
` cren 2007 ogan

mihtyn - 1,2 zel`y

3 dl`y

A⊗B = A ·B ∼= A×B ik gked .A ∩B = {e}y jk A,B CG dpiidz

oexzt

.mfitxenened ϕy ze`xdl jixv .ϕ (a, b) = a·b itl 1ϕ : A×B → A·B dwzrd xicbp

a · c · b · d = ϕ ((a · c, b · d)) = ϕ ((a, b) · (c, d)) ?
= ϕ (a, b) · ϕ (c, d) = a · b · c · d

.c ∈ A, b ∈ B lkl c · b = b · c ik gikep .b ∈ Be c ∈ A lkl c · b = b · c mivex

[c, b] = cbc−1b−1 =
(
cbc−1

)
b−1

= c
(
bc−1b−1

)
[c, b] ∈ B okle ,b−1 ∈ B mb jci`n .cbc−1 ∈ B okle zilnxep B •

[c, b] ∈ A okle c ∈ A ,jci`n .bc−1b−1 ∈ A okle ,zilnxep A •

.cb = bc ⇐ cbc−1b−1 = [c, b] = e⇐

4 dl`y

:`ad ote`a mipzyn drax`a minepilet lr zlret S4 dxeagd

σ (f (x1, x2, x3, x4)) = f (xσ1 , xσ2 , xσ3 , xσ4)

(f (x1, x2, x3, x4) =)x1 · x2 mepiletd ly lelqnde aviind lceb z` e`vn

oexzt

|θ (x)| · |Stx| = |σ| dgqepd itl lawp ipyd z`e ,cg` ly lceb `evnl witqn

θ (f) = {x1x2, x1x3, x1x4, x2x3, x2x4, x3x4}

|θ (f)| = 6

zkll mikixv x1, x2 .mewna f z` zexi`yny zexenzd lr aeygl `id zxg` jxc
okle ,x3, x4 mr xac eze`e ,(ipyl cg` e` envrl cg` lk xnelk)mnvrl

Stf = {id, (1, 2) , (3, 4) , (1, 2) (3, 4)}

zeilnxep Be A ik dxeag A ·B1
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5 dl`y

121 xcqn zexeagd z` oiin

oexzt

xcqn dxeag lk okl .zila` `id ipey`x p xy`k p2 xcqn dxeag lk ik dcaer dpyi
f`e ,zeila` zexeag ly iceqid htyna ynzydl xyt`e ,zila` `id 112 = 121

.Z11 × Z11 e` Z121 `id dxeagd

zila` G f` |G| = p2 m`y dprhd z` gikep

liknd dwlgn bivp `ed x xy`k)|G| = |ZG|+
∑
x
|conj (x)| zewlgnd z`eeyna hiap

.|G| > |ZG| ik dlilya gippe (cg` xai`n xzei

.|Zx| =
p2

p
= p okle |conj (x) = p| cg` cvn .x /∈ ZG gwip

lawp p elecen zewlgdn z`eeyn z` gwip m` ,eiykr

0 ≡ |ZG| (mod p) ⇒ |ZG| ∈
{
�0, p,��p

2
}
⇒ |ZG| = p

6 dl`y

lcebn dxeag lk ik jxtd e` gked

6 .`

7 .a

8 .b

dheyt `id

oexzt

3Z6 C Z6 ik dheyt `l Z6 :zicbp dnbec .`
3 lcebn g"z likn cinz `idy meyn dheyt `l `id 6 lcebn dxeag lk]

[2 `ed dly qwcpi`de

hxt xai` lke ,Zpl zitxenefi` okle zilwiv `id ipey`x lcebn dxeag lk .a
-ka zeil`ieeixh `l zexeag-zz dl oi` xnelk .xvei `ed dcigid xai`l

