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�·¥¤¸É ¢²¥´Ò Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¨ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥
¶·¨ μÍ¥´±¥ ± Î¥¸É¢  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, · ¸¸Î¨É ´´μ£μ ¤²Ö μ¸´μ¢-
´μ£μ ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  �ˆ–-144, · ¸-
¶μ²μ¦¥´´μ£μ ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ �μ²Ó¸±μ°  ± ¤¥³¨¨ ´ Ê± ¨ ¶·¥¤´ -
§´ Î¥´´μ£μ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶·μÉμ´´μ° · ¤¨μÉ¥· ¶¨¨ ³¥² ´μ³Ò £² § . �¸´μ¢-
´μ° ·¥¦¨³ · ¡μÉÒ �ˆ–-144 ¸³μ¤¥²¨·μ¢ ´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´μ¢μ° ³¥Éμ-
¤¨±¨ [1, 2]. �μ¸²¥ Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ μÎ¥·¥¤´μ£μ ¢ ·¨ ´É  ¸³μ¤¥²¨·μ¢ ´-
´μ£μ ·¥¦¨³  · ¡μÉÒ ´  Í¨±²μÉ·μ´¥ ¢ ¨Õ²¥ 2012 £. ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶μ¤-
¸É·μ°±¨  ³¶²¨ÉÊ¤Ò Í¥´É· ²Ó´μ£μ ¡ ³¶  ¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¢ μ±ÉÖ¡·¥ 2012 £. ¡Ò² ¢Ò¶μ²´¥´ · ¸Î¥É ¤¨´ ³¨±¨ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ-
´μ¢ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³, · §· ¡μÉ ´´ÒÌ ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³
�¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° [3, 4].

“��‚�…�ˆŸ „‚ˆ†…�ˆŸ

‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ Ê· ¢´¥´¨Ö ¤²Ö · ¸Î¥É  ¤¨´ ³¨±¨ ¶ÊÎ±  Ê¸±μ·Ö¥³ÒÌ
¨μ´μ¢ ¡¥·¥É¸Ö Ê· ¢´¥´¨¥ ‹μ·¥´Í Ä�ÓÕÉμ´ , μ¶¨¸Ò¢ ÕÐ¥¥ ¤¢¨¦¥´¨¥ μ¤¨´μÎ-
´μ° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ .
�¥²ÖÉ¨¢¨¸É¸±¨° ¨³¶Ê²Ó¸ μ¤´μ° Î ¸É¨ÍÒ, ¥£μ ¶·μ¨§¢μ¤´ Ö ¶μ ¢·¥³¥´¨, Ê· ¢-
´¥´¨¥ ‹μ·¥´Í Ä�ÓÕÉμ´ , Ô´¥·£¨Ö Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ ¨ ¥¥ ¶·μ¨§¢μ¤´ Ö ¶μ
¢·¥³¥´¨ § ¶¨¸Ò¢ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

p = m · ṙ, (1)

ṗ = ṁṙ + mr̈, (2)

ṗ = qE + q · [ṙ × B], (3)

E = m · c2, (4)

Ė = ṁ · c2, (5)

Ė = q · (ṙ ·E), (6)

£¤¥ p Å ·¥²ÖÉ¨¢¨¸É¸±¨° ¨³¶Ê²Ó¸; m Å ·¥²ÖÉ¨¢¨¸É¸± Ö ³ ¸¸ ; q Å § -
·Ö¤ Î ¸É¨ÍÒ; c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; r Å · ¤¨Ê¸-¢¥±Éμ· Ê¸±μ·Ö¥³μ£μ ¨μ´ ;
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E Å ¢¥±Éμ· ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö; B Å ¢¥±Éμ· ¨´¤Ê±Í¨¨ ³ £-
´¨É´μ£μ ¶μ²Ö. ‚Ò· ¦¥´¨Ö (5) ¨ (6) ¶·¨· ¢´¨¢ ÕÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê, ¢ ·¥§Ê²ÓÉ É¥
Î¥£μ ¶μ²ÊÎ ¥É¸Ö ¢Ò· ¦¥´¨¥ ¤²Ö ¶·μ¨§¢μ¤´μ° ¶μ ¢·¥³¥´¨ μÉ ·¥²ÖÉ¨¢¨¸É¸±μ°
³ ¸¸Ò Î ¸É¨ÍÒ:

ṁ =
q

c2
· (ṙ · E). (7)

‚Ò· ¦¥´¨¥ (7) § É¥³ ¶μ¤¸É ¢²Ö¥É¸Ö ¢ (2), ¶μ¸²¥ Î¥£μ ¢Ò· ¦¥´¨Ö (2) ¨ (3) ¶·¨-
· ¢´¨¢ ÕÉ¸Ö ¤·Ê£ ± ¤·Ê£Ê. ‚ ·¥§Ê²ÓÉ É¥ ¶·¥μ¡· §μ¢ ´¨° Ê· ¢´¥´¨¥ ‹μ·¥´Í Ä
�ÓÕÉμ´  § ¶¨¸Ò¢ ¥É¸Ö ¢ · §¢¥·´ÊÉμ³ ¢¨¤¥ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

mr̈ = q ·
(
E + [ṙ × B] − ṙ

c2
· (ṙ · E)

