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‘ bV Mg "y - (DY UM a .
RSB C YA
(bt ! hla V. (1)
T GHEZEESSESHR. N« & a, vay, o a, HIE
‘ R - RE R R IOE «jay g, BHRIT:

{{f](lg"'ﬂ“}_l = a,..]“'clg_la,_i. (2]

BEGH.w o BB EN e Bn XEF.R
I']IC‘"F - I )
e S S ST 7 S VI < AR {3)

_ -

‘ )



ATk BT
, def
. e
a""-cﬂ(a'lj", n & L.
A o B Uk
aa™ T, n,m € Z;
(a”)" =a™, n.,m & £

R, —BH(ah)? = B, & F

AR G MWERE SR, W " S Baa  ETE"a

BHE(3)—(7) o E R

doi
el — —a +oa o Ao,

_— —

n

n € £,

el

Ua -

del
{ — rf}aéu{—a}, n C L'
w.m & F,

m.n & F.

ne + ma = {n+ ma,

mna) = Cmuda,

(4)
(5)

(6)
(7)

Voo 57 ML

(8}

(9)

{10)
{11)
(12}

() AT ESAEB 0" Ry 0 B, MAHK 0 LH G TH

ML LE (R ET ).
WREE GALRENTE MK G NTHREE.

MREFGCEEEWMESNCE WK G VHREE. LHT .G R HR

MBS G BB (order) L I8HE ' G
(—) EAYMESPFOR T
&1

BMEE ZNTNERI— B, BFRTHEMME.

BE. EEEERdRMES 2" W TREESTE D7

i 2
O EEwE R WTFREEFR T
# 3  E s R TR - P E.

SHE R TNER—THAFREIREME.



§1 FEHUMS EWRE, D B E OE 13

B4 AEEECT M THENESER » G » WHRNRE
= TR YA ES A TERELER TR FFEHh 2 Xk
REE, O U, i, K REE Uy = 00, - L IR RET
Uy, 1y 1,e.- o B RER¥EA
WAL 1 Fif 4 I BE AR | AT AR A
9 1 R RS 7 A AN (9 (0) R — DR & Al
VIR LB A4 BT A R TR N SR | A AR RUNIAE LAY AL T
SLUT R MR 2 VT AR
YAERY 'S I S A 1 {13)
i B 1L E My
YAEEES B (1)

-

) 4 89 o BCRTIREE L, T.UATE o KPR A LL”H. L= 0,1,

co = VA s et MR A s BORLARTT LATI AL &L Mo

(o= & b=01.0n 1. {15)
TR e i U, AR T kR UL v RS R
IJT“ 'x;’?,-’. {1{]}

BOBRUINEE Z . DK U XEF IR G WA - oK
BREGRG P TR BAEG BFILERRE) RER
“Re (G R ELIC e I TR G AR ERER (evelic group} .40 « MY fi
;WA BT (generator) B BT LA G 3l0ida ).

BE.EUAF G F?’J"—i—'hiJﬁ%“‘ﬁi ke R AR RO EE 2 0
G AR o By WEE U, YA B L.

L, 4 K ILFE R E R PR ER o B AR . (primitive nth
raen of unity)

et SR EE 7 R RAEH A K EBALREE U, 3= A PR 1
FELD WIBT N n . BRI abel i



(=) kGNP EF

s VE(ESED) WA S (GERERETR) HM
BIES, M TG A A - -8, e NP GRS R]) BOIL RS
B0 Eu(uf E,).
e CHTEAARE) B G 5.
WE ] - LENE A A AA, BIXTRRP O A O,4 &3R5 5
WHIRHE 70,00, 05,45,

Bl 1 -1

Ho BRBENO ?f‘fﬁ}J MIRERE W o 0" PR RGN O

A0, = Eﬁ]ﬁﬁﬁ’"

H r%@r%%ﬁ:ﬁ%f, MR Et.i = 1,2.3.4.

T ke F R ESs TR

BRIEFF A AAA, MR BFGE2PEE EER T IT
E.l.0.0°,0 ,T1.T2.T1,7a. iR E TR E?

FH y € 6. TEANBHMFRE) THREEFEHH G ORFE
R BT E RS O, S ER T O AN HER R,
Wi EEIEAE L -1 FIEAETANERA A AAA S
AT 1) LB O RORREE I A A A RIS EE . K T A



1 EYEIBEMET EFREE. . EAETVIBE 8 XTERET LS

() (W RER WY RO BT ol E e BT YA B A A AL AG A, FEITI £] Sy
ol By TR A, TR ALy € 11,2,3.40
TR Loy A A A ;A HGERTE] Jrma W 26 58 T O Wi
BORT iAW A HBEERR - 1) = My = &
W 2.7 AL AAA, SRR 2, w y =t BWHy
o o (XM o AL ASAGA BIRETE AT R A AL A
SYWIE ¢, - o o)
HiF ;€ i1,2,3,41 KWt

Yy € ([,0.0° .6 .11 00,8 T, 07T }. {17)

NI GSil,0,6% 0% ty,0t.07 7,077} (18)
TREIG] <8 XMFSHIE, |G =8 Ak G| = 8. M

G o= 11,0, .0 ,T1.0T1.07T,,6 T1!. (19}

M19) 2 RAKMIT S o, r, RN G ERT . ENEATME.

st - I, =1 (20}

T or, = ra Nk {or )" r2 = [, B0 (ar,)ary) = T./ikiBN

TioTy - o L. (21)

i Tos' =1 FHle "= FTleoycor, =a . A7175A20).
(21} LI, G AEBR A CcE R LU RE XK L ROIE
(20).(21) JNFEH G4 RS TTIE 73 A9 X & (relations ) X BEFR T84T
Il‘ﬁ‘ﬁ:mﬂﬁ:{ﬂ'> B RSHTSeREE T cERARAM AT R
B XFRQO), QU BRI G RSB E K

2 IR

':_;:\G'..T|r)' = r I, ror = o5 '}, (22}

Wb oo o= o S0 E o RLE X T T T R — R X B A

i 9 T R () BE 125 M MBI ik S8 R T
(T -1 w e 3 FRTT DL T B 458

L e O = 3) (ot Py OV o EABRL O ¥M N



6 H®—& B

2T R v Bk 6 TR A R AR BT R BT M IE 1% AR
(YR G N

(= 31.6.6°.,0 "or,or, 0" T (235
o, T G BM TR, G Bl E K
G =fg, e = 2 =1, rar = 5 ' ). (247

FATHEAE o FTE AT (FE) FER 48 Z il & 8¥ (dihedral group) . idfE
Din 23).BRD W N 2n. T tor =6, Al or = ¢ 'a!
= "' 7 o X D, BRI EE.

(=) kBN F

B 7 OB MEERZ, FTEE— THHE, BN ET
BIREY = /1.2, TR DA M A ES W THRE N —
abel BE, FRp N 7,, O B0 B (group of units), i0fE U(Z,) 0 H
LR A ES 7z, M ETOMERIERS Z, M, XA LT
XEWL 7, BERTA).

HESHL Y p RER,Z, K. UbEt 2, BT A SFEF T B
A L) M TR abel B, BB R Z, BOREH.

#ls B F LRSS v, T NE R abel #.

Blo W F L FR n 40 N0 GRS A, X T b L
—ABERRT R F F o B— B BHEE (General Linear Group) ,icfE
GL,(F). ZEMBR - BTHF F—{n &0 HHREEA JARHLIE T »
HE S A P R — e iR ALCE W R FUE X

Ala) = Ae, Ve & F. (25)

A 3 F B RTETTFIR 1 8T SUEEF RN SRS AT TR
3k e — ML BR I::.j*.fiﬁ F Fn 20455k 4 B (Special Linear
Group), id4E SL.{(F).

B 10 SCEO T FTAT w90 F KRR R A G R TR IR K 3



1 BEsBEIAS BN e, ETEEM T U 17

I — T e A o BIER B (Ornthogonal Group) iddk O,

ST R - 1 BT n WE TR o, AT T
AR ol — T, R A o ZUEF B IR R BF (Special Onthogonal
Group) il fE S0,

Bl 11 HEM LA  BAEMRGEE ATA - TRIERTA
Fr i, Bobh A = ANV AHMRMES . X ?Hﬁlﬁﬂ@?ﬁhi SR
FoE ol o BEBE(Untary Group) icfE U, JEEMLE P9 » K
VERE U, La IRELRE U,

Lo THIAN L RRE » G SISE S X T R
Bl - B, BT R o 905 B8 B (Special Unitary Group), e
SU, .

759 E @ 11 R SE R Oy FB B B (Matrix Groups) .

RAITEHIE SO, B 3 458 8 B (rotation group), iX & LR A £
F— A 3RHEEE A € SO, HEERQ2S) RREMN R £ FERZRER
AU BEIRESHHRIFEA O R L EZT(R) ’&?ﬁ& M
h T R — &S MM ERNER(BE (DL (2N B
drim gy Ak BT B AR AL 1996 5L R, B 235 mnyan 6.1}.

12 S 0 B A S AT AU AT O TR
LR -TE,BENES 2 NETEBRE (Tull tansformation
group} . IGHF Sp.

i, Y 0 NTIRESH, 2 HE FH— DX 87—
I~ BHR (permutation}. i Q2 FF L E AW = 11,2, :
ZI QB RS e TE R (pormutation on n letrers) . J B#R
0 2 #E g 5 TR EREE (symmetric group on n letrers) TR 2o T
For IR L S, REL TR 3 UM

flry xs r3) = SIS I (26)

Prr B HLAT M B M S BLAT AR P ASIE L s fFAE B



Pe, W R{ESEE 2 = (1,2,3 EH- -1 EHR . EiHERT IS
WA Kl .o, v ) HBEF— 1S 5.

def

(5}'[)(J]s-?'ze T:ﬁ) :.f(‘la_'{li“ra eay ety ]{3;)‘ (27)
FRGF(260) 303 HM (e, r.23).8

(af a7y, 13) = Ii"u:- * Ii 2y T ‘ri (31

*ﬁ"f? + ;r% + .r_%

= f(-r1a.1“233"3}- (28}

me =B —EME RE K (e ') (YR 2,31
3nHER . M) AEH VH S MWETATTREBEZE 3 L ETLL (2,
rrers) HIFTRTE. RETT oy, 7.0y 004 B, BEHEZ MR
of URER A% HERITIE S, m 3 X frE.
H 27 XA - TR o (D). WAR o), XRANTHH
or f = alzf).
AW
(ot [I(ay, y1,)
= FCT 5 T )
= fla, o G )
= (e Cr gy a7 ,y)
= Lol Hay,axy).
RAdor f = olcf).
@y TBBE R, (i = 1,2, ,0), MBEILE s FHT
s\
“1 2 e on

s = | e (29)

Wy oy T d
. 2



S B{EERBEIT EIALE, T EREE M A L WEREE 19

BT oo A AN ayaa, B 1,2, 0 B1— 4 0 sCHS . K2,
W TAL - Ay as e, 2O NG o B— T n TEE . ALK
S, G » A M ESZEE ———3F5. i+ o oH 4
FLER A LV EHIE: S, = atl.

S, TEEA B MR R T B WL T S, P
Wi .

1 2 3 4 T 2 3 4
G____( ) r:( ) (30)
2 3 4 | 4 3 2 1
o
L 2 3 4
7T T
[ 2 3 4y/1 2 3 4 ' ' J’i
JTZ( )( ): 4 3 2 I
2 3 4 1/\4 3 2 1 - = = T
T
1 4 3 2
1 2 3 4
:( ? ) (31)
1 4 3 2
[ 2 3 4141 2 3 4 1 2 3 4
-m:( )( ):( ) (32)
4 3 2 1/i2 3 4 1 3 2 1 4

3 {1 T 24 M — b 3695 20 10 0 Ll B R 4, (30) X oP 9
o AR 122,223 3 »a, 4 e 1, FRTTUND 5 TR F#TER.

s (1 2 3 4). (33)
At BT LA (30 2P ¢ BT RR
r o (14)(23). (34)

1901234 .(14),23) XAV & M FROV A 00,

MH— A n sCE o ) B 1, A BRAR i3, 4 A BUK
oA R H AR ARAE NK s A —1r - BB,
—oeyele), MR N B, WA (fiayied ) W LT K



(igigod, 80y ) AT AT IR Cdsiyd,i0220, T 55,2 - B
UL BR A B R (iransposition ) .

AR MREN2ZMET AN SE, METHAEE
(digjoint) a0, (134) £ (25) BAM o0 ™ . HATEIFRE
fITRYFEEY. 23 (25) 8 1,3, 4 4 BRFFAZE T4 BL(134) 40 038 2,
SHRIFAT FHHFEH(134)(25) 8 173,235,304, 41,52 i
F ML (25)(134) th 2 1 —3,2 —5,3 4,4 —1,5 =2 [H }t
(134)(25) = (25)(134). X o0 #h 75 8 AHEE 88D A H ZZRIFE R A
AL RS

EL LR e P s

MIE30) RP W o, r GRBBRIERAHFETE, ERERE T RIS

EB1 AR THBRAEERTR - EHFEAHEE

B HsE€ES, . BaoF e TREODFESHF -4, #EF
ali ) &= i Eoli)) = iy, 6(iy) = iy, T2 = n, BARER
M SHEAGELENEWEL R/ ARF - EFFHAGRE
ey k. ik, = i< r HNEE ;= 18 > 1, &NH

ANy =i o=, = o ) (35)
E(35) WA B o HEALF
o 2i)) = &7 iy, (36)

PP i, = i, iXE G @B DE BN =1LAML = TAR
Fl— A o, - (iyia0d, ).
£ ONViyn,,i ) PEL LR SR RTHEE o oIk A
g = G182, {37}
WA EE Ak T4 (37) A ABWMBRBEHLRE.
o —pk R EA
G = T,T; " "Tus (38)



1 BYRIEWNI = BMP, _ESE EME I 20

Kd ey e, AAETREINER ERE s TESOL Ko,
WA o5 ,0: 0 PHER Mg, , EH 0 la)7a. BB L o, 15,
e, PAHAE 6 B r(w) 7 oo, 4R
o) o la) = o (a), m 0.1,2, (39)
WTa=(a ole) o) Yn={a wla) wla)y -8
oo, v, MESEIEHENI RS T s = s HAEESII oy,
e WA E B e, = o0 = 1,200t A RE— R B R |
A A T (30) XHH oo, HE NS P # A (33).(34) X
€ A
or = (1234)(143023) = (1)(243(3) (24}, ()
rroo0 (143023301234 - (13¥(2¥ (43 = (13). 141
{40y (41) ATEFE TR B HE NP F AL | - S Em Aty g
fFIE 4 e T E MY, WIS (2),F5F.
A T(30) I o E BRI T

g ' = (] s 4): {1432). (41)
4 1 2 3
b4 o He! MieHERFL
(1234)7" = (1432}, (42)
HI A A
(iyai=amrad, (i) Caydd, omig) (43}
XAl AT ukn k.
(Fyeiaw=ut, 15,000 0,4, (ney)
= (PG Caad (e, 0D s {44

XM U AEE IR ERNRBMBEFRAMAE AT(43)
TG
W of HEETE AT HLE 2T
{1234) (143(133(12).



22 E—% H

FEHh Al DL T SR B ECAR A
Civisigi,yi) = Ciyi, iy i, o) Cigia d Ui dn). (45}
(45) NF=W, 8 ITHRETURESR —®IATRAFEH . HE 508 1
B H T A5
it 2 ﬁ——”i“ﬁ‘fﬁ&ﬁﬁﬁflrl[%fﬂbﬁ—'@i:ﬂfﬁﬂ_{]jﬁ?ﬂ. [
FEREHIGREMENRERE, HEREREARE— JF FLix sk
A (B F AT E) . @
(134) = (143)(13), (46)
(1343 = (12)(34)(243(12), {47)
M (46).(47) RF U, BARIE(134) 47 iR A0 R R FAHY J7 A R o
— HEEXHASEAE , TR EAERE, XEAERARE
He N AE PR RE 23R f TR 3R I X (e &L
Woe €S, EBERAHEEN—F R

F = T T3 "Tp- (48}
%E ,,{l..,;f'z.,""‘]"” E{]ﬁ%%?ﬁ?g{!ﬁ:
|1 [ 1 l
I ) Xy i
i
flry s x,) = 5 P I {49)
Irlr-l IJET—I - Ir:?—l

Mo Tk, Hen PARAEICR, o aaex, ) BT R,
ramaay ]S, HHE— R = (), EHERW KL, L
BRI - 3 (e xy,.a,) B, o, TLRAGETE, M B
(49) XAMTTILNNE  AS5HE; MEE, B
(zf M ap,ra.mear,) =— oy, aasr,). (50)
F B (48) A(50) X, 19
(af)(wi,ay. ) = (= DAfleag 2], (51)



HEm . 23

I—I‘(ﬁl‘r I F o A GDH A (- 1 & + 1
ME - 100 H e IREAKE T o B8R0 48) . M- 1t
+ TR IR o JIEB B IR (cven permutation) ; (= 1)°F 1,
Moo BEFE# (odd permutation} W1 HE W, Fit » 89468 987
'f'ﬂﬂﬁ@ﬁﬁ/‘ﬁi ﬁ«‘r"ﬂéﬂ*ﬁ}z‘_m csdkf:f‘j%uiﬁ’} J? Hfﬁu?ﬁ‘&ﬁf Rf

..................

WETIE

ﬁﬁ@:i B o ZMOA)Y BEHE DY o m3TH gm0 it
A ROR 18 (B B [

R, - DR MEE GBS B 43 - R AR E TR,
XIEHEFCGRY = GEY(F).

I A 3 3 VAR, R T TR LS R A (43) O
P, r — NS R - - oA G 1.(45) AR a3 1
i fﬁﬁﬁ%fﬂﬁ%fﬂi%ﬁéEﬁkﬁﬁfm%%{%gﬁ A s, A
MERHRWES. W TN ELK—-TH.FEN » TEXES
{aliernating group) . icfE A, .

HTA—E8Hs 5(12) NERFETER L —-FEBL(12)
MERHEBESR,H A, 5, PR AERHEKESZHAT—

B R ATT A, = 2 50 R

=] s

1.1

1. Gl IE -2 #% g (right regular pyramid on a twelve sided
base) D9AEF A BOVE) BERIEF B LR X P& LAY
2. B HF Sl Cregular hexagon) 19 X #R (FE) FERY PR AT T 4
L,mf} ﬁkﬂ:mﬂ 2% BRLTGIE o B9 X R AT MR X S HERY T R 2 09
E T8 I (regalar peniagon) A ERCEE) #f D W



ns = {g.v|le =2 =1, tor = o '},

Hob o #0000 # M T B 0 KR TR — A B
B, sr.afe o t.ot T Sr Bl AR TR - R XA A5 iR
Mlet)(o"e) & Ds BB AITE
4. B HIE G EAE (regular tetrahedron) BYREH: XF#LOFF ) BeOY R
EII
* 5. H T A ik (cube) MBEREATIR (L) BEMFRE LE.
6. 'G5 Zys WRIRE U(Z5) BIAFCEK Y Uz B
g TP
x 7. o B . F0,1.2, -, m - 1,5 m BEMNERA
¥l ik gﬁ{m),ﬁiﬁﬁjﬂ'ﬁtﬁﬁﬁ. WAy MBR{GREU(Z, ) BIRTF
F ¢(m).
8. W 3YILEMRE AN

£

Wb

AN

Il

|
G3|ra ]

-2

wlte L o]t

L]

(2) A WL FREA LN — F e bedt e
9. £ S P .

12345) _-12343)
”1_(31524'{’2_(45132'

{I)JR F1Fa T2,
{?,:]' %:‘5‘]5& T .52 B’{]ﬁﬁéff}ﬁit;
(3) R oy o020 s

(4) RITTH oy, 0, B— TP AT 820



$2 T8 .55, Lagrange =32 BAEIBI-T8T 25

(5) Wi oy,0; RS, BT A
0.y - RHELMERTESER. 5 IHEMEET AR
1. et A A, WIFE R (Rfeft ot T
12, ¥ o = {1 i ) AT IR 0 € 5,8
ror L= {cliy (i) - (i),

§2 B Pt Lagrange T, BB FB

A CATERRES, M F8E e TR R R - TR

SL,(F) RR— &8 GL,(F) M %5, B0 FRFMRILW
- - HE

S5O0, RIEZLE O, W&, 4 THRMARERN T8

1 EmX RSO EERI e T A

EX 1 B GHIETSTFEH MEST G HEENE— T8
#Fr H B G W8 subgroup).

FIIE#EG R PRI H < 7.

G F o B — R ER YRR GLL (R A FEBEASL(R) O,
SO, CENZERAHEEXRATUA FBEED:

GL (R}
SL {R) 0,

S0,

o 2



26 H--5 FBf

n LM BRI S MAE—TREXN » L BB E (groop of

pErmutations) .

TSR OB S, UIE--FEEMRN O M T E
( transformation group) .

BOCP MhRrH - HRMN TR I BRE GM—NTFE,
GAEGBHERGHETH. jf M GHIGHPALT B (uivial
subgroups} . #f G BYH A FREFR N IEFE M A (non — trivial).

MEXLTEDB,ME HEFHG BT, WA

(1) a. b € H—=ab & H;

(i) GBI TEe B H MARALT,

(i a € H=a"1'€ H.

FEIR(D) WA HWFCMEREM VERG) RIBENT &7
BHMWAMNTCE: WMee = FHHERS FEGC PRBL( )T,
Bee(e) = () . HikHdH ee =e.BHFee=r¢  Hite =
e XTHRGD,Ra€ HEHWHBEITT R W ab = ba = e NG
FHEMRE. s = o Hilk e € HOmERGQ MG 8.5 .0 €
H-=ab '€ H”.

Lg% RITE TR FHAIETIL:

w1l FHEBEGCHESFE MR HHERE:

“a,b € H=gb' € H”, (1)
W H R G HTHE

B BHTHESR FUHDET —1TaEe 0 HFFS,
aa”' € H.Bpe & H.

B o€ H . Meb'c HEB € H.

T b€ H it p e HABKR ("Y' € H.
Mebe HXEMHCHERULREHMEH SRR E A&
BHLCHZGCH TR

OFTEMPEIR A @i 1 FE S B E TR

L



52 S£E VBEBE Lagrange T BRI T 27

BHCHEET#HEHI S [ RE NH. P& G A T8
FAToT LLE TR 2548
MEE GI— T Fes TES ILE  BITTUME L - S H
BURM B ARAES B G ME S S BT TR
n H. (2)

M H A

W bR XEGCH T URGCHE—FFEKEES. MK
R A kgl AN R CEMNTE GHRESHRDFI. K
TREH S 4T E(subgroup gencrated by ) CFECSY LB FE S
B80Sy B4 B T 8 (s of generators for (8)).

Sy R LR R AR £

2 WSERCH TMEEESW
WSy daliee i €8, m, € L 1S ik, REZ Y,

(3)

H oy, o, AW EASFIR.

R B RLWMWETIEHEH SR H 2SS IR HATH
OF ¥

Iy " B L :
iy R A DT B S LR SRR

Hit oy € Som,on, € L,V i= b, =y &=t FMH

hlhzl — -IJ;JIJ‘?:“'UI‘;!},}’E ':r...‘.yl-? f”1 E_: H .
Mtk H< G HFH=S BREH=20S) . BT S 2FHAKH
i — BB T(S). MM HS (S ik H = (S5, [

AL N S) = GRS REGHABRTE . HER SH
BiEREER G

WEMHECH - TMERTERARE WHE G EFRERDE
(finitely generated proup). fERIX M L E L fa)van a0y ")

E.L_I, (; - ﬂ&l,ﬂgy"'aa;f-



EBARHRE C —EFEAERARHEY G XAZREEH—T
AR RTT R ) A IR B Z R A RAE R CE R 1 &
B HIE Z A BNR B

S 1RSI S G SRS AL G R
SEHAR G = o) ] S REAER |

Bl SAAERTEREE o, 877 o = . 0L, R 7 7 5 W
at 7= o M (e ) HIESYTE N

{e v a "ra e Ve ,aaat el (4)
Wi, (a) BILHEE

WH2 AAEERHE 0 B 0 = o % REG S = o R

ﬁd“‘ﬂ:ﬁﬁ M ar BIETF K
{a) = le.a,a . .a" ‘1. (5)
ﬂtﬁi,(a>ﬁ{lﬁ_ﬁf@ 7.

—wiERE D, EHANTEAERMN, BEE S WA INEL RN
BB T EER AR EREGM D IT RS,

n TLATHREE S, LT E#HRERBIE—TREHEE.KIC
ZEE,S, PEIT BRI R SRR LMk
(77) AT LI/ R

(i) = (1i)(173(h4).
4t S, FTLAES1(12), (13) .-+, (1 n )| A, B
S = ((12),(13),~,(1n)}. (6)
» BAE.S MO H T ICEERM(BZEIBI2HES
B e TRREEREA BT AWM ERER(BEIEL2HH M)
Hoh EH--PEE FRMT R ) BIEARE. DA a) B X
R WAR o« BEEBRBTTE, G la! = o W ) WA » W
T a BIE #, i lal - . M T pE RS UE BF B A A R 3 B A5
i
B GHITUE a BT oo J R {UHAT- HIEREH m 8 E o™ =~ e.



¥2 8 BE, Lapmnge T B £E F# 20

B OYIFECHER » MERY o IMFE & = e B B/MEEE

£

S, W s (ajayra ) Mo = (L)Y 1/ < r BT, o0 £
(VY HEE o B8R - B, - Rl -

WP BRI e R ATAE o TEF TR EE T AYEN A oo, M By
M F HI4FEE 2 0 characteristie 0) s HTYE o 71 F AN $E S a9 b Ay I3
Bop, WAREL F M4 H p(characieristic p). 3 F W1 UL2 F
char F. n) LATFBY B¢ F M $FAL8 &4 0,80 # - D= K LT LLE
W] bl B IOAT - AEE TEe 5 e TR BE O B R ] GRS LR ] 2R
(ALK CF)Y, REFERE . &S T &AL 1996 £ HR, H
151 1.5

AR E NS THEBENSHWAAFT. XT RIS
i XITE A/ JL D/ SR

wE3 B P RTEHRIR W

(1) & = e qHILH ulm;

() WFEBEEE LB L) = WSl
ERR (1) DoEH 8 o™ = o TR RERE:

m =~ fn+r, 0=ssr < nm.
W e = o™ = &' = 2" = ea’ = a".
ATFial = n bk_tﬁ:i%:"[‘i r= 0N n s
FEPE . o = I W) g™ = W= e

(2) W'l = 5.8 n = nl(n,k},k =k {n. k). W {n k) =
IR
(ot} gttt = gt =
BHir sin, . thF e - {a™) - NV EE e HI H](n,ﬁ*\rikl(rr,
Bys MG n ks RTF (g k) = LA ny s, 858 LIRS s 7

iy —
 E—

T (n.k)



R4 WHGHIILRe, D WD R, m MR ab = ba, |
Caom)y = 1,00 ub I SET non .

/2 AT eb = ba,Bilk

(ab Y = @™ = (") (B = &

BB . ah EEEECE.IFH ad BIBT s |nm .

HT(ab) = ¢, A

e = Lab)™ = a¥h" = b".

M EE , milsn. BT (m.n) =1, BM m s B = [« A8 G
Fi{m,n)=1,HK mnls.

