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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

‚ · ¡μÉ¥ ¨§ÊÎ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö Ê¸±μ·¨É¥²¥°, ¢ ±μÉμ·ÒÌ  ±É¨¢´μ° ¸¨¸É¥³μ° Ö¢²Ö¥É¸Ö
Éμ²Ó±μ Ê¸±μ·ÖÕÐ Ö ¸¨¸É¥³ . �¸É ²Ó´Ò¥ ¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö, É ±¨¥ ± ± ¸¨¸É¥³  ¢¥¤ÊÐ¥£μ ³ £´¨É-
´μ£μ ¶μ²Ö, Ëμ±Ê¸¨·ÊÕÐ Ö ¸¨¸É¥³  ¨ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ Î ¸É¨Í ¢ Ê¸±μ·¨É¥²Ó ¨  ¢Éμ³ É¨Î¥¸±μ£μ
¢Ò¢μ¤  Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¨§ Ê¸±μ·¨É¥²Ö, Ö¢²ÖÕÉ¸Ö ¶ ¸¸¨¢´Ò³¨, É ± ± ± ¨¸¶μ²Ó§ÊÕÉ Éμ²Ó±μ ¶μ-
¸ÉμÖ´´Ò¥ ³ £´¨ÉÒ. � ¨¡μ²¥¥ ¸¶μ·´Ò³ ¢μ¶·μ¸μ³ ·¥ ²¨§ Í¨¨ É ±μ£μ ³¥Éμ¤  Ê¸±μ·¥´¨Ö Ö¢²Ö¥É¸Ö
¢μ¶·μ¸ Ê¸Éμ°Î¨¢μ¸É¨ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¶·¨ ¨Ì Ê¸±μ·¥´¨¨ ¢ ¶μ¸ÉμÖ´´ÒÌ ³ £´¨É´ÒÌ ¶μ²ÖÌ ¨ ¶·¨
¶μ¸ÉμÖ´´μ³ · ¤¨Ê¸¥ μ·¡¨ÉÒ. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶μ± § ´  ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ ·¥Ï¥´¨Ö
ÔÉμ° § ¤ Î¨.

In this paper we study the possibility of creating accelerators in which the active system is only the
accelerating system. The rest of the accelerator systems, such as the leading magnetic ˇeld system, the
focusing system and the system of injection of particles into the accelerator and the automatic removal
of accelerated particles from the accelerator, are passive because they use only permanent magnets. The
most controversial issue of the implementation of this method of acceleration is the question of the
stability of the motion of particles at their acceleration in constant magnetic ˇelds and at a constant
radius of the orbit. This paper shows the principal possibility of solving this problem.

PACS: 29.20.D-; 29.27.Ac; 29.27.Eg
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–¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å ¶μ± § ÉÓ ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ Ëμ·³¨·μ¢ ´¨Ö
Ê¸Éμ°Î¨¢ÒÌ § ³±´ÊÉÒÌ μ·¡¨É ¸ ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´Ò³ · ¤¨Ê¸μ³ ¢ ¶μ²ÖÌ ¶μ¸ÉμÖ´´ÒÌ
³ £´¨Éμ¢. ‚ ÔÉμ³ ³¥Éμ¤¥, ¨¸¶μ²Ó§ÊÖ Í¥´É·μ¡¥¦´Ò¥ ¸¨²Ò Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, ®§ £μ´ÖÕÉ¯
§ ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¢μ ¢¸¥ ¡μ²¥¥ ¨ ¡μ²¥¥ ¸¨²Ó´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö, £¤¥ Mv2/R = vqB,
R = R0 + r, R0 Å · ¤¨Ê¸ ¸ ´Ê²¥¢μ° ¢¥²¨Î¨´μ° ³ £´¨É´μ£μ ¶μ²Ö, 0 � r � rm Å μ¡² ¸ÉÓ
¡Ò¸É·μ · ¸ÉÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö B = rGaver, Gaver Å ¸·¥¤´¨° £· ¤¨¥´É ³ £´¨É´μ£μ
¶μ²Ö. �·¨ ÔÉμ³ ³ ±¸¨³ ²Ó´ Ö ¢¥²¨Î¨´  ΔR = rm = Bm/Gaver. —¥³ ¢ÒÏ¥ £· ¤¨¥´É,
É¥³ ±μ³¶ ±É´¥¥ · ¤¨ ²Ó´Ò° · §³¥· ¸¨¸É¥³ ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö Ê¸±μ·¨É¥²Ö, ´μ É¥³
¦¥¸ÉÎ¥ É·¥¡μ¢ ´¨Ö ± ´ Î ²Ó´Ò³ ¸±μ·μ¸ÉÖ³ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í.

