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�·¥¤¸É ¢²¥´  ±μ´¸É·Ê±Í¨Ö ¨ ¢μ§³μ¦´μ¸É¨ μÌ² ¦¤¥´¨Ö ¸¨¸É¥³μ° Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö
(‘��) ¤²Ö ±μ²² °¤¥·  NICA. ‘�� ¸ÊÐ¥¸É¢¥´´μ ¶μ¤ ¢¨É ¢´ÊÉ·¨¶ÊÎ±μ¢μ¥ · ¸¸¥Ö´¨¥ ¨ ¢μ§¤¥°¸É¢¨¥
¢¸É·¥Î´μ£μ ¶ÊÎ± .

The design and capability of the NICA collider electron cooling system are given in this paper. The
presented electron cooling system will substantially suppress intrabeam scattering and the beamÄbeam
effect.
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‘¢¥É¨³μ¸ÉÓ L ¨μ´-¨μ´´μ£μ ±μ²² °¤¥·  NICA ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ¶ · ³¥É· ³¨ ¶ÊÎ±μ¢
¨ ³ £´¨É´μ° μ¶É¨±μ° ¢ ³¥¸É¥ ¢¸É·¥Î¨:

L =
N2

b

4πβIPε
fb, (1)

£¤¥ Nb Å Î¨¸²μ Î ¸É¨Í ¢ ¸£Ê¸É± Ì; βIP Å §´ Î¥´¨¥ β-ËÊ´±Í¨¨ ¢ ³¥¸É¥ ¢¸É·¥Î¨; ε Å
§´ Î¥´¨¥ Ô³¨ÉÉ ´¸  ¨μ´´μ£μ ¶ÊÎ± ; fb Å Î ¸ÉμÉ  ¶μ¸ÉÊ¶²¥´¨Ö ¨μ´´ÒÌ ¸£Ê¸É±μ¢ ± ³¥¸ÉÊ
¢¸É·¥Î¨. �É  Ëμ·³Ê²  ¶μ¤Ìμ¤¨É ¤²Ö ¶·μ¢¥·±¨ §´ ´¨° ¸ÉÊ¤¥´Éμ¢, ´μ ¶μÎÉ¨ ¢¸¥£¤  Ö¢²Ö-
¥É¸Ö Éμ²Ó±μ ¢¥·Ï¨´μ°  °¸¡¥·£ , ´ §Ò¢ ¥³μ£μ ¶·μ¡²¥³μ° ¶μ²ÊÎ¥´¨Ö ¸¢¥É¨³μ¸É¨. „¥²μ ¢
Éμ³, ÎÉμ ¶μ²ÊÎ¥´¨¥ ³ ²μ£μ §´ Î¥´¨Ö β-ËÊ´±Í¨¨ μ£· ´¨Î¥´μ ´¥²¨´¥°´Ò³¨ ÔËË¥±É ³¨:
¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·μ°, Ì·μ³ É¨§³μ³ ³ Ï¨´Ò, ¢·¥³¥´¥³ ¦¨§´¨ ¶ÊÎ±μ¢. ˆ§¢¥¸É´μ, ÎÉμ
¶μÎÉ¨ Ê ¢¸¥Ì ±μ²² °¤¥·μ¢ ·¥ ²Ó´ Ö ¸¢¥É¨³μ¸ÉÓ ¤μ¢μ²Ó´μ ¸¨²Ó´μ · ¸É¥É ¢μ ¢·¥³Ö ¨Ì · -
¡μÉÒ. �¤´¨³ ¨§ ¢ ¦´ÒÌ Ë ±Éμ·μ¢ Ö¢²ÖÕÉ¸Ö ³μ´μÌ·μ³ É¨Î´μ¸ÉÓ (³ ²μ¥ §´ Î¥´¨¥ Δp/p)
¨ ³ ²Ò° Ô³¨ÉÉ ´¸. �Ì² ¦¤¥´¨¥ ¶ÊÎ±  Ê³¥´ÓÏ ¥É Ô³¨ÉÉ ´¸ ¨ · §¡·μ¸ ¨³¶Ê²Ó¸μ¢, ÎÉμ
μÉ±·Ò¢ ¥É ¢μ§³μ¦´μ¸É¨ Ê¢¥²¨Î¥´¨Ö ¸¢¥É¨³μ¸É¨ [1].

