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�·¥¤²µ¦¥´  ¨ ·¥ ²¨§µ¢ ´  ³µ¤¥·´¨§ Í¨Ö ¸Ì¥³Ò ±·¨µ¸É É¨·µ¢ ´¨Ö ´Ê±²µÉ·µ´  ¸ ¶·¨³¥´¥´¨¥³
¸É·Ê°´ÒÌ  ¶¶ · Éµ¢, ÎÉµ ¶µ§¢µ²¨²µ §´ Î¨É¥²Ó´µ Ê¢¥²¨Î¨ÉÓ ³ ¸¸µ¢Ò° · ¸Ìµ¤ ¦¨¤±µ£µ £¥²¨Ö, ¶·µ-
± Î¨¢ ¥³µ£µ Î¥·¥§ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨¥ ³ £´¨ÉÒ Ê¸±µ·¨É¥²Ö. ‚ ·¥§Ê²ÓÉ É¥ ¶µ¢ÒÏ¥´  ´ ¤¥¦´µ¸ÉÓ ¨
Ê¸Éµ°Î¨¢µ¸ÉÓ · ¡µÉÒ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥° ³ £´¨É´µ° ¸¨¸É¥³Ò ´Ê±²µÉ·µ´ , ±µ²¨Î¥¸É¢µ Ô²¥±É·µÔ´¥·-
£¨¨, ¶µÉ·¥¡²Ö¥³µ¥ Ê¸±µ·¨É¥²¥³, Ê³¥´ÓÏ¥´µ ´¥ ³¥´¥¥ Î¥³ ´  600 ±‚É. �·µ¢¥¤¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥
¨§³¥·¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ ³ ¸¸µ¢µ£µ · ¸Ìµ¤  ¦¨¤±µ£µ £¥²¨Ö, ¶µ²ÊÎ¥´´µ£µ ¶ÊÉ¥³ ¨¸¶µ²Ó§µ¢ ´¨Ö
¸É·Ê°´ÒÌ  ¶¶ · Éµ¢.

The modernization of a cryostatting scheme of the Nuclotron with the jet pumps was proposed
and realized. This allowed one to increase greatly the �ow rate of liquid helium pumpable via the
superconducting magnets of the accelerator. As a result, the reliability and the operation stability of the
superconducting magnet system of the Nuclotron were increased, power consumption in the cryogenic
system of the accelerator was reduced by no less than 600 kW. Preliminary measurements of additional
�ow rate of liquid helium in the case of cryostatting of the Nuclotron with the use of the jet pumps
were made.
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�Ê±²µÉ·µ´ Å ¶¥·¢Ò° ¡Ò¸É·µÍ¨±²¨·ÊÕÐ¨° ¸¨´Ì·µÉ·µ´ ¸µ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨³¨ ³ £-
´¨É ³¨, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶ÊÎ±µ¢ ³´µ£µ§ ·Ö¤´ÒÌ ¨µ´µ¢ ¨ ÉÖ¦¥²ÒÌ Ö¤¥·.
�´ ¡Ò² ¶µ¸É·µ¥´ ¢ ‹‚� �ˆŸˆ ¢ ¶¥·¨µ¤ 1987Ä1992 ££. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ´Ê±²µÉ·µ´ 
¶·¨¢¥¤¥´Ò ¢ [1].

�·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ±·¨µ¸É É¨·µ¢ ´¨Ö Ê¸±µ·¨É¥²Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. ‚ µ¸´µ-
¢Ê ±·¨µ£¥´´µ° ¸¨¸É¥³Ò ¶µ²µ¦¥´Ò ¤¢  £¥²¨¥¢ÒÌ ·¥Ë·¨¦¥· Éµ·  Šƒ“-1600/4,5. Š ¦¤Ò°
¨§ ´¨Ì ¸µ¸Éµ¨É ¨§ É·¥Ì £ §µ¢ÒÌ ÉÊ·¡µ¤¥É ´¤¥·µ¢ ’1, ’2 ¨ ’3, ¢ ´´Ò ¦¨¤±µ£µ  §µÉ ,
¤¢ÊÌ- ¨ É·¥Ì¶µÉµÎ´ÒÌ É¥¶²µµ¡³¥´´¨±µ¢, ¶ ·µ¦¨¤±µ¸É´µ£µ ÉÊ·¡µ¤¥É ´¤¥·  ’4 ¨ ¸¡µ·-
´¨±  ¦¨¤±µ£µ £¥²¨Ö µ¡Ñ¥³µ³ µ±µ²µ 1000 ². ‘¦ ÉÒ° £¥²¨° ¶µ¸²¥ ±µ³¶·¥¸¸µ·µ¢, ¶·µ°¤Ö
µÎ¨¸É±Ê µÉ ³ ¸²  ¨ ¢² £¨, ´  ¢Ìµ¤¥ ¢ ± ¦¤ÊÕ Ê¸É ´µ¢±Ê Šƒ“-1600/4,5 · §¤¥²Ö¥É¸Ö ´  ¤¢¥
Î ¸É¨, µ¤´  ¨§ ±µÉµ·ÒÌ Å ÉÊ·¡µ¤¥É ´¤¥·´Ò° ¶µÉµ± Å ¶µ¸²¥ ¢¥´É¨²Ö ‚1 · ¸Ï¨·Ö¥É¸Ö
¶µ¸²¥¤µ¢ É¥²Ó´µ ¢ É·¥Ì ÉÊ·¡µ¤¥É ´¤¥· Ì ¸ ¤ ¢²¥´¨Ö 2,5 ¤µ 0,13 Œ� . �¸´µ¢´µ° ¶µÉµ±
¶µ¤ ¥É¸Ö Î¥·¥§ ¢¥´É¨²Ó ‚2, µÌ² ¦¤ ¥É¸Ö §  ¸Î¥É É¥¶²µµ¡³¥´  ¸ µ¡· É´Ò³ ¶µÉµ±µ³ £¥²¨Ö
¤µ É¥³¶¥· ÉÊ·Ò 5,0Ä8,5 Š ¨ · ¸Ï¨·Ö¥É¸Ö ¢ ¶ ·µ¦¨¤±µ¸É´µ³ ÉÊ·¡µ¤¥É ´¤¥·¥ ¸ ¤ ¢²¥´¨Ö
2,5 ¤µ 0,13Ä0,17 Œ� . ‚ ¤ ²Ó´¥°Ï¥³ µ¸´µ¢´µ° ¶µÉµ± ¶µ¤ ¥É¸Ö ¶µ É¥¶²µ¨§µ²¨·µ¢ ´´µ³Ê
É·Ê¡µ¶·µ¢µ¤Ê ¢ ¶·µ³¥¦ÊÉµÎ´Ò° ¸¥¶ · Éµ· 8, ¶µ¸²¥ µÌ² ¦¤¥´¨Ö ¢ ±µÉµ·µ³ ´ ¶· ¢²Ö¥É¸Ö ¢
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±µ²²¥±Éµ· 3 ¶·Ö³µ£µ ¶µÉµ±  ±·¨µ¸É É´µ° ¸¨¸É¥³Ò ´Ê±²µÉ·µ´ . Š ¦¤ Ö ¨§ ¤¢ÊÌ Ê¸É ´µ¢µ±
Šƒ“-1600/4,5 ¶µ¤±²ÕÎ¥´  ± ¸¢µ¥³Ê ¶µ²Ê±µ²ÓÍÊ.

