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

�¤´¨³ ¨§ ¶·μÍ¥¸¸μ¢, ¶·¨¢μ¤ÖÐ¨Ì ± ÊÌÊ¤Ï¥´¨Õ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¶·¨ · ¡μÉ¥ ¸ ¶ÊÎ±μ³ Ö¤¥·
§μ²μÉ  ¢ ±μ²² °¤¥·¥ ¶·μ¥±É  NICA, ³μ¦¥É ¡ÒÉÓ ÔËË¥±É Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢. ‚ · ¡μÉ¥ ¨¸¸²¥¤μ-
¢ ´μ ¢²¨Ö´¨¥ ¶²μÉ´μ¸É¨ Ô²¥±É·μ´´μ£μ μ¡² ±  ´  ±μ£¥·¥´É´Ò° ¸¤¢¨£ Î ¸ÉμÉÒ ¡¥É É·μ´´ÒÌ ±μ²¥-
¡ ´¨° Î ¸É¨Í ¢ ±μ²² °¤¥·¥ ¶·¨ · §´ÒÌ ¨´É¥´¸¨¢´μ¸ÉÖÌ ¶ÊÎ±  Ö¤¥· §μ²μÉ , ¨Ì Ô´¥·£¨ÖÌ ¨ ±μÔË-
Ë¨Í¨¥´É¥ ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò. „ ´Ò μÍ¥´±¨ ¶·¨·μ¸É  ¤ ¢²¥´¨Ö
μ¸É ÉμÎ´μ£μ £ §  ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ ±μ²² °¤¥·  ¢¸²¥¤¸É¢¨¥ ¤μ¶μ²´¨É¥²Ó´μ° ¢ ±ÊÊ³´μ° ´ £·Ê§±¨
¨ É¥¶²μ¶·¨Éμ± , μ¡Ê¸²μ¢²¥´´ÒÌ Ô²¥±É·μ´´Ò³¨ μ¡² ± ³¨.

One of the processes leading to the vacuum conditions degradation when working with a gold bare
nuclei beam in the NICA collider can be the electron clouds effect. In	uence of e-cloud densities
on the coherent tune shift of ion betatron oscillation in the collider ring was investigated for different
bare gold nuclei beam intensity, its energies and electron secondary emission yields from the collider
vacuum chamber. The pressure rise due to additional gas load and heat load caused by electron clouds
is estimated.