1E-mail: parkhomchuk@npi.nsk.ru
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‘ ¸ ³ÒÌ ¶¥·¢ÒÌ ²¥É ¸ÊÐ¥¸É¢μ¢ ´¨Ö ±μ²² °¤¥·μ¢ ¢μ¶·μ¸ ¢²¨Ö´¨Ö μÌ² ¦¤¥´¨Ö ´  ¶·¥-
¤¥²Ó´μ ¢μ§³μ¦´ÊÕ ¸¢¥É¨³μ¸ÉÓ ¢Ò§Ò¢ ² μ¸É·Ò¥ ¤¨¸±Êc¸¨¨. „¥²μ ¢ Éμ³, ÎÉμ ¢´μ¸¨³Ò°
μÌ² ¦¤¥´¨¥³ ¸¤¢¨£ Î ¸ÉμÉÒ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ¢¥¸Ó³  ³ ² ¨ μ´ μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢-
´¥´¨¥³

d2x

dt2
+ ω2

xx = −λ
dx

dt
, (2)

£¤¥ ωx Å Î ¸ÉμÉ  ±μ²¥¡ ´¨° ¶μ ±μμ·¤¨´ É¥ x; λ Å · §³¥·´Ò° (¸−1) ¤¥±·¥³¥´É μÌ² ¦¤¥-
´¨Ö (§ ÉÊÌ ´¨Ö) ±μ²¥¡ ´¨°. ‚ ·¥§Ê²ÓÉ É¥ Î ¸ÉμÉ  ±μ²¥¡ ´¨° · ¢´ 

ω1,2 = iλ ±
√

ω2
x − λ2, (3)

£¤¥ λ μ¶¨¸Ò¢ ¥É ³¥¤²¥´´μ¥ Ê³¥´ÓÏ¥´¨¥  ³¶²¨ÉÊ¤Ò,   ¸¤¢¨£ Î ¸ÉμÉÒ ³¥´Ö¥É¸Ö ±¢ ¤· É¨Î´μ
μÉ´μ¸¨É¥²Ó´μ λ. ‚ ·¥ ²Ó´μ° ¦¨§´¨ Î ¸ÉμÉÒ ¸μ¸É ¢²ÖÕÉ ³¥£ £¥·ÍÒ,   ¢·¥³¥´  μÌ² ¦¤¥´¨Ö
(τcool) Å ¸¥±Ê´¤Ò (λ = 1/τcool), §´ Î¨É, ¸¤¢¨£ Î ¸ÉμÉÒ §  ¸Î¥É ¤¥±·¥³¥´É  · ¢¥´ δω =
λ2/(2ω) ¨ μ´ μÎ¥´Ó ³ ².

�μ § ÉÊÌ ´¨¥ ¢²¨Ö¥É ´¥ ´  ¸¤¢¨£,   ´  ¢·¥³Ö ¦¨§´¨ ¶ÊÎ± , μ¸É ´ ¢²¨¢ Ö ³¥¤²¥´´Ò°
·μ¸É  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨°. �¤´  ¨§ ¶¥·¢ÒÌ · ¡μÉ, ¢ ±μÉμ·μ° ¶ÒÉ ²¨¸Ó ´ °É¨ ÔÉÊ § -
¢¨¸¨³μ¸ÉÓ (¢²¨Ö´¨¥ μÌ² ¦¤¥´¨Ö), Å · ¡μÉ  [2]. �  ·¨¸. 1 ¨§ ÔÉμ° · ¡μÉÒ ¶μ± § ´μ,
ÎÉμ ³ ±¸¨³ ²Ó´Ò° ¸¤¢¨£ · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¤¥±·¥³¥´É  § ÉÊÌ ´¨Ö μÉ 0,0001 ¸−1 ¤μ
0,05 ¸−1, É. ¥. ¢ 500 · §! �·¥¤²μ¦¥´μ Ê· ¢´¥´¨¥, ¨²²Õ¸É·¨·ÊÕÐ¥¥ ÔÉ¨ § ¢¨¸¨³μ¸É¨ ¢ ¢¨¤¥