)
. (8)

�·¨ · §²μ¦¥´¨¨ Ê· ¢´¥´¨Ö ¶μ ±μ³¶μ´¥´É ³ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μ-
μ·¤¨´ É ¨¸¶μ²Ó§Ê¥É¸Ö ¶· ¢ Ö É·μ°±  ¶μ¶ ·´μ ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ ¡ §¨¸´ÒÌ
¢¥±Éμ·μ¢ er, eϕ, ez,   ¶·μ¥±Í¨Ö ¢¥±Éμ·  ³ £´¨É´μ° ¨´¤Ê±Í¨¨ B ´  μ¸Ó OZ
¨³¥¥É μÉ·¨Í É¥²Ó´Ò¥ §´ Î¥´¨Ö, É. ¥. ¶·¨ ¢¨¤¥ ¸¢¥·ÌÊ ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´-
´ Ö Î ¸É¨Í  Ê¸±μ·Ö¥É¸Ö ¶·μÉ¨¢ Î ¸μ¢μ° ¸É·¥²±¨. ‚ ·¥§Ê²ÓÉ É¥ · §²μ¦¥´¨Ö
¶μ²ÊÎ ÕÉ¸Ö Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö (¸¨¸É¥³  ´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° ¢Éμ·μ£μ ¶μ·Ö¤± ). “· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¡¥§· §³¥·-
´μ³ ¢¨¤¥⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

r̈∗ −
[
ϕ̇∗2 +

K1

E
· ϕ̇∗ · B∗

z

]
· r∗ = −K1

E
· ż∗ · B∗

ϕ+

+
1
E

·
[(

K2 − K3 · ṙ∗2
)
· E∗

r − K3 · ϕ̇∗ · ṙ∗ · r∗ · E∗
ϕ − K3 · ż∗ · ṙ∗ · E∗

z

]
,

ϕ̈∗ + 2 · ṙ∗

r∗
· ϕ̇∗ =

K1

E
·
(

ż∗

r∗
· B∗

r − ṙ∗

r∗
· B∗

z

)
+

+
1
E

·
[
−K3 · ṙ∗ · ϕ̇∗ · E∗

r +
(

K2

r∗
− K3 · r∗ · ϕ̇∗2

)
· E∗

ϕ − K3 · ż∗ · ϕ̇∗ · E∗
z

]
,

z̈∗ =
K1

E
·
(
ṙ∗ · B∗

ϕ − r∗ · ϕ̇∗ · B∗
r

)
+

+
1
E

·
[
−K3 · ṙ∗ · ż∗ · E∗

r − K3 · r∗ · ϕ̇∗ · ż∗ · E∗
ϕ +

(
K2 − K3 · ż∗2

)
· E∗

z

]
;

(9)

E = E0 + Ek, E0 = m0 · c2, (10)

K1 = q · c2 · T̂0 · B̂0, K2 = q · c2 · T̂ 2
0 · Ê0

L̂0

, K3 = q · Ê0 · L̂0, K4 =
c · T̂0

�
L0

,

(11)
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£¤¥ E Å ¶μ²´ Ö Ô´¥·£¨Ö Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ, ¨¸¶μ²Ó§Ê¥³ Ö ¢ ± Î¥¸É¢¥ ¸¢μ-
¡μ¤´μ£μ ¶ · ³¥É· ; E0 Å Ô´¥·£¨Ö ¶μ±μÖ; Ek Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö; m0 Å
³ ¸¸  ¶μ±μÖ; c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; r∗, ϕ, z∗ Å Í¨²¨´¤·¨Î¥¸±¨¥ ±μμ·¤¨´ ÉÒ
Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ; B∗

r , B∗
ϕ, B∗

z ¨ E∗
r , E∗

ϕ, E∗
z Å ¶·μ¥±Í¨¨ ¢¥±Éμ·  ³ £-

´¨É´μ° ¨´¤Ê±Í¨¨ ¨ ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´  ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ±μμ·¤¨´ É´Ò¥ μ¸¨. ‘¨³¢μ² ®∗¯ μ§´ Î ¥É ¡¥§· §³¥·´μ¸ÉÓ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥£μ ¶ · ³¥É· . � · ³¥É·Ò, ¨³¥ÕÐ¨¥ · §³¥·´μ¸ÉÓ ¨´¤Ê±Í¨¨ ³ £´¨É-
´μ£μ ¶μ²Ö, ¤¥²ÖÉ¸Ö ´  B̂0 = 1 ’²; ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö Å

