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GxX—X, (g 0+—>g-x
GxY—Y, (g y—g-y
of ate] A3 A e 6 X — Y7k A5t
(%) 0(g-x)=g-0(x) (geG, x€X)
d o, of F 282 N2 FA(FH, equivalent)l #H-&olehar e,

G — S(X), ¢ G— S(Y)

P
oleba @ W, 27 () £ BE ge G xe Xo vkl vl 49Y

(0 9(2)(x) = 0(p(2)(x) e(g)

= ¢(g)(0(x) = (¢(g) - 0)(x) X— =X
5, 21 (x) & BE ge G W3ty J/ \Le
0-9(g) = ¢(g)-0
Qe wa T

Ael 17 G7F A4 GxX—> X & F3t9 X d Fo|xoz z&e
o, 3t P4 ge X o ulstd]
H=G,={heGlh-a=a}

G AR E Y= (xH|x<sG) olgn a4 G 48
GxY—Y, (g, xH)—> gxH
= FolHoln E A& GxX— X & 99 A&7 FH |t
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GxY—Y, (g, xH)— gxH
= G9 FHgola 3 Y& xHe Yol vty
{g-(xH)| g G} = {gxH|ge G}
={gHl|lge G} =
ojlmg o] Zg Fo|Ho|th(AHE 627 F=).
st 7ol ot G X FolHom Agstng thgo] Yo
X={xalxe G}
add], dej9 x, ye G ol st
xyv=va<=(y %) a=a
@y_leH
<~ xH= yvH
SIR=R=
0 : X—Y, 0(x-a) =xH
= 2 Aoy ApAtola T g dfd ool

Hq$-7], 499 ge G x-aes X v 2 (e . -y
she] ohgo] Ayt
0(g-(x-a)) = 0((gx)-a)
= gxH = g+ (xH) y—————>y
= g- (0(xa)) ¢(2)

Web] g GxX—> X 48 GxV— Vi AR Fxoln,



Cs= 25=1{0,1,3,4,5,6,7},
Cyx Cy= 2,02, = {(0,0), (0, 1), (0, 2), (0, 3),
(1,0), (1, 1), (1,2), (1, 3)},
Cyx Cyx Cy = 2, D2, 2,
= {(0,0,0), (0,0,1), (0,1,0), (0,1,1),
(1,0,0), (1,0,1), (1,1,0), (1,1,1) }

(2) Abel o] obd 7Z-9-([31], [22] &%)

D,=<oztld=1,=1 00 =01,
= {=x1, £, =7, £k}
cLoHpe @
a3, E49 H pol Wate] Y5 pP e T O F3t T
o 3 73 FFPo|r}
(1) Abel ¢l 73 $-
Cpxé sz,
CDXCDZE' Zp@sz,
C,x C,xC,= 2,02,02,
(2) Abel o] obd 5-([31] =),
My(p) = <x, yl 2 = y" =1, y lay = 27y,

M(p) = <x, v,z x’=y"'=2"=1,
[x, 2] = [y, 2] =1, [x, 9] = 2>



e 1 & GolA F 44 x,ye Gl Wstd z =[x, y] 7 x, v <
2 A i, 7ol skl thge] At

1 [,y =2"

@ [yl =[x,y '1=1[x0y""

ylxy=xz

A% iol ool B

ola, 7}Ae] 9dle] xz = zx ©|RE RE 49
o] At (EAl 2.2.2).

vy lx'y = (ylxy)' = (x2)' = x'2'

u} e
y iy =y T )y = vy a2y

O3l E z'y = yz'oBE 9|9 ¥ FHORRE g T4 dErh
y—szyZ — y—lxiyzz — xzzzzz — xzz2z
oj¢} 2 =g HEoIsH, BE 4o A 4, sl wiste] tgol AH
e o 59

(2) REEA 21539 9J3te] tha 540 A 7e)
e=[xx"', ] =[x 31 [x »], 2 ' 1[x" ", 9]

agdd, 7Hl ot [x, y] & x o wETFET drolmE [x, y] £

21 HE wEbsE YaolrE [[4, v],x7'] = e o3 wEhA]

1

e=1[x,vlelx™", v] =[x vl [x", 5]

olmz [x7!, y] = [x, y] " oItk
AR, [x, 7] =[x, 0] DS

3) WA yx=z'yxolmZ ;=1 N
ola] o] A4 kol Hate] ;= kY u 52 (3)°] AHI} A
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(yx)k+1

olal (1) o <]3t4q
(2, 9] = 2* & x'y=ya*2"=2"yst
ojmE
k(k=1). k(k=1).

k+1 2 2

(vx =z yixkyx = 2 v 2k yak x

_k(k=1).

k(k+1)

ko k. k+ T2 k+1 _kt
2 1 2 lxl

ola, wekA T4 3) & =
aHERE 524 (3)
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Ae 2 # pol dstd 95 p° A KT G} Abel o] ofd uj,
ol A7 d

(1) Z(G) & 9% pQ +=8rol G/Z(G) = Cyx C,= 2,BZ, It}
2) Z(G) = G’

