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[ DA~ A, B, O, D MBS EU BN (a1 = az, [br: b, [er @ o], [di : do]o BB P X

E‘Z%‘@( [351 : Iz]o
HZ PA FWSH P =21 220 23], A=[a}:aras:a3). HEHREMFTII N

X Y Z

3 mze a3 =0.

a? ajay a’

ESIREE

X (211905 — 23a1ay) — Y (23a3 — x3a}) + Z(22a1ay — 21290%) = 0.

A EAR DA (z1a0 — moaq), F520 HGHME 5 B9 AL HR K
PA* = [zoas : —(1a9 + x2a1) : T101].

F el
PB* = [x29by : —(w1by + 22b1) 1 21b1],
PC* = 23¢9, —(2100 + 22¢1), 1 T164),

PD* = [Igdg,ﬁ —(xldg + Igdl) . J]ldl].

mT A B, C,D ZUANAFBIA, FAEFE o 8 (7

(c1,¢2) = ac(ar, az2) + Be(br, b2),  (di,da) = ap(ay,az) + Bp(br, ba)

A B A5
(PA,PB; PC, PD) = (PA*, PB*; PC*, PD") = gch = (4, B;C, D),
c&D
BEAKET A B.C,.D W28, 5 P XK. O

g 2.1, - b, SEDL A, HEE =R AL, WA —— & ARR
52 S T 23 e AT
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SER. WA TN A B,C,D,E. %% {P € PX(R) | (AP, BP;CP,DP) = (AE, BE;CE, DE)
E—4 IR (RS R FRE), ME—1EH Steiner EHIT1E, O

B 2.9 (M REB). i T g —ARB 2k (FESEa 2 s - Fim )
A, Az, Ag, Ay, As, Ag 22 T EZSANTRI R KFIX LR SR P SN A1 Az Az As As As
DU =3 A6 3D Y 52 A

P - A1A5 M A4A2, Q = A3A4 N A6A17 R - A5A3 N A2A6
g,
WYL B PQ FHEHZS Axds N3N S, AsAs 5 ApAs NN T, AsAy 5 ArAs 1Y
N U, WAEEL A2As L

(Ao, T; S, Ag) = (QAs, A3Ay; PQ, A1 Ag) = (Ay, Ayg; PU)
= (AIAQ’ A1A4; A1A57 AlAG)

— (A3A2, A3A4; A3A57 A3A6>
oy

AQa T7 R> A6)7

s — =0 3.2, S =R, O

2.2.5 Bl AR iz

e G2 R i LB i — X% O E, EfR TR S EARZE R T &
U ATRZIDE R« AP UTAHEZE S, X — AR AT DA AR FRE 5 Tl has
HH AT IIZ R T REA S Y] A 5

X 2.3 (). AT IEB ki< ¢ .= {x"] € PX(F) | x"Qx = 0} ffFE—4
P=[p"eP® (P AXTEC L), HLK

{x'] e P*(F) [x"Qp =0}

WA P KT C I . ERRXHHACY [(Qp)T]. Rz, MR HFHK L CP?,
BB L = [€7] € P2,

['Q7]
MOAHEZ € KT C .

W G R R R ER: R P RIREDE L, W L i sste P. Xelh
Q7'(Qp) =p (BREE-NIEZHENT).

EHL2.10 (U)%). 1L % P=I[p'leC, Wp ' Qp=0. M P ML Ly 5t C 17F
&P AbrgY)ZR.
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2. —%HZ L (WEg[€7]) 5 C MY, MHAY
'Q e =0.
SRS R & P=[(€7Q™")T .

e, (1) mPILREER. (2) L 2Y& = HFaEMfi—x P=[p'] € C {4 L 2
P ik, mItRE&E L, p=Q "¢, O

HTEEFAT AT AT AR 2K i e riihs

S 2.4 (WFETHZR). AR TIRIIZ C - xTQx = 0 AHFERY WM R 2k i
Q™1 (Bi5 Z M LI X FRAEE) 2R

Cc={[T]eP?|£QL=0).
EHIrAS C VI E LM

B 2.11 (RERVIREL). B C:x'Qx =0 HIRRML WLk, P=[p']| e P* 2R
15 C EW—rie #rid P ulfE C MM AP)4k (TER 08 BA M%) . WX Y
LA s P

Lp={[x"]eP?|x"Qp=0}.
IR B b, b RPN ULR RS AR bR ) & PR YIAAE IR b, ik
t/Qt; =0, i=12 (1)

XA Y& ad P, HOILRMFR TN xTQt = 0 (UL AMRL) , A
o

p Qt; =0, i=1,2. (2)
BT Q RXTFRARE, t,t BRI L x"Qp =0, MZFRERIIER S P Bk
2k Lp. I Ty = [t]] A1 Ty = [t5] #HBLE Lp . ]

1 2.1 5 A5 RSB, M8 P AEMIESN, PIsUILR e i), PImiEdoe i B
M P eI A, SEUTRATEAE, (BB B PIARIL, VINELRTEHAK (B
FERR BT E AR AT X IS M B N 3 i A R LA g L —— e d Bk [
MEVIA S ] Zai .

