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

�·¥¤¸É ¢²¥´Ò · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¶·μ¥±É  NICA. �¶¨¸ ´Ò ¢ ±ÊÊ³´Ò¥ É·¥-
¡μ¢ ´¨Ö ¢ Í¥¶μÎ±¥ Ê¸±μ·¨É¥²¥° ¨ ¸μ¸ÉμÖ´¨¥ · ¡μÉ ´  ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö. �¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö
¶·μ¡²¥³ ³ ¤μ¸É¨¦¥´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ ¡Ê¸É¥·¥, ¤²Ö Î¥£μ ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ±μ³¶ ´¨¥°
Vakuum Praha (�· £ , —¥Ì¨Ö) · §· ¡μÉ ´ ¨ ¸μ§¤ ´ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¸É¥´¤ ¤²Ö ¢Ò¡μ·  ´ ¨¡μ²¥¥
ÔËË¥±É¨¢´ÒÌ ¸·¥¤¸É¢ μÉ± Î±¨ ¶ÊÎ±μ¢μ° ± ³¥·Ò ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¡Ò¸É·μÍ¨±²¨·ÊÕÐ¥£μ ¸¨´Ì·μ-
É·μ´ . �·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢ ±ÊÊ³  ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ê¸±μ·¨-
É¥²ÖÌ, ¨³¥ÕÐ¨Ì ®É¥¶²Ò¥¯ ÊÎ ¸É±¨ ± ³¥·Ò ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ
¸μ§¤ ´´μ£μ ¶·μ£· ³³´μ£μ ±μ¤ . Œμ¤¥²¨·μ¢ ´¨¥ ¶μ± § ²μ ´¥μ¡Ìμ¤¨³μ¸ÉÓ Ê¸É ´μ¢±¨ ¤μ¶μ²´¨É¥²Ó-
´ÒÌ ¸·¥¤¸É¢ μÉ± Î±¨ ¶μ ¢¸¥³Ê ¶¥·¨³¥É·Ê ¡Ê¸É¥· . „²Ö ·¥Ï¥´¨Ö ¤ ´´μ° ¶·μ¡²¥³Ò ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥
¸ ˆŸ” (�μ¢μ¸¨¡¨·¸±) ´ Î É  · §· ¡μÉ±  μ·¨£¨´ ²Ó´μ° ±μ´¸É·Ê±Í¨¨ É¨É ´μ¢μ£μ ¸Ê¡²¨³ Í¨μ´´μ£μ
´ ¸μ¸ , · ¡μÉ ÕÐ¥£μ ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì.

The paper presents the progress of works on the design for the NICA project vacuum system,
describing the vacuum requirements in the accelerator chain and the progress to date. Special attention
is given to the problems of achieving ultra-high vacuum in the booster. For this purpose, in collaboration
with Vakuum Praha Company (Prague, Czech Republic), a test bench for the most effective pumping
of the accelerator chamber of the superconducting fast cycling synchrotron has been designed and built.
The article provides the simulation results of vacuum distribution in superconducting accelerators with
©warmª chamber parts at room temperature. The specialized programming code was developed for this
purpose. The simulation has revealed a necessity of installation of additional pumping equipment along
the booster perimeter. To solve this problem, development of original design of titanium sublimation
pump operating at cryogenic temperatures has started in collaboration with the Budker Institute of
Nuclear Physics (Novosibirsk, Russia).
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�¸´μ¢´Ò³ É·¥¡μ¢ ´¨¥³ ¶·¨ Ëμ·³¨·μ¢ ´¨¨ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¢ Ê¸±μ·¨É¥²ÖÌ § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ¶μÉ¥·Ó Î ¸É¨Í ´  ³μ²¥±Ê² Ì μ¸É ÉμÎ´μ£μ £ § . ‘±μ-
·μ¸ÉÓ ¶μÉ¥·Ó μ¶·¥¤¥²Ö¥É¸Ö ± ± ¶ · ³¥É· ³¨ ¶ÊÎ± , É ± ¨ ¸μ¸É ¢μ³ μ¸É ÉμÎ´μ£μ £ § . �μ
³¥·¥ Ê¸±μ·¥´¨Ö ¨ ´ ±μ¶²¥´¨Ö ¶ÊÎ±  ¢ Í¥¶μÎ±¥ Ê¸±μ·¨É¥²¥° ³¥´ÖÕÉ¸Ö É·¥¡μ¢ ´¨Ö ± ¢¥-
²¨Î¨´¥ μ¸É ÉμÎ´μ£μ ¤ ¢²¥´¨Ö.

1E-mail: smirnov@jinr.ru



812 ƒ ²¨³μ¢ �. �. ¨ ¤·.

‚ ±ÊÊ³´Ò¥ ¸¨¸É¥³Ò Ê¸±μ·¨É¥²¥° ¶·μ¥±É  NICA

“¸±μ·¨É¥²Ó „²¨´ , ³ „ ¢²¥´¨¥, �  ’¨¶ ´ ¸μ¸μ¢ ‘É ÉÊ¸

‹“-20 20,0 10−4 ’Ê·¡μ+ ±·¨μ Œμ¤¥·´¨§¨·μ¢ ´ 
‹“’ˆ 11,5 10−5 ’Ê·¡μ+ ¨μ´´Ò° �·μÉ¥¸É¨·μ¢ ´ 
	Ê¸É¥· 211,0 10−9 ˆμ´´Ò°+ £¥ÉÉ¥· �μ¸É ¢±  μ¡μ·Ê¤μ¢ ´¨Ö
�Ê±²μÉ·μ´ 251,5 10−7 ’Ê·¡μ+ ¨μ´´Ò° Œμ¤¥·´¨§¨·μ¢ ´ 
Šμ²² °¤¥· 503,0 10−9 ˆμ´´Ò°+ £¥ÉÉ¥· �·μ¥±É¨·μ¢ ´¨¥

“¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ NICA [1] ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥°, ¡Ê¸É¥·-
´μ£μ ¸¨´Ì·μÉ·μ´ , Ê¸±μ·¨É¥²Ö ´Ê±²μÉ·μ´ ¨ ¤¢ÊÌ ±μ²¥Í ±μ²² °¤¥·  (É ¡²¨Í ), ± ´ -
²μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢. ‹¨´¥°´Ò¥ Ê¸±μ·¨É¥²¨ Î ¸É¨ÍÒ ¶·μ²¥É ÕÉ μ¤¨´ · §, ¶μ-
ÔÉμ³Ê ¤μ¸É ÉμÎ´μ ¨³¥ÉÓ ¤ ¢²¥´¨¥ ´  Ê·μ¢´¥ 10−4Ä10−5 � . „ ²¥¥ Î ¸É¨ÍÒ ¶μ ± ´ ²Ê
É· ´¸¶μ·É¨·μ¢±¨ ¶μ¶ ¤ ÕÉ ¢ ¡Ê¸É¥·. �´¥·£¨Ö ¨´¦¥±Í¨¨ ¨μ´μ¢ Au31+ ¸μ¸É ¢²Ö¥É ¢¸¥£μ
3,2 ŒÔ‚/´Ê±²μ´, ÎÉμ É·¥¡Ê¥É ´ ²¨Î¨¥ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ ¡Ê¸É¥·¥ ¶μ·Ö¤±  10−9 � .
�·¨ · ¸¸¥Ö´¨¨ ´  ³μ²¥±Ê² Ì  §μÉ  ¶·¨ Ô´¥·£¨¨ ¨´¦¥±Í¨¨ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸μ-
¸É ¢²Ö¥É σ = 68 · 10−22 ³−2. ’μ£¤  ¶·¨ ¤ ¢²¥´¨¨ 10−9 �  ¨³¥¥³ ¢·¥³Ö ¦¨§´¨ ¶ÊÎ± 
¶μ·Ö¤±  20 ¸, ÎÉμ Ê¦¥ ¸· ¢´¨³μ ¸ Í¨±²μ³ Ê¸±μ·¥´¨Ö Î ¸É¨Í ¢ ¡Ê¸É¥·¥ μ±μ²μ 5 ¸.

�μ¸²¥ Ê¸±μ·¥´¨Ö ¢ ¡Ê¸É¥·¥ ¤μ Ô´¥·£¨¨ ¢Ò¢μ¤  ¶μ·Ö¤±  600 ŒÔ‚/´Ê±²μ´ Î ¸É¨ÍÒ
¶¥·¥¢μ¤ÖÉ¸Ö ¶μ ± ´ ²Ê, ¨³¥ÕÐ¥³Ê μ¡¤¨·μÎ´ÊÕ ³¨Ï¥´Ó, £¤¥ ¨μ´Ò §μ²μÉ  É¥·ÖÕÉ ¢¸¥
Ô²¥±É·μ´Ò. ‚ ´Ê±²μÉ·μ´ ¨´¦¥±É¨·ÊÕÉ¸Ö ¨ ¸· §Ê Ê¸±μ·ÖÕÉ¸Ö ¶μ²´μ¸ÉÓÕ μ¡μ¤· ´´Ò¥
 Éμ³Ò, ¶μÔÉμ³Ê ¢ ±ÊÊ³´Ò¥ É·¥¡μ¢ ´¨Ö ¸ÊÐ¥¸É¢¥´´μ ´¨¦¥, Î¥³ ¢ ¡Ê¸É¥·¥. „ ²¥¥ Î ¸É¨ÍÒ
¶¥·¥¢μ¤ÖÉ¸Ö ¢ ±μ²ÓÍ  ±μ²² °¤¥· , £¤¥ ¢·¥³Ö ¦¨§´¨ ¶ÊÎ±  ¤μ²¦´μ ¸μ¸É ¢²ÖÉÓ ´¥ ³¥´¥¥
1 Î, ÎÉμ É·¥¡Ê¥É ¤μ¸É¨¦¥´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ´  Ê·μ¢´¥ 10−9 � .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¤μ¸É¨ÎÓ ¢ ¡Ê¸É¥·¥ ´¥μ¡Ìμ¤¨³μ¥ ¢·¥³Ö ¦¨§´¨
¶ÊÎ±  ¶·¨ Ô´¥·£¨¨ ¨´¦¥±Í¨¨, ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ § ¤ ÎÊ ¶μ²ÊÎ¥´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ -
±ÊÊ³ . ‚ Éμ ¢·¥³Ö ± ± ¢ ±μ²² °¤¥·¥ £² ¢´ Ö ¶·μ¡²¥³  Å ¶μ¤ ¢²¥´¨¥ ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨
Ô²¥±É·μ´μ¢ ¸μ ¸É¥´μ± ± ³¥·Ò, ÎÉμ ¶·¨¢μ¤¨É ± ÔËË¥±ÉÊ Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ [2]. �·¨
ÔÉμ³ μÍ¥´±¨ ¤¨´ ³¨Î¥¸±μ£μ ¢ ±ÊÊ³ , ±μ£¤  ¢Éμ·¨Î´ Ö Ô³¨¸¸¨Ö ¨μ´μ¢ ¸μ ¸É¥´μ± ± ³¥·Ò
¶·¨¢μ¤¨É ± ²μ± ²Ó´μ³Ê ÊÌÊ¤Ï¥´¨Õ ¢ ±ÊÊ³ , ¶μ± §Ò¢ ÕÉ, ÎÉμ ¤ ´´Ò° ÔËË¥±É ´¥ Ö¢²Ö¥É¸Ö
¸ÊÐ¥¸É¢¥´´Ò³ ¢μ ¢¸¥Ì Ê¸±μ·¨É¥²ÖÌ ±μ³¶²¥±¸ .
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‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ¡Ê¸É¥·  ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·μ±, · ¡μÉ ÕÐ¨Ì
¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì, ¨ Î¥ÉÒ·¥Ì ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É±μ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. �  ¸¥£μ¤´Ö ¢ �ˆŸˆ ¶μ¸É ¢²¥´Ò ¢ ±ÊÊ³´Ò¥ μ¡Ñ¥³Ò ¤¢ÊÌ ¶·Ö-
³μ²¨´¥°´ÒÌ ÊÎ ¸É±μ¢: ‚—-¸É ´Í¨° ¨ ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö. �¡  μ¡Ñ¥³ 
¨§£μÉμ¢²¥´Ò ¢ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ. ˆ. 	Ê¤±¥·  ‘� ��� (ˆŸ”). ‚ Ìμ¤¥ ³μ´-
É ¦  ¨ É¥¸É¨·μ¢ ´¨Ö ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ò²¨ ¤μ¸É¨£´ÊÉÒ ´¥μ¡Ìμ¤¨³Ò¥
¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ´  Ê·μ¢´¥ 2 · 10−9 �  [3].