ξ ≈
(

λ

f0

)1/3

, (4)

£¤¥ f0 Å Î ¸ÉμÉ  μ¡· Ð¥´¨Ö ¢ ´ ±μ¶¨É¥²¥. ‘μ¢¸¥³ ¡¥§ μÌ² ¦¤¥´¨Ö ¢·¥³Ö ¦¨§´¨ ¶ÊÎ±μ¢ Å
1 Î, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É λ0 = 1/3600 = 2,7 · 10−4 ¸−1, ¨ ¢¢¥¤¥´¨¥ μÌ² ¦¤¥´¨Ö ¸μ ¢·¥³¥´¥³
10 ¸ ¸μμÉ¢¥É¸É¢Ê¥É λmax = 10−1 ¸−1.

�¶ÒÉ ¶¥·¢ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ±μ²² °¤¥·μ¢ ¶μ± § ², ÎÉμ ³ ±¸¨³ ²Ó´Ò° ¸¤¢¨£
· ¸É¥É ¸ 0,004 ¤μ 0,04 ¢ 10 · §,   ¤¥±·¥³¥´É § ÉÊÌ ´¨Ö ³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ 10−7−2·10−4,
É. ¥. ¢ 2000 · § [2].

ˆ¸Ìμ¤´Ò¥ ¡ §μ¢Ò¥ ¶·μ¥±É´Ò¥ ¶ · ³¥É·Ò ¨μ´´μ£μ ¶ÊÎ±  ¢§ÖÉÒ ¨§ ¤μ±² ¤  ‚. ‹¥¡¥¤¥¢ 
´  Œ�Š NICA ¨ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. „²Ö ÔÉ¨Ì ¶ · ³¥É·μ¢ ¸¢¥É¨³μ¸ÉÓ ¸μ¸É ¢²Ö¥É μ±μ²μ
L ≈ 1027 ¸³−2· ¸−1.

�·μ¥±É´Ò¥ ¶ · ³¥É·Ò ¨μ´´μ£μ ¶ÊÎ± 

Ei,
ƒÔ‚/´Ê±²μ´

Ni×109 εx, 10−4 ¸³ · · ¤ εy, 10−4 ¸³ · · ¤ Δp/p × 10−3 τ IBS, ¸

1,0 0,28 1,100 0,855 0,69 300

2,0 1,10 1,104 0,811 1,07 625

3,5 3,89 1,117 0,693 1,56 1020

4,5 5,90 1,123 0,595 1,79 1115
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‚ ± Î¥¸É¢¥ ¶·μ¸É¥°Ï¥° ³μ¤¥²¨, μÍ¥´¨¢ ÕÐ¥° ¢¸É·¥Î´Ò¥ ¨μ´-¨μ´´Ò¥ ¸Éμ²±´μ¢¥´¨Ö,
¡Ò²  ¢§ÖÉ  ³μ¤¥²Ó ¤¢ÊÌ ¶²μ¸±¨Ì ¸£Ê¸É±μ¢ ¸ ´Ê²¥¢μ° ¤²¨´μ°, ¨ ¶·μ¸²¥¦¨¢ ² ¸Ó ¢μ ¢·¥³¥´¨
É· ¥±Éμ·¨Ö ¶·μ¡´μ° Î ¸É¨ÍÒ. ‚μ§¤¥°¸É¢¨¥ ´  ¶·μ¡´ÊÕ Î ¸É¨ÍÊ ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¸£Ê¸É± 
μ± § ² ±μ·μÉ±¨° Ê¤ ·, ¶·μ¶μ·Í¨μ´ ²Ó´Ò° Δp/p = x/Fb(x), £¤¥ F (0) = βIP/(4πξ) ¸¶ -
¤ ¥É ± ± ¤²Ö · ¢´μ³¥·´μ § ·Ö¦¥´´μ£μ Í¨²¨´¤·  ¶·¨ ¢ÒÌμ¤¥ Î ¸É¨ÍÒ ¨§ Í¨²¨´¤·  ¶μ
· ¤¨Ê¸Ê. Šμ´¥Î´μ, É ± Ö ³μ¤¥²Ó ¶·¥Ê¢¥²¨Î¨¢ ¥É ´¥²¨´¥°´μ¸É¨ ´  ¢Ò¸μ±¨Ì £ ·³μ´¨± Ì
Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö, ´μ ³μ¦¥É ¸²Ê¦¨ÉÓ μÍ¥´±μ° ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³ÒÌ ¸¤¢¨£μ¢ Î ¸ÉμÉÒ
¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°. ’·¨¢¨ ²Ó´μ¸ÉÓ ÔÉμ° ³μ¤¥²¨ ±μ³¶¥´¸¨·Ê¥É¸Ö ¢μ§³μ¦´μ¸ÉÓÕ ¡Ò-
¸É·μÉÒ ¸Î¥É  ´  PC. �¥ ²Ó´Ò¥ ³ ±¸¨³ ²Ó´Ò¥ ¸¤¢¨£¨ ³μ£ÊÉ ¡ÒÉÓ ¨ ¢ÒÏ¥ ¶μ²ÊÎ¥´´ÒÌ ¢
· ¸Î¥É Ì §´ Î¥´¨°.

