FHE ZOHEAMEHE

1 —x%Ia

1.1 —xZIIIARHE

B R s #h. 2

~

R={(ro,r1,79,...,7n,...) | rn € R, BRZNIEE].
e ArTE X
+ : Exf{ — E
(o), (oesSnyeed)) = (oo + Spy .- )

EREMNRAAERZANAET LT 74 i e—
MRAAHRZAAEF MG P4 Bomik e B e X,
Al ELBEIOAIE (R, +,0) ASCHdt, Hob 0103 i 0 ik
2l

FE X
R xR — R
(o) Coasnec)) = (o 2 TS - )
Tn
WweNFESr,=rpp=-=0Ms, =541 =---=0.

W= 0> 2w i, 37, sy = 0. MORIAZ R E K.
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~

FHERATREIELE &, % a,b,é € R, Hrf

a = (CL(),CLl, .. .), BZ (bo,bl, .. .), c= (CQ,Cl, .. )

WATEIER (ab)e = a(be). NI, FAMER %

|
IO UED o O SPTALED o
1+j=n i+j=n \k+l{=i k+l+j=n
el
v, = Z apu; = Z ag Z becj | = Z arbec;.
k+i=n k+i=n (+j=1 k+0+j=n

g, = v,. AT ENSE SR RROT.
FATT R B8 IF Ffe v AT

fi:(7“0,7“1,7“2,...)(1,0,0,...):(To,fl“l,?“g,...):f.
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MR, -, 1) AT L BB
B Ja ATAE B, W f=a(b+ &) M g=ab + aé. N

fn = Z a/i(bj + Cj) = Z (aibj + CL@Cj)

i+j=n i+j=n
(S s ] T
1+7=n 1+7=n

o BCE RS, FRATTIERA 7 N iR a .
#ER 1.1 AW (R, +,0,-, 1) RIHRF.

5138 1.2 % (R, +,0,-,1) A IR, W

~

o: R — R

r — (r0,0,...)
REGIREL.
L. B R HPIEEAE AT, SHERE s € R,
O(r+s) = (r+s,0,0,...) = o(r) + &(s),

gb(TS) - (7”8, 0,0,.. ) = ¢(T)¢(S)a

A
o(1) = (1,0,0,...) = 1.
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W RIRFEZS. W o(r) =0, W (r,0,0,...) = (0,0,0,...).
Her = 0. RIS FH P51 3 2.46, ¢ RFS. O

TR RS EOTH{(rn0.0,. )|re R} K. ]
AT CAFE (r,0,0,...) TiE N r.

XTAEE r e R, 5= (s0,81,...,5,...) € R,

rs=(r,0,0,...)(S0,81,+-,8n,--.) = (rsp,r81,7S2,...).

é,\

r=(0,1,0,0,...).
BATHBEE AL RIE: XH{EE n e ZT

"=1(0,...,0,1,0,0,...). 1
L (7 At A B ) ()

n

M n=1 B, g BN, W n>1 HE580 n—1 5oz, M

" =xx" !t =2(0,...,0,1,0,0,...)
N——

= (0,1,0,0,...)(0,...,0,1,0,0, ...
(7777 )(7 )2y oy Y Y )

VA% 5E K.
Hﬂlﬁt?%ﬂjxﬂ‘{{% r= (TOJ 1,72y - ooy T 07 07 . ) S Ea

~

F =1+ 1z +rrt 4+ 4t
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i

R= {Zrkazk\n eN,r, € R} = R|x].

k=0
HAVFR (R[z], +,0,-,1) & R LRFREIC 2 BI— 02 T
W@t 1.1 W (R[z], +,0,-, 1) & B2 XHIACHIR. MR
513 1.2, AT LA R C R[x].

AR 1.3 oA (1) o, SEE rg,r,...,7ER,

ro+ric+---+rax"=0<=rg=r1=---=r, =0.

