
libxz
?mZ ly g"zd odin mZ ≤ Z ozpda (`)

... ≤ 8Z ≤ 4Z ≤ 2Z ≤ z - dnbec oexzt

mZ ly g"zd lk dl`e kZ ≤ mZ g"z ozep m|ky jk k ∈ Z xtqn lk

?mZ z` zelikny Z ly g"zd odn mZ ≤ Z ozpida (a)

.6Z z` milikn 3Ze 2Z .6Z ≤ Z dnbec

.i`pzd z` zeniiwnd Z ly zecigid g"zd `l`emZ ≤ kZ ≤ Z k|m lkl oexzt

mZ/kZ ∼= Z k
m

egiked (b)

:'ened ϕy wecap .ϕ : mZ→ Z k
m

mx7→x mod
k
m

'ened dpap .1 efi`a ynzyp oexzt

kerϕ =

{
mx

∣∣∣∣∣x ≡ 0

(
mod

k

m

)}
=

{
mx

∣∣∣∣∣ km|x
}

= x =
k

m
· x

=

{
mx : mx = m

k

m
x′ = kx′

}
= kZ

mZ/kZ ∼= Z k
m

1 'efi` itl f`e

(4 'efi`)dn`zdd htyn

H z` zeliknd G ly zexeag zz oial G/H ly zexeag zz oia r"gg dn`zd zniiw

libxz
kZn dxevdn od Zn ly zexeag zzd lky dn`zdd htyn zxfra e`xd

oexzt

π : Z→ Zn :π lr lkzqp

π (x) = x (mod n)

kerπ = nZ
Z/nZ ∼= Zn :1 'efi` itl

{kZ|k|n} ←→ {kZn|k|n} r"gg dn`zd zniiw dn`zdd htyn itl
lebxza epi`x - H /Gy llba Hk ≤ G)π (k) = π (Hk) ik al miyp :2 efi` htyn

k ∈ K mbe h ∈ Hy jk hk ∈ Hk ⇐ (mcewd

π (hk) = π (h)π (k) = H (kH) = kH = π (k)

π (k) = π (Hk) = Hk/H okle H ≤ Hk
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zxg` jxca

.elecen zeyrl xyt` f` H ∩K E K m` :Gn gkyp
:K ≤ G mbe H E G m` :2 efi` htyn

H ∩K E K .1

K/H∩K ∼= Hk/H .2

dnbec
:d`ad dnbecd lr 2 efi` z` wecap

π : Z→ Z6

Z/6Z ∼= Z6 (mod 6)

π (8Z) = π (8Z+ 6Z) = π (gcd (6, 8) z) = π (2Z) = 2Z/6Z ∼= 2Z6

2Z/6Z ∼= Z3 = {6Z, 2 + 6Z, 4 + 6Z}

8Z/6Z∩8Z = 8Z/lcm(6,8)Z = 8Z/24Z ∼= Z3 = {24Z, 8 + 24Z, 16 + 24Z}

libxz
HM/M ∼= HN/Ny e`xd .H∩M = H∩N = {e} ik gippe H ≤ G ,M,N E G ,dxeag G

oexzt

HM/M ∼= H/H∩M = H/{e} ∼= H ∼= HN/M

3 efi` htyn

N E G mbe N E K E G eidi

K/N E G/N .1

(G/N)/(K/N) ∼= G/K .2
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zexenz zexeag = dixhniq zexeag

{1, 2, ...n} lr zexenz - Sn

mixf mixefgnl wexit

π =

(
1 2 3 4
2 3 4 1

)
=
(
1 2 3 4

)
S4a .1

π =

(
1 2 3 4 5 6
1 3 2 6 4 5

)
=
(
2 3

) (
4 6 5

)
:1 jxe`n mixefgn mihinyn .2(

1 2 3
)
=
(
2 3 1

)
=
(
3 1 2

)
:mixefgn aaeql ozip .3

.k `ed ely jxe`d -(a1, ...ak) xefgn .4

k ?k jxe`a xefgn meyxl yi mikxc dnk .5(
n
k

)
(k − 1)! ?Sn jeza yi k jxe`n mixefgn dnk .6

htyn
-xefgnd xcq ick cr cigi wexitd .mixf mixefgnl wexitk aezkl ozip Sna dxenz lk

.xefgn lka miaeaiqe mi(
2 3

) (
4 5 6

)
=
(
4 5 6

) (
2 3

)
mitlgzn mixf mixefgn .7

.mitlgzn gxkda `l mixf mpi`y mixefgn

:xefgn ly xcq .8

π = (1, ...k)

π (1) = 2, π (2) = 3, π2 (1) = 3, ...πk (1) = 1

k `ed xcqd

mixf mixefgnl π z` wxtp ?π dxenz ly xcq mi`evn ji` .9

π = σ1 · · ·σt

.(mixf mixefgn md σi)

o (π) = lcm (o (σ1) , ...o (σt))

htyn
(!mixf `weec e`l)miteligl wexitk aezkl ozip Sna dxenz lk
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jxc

.mixf mixefgnl miwxtn mcew (`)

(a1, ...ak) =
(
a1 ak

) (
a1 ak−1

)
· · ·
(
a1 a2

)
(a)

.selig `xwp 2 jxe`a xefgn .10
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