1E-mail: dol37@mail.ru



ˆ¸¶μ²Ó§μ¢ ´¨¥ ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ ¢ Í¨±²¨Î¥¸±¨Ì Ê¸±μ·¨É¥²ÖÌ 693

‚ ÔÉμ° · ¡μÉ¥ ¤¥² ¥É¸Ö μÍ¥´±  ¢μ§³μ¦´μ¸É¥° μ¤´μ£μ ¨§ ¢ ·¨ ´Éμ¢ ¸¨¸É¥³Ò ¢¥¤ÊÐ¥£μ
³ £´¨É´μ£μ ¶μ²Ö. �ÉμÉ ¢ ·¨ ´É ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ ´¨¦´¨° ¶μ·μ£ Ô´¥·£¨°
Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í.

‚μ¶·μ¸ ¸¨´Ì·μ´¨§ Í¨¨ Î ¸É¨Í ¨ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¶·¨ ¸Éμ²Ó Ï¨·μ±μ³ ¤¨ ¶ §μ´¥
¸±μ·μ¸É¥° 3 · 10−2 � β � 1 ¨ Î ¸ÉμÉÒ Í¨±²μ¢ ·¥Ï ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥·¥§μ´ ´¸´μ°,
¨´¤Ê±Í¨μ´´μ° ¸¨¸É¥³Ò Ê¸±μ·¥´¨Ö [1]. ‘¨´Ì·μ´¨§ Í¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ ¨§³¥´¥´¨Ö
Î ¸ÉμÉÒ ¶μ¢Éμ·¥´¨Ö ¨´¤Ê±Í¨μ´´ÒÌ ¨³¶Ê²Ó¸μ¢. Š·μ³¥ Éμ£μ, ¨´¤Ê±Í¨μ´´ Ö ¸¨¸É¥³  Ö¢²Ö-
¥É¸Ö ¸¨²Ó´μÉμÎ´μ° Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³μ° ¨ ¢ ¸μ¸ÉμÖ´¨¨ ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨ÉÓ ³μÐ´μ¸ÉÓ
Ê¸±μ·¥´´μ£μ ¶ÊÎ± .

„²Ö ¶·μ¤μ²Ó´μ° Ê¸Éμ°Î¨¢μ¸É¨ Ê¸±μ·Ö¥³ÒÌ ¸£Ê¸É±μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ ‚¥±¸²¥· Ä
Œ ±³¨²² ´ , ±μÉμ·Ò° ·¥ ²¨§Ê¥É¸Ö ¢Ò¡μ·μ³ Ëμ·³Ò ¢¥·Ï¨´Ò ¨´¤Ê±Í¨μ´´ÒÌ ¨³-
¶Ê²Ó¸μ¢ [1].

„²Ö ¨´¦¥±Í¨¨ ¨ ¢Ò¢μ¤  Î ¸É¨Í Ê¸±μ·¨É¥²Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶μ¸ÉμÖ´´Ò¥ ³ £´¨ÉÒ [1, 3, 4].

ˆ´¤Ê±Í¨μ´´ Ö Ê¸±μ·ÖÕÐ Ö ¸¨¸É¥³  Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´μ° ¸¨¸É¥³μ°, ¶ · ³¥É·Ò ¨³-
¶Ê²Ó¸μ¢ ±μÉμ·μ° ¨§³¥´ÖÕÉ¸Ö ¢μ ¢·¥³¥´¨.
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� ¸¸³μÉ·¨³ ¸¶μ¸μ¡ Ëμ·³¨·μ¢ ´¨Ö § ³±´ÊÉÒÌ μ·¡¨É, ±μÉμ·Ò° μ¸´μ¢ ´ ´  μÉ· ¦¥´¨¨
Î ¸É¨Í ¶μ²Ö³¨ · §´μ¶μ²Ö·´ÒÌ ³ £´¨Éμ¢ [1]. �ÉμÉ ³¥Éμ¤ ´¥ ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´ÒÌ
μ£· ´¨Î¥´¨° ¤²Ö Ê³¥´ÓÏ¥´¨Ö ´¨¦´¥£μ ¶μ·μ£  Ô´¥·£¨¨ (¸±μ·μ¸É¨) Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í.
„²Ö ´ £²Ö¤´μ¸É¨ ¨ ¶·μ¸ÉμÉÒ μÍ¥´μ± ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò Ëμ·³¨·μ¢ ´¨Ö μ·¡¨É ¡Ê¤¥³
¸Î¨É ÉÓ, ÎÉμ ³ £´¨É´Ò° ¶μÉ¥´Í¨ ² ¸¨¸É¥³ (·¨¸. 1) · ¢¥´ Um = Grz, £¤¥ G = const.
�Í¥´±¨ ¶·μ¢¥¤¥³ ¢ ¶·¨¡²¨¦¥´¨¨ vr ¨ vz � vx = v.

