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�¶É¨Î¥¸±¨° ±·¨µ¸É É ¸ ¸µ·¡Í¨µ´´Ò³ ·¥Ë·¨¦¥· Éµ·µ³ 3�¥

�¶¨¸ ´ µ¶É¨Î¥¸±¨° ±·¨µ¸É É ¸ ¸µ·¡Í¨µ´´Ò³ ·¥Ë·¨¦¥· Éµ·µ³ 3�¥. �¥Ë·¨-
¦¥· Éµ· · ¸¶µ² £ ¥É¸Ö ´  ³¥¤´µ° ¶²¨É¥ ¸ É¥³¶¥· ÉÊ·µ° 4,2 Š ¢ ¢ ±ÊÊ³´µ³ µ¡Ñ-
¥³¥ £¥²¨¥¢µ£µ ±·¨µ¸É É . �¥Ë·¨¦¥· Éµ· ¨³¥¥É ¤¢¥ ¸µ·¡Í¨µ´´ÒÌ ¸ÉÊ¶¥´¨: ¶¥·¢ Ö
¸ · ¡µÎ¨³ £ §µ³ 4�¥ ¶·¥¤´ §´ Î¥´  ¤²Ö ±µ´¤¥´¸ Í¨¨ 3�¥, ¢Éµ· Ö ¸ · ¡µÎ¨³ £ -
§µ³ 3�¥ ¤²Ö ¶µ²ÊÎ¥´¨Ö É¥³¶¥· ÉÊ· ¤µ 0,3 Š. Š·¨µ¸É É Ö¢²Ö¥É¸Ö  ¢Éµ´µ³´Ò³
¶·¨¡µ·µ³, É ± ± ± ´¥ ¸µ¤¥·¦¨É ¢´¥Ï´¨Ì £ §µ¢ÒÌ ±µ³³Ê´¨± Í¨°, ¶·¥¤´ §´ Î¥´-
´ÒÌ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¸¢¥·Ì´¨§±¨Ì É¥³¶¥· ÉÊ·,   · ¡µÎ¨° £ § Ì· ´¨É¸Ö ¢ ¥³±µ¸ÉÖÌ,
¸µ¶·Ö¦¥´´ÒÌ ¸ ±·¨µ¸É Éµ³. Šµ´¸É·Ê±Í¨Ö ·¥Ë·¨¦¥· Éµ·  ¶µ§¢µ²Ö¥É ¨¸¶µ²Ó§µ-
¢ ÉÓ ¥£µ ¢ ±µ³¡¨´ Í¨¨ ¸ ±·¨µ·¥Ë·¨¦¥· Éµ· ³¨ É¨¶  „¦¨ËËµ·¤ ÄŒ ±-Œ £µ´ 
¨²¨ ´  ¨³¶Ê²Ó¸´ÒÌ É·Ê¡ Ì ¸ Ìµ²µ¤µ¶·µ¨§¢µ¤¨É¥²Ó´µ¸ÉÓÕ ´¥ ³¥´¥¥ 0,3 ‚É/4 Š,
ÎÉµ ¶µ§¢µ²Ö¥É ¶µ²´µ¸ÉÓÕ µÉ± § ÉÓ¸Ö µÉ ¨¸¶µ²Ó§µ¢ ´¨Ö ¦¨¤±¨Ì ±·¨µ £¥´Éµ¢.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ´¥°É·µ´´µ° Ë¨§¨±¨ ¨³. ˆ. Œ. ”· ´± 
�ˆŸˆ.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2005

Troˇmov V. N. et al. P8-2005-41
An Optical Cryostat with 3He Sorption Refrigerator

An optical cryostat with 3He sorption refrigerator is described. The refrigerator
is mounted on a copper plate with temperature 4.2 K in vacuum volume of a helium
cryostat. It has two sorption steps: the ˇrst with working gas 4He is intended for
condensation of 3He, the second with 3He for cooling down to 0.3 K. The cryostat is
an independent device that does not contain the external gas communications aimed
at reaching low temperatures, and working gases are stored in cans integrated with
the cryostat. The refrigerator can be used together with the cryocoolers of GiffordÄ
McMahon or pulse tube types with cooling power not less than 0.3 W/4 K, thus
allowing operating without any liquid cryoagents.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005



