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· ¢´μ£μ μÉ´μÏ¥´¨Õ ´ ¶·Ö¦¥´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ± ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨-
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Š ± ¨§¢¥¸É´μ, ¶·¨ Ê¸±μ·¥´¨¨ Ô²¥±É·μ´μ¢ ¸ ·μ¸Éμ³ ¨Ì Ô´¥·£¨¨ ¢μ§· ¸É ÕÉ
¶μÉ¥·¨ ´  ¨§²ÊÎ¥´¨¥. „²Ö ¶μ²ÊÎ¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨ μ¡ ÔÉμ³
Ö¢²¥´¨¨ ³μ¦¥É ¶·¥¤¸É ¢²ÖÉÓ ¨´É¥·¥¸ ± ·É¨´  ¶μ¢¥¤¥´¨Ö Ô²¥±É·μ´μ¢ ¢ ¸±·¥-
Ð¥´´ÒÌ Ô²¥±É·¨Î¥¸±μ³ ¨ ³ £´¨É´μ³ ¶μ²ÖÌ ¶·¨ ¢ ·Ó¨·μ¢ ´¨¨ ¡¥§· §³¥·´μ£μ
Ê¶· ¢²ÖÕÐ¥£μ ¶ · ³¥É·  a (· ¢´μ£μ, ¶μ μ¶·¥¤¥²¥´¨Õ, μÉ´μÏ¥´¨Õ ´ ¶·Ö¦¥´-
´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ± ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, a = |H |/|E|,
0 < a < ∞). ‘ ÔÉμ° Í¥²ÓÕ ¶μ¶ÒÉ ¥³¸Ö ´ °É¨ ·¥Ï¥´¨¥ Ê· ¢´¥´¨°, μ¶¨-
¸Ò¢ ÕÐ¨Ì ·¥²ÖÉ¨¢¨¸É¸±μ¥ ¤¢¨¦¥´¨¥ § ·Ö¤  ¢μ ¢§ ¨³´μ ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¨
μ¤´μ·μ¤´ÒÌ Ô²¥±É·¨Î¥¸±μ³ ¨ ³ £´¨É´μ³ ¶μ²ÖÌ ¶·¨ ²Õ¡μ³ §´ Î¥´¨¨ Ê¶· ¢²Ö-
ÕÐ¥£μ ¶ · ³¥É· . 	É  § ¤ Î  ¨ ¸μ¸É ¢²Ö¥É ¸μ¤¥·¦ ´¨¥ ´ ¸ÉμÖÐ¥° § ³¥É±¨.
�μ μÉ´μÏ¥´¨Õ ± ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É  ¨ ² ¡μ· Éμ·´μ³Ê ¢·¥³¥´¨
ÉμÎ´μ¥ ·¥Ï¥´¨¥ μ¡¸Ê¦¤ ¥³μ° § ¤ Î¨ ¨§¢¥¸É´μ Éμ²Ó±μ ¤²Ö §´ Î¥´¨Ö Ê¶· ¢²Ö-
ÕÐ¥£μ ¶ · ³¥É· , · ¢´μ£μ ¥¤¨´¨Í¥, ¨ ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±μ³ ¶·¥¤¥²¥ [1]. �É-
³¥É¨³ É ±¦¥, ÎÉμ ¶μ²´μ¥ ·¥Ï¥´¨¥ · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨ ³¥Éμ¤μ³ ¶¥·¢ÒÌ
¨´É¥£· ²μ¢ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¨ ¤²Ö § ¤ Î Ê¸±μ·¨É¥²Ó´μ° Ë¨§¨±¨.