�¨¸. 1. ‘Ì¥³Ò ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ¡¨¶μ²Ö·´μ° ( ) ¨ Ê¸¥Î¥´´μ° (¡) ³ £´¨É´ÒÌ ¸¨¸É¥³: 1 Å
³ £´¨É´Ò¥ ¶μ²Õ¸Ò, · ¡μÎ¨¥ ¶μ¢¥·Ì´μ¸É¨ ±μÉμ·ÒÌ ¢Ò¶μ²´¥´Ò ¢ ¢¨¤¥ £¨¶¥·¡μ²¨Î¥¸±¨Ì Í¨²¨´¤·μ¢;

2 Å ³ £´¨É´Ò¥ Ô±· ´Ò; 3 Å Ê¸É·μ°¸É¢μ ¤²Ö Ê³¥´ÓÏ¥´¨Ö £· ¤¨¥´É  ¢ μ¡² ¸É¨ ¸² ¡μ£μ ³ £´¨É´μ£μ
¶μ²Ö; 4 Å Ê¸É·μ°¸É¢μ ¤²Ö ±μ··¥±Í¨¨ £· ¤¨¥´É  ¢ μ¡² ¸É¨ ¸¨²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö



694 „μ²¡¨²μ¢ ƒ. ‚.

Œ £´¨É´Ò¥ ¶μ²Ö ¢ É ±¨Ì ¸¨¸É¥³ Ì · ¢´Ò

Br =
dV

dr
= Gz,

dBr

dz
= G,

Bz =
dV

dz
= Gr,

dBz

dr
= G.

�μ¸±μ²Ó±Ê ¢ ¶²μ¸±μ¸É¨ z ¸¨²μ¢Ò¥ ²¨´¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¶¥·¶¥´¤¨±Ê²Ö·´Ò ¶²μ¸±μ¸É¨,
ÔÉμ ¶μ§¢μ²Ö¥É Ê¸É ´ ¢²¨¢ ÉÓ ¢ ÔÉμ° ¶²μ¸±μ¸É¨ ³ £´¨É´Ò° Ô±· ´ (¸³. ·¨¸. 1,  ), ±μÉμ·Ò°
´¥ ¢²¨Ö¥É ´  Ì · ±É¥· · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö.

�μÔÉμ³Ê ¶·¨ · ¡μÉ¥ ¢ ¶μ²ÖÌ Éμ²Ó±μ μ¤´μ° ¨§ ¶μ²μ¢¨´ ³ £´¨É´μ° ¸¨¸É¥³Ò ³μ¦´μ
¨¸¶μ²Ó§μ¢ ÉÓ Ê¶·μÐ¥´´ÊÕ ±μ´¸É·Ê±Í¨Õ ¸¨¸É¥³Ò (¸³. ·¨¸. 1, ¡). Œ £´¨É´Ò¥ ¶μ²Õ¸Ò 1 ¨
³ £´¨É´Ò° Ô±· ´ 2 ¢ ¶²μ¸±μ¸É¨ z Ëμ·³¨·ÊÕÉ É·¥¡Ê¥³μ¥ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ-
É¥´Í¨ ²  Um = Grz. “¸É·μ°¸É¢μ 3 ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ ÉÓ ¢¥²¨Î¨´Ê £· ¤¨¥´É  ³ £´¨É´μ£μ
¶μ²Ö ¢¡²¨§¨ Ô±· ´ . ‚ μ¡² ¸É¨ 4 ¶μ¢¥·Ì´μ¸É¨ ³ £´¨É´ÒÌ ¶μ²Õ¸μ¢ ¶²μ¸±¨¥ ¨ É ±¦¥ ¶μ-
§¢μ²ÖÕÉ ¨§³¥´ÖÉÓ ¢¥²¨Î¨´Ê £· ¤¨¥´É  ¶μ²Ö G.