VARG - owm. 1
a6 MM G = (a; A,
TR 3 _6 a6 _
@l = g5y =3 del=gay e 2 la =gy =3
la”] = a%a’! =3x2 =s.

M EdR 6 B fEIREE (e Hﬁ%%ﬁﬁ ta| = 1d’] = 6,1a%]
=g = 3,12 =2,]e] = 1. XFH«) WENTHEAGEHEH
fay METBYIA 7.

IE— 1T ERE. CRARENRESFASLHWHARTFINTE

—EE, U ERTHRE(AEREARBERELRE) Nam,
BT A RS M RER) — MR, R B X A WA SR B AR
#EHY .

U AESRA X BB EANMES Fa, KRB -
G2t A QA 04 H BRI RIF B B AT T8,

g BB RE— BT, YRRV EBBIET T T

S B ESH — MR A EFT RN RE . EESR S
rERY SN LER BAFTSHEEARMESHE SB—1TH
S BECFSNRCET ) B, YR & S B AR 2002 %



¥2 T8 ,.BE  lLagrange TIE.EWRENIE 1)

TRV R, 150 B EE 2.

\ /

\/

F1-3

@A JLfT = imEy iR e T — 2 RS O MER o, 1A Ty
LRV mg FATRARE R SH R SR 2 L SR — %7,
Haf— 2 FaRFEA CHEN M

OX ~ OB &5 06X -0fi e 7.

M TFFEHNNEAFTEHE GG HBEHN—-IPTRHH, T XL -
T XBRWNT AT a.b e GHMT

a - b b ' C H (7)

M7 A LHXRFR - B P Fhxx R, EHUW T,

(Y R T e G.Ha'a e H AW o ~ a.

() APRtE. i a ~ 6, 6 'a & HMWI(h 'a) ' € H,H
« ' HEHMEL - .

(i) (P % o - 6.6 — 0 W & Ya,o Y6 & H, Moij
(e "DY e e HBl e 'a € HEHKE« — ¢ []

EREAS R - BT RISEREC M RIS AR TIR KRS
AW AE e R

= ‘3 Gler —at = xp e Glaler e H!



=lx€ Ga'sr=h,h € HI
chux & Glae = ab,h & H:
tah |k € HI .
A
A

def

aH -tah 'h € HY. (&)
FraH BETREHB- - TERE(elt coset) .a BMNLIREE oH BI—T
RETHHEGRE -IMERENIH = oH), e 2EEEHIH—
T E.

PR TR R, EREN L KBRAREaH. TENMNF
RN A R BRI E i,

Bl oH = bBH <6 "'a € H;

HR2 FTHHNEEHNERESNSHEE SEAHZEIE
TSRS H).

AR EMNENSEHE(EERB(EIR) EMMI(EEF&m*E,
EEE AR 2002 7 HB ) 28 159 B SE 4 MUEFR 1 AR LA L,
AR AR — T R BN R AR M ER KR — UK.

BEGD, T8 HMFEEREARNESTREG H—T¥7.

Boh, FHHAKRAEERMENARKNERGHRIGCEXTHHNESR
B (left quotient set) IBFE(G/H);.

HMHE T a.b € G, HE

lef
a~-b¢$¢ab'(—:H, (9)

W ERE - BRE—TSH LR KHNERESH
a = tha|h € H}.
/?i'\‘

def
Ho —— {ha h € HI. (10)

Fii Ho 2 T8 H W—TABEright coser ),
MO 2 B AT et R A I R R n P R B,



§2 S EELPEH Lagrang: TR, 15BN & 33

Ha = Hh == uh ™' € H. (11)
G, T TGRSR RS BE G- R
LRGN G T H A B & (right quotient set) IR fE(G /T4 .
HOCRFTIHNHMERESTHRZRANT 2 LR S
fr (G/HY— »(G/HY,,
aH +——Ha '

-+
aHl  bITe—b0"'a € T <=>(p " a"}y € 1
= s Fp = a7t

PR ¢ RS, M I A, W2k ¢ 2, M/ 20U B0 A i
(G/H), "WABEGATD), ZRjA — T ——X i

4 5 BB (cardinal number) 5. i BB S5 522 BIAT -
A -t R PR R BEHEN &L B 40,N,Z,Q A4 H 1
ER.MQSRAMEFAN, KITAHI Q| BrEGQHER. J 0K
EIRER,IE| 2] = < FERAPARENZERAREICIH o, B
il gEAMAER. Y 0 AERER, QAR Q| FT2 a7t
PO 8

AT B G X FRFH WETE S AmEH Wi ay B8

BGCEATTHHMEREOROHE) AR HEGC TH
FE ¥ (index ), IUfEI G« H].

MER G THA G PIERIG - H] = », MR+ HEHK
HABEANMESR GH—TR T BIE

{r HUoHUaHU U« 1 H, (123

o Hoa 11, aH . e, HBBERA A FATRR(12) UEH G X
TR HMWARESBRX. cou.uz.a, | AN HAEG 57 A&
PEERRRE . KTIEEE  TTNan.

WO TETFH H ST E— T A EH ZEFH - T8I



4 EB—F

b uhr . IﬂlhE|H| = |a‘H| ,1'?'(.: G (;,ﬁjfgﬂ’i\'-ﬂlﬁif‘”(l?)ﬁ :ﬁfﬂ

AR T RSN
FEIE5(Lagrange BI) AWM G HE— FHEH AT REG
PIBT e PR BN ER M, JE NG
Gl =H LG HI. (13)
iEBA  MEE G X TFFEEH MWART R ER(12) 18],

Kl >j|a,H| = L|H| "H|r = |H'[G:H]. I

it o6 ﬁ'ﬁﬁ(?%%—’l‘ﬁﬁﬁ’ﬂﬁﬁ%GH’*Jﬂ?ﬂfﬁlﬂ:f‘,ifvt'(ﬂ
= m, M & - e.¥Va & (5.

R (B e € G.EITH el =[{a?| Afila! |G| 1
A .

WG = 7r:,ﬂ]3:]a|5rrt,fﬁilfta”’=ﬁ. L]

Bt 7 ERWHH- EERARE

iRl WHOCHMGREHR, T2 G PEFFBIILa. B
= p. TR G = (a). ]

FIHH R 6, AT LB HEGE P B S E B (Fermar's Litile
Theorem) -8 8 A9k 4] .

FES(BOHER) WE p BEE A « AR p HERLN

a? '=1 {(mod p). (14)

B BT REp ORHLE G €L T2 = p-
1 ERB6Be =1, Ma? T = TR o1 = 1(mod p). ]

ER IR st 2 HRED W E THE.

EIRY WG - (ay B n WTEMHE, N

(1) G BT FHARIERTE;

(2) 3 F G B # - TEHRFs, BEEE—H—1 s B 7
B.EMESE C 2T

AR (D) W HEGHIEYALFE WM H PEGWIERRR.




82 SRS Laynmpe 2B VBHEM 7B 35

THAH PFEWHEEE D IR RN 7 0 ATE ot €
Ik
g =M+, O-nr <k,
il
al = atTE - gty e H.,
B 70,0135 " WEREFEH, N » = 0.0 o - (&*) €
(o). TR HS (&) A H = {a").
GBI el G BAREEWE.
(2) B s BGWEa B9F— FRF MIFFIERE . #1F »
ds IF 1 a = n, ROGEE 318

d | i L]

- (n.d) d
I ce s B G B —1 Br 75 .
WHRGCGHWIFE—1TsHmT8, 8B WEiCR, H BIFHEE . W

| «

H={"), TRE'«" =3 ;—E‘Rﬁmkl =(”?:k},lﬂlft(ﬁ,k}
d . IRATAT v, v € Z,1#18
un + vk = d. {15)
Ti
a® R I O a0 B = €70

M (o). TRFENHHHET s, Wl = (') = H.
IR T G B s BT RErE -

B Lagrange ;E 8, n B BF G B — T HAEEE . TN
M BRI T R G BT, L]

MW EREM S REEH R L a, MB(n. k) = d, M =
(et FREIML LY 4 o= LB AT RIAR

(g = qay c=(n.k) = 1.

ModT 2 BriE R EEC) BRI EE ¢ () P HT o) BN
LR 01,200 — LY s TRBERATE



3531'3

| ﬂ]t

Fie:

TR — F K abel #5022 AT BARNAIAER 9 LA X
ALEWIB IR, R E R abel #F AME AW R, ARG HEA
PR abel f¥ 7 70 F BB my %

A0 WG RHERBEE. W CPHEE -MAOEVERBE
G HRIRATENYIREER.

P Te EATMRabel B GHRHRRA- T oR.a W Aan.
Ban G A — P uEo {8 » B TEEE WMFL -TEH
p i

P, i1 p Yon.
Wom = dp,n = bkp B0l s < v, (kop) =1 BT s, =

—'?'H — J” 1 .-"|: Tt - . ¥ = 5 - :
(o, d) P {n.p') ko LLCp" . k) I ab = b, HR

fr il 4 15
pia? V= pk > pR = n.
XY a BREXGOCEFF. AL G HETECEMNBTAESER . 7.
ML B R abel ¥ 540 #1 BEOG & 14
EBIL B GNEBabel #F0 G RMES Y E XIS TE—
IR m FBR 2" = e TG PHENTEAGAL ».
iER  "AME EGEI10.G R —T R . ENR 2 G H
A TEMNU RS AT G RE— T REBETR L = « B
HEMERBIG) <n. XBET() S G Hta<IGl MW|G|
= n.FEG="{ay.
P G = (a) MR o XTFAE —TERHE m. <
H=1|x€ G|z = ¢l.
BHhec H W FEEDL,c € HFH (b)) =8"c ™ = e, B be™!
c HMWHH< G.EEMIEB, H= (), HFr d RniW--TEIN

FL.H H I s - f—.ﬁe HMEXE (a9 = e. T o 9 R s,



&2 KRS sy Neaprange B B EA T8 37

AU comr B s o LBV H D e NIRRT T = e 1L G
1R BB T BAS M T e '

DL DR IR =R

ER 12 fREF RN FT L iﬁ:ﬂé%ﬁiﬁ

uE EA Rl TIEF | (REINI f{ YA F P 277m -HI(E
WA ERGEE ) W I AE— 1R e, R ™ = e TR F T I

By A e (BROE o™ = e MR AT F 2R b I,
Mt se 3 1195 . F 7 O AT M8 L]

ABEFI12FERY KANT A8 NP Wilson £~ FF
WEERI (T M 1.6 M F 13T B % E Wilson & 2285 5 — A 858
b 4R ).

B 13(Wilson BIE) X p & T4 1

(p—131=-1 {(muod p). {16}

ERH % - 2. 0(16) X EHML . FTBER pEFEH B
CI 24,7 A hERE L, 9B p 1AM, EMZ] AR 82
I T L R R A SN -l N EE
2 A

EBL P, aanc,q, DA LD L p - L EEER

(1-2--p—~1¥ajaza, ) = 1. (17)
& TP RE AL REARET, B
Cale@se ey 1b 7 11,2, p = L (18)

M1TY . (18) X5,
(-2 «p—1) =1, (19}
o B ERR L2 p - [ F 1L, B T2 p - 1 RE2HAH
fid

[+ 2 p—1= 1. (2033
Bp L2 f{p 1)=-1.




M {p—1)'=-1({moed p).
RAERIEY -2 p 17 1. 0T 7, & p— 1 BrEHH,H
IR e
Z, = te,a,ua’ -, a" 1. (21)
B 1-2- p—1=1,8
(13 p=2}
e =e¢ecara- e al? = 4 z . {22)
BT oo 8R4 p - 1, BHRAR(22) XF
(p—l}ﬁ—é(ﬁ—l)(p—z). (23)
M2 RXEF ., p-2=2/,5FTEAFEHK!/ 25 p AHEHFTF.

L]

#1.2

1. e B -TIEMER, S

&’,Zii—— temlm € 7.
(1) B A2 BEENHE Z T3
(2) iEH 2 Z RIHIFEE.
2. H,. K BEBGCHTH.L

det
HK === {hk|h € b,k € K}.

iE.HK A FPHFYBINE HK = KH.

LIEEEMBECH L, AT EEA, ) AR ENH
( group of Gaussian integers) , & HAERMTARET

4. A1 — 4 B—IEAFEREE KR RR(TE) B

5. ﬁEBﬁ

(1Y 5, 020,23, {n - 1 n)ds

(2} 8, = (12).(12-n)}.




E1-4

6. uEFH 2 » = 38T,
(1) A, 13 - et

= (2) A, = ((123),(124), -, {12 },.
7. 75 SL(Q) T

A:(n_i),ﬁr:(ﬂ 1).
r 0 -1 -1
iFHH . A QB A 4.8 BIBT R 3, AB AR TE.
8. IER] MR CHEB—TERMVITTEREA 2, M G £ 4 abel
B
<9 IR -G REF G B ARSI G B4 2 Bin.
* 10, WFBHEAR (Fuler) B3 n BIEERE MEER « on &
#
at'" = 1{mod u),
Howp o(n) 2R ed 4.
11. R 6 MEHE ¢ () WA FHE.
12, 2R S, BIETA F#.
13.01) 34 AL MArf 78,



= (2) 1FIR A, WA 6 Br 1B,
v 14, B I K BRBEG HWFRT#,0FE .
H| -1 K|

HK| = |
IHK = T k|

§3  EBHIRM, EHHEAENR

WANO SR T — 8 R EABEESR 28, IR R AL,
Wfel FAGRECHEE A B RN BRI E R AMB AT
AR E—FRRE, NS - ERENH R RRUT EBESE
LB R - BRI ESAARREETRUR L E £
A JF B AN R RE

fFARAETRERR EE—HFR2IERITRE -6, K
mAEARE U, {1, - 1 BMREE. Y Z, Mk T

1 —1 0 ]
L —1 R 1
1i-| 1 1 1 ]

21U, MEERPNL, -1 20RO, 1B/ Z KMk®ER, XX
M U,5Z, BT LENARAFR.ZH MG FRHE SRS, ILEE
B—HWN BRRER B U 5L £FE LR N WEEEK--A
HR,U, 57 WAAEZEE —P——3.1—~0, - 1~1,3F A U,
MIITERADLEMNRBEGN TET Z, DY Rt K 8F. Bk
PG A e T A E
EX1 BOHMG EEAEH MR CAGCEHF- DU, HHE
F G TERT LRa, b B A
olah) = alalalb), (1)
B4 B BE G LG 2B Goomorphic) L ICE G = G 8 o & G F



§3 ﬂ*f ERN ?’TH’J_——‘I?FU 41

GO - BRI RR S, F R A B3 (isomorphism)
BRI, Uy = 7, U, B2 B, 2, 15 2 MR
WY, B AR -7 2 B AEREF BN Z, [R] A8 0 B — Ml BN T
oo B EREES 2, R ERTEEATE SR () #EMRG R
WFiIAE R 1 % X e h)
EH1 T5 - ORBHEERY 7 R E—T o BHEH
i I A LI D
iERR 1% G - (ar BEALFRIFEE M
G= 0tk € L
By G R 7B — TS stk R o BANET IR EHLA
gla® - a') = sl = B+ ] = ala®) + ola’),
ik ¢ = Z.
MER G = (ay B o TEFAEE, Y
(G = je,a.d". "',a”
By GAZ, M et R 0T ke 1LER EWH
FATHAE o ,%ﬁﬁﬂq‘;& EF=1(. Wk -t =0 MmME [ gn TH

| . L I—
4 Ly = .

MBS, = & 1N « BPS.KITAE

alatal) = ola®t) = P+l =k+1=o(ad")+ ald)
i, G 5 7, 3. ]

MOET L, RN IT AR R AL VR E . X FRBI A
B LEE 2R T om I {5 T EE TR £ EBRFE. SN R
F1 L, BRERS FEAEEIE 7., MINEEAE N M — RS,

Rk BERIIR RSP O BEZ A0 - R E & BATIZ BYE A FRTL AN
VEE L EDE — DA X F L ALRS  E M R E TSR A
Wy AR AT BEL R AR S — TRy

Mo X 1 LA&IHH‘]:K?F!*Jiﬂfm!ifﬁlf#& P AL TR
0 ER R B b s AT £ 4 am TR EAET AR A L Lk RN

|
[



T8 G YRR AR —T2ERTEE,. GG A — 7 UEH,
MM ETREEME. B RHNT#H#E - HARH. it
i, TR #E 5 H PR B A EH 5 B A (6] 54 65 - 37 FRAE AN o] 4

MT#HGYSHG AENA—IT2eEZFLE,. 86 H Tk
B s RIFEFE A G S5G iz B EmERE M. #, G
5 GOE AR BRI B BB SRR
—E AN [AIH

wE2 o BEGIBG M—1TRasa, 0l

(1) oG I Ce ARG MY JTe s

) MFEEac G, Hala™l) =06la)

(3) MTHEE a € G,a Hola) WEARR(RD, 3L [F 5 TR B
LE. KEEiTHEHiRRE-—MEER);

(4) G FHRHTEs THR(H) B G BHTHE.

iERR (1) EATAS

alelole) = olee) = ole),
ERAFAEBER o() T G PHE.B
eole) = & . (2}
HT ¢ole) = ale) , M2 AiF.0(e) = ¢,

(2) i F olals(a ') = o(aa ') = ale) = ¢ ,ELAPAE
F’ala) ', B ala™") = ala)™'.

3 BFoERHGAGFEE NN THEEEBRR .7

@" = es=>g(a") = ole)
—>[glal)]” = ¢ . (3)
i a0 Hola) EBIXRH CE . REFENOGRER -1
EEH.

(Y B Fe =ale) € o HY,Hlbo(H)ES T o(H) TAL
EWiTEe b EEa, b e H WG olu)=a ,0(b)=0b HT
ab”' e H,HILA



$3  BoIEAL,BmER 43

ah’ o= slalalhbi Vs gludalh 1Y = alab 'V € sl HY,
Miif e (HY L G709 TRE. L

IS ME LM - T EWMHME, B 2 Brde.3 Hit.s
Bt 7 M SRR IR AR, m 2 R 7 — AR 3B B T
AL BT T L RS0 4 R % A I
A

7y B A TRNTE.

Ay F--T 4B T8 K

o= 101),(12)(34),(133(24),(14)(23) 1.
K WA iR 2 e KA 4 0. M Z, AT 48 1. Mk K
tj Zy AR, DT 4 B 2 AT A R R 2E L R AR [A) A SR

i CREE-T4EE. N G RERNITTHH RTERE 48K 2.

WH1 GATAMIL . WU G = (uy T

(" 7y,

B2 GEFART.IMGHI PERMNT u. b, B2 ]
ARG BEH . T (W a =670 = b, T a= b F W)
abh Fasab =L BN ab - N b = o F b = ba HT oa.
b a2 —RE B B Tel B R

ac = b = ¢a, b = a = b
I G 32 abel BE. &
g: (7 —K

e — =(1)

a — ~(12){34)

b —-=(13)(24)

e —={1473(23)
hF

C(E23(34) 5[ C13)(24) ] (143{(23),



[C12) (34317 (143(23) ] (13)(24),
LCI3)(243 ][ C1)(23)] = (12)(34},
T AN e BG 8K B — WML M G = K.

i LRk A BT RERE A AT — R E 4B M, U HAE
RZy s H- SR AW HERITAY abel #F. EMLET L A, 14 BT
B KA ET AT 4 B RETRER Y abel £F1E MR

Fefsk # ik 7, S5 S 09H FJLA.

Zo 7o = 0,00, (0,0 (1,00, (1, 1)), (4)
K5
Carvas) + (bioby) — (ay 4 byoas b b)), (5)
Hrfou, b, € 75,0 = 1.2,
BR,Z, <7 AT LERBENN -1 abel fE, EHBMITEQO,

0y. AT

2(0,1) = (0.1) + {0,1) : (0,0),
B0, E20HT 22008, (1,000 B E 2. M 7. x Z,
H— 4 BrIEUB R abel BE. R A Klein 8 A 7 OB (B X
Vierergruppe), I04E V. E AT LIE A 4 BrEP5E 367 abel ik,
M7, x 7, i EFER %, RITESE—RIFHE. |
WO MG BEAREENHBE EILEG< G EEXL -T2

’ 4 {JE{ # r
(g1, g1} gavgr) — (g1£2.8182) (6)

B XAEEWEECHE FEM(e, ). BT TE(e. gV B E
Filg Lg UL B Gox GO TRLOREANE G LG HER
( dircet product) et G x G,

WMELE G 5 ¢ MEBEEERME WHEM G < G RzERiD
WAE BT RER AR G x G EHEG 567 BIE M (direct sum) , i
GE G




§3 BT BRI 45

ALV GO G 2 AR E B G < G E LR

BGCHGFEANAREMINGC G HEAHME.AE x|
FEARICH.

SELIE G MG AA abel BELOW A AL G X G BF abel £

e AP G GCHGC A GHEE R (g ¢ (g 0V R G
X GO G <G — T g

TERW.G A~ GCR—TFHE (. g€ G BE—1TTFHF.E
MA Gxde i B gr=(g e VRV GHE G xie B8 IR,
MIEE G = Gx e L G G — DN TFHE e, 0 )iy € G 1
e TTRECE MR el o GO HAT G e A G

Al IR el IS VL EBIBEM CLRL A RILRL G %
(Grxex G Bl A—T T LIEE .

A I SR S L G (PR (RS AR

.h_*f
Bl GV EIC ISR LEIE JLUR 8 (7)

WISy B ik G = Gy X e x GO P RE R GG L Gy
Y E L AAE G x Gy x o x G
i, Mz, B o AR 2 MIMERERE . T L, E R,
Lo < Ly % o X Ty XFEEN ZS DRI XN
{ays@sa st ) + Uh by, by)

tle-f
_“(ﬁ] T f)l,a;,: -+ fﬁj."',a” + fjn), (8]"

M 2 By o D 7. B9 BB
B TR AR S R -FE @ R L. Hln &M
DGR Z, TG ERME T — 1 4 BriAEfE I 8 abel £:7, x

BAIEREH m WEREL, S HRHRZ, MEMME -1
o B oabel 8.7, ~ 7, . EATIKA TR R RAHE 2 N iR #h —



B

i

6 FE—

T

Z, Bl LR w MBEHBHEAKLE B, 7, 8
7, X7, H—1TTF#i(a.M]a €z, A -THBEB. «—(a.0),.
HHFE Z, < Z, P (1,00 B owe Broc. MO, B n Broo i F

(1,00 + (0,1 = (1,1).
MM, n) = 1. 004 §2 896 4 5, (1,1) By men, AW
Z,. X Z, ZE,) BRE ma BTN R (1) = d 7 1,K
m=mdon - ud MHAF{TE (. b)EZ,*XZ,,8
o dn (w,b)= Co'dn'a,m'dn’d)

~ {2’ ma , m ' nb)

= (0.0}, (9
Ml (e DY BIBT R mdn BIEF BT mdn < mn,Al(a.b)H
B ANTF mn AT Z, X Z, FEEHEH . Z LR, E

&3 Z <7, REERESENYS(m,n) = 1.AWZ, X7,
=7, MENH(m,n) L. ]

GrEf IR IBENMN 7, ¥ Z, BREFETF Z,,.,.

ML P FESLFMEG 5G ARG G KD G5
TR ARG E ., Wz, SZ,, 5 m 7 n AT FERE — . #
B Z, 585 A0 6B MRMEEA TR LB, S0, 511 - 11 W
LIHgE HEL e ITE R O; MFR.ERITEKI SO < iT. - 1. 4
O T AKFH.

1 Oy=s50,x I, - Tl

Uk HA A g:S0, x 11, - I — =0y,

(A, U)—AU.
EH o RS, LERIE o AFAH. L
s({A,U) = ¢(B, W),
M AU = BW. A B 'A = WU '€ SO.N1, -1, 5T -7
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{1y T ==1,8¥ - [ € S0, %
SO, -1 = 0.
FREB'A - WIT "= o A = B.U - WA, LD
(B, W). B o 2% 4.

THRE s AFRS ERTEC O, R =10 T 850,
Md T=Tl=0(T,[D).%=2|T = 1.8|TC 1IN =1.4a7T
T(-DMTESCLMART T(-1) o(T,-1).BoiH
5.

THEEEBRHFEL ARAU).(B,W)E 8O~ iI, - T
B

sl (A, UMDB, W)= s(AB,UW) (ABY UW)

= {AUY(BW) = o{A, U)oL, W) (10)
ok o ZE M. A SO, x T, - 11 = 0. ]

AW 1A PRNEH . O.HE -ILETTRATAR
T = TIRT=T(-1) R

(s = SO T, - 11,
RARIET o ABH. RN EE,
sO. N ir, T =1,
HARE T o AR S KMNEEFH SO, BEAAETE T, T &FHEADS
Ak R EIBRET o BRIFER.
Wl L 2R EE, RIERA TRE®:
EE4 RCEB-ITH.HKACHHETTHR UOR

(i} G = HKd—L{—ihklh € H.E € K. ;
(W HN K iels
(iiy H &P ES K WRITTE N £,

(; = H x K.



48 F—= &Y

W S o Hx K —G
(h kY r—ht.

MT G =HK.HIEK GYETLEg AR g -~ e . TEA
€ H, €K MMNialh,b)=ht = g R o EHE. Pk Z2T
MR s(hy k) = oChy ko), W bk, = hyks, M by Ay =
&2-4311 CHNK HFHNMNK = 1e! WK R:YR, = Izzlz[] = . M
W ohy = hooky = ko  BECH JRy) = (haky) Pl o REBFT. T WL
ﬁ’ﬁﬁfjfl.—z_ﬁ

ol (hy, B ) (hyka)Y = alh by b ka) = (Chih ) (R k).
Hr F & Gii) , I

(h R ) kiky) = (h kY haky) = s(hik)alhak,).

M o RIFZE FELAREB HXK=G. ]

W HKBEGHBINTR,MPEG=Hx KW GETH
H 5 K # P E R (internal direct product) , TR LR IS G = H x
K.

HENE G = HK REEMRIUEGC B T8#H 5K R EH, B
W L rEE 4 TR R &G FIGEHY A BRI G REH S KAER. X
G HN K = [l RIET GHEBIMTEg Bpll g = kAR
ﬂﬁ_ugﬁ’f#(m)ﬁ'{ﬁr GCGHIEBRAMNITLEg = h k5 g2 = hoko 1
et . A

g1gy = (Ryhy)(kiko).

RS b, N oh, ARTELE, 4T b, IR BEREMNBREEL

WM G B E ORI MR G EENTHH SK AR
BONE G BH YK MR E M (internal direct sum) , MR FidfE G =
wasc HECK

LT A MR R G T ERIEIE
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s ROGCE-PHEEICRNE . H, O H,. - H 261
T BE LA

(¢ M, v H,+ -t H

(i) H, N (‘%“ )= teliio= 1,200,085

dl::f

=thyd Ryt e+ b ke H .

