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˜ ÌÉ´Ò° ±·¨µ¸É É ¤²Ö ¶µ·µÏ±µ¢µ° ¤¨Ë· ±Í¨¨ ´¥°É·µ´µ¢ ´  µ¸´µ¢¥
·¥Ë·¨¦¥· Éµ·  § ³±´ÊÉµ£µ Í¨±²  ¤²Ö · ¡µÉÒ ¢ ¤¨ ¶ §µ´¥ É¥³¶¥· ÉÊ· 6Ä300 Š

�¶¨¸ ´ Ï ÌÉ´Ò° ±·¨µ¸É É ´  µ¸´µ¢¥ ·¥Ë·¨¦¥· Éµ·  § ³±´ÊÉµ£µ Í¨±² 
CoolPower 5/100T. Š·¨µ¸É É ¶·¥¤´ §´ Î¥´ ¤²Ö ¶·µ¢¥¤¥´¨Ö · ¡µÉ ¶µ ´¥°É·µ´-
´µ° ¤¨Ë· ±Í¨¨ ¸ ¶µ·µÏ±µ¢Ò³¨ µ¡· §Í ³¨ ¤¨ ³¥É·µ³ ¤µ 18 ³³ ¨ ¤²¨´µ° ¤µ
100 ³³ ¢ ¤¨ ¶ §µ´¥ É¥³¶¥· ÉÊ· 6,2Ä300 Š. �µ·µÏ±µ¢Ò° µ¡· §¥Í ¶µ³¥Ð ¥É¸Ö
¢  ³¶Ê²Ê, ¨§£µÉµ¢²¥´´ÊÕ ¨§ TiZr-¸¶² ¢ . �¡· §¥Í µÌ² ¦¤ ¥É¸Ö ¶·¨ ¶µ³µÐ¨ É¥-
¶²µµ¡³¥´´µ£µ £ §  Å £¥²¨Ö-4, ¸¢Ö§ ´´µ£µ ¸ É¥¶²µµ¡³¥´´¨±µ³ ¢Éµ·µ° ¸ÉÊ¶¥´¨
·¥Ë·¨¦¥· Éµ· . ‘³¥´  µ¡· §Íµ¢ ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´  ¢ ¶µÉµ±¥ É¥¶²µµ¡-
³¥´´µ£µ £ §  ¢ ¤¨ ¶ §µ´¥ · ¡µÎ¨Ì É¥³¶¥· ÉÊ· ´  µ¡· §Í¥ ¡¥§ µ¸É ´µ¢±¨ ·¥Ë·¨-
¦¥· Éµ· . Œ¨´¨³ ²Ó´ Ö ¤µ¸É¨£´ÊÉ Ö É¥³¶¥· ÉÊ·  µ¡· §Í  6,2 Š ¶·¨ ÉµÎ´µ¸É¨
¸É ¡¨²¨§ Í¨¨ É¥³¶¥· ÉÊ·Ò µ¡· §Í  0,1 Š. ’¥³¶¥· ÉÊ·  ¨§³¥´Ö² ¸Ó ¨ ¸É ¡¨²¨-
§¨·µ¢ ² ¸Ó ¶·¨ ¶µ³µÐ¨ ±µ´É·µ²²¥· , ¸¢Ö§ ´´µ£µ ¸ ¶¥·¸µ´ ²Ó´Ò³ ±µ³¶ÓÕÉ¥·µ³.
�·¨¢µ¤ÖÉ¸Ö § ¢¨¸¨³µ¸É¨ ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò  ³¶Ê²Ò µ¡· §Í  µÉ ¢·¥³¥´¨ ¶·¨
µÌ² ¦¤¥´¨¨ ¨ ´ £·¥¢ ´¨¨.

� ¡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

Chernikov A. N. et al. P8-2005-23
Shaft Cryostat on the Basis of a Closed-Circuit Refrigerator for
Neutron Powder Diffraction Studies in the Temperature Range 6Ä300 K