PACS: 29.20.dk; 29.27.Bd
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�¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ μ¡· §μ¢ ´¨Ö ¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´μ¢ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Ê¸±μ-
·¨É¥²Ö Ö¢²Ö¥É¸Ö ¶·μÍ¥¸¸ ¨μ´¨§ Í¨¨ ³μ²¥±Ê² ¨  Éμ³μ¢ μ¸É ÉμÎ´μ£μ £ §  ¶ÊÎ±μ³ § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í. �É¨ ®¶¥·¢¨Î´Ò¥¯ Ô²¥±É·μ´Ò ³μ£ÊÉ ¡ÒÉÓ § Ì¢ Î¥´Ò ¨ ¢ ¤ ²Ó´¥°Ï¥³
Ê¸±μ·¥´Ò Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ ¸£Ê¸É±  Î ¸É¨Í ¶ÊÎ±  ¤μ Ô´¥·£¨¨ μÉ ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢
¤μ ´¥¸±μ²Ó±¨Ì ¸μÉ¥´ Ô²¥±É·μ´¢μ²ÓÉ. �²¥±É·μ´Ò, ¶ ¤ ÕÐ¨¥ ¸ É ±μ° Ô´¥·£¨¥° ´  ¸É¥´±Ê
¢ ±ÊÊ³´μ° ± ³¥·Ò, ³μ£ÊÉ ¢Ò¡¨¢ ÉÓ ¸ ¥¥ ¶μ¢¥·Ì´μ¸É¨ ®¢Éμ·¨Î´Ò¥¯ Ô²¥±É·μ´Ò, Ô´¥·£¨Ö
±μÉμ·ÒÌ ³μ¦¥É ¤μ¸É¨£ ÉÓ ¢¥²¨Î¨´Ò ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ Ô²¥É·μ´¢μ²ÓÉ ²¨¡μ Ê¶·Ê£μ μÉ· -
¦ ÉÓ¸Ö μÉ ´¥¥, ²¨¡μ  ¤¸μ·¡¨·μ¢ ÉÓ¸Ö ´  ¥¥ ¶μ¢¥·Ì´μ¸É¨, ´¥ ¶·μ¨§¢μ¤Ö ¤¥¸μ·¡Í¨¨ ¸ ´¥¥.
‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ´¥±μÉμ· Ö ¨Ì Î ¸ÉÓ, ®¢Ò¦¨¢Ï Ö¯ ¶·¨ ¸μÊ¤ ·¥´¨¨, ³μ¦¥É ¡ÒÉÓ Ê¸±μ-
·¥´  ¸²¥¤ÊÕÐ¨³ ¸£Ê¸É±μ³ Î ¸É¨Í ¶ÊÎ±  ¨ É ±¦¥ ¶μ¶ ¸ÉÓ ´  ¸É¥´±Ê ¢ ±ÊÊ³´μ° ± ³¥·Ò,
¶·μ¨§¢μ¤Ö ´μ¢Ò¥ ®¢Éμ·¨Î´Ò¥¯ Ô²¥±É·μ´Ò. ‚ ·¥§Ê²ÓÉ É¥ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ² ¢¨´μμ¡· §-
´μ¥ · §³´μ¦¥´¨¥, ¶·¨¢μ¤ÖÐ¥¥ ± μ¡· §μ¢ ´¨Õ Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ (��) ´  É· ¥±Éμ·¨¨
¶ÊÎ±  (·¨¸. 1).

1E-mail: philippov@jinr.ru
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�¨¸. 1. ‘Ì¥³  μ¡· §μ¢ ´¨Ö �� ¢ Í¨±²¨Î¥¸±¨Ì Ê¸±μ·¨É¥²ÖÌ ¨μ´μ¢

�¥μ¡Ìμ¤¨³μ¥ Ê¸²μ¢¨¥ [1], Ì · ±É¥·¨§ÊÕÐ¥¥ ¢·¥³Ö ¶·μÌμ¦¤¥´¨Ö Ô²¥±É·μ´μ¢ μÉ ¸É¥´±¨
± ¸É¥´±¥ ¢ ±ÊÊ³´μ° ± ³¥·Ò, ±μÉμ·μ¥ ¤μ²¦´μ ¡ÒÉÓ ´¥ ¡μ²ÓÏ¥ ¢·¥³¥´¨ ³¥¦¤Ê ¶·μÌμ¦¤¥-
´¨¥³ ¢ ÔÉμ³ ³¥¸É¥ ¤¢ÊÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¸£Ê¸É±μ¢ ¶ÊÎ± , ¨³¥¥É ¢¨¤

Nb >
β2R2

ZreSb
, Sb =

C

nb
. (1)

‡¤¥¸Ó Nb Å Î¨¸²μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¸£Ê¸É±¥; βc Å ¸±μ·μ¸ÉÓ ¸£Ê¸É± ; R Å · ¤¨Ê¸
¢ ±ÊÊ³´μ° ± ³¥·Ò (¤²Ö ± ³¥·Ò Ô²²¨¶É¨Î¥¸±μ£μ ¸¥Î¥´¨Ö ÔÉ  ¢¥²¨Î¨´  ¸μμÉ¢¥É¸É¢Ê¥É ¤²¨´¥
³ ²μ° ¶μ²Êμ¸¨); Z Å § ·Ö¤ ¨μ´μ¢ ¶ÊÎ± ; re Å ±² ¸¸¨Î¥¸±¨° · ¤¨Ê¸ Ô²¥±É·μ´ ; Sb Å
· ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸£Ê¸É± ³¨ Î ¸É¨Í ¢ ¶ÊÎ±¥; C Å ¶¥·¨³¥É· Ê¸±μ·¨É¥²Ö; nb Å Î¨¸²μ
¸£Ê¸É±μ¢.