�  Î ¸É¨ÍÊ, ¤¢¨¦ÊÐÊÕ¸Ö ¢ ³ £´¨É´μ° ¸¨¸É¥³¥ ¸ ¶μ¸ÉμÖ´´μ° ¸±μ·μ¸ÉÓÕ vx = v, ¤¥°-
¸É¢ÊÕÉ ¸¨²Ò

Fr = −qvBy + Fc = −qvGr + Fc, Fz = qvBr = qvGz,

£¤¥ Fc Å  ¤¨ ¡ É¨Î¥¸±¨ ³¥´ÖÕÐ Ö¸Ö Í¥´É·μ¡¥¦´ Ö ¸¨² , · ¢´ Ö FC = Mv2/R, R Å
· ¤¨Ê¸ μ·¡¨ÉÒ Î ¸É¨ÍÒ.

“· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¨³¥ÕÉ ¢¨¤

dPr

dt
= M

d2r

dt2
= −qvGr + Fc,

dPz

dt
= M

d2z

dt2
= qvGz.

�·¨ ¶μ¸ÉμÖ´´μ° ¸±μ·μ¸É¨ v ¶μ²ÊÎ ¥³

d2r

dt2
=

d

dt

dr

dt
=

dx

dt

d

dx

(
dx

dt

dr

dx

)
= v

d

dx

(
v

dr

dx

)
= v2 d2r

dt2
,

d2z

dt2
= v2 d2z

dx2
.

‘²¥¤μ¢ É¥²Ó´μ,

d2r

dx2
+ k2r =

Fc

Mv2
,

d2z

dx2
− k2z = 0, k2 =

qG

Mv
.

…¸²¨ ¶μ²μ¦¨ÉÓ r = r1+ρ, £¤¥ r1 = const, Éμ Ê· ¢´¥´¨¥ ¤²Ö r-¤¢¨¦¥´¨Ö ¡Ê¤¥É ¸²¥¤ÊÕÐ¨³:

d2ρ

dx2
+ k2ρ =

Fc

Mv2
− k2r1;

μ´μ μ¶¨¸Ò¢ ¥É Ê¸Éμ°Î¨¢Ò¥ ±μ²¥¡ ´¨Ö Î ¸É¨ÍÒ μÉ´μ¸¨É¥²Ó´μ ±μ²ÓÍ¥¢μ° É· ¥±Éμ·¨¨ · -
¤¨Ê¸  R = R0 + r1:

R0 + r1 =
Fc

Mv2k2
=

Mv

qG
.

�·¨ ÔÉμ³

r1 =
Mv

qG

1
R

∼=
P

qG

1
R0

, É ± ± ± r1 � R0.
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‚ ³ É·¨Î´μ° Ëμ·³¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨Í ¨³¥ÕÉ ¢¨¤

[
ρ
ρ′

]
=

[
cos kx

1
k

sin kx

−k sin kx cos kx

][
ρ0

ρ′0

]
,

[
z
z′

]
=

[
chkx

1
k

sh kx

k sh kx ch kx

][
z0

z′0

]
.

‚ · ¤¨ ²Ó´μ° ¶²μ¸±μ¸É¨ Î ¸É¨ÍÒ ¸μ¢¥·Ï ÕÉ Ê¸Éμ°Î¨¢Ò¥ ±μ²¥¡ ´¨Ö, ¤²¨´  ¢μ²´Ò ±μÉμ-
·ÒÌ λ ¸μμÉ¢¥É¸É¢Ê¥É · ¢¥´¸É¢Ê

k =

√
qG

Mv
=

2π

λ
, λ = 2π

√
Mv

qG
. (1)

‚¥·É¨± ²Ó´μ¥, z-¤¢¨¦¥´¨¥ Î ¸É¨Í ´¥Ê¸Éμ°Î¨¢μ, ¨ É·¥¡ÊÕÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ ³¥·Ò
¶μ Ê¸É· ´¥´¨Õ ÔÉμ° ´¥Ê¸Éμ°Î¨¢μ¸É¨. � ¸¸³μÉ·¨³ μ¤¨´ ¨§ ¢ ·¨ ´Éμ¢ ¶μ¤ ¢²¥´¨Ö ÔÉμ°
´¥Ê¸Éμ°Î¨¢μ¸É¨.