Šµ²ÓÍµ ´Ê±²µÉ·µ´ , ¶¥·¨³¥É· ±µÉµ·µ£µ ¸µ¸É ¢²Ö¥É 251,1 ³, ¸µ¸Éµ¨É ¨§ 96 ¤¨¶µ²Ó´ÒÌ
³ £´¨Éµ¢ ¤²¨´µ° ¶µ 0,5 ³, 64 ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ¶µ 0,45 ³, 28 ³Ê²ÓÉ¨¶µ²Ó´ÒÌ ±µ··¥±-
Éµ·µ¢ ¶µ 0,31 ³ ¸ É·¥³Ö ¨²¨ Î¥ÉÒ·Ó³Ö É¨¶ ³¨ µ¡³µÉµ± ¢ ± ¦¤µ³. …£µ ±·¨µ¸É É¨·µ¢ ´¨¥

�¨¸. 1. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ±·¨µ-
£¥´´µ° £¥²¨¥¢µ° ¸¨¸É¥³Ò ´Ê±²µÉ·µ´ :

1 Å ¢ ±ÊÊ³´Ò° ±µ¦ÊÌ; 2 Å É¥¶²µ§ -

Ð¨É´Ò° Ô±· ´; 3 Å ±µ²²¥±Éµ· ¶·Ö³µ£µ
¶µÉµ± ; 4 Å ±µ²²¥±Éµ· µ¡· É´µ£µ ¶µ-

Éµ± ; 5 Å ¤¨¶µ²Ó´Ò° ³ £´¨É; 6 Å ±¢ -

¤·Ê¶µ²Ó´Ò° ³ £´¨É; 7 Å ¶¥·¥µÌ² ¤¨-
É¥²Ó; 8 Å ¸¥¶ · Éµ·; 9 Å ¡²µ± µÌ² -

¦¤¥´¨Ö Šƒ“-1600/4,5; 10 Å ¸É·Ê°´Ò°
´ ¸µ¸

¶·¨ É¥³¶¥· ÉÊ·¥ µ±µ²µ 4,5 Š µ¸ÊÐ¥¸É¢²Ö¥É¸Ö Í¨·±Ê-
²ÖÍ¨¥° ¶µÉµ±  ±¨¶ÖÐ¥£µ £¥²¨Ö ¶µ · ¸¶µ²µ¦¥´´Ò³
¢´ÊÉ·¨ µ¡³µÉµ± ¶ · ²²¥²Ó´Ò³ ± ´ ² ³.

�·µ¥±É´ Ö Ô´¥·£¨Ö Ê¸±µ·Ö¥³ÒÌ Î ¸É¨Í ¸µ-
¸É ¢²Ö¥É 6 ƒÔB/´Ê±²µ´, · ¡µÎ Ö ¦¥ ¤µ¸É¨£ ¥É
4,2 ƒÔ‚/´Ê±²µ´. �µ²ÊÎ¥´¨¥ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨
Î ¸É¨Í ¶µ±  µ£· ´¨Î¥´µ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ § ¢¥·Ï¥-
´¨Ö ³µ¤¥·´¨§ Í¨¨ ¸¨¸É¥³ µ¡´ ·Ê¦¥´¨Ö ´µ·³ ²Ó´µ°
§µ´Ò ¨ ¢Ò¢µ¤  Ô´¥·£¨¨ ¨§ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì ³ £-
´¨Éµ¢ Ê¸±µ·¨É¥²Ö. �·µ¥±É´ Ö Î ¸ÉµÉ  Í¨±²  ¸µ-
¸É ¢²Ö¥É 0,5 ƒÍ, ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µ´  ¤µ¸É¨£ ¥É
0,2 ƒÍ. — ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö · ¡µÎ¨Ì Í¨±²µ¢ ´Ê-
±²µÉ·µ´  £² ¢´Ò³ µ¡· §µ³ µ¶·¥¤¥²Ö¥É¸Ö ¢µ§³µ¦´µ-
¸ÉÖ³¨ ¥£µ ¨´¦¥±Éµ·  ‹“-20 ¨ µ¸µ¡¥´´µ ¢Ò¸µ±µ-
¢µ²ÓÉ´µ£µ (¤µ 800 ±‚) ¨³¶Ê²Ó¸´µ£µ É· ´¸Ëµ·³ Éµ· 
Ê¸±µ·ÖÕÐ¥° É·Ê¡±¨ Ëµ·¨´¦¥±Éµ· . �·µ¥±É´ Ö ¸±µ-
·µ¸ÉÓ ´ · ¸É ´¨Ö ¶µ²Ö ¤²Ö ¸É¥´¤µ¢ÒÌ ¨¸¶ÒÉ ´¨° ¸µ-
¸É ¢²Ö¥É 4 ’²/¸,   ¤²Ö ±µ²ÓÍ  Ê¸±µ·¨É¥²Ö 2 ’²/¸. � -
¡µÎ¨¥ ¦¥ ¸±µ·µ¸É¨ ´ · ¸É ´¨Ö ¶µ²Ö ¤µ¸É¨£ ÕÉ 4,1 ¨
1,0 ’²/¸ ¸µµÉ¢¥É¸É¢¥´´µ. �·¨´Í¨¶¨ ²Ó´ÒÌ É·Ê¤´µ-
¸É¥° Ê¢¥²¨Î¥´¨¥ ¸±µ·µ¸É¨ ´ · ¸É ´¨Ö ¶µ²Ö ¢ Ê¸±µ-
·¨É¥²¥ ´¥ ¶·¥¤¸É ¢²Ö¥É, ¶µ¸±µ²Ó±Ê ¢¸¥ Ô²¥³¥´ÉÒ
(¤¨¶µ²¨ ¨ ±¢ ¤·Ê¶µ²¨) ¨¸¶ÒÉ ´Ò ´  Ô±¸¶²Ê É Í¨-
µ´´Ò° ·¥¦¨³ B = 2 ’², dB/dt = 4 ’²/¸, f = 1 ƒÍ.
ˆ³¥ÕÐ¥¥¸Ö ¶µ±  µ£· ´¨Î¥´¨¥ ´  ¸±µ·µ¸ÉÓ ´ · ¸É -
´¨Ö ¶µ²Ö ¢ ±µ²ÓÍ¥ ¸¢Ö§ ´µ ²¨ÏÓ ¸ ´¥¤µ¸É ÉµÎ´Ò³
· ¡µÎ¨³ ´ ¶·Ö¦¥´¨¥³ ¨¸ÉµÎ´¨±  ¶¨É ´¨Ö ±µ´ÉÊ· 
¤¨¶µ²Ó´ÒÌ ³ £´¨Éµ¢. �¤´ ±µ · ¡µÉ  ´Ê±²µÉ·µ´  ¢
´¥· ¸Î¥É´µ³ ·¥¦¨³¥ ¸µ¶·µ¢µ¦¤ ¥É¸Ö ·Ö¤µ³ ¶·µ-
¡²¥³ ¢ Ìµ¤¥ ±·¨µ¸É É¨·µ¢ ´¨Ö ±µ²ÓÍ  Ê¸±µ·¨É¥²Ö.
Š ± ¶µ± § ´µ ´  ·¨¸. 1, ± ¦¤Ò° ¨§ ¤¨¶µ²Ó´ÒÌ ¨
±¢ ¤·Ê¶µ²Ó´ÒÌ ³ £´¨Éµ¢ ¶¨É ¥É¸Ö ¦¨¤±¨³ £¥²¨¥³
¨§ ±µ²²¥±Éµ· , ¶·µ²µ¦¥´´µ£µ ¶µ ¢¸¥° ¤²¨´¥ Ê¸±µ-
·¨É¥²Ö. ‚ · ¸Î¥É´µ³ ·¥¦¨³¥ ¨§ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥£µ
± ¡¥²Ö £¥²¨° ¢ÒÌµ¤¨É ¸ ³ ¸¸µ¢Ò³ ¶ ·µ¸µ¤¥·¦ ´¨¥³
∼ 0,35 ¨ ¤ ²¥¥ µÌ² ¦¤ ¥É ¦¥²¥§´µ¥ Ö·³µ ¸µµÉ¢¥É-