„μ¸É ÉμÎ´μ¥ Ê¸²μ¢¨¥ [1] μ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¨¥° Ô²¥±É·μ´μ¢ ΔE, ¶·¨μ¡·¥É¥´´μ° ¨³¨
¢ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥ ¸£Ê¸É± , ¤μ¸É ÉμÎ´μ° ¤²Ö ¢Ò¡¨¢ ´¨Ö ¶μ ±· °´¥° ³¥·¥ μ¤´μ£μ Ô²¥±-
É·μ´  ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò:

Nb >
βR

Zre

√
ΔE

2mec2
. (2)

‡¤¥¸Ó me Å ³ ¸¸  Ô²¥±É·μ´ .
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„²Ö ±μ²² °¤¥·  ¶·μ¥±É  NICA [2] ¶¥·¢Ò¥ μÍ¥´±¨ ¢²¨Ö´¨Ö ÔËË¥±É  �� ´  ¥£μ · ¡μÉÊ
¡Ò²¨ ¸¤¥² ´Ò ¢ 2008Ä2011 ££. ¢ · ¡μÉ¥ [3]. ‚ · ¡μÉ¥ [4] ¶·¨¢¥¤¥´Ò É·¥¡μ¢ ´¨Ö ± ¸¢μ°-
¸É¢ ³ ¢ ±ÊÊ³´μ° ± ³¥·Ò, ´¥μ¡Ìμ¤¨³Ò³ ¤²Ö ®¡¥§μ¡² Î´μ°¯ · ¡μÉÒ ±μ²² °¤¥· . �¤´ ±μ ±
³μ³¥´ÉÊ ¢ÒÌμ¤  ±μ´Í¥¶ÉÊ ²Ó´μ£μ ¶·μ¥±É  ±μ³¶²¥±¸  NICA ¢ 2015 £. ¶ · ³¥É·Ò ±μ²² °-
¤¥·  ¶·¥É¥·¶¥²¨ ¸¨²Ó´Ò¥ ¨§³¥´¥´¨Ö. Š·μ³¥ Éμ£μ, ¥£μ § ¶Ê¸± ¨ ´ ² ¤±  ¶² ´¨·ÊÕÉ¸Ö ¢ É ±
´ §Ò¢ ¥³μ° ¡ §μ¢μ° ±μ´Ë¨£Ê· Í¨¨ [5]. � · ³¥É·Ò ¡ §μ¢μ° ¨ ¶·μ¥±É´μ° ±μ´Ë¨£Ê· Í¨°
±μ²² °¤¥·  μÉ²¨Î ÕÉ¸Ö (¸³. É ¡²¨ÍÊ).

�¥μ¡Ìμ¤¨³μ¥ (1) ¨ ¤μ¸É ÉμÎ´μ¥ (2) Ê¸²μ¢¨Ö ¢μ§´¨±´μ¢¥´¨Ö · §¢¨É¨Ö �� ¤²Ö · §²¨Î-
´ÒÌ Ëμ±Ê¸¨·ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2.

�  ·¨¸. 2 (±·¨¢ Ö 4) ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ Ö¤¥· §μ²μÉ  ¢ ¸£Ê¸É±¥ μÉ
Ô´¥·£¨¨ ¤²Ö ¡ §μ¢μ° ¢¥·¸¨¨ ±μ²² °¤¥· . ‚¨¤´μ, ÎÉμ μ¡² ¸ÉÓ §´ Î¥´¨° ¨´É¥´¸¨¢´μ¸É¥°
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� · ³¥É·Ò ±μ²² °¤¥·  ¶·μ¥±É  NICA [2], ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ ¶·μ¢¥¤¥´¨¨
· ¸Î¥Éμ¢

