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“¸É ´μ¢±  LEPTA (Low Energy Particle Toroidal Accumulator) (·¨¸. 1)
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´ ±μ¶¨É¥²Ó´μ¥ ±μ²ÓÍμ ¶¥·¨³¥É·μ³ 17,2 ³ ¸ Í¨·±Ê²¨·ÊÕ-
Ð¨³ ¶μ§¨É·μ´´Ò³ ¶ÊÎ±μ³ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 1Ä10 ±Ô‚.

‚ ´ ±μ¶¨É¥²¥ LEPTA ¶·¨³¥´¥´  ¸¥±Í¨μ´¨·μ¢ ´´ Ö ¸É·Ê±ÉÊ· , ¡² £μ¤ ·Ö
Î¥³Ê ¶μÖ¢¨² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¢¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¶·Ö³μ²¨´¥°´Ò¥ ÊÎ ¸É±¨,
´  ±μÉμ·ÒÌ · §³¥Ð¥´Ò ¸¥±Í¨¨ ¨´¦¥±Í¨¨ ¨ ¢Ò¢μ¤  ¶ÊÎ±  ¨ Ê¸É·μ°¸É¢  ¤¨ -
£´μ¸É¨±¨.

„²Ö Ëμ±Ê¸¨·μ¢±¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ´ ±μ¶¨É¥²Ó´μ³ ±μ²ÓÍ¥ ¨¸¶μ²Ó§Ê-
¥É¸Ö ¶·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ±μÉμ·μ¥ ¸μ¶·μ¢μ¦¤ ¥É Î ¸É¨ÍÒ μÉ ¨¸ÉμÎ-
´¨±  ¨ ¢¤μ²Ó ¢¸¥° μ·¡¨ÉÒ Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ± . ’ ±¨³ μ¡· §μ³, Î ¸É¨ÍÒ
¢ ´ ±μ¶¨É¥²¥ LEPTA ®§ ³ £´¨Î¥´Ò¯. “¸Éμ°Î¨¢μ¸ÉÓ ¶ÊÎ±  ´  μ·¡¨É¥ μ¡¥¸¶¥-
Î¨¢ ¥É¸Ö §  ¸Î¥É ¢¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ£μ ± ¶·μ¤μ²Ó´μ³Ê ³ £´¨É´μ³Ê ¶μ²Õ
¶μ²Ö ¸¶¨· ²Ó´μ£μ ±¢ ¤·Ê¶μ²Ö ´  μ¤´μ° ¨§ ¶·Ö³μ²¨´¥°´ÒÌ ¸¥±Í¨°.

Œ¥¦¤Ê μÉ¤¥²Ó´Ò³¨ Ëμ±Ê¸¨·ÊÕÐ¨³¨ Ô²¥³¥´É ³¨ ±μ²ÓÍ  ¨³¥ÕÉ¸Ö É¥Ì´¨-
Î¥¸±¨¥ ¸ÉÒ±¨, ¢ ±μÉμ·ÒÌ μ¡· §ÊÕÉ¸Ö  ¤¨ ¡ É¨Î¥¸±¨¥ ¢μ§³ÊÐ¥´¨Ö ³ £´¨É´μ£μ

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ LEPTA: 1 Å Ëμ·¨´¦¥±Éμ·; 2 Å ¶μ§¨É·μ´´ Ö ²μ¢ÊÏ± ; 3 Å
¸¥±Í¨Ö ¨´¦¥±Í¨¨ ¶μ§¨É·μ´μ¢; 4 Å ¸¥¶ÉÊ³´Ò¥ ¸μ²¥´μ¨¤Ò; 5 Å ±¨±¥· (· ¸¶μ²μ¦¥´
¢´ÊÉ·¨ ¸¥¶ÉÊ³´μ£μ ¸μ²¥´μ¨¤ ); 6 Å Éμ·μ¨¤ ²Ó´Ò¥ ¸μ²¥´μ¨¤Ò; 7 Å ¸μ²¥´μ¨¤ ¨ ±¢ ¤·Ê-
¶μ²Ó´ Ö ± ÉÊÏ± ; 8 Å ¸¥±Í¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö, ¶·Ö³μ²¨´¥°´Ò° ¸μ²¥´μ¨¤;
9 Å ¤¨¶μ²Ó´Ò°  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É; 10 Å ±μμ·¤¨´ É´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò° ¤¥É¥±Éμ·;
11 Å Ô²¥±É·μ´´ Ö ¶ÊÏ± ; 12 Å ±μ²²¥±Éμ· Ô²¥±É·μ´μ¢; 13 Å ¢ ±ÊÊ³´Ò° ´ ¸μ¸
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�¨¸. 2. �±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ¥ ¢μ§³ÊÐ¥´¨¥ ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¤μ
±μ··¥±É¨·μ¢±¨ ¨ ¶μ¸²¥ ´¥¥

�¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¢·¥³¥´¨ ¦¨§´¨ § ·Ö¦¥´´μ° Î -
¸É¨ÍÒ μÉ ¨Ì Ô´¥·£¨¨

¶μ²Ö (·¨¸. 2). „ ´´Ò¥ ¶·μ³¥¦ÊÉ±¨ μ± §Ò¢ ÕÉ §´ Î¨É¥²Ó´μ¥ ¢²¨Ö´¨¥ ´  ¤¨´ -
³¨±Ê ¶ÊÎ±  ¢ ±μ²ÓÍ¥,   É ±¦¥ ´ ¶·Ö³ÊÕ ¢²¨ÖÕÉ ´  ¢·¥³Ö ¦¨§´¨ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í (·¨¸. 3).

’· ¥±Éμ·¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¢ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ μ¶¨¸Ò¢ ¥É¸Ö
¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³ [1]

d�p

dt
= e �E +

e

c
∗

[
�v �B

]
. (1)

„²Ö ÊÎ ¸É±  ¸μ ¸¶¨· ²Ó´μ° ±¢ ¤·Ê¶μ²Ó´μ° μ¡³μÉ±μ° Ê· ¢´¥´¨¥ (1) ¶·¨¢μ¤¨É¸Ö
± ¢¨¤Ê ⎧⎪⎪⎨

⎪⎪⎩
x′′(s) − 1

ρL
y′(s) +

1
ρL

By(s)
B0

= 0,

y′′(s) +
1
ρL

x′(s) − 1
ρL

Bx(s)
B0

= 0,
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£¤¥ ρL =
pc

eB
Å · ¤¨Ê¸ ² ·³μ·μ¢¸±μ£μ ¢· Ð¥´¨Ö; B0 Å ¢¥²¨Î¨´  ¶·μ¤μ²Ó-

´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. �μ¶¥·¥Î´Ò¥ ±μ³¶μ´¥´ÉÒ ±¢ ¤·Ê¶μ²Ó´μ£μ ³ £´¨É´μ£μ
¶μ²Ö μ¶¨¸Ò¢ ÕÉ¸Ö ¸μμÉ´μÏ¥´¨Ö³¨ [2]

{
Bx(s) = −G (x sin [2ks] − y cos [2ks]) ,

By(s) = G (x cos [2ks] − y sin [2ks]) .

�·μ¨§¢¥¤Ö ¶·¥μ¡· §μ¢ ´¨¥ U(s) = x(s)+iy(s), ¨Ð¥³ ·¥Ï¥´¨¥ ¢ ¶·¨¡²¨¦¥´¨¨
‚¥´ÉÍ¥²ÖÄŠ· ³¥·¸ Ä	·¨²²ÕÔ´  (‚Š	) [3] ¢ ¢¨¤¥ U(s) = A(s) eχ(s)ds. ‚ ¸¢μÕ
μÎ¥·¥¤Ó, A(s) ¨Ð¥É¸Ö ¢ ¢¨¤¥ A(s) = a(s) + ib(s) = Ca e

∫
κds + iCb e

∫
κds.

‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³ ³ É·¨ÍÊ ¶¥·¥Ìμ¤  · §³¥·´μ¸ÉÓÕ 4×4 ¤²Ö ¸¶¨· ²Ó´μ£μ
±¢ ¤·Ê¶μ²Ö, Ô²¥³¥´ÉÒ ±μÉμ·μ° ¶·¥¤¸É ¢²¥´Ò ´¨¦¥:

mQ11 =
(

1 +
kρL − T 1A1

T 1A1 − T 2A2

)
(cos (T 1z) cos χ + A1 sin (T 1z) sin χ)−

−
(

kρL − T 1A1
T 1A1 − T 2A2

)
(cos (T 2z) cos χ + A2 sin (T 2z) sin χ) ,

mQ12 =
(
− A2

T 1A2 − T 2A1

)
(− sin (T 1z) cos χ + A1 cos (T 1z) sin χ) +

+
(

A1
T 1A2 − T 2A1

)
(− sin (T 2z) cos χ + A2 cos (T 2z) sin χ) ,

mQ13 =

(
− 1

A1
+

A2
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (− sin (T 1z) cos χ + A1 cos (T 1z) sin χ)−