¸É¢ÊÕÐ¥£µ ³ £´¨É , ¶µ¸²¥ Î¥£µ ¸ ³ ¸¸µ¢Ò³ ¶ ·µ¸µ¤¥·¦ ´¨¥³ ¤µ 0,9 µÉ¢µ¤¨É¸Ö ¢ µ¡· É´Ò°
±µ²²¥±Éµ·. ‚ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ¦¥, ¢¢¨¤Ê · ¡µÉÒ ´Ê±²µÉ·µ´  ¸ ¶ · ³¥É· ³¨, µÉ²¨Î Õ-
Ð¨³¨¸Ö µÉ ¶·µ¥±É´ÒÌ, ¨ · §²¨Î¨° ¢ ±µ´Ë¨£Ê· Í¨ÖÌ ³ £´¨Éµ¢ ±µ²ÓÍ , ¢µ§³µ¦´µ ´¥· ¢-
´µ³¥·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µÉµ±µ¢ ¶µ ¶ · ²²¥²Ó´Ò³ ± ´ ² ³. �Éµ, ¢ ¸¢µÕ µÎ¥·¥¤Ó, ³µ¦¥É
¶·¨¢µ¤¨ÉÓ ± ¶µ²´µ³Ê ¨¸¶ ·¥´¨Õ ¦¨¤±µ¸É¨ ¢ ± ±µ³-²¨¡µ µÉ¤¥²Ó´µ³ ± ´ ²¥ ¸ ¶µ¢ÒÏ¥´¨¥³
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É¥³¶¥· ÉÊ·Ò ¶µÉµ±  ¢ ´¥³ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¶µÉ¥·¥° ¸¢¥·Ì¶·µ¢µ¤¨³µ¸É¨ ¢ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¥³ ³ £´¨É¥. ’ ± Ö ¸¨ÉÊ Í¨Ö Î ¸Éµ ´ ¡²Õ¤ ² ¸Ó ¢ Ìµ¤¥ Ô±¸¶²Ê É Í¨¨ ´Ê±²µÉ·µ´  ¢
1993Ä2002 ££.

‚ 2002 £. ¢ ¸Ì¥³Ê ±·¨µ¸É É¨·µ¢ ´¨Ö Ê¸±µ·¨É¥²Ö ¡Ò²¨ ¢±²ÕÎ¥´Ò ¸É·Ê°´Ò¥  ¶¶ · ÉÒ
10. �µ²ÊÎ¥´´Ò° ¶·¨ ÔÉµ³ ¤µ¶µ²´¨É¥²Ó´Ò° ¶µÉµ± ¦¨¤±µ£µ £¥²¨Ö ¶µ§¢µ²¨² ´¥ Éµ²Ó±µ ¶·¥-
µ¤µ²¥ÉÓ Ê± § ´´Ò¥ ¢ÒÏ¥ É·Ê¤´µ¸É¨, ´µ ¨ ¸´¨§¨ÉÓ ±µ²¨Î¥¸É¢µ µ¤´µ¢·¥³¥´´µ · ¡µÉ ÕÐ¨Ì
¶µ·Ï´¥¢ÒÌ ±µ³¶·¥¸¸µ·µ¢, Ô±¸¶²Ê É¨·Ê¥³ÒÌ ¢ Ìµ¤¥ ¸¥ ´¸µ¢ Ê¸±µ·¨É¥²Ö, ¸ 5Ä6 ¤µ 1Ä2,
É. ¥. ¸´¨§¨ÉÓ · ¸Ìµ¤ Ô´¥·£¨¨ ´  ¢¥²¨Î¨´Ê ´¥ ³¥´¥¥ 600 ±‚É.

