B

1 s ] A R A Al

1.1 g etkambiyocs

TELEHLARAT LA v, o) R 3 O SO RN T, AT AT [ R Be
ORI, MBI ROR T, XA E S8 BAR TS 3k 11«

3 L1 (A B F 2 GERRSEEUR R 852808 C), V 2 dkadk
f, HEEL TR

o M VxV -V, igfE (wv) »utv
o BT FxV =V, itfE (a,v) — av
AR A R AR AR (WMER wv,weV fll o, 8 €F):
Lout+v=v+u (IIEHE)
2. (u+v)+w=u+(v+w) (INELEEH)
3. E0CV, [ v+0=v (TILITE)
4 XA veV, fiHE —veV, i v+ (—v) =0 (HIClifE)
. lv=v (HOREAIT)
6. a(fv) = (af)v (KoR4iHE)
7. afu+v) =au+av (FEIRSEHE)
8. (a+ p)v=av+pv (FRSHH)
R Vo2 F ER—msssi] (SZettam]), V P cRichm .
Bl 1.1. PARHRSE & =S )
LR = {(z1, %, ..., @) | 7 € R}, A BIERECRI M R b1 #2506 .
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2. Mypsen(R): JIF m x n SERERE, HeRE M A FI AR .

3. Cla,b]: EXAEXE] [a,b] FRFTAESESLREL, % REOIMEMEOR.

4. 2T Rlz] 8 Ry[o] (RECHEEIE n lZ 050 .
L1 AU, A EE O RZESS RS, Rl R? 1R, (HZ MR
WS IX) 2, ENGE— AP P R R AR THESR .
>

L FIWr PG X T E R IEHEC S G R R 450

a) {(z,y,2) ER® |z +y+2=0};

(a) {
(b) {(z,y,2) eR¥ w4y +2=1};
(¢) I REAE n W3R BE TN ES R,[2];

(d) Brf 2 x 2 SEEERATa00 0 RURIRER R4

2. & V 2mESE, i 0v =0 XHMEE v e V oz,

)
b)
)
)

1.2 2kl A A aE )

X 1.2 (MET2Em). & Ve F ERymgssmE, WV, MR W kT V ks
HoRWMR F ERymE=sm, Wi W2 V gkt rasml (R radml). S, W
e I NERVE T

1.0eW
2. MMEE uveW, fHutveW (IIkEH])
3MER aeF, veW, HaveW (HORET)
Bl 1.2, 1 AR RS o, R R BT 4ERN 4k TSR]
2. FFRE&NME AL Ax = 0 (UfRZS[E) 2 R (T250H .
e 1.3 (5 F2sm). WV gmaEssn, WV Wy, ae V. NEs
a+tW={a+w|weW}

W VI — S (BRI ). W RRZ T2 [E R i ) P ag i), dim W
UIWSESR: /8

1 1.2 JU{fRe:



o O Zefistrasin): B {a)
o 14E5ST T H&
o 2 ZEfSt A T
o n— AT P

1.3 (iR S LS MP RR). — M50 a+ W 224t (nE2sn)
LR EEGENE 0, JHMNM 0ca+ W, HIFEwe W ffiffa+w=0,
thila=-we W, ltifa+W =W,

WEZ, i REE MR HACY B S . X2 A AFRATEUL £
PEZS ()@ ) s A S as 1a) 7

)30
L FIW T8 R W42 i i s ) -

(a) Wi ={(z,y,2) |z =y};

(b) Wa ={(z,y,2) | 2* +y* = 0};

() Wy ={(z,y,2) |z +y=1};

(d) Wi={(z,y.2) | z,y,2 € Q} (HHL).

2. a=(1,23), W={(z,y,2) |z +y—2z=0} GHUHTEEa+W Ik
FRe

3. UEML: I TS RIS R AR S S, e age— i T

1.3 Jezkdtm: JUTtEr U E
BT T mpE, BATATA AR E SO UYL LS.

I 1.4 (). RV BMBEZEN, vi,va,..., vy € Ve FRXERE (SENTXMAAM)
ey, WERAFAE— 405 T A S A X . S, fFfEm a,d eV,
d#0, fGEA v AIFRRN

v,=a+td, t;eR

S 1.5 (L. M, vi,va,... ve € V IR, WRAAAE— D i 5 145 6]
WEIAXLE R S, fAEmE a,d,dy €V, Hordy Ml dy ST, 51
v, A[FRIRA

v, =a+ s;d; +t;dy, s;,t; €R
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1.4 JeZRdbmiy se 21

AL 11 (= SRR A E). B a, b SR V TR 0 a,b,c S M H
OB EHER AR FHIH N v, BT

Aa+pub+rve=0 H A+pu+v=0.
Feml, 24 a,b,c BEAMFEN, EEGTHEDb-a 5 c—a &HHX.

‘iJEHH L[Z‘g'ﬁkz %‘ aabac ;H:‘gj%u Uwﬁﬁ@% d 7& 0 %ngéﬁ tlatQa /féﬁg: b - a_l_tlda
c:a—l—thO ﬂ:%
b—a=1td, c¢—a=t.d,

W (b—a) 5 (c—a) BHEAIX. &A=ty —t1 p=—ty v=t, WA+p+v=0, H
Aa+ ub 4+ ve = (ty — t1)a — ta(a+t1d) + t1(a+ tod) = 0.

T HAAEAE RN BTN, pv W A+ p+v=0F Aa+pub+rve=0, A
Pk v #0, N

A
c=—"a—p
v v
g 1.1.1 (PP LR, 75 R d, =08 (@1, 11), (22, 92), (23, y3) FEERAY7E
B
Ty oy 1
T2 Y2 1| = 0.
r3 yz 1
YJI_ R? EP, 3’5\ ($17y1721)7 ($2;y2722)7 ($37y3723) ﬁ:?ﬁﬁ@fg%fﬁﬁ%

To—T1 Y2—Y1 22— 21 B/J?FSIE<1

T3 —T1 Ys—WY1 zZ3— 21

e 1.2 (W RC R sE 22 ). B a, b e, d ZiasE Vo . W a b, c,d 3
Y HACHIAEAR SN T REL A, pv, €, 75

Aa+ub+re+&6d=0 H M+pu+rv+£=0.
q:%%lji)@n % a,b,c,d El:l,f %ﬁz,ﬁmﬁéJ%H#, ﬁ%{jl\ﬂ:mid_au b_a7 C—a%%‘@*ﬁﬂ\éo

i 1.2.1 (720 3L ). AE R o, DU (21, 1, 21), (@2, Y2, 22), (23, Y3, 23), (T4, Ya, 24)
LT TR 2

T oy oz 1
T 29 1
2 Y2 22 _0
T3 Y3 z3 1
Ty Ys zs 1
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FIWT . A(1,2,3), B(2,3,5),0(3,4,7) HIL4,
2- #”[ﬂéﬁ/%’; A(l,O,O),B(O,1,0),0(0,0,1),D(1 1 1) /\ﬁo

3. ¥ a,b,c =AML R, UEW]: A x FEd a, b, e BiE R 2 HAY
det(x —a,b—a,c—a) =0,

4. UEMY: DU A, B, C, D LY HAUCY AR 2 A BTN, oy v, 0 15 A+ p+
vt w=0 H AOA+ pOB + vOC +wOD = 0, it O LR EGEREL.

1.5 B m AKRE r 403 i 5

W 1.3 (m AN SIETE r A5 ST TS B TP  FR B RV @ n iR AR, v, Vo, .., Vi €
Vo X SIEFERAS r 4Ef ST TS i s A R

A:<v2—v1 V3 — V] - vm—v1>

IR r, HPEA v — vy R & .
FRBIHL, m A SIETE m—2 Qe S FaS) hi EEE Ac e - R RE A 1Rk < m—2,
RIS m — 1 A4~ gebhAd 5%

M. BOXEGEAE DT TSR a+ W, H dim W = ro WAFEAE w; € W75
Vi=a+ W T
Vi—vlzwi—wleVV.

JIr A& vo — Vi, ..., v — v BRE T r 4E RS W, RICEATEK A 25 R 4R850
iofr, BUEERE A Rk S o
k2, HHE AWK <r, W =span{ve —vy,..., v, —vi}, W dimW =
v <, HITE R v BT A v+ W EP, HAEECH ' <. BEE W Y
P RP)F23M0), TSR] r 405 525 [ FraxX 2 i [
i 1.4, AE MR
L Y% m=3r=1#, H8=SELny5l: vo—vi 5 vg —vi LMK

2. Y m=4r =208, BFEPEILEPLME: vo—vi, vz — vy, vy — vy KPR

M 1.3. %U%ﬁ‘){_\:’; vy = (170,0),V2 = (07 1,0),V3 = (Oa 07 1)7V4 - (]-7 17 ]-) %E;@EO
fif: AhE a5

vo—vy=(-1,1,0), v3—vy=(-1,0,1), vy—vy=(0,1,1).



WEATHI
-1 10

-1 0 1}=-1
0 11

01
11

-1 1
0 1

~1 +0=-1(-1)—1(-1)=1+1=2#0.

FRPAX =A et ook, Bk 3, KT 2. BIPSOARSm (SEks BeE T —1~d
T A TH L)

2 Pitasinl

2.1 fijsi=Emliye

FEZ BT, FAIHFIE T 1 s ) A 2S5 18] o i s (e — Rk
— 0, X EARIATAT ARSI B 5 R AR (BRSSO
1 RAGEROEE, mERRAE. XFXBIG] T U5 a M.