´  Ê0 = 1 B/³; · §³¥·´μ¸ÉÓ ¤²¨´Ò Å ´  L̂0 = 1 ³, ¢·¥³¥´¨ Å ´  T̂0 =
1
ω0

=

h

2π · frf
¸; h = frf/f0 Å £ ·³μ´¨Î¥¸±μ¥ Î¨¸²μ; frf Å Î ¸ÉμÉ  ‚—-£¥´¥· Éμ· ;

ω0 Å ±·Ê£μ¢ Ö Î ¸ÉμÉ ,   f0 Å ¨§μÌ·μ´´ Ö Î ¸ÉμÉ  μ¡· Ð¥´¨Ö § ·Ö¦¥´´ÒÌ
Î ¸É¨Í.

� Î ²Ó´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ·¥Ï¥´¨Ö ¸¨¸É¥³Ò (9) § ¤ ÕÉ¸Ö  ´ ²¨É¨Î¥¸±¨³¨
¢Ò· ¦¥´¨Ö³¨, ¢Ò¢μ¤ ±μÉμ·ÒÌ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ § ³±´ÊÉÒÌ · ¢-
´μ¢¥¸´ÒÌ μ·¡¨É ¨ μ¸´μ¢Ò¢ ¥É¸Ö ´  Î¥ÉÒ·¥Ì  ´ ²¨É¨Î¥¸±¨Ì Ëμ·³Ê² Ì. �¥·-
¢ Ö Ëμ·³Ê²  ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö · ¸Î¥É  · ¤¨Ê¸  § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·-
¡¨ÉÒ r∗ (12) [5], ¢Éμ· Ö Ëμ·³Ê²  Å ¤²Ö · ¸Î¥É  Ô±¢¨¢ ²¥´É´μ£μ · ¤¨Ê¸ 
§ ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ reqv (13) [6], É·¥ÉÓÖ Å ¤²Ö · ¸Î¥É  ¦¥¸É±μ¸É¨
¶ÊÎ±  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ (14) [7]. —¥É¢¥·É Ö Ëμ·³Ê²  ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö · ¸-
Î¥É  ±·Ê£μ¢μ° Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ (15) [7]. 	É¨ Ëμ·³Ê²Ò ¢Ò£²Ö¤ÖÉ
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

r (r̄, ϕ) = r̄

[
1 +

εN (r̄)
N2 − 1

cos (N(ϕ − ϕN (r̄)))
]

, r̄ �= 0, (12)

reqv(r̄) = r̄(1 + σN (r̄)),

σN (r̄) = 0,25
ε2

N (r̄) · N2

λ2
N (r̄) · (N2 − k(r̄) − 1)2

,

(13)

λN (r̄) = 0,5 +

√
0,25 +

ε2
N (r̄)
2N2

(
1,5 + k(r̄) +

r̄

εN (r̄)
dεN (r̄)

dr̄

)
,

εN (r̄) =
BN (r̄)
B̄z(r̄)

, k(r̄) =
r̄

B̄z(r̄)
dB̄z(r̄)

dr̄
,

reqvB̄z(reqv) =

√
E2 − E2

0

qc
, (14)

ϕ̇ =
c

reqv

√
E2 − E2

0

E
, (15)

£¤¥ BN ¨ ϕN Å  ³¶²¨ÉÊ¤  ¨ Ë §  μ¸´μ¢´μ° £ ·³μ´¨±¨ · ¡μÎ¥£μ ³ £´¨É´μ£μ
¶μ²Ö; B̄z Å Ê¸·¥¤´¥´´ Ö ¶μ  §¨³ÊÉÊ  ±¸¨ ²Ó´ Ö ±μ³¶μ´¥´É  ³ £´¨É´μ£μ ¶μ²Ö,
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¢§ÖÉμ£μ ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ ; εN Å £²Ê¡¨´  ¢ -
·¨ Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö; N Å ¶¥·¨μ¤¨Î´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò; r̄ Å
¸·¥¤´¨° · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ; σN Å ±μÔËË¨Í¨¥´É Ê¤²¨´¥-
´¨Ö § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ; λN Å ¶ · ³¥É· ³ £´¨É´μ£μ ¶μ²Ö; k Å
¨´¤¥±¸ ³ £´¨É´μ£μ ¶μ²Ö. ˆ¸Ìμ¤Ö ¨§ Ê· ¢´¥´¨Ö (14)

reqv =

√
E2 − E2

0

qcB̄z (reqv)
, (16)

B̄z(reqv) =
m0cω0

q
√

c2 − r2
eqvω

2
0

, ω0 = 2πf0. (17)