�¨¦¥ µ¡¸Ê¦¤ ÕÉ¸Ö · ¸Î¥É´Ò¥ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¸¢Ö§ ´´Ò¥ ¸ ¶µ¤µ¡´Ò³
¶·¨³¥´¥´¨¥³ ¸É·Ê°´ÒÌ  ¶¶ · Éµ¢.
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Š ± ¨§¢¥¸É´µ, ±·¨µ¸É É¨·µ¢ ´¨¥ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì ³ £´¨É´ÒÌ ¸¨¸É¥³ ³µ¦¥É µ¸ÊÐ¥-
¸É¢²ÖÉÓ¸Ö ± ± ¶µ£·Ê¦¥´¨¥³ µ¡³µÉµ± ³ £´¨Éµ¢ ¢ ±¨¶ÖÐ¨° £¥²¨° Å ¶µ£·Ê¦´µ° ¸¶µ¸µ¡,
É ± ¨ Í¨·±Ê²ÖÍ¨¥° ¦¨¤±µ¸É¨ ¶µ · ¸¶µ²µ¦¥´´Ò³ ¢´ÊÉ·¨ ¨²¨ µ±µ²µ µ¡³µÉµ± ¶ · ²²¥²Ó-
´Ò³ ± ´ ² ³ Å Í¨·±Ê²ÖÍ¨µ´´Ò° ¸¶µ¸µ¡. �·¨ ±·¨µ¸É É¨·µ¢ ´¨¨ ¶·µÉÖ¦¥´´ÒÌ ³ £´¨É-
´ÒÌ ¸¨¸É¥³ Í¨·±Ê²ÖÍ¨µ´´Ò° ¸¶µ¸µ¡ ¨³¥¥É ·Ö¤ ¶·¥¨³ÊÐ¥¸É¢, ¸¢Ö§ ´´ÒÌ ¸ ¸ÊÐ¥¸É¢¥´´Ò³
Ê³¥´ÓÏ¥´¨¥³ ±µ²¨Î¥¸É¢  £¥²¨Ö, É·¥¡ÊÕÐ¥£µ¸Ö ¤²Ö § ¶µ²´¥´¨Ö ¸¨¸É¥³Ò.

‘ÊÐ¥¸É¢ÊÕÉ ¤¢¥ µ¸´µ¢´Ò¥ · §´µ¢¨¤´µ¸É¨ Í¨·±Ê²ÖÍ¨µ´´ÒÌ ¸¨¸É¥³ ±·¨µ¸É É¨·µ¢ ´¨Ö,
µÉ²¨Î ÕÐ¨¥¸Ö Ë §µ¢Ò³ ¸µ¸ÉµÖ´¨¥³ ±·¨µ £¥´É . ‚ µ¤´¨Ì ¶µ¤¢µ¤ É¥¶²  ± Í¨·±Ê²¨·ÊÕ-
Ð¥³Ê £¥²¨Õ ´¥ ¢Ò§Ò¢ ¥É Ë §µ¢µ£µ ¶¥·¥Ìµ¤ , ¢ ¤·Ê£¨Ì ÔÉµÉ ¶·µÍ¥¸¸ ¶·µ¨¸Ìµ¤¨É ¶·¨
±¨¶¥´¨¨ ¶ ·µ¦¨¤±µ¸É´µ£µ ¶µÉµ± . ’ ±¦¥ ¢µ§³µ¦´µ ¶·¨³¥´¥´¨¥ ¨ ±µ³¡¨´¨·µ¢ ´´ÒÌ ¸¨-
¸É¥³, ±µ£¤  ¢ µ¤´µ° Î ¸É¨ ¸Ì¥³Ò ¶·¨¸ÊÉ¸É¢Ê¥É Éµ²Ó±µ ¶µÉµ± µ¤´µË §´µ£µ ¦¨¤±µ£µ £¥²¨Ö,
  ¢ ¤·Ê£µ° Å ¤¢ÊÌË §´Ò° ¶µÉµ±. „²Ö ´Ê±²µÉ·µ´  ¡Ò² ¢Ò¡· ´ ¸¶µ¸µ¡ ±·¨µ¸É É¨·µ¢ ´¨Ö
¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì ³ £´¨Éµ¢ ¶µ¸·¥¤¸É¢µ³ Í¨·±Ê²ÖÍ¨¨ ¶ ·µ¦¨¤±µ¸É´µ£µ ¶µÉµ±  £¥²¨Ö.

ˆ§´ Î ²Ó´µ ¢ ¸ÉÊ¶¥´Ó µ±µ´Î É¥²Ó´µ£µ µÌ² ¦¤¥´¨Ö Šƒ“-1600/4,5 ¢Ìµ¤¨² ¶ ·µ¦¨¤±µ¸É-
´Ò° ÉÊ·¡µ¤¥É ´¤¥·. �µ, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ¶·¨ ±·¨µ¸É É¨·µ¢ ´¨¨ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì
³ £´¨Éµ¢ Í¨·±Ê²ÖÍ¨¥° ¶µÉµ±  ±¨¶ÖÐ¥£µ £¥²¨Ö ¶µ ¶ · ²²¥²Ó´Ò³ ± ´ ² ³ ¨³¥ÕÉ¸Ö É·Ê¤-
´µ¸É¨ ¸ · ¢´µ³¥·´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶µÉµ±µ¢ ¢ ´¨Ì. „²Ö ´Ê±²µÉ·µ´ , ±µ´¥Î´µ, ¶·¨´¨-
³ ²¨¸Ó ³¥·Ò ¶µ µ¡¥¸¶¥Î¥´¨Õ µ¤¨´ ±µ¢ÒÌ £¨¤· ¢²¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ³ £´¨Éµ¢, ´µ
Î ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö ¸²ÊÎ ¥¢ ¶µÉ¥·Ó ¸¢¥·Ì¶·µ¢µ¤¨³µ¸É¨ ¢¸¥-É ±¨ ¡Ò²  ¤µ¸É ÉµÎ´µ ¢¥²¨± .
	µ²¥¥ Éµ£µ, µ¡¥¸¶¥Î¥´¨¥ · ¢´µ³¥·´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶µÉµ±µ¢ ±·¨µ £¥´É  ¢ ± ´ ² Ì É·¥-
¡µ¢ ²µ ¤µ¶µ²´¨É¥²Ó´ÒÌ § É· É Ô´¥·£¨¨, É ± ± ±, ÎÉµ¡Ò ¶µ¤¤¥·¦ ÉÓ · ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ
¸¨¸É¥³Ò, ¶·¨Ìµ¤¨²µ¸Ó ¤µ¶µ²´¨É¥²Ó´µ ¢±²ÕÎ ÉÓ ´¥¸±µ²Ó±µ ±µ³¶·¥¸¸µ·´ÒÌ ³ Ï¨´. …¸²¨
ÔÉÊ ¶·µ¡²¥³Ê ³µ¦´µ ¡Ò²µ ¡Ò Ê¸É· ´¨ÉÓ ¶·µ¸Éµ° § ³¥´µ° ¶ ·µ¦¨¤±µ¸É´µ£µ ÉÊ·¡µ¤¥É ´-
¤¥·  ´  ¸É·Ê°´Ò°  ¶¶ · É (Ê¦¥ ¨§¢¥¸É´µ¥ · ´¥¥ É¥Ì´¨Î¥¸±µ¥ ·¥Ï¥´¨¥ [2, 3]), Éµ ÔÉµ
¶·¨¢¥²µ ¡Ò ± §´ Î¨É¥²Ó´µ³Ê Å ¡µ²¥¥ Î¥³ ¢ 1,5Ä2 · §  Å ¸´¨¦¥´¨Õ Ìµ²µ¤µ¶·µ¨§¢µ¤¨-
É¥²Ó´µ¸É¨ ·¥Ë·¨¦¥· Éµ·µ¢. �·¨ ¡µ²¥¥ ¤¥É ²Ó´µ³ ¨§ÊÎ¥´¨¨ ¸¨ÉÊ Í¨¨ µ± § ²µ¸Ó, ÎÉµ ´ 
¸É·Ê°´Ò°  ¶¶ · É ¤µ¸É ÉµÎ´µ µÉ¢µ¤¨ÉÓ Éµ²Ó±µ µ±µ²µ 10 % ¶µÉµ±  ¸¦ Éµ£µ £¥²¨Ö, ÎÉµ¡Ò
³ ¸¸µ¢Ò° · ¸Ìµ¤ ¦¨¤±µ£µ ±·¨µ £¥´É , ¶·µ± Î¨¢ ¥³µ£µ Î¥·¥§ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨¥ ³ £´¨ÉÒ
Ê¸±µ·¨É¥²Ö, ¢µ§·µ¸ ¢ ¤µ¸É ÉµÎ´µ° ³¥·¥. �¸É ²Ó´Ò¥ 90 %, ± ± ¨ · ´¥¥, · ¸Ï¨·ÖÕÉ¸Ö ¢
ÉÊ·¡µ¤¥É ´¤¥·¥.
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‘É·Ê°´Ò°  ¶¶ · É ¨¸±²ÕÎ¨É¥²Ó´µ ¶·µ¸É, ¨³¥¥É ´¨ÎÉµ¦´ÊÕ ¸Éµ¨³µ¸ÉÓ, µ¡² ¤ ¥É ¶· ±-
É¨Î¥¸±¨ ´¥µ£· ´¨Î¥´´Ò³ ·¥¸Ê·¸µ³ ¨ ´¥ É·¥¡Ê¥É µ¡¸²Ê¦¨¢ ´¨Ö ¢ ¶·µÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨.
‚ ¦´µ¥ ¶·¥¨³ÊÐ¥¸É¢µ ´ ¸µ¸  ¸É·Ê°´µ£µ É¨¶  § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ É ±µ°  ¶¶ · É ¸
µ¶É¨³ ²Ó´Ò³¨ ¤²Ö ± ¦¤µ£µ ¶µÉ·¥¡¨É¥²Ö ¶ · ³¥É· ³¨ ³µ¦¥É ¨§£µÉ ¢²¨¢ ÉÓ¸Ö ¢ ²Õ¡µ°
³ ¸É¥·¸±µ° ¨ ¶µ¸É ¢²ÖÉÓ¸Ö ¢ µÎ¥´Ó ±µ·µÉ±¨° ¸·µ±. �·¨ ÔÉµ³ µÉ¶ ¤ ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ
· §· ¡µÉ±¨ ¸²µ¦´ÒÌ ³¥Ì ´¨Î¥¸±¨Ì Ê¸É·µ°¸É¢, · ¡µÉ ÕÐ¨Ì ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±µ£µ £¥-
²¨Ö, ¨Ì ¨¸¶ÒÉ ´¨Ö ¨ µ¸¢µ¥´¨Ö ¢ ¶·µ³ÒÏ²¥´´µ¸É¨.

