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�§�

x2

a2
+

y2

b2
+

z2

c2
= 1 (2.5.1)

��g­¡¡�ý¥¡"Ù¥a, b, c´3��~ê"

(1) kkk...555 |x | ≤ a, |y | ≤ b, |z | ≤ c , ùL²ý¥¡3��
d−a ≤ x ≤ a,−b ≤ y ≤ b,−c ≤ z ≤ c¤�¤�����NS"

(2) ééé¡¡¡555 e:(x , y , z)3ý¥¡þ§K:(±x ,±y ,±z)Ñ3ù
�ý¥¡þ"�xyz 6= 0�§ù8�:üüØ­Ü"Ïdý¥¡'
u3��I²¡é¡§'u�:�é¡"
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ý¥¡

(3) ²²²111���¡¡¡ |^²1u�I²¡�²¡��­¡§�±
)
T­¡�/G"y3·�k^²¡x = k��ù�ý¥¡§��
� {

y2

b2 + z2

c2 = 1− k2

a2 ,
x = k, − a ≤ k ≤ a.

ù^��´ý�"

Ó�/§^²1uxz²¡�²¡y = k,
−b ≤ k ≤ b��ý¥¡§������´ý
�¶^²1uxy²¡�²¡z = k,
−c ≤ k ≤ c��ý¥¡§������´ý
�. Xã¤«"
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¯̄̄KKK XJa < b < c§´Ä�3L�:�²¡§T²¡�ý¥¡
�����´�º

ÄÄÄkkk§�ÄLy¶�²¡z = kx , k´���½�~ê"²¡�ý
¥¡���� {

x2

a2 + y2

b2 + z2

c2 = 1,
z = kx .

(2.5.3)

dd�

1 =

(
c2 + a2k2

a2c2

)
x2 +

y2

b2
. (2.5.4)

XJ��C´�§�:(x , y , z) ∈ C , l(2.5.3)�wÑ
:(−x , y ,−z) ∈ C , Ï
ù���^�»3y¶þ§q
:(0, b, 0)Ú(0,−b, 0)3ù��þ§¤±ùü:´��£=�¤
��^�»�ü�à:"¤±T���»�b§�%3�:"
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ù���±w¤´±�:�¥%§b��»�¥¡Ú²
¡z = kx���"={

x2 + y2 + z2 = b2,
z = kx .

(2.5.5)

l


1 =
y2

b2
+

x2 + z2

b2
=

y2

b2
+

(
1 + k2

b2

)
x2. (2.5.6)

du�CþkÃ¡õ:(x , y , z)Ó�÷v(2.5.3),(2.5.4),
(2.5.5),(2.5.6).Ï
k

c2 + a2k2

a2c2
=

1 + k2

b2
.
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dd�)�

k = ±c

a

√
b2 − a2

c2 − b2
.

Ly¶�¤¦²¡küÜµ

z +
c

a

√
b2 − a2

c2 − b2
x = 0

Ú

z +
c

a

√
b2 − a2

c2 − b2
x = 0.
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¯̄̄KKKµµµ´́́ÄÄÄ���kkkÙÙÙ¦¦¦²²²LLL���:::���²²²¡¡¡÷÷÷vvv���¦¦¦ººº

b�L�:�²¡π : Ax + By + Cz = 0�ý¥¡���´�"
�:(x , y , z)3��þ�§:(−x ,−y ,−z)�3ù��þ§l
�
:´ù���é¡¥%§�:7��%"����»�R, Kù
��3±�:�¥%§R��»�¥¡þ"l
�þ�
:(x , y , z)÷v {

x2

a2 + y2

b2 + z2

c2 = 1,
x2 + y2 + z2 = R2.

(2.5.11)
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�§(2.5.11)¥üª�~§k(
1

R2
− 1

a2

)
x2 +

(
1

R2
− 1

b2

)
y2 +

(
1

R2
− 1

c2

)
z2 = 0. (2.5.12)

�:÷v(2.5.12), ��þ?�:(x , y , z)�÷v(2.5.12). l�
§(2.5.12)�±wÑ§�:�ù�þ�?�:(x , y , z)�ë�þ�
¤k:(�±�Ñ(tx , ty , tz)/ª)7÷v(2.5.12). ùL²ù��
�¤3²¡πþ�?�:7÷v(2.5.12), ¤±�§(2.5.12)�3�
Xê��k���"£ÄK�§L«���gI¡§§Ø¬�¹

�Ü²¡¤"dua < b < c ,

1

R2
− 1

a2
<

1

R2
− 1

b2
<

1

R2
− 1

c2
.

��UkR = b.
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ý¥¡

�\(2.5.12),�(
1

a2
− 1

b2

)
x2 −

(
1

b2
− 1

c2

)
z2 = 0.

l
k √
1

a2
− 1

b2
x +

√
1

b2
− 1

c2
z = 0,

Ú √
1

a2
− 1

b2
x −

√
1

b2
− 1

c2
z = 0.