A description of a cryostat on the basis of the closed cycle refrigerator CoolPower
5/100T for operation in the temperature range 6.2Ä300 K is presented. The cryostat
is intended for a sample up to 18 mm in diameter and up to 100 mm of length.
The reload of the sample placed into the ampoule, which is made of TiZr alloy, is
performed at any temperature of the refrigerator with the help of an insert. Thermal
connection between the sample and the heat exchanger of the refrigerator second step
is performed with the help of heat exchange gas helium-4. The minimal temperature
of the sample is 6.2 K at the accuracy of the temperature stabilization of the sam-
ple 0.1 K. Measurement and temperature stabilization is performed by a controller
connected with a computer. Dependences of temperature measurements on time at
cooling and heating are presented. The shaft cryostat was developed to carry out the
experiments on neutron diffraction from powder samples.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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‚ ² ¡µ· Éµ·¨¨ ¨¸¸²¥¤µ¢ ´¨Ö ³ É¥·¨ ²µ¢ �ˆŸ” ��� ¸µ§¤ ´ ¶µ·µÏ±µ¢Ò°
¤¨Ë· ±Í¨µ´´Ò° ±µ³¶²¥±¸ (�„Š). �ÉµÉ ±µ³¶²¥±¸ ¶·¥¤´ §´ Î¥´ ¤²Ö µ¶·¥¤¥²¥-
´¨Ö ¨ ÊÉµÎ´¥´¨Ö ±·¨¸É ²²¨Î¥¸±¨Ì ¨ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ· ¢¥Ð¥¸É¢. �·µ¢¥¤¥´¨¥
É ±¨Ì ¨¸¸²¥¤µ¢ ´¨° ¨³¥¥É µ¡Ï¨·´ÊÕ ¸Ë¥·Ê ¶·¨³¥´¥´¨Ö ¢ ËÊ´¤ ³¥´É ²Ó´µ°
Ë¨§¨±¥ É¢¥·¤µ£µ É¥²  (´ ¶·¨³¥·, ¨¸¸²¥¤µ¢ ´¨¥ ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´ÒÌ ¸¢¥·Ì-
¶·µ¢µ¤´¨±µ¢, ¶¥·µ¢¸±¨Éµ¢ ¸ ±µ²µ¸¸ ²Ó´Ò³ ³ £´¨Éµ¸µ¶·µÉ¨¢²¥´¨¥³ ¨ ·µ¤-
¸É¢¥´´ÒÌ ³ É¥·¨ ²µ¢; µ¶·¥¤¥²¥´¨¥ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ· ¢ ¨´É¥·³¥É ²²¨¤´ÒÌ
¸µ¥¤¨´¥´¨ÖÌ ¨ ¢ ¸³¥Ï ´´ÒÌ µ±¸¨¤ Ì ·¥¤±µ§¥³¥²Ó´ÒÌ ¨ ¶¥·¥Ìµ¤´ÒÌ ³¥É ²²µ¢
¨ É. ¤.). „²Ö ¢Ò¶µ²´¥´¨Ö ÔÉ¨Ì ¨¸¸²¥¤µ¢ ´¨° ´¥µ¡Ìµ¤¨³µ ¶µ µ¶·¥¤¥²¥´´µ°
¶·µ£· ³³¥ ¨§³¥´ÖÉÓ ¨ Ê¤¥·¦¨¢ ÉÓ ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨ (´¥¸±µ²Ó±µ
Î ¸µ¢) É¥³¶¥· ÉÊ·Ê  ³¶Ê²Ò ¸ ¶µ·µÏ±µ¢Ò³ µ¡· §Íµ³ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥
É¥³¶¥· ÉÊ·. „²Ö ¶·µ¢¥¤¥´¨Ö · ¡µÉ ¢ ´¨§±µÉ¥³¶¥· ÉÊ·´µ³ ¤¨ ¶ §µ´¥ É¥³¶¥· -
ÉÊ· µÉ 6,2 ¤µ 300 Š ¢ ‹ ¡µ· Éµ·¨¨ ´¥°É·µ´´µ° Ë¨§¨±¨ �ˆŸˆ ¡Ò² · §· ¡µÉ ´
¨ ¸µ§¤ ´ Ï ÌÉ´Ò° ±·¨µ¸É É ´  µ¸´µ¢¥ ·¥Ë·¨¦¥· Éµ·  § ³±´ÊÉµ£µ Í¨±² .

1. Š��‘’�“Š–ˆŸ ˜�•’��ƒ� Š�ˆ�‘’�’�

‚ ± Î¥¸É¢¥ µ¸´µ¢Ò ¤²Ö · §· ¡µÉ±¨ ¨¸¶µ²Ó§µ¢ ²¸Ö ·¥Ë·¨¦¥· Éµ· ¸ Í¨-
±²µ³ ƒ¨ËËµ·¤ ÄŒ ±-Œ £µ´  [1, 2] ¸ Ìµ²µ¤´µ° £µ²µ¢±µ° CoolPower 5/100T
(³¨´¨³ ²Ó´µ ¤µ¸É¨¦¨³ Ö É¥³¶¥· ÉÊ·  ¶µ ¶ ¸¶µ·ÉÊ Å 5 Š) ¨ ±µ³¶·¥¸¸µ·µ³
CoolPak 6000 ³µÐ´µ¸ÉÓÕ 6 ±‚É Ë¨·³Ò Leybold. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³ 
±·¨µ¸É É . �  ·¨¸. 2 ¶µ± § ´  Ï ÌÉ  ±·¨µ¸É É  ¸ É¥¶²µ¢Ò³ ³µ¸Éµ³ ±µ ¢Éµ-
·µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ° £µ²µ¢±¨,   ´  ·¨¸. 3 Å ËµÉµ£· Ë¨Ö Ï ÌÉÒ ±·¨µ¸É É  ¸
É¥¶²µ¢Ò³ ³µ¸Éµ³ ¨ Ô±· ´ ³¨ ¨§ ´¨É·¨¤  ¡µ·  ¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¶ ¤ ÕÐ¥£µ
´  µ¡· §¥Í ´¥°É·µ´´µ£µ ¶ÊÎ± . �  ·¨¸. 4 ¶µ± § ´µ £µ·¨§µ´É ²Ó´µ¥ ¸¥Î¥´¨¥
±·¨µ¸É É  ¢ ¸·¥¤´¥° Î ¸É¨ ¢ ±ÊÊ³´µ£µ ¸É ± ´ .