�´ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ±· ¥¢Ò³¨ ¶μ²Ö³¨ ¶²μ¸±¨Ì ²¨´§ ¸ μ¡· É´μ° ¶μ²Ö·´μ¸ÉÓÕ
¶μ²Ö μ¸ÊÐ¥¸É¢²ÖÕÉ z-Ëμ±Ê¸¨·μ¢±Ê ¨ ρ-¤¥Ëμ±Ê¸¨·μ¢±Ê Î ¸É¨Í. �·¨ ÔÉμ³ ·¥ ²¨§Ê¥É¸Ö
¦¥¸É± Ö Ëμ±Ê¸¨·μ¢±  ± ± É¥Ì, É ± ¨ ¤·Ê£¨Ì ±μ²¥¡ ´¨°. ‘Ì¥³  É ±μ° Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨-
¸É¥³Ò ¶·¨¢¥¤¥´  ´  ·¨¸. 2. �²μ¸±¨¥ Ëμ±Ê¸¨·ÊÕÐ¨¥/¤¥Ëμ±Ê¸¨·ÊÕÐ¨¥ ³ £´¨É´Ò¥ ²¨´§Ò
É·¥Ê£μ²Ó´μ° Ëμ·³Ò · ¸¶μ²μ¦¥´Ò ¢¤μ²Ó · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ R0 ¸ ¶¥·¨μ¤μ³, · ¢´Ò³ S.
”μ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥ ± ¦¤μ° ¨§ ²¨´§ · ¢´μ [2] Fρ,z = ∓(R/2) ctgα, R = P/BL, BL Å
³ £´¨É´μ¥ ¶μ²¥ ²¨´§, α Å Ê£μ² ´ ±²μ´  £· ´¨Í ²¨´§.

�¨¸. 2. ‘Ì¥³  Ëμ±Ê¸¨·μ¢±¨ Î ¸É¨Í ¢ Ê¸±μ·¨É¥²¥: 1 Å · ¢´μ¢¥¸´ Ö É· ¥±Éμ·¨Ö ¨´¦¥±É¨·μ¢ ´´ÒÌ

Î ¸É¨Í; 2 Å · ¢´μ¢¥¸´ Ö É· ¥±Éμ·¨Ö Ê¸±μ·¥´´ÒÌ Î ¸É¨Í; 3 Å Ëμ±Ê¸¨·ÊÕÐ¨¥ ²¨´§Ò ¸ ¶²μ¸±¨³¨
³ £´¨É´Ò³¨ ¶μ²Õ¸ ³¨; 4 Å ³ £´¨ÉÒ ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö; S Å ¤²¨´  ¶¥·¨μ¤  Ëμ±Ê¸¨·ÊÕ-

Ð¥° ¸¨¸É¥³Ò; α Å Ê£μ² ´ ±²μ´  £· ´¨Í Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò

Œ É·¨Î´ Ö Ëμ·³  Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ É ±μ° ¸¨¸É¥³¥ ¨³¥¥É ¢¨¤

[
zn

z′n

]
=

[
ch kS

1
k

shkS

k sh kS chkS

] ⎡
⎣ 1 0

− 1
F

1

⎤
⎦[

zn−1

z′n−1

]
=

[
Z11 Z12

Z21 Z22

] [
zn−1

z′n−1

]
,
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Z11 = chkS − 1
kF

shkS, Z12 =
1
k

shkS,

Z21 = k sh kS − 1
F

chkS, Z22 = ch kS,

[
ρn

ρ′n

]
=

[
cos kS

1
k

sinkS

−k sin kS cos kS

]⎡
⎣ 1 0

1
F

1

⎤
⎦[

ρn−1

ρ′n−1

]
=

[
R11 R12

R21 R22

] [
ρn−1

ρ′n−1

]
,

R11 = cos kS +
1

kF
sinkS, R12 =

1
k

sin kS,

R21 = −k sin kS +
1
F

cos kS, R22 = cos kS,

£¤¥ S Å ¤²¨´  ¶¥·¨μ¤  Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò; n Å ´μ³¥· ¶¥·¨μ¤ .
ˆ§³¥´¥´¨¥ Ë §Ò ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ´  ± ¦¤μ³ ¨§ ¶¥·¨μ¤μ¢ ¸¨¸É¥³Ò μ¶·¥¤¥²Ö-

¥É¸Ö ¢Ò· ¦¥´¨Ö³¨ [2]

cosσz =
1
2
(Z11 + Z22) = ch kS − 1

2
1

kF
sh kS,

cosσρ = (R11 + R22) = cos kS +
1
2

1
kF

sin kS.