�·Ö³μ²¨´¥°´Ò° ¶·μ³¥¦ÊÉμ± ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ´ Ìμ¤¨É¸Ö ¢ ¸É ¤¨¨ ¨§£μÉμ¢²¥´¨Ö ¨
¢ 2018 £. ¤μ²¦¥´ ¡ÒÉÓ ¶μ¸É ¢²¥´ ¢ �ˆŸˆ. �·Ö³μ²¨´¥°´Ò° ¶·μ³¥¦ÊÉμ± ¸¨¸É¥³Ò ¢Ò¢μ¤ 
¶ÊÎ±  ¨§ ¡Ê¸É¥·  ¢³¥¸É¥ ¸ ± ´ ²μ³ ¶¥·¥¢μ¤  ¢ ´Ê±²μÉ·μ´ ¨§£μÉ ¢²¨¢ ¥É¸Ö ¢ ˆŸ”. ‚μ ¢¸¥Ì
®É¥¶²ÒÌ¯ ÊÎ ¸É± Ì ¢ ± Î¥¸É¢¥ Ë¨´ ²Ó´μ£μ ³¥Éμ¤  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö É¨-
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É ´μ¢Ò¥ · ¸¶Ò²¨É¥²¨ ¢ ±μ³¡¨´ Í¨¨ ¸ ¨μ´´Ò³¨ ´ ¸μ¸ ³¨. ‚ ± Î¥¸É¢¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ
¸·¥¤¸É¢ μÉ± Î±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ´¥· ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò [4].

�·μ¥±É¨·μ¢ ´¨¥ ¢ ±ÊÊ³´ÒÌ ± ³¥· ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·μ± ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ § -
¢¥·Ï¥´μ, ¨ ¨§£μÉμ¢²¥´Ò ¶·μÉμÉ¨¶Ò · §²¨Î´ÒÌ ± ³¥·, · ¡μÉ ÕÐ¨¥ ¶·¨ ±·¨μ£¥´´ÒÌ É¥³-
¶¥· ÉÊ· Ì. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö £μÉμ¢ÖÉ¸Ö ¢ ±ÊÊ³´Ò¥ ¨¸¶ÒÉ ´¨Ö ¶ÊÎ±μ¢ÒÌ ± ³¥· ±·¨¢μ-
²¨´¥°´ÒÌ ³ £´¨Éμ¢, ¨§£μÉμ¢²¥´´ÒÌ ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ±μ³¶ ´¨¥° Frako-Term (�μ²ÓÏ ).
�·¥¤¶μ² £ ¥É¸Ö, ÎÉμ μ¸´μ¢´Ò³ É¨¶μ³ ¨μ´μ¢ μ¸É ÉμÎ´μ£μ £ §  ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·± Ì
¡Ê¤ÊÉ ³μ²¥±Ê²Ò ¨  Éμ³Ò ¢μ¤μ·μ¤ , ¶μÔÉμ³Ê ¢ ±ÊÊ³´Ò¥ ¶μ¸ÉÒ ¡Ê¸É¥·  ¡Ê¤ÊÉ ¨³¥ÉÓ ´ ¸μ¸Ò
´  μ¸´μ¢¥ ´¥· ¸¶Ò²Ö¥³ÒÌ £¥ÉÉ¥·μ¢.