•µ²µ¤´ Ö £µ²µ¢±  CoolPower 5/100T Ê¸É ´ ¢²¨¢ ¥É¸Ö ´  Ë² ´Í¥ ±·¨µ-
¸É É  ¶·¨ ¶µ³µÐ¨ ¸É ´¤ ·É´µ£µ Ë² ´Í  ISO 160 (¸³. ·¨¸. 1). �  Ë² ´Í¥ ¶µ
Í¥´É· ²Ó´µ° µ¸¨ Ê¸É ´ ¢²¨¢ ¥É¸Ö Ê§¥²-Ï ÌÉ  (·¨¸. 2) ¤²Ö ¢¢µ¤  µ¡· §Í , ¶ -
É·Ê¡µ± ±µÉµ·µ£µ Ê¶²µÉ´Ö¥É¸Ö Ï²Õ§µ¢Ò³ Ê¸É·µ°¸É¢µ³ ±·¨µ¸É É . ˜²Õ§µ¢µ¥
Ê¸É·µ°¸É¢µ ±·¨µ¸É É  ¨³¥¥É Ë² ´¥Í NW25 ¤²Ö ¢¢¥¤¥´¨Ö µ¡· §Í , ´  ±µÉµ-
·µ³ ³Ò · ¸¶µ² £ ²¨ Ê¶²µÉ´¥´¨¥ ‚¨²Ó¸µ´  ¤²Ö ¢¢¥¤¥´¨Ö ÏÉ ´£¨ ¸ µ¡· §Íµ³,
¨ Ë² ´¥Í NW16 ¤²Ö µÉ± Î±¨ ¨ ´ ¶µ²´¥´¨Ö Ï ÌÉÒ £¥²¨¥³-4, ¨¸¶µ²Ó§Ê¥³Ò³
¢ ± Î¥¸É¢¥ É¥¶²µµ¡³¥´´µ£µ £ § . ˜ ÌÉ  ±·¨µ¸É É  ¨³¥¥É ± ´ ² ¤²Ö ¢¢¥¤¥´¨Ö
µ¡· §Í , ¨§£µÉµ¢²¥´´Ò° ¨§ ¸É ²Ó´µ° É·Ê¡±¨ ³ ·±¨ •18�10’ ¤¨ ³¥É·µ³ 20 ³³
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�¨¸. 1. ‘Ì¥³  ±·¨µ¸É É . 1 Å Ìµ²µ¤´ Ö £µ²µ¢±  CoolPower 5/100T; 2 Å Ë² ´¥Í
¸É ´¤ ·É  ISO 160; 3 Å Ê¶²µÉ´¥´¨¥ ISO 160; 4 Å Ë² ´¥Í ±·¨µ¸É É ; 5 Å Ï²Õ§µ¢µ¥
Ê¸É·µ°¸É¢µ ±·¨µ¸É É ; 6 Å Ë² ´¥Í NW25 ¤²Ö ¢¢µ¤  µ¡· §Í ; 7 Å Ë² ´¥Í NW16
¤²Ö ¢ ±ÊÊ³¨·µ¢ ´¨Ö ¨ ´ ¶µ²´¥´¨Ö £¥²¨¥³ Ï ÌÉÒ; 8 Å Ï ÌÉ ; 9 Å ±µ·¶Ê¸ ±·¨µ¸É É ;
10 Å ¶¥·¢ Ö ¸ÉÊ¶¥´Ó Ìµ²µ¤´µ° £µ²µ¢±¨; 11 Å ¢Éµ· Ö ¸ÉÊ¶¥´Ó Ìµ²µ¤´µ° £µ²µ¢±¨; 12 Å
É¥¶²µ¢µ° Ô±· ´; 13 Å É¥¶²µµ¡³¥´´¨±; 14 Å £¨¡±¨° É¥¶²µ¢µ° ³µ¸É; 15 Å É·¨ Ë² ´Í 
NW25; 16 Å ¸µ·¡Í¨µ´´Ò° ´ ¸µ¸

¸ Éµ²Ð¨´µ° ¸É¥´±¨ 0,3 ³³, µ± ´Î¨¢ ÕÐ¨°¸Ö É¥¶²µµ¡³¥´´¨±µ³, ± ±µÉµ·µ³Ê
´  ¨´¤¨¥¢µ³ Ê¶²µÉ´¥´¨¨ ±·¥¶¨É¸Ö ¢ ±ÊÊ³´Ò° ¸É ± ´ ¤²Ö µ¡· §Í .