B) HHp7t E5Y u), RE Yha,be G W (ad)’ = o’ b’

9 (D A 6259 ddte] |Z(G)| = poln G

mebx Al 2.7.7 o st Z(G) = A5 p <l K

sghrolt. aguz Jof G/Z(6) o A5

p* o1, wekA Bl AYFTHA e 2.1015). 20 =G
GIZ(G) = C,x C,= 2,82, »

(2) G Abel o] SFHER G+ {e} o]aL AT (e}

G/Z(G) = Abel o122 G’ < Z(G) °oltHH 2] 6.46).

a3, [Z(6) ] = polit |G I[12(6) | el2®, ¢ = Z(G) °lth

(3) F# p7F EFY W, G d] I& x, vl st z =[x, ]
olgtil 3, z€ G' = Z(G) °|BER 2’ = e¢oli zv x, y9% WBI}T
@ Axolnz 9ol 4ol tistel vgol YPAHAE 2)



(yx)' = 2 y'x
g™, pe EFola 2 = eolER
(=), =1 =1
z =" P =e? =e¢
p(p=1

ol WA (yx)’! =2z * yx’=y'x’ olth
afeg el g be Gl Wt (ab)’ = a’ b’ o|r}

9o Aelsh wAF Aol gANE o FAL Fua) viw,

Gorenstein, D., Finite Groups, Harper & Row, New York, 1968,
Chelsea, New York, 1980, pp. 183, 191, 203

B2 1 My(p) o 9499 94 g, bol tate] (ab)’ = a’ b’ o)A R
M;(p) & Abel o] oldth & M(p) 9 999 9x o HiE]
a’ = 1°]3 wetx] 49 g, ol tzte] (ab)’ = a’ b’ AT M(p) =
Abel o] ot}

W27 G F 9% a, be GOl W3]
(ab)? =V
olW, ab = ba °|THEA] 22.1).
9= 27 ¢l HoldAT D, 3 A5 28 9 ARIETE Qg ol thate] vgo]
g,
(1) D, cec#r-0°828 (g°02%+d° - 2 o]tk
AARE (g-0)? = 10" - = *1 0]t}
@) AHFE QoA ij #Fjiolnz (i) + 25 otk
AAR, (i)pP=k=-1, £/f=((1D(-1) =10l
3) ZE 92 g, be Dol Watel &' =1, (ab)' = a'd' oItk
4) ZE 92 g, be ol Hatd o' =1, (ab)' = a'b’ oItk



RE pol distel F3 G o A7 [Gl=p" (n=>0) € ™, G
‘IQF

@ p-toleha @l
59 pzol dadE ge Ast 4R,

=
=

A2 173 p- G (+ {e}) M 5ol A3

(D) {e} S NGl {e} S NNZ(G) ot
2) {e} = Z(G)

dp- G AT (Gl =p" (n=D L W, Goe t&
o AFHEF N,, N,_q, =, Ny, Ny 7} E4d}.
G= N,>N, > D>ND>N = {e},
G>N;, [N =7p' (0<i<n)
& 7o,

2 3 #F%& p G (F{e}) oA GO FEx Hel diste] 5ol

1) HE Gold, HS Ng(H) °|th
2 |G: H| = pel¥, HIGolth

—

flr
o
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4
i
2t
T

20 WEA7)

Aol 4+ G (# {e}) oA v F
S GO SRR 8, maximal subgroup)©] gl 3

et
=

i H= G

() K7VHS K< G G9 Fidtold, v K= Go|t.

5

K=H

-G (#{e}) X H7F GO SdiEsod, HIG

o B oIt G/H= f1 p?l ool |G H| = polth
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W oA H7F G SdiFEaolgtal akAf
o] W, Azl 30| st HS N.(H) S Go|2& N.(H) = Go]iL wetA
H<Golth 28eg ot G/H7F A9¥i, K/H7F G/HS HFE
o K+ HS KS G? G #iEvolm®2 K=H % K= Golx
weby G/H ¢ REFS {HY ¥ G/H Holuz Ay 257 o 93t
dod+ G/HE 45 pol «3+olx |G: H| =|G/H| = polth

Aol 6 & GAAM 7 AE i (=0)° Wk Z,(G) & tEF 2ol
Aoz Aol

@ Z(6) = {e}, Z(G) = Z(G) G 7 G/ Z.(6)

() i>1% o), E2FSHAA QV #7
7 : G—> G/Z;(G) ol tatel
iz G/Z:(6) o 74 2(Glz() L0 2(G/Z:,(6))
o WgdE G AFRREE Z,(6) | |
Z:(G) {(Z,(G)}

= A3i(mE4 e 2109). =,
Zi1(G)[2,(6) = Z(G/Z:(G))

¥, Z,(G) & G99 Ali $A(ith center) o2} 3}l

Z,(G) = {e} = Z,(G) € Z,(G) < -

S A A (50 upper central series)o] 2}l gt}

o

s G

213 Z,(G) < Golth. &, A3 jo] el Z,(G) = Z,(G) o,
Z(G) = Zi 1 (G) = Ziiy(G) = -

E Ge 3349 G2 BUA @ FE vk

fd

o]

