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

“¢¥²¨Î¥´¨¥ ¤ ¢²¥´¨Ö μ¸É ÉμÎ´μ£μ £ §  ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ÉÖ¦¥²ÒÌ
¨μ´μ¢ Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ¶·¨Î¨´ ¶μÉ¥·¨ ¨´É¥´¸¨¢´μ¸É¨ ¢ Ê¸±μ·¨É¥²¥. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö
·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¶μÉ¥·Ó ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  197Au31+ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸  Éμ³ ³¨
¨ ³μ²¥±Ê² ³¨ μ¸É ÉμÎ´μ£μ £ §  ¸ ÊÎ¥Éμ³ ¤¥¸μ·¡Í¨¨ Î ¸É¨Í,  ¤¸μ·¡¨·μ¢ ´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨
¢ ±ÊÊ³´μ° ± ³¥·Ò ¡Ê¸É¥·  ´Ê±²μÉ·μ´ .

Heavy ions induced pressure rise is one of the machine limits. The calculation results of the gold
ion beam 197Au31+ losses due to residual gas interaction in view of desorption of adsorbed particles on
the Booster Nuclotron vacuum chamber surface are discussed.

PACS: 29.20.db; 29.20.dk; 29.27.Eg
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‚ ¶·μ¥±É¥ NICA [1] μ¸´μ¢´μ° § ¤ Î¥° ¡Ê¸É¥· , ± ± ¶·μ³¥¦ÊÉμÎ´μ£μ ¸¨´Ì·μÉ·μ´  ÉÖ-
¦¥²ÒÌ ¨μ´μ¢, Ö¢²ÖÕÉ¸Ö ´ ±μ¶²¥´¨¥ 2 · 109 ¨μ´μ¢ §μ²μÉ  197Au31+ ¨ Ê¸±μ·¥´¨¥ ¨Ì μÉ
Ô´¥·£¨¨ 3,2 ŒÔ‚/´Ê±²μ´ ¤μ Ô´¥·£¨¨ 578 ŒÔ‚/´Ê±²μ´, ¤μ¸É ÉμÎ´μ° ¤²Ö ¨Ì ¶μ¸²¥¤ÊÕÐ¥°
μ¡¤¨·±¨ ¢ ± ´ ²¥ É· ´¸¶μ·É¨·μ¢±¨ ¡Ê¸É¥·Ä´Ê±²μÉ·μ´ ¤μ ¸μ¸ÉμÖ´¨Ö ¶μ²´μ¸ÉÓÕ £μ²μ£μ
Ö¤·  197Au79+, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ¶μ§¢μ²Ö¥É ¸´¨§¨ÉÓ É·¥¡μ¢ ´¨Ö ± ¤ ¢²¥´¨Õ μ¸É ÉμÎ´μ£μ
£ §  ¢ ´Ê±²μÉ·μ´¥ ¨§-§  Ê³¥´ÓÏ¥´¨Ö ¢¥·μÖÉ´μ¸É¨ ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ (Ê £μ²ÒÌ Ö¤¥· ¨³¥¥É
³¥¸Éμ Éμ²Ó±μ μ¤¨´ ± ´ ² ¶¥·¥§ ·Ö¤±¨ Å ·¥±μ³¡¨´ Í¨Ö). �·¨³¥´¥´¨¥ Ô²¥±É·μ´´μ£μ
μÌ² ¦¤¥´¨Ö ¢ ¡Ê¸É¥·¥ ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 65 ŒÔ‚/´Ê±²μ´ ¶·¨¢¥¤¥É ± Ê³¥´ÓÏ¥´¨Õ ¶·μ-
¤μ²Ó´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¤μ ¢¥²¨Î¨´Ò, É·¥¡Ê¥³μ° ¤²Ö ¸¦ É¨Ö ¸£Ê¸É±  ¶μ § ¢¥·Ï¥´¨¨ ¥£μ
Ê¸±μ·¥´¨Ö ¢ ¡Ê¸É¥·¥.

–¨±² Ê¸±μ·¥´¨Ö ¨μ´μ¢ ¢ ¡Ê¸É¥·¥ ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì Î ¸É¥° (·¨¸. 1):  ¤¨ ¡ É¨Î¥¸±μ£μ
§ Ì¢ É  ¨μ´μ¢ ¢ ¸¥¶ · É·¨¸Ê ¢ É¥Î¥´¨¥ 0,02 ¸ ´  ¶² Éμ ³ £´¨É´μ£μ ¶μ²Ö ¶·¨ Ô´¥·£¨¨
¨´¦¥±Í¨¨ 3,2 ŒÔ‚/´Ê±²μ´; Ê¸±μ·¥´¨Ö ¨μ´μ¢ ¤μ 65 ŒÔ‚/´Ê±²μ´ ¢ É¥Î¥´¨¥ 0,4 ¸; Ô²¥±-
É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¨μ´μ¢ ¢ É¥Î¥´¨¥ 1 ¸ ´  ¸Éμ²¥ ³ £´¨É´μ£μ ¶μ²Ö; Ê¸±μ·¥´¨Ö ¨μ´μ¢ ¤μ
Ô´¥·£¨¨ 578 ŒÔ‚/´Ê±²μ´ ¢ É¥Î¥´¨¥ 1,3 ¸.