’¥³¶¥· ÉÊ·  µ¡· §Í  ¨§³¥´Ö¥É¸Ö ¶·¨ ¶µ³µÐ¨ ´ £·¥¢ É¥²Ö, ±µÉµ·Ò° ¶·¨-
¢¨´Î¨¢ ¥É¸Ö ´  ¶µ¤²µ¦±Ê ¸ ¢¥·Ì´¥° ¸Éµ·µ´Ò É¥¶²µµ¡³¥´´¨± . ˜Ê´É¨·ÊÕ-
Ð¨° ³¥¤´Ò° É¥¶²µ¶·µ¢µ¤ ¶·¥¤´ §´ Î¥´ ¤²Ö ¢Ò· ¢´¨¢ ´¨Ö É¥³¶¥· ÉÊ·Ò ¢¤µ²Ó
¢ ±ÊÊ³´µ£µ ¸É ± ´ . ’¥¶²µ¶·µ¢µ¤ ¶·¨¢¨´Î¨¢ ¥É¸Ö ± É¥¶²µµ¡³¥´´¨±Ê ¸´¨§Ê
¸É·µ£µ ¶µ¤ ¶µ¤²µ¦±µ° ´ £·¥¢ É¥²Ö. ’¥¶²µ¶¥·¥¤ Î  µÉ ¢Éµ·µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤-
´µ° £µ²µ¢±¨ ± É¥¶²µµ¡³¥´´¨±Ê µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶µ¸·¥¤¸É¢µ³ ³¥¤´µ£µ Ë² ´Í 
¨ £¨¡±µ£µ ³µ¸É  (¸³. ·¨¸. 2). –¥´É·µ¢±   ³¶Ê²Ò ¸ µ¡· §Íµ³ µ¡¥¸¶¥Î¨¢ ² ¸Ó
¶·¨ ¶µ³µÐ¨ Í¥´É·¨·ÊÕÐ¨Ì ¢µ°²µÎ´ÒÌ Ï °¡ ´  ¢¸É ¢±¥. ’ ± ± ± ±·¨µ¸É É
¶·¥¤´ §´ Î¥´ ¤²Ö ¤¨Ë· ±Í¨¨ ´¥°É·µ´µ¢,  ³¶Ê²  ¨§£µÉµ¢²¥´  ¨§ TiZr-¸¶² ¢ 
¸ ´Ê²¥¢µ° ±µ£¥·¥´É´µ° ¤²¨´µ° · ¸¸¥Ö´¨Ö,   ¢ ±ÊÊ³´Ò° ¸É ± ´ Å ¨§ ¢ ´ ¤¨Ö.
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�¨¸. 2. ‘Ì¥³  Ï ÌÉ  ±·¨µ¸É É  ¸ É¥¶²µ¢Ò³ ³µ¸Éµ³ ±µ ¢Éµ·µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ° £µ-
²µ¢±¨. 1 Å ¶ É·Ê¡µ±; 2 Å ± ´ ² Ï ÌÉÒ; 3 Å Ô±· ´ Ï ÌÉÒ; 4 Å Ë² ´¥Í; 5 Å
Í¥´É·µ¢µÎ´µ¥ ±µ²ÓÍµ; 6 Å Í¥´É·µ¢µÎ´Ò¥ ¢¨´ÉÒ; 7 Å ³¥¤´Ò° É¥¶²µµ¡³¥´´¨±; 8 Å
´ ±¨¤´µ° Ë² ´¥Í; 9 Å ¢ ±ÊÊ³´Ò° ¸É ± ´; 10 Å ³¥¤´Ò° ¤¥·¦ É¥²Ó; 11 Å ´ £·¥¢ É¥²Ó;
12 Å ³¥¤´ Ö ¶µ¤²µ¦±  ´ £·¥¢ É¥²Ö; 13 Å ÏÊ´É¨·ÊÕÐ¨° ³¥¤´Ò° É¥¶²µ¶·µ¢µ¤; 14 Å
¢Éµ· Ö ¸ÉÊ¶¥´Ó Ìµ²µ¤´µ° £µ²µ¢±¨; 15 Å ³¥¤´Ò° Ë² ´¥Í; 16 Å £¨¡±¨° É¥¶²µ¢µ° ³µ¸É;
�, ‚ Å É¥·³µ¤ ÉÎ¨±¨; 17 Å  ³¶Ê²  ¸ µ¡· §Íµ³; 18 Å Í¥´É·¨·ÊÕÐ¨¥ ¢µ°²µÎ´Ò¥
Ï °¡Ò; 19 Å ¢¸É ¢± 

� §³¥·Ò ± ´ ²  Ï ÌÉÒ, É¥¶²µµ¡³¥´´¨±  ¨ ¢ ±Ê³³´µ£µ ¸É ± ´  ¶µ§¢µ²ÖÕÉ · -
¡µÉ ÉÓ ¸ µ¡· §Íµ³ ¤µ 18 ³³ ¢ ¤¨ ³¥É·¥ ¤²¨´µ° ¤µ 100 ³³. ‚ ±ÊÊ³³¨·µ¢ ´¨¥
Ï ÌÉÒ ¨ ´ ¶Ê¸± £¥²¨Ö ¶·µ¨§¢µ¤¨É¸Ö ¶·¨ ¶µ³µÐ¨ £ §µ¢µ£µ ¶Ê²ÓÉ .

Šµ·¶Ê¸ ±·¨µ¸É É  ¨ É¥¶²µ¢µ° Ô±· ´ ¶¥·¢µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ° £µ²µ¢±¨
¨§£µÉµ¢²¥´Ò ¨§  ²Õ³¨´¨¥¢µ£µ ¸¶² ¢  �Œƒ2. ’¥¶²µ¢µ° Ô±· ´ ¨³¥¥É µ±´µ ¨§
²¨¸Éµ¢µ£µ ¢ ´ ¤¨Ö Éµ²Ð¨´µ° 0,2 ³³ (¸³. ·¨¸. 4). �  Ë² ´Í¥ (4, ·¨¸. 1) · ¸-
¶µ²µ¦¥´Ò É·¨ Ë² ´Í  NW25, ±µÉµ·Ò¥ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö µÉ± Î±¨ ±·¨µ¸É É ,
· §³¥Ð¥´¨Ö ¤ ÉÎ¨±  ¨§³¥·¥´¨Ö ¢ ±ÊÊ³ ,   É ±¦¥ ¤²Ö ¢Ò¢µ¤  ¨§³¥·¨É¥²Ó´ÒÌ
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�¨¸. 3. ”µÉµ£· Ë¨Ö Ï ÌÉÒ ±·¨µ¸É É  ¸ Ô±· ´ ³¨ ¨§ ´¨É·¨¤  ¡µ· 

�¨¸. 4. ƒµ·¨§µ´É ²Ó´µ¥ ¸¥Î¥´¨¥ ±·¨µ¸É É  ¢ ¸¥·¥¤¨´¥ ± ³¥·Ò µ¡· §Í . 1 Å ±µ·¶Ê¸
±·¨µ¸É É  ´ ·Ê¦´Ò³ ¤¨ ³¥É·µ³ 434 ³³ ¸ Éµ²Ð¨´µ° ¸É¥´±¨ ¨§  ²Õ³¨´¨¥¢µ£µ ¸¶² ¢ 
�Œƒ2; 2 Å Ô±· ´ ¶¥·¢µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ° £µ²µ¢±¨; 3 Å µ±´µ ¤²Ö ´¥°É·µ´µ¢ ¨§
²¨¸Éµ¢µ£µ ¢ ´ ¤¨Ö; 4 Å ¢ ±ÊÊ³´Ò° ¸É ± ´; 5 Å ¶µ²µ¦¥´¨¥ ¢Éµ·µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ°
£µ²µ¢±¨