2. ��‘—…’ ‘’�“‰��ƒ� ������’�

‘Ì¥³  ¸É·Ê°´µ£µ  ¶¶ · É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. Œ¥Éµ¤¨±  · ¸Î¥É  ¶·¨³¥´¨É¥²Ó´µ
± Ê¸²µ¢¨Ö³ ¦¨¤±µ£µ £¥²¨Ö · §· ¡µÉ ´  ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶·µ¢¥·¥´  ¢ [2,3]. �·¨´Í¨¶
¤¥°¸É¢¨Ö É ±µ£µ  ¶¶ · É  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¶µÉµ± ¸¦ Éµ£µ £ §  G1 · §£µ´Ö¥É¸Ö ¢ ¸µ¶²¥
¨ ¶·¨ ¤ ²Ó´¥°Ï¥³ ¤¢¨¦¥´¨¨ Ê¢²¥± ¥É §  ¸µ¡µ° ¨´¦¥±É¨·Ê¥³Ò° ¶µÉµ± G2. ‚ ± ³¥·¥ ¸³¥-
Ï¥´¨Ö ¸±µ·µ¸É¨ ¶µÉµ±µ¢ ¢Ò· ¢´¨¢ ÕÉ¸Ö. ‘³¥Ï ´´Ò° ¶µÉµ± G3, ¢ÒÌµ¤ÖÐ¨° ¨§ ± ³¥·Ò
¸³¥Ï¥´¨Ö, · ¸Ï¨·Ö¥É¸Ö ¢ ¤¨ËËÊ§µ·¥, ¶·¨ ÔÉµ³ ¸´¨¦ ¥É¸Ö ¥£µ ¸±µ·µ¸ÉÓ, ¨ ¸É É¨Î¥¸±µ¥
¤ ¢²¥´¨¥ ¸³¥Ï ´´µ° ¸·¥¤Ò ¶µ¢ÒÏ ¥É¸Ö ¤µ ¤ ¢²¥´¨Ö § Éµ·³µ¦¥´´µ£µ ¶µÉµ± .

�¨¸. 2. ‘Ì¥³  ¸É·Ê°´µ£µ ´ ¸µ¸ : 1 Å ¸µ¶²µ; 2 Å Í¨²¨´¤·¨Î¥¸± Ö ± ³¥·  ¸³¥Ï¥´¨Ö; 3 Å ¤¨ËËÊ§µ·

�É´µÏ¥´¨¥ · ¸Ìµ¤  ¨´¦¥±É¨·Ê¥³µ£µ ¶µÉµ±  ± · ¸Ìµ¤Ê · ¡µÎ¥£µ ¶µÉµ±  ´ §Ò¢ ÕÉ
±µÔËË¨Í¨¥´Éµ³ ¨´¦¥±Í¨¨:

u = G2/G1. (1)

’¥µ·¨Ö ¸É·Ê°´µ£µ ´ ¸µ¸  µ¸´µ¢ ´  ´  ¨¸¶µ²Ó§µ¢ ´¨¨ Ê· ¢´¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨ ±µÔËË¨-
Í¨¥´Éµ¢ ¸±µ·µ¸É¥°, ÊÎ¨ÉÒ¢ ÕÐ¨Ì ¶µÉ¥·¨ ¢ · §²¨Î´ÒÌ Î ¸ÉÖÌ  ¶¶ · É . ˆ§ ¸µ¢³¥¸É´µ£µ
·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¤²Ö Í¨²¨´¤·¨Î¥¸±µ° ± ³¥·Ò ¸³¥Ï¥´¨Ö, Ê· ¢´¥´¨Ö 	¥·-
´Ê²²¨ ¨ Ê· ¢´¥´¨Ö ´¥· §·Ò¢´µ¸É¨ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢Ò· ¦¥´¨¥ ¤²Ö ´ ¶µ·  ∆p = p3 − p2