1E-mail: philippov@jinr.ru
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�¨¸. 1. „¨ £· ³³Ò · ¡μÎ¥£μ Í¨±²  ¡Ê¸É¥·  Å § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ³ £´¨É´μ£μ ¶μ²Ö ( ) ¨ ·μ¸É 
Ô´¥·£¨¨ ¨μ´μ¢ 197Au31+ (¡)

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ¡Ê¸É¥·  · §¤¥²Ö¥É¸Ö ´  ¤¢  É¨¶ : ®Ìμ²μ¤´ Ö¯ ¶·¨ ¡²¨§±μ° ± É¥³¶¥-
· ÉÊ·¥ ¦¨¤±μ£μ £¥²¨Ö ¨ ®É¥¶² Ö¯ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. ®•μ²μ¤´ Ö¯ ¶ÊÎ±μ¢ Ö ± -
³¥·  · ¸¶μ² £ ¥É¸Ö ¢´ÊÉ·¨ ¢ ±ÊÊ³´μ£μ ¨§μ²ÖÍ¨μ´´μ£μ μ¡Ñ¥³ , ±μÉμ·Ò° ¨³¥¥É ¤¢¥ ¸ÉÊ¶¥´¨
μÉ± Î±¨: ¶·¥¤¢ ·¨É¥²Ó´ÊÕ ¨ ¢Ò¸μ±μ¢ ±ÊÊ³´ÊÕ. �·¨ μ¡Ð¥° ¤²¨´¥ ¡Ê¸É¥·  210,96 ³ ¡μ²Ó-
ÏÊÕ Î ¸ÉÓ § ´¨³ ¥É ®Ìμ²μ¤´ Ö¯ Î ¸ÉÓ. ˆ³¥ÕÉ¸Ö ¤¢  ®É¥¶²ÒÌ¯ ¶·Ö³μ²¨´¥°´ÒÌ ¶·μ³¥-
¦ÊÉ± , ± ¦¤Ò° ¤²¨´μ° μ±μ²μ 7 ³: ‚—-¸É ´Í¨Ö Å ¢Éμ·μ° ¶·μ³¥¦ÊÉμ± ¨ ¸¨¸É¥³  Ô²¥±É·μ´-
´μ£μ μÌ² ¦¤¥´¨Ö Å Î¥É¢¥·ÉÒ° ¶·μ³¥¦ÊÉμ±. �μ¢¥·Ì´μ¸ÉÓ ®Ìμ²μ¤´μ°¯ Î ¸É¨ ¶ÊÎ±μ¢μ°
¢ ±ÊÊ³´μ° ± ³¥·Ò ¨³¥¥É É¥³¶¥· ÉÊ·Ê μ±μ²μ 10 Š, ®É¥¶²μ°¯ Å ±μ³´ É´ÊÕ, μ±μ²μ 300 Š.
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Œ¥Ì ´¨§³Ò ¶μÉ¥·Ó ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²ÖÌ Ìμ·μÏμ ¨§¢¥¸É´Ò ¨ μ¶¨¸ ´Ò ¢μ ³´μ£¨Ì · ¡μ-
É Ì (·¨¸. 2 [2]). �¸´μ¢´Ò³¨ ¶·μÍ¥¸¸ ³¨ ¶μÉ¥·Ó ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¢ ±μ²ÓÍ¥¢ÒÌ Ê¸±μ-
·¨É¥²ÖÌ, μ± §Ò¢ ÕÐ¨³¨ ¢²¨Ö´¨¥ ´  ¢ ±ÊÊ³, Ö¢²ÖÕÉ¸Ö ¶¥·¥§ ·Ö¤±  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ´ 
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�¨¸. 2. �μÉ¥·¨ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í, Ê¸±μ·Ö¥³ÒÌ ¢ ¡Ê¸É¥·¥ [2]
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³μ²¥±Ê² Ì μ¸É ÉμÎ´μ£μ £ §  ¨ ¨μ´¨§ Í¨Ö ÔÉ¨Ì ³μ²¥±Ê². ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¶¥·¥§ ·Ö¦¥´´Ò¥
¨μ´Ò ¶ÊÎ±  μÉ±²μ´ÖÕÉ¸Ö ¤¨¶μ²Ö³¨ ¶¥·¨μ¤¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò ¨ ¸ Ê¸±μ·¥´´μ° Ô´¥·£¨¥°
¶μ¤ ³ ²Ò³ Ê£²μ³ ¤μ¸É¨£ ÕÉ ¸É¥´μ± ± ³¥·Ò Ê¸±μ·¨É¥²Ö. ‚μ ¢Éμ·μ³ ¸²ÊÎ ¥ ¨μ´Ò μ¸É ÉμÎ-
´μ£μ £ §  Ê¸±μ·ÖÕÉ¸Ö ¶μÉ¥´Í¨ ²μ³ ¶ÊÎ±  ¨ ¸ ³ ²μ° Ô´¥·£¨¥° (μ±μ²μ 30 Ô‚ ¤²Ö ¡Ê¸É¥· )
¶ ¤ ÕÉ ´  ¸É¥´±¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ ¨Ì ¶μ¢¥·Ì´μ¸É¨. ‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ ¢ ± ³¥·Ê ¶μ¸ÉÊ-
¶ ¥É ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ³μ²¥±Ê², ¤¥¸μ·¡¨·μ¢ ´´ÒÌ ¸μ ¸É¥´μ± ± ³¥·Ò, μ¤´ ±μ ¶¥·¢Ò°
¶·μÍ¥¸¸ Ö¢²Ö¥É¸Ö ¤μ³¨´¨·ÊÕÐ¨³ [3].
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�μÉ¥·¨ Î ¸É¨Í ¶ÊÎ±  μ¶¨¸Ò¢ ÕÉ¸Ö ¸¨¸É¥³μ° Ê· ¢´¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ´  μ¸´μ¢¥ ·¥-
§Ê²ÓÉ Éμ¢ · ¡μÉÒ [2]:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