�μ¸²¥ ¶μ¤¸É ´μ¢±¨ (13) ¢ (17), § É¥³ (17) ¢ (16) ¨ ¸μ¶μ¸É ¢²¥´¨Ö (13) ¨ (16)
¶μ²ÊÎ ¥É¸Ö ´¥²¨´¥°´μ¥ Ê· ¢´¥´¨¥ ¤²Ö · ¸Î¥É  ¸·¥¤´¥£μ · ¤¨Ê¸  § ³±´ÊÉμ°
· ¢´μ¢¥¸´μ° μ·¡¨ÉÒ. ‚ · §³¥·´μ³ ¨ ¡¥§· §³¥·´μ³ ¶·¥¤¸É ¢²¥´¨ÖÌ ¶μ²ÊÎ¥´-
´μ¥ Ê· ¢´¥´¨¥ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

r̄ =
1

1 + σN (r̄)
c

ω0

√
2E0Ek + E2

k

E0 + Ek
, (18)

r̄∗ =
K4

1 + σN (r̄∗)

√
2E0Ek + E2

k

E0 + Ek
. (19)

‚ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ t∗ = t∗0 · ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ
r∗ = r∗0 ,  §¨³ÊÉ ϕ = ϕ0,  ±¸¨ ²Ó´ Ö ±μμ·¤¨´ É  z∗ = z∗0 , ¶·μ¨§¢μ¤´ Ö · ¤¨Ê¸ 
§ ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ ṙ∗ = ṙ∗0 , ¶·μ¨§¢μ¤´ Ö  §¨³ÊÉ  ϕ̇∗ = ϕ̇∗

0, ¶·μ-
¨§¢μ¤´ Ö  ±¸¨ ²Ó´μ° ±μμ·¤¨´ ÉÒ ż∗ = ż∗0 . ‚¸¥ ¶·μ¨§¢μ¤´Ò¥ ¡¥§· §³¥·´ÒÌ
¶ · ³¥É·μ¢ ¡¥·ÊÉ¸Ö ¶μ ¡¥§· §³¥·´μ³Ê ¢·¥³¥´¨. ‚ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨
· ¤¨Ê¸ § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ · ¢¥´ ¥¥ ¸·¥¤´¥³Ê · ¤¨Ê¸Ê:

r∗0 = r̄∗, (20 )

r̄∗ = r∗0 . (20¡)

„²Ö t∗ = t∗0 Ê· ¢´¥´¨¥ (12) ¢ ¡¥§· §³¥·´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¸ ÊÎ¥Éμ³ (20¡)
§ ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

r∗0 = r∗0

[
1 +

εN

N2 − 1
cos (N(ϕ0 − ϕN ))

]
, r∗0 �= 0, (21)

cos (N(ϕ0 − ϕN )) = 0, (22)

cos
(π

2
+ πn

)
= 0, n = 0, 1, . . . (23)

�μ¸²¥ ¸μ¶μ¸É ¢²¥´¨Ö (22) ¨ (23), ¢§ÖÉμ£μ ¶·¨ n = 1, ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ Ö
 ´ ²¨É¨Î¥¸± Ö Ëμ·³Ê²  ¤²Ö · ¸Î¥É  ¸É ·Éμ¢μ£μ  §¨³ÊÉ ²Ó´μ£μ Ê£² :

ϕ0 = ϕN +
3π

2N
. (24)
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„²Ö t∗ = t∗0 ¶μ¸²¥ ¸μ¶μ¸É ¢²¥´¨Ö (19) ¨ (20¡) ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ Ö  ´ -
²¨É¨Î¥¸± Ö Ëμ·³Ê²  ¤²Ö · ¸Î¥É  ¸É ·Éμ¢μ£μ · ¤¨Ê¸  § ³±´ÊÉμ° · ¢´μ¢¥¸´μ°
μ·¡¨ÉÒ:

r∗0 =
K4

1 + σN

√
2E0Ek + E2

k

E0 + Ek
. (25)

�μ¸±μ²Ó±Ê Ê· ¢´¥´¨¥ (25) Ö¢²Ö¥É¸Ö ´¥²¨´¥°´Ò³, §´ Î¥´¨¥ σN ´ Ìμ¤¨É¸Ö ¨É¥-
· Í¨μ´´Ò³ ¶ÊÉ¥³ ¸ ³ Ï¨´´μ° ÉμÎ´μ¸ÉÓÕ. „²Ö t∗ = t∗0 ¸É ·Éμ¢ Ö  ±¸¨ ²Ó´ Ö
±μμ·¤¨´ É 

z∗0 = 0. (26)

�μ¸²¥ ¶μ¤¸É ´μ¢±¨ (13) ¢ (15) ¶μ²ÊÎ ¥É¸Ö Ê· ¢´¥´¨¥ ¤²Ö · ¸Î¥É  ¶·μ¨§¢μ¤´μ°
 §¨³ÊÉ ²Ó´μ£μ Ê£² . ‚ · §³¥·´μ³ ¨ ¡¥§· §³¥·´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¶μ²ÊÎ¥´´μ¥
Ê· ¢´¥´¨¥ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ϕ̇ =
c

r̄(1 + σN )