‚¢¨¤Ê ³ ²μ° ¢ ±ÊÊ³´μ° ¶·μ¢μ¤¨³μ¸É¨ ± ³¥· ¨ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨° ³¥¦¤Ê ¢ ±ÊÊ³-
´Ò³¨ ¶μ¸É ³¨ ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·± Ì (μ±μ²μ 9 ³) ´¥μ¡Ìμ¤¨³μ Ê¸É ´μ¢¨ÉÓ ¤μ¶μ²´¨-
É¥²Ó´Ò¥ ¸·¥¤¸É¢  μÉ± Î±¨, · ¡μÉ ÕÐ¨¥ ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì. ‘±μ·μ¸ÉÓ μÉ± Î±¨
´¥· ¸¶Ò²Ö¥³ÒÌ £¥ÉÉ¥·μ¢ ¶·¨ ¸´¨¦¥´¨¨ É¥³¶¥· ÉÊ·Ò ·¥§±μ ¶ ¤ ¥É [5]. •μ·μÏ¨³ ·¥Ï¥-
´¨¥³ ÔÉμ° ¶·μ¡²¥³Ò Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ±·¨μ¸μ·¡Í¨μ´´ÒÌ ´ ¸μ¸μ¢. �¤´ ±μ É ±μ°
¶μ¤Ìμ¤ É·¥¡Ê¥É ¸¨²Ó´ÒÌ ¨§³¥´¥´¨° ¢ ±·¨μ£¥´´μ° ¸¨¸É¥³¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢,
ÎÉμ ¢ ´ ¸ÉμÖÐ¨° ³μ³¥´É Ê¦¥ ´¥¢μ§³μ¦´μ.

�μÔÉμ³Ê ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ μ · §· ¡μÉ±¥ ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢ ´  μ¸´μ¢¥ É¨É ´μ-
¢ÒÌ · ¸¶Ò²¨É¥²¥°, ±μÉμ·Ò¥ ¡Ê¤ÊÉ Ê¸É ´μ¢²¥´Ò ¢μ ¢¸¥Ì ¶·μ³¥¦ÊÉ± Ì ³¥¦¤Ê ¸¢¥·Ì¶·μ¢μ-
¤ÖÐ¨³¨ ³ £´¨É ³¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μÉ·¥¡Ê¥É¸Ö Ê¸É ´μ¢¨ÉÓ ¢ ±·¨μ¸É É Ì ¨§μ²ÖÍ¨μ´´μ£μ
μ¡Ñ¥³  ¤μ¶μ²´¨É¥²Ó´Ò¥ Éμ±μ¢¢μ¤Ò ´  40 �. ˆ¸¶μ²Ó§μ¢ ´¨¥ É ±¨Ì ´ ¸μ¸μ¢ ¶μ§¢μ²¨É ¸´¨-
§¨ÉÓ ¤ ¢²¥´¨¥ ¢ ´¥¸±μ²Ó±μ · § ¨ ¤μ¸É¨£´ÊÉÓ ´¥μ¡Ìμ¤¨³ÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¢ ¡Ê¸É¥·¥.
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„²Ö ¨¸¶ÒÉ ´¨Ö ¸¢¥·Ì¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢, Ô²¥³¥´Éμ¢ Ê¸±μ·¨É¥²¥° ¨ ³ É¥·¨ ²μ¢,
±μÉμ·Ò¥ ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ Ê¸É·μ°¸É¢ Ì, · §³¥Ð ¥³ÒÌ ¢ ¶ÊÎ±μ¢ÒÌ ± ³¥· Ì, ¸μ-
¢³¥¸É´μ ¸ ±μ³¶ ´¨¥° Vakuum Praha [6], ¸¶·μ¥±É¨·μ¢ ´ ¨ ¸μ§¤ ´ ¸É¥´¤, ¶μ§¢μ²ÖÕÐ¨°
μ¸ÊÐ¥¸É¢²ÖÉÓ ¶·μ£·¥¢ ¢¸¥Ì Ô²¥³¥´Éμ¢ ¤μ É¥³¶¥· ÉÊ·Ò 300 ◦‘ ¨ ¤μ¸É¨£ ÉÓ ¢ ±ÊÊ³ , ´¥-
μ¡Ìμ¤¨³μ£μ ¤²Ö ¶·μ¢¥¤¥´¨Ö ³ ¸¸-¸¶¥±É·μ³¥É·¨Î¥¸±μ£μ  ´ ²¨§  ¸μ¸É ¢  μ¸É ÉμÎ´ÒÌ £ -
§μ¢ [7].

�  ¸É¥´¤¥ ¢ ³μ¤¥²Ó´μ° ¶ÊÎ±μ¢μ° ± ³¥·¥ ¶μ¸²¥ ¶·μ£·¥¢  ¢ É¥Î¥´¨¥ 30 Î ¶·¨ É¥³¶¥-
· ÉÊ·¥ 280 ◦‘ ¡Ò² ¶μ²ÊÎ¥´ ¢ ±ÊÊ³ < 10−9 �  [8]. „²Ö ¤μ¸É¨¦¥´¨Ö ¤ ´´μ£μ ¤ ¢²¥´¨Ö
¨¸¶μ²Ó§μ¢ ² ¸Ó ¸¢Ö§±  ¨§ ¨μ´´μ£μ ¨ É¨É ´μ¢μ£μ ¸Ê¡²¨³ Í¨μ´´ÒÌ ´ ¸μ¸μ¢. ˆ§³¥·¥´¨Ö
¢ ±ÊÊ³  ¶·μ¢μ¤¨²¨¸Ó ¶·¨ ¶μ³μÐ¨ ¤ ÉÎ¨±μ¢ ¢ ±ÊÊ³  É¨¶  	 °Ö·¤ Ä�²Ó¶¥·É  ¨ ¢ ±ÊÊ³³¥-
É·μ¢ Ë¨·³Ò Varian.