‚ ¶µ¸²¥¤´¨¥ 15 ²¥É ¤²Ö ±·¨µ¸É É¨·µ¢ ´¨Ö µ¡Ñ¥±Éµ¢ ¤µ É¥³¶¥· ÉÊ·Ò 0,3 Š
Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ·¥Ë·¨¦¥· Éµ·Ò ¸ ¸µ·¡Í¨µ´´µ° µÉ± Î±µ° 3�¥. ‚ Î ¸É-

�¨¸. 1. ‘Ì¥³  ±·¨µ¸É É :
1, 2 Å ¥³±µ¸É¨ Ì· ´¥´¨Ö
· ¡µÎ¨Ì £ §µ¢ µ¡Ñ¥³µ³ 1 ²;
3, 4 Å ¢¥´É¨²¨; 5, 6 Å ¸µ¥¤¨-
´¨É¥²Ó´Ò¥ É·Ê¡±¨; 7 Å É¥-
¶²µµ¡³¥´´¨±; 8 Å ¤´µ £¥²¨-
¥¢µ£µ ¡ ± ; 9, 10 Å ¸µ·¡Í¨-
µ´´Ò¥ ´ ¸µ¸Ò; 11 Å  §µÉ´Ò°
Ô±· ´; 12 Å µ±´µ; 13 Å £¥-
²¨¥¢Ò° Ô±· ´

´µ¸É¨, ¨Ì ¶·¥¨³ÊÐ¥¸É¢  ¢ ¸· ¢´¥´¨¨ ¸ É· ¤¨Í¨-
µ´´Ò³¨ (µÉ± Î±  3�¥ ³¥Ì ´¨Î¥¸±¨³¨ ´ ¸µ¸ ³¨)
µ¸µ¡µ ¢µ¸É·¥¡µ¢ ´Ò ¢ ´ §¥³´µ° ¨ ±µ¸³¨Î¥¸±µ°
 ¸É·µ´µ³¨¨, ±µ£¤  É·¥¡Ê¥É¸Ö µÌ² ¦¤¥´¨¥ ¶·¨¥³-
´¨±µ¢ ¨§²ÊÎ¥´¨Ö.

‚ ÔÉµ° · ¡µÉ¥ µ¶¨¸ ´ µ¶É¨Î¥¸±¨° ±·¨µ¸É É ¸
¸µ·¡Í¨µ´´Ò³ ·¥Ë·¨¦¥· Éµ·µ³ 3�¥, ¶·¥¤´ §´ -
Î¥´´Ò° ¤²Ö ´ §¥³´ÒÌ ² ¡µ· Éµ·´ÒÌ ¨¸¸²¥¤µ¢ -
´¨° · §²¨Î´ÒÌ ¶·¨¥³´¨±µ¢ Ô²¥±É·o³a£´¨É´o£o
¨§²ÊÎ¥´¨Ö [1].