�¨¸. 1. �μ¢¥¤¥´¨¥ Ô³¨ÉÉ ´¸  ¨μ´´μ£μ ¶ÊÎ±  ¶·¨

Ô²¥±É·μ´´μ³ μÌ² ¦¤¥´¨¨ ¢ É¥Î¥´¨¥ 10 ¸ ¶·¨
Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´

�¨¸. 2. Œ ±¸¨³ ²Ó´Ò° ¸¤¢¨£ Î ¸ÉμÉÒ ¡¥É -

É·μ´´ÒÌ ±μ²¥¡ ´¨° ¤μ ΔQ = 0,008, ¢Ò§Ò¢ -
¥³Ò° ¢¸É·¥Î´Ò³ ¶ÊÎ±μ³

�  ·¨¸. 1 ¨ 2 ¶μ± § ´μ ¶μ¢¥¤¥´¨¥ ¶ÊÎ±  ¶·¨ μÌ² ¦¤¥´¨¨ ¢ ·¥¦¨³¥ ¢¸É·¥Î´ÒÌ ¶ÊÎ-
±μ¢ ¶·¨ Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´. ‚¨¤´μ, ÎÉμ Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ ¸¶μ¸μ¡´μ § ³¥É´μ
Ê¢¥²¨Î¨ÉÓ ¸¢¥É¨³μ¸ÉÓ ±μ²² °¤¥· , ¤ ¦¥ ¥¸²¨ ¢§ÖÉÓ ¶·μ¥±É´Ò¥ ¶ · ³¥É·Ò NICA. …¸É¥-
¸É¢¥´´μ, ÎÉμ ¨¸¸²¥¤μ¢ ´¨Ö ¸Éμ²±´μ¢¥´¨° ¢ ·¥¦¨³¥ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³ ´Ê¦´μ
¶·μ¤μ²¦ ÉÓ. �¶·¥¤¸É ¢²¥´´Ò¥ ·¨¸Ê´±¨ ¸¤¥² ´Ò ¡¥§ ÊÎ¥É  ¢´ÊÉ·¨¶ÊÎ±μ¢μ£μ · ¸É ²±¨¢ -
´¨Ö. ‘±·μ³´Ò¥ §´ Î¥´¨Ö ¸¤¢¨£  Î ¸ÉμÉ (0,008), ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ÔÉμ³ ³μ¤¥²¨·μ¢ ´¨¨,
¸¢Ö§ ´Ò ¸μ ¸²¨Ï±μ³ £·Ê¡μ° ³μ¤¥²ÓÕ ¶ÊÎ±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. ‘¥°Î ¸ ´  ±μ²² °¤¥·¥
‚���-2000 ¶μ²ÊÎ¥´Ò ¸¤¢¨£¨ ¢ 10 · § ¡μ²¥¥ ¸¨²Ó´Ò¥. ˆ, ± ± ¶μ± §Ò¢ ¥É μ¶ÒÉ, ¢Ò¸μ± Ö
¸¢¥É¨³μ¸ÉÓ ¤μ¸É¨£ ¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ° ¨ ³´μ£μ²¥É´¥° ´ ¸É·μ°±μ° ±μ²² °¤¥·μ¢.
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�·¥¤² £ ¥³ Ö ¸¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö (‘��) ±μ´Í¥´É·¨·Ê¥É μ¶ÒÉ ¸μ§¤ -
´¨Ö Ê¸É ´μ¢μ±, ´ Î¨´ Ö ¸ ¶¥·¢μ° ¢ ³¨·¥ Ê¸É ´μ¢±¨ ®�¶μÌ ¯ (1977) ¤μ ¢Ò¸μ±μ¢μ²ÓÉ´μ°