(o3}
=

Aol 7 GAAM AF3 AL m (>0) o el Z,(6) =G
W, GE YAt (EERE, nilpotent group) o] gk gt}
G7t H99vd W, G=Z.(G) QA 7% Fe& A5 ¢

2 99

Hd

a2,
G 9 FFEH# class)o] gk gk},



, ZyG) ={e}+G, Z,(G) =G
CE T Gl Hiske] vhaol Ayeih

<

BN

F 0% Y997 <= G = {e}
F 1 =

G= = £
G= = A e G+ {e} ol GT Abel wolth
712 A5 n (=

3) o skl A S, o T4 Z(S,) = {1}

i (=1)°l thste] Zi(S,) = {1} otk
ot n>3 A o, T S, & HIwol oty

B713 A n(=3)°] 54 W, oI5 22 AolWAL

Dn = {1, O, ...’ On_l, z-’ 60 z-’ ...’Gn_l ° T}

o A2 Z(D,) = {1} oItk mebAd EE A5 o disto]
olE® D, W] obyn(EA 2.12.7).

W74 905 8 ARIST Qs = {£1, £4, 7, Tk} & AZd] BA,
WA Z(Qg) = {1, -1} ola YoAx Q/Z(Qg) & 5 4?1 Abel &
o2 Z(Qs/Z(Q) = Qs/Z(Qg) °IHE7] 2.96). uhehA]
Zy(Qg) = {1}, Z,(Qs) = {1,—1}, Z,(@s) = @
oL, wetM Q& wF 2 HITelIth
a8, f9 8¢ AoluA

D,=1{l,0, 6 0, 1,0°0,0°1,0

o T}
oA Z(D,) = {1, 0} ol & dodF D,/Z(Dy) & 95 49 Abel
oln® Z(Dy/Z(Dy)) = D,/ Z(Dy) °lth(®7] 212.7). we}A

Zy(Dy) = {1}, Z, (D)) = {1,0"}, Z,(D,) = D,
ol31, wWetA D, = #F4 29 Hto|r),
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A4¥ 8 & Gt FE poweld, GE HIwelh

>19 W, 0<m<nd A5 mol tsto] 7k p™ Ql ol
]

1Al n
2F et /HAska |Gl = p" olgta Shak

O

1w, Al 1o dste] Z,(G) = Z(G) 2 {e} olERE Th5o] 4 HETh
1Z(G) | = b, k=1 G1Z,(G) G
_ 4LGL _ n—k
|G/ZI(G)|— |Z](G)| —17 ) pn—k p"_k
0<n—Fk<mn
aEE A 7Rl ofste] A it {(Z (&) Z(G)
A4 d (=0) o tato] "

GIZ,(G) = Z,(GIZ,(6) {e)

olil Wk G = Z; (G) olBR GE Hgitolrh

47l 9 HgEe mr shaliolt,

W # G/ H9Edd dx A%d A% m (209 v
Z,(G) = Goletn 3.
ol wl, Zt A i (0 <i<m—1)°l dste] Z,(G) < Golx
Zin (G /Z(G) = Z(G/Z;(G))
ol Z., (6)/Z,(G) £ Abel Folt}h. 2¥ B =

G=2,G D> D>2Z(6D>Z,(6 = {e}

-

= G Abel Aitdolx, mebd G Zheltelvi (9] 511.2).

B7] 1.5 WA Sy = 7ol ARt HgatS obyri(®7] 6.10.1, B7] 2).



o>

et

11§74 ut

gol = el SAol Yate] w=avh
oo Aele A9 21528 HA & Aol

e 10 ¢ GolA 94 x,y, g€ GOl dte] thio] JHerh
a

) [x, 9] = e<>uy = yx
@ [x y17' = [y, «]
)

)

B) f: G— G7} @FI A, f([x, v]) = [F (%), £()] Itk

4@ “[x, y] =[x, %y], [x, 9]¢ =[x% »*]

4ol 11 # GAA H K7} Go 87 ),
i, £] (heH, keK)
#o W@ AA sl YR RETS HY KO wad

olg} st o|AS [H, K] & YeldT} 5,
[H Kl =<[h k| he H ke K>

N
N,
lo

B

(

= r

)

M

AY 12 & G ¥EF H K, Hy, K, 9 dste] thgo] Ag3i
(1) [H Kl = {e}d W 283 oot & U4 he HO BE
A% ke Ko tate] hk= kholt) 3,
[H,G] = {e}) <= HES Z(G)
(2) [H, K] = [K, H|
B) f: G— G7} =53 o, f([H, K]) =[f(H), f(K)] eIt}
(4) oo I ge GOl st g3 240 A
‘[H, K]l = [“H, *K], [H, K]*=[H* K*]
(5) HHS H, K< K°¥, [H,, K;]< [H, K] °|t}.