	¥É É·μ´´Ò¥ ±μ²¥¡ ´¨Ö ´μ¸ÖÉ Ê¸Éμ°Î¨¢Ò° Ì · ±É¥·, ¥¸²¨ Ë §μ¢Ò¥ ¢¥²¨Î¨´Ò Ö¢²ÖÕÉ¸Ö
¤¥°¸É¢¨É¥²Ó´μ° ¢¥²¨Î¨´μ°. „²Ö ÔÉμ£μ ¤μ²¦´Ò ¢Ò¶μ²´ÖÉÓ¸Ö ´¥· ¢¥´¸É¢  [2]

−1 � cosσz � 1, −1 � cosσρ � 1.

�É¨ ´¥· ¢¥´¸É¢  ¢Ò¶μ²´ÖÕÉ¸Ö, ¥¸²¨

th
kS

2
� 1

2
1

kF
� cth

kS

2
¤²Ö z-±μ²¥¡ ´¨°,

0 � 1
2

1
kF

� tg
kS

2
¤²Ö ρ-±μ²¥¡ ´¨°.

„¨ ¶ §μ´ Ê¸Éμ°Î¨¢μ¸É¨ ρ-±μ²¥¡ ´¨° μ¶·¥¤¥²Ö¥É¸Ö ´¥· ¢¥´¸É¢μ³

0 � kS

2
� π

2
¨²¨ 0 � S

λ
� 1

4
.

�·¨ kS/2 = π/2 Ï¨·¨´  μ¡² ¸É¨, £¤¥ z-±μ²¥¡ ´¨Ö Ê¸Éμ°Î¨¢Ò, ¸Ê¦ ¥É¸Ö (·¨¸. 3) ¤μ
¢¥²¨Î¨´Ò

th
π

2
= 0,917 � 1

2
1

kF
� cth

π

2
= 1,09.

”Ê´±Í¨Ö f = 1/2kF ¤μ²¦´  ´ Ìμ¤¨ÉÓ¸Ö ¢´ÊÉ·¨ μ¡² ¸É¨, μ£· ´¨Î¥´´μ° th (kS/2) ¨
ctg (kS/2).

„²Ö  ´ ²¨§  · ¡μÉÒ Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¢ μ¸´μ¢´μ³ ·¥¦¨³¥, ±μ£¤  £· ¤¨¥´É ¶μ²Ö
¸¨¸É¥³Ò ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö G = const, Ê¤μ¡´μ ¶·¥μ¡· §μ¢ ÉÓ ËÊ´±Í¨Õ f ¸²¥¤Ê-
ÕÐ¨³ μ¡· §μ³:

f =
1
2

1
kF

=
1
2

k

k2

1
F

=
kS

2
P

qG

2qBL

P

1
S

tg α =
kS

2
2BL

SG
tg α = χT,
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Éμ£¤  ´¥· ¢¥´¸É¢μ (2) ¶·¨³¥É ¢¨¤

th χ � χT � cth χ, £¤¥ χ =
kS

2
, T =

2BL

SG
tg α.

”Ê´±Í¨Ö f = χT Å ÔÉμ ²¨´¥°´ Ö ËÊ´±Í¨Ö ¸ Ê£²μ¢Ò³ ±μÔËË¨Í¨¥´Éμ³, · ¢´Ò³ T .
	¥É É·μ´´Ò¥ z-±μ²¥¡ ´¨Ö ¡Ê¤ÊÉ Ê¸Éμ°Î¨¢Ò Éμ²Ó±μ Éμ£¤ , ±μ£¤ 

T =
2BL

SG
tg α � 1.

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò £· ´¨ÍÒ μ¡² ¸É¨ Ê¸Éμ°Î¨¢μ¸É¨ th χ ¨ cth χ ¨ ËÊ´±Í¨Ö χT , ±μÉμ· Ö
´ Ìμ¤¨É¸Ö ¢ ÔÉμ° μ¡² ¸É¨ ¨ ¶·¨ χ = π/3 ∼= 1 ¤μ¸É¨£ ¥É Í¥´É·  μ¡² ¸É¨ χT = 1.