−
(

A1
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
(− sin (T 2z) cos χ + A2 cos (T 2z) sin χ) ,

mQ14 =
(
− 1

T 1A1 − T 2A2

)
(cos (T 1z) cos χ + A1 sin (T 1z) sin χ)+

+
(

1
T 1A1 − T 2A2

)
(cos (T 2z) cos χ + A2 sin (T 2z) sin χ) ,
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mQ21 =
(

1 +
kρL − T 1A1

T 1A1 − T 2A2

)
×

× (T 1 (− sin (T 1z) cos χ + A1 cos (T 1z) sin χ)+

+kρL (− cos (T 1z) sin χ + A1 sin (T 1z) cos χ)) −
(

kρL − T 1A1
T 1A1 − T 2A2

)
×

× (T 2 (− sin (T 2z) cos χ + A2 cos (T 2z) sin χ)+
+kρL (− cos (T 2z) sin χ + A2 sin (T 2z) cos χ)) ,

mQ22 =
(
− A2

T 1A2 − T 2A1

)
×

× (T 1 (− cos (T 1z) cos χ + A1 sin (T 1z) sin χ)+

+kρL (sin (T 1z) sin χ + A1 cos (T 1z) cos χ)) +
(

A1
T 1A2 − T 2A1

)
×

× (T 2 (− cos (T 2z) cos χ + A2 sin (T 2z) sin χ)+
+kρL (− sin (T 2z) sin χ + A2 cos (T 2z) cos χ)) ,

mQ23 =

(
− 1

A1
+

A2
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (T 1 (− cos (T 1z) cos χ + A1 sin (T 1z) sin χ)+

+kρL (sin (T 1z) sin χ + A1 cos (T 1z) cos χ))

(
A1

(
T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (T 2 (− cos (T 2z) cos χ + A2 sin (T 2z) sin χ)+
+kρL (− sin (T 2z) sin χ + A2 cos (T 2z) cos χ)) ,

mQ24 =
(
− 1

T 1A1 − T 2A2

)
×

× (T 1 (− sin (T 1z) cos χ + A1 cos (T 1z) sin χ)+

+kρL (− cos (T 1z) sin χ + A1 sin (T 1z) cos χ)) +
(

1
T 1A1 − T 2A2

)
×

× (T 2 (− sin (T 2z) cos χ + A2 cos (T 2z) sin χ)+
+kρL (− cos (T 2z) sin χ + A2 sin (T 2z) cos χ)) ,

mQ31 =
(

1 +
kρL − T 1A1

T 1A1 − T 2A2

)
(cos (T 1z) sin χ − A1 sin (T 1z) cos χ)−

−
(

kρL − T 1A1
T 1A1 − T 2A2

)
(cos (T 2z) sin χ + A2 sin (T 2z) cos χ) ,
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mQ32 =
(
− A2

T 1A2 − T 2A1

)
(− sin (T 1z) sin χ − A1 cos (T 1z) cos χ) +

+
(

A1
T 1A2 − T 2A1

)
(− sin (T 2z) sin χ − A2 cos (T 2z) cos χ) ,

mQ33 =

(
− 1

A1
+

A2
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (− sin (T 1z) sin χ − A1 cos (T 1z) cos χ)−

−
(

A1
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
(− sin (T 2z) sin χ + A2 cos (T 2z) cos χ) ,

mQ34 =
(
− 1

T 1A1 − T 2A2

)
(cos (T 1z) sin χ − A1 sin (T 1z) cos χ)+

+
(

1
T 1A1 − T 2A2

)
(cos (T 2z) sin χ − A2 sin (T 2z) cos χ) ,

mQ41 =
(

1 +
kρL − T 1A1

T 1A1 − T 2A2

)
×

× (T 1 (− sin (T 1z) sin χ − A1 cos (T 1z) cos χ)+

+kρL (cos (T 1z) cos χ + A1 sin (T 1z) sin χ)) −
(

kρL − T 1A1
T 1A1 − T 2A2

)
×

× (T 2 (− sin (T 2z) sin χ − A2 cos (T 2z) cos χ)+
+kρL (cos (T 2z) cos χ + A2 sin (T 2z) sin χ)) ,

mQ42 =
(
− A2

T 1A2 − T 2A1

)
×

× (T 1 (− cos (T 1z) sin χ + A1 sin (T 1z) cos χ)+
+kρL (− sin (T 1z) cos χ + A1 cos (T 1z) sin χ)) +