Š·¨µ¸É É § ²¨¢´µ£µ É¨¶ , ¸Ì¥³  ±µÉµ·µ£µ
¶·¨¢¥¤¥´  ´  ·¨¸. 1, µ¡¥¸¶¥Î¨¢ ¥É ´  Ê·µ¢´¥
³µ·Ö ¡ §µ¢ÊÕ É¥³¶¥· ÉÊ·Ê 4,2 Š, ¤µ¸É ÉµÎ´ÊÕ
¤²Ö ±µ´¤¥´¸ Í¨¨ 4�¥. �µ¸²¥¤ÊÕÐ Ö µÉ± Î±  4�¥
¸µ·¡Í¨µ´´Ò³ ´ ¸µ¸µ³ µ¡¥¸¶¥Î¨¢ ¥É É¥³¶¥· ÉÊ·Ê
´¨¦¥ ±·¨É¨Î¥¸±µ° 3�¥ (3,2 Š), ´¥µ¡Ìµ¤¨³ÊÕ
¤²Ö ¥£µ ±µ´¤¥´¸ Í¨¨. � ±µ´¥Í, ¸µ·¡Í¨µ´´ Ö
µÉ± Î±  ¸±µ´¤¥´¸¨·µ¢ ´´µ£µ 3�¥ ¶µ§¢µ²Ö¥É ¶µ-
²ÊÎ¨ÉÓ É¥³¶¥· ÉÊ·Ê ¤µ 0,24 Š [2] ¨ Ìµ²µ¤µ¶·µ-
¨§¢µ¤¨É¥²Ó´µ¸ÉÓ ¤µ 10 ³±‚É ¶·¨ 0,3 Š [3]. �·¨
´¥¨§³¥´´ÒÌ ¶·¨´Í¨¶ Ì · ¡µÉÒ ±µ´¸É·Ê±Í¨¨ ·¥-
Ë·¨¦¥· Éµ·µ¢ ¢¥¸Ó³  · §´µµ¡· §´Ò ¢ § ¢¨¸¨³µ-
¸É¨ µÉ ·¥Ï ¥³µ° § ¤ Î¨. �¸´µ¢´µ¥ µÉ²¨Î¨¥ ÔÉµ£µ
·¥Ë·¨¦¥· Éµ·  µÉ ¶·¥¤Ò¤ÊÐ¥£µ [4] § ±²ÕÎ ¥É¸Ö
¢ Éµ³, ÎÉµ ¢¸¥ ¥£µ Ô²¥³¥´ÉÒ · ¸¶µ²µ¦¥´Ò ¢ ¢ -
±ÊÊ³¥, ÎÉµ ¶·¨¢µ¤¨É ± ´¥µ¡Ìµ¤¨³µ¸É¨ ¨¸¶µ²Ó§µ-
¢ ´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ Ô²¥³¥´É  Å É¥¶²µµ¡³¥´-
´¨± , ¢ ±µÉµ·µ³ ¶·µ¨¸Ìµ¤¨É µÌ² ¦¤¥´¨¥ ¤¥¸µ·-
¡¨·µ¢ ´´ÒÌ 3�¥ ¨ 4�¥ µÉ 30Ä40 Š ¤µ ¡ §µ¢µ°
É¥³¶¥· ÉÊ·Ò ¨ ±µ´¤¥´¸ Í¨Ö 4�¥. ‚ ¶·¥¤Ò¤ÊÐ¥°
±µ´¸É·Ê±Í¨¨ ÔÉµ ÔËË¥±É¨¢´µ ¢Ò¶µ²´Ö²µ¸Ó ¢ Éµ´-
±µ¸É¥´´ÒÌ É·Ê¡± Ì µÉ± Î±¨, ¸µ¥¤¨´ÖÕÐ¨Ì ¨¸¶ -
·¨É¥²¨ 3�¥ ¨ 4�¥ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸µ·¡´ -
¸µ¸ ³¨, Î ¸ÉÓ ±µÉµ·ÒÌ ¶·µÌµ¤¨²  Î¥·¥§ ¦¨¤±¨°