dNq

dt
= −Nq

∑
α

〈
Γα,q→q−1 + Γα,q→q+1 + Γ	¥É¥

α,q→q+1

〉
, Nq|t=0 = Nq,0,

V
∂nα

∂t
= Nq

(∑
α

〈Γα,q→q−1 + Γα,q→q+1〉 η∠,α +
∑
α′

〈
Γ	¥É¥

α′,q→q+1

〉
η⊥,α′/α

)
−

−nαSα +
QαA

kBT
+ Cα

∂2nα

∂z2
,

nα|t=0 = nα,0, nα|z=0 = nα|z=L ,
∂nα

∂z

∣∣∣∣
z=0

=
∂nα

∂z

∣∣∣∣
z=L

.

(1)

‡¤¥¸Ó Nq Å ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± , § ¢¨¸ÖÐ Ö Éμ²Ó±μ μÉ ¢·¥³¥´¨; nα Å ±μ´Í¥´É· Í¨Ö
μ¸É ÉμÎ´μ£μ £ §  É¨¶  α, § ¢¨¸ÖÐ Ö μÉ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ ¨ ¢·¥³¥´¨; V Å μ¡Ñ¥³
Ê¸±μ·¨É¥²Ö; η∠,α ¨ η⊥,α/α′ Å ±μÔËË¨Í¨¥´ÉÒ ¤¥¸μ·¡Í¨¨, § ¢¨¸ÖÐ¨¥ Éμ²Ó±μ μÉ ¶·μ¤μ²Ó-
´μ° ±μμ·¤¨´ ÉÒ; A Å ¶²μÐ ¤Ó ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò; Qα Å £ §μμÉ¤¥²¥´¨¥, § ¢¨¸¨É
Éμ²Ó±μ μÉ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ; Sα Å ¸±μ·μ¸ÉÓ μÉ± Î±¨, § ¢¨¸¨É Éμ²Ó±μ μÉ ¶·μ¤μ²Ó-
´μ° ±μμ·¤¨´ ÉÒ; kB Å ¶μ¸ÉμÖ´´ Ö 	μ²ÓÍ³ ´ ; T Å É¥³¶¥· ÉÊ· , § ¢¨¸¨É Éμ²Ó±μ μÉ
¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ; Γα,q→q+1 ¨ Γα,q→q−1 Å ¸μμÉ¢¥É¸É¢¥´´μ ¸±μ·μ¸ÉÓ ¶μÉ¥·¨ μ¤-
´μ£μ Ô²¥±É·μ´  ¨ ¸±μ·μ¸ÉÓ § Ì¢ É  μ¤´μ£μ Ô²¥±É·μ´  ¨μ´μ³ ¶ÊÎ±  ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨
¸  Éμ³ ³¨ ¨²¨ ³μ²¥±Ê² ³¨ μ¸É ÉμÎ´μ£μ £ § ; Γ	¥É¥

α,q→q+1 Å ¸±μ·μ¸ÉÓ ¶μÉ¥·¨ μ¤´μ£μ Ô²¥±-
É·μ´   Éμ³μ³ ¨²¨ ³μ²¥±Ê²μ° μ¸É ÉμÎ´μ£μ £ §  ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ¨μ´μ³ ¶ÊÎ± ; Cα Å
¶·μ¢μ¤¨³μ¸ÉÓ ¢ ±ÊÊ³´μ° ± ³¥·Ò, § ¢¨¸¨É μÉ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ; L Å ¶¥·¨³¥É·
¡Ê¸É¥· . ‘±μ·μ¸ÉÓ ¶¥·¥§ ·Ö¤±¨ · ¢´  ¶·μ¨§¢¥¤¥´¨Õ ¢¥²¨Î¨´ Å ¸±μ·μ¸É¨ ¨μ´ , ¸¥Î¥´¨Ö
¶·μÍ¥¸¸  ¶¥·¥§ ·Ö¤±¨ (¢§ÖÉÒ¥ ¨§ · ¡μÉÒ [4]) ¨ ±μ´Í¥´É· Í¨¨ μ¸É ÉμÎ´μ£μ £ § . �É³¥É¨³
§¤¥¸Ó, ÎÉμ ¢ ¶¥·¢μ³ Ê· ¢´¥´¨¨ ¸¨¸É¥³Ò (1) ¸±μ·μ¸É¨ ¶·μÍ¥¸¸μ¢ ¶¥·¥§ ·Ö¤±¨ ¤μ²¦´Ò ¡ÒÉÓ
Ê¸·¥¤´¥´Ò ¶μ ¶¥·¨³¥É·Ê ±μ²ÓÍ  ¡Ê¸É¥· .