� · ³¥É· 
 §μ¢ Ö ¢¥·¸¨Ö �·μ¥±É´ Ö ¢¥·¸¨Ö

ˆμ´ 197Au79+

�´¥·£¨Ö, ƒÔ‚/´Ê±²μ´ 1Ä4,5

—¨¸²μ Î ¸É¨Í ¢ ¸£Ê¸É±¥ 1 · 108Ä7 · 108 2 · 108Ä3 · 109

—¨¸²μ ¸£Ê¸É±μ¢ 21

�¥·¨³¥É·, ³ 503,04

‘·¥¤´¥±¢ ¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ x/y, π ³³ ·³· ¤ 1,1/0,5Ä1 1,1/1Ä0,7

‘·¥¤´¥±¢ ¤· É¨Î´ Ö ¤²¨´  ¸£Ê¸É± , ³ 1,2 0,6

�μ²¥ ¤¨¶μ²Ö/£· ¤¨¥´É ¶μ²Ö ¢ ²¨´§¥, ’²/’²/³ 1,8/23,1

„²¨´  ¤¨¶μ²Ö/²¨´§Ò/¸¢μ¡μ¤´μ£μ ¶·μ³¥¦ÊÉ± , ³ 1,94/0,47/15

�¶¥·ÉÊ·  ¢ ¤¨¶μ²¥/²¨´§¥/¸¢μ¡μ¤´μ³ ¶·μ³¥¦ÊÉ±¥, ³ 0,06× 0,035/0,06× 0,035/0,05× 0,05

�μ²´μ¥ ¸¥Î¥´¨¥ ¨μ´¨§ Í¨¨ μ¸É ÉμÎ´μ£μ £ § , ¸³2 1,3 · 10−18

�μ²´μ¥ ¤ ¢²¥´¨¥ μ¸É ÉμÎ´μ£μ £ § , ´’μ·· 0,01

‘·¥¤´ÖÖ É¥³¶¥· ÉÊ·  ¢ ®É¥¶²μ°¯/®Ìμ²μ¤´μ°¯ ± ³¥·¥, Š 300/10

ŠμÔËË¨Í¨¥´É ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ 1,1Ä1,9

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ Nb Ö¤¥· §μ²μÉ  μÉ Ô´¥·£¨¨ E: 1 Å ¤μ¸É ÉμÎ´μ¥ Ê¸²μ¢¨¥; 2, 3 Å ´¥μ¡Ìμ¤¨³μ¥
Ê¸²μ¢¨¥ ¶·¨ ΔE (§¤¥¸Ó ¤²Ö ¶·¨³¥·  · ¢´ÒÌ 30 ¨ 450 Ô‚ ¸μμÉ¢¥É¸É¢¥´´μ); 4 Å ¡ §μ¢ Ö ¢¥·¸¨Ö; 5 Å