X 2.1 (ihtasE). &V 2 F EimsEsE, A 2— N IESEEe. R AEmE
+:AXV = A, iifE (p,v) —p+v, HiE:

L XHMEEpe A, p+0=p;

2. XftE pe A, vyvweV, H(p+v)+w=p+ (v+w);

3. WHEE p,a€ A, FEME—FE veV % q=p+v, ilfE v=Dp4.
MFR A 2 igtasil, A hEITERFRALA. dmV R A B4EE.

1 2.1, (s S a2 WA R GIET - RS E A AR E A 0, it
258 PR XA R . FEDTST R ), Ay S AR, AT B Rk
AN B AR B X TS — IR E R SRR GBI R R A2
BRI

2.2 AR A br At

SAG 5 S 25 A REARMIE R, (HBATRT DA R B — R R, A
TR (15 52 -5 o 2 ) 45 R A
e 2.1 (D 2sia) S RS R ). 35 A LAV SR s i 0 25 m . AT
W—m O €A, WS

Do AV, Bo(p) = Op.



W O @—A——XN OBUF), HI R -
Po(p+v)=Po(p)+v, VpeAveV

Byl , e A O, FATATARH S E] A Hraizsm) VAR FHEA : & r
P AR — A E— ) ) (32 E )

M. B, HUES, WHEA p, Op 2V BRI, % Po(p) = ®ol(q), W]
Op = 04, Mifi q=0+0q = 0+0p =p, # o Y. IHEEve V, Bp=O0+v,
N @o(p) = v, # Po W HIL Do X M Po(p+v) = Po(p) + v Al A1

ISk O

XA E PR — B ek, DTS s As il 1 mEase) . R, FRATEF R F»
BE A e s 8] (DASR SR EEME ), RO S 2s e (4R . FE LM, FRAIEAE
e 2 [v) Fs P 2 7 AR a5

2.3 % hs &
eI R MBS AR, BURE] T 05 S 2SR AR &

3L 2.2 (TIAARR). B A2 n 4Efi ], O € A Z— i (BN, {er, ... en}
EPERERR AR V . W (Oser, .. en) LT A BRI e bi %

TSR E T, EEE P e A RrEfE OP T DAME—Hi37 h L i B4 £
O_f>7=$191+---+$nen-

FAIRA PR (21, w0) NP AEZOTHHAEAR R T R Aebs o

I 2.2 R SRR S R AR 5P BRI T R AR, A v Y
AR R T SR I 2 SRR N, AR KRR (HL )R AR AR R AN AR
(PSR TER) .

ISR R . FATRFR A O5 SR B A SR — A4 A5 n I8

A, FATEX AR n T X IERAEMT LA AT — B S —
AEBRIFE LA o

2.4 AsbrrEdit

U, RATEFERFEAATR AR BN, TR, 0T eI s
s Bt L D5 o ARARAEH A SRR 1 [l — > AR [F] AR 28 B AR AR Z TR Y %
.



2.3 (AAEHAT). WA MR R  HAR (O e, ... e,) AR (O'€, ... €,)0
BOBT R O FEIHR TN N (a1, ... an), BrEEEEFEIHE T AR N -

e = pijer + pajes + -+ pjen, j=1,...,m

WL P EYIHARSS (21, .. 20) SRARDR (2, ... 27) ZIRIRAA:

Hrp P = (py) @ M (A1) . X0 LS B S 1 R AR bR B X

T Pun - Pin @1 Ty
L Pn1 Pnn  Qn 'T;l
1 0 0 1 1

3
3

n

n n n
§ : /N § : 2 : / § :
xT;€; = a;e; + xjej = a;e; + ZE]- Dij€;.
1 j=1 i=1

=1 =1 = =1
HBE e WIREENTG 2 = ai + D00 piyay, BIAEREIEE. O
2]

L 7E R v, Bkt er = (1,1),e; = (1, —1), K v =(3,2) fFEIE FHIR.

2.

AP R IHER (0:1)), Bi&k (041.)), Hi 0= (2,1) FEIHEF,
V=1+j,§ =1—jo KWL ANX, R P HGHALRR (1,2) FeAomIHAER.

UER: Rl JEAERE P gl iRy, HOHGORE AT T MGBT AR AR 2 TH AR B AR e o

1E RS v, e THALEE {er, e0,e3) Al {1, 2,65}, Hp fi =e +ey,fo =ey+e3,f5=
es +ero KM {e} B {f;} BIPERERE, PAKIE v=2e +3e; —es 7E {fi} T
AP

ERA: SR RN, iR A SRR RSN V2 IR Bo MR
B, B O(p+v) = Op + v.



2.5 % 1r4im

X 2.4 (S Fam). i A ZPAV b fEBE R w5 2 m . R4 B C AR
N A= TR, WERIAE— R p € B ISk TR WV, {5

B=p+W:={p+w|we W}

2.3, @ Xy p IDMEEIER, A3 qe B, Wl q=p+wo, M B=q+ W,
HL, FmF2SE Wl B M, 1 p BEBE H B,

I 2.4, i rasE ] ANzt 20 - B C A 205 rasm ALY B A5 (fEM A
GRBTINE N ) M — s m], HAERE s e VRS T Bk, € X
Ws ={p4|p,q€ B}, W Wp &V W& T7%0, HXMEEpeB, A B=p+Ws.

el 2.2 (P52 o zm). % A 2O5htasm, B C A=, W B 2=
8] 24 HLACHXHMEE poa,r € B AMERSAE A, A

p+)\q7€B.

LR, 5 B =po+ W 25 T=500, WXHERE p,a,r € B, ik p =Po+W,, ¢ =Po+Wg,
r=po+w,, N gf = w,—w, € W, MIf p+ gt = po+ (Wp+A(w, —w,)) € po+W = B,
RZ, YA, 1T po € B, & W = {poX | x € B}, TIHE W 2tk 430,
HB=py+ W, O

1 2.5. XADZIERW, 0559 50Xt SAer” iz s AR s BT (b
TR E ) BRI TSR . X IR S A

i 2.6 (HEsSEP TR R). HROTEE —DEA O € A, D i w b
Po: A=V, AV EF., W AP T2E B =p+W XNT V RE 5T
%510 @o(B) = Po(p) + W. B, HIGE L5520 h 4 k2] b 0 5 72
4.

B 2.3 (752l i IE e i TSR 25 ). 1 A 2 DA VR Rl v 2 B) ) 45 58
2], PP, P Ao WX SIEAE A A m di0 5123 0] i s 552
m) T 2H

{@,ﬁ,...,ﬁ} cV

A EME T2z 8] W B4R me

JERR. PO S IELERAS m TSR B = Q4+ W (W 2 V i) m 4E72501],
QeA), WHMEE i, FEEwW, e W5 P, =Q+w. T/

Plpi:(Q—i‘Wl)(Q—i‘Wij:Wi—WlEW



FIHHTA PO #BET W, TSI TR ST W, 450 < m.

22, ¥ span{Pi Py, ..., PP} WHERCH s <m, 4 W = span{P P, ..., PiP.},
W RV 1) s BTl ST B — P+ W. PR §, BB e W,
W P =P+ PP € B. WG EHE B o, T B & s 0§ 7250, fiF s <m,
FATTTOAE W B KA m e T2 W (BIATR W 554 m — s 4 T2 A
), TP+ W A S A m 2 S T2 0

B 2.7, WA PRI AL Py s 08 P R, WAL (B L
(T2 5 { PP} SR T2SIAMR (B PP = BiP,+ PP, H PP, = —PiF,
EAERTET) . HI A EA Nz

7 2 3.1 (Q,W\ ZHIZEME). = a0 P, P, Py 62k (BITEAE 1 405 125 ) 4 H.
{0 PF, 5 PP A

it 2.3.2 (DY AL A1) ng’ﬁﬁﬁf Sia] A v, DU Py, Py, Ps, Py LT (RIVETE
2 Y5 TTasia) ) 24 HAY P1P2,P1P37P1P4 PR 2

1 2.8, X A BUE SRR, FATARHAE R T FO A, ] DARE A i — #1947
P FNIEE -

2.6 WSBAOREIRE

HE— m G2 S = R+ W, Hp W CV 2 m 48 1asia]. FEH
E MR RE (O e, .. en), RATAARNRE R, A1 BAEN — A&
Kz So FEPTHAERRRT, B Po WA (pr, .. pn)e HUW BY—H1LE Wi, oo Wiy,
HRENS S R

_ T -
w; = (wyj, ey, ..., W), J=1,....,m.

W X = (21,..,2,) JBT S BHAUIHESEL ¢, .. 1y € F (45

T D1 Wi Wi v Wiy t
T2 D2 Wa1 Wap -+ Wy to

=1 .|+ . . . - (1)
T, Pn Wp1 Wp2 - Wnm tm

o= R T tr, o b FERMTTRRAL, EAMY HAY X — P (T3 B = (wy) By
=gEd. T B El’ﬁﬁiﬁ m, BERERERGELCS n—m, BIFFLE n —m PNEEIER
H/J’TT[']E ai, ..., ap—m (/I\ q; 7~E: n éﬁ’f—fﬁ%)a ﬁﬁgj’

a,B=0 +1=1,....,.n—m.
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FFX AT EICHN a5 = (@i, - i), WXHER X €S H
a,(X—-F)=0, i=1,...,n—m,
1]

n

Zaz‘j(%‘—%):(h 1=1,...,n—m. (2)

j=1
XX n—m NHEE S WHBRHIIR . BN, B TmE a kX, Rz,
X WL (2, WX —-P 5F a IE, NJET B B95I=H, #§ X € S.