1.2 ESFEZERIMR

EX 1.4 & p=pa" +paz" '+ +p € Rz], &
¥ Doy Pn-1, ---, Do € R. 2K p, #0, WA £ p &9
REL (degree), 1TA deg(p); p, & p 8 EHIRE (leading
coefficient), iCH le(p). B p=08, CHRHREKZE XA —o0
mEERARKZLH 0.

il 1.5 & p,q € Rlz]. N deg(p+q) < max(deg(p),deg(q)).
L p, g REIFIE, F5 &L

JERA. W p = Zf:opiﬂfi g = Z§209j$j7 HA p,q € R
Hopr £0F g #£0. AGwE k>0 T2
(

p—|—q:pkxk++p£+1x€+1+2(pz+qz)xz
1=0
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Wdeglp+q) <k HEk>(MESHL Hp=08q¢=0
N 2510 B SR AT, O

el 1.6 1% p,q € R[z]. M deg(pq) < deg(p) + deg(q). %
le(p)le(q) # 0 B, 5 A2 H le(pg) = le(p)le(q).

1iE BF] . &p = Zf:()pilj A1 q = Z?:Q%‘Ij; :/H\:Eij Di,qj € R
Hopr A0 g #0. T2

pq = (prge) ™ + (prge—1 + pro1ge) ™1+ ARIKIR.
e deg(pq) < k+ € H prqe # 0 B 555 1A H 1e(pg) = pray.
M p=08q=0mgwRHEARML. O
Bl 1.7 & f=22"+3x+ 1A g =30 +4 & Ze[z] T80 %
M. HH f+gH fg.
i, BAETHF f+g=22>+62+5=222+5 FIASHE
Bt A

fg = f3x+f4 = (62°+92°4+32)+(8x*+12x+4) = Sz’ +3x+4.

EIE 1.8 %X D —EIR. N D[] REFR. #5x, ¥ F R
B, Flx] £ %R,

TR, W p,q € D[z] \ {0}. M lc(p) Fllc(q) #HAZET 0.
N D FEEIR BT le(p)le(q) # 0. MRAEATR 1.6, le(pg) # 0.
M pg # 0. O



1.3 IH{EEE
ATV BH AT 0 22 TR R R

IR 1.9 X SARXE,IK, ¢ R— SAFRRS, LscS.
N B AEE—ITRE ¢ Rlz] — S HA

dslp=0 H ¢ x)=s.
IER. €
¢s: Rlz] — S
St o S é(r)s
THRIE ¢ RIAE. Bp=3"  pa' Flg=3"qz;
Hp,q € R AWRE> L TR

14

p+aq=pa’ 4+ +peaa™ > (pi+ g
1=0

¢s(p+q) = d(pr)s" + -+ + dpe1)s’ +2ﬁWﬁﬂziGm%%X)

E

= (pr)s" + -+ (pe)s ™ ) (bpi) + d(q:)s (¢ RFEINIE)

1=0

K
= Z (pi)s ) (Zgb q;)s ) (IniEAL )

- ¢s(p + Qbs(Q) (Qbs E/JT\EX)
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il 5
0s((pir')(qj2”)) = ds((pigj)x"™) = d(pig;)s™  (ds BIE X)
= o(pi)o(gy)s'™ (¢ TRIFIRIE)
= (¢(p)s') (6(gy)s’) (S HhaRiEZZHR).

=22 (6(p)s) (#la))s’)  (Li&it5E)

6s(1r) = ¢s(1ra") = d(1r)s’ = 155" = 1.
M o, RIFFZS. ML r € R,
¢s(r) = ¢s(ra’) = (r)s’ = ¢(r) = ¢slr = ¢.
FEAEVERSL.