¶·μ¥±É´ Ö ¢¥·¸¨Ö

¢ ÔÉμ° ¢¥·¸¨¨ ¡²¨§±  ± Ê¸²μ¢¨Õ ·¥§μ´ ´¸´μ£μ · §³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ (1), ´μ ¨´É¥´-
¸¨¢´μ¸ÉÓ ¸£Ê¸É±  ¸²¨Ï±μ³ ³ ²  ¤²Ö Ê¸±μ·¥´¨Ö Ô²¥±É·μ´μ¢ ¤μ Ô´¥·£¨¨, ¤μ¸É ÉμÎ´μ° ¤²Ö
¢Ò¡¨¢ ´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¡μ²¥¥ μ¤´μ£μ Ô²¥±É·μ´  (§¤¥¸Ó ¤²Ö ¶·¨-
³¥·  ¶·¨´ÖÉμ° · ¢´μ° 30 Ô‚). ’μ£¤  ± ± ¤²Ö ¶·μ¥±É´μ° ¢¥·¸¨¨ ¶·¨ Ô´¥·£¨¨ ¢ÒÏ¥
1,5 ƒÔ‚/´Ê±²μ´ ¢ ¤¨¶μ²ÖÌ ¨ ²¨´§ Ì ¨ ¢ÒÏ¥ 2 ƒÔ‚/´Ê±²μ´ ¢ ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É± Ì
³μ¦´μ μ¦¨¤ ÉÓ μ¡· §μ¢ ´¨¥ ��. �¤´ ±μ Ê¸²μ¢¨¥ (2) ´¥ ÊÎ¨ÉÒ¢ ¥É ·¥ ²Ó´Ò° ¶μÉ¥´Í¨ ²
¸£Ê¸É± . �μÔÉμ³Ê ¢¸¥ ¢ÒÏ¥¸± § ´´μ¥ É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö ´μ¢ÒÌ μÍ¥´μ± ¨ · ¸Î¥Éμ¢.
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�É³¥É¨³, ÎÉμ ³¥Éμ¤Ò · ¸Î¥É  ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö �� ¨§¢¥¸É´Ò [6, 7], ´μ ¢ Éμ ¦¥
¢·¥³Ö ¤μ¸ÉÊ¶´Ò¥ ¶·μ£· ³³Ò [6, 7] ´¥ μ¡² ¤ ÕÉ Ê´¨¢¥·¸ ²Ó´μ¸ÉÓÕ, ¶μÔÉμ³Ê ¡Ò²  · §· -
¡μÉ ´  ¨ ¨¸¶μ²Ó§μ¢ ´  ¸μ¡¸É¢¥´´ Ö ¶·μ£· ³³ . „²Ö ¥¥ μÉ² ¤±¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ-
¢ ´¨Ö ¨ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ¶·μ£· ³³ ³¨, μ¶¨¸ ´´Ò³¨ ¢ [3].
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�·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤ �� ¨ ¶μÉμ± ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢ ´  ¸É¥´± Ì ¢ ±ÊÊ³´μ°
± ³¥·Ò ³μ£ÊÉ ¢Ò§Ò¢ ÉÓ ´¥¦¥² É¥²Ó´Ò¥ ÔËË¥±ÉÒ, É ±¨¥ ± ±: ¸¤¢¨£ Î ¸ÉμÉÒ ¡¥É É·μ´´ÒÌ
±μ²¥¡ ´¨°, ÎÉμ ¢¶μ¸²¥¤¸É¢¨¨ ³μ¦¥É ¶·¨¢¥¸É¨ ± ·μ¸ÉÊ Ô³¨ÉÉ ´¸  ¶ÊÎ± ; ·μ¸É ¤ ¢²¥´¨Ö
¶μ ¶·¨Î¨´¥ ¤¥¸μ·¡Í¨¨ £ §μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ ¸É¥´μ± ± ³¥·Ò; ¤μ¶μ²´¨É¥²Ó´ Ö É¥¶²μ¢ Ö ´ -
£·Ê§±  ´  ±·¨μ£¥´´Ò¥ ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò ¨ É. ¤. �Í¥´±  ÔÉ¨Ì ´¥¦¥² É¥²Ó´ÒÌ ÔËË¥±Éμ¢
¶·¨¢¥¤¥´  ´¨¦¥.

‘¤¢¨£ Î ¸ÉμÉÒ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°. �� ¸ μ¡Ñ¥³´μ° ¶²μÉ´μ¸ÉÓÕ ρe ¶μ·μ¦¤ ¥É
¸¤¢¨£ Î ¸ÉμÉÒ ±μ£¥·¥´É´ÒÌ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ΔQEC

x/y:

ΔQEC
x/y = ρe

rpZ

γA

βx/yhy/xL

hx + hy
.