ˆ§³¥·¥´¨¥ ³ ¸¸μ¢μ£μ ¸μ¸É ¢  £ §μ¢ ¢ ± ³¥·¥ ¶μ± § ²μ, ÎÉμ ¶·¨ ¸μ¡²Õ¤¥´¨¨ É·¥¡μ¢ -
´¨° ¢ ±ÊÊ³´μ° £¨£¨¥´Ò ¶μ¸²¥ ¶·μ£·¥¢  μ¸´μ¢´Ò³ ±μ³¶μ´¥´Éμ³ μ¸É ÉμÎ´μ£μ £ §  Ö¢²Ö¥É¸Ö
H2 (¤μ 99% ¶μ ³ ¸¸¥).

„²Ö ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨° ¶μ ¤μ¸É¨¦¥´¨Õ É·¥¡Ê¥³μ£μ ¢ ±ÊÊ³  ¢ ·¥ ²Ó´ÒÌ Ê¸²μ-
¢¨ÖÌ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·μ± ¡Ò² · §· ¡μÉ ´ ¢Éμ·μ° ¸É¥´¤, ´  ±μÉμ·μ³ ¶² ´¨·Ê¥É¸Ö ¶·μ-
¢¥·±  · ¡μÉÒ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ³¡¨´ Í¨° · §²¨Î´ÒÌ É¨¶μ¢ ´ ¸μ¸μ¢
¨ ¶ÊÉ¥³ ³μ¤¥²¨·μ¢ ´¨Ö ·¥ ²Ó´ÒÌ £ §μ¢ÒÌ ´ £·Ê§μ± ¶·¨ ¶μ³μÐ¨ ¤μ§¨·μ¢ ´´μ£μ ´ ¶Ê¸± 
¨ ¢ ·Ó¨·μ¢ ´¨Ö É¥³¶¥· ÉÊ·Ò ¸É¥´μ± ± ³¥· (·¨¸. 1).

‘É¥´¤ ¸μ¸Éμ¨É ¨§ ±·¥¸Éμ¢¨´Ò, ± ±μÉμ·μ° ¶μ¤±²ÕÎ ¥É¸Ö μÉ± Î´μ¥ ¨ ¨§³¥·¨É¥²Ó´μ¥ μ¡μ-
·Ê¤μ¢ ´¨¥. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ± ±·¥¸Éμ¢¨´¥ ¶μμÎ¥·¥¤´μ ³μ£ÊÉ ¡ÒÉÓ
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�¨¸. 1. ‘Ì¥³  ¢Ò¸μ±μ¢ ±ÊÊ³´μ£μ ¶μ¸É : 1 Å ¸ÊÌμ° ¡¥§³ ¸²Ö´Ò° ¸¶¨· ²Ó´Ò° ´ ¸μ¸; 2 Å ÉÊ·¡μ-

³μ²¥±Ê²Ö·´Ò° ¢¸¶μ³μ£ É¥²Ó´Ò° ´ ¸μ¸; 3 Å ¤ ÉÎ¨± ¢ ±ÊÊ³  É¥·³μ·¥§¨¸É¨¢´Ò°; 4 Å ¸μ¸Ê¤ „ÓÕ · 
¸ ¦¨¤±¨³  §μÉμ³; 5 Å ¤ ÉÎ¨± ¢ ±ÊÊ³  ¸ Ìμ²μ¤´Ò³ ± Éμ¤μ³; 6 Å ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò° ´ ¸μ¸ ¸ ¶μ-

¢ÒÏ¥´´μ° ±μ³¶·¥¸¸¨¥° ¶μ ²¥£±¨³ £ § ³; 7 Å Ê£²μ¢μ° Í¥²Ó´μ³¥É ²²¨Î¥¸±¨° ±² ¶ ´; 8 Å ¨μ´´Ò°
´ ¸μ¸ ¸ · ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³; 9 Å ´ É¥± É¥²Ó; 10 Å § É¢μ· Í¥²Ó´μ³¥É ²²¨Î¥¸±¨°; 11 Å ¨μ´´Ò°

´ ¸μ¸ ¸ ´¥· ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³; 12 Å ¤ ÉÎ¨± ¢ ±ÊÊ³  ¸ £μ·ÖÎ¨³ ± Éμ¤μ³ (	 °Ö·¤ Ä�²Ó¶¥·É );

13 Å ³ ¸¸-¸¶¥±É·μ³¥É·

¶·¨¸μ¥¤¨´¥´Ò ¨¸¸²¥¤Ê¥³Ò¥ É¨¶Ò ´ ¸μ¸μ¢. Šμ´¸É·Ê±Í¨Ö ¸É¥´¤  ¶μ§¢μ²Ö¥É ¸μ¥¤¨´¨ÉÓ ¥£μ
¸ ¶ÊÎ±μ¢μ° ± ³¥·μ° É¥¸Éμ¢μ£μ ³ £´¨É  ¨ ´  ±·¨μ£¥´´μ³ ¸É¥´¤¥ ¶·μ¢¥·¨ÉÓ · ¡μÉÊ · §²¨Î-
´ÒÌ ±μ´Ë¨£Ê· Í¨° μ¡μ·Ê¤μ¢ ´¨Ö [9].