PRt —A> m e 572 BLUE AT A n— m AN 2t BRI ik . el
Yrm=n—1 NN, BEFETRE.

Bl 2.1 (Z4ezsia P ELR). #E R 1, BUd S Py = (1,2,3). Flch v=(1,0,1) B H
. Wil v KA, HFE B=(1,0,1)T & 3 x 1 fifE. FEEREDKELLNITIRS
B IEAZ, BIWE a1-14+ay-0+as-1=0, AJHL

a; = (1,0,—1), a, = (0,1,0).
TREL TN

1-(z—1)40-(y—2)+ (1) - (z = 3) =0,
0-(z—1)+1-(y—2)+0-(2—3) =0,

Hlo—2+2=0Hy=2.

3 ikt

3.1 i AsH e X
3.1 (DA ). e A F A" RS SR, A RIRA VR VR R ) 2 1]
Wedd @ - A — A FRonligrsie (S0 Gimst) , RAAELME RS o - V = V!, 15
IEE pac A, H

B(p)®(q) = (Pq).

Brpnue, OigA e < WZEE BRI DMEER S, (BAE & B2 B
MR .

R 3.1, IR EAR R © HAFS O, WHERL O RNE SRR F, O Bik kit
B o,

7 3.1 WRiEE—MNESE Oe A, it O =9(0), WIHMEE&S p, H
, —
®(p) = O" + ¢(Op).
RS B WIER . M » I EFER O
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PrA Ui B R @ A — A FEBUNTR G5 TR, PO A B 5HEIR
BE, 1C1E Aff(A) 50 Aff(n, F) IXH n = dim A, AER—MSHARARER, BTy 42

AT ME—F IR A
x’_Mtx
1/ \om 1) \1)’

Hrp M € GL(n,F), t e F*. HIL Aff(n,F) [ THEREH

{CW ?‘AfeGumF%teF},
0 1

B GL(n+ LF) 074, Hu2om A ER F* x GL(n,F), HA-FREHRR A4 AL
TR
3.2 Mij R AR IR

TS K, A5 A% Do I

W 3.2 (U AR R Fr i i 25 10)). % @« A — A 250, RIAFAE 2w i)
o: VoV IR PLQeEAR

B(P)B(Q) = p(PO).
S C AR A m GG TAS, W B(S) C AT R AR m BB A

JERA. B Py € S, N ®(S) = B(Ry) + (W), T (W) 2 m 472300, Bk &(9)
A . O
R 3.2.1. FEf 8T, midbd, LSRR RFIAZS . M, » DRVETE m
Ak Aiy 5123 Ml vk — P 5 AR I

SEB 3.3 (SEHOE A S AR e ) 0 e ). e A A AT RSB R S as ] (4EEK
n>2), tEREMESESHN VIV & [ A= A Z— DB, WE: XA
PR EZL [ C A, B4 f(1) 2 A hiy—5KEL, W f 205

EAL AR A PR O, B gV =V R
9(v) = f(0) F(O +v).

W g(0) =0, H f 20 Bl Ay g RS . FRARARELMER, Hitg
W V R EANOY V! PR FELS R, Hog #EE.

Step 1. UEW] g JEMPERY ESCUER] f BREFFATHE. B0 M L 2 V R TE
&, HEMNARL, WENRBREANE (EUNSRNTE), FHEGREFTEL.
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HEPIEE vveV, HER O,P=0+u,Q:=0+v,R:=0+u+v. Efi4
AT TS . BT f BT, BB £(O), f(P), f(Q), f(R) 2—1F
FrPAB TR, AT H P AT DU R )

glu+v) =g(u)+g(v).

Step 2. WM g JESFKI Bk, SHMEEAHEE ¢, A g9(qv) = q9(v). BLEE
FETmE v, FBIEHL | = {tv |t € R}, HE g() 2—FudianEL. hEstk
g(tv) =tg(v).

R PRSI, g RLRvEmut. L £ 205 A . O

I 3.2. RN, FRATEEA] SRR b TN R RO M S 2R X — . TR
TEBURN P A AESAE . AR R, SHERREAMGL. Tgs H— il

Bl 3.1 (S B sepl). Bk F=C, FEIEemgt £ C — C" E XN
f(z1, oy 2n) = (Z1,. .-, Zn),
Horp 7 FonE 3. N
« MMEEEHEZ L={a+tb|teC}, HEN
f(L)y={a+t|tecC}={a+sb|scC}
h—4E . W [ R ELRYC N EE.
o B fRZ C-EMB, Blanxt i € CH fliz) = —if(z) #if(z), FrPA f AKX
Tk C f 052
XA RBIRY], MIEAEAEE U A AR, AR PR B A5 i AR5 S agt .

i 3.3, el b, T R VATESE HIEM, HIESmIEeR Bl 2t I B
Moo FEE L, TEGUONEIE (WETE A M, BRGESESE) A REARUEDT S .

3.3 fistAges

ML E 5, AT AR I — AR S AR e b PRI A A R X 2B A 2] i
T ETER 5 AR

EX 3.2 (). B A B,C BRI, B AAC, BN (SREK) &0
AB
B,C;A) = )
penTe

o S, S 2 = S B A
SR 3.4 (CTATEEILAE). WITATAREY LD S AR A

N —
0. B AB | D, Wt i OB = NAB. {efii s s, 0D = ¢(CD) -
/\90(1@) = \A'B", Wit |C'D'|/|A'B'| = |A| fREFAZE O
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3.4 BIRBIRL AR U e
PRAEFRATT AT DA T 72 S0 A 400 R AR A 2 A PR 2

JUf[ ¢ AR HAE HARAZE
BRIRJLAT | Wiz hie (PREEASHE) KEE. M. TR
EpIRG] B ES e, PATHE. B R
20N U A Lt

B3 ST, T BR B LART RIS 2 LA 2 ) = B BUBRR IR LT R < SEAn” (SRt 4 Fh 4
1), BESEIUIE 48" (FREPPATE) . MWEBENMAER, BRI N5 X
£

WIRZ SN C MR, C IS8 il C Sse R it

AWK, PRETEGRD, U2 AR SR gl “RIASE” HERHBE “A57
I 3.4, fE T —HRAVREER], WIRIEGHE -V BE— 4 HE (B “RmEL”),
A PRFFIX 5% ELRA AW S 3 A Bt S A B — A S O A R ) T H . X 7R T
DR ST LA E — 4 “TodFimH " JarIrsBl.
3.5 %6

FET LA, sy A4 nl DA E AR D BEA R a2 S Y -

o T =GRS E = MO

o FrA-FATIUEER S T A AR A

o JIAAH IR 15 075 45

o JIA XU 2R -5 S SO 2 0 5 <E A

XERE , R EIER 05 S, FATTAT ARl B o0 (AE=fJE .
) #ATHT, RS U AL e B — U TE .

)8
L UERT: (i iR =M B O A (RI=AEEOHBRSETR=MIENELD).
2. KPR AR, EXFR(0,0),(1,0),(0,1) 23 HIBURE] (1,2),(3,3),(2,5)
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4 WEHAH
4.1 % mERKERHE)T

w41 e, WV 2 F EMmEsE, BV > RNV ER— 8L
TSR L -

LoOaksEtk: v >0, H|v|=0 < v=0
2. FUPE: [av| = ol |V, VaeF,veV
3. ZAAEX: [lu+ vl < luf +[vll, Yu,veV
R (VI ) et 2 ) .
Bl 4.1. FEILRITEEL:
L R EMBULEMEE (P80 (2. zn)lle = Vai + -+ 2
2. R LR P 5% (p > 1) (e, @n)llp = (2P + - o+ )P
3. R R 1% R ([(z1, - w) oo = max{|aal, .. [2al}
4;ﬁ@ummmEmﬁ:mwF:¢§;%'
I 4.1 FEJUf, FATEHE M ROLRSEE, BT AOBCER, RATERAZE. E
NIERREECE SCT AR U, 0 11 JE5500F 1 S it g5, 10 JE4I00 D) b 55 R B B
4.2 WP AP IEAE PR ER

X 4.2 (W), flix F 2 CEliR. &V 2 F ERymE=sil, Wi () VxV =F
PRV ERJBR, SR A

LoEE: (v,v) €Rsg, H (v,v) =0 <= v=0
2. JEHEXFRYE: (uw,v) = (v,u)
3. etk (au+ fv,w) = alu,w) + (v, w)

XH 7 R 2 BRI (e B P AE R TTRIARIE) o R (wv) =0, MR u 5
viEZ, iZffulv,

R 4.1 (NAUESTEED). E () 2V ERNEL W v = /(v,v) EXT V Bl
—EEL.