Bl 2.2 (G RS SARER). B REAIR & + 2 = 1, ZEFFAE F AL

Q
I

O O el
e}



WS P =1(2,0,1)7], BEPRKECAL (2,0), BRRIERR L. HARZLE x"Qp =0 45, I
5
1/2

MR TFERN Lo+ 0y —2=0, Bl o =2z, WWEKIKEZL v = 2. XIERZHS (2,0)
AERIDIER o
ﬁ@%ﬁ[‘*)ﬁ P = [(4707 1) ]7 /\)F&szj‘j

1
Qp' =101,
—1

TN —2=0, Bl =1, AJPAKRIE: 1 (4,0) YEMRIRIRT A DL ) R R Lt 1 it
RHZL =1,

H Pascal & H#FEFEH, FRATTPAUEBIPAT Pascal & B A XHME IiUAS :

SEHE 2.12 (Brianchon FEHE). &AM A AyAsAyAs Ag T/ 2530 BT B4 5 ER 1k
TR C AY), W= AiAs. AsAs. AsAs T TRl— A
B UK IAITTEE LN

gl = A1A27 62 = A2A3, €3 = A3A4, €4 = A4A5, €5 = A5A6a €6 = AGAla

EATEFF AT T 20 B B ) & £y, ... Lo BURERSS 0BRSS C AHY), HPIZ A
Q=0 (i=1,...,6),

HPILXH R AL 6 = (€] W AExH B kiliZk ¢ |k
TE C* b, UGB NHESHTE G000 . ﬁ HIER ] Pascal EH, H=4H
XTI_H/JX 'Jj/\ /)%
(Gl N 00),  (GENGLE), (G0N L)
KHEZ.
KX BB 0] P10 PR R R ZR R 2 P BRI A R, T B AT R
RPRIEL . T2
ETE; N ézgg — (41 N Eg)(&l N 55) = A2A5,
E;EE N é;gg — (62 N £3)(€5 N 66) = A3A6,
@;gz N g;f{ — (83 N 64)(66 M 61) = A4A1 = A1A4.
BT X EB RIS IA « LRRRMERR, =A% 8TE C Frfe i I, X &
HOAS B P T EXF R ) AR B AsAs. AgAg. AgAg LN L
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3 PAT LB ISR LS

BB R BF L L —, (R =4E=S A AR EAI TR B, TR EA
PREFAT, MRIER T — PR R ——H KR AR REA U CE e, #57
FIMLEEERRL, IR TG R IR R AR Y 22 8] 7 ) B JEg5 e s 450 5 i o
B 5E 4 AILAY S )5 N ERE A e, IS AR AL RO B T %

3.1 AIPLEE: e, AREELS PG
3.1 (MHURZE). MIPEZS R S — O, BB, PA O N IE S — 4
AFEMBR [Cru,v,w], B {u,v,w} H—HBMIESZE, Huxv=w, FHHE
2, Ho

o w RIS I (Othh),

o u AREARPLAE N,

o VIRIMHLT DT (BERMGRARARAY v Bl R ) o

@ 3.2 (M FARZEBAINUAR AL AL ). B2 ] g — AN E W A AR R [O; 61, €5, €5,
FROMIEIbRAL. et C TEMFRRR FIOAEF N C = (Ch, Gy C) T 4 R = (u,v,w) | =
(rijhcijes H—A 3 x 3 IEH M, SHEESRA P, oHAE tFARSE T i AL drh
Xy = (Xu, Yo, Zo) ", WEAERPARE R IAeAR Xe = (Xo, Ye, Zo) T PG H

X, = R(X, — C) = RX,, + t, (3)
Hip t = —RC H PR,
3 3.3 (EMG P S ). PR, B0 f (f >0) HBEETRHMT
TRR A PGP (BT ). f FRoMARRE . —asi) il P e g B 2
5 PR SEBTHENA S & P FERPBRE R X = (X, Ye, Z) T, Z.> 0,