ùÒ´c¡���Ly¶�ü²¡"
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ý��Ô¡��§�
x2

a2
+

y2

b2
= 2z (2.5.17)

ùpa, b´ü��~ê"
1. ������ d�§(2.5.17)�±wÑ§z ≥ 0"Ïdã/3xy²¡�
þ�"

2. ééé¡¡¡555 XJ:(x , y , z)3­¡þ§ù
:(−x , y , z), (x ,−y , z), (−x ,−y , z)Ñ3­¡þ§Ïdã/'
uz¶é¡"

3. ²²²111���¡¡¡ ^²1uyz²¡�²¡x = k��­¡���{
y2

b2 = 2z − k2

a2 ,
x = k.

ù´�^�Ô�"
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Ó�^²1�xz²¡�²¡y = k��­¡§����Ô�"y
3^²1uxy²¡�²¡z = k > 0��­¡�

{
x2

a2 + y2

b2 = 2k,
z = k.

ùTÐ´��ý�"
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¯̄̄KKK �a < b�§´Ä�3L�:�²¡π, �ù�ý��Ô¡
���´�º

�²¡π��§�
Ax + By + z = 0.

ùpA,B´�½~ê"duzc¡�XêØU�0£ÄK��´�
Ô�¤§¤±��1"���§�{

x2

a2 + y2

b2 = 2z ,
Ax + By + z = 0.

-

−→
e∗3 =

1√
A2 + B2 + 1

(A,B, 1) ,

−→e ∗1 =
1√

A2 + 1
(−1, 0,A) ,
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−→
e∗2 =

−→
e∗3 ×

−→
e∗1 =

1√
(A2 + 1) (A2 + B2 + 1)

(
AB,−

(
A2 + 1

)
,B

)
.

ïá#����IX{O,
−→
e∗1 ,

−→
e∗2 ,

−→
e∗3}. ù��±�Ñü���IX

�m��IC�úª

X = DX ∗.

Ù¥D´C�Ý
"
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3#�IXe§²¡π��§�z∗ = 0. ²¡πþ����§�

1

a2 (A2 + 1)
x∗2 − 2AB

a2 (A2 + 1)
√

A2 + B2 + 1
x∗y∗

+

[
A2B2

a2 (A2 + 1) (A2 + B2 + 1)
+

A2 + 1

b2 (A2 + B2 + 1)

]
y∗2

− 2A√
A2 + 1

x∗ − 2B√
(A2 + 1) (A2 + B2 + 1)

y∗ = 0
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-

B = 0, a2(A2 + 1) = b2,

=�

A = ±
√

b2

a2
− 1,B = 0.

K3²¡πþ����

x∗2 + y∗2 ± 2b
√

b2 − a2x∗ = 0.

ù��§´�"d�²¡π���§�√
b2 − a2x + az = 0,

½ √
b2 − a2x − az = 0.

ùüÜ²¡�ý��Ô¡���´�"
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V�V­¡

V�V­¡��§´

x2

a2
+

y2

b2
− z2

c2
= −1,

ùpa, b, c´3��~ê"

1. ééé¡¡¡555 ­¡'u²¡x = 0, ²¡y = 0§²¡z = 0é¡§'
u�:�é¡"

2. ������ d�§��

|z | ≥ c .

3. ²²²111���¡¡¡ ^²¡z = k, |k| ≥ c��ùV�V­¡�§��´
ý� {

x2

a2 + y2

b2 = k2

c2 − 1,
z = k.
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V�V­¡

^²¡x = k���§��´V­�{
z2

c2 − y2

b2 = 1 + k2

a2 ,
x = k.

aq/§^²¡y = k���§���´V­
� {

z2

c2 − x2

a2 = 1 + k2

b2 ,
y = k.

Xã¤«"
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¯̄̄KKKµµµ���a > b§§§´́́ÄÄÄ���333²²²111uuux¶¶¶������ÜÜÜ²²²¡¡¡π, §§§���VVV���VVV
­­­¡¡¡���������´́́���ººº

�¤¦�²¡π�
Ay + z + B = 0,

ùpA,B´Ø��"��½Xê"aqc¡§-

−→
e∗3 =

1√
A2 + 1

(0,A, 1) ,

−→e ∗1 =
1√

A2 + 1
(0, 1,−A) ,

−→
e∗2 =

−→
e∗3 ×

−→
e∗1 = (−1, 0, 0) .
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�²¡πþ�:(0, 0,−B)�#����IX��:O∗, ïá#�

���IX{O∗,
−→
e∗1 ,

−→
e∗2 ,

−→
e∗3}. u´k�IC�úª

X = DX ∗ + α,

Ù¥

D =

 0 −1 0

1/
√

A2 + 1 0 A/
√

A2 + 1

−A/
√

A2 + 1 0 1/
√

A2 + 1

 , α =

 0
0
−B


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V�V­¡

3#����IXe§²¡π��§´z∗ = 0. 3²¡πþ§��
�§�

1

A2 + 1

(
1

b2
− A2

c2

)
x∗2 +

1

a2
y∗2 − 2AB

c2
√

A2 + 1
x∗ =

B2

c2
− 1.