‘¨¸É¥³  (1) ¤μ¶μ²´¥´  §´ Î¥´¨Ö³¨: ¨´É¥´¸¨¢´μ¸É¨ ¢ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ Å
Nq,0; · ¸¶·¥¤¥²¥´¨Ö³¨ ±μ´Í¥´É· Í¨° μ¸É ÉμÎ´μ£μ £ §  ¶μ ±μ²ÓÍÊ ¡Ê¸É¥·  ¢ ´ Î ²Ó´Ò°
³μ³¥´É ¢·¥³¥´¨ Å nα,0; ¶¥·¨μ¤¨Î¥¸±¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨ ¤²Ö ±μ´Í¥´É· Í¨° μ¸É -
ÉμÎ´μ£μ £ §  ¨ ¥¥ ¶¥·¢μ° ¶·μ¨§¢μ¤´μ°.
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‚ ± Î¥¸É¢¥ · ¸¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨° μ¸É ÉμÎ´μ£μ £ §  ¶μ ±μ²ÓÍÊ ¡Ê¸É¥·  ¢ ´ -
Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ ¡· ²μ¸Ó ·¥Ï¥´¨¥ § ¤ Î¨ (2):

Cα
d2nα

dz2
− nαSα +

QαA

kBT
= 0, nα|z=0 = nα|z=L ,

dnα

dz

∣∣∣∣
z=0

=
dnα

dz

∣∣∣∣
z=L

. (2)

	Ê¤¥³ ¨¸± ÉÓ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò (2) ´  ¶μ²μ¢¨´¥ ¶¥·¨³¥É·  ¡Ê¸É¥· , ´ Î ²μ μÉ¸Î¥É  ¸μ-
¢¶ ¤ ¥É ¸ ´ Î ²μ³ ¶¥·¢μ£μ ®É¥¶²μ£μ¯ ¶·Ö³μ²¨´¥°´μ£μ ¶·μ³¥¦ÊÉ±  (¨§ μ¶¨¸ ´´ÒÌ ¢ÒÏ¥
¢ [1]). �¶·¥¤¥²¨³ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò (2) ¢ ¤¢ÊÌ · §´ÒÌ ¶μ¤Ìμ¤ Ì:

1) ¸ ®·¥ ²Ó´Ò³¯ · ¸¶μ²μ¦¥´¨¥³ ´ ¸μ¸μ¢ ¢ ¡Ê¸É¥·¥ (´ ¸μ¸ Å ÉμÎ¥Î´Ò°, ¸±μ·μ¸É¨
μÉ± Î±¨ ´ ¸μ¸μ¢ Å · ¢´Ò¥, ¶μ²μ¦¥´¨¥ ´ ¸μ¸μ¢ Å ¢ Í¥´É·¥ ± ¦¤μ£μ ¶·μ³¥¦ÊÉ±  ³¥¦¤Ê
Ô²¥³¥´É ³¨ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¡Ê¸É¥· );

2) ¸ Ê¸·¥¤´¥´´μ° μÉ± Î±μ° ¢ ®É¥¶²ÒÌ¯ ¨ ®Ìμ²μ¤´ÒÌ¯ Î ¸ÉÖÌ ¡Ê¸É¥· .

‚ ¶¥·¢μ³ ¸²ÊÎ ¥, ¸ ®·¥ ²Ó´Ò³¯ · ¸¶μ²μ¦¥´¨¥³ ´ ¸μ¸μ¢, μ¡² ¸ÉÓ ³μ¤¥²¨·μ¢ ´¨Ö § -
¤ Î¨ ¡Ê¤¥É ¨³¥ÉÓ 46 ÊÎ ¸É±μ¢: ´  44 £· ´¨Í Ì ³¥¦¤Ê ÊÎ ¸É± ³¨ ´ Ìμ¤ÖÉ¸Ö ´ ¸μ¸Ò, μ¤´ 
£· ´¨Í  § ¤ ¥É ¶¥·¥Ìμ¤ ®É¥¶²μ¯/®Ìμ²μ¤¯ ¨ ´  ¤¢ÊÌ £· ´¨Í Ì § ¤ ¥É¸Ö ¶¥·¨μ¤¨Î´μ¸ÉÓ ·¥-
Ï¥´¨Ö. ‘¨¸É¥³  Ê· ¢´¥´¨° (2) ¶·¨³¥É ¢¨¤

d2nα,i

dz2
− ω2

α,inα,i + λα,i = 0, i = 1, 46. (3)