Gi) H WHA T4 H g hocETESE b7 5,10
J TS
L G=1I ) H; (5 & H..
WErf G 2 FBEH,  H,. o HOBIN O, 28 il fE
G =H B H & - H,.
SOTR S ML T Bk K0 TR A 4 (RAT B L O Ak MR

¥

1.3

L. ERH Bt R "3RS R A

2. B Lo BB BE UNZy) .28 RS Do U(2y) 57, BUINE
HE (] §9 N 7

3. IT(J’H) £ Klein #% Z- < Z, [0] f g7

Bl 24 FRFBER SR o YA, T
B K = 1(1},(zz)(‘m.(1;}(243,{14}{23}. [7] ¥4y AL 2
* 5. ‘uLiHﬂ-r)j ~ g,
R GR—ATETFN R o e 2GR G T R
1 ||.’f1_J:‘i {5 J& abel 8%,

7. F PO A S HE R A FR (CPEY BE Cy. 1F Ttk S AU BE AL R AR
(PEY HE G, TEAMIB ST RRCPE Y TF Dy ERAE 12 B AF 1 T #F Tk
Jeif £ 15

8. WY 7, x V=2, < F  Hodt VO Klein #.



0 FH--B B

9. TIPS 24 B abel BEH IR SE S 4R I WD P Y 7
Zasy Zia X Zo, Zo % Ty, Fo X Ty X 7.
# 10, FHI=1 24 BrEac8a D, GGG 7
Dy DyxZy AyX T,

11, MR Y o EHEW D, =D xZ,.
* 12, & » Ry AP 8, uE 8.

(1Y O, 2= 80, x 1T, - 1i;

(2) 0,280, %2,

§4 EOES, EXNTE BE IR

Bl -5R--TERN=dBE(EKRK AN ERETE AT E,
MAFEER) . AR XA R R

O E

XR - BESERADE ., FIER. — MR S E R
MRS EA R R Oy T 2EFE L. BB AE
6= MR T s KRR AN B R LA A E VR P
ML MRIE R V BNERY A SN{ENER BN AETE
VE YR BB, S 5 B AT R A IR g R A e

i
gt

EX1 WCHG BRM.ORGEGC T T 5
TG EESETNE .6 7



$4 BIMIERD, IRSE L AHE OEE sy

slab) = oluldal i), (13
BBy o REEG TGO M- T EEBRE. &R 25 R & homomorphism)

B GRG0 HEEREBME DT e BN X TR
ﬂ'u’Efl']?ﬁﬁ;{%ﬁiiﬁfﬁjﬂﬁ*f B O 7 [ 44 Bk G5 At R e J‘L%‘?"Lﬁ
FHE] o LG 33X & B) A T &S i . T34 T
i

SE1 o AHCHG A—"TFE.

(1) o NG RN TTe MR G BN

(2V 6(a ') = ala) '\ Va € G,

(3) GHITFHHEs TR (H) & G BT

(4) G o THIE Ime B G B FRE, B lmoe 1] &+ 0Y1R
(image} . o

FE T GCRAG B—PREe . HT

a" = ¢ == alu)® - e,
K o ATTTREN G B TEBRBY sba B G BIFTRR BT T Wi « £ ¢ 1
o Broe. M ola) fIBTE » BI—FIHT.

%o BEG B G T EE M o RS M o BRI
(epimorphism) ; I3 o & G5, W o 2 8 B & (monomorphism) , Y
Frh A (emmbedding} .

B GEG MRS RERS YL S Ime = G028
A B R S AT 200 B B F ok B

EX2 o BECHG R MEE G RO B
IS HEAN o B (kernel) L I TE Ker o, Bl

def o
Kiro=— 'u €& (G ,glal = ¢ . {2)

Tl [OHAG HNEE T Ker o 2 G B -1 TH,
ik BA T a(e) = ¢ AU ¢ € Kero.
{FE o, b & Korg , I
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aleah™ ) = olale(b) V= 6" = &,

KWk ab ' € Kers. T Kere < G ]
FEX2 HOAG WS BEBFHELDHEY Kero = 101
R @ LEHEEAY RITkRIEEAGTE. a6 € G EH

sla) o(b). WMolale(h) "= Miliiolab™) - ¢ EHithat™' €

Kerag. T Kera 1el, A Il ab L= f’,))‘kim a = h.1X$WH s W

8. [
Bl1 TFTHRMHEAREBLHZ, B--DEE B Ine B

T ate B Kers B:eft47

g:di — L,

a ™.

B mTFNT{EEa.b € Z.#E
gla + b)) = atb=ath-= ala) + aCh),
B, s B ZH 2, BN - TEE,BAR « ZWSF . NI lms - 7, i

q_.
a0 € Keros==q = 00
S = mf W HED I E Z,

HiM Kere = tmil|l € ZI. %

m?iiLf—{me € Zi. (3)
1 Kerog = mi.
M BYE F8-- A TEHE - .88 m HEARZ, RIRTE
HEE Z /8y —TRISER.
WL EATE N, Z BRERNAE L ARS o THRRIEZ,

HY) o BT,
W2 FRWBEMN - BAR. HREXHO, B2 IKBMHEE

U, B — A RE 2 me, Kerr 538 E 47
r: O, —=U;



4 BMREG, ST, 58 a8&EH  s3

T -+|T].
@ T ESHEMITIRA Lk -1, M 2O, 3 U,
— MR M FRAM TR T,.T, € O, 8H
{T,1.) T, T3 | T Ty = w{Tyye(),
W« B#FGO, # U8 — A4 alA B « B S  H B e = U0 TH
T
T € Kerr <=2 | T' =121 & 50,
FHIt Kerr 502,
BATHR A 2 b8 Kerc (A SO,) S ATEN . id K = Kerr,

W TAMCEEES MRS R T{TESEN T ¢ 0, AE
BA€ SO (BLKY. 4
AT ' = (T Y Tacr Yy, LA = 1

M TAT '€ K. %

TKT V2 'TAT VA € K {4)
Wy |-k R

TKTT'—= K, V¥TE€ 0O, {(5)

MTA TIIKTS K, ¥T¢&€ Q,.

TRAMTIIE B K. A
B=T(T 'BDT "€ TKT ',
A=) K~ TKT (6)
M5, (6) T W
TKT ' =K., ¥T¢& O, (7)
{7) Ao E Kerr AN E.
— iz, AT E
&2 RoEFEC G H—4E&, 2 K = Kere , W
gKg ' = K, ¥Yg€ (. (8)
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WERl IEEE g € G{E + € K. &
olgrg ') = alglolu)olg)™ = algle’o(g) ' = &,
INIE grg™' € K MW gKer ' K TRWME ; 'Kg ™ K. MTAAFE
Eyv&€ K, f
v o= glg'vede™! € gRe L
TR K% gy VR ERTE,
gKg™' = K, Vg€ . ]
MR & & B3 Kere EA B AR R Z B F &, RIS B T &
HEHT
B3I BHGCH-ITTHNWEHL
gNg™ ' =N, ¥Yg& i, (9)
Wig: N 2G 6 - - E#MF B (normal subgroup),ictE N 6.
Mar R 2 STENAR 8], i% o BH G B G BH—THRE, N
Kere G. {10)
WHRHGCH—ITFHR.BBRIENTEREL € G. A gHg™’
HE GH— T8, gHe ' B H B — 4~ &3 7 3 (conjugate
subgroup). g X 3 a7 BPE H
EL3 PBCOCH—ITFENRGCHERFHIANMEN #I
I FEREFNAS. []
BiR.iel M GTEREGC HMEMRTH.FENEFANEMT
B OHEAAEARATRE(WERSOIWE) FHIEFE A (non -
trivial).
T TR ISR LA TR dy B 2 i
&3 BOHM—"THEHECHIATHEHEYEHMAYYE TGH
#—TICE a, 8017 aH = Ha.
R B HIG. T e € G, B aHa ™' = H. TRX
THEHE H 4 agha ' & H ATA
b = (aha Na € Fla.
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M «H = Hoe 2] ik, He = aH Mt «H = Ha.

Tl T ESBe g e GATE L € H AT gH - Hyg BT
fiih' € H{@#H g gh = g MM ghg™ = € H B ofie ' T H.
FTRWAE g 'Hg S H MWW FIEye HOH v= (g Tylg!
C ooV AL HY pHy ' 1B, gHy ' = H, Vg € G.JXTF
Y HdG. ]

A 3 A EMIERNIRAEL  EEWE GH--TBH
B G RES R RN R

W4 WHERGCGH—ATEH . MEMTTEGEN g€ G,
{LE h € H. BT ghg™' € H.W H B G WIERT O]

M 3 T BIE L, abel BERE — > THEFADZ - ML T HF.

MAT L 3 T VLIS H

Hits WEABHCMERIZHTHE.NHAHEGRHENT

#£% .

W (THRe € G, FaCc HMaH = H= He, Flliik a €
1A

(G=HUuaH. G=HY{ Ha.

Ay, aH = Ha MW H G n

W, M e > 1, TS, A ] =2, HE A,LS,.

B3 A MK FEYEAMENTE LR S, /LA
IRBE

iFAR A, 4BrFREN

Vo= e, (120(34) . (13)(24),(14)(23) |

S, B s, R - WREEEREFR AN ROER. M6

V. FRMTALESTER ¢ € S, (a0 aay) € V,IRINA
T{ﬂ5(£z}({l3{£4}f_l ) I:T(Eiﬁal]‘l' 1];_!'(&!36.{4)1' Il

- I;r(ch} r{ﬁ_;\i){r{czj} tlu,) 1 E V.
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Vorer ' — o € V.EHNE V]S, MiRA VA4A,. |
R I e TR Mg AT ES T EENER.
WNEEFCH TMEMTH MM TFHRAN a € G, A oN =

Na . MI(G/NY, = (G/N), . FTE/TUIE G EFERTHNMNEL

(47) B EERFE R £ (quotient set) 10 G/N . TERE G/N HPTEA

BEEX— 1T LB HT G/NHMLTHEEN RNEREERTHRY

A, TIIEBEN CGHTE . MURMNELEMEH CHATTE

A 5B ORyEL .

chef

AB=—=abla € A, b € Bi}. (1)
WeR G WTENREEESTE:
{ABYC = A(B(). {12)

WE A el WE AB RiICHReD.
MR EM T N B8 METREECN . ON.TT
{aNY(ONY= a{NBIN = a(hNIN = {abN}N
= ab{(NN)  abN. (13)
(13) X AT, EBL T8 NBEEN AR LaN SN A RBEL
ooeN L FICRN MA@ G/N - TnaeRnT:
(aN} (BN} = abN. (14)
M14) B . R RS ERHS e R Hk, B
WRSEN,(14) RXEXHREWLEESER B THTHAMN oN €
G/NE
Ni{uaN) = (eN){aN) = eaN = aN,
{aNIN = uN,
B N EG/N R CE T
(NI 'N) = g TN = eN = N,
MW G/N T EPTEEN AT N, AR E G/N R -
BE B A EE G o REAL AN BB R (quotient group}.
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MOy BN GM i H ARIES FRELIR2 H8{r R4~

T e o L—J GIT I HE T 2 FI Ay AR R e A i (G SFT ), BEAIE LK A
BOR SAL

FXI4 BOCE-PTHAHRBE NG, WESE G/NBRST

N .
WOYEMTTRSENMETC/N ZHTG 0 2 X R0
OB G/N M AECGARGCH A BR G HG/N AN
W RF . FE IR 6 45 DRI, BB G /N R G 1 - PR
mEe WNREBGCGHM—TLHIH.S
a: G — > (/N
at N, (15)
o EREG AR G/N B -TEME HH Kere - N
kAR X+ ¢ T{LENTLR.H.H
a(af) abN — {aNYWONY = mlada(d).
M o BB G 8GN Y- DR BAR o B R T
a €& Kerm € =2 x{a) = N<=2aN - N &=2a € N,
IHIY Kerr = V. )
ari o6 pa LM E A e N A B KB FE (nawral
homemorphism ) . BE #7 57 #E B 85 (canonical homomorphism )} @7 #8 6 {'%
LJHHH RGN REEG TERRBIA PSR ESIFRAL AL F
HIA Mkmﬁw& mi(10) FUEJFFe] 8 G EUG’ HE—lAl & e
% Kero & GORTE U8 X TGI8 B LR S RCZ NS
WP R 7 s ¢ KR B I IR TR G/N BEFG 8-
A I 2O LB G BT - RESRY G p R CIE R AR ]
Pl AR TImMMA IR 7 [FLE k- -l R
EE T EESEAER) o0 HEGHGC B A~ el s L g [a]
AW T AT RE G, Kers 1)



58 O E—= OB

(:/Kere = Imio. (16)
R UN=Kers MINQG MATAEBT G/N.%
g1 G/N — Tms
aN —a{a}. {17}

T «N  oN<=6 'a € N
—2alh 'u) = &
< >ola) = old),
Hilt ¢ £G/N B lme 89S FHE ¢ BB BK pT
MFHE aN, N € G/NE
GL{aNYBNY] - $labN) = olab) - olado(h)
SlaN)IH(HN).
A ¢ £ G/N B lme B3 — T3, A
{r/N = lms. ]
1 hisd 2R 7, B—1T#HEEe, H Kero = md.F R
BRSESAEH. &
Z/, mt =17, . (18>
FIRREmESRS g ma S — S RERAN. GRE#EY
S AEERME o TR RS KRS Kere, BT
o B A A S TR, IR A TR, T I AR R S
i RS ol Dk iafah i
TR F—FABER) RCER.HOGNIGH
(1) HN < 5
(2) HON<H,IL H/HNN = HN/N.
iR (1) B8R HN 2AES®E EB A on L hany € HNJAT
(hymy){hany) ™t = hynny'hs!
= {hohy Y holan) th'] € HN.
I HN < .
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(2 T NAGEE N HN, S
g:H - =HN/N
h+ -=*hN.
£ AN/ NHHER (B IN = AN W o (A) = AN = (ha )N FHIL o
W AN TS A k- € H B
slhihy) = hihaN = (BN HN)
= a{h,)a{ha).
Hit s B2 H BHN/N B— P wlE& IRITE
h € Kerag <<=2hN = N+=h & H1 N,
M. Kerg = HON AT NN H. BHESEEERE, B
H/I NN = HN/N. L
H AR, E H < G, NG, A
(1) NH < ©;
(2Y H/H 1 N = NH/N .
TR E_FAHER) WG E-TH HIG NIG,EN
o H W H/ANJ G/N LA
(G/NY/(H/N)YE G/H.
EH P
6:G/N— »(:/H
aN—aH .
HIBY yN - AN, 'a € N BT NS H,HA» 'a e H, AT aH
= pH.XEH ¢ B— 1. BR o BWH. M TAEE «N.ON €
GANLEY
g (aNY BN} = g{abN) abH
= (gHYbH) = a(aN)Ys{bN).
B s £ G/N B G/H B - PR E FRITHE
‘ aN € Kerosmsad = H <a € H



“—aN & H/N,
Mt Kers = H/N.MA H/NQ G/N L IRREFAS A R, 1]
(G/NY/(H/NYZE /H. ]
WP - - EFFEZTAFE A LR AR AP R
A —FE N8 G, R s ERA MM SR L TR G 8
gEH MABRERAEMWIE, B C 8 - MRERESEN TG
MFEAENER. LEEERE C WL PR A I HE
R UG YR FEA TR AR T G RATTEESE A
Wil TRE G RSER . R BT AL E B F R U ST EE 25 4

EE+ToREERrHmEi.
MmE— 48 G ﬁﬁﬁﬂﬂ@lﬁﬂﬁ?‘ﬂ’fﬁmﬁ G = B8 (simple
group) .

HFPRHUEEEANERFRH R pEnE SR ERY
Flel , MEBAF G BGHH, AR BN A" g8, LEBE
" TROBEBICNEARGMT MM B ENERAME,
s B ie B AT — .

BE ASBEIR P AT 8 R BB 4R BT AT RO A PR TR

abel HE M E- P FES LTS e, EHinR abel B G BB
WG HFEHERITHE D el G MY a7 e B ,{(a}) = G.HTL
BRAEFRBE A S RINRI RE R A I R TR B G = (o) AR
MEREE. B2 B G RERHFHAE, WEBR G BRI X
FRATIEBL T :

abel B G BERBYAEMNY G REHUWTEHNEE.

Ak abel # MRk BL B BRI A HEER 3% AR HE abel B DA B
B ok HEDR B BB T U R X PRANEE.

WRITRATH A40 — A abel BEL BN R, H U TS
abel FEH EF UMM E RN EE— T 1.

AEEME A, TIER T/ V.
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Vo= e, (123034),013)(24),(14)(23) 1,

NI, A, FEFTE. B+ ALY — l|—?:" - ]4_2 ~ 3L R R
AV 2 3R R BT abel BY.

WA IR TEFRZAGA LA TIE -8 GLIRIMTRR e - T IE
LT N fﬁi%ﬁ’: G/N Brabel BY . R T&TF G/N ZRGH -7
] AR, B AR HF N R BRI AR G R IE L 8N, 15 T A
G/AN N abel B B LR#F G #1E MG B — T Ph&e, #55
] A48 Tmio 7 abel 8% 30 A TRATHR D HIE BIR lmo N abel BEM AT
RAT 4.

o BEHGEGH --TRE R

[mo N abel #f
—a{adaly) = gl ol e), Volu).a(yv) € Ime
e=a{oyw 'y Y=L VY v € G
oy 'y E Kera . Var,y € G
= ievr 'y lir,y € G S Kers (19)

BAIE sy 'y VRHA 2 4y BEETF (commutator) O0EL e,

. @
av 2 o S=ayr ly = e (20)

EX 4 BGHRERETERE Tﬁﬁ'\}} G RO T B
{ commutator subgroup) . 58 3% S B (derived gronp) IBME[ G, G 1 B#&
G OFEABLR G BB T8 RIS LT XA G 2
I G W& LEHRTES 78D

(' =iy 'y oLy € Gl (21)
AR AT
FXSs FEC Habedl HEHHEHMNDY G il ]

B E .G B TBEG 21T G & abel B A 20 HIMEHB 15,
e AL (5 2 abel BF AR



AR 10 TG WY TRG B2GH—ER 7/
Ml fEESATE g € GiHTHR € G LF
rzg T e G,
KA T gzg = {gzg 'z Wz € G
ZEN e GG, ]
M19Y XA G BE LIS Y
Wl ®o BEGCIGK—1RE, M
Ime 5 abel B <— G = Kero. ]
M 11 af {5 14 .
EE12 BOGBRHEGCHBETH. NG
(1) &/G7 =2 abel B
(2) G/N Fgabel X HMNY 67 N,
iFR (DTG HETHMG/G . FEOARB S .G
> G/GT . HF lme = GG Kerr = G RILTHE 1 15,67¢7
B abel B
(2Y FERAREDS 71:G = G/N. . F Imxr = G/N Kerm =
N R dEarEE 11 48
G/N N abel B <= G = N. ]
MEE 12 F5E,G HFE abd BEY,.G/G BREXHN—T,F
WiEEE GG ¥R G abel 427 (abelianise) .
Bl 4 K A, ML TRF
B HNEFHE, A,/ V EabdB AL A S V. BT
(123)1(12)(34)1(123)7" = (23)(14).
FE (1234 AR A, BIES 84 R, VRS T 2 B 8
AR A, MFIFR. X A, SRR, HILAL = 1o, MTTT A,
= V. [1
Afat AL - VLB VEAH bl FERK V' = el TR A,




4 HEES, LT LA I#E o3

A1 — P BB B FH#E 3

ADAID el (22)
—RH IR GRS AL JANE 7 MR FRFICE G
G R ECE GV CEITIEDORE G FROTIRE G
SR PR FEEY
L e P P e (23)
Fresh G BB (derived groups series).
B G BEATIREE.W G B SRS H A SR EE
w1 MAE—TLEEFEH.A
G G
B2 AF- PTIEBE L IE P = et
EXS WOCR-TH WEFT PEER L EH 'Y
Tet, WF G ATRTEEEF (solvable group) s W], ¥ G 2T R EE.
W FAT - abel BE G T 7 qel R 2B R
abel FEAR AL ol BB B
‘ M(22) BN, A, BEnl A
B 6 JF abel WUEEHF A EHE .
WM WG RIEabel FEATRBEELN G F el H G GUE
me GOMEEIBRK FRLRNEAST i . XT G MEFT
‘ B W G HETFANERTEG AT G A8, L]
90 6 S URTCHT, JE abel B RBE M AR HTEF £ I, X8+
TR IE abel M EEIRM] .
1962 £ W . Feit M ). Thompson W8 § <4 Aj‘?ﬁﬂnﬁﬁﬁ '“]
‘ AL BE HAFRE IS A 255 11X DN RFF M Feit — Ihumpmn,ﬂ:ﬁ' Lf
H.J'E :.Ziill'ﬁ#ﬁ{])ﬁ 3 EE 04 (B B R BE . MW Feit — Thompson g HE{iF AR
v Barnside Fi8 R BT A JE abe! MEEAEMEETEE
B A AR P MRS ERAFNTERE . L L 20
‘ 2n 40 F A4 B89 R Braver £ H R E2 R 4 £ TAF M A, LA
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1940 S A A H AR AL TR AR EHF ;1942 F5 8K
HEFYERFELSEDTRT L0000 Mt To B2 5 £,1954 F L3t
ATEFAEFCRLFEL TEARRREEAMERT RS
R AELH HARBRTRIESLHERAFAANRE RG> L A%
BT H ik B A HIEEH 53 TR AL Brauer 2 55 69—
A B R LiE Feit — Thompson B8 213 40 F69% 71,1080
Ry RFEEEAREB I EFMMEFEE, 2R EH
5

{ 1) F4M34 8,

() n =58 LH A,

(M) Lic & 28 (3 16 3%);

(V) 26 #cie 25,

EARREHABREBSATIE. B 500 3 RLLEAR,£F
R FLEELEETHI5000 ARG EHTENIEAER B EEL
gL PSR S, AETEARSIERTRLFENALN M.
Aschbacher #F 818 -

“—m @, KA R M e BEABRELENT AR LR
EH P A REAEE R LR 1L B2AS ~FH AR ESERER
AT DA THBEET O BMAEHMOES RNFLSAP LMK
Sha B ol U R C i A A o

(i, LR 2 FTHMREMN L P M B £ Aschbacher #)+F i,
R (EF I HAFXRE,HTRF RIS RS DR
2000 F B AR, F 353 - 354 W).

1.4

iR RERII R R BT EHRER CT A— TR
flr) - g™, V. € R,
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(1) HEHH ¢ B — DA,

(2) K Kerf # I/ .

2.y P T EBELNFC BAZM— Y. o(s)
, Ve € .

R

CUY UERR @ 22— b s
(2) 3K Kergs 1 Imb,
3. FRE MM, £2GL(F) 8 F* B — T8 .504)
ALY AE GL(F).
(1) FE# & B— PRI,
(2 2R Kers # Imo;
(3) Wb SL (FYSGL,{F);
(4) M GL,(F)/SL(F) = F".
4. G REFER AT — e B ES  HE— R
AWM 1IMAE - R EHEMHES WFH:
(1) G AT W5 A 3fe e gl — T~ 7%
(2y HE G WIERFEE,
(3 G/H ™= R",HP R™ RIEFEHAFEER.
5. W C AR FimbEMWENE, EX FE Sk m— . it
H.RAZ = C.
6. W CREREFm EMENE,IFH:
C"/R'™> (.
7. WGHG BEEHDE . Cx i1 QUGG e x 7L
Gx G, IFH
(x5 /G X it =G, Gx G e =G =,
8, WG EEMFrH#HLY KWNEBLIEH . HA G, KA G LT
/1
GC/HE=K, G/K=H.



6o B8 a7

O, ArR1E DL, D, BRG: FBE
10, FHLK Dy oy, Dy, BPRA TR I e 222,
11. 2R S, Wi T8
* 12, 3K S, MR FRE.HF 2 =2 3.
« 13, 4FBI: 8 » =5HF, A, = A,
(FE:XFEHY o =50 A, BAHEE BETHE 1280, Y
s= SHELS, BT
14. B S, B RHH mEL,S, BV
1S, WL MBEBREER G REAFER.N G LAREY 28T
1Y
<16, Wo EHCEBGC W—1THRAS,IEK = Kes.ix H <

Coodef ‘ A
G & s HY~——ig € Glal(g) € H'| M.

(1) " (HY < G,H 67" (H") =2 K;
(D H > {HYRG WTHESI GHBAT KMNTHEERS
) — P ALH
« 7. WM. =587, A, 8.
*R. WG R-THENIG,HCG.WEE
G =NH,IL NN H=lel,

W G WaRRTENERTE N YT H M F B #H (semidirect
product) iEB B G AR ERMFHEN STHH 2 7R, W
/N = H.
x19. WEM .S, AR A, FH12)) BEHR K+ » = 3.

§5 BHEESLHOER . BFNBSRANW. 0NE —R
EFER

BT A mE, Emmmih R EER () BEG N




(5 f,o,,067,7, 1= i=54,1 =l =3},

Hoeh o, RERTR M0 S L SRR 0 W BRE, y, B2 %)

I A R A n BOBERE L = s 4 S 3R 6
Rl s

P 1 -6

EmARe 4 ST H R WESICF Q.80 = 11.2,3,41 2
SRR G — TR B F R I TR S T g - f &
Ao A THRNTAA R PR g, € GoAi(gg,) o7
gy e gy e i)l = RORMIERINMAE CAETRSAESO LA
- NEH. A EIR R SN T R R E

EX1 WBOCR—ITH.OE-TEFEEG MBEG2ROH
——Aﬂ,’;ﬁﬁ‘l: (a.,0)r>a v .r.fﬁﬂi

(abYe r = a={(hea), Ya.b & G, Y2 (1)
eox = x,¥r € 12, (2)

WFREE ¢ kG0 FAT— TEHA (action)
AR WL A S ERAMERE THEER, FX02) £



68 H-FB B
Wi, o E S T EER(MEF QMR - InEARSD.
FHEHAHE GIEESL LAFEFTHELEMER, AWM. T
MIEMNMFEAMTH—TH GAESQ LHEAZIRRMA 8B M
EXIFHMNEEHFE€ GBI OM -MEER .+ =7 K
B B HICE ¢ola), FTEMWE L 4T ¢ B4,
f@1 WHEGCOESGQLE MRAETEHE < G %

clef

Jlalr=——a-x, ¥Yr& 0, (3)

W o B8 G IS0 NeETHEES, B TR,

iEEA MO REBH. @) EOH—TTH.FFLEe.b €
GLREANTAE

Jlablx = (ab) e x = a-{b=x)

= gla)g(b)r] = [¢la)pb}]e, Yu € Q2.
B ¢lab) = $la)P(b), Ya, b € G. (4}
Milixf THEE « € . H
[$ladyla D ]e = ¢laa™)r = gleda
—e~r = r, ¥Yux&e [l

A pla)gla ™) = 1g. (5)
B #4 , Ppla Dgla) = 1,. (6)
(5).(6) XEH ¢la) B O M AR fla) € Sy Bt ¢ B
G RIS, B— A BRET. (4) AR ¢ RIFEH AL ¢ BHG RIS, 1
— 42 ]

RIEA AR O | MR B IURE G IR RS
QR ETRBES, §—TEE. &

u'ﬂi—dcf—f,f)(d].r- Yu © G, V€2, {(7)

Wi#e & s b —-TEH:(u,0)~a - x.
e G AESR LA—ER L B L edhE CT I G 21 S,
B AT A ¢ RITIBIFS ¢ 898 Kerg BAXMERNZ. WA TT




S5 BAES PHNEH BEBEE . YE —HETTE o9

GHLRaelm IFfPFHMEYNEN Ss - r = 7, ¥ & 2. BRI
P L A o0 e SR, WEBR I 1 T2 B LA (aithinl)  BEA ¢ £ B
O | INPR R (AL o

HEESLEMHEHE A 4 TR, ol LGB SIS
MES LM EHAAHERMHTAEM. S TES 0 KU, sl Lt
TTHEREET Q DWEH R Q BRE IS RE % 0 MITEL &
MAREE, IS HEAE NES PO TERER, LR
ﬂmﬂéﬁﬁ CHEEM A .