¶·µ¢µ¤µ¢ É¥·³µ¤ ÉÎ¨±µ¢ ¨ ¶·µ¢µ¤µ¢ ´ £·¥¢ É¥²Ö. ‚ ±ÊÊ³ ¢ ±·¨µ¸É É¥ µ¡¥¸-
¶¥Î¨¢ ¥É¸Ö ´  ¶·¥¤¢ ·¨É¥²Ó´µ³ ÔÉ ¶¥ µÉ± Î±µ° Ëµ·¢ ±ÊÊ³´Ò³ ´ ¸µ¸µ³. �·¨
¤µ¸É¨¦¥´¨¨ ¢ ±ÊÊ³  10−2 ³³ ·É. ¸É. Ëµ·¢ ±ÊÊ³´Ò° ´ ¸µ¸ µÉ¸¥± ¥É¸Ö ¢¥´-
É¨²¥³. �µ¸²¥ ¢±²ÕÎ¥´¨Ö ·¥Ë·¨¦¥· Éµ·  ¶·¨ É¥³¶¥· ÉÊ·¥ ´¨¦¥ 100 Š ´ Î¨-
´ ¥É · ¡µÉ ÉÓ ¸µ·¡Í¨µ´´Ò° ´ ¸µ¸, ±µÉµ·Ò° · ¸¶µ²µ¦¥´ ´  ¢Éµ·µ° ¸ÉÊ¶¥´¨
Ìµ²µ¤´µ° £µ²µ¢±¨. ’ ±µ° ¶µ·Ö¤µ± ¶µ¤¤¥·¦ ´¨Ö ¢ ±ÊÊ³  ´ ³ ¶·¥¤¸É ¢²Ö¥É¸Ö
Ê¤ Î´Ò³, É ± ± ± ´¥ É·¥¡Ê¥É ¶·¨³¥´¥´¨Ö ¤µ·µ£µ¸ÉµÖÐ¥£µ ÉÊ·¡µ³µ²¥±Ê²Ö·´µ£µ
´ ¸µ¸ .
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2. “���‚‹…�ˆ… Š�ˆ�‘’�’�Œ

�  ·¨¸. 5 ¨§µ¡· ¦¥´  ¸É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¨§³¥·¥´¨Ö ¨ ¸É ¡¨²¨§ Í¨¨ É¥³-
¶¥· ÉÊ·Ò.

�¨¸. 5. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¨§³¥·¥´¨Ö É¥³¶¥· ÉÊ·Ò ¨ Ê¶· ¢²¥´¨Ö ±·¨µ¸É Éµ³

„²Ö ·¥£Ê²¨·µ¢ ´¨Ö É¥³¶¥· ÉÊ·Ò ¨¸¶µ²Ó§Ê¥É¸Ö ´ £·¥¢ É¥²Ó Ë¨·³Ò Leybold
50 �³, 50 ‚É.

Šµ´É·µ²²¥· ³µ¤¥²¨ 9700 Ë¨·³Ò Scientiˇc Instruments ¨³¥¥É ¤¢  ¢Ìµ¤  ¤²Ö
¨§³¥·¥´¨Ö É¥³¶¥· ÉÊ·Ò. Š ±µ´É·µ²²¥·Ê ³µ£ÊÉ ¶µ¤±²ÕÎ ÉÓ¸Ö ¤¢  É¨¶  É¥³¶¥-
· ÉÊ·´ÒÌ ¤ ÉÎ¨±µ¢: Si-¤¨µ¤Ò ¨ É¥·³µ¶ ·Ò (J, K, T, R, S, E, CrAu). ‚ ¶ ³ÖÉÓ
±µ´É·µ²²¥·  § ´µ¸ÖÉ¸Ö ± ²¨¡·µ¢µÎ´Ò¥ ±·¨¢Ò¥ ´  ²Õ¡µ° ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ
É¨¶µ¢ ¤ ÉÎ¨±µ¢. ‚ ±·¨µ¸É É¥ ¨¸¶µ²Ó§µ¢ ´Ò Si-¤¨µ¤Ò DT470 (Leybold). ŒµÐ-
´µ¸ÉÓ ¢ÒÌµ¤  ´  ´ £·¥¢ É¥²Ó 50 ‚É (1 �) ¸ PID-·¥¦¨³µ³ Ê¶· ¢²¥´¨Ö.

„²Ö Ê¶· ¢²¥´¨Ö ±·¨µ¸É Éµ³ ¡Ò²  ¸µ§¤ ´  ¶·µ£· ³³ , ¶·¥¤´ §´ Î¥´´ Ö
¤²Ö ¢§ ¨³µ¤¥°¸É¢¨Ö PC ¸ ±µ´É·µ²²¥·µ³ É¥³¶¥· ÉÊ·Ò ³µ¤¥²¨ 9700 ´  µ¸´µ¢¥
¶¥·¥¤ Î ±µ³ ´¤ ¨ ¶µ²ÊÎ¥´¨¨ ¤ ´´ÒÌ Î¥·¥§ ¶µ¸²¥¤µ¢ É¥²Ó´Ò° ¶µ·É RS-232.
ƒ² ¢´µ¥ µ±´µ ¶·µ£· ³³Ò ¶µ± § ´µ ´  ·¨¸. 6.