1. “��‚�…�ˆŸ „‚ˆ†…�ˆŸ ˆ �…�‚›… ˆ�’…ƒ��‹›

� ¸¸³μÉ·¨³ ¤¢¨¦¥´¨¥ § ·Ö¤  e ¢ μ¤´μ·μ¤´ÒÌ ¨ ¶μ¸ÉμÖ´´ÒÌ Ô²¥±É·¨Î¥-
¸±μ³ ¨ ³ £´¨É´μ³ ¶μ²ÖÌ. � ¶· ¢²¥´¨¥ E ¢Ò¡¥·¥³ ¶μ μ¸¨ y,   ´ ¶· ¢²¥´¨¥ H
¶μ μ¸¨ z: E = (0, E, 0), H = (0, 0, H). �μ¸±μ²Ó±Ê (EH) = 0, Éμ ¶μ²Ö ¸±·¥-
Ð¥´´Ò¥. ‚¢¥¤¥³ ¡¥§· §³¥·´Ò° Ê¶· ¢²ÖÕÐ¨° ¶ · ³¥É· a = H/E, Ì · ±É¥·-
´μ¥ ¢·¥³Ö T = mc/eE, ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ¥³Ê Î ¸ÉμÉÊ ν = 1/T , ¡¥§· §³¥·´Ò¥
±μ³¶μ´¥´ÉÒ ¸±μ·μ¸É¨

βx = vx/c, βy = vy/c, βz = vz/c, β2 = β2
x + β2

y + β2
z < 1,

Éμ£¤  ·¥²ÖÉ¨¢¨¸É¸±μ¥ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö [1] § ·Ö¤  e ¸ ³ ¸¸μ° m

dv
dt

=
e

m

√
1 − v2

c2
{E +

1
c
[vH] − 1

c2
v(vE)}
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§ ¶¨Ï¥É¸Ö ¶μ±μ³¶μ´¥´É´μ ± ± ¸¨¸É¥³  Ê· ¢´¥´¨° ´  βx, βy, βz:

dβx

dt
= ν

√
1 − β2 (aβy − βxβy),

dβy

dt
= ν

√
1 − β2 (1 − aβx − β2

y),

dβz

dt
= ν

√
1 − β2 (−βyβz).

(1)

� °É¨ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (1) ¶μ§¢μ²ÖÕÉ ¥¥ ¶¥·¢Ò¥ ¨´É¥£· ²Ò, ¤²Ö
¨Ì ¶μ²ÊÎ¥´¨Ö § ¶¨Ï¥³ (1) ¢ ¢¨¤¥ ¸¨¸É¥³Ò μÉ´μÏ¥´¨°

dβx

aβy − βxβy
=

dβy

1 − aβx − β2
y

=
dβz

−βyβz
= ν

√
1 − β2 dt.

“³´μ¦ Ö ¶¥·¢μ¥ · ¢¥´¸É¢μ ´  2βy, ´ Ìμ¤¨³

2dβx

a − βx
=

d(β2
y)

1 − aβx − β2
y

.

“³´μ¦¨³ ¢ ¶μ²ÊÎ¥´´μ³ · ¢¥´¸É¢¥ Î¨¸²¨É¥²Ó ¨ §´ ³¥´ É¥²Ó ¶¥·¢μ° ¤·μ¡¨ ´ 
βx ¨ ¶μ ¸¢μ°¸É¢Ê · ¢´ÒÌ μÉ´μÏ¥´¨°

a

b
=

c

d
=

c + μa

d + μb
,

¸¶· ¢¥¤²¨¢μ³Ê ¶·¨ ²Õ¡μ³ μ �= 0, ¶μ²ÊÎ¨³ (Ê ´ ¸ ¢Ò¡· ´μ μ = 1)

2dβx

a − βx
=

d(β2
x + β2

y)
1 − β2

x − β2
y

.

„ ²¥¥ ¢μ¸¶μ²Ó§Ê¥³¸Ö · ¢¥´¸É¢ ³¨

d(β2
x + β2

y) = −d(1 − β2
x − β2

y),
2dβx

a − βx
= −d(βx − a)2

(βx − a)2

¨ ¶μ²ÊÎ¨³ ²¥£±μ ¨´É¥£·¨·Ê¥³μ¥ Ê· ¢´¥´¨¥

d(βx − a)2

(βx − a)2
=

d(1 − β2
x − β2

y)
1 − β2

x − β2
y

.