> W (1) Aot 4 109 25t (1) o] AHg)
2) Y9l he H ke Kol Wated [k, k]~ = [k, h] o]z =
[H, Kl = <[h k| he H ke K>
=<[h K"\ heH ke K>



12§74

=
ofv
©

olm% [H, K] = [K, H] °|th.
@) f: G— G/t & I o, 999 he H, ke Kol B3]
f(Lh, k) = [f(h), f(R)] o132 &
[H, Kl =<[h k| he H ke K,
f(H) = {f(h) | he H}, f(K) = {f(h]| ke K}
olm® f([H, K]) = [f(H), f(K)] el
4) dele] he H ke K& ge Gl t3to
“Th, Rl = [“h, “k], [h, k¢ = [h*, k*]
olmg (3)ol Qlste] ¢[H, K] = [ *H, *K], [H, K]®= [H* K?] |t}
(5) Aol ot EH3E (5) 7} A H3)

Ae 13 ¢ G F HET H, Ko dsto thgo] At
(1) [H,K]< H< K< N.(H)

2) [H,G]I€E H< HAG
B H<LG, KQGeol¥, [H,K]<Gelil & [H, K]S HN K °lth

=% () ¥A [H, K] < Holgta a4,
ol W, gJele] U he HS 999 94 ke Ko st
Wk Yhk=[h kle H
oln® klpke Holxm web] k'HECS Holth o7]A kel k!
S ANsW kHE 'S H 5 HS k 'HEES Q022 k' 'Hk= Heolth
et K S Ng(H) olth(AR g 2.14.8).
AdoR K< Ng(H) olgha dt#b o] w), ol A4 he H 9 499
A2 ke Ko k] b lhke Holnz
(h, Bl =h " (K 'hk)e H
ol wetA [H, K] < Ho|t}.
(2) ¢l (1) ol 93ty thgo] HHat)
[H, Gl H<> GS N;(H) << HCG
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Q) HAG, K< Geol=ta stk o] w, ¢dele] 94 ge G ol Hsto]
[H, K] =[H* K*] = [H, K]
olm® [H, K] GelthAe 12 %)
aei, KE G = No(H), HS G = Ng(K) o]t mbA (1) o 2|3t

(H, Kl H, [H K]=I[K HESK°IEZ [H K]S HNK-°I%

A 14+ GAA 92 x, 9,z GOl 3t tfgo] A Y3}

(1) [xy, 2] =[x, 2]"[v, 2] @) [x, yz] = [x, 2] [x, y]

Z9 (1) [xv, 2] = (xy) 'z M xy)z=y vz xyz

1 1

:y_ x_ 1

2 'x(zyy 'z Hyz

12—1y2)

=y a2 )y (v
=y '« 2lyly, 2] = [x, 21" [, 2]
@) [x,vz] = x ' (v2) 'x(yz) = x 'z 'y lxyz

x 'z (xzz e D)y xyz

= (x 'z 2z W xT vy ) 2

=[x, 212" '[x, vlz = [«x, 2][x, ¥]°

AE 15« Go F FE7 H Kol st <H, K> = CLHUK) ©l2t
g [H KI<<{H K> ot}

W Byl [H KIS (H Kyol2g [H Kl (H K> 9 REd
¥ 999 he H ke K9 999 94 ue H, ve Kol gl

< o

o]

’

(hu, k] = [h, B)“[u, k), [ko, k] = [k, K]"[v, k]
ol tgo] AHAt(A 12 Fx).

[k, F1“ = [hu, kllu, k) ‘e [H, K],

[k, h]" = [kv, h]llv, K] ' = [K, Hl = [H, K]
a4, <H, K> =<HUK> °|22 [H, K]<<H K> °|th.



B 16 % GoH NG i, A S
T G— GINZ 253 doleta | |
s, GO 7 i H, Ko thato] HN HN/N
el 7w
[z(H), n(K)] = z([H, K]) H4
= [HN/N,KN/N] = [H, KIN/N N v}

= W AP 12 9 93t [z (H), n(K)] = z([H, K]) °|tt. 2814],
7(H) = {hNe G/N| he H}
= {huNe G/N| he H, ne N} = HN/N

oliL, "R A2 7(K) = KN/N, =([H, K]) = [H, K]N/N °|4.
w2t [HN/N, KN/N] = [H, K]N/N °|+.

Ae 17 & GAIX NJGYE W, GO & Hel dsto] v F
2L HME FA Y.

(1) [H,GIE N (2) HN/N< Z(G/N)

> W dot G/NOIA F ¥a he H, ge GOl dstdo

(hN) ' (gN) " (gN)(hN) = (b ' g 'gh)N=[h,g] N
o2 t}go] Ay}

[H Gl N
2 he HY BE 94 ge GOl et [h, gle N
A2 he HS 2E 94 ge GO ddle]

(hN) "' (gN) "' (gN)(hN) = N & (hN)(gN) = g(N) h(N)

< RE Y2 e H vt hNe Z(G/N)

t

i

<
<

k

add], dog7 G/N oA
{hNe G/IN| he H = {khmNe G/N| he H, ne N} = HN/N
olm= e A st (1)F} (2) & AE sA| ot}
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EAE 18 &+ GolA t3o] AR}
Z,(G) <G, [Z:1(B), Gl € Z(G) (1=0)

s "W Ao 69 st Z(G) QG el Ziy (G Z(G) = Z(G/Z)
olmg Ae 17 o st mEAe7t AHIh

Aol 19 & GolA FETER olFold &

(%) G=H=2H,22H,= {e}
AM Z+ B4 1 (1 <i<n—1)°l dstd [H,,GIS H, 4 W, (x) &
G 9 FAG(PDA, central series)o]2kal gk},