�É³¥É¨³, ÎÉμ ¢ ®É¥¶²μ°¯ Î ¸É¨ ¢ ¸¨¸É¥³¥ (3) ¤²Ö ±μ´Í¥´É· Í¨° μÉ¸ÊÉ¸É¢Ê¥É ¢Éμ·μ° Î²¥´,
μ´ · ¢¥´ ´Ê²Õ. �¥Ï¥´¨¥ ¸¨¸É¥³Ò (3) ¢Ò£²Ö¤¨É É ±:

nα,0 =

⎧⎪⎪⎨
⎪⎪⎩
−λα,i (z − zi−1)

2

2
+ Aα,i (z − zi−1) + Bα,i, zi−1 � z < zi, i = 1, 2,

λα,i

ω2
α,i

+ Aα,ieωα,i(z−zi−1) + Bα,ie−ωα,i(z−zi−1), zi−1 � z < zi, i = 3, 46.
(4)

‡¤¥¸Ó zi Å ±μμ·¤¨´ ÉÒ £· ´¨Í ÊÎ ¸É±μ¢; z0 ¨ z46 Å ´ Î ²μ ¨ ±μ´¥Í μ¡² ¸É¨ ³μ¤¥²¨·μ-
¢ ´¨Ö; ¢Ò· ¦¥´¨Ö ¤²Ö ωα,i ¨ λα,i ¶·¨¢¥¤¥´Ò ¢ (5):

ωα,i =

√
Sα,Ìμ²

Cα,i
, λα,i =

Qα,iA

kBTα,iCα,i
, Ωα,i =

√
Sα,i

Cα,i
; (5)

Aα,i ¨ Bα,i Å ±μ´¸É ´ÉÒ, μ¶·¥¤¥²ÖÕÐ¨¥¸Ö Ê¸²μ¢¨Ö³¨ ¸Ï¨¢±¨ ´  £· ´¨Í Ì μ¡² ¸É¨
³μ¤¥²¨·μ¢ ´¨Ö, ¶·¨¢¥¤¥´Ò ¢ (6).

�¥·¢ Ö ¶ ·  Ê· ¢´¥´¨° ¢ (6) § ¤ ¥É Ê¸²μ¢¨¥ ¸Ï¨¢±¨ ¢ ®É¥¶²μ°¯ Î ¸É¨, ¢Éμ· Ö Å
´  £· ´¨Í¥ ®É¥¶²μ¯/®Ìμ²μ¤¯, É·¥ÉÓÖ Å ¢ ®Ìμ²μ¤´μ° Î ¸É¨¯ ¨ Î¥É¢¥·É Ö § ¤ ¥É Ê¸²μ¢¨¥
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¶¥·¨μ¤¨Î´μ¸É¨ ·¥Ï¥´¨Ö (3):

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

nα,É¥¶²,1

∣∣
z=z1−z0

= nα,É¥¶²,2|z=0 ,

Ω2
α,1 nα,É¥¶²,1|z=z1−z0

= n′
α,É¥¶²,2

∣∣
z=0

− n′
α,É¥¶²,1

∣∣
z=z1−z0

,

nα,É¥¶²,2|z=z2−z1
= nα,Ìμ²,3|z=0 ,

n′
α,É¥¶²,2

∣∣
z=z2−z1

= n′
α,Ìμ²,3

∣∣
z=0

,

nα,Ìμ²,i|z=zi−zi−1
= nα,Ìμ²,i+1|z=0 ,

Ω2
α,i nα,Ìμ²,i|z=zi−zi−1

= n′
α,Ìμ²,i+1

∣∣
z=0

− n′
α,Ìμ²,i

∣∣
z=zi−zi−1

,

nα,Ìμ²,46|z=z46−z45
= nα,É¥¶²,1|z=0 ,

n′
α,Ìμ²,46

∣∣
z=z46−z45

= n′
α,É¥¶²,1

∣∣
z=0

, i = 3, 45.

(6)

‚¥²¨Î¨´  Ωα,i μ¶·¥¤¥²¥´  ¢ (5). ‚ ¸¨¸É¥³¥ (3) ¶ · ³¥É· ³¨ Ö¢²ÖÕÉ¸Ö Sα,Ìμ² ¨ Sα,i

¢ (5) Å ¸±μ·μ¸ÉÓ μÉ± Î±¨ ±·¨μ£¥´´μ° ¶μ¢¥·Ì´μ¸É¨ ¨ ¸±μ·μ¸ÉÓ ´ ¸μ¸  ¸μμÉ¢¥É¸É¢¥´´μ.