+
(

A1
T 1A2− T 2A1

)
(T 2 (− cos (T 2z) sin χ + A2 sin (T 2z) cos χ)+

+kρL (− sin (T 2z) cos χ + A2 cos (T 2z) sin χ)) ,

mQ43 =

(
− 1

A1
+

A2
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (T 1 (− cos (T 1z) sin χ + A1 sin (T 1z) cos χ) +

+kρL (− sin (T 1z) cos χ + A1 cos (T 1z) sin χ)) −
(

A1
(

T1
A1 − kρL

)
T 1A2 − T 2A1

)
×

× (T 2 (− cos (T 2z) sin χ + A2 sin (T 2z) cos χ)+
+kρL (− sin (T 2z) cos χ + A2 cos (T 2z) sin χ)) ,
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mQ44 =
(
− 1

T 1A1 − T 2A2

)
×

× (T 1 (− sin (T 1z) sin χ − A1 cos (T 1z) cos χ)+

+kρL (cos (T 1z) cos χ + A1 sin (T 1z) sin χ)) +
(

1
T 1A1 − T 2A2

)
×

× (T 2 (− sin (T 2z) sin χ − A2 cos (T 2z) cos χ)+
+kρL (cos (T 2z) cos χ + A2 sin (T 2z) sin χ)) ,

£¤¥ k = 2π/h; h Å Ï £ ¸¶¨· ²Ó´μ° μ¡³μÉ±¨ ±¢ ¤·Ê¶μ²Ö; χ = kρLz;⎧⎪⎪⎪⎨
⎪⎪⎪⎩

A1 =
√

2
√

AD + BDCD

(AD + BD) + 2DD

A2 =
√

2
√

AD − BDCD

(AD − BD) + 2DD

, ¢ ¸¢μÕ μÎ¥·¥¤Ó AD, BD, CD ¨ DD Å ³´μ-

£μÎ²¥´Ò ¥¤¨´¨Î´μ° · §³¥·´μ¸É¨, ¸μ¤¥·¦ Ð¨¥ ¶ · ³¥É·Ò ±¢ ¤·Ê¶μ²Ö k ¨

g =
G

B0
,   É ±¦¥ ρL ¨ G Å £· ¤¨¥´É ³ £´¨É´μ£μ ¶μ²Ö ¢ ±¢ ¤·Ê¶μ²¥;

κ = κQ1 =
T 1
ρL

= ± 1
ρL

1√
2

√
AD + BD −→ 1

ρL
, (2)

κ = κQ2 =
T 2
ρL

= ± 1
ρL

1√
2

√
AD − BD −→

√
k2 − g2. (3)

�·¥¤¥²Ó´Ò¥ §´ Î¥´¨Ö κQ ((2), (3)) ¤μ¸É¨£ ÕÉ¸Ö ¶·¨ § ´Ê²¥´¨¨ ¡¥¸±μ´¥Î´μ
³ ²ÒÌ ¶ · ³¥É·μ¢ ¢ÒÏ¥ ¶¥·¢μ£μ ¶μ·Ö¤± . ”¨§¨Î¥¸±¨° ¸³Ò¸² κQ ¤μ¸É ÉμÎ´μ
¶μ´ÖÉ¥´:

Å Î ¸ÉμÉ  ¡Ò¸É·μ£μ ² ·³μ·μ¢¸±μ£μ ¢· Ð¥´¨Ö Î ¸É¨ÍÒ ¢μ±·Ê£ ¸¨²μ¢μ°
²¨´¨¨ Å (2)

Å Î ¸ÉμÉ  ³¥¤²¥´´ÒÌ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°, ¸μ¢¥·Ï ¥³ÒÌ Î ¸É¨Í¥°
¶μ¶¥·¥± ²¨´¨¨ ³ £´¨É´μ£μ ¶μ²Ö, Å (3).