Aol 20 + GolA 7 4o A i (=1) 9 It BETF C(G) B

U3 o] AgA oz Aot
i Ci(G) =G
(i) Citi1(G) =1C:(G),G (i=1)
a2,
G= Ci(G) 2Cy(G) 2Cy(6G) 2 -

2 G SRR, lower central series)o]2fil dht},

s19 gelolA 2k ¥ A% i (= 1) ol hte] C(6) < Golrk
AAZ, C(6) = GIER C(6) AGoli & Ci(G) < Golga 7
A3, Ciy1(6) = [C,(G), GlolE2 Fel 139 93l €1y (6) <G
ot aela, A9 iol thatel C,(G) = Cpay(G) oW
CAG) = Cia1(G) = Ciys(G) = ==
o, E GO BEALL (o) 2 BUA 82 FE Atk
# GolX Z,(6) & thedt 2ol AelE GO Aol
7(6) = le}, 7,(6) = 2(0),
Z:n(0))Z(G) = Z(GIZ,(G)
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e 21 o G7F otk 22 FALE M Loleka sk
() G=H2H2-2H,= {e}
of wf, thgol HHerh
M7 A5 i (1<i<n—1)°l dste
H;<1G, Hi/H;i € Z(G/Hiyy)
o|i H;/H;s, & Abel o]t}
2 7 A5 i (1<i<n) el dstdd C,(G) € H,; °lth
@) 2 A% j(0<j<n—1° Wstd H, ;S Z;(G) Itk

1 [e]

W DAY 19 sk, 2 A i (0 <i<n—1) o Hato]
[H;, Gl Hi S H;
olmz Ay 139 oate] H; <1 Geoln ® AT 17 o 9lste]
H;/H;, = Z(G/H;y )
oli wehd H/H,,, & Abel o]tk
2 WA C(G) = G=H °l=2 C,(G) € H, ot}
gy, A (1 <i<n—1 0l distd C,(G) < H; ezt 714354
ool A i (A 2.3 (9)).
Cit1(G) = [Ci(G), Gl [H;, Gl € Hiy,
a¥eg 7 A5 4 (1<i< ) dstd C,(G) € H,;olth
(3) WA H,= {e} = Z;(G) °|12& H, ;S Z,(G) °|t}
a8, A (0</7< n—2)° vst H,_; < Z;(G) oletar 7448k,
[H,—+1y, GIE H,_; S Z;(G)
ol g 17 o] 3}
H, ;1 Zi(G)|Z(G) = Z(G|Z;(G) = Z;11G)]Z;(G)

ofaL WA H,—j+1y € Zi+1(G) It
aRg A4 45 j(0<j<n—1° dstd H,_; < Z;(G) °lth
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Zy (G 2 Z, ,(G) =2 - =2 Zi(G) =2 Z,(G) ={e}
U U U I
G=H 2 H =2 H =2+ 2 H,, 2 H,={e}
I U U U U

G=Ci(G) 20C(G) 2C3(G) =2+ 2C,,1(G) =2 C,(6)

el 22 & GOl Wato] v 24 AR SA o,

(1) G YIelth

2) G= Hol= & Ao TAES 7.

Q) A & G s (s= 1Dl Wgte] C(G) = {e} oIt

olN

W1 = @ & G7F g4Il sk
ol W, AFg A mol ko] Z,(G) = Geolaz =7 A5i (=0)
oAf st [Z,4,(G), Gl € Zi(G) °lZ=(H574E] 18)

G=2,(G) 2 22/(6) 22(G = {e}

G=H2H,2-2H,={e}
& 7M™, e 21 o dste] C,(G) € H, = {e} ol2% C,(G) = {e}

ot
@)= 1) AFT ¥ A5 s (s=>1 ol dtstd C(G) = {e} ol

Ab ool w2t A5 (1 <i<n—1d W3 [C;(6), Gl = City(G)
ojmg
G= C(G) 20C,(G) 2 2C(G) = {e}
G ol FAGolth webA A 21 o o3t
Ci—i(G) = Z;(G) (0<j<s—1
oz G=C (G = Cio-n(G) € Z,_1(G) °lth
a8ER Z_ 1 (G) = GOIBRE G¥ HYvolt.

rlr



o] Tl 9ste] G7F ¥I=d Bl Z,(G) = Gl

G=2,(G) =2 22(6) 22,(6) = {e}
CiG) = {e}oletal otdl | G o o<
G = C(G) 2C(G) 2 =2C(G) = {e}
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4% 23 T Gl HGEd W, Bk ¢ (= 1) oW theel YR
) Z(G) =G, Z..1(G) *+G