W Rlz) — S M FEIZWL g = ¢ F(z) = s.

iy
Y(p) = i@b(pi)w(fﬂ)i (¢ IR )
- i d(pi)s' (v HITERR)
= ;5:(;) (¢ FRIE 3L).
ME—PEROT. O

FATRR B3R E A HIIA RS o FRONKT ¢ 78 s AbHY
BRALR . 5 = R H ¢ = idg I, ¢, BB E M R[z]
B R WAE s AHIBE ST f(2) — f(s)

] 1.10 % f =22 — 4 € Qlz]. #HH f(15).
fl. % ¢ =idg. M f(15) = 15> — 4 = 221. &

F(15) = ¢15(f) = ¢us((x — 2)(x + 2))
= ¢15(x — 2)P15(x +2) (b5 ARFRE)
— 13 x 17 = 221.

Wo=m,: Z— L, REMIEAEL). 2k e Z,.
H e 1.9 "l A, AT BUERIZS ¢ : Zx] — Z,.

) 1.11 % g = (1792 — 286)(413x — 587). #HH ¢(3), £+
3€Zs. BRI 1.97T4n, ¢5: Zlw| — Zs RIFALS, H P
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G3lz R Z 3] Zs BB RS, B p3(x) = 3. N
9(3) = ¢3(g) (HFHEL)

¢5((1792 — 286)(413z — 587))

d5(1792 — 286)p3(413z — 587) (3 AFRE)

1793 — 286)(4133 — 587) (¢ 892 L)

HEIS 1.12 X F A3, Ac M,(F) LA£0. N
pa:  Flx] —  F[A]
zr];:o pixi = Zf:o piAi
;%}Z:]é],%}} HY¥ kc N, po,p1,...,pr € F.
IER. RSB ZE = § 3.5 7, FlA] &L EEF

p: ' — F[A]
A= AE,

FEINFEIZS. RIEEHE 1.9, pa ZH palr = p Fl pa(z) = AW
ERIIAEZS. O

5 1.13 % f—2? —4 € Ra], A= (

MR (k1)

f(A) = A* —4F = (4 4) —4F = (O 4).
0 4 00
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(k2) B f=(x—2)(x+2), Fik

)= (A2 A 28 — (g ;) (3 1) ] (g 3) |

1.4 ZIENHIRRIA
FEATTH F R,

FEIE 1.14 %X fge Fla] L g #0. Fikle(g) T#. N4
BEE—ZAKX q,r € Flz] HE

f=qg+r #  deg(r) < deg(g).

SE. (B M) 2 des(f) < des(g) B, A q = 0l — £ B

GRS/

AT kA9, 4 k=0 B, 15

= fngglg = (fn - fngglgn)xn + (fnfl - fngglgnil)mn—l + fo— fngglgo
- \(f”_l _ fngglgn—l)l"n_l + -+ f() — fngglgg

-~
r

H2q=fug, ' W f=qg+r H deg(r) < n BT,
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Wk > 0 HAFEMX /N b BHMEER RS, 1HE

- fn+k9§11‘k9
= (fn+k - fn+k9£19n):€ + (fnJrkil — fn+kg;19n71>$n+k_l—|—
+ (fk - fn—#kg;lgo)fl‘k + fk_lxk_l + -+ fo

n+k

= (k1 = farkG gn )"+ (fo = farrgy ' 90)2" + froaa® 4

M deg(h) < n + k. HIHZEA AL 28 — B 45 ml
15, f7+4E ¢, r € Rla] 2

h=qg+r M deg(r)<n

i
f=fagy 2" +q) g+
FEAENE RRAT !
CE—M) Hix ¢,r € Flx] 2
f=dg+r" H deg(r') < deg(g).
i

(a=d)g=r"—r (2)
KA deg(r) < deg(g) H. deg(r’) < deg(g), ATLA

deg(r" — r) < deg(g)
(A% 1.5). BRI le(g) RT3, B A

deg((q — ¢')g) = deg(q — ¢') + deg(g)
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(il 1.6). HILATEN (2) 255 ¢ = ¢ #Em, r =o' ME—1{%
far. O

‘Ynﬁﬁﬁfi 114 BIFF 5, JATIR g ZER f R TR
gMA, r s i8N quo(f,g,z) fMlrem(f, g, z). HNH
CIYES H%ilimjn .