Ê¸É ´μ¢±¨ ´  2 Œ‚, · §³¥Ð¥´´μ° ¢ ¸¨´Ì·μÉ·μ´¥ COSY (2013) (·¨¸. 3); ¢¸¥£μ 8 ‘��.
‚ 2018 £. ˆŸ” § ¢¥·Ï¨² ¸μ§¤ ´¨¥ ‘�� ¤²Ö ¡Ê¸É¥·  NICA (·¨¸. 4). �É  Ê¸É ´μ¢±  ¨³¥¥É
¶ · ³¥É·Ò, ¡²¨§±¨¥ ± ‘�� ´  LEIR –…�� ¤²Ö ´ ±μ¶²¥´¨Ö ¨ μÌ² ¦¤¥´¨Ö ¨μ´μ¢ ¸¢¨´Í 
¤²Ö ±μ²² °¤¥·  LHC [3]. �¶¨¸Ò¢ ¥³ Ö ¸¨¸É¥³  μÎ¥´Ó ¶μ²¥§´  ¤²Ö ±μ³¶¥´¸ Í¨¨ ¶·μ¡²¥³
¨μ´´μ£μ ¨´¦¥±Éμ·  ¨ ¸ 2006 £. Ê¸¶¥Ï´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¨μ´´ÒÌ § Ìμ¤ Ì ´  LHC.
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�¨¸. 3. 3D-³μ¤¥²Ó ‘�� ¤²Ö ¸¨´Ì·μÉ·μ´  COSY: 1 Å ¡ ± ¸ ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³ ¤²Ö

£¥´¥· Í¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° 2 ŒÔ‚; 2 Å ¸μ£² ¸ÊÕÐ¨¥ ¸μ²¥´μ¨¤Ò; 3 Å ¶μ¢μ·μÉ´Ò¥
´  90◦ ¸μ²¥´μ¨¤Ò; 4 Å ÊÎ ¸Éμ± μÌ² ¦¤¥´¨Ö, £¤¥ ¨μ´´Ò° ¶ÊÎμ± ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ Ô²¥±É·μ´ ³¨;

5 Å Éμ·μ¨¤ ²Ó´Ò¥ ¸μ²¥´μ¨¤Ò ¤²Ö ¸¢¥¤¥´¨Ö ¨μ´´μ£μ ¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±μ¢

�¨¸. 4. ‚´¥Ï´¨° ¢¨¤ ¶·μ¥±É  ‘�� ¤²Ö NICA

ˆ§ ·¨¸. 5 ¨ 6 Ìμ·μÏμ ¢¨¤´μ, ÎÉμ ¸· §Ê ¶μ¸²¥ ¨´¦¥±Í¨¨ ¶ÊÎμ± ¨μ´μ¢ § ´¨³ ¥É ¶· ±-
É¨Î¥¸±¨ ¢¸Õ  ¶¥·ÉÊ·Ê (50 ³³),   § É¥³ Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ (·¨¸. 7) ¸¦¨³ ¥É ¥£μ ¤μ
2Ä3 ³³, ÎÉμ Ô±¢¨¢ ²¥´É´μ 100-±· É´μ³Ê Ê³¥´ÓÏ¥´¨Õ Ô³¨ÉÉ ´¸  ¨μ´´μ£μ ¶ÊÎ± . ‡ É¥³
¸²¥¤Ê¥É ¢Éμ· Ö ¨´¦¥±Í¨Ö, μÌ² ¦¤¥´¨¥ ¨ ¤ ²¥¥ Ê¸±μ·¥´¨¥ ¨μ´μ¢.