“· ¢´¥´¨¥
dβx

aβy − βxβy
=

dβz

−βyβz
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É ±¦¥ ²¥£±μ ¨´É¥£·¨·Ê¥³μ. ’ ±¨³ μ¡· §μ³, ¶¥·¢Ò³¨ ¨´É¥£· ² ³¨ ¸¨¸É¥³Ò (1)
¡Ê¤ÊÉ ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:

1 − β2
x − β2

y

(βx − a)2
,

βz

(βx − a)
,

¶μÔÉμ³Ê ¶μ²μ¦¨³ ¨Ì ±μ´¸É ´É ³¨ ¤¢¨¦¥´¨Ö A2, B ¨ ¡Ê¤¥³ ¨³¥ÉÓ

1 − β2
x − β2

y = A2 (βx − a)2, (2)

βz = B (βx − a). (3)

‡ ¶¨Ï¥³ Ê· ¢´¥´¨¥ (2) ¢ ¢¨¤¥ Ê· ¢´¥´¨Ö Ô²²¨¶¸ 

(βx − aA2

1+A2 )2

F 2
+

β2
y

G2
= 1,

£¤¥

F =
ap

1 + A2
, G =

ap√
1 + A2

, p =

√
1 + (1 − a2)A2

a
. (4)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ Ê· ¢´¥´¨¥ (2) ¤μ¶Ê¸± ¥É ¸²¥¤ÊÕÐ¥¥ ¶ · ³¥É·¨Î¥¸±μ¥
¶·¥¤¸É ¢²¥´¨¥, μ¶·¥¤¥²Ö¥³μ¥ μ¸´μ¢´Ò³¨ É·¨£μ´μ³¥É·¨Î¥¸±¨³¨ ËÊ´±Í¨Ö³¨,

βx − aA2

1 + A2
= F sinϕ, βy = G cosϕ (5)

¨, ¸μ£² ¸´μ (3), βz É ±¦¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ sin ϕ. ’ ±¨³ μ¡· §μ³, § ¤ Î  ¨´-
É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨° (1) ¸¢μ¤¨É¸Ö ± ¨´É¥£·¨·μ¢ ´¨Õ Ê· ¢´¥´¨Ö, ±μÉμ·μ³Ê
¶μ¤Î¨´Ö¥É¸Ö ϕ. � °¤¥³ ÔÉμ Ê· ¢´¥´¨¥. ˆ§ (2) ¨ (3) ¸²¥¤Ê¥É, ÎÉμ√

1 − β2 =
√

A2 − B2 |βx − a|. (6)

„ ²¥¥ ¨§ (5) ´ Ìμ¤¨³

dβx

dt
= F cosϕ

dϕ

dt
=

F

G
βy

dϕ

dt
.

�μ¤¸É ¢²ÖÖ ÔÉμ · ¢¥´¸É¢μ ¢ ¶¥·¢μ¥ ¨§ Ê· ¢´¥´¨° ¸¨¸É¥³Ò (1), ¶μ²ÊÎ ¥³ ¶μ¸²¥
¸μ±· Ð¥´¨Ö ´  βy ¨ ÊÎ¥É  (6):

dϕ

dt
= εν

√
1 − γ2 (1 + A2)(a − βx)2,

£¤¥ ε = 1, ¥¸²¨ a − βx > 0, ε = −1, ¥¸²¨ a − βx < 0,√
A2 − B2 =

√
1 + A2

√
1 − γ2.
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’ ± ± ± ¸μ£² ¸´μ (5)

a − βx =
a

1 + A2
(1 − p sin ϕ),

Éμ ¨¸±μ³μ¥ Ê· ¢´¥´¨¥ § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

dϕ

dt
=

ενa2
√

1 − γ2

1 + A2
(1 − p sinϕ)2. (7)

‘ ¶μ³μÐÓÕ Ê· ¢´¥´¨Ö (7) ´ °¤¥³ Ê· ¢´¥´¨Ö ¤²Ö ´ Ìμ¦¤¥´¨Ö x, y, z ± ±
ËÊ´±Í¨° ϕ. ’ ± ± ± ¸μ£² ¸´μ (4) ¨ (5)

βx =
1
c

dx

dt
=

1
c

dx

dϕ

dϕ

dt
=

a

1 + A2
(A2 + 1 + p sinϕ − 1),

Éμ
dx

dϕ
=

εc

νa
√

1 − γ2

(
1 + A2

(1 − p sinϕ)2
− 1

1 − p sin ϕ

)
. (8)