�¨¸. 3. �¡² ¸ÉÓ Ê¸Éμ°Î¨¢μ¸É¨ z-¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ¨ ËÊ´±Í¨Ö χT

„¨ ¶ §μ´ ¤μ¶Ê¸É¨³ÒÌ ¤²¨´ ¶¥·¨μ¤  Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò S μ¶·¥¤¥²Ö¥É¸Ö ¤²¨´μ°
¢μ²´Ò ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° λ, ¶·¨Î¥³ ¤μ²¦´μ ¢Ò¶μ²´ÖÉÓ¸Ö ´¥· ¢¥´¸É¢μ 0 < S/λ <
1/4. �·¨ ³ ²ÒÌ ¸±μ·μ¸ÉÖÌ ¨´¦¥±É¨·Ê¥³ÒÌ Î ¸É¨Í ¤²¨´  ¢μ²´Ò ±μ²¥¡ ´¨° ³μ¦¥É ¡ÒÉÓ
μÎ¥´Ó ³ ² . �μÔÉμ³Ê ¶·¨ ¨´¦¥±Í¨¨ Î ¸É¨Í ¢ Ê¸±μ·¨É¥²Ó, Ê³¥´ÓÏ Ö £· ¤¨¥´É ³ £´¨É´μ£μ

¶μ²Ö Ginj, Ê¢¥²¨Î¨¢ ÕÉ ¤²¨´Ê ¢μ²´Ò λinj = 2π
√

Pinj/qGinj ¤μ ´Ê¦´ÒÌ · §³¥·μ¢ ¨ ´ 
´ Î ²Ó´μ³ ÔÉ ¶¥ Ê¸±μ·¥´¨Ö ¶μ¤¤¥·¦¨¢ ÕÉ ¥£μ ¶·¨³¥·´μ ¶μ¸ÉμÖ´´Ò³ ¶ÊÉ¥³ Ê¢¥²¨Î¥´¨Ö
¸·¥¤´¥° ¢¥²¨Î¨´Ò £· ¤¨¥´É  ³ £´¨É´μ£μ ¶μ²Ö Gaver = Ginj(P/Pinj). �·¨ ¤μ¸É¨¦¥´¨¨
£· ¤¨¥´Éμ³ ¶μ²Ö § ¤ ´´μ° ¢¥²¨Î¨´Ò ³μ¦´μ ¶¥·¥Ìμ¤¨ÉÓ ¢ ·¥¦¨³ Ê¸±μ·¥´¨Ö ¸ ¶μ¸ÉμÖ´´μ°
¢¥²¨Î¨´μ° G = const.

�·¨ · ¡μÉ¥ ¢ ·¥¦¨³¥ λ = const ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ χinjTinj = 1. ”Ê´±Í¨Õ f = χT
¶·¨ λ = const Ê¤μ¡´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

χT =
λ

2π

qBL

P
tg α = 1, Pinj =

1
2π

λinjqBL(tg α)inj.

�·¨ § ¤ ´´μ° ¤²¨´¥ ¢μ²´Ò ±μ²¥¡ ´¨° ¨´¦¥±É¨·μ¢ ´´ÒÌ Î ¸É¨Í μ¶·¥¤¥²ÖÕÉ É·¥¡Ê¥³Ò°
¨³¶Ê²Ó¸ (¸±μ·μ¸ÉÓ) ÔÉ¨Ì Î ¸É¨Í

Pinj =
1
2π

λinjqBL(tg α)inj.
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� ¶·¨³¥·, ¤²Ö ¶·μÉμ´μ¢

P = Mv =
Mc2βγ

c
=

109[Ô‚] · βγ

3 · 108[³/¸]
=

βγ

0,3
[(Ô‚/³) · ¸], βinj =

0,3
2π

λinj(m)BL(T )(tg α)inj.