‡¤¥¸Ó rp Å ±² ¸¸¨Î¥¸±¨° · ¤¨Ê¸ ¶·μÉμ´ ; Z ¨ A Å § ·Ö¤ Ö¤·  ¨  Éμ³´ Ö ³ ¸¸  ¨μ´μ¢
¨²¨ Ö¤¥· ¸£Ê¸É± ; βx/y Å ¸·¥¤´¥¥ §´ Î¥´¨¥ ¡¥É -ËÊ´±Í¨¨; hy/x Å  ¶¥·ÉÊ·  ¢ ±ÊÊ³´μ°
± ³¥·Ò; L Å ¤²¨´  ³ £´¨É , ²¨´§Ò ¨²¨ ¶·Ö³μ²¨´¥°´μ£μ ÊÎ ¸É± ; γ Å ²μ·¥´Í-Ë ±Éμ·.

‚ ¶·μ¥±É¥ ±μ²² °¤¥·  ³ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³μ¥ §´ Î¥´¨¥ ¸¤¢¨£  Î ¸ÉμÉÒ ¶·¨´ÖÉμ
· ¢´Ò³ ΔQ � 0,05 ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨°. �É  ¢¥²¨Î¨´  ¨¸¶μ²Ó§Ê¥É¸Ö
¤ ²¥¥ ¶·¨ μ¶·¥¤¥²¥´¨¨ ±·¨É¨Î¥¸±μ° ¢¥²¨Î¨´Ò ±μÔËË¨Í¨¥´É  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ ¸μ
¸É¥´±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨§ μÉ´μÏ¥´¨Ö ΔQEC

x/y/ΔQ Å ¢±² ¤  ÔËË¥±É  �� ¢ ¸¤¢¨£
ΔQx/y (·¨¸. 3).

�·¨·μ¸É ¤ ¢²¥´¨Ö ¨ ¤μ¶μ²´¨É¥²Ó´Ò° É¥¶²μ¶·¨Éμ±. ‚ ¸μ¸ÉμÖ´¨¨ · ¢´μ¢¥¸¨Ö ¤μ-
¶μ²´¨É¥²Ó´Ò° ¶·¨·μ¸É ¤ ¢²¥´¨Ö, ¸μ§¤ ¢ ¥³Ò° ��, ³μ¦¥É ¡ÒÉÓ μÍ¥´¥´ ¶μ ¸²¥¤ÊÕÐ¥°
Ëμ·³Ê²¥:

ΔP =
ΔQEC

S
A, ΔQEC =

kBT

Π
dΦEC

dl
ηEC.

‡¤¥¸Ó S Å ¸±μ·μ¸ÉÓ μÉ± Î±¨; A ¨ Π Å ¶μ£μ´´ Ö ¶²μÐ ¤Ó ¨ ¶¥·¨³¥É· ¶μ¶¥·¥Î´μ£μ ¸¥Î¥-
´¨Ö ¢ ±ÊÊ³´μ° ± ³¥·Ò ±μ²² °¤¥· ; T Å  ¡¸μ²ÕÉ´ Ö É¥³¶¥· ÉÊ· ; dΦEC/dl Å ²¨´¥°´Ò°
¶μÉμ± Ô²¥±É·μ´μ¢ μ¡² ±  ´  ¸É¥´±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò; ηEC Å ±μÔËË¨Í¨¥´É Ô²¥±É·μ´´μ-
¸É¨³Ê²¨·μ¢ ´´μ° ¤¥¸μ·¡Í¨¨. „μ¶μ²´¨É¥²Ó´μ¥ £ §μμÉ¤¥²¥´¨¥ ΔQEC ¸μ ¸É¥´μ± ¢ ±ÊÊ³´μ°
± ³¥·Ò ¶μ¤ ¤¥°¸É¢¨¥³ ¡μ³¡ ·¤¨·μ¢±¨ Ô²¥±É·μ´ ³¨ μ¡² ±  ¥¥ ¶μ¢¥·Ì´μ¸É¨ ¸μ¶·μ¢μ¦¤ -
¥É¸Ö ¤μ¶μ²´¨É¥²Ó´Ò³ É¥¶²μ¶·¨Éμ±μ³,   ¨³¥´´μ:

ΔWEC =
kBEEC

A⊥
ΔQEC.