B GCHEESGCLELHEES
iﬂ: GRS
(; x (y — »{r

{.r)r—>ar. (8}

WA (ub)e = albr).er = v, Vo © (G, ¥a.,bE (:’.UJJ'E(‘%);Q
MM CEESG FBO—MEH.HFRX TR AT G TE4 &
A A ¥ (left translation) .

GTAEe BTFETHOZYEN Yur = 2,V r € G, B
Mg = e NEZEFRERSSH MNENZTHCRAS, M—T8
MA ¢ TRGCEIm¢g. AT Img < S BHEECYHES GH—1
T EE R GXFEFRAMIER T T iR

EIE 2(Cayley BB} HFE-THHRATH &5 L ER

#. o
a3 2 AR 2]
W3 B NIRRT — 1 E R AT |1

5 sk b YA OE (K4 R B OB (I T R TE 1830 4R A IS 4 5
BE) R H BE 8 KA 1872 438 B LR MR S ). B A AE T Y 2R
A AN SR X ERF P LA GNHFTHREE, A EMEX
HE b 5T £ )iz B M T0AT DR B AN PR R T S X AW
EUIH B B2 F AT U ( Cavley ) T G Frobenius % . Cavlew e BB HE



EME LT TS VT — TR B AR LB BEGT T RN
&) LA THREEW 5).
RUHFTLITEHE O FEGGC MO TH.
2. B CEAEBE(G/HY, FEER
i GR—-MRL.H<G. %
G x (G/HY~ = {(G/HY,
{a,7H)» —axH. (9)

B EFIEE b€ G.H
(b)) o vH = (ab)xH = aflbzx)H = a = & - vH, VYV iH €
(G/H),.
e« rH=¢erH = xH, YarH & (G/H),.

RGOy B THE G EERE(G/H), LE -MEH, PR it
G H(G/HY, EETFRE.

AT LA ie#E C BEAWE(G/H), EHAF#E.

3. B GCEESG EFHHEKREA

€3 GxG—GC
(a,r)'—>ara '. (10}
WNFEBa.bC G, TR € G,
(abdy e x = {ab)dr{ab) ' = a(bxbt Da™’

= alh o sYa b =a-s(bex),
e = eqe ! R
WO R[N FBHCESSC EW MR ReE# G ARG
8 1E B (comjugation action) .
B G EERG ERFERMEES A7
¢ BTHAHMERME e -0 = r. Yo e G
—rara = 2,¥r € G
S=rux = xa.¥ax € G, (11



s rf+%%;.._““Eﬁ4 BMEs ﬂ&*“_ %E?rfﬁ@ 71

A VARER] ol cu & G ar - ra, You & O (127

ﬁ: ZOOY EHE G RO (centre) EIRHERSEREWE . BEGCAESG
|- L B A N5 F Z(G).

HGAESC LM ERESIE FBEC S, 1 - THEs. |k

et 7 A Kero ZEGY, FTHEHEGTIRHEER Ime B4
K G R Ka A e THBo(u)iEK o,. TE
Ja(‘r} = gra ', Yuo€ (. (13)

MT o, € Se ke, ZECRICH MRS HTFTEE .0 € G F
b= (ara avae ") = g (e (3}, (1)
Atk o, B8 G 2l G B — A ps.

BCHRHAOSH—-TREREKRIG HW-- T8RN
(automorphism). H1{13) REBX W o, FRH G PWH« FOER A BEHE
(inner automorphism)}.

HHAL B G BRI L [ AR A% TR 8 R IR A Y

CAEEURRE R G B BB (automorphism group ), ICFE A ().

Bt GIGFRATHBRBMARMESEIFE FmATIRA#H O 2] S,
& s BIE Ilme. FAATENIH e S, B FELRRER G HABRE
FIBEIVE Tun(GY. R Inn(G) < At ().

S FEEBEN r € Aw(G), ER o, € Inu(G) . H

(rar e = o, (7 r) = rla(e "ot

= )l d]ela™)y = ela)arla) |
ooailr), Yoo & G
Bt ro,r = o,y © Tnn(G) AF Inn(G) A Aur(G) 8 ENT
.
MR L G RS, BRI EsMEETFZ(6G), s &R
HF Iun{ G), FEREERLERF LR, 1T
(AZ06) 7T T (GY {15)

s, (xry) aloyvla



EFFFERGIFAHDN G TES G LR LHEER..BI T TFRER:
ERB4 B GCHANARMWEE Ina(G) [ty 8 ¢ XFFHP.0

Z{GYRIRERE (770G, ]
MHTHER GILEESN DHIEHAMITHEG 8955 M, RUECT i

a0 MR RNTEEF S TE S8, A SAT CHHe.
EX2 BEGAEESQLLE—TERET e 0%

. def
Gla)y—=—= g+ ur.g € G, (16)

R Gle) B r BBLE (orbit) .

MR GCEELSN LA—TER MrAEARNE S ST
F =R Bmumr

EES QHHE—-TAERFBW .

del
r~vyv<=>HlEgec G, FH y=g-x. (17

HERIF ~ ESMEE b - MENSENMEL R
€= iy € 2|x ~ vl
= v E NIV TFEg € G BB y=g-°xl
= fg - xlg € G
= G{r). (18)
A A BUE (MR HEMESSE T 2 B PR TR
EMESHE B FEREAYERAHES SAAFNZ. TREA
0 = UG, (19)

B G NGlx) = 8,%:7 ;) BINEES i€ TR Q
G- bR efERR.

MM G EESC THIERARE - 2NME N TFLE -,y €
QT g€ GERy - gox R GTER RXEREERN
( transitive ) . SLET R 0 2 # G 19 — 1 FF 1 2 (8 (homogeneous space) .

B G AEEE(G/H), LINEERRERH, X ER A
FIEE 1.y H € (G/H) R/




85 AAED rEN E.a1eERN YE —REFEIE 73

{(yva Vo oH =y "tH wH
MR CC/H), SR G B— D JF s,
FREM G AL GG R, . WihE A

Glad = jgeg ' g €& G (20
FNHEC20) AP E SRR « BWEIEE(conjugacy class) . A (20)
LA, IR EEHG EES G LHIERT - fI%E . A
Ml G MRS RR AT R A A NRYERP L X
A MHEXEHS PR AHENS, € Z(G) . TESGAESR
FREEAT . M (19) RT3

G =1z + D1 Gir) ], (21}
Hf G} B oo, MEHE, {2t B G BIEF.ORERNR
FM e RE IV AR AHTRE G KT E (dass
equation). 5 7F » € G, {FH g € Gogeg 'R o MEERTE
(conjugacy clements).
EX3 WBGCHEEGOLHE -MEA BT € Q.%

def ,
(7, —— ig € Glg > = x., (22)

G, B r MBRTEF (sabilizer) .
FRBUW.G, BC H—1TF#. HEORKF G, 2 REFH.
R G AESC AR, BRE T AY

1

G,= g € Glgeg™ =
= g € (lgr = xgi. (23)
PR QD AGHEESHAN » £6 BRI ROWUTF (centralizer), i
tF f({l},-.b?j[.){].jiﬁ’{ﬁ (oA K R
i BIEUH L » PUEBGE FZMAE W&
FTES(HE —BEFERE) B CAELGQ O,
MO TR ER &+ € 2.1



"Gl - (GG, (24)
Bl .o BHERNERE T WEEFEG THIEH.
FHA % ¢:G(x) ——~ (G/G,),
a» xr—uali, .
T
acax =bezs=hla(agorr=86"1=(b-x)
= (p'g)exr = (b7'8) e r
e (bla)+ > =x
c=hla € G,
—rali, = bG,.
Al ¢ RGO B (G/G, ), — MBS, IFH o BRG] B8R o Zik
B, MT ¢ EXME. Btk G() 5 (G/G,), 488 & ¥,
BilG(a)i = 16G:G,]. [
Hite WMEERBGAERELSQ LA -MER . ME—FYE
A (R SILE B B 80 = G BB B

"Gl o= GG (25)
R G| =GN G6 Y =G G L. O
EEAERY CAES G FBHRER BREA-RBETEMH .S
| G{x)| = LG :Cu(a) ], (26)

B, r B HSEEFF AT ENAEE T 2 BB OHTIEG FRITERL
TERETRAHBBEEST LHFERN— .
REEG EES 2 LE-1TER. %

ded

Q,=—— ix € Qlgeax=x, ¥Yg &€ Gi, (27)
0, A% GCHTHEAE.
HOCETEE. MR GCGHHMEER WHFF B G| = »7.
me = LLWER G HEp — .
GH7 - OoHuAMESEO B -NEM, T



§5 ESEH__VEABENEERVE —deTER s

[ Qo =121 (mod p}. (28)

iERA (19) AT
2= 200G =102, + DGl (29)
,tﬁijrll{;{.r_,}! e 1,2, r . HEIL 6917, |(:{1 v Bl G

AF, | Gi= p™,m };’-l,ﬁﬂ-‘ti(}{‘r,} = ;‘3 < s wmom L, fo= L
2. . FREM(29) A
‘2 =12y (med p). []
Wit 8 p—E?ET]1F1F’5,FLF|’MJJL‘,~(KIJ7FJ?}:$19&}.
A G Uy - EBENGAESG LA, WA
(RSB ED, = Z(G). IEa R 7 1%

'Z(GHE!{HZH { nod p),
T Z(CY EGCIHFH. B | Z(GY = p KA« > 0. AR
ZLG) 7 e, []

FBAERR RN TUAE p" B HNAZRBEHG LY L p 2
# 3.

Bl Ep 2 EHE M PABRRAEABAE ZERHTZ, x
7, A p® BrBEAR R abel B

ERR  EEOCHHEp. R CEFp LM G ABIRE
EN,GCHORANAFLEARLpH L. WRES, Z(GYF el TAT
B ZICYPR-ALEEEAL . BTl (u)| = p. B E G FTIR—
AsEREA L C ey BF (b)) = p B N6 = {el 3
.26 F 1448,5F

adi by s

|<a><f}\;| = | }ﬂ’ff':r}. = =

Eh G - tanb) . BT a € Z(G), Astila) WHEMNLEL L) 845
A ETES, TAE S3MEE 4,

€77 Tar o {



76 SR

|

Eiss

T e, (b EAMTZ, BRLGT L, < Z,. L

B9 EABGEESQ LA —ANR, RME—&iud be g
AR E TR AL A M Fm e fa T TN LKAR.

WA ., ETHR -5l MELEECEG REFv=0-r,
B e G, H

(aha Vo y (aha "Vola~a)= b {{aa) r]
=(gh)sx=a>(h r)=ua-=>c =y.
BH agha ' € G, M alia ' .

HFe—a'l -y, Eﬂﬁhfﬂﬁ_‘ﬂ‘iﬁ,u_'[ﬂa = ,, A G, &
aGa ' M BH. G, = aGa " VB G 8 G, . EHANA
—~uka ' A G, Bl G, B — A4 BRG] = |G_~,,|- 3

AR A, KM TAKBAMRBEANAFRES L EF
# .

I 10(Burnside 3|3} KAMRHB G AARESD LH—A

A A Flgy £#F g VIR AR
del

Flg)=—txr € 2|gea = xl. (30)
W it s - A
;= Hl—.lZf.ng)t. (31)

By HEEMEFTIFHRCH—AAERFLRDHHEHHR .
ifRE FEGCGxO®HTETH:
S:Hg.i'hgnhr:,r?iv (32)
BE g € G5

: def .
5(g, S—==ir € 2l(g.2) € S

= ir € Nlg-x =xt = Flg).
mE e 2.,%

def . .
S rl——ig & Gl{g,a ) €5




33 SRS LAFR B TR e - BEIE”H 7

e € Glge 4= G
Lii—]-_ll'g{g! .} :!::;| = l: S('-.?') \E]Jlt'
vt F o
MR = MG, (33)
= ¢

Bl ag, e, AQHG-MEHEAREAE DD UG,

EF Gr,)NGlr,)= .8 7 5 B R, F£8H1E G{r ) L
H—AR CEHBRETFHE G, FHRAHH. BRANA

206 = 2 2 6= 216G |G, |
|

cE rolord il )
=216 =riG . (34)
r= |
M(33).(34) X APk & (31). l

MBS TR FEFAMEMNE S — P RHFHEY A
PR mENETHORLE NAZVYHFAFGEEFTR?T O
£ —ABlF

B2 EWEHEHIARERITHEEE LAFFENEL
7R A

BB Y THE - ATEIAIFFRETHEE BREER S A
EFxE,EMNASMESREER, PRAMNEEFTERBAL L E
et (YR G PE—AREMN - AFTREIRS—IFE,
ML RIAABRBEAREFTEAR LA -Ho . AL 2 EHC %
AFef— &8 LR EFELAA LI MBEAN. A& A ELTFEH
F o, FEOAMKF THE F 4

A B FETERA—A 4 A AT

{1,.2,.,3 .4 ., (35)

I

Pl RFMALRE S AHME LrLHR.
B EREERNAMEEW 1,234 L GBI Ey



7% F- S5

FHET WH—AER,EH g g A ERAF, Fle 21081
bR m P M AEEA DT Rk o, WERETL o -

(LY(234Y . A/ AYHFEHEH]L -6.3TFT g€ G, 4

def - - - -
g0 10,.2,,3, 4, | =— 1g(1), ,g(2),_.2(3), ,x(4), i.

EHBELXS R THGALLQ L6 AR, AT KA FH

iiiii
---------

...............

e TAEEe TA o BERHHEETEHTL A Fla)] -
A2 RBEE CHE-AREEA HMERAFRARANER . B
M | F(g), =4 ¥gF [.&/IF(D] = 4. TR

o= _1%(4‘* + 11 x 4°) = 36.

Bt A FREA R EFTEH 36 A
B2 W MR AT Y. KT TR
EHEI1{Pilya®l) BHARBCHABAEAAATRERERNES
W k. .GPitkg AW LELHAERAE Tl Mo HAELWELY
n N EEE MNAERRNEEFEHIH ~ A&

1 N rte)
= : , , 36
r G K&_ﬁm (36)

A rlg) 2 g RBAFTHRBEGSARK(EIE] - 10HK).

Sl 1.5

1.4 ZxR » R
(H..;‘} —*u + .,

BHHIX MR AT AA RO 7 SR R LW - TERTL



Sl 1.5 79

2.% ZxR—R
(oo by —{— 1},
L LG8 TR ZFEEL/HER EH T H.
3OEFA B o D HE - abel #E G-I
4. F RB—48, Rk GL, (FY ..
« 5. GL{CY B —1uCE

(u h)
¢ d
FIETTAEFEBCUY oo P -4,

g = e —

Fre A Mébins TH. 0 -
(1) B4 Mobius BHARMES G THEERFEER—TIF,
B 9 Mobios B ;
(23
GLL(CY ZUGL(CYY = 6
6. 1% ( BE— B, M GGy BUEFFFEL N G R abel
¥
7. 48K g, o0 D AU, HfT o = 2.
8. ok S L B s 223
9. 43Rk U, U, 691 BB

¥ 10. 3R 7, x Z, 8J A "] #4 8.

= 11. 2K S; 89 A R FEE.

*12. FE G M — 1 F8 H A G B 51 F 8 (characieristic
subgroup} ME ¢ & —4 [ F#ATH PR H & B F G «
€ Aw{GYH o(H) - H IR CHPLZGY R GRRAETERG
AR G OIERETE 1R

13, 4r5ik Do D B PrAr e



14, R Dy, 1 Da, BIFTA R Hp m =2
15, 8, H. o BIAGHZER R BB (BT TR L - i) N
o = ((11{12“'{Ig|}(b|h‘g'"h‘fz)"'(QIQZ'HQIr)'
Heh fy ezt B+ 0 v = o . MRS A T 408
(L s d,) R REE o BB (type), UFH » B - D G K
{partition) . B
(1Yo, 5 e &S, PFHAR Y0, &5 o, FHY,
(2) S, PIREERDHET » B HOTE
x16. R S, MEREMN DR, UEG TR LEMRARMICER

H .
*17. ok A, I HE I 8 W R AR R LR A T AR
A

*18.5, W, o B—4n - 8. Ko MLEWEWNALRER. DK
C‘_t.; {r.‘.f)

%19, R O, BOFrA7 8.
20, iEMBE G TERH AEMTHLEENYHEGC H—®
PR HE.
¥21.(1) K S ILEHNE U RS HEXNINEMNTR
¥B.
(2Y iEM .8 BE=TIEMFHF . BFI(L),As, 5.
22, G Hp - B NAQG, B NI ~ p A NS Z(G).
3. G E—4B.C T THARMNESTICELR. GO
>0 {a,H) 1 »aHe " ESERXHNTE G L 0 ER—11F
HLOH MBS GUH) Bl H R IS TRAR M. H MREE T#
Gp=ly € GgHg ' = HI ¥R H G P HIERETF (normalizer),
SHE N (D) B8R HA NG (H GEM MR G AR, H G W
I ks FEEM T BFTIG:NG(HD



w24 P TTRETHME G ) - DR L THE L DER -
£ < ,;I?’Ir.gffg :

Y2500 G R—T 28 BT A MAEECUWA G RN 2 AT
it

“20. G AH—THRBE H<< G HIG:H! = n > WFH G
WA - DITRER 2 WIEFNE R TS G WET s, 1 -
T BE

2702 GH- DA, p NG iAW FoIR IR
SRR EXQUEAY S SRR AD RIS A iy

« 28, A RA o TIRHLT SRRy @ K E F Aol g1
HEMD ¥

29 B G EETL RO EAHIAT CAEMT T AT SR A
2 4Ya Zhg T WM

Gl v 1}y = a - {@ladr, Ye€ G.o o € £,

Wk B TERMAEL -7 0Lk

£2

QF

de i Yae

W FL GO e R M R (equivalent ).
R O il a0 FREEEMEN TG EERE
(G/G,), ERYER . Iy o € 0.
»30 W NMHEWNCE,FE HNAw (N4 - TiEE ¢ AR
NS H PR RN
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e

(”I!h1){” h')}__ (?T] r {;?(h]}(ﬂ‘;_-}ﬁjil' - ;13),

WERH N o< H A - - RR T N Y H BRI E R (semidirect product),
0E N XH.

AN - i{n,e)|n € NLLIEM NIN>XH,N TN,
=31, W G SEHSANERAEGO MW £ %
(g, Fa)ﬂ(?",})—dii—(g x.h oo y),

WMHXLGHTEH GCx HEESGOx W EH—ER L FRe B RBHE
fﬁ(prﬂduf‘t action). 3K 20« WHBE TE (-, ) FIEhIE(G x HY(r
LR (e, ) BIRRE FHE(G x H)(,

§6 Sylow iEER

e §2 BY Lagrange THEW. ARE G H{ET—FHHAH
BRIG|BWRT B2, 0F|G) fIE—FERFI, 2HFEE—T 4 K
FH/ETCSEHN . XA TERBABLAP LN, BEX TER
ALTHRE 2. B e WFEHSEISE1.2H% 11 8. M A,
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FGAd P R T BT RAR LA RB, BIE AT

z},x L o L TR A(25),(26) 4 & ,f:f: AEZr uAps]

FEMBAFOEIR K, L r u+ A pOFEABRBEG LM

BIEH K R Mk kST, 8 K, 89— A skt £ fo(p08)

Y8 m B Ak, S, AR, B K, ¢ R Mk s B FL

K, amE@ms H KEFOERNA=KEE r= 1) 4,0, 8
B i X P AN g BK, A RIGAX PB4,
—ut1AF R g - < r—u+ 1, FH B E =/ 1=
PR

£ ERS T WA E HE 3,

B3 MDA abel BEF M AU ENINH B F 4.

EFE IR NERNTLEAR abel FARMESERWXE
W eEATER.
EIE 2 RIE R 3T abel RS HTFERET.
B 1 MSE 200 B abel BRI E A H AT EL
BmO200=2 x5 hmAF3MatFE:3=33=2+1,3=1+
by 2B IRA 2 = 2,2 = 1 + 1,200 Bi abel AW S FH
Tk 6 FATREIGIE
123.5%0, 128,5,5), i2.,27,5%,
12,275,510, 12,2,2,5%%, 12,2,2,5,5t,
T 200 B abel BEE 6 M A N8 28 BRSO IN R B
2, % Loy Ty XLy X s, Zy X2 L.
Lo X T X s X Zs Lo < fy X Ty L,

ZEAZEXZEXZSXZSH



1o H—s FF

HP 7% 70 =7, 0 X EEHEE
Bl2 % GT ZsxZsxZy. K G HEBERT
B G = XLy XLy
= Zs X (Z3 X Za) X (Zy X Zy)
== L X Ly X Lo X Ls X s,

Rt G #FERE T2

BIEET N
(papssp)
i abel p — #%,F8 A #1%F abel p — B (elemeniary abelian p — group) .
T AR AR abel BB MA THELER:
EE 4 ]G AHRENY abel B, 1

GZZ, X XL, X=X XX, XZ', (28)
P]: Lr ﬂx H]

P1 i Pjs
T pro p RRAAAGEL b S kps Sk L2,
sl "di'? X ZoX o X 2B ANFR(28) KPR FRAE A B
o '
Bréeam ey A E 5% &
k r " b
':'plu‘”.’pI a‘...‘p;l’...‘ps }|

A G HMERF F£(28) AP HAe ¢ A G B (rank),
EESs HAATRAEAY abel HRAM Y AL L CMNH AR &4
FAFAAE &K
B -ABCEAMT M G AHH: 9 BHE abel # (free
abelian group) . £.8%5, B & abel P AH R L
B3 el EHREBH R MARERNDFFATHRAAT
7, ZFEBMTZ AERAMT L xZ  EF REASEEH.
EBl o e R A mHAE M =1, H m A g,



=ZEL 1.7 101

‘ FARTAHR —S8 .o = 1:5 0 A 85, 2™ 1 f£ R PF
M 1A -1 HAR YHRMAFAH LA -1, 5P -]

A 2 FrAL. AL ER 4 B i 2k b |

‘ S 1.7

booHesE 12 B abel BERDE A ] 4 ) 25
2. BEEE 108 B abel #F 0 B [H) 4 A9 25 A.
3. B 360 B abel BEM 5 A Bl # H1 3 BY
‘ 4. BL5E 144 B abel TEHI A AR AATAS Y.
S. HRIE 216 By abel #FU T AR IR A Y
6. RTFIEFABIEIE T
(L) Zan X Zys X Zygs
‘ (2) Zoy, = Ly
(3 Ty % Zyy 2 Ly X Ly
7. B G2 100 B abel .
(1) it G Y& F 10 Broo;
(2) G IBHEH T YERABEGC REH AT 10 BICER?
« 8. WEAR . Wi B A B abel FEMET AT T HINT, M E S NIRITEE
% ¢ JEB:— " abel p - PUWRBETIT p -1 1T pBx,ME -
2RISR
v 10,1 VB Z, VA o GEERPESS ] HE V BN B0 G,
HINEHEER LT RN ETF abel 2 - B
x 11, VR, E e BEREER, p RELR. VIR
B E abel p — HE?



2 H—&& M

§$8 BB .ENERWN

HRMOEAKIE, & PR AEWNI LR R EEER
W REME 7. TR o MEHRHEMBET Z, A S409460 1 mA.
A —HICER w7, 2 ZH0ER. TEH MO REMNWEARE
ZA A X k] BEYE Z, 800 208 B AT B9 il — oo 3 Ak AL EY
HoASER EIF AR, AL G EZ TR E R

b AR T ZoIFRAE . Z 9T | BRI R —
EEBE » BEF 2170, MAENI I HESFARLE(HOF
FT0.

R, X BREG —-ME RTTR S X BT F LS A F
FHERAZHLMTER oy €EXHR 57 4, (150 <
) IRy smy ey, 24K 0

‘rr;".r?-"”.r;“’ 7 e (1)
Mer X BEBECM -~EHBAEMRTE([ree set of generators).

EX1 WREHEGH -ATBHERLE, N G EBE BB (e
group} .

w2 EAmBE AN ZA—TEBERTELL LU Z EH
— P BB O & E#.

mMiMMGEEE T EENWER R

X BT ESESERMXE-"T78E HERIKRMER
X e B R

oo, o, € Xom, € 2.1 50 0 <L RV

T e e (2)
R — % (word) .
AR P e R R BRZI Y (reduced) WHE v, 4, 1=



28 B EHHFRI 03

Pk HETLEAT o A0 o k RATNE ) WRR BT

4&'—'1”“’:ifi%’TEEEEHﬁ?j_fﬂl)l'l‘ﬁti‘"fiﬁili%‘?ﬁ’?’ an B AR AT R o
RO D, W B & 0T o — A F B I N R AR RO MR AR G F IR
WeER AL M. X = :J‘,}',zi L

— 2 0 -t -2 -1
— A T A ¥ Y

AT EAES | ¥uFl . 83— A?ﬁﬁ%@jﬁ'ﬁﬂiﬁ 'Ef{JEﬂ:.?*J?.

K RSN J"—’“‘&ﬁﬂi{ﬂlﬁ?ﬂ{]?(liﬁj Y ERAS),
FA TR 2 N2 F (enipty word).

A TFHEREES - TELNBERELSHE AT,

iR X BN FAARATHRMENICDE FIX). 7 FI(X)
MM EREZENT & wws € FX). M e, 9 w, WHERLELR
£ wy IGEHEEY w,. RGO ChBEEL T, #lW, 1Z w, =

T

r Tzy ywa = oz ' ey T
T Wy = I_zzy_]yz o'y = ‘rx 1-1'?3,,'
= x fxly = 3N

D w wn TR BIBE AT TN ) ws

O, X R R (v wy e Lo (roguny) BE—NF
v 2wy ey TR RAS [ 7 2 AL 18 B BE S F w ey

R R,

BEZ T 2 T R, ey, M R T

Bilft%ﬂ?%ﬁ Xﬁfkmﬁﬁﬂié’}?iﬁﬁ'ﬁﬂ{]%‘&P(Xﬁ R -1
BLORSENLX RHF(OXO M—THaER0tR Bl FIX) 28
&t For B E X £ E BB (frec group generated by X).

EE 1 H—-AFRAE KRR — e BT

{FBR AR ETEAXBAMOFHFARSGTHARANESAO. N
T ENATRFATELOH—4PHEo




4 HF£B—5= B

del

a, {aer) rw, Yow € 1. (3)
B w BT AR HI)XELY s, 20N 50O F )0, AWM
o, RO —EER . THEE-NF

o= a {4)
duf n n T
M, g, =06 'ad 5. {5)
ll .?.2 .?.I
_;_'E_\_
H=la,lw €& i, (6)

MEHAEE HITERGEZRA M FRERX-AF u b
MR T w B 5, = o,

BEA—AF v ABHARRN 5 XN AR T w,,w,, ML
EHR H o, =0, =0 BT o, EFRK w0, LT FRA
wo. B owy = 1. l
S0 IR0 ) - 5 R T TSR (I 1B A A2 abel BF, U A AR T
2 BEPILEXR 2zt 'z = o) FAENGTREMT
EE TR OE .

ttttt

MEFHAESESXFY 2T ¢, WEAHEST AN
# LX) B FOY) B—RH 8 FOX) BERAT o) el xRt
RiF F(Y) BIRAT ¢(a )™ glu )™ gla,)™ RATA F, (UK
W TDEAERK S A

KHTHBE X AREOEEEF(X) 4T18 Z xfhif, 1%k
S I B - 4~ 8512 -

FE2 BXRER—MEFE4.GE-IT#H#.MXIAGCHE—
AL FERREME -MET RMABEBEF(X) H GH—1TR&e. WAL
- 8 FNiR.