B 115 X f=2+30+1fg=202+1RQz] ¥4 %
A, HH rem(f,g,z).
fift. Azt A7

1 5
h::f—ixgzéx—l—l.

A deg(h) < deg(g), P VA

1

5
rem(f,g,x):§x+1 Am QUO(f,g,ZU):éQZ'.

B 1.16 & f =32+ 222 + 140 g =222 + 4 & Zs[z] 78
ZA K. 7+ H quo(f,g,x) F= rem(f, g, x).
R EFE271=3 FTA

hi=f—3-3cg=f—4dog=22>—ax+1=2>+40+ 1.
ho:=hi —¢g=4r — 3 =4z + 2.
T X,
f—dxg—g=4dor+2 = [f= (4 +1)g+ (4x + 2).
FAF 2 quo(f, g, x) = 4z + 1 Fe rem(f, g, x) = 4z + 2.
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E 1.17 (A XE®) K a€ FHA f(x) € Fla]. N
fla) = rem(f, z — a).
IEE. ARV ERE 1.14, /71E ¢ € Flz]) M r € F 15
fz) = q(z)(z —a) +r.
B o BN o RIFAR. T2, f(a) = g(a)(a—a)+r.
W f(a)=r. O

1.5 ZIMIVHIR

EX 118 HFAK &%, L F 2 K&FH. & f e Fla]
Hae K. X fla) =0, WAr o & f £ K F8I—A
W (root), BP a 742 f(x) =0 & K ¥ &—/ %,

B 1.19 2AK 22 -2 € Qz] £ER P AHA £2, 12 ¢ &
Q + LAk,

Rl 1.20 X F &3k, B f € Flo] B deg(f) =n>0. 0|
(i) o € F R fo9#Y BALY rem(f,z — a) = 0;
(i) fEFFEZ5H n ASLAHE K.

IEH. (1) ARNEETH, f(a) =0 < rem(f,r —a) = 0.
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(i) X n H. Zn =10, f = fir+ fo, i, fo € F
H fi #0. T2, f HME—IR —fof ' SR, gt
%t Fla] KBS T n — 1 K ZTREAT, Horln > 0. 10
RIAEFFAHEAR NERERSL. BXae F 2 f
PI— R RYE (1), f(2) = glz)(x — ), HH g € Flz] H
deg(g) =n—1. HHAWNERK g E FHEZH n— 1AM
AR, & f 72 F 2 2H n DARIPR. O

WL 1.21 RF KRR EFRKOTHR X fecFlz] B
deg(f)=n> 0. N

(i) a € K & f &R % HAXY rem(f,z —a) =0;
(i) f 2K ¥EZH n AR MR

B, RN F C K, A Flo) € Kz, #aEiS e B Eiddr
AR (U REU F #oh K). O

2 oIiiE

W D AR, D = D\ {0}. fEES D x D" LE X~
TCRAWT. & (a,b),(c,d) € D x D*. I1H ad = be, N
(a,b) ~ (c,d).

BATRIGAE ~ BEM KR WEE (a,b) € D x D,
ab =ba = (a,b) ~ (a,b). BRVERSL. & (a,b) ~ (c,d).
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N ad = bc = cb = da = (c,d) ~ (a,b). XTI, &
(a,) ~ (e, d) # (¢, ) ~ (e, f). T

ad = cb,cf = ed = adcf = ched = cd(af — eb) = 0.

WRc#£0, Maf =eb (DRER). MR c=0 Mad=0
fef =0 Wa=e=0 TRaf=0=be ZZLFriA
(a,b) ~ (e, f). FEIBEERLIL.