√
2E0Ek + E2

k

E0 + Ek
, (27)

ϕ̇∗ =
K4

r̄∗(1 + σN )

√
2E0Ek + E2

k

E0 + Ek
. (28)

„²Ö t∗ = t∗0 ¨¸Ìμ¤Ö ¨§ Ê· ¢´¥´¨Ö (28), ¸ ÊÎ¥Éμ³ (25) ¨ (20¡) ¶·μ¨§¢μ¤´ Ö
¸É ·Éμ¢μ£μ  §¨³ÊÉ ²Ó´μ£μ Ê£² 

ϕ̇∗
0 = 1. (29)

�μ¸²¥ ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö Ê· ¢´¥´¨Ö (12) ¶·μ¨§¢μ¤´ Ö · ¤¨Ê¸  § ³±´ÊÉμ°
· ¢´μ¢¥¸´μ° μ·¡¨ÉÒ ¢ · §³¥·´μ³ ¨ ¡¥§· §³¥·´μ³ ¶·¥¤¸É ¢²¥´¨ÖÌ § ¶¨¸Ò¢ -
¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ṙ = −r̄
εNN

N2 − 1
ϕ̇ sin (N(ϕ − ϕN )), (30)

ṙ∗ = −r̄∗
εNN

N2 − 1
ϕ̇∗ sin (N(ϕ − ϕN )). (31)

„²Ö t∗ = t∗0 ¨¸Ìμ¤Ö ¨§ Ê· ¢´¥´¨Ö (31), ¸ ÊÎ¥Éμ³ (29), (24) ¨ (20¡) ¶·μ¨§¢μ¤´ Ö
¸É ·Éμ¢μ£μ · ¤¨Ê¸  § ³±´ÊÉμ° · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ

ṙ∗0 =
εNN

N2 − 1
r∗0 . (32)

� ¤¨Ê¸-¢¥±Éμ· Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É § ¶¨-
¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥

r = r · er + z · ez, (33)
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£¤¥ r Å ¶·μ¥±Í¨Ö · ¤¨Ê¸ -¢¥±Éμ·  ´  ¶²μ¸±μ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ μ¸¨ OZ
¨ ¸μ¢¶ ¤ ÕÐÊÕ ¸ ³¥¤¨ ´´μ° ¶²μ¸±μ¸ÉÓÕ; z Å ¶·μ¥±Í¨Ö · ¤¨Ê¸ -¢¥±Éμ·  ´ 
μ¸Ó OZ, ¸μ¢¶ ¤ ÕÐÊÕ ¸ μ¸¥¢μ° ²¨´¨¥° ¶μ²Õ¸μ¢ £² ¢´μ£μ ³ £´¨É . �·μ¨§¢μ¤-
´ Ö · ¤¨Ê¸ -¢¥±Éμ·  Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ṙ = ṙ · er + rϕ̇ · eϕ + ż · ez, ṙ = v, (34)

£¤¥ v Å ¢¥±Éμ· ¸±μ·μ¸É¨ Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ. ‘± ²Ö·´μ¥ ¶·μ¨§¢¥¤¥´¨¥
¶·μ¨§¢μ¤´μ° · ¤¨Ê¸ -¢¥±Éμ·  ´  ¸ ³Ê ¸¥¡Ö § ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

(ṙ · ṙ) = ṙ2 + (rϕ̇)2 + ż2, (35)

(ṙ · ṙ) = (βc)2, β2 =
E2 − E2

0

E2
. (36)

�μ¸²¥ ¸μ¶μ¸É ¢²¥´¨Ö (35) ¨ (36) ¶μ²ÊÎ ¥É¸Ö Ê· ¢´¥´¨¥ ¤²Ö · ¸Î¥É  ¶·μ¨§-
¢μ¤´μ°  ±¸¨ ²Ó´μ° ±μμ·¤¨´ ÉÒ. ‚ · §³¥·´μ³ ¨ ¡¥§· §³¥·´μ³ ¶·¥¤¸É ¢²¥´¨¨
¶μ²ÊÎ¥´´μ¥ Ê· ¢´¥´¨¥ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

ż2 = c2 E2 − E2
0

E2
− ṙ2 − r2ϕ̇2, (37)

ż∗2 = K2
4

E2 − E2
0

E2
− ṙ∗2 − r∗2ϕ̇∗2. (38)

„²Ö t∗ = t∗0 ¨¸Ìμ¤Ö ¨§ Ê· ¢´¥´¨Ö (38), ¸ ÊÎ¥Éμ³ (29), ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕ-
Ð Ö  ´ ²¨É¨Î¥¸± Ö Ëμ·³Ê²  ¤²Ö · ¸Î¥É  ¶·μ¨§¢μ¤´μ° ¸É ·Éμ¢μ°  ±¸¨ ²Ó´μ°
±μμ·¤¨´ ÉÒ:

ż∗0 =

√
K2

4 · E2 − E2
0

E2
− ṙ∗20 − r∗20 . (39)

‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ¨° ´ ¡μ· ´ Î ²Ó´ÒÌ Ê¸²μ¢¨°:

r∗0 =
K4

1 + σN

√
2E0Ek + E2

k

E0 + Ek
, (40)

ϕ0 = ϕN +
3π

2N
, (41)

z∗0 = 0, (42)

ṙ∗0 =
εNN

N2 − 1
r∗0 , (43)

ϕ̇∗
0 = 1, (44)

ż∗0 =

√
K2

4

2E0Ek + E2
k

(E0 + Ek)2
− ṙ∗20 − r∗20 . (45)
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‘¨¸É¥³  ´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢Éμ·μ£μ ¶μ·Ö¤±  (9) ¸ ´ -
Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ (40)Ä(45) ·¥Ï ¥É¸Ö ³¥Éμ¤μ³ �Ê´£¥ÄŠÊÉÉÒ. �μ¸±μ²Ó±Ê
 ´ ²¨É¨Î¥¸± Ö Ëμ·³Ê²  ¤²Ö · ¸Î¥É  ¸É ·Éμ¢μ£μ · ¤¨Ê¸  § ³±´ÊÉμ° · ¢´μ¢¥¸-
´μ° μ·¡¨ÉÒ r∗0 Ö¢²Ö¥É¸Ö ¶·¨¡²¨¦¥´´μ°, Éμ ¸ Í¥²ÓÕ μ¡¥¸¶¥Î¥´¨Ö ¸μμÉ¢¥É¸É¢¨Ö
³¥¦¤Ê § ¤ ´´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° Ek ¨ ¸É ·Éμ¢Ò³ · ¤¨Ê¸μ³ r∗0 ± ¶μ-
¸²¥¤´¥³Ê ¢¢μ¤¨É¸Ö ¶μ¶· ¢±  δr∗0 . “· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö (9) ·¥Ï ÕÉ¸Ö ¢ ¶·¨¡²¨-
¦¥´¨¨ § ³±´ÊÉÒÌ · ¢´μ¢¥¸´ÒÌ μ·¡¨É ¤²Ö ±μ´±·¥É´ÒÌ §´ Î¥´¨° ¶μ¶· ¢±¨ δr∗0 ,
´ Ìμ¤¨³ÒÌ ¶μ μ¶·¥¤¥²¥´´μ³Ê  ²£μ·¨É³Ê. �¥Ï¥´¨¥ ¶μ¢Éμ·Ö¥É¸Ö ¤μ É¥Ì ¶μ·,
¶μ±  · ¢´μ¢¥¸´ Ö μ·¡¨É  ´¥ § ³±´¥É¸Ö ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ.

Š��’��‹œ ’�—��‘’ˆ ��‘—…’�
ˆ‡�•�����ƒ� Œ�ƒ�ˆ’��ƒ� ��‹Ÿ

“¸μ¢¥·Ï¥´¸É¢μ¢ ´´Ò° ³¥Éμ¤ μÍ¥´±¨ ± Î¥¸É¢  ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ
¶μ²Ö, · ¸¸Î¨ÉÒ¢ ¥³μ£μ ¶μ  ´ ²¨É¨Î¥¸±¨³ Ëμ·³Ê² ³ Œ.Œ. ƒμ·¤μ´  [8], μ¸´μ-
¢Ò¢ ¥É¸Ö ´  ¸· ¢´¥´¨¨ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ ¸·¥¤´¥£μ
³ £´¨É´μ£μ ¶μ²Ö (μÉ´μ¸¨É¥²Ó´μ° · §´μ¸É¨ ¸·¥¤´¥£μ ¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´ÒÌ
¶μ²¥°) ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥É  μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö § -
·Ö¦¥´´ÒÌ Î ¸É¨Í (μÉ´μ¸¨É¥²Ó´μ° · §´μ¸É¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¨ ¨§μÌ·μ´´μ°
Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í). � ¸Î¥É Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í ¶·μ¢μ¤¨É¸Ö ¶ÊÉ¥³ Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö,
§ ¶¨¸ ´´ÒÌ ¢ ¶·¨¡²¨¦¥´¨¨ § ³±´ÊÉÒÌ · ¢´μ¢¥¸´ÒÌ μ·¡¨É (¤²Ö ¤¢Ê³¥·´ÒÌ
§ ³±´ÊÉÒÌ · ¢´μ¢¥¸´ÒÌ μ·¡¨É B∗