“· ¢´¥´¨Ö ¤²Ö y ¨ z ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

dy

dϕ
=

εc
√

1 + A2

νa
√

1 − γ2

p cosϕ

(1 − p sinϕ)2
, (9)

dz

dϕ
=

εcB

νa
√

1 − γ2

1
1 − p sin ϕ

. (10)

’ ±¨³ μ¡· §μ³, § ¤ Î  ¨´É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨° (7)Ä(10), μ¶·¥¤¥²ÖÕÐ¨Ì
É· ¥±Éμ·¨Õ ¤¢¨¦¥´¨Ö, ¸¢μ¤¨É¸Ö ± ´ Ìμ¦¤¥´¨Õ ¨´É¥£· ²μ¢

I1(p, ϕ) =
∫

dϕ

1 − p sinϕ
, I2(p, ϕ) =

∫
dϕ

(1 − p sin ϕ)2
,

±μÉμ·Ò¥, ± ± ´¥É·Ê¤´μ Ê¡¥¤¨ÉÓ¸Ö, ¸¢Ö§ ´Ò  ²£¥¡· ¨Î¥¸±¨³ ¸μμÉ´μÏ¥´¨¥³

I1(p, ϕ) + (p2 − 1)I2(p, ϕ) =
p cosϕ

1 − p sin ϕ
. (11)

�·¨ p = 1 (a = 1) Ëμ·³Ê²  (11) ´¥¶·¨³¥´¨³ , ¨ ´Ê¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö
Ëμ·³Ê² ³¨

I1(1, ϕ) =
1 + sinϕ

cosϕ
, I2(1, ϕ) =

2
3

1
cosϕ

1
1 − sin ϕ

+
1
3

tan ϕ. (12)

�·¨¢¥¤¥³ Ëμ·³Ê²Ò ¤²Ö ¶¥·¢μ£μ ¨´É¥£· ²  ¶·¨ ¤·Ê£¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·  a.
‘μ£² ¸´μ μ¶·¥¤¥²¥´¨Õ

1 − p2 =
(a2 − 1)(1 + A2)

a2
,
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¶μÔÉμ³Ê ¡Ê¤¥³ · §²¨Î ÉÓ ¤¢  ¸²ÊÎ Ö. …¸²¨ a > 1, Éμ£¤  1 − p2 > 0 ¨

I1(p, ϕ) =
2√

1 − p2
arctan

(
sin ϕ − p cosϕ − p√

1 − p2(1 + cosϕ)

)
. (13)

�·¨ a < 1, ±μ£¤  p2 − 1 > 0, ¶μ²ÊÎ ¥³

I1(p, ϕ) =
1√

p2 − 1
ln

(
1 − 2

√
p2 − 1(1 + cosϕ)

sin ϕ + (
√

p2 − 1 − p)(1 + cosϕ)

)
. (14)

2. ’��…Š’��ˆˆ „‚ˆ†…�ˆŸ

�·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ Ê¶· ¢²ÖÕÐ¥£μ ¶ · ³¥É·  (a) É· ¥±Éμ·¨¨ ¡Ê¤ÊÉ
· §²¨Î´Ò³¨. ‘μμÉ¢¥É¸É¢¥´´μ ÔÉμ³Ê ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ É·¨ ¸²ÊÎ Ö. �Ê¸ÉÓ
Ê¶· ¢²ÖÕÐ¨° ¶ · ³¥É· · ¢¥´ ¥¤¨´¨Í¥ (a = 1). ’μ£¤  ¨§ (7)Ä(10) ¨ (12)
¶μ²ÊÎ ¥³

2
3

1
cosϕ

1
1 − sinϕ

+
1
3

tan ϕ =
ν
√

1 − γ2

1 + A2
t + C0, (15)

x =
c

ν
√

1 − γ2

(
(1 + A2)

(
2
3

1
cosϕ

1
1 − sin ϕ

+

+
1
3

tan ϕ

)
− 1 + sinϕ

cosϕ

)
+ C1, (16)

y =
c
√

1 + A2

ν
√

1 − γ2

1
1 − sin ϕ

+ C2, (17)

z = − Bc

ν
√

1 − γ2

1 + sinϕ

cosϕ
+ C3, (18)

£¤¥ C0, C1, C2, C3 Å ¶μ¸ÉμÖ´´Ò¥ ¨´É¥£·¨·μ¢ ´¨Ö. ˆ§ (15) ¨ (16) ¸²¥¤Ê¥É,
ÎÉμ

x = ct − c

ν
√

1 − γ2

1 + sin ϕ

cosϕ
+ C.