15



X 4.3 (Jefh). RN, E R u, v ZRIH S 0 O

(u, v)
[[al[{fv]l”

cosf =

Bl 4.2 (FpfERAR). R ERdrfE AR (GER) e
X Yy=2Z1Y1 +2oY2 + -+ + Tpln

H M-S R T B2 RO L AR E AL

28
LOiEM: FE R™ w1, ([x]leo = max{|aa|,. .., |2a|} WETEEE XL
2. R u=(1,2,2) fl v=(-2,1,2) R KRERSA (FERENET).

3. W u, v ZABIERIPRYAEFEE. B [lu+v| = o+ |lv] HAMH 05 v [
[ (RIFEAE A > 0 (7% u=Av),

4.3 gkl B

B AR, HAERE iRm0y Ve BV BT TR (). B
i, A PR P Q BB SO

d(P,Q) = | PG| =/ (P, PGQ).

TESL ARSI, sl DAE I s AR A s FER ARSI, BORANBE B s
ERJeA, (HRTDAE SRR

X 4.4 (T FAERIMIER). W St = Pr+ Wi fll Sy = Po4+ W 2 A A5+
Z[E. FR Sy 5 Sy R, WMRENH T2 E Wy 5 Wy IEx, BIXHER w, € W)
%n Wy € W27 ﬁ <W1,W2> = 00

R, B AR 71, SR AIEIC . B, FESEasmg, PIAkE L
B A ey NN FER R, FAMGRM AR ELRIER, AERE
AT B (R B Hermite AR, IEXZZAFIIA (Wi, wa) = 0).
S 4.5 (BFHE ). W H = R+ W g A Fi—NEE. E—JEEnhE
ne W= By H i—ikikk. 25 (o)l =1, WFRHA AL b

BT W B4, BRIt . eI Al T IR A A A
2SI, YRR ATT AT DA T e — P ase); FER A, BARBCE CPasE”
H0L PR SRV k= X (LTI DS e a2y iR R (TR

16



SERL 4.2 (BP0 RATTRR). i H 2l By HPA n iR m @yl -F i, WA
ac AT H FY4HAY

—
(n, Pya) = 0.

LHUE— N HARR R, R AR A B IR R R . AESE R i,
%ﬁﬁ%ﬁjﬁﬂ%’j@ axry + -+ apT, = b; ;H\:EF[ (ab s 7an) %%m%%%o /T':E/E cr EF‘;
HRIEAN Y- 0w = ¢ 8L Y@y = ¢, BTN ZE GEWEER —MERLM, B
AR ) .

4.4 gL HT A MR SR ARG

W S=R+WREARH—MiTraEn, Qe ARMEE s, JABeK Q 2 S
MIERFEEE R, AKX S R Q i (FRh Q 78 S BRI ).

P 4.3 (IFAHE MO TEAEME—E). TR Q, fFlEME—10S R e S {72 RO LW
(B} RQ 5 W d B R E4e) . XA R BN Q 76 S FIEASRES, HE

|RG| = win|| X3
BAMERRN Q BI S MIBERS, 10N d(Q, S).

M. A v = PO, TENBUESE] VR, TR AR v = W wh, Hohwe W,
wh e W (B PRSI B A I A R A T2 I ZEAE IR 48 ) o L R = Pyt w,
WMRO=v-w=w-ecW' M ROLW, SHIE X =Py +weS, &

IXG|? = [lv = W2 = [w" + (w— w2 = [ w2 + [w — w2 > [lw]2,
ST HAYY wo=w, Bl X = R, It R EM—miar s, HEEER |wh. O
B, 24 S RN, wh SyEmETAT, AN

(0, B0)|

[

d(Q,5) = 7

Hrb n 2AERA R &

Bl 4.3 (Bl SENHLHRE). £ R i, WEHK LIS P sk d (A7), W
W =span{d}. i Q ¥ | WIELIEH

R:PO+<-@7d>d7

BB | B — (Ro@, d)d||. ez, AstAf, {HpF Hermite Py,

17



5 a5 LA L AU

5.1 HpH

TE=MEmEasa) R b, AT DAE AN (&), EAER T RemEss
[f] .

S 5.1 (ZHESERAML). B u= (w1, ug,u3), v = (v1,02,03) € R®, BEfIAIIME (3
ER) &l

i j k
UXV=|u U Ug|l = (UQUg — U3V2,U3V1 — U1V3, U1V2 — U2U1)

v vy vy
Horp i gk 2 R AARiERL ) &
SEP 5.1 (SMRBYHERT). MHER wv,w € R?, a € R:
Luxv=—vxu (k)
2. uxv [FAREEET uflv
3. PRI FAEAESC: lax v])® = [[uf?(v]]® — (u-v)?

4 fluxv|| = [ul[lv]sing, HF 605 v e, WETLA u v BBWAHIFAT
IABUBATIGA

‘iiﬂﬂ. ‘iﬁ u = (U17 Ua, U3>,V = (Ul,UQ,U3) S Fgo
Lo fAra i, P TR, i ux v = —v x u. HEITRWRARIE.
2. AR

Uy Uz U3
(uxv)-u=|u; us us| =0,

V1 Vg Us

A (uxv) - v=0, Fuxv [{RHEETF aflv,

3. BRI HAFA: P EHERITEUN Cauchy-Binet A3, FATEIMUES S HH S
HIMERE

4 CPATB IR DA u,v N R AT UAE AR (lalllv]sing, b 0 S
B o FRRIAK B H E SRS

o< vl = Jaf*[]v]]* = (- v)* = [l *|v]|*(1 = cos® ) = [[ul]*[|v]* sin® 0,
L [lu > v = [[ullf}v]|sin 6.
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Bl 5.1. Skit =5 A(1,0,0), B(0,1,0),C(0,0,1) B TFREIE IR
fi: ou=AD = (—1,1,0), v= AC = (—1,0,1), WIgEFIEY
i j k
n=uxv=|-1 1 0/=(1,1,1).
-1 0 1

FHEAFRERN (r—1,y,2)-(1,1,1) =0, Bla+y+2=1.

5.2 m—@mRS5EAH
X 5.2 (FRrE=ZER). =4 HE u,v,w e R ks 2wz Ul

u;y Uz U
wv,wj=u-(vxw)=|v; vy v

Wy W2 W3

R 5.2 (ZHERPIUTE ). ([, v, w]| ST A u, v, w HEBDRFAT /SR AR HF
B, [w, v, w] =0 HHAY v, v, w S,

w3 5.3 (ME=EM). = mE uv,we R = HmBUE SN ux (v x w),
E 5.3 (ZEBIAR).
ux (vxw)=(u-wyv-—(u-v)w

(uxv)xw=(u-wjv—(v-w)u

)8
Lt u=(1,23) 5§ v=(4,50) ®XB, HEIEHLRE u, v #HIELZ,
2. KA uw=(1,0,1),v=(0,1,1), w = (1,1,0) JyRBAH AT A A A
3. W ux (v x w) FRLERER=FER A,

5.3 AIMUEWIL
N T REIMRIRESHET B S 4E a3 ), FAIHR G| ASMUEIAES .

X 5.4 (k-[a). XFrEasm VR mE v, .., v, BEATREBL (wedge product)
Vi AVo A AV FRA—A k-t (k-vector), b k-TBX. B LA HR:

19



L ZEZetErE: XA RA R AN .
2. BOWRRTE: ST R AT S, Bl

VIA - AVIA - AVA - AVE= VI A AV A AV Ao AV

3. 858 (wAvV)Aw=uA(VAW),
Fenld, WAALEMA I ELMER S, W v A Avp =0,

T 5.5 (IMUED). BV R n GRSl I k- RS2 EReE ATV, Rl V
) k obaE. HE, A'V =V, NV =F (45&%).
HMRBI B

n k
Av-DAv
=0
B 2" 4RSS

SEPE 5.4, U {er, ... e} BV —2HE. W AV B—HEEHTE TN e, Aey, A- - - Ae;,
(K 1<ip<ip < - <ip<n) [ kR4 Fit

k
dim /\ V = (Z)
e, A"V @—4in), HE R eg Aea A Ne,, AL,
IER. HSCIEX ST R T K . RIRAFE R aiy..q, € F 15

Z Qjy..gy, €4y VASRRRIVAY €, = 0. (1)
1<t << <n
SHEE AR ERIEE T = (- 0k), BRGS0, A"V > F, HogSCh: %t
BRI k-5 vi A A v, RS v FIBERITN v = D000 vaiey, M4

(Vi A Avg) = det(vs,jt)stzl.