‚μ ¢Éμ·μ³ ¸²ÊÎ ¥, ¸ Ê¸·¥¤´¥´´μ° μÉ± Î±μ°, ¡Ê¤¥³ ¨¸± ÉÓ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò (2) μÉ-
¤¥²Ó´μ ¢ ®É¥¶²μ°¯/®Ìμ²μ¤´μ°¯ Î ¸ÉÖÌ:

⎧⎪⎪⎨
⎪⎪⎩

d2nα,É¥¶²

dz2
− ω2

α,É¥¶²nα,É¥¶² + λα,É¥¶² = 0, nα,É¥¶²|z=0 = nα,Ìμ²|z=LÌμ²
,

d2nα,Ìμ²

dz2
− ω2

α,Ìμ²nα,Ìμ² + λα,Ìμ² = 0, nα,Ìμ²|z=0 = nα,É¥¶²|z=LÉ¥¶²
.

(7)

‡¤¥¸Ó ¢Ò· ¦¥´¨Ö ¤²Ö ωα,É¥¶²/Ìμ² ¨ λα,É¥¶²/Ìμ² ¶·¨¢¥¤¥´Ò ¢ (8), LÉ¥¶²/Ìμ² Å ¤²¨´Ò ®É¥-
¶²μ°¯/®Ìμ²μ¤´μ°¯ Î ¸É¥° ¡Ê¸É¥· , ¶·¨´ÖÉÒ¥ ¸μμÉ¢¥É¸É¢¥´´μ 7 ¨ 98,48 ³. �¥Ï¥´¨¥ ¸¨-
¸É¥³Ò (7) ¨³¥¥É ¢¨¤

nα,0 =

⎧⎪⎪⎨
⎪⎪⎩

Nα,É¥¶²

Dα,É¥¶²
, 0 � z < LÉ¥¶²,

Nα,Ìμ²

Dα,Ìμ²
, LÉ¥¶² � z < L.

(8)

‡¤¥¸Ó ¢Ò· ¦¥´¨Ö ¤²Ö Nα,É¥¶²/Ìμ² ¨ Dα,É¥¶²/Ìμ² ¶·¨¢¥¤¥´Ò ¢ (10). ‚¥²¨Î¨´Ò Cα,É¥¶²/Ìμ²,
Qα,É¥¶²/Ìμ², sα,É¥¶²/Ìμ² ¨ TÉ¥¶²/Ìμ² μ¶·¥¤¥²ÖÕÉ ¶·μ¢μ¤¨³μ¸ÉÓ, £ §μμÉ¤¥²¥´¨¥, ¸±μ·μ¸ÉÓ μÉ-
± Î±¨ ¨ É¥³¶¥· ÉÊ·Ê ¸μμÉ¢¥É¸É¢¥´´μ ¢ ®É¥¶²μ°¯/®Ìμ²μ¤´μ°¯ Î ¸ÉÖÌ ¡Ê¸É¥·  (·¨¸. 3) ¨ Ö¢-
²ÖÕÉ¸Ö ¶ · ³¥É· ³¨ ¶·¨ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò (7). ‘¢Ö§Ó ¶ · ³¥É·μ¢ ¸¨² μÉ± Î±¨ ´  ®É¥-
¶²μ³¯/®Ìμ²μ¤´μ³¯ ÊÎ ¸É± Ì ¢ Ê¸·¥¤´¥´´μ° ³μ¤¥²¨ ¸ ¶ · ³¥É· ³¨ ¸¨² μÉ± Î±¨ ¢ ³μ¤¥²¨
¸ ®·¥ ²Ó´μ°¯ · ¸¸É ´μ¢±μ° ´ ¸μ¸μ¢ ¨³¥¥É ¢¨¤

sα,É¥¶² =
Sα,2

LÉ¥¶²
, sα,Ìμ² = Sα,Ìμ² +

46∑
i=4

Sα,i

LÌμ²
. (9)



1538 ŠÊ§´¥Íμ¢ �. �., ’Ê§¨±μ¢ �. ‚., ”¨²¨¶¶μ¢ �. ‚.

�¨¸. 3 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨).  , ¡) ’¥³¶¥· ÉÊ·  ¨ £ §μμÉ¤¥²¥´¨¥. ¢, £) ‘±μ·μ¸ÉÓ μÉ± Î±¨

¨ ±μ´Í¥´É· Í¨Ö: ±· ¸´ Ö (²¨´¨Ö 1) Å ¸ ®·¥ ²Ó´Ò³¯ · ¸¶μ²μ¦¥´¨¥³ ´ ¸μ¸μ¢ (4), ¸¨´ÖÖ (²¨´¨Ö 2) Å
¸ Ê¸·¥¤´¥´´μ° μÉ± Î±μ° (8), ´  ·¨¸. ¢ ¸¢¥·ÌÊ ¶μ± § ´  ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  ¡Ê¸É¥·  ¸ · ¸¸É ¢²¥´-

´Ò³¨ ´ ¸μ¸ ³¨

�  ·¨¸. 3 ¶·¨¢¥¤¥³ ¸· ¢´¥´¨¥ ·¥Ï¥´¨° (4) ¨ (8), ¶·¨´Ö¢ ¢μ ¢´¨³ ´¨¥ ¸¢Ö§Ó (9) ¶ · -
³¥É·μ¢ § ¤ Î (3) ¨ (7):