MR FEX F(X) 8 G W - MAfRiEm e, Bt TR



88 BH&EHVBEREDL s

ey e AR GO — T
Lj(url):|m1|:j(-i"2]]m:"'[f(.l}):lm*.
B RMAG .EREL, ¢ BIFEHE . FHilk ¢ BFE.
ME—1E RUEA FIX) B G 8 MRS ot EW £ 3 £m8
WM () la) = glu), Yo € XAt TE— AT

() = TG 1M g Can) P L) 3™
= L (a1 Tl ] [l ) |
- ?:.(J'?ln',rzz""ux:*)_
Ht ¢ = ¢.

EEI WXERCH—-TERTENGCERDLBFX)OMW
AR AT G AT AHEIEF(X) — 1.

PR FTFCOCH2PWR A EXPIGAHEZME B A(r)=x,¥Vx
X MECHE2EG, FEME—HTTRNFX)FEGH - P&y B
fERIE ¢ WS . BA G = (X0 /U G H— T AlFERM

ST (7)

W = e < JFIVAER 70, TE(T 2T H
X HENH—TEBAE BT FIX). wiha

.;;,f;( LI’;',I;I“' ?1:", ) _ jr(.?‘])jn-| Jl"'( T:J]”:_..[ f{l,}]?



= :{'T‘J';"“.r:rf, (8}
A ¢ W8 MM ¢ BIRFLE. XERI ¢ BF(X) W —1REER.
Al G AT FX) 85— T 7. (|

A3 ] Ao P HAERE - TEABARESR HAERAE
OB T RV AT A R 8L 88 ol 2 im BT A BB

EHIBN,EXEFCHM-TMMRTE MGEERBF(X)
F—AMHE&.H N BRXEZ e R, W

F(X)/NZ G.
iFREBEFX)M—1TFHR.URREEMERTHENH . LY R
AT E FAFREMSE N) R BMFHRFRE T FIX) Ha)Ei
FHRES ¢ THIETGC MBAMT, BIMNMHF REBGH—EHENKE(a
set of defining relations) .

wwm,D H—1TENTERX = la,ri. AT PLiE B { o™, £
(o)} B D, W X LE EWINT .

BEMAEFX)Pdle", 2 (o) AAMHEHRFEH BN E-5
MEF(X)F D, 8 REg 694 AN BEM= N AEFZ3IHEAL
HAE P(o") = " = e,p(r?) = 7 = e, ¢({or)?) = (or)’ = ¢,
Bt(o", 2 (arP]EN. M MEN. TR §489F—RAHLE
%,

(F(X)/M)/(N/M)Z F(X)/N (9)
L FF(XWNZED BRI|F(X)M|=ID,| =2n.

B8 IMX)M = {(cM, My, HFELEMNHLE

(eM)” = &M = M, (M) M, (arM)? = M
A& F W

(oMY = M, (M) =M, (o)M= "tM. (1)
MOLOY X #H , FIX)/M FR—-AMALEETTHES:
PAM oML T I M L e M oM e st T e



§8 HBHPOH#E.FEEDL 107

M FOXY/ M| 220 % B, FIXI M| = 20, 4(9) X%,
IN/M,= LI N = M. BRI, 2, (gt A2 D, 6—miE L%
A [

EX 2 WHXNBE—TFEEESG.REAAHFHFX) -1
FME RN EXRERAEHNFEMN . FIOXOYHEE RETA LM
PRI MEH FIXDONBRAERERTEXHNEXXRER
RENE MBEHE GCRWTFX)/NB X RERGCH—TFER
{(presentation) , iICE G = i X |RI. ¥ R X = 1o, a0,
R = twi,vwi, BB AKRT S G B RFZE MM (initely

presented ), 10 HE

(G == Juy e, laey, o w | {11)
.,
=ixr -1 L, = {.I|IM};
P, = ir,n 2, v (ey)
Q= ir,v|rt. e’y T vy i
Tx L= 7.y oy ‘v i

F=We,, |hr,.,rfré"r;] JA=D i<l psiond MET - T®am
(1 abel #f .
M—TRe U aFE AR RN Fw

I

- - -1
Ly = ' i = |r.,"v|x ,"y s XN

v,
7 B R EHINE 2, s -fIEX L X Z;.

A ROCME X RXRERAFNH B I AFREIL
{ Combinatorial Group Theory) 38 JUAE 1 A B R G A 148
& (2 F M. Anshel, Constructing puplic key cryptosystems via
combinatorial group theory, Cryptography — Research Digest 862, Vol.
T Nov.15,1999) ).

RIMEE G RITREMAM, FHEA— TR oD L8 KB,



g H--& E

Fie,,o,x B GH—MERTE METLHE G ek
G (e ,oriwy e, (oe), {12}
Hof oy = ey = o BT o, 0 I—HRER . FHL B
(12) @il G ¥— PR presentation)
flian,z, = (1l m1 =00,
D, =4o,rl|e” - I,c* = I,(or)* = 1)
Q = (iLjlit s 1,807 = Lt = 1.
MAEHATF B Ry KR A RN EHER, C A AW Aritin
T 1947 H4R h HBEELELFHE Kipdph HMAEHEPFETRA PR
EFBAHR. EILE B M R M E a5 F A R G e 54T SR
(A & K.H.KO,S.]. Lee,] . H.Cheon,]. W.Han,].S. Kang ,and (.
Park,New public — key cryptosystem using braid groups,CRYDTO
2000, Leciure  Notes in  Computer Seience [880,ed. M:Bellare,
Springer — Verlag(2000),166 - 183).

/j ;

Bi-9g

B THAKELH, ATMEG@HE AL, NN ERBR ER
H. . lem@meg = NMEE ’E{ﬁ»ﬁﬁlﬁﬁﬁﬁﬂﬁﬁﬁﬁif"-.ﬁ.'ﬁ}“:}}‘}mi*ﬁiﬁ
TR E B -9FF EEARBTLARMEL, FELERE
F iR AP 66— A KT BBRFAE LR, R AR
F A H— A3 — BT (braid), £ b 3 R A BIER (braid intex).

BTHAAI-BT L, b, BT AR D D, - A (AT 3



§8 BB IEFIEIR 109

by, TEoEIGHFT B - 10 5.

1 2 3 1 2 3

Ll by =

— = bib}.

A1 10
AWMAAE BT ARG B THRAFAGHT N « 57,48

FTHABEZTHRETHENBEH I AR FALAOHT ¢ £ LA K
s Fn EraEaER, Bl -1LAF 2P0 ABEL-97F

BT &
- 5
be ﬁ Q/l
E3 11




1y E-F #

MT HAXRTREGNEGAH THRELSE T —48 1,0 4#
b LHEEMT T ERERERMABT B 12 E T P
T BB AEWE BT AARERSEETE BT CC W HE UG K
RSE. BN b RHEERFANHT iR TG F KK

A B C

|\
U

FH1-12

Mbb' EEERZELEBTANSRPTES ANl 4A#HTEE
A FERASEINGBTEAEE LA -A8T A, RITA
A3 - BTN Est AL M AEE L ~ by HEAHE
p BT HEN L, AEB P BT LAETHANRSFD
ZE,EMGREESEERL, FLENFARML. ZHAR,
R AEREE FMABTHORETALLF M LN R E

o odef —
a b =——ali. {13}

EHAEL, (1) XSBEMEARANREALL B EHHRLIFMN
KR R DI AR RS A R R T
~ AR T A Y - BB (beaid group) . iTAE B

A BEMNE b B EWTRD.

El—m%ﬁ%ﬁ¢3“ﬁ%b“@ﬁﬁﬂ%ﬁ¥RMMmW
braids). ZATR L bbb #2 by by, B 1 — 13 FF

MET - 13 A

bbby = bbb, (14}



§% BHEE,#ETFD L1

bbb, ﬁ bbb,

g L - 12

SR EHHE T AR LAA BB S NIERBEAESR L,
by ZRI-#BE B, A LAAK.(14) XKALEL b, H, 17— 4
L E B O, H—-AMARR.

By = Chyuhy Vbbb, = bsbyby. (15)
Fh& B, A AR
Vit st o SR F e R T AR BRL AR D,
MEMNEHFIE -1 b s < w BT 14 BT

"o

E1- 14

[ Byudigyoor by o} &~ #8F B, B9 — M ARAE B, 69— RAL

bhh, = bhbh, H . i—f, = l,> (16)
: Y
Bli-j1 =2

bbh, = bbb  Z

B, = {bi,iby

B, & kAR B
K B, 4HE P 83 T — 3R P& TR @ A SR D A RS



112 |—E &

& ERFE SAE R 1,23 a5 AR Ee AR LR E AR R B 8
EEE CEH-AHTHEZFRTRG, P23 AR B, Kb
A2, E A3 ME L -9#ET 5 A3 A AR, NX
Fb A kM B 2] Sa 0uk &) ¢ 2, R o RAFEF (R EHO
ik or BAAMARY o, SHUERW £) B & B, Bl S; 01— 4%
BlA. ii& g R4 24 B4 B, AR, M S; LAWRH.

1.8
| RTFRIESEE X = o,y 2] BB T RS T
(l) W = .I—'1119,4};12—32_:2}_1:_2_
(2) wy = zz}'_‘%fzur"zyr:*z 2ty

3 -1

1. 4. 2 1
A ozTowmT TN

2.y, W [R5 L3R ey ey L Te U Wy -

(3) un = 1*2;5,:1‘4.1?_

* 3, jFHH
(1) S, = 1a,bla®,p* {ab)*;
(2) 8y = ta,cla?, P, (ac)].

x4, JEFRA: A, = la.,b a2, 07, (ab )t

* 5. 7F3— HRE B, K 62,6,0,80, A 6,0, RMIFHT(R §8M
1 - 10).

=6. 1T 3 - ¥#f B, W 425 i f;i.b;bzf)% FErbE i Sy PR B

«7. $eiy B, TRYEE AR08 T eI L B8 (132).

% 8. IF 4 — ¥HE B, W 3K b by F baby FD by, R HE T (W
S8 fIE 1 — 14). AFRE BIEIE , 6,85 5T bab, HFB?

0. & GG REEE. r oeex, OB DR HFRT 1 BT XA
S I G UG IR GRUCE S G L ER RN R RAIEER.
R AMl G = ¢, 20K B ¢ UG I g EIRm—- RS G SR



SR 113

AETY G g HEARECE Y BT DB ¢ Yo,
AFEN] EERL(L - < L RH o RAE Gl GO RS0 7
i) TR — P 2 BE AL R P — AR 29 = (IS4 VE B 1 il gy
P BRI o) 5 ey MHEREE BT oo IS AR AT LS o SRR IOVE L TR DR IR
2y BT ey FIE Y TR R ST LRI - R e A
Gt 67 B B# (free product) a0 fE 5+ 7

WM.z~ 7= F. 20 FoARF A 2 O£ B8 T




B_E I

§1 WMeYEEFINR,IEBE

TMEmEE, B R BEEL TN EBEWNMUHEEHIETE
L HE R 3 FINEEE —1 abel fF, R p3REHE REGH, LLARTEX N
LA RCTE .
aigiEs R MRS G AR, MR R REIREE.
MEF RE—TAE «c BHEHIR.
ar = ea =a, Va& R, (1)
MFk e & R IMBEETE KA R BERMTHIR, R AT ER B
— 1) F T EAITEICN 1.
EARLTUNE R 3T EE o R R THILE 6.7
abh = ba =1, (2}
PR o BT TTRRBEEE BF b & o MIEIT, o MRS —F,IENR o .
HRPHTLE o BA—IE(EH) BEFleft (right) zero divisor) .
WE R hAILE 70,0818 ab = 00 e = 0). EFBEFHLEFTHT
MERABET 0 B P ALMTETF: ERYWTRFHRAEEANREA
F. ER R EAHIEFEFLAFINF, WK R ZELBE T,
¥ 1(F 0) B EFE T 198 8 5 PR OV B 2R (commurative
dormain ) .
B R ¥ M BEER (division ring) 304E, ISR R A LR R
R 3 FAEN— RGBSR, R E—TARDIGC 17 0) M3, 1L
R Y43~ NIRRT )



1 AHFEHRAMERLEE LS

SCTRBR AN PR A (field)  BDLVAUER F - - D E B0 1 0) i
MO IWEMB— R el @R F 2 -

M MER AT /IR 7,8 F B8 » S
MAOEY 8 F AT — e Flx, 8 F B o e 2N F o,
o, 1L o Bl 37, S

1843 By dil ( Hamilton) 28 7 A L (quaternion ) ;

w + b oef t ok, (3}
Hvaub,ood 392800 kWA
2= - kT -1, (4}
i -ji k., jk=—1Kk =i,
ki =-ik = j. (5)

Ff AT M TR S A R A HT H 2R, RE H BINB T E8a ik,
oM TR R B S BIE H B — TR R E R BR ER
% PO T 804% ( quaternion field) . I 2 3EZCHRRIBRIF.

MM R f— M EE T8 R AT R B ek il h— 138,
MR 12, & B B— 7T F3H{subring) .

FESIFIH 3 R M — PMIEE TH R, N — T FHRMHR T LERITL,
K, MT R Bwkik LR AR L] BT

a b & R ==a-bECR,, ab € R|.

PAEFE AT e B IR RLPEIR W R B— T3

T RAFIER— abel B, FEAE AT 70K « B
¥ T aee 0 2,HE

def
g ——a bt g+ -t oa,
~ - =

P

0 (HHYIMW 0 € R),

def
{— g == n{— al,

det

(es

[+

il

R



116 F_ =

nae +ma =(n+mlae, ¥Yun.mecZ, ac R;
wmlna) = (mnda, Yu.mE X, a& Ry

ala +5H)Y=na t nb, Y¥Yuneld, abc R.
Ih F R 59T BB g ot AL a5 SUE- LK « MIEREEE
B . nc £ JHUE

eled

T

£l

L2
_\,_,
n

HAML
™ = amtm, ¥Ya,m €L, a & R
(¢ =a™, ¥Yu,m&Z&. atc K.
R BEAT NG, XATHRE , s SRk AR R RN E A
(Y0« = a0 =0, Ya € R,GZEM O € R);
(i) a(— b)Y == ab,(— a}b =— ab,
(—a)-6)=ab, Ya,b € KR;
(i) {nadh = a(ah) = nlab), Ya.b € R.on € ¥4
(iv)(L }(}_Jb) ‘;ab Va,b € R

1 g=1

ik AR (1}3?-!;6 R.E
ab = a(h +0) = ab+ al.

EXFRM (- ab), 80 = o0 FFIE,02 = 0.

(i) A4

( w)b+ab="(—a)+ aléd =0h = 0,

A= a)b =— ab.

[RIEATF (- &) = — ab. PRI

(—a¥ = b)Yy =- Lal- b)Y, =—(—ab) = ab.
(i) 1 o € 27,

{nadbh {a va+ -+ u}e"; = afi + ab + 0 + ab

w ] "‘I"‘
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= nlab);
WA () niab}.
[{— n\m:bZ fn(— wldl|p - n (—albh] = nwl- wh)
= (= n)lab);
[FiFETT ik el (- ndb] - - sdad).
(Da)h = 08 = 0, alOh) wul(l = ),
O} = 0,
Pl (OaYbh - «{0b) = 0(ub).
(v} AL A7 ST RLAR ST HIFR 5 .
R R RACHSR, R T IR B ARz 1

" o
(e + B = \___, Cat et
L=

i .J'r{fl » F2 T ,.;”) e F[ T L ,.;‘,,: N
a = (cpcayag ) € F
(I e ves,ae, ) = 0B o B2 fQr ., ry,) By — T~ B (zero
poant ). Flay s, o, ) BIFE T A AESHA P 87— -8B HE
(hypersurface) , 7% {5 5 #8 th [l { affine hypersurface) I0PE V). FenHe, »
— 2R V) FRONSET B 28 (plane curve) S BN SR, cR (AT B 2R = 3T,
Vif) FrOA BT surface ).

Flagois oo, L B HLBH [ ooyt BIAHEE S
HFH PO — 4 B8 (algebraic vanety), B F 05 &t £ % 5% (affine
a.lgel;mic vanety) G0 fE VO O BRIHERR VL 0L RS ENH.

e — A E A L —— (LRI Calpebriue geometry) [ ReE-2il
F0f Sk RO T U AR A R A B P A EIRNIR B T ki
&l 5

L s v — T AR Onx. 1T

fleav,z) = am by =1, Hla,v, 2l = 2,

B 7, tg o, RIS AR Oy I RAGTLA OB C R — TR



118 FE_F 4

FEOXHRENMEC CERENE S+ y -1 05 O ¥E - - 08
AR CHRTILEBRERAUIRE 2+ v+ 22 -1 =05 O T
L C i LLERARMEG o7 + v — 1= 05 PAERE ¢ v* 4 2 -
1 = 00040 S X R URA B EHA SR EL T C B S0 W
i
F=1f(e.v.2) € Rlu,v,z] Fley.0a,05) =0,
Yi{c),cro050 € O
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B0 5 REBARR AR FEMNAERUER. WEN
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2R EHBAIIHEIM 0w, e, © R.BES WM
(ayotiy mea,) = iryay v raas 4 =4 ra,lr, € R,
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WA BEHRAMMES FE. A

ded o
A+t B=—lu+bla © A B E Bi;

dei
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fFHe o & TN S0 | ERFR.E
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5. WEREE FIRAHIFEF LARE.

6. 1% R &2 —THPBU TR GFEE: IR R IRHEE Ly
AN R E— N

7.0 1 RAEHIR - -THEA. &

radl = 1r € R|7" € T E-EBRAL
iEH} rad] M4 R B — T8, B rad! & T R (radical}.

8. F R'ExFEa B HEEIT (nilpotent clement) , MR A-I~iL
B o EB L = 0 N R o AT RIS R TR — 1T HE
o, M) — & Wl

9, M EXERE PO RS CARMNESE R G- M
MO B0 FRVF N R MREER (nilradical) .
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BRI M, (D) R HIH

10, & D E—

V2 BN AHNEES, AN ERN

LT RR B — A EE W TR RO e TR

R R
T+ RBIMEBRE abel FE N T ERTR M MNMA/NBER/ILE
MIJCER TS + T3 HLE
def
(1)
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(g v T3 re + 1
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L]
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EHERD AP R EREL SN .
Do REEMEEBLESE U RA AafilE, Bt R/ IK

B EHLER AN R AT I B (gquotient riIIg}.@H‘; RATHITE
o+ D ERANELT BB 52 JE (residue class).
REFEB AR FRANM L WMEF R/AITAERM LI 1
o R EEERI WA EF R/ BRI
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wl{ry + )= Crp b orsd v T =+ 1)+ (ks + 1)
wlr )+ mlry),
malriryd=ryry vt T ={(rp v 1)ra+ 1) = al{ridnlr),
RO « (RIF Mt MEEizH .
EM 1 HERMR EATH . NMERIR £—1TWHs BE
R TFRERN «,.bh & R.EH

g{la 1 b)) = slaY t s(b), {(2)
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WA s BHRBIR M— " RAEMEERES. (F A THARA0H
B OANE SR A4,
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B ELS(FHERR).
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SE M S E M AR R SR ERWM.ICE R E R
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g 1 B W oS B
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o fERMEBWRASNER IFERNZ, VHICH Kere, B
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jfE‘ JLEFBHU—F {FEL ¢ € Kers.r € R, A7
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M re € Kere. RITRAOTIF o € Kera. FTLl Kero £ R F— 3113,
FR A o M Ime A{LER BIMEHOTH.MAENR R™ K
ATFIR(AXN Ime M TREGHA). MEHF R, R HEFALIT
17,01 € Ims.
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WokHRIE 6 —ARHE, MER, R MR,
(1) =1 MHEMFAI " €E R HT s WA . BHTFE € K
B o(r) = . T8

gl 1)y = a(l)alr) (1) alr) =+,
WA r'o(1) = »  HE o 1) B R BRAT. AT o(1Y = 17,

2 D ] muﬂbﬁ* R IGHRAG TR e r>r
bLLCER R AR ST MR RAPMNILL W (L =1 T
BR/AWEL G AR ~- RFERFBAR/IM—IFHE&  HFEEB
HREAR. U T ERMMERR/IHNEHESBRINE . M
Kerr = [ XA ABAENSES » WESTEMT.

M EmIELHEAGE 6 R IR 6T WLl MR R g— 13
355 R M- AR TR QP s 1R, 530 BE TR TR FEAM 15 T
HM’JVzIH]H'J;QﬁJEJ WEET.
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WHRESEATER) #s BFHRIR M—TRE, WE
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W T o BREAR IR SR AT — DR
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L E P ¢ RIF R TR ) + Keroury + Kers € R/Kers,
¢l + Kers)(ry 1 Kerg)] = @lrry + Kero }

Cootryrsy s oolrde(r) = gl 1t Reraddlr + Kers ).



FH ¢ 2R /Kero B Ime 19- - P EFEEET. AT R /Kere & Tme
fia] £ . T
EMFHRHOF-FIARREFF —RAMETR, KNATHE —F
MERARE EIMELE,
ERE-HEHEE) Z#RA-AXK,IZRMEH/ HAZR
HFHR, M I+ HARSTHR, TN HAHER, FLFAEH:
HAMNMHZ=I1+ H/T. (9)
IR SHOE-RMHEAREF I+ HEREHGTH,]
N HAH®mEHGTH, LM
HANH=ET+ HAT,

Ao B ek 8 A
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REERE[+ HNEXHR, INHNFHS AT LA RN,
A gBRFEEER.
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(ay + b ay + k) = (ayay + ajha + hyaz) + hihy
R hEH,aCITNH WM e INHBEBEHC T H.
HER A v INHR+INHE H/II N H A
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Bt [+ UAROFHR,INHAHGER, ¢ 25RH. 0
FTHI(E_NEAHER) #RA-AK,IJHAARNER,
BIC ] Wi/ I #R/IHER, FAFEREH .
(R/TY/(J/I)=E R/, (11)
iE A HHEGE _RAHERE, ]/ R RA kTR,

B KB,
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(R (Jr1y=R/AJ,
B Fl M ek A 4
Grlr b Iy +J 0=+ |, {12}

L S

AEEHEJATRAGAELAAMM A gHRFREE T,
T8 r 1 1€ R, TE€ J/1, %K
(r + 1Y+ 1) =10 T E J/
5] 22,
G+ DG+ 1Y€ S
PER(R AL (T YA AE(ry + D)+ J/T (b 1Y 1 JAT,
Jo ey v DY+ 70 {ry+ D)+ J2T
gl e+ DUy + 1Y+ ]/ ]
= ¢ lrirmt DDA JA = rira+f=(r + J3ra+ J)
5&[{"1 + )Y S Ty (e Ty s ST
Bk Jl RSB, o LA, ]
R VR, ROEVRER TR, R R BIEETER T AR,
PR, &S PR EXTEFTE R NT
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ek
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W AE A LRI A SR U RS ArEE. A R DR,
PR IEN TR, FENERR LR,  ROEM CHETE
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Hy R & e Y RO AR L L TR A R, B R
i = 1,25y MR, &SR0 PR, MWEZER.

R = O, 0,4,,0, 0 a, € Ri,i=1,2,,5.%%5
1E ;

(1) R AR CR, DS R 85— ARE = 1,2, ,s;

(2) RGP R {3R, R+ Ryt + R
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(3) RO N (O R = (0),i = 1,2, 53

v

(Y RO= R, i 1.2, .».
Eﬂq’ 'I_:‘IS-IL__ 11112!“'1 ﬁﬁﬂ:Rﬁﬁﬁﬁtﬁﬂ
R = 1 1 Ig boeee A I,m

L) = (00,6 = 1,2,
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W) R R SE A ALE T — AW A

ry tora oo+ oy, x, & 0,0 = 1,2, 8

(2) HERH,
RELPLEB--&EI1,
phEHAREN R AEMERL L, ] HIREM.
R (1) &R TAFr ABFRE:

Pt as e = v bt b vy, € L

bl

(14)
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AR U {JJE - ..?'3) 4 e+ {_}'3 - ..I',I) e I] ﬂ (EI’) = {U)
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(2) E—F §3 05585, HBRB M,
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H o E A et h
Fiag + ooy oo+ r o=, ).
% F K
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- {J] + Az [ b .F\)(}'] ! R bos=ek :'t-"i)

= aglu +tus+ o+ r ol + v+ s+ v )
Bt o A IR A ek S C
i I B R Ay — XA 0] TR R AN B TR ATIAT T+ o,
he K,H
a+ 1= b+l —=2a—-0bbe 1.
EXI BIXWRMB -THME FTe. € RAMEB -6

FoMER o 64T Bl S (ais congruent to b module 1),184E « = #({mod
i).