�·µ£· ³³  ¢Ò¶µ²´Ö¥É ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:
Ä ÎÉ¥´¨¥ ¨§ ±µ´É·µ²²¥·  É¥±ÊÐ¥° É¥³¶¥· ÉÊ·Ò (channel A, B);
Ä ÎÉ¥´¨¥ ¨§ ±µ´É·µ²²¥·  ³µÐ´µ¸É¨ ´ £·¥¢ É¥²Ö (Heater Output) ¨ ¶·µ-

¢¥·±  ¸· ¡ ÉÒ¢ ´¨Ö  ¢ ·¨°´µ£µ ¤ ÉÎ¨±  (Heater alarm);
Ä ÎÉ¥´¨¥ É¥±ÊÐ¨Ì PID-¶ · ³¥É·µ¢;
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�¨¸. 6. ƒ² ¢´µ¥ µ±´µ ¶·µ£· ³³Ò

Ä ¢Ò¡µ· Ê¶· ¢²ÖÕÐ¥£µ ± ´ ²  (¶¥·¥±²ÕÎ É¥²Ó Control Sensor) A ¨²¨ B,
¶µ ±µÉµ·µ³Ê ¢Ò¶µ²´Ö¥É¸Ö ¸É ¡¨²¨§ Í¨Ö É¥³¶¥· ÉÊ·Ò;

Ä § ¶¨¸Ó ¸É ¡¨²¨§¨·Ê¥³µ° É¥³¶¥· ÉÊ·Ò ¢ ±µ´É·µ²²¥· (±´µ¶±  Set);
Ä § ¶Ê¸± ¨ µ¸É ´µ¢ ¸É ¡¨²¨§ Í¨¨ É¥³¶¥· ÉÊ·Ò (±´µ¶±  Start/Stop);
Ä ¢Ò¢µ¤ É¥±ÊÐ¥° É¥³¶¥· ÉÊ·Ò ¨ ³µÐ´µ¸É¨ ´ £·¥¢ É¥²Ö ¢ ¢¨¤¥ £· Ë¨± , ¢

²¨´¥°´µ³ ¨ ²µ£ ·¨Ë³¨Î¥¸±µ³ ³ ¸ÏÉ ¡¥ (¶¥·¥±²ÕÎ É¥²Ó Linear/Log);
Ä ¢µ§³µ¦´µ¸ÉÓ ³ ¸ÏÉ ¡¨·µ¢ ´¨Ö £· Ë¨±  (±´µ¶±¨ Zoom, Restore);
Ä § ¶¨¸Ó ¤ ´´ÒÌ ¨§³¥·¥´¨Ö ¢ Ë °²;
Ä § ¤ ´¨¥ ¨´É¥·¢ ²  ¢·¥³¥´¨ ¢Ò¢µ¤  µÎ¥·¥¤´µ° ÉµÎ±¨ ´  Ô±· ´ (±´µ¶± 

Apply).

3. �…‡“‹œ’�’› ˆ‘�›’��ˆ‰

‚ ·¥§Ê²ÓÉ É¥ ¨¸¶ÒÉ ´¨° ¡Ò²  ¤µ¸É¨£´ÊÉ  ³¨´¨³ ²Ó´ Ö É¥³¶¥· ÉÊ·  6,2 Š
(¶µ É¥·³µ³¥É·Ê ‚, · ¸¶µ²µ¦¥´´µ³Ê ´  ¢¸É ¢±¥ ´  ³¥¤´µ³ ¤¥·¦ É¥²¥ ¢¡²¨§¨
 ³¶Ê²Ò µ¡· §Í ). �·¨ ÔÉµ³ É¥³¶¥· ÉÊ·  ¢Éµ·µ° ¸ÉÊ¶¥´¨ Ìµ²µ¤´µ° £µ²µ¢±¨
¡Ò²  5,0 Š. ‚·¥³Ö µÌ² ¦¤¥´¨Ö ¤µ 10 Š ¶µ·Ö¤±  100 ³¨´. �  ·¨¸. 7 ¶·¨-
¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ É¥³¶¥· ÉÊ·Ò ¢ ±·¨µ¸É É¥ µÉ ¢·¥³¥´¨ ¶·¨ µÉ±²ÕÎ¥´´µ³
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´ £·¥¢ É¥²¥. ˆ§ £· Ë¨±  ¢¨¤´µ, ÎÉµ ¢µ ¢·¥³Ö ¶¥·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸  ¢ ¶·µ-
Í¥¸¸¥ µÌ² ¦¤¥´¨Ö µÉ 300 ¤µ 10 Š É¥³¶¥· ÉÊ·  ¢´¨§Ê ¢ ±ÊÊ³´µ£µ ¸É ± ´  ¨
É¥³¶¥· ÉÊ·   ³¶Ê²Ò µ¡· §Í  ¢´ÊÉ·¨ Ï ÌÉÒ · §²¨Î ÕÉ¸Ö, ´µ ¶·¨ Ê¸É ´µ¢¨¢-

�¨¸. 7. ‚·¥³¥´´ Ö Ì · ±É¥·¨¸É¨±  § Ìµ² ¦¨¢ ´¨Ö. ’¥·³µ¤ ÉÎ¨±¨ Ê¸É ´µ¢²¥´Ò: � Å
¢ ¢ ±ÊÊ³¥ ¢´¨§Ê ¢ ±ÊÊ³´µ£µ ¸É ± ´ ; ‚ Å ´  ¢¸É ¢±¥ ´  ³¥¤´µ³ ¤¥·¦ É¥²¥ ¢ £¥²¨¥¢µ°
 É³µ¸Ë¥·¥ (·¨¸. 2)

