D,≤1) ly lirln mqg epid t ∈ A .6.(f(D),≤2) ly lirln mqg epid f(t)

⇐⇒ (D,≤1) ly minixteq epid u ∈ A .7.(f(D),≤2) ly menixteq epid f(u)

⇐⇒ (D,≤1) ly menitpi` epid v ∈ A .8.(f(D),≤2) ly menitp` eid f(v)2 htyn 6.1.2:if` .zene
 ziwlg zexe
q zeveaw (B,≤2)-e(A,≤1) dpiidz
⇐⇒ lilk dxe
q dveaw (A,≤1) .1.lilk dxe
q dveaw (B,≤2)

⇐⇒ ahid dxe
q dveaw (A,≤1) .2.ahid dxe
q dveaw (B,≤2)milpi
xe` oia zelert 7zex
bd 7.1
IA(a) = {x|x ∈ A ∧ x < a} : a itl A ly `yix •.A ly zeyixd zveaw - I(A) •

A ≃ IB(β) ∨ B ≃ IA(α) ∨ A ≃ B miiwzn A, B lkl •.ahid xe
iql zpzip dveaw lk •

•

α + β , ord (A ⊕ B)

A ⊕ B , (A∪̇B,≤⊕)

x ≤⊕ y ⇐⇒











x ≤A y x, y ∈ A

x ≤B y x, y ∈ B

true x ∈ A, y ∈ B

α + β ,











α β = 0

(α + γ)
+

β = γ+

sup {α + ξ|ξ < λ} β = λ(ileab)

α · β , ord (A ⊗ B)

A ⊗ B , (A × B,≤⊗)

(x, y) ≤⊗ (u, v) ⇐⇒ (y < v) ∧ ((y < v) ∨ ((y = v) ∧ (x < u)))

α · β ,











0 β = 0

αγ + α β = γ+

sup {αξ|ξ < λ} β = λ(ileab)
αβ , ord

(

AB,≤a

)

AB =
{

f ∈ AB| sup f is finit
}

f <a g ⇐⇒ f(m) < g(m) ∧ m = max {x|f(x) 6= g(x)}

αβ ,











1 β = 0

αγ · α β = γ+

sup
{

αξ|ξ < λ
}

β = λ(ileab)
∑

ξ<β

αξ ,















0 β = 0
∑

ξ<γ αξ + αγ β = γ+

sup
{

∑

ξ<δ aξ|δ < λ
}

β = λ(ileab)
∏

ξ<β

αξ =















1 β = 0
(

∏

ξ<γ αξ

)

αγ β = γ+

sup
{

∏

ξ<δ αξ|δ < λ
}

β = λ(ileab)zepekz 7.2
(α + β) + γ = α + (β + γ)

α + 0 = 0 + α = α

γ + α = γ + β ⇒ α = β

α < β ⇐⇒ γ + α < γ + β

α ≤ β ⇐⇒ α + γ ≤ β + γ

(α · β) · γ = α · (β · γ)

α · 1 = 1 · α = α

γ · α = γ · β ∧ γ > 0 ⇒ α = β

α < β ∧ γ > 0 ⇐⇒ γα < γβ

α ≤ β ⇐⇒ αγ ≤ βγ

α (β + γ) = αβ + αγ

(

αβ
)γ

= αβ·γ

αβ · αγ = αβ+γ

αβ = αγ ∧ α > 1 ⇒ β = γ

α < β ∧ α > 1 ⇐⇒ αβ < αγ

α ≤ β ⇐⇒ αγ ≤ βγ.ronen@tx.technion.ac.il-l gelyl `p - 'eke mipewiz ,zexrd-a `evnl didi ozip ,eidie d
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