r = B∗
ϕ = 0, E∗

r = E∗
ϕ = E∗

z = 0). � ¸Î¥É
¶·μ¢μ¤¨²¸Ö ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ �ˆ–-144 (¶·μÉμ´Ò, ±¨´¥É¨Î¥¸± Ö
Ô´¥·£¨Ö ¢Ò¢μ¤  Ek ∼ 60,5 ŒÔ‚ (· ¸¸Î¨É ´´ Ö ´  · ¤¨Ê¸¥ Rk = 0,623 ³),
Î ¸ÉμÉ  ‚—-£¥´¥· Éμ·  Frf = 26,26 ŒƒÍ) ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ± ·ÉÒ
·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö (μÉ Éμ±μ¢ ¢ £² ¢´μ° ¨ ¢ ¤¢ ¤Í É¨ ±μ´-
Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì �ˆ–-144). �¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ �ˆ–-144 ¡Ò²
¸³μ¤¥²¨·μ¢ ´ ¸ ¶μ³μÐÓÕ ¸μ§¤ ´´μ£μ ´  ‘++ ±μ³¶²¥±¸  ¶·μ£· ³³ Cyclotron
Operator HELP Program Complex 2012. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò μÉ´μ¸¨É¥²Ó-
´Ò¥ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ
¶·μÉμ´μ¢, · ¸¸Î¨É ´´Ò¥ ¤²Ö μ¸´μ¢´μ£μ ·¥¦¨³  · ¡μÉÒ �ˆ–-144. �  ·¨¸. 2
¶μ± § ´ ¨§³¥·¥´´Ò° Éμ± ¶ÊÎ±  ¶·μÉμ´μ¢, Ê¸±μ·¥´´ÒÌ ¢ ¸Ëμ·³¨·μ¢ ´´μ³ ³ £-
´¨É´μ³ ¶μ²¥.

ˆ§ ·¨¸. 1 ¢¨¤´μ, ÎÉμ ³¥¦¤Ê μÉ´μ¸¨É¥²Ó´Ò³¨ μÏ¨¡± ³¨ ¸·¥¤´¥£μ ³ £-
´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¸ÊÐ¥¸É¢Ê¥É Ìμ-
·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥. �·¨ ÔÉμ³ §´ Î¥´¨¥ ³μ¤Ê²Ö μÉ´μ¸¨É¥²Ó´μ° μÏ¨¡±¨ Î -
¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ μ¡² ¸É¨ ¨§μÌ·μ´¨§ Í¨¨ Ëμ·³¨·Ê-
¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö (μÉ · ¤¨Ê¸  ±μ´Í  Í¥´É· ²Ó´μ£μ ¡ ³¶  Rbump ¤μ · -
¤¨Ê¸  ´ Î ²  ±· ¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö Redge) ¸μ¸É ¢²Ö¥É |σF0| < 3,5 · 10−4,
ÎÉμ ¸μ¶μ¸É ¢¨³μ ¸ ÉμÎ´μ¸ÉÓÕ ¨§³¥·¥´¨Ö ± ·É ¨¸Ìμ¤´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°
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�¨¸. 1. �É´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Ê¸±μ-
·Ö¥³ÒÌ ¶·μÉμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸ 

�¨¸. 2. ˆ§³¥·¥´´Ò° Éμ± ¶ÊÎ±  ¶·μÉμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸ 