WCHEEE (D x DY)/ ~ N Fr(D), I8 (a,b) =T ~ [
ZLMmZAc N a/b. W a/b = c/d M HANY ad = cb. EEF
FMRFR ~ B LAFENRAL T B 5 275N X)
FTEExeD,y,z€ D*

X ZX

y o2y
NHERAIE Fr(D) b Umikin v
a ¢ ad -+ be

b Td bd
PAEBSIE Iy 2 RoE . ¥ a/b=d’ /b Fl ¢/d=c /d'. N

ab' = a'b, cd =cd. (3)
I IV R € SR

a ¢ dd+bd

va T T v

SR INER B2 SCERAE IR
ad +bc dd +bc
bd  bd
16




Hp
v'd'(ad + be) = bd(a'd + V). (4)

AT 2 22 e O

v'd'(ad + bc) = ab'dd’ + bb'cd’
= a'bdd + V'bd'd (FR# (3))
= bd(a'd 4+ b'd).

H AT %0, (4) BROL. WOk e R g S
SR (Fr(D), +,0/1) A2 HAE. HINERE L]
B, + R MR e L E BT EAR

<E+E)+E_ad+bc+e _adf +bcf + ebd
b d f N

bd | f baf

il

g+ f_|_f _g+cf+de_adf+bcf+bde
b d f) b df bdf '

TR, G5O R
BB AR a/b € Fr(D),

a,0_a
b 1 b
il
a —a ab—ba 0 0
— + — - _
b b b2 b2 1

T2, (Fr(D),+,0/1) B3t
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& X Fr(D) BI3RyEM T : XHMER a/b, c/d € Fr(D),

ac _ac
bd bd
A 5 NFRVERIFF 5 I0AE B g T KA
acd dd
vd o vd
Fir LA
ac adac ac a'cd

E& v <— @—W <« acb'd = d'dbd.

WY (3), w5 — B IR AT
FESE (Fr(D), -, 1/1) &% L8 FH EHRRFS,

BT HA
ac 6_&66_& ce
E&)f"my"é(&?)'

LSRR E SRV BTl
el _a_la
b1 b 1b
HEL b, D R RIER AR S (Fr(D), -, 1/1) 258k
5 £ RATHRE 77 B

afc e acf+de acf+ade
(d f) bodf bdf

1
1

Zil

gg_i_gg_ac ae acbf + aebd
bd  bf bd bf bdb f
18




T
acf +ade acbf + aebd

bdf  bdbf
A A O BOEEROT. # (Fr(D), +,0/1,-,1/1) ZAZ IR,
R F

a 0

M a # 0B,

ab ab 1

ba ab 1
TR, a/b AT BAVEE] (Fr(D),+,0/1,-,1/1) 4. Fx
D o4 KA.

fyEn 2.1 %X D AR N

¢: D — Fr(D)

T T
AT ER L.
WA, H Fr(D) FREE AL SRR 2,y € D,
d(x+y)=d(x) +oly) Al o(zy) = d()d(y).
H o WIESCATH, o(1) = 1/1. TR, ¢ BFFS. W ox) =
0/1. W z/1=0/1. TR, z=0 BHENEE P52 246,
¢%$%[ﬂ
R fe
D%HM@:{%xED}
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HIRATTAT CAAE D A im(¢) B BC—FER). Fenlih, 38 /1 i
WAz T/, DALLER Fr(D) ¥4,

5 2.2 % A, B € M,,(F). i£8: (AB)Y = BVAY.

W, e X M =a2FE+Af N=xE+ B, £F 2 £K<Z
. W M,N € M(Fr(F[z])). B# det(M),det(N) & FJ[t]
P R EZIRAX. FTAM A N #T#. 3 MN i, &
g

(MN)Y = [MN|(MN)™ = |MNIN"'M™' = |N|N MM~ =N"M".

B M = (mj(z), N =(nij(z)), A= (aij), B=(bi;). M
mm(O) — Q4 7?” nm(O) = bm‘. ﬁﬁi@&fﬁﬁ] Z} T+ 0 7%}2: I{;‘]
A, TUREATXATI XA

Mi,j(ﬂﬁ)\xzo = Ai,j Fa N@-,j(a:)\x:o - B@'J'

#% X (MN)Y = NYMY 4 (AB)Y = BYAY. O
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