„²Ö ¤μ¸É¨¦¥´¨Ö · ¡μÎ¥£μ ¤ ¢²¥´¨Ö ¢ ± ³¥·¥ (< 1·10−9 � ) ¶·¥¤Ê¸³μÉ·¥´μ Ê¸É·μ°¸É¢μ
¶·μ£·¥¢  ¢¸¥Ì Ô²¥³¥´Éμ¢ ¸É¥´¤  ¤μ É¥³¶¥· ÉÊ·Ò 280 ◦‘ ¸μ ¸±μ·μ¸ÉÓÕ ¶μ¤Ñ¥³  ¨ ¸´¨¦¥-
´¨Ö É¥³¶¥· ÉÊ·Ò ´¥ ¢ÒÏ¥ 50 ◦‘/Î. ‚ ¶·μÍ¥¸¸¥ ¶·μ£·¥¢  μÉ± Î±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ-
³μÐÓÕ É ´¤¥³  ÉÊ·¡μ³μ²¥±Ê²Ö·´ÒÌ ´ ¸μ¸μ¢ (¶μ§. 2, 6), ÎÉμ ¶μ§¢μ²Ö¥É μÎ¥´Ó μ¶¥· É¨¢´μ
·¥ £¨·μ¢ ÉÓ ´  ¨§³¥´¥´¨¥ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±  (¶μ§. 5). ˆ§³¥·¥´¨¥
¤ ¢²¥´¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¶μ³μÐ¨ ¢Ò¸μ±μ¢ ±ÊÊ³´μ£μ ¤ ÉÎ¨±  (¶μ§. 12). ‘ ¶·μÉ¨¢μ-
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¶μ²μ¦´μ£μ ±μ´Í  ¸É ´Í¨¨ μÉ± Î±¨ É¥¸Éμ¢μ£μ É·Ê¡μ¶·μ¢μ¤  Ê¸É ´ ¢²¨¢ ¥É¸Ö ´ É¥± É¥²Ó
(¶μ§. 9). —¥·¥§ ´ É¥± É¥²Ó ¢μ§³μ¦´  ¶μ¤ Î  ¶·μ¡´μ£μ £ § , É¥³ ¸ ³Ò³ ¸μ§¤ ÕÉ¸Ö Ê¸²μ¢¨Ö,
¨³¨É¨·ÊÕÐ¨¥ · §²¨Î´Ò¥ £ §μ¢Ò¥ ´ £·Ê§±¨.

�  ¶¥·¢μ³ ÔÉ ¶¥ · ¡μÉÒ ´  ¸É¥´¤¥ É¥¸Éμ¢ Ö ± ³¥·  ¡Ê¤¥É ´ Ìμ¤¨ÉÓ¸Ö ¶·¨ ±μ³´ É´μ°
É¥³¶¥· ÉÊ·¥. ‚ ¶μ¸²¥¤ÊÕÐ¥³ ¶² ´¨·Ê¥É¸Ö ¸μ¡· ÉÓ Î ¸ÉÓ ®Ìμ²μ¤´μ£μ¯ ÊÎ ¸É±  Ê¸±μ·¨É¥²Ö,
μÌ² ¤¨ÉÓ ¤μ · ¡μÎ¨Ì É¥³¶¥· ÉÊ· ¨ ¶·μ¢¥¸É¨ Ô±¸¶¥·¨³¥´ÉÒ ¢ Ê¸²μ¢¨ÖÌ, ¶·¨¡²¨¦¥´´ÒÌ ±
·¥ ²Ó´Ò³.

Œ�„…‹ˆ��‚��ˆ… ‚�Š““Œ�›• “‘‹�‚ˆ‰

�¸μ¡¥´´μ¸ÉÓÕ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¢ ¶·μ¥±Ée NICA Ö¢²Ö¥É¸Ö Î¥·¥¤μ¢ ´¨¥ ¶ÊÎ±μ¢ÒÌ
± ³¥·, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì ¨ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. 	μ²¥¥
Éμ£μ, ¨¸¶μ²Ó§μ¢ ´¨¥ ¡Ò¸É·μÍ¨±²¨·ÊÕÐ¨Ì ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢ ¶·¨¢μ¤¨É ± ¤μ¶μ²-
´¨É¥²Ó´μ³Ê ´ £·¥¢Ê ± ³¥· ¢´ÊÉ·¨ ³ £´¨Éμ¢, ÎÉμ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ° ´¥· ¢´μ³¥·´μ-
¸É¨ · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¶ÊÎ±μ¢ÒÌ ± ³¥· ¢¤μ²Ó ¶¥·¨³¥É·  Ê¸±μ·¨É¥²Ó´ÒÌ ±μ²¥Í,
μ¸μ¡¥´´μ ¢ ¡Ê¸É¥·¥.

„²Ö ³μ¤¥²¨·μ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¤ ¢²¥´¨Ö ¢¤μ²Ó ¶ÊÎ±μ¢ÒÌ ± ³¥· ¡Ò² · §· ¡μÉ ´
¸μ¡¸É¢¥´´Ò° ¶·μ£· ³³´Ò° ±μ¤, ÊÎ¨ÉÒ¢ ÕÐ¨° · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¢¤μ²Ó ± ³¥·Ò.
�·μ£· ³³  ¡Ò²  ¸μ§¤ ´  ´  μ¸´μ¢¥ ¶ ±¥É  Betacool, ¶·¨³¥´Ö¥³μ£μ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö
¤¨´ ³¨±¨ ¶ÊÎ±μ¢ ¢ ´ ±μ¶¨É¥²¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í [6].

‘²¥¤Ê¥É ÊÎ¥¸ÉÓ, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ ¨§ ± ³¥·Ò ¢ ± ³¥·Ê ¸ · §´Ò³¨ É¥³¶¥· ÉÊ· ³¨
±μ´Í¥´É· Í¨Ö ¨ ¤ ¢²¥´¨¥ ³¥´ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

n1

√
T1 = n2

√
T2,

P1√
T1

=
P2√
T2

.