…¸²¨ É·¥¡Ê¥É¸Ö Ê¸¨²¨ÉÓ ¤¥°¸É¢¨¥ ³ £´¨É´μ£μ ¶μ²Ö ´  Ëμ±Ê¸¨·μ¢±Ê Î ¸É¨Í, ³μ¦´μ ¨¸-
¶μ²Ó§μ¢ ÉÓ ±· ¥¢Ò¥ ¶μ²Ö ³ £´¨Éμ¢ ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö. Šμ£¤  Ê£²Ò ´ ±²μ´  £· ´¨Í
ÔÉ¨Ì ³ £´¨Éμ¢ ¸μ¢¶ ¤ ÕÉ ¸ Ê£² ³¨ ´ ±²μ´  £· ´¨Í Ëμ±Ê¸¨·ÊÕÐ¨Ì ²¨´§, ´¥· ¢¥´¸É¢μ (3)
¶·¨´¨³ ¥É ¢¨¤

2
(

BL +
r

rmax
Bmax

)
tg α � GS.

‘ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ Î ¸É¨ÍÒ ¤²¨´  ¢μ²´Ò ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ´¥μ£· ´¨Î¥´´μ
· ¸É¥É, ¶μ±  Î ¸É¨Í  ´¥ ¡Ê¤¥É ¢Ò¢¥¤¥´  ¨§ Ê¸±μ·¨É¥²Ö.

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ · ¸¸³μÉ·¥´ μ¤¨´ ¨§ ¢μ§³μ¦´ÒÌ ¢ ·¨ ´Éμ¢ Ëμ·³¨·μ¢ ´¨Ö Ê¸Éμ°Î¨¢ÒÌ ¸É Í¨-
μ´ ·´ÒÌ μ·¡¨É ¸ ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´Ò³ · ¤¨Ê¸μ³ ¶·¨ Ê¸±μ·¥´¨¨ Î ¸É¨Í ¢ ¶μ¸ÉμÖ´´ÒÌ
¢μ ¢·¥³¥´¨ ³ £´¨É´ÒÌ ¶μ²ÖÌ. „ ´´Ò° ¢ ·¨ ´É ¶μ§¢μ²Ö¥É Ê¸±μ·ÖÉÓ Î ¸É¨ÍÒ ¡¥§ ¨¸¶μ²Ó§μ-
¢ ´¨Ö ¶·¥¤Ê¸±μ·¨É¥²¥° ¨ ¡Ê¸É¥·μ¢. — ¸É¨ÍÒ ¸ ³ ²μ° ¸±μ·μ¸ÉÓÕ, ´ ¶·¨³¥· vinj/c ≈ 0,03
(Uinj ≈ 450 ±‚), ¨´¦¥±É¨·ÊÕÉ¸Ö ´  μ·¡¨ÉÊ ¸ ¶μ²¥³ B ≈ 0 [3] ¨ Ê¸±μ·ÖÕÉ¸Ö ¨´¤Ê±-
Í¨μ´´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ [1]. –¥´É·μ¡¥¦´Ò¥ ¸¨²Ò Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ¸³¥Ð ÕÉ
· ¢´μ¢¥¸´ÊÕ μ·¡¨ÉÊ ¢μ ¢¸¥ ¡μ²¥¥ ¨ ¡μ²¥¥ ¸¨²Ó´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö ¨ ¶·¨ ¤μ¸É¨¦¥´¨¨
Î ¸É¨Í ³¨ § ¤ ´´μ° Ô´¥·£¨¨  ¢Éμ³ É¨Î¥¸±¨ ¢Ò¢μ¤ÖÉ¸Ö ¨§ Ê¸±μ·¨É¥²Ö [4]. Œ ±¸¨³ ²Ó´ Ö
Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ Î ¸É¨Í μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ° ¨´¤Ê±Í¨¨ ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö
¨ · ¤¨Ê¸μ³ μ·¡¨ÉÒ Ê¸±μ·¨É¥²Ö.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¶¨¸ ´ ¸¶μ¸μ¡ ¶μ¤ ¢²¥´¨Ö ´¥Ê¸Éμ°Î¨¢μ¸É¨ ¢¥·É¨± ²Ó´ÒÌ ¡¥É -
É·μ´´ÒÌ ±μ²¥¡ ´¨° ²¨´§ ³¨ ¸ ¶²μ¸±¨³¨ ³ £´¨É´Ò³¨ ¶μ²Õ¸ ³¨. �¶·¥¤¥²¥´  μ¡² ¸ÉÓ, ¢
±μÉμ·μ° ¨ ¢¥·É¨± ²Ó´Ò¥, ¨ · ¤¨ ²Ó´Ò¥ ¡¥É É·μ´´Ò¥ ±μ²¥¡ ´¨Ö Ê¸Éμ°Î¨¢Ò.

‘�ˆ‘�Š ‹ˆ’…��’“�›
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