‡¤¥¸Ó kB Å ¶μ¸ÉμÖ´´ Ö 
μ²ÓÍ³ ´ ; A⊥ Å ¶μ¶¥·¥Î´ Ö ¶²μÐ ¤Ó ¢ ±ÊÊ³´μ° ± ³¥·Ò ±μ²-
² °¤¥· ; EEC Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ μ¡² ± , ¶ ¤ ÕÐ¨Ì ´  ¸É¥´±Ê ¢ ±ÊÊ³´μ°
± ³¥·Ò.
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�·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö �� ¤²Ö ¶ · ³¥É·μ¢ ±μ²² °¤¥·  (É ¡²¨Í )
¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ±μÔËË¨Í¨¥´É  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ ¶μ± §Ò¢ ÕÉ ¸²¥¤ÊÕÐ¥¥.

Å ‚²¨Ö´¨¥ ÔËË¥±É  Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ ´  ¸¤¢¨£ Î ¸ÉμÉÒ · ¡μÎ¥° ÉμÎ±¨ ¶·¥´¥-
¡·¥¦¨³μ ³ ²μ (·¨¸. 3, ¢¥·Ì´¨° ·Ö¤).

Å „²Ö ±μÔËË¨Í¨¥´É  Ô²¥±É·μ´´μ-¸É¨³Ê²¨·μ¢ ´´μ° ¤¥¸μ·¡Í¨¨ ηEC = 1 (´ ¶·¨³¥·,
¢ · ¡μÉ¥ [8] μ´ ¶·¨´ÖÉ · ¢´Ò³ 0,01) ¤μ¶μ²´¨É¥²Ó´μ¥ £ §μμÉ¤¥²¥´¨¥ ¸μ ¸É¥´±¨ ¢ ±ÊÊ³´μ°
± ³¥·Ò ²¥¦¨É ¢ ¤¨ ¶ §μ´¥ 10−12Ä10−11 ’μ·· · ² · ¸−1 · ¸³−2 (·¨¸. 3, ¸·¥¤´¨° ·Ö¤). �Éμ
¡²¨§±μ ± ¢¥²¨Î¨´¥ · ¢´μ¢¥¸´μ£μ £ §μμÉ¤¥²¥´¨Ö (¸³., ´ ¶·¨³¥·, [9]) ¨ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ±
¤μ¶μ²´¨É¥²Ó´μ³Ê ¶·¨·μ¸ÉÊ ¤ ¢²¥´¨Ö ¢ ´¥¸±μ²Ó±μ ¤¥¸ÖÉÒÌ ¤μ²¥° ´’μ··, ÎÉμ ³μ¦¥É ¡ÒÉÓ
´¥¶·¨¥³²¥³μ.

Å „μ¶μ²´¨É¥²Ó´Ò° É¥¶²μ¶·¨Éμ± ¶μ ±μ²ÓÍÊ ±μ²² °¤¥·  ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ´  Ê·μ¢´¥
´¥ ¡μ²¥¥ 1 ³‚É/³ (·¨¸. 3, ´¨¦´¨° ·Ö¤), ÎÉμ ¤μ¶Ê¸É¨³μ ¤²Ö ±·¨μ£¥´´μ° ¸¨¸É¥³Ò ±μ²² °-
¤¥· .

�É³¥É¨³, ÎÉμ μÉ¤¥²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö �� É·¥¡Ê¥É¸Ö ¶·μ¢¥¸É¨
¤²Ö ±μ²² °¤¥· , · ¡μÉ ÕÐ¥£μ ¢ ¶·μÉμ´´μ° ³μ¤¥ [2].

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.�. ‘¨¤μ·¨´Ê §  ¢´¨³ É¥²Ó´μ¥
¶·μÎÉ¥´¨¥ · ¡μÉÒ ¨ ³´μ£μÎ¨¸²¥´´Ò¥ ¶μ²¥§´Ò¥ ¶·¥¤²μ¦¥´¨Ö ¨ Í¥´´Ò¥ ¸μ¢¥ÉÒ.
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