AR 2 TR RIS ORRE, I ST ME— R4 ATV R pemst, H
Wi ps(es) =1, Tkt I#JH esler) =0, K oy FEHT LiRELA, 15 ay =0,
i J TS, TG REONE, BoXLe k-l T

HYGE BT A V. 45 w e A°V W35 h— S A RoT R LA, T
BAMRTE TG vi A~ Avi. $H54 v, BRI A AR 2 R bErE, 15
o B BB RR A S R AL A, TSI SO AR M b R S B, B w T
Fh er WLRHEAL A . PRIIXSE b Rhh i — 2, ATTTAEECH (7). 0
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gl 5.1. W vy, v I EEER] VPR kAN, BAIRERERN viA - Avee
Ryl w, . w ATDAHT v, v RPEFROR, BIFFERBUER A = (ay) € T
15

I EATT A ARG 2
WA Au = (det A) vy A A vy

R AR 2 AN,

k

BT sgn(o) vi A--- Ave, Hd o BHEE (1, k) — (i, ... k). BEI R

(Z sgn(o) a1p(1) - - - a;w(k)> ViA-Avp = (det A)vy A Ay

€Sk

54 BBLAK

I 5.5 (BERZSE] LSRR, & V 2 — s Bgs s E s, () ShE
WAL P4 k, SMEZSE ATV IR R (REfE (), MR
Vi, Vi, Wi,..., W, €V, G

(ViAo AV Wi A Awg) = det((vi, wy))T (1)

AR ATV _EES N

1. FRATCARASIE I BEATUER] , SE I 58 2 BV i — AR EIE XK {en, . .. en ],
W ASV A4 E AR

er:=e; N---Ne;, I:(’Ll<<Zk)
MLE, 75NV EEL—PARWT: XTEE o= ae; fl B=3,bse;, &
(a, B) = Zalb_l.
I
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WER MRC BRI SRR W a=viA-Avg, B=wi A AW $EA v,
L RIT

n

n
Vp: E vp,-ei, Wq: E wqjej,
i=1

i=1
;H\:EF‘ Upi7wqj e Co I)_\”J
o = Z vul---vkikeil/\---/\eik.

M BRI SO AR, A IR EL AR A A T R AR . X T IEE Y FandE 1 =
(i <-o- <ig), FPAMAE {in,. .. i} = T WHFHRY—NH], G F 25153

K
&= Z (Z S81(0) V14, - 'U’f»io<k>> er= Z det (Upviq)p,qzlel'
I

I oc€Sk
Ko,
B = Z det (wmq)];q:leuf.
J

P, H AR E
(o, B) = Z det (vy,;, ) det (wy, ). (2)

%—‘jjﬁ, %J/:DE:%E% Mpq = <Vpawq> = Z?:l Upiw_qio )I% V H@%’Tﬁ)\a
M= VIV,

Hp V& kxn HFE (v), W2 kxn i (wy;), W* FoR W I SEF & . i Cauchy-
det(VIV") =)~ det(Vy)det(Wy),
I

XH T BRI b OsheedE 1 < i <o < <n, Vi FORV RBEERR T RSB
kxk FHFE. HREE det(Vr) = det(vy,,), det(W;) = det(wy;,), HIL

det ((vy, wy)) = Z det vy, )det (wy,, ). (3)

tEg (2) 5 (3) HIfS

(ViA - AV, Wi A Awg) = det((v,, wg)).

ME—PE AEAEAE R () B (1), WEXS R e 4
(e[, eJ>’ = det((eip,ejq» = 5]],

B {er} XF () WRIFHEIES S, FIER o, 8 BIF, (o,8) =Y ab, 53k
AR o OE—MEATHIE . 0
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TR 5.6 (Z4E23 ) /MR S BB GRS 7E 4R LR A2 R® o, fRE—A
HAEREM @ 0 A’R® — R, 58X TAEE u,v e R?, &

P(uAvV)=uxv.
TR, BRY MARMEIEACEE {13k}, W A°R® Ak
ing, iAk, jAKk,
SNBSS ©
d(inj) =k, ®iAk)=-j O[GAk) =i
W @ EARERM, FXHMER uv e ERER.

IR G O RIARHEIE SRR AR, FTPA @ 2 RVE .
HR, SHMER u=wii+ ugj + ugk, v=uvii+voj+vsk, HRFRAIRAMMEA SO
PRIERT

uUAv= (U1U2 — Ug’Ul)i /\j + (U1U3 — U3’U1)i ANk + (U2U3 — UgUQ)j Nk.
W @ RIS

D(uAV) = (uve — ugvy)k — (ugvs — uzvy)j + (ugv3z — uzve)i

[
M 5.6.1 (RIS i EABUERR . AHER wv < RS,
vl = Al = vl = (o)
JERA.
o vl = et (Z“ . Z“VQ =l - ()
[l

B 5.7 (Pkg A HAESE AR n dE=S A R HE) ). FEsE AR =S E]) R i X 5 )
u,u,..., 0, g

det(G) = [[wf*uz)l®--- wel* ] sin®6s,

1<i<j<k

Hr G = (<lli,llj>)1gi,jgk & Gram %EIZ@, eij e | uy I Ff o ##%'J:Hﬂ7 k=2 Bﬂ‘;
XA M h kg B H ESF 2
it 5.1. Gram HFERITHI det(G) BFTARSET & w, o we SRR AT 210K
(1) k 4E(RFH . 24 det(G) = 0 B, IXLe) LM ¢, XY B PAT 2 H AR A R 4E B
%
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5.5 Hodge '3kl

w3 5.6 (Hodge BHT). i V & n gENBIZEN, BAER (RIEEE T —MEFIT
w=e A Aey). Hodge BETREMB «: A"V = A"V, lFRE L JHE
Hae NV, eV,

aAp = (xa, fw,

He () 2 ANV EESH AL

i 5.2. EW L, Hodge BH A k- BB N HIESZANERE (n — k)-8, FF
AL, X (0 — 1 48 72300]), Hodge XHMERF—A (n — 1)-F B —4> 111
&, Bl—AEE,

SEPR 5.8 (FgEs A h kI & ). 78 n QENBEEE Vo, ) H 2 &R v, Ve
SR ZAPE TS0 W n=x(vi A+ Av,g) 52 H B—RRE .

% R WA FRERU LA AR, BUE A IFREE S {e1, €0, es,e4}, HFITTH
w=e; NeyNesAes. Hodge BT «: A"RY - AV "R g5 XME—H7E . TEFREIERS
BT, « EHATE - ENERE FTEAL (YE ey =eNej A---, Higbpis):

Q *Q
1 €1234
€1 €234
€2 —€134
€3 €124
€4 —€123
€12 €34
€13 —€y
€14 €23
€23 €14
€24 —€13
€34 €12
€234 —€;
€134 €2
€124 —es3
€123 €4
€1234 1

PSRRI X T o = e Ao Aeyy, DHIRIREMER {j1,. .. Jar} HIBH
EF‘:”EE]J7 IJI\IJ *Q = <_1)Uej1 JAERIVA ej4,k7 ;H;EFI o %ﬂFﬁl‘] (ila s JiijIJ s 7j4—k) E‘J%“Tl%‘rio
RO
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£ Hodge BETH—DRA, & R h—Ap =2 Tos) GETm), Hkim
] % 123 ) ) — RO BEAR Y Hodge XFMEAGE] . HfkHL, % U = span{vi,vs, v} £
R f—A=HE 72500, W ovi Ave Avy € APRT B—AAEER) 3-1Er, H Hodge I8
(Vi Ava Avy) € N'RY =R B—A5 U ExymE, B U B—SEmE.

Bl 5.2. ="~

vi=(1,0,0,1), vy =(0,1,0,1), wv3=(0,0,1,1) € R%.
ENLETLR, KM TEEN U= {(z,y,z,2 +y+2) | 7,9,z € R} IRENTHIR
-

Vi AVa Avy = (e +es) A(ex+eq) A (e3+ €y) = €123 + €124 — €134 + €334.
FIH Hodge BE T R* HiHill (S0 E%):

*€123 = €4, K€124 = —€3, K€134 = €3, K€y34 = —€j.

Pt
*(ViAVaAvVy) =€, —e3—e—e = (—1,—1,—1,1).
—r—Yy—z+ ($+y+z) =0, _lj-'l_& (_17_17_171) 7‘% U HQ—A/I\%@%O
Bl 5.3 (MU4E=sAdpykna). 768 R B, A (=48) ER=A2EJo X mn
B ou,v,w, NWLEE n B8R

U; U U
ni= (=" v ow|, o (6K 1) R(1,2,3,4) FEE .
w; W W
fin,
Uy U Uy Ur U3 Ug
ne=lvy vy vy, Mo=-—|vy wy wy|, FEH
W2 W3 W4y w1, W3z Wy
5.6 BILL

EBUCA OGS R UM G, BSAMUBCRER . FIHAMUEL, FATATA A 2R
HoRF AR L SE SONBMAE A TA 50, Il IR AR 2R 0 b i A R e 2 5

S 5.7 (RARLL). BV 2 n BENARENE], w g V i—MABUT (R A"V RS 1
FITER ) MR HAMAR @V = V, EFSINE LB A" A"V = A"V,
WA

N\ ®(w) = (det @) w.
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I, @ FFARBN 1 BFA T2 HRBOREN [ det @] B FATZ MR — ok, T
EEFATZEAE Pve,. .. ve), HEBR (w(vi,... vl & @ fEMJRZEN [det @ -
WV, Vo)l XA [det f FR0 @ FERBIMNG T, B 5 FAT S R R
Koo

FadE se @ AR MU R s 1785 det @ IR A" @ AEMAERFR T
AR OB PO iR A R R A AR AL, R T, BB ]
s F R — R, HHERT AR Jp(x) FERE R T F ALl 75 F 1F
Righ U ——3ihy V = F(U), WZER AR AN

Lﬂwwzéﬂﬂmmwmm@.

XHLEY [ det Jp(x)| 12 FAE x ARAEBURGE A T B R AU dx 22850 dy,
SEMAR T AR 5E 4 — 5K

MAMIT ISR, W w=da' A~ Ada™ 2 R ERIFRHERBUE, L5 2
Frw = (det Jp)w. P, ZEFHRAXAT R2IMUMERIER D TR .