�¥4 ¢ µ¸´µ¢´µ° ¢ ´´¥. ‚ ÔÉµ³ ·¥Ë·¨¦¥· Éµ·¥
µÌ² ¦¤¥´¨¥ ¶·µ¨¸Ìµ¤¨É É¥¶²µ¶·µ¢µ¤´µ¸ÉÓÕ Î¥·¥§ ±µ·¶Ê¸ É¥¶²µµ¡³¥´´¨± ,
¶·¨¦¨³´µ¥ ¸µ¥¤¨´¥´¨¥ É¥¶²µµ¡³¥´´¨±  ¨ ³µ´É ¦´µ° ³¥¤´µ° ¶²¨ÉÒ, ±µÉµ-
· Ö Ö¢²Ö¥É¸Ö ¤´µ³ £¥²¨¥¢µ° ¢ ´´Ò, ¨ ¸ ³Ê ¶²¨ÉÊ (·¨¸. 1). —Éµ¡Ò Ê³¥´ÓÏ¨ÉÓ
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¢·¥³Ö ±µ´¤¥´¸ Í¨¨ 4�¥ ¨ · ¸Ìµ¤ £¥²¨Ö ¨§ µ¸´µ¢´µ° ¢ ´´Ò, ´¥µ¡Ìµ¤¨³µ µ¡¥¸-
¶¥Î¨ÉÓ ± ± ³µ¦´µ ¡µ²ÓÏÊÕ ¢¥²¨Î¨´Ê ÔÉµ° É¥¶²µ¶·µ¢µ¤´µ¸É¨. Šµ´¸É·Ê±Í¨Ö
µ¤¨´ ±µ¢ÒÌ É¥¶²µµ¡³¥´´¨±µ¢ 3�¥ ¨ 4�¥, µ¡Ñ¥¤¨´¥´´ÒÌ ¢ µ¤¨´ Ê§¥², ¶·¨¢¥-
¤¥´  ´  ·¨¸. 2. �Ì² ¦¤¥´¨¥ £ §µ¢ ¶·µ¨¸Ìµ¤¨É ¢ ±µ´Í¥´É·¨Î¥¸±¨Ì ±µ²ÓÍ¥¢ÒÌ
± ´ ¢± Ì ¸¥Î¥´¨¥³ �� 8× 4 ³³, ¸µ¥¤¨´¥´´ÒÌ ¶µ¸²¥¤µ¢ É¥²Ó´µ ´ ¶µ¤µ¡¨¥ ² -
¡¨·¨´É . „²Ö Ê¢¥²¨Î¥´¨Ö ¶²µÐ ¤¨ ±µ´É ±É  £ §  ¸µ ¸É¥´± ³¨ ¢ ¤´¥ ± ´ ¢µ±
¢Ò¸¢¥·²¥´Ò Ê£²Ê¡²¥´¨Ö ¤¨ ³¥É·µ³ 3,5 ¨ £²Ê¡¨´µ° 6 ³³. �²µÐ ¤Ó ±µ´É ±É 
¸µ¸É ¢²Ö¥É 80 ¸³2. ‘µ¥¤¨´¥´¨¥ É·¥Ì ¶²µ¸±¨Ì ³¥¤´ÒÌ ¤¥É ²¥° Ê§²  É¥¶²µµ¡-
³¥´´¨±  ³¥¦¤Ê ¸µ¡µ° ¢Ò¶µ²´¥´µ ¢ ±ÊÊ³´µ° ¶ °±µ° ¶·¨¶µ¥³ �¸�-72‚ ¢ ¢¨¤¥
Ëµ²Ó£¨ Éµ²Ð¨´µ° 100 ³±³. ’¥¶²µµ¡³¥´´¨± ±·¥¶¨É¸Ö ± ¤´Ê £¥²¨¥¢µ° ¢ ´´Ò 16
¸É ²Ó´Ò³¨ ¢¨´É ³¨ Œ3. ‘µ¥¤¨´¥´¨¥ É·Ê¡µ± µÉ± Î±¨, ¨¤ÊÐ¨Ì µÉ ¸µ·¡´ ¸µ¸µ¢
¨ ¨¸¶ ·¨É¥²¥°, ¸ É¥¶²µµ¡³¥´´¨±µ³ ¢Ò¶µ²´¥´µ ¸±²¥°±µ°  · ²Ó¤¨Éµ³.