Eﬂﬁﬁﬁ’&i%?ﬁ@ﬂé)ﬁiﬁ/@ T3,1(Xw - Cx) + TS,Q(Yw - Cy) + T3,3(Zw - Cz) > 0, E‘H*Hﬂ}{
=t (K1) a5, RRAEAPURA T AR A

s=f =iy =1 (4)
B (o,y) WPRAE.
S 3.4 (B2 5 1), BT AL (vy) it ERERRG, 1EW E 7o
W00 AN (u, ). BRSBTS (OHTBUEREE F AT (0,0, F) )
e E IR BTN (vo,v0), BN, BRI R ARy, HIFLER N IE
A apsay > 0, (573

U = ug + a,T, v =y + Y. (5)

XH ay, 0 WE TG UTK R B A

3
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Zc 77777777777 2
PR T
hi !
T Xec /’/
T !,
T Xeu (Xo)

Bl L g ALESE PR = AT (AR . W PR gl C ks, 2R
BV L MR (2,y). BB = AR R TS 0 R 2 5

S 3.5 (R, Fr
fac:azf7 fy:ayf

AL R SRR AT (4) A1 (5), EIERMAPUABAREMR AR 2~ 5

Xe Y.
u:f17+ll/0, U:fy7+vo. (6)

3.2 ¥k bR

EX 3.6, EXL D :PHR)\ {[C; Cy; Co; 1]} — P2(R), [ao; a1; ag; as] — [bo; br; ba], HiH

Qo
bo f= 0 o
a
bl=]0 5 wl|®&lY (7)
S~ | aq
by 0O 0 1 IS
—_— as
K

Hrp K UK fo, fyswo,v0, FRANSEIRFE; (R | t) (U AU A AR5
A RL BRI, B S E

HrRE 3.1 (BHERE). WTE4E5 Xy = (X, Y, Zu) T # C, 38 X = [Xu; Vi Zui 1.
StF T ZEEG (u,0)T, 30 U= [uyv; 1], BEAFEEIER (BI3)(5)) WMt

¢: H" = R (X, Y, Zu) | = (u,0)7,
HX R O(X,) = u ME—HiE, Hrf
HY = {(Xu, Y, Zu) € R? | r31(Xw — Cp) + 132(Ye — Cy) + 133(Z0 — C.) > 0}
BIFHAIL A 7 X A>2f 25 1]
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IER.

K(R|t) (X1“’> = K(RX,, +t) = KX,.

4%‘ K 7?” Xc - (Xc’Yc;Zc>T /fjt}\, ﬁ

fx 0 Ug Xc f:rXc + uOZc
KX, = 0 fy Vo Y. | = fy}/c +v9Ze.
0 0 1 Z, Ze
M a—A0 5 Z. dERum A~ BT O

SIBE 3.1. % L NzsEh—HL, HESHON
X(s) =a+ sd, s € R,

Hrrae R Wk b—, d#0 BhmmiE. Bk Lo £, UFEE s {15 X(s)
BEFABLET . X
by = K(Ra+t), r=KRd

MR L ARISED C, W by 5 v VTS, Y1 (LN HY) e R? Py —4&HZ L

U

(boxr)" [v | =0, (8)

1
Ll A by 5 RIERIK, o(L N H) BAREAE, FFRARIER r.
EM. B L RRSS R R X(s) = [(a+sd)T5 1] 24 s ({5 X(s) € HT W, HE

Edl

a+sd

K(R|t) — K(Ra+t)+ s KRd = by + sr.

7 bo 5 r MR, MR BEEAEREET b, SR “HELME TS, i

S(LAH") C {[ziy:2] € P(R) | (bo x1)T [y | =0},

ISEEENSIE

HAE R FRYRRHIEHRERIN (bo x )T (u;0;1)T =00 37 bo 5 ¢ LA, WAELE s
ffi by + sor = 0, Jliging Qb(L N H+> JE’T%?\]%&ET%)&:: [
R 3.1 (K R). & d e R\ {0} h—RlErmma, Hdl5 v &WIk. BB
[ A 7 PEAT T d B, HAA ARSI AR ST I — A e S va € R, W2

va; 1] =[(KRd)'] = &([d";0]), (9)
FRIZAS ) d TR A
JER. BT d 5w, v &P, BIERI— &R d WEZ L, 4 LNHT #
0, MmEHE 3.1, ERK. O
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3.3 [l —HIBLARIBRAE B G £

BT ECE L S AR AL [Cu, v, w], BTE5 B R & HIBL (WS K R
75 ) BB AL . BRI ZIRITEEA [Cr i, ve, wi], SERAISMSEEEH Rt
B3 G AIRER RS S [Cosug, vo, wa], KTV IANSEUN R, ta.