HEER. WGR «=5s{mod I),e = d{mod 1},
a+tc=8+d (mod I, {16}
car = b {mod I, {17}
ca = dbr (mod I}, (18}

TR e A O RS ESEE R E R R -
MEMKE ABEFH. c BTHEM e o+ LA R TE]
bl AR B 3 R /T,

EE S R BAERLIT (GO B, ERER L, ]
MW e E

R/ALOLAO NI, =ZR/A QR DB B R (19D

i S

s: R—=R/J PR/, T BRI
>+ 1,0+t Ho.a+ 1),
it

ol r + )

(a4 )+, (r+ )+ Ja, e+ y)+ 1)

(Co 0 IV o+ Ib e v By v i+ Tad,oe (e + 1)

by - 1Y)



=({r Fl,e ¥ L, o+ 13+ {(v+I,,v+ Iy, v+ 1}
= g{a) + oly),
a{ .ry)
= {ory+ T, xy+ I,y t 1)
= (o + Iy + I+ Iy + L)l + Ly + LD
={x+ I, e+ T2+ Iy + I,y + L,y + 1)
= g{a)aln),
(1)~ (L + I, 1+ I, 1+ 1),
Wt s 2R BRA B RA, P R, H—1FE.
¢« € Kerg =>5{u) = {0+ 1,,0+ I5,,0+ 1)
E=q t ] =0+ 1,5 =1,2,7,5
Sy € 1.y = 1,2,
=a€e LN LNA-NIL.
Hit Kere = [, N LN N L. EBEAREEREREG
R/Iy NI N0 N L =2 Img.
TRIKUE o BN TR
(b, + I\ ,bs+ I, ,b, + IYE RAB R/, @ P R,
FIEFHL a € R AFB a(a) = (by v T\ by + Iz b+ 1), BD
a+ I, =6 +1., j=172,53,
al a—-b &I, j=12,-,5,
Bl a="8&{mod I}, j=12,",s.
MTELL Lo L HAMER BRERE §1MaE 1R T
E N1, 2.0 st L Lo, e 0, BUR AT
I+ T Ly, 1~ R. (20)
FRAF o, € 1,6, € Iy 1,000, L #HT%
d, 4 e -1 (213
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MT o, =, —0C LB < =0 (mod 1,). AW H{(21) 43
e, =1 (mod [} {22)

N

e & T d LS N ﬁ .rJ NLoN-~nNIicyg.
).l =

NNl e, == 0 {mod I, S B DI TR (23)
S u = :bﬁ_ (24)
Dol
it a — b {mod L,Y,; - 1,2,,5. (25)

EaY): AR N
RN LN~ NL=ZRAPBRA, &P RA. 7

fE LEIED o RS GRIED T T b R A
EEe(PEHAERE) HRETHMUTI(F0) 9, Z11IF
’lﬂ flﬁfz-"'sfx Eﬁﬁi?ﬁi,mﬂﬁﬁ;{fﬁﬁ,nﬁﬁﬂ 5 ’T‘,}Eﬁbl,bz,---,fj\
€ R.[MfHEH
&= b {mad I,)

T = (’J:{ﬂiﬂd fz}

L = b (mod I)
FERWNOHB FEMR o.c EM T/
a=r¢ (mod I, {1 [ 1.
{ERA & bl o EREAIRT LR T X AR Rl A R
NER DR o, AR, BB I, RgmRIEREME SES
w— ¢ (mod I}, j =1,2,,s,

HS a—c€ L, j=1,20.5.
D 1 a—c e b,V I NI,
MM a=c¢ (mod I, VI - {11). L

TG IRy G0 £ 5 IS fnjn g 0 b B A JBIE - D REBIT AT



AR, ST 2, AREGE - bREERN M. XA T RA S
> A2
EASEMNEFEEE T RS » fREHZ, PR T
ECHFEFH, KT m - py,p.q BABEMAF Z5. 53X 0T LLF|
M SRS SR8 SR i R IR BRI — O
Bl 1 {7 PR R
B r, Z/09D),HT9l 7xI13,. 0745138 E, Nk 4k
= 81 2,49
(91) = (7)(13) = (7) N (13).
FEEFES.H
Z/(91)Y = /(7)) Z2/(13), (26)
H: o [ ) B S
Jra + (91)—=(a + (7y,u 1 (13)). (27)
TR
(e + (91))° 1+ (91)
—{a+(7),a 1 {130 = (1 +{(7),1 + (13))
=g + (712 =1+ (7) U(a + (13))* = 1 + (13).
W T Z(7),Z/(13) R, MifE—H F L — T H MR Fla]
b MERX A TEFPEER» TR(EREREEGTR) AN
o 1EZADZ/O3) FRNELEEFRAIMR.BHR 1+ (7)., -1+
(D B1+ (DBHESTROEFR 1+ (13), -1+ 013) B1+(13)
A A ] R AR B R
(e + (911 =1 + (91}
c=>a + (7) :+l+(?)ﬂa+(l3] =+ 1+ (13)

|c.1 = | {mad 7Y, — 1 {mod 77,
|a_—1 { mod 13} ¢ =— 1 {(mod 13);
le =—1 (mod 77}, |I =-1(mod7),

I!a — 1 (mod 13): ],a =—1 (mod 13).
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o R RN (6 = i A

lr == 1 {mod 7).

1'.; = 0} {mod 13},

|.r == 0 (mod 77,

| =1 (mod 13},

MR (24 (25 ABH g g

la — 1 (mod 7).

I a — } (mod 13).

TR ¢ TR+ 01k k& £

— a4 = 2 = 14 v QL4 &k € L.

YD B N
o b= 78+ 1= 14 +91F - 1 +91/, [ € £
H b, A AR T T WA E s R AR RO A
v = I T8+ (= 1Y <14 +914k =64 + 91k, & € £
a=1{ 1YXT8+1x144 91k =27+ 911,11 € 7
= (- 1) xTR+ (-1} x14+91F =—-1+917, 1 & Z.
FHIETE 291 . B A RIEEFE 4 1T
1.64,27.- 1,
Hed = 27,
#Hit7 HRRAE-AFEEAGHK,EMERIL L, L AR
Ex, LI NN 1L (0), 1

R= R/, DR, D SR/ Ll
SR 2.2
1. 3%
R - ![ AL
| ';'9 T ) |

WM A R G 1 B A,
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2. o AR BB R H—AFHRE =Y.
(1) 4R T AR~ R, A s(])E R 64,
2) R I'AR H—-AEE Mo (')A RMHER, B Kerg
G
AEESERM AR 2 M2, 2 EH A, £
AW R GARAEER S FAT
4. £ 77035 F AL 1B EFF R4 HTFMHR.
S.EZ/33) FL2AFFRALDII QP FIRA LG
*6. REEH n o= prpp KN pr o p, ERABHREW
FH,r, >0, = 1,2,-,5. 189,

Z/(n) 2/ (VB Z/ (PR DL/,

§3 REBNRKER, SRS

AEEA 2P . EREFEABRRIMEN. FEARILEE:
AT 1IHBE p 28
=M plab FTUHEH pla B p b,
(T EAERIKER AR RO p = pop . HF po > 1, p
> 1,0 plp p. HETEE plp R plp, FIE)
FHERIES, LR R
KT 1IHER p 258K
> M abh € (P) LAY 2 & (P) B b € (P)
i, M F L — CEHARAE ] P AATHEMAEE
HARRBNER, A4 2HEHWEBLER .
WHAT 0BT p(a) BANHZMK
e=> M plxd fla)gle) ATRAHES
pled) | flay 3 p{r) i gle)
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2 S (adgle) € (pla)) Al RAHE N
J ey E (plad) i glx) € (ple)).
Wi b2 B R IRATRM S T A B
EX 1 #BRE-THENGLIGC0) BEEF, PR R P—
THE L P RAMEM b € PHUEd e PR P WP
Frh B BI— TEBME (prime ideal) .
WM R s e FEREER 2 T,
pIEE
= (pr A ZAEHE.
T F EM—TLERAFHFla] P,
plx} Aol £ £ I 5
==(ple)) B Flo' pEBHE.
Mo % L arHE®E 1% R B— A TG L 107 0) fIa8#sh I

() & R ) — - FHM
EX2 ERE-HERMCLI(Z0) FZHEH, N RBA A
AT A R A S B O R i (spectrum) .10 fE Speck.
HTREBHE Z A, AR — 14518
w1 AZNT--ITEEMEZL —THEABE A RN ER
AH
iuE B4 MR ZE— B AR T = (0 W T EEMMELT
P A0 TEFTEeE [ila70 WM o ROEH N -q
(- Yo € 1. W ILEEFER. £ 18BN EEECBR— M@y
BN o MKW T - (m) ARHR 6 € T HEFRIEER:
b=qm+r. B=lr<m.
FRE - b —gm € DB A0, MY e BPHORAE JRIL - - 0
HIb & g & () R FEZ oy M T = (). 1]
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b Aw 58 1 TR i A 5 L’E¢Eﬂf§¥ﬂ¥3?§iﬂ Z Wi

SpecZ. = {0 U i(p)| p HESE. {1)
F{Fon R 1 AYLEEA A Ik, _IliiiFﬂﬂ—Fi.E%ﬁE‘ﬁ'ﬂz
2 BF WA REF L) ME— TEBARR FEa,

AR 0) MMM LA E AR N 1 E‘:]igfﬁf_t’ii—ﬁﬁ
WRM F LG - —TTEMAL FHPEAR, N FH—THK
£ A (algebraically closed field). AR MWE F E— U HFH M,
W Flr) R — A EMAEARE - REWA, TRO G 2
FV g M S5 BT 15 HY -
W FE—PRBEHEAR, U Flo] B3R
S[‘}ECF[I]:::E(UHUE(I—GHGE‘F}- (2)
EE3I RRBEEMITI(F0) AEEAR, N R MHEEPN
FHBYENYE R R/PA~TER.
{Fll  BAFIF R/P REAfIT 1+ PHIEHHE.
R RIFRHE P HEME.
= PF RAM DS Cc PHfEH «c € P bHC P
=31 € PEMw+P =Pi[litha+P=Pb+P=P
e 1+ PFPHMN(a+P P b+ P)=PHiEIHa+ P
= pPEEh+P =P
—>1+PF*PHR/MNMEAEFLHEFET
R/ B—"T8H. 0]
EM4 WBRAR FEAFEMHLSER BH170,1770.40
WH R IR B—1THEE, Y
(1) R BYFAMEHENESS SR WEE Kers T A FE
HEIMES S ZHAT—1 - —ATh,
(2) # T Rt9éerd Kero 85 R 1,5
R/I= R /o{I);
(3) SpecR B R E A Kere A AR BUHEAN RSS2
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KA
W HHBEBW MBEIER M -8 W "IV ERK
PR e MU ZKae METERA -THEN(D
ROy AT
(1Y % ¢:8 —»§
' ——s Y1),
WAR ¢ RS 81S s Mg

ATULIER ¢ RS, AEER 1T € S, W «(1) € §. #iF

Slal)y T Y ¢lolD)) = o7 ol 1)) B HZEF

s Ws()) = 1.
TEHHE s "(a(I)) M) € a( D) TREE S T T o) =
(Y. AT a(b— ) =0.HIS -« CEKas =1 FTEHE I.HIM
s H{INS T RZ LR € I, o(d) € o(I), ATl d €
s Mal M. AR IS g '(a(DY. KM e '(a(1)) = T.

W DEIWHH ¢ RS B I, BR M TEBE, R (1) =
GUIY R o Iy = STV TFIERE « € L HTE e ©
o "IN, i sle) = a . HF o (I =6 '(J), Bl a €
e IV . MMl ola) € J . Bla €y Wit S RIS M
i1 J X R ¢ AR,

(2)E [ ARMHES Kero 9 — 1M ER BT o £ R B R 1
— R A, R

R Kerd = R’ (3)
e s PR ] L8 5] R HLADH—ABRE BF Kero —
I, B Ker(s|T) Kers . A A
J7Kers = a1}, (4)
BE AR MEE
KA = (ReNera ), {17 Kero ). (3)
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M(3)(4).(3) A 4%
R/ =R Za( [}, (6)
(NEPEARG—AER LD - o 1(P). 8 P2 Kers, LA
Gla(P)) = o7 (alP)) - P.
LH YP) =7 (P)=P. T A L4 BHR
s(P) =P,
N 3 (6] X4F
P AR §—4FRA
SR /P H K
—=>R/P A ¥
=P AR - FHEA.
Bt o £ SpecR’ Lo RS A SpecR B R 86,2 Kero # Bk A A PR
B/ RS — WA, [
Hits WREB—-ITHIERH—THEN
(1) AR R/AIVHAAABRARNESS SROESTTHRAHH
BHAEHRKES S ZEA —T——3h;
(2) AWM R/AI M EHEBHARMNENSS H
S - {K/IK BRR M¥MEE HK=11|. (7)
1iE BA B RAFHR/IBE—TARWRIE», B Kerr = I,
() FBEFIAE. ¢: K/ I (K/DRES B S —17 0587
) B KA €S M g(K/ )= n (K/)E S ik K -
x "(K/D),M K € S A
$(x(K)) = n "(x(K) = K.
By (K/1)=K. XHERE ¢(K/) =a"(K/I)-K. BT o8
VAL A K/l = K/ILAK=Ke S xEHKTRFD R
THWES NS 85T (7)) AHANES.
R K ERFEM BK2HMTF(K)Z R/ MM,
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it KA1 = oKy e ST A7) AGBHEARET S
2 LRRTFHN(T) ABar RT3 R/T G R A SEAR A a0 B 1

N
'K/IK 2R WM. B K =211, )
WREMBMAIL 0 WEHEF ANEMIANB, R NEHA
PHBEWR/PHNEHR ARER R AMEEBIFESRR/ TR
— AR R 2.1 RIS S BAEE o &R L ReHEe SR
R/T Fi—H 5
> R/ABEIEENLHEBR H LI+ T -1
>R/ HFEM B 4(0) (A If‘f} mRAAIFR
=R TEYTIHBEBEEAEIHR,OLTFR.
i gl dd Bk #EE .
EM3I BRE—TH MERM -IHMEFE M7 R
R RPEEMABETEM AR, M MEFHR H— THRXER
{maximal 1deal}.
MBS A B n B T ARSI
EE6 WRE -HHRAG 1(¢ 0) FI2E3T W R B9 FEAR
M ONR AN SR/ R/M R-— ik M
g, o F E— A BTN Fl2 ) B R p() BAAZY
%}I[ii{t.ﬂ'l(p( )Y & FLr ﬁ;—+fﬁkﬁﬁf@mﬁﬂT
G Fle | #- - MRES2(p(e)) il 23] (fir)). F
B/ 2Z20pte) m ple) € (FlaN A Sy plad W
WHEH () = c€ F B /() = cp(e) P e € FT LM J =
(¢)= ForlmJ = (eple)) = (pla)) M (p(»)) E Fla] W
— P AR
Rz, M R m A EOCRE W | M 2 — AT

lllll

T A N (M = (glx)), fE%;m () [ W o) =

o LYl Y depg, (o) < degglaxd,: 1,2, FR(gla)) 7
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(g(e N Blg (s A Pl X5 M EHRAARTH.)

el FZ P MEBZH—THEXBEEYHEYYMER -7
E R A

BEXIMRFE--TE, M0 & FaRCER L2, -
AYAIT 10 0) AT R IE0) B R MR MR -
A 1

My E 2%, BREEAA—FRE HETRAEEMLC
1A~ 0) B 8E R P RFR M - ER FHEAA I ZIE P A4
TRTHRER.

Bldw, E 2 FH—AFTHAK Z[r] ¥, £ E (), B K
L2 1/(2) 8 F—AAEH A

gy + oayx o Fart + () oae+ (a0,

S gragrrag+ (r). B ¢ AR Z # Zlx1/(x) & — A Bl Awe st

M Z=Z 2 ]40) B FZAER 2FRER, A7 ]2 X E
M AR AR AT () A7 ] H—AEFRA EEFAHMKER.

WOROAR A BAEANEHRE, LD Z0,170. M5EAR
B R A -TENSs, M RTUBEABR LK R W HFHRER W
M ER(extension ring) , I BTUAR o Ljo(a) FH . R H, Q2R
R B4 FWR, 5§ R AMRAALL, MR ZR, M—TF %

FIFIETE 6 77 LU /MRS A BRI H & 1 i X PR

EE7 BF RS ITENERR, HF ¢ =", 0 HEH.
ME mlr) = ap+ax v +tax" BF,[1#=n W AT Y IR,
| Fq[xj/( m(r))BE A TEMEFRE, FAEME—-TILH
il DA — Hb & AR R

on + cpu o 4+ (. |H.H_1,. [8}
Hite, € F,,0 i < n,u = a4 (m{x)),u WE

ap T a oo + r:lﬂﬂ” = . (9)
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iER T () B EF [ AR ZMA, E‘lﬂ'ﬁ(m{.r}“l,%
FoaoJl-—-THRASPE TR o F Lol Cm(r))y 22— T8
Flaoi G o) P —T0NFIEW /Ced + Om o) R RERE

Jlad = Al Ym(e) + rladdegria) < degm{a).

FREFLAEE 70 ) = e b oy oo Lo, LT

Jlry+ {miad)y = ¢yt oy b+ o, g™ P ey,

(10}

WA — PEEE fre) t (o x D) Fos W10 LAY 2 77 20— (i
B () + (m{ e AAFBER N r () + (e 1 r () 8
(o)), o degr(e) < nydegr () < n, 0 r{r) - ri{a) €
(o). M #{ay—r{aor =10, Eﬂf{ut} rifle)). T €F,,
0 i< u N ¢, 41 g FEERTT A M B, 0 Cn (o)) |

M

T
ey — b L)y, 1 F Fy £ FL;{J: Yo m ) A — ) A
gree = b (Y ARl I g L oa 4 ()} ZIR. AmE
cp T oot e, T I (e )

= [r,[, + (m(,r})] + ,F-:‘l i f:mf.rj'}][at' + (!H(I)}] + -
+le, p+ (m(a)]lae + (mla))]” !

= cptooqu bt o, uw {11)
ESNad
F,ool/(m(s)) =icop+cput -+ e, w7
e, € F 0= < ni, (12)
FALTF (1) ZHME S 1 T
ag Foaqw T+ oAt = oy taypa b b, "+ (m(r))
= (m(us}).

WL FER SR F, Lo ] Cm o)) oy b ow u b+ e =0, ]
AT F B TR — R - ERp AR p &



R AL R BF I A e BRSSO DGR B
1996 4F R 55 206 — 208 1.

Wy W& 125 P ENARE.

mo125=5 HZ|lx] PER—DPIKRARATHETEX. & m()
= 2 o+ L EETERE,Z P ,0,1,2.3,4 8RR m(x) AR,
VT degm(x) = 3, Wl mix)y 2047200 M
Z o1/ (2 + o+ D EESPIPAEMARE. S u =0+ (27 + r
Ry
Zlr )]/ (e + 0 +1)=lcg+oqu+cu’le, €Zs,i =0,1,24,
Hd o R4 +u+1 =080 4= du + 4.

FHYE EHEEANFO)GE R FPLEEBMIIAL.

T 4 S=iJ|IZARWMER AIC I .REKO)YC S, B
S HFETRE SEBESCHOLELEERA - MAFE T, SH—
MoAtEC ERER M RAFHFE(ENCLELCTTLMNI
== l'z)mf“}r#‘ff’.‘&.

R SG—&FT = {1, € Slec J,EF ) REHFEE WX
Freagmiritl, 80, v AL LAFLCL A UL,
EHERARARH-AER BICABELACS HT LA,
Yec J Bt ARTEH—A4LF FRE Zom NB (R —tRAFE
S e FREALR W SH-AMRAE)HF SA-ITHRL
FMTFAMARG -ABE LIEMMEMTR.ERRL
FHEL HERHESAMEHTHEM - HEALMARD
— AR A []

Sl 2.3

LFBAAY RS2 R F E--FLEMARF Lo ] #14 — T FHAEE
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A Hp B W ESEET I A AR N 1 sl
2. R BEAETGIG-0) Al S R, 2 R— 1 FH
MR, Y RATMHRE N . & PERM -4 G0 P N KRy
R, —TFRBEML.
w3, R SpecZ/(30).
4. PR R p(a) B FLr] BT Z AL,
Wl FU 1Al ) I -
S, F R CTELGUER MR s R FLe] 09aT gy 2050,
FlelAH)YBIEFEENLBHTHETF.
6. WES 4 TUCEMNTIRE. SR EMMBEE SRR LIER
£
7. 8BS 9 T AN AR,
8. Mk S 8 mEM AT
~9. W R 2ZUH(HERM -TMERKEEHER/MM AL
.
def

10, % R BEAHENLe(F0) I, % Ze = fneln © A
(1Y iFtA Ze ERBI— P FR VL ZAm) = Ze. Kt m B4 -
PTAER R R 0 SN R AVFRE.
(2) InE R 28R, RMFEHNIOHERS - TRE.
¥11. W RE— AWM G1(F0) B, UEH R MT& E 2
MK ET R B ER rad(0),
* 12, WIEEE¥ 2 = pj'p?*”fﬂ:",;iq:' PLfaat . p EPEAE R
E¥ e >0,1=l = s IEHZ/n) WETRA
(prp2er p )/ (n).

§ 4 MY BUHA Galois MEIFEIS

G E IR T O g ATRRBEEF, L I o TO A R
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T TR F, L | MR —1 n WA ZIn (0 ) RREE R
Fool/Gm(e)), e o TERM,. EXNF - ILFE A — ik
7 MY
ot cqut o+ e, Y, e, € F,, 0si< #n, (1)
Hiw = r+ Gnle))EWMR mlu} =0,
XA FRAEATIES - F.
g, iR F N EHE R, &£ Rl 2] PH -2 KA LMK
m{r) =22+ LIEFER R o1/ + 1), M EER.H1L
R[]/ (22 + 1) - ia+ bula,b € Ri. (23
Heh gy = r+ (27t DERE L +1 =0, =-1.%
cg: R[z1/(4* 4 1) —C

a + bur—*u + bi.

HEBU ¢ B THEH FEER /(P2 + 1) HERECREYA.
W EY BRERFARGLES - LHEEBER <]/ (F+D)HH
wl =1, i =+ - TGEXRERITE - 15 -1+ (27 + 1) %M.

Rl ) e AR a2 R A LIREHA AN T OH 21X
E£mWA RS . &R e] PRAABE—T 2 EKATHALHRX p(2),
BEE R L/ (p(2)) BEERE C . TRRERIFE T EM
HIERE QB E. EE Qx| HEEBENREMWAWAZIL, Briiv]
DLW Q B g - IR

HQlz] HEBL— T n KA EWM L mle), EHH— T8
QLJ]ffm(ur)}.)‘JTE"EH’ETWM?H'*&#Wﬁ,?ﬁfﬂﬂﬁfﬁ*?ﬁy‘»Q
Wk ERY T R

=y 1 R BATHMDI(FO #LEA R R RA—T
oA R BB AENE « € RVEMER HEER Au i
1T MR Y  ER FERMTFH. X R T« BEETFIR, LA
R ul.
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7% 5 By
R ul= ag+ajut >+ e’ e, € RO 7w . € NI

(3)
Wt ag b v+ + e BN e R EBH—4B8mR.
MR R = QR = CARENUE—PER r. 4
&1 Q,_ FJ_PQI_?]
fla) = Za,.r" —*l:a,f" o fle). (43
r -0 Al

FARIE o, ZF QLo B Q.o | By— il [8) &, M

Qlr]/Kere. = Q. ¢ ', (5]

fl1) & Kerg, s> (¢) - 0O
(YL B O-TEHER.

P

Kers, ey e QL] | feYWL e A—TEME.
XA QL] BLL e - T ERERTT W AR E S A — T A
o+ Ql o] lji’:J}‘_ A M ETIE P Kerg, = (0) B Ker =
(pCe)Y TR, Al LLBLE) ot r) 2RIMKEHCHY L W EME R
pCeY BV MBI A H@%Irﬂrhif”ﬁiﬁﬁﬁjfﬂﬁxk 5
ple) B0 Q MMM nummal polvnomial). B2, pla)
WA Qe DT A AT E BILT AN Qe S Cp ) B - TR (S)
A Qe -.”J“fifi.iii

pior) N ]r"_. + oot boag. oa, & QL0 EF <o,
B M, pled = 045 " =~ u, P e = g - iy . I
Ole = ieg eyt + 4 e (277 e, Q0= 0 < wi

B P p(ay Ral 2 N Qe ] — T wERTIR ey + e b +
Ly |I+“ lﬁ{]ﬁ?ﬁﬂﬁ:_’
By (6] 2 1 1] i A fE - s ﬂ]—_’{f]zIﬁlﬁ mir), %ICJL:’FI;RET
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H‘: QLJ'JE( ”!{I)) ;T’::]I?]—"‘Iﬂ‘“iﬁ L_{'-E: { ;If_ m(.rj Ij’:l ”[‘“Eﬂ,ul'] Q[f]
QL] WHETHE o, MEZFET Gu(e)) A Q 2/ (m{x)) =
Ql ) EXEMEFEH QLe ] (m ()Y BHEANTES Q&M « 135
MOl M TBRAERAE R —H.

EX2 WME-ITEH: BQlr] PEINMET AR W/
il — T 8 ¥ (algebraic number); & M, FF 2 — 4~ 8 & #

( transcendemal number} .

EX3 WR-ADEHEFETHMRECH 1 IBFESHKX
DO, I o BN — B BE B (algebraic integer).

MORT TR B 4 B BDA L 8 e B — A IRBE R — TR s 2R
MR BRI E I RE N 1 28X p(o0), E—ER QL] THA
AAERA HEQ 2L (p(x))=QIe]. FROQ[JB—TH. X%
B A MBI QI — MUEE  FAMNTFIRQI ] B—18,Ql ] #8
3y — 42 2 M i (algebraic number ficld) , e EHE QL ¢ ) HLid AL Q1) .

B, p(r) = e+ 12Q ] REGATI Y I, B — 3

ﬁﬁﬁﬁ%m:iigﬁiﬁtflgﬁimmm%~¢ﬁﬁﬁ.

Mrmi Qle ] £ - THUEEOH.
RO1AHE, S8R M FHENERR », A » KAMKRA
BRI R A TR — AR U, X MEFRRERN — T E R

2

B A n B (primitive nth root of unity). i £, = e "
B AR KBARHR. QFEM - A » WEBAR &, 155 895
Qle ]l HFRE » TorEE(cycloromic lield) , il Q(&,).

Bl e —r3 s mpE TR Qe (ME K Qlw))
W3 A

3 A 1 T M/ J B B 9 e e B 7 B ) R T 4
1O 0 A B ER b . M B BR RS H— IO BF L LT #BAE % R
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MM L= 0) MR,

HAREAMN R IH—TEHMAHRE +  LTHR I —XE
INAME XL WEEK P o SWMLUHeE L HE I XBEESAEE X
FM K L -2 KMEXNEAFEFARENONSFNE(T
MY (s Bt 1996 EEHR) B2 0 R R LT A — T2 1 W
FIMER LRI HIEME LA E (S8 K -
WEHAH K MRS L —f) , Am R r | AATR
L I(F 0y MZHRF . RENR R EH—xsWmAIR.

R ERME -MH R BXRE EERE ¢ R %

g R[] — R[¢]

det

o) = Dlaw —Saxr = 10, ()
HHIIUL o, A R[] B RI+ ] I —WAE,HL
D f. gla)=a, Vat R; (7)
Moy
Rlr]l/Kera, == g ¢], (8)
HEEE Kere, T B = i0i 311
Kers, = i+ f{r) € B.ox]l | Jloy B h—THRI.

B Kera,  (0), B E—TEFEMK () AT ()70,
HAF#R : FER TR BB R (transcendental over R) . uiFA R R 11/Y
HHE T

MR Ker o0 7 (0) WE Rl 2] HEAE /() 7= 067 /(1)

O, A TFR 2T (algebraic over R)  alFHF ¢ £ R 1IN
3T

HZ BT R ] — 1 H N R =004 Rl #
RI+]/TBIERENEr, L Kerr = I.a fFR FHIRHE xR Na
— gt T T INAR =10, HIF xR BVE. M r R ZH R T
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Rlrel/THRARZLE FREWUER + ]/ ITFERER #—T9H Mg
S5a+ %M. %u =0+ 1.0
Rlel/T = lag+ayu+ = +au'le, © RO i<l 2n,n & N..
{9

W R[s1/1 = R{ul. XIFRANMSF R MAMEH THR[2]/T.

HER R = Z,,FZ, x] PEH—TZINL, F(r):

flr) — 28+ 205+ o+ 3.
o) MR- REBE 260 60,1 1.2 =0, 3 —1), 1 13 F|]
?erh-i“] L|*E‘£J"?‘$@ﬁf(?} - ::3+ xot lﬁ%ﬁfﬂ,}(i) %TQ[-?'I
W ANEI 2B IS, HE T RSN 1, AR () R L] T2
B & A A 2909 (basic irreducible) AEFH Zyl #] / (). 3w o+
(), MIE 2y 21/ (fla)) P, A
flu) = w +2ut+ ut 3 =0,

Bl w? = Dut + 3wt 1M

Tl r 1/ 0 (x)) = day+ aju+ ELEI£2|(1! & Ay, 0 g
KRB 2 L (Fe)) PHB— P LEER ay + aju + apu” {)
R — FR{L /()| =4 Z, » /() TERET,
A3 .