�¨¸. 2. Šµ´¸É·Ê±Í¨Ö É¥¶²µµ¡³¥´´¨± : 1Ä3 Å Ô²¥³¥´ÉÒ É¥¶²µµ¡³¥´´¨±  ¨§ ³¥¤¨;
4, 5 Å É·Ê¡±¨ µÉ± Î±¨ 4�¥; 6, 7 Å É·Ê¡±¨ µÉ± Î±¨ 3�¥

’·Ê¡±¨ 5, 7 (·¨¸. 2) ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¨³¥ÕÉ ¤¨ ³¥É·Ò 12 ¨ 8 ³³ ¨
Éµ²Ð¨´Ê ¸É¥´±¨ 0,5 ¨ 0,3 ³³ ¸µµÉ¢¥É¸É¢¥´´µ. �¤¨´ ±µ¢Ò¥ ¸µ·¡´ ¸µ¸Ò 3�¥ ¨
4�¥, 5 (·¨¸. 3) ¨³¥ÕÉ Í¨²¨´¤·¨Î¥¸±¨° ¸¢ ·´µ° ±µ·¶Ê¸ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨
¤²¨´µ° 97 ¨ �� 45 ³³ ¸ Éµ²Ð¨´µ° ¸É¥´±¨ 0,5 ³³ (Ë² ´ÍÒ Å 2 ³³). Š ¦¤Ò°
´ ¸µ¸ ¸µ¤¥·¦¨É 40 £  ±É¨¢¨·µ¢ ´´µ£µ Ê£²Ö ¢ ¢¨¤¥ Í¨²¨´¤·¨Î¥¸±¨Ì £· ´Ê², ´ -
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±²¥¥´´ÒÌ ´  ³¥¤´Ò¥ ¶² ¸É¨´Ò Éµ²Ð¨´µ° 1 ³³. „²Ö Ê³¥´ÓÏ¥´¨Ö £· ¤¨¥´Éµ¢
É¥³¶¥· ÉÊ·Ò ¶µ ±µ·¶Ê¸Ê ´ ¸µ¸µ¢ µ´ µÌ¢ Î¥´ ¶µ ¢¸¥° ¤²¨´¥ ³¥¤´Ò³ Ìµ³ÊÉµ³
Éµ²Ð¨´µ° 7 ³³, ±µÉµ·Ò° ¸µ¥¤¨´Ö¥É¸Ö ¸ £ §µ¢Ò³ É¥¶²µ¢Ò³ ±²ÕÎµ³ ±² ¸¸¨-
Î¥¸±µ£µ É¨¶  ³¥¤´Ò³ Ìµ²µ¤µ¶·µ¢µ¤µ³ ¸¥Î¥´¨¥³ 34 × 4 ³³. ’¥¶²µ¢Ò¥ ±²ÕÎ¨
§ ¶µ²´Ö²¨¸Ó 4�¥ ¤µ ¤ ¢²¥´¨Ö 5  É³ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥. �É´µÏ¥´¨¥
É¥¶²µ¶·µ¢µ¤´µ¸É¥° ±²ÕÎ¥° ¢ ¸µ¸ÉµÖ´¨ÖÌ ®§ ³±´ÊÉ¯ ¨ ®· §µ³±´ÊÉ¯, ¨§³¥·¥´-
´µ¥ ¶·¨ ¶µ¸ÉµÖ´´µ° ¶µ¤¢µ¤¨³µ° ³µÐ´µ¸É¨ 20 ³‚É, ¸µ¸É ¢¨²µ 50. � ¸µ¸Ò
¸´ ¡¦¥´Ò Ô²¥±É·¨Î¥¸±¨³¨ ´ £·¥¢ É¥²Ö³¨ ¨ É¥·³µ¶ · ³¨ Cu:Fe/Ì·µ³¥²Ó ¤²Ö
¨§³¥·¥´¨Ö ¨Ì É¥³¶¥· ÉÊ·Ò µÉ´µ¸¨É¥²Ó´µ µ¸´µ¢´µ° £¥²¨¥¢µ° ¢ ´´Ò.

�¨¸. 3. ‘Ì¥³  ·¥Ë·¨¦¥· Éµ· : 1 Å ¤´µ £¥²¨¥¢µ£µ ¡ ± ; 2 Å É¥¶²µµ¡³¥´´¨±; 3 Å
¢ ´´µÎ±  ¸ ¦¨¤±¨³ 4�¥; 4 Å¢ ´´µÎ±  ¸ ¦¨¤±¨³ 3�¥; 5 Å ¸µ·¡Í¨µ´´Ò° ´ ¸µ¸; 6 Å
É·Ê¡±  µÉ± Î±¨ �� 8 × 0,5; 7 Å ´ £·¥¢ É¥²Ó ´ ¸µ¸ ; 8 Å ¸µ·¡Í¨µ´´Ò° ´ ¸µ¸ £ §µ¢µ£µ
É¥¶²µ¢µ£µ ±²ÕÎ ; 9 Å ´ £·¥¢ É¥²Ó; 10 Å ³¥¤´Ò° ¸É ± ´ £ §µ¢µ£µ ±²ÕÎ ; 11 Å É·Ê¡± 
¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨; 12 Å ³¥¤´Ò° É¥¶²µ¢µ° ³µ¸É

�µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ µ¶¥· Í¨° ¶·¨ · ¡µÉ¥  ´ ²µ£¨Î´  µ¶¨¸ ´´µ° ¢ [4].
Šµ²¨Î¥¸É¢µ £ §µ¢ ¢ ·¥Ë·¨¦¥· Éµ·¥ ¸µ¸É ¢²Ö¥É 6 ² 3�¥ ¨ 12 ² 4�¥ ¶·¨ ´µ·-
³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¤ ¢²¥´¨Õ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥
5 ¨ 11  É³. �ÊË¥·´Ò¥ ¥³±µ¸É¨ 1, 2 (·¨¸. 1) ¸µ¥¤¨´ÖÕÉ¸Ö ¸ ·¥Ë·¨¦¥· Éµ·µ³
É·Ê¡± ³¨ 5, 6 ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ �� 3 × 0,5 ³³.