TEWAS GBI, 2 BIS I 1 : PXY(R) \ {C1} — PX(R), ®y : PX(R) \ {Co} —
P%(R),

IAEE 5 ©1(X,,) Fl 05(X,) MXF. RAOTH S X FHidE

X 3.7 MHEE R v = (v, v,0.) €R3, EX

AW [v]), = —[v]x, HXEE weR® A
[V]xWw=v X W.
RS wivew = 0. 24 v £ 0 i), [v]. BIRER 2.

i 3.1, 4
F=K[t]«RK™ (11)

Hrp
R = RyR/, t =t, — Rt,

BveRNA{0} [u]] = y([v']), [uz] = 22([v']), HA
w, Fu; =0,
B HE S, FEREEL o, 8 #i15
u; = aK(Ry | ty)v, uy; = SK(Ry | to)v.
v HHABEX (v',s)', HftyeR, seR. 4
X = Riy + tys, X2 = Roy + tas,

M w; = aKXe, = KXn. HI X = RX + ts,
WK [, 15
K_lul = aXcl: K_lllg = /BXCQ'

WNISER S
BIK Ty = R(a 'Kty + ts.
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L Sl
K 'uy = ARK 'uy + ut,

HftX=3/a#0, p=p3s (% s=0H# p=0),
W31 20 3 ~F-R% ] 2 ) ROWFRAE [ [t), FFEARIA [t]«t =0, 155

[t]« K 1y = A[t] RK 'uy.

T (K ap) "o PR [t RRONFREM:, MEEME w A withw =0, llw=
K tay, WIAdkEs:
0= AK tuy) " [t]«RK 'u,.

HEEZHET A, IR (K ') = K77, 15
u) (K™ T[t]xRK )uy = 0.

HMEX F=K T[t|xRK™, B

u, Fu; = 0.

4 FPLNSbrE

PR AT 7. 7 B 2 1) B R B AR L @« PR(R) \ {C} — PX(R). B
FoA T I —ANFE SRR TR, (ER TR0 Tk e MO % e, 3k ]
FI 55 3.6 ARG SE X, HE @ Wik P3(C) \ {C} — P(C).
4.1  #uxfkithek da skt ki 214

41 (X TR, TR, HRILITE-FH 7o = {[Xu; Y Zu; 0] €
P(C)} (R —MEHE-Fm) . H EhJrf

X2+Y2+ 272 =0,
(GFRET) X T i i, Fohgadt ki, iCh Q.

SIRE 4.1 (4% R iR AYERECRAEYE). B¢ [O;er, eq, €3] Fll [O'; €], €}, €5] = 4ERR RS
E G T EARE, ENZRMEZE— MR (NIAZ5)) . gt — iRl Lk
Qoo TEXPINFREE N B RETE A S8 2 AH ] -

X2 +Y?*+22=0, W=0,

Hr (XY, Z,W) T ZXARAET mi 55 AR e 52, Qoo HIRRIRASH] 1Y BE 5
ME—HRE, SHEALIRRMERC R .
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1ER. WAEETPER A P ES MR TR RS X = (X,Y,2)7, FFRAAR
H X =[XyY;Z3 1] AR T PRER AR 3 il R

X/:RX—l—t,
Hob R OWIEACKERER det B — 1, ¢ € RS A Fasiht. EmMNAEEIY b o
(B4 v
0,1
HRE VI Qe M R RS

X?2+Y2+27%2=0,
(12)

W =0.

XA AR {[dT50] | dTd = 0,d € C*\ {0}} LA miZasen {(Rd)T;0] |
d"d=0,d € C*\ {0}}.
Qoo TES “AMRAE T BT RR IR R R

X/2 + Y/Q + Z/2 _ 0’ W/ _ O.
IR, AT P88 ¢ TIiEsE Ro 0 Qo SEMAERRER K. O

g 4.1 (2% i g (IAC) ). Zaxt “IKEHZk Qoo 12 © THIR ©(Qu) B4
P g, Fomg kil gmig (IAC), HOyRr A (KKT) ™ = K- TK1 5%
ok, B

©(Qoo) = {[23y: 2] € P*(C) | (,, 2)(KK ") (2, y,2)" = 0}.

Y. Qoo ERERAER [d750], Hbhde C W d'd=0. FJI @ KEXL,
d
e([d";0) = [(K(R|t) <0>)T] =[(KRd)'].

T2 TAC LRy [bT] W2
d'd=(R"K)"(R"TK™'b) =b' K "RR'TK'b=b" (K" "TK")b =0.
O

L 4.2 Qoo SATAR S BT 5 IR A A SR HES ., FROMIZ T B AR
HFF AR LY, B I=J. BHGAERG ERBOEFRN B Rmg, SRR
[f 54 my, m; EATRANLT TAC |, [FFFA mr =my.