Nα,É¥¶² = λα,Ìμ²ω
2
α,É¥¶² cosh

ωα,É¥¶² (2z − LÉ¥¶²)
2

sech
ωα,É¥¶²LÉ¥¶²

2
+

+ λα,É¥¶²ωα,Ìμ²ωα,Ìμ² (1 − coshωα,É¥¶²z)+

+ λα,É¥¶²ωα,Ìμ²

(
ωα,Ìμ² sinh ωα,É¥¶²z + ωα,É¥¶² coth

ωα,Ìμ²LÌμ²

2

)
tanh

ωα,É¥¶²LÉ¥¶²

2
,

Dα,É¥¶² = ωα,Ìμ²ω
2
α,É¥¶²

(
ωα,Ìμ² + coth

ωα,Ìμ²LÌμ²

2
ωα,É¥¶² tanh

ωα,É¥¶²LÉ¥¶²

2

)
,

Nα,Ìμ² = λα,É¥¶²ω
2
α,Ìμ² cosh

ωα,Ìμ² (2z − LÌμ²)
2

sinh
ωα,É¥¶²LÉ¥¶²

2
+ (10)

+ λα,Ìμ²ωα,É¥¶²ωα,Ìμ² cosh
ωα,É¥¶²LÉ¥¶²

2
sinh

ωα,Ìμ²LÌμ²

2
−

− 2λα,Ìμ²ω
2
α,É¥¶² sinh

ωα,Ìμ²z

2
sinh

ωα,Ìμ² (z − Lα,Ìμ²)
2

sinh
ωα,É¥¶²LÉ¥¶²

2
,

Dα,Ìμ² = ω3
α,Ìμ²ωα,É¥¶² cosh

ωα,É¥¶²LÉ¥¶²

2
sinh

ωα,Ìμ²LÌμ²

2
+

+ ω2
α,Ìμ²ω

2
α,É¥¶² cosh

ωα,Ìμ²LÌμ²

2
sinh

ωα,É¥¶²LÉ¥¶²

2
;



�μ¸É ¶μÉ¥·Ó ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  ¢ ¡Ê¸É¥·¥ NICA ¶·¨ ¤¥¸μ·¡Í¨¨ μ¸É ÉμÎ´μ£μ £ §  1539

ωα,É¥¶²/Ìμ² =

√
sα,É¥¶²/Ìμ²

Cα,É¥¶²/Ìμ²
, λα,É¥¶²/Ìμ² =

Qα,É¥¶²/Ìμ²A

kBTÉ¥¶²/Ìμ²Cα,É¥¶²/Ìμ²
.

�…‡“‹œ’�’› ��‘—…’�‚

�¥§Ê²ÓÉ ÉÒ ·¥Ï¥´¨Ö ´¥¸É Í¨μ´ ·´μ° § ¤ Î¨ ¸ ¶ÊÎ±μ³ (1) ¤²Ö ³ £´¨É´μ£μ Í¨±²  ¡Ê-
¸É¥·  (¸³. ·¨¸. 1) ¸ ´ Î ²Ó´Ò³ ¸É Í¨μ´ ·´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¢ Ëμ·³¥ (8) ¨ ¶ · ³¥É· ³¨
¸±μ·μ¸É¥° Ê¸·¥¤´¥´´μ° μÉ± Î±¨, £ §μμÉ¤¥²¥´¨Ö ¨ ±μÔËË¨Í¨¥´Éμ¢ ¤¥¸μ·¡Í¨¨ (É ¡²¨Í )
¶·¨¢¥¤¥´Ò ´  ·¨¸. 4.

ƒ §μ¢Ò° ¸μ¸É ¢ ¡Ò² ¢Ò¡· ´ ¢ ¢¨¤¥ H2, CH4, CO, CO2; ´ Î ²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± 
¨μ´μ¢ §μ²μÉ  197Au31+ Å 2 · 109.

� · ³¥É·Ò ¸±μ·μ¸É¥° Ê¸·¥¤´¥´´μ° μÉ± Î±¨, £ §μμÉ¤¥²¥´¨Ö ¨ ±μÔËË¨Í¨¥´Éμ¢ ¤¥¸μ·¡Í¨¨ (¤ ´-
´Ò¥ μ ±μÔËË¨Í¨¥´É Ì ¤¥¸μ·¡Í¨¨ ¢§ÖÉÒ ¨§ · ¡μÉÒ [5])