‡´ Î¥´¨¥ ¢·¥³¥´¨ μÌ² ¦¤¥´¨Ö Ìμ·μÏμ ¸μ¢¶ ¤ ¥É ¸ μ¦¨¤ ¥³μ° ¸±μ·μ¸ÉÓÕ μÌ² ¦¤¥-
´¨Ö. ‘±μ·μ¸ÉÓ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö, ¨²¨ ¤¥±·¥³¥´É μÌ² ¦¤¥´¨Ö, ¢ ¸¨¸É¥³¥ ¶ÊÎ± 
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�¨¸. 5. Œ £´¨É´Ò° Í¨±² · ¡μÉÒ ´ ±μ¶¨É¥²Ö-¡Ê¸É¥·  LEIR: 1 Å Éμ± ¶ÊÎ±  ¨μ´μ¢ ¸¢¨´Í  ¢μ ¢·¥³Ö

3-¸¥±Ê´¤´μ£μ Í¨±²  ¢ LEIR; 2 Å Éμ± Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¢±²ÕÎ ¥³Ò° ¶¥·¥¤ ¨´¦¥±Í¨¥° ¨μ´μ¢;
3 Å ³ £´¨É´μ¥ ¶μ²¥ ´ ±μ¶¨É¥²Ö-¡Ê¸É¥·  LEIR ¢μ ¢·¥³Ö ¨´¦¥±Í¨¨, μÌ² ¦¤¥´¨Ö ¨ Ê¸±μ·¥´¨Ö ¨μ´μ¢

¸¢¨´Í 

�¨¸. 6. �·μË¨²¨ Ô²¥±É·μ´´μ£μ ¨ ¨μ´´μ£μ ¶ÊÎ±μ¢ ¢ · §´Ò¥ ³μ³¥´ÉÒ Í¨±² 

�¨¸. 7. �Ì² ¦¤¥´¨¥ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° 1,8 ƒÔ‚. ‚·¥³Ö μÌ² ¦¤¥´¨Ö μ¡μ¨Ì Ô³¨ÉÉ ´¸μ¢

∼ 100 ¸. —¨¸²μ Î ¸É¨Í Np = 3 · 108, Éμ± Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Ie = 800 ³�, ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö
Ô²¥±É·μ´μ¢ Ee = 909 ±‚
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μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³ [4]:

λ =
4e4Z2neLnc

MmeV 3
i

η. (5)

„²Ö NICA e = 4,8 · 10−10 Å Ô²¥³¥´É ·´Ò° § ·Ö¤; Z = 79 Å § ·Ö¤ ¨μ´  §μ²μÉ  ¢
 Éμ³´ÒÌ ¥¤¨´¨Í Ì; ne = 4,5 · 107 ¸³−3 Å ¶²μÉ´μ¸ÉÓ Ô²¥±É·μ´´μ£μ ¶ÊÎ± ; Lnc = 10,2 Å
±Ê²μ´μ¢¸±¨° ²μ£ ·¨Ë³; η = 0,014 Å ¤μ²Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ μ·¡¨É¥ ¨μ´μ¢; M =
3,29 · 10−22 £ Å ³ ¸¸  ¨μ´ ; me = 9,1 · 10−28 £ Å ³ ¸¸  Ô²¥±É·μ´ ; Vi = 5,2 · 107 ¸³/¸ Å
¸±μ·μ¸ÉÓ ¤¢¨¦¥´¨Ö ¨μ´  ¢ ¶μ±μÖÐ¥³¸Ö Ô²¥±É·μ´´μ³ £ §¥. „²Ö NICA ¢·¥³Ö μÌ² ¦¤¥´¨Ö
¶·¨ Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´ ¨ Ô³¨ÉÉ ´¸¥ 1 ³³ ·³· ¤ ¸μ¸É ¢¨É ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥
±μμ·¤¨´ É 28 ¸,   ¶μ¸²¥ ¤μ¸É¨¦¥´¨Ö Ô³¨ÉÉ ´¸  0,1 ³³ ·³· ¤ Å 1 ¸. ‘Éμ²Ó ³μÐ´μ¥
μÌ² ¦¤¥´¨¥ ¨ ¤ ¥É ´ ¤¥¦¤Ê ´  ¢Ò¸μ±ÊÕ ¸¢¥É¨³μ¸ÉÓ.