R p R— R B BN AR, b
MAKZ, 7], —TEMREN 1 B ERX Fla)  BRIMER &
WA p DUGHBRAMEML 7 (o) 7 Z, [0 BRI, WK f(2)
2 [r) hREKXRTLH.

iR flr) & Zpr[.:r:l Sl Y, E&%/ﬂiﬁ“ﬂ%glﬁﬁ* ] & A
7. Lo/ () Bl (p7 ) DR BH BRI FFES -1 Galois
B icHE GR(p ,m), B GR(p)") & R - ERBWEZ, 7
P

o oK R R Z,[ o)/ (FCe)) R — D Galois B, i fE

T

A
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GR{4.3) 0 GR(} . R ..

{¥ ?ﬂpr:.r] i — I~ fiﬂfﬁﬁﬂ?’]ﬂﬂﬁﬂt FOa) (Rarab 78+
SR — i 7 e e ) B ECp ) D EME RS — 0
Zo, w1/ (/e BT p MARMARY, T2 M AR

Galois R 1924 % 5 Krall 8478530 {6 1966 42 H1 1969 453 511l
Janusz T Raghavendran i 37 #t B Fr 2 3. B M 1994 4 Hammons % A
M L FE" The £, — linearity of Kerdock, Preparata, Geothals, and related
codes” A FRELK 7, DRIEPERIR T SHIDEIE PR 8y - 80 i
Galois 3 GR(4™) £/ ®B{ER . ($%F TOR HELLESETH and P.
VIHAY KUMAR,Codes and Sequences over Zy—A  Tutorial
Overview ,A. Pott et al. {(eds. ), Difference Sets,Sequences and their
Correlation Properties,1999,195 — 225, s & Zhe — Xian Wan &
{Quaternarv Codesy , Word Scientific, 1997. )

FHMF RINE,KIFR LI —wE2WMAWR ], R
Roo ] MBE IWATNR = (0)) WEH R 1/T, NI & &
FENDER X b A el IR — 2P T .

FE P T BEARER a0, yx, ) MK N w L ®
SRR K[ aoypaa .y, ] IR B —FE.

BRERA—THR. BER BEHEH . w0, € ROR
B R M vuy o au, BIAAT FHAAZAF AR, 020, ER
TERBITFERR, B AR BN u w0, BB TR, ICH
Rl o, | ERBTLESRN vy vu,u, R NEEI
it

bW

R owy,us, o, ] = RlayJlr ] w, ] (10)

FKMFR[IFIR w]T - MMl S o, ARy s,y

B R eqgsu~e o, |0 - TEWE yoflaceaaa, ) = flu.
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TRIRIEDETID B i
pla) = w1 iy yla) =a, Yae R (11)
M
Rlxiorg, o, 1/ Kery = Rluegaug s ou, ] (12)
HH Kerp N R = (0).

W Kerg = (O, WIFR wy,ua.-yu, E R LEMRKITEN
{algebraically independent) .

ﬁﬂrﬂ%l{erq?{— (), Wi R FOIEE » CBEME f(r, 25,7,
J',,)Jﬂf?@f(hmuzs"',uﬂ):ﬂslﬂﬁﬁﬁﬁﬁ Hy,to,' "y, 7IEEP. L%ﬁ:ﬁ
X8I (algebraically dependent} .

RZ BT R ayoay,a, JM—THBLILTNAR = (0). Y
R wy.ag,,r, Bl Rlry, a0 a, /T HAERBEN S, H
Kerr =TI FINRER=(0 . N g RERER[xy, 02, ,2,]1/ 1]
Fi—PERE. N Rlx 2y, a1/ I ATHERE R B — D8 4.
Su, =a, +1, =12, 0, MRlei,as, .2, }1/ BB —1IT
EE wi ey, u, MR FPREDA. MW R £, ,25, .2, )/ 1 =
Riw uan, ]

WATTERT M 4E R MBS R /1 #i& E — 445, ik
RAIFE VB R -] -2 8 R BABANT 1{(F0) M8
i,

(1) ¥

degl f{r) + g{r)) =< max(degf{.r),deggl.r); (13)
deg{ f{r)g(ax}) < degf{r) + degg{x), {14)
WR AR g MBAAARFRTFA U4 ANF/ T,

(2) MR g () WEMAL LT, MAFSBRER T

(3) BB B SXHEEHRE.

(4) 8O ML
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) fe Ry 1w, —a (e HHIL a2 (2) £ R PR,

WA R M M R+ A Bl oy, vz, 0, ] LR
-

MR R ERNS WM R HH—1 (220 WEILAFE R HE
B o0 PROERIEERTE).

2 2.4

L3RR R AT B om0 B o UK B, P b
WAL DS IhER.

200 1 = W2 2 3 R — TVEE R R B IR

3N -+ T —TEMR EIRRMEQL,] T,
K524 3¢ - 1)(2:2 =27 +6) #M(3¢%2 — ¢ + 2071,

4. EZ [ ). ) = 27 2rt+ o+ 3, (VR[]
ARG ZOMA, FREBIR 2, 1/ (f(2)) B Galois 3
GR{4%).

(1) GR(4™) ZBAE (2" +22° + 2 + 3} R L[] H—1TF
AR 2

(2 B u a v ) R e fECR(AY) WG BE (B, GR(4Y)
rt BIF A AT 3 L0 EDE AR IR LR AT

#3. G o du[r] — L]
g{.i}'—“’g(‘r].
o o (o) B g r Y IEBHE 2 L FEBAM 72, o ) P EHEC E
o E—THEREE, HFH BT M7 0 1/ (B2 0 1/ (F ()
Fe-- - 7 ) A
gy v (fe))— »g(x)Y+ (fe)) BB A 6.
«(4)ita ola). RaBARE LT/ () BIFERERTH

ihe



#(5) 2 =0t Uit u e, w0 T Y o Bu B (FESE )
NEETE KD L WEBL AT fr}*ﬁ ﬁ]”‘n}?"‘ viwva AR o)) =
slv d B = by

“(6) W a3 ra.n & T UEBR

Tyt 2y 7 oas b 2xy == = oA il oy = v

(7)) W GR{4Y) = {x+2y 10, v €7 L OGE:GR(4Y) hEA

JLERME MLl v+ 2,0,y & TLXFRN 2 - adic /AR D

*» §5 HREH

AFr—FRIIMNITCEBREEZ W FSERE C HEKE
Rix]/(x? r 1) ;MEHEE QL& WE T —MAEEE Q&
o BRIUEE MEAHEEROAT RN EBRAREHEN.ZHQ

AT RHARE o — T I B8 — A LB R K
gladolhy "B b " WIEL L Hth g b € £V B H 0005 F

—AEE B e g () € FLe] ML gty =~ 0,14 rg% ™41

XA U RS AT T RVHE ﬁ?ﬁ?iﬁﬁﬂﬂ?‘ﬁﬁ?ﬁ?ﬁ“ﬂiﬁ—’fl‘ﬁl.
FRE R F |- o HEEE(rational function field), IicfE F(x).

B4 LB FCO A — AR RS oo 18 5 As

— A~ 4p AERT DL 'R T{f{i‘j)T(H{I))_I,EH Fladg(x) VY E
HLVEP ) gl € Flr] B egle) 7 0. AXFEAFFFRATS 8
T iR#E

EFEX 1 WRE~DER, — T F AR IV fleld of
fractions) . MR R B F 77— BRI Ne, 15 F PG m &80
L Je i) o)) V" MIBEAVHT w6 & RLILD = . ¥k
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& & ! ":-J"JJQE :
Fi BRI AR A R R R, T IR AR B

S ARLONIRI
wWRE—TEH, S
T =R =< R’ i{la.bliaE& R.BE R .. (1%
R THhRTE 1T 7C X E - Wb

et
fa.h) — (c.d) s=ud = he. {2
FHIEM ~ B -ABHRE B« b)) MEAEREILH - TR
:: j— = ad - b . (3)
M FEAEET, - .75 FFHE
o ¢ del ad 1 be
h +d hel ) (4)
7 ¢ dd g
b od hd (5)

g uE AR (4Y NAT(SY G B (L AR BRI G

i

of

c
5 5 o d’

]
ab’ ba', «d = di.

1T )

aly ' dd” = ba'dd . d'hhT = dHh.
Y] ah'did” + cd Hb ba 'ldd ~ de'bh .
! B {ad v oeb) — bd(u’d” v cb7).
ol ad ) ol Tt
i) no_e el



N (4) AR H o e AT,

FE R ML NTHIE (S ) 85 B Ay 3R IV <& LA H0 )

HBERIE, ik REEAE GBI L4E T HEGEIEMNT
R A Bl

\H

0 L Oed + e be ¢
3 d bl b o 7

r}fm% BegE TR Hinko.

&S RIE. wmﬁiﬁ%.
A A

c _ be

h ~
i of hef

712 o G R 1

|

0 B A Y - 0. ATI#E A 36 1L

e b _ab _
b a b
"y e l {3
RS T (s ) =
g FIrkis . F B—78. %
siR— »F
RS, o BHRBIF6— T RAS. B FAFRER -1
B, ¢ e(e) L TR
« _a . L _a (&N [ o !
e _a. L (1) () a(b)) = ab '
X AW FORR M - A



« ZHL 2.5 IS5

EE1 WRIE -PES NAEF RN, HARBERE
RO A S v — ).
iERA  fr{efECur. T i uErE—E
W EHF IR, WMAERINEFM THRREAsfF
EREF M -TRREEs .2
b F - —F
a(aleld) ' —>a{a)e’ (b} L. (7)

aluade(h)7! J(I)J{}’}_I
—=>glado(w) = ale)alh)}
k:‘*:‘r(u}r) = ol vH}
ST ray = b
=5 (uy) = g (2bh)
e =g () ()Y = s (e’ (vl
At ¢ EFSMF M - PP R RE RS
{TH F Y S PTIEs (el (BY P o € R, € R ,
Ha)olh)y ' € F. HH# ¢ M X% glo(a)e(s) '] =
g () (B VA ¢ BEET
A5 U HRIT ¢ BRIk f R, Nk g ZRF R P AT
[Ej 4. Mg F = F7. N

x 2l 2.5

1. R H—PHHEMTI(F0) WERA . RH—ITHZTE
S M Tt F £ (muluplicative subset) , WA S At B B A (R 5y,
S € S s, e S ILL e S,
Al = juE RIffis € SHERa =01,
{1y AW 1L R AT - TR
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(Y WMBOC S, [ RyBOESMINS - ;MM S
AERMENT,WMT - (D),
#2. WRAR LTV MNTRNAZHRIA HI1-70,1"0 . S E
R — TtEF8, I BB VEAMNE LY R OB i R 7
R B —4REs HIRAMIEIE € SHHa(s)1E B WAl Kere -:
[EE R MEATE» WEANL = oladels) L ER o € R,
€ S8, R AR XTFHRtET % S HFIIR(ring of {ractions).
WFHH UM ¢ © S MR R X TR ETE S K TN
ROEARER VMRS = R, S 'R BER U )
*3. WP R LF—NER.SS=2-(p).itH:.SEZH—1
FHFE;] = (0 BH o ES "2 @Y HNYEa 5p 04
STIZMCEALIK

_r H
Fr = — " i,

5

Kt r,s € Z,(rs,p) = Vot €E N AIHHEMNSEr =0

$6 BE—EFOBRER IERER RNESEN

RIS 2 M, BEOR 2 a5 8 D B0 LI - - 3050 %%
MAERE TR RMA (BT EHABIIKFI) M F E—mEMm
FRHF[ o] i H— NIRRT oMETA T L MERE RS
KAl £ 0L a0 R Wi B AN S X T XM R AR 1.
MW ZA F F— LE S ARRF o] BE2EE. AR SR XF
THE— S R.ATEEXMT Z5 Flo] SNSRI
X — . AR R SRR, R EEIRF .

WREB-AER FTERE «,b € RINWRTFEC R.FER/«
b WIER b BB g, HE bla. HEWEFR B R o BB F (factor 2
divisor),a & b BB (multiple).
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bla BHILHE A =2 (a).

ERRXAHE NG ENE, B A0 KT

e R RIB LI AT 50y MHEAMCE 0 1, bkﬂ‘[l[ ) =

REBJENMN «  RTH -TTLHE« AT, REWH N o =
ule ‘a).

MR H e, o bla- M b Crya, + rows), ¥rpr € K.

A a|b B a . ME o S50 M E associates) g8fk « - 0.

AR LA

a - b HHMY(a) = (4

a ~ b ALY FR I}‘JQTﬁu HiFe = bu JEAIII M I a - 6,
MWAFTF w, v € R.ESbH: av,a = bu.&a =0, H =0, Miizh
W e 0l BT e s v WHIEE R v,
A o« ERIGAL. R . MBEHFRBNN w EBe - bu W WA
a — b

ME o - b, ~ d, W ac ~ 6d{HLE e w] ap BOAE Y L 4

i),

MW 6 oa i o Yo (B o BEa AT 0 5 A Eq WHFE),
W& b e B-- NHEBEF (proper factor). FHEF U, o AL N
w WEATHEHIN T

Ry (E—8fr, WX M- HELAKR N WEALRETF
(trivial factors) . o HERFMRLF NG BH a I HE ¥ LA
_jl..

Y1 e R, MR a70,0a AR FHHAY M.EH
£ B o BT 989 Crreducible ) s 77 M0, FR o B AT 29BY (reducible).

R LY TR PR et AT 2y e (Al HEERUE)

FW?2 WocR,a-0,Ha fiﬁ%%fﬁ.ﬁﬁfﬁyka“m sl LA
oo lh & ae  ME o B—FIT(prime clement).

B RS R s &L SERMTHIT.



FH HeBRM—-TEXATHoM—THEFL.NEFEE
R WtHa=0b.FTRalbc. Milla b BEalc. DR a1b, MW g —~ 0.0
oale MIFH d € R.FEG e =ad MMa = bc = bad HT a
0LER L =04 TR HEMN. G4 LG . o B—TATHLT. T

AR SRR BEF RPIATH LA -TREL R
R4 S RE 1 Ea 1A+

2 TREF R, BECKANE(2) HEFRERE.

WA a AFE LT

==2a F 0,0 ARBHEEM aibe ATHEM a b ale

€= (a) F (0),(a) F R AN be € (a) THEH 6 € (a)
e € {a)

—>({a) HIEFERE ]

MBI ERARE WRAE « FRWBEE(a) HF
TR W o HEL. HEGHE L5 ,.a AT L.

Wae.be RIMWEE c R, B8 cle Belo W c Ba Ho W
SEF (common divisor).a 58 B— T ARTFL HFANBRXLETF
(greatest common divisor), TR M cla.c|b FIHEHE ¢ d .

MR, .d, 8RB RXARTF. MM ESL VBIRN, 4 ~
d, B8 (a.b) BT o« 5o M{EA —PHBEHERAHT.

FBHER P A-EFEB—WNNEHBAEXLET ALUBZEXR
TAME 1 &,

318 ARF R WBEES-XMURREFRRAEHT,MWXE
Bab.c € RyB(ca.cb) — c{a.b).

R WiHce=0.WEREG(ca,chb) ~ cla,b). WR(a.b) =
0., MM 0]« HO|loEHae =016 = O, Mmlea.,cb) — cla,h).
FRit e Z0H(u,b)F0.i0d ={a.b)ye ={ca,eb}. AT d L u
q d s MM cd lea Hed |cbh, MTIT od V(eaoh ) B0 od le . T RAF{E u
C R EE ¢ = odu BNJEIEH o 2R AT ¢ lca, AT v €
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R o ev, N e = cdur BBE . 1% o = duw W HE 4 -
due FHM daiCa, by, B du d WAL " € R.JTTF o = dua .
T o =0,k o 8.0 = e’ HBE w B8R0 AT e -~ . T

EN I BH R WAMIT AP &N

(1) R Pig— T IEEEAR A I ICE o WA LT IR & - A
LRI e popa b

(2) VORSrREE RIS T e oy BDANSR « A P IEAE
i o B

d oz poe w = gty
m o = <, HAF¥ ¢ 09 FERE KA ES
P~ g, 1 =1,2.".5.

R FeMIAR R B P HE— B F 4 M B (unique factorizarion domain) .
WY T B B AR { Gaussian domain)

MAY IS | ETES ., HEG— TREEHEE- -HT 7 H
B T i3 AT R & A R v S R A KA —R -1 i
$E I

B3 &R RME—E-FR W)

(i) R B8 XM a@fFEm KBTS

(i) R A% — A £ mabE &I,

(i) 8% % T (divisor chain condition) |5  E E-C S ] I
PO R S A ‘?T.’ﬁi—”r‘ £, %a,_] Dﬂﬂlﬁd‘:,mllﬁﬁ“ﬁ?ﬂ%%mf?@]

iERA (D {EWla,h E R.%a 0. (0,8). 5 a M.
W = (b)) Fofi% a6 FMEFAELIFERE A R EW—F T
AT B RIS R LLAT RO TR AN AR R R BT £ U0 poL pa,y oo BAR Pt fif
TR iEL

H—Hf)jlp; ph, e, w0, 1=l i =l
fr 'r'p;:-" p’;- Ji e A=TE ) DR - S



HIFLEHE - >0, 3 >0%

rut o mm!a:.p‘-:-_ minie i |

d o= pyt g 3
W 'la Helb.
MB e Fa by —T0HT, W

FLTL LY 7, e -
= plptpy Y E I'H}I'l{ﬂ:e-,;@;!: N - =

A cld XFEEERTT d = (a.b).

GiY B p BRMARFATL. I plbe. BT p REFAHNHT,IN
Wl p. b)) — pERECH BY RPN MHE(p.6) ~ p M plo. MHE(p,
H) AL, N

(cpoch) — c(p,b) ~ c.

HTF ploc Bplep B p|{cp,cd), I plC.E5 LFTIREG, p B—
£ L.

Gii) B o, B0 W o, BHERF, AT FER P BH — 0
a) BROMAEARTREF L, AR TEARE a1 F 0H o, IEE.
MTITEAEFT R E A BIEM AT I pr, oy by TER

o, 0 a i
@) = p1lp22'"£b;x! a, > 0, 1= 7 s,

a BT —H FH: a0 ’:Jp!;:‘p;z"'ﬁ:”‘. 05 m, o, 1515 s.v&E
M R T (g, m)) HE A BRI S TERN e, BOW
AATEFHEN(ERTNZELHEE - IARTAT) . HK o, W
WAMEMAFRIEERE DN ATFM a,az,a5, ZHRIFF
(HHFE— o, BRa_ WERF.AUFAFIIERIRAERE o, 1
AAHTERE Y ) C

T4 HEH R MEWHE TSR

(1) IHraE R4,

(i) B -- MR THEEE T,
M R EHE- -IR-f R



Y6 MHE— E\—f‘*—‘r@i% ,FIEAE R MR ESR (61

EA W e iR A EHAEN YR —TILE S o« ANl H],
Wl = a0 TR « A28 0 o EHHAF . CIFE a7 -TTHEA FEA
WE#H) B, o BI—TEINTF . & a AT W o 8L
a2 W ) AT Foan. 3wy DHET MR «: e 1Y -
PTEHE T M o, BRI 35 a0 129 0 o, F BT o W
AL 1R EY

gty yila g thyy " (1)
g P OLBEEME— T AN T BT R wEN FeEs&dt. FHilL
(D EEMFEN BEMBLG - N, MWa, BATHN MEH .,
B REHF R, idtEp, TEa=pc,  Milif e, B a MERT.
Eoe ANl 2 T g AN TR AT 0 Mo, I EH o AT EY,
B o EFAARL MA@ ITIERE, o, AELHT p, AT,
TR ¢ preos AT o B oy MR T T = B2 FH

@, Cpatay = (2)
Hffg—4 gL Wm— A%HUf MEATESE FAQREH
IR T (2) Bk + o TR cooy B AC ooy Hop 0

a4 = picy = PPz o = prpypac - PP A1 B
FHSEiEME— 1, i o« BRSO
a = Py p. @ = GGG, (3)

R -FRARA DA AT TR s REEEFERAR.
s =108t a = py = gigaaq, - &AW > 1, )
pr = eilgq).
M p AT g I WERLEF. BT g AERA AN,
~ TR g = pru EP o B
Ly pulgag).
MIHESE L~ wlgp-g). &ﬁr;aieisﬂ—f“. “fELOH e 1 FE o,

AR
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BB NP AT AT EH s - 1 B —ER Y RB AT
BCHEIT RN » RIE .

HT py A8, ®RIEBCAMEMTGD 3.0, KT TEM
Pulargzq BIHER p) EBRED ¢, BTHET o WTFHRITIEP, [,
1+ g DR py o~ g T py = quo, P o BRBAL W

U P = qrgat g
BAME ¢ Blopdopo = qreg BHABRRSG s -1 =7 -1,
s = 63 AEXNUE o BT LEvp, ~ g2, 035 ~ g3, p5 —
q.. A%}

P~ g, 1 =12, ,5.

RIERCZEPITL R ME MEARIL.

2 I RS, R AWM -FFo@ i, N

Wits £ R MAEBETHHEZM,:

(i) B T8 &4

(i) B— AR MERAXLET,

W R AyE— T o R IR

iR MEA 3 MG WIEMARME, MR R P& -HTR
MERKARF MR PE—ITFTHCHERT. ATIHER 4T
IS d . R o — N TR i

HAVAE BB 2B F F—xE2WAKRF[] B8 -13H
| A

E N 4 -8 R R FEE MBI (principal ideal domain) .
MR RMETAEBHEEEHE.

ZMFl-] ETHERF,EITEHREE—E TR %EH A
sEmER S - HTFARERZHMAMTAXRT

RO HE, fEER R P, M («) BREFH XA N « Z
AR B2 R B 2] PL.ESER, x BARHZM
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B AEA ST § 3 FRTTE kB Cr) AR A B 8IE T &
DHESH R A g A nf 2 LA R A — 2 B o

EE 6 W R N EIMAEEER, N

(1} Ae#yon p LA IRHEL(p) —F R AR,

(i) R AME—IN TR 5.

B (D p MARAIT. N p 7 0L pIESR{G. TE(p) 7
(DY [Cp) 7 RO R BB | 2 (p) FHN R EEHEEIN KL
I {e) Mla) 2 (pyBH e p. W Fp RAERNLWEF Hita -
piXoa B MRa - p.Ma) = (p). R e R, M{a) -
ROHBE(p) & R AIFIERL.

iy #5045 p MAATZG 0, M p) BAREFMARME . AN p)
RIEFFEME FHK p BET.

RYAER -1 ¥a,az.a:. P8I a; e,  BHEHEA T,
Fl(a )= (a,_;}. Wi

(aI] & ((4{2) = (ﬂ;j'“

1= Uda,). FHEIF [ R &7 —1TME. T R BEEEMH A
Wl - (d)mTd 6LrJ(aJ,[EJH:cfﬁ?%ﬁ‘{a}).bﬁﬁia,'d.?ﬁ'ﬁ

(o) =2 (d). e Y= () AM(a,) (d) = THRFEN a.a,,
TEURTENUTRIETEN & I35 S U0 IFCON L1 | S = (u,) = L. 7. Mt
JF R\ ET o, BIEREARFF, N R W2 N 75 AT

bR R BVE—H-F iR 36 [

OIS EHAZHE F LM -8R F) #AHFR
Fedr N B s P | NI el Y

BYS5 WRIN-AEHR MBFAR BIBRAEENN-T
AT & fBAFE a.b € R1LE0,8FT h,r € RIKE

¢l ho 4 . =08 - F 000 80r) < 8(0),

W E: RO AP EL BB ER(Euclidean domain) .
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EE 7 WILWEBRHANE DRI

MR IR R BEJLEMGRH I RH—TMHET BT~
(0). BT B — P HEET &, 1G

S{HY =2 85(r), Yo e I\ 0.
WY I RZ e € T, T R EEJLEEEI FHIL{fE& A,
r & R {Ef5
a hb+r, r=08 70 HS8(r) < 8(bh).
e =00 =g -k E T, XS 6HPETFE. B r=0,M
Hia = b € ()Y A T = (5). [}

MEIN 7R E—BFoBEn B L EHHEHR. KR L L
—ABRAXF 2] XA S ERRIAA R E— [ A

R () EZr ], B f(2)7 0.3 f(r) 85 A ReY R A2
BHFAad, N Az)=df (), 2P () BERNEZEHMBERLSBT
#H o+ 1,k () A -AFREH A (primitive polynomial).

FNMEHFAMBRPERT THERN() - WHTHAL
BEBE(CHFREK(E ZR) THIEHFHF &t 2003 F )
¥ §RWA M1, B2, A% 1,2H3):

(1) BALREHAR glx) 5 A(2) £Qlx] PHAF S AMLE
glr)y =1+ hix),

(2) BHEIE. AAARSAXAERLERE EA K.

(3) AKATOHARSAX d() AQLTH L BRY g(x)
TV A SRR g (o) MR KRR $H X8 AR,

(4) B— A ABRXTOHARZAX glz) TAR— b5 H A
Q ERTHARSHX N EHR.

(5) —AhBAXFOHEREAKX g() AQLEARTHE LR
LEAZERTH( RS LR (3) ZFH LR R
HEEBHRGH)

(6) M LR REBmAERIWHEE, HF-ARBERTOHER
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FMA () T E—d -8R 7 LAR-THG KR S A & EH.

AR ()€ £l ' B degf(r)y >0, (1) dfi017,
E A {e) HAEATMAHMREAET . A® [ {(r) A AR ZM
oML () Tl B~ 8 7 LR THGAR WA
B R de R d A o T s R R A e R R
fUe) T —b i ot Z] v | 7 — & R8I EH T
Zl v | v — R T 85I P 770 5N

Fitaraf Z[ o] & 3 A IR oF B ST TR e T A ik

T8 FHMBEMR ey~ L EAARR | L& ST

AR SR Rl vray,0, = Rl [l o] 294
W

W9 EHMrEHE R by LERMEXMR e a0, o, R
3y R

Wi 9 2 vy e, | BB LT 0 AEFEE

EEAKIEHTHMNERATONEAS EMA /(1) EQ
o W] 4 45 — FF F ik Eisenstein F) B . A0 T LR

£ 10{Kisenstein ¥[B5E)} & F A - A& ERR 2K
%, A%

flr) = eaa” tou, 2" Pyt a1 oay € Rir], a, 70, > 1.

R RA—DFTHALp HA

(1) pla,.: 0,1, — 1

(2) p ya, B p*ido
W (YA Fila] TR,

EAT S EMETHRF EH a4 5R0FRFLrg, Poa T,
B B IHF L (e, BRI EARA YA AR
ok L A0AE V7).
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Hk

2

HOAFH—MPREE BNFERLEOLESCHMAG 2R
1 W I o
= ifCa,aaa Y fleyiey,m,e,} =0,
V{Clicﬂr."?f}r} €
BE I AF r, 1. ,7, H—ABE HHHFE F GRKEKERLE
B Flr e,  RE GHREE.TEALTEIHFARE S S
TR kR
EHEIl BRA-ARXBF WRHE-ABEIFRENLD
B AR Y R FLEMBRFHE KW (ascending chain conditon for
ideals). BF R 58— F A2 4
II; Iz% 13;'“
AR LHAR  FLE-MEEH w &F
T S s
iERl &M BARIABEIATHES FAEE-ATR
&7 /4 71
Ihic s I3 % o (4)
EREB,&TI=UI,5FEIZARY A B2H HLid, Tk
Adlayay, a0 A . Ma €1 HEA e €T, A

Javea, €0, HEA, FEISUL A 12U B

!