Ï¥°¸Ö É¥³¶¥· ÉÊ·¥ ¶µ± § ´¨Ö É¥·³µ¤ ÉÎ¨±µ¢ ¸µ¢¶ ¤ ÕÉ. „ ²Ó´¥°Ï¨¥ ¨¸¶Ò-
É ´¨Ö ¡Ò²¨ ´ ¶· ¢²¥´Ò ´  ¶µ¤¡µ· µ¶É¨³ ²Ó´ÒÌ PID-¶ · ³¥É·µ¢ ·¥£Ê²¨·µ¢ -
´¨Ö É¥³¶¥· ÉÊ·Ò ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É¥³¶¥· ÉÊ·´µ£µ ±µ´É·µ²²¥·  9700 ¨ ¶·µ-
£· ³³Ò Ê¶· ¢²¥´¨Ö ±µ´É·µ²²¥·µ³, Ê¸É ´µ¢²¥´´µ° ´  PC. ‚ ·¥§Ê²ÓÉ É¥ ¡Ò²¨
¶µ²ÊÎ¥´Ò PID-¶ · ³¥É·Ò, · ¢´Ò¥ 14, 200, 28. ‡´ Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·µ¢ ¨¸-
¶µ²Ó§µ¢ ²¨¸Ó ¤²Ö ·¥£Ê²¨·µ¢ ´¨Ö ¢µ ¢¸¥³ É¥³¶¥· ÉÊ·´µ³ ¤¨ ¶ §µ´¥ µÉ 10 ¤µ
300 Š. ‘É ¡¨²¨§ Í¨Ö ¶·µ¨§¢µ¤¨² ¸Ó ¶µ É¥·³µ¤ ÉÎ¨±Ê ‚, · ¸¶µ²µ¦¥´´µ³Ê ´ 
¢¸É ¢±¥, ·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8.

� §´µ¸ÉÓ ¶µ± § ´¨° ¤ ÉÎ¨±µ¢ � ¨ ‚ ¢ ·¥¦¨³¥ ¸É ¡¨²¨§ Í¨¨ ¶·¨ Ê¸É -
´µ¢¨¢Ï¥³¸Ö ¶¥·¥Ìµ¤´µ³ ¶·µÍ¥¸¸¥ ³¥´ÓÏ¥ 0,3 Š ¤²Ö ¤¨ ¶ §µ´  É¥³¶¥· ÉÊ·
6,2<T<150 K ¨ · ¸Ìµ¤¨É¸Ö ¶·¨ >150 Š. �µ-¢¨¤¨³µ³Ê, É ±µ¥ ¶µ¢¥¤¥´¨¥ ¸¢Ö-
§ ´µ ¸ § ¢¨¸¨³µ¸ÉÖ³¨ µÉ É¥³¶¥· ÉÊ·Ò É¥¶²µ¥³±µ¸É¥° ¨ É¥¶²µ¶·µ¢µ¤´µ¸É¥°
±µ´¸É·Ê±Í¨µ´´ÒÌ ³ É¥·¨ ²µ¢, ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ ±·¨µ¸É É¥.

„²Ö ¢ÒÖ¸´¥´¨Ö ¢µ¶·µ¸  µ £· ¤¨¥´É¥ É¥³¶¥· ÉÊ·Ò ¶µ ¢Ò¸µÉ¥ ¢  ³¶Ê²¥
µ¡· §Í  ¡Ò²  ¸¤¥² ´  ¸¶¥Í¨ ²Ó´ Ö ¨§³¥·¨É¥²Ó´ Ö ÏÉ ´£  ¸ É·¥³Ö É¥·³µ¶ -
· ³¨. ’¥·³µ¶ ·Ò ¡Ò²¨ · §³¥Ð¥´Ò ¶µ ¢Ò¸µÉ¥  ³¶Ê²Ò ´  · ¸¸ÉµÖ´¨¨ 35 ³³
¤·Ê£ µÉ ¤·Ê£ . �µ¸±µ²Ó±Ê ÏÉ ´£  µ¡· §Í  ¸ ¤ ÉÎ¨±µ³ ‚ ¡Ò²  § ³¥´¥´  ´ 
¸¶¥Í¨ ²Ó´ÊÕ ¨§³¥·¨É¥²Ó´ÊÕ ÏÉ ´£Ê ¸ É·¥³Ö É¥·³µ¶ · ³¨, Éµ ·¥£Ê²¨·µ¢ ´¨¥
É¥³¶¥· ÉÊ·Ò ¶·µ¢µ¤¨²µ¸Ó ¶µ ¤ ÉÎ¨±Ê �. � ²¨Î¨¥ £· ¤¨¥´É  ¡Ò²µ ¶·µ¢¥·¥´µ
¶·¨ É¥³¶¥· ÉÊ· Ì 6,2; 50,0; 99,88; 200,5; 250,3 Š. �Ò²µ ¶µ²ÊÎ¥´µ, ÎÉµ · §-
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�¨¸. 8. ‡ ¢¨¸¨³µ¸ÉÓ É¥³¶¥· ÉÊ·Ò ¢ ±·¨µ¸É É¥ µÉ ¢·¥³¥´¨ ¤²Ö ¤¢ÊÌ É¥·³µ¤ ÉÎ¨±µ¢ � ¨
‚.  ) ¶·µÍ¥¸¸ µÌ² ¦¤¥´¨Ö µÉ 300 ¤µ 10 Š, § É¥³ ¶·µÍ¥¸¸ ´ £·¥¢ ´¨Ö ¨ ¸É ¡¨²¨§ Í¨¨
¶·¨ É¥³¶¥· ÉÊ· Ì 200, 250, 300 Š,   É ±¦¥ ¶·µÍ¥¸¸ µÌ² ¦¤¥´¨Ö ¨ ¸É ¡¨²¨§ Í¨¨ ¶·¨
É¥³¶¥· ÉÊ·¥ 50 Š; ¡) ¨§³¥´¥´¨¥ ³µÐ´µ¸É¨ ´ £·¥¢ É¥²Ö ¢ ¶·µÍ¥¸¸¥ ·¥£Ê²¨·µ¢ ´¨Ö
É¥³¶¥· ÉÊ·Ò (´ £·¥¢ É¥²Ó)