2 GO FALE A% c+1Ae] L AW, ® c+1Ad
1A FA el EAd,

(3 CC+1(G) = {e}, CC(G):/:{e}

G=H=2H2-2H,= {e}
g G FALIH k(AT 22). o] wf, A 21 o o5t
G=H =H, (- S Z,-1(G)
o|m g Zn_l(G) Gola Wb c<n—1 F c+1< nolth
agla, GO HEAd
G=2.(6) =2 22(6) 2%,(G) = {e}
T ctl1/h9 &8 7H FA Gl
(3) A 219 <3}l
Cer1(G) € Zy(G) = {e}
OJBR C.y1(G) = {e} oItk 283, 919 (2)°] o5t FrFiAdL Ao
% e+l L Mk 3R C.(G) *# (e} oItk

ool AeleRE b HERYE At
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5 24 o GO F AF ol Wakel, G HF ¢
& GIZ(G) 7y 55 c— 1A HFag Aot}

el 25 & GolA vFo] HHE
(D H7F Go] F&eld, 74 &8 A5 o Wt C,(H) < C.(G)
o]t
@) A f: G—> G7F 3 EEFAeI, 2 Fo A5 o dlsh]
Ci(f (@) € f(Ci(G)) oIt
=W ()H¥HA C(H =HcSG= C(G) ot &, &9 A5 i o
&l C,(H) < C;(G) olgtar 7HAekd, Al 129 ofsto] thgo] A4 #git
Ci\(H =1[C;(H),H c[C;(G), Gl = Ci+,(G)
wreba] Z} kel A gl Wt C(H) < C:(G) °lvh
@ WA C(f(G) = f(G) = f(C, (G)) oIt
aean, g Al skl Ci(f(G) € F(Ci(G)) ol=kaL 7148k,
el 120 olsto] thao] A HI,
Cin (f(G) = [C;(f(G), F(@D] = [f(Ci(G), fF(G)]
S F([(Ci(G), @] = f(Ciy1(G)
wrebA Zb kel A dell distel C(f(G) = f(Ci(G)) oItk

< W () A2 25 o 935}
C(H) € C.(G) = {e}

olm® C.(H) = {e}oli webd HE HITLolL 1 555 < colth
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2) e 25 o 9|3}
C.(F(G) € f(CA®) = f{e) = {e}

o3 weA f(G) & HGTel 2 HFE < colrh

# 67 9% DhlElole, Gol BE ¥REEN GO RE FEIA
o YW [hIEl olthge 26, A 738 BE). 2elm, TGO @ At
BT Nl ttel N3} QelE G/Nol Aszelw, & GE el
(4% 739). e, thg RN & & dE e 2ol GO & A
BEE Nol diste] N3} del G/No|l HYioldes G Hejitel
obd % gt

B 5 AT S3olM A IS;ola Aok Jodi S3/Ay = BF
HegolARE, Sy = Gl of e (R7] 2)

s W AET ¢, ool #HI FAGHoE HYE THI
WA ¢y =009, G = {e} o|BE G XGy=Gyola WetA G=
HGwolal I JFFE ¢ = colth. WREHAR ¢ = 0ol G X G =Gy
o3 G HAFOlR 1 FHE o = colth
ol Al ¢ =0, ;=102 A o] u, HFEA 2112 o 2]a}o]
Z(G) = Z(Gy) X Z(Gy),
GIZ(G) = G/ Z(Gy) X Gy Z(Gy)
o\ E G/Z(G), G/ Z(Gy) & A7 FFF -1, o-19 =9
ojth(wh74 2] 24). webA ™ 7HEel ot G/ Z(G)) X Gy Z(Gy)
% G/Z(G) & H¥9volal I FFE max {¢;—1,¢,—1} = ¢c— 19|t}

=

aER wEAY 24 o dste] G HYToli 1 v e colth
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w5 28 G, v, G, (0 22) 7 AT FF o, 0, HAT
d w ¢= max {c], =, c,} o1& A AH G= G x xG, = F

0e % AeE §8 p-rol AN E ABTHR L B 3 3.

A7 29 7 G (+ {e)) 7} U7 W, (e} S N Gold thoo] 4¥
Jot.

1) [N, GI&€N
) {e} S NNZ(G), {e}< Z(G)

Z @ el A5 iol Ul N, E thgst 2ol Ao FelatA,
(1) N1 =N (11) 1>1 % U’H, NZ‘+1 = [Nz" G]
ol W, NAGeolBE e ¥ A5 7o diste] N; <TG eItk 13).

a8, Ny =N, N G= C(G) olth. &, o] A5 i thsto]

N,S N, N;S C,(6) oleha 714aial vhgol 4ga,
Ny = [N;, GI< [N, Gl = N,
Ny = [N;, G1= [Ci(G), Gl = Cit1(G)
upeba Zb kol B4 ge dste] N; S N, N; € Ci(G) ©th
L.‘li VAo oste] G (# {e}) & HWgwtolng A3l ko] A5 4y 9
et C,(G) = {e} olth. 29H, N, < C,,(G) o2& N,, = {e} o|th
oAl N, =[N, Gl = N= N, °|&gtx 7} 3},
N:N1:N2: :Nm
0% o] N, = {e}oleh Ao med wetd N, = [N, GI€ N
olth.