�  ·¨¸. 8 ¶μ± § ´μ · ¸¶μ²μ¦¥´¨¥ ± ÉÊÏ¥± ±μ··¥±Í¨¨ ¤²Ö ¸μ£² ¸μ¢ ´¨Ö μ·¡¨ÉÒ Ô²¥±-
É·μ´´μ£μ ¨ ¨μ´´μ£μ ¶ÊÎ±μ¢.

�  ·¨¸. 9 ¶μ± § ´  ±μ´¸É·Ê±Í¨Ö ¡ ±  ¸ Ô²¥£ §μ³ SF6 ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ É¥·³¨´ ² 
¸ Ô²¥±É·μ´´μ° ¶ÊÏ±μ°, ¸³¥Ð¥´´μ° μÉ´μ¸¨É¥²Ó´μ μ¸¨ Ê¸±μ·¨É¥²Ó´μ° É·Ê¡±¨.

�  ·¨¸. 10 ¶μ± § ´  Ô²¥±É·μ´´ Ö ¶ÊÏ±  ¸μ ¸³¥Ð¥´¨¥³ ± Éμ¤  ¤²Ö § Ð¨ÉÒ μÉ ¡μ³¡ ·-
¤¨·μ¢±¨ ± Éμ¤  ¢Éμ·¨Î´Ò³¨ ¨μ´ ³¨ ¨§ μ¸É ÉμÎ´μ£μ £ § .

�¨¸. 8. � ¸¶μ²μ¦¥´¨¥ ± ÉÊÏ¥± ±μ··¥±Í¨¨ ¤²Ö ¸μ£² ¸μ-

¢ ´¨Ö μ·¡¨ÉÒ Ô²¥±É·μ´´μ£μ ¨ ¨μ´´μ£μ ¶ÊÎ±μ¢

�¨¸. 9. Šμ´¸É·Ê±Í¨Ö ¡ ± 

¸ Ô²¥£ §μ³ SF6 ¢Ò¸μ±μ¢μ²ÓÉ-
´μ£μ É¥·³¨´ ² 



Šμ´¸É·Ê±Í¨Ö ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö 2,5 Œ‚ 737

�¨¸. 10. �²¥±É·μ´´ Ö ¶ÊÏ±  ¸μ ¸³¥Ð¥´¨¥³ ± Éμ¤ 

‡�Š‹	—…�ˆ…

�μ¢ Ö ¸¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ±μ²² °¤¥·  NICA ¡ §¨·Ê¥É¸Ö ´  μ¶ÒÉ¥
‘�� ¤²Ö ³´μ£¨Ì Ê¦¥ · ¡μÉ ÕÐ¨Ì ¸¨¸É¥³, ÎÉμ ¤ ¥É ´ ¤¥¦¤Ê ´  ¶μ²ÊÎ¥´¨¥ ¢Ò¸μ±¨Ì ¸±μ·μ-
¸É¥° μÌ² ¦¤¥´¨Ö. ‘μ¢³¥¸É´μ ¸μ§¤ ¢ ¥³ Ö Ê¸¨²¨Ö³¨ ³´μ£¨Ì ² ¡μ· Éμ·¨° Ê¸É ´μ¢±  NICA
¶μ§¢μ²¨É ¢Ò¢¥¸É¨ ¨¸¸²¥¤μ¢ ´¨Ö ¸Éμ²±´μ¢¥´¨° ÉÖ¦¥²ÒÌ Ö¤¥· ´  ´μ¢Ò° ³¨·μ¢μ° Ê·μ¢¥´Ó.
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