Š ± Ê¦¥ μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, · ¸¸³μÉ·¥´´Ò° Éμ²Ó±μ ÎÉμ ¸²ÊÎ °, ±μ£¤  Ê¶· ¢²Ö-
ÕÐ¨° ¶ · ³¥É· · ¢¥´ ¥¤¨´¨Í¥ (a = 1), ¡Ò² ¨¸¸²¥¤μ¢ ´ É ±¦¥ ¢ [1]. �·¨¢¥-
¤¥´´μ¥ É ³ ·¥Ï¥´¨¥ μÉ´¥¸¥´μ ± ¶ · ³¥É·Ê py. ’ ± ± ±

py =
mcβy√
1 − β2

,
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Éμ ¸¢Ö§Ó ³¥¦¤Ê ¤¢Ê³Ö ¶ · ³¥É·¨§ Í¨Ö³¨ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ (5) ¨ (6).
�·¨¢¥¤¥³ ·¥§Ê²ÓÉ É:

py =
mc√
1 − γ2

1 + sin ϕ

cosϕ
.

…¸²¨ Ê¶· ¢²ÖÕÐ¨° ¶ · ³¥É· ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ (a > 1), Éμ ¢ ÔÉμ³ ¸²ÊÎ ¥
ε = 1 ¨ ¸μ£² ¸´μ (7)

I2(p, ϕ) =
νa2

√
1 − γ2

1 + A2
t,

ÎÉμ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (11) ¨ (13) ¤ ¥É

p cosϕ

1 − p sinϕ
− 2√

1 − p2
arctan

(
sin ϕ − p cosϕ − p√

1 − p2(1 + cosϕ)

)
=

= εν(1 − a2)
√

1 − γ2 t + C0. (19)

�´ ²μ£¨Î´μ ¨§ Ê· ¢´¥´¨° (8), (11) ¨ (13) ¸²¥¤Ê¥É, ÎÉμ

x =
c

νa(1 − a2)
√

1 − γ2

{
a2p cosϕ

1 − p sinϕ
−

− 2√
1 − p2

arctan

(
sin ϕ − p cosϕ − p√

1 − p2(1 + cosϕ)

)}
+ C1. (20)

‘· ¢´¨¢ Ö (19) ¨ (20), ´ Ìμ¤¨³ ¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥:

x = act − c

νa
√

1 − γ2

2√
1 − p2

arctan

(
sin ϕ − p cosϕ − p√

1 − p2(1 + cosϕ)

)
. (21)

„²Ö ±μμ·¤¨´ É y ¨ z ¶μ²ÊÎ ¥³ ¸μμÉ¢¥É¸É¢¥´´μ

y =
c
√

1 + A2

aν
√

1 − γ2

1
1 − p sin ϕ

+ C2, (22)

z = − Bc

νa
√

1 − γ2

{
2√

1 − p2
arctan

(
sin ϕ − p cosϕ − p√

1 − p2(1 + cosϕ)

)}
+ C3. (23)

� ¸¸³μÉ·¨³, ´ ±μ´¥Í, ¸²ÊÎ °, ±μ£¤  Ê¶· ¢²ÖÕÐ¨° ¶ · ³¥É· ³¥´ÓÏ¥ ¥¤¨-
´¨ÍÒ (a < 1) ¨, ¸²¥¤μ¢ É¥²Ó´μ, a−βx ´¥ ¡Ê¤¥É §´ ±μμ¶·¥¤¥²¥´´μ° ¢¥²¨Î¨´μ°.
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’ ± ± ± ¢¸¥ · §ÑÖ¸´¥´¨Ö Ê¦¥ ¸¤¥² ´Ò · ´¥¥, Éμ ¶·μ¸Éμ ¶·¨¢¥¤¥³ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ ´¥μ¡Ìμ¤¨³Ò¥ ¸μμÉ´μÏ¥´¨Ö:

p cosϕ

1 − p sinϕ
− 1√

p2 − 1
ln

(
1 − 2

√
p2 − 1(1 + cosϕ)

sinϕ + (
√

p2 − 1 − p)(1 + cosϕ)