(@ A% kB Ny= {e) &Ny 9 /M A2 Fol A 54,
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of W, [Ny—y, Gl = N, = {e}o]2=Z Az 23 o 3}
{e} S N,_, S NN Z(G)

ol Wb {e} € NN Z(G) oIt
28, {e} S GNZ(G) = Z(G) o2 BaA {e) € Z(G) oIt

A2 30 & G (F{e) 7t 997 W, HS G G9 =
Hol d3ste] HS No(H) °lth.
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olN

W T GE HIweld s

(%) G=H=2H2"2H,= {e}
g G TGl (A 22). &, HE HS Gl G 9 FiEd9
a8k o]l W, H,={e}SH H =GZH o= K
st H,S H, H, ,Z Heolth. 2d8d, (x) & G FAdolmg
[H,_1, Gl € H,ol3 webA] e 23 o <3t

[H,-,HIS[H,.,,Gls H,<H

olm® Al 13 o 95t H,_; S No(H) °la welb H S Ng(H) ©lth

Ade 31 & G (# {e}) 7} 3 W, 3 20 M2 FAolu},

(D GE Hgolth

(2 HE G9 G9 BE R&EF H tse] HE N,(H) °|th

(3) G FYRETS BE G AjFFEToltt

4) ol Htr pol kel G Sylow p-FETFS G AFHEd
ot}

5) G AT R pol datd F&F p-TolAY EE G Sylow
FiErE9 Aol
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@= (3) 28 7 AEIIR AT, ME GOl Fojrrols
3 Ak ol W, ME GolERE (2) o <3k
M<E Ne(M) = G

o3 Me GO FUREIIER No(M) = Golal Wt M< G olth

Q)= @) =7 Q) o Agdvtar 7Hgstar Ao FK# pel st

= G 9 Sylow p-F#olgta

of w, P7} G AitFiEol OME}E i, Ng(P) & GolEm
Ne(P)EMS G G FUFET Mol EA8t2 &4 649
oat] No(M) = Mol & 24 ()9 gste] M<IG F Ne(M) = G
O 7 o Eo|l A wepx] PG otk

W= (G) 24 @) 7 ¥z s, (Gl = p' 5" F |G|
of gEwaletar shAf 28, 7 A i (1 <i<» ol tstod P, & G
o] Sylow p,~ *itolgha kAL

A r=10W, G= P o GE FF p-volh

ol =2 o2t A}

of W, 7 i (1<i<pdl dad P, G, [P = p" Itk 53,
P, <G, P,<<GolEE PP, <Goli(A 295, & |P| 3 |P,y| 7}

2 PINP, = {e}, |[P\Py| = p, " p, " oItHE7] 276).

9 2L =y HESY A5 i (2<i<p) ol v tge] 4

PN\ Py Pi_y = {e},
| P P Py = b e b€
Wt G = P, % - X P, o|tHA# 7.13).
G)= () & p-2 HITLelvk (A 8). e, 73 /e HILe
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ANHE RBAFLTI HES N3} %

Aol 1 o G 9o 9x xy, 29, o, x, 0 3k @mxe WA (LT
higher commutator) [x;,xy, -, x,] & Tha Zo] AHA oz Aot}
[xl,xzyx3] = [[xl:xZ],xB],
[x],, xZ’ '“,xn] = [[x],’ xz; “'7xn—],]yxn]
AR, GO T Hy, Hy, e, Hy, o diske] a1abe] w gzt
Y&t [Hy, Hy, -+, H,] & 53 2] AdHos gejgt)
[Hl, Hz, H3] = [[H1, Hz], H3],
[Hlv HZ’ Yy Hn] = [[H], H2, '“’Hn—]]yHn]

%‘1-9’] Zc‘:]g’]oﬂ/\i [Hl, HZ’ T Hn] l‘——-; ﬂi]‘?»] ,]T’_Q_-Z}

[h]’hzy.“yhn] (hlEHl)
E BF ZFIsAR, n>3 49w o9k 2 Ao w&A A ot
AN RRTS (H, Hy, -, H,] % 9354 98 #5 g

A 23 GoAA 94 x,v,ze G tato] thgo] A H3o)
(D [xy, 2] =[x, 2][x, 2, ¥][y, 2]
@) [x, y2] =[x, 21[x, y]lx, v, 2]
3) [x, v h 20y, 27 L2l [z, 2yl =e

29 1) [xv,2] = (x») 'z M xy)z= v a1z xyz
=y a2 x(zyy 2 ) yz
=y a2 k) y (v 27 y2)

=y ', 2lyly, 2] = [«x, 21" [, 2]
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@ [x, vzl = x ' (v2) 'x(vz) = x 1z vy lxyz

=x 'z N (wazz ey vz

= (x 'z 2z Y xT y ) 2
=[x, 212" '[x, v]z = [x, 2][x, v
3 [lx, v ', 21" =y ' x yay™, 2]y

=y N yx vy )z (T hyxy )2y

bez ' ) (vaxy tzy)