¸É·Ê°´µ£µ  ¶¶ · É , ´ §Ò¢ ¥³µ¥ Ê· ¢´¥´¨¥³ Ì · ±É¥·¨¸É¨±¨:

∆p =
w2

1a

V1a

f1a

f3c

[
ϕ2 + u2 f1a

f2b

V2

V1a

(
ϕ2 −

0,5
ϕ2

4

)
− (1 + u2)

f1a

f3c

V3

V1a
(1 − 0,5ϕ2

3)
]

, (2)

£¤¥ ∆p Å ´ ¶µ· ¸É·Ê°´µ£µ ´ ¸µ¸ ; p Å ¤ ¢²¥´¨¥; ϕ1 = 0,94, ϕ2 = 0,97, ϕ3 = 0,90,
ϕ4 = 0,92 Å ±µÔËË¨Í¨¥´ÉÒ ¸±µ·µ¸É¥° ¸µµÉ¢¥É¸É¢¥´´µ ¸µ¶² , ± ³¥·Ò ¸³¥Ï¥´¨Ö, ¤¨Ë-
ËÊ§µ·  ¨ ¢Ìµ¤´µ£µ ÊÎ ¸É±  ± ³¥·Ò ¸³¥Ï¥´¨Ö; G Å ³ ¸¸µ¢Ò° · ¸Ìµ¤; w Å ¸±µ·µ¸ÉÓ;
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f Å ¶²µÐ ¤Ó ¸¥Î¥´¨Ö; V Å Ê¤¥²Ó´Ò° µ¡Ñ¥³. –¨Ë·µ¢µ° ¨´¤¥±¸ µÉ´µ¸¨É¸Ö ± ¶µÉµ±Ê,
¡Ê±¢¥´´Ò° Ê± §Ò¢ ¥É ¸¥Î¥´¨¥  ¶¶ · É .

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢Ò· ¦¥´¨¥ (2) ¶µ²ÊÎ¨²¨, ¶·¥´¥¡·¥£ Ö ¢§ ¨³µ¤¥°¸É¢¨¥³ · ¡µ-
Î¥£µ G1 ¨ ¨´¦¥±É¨·Ê¥³µ£µ G2 ¶µÉµ±µ¢ ¶·¨ ¨Ì É¥Î¥´¨¨ ¤µ ¢Ìµ¤´µ£µ ¸¥Î¥´¨Ö b Í¨²¨´-
¤·¨Î¥¸±µ° ± ³¥·Ò ¸³¥Ï¥´¨Ö, É. ¥. ¸Î¨É Ö, ÎÉµ ¸¥Î¥´¨Ö a ¨ b ¸µ¢³¥Ð¥´Ò, ¨ · ¸¸³ É·¨¢ Ö
¨´¦¥±É¨·Ê¥³ÊÕ ¨ ¸³¥Ï ´´ÊÕ ¸·¥¤Ò ± ± ´¥¸¦¨³ ¥³Òe.

�¨¸. 3. ‘É·Ê°´Ò° ´ ¸µ¸: 1 Å ¸µ¶²µ; 2 Å Í¨²¨´¤·¨Î¥¸± Ö ± ³¥·  ¸³¥Ï¥´¨Ö; 3 Å ¤¨ËËÊ§µ·

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ Î¥·É¥¦ · §· ¡µÉ ´´µ£µ ´ ³¨ ¸É·Ê°´µ£µ  ¶¶ · É , ¢ ±µÉµ·µ³
 ±É¨¢´Ò° ¶µÉµ± G1 ¸µ¸É ¢²Ö¥É µ±µ²µ 10 % µÉ · ¸Ìµ¤  ¸¦ Éµ£µ £¥²¨Ö, ¶µ¸ÉÊ¶ ÕÐ¥£µ ¢
¶ ·µ¦¨¤±µ¸É´Ò° ÉÊ·¡µ¤¥É ´¤¥· £¥²¨¥¢µ£µ ·¥Ë·¨¦¥· Éµ·  Šƒ“-1600/4,5.

3. ‘•…Œ� ˆ‡Œ…�…�ˆ‰

‘Ì¥³  ¨§³¥·¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ ¶µÉµ±  ¦¨¤±µ£µ £¥²¨Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 4.

�¨¸. 4. ‘Ì¥³  ¨§³¥·¥´¨° Í¨·±Ê²ÖÍ¨¨ ¶ ·µ¦¨¤±µ¸É´µ£µ ¶µÉµ±  £¥²¨Ö: 1 Å ¶ ·µ¦¨¤±µ¸É´Ò°

ÉÊ·¡µ¤¥É ´¤¥·; 2 Å ¸É·Ê°´Ò° ´ ¸µ¸; 3 Å ¶¥·¥µÌ² ¤¨É¥²Ó; 4 Å ¨¸¶ ·¨É¥²Ó; „p1, „·2 Å ¤·µ¸¸¥²¨;
B1, B2, B3 Å ¢¥´É¨²¨
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�¶·¥¤¥²¥´¨¥ ³ ¸¸µ¢µ£µ · ¸Ìµ¤  µÉ¢µ¤¨³µ£µ ¨§ ¸¡µ·´¨±  ¦¨¤±µ£µ £¥²¨Ö G2 µ¸ÊÐ¥-
¸É¢²Ö²µ¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸µµÉ´µÏ¥´¨Ö

G2 = ρ¦
dV

dt
, (3)