ÄkÀJA, ¦�

1

A2 + 1

(
1

b2
− A2

c2

)
=

1

a2
,

dd)�

A = ±

√
(1/b2)− (1/a2)

(1/a2) + (1/c2)
.
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2�\�§?1��§ÀJÜ·�B§Ò���¤�¦�²¡"
£Ñ¤

~~~KKK ¦3��"¢êa, b, c÷v�¿©7�^�§¦�²
¡ax + by + cz = 0�­¡xy + yz + zx = 0���´ü^p�R
����"

))) ÀJ��#����IXOx∗y∗z∗§¦�K¥�²¡�§
�z∗ = 0,K¥�­¡3#����IXe�²¡z∗ = 0���Ò
N´¦
"�

−→
e∗3 =

1√
a2 + b2 + c2

(a, b, c) ,

−→e ∗1 =
1√

a2 + b2
(b,−a, 0) ,
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V�V­¡

−→
e∗2 =

−→
e∗3 ×

−→
e∗1 =

1√
(a2 + b2) (a2 + b2 + c2)

(
ac, bc ,−

(
a2 + b2

))
.

dd��Ñ�IC�úªX = AX ∗, l
�±��3#�IX
e§3²¡z∗ = 0þ�­���§�

− ab

a2 + b2
x∗2 +

(a− b)
[(

a2 + b2
)
− c (a + b)

]
(a2 + b2)

√
a2 + b2 + c2

x∗y∗

+
abc2 −

(
a2 + b2

)
(a + b) c

(a2 + b2) (a2 + b2 + c2)
y∗2 = 0
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lK8^���§�3ü^p�R�������§Ïdþã�

§�dueã�§(
ax∗ − α√

a2 + b2 + c2
y∗

) (
bx∗ − β√

a2 + b2 + c2
y∗

)
= 0.

ùpα, β´¢ê§÷v{
bα + aβ = (a− b)

[(
a2 + b2

)
− c (a + b)

]
,

αβ =
(
a2 + b2

)
(a + b) c − abc2.
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©Ûµeα = 0, �
¦ü��R�§β7�u+∞½−∞. ù�þ
ã1�ªgñ"¤±α 6= 0. Ón§β 6= 0. ü^����Ç

�a
√

a2+b2+c2

α §b
√

a2+b2+c2

β . duùü^��R�§k

a
√

a2 + b2 + c2

α

b
√

a2 + b2 + c2

β
= −1.

z{�n�

ab + bc + ca = 0. (∗)

�ª(*)´ü��R��7�^�"|^(*)��±y²ù�^�
´ü��R��¿©^�"
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~~~KKK ��g­¡x x2

a2−λ
+ y2

b2−λ
+ z2

c2−λ
= 1§ùp�~

Ùa > b > c§éuØ�ua2, b2, c2���λ�§§L«�Ü�g
­¡"¦yµé�m¥?¿�:(x0, y0, z2), ùpx0, y0, z0´3��
"¢ê§Tk�g­¡x¥�3Ü­¡ÏL§
�¦�©O´ü
�V­¡!V�V­¡Úý¥¡"

yyy²²² éu�m?¿�:(x0, y0, z2)§-

f (λ) =
x2
0

a2 − λ
+

y2
0

b2 − λ
+

z2
0

c2 − λ
− 1,

ùpλ ∈
(
−∞, c2

)
∪

(
c2, b2

)
∪

(
b2, a2

)
∪

(
a2,∞

)
.
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dulimλ→a2 f (λ) = +∞, limλ→b2
+

f (λ) = −∞, KëY¼

êf (λ)3(b2, a2)Sk�¢�λ1§=

f (λ1) =
x2
0

a2 − λ1
+

y2
0

b2 − λ1
+

z2
0

c2 − λ1
− 1 = 0,


�g­¡

x2

a2 − λ1
+

y2

b2 − λ1
+

z2

c2 − λ1
= 1, (1)

L«�ÜV�V­¡§¿�ÏL:(x0, y0, z2)"
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Ón�y§ëY¼êf (λ)3(c2, b2)Ú(−∞, c2)S©O�3¢
�λ2§λ3§÷v

f (λ2) =
x2
0

a2 − λ2
+

y2
0

b2 − λ2
+

z2
0

c2 − λ2
− 1 = 0,

Ú

f (λ3) =
x2
0

a2 − λ3
+

y2
0

b2 − λ3
+

z2
0

c2 − λ3
− 1 = 0.

­¡
x2

a2 − λ2
+

y2

b2 − λ2
+

z2

c2 − λ2
= 1, (2)

Ú
x2

a2 − λ3
+

y2

b2 − λ3
+

z2

c2 − λ3
= 1, (3)

©OL«ÏL:(x0, y0, z2)�ü�V­¡Úý¥¡"y.
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