U, EmAMEN) B 1 %ok, F A BR R #HEZAGHE
] 1 . [
1
Ao R BXERAESES B RA-AERIALRA
By, B EE R A TP A e AP
@377
&3

(ﬂl) % ({?11()2) é (Himﬂjraj) :g e
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XA RELRS. FE B RO F AR ARER
il ]

FEX6 WmR—AREHRAREHTE LM, W RARAHEES
I { Noether ring) .

Emmy Noether(1832—1935) £ & H $ & %, # & Max
Nocther( 1844—1921) #3-% )L M. Noether 35 8 JU4T4F L T 2 &A1
L4 E. Noether ZZ A AR EHEZ LG 7 U A,

T 12(F/RIBSHTE®E  Hilbert Basis Theorem) & R & —
ARPLEANFO)EERFRA MR L —ASHAF R[] LR#
H

{EAA % vR R HE—28 T IdhaTPHAEESAX
MEHAMEROARNES RNMAEWH T ARG —4AFH. T
wobh & TMALE (), 2gle) € 4T ) =ax ta, (77 +
et oagaglry b+ b, T e b by BB TN
FwiE o o TR ) 7 () E e FE e = M b
0E i EaF e Ma - b A )T Mg () ET AR MM
ma—-bE 1 iEa€Cl,r ER.FE ra7 0,8 rf(0) 898 A S
Hora€ IiwRova - 0,08 g =0€ I EARLTARH-HAH.

B RAERE LT RAERARS &KL= (a,,a2.,a,),
oo B o ERK () HBEREAER, =7y’ om o
max ideg fi{ ), degf (el

AN RO < m) A [ 2R APAMPTRFT 80
A S AANERAAKERN ARG ES EMUTIERA T HELHY
gk, THER [, A R B EA T R AR, BRTIR

i, = {HM’“M‘""”;&--)’ EoooO, 0o — 1

Hfoa, &P ERN g 8 HR AL AANME
b ey F e g g L, (3D (5)
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(5) A AR FHTHF 4 2R VW S VB E 0iE R(s) 2
BT v R BT W AR o X
WA 1 & deghl{x) =722 it degf{r) =11 = 7=5.

-

T E L il STAR A ) BB R E 0 Bla = O, ra, . L

rER iy TASAXD vt () B ERERA D ra,
=1 4 J.
S w B A ar AGE

deg( E r,:i_f‘f,(uc) — h(i}){ . (6)
EHRD e (2 - h(x) € VoH h(0) WA (6) K,

Zrl,r! {'fr( r) — hi{xr) E U7 {7)

wF flxye U, 1= ;= BRATIXER , A()EX,FF.
R 2 Edegh(e) =1 < m,itdegg, ~ n, AL 8L

#, T h(e) MEREE o« = Drg,. TABAK

\‘rﬁ Tlug (X)W EREKE D ra, o o, BRA axt K

ro I
%ﬂZ}wH&ﬁﬂ-h&ﬂ{L%ﬁ%l%ﬁﬁﬂ%%Mﬁub

gl (Y E W, FT.

B R BiE AR L = M BPURARERM BERIISF R(FIA
= []

s EE 12 }lﬁ.Rf.rl,,rz,“-,_rH] = Rlr [zl ] 2B HF
#j .

Bi13 wERAFELEANFOHFEFRHK, AR L&D n L



SE 26 1y

SMAI R vy, LEEWFH o C 7. -]
BT EFRFTFASER (R EF = (1), B F L3855 A
i Il o5, 0, AZFEHFSEH B Fle ., r, | 1 HE -4
AR FR AR IAERERBLAIPRELEHA.
WMTZEANRBAZ ERN A7 2EHN. T2 20,
daa e, ) A IERIR

SR 2.6

l.#R=2Z{/ -5 = ‘Iri1+fl"~./——5|u,f}€'3%.i-’l'~f‘g_—-_a-|-

J— def ) 5 -
by =35, ME Nla) — ga = a® + 567, # N(a) 2 o« Y

{ norm ) .
(1) W :e B 2[v - 5] HFHEYEMNY N(e) LIRS
20— 5] RRRA 400,
(2) TEME B N(e) =9, M o« ERAATHHAIM2L -5
KR AN Al 29 00
(3) IFM:3 M2+ -5 BAEHI;
(4) iEH £2[/ - 51 A EM—H Forf %,
x (5)JEBH O M6 + 3+ - SARANANT.
2. Z[ 2 BME—E TAmEIR GEW (2,7 + 1) A MM N
mi 2, o] A EEAEN
3 W E IR 21V - 1] BEULBRE R,
4. m BE—BATFRFEEEHE - 70,1 0N Q v ]
B EMITEIRN e+ b v a b E Q.
5. B o B—TEATHEATHERE m 0.1 L Qv m)
HOEL FRR O
o =2 85 3{med 4) LK ba t b miia b €L,
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l+x/_m
2

BT R £ Qv m | HI--TTFTH . ABEMER R 480 20V m ],
Zl“%]ﬁ ok QL ] W HIF (ring of algebraic

WMo =1(mod B, R - ta+ 46 - a.h € Z}.

IMTegeTs ) .



F=8 B¥KAEBERM

Y1 B¥ak, oFRE, BRENGM, IEARY K

R TR §3M 45T T8 F bl F /Y
— L EZHAA Flal b A EME wm (), S
Fool7CmCo D 9538 -8 Fle ]/ Con Cod)) 3R 1A LA F BEEO
Q MEl Gl QiEh - R EFHEM—TEQ ], EMETF
QLo 1/ Cpla N H P p(0) Bt FEQ LTS &I A X R 55 By
HAMERNTIE 1M PR BEFH—TITH.BER REK
Moo s RTM A AF IRAER VU R c T
WAL e AT ] L o AR TR 2ol M — ik g
R MAE I ETLL m () R m(e) B o {LF |-AR A
WA FHEN , m(r) =R Foo A w50 T A
Elel/Tmted)y ™7 Flel . Al Foal 22— T8 .4 Fle] 2808
Il Fle).

TR R AR AT UM - B F VR VA — T B R
(el X A S 1L AR SR B ST AT A O N LA A Hin AT

EN D B FMKHERM AR FEKN TFH MR FE
Kt -AF subfield) Bt K & F [ — 88 (extension field) . 3%
FR K BRF LAY H % (Hcld extension) I{E K/F. K ({0 & F O
. — PR N K7F M EHE (intermediate field}.

HHAAL . B K 8 o e Mo ML K fI— TP
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KU = c:F'h"’|;‘.l" e Z:

KW IE N OB Ky 2 A K, BT U Q IRl
B ne Yin 5 E, R Qﬁfﬁf’ﬁ K Eﬁjjﬂb}lﬁlﬂiﬁﬂ'ffﬁ Q2K E@%ﬁ(primm
leld) .
K WEEL A p o,
Ko™ 7.

FRZ, IEMRK MFM. L, K OFRE.

WHEE FRMK A T20FREE MK TUEEREFH—
PR

MY F MY sk K/FATLUTEF EM—TRE 58:K =
F(a), M K EF L -4 B d(sample extension) .

1% EEATE F Ry R OBA - D UET « 15BN
Flo) B FMBET K R o« Be fFF EVHRADABIA m () (E R
PR — MR ESBEL, m (PR EF EHHEABI),
0} 1] BE AT

Flul/(m{a)) = Fla'].
M Fle ] BES L Fle Ji2® Fle ). Tie0
Fla) 7 Fla'),
B HAE—TFHERS 5 #eE n(a) = o LA nla) — «,Yu € F.

MBS T Flel 89— 4 AT H L WA a(x), MEHH
Flal/(miaN B—4 . BT FRF ]/ (m()) £—1TBRHH
AA A Flal/(nl{a) slLERE FR—TPEH. & uw =0+
(o)) M e (u) = 0B e B} TE Fla)/(m(x)) (] —
AR E Flrl/(ma)) = Flul 38 Flul id M FCu) R o
Bl EF 2/ (m{))PRF—T# W« 2F LI SRMAR ¢
ST w fFE FRRA AR e () B F—BUA,

Flel/(m{adY = Flu |.
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NIl B "] I LB R ELAT
Fowl = FLu'y,

Hidammay o e ¢(u) = v . ¢lu) = u.¥Ya € F.

MITFT I — AT Y of X o] #f Bh A6 7R ok
) W NYEMRIL A X PR Y O — R EEH IR,

BOK/ZF LAY ek W K T EM S F B - e
Wl e I i BN, KOk E R R L s L R B F IR L
HUUK MOCRMK THRESE . K ENF LR E S [ 14 %
FRl KT F E 8 (degree of K over FYLIUAE[K:F]. W R[ K
FTIAHBOG.WE K EF EPERYT K finite extension ). LAF K AE
BOF DRI 0T - A e dal U 89 K/ F B — N B (hasis) L A
P A Frdde 3R vl Bl i 7w BEAT 5K A3 T 4100 Bl

I K RAOBY RN KEEDNLRMLF DGR
L.

R MK F u fFRpe KM 8.5. B LF
ZRMEA) R O MMIAE A FATAZNOBIER ay,a, e, 517

(e 1o g ugﬁz + o+ g3 =00,

opCa g~ w r Faaxt bt € Flaoa W 03y =0H
T ey 7 0HR 278 F = RUEY. [

WP K /F #F R B o (algebraie extension) , N3 K /Y #f—
NLERE F L #T.

TR RO IR R U

EE2 B KAFBRBRYH. € KHa EF FFIRESL. WA
o fEF PR EIZ (o) BIVES n 0l

[Fla): F! "o

HILl,ava” o o™ VR Fla), FH)—PH

iEAR i e e’ {DF RERMA XA F TR0
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WIICHE hyohy b, | i
by + bia b o+ b 2" =10
Toalay = byt bt = ho e VM ee) 0T m(a) B
VLo AWMBNE A EE LM A TR W e e” VT
LKoXmmF
Fla) - Fal eyt car e 2" o € FO i< 0,
NI Loee o VI Fla) F I — 8 TEIF(e):F] - n. |

AL MR 2 AP LER R - MR L MR BE F(e) E ML
P gk, Mo IR EY sk T BB Fla)/F L BREE ¥
Cannple algebraie exrension) .

MF o~ 88T AR R () Hh BB K
{simple rranscendental extension}. ANHEEW  FOOY RIE T F o 849
NECCRIEL BB oo A el Bl

FRI WA-FH.K 2L PF,WIK:F] A8 1LY
PR LA LF AR BR L D

| K:Fj - K:L|lL:F]. (1)

WA LRGP AR L REK T A
e 1 F AR ey e, e, WEEESHIKAF B9-- A T 3
€ K.

8 Siba. b & F, i=1,2..,n.

_]J T
M F = LN e € Lol s m. MM oy vwse e, B20E L1
bl Ko7 -4VE MR N K L] ATER.
arth LKL L Fl =388 8,y oy
ey I ER /L WL/FE TR TR e € KUA

N
a3, .
' L

o

w, & 11 1,2,

Ko £
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(, = }_:EJ,J,}‘?,. b & Fol=n gt s, 7 = 1.2, m.
|
| it
« D, Eh,,(?ﬁ}. (2)
S, K BT
A DU TR U LN (3}
FFEERELE, NEFECIHEKEF EW—1P8. FEIK:F]
= s = [K:L].L:F]. |

Dy s T iR A ok G99 s 2 ok A oT808 0T B AR A 1
%Ol MMP A Galois) T 1830 AT/ W KA TiX -l By %
PPt R i B U8R F ENEA B (o) = 0 EmEIA # (o) BB
HERYF—-E.ERNEHMCH T fAEX T~ FERER T
FRH () MATFHTE R T & — T R MR gl 4 #
2l

EM 2 WBRKAR-ITHEYHR.SEKMN -TIESFE. A
MK TOSFUMSH--IFHEYNZHAFHEMS BRFR. LS
HEF LEBRMFE, SHE F(S). WR S = la,az.,a, !, N4D
FISYSH Flay,uz.",a, ).

W LF(S) B K BETF S BRAFRTEREANAB— 1.

WeC K WMFlalRZFAKPOEF Mo WTTFHML. Fla)
ERKYREEFMe RETHEHNE . F8EH .Y Fla] BF WA,
W 77

Fia]l= Fl(a).
FRAITE AT H L. Y Fleo] EEMT . JEEICH Flo) JHAEEHEX
ORI Y
EXI W AR EFEN—T a2 1) REBH WHRG
YK E/F WAL
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(1) f{x) L ENTE2nme RIEKER
fledl — e wyMr axplr - w,), « € FE, 1 =75 u;

{11 I = Flay,ar,"".a, ),
Ml EZE FR AN (Y AE F B -4 B splirting field).

MR FRE— 8, ME X 3R SMFG) MW ERET (0
AT R &G B E RS /() MR RME/ N T
B

P —AE F EWNEML () EAQF LW RBLEGHTE?
GOETFTE.ETH -7 TSN E, RO 4TE L 29
Flayyaqy,,a,) HIE— SEE.

BT Flay,a, (e, ) B KFEEF(a,,u, )Mo, #
— 1 FE B

Fla.,a, a, )= Fla ., a,q.a,). (4)

XBAT Elaa, i e, ) BEKPREF Fa, - a, .0, 88— T
FE L

Fla;, v ya,10a,) =2 Flay, " a,0,4,). (5)
TRMG) (5 B
Fla . va,_i1.a,) = Flay,,a, Ja,}. (6)
iE BRI M E AR
Flay,  ra,-1sras) = Fla MHaxy-{a,_1){a,}. (7)

M7y AT
Flag. ., b, h) = Flu,.ovv,a, by, b ). (&)
HB Y AT— F - Taln 2 YWEDLL () FE L
Ao E REEF=n!.
W A B KAMNE » EREHRE 2 = L, /() =
A —a),a € F. FEFEFREADM--DARE BLFF] =1

=11
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BB v DT B 2 MACE PR B B N 200 F IR
ot BERFR a WAL SO TR S ) B — AT 2 B A
P TRATRIE Flo ) A p(a 0t BE—TL. % oy = 2+ (p(r)), I
Foal/{plu))y = Flal=Fla) HH pla) =0l fle) -
0.i2 E, = Flo ). Wn ik
fHle)=(r -ad- (e —alf lr), a € FE;, 15§14,
vt p e Elr] nRdegf (o) =0 WESEFE E #SE (1)
A F VR A RE,. Tideg i) = LA Tdegp () =n—-1<
w BRERNBGE, () EFE, LA- PN EFILLEE | <
(e — V= (n—-1). P&
Hlay=cle -0 (ax- By, BEE, Lsij=mn—1,
HIWE - Ef{B . B, TG
Jle) = cla —ap)la —a o= Br-{xr— B,
BILE  Fla 3.8 BT e € B L= =71 ,[RL Fa,
ca ) E = Fla). B8 Fla,,-,a) 2 Flay). T
E = Flap, e (B8 8 1} = Flay,a 80080 60
Nt E B f{e)y {1t F EW— 75238, FH
E:F]- |E:Ey_ E;:F]={n - 1) deg(p(e))
T — L} = n!
BB AR M T — 8 0 e T L1
FEA A EM Fl) BRI AR L FREME . A T R
IR, FRATT A W B — MR IR
TS REFANE H - R F o] TR a(n = 1)
WEDR f(4) = Eurr’ EF LH—1T0REEE. T f(x) =

Sota ) € Fila L Jria /(e /e F [ — 4~ 4r Ak - B0

s fULITHINEE 1TE°§ - AR



178 F-& B kHBSR

WERR MR E:.FIfERERHE. Y E:F =11 ,E F.
J"'(r} il s e - gad e — ), a = FLoool=log s on,

fd( -") = rf{t‘ﬂ{i‘ G(fil}]r_{-f‘ - fT'iﬂz\J‘_J'”L(r - n(u,,)]j
sla ) e F', V=l 7€ n.
EEAE B/ EF LA - MM E = F Ak 2
ZAEEEE N PR
BRIEF]l < mef, 8N KT m > 1. AEXE[EF]
m BINEIE A o > LR (O B— P WRELKT LA #9(4
B p( B, ) TE Fle] HEEHA n T—IKERLHIHRA,
XEIE:F] = m> 1 FEA). B a € FEEpz) B—"T4#. 9
[F{a):F} r>1.HWr=degpls). B o & /() H—TH.
MFER A EF I —7a3E HiL
flxYy = elr—a ) dlx —aile — g y{x— 5,20,
Hip o & Fla,).l = = [:8 € E.HB € Fla )y 1< jsin—
CTF fle)y ATEME Flap) L1220 HE
E= Fla, " a2 3,_,)
= Fla;,»,a {3 . f._s)
= Flag (@ =)
M B o) Fle)) L0— Por3n.

WF pl) fEFL]PATY, BEFESHEH p (o) 4 Fle]
rAsnf 2 B degp®(e) - degp(a) = r.iX 8 & pf () FEE TR
AR e B L E R () T F(E) BT R4

Ty F(aﬂ“'—‘*Ff(ﬁ;}

- —

i 1

, A

- 2ralad
ol

Q@i



1 B gk, oERE, 5 REeES, S s 17e

MY Fla, |- F M — T2 1.6, . A K oy RGO F
FAg)/ FIM—FkB1.8 .8 " Al o) BB R ESHT
YA o PREFIERISRIE AT o, 2B F(o ) 2 F (3 1 - M
Fy .l F
"E:F] = E:F(a)][F{a):F| > |E:F{a,)]|,

R E  F(a) s < m BEHHEIRH Fao) B8 F (7)) PR
o) TP FE 8 E H)—TF#H

2 ek b L A A L [

Hite I () EEEFEM(nz D REMN,EME AL
MDD EFEFHARE MEZEE BEEEBE N - 5,
9 gL F LpRE 9 F Bkt

iFRl  NEFSH VR EF = F. WMo NF e Fekgr, W o A
J i E BE 85— A E g Mg S S 9L B E W, g |[F E 5
L 5 []

EX4 WK /FRK,/FEMITBY K ORFAEEK K,
M- - EA) 5, B8 p B F T AIKRE 5 | F AL SEMe st AR
p N—"TF - B F - BI&E).

F (1) R )€ Flr]l89FmASEBEME £F 65F —
Ak KemAFR,ME=FE 2deT £KNF

f{ry) - e —a ) {r —a,), o & E, 172 0, (9)

i)y = dle -8)(s—3,), B € E, l=1i=n,

(10)
FES K, E'S K, @8®H(9).(10) K&Z ()& K] PHHE
AR BFKr)|AE—BTHBER B c = dJd, 8 3.5,
B, Haj.a,ta, i — A HEF] . M
E = Fla,,az.".e,) = F(F . 8., 8.) — E".
(2) WwRBYEKFO—AFPEHREFRE—MERKN[(0)C
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Flel 9B WEAKEE AP - a8y TRHERE
nE)y E. #ZdHeTF.dT
f{a) el r oy Mo - wa) e —a,), a € E, 1#li<n,
(11}
HpAK&—4F - GR#H HALE-LFZRAN(IRSE 23X E
VT
FHa) = o = playa — glay))Ce — gla, ), (12)

|

o ple) € plE), 15 150 3k fla) = Do, 0

o
Filx) - __,rgfa,)hr’ = Ear Flr).

TARAMN(12) A& &, f(,r] # n(E) im%’ﬁ}ﬁﬁiﬁ-rﬁg} BN O
AT E="Fla, " ,a,}, B p(E)= F(gla ), .nle,)) MR
n(E)A f(z) & F £L¥— hﬁ%iﬂt T EAp(E) R KT
W EE(1)Y SR, gp(E) =
FE{E%[HI]LW%&I&H’JWIE,KW?LE PRI AT JRITTES
5 SIS R Wy - S MK N L, ]
P — o AR ETHA m (), Y ZPL.I']/(?H (x)) BE—15& p
TPREMERM. S uw = 4 (m{2)), N
]ﬁj,,[yr_l;"((m(.r}\ﬁ
= iep qut+ oo+, w1 e, & 2,005 1 < ni
= ?'P[u_', = Zp(u),
W E AR AR R M. A RATED N TEIAR
I H: 1% VTR ¢ S AN I '-f-' ~EACAT 0 A rT 2y B 3LUFS 7 R E
HEER . ARk Z, ] P EIREN LK e KA E
10Tl i Np( nICEH R.Ll([ﬁ I1. Nicderreiter 24 Introduction ro
finite fields and their applications { Revised eclition)?f‘ 286 i E E
3.25,Cambridge Umversity Press, 1994 42) 3% x F8H p” LA R A



§ 1 Ht}'_'i*i: gaE=t0 = o B g =4 O it I VT - G L9

SEATTER . T IKRTAH 7 - FF ik i PR A7 R S0 A A L e o]
A A5 p" sUAT BROBE Al P Y el 7 —Fp LB R BT
Lk g Bl Z (O BHRERE - 1 BHEE. FEENS—4
JCE o HE LM o = o HI Z, () I - Dm BED
L, v]HTRIEHAL Y - WM. TLLZOBES o7 -0 AE
WO e 2, (e b B o W, LR — o R R T
B g AR FR T I T ik

=7 kg P HEE g oM - fm. F I
BT g 7T B AR R R RY

AR AN TR Z ) TR - oL, LA

A RNEE N S - L E REIAe THR.BT
(o — o) = gt =1 = -1,

B9 — r (¥ — oY) = LM % — r WA EWN( 2R
P& GRS ICEC NN 55154 BF 2 A (5) ) Rk - -
r Wlg TREFERFE.CEETNN ayvas e, ME = Z,0(acas,,

(Eq}."%;'

K tayaan,ttt ey
e
(Cr! - RJ)HI = H? - {‘xf = T a,;’
(aa ') = afla?)7! - =)

MM a, — o, € Kiae,' € K. %5 ¢, +n MK EEWMTEH OF
T€ KM Z, THE—Ei = /1€ K, AT KZBFZ, May.az,
Ca, BI— T R
K=7,{ay,a:.""",a,) E.
WM K - EGXUEM M E 26 TAENR ELZ [ ]RE
U NIRRT B o1 B ) V5
M MR FREFS et ERE LA e KA FNEAINE . D
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Fg= p M F BN Ep. 5
Fo, = i0,e.2¢,-{p - Llel.

AL F, EFM - FEGRR R, B FATERD. T 1 &
FgMs, h T FY g - VF@ESE B P PR —1 TR aa‘*ﬁfj
e ' = 1. MMM o' o« TRFREWMILELF, 7, REMWMA
~ T EF LR R F Ex - o ffF, - TR RE . HhHhE
Wo,aiirmie BRZ, B F, 0 -PRIE. KL o) = 0" -0 € Zpv ]y
W 2 e) — 4% —r & F Lol WTEMsiE, o AR E 2 F 8
~ L E TP SRR TR RS EEMN Y ¢
A7 PR BT ] 44 !

T g=p'.p AER. ATEEMND ¢ oA KRB B
FATET LWL F, R ¢ 08 BRI, s A 10 GF(q) . AT FR It fr At
AR (Galois Gelds) , A AE M Eh® A g @idia

WOF F0- - a2 D) WEBLE ) MR E 2T
ok E/F ® () & ERTRamR— K E XL LA
WL () B LA FLo] R 2l 24 % 0 zC 89 9k £
Sy o p ey pa e p () (HH p ()i = 1,2, s ARA
B BESR f() fE E NEESD BN —KERXERM. MPLEUKRE
A p = 1,2, ) WTTRLYE B RS2 R I — U ST
B e KARYEAR - F .-l A A e B F A — 3 S K, 1% Fle!
F AT & — 7 K DA R A T 2 mAE e K o] 5% 2 i
e PR BT R R L D R B A Y KO~
™~ 8T

T s — MBS K K/F BROSEMRY K (normal extension),
IR FT ] MR - K PR AT A EMRE T UK o 5
> ora R — o A TR 3k BL

AT FIREIE
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B8 —THBRIKKAEFSERY S5 UMK BF ) #)
-1 F I B G R
uF A5 b S RKFRA—AARERFY K 2R K F =
K = FORHATIES . THIZI K F)> 1. FRAH444E o, € K,
iﬂm EF AF = Fla) 8l F/F RERELKR,LIFF > 1.
WMEE IR, (K F )< [K:F].A®ATIARE ST 02a%kiES,
K/ F # — A @ W] 3% 64 A A 4
F=F,F & F, &% F |%F =K,

#ATF SF AEXRKYK, i =0,1, s - 1. AWBELE a0z,
a, € K, 1%

K Fley ) {ay)Ca 3 eae) o Flay, ez, e, ya),
B g RBF EHAEA, 21,2, 5 3R pla) B £F L6
NERX o = 1.2, ,¢ 4

flot = plr)pale)p o).
HFKAAERT R BEESARTHEAA p (Y FE K] TR
PASER—FTERASER MAM (WA K] ] PLELETHR
— KB L RS
fla)y =(a - 8MWax — @) -3,

FRSE K, i~ 1,2, u. @ F(3 . 8. p S K. WFa i
p ey £ K PR, BARAA o) £ K TR, =1,2,.. B
R LI —SI" TN SONELLIN C A AN

L]

K = Flay,o0 .00 F(8.8:.5.3).
B R ALK = F(F g 80 B B A LHE R KR
Jlu) ¥ o 5L

oMW EK/EARFA—Anln =) REAX f(0) 810K
B plr) A Fla | P—=ATRTH SR L pla) £ K FH—4
Moo FATRIE p(u) & Ko PiRRES T HR— s B AR ALK
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FAKZ pla)y 2 K L5 w5 A8 E/F & gla) -~
iy plad B F L3R 232 )2 L PHE—4R, 0 F{a)
TOE{E L HFEH AR MESR @R pla) - B.RAR pla) o«
Vo€ FORBEEFES g TRAFHBAR plo) £ Fla) By 3R E 3
MY EF(D LS EAEN—AAF-BA#Hs, WEA—-IMNE A&
s BARKAAI( OGRS, LKA AEAF 8 — AP RK,
BrEE&E()H. oK)= K. 8T« K.,BL 3= g5le) ola)
E K. BEWT ple) B K r  PHRTEESHR— RS RB
Modr K/7F & B ak _|

TEEAMNAMEHETRERTE FAXALIRA XOB L.

FTY 6 Flr] AR THSHX plr) 355N
(separable) , o % plu) B o RBARFER Floe] 74K
HAKTOMN %Iﬁij(i)ﬁ:ﬁéﬂﬁﬂﬁ,#ﬂ%@:ﬁé&#%mﬁﬁﬂﬂiﬂ;
W A ER, R ERN SAAMFAT S FHAL

EYT L KFRE-ABITER, e C KAEAF L#H—AREA.
o B oo 98 B A AR TR, I AR « AAF Lo4eh, TN, M a
24 F ERF[aH.

=Y R — AR HPF K K KB A AT K (separable
cxtension) , W E K & AL EEL EHRATH TN A8 K/F
AR K

=9 —AFBRPEEFATHEAFHESIAXELAF L
— AT g B A M R

EHA T A R AR T LM FCR IR (P )Y H 222 A K
1) HAEE

S 3.1

@ K/ FRR— P ik.a,. 86 KHe.32F FAUHET,IL
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Hlow L2, e a8 (37 OV EPEF RAIVEIT MM K B F FRHT
AT — T FRLOBRXMEE FEK PHREHAE, 0k F.

2R QL] TTFHMEBIHAL Q) B, FRARPREA Q
B %

(1Y 7€) = {r? =2V 7% - 3); (2) fCa) = 44 —-2.
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