’μ£¤  Ê· ¢´¥´¨¥ ¤¨´ ³¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤ ¢²¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¤μ²Ó´μ°
±μμ·¤¨´ ÉÒ ¨ ¸ ÊÎ¥Éμ³ · §´μ¸É¨ É¥³¶¥· ÉÊ· ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ± ³¥· ³¨ ³μ¦´μ § ¶¨¸ ÉÓ
¢ ¢¨¤¥

ΔPj

Δt
Vj = Cj

(
PJ+1

√
Tj

Tj+1
− Pj

)
− Cj−1

(
Pj − Pj−1

√
tj

Tj−1

)
− SjPj + Qj ,

£¤¥ Pj Å ¤ ¢²¥´¨¥ ¢ j-° ± ³¥·¥; V Å μ¡Ñ¥³ ¢ ±ÊÊ³´μ° ± ³¥·Ò; C Å ¶·μ¢μ¤¨³μ¸ÉÓ ¢ -
±ÊÊ³´μ° ± ³¥·Ò; S Å ¸±μ·μ¸ÉÓ μÉ± Î±¨; Q Å ¸Ê³³ ·´μ¥ ´ É¥± ´¨¥. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö
´ Î ²Ó´Ò¥ §´ Î¥´¨Ö ²ÊÎÏ¥ § ¤ ¢ ÉÓ ´μ·³¨·μ¢ ´´Ò³¨ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò ± ³¥·Ò. �¤´ ±μ
´ ¤μ ÊÎ¥¸ÉÓ, ÎÉμ ¶·μ¢μ¤¨³μ¸ÉÓ ± ³¥·Ò § ¤ ¥É¸Ö ´  ¥¤¨´¨ÍÊ ¤²¨´Ò, É. ¥. ¤²Ö ¶μ²ÊÎ¥´¨Ö
¶·μ¢μ¤¨³μ¸É¨ É¥±ÊÐ¥° ± ³¥·Ò ¥¥ ´Ê¦´μ · §¤¥²¨ÉÓ ´  ¤²¨´Ê ÊÎ ¸É± ,   ´¥ Ê³´μ¦¨ÉÓ, ± ±
¤²Ö ¤·Ê£¨Ì ´ Î ²Ó´ÒÌ ¶ · ³¥É·μ¢ (μ¡Ñ¥³, ¸±μ·μ¸ÉÓ μÉ± Î±¨, ´ É¥± ´¨¥).

�  ·¨¸. 2 ¶μ± § ´ ¶·¨³¥· · ¸Î¥É  ¤²Ö ¸É·Ê±ÉÊ·Ò ± ³¥· ¡Ê¸É¥· . Š· ¸´Ò³ Í¢¥Éμ³ (1)
¶μ± § ´μ ¤ ¢²¥´¨¥, Î¥·´Ò³ (2) Å ±μ´Í¥´É· Í¨Ö [� /Š]. ˆ§ £· Ë¨±μ¢ ¢¨¤´μ, ÎÉμ ¢ Ìμ-
²μ¤´ÒÌ ÊÎ ¸É± Ì ¤ ¢²¥´¨¥ ³¥´ÓÏ¥,   ±μ´Í¥´É· Í¨Ö ³μ²¥±Ê² ¡μ²ÓÏ¥. „²Ö Éμ£μ, ÎÉμ¡Ò ´ 
£· Ë¨±¥ ´¥ ¡Ò²μ É ±¨Ì ¸± Î±μ¢, ²ÊÎÏ¥ ¶·¨¢μ¤¨ÉÓ · ¸¶·¥¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨
μÉ ¶μ± § ´¨° ¢ ±ÊÊ³³¥É·μ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ (·¨¸. 3, ±· ¸´ Ö
²¨´¨Ö (1)).

�  ¶¥·¢μ³ ÔÉ ¶¥ μÉ± Î±¨ ¡Ê¸É¥·  ¡Ê¤ÊÉ Ê¸É ´μ¢²¥´Ò ¢μ¸¥³Ó ¶μ¸Éμ¢ μÉ± Î±¨ (¶μ ¤¢ 
´  ± ¦¤ÊÕ  ·±Ê) ´  μ¸´μ¢¥ Éμ²Ó±μ ÉÊ·¡μ³μ²¥±Ê²Ö·´ÒÌ ´ ¸μ¸μ¢, ÎÉμ ¶μ§¢μ²¨É ¤μ¸É¨£´ÊÉÓ
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�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). � ¸¶·¥¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ¢¤μ²Ó ± ³¥·Ò ¡Ê¸É¥·  (¶μ²μ¢¨´ 

±μ²ÓÍ , ´ Î¨´ Ö ¸ ®É¥¶²μ£μ¯ ÊÎ ¸É± ). Š· ¸´Ò° Í¢¥É (1) Å ¤ ¢²¥´¨¥; Î¥·´Ò° (2) Å ±μ´Í¥´É· Í¨Ö

³μ²¥±Ê²

�¨¸. 3 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). � ¸¶·¥¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ´  ¢ ±ÊÊ³´ÒÌ ¤ ÉÎ¨± Ì ¶·¨ ±μ³-