£¤¥ dV/dt Å ¸±µ·µ¸ÉÓ ¨§³¥´¥´¨Ö µ¡Ñ¥³  ¦¨¤±µ° Ë §Ò ¢ ¸¡µ·´¨±¥; ρ¦ Å ¶²µÉ´µ¸ÉÓ ¦¨¤-
±µ¸É¨ ¶·¨ ¤ ¢²¥´¨¨ ¢ ¸¡µ·´¨±¥. ‘±µ·µ¸ÉÓ ¨§³¥´¥´¨Ö µ¡Ñ¥³  µ¶·¥¤¥²Ö¥É¸Ö ¶µ ¸±µ·µ¸É¨
¨§³¥´¥´¨Ö Ê·µ¢´Ö ¦¨¤±µ£µ £¥²¨Ö ¢ ¸¡µ·´¨±¥ Šƒ“-1600/4,5. ‚ ± Î¥¸É¢¥ ¨¸Ìµ¤´µ£µ ¶·¨
¶·µ¢¥¤¥´¨¨ ¨§³¥·¥´¨° Ê¸É ´ ¢²¨¢ ²¸Ö É ±µ° ·¥¦¨³, ¶·¨ ±µÉµ·µ³ Ê·µ¢´¨ ¦¨¤±µ£µ £¥²¨Ö
¶µ¸ÉµÖ´´Ò ¢ ¸¡µ·´¨± Ì µ¡¥¨Ì ·¥Ë·¨¦¥· Éµ·´ÒÌ Ê¸É ´µ¢µ±. �µ¸²¥ ÔÉµ£µ ´  µ¤´µ° ¨§ ´¨Ì
§ ±·Ò¢ ²¸Ö ¢¥´É¨²Ó ‚3. ‘É·Ê°´Ò° ´ ¸µ¸ ¢Éµ·µ° Ê¸É ´µ¢±¨ ´ Î¨´ ¥É µÉ± Î¨¢ ÉÓ ¦¨¤±¨°
£¥²¨° ¨§ ¸¡µ·´¨±  ¶¥·¢µ° ¶µ ¸µ¥¤¨´ÖÕÐ¥³Ê ¨Ì É·Ê¡µ¶·µ¢µ¤Ê; ¶·¨ ÔÉµ³ · ¸É¥É Ê·µ¢¥´Ó
¦¨¤±µ£µ £¥²¨Ö ¢ ¸¡µ·´¨±¥ ¢Éµ·µ° ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¶ ¤ ¥É ¢ ¸¡µ·´¨±¥ ¶¥·¢µ° Ê¸É ´µ¢±¨.
’ ±¨³ µ¡· §µ³, ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¸±µ·µ¸ÉÓ ¨§³¥´¥´¨Ö µ¡Ñ¥³  ¦¨¤±µ£µ £¥²¨Ö ²¨¡µ ¶µ
¶ ¤¥´¨Õ, ²¨¡µ ¶µ ·µ¸ÉÊ Ê·µ¢´Ö ¢ µ¤´µ³ ¨§ ¸¡µ·´¨±µ¢. Œ ¸¸µ¢Ò° · ¸Ìµ¤ µÉ¢µ¤¨³µ£µ ¨§
¸¡µ·´¨±  ¦¨¤±µ£µ £¥²¨Ö G2 µ¶·¥¤¥²Ö²¸Ö ¤²Ö ¸É·Ê°´ÒÌ ´ ¸µ¸µ¢ µ¡¥¨Ì Ê¸É ´µ¢µ±.

�·¨ ¶¥·¥± Î±¥ £¥²¨Ö ¸ µ¤´µ° Ê¸É ´µ¢±¨ ´  ¤·Ê£ÊÕ É¥¶²µ¶·¨Éµ±¨ ± ±·¨µ £¥´ÉÊ ³µ-
£ÊÉ ¡ÒÉÓ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨³¨, ÎÉµ ³µ¦¥É ¶·¨¢¥¸É¨ ± ¢µ§´¨±´µ¢¥´¨Õ ¸¨ÉÊ Í¨¨, ±µ£¤ 
´  ¢Ìµ¤ ´ ¸µ¸  ¶µ¸ÉÊ¶ ¥É ´¥ µ¤´µË §´Ò°,   ¤¢ÊÌË §´Ò° £¥²¨°. � ¸Î¥É´Ò¥ ¦¥ §´ Î¥´¨Ö
³ ¸¸µ¢µ£µ · ¸Ìµ¤  ¨´¦¥±É¨·Ê¥³µ£µ ¶µÉµ±  ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¤²Ö ¸²ÊÎ Ö ¦¨¤±µ£µ £¥²¨Ö.
�µÔÉµ³Ê ¤²Ö ¡µ²¥¥ ÉµÎ´µ£µ ¸µµÉ¢¥É¸É¢¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¡Ò²µ

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ´ ¶µ·  ¸É·Ê°´µ£µ
 ¶¶ · É  µÉ ±µÔËË¨Í¨¥´É  ¨´¦¥±Í¨¨:

1 Å ¤¨ ³¥É· d3c = 3 ³³; 2 Å d3c =

3,5 ³³; 3 Å d3c = 4 ³³; 4 Å d3c =

4,5 ³³; 5 Å d3c = 5 ³³, 6 Å d3c =

5,5 ³³; 7 Å Ô±¸¶¥·¨³¥´É ²Ó´ Ö ÉµÎ± 

µ¡¥¸¶¥Î¥´µ ¶µ¸ÉÊ¶²¥´¨¥ ´  ¢Ìµ¤ ¸É·Ê°´µ£µ ´ ¸µ¸ 
´¥¶µ¸·¥¤¸É¢¥´´µ µ¤´µË §´µ£µ £¥²¨Ö §  ¸Î¥É ¢¢¥¤¥-
´¨Ö É¥¶²µ§ Ð¨É´µ£µ Ô±· ´  ¸ ¦¨¤±¨³  §µÉµ³.

‚ Ìµ¤¥ Ô±¸¶¥·¨³¥´É  ¸É·Ê°´Ò°  ¶¶ · É ¡Ò²
É ±¦¥ ¶·µ¢¥·¥´ ´  ¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö
¶·¥¤¥²Ó´µ£µ ·¥¦¨³  [4]. �·¥¤¥²Ó´Ò° ·¥¦¨³ ´ -
¸ÉÊ¶ ¥É Éµ£¤ , ±µ£¤  ¢ ± ±µ³-²¨¡µ ¸¥Î¥´¨¨ ± -
³¥·Ò ¸³¥Ï¥´¨Ö ¸±µ·µ¸ÉÓ ¨´¦¥±É¨·Ê¥³µ£µ ¨²¨
¸³¥Ï ´´µ£µ ¶µÉµ±  ¤µ¸É¨£ ¥É ±·¨É¨Î¥¸±µ£µ §´ -
Î¥´¨Ö. ’ ±µ° ·¥¦¨³ ³µ¦¥É ¢µ§´¨±´ÊÉÓ ± ± ´ 
ÊÎ ¸É±¥ ± ³¥·Ò ¸³¥Ï¥´¨Ö, ´  ±µÉµ·µ³ · ¡µÎ¨° ¨
¨´¦¥±É¨·Ê¥³Ò° ¶µÉµ±¨ ¨³¥ÕÉ · §²¨Î´Ò¥ ¸±µ·µ-
¸É¨ (¶¥·¢Ò° ¨ ¢Éµ·µ° ¶·¥¤¥²Ó´Ò¥ ·¥¦¨³Ò), É ±
¨ ´  ÊÎ ¸É±¥, £¤¥ ¤¢¨¦¥É¸Ö ¸³¥Ï ´´Ò° ¶µÉµ± ¸
¢Ò· ¢´¥´´Ò³ ¶·µË¨²¥³ ¸±µ·µ¸É¥° (É·¥É¨° ¶·¥-
¤¥²Ó´Ò° ·¥¦¨³).