1

= (x 'y~
= (wzx 'yx) N (yxy lzy)

a= xzx_lyx, b= yxy_lzy, c= zyz_lxz

ojFti FoH, ts T4E deth

o

[[x, vy '1,21"=0a""b

A7IM, b a2 x, v,z & THHORE y, z, x & v L Aol

T b9 x,y,2 5 EHHOR y, 2, x 2 O] & Aot} AR,

C

[[y, 27, 21" =b""¢, [lz,27'],9]"=c'a
o3, Werd g 4ol YT
[[x, v ', 217 [y, 2711, 217 [ [ 2, x7'1, 917

=a bbb lccla=c

Al 3 (A PR BxAE) & G A FET H K, Ll Wt
[H, K, L] ={e}, [K L Hl = {e}
°ol¥, [L, H K] = {e} °Ith

= W oAl [H K L] ={e}, [K L H = {e}e°let 7I4sti, =
x€H yeK, zeLZE 474 HK LS 49 2 b o
o, 7Fgel 2lsto]

1

[x, v Lzl =[y, 2z al =e

olm2 [x, v ' 2" =1[y, 27", x]° = eolz = A 2 Q) o <5}
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X

[x, v L, 21" [y, 27 2l [z, a7yl = e

olmE [z, x !, y]" = eoli wbA thdo] AYdr)

[z, 2] (ze L, xe H
oF e o] wEaL MA ] odte] AAE FiEtola 9o Axfel| ]Fy

gAY 4 7+ Gl NIGY W, GO Al ¥&+ H, K, Ll st
[H,K,L]< N, [K,L,HHIS N
oW, [L, H, K] < N o|t}.

£W A 1 G GINE £EIARIAL a4, o W),

[H K, L] N, [K L HESN

[z (H), n(K), (L)] = {e}, G —F—=GIN

[z (K), n(L), x(H)] = {e)
o|iL wzbA el 3 o 9|3t

[z (L), z(H), n(K)] = {e) N {N}
ol=® [L, H K] < N o|th
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Lie ta@ol & dub oz

o2
=2
=)
ro o
it
dt
)
o
o,
oX,
i

ol
ol
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Aol 1 Al L Sfel 541 [, 10l A= gl o]
o] A¢d uj L & Lie #(Lie ring)o]2tal 3t}

L1 [xtx, v] =[x, ]+ [xy, 9]

L2 [x, y1+y] =[x, »]+ [x, 5]

L3:[x,x] =0

L4 : [[x,v], 21+ [[y, 2], 2]+ [[2z,2],9] =0

a=)
ol
ol
£
ful
dlo

Aol 2 A F 99 WeFd L ol F4 [, ] ZeHo 9,
olo] #ate] thgol AHE w), L& Lie G340k, Lie algebra)olgtx
s},

L1: [ +2xg, v] = [, v]1+ [x5,0],

[x, vi+ ] =[x, »]+ [x, 5]

L2: [ax,y] =[x, ay] = alx,v] (a<€F, x,ye L)

L3:[x,x]1=0

L4: [[x,y],z1 +[[y, 2], 2l + [[2,x], 5] =0

ool 5= AHooA [x, v] & «x, v Lie #(Lie product)elgl FaL 52
L4 & ofsiy] &% 2 (Jacobi identity)olglar @k},

Lie 83} Lie thdgtol A 9ol 94 «, yol thale] thgo] A3t}

[x, ] = — [y, «]
AAZ, L3 o 93ty
0=I[xty,xty] =[x, x]+[x, v]+ [y, 2]+ [y, y]
=[x, y] + [y, «]

olBRE [x, y] = — [y, x] ©ITh
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B7] 13 RoA d9e] 94 g, be Rl st Lie & [q, 8] &
la, b] = ab— ba
2 g9, (R, +,[ , 1) & Lie $olt}. AA2, thgo] gt}

la,+ay, b] = (a;+ay)) b—b(a,+ay) = ayb+ ayb— ba; — bay
= a,b—ba, + ayb—bay, = [a,, bl + [a,, b]

la, by+by] = a(by+by) — (by+by)a = ab, + aby— bya— by a
= ab,— bja+ aby— bya= [a, b)]+ [a, by]

la,al = aa—aa=0

[[a,b],cl+[[b,cl,al+[[c,al,b]

= (ab—ba)c—clab—ba) + (bc—cb)a—a(bc— cb)
+ (ca—ac)b—b(ca— ac)

= abc— bac— cab— cba + bca— cba— abc— acb

+ cab— acb— bca— bac= 0
VZHAR, A F $19] thd A oA 99 4, be A o stk
la, bl = ab— ba
2 Aostd, A= Al F 919 Lie thd3ks o] &

w72 A F 9 natel 428 A4 A Mat,(F) & o3 2ol
Aolg Aatel] Batel Al F A9 nf 49 OASS o)k,
(@) wxnt [04] nxn =L@+ bl uxn,
alayl wn=1laa;l wxn
Lad wen 0] pen =Ll wens €= 2 auby (1<i5<n)
uebr Mat, (F) oA 99l A, Be Mat, (F) °l st Lie %<

[A, Bl = AB— BA
2 Ao, Mat,(F) & A F 99 Lie t93S o2t}

=& v @< Lie thdghel] w3t
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