6 PREAEIR

TERILEAR U, S AR AR B DR R SRR R iz 3l BIRI a3l . X
RASWAER S PR PREEAS L . AT RS T PRI AR e s S PR S 7 S A
HIR AR -

6.1 PREPEEHL & L

S 6.1 B A AR O (B AR RS VA AR .
FoA o A BB (SRR | U R RS N, BIRHE
PQeA, H

d(f(P), F(Q)) = d(P,Q).
PTG U A R P2 e, BRSO SAs

SEP 6.1 TCEG G2 ] 0 T BB A Mt 12 O A, L FCER PRI A B TF A e
GER. AEE O € A, W g1V - V K g(OX) = F(O)F(X). T fIRSE, g
(R R

lg)l = Ivll, vveV.
SR uw,v eV, miibEL%GR:
<ﬂ®ﬂW»:%WﬂwW+MWW“WMM—MWW)=

It g PREFIAR
Pk g 22 R .

(Il +[v]I* = [la—=v]]*) = (,v),

DO | —
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o ikt IHER wveV, iH

lg(u+v) — g(u) — g(v)|?
= llga+v)|* + [[g)]* + [[g(v)||* — 2(g(u+v), g(uw)) — 2(g(u + v), g(v)) + 2(g(u), g(v)).

FIH g BRI, RN Y M N, 15
= [[u+v|*+|ul?+|v]* - 2u+v,u) —2(u+v,v) +2(u,v) = [[u+v—u—v|? =0.
I g(u+v) = g(u) + g(v).

o FFRVE: JCUEXTEEEON AL . HINYEM, XTIEEEE n, g(nv) = ng(v); XTHEEEL,
g(=v) = —g(v) (BFH g(v)+9(=v) = g(0) =0). TEAMEEAIE ¢ =m/n, F
ng(qv) = g(ngv) = g(mv) = mg(v), # g(qv) = q9(v).

ST ESEE N, BCEHEES) ¢ — A, WH g WIESHE (REMS0NESE) 5
g(Av) =lim g(qev) = lim gzg(v) = Ag(v). K g SLIEWL.

TR g BEFNBIAIEAS, WIEREk. T f(X) = g(OX) + £(0) R i
. -

PRI, IR AR ] 5 A
f(x) = Rx+t,

Hr R Z2IEAZHRE (B RTR=1), t @V ma. Brf (REEAR G s i pR o ik LI
frgahfit, icfE E(n).

PREEAS I PRAF IR P 28 o) P — DD BE R T B, M. AR, ABRSE (BIMIERE
ARHARFENR) o FRSIHL, PREFAE SR 05 AL HR — DT, R TR S IE A
IR IE -

6.2 PREHAEHAG R

IERE RWiE RTR=1, MIMi det R =41, %4 detR =1 W}, FRiheks (80iF
WIERZEM); Y4 det R = —1 B, oSt (BRI ) . 75 4 =4E=5 [,
TE AR . 1 28 4 A7 B 1) ) LAv] e«

o HYERPE:

cosf —sinf

—ﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁ,ﬁ%%< >,ﬁﬂﬁ%L

sinf  cos

cos26  sin 26

sin20 — cos 26

—ﬁ%i%?ﬁ%#ﬁﬁ%ﬁ%ﬁ%,ﬁ%ﬁ<
_10

>,ﬁﬂﬁ%
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FE " HERR PR, AT PREEAS 3 n] DA R AT T LRI B AR & 5 -
L. R x—x+t,
2. heks: SR EME.
3. R4 KRTRAFELNBI

R 6.2, ¥ Q J& n B RIEACARE (R QTQ =1), W Q MEEFHEME A € C #i
N =1,

EM. BN 2 Q B MFIEE, W ARHEI R v e C\ {0}, BI Qv = Av. BE v
FEO LR (AR

Iv]* = v'v.
M Q BEIERHRE, A Q =Q"=Q", HXMEREE & x, A Qx| = x| (EH
QTQ =1 fHET Q REFEMEREE). T2

Qv = [Iv]].
B —Jrim, i Qv=Av {3}
Qv = IAL[lv][.
B MV = [Ivl[, T v # 0 & [vll >0, Bk [Al = 1. =

I 6.1 FENTRIGHEM (B UU =1) FFEEGL, MRS, RErsE %k
NI

SEB 6.3 (IEABIIARIERY). & Q 2 R FWIEA R (RF n BysEiEscfifg) . WfF
TE— IR P s

PTQP = Ry, ,

Hob 1, 52 p Br ks Cu IAFAR(E 1), —1 2 g YO pife (R RAEAE(E —1)

Ifiy
cosf; —sinb;
Ry, =
sinf; cosb,

& 2% 2 FE e (R AR AHE(E %), Hop+q+ 2k =n,
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EA. FATELBEWIE Q AL T2 EHRAEN .

L. SCHRRAEMAARPR 35 A J2 Q 19— DSEHFAE(E, W [A[ =1, i A = £1. BOGRRY
SCRHEIE x, WE Qx = x. BT Q RN, x I EAMER xt 78 Q fETFAZL,
B Qut = ot FHEATTLAK Q 40 Rx BRUFREASS X Fl xt EWIESEHe. &
SRR, R PR SRR AL B AL ) B B ok, AR RIARER PR 1, A — 1, 3

N
d/
o

2. STRFAEMDM R HEAE 23] BAES I Q MARSAFE(E. T Q R5AH:,
FREAER IR I A =e?, A=e (0#0,7). Bz e C" AT X IFHER
MzJET A Bz=ut+iv, K uveR. fiT \#\, FHERE 2 52 &K
(R FRHE (N B O RRAE ) L To k), HENTER WATRIEL :

<Z72> =0,

ORI A PR R (LR A5G 0 RS L I 2009 LRI
PR

(z,7) = (u+iv)" (0 —iv) = |[u|® — ||v|* — 2i(u, V).

LHIGTHET N, 15
[ulf = {lvll,  (w,v) =0.
I u, v RS2 HAR R SS
BAE, H Qz = Az JBIT:

Qu+iQv = (cosf + isinf)(u+iv) = (cosfu —sinfv) + i(sinfu+ cosf v).

PRSI B PR A

Qv =sinfu+ cosfv.

{Qu cosfu—sinfv,

PRI, w A v KGR — 47218 WAE Q R TR AN, H Qlw FEARHEIEAZEE {u/|lull, v/[[ull}
YRR AR Ry o

3. IEAAMRAVEE [FIFE, W RYIESSHN W 7E Q FAZ (B x LW, I Qx
5 QW) =W IEAZ, Ml x € W) . TREMAR Q /g W EryfeEs wt
ERIEA A

4. S bR X W R Eidd R (EBESCRMIE (B N — W R (E) . R
ALK Q R A —4E (RPARHIEE £1) R 4E (KR e ) AL T2 [ EA . 2k
WA T2 —dAMEIE SR, I EN A, BISIrRMIES R P, (3 PTQP
HBR LA, HPEAEON 11 (£1) 502 x 2 ek,

T SRR RFAE I S E AP IR, AR TR AT (2,2) =0,
MO, Q RSEIEAHRE, A # p RPIARRFLE, xy X R R,

(Qx,Qy) = (x,y),
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H—IHH (Qx,Qy) = Mi(x,y), # (Mg — 1)(x,y) =0, # A\p # 1, W (x,y) = 0. B
x=1z, y=2, M} \g=e? e’ =e*, —fRN 1 (BrIE 6 =0, HikE A 25580,
WO RS PR AT O

XANE BRI, AL A AR al DA 1 e B T b IR SR, M T A
FARZ 25 [A)_E B A0 SO B BT BRI

o FFALAE L XD RRRIE ) RKOMAY TS0 By _ERARHORESEAR . (BIAZh SR .
o FRAEMH —1 bR RRRAE o] B KA F S (8) Eoy _ERARHOR SR (B 2= —a).

o T IHIEIEE e RNV —A ZHERAS TS, EiZ TS E, RS
RO BINERE (240 #£ 0,7 i), BURASS g SRR ), (2 e TS (RS
P 6.4 (Cartan-Dieudonné). % V & n 4EsCNFRZSE], T:V — V 22— IEAR A
(B T R4 HARFNE) . W T AR I RLZ n ANSTE A X B U248 5%
THAE B AR e
LR RN E L ST AEE S v e V, XTECEm vt RS Ry

(x,v)
(v, v)

Ry(x) =x—2 v
M. BHWIAE Ry RIEAAEWH R =1, H Ry(v)=—v, 1l v= FH B,

AT X AERL n BEATVAANAUE ] E B

JERIE n = 1 —4EsSCNERASR] V' ERYIEACR i A PRl fESEARR T AT )5
RIS R (B 2~ —z) [ESEAATELRYS (0 NEU), A& el —M R
UFe DRI PG

VAP ER BRE B AERUNT n 2SRRGB 08 n dE25) V _EIIERAR L T
WIS T = I, ST IR (0 RS . AFAEARERR w e V 57 Tu £ u. R
v=Tu—u, N

(v,Tu+u) = (Tu—u,Tu+u) = ||Tu|?® — |[u||* = 0.

Nt v 5 Tut+w B2, S Ry 2 Ry(Tutu) =Tut+u (FROYELE v EAZ), T
Ry (Tu—u) = —(Tu—u), Hr5

Ry(Tu) =u, Ry(u)="Tu.