—Éµ¡Ò µ¶·¥¤¥²¨ÉÓ, ± ±µ° ³ ±¸¨³ ²Ó´Ò° ±µ-
ÔËË¨Í¨¥´É ¨´¦¥±Í¨¨ ³µ¦¥É ¤µ¸É¨£ ÉÓ¸Ö ¶·¨ ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨Ì · §³¥· Ì ¸É·Ê°´µ£µ  ¶¶ · É  ¨

¤ ´´ÒÌ · ¡µÎ¨Ì ¶ · ³¥É· Ì, ¡Ò² ¶µ²´µ¸ÉÓÕ µÉ±·ÒÉ ¤·µ¸¸¥²Ó „p2. �·¨ ÔÉµ³ ´ ¶µ·
¸É·Ê°´µ£µ  ¶¶ · É  ∆p = p3 − p2 ¸É ´µ¢¨É¸Ö ³¨´¨³ ²Ó´Ò³.

�±¸¶¥·¨³¥´É ¨ ¤ ²Ó´¥°Ï Ö µ¡· ¡µÉ±  ¥£µ ·¥§Ê²ÓÉ Éµ¢ ¶µ± § ²¨, ÎÉµ ¶·¥¤¥²Ó´Ò¥ ·¥-
¦¨³Ò ´¥ ¢µ§´¨± ÕÉ. Œ ¸¸µ¢Ò° · ¸Ìµ¤ ¨´¦¥±É¨·Ê¥³µ£µ ¶µÉµ±  G2 ¸µ¸É ¢¨² 10Ä21 £ · ¸−1.
Œ ±¸¨³ ²Ó´Ò° ±µÔËË¨Í¨¥´É ¨´¦¥±Í¨¨, ¶µ²ÊÎ¥´´Ò° ¶·¨ ³¨´¨³ ²Ó´µ³ ´ ¶µ·¥ ¸É·Ê°´µ£µ
 ¶¶ · É , ¸µ¸É ¢¨² u = 4, 3.
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�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ´ ¶µ·  ´ ¸µ¸  µÉ ±µÔËË¨Í¨¥´É  ¨´¦¥±Í¨¨ ¤²Ö
· §²¨Î´ÒÌ §´ Î¥´¨° ¤¨ ³¥É·  Í¨²¨´¤·¨Î¥¸±µ° ± ³¥·Ò ¸³¥Ï¥´¨Ö. � ³¨ ¨¸¶µ²Ó§µ¢ ²¸Ö
Ô¦¥±Éµ· ¸ ¤¨ ³¥É·µ³ ± ³¥·Ò ¸³¥Ï¥´¨Ö d3c = 3,5 ³³. � ¸Î¥É´Ò¥ ±·¨¢Ò¥ ¡Ò²¨ ¶µ²ÊÎ¥´Ò
¶µ Ê· ¢´¥´¨Õ Ì · ±É¥·¨¸É¨±¨ (2). �±¸¶¥·¨³¥´É ²Ó´ Ö ÉµÎ± , ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ³¨´¨-
³ ²Ó´µ³Ê ´ ¶µ·Ê ¸É·Ê°´µ£µ  ¶¶ · É , É ±¦¥ ¶·¥¤¸É ¢²¥´  ´  £· Ë¨±¥. ‚¨¤´µ, ÎÉµ ±µÔË-
Ë¨Í¨¥´É ¨´¦¥±Í¨¨ ¤²Ö É ±µ£µ ¤¨ ³¥É·  d3c ´¥¸±µ²Ó±µ ³¥´ÓÏ¥ · ¸Î¥É´ÒÌ ·¥§Ê²ÓÉ Éµ¢.
‚ ¤ ²Ó´¥°Ï¥³ ÔÉµ ´¥¸µµÉ¢¥É¸É¢¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶² ´¨·Ê¥É¸Ö
Ê¸É· ´¨ÉÓ ²¨¡µ §  ¸Î¥É ¡µ²¥¥ ÉÐ É¥²Ó´µ£µ ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢, ²¨¡µ §  ¸Î¥É ÊÉµÎ-
´¥´¨Ö É¥µ·¨¨.

�¤´ ±µ Ê¦¥ ¶µ²ÊÎ¥´ ¢ ¦´Ò° ·¥§Ê²ÓÉ É: ¤µ¸É¨£´ÊÉÒ¥ §´ Î¥´¨Ö ³ ¸¸µ¢µ£µ · ¸Ìµ¤  ¨´-
¦¥±É¨·Ê¥³µ£µ ¶µÉµ±  µ¡¥¸¶¥Î¨²¨ ¡µ²¥¥ Ê¸Éµ°Î¨¢ÊÕ · ¡µÉÊ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥° ³ £´¨É´µ°
¸¨¸É¥³Ò Ê¸±µ·¨É¥²Ö ¨ ¸´¨¦¥´¨¥ § É· É Ô´¥·£¨¨.

‚›‚�„›

‡  ¸Î¥É Ê¢¥²¨Î¥´¨Ö · ¸Ìµ¤  £¥²¨Ö Î¥·¥§ ³ £´¨ÉÒ ¶·¨ ¤µ¶µ²´¨É¥²Ó´µ° Í¨·±Ê²ÖÍ¨¨
µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¡µ²¥¥ · ¢´µ³¥·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ´¨§±µ° É¥³¶¥· ÉÊ·Ò ¶µ ¶¥·¨³¥É·Ê
±µ²ÓÍ  ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¡µ²¥¥ Ê¸Éµ°Î¨¢ Ö · ¡µÉ  ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥° ³ £´¨É´µ° ¸¨¸É¥³Ò
´Ê±²µÉ·µ´ . Š·µ³¥ Éµ£µ, ¨¸¶µ²Ó§µ¢ ´¨¥ ¸É·Ê°´ÒÌ ´ ¸µ¸µ¢ ¢ ¸Ì¥³¥ ±·¨µ¸É É¨·µ¢ ´¨Ö ´Ê-
±²µÉ·µ´  ¶µ§¢µ²¨²µ ¸ÊÐ¥¸É¢¥´´µ ¸´¨§¨ÉÓ § É· ÉÒ Ô´¥·£¨¨ (´¥ ³¥´¥¥ Î¥³ ´  0,6 Œ‚É).
‚ ÔÉµ³ ¸²ÊÎ ¥ ´¥ É·¥¡Ê¥É¸Ö ¢±²ÕÎ ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò¥ ±µ³¶·¥¸¸µ·Ò, ± ± ÔÉµ ¡Ò²µ ¡Ò ¢
¸Ì¥³¥ ¡¥§ ¸É·Ê°´ÒÌ  ¶¶ · Éµ¢.
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