)
=

= εν(1 − a2)
√

1 − γ2 t + C0;

x =
εc

νa(1 − a2)
√

1 − γ2

{
a2p cosϕ

1 − p sinϕ
−

− 1√
p2 − 1

ln

(
1 − 2

√
p2 − 1(1 + cosϕ)

sin ϕ + (
√

p2 − 1 − p)(1 + cosϕ)

)}
+ C1, (24)

¨ ¢ ¤·Ê£μ° Ëμ·³¥

x = act − εc

νa
√

1 − γ2
×

×
{

1√
p2 − 1

ln

(
1 − 2

√
p2 − 1(1 + cosϕ)

sin ϕ + (
√

p2 − 1 − p)(1 + cosϕ)

)}
; (25)

y =
εc
√

1 + A2

aν
√

1 − γ2

1
1 − p sin ϕ

+ C2; (26)

z = − εBc

νa
√

1 − γ2
×

×
{

1√
p2 − 1

ln

(
1 − 2

√
p2 − 1(1 + cosϕ)

sin ϕ + (
√

p2 − 1 − p)(1 + cosϕ)

)}
+ C3. (27)

’ ±¨³ μ¡· §μ³, ¢¸¥ ´¥μ¡Ìμ¤¨³Ò¥ ¸μμÉ´μÏ¥´¨Ö Ê¸É ´μ¢²¥´Ò.
Šμ£¤  ´ Î ²Ó´Ò¥ ¤ ´´Ò¥ § ¤ ´Ò, Éμ ¨´É¥£· ²Ò ¤¢¨¦¥´¨Ö ¢Ò· ¦ ÕÉ¸Ö Î¥-

·¥§ ´¨Ì. �Ê¸ÉÓ βx(t0) = β0
x ¨  ´ ²μ£¨Î´μ ¤²Ö ¤·Ê£¨Ì ¸μ¸É ¢²ÖÕÐ¨Ì ¸±μ·μ¸É¨,

Éμ£¤  ¶μ ´¥¶·¥·Ò¢´μ¸É¨ ¶μ²ÊÎ ¥³

A2 =
1 − (β0

x)2 − (β0
y)2

(a − β0
x)2

, B =
β0

z

β0
x − a

.

‘²¥¤μ¢ É¥²Ó´μ, § ¤ ÎÊ ³μ¦´μ Ê¶·μ¸É¨ÉÓ, ¥¸²¨ ´ ²μ¦¨ÉÓ Ê¸²μ¢¨¥ β0
z = 0, É ±

± ± Éμ£¤  B = 0 ¨ ¤¢¨¦¥´¨¥ ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¢ ¶²μ¸±μ¸É¨ x, y.
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‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³ ¸²¥¤ÊÕÐ¥¥. •μ·μÏμ ¨§¢¥¸É´  ¸¢Ö§Ó ³¥¦¤Ê ±² ¸¸¨-
Î¥¸±μ° ³¥Ì ´¨±μ° ¨ ±¢ ´Éμ¢μ° ³¥Ì ´¨±μ° [2], ¶μÔÉμ³Ê ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸
· ¸¸³μÉ·¥ÉÓ ¢μ¶·μ¸ μ ¤¢¨¦¥´¨¨ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ ¸±·¥Ð¥´´ÒÌ Ô²¥±-
É·¨Î¥¸±μ³ ¨ ³ £´¨É´μ³ ¶μ²ÖÌ ´  ±¢ ´Éμ¢μ³ Ê·μ¢´¥. Š ¨¸¸²¥¤μ¢ ´¨Õ § ¤ Î¨
μ ¤¢¨¦¥´¨¨ μ¤´μ° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢μ ¢´¥Ï´¥³ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥
³μ¦¥É ¡ÒÉÓ É ±¦¥ ¶·¨³¥´¥´ ³¥Éμ¤ ¸μ¡¸É¢¥´´μ£μ ¢·¥³¥´¨ [3].
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