� · ³¥É· H2 CH4 CO CO2

sÉ¥¶², ²/¸/³ 0,46 0,56 5,76 6,25
sÌμ², ²/¸/³ 2,41 145,81 114,26 74,94

QÉ¥¶², 10−12 ³¡ · · ² · ¸³−2· ¸−1 0,025 0,015 0,018 0,014

QÌμ², 10−12 ³¡ · · ²· ¸³−2· ¸−1 0,003 0,001 0,001 0,001
η∠,É¥¶²(

197Au31+) 150 5 1000 250

η∠,Ìμ²(
197Au31+) 1500 50 10000 2500

η⊥,É¥¶²(H
+
2 ) 0,54 0,54 0,54 0,54

η⊥,É¥¶²(CH+
4 ) 0,04 0,05 0,07 0,11

η⊥,É¥¶²(CO+) 0,25 0,29 0,29 0,33

η⊥,É¥¶²(CO+
2 ) 0,14 0,14 0,14 0,14

η⊥,Ìμ²(H
+
2 ) 0,33 0,33 0,33 0,33

η⊥,Ìμ²(CH+
4 ) 0,02 0,03 0,04 0,07

η⊥,Ìμ²(CO+) 0,15 0,17 0,17 0,2

η⊥,Ìμ²(CO+
2 ) 0,09 0,09 0,09 0,09

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¶μÉ¥·Ó ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  197Au31+ μÉ ¢·¥³¥´¨ ( ) ¨ ¶μ²´ Ö ±μ´Í¥´É· Í¨Ö

μ¸É ÉμÎ´μ£μ £ §  (¡), ¶μÉ¥·¨ ¸μ¸É ¢²ÖÕÉ μ±μ²μ 2Ä3%, ¸·¥¤´¥¥ ¤ ¢²¥´¨¥ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ μ±μ²μ
0,01 ´’μ··
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�É³¥É¨³, ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ ³μ¤¥²¨·μ¢ ´¨Ö £ §μ¢Ò° ¸μ¸É ¢ ¢ ®É¥¶²μ°¯ Î ¸É¨ ¡Ê¸É¥· 
¸μ¸É ¢¨² μ±μ²μ 90 % H2 ¨ ¸Ê³³ ·´μ 10 % Å CH4, CO, CO2; ¢ ®Ìμ²μ¤´μ°¯ Î ¸É¨ Å
μ±μ²μ 100% H2.

‚›‚�„›

�·¥¤¸É ¢²¥´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó ¤²Ö · ¸Î¥É  ¶μÉ¥·Ó ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  197Au31+

¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸  Éμ³ ³¨ ¨ ³μ²¥±Ê² ³¨ μ¸É ÉμÎ´μ£μ £ §  ¸ ÊÎ¥Éμ³ ¤¥¸μ·¡Í¨¨ Î ¸É¨Í,
 ¤¸μ·¡¨·μ¢ ´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¡Ê¸É¥·  ´Ê±²μÉ·μ´ .

� °¤¥´Ò  ´ ²¨É¨Î¥¸±¨¥ ·¥Ï¥´¨Ö ¸É Í¨μ´ ·´μ° § ¤ Î¨ ¡¥§ ¶ÊÎ±  ¤²Ö ±μ´Í¥´É· Í¨°
μ¸É ÉμÎ´μ£μ £ §  ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ ¡Ê¸É¥·  ´Ê±²μÉ·μ´ , ÊÎ¨ÉÒ¢ ÕÐ¨¥ ¢Ò¡· ´´μ¥ · ¸-
¶μ²μ¦¥´¨¥ ´ ¸μ¸μ¢,   É ±¦¥ ·¥Ï¥´¨¥ ¤²Ö Ê¸·¥¤´¥´´μ° ¶μ ±μ²ÓÍÊ μÉ± Î±¨.

�  ¶·¨³¥·¥ ·¥Ï¥´¨Ö ´¥¸É Í¨μ´ ·´μ° § ¤ Î¨ ¡¥§ ¶ÊÎ±  ¸ Ê¸·¥¤´¥´´μ° μÉ± Î±μ° ¶μ± -
§ ´μ, ÎÉμ §  μ¶·¥¤¥²¥´´μ¥ ¢·¥³Ö · ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨° μ¸É ÉμÎ´μ£μ £ §  ¶·¨Ìμ¤¨É
± ¸É Í¨μ´ ·´μ³Ê ¸μ¸ÉμÖ´¨Õ.

�μ± § ´μ, ÎÉμ ¶·¨ ¢¥²¨Î¨´ Ì ¸±μ·μ¸É¥° Ê¸·¥¤´¥´´μ° μÉ± Î±¨, £ §μμÉ¤¥²¥´¨Ö ¨ ±μÔË-
Ë¨Í¨¥´Éμ¢ ¤¥¸μ·¡Í¨¨ ¢ ®É¥¶²μ°¯/®Ìμ²μ¤´μ°¯ Î ¸ÉÖÌ ¡Ê¸É¥·  ´Ê±²μÉ·μ´ , ¡²¨§±¨Ì ± μ¦¨-
¤ ¥³Ò³ [1], ¶μÉ¥·¨ ¶ÊÎ±  ¨μ´μ¢ §μ²μÉ  197Au31+ ¸μ¸É ¢²ÖÕÉ ¢¥²¨Î¨´Ê μ±μ²μ 3 %, ÎÉμ ¸μ-
μÉ¢¥É¸É¢Ê¥É ¸·¥¤´¥³Ê ¶μ ±μ²ÓÍÊ Ê¸±μ·¨É¥²Ö ¤ ¢²¥´¨Õ μ¸É ÉμÎ´μ£μ £ §  μ±μ²μ 0,01 ´’μ··.
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