|σms| ∼ (1−2) · 10−4, ¨§³¥·¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±  •μ²² . ˆ§ ·¨¸. 2
¢¨¤´μ, ÎÉμ ¶ÊÎμ± ¶·μÉμ´μ¢ Ê¸±μ·Ö¥É¸Ö ¢μ ¢¸¥° μ¡² ¸É¨ ¨§μÌ·μ´¨§ Í¨¨ Ëμ·-
³¨·Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ Ë §μ¢ÒÌ ¶μÉ¥·Ó. ŠμÔËË¨Í¨-
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¥´É ¢Ò¢μ¤  ¶ÊÎ± , · ¸¸Î¨É ´´Ò° ¶μ ¨§³¥·¥´´Ò³ §´ Î¥´¨Ö³ ± ± μÉ´μÏ¥´¨¥
Éμ±  ¢´¥Ï´¥£μ ¶ÊÎ±  ¢ ¨μ´μ¢μ¤¥ (¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±μ³ ¤¢ÊÌ ±μ··¥±É¨-
·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¨ ¤¢ÊÌ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§) ± Éμ±Ê ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ´ 
±μ´Í¥ ¶² Éμ ¥£μ §´ Î¥´¨° ¶¥·¥¤ Ô²¥±É·μ¸É É¨Î¥¸±¨³ ¤¥Ë²¥±Éμ·μ³ (´  · ¤¨Ê¸¥
R = 61 ¸³), ¸μ¸É ¢¨² Kext ≈ 18%. „¨ ¶ §μ´ ¨§³¥´¥´¨Ö ¢¥²¨Î¨´Ò Éμ±  ¢Ò¢¥-
¤¥´´μ£μ ¶ÊÎ±  §  ¸Î¥É ·¥£Ê²¨·μ¢±¨ · ¸Ìμ¤  £ §  ´  ¨¸ÉμÎ´¨±¥ ¨μ´μ¢ ¸μ¸É ¢¨²
Iext = 1−350 ´�. �μ¸²¥ Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ · ¸¸³μÉ·¥´´μ£μ μ¸´μ¢´μ£μ
·¥¦¨³  · ¡μÉÒ ´  �ˆ–-144 (¨Õ²Ó 2012 £.) ¡Ò²  ¶·μ¢¥¤¥´  Ô±¸¶¥·¨³¥´É ²Ó-
´ Ö ¶μ¤¸É·μ°±   ³¶²¨ÉÊ¤Ò Í¥´É· ²Ó´μ£μ ¡ ³¶  ¸Ëμ·³¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ
¶μ²Ö (μ±ÉÖ¡·Ó 2012 £.), ÎÉμ ¶μ§¢μ²¨²μ Ê¢¥²¨Î¨ÉÓ ±μÔËË¨Í¨¥´É ¢Ò¢μ¤  ¶ÊÎ± 
¤μ Kext ≈ 33% [3, 4]. Œ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³Ò° Éμ± ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¤²Ö
¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¶·μÉμ´´μ° É¥· ¶¨¨ ³¥² ´μ³Ò £² §  ¸μ¸É ¢²Ö¥É Iext = 80 ´�.
�μ²¥¥ ¶μ²´ Ö μÍ¥´±  ¸³μ¤¥²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ ¢±²ÕÎ ¥É Î¨¸²¥´´Ò°
· ¸Î¥É Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ¨ ·Ö¤  ¤·Ê£¨Ì ¶ · ³¥É·μ¢.

„²Ö ¡μ²¥¥ ¶μ²´μ° μÍ¥´±¨ ¸³μ¤¥²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ ´¥μ¡Ìμ¤¨³μ
ÊÎ¥¸ÉÓ ¢±² ¤Ò ¢ ·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ³ £´¨É´μ¥ ¶μ²¥ μÉ ¤¢ÊÌ ¶ · £ ·³μ´¨Î¥¸±¨Ì
± ÉÊÏ¥± ¨ ³ £´¨É´ÒÌ ± ´ ²μ¢ �ˆ–-144. �·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö
¢ É·¥Ì³¥·´μ³ ¶·μ¸É· ´¸É¢¥ ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ¢¸¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ³ £-
´¨É´μ° ¨´¤Ê±Í¨¨ ¨ ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (B∗

r , B∗
ϕ, B∗

z

¨ E∗
r , E∗

ϕ, E∗
z ).

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´´Ò° μ¸´μ¢´μ° ·¥¦¨³ · ¡μÉÒ ¡Ò² Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ´ ´ 
³´μ£μÍ¥²¥¢μ³ ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ �ˆ–-144 ¤²Ö Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¶·μ-
Éμ´μ¢, § ¤¥°¸É¢μ¢ ´´μ£μ ¤²Ö ²¥Î¥´¨Ö ³¥² ´μ³Ò £² §  Ê μÎ¥·¥¤´μ° £·Ê¶¶Ò
¶ Í¨¥´Éμ¢ ¢ 2013 £. Šμ³¶²¥±¸ ¶·μ£· ³³ Cyclotron Operator HELP Program
Complex 2004-2012 ¡Ò² Ê¸É ´μ¢²¥´ ´  ¸¥·¢¥·¥ �ˆ–-144. ‚ÒÎ¨¸²¨É¥²Ó´μ¥
Ö¤·μ ±μ³¶²¥±¸  ¶·μ£· ³³ ¡Ò²μ μËμ·³²¥´μ ¢ ¢¨¤¥ ¤¨´ ³¨Î¥¸±¨ ¸¢Ö§ ´´μ°
¡¨¡²¨μÉ¥±¨ GaussDLL, ¢±²ÕÎ ÕÐ¥° ´ ¡μ· ³ É·¨Î´μ-¢¥±Éμ·´ÒÌ μ¶¥· Í¨° ¨
·¥Ï¥´¨¥ ‘‹�“ ¸ ¢¥Ð¥¸É¢¥´´Ò³¨ ±μÔËË¨Í¨¥´É ³¨. „¨´ ³¨Î¥¸±¨ ¸¢Ö§ ´´ Ö
¡¨¡²¨μÉ¥±  GaussDLL ¡Ò²  · §³¥Ð¥´  ´  ¸ °É¥ �ˆŸˆ ¢ ¡¨¡²¨μÉ¥±¥ £μÉμ¢ÒÌ
¶·μ£· ³³ JINRLIB [9].

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º13-01-
00595-a).
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