SIBE 4.2 (75 BEFR). W m e =4ERER S ) F g —AFi, LI i e — X 3
Mo W ERAEE ARG T T,
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IERR. AP m EESIRRIRARIR R (Oser,er), flifF O AL, e, e HEAMIEA R R
(AR 2 ez :=ep X €, iy (0591792,93), ﬂﬂﬁiﬁﬁ%ﬂéﬁ%o Tflﬂiﬁ@ﬁ?ﬂr? PAIEI
TEH

Hrr J2ftz.
X2+ Y2=rW?2Z=0 (13)

FEAA C° = P3(C), (z,y,2) = [zyy; 2 1,7 G S Qo BN
[1;v/=1;0;0], [1; —V—1;0; 0],
e ik O

4.2 HBITRAUS

WA R B A (GINETEAR G . BIRSE) FEAIL G . B e i 5 A
PLBAN S S BB IR GEE BT 5563 EA T RIS T ) .
PEEURSE BRI i i 4R (/] N LU A ) s D e A 8
— R
Au? + Buv + Cv* + Du+ Ev+ F = 0.

B G IRARBRIE
u
m'Qm =0, m=|v|,
1
Hoh R BOERE A
A B/2 D/2
Q=|B/2 C E/2
D/2 E/2 F

TR Q AEFFRAE M SCT Hhi 15 ME— B 5
IER. P T RS L I, 2w RS E L ERPI R R, HSR AR E
[d;0]", HrhdeC® g
d'd=0, d'n=0. (14)
d
HPLBE R P = K(R | t), B ABRISFT RIS KR | t] ( ) =

0
KRd. HE=Ar8ER:
(Rd)s =r;d=v-d, (15)

Hevrg o RIE=AT, o LET v,

23



W2 : [ PR s R AT E A A R I |, B
m}erI = 07

[R50 Ao S O 7
Re(m; Qm;) = 0,
Im(m; Qm;) = 0.
(m, BZAFEBIW L, Y C N H my =m;.)

4.3 BT PRILNS

1% O N, e, e BEFTIEFIHIMPIEZBALFR, £ e3:= e x ey, B
FHAIRZR (Oser ez, e3)0 XEE—IREMR, BRXKEMIZ R[t), £H R B5)EERN:

R=[r 3.
I, X IREBSNES R ), CH R
R = [r} 1) 1.
TH 5 S B FRPLAR bR AZ 4 -
X, =RX,+t, X, =RX,+t.

EF AR AR I EIPR A (JET5IERL) A

e — 1R R T B R B TF U AR AR ) B -
m; = KRI, = K(r; +iry) = Kr; +iKry, =:a+ib m; = KRJ, = m;.
Hrta=Kry, b=Kry € R®. 7E5 I8 BB R 5 I AR R ] & -
m; = KR'T, = K(r| +ir}) = Kr} +iKr, = a' +ib’ m/, = KR'J, =m/.

Hift o' = Kr}, b’ = Kr).
W TR R BR AL T AR ki & -, A

m; Cm; = 0, (m})"C'm); = 0.
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A m; =a+ib, JEIFG:

(a’Ca — b Cb) + i (2a”Cb) = 0.
SLERE RSN E, AR A ST
a’Ca—DbICb =0,
a’Cb = 0.
IR, 6 R PRI -
(a/)TC/a/ . (b/)TC/b/ — 0’

(@)7C'b’ = 0.

FAFREAEHNSH e

wr = (Tlxﬂ”lyﬂ"lz)T, ro = (7”2x,7"2y,7"2z)T7

ik

4 0=

(Cpg)axs, C' =

furla: + UoT1z
fvrly + VoT'12

T1z

/ /
furlx + UoT,

/ /
Jory, + vort,

/
1

z

)

Y

BIRT fus fo, o, vo FIPIA IR 2

MR NS
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b:

b’ =

(Q1(fur for 10, 0)
Q2(fus fo, uo, o)
Q1 (fus fo, w0, o)
\Q (fus fo, w05 v0)

AR T =

(riaﬂ r/1y7 7nllz)T? r

fur2ac + UpT2z
fUTQy + VoT2z | »

T2z

/ /
fur2x + UoT2,

/ /
Jorh, + voTs,

!
Ta,

)

)

0
0
0,
0

/
2

(chy)sxs (BIXFHR) o K LRk WA R (4.3) F1 (4.3), £

= (Té:m Téy’ TIQZ)T °
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