WA, ZBETEE U =u", E&n— 140, BT Ry oT RIEA/EH HARE: u A5,
ERFU BEIA . Wit By o T FE U _ERRREE U BRI IEA A . dIHgh R,
EAFRRANREZ n— L DRGE S, XERRSERT U hRARFE A s (E
Vo u AR ) . RRX SRR HAREESRE] V E (FE w Oy BAREEAAS ) EATIAR
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& Vg (RTAE u TR . T2 ReoT AIFRRARZE n— 1 DMRUFINE
. Bt
T=Ryo(RyoT)

WFINAEZ n DRPE G e T IHAB IR

6.3 PREPAEHAR 2 X
6.3.1 P S SR U A b 2y X
B R H 1A

H={xeR":(n,x) =d}, n#0.

& = AR
rT=x|+TL,
HAyEm o .2} — d
n,x) —
T T
KT H WA
o= -z =r—2x,.
BRI
x'—x—2<n’x>_dn

SRR R, BN

2 2d
f— (I — —anT) T+ .
Ikl ]|

I A, BEd=0, W

2
R=1- —2nnT
7]

6.3.2  (n —2) 4EAi% A mIE A bEss

_i&l_

L=p+W, dmW =n-2.
i

R*=WeaW!, dimWt=2.
é\

U=T—Dp=Uy + UL,
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Hif uy € W, up € W,
W BIERZ R {e1, ea}:

u = aey + besy.
5 et
(a,b) — (acos® — bsinf, asinf + bcosb).

6.3.3 ZSIZE P LRITER AR

&E%IdMR%,ﬁﬁ%ﬁ@%%kZW%(v%moﬂ?éﬁﬁ~ﬁQ,é
u=BQ = Q— Py TATHOK Q 25 L mthlHestfae 0 B @ (FEN: M k 1
SNBSS, WERT ) .

W u SMERTATT k AR T k A5

u = (u-k)k, u =u-—u.

Sy, wy PREFAZE, wy FEFEE T k B9-FIH e 0 f. A F e, B—41iE
Ak w Ak xu (EEkxu 5w TEHEREMSE, Iy TENE ).
TR RS Ja I B

u|, =cosfu; +sinf (k xu,).

R wy A w1, 45
u =uj+cosfu; +sinf (kxu,).
M uL =u—(u-kk, aJfE—L5EY
u' =cosfu+ (1 —cosf)(u-k)k+sind(k x u).

BETERE e i) ik

Q' = Py+cosf(Q—Py)+ (1 —cosd)((Q — ) -k)k+sinf (kx (Q—F)) |

6.3.4 Hil¥

Bl 6.1 (FHIfERS). KEEm (1,1) Wl HiiEse 90° PRI AGA .
fif: BehERE L C = (L1). Je Pl C Blia: x' =x—C, RJFjHek 90°:

0 -1
R— (1 0>, B FRBE: x" = Rx' + C. [HILAR N

(0 —1)\ fz—1 L\ (-1 +1\ [-y+2
= ()6 0= (5= (07)

32



Bl 6.2 (ZSIRIGERS). oKEE = Hlfiess 90° AL, P58 o HlhEss 90° MG
fif: 5 = fhlele 90° HHREREN

0 -1 0
R.=11 0 ,
0
2% x BliERE 90° ARG R
1 0
R.=10 0 -1
01 O
0 0 -1 0 0 -1 O
R = -1 1 0 0l=1]0 0 -1
0 0 0 1 1 0 0

ROEATHNFON 1 YIRS, Fm— SRl =5 A fiek .

Bl 6.3 (Vi SHT). SRRETHELK y = o FIRUNA. RBUNRFR (2,y) By (y,2), H
%ﬁ%ﬁﬁﬁ%(?;),ﬁﬂﬁﬁ—ioﬁﬁﬁﬁﬁﬁﬁﬁ,%%?%iﬁﬁﬁﬁ%,
TR 2

6.4  PREFALHLLG U IR K &
WA AR, AR RA:
E(n) € GL(n,R) x R™  ({i55IH¥).
PRERAS R P AR B CRAF BRI T o FERRR ARG GINAHESE T, MR LT RS A s
SEAEPRIAS A T AR, Wi e, A, THAREE
6.5
Lo AER s P BRI AR AR RS = AR B R, Wb A
2. REGERL (2,3) fieh 180° AR HL A K,
3. RRTHL v +y =1 WRUNAEHEEA.
4. UERA s = HEEsTE] PR ERE T AR A RO B
5. W f AVitriA, H f A AR LW f 2R A S .

hY
[
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(S E AT

7.1 ML

X T (). BV RKmEEERE, ¢ C Ve WRIMLE u,ve C AMLE t € [0,1],
fail%e)
(I1—=thu+tvel,

R C .

710 ERR ARG TAS ), (HEER LR e s ) S e s S X3
{RR (0~ o e T TV P% i e (1| Ve S

T 7.2 (A T v, v AL SR
A1VE 4 AV
MLRiELLer, Hop A >0 H YF N =1,

X 7.3 (M), WSSV, SHNN, iEfF conv(S), WA S M NERHE,
Spfirih, conv(S) 2 S PR AHES.

Bl 7.1, L OER SRR SN EE DA
2. 7E R v, DUASASIRTEIY R D A — S DU T A
3. —MARAER R —MYZHE (polytope).

7.2 ZmASM% A

X 74 (ZHHE). R hE—AZ ik (polyhedron) 2454H A4S RIH AL
P={xeR"|Ax < b},

Her AR mxn SR, beR™, EFHEIREM a/x < b BEH.

w3 7.5 (METEER). —NERNZHAEF MBI (convex polytope), 7EAFRAEZS
[, I AT AR SRR

W 7.2 MEEEABREARR X, ZHEHE FREN:

o Bigidon (V-2oR): P =conv{vi,..., v}, Hh v, @ P Tk

o o (H-Fom): P={x|Ax <b}, 0] P E2—HEMHEREXME.
AR L I AR BIS % DAL —
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Bl 7.2 (FRAGE). R 1 on+ 1AM TE R AT (B L SORIAEAT n — 1 2P ) 7Y
M RAE . Bl =M (n=2) MMHEGE (n=3) ARERATE. RaE
re e fa] R T 22 T

Bl 7.3 CFATZihfA). i on ALRETCRAIEE v, .. v R T2 TR A

i=1
RIERFAEIME e SR -FAT 2wk, KRB [det(vr, ..., va)ls

7.3 ™MZ s L cER

EX 7.6 (Tigl). B PRz, ve Po QERATFHAEMSTR x,y € P Ml ¢ € (0,1) fil
Bv=>1-t)x+ty, W v P —PBn (8.

7.7 (). A PR AR RN TR BL, HZA B R SR ANE
PN PR At e A (RIBUe PR —4ETm) .

e 7.8 (). MW P E—Aie P SRS, HiZE- s Pa
AL T ZERSE SCOA iz B A IS 07 125 TR R 4R il

o« 0 4EHIZ TR,
o 1 YEHEi,
o n— 1 HEEFROYE I (FF =48 25 (8] i o BT ) o
HFIHARN PR —> S E - i .
Bl 7.4 (LR, AT (0,1 C R BTSSR
{(0,0,0), (1,0,0), (0,1,0), (0,0,1), (1,1,0), (1,0,1), (0, 1,1), (1,1,1)}.
BA 6 MESBE (Z4Em). 12 530 (—4Em) 1 8 DIl (T4Em).

HAANZMEmE. 6 &0 4 T5.

7.4 "™MZ i ARHEE
MZ A —DEEAEMS A M S RS2 P, HXHEZ A
P g R
P°={yecR"|x"y <1Xffx € P}.
A 22 T A 8 T s %o I 58 22 TR AR A TR, T D 2 T A T s R B X 22 TR AR ) T X —
MEPELEE G T AR L
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Bl 7.6. o SEOPRIORAS: SR [-1 1] B IE AT, TACH (£1,0,0),

R AN TR B0 N AR ) — D = A T2 T .
o IEPDER: PUTER T RS2 U mER (FTREL I Ai) , PP AR A R

i
o KRIGRIE: K [0,a] x [0,6] x [0, ¢] AR RAE—AA L, FHUHEHE
SO%; BRI GAE L, HAERE S —RITA? Shs b, A OAE R R R I i

[—a,a] X [=b,b] x [—c,c] BXHMER [-1/a,1/a] x [=1/b,1/b] x [-1/c,1/¢], ik
T (B Ahor sz 4g i) , FrA 2 K7k .

7.5 SCEERRE
¥ CCR" 2N EE M, W TEREN M ueR", EX

ho(u) =sup{u-x | x € C}.

PR he : R* — RU {+oo} 4 C WAL 7 C A5, W ho(u) AR,
SCRERR A DA BEAE

o IEFFRME: he(Au) = Mhe(u) XF A >0 o7,

o WL he(u+v) < he(u) + ho(v).

o #CRNZTHE, W he 25y B MRE, HEBRMEAERA TR AL LT
o ho ME—HEIME C: C =N {x|u-x<hc(u)}.