Œ É¥³ É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥ É¥μ·¥³Ò ‹¨Ê¢¨²²Ö μ ¸μÌ· ´¥´¨¨ Ë §μ¢μ£μ
μ¡Ñ¥³ :

det (MQ) = 1. (4)

‡¤¥¸Ó ¨ ¤ ²¥¥ ¢¸¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨¢μ¤ÖÉ¸Ö ¢ ¡¥§· §³¥·´ÒÌ ±μμ·¤¨´ É Ì
z = s/ρL.

„²Ö ¸²ÊÎ Ö ¢μ§³ÊÐ¥´´μ£μ ¶μ²Ö ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê⎧⎪⎪⎨
⎪⎪⎩

x′′(s) − 1
ρL

y′(s) +
1
ρL

Bx(s)
B0

= 0,

y′′(s) +
1
ρL

x′(s) − 1
ρL

By(s)
B0

= 0.

(5)

6



�μ¶¥·¥Î´Ò¥ ±μ³¶μ´¥´ÉÒ ¶μ²Ö §¤¥¸Ó § ¶¨¸Ò¢ ÕÉ¸Ö ± ± Bx(s) = − r

2
×

dBs

ds

∣∣∣∣
r=0

x

r
, By(s) = − r

2
dBs

ds

∣∣∣∣
r=0

y

r
. �¥Ï¥´¨¥ ¨Ð¥³ É ±¦¥ ³¥Éμ¤μ³ ‚Š	

¢ ¢¨¤¥ x(s) = ae
∫

κ ds ¨ y(s) = be
∫

κ ds. � Ìμ¤¨³, ÎÉμ ¤²Ö ÊÎ ¸É±  ¢μ§³ÊÐ¥´-

´μ£μ ¶μ²Ö §´ Î¥´¨Ö κ = κG ≡ ±
{

i/ρL

g(s) ¨³¥ÕÉ ÉμÉ ¦¥ Ë¨§¨Î¥¸±¨° ¸³Ò¸²,

ÎÉμ ¨ κQ ¢ (2) ¨ (3) ¸μμÉ¢¥É¸É¢¥´´μ.

�²¥³¥´ÉÒ ³ É·¨ÍÒ ¶¥·¥Ìμ¤  ¤²Ö ÊÎ ¸É±  ¢μ§³ÊÐ¥´´μ£μ ¶μ²Ö ¨³¥ÕÉ ¸²¥-
¤ÊÕÐ¨° ¢¨¤:

mG11 =
[
1 + gρ

1 + g2
ρ

gρ cos I1 +
1 − gρ

1 + g2
ρ

cos hI2

]
,

mG12 =
[
1 + gρ

1 + g2
ρ

sin I1 −
1 − gρ

1 + g2
ρ

ch I2

]
,

mG13 =
[

−gρ

1 + g2
ρ

sin I1 +
1

1 + g2
ρ

sh I2

]
,

mG14 =
[

−1
1 + g2

ρ

cos I1 +
1

1 + g2
ρ

ch I2

]
,

mG21 =
[
−1 + gρ

1 + g2
ρ

gρ sin I1 +
1 − gρ

1 + g2
ρ

gρ sh I2

]
,

mG22 =
[
1 + gρ

1 + g2
ρ

cos I1 − gρ
1 − gρ

1 + g2
ρ

ch I2

]
,

mG23 =
[

−gρ

1 + g2
ρ

cos I1 +
gρ

1 + g2
ρ

ch I2

]
,

mG24 =
[

1
1 + g2

ρ

sin I1 +
gρ

1 + g2
ρ

ch I2

]
,

mG31 =

[
−gρ

1 − g2
ρ

1 + g2
ρ

sin I1 +
1 − g2

ρ

1 + g2
ρ

gρ sh I2

]
,

mG32 =

[
1 − g2

ρ

1 + g2
ρ

cos I1 −
1 − g2

ρ

1 + g2
ρ

gρ ch I2

]
,

mG33 =
[
−gρ

1 − gρ

1 + g2
ρ

cos I1 +
1 + gρ

1 + g2
ρ

ch I2

]
,
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mG34 =
[
1 − gρ

1 + g2
ρ

sin I1 +
1 + gρ

1 + g2
ρ

sh I2

]
,

mG41 =

[
−gρ

1 − g2
ρ

1 + g2
ρ

cos I1 +
1 − g2

ρ

1 + g2
ρ

gρ ch I2

]
,

mG42 =

[
−

1 − g2
ρ

1 + g2
ρ

sin I1 −
1 − g2

ρ

1 + g2
ρ

gρ sh I2

]
,

mG43 =
[
gρ

1 − gρ

1 + g2
ρ

sin I1 + gρ
1 + gρ

1 + g2
ρ

sh I2

]
,

mG44 =
[
1 − gρ

1 + g2
ρ

cos I1 + gρ
1 + gρ

1 + g2
ρ

ch I2

]
,

£¤¥ gρ = g0ρL, g0 Å  ³¶²¨ÉÊ¤  ¢μ§³ÊÐ¥´¨Ö ¶μ²Ö, I1 =
s

ρL
=

zρL

ρL
= z,

I2 =
∫

g(s) ds = −1
2

1
B0

ρL

∫
dBz

dz

∣∣∣∣
r=0

dz, det (MG) = 1.

…¸²¨ ¢ ¸¨¸É¥³¥ Ê· ¢´¥´¨° (5) ¶·¨´ÖÉÓ Bx = 0, By = 0, Éμ, ·¥Ï Ö ¸¨¸É¥³Ê,
¶μ²ÊÎ¨³ ³ É·¨ÍÊ ¶¥·¥Ìμ¤  ¤²Ö ÊÎ ¸É±  μ¤´μ·μ¤´μ£μ ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ
¶μ²Ö:

MS =

⎛
⎜⎜⎝

1 sin I1 0 1 − cos I1

0 cos I1 0 sin I1

0 − (1 − cos I1) 1 sin I1

0 − sin I1 0 cos I1

⎞
⎟⎟⎠ , det (MS) = 1.

‚ Éμ·μ¨¤ ²Ó´ÒÌ ¸¥±Í¨ÖÌ ¶·¨±² ¤Ò¢ ¥É¸Ö ¤μ¶μ²´¨É¥²Ó´μ¥ ¶μ¶¥·¥Î´μ¥
³ £´¨É´μ¥ ¶μ²¥ ¤²Ö ±μ³¶¥´¸ Í¨¨ Í¥´É·μ¡¥¦´μ-£· ¤¨¥´É´μ£μ ¤·¥°Ë . “· ¢´¥-
´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¢ Éμ·μ¨¤ ²Ó´μ° ¸¥±Í¨¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ (1.9)Ä(1.11)
[1, ¸. 7]:

⎧⎪⎪⎨
⎪⎪⎩

x′′(s) − 1
ρL

y
′
(s) +

x(s)
R2

0

=
1

R0
− 1

ρL

By(s)
B0

,

y′′(s) +
1
ρL

x
′
(s) =

1
ρL

Bx(s)
B0

,

Bx = 0, By =
ρLB0

R0
.

�¥Ï¥´¨¥ ¤²Ö x(s) ¨Ð¥É¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ ‚Š	 ¢ ¢¨¤¥ x(s) = A0 + Ass +

Ax eiκT s. �μ²ÊÎ ¥³ κT = ±
√

1
R2

0

+
1
ρ2

L

= ±T . �²¥³¥´É ³ É·¨ÍÒ ¶¥·¥Ìμ¤ 
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¤²Ö Éμ·μ¨¤ ²Ó´μ£μ ÊÎ ¸É±  ¨³¥¥É ¢¨¤

MT =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

(
1 − 1

T 2

)
cos (Tz) +

1
T 2

1
T

sin (Tz)

−T

(
1 − 1

T 2

)
sin (Tz) cos (Tz)

− 1
T

(
1 − 1

T 2

)
sin (Tz) +

(
1 − 1

T 2

)
z

1
T 2

cos (Tz)− 1
T 2

−
(

1 − 1
T 2

)
cos (Tz) +

(
1 − 1

T 2

)
− 1

T
sin (Tz)

⇒

⇒

0 − 1
T 2

cos (Tz) +
1

T 2

0
1
T

sin (Tz)

1 − 1
T

(
− 1

T 2

)
sin (Tz) +

(
1 − 1

T 2

)
z

0
1
T 2

cos (Tz) +
(

1 − 1
T 2

)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

det (MT ) = 1.