� ¡µÎ¨¥ Ì · ±É¥·¨¸É¨±¨ ±·¨µ¸É É  ¸²¥¤ÊÕÐ¨¥:
Å ¶·¥¤¢ ·¨É¥²Ó´µ¥  §µÉ´µ¥ µÌ² ¦¤¥´¨¥ Å 12 Î;
Å £¥²¨¥¢µ¥ µÌ² ¦¤¥´¨¥ ¨ § ²¨¢±  £¥²¨Ö Å 5 Î;
Å ±µ´¤¥´¸ Í¨Ö 4�¥ Å 3 Î;
Å ¢·¥³Ö ¤µ¸É¨¦¥´¨Ö ³¨´¨³ ²Ó´µ° É¥³¶¥· ÉÊ·Ò ¶µ¸²¥ ´ Î ²  µÉ± Î±¨

3�¥ Å 0,5 Î;
Å ³¨´¨³ ²Ó´ Ö É¥³¶¥· ÉÊ·  Å 0,32 K;
Å ¢·¥³Ö Ê¤¥·¦ ´¨Ö É¥³¶¥· ÉÊ·Ò ´¨¦¥ 0,35 Š Å 24 Î.
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Å ¢·¥³Ö ¶¥·¥±µ´¤¥´¸ Í¨¨ 3�¥ Å 3 Î.
Å ³¨´¨³ ²Ó´Ò° · ¸Ìµ¤ £¥²¨Ö ¨§ ±·¨µ¸É É  ¶·¨ · ¡µÉ¥ Å 0,2 ²/Î.
�¥¤µ¸É Éµ± ±·¨µ¸É É , ¢ÒÖ¢Ï¨°¸Ö Ê¦¥ ´  ¸É ¤¨¨ ¨¸¶ÒÉ ´¨°, Å ¸²¨Ï±µ³

³ ² Ö ¥³±µ¸ÉÓ £¥²¨¥¢µ£µ ¡ Î± . �Éµ ¶·¨¢µ¤¨É ± ´¥µ¡Ìµ¤¨³µ¸É¨ Î ¸ÉÒÌ ¶µ¤²¨-
¢µ± £¥²¨Ö. �·¨ ÔÉµ³ ¢µ ¢·¥³Ö µÌ² ¦¤¥´¨Ö ¶¥·¥²¨¢´µ£µ ¸¨Ëµ´  É¥¶² Ö ¸É·ÊÖ
£ §  Î ¸Éµ ¶µ²´µ¸ÉÓÕ ¨¸¶ ·Ö¥É µ¸É ÕÐ¨°¸Ö ¢ ¡ Î±¥ ¦¨¤±¨° £¥²¨°, ÎÉµ ´¥-
³¥¤²¥´´µ ´ ·ÊÏ ¥É É¥³¶¥· ÉÊ·´Ò° ·¥¦¨³ ·¥Ë·¨¦¥· Éµ· . —Éµ¡Ò ¨§¡¥¦ ÉÓ
ÔÉµ£µ, ³Ò ¶·¨³¥´¨²¨ Ï²Õ§µ¢µ¥ Ê¸É·µ°¸É¢µ ¸ Ï ·µ¢Ò³ ±· ´µ³, ¢ ±µÉµ·µ³
¶·µ¨§¢µ¤¨É¸Ö ¶·¥¤¢ ·¨É¥²Ó´µ¥ µÌ² ¦¤¥´¨¥ ¸¨Ëµ´  ¢ ¶µ¤´ÖÉµ³ ¸µ¸ÉµÖ´¨¨ ¨
§ ±·ÒÉµ³ ±· ´¥. �µ¸²¥ µÌ² ¦¤¥´¨Ö ¸¨Ëµ´ , ÎÉµ Ìµ·µÏµ § ³¥É´µ ¢¨§Ê ²Ó´µ
¶µ ´ Î¨´ ÕÐ¥°¸Ö ±µ´¤¥´¸ Í¨¨ ¢µ§¤ÊÌ  ´  ¶µ¢¥·Ì´µ¸É¨ É·Ê¡±¨ Ï²Õ§ , ±· ´
µÉ±·Ò¢ ¥É¸Ö, ¸¨Ëµ´ µ¶Ê¸± ¥É¸Ö ¢ ±·¨µ¸É É ¨ ¶·µ¨§¢µ¤¨É¸Ö ¶µ¤²¨¢± .
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