´¨Í  ¢ ¶µ± § ´¨ÖÌ É¥·³µ¶ · ¶· ±É¨Î¥¸±¨ µÉ¸ÊÉ¸É¢Ê¥É ´  Ê·µ¢´¥ 0,1Ä0,2 Š,
Éµ ¥¸ÉÓ É¥³¶¥· ÉÊ·  ¶µ ¢Ò¸µÉ¥  ³¶Ê²Ò µ¡· §Í  ¶· ±É¨Î¥¸±¨ µ¤¨´ ±µ¢  ¤²Ö
¤¨ ¶ §µ´  É¥³¶¥· ÉÊ· µÉ 6,2 ¤µ 300 Š.
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�¨¸. 9.  ) ‡ ¢¨¸¨³µ¸ÉÓ É¥³¶¥· ÉÊ·Ò µÉ ¢·¥³¥´¨ ¢ ±·¨µ¸É É¥ ¨ ¢  ³¶Ê²¥ µ¡· §Í  ¶·¨
Ê¤ ²¥´¨¨ ÏÉ ´£¨ µ¡· §Í  ¨§ Ï ÌÉÒ ±·¨µ¸É É  ¨ ¶·¨ § £·Ê§±¥ ¥¥ µ¡· É´µ ¤²Ö ¤¢ÊÌ
É¥·³µ¤ ÉÎ¨±µ¢ � ¨ ‚. ¡) ƒ· Ë¨± ¶µ± §Ò¢ ¥É, ÎÉµ ³µÐ´µ¸ÉÓ ´ £·¥¢ É¥²Ö ¢ ÔÉµ³
¶·µÍ¥¸¸¥ · ¢´Ö² ¸Ó 0; Å�Ä Å ´ £·¥¢ É¥²Ó

Š·¨µ¸É É ¶µ§¢µ²Ö¥É § ³¥´¨ÉÓ µ¡· §¥Í ¢ ¶µÉµ±¥ £¥²¨Ö ¶·¨ · ¡µÉ ÕÐ¥³
·¥Ë·¨¦¥· Éµ·¥ ¨ ²Õ¡µ° É¥³¶¥· ÉÊ·¥ · ¡µÎ¥£µ ¤¨ ¶ §µ´ . �É  ¢µ§³µ¦´µ¸ÉÓ
¡Ò²  ¶·µ¢¥·¥´  ¶·¨ É¥³¶¥· ÉÊ·¥ 9 Š. ˜É ´£  ¸  ³¶Ê²µ° µ¡· §Í  ¨ ¤ ÉÎ¨±µ³
É¥³¶¥· ÉÊ·Ò ‚ ¢ ¶µÉµ±¥ £¥²¨Ö ¡Ò²  ¨§¢²¥Î¥´  ¨§ Ï ÌÉÒ ±·¨µ¸É É , ¶¥·¥-
´¥¸¥´  ¢ ±µ³´ ÉÊ, µÉµ£·¥É  ¤µ 300 Š ¨ ¢ ¶µÉµ±¥ £¥²¨Ö ¢¸É ¢²¥´  µ¡· É´µ.
�¥§Ê²ÓÉ ÉÒ ÔÉµ£µ Ô±¸¶¥·¨³¥´É  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 9.

‡�Š‹�—…�ˆ…

„ ´´Ò° ±·¨µ¸É É ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¨ ¸ ¤·Ê£¨³¨ Ìµ²µ¤´Ò³¨ £µ²µ¢-
± ³¨. � ¶·¨³¥·, ¤²Ö · ¡µÉÒ ¢ É¥³¶¥· ÉÊ·´µ³ ¤¨ ¶ §µ´¥ 3Ä200 Š ³µ¦¥É ¨¸-
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¶µ²Ó§µ¢ ÉÓ¸Ö Ìµ²µ¤´ Ö £µ²µ¢±  PT405 ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´ÒÌ É·Ê¡ Ë¨·³Ò
Cryomech, USA. „µ¸Éµ¨´¸É¢µ³ PT405 Ö¢²Ö¥É¸Ö É ±¦¥ ´¨§±¨° Ê·µ¢¥´Ó ¢¨¡· -
Í¨°.

Šµ´¸É·Ê±Í¨Ö ±·¨µ¸É É  ¶·¥¤Ê¸³ É·¨¢ ¥É ¨§³¥´¥´¨¥ · §³¥·µ¢ ± ´ ²  Ï Ì-
ÉÒ ¨ µ¡· §Í  ¢ § ¢¨¸¨³µ¸É¨ µÉ ¦¥² ´¨Ö § ± §Î¨± .

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¸Î¨É ÕÉ ¸¢µ¨³ ¤µ²£µ³ ¢Ò· §¨ÉÓ ¡² £µ¤ ·´µ¸ÉÓ
�. ‚. �¥²ÊÏ±¨´Ê §  ¶µ¤¤¥·¦±Ê ¨ ¶µ¸ÉµÖ´´µ¥ ¢´¨³ ´¨¥ ± · ¡µÉ¥,   É ±¦¥
ˆ. ‚. � É± ´ÍÊ ¨ ‚. ƒ. ‘¨³±¨´Ê §  ¶µ³µÐÓ ¢ · ¡µÉ¥ ¨ ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö.
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