´ É´μ° É¥³¶¥· ÉÊ·¥ (1/4 ¡Ê¸É¥· ): ±· ¸´Ò° Í¢¥É (1) Å ¶¥·¢Ò° ÔÉ ¶ μÉ± Î±¨ Éμ²Ó±μ ¸ ÉÊ·¡μ-
´ ¸μ¸ ³¨; ¸¨´¨° (2) Å ¢Éμ·μ° ÔÉ ¶ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢¸¥Ì 24 ¶μ¸Éμ¢ μÉ± Î±¨; §¥²¥´Ò° (3) Å

¨¸¶μ²Ó§μ¢ ´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¸Ê¡²¨³ Í¨μ´´ÒÌ ´ ¸μ¸μ¢ ³¥¦¤Ê ¢¸¥³¨ ³ £´¨É ³¨

¤ ¢²¥´¨Ö ´  Ê·μ¢´¥ 10−8 �  (·¨¸. 3, ±· ¸´Ò° Í¢¥É (1)). ‚ ¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§μ¢ ´¨¥
¢¸¥Ì 24 ¶μ¸Éμ¢ μÉ± Î±¨, · ¸¶μ²μ¦¥´´ÒÌ ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·± Ì Î¥·¥§ 9 ³, ¶μ§¢μ-
²¨É Ê²ÊÎÏ¨ÉÓ ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ¢ ´¥¸±μ²Ó±μ · § (·¨¸. 3, ¸¨´¨° Í¢¥É (2)). „μ¸É¨¦¥´¨¥
´¥μ¡Ìμ¤¨³ÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ´  Ê·μ¢´¥ 10−9 �  ¶·¥¤¶μ² £ ¥É¸Ö ¶μ¸²¥ Ê¸É ´μ¢±¨ ¤μ-
¶μ²´¨É¥²Ó´ÒÌ ¸Ê¡²¨³ Í¨μ´´ÒÌ ´ ¸μ¸μ¢ ³¥¦¤Ê ¢¸¥³¨ ³ £´¨É ³¨ ¡Ê¸É¥·  (·¨¸. 3, §¥²¥´Ò°
Í¢¥É (3)).

� ¸Î¥ÉÒ ¤²Ö ±μ²² °¤¥·  ¶μ± §Ò¢ ÕÉ (·¨¸. 4), ÎÉμ ¤²Ö ¤μ¸É¨¦¥´¨Ö ¤ ¢²¥´¨Ö ´  Ê·μ¢´¥
10−9 �  ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì  ·± Ì ¸É ´¤ ·É´Ò¥ ¶μ¸ÉÒ μÉ± Î±¨,
· ¸¶μ²μ¦¥´´Ò¥ ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì Î¥·¥§ 6 ³. Š Éμ³Ê ¦¥ ¢ ±ÊÊ³´Ò¥ É·¥¡μ¢ ´¨Ö
¢ ±μ²² °¤¥·¥ ³¥´¥¥ ¦¥¸É±¨¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¡Ê¸É¥·μ³, É ± ± ± ±μ²² °¤¥· · ¡μÉ ¥É ´ 
¸ÊÐ¥¸É¢¥´´μ ¡μ²¥¥ ¢Ò¸μ±μ° Ô´¥·£¨¨ ¸ ¶μ²´μ¸ÉÓÕ μ¡μ¤· ´´Ò³¨ ¨μ´ ³¨ §μ²μÉ ,   ¢·¥³Ö
¦¨§´¨ ¨μ´μ¢ ¶·¥¢μ¸Ìμ¤¨É ´¥μ¡Ìμ¤¨³μ¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ±.

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ¤²Ö 1/4 ±μ²² °¤¥· , ´ Î¨´ Ö ¸ ÉμÎ±¨ ¢¸É·¥Î¨
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö · §¢¨É¨Ö ´¥Ê¸Éμ°Î¨¢μ¸É¨ ¢¸²¥¤¸É¢¨¥ ¤¨´ -
³¨Î¥¸±μ£μ ¢ ±ÊÊ³ , ±μ£¤  ¢Éμ·¨Î´Ò¥ ¨μ´Ò ¶·¨¢μ¤ÖÉ ± ²μ± ²Ó´μ³Ê ÊÌÊ¤Ï¥´¨Õ ¢ ±ÊÊ³´ÒÌ
Ê¸²μ¢¨°, ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¶·μ¸É Ö ³μ¤¥²Ó, ¢ ±μÉμ·μ° ¢¸¥ ¨μ´Ò, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨¥ ¸
³μ²¥±Ê² ³¨ μ¸É ÉμÎ´μ£μ £ §  ´  ¤ ´´μ³ ÊÎ ¸É±¥, §¤¥¸Ó ¦¥ ¶μ¶ ¤ ÕÉ ´  ¸É¥´±¨ ± ³¥·Ò ¨
²μ± ²Ó´μ ¶·μ¨§¢μ¤ÖÉ ¢Éμ·¨Î´Ò¥ ¨μ´Ò. � ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ÔÉμÉ ÔËË¥±É ´¥ ¨³¥¥É ¸ÊÐ¥-
¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ´  ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ¢ ¡Ê¸É¥·¥ ¨ ±μ²² °¤¥·¥. ’μ²Ó±μ ¶·¨ Ê¢¥²¨Î¥´¨¨
¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ´  ¤¢  ¶μ·Ö¤±  ¶μ ¸· ¢´¥´¨Õ ¸ ¶·μ¥±É´μ° ´ Î¨´ ¥É ¶·μÖ¢²ÖÉÓ¸Ö
´¥Ê¸Éμ°Î¨¢μ¸ÉÓ, ¸¢Ö§ ´´ Ö ¸ ¤¨´ ³¨Î¥¸±¨³ ¢ ±ÊÊ³μ³.
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