SR LR AEJ7 1 u b, he(w) Fomitidl C 18 w J5 1) FRY s gy (i
F7) . # %0 € C 5 u-x0 = he(u), WHEEFTHE u-x = ho(u) 2 C B—E#T
T, xo PETi%HP b

Bl 7.7 (Z LR SHERED . FRMZ A P, HIANE AT T J5 1 u = (cos 6, sind),
SCHELRREL hp(w) HURZ VAL 0 J7 10 ERIRREGE K. 24 u efent, SZHm e
Beibepri s, AR (X T 2 B A A 1] o

7.6 & AR SRS 5 fi ik

TEVT ™ 2 AR R B B A BROC AT IR, 8 3 5 2R 2 AR e D s T4
FRAfE . BAE RN S A R R R 2 A, A n+ 1 AT
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X 7.9 (BRAE). W/ ag,an,...,a, € R 2 n+ L AR RE S (B a —
a, ..., a, —ag KMEILK). WEMRLE

A >0, ixi - 1}
1=0

PrA n 4EREEIE
B 7.1 n AERRATTE P RBR] H R A AR EE
vol(A) = % ’det(al —ay, ay —ag, ..., a, — ao)‘.
FEH, FE=2EsE), PR (3-FRaliiE) rRF
é ‘(al — ao) . ((3.2 — a()) X (33 — ao)) ‘

‘iﬁﬂﬂ -i&'- n 2,%%@@}':/5 A E/‘J]‘Jﬁ;'{j:yﬂ ap,a,...,a, € Rn7 Hm% Vi=a; —Q (Z = 17"'7”)
ZHET R . BB A

T:R" —>Rn, T(X) :ao—i—invi.
i=1

T K5hRifE B Al e

AOI {(wl,...,xn) e R"”

=1
Wk Ao T 1 Jacobi RN M = (vi,...,v,) Zil, HATHIKIILEXHE | det M| ik

FUHRGRA 1. A
vol(A) = | det M| - vol(Ay).

BUAETTEE Ao BB, i BBy,

1 11—z l—z1——Zp_—1
vol(Ag) = / / e / dzx,, - - - drodz.
o Jo 0

HHAEGUEZBET e B, M n =11, A= [0,1] ARl 15 Rk n—1 K

BE, W n, X 1
/ Az L
o (n—1)! n!

1
vol(A) = ] | det(vy,...,vy,)|

SNl

O

N TR Z AR AR, BATAT AR 7 o T By (=4 PRI
VUTHIMA ) o T THEIZE Y — ol AR BT 2 TR R 7 2 Bk
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Rk LR

L BRI RS TEZ R NERE— i O. 18 % 2 1 (AR B0 8T T R AR
¥y, HFEHLR O EZ RN T ™ Z ik, Bo—EEN).

2. AW T ZHENE— I (E2—MNNZRE), HH=MAF.
T E R VAR — TGO AL, RS AR AR TR, 152
a =M. A& R=MmK, MEHFD.

3. AGEP A XA AR R RS = AE, AZ=AIEHIEL R O TR
— /DY

4. RA: PrATX SRR IR RO R TR, HEATA AR (A ek
AR ) o RFAsEAS U T AR 4 PR ARURE o RIVAS2 T R ) AR

BEEE R TR Z A, FAES O S8 RS EL AT 2 m ik kN
(Y PERRIIE) o P8l 4520 i DY AR H 55T BrA T o = A IER B

Bl 7.8 (PUBEHERIALY). RN ABCD., Witk E fPUsssE. Lo =E (T
SARY), JREAERAEA AL AC F)0 A=A ABC fl ACD., T 2538w
Uitk EABC f1 EACD, “EAT1MFFEIAEEA DOk dE . F A P i A (AR A =20mT 4 1)t
KRR

Bl 7.9 (PATATI I, PR AU S, FEBE ST A R HIABHY
AR, E AT ? SKBR L, SPAE TR N NSO N, R
P (RN 5) BORG. B, SOPAT AT R hL O, ANE A P
W, SR EANE (TR MRS IE) , REY O iEl, 133
2% 6 = 12 MIUTHIH. JXLEDTH Pk 5e 4 ST AT AT

I 7.3 LB EME 1, EERR SRR T K. EHSRB, REEANT
DY PRI 2

7.7 SZAFIEALG RRDE X

eI {(xi, y) iy, HA x; € RY2HFERE, v; € {+1, -1} 2ERIREE. &
&ﬁ%%ﬁﬂﬁ,WﬁEﬁ¥ﬁwx+b—0ﬁﬁ

yl(WXZ—i—b) > O, V1.

S 117 2 R B LA U AT 1 s ST TR E%ﬁ%@ﬁﬁiﬂ,
JURTTRIRG 5 SCh A A BB M



BRAE v SFITAEAR yi(w - xi +0) > yllwl| FOEAE v BTG (w,b) BT[]
[wi| Al gLl fgE, FATTPARE ~[lwll = 1, BIEER

yi(w-x;+b) > 1, Vi

B URTRRY 1/lwl, BORLTBRS 6 T RoMe wl. hitse Fort, i
4wl
2
A, SRR (Zdknl ) SVM) 2k AT i il
N T
min 5wl
2 0

st y(w-x;+0)>1, i=1,...,m.
oA, BN EARRECE w R R, AR At .

771 DR H X
FIAFAFBIHAT a; >0 (i =1,...,m), MEEHARHH &%

m

L(w,b,a) = %||WH2 =3 as(mlw %+ 0) — 1),

i=1
JEFEEEAN T minw, maxaso Lo R FEGE L 2 min Al max 138 maxasomingg L.

63K ming, L. SR
aL m m
-_— =W — a; ixi:O — W = ;Y X5,
w 2

=1 =1

RPN L, BEGT o HIREL:
2 m m
- Za’i (?Jz((z Oéjijj) - X; + b) — 1)
=3 Z @z&]yzy] X; - Xj Z &% &]yly] X; - X] - bz oY + ZO%

iUiXy

2] 1 i,7=1
= —= Z ozlozjyzyj X; XJ +Za’
z] 1
PRI X {3 1 A -

max E az——g E ;oYY (X - X5)

=1 j=1



g PO (AR BOE M R, SR MBS M T iil) , R
JE A S oK %, SCHAER 4RI T

b2
LI AU e R

10.

(a) {(z,y) e R?*[2® + 9> < 1};
(b) {(z,y) € R* | zy > 0};
(c) {(z,y) e R? | |z] + |y| < 1},

R AR AR AR N . 2B UL L S A —E 1

w P2l (0,0), (1,0), (0,1) A1 (1,1) ARy, 3K P AT, Sofim (=
#e 2 HIE R R ) o

Bl A2 RS R RN (H-F60R )
(a) IEHTE [0,1] x [0,1] C R?;
(b) MUmEAPRA (0,0,0), (1,0,0), (0,1,0), (0,0,1) FTH M.

IR ER u=(1,0,1), v=(0,1,1), w = (1,1,0) JKuMFAT/ SRR AR

WERT: AR R, — NIRRT AR e ME—RY (RIR T REA P AN TR Y /)
RARLE AR A ) o

P2 R P — B, a e R 2—PHEF . b ZERE f(x) =

RPUTE AT A (0,0,0), (1,0,0), (0,1,0), (0,0, 1) AR, IFReiZPU v (] 3 A
A AN P T A

ER: 27 v, v R P RTIR, Hox € P, U x A DAZR X 2T A
AL o X2 2 A Y TH R s 2 B

HEZME P={(r,y) eR? |z >0,y 20,2 +y < 1},

(a) Wi P, HFHHERTE.
(b) K P @B ZE A P° = {(u,v) | uz + vy < 1 5P (z,y) € P}
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ISEARS) T

AREMNENE R AP A, BERAAL T 1 AU R A S, A RS 5L
AT ELZ B TR A AR -

o REGOE SONRLNESRPHICR, X WRg— T R, A HFEZS (]
SRS, NG BE 1 E .

o PTG iAoyt @%%ﬁﬂﬁ%ﬁ%ﬁTﬁ%%ﬁ%ﬂD,
HEN T “m AR r 4e05 T2 HHMBA
o L#mﬁhﬂﬁuﬁ%%%%ﬁﬁﬁﬁ%ﬂmo

o WU WBMERKE. A, USRS ABE, AR BIHAS Y H A
Gram FEFE, F5-F172 HRRARTS p B A AR R

o SMBL (BUBY) AE=ZEms (A B ARG TR A ?ﬁ@kﬁﬁﬂmﬁ%ﬁﬁﬁﬁ
e 2 mdE, Hodge XHMIGE— ik m &M IR H 5 1]
)5 ) Hodge X . X—HER NPT LERERY 125 @ﬁﬁT£ﬁ%%%ﬁﬁm

= o

o M MEVENA R SR R B EMA A, R T mES AR AL
SR BRI . T, . AR B I, KA S BRI L
AT S A

XAIMEAR IS . BRI ULATRIA, AMUE R? . R® PR fLg i hiaH
WEGE— R, SRS AP B (Anz sl A T g5 gE s m) . B L
A A SR B b P RIS SE) fi IR RIBTE .

TEAE TR E T, ﬁﬂ%%ﬁ%ﬁﬁiﬁfﬁ?QWMRﬁﬁ@'M*&%%%
2, B S AR R BOE , HEI05 B S S U0 . AR a4k
ﬁ%%%ﬁ—*%ﬁﬁMﬁ%%EﬁﬁRHM$ﬁ,mRHME%@@ﬁﬁﬁﬁm%
S04
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