Œ É·¨Í  ±μ²ÓÍ  ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  ¶¥·¥³´μ¦¥´¨¥³ ³ É·¨Í μÉ¤¥²Ó´ÒÌ Ô²¥-
³¥´Éμ¢:

MLepta =
= MSeptMG2MTL1MG3MTL2MG4MStr1MQMStr2MG5MTS2MG6MTL2MG1.

�¥·¥³´μ¦ Ö ³ É·¨ÍÊ ±μ²ÓÍ  ¸ ¢¥±Éμ·μ³ ´ Î ²Ó´ÒÌ Ê¸²μ¢¨° ¨ ¢μ§¢μ¤Ö
MLEPTA ¢ ¸É¥¶¥´Ó N , ¶μ²ÊÎ ¥³ ±μμ·¤¨´ ÉÒ Î ¸É¨ÍÒ x, x′y, y′ ¶μ¸²¥ N -£μ
Î¨¸²  μ¡μ·μÉμ¢ ¢ ±μ²ÓÍ¥.

�¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö (·¨¸. 4) ¶μ± §Ò¢ ÕÉ, ÎÉμ ¸ Ê³¥´ÓÏ¥´¨¥³  ³-
¶²¨ÉÊ¤Ò ¢μ§³ÊÐ¥´¨° ¶μ²Ö Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²μ μ¡μ·μÉμ¢ ¸É ¡¨²Ó´μ£μ ¤¢¨-
¦¥´¨Ö Î ¸É¨Í ¢ ±μ²ÓÍ¥. �·¨ ÔÉμ³ ¶·¨¸ÊÉ¸É¢ÊÕÉ ÊÎ ¸É±¨ ·¥§±μ£μ ¸¶ ¤ , ´¥
§ ¢¨¸ÖÐ¨¥ μÉ ¢¥²¨Î¨´Ò ¢μ§³ÊÐ¥´¨Ö ¶μ²Ö. 	Ò²μ μ¡´ ·Ê¦¥´μ, ÎÉμ ´  ÔÉ¨Ì

ÊÎ ¸É± Ì ¶μ²μ¢¨´  Ï¶Ê·  ³ É·¨ÍÒ ±¢ ¤·Ê¶μ²Ö

∣∣∣∣12 Tr [MQ]
∣∣∣∣ ≥ 1 (·¨¸. 5), ¶·¨

ÔÉμ³ ¶μ¤μ¡´Ò¥ ¢¥²¨Î¨´Ò ¤²Ö μ¸É ²Ó´ÒÌ ³ É·¨Í, ¢ Éμ³ Î¨¸²¥ ¤²Ö ³ É·¨ÍÒ
±μ²ÓÍ , ´¨± ± ´¥ ±μ··¥²¨·ÊÕÉ ¸ Î¨¸²μ³ μ¡μ·μÉμ¢ Î ¸É¨Í ¢ ±μ²ÓÍ¥.

’ ±¨³ μ¡· §μ³, ¨³¥´´μ §´ Î¥´¨¥
1
2

Tr [MQ] Ö¢²Ö¥É¸Ö ¶ · ³¥É·μ³, μ¶·¥-

¤¥²ÖÕÐ¨³ Ê¸Éμ°Î¨¢μ¸ÉÓ ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¢ ±μ²ÓÍ¥, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É μ¡Ð¥°
É¥μ·¨¨ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ Ëμ±Ê¸¨·ÊÕÐ¨Ì ¸¨¸É¥³ Ì.
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ Î¨¸²  μ¡μ·μÉμ¢ Ê¸Éμ°Î¨¢μ£μ ¤¢¨¦¥´¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢
±μ²ÓÍ¥ μÉ ¢¥²¨Î¨´Ò ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° Éμ±  ±¢ -
¤·Ê¶μ²Ö IG ∝ G. „²Ö ¸²ÊÎ ¥¢ ¸  ³¶²¨ÉÊ¤μ° ¢μ§³ÊÐ¥´¨Ö g0:  ) 5%, ¡) 2,5%, ¢) 1%

�¨¸. 5. Šμ··¥²ÖÍ¨Ö Î¨¸²  μ¡μ·μÉμ¢ Î ¸É¨ÍÒ ¢ ±μ²ÓÍ¥ ¸μ §´ Î¥´¨¥³ 1/2 Tr [MQ]
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