.dheyt `id okle (zeilnxep `l hxtae)ll
.dheyt `id 7 lcebn dxeag lk

Z8 B 2Z8
∼= Z4 :zicbp dnbec .b

.dheyt `l `id 8 xcqn dxeag lk]

dxeagd okle xvei `ed f`e 8 xcqn x xai` miiw f` exp (G) = 8 m` •
.Z8l 'fi` `id f`e zilwiv `id
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`id H = 〈x〉 f`e 4 xcqn x xai` miiw f`e exp (G) = 4 m` •

H CG okle
8

4
= 2 qwcpi`n

('fi` ick cr)dcigid dxeagd hxtae ,zila` G f` exp (G) = 2 m` •
[Z2×{0}×{0}CZ2×Z2×Z2 `id 2 hppetqw` mr 8 xcqn zila`

7 dl`y

:jxtd e` gked

.dxizt S4 .`

.dxizt S6 .a

oexzt

:dgked .`

S4 BA4 B V4︸︷︷︸
=


id, (1, 2) (3, 4) ,
(1, 3) (2, 4) ,
(1, 4) (2, 3)



B {id}

.zila` `id V4e A4/V4
∼= Z3 ,S4/A4

∼= Z2

dze` micinvne σ ∈ V4 migwel m` .A4 B V4 dnl xiaqdl jixv •
V4e ,σ ly mixefgnd dpan z` mipyn `l f` A4n e` S4n dxenza

.2, 2 mixefgn dpann zexenzd lk z` dlikn

.dxizt S4 okle ,miila` minxebd lk

.dxizt `l S6 .a

S′
6 = A6

[a, τ ] = στσ−1τ−1

sign [σ, τ ] = 1

[(1, 2) , (1, 3)] = (1, 2) (1, 3) (1, 2) (1, 3) = (2, 3) (1, 3) = (1, 2, 3)

okle A′
6 = A6 ,dheyt A6y oeeikne A′

6 6= {id} .S′′
6 = A′

6 = A6 sqepae

.dxizt `l S6 okle S
(n)
6 = A6

:xehhenewk 3 jxe`n xefgn lk lawl xyt`y d`xp .A′
6 = A6y gikep

[(a, b, c) , (a, d, e)] = (a, b, c) (a, d, e) (c, b, a) (e, d, a) = (b, d, e) (e, d, a) =

3



= (b, d, e) (e, d, a) = (a, b, d)

` cren 2008 ogan

4 dl`y

?mfitxenefi` ick cr G zeidl dleki dn .Gl S5 oia mfitxenit` miiwy gipp

oexzt

H ∈y xne` df la` .H C S5 xy`k G ∼= S5/H oey`xd mfitxenefi`d htyn itl
`id G okle e{S5, A5, {id}}

S5/S5
∼= {e} e` •

S5/A5
∼= Z2 e` •

S5/S{e}
∼= S5 e` •

5 dl`y

.mfitxenefi` ick cr 77e 38 ,9 xcqn zexeagd z` oiin

daeyz

Z9,Z3 × Z3 ⇐ zila` 9 xcqn dxeag lk okl ⇐ 9 = 32 •

I2 (19) ,Z39 ⇐ 38 = 2 · 19 •

dxeagd f` q 6≡ 1 (mod p) ,q > p ,miipey`x q, p m`y dcaer yi] .77 = 7 · 11 •
[Zp × Zql zitxenefi`e zilwiv `id p lcebn

Z7 × Z11
∼= Z77 `id dxeagd okle

6 dl`y

xcqn dxeag lk ik jxtd e` gked

119 .`

120 .a

121 .b

dxizt
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oexzt

m` miwceae 2, 3, ... b
√
nc mixtqnd lr mixaer ?ipey`x n m` miwcea ji` :dxrd]

[eze` miwlgn md

.dxizt okle zila` `id okle 119 = 7 · 17 .`

...d`ld oke

7 dl`y

.dheyt dpi` A4 ik gked

dgked

dze` micinvn m` .2, 2 mixefgn dpan yi V4a zedfdn dpeyd dxenz lkl .A4 BV4

dpann zexenzd lk z` zllek V4 la` ,2, 2 n"n mr zx`yp `id A4n dxenza
.dcnvdl dxebq V4 ⇐ df mixefgn
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